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SET 1

" Time allowed : 3 hours

1.

Define electric dipole moment. Write its
unit. [l
Answer : Electric dipole moment : Dipole
moment is a measure of strength of electric
dipole. It is vector quantity whose magnitude is
equal to product of magnitude of charge and the
distance between them.

p=qx2d

S.I.

SI unit of dipole moment is coulomb-metre (Cm).

Where on the surface of Earth is the angle of dip
90°? [l

- Answer : Magnetic dip is the angle made by a

compass needle with the horizontal point on
earth’s surface. The angle of dip is 90° at the
poles.

A hollow metal sphere of radius 5 cm is charged
such that the potential on its surface is 10 V.
What is potential at the centre of the sphere ?[1]
Answer : Potential inside the charged sphere is
constant and equal to potential on the surface
of the conductor. So, potential at the centre of
sphereis 10V,

How are radiowaves produced ? [1}
Answer : Radiowaves are produced by :

() Rapid acceleration and deceleration of

electrons.

(i) Using tuning circuits like LCR, LC and RC.

(iii) Accelereted motion of charges in conducting
wires.

(iv) They are also given off by stars, sparks and
lightning.

Write any two characteristic properties of

nuclear force. [1}

Answer : Characteristic properties of nuclear

forces are : )

(i) Nuclear forces are strongest forces in nature.

(ii) Nuclear forces are charge independent.

Two bar magnets are quickly moved towards a

metallic loop connected across a capacitor °C’ as

shown in the figure. Predict the polarity of the
capacitor. (1}

Cc

[ N s| N]
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Answer : In this situation, 2 will become positive
with respect to b, as current induced is in
clockwise direction.

+aC
1 { T ]
—y —

7.

10.

What happens to the width of depletion layer
of a p-n junction when it is (i) forward biased,
(ii) reverse biased ? 11}
Answer : (i) Forward biased : Potential drop

. across the junction decreases and diffusion of

holes and electrons across the junction increases.
It makes the width of the depletion layer smaller.

(ii) Reverse biased : Potential drop across the
junction increases and diffusion of holes and
electrons across the junction decreases. It makes
the width of the depletion layer larger.

Define the term ‘stopping potential” in relation
to photoelectric effect. [1]
Answer : Stopping potential is the minimum
negative (retarding) potential of anode for which
photocurrent stops or becomes zero. Itis denoted
by V. The value of stopping potential is different
for different metals but it is independent of the
intensity of incident light and depends on the
frequency of the incident light .

A thin straight infinitely long conducting
wire having charge density A is enclosed by a
cylindrical surface of radius r and length /, its
axis coinciding with the length of the wire. Find
the expression for the electric flux through the
surface of the cylinder. [2]
Answer : Charge enclosed by the cylindrical
surface g = A

-9
F]-uxl¢‘“ EO
o= X

Ep

Plot a graph showing the variation of Coulomb

force (F) versus (lz) , Where r is the distance

r
between the two charges of each pair
of charges @ pC 2 pO and 2 nC
-3 pC). Interpret the graphs obtained. [2]
Answer : The following graph shows the
variation of Coulomb force (F) versus 7.
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F Ve ——» 14. In the given circuit, assuming point A to be
: at zero potential, use Kirchhoff’'s rules to
T ' l determine the potential at point B. [2]
—> 1A aa oY
Repulsive Aftractive < t < | ! B
According to Coulomb’s law, L
= R
Fox g1z RZ 29 !
7
1
Fc 72
: ibe— »
. For both pair of charges, graph between F and A 1"\!/ g c oA
;15 is a straight line.
. . Answer : Vp-Vc=2x1=2V (i)
Between (1 puC, 2 puC), force is positive /repulsive. . Ve
Value of slope, m= Tneg VeoVa=1V
Between (2uC, - 3uC), force is negative/ = Vc=1V ..(id)

“attractive.
-6
Value of slope,m= 7.
u P 4neg
11. Write the expression for Lorentz magnetic force
on a particle of charge ‘4" moving with velocity

- -
v in a magnetic field B . Show that no work is

done by this force on the charged particle.  [2]
Answer : Magnetic Lorentz force is given by

-
fa=q(7 xB)
-
Work done=fm .S =f,,Scos 8

—>
fm is always perpendicular to Ef ie.,
perpendicular to the direction of motion of the
charge.
. Work done = S cos 8 = f, S cos 90° =0

12. What are eddy currents ? Write any iwo
applications of eddy currents. [2]
Answer : When a bulk piece of conductor is
subjected to changing magnetic flux, the induced
current developed in it is called eddy current.

Applications of eddy currents :
(i) Magnetic brakes in trains.
(ii) Electromagnetic damping.
(iii) Induction furnaces.
(iv) Electric power meter.
13. What is sky wave communication ? Why is this

mode of propagation restricted to the frequencies
only upto few MHz ?2** [2]

** Angwer is not given due to the change in present syllabus.
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15.

From (i) and (ii),

Vp=2+Vc=3V ...(i)

Now Vp-Vg=2V
= 3-Vg=2V
= V=1V
A parallel plate capacifor is being charged

by a time varying current. Explain briefly
how Ampere’s circuital law is generalized to
incorporate the effect due to the displacement
current. [2]
Answer : Gauss’ law states that the electric flux ¢g
of a parallel plate capacitor having an area A, and

a total charge Q is given by
- paolQ wE=-
¢E—EA—*A—E(}'XA [-E Aﬁo]
-9
= %

As the charge Q on the capacitor plates change
with time, so current is given by

dQ

T
495 1(2] 149
dt = di\gy )~ g di

This is the missing term in Ampere’s Circuital
law.
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So, the total current through the conductor is
i = Conduction current (i;)
+ Displacement current (i)

ddg

i= i+~ w(i)

Ampere’s circuital Jaw states that

Bedl = 1of (i)

Putting equation (i) in (ii), we get
_B)'d_i = ].lofc + UgEp d:;;f'

This is the required generalized form of Ampere’s
- circuital law.

Net capacitance of three identical capacitors in

series is 1 pF. What will be their net capacitance

if connected in parallel ?

16.

Find the ratio of energy stored in the two
configurations if they are both connected to the
same source, [2]
Answer : Net capacitance in series = 1 pF
fC1=Co=Cs=C

Let C be the capacitance of each of three

capacitors and Cs and Cp be the capacitance of
series and parallel combination respectively.

1 _1,1.,1.3
Then, C, “cfc'cTc
C
Cg = g
. 1 C
wE=3
C=3uF
Also Cp=C+C+C
=3+3+3=9pnF
Energy stored in capacitor
. l 2
E = 2CV
. Loy?
E_27 &1
17. Using the curve for the binding energy per

nucleon as a function of mass number A,
state clearly how the release in energy in the
processes of nuclear fission and nuclear fusion
can be explained, 21

www.cbsepdf.com 3
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Answer : The above curve shows that :

() When a heavy nucleus breaks into two
medium sized nuclei (in nuclear fission), the
BE/nucleon increases resulting in the release
of energy.

(ii) When two small nuclei combine to form a
relatively bigger nucleus in nuclear fusion,
BE/nucleon increases, resulting in the
release of energy.

In the meter bridge experiment, balance point

.was observed at ] with A]=1. [2]

(i) The values of R and X were doubled and
then interchanged. What would be the new
position of balance point ?

(ii) If the galvanometer and battery are
interchanged at the balance position, how
will the balance point get affected ?

R X

WW MAMA

1
—
h 4
A

« 100-1/ >

Answer : (i) Initially, balanced condition will be
given as
R _ /

X ~ 100~/ -0
By doubling and interchanging R and X. Let the
new balance point be obtained at /",

Then,
/I
2X _ e
X _ "
= E = 100 =/ ...(1_1)
From equations (i) and (i),
I''=100-1

No OTP No Login No Adversitement


http://www.cbsepdf.com
http://www.cbsepdf.com

CBSE 2011 Solved Paper Download All Previous Year and Sample Papers From www.cbsepdf.com

(ii) By interchanging galvanometer and battery, Using equation (i), we have
there will be no change in the balance point 1 1.5 2
position, B (m - 1) X

19. A convex lens made up of glass of refractive '
index 15 is dipped, in turn, in () a medium of fo = 39 fair (i)
refractive index 1.65, (ii) a medium of refractive As sign of fg is same as that of fur, the lens will
index 1.33. 3] behave as converging lens.

(a) Will it behave as a converging or a diverging () (i) As seen from equation (ii), focal length
lens in the two cases ?

(b) How will its focal length change in the two
media ?

Answer : (a) Here “pg = 1.5

Let fuir be the focal length of lens in air, then

becomes negative and increases in
magnitude. '

(i) As seen from equation (ii), focal length
remains positive and increases in
magnitude.

il

1 a pfLl_1 20. Draw a plot showing the variation of
(pg_ ) R]

Jaie Ry photoelectric current with collector plate
1 1 1 potential for two different frequencies,
or (R_l—R_?.) = fuir (15-1) v1 > vy, of incident radiation having the same
intensity. In which case will be stopping
(.Rl_l - R_l_,_) = ﬁ (i) potential be higher ? Justify your answer.  {3]
: Answer:
(i) When lens is dipped in medium A. Photoslectric
currant
Here up = 1.65 T
Let f4 be focal length of lens, when dipped in Vi >V, I
medium A, then L = Constant
V1
L= tu-0(gg;) [ | e,
or 1 [Py (L_L) !
C Ja N Ry R Yo Ve Collector 4 .
Using equation (i), we have Potential
1 _ (15 4, 2 Stopping potential is more for the curve
7 (ﬁ B )x fair corresponding to the frequency vo. (- v1 > v2)
__015_ 2 This is due to the fact that with increase in
T 165" Sair the frequency, the kinetic energy of emitted
or fa = —55fur (i) photoelectrons also increases. Therefore, we need
As sign of f4 is opposite to that of fay, the lens more negative potentialvto stop these electrons.
will behave as a diverging lens. 21. Wrife briefly any two factors which demonstrate
(ii) When lens is dipped in medium B. the need for modulating asignal. Drav.\.'asuifable
Here, g = 1.33. dmgram to s-how amplitude m(.:dul?hon using a
Let f3 be the focal length, when dipped in smusmdal' signal as a modulating signal.**  {3]
medium B, then 22, Use the mirror equation to show that [3]
‘ (@) anobjectplacedbetweenfand 2fof aconcave
7;1“ = Cn ;D (Ri - %) mirror produces a real image beyond 2f.
? 1 "2 (b) a convex mirror always produces a virtual
“n, 1 1 image independent of the location of the
ol ot vy object.

*+Angwer is not given due to the change in present syllabus.
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Input

AC

signal

{(c) an object placed between the pole and focus
of a concave mirror produces a virtual and
enlarged image.

Answer : Mirror equation is given as,

1,1_1

v u f
For concave mirror, f < 0 or f = —ve

For convex mirror, f> 0 or f = + ve

Concave Mirror
Tetf=-c
Also, let u =nf=—-nc
1 .11
o f u
1 _ 1 1
v T —-c -—nc
o= T
T (1-n

(a) When object is between f and 2f : We have
l<n<2
In this case, v is —ve i.e. real image.

(For n =1 and n = 2), magnitude of v becomes «

and —2c, respectively.

Therefore, real image is formed beyond 2f.
(b} Convex Mirror : As we know f= +d
Let u = —pd (p can have any value)

1 _ 1,1 _(@+p
° ~ d pd pd
pd
(p+1)

Therefore, v is always +ve and always less than
d, S0 we can say that convex mirror always
produces a virtual image between pole and
focus.

(¢) Object between pole and F : We have
0<n<1.Inthis case, v is +ve (virtual image) and
o] >e

Therefore, we get a virtual and enlarge image.

. Draw a labelled diagram of a full wave rectifier
circuit, State its working principle. Show the
[3]

input-output waveforms.
Answer:

‘_9 .
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Rectification : Rectification means conversion of
ac into dc. A p-n diode acts as a rectifier because
an ac changes polarity periodically and a p-n
diode conducts only when it is forward biased; it
does not conduct when it is reverse biased.

Working : The ac input voltage across secondary
S; and S, changes polarity after each half cycle.
Suppose during the first cycle of input ac signal,
the terminal $; is positive relative to centre
tap and S; is negative relative to it. Then diode
D, is forward biased and D is reverse biased.
Therefore, diode D4 conducts while Dy d_oes not.
Thus, the current in load resistance Ry is in the
same direction.for both half cycles of input ac
signal and the output current is a continuous
series of unidirectional pulses.

In a full wave rectifier, if input frequency is
f Hertz, then output frequency will be 2f Hertz
because for each cycle of input, two positive half
cycles of output are obtained.

a.c input \
voltage

d.c output
voltage E

(a) Using de-Broglie’s hypothesis, explain with
“the help of a suitable diagram, Bohr’s second
postulate of quantization of energy levels in

a hydrogen atom.

(b) The ground state energy of hydrogen atom is
-13.6 eV. What are the kinetic and potential
energies of the electron in this state ? [3]

Answer : (a) The second postulate of Bohr atom

model says that angular momentum of electron

orbiting around the nucleus is quantized, i.e.,

nh
mor =5 -

According to de-Broglie, a stationary orbit is that

which contains an integral number of de-Broglie

waves associated with the revolving electron.

wheren =1, 2, 3,......

No OTP No Login No Adversitement


http://www.cbsepdf.com
http://www.cbsepdf.com

CBSE 2011 Solved Paper

For an electron revolving in the n' circular
orbit of radius 7, total distance covered =
circumference of the orbit = 2nr,

27, = 1A

According to de-Broglie, A = h

mo,
Where v, is speed of electron revolving in n
orbit.

th

- _th ni
21T = mo, 2n

ie., angular momentum of electron revolving

OT MUyt =

in nt" orbit must be an integral multiple of "2%';

which is the quantum condition proposed by
Bohr in second postulate. '

(b) The kinetic and the potential energies of
electron in the hydrogen atom (Z = 1) are given
by R 9

K= 4me; EF
where 7 is the radius of the orbit in the gwen
energy state. The total energy is

_. 1 (e ez)_ 1 ¢
E=K+U= 4:71:60(21— TF )T 4mey 2r

Thus, K=-E=—-(-13.6 eV)=+13.6eV
U=2E=2x(-13.6eV)=-272eV

25. You are given a circuit below. Write its truth.

table. Hence, identify the logic operation carried
out by this circuit. Draw the logic symbol of the
gate it corresponds to.** (31

A°+D°—L

) D—ez

‘Bo—Do——Y

** Answer is not given due to the change in present syllabus,
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26. A compound microscope uses an objective lens

of focal length 4 cm and eyepiece lens of focal

length 10 cm. An object is placed at 6 cm from the

objective lens. Calculate the magnifying power

of the compound microscope. Also calculate the

length of the microscope. [3]
OR

A giant refracting telescope at an observatory
has an objective lens of focal length 15 m. If an
eyepiece lens of focal length 1.0 cm is used, find
the angular magnification of the telescope.

If this telescope is used to view the moon,
what is the diameter of the image of the moon
formed by the objective lens ? The diameter of
the moon is 3.42 x 10° m and the radius of the
lunar orbit is 3.8 x 10° m

Answer : Focal length of objective, f, = 4 cm

Focal length of eyepiece; fe = 10 cm

Object distance, #, = 6 cm

By lens formula, for objective lens,

1.1 _ 1
v, U E
1 1.1
— = ._.+_
% fo W
1 _11_1
% 4 6 12
. = Ty = 12 cm
Magnification by objective,
_ 9,
"0 Tl
= 1—2-,:2
Magnification by eyepiece, 6

m, = (1+-:%)0r%

[. D= 25 cm for compound microscope]
_(1,28) o 25
= (“ 10) °r 10

3.50r25
Magnification power of the microscope,

Il

m=mgxmg
=2x350r2x25
=7orb
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" (a) Angular magnification, m

“Where a =

For eyepiece, by lens formula
1_1_1
Te U fe
For image to be formed at least distance of
distinct vision, v, = 25 cm.
11 _ 1
25 U, - 10
1 1.
u, 25 10 50
- 50

e ue= TC[I'[ =_7.14C]Il.

Length of the microscope,
L=v,+ |ue]
L=12+7.14 or
L=1914cem or

or L=g,+ |fe]
L=12+10

L=2can

OR
fi_ 15

L 1x107?
= 1500

(b) Diameter of moon = 3.42 x 10° m
And radius of lunar orbit = 3.8 x 108 m
Let d be diameter of the image.

We know,

d = afy

Diameter of moon
Radius of lunar orbit

o 342x10°
3.8x108

=0.135mor 13.5cm

Two heating elements of resistances R; and R,
when operated at a constant supply of voltage
V, consume powers P; and P, respectively.
Deduce the expressions for the power of their
combination when they are, in turn, connected
in (i) series and (ii) parallel across the same
voltage supply. [3]
Answer: (i) In series,

Net resistance, R=R; + R, -.(i)
The heating elements are operated at same
voltage.

2
Pz%ifpl=%?;P2=§_:
From equation (i)
v: _ v P
PR

www.chsepdf.com 7
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1_1,1
P P B
(i) In parallel combination,

Net resistance can be calculated as,

=

1 1 1
—_— = —-+_
R R K,
1 1 1
= — = ——
Vit ov?
= P=P1+P;
(@) Using Ampere’s circuital law, obtain the

expression for the magnetic field due to a
long solenoid at a point inside the solenoid
on its axis.

(b) In what respect is a toroid different from a
solenoid ? Draw and compare the pattern of
the magnetic field lines in the two cases.

() How is the magnetic field inside a given
solenoid made strong ? [5]

OR

(a) State the principle of the working of a
moving coil galvanometer, giving its
labelled diagram,

(b) “Increasing the current sensitivity of a
galvonometer may not necessarily increase
its voltage sensitivity.” Justify this statement.

(c) Outline the necessary steps to convert
a galvanometer of resistance Rg into an
ammeter of a given range,

Answer : (a) Magnetic field inside a long solenoid

is uniform every where and approximately zero

outside it. Fig. shows a sectional view of long
solenoid current coming out of the plane of the
papers at points marked (+) and current entering
the plane of the paper at points marked (x). To
find the magnetic field B~ at any point inside
the solenoid, consider a rectangular loop abcd as

Amperian loop. According to Ampere’s circuital

law,

O,
n

G

v LA

T T M I T T
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—

B-dl = pox Total current through the loop

8l wen o
ol
By

Ay B

= ppZl
- c d_: 4
éB -[B.d +£_B)-Ei +J§)'El)+ JE)EZ)
c d

c q
B-dl cos 0°+ £B- dlcos 90°+ | B- 4] cos 180°
c

a
+ ) B-dlcos 90°
b d

=Bh[dl+0+0+0 ~ [Bdlcos 180° =0
=Bx[+0+0+0 -+ B = 0 outside the solenoid

- o
$Bal =Bl
Where, I= length of the loop abcd

Zl=nll  [whereIis the current passing

through the solenoid]
Bl = ponll

= B = pgnl

(b) Difference : In a toroid, magnetic lines do not
exist outside the body. Toroid is closed whereas
the solenoid is open: on both sides.

Magnetic field is uniform inside a toroid whereas
for solenoid, it is different at the two ends and

centre.

www.cbhsepdf.com
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()} Strength of magnetic field :
(1) By inserting the ferromagnetic substance
inside the solenoid.
(2) By increasing the current through the
solenoid.
OR
@

Suspension
wire

M o NIBL

T yd

N
N \\ s N s

N

Coiled strip NIBL

Principle : Its working is based on the fact that
when a current carrying coil is placed in a
magnetic field, it experiences a torque.
Working : When current (I) is passed in the coil,
torque 7 acts on the coil, given by
t=NIAB sin@ :
where, 8 = Angle between normal to plane of
coil
B = Magnetic field of strength

N = No. of turns in a coil.

For equilibrium,
deflecting torque = restoring torque
NIAB = C86
= 6 = —@I
C -
where, C = Torsional rigidity of the wire
= 0l

The deflection of coil is directly proportional to
the current flowing in the coil.

(b) Due to deflecting torque, the coil rotates and
suspension wire gets twisted. A restoring torque

is set up in the suspension wire.
NIBA =C0 (" In equilibrium)
I= C
" NBA
I=G8
C
here, G= ——

where NBA
It is known as galvanometer constant.
‘Current sensitivity, Sc = % = EQ—B-
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s __9_(qul

and voltage sensitivity, Sy = v -l ¢ Jr
=3
T R

Itmeans voltage sensitivity is dependentoncurrent
sensitivity and resistance of galvanometer, R. If
we increase current sensitivity and galvanometer
resistance is high, then itis not certain that voltage
sensitivity will be increased. Thus, the increase of
current sensitivity does not imply the increase of
voliage sensitivity.

(c) Conversion of a galvanometer to ammeter :

el 4
et 4

A galvanometer can be converted into ammeter
by connecting a shunt (low resistance) in parallel
with the galvanometer and its value is given by

I
s:[ £ ]G
I-1,

29. State the working of a.c. generator with the
help of alabelled diagram.

The coil of an a.c. generator having N turns,

each of area A, is rotated with a constant

angular velocity w. Deduce the expression for

the alternating e.m.f. generated in the coil.

What is the source of energy generation in this

device ? [5]
OR

(a) Show thatin an a.c. circuit containing a pure
inductor, the voltage is ahead of current by
7/2 in phase.

(b) A horizontal straight wire of length L
extending from east to west is falling with
speed v at right angles to the horizontal
component of Earth’s magnetic field B.

(@) Write the expression for the instanta-
neous value of the e.m.f, induced in the
wire.

(ii) What is the direction of the e.m.£, ?

(iii) Which end of the wire is at the higher
potential ?

www.cbsepdf.com 9
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Answer:
3 —_—
cal A Ao
"”.
0“'
N Y, S
Slip (%)
rngs ¢ Alternating emf
@
Carbon brushes

Working : When a coil (armature) rotates inside a
uniform magnetic field, magnetic flux linked with
the coil changes w.r.t. time. This produces an em.f.
according to Faraday’s law.

For first half of the rotation, the current will be from
one end (first ring) to the other end (second ring).
For second half of the rotation, it is in opposite
sense.

To calculate the magnitude of e.m.f. induced,
Suppose

N = number of turns in the coil.

A = area enclosed by each turn of coil.

_)
B =strength of magnetic field.
0 = angle which normal to the coil makes with

ﬁ
B at any instant ¢,

Normal

—_— , Coll ]

5] < y‘ -+ N
". Magnetic flux linked with the coil in this
position ‘
_)
9 =N(B-A) = NBA cos 8
=NBA cos wt (i)

where is the angular velocity of the coil. At this
instant ¢, if e is the e.m.f. induced in the coil, then

—do. —d
e= T—W(NABCOSG)A?)

d
= — NAB 7 (cos o)

=-—NAB o (—sin wf)
e=NAB o sin ot - ..(id)

The induced em.f. will be maximum, when
sin w# is maximum i.e., 1

max = NABwx 1 ...(iii)
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Put in (ii), if we denote NABw as ¢j, then
¢ = egsin of
Source of energy : Mechanical energy.
The word generator is a misnomer, because
nothing is generated by the machine, it is an
alternator converting one form of energy to
another.
OR

(a) Circuit containing inductance only : Let an

alternating emf given by E = Eq sin of, (D)

@E=Eosivnmt

s ——
L

be applied across a pure (zero resistance) coil of
inductance L. As the current i in the coil grow
continuously, an opposing emf is induced in the
coil whose magnitude is L.—z~, where % B the
rate of change of current. But this should be zero
because there is no resistance in the current.
Thus,

Eosinmt—Li =0

dt

di Eo .
= —dt——TSln(Dt
= di =—E-L—°—sin of d

Integrating both sides, we have

Jdi = —?Jsinmt dt
. Eo [ coswf] Eg
i= [ . }—E(—cosmtdt)

=

%sin (ot - 1t/2)

The maximum value of sin (wf —/2) is 1.

%:)Ofismema)dmumcurrmtinme

circuit. Thus,

Therefore,

(i)

i= ioSiIl ((Dt—Tl:/Z)

www.cbhsepdf.com
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30.

10

From equations (i) and (ii), it is proved that

voltage is ahead of current by %

v A i

oy
§ .,
V,sinot, i“’t1 AN \
’ ‘I r
‘ | S \ 2% /
-,

Isin{ot—m/2)

(b) ()e=BLv

(i) Direction of e.m.f is from west to east.

(iii) Wire 1 is at greater potential than wire 2.
State the importance of coherent sources in the
phenomenon of interference.
In Young's double slit experiment to produce
interference pattern, obtain the conditions for
constructive and destructive interference. Hence
deduce the expression for the fringe width.
How does the fringe width get affected, if the
entire experimental apparatus of Young is
immersed in water 7 [5]
Answer Two sources of light which
continuously emit light waves of same
frequency with a zero or constant phase
difference between them are called coherent
sources. They are necessary to produce
sustained interference pattern.
A thin film of oil spread over water shows
beautiful colours due to interference of light.
If coherent sources are not taken, the phase
difference between the two interfering waves
will change continuously and a sustained
interference pattern will not be obtained.

y1=a cos ot
y2=a[cos (ot + ¢)]

According to principle of superposition, the
resultant wave is given by

y=yi+y2
y=a [coswt + cos(of + )]
y=24 cos §/2 cos (ot + ¢/2)

Resultant amplitude = 24 cos (¢/2)
The intensity is directly proportional to the
square of the amplitude. I o a?

I = 41 cos? ($/2)

=

=
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Condition for constructive interference
¢=0,2m, 4n,...... or=%2nn(n=0,12, ... )

Condition for destructive interference

¢==xm,£30, £5%, cuuun. or=x(2n+1)
n(n=012..)
G
st Fi‘

81‘_ -"".-‘:p"‘ X X
4- - O"" ‘ > ¥
w o I—»i

S b y
—P

We have, (SP)?~ (S1PY

- [D2+(-x+%),2:|_n2[x_%]2=2xd

2xd 2xd _ xd

SP-5P=551SP 2D "D
Constructive interference : The intensity of light
will be maximum at those places where the path
difference between the interfering light waves is
zero or an integral multiple of A, i.e., A, 24, ........

Physics 2011 (Outside Delhi)

Hence for maximum intensity, we have

xd _
D =™
_ nDA
= X = d

Destructive interference : The intensity of light
will be minimum at those places where the path
difference between the interfering light-waves is

A (A 3A SA
anold integralmultipleof-2~ oy Ty .

Hence for minimum intensity, we have

A 1
DA — —NE = L
22N =(2n ‘l)2 =(n 2)?.

=(n— LyDA
x=(n 2)7

) DA
Fringe width, B = %y 1, = (n + 1) — ZD%

B= DTA’ , which will be same for constructive and

destructive interference.

So fringe width is directly proportional
to A On immersing the apparatus in
water, the wavelength of light decreases
(e =1/n).

Therefore, fringe width will decrease in water.

SET II

Time allowed : 3 hours

Note : Except for the following questions, all
the remaining questions have been asked in
previous Set.

1. A hollow metal sphere of radius 10 cm is
charged such that the potential on its surface
is 5 V. What is the potential at the centre of the
sphere ? ]
Answer : Potential inside the charged sphere is
constant and equal to potential on the surface of
conductor.

Therefore, potential at the centre of sphere is 5 V.

2. How are X-rays produced ? [1]
Answer : X-rays are produced when electron
strike a metal target. The electrons are liberated

www.cbhsepdf.com 11
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12.

Maximum marks : 70

from the heated filament and accelerated from
the high voltage towards the metal target. X-rays
are also produced when electrons collide with
the atom and nuclei of metal target.

Where on the surface of Earth is the angle of
dip zero ? (1]
Answer : At magnetic equator angle of dip is
Zero.

State the principle of working of a transformer.

" Can a transformer be used to step up or step

down a d.c. voltage ? Justify your answer. [2]
Answer : Transformer principle : It is a device
which converts high voltage a.c. into low voltage
a.c. and vice-versa.

No OTP No Login No Adversitement


http://www.cbsepdf.com
http://www.cbsepdf.com

CBSE 2011 Solved Paper

AL

i

e lintll

L Laminated Core

It is based upon the principle of mutual
induction. When alternating current is passed

through a coil, an induced e.m.{. is set up in the  17.

neighbouring coil.

Working : When an alternating current is passed

through the primary, the magnetic flux through

the iron core changes which does two things. It

produces exm.f. in the primary and an induced

e.m.f.is also set up in the secondary. If we assume

that the resistance of primary is negligible, the
back e.m.f. will be equal to the voltage applied to

the primary.

- N2

Ve=-Ne2,

49

d Vo= -NgZ*t
an 5 5

where Np and Ng are number of turns in the
primary and secondary respectively. Vp and Vs
are their respective voltages.

Vs o N5

Vo Np
The ratio % is called the turns ratio.

P :

In a step-up transformer : N5 > Np

So Vs> Vp
In a step-down transformer : Ng < Np
So Vs < VP

A transformer can not be used to step up or step
down a d.c. voltage because d.c. can not produce
a changing magnetic flux in the core of the
transformer and no emf will be induced.

In the given circuit, assuming point A to be
at zero potential, use Kirchhoff's rules to

14.

determine the potential at point B. [21
1A D 3A g‘: lV B
- - l r
R % §2 o R,
S :
A_—_| l I I c ’ F
2y 3A

** Answer is not given due to the change in present syllabus.
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Answer: Vp-Vc=2x2=4V )]
Ve-Va=2V
Va=0=>Ve=2V (i)
Now, from equations (i) and (ii),
Vp=6V -..({id)

Thus, VD—VB=4VﬁVB=2V

What is ground wave communication ? On

what factors does the maximum range of

propagation in this mode depend ?** [2]

A convex lens made up of glass of

refractive index 1.5 is dipped, in turn,

in () a medium of refractive index 1.6,

(ii) 2 medium of refractive index 1.3. [3]

(a) Will it behave as a converging or a diverging
lens in two cases ?

(b) How will its focal length change in the two
media ?

Answer : (a) Here “p, = 1.5

Let fyir be the focal length of lens in air, then

1 1 1
=05

(L - L) _ 1

o Ry Rpj ™ Jair 15=1)
L1y 2 (@)
(R1 R, ) Jair

(i) When lens is dipped in medium A.

Here %ua = 1.6

Let fa be focal length of lens, when dipped in

medium A, then -1 - (4 _1)(L__1_)
R Ry Ry

a
1 Hg (1 1 )
or —_ = 1=
Ja [aP-A ]R1 Ry

1 _ (li - ) 2 _~0l 2
fa \L6 T fur 16 far
or fA = —Sfair (11)
As sign of fa is opposite to that of fair, the lens will
behave as a diverging lens.
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(ii) When lens is dipped in medium B:
Here, “ug = 1.3 A
Let fp be the focal lens, when dipped in medium

B, then
1 B 11 )
= = 1 S
s ( My ) (R1 R,
= Ty -1 (l - L)
s R Ry
Using equation (i} we have,
. ._1_ = (_1._‘§ — 1) b4 L
/o \13 Jir

or fB =325 foir (iif)
As sign of fg is same as that of f;, the lens will
behave as converging lens.

(b) (i) As seen from equation (ii),
fa==far,
. Focal length increases in magnitude and
becomes negative.

(ii) As seen from equation (iii),
f8=3.25 fair
. Focal length increases in magnitude and
remains positive,

SET III

Physics 2011 (Outside Delhi)

'_l"ime allowed : 3 hours

Note : Except for the following questions, all
the remaining questions have been asked in
previous Set.

1. A hollow metal sphere of radius 6 am is charged
such that the potential on its surface is 12 V.
What is the potential at the centre of sphere ?[1]
Answer : Potential inside the charged sphere is
constant and equal to potential on the surface of
conductor. So therefore, potential at the centre of
sphere is 12 V.

3. How are microwaves produced ? {1]
Answer : Microwaves are electromagnetic
waves with wavelength ranging from as
long as metre to as short as one millimetre,
or equivalently with frequencies between
300 MHz and 300 GHz. Microwaves are produced
by vacuum tubes devices that operate on the
ballistic motion of electron controlled by
magnetic or electric fields. Some different kinds
of microwaves emitters are the cavity magnetron,
the klystron, the travelling wave tube (TWT), the
gyrotron and all stars.

12. Mention various energy losses in transformer.
[2]
Answer : Magnetic core losses are exaggerated
with higher frequencies, eddy currents in the
iron core, resistance of windings or copper loss,
hysteresis loss and flux leakage are energy losses

www.cbsepdf.com 13
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Maximum marks : 70
in transformers. Transformers energy losses
tend to worsen with increasing frequency.

In the given circuit, assuming point A to be
at zero potential, use Kirchhoff’s rules to

determine the potential at point B. [2]
1A D__4A ﬁlvl— B
R 20 R,
A 1! { Cc 4=A

3V )
Answer: Vp—-Ve=2x3=6V -()
then, VC - VA =3V
Va=0
= Vc=3V ..(if)
From equations (i) and (ii},

Vp-3 =6V

= Vp = 9V ...(ii)
Now, Vp-Vg =6V
= 9-Vg =6V
= Vg = 3V

A thin straight infinitely long conducting
wire having charge density A is enclosed by a
cylindrical surface of radius r and length ], its

No OTP No Login No Adversitement


http://www.cbsepdf.com
http://www.cbsepdf.com

CBSE 2011 Solved Paper

axis coinciding with the length of the wire.
Find the expression for the electric flux through
the surface of the cylinder. (2]

Answer :

E <

[H—)%

+ 4+ + H+ ]+
= il
i

ds

m
++l+
~

i<

|
]

+ 4+ H

v
ds

There will be no electric flux through the circular
ends of the cylinder.
So, according to Gauss's law,

Flux, =L
€
Since, charge enclosed by gaussian surface

Physics 2011 (Delhi)
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20.

ie. g=hixl,
Al
¢ = s—
€

A converging lens has a focal length of 20 em in
air. It is made of a material of refractive index
1.6. It is immersed in a liquid of refractive index
1.3. Calculate its new focal length. [3]
Answer : If f; be the focal length of glass lens in
air, then.
Y b S .
AR %) - @

If f; be the focal length of glass lens in liquid.
Then

1 1_1 ..
7 = (e -D(g-g) -
Dividing equation (i) by (ii),
AL il
f; - ”"’g -1
fi_16-1
20" 16 _,
13"
or ﬁ = 52 cm.

SET 1

Time allowed : 3 hours

1. A point charge is placed at point O as shown
in the figure. Is the potential difference Va-Vs
positive, negative or zero, if Q is (i) positive (ii)

negative ? [1]
Q
® ® °
o A B

Answer : If Q is positively charged,
Va—Vp = positive.
If Q is negatively charged, V-V = negative.

2. Aplane electromagnetic wave travels in vacuum
along Z-direction. What can you say about the
direction of electric and magnetic field vector ?

[1]

Answer : In electromagnetic wave, the electric

- -
field vector E and magnetic field vector B show

www.cbsepdf.com
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their variations perpendicular to the direction of
propagation of wave as well as perpendicular
to each other. As the electromagnetic wave is

- -
travelling along Z-direction, hence E and B

show their variation in XY-plane.

A resistance R is connected across a cell of emf e
and internal resistance 7. A potentiometer now
measures the potential difference between the
terminals of the cell as V. Write the expression
for ‘7 in terms of g, V and R. [1]

Answer:r = (%-1)XR

The permeability of magnetic material is
0.9983. Name the type of magnetic materials it
represents. [1]

Answer : Diamagnetic material.
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5. Show graphically, the variation of the de- Answer:

Broglie wavelength (L) with the potential (V) X equipotential

through which an electron is accelerated from Z-axis surfaces

rest. [1] o Yl S

Answer: ETITIL o=z
THEEE -— -
Yy :E:E Y-axis
T - -
v — = =
[+

X-axis~ ¢ d >
A

Downward force due to gravity is balanced by
upward force due to electric field

v ie, mg = gE

6. Inatransistor, dopinglevel in base is increased / +g / . E = mg
slightly. How will it affect (i) collector current o g
and (ii) base current 7** 1] 1qE OR

7. Define the term ‘wattless current’, (1] AL
Answer : Current flowing in a circuit without s Herep, . =p.,=p
any net dissipation of power is called wattless Resultant dipole mom-
current. ent

8. When monochromatic light travels from one R 5
medium to another its wavelength changes but Pr = VPP + p? +29" cos 120°
frequency remains the same. Explain. [l
Answer : Atoms (of the second medium) oscillate _ Jp_ pr+2p7 (_ l)
with the same (incident light) frequency and in = 2
turn, emit light of the same frequency.

9. Two Uniformly large parallel thin plates = 42 pl - Pz = \/F
having charge densities +c and —c are kept in
the X-Z plane at a distance ‘d" apart. Sketch =P
an equipotential surface due to electric field When this dipole is placed in an electric field
between the plates. If a particle of mass m and along + X-axis, it will experience a torque.

charge ‘-4’ remains stationary between the

plates, what is the magnitude and direction of

this field ? [2]
OR

Two small identical electrical dipoles AB and
CD, each of dipole moment ‘7" are kept at an
angle of 120° as shown in the figure. What is the
resultant dipole moment of this combination?
If this system is subjected to electric field
E directed along +X direction, what will be the
magnitude and direction of the torque acting
on this ?

© = pE sin 30° = pE x

tE
=7

According to right hand thumb rule, torque will
be into the plane of the paper i.e., along Z-axis.

**Answer is not given due to the change in present syllabus.
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10. A magnetic needle free to rotate in a vertical 12. Two convex lenses of same focal length but of

11.

plane parallel to the magnetic meridian has its
north tip down at 60° with the horizontal. The
horizontal component of the earth’s magnetic
field at the place is known to be 0.4 G. Determine
the magnitude of the earth’s magnetic field at
the place. [2]

Answer : Given, angle of dip, & = 60°

H=04G
R=7?
We know, H =Rcos?d
. H __04
or = cosf _ cos60°
0.4
=1/2 = 04x2
. R=08G
Figure shows two identical capacitors, C;and

Ca, each of 1pF capacitance connected to a
battery of 6 V. Initially switch ‘S’ is closed.
After sometime ‘S’ is left open and dielectric
slabs of dielectric constant K = 3 are inserted
to fill completely the space between the plates
of the two capacitors. How will the (i) charge
and (ii) potential difference between the plates
of the capacitors be affected after the slabs are

inserted ? 2]
s
/:

. c, C,
v 1T JE— J—
T ] 1pF 1yF
Answer : When S is closed :
P.d. across C; =P.d. across C2= 6V
Vi= Vp=6V [+ q=CV]
qi=ge=1uFx6V= 6 uC
When S is open :
When dielectric slab (K = 3) are inserted,
Ci=3x1uF=3pF
Cy= 3x1uF=3pF
P.d. across C3,
Vi=6V
. gi'= 3pFx6V=18pC
P.d. across Ca, i ' 6 uC .
27 C, T 3uF
Vo= 2V

**Angwer is not given due to the change in present syllabus.
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B

aperture A; and A; (Az < Ay), are used as the
objective lenses in two astronomical telescopes
having identical eyepieces. What is the ratio of
their resolving power ? Which telescope will
you prefer and why ? Give reason. [2]

Answer : Resolving power of a telescope is
proportional to its aperture, and is given by a

relation,
A

R-P. = 1.22 A.
Where, A is aperture and A is wavelength for a

given light.

RP) _ A

or
(RP), Ap

Since, Aj > Ay (Given),

Therefore, the telescope with objective of

aperture A; should be preferred for viewing as

this would :

(i) give a better resolution.

(i) have a higher light gathering power of
telescope.

Draw the output waveform at X, using the

given inputs A and B for the logic circuit

shown below. Also, identify the logic operation

performed by this circuit.** B 3

th bR L & kb

14. Name the semiconductor device that can be used

16

to regulate an unregulated dc power supply.
With the help of I-V characteristics of this

device, explain its working principle. [2]
Answer : Zener diode is a specially designed
diode which is operated in reverse breakdown
region continuously without any damage.
When zener diode is operated in the reverse
break down region, the voltage across it remains
practically constant (V) for a large change in
reverse current. Therefore, for any increase/
decrease of the input voltage, there is a increase/
decrease of the voltage drop across series
resistance (Rs) without any change in the voltage
across zener diode.
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Breakdown Voltage, V;

15.

16.

17.

18.

Current

Forward
currant

Voltage

Leakage

current

Reverse
veoltage

I-V characteristic curve of zener diode

How are infrared waves produced ? Why are
these referred to as ‘heat wave’ 7 Write their one
important use, (21
Answer : Infrared rays are produced by hot bodies
or due to vibration of atoms and molecules of the

bodies. Infrared waves are called heat waves as

they cause heating effect. Infrared waves are used
to maintain earth’s warmth, in physical therapy,
remote switches etc,

Draw the transfer characteristic curve of a base
biased transistor in CE configuration. Explain
clearly how the active region of the V, versus V;
curve in a transistor is used as an amplifier.**{2]

(a) Define modulation index.

(b) Why is the amplitude of modulating signal
kept less than the amplitude of carrier
Wave 7** [2]

A current is induced in coil C; due to the
motion of current carrying coil C,. (a) Write
any two ways by which a large deflection
can be obtained in the galvanometer G.
(b) Suggest an alternative device to
demonstrate the induced current in place of a

galvanometer. [2]
C, C,
K
Answer : (a) Any two ways to obtain large

deflectioninG:
(i) Moving Cy faster towards C;.
(i) Insertion of soft iron core in C;.

_ {b) Alternative device that can be used in place of

galvanometer is LED.

“*Answer is not given due to the change in present syllabus.
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Define the terms (i) drift velacity, (ii) relaxation
time.

A conductor of length L is connected to a dc
source of emf &. If this conductor is replaced by
another conductor of same material and same
area of cross-section but of length 3L, how will
the drift velocity change ? [3]
Answer : (i) Drift velocity : The average velocity
with which the free electrons drift towards
positive terminal under the influence of an
external electric field is called drift velocity.

(ii) Relaxation time : Average time interval
between two successive collisions of an electron
with the positive ions / atoms of the conductor.

Drift velocity is given by,
_aE
Ua = m L
or Ty oC 1
4% T

The drift velocity is inversely proportional to L.
If length L of conductor is made 3 Himes, drift
velocity will become one-third of its initial value.

Yy

3

Using Gauss’s law obtain the expression for the
electric field due to a uniformly charged thin
spherical shell of radius R at a point outside the
shell. Draw a graph showing the variation of
electric field withr, forr>Rand r <R. 3]
Answer : Electric field at point P at a distance 'r’
outside the spherical shell.

According to Gauss’ law,

va=

Gaussian
surface

~,
., -’
e

¢ = $EdS
- $Eds
= E§ds
$ = E x 4nr? (i)
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According to gauss’ law, the electric flux through —25+2
1 _ (6.63x10™ ) 19
= - x 32207 J=242x1077]

asurfaceis -81; times the netcharge enclosed by it. 2 9.1x10~3}
_Q S 2 Draw a schematic diagram showing the (i)
£ ground wave (ii) sky wave and (iii) space wave
From equations (i) and (ii), propagation modes for em waves.
E x 4 = Q Write .the frequency range for each of the
€y following : [3]
S Q (i) Standard AM broadcast
T 4mEg 2 (ii) Television
a (iii) Satellite communication.*™
E E max 23. Describe Young's double slit experiment
T ] to produce interference pattern due to a
Ee< 12 monochromatic source of light. Deduce the
expression for the fringe width. (31
-, OR
o r=R
—_—r Use Huygen’s principle to verify the laws of
refraction. :
Answer : S is a narrow slit (of width about
Variation of E with r {distance) 1 mm) illuminated by a monochromatic

source of light At a suitable distance
(= 10 mm) from S, two slits S; and 5; are placed
parallel to S. When a screen is placed at a large
distance (about 2 m) from the slit S; and S,
alternate dark and bright bands appear on the
screen. These are the interference bands or
fringes. The band disappear when either slit is
covered.

For r < R, there is no strength of electric field
inside a charged spherical shell.

For 7 > R, electric field outside a spherical shell is
same as if the whole charge Q is concentrated at
the centre.

21. An electron and a photon each have a
wavelength 1.00 nm. Find

{a) their momenta,

(b) the energy of the photon, and

(c) the kinetic energy of electron. [3]
Answer: A, = Ay =1.00 nm = 10°m

A (Bright)

(a) For electron or photon, momentum B (Bright)
h
P=Pe=Pp=7
C (Bright)
_ 6.63x107% +—10mm—>»'4¢—2 mm————»
107 Explanation : According to Huygen’s principle,
= 6.63x 10 % kgm/s the monochromatic source of light illuminating
(b) Energy of photon, the slit S sends out spherical wavefront.
he The two waves of same amplitude and same
E= N frequency superimpose on each other. Dark
= (663 x 107%%) x 3% 1908 ~19.89 x 1077] fringes appear on the screen when the crest of
Co10T one wall falls on the trough of other and they
(0) Kinetic energy of electron, | neutralize the effect of each other. Bright fringes
B Vs appear on the screen when the crest of one

T 2m

** A nswer is not given due to the change in present syllabus.
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wave coincides with the crest of other and they
reinforce each other.
Expression for the fringe width :
Let d = distance between slits S; and S,,
D = distance of screen from two slits, and
x =distance between the central maxima
‘0’ and observation point P.

M
P
s
1 X
A
sq// ’ Id
S, B
< D >N

Light waves spread out from S and fall on both
51 and S,. The spherical waves emanating from
S1and S, will produce interference fringes on the

screen MN.
JSiAY +(AP)?
2
=i
DZ

d?.

| (x-5)

= SP = Df;, \" 2
D2

5P

[T

By binomial theorem and neglecting higher
terms, we have

2
SIP=D 1+(I_%) - D+("_§)

—_—

D2 2D

A\2
Similarly S;P =D + E%)—

Hence, path difference = S,P - S,P

d\? d\?
X+ x~=
=D+( 23) ‘D“( 2[3)
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1], d 2 _d? ]
=2D[x +T+xd—x —T+xd

For bright fringe,
Path difference = n), wheren =0, 1, 2, ..........

xd
= =nA
=> n

- #AD

Xn= ==
For dark fringe, N
Path difference = {2r—1) 5 wheren=1,2,3,...

xd

= (-1 A
= 3—(2” 1)2

w-o-bi

So, fringe width

(ﬂ+1)7\.D 2AD
d d

{Considering bright fringes]

Xn 41— Xn=

AD
d

Fringe width is same for both dark and bright
fringe.
OR

Wavefront : The continuous locus of all the
particles of a medium, which are vibrating in the
same phase is called wavefront.

Laws of refraction : Let PP’ represent the surface
separating medium 1 and medium 2 as shown in
fig.

Incident
wavefront ————__ "\, B
Vit Medium 1
i .
i
P P
A . r (o3
roN Vot
Refracted
wavefront
Medium 2
From AABC,
. .. BC i
smi: = A—C' = A—C
From AAEC,
iny - AE _ mtf
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sini _ ut AC _ %
siny AC wt oy,

sini _
siny ~ H
which is Snell's law of refraction of light (first

law).

Second law : Incident wavefront, refracted

wavefront, normals all lie in the same plane.

(a) Describe briefly, with the help of suitable
diagram, how the transverse nature of light
can be demonstrated by the phenomenon of
polarization.

(b) When unpolarized light passes from air to a
transparent medium, under what condition
does the reflected light get polarized ?  [3]

Answer:
(2) When a polaroid P, is rotated in the path
of an unpolarized light, there is no change in
transmitted intensity.
The light transmitted through polaroid Py is
made to pass through polaroid P». On rotating
polaroid P; in path of light transmitted from Py
we notice a change in intensity of transmitted
light. This shows the light transmitted from Py
is polarized. Since light can be polarized, it has
fransverse nature.

E ) m AAAA
lP1 i P2

K,) VVVY \-—:\_,‘[

(b) Whenever unpolarized light is incident
from air to a transparent medium at an angle of
incidence equal to polarizing angle, the reflected
light gets fully polarized.

According to Brewster's law,

femnmurhnrnea

n=tan ip u.(i)
where i, in the polarizing angle and 7 is refractive
index of the transparent material.

By Snell’s law, we have .
sin lp
n= —
sin 7
tani sin ip F i
or = Gnr [From (i)]
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cos ip=sin r
cos ip = cos (90° - 1)
iy +r=90°
Thus, when the sum of polarizing angle and

reflected angle is 90°, the reflected light is fully
polarized.

25. The energy levels of a hypothetical atom are
shown below. Which of the shown transitions
will result in the emission of a photon of
wavelength 275 nm ?

Which of these transitions correspond to
emission of radiation of (i) maximum and (ii)

minimum wavelength ? [31
A B ODeV
Y ] D _oeV
-45eV
: -10eV

Answer : If a photon of wavelength A =275 nm is

to be emitted, then energy of photon is given by
hc
E= 5

6.63%x 107> x 3 x 108
275 %10~ x 1.6 x 107

eV =45¢eV

Hence transition B would result in the emission
of a photon of wavelength 275 nm.
(i) Transition A corresponds to maximum
wavelength.
(ii) Transition D corresponds to minimum
wavelength.
26. State the law of radioactive decay.
Plot a graph "‘show*ing the number (N) of

undecayed nuclei as a function of time (Z) for a
given radioactive sample having half life Ts.
Depict in the plot the number of undecayed
nuclei at (i) £=3 Ty, and (ii) =5 T, [3]
Answer: The number of nuclei undergoing decay
per unit time, at any instant t, is proportional to
the total number of nuclei in the sample at that
instant.
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dN

a =N

dN
= =Y

T AN
] .
o
S
o
a
2
g
c
=
5
[¢]
4

Ny/32
| | ] I | l
Tie 2T 3Ty, 4Ty, 5T Time ¢

From graph, number of undecayed nuclei at
(i} 3 Tyis Ny/8.
(ii) 5 Ty is No/32.
27. In the circuit shown, R =4, R, =R3=15Q, R,
=30 and E = 10 V. Calculate the equivalent

resistance of the circuit and the current in each
resistor. [3]

F 3

1.1 1

= 155715730

_ 24241 5

T30 T30
= Rau=60Q

Now R234 is in series with Ry, so,
Reqg =4Q+6Q=10Q
= E _10

Raq—IO

A=1A
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-~ Current throughR; =1 A
PD.acrossR;, V=IRj=1x4=4V
S0, P.D.across Ryay = 6V

LRy = BR3=LRy =6V

[Voltage in parallel combination is equal]

- 6
= [cA=04A

6
L= jcA=044

6
Iy = 30 A=02A

28. State Biot-Savart's law, giving the mathematical
expression for it.
Use this law to derive the expression for the
magnetic field due to a circular coil carrying
current at a point along its axis.
How does a circular loop carrying current
behave as a magnet ? [5]

OR

With the help of a labelled diagram, state the
underlying principle of a cyclotron. Explain
clearly how it works to accelerate the charged
particles.
Show that cyclotron frequency is independent
of energy of the particle. Is there an upper limit
on the energy acquired by the particle ? Give
reason.

Answer : Biot-Savart's law states that the
magnitude of magnetic field dB due to
current element is directly proportional to the
current I, the element length | d/| and inversely
proportional to the square of the distance r of the
field point. Its direction is s perpendicular to the
plane containing a‘l and r.

. I-dl x7
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According to Biot-Savart’s law

1dix 7
}1_0 Xr
B = g — 3
Ho Idi sin ©
dB = gn 2

r
- A
dB = Po ldl . g0 [ le.r]
4r 2

Ho 1d
4m 2

dB has two components dB; and dBy dB, cancel

out and only 4B, component remains.

dB, = dBsin ©
_ holdl R
2 1/2
P (2 r2)
noldl R
or dB; = X 3/2
: 4 (x2 +R2) /
[ P=22+R%
Total magnetic field at P,
B= jdB,
| HolR4
an (2 +R2)?
jdl =2nR
5 pgIR?
= 2
2(x2 + R2)3/
RolR> 4
_-) —
B = 2(x2 +R2)™?

Explanation : A magnetic needle placed at the
centre or axis of a circular coil shows deflection.
This implies that a circular coil behaves as a
magnet.
OR

Principle : Cyclotron works on the principle that
a charged particle moving normal to a magnetic
field experiences Lorentz magnetic force due to
which the particle moves in a circular path.
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Magnetic field out

of the paper Deflection plate

Oscillator

Working : High frequency oscillator maintains
moderate alternating potential difference
between the dees. This potential difference
establishes an electric field that reverse its
direction periodically. Suppose a positive ion of
moderate mass produced at the centre of the dees
finds D; at negative potential. It gets accelerated
towards it. A uniform magnetic field, normal to
the plane of the dees, makes it move in a circular
track. Particle traces a semicircular track and
returns back to the region between the dees.
The moment it arrives in the region electric field
reverses its direction and accelerate the charge
towards D;. This way charge keeps on getting
accelerated until it is removed out of the dees.
Centripetal force, needed by the charged particle
to move in' circular track, is provided by the
magnetic field.

[~

5 = qvB
= v = q_Bi
m
Period of revolution, T = ggl
_ 2mrm
~ q4Br
. 2;mi
= T = T
= V= l = _q__B
T 2mm
Thus, frequency of revolution is independent of
the energy of the particle.

Yes, there is an upper limit on the energy acquired
by the charged particle. The charged particle gains
maximum speed when it moves in a path of radius
equal to the radius of the dees.
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, JBR Also, A+ ZQNR = 180°
e Omax = e Thus, A=rn+n,
where, R = radius of the dees. So, ite-A =8

So, maximum kinetic energy At minimum deviation,

2 ZBZRZ
KE = imo? = L[ BR) o L2 5
2 2 m 2m

29. (@) Draw a ray diagram to show refraction

of a ray of monochromatic light passing
through a glass prism.
Deduce the expression for the refractive
index of glass in terms of angle of prism
and angle of minimum deviation.

(b) Explain briefly how the phenomenon of
total internal reflection is used in fibre

optics. [5]
OR
(@) Obtain Lens Maker’s formula using the
expression

m_m_(np-m)
v u R
Here the ray of light propagated from a rarer
medium of refractive index (1) to a denser
medium of refractive index (r,) is incident
on the convex side of spherical refracting
surface of radius of curvature R.

(b) Draw a ray diagram to show the image
formation by a concave mirror when
the object is kept between its focus and
the pole. Using this diagram, derive the
magnification formula for the image
formed.

Answer:
()

B [0
From AMQR, (i-r1) + (e~r)) = 8
So, (i+e)—(rn+r)=38
From ARQN, r1 + ro + ZQNR = 180°
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i=e,rp=rp=r and$ =3,

. A+3, A
= i = 3 andr—E
sin /
Also U= Sinr
A+,
sin 2
Hence n= 1A
S“‘(E)
(b)

Low n

N

High 7

Each optical fibre consists of a core and cladding,
refractive index of the material of the core is
higher than that of cladding. When a signal,
in the form of light, is directed into the optical
fibre, at an angle greater than the critical angle,
it undergoes repeated total internal reflections
along the length of the fibre and comes out of
it at the other end with almost negligible loss of
intensity.

OR
(a)
N N
"1~§ O"' 2
. >, "."
.~Q’ ‘O‘.
o\ R n
I'i1 et . "
-
,o" n, a, e, ..
o 2 . .
""' &..‘ "q.~~~~
Pl C_|P C o |
| 2 1 1
1——R2
‘-—.—1}———’
P R ) & V. B

For refraction at the first surface
2_A_Mm=n ..(i)
nooH R
For the second surface, 1; acts as a virtual object
(located in the denser medium). So, for refraction
at this surface, we have
m_m _
v v R,

H —Hp

...(i)
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Adding (i) and (ii),
m m_MP-m +”1‘"2
v u R Ry
mom_ L1

1.1 _(_)(L_L

= v 4 (”1 1)(R1 Rz)

The point where image of an object, located at
infinity, is formed is called the focus F of the lens

and the distance f gives its focal length.
So for

U=wm,

-. Magnification,

30. (a) With the help of a labelled diagram,
describe briefly the underlying principle
and working of a step up transformer.

(b) Write any two sources of energy loss in a
transformer.

(<) A step up transformer converts a low input
voltage into a high output voltage. Does
it violate law of conservation of energy ?
Explain. [5]

OR :
Derive an expression for the impedance of a

series LCR circuit connected to an AC supply
of variable frequency.
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Plot a graph showing variation of current with
the frequency of the applied voltage.

Explain briefly how the phenomenon of
resonance in the circuit can be used in the
tuning mechanism of a radio ora TV set.

Answer : (a) Step-up transformer :

Primary Winding Secondary Winding
O] = d
Applled Altemating {~] ==} Having more turns than
Current Supply 1] [} the Primary Winding
o L o

Principle : It works on the principle of mutual
induction. When alternating current is passed
through a coil, an induced emf is set up in the
neighbouring coil.
Working : When an alternating voltage is applied
to the primary, the resulting current produces
an alternating magnetic flux which links the
secondary and induces an emf in it. We consider
an ideal transformer in which the primary has
negligible resistance and all the flux in the
core links with both primary and secondary
windings. Let ¢ be the flux in each turn in the
core at any time  due to current in the primary
when a voltage Vy, is applied to it.
Then the induced emf or voltage E; in the
secondary with N, turns is

do
S dt
The alternating flux also induces an emf, called
back emf in the primary given by

d
Ep = '"NF’d_T

But E, = V}, (since resistance of primary is small)
and E, = V, (since secondary current is small)

E5=N

d
So, Vs= ~N, 2
And Vg = _Np %
V, N
Thus, T = N
vV, T Np
For a step up transformer,
Vs >1
VP
= Vs>V

(b)Sources of energy loss in transformer are :
Joule’s loss in the resistance of windings, loss
due to eddy currents.
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(c) No. A step up transformer steps up the voltage
while it steps down the current. So the input
and output power remain same (provided
there is no loss). Hence, there is no violation
of the principle of energy conservation.

OR

Impedance (Z) in LCR circuit : The effective

resistance offered by a series LCR circuit to

the flow of current is called its impedance. It is
denoted by Z.

> al il I

Suppose an inductance L, capacitance C and
resistance R are connected in series to a source of
alternating emf given by,

V= Vo sin ot
Let I be the instantaneous value of current in
series circuit. Then voltages across the three
components are :

() Vi=X.I It is ahead of current I in phase by
90°.

(ii) V¢ =Xcl. Itlags behind the current I in phase
by 90°.
(iii) Vg = RI. It is in phase with current I.

These voltages are shown in the phasor diagram
given below.
Y

V,_ aB

®)
L 4
4
bad
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As Vi and V¢ are in opposite direction, their
resultantis OD = Vi — V¢, in the positive
Y-direction.

By parallelogram law, the resultant voltage (V) is
represented by 6’9

V = J0A? + OD?

- \/VI% +(VL - V)2

_ VR 4+ (X T X D)

IYRZ + (X - Xc)?

Y = VR4 (X, - X)?

Here, V/1 is the effective resistance of the series
LCR circuit and is called impedance (Z).

Z = JR2+ (X - Xc)

e +for—gef
= ,4JR” +{oL -—
oC

. XL = QL
XC =1/0C

The given graph shows the variation of current
with the frequency of the applied voltage.

Current (l) ——p

f=f,

r

frequency —————p
The radio and TV receiver sets are the practical
applications of series resonant circuits. Signals
of several different frequencies are available in
air. By turning the tuning knob of the radio set,
we vary the frequency of the LC circuit till it
matches the frequency of the desired signal.
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SET 11

Time allowed : 3 hours

Note : Except for the following questions, all
the remaining questions have been asked in
previous Set.

2,

10.

11.

The susceptibility of magnetic material is
1.9 x 10”5, Name the type of magnetic materials
it represents. (11

Answer : Paramagnetic substance because
susceptibility of para-magnetic material is
positive.

A plane electromagnetic wave travels in vacuum
along X-direction. What can you say about
the direction of electric and magnetic field
vectors ? 1]
Answer : The electric and magnetic field vectors
are in YZ-plane.

A magnet is quickly moved in the direction
indicated by an arrow between coils C; and C;
as shown in figure. What will be the direction
of induced current in each coil as seen from the
magnet ? Justify your answer. [2]

Answer : For coil C; : As the N-pole of the
magnet is moving away from the coil Cy, the end
of the coil will behave as S-pole so as to oppose
the motion of the magnet. Therefore, looking
from the end, the current in the coil C; will be in
clockwise direction.

For coil C;: The end of the coil should behave
as S-pole 50 as to repel the approaching magnet.
Looking from the end, the direction of current in
the coil of Cs will be in clockwise direction.
Figure shows two identical capacitors C; and
Cz each of 2 pF capacitance, connected to a
battery of 5 V. Initially switch ‘S’ is closed.
After sometime ‘S’ is left open and dielectric
slabs of dielectric constant k = 5 are inserted
to fill completely the space between the plates
of the two capacitors. How will the (i) charge
and (if) potential difference between the plates

www.cbhsepdf.com
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of the capacitors be affected after the slabs are
inserted ? [2]

s

1 c, c,
— sv _ —
2

nF 2uF

Answer ;: When switch S is closed :
p.d. across C; = p.d. across C>

Le. Vi=V2=5V
Charge on each capacitor is same
ie., Q=CV

=2uF x5V =10 uC
When dielectric slab is inserted between plates of

capacitors,
Ci=C=C=KC=5x2puF=10uF

When switch S is open :

For C, battery is still connected

A Q1 =CV,=10pFx5V=50uC
For C,, charge remains the same

Q=CV;
10 uC=10 uF x V,
. V2=1 volt
16. How is forward biasing different from reverse
biasing in a p-n junction diede ? [2]

Answer: Forward Biasing : The positive terminal
of the external battery is connected to p-side
and negative terminal of battery to n-side of p-n
junction. The forward bias voltage oppose the
potential barrier. Due to this, the potential barrier
is reduced and hence the depletion becomes thin.
The resistance of p-» region junction decreases.

Reverse biasing : The negative terminal of the
external battery is connected to p-side and
positive terminal of battery to n-side of p-n
junction. The reverse bias voltage supports
the potential barrier. Due to this, the potential
barrier is increased. The resistance of p-n junction
becomes high.
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20. Inthecircuitshown,R;=4Q, Ry=R3=5(,R3=100), 23. An electron and a photon each have a

and E = 6 V. Work out the equivalent resistance
of the circuit and the current in each resistor.

[31
A
AWV
8 Ry I W 40
E T Ry
-1 R, R,
it B
Answer : Ry, R, Ry are in parallel.
1 1 1 1
Rys ~ R, "Ry TRy
1 01 1 24241
=5+5+t70= " 10
_ 5 _1.
Rozs = 20

Rozy and R; are in series.

Rizzu=2+4 =60Q

= Y_¢
R 6
I=1A

Physics 2011 (Delhi)

wavelength of 1.50 nm. Find :

(i) their momenta

(ii) the energy of the photon

(iii) the kinetic energy of the electron (3]
Answer:

(i) For each electron or photon, momenta,

6.63 x 10734

- h_
P= AT 15%107
= 4.42 x 107 kg m/sec

(ii) E= %

(6.63x107 )3 x10%)eV
T 15%x107%)1.6x107")

=828.75eV

2
(iii) Er = %

N |—=

1(4.42 x 10~ )2 v
= e
2%x9.1x10" x1.6x107%?

= 0.671eV

SET III

Time allowed : 3 hours

Note : Except for the following questions, all
the remaining questions have been asked in
previous Set.

2.

7.

A plane electromagnetic wave travels in vacuum
along Y-direction. What can you say about
the direction of electric and magnetic field
vectors ? (1]

Answer For an electromagnetic wave
propagating along Y-direction, the electric and
magnetic field vectors vary sinusoidally along
X-direction and Z-direction respectively.

The susceptibility of a magnetic material is
—4.2 x 10~%. Name the type of magnetic materials
it represents. [1]
Answer : Diamagnetic substance,
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Explain how a depletion region is formed in a
junction diode. [2]
Answer : With the formation of p-n junction, the
holes from p-region diffuse into the n-region
and electrons from n-region diffuse into the
p-region and electron-hole pair combine and
get annihilated. This in turn, produces potential
barrier across the junction which opposes the
further diffusion through the junction. Thus, a
small region is formed which is depleted of free
charge carriers and has only immobile ions. This
region is called depletion region.
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14. Figure shows two identical capacitors C; and
Cz each of 1.5 pF capacitance, connected to
a battery of 2 V. Initially switch ‘S’ is closed.
After sometime ‘S’ is left open and dielectric
slabs of dielectric constant K=2 are inserted to
fill completely the space between the plates of
the two capacitors. How will the (i) charge and
(ii) potential difference between the plates of
the capacitors be affected after the slabs are
inserted ? (2]

=2v — 15 pF

Answer : When switch S is closed :
p.d. across C; = p.d. across C;
Vi=Vp=2V
Charge on each capacitor
=CxV
=15uFx2V=3uC
When dielectric slab is inserted between plates of

ie.,

capacitor,
Ci'=C'=C'=KC=15uFx2=3puF
When switch S is open :

Battery is still connected to C;
s Q1=CV=3pFx2=6uC
For Cy, charge remain constant
Q2=C'V;
3puC=3puFxV;
Va=1volt
Write the truth table for the logic circuit shown

below and identify the logic operation by this
circuit.**

16.

o

**Answer is not given due to the change in present syllabus.
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17. Predict the polarity of the capacitor when
the two magnets are quickly moved in the
2]

directions marked by arrows.

A

—Ym

—

[s I

_—

Answer : In the situation shown, A will become
positive with respect to B, as current induced is
in clockwise direction.

23. Inthecircuitshown,Ry=2, R,=R3=10}, R4=20,
and E =6 V, Work out the equivalent resistance
of the circuit and the current in each resistor. [3]

A
— AW
h Ry I, WA
— R
E e 4
R, Ra
Dy B
Answer
Rz, Rz and Ry are in parallel combination
1 1 1 1
Row ~ R, R; 'R,
= 1,1, 1
=10 10" 20
_ 2+2+41 5
20 20
Royy = 4Q

R234 and Ry are in series combination

R= R]B,; = R234 +‘R1

R=4+2=6Q
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25, An electron and a photon each have awavelength . he
. (ii) E= 3%
of 2 nm. Find :
(i) their momenta : 6.63x10" )3 x10%) eV
(ii) the energy of photon T ex100%)1.6x107)
(iii) the kinetic energy of the electron (3]
Answer = 621.6eV
(i) For each electron or photon, momenta, 17
(iii) I
_ h_663x107%
Ao2x107 1(3.315x 10" Z)% eV

= 209x1073)(1.6x1071?)

Il

3.315 x 102 kg m/sec

0.3816 eV.
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Physics 2012 (Outside Delhi) SET 1

Time allowed : 3 hours Maximum marks : 70

1. Two wires of equal length, one of copper and Let the direction of electric field and magnetic

the other of manganin have the same resistance.
Which wire is thicker ? (1]
Answer : Since the resistivity of alloy is greater
than the resistivity of its constituents. We have
resistivity of manganin greater than resistivity of
copper metal.

{

So, resistance, R=9p A

Where ! is length and A is area of cross-section of
material. Also p is the resistivity of the material.

For copper, u= pcu LY
Cu
. M
and for magnanin, Ry = PM Ay
We have py > pcy
or DM >1
PCu
As Icu=IMm
On D1v1d1ng RCu - pCuAM
RM pMACu
Again Rcu =Ry
PcudM = PMAC
Py _ Aum g
Pcu ACu
Hence, AM > Acy.

=> Manganin wire is thicker.

What are the directions of electric and magnetic
field vectors relative to each other and relative to
the direction of propagation of electromagnetic
waves ? (1l
Answer : Since electromagnetic waves
are transverse in nature. We have electric
and magnetic fields associated with an
electromagnetic wave perpendicular to each
other and perpendicular to the direction of
propagation of electromagnetic waves.

Y

www.chsepdf.com z 1

field is along Y and Z-axis then the direction of
propagation of EM waves will be along positive
X-axis.

How does the angular separation between
fringes in single-slit diffraction experiment
change when the distance of separation between
the slit and screen is doubled ? [1]
Answer : We know angular separation is given
as

Di.
o= B_d _*
D D 4

Since 0 is independent of D i.e., the distance of
separation between the screen and the slit, so
when D is doubled, angular separation would
remain same.

A bar magnet is moved in the direction indicated
by the arrow between two coils PQ and CD.
Predict the directions of induced current in each
coil. [1]

Q c D

—(D— @

000LU 00000

]

N S

A A

Answer : According to Lenz’s, law the polarity
of the induced emf is such that it opposes the
change in magnetic flux responsible for its
production. ‘

Since, North pole of bar magnet is receding away
from the coil so the right end of the coil will
develop South pole i.e., induced current as seen
from the left end will be anticlockwise.

P Q
0000
, >
N S
()
/- In anticlockwise direction as
seen from left

Again, since South pole is pushing towards the
second coil so the left end of the coil will develop
South pole in order to repel it and decrease the
flux i.e., induced current as seen from the left end
will be clockwise. No OTP No Login No Adversitement
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c D
TR
L
—p— 4 v
N s N
@,
‘A

In clockwise direction as
seen from [eft

5. For the same value of angle of incidence, the

angles of refraction in three media A, B and C are
15°, 25° and 35° respectively. In which medium
would the velocity of light be minimum ?  [1]
Answer : As light travels from a rarer to denser
medium it bends towards the normal as its speed
decreases. So, if the bending is more, the speed of
the light would beless in that medium, compared
to other media. As the angle of refraction is
measured with respect to the normal, the ray
making the least angle of refraction would bend
more and the speed of light would be minimum
in that case. So, the correct option is medium A
where refracting angle is 15°.

A proton and an electron have same kinetic
energy. Which one has greater de-Broglie
wavelength and why ? [11
Answer : Since de-Broglie wavelength A in terms
of kinetic energy is given as
_ h
-\fszk
-Where, E is kinetic energy, m is mass of electron
and h is the Planck’s constant.
Thus, for electron and proton with same kinetic

energy, de-Broglie wavelength would depend
On mass.

. 1
Since % o€ ——

T m
As My > M,
= he> Ay

Hence, wavelength of electron is greater than
wavelength of proton.

Mention the two characteristic properties of
the material suitable for making core of a
transformer. . (1]
Answer : Two characteristic properties of material :
(i) Low hysteresis loss.

(ii) Low coercivity.

A charge ‘q" is placed at the centre of a cube of
side /. What is the electric flux passing through
each face of the cube ? (1]

wWww.CAARIVER S By using Gauss’s law,
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10.

= PEdS =3
¢ = PEdS = ¢

Now, the flux passing through all the six faces
would be :

¢ = 6¢ = i
&
And the flux paésing through each face would be
o= -2
¢ 650

A test charge ‘q’ is moved without acceleration
from A to C along the path from A to B and
then from B to C in electric field E as shown in
the figure. (i) Calculate the potential difference
between A and C. (ii) At which point (of the
two) is the electric potential more and why ? {2]

B

(2.3)

B\
» E
am)w-———>3(&m

c A

Answer : (i) Since work done is independent of
the path therefore, we may directly move from A
to C.

Potential difference between A and C is given by,

- =
Vc-Va= —[FE.dl

negative sign is due to the work done against

electric field = — [ E-dl cos180°
= —E(-1D [ dl
=EHEx4
=4E

So, Vc-Va =4E

(ii) Electric potential will be more at point C
as direction of electric field is in decreasing
potental..
Hence,
VC > VA.
An electric dipole is held in a uniform electric
field. [2]
(i) Show that the net force acting on it is zero.
(i) The dipole is aligned parallel to the field.
Find the work done in rotating it through the
angle of 180°.
Answer: (i) Consider an electric dipole consisting

of two equal and opposite pain
and +q at B, separated by a s

SR B
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11.

N
E

B N
+q/|—> +gE

N
\ 5
v v A

.
o

Dipole moment of a dipole is given by,

7 1= 42a)
Let this dipole be held in a uniform external

N
electric field E at an angle 8 with the direction
_)
of E.
Porce on chaige — g at A = —qE, in a direction
- : -
opposite to E . Force on charge +gat B=+4E,
_’
along the direction to E.

Net force on the dipole =g E -q E =0

(ii) Work done on dipole, W = AU = pE (cos 0; -
cos B;)

W = pE (cos 0° — cos 180°)
W =2pE.

State the underlying principle of a transformer.
How is the large scale transmission of electric
energy over long distances done with the use of
transformers ? i2]
Answer : Transformer is a device which converts
high voltage AC into low voltage AC and vice-
versa. It is based on the principle of mutual
induction. When alternating current is passed
through a coil, an induced emf is set up in the
neighbouring coil.

Transformers are used for iransmission of
electrical energy over long distances.

It step up the output voltage of power plant
using step up transformer which reduces the
current and inereases the Voltage and hence
reduces resistive power loss. Then a step down
iransformer is used at consumer end to. step
down the voltage and to increases the current.
A capacitor of capacitance “C’ is being charged
by connecting it across a dc source along
with an ammeter. Will the ammeter show a
momentary deflection during the process of

www.chsep fharging ? If so, how would you explain

this momentary deflecion and the
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resulting continuity of current in  the
circuit ? Write the expression for the current
inside the capacitor. (21

Answer : Yes, the ammeter shows a momentary
deflection during the process of charging because
during charging, conduction current flows through
the wires which leads to deposition of charges on
the plates of capacitor. This produce an electric field
of increasing magnitude, which in turn, produces a
displacement currents between the plates and this
displacement current maintains the continuity of
current in the circuit.

Current inside the capacitor,

a9
Iy = € £
P dt
13. Anobject AB is kept in front of a concave mirror
as shown in the figure. [2]
A
T 4 4
B C F

() Complete the ray diagram showing the
image formation of the object.

(ii) How will the position and intensity. of the
image be affected if the lower half of the
mirror’s reflecting surface is painted black ?

Answer: (i)

Image formed will real and inverted, between
focus and center of curvature and small in size.
(ii) If the lower half of the mirror’s reflecting
surface is painted black, the position of image
will be same but its intensity gets reduced.

14. Draw a labelled ray diagram of a reflecting

telescope. Mention its two advantages over the

refrading telescopel\lo OTP No Login No Adversitem'egl
Answer : Reflecting Telescope :
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Objective

mirror

h 4

Secondary '
mirror

Eyepiece

;

A 4

AL

15.

16.

17.

Advantages over refracting telescope :
1. There is no chromatic aberration in reflecting
telescope.

2. The resolving power of a large aperture mirror
is high and hence minute details of distant
stars can be obtained.

Describe briefly with the help of a circuit
diagram, how the flow of current carriers in a
p-n-p transistor is regulated with emitter-base
junction forward biased and base-collector
junction reverse biased.** 121
In the given block diagram of a receiver,
identify the boxes labelled as X and Y and write
their functions.** [2]
Alight bulb is rated 100 W for 220 V ac supply of
50 Hz. Calculate :

(i) The resistance of the bulb;
(i) The rms current through the bulb.
OR

An alternative voltage given by V = 140 sin 314¢
is connected across a pure resistor of 50 €. Find
(i) the frequency of the source.

(i) the rms current through the resistor.
Answer:P =100 W and Vs =220V, f=50 Hz

2
(i) Resistance, =Vﬂ=220x—220=848Q
()P =Tmg % Vs = 100
_P 100 5454
Ve 220
OR

Given, V = 140 sin 314¢, R =50 Q
(i) Comparing with V = V sin ot

Thus, Vp = 140 V
And, ® =314
2me =314
314 50 Ha
0% ox314
V, 140
(1) Vs = = —==98.99V
mT 22
V.. 9899
L = —~ms = 7277 _ 197 A
mETOR 50

m&ﬁ) (iﬂgg‘l t given due to change in the present syllabus.
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18,

19.

A circular coil of ‘N’ turns and radius ‘R’ carries a
current ‘I". It is unwound and rewound to make
another coil of radius ‘R/2’, current ‘I’ remaining
the same. Calculate the ratio of the magnetic
moments of the new coil and original coil. [2]
Answer : The magnetic moment m of a current,
carrying loop,

m = NIA
Where, N = number of tums.
Let m; and my be the magnetic moments of
circular original coil of radius ‘R” and new coil of
radius ‘R/2’. )
Length of wire remains same. Thus,

New) = N2 3 ))

N' = 2N
my = NIA; = NITR?

R 2
ma = N'TAgz = 2NI [n (3)

Now,

=L NImR2

2

1
m o _2_1
m 1 2

Deduce the expression for the electrostatic
energy stored in a capacitor of capacitance ‘C’
and having charge ‘Q’.

How will the (i) energy stored and (ii) the electric
field inside the capacitor be affected when it is
completely filled with a dielectric material of
dielectric constant K’ ? (3]
Answer : Energy stored in a charged capacitor :
The energy of a charged capacitor is measured by
the total work done in charging the capacitor toa
given potential. We know that, Capacitance,

c=Z
\'
Where g is the charge on the plates and V is

potential difference.

When an additional amount of charge dg is
transferred from negative to positive plate, the
small work done is given by

aW = Vg =L dg
The total work done in transferring total charge

Qis given by
Q
Qg 1 (Q 1|4 1|Q?
w= — T — = —] — = | ——
Jo cta=cly 4 CLL c[z 0

2
No OTP No Login Noﬂd%:;-sitement
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This work is stored as electrostatic potential the circuit is 0.2 A, What would be the potential
energy U in the capacitor. difference between points Band E? [3]
. QZ 50
U=—=. v
2C I W—C
2 0.2A
o ot
2C [~ Q=CV] 15 Qg
00 § 100 % 100
or - 1 cy?
2 IV—
or v-tqv
2 M—
When dielectric material of dielectric constant R 02AE D
‘K’ is introduced inside the capacitor : Ans
: ) wer : &
" Vo= Eod -~ 8V 5 58 A 6™
Where V) is the potential when there is vacuum Lren Y 0 E
between the plates of the capacitor and 4 is the 150 150 ' e
. . wof o0 o= Q! '
separation between the plates of the capacitor. ; 1004
When dielectric js introduced, potential VT & v A E
difference is-given by N E D 02A R 'E-wcvevn B
V =Ed (2) Equivalent resistance R' is given by
Dividing equations (i) and (ii) 1 1 1 1
_ =2 —t+—+
Y . B _g R 30 10 10+5
A" E 1. 1.1 _6
But K>1 = 30710715 T 30
‘ = R' = 5 Q
Vo >V 02A B
. "Ihus, potential difference also decreases.
We have energy stored as U=EQV ) 350
Since V decreases, U also decreases.
(i) R oo E
* - On applying Kirchhoff’s second law, we get
o . |- =5(02) +R(0.2) +15(0.2) =8 -3
o A = and R=5Q
+ _ . _ Vee=5(02)=1V
+ _ .\ - [+ Repe=R'=5Q]
+ - . - 21. You are given three lenses Ly, L, and Ls each of
+ - - focal length 20 cm. An object is kept at 40 cm
A 17 - in front of L;, as shown. The final real image is
0 M P formed at the focus ‘I’ of L3, Find the separations
- )= between Lj, Lz and L. [3]
+ - + -
- .
+ EI( :

v

1A _/’\ AL

=E.— 20 cm
=Bk E Answer:

But K>1-20_ L Ly L,

So, %>1 orEg>E T O O O ™

Thus, electric field is reduced. —
Calculate the value of the resistance R in 40em " 2oem”
WWW. cbsepdf cpm Bt shown in the so that the ntghm Here,ﬁ =f2 =f3 m&,{P No Logln No Adversitement
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Now, u; = 40 cm
For lens 13, from Lens Makers formula,

1 1 1
v f
1 1 1
_——+—.
uofiy
1 1
=—t —
20 40

B —1_1

0 40
=40 cm

For lens L3
f3=20cm,v3=20cm, uz=?
By lens formula,

1. 1.1
v W fi
1 1.1
= 20 w3 20
1
o “":0".:}“3:00
U

Thus lens L should produce image at infinity.
Hence, for Ly, its object should be at focus.
But we have seen above that image by L, is
formed at 40 cm on the right of L; which is at 20
cm left of L; (focus of Ly).
So, X; = distance between L; and Lz = (40 + 20)
am = 60 cm
Again distance between L; and 13 does not
matter as the image by L; is formed at infinity.
Hence, the distance between Ly and Lj can have
any value.
Define the terms (i) ‘cut-off voltage’ and
(ii) “threshold frequency’ in relation to the
phenomenon of photoelectric effect.
Using Einstein’s photoelectric equation
show how the cut-off voltage and threshold
frequency for a given photosensitive material
can be determined with the help of a suitable
plot/graph. [31
Answer : When light of suitable frequency is
incident on a metal surface, electrons are ejected
from the metal. This phenomenon is called the
photoelectric effect.

Light

fi
Cathode |K/ | anode
IC A

e L —
w,.v A

(i} The cathode is illuminated with light of some

www fixeddrefiency 2 and fixed intensity Ij. A small
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photoelectric current is observed due to few
electrons that reach anode just because they
have sufficiently large velocity of emission. If we
make the potential of the anode negative with
respect to cathode then the electrons emitted by
cathode are repelled. Some electrons even go
back to the cathode so that the current decreases.
At a ceriain value of this negative potential,
the current is completely stopped. The least
value of this anode potential which just stops
the photocurrent is called cut off potential or
stopping potential.

(ii) For a given material, there is a certain
minimum frequency that if the incident
radiation has a frequency below this threshold,
no photoelectric emission will take place,
howsoever intense the radiation may be falling.
This minimum frequency is called threshold
frequency.

According to Einstein’s photoelectric equation,
maximum K.E. is given as

KEmox= 2~ = -9

Where A is wavelength of light and v is
corresponding frequency and ¢ is work function.
We expose a material to lights of various
frequencies and thus photoelectric current is
observed and cut off potential needed to reduce
this current to zero is noted. A graph is plotted
and that is straight line.

Stopping |-
Potential

Yo

% Frequency of incident —p '
7 Rediation {v)

According to Einstein’s photoelectric equation

KEmax = ~];L—c—¢=hv—¢
KEmax = €Vp
EVO = hV—¢
Vo = [ﬁ)v_i (i)
e e

We can read the value of threshold frequency
from graph.

From equation (i), we can find the value of stopping
pOtE[Iﬁal Vo).

. A series LCR circuit is connected to an ac source.

Using the phasor diagram, derive the expresgion
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for the impedance of the circuit. Plot a graph to
show the variation of current with frequency of
the source, explaining the nature of its variation.

' 31
Answer : Let an alternating emf E = Eo sin of is
applied to a series combination of inductor L,
capacitor C and resistance R. Since all three of
them are connected in series the current through
them is same. But the voltage across each element
has a different phase relation with current.

V, vV V,

" R it L —i——M
1
R L c

LCR Circuit

The potential difference Vi, V¢ and Vg across L,
C and R at any instant is given by

VL =IXt, Vc=IXcand Vg =1IR
Where I is the current at that instant.
XL, is inductive reactance and
Xc is capacitive reactance.
Vg is in phase with I, VL leads I by 90° and Vc
lags behind I by 90°.

B
V.4
D& :R
E
V-V
b
o] > > |
_I Vr A
VoY
C
In the phasor diagram,

V1, and Vc are opposite to each other. If V1. > V¢
then resultant (V1. — Vc) is represented by OD,
OR represent the resultant of Vg and (V1 - Vc).
It is equal to the applied emf E.

www.cbsepdf.com 7
** Answers is not given due to change in the present syllabus.
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E2 = V2 +(Vy -V )
E2=12 [R2+(XL—XC)2]
B E
R4 (X X

or I

The term [R? +(X; —X)* is called impedance
Z of the LCR circuit.

2

{ 1

R? +(X; -X.) =, /R +| Lo——
(XL -X¢ ( Cu})

Emf leads current by a phase angle ¢, which is
given by :

1
Lo—-—
o= L~ Ve _XL-Xe Ca
VR R R
When resonance takes place, Xr = Xc
ot oL = L
wnC

At resonance, impedance of circuit becomes

equal to R. Current becomes maximum and is
al t E |

equal to R

The graph of variation of peak current Imax with
frequency is shown below : ‘

f ————p
1
ﬂ]o: .
NJLC
w 1
fo= S0 _
2n 2avLC

With increase in frequency, current first increases
and then decreases. At resonant frequency, the
current amplitude is maximum.

Mention three different modes of propagation
used in communication system. Explain with
the help of a diagram how long distance
communication can be achieved by ionospheric
reflection of radiowaves.* [31

25. Draw a plot of potential energy of a pair of

nucleons as a functions of their separations.
Mark the regionsNwhitielthegmisclédreforoesris
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(i} attractive and (ii} repulsive. Write any two
characteristic features of nuclear forces. (3]
Answer : Potential energy of a pair of nucleons
as a function of their separation :

PE (MeV) —»

A .
o Repulsive
To

r (fm)

:

Aftractive

O

Here, Part AB represents repulsive force and
part BCD represents attractive force.
7o is the distance at which potential energy is
minimum.
Characteristic features of nuclear forces are :
(i} Nuclear forces are much stronger then Coulomb
forces acting between charges or the gravitational
forces between masses.
(ii} The nuclear force between neutron-
neutron, proton-neutron and proton-proton is
approximately the same. The nuclear force does
not depend on the electric charge.
In a Geiger-Marsden experiment, calculate the
distance of closest approach to the nucleus of Z
= 80, when o(-particle of 8 MeV energy impinges
on it before it comes momentarily to rest and
reverses its direction.
How will the distance of closest approach
be affected when the kinetic energy of the
o-particle is doubled ? [3]
OR
The ground state energy of hydrogen
atom is -13.6 eV, If an electron makes
a transition from an energy level
-0.85 eV to -3.4 eV, calculate the wavelength
of the spectral line emitted. To which series
of hydrogen spectrum does the wavelength
belong ?

Answer : Let rg be the centre to centre distance
between the alpha-particle and nucleus.

26.

Given, Z =80, Ex = 8 MeV
NOW, Ek = _1__ .(_.Z"',)ﬂ
. 41'580 o
or oo 1 29(Z2)
dneg  E,

_9x10° x80x 2(1.6 X107y
8x10° x1.6x107%°

www.cbsepdf.com
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27.

_ 18x10x10° x1.6x107%

8x10°
=288 x 1074 m

=28.8 fm
1

Since, o —

k
So when kinetic energy is doubled the distance
of closest approach g is halved.

OR

We know that, E,; = —%ev
n

Here, ground state energy forn =1,
Ep=-13.6eV

Now, electron transist from Ep = -0.85eV to Eg =
-34eV

—0.85 = —?6
P
nf, - 13.6 ~16
0.85
Thus, n,=4
Again, 34= _1?2"6
n
g
mq2 _136 _ 4
34

Thus, electron makes ransition fromn=4ton =2,
‘Hence, it is Balmer series. Now, R = 1.0974 x
10°m™}

1
I:R i_lz
nql ny

1 7(1 1) 1.0974x 107 x12
—=10974x10" | 5 -—= |- ————2=
A 22 4? 4x16

1 02057 x 107

A

A=4.861x10"m

A =4861 A.

Define relaxation time of the free electrons
drifting in a conductor. How is it related to the
drift velocity of free electrons ? Use this relation
to deduce the expression for the electrical
resistivity of the material. . [31
Answer : Relaxation time (7) is the time for which
a free electron accelerates before it undergoes a
collision with the positive ion in the conductor.
No OTP No Login No Adversitement
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Or, we can say it is the average time elapsed
between two successive collisions. It is of the
order 104 seconds. Tt decreases with increase of
temperature and is given as

- -
vd = at
- ¢E
or vd = ——7T
m
"
-2 —¢E
. g =
m

N
Where 4 is the drift velocity, E is the applied
electric field. e and m are the charge and mass of
electron respectively.

Again consider a conductor with length / and A
as area of cross-section. Let n be the number of
electrons per unit volume in the conductor.

We know, Vg= — E T
m
Magnitude of drift velocity

And, the current flowing through the conductor
due to drift of electron is given by,

I=neAvy
Substituting value of vy
1 = nA (EE—T)e
m
_ nAe’En
m

If V is potential difference applied across the two
ends then

I

E= ¥
)
2
So, I=nAth
mi
v__m. [T
T néft A
A"

Now, according to Ohm's law T= R(Resistance
of conductor)

Thus,

_ml_ m 1
ne’tA me*t A

Comparing this with formula of resistance,

£
R=P

www.chsepdf.com 9
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Where p is the resistivity of the material.

m

We get, p=—
ne”T

28. (a) In Young’s double slit experiment, derive the

condition for
(i) constructive interference and

(ii) destructive interference at a point on the
screen.

(b)A  beam of light consisting of two
wavelengths, 800 nm and 600 nm is used to
obtain the interference fringes in a Young’s
double slit experiment on a screen placed 1.4
m away. If the two slits are separated by 0.28
mm, calculate the least distance from the
central bright maximum where the bright
fringes of the two wavelengths coincide. [5]

OR

(a) How does an unpolarized light incident on
a polaroid get polarized ? Describe briefly,
with the help of a necessary diagram, the
polarization of light by reflection from a
transparent medium.

(b) Two polaroids ‘A’ and ‘B’ are kept in crossed
position. How should a third polaroid ‘C’ be
placed between them so that the intensity
of polarized light transmitted by polaroid
B reduces to 1/8th of the intensity of
unpolarized light incident on A ?

Answer : (@) Condition of constructive and

destructive interference :

X

7

84

S,

| « ol > |y

In the given figure, 5 is a monochromatic source
of light. S; and S; are two narrow pin holes
equidistant from S and they act as coherent
sources. Consider a point P on the screen XY
placed parallel to Sy and S;.

- Let a; be the amplitude of the waves from S;

and a; is from S;. Let ¢ be the phase difference
between the two waves reaching the point P. Let

y1 and y2 be the digplacementy phthe durwaves:
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arriving at P.
y1 = a; sin ot w(1)
Y2 = @z sin (Wt + 9) Q)

By the principle of superposition, the resultant
displacement of the two waves at P is
¥ = ¥1 + Yo = a1 Sin®t + a3 sin (0t + §)
¥ = a1 sin Wt + 27 sin ©f cos ¢ + 2 cos Wt sind
= sin i (a1 + a2 c0s9) + cos wt

(325in0) ...(3)

a1+ azcosd = A cosb «.(4)
a; sint = A sin0. (D)
Substituting in equation (3),
y =sinwt A cos0 + coswt A sinf
= A sin (0t + 0) «.(6)

Thus, the resultant vibration is S.H.M. and the
resultant amplitude is A.

Squaring and adding equation {4) and equation
),
A% cos?0 + A?sin0 = (a1 + a2 cosO)? + a5 sin%
Al=d4 + 2ma cosd + a$ cos?d +
a4 sin’0
= @y + 52 + 21182 cos 0
The amplitude of the resultant wave is A

A= \/af +a§ -1;24142 cos ¢
The resultant intensity at P is given by the square
of the amplitude
Intensity, I=A%=a% +a?+ 2212, cosd
Clearly, the intensity of resultant wave at any
point depends on the amplitude of individual
waves and the phase difference between the
waves at the point.

Constructive interference
intensity at any point, cos¢ = +1
For phase difference ¢

=0, 27, 41, 67 .......

=2nt(n=90,1,2, ... )
The maximum intensity,

For maxmum

Lmax=a% + a3+ 24182 = (@1 + a2)°

Path difference, A= i x Phase difference
2%

=VL x 21T
2n

=ni
Clearly, the maximum intensity is, obtained in

wwwibieseegfiomof superposition at those points where

10 its crystallographic axis.
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waves meet in the same phase or the phase
difference between the waves is even multiple of
7t or path difference between them is the integral
multiple of A and maximum intensity is (a3 +
a7)* which is greater than the sum intensities of
individual waves by an amount 2a14;.
Destructive interference : For minimum
intensity at any point, cos¢ =-1.
for phase difference ¢ =, 3%, 5n, 71......
=2n-~-1)m,n=1,223...

In this case the minimum intensity,

Emin=af + af — 2214 = (a1 - 2)?

Path difference, A= E?— x Phase difference
T

=% x (2n—1)1t=(2n—1)-;2:

Clearly, the minimum intensity is obtained in
the region of superposition at those points where
waves meet in opposite phase or the phase
difference between the waves is odd multiple of
T or path difference between the waves is odd

multiple of & and minimum intensity = (a3 —
a5)* which isdess than the sum of intensities of
the individual waves by an amount 2a;a,.
(b) Given: A =800nm =800 x 10°m

A2 = 600 nm = 600 x 10~°m

D=14m
d=0.28 mm =0.28 x 10~°m
Suppose n",  maximum corresponds  to

wavelength Ay and it coincides with tiph

maximum corresponding to wavelength A;.

. MD A,D
?11 _—= L —
d d
or Mmoo Ay _600_3
n, A 800 4
Thus, 39 maximum corresponding to

wavelength 800 nm coincides with 4™ maximum
corresponding to wavelength 600 nm.
And the minimum distance is given by,

MD  3x800x1077 x1.4

Imin= 1
min = 1y 028x1072
Xmin = 12 mm

OR

(a) Polaroid is made up of a special material
which blocks one of the two planes of vibration of
an electromagnetic wave. Because of its chemical
composition, it allows only those vibrations of
the electromagnetic wave which are parallel to

No OTP No Login No Adversitement
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IR

IS IS

Unpolarized Polaroid Polarized
light Filter light
N

Ordinary | Plane polarized ,C
light light
iP
X A 90 Y
B
N D
Unpolarized
light

An ordinary beam of light on reflection from a
transparent mediumbecomes partially polarized.
The degree of polarization increases as the angle
of incidence is increased. At a particular value of
angle of incidence, the reflected beam becomes
completely polarized. This angle of incidence is
called the polarizing angle (iy).

(b) By Malus law, the intensity of light emerging-

from the middle polaroid ‘C’ is given by
I; =Ipcos? @
This light (intensity 1) falls on the polaroid ‘B’
whose polarization axis makes an angle of (90° -
0) with the polarization axis of the polaroid ‘C’.
Therefore, the intensity of light emerging from
‘B’ is given by
I = I; cos? (90° — 6) = Iy cos? B cos? (90°- B)

= [ cos’0 sin’0 = 28—10
Where 2I; is intensity of unpolarized light
incident on A
4cos’Bsin’0 =1
(2sinBcos B’ =1
(sin20)® = 1
sin20 =1 = sin 90°

0=22" —yg5°
2

Thus, polaroid ‘C’ must be placed at an angle 45°
with polaroid ‘B’.

www.chsEhAlifiswers is not given due to change in the present syllabus.
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29. (a) Describe briefly, with the help of a diagram,

the role of the two important processes
involved in the formation of a p-n junction.

(b) Name the device which is used as a voltage
regulator. Draw the necessary circuit diagram
and explain its working. ) [5]

OR

(a) Explain briefly the principle on which a
transistor-amplifier works as an oscillator.
Draw the necessary circuit diagram and
explain its working.**

(b) Identify the equivalent gate for the following
circuit and write its truth table.**

s>

> )

Answer : (a) Two important process involved in
the formation of a p-n junction are (i) diffusion
and (ii) drift.

In - n-type semiconductor, elecirons are the

majority carriers and holes are minority carriers.
In the same way, in p-type semiconductor holes
are majority and electrons are minority carriers.
During the formation of p-n junction, due to
concentration gradient, the holes diffuse from p
side to # side and electrons diffuse from n side
to p side. This motion gives rise to diffusion
current across the junction.

When an electron diffuses from » to p side, it
leaves behind a positive charge. In such a manner
a positively charged layer forms on n-side of the
junction.

Similarly, when a hole diffuses from p tonside, it
leaves behind a negative charge and a negatively
charged layer forms on p side of the junction.
This space charge region is known as depletion
region. An electric field directed from n-region
to p-region develops across the junction. Due to
this field, electrons on p side of the junction move
to n-side and holes on 7 side of the junction move
to p side. This motion of charge carriers due to
the electric field is called drift.

. Drift current is opposite in direction to the

diffusion current.
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Electron drift E  Electron diffusion
D —— —

—m
1O © 0|6 @ o e 4
O 0 0|0 O e s .
P 8 8 ® n
L) .
£ ©° %5 @ * ° Electron
/ —_— c P A————
Hole Hole diffusion 1= Hole drift
&
<G>
o
[=%
[0
(=]

—
Drift current

Initially, diffusion current is large and drift
current is small. Space-charge region on either
side increases as the diffusion process continues.
This increases the electric field and hence the
drift current. This process continues until the
diffusion current equals the drift current.

(b) Zener dicde is used as a voltage regulator.

A !
<

>R8
<
2

—_—
Diffuston current

Unreguiated -l

Voltage

30.

N L?{’d’ f Ragulated
L lVoltage, Vs
M

™~

X

e

Voltage regulator converts an unregulated dc
voltage into a constant regulated dc voltage
using zener diode. The unregulated voltage is
connected to the zener diode through a series
resistance Rg such that the zener diode is reverse
biased. If the input voltage increases, the current
through Rg and zener diode also increases. This
increases the voltage drop across Rs without
any change in voltage drop across zener diode.
This is because in the breakdown region, zener

‘voltage remain constant even though the current

through zener dicde changes.

Similarly, if the input voltage decreases, the
current through Rg and zener diode decrease.
The voltage drop across Rg decrease without any
change in the voltage across the zener diode.
Thus any change in input voltage results the
change in voltage drop across Rg without any
change in voltage across the zener diode.

(a) Write the expression for the force l?, acting
on a charged particle of charge ‘q’, moving with

a velocity v inthe presence of both electric field

www.cbsepdf.com
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E and magnetic field B’. Obtain the condition
under which the particle moves undeflected
through the fields.

(b) A rectangular loop of size ] x b carrying a
steady current] is placed in a uniform magnetic

field. B. Prove that the torque T acting on the
loop is given by, =71 x B where i is the
magnetic moment of the loop. [5]

OR

(a) Explain giving reasons, the basic difference
in converting a galvanometer into (i) a voltmeter
and (ii) an ammeter.

(b) Two long straight parallel conductors
carrying steady currents I and I, are separated
by a distance ‘d’. Explain briefly, with the help
of a suitable diagram, how the magnetic field
due to one conductor acts on the other. Hence
deduce the expression for the force acting
between the two conductors. Mention the
nature of this force.

Answer : (a) Force acting on a charge ‘g’ moving
with velocity ¥ in the presence of both electric

field E and magnetic field B is given by,
- - -
I:’: gE +g(v XB)
Consider a region in which magnetic field,
electric field and velocity of charge particle are
perpendicular to each other.

To move charge particle undeflected, the net
force acting on the particle must be zero i.e., the
electric force must be equal and opposite to the
magnetic force.

4E =-9(Fx B)
E=-(3x8)
E=Bx37
E =Bo sin@ = By ('-‘é=90°)
E
=B

The direction of electric and magnetic forces are
in opposite direction. Their magnitudes are in
such a way that they cancel out each other to
give net force zero and so the charge particle
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(b) When an electric current flows in closed
loop of wire, placed in a uniform magnetic field,
the magnetic forces produce a torque which

S S

_)
F3

£ 5

>:J,
mi,l\
|

Fig. (@)
tends to rotate the loop so that area of the loop
is perpendicular to the direction of the magnetic
field.

=Bl
T b sin 8 Fa B's»p

l;1 = Bl/sin 0
Fig. (b)
Consider a rectangular coil PQRS placed in an
external magnetic field as shown in Fig (a). Let T
be the current flowing through the coil. Each part

of the coil experiences a Lorentz force. Forces of
-5 5

each part is F1, F>, F3 and F4 as shown. The

_)

By and F2 are equal in magnitude but act in

opposite directions along the same straight line.
Hence, they cancel out each other. -

_)
The force = I(f’a x B)
F, = 1B (v 8=90°)
_)
(F1 acts in direction perpendicular to the plane
of paper)
www.chsepdf.com 13
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= I(E‘t: x_B>)

F3 = IIB

Similarly,

These two forces constitute a couple and so
rotates the coil in the anticlockwise direction.
The torque

1 = force x arm of couple.

T = FbcosO

T = 1lB bcos®

T=IABcos® [ Ixb=A]
If the coil has N turns then

T = NIAB cos

_)
The area vector A makes an angle o with B so

0+a = 90°
cos8 = cos (90—0c)=sinoc
T = NIABsina
T = m Bsind
or T-mxB

where m = NIA is called the magnetic dipole

- moment of the loop.

OR

(@ @) In converting a galvanometer into a
volimeter, a very high suitable resistance
is connected in series to its coil, so, that
galvanometer gives full scale deflection.

(i) In converting a galvanometer into an
ammeter, a very small suitable resistance is
connected in parallel to its coil. The remaining
pair of the current i.e., (I - L) flows through the
resistance.

(b) Assumption : Current flowing in the
conductors are in the same direction.

Using right hand thumb rule, the direction of
the magnetic field at point P due to current
I is perpendicular to the plane of paper and
inwards.

Similarly, at point Q on XY, the direction of
magnetic field due to current I is perpendicularly
outward.

- Using Fleming's left hand rule we can find the

direction of forces Fi» and Fo; which are in
opposite directions,

Thus, by Ampere’s circuital law, we have,
No OTP No Logm No Adversitement
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YZ Y‘I
Iz -~ - l‘J
BZ
P
Far Fia /
(9‘/0'—» —y ®
B,
X, d X
+—>
= 2
B2 i 4
Now, Fi; = I1LB; (Where L = length of the
conductors)
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_ Po 24LLL _ po LLL

F12 an 4 < 2n 4
In similar manner, we get
_ }E_ I]IzL .
F21 = o _d (1)

From above we get the magnitude of forces Fi»
and Fy; are equal but in opposite direction. So,
Fip=-Fn
Therefore, two parallel straight conducting
carrying current in the same direction attract
each other. Similarly, we can prove if two paraliel
straight conductors carry currents in opposite
direction, they repel each other with the same
magnitude as equation (i).

L1 ]

SET 11

Time allowed : 3 hours

Note : Except for the following questions, all
the remaining questions have been asked in
previous Set.

8. Inasingle-slit diffraction experiment, the width
of the slit is made double the original width.
How does this affect the size and intensity of
the central diffraction band ? [11
Answer : In single-slit diffraction experiment,
fringe width is given as
Where, f§ = fringe width

A = wavelength of light used
D = the distance between screen and slit
d = the width of the slit.

If d is doubled, the width of the central maximum
is halved. Thus there is a reduction in the size of
the central diffraction band. Intensity of central
band of the diffraction pattern varies square of
the slit width so as the slit gets double, intensity
will get four times.

19. You are given three lens L;, L, L3 each of focal
length 15 cm. An object is kept at 20 cm in front
of Ly, as shown. The final real image is formed at
the focus T’ of Ls. Find the separations between

www.c!bye{faf%ﬂ Ls. (31

Maximum marks : 70

Answer: Wehave, f1=f=fa=15cm

By lens formula for lens L4,

1. 1_1
[ h
1 1 1
v 20 15
11 .1
v, -20 15
1_1
v, 60
= p1=60 cm

For lens L, v3 = f3 = 15 cm, it means image by L3
is formed at focus. By using lens formula we find
that the object lie at infinity of L. Hence, Ly will
produce image at infinity. So, we can conclude
that object for L, should be at its focus.

But, we have seen above the image by L, is
formed at 60 cm right of L; which is at 15 cm left
of L; (focus of Ly).

So, X1 = distance between L; and L, = (60 + 15} -

14 cm=75cm

No OTP No Login No Adversitement


http://www.cbsepdf.com
http://www.cbsepdf.com

CBSE 2012 Solved Paper

Again distance between L, and L3 does not
matter as the image by L, is formed at infinity so
X3 can take any value.

27. In a Geiger Marsden experiment, calculate the
distance of closest approach to the nucleus of Z
=75, when an particle of 5 MeV energy impinges
on it before it comes momentarily to rest and
reverse its direction.

How will the distance of clogsest approach be
affected when the kinetic energy of the-particle
is doubled ? [3]

OR

The ground state energy of hydrogen atom is
-13.6 eV, If an electron make a transition from
an energy level —0.85 eV to -1.51 eV, calculate
the wavelength of the spectrai line emitted. To
which series of hydrogen spectrum does this
wavelength belong ?

Answer : Let ry be the centre to centre distance
between the alpha-particle and nucleus when
the o-particle is at its stopping point.

Now, = L 129(Z2)
e, 1w
1 (20)(Ze)
to=
47550 EK
Given, Fx=5x10%eV

=5x10x 1.6 x 10°°V
Z=75

9x10° x75 x2x (1.6 x 107°Y?
5x10° x1.6x107°

=

3456 x 10° x 10738
8x 10713

432 x 1076m
=432 x10"°m
=432 fm
Since distance of closest approach (7g) is given as
_ 1 (o)
47580 EK
1
rge< E](

i

www.cbsepdf.com 15

Download All Previous Year and Sample Papers From www.cbsepdf.com

So, when kinetic energy of the o-particle is
doubled the distance between closest approach
7 is halved.

OR

Since energy of hydrogen atom is given as

- =136 o

2

Ground state energy, B = -13.6 eV

Now electron makes a transition from an energy
level

=-085eVtoE;=-151eV
q

Now,
E, = - 12.6 oV
.
2 _ = 13.6 ~16
-0.85
np=4
Again,
E;= - 12'6 eV
Ty
-1.51
ng=3

Thus, we have transition fromn=4ton=3.
Since transition corresponds to the transition of an
electron from 7 = 4 to an orbit having n = 3. It is
Paschen series of the hydrogen spectrum.

Wavelength is given as
1 1 1
A\

Where R is Rydberg’s constant

L 10974 %107 (Li)

=AY 916

1 7
— =1.0974 x 107

=7 0974 x x T3
9x16

A= ————————

1.097 x10” x7

=18.752 x 107’m

=1875 mm..
o0
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SET III

Time allowed : 3 hours

Note : Except for the following questions, all
the remaining questions have been asked in
previous Sets.

. 1. How does the fringe width, in Young’s double-
slit experiment change when the distance of
separation between the slits and screen is

doubled ? [1]
Answer : We have, frings width '
_ AD
b=
= feD

The fringe width becomes double when the
distance of separation between the slits and
screen is doubled.

The speed of an electromagnetic wave in a ma-

terial medium is given by v = _\/1=’ |t being
: HE

the permeability of the medium and € is its per-

mittivity. How does its frequency change ? [1]
Answer ; The frequencies of electromagnetic
waves have its inherent characteristics. When an
electromagnetic wave travels from one medium
to another, its wavelength changes but frequency
remains unchanged.

7. A proton and an electron have same kinetic
energy. Which one has smaller de-Broglie
wavelength and why ? [1]
Answer : In terms of kinetic energy, wavelength
is given by

A= o
J2m Eg
Ao —

m
So wavelength is inversely proportional to +,
i.e., more the mass, less the wavelength and vice-
versa.

=

So, for same kinetic energy, as a proton has a
larger mass than an electron, thus a proton has
smaller de-Broglie wavelength than a electron.

9, A circular coil of closely wound N turns and
radius r carries a current I. Write the expression
for the following : [21
(i) the magnetic field at its centre

** Angwers is not given due to.change in the present syllabus.
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(ii) the magnetic moment of this coil

Answer : (i) Magnetic field at its centre is given
by,

2r
(ii) Magnetic moment of this coil is
m = NIA = NI 1

. A light bulb is rated 150 W for 220 V a.c supply

of 60 Hz. Calculate
(i) the resistance of the bulb

(ii) the rms current through the bulb

OR
An alternating voltage given by V = 70 sin 1007t#
is connected across a pure resistor of 25 L Find

[2]

(i) the frequency of the source.
(ii) the rms current through the resistor.
Answer : (i) Resistance of the bulb,

V2 (220" _ 48400
P 150 150
R = 3226Q
(ii) The rms current through the bulb
P

Vv
150
220
I =068A
OR
An ac voltage is given by
V =V sin of
Given, V = 70 sin 100 mit
w=100nand Vo=70V
(i) Frequency of the source,
o _100m
= on = e =50Hz
% 2y
Vs _ 95
R 25

Explain briefly the following terms used in
(3]

1=

1

I

(1) Vims=

=198 A

Tims =

(i) Transducer

(ii) Repeater

(iii) Amplification
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22, You are given three lens Ly, Ly and L; each of

focal length 10 cm. An object is kept at 15 cm
in front of Ly, as shown. The final real image is
formed at the focus ‘I’ of L. Find the separations
between Lj, L; and Ls. [3]

LA A A

15¢cm

— Ve Ve e

Answer : We have,
fi=h=f=10cm
For lens L;, from lens makers formula,
U =—15am

Download All Previous Year and Sample Papers From www.cbsepdf.com

.11
7 10 15
.32 1
7 30 30
1 _ 1
o T30

= 71 =30 cm

For lens L3, v3 = f3 = 10 cm, it means image by Lj
is formed at focus. So by using lens formula, we
get that object should lie at infinity for La. Hence,
L2 will produce image at infinity. So, we can
conclude that object for L, should be at its focus.

But, we have seen above that image by L; is

h=10cm formed at 30 cm right of L; which is at 10 cm left
By lens formula, -of Ly (focus of Ly).

i1 = 1 So, X; = distance between L; and Ly = (30 + 10)

L f an =40 cm
1 1 1 Again distance between L; and La does not
vy -15 10 matter as the image by L, is formed at infinity so

Xz can take any value.
o0
Physics 2012 (Delhi) SET I
Time allowed : 3 hours Maximum marks : 70
1. When electrons drift in a metal from lower to

higher potential, does it mean that all the free
electrons of the metal are moving in the same
direction ? [11
Answer : No, when electric field is applied, the
electrons will have net drift from lower to higher
field but locally electrons may collide with ions
and may change their direction of motion.
The horizontal component of the earth’s magnetic
field at a place is B and angle of dip is 60°. What
is the value of vertical component of earth’s
magnetic field at equator ? (11
Answer : On the equator, the value of both angle
of dip (8) and vertical component of earth’s
magnetic field is zero. So, in this case, B, = 0.
Show on a graph, the variation of resistivity
with temperature for a typical semiconductor.
1]

Answer : The following curve shows the

variation of resistivity with temperature for a -

ical semiconductor.

www.cbsepdf.com 17
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This is because, for a semiconductor, resistivity
decreases rapidly with increasing temperature.
Why should electrostatic field be zero inside a
[1]
Answer : Charge on conductor resides on its
surface. So if we consider a Gaussian surface
inside the conductor to find the electrostatic
field, '

conductor ?

o=L
£o
Where, g = charge enclosed in Gaussian surface.
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8.

'is

g=0, inside the conductor, Hence the electrostatic

field inside the conductor is zero.
Name the physical quantity which remains
same for microwaves of wavelength 1 mm and
UV radiations of 1600 A in vacuum. [1]
Answer : Both microwaves and UV rays are a
part of the electromagnetic spectrum. Thus, the
physical quantity that remains same for both
types of radiation will be their speeds which is
equal to ¢ (3 x 108 m/s).
Under what condition does a biconvex lens of
glass having a certain refractive index act as a
plane glass sheet when immersed in a liquid ?
(1]
Answer : A biconvex lens will act like a plane
sheet of glass if it is immersed in a liquid having
the same index of refraction as itself.
Predict the directions of induced currents in
metal rings 1 and 2 lying in the same plane
where current I in the wire is increasing

steadily.
- O
O
2

Answer : Using Lenz’s law we can predict the
direction of induced current in both the rings.
Induced current oppose the cause of increase of
magnetic flux. So,

zO.

v

It will be clockwise in ring 1 and anticlockwise in

ring 2.

State de-Broglie hypothesis. [1]
Answer : de Broglie postulated that the material
particles may exhibit wave aspect. Accordingly
a moving material particle behaves as wave and
the wavelength associated with material particle

h

, mo
where h = Planck’s constant

**Answers is not given due to change in the present syllabus.
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m = mass of the object
v = velocity of the object
A ray of light incident on an equilateral prism
(4 = +/3) moves parallel to the base line of the
prism inside it. Find the angle of incidence for
this ray. . . [2]
Answer : It is given that the prism is equilateral
in shape. So, all the angles are equal to 60°. Thus,
the angle of prism, A = 60"-
The angle of refraction in case of a prism,
A
= =30
T2
We can now apply Snell’s law
Mgsini=pgsinr
Here, p, = refractive index of air =1
1 = refractive index of glass = /3

i = angle of incidence

sini=‘Eg— éinr= Hg sin 30°
M, M,

sinf=—
2

So, the angle of incidence is i = 60°,

Distinguish between ‘Analog and Digital

signals’.** [2]
OR

Mention the functions of any two of the

following used in communication system : **

(i) Transducer

(i) Repeater

(iii) Transmitter

(iv) Bandpass Filter

‘A cell of emf E and internal resistance r is

connected to two external resistance R; and
R; and a perfect ammeter, The current in the
circuit is measured in four different situations
(i) without any external resistance in the circuit
(if) with resistance R; only

(iii) with R, and R; in series combination

(iv) with R; and R; in parallel combination
The currents measured in the four cases are 0.42
A, 1.05 A, 1.4 A and 4.2 A, but not necessarily in

the order. Identify the currents corresponding to
the four cases mentioned above. [2]

Answer : The current relating to corresponding
situations is as follows :
(i) Without any external resistance in the circuit :
E
I1=—
T,

The current in this case would be maximum,
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[=42A

(ii) With resistance R; only :

L=—E
r+R;

The current in this case will be second smallest

value,

So, . Ia=1.05A

(iii) With R; and R; in series combination
_ - E

The current in this case will be minimum as the
resistance will be maximum.

So, I3=0.42 A.
(iv) With R; and R; in parallel combination

N
r+ ——~R1R2
R] + R2
The current in this case would be the second
largest value.
So, I,=14A.

I =

12. The susceptibility of a magnetic material is —2.6

13.

x 10>, Identify the type of magnetic material
and state its two properties. [2]
Answer : Diamagnetic materials have negative
susceptibility. So the given magnetic material is
diamagnetic.

‘Two properties of diamagnetic material :

(i) They do not obey Curie’s law.

(ii) They are feebly repelled by a magnet.

Two identical circular wires P and Q each of
radius R and carrying current ‘I’ are kept in
perpendicular planes such that they have a
common centre as shown in the figure. Find the
magnitude and direction of the net magnetic
field at the common centre of the two coils. [2]
Answer : Magnetic field produced by the two
coils at their common centre having currents I;
and Iy, radius 2; and a4, number of turns Nj and
N3 respectively are given by :
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BoNoly
2[22
The resultant field at the common centre is :

B = \B}+B}

= NI 2+ EoNoly :
2a; 2a,

Here N1=N,=1,

ooy (2502 (a5

- ()
By =1

Directionof Btan 8 = -B—
1

0 =45°

By =

I1=12=I, a1=az=R

Hence, the net magnetic field is directed at an
angle of 45° with either of the fields.

14. When an ideal capacitor is charged by a d.c.

battery, no current flows. However, when an a.c.
source is used, the current flows continuously.
How does one explain this based on the concept
of displacement current ? [2}
Answer : When an ideal capacitor is charged by
d.c. battery, charge flows till the capacitor gets
fully charged.

When an a.c. source is connected then conduction
, d . . .
current i, = d_z flows in the connecting wire.

Due to changing current, charge deposited on
the plates of the capacitor changes with time.
Changing charge causes eleciric field between

the plates of capacitor to be varying, giving
rise to displacement current iy = g %- [As

displacement current is proportional to the rate
of flux variation].

Between the plates, electric field
=% -1
€ Ag
Electric flux, ¢ =EA= -2
At

. EO XAdq dq .
Soijj=—=—=|d | =271 -
“CTa T m (AEO) eoxAdt g "

Displacement current brings continuity in
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15.

the flow of current between the plates of the
capacitor.

Draw a plot showing the variation of (i) electric
field (E) and (ii) electric potential (V) with
distance r due to a point charge Q. [2]

Answer : We know that for a point charge Q.

Electric potential, V = Q
4meyr
or Vooc H
4
Electric field, E= Q >
dmegr

1
E 2
Thus, electric potential shows an inverse
relationship with distance 7 while electric field
shows a inverse square relationship with r. So,
their corresponding plots would be ‘
1\ F X
! !

E

or

»

f'——; I ——p

16. Define self—indﬁctance of a coil. Show that

magnetic energy required to build up the
current I in a coil of self inductance L is given

by %LIZ- [2]
Answer : Self inductance is the inherent
inductance of a circuit, given by the ratio of the
electromotive force produced in the circuit by
self-induction to the rate of change of current
producing it. It is also called coefficient of self-
induction.

Suppose I = Current flowing in the coil at any
time,
¢ = Amount of magnetic flux linked.
Tt is found that ¢ o< I
0=1I
where, L is the constant of proportionality and is
called coefficient of self induction.
SI unit of self-inductance is henry.
Let at £ = 0, the current in the inductor is zero. So

at any instant f, the current in the inductor is I
and rate of growth of I is d1/dt.

Then, the inducedemfisE=L x d1 / df
If the source is sending a constant current 1

www.cbsepdf.com
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17.

18.

20

small amount of work done by the source is
given by

dW =El dt = (Ld1/dt)] dt = LId1
The total amount of work done by the source

of emf, till the current increases from its initial
value I = 0 to its final value I is given by

2
W= LIdI=Lfjld1~ L[I—z-]

=Ll
2

This work done by the source of emf used in
building up current from zero to I is stored in
the inductor in energy form. Therefore, energy
stored in the inductor is

=Lip
2

Thecurrentintheforwardbiasisknowntobemore
(~ mA) than the current in the reverse bias
(~ wA). What is the reason, then, to operate the
photodiode in reverse bias ? [2]
Answer : The current in the forward bias is due to
majority carriers whereas current in the reverse
bias is due to minority carriers. 50 current in
forward bias is more (~mA) than current in
reverse bias (~[LA).

On illumination of photodiodes with light, the
fractional change in the majority carriers would
be much less than that in minority carriers. It
implies that fractional change due to light on
minority carriers dominated reverse bias current
is more easily measurable than fractional change in
forward bias current. So, photodiodes are operated
in reverse bias condition.

A metallic rod of ‘L’ length is rotated with angular
frequency of ‘0’ with one end hinged at the centre
and the other end at the circumference of a circular
metallic ring of radius L about an axis passing
through the centre and perpendicular to the plane
of the ring, A constant and uniform magnetic field
B parallel to the axis is present everywhere. Deduce
the expression for the emf between the centre and

the metallic ring, [2]
Answer : The induced emf,
oy
€= gt

e= ?.%(BA cos ¢)

['+ ¢p=BA cos¢]

- A

7 [ 0=0°]
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A (ii) At resonant frequency, we know that the
where 2 = Rate of change of area of loop inductive reactance cancels out the capacitive
formed by the sector OPQ. Let 6 be the angle reactance. Le, Xp = X,
between the rod and the radius of the circle at P - Impedance, Z =R = 40 {2
at time f. The current at resonant frequency

Vs 240
lme= g~ =9 =64

(iii) rms potential drop across inductor

VL = Ims x X1

= Irms x OL
=6x50x5=1500V
20. A rectangular loop of wire of size 4 cm x 10 cm
carries a steady current of 2A. A straight long
wire carrying 5A current is kept near the loop
as shown. If the loop and the wire are coplanar,
find [3]
(i) the torque acting on the loop and
) 1 (ii) the magnitude and direction of the force on
The area of the sector OPQ 7L x =5 L the loop due to the current carrying wire.
where L = Radius of the c1rc1e

2 ‘L I=5A
_ d (le ) _ ~BL2 d6  Bol 4cm
Hencee-BxE > P | I >
19. The figure shows a series LCR circuit with L = 2a] Y2A

5.0 H, C = 80 pF, R = 40 £) connected to a variable 10 em
frequency 240 V source, calculate [3]
(i) the angular frequency of the source which l

drives the circuit at resonance, — <
(ii) the current at the resonating frequency, A

*ve [ - er :

(iii)the rms potential drop across the inductor N

at resonance. (@) % =mxB=mBsin0

R Here, m and B have the same direction
y 6 =0

[{| =mBsin=0

= (i) Force between two current carrying wires is
L given by,
F = %— . ﬁxl
Answer:Given, L=50H,C=80uF,R=40Q,V B i T‘ C
=240V “ 4em >
(i) Resonant angular frequency A
N 1 F < > F
JLC  5x80x107
_o_ 1 ? S T2a
J400x 10 10 cm
1
= _'“—_3'
20x10 I=5A -
1000 1em | w
T 20 <
A 4cm D

® = 50rads™ _ _
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Force on wires BC and AD being equal and
opposite will cancel out each other. Now, force
on wire AB

po o

=20 o x00)
F=H2o . 100
2x

force will be attractive as current is flowing in
same direction

And force on wire CD
. Mo
F'=on * 5x102 * 010
F = &0‘ x 20

force will be repulsivenas current is in opposit
direction ‘
Now, resultant force on loop,

Fnet =F-F

= Yo 1100-20]
2%

=2x107x80=16x 10°N
The direction of net force is towards the straight
wire i.e., attractive.
second postulate of
quantization of orbital angular momentum
show that the circumference of the electron
in the n'" orbital state in hydrogen atom is

times the de Broglie wavelength associated

with it.

(b) The electron in hydrogen atom is initially
in the third excited state. What is the
maximum number of spectral lines which
can be emitted when it finally moves to the
ground state ? [3]

Answer: (a) According to Bohr'ssecond postulate

of quantization, the electron can revolve around

the nucleus only in those circular orbits in which
the angular momentum of the electron is integral

multiple 6f 21 where h is Planck’s constant
3

(= 6.62 x 107347s).
So, if m is the mass of electron and v is the

velocity of electron in permitted quantized orbit
with radius r then

mor = n—h— (1)
2
Where n is the principal quantum number and
can take integral values like
n=123...

This is the Bohr’s quantization condition.
Now, de-Broglie wavelength is given as

www.cbsepéf.com

Download All Previous Year and Sample Papers From www.cbsepdf.com

A=
mv
Where A =Wavelength of wave associated with
electron

m = Mass of the electron
h = Planck’s constant
Rk
mo = 5
hr
or mor = X w(2)
From equations (i) and (ii)
B, _nh
A 2
r_n
A 2n
27tr = nA

Now, circumference of the electron in the nth
orbital state of Hydrogen atom with radius 7 is
nA.

(b) If  is quantum number of the highest energy
level involved in the transitions, then the total
number of possible spectral lines emitted is

N = n(n—1)
2
Third excited state means fourth energy level
i.e. n = 4. Here, electron makes transition fromn
=4ton=1.So, highestnis n =4.
Thus, possible spectral lines
4(4-1)
2

N =

= — =6

The maximum possible number of spectral lines
is 6.

In the figure a long uniform potentiometer
wire AB is having a constant potential gradient
along its length. The null points for the two
primary cells of emfs €; and €; connected in the
manner shown are obtained at a distance of 120
cm and 300 cm from the end A, Find (i) £4/e; and
(ii) position of null point for the cell €;. [3]
How is the sensitivity of a potentiometer

increased ?
||| |

300 cm

w »

120 cm
+—>

N

& B
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OR

Using Kirchhoff's rules determine the value of
unknown resistance R in the circuit so that no
current flows through 4 Q resistance. Also find

the potential between A and D.
10 E
F D
10 40 SR
LAY
1, 1
— il
A gy B a3v ©
Answer :
s AOrFA
300 cm N
—
120cm "¢ E
A B
(o,
| { I H

(i) Apply Kirchhoff’s law in loop ACFGA :
k(120) = €1~ €

k = potentia] drop per unit length

or €1 = £ +k(120) (1)

For loop AEHIA :

kB00)=¢e+¢&
By substituting value of &; from equation (i),
£+ [e2 + k (120)] = k (300)
2¢€ = k (300 - 120)

or, & = 90k <.(ii)
Thus, £ =90k+120%

£ =210k ... (iii)
Hence, fl_=£9=l

g 9 3

(ii) As we know, € =kl
Thus, from equations (ii) and (iii),
- Null point for cell €; is 90 cm
And for cell gy, it is 210 em.
%ensitivity of the potentiometer can be increased
y: ’
(a) Increasing the length of the potentiometer wire.
(b) Decreasing the resistance in the primary circuit.

OR
19 E I-L
F — D
10 40 RO

! .OTSV )

-
oV 3V

c

“*Answers is not given due to change in the present syllabus,
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Apply Kirchhoff’s law in loop AFEBA :
I+1+4) = 9-6
2A+4 =3 (i)

As there is no current flowing through the 4 Q
resistance,

il

11

- L =0
or 21 =3
or I =15A

Thus, the current through resistance R is 1.5 A.
As there is no current through branch EB, thus
equivalent circuit will be,

1Q -

VW, D

103 grn

I i !
9V 3V
By applying Kirchhoff's loop law, we get
1.5+15+R(15) = 9-3
R =2Q

Potental difference between A and D=2x15=
3V.

. () What characteristic property of nuclear force

explains the constancy of binding energy per
nucleon (BE/A) in the range of mass number
A’ lying 30 <A <170 ?

(ii)Show that the density of nucleus over a wide
range of nuclei is constant and independent of
mass number A. [3]

Answer : (i) The constancy of BE/ A over most of

the range is due to saturation property of nuclear

force.

In heavy nuclei : nuclear size > range of nuclear
force.

So, nucleons experiences nearly constant
interaction.

(ii) To find the density of nucleus of an atom, we
have an atom with mass number let say A and
let mass of the nucleus of the atom of the mass
number A be m A.

Where, m is mass of one nucleon.

Let radius of nucleus be R. ‘
Then, volume of nucleus = gnRB

4
= 5 n(R0A1/3)3

[.'. R = ROAUS]
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= 21R3A
Density of the nucleus,

Mass of nucleus

- Volume of nucleus

mA 3m

 4nR}

p=

4 mRZA

This expression is independent of mass number

A and since m, T and Ry have same values for

any atom, therefore, density is constant also.

Write any two factors which justify the need for

modulating a signal.

Draw a diagram showing an amplitude

modulated wave by superposing a modulating

signal over a sinusoidal carrier wave.** [3]

. Write Einstein’s photoelectric equation. State
clearly how this equation is obtained using the
photon picture of electromagnetic radiation.
Write the three salient features observed in
photoelectric effect which can be explained
using this equation. [31
Answer : Einstein’s photoelectric equation,

hv =Kpax + ¢
k = Planck’s constant

24,

Where,
v = frequency of radiation
0 = Work function
According to Planck’s quantum theory, light
radiations consist of small packets of energy.

Finstein postulated that a photon of energy hv
is absorbed by the electron of the metal surface,
then the energy equal to ¢ is used to liberate
electron from the surface and rest of the energy
kv — ¢ becomes the kinetic energy of the electron.

~. Energy of photon is,

E=hv
The minimum energy required by the electron of
a material to escape out of its work function ‘¢’

The additional energy acquired by the electron
appears as the maximum kinetic energy ‘Kmax’

of the electron.

ie., Kmax =hv -9
or hv =Kpax + ¢
where ¢ eVp. '

Sailent features observed in photoelectric effect :

1. The stopping potential and hence the
maximum kinetic energy of emitted electrons
varies linearly with the frequency of incident
radiation.

2. There exists a minimum cut-off frequency vo,
for which the stopping potential is zero.

www.cbsepdf.com
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(a) Why are coherent sources necessary to
produce a sustained interference pattern ?

(b)In Young’'s double slit experiment using
monochromatic light of wavelength A, the
intensity of light at a point on the screen
where path difference is A, is K units. Find
out the intensity of light at a point where
path difference is A/3. [31

Answer : (a) Coherent sources have constant

phase difference between them i.e., phase

difference does not change with time. Hence,
the intensity distribution on the screen remains
constant and sustained.

(b) We know
Phase difference =(27”] x Path difference

At path difference A

Phase difference, ¢ = ZTE XA=2"n

Intensity, I = 41y = cos? %
But I =K at path difference A

2

K = 41y cos® i

2
or K=4]
K
or = —

_ 4
Now, at path difference =%

2n

2n

o A
=373

3
Intensity, I =4I, cos® :12-(27”)

I'= 4><Kcoszﬂ
4

Use Huygen’s principle to explain the
formation of diffraction pattern due to a single
slit illuminated by a monochromatic source of
light.

When the width of the slit is made double
the original width, how would this affect the
size and intensity of the central diffraction
band ? [3]

No OTP No Login No Adversitement


http://www.cbsepdf.com
http://www.cbsepdf.com

CBSE 2012 Solved Paper
"Answer

Consider a parallel beam of
monochromatic light is incident normally on a

 slit of width b as shown in figure. According to

Huygen'’s principle, every point of slit acts as a
_""source of secondary wavelets. spreading in all

*"" directions. Screen is placed at a larger distance.

- Consider a particular point P on the screen that
.- Teceives waves from all the secondary sources.

¥

+ : All these waves start from different point of
the slit and interfere at point P to give resultant
e rintensity.

Sitt Screen

-Point Py is a bisector plane of the slit. At Pg, all

waves are travelling equal optical path. So all
wavelets are in phase thus interfere constructively
with each other and maximum intensity is
observed. As we move from Py, the wave arrives
with different phases and intensity is changed.
Intensity at point P is given by
sin &
o

I=Io
Where a=%bsin0

For central maxima, o = 0 thus,

I=Ty

When the width of slit is made double the '

original width intensity will get four times of its
original value.
Width of central maximum is given by,

2DA
B = T
Where, D = Distance between screen and slit,

A = Wavelength of the light,

b = size of slit

So with the increase in size of slit the width of
central maxima decrease. Hence, double the size

of the slit would result in half the width of the
central maxima.

. Explain the principle of a device that can build

up high voltage of the order of a few million
volts.

Draw a schematic diagram and explain the
working of this device.

www.cbsepdf.com 25
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Is there any restriction on the upper limit of the
high voltage set up in this machine ? Explain. [5]
OR

(a) Define electric flux. Write its S.I. units.

(b)Using Gauss’s law, prove that the electric
field at a point due to a uniformly charged
infinite plane sheet is independent of the
distance from it.

(c)How is the field directed if (i) the sheet is
positively charged, (ii) negatively charged ?
Answer : Van de Graaff generator is the device
used for building up high voltages of the order

of a few million volts.

Such high voltages are used to accelerate charged
particles such as electrons, protons, ions, etc.

It is based on the principle that charge given to a
hollow conductor is transferred to outer surface
and is distributed uniformly over it.
Construction :

B’l
[Ei% Al
? Target (T)
It consists of large spherical conducting shell (S)
supported over the insulating pillars. A long
narrow belt of insulating material is wound
around two pulleys P; and P3, By and B; are two
sharply pointed metal combs. B; is called the
spray comb and B is called the collecting comb.
Working : The spray comb is given a positive
potential by high tension source. The positive
charge gets sprayed on the belt. _
As the belt moves and reaches the sphere, a
negative charge is induced on the sharp ends of
collecting comb B, and an equal positive charge
is induced on the farther end of B.
This positive charge shifts immediately to the
outer surface of S. Due to discharging action of
sharp points of B, the positive charge on the belt is
neutralized. The uncharged belt returns down and
collects the positive charge from By, which in turn is
collected by B,. This is repeated. Thus, the positive
charge of S goes on dccumulating. In this way,
potential differences of as much as 6 or 8 million
volts (with respect to the ground) can be built up.
The main limiting factor on the value of high
potenﬁal is the radii ﬂg Wﬁ%‘Login No Adversitement



http://www.cbsepdf.com
http://www.cbsepdf.com

CBSE ZO%Solved Paper

www.chsepdf.com

e electric field just outside the sphere is
sufficient for dielectric breakdown of air, no more
charge can be transferred to it.

For a conducting sphere,
Electric field just outside sphere

E= Q
2
and electric potentiaf megR

B 4me R
Thus, E=V/R
Now, for E = 3 x 10° V/m (dielectric breakdown)
Radius of sphere should be 1 m.

Thus, the maximum potential of a sphere of
radius 1 m would be 3 x 10°V.

OR

(a) Electric Flux : It is the number of electric field
lines passing through a surface normally.

- =
0=E-A
where E = Electric field, A = Area
S.I. unit of flux is Nm?C™*
(b) Consider a uniformly charged infinite plane
sheet of charge density ©.
We have to find eleciric field E at point P as
shown in figure.

el
+o4
++. 4
.9——:*1”: %E
-+
> A :+@+ P A =
E M As I+‘_'*_I as 1 E
++++
y
Now, we construct a Gaussian surface as shown
in figure in the form of cylinder.
- Applying Gauss's law,
- O
b= ¢Ed=—
€
o
= EAs +EAs+0 = ;‘S
Ep
— 2Fhg = OAs
€
= E= 2

250
It shows that electric field is uniform due to
charged infinite plane sheet. Also, we can say
that E is independent from distance from the
sheet.

Y

{© E= —

2€,
(i) Direction of field will be away from the sheet
if sheet is positively charged.

i) E=—

28y 26
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Direction of field will be towards the sheet if
sheet is negatively charged.

29, Define magnifying power of a telescope. Write

its expression.

A small telescope has an objective lens of focal
length 150 cm and an eye-piece of focal length
5 cm. If this telescope is used to view a 100 m
high tower 3 km away, find the height of the
final image when it is formed 25 cm away from

the eye-piece, (54
OR

How is the working of a telescope different

from that of a microscope ?

The focal lengths of the objective and
eyepiece of a microscope are 1.25 cm and 5 cm
respectively. Find the position of the object
relative to the objective in order to obtain
an angular magnification of 30 in normal
adjustment.

Answer : Magnifying power of a telescope is
defined as the ratio of the angle subtended at the
eye by the image formed at the least distance of
distinct vision to the angle subtended at the

by the object lying at infinity, when seen directly.

The formula for magnifying power is,

Magnifying power, M = _J (1+£)
L\ D

Where, f, = Focal length of the objective = 150 cm
fe = Focal length of the eye-piece =5 cm
D = Least distance of distinct vision = 25 cm

M= ﬂx(l+i)=_36
5 25

Also, by definition, M = E
a
or M= tan B

tan o _
(As angles @ and b are small)

Height of object
Distance of object from objective

tan p= Height of image

Distance of image from eye - piece

ol

—-36x25
30
No OTP No Login No Adversitement
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Negative sign indicates that we get an inverted
image.

OR

A microscope is used to look into smaller objects
like structure of cells etc. On the other hand, a
telescope is used to see larger objects that are
very far away like stars, planets etc.

Telescope mainly focuses on collecting the light
into the objective lens, which should thus be
large, where the microscope already has a focus
and the rest is blurred around it.

There is a big difference in their magnification
factors.

For telescope, the angular magnification is given
by
M= Lo

Je .
Where f; is the focal length of the objective lens
. and f; is the focal length of the eyepiece.

For microscope, the angular magnification is
given by

M=+ b when image is formed at distance of
least distinct vision.

M= % when image is formed infinity.

o

Where D is the distance of least distinct vision.
Given: f; = 1.25cm

fe=5cm
M = -30 (Magnifying power is negative)
We know,

_ "_O(HRJ
" fo

Where, vy = Distance of image from objective
ug = Distance of object from objective

-30= l’Q.(HE)
% 5

Physics 2012 (Delhi)

30,
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Vo = = 5pg
Using Lens formula,

1 1 1
—_— —
fo % Vo

| S S
1.25 uy Siug

up=—15cm

Thus the distance of object from objective is 1.5
cm.

Draw a simple circuit of a CE transistor
amplifier. Explain its working. Show that the
voltage gain, Ay, of the amplifier is given by

n Bm‘RL

i

Ry, is the load resistance and r; is the input
resistance of the transistor. What is the
significance of the negative sign in the
expression for the voltage gain 7** [5]
OR

(a) Draw the circuit diagram of a full wave
rectifier using p-n junction diode.
Explain its working and show the output,
input waveforms.**

(b)Show the output waveforms (Y) for the
following inputs A and B of
(i) OR gate (ii) NAND gate**

t b L k& t &

Ay =

, where B, is the current gain;

SET II

Time allowed : 3 hours

Note : Except for the following questions, all
the remaining questions have been asked in
previous Set.

1. Why must electrostatic field be normal to the
surface at every point of a charged conductor ?

(1]
27

www.chsepdf.com

Maximum marks : 70

Answer : The elecirostatic field must be normal
to the surface of the conductor at every point
because if the electric field is not normal to the
surface of the charged conductor, there will be a
component of the electric field along the surface
of the conductor, which would exert a force on
the charges at the surface, Due to this, charge
starts flowing which is nof possible,
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.. Predict the direction of induced current in a

metal ring when the ring is moved towards a
straight conductor with constant speed v. The
conductor is carrying current I in the direction
shown in the figure. [1]

| O

Answer : Clockwise

Derive the expression.for the self inductance
of a long solenoid of cross-sectional area A and
length [, having 1 turns per unit length. (2]
Answer : Self-inductance of a long Solenoid :
The magnetic field B at any point inside a
solenoid is constant and given by,
#NI

A 4

10.

B= (i)
Where, pp = Absolute nlmgnetic permeability
of free space
N =Total number of turns in the solenoid

s+ Magnetic flux through each turn of the
solenoid coil = B ¥ Area of each turn

#oNI1

Where, A = Area of each turn of the solenoid.
Total magnetic flux linked with the solenoid

o= 2NA N (i)

If L is coefficient of self-inductance of the
solenoid, then

¢=LI . (iif)

'Equating (ii) and (iii),
LI = mNIA
[
;40N2A

XN

L=

If core is of any other £11ag11eﬁc material, pp is
replaced by [ = Holt, then,
L = ppoN?A/L
If n is the number of turns per unit length then
L = i Hon*Al
This is self inductance of a long solenoid.
Two identical circular loops, P and Q, each
of radius r and carrying currents I and 2I
respectively are lying in parallel planes such
that they have a common axis. The direction of
current in both the loops is clockwise as seen
from O which is equidistance from the both
loops. Find the magnitude of the net magnetic
field at point O. [2]

16.

**Answers is not given due to change in the present syllabus.
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AN
v

A
y

1 21
Answer : Field due to loop P,
2
g Hor’l Hol
= = t ds P.
Bp 2(r% +12)3/2 4-2r owards P
Field due to loop Q,
2
2 Wor”(20) o (20)
= = t ds Q.
B = p2 2y T afy OVHEQ
So, net field at O
R
B = BQ - BP
= - = towards Q.
4Nar 42r 4J_

20. A series LCR circuit with L = 4.0 H, C = 100 uF,

28

R = 60 Q connected to a variable frequency 240

V source as shown in figure calculate : [3]

(i) the angular frequency of the source which
drives the circuit at resonance,

(ii) the current at the resonating frequency,

(iii) the rms potential drop across the inductor at
resonance.

—ANVWW——
) ——=c

L
T ——
Answer:
(i) Angular frequency at resonance
= 1 = 1
VIC  4x100%10°©

N S
2% 1072

=.50 rad s
(if) At Rescnance, we know the inductive
reactance cancels out the capacitive reactance.
Z=R=60Q
. The current at resonant frequency
Vs 240

Z 6

=4A
(iif} rms potential drop across inductor at
resonance

rms =

=4x50x4=800V
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22, A rectangular loop of wire of size 2 cm x 5 cm
carries a steady current of 1 A. A straight long

wire carrying 4 A current is kept near the loop

as shown in the figure. If the loop and the wire

are coplanar, find (i) the torque acting on the

loop and (ii) the magnitude and direction of

the force on the loop due to the current carrying

wire, (3]

A=4A 2cm

o

Answer: (i) |[T] = #xB =mBsin 0
Here m and B have the same direction
0=0
= |7] = mBsin®=0
(ii) Force between two current carrying wires is

Download All Previous Year and Sample Papers From www.cbsepdf.com

On wire AB and CD, the magnetic forces are
equal and opposite, hence they cancel out each
other,

Magnetic force on wire AD,
Ho 4x1
= ——{(0,05
F 2n (0.01)( )
(Attractive)
F= 2x20
ir
Magnetic force on line CB,
F = 0.05
2% 0.03 003 )
(Repulsive)
_ B, 20
2 3
Now, resultant force on loop
Fipot = F-F

Fo 59 (1—1)
2n 3

given by,
po B bl = 2x10"7x20(—2-)
2 r 3
Fa . = 2667 x 107 N
E > 4 The direction of net force is towards the wire i.e.,
+ attractive.
JL 27. Name the three different modes of propagatlon
1 Y |5cm of electromagnetic waves. Explain, using a proper
diagram the mode of propagation used in the
> frequency range above 40 MHz.** [3]
A‘h’F Zom T
B
o0
Physics 2012 (Delhi) SET 111
Time allowed : 3 hours Maximum marks : 70
Note : Except for the following Quesﬁons, alll So, if E=0
the remaining questions have been asked inl
previous Set. & 0
dr

6. Why is electrostatic potential constant throug-
hout the volume of the conductor and has the
same value (as inside) on its surface ? 11
Answer : We know that the electric field inside
a conductor is zero. This is the reason why

electrostatic potential is constant, as
av

dr
“*Answers is not given due to change in the present syllabus.
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Thus, V = constant.

Predict the direction of induced current in
metal rings 1 and 2 when current I in the wire
is steadily decreasing ? 1l
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Answer : Using Lenz’'s law, we can predict the
direction of induced current in the ring. Induced
current oppose the cause of change of magnetic
flux in moving towards the conductor.

In metal Ring 1, induced current will be in is
clockwise.

In metal Ring 2, induced current will be in is
anticlockwise.

9. The relative magnetic permeability of a magne-

tic material is 800. Identify the nature of mag-
netic material and state its two properties. [2]

Answer : A magnetic material having relative
permeability of 800 would be classified as a
ferromagnet. A few examples of such materials
include iron and nickel.

Its two properties are :

(i) All ferromagnetic materials become para-
magnetic when heated to a temperature abo-
ve the Curie temperatue (T¢).

(ii) These materials show a strong attraction
towards magnetic fields and have a tendency
to become magnets themselves.

16. Two identical circular loops, P and Q, each of

radius r and carrying equal currents are kept
in the parallel planes having a common axis
. passing through O. The direction of current
in P is clockwise and in Q is anti-clockwise
as seen from O which is equidistant from the
loops P and Q. Find the magnitude of the net
magnetic field at O. [21

AN
P\ Ij Qu

Answer : The standard formula for field at an
axial point is given as

o 1a*
22 + 222
Field at O due to loop P
_ 1o 10)” - Bol
2 2n
o +(%]
And, field at O due to loop Q
Bg = ol () _ ol

E 2713/2 2n
el

Now, as the current flowing in loop P is
clockwise, by using right hand thumb’s rule, the
direction of the magnetic field will be towards
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left and as the current in Ioop Q is clockwise then
the direction of magnetic field is towards left. So
the net magnetic field at point O will be the sum
of the magnetic fields due to loops P and Q.

So, net field

2Zpol _ pol

B=BP+BQ=

2r 4
. A rectarigular loop of wire of size 2.5 cm x 4 cm

carries a steady current of 1 A. A straight wire

ing 2 A current is kept near the loop as
shown. If the loop and the wire are co-planar,
find the (i) torque acting on the loop and (i)
the magnitude and direction of the force on the
loop due to the current carrying wire. [3]

A2A
D 25cm ¢

1A 4 y4cm

- -

-
w

T 2em A B

Answer: (i} [7] = M XB =mBsin 0
Here m and B have the same direction

0=0°
5
= T =mBsin6=0
(ii) We know that force between two current
carrying wires is given by,
pobo 1l

2 -
On line AB and CD, the magnetic forces are equal
and opposite. So they cancel out each other.

Magnetic force on line AD,

T o2n 0.02

= Ho 4

(Attractive)

Magnetic force on line CB,
o 2x1x0.04

2 0.045
Po 16
So, net force 2Zn 9

Fpet = F-F

_ [4_16]
: 2r 9

= 2x107 x 2
9

444 x 107 N
The direction of the force on the loop will be
towards the wire i.e., attractive.

F =
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Physics 2013 (Outside Delhi)

Time allowed : 3 hours

SET 1

Maximum marks : 70

1. Two charges of magnitudes -2Q and +Q are turns, mutual inductance increases.

located at point (a, 0) and (4a, 0) respectively. 3. Thegraph shownintheﬁgurerepresentsaplbtof
What is the electric flux due to these charges current versus voltage for given semiconductor.
through a sphere of radius ‘32’ with its centre at Identify the region, if any, over which the
the origin ? [1] semiconductor has a negative resistance. (1l
Answer : Gauss’s theorem states that the electric a
flux through a closed surface enclosing a charge B
1
is equal to o times the magnitude of the charge E‘
0 =
enclosed. The sphere encloses a charge of -2Q E S
thus, ¢ = @ 3 A
Eo
0 Voltage (V)
' Answer : Resistance of a material can be found
) 2 out by the slope of the V-I curve. Part BC of the
0.0 (a0) (350) (#a0) curve shows the riegative resistance as with the
increase in voltage, current decreases.
4, Two identical cells, each of emf E , having

How does the mutual inductance of a pairs of
coils change when
(i) distance between the coils is increased and
(ii) number of turns in the coils is increased ?
[1]
Answer : (i) As ¢ = MI, with the increase in the
distance between the coils, the magnetic flux
linked with the stationary coil decreases and
hence the mutual inductance of the two coils will
decrease. ‘
(i) Mutual inductance of two coils can be found
out by
M =pgmny Al

i.e., M o< nyny so with the increase in number of

www.chsepdf.com

negligible internal resistance, are connected

in parallel with each other across an external

resistance R, What is the current through this

resistance ? [11
E

—>-

AW
R

Answer : The cells are arranged as shown in
the circuit diagram. As the internal resistance is
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negligible, so total resistance of the circuit = R.

E
So, current through the resistance, I = R

windows to protect the eyes from ultraviolet
rays (UV rays). The range of frequency of UV
rays is 8 x 10"*Hz to 3 x 10'6Hz.

Write the expression for the de-Broglie
wavelength associated with a charged particle
having charge ‘q" and mass ‘m’, when it is
accelerated by a potential V. [1]
Answer : Let v be the velocity gained by the given
charge particle when it is accelerated through a
potentia! difference of 'V’ volts,

Kinetic energy of the particle = %mv2 .

Kinetic energy of the particle = Work done on the
particle by electric field.
1 2
3 mo” =gV
2

p
or e =gV
2m d

p = J2mgV

de-Broglie wavelength (A) associated with the
particle,

Download All Previous Year and Sample Papers From www.cbsepdf.com

h h
A= p_ 2mgV

The motion of copper plate is damped whenitis 9. Draw a typical output characteristics of an #-p-n
allowed to oscillate between the two poles of a transistor in CE configuration. Show how these
magnet. What is the cause of this damping ? [1] characteristics can be used to determine output
Answer : As the copper plates oscllate in resistance.** [11
the magnetic field 'between 'the two poles of g 4 parallel beam of light of 500 nm falls on a
the mafgnet, tl:lere 15 a continuous change of narrow slit and the resulting diffraction pattern
magnetic flux linked with the copper plate. Due is observed on a screen 1 m away. It is observed
to this, eddy currents are set up in the copper that the first minimum is at a distance of 2.5
plate which try to oppose the motion of the plate mm from the cehire of the screen. Calculate the
according to the Lenz’s law and finally bring it to width of the slit. (1]
rest. Answer : The distance of the #™ minimum from
Define the activity of a given radioactive . _nDA
substance, Write its S.L. unit, [y thecentreofthe sereenis, ;=
4 eﬁn::lr : Acuii;fity Off a zd.t:;ctng:ut:tan;e s Where, D = distance of slit from screen=1m
as number of radioactive disintegrations _ . ,
taking place in one second in the sample. A= W'aVelength of !:he light =500 x 10”m
S. L umit of activity is Becquerel (Bq). @ = width of the slit
1 Becquerel =1 Bq = 1 decay per second. For first um, 7 =1
. 1(1) (500x 10~°)
.. Welders wear special goggles or face masks Thus, 25x102% = ———,
with glass windows te protect their eyes from a
electromagnetic radiations. Name the radiations a=2x10"m
and write the range of their frequency. (1] a = 02mm
Answer: Welders wear special goggles with glass 11. A slab of material of dielectric constant K has

the same area as that of the plates of a parallel
plate capacitor but has the thickness 4/2, where
d is the separation between the plates. Find out
the expression for its capacitance when the slab
is inserted between the plates of the capacitor.
[2]
Answer : Initially when there is vacuum between
the two plates, the capacitance of the two parallel

plate is
gA

Where, A is the area of parallel plates.

Suppose that the capacitor is connected to a
battery, an electric field Ej is produced.

Now, if we insert the dielectric slab of thickness
d

t= -2— , the electric field reduces to E.

Now, the gap between plates is divided in two

parts, for distance ¢t there is electric field E and

for the remaining distance (d — ) the electric field
is Ep.

If V is the potential difference between the plates

**Answers is not given due to change in the present syllabus,
www.chsepdf.com 2
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Ed Eyd d [ ]
V= —+-2 - 2 (E+E t=
2 P 2(E 0) 2
v=GE(E [-.—§2=K]
2 \E, E
dEy
= —(K+1
o K+D)
Now Ep= o4
€p SOA
. d g
V= ———(K+1
= ZKEOA(K )
We know,
_ 4. 2Kep A
V dK+1)

. A capacitor, made of two parallel plates
each of plate area A and separation d, being
‘charged by an external ac source. Show that
the displacement current inside the capacitor is
same as the current charging the capacitor. [2]
Answer : Let the alternating emf charging the
plates of capacitor be E = Eg sin wt.

Charge on the capacitor,
g = CE = CEj sin ot
Instantaneous current is .
dg d .
I = —=—(CEpsinwt
at = oo
= CEy cos wt
= Ipcos ot (1)
where, Iy = WCEg
Displacement current,
dog
Ip= gg—=
ST
d(
= g 4(E) [ 0=EA]

dt

- a(.4 wE=_1_
B EOAdf(EOAJ [.E_EOA]

d ( CE, sin ot
g —|—
dt £A
= i(CE sin wt)
o0

= wCE, cos mt

]

Ip cos wt (1)

From equations (i) and (ii), the displacement
current inside the capacitor is same as the current
charging the capacitor.
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13. Explain the term ‘drift velocity’ of electrons in a

conductor. Hence obtain the expression for the

current through a conductor in terms of “drift

velocity”. (3]
OR

Describe briefly, with the help of a circuit
diagram, how a potentiometer is used to
determine the internal resistance of a cell.

Answer : Drift velocity of electrons in a
conductor : Metals contain a large number of
free electrons. These electrons are in continuous
random motion. Due to the random motion,
the free electrons collide with positive metal
ions with high frequency and undergo change
in direction at each collision. So the average
velocity for the electrons in a conductor is zero.

Now, when this conductor is connected to a
source of emf, an electric field is established in
the conductor, such that

E=
L

Where, V = potential difference across the
conductor and,

L = length of the conductor.
The electric field exerts an electrostatic force
‘~Ee’ on each free electron in the conductor.
The acceleration of each electron is given by

Where, ¢ = electric charge on the electron and
m = mass of electron.

The negative sign indicates the force and hence
the acceleration is in a direction opposite to
the direction of the electric field. Due to this
acceleration, the electrons attain a velocity in
addition to thermal velocity in the direction
opposite to that of electric field. The average
velocity of all the free electrons in the conductor
is called the drift velocity of free electrons of the
conductor.
Thus, the expression for the drift velocity in
electric field (E)

7 = %:r , i)
Where 1 =relaxation time between two successive
collision,
Let » = number density of electrons in the
conductor. ‘
No. of free electrons in the conductor = nAL
Total charge on the conductor, g = nAlLe

Time taken by this charge to cover the length L of
the conductor,
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Current - I -

li

HAEUd

OR

Measurement of internal resistance of a cell
using potentiometer is shown in figure. The cell
of emf, E is connected across a resistance box (R)
through key Kj.

K1 ‘.‘.___.,o'
When K; is open, balance length is obtained at
length AN1= l1

Eocly

E=01 (D)
When K; is closed :

Let V be the terminal potentlal difference of cell
and the balance is obtained at AN, =1,

Vel
V=0 (i)
From equations (i) and (ii), we get
E_1I
—_= e ...(111)
vV b
But E=1(r+R)
V=IR
E _r+R .
v~ R w(iv)
From equations (jii) and (iv), we get
R+r _ 4
R
= r[h_
r=R ( )
We know [1, I and R, so we can calculate 7.

**Answers is not given due to change in the present syllabus.
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14. A convex lens of focal length f; is kept in contact

with a concave lens of focal length f,. Find the
focal length of the combination. [2]
Answer : For convex lens, focal length, f = f1 and
for concave lens, the focal length, f= —f

The equivalent focal length of a combination of
convex lens and concave lens is given as :

1 1 1

F- % -f
hA
Rl =y 3

15. In the block diagram of a simple modulator
for obtaining an AM signal, shown in the
figure, identify the boxes A and B. Write their
functions.** [2]

L~ X AU LAM
modulating " A » B wave
signal I
- camier
wave

16. In the circuit shown in the figure, identify the
equivalent gate of the circuit and make its truth
table.** (2]

Y
5 [
— ]
17. (@) For a given a.c.,, i = ip sin f, show

that the average power dissipated in
a resistor R over a complete cycle is
1.2

Et mR-

(b) A light bulb is rated at 100 W fora 220 V a.c.
supply. Calculate the resistance of the bulb. [2]
Answer : (a) The average power dissipated

P = |2 R|=|i2 R sin? o]

= 1721 Rlsinz (Dtl
1
sin? of = E(l—cosl(ﬂt)
1
= Isin2 O)tl = 5(1—|c052mt])=—
[ (]cos2mt|) =0]
P = iR

2

(b) Power of the bulb, P =100 W and voltage, V=
220V.
No OTP No Login No Adversitement
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The resistance of the bulb is given as
V2
R = ?
_ (220
100

=484 Q

18. A rectangular conductor LMNO is placed in

a uniform magnetic field of 0.5 T. The field
is directed perpendicular to the plane of the
conductor. When the arm MN of length of 20 cm
is moved towards left with a velocity of 10 ms~,
calculate the emf induced in the arm. Given the
resistance of the arm to be 5Q (assuming that
other arms are of negligible resistance) find the

value of the current in the arm. 2}
—>
xLXBX e I\)A( X
X [X X x X xTx
X | X X XVvX X,x
X [ X x X XgX | X
X X x x X ]%(lx
X X X X XgX X

OR

A wheel with 8 metallic spokes each 50 cm
long is rotated with a speed of 120 rev/min in
a plane normal to the horizontal component of
the Earth’s magnetic field. The Earth’s magnetic
field at the place is 0.4 G and the angle of dip is
60°, Calculate the emf induced between the axle
and the rim of the wheel. How will the value of
emf be affected if the number of spokes were
increased ?

Answer : Let ON be x at some instant.

The emf induced in the loop =e.

_ d¢_—d(Blx)

dt dt

- u()

=Blp=05x0.2x10
[ -dx

gy = X
dt

Current in the arm,

www.cbsepdf.com
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H=Bcos8=04cos60°=02G=02x 107%T.

This component is parallel to the plane of the
wheel, Thus, the emf induced is given as,

E= lBlzm
2
Where, o = @
’ r
= 1 02x107% x (05)2 x 2X3:14x120
2 60

=3.14 x 107°V

The value of emf induced is independent of the
number of spokes as the emf across the spokes
are in parallel. So, the emf will be unaffected
with the increase in spokes.

19. Define the current sensitivity of a galvanometer.
Write S.I unit, Figure shows two circuits each
having a galvanometer and a battery of 3 V.
When the galvanometers in each arrangement do
not show any deflection, obtain the ratio Ry/R.

‘ [2]

Answer : Current sensitivity of a galvanometer
is defined as the deflection in galvanometer per
unit current. Its SI unit is radians/ampere.

40 R,

6Q 19

3.E):V
For balanced Wheatstone bridge, there will . _no
deflection in the galvanometer.

4 _ 6
R, 9
4x9
Rij = —=6Q
1T 7%
5 No OTP No Login No Adversitement
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129 80

6 R,

3.0V

For the equivalent circuit, when the Wheatstone
bridge is balanced, there will be no deflection in
the galvanometer.

1_2=6
8 Rz

6x8
Ry = —2
T}
=40
R _6_3
R, 4 2

20. A wire AB is carrying a steady current 12 A and
is lying on the table. Another wire CD carrying
5 A is held directly above AB at a height of 1 mm.
Find the mass per unit length of the wire CD so
that it remains suspended at its position when left
free. Give the direction of the current flowing in
CD with respect to that in AB. [Take the value of
g=10ms™?] [2]
Answer : Force per unit length between the
current carrying wires is given as :

F= _EQ_ 2]:1]:2
in r

Let m be the mass per unit length of wire CD. As
the force balances the weight of the wire,

&21112 _
in r
Here, m is mass per unit length.
10_7x2x12>_<35 = mx 10
1x10
o = 10_;:)<2x12>~<5xl
1x10™ 10
=12x 103 kgm

The direction of current in CD is opposite to the
direction of current AB. because in this they wilt
repel each other and CD will remain suspended.

21. Draw V-I characteristics of a p-» junction diode.
Answer the following questions, giving reasons:

(i) Why is the current under reverse bias almost
independent of the applied potential upto a
critical voltage ?

www.cbsepdf.com . 6
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(ii) Why does the reverse current show a sudden
increase at the critical voltage ?

Name any semiconductor device which operates

under the reverse bias in the breakdown region.

[31

Answer : V-I characteristics of p-n junction diode :

I(mA)
A

- Vi
02040808 1.8 v

v

I(1A)

(i) Under the reverse bias condition, the holes of
p-side are attracted towards the negative terminal
of the battery and the electrons of the n-side are
attracted towards the positive terminal of the
battery. This increases the depletion layer and the
potential barrier. However the minority charge
carriers are drifted across the junction producing
a small current. At any temperature the number
of minority carriers is constant and very small
so there is the small current at any applied
potential. This is the reason for the current under
reverse bias to be almost independent of applied
potential., At the critical voltage, avalanche break
down takes place which results in a sudden flow
of large current.

(ii) Atthe critical voltage, the holesin the n-side and
conduction electrons in the p—side' are accelerated
due to the reverse-bias voltage. These minority
carriers acquire sufficient kinetic energy from the
electric field and collide with valence electrons.
Thus, the bond is finally broken and the valence
electrons move into the conduction band resulting
in enormous flow of electrons and thus result
in formation of hole-electron pairs. Thus, there
is a sudden increase in the current at the critical
voliage.

Zener diode is a semiconductor device which
operates under the reverse bias condition in the
breakdown region.

No OTP No Login No Adversitement


http://www.cbsepdf.com
http://www.cbsepdf.com

CBSE 2013 Solved Paper

22,

Draw a labelled ray diagram of a refracting
telescope. Define its magnifying power and
write the expression for it.

Write two important limitations of a refracting
telescope over a reflecting type telescope.  [3]
Answer : Refracting telescope : -

~wenn_Objective M——F—M £ onione

. Magnifying power : The magnifying power is

the ratio of the angle f subtended at the eye by
the final image to the angle o which the object

subtends at the lens or the eye.
_B__ kL f
o for f
Limitations of refracting telescope over
reflecting type telescope :

(i) Refracting telescope suffers from chromatic
aberration as it uses large sized lenses.

(ii) The i‘equirement of big lenses tend to be very
heavy and therefore, difficult to make and
support by their edges.

23. Write Einstein’s photoelectric equation and

point out any two characteristic properties of
photons on which this equation is based.

Briefly explain the three observed features
which can be explained by this equation.  [4]
Answer : Einstein's photoelectric effect equation :

Konao= %mvfm = (hv - 09)

or Kmax = h(v—Vo)

The two characteristics properties of the photon

on which this equation is based :

(i) The light travel in the form of photons i.e.
small packet of enery and each photon has
energy hv.

(ii) Each photon interact with one electron.

Three observed features that can be explained by

this equation.

(i) When v < v, Kmax becomes negative. The
negative value of K./E. has no physical
significance. Hence, no photoelectric effect is
possible below there shold frequency.

**Answers is not given due to change in the present syllabus.
www.chsepdf.com
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(ii) When v > v, Kmax o V, ie. max. KE. of the
emitted photo electrons depends linearly on
the frequency of incident radiations.

(iii) It is clear from the photoelectric equation
that the maximum K.E. of photoelectrons is
independent of intensity of incident reactions.

24, Name the type of waves which are used for line

of sight (LOS) communication. What is the range
of their frequencies ?
A transmitting antenna at the top of a tower has
a height of 20 m and the height of the receiving
antenna is 45 m. Calculate the maximum distance
between them for satisfactory communication in
LOS mode. (Radius of the Earth = 6.4 x 10°m)**
[5]

. (a) What is linearly polarised light. Describe

briefly using a diagram how sunlight is
polarised.

(b) Unpolarised light is incident on a Polaroid.
How would the intensity of transmitted light
change when the Polaroid is rotated ?  [5]

Answer : (a) The light in which the vibrations of
electric vector are restricted to a particular plane,
is called plane polarised light,
The incident sunlight is unpolarised. The dot
and double arrows show the polarisation
in the perpendicular and in the plane of the
figure respectively. Under the influence of the
electric field of the incident wave, the electrons
in the molecules of the atmosphere acquire
components of motion in both these directions.
For an observer looking at 90° to the direction of
the sun, the charges accelerating parallel to the
double arrows do not radiate energy towards
this observer since their acceleration has no
transverse component. The radiation scattered
by the molecule is therefore, represented by
dots. It is linearly polarised light perpendicular
to the plane of the figure.

Incident Sunlight -
{Unpolarised)

Scattered light
(Polarised)

}

To observer

(b) If the unpolarised light is incident on a
polaroid, the intensity is reduced by half. Even
if the polaroid is rotated by angle 0 the average
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26.

27.

over cos® 0 = l Thus, from Malus' law : [ =]
c0s>0 2
1] = |Ip cos®0|

1
=1Iy|cos?0| = ED

Thus, the intensity of the transmitted light
remains unchanged when the polaroid is rotated.

One day Chetan’s mother developed a severe
stomach ache all of a sudden. She rushed to
the doctor who suggested for an immediate
endoscopy test and gave an estimate of
expenditure for the same. Chetan immediately
contacted his class teacher and shared the
information with her. The class teacher arranged
for the money and rushed to the hospital. On
realizing that Chetan belonged to a below
average income group family, even the doctor
offered concession for the test fee. The test was
conducted successfully.

Answer the following questions based on the

above information : (5]

(a) Which principle in optics is made use of in
endoscopy ?

(b) Briefly explain the values reflected in the
action taken by the teacher,**

(d) In what way do you appreciate the response
of the doctor on the given situation ?
Answer : (a) Endoscopy is based on total internal
reflection principle. It has tubes which are made
up of optical fibres and are used for transmitting
and receiving electrical signals, which are
converted into light by suitable transducer.

(c) Doctor gave monetary help to Chetan by
understanding his poor financial condition

(a) UsingBiot-Savart’slaw, derive the expression
for the magnetic field in the vector form at a
point on the axis of a circular current loop.

(b) What does a toroid consist of ? Find out
the expression for the magnetic field inside
a toroid for N turns of the coil having the
average radius r and carrying a current L
Show that the magnetic field in the open
space inside and exterior to the toroid is zero.
(51
OR

(a) Draw a schematic sketch of a cydotron,
Explain clearly the role of crossed electric
and magnetic field in accelerating the charge.
Hence derive the expression for the kinetic

energy acquired by the particles.
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(b) An o-particle and a photon are released
from the centre of the cyclotron and made to
accelerate.

(i) Can both be accelerated at the same
cyclotron frequency ? Give reason to
justify your answer.

(ii) When they are accelerated in turn, which
of the two will have higher velocity at
the exit slit of the dees ?

Answer : (a) Magnetic field on the axis of a
circular loop

[— Current

R —Radii

X — Axis

x — Distance of OP

dl — Conducting element of the loop

According to Biot-Savart’s law, the magnetic
field at P is

dl

dl

Idix7r
_ by Idlxr
dB = ar £
ﬁldlsine
dB = dr 42
- A
dB = W 18 ['.'dllr]
4x 2

4B has two components dB, and dB,.

components being in: opposite direction cancel
out each other and 4B, component being in same
direction added up.

de = dB Si.n.e
pold! R
= 7 % 172
dnr” (x? +R?)
1d! R
dBy = pZ‘JT, % 3
(xz + RZ)E

No OTP No Login No Adversitement


http://www.cbsepdf.com
http://www.cbsepdf.com

CBSE 2013 Solved Paper

Download All Previous Year and Sample Papers From www.cbsepdf.com

[ =2%+R?
Total magnetic field at P
B = I dB,
HolR4/
4m (x* +R**?
uOIRz szl = Bl 37z % 2R
4m (% + R?) an{2? +R?)
B 1oIR?
= 37
2(x* +R?) 2
2 BR? -
Z(x2 +R? )3/2

(b) Toroid is a hollow circular ring on which
a large number of turns of a wire are closely
wound. Figure shows a sectional view of the
toroid. The direction of the magnetic field inside
is clockwise as per the right-hand thumb rule for
circular loops. Three circular Amperian loops 1,
2 and 3 are shown by dashed lines.

Q

o 1 B,
- -
o o o,

-
Vg
o

By symmetry, the magnetic field should be
tangential to each of them and constant in
magnitude for a given loop.

Let the magnetic field inside the toroid be B.
- Then by Ampere’s circuital law,

- 5 ‘
JB-dl =py I=BL=p, NI

Where, L is the length of the loop for which B is
tangential, I is the current enclosed by one loop
and N is the number of turns.

We find, L =2nr

The current threads the ring as many times are

there are turns in the solenoid, therefore total
current in the solenoid is NI

B(nr) = pgNI

www.chsepdf.com
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Open space inside the toroid encloses no current
thus, I =0.

Hence, B=0
Open space exterior to the toroid :

or B =

Each turn of current carrying wire is cut twice
by the loop 3. Thus, the current coming out of
the plane of the paper is cancelled exactly by
the current going into it. Thus,
[=0,and B=0

OR
(@ Schematic sketch of cyclotron : The
combination of crossed electric and magnefic
field is used to-increase the energy of the charged
particle. Cyclotron uses the fact that the frequency
of revolution of the charged particle in a magnetic
field is independent of its energy. Inside the dees
particle is shielded from the electric field and
magnetic field acts on the particle and makes it to
go round in a circular path. Every time the particle
moves from one dee to the other it comes under
the influence of electric field which ensures to
increase the energy of the particles as the sign of
the electric field changed alternately. The increase
in energy increases the radius of the circular path
so the accelerated particle moves in a spiral path.

Magnetic field out
of the paper

Deflection plate

Since, magnetic force provides required
centripetal force

2
. _mo
& 4oB = >
_mo
or r = 4B

Here, 7 is the radius of semi-circular path which
a patticle covers inside a dee. '

Hence, the kinetic energy of ions,
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K.E.—zmvz
2 202
_1 r¢gB [ nB
K.E.—zm m2 [.v—m
2 2502
KE = 1748
2 2

(b) () Let us consider:
m — mass of proton
_ g — charge of proton
*. Mass of alpha particle =4 m
Charge of alpha particle =2 ¢

Cyclotron frequency is given by,
Bg
V= 2mm
or V oc —%
For proton :
Frequency, Vp o< %
For alpha particle,
Frequency, \ e %
or Vg ©< '2_2;;

Thus, particles will not accelerate with same
cyclotron frequency. The frequency of proton is
twice than the frequency of alpha particle.

B

ii) Velocity, _ bgqr

(ii) Velocity 0 -

or oo 1
m

For proton :

, )

Vequty, v

For alpha particle :

VEIOCity, Dy ° —— Or Py o _‘j_
4m 2m

Thﬁs, particles will not exit the dees with same
velocity. The velocity of proton is twice the
velocity of alpha particle.

28, (a) Define electric dipole moment. Is it a scalar

or a vector ? Derive the expression for the
electric field of a dipole at a point on the
equatorial plane of the dipole.

(b) Draw the equipotential surfaces due to an

www.chsepdf.com 10
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electric dipole. Locate the points where the
potential due to the dipole is zero. [51
OR

Using Gauss’ law deduce the expression for
the electric field due to a uniformly charged
spherical conducting shell of radius R at a point
(i) outside and (ii) inside the shell.

Plot a graph showing variation of electric field
as a function of r > R and 7 < R. (v being the
distance from the centre of the shell)

Answer : (a) Electric dipole moment : Electric
dipole moment is defined as the product of
magnitude of either charges and the distance
between the positive and negative charge of
the electric dipole. The strength of any electric
dipole is measured by the magnitude of its
electric dipole moment.

I® Q4q
< 2a »
Electric dipole moment, p =g x 24
It is a vector quantity.

-3 -
In vector form it is written as p = q x 24 where

—y

the direction of 2 is from negative charge to
positive charge.

Electric Field of dipole at points on the
equatorial plane:

E.

Let P be the point on the equatorial plane of the

dipole where electric field is to be calculated.

Let its distance from either charge be r’. The

magnitude of the electric field due to the two .
charges +4 and — at P is given by

=9 _1 (i)

= —— -(ii)

From equations (i) and (ii),

B = Eq=E(say)
The direction of E.; and E_,; are shown in figure.

Tdtal electric field at P,

— - b d
EP = E+q+E—q

No OTP No Login No Adversitement


http://www.cbsepdf.com
http://www.cbsepdf.com

CBSE 2013 Solved Paper

Magnitude of E (using || gm law of vecior
addition),

Ep

JE2, +E2, +2E, F_, c0s20

It

JE2 + B2 + 22 cos 26

2B + 2B2 cos 26

_ 1/2E2 (1+ cos 20)
,/ZEz 2 cos’ @
4E? cos’ 0
E, = 2Ecos@
% 1 q < a
41180 ‘(rZ +[12) (1‘2 + a2)1/2
2aq

41580(1'2 + a2)3/2

P [ “p=2aq]
4neo(r2 + a2)3/ 2
_)
. EP p

- 41::—:0(r2 + az)B/2

(b) Equipotential surface due to electric dipole :

The potential due to the dipole is zero at the line
bisecting the dipole length.

OR
Electric field due to a uniformly charged thin
spherical shell :

(i) When point P lies outside the spherical
shell : Consider a spherical shell of radius
R and centre O. Let g be the charge on the
spherical shell. Suppose that we have to
alcnlate electric field at the point P at a distance

C
www.ch3Separ.co

Download All Previous Year and Sample Papers From www.cbsepdf.com

7 (r > R) from its centre. Draw the Gaussian
surface through point P so as to enclose the
charged spherical shell. The Gaussian surface is
a spherical shell of radius r and centre O.

Gaussian Surface

——

o . /
-

- g

my

¥

&

o
2
H
i
i
7
i
}
H
i
i
i
H
i
1
1
*
\
"
‘\
,

5 A Charged spherical
., o shell

"~ o~

. -
., -
N —————

_)
Let E be the electric field at point P. Then, the
_)
electric flux through area element 4 is given by

e

40 = E.ds
Since s is also along normal to the surface,
. d¢ = Eds

~. Total electric flux through the Gaussian
surface is given by

¢ : ?E.dr
Now, Ec}ﬁdf
ds = 4nr?

- o = E x 4nr? (i)
Since the charge enclosed by the Gaussian
surface is g, according to Gauss theorem,

9 .
= - (i)
” (
From equations (i} and (ii), we get,
Exdn? = L
£

1 ¢
E = .= (forr>R
(ii) When point P lies inside the spherical shell
: In such a case the Gaussian surface encloses no
charge,

+9

X
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According to Gauss law,
Ex4n” =0
ie., E=0(r<R)
Graph showing the variation of electric field as a
function of 7.

4 . ;J\L
(j
"E[ (N/C)
=

1
Exﬁ

Eoe r

'

rim ~

29, Using Bohr’s postulates, derive the expression
for the frequency of radiation emitted when
electron in hydrogen atom undergoes transition
from higher energy state (quantum number )
to the lower state, (n;).

When electron in hydrogen atom jumps from
energy state n; = 4 to ny = 3, 2, 1, identify the
spectral series to which the emission lines

belong,. (5]

OR

(a) Draw the plot of binding energy per nucleon
(BE/A} as'a function of mass number. Write
two important conclusions that can be drawn
regarding the nature of nuclear source.

(b) Use this graph to explain the release of
energy in both the processes of nuclear
fusion and fission.

(c) Write the basic nuclear process of neutron
undergoing -decay. Why is the detection of
neutrinos found very difficult ?

Answer : In the hydrogen atom,

Radius of electron orbit,
2 hZ

i
<«

_na
4n’kme*
Kinetic energy of electron,

ke
P
Using equation (i), we get

_kétlnzkmez _ 212k met

7',=

)

Ex

n

E. =
2 n?h? n2h?
Potential energy,
_ —k(e)x(e) -k
Ep = r r
www.cbsepdf.com 12
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Using equation (i), we get
an*k kme*
= —kEX———
EP n2h2
_ 4n?k*met
n* h?
Total energy of electron,
E = 2n%k?me*  4n’kZimet
- 2,2 2,2
n°h n°h
212k*me*
= 22
212k met 1
=TT 2

Now, according to Bohr’s frequency condition
when electron in hydrogen atom undergoes
transition from higher energy state to the lower
energy state (nf) is,

hv=En,.—Enf
212 4
or  hv = _anzme iz
h n;
{-—21r2k2me4 1}
- 2 2
h nf
2,2 4
or hy = Z2mkme”

h2

AN

CYRCYR
|

3y

\ ———

|
B[
S—_—

2n2kPmet (
vy= —/— _— x
h3

v o 2rkmet (1 1
| o n} n?
22k me?
Tme = R (Rydberg constant)
R = 1.097 x 107m™!
Thus,

vetex (L _ L]
Now, higher state, g
ni=4
Lower state,
n=321
For the transition
;=4 to ny=3 — Paschen series
ni=4tons=2 —> Balgerserdesgin No Adversitement
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ni=4to ne= 1 — Lyman series {(b) Nuclear fission : A very heavy nucleus
OR (say, A = 240) has lower binding energy per
(@) Plot of binding energy per nucleon as the nucleon as compared to the nucleus with
function of mass number A is given as below : A = 120. Thus, if the heavier nucleus breaks to
10 — the lighter nucleus with high binding energy per
a 1 ‘“S oFel "o wian be) nucleon, nucleons are tightly bound.
gS‘« This implies that energy will be released in the
E;é 6 N process which justifies the energy release in
5¢c fission reaction. _ )
p84 Nuclear fusion : When two light nuclei (A<10) are
22 2M"H combined to form a heavier nuclei, the binding
@ L’H energy of the fused heavier nuclei is more than the
0 binding energy per nucleon of the lighter nuclei.
0 50 Masx: ?i?:mber1(5A(; 20 250 Thus the final system is more tightly bound than
’ the initial system. Again the energywﬂlbe released
Following are the two conclusion that can be in fusion reaction.
drawn regarding the nature of the nuclear force : (c) The basic nuclear process of neutron
(i) The force is attractive and strong enough undergoing (-decay is given as :
to produce a binding energy of few MeV per nopte +V
nucleon.

Neutrinos are massless and chargeless particles.

(i) The constancy of the binding energy in the Neutrinos interact very weakly with matter that

range 30 <A<170 s a consequence of the fact that it becomes very difficult to detect them. That's
the nuclear force is short range force. why the detection of neutrinos is found very
difficult.
( 1)
Physics 2013 (Outside Delhi) | SET 11
Time allowed 3 hours 7 V Maximum marks : 70
Note : Except for the followmg questions, all The sphere enclose charge = —3Q + 2Q = -Q
the remaining questions have been asked in ., Total electric flux, ¢ = g
previous Set.

7. Alight metal disc on the top of an electromagnet

4. Two charges of magnitudes -3Q and +2Q are is thrown up as the current is switched on. Why ?
located at points (g, 0) and (44, 0) respectively. Give reason. (2]
What is the electric flux due to these charges Answer : A light metal disc on the top of an
through a S{Jhere of radius ‘54’ with its centre at electromagnet is thrown up as the current is
the origin ? [1] xltchgid t}?n blecause Whe:l ge cm'rele';i::i ﬂ%ws
Answer : According to Gauss’ theorem, the electric - ou. e electromagnet, the magnetic flux

: through the disc increases which leads in setting
flux througl'; a closed surface enclosing a charge up anghe ddy current in the disc in the same
is equal to — times the magnitude of the charge direction of the electromagnetic current. So the
enclosed. Fo upper surface of electromagnet and the lower

surface of the disc acquire same polarity. Since
body with same polarity repels, therefore, the
disc is thrown up. ‘
9. In the circuit shown in the figure, identify the
equivalent gate of the circuit and make its truth
f table.** [2]
* —»

30 +2Q
©. 0)#L ®0) (48, 0) (52 0) o—%
:DH .
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13. A parallel beam of light of 600 nm falls on a
narrow slit and the resulting diffraction pattern
is observed on ascreen 1.2 m away. It is observed
that the first minimum is at a distance of 3 mm
from the centre of the screen. Calculate the
width of the slit. [3]
Answer : The distance of the #™ minimum from

the centre of the screenis, x,= ﬂ

where, D= distance of slit from scregn
A = wavelength of the light
a = width of the slit

For first minimum, n =1

*p=3x102m
A =600x%10°m
D=12m

9
3)(10—3 1x12X600X10

_ Ixl. 2x600x10‘9
3x107°
_ 1l2x6x10™
3
=24x10%m

=024 x 103 m

a =0.24 mm

19. A wire AB is carrying a steady current of 10 A and
is lying on the table. Another wire CD carrying 6
A is held directly above AB at a height of 2 mm.
Find the mass per unit length of the wire CD so
that it remains suspended at its position when left
free, Give the direction of the current flowing in
CD with respect to that in AB, [Take the value of g
=10ms"?] 3]

Answer : Force per unit length between the
current carrying wires is given as :
p= Mo 2hD
an

where

The current in wire AB,I; =10 A

The currentin wireCD, I, =6 A

The distance between wires, 7= 2mm =2 x 10°m
Let m be the mass per unit length of wire CD.

**Answers is not given due to change in the present syllabus.
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As this force balances the weight of the wire CD.

#o 2Ll
in - =mg
= 10—7 2x10x6_mx10
2x1078
2x10%x6 1
aom=107 x 22" 2w~ =6x 104k
2x107% " 10 &/m

The direction of current in CD w.r.t. AB is
opposite {(antiparallel) because in this condition
both the wires will repel each other.

23. Name the type of waves which are used for line
of sight (LOS) communication. What is the range
of their frequencies ?

A transmitting antenna at the top of a tower has
a height of 45 m and the height of the receiving
antenna is 80 m. Calculate the maximum distance
between them for satisfactory communication in
LOS mode. (Radius of the Earth = 6.4 x10° m)**
(4]
24. (a) For a given a.c., 7 = iy, sinwt, show that the
average power dissipated in a resistor R over
a complete cycle is %i f,,RR
(b) A light bulb is rated at 120 W fora 240 V a.c.
supply. Calculate the resistance of the bulb.
[5]
Answer : (a) The average power dissipated

Pav = (R) = (i,2 R sin’wf)

= i2R (sin®0d)
since, sin? ot = % (1—-cos2@1)
(sin® @f) = 1 [1—(cos 2me)] = L
2 2
[ cos 20t = 0]
12
Py = E mR

(b) Power of the bulb, P =120 W
Voltage, V=240V
The resistance of the bulb is given as

No OTP No Login No Adversitement
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SET 111

Time allowed : 3 hours

Note : Except for the following questions all the
remaining question have been asked in previous
Sets.

1. Write the expression for the de-Broglie
wavelength associated with a charged particle
having charge ‘g’ and mass ‘m’, when it is
accelerated by a potential V. [11
Answer : de-Broglie wavelength associated
with the particle,
_hk_ R
P 2mgV

Two charges of magnitudes + 4Q and -Q are
located at points (g, 0) and (-34, 0) respectively.
What is the electric flux due to these charges
through a sphere of radius 24" with its centre
at the origin ? [11
Answer : Gauss’s theorem states that the
electric flux through a closed surface enclosing

a charge is equal to L times the magnitude of
the charge enclosed®?

3.

+4Q
&
{a. 0) (2a,/0)

—® -
{-3a, 0) (0, 0)

The sphere enclose charge = + 4Q
4Q

Thus, total electric flux ¢ =

9. In the circuit shown in the figure, identify
the equivalent gate of the circuit and make
its truth table.** (1]

A A

e
) o
o—{ >o—

Bl
B

“Answds 1s not given due to change in the present syllabus.
www.chsepdf.com
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11. A parallel beam of light of 450 nm falls on a

17.

15

namow slit and the resulting diffraction pattern
is observed on a screen 1.5 m away. It is observed
that the first minimum is at a distance of 3 mm
from the centre of the screen. Calculate the width
of the slit. [2]

Answer : The distance of the #™ minimum
from the centre of the screen,
zDA

a

xn=

Where,D — distance of slit from screen.
A — wavelength of the light.
a — width of the slit
For first minimum, n =1,
xp=3%x10%m
D=15m
A =450%10°m

3 1x(15)x(450x10~°) nDA
a a

3x10

__1x(15)%(450x10°7)
3%1073
a = 0.255mm

A wire AB is carrying a steady current of 6 A
and is lying on the table. Another wire CD
carrying 4 A is held directly above AB at a
height of 1 mm. Find the mass per unit length
of the wire CD so that it remains suspended at
its position when left free. Give the direction
of the current flowing in CD with respect to
that in AB. [Take the value of g=10ms™] [3]
Answer : Force per unit length between the
current carrying wire is given as :
p= o2l
in

Let m be the mass per unit length of wire CD.
As the force balance the weight of the wire

I"_OZIIIZ = mg
1 -
Here m — Mass per unit length
-7
107" x2x6x4 = mx10
1x107 '

m = 48 x 10*kgm™
No OTP No Login No Adversitement
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The current in CD is in opposite direction to
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=500 Q

that in AB than they will repel each other and 25, Name the type of waves which are used for

CD wire remain suspended in air.

18. (b) A light bulb is rated at 125 W for a 250

V a.c. supply. Calculate the resistance of the
bulb. 3]
Answer: (b) Power of the bulb, P=125W

Voltage, V=250V
The resistance of the bulb is given as
_ Vi (250)°
P 125

Physics 2013 (Delhi)

line of sight (LOS) communication. What is
the range of their frequencies ?

A transmitting antenna at the top of
a power has a height of 45 m and the
receiving antenna is on the ground.
Calculate the maximum distance between
them for satisfactory communication
in LOS mode. (Radius of the Earth
= 6.4 x 10°m)** [5]

SET I

Time allowed : 3 hours

1.

" Answer :

What are permanent magnets ? Givé one
example. (1]
The magnets which have high
retentivity and high coercivity are known as
permanent magnets.

For example : Steel, cobalt

What is the geometrical shape of equipotential
surface due to a single isolated charge ? [1]
Answer : The equipotential surfaces of an
jsolated charge are concentric spherical shells
and the distance between the shells increase
with the decrease in electric field and vice-versa.

Which of the following waves can be polarized
(i) Heat waves (ii) Sound waves ? Give reason to
support your answer. , [1]
Answer: Heat waves can be polarized as they are
transverse waves whereas sound waves cannot
be polarized as they are longitudinal waves.

Transverse waves can oscillate in the direction
perpendicular to the direction of its transmission
but longitudinal waves oscillate only along the
direction of its transmission. So, longitudinal
waves cannot be polarized. )

L

Answers is not given due to change in the present syllabus. 16
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6.

Maximum marks : 70

A capacitor has been charged by a dc source.
What are the magnitude of conduction and
displacement current, when it is fully charged
? [1]
Answer: Electric flux through plates of capacitor,

o=2

£
Here charge g is constant as t%e capacitor is fully
charged.
Displacement current,

d¢ (EJ

= 0 =0
0 — 5= =

dt‘ dt‘

[since g is constant]

Conduction current,

4V
=c% -0
=57

t

Asvoltage also becomes constant when capacitor
is fully charged.
Therefore, magnitude of di splacement to and
induction current is zero.
Write the relationship between angle of
incidence ‘i’, angle of prism ‘A’ and angle of
minimum deviations &, for a triangular prism,

: [1]
Answer : The relation between the angle of
incidence i, angle of prism A, and the angle of
minimum deviation 8y, for a triangular prism is
given by
, A+,
i=—
The given graph shows the variation of
photoelectric current (I) versus applied voltage
(V) for two different photosensitive materials

No OTP No Login No Adversitement
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P¥rerent intensities of the incident 9. @) Write

and for two

radiations. Identify the pairs of curves that
correspond to different materials but same
intensity of incident radiation.

!

[2]

V—>

‘Answer : Curves 1 and 2 correspond to similar
materials while curves 3 and 4 represent different
materials, since the value of stopping potential
for 1, 2 and 3, 4 are the same. For the given
frequency of the incident radiation, the stopping
potential is independent of its intensity.

So, the pairs of curves (1 and 3) and (2 and 4)
correspond to different materials but same
intensity of incident radiation.

. A 10 V battery of negligible internal resistance

is connected across a 200 V battery and a
resistance of 38 Q as shown in the figure. Find

the value of the current in circuit. [2]
10V
il
. J 4 o |
_MQSQ Il goov{ —

Answer : Since, the positive terminal of the
batteries are connected together (So they oppose
each other), so the equivalent emf of the batteries
is given by

E=200-10=190V
Hence, the current in the circuit is given by

E

L TN
R 38

The emf of a cell is always greater than its
terminal voltage. Why ? Give reason. [2]
Answer : The emf of a cell is greater than its
terminal voltage because there is some potential
drop across the cell due to its small internal
resistance.

I
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phenomenon of total internal reflection to
occur,

(b) Write the relation between the refractive
index and critical angle for a given pair of
optical media. (2]

Answer : (a) Necessary conditions for total

internal reflection to occur are :

1. The incident ray on the interface should
travel in optically denser medium.

2. The angle of incidence should be greater than
the critical angle for the given pair of optical
media. '

1

(b) oy, =

" = Sinc

Where 4 and b are the rarer and denser media
respectively. C is the critical angle for the given
pair of optical media.

State Lenz’s law.

A metallic rod held horizontally along east-
west direction, is allowed to fall under gravity.
Will there be an emf induced at its ends ?
Justify your answer. [2]

Answer : Lenz’s law states that the polarity of
induced emf is such that it produces a current
which opposes the change in magnetic flux that
produces it.
Yes, emf will be induced in the rod as there is
change in magnetic flux.
When a metallic rod held horizontally along east-
west direction, is allowed to fall freely under
gravity i.e., fall from north to south, the magnetic
flux changes due to vertical component of Earth's
magnetic field, which keeps on changing and the
emf is induced in it.
A convex lens of focal length 25 m is placed
coaxially in contact with a concave lens of
focal length 20 cm. Determine the power of the
combination. Will the system be converging or
diverging in nature ? [2]
Answer : We have, focal length of convex lens,
fA=+25cm=+025m

Focal length of the concave lens,
fo=-20cm=-020m

Equivalent focal length,
1+, 1.1 1
F fi £~ 25 -20 100
F = -100 cm
Power of convex lens,
1.1
TR 025

No OTP No Login No Adversitement
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1 1
" hH -0z
Power of the combination,
P=P;+P;
p_ L . 1 _100 100 _400-500
025 -020 25 20 100
= 100__
100
s P=-1D
The focal length of the combination
=-1m = - 100 cm.

As the focal length is negative, the system will be
diverging in nature,

. An ammeter of resistance 0.80 Q can measure
current up to 1.0 A. [3]
(i) What must be the value of shunt resistance

to enable the ammeter to measure current
upto50A°?

(i) What is the combined resistance of the
ammeter and the shunt ?

Answer : We have, resistance of ammeter,

Ra=080Q
Maximum current through ammeter, I, = 1.0 A
So, voltage across ammeter, V = IR = 1 x (.80
=08V :
Let the value of shunt be x.
(i) Resistance of ammeter with shunt,

_ Rar _ 08x
" Rp+x 08+x

Current through ammeter,I=5 A

0.8x
5=0,
(0.8+x)x =08

0.8x x 5 = 0.8(0.8 + x)
4x =0.64 + 0.8%
_0s4
32
x=02
Thus, the shunt resistance is 0.2 Q

(i) Combined resistance of the ammeter and the
shunt,

X

0.8x _0.8x02 0.16
T 08+x 08+02 1

=0.16Q

18

14.
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connected across a lamp ‘L', How would (i) the
brightness of the lamp and (ii) voltmeter reading
V' be affected, if the value of resistance ‘R’ is
decreased ? Justify your answer, (3]

oL .

© T

R

L
Answer : The given figure is Common Emitter
(CE) configuration of an n-p-n transistor, The
input circuit is forward biased and collector
circuit is reverse biased.

If resistance R decreases, forward biased in the
input circuit will increase, thus the base current
(15) will decrease and the emitter current (Ig) will
increase. This will increase the collector current
(Ic) as IE = IB + Ic

When Ic increases which flows through the
lamp, the voltage across the bulb will also
increase making the lamp brighter and since the
voltmeter is connected in parallel with the lamp,
the reading in the voltmeter will also increase.

(@) An EM wave is travelling in a medium with
a velocity v = vi. Draw a sketch showing
the propagation of the EM wave, indicating
the direction of the oscillating electric and
magnetic fields.

(b) How are the magnitudes of the electric and
magnetic fields related to velocity of the EM
wave ? - (3]

Answer: (a) Given.

! A
Velocity, v=71{ and electric field, E along Y-axis
and magnetic field, B along Z-axis.

The propagation of EM wave is shown below :

(b) Speed of EM wave can be given as the ratio of
magnitude of electric field (Eg) to the magnitude

of magnetic field (Bg),
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15. Block diagram of a receiver is shown in the

figure :**
Recelving Antenna
Recsht
Signal_ —] Ameier |+ X B e o A e

(a) Identify ‘X’ and “Y".
(b) Write their functions.

"16. Explain, with the help of a circuit diagram, the

working of a photodiode. Write briefly how it
is used to detect the optical signals. [31
OR ‘

Mention the important consideration required
while fabricating a p-n junction diode to be
used as a Light Emitting Diode (LED). What
should be the order of band gap of an LED if it
is required to emit light in the visible range ?

Answer : A junction diode made from light
sensitive semiconductor is called a photodiode.

el

@”

n-side

—AA

An electrical device that is used to detect and
convert light into an energy signal with the use
of a photo detector is known as a photodiode.
The light that falls on it controls the function of
pn-junction. Suppose, the wavelength is such

that the energy of a photon % is enough to break
a valence bond. There is an increase in number
of charge carriers and hence the conductivity of
the junction also increases. New hole-electron
pairs are created when such light falls on the
junction. If the junction is connected in a circuit,
the intensity of the incident light controls the
current in the circuit.
‘OR

(i) The reverse breakdown voltage of LEDs are
very low, which is around 5V. So enough care is
to be taken while fabricating a pn-junction diode

** Answets is not given due to change in the present syllabus.
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across them.

(ii) There exist very small resistance to limit the
current in LED. So, a resistor must be placed
in series with the LED such that no damage is
occurred to the LED.

The semiconductor used for fabrication of visible
LEDs must at least have a band gap of 1.8 eV.
Write three important factors which justify the
need of modulating a message signal. Show
diagrammatically how an amplitude modulated
wave is obtained when a modulating signal is
superimposed on a carrier wave.** I31
A capacitor of unknown capacitance is
connected across a battery of V volts. The
charge stored in it is 360 uC. When potential
across the capacitor is reduced by 120 V, the
charge stored in it becomes 120 pC.

Calculate :

() The potential V and the unknown
capacitance C.

(ii) What will be the charge stored in the
capacitor, if the voltage applied had increased
by120V ? [31

OR

A hollow cylindrical box of length 1 m and
area of cross-section 25 cm? is placed in a three-
dimensional coordinate system as shown in the
figure. The electric field in the region is given

by F =50x7 where Eis NC and ¥ is in metres.
Find :

(i) Net flux through the cylinder.

(ii) Charge enclosed by the cylinder.

o : m ﬂ > X
=" U
Answer:
(i) Initial voltage, V1 = V volts and charge stored,
Q1 =360 uC
Qi=CVy D)
Changed potential, V;=V -120
Q=120 pC
Q=CV; ...(id)
By dividing (ii) from (i), we get
Q.
Q OV,

19
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120 V-120
V =180 volts
oo Qu_360x10°
v 180
=2x108F=2pF
(i) If the voltage applied had increased by 120 V,

then

V3=180+120 =300 V.
Hence, charge stored in the capacitor,
Q3=CV3=2 x 107 x 300 = 600 nC
OR
(i) Given,

_.)
E = 50x, and As =25 cm? =25 x 10~4 m?2

I A N
U—»

j4:]

As the electric field is only along the X-axis, so,
flux will pass only through the cross-section of
cylinder.

Magnitude of electric field at cross-section A,
Ea= 50 x 1=50NC!
Magnitude of electric field at cross-section B,
Eg = 50 x 2=100 NC™!

The corresponding electric fluxes are :

- =
¢a= E-As=50 x 25 x 10% x cos 180° = - 0.125
Nm?/C

- =
¢p= E-As =100 x 25 x 10 x cos 0° = 0.25 Nm?/C

So, the net flux through the cylinder,
0 =04 + 05 =—0.125 + 0.25 = 1.25Nm?*/C

(i) Using Gauss’s Law :

=1

‘J;E‘dg T g

= 0.12’5:——‘1—5
8.85x10~

q=8.85%0.125x1072 =1.1x10712C
19. (a) In a typical nuclear reaction, e.g.

fH+ 7H > 3He + }n+3.27 MeV,

www.cbsepdf.com 20
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yet energy is released. How ? Explain.

(b) Show that nuclear density in a given
nucleus is independent of mass number A.
[3]

Answer:
(@) In a nuclear reaction, the aggregate of the

masses of the target nucleus (12 H) and the
bombarding particle may be greater or less
than the aggregate of the masses of the product
nucleus (3He) and the outgoing particle Gn)-
So from the law of conservation of mass-energy
some energy (3.27 MeV) is evolved orinvolved in
a nuclear reaction. This energy is called Q-value
of the nuclear reaction.

. Mass of nucleus
(b) Density of the nucleus = Volume of muclous
Mass of the nucleus = A amu = A x 1.666 x 102
kg
Volume of the nucleus
3
V= 2ar3 - 2n(R,a10)
3 3
Where, R = RyAl/3
V= é'n:RgA
3

x1.66 x 10°%7
Thus, density = A?X_

= R3)A
3o

_1e6x107%

—ﬁ
~ R
(3 0

which shows that the density is independent of
mass number A.

(@) Why photoelectric effect cannot be
explained on the basis of wave nature of
light ? Give reasons.

(b) Write the basic features of photon picture
of electro-magnetic radiation on which
Einstein’s photoelectric equation is based.

: [3]

Answer : (a) Wave nature of radiation cannot

explain the following :

1. The immediate ejection of photoelectrons.

2. The presence of threshold frequency for a

metal surface.

3. The fact that kinetic energy of the emitted

electrons is independent of the intensity of light

and depends upon its frequency.

Thus, the photoelectric effect cannot be explained

on the basis of wave nature of light.

M
[f=]
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on which Einstein’s photoelectric equation is
based on particle nature of light.

Its basic features are :

1. In interaction with matter, radiation behaves
as if it is made up of particles called photons.

2. Each photon has energy (E = hv), momentum

( p= %\—’) , where ¢ is the speed of light

3. All photons of light of a particular frequency
v, or wavelength A, have the same energy

o= e 2

4. By increasing the intensity of light of given
wavelength, there is only an increase in the
number of photons emitted per second crossing
a given area, with each photon having the same
energy. Thus, photon energy is independent of
intensity of radiation.

5. Photons are electrically neutral and are not
deflected by electric and magnetic fields.

6. In a photon-particle collision (such as photon-
electron collision), the total energy and total
momentum are conserved. However, number of
photons may not be observed.

A metallic rod of length ‘I’ is rotated with a
frequency v with one end hinged at the centre
and the other end at the circumference of a
circular metallic ring of radius 7, about an axis
passing through the centre and perpendicular
to the plane of the ring. A constant uniform
magnetic field B parallel to the dxis is present
everywhere. Using Lorentz force, explain how
emf is induced between the centre and the
metallic ring and hence obtained the expression
for it. - [3]
Answer : Suppose the length of the rod is greater
than the radius of the circle and rod rotates
anticlockwise and suppose the direction of
electrons in the rod at any instant be along +y
direction.

Suppose the direction of the magnetic field is
along +z direction.

Then, using Lorentz law, we get the following :

- - =
E = e(v XB)
'F =—(nf x Bk
b d A
F = —eBz

“+Answers is not given due to change in the present syllabus.
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along —x axis.

So, the electrons will move towards the centre
i.., the fixed end of the rod. This movement of

electrons will effect in current and thus it will
generate an emf in the rod between the fixed end

and the point touching the ring:

Let 0 be the angle between the rod and radius of

the circle at any time f.

Then, area swept by the rod inside the circle =
1

P
2
Induced emf
d(l 2) 1 .40 1 2
=BX—|— = - —_— = - B
xdtznre Zdez 21t W

= %sz(zm) = °r*By

22. Qutput characteristics of an #-p-n transistor in

CE configuration is shown in the figure. [3]
Determine :

(i) dynamic output resistance

(ii) dc current gain and

(iii) ac current gain at an operating point Vcg =

10 V, when Ig = 30 pA.**
F 3
64 50 pA
b 30 pA
35 7 —
3+ 20 pA
—-——""-’—
2+ 10 pA
__..———'___—__F
1+ Ig=
_——r—_-___-_
0 b= — >
0 2 4 3] 8 0 12 14 16 18

23. Using Bohr's postulates, obtain the expression

for the total energy of the electron in the
stationary states of the hydrogen atom. Hence
draw the energy level diagram showing how the
line spectra corresponding to Balmer series occur
due to transition between energy levels. [4]
Answer : In a hydrogen atom,
Radius of electron.orbit,

"~ 4%k me?
and, angular momentum

mor=,—
2n
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So, kinetic energy,

. . .
277 T2

E;

&

2n2kZetm

4nkZe*m
T nn?

2nK?
Potential energy

Ep

Using equation (i), we geq

_—kex(@_ kK
B B r

An’kme®
n*h?
An2k?me*
e
Hence, total energy of the electron in the ! orbit
E=E, +E;

E,= —ke? x

_ 4m’k*me*  2n2kPmet
n2h? n2h?

212k met
B n2h?

=9 x 10° Nm2C2

We know k = 1
4me,

h (Planck’s constant) = 6.6 x 103 Js

m for H-atom = 1.67 x 107 kg
e=16x10°C
Substituting these values, we get

-13.6

E= eV
nZ

When the electron in a hydrogen atom jumps
from higher energy level to the lower energy
level, the difference of energies of the two energy
levels is emitted as a radiation of particular
wavelength. It is called a spectral line.

In H-atom, when an electron jumps from the

orbit n; to orbit ny, the wavelength of the emitted
radiation is given by,
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Where,
R — Rydberg’s constant = 1.09678 x 107 m™1
For Balmer series, if=2 and n;=3, 4, 5,....

1 11
%= R(___z)
Where, #;=3,4,5, ...

These spectral lines lie in the visible region.
Total energy, E {eV)

S |
n=4 Y\
iy K %8
- m #
@ 8
n=2
Balmer
Series
436N = 1 Ground state

24.(a) In what way is diffraction from each slit
related to the interference pattern in a
double slit experiment.
Two wavelengths. of sodium light 590 nm
and 596 nm are used, in turn to study the
diffraction taking place at a single slit of
aperture 2 x 10~ m. The distance between
the slit and the screen is 1.5 m. Calculate the
separation between the positions of the first
maxima of the diffraction pattern obtained
in the two cases. (5}
Answer : {(a) If the width of each slit is
comparable to the wavelength of light used, the
interference pattern thus obtained in the double-
slit experiment is modified by diffraction from
each of the two slits.
(b) Given that : Wavelength of the light beam,
A1=590nm =59 x 10'm
Wavelength of another light beam,
A2 =596 nm =5.96 x 10 'm
Distance of the slits from the screen =D =1.5m
Distance between the two slits, # =2 x 107%m

£
2a

)

A
D

For the first secondary maxima, sin =
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xX1= and X2 = 3l2D
2a
g = 35010715 3x596x107x1.5
2x2x107% 2x2x1074
x = 663.75 x 107, xp = 670.50 x 107°

~. Spacing between the positions of first
secondary maxima of two sodium lines
%3 - %1 = 6.75 x 10° m = 0.0675 mm.

25. In a series LCR circuit connected to an ac source
of variable frequency and voltage v = v;, sin
ot, draw a plot showing the variation of current
(I) with angular frequency () for two different
values of resistance Ry and R, (R; > Rp). Write
the condition under which the phenomenen
of resonance occurs. For which value of the
resistance out of the two curves, a sharper
resonance is produced ? Define Q-factor of the
circuit and give its significance. [5]
Answer : Figure shows the variation of i, with
o in a LCR series circuit for two values of
Resistance Ry and Ry (R; > Ry),

Y 10 Rz

/I

R,

0 : X
© Wy 0
—> 0

The condition for resonance in the LCR circuit is,
1

mD=JiE

We can observe that the current amplitude is

maximum at the resonant frequency wp. Since

im = Vu/R at resonance, the current amplitude
for case Ry is sharper to that for case R1.

Quality factor or simply the Q-factor of a
resonant LCR circuit is defined as the ratio of
voltage drop across the capacitor (or inductor) to
that of applied voltage.

1 |L
It is given b = =
gl y Q R‘/c

The Q factor determines the sharpness of the
resonance curve and if the resonance is less sharp,

** Answers is not given due to change in the present syllabus.
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circuit is close to the resonance for a larger range
Ao of frequencies and the regulation of the circuit-
will not be good. So, less sharp the resonance, less
is the selectivity of the circuit while higher is the
Q, sharper is the resonance curve and lesser will
be the loss in energy of the circuit and circuit will
be more selective.

26. While travelling back to his residence in the car,

27.

23

Dr. Pathak was caught up in a thunderstorm. It
became very dark. He stopped driving the car
and waited for thunderstorm to stop. Suddenly
he noticed a child walking alone on the road.
He asked the boy to come inside the car till the
thunderstorm stopped. Dr. Pathak dropped
the boy at his residence. The boy insisted
that Dr. Pathak should meet his parents.
The parents expressed their gratitude to
Dr. Pathak for his concern for safety of the
child,

Answer the following questions based on the
above information : (5]

{a) Why is it safer to sit inside a car during a
thunderstorm ?

(b) Which two values are displayed by Dr.
Pathak in his action ?**

() Which values are reflected in parents
response to Dr. Pathak ?**

(d) Give an example of similar action on your
part in the part from everyday life.

Answer : (a) It is safer to be inside a car during
thunderstorm because the car acts like a Faraday
cage.

(d) Once 1 came across to a situation where a

puppy was struck in the middle of a busy road

during rain and was not able to cross due to heavy’
flow, So I quickly rushed and helped him.

(a) Draw a ray diagram showing the image
formation by acompound microscope. Hence
obtain expression for total magnification
when the image is formed at infinity.

(b) Distinguish  between  myopia and
hypermetropia. Show diagrammatically
how these defects can be corrected. [51

OR

(a) State Huygen's principle. Using this
principle draw a diagram to show how a
plane wave front incident at the interface
of the two media gets refracted when it
propagates from a rarer to a denser medium:
Hence verify Snell’s law of refraction.

(b) When monochromatic light travels from
a rarer .to a denmser medium, explain the
following, giving reasons :
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refracted light same as the frequency of compound microscope is the product of the
incident light ? magnifications produced by the eyepiece and

(ii) Does the decrease in speed imply a objective.
reduction in the energy carried by light :
wave ?

Answer : (a) A compound microscope consists
of two convex lenses parallel separated by some
distance. The lens nearer to the object is called
the objective. The lens through which the final

RS M=M,xM, (i)
Where, M, and M, are the magnifying powers of
the eyepiece and objective respectively.

If up is the distance of the object from the
objective and vg is the distance of the image from
the objective, then the magnifying power of the

image is viewed is called the eyepiece. objective is
EYE LENS M, = % =.f£
.. [
E OBJECT - Where, h, K’ are object and image heights

o

) respectively and f, is the focal length of the
AR (Gl B ) objective and L is the tube length i.e., the distance
' between the second focal point of the objective

and the first focal point of the eyepiece.
When the final image is at infinity,
D
- M= —
. fe
Magnifying power of compound microscope,
.. L _D
Magnifying power when final image is at M=M, xM, = ?x?-
. 0 €
Myopia Hypermetropia
1. | Also known as nearsightedness. Also known as farsightedness.
2. | Person is not able to see far objects clearly. Person is not able to see near objects clearly.
3. | For myopic eye, far point is less than For hypermetropic eye, near
infinity. point is  greater than D e,

4. | To correct myopia, concave lens of
appropriate focal length is used.
Myopic eye :

From o

Correction :

25 cm (least distance of distinct vision).

To correct hypermetropia convex lens of
appropriate focal length is used.
Hypermetropic eye:

Correction :

OR
(a) Huygen's Principle :

1. Each point on the primary wave front acts as a
source of secondary wavelets, transferring out

www.cbsepdf.com 24

disturbance in all directions in the same way as
the original source of light does.
2. The new position of the wave front at any

instant is the envelope of the secondary
wavelets at that instant.
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1. Consider any point Q on the incident wave
front.

2. Suppose when disturbance from point P on
incident wave front reaches point P' on the
refracted wave front, the disturbance from
point Q reaches Q' on the refracting surface XY.

3. Since P'A’ represents the refracted wave front,
the time taken by light to travel from a point on
incident wave front to the corresponding point
on refracted wave front should always be the
same. Now, time taken by light to go from Q
to Q' will be

b QK QK
v
In right-angled AAQK, AQAI( =i

(i)

QK = AK sin w(id)

In right-angled APQK, /QPK = 7 and QK = KP’

sinr -..(iii)

Substituting (ii) and (iii) in equation (i),

. AKsini KP'sinr
= +
c 7]

£ AI(sini+(AP’-AI(sinr)

B c v

[ KP"=AP' - AK]
f= AP sinr + AK (sz—smr) (i)
v c v

The rays from different points on the incident
wave front will take the same time to reach the
corresponding points on the refracted wave
front ie., given equation (iv) is mdependent of
AK. It will happen so, if

www.chsepdf.com
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28. (a) State

sin: sy

Sni_Snr_y
c v
sini ¢
= —— =
sinry v
- , = sini
sinr

This is the Snell’s law for refraction of light.

(b} (i) The frequency of reflected and refracted
light remains constant as the frequency of
incident light because frequency only depends
on the source of light.

(i) Since the frequency remains same, hence
there is no reduction in energy.

the working principle of a
potentiometer. With the help of the circuit
diagram, explain how a potentiometer is
used to compare the emf’s of two primary
cells. Obtain the required expression used
for comparing the emfs.

(b) Write two possible causes for one sided
deflection in a potentiometer experiment.
[51

OR

(a) State Kirchhoff’'s rules for an -electric
network. Using Kirchhoff’s rules, obtain the
balance condition in terms of the resistance
of four arms of Wheatstone bridge.

(b) In the meter bridge experimental set-up,
shown in the figure, the null point ‘D’ is
obtained at a distance of 40 cm from end
A of the meter bridge wire. If a resistance
of 10 Q is connected in series with Ry, null
point is obtained at AD = 60 cm. Calculate

25

the values of R; and Ro.
R; R,
B
¢ | [ 6o o] [ o
. 2
n D T
]l {}
11 \/
K
Answer : {a) Working principle of Potentio-

meter : When a constant current is passed
through a wire of uniform area of cross-section,
the potential drop across any portion of the
wire is directly proportional to the length of
that portion.

Applications of Potentiometer for comparing
emif’s of two cells : The following figure shows
an application of the potentiometer to compare
the emf of two cells of emf E; and E,.
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T
el 3
% lEz @2 °
B— A
G
N1 ',
R \
}
c N, y

s,

I‘€1 '-.-._',o
Ei, E; are the emf of the two cells.
1,2, 3 form a two way key.
When 1 and 3 are connected, E; is connected to
the galvanometer (G).
Jockey is moved to N, which is at a distance L;
from A, of cell E the balancing length.
By the potentiometer principle
Ej = ki; where k is the potential gradient
Similarly for E; is balanced at I (AN2)
By (i) and (i)
E, _ 4
= == .. (iii
b (i)
Thus, we can compare the emf’s of any two
sources. Generally, one of the cells is chosen as
a standard cell whose emf is known to a high
degree of accuracy. The emf of the other cell is
then calculated from equation (iii). o
(b) (i) The emf of the cell connected in main
circuit may not be more than the emf of the
primary cells whose emfs are to be compared.
(i} The positive ends of aj; :lls are not connected
to the same end of the wire.

OR :
(a) Kirchhoff’s first law — Junction rule : The

algebraic sum of the currents meeting at a point
in an electrical circuit is always zero.

Let the currents be Iy, I, Is, and 1.
Convention : Current towards the junction
positive
Current away from the junction negative

I+ (-I)+(-I2) +{(-Ig) =0
This law is in accordance with conservation of
charge
Kirchhoff's second law-Loop rule : In
a closed loop, the algebraic sum of the
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the products of the res1stance and current
flowing through them.

For closed part BACB, E; ~ E; = 1Ry + 1Rz —~ I3R3
For closed part CADC, E; = I3R3 + IsRy + IsRs
Wheatstone bridge : The Wheatstone bridge is

an ‘arrangement of four resistances as shown in
the following figure.

Ri, Rz, Rs, and Ry are the four resistances.
Galvanometer (G) has a current I; flowing
through it.
At balanced condition, [, =0
Applymg junction rule at B,
=14

Applymg loop rule to closed loop ADBA,

“I1R1+0+IhRy=0

L _ R, ]
E = E.l_ (i)
Applying loop rule fo closed loop CBDC,
LRy +0-I1R3=0
(". =1 14 = IZ)
L_Re (i)
I, Rj
From equations (i) and (ii),
R, Ry
R, - R;
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Wheatstone bridge.

(b) Considering both the situations and writing
- them in the form of equations Let R’ be the
resistarice per unit length of the potentiometer
wire,

R WR o -
RZ_(IOU—ll)R
- R R'x40 ﬂ)_ 2
R, R(100-40) 60 3 ()
- R1+10 R"x 60 6_0 3 (&)
R, R(100-60) 40 2
Putting the value of R; from equation (i) and
substituting in equation (ii)
2,10_3
3 R, 2
Ry =12Q
Recalling equation (i) again
Ry _2
12 3
Ri1=88Q

29. (a) Derive the expression for the torque on a

rectangular current carrying loop suspended
in a uniform magnetic field.

(b) A proton and a deuteron having equal
momenta enter in a region of a uniform
magnetic field at right angle to the direction
of the field. Depict their trajectories in the
field. [5]

OR

(@ A small compass needle of magnetic
moment ‘7’ is free to turn about an axis
perpendicular to the direction of uniform
magnetic field ‘B’. The moment of inertia of
the needle about the axis is ‘I'. The needle
is slightly disturbed from its stable position
and then released. Prove that it executes
simple harmonic motion. Hence deduce the
expression for its titne period.

(b) A compass needle, free to turn in a vertical
plane orients itself with its axis vertical
at a certain place on the earth. Find out
the values of (i) horizontal component of
earfh’s magnetic field and (ii) angle of dip
at the place.

Answer:

(a) Consider a rectangular loop PQRS of length

I, breadth b suspended in a uniform magnetic

www.cbsepdf.com
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field B. The length of loop = PQ = RS =/ and
breadth = QR = SP = b. Let at any instant the
normal to the plane of loop make an angle 8 with

the direction of magnetic field E and I be the
current in the loop. We know thata force actsona
current carrying wire placed in a magnetic field.
Therefore, each side of the loop will experience
a force. The

net force and Rl orﬁ;:nzfl It?lgop
torque acting a 5

on the loop will R »E

be determined ~F —

by the forces LS X,
acting on all >
sides of the loop. = e A
Suppose that the Fa i

forces on sides

= o - -
PQ, QR, RS and SP are F]:F23F3 and Fy
respectively. The sides QR and SP make angle
(90° — 6) with the direction of magnetic field.

_)
Therefore each of the forces F; and ?4 acting
on these sides has same magnitude F = BIb sin

(90° - 6) = Bib cos 0. According to Fleming’s left
S hand rule the
1T -
1 YA forces F; and
lx 4/\&?——; 7 ual
N & F4 are eq
(Upward) e\b% o—r and  opposite
\e 5§ but their line of
AN action is same.
,/ U Therefore, these
/’I I(Downward) forces can'cel
N Feme ) each other ie.,
¢ sin h the resultant of
Fo = B S o
F 2 and Fy4 is
Zero.

27

The sides PQ and RS of current loop are
perpendicular to the magnetic field, therefore,

the magnitude of each of forces ?1 and ;3 is
ZEero.

F =1IB sin 90° = IIB.
According to Fleming’s left hand rule the forces

- -
Fi and F3 acting on side PQ and RS are
equal and opposite, but their lines of action are

,%
different; therefore, the resultant force of F;

and ?3 is zero, but they form a couple called
the deflecting couple. When the normal to plane
of loop makes and angle 8 with the direction
of magnetic field B, the perpendicular distance
between Fj and F3 is b sin 8.

No OTP No Login No Adversitement


http://www.cbsepdf.com
http://www.cbsepdf.com

CBSE 2013 QOIWOPa er

ment of couple or Torque,
1 = (Magnitude of one force F) x Perpendicular
distance
= (BIl). (bsin 6) =1 (It) Bsin 6
But Ib = area of loop = A (say)
~. Torque, t=IABsin®
If the loop contains N-turns, then T=NI AB sin 0
- - -
In vector form 7 = NI A x B.

The magnetic dipole moment of rectangular
current loop

=M =NIA
- - -
. T = MxB
Direction of torque is perpendicular to

direction of area of loop as well as the

direcion of magnetic field ie., along
- -

(AxB)

(b) We know, Lorentz force, F = Bgo sin 0

Where 0 = angle between velocity of particle and

magnetic field = 90°

So, Lorentz force, F = Bgo

Thus, the particles will move in circular path and

required centripetal force is provided by this

Lorentz force.

my mo
Bjp= —=r=—
T Bg
Let my = mass of proton, my = mass of deuteron,
v, = velocity of proton and vy = velocity of
deuteron.

m,o .
rp =_FF (1)
By
_ Mgy "
rq= By .(ii)
The charge of proton and deuteron are equal.
Giventhat,  myv, =muy

Since, RHS of equation (i) and (ii) are equal, so -

=Tg=T.
Thus, the trajectory of both the particles will be

Physics 2013 (Delhi)
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1\ ﬁ\ T g f F 3

OR
{a) The torque on the needleis T=m x B

In magnitude t = mB sin 0
Here 1 is restoring. torque and 0 is the angle
between m and B.

2

Therefore, in equilibrium I —S =mBsin 0

Negative sign with mB sin 6 implies that restoring
torque is in a position to deflecting torque. For
small values of 8 in radians, we approximate sin
6 = 0 and get

2
If.[_e =-—mBsin 0
dr?
2
or .@ = _ﬂ]:)’_g
i I

This represents a simple harmonic motion.

The square of the angular frequency &” = mB /1
and the time period is,

T 2 1 [.. 2_11:]
- n“mB B ¥

(b) Since the needle rotates in vertical plane, so
the place here is magnetic pole of earth.

Therefore, Byy =0
and, angle of dip at magnetic pole, § =90°
o0

SET 11

Time allowed : 3 hours

Note : Except for the following questions, all the
remaining questions have been asked in previ-
ous Set.

1. A cell of emf ‘E’ and internal distance ‘+ draws a

current ‘I’, Write the relation between terminal
voltage ‘V’ in terms of E, I, . [1]

www.cbsepdf.com 28

A

Maximum marks ;: 70

Answer : When the current I draws from a cell of
emf E and internal resistance r, then the terminal
voltageis V=E-Ir
Which of the following substances
diamagnetic ?

Bi, Al, Na, Cu, Ca and Ni

are

[l
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cesEAmswetveBPape Cu are diamagnetic substances.
3. A heating element is marked 210 V, 630 W, What
is the value of current drawn by the element
when connected to a 210 V dc source ? 1l
Answer : In dc source, P = VI

Giventhat P=630 Wand V=210V.

So,
P 630
I= =3A
V 210
10. An ammeter of resistance 1 Q can measure

current upto 1.0 A. (i} What must be the value
of the shunt resistance to enable the ammeter
to measure upto 5.0 A ? (ii) What is the
combination resistance of the ammeter and the

shunt ? [1]
Answer : We have, Resistance of ammeter,
Ra=10Q

Maximum current across ammeter, Iy = 1.0 A
So, Voltage drop across ammeter, V = IR = 1.0 x
10=1V
(i) Resistance of ammeter with shunt,
Rpx x
R= —482- —-_~
Ry+x 1+x

Current through ammeter,

I=5A

(L) x5=1.0
1+x

xx5=1+x
4x=1
x=0.25

Thus the shunt resistance is 0.25Q
(ii) Combined resistance of the ammeter and the

Now, V =IR

shunt
X
R= 1+x
025
14025
0.25
k=13
R=02Q
14. A convex lens of focal length 20 ¢m is placed

coaxially in contact with a concave lens of
focal length 25 cmn. Determine the power of the
combination. Will the system be converging or
diverging in nature ? [2]
Answer : We have, Focal length of concave lens,
fi=+20 cm = +0.20 m

www.cbsepdf.com
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m
Power of convex lens,
1 1

1—- — T ————y

fi 020
Power of concave lens,
1 1
P = ——
2T 5 o2
Power of the combination lens,
P=P;1+P;
L T
020 -025
_100, 100
20 —25
_ 500-400
100
_100
100
=1D
As the power is positive, the system will be
converging in nature.

15. Using Bohr’s postulates, obtain the expressions
for (i} kinetic energy and (ii) potential energy
of the electron in stationary state of hydrogen
atom.

Draw the energy level diagram showing how
the transitions between energy levels result in
the appearance of Lyman series. [2]

Answer : According to Bohr's postulates, in
a hydrogen atom, a single electron revolves
around a nucleus of charge + e.

And the radius of orbit in which the electron
revolves, is given by
n2h?

r= ————
An*kme?

()

(i) Kinetic energy of electron,

Using equation (i), we get

ke? 4r’kme*
Ex = T2 2 2
. h

(ii) Potential energy

~k(e)x(e) -k
r - r

Ep=
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Slf‘s?x\{eg eci"ﬁghon (i), we get

41 kme”

2
—ke” x 2,3

Ep

I

4nk*me*
n’h?
Energy level diagram showing the transitions
between energy levels result in the appearance
of Lyman series :
For Lyman series, nf=1and n;=2,3,4,5, .....

1 1 _1)
Z =Ry 5-—
'y H[lz n?

Where, 1;,=2,3,4,5, ......

Total energy, E(eV)

_—-——EW
n= \:‘ \\
85— @ [0
151 ga
@
—340/=2
_138l0° 1 Ground state
Lyman
Series

22, Figure shows a rectangular loop conducting
PQRS in which the arm PQ is free to move.
A uniform magnetic field acts in the direction
perpendicular to the plane of the loop. Arm PQ
is moved with a velocity v towards the arm RS
Assuming that the arms QR, RS and SP have
negligible resistances and the moving arm PQ
has the resistance r, obtain the expression for (i)

== Answers is not given due to change in the present syllabus.
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power required to move the arm PQ.

X X X X X X xlix X X

S

X x- XX X X X[[XPX X

v

X x X[Ix x x x[x x x

X x XX X X X|iXax X
R

X X X X X X XX X X

X X X X X X X X X X

[3]
Answer ; Let the lengthRQ = xand RS =1.

Let the magnitude of the uniform magnetic field

be B.

(i) The magnetic flux ¢ enclosed by the loop

PQRS is given by, ¢ = Blx

As, x és changing with time, the rate of change of
¢

flux Et—wﬂl induce an emf given by :
po_ 0 _ dBl) _ gk gy
dt dt dt

==
as,—=-v
dt

Current in the loop is given by,

1= E_Bl
ror
(ii) The magnetic force on the PQ is,
2,2
F=BIl= B(E@sz = Bl
r r

(iii) Power required to move the arm PQ is,
B2V B V2
XV =
r r
23. Distinguish between ‘sky waves’ and ‘space
waves’ modes of propagation in communication
system,** (4]
(@) Why is sky wave mode propagation
restricted to frequencies upto 40 MHz ?
(b) Give two examples where space wave mode
of propagation is used.

P=Fxv=
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SET III

Time allowed : 3 hours

Note : Except for the following questions, all the
remaining questions have been asked in previous
Sets.

6. A 5V battery of negligible internal resistance
is connected across a 200 V battery. and a
resistance of 39 Q as shown in the figure. Find
the value of the current. [2]

i
|1

AN 1] beer —
Jn . 200V
Answer : Let I be the current flowing in the
circuit.
Using Kirchhoff’s law;
391 = 200-5
195
I=%
I =5A.
7. Which of the following substances are
paramagnetic ? [2]
Bi, Al, Cu, Ca, Pb, Ni

Answer : Paramagnetic substances are
Aluminium (Al) and Calcium (Ca).

9. An ammeter of resistance 0.6Q can measure
current upto 1.0 A. Calculate (i) The shunt
resistance required to enable the ammeter to
measure current upto 5.0 A. (ii) The combined
resistance of the ammeter and the shunt. [2]
Answer : We have, resistance of ammeter, Ry =
0.60 ohm.

Maximum current across ammeter, I5 = 1.0 A
So, voltage across ammeter,
V=IR
=1.0 x 0.60
V=06V
- Let the value of shunt be x.
(i) Resistance of ammeter with shunt
' R = Rax
Ry +x
_ _06x
T 06+x

Current through ammeter I = 5A
. V = IR

www.cbsepdf.com

Maximum marks : 70
0.6x
’ 5 =\
Now [0.6+x)x 06
0.6xX5 = 0.6(0.6+x)
3x=0.36+ O.6x
3x—0.6x=0.36
' 0.36
x=—-m
24
x=0.15Q

Therefore, the shunt resistance is 0.15 ohm.
(ii) Combined resistance of the ammeter and the
shunt is given by
_ 0.6x
T 06+x
_ 0.6x0.15
T 0.6+0.15
R=0.12Q
15. A convex lens of focal length 30 cm is placed
coaxially in contact with a concave lens of
focal length 40 cm. Determine the power of the
combination. Will the system be converging or
diverging in nature ? [3]
Answer : We have, focal length of convex lens,
f1 =+30cm
=030 m
Focal length of concave lens
fo=~40cm

=—-040m
Equivalent focal length
1 1 1

- = —t—

F A A
11
30 -40
_40-30_ 1

1200 120
F=120cm

=12m
+. Power of the combination,

P= l=L=0.83D
F 1.2

The focal length of combination =1.2m =120 cm.

As the focal length is positive the system will be
converging in nature.

[l

31 No OTP No Login No Adversitement


http://www.cbsepdf.com
http://www.cbsepdf.com

CBSE 2013-Solved Paper Download All Previous Year and Sample Papers From www.cbsepdf.com

18. A capacitor of unknown capaéitance is Hence, charge stored in the capacitor,
connected across a battery of V volts. The charge Q3=CV3=2x1079x250
stored in it is 300 uC. When potential across the
capacitor is reduced by 100 V, the charge stored =500 uC
in it becomes 100 pC. Calculate the potential OR
V and the unknown capacitance. What will be
the charge stored in the capacitor if the voltage o\ z_ »
applied had increased by 100 V 2 B =~ OGiven, E=20x1
OR and As =20 cmy
A hollow cylindrical box of length 0.5 m and =20 x 10~*m?
area of cross-section 20 cm is placed in a three- As the electric field is only along the X-axis, so
dimensional coordinate system as shown in the flux will pass only through the cross-section of
figure. The electric field in the region is given by cylinder.
E = 20x7, where Eis NCland r is in meters, ~ Magnitude of electric field at A,
Find Ea = 20x05=10N/C
Magnitude of electric field at cross-section B.
(i) Net flux through the cylinder Eg = 20x1=20N/C

(ii) Charge enclosed in the cylinder.

I A N
/‘_EA_.U U h"s

0.5m

z

The corresponding eleciric fluxes are :

« (1) Initi - -
Answer : (i) Initial voltage 0A= E.As
edvl =V volis = 10 x 20 x 10 x cos 180°
Charge stored, )
8 = - 0.02 Nm*C™?
Q1 =300 uC
. _ 2 o
Q,=CV; ) %A= E.As
Changed potential, V; =V ~100 V =20 x 20 x 107% x cos 0°
Qz =100 pC = 0.04 Nm*C™
Q2 =CV2 (i) So, the net flux through the cylinder,
By dividing (ii) from (i), we get
y dividing (i) from (1), we g 5= 0nt bn
Q -th = —0.02 +0.04
Q; CV ) o ‘
(o). - = 0.02 Nm?C™!
Q, W (ii) Using Gauss's law :
ég_o_ = v ==
100  V-100 [Eas = L
€
V =150 volts °
% 0.02=—1
Ql 300x10 : 8.85 x 10—12
C= L= ——
v, 150 q = 8.85x0.02x 10712
=2 x 107F
c g = 0.177 x 10712C
_2}.1F ) 19. (a) Write  two  characteristic  features
If the voltage applied had increased by 100 V, distinguishing the diffraction pattern from
then the interference fringes obtained in Young's
V3 =150 + 100 double slit experiment.
=250V (b} Two wavelength of sodium light 590 nm

and 596 nm are used, in turn, to study the
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diffraction taking place due to a single slit
of aperture 1 x10~* m. The distance between
the slit and the screen is 1.8 m. Calculate the
separation between the positions of the first
maxima of the diffraction pattern obtained
in the two cases. [31

Answer : (a) Two characteristic features
distinguishing the diffraction pattern from the
interference fringes obtained in Young’s double
slit experiment are :

(i) The interference fringes may or may not be of
the same width whereas the fringes of diffraction
pattern are always of varying width.

(ii) In interference the bright fringes are of same
intensity whereas in diffraction pattern the
intensity falls as we go to successive maxima
away from the centre, on either side.

(b) Wavelength of the light beam, A; = 590 nm =
59x 107 m

Wavelength of another light beam, A; = 596 nm =
596 x107" m

Distance of the slits from the screen=D=18m -

Distance between the two slits =1 x 10#m
For the first secondary maxima,

sin@=3M_%
2a D
3D
1= 2a
and X2 = 3AQD

Spacing between the %J%sitions of first
secondary maxima of two sodium lines
=X—x

3D
= 22 00—
Za(2 1)

-9
= ———3"1‘8"6"_410 =1.62 x 10*m
2x10
(a) In a nuclear reaction

3Het3He —4 HeH H+HH+12.86 MeV,

though the number of nucleons is conserved
on both sides of the reaction, yet the energy is
released. How ? Explain.

{b) Draw a plot of potential energy between a
pairof nucleons as a function of their separation.
Mark the regions where potential energy is (i)
positive and (ii) negative, [3]
Answer : (a) In a nuclear reaction, the sum of the
masses of the target nucleus 3He may be greatfer
or less the sum of the masses of the product
nucleus %He and the 1H . So from the law of
conservation of mass energy, some energy, (12.86
MeV) is evolved in nuclear reaction. This energy
is called Q-value of the nuclear reaction. The
binding energy of the nucleus on the left side is
not equﬂ to the right side. The difference in the

.com
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binding energies on two sides appears as energy
released or absorbed in the nuclear reaction.

(b) The potential energy is minimum at 7. For
distance larger than 7y the negative potential
energy goes on decreasing and for the distances
less than 7 the negative potential energy decrease
to zero and then becomes positive and increases
abruptly. Thus, A to B is the positive potential
energy region and B to C is the negative potential
energy region.

\A
+100
T ‘Repulsive
MeV 0 B
/ — |
— 100 Attractlvla
[ 2 3 4
r (fm)—»

. (b) What is the significance of negative sign in

the expression for the energy ?

(c) Draw the energy level diagram showing
" how the line spectra corresponding to
Paschen series occur due to transition
between energy levels. (51
Answer : (b) Negative sign indicates that
revolving electron is bound to the positive
nucleus.

(c) For Paschen series, n =3 and n; =4, 5, ...

1 11
I_R|l=-—=
A (32 ”:'2)

where, n;=4,5, .....

" Total energy, E(eV)

o

n =

g e — < — 11

-1, o=
Paschen o8

_3.41=2 Series 1

~13gln= 1 Ground state

_ e
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.Physics 2014 (Outside Delhi)

Time allowed : 3 hours

SET 1

Maximum marks : 70
1. Using the concept of force between two infinitely 2. To which part of the electromagnetic spectrum

long parallel current carrying conductors, define
one ampere of current. [1]
Answer : One ampere is the current which
when flowing through each of the two parallel
uniform. long linear conductors placed in free
space at a distance of one metre from each other
will attract or repel each other with a force of
2 x 107 N per metre of their length.

www.cbsepdf.com

does a wave of frequency 5 x 10* Hz belong ?
' {1]

Answer : The frequency 5 x 10'° Hz lies in the
gamma region of the electromagnetic spectrum.
What is the force between two small charges of
2x107C and 3 x 1077C placed 30 cm apart in air?
{1]
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9. Using Rutherford model of the atom, derive the

Answer:
We know that, F= —1—3-1—Z£
: 47580 r '
—9x10°x (2x107)(3x107)
610N (0.30)> -
= xX

4. Define intensity of radiation on the basis of

photon picture of light. Write its S.I. unit.  [1]
Answer : The .intensity of radiation can be
defined as the energy associated with photons
emitted from a unit surface area in unit time. Its
S.I unit is joule/metre?second (J/m?s).

The electric current flowing in a wire in the
direction from B to A is decreasing. Find out the
direction of the induced current in the metallic
loop kept above the wire as shown. 1l

¢ B
Answer: The direction of the current in the loop
will be such as to oppose the decrease of this

field (Lenz's Law).

Why is it found experimentally difficult to detect
neutrinos in nuclear f-decay ? [1]
Answer : Neutrinos are difficult to detect
experimentally in B-decay because these are
uncharged particles with almost zero mass and
also they interact weakly with matter.

Why is the use of A.C. voltage preferred over
D.C. voltage ? Give two reasons. [1l
Answer : The use of A.C. voltage is preferred
over the use of D.C. voltage because of the
following reasons :

() The energy losses “while transmission of
A.C. voltage are very less as compared to D.C.
voltage.

(i) A.C. voltage can be controlled as required by
using a transformer (i.e., stepped up or stepped
down).

A biconvex lens made of a transparent material
of refractive index 1.25 is immersed in water of
refractive index 1.33, Will the lens behave as a
converging or a diverging lens ? Give reason.[1]
Answer : In this case the biconvex lens will
behave as a diverging lens because the refractive
index of water (1.33) is more than that of the
material (1.25) of the lens.

www.cbsepdf.com . 2

expression for the total energy of the electron in

hydrogen atom. What is the significance of total

negative energy possessed by the electron ? [2]
OR

Using Bohr's postulates of the atomic model,
derive the expression for radius of n** electron.
orbit. Hence obtain the expression for Bohr's
radius.

Answer:

In ahydrogen atom, an electron having charge —
revolves around the nucleus having charge +é in
a circular orbit of radius r.

Let,

F.= Céntripetal force required by the electron to
move in circular orbit of radius 7.

F. = Electrostatic force of attraction between

" revolving electron and nucleus.

The electrostatic force of attraction (F;) provideé

- the necessary centripetal force,
F.=F
mo’ _ (e)(e) 0
4 Amgyr
0

K.E. of electron in the orbit,

1
K.E = 5 mo?

From equation (i),

32

KE. =

8meyr

Potential energy of electron in orbit,

(e)-e) _ —¢*
4reyr B Ame,yr
.. Total energy of electron in hydrogen atom

EZ 32
E=EK +PE= -
875807' 47{507

82

P.E. =

EK = -
Bmeyr
Here, negative sign indicates that the revolving
electron is bound to the positive nucleus.
OR
Suppose m be the mass of an electrorrand vy, be its
speed in nth orbit of radius r,. From Rutherford .
model, the centripetal force for revolution is
produced by electrostatic attraction between
electron and nucleus.
mva 1 Zé* _
n A -0
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10.

From Bohr's postulate for quantization of angular
momentum of " orbit.

nh _ _nh
o = o= 2mmr,
Substituting this value in equation (i), we get

mvnrn =

m| nh § _ i ﬁi
T[W] s 1
or r = sonzhz
wmZe?
For Bohr'sradiusn =1,
_ ﬁohz
n= nmZe®

This is the expression for Bohr’s radius.

A parallel plate capaditor of capacitance C is
charged to a potential V. It is then connected to
another uncharged capacitor having the same
capacitance. Find out the ratio of the energy
stored in the combined system to that stored
initially in the single capacitor. [2]
Answer : Let ‘4’ be the charge on the charged
capacitor.

Energy stored in it is,

e

U=f

When another similar uncharged capacitor is

connected, the net capacitanpe of the system is,
C'=2C

The charge on the system is constant. So, the

energy stored in the system now is,
2

U!= q 2
2(C)
2
|
= U= 2(2C)
2
= 4
= U'= e
Thus, the required ratio is,
, i
V_ i
v
2C
U 1
= U" 3

11. Consndenng the case of a parallel plate capacitor

charged, show how one is required to

wwwc sepdf.com
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generalize Ampere’s circuital law to include the
term due to displacement current. I2]
Answer : Gauss’ law states that the electric flux ¢g
of a parallel plate capacitor having an area A, and

a total charge Q is given by
_Q
¢ = EA='—_'XA (] =i
: EgA [ E Ag,
-8
£y

As the charge Q on the capacitor plates change
with time, so current is given by

. _ 4
T
dég _ 4(Q)_ 140
dt dtSO Eodt
Jdos _ 4Q
= dt dt !

This is the missing term in Ampere’s Circuital
Iaw.
So, the total current through the conductor is

= Conduction current () + Displacement
current (iz)

. d .
i=i +zzﬂ—‘gti (i)

Ampere’s circuital law states that,
- > . .
¢B.dl = yoi (i)

Putting equation (i) in (if), we get

SEEL?I = Polc + UgEo dﬁ
dt

Thisis the required generalized form of Ampere’s
circuital law.
A cell of emf ‘E’ and internal resistance ‘7 is
connected across a variable resistor ‘R’. Plot a
graph showing variation of terminal voltage ‘V’
of the cell versus the current ‘I'. Using the plot,
show how the emf of the cell and its internal
resistance can be determined. [2]
Answer : The terminal voltage 'V’ of the cell is
given by

V=E-Ir
where E is the emf of the cell,
r is the internal resistance of the cell
and, I is the current through the circuit.
Comparing with the equation of a straight line y
=mx +c, we get

y= Vix= I;l«l) 6'I:_Fr1.\l%fo]g5;:in No Adversitement
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(Terminal
voltage)

slope=r
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Graph showing variation of ferminal voltage V’
of the cell versus the current ‘T'.

rectifier. :

~

I {Current) —»
Emf of the cell = Intercept on V axis.
Internal resistance = slope of the line.

13. Explain, with the help of a circuit diagram, the
working of a p-n junction diode as a half-wave

[21

Answer : The circuit diagram for a p-n junction
diode as a half wave rectifier is shown below :

n

. S
a. c. input

Py
|—).—b

—l 3
"3

d.c. output

NYYVYYVYY

Setso

Working : During the positive half cycle of the
input a.c., the p-n junction is forward biased i..,
the forward current flows from p to n. In the
forward biasing, the diode provides a very low
resistance and allows the current to flow. Thus,
we get output across load.

During the negative half cycle of the input a.c.,
the p-n junction is reversed biased. In the reverse
biasing, the diode provides a high resistance
and hence a very small amount of current will
flow through the diode which is of negligible
amount. Thus no output is obtained across
the load. During the next half cycle, output
is again obtained as the junction diode gets
forward biased. Thus, a half wave rectifier gives
discontinuous and pulsating d.c. output across
the load resistance.

The waveform of input and output is shown
below :

a.c. input

voltage | time | —»
d.c. Outp —
voltage time

14, Estimate the average drift speed of conduction
www.cbsepdielectrons in a copper wire of cross-sectional area

15.

1.0x10""m? carrying a current of 1.5 A. Assume
the density of conduction electrons to be
9 x 108 m™, [2]

Answer : Since, drift velocity, v; = .
where, nAg
1 is the current,
n is the charge density,
g is charge of the electron, and
A is cross-sectional area.

1.5

9%x10% x1.0x107 x1.6x107 "

o4 = 104%x10*m/s

Two monochromatic rays of light are incident
normally on the face AB of an isosceles right-
angled prism ABC. The refractive indices of
the glass prism for the two rays ‘1’ and ‘2 are
respectively 135 and 1.45. Trace the path of
these rays aftzr entering through the prism. [2]

vg =

450

ll’

lzl

C
Answer : Critical angle of ray 1":
. 1 1
sin (@)= T-=135
= ¢ = sin™ [—1—) = 47.79°
1.35
Similarly, critical angle of ray 2"
sin (C = ,l. = L
2 My 145
= ain-1 1 o
= ¢ =sin" | —|=43.6
1.45

Ray ‘1’ and ‘2’ will fall on the side AC at an angle
of incidence (i) of 45°. Critical angle of ray 1" is
greater than i, so it will get refracted from the
prism. Critical angle of ray "2’ is less than that of
i, so it will undergo total internal reflection.

A
45° )
1—»
1= 45° % 1
2 > Y
’= 450 s"
< lasg
B 1 c
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16. Write the functions of the following in

communication systems :** [2]
(i) Transducer
(ii) Repeater

17. Show diagrammatically the behaviour
of magnetic field lines in the presence of
(i) paramagnetic and (i) diamagnetic
substances. How does one explain this
distinguishing feature ? [2]

Answer : (i) The behaviour of magnetic field lines
in the presence of a paramagnetic substance is
shown below :

(ii) The behaviour of magnetic field lines in the
presence of a diamagnetic substance is shown
below : ‘

This distinguishing feature is because of the
difference in their relative permeability. The
relative permeability of diamagnetic substance is
less than 1, so the magnetic lines of force do not
prefer passing through the substance whereas the
relative permeability of a paramagnetic substance
is greater than 1, so the magnetic lines of force
prefer passing through the substance.

Draw a circuit diagram of n-p-n transistor

amplifier in CE configuration. Under what

condition does the transistor act as an

amplifier 7** 2]

(a)Using the phenomenon of polarization,

show how transverse nature of light can be

demonstrated,

(b) Two polaroids P; and P, are placed with
their pass axes perpendicular to each other.
Unpolarised light of intensity I is incident
on P;. A third polaroid P; is kept in between
P; and P; such that its pass axis makes an
angle of 30° with that of P;. Determine the
intensity of light transmitted through Py, P5
and P3. [31

18.

19.

wadinasers je npt siven due to change in the present syllabus.

Download All Previous Year and Sample Papers From www.cbsepdf.com

Ordinary light

20.

Answer : (a) Suppose that an ordinary light is
incident normally on a pair of crystals C; and C,.
When the incident ray of light passes through
crystal Cy, it gets plane polarised in the direction
perpendicular to the length of crystal. Now,
we see that when the axis of two crystals are
parallel, the intensity of the emerging light will
be maximum. When the second crystal is placed
perpendicular with respect to the first crystal,
the intensity of light observed is zero. This is
due to the electric field of the plane polarised
light obtained from C; can vibrate only in one
direction. Hence, when the axis of the crystal
C; is perpendicular to its direction of vibration
of electric field, it gets blocked. This shows the
transverse nature of light.

c, C

Light
uneffected

polarised
light

MmN\

212

Plane
polarised
light

(b) Intensity of light after falling on Py,
L

2

Intensity of light after falling on P3,

I'= Icos?(6)= %Ocosz(30°) - %
[ cos 30° = g]

Therefore, a light of intensity 38&. will pass

through the P5, and the angle between P’3 and
P, will be 60° because of the condition given
in the question. Intensity of light after falling

No
light

I=

on P,
I"= I cos? 60°
31 31 1
I = _0C052 60° 2_0. |:._. 00=___:I
5 (60°) » cos 6 >
Define the term ‘mutual inductance” between

the two coils.

Obtain the expression for mutual inductance of
a pair of long coaxial solenoids each of length
1 and radii q and r; (r2 >> r4). Total number
of turns in the two solenoids are N; and N»

respectively. _ [3]
No OTP No Login No Adversitement
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21.

Answer : Mutual inductance of two coils is equal
to the em.f. induced in one coil when rate of
change of current through the other coil is unity.

0 ’lW’li )
N
Mut:al inductance (;f two co-axial solenoids :

Consider two long co-axial solenoid each of
length ! with number of turns N; and Nz wound
one over the other. Number of turns per unit

length in solenoid, n = % If I; is the current

flowing in primary solenoid, the magnetic field
produced within this solenoid.

B, = HoMNali
i
The flux linked with each turn of inner solenoid
coil is ¢ = BjAg, where A3 is the cross-sectional
area of inner solenoid. The total flux linkage

with inner coil of N3 turns.
b2 = N2ty
= N2B1Az
N;I
= N2 (#0 11 IJAZ
_ K NNy
l
Mutual Inductance, M21 = %- = _%NI:IN—ZAZ
1

If ny is number of turns per unit length of outer
solencid and r; is radius of inner solencid, then
M = poNan 72,

Answer the following : [31

(2) Why are the connections between the
resistors in a meter bridge made of thick
copper strips ?

{b) Why is it generally preferred to obtain the
balance point in the middle of the meter
bridge wire ? A

(c) Which material is used for the meter bridge
wire and why ?

OR

A resistance of R Q draws current from a

potentiometer 2s shown in the figure. The

potentio meter has a total resistance Ry Q. A

voltage V is supplied to the potentiometer.

Derive an expression for the voltage across R

www.cbsepd¥éhign the sliding contact is in the middle of the
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potentiometer.

R

Answer: (a) The connection between the resistors
in a meter bridge is made-of thick copper strips
because the resistivity of a copper wire is very
low. As, the connections are thick, so the area
becomes large and the resistance of the wires
becomes almost negligible.
{b) 1t is preferred to obtain the balance point in
the middle of the meter bridge wire because it
improves the sensitivity of the meter bridge.
() Constantan is used for meter bridge wire because
its temperature coefficient of resistance is almost
negligible due to which the resistance of the wire
does not get affected on increasing temperature of
the wire due to flow of current.
OR

As the slide is in the middle of the potentiometer
so, only half of its resistance (Rp/2) will be in
parallel with the resistance R. Hence, the total
resistance (R;) will be given by the following
expression :

1 1

= —+
Ry R (Ry/2)
RoR

Ry +2R
The total resistance between A and C is
R; +Ry/2.
- The current flowing through the potentiometer
will be

Ry =

A% 2V
R;+Ry/2 ~ 2R, +R,
The voltage V; taken from the potentiometer
will be the product of current I and resistance R;.

I =

Vi- R = [L] <R
2R; +Ry
Substituting for R;, we have
v, = 2V N RyR
2[M)+ R, Ry +2R)
Ry +2R
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2VR Hence, the final virtual image is formed at a
17 5R +R, +2R distance of 30 cm from the convex mirror.
or vy = 2VR
Ry +4R

&

22, A convex lens of focal length 20 cm is placed ©
coaxially with a convex mirror of radius of
curvature 20 cm. The two are kept at 15 e apart
from each other. A point objectlies 60 cm in front
of the convex lens. Draw a ray diagram to show
the formation of the image by the combination. 23, A voltage V = V; sin ot is applied to a series

N 15 cm 15cm

60 cm
30 cm ———»

‘f=20cm
<+ 30 cm »

Determine the nature and position of the image LCR circuit. Derive the expression for the
formed. [3] average power dissipated over a cycle. Under
An'swer : Let us first locate the image of the point what condition is (i) no power dissipated even
object O formed by the convex lens. though the current flows through the circuit,
Here : u = —60 cm and f=20 cm (ii) maximum power dissipated in the circuit ?
From the lens formula, we have : [3]
11 1 - Answer : Voltage V = Vj sin of is applied to a
—_ _=? series LCR circuit.
7
“o Currentis [ =Ipsin (of + ¢)
11,1t _ Y
v f u Z .
J1,1 s 2 1 o ! (F)
20 “60 60 60 30
20 60 60 60 Instantaneous power supplied by the source is
v = +30cm P = VI = (Vg sin of) x (I sin (of + )
The positive sign indicates that the image is Vil
formed at the right of the lens. = % [cos ¢ — cos 2at + ¢)]
vl B The average power over a cycle is average of the
; == two terms on the R.H.S. of the above equation.
o+———{i e — Iz The second term is time dependent, so, its
80 cm i 15ecm 15em .
i 30 em ——» average is zero.
f=20cm _ VOID
The image I is formed behind the mirror and S0, P=—"cosg
acts as a virtual oject for the mirror. The convex Vil,
mirror forms the image I, whose distance from = cos ¢
: ; V242
the mirror can be determined as :
1 N 1.1 = Vlcos ¢
v u f P = I*Zcos$
Here, A where, cos ¢ is called the power factor.
u =15¢cm Case 1.
R For pure inductive circuit or pure capacitive
and, f= 7= 10 cm circuit, the phase difference between current and
1 1 1 voltage i.e., ¢ is T
= —_= ——— 2
v f ¥ _F
1 11 o
= v 10 15 So cos¢_=0
1 3-2_1 Therefore, no power is dissipated.
= 2 30 30 Case 2.
For power dissipated at resonance in an LCR
www.cb:5>epdf.com v=30 cm 7 circuit, No OTP No Login No Adversitement
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Xc-X=0, ¢=0
cos hp=1

So, maximum power is dissipated.

Il

24. Write any two distinguishing features between

conductors, semiconductors and insulators on
the basis of energy band diagrams. (3]
Answer : Conductors :

(i) In case of conductors, the valence band is
completely filled and the conduction band can
have two cases-either it is partially filled with
an extremely small energy gap between the
valence and conduction bands or it is empty,
with the two bands overlapping each other as
shown below :

I Conduction Band

] Conduction Band |

r Valence Band I

r Valence Band |

Case 1 Case 2
(ii) Even when a small current is applied,
conductors can conduct electricity.
Insulators :
(i) In case of insulators, the energy gap between

the conduction and valence bands is very large
and the conduction band is practically empty.

Conduction Band

T
Forbidden Energy Gap

A

Valence Band

(i) When an electric field is applied to such kind
of material, the electrons find hard to receive such
a large amount of energy to reach the conduction
band. Thus, the conduction band remains empty.
That is why no current flows through insulators.
Semiconductors :

() In case of semiconductor, the energy band
structure of semiconductors is similar to insulators,
But in this case, the size of forbidden energy gap is
quite smaller than that of the insulators.

www.cps

Conduction Band
T
Forbidden Energy Gap
4
Valence Band
df'%(i-rsnis not given due to change in the present syllabus. 8
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(i) When an electric field is applied to a
semiconductor, the elecirons in the wvalence
band find it relatively easier to jump to the
conduction band. So, the conductivity of
semiconductors lies between the conductivity of
conductors and insulators.

. Forthe pastsome time, Aarti had been observing

some erratic body movement, unsteadiness and
lack of coordination in the activities of her sister
Radha, who also used to complain of severe
headache occasionally. Aarti suggested to her
parents to get a medical check-up of Radha.
The doctor thoroughly examined Radha and
diagnosed that she has a brain tumour. [3]

(a) What, according to you, are the values
displayed by Aarti?**

(b) How can radioisotopes help a doctor to
diagnose brain tumour ?

" Answer:

26.

27.

(b) A little amount of radioisotope like radiociodine
is inserted into the body along with organic dyes
which are absorbed strongly by the tumour tissue
than the normal tissues. By detecting the emitted
radiation, the radiologist get information about
the size and location of the tumour,

Write two basic modes of communication.
Explain the process of amplitude modulation.
Draw a schematic sketch showing how amplitude
modulated signal is obtained by superposing
a modulating signal over a sinusoidal carrier
wave,** 3]
An electron microscope uses electrons
accelerated by a voltage of 50 kV. Determine
the de-Broglie wavelength associated with
the electrons. Taking other factors, such as
numerical aperture etc., to be same, how does
the resolving power of an electron microscope
compare with that of an optical microscope
which used yellow light ? - [31

Answer : The de-Broglie wavelength of the
electrons is given by :
h
A=
2meV

Here,
m = mass of the electron =9.1x 103 kg
e = charge on the electron = 1.6 x 107°C
V = accelerating potential = 50 kV

h = Planck’s constant = 6.626 x 107*]s

6.626 x 107>

= A=
J209.1x107%1) (1.6 x 1072%) (50 x 10%)

= = 0'05491_?\ No OTP No Login No Adversitement
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28.

Resolving power of a microscope, R = 2psin@
This formula shows that to enhance resolution,
we have to use shorter wavelength and media
with large indices of refraction. ‘

For an electron microscope, p is equal to 1
(vacuum).

For an electron microscope, the electrons
are accelerated through a 60,000 V potential
difference.

Thus, the wavelength of electrons is given by,

1227 1227

= =0.054A
JV 60000

As, Ais very little (roughly 107° times smaller) for
electron microscope than an optical microscope
which uses yellow light of wavelength (5700 A
to 5900 A). So, the resolving power of electron
microscope is about 10° greater than that of
optical microscope.

A

Draw a labelled diagram of Van de Graaff
generator. State its working principle to
show how by introducing a small charged
sphere into a larger sphere, a large amount
of charge can be transferred to the outer
sphere, State the use of this machine and
also point out its limitations. [5]

OR

(a) Deduce the expression for the torque acting
on a dipole of dipocle moment P in the
presence of a uniform electric field E.

(b)Consider two hollow concentric spheres,
S1 and S», enclosing charges 2Q and 4Q
respectively as shown in the figure. (i)
Find out the ratio of the electric flux
through them. (ii) How will the electric
flux through the sphere S; change if a

. medium of dielectric constant ‘e, , ‘e, is
introduced in the space inside S; in place
of air?

Deduce the necessary expression.

4Q

Sz

S1

www.cbsepdf.com
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Answer : Van de Graaff generator is a device
used for building up high potential differences of
the order of a few million volts.

Principle : The working of Van de Graaff
generator is based on the following two
electrostatic phenomena.

(i) Discharging action at sharp points (corona
discharge) i.c., electric discharge takes place
in air or gases readily at the pointed ends of
conductors.

(ii) If a charged conductor is brought into
internal contact with a hollow conductor, all
of its charge transfers to the hollow conductor,
howsoever high the potential of the latter may
be.

Construction : It has a big spherical conducting
shell (S) kept over insulating pillars. A long
narrow insulating belt is wound around two
pulleys P; and P,. B; and B; are two metal combs
with sharp points. B; is known as spray comb
and B, collecting comb.

Working : The spray comb provides positive
potential by high tension source. The positive
charge is sprayed on belt.

As belt moves and touches the sphere, a
negative charge is induced on the sharp ends
of collecting comb B; and similar positive
charge is induced on the further end of By. This
positive charge moves immediately to the outer
surface of S, because of discharging action of
sharp points of By, the positive charge on the
belt is neutralized. The uncharged belt moves
downwards and collects the positive charge
from Bi, which is then collected by By. This
process is repeated and the positive charge on
S goes on accumulating. In this way, voltage
differences of as much as 6 or 8 million voits
(with respect to the ground) can be created.

Use: Van de Graaff g'eﬁerator is used to create
high potential differences that are used to
accelerate charged particles such as electrons,
protons, ions, etc., used for nuclear reactions.

Limitations :
1. It is a series of combination that allows only
one way for moving charge.

2. It can accelerate only the charged particles and
not the uncharged particles.

No OTP No Login No Adversitement
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OR
(a) Dipole in a Uniform External Field

N +q

T ey el
|

- 2asind L

v

2a
L4

- qT':P 4—_'16(‘ /"

-

Consider an electric dipole consisting of ch;rges
—gq and +4 and of length 24 placed in a uniform

electric field E making an angle 0 with electric.

field.
- -
Force on charge - g at A = —g E (oppositeto E)

Force on charge +4 at B= +g E (along E )

Electric dipole is under the action of two equal
and unlike parallel force, which give rise to a
torque on the dipole,

t = Force x Perpendicular distance between the
two forces
T = gE(AN) = gE (22 sinf)
1=pEsin 0 [“2qa=P]
- 5 -
Tt=pxE
. (b} (i) Charge enclosed by sphere S; = 2Q)
By Gauss’ law, electric flux through sphere 5; is

Ce-2
Charge enclosed by spltl)ere S; is
Q' =2Q+4Q=6Q

www.cbsepdRfegtric flux through sphere'S; is 10

29,
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6
¢2=—Q—
The ratio of the electric flux is
2Q
b _ _EQ.._Z=1
¢ 6Q 6 3

.20
g,
_’, :i
¢1 g,
N 4
= ¢ = ¢1x—9~
&
Sr> SD
¢'< ¢

Therefore, the electric flux through the sphere $;
decreases with the introduction of the dielectric
inside it.

(a) In Young's double slit experiment, describe
briefly how bright and dark fringes are
obtained on the screen kept in front of a
double slit. Hence obtain the expression for
the fringe width.

(b) The ratio of the intensities at minima to
the maxima in the Young’'s double slit
experiment is 9 : 25. Find the ratio of the
widths of the two slits. [5]
OR

Describe briefly how a diffraction pattern is
obtained on a screen due to a single narrow
slit illuminated by a monochromatic source
of light. Hence obtain the conditions for the
angular width of secondary maxima and
secondary minima.

(b) Two wavelengths of sodium light of 590
nm and 596 nm are used in turn to study
the diffraction taking place at a single slit of
aperture 2 x 107% m. The distance between
the slit and the screen is 1.5 m. Calculate
the separation between the positions of first
maxima of the diffraction pattern obtained
in the two cases.

Answer : (a) In Young’s double slit experiment,

the wave fronts from the two illuminated

slits supere mpose on the screen. This results
in formation of alternate bright and dark
fringes because of constructive and destructive
interference, respectively. The intensity of light
is maximum at the centre C of the screen and it is
called central maximaoTP No Login No Adversitement
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1 | /
c:/ E

G

Let 51 and S; be two slits separated by a distance
d. GG' is the screen at a distance D from the slits
51 and 5. Both the slits are equidistant from
point C. The intensity of light will be maximum
at this point due to the path difference of the
waves reaching this point will be zero.

At point P, the path difference between the rays
coming from the slits §; and S; is S;P - 5;P.
Now, 5153 =d,EF =4d, and S;F =D

. In AS,PF,
1
S,;P = [S,F? +PF|2
1
21
5P = [D2+(x+i)]
2
. _1
Al
)
= D|1+
D?
Similarly, in AS{PE ’
1
R
x‘_..._‘
2
S = D|1+
IP D2

2
S;P - SiP = D1+Et§l

o D?
On expanding it binomially,
1 d|_ xd
P-5P= —|4xx—|=—
P =5 ZD[ XZ] D

For bright fringes (constructive interference),
the path difference is an integral multiple of
wavelengths, i.e., path difference is ni.

D
nAD

=7

, wheren=0,1,2,3,4,......

www.cbsepdf.com
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For n=90, x=0
n=1, x1=z'—D
d
22D
n=2, x2=—d—
3\D
n=3, x3=T
nAD
n=n, Xy =
d

The separation between the centres of two
consecutive bright interference fringes is the
width of a dark fringe.

AD
=X, — X, 1 =——
B‘l n n—1 d
Similarly, for dark fringes,
AD
=(2n-1)—
Xp= (2n-1) 2 .
F =1, = —
or n X1 2d
For n=2, X3 = ”’_D
: 2d

The separation between the centres of two
consecutive dark interference fringes is the
width of a bright fringe.

o AD
Br=x, ~x, 1 =—

d

B1=Pp2
All the bright and dark fringes are of equal width
as 1= P2
(b) Let w, a and I represent the slit width,
amplitude and intensity respectively.
I @-2) _9

I @ +a? 25

min

max

(4 —ay) - 3

@ +a)
(aa—x)+(@+a)  3+5
(o1 + %) — (2 — ) 5-3

(By Comﬁonendo and dividendo)

29 _ 8
24y T2
. 4 _ 2
o PR
2
w a 16
and -1 = (1)2=T
11 w; di‘l'P)No Login No Adversitement
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OR :
(@) The phenomenon of bending of light round
the sharp corners of an obstacle and spreading

into the regions of the geometrical shadow is
called diffraction.

AI
A
5 Geometrical shadow
B
Obstacle a8
Screen
Expression for Fringe width
Slit L, X
L, [
XA
dc
Plane [

wave front

Consider a paralle]l light beam from a lens is
incident on slit AB. As diffraction happens, the
pattern is focussed on screen XY with the help
of lens L. We will get a diffraction pattern that
is a central maximum at the centre O flanked by
a number of dark and bright fringes known as
secondary maxima and minima.

Central Maximum : Each point on the plane
wave front AB sends secondary wavelets in all
directions. The waves from points equidistant
from the centre C kept on the upper and lower
half reach point O with zero path difference
and so, reinforce each other, making maximum
intensity at point O.

Positions and Widths of Secondary Maxima
and Minima ' :
Consider a point P on screen at which wavelets
moving in a direction making angle 6 with CO
are brought to focus by the lens. The wavelets
from points A and B will have a path difference
similar to BN :

From the right-angled AANB, we have :

BN = ABsin 0

BN =4sin 0 (i)
" Suppose BN =% and 6 = &
Then, the above equation becomes

A=a Si.l'l 91,
. A y
sin 6) = — w(11)
www.cbsepdf.com a 12
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Such a point on the screen will be the position of
first secondary minimum,

If BN = 24 and 0 = 0;, then

. 2k
sin 8, = ry ...(1ii)
Such a point on the screen will be the position of
second secondary minimum.
In general, for n™ minimum at point P,

sin 0,,= — -(iv)
a

If y, is the distance of the #™ minjmum from the
centre of the screen, from right-angled ACOP, we
have:

tang, = .
"~ CO
tan@, = % _ (%)

In case 0, is small, tan 0, =~ sin 0,
.. Equations (iv) and (v) give

Yn o A
D o«
nDA
=
Width of the secondary maximum,
Di (n—1)DA
B=yn-yn—1=n —( )
a a
p= D (i)

a ‘
- P is independent of n, all the secondary
maxima are of the same width f.

34
IfBN = > and 6 = 6', from equation (i), we have:

A sine
5 = a sin 6}
. 3A
sin®) = >
In general, for the n' maximum at point P,
e 2n+ DA .\
sin 6’y = (—Za)—- «.(vii)

If y; is the distance of # maximum from the
centre of the screen, then the angular position of
the maximum is given by

Yn

tan 6', = B- .. (viii)
In case 6', is smali,
sin e'n ~ tan ern
- (2n+1)DA (vii)
2a

Width of the secondary minimum,
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_(@rn+1)DA  2n-1)DA
2a 2q

P'=¥nyu1

._ DA .
B = '—"'u"“ ...(IX)
Since B' is independent of 7, all the secondary
minima are of the same width p'.

(b) For first maxima of the diffraction pattern we

know
sin @ = %
2a
where 2 is aperture of slit.

For small value of §,sin8 ~tan 8 = Y

Where y is the distance of first minima from
central line and D is the distance between the slit
and the screen.

3A

===D
So, y 2a
When A =590 nm, a =2 x 10°m, D = 1.5m
3x590x107°
- — %15
L2 ?.)(2)(10_6
y1 = 0.66375 m
When A =596 nm,a=2 x10%D =15m
3x596x107°
= 2277 %15
¥2= Ty ax107
Y2 = 0.6705 m

Separation between the positions of first maxima
= y2 ~¥1 = 0.00675 m or 6.75 mm

30. (a) Deduce an expression for the frequency of
revolution of a charged particie in a magnetic
field and show that it is independent of
velocity or energy of the particle.

(b) Draw a schematic sketch of a cyclotron.
Explain, giving the essential details of its
construction, how it is used to accelerate the
charged particles. [51

OR

(a) Draw a labelled diagram of a moving coil
galvanometer. Describe briefly its principle
and working, S

(b) Answer the following :

(i) Why is it necessary to introduce a cylind-
rical soft iron core inside the coil of a
galvanometer.

(ii) Increasing the current sensitivity of a
galvanometer may not necessarily increase
its voltage sensitivity. Explain, giving reason.

Answer : (a) When a charged particlg having

Download All Previous Year and Sample Papers From www.cbsepdf.com

velocity v, it experiences a force, which is given
y:
- =
i:? = g (v x B)
Here, .
zi_: is perpendicular to E’,
F is the force on the charged particle which

behaves as the centripetal force and make it to
move in a circular path.

B B
; P
AN (T
q e
B q
A
4
X
Let m be the mass of the charged particle and r be
the radius of the circular path.
> o mt
g(vxB) =",
v and B are at right angles :
2
goB = M0
r
r=mo
Bg
Time period of circular motion of the charged
particle can be calculated by,
T= 2%
v
_2mmo
" v By
T= Z&
Bq
. Angular frequency is
2w
0= =
T
B
o P

' m

Therefore, the frequency of the revolution of the
charged particle is independent of the velocity or
the energy of the particle.

(b) The working principle of a cyclotron is that a
charge particle can be accelerated to high energy
by an oscillating electric field.

A cyclotron uses an electric field to accelerate

www.gBasge.gmoves inside a magnetic field B having 13 charge particles across the, gap RetWesshe @ @ement
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D-shaped magnetic field regions. The magnetic
field is perpendicular to the paths of the charged
particles that makes them follow in circular
paths within the two Ds. Each time the charged
particles cross the Ds, it is accelerated by an
alternating voltage. As its speed increases the
radius of path of each particle also increases. So,
the accelerated particles move in a spiral path to

the other wall of the cyclotron.
Magnetic field out
of the paper Defl;ctlon plate
|

T g T
P e LTt SEEE
LI e LT
. "2 LR .
ae . A R .
. . .

s i . DR Yy .
v e e, P i o
B ] 0. ()

LI .
LI - 0 D v
o . 3
. . s
3 O X A} ., .
DY A ) . e 0 NS
" . ..
. DY A N :

Charged

.
-----

Osclilator

Square wave electric fields are used to accelerate
the charged particles in a cyclotron.

r 3

-~V

Squars Wave

v

At the time the charge particle finishes its half
circle, the accelerating electric field reverse so
that it gets accelerated across the gap between
the Ds. '
The particle gets accelerated again and again,
and its velocity increases. Therefore, a high
kinetic energy is achieved.
OR

(@) Moving coil galvanometer : It is a device
used for detecting and measuring small electric
current. '

www.cbsepdf.com 14
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ﬁl

-
] Motion
of Needle
Direction of Fixed Iron Core
Force S Current In
Current Qu
N
Hair spring Coil of Wire to which
needle and hairspring
are attached
Principle : The working is based upon the

principle, when a current carrying coil suspended
in a magnetic field experiences a torque.
Construction : It consists of a coil with a large
number of turns of insulated copper wire
wounded on a metallic frame. The coil is
suspended by means of a phosphor bronze strip
and a horse shoe magnet’s NS surrounds it.
The lower end of the coil is attached with a hair
spring. The scale of the pointer is attached to the
other end of the spring,.
Working : When current is passed, the couple
acts on it. Since the plane remains parallel to
the magnetic field in all position of the coil,
the force on the vertical arms always remains
perpendicular to the place of the coil.
Let I = the current flowing through coil,
B = magnetic field supposed to be uniformed
and always parallel to the coil, and
A = area of the coil.
Deflection acting on the coil is

7 = NIBA sin 90° = NIBA [ sin90° =1]
Due to the deflection torque, the coil rotates and
suspended wire gets twisted. The suspension
fiber experiences a restoring torque. If ¢ is angle
through the coil rotates and k is the restoring
torque per unit angular twist, then
Restoring torque, T = k¢
In equilibrium, Deflection torque = Restoring
torque ‘

NIBA = k¢
o= ()
= e=(g)
I=Go

where G = g known as galvanometer

constant.

o
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This provides a linear scale for the galvanometer.
(b) (i) When a soft iron core is used the magnetic
field lines tend to crowd through the core, It is
because, soft iron core is ferromagnetic in nature.
As a result, the strength of the magnetic field
- due to the field magnet increases, which in turn
increases the sensitivity of the galvanometer.
(ii) Current sensitivity of a galvanometer is
defined as the deflection produced in the
galvanometer when a unit current flows through
it.

6 nBA .
=15 % (D
Voltage sensitivity of a galvanometer is defined
as the deflection produced in the galvanometer
when a unit voltage is applied across two
terminals.

Is

V= —6-=£=ﬂé=~l—s- wo(id)
V IR KR R
Where n = number of turns in the coil of
galvanometer

Physics 2014 (Outside Delhi)
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B = Magnetic field around coil

A = Area of coil

K = restoring torque per unit twist
From equation (i) we can say that current
sensitivity increases by increasing n, B, A and
decreases by decreasing K.
From equation (ii) we can say that voltage
sensitivity increases by increasing n, B, A and
decreases by de reasing K, R.
In case of current sensitivity if we

increases the no. of turns # its current
sensitivity increases. Since resistance of

galvanometer R also increases, voltage sensitivity
remains same or unchanged.

Therefore increase in current sensitivity of
galvanometer may not necessarily increase the
voltage.

SET I1

Time allowed : 3 hours

Note : Except for the following questions, all .
the remaining questions have been asked in
previous Set.

1. A conducting loop is held above a current

carrying wire ‘PQ)’ as shown in the figure. Depict
the direction of the current induced in the loop
when the current in the wire PQ is constantly

increasing. [1]
P « Q
Answer : Anticlockwise
Induced
current
P -« Q
Why do the electrostatic field lines not form
closed loops ? (]

Answer : The electrostatic field lines originate
from positive charge and end at the negative

www.cEEREBEoAs the isolated positive and negative 5 .

Maximum marks : 70

charge do exist, the electrostatic field lines do not
form closed loops.
A biconvex lens made of a transparent material
of refractive index 1.5 is immersed in water of
refractive index 1.33. Will the lens behave as a
converging or a diverging lens? Give reason.
(1}
Answer : The refractive index of material of lens
(1.5) is greater than the refractive index of water
(1.33). So, it will behave as a converging lens.
To which part of the electromaﬁ'leﬁc spectrum
does a wave of frequency 3 x 10*° Hz belong ?
[2]
Answer : The frequency 3 x 10'® Hz belongs to
infrared region of electromagnetic spectrum.

Estimate the average drift speed of conduction
electrons in a copper wire of cross-sectional area
2.5 x 107"m? carrying a current of 1.8 A. Assume
the density of conduction electrons to be 9 x 107
m™>, [2]
Answer: Given: Current (I) = 1.8 A
Charge density (1) =9 x 10 m™3
Cross-section area (A) = 2.5 x 10~7 m?
Charge of electron () = 1.6 x 10‘19 C

oo L

nAq
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13.

21.

1.8
T 9x10%® x25x107 x1.6x107%°
= 0.0005 m/s = 0.5 mm s~
Write the functions of the following in

‘communication systems :** [3]

(i) Transmitter
(ii) Modulator

(a) Show with the help of a diagram, how
unpolarised sunlight gets polarised due to
scattering.

(b) Two polaroids P; and P, are placed with
their pass axes perpendicular to each other.
Unpolarised light of intensity I is incident
on Py, A third polaroid P; is kept in between
P; and P; such that its pass axis makes an
angle of 45° with that of P;. Determine the
intensity of light transmitted through P;, P;
and P3. 13]

Answer: (a) The given figure shows, the incident

sunlight is unpolarised. The dots stand for

polarisation perpendicular to
Incident Sunlight
(Unpolarised)

et
'

t
Scattered Light
(Palarised)

To Observer

the plane of the figure. The double arrows
show polarisation in the plane of the figure.
Under the influence of the electric field of the
incident wave the electrons in the molecules
acquire components of motion in both these
directions. We have drawn an observer looking
at 90° to the direction of the sun. Clearly, charges
accelerating parallel to the double arrows do not
radiate energy towards this observer since their
acceleration has no transverse component. The
radiation scattered by the molecule is therefore
represented by dots. It is polarised perpendicular
to the plane of the figure. This explains the
polarisation of scattered light from the sky.

(b) As given in the question, the polaroids P; and
P, are placed with their pass axes perpendicular
to each other, Also, P3 is placed at an angle of 45°
with respect to P;.

Now, we have :

Intensity of light after falling on Py, I =15 /2

. **Answers i5 not given due to change in the present syllabus.

www.cbsepdf.com 16

Download All Previous Year and Sample Papers From www.cbsepdf.com

Intensity of light after falling on Ps,

I'=1cos’0= %0 cos?45° = IZO

Therefore, a light of intensity Iy/4 will pass
through P3 and the angle between P3 and P»
will be 45° because of the condition given in the

question.
Intensity of light after falling on P,
=T'cos®(0) = -2 cos?45° = IE"

Define the term self-mductance of a solenoid.
Obtain the expression for the magnetic energy
stored in an inductor of self-inductance L to
build up a current I through it. [3}
Answer : The ratio of magnetic flux through
the solenoid to the current passing through it is
called self-inductance of a solenoid. It is given by

¢
L=
Induced
¢ current
F 3
1

Energy stored in an inductor : When a current
grows through an inductor, a back e.m.f. is set
up which opposes the growth of current. So
work needs to be done against back e.m.f. (¢) in
building up the current. This work done is stored
as magnetic potential energy.
LetIbe the current through the inductor L atany
instant f. The current rises at the rate dI/dt.
So the induced e.m.f. is
dat

The work done against induced e.m.f. in dt is

dW = Pdt
—-eldi
LdI

——1dt
dt

= LIdI

[P=VI]

Il

1]

For total work from 0 to Iy current

law

]

w

- fyua
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2 Io
= L[[_]
2 g

1
2
Hence, this work done is stored as the magnetic
potential energy U in the inductor

LIS

1.0
U= U
24. A convex lens of focal length 20 cm is placed
coaxially with a concave mirror of focal length
10 cm at a distance of 50 cm apart from each
other. A beam of light coming parallel to the
principal axis is incident on the ¢onvex lens.
Find the position of the final image formed
by this combination. Draw the ray diagram
showing the formation of the image. [5]
Answer : The beam incident on lens L is parallel
to principal axis. Hence the lens forms an image
I; at its focus. i.e., at a distance OI; (=20 cm) from
the lens.

N

——>r
20cm ~ 30cm

Physics 2014 (Outside Delhi)
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The image I; is formed in front of the mirror
and hence, acts as a real source for the mirror.
The concave mirror forms the image I, whose

distance from the mirror can be calculated as;
1 1_1
+

v ou f

Here : 4 =-30cm, and f=~10 cm

1 1 1

o 3 it —
kol f u

- 1__1,1
v 10 30
1 _

= ~=1-3__ 2
v 30 30

= v=-15cm

Hence, the final image is formed at a distance of
15 cm from the concave mirror, as shown in the
following figure.

T
% M5emE
20cm o

SET III

Time allowed : 3 hours

Note : Except for the following questions, all
the remaining questions have been asked in
previous Sets.

1. A conducting loop is held below a current
carrying wire PQ as shown. Predict the direction
of the induced current in the loop when the
current in the wire is constantly increasing. [1]

P > > Q

Answer . Anticlockwise direction
www.cbsepdf :

.com

Maximum marks : 70

P > — Q

Induced
current

The graph shows variation of stopping potential
Vy versus frequéncy of incident radiation v for
two photosensitive metals A and B. Which of
the two metals has higher threshold frequency
and why ? ni|
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4 curvature 20 cm. The two are kept at 15 cm from
each other. A point object placed 40 cm in front
T Metal B Metal A of the convex lens. Find the position of the
Stopping ilpage formed by this comb.ination. Draw a ray
potential " diagram to show the formation. - [31
Vo) Answer : Given, 4 = —40 cm and, f = 20 cm
ol V% v . From the lens formula, we have :
Frequency of incident ’ 1 1 1
_ﬂ radiation (v) —» =
e v u f
= 1 _ 1 1
W, o 7w
e
| - 11,1
Answer : Metal A has higher threshold v 20 (-40
frequency because from the graph it is clear =
that the minimum frequency required to start 1.2-1_ 1
photoemission is more in A than that of B. v 40 40
5. Why do the electric field lines never cross each = v=40cm
other? (11 The positive sign describes that the image is
Answer : At any point, if electric field lines cross formed to the right of the lens.
each other than two tangents can be drawn, it
means at that point there are two directions of
electric field, which is impossible.
6. To which part of the electroma¥net1c spectrum =
does a wave of frequency 5 x 10! Hz belong ? b
121 S ———— [« y 1,
Answer : A wave of frequency 5 x 10! Hz will 40 cm 15em
belong to the microwaves of electromagnetic < 25cm >
spectrum. ' 40 cm

10. Estimate the average drift speed of conduction
electrons in a copper wire of cross-sectional area
2.5x107"m? carrying a current of 2.7 A. Assume
the density of conduction electrons to be 9x10%

The image I; is formed behind the mirror and
thus acts as a virtual source for the mirror,
The convex mirror forms the image I, whose
distance from the mirror is given by :

m3, [2]
I 1 1 1
Answer : We know that drift velocity, v;=—— —t—= =
. nAg v v f
Where 1 is the current, n is charge density, g is Here: u=25cm
charge of electron and A is cross-sectional area. R
f===10cm
0 2.7 2
d =
9x10% x2.5x107 x1.6x 107" 1.1_1
vg = 75x10%m/s v v f
or 74 = 0.75mm s 1 1 1
This is the required average drift velocity. = o f u
18. Write the functions of the following in 11 1
communication systems :** [31 = v 10 25
() Receiver
(ii) Demodulator - 1 5-2 3
19. A convex lens of focal length 20 cm is placed o 50 50
coaxially with a convex mirror of radius of = 7 = +16.67 cm
Hence, the final image is formed at a distance of
**Answers is not given due to change in the present syllabus, " 16.67 cm behind the convex mirror.
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—
.‘-'-“h_.-

5 4— 40 cm— 15 cm I, T,
16.67 cm
- ~ 40cm -

25. (@) A rod of length ‘I’ is moved horizontally

with a uniform velocity ‘0" in a direction
perpendicular to its length through a region
in which a uniform magnetic field is acting
vertically downward. Derive the expression
for the emf induced across the ends of the
rod.

(b) How does one understand this motional
emf by involving the Lorentz force acting
on the free charge carriers of the conductor?
Explain. I8l

Answer : (a) Consider a rod PQ of length [,

moving in a magnetic field E with a constant

velocity ; . The length of the rod is perpendicular
to the magnetic field and also the velocity is
perpendicular to both the rod and field. The free

electrons of the rod also move at this velocity ;
because of which it experiences a magnetic force.

X X X X
Q+ .
X XX X
!
X xlx X
b~
X X X X
> => =
E, =qoxB
This force is towards QQ to P.

Thus, the free electrons will move towards P and
positive charge will appears at Q. An electrostatic

field E is developed within the wire from Q to P..

This field exerts a force.

- -
Fg = qE
on each free electron. The charge keeps on
gathering until

- -—r

F, =

q o x B Iq El
vB=E
After this, resultant force on the free electrons
of the wire PQ becomes zero. The potential
difference between the ends Q and P is given by,
V =El=vB]
Thus, the potential difference is maintained by

www.cbsepdf.com
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the magnetic force on the moving free electron
and hence, produces an emf, ¢ = Bl

(b) Loreniz force acting on a charge g which is
moving with a speed v in a (normal) uniform
magnetic field B, is Bgo.

All the charges will experience the same force.
Work done to move the charge from P to Q,

W = Bgox!
e= ﬂm Byol = Blv
q q

. (@) Show, giving via suitable diagram, how

unpolarized light can be polarised by
reflection.

(b) Two polaroids P; and P, are placed with
their pass axes perpendicular to each other.
Unpolarised light of intensity I is incident:
on P;. A third polaroid P; is kept in between
P; and P, such that its pass axis makes an
angle of 60° with that of P;. Determine the
intensity of light trans:mtted through Py, P>
and Ps. [51

Answer : (a) On reflection from a transparent

medium a normal light beam becomes partially

polarised. As the angle of incidence gets
higher, the degree of polarization gets higher.
(Unpolarised) N

A

Reflected light
(Plane polarised C
light)

Ordinary
light

Refracted light
(Unpolarised
light)

The reflected light beam becomes fully polarised
at a certain angle. This angle of incidence is
known as polarizing angle (p).
At the interface of a refracting medium when
light is incident at polarizing angle, the refractive
index of the medium is similar to the tangent of
the polarizing angle.

p=tanp
where
1 — Refractive index of the refracting medium
p — Polarising angle
(b) As given, the polaroid P; and P; are placed
with their axes perpendicular to each other and

pOIaIOid Ps placed at 6%3‘8“3 K%SE’(%% F\%]%Hversitement
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Py
Therefore,
Intensity of light after falling on first polaroid Py,
1=lo
2

Intensity of light after falling on third polaroid

Physics 2014 (Delhi)
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P3,

I'= T cos? (8) = 170 cos? (60°) = %0

Therefore, the intensity -182 will pass through the

P3 and angle between P3 and P3 is 30°. Because of
the condition given in the question,
Intensity of light after falling on second polaroid
Py,
I"=1I'cos* 8
" e 310
= I" cos”30° =—

SET I

Time allowed : 3 hours

1.

Define the term ‘mobility’ of charge carriers in
a conductor. write its S.L unit. .11
Answer : Mobility of charge carriers in a
conductor is defined as the magnitude of their
drift velocity per unit applied electric field.
Mobility, p = Drift of electric field
Ya

S.1. unit of mobility is m?V1s7L.

The carrier wave is given by C(#) = 2 sin (8xf)
volt,

The modulating signal is a square wave as

shown. Find modulation index.** [1]
F 3
T -
_.S.
‘ ? 1 7
tin second —

For any charge configuration, equipotential
surface through a point is normal to the electric
field. Justify. [11

Answer : If the electric field were not normal

~ to equipotential surface, it would have non-

zero component along the surface. To move a
charge against this component, work would
have to be done. But no work is needed to move
a test charge on an equipotential surface. Hence

L g

ers is not given due to change in the present syllabus.zo
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electric field must be normal to the equipotential
surface at every point.

Two spherical bobs, one metallic and the other
of glass, of the same size are allowed to fall
freely from the same height above the ground.
Which of the two would reach earlier and why ?

[1]

Answer : Glass bob will reach the ground
earlier than the metallic bob. As the metallic
bob falls, it intercepts earth’s magnetic field and
induced currents are set up in it which oppose
its downward motion. But no such currents are
induced in the glass bob.

Show variation of resistivity of copper as a

- function of temperature in a graph. [1]

Answer : The variation of resistivity of copper
with temperature is parabolic in nature. This is
shown in the following graph :

A

Resistivity ——»

»
Lol

o Temperature ——»

6. A convex lens is placed in contact with a plane

mirror. A point object at a distance of 20 cm

on the axis of this combination has its image
No OTP No Login No Adversitement
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coinciding with itself. What is the focal length 9. Out of the two magnetic materials, ‘A’ has

7.

Information
Source

of the lens ? 21

Answer : The figure shows a convex lens L
placed in contact with a plane mirror M. P is the
point object, kept in front of

L

«— 20cm—»

i =

this combination at a distance of 20 ¢cm, from
it. As the image coincides with itself, the rays
from the object, after refraction from lens,
should fall normally on the mirror M, so that
they retrace their path. For this, the rays from

Download All Previous Year and Sample Papers From www.cbsepdf.com

P, after refraction from the lens must form a-

parallel beam perpendicular to M. For clarity, M
has been shown at a small distance from L (in
diagram). As the rays from P, form a parallel
beam after refraction, P must be at the focus of
the lens. Hence, the focal length of the lens is
20 cm.

Write the expression, in a_yector form, for
the Lorentz magnetic force F due to a charge

moving with velocity 7 in a magnetic field B.
What is the direction of the magnetic force ?

[2]
Answer : The Lorentz magnetic force is given by
the following relation :

- - -

=9(v x B)
Here g, is the magnitude of the moving charge.
The direction of the magnetic force is
perpendicular to the plane containing the

velocity vector 7 and the magnetic field vector
-

B.

The figure given below shows the block
diagram of a generalized communication
system. Identify the element labelled ‘X’ and
write its function.** [2]

User]

P X P

Transmitter

Receiver I

Message
Signal

Message
Signal

wwAnswersisnot given due to change in the present syllabus.

21

10.

11.

relative permeability slightly greater than
unity while ‘B’ has less than unity. Identify the
nature of the materials ‘A’ and “B’. Will their
susceptibilities be positive or negative? (2]
Answer : For a paramagnetic material, the
relative permeability lies between 1 < pr <
1 + & and its susceptibility lies between
O<y<e

Hence, ‘A’ is a paramagnetic material and its
susceptibility is positive. This is because its
relative permeability is slightly greater than
unity. For a diamagnetic material, the relative
permeability lies between. 0 < p, < 1 and its
susceptibility lies between -1 < % < 0. Hence, ‘B’
is a diamagnetic material and its susceptibility is
negative. This is because its relative permeability
is less than unity.

Here p, and x, refer to the relative permeability
and susceptibility. .
Given a uniform electric field E = 5x10°1
N/C find the flux of this field through a square
of 10 cm on a side whose plane is parallel to
the YZ plane. What would be the flux through
the same square if the plane makes a 30° angle
with the X-axis ? (21

Answer : When the plane is parallel to the Y-Z
plane :
Electric flux, ¢ = EA

Here, E = 5x10%i N/C
A=10cm?7i=1027 m2=102 i m?
o =5x 10%7- 1027

= ¢ = 50 weber or Nm’C~ 1

When the plane makes a 30° angle with the
X-axis, the area vector makes 60° with the X-axis,

-> -
b=E-A
= o =EA cos @
= ¢ =5 x 10 1072 cos 60°
50
= 0= >
= $ =25 weber or Nm?C!

For a single slit of width 4, the first minimum
of the interference pattern of a monochromatic
light of wavelength A occurs at an angle of

the same angle of —‘E,we geta maximum for two

a
narrow slits separated by a distance a. Explain.
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Answer : When a single slit is used, the
interference pattern is due to the diffraction
phenomenon. In case of diffraction from a
single slit of width 4 using monochromatic
light of wavelength A, the first minimum of the
interference pattern occurs at an angle 8;, which
is given by

sin 91 = E
a
Since A is very small, 8; will also be very small.

O1~sinB; = & w(d)
a
In case of interference from two narrow slits
separated by a distance # using monochromatic
light of wavelength 2, the first maximum occurs
at a distance y; from the centre of the screen,
which is given by.
. DM
n= 7
Here, D is the distance of the screen from the
centre of the slits.

If the first maximum occurs at an angle 8y, then

Again as % is very small, 8;' will also be very
small.

tan By = =0,'=

A "
— wo(id)
a

From the equations (i) and (ii), we have
Hence, it proves the result.

Write the truth table for the combination of the
gates shown. Name the gates used.** ]

A
L
B | Y

OR

Identify the logic gates marked ‘P’ and ‘@)’ in
the given circuit. Write the truth table for the
combination.**

Ao——0o]

p
Be : Q X

** Answers is not due to in Hh t svllabus.
www.cbsepdf.cor%n giveg ue fo change in the present syllabus,
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13. State Kirchhoff's rules. Explain briefly how

14.

these rules are justified. (3]
Answer : Kirchhoff's first Law—Junction Rule

In an electrical circuit, the algebraic sum of the
currents meeting at a junction is always zero.

L, I, I3 and 1 are the currents flowing through the
respective wires. _
Convention : The current- flowing towards the
junction is taken as positive.
The current flowing away from the junction is
taken as negative.

L+(-I) +(-I) + (-l =0
This law is based on the law of conservation of
charge. :
Kirchhoff’s Second Law - Loop rule
In a closed loop, the algebraic sum of the emf's
is equal to the algebraic sum of the products of
the resistances and the currents flowing through
them. '

For the closed loop BACB :

E; - E; = LR + IRy —I3R3
For the closed loop CADC :

E; =I3R3 + iRy + IsRs

This law is based on the law of conservation of
energy.
A capacitor ‘C’, a variable resistor ‘R’ and a
bulb ‘B’ are connected in series to the ac mains
in circuit as shown. The bulb glows with some
brightness. How will the glow of the bulb
change if (i) a dielectric slab is introduced
between the plates of the capacitor, keeping
resistance R to be the same; (ii) the resistance R
is increased keeping the same capacitance ?

[3]

No OTP No Login No Adversitement


http://www.cbsepdf.com
http://www.cbsepdf.com

CBSE 2014 Solved Paper
CI [ R z gﬁ?

Mains

"Answer : (i) As the dielectric slab is introduced
between the plates of the capacitor, its capacitance
will increase, Hence, the potential drop across the
capacitor will decrease (V=Q/C). As a result, the

potential drop across the bulb will increase (since

both are connected in series). So, its brightness
will increase.

(ii) As the resistance (R) is increased, the
potential drop across the resistor will increase.
As a result, the poteniial drop across the bulb
will decrease (since both are connected in series).
So, its brightness will decrease.

State the underlying principle of a cyclotron.
Write briefly how this machine is used to
accelerate charged particles to high energies.
[3]
Answer : The underlying principle of a cyclotron
is that an oscillating electric field can be used to
accelerate a charged particle to high energy.

A cyclotron involves the use of an electric field
to accelerate charge particles across the gap
between the two D-shaped magnetic field
regions. The magnetic field is perpendicular to
the paths of the charged particles that makes
them follow in circular paths within the two Ds.
An alternating voltage accelerates the charged
particles each time they cross the Ds. The radius
of each particle’s path increases with its speed. So,
the accelerated particles spiral toward the outer

"15.

wall of the cyclotron.
Magnetic field out .
of the paper Deflection plate
| : VA

L Charged
- ERD particle
: \LPY :

[ ot (P A ol
D;— . By e o —1— D,

. . . .
.............

Oscillator
www.cbsepdf.com
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16.

17,

23

The Ds are the semi-circular structures (D
and D) between which the charges move. The
accelerating voltage is maintained across the
opposite halves of the Ds.

Square wave electric fields are used to accelerate
the charged particles in a cyclotron.

A

Square Wave

The accelerating eleciric field reverses just at the
time the change particle finishes its half circle.
So that it gets accelerated across the gap between
the Ds. :

The particle gets accelerated again and again,
and its velocity increases. Therefore, it attains
high kinetic energy.

The positively charged ion adopts a circular
path with a constant speed v, under the action of
magnetic field B, which is perpendicular to the
planes of D's of radius r.

mo

r= ;B—
An electric dipole of length 4 cm, when placed
with its axis making an angle of 60° with a
uniform electric field, experiences a torque of
4J§ Nm. Calculate the potential energy of the

dipole, if it has charge + 8 nC. [3]
Answer: As t=pEsin0
43 = pEsin®
= pE x ﬁ =443
= ;29}3 =8
Potential energy of dipole,
U=-pEcos0
= — pE cos 60°
- _8.t
2
=-4].

A proton and a deuteron are accelerated through
the same accelerating potential. Which one of

the two has
No OTP No Login No Adversitement
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18.

19,

(a) greater value of de-Broglie wavelength
associated with it, and

(b) less momentum ?
Give reasons to justify your Answer. [31
Answer : (a) de-Broglie wavelength,

A 1 /mass (for same accelerating potential)

Mass of a proton is less as compared to a
deuteron. So, proton will have greater value of
de-Broglie wavelength associated with it.

(b) Momentum, p « mass (for same accelerating
potential)

Mass of deuteron is more as compared toa proton.
So, it will have a greater value of momentum.

(i) Monochromatic light of frequency 6.0 x
10™ Hz is produced by a laser. The power
emitted is 2.0 x 10~ W. Estimate the
number of photons emitted per second on
an average by the source,

(ii) Draw a plot showing the variation
of photoelectric current versus the
intensity of incident radiation on a given
photosensitive surface. [31

Answer: (i) The energy of a photon of frequency
vis E =hv = (6.63 x 10Js) x (6 x 10" 57) =
3.98'x 1079]. = 4 107%9]

If n be the number of photons emitted by the

source per second, then the power P transmitted
in the beam is given by

P = nE
P
n= =
E
-3
= n= &E =5 x 105 photons/sec.
. 4x10”
(i)
&
[+
8z
3K
DO
&
o intensity ——» g
A 12.5 eV electron beam is used to bombard

gaseous hydrogen at room temperature. Upto
which energy level the hydrogen atoms would
be excited ? Calculate the wavelength of the
first member of Lyman and first member of

www.cbsepﬁﬁtl:mr series. [Qll
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Answer : Energy of the electron in the n state of
an atom

—13 6

ev

Here, Z is the atomic number of the atom. For
hydrogen atom, Z is equal to 1. Energy required
to excite an atom from the initial state (n,) to the
final state ().
-136 13.6
= + ——eV
f ny n?

This energy must be equal to or less than the
energy of the incident electron beam.

-136 136
- =125

n f ni
Energy of the electron in the ground state =13.612
=-13.6eV

= 136 L136=125  [vm=1]
ny
13.6
= 136-125= o
nf
2 138
= f=1
= " = 12.36
= fif= 3.5

State cannot be a fraction number ny= 3
Hence, hydrogen atom would be excited up to 3™
energy level.

Rydberg formula for the spectrum of the
hydrogen atom is given below.

1
L =R (% %J
n ¥ n;
Here, A is the wavelength and R is the Rydberg
constant.
R=1.097 x 10" m

For the ﬁrst member of the Lyman series : ng=1
and n; =

- 7 1
= 1.097)(10 (F—?J

>

= A=1215(A)
For the first member of Balmer series : ns=2and
ni=3

1. 1.097x107(l2—_15J
A 2 3
= A=6563 A

20. When Sunita, a class XII student, came to know

that her parents are planning to rent out the top
floor of their house to a mobile company she -

protested. She tried hard to convince her parents
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21.

that this move would be a health hazard.

Ultimately her parents agreed : 31

() In what way can the  setting up of
fransmission tower by a mobile company in
a residential colony prove to be injurious to
health ?

(2) By objecting to this move of her parents,
what value did Sunita display 7**

(3) Estimate the range of e.m. waves which can
be transmitted by an antenna of height 20 m.
(Given radius of the earth = 6400 km)  [3]

Answer : (1) A transmitting tower makes use
of electromagnetic waves such as microwaves,
exposure to which can cause severe health
hazards like, giddiness, headache, tumour and
cancer. Also, the transmitting antenna operates
on a very high power, so the risk of someone
getting severely bumnt in a residential area
increases.

(3) Range of the transmitting antenna.

d= 2hR

- Here, h is the height of the transmitting antenna

and R is the radius of the earth.
R = 6400 km
= 64x10°m
d = [J2x20x64x10°
= 16000 m

A potentiometer wire of length 1 m has a
resistance of 10£ It is connected to a 6 V battery
in series with a resistance of 5 Q. Determine the
emf of the primary cell which gives a balance
point at 40 cm. [3]
Answer : From the figure below :

Cell
Ag— —9
< 40 cm o B
< »p
) 100 cm -
6V
50

Total resistance of the circuit,
R=(Rap+5)=(10+5Q=15Q
Current in the circuit, I = v = iA
R 15

ww;v'.%lssé‘ﬁ%?c% Dot given due to change in the present syllabus. o5

22,
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6
Vap= 6——x5
AB , 15

=6-2=4V
.. Voltage across AB,

Emf of the cell, e = (%) Vag

Here : I = 40 m (balance point)
AB =L =1 m = 100 an (total length of the wire)

40
=|—|4=1.6V
e [100) 1.6

(a) Draw a labelled ray diagram showing the
formation of a final image by a compound
microscope at least distance of distinct
vision.

(b) The total magnification produced by a
compound microscope is 20. The magni-~
fication produced by the eye piece is 5. The
microscope is focussed on a certain object.
The distance between the objective and

_eye-piece is observed to be 14 cm, If least
distance of distinct vision is 20 cm, calculate
the focal length of the objective and the eye-
piece. [31

Answer: (a)

Eye lens

lens

Objective

(b) For the least distance of clear vision, the total
magnification is given by :

1+— mm
fe = Mgttty
where,

L is the separation between the eyepiece and the
objective
fois the focal length of the objective
feis the focal length of the eyepiece.

D is the least distance for clear vision.

L

m= 7, ..(i)

Also, the given magnification for the eyepiece :

Me=5m,=1+ D

e
No OT'}C No Login No Adversitement


http://www.cbsepdf.com
http://www.cbsepdf.com

CBSE 2014 Solved Paper

Download All Previous Year and Sample Papers From www.cbsepdf.com

reflecting surface has been reduced, the image
intensity will be reduced. In other words, the
image produced will be ]ess bright.

Substituting the value of m and 7 in equation 24. (a) Obtain the expression for the energy stored

20
= 5=14—
fe
= fe=5cm
(i), we get :
m=m,m,
20 =my,x5
_ m, =4
For the eyepiece 7, = — 20cm, fe = 5cm
Vefe 20 x5
e ug= — = =
fe"'ve 5+20

Now, we have
[Ue] + |oo| =14
(i. e., distance between objective and eye piece)

U+ Ty =14
U =(14~4) cm
= 7o =10 cm
Now, m0=1—v—°
o
= ~4—-1—E
o
fo=2cm

. (a) A mobile phone lies along the principal
.axis of a concave mirror. Show, with the
help of a suitable diagram, the formation of
its image. Explain why magnification is not
uniform.

(b) Suppose the lower half of the concave
mirror’s reflecting surface is covered with an
opaque material. What effect this will have
on the image of the object ? Explain.  [4]

Answer : (a) The image of the mobile phone

formed by the convave mirror will be as shown
in fig. given below :

The magnification produced by a concave mirror,

m=1__f
0" F-u
Since the object distance for the different parts of
the mobile phone along its length are different,

the different parts will be magnified differently.

Hence, the magnification is not uniform.

(b) As the laws of reflection are true for all points
of the mirror, the height of the whole image

WWW'cbsem}'léOR]e produced. However, as the area of the,

per unit volume in a charged parallel plate
capacitor.

(b} The electric field inside a parallel plate
capacitor is E. Find the amount of work
done in moving a charge g over a closed
rectangular loop abcda. [5]

+++++++ +

a > b

— — o — — — — —

OR

(a) Derive the expression for the capacitance of
a parallel plate capacitor having plate area A
and plate separation d.

(b) Two charged spherical conductors of radii
R; and R; when connected by a conducting
wire acquire charge g; and g, respectively.
Find the ratio of their surface charge
densities in terms of their radii.

Answer : (a) Let us consider a parallel-plate

capacitor of plate area A. If separation between

plates is d metre, capacitance C is given by
C Soh

d
We know that, the magnitude of the electric field
between the charged plates of the capacitor is

E=S

£g
Where o in surface density of either plate.
Therefore, the plate charge is

Q =cA= EOEA

Now, the energy stored in the capacitor is

1Q 1(xEA)
T2 C T 2eAMd

U= oo (Ad)]

The volume between the plates is Ad metre®.
Therefore, the energy per unit volume is given
by

1

U = - SQE2 ]/Iﬂ

alc
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+Q -Q
=] =
+ -—
F F
+ — _—
+ _
| + | | — |
a b

(b) Work done, W =F.d
Here, F is the force exerted on the charge () due to
electric field (E) and is given by, .
F=¢gE
d=0
W=0
OR
(@) Derivation for the capacitance of parallel
plate capacitor:
Surface charge
density o _~AreaA

I 1 |

t+++ A+

Net displacement,

Surface charge

density —~¢
A parallel plate capacitor consists of two large
plane parallel conducting plates separated by
a small distance. The two plates have charges g
and —g and distance between them is d.

Plate 1 has charge density, ¢ = %

Plate 2 has charge density, 6 = -«%

In the inner region between the plates 1 and 2,
the electric fields due to the two charged plates
add up.

280 B Eo
The direction of electric field is from the positive
to the negative plate.

For this electric field, potential difference
between the plates is given by,

0
The capacitance C of the parallel plate capacitor
is then
Q _ &8A

C = —_—_— =
d
() The surface charge density for a spherical
conductor of radius R; is given by :
i

N7 4nR?
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Similarly, for spherical conductor Ry, the surface

charge density is given by :
92
Oy = — %
27 4nR2
o1 _ sR3 a)
>
02 @R%

As the spheres are connected so the charges will
flow between the spherical conductors till their
potential become equal.

ie., ﬂ = ﬂ
R R,
= B )
. ey soe f3 qz R;
Using (i) in () |
2
We have, A . BLB%_ =ﬁ
)] R, Rf R,
o _ R
= o = R

. (a) State Ampere’s circuital law, expressing it

in the integral form.

(b) Two long coaxial insulated solenoids, S
and S; of equal lengths are wound one over
the other as shown in the figure. A steady
current “1” flow through the inner solenoid
S, to the other end B, which is connected to
the outersolenoid S; through which the same.
current “1” flows in the opposite direction
so0 as to come out at end A, If #; and n; are
the number of turns per unit length, find the
magnitude and direction of the net magnetic
field at a point (i) inside on the axis and
(ii) outside the combined system, -[51

e CETARRARNAY )
‘f‘\l“‘%‘!%m ‘me 8
n, tums ‘

n, turns S,

Answer: (a) Ampere’s circuital law states that the
circulation of the resultant magnetic field along a
closed, plane curve is equal to pg times the total
current crossing the area bounded by the closed
curve, provided the electric field inside the loop
remains constant.

B ®
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In the above illustration, the Ampere’s circuital
law can be written as follows :

4’—52 = Ugi

wherei=1i; —i»

(b) (i) The magnetic field due to a current carrying
solenoid : ]
B = pupni
where, # = number of turns per unit length,
i = current through the solenoid.
Now, the magnetic field due to solenoid S; will
be in the upward direction and the magnetic
field due to S; will be in the downward direction
{by right-hand screw rule).
Byt = B] - B2
Bt = pomal — pomol
= pigl{m - n12)

(ii) The magnetic field is zero outside a solenoid.
Answer the following : [51
(a) Name the e.m. waves which are suitable for

radar systems used in aircraft navigation.

Write the range of frequency of these

waves,
(b) If the earth did not have atmosphere, would

its average surface temperature be higher

or lower than what it is now ? Explain.

(c) An e.m. wave exerts pressure on the surface
on which it is incident. Justify.

Answer : (a) Microwaves are suitable for radar
systems used in aircrafts navigation. The range
of frequency for these waves is 10° Hz to 10'2 Hz,
(b) In the absence of atmosphere, there would be
no greenhouse effect on the surface of the Earth.
As a result, the temperature of the Earth would
decrease rapidly, making it difficult for human
survival. -

(c) The momentum transported by electromag-
netic waves is given by

U
P="

where U is the energy transported by electroma-

gnetic waves in a given time and ¢ is speed of

electromagnetic waves in free space. As a result,
when these waves strike a surface, pressure and
hence force is exerted by them on the surface.

(@) Deduce the expression, N = Np e, for the

law of radicactive decay.

(b) () Write symbolically the process express-
ing the B+ decay of 33Na. Also write
the basic nuclear process underlying
this decay.

(ii) Is the nucleus formed in the decay of

the nucleus 2 Na, an isotope ot isobar?
g,

, (@) () “Two
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Answer : (a) Suppose initially the number of atoms
in radioactive element is Ny and N the number of
atoms after time f. After time ¢, let dN be the number
of atoms which disintegrate in a short interval dt,

then rate of disintegration will be, ﬁ,thisisalso

called the activity of the element.
According to Rutherford-Soddy law,
dN
—aN
dt
dN
or i —AN ()

where A is a constaiﬁ, called decay constant
or disintegration constant of the element Its
unit is s7!. Negative sign shows that the rate of
disintegration decreases with increase of time. For
a given element A is a constant and is different for
different elements. Equation (i) may be rewritten
as

Nt

N
Integrating log. N=-at+C (i)
where C is a constant of integration.
At t=0,N=Np

loge No=0+C=C=log. Ny
. Equation (ii) gives log, N =—At + log. Np

or log, N -log, No =- At
N
or log, —— =-At
Be N,
i:e_u
Nj
N =Npe™ ¥

(b) (i) The p* decay of 11N*? is expressed as
below :
uNZ 5 (Ne? + 1 + v

The neutron-proton ratio is also an important
factor that determines the stability of a nucleus.
A proton-rich nucleus undergoes positron
emission (B* decay), so as to improve the neutron-
proton ratio. The positron emission decreases
proton number relative to neutron number and
the product nucleus becomes relatively more
stable. In B* decay, neutrino (v) is emitted so as
to conserve spin.

(ii) The nucleus so formed is an isobar of 11N%2
because the mass number is same, but the
atomic numbers are different.

independent mono-chromatic
sources of light cannot produce a
sustained interference pattern’. Give
reason.

(ii)Light wave egch,of amplityde,/a.and.
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frequency ‘o, emanating from two
coherent light sources superpose at a
point. If the displacements due to these
waves is given by y1 = a cos ot and
y2 = a cos (of + ¢) where ¢ is the phase
difference between the two, obtain the
expression for the resultant intensity at
the point.

(b) In Young’s double slit experiment, using
monochromatic light of wavelength A, the
intensity of light at a point on the screen
where path difference is 2, is K units, Find
out the intensity of light at a point where
path difference is A/3. (51

OR

(a) How does one demonstrate, using a suitable
diagram, that unpolarised light when passed
through a polaroid gets polarized ?

(b) A beam of unpolarised light is incident
on a glass-air interface. Show, using a
suitable ray diagram, that light reflected
from the interface is totally polarised, when
1 = tan i, where p is the refractive index
of glass with respect to air and ig is the
Brewster’s angle.

Answer : (a) (i) The condition for the sustained
interference is that both the sources must
be coherent (i.e., they must have the same
wavelength and the same frequency, and they
must have the same phase or constant phase
difference).

Two sources are monochromatic if they have

the same frequency and wavelength. Since they

are independent, i.e., they have different phases
with irregular difference, they are not coherent
sources.

(ii)

1
’ )N / ’
/32%
Let the displacement of the waves from the
sources 51 and S; at point P on the screen at any
time ¢ be given by :
Yy1=4cos ot

and y2=a cos(wt + §)
wwwm%‘&‘?rc@ is the constant phase difference between

Screen

Download All Previous Year and Sample Papers From www.cbsepdf.com
the two waves,

By the superposition principle, the resultant
displacement at point P is given by :
Yy=n+y

¥ = acos ot +4a cos (0f + §)

y= Za[cos(c)t+cot+¢)cos(mt—mt—¢)]
2 2

y = 2ac0s [mt+%)cos(g) (i)
Let 2a cos ($/2) = A ..(ii)
Then, equation (i) becomes

y = Acos (ot +9/2)
Now, we have :

A? = 447 cos?($/2) ...(iiii)
The intensity of light is directly proportional to
the square of the amplitude of the wave. The
intensity of light at point on the screen is given
by

I = 44%cos’ %

(b) Intensity I = 41y cos® %
When path difference is A, phase difference is 27

I=4lycos®n
= 4Ip =k (given)
When path difference, A = ﬁ, the phase
. 3
difference
27
¢1= X
_2m,h 2
A 3 3
_ 2 2% . _
I1i=41,.cos 3 (since k = 41p)
= k cos? 2_11
3
2
()
2
= lk
4
OR
(a)
Unpolarised light A D
I K N
/,/ A A ,’ .
b I [ I rd L y
L -~ L 4 "lfV[ l
% ‘ c
Polarised light
Polaroid
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The phenomenon of restricting the vibration of
light (electric vector) in a particular direction
perpendicular to the direction of the wave
propagation is called polarization of light.
When unpolarised light is passed through a
polaroid, only those vibrations of light pass
through the crystal, which are parallel to the
axis of the crystal (AB). All other vibrations
are absorbed and that is why intensity of the
emerging light is reduced.

The plane ABCD in which the vibrations of the
polarised light are confined is called the plane of
vibration. The plane KLMN that is perpendicular
to the plane of vibration is defined as the plane
of polarization.

(b} When unpolarised light is incident on the
glass-air interference at Brewster angle i, then
reflected light is totally polarised. This is called
Brewster’s Law.

When light is incident at Brewster angle, the
reflected component OB and the refracted
component OC are mutually perpendicular to
each other.

From the figure,

We have : ZBOY + £YOC =90°

(90° — ig) + (90° — r) = 90°
ig+ 1 =90°

Denser

Where, r is angle of refraction
According to the Snell’s law :

sinig  sinig
sinr  sin(90°-ip)

n=tanig Hence proved.

29. (a) Describe a simple experiment (or activity)

to show that the polarity of emf induced in
a coil is always such that it tends to produce
a current which opposes the change of
magnetic flux that produces it.

www.cbsepdf.com 30
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(b) The current flowing through an inductor of
self inductance L is continuously increasing,.
Plot a graph showing the variation.

(i) Magnetic flux versus the current
(ii) Induced emf versus dl/dt

(iii) Magnetic potential energy stored
versus the current, [5]

OR

(a) Draw a schematic sketch of an ac generator
describing its basic elements. State briefly
its working principle. Show a plot of
variation of
(i) Magnetic flux and
(ii) Alternating emf versus time generated

by a loop of wire rotating in a magnetic
field. ’

(b) Why is choke coil needed in the use of
fluorescent tubes with ac mains ?

Answer : (a) Lenz's law : According to Lenz’s
law, the polarity of the induced emf is such that

it opposes a change in magnetic flux responsible
for its production.

y —
S N L7

i | N | S ]
N«

When the north pole of a bar magnet is pushed
towards the coil, the amount of magnetic flux
linked with the coil increase. Current is reduced
in the coil from a direction such that it opposes
the increase in magnetic flux. This is possible
only when the current induced in the coil is
in anti-clockwise direction, with respect to an
observer. The magnetic moment M associated
with this induced emf has north polarity,
towards the north pole of the approaching bar
magnet. Similarly, when the north pole of the

bar magnet is moved away from the coil, the
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magnetic flux linked with the coil decreases. To
counter this decrease in magnetic flux, current is
induced in the coil in clockwise direction so that
its south pole faces the receding north pole of the
bar magnet. This would result in an attractive
force which opposes the motion of the magnet
and the corresponding decrease in magnetic
flux.
(b) (i) Since = LI
where, I = strength of current through the
coil at any time

¢ = Amount of magnetic flux linked
with all turns of the coil at that time and,
L = Constant of proportionally called coefficient

of self induction.
T A
¢
>
| —
(ii) Induced emf,
_—dp__d()
dt dt
dl
. = -L| —
ie e [ dt)
di ’
—_— = dl
ot P -
Induced
e.m.f
(e) Induced
e.mf
! (@)
When 4 increases l
dt - When | increases

at a constant rate at canstant rate
(iii) Since magnetic potential energy is given by

U= lLIZ
2

C———

v

| —>
OR
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(@)

Coll /

Altemating emf
®

" Carbon
brushes
It works on the process of electromagnetic
induction, i.e., when a coil rotates continuously
in a magnetic field, the effective area of the coil,
linked (normally) with the magnetic field lines,
changes continuously with time. This variation of
magnetic flux with time results in the production
of a (alternating) emf in the coil.

(i) Magnetic flux versus time
¢ = NBA cos wt
Magnetic
flux ¢ 3T,
4 ,
0 } j
Tl T
2 Time ——»

(i) Alternating emf versus time

¢ = NABw® sin o = ¢ sin ot
The graph between alternating emf versus time
‘is shown belo}yv :

A

T e
Altemating
e.m.f.

o)

v
(b) A choke coil is an electrical appliance used for
controlling current in an a.c. circuit. Therefore, if
we use a resistance R for the same purpose, a lot
of energy would be wasted in the form of heat
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30. (a) State briefly the processes involved in the

formation of p-n junction explaining clearly
how the depletion region is formed.

(b) Using the necessary circuit diagram, show
how the V-I characteristics of a p-n junction
are obtained in
(i) Forward biasing
(ii) Reverse biasing

How are these characteristics made use of in

rectification ? [5]

OR

(@) Differentiate between three segments of a
transistor on the basis of their size and level
of doping.**

(b) How is a transistor biased to be in active
state 7%*

(c) With the help of necessary circuit diagram,
describe briefly how n-p-n transistor in CE
configuration amplifies a small sinusoidal
input voltage. Write the expression for the
ac current gain.**

Answer : (a)} As we know that n-type semi-
conductor has more concentration of electrons
than that of a hole and p-type semi-conductor
has more concentration of holes than an electron.
Due to the difference in concentration of charge
carriers in the two regions of p-# junction, the holes
diffuse from p-side to n-side and electrons diffuse
from n-side to p-side.
When an electron diffuses from # to p, it leaves
behind an ionized donor on n-side. The ionised
donor (+ve charge) is immobile as it is bounded
by the surrounding atoms. Therefore, a layer of
positive charge is developed on the n-side of the
junction. Similarly, a layer of negative charge is
developed on the p-side.

. Junction
— Electron
O o O || |e o O.,/
e 00 OC|DPla ® o
o P o7l ele® o g ®
o *® o} e|®|e ¢ O
b el® e %,

pregion —» Depletion  e—— p = rggion
region
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Hence, a space-charge region is formed on both
side of the junction, which has immobile ions
and is devoid of any charge carrier, called as
depletion layer or depletion region.

b)
Voltmeter (V) ® Voltmater (V)
@
11 73
Milliammeter Microammeter
e ™ Tswich a Y [uiten
T %

Using the circuit arrangements shown in fig (a)

and fig (b), we study the variation of current with

applied voltage to obtain the V-I characteristics
shown below.

l(mA)JP

100—

80—

60—

40—

20—
100 80 60 40 20
1 1 1 } | | | | | .

>V
10— 0204 06 .08 1.0
20 —

1{uA)
{©)
From the V-I characteristics of a junction diode,
it is clear that it allows the current to pass
only when it is forward biased. So when an
alternating voltage is applied across the diode,
current flows only during that part of the cycle
when it is forward biased.

Physics-2014 (Delhi)

Time allowed : 3 hours

SET 11

Maximum marks : 70

Note : Except for the following questions, all
the remaining questions have been asked in
previous Set. =

.www.ebS8kiiswers is not given due to change in the present syllabug?

Define the term ‘electrical conductivity’ of a
metallic wire. Write its S.I. unit. [1]
Answer : The electrical conductivity of a metallic
wire is defined as the ratio of the current density
to the electric field it creates.

Electrical conductiyjty, o,

?\loﬁ_ogin No Adversitement
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10.

15.

S.I unit = {ohm m)™~!
OR

The reciprocal of resistivity of a material is called

its electrical conductivity.
1
Conductivity = m—
or o=
The carrier wave is repregented by C (t) =5sin
(10 nf) volt A modulating signal is asquare wave
as shown. Determine modulation index.**

[l

—_—
N

»
L

m (i) in voit

1 2
tin second —»

An electric dipole of length 2 ¢cm, when placed
with its axis making an angle of 60° with a
uniform electric field, experiences a torque of

83 Nm. Calculate the potential energy of the
dipole, if it has a charge of +4 nC. 2]

Answer: As 7 = pEsin 6
| 83 = pEsin®
= pE sin 60°
PEV3
2
16
Also potential energy of the dipole,
U =-pEcos®
= —pE cos 60°

= pE =

=

A proton and an alpha particle are accelerated
through the same potential ? Which one of
the two has (i) greater value of de-Broglie
wavelength associated with it and (i) less
kinetic energy. Give reasons to justify your
answer. (3]

Answer : (i) de-Broglie wavelength of a particle

depends upon its mass and charge for same 5,

accelerating potential such that

wifsnepeers s nph given due to change in the present syllabus.
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16.

33

1 ‘
Ao ‘
(Mass) (Charge)
If mass and charge of a proton are m, and e

respectively, then, mass and charge of an alpha
particle are 4my and 2e respectively. Where, ¢ is

the charge of an electron
Zr— [Py
Ag mp, 4,
(4m,)(2e)
=TT T =242
(m,)(@)

Thus, de-Broglie wavelength associated with
protonis 2v2 times of the de-Broglié wavelength
of alpha particle.

(ii) K.E. o g (for same accelerating potential).

Charge of an alpha particle is more as compared
to a proton. So, it will have a greater value of K.E.
Hence, proton will have lesser kinetic energy.

Given a uniform electric field E =2 x10°{ N/C.
Find the flux of this field through a square of
side 20 cm, whose plane is parallel to the Y-Z
plane. What would be the flux through the
same square, if the plane makes an angle of 30°
with the X-axis ? [3]

Answer : When the plane is parallel to the Y-Z~
plane

¢= EA
Here,
- ~
E = 2x10%
A = (20 cm)% =0.04 m*.
b = (2 x10%).(0.04i).
= b = 80 weber or Nm?CL.

When the plane makes a 30° angle with the
X-axis, the area vector makes a 60° angle with the
X-axis.

- -
$= EA
= ¢ = EAcosB
= ¢ = 2 x 10 x 0.04 x cos 60°
1
= ¢=2x103><0.04x§
= ¢ = 40 weber or Nm?CL,

A 12.9 eV beam of electronic is used to bombard
gaseous hydrogen at room temperature.

Upto which energy level the hydrogen atoms

would be excited ? Calgulate the waxeleagthicment
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of the first member of Paschen series and first 22. Answer the following : 31
member of Balmer series. Bl (a) Name the e.m. waves which are used for the
Answer : Energy of the electron in the n'™" state of treatment of certain forms of cancer. Write
an atom their frequency range.
_ -13.67* (b) Thin ozone layer on top of stratosphere is
T crucial for human survival. Why ?
Here, Z is the atomic number of the atom. () Why is the amount of the momentum
For hydrogen atom, Z = 1 transferred by the e.m. waves incident on
) . . the surface so small ?
Energy required to excite an atom from initial
state (n;) to final state (rzy), Answer : (a) Gamma rays are used for the
treatment of certain forms of cancer. Their
E=-1346 (_1{__}5_}3\7 frequency range is 3 x 10" Hz to 5 x 10% Hz.
o (b) The thin ozone layer on top of stratosphere
_13.6 136 absorb most of the harmful ultraviolet rays
= —+— =129 coming from the Sun towards the Earth. They
i ”i include UVA, UVB and UVC radiations, which
This energy must be equal to or less than the can destroy the life system on the Earth. Hence,
energy of the incident electron beam. this layer is crucial for human survival.
=13.6-12.9 = 136 [n" =1] (c) The momentum transported by electroma-
n} gnetic waves is given by
13.60 U _ hv
n?= - ===
=07 = 19.43. P

where U is the energycr traxc{sported by electroma-
gnetic waves in a given time and c is speed of
State cannot be a fraction number. electromagnetic waves in free space.

Now, h=6.62x10*]s,¢=3%x10°ms™

Therefore, even for y-rays (v ~10%° Hz),

= f44

= nf= 4.

Hence, the hydrogen atom would be excited up

to 4™ energy level 6.62x10™ x 10%
Rydberg’s formula for the spectrum of the P= 3x10®
hydrogen atom is given by : —22x102kgms
1 = 1_1 Thus, the amount of the momentum transferred
A m by the e.m. waves incident on a surface is very
all.
Here, A is the wavelength. s

24. A potentiometer wire of length 1.0 m has a

Rydberg’s constant, R = 1.097 x 10" m™ resistance of 15 Q. It is connected to a 5 V battery

For the first member of the Paschen series in series with a resistance of 5 Q. Determine the
‘ emf of the primary cell which gives a balance
nm=3n=4 point at 60 cm. 51
1 1 1 or: : .
L 1007 x 107 (_2 - _ZJ Answer: Current through potentiometer wire,
4 v
A =18752.4 A 1= Rp+R
For the first member of Balmer series
n =2,n2=3 = 15+50.25A
P.D. across the potentiometer wire,
1 (11
?\. =1.097 x 10 2—2—5"2" VvV = [RAB
A=65633A 0.25 x 15=3.75 V
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JPotential gradient,
k=V/]
= 3.75/100
= 0.0375V/cm
So, unknown e.m.f. balanced against 60 cm of
the wire,
e = ki'=0.0375 x 60
= 225V

Physics 2014 (Delhi)
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Cell

SET III

Time allowed : 3 hours

Note : Except for the following questions, all
the remaining questions have been asked in
previous Sets.

1. Define the term ‘drift velocity’ of charge carriers

2,

in a conductor and write its relationship with
the current flowing through it. (1l

Answer : The net speed achieved by an electron

in a current carrying conductor is called as drift
velocity.

The average velocity acquired by the free
electrons along the length of a metallic conductor
under a potential difference applied across the
conductor is called drift velocity of the electrons.

I

Here :

I is the current flowing through the
conductor.

n is the number density of an electron.
A is the area of the conductor,
¢ is the charge of the electron.

The carrier wave of a signal is given by
C(#) = 3 sin (871f) volt. The modulating signal is
a square wave as shown, Find its modulation
index.** [11

“tAngwerteisnobgiven due to change in the present syllabus.

4,

9,

35

Maximum marks : 70

r—
o
n

m (1) in volt
4

tin second —»

Plot a graph showing variation of current versus
voltage for the material Ga. [1l

Answer : Current-Voltage characteristics graph
for Ga:

+ | (mA)
r 3
Reverse
Bias Forward
Bias
-vinv) (~ ™ vy
Knee
l voltage
v
[ (uA)

An electric dipole of length 2 cm, when placed
with its axis making an angle of 60° with a
uniform electric field, experiences a torque of
6+/3 Nm. Calculate the potential energy of the
dipole, if it has a charge of +2 nC, [1]

Answer: As T = pEsin@
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63 = pEsin60°
V3
= pPEx—
| )
or pE = 12

Potential energy of a dipole,

U = —pEcos ©
= —12 x cos 60°
= —12)(1:—"6]
2

A deuteron and an alpha particle are accelerated
with the same accelerating potential. (3]
Which one of the two has

(1) greater value of de-Broglfe wavelength,

associated with it, and
(2} less kinetic energy ? Explain.
Answer : (1) de-Broglie wavelength of a particle
is dependent on its mass and charge for same
accelerating potential, such that

1
Ao
(Mass) (Charge)
Mass and charge of a deuteron are 2m, and ¢
respectively and, mass and charge of an alpha
particle are 4my, and 2¢ respectively.

Where,
my = the mass of a proton.
and e = the charge of an electron.
Ap _ [mage _ [Cm)3) 2
e gy V@m0 T T

Thus, de-Broglie wavelength related with
deuteron is twice of the de-Broglie wavelength
of alpha particle.

2 KE. x g
(for same accelerating potential)
Charge of a deuteron is less as compared to an

alpha particle. So, deuteron will have less kinetic
energy.

- LA
Given a uniform electric field E =4 x 10% N/C.
Find the flux of this field through a square of
5 ¢cm on a side whose plane is parallel to the
Y-Z plane. What would be the flux through the
same square, if the plane makes an angle of 30°
with the X-axis ? (3]

Answer : When the plane is parallel to the Y-Z
plane :

Electric flux,
Here,

- =
9= E.A

—

E =4x10°iN/C 36

20.
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A=)’ i=025x107im?

A A
b= (4x10% i)-(25x10™* )
= ¢ = 10 weber or Nm*C™

When the plane makes a 30° angle with X-axis,
the area vector makes a 60° angle with the X-axis.

=
°=E-A
d»=EA cos B

o= (4 x 10%)(25 x 10%) cos 60°
6=10/2
0 =5 weber or Nm?*C!

A 123 eV electron beam is used to bombard
gaseous hydrogen at room temperature. Upto
which energy level the hydrogen atoms would
be excited ? Calculate the wavelength of the
second member of Lyman series and second
member of Balmer series. (3]
Answer : Let the hydrogen atoms be excited to
nth energy level.

LUy

1 1
E=-136 [—2——'??] [wn;=1]

ﬂf ?‘ll
1 1

= 123 = (1—2—71—2)
= 123 = 13.6—356-

n
=> 1—326— =13.6-123=13

n
= 2= 136
1.

= n=3

The formula for calculating the wavelength of
Lyman series is given below :

1 1 1
r R[F?J

For second member of Lyman series, n = 3

1 1
T R[l‘s—z)
= L (1.09737x107)(§)
8 9
> A = 10251A

The formula for calculating the wavelength of
Balmer series is given below :

=R
—=R| =——
A TFH\QIO Login No Adversitement
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For second member of Balmer series : (c) Why are infrared waves often called as heat
n=4 waves ? Give their one application.
1 Answer:
xR [1 - iz] (a) Gamma rays are used for the treatment of
4 4 certain forms of cancer. The fmo%uency range of
1 737 x 107 3 Gamma rays is 3 x 10" to 5 x 10 Hz.
= 3 - (L09737x10 )(E) (b) Welders wear special glass goggles while
working so that they can protect their eyes from
= A =4861 A harmful electromagnetic radiation.
24. Answer the following : 151 (c) Infrared waves are often called as heat waves
(a) Name the em waves which are used for the because they induce resonance in molecules and
treatment of certain forms of cancer. Write increase internal energy in a substance.
their frequency range. Infrared waves are used in burglar alarms,
(b) Welders wear special glass goggles while security lights and remote controls for television
working. Why ? Explain. and DVD players.
L L]
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SET I

Time allowed : 3 hours

1

3.

SECTION-A

Define the term ‘self-inductance’ of a coil. Write
its S.I. unit. [1]
Answer : Self-inductance of a coil is numerically
equal to the amount of magnetic flux linked with
the coil when unit current flows through the coil.
The S.I. unit of self inductance is henry (H) or
weber per ampere.
1H=1Wb/A

Why does bluish colour predominate in a clear
sky? [1]
Answer : While light from the sun reaches
the atmosphere that is comprised of the tiny
particles of the atmosphere. These act as a prism.
and cause the different components to scatter. As
blue light travels in shorter and smaller waves in
comparison to the other colours of the spectrum,
it is scattered the most, causing the sky to appear
bluish. .

I-V graph for a metallic wire at two different
temperatures, T, and Ty is as shown in the figure.
Which of the two temperature is lower and
why ? [1]

»

v

WANERSIEde ok given due to change in the present syllabus.

Maximum marks : 70
Answer : The slope of a V-I graph is given by

the formula %F % . Thus, the smaller the slope
larger is the resistance. As the resistance of a
metal increases with the increase in temperature,
so resistance at T, is higher and T; is lower.

Which basic mode of communication is used for
telephonic communication 2** [1]

Why .do the electrostatic field lines not form
closed loops ? [1]

Answer : Electrostatic field lines never form
loops because they do not converge at only one
point as in the case with magnetic field lines.
They depend on +ve and —ve charges that can
extend to infinity in any particular direction.

SECTION-B

When an electron in hydrogen atom jumps from
the third excited state to the ground state, how
would the de-Broglie wavelength associated
with the electron change ? Justify your answer.

[2]
Answer : de-Broglie wavelength associated with
a moving charge particle having a K.E. K’ can be
given as

h h 1 2 Pz R
A= 2= | Keom? = | L
P V2mK { 2™ =om| ¥

The kinetic energy of the eleciron in any orbit of
hydrogen atom can be given as

1356 eVJ _ 136 v (i
#f N

x=---(

= e
OTFhI%o Login No Advers)itement
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Let K and K4 be the K.E. of the electron in ground
_state and third excited state, where 1m; = 1 shows
ground state and 7z = 4 shows third excited state.
Using the concept of equations (i) and (ii), we

have
A K fﬁ
e VK Yn
N _ 21
Ay V42 4
A
= 1.1:24‘

ie, the wavelength in the ground state will
decrease.
Write two factors which justify the need of
modulating a low frequency signal into high
frequencies before transmission.** [2]
Use Kirchhoff’s rules to determine the potential
difference between the points A and D when
- no current flows in the arm BE of the electric

network shown in the figure, [2]
F 30=R, E b
v R,=20Q
' R
2Q
A— | l c
! B I
6V 4v
Answer :

i E i

3Q
W 1
v

R‘l
R
20

3V
A | £l l ]2 & I | c
I F B - ) .
6V ) " av
According Kirchhoff's junction law at B,
i3 = f1+1
As ip = 0 (given)

S 3 =1
Applying kirchhoff's second law to loop AFEB,
3x2+4,x3+iRi=1+3+6
2iz + 3i3 =10
5i3 =10
ih=ij=2A 2
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The potential difference between A to D along
the branch AFD,
Vap=2i3-1+3x1,
=4-1+6)V
=9V
You are given two converging lenses of
focal lengths 1.25 cm and 5 cm to design a
compound microscope. If it is desired to have .
a magnification of 30, find out the separation
between the objective and the eyepiece. [2]
OR
A small telescope has an objective lens of focal
length 150 cm and eye-piece of focal length 5
cm. What is the magnifying power of the
telescope for viewing distant objects in normal
adjustment ?
If this telescope is used to view a 100 m tall tower
3 km away, what is the height of the image of
the tower formed by the objective lens ?
Answer:Given,fé:Scm;f(F 1.25cmand M =-30.
Let L be the tube length (distance between the

objective and the eyepiece)
M = —_L_ (1 + _fi_]
N

[d is a constant and equals to the normal distance
of clear vision of the human eye]

L 25

Hence, -30 = - —1+—
e 1.25( 5 ]
L - 30x1.25
6
= 625cm
Hence, the tube length = 6.25 cm.
' OR

If the telescope is in normal adjustment, i.e., the
final image is at infinity.

Jfo
M= >
L
Since f, = 150 cm, f; =5 cm
M= 3
5

If tall tower is at distance 3 km from the objective
lens of focal length 150 cm. It will form its image
at distance zg. So,

1.1 1

foo v,

1 1 1
150cm  u, (~3km)
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7, 15m 3000m

3000x15 _ 4500

%= 300015 29985~ 10 ™

e I K
Magnification, mo= —=—+=-—*%
O h wu,-

h,» _1l5m _15m
100m . 3km 3000m

1.5x100 1
hi = ———=—-1m
3000 20

h; =0.05 m

10. Calculate the shortest wavelength in the Balmer
series of hydrogen atom. In which region
(infrared, visible, ultraviolet) of hydrogen
spectrum does this wavelength lie ? (2]
Answer : The formula for wavelength (A) in
Balmer series is :

1 [ 1 1 )
— =R|—=—-—=| wheren=3,4,5and
'y 22 n2 .

R =1.097 x 10°m™ is the Rydberg constant.

Now, the shortest wavelength in Balmer series

whenn=wis

1 1 1
5= 1.097 x 107 m™? x(z_z_;f)
1 7
x = 1.097 x 107 x (0.25 — 0)
1. 0.2743 x 107
A
A =3.6456 x 107
= 364.56 x 107 m
= 364.56 nm.

This wavelength lies in the visible region of the
hydrogen spectrum.
' _ SECTION -C
11. Calculate the potential difference and the
energy stored in- the capacitor C; in the

circuit shown in the figure. Given potential
at A is 90 V, C; = 20 pF, C; = 30 uF and

C3 =15 pF. [3]
® 11 1 I
e 1 i 1l I
&) Cy C =
Answer : The given capacitors are connected in
series,
1 1 1 1
. =ttt
www.f:f)sepdf.com C C1 Cz Cﬂ
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1,11
20 30 15
_3+2+4 _9 3
60 _60 20
20
C="uE
3 M

As the capacitors are connected in series, so the
charge remains same.

Q=CV=%X9O=6OOI.1C

Potential difference across Cs,

_Q
VZ_C:

600
= 3—0 =20V

Energy stored in capacitor Cz;

1
= Ecz(Vz)

N~ N~

x 30 x 107 x (20)?
x 30 x 107 x 400

=6x10737

. Find the relation between drift velocity and

relaxation time of charge carriers in a conductor.
A conductor of length L is connected to a d.c.
source of emf ‘E’. If the length of the conductor
is tripled by stretching it, keeping ‘E’ constant,
explain how its drift velocity would be affected.

{3]
Answer : All free electrons suffer collisions with
the heavy fixed ions inside the conductor. After
collisions, these electrons again emerge with
the same speed, but in random directions. So, at
given time, net velocity of the electrons is zero
ie.,

- - -

Uy + U2 + .t Upn
avg = =0
H

If the electric field established inside the
conductor, electrons get accelerated, so

¢E

a=-—

m
Now, the average velocity of all electrons is given

by

>
U

b d i e
vd = uavg - 1
No Oﬁz-’ No Login No Adversitement
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_)
¢E
Ud :0— —_T
m

where 1 is the average relaxation time.

But E=¥
- evt
i =" —
ml

1

ggoc —

{

" As the drift velocity is inversely proportional to

13

length of conductor, so the drift velocity_ would
be reduced by one third if the length of the
conductor is tripled.

State clearly how an unpolarised light gets

linearly polarised when passed through a

polaroid. [3]

(i) Unpolarised light of intensity I; is incident
on a polaroid P; which is kept near another
polaroid P, whose pass axis is parallel to
that of P1. How will the intensities of light,
I; and I, transmitted by the polaroids P; and
P respectively, change on rotating P; without
disturbing P, ?

(ii) Write the relation between the intensities Iy
and Iz.

Answer : Polaroid filters are made of a special
material that is capable of blocking of the two
planes of vibration of an electromagnetic wave,
In this sense, a polaroid acts as a device that filter
out half of the vibrations on transmission of the
light through the filter. When unpolarised light
is transmitted through a polaroid filter, it emerge
with one-half the intensity and with vibrations
in a single plane; it emerges as polarised light.

N

”~N

Polaroid

¥
Unpolarised + = Polarised
’ filter

light light
(i) When an. unpolarised light of intensity Ip is
incident on a polaroid P; of the light intensity I;
will become half of the incident intensity.
I _1:20_
and when it will pass through P5 polaroid képt
near P. whose pass axis is paralle] to that of P,

**Answers is not given due & in thy
www.cbsepdf.co% s not given due to change in epresentsyllabusét
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15.
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then, there is no change in the intensity but the
angle will change by cos? 8

I
Iz=I1c0529=-22c0529

(ii) The relation between I; and I; is given by

L

2 =cos?

I
Define modulation index. Why is its value kept,
in practice, less than one ?

A carrier wave of frequency 1.5 MHz and
amplitude 50 V is modulated by a sinusoidal
wave of frequency 10 kHz producing 50%
amplitude modulation. Calculate the amplitude
of the AM wave and frequendies of the side
bands produced.** k]|

‘A uniform magnetic field B is set up along the

positive X-axis. A particle of charge ‘q’ and mass
‘m’ moving with a velocity v enters the field at
the origin in X-Y plane such that it has velocity
components both along and perpendicular to
the magnetic field B. Trace, giving reason, the
trajectory followed by the particle. Find out
the expression for the distance moved by the
particle along the magnetic field in one rotation.
(31
Answer : If component o, of the velocity vector
is along the magnetic field, and remain constant,
the charge particle will follow a helical trajectory;
as shown in figur.
If the velocity component oy is perpendicular to
the magnetic field B, the magnetic force acts like
a centripetal force gv, B.

y

2

So quyB = moy
B

gBr

oy= —
¥ oom

B
= m:-q—r
m
= 0=

m
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Time taken for one revolution,

T 2%_2wm
® gB
[+ W =2nf]

and the distance moved along the magne’ﬂc field
in the helical path is
X = UI.T
2nm
gB
16. (a) Determine the value of phase difference
between the current and the voltage in the
given series LCR circuit.
R =400

= Uy

V=V, sin (1000 { + ¢} .= C=2pF

TOU0D

L =100mH
(b) Calculate the value of the additional
* capacitor which may be joined suitably to
the capacitor C that would make the power
factor of the circuit unity. [3]

Answer: (a) V = Vy sin (1000f + ¢)
Comparing this with V = V sin (ot + ¢)
we have,
@ = 1000
Given:L=100x10°H, R =400Q, C =2 pF
XL= oL
X = 1000 x 100 x 107 =100 Q
N N S
" oC "~ 1000x2x107°
= %xlO3
=500Q
Phase difference,
-X
tand= AL AMC
4= R
tan¢= L X > XL
we have, R=4000Q
500-100 _ 400
tng= " """ =— =1
¢ 400 400
tan¢=1
tan ¢ = tan 45°
$=45°

(b) The power factor of the circuit is umity. It
means that the given circuit is in resonance. It
www.cbsejtifRessible, if another capacitor C’ is used in
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17.

18.

the circuit.
X = XL
% = oL
oo 1 1
@?L  (1000)% x 100 x10"3
C' = 10 pF

Since C' > C, so an additional capacitor of 8 pF
would be connected in parallel to the capacitor of
C=2pF.

Write the expression for the generalized form of
Ampere’s circuital law. Discuss its significance
and describe briefly how the concept of
displacement current is explained through
charging/discharging of a capacitor in an electric
circuit, 3]
Answer : Generalized form of Ampere circuital

law :
(ﬁE}.?ﬁ=po (L:"‘%%)

It signifies that the source of magnetic field is not
just due to the conduction electric current due
to flow of charge but also due to the time rate
of change of electric field called displacement
current.
During charging and discharging of a capacitor
the electric field between the plates will change,
because of which there will be a change of electric
flux (displacement current) between the plates.
Use Huygen’s principle to show how a plane
wavelength propagates from a denser to rarer
medium. Hence verify Snell’s law of refraction.
(3]
Answer:

Incident wavefront

Medium 1

4]

Medium2 A r c

V, >V

Vz r

gLV

Refracted wavefront

In A ABC,

BC_ ut
AC  AC
AE _ oyt
AC  AC

@
In ACEA,
()

sinr =

From equetion (i) and (ii)
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19.

2L

22,

sinr AE E = ;,; (iif)
- But 1= —51—
c
M2 = —
%
B2_n (iv)
: o T
on comparing equation (iii} and (iv)
sini _Ha
sinr l-‘-_l

or Masin# =y sin i,
It is Snell's law. :
Identify the gates P and Q shown in the figure.
Write the truth table for the combination of the
gates shown. '
Ae——
B 6— X Y

Name the equivalent gate representing this
circuit and write its logic symbol.** [31]
Draw a circuit diagram of a C.E. transistor
amplifier. Briefly explain its working and write
the expression for (i) current gain, (ii) voltage
gain of the amplifier.** [3]
(a) Write three characteristic properties of nuclear
force.

(b) Draw a plot of potential energy of a pair of
nucleons as a function of their separation.
Write two important conclusions that can be
drawn from the graph. [31

Answer : (a) 1. Nuclear forces are short range

forces ;

2. Nuclear forces are primarily attractive and
extremly strong;

3. Nouclear forces are charge independent.

b)

S1004-1§
® =
23

g 2
&

)

[=4

8

o

-100-}-

(@) Describe briefly three experimentally

observed features in the phenomenon of
photoelectric effect.

www.ctiStpnfwers is not given due to change in the present syllabus5
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(b) Discuss briefly how wave theory of light
cannot explain these features. [3]

OR

(@) Write the important properties of photons
which are used to establish Einstein's
photoelectric equation.

(b) Use this equation to explain the concept of
(i) threshold frequency and (ii) stopping
potential.

Answer : (a) 1. The photoelectric effect will not
occur when the frequency of the incident light
is less than the threshold frequency. Different
materials have different threshold frequencies
and most elements have threshold frequencies
in the ultraviolet region of the electromagnetic
spectrum.

2. The maximum KE of a stream of
photoelectrons increases linearly with the
frequency of the incident light above the
threshold frequency.

3. Therateat which photoelectrons are emitted
from a photosensitive surface is directly
proportional to the intensity of incident
light when the frequency is constant.

(b) Classical wave theory cannot explain :

1. The existence of threshold frequency
because it predicts that electrons would
absorb enough energy to escape and there
would not be any threshold frequency.

2. The almost immediate emission of
photoelectrons as, according to this theory,
electrons require a period of time before
sufficient energy is absorbed by it to escape
from the metal; however, such a thing does
not happen practically.

3. It cannot explain why maximum KE
is dependent on the frequency and
independent of intensity.

OR

(a) The important property of photons that is
useful in establishing Einstein’s photoelectric
equation is their ability to hold on to the
electrons of an atom by their forces of
attraction.

(b) Einstein’s photoelectric equation states that :

Epax = hv—o
IfEnax>0thenhv—-¢>0
or hv — hvg>0
Here, vq do is the threshold frequency.
Again, loss in KE = gain in electromagnetic

PE.
or Emax = Vs
where V; represents the stopping potential.

No OTP No Login No Adversitement
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23.

24,

SECTION-D

One morning an old man walked bare-foot
to replace the fuse wire in kit kat fitted with
power supply mains for his house. Suddenly he
screamed and collapsed on the floor. His wife
cried loudly for help. His neighbour's son Anil
heard the cries and rushed to the place with
shoes on. He took a wooden baton and used it to
switch off the main supply. (4]
Answer the following questions :

(i) What is the voltage and frequency of mains
supply in India ?

(ii) These days most of the electrical devices we
use require a.c. voltage. Why ?

(iii) Can a transformer be used to step up d.c.
voltage ?
(iv) Write two qualities displayed by Anil by his
action.**
Answer : (i) The voltage and frequency of mains
supply in India are 240 V and frequency is 50 Hz.
(ii) Most electrical devices require a.c. voltage
because a.c. is available by default through the
mains supply and also because d.c., is actually
a'one-way current and is available only through
batteries. ' ‘
(iii) No, a transformer cannot be used to step-
up d.c. voltage because induced emf in the
secondary coil of the transformer is only due to
of change of magnetic flux in primary coil.

SECTION -E
(a) Define electric flux. Write its S.I. unit.

“Gauss’s law in electrostatics is true for any
closed surface, no matter what its shape or
size is”, Justify this statement with the help
of a suitable example.

(b) Use Gauss’s law to prove that electric field
inside a uniformly charged spherical shell is
zero. (5]

OR

(a) Derive the expression for the energy stored
in a parallel plate capacitor. Hence obtain
the expression for the energy density of the
electric field. _

(b) A fully charged parallel plate capacitor is
connected across an uncharged identical
capacitor. Show that the energy stored in the
combination is less than that stored initially
in the single capacitor.

%@%'ﬁ%ven due to change in the present syllabus.

Answer : (a) The electric flux through an area is
defined as the electric field multiplied by the area
of the surface projected on a plane, perpendicular
to the field. Its 5.1. unit is volimeter (Vm) or
Newton metre square per coulomb (Nm? C™).
The given statement is justified because while
measuring the flux, the surface area is more
important than its volume or its size.

(b) To prove that the electric field inside a

-uniformly charged spherical shell is zero, we

place a single positive point charge ‘" at the
centre of an imaginary spherical surface with
radius R. The field lines of this point radiate
outside equally in all directions. The magnitude
E of the electric field at every point on the surface

LI
is given by E = X—5.
8l y ane,  RZ
_)
Ateach point on the surface, E is L to the surface
and its magnitude is the same.
Thus, the total electric flux (¢g) is the product of
their field magnitude E and the A.
Hence, ég = EA
1 9 2
—— —=(4meR
dmey R (4meR")
—4 -i'-
£y

If the sphere is uniformly charged, then there
is zero charge inside the sphere, according to
Gauss's law

0

Wheng=0, ¢ =—=0
g

: OR

(a) Consider a capacitor of capacitance C. Initial
charge on capacitor is zero. Initjal potential
difference between capacitor plates is zero.
Let a charge Q be
given fo it in small
steps. When charge is
given to capacitor, the
potential  difference vy
between its plates
increases. Let at any
instant when charge
on capacitor be g,.the

+Q -Q

Vg

S 1L 11111 1\®

PRFrrr+r++\>

&
L
i

potential difference between its plates V = %
Now work done in giving an additional
infinitesimal charge dg to capacitor
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aw =V dq= L dg

The total work done in giving charge from 0 to Q
will be equal to the sum of all such infinitesimal
works, which may be obtained by integration.
Therefore, total work done. -

[~ Y o]
=

Q
W= [Vdg=]"dq
0

2] 1@t o). @
Ccl2], clz2 2) 2«

If V is the final potential difference betvi}een
capacitor plates, then Q = CV
evy? 1., 1
= ——==-CV°-==QV
w 2C 2 2 Q

This work is stored as electrostatic potential
energy of capacitor i.e.,

Electrostatic potential energy,
Q% 1 ..., 1
U = —— == CV =— V
2C 2 2 Q

Energy density : Consider a parallel plate
capacitor consisting of plates, each of area A,
separated by a distance d. If space between
the plates is filled with a medium of dielectric
constant K, then

Capacitance of capacitor, C = %

If o is the surface charge density of plates, then
electric field strength between the plates

o :

E= K_eo =0 =KgE
Charge on each plate of capacitor, Q=cA =KgE A
.. Energy stored by capacitor,

Q@ (KgEA)P

U= oCc 2 e, 47 9)
=%K80E2Ad

But Ad = Volume of space between capacitor
plates

.. Energy stored, U = % K g E? Ad

Electrostatic energy stored per unit volume,

U 1
= —=—KgE?
Ue Ad 2 0

;_[;lglrﬁ is expression for electrostatic energy density

Download All Previous Year and Sample Papers From www.cbsepdf.com

in medium of dielectric constant K.
(b) Initially, if we consider a charged capacitor,
then its charge would be
Q=CV

A——8
(]
and energy stored is
Uy = %C\ﬂ ()

Then, this charged capacitor is connected to
uncharged capacitor. '

Let the common potential be V. The charge flows
from first capacitor to the other capacitor unless
both the capacitors attain common potential.

GV
CY,
= Q1 = CVy and Qo =CV;
Applying conservation of charge,
Q= +Q=> CV=CV,+CV;
\Y
= V.= V1+V2:>V1=E['.'V1=V2]
Total energy stored,
1 2, 1 2
= —CV{ +—=CV.
Uy 5 VI LV
2 2
U, = lc(!] +lc[1]
2 2 2 2
1 2 .
= U,y = Z v .(if)
From Equations (i} and (ii), we get
U, < Uy

= Energy stored in the combination is less than
fthat stored initially in single capacitor.

. Explain, using a labelled diagram, the

principle and working of a moving coil
galvanometer, What is the function of
(i) uniform radial magnetic field, (ii) soft iron
core ?

Define the terms (i) current sensitivity and (ii)
voltage sensitivity of a galvanometer. Why
does increasing the current sensitivity not
necessarily increase voltage sensitivity ? [51

(a) Write using Biot-Savart law, the expression
f_(;r the magnetic field B due to an element

. . —> .
dl carrying current I at a distance » from it
in a vector formc OTP No Login No Adversitement
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Hence derive the expression for the magnetic
field due to a current carrying loop of radius
R at a point P distant X from its centre along
the axis of the loop.

(b) Explain how Biot-Savart law enables one
to express the Ampere’s circuital law in the
integral form, viz.,

- —
@ B.dl = }J.O:[
Where I is the total current passing through
the surface.

Answer : The basic principle of a moving coil

galvanometer is that when a current carrying

coil is placed in a magnetic field, it experiences a

torque.

When the current I is passed through the coil, the

torque experienced is given by © = NIAB sin @

Where N = No. of turns of the coil,

A = Area of the coil

B = Magnetic field and

0 = Angle between normal of coil and magnetic
field

o

T, T
03 0 0

(i) The uniform radial magnetic field is used to
make the scale linear.
(ii) The soft iron core increases the strength of
the magnetic field.
The current sensitivity is defined as the deflection
produced in the galvanometer, while passing a
current of 1 ampere. (1 amp). through it
NBA
K
The voltage sensitivity is defined as the deflection
produced in the galvanometer when a potential
difference of 1V is applied to the coil.
NBA

R

Thus, current sensitivity (%) =

Thus, voltage sensitivity (%] =
Where R is the resistance.

Increasing the current sensitivity does not
necessarily increase the voltage sensitivity as
there is an increase in the resistance as well.

OR

www.cbsepdf.com
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(a) Suppose we have a conductor of length ! in
which current 7 is flowing. We need to calculate

N
the magnetic field at a point P in vacuum. If 7dl
is one of the mﬁmtely small current element, the
magnetic field dB at point P is given by

B B B
Px @ P®

_,
r

¥ 3 6 T)

2

\¥

-
d_) idlr:r

B
4z 1

Where %]— is a proportionality constant.
T

Suppose there is a circular coil of radius R,
carrying a current 7. Let P be a point at the axis of
the coil at a distance x from the centre, at which
the field in required.

th> cost dE)

A

cﬁ) sing

v
¥

—_
aB
Consider a conducting element d! of the loop.

The magnetic field due to dl is given by the Biot-
Savart law,

- —
dB:p_oz'M’lxr[

41‘C r3
ip= Mo idl
4n (R? + x2)

The direction of dB is perpendicular to the plane
formed by dl and . It has an X-component 4B, and
a component perpendicular to X-axis, dBy. When
the components perpendicular to the X-axis are
summed over, they cancel out and we obtain null
result. Thus, only the X-component survives.

So the resultant field B atP in given by
B = [4B sin®

B = B2 1 ing
4y 2
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_ Mo iR, [-.-me:g}
B = 47 7'3]. r

But [l = 2nR and r = (R? + x)'/?
Ho 2rmiR?
4m (R? +r2)%/2
If the coil has N turns, then each turn will
contribute equally to B. Then,
oo N R?
2(x* + R2Y2
(b) According to Biot-Savart law the line integral
of the magnetic field B around any ‘closed’ path

is equal to pg times the net current I passing
through the area enclosed by the path.

— —
i.e.ggB.,zz = ol
Where g in the permeability of free space.
Ampere's circuital law in electromagnetism is
analogous to Gauss' law in electrostatics.

26. (@) Consider two coherent sources S1 and S;

producing monochromatic waves to produce
interference pattern. Let the displacement of
the wave produced by S be given by ¥; =
a cos ot and the displacement by S, be Y,
= a cos (ot + ¢). Find out the expression for
the amplitude of the resultant displacement
at a point and show that the intensity at
that point will be I = 4a? cos® ¢/2. Hence
establish the conditions for constructive
and destructive interference.

(b) What is the effect on the interference fringes
in Young's double slit experiment when (i)
the width of the source slit is increased; (i)
the monochromatic source is replaced by a
source of white light. [5]

OR

(@) A ray ‘PQ’ of light is incident on the face AB
of a glass prism ABC (as shown in the figure)
and emerges out of the face AC. Trace the
path of the ray, Show that /i + Ze = ZA + £§
- When 3 and ¢ denote the angle of deviation
and angle of emergence respectively.

A

10
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Plot a graph showing the variation of the
angle of deviation as a function of angle of
incidence. State the condition under which
Z£3 is minimum.

(b) Find out the relation between the refractive
index (p) of the glass prism and ZA for the
case when the angle of prism (A) is equal to
the angle of minimum deviation (3). Hence
obtain the value of the refractive index for
angle of prism A = 60°.

Answer : (a) Let S be a narrow slit illuminated

by a monochromatic source of light and S; and S;

two similar parallel slits very close together and

equidistant from S.

Screen

"

Displacement of the wave produced by S is
given by
Y1 =4acos ot
and the displacement of the wave produced by
5, is given by
Y2 =a cos(ot + 0)
The resultant displacement is given by
y=mi+ip2
¥=a cosot +a cos(ot + )
Yy =2g cost/2 cos{at + §/2)
The amplitude of the resultant displacement
is 22 cos¢/2. The intensity of light is directly
proportional to the square of amplitude of the
wave.
The resultant intenisity is given by
1 = 4a’cos? §/2
For constructive interference the intensity of
light at point P is maximum, if
. cos = mﬁx=+1:¢u=0,2n,4n .....
ie., -0 = 2nm wheren=0,1,2, ........

A
Path difference = . x 2HT

= uh
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For destructive interference the intensity of light
at point P is minimum, if

cos¢ = -1
o ¢ = =, 3m, 57, ......
or ¢ = 2n—1)nwheren=1,2,3......
The corresponding path difference between the
two waves '

A A A
2TE¢ Zn( = )2

(b) (i) As the width of the slits is increased, the
fringe width decreases. because,
1

P 5
(ii) The different colours of white light will
produce different interference ajp]attems but the
central bright fringes due to all colours are at
the same positions. Therefore, the central bright
fringe is white in colour. Since the wavelength of
the blue light is smallest, the fringe closed on the
cither side of the central white fringe is blue and
farthest is red. Beyond a few fringes, no clear
fringe pattern is visible.

OR
(a) Let the incident ray meet refracting face AB
of the prism at point P. Ray PQ is the refracted
ray inside the prism and & and ry are the angle
of the deviation and refraction at interface AB.
At interface AC the ray goes out of the prism.
Let ¢ be the angle of emergence. The angle of
deviation at point Q is 82 as shown in figure.

B Principal sectionof C
equilateral glass prism

Using geometry, we see that at point P,

i=8+n =i -1
and at pointQ, e =62+r2
8 =e-rp
The total deviation §, suffered by the incident
ray is equal to &; + &2.
or 6 =9, +02
=({i-r1)+{e—r2)
=(i+e)-(rn+r) (i)
‘In quadrilateral POQA, the sum of all four angle
is 360°.
P+O+Q+ A=360°
as P and Q both are right angles
P+Q=180°
O+ A=180° (i)
www.cl:b%mle POQ
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O+r +7,=180° ..(iif)
Comparing equations (ii) and (iii), we have
A=ri+nr
Substituting this value in equation (i)
d=i+e—-A
d+A=i+e (iv)

So angle of deviation produced by a prism
depends upon the angle of incidence, refracting
angle of prism, and the material of the prism.

Y
I 3

i—§curve

Angle of deviation

Bm

P~

10 20 30 40 50 60 70 80
Angle of incidence {/)
When prism is in the position of minimum
deviation,
then i=¢ and r1=r2

From equation (iv),
dy+A =i+1i
i = ®6,+A)
2
(b) by Snell's . SNl utting the value of i
andry nell's law, p = ——— puting the v ue of i
sm(A+5mm)
2
H = . A
SmE
But A = 8y
. (A+A)
sin
o2 )
H= A
sin —
2
2si A A
sinA smz.cosa-_zcosé
=T AT A 2
sin — sin =
2 2
If A = 60°
p = 2cos 60° =2 cos 30°
2
2B 3

No OTP No Login No Adversitement



CBSE 2015 Solved Paper

Physics 2015 (Delhi)

Download All Previous Year and Sample Papers From www.cbsepdf.com

SET I

Time allowed : 3 hours

SECTION-A

Define capacitor reactance, Wrtite its S.L units.

[l
Answer : Capacitor reactance is the resistance
offered by a capacitor to the flow of a.c. It is
given by

1
Xe= oC

Where @ = 2xf, f = frequency of the source

Xc= —

2nfC

o = Angular frequency of the source

C = Capacitance of the capacitor.
The SI unit of capacitor reactance is ohm ().

What is the electric flux through a cube of side 1
cm which encloses an electric dipole ? [1]
Answer : The electric flux through a cube of side
1 cm which encloses an electric dipole will be
zero, as net charge enclosed by a cube is zero.

A concave lens of refractive index 1.5 is
immersed in a medium of refractive index 1.65.

What is the nature of the lens ? (1l
Answer : Since 1, lens < p,, surroundings.

It behaves like a converging lens.

How are side bands produced 7** [1]

Graph showing the variation of current versus
voltage for a material Ga As is shown in the
figure. Identify the region of : (1]
(i) negative resistance

(ii) where Ohm’s law is obeyed.

Current |

A Voltage V —»

Answer: (i) DE is the region of negative resistance
because the slope of curve in this part is negative.
(i) BC is the region where Ohm’s law is obeyed
because in this part, the current varies linearly
with the voltage.

SECTION-B

A proton and an o-particle have the same
de-Broglie wavelength. Determine the ratio of
(i) their accelerating potentials (ii) their speeds.

L

ers is not given due to change in the present syllabus. 12
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[2]
Answer : (i) The de-Broglie wavelength of a
particle is given by
h

A=———x
J2mqV
where, V is the accelerating potential of the
particle.

It is given that
A proton = A alpha
= h = A
272V, N2magaVe

V2myqgq Ve = Vzm)’qPVP

On squaring both sides, we get

2mg qo Vo =2 My gy Vp

Vo _myq, 4m,x2g, [ m, = 4m,, and]
= Vo myg, M8y 9o =24p
_8
1
(ii) We can also write de-Broglie wavelength as
1
B 2nfC

where £ is Planck’s constant, m is mass of the
particle and v is speed of the particle.

It is given that
7\fproton = A-alpha

We know
Malpha = 4-mprot0n
h
?\-'a.lpha = 4 .
Mproton Yalpha
L h h
= NowlL, =
rnpmton vprofon 4mproton valpha
vproton -4
Ualpha

Show that the radius of the orbit in hydrogen
atom varies as #n% Where n is the principal
quantum number of the atom, [2]
Answer : According to the Bohr’s theory of
hydrogen atom, the angular momentum of a
revolving electron is given by

nh
mor =—

2n _ (i)
No OTP No Login No Adversitement
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ere, m = Mass of the electron
v = Velocity of the electron
: r = Radius of the orbit
' h = Planck’s constant
n = Principal quantum number of the
atom

If an electron of mass m and velocity v is moving
in a circular orbit of radius 7, then the ceniripetal
force required is givenby
i
F= 1"
r

Also, if the charge on the nucleus is Ze, then
the force of electrostatic attraction between
the nucleus and the electron will provide the
necessary centripetal force.

1 (Ze)e) KzZe?
- 47550 T‘Z 72
Kol
4TDBO

F=

where

mo? _ KZe* s
—= (i)
s T
nh
0= 2mmr
Putting this value in (ii), we get

From (i), we get

m n’h*  KZe’

—?‘-4n2m2r2 - r?

e n?.h?.
AP mKZe?

r o

8. Distinguish between ‘intrinsic’ and ‘extrinsic’
semiconductors. [2]
Answer:

=

=

Extrinsic
semiconductor
It is prepared by
doping a  small
quantity of impurity
atoms to the pure

semiconductor.
The number of free
electrons and holes

Intrinsic
semiconductor

1. Itis pure semicondu-
cting material with
no impurity atoms
added to it

2. The number of free
electrons in the

Dow

load-All Previcus Yearand Sample Papers-Fromwaav-cb

3.Its electrical
conductivity is a
function of tempera-
ture alone.

Its electrical
conductivity depends
upon the temperature
and the amount of

conduction - band [is never  equal
and the number|There is an excess of
of holes in valence | electrons in n-type
band is exactly | semiconductors and
equal. an excess of
holes p-type
semiconductors.

www.cbsepdf.com

impurity added in

them. to it.

9. Use the mirror equation to show that an object
placed between f and 2f of a concave mirror
produces a real image beyond 2f. [2]

OR
Find an expression for intensity of transmitted

light when a polaroid sheet is rotated between
two crossed polaroids. In which position of the

df.com

polaroid sheet will the transmitted intensity be

maximum ?

Answer:

Mirror equation is
1_1.1
f ¥ v

Where u is the distance of object from the mirror,
v is the distance of image from the mirror and
fis the focal length of the mirror.

For a concave mirror fis negative i.e. f <0, 4 <0
For a real object (on the left of mirror)

2fl<u<f
= —1~>1>l
2f  # f
1 1.1 1.1 1
2f fw f f f
1 1 1 1 1 1
B R
fof f v f f
1 1
—<=<0
= 2f<’a<
= ©v<0.Alsov>2f
. Image is real.

This implies that v is negative and greater than
2f. This means that the image lies beyond 2f.

Let us consider two crossed polarisers P; and P,
with a polaroid sheet P3 placed between them.
Let Iy be the intensity of polarised light after

passing through the first polarizer P1. If 6 is
13
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the intensity of the polarized light after passing
through P; will be I = Iy cos? 6.
As Py and P; are crossed. The angle between the
axes of P; and P> =90°. -
.. Angle between the axes of P5 and P3 = (90° - 0)
The intensity of light emerging from P, will be
given by -

I' = 1 cos® (90 - 0)

I' = [Ip cos? 6] cos? (90° — 0)

= I' = [lg cos? 0] sin’ O
= = 170(4 cos? 0 sin? 0)
= I'= Izo(z sin 8 cos 0)?
= I= Izo(sin229)

The intensity of polarized light transmitted from
P» will be maximum when
sin 20 = maximum =1

= sin20 = sin 90°
= 206 =90°
= 0 = 45°

The maximum transmitted intensity of polarised
light is
rlo
Use Kirchhoff's rule;1 to obtain conditions for
the balance condition in a Wheatstone bridge.
[2]
Answer : Let us consider a Wheatstone bridge
arrangement as shown below :
Wheatstone bridge is a special bridge type circuit
which consists of four resistances, a galvanometer
and a battery. It is used to determine unknown
resistance.
In figure four resistance P, O, R and S are
connected in the form of four arms of a
quadrilateral. Let the current
in the balanced position be I This current on
reaching point A is divided into two parts I;
and I. As there is no current in galvanometer in
balanced state, therefore, current in resistances

"Pand Qis]; and in resistances R and § it is L.

www.cbsepdf.com 14
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at point A

[-1-I=00rI=11+ I, (i)
Applying Kirchhoff’s second law to closed mesh
ABDA

~I1iP+R=0o0r ;P =R (i)

. Applying Kirchhoff’s second law to mesh BCDB

- I]Q + Izs =0or I]_Q = IzS
Dividing equation (ii) by (iii), we get

(i)

LP LR P R
LQ LS Q S
This is condition of balance Wheatstone’s bridge.
SECTION-C

Name the parts of the electromagnetic spectrum
which is :

(a) suitable for radar systems used in aircraft
navigation

{b) used to treat muscular strain

(c) used as a diagnostic tool in medicine

Write in brief, how these waves can be
produced.

Answer : (a) Microwaves are suitable for radar
systems that are used in aircraft navigation.
These rays are produced by special vacuum
tubes, namely klystrons, magnetrons and Gunn
diodes. :

(b) Infrared waves are used to treat muscular
strain.

These rays are produced by hot bodies and
molecules.

{c) X-rays are used as a diagnostic tool in
medicine.

These rays are produced when high energy
electrons are stopped suddenly on a metal of
high atomic number.

(i) A giant refracting telescope has an objective
lens of focal length 15 m. If an eye-piece
of focal length 1.0 cm is used. What is the
angular magnification of the telescope ?

(ii) If this telescope is used to view the moon.
What is the diameter of the image of the
moon formed by the objective lens ? The
diameter of the moon is 3.48 x 10°m and the
radius of lunar orbit is 3.8 x 10° m. [3]

Ansgwer : (i) Let

fo = Focal length of the objective lens = 15 m

=1500 cm

fe = Focal length of the eye lens = 1.0 cm

Angular magnification of the giant refracting
telescope is given by
o

fe
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1500
1

mo=. =1500

(ii) Diameter of the image of the moon formed
by the objective lens, d = af,
Diameter of the moon

=

~ Radius of the lunar orbit
6
= a=2288x10 1500x1072
3.8x10
= d =0.1374 m.
d =13.74 cm
. Write FEinstein’s photoelectric  equation

and mention which important features in
photoelectric effect can be explained with the
help of this equation.

The maximum kinetic energy of the
photoelectrons gets doubled when the

wavelength of light incident on the surface

changes from A; to A,. Derive the expressions for
the threshold wavelength A and work function
for the metal surface. [3]

Answer : Einstein’s photoeleciric equation is
given by :
1
Kmax= 5 mvzmax
2
Kmax=hv — o
1
or hv=hvo + 5 MV max
where

Kmax = Maximum kinetic energy of the
photoelectron
Omax = Maximum velocity of the emitted
photoelectron
- m = Mass of the photoelectron
v = Frequency of the light radiation
o= Work function
 =Planck’s constant

If vg is the threshold frequency, then the work
function can be written as

W =dp=hvg
= K., =%mvzm = v —Tvy = B(v = Vp)

The above equations explains the following

results :

1. If v < vy, then the maximum kinetic energy

is negative, which is impossible. Hence,

photoelectric emission does not take place for

the incident radiation below the threshold

frequency. Thus, the photoelectric emission can

take place if v > vq.

2. The maximum kinetic energy of emitted
hotoelectrons is direcily proportional to the

www.ctPsepdf.com
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that maximum kinetic energy of photoelectron
depends only on the frequency of incident light
not on the intesity According to the photoelectric
equation,

L

Koax =Emv max = v —dg

h
Kpax = ﬁ—% ..(i)

Let the maximum Kkinetic energy for the
wavelength A, be K.

he
Ky =
2 =%, $o
K2=2K;

From (i) and (ii), we have

E“‘l’o =2[E—¢0]

...(1i)
(given)

A'2 ;"1

= (])ozhC[i*—%—']
MRy

= kVo—hC ’E‘—‘—l‘
MM

c_J2_1

= Ao MM
(2 1

= Ao \M A
2h, =2

Work function is the energy required to eject a
photoelectron from the metal.

w= fe
Ao
B e )
AAy

In the study of Geiger-Marsdon experiment on
scattering of a-particles by a thin foil of gold,
draw the trajectory of a-particles in the Coulomb
field of target nucleus. Explain briefly how one
gets the information on the size of the nucleus
from this study.
From the relation R=Rg AY3, where Ry is constant
and A is the mass number of the nucleus, show
that nuclear matter density is independent of A.
[3]
OR
Distinguish between nuclear fission and fusion.
Show how in both these processes energy is
released. Calculate the energy release in MeV
in the deuterium-tritium fusion reaction :
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2H+3H - JHe + '
Using the data:

m({H)=2.014102u
m ($H)=3.016049u
m (3He) = 4.002603u

mn = 1.008665u

1u = 931.5 MeV/c?
Answer:

Trajectory of a Particles in Coulomb Field
of Target Nucleus

\
a
Ny 0 <180°

Atomic
nucleus

ry¥yyvwy

o
%

Incident a particles
W N = N W

A 2 4

L

Q

oM
-

From this experiment, the following is observed :

1. Most of the alpha particles pass straight through
the gold foil. It means that they do not suffer any
collision with gold atoms. :

2. About one alpha particle in every 8000 alpha
particles deflects by more than 90°.

As most of the alpha particles go undeflected and
only a few get deflected, this shows that most of
the space in an atom is empty and at the centre of
the atom, there exists a nucleus. By the number
of the alpha particles deflected, the information
regarding size of the nucleus can be known.

If m is the average mass of a nucleon and R is
the nuclear radius, then mass of nucleus = mA,
where A is the mass number of the element.

Volume of the nuc__leus, V= %‘rtR?’

Given R =RgAl/3
_4 17333
V—gn(ROA )

=
R V=ZnR3A
Density of nuclear matter, p= *"LA

. - %ZI:?A

**Answers is not given due to change in the present syllabus.
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= p=

» AnR¢

This shows that the nuclear density is
independent of A.

OR

Nuclear fission :Nuclearfissionisadisintegration
process, in which a heavier nucleus gets split up
into two lighter nuclei, with the release of a large
amount of energy.

92U + gn' > 5sBa'¥! + 3K1™ + 31! + Q
Here, the energy released per fission of U™ ig
200.4 MeV.

Nuclear fusion : When two or more light nuclei
combine to form a heavy stable nuclide, part of
mass disappears in the process and is converted
into energy. This phenomenon is called nuclear
fusion. ‘

H'+H 5 (H2 + ¢ + v +0.42 MeV
12 + {H? = ;He® + gn! + 327 MeV
1H? + 1H2 — 1H? + 1H! + 4.03 MeV
Energy released in this process

H+ iH — 3He +,n'

S Am o= (2014102 + 3.016049) — (4.002603 +
1.008665)
=0.018883 u
Energy released, Q = 0.018883 x 931.5 MeV /2
= 17.589 MeV
Draw a block diagram of a detector for AM
signal and show, using necessary processes and

the waveforms, how the original message signal
is detected from the input AM wave,** [3]

Answer :

A cell of emf ‘E’ and internal resistance ‘r’ is
connected across a variable load resistor R.
Draw the plots of the terminal voltage V versus
(i) R and (ii) the current i,

It is found that when R =4 (), the currentis 1 A
when R is increased to 9 (), the current reduces to
0.5 A, Find the values of the emf E and internal
resistance r. [3]
Answer:

(i)Graph between terminal voltage (V) and
resistance (R) :

.
Ll

R—»
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(ii) Graph between terminal voltage (V) and
current (I) :

?

n
'§
=
>
I (A)
(ii) WhenR=4Qand I=1A
We know, '
Terminal voltage, V=E-Ir
So, we have
V=IR=4=E-TIr
E-r=4 . (@)
WhenR=9QandI=05A
V=IR=05%x9=E-0.5r
E-05r=45 .(ii)
Subtracting (i) from (ii), we get
E-05r-E+r=45~4
0.5r=05
r=1Q
Substituting value of r in (i)
E-1=4
E=5V

Thusr=1Qand E=5V.

Two capacitors of unknown capacitances C;
and C; are connected first in series and then in
parallel across a battery of 100 V. If the energy
stored in the two combinations is 0.045 J and
0.25] respectively, determine the value of C; and
Cz. Also calculate the charge on each capacitor in
paraliel combination. [3]
Answer : When the capacitors are connected in
parallel.

Equivalent capacitance, C, = C1 + C2

The energy stored in the combination of the
capacitors,

1

_ 2
E, = —2—CPV
= 1 2
EP =E(C1 + Cz)(100 ) = 0.25]
= (C,+C;)=5x10" ()

When the capacitors are connected in series.
Equivalent capacitance,

www.cbsepdf.com
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The energy stored in the combination of the
capacitors,

E, =1C5V2
1 ¢C
= E, =——2_(100)% = 0.045
2 C+G T +c, 100 ]
= ; 5C11C2 (100)% =0.045] [ ¢1 + c2 =5 x 10%]
= C1Cy=0.045x104x5x10%%x2=45x10"10
(id)
(C1-Cp)? = (C1+ C2)?-4C1Co
= (Cl-Cz)—\/7x10_10 =2.64x107°
{using (i) & (jii)]
Now, C;-Cp=2.64 x 107° ..(i)

Solving (i) and (iii), we get
C; =382 pFand Cp = 11.8 pF
When the capacitors are connected in parallel,

the charge on each of them can be obtained as
follows :

Q1=C1V=382x10°%x100=38.2x 10*C
Q=CV=118x10%x 100 =118 x 10*C

State the principle of working of a galvanome-
ter. A galvanometer of resistance G is converted
into a voltmeter to measure upto V volts by con-
necting a resistance R, in series with the coil. If a
resistance R; is connected in series with it, then it
can measure upto V/2 volts. Find the resistance,
in terms of R; and Ry, required to be connected to
convert it into a voltmeter that can read upto 2 V.
Also find the resistance G of the galvanometer in
terms of R; and Ro. [3]
Answer : Principle : When a current-carrying
coil is placed in a magnetic field, it experiences a
torque. From the measurement of the deflection
of the coil, the strength of the current can be
computed. A high resistance is connected in
series with the galvanometer to convert it into
voltmeter. The value of the resistance is given by
R= 1 -G
Tg

Here,
V = Potential difference across the terminals of
the voltmeter

Iy = Current through the galvanometer
G = Resistance of the galvanometer
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When the resistance R; is connected in series
with the galvanometer.

V=TI (G +Ry)
When the resistance R, is connected in series
with the galvanometer’

};— =L{G+Ry)
. 2= G+R;
G+R,
G=R;1-2R;

Let R3 be the resistance required for conversion
of galvanometer into voltmeter of range 2V

2V = [ (G +Rg)

Also V=L(G+Ry)
2= G+R,4
G+R,

S Rg=G+2R; =Ry -2R; +2R;1 =3R; - 2R3

With what considerations in view, a photodiode
is fabricated ? State its working with the help of
a suitable diagram.

Even though the current in the forward bias is
known to be more than in the reverse bias, yet
the photodiode works in reverse bias. What is
the reason ? [3]
Answer : A photodiode is used to observe
the change in current with change in the light
intensity under reverse bias condition.

In fabrication of photodiode, material chosen
should have band gap 1.5 eV or lower so that
solar conversion efficiency is better. This is the
reason to choose Si or GaAs material.

Working : It is a p-n junction fabricated with a
transparent window to allow light photons to
fall on it. These photons generate electron hole
pairs upon absorption. If the junction is reverse
biased using an electrical circuit, these electron
hole pair move in opposite directions so as to
produce current in the circuit. This current is
very small and is detected by the microammeter
placed in the circuit.

L T

**Answers is not given due to change in the present syllabus.
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;> 1> L,> 1, | (mA)
R.B.
|‘1 V-
]2
]
Iy 1 (uA)

I-V characteristics of photodiode
for different illumination intensities

A photodiode is preferabiy operated in reverse
bias condition. Consider an #-type semiconductor.
Its majority carrier (electron) density is much
larger than the minority hole density ie.
> > p. When illuminated with light, both types
of carriers increase equally in number
n=n+An; p'=p+Ap
Now n>>pand An = Ap

n P
That is, the fractional increase in majority
carriers is much less than the fractional increase

" in minority carriers. Consequently, the fractional

20.

21.

change due to the photo-effects on the minority
carrier dominated reverse bias current is more
easily measurable than the fractional change
in the majority carrier dominated forward bias
current. Hence, photodiodes are preferably used
in the reverse bias condition for measuring light
intensity.

Draw a dircuit diagram of a transistor amplifier
in CE configuration.

Define the terms :

(i) Input resistance and (ii) Current amplification

factor. How are these determined using typical

input and output characteristics?** [31

Answer the following questions : [3]

(@ In a double slit experiment using light of
wavelength 600 nm, the angular width of
the fringe formed on a distant screen is 0.1°,
Find the spacing between the two slits.

(b) Light of wavelength 5000 A propagating
in air gets partly reflected from the surface
of water. How will the wavelengths and
frequencies of the reflected and refracted
light be affected ?

Answer : (a) Angular width (8) of fringe in

double-slit experiment is given by g = A

Where d = Spacing between the slits.

Given : Wavelength of light, A = 600 nm

Angular width of fringe,
0 = 0.1°= 0.1x —— rad = 0.0018 rad
180
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Y 9
d=-6—%= 33.33x107°
18x10

= d = 033x10°m
(b) The frequency and wavelength of reflected
wave will not change.
The refracted wave will have same frequency,
only wavelength will change.
The velocity of lighot in water is given by
v=MAf
v = Velocity of light

f = Frequency of light

A = Wavelength of light
As light ray in travelling from rarer (air) medium
to denser medium, its speed will decrease. Hence
wavelength (A) will also decrease.
An inductor L of inductance X; is connected
in series with a bulb B and an ac source. How
would brightness of the bulb change when
(i) number of turn in the inductor is reduced.
(ii) an iron rod is inserted in the inductor and
(iii) a capacitor of reactance X¢ = Xy is inserted in
series in the circuit. Justify your answer in each
case. (31

where,

Answer:
L @me
\Z/

(i) When the nun?]:er of turns in the inductor is
reduced, its reactance X;, decreases. The current
in the circuit increases and hence brightness of
the bulb incredses.

(ii) When an iron rod is inserted in the inductor,
the self inductance increases. Consequently,
the inductive reactance Xy = oL increases. This
decreases the current in the circuit and the bulb
glows dimmer.

(iii) With capacitor of reactance Xc=Xi, the

impedance

Z=RZ+(X - Xc)? =R

becomes minimum, the current in circuit
becomes maximum. Hence, the bulb glows with
maximum brightness.

**Answers is not given due to change in the present syllabus.
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SECTION-D

A group of students while coming from the school

noticed a box marked “Danger H.T. 2200 V” at

a substation in the main street. They did not

understand the utility of such a high voltage,

while they argued the supply was only 220 V.,

They asked their teacher this question the next

day. The teacher thought it to be an important

question and therefore, explained to the whole
class. ]

Answer the following questions :

(i) What device is used to bring the high voltage
down to low voliage of a.c. current and what
is the principle of its working ?

(ii) Is it possible to use this device for bringing
down the high dc voltage to the low voltage?
Explain.

(iii) Write the values displayed by the students
and the teacher.**

Answer : (i) The device that is used to bring high
voltage down to low voltage of an a.c. currentis a
transformer. It works on the principle of mutual
induction of two windings or circuits. When
current in one circuit changes, emf is induced in
the neighbouring circuit.
(ii) The transformer cannot convert d.c. voltages
because it works on the principle of mutual
induction. When the current linked with the
primary coil changes the magnetic flux linked
with the secondary coil also changes. This change
in flux induces emf in the secondary coil. If we
apply a direct current to the primary coil the
current will remain constant. Thus, there is no
mutual induction and hence no emf is induced.

SECTION-E

(a) State Ampere’s circuital law. Use this law
to obtain the expression for the magnetic field
inside an air cored toroid of average radius,
having ‘n’ turns per unit length and carrying a
steady current I

(b) An observer to the left of a solenoid of N
turns each of cross section area A observes that
a steady current I in it flows in the clockwise
direction. Depict the magnetic field lines due to
the solenoid specifying its polarity and show that
it acts as a bar magnet of magnetic momentum

M = NIA. [51-
A,"’-.'*" 3 ™ ) -
L
IURVAVAY A
OR
(2) Define mutual inductance and write its S.L
units.

(b) Derive an expression for the mutual
inductance of two long co-axial solenoids of
same length wound one over the other.
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(c) Inan experiment two coils ¢; and c; are placed
close to each other. Find out the expression
for the emf induced in the coil ¢; due to a
change in the current through the coil c,.

Answer (@) Ampere’s circuital law in

electromagnetism is analogous to Gauss’ law

in electrostatics. This law states that “The line

integral of resultant magnetic field along a

closed plane curve is equal to 1 time the total

current crossing the area bounded by the closed
curve provided the electric field inside the loop

remains constant. Thus $B4! =pgl,,. where py
is permeability of free space and Lep.. is the net
current enclosed by the loop.

A toroid is a hollow circular ring on which
a large number of turns of a wire are closely
wound. Consider an air-cored toroid (as shown
below) with cenire O.

. lli‘r’

Given: r = Average radius of the toroid
I = Current through the solenoid

n = Number of turns per unit length

To determine the magnetic field inside the toroid,
we consider three amperian loops (loop 1, loop 2
and loop 3) as shown in the figure below,

—
e ",
- ~
s,

,

.,
*

~,

Ve,

+
o’

QT B

Loop 1

e
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~ Locp 2
A— Loop 3

y
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¥
I
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o

]
—

According to Ampere’s circuital law, we have
- =
$ B.dl =pg Lenc (Total current)

Total current for loop 1 is zero because no current
is passing through this loop

So, for loop 1

=+ -
$B.dl = pg (Total current)

For loop 3
According to Ampere’s circuital law, we have

= >
$B.dl=MHo (Total current)

Total current for loop 3 is zero because net
current coming out of this loop is equal to the
net current going inside the loop.

For loop 2: ‘
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The total current flowing through the toroid is
NI, where N is the total number of turns

- —
$B.dl =0 = o (NT) (1)

- -
Now, Band 4l are in the same direction

$B.dl =B4dl

- > "
= ¢ B.dl =B(2rr) (i)
Comparing (i) and (ii), we get
B(2nr) = ug NI
N B = HoNI
2nr
Number of turns per unit length is given by
N
n=—
2nr
B = uonl

Th15 is the expression for magnetic field inside
air-cored toroid.

(b) Given that the current flows in the clockwise
direction for an observer on the left side of the
solenoid. This means that left face of the solenoid
acts as south pole and right face acts as north
pole. Inside a bar magnet the magnetic field
lines are directed from south to north. Therefore,
the magnetic field lines are directed from left to
right in the solenoid.

Magnetic moment of single current carrying
loop is given by m' = 1A

where I = Current flowing through the loop

A = Area of the loop '

So, Magnetic moment of the whole solenoid is
givenby

M =Nm'=N(IA)

OR

(a) Mutual inductance is the property of two coils
by the virtue of which each opposes any change
in the value of current flowing through the other
by developing an induced emf. The SI unit of
mutual inductance is henry and its symbol is H.
(b) Consider two long ‘solenoids $; and 5, of
same length [ such that solenoid S, surrounds
solenoid S; completely.

BB

s, [&—/—>

Let:
= Number of turns per unit length of $;

nz = Number of turng perumit length,of Sz sitement
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assed through solenoid 5
¢21 = Flux linked with S; due to current flowing
through $;
$21 Iy
¢21= My
where M»; = Coefficient of mutual induction of
the two solenoids
When current is passed through solenoid S, an
emf is induced in solenoid S,.
Magnetic field produced inside solenoid S; on
passing current through it is given by

By = pomly
Magnetic flux linked with each turn of solenoid

Sz will be equal to By ’ames the area of cross-
section of solenoid S;.

Magnetic flux linked with each turn of the
solenoid ¢z = B1A
Therefore, total magnetic flux linked with the
solenoid S, is given by

¢21=B1A = ugm 1A
_ Noty

where N is total number of turns wound over
the secondary coil.
. Mz1 = ppmNaA
Slmjlarly the mutual inductance between the
two solenoids when current is passed through
solenoid S; and induced emf is produced in
solenoid 5 is given by
M2 = poN1n2A

where N; total numbers of turns wound over
primary coil.
(0} Itis found that,

pecl

$=MI
Where, | is the strength of current in coil 2, and ¢
is the total amount of magnetic flux linked with
coil 1.

E.m.f; induced in neighbouring coil C; is,

]

dt
__dmMn  mdl
T dt dt

25. (@) A point object ‘0" is kept in a medium

of refractive index n in front of a convex
spherical surface of radius of curvature
R which separate the second medium of
refractive index n; from the first one as
shown in the figure.
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owing the image
formation and deduce the relationship
between the object distance and the image
distance in terms of n, 7, and R.

n
1
ny

e

When the image formed above acts as a
virtual object for a concave spherical surface
separating the medium n; from n; (nz > n,)
draw this ray diagram and write the similar
(similar to (a)) relation. Hence obtain the
expression for the Lens Maker’s formula. [5]
Answer : (a) Let a spherical surface separate a
rarer medium of refractive index n; from second
medium of refractive index 7. Let C be the centre
of curvature and R = MC be the radius of the
surface.

(b)

Q-u-»\%

Consider a point object O lying on the principal

axis of the surface. Let a ray starting from O

incident normally on the surface along OM and

pass straight. Let another ray of light incident on

NM along ON and refract along NI

From M, draw MN perpendicular to OL

The above figure shows the geometry of

formation of image I of an object O and the

principal axis of a spherical surface with centre of

curvature C and radius of curvature R.

Let us make the following assumptions :

(i) The aperture of the surface is small as
compared to the other distance involved.

(ii} The object consists only of a point lying on
the principal axis of the spherical refracting
surface.

MN
tan Z/NOM = ——
oM
tan sNCM M
M
MN
tan ZNIM =

For ANOC, i is the exterior angle.

i=/NOM + ZNCM
For small angles tani =i,
MN MN

1= 'O—M + E ...(1)

Similarly, r = ZNCM - /NIM

No OTP No Login No Adversitement
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_MN_MN -
MC MI

By Snell’s law,
nsini=nysinr
For small angles,
nii =nor
Substituting the values of i and r from (i) and (ii),
we obtain

+ —
OM = MC MC M
o P _Mmom
OM MI MC woo(id}

" (one e )i )

or,

Applying new Cartesian sign conventions, we
get

OM=-uy Mi=+7,MC=+R
Substituting these values in equation (iii), we
obfain

M _Mm_M-h (iv)

(b)

Now the image I acts as virtual object for the
second surface that will form real image at I
As refraction takes place from denser to rarer
medium
T M _mh—h
+ —=
o 2’ R ...(V)

1
Adding (iv) and (v) we get { ' 4ng, ]
m_m_ 1 1
-2 )| 3|

o R R
%= (ma1 ‘1){%‘%}

o m 1 11
Y
1

26. (a) An electric dipole of dipole moment

P consists of point charges +4 and - g
separated by a distance 24 apart. Deduce the
expression for the electric field E due to the
dipole at a distance x from the centre of the
dipole on its axial line in terms of the dipole
moment p. Hence show that in the limit

,_)
—2p
4TESUX3

x>>a,]_-l'—)
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) Given the electric field in the region E=
2 £1, find the net electric flux through the
cube and the charge enclosed by it. [5]

AY

X a

OR

(@) Explain, using suitable diagrams, the
difference in the behaviour of a (i) conductor
and (ii) dielectric in the presence of external
electric field. Define the terms polarization
of a dielectric and write its relation with
susceptibility.

(b) A thin metallic spherical shell of radius
carries a charge Q on its surface. A point

charge % is placed at its centre C and
another charge +2Q is placed outside the
shell at a distance x from the centre as shown
in the figure, Find (i) the force on the charge
at the centre of shell and at the point A, (if)
the electric flux through the shell.

A
g 2Q

Answer : (a) Electric field at a point on the axial
line

kg
Ei|=
= kg
E-;l=
B s
" X
S < b
-q > +q _bd—.—b
P E., T
2a
- > - kq kq
=Ey—Eq4
(x d) (x+a)
- 4ax
= |E|=?;2_3
(+*-a?)
> 2%kpx o
Ez(xz—a)z (Parallel top) [ P—Z“q:l
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>
2p
475505(3 ._

-
Ifx>>q E=

1

_’
In vector form, F = _ZP_B k= y—

4dregx
(b) Since, the electric field is parallel to the faces
and parallel to xy and xz planes, the electric flux
through them is zero.

‘Electric flux through the left face
o1, = (Ep) (4°) cos 180°
= (0) (@) cos 180°=0
Electric flux through the right face,
or = (ER) (@) cos 0°
=(22) (@) x 1
=24
Total flux(¢) = 24° =
‘. fenclosed = 245 N
OR
(a) (i) Conductor :
Let Eg = external field, and

En= internal field created by the redistribution of
electrons inside the metal.

When a conductor like a metal is subjected to
external electric field, the electrons experience a
force in the opposite direction collecting on the
left hand side.

A positive charge is therefore induced on the
right hand side. This creates an opposite electric
field (E,;) that balances out (Ep).

.. The net electric field inside the conductor
becomes zero.

Download All Previous Year and Sample Papers From www.cbsepdf.com

- +
- e +
- Moetal +
~|e +
- En +
%,
(ii) Dielectric:
<D D | .
+— +— 7 Intemnal electric fisld
<D W
+—— «—

Es
When an external electric field is applied, dipoles
are created (in case of non-polar dielectrics). The
placement of dipoles is as shown in the given
figure. An internal electric field is created which
reduces the external electric field.

Polarization of dielectric (P) is defined as the
dipole moment per unit volume of the polarized
dielectric.

Where y, = Susceptibility
E = Electric field

(b) (i) Net force on the charge Q , placed at the
centre of the shell is zero. 2

Net Force on charge 2Q kept at a point A

1(3’9-) Q0
F=Ex2Q=_\2 = #3Q
4T|:sar2 r?
(i) Electric flux through the shell,
o= Q [ o= (ler-lclosed ]
2¢

o

Physics 2014 (Outside Delhi) SET 1
Time allowed : 3 hours Maximum marks : 70

1. Using the concept of force between two infinitely 2. To which part of the eleciromagnetic spectrum

long parallel current carrying conductors, define
one ampere of current. [1]
Answer : One ampere is the current which
when flowing through each of the two parallel
uniform long linear conductors placed in free

does a wave of frequency 5 % 10'° Hz belong ?

' 1]
Answer : The frequency 5 x 10! Hz lies in the
gamma regiori of the electromagnetic spectrum.

space at a distance of one metre from each other 3. What is the force between two small charges of

will attract or repel each other with a force of 2 x1077Cand 3 x 1077C placed 30 cam apart in air?

2 x 107 N per metre of their length. ' 1]
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SET I

Maximum marks : 70

Physics 2016 (Outside Delhi)

Time allowed : 3 hours

SECTION — A

4. Why does sun appear red at sunrise and sunset?

A charge ‘g’ is moved from a point A above
a dipole of dipole moment ‘p’ to a point B
below the dipole in equatorial plane without
acceleration. Find the work done in the process.

[1]

B

Answer: Work done, W=g(V;-V, ) =gx0=0
In what way is the behaviour of a diamagnetic
material different from that of a paramagnetic,
when kept in an external magnetic field ?  [1]
Answer: The magnetic field lines pass through the
paramagnetic material while the magnetic field
lines move away from the diamagnetic material.
or paramagnetic material get aligned along B and
dianegnetic aligied perpendicular to B.

Name the essential components of a communica-
tion system. (1l
Answer : The essential components are :
Transmitter, communication channel and receiveﬁ.

www.cbsepdf.com

[1]
Answer : Sun appears red at sunrise and sunset
due to the least scatiering of red light as it has the
longest wavelength.
The plot of the variation of potential difference
across a combination of three identical cells in
series, versus current is shown below. What is
the emf and internal resistance of each cell ?

[1]
A

6V

V4

A 4

0 1A 1

Answer:
We know that,
V = E-Ir
Where E is the e.m.f. and 7 is the total internal
resistance.

When I = OI
Total emf = Terminal voltage
3E=6V

emf. of eachcell E=2V
of cell l%o OTP No Login No Adversitement
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When =0

=1Ir

<
1

TotalEm.f 6
— =7 =60
As the cells are connected in series. So, the internal

resistance of each celi = 2Q.

r =

SECTION—B

Define modulation index. Why is it kept low ?
What is the role of a bandpass filter 2** [2]

A ray PQ incident normally on the refracting

face BA is refracted in the prism BAC made of

material of refractive index 1.5. Complete the

path of ray through the prism. From which face

will the ray emerge ? Justify your answer.
A

[2]

B
Answer:
We know that,
1
= sinC

Where, n = Refractive index

C = Critical angle.
So, sinC = 1/r=1/1.5=10.667

sin C = sin41°49’

C = 41°49

C > 30°
Angle on face AC. which as greater than incident

A

B

www DS

Cig rﬁot given due to change in the present syllabus.
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Thus, the light ray PQ will emerge out from face
AC. ‘ .
Calculate the de-Broglie wavelength of the
electron orbitting in the # = 2 stage of hydrogen
atom. [2]
Answer : The velocity of an orbitting electron,

Zc
U = 137n
Where, ¢ = Speed of light in vacuum.
1x3x108
oot 6
So, 7] 137 x2 1.09 x 10° m/s.

The de-Broglie wavelength, A = h/mv
Where h is Planck’s constant = 6.6 x 1073 Js
and mass of electron = 9.1 x 107 kg
So, A = 6.6x107%%/(9.1 x 101 x 1.09 x 10)
= 6.65x 107 m™*
Define ionization energy.
How would the ionization energy change when
electron in hydrogen atom replaced by a particle
of mass 200 times that of the electron but having
the same charge? [21
OR
Calculate the shortest wavelength of the spectral
lines emitted in Balmer series. [Given Rydberg
constant, R= 107 m™]
Answer : Ionization energy is defined as the
amount of energy needed to remove the valence
electron of an isolated gaseous atom.
The ionization energy of hydrogen atom is
Eyy = m, w(d)
When mass of electron is replaced by a particle
having mass = 200 m,, then
Ej; o 200m, (i)
From (i) and (ii), we have
Ej;= 200E,;=200x (-13.6) =—2720eV

(o< By =— 13.6eV)
OR

For Balmer series, wavelength is given by :
1 _ R[1/22-1/n?

Where, n=3,4,5
For shortest wavelength, n = o

1 1
7 | —
4]

= 4 x 107 m.

A battery of emf 12 V and internal resistance
2 Q is'connected to a 4 Q resistor as shown in the

figure.- (21

(a) Show that a voltmeter when placed across the
cell and across the resistor, in turn, gives the
same reading.

(b) To record the voltage and the current in the

circuit, why is voltmeter placed in parallel
and ammeter in series in the circuit ?

So,

Il

- P =
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12V, 20

40

AN —
A

Answer : We know that,
(a) Effective resistance of the circuit Ry=6Q

LnI=—=—=2A
6

Terminal potential difference across the cell
can be calculated as,
V=E-Ir=12-2%x2=12-4=8V
Also, Potential difference across 49 resistor
can be calculated as
" V=IR=2x4=8V.
So, a voltmeter when placed across the cell and
across the resistor, gives the same reading.
{b) An ammeter is connected in series because
it has very low resistance. So, when, an
amrneter is connected in series, then there
is not much increase in the resistance of the
circuit and hence the current through the
circuit unchanged.
A voltmeter is connected in parallel because
it has very high resistance. So, it draws a very
small current from the circuit.

SECTION—C

11. Define an equipotential surface. Draw equipo-

tential surfaces : [3]

() in the case of a single point charge and

(ii) in a constant electric field in Z-direction.
Why the equipotential surfaces about a
single charge are not equidistant ?

(iii) Can electric field exist tangential to an

‘equipotential surface ? Give reason.
Answer : An equipotential surface is the surface
which has same potential at its every point.

(D)

Download All Previous Year and Sample Papers From www.cbsepdf.com

(i)
A

/

4 Al
AlA A A

The electric field due to single charge is not
constant, this is the reason why the
equipotential surfaces about a single charge
are not equidistant and potential vary

1
inversely with radius i.e,, V x ~

. (iii) No, electric field cannot exist !c'angential to

an equipotential surface. If it happen then a
charged particle will experience a force along
the tangential line and can move along it. As
a charged particle can move only due to the
potential difference i.e., along the direction
of charge of potential, this contradicts the
concept of an equipotential surface.

. (i} State law of Malus.

(ii) Draw a graph showing the variation of
intensity (I) of polarised light transmitted
by an analyser with angle (0) between

polariser and analyser.
(iii) What is the value of refractive index of a
medium of polarising angle 60°? [3]

Answer : (i) Malus discovered that when a
beam of completely plane polarized light is
passed through the analyser, the intensity ‘I’ of
transmitted light changes directly as the square of
the cosine of the angle 6 between the transmission
directions of polarizer and analyzer.

This is known as the law of Malus.
I < cos?8
or I = I,cos*8

Where, 1 is the maximum intensity of the
transmitted light.
No OTP No Login No Adversitement
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A
100

50+

Variation of intensity (I)

T | >
500° 1000°
Angle (0) between polariser and analyser

(iii) From the Brewster’s law of polarization :
n = tan Y
tan 60°
J3
1.7320
Thus, the refractive index of the material is 1.73.

il

I

Il

13. Sketchthe graphs showing variation of stopping

potential with frequency of incident radiations
for two photosensitive materials A and B having
threshold frequencies v, > vg. [3]
(i) Inwhich case is the stopping potential more
and why ?

(ii) Does the slope of the graph depend on the

nature of the material used ? Explain.

Answer:

A
Stopping Metal B Metal
Potential etal B Metal A
(Vo)
VB VA
0 . 7 >
7 ,f' Frequency of Incident
L Radiation (v)
II
I
[
’I
s
(i) We know that,
P
Vo= — (v—V,
0 e ( ‘0)

For the same value of v, stopping potential
is more for which threshold frequency (v;) is
less.

www.cbsepdf.com
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Therefore, threshold frequency for metal B is
less than the threshold frequency for metal A.
Hence, stopping potential is more for metal B.

(i) No, the slope of the graph tells us the value of
h/e which is same for both the materials. So, it
does not depend on the nature of the materials.

(a) Write the basic nuclear process involved in

the emission of B* in a symbolic form, by a
radioactive nucleus.

(b) In the reactions given below :

M C— yBTX+v
(i) 2C+ ZC— %Ne+ jHe

Find the value of x, y, zand 4, b, c. [3]
Answer : (a) In ff*-decay, the atomic number 1
the radioactive nucleus decreases by one and its
mass number remains same. In this process, a
positron (¢*) and a new particle neutrino (v) are
emitted from the nucleus.

Generally, X — z 3Y +e* + v

k) () 3C— §B+x+v

%IC—a §1B+[1’ﬁ + Vv
The corresponding y and z are 5 and 11,
respectively. The x is the positron.

£ C+ g€ PNe+ jHe

= 2 C+ PCo 2Ne + 3He

(i)

The corresponding values of 4, b, care 10, 2
and 4, respectively.

. () Derive an expression for drift velocity o

free electrons. ‘
(ii) How does drift velocity of electrons in a
metallic conductor vary with increase in
temperature ? Explain. 131
Answer ; (i) Consider a conductor in which an
electric field E is produced. Let a free electron
experience a force (—¢E) in this electric field. So,
the acceleration of free electron is
a=F/m=—E/m

E

—) 5o

—

Iy

fal

Here, e = Charge on electron.
m = Mass of an electron.

()
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interval ¢, is,
v = uy+at;
For n free electrons, the fmal velocities be v,,
Ugoor T,
So, the average velocity of the free electrons or
the drift velocity
([ +oy+ U3+ 1)
a- n
(uy +aty +uy +aty +...+u, +at,)

or ' U,=
4 n
[(1 +uy +...+uy)+(aty +aty +..+at,)]
or uv;=
n
[( +1p +.tuy)+ally + 1+ + 1y,)]
or o=
n
{ug +up +.+u
But, 4y n) = average initial velocity

n
of free eléctrons = 0.
and (tl +t2 +...+tn)

n
between two consecutive collision = 1

where 7T is relaxation time.

= average time taken

So, v, = at
_)
or, v, = —¢E_ [ from (i)]
m
This is the required relation.

(ii) The drift velocity of free electrons in a
metallic conductor decreases with increase
in temperature. because, if we increase the
temperature of the metallic conductor the
collision between the electrons and ions
increases, which decreases relaxation time.
Hence, drift velocity decreases. '

(i) When an AC source is connected to an

ideal inductor show that the average power

supplied by the source over a complete cycle
is zero,

(ii) A lamp is connected in series with an
inductor and an AC source. What happens to
the brightness of the lamp when the key is
plugged in and an iron rod is inserted inside
the inductor ? Explain. [3]

L Lamp

T Y
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source over a complete cycle is
P, = E L0850

When the circuit contains an ideal inductor, then
the phase difference between the current and
voltage is 7/2.

So, § = m/2. S0, cos ¢ =cos 1/2=10.

Hence P = 0.

So, when an ac source is connected to an ideal

inductor, the average power supplied by the
source over a complete cycle is zero.

A

(ii) The brightness of the lamp will decrease.
When the key is plugged in and the iron rod
is inserted inside the inductor, it increases-
the inductance. Hence, the reactance of
the inductor (X; = wL) increases. So, the
impedance of the circuit (Z = R + joL)
increases, which decreases the current in the
circuit.

(i) Explain with the help of a diagram the

formation of depletion region and barrier

potential in a p-n junction. '

(ii) Draw the circuit diagram of a half wave
rectifier and explain its working, {31

Answer : (i) During the formation of p-n
junction, the holes diffuse from p-type
semiconductor to the n-type, and electrons
diffuse from n-type to p-type. This is because
of the concentration gradient across p-side and

n-side.
o Vg Electron
R el n |
o Y o OO[@®) 0o ©° o
.°°° CRSIORC) '°°°
o , [|0O@® o
o ° ©0e SRS ° o
o ) OO®E °°
-« |
: Depletion
Electron layer Hale

When a hole diffuse from p to # type, it leaves
an unmovable negative charge. Similarly,
when an electron diffuses from # to p type, it
leaves an unmovable positive charge. When
the diffusion of holes and electrons takes place
continuously across the junction, a layer of
unmovable positive and negative charges
are developed on either side of the junction.
This layer is called the depletion layer or the
depletion region and the potential difference
across the region is called barrier potential.
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p-n junction
© diode
T
o

A
Output volatge
YD)

<
<

Working : When an input ac voltage is applied
across the primary coil, a potential difference
is developed across the ends of the secondary
coil. Consider that in half cycle of input ac
signal, the end A acts as the +ve end and B acts
as the —ve end of the battery. So, the diode is
in forward bias and we get Oul-put across the
ends of the load resistance R, .

In the second half cycle, ends A and B reverse
in polarity. Now, A acts as the —ve end and
B acts as the +ve'end. So, the diode D is in
reverse bias and no output is obtained due to
the high resistance offered by the diode.

q\

a.c. input L L~ }/“\i
voltage | - :\*/E ! :tlme}_>

I H 1 [ I

3 H 1 ¥ 1

i P : l

4 i i i j |

deooutput o~ b~ LN

voltage | ' { i it

time

So, in this process, we get output alternately,
and hence the diode is called the half wave
rectifier.

Which mode of propagation is used by short
wave broadcast service having frequency
range from a few MHz upto 30 MHz ?
Explain diagrammatically how long distance
communication can be achieved, by this
mode.**
(ii) Why is there an upper limit to frequency of
waves used in this mode 2** [31
19. (i) Identify the part of the electromagnetic
spectrum which is :
(@) suitable for radarsystem used in aircraft
navigation,
(b) produced by bombarding a metal target
~ by high speed electron.
(ii) Why does a galvanometer show a momentary
deflection at the time of charging or
discharging a capacitor ? Write the necessary
expression to explain this observation. [3]

18. (i)

“*Answers is not given due to change in the present syllabus.
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2L

(ii) During the charging and discharging of a
capacitor, a flow of charges take place from
the battery to the plates of the capacitor. This
produces a conduction current in the circuit
and a displacement current between plates.
Hence the galvanometer shows a momentary
deflection.

[Budl = pgl +1,
_ goddg
Where L= T

For a CE-transistor amplifier, the audio signal
voltage across the collector resistance of 2 k
is 2 V. Suppose the current amplification factor
of the transistor is 100, find the input signal
voltage and base current, if the base resistance

is 1 kQ.** (3]

Define the term wave front. State Huygen’s

principle.

Consider a plane wave front incident on a thin

convex lens. Draw a proper diagram to show

how the incident wave front traverses through
the lens and after refraction focusses on the
focal point of the lens, giving the shape of the

emergent wave front. [3]

. OR

Explain the following, giving reasons :

(i) When monochromatic light is incident on a
surface separating two media, the reflected
and refracted light both have the same
frequency as the incident frequency.

(ii) When light travels from a rarer to a denser
medium, the speed decreases., Does this
decrease in speed imply a reduction in the
energy carried by the wave ?

(iii) In the wave picture of light, intensity of light
is determined by the square of the amplitude
of the wave. What determines the intensity
in the photon picture of light ?

Answer : Wave front : A wave front is the locus

of all the points in space that reach a particular

distance by a propagating wave in same phase at
any instant. '

Huygen’s principle : It is based on two assump-

tions : .

(a) Each point of the wavefront behaves like
a source of secondary disturbances and
secondary wavelets from there points spread
out.in all directions with the same speed as
that of the original wave front.

(b) When we draw an envelope in the forward
direction of the secondary disturbances at
any instant, And this envelope tells the new
position of the wavefront at that instant.
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Wavelength in glass A P uof’x [dixr|
Wavelength in air A = x%n. 3
where, r? = x>+ R?
Jdlxr| = vdl

v

<. Focus

Wavelength in air A

OR

(i) Both the reflection and refraction takes place
due to the interaction of light with the atoms
at the surface of the separation. Light incident
on these atoms, force them to vibrate with
the frequency of light. But, the light emitted
by these charged atoms is equal to their own
frequency of oscillation. So, both the reflected
and refracted lights have same frequency.
hence frequency remains changed.

(ii) The energy carried by a wave depends on the
amplitude of the wave. It does not depend on
the speed of the wave propagation. Hence the
energy of the wave remains same and does not
decrease.

(iii)The intensity of light is determined by the
number of photons incident per unit area
around the point at which intensity is to be
determined. ‘

. Use Biot-Savart law to derive the expression

for the magnetic field on the axis of a current

carrying circular loop of radius R.

Draw the magnetic field lines due to a circular

wire carrying current L [31

Answer : Imagine a circular coil of radius R with

centre O. Let the current flowing through the

circular loop be I. Suppose P is any point on the
axis at a distance of r from the centre O. Let the
circular coil be made up of a large number of small

elements of current, each having a length of dl.

Aécording to Biot-Savart’s faw, the magnetic field
at Point P will be

www.cbsepdf.com 7

[ - Both are perpendicular]
Here, 7 is the position vector of point O from the
current element.

So, dB = 4nx—72
Mo, Ldi
= X
B = dn (2 +R?)

dB has two components i.., dB, and dB,. dB, is
cancelled out and only the x— component femains.

de = dBcos

R

st = JErr

dB. = }lgldl R
x Ax '(x2+R2)3/2

But, Idl = 27R
. onRXZTER
S0, B = 2 +R%1

For n turns in the circular loop,

___wnR? -
T 2(x?2+R%)P?

SECTION—D dBy

. Ram is a student of class X in a village school.

His uncle gifted him a bicycle with a dynamo
fitted in it. He was very excited to get it. While
cycling during night, he could light the bulb and
see the objects on the road. He, however, did
not know how this device works. He asked this
question to his teacher. The teacher considered
it an opportunity to explain the working to the
whole class.

Answer the following questions : [4]
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(a) State the principle and working of a dynamo.
(b) Write two values each displayed by Ram and
his school teacher. **

Answer: (a) A dynamo works on the principle of
electro-magnetic induction.

A dynamo includes a coil attached to a small

turbine fitted with a plastic cap.

The coil is placed in a magnetic field. When the
plastic cap comes in contact with moving tyres of
the bicycle, the coil placed between the poles of
a magnet rotates, thus, the flux through the coil
changes continuously. This induces a current in
the coil which is connected to a bulb which lights
up.

Aslong as the bicycle is moving, the coil keeps on
rotating, and hence, the flux keeps on changing. At
a steady rate, we get a steady current and hence
a light of steady intensity is obtained.

SECTION—E

24. (i) Draw alabelled diagram of a step-down trans
former. State the principle of its working.

(ii) Express the turns ratio in terms of voltages.

(ii)Find the ratio of primary and secondary
currents in terms of turns ratio in an ideal
transformer.

(iviHow much current is drawn by the primary
of a transformer connected to 220 V supply
when it delivers power to a 110 V— 550 W
refrigerator ?. [51

OR :

(a) Explain the meaning of the term mutual
inductance, Consider two concentric
circular coils, one of radius ; and the other
of radius r, (r, < r,) placed coaxially with
centres coinciding with each other. Obtain
the expression for the mutual inductance of
the arrangement.

(b) A rectangular coil of area A, having number
of turns N is rotated at “f revolutions per
second in a uniform magnetic field B, the
field being perpendicular to the coil. Prove
that the maximum emf induced in the coil is
2 nf NBA.

Answer : (i)

Secondary coil
(output)

**Answers is not given due fo change in the present syllabus.
www.cbsepdf.com
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Principle : A transformer works on the
principle of mutual induction. Whenever
the amount of magnetic flux linked with
a coil changes, an emf is induced in the
neighbouring coil.

Working : When an alternating current source
is connected to the ends of primary coil, the
current changes continuously in the primary
coil, due to which magnetic flux linked with
the secondary coil changes continuously.
Therefore, the alternating emf of same
frequency is developed across the secondary
terminals. According to Faraday’s laws the
e.m.f. induced in the primary coil,

A X
Ep = ~Np AL (i)
and emf induced in the secondary coil
A i
ES = —Ng Eq) ...(11)
From (i) and (ii)
BEs _Ns_g
—_— = eea 111
. Np (idi)
For step-down tansformer,.K <1,
y Eg <Ep

(ii) The induced emf in primary coil,

E, =~ Np (do/dt)

The induced emf in secondary coil,
Eg =—Ng (@¢/dt)
Eg/E, = Ng/Np=K
Where K is the turns ratio or the transformation
ratio.
(iii)If the transformer is ideal, then

Input electrical power = Qutput electrical
power

EPIP=ESIS
Es/Ep =1Ip/lg
Is Ep Np

(iv)Given, Power, P =550W
" Supply voltage, Vg = 220 V
Power = VP I

550 = 220 x 1,
= I, =5/2=25A
OR

(a) Mutual inductance : It is the property of a pair
of coils due to which an e.m.f. is induced in one
coil due to the change in the flux or current in
the other coil.
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Let a current I, flow through the outer circular

coil. The magnetic field at the centre of the coil
is

#ola

B, = 2 (i)

As the inner coil placed co-axially has very
small radius, therefore, B, may be taken as
constant over its cross-sectional area. Hence,
flux associated with inner coil is

¢, = 7rfB,

= qrzko2 Hola
2?2

Tt
- (T JI:
= ML,
#07“’12

2?‘2

[From (i}]

M, =

Tt
Now, M, = M,= 2
(b) Let N be the number of turns of the rectangular

coil and A be its cross-sectional area placed
in a magnetic field B, then, the magnetic flux
linked with the coil,

¢ = NBA cos 6
The induced emf,

e =—d¢/dt

6=t
=NBAsin6(2zf) | 46_ 2nf
dt

For maximum induced e.m.f.
sino =
NBA (2=mf)
25, (a) Denve the mathemahcal relation between
refractive indices »n, and », of two media
and radius of curvature R for refraction at a
convex spherical surface. Consider the object
tobe a point since lying on the principle axis
in rarer medlum of refractive index »n; and
a real image formed in the denser medium
of refractive index n,. Hence, derive Lens
Maker’s formula.

(b) Light from a point source in air falls on a
convex spherical glass surface of refractive
www.cbsepdf.com 9
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index 1.5 and radius of curvature 20 cm. The
distance of light source from the glass surface
is 100 cm. At what position is the image
formed ? [5]
OR
(@) Draw alabelled ray diagram to obtain the real
image formed by an astronomical telescope
in normal adjustment position. Define its
magnifying power.
{b) You are given three lenses of power 0.5 D, 4
D and 10 D to design a telescope.
(i) Whichlenses should be used as objective
and eyepiece ? Justify your answer.
(i) Why is the aperture of the objective

preferred to be large ?
MN
Axllswer:(a) tan ZNOM = m,
MIN
tan/NCM = ——;
N MC
tan ZNIM = —
MI

For ANOC, i is the exterior angle.

~
. N
AN

A
v

Assuming the incident ray is very close to the
principal axis, all the angles are very small.
Hence, for very small angles,

tanx = x=sinx

i = ZNOM + ZANCM

- OM MC
Similarly, r = ZNCM - ZNIM
ie, = MN_MN i)
‘ MC MI
By Snell’s law,
mysini = n,sinr
For small angles,
mi = nyr

On substituting the values of / and r in

equations, we get
No OTP No Login No Adversitement
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(MN MN) MN MN
Ml—+t——=\| =M ————
OM MC

MC MI
L T i
OM MI = MC --{1i)

On applying new Cartesian sign conventions,
OM= ~yMl=+9,MC=+R

Substituting these values in equation (iii), we

get

My M M —m .
-;J—' - 7 = R ...(l'V')

In deriving Lens maker’s formula, we adopt

the coordinate geometry sign convention and

make the assumptions :

(i) Thelensis thin so that the distances measured
from the poles of its two surfaces can be takern
as equal to the distances from its optical centre.

(ii) The aperture of the lens is small.

(iii)The object is a point-object placed on the
principal axis of the lens.

(iv)The incident and the refracted rays make small
angles with the principal axis.

N~ AAB,~ Nz

Refraction at the first surface,
Mg M Na—h
v’ U - Rl

Refraction at the second surface,

n_ m h-n

Download All Previous Year and Sample Papers From www.cbsepdf.com

1 1
Ry Ry

(i)
When the object is at infinity, the image will be

formed at the principal focus of the lens, i.e., when
U= oo ’

11 =(n—1)[
v ou

1 1 1 1
L eeafi)
f oo R,. R,
1 1 1
el
f R; R,
This is the Lens Maker’s formula.
(b) Given, refractive index, 7, = 1.5, n, = 1 (air)
Radius of curvature, R =20 cm

Object distance, u =— 100 cm

To find , Image distance, o
mom_ Ml
7 U R
1.5 1 15-1 1
v (100) 20 40
15 _ 1 1 _5-2_ 3
7 40 100 200 200
v = 3gg-><1.5=100c:m

The image is formed at 100 cm in denser
medium.

OR

@

v o'—t

The lens is ‘thin’, hence t < <7’ and can be ignored.

Then, we have

m Mmoo m=ny (i)
Y 7' R,

Adding equation (i) and (ii), we get

1 1 1
_l__ﬂ. = (nz—nl) [._._.__.

v u Ry Ry
Putting n,/n, =n, therefractiveindex of the material
of thelens with respect to the surrounding medium,

we have

www.cbsepdf.com 10

Rp a

at infinity

Magnifying power : The magnifying
power of a refracting type astronomical
telescope is defined as the ratio of angle
subtended by the final image at eye to the
angle subtended by the object at eye.
() ) We know that,
PE

- fo
Magnification, m = <> =—+%
fe B
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26. (@)

Therefore, the lens of 0.5 D should be
used as objective and the lens of 10 D
should be used as eye-piece in order to
achieve higher magnification.

(ii) The aperture of the objective lens is
made larger so, that it receives as much
light as coming from the distant object
and the resolving power of the telescope
increases.

Use Gauss’s law to find the electric field due

to a uniformly charged infinite plane sheet.

What is the direction of field for positive and

negative charge densities ?

(i) Find the ratio of the potential differences that

@)

must be applied across the parallel and series

combination of two capacitors C, and C, with

their capacitances in the ratio 1: 2 so that the

energy stored in the two cases becomes the

same. [51

OR

If two similar large plates, each of area A

having surface charge densities + c and - o

are separated by a distance in air, find the

expressions for

(a) field at points between the two plates
and on outer side of the plates. Specify
the direction of the field in each case.

(b) the potential difference between the
plates.

(c) the capacitance of the capacitor so
formed.

(ii) Two metallic spheres of radii R and 2R

= A 3
2l
ds

are charged so that both of these have
same surface charge density o. If they are
connected to each other with a conducting
wire, in which direction will the charge flow
and why ?

Answer: (i)
: Uniformly charged
8, infinite plane sheet
+ A
+ o+ '
o4
+
+ (
+
£t 7
+ +| Cylindrical Gaussian
+/ surface

Consider a thin infinite uniformly charged
plane sheet having the surface charge density
of o. The electric field is normally outward to
the plane sheet and is same in magnitude but
opposite in direction.

Now, draw a Gaussian surface in the form of
cylinder around an axis. Let its cross-sectional

www.cbsepdf.com 11
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area be A. The cylinder is made from three

surfaces A, S,, and A’ and the electric flux

linked with S, is 0. So, the total electric flux

linked through the Gaussian surface is

¢ = electric flux through A + electric flux
through S, + electric flux through A’

g = EA cos 0% + 0 + EA cos 0°.

¢ = 2EA (i)
According to Gauss theorem,
= 4
¢ = 2
_ oA AL
¢ = £ -+ 9= 0A)..(i)

From equations (i) and (ii)

oA

£
]

280
The direction of field for positive charge
density is in outward direction away from
sheet and perpendicular to the plane infinite
sheet whereas for the negative charge density
the direction becomes inward i.e., tawards the
sheet and perpendicular to the sheet.

2EA

(if) Given, C, : C,=1:2

= G =2¢
For parallel combination of capacitor,
G = G+G
= C,+2C, =3C,
The energy stored in capacitor
1~ 2

1 3 .
= '2"3C1Vp2 =EC1V§ m(l)

For series combination of capacitor,

1 1 1
—_ = —+—
Cs Cl C2
2
Cs = §C1
The energy stored in capacitor
1
E = ECSVSZ "
A
E = % ...(i)

Equating equation (i) and (ii), since energy
stored in both cases are same
we get,
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3 .2 CV2

ZcvE = 1Y

2 1P 3
o V2
v, 3
OR

(i) (a) Consider a parallel plate capacitor with

two identical plates X and Y, each having
an area of A, and separated by a distance
d. Let the space between the plates be filled
by a dielectric medium with its dielectric
constant as K and ¢ be the surface charge

density on each of the plates.
Surface charge
density + © I Area A

Surface charge I
density — o
Surface charge density of plate I
c = Q/A

and that of plate Il is - c.
Electric field in outer region I,
c o

280 280
Electric field in outer region II,

e} e

.28 2

In the inner region between plates 1 and 2, the
electric fields due to the two charged plates
add up. So

Download All Previous Year and Sample Papers From www.cbsepdf.com
ag

G.—

250 280 gy

(b) For uniform electric field, potential difference

is simply the electric field multiplied by the
distance between the plates, i.e.,

V = Ed= 104
£p A
(c) Now, the capacitance of the parallel plate
capacitor,
Q_Q&A _gA
€=V 4
(ii) We know that the potential différence of the
metallic sphere is given by,
__Q
4‘."[807'

where r is the radius of the sphere.

Now, the potential of the metallic sphere of
radius R is given by,

Q
V, =
R 475801’
v, = G(4nR2)
4TFE.OR
oR .
Vi = a i)
Similarly, the potential of the metallic sphere
of radius Vg is given by
Q
Vo =
SR 4me2R
Vo - o{4rn (2R)?)
R 4me2R
G62R i,
VZR = —'80— , ...(11)

From the relation (i) and (ii) we know that Vor
> V.
The charge will flow from the sphere of radius
of 2R to the sphere of radius R, if the spheres
are connected.

(1]

SETI "

Physics 2016 (Delhi )

Time allowed : 3 hours

SECTION - A

L A point charge +(Q) is placed at point O as shown
in the figure. Is the potential difference V, -V

positive, negative or zero? (1]
+Q @ S _aaeiiey .
o} A B

www.cbsepdf.com

Maximum marks : 70

Answer : Potential at a distance r from a given

point charge Q is given by
1 Q
V=—= - o )
dnegy 1 +Q0 A B
1 +“—H—»
vV, = «——»
dmegry
vy = 2
4meyrg
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Since ry, <tg

= V, >V

Hence, V, ~Vy is positive:

How does the electric flux due to a point charge
enclosed by a spherical Gaussian surface get
affected when its radius is increased ? [1]
Answer : According to Gauss’s law

- = q
¢.= [E.ds="2
g
Flux depends only on the charge enclosed and
not on the radus.

Hence, the electric flux remains constant.

Write the underlying principle of a moving coil
galvanometer. [1l
Answer : When a current carrying coil is placed
in magnetic field then it experiences a torque.

NIAB = ka
= I= i a
NAB
where N = The number of turns.
I = Current,

A = Area of the loop.

B = Magnetic field.

k = Torsional constant of the wire
o = Angle of deflection

Why are microwaves considered suitable for
radar systems used in aircraft navigation? [1]
Answer: Microwaves are considered suitable
because they have a short wavelenght range
they are suitable for radar system used in aircraft
~ navigation.

Define ‘quality factor’ of resonance in series
LCR circuit. What is its ST unit ? [1l
Answer ; The Q factor of series resonance circuit
is defined as the ratio of the voltage developed
across the inductor or capacitor at resonance
to the impressed voltage, which is the voltage
across R.

Q= 1 JL
RYC
It is dimensionless quantity. Hence, it has no
units.
SECTION-B
Explain the terms (i) Attenuation and (i)
Demodulation used in Communication System.
(21
Answer : (i) Attenuation : The loss of strength of
a signal while propagating through a medium is
known as attenuation.

www.cbsepdf.com : 13
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(ii) Demodulation : The process of retrieval o
information from the carrier wave at the receiver
end is termed as demodulation. This is the
reverse process of modulation.

Plot a graph showing variation of de-Broglie

1
wavelength A versus W, where V is acceler-

ating potential for two particles A and B
carrying same charge but of masses m,, m,
(m, > m,). Which one of the two represents a

particle of smaller mass and why ? [2]
Answer : We know that,
= 1.2
gv = 5 o
2
qv = fn;
= p= 1/quvV
_ h A (]
A W ; (m)
o A = h 2 5
,/'quv ] >
_.__b V’T

1
= Slope o« ——
P T

Hence, the particle with lower mass (m,) will have
greater slope.

A nucleus with mass number A = 240 and

BE/A = 7.6 MeV breaks into two fragments each

of A =120 with BE/A = 8.5 MeV. Calculate the

released energy. ' [2]
OR

Calculate the energy in fusion reaction :
2H+2H— SHe + 1, where BE of 1H =223
MeV and of gHe =7.73 MeV.
Answer : Binding energy of the nucleus,
B, =7.6 x 240 = 1824 MeV.
Binding energy of each product nucleus,
B, = 8.5x120 = 1020 MeV
Then, energy released as the nucleus breaks,
E=2B,-B; =2x1020 - 1824 = 216 MeV.
, OR
H+H gHe + 1, where BE of H =223
MeV and of 3He =7.73 MeV.
The energy released in the fusion reaction is
AE = (7.73)-2(2.23)
= 7.73-4.46

= 327 MeV .
No OTP No Login No Adversitement



GSELUG Sebti8 "oF%emfs 1.5 V and 2.0 V having

internal resistances 0.2 Q and 0.3 Q respectively
are connected in parallel. Calculate the emf and
internal resistance of the equivalent cell. [2]
Answer:Given, E; = 15V, 7, =02Q,

E,=2V,r,=03Q
1.5V 0.20Q
— L
A —B
2V 030
—————
E, B
. h h
Equivalentemf, E = —3 1
[
n n
(1.5x0.3)+(2x0.2)
- 0.2 +0.3
_045+04
0.5
= @ = 1.7 VO].t
0.5
Equivalent internal resistance
__hn
- ”1 + rz
02x03.
T 0.2+03
- 006
0.5
Tog = 012 Q

10. State Brewster's law.

The value of Brewster angle for a transparent
medium is different for light of different
colours. Give reason. [21
Answer : Brewster's law : The law states that the
tangent of the polarising angle of incidence for
a given medium is equal to the refractive index
of the medium. The light incident at this angle
when reflects back is perfectly polarised.

ie. p = tan ip

The refractive index of a material depends on the
colour or wavelength of light. As the polarising
angle depends on refractive index (n = tan ip), S0
it also depends on wavelength of light.

SECTION-C
. A charge is distributed uniformly over a ring of

radius ‘a’. Obtain an expression for the electric
intensity E at a point on the axis of the ring.

www.cbsepdf.com
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ence sh
from the ring, it behaves like a point charge. [3]
Answer : Suppose we have a ring of radius a that
carries a uniformly distributed positive charge 4.

4E sin 0
dE
et /a’E' 0
oS
l \ dE
dl dE sin 0
As the total charge g is uniformly distributed, the
charge dg on the element dl is
dg = A dl
7 2ma

. The magnitude of the electric field produced
by the element d! at the axial point P is_

41 _ kg dl

2_.__..__

T 2na 12
The electric field JE has two components.

(i) The axial components 4E cos 6 and

(ii) The perpendicular component 4E sin 9.

Since the perpendicular component of any. two
diametrically opposite elements are equal and
opposite, they cancel out in pairs. Only the axial
components will add up to produce the resultant
field.

dE =

. Eat point P is given by
21a
E = [ dEcos®
0
[ Only the axial components
contribute towards E]
2
E = Fzﬂ a x ['.'cosﬂ=£]
0 2na r2 T 4
2m
_ Rgx 1 I 4l
2na 8
X
= o 0"
_kgx 1
. .9
2 (2 + a2y i
[v 2=x%+4a%
kqx
E=@apm
[where k = a = constant]
ey
1 gx
= dme (x% + a2)*?
If x>>a, then x2 + a2 = x2
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LN L

E= ey (27
1 9
E=———+
47580 2

This expression is similar to electric field due toa
point charge.

. Write three characteristic features in photo-
electric effect which cannot be explained on
the basis of wave theory of light, but can be
explained only using Einstein’s equation.  [3]
Answer : (i) Existence of threshold frequency :
According to wave theory, there should not exist
any threshold frequency but Einstein’s theory
explains the existence of threshold frequency.

(ii) Dependence of kinetic energy on frequency
of incident light : According to wave theory, the
maximum kinetic energy of emitted electrons
should depend on intensity of incident light and
not on frequency whereas Einstein’s equation
explains that it dependence on frequency and
not on intensity of the incident light.

(iii) Instantaneous emission of electrons :
According to wave theory there should be time
lag between emission of electrons and incident
of light whereas Einstein's equation explains
why there is no time lag between incident of
light and emission of elecirons.

. (a) Write the expression for the magnetic force
acting on a charged particle moving with
velocity v in the presence of magnetic field
B.

(b) A neutron, an electron and an alpha particle
moving with equal velocities, enter a
uniform magnetic field going into the plane
of the paper as shown. Trace their paths in

the field and justify your answer. [3]
X X X X X X
ol o—p
X X X X X X
ne—p

¥ X X X X X
€ —Pp
¥ X X X X X

Answer : (a) A charge particle having charge g
is moving with velocity ‘o’ in a magnetic field
of field strength ‘B’ then the force acting on
it is given by the formula F = g (2 x B)and
F = gqv B sin 0 (where 0 is the angle between
velocity vector and magnetic field).

Direction of force is given by the cross product of
velocity and magnetic field.

www.cbsepdf.com 15
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X X X
X X X
a X
X X ¥ X
. X X X X
n—->u »
X X X X
X X X X
e
X X p
X X X )x

a particle will trace circular path in anticlockwise
direction as it’s deviation will be in the direction
- -

of (vxB)-

Neutron will pass without any deviation as
magnetic field does not exert and force on
neutral particle.

Electron will trace circular path in clockwise
direction as its deviation will be in the direction
opposite to (; x E) with a smaller radius due to

large charge/mass ratio as r = mv.

(a) Define mutual inductance. 9

(b) A pair of adjacent coils has a mutual
inductance of 1.5 H. If the current in one coil

changes from 0 to 20 A in 0.5 s, what is the.
change of flux linkage with the other coil ?
[3]
Answer: (a) Mutual induction is the phenomenon
of production of induced emf in one coil due to
change of current or flux in the neighbouring
coil. The coil in which the current changes is
called primary coil and the coil in which emf is
induced is called the secondary coil.

(b) M = 15H
L =0A
If = 20A
dI = 20A, At=05s
, . —Mdl
S d
= '—1.5)(2
0.5
= -60V

So the flux linked with the other coil is given by
Ad = —eAf=60x 0.5
= 30 Wb.

Two parallel plate capacitors X and Y have the
same area of plates and same separation between
them. X has air between the plates while Y

contains a dielectric medium of €, = 4. [3]
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() Calculate capacitance of each capacitor if 16. Two long straight parallel conductors carry

equivalent capacitance of the combination steady current I, and I, separated by a distance 4.
is 4 uF. If the currents are flowing in the same direction,
- so1 s show how the magnetic field set up if one
G t(ljtaelcullaﬁ ;1;(;(pot§1;tlal difference between produces an attractive force on the other. Obtain
Loep and x. . . the expression for this force. Hence define one
(iii) Estimate the ratio of electrostatic energy ampere, [3]
stored in X and Y. Answer : Magnetic field produced on the wire
Answer : (i) Let capacitance of X be C; and (carrying current L) due to I, will be
capacitance of Y be C,. ! Looa
& A I 1
G="4 : :
_ EEA
G = r_dq l Fllz
Taking the ratio of C, and C, 1 '
o o
G "% | |
o r ! v
= CZ = Ercl _ ﬂ)l_l
Let C,=C B=od
= N F ting at /1 i
T?en . C,= 4C . " f':r_4} orce acting a engFth=1sIZIB
Since two capacitance are connected in series so, - L]
equivalent capacitance will be F= % towards I;
1. —1—+i i=1md=1mI =L=IandF=2x 107N
C, G G = I=1A
-GGy So one ampere is defined as the current,
C, = C +C, which when maintained in two parallel
“ infinite length conductors, held at a sepa-
4yF = Cx4C ration of one metre will produce a force of
C+4C 2 x 107 N per metre on each conductor.
= 17. How are e.n. waves produced by oscillating
= C = 5uF charges ?
So, C,=5pFandC, =20 uF Draw a sketch of linearly polarized e.m. waves
(i) C,V.,.,=Q ropagating in the Z-direction. Indicate the
ey ¥ et Total propagating
4pFx 15V = Q directions of the oscillating electric and magnetic
Total fields. [3]
Qo = 600uC OR
Since in series configuration charge on each Write Maxwell's generalization of Ampere’s
capacitor is equal. circuital law. Show that in the process of
Hence, Q, = Q=Quuu charging a capacitor, the current produced
= 60 uC _ within the plates of the capacitor is i = &y %
Using, Q=CVv where ¢ is the electric flux produced during
V. - Q _80uC_ ..y charging of the capacitor plates.
1= C 5uF Answer : A charge oscillating with some
: Q, 60uC frequency, produces an oscillating electric field
v, = =2 VML =3V in space, which in turn produces an oscillating
C, 20pF magnetic field perpendicular to the electric field.
1Q? 1 (60nuC)> This process goes on repeating, producing e.m.
(i) U, = 2C 275 uF =360 waves in space perpendicular to both the fields.-
1Q3 1(60puCy
U, = ‘_ﬁz_(__u=90p_}
2C, 2 20puF
U, 4
= — = =
U2 1
= U;:0, = 4:1

1
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18.

The direction of electric and magnetic fields
are perpendicular to each other and are also
perpendicular to the direction of propagation of
the wave.

OR
Correction in Ampere’s circuital law (Modified
Ampere’s law) : Maxwell removed the problem
of current continuity and inconsistency observed
in Ampere’s circuital law by introducing the
concept of displacement current. Displacement
current arises due to change in electric flux with

time and is given by i, = g :;E

Electric flux through the loop*
¢E = EA
L5040
€q A g &
(where, Q = charge on either plates)
| =9
% -
dyg  14Q
7S T gy dt
doy _ 4Q
g0 di
aQ
ry is called conduction current which is equal

to g, % which is displacement current.
t .

Hence, i. = i

Generalization of Ampere’s circuital law is :

= o
BE =11y G, + 1)

Conduction current is due to the flow of charges
but displacement current is not because of the
flow of charges but it is due to the change in
electric flux.
(@ Explain any two factors which justify the

need of modulating a low frequency signal.
(b) Write two advantages of frequency

modulation over amplitude modulation. [3]
Answer: (a) 1. Size of Antenna : The size of
antenna required will be of order of A/4. When
frequency is small, the height of antenna should
be large. So audio frequency signal should be
modulated over a high frequency carrier wave
to increase its frequency.

2. Effective power radiated by an Antenna : As
1
power radiated « 2 hence when frequency is

increased then the power radiated will be more.
(b) Advantages of frequency modulation over

WWW.CbS.é"p%q’:%UﬁFs is not given due to change in the present syllabug,

19.

20.
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amplitude modulation :

1. Noise can be reduced.

2. Transmission efficiency is more because the

amplitude of an FM wave is constant.

(a) Write the functions of three segments of a
transistor.**

(b) Draw the circuit diagram for studying the

input and output characteristics of n-p-n

transistor in common emitter configuration.

Using the circuit, explain how input, output

characteristics are obtained.** [3]

Calculate the distance of an object of

height k from a concave mirror of radius of

curvature 20 cm, so as to obtain a real image
of magnification 2. Find the location of
image also.

(b) Using mitror formula, explain why does
a convex mirror always produce a virtual
image. (3]

Answer : (a) Given, Height of object=h

Radjius of curvature =-20cm

Magnification, m = -2

(a)

Object distance, # =
Image distance, v = - I
Magnification, M = —=—-
ho
2= _=
u .
v =2u vl
Using mirror formula,
1.1 1
—t— = —
v U f
1 .1 -2
—_—t+= = —
2u u 20
3 _ -2
2u 20
U = — GZO' =—15an
Putting in (i), we get
v=2x-15an
= ~30cm
LA
h, u
B 2
o u
Height of image, h; = 21 when object is

placed at 15 cm from the mirro.
(b) For convex mirror,

' f = +ve (always)
Mirror formula,
11 _ 1
—_— + —_— = —
v U f

No OTP No Login No Adversitement
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1 11
v - f U
As, u = —ve (for real object)

11 (1

7 = f u

1 1 1

— = _+_

T f U

v = +oe

Hence, it will form virtual and erect image.

21. (a) State Bohr's quantization condition for

defining stationary orbits, How does de-
Broglie hypothesis explain the stationary
orbits ?

(b) Find the relation between the three
wavelengths A,, A, and A, from the energy

level diagram shown below. [3]
C
"}u[ }\'3 B
A2
A 4 A
Answer : (a) Quantization condition : Of all

possible circular orbits allowed by the classical
theory, the electrons are permitted to circulate
only in those orbits in which the angular
momentum of an electron is an integral multiple

of 21 ; h being Planck’s constant.
n

Therefore, for any permitted orbit,
L=mor = n—; n=1273...
2n

Where L, m, and v are the angular momentum,
mass and speed of the electron respectively, r is
the radius of the permitted orbit and  is positive
integer called principle quantum number.

The above equation is Bohr’s famous quantum
condition. When an electron of mass m is confined
to move in a line of length [ with velocity v, the
de-Broglie wavelength A associated with electron

is:
h h Gl

A= —e=—

mv p

or p = Linear momentum
h h nh

= p: xzz—l/;l-:z—l

When electron revolves in a circular orbit of

radius 7’ then 2I = 2nr.

nh nh
T OTpXT= T

P= onr 2#

www @5saPgialas momentum ‘E| =pxrisan integrdl

Download All Previous Year and Sample Papers From www.cbsepdf.com

multiple of h/2r, which is Bohr’s quantisation of

angular momentum.
he
Erp = —
(b) CB o
he
Foa = Ay
C
A A
B
A2
e A
E., = —
'CA. 7“3
Now, E-, = EgtEg,

where E; = Energy gap between level B and C,
Eg4 = Energy gap between level A and B,
E., =Energy gap between level A and C.

he _ ke ke
PR P ¥
1 1.1
Ay A Ay
MAs

A'S = 7\.24“;\.1

22, Draw a schematic ray diagram of reflecting
telescope showing how rays coming from a
distant object are received at the eye-piece. Write
its two important advantages over a refracting
telescope. [3]

Answer : Reflecting Telescope : The reflecting
telescope make use of a concave mirror as
objective. The rays of light coming from distant
object are incident on the objective (parabolic
reflector). After reflection the rays of light meet
at a point where another convex miirror is placed.
This mirror focusses light inside the telescope
tube. The final image is seen through the eye-
piece. The images produced by the reflecting
telescope is very bright and its resolving power
is high.

Ssecondary
mirror

18
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Advantages :

(i) The resolving power (the ability to observe
two object distinctly) is high, due to the large
diameter of the objective.

(ii) There is no chromatic aberration as the object
is a mirror.

SECTION-D

. Meeta’s father was driving her to the school.

At the traffic signal she noticed that each traffic

light was made of many tiny lights instead of a

single bulb. When Meeta asked this question to

her father, he explained the reason for this.

Answer the following questions based on above

information:

(i) What were the values displayed by Meeta
and her father 2**

(ii) What answer did Meeta’s father give ?

(iii)What are the tiny lights in traffic signals
called and how do these operate ? [4]

Answer :

(ii) Meeta’s father said that these are LED

light which consume less power and have high

reliability.

(iii) The tiny lights in traffic signals are

Light Emitting Diode. These are operated by

connecting the p-n junction diode in forward

biased condition.

SECTION-E

{a) An a.c. source of voltage V = V sin ot is
connected to a series combination of L, C
and R. Use the phasor diagram to obtain
expressions for impedance of the circuit
and phase angle between voltage and
current. Find the condition when current

will be in phase with the voltage. What is

the circuit in this condition called ?
{(b) In a series LR circuit X; = R and power
factor of the circuit is P When capaator

with capacitance C such that X; = X is

put in series, the power factor becomes P,.

Calculate P,/P,. [5]
OR

(a) Write the function of a transformer. State
its principle of working with the help of a
diagram, Mention various energy losses in
this device.

(b) The primary coil of an ideal step up
transformerhas 100 turns and transformation
ratio is also 100. The input voltage and
power are respectively 220 V and 1100 W,
Calculate :

(i) number of turns in secondary.
(ii) current in primary.

(iii) voltage across secondary.

(iv) current in secondary.

WwWw.cheepRsR@M is not given due to change in the present syllabus!9
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{v) power in secondary.
Answer : {a) Let a series LCR circuit is connected
to an a.c. source V (Fig). We take the voltage of
the source to be V =V, sin wf

AN

Vp sinwf =V —C
L

U ILL

The a.c. current in each element is the same at
any time, having the same amplitude and phase.
It is given by,

= 1, sin (ot + )

T

e Vo

V-V A

Phasor diagram for LCR circuit

Let V|, Vi, V- and V represent the voltage across
the mduc’cor, resistor, capacitor and the source

respectively. But Vi =I;X; Vg =IjRand V_ =IX,
Let V. > Ve '

Vi = V2+(V, V)
v2 = @R+ ([IX, —1Xo)?
v2 = B[R?+(Xy ~Xc)*]
and = Vo
JRZ+ (X, - Xc)?
Vo
= = X
h= 7
Where Z = JRZ +(Xp 0 Xc)2

It is called the impedance in an a. c. circuit.
From the figure,
VL -V
Vr
No OTP No Login No Adversitement
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B Ip X, -Ip Xc
- I,R
tan¢ = XL XC
R
XL-Xc
= ¢ = tan™ R

Condition : The current will be in phase with the
voltage at resonance condition.
At resonance condition,

X, = Xc
1
ol = &C
be L
Jic A
1 *
= Jic
I
© 2nJLC
(b) As cos ¢ = l;—
In LR circuit, P; = cos ¢
R R
P, = =
ORI VR?
[XL=R]
1
T
In LCR circuit when, X; =X,
R
P, = 2 2
YR + (X, - Xc)
R ¢
= §=1 [Xp= Xl
ho_ 1
P, 2
OR

{a) A transformer is an electrical device for
converting an alternating current at low voltage
into high voltage or vice-versa.

1. If it increases the input a.c. voltage and
decreases the, it is called step up tranformer.

2. If it decreases the input a.c. voltage and in
ccreases the current, it is called step down
transformer.

Principle : It works on the principle of mutual

induction i.e., when a changing current or flux

is passed through one of the two inductively

coupled coils, an induced emf is set up in the
www.ghylepetf@oih
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Let

L Laminated Iron Core
Step-up transformer

O

To load

L Laminated Core
Step-up fransformer

Working Theory : As the a.c. flows through the
primary, it generate an alternating magnetic flux
in the core which passes through the secondary
coil.

N, = No. of turns in primary coils
N, = No. of turns in secondary coils

This changing flux set up an induced emf in

the secondary, also a self induced emf in the
primary.

- If there is no leakage of magnetic flux, then flux

linked with each turn of the primary will be
equal to that linked with each of the secondary.
According to Faraday’s law of induction

Induced emf in the primary coil, &, = — N, Zf

d
Induced emf in the secondary coil, e, = d(j:
where, 49 = Rate of change of magnetic flux

associated with each turn.

¢ = Magnetic flux linked with each turn of the

primary or secondary at any instant.

&g _ Ny
g N

Energy losses in transformer :

1. Copper loss : Some energy is lost due to the
heating of copper wires used in the primary
and secondary windings. This power loss
(P = I’R) can be minimised by using thick
copper wires of low resistance.

2. Eddy currentlossorIronloss: Thealternating
magnetic flux induces eddy current in the
iron core which leads\tocseog €588 [QsfiTkement
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. Hysteresis loss :

the form of heat. This loss can be reduced by
using laminated iron core.

When the iron core is
subjected to a cycle of magnetisation the core
gets heated up due to hysteresis, having low
hysteresis loop.

. Flux leakage : The magnetic flux produced

by the primary may not fully pass through
the secondary. Some of the flux may leak into
air. This loss can be minimised by winding
the primary and secondary coils over one
another.

Download All Previous Year and Sample Papers From www.cbsepdf.com

OR

(@) Plota graph to show variation of the angle of

deviation as a function of angle of incidence
for light passing through a prism., Derive an
expression for refractive index of the prism
in terms of angle of minimum deviation and
angle of prism.

(b) What is dispersion of light ? What is its

cause ?

(c) A ray of light incident normally on one face

of a right isosceles prism is totally reflected
as shown in fig. What must be the minimum
value of refractive index of glass? Give
relevant calculations.

[ 3

|

A J

Answer : (a) Let the two waves arising from the
slits A and B have the amplitudes 2 and b and
the phase difference ¢. Such that y; =4 sin wt and

¥, = b sin (wt + §).

The resultant displacement is given as :

(b) Given, N, = 100
K = 100
V, = 220V
P, = 1100 W
i) As K Ny
(1 ’ - N]
N, = KN, =100 x 100
N, = 10000
(i) P, = V],
L= Bl-=m=5A
vV, 220
Vo
V, = KV;V, =100 x 220
V, = 22000V
(iv) L K
1v 12 =
L _ 5
2= X100
L = 005A
W P, = V,L,
P, = 22000x——; P,=1100 W
2" 100" "2
25, (a) In Young's double slit experiment, deduce

the conditien for (i) constructive, and
(ii) destructive interference at a point on the
screen. Draw a graph showing variation of
intensity in the interference pattern against
position ‘x” on the screen.

(b) Compare the interference pattern observed

in Young’'s double slit experiment with
single slit diffraction pattern, pointing out

www.cbsepdf.corthree distinguishing features, 31

Hence,

Gl

Y=Y+,

y = asin wt + b sin (0wt + ¢)

¥ = asinwt + b sin ©f cos ¢ + b cos wt sin ¢
y = (a + bcos ¢) sin wt + b sin ¢ cos wi

(@)

Let a+bcosd = Acosd. (i)

bsing = Asind (i)

¥ = Asinwicosd + A cos ot sin §

y : ‘ﬁo%’f&“ﬁo‘lé&in No Adversiii-:’g‘gr}t
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Where the amplitude A of the resultant wave can

be given as:
A = \/az +b% + 2ab cos ¢ (V)
bsin ¢ .
and tand = m ..{vi)

(i) Constructive interference : Intensity I == A2
and for A to be maximum

cos @ =1
or
0 =2nm
and path difference
Ax = nA

A =g+b

cos ) = cos2nm,n=0,1,23, ...

I>L. = kia+bR

(i) Destructive interference : For I to be
minimum
cosg=-1
Phase difference :
Ad=(2n+1)m
and path difference :
“Ax=(2n+1) &
2
_ =g-~b
11, =kia-b)

Graph showing interference pattern against

position “x” on the screen.
Al

1

o
«

0

.
>
‘_’

(b) Comparison of interference pattern observed
in Young's double slits and the single slit

diffraction :

S. Interference

Diffraction

1. | Interference is the
' result of superposi-
tion of secon dary
waves starting from
two different wave
fronts originating
from two coherent
sources.

Diffraction is the
result of super-
positionof secondary
waves starting from
different part of
same wavefront.

All bright and dark
fringes are of equal
width.

Mpndf com

Th e width of
central bright fringe
is twice the width
of any secondary

maxunumn.
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3.

All bright fringes

are of same intensity

Intensity of bright
fringes decreases as
we move away from
central bright fringes
on either side.

Angle of deviation

22

OR

(a)

Om

[P e T L R L
-

[ T 1

hoo ! ia

Angle of incidence (/)
From figure, 8 = §,, i = e which implies 7, =7,
2r = A,orr=A/2’

Using §=ite—A
5, =2-A
i o A+3,
T2
o Sm(ﬁ]
_ sinz _ 2
B= sin r sinA/2

(b) Dispersion of light : Dispersion is often
observed as light passes through a triangular
prism. Upon passing through the prism, the
white light is separated into its component
colours : red, orange, yellow, green, blue,
and voilet. The separation of visible light into
its different colours is known as dispersion.
Dispersion occurs because for different colour
of light a transparent medium will have
different refractive indices (u). as defferent
colours have different speed in transparent

mdef No OTP No Login No Adversitement
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(c) For total internal reflection :

J 45°

v

J90° 45°

459

v v

sin {
sin 45°
1

\/52

B>

Pin = V2
26. (a) Define the term drift velocity.

(b) On the basis of electron drift, derive an
expression for resistivity of a conductor in
terms of number density of free electrons
and relaxation time. On what factors does
resistivity of a conductor depend ?

(c) Why alloys like constantan and manganin
are used for making standard resistors ? [5]

OR

(a) State the principle of working of a
potentiometer.

(b} In the following potentiometer circuit AB is
a uniform wire of length 1 m and resistance
10 Q. Calculate the potential gradient along
the wire and balance length AQ (=1).

2V 15Q
—  — W

v
wm
&l':.‘[»—t';:ls—\ 5 rp

03Q

Answer : (a) Drift velocity is defined as the
average velocity with which the free electrons
are drifted towards the positive terminal under
the effect of applied electric field. Thermal
velocities are randomly distributed and average
www.chsepdifesitnal velocity is zero. 3

Download All Previous Year and Sample Papers From www.cbsepdf.com

e d - -
ul +u2 +_ ............ +UN _
eEt
Le, 'Ud= -“7
(b) We know that the current flowing through
the conductor is :
I = nAev,
= ngA(._.eE_T]
- m
E——————>
A(—s_ < -
< ! >
N e
\'4
. Vv
Using E = 7
I = neA (EY)T
ml
2
ne“Art 1
= V==V
[ ml j R
Ioc V— by Ohm’s law

ml :
Where, R = ——5—is a constant for a particular
conductor af’a pTarticular temperature and is
called the resistance of the conductor.

(1];9_1
R = ne’tJA A

- (&
p= 1’18217

Where p is the specific resistance or resistivity
of the material of the wire. It depends on
number of free electron per unit volume and
temperature.

(c) They are used to make standard resistors

because :

1. They have high value of resistivity.

2. Temperature coefficient of resistance is

less.
3. They are least affected by temperature.
OR

(a) Principle of potentiometer : The basic
principle of potentiometer is that when a
constant current flows through a wire of
uniform cross-section area then the potential
drop across any length of the wire is directly
proportional to that length.
A potentiometer is a device used to measure
an unknown emf op potemtiabdifferenceandt
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internal resistance of a cell accurately.

(b) Total resistance of the primary circuit =15

+10=259Q,
emf =2V
Current in the wire AB
1= 2-008A
25
P. D. across the wire AB = Current x Resistance
of wire AB
=008x10=08V
P.D. 08
Potential gradient = Tength ~ 100
= 0.008 V cm™!

www.cbsepdf.com
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Resistance of secondary circuit

=12+03=15Q
emf =15V L5
Current in the secondary circuit = ﬁ =1.0A

The same is the current in 0.3 Q resistor.
P. D. between points A and O,

P. D. across 0.3 Q resistor in the zero-deflection

condition. ‘
= Current x Resistance

1.0x03=0.3V

Potential difference

Potential gradient
0.3V

= ——— - =375m
a
0.008Vcm i

I

Length AO =

No OTP No Login No Adversitement



Students don't need to purchase any Guide, Question
Bank or Sample/model paper from market. All material
will be available on this website in the form of free
PDFs by 30 September. On website www.cbsepdf.com
following materials will be provided :

NCERT Solutions

Previous Years Papers (2011-2019)
Previous Years Chapterwise Question Bank
20 Solved Sample Paper

L

Students can download from following website

www.cbsepdf.com

A mission for free content for all.



Download All Previous Year and Sample Papers From www.cbsepdf.com

SET 11

Maximum marks : 70

CBSE 2017 Solved Paper

Physics 2017 (Outside Delhi)

Time allowed : 3 hours

Note : Except for the following questions, all 1 1 1
the remaining questions have b ked i TS X —
previous set. = Ve beel asked n M 9134x100 4

Ay =4 x 9134 x 100

Ay =3653.6 x 10°m
=3653.6 A

SECTION-A

1. Abarmagnetis moved in the direction indicated
by the arrow between two coils PQ and CD.
Predict the direction of the induced current in
each coil. [1]

12. (a) Draw a ray diagram showing the formation
of image by a reflecting telescope,
(b)Write two advantages of a reflecting
telescope over a refracting telescope. [3]
Answer : (a)

Objective
mirror

Answer : From Q to P (i.e., anticlockwise) as seen g3

from the left end. ] %

From C to D (i.e., clockwise) as seen from the left &3

end. §§ Eyepiece
2, Write the relation for the speed of electroma- 3 §

gnetic waves in terms of the amplitudes of

electric and magnetic fields. [1]
Answer : c= Ey (b} 1. The image is free from chromatic
By aberration.

7. Identify the electromagnetic waves whose 2. Spherical aberration can be eliminated

wavelengths lie in the range

@10 M <i<10Mm

b)10"m<A<10°m

Write one use of each. [2]
Answer : (a) y-rays

Use : For treatment of cancer.

(b) Infrared rays

Use : In remote control of T.V., V.C.R, etc.

The short wavelength limit for the Lyman series
of the hydrogen spectrum is 913.4 A, Calculate
the short wavelength limit for Balmer series of
the hydrogen spectrum. [2]
Answer : For short wavelength of Lyman series,

1 (l_ij
E =R FER
1

913.4x1070
For short wavelength of Balmer series,

1 [l_ij
l—B' =R 22 COZ

www.cbsepdf.com

by using parabolic mirror.
3. Light gathering power is more in
reflecting telescope

15. Explain giving reasons for the following: [3]

(a) Photoelectric current in a photocell
increases with the increase in the intensity
of the incident radiation,

(b) The stopping potential (V) varies linearly
with the frequency (v} of the incident
radiation for a given photosensitive surface
with the slope remaining the same for
different surfaces.

(¢} Maximum  kinetic energy of the
photoelectrons is independent of the
intensity of incident radiation.

Answer : (a) Since number of photoelectrons

emitted is directly proportional to the intensity

of incident radiation therefore, as intensity incre-
ases the electron-hole pairs also increases.

(b) hv = hv, + eV,

eV, =h(v-v)

No OTP No Login No Adversitement
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16.

surface

= V, =
VOT'

My Mz
// o

Further from graph, slope is h/e which is a
constant and it does not depend on v.

KEn,=h (v~ Vo)
Hence, It depends on the frequency and not on
the intevsity of the incident roodition.
(c) As intensity increases, the number of photons
increases but the energy remains same.

(v—vqg)

(@) In the following diagram which bulb out of
B, and B, will glow and why ?
D, D,
+9V
B1 E BZ

(b) Draw a diagram of an illuminated p-n
junction solar-cell.

{(c) Explain briefly the three processes due to
which generation of emf takes place in a
solar cell. (3]

Answer : (a) B, will glow because only diode D,

is forward biased.

VAN

—Metallised
finger electrode

Top

" Back contact

(c) Three process due to which generation of
emf takes place in solar cell are :
1. Generation, 2. Separation, 3. Collection.
1. Generation : Generation of eleciron-hole

www.ch$gpdisyees is not given due to change in the present Syllabug.
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pairs take place due to light.

2. Separation : Separation of electron-hole
pairs are due to electric field of depletion
region.

3. Collection : Electrons reach the n-side
and are collected in front contact and
holes are collected in the back contact.

19. (a) Draw the circuit diagram for studying the

characteristics of a transistor in common
emitter configuration. Explain briefly and
show how input and output characteristics
are drawn.**

(b) The figure shows input waveforms A and B
to a logic gate. Draw the output waveform
for an OR gate. Write the truth table for this
logic gate and draw its logic symbol.** [3]

o bt L Lt ot
: LI I [t l i
|

(Input):

]

B

J

|

I

]

l 1
i ! 1 1 |
[ 11 1 ] I 1
: 111 ( [
1 e 15§ ] 1

20. Two identical loops P and Q each of radius

5 cm are lying in perpendicular planes such
that they have a common centre as shown in the
figure, Find the magnitude and direction of the
net magnetic field at the common centre of the
two coils, if they carry currents equal to 3 A and

Answer:

4 A respectively. [3]
Q N
| :
1\31

Q
— 9 ¥
P —>B,
3A
4A

No OTP No Login No Adversitement
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B, = o
Field due to co
- Mo

(Bl) = 7)( N ) tesla

Similarly, Field due to coil Q
Mo 4

(Bz) = —2—‘ x 5x102 tesla

Resultant magnetic field is,

B=VB?+B%
2 2
B = 5] (55a07)
\/[2x5><10-2 "2 *5x102

Mo

2%5x102 X2

It

B =

Physics 2017 (Outside Delhi)

Download All Previous Year and Sample Papers From www.cbsepdf.com

Mo
= x 100 =50 p,

50 x 4m x 107
= 62.83 x 10~°T
Let the field make an angle 6 with the vertical -
B
B,

3
tan@:z

(3

Thus direction of magnetic field makes an angle
0 with the vertical.

B =

tan @ =

SET II1

Time allowed : 3 hours

Note : Except for the following quéstions, all
the remaining questions have been asked in the
previous sets.

SECTION-A

3. What is the direction of induced currents in
metal rings 1 and 2 when cutrent I in the wireis o,
increasing steadily ? . far

=Ny

Answer : Ring - 1 — Clockwise
Ring - 2 - Anticlockwise
4. Inwhich directions do the electric and magnetic
field vectors oscillate in an electromagnetic
wave propagating along the x-axis ? [1]

Answer ; Electric component — Y - axis
Magnetic component — Z - axis

8. Why does current in a steady state not flow in a
capacitor connected across a battery ? However
momentary current does flow during

or discharging of the capacitor. Explain. . [2]

Wanakeep i nobiven due to change in the present Syllabus. 3

Maximum marks ;: 70

Answer : When there is change in the electric
flux there will be a displacement current and
when flux is fixed the displacement as well as
conduction current will be zero.

—e %
I=e, 2

The ground state energy of hydrogen atom is
-13.6 eV. If an electron makes a transition from
an energy level — 1.51 eV to — 3.4 eV, calculate
the wavelength of the spectral line emitted and
name the series of hydrogen spectrum to which
it belongs. (2]
Answer : When energy is— 1.51 eV then n = 3.

.When energy is—-3.4 eV thenn =2.

L (3-2)
xRl 3

1 11

T =11x10 [2_5]

=1.1x10"x

36
3%
A=gq x107m

A =6.545x 107" m

A =6545A
It belongs to the Balmer series.

14. (@ Draw the circuit diagram of an n-p-n

transistor amplifier in common emitter

configuration.** _
No OTP No Login No Adversitement
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(b) Derive an expression for voltage gain of the

amphfler and hence show that the output

voltage is in opposite phase with the input

voltage. ** 131

17. (@} Draw a ray diagram for the formation of
image by a compound microscope.

(b) You are given the following three lenses.
Which two lenses will you use as an eyepiece
and as an objective to construct a compound
microscope ?

Download All Previous Year and Sample Papers From www.cbsepdf.com

(@) Identify the variable X on the horizontal
axis,

(b} What does the point A on the horizontal axis
represent ?

(c) Draw this graph for three different values of
frequenaes of incident radiation v, v,, and

v, (v, > v, > v,) for same intensity.

GV Draw thls graph for three different values of
intensities of incident radiation I, I, and I,
(1, > L, > L) having same frequency. ’

Lenses Power (D) Aperture (cm)
L, 3 8
L, 6 1
L, 10 1

Answer : (a) X is collector plate potential.

{(b) Stopping potential.

(c)

>

VPV

(¢) Define resolving power of a microscope and
write one factor on which it depends.  [3]
Answer : (a) Ray diagram for compound
microscope :
Eyepiece
|<— Uy—le—— ——bh—ue—vl

< n 2

L >,

Cbjective
1\

~h. T
A \ }//Fa

BIIL Ve

A 4

(b) Objectivelens > L,
Eye lens > L,

() The resolving power of a microscope is its
ability to form distincily separate images of
two neighbouring objects.

2usin©
T 122

It depends on the wavelength (A) of the light
used.

18. The following graph shows the variation of

photocurrent for a photosensitive metal : [31
Photocurrent
T A o} X "
www.cbsepgdfiiafars is not given due to change in the present Syllabs.

Photocurrent

NN

Vi

Saturated
curment
2 l

Vog Vo, Vo, o Potential
Retarding potential
(d)
A
g
E
3 Iy > 1> 1
-9
‘6 /
=
o /_
Y, 0 Potential
Retarding potential

21, (a) In the following diagram ‘S’ is a
semiconductor. Would you increase or
decrease the value of R to keep the reading
of the ammeter A constant when S is heated ?
Give reason for your answer.

(b) Draw the circuit diagram of a photodiode
and explain its working. Draw its I - V
characteristics. (3]

.
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Answer: (a) The value of R has to be increase because
on heating, the conductivity of a semiconductor
increases. i.e. resistance of S decreases on heating.

(b}
\ \bu
E
p ¢ n
L
Working : In photodiode an electric field

exists across the junction from #-side to p-side.
When visible light with energy.hv greater

Physics 2017 (Delhi)

Download All Previous Year and Sample Papers From www.cbsepdf.com
than energy gap (E) illuminates the junction,
then electron-hole pairs are generated in
the depletion layer. Due to electric field
electron moves towards n side and holes
towards p-side give rise to an emf. when an
external load is connected current flows.

[4 {mA)

_ Reverse bias
- Vivolt)—»
I

]

12 > 1, 1{uA)

: L>L>1,
|-V Characteristics of the diode

SET 1

Time allowed : 3 hours

SECTION - A

1. Does the charge given to a metallic sphere
depend on whether it is hollow or solid ? Give
reason for your answer. [11

Answer : No, because all the charge resides on
the surface of the sphere only.

2. A long straight current carrying wire passes
normally through the centre of circular loop. If
the current through the wire increases, will there
be an induced emf in the loop ? Justify. [1]
Answer : No, the emf will not be induced as the
magnetic field lines are parallel to the plane of the
circular loop. So magnetic flux will remain zero.

¢ =BAcos 8 = BA cos 90°
=0
Hence, induced emf, & = -—?
t

3. At aplace, the horizontal compenent of earth’s
magnetic field is B and angle of dip is 60°. What
is the value of horizontal component of the
earth’s magnetic field at equator ? [11

=0

Answer: B, =B' cos 60°
B=B' cos 60° (given B,, = B)
-5 3]
=B >
B' =2B
At equator, 6=0°

www.cbsepdf.com

Maximum marks : 70

B, =B'cosf
=B'cos0°
=2B
4. Namethejunction diode whoseI-V characteristics

are drawn below : [1]
l‘l

F 3
L 4

v
Answer : This is the characteristic of solar cell.

5. How is the speed of em-waves in vacuum

determined by the electric and magnetic fields?

(1]

Answer : The speed of em waves are determined

by the ratio of the peak values of electric and

magnetic field vectors.
B
By
SECTION-B

6. How does Ampere-Maxwell law explain the flow
of current through a capacitor when it is being

- charged by a battery ? Write the expression for
the displacement current in terms of the rate of

change of electric flux. No OTP No Login No AdJezrlitement
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Answer : During the charging of capacitor,
(electric flux between the plates of capacitor keeps
on changing, due to which displacement current
between the plates is produced. Hence circuit
becomes complete and current flow through the
circuit.
d

L=c, 2k
Define the distance of closest approach. An
a-particle of kinetic energy ‘K’ is bombarded
on a thin gold foil. The distance of the closest
approach is ‘r’. What will be the distance of
closest approach for an a-particle of double the
kinetic energy ? [2]

OR
Write two important limitations of Rutherford
nuclear model of the atom.
Answer : It is defined as the minimum distance
of the charged particle from the nucleus at which
initial kinetic energy of the particle is equal to the
potential energy due to the charged nucleus.

At this distance, K.E=P.E

Ko 1 Ze(2e)
dne, r
2
o 22 ()
4ne; K
If K is doubled,
.1 2z .
r=
4ne, 2K )
Dividing (ii) by (i), we get
.rl _ 1
r 2
- T
T2
OR

Limitations : (a} It is not in accordance with

the Maxwell's theory and could not explain the

stability of an atom.

(b) Itdid not say anything about the arrangement
- of electrons in an atom..

Find out the wavelength of the electron orbiting

Download All Previous Year and Sample Papers From www.cbsepdf.com

infinity. Why must both the objective and the
eyepiece of a compound microscope has short
focal lengths ? Explain. [2]
Answer : Magnifying Power : The magnifying
power of a compound microscope is defined as
the ratio of the angle subtended at the eye by the
final image to the angle subtended at the eye by
the object, when both the final image and the
object are situated at the least distance of distinct
vision from the eye.

Magnifying power of the compound microscope

when the final image is at infinity,
L D

m= ——=X—

fo fe

From the above equation, we can see that to
achieve a large magnification, the objective and
eyepiece should have small focal lengths.

10. Which basic mode of communication is used in

satellite communication ? What type of wave
propagation is used in this mode ? Write, giving
reason, the frequency range used in this mode
of propagation.** [2]

SECTION - C

11. (a) Find the value of the phase difference

between the current and the voltage in the
series LCR circuit shown below. Which one
leads in phase : current or voltage ?

.(b) Without making any other change, find the
value of the additional capacitor C, to be
connected in parallel with capacitor C, in
order to make the power factor of the circuit
unity. [3]

L=100mH C=2uF R=4000Q

TSI AWA—

V=V, sin (1000 t +¢)

Answer: (a) Given :

in the ground state of hydrogen atom. [2] L =100x10°H
Anm:ver : We know that, according to de Broglie g : 20’:) ;0—6 F
relation, ® = 1000
2mr = nA Now, X, = oL
For firstorbit,n=1 X, = (1000 x 100 x 10°) Q
2rr= ni X, = 100Q
A= 2nx053A [+ r=053A4] 1
A= 33314 And X = o¢
9. - Define the magnifying power of a compound _ 1
www.cbsep Juicroscope when the final image is formed gt T é‘:Ol\_l% Adversitoment
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108
2x10°
X = 1_(120_0 =5000
Here X > X so, the current will lead.
Xy —Xc
tan ¢= “L—=C
an ¢ R
_100-500
T 400
tan¢ = _ 40
400
tan¢g = -1

=> phase ongle ¢ = —45°
(b) For unity power factor,

X, =X,
oL = L
oc
2 1eq
w* =
0Ceq
1
C,= —
LCeq
1 +
C = = 10uF
“  (1000)* x100x10
Now, ng =C+C,
10 =2+C,
10-2 = C,
, = 8uF

Write the two processes that take place in the
formation of a p-n junction. Explain with the
help of a diagram, the formation of depletion
region and barrier potential in a p-n junction.

(31
Answer : Two important processes involved
during the formation of p-n junction are diffusion
and drift. Electron diffusion

p-type Electron drit  n-type
0000 PP 000
oYololo Rl X X X
oYoYoloRcH I X X X
oloYeleRCHIN Y X X
oYoYoloRCHE I X X X
Depletion
layer

‘Formation of depletion region and barrier
potential : At the instant of p-n junction formation,
www.tbe free@lectrons near the junction diffuse across
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14.

the junction into the p region and combines
with holes. Thus, on combining with the hole, it
makes a negative ion and leaves a positive ion on
n-side. These two layers of immobile positive and
immobile negative charges form the depletion
region.

Further, as electrons diffuse across the junction a
point is reached where the negative charge repels
any further diffusion of electron. This depletion
region now acts as a barrier. Now the external
energy is supplied to get the electrons to move
across the barrier of electric field. The potential
difference required to move the electrons through
the electric field is called barrier potential.

. {a) Obtain the expression for the cyclotron

frequency.

(b) A deuteron and a proton are accelerated by
the cyclotron. Can both be accelerated with
the same oscillator frequency ? Give reason
to justify your answer. [3]

Answer : (a) Suppose the positive ion with charge

q moves in a dee with a velocity v, then

F=— (i)

where m is the mass and r is the radius of the
path of ion in the dee and B is the strength of the
magnetic field.
The time taken by the ion,

27r

B v
1 _ 2mr
f v
\
f= 2y
?
f= 2 Xmv
This frequency is called the cyclotron frequency.
{b) Deuteron and proton have different masses
and cyclotron on frequency depends inversly on
mass. Hence, cannot be accelerated with the same
oscillator frequency.

[using()]

(a) How does one explain the emission of
electrons from a photosensitive surface
with the help of Einstein's photoelectric
equation?

(b) The work function of the following metals
isgiven:Na=275eV,K=23eV,Mo=417eV
and Ni = 5.15 eV. Which of these metals will
not cause photoelectric emission for radiation
of wavelength 3300 A from a laser source
placed 1 m away from these metals ? What
happens if the laser source is brought nearer -
and placed 50 cm awﬂy__QTP No Login No Advfﬁtement
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Answer: (a) According to Einstein's photoelectric

equation,
hv = hv,+E__
= hv-hy,
Em = h(v- v)

Ifv <v, then E___will be negative so, no emission
takes place.

If v > v, then E__ will be positive and directly
proporhonal tov so, emission takes place

he
(b) E = o
N 6.63><10_e'4 xfixlOs
3300x107 1 x1.6x10°%
E = 376 eV

The work function of Na and K is less than the
- energy of incident radiation.

Therefore, Na and K will cause photoelectric

emission while Mo and Ni will not cause

photoeleciric emission.

There will be no effect on photoelectric emission

if the source is brought nearer.

15. A resistance of R draws current from a
potentiometer. The potentiometer wire, AB, has
a total resistance of R . A voltage V is supplied
to the potentiometer. Derive an expression for
the voltage across R when the sliding contact is
in the middle of potentiometer wire. {31

LA

A—— AW~—— Ry

VWA I
R
Answer:

s\ e

R/2 R/2
A— A AN—

VWA
R

The equivalent resistance between A and C,
1_1 1
i + —_—

2 2 R/2

**Answers is not given due to change in the present Syllabus.

www.cbsepdf.com 8
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R
RO
R = 2 _ _RRo (i)
2
Equivalent resistance between A and B,
R = .o R
4 2R+Ry 2
R, = Ro(4R+R¢) (i)
2(2R +R0

Current in the circuit,
V _ V2@R+Ry)

I[= —

R, Ro(@R+Ro)

Voltage across R,

.= LR
_V2(2R+Rg) _ RR,
¥ Ro(4R +Ry) (2R+R0)
_2VR
BT 4R+R,

16. Define the term ‘amplitude modulation.” Explain
any two factors which justify the need for
modulating a low frequency base-band signal.**

(3]

17. (a) Find equivalent capacitance between A and

B in the combination given below. Each
capacitor is of 2uF capacitance.

C ) C: C4| Gs

A——A s A =3

(b) If a dc source of 7 V is connected across
AB, how much charge is drawn from the
source and what is the energy stored in the
network? [3]

Answer : (a) In the given figure, C,, C, and C,
are in parallel so, the equivalent capacitance of
parallel capacitors is given by C'.

C'=C,+C,+C,=(2+2+2)pF
C'= 6 uF

Again, C,C' and C; are in series. Therefore, the
equivalent capacitance C__ is given by

1 111
= —t—+—=
Cy 2 6 2
1 _'341+3 7
Cey 6 6
6
C,= ;P-F

(b) The Charge r%mﬁ%b ime/ﬁﬁerrg ;fhent
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Q=Cqu
= —6—)(7
7
Q= 6uF
Now, U= -1—C V2
2 eq

U= 18 @2 x10°
277

U = 21 x 10¢joule = 21 pJ
18. (a) Derive the expression for electric field at a
point on the equatorial line of an electric
dipole.

(b} Depict the orientation of the dipole in
(i) stable, (ii) unstable equilibrium in a
uniform electric field. (3]

Answer : (a) Consider a point P on broad side

position of dipole formed of charges +9 and —

at separation 2/. The distance of pomt P from mid

point (O) of electric dipole is r. Let E and E be

the electric field strengths due to charges +q and

— g of electric dipole.

From the figure, AP=BP= /2 ,2

—> 1 q
E = — alone Bto P
! 4ne, P24 2 ngE i
—> 1 9

= along Pto A
B 47:80 EIV S

The components of EI and ]Fﬁ perpendicular to AB
: E, sin 0 and E, sin @ being equal and opposite
cancel each other, while the cosine components
of ET]) and E_z) parallel to AB : E, cosb and
E, cos0 being in the same direction add up and
give the resultant electric field whose direction is

parallel to BA.
Re51ﬂiarttelechicﬁeldatPisE—Elcos9+Ezoose
But E =E-= 1 _q—z
4ne (r +47)
From the figure, cos 6= OB _ = L.
www.cbsepdf.com PB 242
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!
E= 2E cos®
x 1 9 . !

dney (72 +12) (7 +12)2
1 24/

4ngy (72 +12)3/2

- But .21 = p = electric dipole moment

! 2

E=
dne, (2 + 122
®) (i) >E
Y
— r4
._>p_. N
4 7
h.
I
N
I

Stable equilibrlum
ie, 9=0°

(i) ————>F
—.?""%
*—c—e
A
—_—
—_—

Unstable equilibrium
ie, 6=180°
19. (a) A radioactive nucleus ‘A’ undergoes a series
of decays as given below :

a
T N AR QL S
The mass number and atomic number of A,
are 176 and 71 respectively. Determine the
mass and atomic numbers of A, and A.
(b). Write the basic nuclear process underlying

>A,

B* and B- decays. [3]
Answer: (a)
Ao Lomp Syp T 54
176 o 3 172 Y i
71 69 4 4
172 = Mass number
A —_—
* { 69 = Atomic number

>ma,—E—s

180 = Mass number
A
{ 72 = Atomic number

{b) The process of spontaneous emission of a
positron (¢*) from nucleus is called * decay.

A

9 No OTP No Login No Adversitement
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p—> n+(1)e+V

The process of spontaneous emission of an
electron (e”) from nucleus is called B~ decay.

n—s practy
20. (a) A ray of light incident on face AB of an
equilateral glass prism, shows minimum
deviation of 30°. Calculate the speed of light
through the prism.
A

B C

(b) Find the angle of incidence at face AB so that
the emergent ray grazes along the face AC.
[3]

Answer : (a) Given:
8, =30°
A=60°
Refractive index of the prism,

sin (M}
2

'_[: _— .
sm( 2)
[30°+60°J
sm| ——
. 2
S O
sin( )
2
_ sin(45°)
sin(30°)
A
o 2
s
Now, H=7y
c
o= —
n
3x108
o=
V2

**Angwers is not given due to change in the present Syllabus.
www.cbsepdf.com 10
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3x108
=
1414

=212 x 10° m/s

Since the light grazes along the face AC. Therefore,
1, is the critical angle.

sin 7% = l
l.11
sinr’= —=

sin 72 =sIn 45°

r=A-r,
=60° - 45°
r =15°
sini
= sinp

Now,

By snell'slaw  sini=psinr,
' = /2 sin(15°)
=1.414 x 0.2588
sin i =0.366
i=21° (approx)

For a CE-transistor amplifier, the audio signal
voltage across the collector resistance of 2 kQ is
2 V. Given the current amplification factor of the
transistor is 100, find the input signal voltage and
base current, if the base resistance is 1 kQ.##
[3]
Describe the working principle of a moving
coil galvanometer. Why is it necessary to use (i)
a radial magnetic field and (ii) a cylindrical soft
iron core in a galvanometer? Write the expression
for current sensitivity of the galvanometer.
Can a galvanometer as such be used for measuring

the current ? Explain. [3]
N@ﬁTP No Login No Adversitement
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(a) Define the term ‘self-inductance’ and write
its S.L unit.
(b) Obtain the expression for the mutual
inductance of two long co-axial solenoids
S, and S, wound one over the other, each
of length L and radii r, and 7, and », and n,
number of turns per unit length, when a
current I is set up in the outer solenoid S,.
Answer : Moving coil galvanometer :
Principle : It works on the principle that a
current carrying coil placed in a magnetic field
experiences a torque.
Radial magnetic field : It is necessary to eliminate
the effect of 6 on torque and hence enable us to
make the scale of galvanometer linear.
Cylindrical soft iron core : It makes the magnetic
lines of force pointing along the radii of the circle
and also due to high permeability it intensifies the
magnetic field and hence increases the sensitivity
of the galvanometer.

Current sensitivity :

L= NEA or %
where Q is the deflection of coil
No, it can not be used to measure electric current
because it is a highly current sensitive device
which would show large deflection even with the
passage of small current, And the galvanometer
coil is likely to damaged by currents in (mA/A)
rang,
OR
(2) Self-inductance : The self inductance of a coil
may be defined as the induced emf set up in
 the coil due to a unit rate of change of current
through it.
Its S.I. unit is Henry (H).
b

Magnetic field produced, B = p.n, L
The flux produced init, ¢, = pnInr2 [ = ¢ BA]
This flux is linked with all the turns of S,,

¢, = pnInrin L (i)

Also o =MI ..(id)
Comparing (i} and (ii), we get

M =ponyn,Lar]
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23,

24,

SECTION-D
Mrs. Rashmi Singh broke her reading glasses.
When she went to the shopkeeper to order
new spects, he suggested that she should get
spectacles with plastic lenses instead of glass
lenses. On getting the new spectacles, she found
that the new ones were thicker than the earlier
ones, she asked this question to the shopkeeper
but he could not offer satisfactory explanation
for this. At home, Mrs. Singh raised the same
question to her daughter Anuja who explained
why plastic lenses were thicker. [4]
(a) Write two qualities displayed each by Anuja
and her mother.**
(b) How do you explain this fact using lens
maker's formula ?
Answer:

(b) According to lens maker's formula,

1 =(n_1){i_ij
f Rl Rz

where f is the focal length, n is the refractive index

and R, and R, is the radius of curvature of the lens.

Since n>n,

where, g stands for glass and p stands for plastic.

Therefore, we get (n ~1)>@m,-1)

Now, using the lens maker's formula, we see that

focal length is inversely proportional to (i - 1).

Hence, j; > j;

Thus, in the case of plastic lens the thickness of the

lens should be increased to keep the same focal

length as that of the glass lens to give the same
power.
SECTION-E

(@) Draw a labelled diagram of AC generator.
Derive the expression for the instantaneous
value of the emf induced in the coil.

(b) A circular coil of cross-sectional area
200 cm? and 20 turns is rotated about the
vertical diameter with angular speed of 50 rad
s in a uniform magnetic field of magnitude
3.0 x 102 T. Calculate the maximum value of
the current in the coil. [5]

OR

(a) Draw a labelled diagram of a step-up
transformer. Obtain the ratio of secondary to
primary voltage in terms of number of turns
and currents in the two coils.

(b) A power transmission line feeds input power
at 2200 V to a step-down transformer with its
primary windings having 3000 turns. Find the
number of turns in the secondary to get the
power output at 220 V,

No OTP No Login No Adversitement
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Answer: (a)

-

5]

G..

J

N : S
— B~ —c -
Ry 1:]__Bs
: ;:ﬁ- Load
' - ;_ resistance
Rz S
B2
where,

gi} are brushes.

E} are slip rings.

R,  isload resistance.
ABCD is armature.
If N is the number of turns in coil, A area of coil
la:'m'.l B the magnetic induction then flux ¢ is given
y
¢= BA
¢ = BAcosot
When the coil is rotated with constant angular
speed '@’ in time 't’
The emf induced in the coil is given by,

e= — %? =-N% (BA cos ot)
= —NBA (- o sin ot)
= NBAo sin ot
e= esin ot (where ¢, = NBAw)
(b) We know that,
e, = NBAw

e,= 20 x 3 x 1072 x 200 x 107 x50
e,= 0.6 volt =600 mV

€0

kL R ‘
0.6 600
Io = — A= —mA
R R
OR
(a) Laminated
aminate
Prima _____/_q)__ior_e__ Secondary
o | : Call
1 —
[~ [
b ‘i:-
4=‘f‘, Tl Toload
41 = o
< 1 <*>
ac. || A
Source L= -

www.cbsepdf.com Step up transformer 12

The emf induced in primary and secondary coil,

49 :
e = —NB Z (i)
do ..
e,=-N, “J; ..(ii)
Dividing (i) by (ii), we get
&N (i)
ep N,

According to the law of conservation of energy in
an ideal transformer,

el = eplp
) (V)
A ¥
From equation (iii} and (iv), we get
e N _ L
(b) Given : fp NP s
e =200V
Np = 3000
N =?
e =220V
e, N
6 N,
o N,
2200 ~ 3000
= N_=300

. (a) Distinguish between unpolarised light and

linearly polarised light. How does one get
linearly polarised light with the help of a
polaroid ?

(b) A narrow beam of unpolarised light of
intensity I is incident on a polaroid P,. The
light transmitted by it is then incident on a
second polaroid P, with its pass axis making
angle of 60° relative to the pass axis of P,. Find
the intenstity of the light transmitted by P,

[5]
OR

(a) Explain two features to distinguish between
the interference pattern in Young's double
slit experiment with the diffraction pattern
obtained due to a single slit.

(b) A monochromatic light of wavelength 500 nm
is incident normally on a single slit of width
0.2 mm to produce a diffraction pattern. Find
the angular width of the central maximum
obtained on the screen.

Estimate the number of fringes obtained in
Young's doublenslitrexperiment with feinge
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width 0.5 mm, which can be accommodated

with the region of total angular spread of the

central maximum due to single slit. (51
Answer : (a) Unpolarised light : If the electric
component of light vibrates in all the direction
in the plane perpendicular to the direction of
propagation, the light is known as unpolarised
light.
Linearly polarised light : If the vibration of electric
compeonents of light are restricted in one direction
only in the plane perpendicular to the propagation
of light then light is known as linearly polarised
light.
A polaroid consists of long chain molecules aligned
in a particular direction. The electric vectors along
the direction of the aligned molecules get absorbed.
So, when an unpolarised light falls on a polaroid,
it lets only those of its electric vectors that are
oscillating along a direction perpendicular to its
aligned molecules to pass through it. The incident
light thus gets linearly polarised.
b)

SO

Intensity of light after passing through the polaroid

P,M=2
Intensity of light after passing through the polaroid
Py
According Malus law I = I, cos?0
I=T cos?60° [ 6=60°
I h(i)z
2\2
1=lo,1
2 4
o
)
OR
(a)
Interference Diffraction
1. All bright and dark The width of central
fringes are of equal bright fringe is twi-
width. ce the width of any
secondary maxima.
2, All the bright Intensity of bright
fringes are of same fringes decreases as
intensity. we move away from
central bright fringe.

www.cbsepdf.com
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(b) Angular width of central maxima, ® = —

26.

13

a
_ 2x500x107°
0.2x1072
=5x 102 rad.
Now, fringe width, B= A—D
Linear width of central maxima in the diffraction

d
pattern 0.02
. 2AD
w =

a
Let ‘n’ be the number of interference fringes which
can be accommodated in the central maxima.

nxp=w'
_22D_ 4
n= X —
. P AD
n= 2
a

(a) Derive an expression for drift valocity of
electrons in a conductor. Hence deduce Ohm's
law.

(b) A wire whose cross-sectional area is increasing
linearly from its one end to the other, is
connected across a battery of V volts. Which
of the following quantities remain constant
in the wire ?

(i) driftspeed

(iii) electric current

Justify your answer.
OR

(a) State the two Kirchhoff's laws. Explain briefly
how these rules are justified.

(b) The currentis drawn from a cell of emf E and
internal resistance r connected to the network
of resistors each of resistance r as shown in
the figure. Obtain the expression for (i) the
current drawn from the cell and (ii) the power
consumed in the network.

(ii) current density
(iv) electric field
[5]

AAAN
YyYvy

‘ I
Answer : (a) Expression of Drift velocity : It is
defined as the average velocity gained by the free
electrons of a conductor in the opposite direction
of the externally applied electric field.
If an electron have initial velocity u, and accelerated

for time , then velocity affgigby,jt Bg&lhkﬁ?o Adversitement
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4 = i+
Similarly 4 = i +4dT,
g = i+,
g = i vi,
Then average velocity,
7 o G+T0+ T+ .7,
4 n
7 = ((+&)+ @+dt) + ....(d + )
d n
@+d+...0) (r+7,+...1)
7 = 7 * n
¥, =0+at
¥ =dr
wheret= 1712 ¥+ _ jyerage relaxation
” time.
5 _ —efr .. _ —eEr
0, = "1. ['-a= - ]
- E
lg,| = |._$n Tl
Now,
¢Et
v, = —
m
L gV
47 ol ]
Nowcharge flowing through conductor at aninstant
iS'
and 1= neAv,
VT
I =neA—r
mi
vV  m
1 ne’TA
If physical condition remain unchanged then right
hand side will be constant.
}I’— = Constant

% = RorV=IR

Hence, Ohm's law is derived.

(b) The electric current will remain constant
in the wire as it does not depend upon the
cross-sectional area whereas the drift speed,
current density, electric field depends upon
the increasing area of cross-section with the

following relations :
)|

Drift speed, v,=

I
Current density, ] = A

Electric field, E= J

www.cbsepdf.com o 14

OR
(@) Kirchhoff's laws:

1. Kirchhoff's first law or junction rule:: Inan
electric circuit, the algebraic sum of currents
at any junction is zero.

=0

2. Kirchhoff's second law or loop rule :
Around any closed loop of a network, the
algebraic sum of changes in the potential
must be zero.

ZAV=0

Justification : First law is based on the law of

conservation of charge and second law is based

on the law of conservation of energy.

® L

| —AA

|

The equivalent resistange between ACand CB
is given by

1 11
_' = -—+—
r r r
1 2
7o
r’—L
T2
AArAA
Al 72 318
'A‘rl'"A
II AAAA
! r

]
EI I ?”
The equivalent resistance between A and B is
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given by :
1 1.1.1
—_ = —+—+=
Mo oror
m___,:
=3
73
AAAS—

|1 AAA A=
| AW

T .
Total resistance of the circuit is given by,
R= % +r

Physics 2017 (Delhi)
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4r
=3
Now current through the circuit is given by
, E
=z
3
3E
T 4
2. Powerconsumption = IR
_ (3EY 4r
) (3) 3
p. 3B
4r

SET 11

Time allowed : 3 hours

Note : Except for the following questions, all
the remaining questions have been asked in
previous set.

10,

Find the wavelength of the electron orbiting in
the first excited state in hydrogen atom. 121
Answer : Radius of n™ orbit,
ro=rp?=053m2A
For 1* excited state n = 2. 4
- r, =053 x 4A
=212
For an electron revolving in n™ orbit, according
to de Broglie relation,
2nr = nl,
2x314x212x101 =2 _
A=314x212x10""m
=667 A
Distinguish between a transducer and a
repeater.** (21

Why should the objective of a telescope have
large focal length and large aperture ? Justify

your answer. [2]
Answer ; Magnifying power of telescope, m = —E
. f, should be large. fe

Also, R.P. of tel =—
S0 of telescope = ————

.. Aperture should also be large to increase
resolving power.

**Answers is not given due to change in the present Syllabus.
www.cbsepdf.com

Maximum marks : 70

. In the study of a photoelectric effect the graph

between the stopping potential V and frequency
v of the incident radiation on two different

metals P and Q is shown below : [3]
P
! a
V 44
(volt)
2 -
L] ] 1
4 6 .
5 v(x 10" Hz —»

(i) Which one of the two metals has higher
threshold frequency ?

(ii) Determine the work function of the metal
which has greater value.

(iii) Find the maximum kinetic energy of
electron emitted by light of frequency
8 x 10 Hz for this metal.

Answer : (i) Q has higher threshold frequency.

(ii) Work function of Q
% = v, 14
6x%10
hv = (6.6 x 103 x ———— €V
Vo= G b 10 x 10 ©
=25V

(i K__ =h(v-v)

_ 6.6x10(8x10™ —6x10")

T8 O MeLogi No A sitement
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13.

18.

6.6x107* x2x10M
= ev

1.6x1071°

K = 083eV .
-A 12 pF capacitor is connected to a 50 V battery.
How much electrostatic energy is stored in
the capacitor ? If another capacitor of 6 pF is
connected in series with it with the same battery
connected across the combination, find the
charge stored and potential difference across

each capacitor. (3]
Answer : Energy stored in the capacitor of
capacitance 12 pF,
L2
= —-CV
v 2
1
= E X 12X10—12X50X50]
=15 x10%]

Let C be the equivalent capacitance of 12 pF and

6 pF capacitor connected in series and it is given
by

1_1.1_1+2
C 12 6 12
C=4pF

As the capacitors are connected in series, so the
charge remains same

. Charge stored across each capacitor,
g=CV=4x10%" x50

=2x1010C
Potential difference across capacitor C,,
2x1071° 50
V.= ——— volt=V
'o12x10712 3
Potential difference across capacitor C,,
2x10710 100
—_— - V
2= T 10 volt 3

A zener diode is fabricated by heavily doping
both p and n- sides of the junction. Explain,
why ? Briefly explain the use of zener diode as
a dc voltage regulator with the help of a circuit
diagram. (3]
Answer : By heavily doping both p and n sides
of the junction, depletion region formed is very
thin, i.e. < 10 m. Hence, electric field across the
junction is very high (~5 x 10° V/m) even for a
small reverse bias voltage. This can lead to a break
down during reverse biasing.

R
B
Unregulated Regulated
power power
supply supply
www.cbsepdf.con? 16

21,

Download All Previous Year and Sample Papers From www.cbsepdf.com

If the input voltage increases/decreases then

current through resistor Ry and Zener diode also
increases/ decreases. This increases/decreases
the voltage drop across R, without any change in
voltage across the zener diode.

This is because in the breakdown region, zener

voltage remains constant even though the current
through the zener diode changes.

. A electron of mass m_revolves around a nucleus

of charge +Ze. Show that it behaves like a tiny
magnetic dipole. Hence prove that the magnetic
moment associated with it is expressed as

U= ——L where L is the orbital angular
momen?lzﬁn of the electron. Give the signifi-
cance of negative sign, (31
Answer : Electron in circular motion around
the nucleus, constitutes a current loop which
behaves like a magnetic dipole.

Current associated with the revolving electron,

o

=<
T
2
and T=_’u— @
£
[= Zﬂ:rv

Magnetic moment of the loop,

p=I1A
ev
n=l1A= 2nr ot
_eor eam,or )
=2 T om, M
Orbital angular momentum of the electron,
L=myvr
Put the value of L in equation (i) (ii)
= o
B 2m, L

The negative sign signifies that the angular
momentum of the revolving electron is opposite
in direction to the magnetic moment associated
with it.

. (@) Derive the expression for the electric

potential due to an electric dipole at a point
on its axial line.
(b) Depict the equipotential surfaces due to an
electric dipole. (3]
Answer : (a) Consider an electric dipole having
charges — and +4 at separation 24". The dipole

t of dipol 2a directed from
]:';omen ° pote lsIzl:'o Oq'(P No Login No Adversﬂe??lent
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The electric potential due to dipole is the algebraic
sum of potentials due to charges +4 and —.

AL
[ — — Y S——
9 p L !

)

Y 4

If r, and r, are distances of any point P from
charge +4 and - g respectively as shown in the
figure, then the potential due to eleetric dipole at

point P, is
ve_Lt g 1 4
dney n  4dmegy n
1 1
=57 [———} ()
€A »

If (r, 0) are polar coordinates of point P with
respect to mid-point O of dipole, then

By geometry,
72 = r*+a*-2ar cos O (i)
and ri =72+ a*+2ar cos 0 ...(iii}
2
From (ii), 7 =7 {1 _ 2acos® +"—2}
4 r

a
If r >> aie, —<<1, then it is sufficient to retain

r
terms only upto first order in (EJ .
r

. r_2|i1_2ac0s(5)]
r
1/2
= r= r[l_ZacrosG] ..(iv)
Similarly from (iii),
rﬁ _ r2|:1 22c0s0
r -
q1/2
- | = T[1+ 2acosf )
From (iv) and (v), )
1 1[1_2acosﬂ--1/2
- r r

www.cbsepdf.com !

Download All Previous Year and Sample Papers From www.cbsepdf.com

: -1/2
nd 1 1[1+2ac039:|

/) r r
Using binomial theorem and retaining terms

* upto first order in 2 only, we have

17

r

_1_(_1] 2acos
2 r

=
]

1+Zcos 9] w(vi)

7

| =

]

I B S I

and

1—5(:059}
f2 r

Substituting these values in (i), we get

9
V=
dne

[1(1+£c036]—1(1—3c050]:|
7 r r r

= 1 i[1+£(:059—1-{-£(:os(9:l
dnegy r r r

= 1 g[gf—cose]
dmey rL 7

1 (4.22)cos@
- 471:60 7‘2

1 cos®
2 .vil)

or V=
dney »
When point P lies on the axis of dipole, then
0=0° ‘
cos@ =cos0° =1

1 »

V= .
4“80 7‘2

(b)

Equipotential
surfaces

Equipotential surfaces get closer to each other
near the point charges, as strong electric field
is produced there.

No OTP No Login No Advgyrgitement
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SET 111

Time allowed : 3 hours

Note : Except for the following questions, all
the remaining questions have been asked in

previous sets.

7. When are two objects just resolved ? Explain.
How can the resolving power of a compound
microscope be increased ? Use relevent formula
to support your answer. [2]
Answer: When the maxima of diffraction pattern
from one object coincide with the minima of
second object then they are just resolved.

RP.= 2u sind

The resolving power of a compound microscope
can be increased by increasing pu and by
decreasing A.

8. (a) What is the line of sight communication 2**
(b) Why is it not possible to use sky waves for
transmission of T.V. signals ? Upto what
distance can a signal be transmitted using

an antenna of height ‘b’ 2** 2]

9. An o-particle and a proton are accelerated
through the same potential difference. Find the
ratio of their de Broglie wavelengths. [2]
Answer : de Broglie wavelen%th,

WL S
P VamK  [2mgv
Ao _ (Ml
?"P oo,
me mxX=4m,
T Vama2e [qx=2qp]
M . \/I L
% V8 2V2
la:lp=1:2\/§

14. (a) State two important features of Einstein's
photoelectric equation.

(b) Radiation of frequency 10" Hz is incident
on two photosensitive surfaces P and Q.

. df. ‘ 18
o Ctﬁiﬁnsvsgl{g is not given due to change in the present Syllabus.

16.

Maximum marks : 70

There is no photoemission from surface P.
Photoemission occurs from surface Q but
photoelectrons have zero kinetic energy.
Explain these observations and find the
value of work function for surface Q. [3]

Answer : (a) 1. By Einstein’s photoelectric
equation we can explain the laws of photoelectric
emission.

2. By this we can find the value of Planck's

constant and work function.
(b) Given: v=10% Hz

_ £ 3x10% _

Wavelength, A= = TEE 300 nm
Energy, E= E - 6.6x10** x3x108
Y 300x107°
_ 66x107
1.6x107°
=4.125eV

The work function of P is more than the 4.125 eV
Therefore there is no photoemission from surface
P.

For surface Q, the kinetic energy is zero,
KE_ =E-¢,
0=E-¢,
= Work function, ¢, =E=4.15eV

(a) Obtain the expression for the torque 7
experienced by an electric dipole of dipole
moment ﬁ' in a uniform electric field, E.

(b) What will happen if the field were not
uniform ? [3]

Answer: (a)

LR

_ 2,//
//
. EAS

F=—E_A c__.

4

v

2/sin 0 ‘Lw

>
r 4

1 = Force x Perpendicular distance
= FxBC

T=qEx2lsin®

T = pElg?Ig)éP No Login ItJQ,Aqugratg‘rﬂjt
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2 pxE |
{b) If the field is non-uniform then there will
be a net force acting on the dipole. Also, a net

torque acting on the dipole which depends on
the location of the dipole.

Explain briefly with the help of necessary
diagrams, the forward and the reverse biasing
of a p-n junction diode. Also draw their
characteristic curves in the two cases. (31

Answer : Forward biasing : If the positive
terminal of the battery is connected to the p
type semiconductor and negative terminal to
the n type semiconductor then it is said to be in
forward biased.

17,

N
1

n

o

®

Forward biasing

Characteristics :
,E, A
5 Forward
E Biasin
3 g
=
1]
g
(=]
w

0 01 02 03 04 05
v—>

Reverse Biasing : If the positive terminal
of the battery is connected to the n type
semiconductor and the negative termal to the p
type semiconductor then it is said to be reverse
biased.

N
LT
pn

®

www.cbsepdf.com Revgrge blasing
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Characteristics :

8 6 4 2 0

V.

Reverse

(ym|

Biasing

20. Two identical capacitors of 12 pF each are
connected in series across a battery of 50 V.
How much electrostatic energy is stored in
the combination ? If these were connected in
parallel across the same battery, how much
energy will be stored in the combination now ?

Also find the charge drawn from the battery in

each case, (31
Answer : Case I : When the capacitors are
connected in series.
12pF 12 pF
Il il
| il
N
| )
50V

The equivalent capacitance is given by
_12x12 12x12

<" 12+12 24
C_=6pF=6x10"F

eq

Electrostatic energy,
1
U= 2 Ccv?
=7 x 6 x 102 x 50 x 50

U=75x 10717,

As the capacitors are connected 'in series so, the
charge remains the same.

Q= Cqu

Q=6x10"2x50

Q=300 pF =300 x 10F
Case II : When the capacitors are connected is:
parallel.

||12})F
L]

L
50v

19 The equivalent capacitarite @ givendgi, No Adversitement
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Ceq= (12+12) pF
=24 pF =20 x 10°12F
Electrostatic energy,

U= %x 24x10712 x(50)?

U=3x10%]
As the capacitors are connected in parallel so, the
charge on each capacitor is different but potential
difference remains the same._

Charge on C,,
Q=CV
Q,=12x 1012 x50
=600 x 10712F
Similarly, Q, =600 x 10712F

Total charge, Q=Q, +Q,
= (600 + 600) x 1012
©=1200 x 10712
=12x10°0F

www.cbsepdf.com 20
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21. (a) Write the expression for the force F acting

on a particle of mass m and charge q; moving
with velocity v ina magnetic field B. Under
what conditions will it move in (i) a circular
path and (ii) a helical path ?
(b) Show that the kinetic energy of the particle
moving in magnetic field remains constant.
. (3]
Answer: (a) F= q(v” x _B)) =qvBsin0
(i) If the angle between v and B is 90° then it will
move in circular path.
(ii) If the angle is other than, 0°, 90° and 180° the
path will be helical.

(b) Since the work done on the charged particle
moving in the magnetic field is zero because
force experienced is perpendicular cannot bring
any change in speed of charged particuler. Hence
the change in K.E. is zero.

No OTP No Login No Adversitement
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SECTION-A

1. A proton and an electron travelling along

parallel paths enter a region of uniform
magnetic field, acting perpendicular to
their paths. Which of them will move in a
circular path with higher frequency? [1]
Answer : Frequency of revolution of a particle,

or foc—

Since mass of electron is less than that of
proton, therefore, its frequency of revolution
will be higher than that of proton.
Name the electromagnetic radiations used for
(a) water purification, and (b) eye surgery.
[1]
Answer:
(a) Water purification : Ultraviolet radiation.
(b) Eye surgery : Ultraviolet radiation/laser.
Draw graphs showing variation. of photoelectric
current with applied voltage for two incident
radiations of equal frequency and different
intensities. Mark the graph for the radiation
of higher intensity. (1]
Answer : Graph for photoelectric current (I)
versus applied potential for radiations of same
frequency and varying intensity.

Current

2> 14
Iz

28

Vo Ancde Potential (V) —»

Photoslectric

Retarding Potential

4.

Four nuclei of an element undergo fusion
to form a heavier nucleus, with release of
energy. Which of the two— the parent or the
daughter nucleus—would have higher binding
energy per nucleon? [1]

Answer : When lighter nuclei combine to form
a heavier nucleus, binding energy per nucleon
increases and energy is released. Thus, the

www.cbaaidieem is not given due to change in the present Syllabus.!

Maximum marks : 70

daughter nucleus would have higher binding
energy per nucleon.

Which mode of propagation is used by short
wave broadcast services** [1]

SECTION-B

Two eleciric bulbs P and Q have their resistances
in the ratio of 1 : 2. They are connected in
series across a battery. Find the ratio of the

power dissipation in these bulbs. (2]
Answer : Let resistances of bulbs P and Q be R
and 2R respectively.

As they are connected in series, so current
through each bulb is same. Let the current be L.

P IRy R 1

P, PR, R, 2

ie P:P,=1:2
A 10 V cell of negligible internal resistance is
connected in parallel across a battery of emf
200 V and internal resistance 38 Q as shown
in the figure. Find the value of current in the
circuit. [2]
0V

I

I

L
1

200V 38O

OR

In a potentiometer arrangement for deter-
mining the emf of a cell, the balance point
of the cell in open circuit is 350 cm. When
a resistance of 9 ) is used in the external
circuit of the cell, the balance point shifts
to 300 cm. Determine the internal resist-
ance of the cell.
Answer:Given:E =10V;E, =200V, r=38 2,
I=2?
Net emf, E = E, - E, (*+ two cells

. being in opposition)

=200V-10V=190V

Net emf : 190V
Resistance  38Q2

OR
Balance point in open circuit, /= 350 cm.
R=9Q, No*OTP No Login No Adversitement

Current, I = =5 A.
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New balance point /, = 300 cm.
Internal resistance of a cell is given by,

l — _ .
r=R (i—12)= 9[Mj =15Q.
L 300

8. (a) Why are infra-red waves often called
heat waves ? Explain.

(b) What do you understand by the state-
ment, “Electromagnetic waves trans-
port momentum” ? [1]

Answer : .

(a) Infra-red waves are called heat waves
because they raise the temperature of
the object on which they fall and hence
increase their thermal motion. They also
affect the photographic plate and are
readily absorbed by most of the materi-
als.

(b) Electromagnetic waves transport mo-
mentum. This means that when an

electromagnetic wave travels through-

space with energy U and speed ¢, it
transports linear momentum p = —. If
a surface absorbs the waves complectely,
then momentum “p’ is delivered to the
surface. If the surface reflects the wave,
then momentum delivered by both
incident and reflected wave adds on to
give 2p" momentum.
9. If light of wavelength 412.5 nm is incident
on each of the metals given below, which
ones will show photoelectric emission and

why? 2]
Metal ‘Work Function
- (eV)
Na 1.92
K 215
Ca 3.20
Mo 417
Answer : Wavelength of incident light,
' A=412.5nm
= 4125 x 10~n
. Energy of incident light
he 6.63x10™* x3x10®
T 4125x10°
= 4.82 x 10°9]

WDEYes is potgiven due to clﬁmge in the present Syllabus.
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4.82%1079 o
1.6x107¥

= 3.0leV

Since, the energy of incident radiation is
greater than the work function of sodium
and potassium, but less than that of calcium
and molybdenum, therefore, photoelectric.
emission will take place in sodium and po-
tassium.

10. A carrier wave of peak voltage 15 V is used
to transmit a message signal. Find the peak
voltage of the modulating signal in order
to have a modulation index of 60%.** [2]

SECTION-C

11. Four point charges Q, 4, Q and g are placed
at the corners of a square of side ‘2’ as

shown in the figure.
Q q
q : a Q
Find the
(@) resultant electric force on a charge Q,
and
(b) potential energy of this system.  [3]
OR

(a) Three point charges 4, — 47 and 24 are
placed at the vertices of an equilateral
triangle ABC of side '/’ as shown in
the figure. Obtain the expression for
the magnitude of the resultant electric

force acting on the charge 4.
A
g
2q
_4q c
< ! >

(b) Find out the amount of the work done
to separate the charges at infinite dis-
tance.

Answer : (a) Force on charge Q at B due to

charge gat A

1

(%) —
F, = pr— along BY

No OTP No Login No Adversitement
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Q q
N c
ax’f\
\
A B Y. > E
P e —— | “Fy
xv '”‘F
F ©
Force on charge Q at B due to charge q at c.
E,= —1—q—galong BX
47580 ﬁ
Resultant force,F= \/P12+F22 along R_r"
2
N
- 47580 az
_ Q2
4meya®

Force due to charge Q = F,

Total resultant force = F + F, along B_())
1 V2Q7, 1 QQ

= 47580 22 ’ 47580 2122

I
|
I_\
|10
Lo
o
-

+
o
B,

)

R
o
@]

Us 2 [0.9,9,0,90 ]

dmeg| a 4 V22 24
_ 1 4fo Q7
4ne J— 2a J_ 2a
1 Q2+q2
= py [4Qq+ 72 }
OR

(@) Electric force at A due to charge 24
1 gx2g
72

N
along CA
47550

C

Electric force at A due to charge (- 44),

1 qx(—4q) —
47':8 i along AB

www.cbsepdf.com 3
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Resultant force,

= JF% + Fé + 2FgFc cos 120°

1 2

=G \/(—4) +QF +2-4)(2)

1 2J7¢

T o4mey 12

(b) Work done to separate the charges to
" infinity :
Initial potential energy,

U, =t [(4q)q+(44)(2q)+(q)(2q>}

T i I

2
L T4 842
47580 l

_ 1[04
" 4mgg [

Final potential energy, U,= 0
Thus, work done

-104*) 104>  5¢
= Uf-'U,-zO~[ 1 J=—4 1 =—q
4TE301 Twol 27:801

12. (@) Define the term ‘conductivity’ of a
metallic wire. Write its SI unit.

(b} Using the concept of free electrons in
a conductor, derive the expressmn for
the conductivity of a wire in terms of
number density and relaxation time.
Hence obtain-the relation between
current density and the applied electric
field E, [3]

Answer :

(a) Conductivity of a metallic wire is defined as
its ability to allow electric charges or heat to
pass through it.

Numerically, conductivity of a material is
reciprocal of its resistivity.
No OTP No Login No Adversitement
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b

SI unit : chm™ m™ or mho m™ or Siemen
m™,

Consider a potential difference V be applied
across a conductor of length ! and cross-
section A.

Electric field inside the conductor, E = —\I-’-

Due to the external field the free electrons
inside the conductor drift with velocity z,.

Let, number of electrons per unit volume = 7,
charge on an electron = ¢
Total electrons in length, / = nA/
And, total charge, g = neA/

Time taken by electrons to enter and leave
the conductor, '

L4
Current, I = Z= ﬂ
t l/?ld
= neAv,
I
Current density, ] = n =ner, ..{i)
eEx eVt
We know, v, = T ="
[ = neAp = neAVet
= RS Tl
- V  om
I 7 ne*A
N R = 'fl
ne“tA
V !
[ -I—=R; Ohm's law]
" Resistivi RA miA
esistivity, = — =
. ! nez‘rAxe
or p = m/nét
. 1
Since condt._tctmty, g = ;

www.cbsepdf.com
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HEZT

c =— (i)
m
Relation between current density and field :

For an electron, charge g = - ¢

And,
current density, J = % = —ney, [from (i)]
. eft
I =(¢n) (7}
_ [n ezr]E
m
= ] =cE  [from (ii)]

. which is the required relation.

A bar magnet of magnetic moment 6.J/T
is aligned at 60° with a uniform external
magnetic field of 0.44 T. Calculate (a) the
work done in turning the magnet to align
its magnetic moment (i) normal to the
magnetic field, (ii} opposite to the magnetic
field, and (b} the torque on the magnet in
the final orientation in case (ii). [3]
Answer : Given, magnetic momentum,
m=6 JT!
External magnetic field, B=044 T
8, = 60° = cos 6, = cos 60° = %
(a) Work done in turning the magnet

normal to the field,

W = — mB(cos 6, —cos 6))

() Here, 8, =90°
W = +mB cos 8,

6 x 0.44 x % =1.32]

(i) Here 6, = 180°
W = —mB (cos 0, - cos 0,)

W=-6x 0.44(—1—%}

=3.96]
(b) Torque on magnet when moment is
alighed opposite to the field,
Torque = |mxB|
T=mBsin 0
=6 x 0.44 x sin 180°
=0 (- sin 180° = 0)

14. (a) An iron ring of relative permeability

n, has windings of insulated copper
wire of n turns per metre. When the
current in the windings is I, find the
expression for the magnetic field in the
ring.

No OTP No Login No Adversitement
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(b) The susceptibility of a magnetic material
is 0,9853. Identify the type of magnetic
material. Draw the modification of the
field pattern on keeping a piece of this
material in a uniform magnetic field.

[3]

Answer : (a) Consider a ring of radius r

having » turns per metre. Then total number

of turns in the ring =2nm =N
Current enclosed = NI = 2nrnl.

By Ampere’s circuital law, gSEE? = pgurl
B x 2nr = ppr2neml
or B = pgural -
(b) Given, susceptibility, x=0.9853.
The material is paramagnetic in nature.
If a piece of this material is kept in uniform
magnetic field, then field pattern gets modified
as follows :

A

The lines of force tend to pass through the

material rather than the surrounding air.

(a) Show using a proper diagram how
unpolarised light can be linearly
polarised by reflection from a transpar-
ent glass surface.

(b) The figure shows a ray of light falling
normally on the face AB of an equilat-
eral glass prism having refractive index

Z, placed in water of refractive index

. Will this ray suffer total internal

Wik N|W

reflection on striking the face ACS?

Download All Previous Year and Sample Papers From www.cbsepdf.com

Justify your answer. . Bl

A

Answer :

(@) Polarisation of light by reflection from a
transparent glass surface :

Incident Reflected
A unpolarised fight partially polarised
' ‘g light
AIr (iq)
84
X 0 g0° Y
Glass (12} 0,
Refracted
light
() Given, % = = and % = =
iven, = an pg— 3
a
U 3/2 9
w g
=== =1125
Fe=ay, 4/37 8
We know at critical angle C,
1
w —
B = sinC
1 1
inC = =—— =0.88
or sin w“g 1125
ie C =6273°

But from the figure, light will incident
on face' AC making an angle 60° with the
normal i.e., { = 60°

So,i<C -

.. Light will not sufger total internal reflection.

16. (2) If one of two identical slits producing
interference in Young’'s experiment is
covered with glass, so that the light

intensity passing thr it is reduced
intensity passin ough it is reduce

No Login No Adversitement
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17.

to 50%, find the ratio of the maximum -

and minimum intensity of the fringe in
the interference pattern.

(b) What kind of fringes do you expect to
observe if white light is used instead of
monochromatic light? [3]

Answer : (a) The resultant intensity in

Young’s experiment is given by

L =1L+L+2JLI,cos¢

When slit is not covered, then I, is the inten-
sity from each slit.
Maximum intensity (I _ } occurs when ¢ = 0°.

- Minimurmn intensity (I, ) occurs when ¢ = 180°.

If one slit is covered with glass to reduce its
intensity by 50%, then

Iy Io
it I —cos(}®
L+ ) +2,ﬂ0x 5

Lx =
= 151, +2x 07071, =2914],
Lnin = L+ L +2\/IDT%°C05180°
= 151,-2x 0707, =0.086 I,
I 2914
Ratio = ﬁ—ﬁ—‘%m 34

(b) If instead of monochromatic light, white
light is used, then the central fringe will be
white and the fringes on either side will
be coloured. Blue colour will be nearer to
central fringe and red will be farther away.
The path difference at the centre on perpen-
dicular bisector of slits will be zero for all
colours and each colour produces a bright
fringe thus resulting in white fringe. Further,
the shortest visible wave, blue, produces a
bright fringe first.

A symmetric biconvex lens of radius of
curvature R and made of glass of refrac-
tive index 1.5, is placed on a layer of liquid
placed on top of a plane mirror as shown
in the figure. An optical needle with its
tip on the principal axis of the lens is
moved along the axis until its real, inverted
image coincides with the needle itself. The
distance of the needle from the Iens is
measured to be x, On removing the lig-
uid layer and repeating the experiment,
the distance is found to be y. Obtain the
expression for the refractive index of the

www.cbhsepdf.com
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liquid in terms of x and v, [3]

———

Answer:

Given, refractive index of lens, Hg = 1.5

The distance of the needle from the lens in the
first case = The focal length of the combination
of convex lens and plano-concave lens formed
by the liquid, /= x

And, the distance measured in the second
case = Focal length of the convex lens, f, = y
If the focal length of plano-concave lens

formed by the liquid be £, then
111
A
L 1_11_ 11
fr f A x vy
y-x
Y
or ng‘;/x__yx

Now, refractive index of lens, y1 = 1.5, radius
of curvature of one surface = R and radius
of curvature of other surface = ~ R

=0 (7 %)
i_(l.s—l) (%) =>R=y

And, if refractive index of liquid 15‘1-11 ,
Radius of curvature on the side of plane
mirror = w

Radius of curvature on the side of lens = - R

L2 (y —1)[:%‘%)

Il

xy
1
= (Mz-l)[‘—]
y-x y
= (m-1) = ‘(T)
or W= x—-;—z+1
2x-y

xNo OTP No Login No Adversitement
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18. (a) State Bohr's postulate to define stable- (b) A radioactive isotope has a half-life of
orbits in hydrogen atom. How does de 10 years. How long will it take for the
Broglie's hypothesis explain the stabil- activity to reduce to 3.125%? [3]
ity of these orbits ? Answer : (a) Plot of binding energy per

(b) A hydrogen atom initially in the nucleon mass number :

www.cbsepdf.com

ground state absorbs a photon which 10 —T= T
excites it to the » = 4 level. Estimate the g A 1239 S Lot Mol ™| 7y
- frequency of the photon. [3] E; N o ——
Answer : (a) Bohr's postulate for stable 536 ‘1 N u
orbits in hydrogen atom : An electron 2T (]|
can revolve only in those circular orbits in 2.8 4
which its angular momentum is an integral Z ! °H
multiple of 4/2r, where 4 is planck’s con- § [,
stant. z M -
If n is the principal quantum number of ¢ %0 M;szo Number (1,_?)0__, 200 250

orbit, then an electron can revolve only in
certain orbits or definite radii. These are
called stable orbits. ,

de Broglie explanation of stability of orbits:
According to de Broglie, orbiting electron
around the nucleus is associated with a
stationary wave. Electron wave is a circular
standing wave. Since destructive interfer-
ence will occur if a standing wave does
not close upon itself, only those de Broglie
waves exist for which the circumference of
circular orbit contains a whole number of
wavelengths i.e., for orbit circumference of

»™" orbit as 277,

2nr, = nh
2nr, = n [L] o~
mo
or mor = n[ij
2 2x

which is quantum condition proposed by
Bohr.

(b) In ground state, n =1
In excited state, » = 4

1 R{ 1 1 ] Fere R
—= — = 5 |, where 1S
AL @

Rydberg constant

= 1.097 x 107 x —}2 = 10284375

>

= 1.028 x 107 m"
Frequency, v =,% =3 x 10% x 1.028 x 107

=3.09 x 10® Hz
(a) Explain the processes of nuclear fission
and nuclear fusion by using the plot
of binding energy per nucleon (BE/A)
versus the mass number A. 7

n
(b} We know that, R£=[lj

1. When we move from the heavy nuclei

region to the middle region of the plot,
we find that there will be a gain in the
overall binding energy and hence results
in release of energy. This indicates that
energy can be released when a heavy
nucleus (A = 240) breaks into two roughly
equal fragments. This process is called
nuclear fission.

2. Similarly, when we move from lighter nu-

clei to heavier nuclei, we again find that
there will be gain in the overall binding
energy and hence release of energy takes
place. This indicates that energy can be
released when two or more lighter nuclei
fuse together to form a heavy nucleus.
This process is called nuclear fusion.

o \2

. 3.
Given, - 3.125% = ——

- -

=
Given, T = 10 years

(
. ae
|

B
11

As 7=

-;- =5 [vT=10year]

or No OTP N Eo’éir;lgo':Ang}gﬁ%rn’?ent
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20. (a) A studentwants to use two p-» junction
diodes to convert alternating current
into direct current. Draw the labelled
circuit diagram she would use and
explain how it works.

(b) Give the truth table and circuit symbol
for NAND gate.** 3]
Answer :. (a) Full wave rectifier :
A ?\11
!
—>
Qutput
R
AC “_ 4’
Input § - ha
,,} !
B D,
A
< {a)
w
£ Ly t
“9 L
©
&
=
m
©
£ /\
o
= o f
2 \/ \
<
=
£ 1 Dueto{ Dueto i Dueto : Due to
e 3 D, D D, D,
® !
5| ¥ ¥ b ¥
E o /\ i 4
28 v .
=3
o (b)

Explanation : In positive half cycle of AC,
end A becomes positive and D, becomes
forward biased and D, is reverse biased, so
D, conducts and D, doesn’t. So conventional
current flows through D, R, and upper half
of secondary winding. Similarly, during
negative half cycle of AC, diode D, becomes
forward biased and D, is reverse biased,

current flows through D,, R, and lower half

**Answers is not given due to change in the present Syllabus.
www.cbsepdf.com
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of secondary winding. Thus, current flows
'in same direction in both half cycles of input
AC voltage.

- 21.Draw the typical input and output

characteristics of an n-p-» transistor in CE
configuration. Show how these characteris-
tics can be used to determine (a) the input
resistance (r), and (b) current amplification
factor (B).** [3]

(@) Give three reasons why modulation of
a message signal is necessary for long
distance transmission.**

(b) Show graphically an audio signal, a
carrier wave and an amplitude modu-
lated wave,** (31

SECTION-D

The teachers of Geeta’s school took
the students on a study trip to a power
generating station, located nearly 200 km
away from the city. The teacher explained
that electrical energy is transmitted over
such a long distance to their city, in the
form of alternating current (ac) raised to
a high voltage. At the receiving end in
the city, the voltage is reduced to operate
the devices. As a result, the power loss
is reduced. Geeta listened to the teacher
and asked questions about how the ac is
converted to a higher or lower voltage. [4]

(a) Name the device used to change the
alternating voltage to a higher or
lower value. State one cause for power
dissipation in this device.

(b) Explain with an example, how power
loss is reduced if the energy is
transmitted over long distances as an
alternating current rather than a direct
current.

(c) Write two values each shown by the
teachers and Geeta.**

Answer : (a) The device used to change

alternating voltage to a higher or lower

value is a transformer.

Causes of power dissipation in this device

are :

1. Core losses due to eddy currents and
hysteresis loop due to alternating flux.

2. Copper losses due to resistance of
mndmgmpnmm;yan secondary coils

OTP No Login No 'Adversitement
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24,

3. Lossof power due to leakage of magnetic
flux in coil.

(b) The loss of power in the transmission

lines is I’R, where I is the strength of
current and R is the resistance of the
wires. To reduce the power loss a.c.
is transmitted over long distances at
extremely high voltages. This reduces I
in the same ratio. Therefore, I’R becomes
negligibly low.
For the same reason, at the generating
stations, the voltage is stepped up
to transmit it over long distances to
minimize power loss. Therefore a.c. is
used because stepping up is not possible
for direct current.

SECTION-E

(@) Define electric flux. Is it a scalar or a
vector quantity ? A point charge ¢ is
at a distance of 4/2 directly above the
centre of a square of side 2, as shown in
the figure. Use Gauss’ law to obtain the
expression for the electric flux through
the square.

,q
[/

(b) If the point charge is now moved to
a distance ‘4 ’ from the centre of the
square and the side of the square is
doubled, explain how the electric flux
will be affected. [5]

' OR

(@) Use Gauss’ law to derive the expres-
sion for the electric field (E) due to a
straight uniformly charged infinite line
of charge density A C/m.

(b) Draw a graph to show the variation of
E with perpendicular distance » from
the line of charge.

(c) Find the work done in bringing a charge
g from perpendicular distance 7, to r,
(r,> 7).

Answer : (a) Electric flux : Electric flux

through an area is defined as the product

of electric field strength E and area &S per-
pendicular to the field. It represents the field
lines crossing the area. It is a scalar quantity.

Imagine a cube of edge 4, enclosing the

charge. The square surface is one of the

six faces of this cube. According to Gauss’

www.cbsepdf.comtheorem in electrostatics, 9
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Total electric flux through the cube = 4
Ep
This is the total flux through all six surtace
. Electric flux through the square surface
9
Tgy

e e s e el s . e P

&
Q
A 4

(b) On moving the charge to distance &
from the centre of square and making side
of square 24, does not change the flux at all
because flux is independent of side of square
or distance of charge in this case.

OR

(a) Electric field (E) due to a straight
uniformly charged infinite line of charge
density A : Consider a cylindrical Gaussian
surface of radius r and length / coaxial with
line charge. The cylindrical Gaussian surface
may be divided into three parts : (i) curved
surface S, (ii) flat surface S, and (iii) flat
surface S,.

By symmetry, the electric field has the same
magnitude E at each point of curved surface
S, and is directed radially outward. We
consider small elements of surfaces 5, 5, and

—
S,. The surface element vector S is directed
along the direction of electric field (i.e., angle

- — . -
between E and d$, is 0°); the elements 45,
and 4§, are directed perpendicular to field
=
vector B (i.e., angle between 4 S_; and E,

=

and dS, and E is 90°).

Electiric flux through the cylindrical surface,
- = - = - 2 - >

$¢E.dS = $E.dS1 + $E.dS2 +$E.dSs

5 s, 5, S,

= 6FdS, cos0°+ & FdS, cos90°+ 6 EdS; cos 90°
8, 5, s,

= E[dS;+0 +0

= E x area of curved surface = E x 2m7/
No OTP No Login No Adversitement
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Total Charge enclosed, g = A/

and flux,
By Gauss’ theorem,
A M
%_g - g,
E. 2nur! =sE

0

ml

(b) Graph showing variation of E with
perpendicular distance from line of charge
: The electric field is inversely proportional

to distance ‘7 from line of charge.
A
E
r—-sp -
(c) Work done in bringing a charge ¢ through
a small displacement “d¥.
AW = F.ar
- =
dW = gqE.dr
= qEdr cos 0°
. A
= d
W e 2neqr §

Work done in moving the given charge from
ritor,(rn,>7)
Irzdw = Ifz A.qdr

W = Tl 7'1 2153“7

www.cbsepdf.com
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A
W = 27!'.20 [logeTZ_logerI]
e
W = M..log fg_
2re, n

(a) State the principle of an ac generatorand
explain its working with the help of a
labelled diagram. Obtain the expression
for the emf induced in a coil having N
turns each of cross-sectional area A,
rotating with a constant angular speed

’

>
‘o’ in a magnetic field B, directed
perpendicular to the axis of rotation.
(b) An aeroplane is flying horizontally from
west to east with a velocity of 900 km/
hour. Calculate the potential difference
developed between the ends of its wings
having a span of 20 m. The horizontal
componentof the Earth’s magnetic field is
5 x 10 T and the angle of dip is 30°.
[5]

OR
A device X is connected across an ac
source of voltage V = V sin ws. The
current through X is given as I = I, sin

o)

(a) Identify the device X and write the
expression for its reactance.

(b) Draw graphs showing variation of
voltage and current with time over one
cycle of ac, for X,

(c) How does the reactance of the device X
vary with frequency of the ac? Show this
variation graphically.

(d) Draw the phasor diagram for the device
X.

Answer : (a) Principle of ac generator :

The ac generator is based on the principle

of electromagnetic induction. When closed

coil is rotated in a uniform field with its axis
perpendicular to field, then magnetic flux
changes and emf is induced.

.Working : When the armature coil rotates,

the magnetic flux linked with it changes
and produces induced current. If initially,
coil PQRS is in vertical position and rotated
clockwise, then PQ moves down and SR
moves up. By Fleming’s right hand rule,
induced current flows from Qto Pand Sto R
which is the first half rotation of coil. Brush
B, is positive terminal and B, is negative. In
second half rotation, PQ moves up and SR
moves down. So induced current reverses
and the alternating current is produced in
this manner by the géneraton Login No Adversitement
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Axis emf induced = B, &
Armature . 14 ield 4
\Q Momgb" rereendt _ 210 hox250
2\ N
17 ~7"7 - Laav
/ A / OR

V=V, sinor; =1 sin [mt+g).

(@) Since current leads the voltage by =

—> S radians, X is a capacitor.
’ 1 1
7 — Capacitive reactance, X = =—
72ENA WC P Xe 2nf C
i/ s
slip Siz%B1 __ Brushes where, ® = angular velocity, C = capacitance.
Ring\ W7 b)
Q ! A
S; ; \4 &1
(;.«)’ Vo Load R N ’/ \
lo |-
4 o \n[2
Expression for emf indu %1 : If number of \\ T I,’/:”Q of
turns in coil = N, cross-section = A, angular pRT.
=
speed of rotation = ©, magnetic field = B,
then to find emf induced, o _ .
Flux through the coil when its normal makes (0 Capacitive reactailce val.f% inversely with
le 6 with the field,
angle & wi e fie frequencyas X mC 27ch
& = BA cos O 1
When coil rotates with angular velocity © X, % ?—
and turns through 9 in iime 't' then 6=t T
= 0 = BA cos wr
When coil rotates, ¢ changes to set an in- T
duced emf. X
iy 4 ¢
£ = 7= —'E (BACOS (Dt)
= BA o sin o
For N turns, total induced emf, ; i
£ = NBA o sin oz 4
(b) Given : Velocity (v) @ ' Y
A
= 9001cm/h=900x%m/s VZ RN v,
= 250 ms! M
Wing span (/) = 20 m 22
Horizontal component of earth’s field (B, ot
=5x104T X o X

Angle of dip () = 30°
Pontential difference
B, = B, tand
= 5 x 10 x tan 30°

5x10% x 1735

www.cbsepdf.com
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26. (a) Draw a ray diagram to show image
formation when the concave mirror
produces a real, inverted and magnified
image of the object.

(b) Obtain the mirror formula and write the
expression for the linear magnification.

(c) Explain tweadyvantages ofonseflecting:
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telescope over a refracting telescope. [5]
OR

(a) Define a wavefront. Using Huygens’
principle, verify the laws of reflection
at a plane surface.

(b) In a single slit diffraction experiment,
the width of the slit is made double the
original width. How does this affect the
size and intensity of the central diffrac-
tion band ? Explain.

(c) When a tiny circular obstacle is placed
in the path of light from a distant source,
a bright spot is seen at the cenire of the
obstacle. Explain why ?

Answer : (a) Concave mirror produces real,

inverted and magnified image for object

placed between F and C:

www.cbsepdf.ggm

(b) Derivation for mirror formula and mag-
nification: Consider an object AB be placed
in front of a concave mirror beyond centre
of curvature C.

If F is the focus, focal length = £ object dis-
tance = # image distance = »
As As ABC and A'B'C are similar,

AB _ OB 0
A'B  CPB
Again, as As ABP and A’B'P are similar
AB _PB i}
AB ~ BP - (1)
N CB _PB (i)
5 = DB
... PB=PC _ PB
- From (i), 5c"pp = pp
-u+R - i
-R+7v v

Download All Previous Year and Sample Papers From www.cbsepdf.com
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[+PB=-uPC=-R,

PB’ = ]
= #R + vR = 2uw
1,12
= v u R
1,11
= v u_f (- R=2f)
. - _ Image height ()
Linear magnification, 7z = Object height ()
From equation (ii), AA_’]E; = %BB_

Using new Cartesian sign conventions, A'B’
=-h, AB=+h,PB' =-4, PB=—u

-h_ v

R u u

_h_v

or W= hl-—u

(c) Advantages of reflecting telescope over

a refracting telescope are :

1. Reflecting telescope is free from
chromatic and spherical aberrations
unlike refracting telescope. Thus image
formed is sharp and bright.

2. It has a larger light gathering power so
that a bright image of even far off object
is obtained.

3. Resolving power of reflecting telescope
is large.

OR

(@) Wavefront is defined as the continuous

locus of all the particles of a medium which

are vibrating in the same phase. |

Verification of laws of reflection using

Huygen’s principle : Let XY be a reflect-

ing surface at which a wavefront is being

incident obliquely. Let  be the speed of the
wavefront and at time 7 = 0, the wavefront
touches the surface XY at A. After time ¢,

point B of wavefront reaches the point B’

of the surface.

According to Huygen’s principle each point

of wavefront acts as a source of secondary

waves. When the point A of wavefront
strikes the reflecting surface, then due to
presence of reflecting surface, it cannot
advance further; but the secondary wavelet
originating from point A begins to spread in
all directions in the first medium with speed

». As the wavefront AB advances further, its

points A, A, A, e efc. strike the reflect-

ing surface successively and send spherical

secondary wavelefginthe firssimedidMrsitement
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First of all the secondary wavelet starts from

point A and traverses distance AA’ (= vz) in

first medium in time z In the same time ¢,

the point B of wavefront, after travelling a

distance BB', reaches point B’ (of the sur-
face), from where the secondary wavelet

now starts. Now taking A as centre we draw

a spherical arc of radius AA'(= »#) and draw

tangent A'B’ on this arc from point B'. As

the incident wavefront AB advances, the

secondary wavelets starting from points

between A and B, one after the other and

will touch A’B’ simultaneously. According

to Huygen’s principle wavefront A'B’ rep-

resents the new position of AB, i, A'B' is

the reflected wavefront corresponding to

incident wavefront AB.

Now in right-angled triangles ABB' and

AA'B .

ZABB'= ZAA'B' =90°
BB'= AA' =z

and AB' is common

i.e., both triangles are congruent.

N ZBAB'= ZAB'A’

i.e, incident wavefront AB and reflected

Physics 2017 (Outside Delhi)
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wavefront A'B’ make equal angles with
the reflecting surface XY. As the rays are
always normal to the wavefront, therefore
the incident and the reflected rays make
equal angles with the normal drawn on the
surface XY, ie.,

angle of incidence / = angle of reflection r
This is the second law of reflection.
Since AB, A'B' and XY are all in the plane of
paper, therefore the perpendiculars dropped
on them will also be in the same plane.
Therefore, we conclude that the incident ray,
reflected ray and the normal at the point of
incidence, all lie in the same plane. This is
the first law of reflection. Thus, Huygen’s
principle explains both the laws of reflection.

(b) Width of central diffraction band =2D.*
where a is the width of the slit. a
So, on doubling the width of the slit, the size
of the central diffraction band reduces to
half value. But, the light amplitude becomes
double, which increases the intensity four
fold.

{c) If a tiny circular-obstacle is kept in the
path of light, a bright spot is seen at the
centre of the obstacle. This is because the
waves which get diffracted from the edge of
the circular obstacle interfere constuctively
at the centre of the shadow producing a
bright spot.

Note : All the sets of outside Delhi and Delhi
are same.

SET I

Time allowed : 3 hours

SECTION-A

1. Nichrome and copper wires of same length and 2

same radius are connected in series. Current I is
passed through them. Which wire gets heated

up more ? Justify your answer. [1]
Answer ;
We know that, R = p%
Rew _ P
R Pri
pCu < pNi
RCu < RNi '
H =TIR¢
HxR
www.cbsepdf.com 13

Maximum marks : 70

~. Nichrome wire will get heated up more.

Do electromagnetic waves carry energy and
momentum ? [1]

Answer : Yes, the electromagnetic waves carry
energy and momenium because,

Energy, E = hv

h
Momentum, p = N

How does the angle of minimum deviation of
a glass prism vary, if the incident violet light is

replaced by red light ? Give reason. (1]
(A +8,, ]
1T1
Answer: We have, p = 2

No OTP ISii'L()diﬁZ\)o Adversitement
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pocd
And Mg < Ho
angle of minimum deviation
. Angle of minimum deviation (Sm) iil decrease.
Name the phenomenon which shows the
quantum nature of electromagnetic radiation.
[l
Answer : Photoelectric effect.
Predict the polarity of the capacitor in the
situation described below : [11

- A
+—

Answer: A will be positive and B will be negative.
SECTION -B

Draw the intensity pattern for single slit
diffraction and double slit interference. Hence,
state two differences between interference and
diffraction patterns. 12]
OR

Unpolarised light is passed through a polaroid
P. When this polarised beam passes through
another polaroid P, and if the pass axis of F,
makes angle 6 with the pass axis of P, then write
the expression for the polarised beam passing
through P, Draw a plot showing the variation
of intensity when 0 varies from 0 to 2.
Answer:

Intensity pattern for single slit diffraction :

lo

www.cbsepdf.com
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Path difference
Intensity pattern for double slit interference : -
(4
max
=2 -A 0 A 2.
Path difference
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14

Difference between interference and diffraction
patterns :
(@) Interference fringes are of the same width
while diffraction fringes are not of the same
width.
(b) In interference pattern all bright bands are
of same intensity while in diffraction pattern all
bright bands are not of same intensity.

OR

I = -IQ cos?6
2

o
E
I
0 .

Ty ® 3mp 2T

g—

Identify the electromagnetic waves whose
wavelengths vary as

@102m<A<10®m

B10°*m<i <10 m

Write one use for each. 12
Answer : (a) X-rays — To detect fractures in the
human body.

(b) Microwaves — For aircraft navigation in
RADAR systems.

Find the condition under which the charged
particles moving with different speeds in the
presence of electric and magnetic field vectors

can be used to select charged particles of a
particular speed. [2]

Answer : (a) The velocity o, of the charged

-
particles, and the E and E vectors, should be
mutually perpendicular.

Also the forces on g, due to E and E , must be
oppositely directed. ‘

(b) ¥ magnetic force = electrostatic force

F.=F,
guB = gE
E
"=

No OTP No Login No Adversitement
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9.

A12.5eV electronbeam is used to excite a gaseous
hydrogen atom at room temperature. Determine
the wavelengths and the corresponding series of
the lines emitted. [2]

Answer:Given: -AE =125eV

Let the electron jump from n =1 to n = n level.

AE =E -E,
13.6 (=13.6
25 --22-(33Y)
12.5 =13.6 (1——12-].
it
125 1
136 2
111
136 2
13.6
11 =7
12.36 = n?
n =35
- n =3
Forn=3ton=1,
1
1_ R(lz——zj
'y 1° =
1 1
1. R(—z——ZJ
'y 1 3
% =1.097 x 107[1——)
% =1.097 x 10° x —
A =10255nm
Forn=2ton=1,
_1. =1.097 x 1% [l-ij
'y 12 22
l = 1.097 x 107 (ﬁ]
% 4
A =121.54nm
Forn=3ton=2,
1 ( 1 1 )
= 7| > T A
I =1.097 x 10 22 32
1 1
_1_ =1.097 x 107 [———)
A 4 9
1 _ S
2 =1.097 x 1(¥ x
2 36
A = 656.33 nm

www.cbsepdf.com 15
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Hence, A = 1025 nm and 121.5 nm — Lyman
series

and A = 656,33 nm — Balmer series

Write two properties of a material suitable for
making (a) a permanent magnet, and (b) an
electromagnet. [2]
Answer : Properties of a material suitable for
making permanent magnet :

1. High retentivity.

2. High coercivity. , _
Properties of a material suitable for making
electromagnet :

1. High permeability.

2. Low refentivity.

SECTION -C

(@) The potential difference applied across
a given resistor is altered so that the heat
produced per second increases by a factor of
9. By what factor does the applied potential
difference change ?

(b) In the figure shown, an ammeter A and a
resistor of 4 Q are connected to the terminals
of the source. The emf of the source is
12 V having the internal resistance of
2 . Calculate the voltmeter and ammeter
readings. [3]

12v' 20
WA
. R=4Q
Answer : (a) Heat produced,
V2
H= Et
= H < V2
H_v
H — y2
2
9H V'
‘E‘ = W‘ ['.' H = 9}1]
V* =9V
V' =3V

So, potential difference is increased by a factor of
3.

®)

Current, I =
Brj— v .
No OTP No Login No Adversitement
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12 12
“3s2 6 28
Ammeter reading =2 A
Potential difference,

V=E-Ir

V=12-2x2
=12-4

V=8V

Voltmeter reading = 8 V.

12, (a) How is amplitude modulation achieved ?**

(b) The frequencies of two side bands in an AM
wave are 640 kHz and 660 kHz respectively.
Find the frequencies of carrier and
modulating signal. What is the bandwidth
required for amplitude modulation 7**  [3]

13. @ In the following diagram, is the junction

diode forward biased or reverse biased 7

! E | +5V

(b) Draw the circuit diagram of a full wave
rectifier and state how it works. [3]

Answer : (a) Reverse biased.
(b} Full wave Rectifier:

Output
R,
B A
input
D2
Input m > {
Due toiDueto} DuetciDueto
D1 .DZ D1 DZ
" Output »t

Diode D, conducts only when the junction is
forward biased. Hence during first half cycle
of input A.C., D, will conduct while D, will
not and current in R, will flow from A to B.
‘Diode D, is reverse biased. During second
half cycle of input A.C., diode D, will conduct
while D, will not conduct and current will
again flow from A to B in R . Hence complete
cycle will become unidirectional.

www.cbsepdf.com
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14. Using photon picture of light, show how

15.

16

Einstein's photoelectric equation can be
established. Write two features of photoelectric
effect which cannot be explained by wave
theory. [31
Answer : Einstein's photoelectric equation :
Einstein explained the various laws of photo-
electric emission on the basis of Planck's quantum
theory. According to Planck's quantum theory,
light radiations consist of tiny packets of energy
called quanta. One quantum of light radiation is
called a photon which travels with the speed of
light.
The energy of a photon is given by,

E =hv
where h is Planck's constant and v is the frequency
of light radiation.
Einstein assumed that one photoelectron is ejected
from a metal surface if one photon of suitable light
radiation falls on it.
Considera photon of light of frequency v, incident
on a photosensitive metal surface. The energy of
the photon (=hv) is spent in two ways :
(@) A part of the energy of the photon is used
in liberating the electron from the metal surface
which is equal to the work function ¢, of the
metal.
(b) The rest of the energy of the photon is used in
imparting the kinetic energy to the emitted photo
electron.
If v_, is the maximum velocity of the emitted
photoelectron and m is its mass, then

Max. K.E. of the photoelectron,

LR
K =Emvm

max

1
ho = ¢, + Emvzm

This equation is called Einstein's photoelectric
equation.
Features of photoelectric effect which can not be
explained by wave theory :
1. The wave theory could not explain the
instantaneous process of photoelectric effect.
2. Maximum fcinetic energy’ of the emitted
photoetectrous is independent of intensity of
incident light.
Monochromatic light of wavelength 589
nm is incident from air on a water surface.
If u for water is 1.33, find the wavelength,
frequency and speed of the refracted light.
(b) A double convex lens is made of a glass of
refractive index 1.55, with both faces of the
same radius of curvature. Find the radius of

(a)
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curvature required, if the focal length is 20

cm. [3]
Answer;
(a) Given: p =133
A, =589 nm
We know that, pu= %
¢ 3x10®
v= —=
u 1.33
Speed, v =226 x 108 m/s
Frequency remains same.
_ ¢ _ 3x10®
Aa  589x107°

Frequency, v = 5.09 x 10 Hz

Wavelength, A = %
589 nm

1.33

= 442.8 nm
(b) Given:pu=1.55f=20cm

I

We know that, — =(u-1) [i~i]
' f R; R,
L 1.55-1 ! 1
m'* )R R
1 2
20 0.55xE
R=20x055x%x2
R=2cm

16. Define mutual inductance between a pair of
coils. Derive an expression for the mutual
inductance of two long coaxial solenoids of
same length wound one over the other. [3]

OR

Define self-inductance of a coil. Obtain the
expression for the energy stored in an inductor
L connected across a source of emf.

Answer : Mutual inductance is numerically equal
to the induced e.m.f in the secondary coil when
the current in the primary coil changes by unity.

Suppose two long co-axial solencids each of
length /. We denote the area of the inner solenoid
5, by A, and the number of turns per unit length
by n,. The corresponding quantities for the outer
solenoid 5, are A, and 7, respectively. Let N, and
N, be the total nuumber of turns of coils S, and S,

respectlvely

www.cbsepdf.com 17
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When a current L, is set up through S, it in furn
sets up a magnetic flux through S,. Let us denote
it by ¢,.

The magnetic field due to current L in S, is given
by

B =punl
Flux linked with each coil of second solenoid,
o, =BA
. Total flux linked with N, turns,
0, =B AN, .
0, = A TAN, )
Also b, =M, L -..(ii)
Comparing,
M, = un NA,
M, =unnlA [“N,=n,l]
Similarly M,, = unnlA
OR

Self inductance : Self inductance of a coil is equal
to the magnitude of induced emf produced in the
coil when rate of change of current through the
coil is unity.
now, ¢ =LI

s Inducedemf(e) ¢ = —ﬁ
dr

d1
e=—Ldz

Energy stored in an inductor : For the current I at
an instant in a circuit, the rate of work done is

M = [BII
dt e
dw az
2 =11

dt @
dW =114l

Total work done in increasing the current from 0
toIis given by

I
W = JLdI
0
511
w=il]
0
w=1rp
2
This work done is stored as magnetic potential
energy.
1,2
= —LI
v 2

17. (a) Write the principle of working of a metre
bridge.
No OTP No Login No Adversitement
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(b) In a metre bridge, the balance pointis found 19. {a) Write the functions of the three segments of a
at a distance /, with resistances R and S as

shown in the figure.
R

S

{3
v/

An unknown resistance X is now connected
in parallel to the resistance S and the balance
point is found at a distance I, Obtain a
formula for X in terms of ,, , and S.

Answer :

[3]

(a) Meter bridge works on the

principle of balanced Wheatstone bridge i.e.,

transistor.**

(b) The figure shows the input waveforms A and
B for ‘AND’ gate, Draw the output waveform
and write the truth table for this logic gate.**

(3

L oLty f, t
re 11 !

s L]

(Input) ! |
i |

— e b — - o

]

99

.

20. (a) Draw a ray diagram depicting the formation

when the bridge is balanced,

of the image by an astronomical telescope in

R
R, =

R,
Ry

where R, R, R, and R, are Tesistances
connected in four arms of Wheatstone's

normal adjustment.

(b) You are given the following three lenses.
Which two lenses will you use as an
. eyepiece and as an objective to construct an

bridge. astronomical telescope ? Give reason.  [3]
(b) In first case, Lenses Power (D) | Aperture (cn)
R__ 4 - L 3 8
3 = 004 .(i) 1
In second case, L, 6 1
R b "
XS/(X+S) ~ 1001, -~ L, 10 1
Answer:
Dividing (ii) by (i), (a)
X+5 _ 5[ 100-4 Objective lens Eyelens °
X 11 100- 12 Parallel rays from -
object at infinlty d
S  L{100-4 o | A7
1+=—~ == - g oX
+ x 11 \ 100 -_ 12 ' .LE
x= 8 = ¥
H(100-4) %ﬁ&\‘f‘ﬁf’_
11 100 - lz 1« ’/I‘ N|
b t
X = 4Q00-5) (b) An astronomical telescope should have an
100 (4, ~4) objective of large aperture and longer focal length

18, Draw a block diagram of a generalized

communication system. Write the functions of

each of the following :** [31
(a) Transmitter _
(b) Channel 21.

{c) Receiver

wwhaslaeped isofiot given due to change in the present Syllabus.

18

. while an eyepiece of small aperture and small

focal length.

Therefore, we will use L, as an objective and L, as

an eyepiece.

the vector form.

(a) State Biot—Savart law and express this law in

(b) Two identical circular coils, P and Q each

of radius R, cmyi‘t}ﬁ) mtfoéin%omgeﬁement
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A respectively, are placed concentrically
and perpendicular to each other lying in
the XY and YZ planes. Find the magnitude
and direction of the net magnetic field at the
centre of the coils. [3]

Answer : (a) Biot-Savart Law :

It states that the magnetic field strength (dB)

produced due to a current element [ and length

dl at a point having position vector 7 relative to

current element is

(i) directly proportional to the current I ie.,

L

(ii) directly proportional to the length dI of the
element i.e., dB c dl.

(iii) directly proportional to sin 8, where € is the
angle between dl and 7, i.e., dB « sin 8.

(iv) inversely proportional to the square of the

distance  from the current element i.e., dB <
1

F-
Idl sin ©
o

1’2

dB

_&Idlsine
dB_41c r?

o £
di

In vector form,

Ny
3

—
dB =

&
[+

(b)

B L L LTI T,

JaA

www.cbsepdf.com 19
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We know that, "
0
B = ZRI
B - £ {along 3 - direction)
1 2R
B, = %JE (along x- direction)
B = |BZ2+B,’
1o 2 5 2
= ro + 2o 3]
)
Ho Ko
B= ~24J1+3 =-L .3
2R 2R
p= ko
R
omp = Lo L
=55
= 6 = 30°in XZ - plane

22, Two identical parallel plate capacitors A and
B are connected to battery of V volts with the
switch S closed. The switch is now opened
and the free space between the plates of the
capacitors is filled with a dielectric of dielectric
constant K. Find the ratio of the total electrostatic
energy stored in both capacitors before and after

the introduction of the dielectric. [3]
/S
E A= B——
Answer:
1 2 1Q;
Energy stored = ~CV2 =~ =2
ergy stor 5 5 e

Net capacitance with switch S closed =C + C=2C
. Energy stored = %xZCszz(L’VZ

After the switch S is opened, capacitance of each
capacitor = KC

.. Energy stored in capacitor A = %KCV 2

For capacitor B,

Energy stored
1Q% _1¢V_1cv?
=2 KC 2 KC 2 K
.. Total energy stored
2
= 1KCV2 +l£

N020TP No Loain l&% Adversitement
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24,

= lCVQ(K+EJ
2 K

12K+ .
=5 cv (——K J (ii)
on dividing (i) and (ii)

2CVZK 2K

.. Required ratio = =
CV2(K2+1)  (K2+1)

SECTION-D

. Asha's mother read an article in the newspaper

about a disaster that took place at Chernobyl.
She could not understand much from the article
and asked a few questions from Asha regarding
the article, Asha tried to answer her mother's
questions based on what she learnt in Class XII
Physics. [4]
(a} What was theinstallation at Chernobyl where
the disaster took place ? What, according to
you, was the cause of this disaster ?

(b) Explain the process of release of energy in
the installation at chernobyl.

(c) What, according to you, were the values
displayed by Asha and her mother 2**

Answer : (a} Nuclear power plant was installed

at Chernobyl where the disaster took place.

The causes of this disaster are deficiencies in the
reactor design and in operating regulations.

(b} Nuclear fission.

SECTION - E

(a) Derive an expression for the electric field
E due to a dipole of length ‘24’ at a point
distant 7 from the centre of the dipole on the
axial line.

(b) Draw a graph of E versus r for 7 >> a.

(c) If this dipole were kept in a uniform
external electric field E, diagrammatically
represent the position of the dipole in
stable and unstable equilibrium and write
the expressions for the torque acting on the
dipole in both the cases. [5]

OR

(a) Use Gauss's theorem to find the electric field
due to a uniformly charged infinitely large
plane thin sheet with surface charge density
.

(b} An infinitely large thin plane sheet has a
uniform surface charge density + o. Obtain
the expression for the amount of work done
in bringing a point charge ¢ from infinity
to a point, distant 7, in front of the charged

www.cbsepﬂll.ém _sheﬂ'
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Answer : (a) Consider an electric dipole AB.
The charges -g and +g of dipole are situated at
A and B respectively, as shown in the figure.
The separation between the charges is 2a.
Electric dipole moment is given by

p=q.2a (i)
Consider a point P on the axis of dipole at a
distance 7 from mid point O of electric dipole.
The distance of point P from charge +g at Bis,
BP=r-a
and distance of point P from charge -7 at A is,
AP=7r+aletE and E, be the electric field
strengths at point P due to charges +7 and —

respectively.

-q 0 +q

-

«—T-2a—>»
< T+a >

The resultant electric field due to electric dipole is
given by
E =E -E

2 1
_ 1 g 1 q
dneg (r-a)  dmeg (r+a)

g 1 11
 dney i (r—af (r+a)?

E= 1 -(r+a)2—(r—a)2}

drey | (r—cz)z(r+a)2
E = 1 .q _._4"4—
2
dmey r - az)
E = 41 . ;ZW;Z. [From (i)]
b)Ifr>>a, me (" -a’)
Eo — 2
e 47560 7'3

.

. r Ll
(c) Position of dipole in stable equilibrium :
>E

o

_wlea

rd
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In stable equlhbnum, 0=0° (P is parailel to EU)

T=px ﬁ—pE sin@ = pE sin 0°
T=0
Position of dipole in unstable eEt;uilibrium :

»

=0

~
Cd

P
*qo—€—o—g

v Vv

In unstable equilibrium, 6 = 180° (1—3 is autiparallel

toE)
T = pE sin180°
T=0
OR
(@
By

-
. l’ 1
E |
L—--"'t-_T-_-
Let electric charge be uniformly distributed over

the surface of a thin non-conducting infinite
sheet. Let the surface charge density be ©.

According to Gauss theorem :

11
™Y

[E4 +[E&+[Ex
1 2 3

[

IEaﬁr cosO°+_[Eds cosO°+an!; cos90° = 2.
1 2 3

il
l

[Bds+[Bds = 2
1 2

o

2[Eds _ 4

S

2ES = G—S

- EEO
E= —

2¢

(b) The electric field due to a uniformly charged
infinitely large thin sheet with surface charge
density o is,

E= —2

2g,

The amount of work done in bringing a point
charge q from infinity to a point, at a distance
www.cbsepdf.cofpig given by 21
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= _f F.dr
Where F is the force experienced by charge 4.
T
Now, W = 4§ —E.dr [+ F=-Eg]
W = -q——f dr [From (i)]
(EO ©

W = qioe—o[co—r].:oo

25, A device X' is connected to an ac source
V =V, sin ot. The variation of voltage, current
and power inone cycle is shown in the following
graph: [5]

Ya

o

= e
"\
I O
%
"
)

5
v

0
Y

N

E]

o
k)
Y

"

LY

s
Y

P PO ERN——,

-
e
5\
1Y
LY
.,

A 4

(a) Identify the device 'X".

(b) Which of the curves A, B and C represent the
voltage, current and the power consumed in
the circuit ? Justify your answer.

(c) How does its impedance vary with frequency
of the ac source ? Show graphically.

(d) Obtain an expression for the current in the
circuit and its phase relation with ac voltage.

OR

(a) Draw a labelled diagram of an ac generator.
Obtain the expression for the emf induced
in the rotating coil of N turns each of cross-
sectionjal area A, in the presence of magnetic
field B.

(b) A horizontal conducting rod 10 m long
extending from east to west is falling with a

" speed 5.0 ms™ at right angles to the horizontal
component of the Earth's magnetic field,

0.3 x-10* Wb m= Find the instantaneous
value of the emf induced in the rod.
Answer : (a)The device X is a capacitor.

(b) The curves A,B and C represents power

consumptlon,voltage and currentrespectively.
Since, it is glven V =V, sin of; this sinusoidal
variation is represented by the curve B.
In case of capacitor, current () leads the
voltage by 90° which is being represented by
curve C. Now, we know power is given by

P=VxI

So, the power would be positive for those cycles
where both V and I are either positive or negative.
Power would be nbigdiireNwheain o’ dfetditertand
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voliage or current, is negative. This illusiration is

. followed by the curve A.
c ; 11
(o) Capacitive reactance, X, = oo anC
This shows that capacitive reactance vary
inversely with the frequency.
X
)
f{Hz}—>
G
| 1
ml
c
)
o7
V, sin at
In the given figure,
V =V sin ot
Q =CV=C_CV, sin of
I= 4 =coCVUc05cbt
dt
= I, sin (&t + n/2)
WhereI) = aCV,, ‘
Current Jeads the voltage by a phase angle of 90°.
OR
(@)
(l)
& / Armature coil
A c —

Field magnet

Slip rings

\&E

www.cbsepdf.com
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If N is the number of turns in coil, A is the area
of coil and B the magnetic induction, then flux ¢
is given by

6 =B.A
¢ = BA coswt
The e.m.f induced in the coil is given by
46
e =-N &

a
e =-N 7 (BA cos wt)
e = +NBAw sin ot

e = e, sin ot
Where, e, = NABw
(b) e =B,lv
=03x10*x10x5
e=15x10°V=15mV
(@) Define wavefront. Use Huygens' principle

to verify the laws of refraction.

How is linearly polarised light obtained by
the process of scattering of light ? Find the
Brewster angle for air-glass interface, when
the refractive index of glass =1.5. [51

OR |

(b)

(a) Draw a ray diagram to show the image
formation by a combination of two thin
convex lenses in contact. Obtain the
expression for the power of this combination
in terms of the focal lengths of the lenses,
A ray of light passing from air through an
equilateral glass prism undergoes minimum
deviation when the angle of incidence is
7i.th of the angle of prism. Calculate the
speed of light in the prism-

Answer : (a) Wavefront : A wavefront is a

continuous locus of all the particles of a medium
which are vibrating in the same phase.

(b)

Medium 1

Medium 2
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In AAA'B, For first lens, object is at O, and image is at I.
P = ﬂ 3 l_ — l. _‘ 1 (1)
sini = 5 .(i) 7 o -
In AAB'B, For second lens, object is at I and image is at L.
inr = 28 ii 111 (i)
sinr =~ 2 (i) A
Dividing equation (i) by (ii), Adding (i) and (ii),
sini _ AB/AB . 1,111 (i)
sinr ~ AB'/AB i f2 7w ~
sini AB If f is the combined focal length then
ini _AD 1 1 1
smr AB' — = — - =
et f 7
S u From equation (iii),
t sinr - v =H f ﬁ f2
This is the snell's law of refraction. P = 1 N _1_ [ 1 _ Pl
(b) When a beam of white light is passed through A A N
a medium containing particles whose size is of
the order of wavelength of light, then the beam p. fith
gets scattered. When the scattered light is viewed ‘ At
through an analyser in a direction at the right o e
angle to the direction of indcidence, it is found to (b) Given: A =60
be plane polarised. This is called polarisation by .3 A
scattering. =1
Incident sunlight (unpolarised) .3
i=— x60°
4
i =45°

For angle of minimum deviation,

Scattered lignt

(bolarised) r=A/2= 9@
. To observer ]
We know that, tani =p r =30°
= tani =15 = sT'ni
;= = — o simr
= : i, = tan™'(1.5) = 56.31 ¢ sinds i E]
OR v 7 gin3Q° “HEY
1
(@) 3x108 2
v 1
3x10° >
X L -\/E
. v
r 3x108
= m/s
1414

A
[=
v
o
<
L 4

. Speed of light in the prism
vs =212 x 10°m/s
e
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SET I

Time allowed : 3 hours

General Instructions :

(i) All questions are compulsory. There are
27 questions in all. _

(ii) This question paper has four. sections:
Section A, Section B, Section C, and
Section D.

(iii) Section A contains five questions of one
mark each, Section B contains seven
questions of two marks each, Section C
contains twelve questions of three marks
each, Section D contains three questions
of five marks each.

(iv) There is no overall choice. However, an
internal choice (s) has been provided in
two questions of one mark, two questions
of two marks, four questions of three
marks and three questions of five marks
weightage. You have to attempt only one
of the choices in such questions.

(v} You may use the following values of
physical constants wherever necessary :

c= 3x108m/s
h = 663 x10#]s
e=16x10°C
Ho= 4nx 107 TmA"l
[ o = 8854 x 1002¢? N'm?

—— = 9x10° N m2C?
41580

Mass of electron (mg) = 91 x 1073 kg

Mass of neutron = 1675 x 10 kg
Mass of proton = 1:673 x 10 kg

Avogadro’s number = 6023 x 102 per gram
mole A
Boltzmann constant = 1-38 x 10723 JK~

1.

SECTION-A
Draw equipotential surfaces for an electric
dipole. f1]
Answer :

Equipotential surface for an electric dipole.

www.cbsepdf.com 1

Maximum marks : 70

2 A proton is accelerated through a potential

difference V, subjected to a uniform magnetic
field acting normal to the velocity of the proton.
If the potential difference is doubled, how will
the radius of the circular path described by the
proton in the magnetic field change ? [1]

Answer :

Given, proton accelerated through potential
difference V, the direction of magnetic field is
normal to velocity of proton.

As we know
1
[during acceleration of
proton, P.E. will converted
to kinetic energy]
2eV
V= |[—
\J "y
When V is doubled,
V'=2V,
vt = 28.2V - -\/E v
My
m, v
B=
1 r
v
o r= 20
qB
m
] P
= —7
= 4 qB
= F="r20
9B
1" = .Jir

The magnetic susceptibility X of magnesium at

300 K is 1-2 x 10°. At what temperature will its

magnetic susceptibility become 1-44 x 1057 [1]
OR

The magnetic susceptibility X of a given material

is — 0-5. Identify the magnetic material.

Answer :

Given, Xmgat300K =12 x 10°
X'mg at ¢ temp. = 1-44 x 10°
=17

From Curies la“(fo OTP No Login No Adversitement
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6.

« L
o **T
Xmg _ 300
y t
1-44x10° 300
= ——~—5=——
12x10 £
_ 300x1-2
T 144
=250 K

» -~ OR
Diamagnetic as 1< % < 0.

Identify the semiconductor diode whose V-I
characteristics are as shown. (1]

T (mA)

Reverse bias

| volts
l2
I
L

L>L>L>L ¥ (1A

Answer: Photodiode,

Which part of the electromagnetic spectrum is

used in RADAR? Give its frequency range.[1]
OR

How are electromagnetic waves produced by

accelerating charges ?

Answer : Microwaves [1GHz to 100 GHz].

OR
An oscillating electric field in space, produces
an oscillating magnetic field, which in turn,
is a source of oscillating electric field, and so
on. The oscillating electric and magnetic fields
thus regenerate each other.

SECTION B

A capacitor made of two parallel plates, each
of area 'A' and separation 'd' is charged by
an external d.c.-source. Show that during
charging, the displacement current inside the
capacitor is the same as the current charging

the capacitor, ' [21
Answer :
C
I
mml
N
=L
\"

www.cbsepdf.com
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From Ampere's law,

$Bdl = poi ()
Let the case-1, where a point P is considered
outside the capacitor charging.

From Ampere's law magnetic field at point P
will be :

P
+ —
A
Ul
+ — Case-1
..I_ —_—
<+ -
_|_ —
Case-1
B.2nr) = po i (#)
. Mot
B= 25y ®

Now, take case-2 where shape of surface under
consideration covers capacitor's plate as we
consider there is no current through capacitor

then this value of B will be zero.
P, + —
r + N
+ —
+ —_
+ —
+ —
+ —_—
Case-2

Hence, there is a contradiction.

Therefore, this Ampere's law was modified
with addition of displacement current inside
capacitor.

1 Q Q
bu=|E|A= g4 A= o
dpg _ 1 dQ
dt € 4t
dog _ d4Q _
o

Where, i  is displacement current.

During charging of capacitor, outside the
capacitor, i (conduction current) flows and
inside i; (displacement current) flows.

No OTP No Login No Adversitement
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8.
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R dog

=fe+ig=i +6p— >
I1=letg=icT & 2t
outside the capacitor, iz = 0 hence, i=i.
and inside the capacitor, i = 0 hence, i = iy.
Thus, i, = iz as capacitor gets charged.
A photon and a proton have the same de-Broglie
wavelength A. Prove that the energy of the
photon is (2mAc/h) times the kinetic energy
of the proton, [2]
Answer :

Apr =-n% de-Broglie wavelength of proton
P
hc g ke
Aph = 5+ (s u=%)
(de-Broglie wavelength of photon)
1
KEproton = E mpvz

= Apr = Mok
Hence, E = —h—
E M, T
h E E
P= —mem—=r—
t, he myc
kel B E
2 m,C  m,C
_1 EE
2 My, C.C
_1 E h
2 ", Acc
K.E.=1 E_i
2 m, ch

A photon emitted during the de-excitation of
electron from a state n the first excited state in
ahydrogen atom, irradiates a metallic cathode
of work function 2 eV, in a photo cell, with a
stopping potential of 0.55V. Obtain the value
of the quantum number of the state n. [2]
OR

A hydrogen atom in the ground state is
excited by an electron beam 12:5 eV energy.
Find out the maximum number of lines
emitted by atom from its excited state.

1T1 1
Answer: E,=136 [1—2—n—2i|eV

3

oo

Download All Previous Year and Sample Papers From www.cbsepdf.com

Work function = 2¢V

~.Maximum kinetic Energy
=13.6 [l—i} -2eV
4 52
=0.55eV
13.6 _ 13;6_2___0'55
4 n
136 5 _0.55=22 —0.85
4 n
13.6
2
= —— =16,
"= 08
n=4
OR

Given:AE=125eV
Let the electron jump from 7 =1ton = n level.

AE=E,-E
125= -%ﬁ —(_1‘:"6)
n 1
1
12.5=13.6 (1~—2)
n
125 1
136 #2
111
13.6 n>
1.1
12.36 = >
n=35
n =3

Maximum number of lines = 3

Draw the ray diagram of an astronomical tele-

scope showing image formation in the normal

adjustment position. Write the expression for

its magnifying power. [2]
OR

Draw a labelled ray diagram to show image
formation by acompound microscope and write
the expression for its resolving power.

Answer:

e e——>|
fO fe

’/

p
v
-
-~
-,
o
* e R
y
o e
R e
i
-
P

image at &
infinity
The magnifying power m is the ratio of the
angle B subtended at the eye by the final image
to the angle a which the object subtends at the

lens or the eye. KeRGe N Login No Adversitement
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=1 =£,f£__£0_
a fo B [
OR
Eyepiece
Il;—ud—-m—v,,—b
A H FO FéA, E."’ Fe__.

-
-
o

-

10.

11

The resolving power of microscope is the re-
ciprocal of the minimum distance.

Therefore, we have

RP. = _1__ - 2nsinf3
1.22

Armin
Write the relation between the height of a
TV antenna and the maximum range up to
which signals transmitted by the antenna can
be received. How is this expression modified
in the case of line of sight communication by
space waves? In which range of frequencies,
is this mode of communication used?** [2]
Under which conditions can a rainbow be
observed? Distinguish between a primary
and a secondary rainbow. ‘ 2]
Answer : The rainbow is an example of the
dispersion of sunlight by the water drops in
the atmosphere. This is a phenomenon due
to combined effect of dispersion, refraction
and reflection of Sunlight by spherical water
droplets of rain. The conditions for observing
a rainbow are that the Sun should be shining
in one part of the sky (say near western
horizontal while it is raining in the opposite
part of the sky (say eastern horizon). ’
Difference between Primary and Secondary
Rainbow :

S.N.

Primary Rainbow

Secondary Rainbow

1

- ‘Fhree Step process (Re-
fraction-Reflection and
Refraction).

Four Step process
(Refraction-Reflec-
tion and Refraction)

Appearance intensity

better than Second-
ary.

Appearance inten-
sity lesser than Pri-

mary.

Single reflection oc-
curs.

Double reflection oc-
curs.

2 Degree range occurs.

3 Degree range.

Fig.1

Fig.2

\;\;w.c e é?(r:‘c?rtn given due to change in the present syllabus.
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Raindrop

Fig. (1)

> Raindrops

12, Explain the following :

13.

‘observer
Fig. (2)

2]
(a) Sky appears blue.

{b) The Sun appears reddish at

(i) sunset, (ii) sunrise.

Answer :

(2) Light from the sun reaches the atmosphere
that is comprised of the tiny particles of the
atmosphere, These act as a prism and cause
the different components to scatter. As blue
light travels in shorter and smaller waves in
comparison to the other colours of spectrum.
It is scattered the most , causing the sky to
appear bluish.

(b) The molecules of the atmosphere and other
particles that are smaller than the longest
wavelength of visible light are more effective
in scattering light of shorter wavelengths than
light of longer wavelengths. The amount of
scattering is inversely proportional to the
fourth power of the wavelength. (Rayleigh
Effect) Light from the Sun near the horizon
passes through a greater distance in the Earth's
atmosphere than does the light received when
the Sun is overhead. The correspondingly
greater scattering of short wavelengths
accounts for the reddish appearance of the Sun
at rising and at setting.

SECTION-C

A capacitor (C) and resistor (R) are connected in
series with an ac source of voltage of frequency

50 Hz. The potential %W&EKSM ABA Bitement
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are respectively 120 V, 90 V, and the current in
the circuit is 3 A. Calculate (i) the impedance
of the circuit (ii) the value of the inductance,
which when connected in series with C and
R will make the power factor of the circuit
unity. (3]
OR
The figure shows a series LCR circuit con-
nected to a variable frequency 230 V source.

400
AAAA-

230V 80 WF

50H

(@ Determine the source frequency which

drives the circuit in resonance.

Calculate the impedance of the circuit and

amplitude of current at resonance.

() Show that potential drop across LC
combination is zero at resonating frequency.
Answer : ‘

(b)

K—Vc‘_l_‘VR_’l

—VVWA—

Vv A 4

Given,
V=120 Vg=90V [=3A Z=?
(i) From Kirchhoff's voltage law

V=V.+ Vg
=230V
v
1=z
Z= % ~ 230/3 = 76.67 Q
— WA/
C R -
(ii) v gL
‘ R
sh=—=1
cos ¢ Z
R=Z=R+j(m]_,——1—]
] wC
Hence, L=E 14,
OR

(a) Source frequency will be same as resonance
www.cbsepdf.cofiequency of LC circuit, 5
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40 Q

AAAA

yYvy J_
230v(rg -|-80uF

|
L
5H
1

2LC ,

273/5x 80 %107

1
277400 x 107
I
2 x2x1072
100
el

7.957 Hz

o, = 50 Hz
(b) Impedance of circuit

fR=

(- w=27f)

Il

z; =R + joL + —1—
joc

1
jx50%80x107®

=40 +50j x5 +

103
=40 0j + —
+ 250 + 4]

z; = 40 + 2504 — 2507 (at resonance)
z; =40 Q

Ampiil-ude of current,

230
1= —

Z;
=230/40=5.75 A

(c) As at resonance frequency impedance of
combination of L and C is 0.

Hence, voltage drop across LC combination is
zero at resonating frequency.

Give reason to explain why n and p regions
of a Zener diode are heavily doped. Find
the current through the Zener diode in the
circuit given below : [3]

(Zener breakdown voltage is 15 V)
No OTP No Login No Adversitement
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15.

m
www.cbseptf.com

+ AAA-
250Q

20V 15V $ 1kQ

Answer : By heavily doping both p and n

sides of the junction, depletion region formed

is very thin, i.., < 1078 m. Hence, electric field

across the junction is very high (~5 x10°V/m)

even for a small reverse bias voltage. This can

lead to a break down during reverse biasing.
250Q

2500
_L > AN T
20V_|_ 15V
1KQ l
I=Iz+11

15
L= % 1073 = 1500A.

20-15 5
T 7250 250
= 20 mA
Hence, I[;=20-15mA
=5 mA

Draw alabelled diagram of cyclotron. Explain
its working principle. Show that cyclotron
frequency is independent of the speed and
radius of the orbit. i3l

OR
(a) Derive, with the help of a diagram, the
expression for the magnetic field inside
a very long solenoid having n turns per
unit length carrying a current I.
(b) How is a toroid different from a solenoid?
Answer :

Cyclotron : Cyclotron is a device by which
the positively charged particles like protons,
deutrons, etc. can be accelerated.

Principle : Cyclotron works on the principle
that a positively charged particle can be
acclerated by making it to cross the same
electric field repeatedly with the help of a

etic field.

Download All Previous Year and Sample Papers From www.cbsepdf.com

l. N

H.F
Oscillator

Energetic ) \
proton beam S

Construction : The construction of a simple
cyclotron is shown in figure above. it consist
of two-semi cylindrical boxes D; and D,
which are called Dees They are enclosed in an
evacuated chamber.

Chamber is kept between the poles of a
powerful magnet so that uniform magnetic
field acts perpendicular to the plane of the
dees. An alternating voltage is applied in the
gap between the two dees by the help of a high
frequency oscillator. The electric field is zero
inside the dees.

Working and theory : At a certain instant, let
Dy be positive and D, be negative. A proton
from an ion source will be accelerated towards
Dy, it describes a semi-circular path with a
constant speed and is acted upon only by the
magnetic field. The radius of the circular path
is given by.
2

qUB = ﬂ
r
From the above equation we get,
r= @
- qB see

The period of revolution is given by.

T="F=22—
v v 4B
_ 2mm
=B
The frequency of revolution is given by,
1 qB
F= 7= 20m -

From the above equation it follows that
frequency f is independent of both v and
and is called cyclotron frequency. Also if we
make the frequency of applied a.c. equal to f,
then every time the proton reaches the gap
between the dees, the direction of electric field
is reversed and proton receives a push and
finally it gains very high kinetic energy. The

proton follows a spiralipatk andofinaldygetsitement
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directed towards the target and comes out
from it.

OR
(a) Magnetic field inside the solenoid

$.4---R

- .
$B.dl= g o= pp nal ()
- - - = -3 = - = - =
$B.dl= ¢ Bdl.¢ Bdl. ¢ Bdl.§ Bdl
= Bédlcos0’ +4B.dlcos90°+0.d! cos 0°
+ $B.dlcos90°
=B¢dl=Ba {11)
From equation (i) and (ii),
= B = pgnl
Holp = ponal

n = No. of turn per unit length.
a = length of the path.
I = current passing through

(b) Toroid is a form in which a conductor is
~ wound around a circular body. In this case we
get magnetic field inside the core but poles are
absent because circular body don't have ends.
Toroid is used in toroidal inductor, toroidal
transformer.

Solenoid is a form in which conductor is
wound around a cylindrical body with limb.
In this case magnetic field creates two poles N
and S. Solenoids have some flux leakage. This
is used in relay, motors, electro-magnetes.

Toroidal Coil 7

17.
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16.

Prove that the magnetic moment of the
electron revolving around a nucleus in an
orbit of radius r with orbital speed v is equal
to evr/2. Hence using Bohr's postulate of
quantization of angular momentum, deduce
the expression for the magnetic moment of
hydrogen atom in the ground state. [3]

Answer :
e
=—1—|L
" (Zm)

where, (-) indicates p direction is opposite to
L.

As Bohr's atomic model
L = mor
H=- (—E—) X mMor
2m
_evr
H=7

But from Bohr's second postulate
nh h

Wely = for(n=1
T omon ¢ )
nh
7 =
2mm,
Hence the magnetic moment is
e h
= — Heren=1
22mm, ( )
eh
™= 4amm,

Two large charged plane sheets of charge

densities 6 and —-20 C/m?are arranged

vertically with a separation of d between
them. Deduce expressions for the electric
field at points (i) to the left of the first sheet,

(ii) to the right of the second sheet, and (iii)

between the two sheets. 131

OR

A spherical conducting shell of inner radius

r; and outer radius r; has a charge Q.

(a) A charge q is placed at the centre of the
shell. Find out the surface charge density
on the inner and outer surfaces of the
shell.

(b) Is the electric field inside a cavity (with
no charge) zero; independent of the fact
whether the shell is spherical or not?

Explain.  No OTP No Login No Adversitement
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Answer:
(i) -Electric field due to plane sheet toward
right = <
£
Where, o is charge density.
towards left = —2
£
A ‘ ¢ I B
d
Ly -20

Electric field at point A i.e., to the left of first
sheet and due to large plane sheet.

. ‘
EA =_E.+(+2_GJ = _0;
€ & gg
(i) Electric field at point B i.e., to the right of
second sheet,
2 0 20 _-o

(iii) Electric field at point C i.e., between two
plates, :
p=d o . 26 3o

(a) Charge on inner surface will be - 4 and
charge on outer surface will be 4.

Electric field inside conductor will be zero.
$Eda=0="L+T =0
& &

' = — g inner surface is equal to zero.

As total charge on spherical shall is
Hence, Q = Jinner + qouter
Ginner = — g From Gauss's law

outer = Q= q
Hence, inner surface charge' density — 3
4TW1
d out
an _outer 4%2

WhATSYEeh i Betrgiven due to change in the present syllabus,
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(b) Electric field inside a cavity with no charge
will be zero as from Gauss's law
o = Jenclosed
€

a5 Fenclosed = 0. Thus ¢ will also be zero. elec-
tric field will also be zero.

18. A signal of low frequency f, is to be
transmitted using a carrier wave of frequency
fe Derive the expression for the amplitude
modulated wave and deduce expression for
the lower and upper sidebands produced.
Hence, obtain the expression for modulation
index.** (31

19. Draw a plot of a-particle scattering by a
thin foil of gold to show the variation of
the number of the scattered particles with
scattering angle. Describe briefly how the
large angle scattering explains the existence
of the nucleus inside the atom, Explain with
the help of impact parameter picture, how
Rutherford scattering serves a powerful way
to determine and upper limit on the size of
the nucleus. 31
Awswer:

10

10

10 \ -
RS

™

10 N

— .

& &
*—1—8

Number of scattered particles detected

10

0 20 40 60 80 100 120 140 160 180

Scattering angle @ (in degree)

From the plot it is clear that Most of the
a-particles passed through the foil,. only
0.14% of the incident o particles scatter by
more than 1% and about 1 in 8000 deflect by
more than 90° a-particles deflected backward
due to strong repulsive force. This force will
come from positive charge concentrated at the
centre as most of the particles get deflected by
small angles.

The a-particles trajectory depends on collision's
impact parameter (b) for a given beam of
8  o-particles, distributionsof impact parametersitement
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as beam gets scattered in different directions
with different probabilities.

fig.2 shows a-particle close to nucleus suffers
large scattering.

Impact parameter is minimum for head on
collision a~particles rebound by 180°.

Impact parameter is high, for undeviated
o-particles.

With deflection angle = 0°.

As these of nucleus was 1074 m to 107 m
w.r.t. 100 m size of an atom which is 10,000
to 100,000 times larger hence most of the
space is empty, only small % of the incident
particles rebound back indicates that number
of a-particle goes head on collision. Hence

most of the mass of the atom is concentrated
in small volume.

Thus, Rutherford scattering is a strong tool to
determine upper limit to the size of the nucleus.

A /‘ .
el

ol

SN0

—— -

>

-

S

| -

= — <
<

-
@ Target nucleus

Fig. 2

A 200 pF parallel plate capacitor having plate
separation of 5 mm is charged by a 100 V dc
source. It remains connected to the source.
Using an insulated handle, the distance
between the plates is doubled and a dielectric
slab of thickness 5 mm and dielectric constant
10 is introduced between the plates. Explain
with reason, how the (i) capacitance, (ii)
electric field between the plates, (iii) energy
density of the capacitor will change?  [3]
Answer : Given, C =200 x 10°F,

d=5mm=>5x10"m

8 =CV =200 x 167 x 100

=2 x 102 coulomb.
ggA = Cd =200 x 1078 x 5 x 102 = 107

A=10"%/¢
As dielectric of 5 mm is inserted with spacing
between the dielectric doubled then it will act

www.cbsepdf.ca@ following-Fig.A and Fig-B. 9
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A

C
———
C c
Fig-B i
5mm5mm
Fig-A

(i) Here, C' will be the capacitance with dieleciric
of 5 mm dielectric with 5 mm separation
between plates.

C'=KC=10x 200 x 106=2x102F
Thus, equivalent capacitance will be

1 _ 1.1
c, ¢ C
1 1
= ra 3
200x107%  2x10
10° 10°
= e——
2 2
= 5x10% + 0.5 x 103
1 s5x10°
Cey 1
Cpp= —=
“7 55%10°
= 1 10 =0181x107
55
= 1.81 x 104F
(ii) Electric field inside — dielectric will be
., E
E= —
K
_ 100
T 55x107%x10
= 18182 V/m

Elec;l:ric field remains same, other than dielectric

area,
Q2

b @
(iii) 2C
U'=U+U
2 2
191
C 2

2
~ 1071 1
2N@T N0 Ladif No Adversitement
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1 '_2.[ 1 1 ]
=—x2x10 +
2 02x107°  2x1072

1 1 1
L1 1
[ c'C ceq]

[1000 1000 1000:|
0.2 2
=102 x 55 x 10° x 2 x 1072
U"=11]

21. Why is it difficult to detect the presence of
an anti-neutrino during p-decay ? Define
the term decay constant of a radioactive
nucleus and derive the expression for its
mean life in terms of the decay constant.

[3]
OR

(a) State two distinguishing features of nuclear
force.

(b) Draw a plot showing the variation of
potential energy of a pair of nucleons as
a function of their separation, Mark the
regions on the graph where the force is
(i) attractive, and (ii) repulsive.
Answer : The symbols 7 and v present
antineutrino and neutrino respectively during
B decay : both are neutral particles. With very
little or no mass. These particles are emitted
from the nucleus along with the electron or
positron during the decay process. Neuirions
interact very weakly with matter, they can even
penetrate the earth without being absorbed.
It is for this reason that their detection is
extremely difficult and their presence went
unnoticed for long.
Decay constant : Decay constant of a radioactive
element is the reciprocal of time during which
the number of atoms left in the sample reduces

to 1 times the number of atoms in the original
sarfiple.

Derivation of mean life :

Let us consider, Nj be the total number of
radioactive atoms present initially. After time
t, total no. of atoms present (undecayed) be
N. In further d¢ time dN be the no. of atoms
disintegrated. So, the life of /N atoms ranges
lies Between ¢ +dt and dt. Since, dt is very small
time, the most appropriate life of 4N atom is
i. So the total life of N atom = t.dN

sum of ages of all atoms = J';v 0N (i)
N = Noe™
dN = Np (-A)e™ di
Now, substituting the value of AN and changing

www.cbskheéf lianit in equation (i) from (ii) we get
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10

= J:S tNO (—;\,)e_udt
= —-I(:o tNO (—k)e‘”dt
= Ny xj;" te Mt

= sum of life of all atoms

NoA[ " te ™Mt
Mean life (1) = —————

'c=7\,x;~]5
L1
Y

This expression gives the relation between
mean life and decay constant. Hence, mean
life is reciprocal of decay constant.

OR

(a) Distinguish features of nuclear force are :

(i) Nuclear forces are very strong binding
forces (attractive force.)

(ii) It is independent of the charges protons
and neutrons (charge independent.)

(iii) It depends on the spins of the nucleons.

(b) Plot showing variation of potential energy of
a pair of nucleons as a function of separation
mark attractive and repulsive region.

Y
oy No 4
8
S >1004
g2
s ‘
s O :
_100 ) 1 (1 :X
L O] |123|
Repulsive  Attractive
region region
v

X-axis shows separation between pair of
nucleons and Y-axis shows variation of
potential energy w.r.t. separation (in x 107> m).

A triangular prism of refracting angle 60° is
made of a transparent material of refractive
index 2/+/3 . A ray of light is incident normally -

on the face KL as shown in the figure. Trace

the path of the ray as it passes through the
prism and calculate the angle of emergence

and a.ngle of deviationlo OTP No Login No Adveigjtement
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24,

Answer : From diagram it is clear that incidence
angle at face KM is 60°.

V3
11 2
Hence, critical angle is also 60°.

s:inC=l=

Therefore, incident light ray will not emerge
from KM face due to total internal reflection
at this face. Hence, it will move along face KM

Angle of emergence = 90°.
Hence angle of deviation = 30° (from fig.)

Prove that in a common-emitter amplifier,
the output and input differ in phase by 180°.
In a transistor, the change of base current
by 30 pA produces change of 0-02 V in the
base-emitter voltage and a change of 4 mA
in the collector current. Calculate the current
amplification factor and the load resistance
used, if the voltage gain of the amplifier is
400.** [3]
Show, on a plot, variation of resistivity of (i)
a conductor, and (ii) a typical semiconductor
as a function of temperature.

Using the expression for the resistivity in
terms of number density and relaxation
time between the collisions, explain how

resistivity in the case of a conductor increases

while it decreases in a semiconductor, with
the rise of temperature, [3]

www.cbsepdf.com 11
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Answer :
for conductor
2 for
ol typical
! semiconductor

Q.41 ’
Resistivity
(10-8am)

0.4

25,

n — number of free electrons v

T — Average time between collisions.

In metals # is not dependent on temperature to
any appreciable extent and thus the decrease
in the value of T with rise in temperature
causes p to increases.

for semiconductors, 7 increases with temperature.
This increases more than compensates any
decrease in t, so that for such materials, p
decreases with temperature.

SECTION D

(@ Derive an expression for the induced
emf developed when a coil of N turns,
and area of cross-section A, is rotated at
a constant angular speed @ in a uniform
magnetic field B.

(b) A wheel with 100 metallic spokes each
0-5 m long is rotated with a speed of 120
rev/min in a plane normal to the horizontal
component of the Earth's magnetic field. If
the resultant magnetic field at that place is
4 x 104 T and the angle of dip at the place
is 30°, find the emf induced between the
axle and the rim of the wheel. [5]

OR

{a) Derive the expression for the magnetic
energy stored in an inductor when a
current I develops in it. Hence, obtain
the expression for the magnetic energy
density.

(b) A square loop of sides 5 cm carrying a
current of 0-2 A in the clockwise direction
is placed at a distance of 10 cm from an
inifinitely long wire carrying a current of
1 A as shown. Calculate (i) the resultant
magnetic force, and (ii) the torque, if any,
active on the l@eprr No Login No Adversitement
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0.2A
/\1A

v YN

«— 10 cm—» Eom
Answer :

(2) As the armature c011 is rotated in the
magnetic field, angle 6 between the field
and normal to the coil changes continuously.
Therefore, magnetic flux linked with the
coil changes. An e.m.f. is induced in the
coil. According to Flemmgs right hand rule,
current induced in AB is from A to B and it
is from C to D in CD in the external circuit
current flows from Bs to B;.

To calculate the magnitude of e.m.f. induced :
Suppose, '

A — Area of each turn of the coil

N — Number of turns in the coil

B — Strength of magnetic field

8 — Angle which normal to the coil makes

—
with B at any instant ¢

Normal Coil

". Magnetic flux linked with the coil in this
position.

¢ = N(B.A) = NBA cos 6 = NBA cos of ....({)
Where, o is angular velocity of the coil

As the coil rotates, angle 6 changes. Therefore,
magnetic flux ¢ linked with the coil changes
and hence, an em.f. is induced in the coil. At

this instant ¢, if e is the e.m.f. induced in the
coil, then
dB

e=- o =— —(NAB cos of)

d
=—NAB it (cos of)

=—NAB (- sin of) ®
.. ¢ = NAB o sin of
e = gp sin ot (Here gg = NBA®)
(b) We have number spokes (N) = 100
Length of each spoke (L) =0.5m
Magnetic field (B) = 0.4 x 104 T=4x10~°T

www o SSAESHCY () =120 7pm = 2 1ps 12
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induced e.m.f. between axle and rim is given by
e=NxBxI?xnxf
=100 x 4 x 1079 x (0.5)% x 3.14 x 2
=628 x102V
OR
(2) Energy stored in an inductor : When a
current flows through an inductor, a back
e.m.f. is set up which opposes the growth of
current. So, work needs to be done against
back e.m.f. (e) in building up the current. This
work done is stored as magnetic potential
energy.
Let, I be the current through the inductor L at
any instant f.
=2
I

¢ Induced
curret

.
>
AL
vy

The current rises at the rate %
So, the induced e.m.f. is :
—-LdI
T
The work done against induced e.rm.f. in dt is:
dW = Pdt
= —eldt
—Ldl
= th
= LIdI

For total work from 0 to Iy current,
W = j% dW
= | "L1dI

= LI}

Hence, this work done is stored as the magnetic
potential energy U in the inductor

U= %LIZ
The magnetic energy is given by
Up = SLI2

2 No OTP No Login No Adversitement
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2
= lL(—B—) (since B = ygnl)
2 \yn )
= l( n> Al) B
2 #o Hon
(- L=pn’ Al
RN
2ug

The magnetic energy per unit volume or
magnetic energy density is given by,

U = —I-Jﬁ (where, V is volume
v that contains flux)
- Us
T Al
2
= B Al
24y
(b)
02A
N
7
1 Amp
N N Y 5cm
< > <
10cm 5 cm
@)
(1)
" To calculate resultant magnetic force,
- -
F = I(L xB)
- -
Fap = I;(L xB1)
F
T BC
B . C
>—
N ¥ —Fg
F&¥——
BC .
A N l D
Fap
Direction of field B due to current in long wire
inward ®
s Koly
B= -1
2nr

Where, r = distance from long wire
poxI; sin@

Lo 2
—Iihlag = b x5x10x —————
127AB 27 x 10 % 1072

www.cbsepdf.com 2%F
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= 02x5x102x — XL
2rx10x 10
(~8=0°
2 1
|FaB| = Z—OE (in the direction
T shown in fig)
- - -
|Fc| = I(LxB;)
= 02x5x10%x P-_ox_l_z
2n 15x10™
Mo 1
2r 15
- -
| Fec| = |Fap]| -+ |FyNet| =0

Thus net magnetic force,
- -
Fret = |FaB|—|Fcp|
_ _u_o[i_l}
" 2zl10 15
Arx10~7

= ———  x[0.0333]
2%

0.067 x 1077
=67 x 107°N

The forces acting on all sides of the square due
to current of infinite length wire are lying in the
plane of coil. Thus, there is no net torque. Thus
torque is zero.

Explain, with the help of a diagram, how
plane polarized light can be produced by
scattering of light from the Sun.

Two polaroids P; and P, are placed with
their pass axes perpendicular to each other.
Unpolarised light of intensity I is incident
on P;. A third polaroid P; is kept between Py
and P, such that its pass axis makes an angle
of 45° with that of Py. Calculate the intensity
of light transmitted Py, P2 and P5. [5]

OR

(a) Why cannot the phenomenon of interfer-
ence be observed by illuminating two
pin holes with two sodium lamps?

(b) Two monochromatic waves having dis-
placements y; = 4 cos @f and y2 = a cos
{ ®f + §) from two coherent sources inter-
fere to produce an interference pattern.
Derive the expression for the resultant in-
tensity and obtain the conditions for con-
structive and destructivg interferenaement
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() Two wavelengths of sodium light of 590
nm and 596 nm are used in turn to study
the diffraction taking place at a single

slit of aperture 2 x 1076 m, If the distance

between the slit and the screen is
1-5 m, calculate the separation between
the positions of the second maxima of
diffraction pattern obtained in the two
cases.
Answer:
Molecules behave like dipole radiators and
scatter no energy along the dipole axis by this
way plane polarized light can be produced

during scattering of light.

v

S
lo P, P, P,

Intensity of light after passing through the
polaroid Pi(I")
Ii=l/2
Intensity of light after passing through P
I=1; cos? 45° :
I 1
2 4
Intensity of light after passmg through P,
I = I; cos®45°
1 I

OR

(a) Phenomenon of interference can't be
observed by illuminating two pin holes with
two sodium lamps because these sources are
not coherent source (it means they are not in
same phase).

(b) Consider two monochromatic coherent
sources A and B with waves i, = a cos of and
www.cbggpsfaaros (of + ) respectively.
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From principle of superposition,

y=yirty2
=a sin of + b sin (ot + ¢)
= 4 sin of + b sin of cos¢ + b coswt
sing
= (a + b cos §) sin wt + b sing cos ot

Let,
a+bcos ¢ = Acosd
bsing = A sind
Y = A sin ot cosd + A cos of sind
= A sin (of + &)
A= \/a2+b2+2abcos¢
3 bsing
a+bcosd

1. constuctive interference
For I-maxima,
“Ta A2
and for A to be maximum,
cosp=1
cosp=cos2nm,n=0,1,2, 3.
¢ =2nn
and path difference,
Ax =pA
Apax=4a+b
Il max=k(@ +b)?
2, Destructive Interference
For I - minima

cos¢ = -1
Ad = (2 + I)n
Path difference,
=n+1)Ar/2
Amin=a-b

I - Imin=k(@a-b)?

@B=mn+1/2)r/a
a =2 x 107 (aperture of slit)
A -9
el=_=590><10 _ 5% %10-3
2a 4x107P No Lodk No Adversitement
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=147.5 x 1073
' -9
p=i o B0 19109
2a 4x10

0, — 6; = 1.5 x 107 (Angular difference)
»1=596 m, A2 =590 nm
a=2x10"°
D=15m
3AD

y= 2a

Il

3D
= 22 (-
n-yp= (3 —-22)
) .
= X1 (596590 x 109 m
2x2x10

45 "
= x6x107"m
4x107°

= 454)( 6 % 10_3111

6.78 nm

]

27. (a) Describe briefly, with the help of a circuit
diagram, the method of measuring the
internal resistance of a cell.

(b) Give reason why apotentiometeris preferred
over a voltmeter for the measurement of emf
of a cell

(c) In the potentiometer circuit given below,
calculate the balancing length [. Givereason,
whether the circuit will work, if the driver
cell of emf 5V is replaced with acell of 2 V,

keeping all other factors constant. [5]
5V 450Q
l r

INAAA

—10 m

Ale > B
/
| @JRAB=50£Z

|
300 mv

4

OR

(a) State the working principle of a meter
bridge used to measure an unknown
resistance.

{b) Give reason.

() why the connections between the

resistors in a metre bridge are made of

thick copper strips.

(ii) why is it generally preferred to obtain

the balance length near the mid-point1(5)f

www.cbsepdf.com the bridge ire
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(¢) Calculate the potential difference across
the 4 Q resistor in the given electrical

circuit, using Kirchhoff's rules.
2Q
8V
A { + VA
6V 1Q
D L VA C
4Q
E % F
Answer :
(a) When K is open, balance is obtained at
L = AN
E= ¢l1
when K; is closed
V =0,
RB
BT
G
R
K, c
Circuit for determining internal resistance of cell.
E_h
VT
But, 2
e=I(r+R)and V=IR
Thus,
£ r+R _ i
V- R b

r=R .ll.._.]_
12

Where, 7 is the internal resistance of cell.

{b) Potentiometer is preferred over voltmeter
for measurement of e.m.f. of cell because a
voltmeter draws some current from the cell
while potentiometer draws no current.

Therefore, the potentionmeter measures
the actual e.m.f. of cell whereas voltmeter
measures the terminal voltage.

5V 4500
1 M
(c) 1t
< 10m
A B
< I — P Rap =500
L %@E‘I@No in No Adversitement
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For current through AB,
5V 4500
} ANVWA
A—— sy B
500
\
I=—
R
5
= —=10mA
500

10 mA current passes through AB. Thus,
voltage drop through AB = Vap = 10x1073 x
50 = 500 mV
Voltage drop per unit length
500mV

10

=50 mV/m

balancing point is at 300 mV
Hence,.l will be 6m.
When 5V is replaced with 2V

(volts/m) =

L= 2 =
AB= 500

Vag =4 mA x 50 = 200 mV

Hence, balancing will not possible as it needs
to cater 300 mV.

OR
(@) Meter bridge is the practical apparatus
which works on principle of Wheat-Stone
bridge. It is used to measure unknown
resistance experimentally.

Ry
AMAA_
5] [
o
A
T
e el L ey
I
Fdy .
It ;
E K n
Hence, as per Wheat-Stone bridge balance
condition :

R, _ Resistance of wire AD
R_2 " Resistance of wire DC

Where, D is point of balance.

Re_ph_h__ b
R, ph L (100-1)

www.cbsepdf.com
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(- Iy + lo=100 cm)

p = resistance per unit length of wire.
1

=Ry—1
>(100-1,)

(b) (i) Connection between resistors are made
of thick copper strips so that it will have
maximum resistance and location of point
of balance (D) will be more accurate which

results in correct measurement of unknown
resistance.

Ry

(ii) It is preferred to obtain the balance
length near the mid-point of the bridge
wire because it increase the sensitivity of
meter bridges.

(c) From KCL (Kirchhoff's current Iw) at point D

Ar€e—]—< AW B

Tith
Current flowing through 4€ resistance
fl + ip_ =i
KVL in loop DEFCD,
zZV=0
—~({1+i)d—-i +6=0
—4i1 —5i2 +6=0
(Voltage drop is negative and gain is posi-
tve)
4i1 + 5i2 =6
KVL in loop AEFBA,
—(il + 12) 4-2f1 +8=0
~4fy —4in— 21 + 8=0

—6i1 —4i» + 8=0
6i1 + 4ir=8 i)
4i1+5i=6 wee(il)

Afer solving both (i) and (ii)
iy=2/7

No OTP No Login No AdR®itement
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Physics 2019 (Outside Delhi) 'SET II

Time allowed :3 hours Maximum marks : 70

Note : Except for the following questions, all the From Ampere’s law,
remaining questions have been asked in previ- $Bedl = pyi(t)
ous set. P
1. Write the relation for the force acting on a 4®7i —
charged particle 4 moving with velgcity T + -
_in the presence of a magnetic field B. [1] + -
- - - + -
Answer: F = g(V x B) 4+ -
+ —
3. Draw the pattern of electric field lines due
to an electric dipole. [1] Case-1
, Let, the case-1 where a point P is considered
Answer : outside capacitor charging from Ampere’s law.
Magnetic field at point will be
B. (2nr) = o i(t)
= Mo,
T2 it
p
M
+ | —.
+ —
+ - |
5. Identify the semiconductor diode whose I-V l
characteristics are as shown. [1]
] 4 Case-2
Now take case-2 where shape surface under
consideration covers capacitor's plate as we
consider there is no current through capacitor
Ve then this value of B will be zero. '
>V Hence, there is a contradiction.
Therefore this Ampere's law was mod:ﬁed
I with addition of displacement current inside
sC capacitor.
v ¢E=|E|A—l§A“g
» H EO EO
Answer : Photodiode/Solar cell. dog _ 1 dQ
SECTION-B di g dt
7. How is the equation for Ampere's circuital e dog _ dQ =i
law modified in the presence of displacement @ T a
current? Explain. [21
Answer : Where, iy is displacement current. ,,
During charging of capacitor, outside the

www.cbsepdf.com
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]
11—
v 17

capacitor, i; (conduction current) flows and
inside i; displacement current flows.

¢E

i=si.+tig=i+g —=

Qutside the capacitor iy = 0 hence, i=i,
and inside the capatitfoNd Lsdhhienteseisitagnent
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8. Under what conditions does the phenom-
enon of total internal reflection take place?
Draw a ray diagram showing how a ray of
light deviates by 90° after passing through a
right-angled isosceles prism. [2]
Answer :

The phenomenon of total internal reflection
occurs when,

1. Angle of incidence is equal or greater than
critical angle.
i=C

2, When light travels from more denser
medium to less denser medium.

In case of right angle isosceles triangle if light
rays fall normally on AB then light incident
of face AC with angle of incidence > critical

Hence, total internal reflection will occur with
normal to the surface of BC.

11. A beam of light converges at a point P.
Draw ray diagrams to show where the beam
-will converge if (i) a convex lens, and (ii) a
concave lens is kept in the path of the beam.

2]
Answer : (i)

v

'S

(ii)

YY'|YY

Concave lens

www.cbsepdf.com
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14.

18

SECTION-C
(a) How is the stability of hydrogen atom
in Bohr model explained by de-Broglie's
hypothesis?

(b) A hydrogen atom initially in the ground
state absorbs a photon which excites it to
n = 4 level. When it gets de-excited, find
the maximum number of lines which are
emitted by the atom. Identify the series to
which these lines belong. Which of them
has the shortest wavelength? [3]
Answer :

(@} From Bohr's model-An atom has a number
of stable orbits in which an electron can reside
without the emission of radiant energy. Each
orbit corresponds to a certain energy level.

-+ Electron revolves is circular orbit
(&5

mv? &2
The motion of an electron in circular orbits is
restricted in such a manner that its angular
momentum is an integral multiple of h/2x

o 47:801‘2

Thus, L = mor = E—’i
136
En = 2" ZZEV
r
Z =1 for H; atom
En = —12.6 ev
r
From de-Broglie hypothesis
r mv
And from Bohr model
ni = 2mr
_ 2mr
Ty
h _ 2mr
mv h
ﬂ =mur=1L
2n :

(b)n; =1, ne=4.

Possible transitions are :
= 453,452,451
or 352351,

or 21

Hence, Six lines are possible.
451
3 — 1 Lyman series
2-1

No OTP No Login No Adversitement
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16.

18.

352
452
4 — 3 Paschen series
4 — 1 has smallest wavelength.

What is the reason to operate photodiodes

}Balmer series

in reverse bias?
A p-n photodiode is fabricated from a
semiconductor with a band gap of range of 2:5

to 28 eV, Calculate the range of wavelengths ’

of the radiation which can be detected by the
photodiode. (3]

Answer
for working in photo-conductive mode.

: Photodiode are reverse biased

This reduces the response time because the
additional reverse bias increases the width
of the depletion layer, which decreases the
junction capacitance. The reverse bias also
increases the dark current without much
change in the photo current.

Given, E = 2.5 - 2.8 eV

he
E=—
A
he
A= —
1 El
_ 6.63x107* »x3x10°
25%x1.6x107Y
3%6.63x 107
—2.5%1.6
= 497.25 nm
he
A=
2 Ez

3 6.63x10"34 ><3><108
T 28x1.6x107Y

= 443.97 nm

The range of wavelengths of radiation which
can be detected by the photodiode is 443.97
nm to 497.25 nm.

A ray of light incident on the face AB of an
isosceles triangular prism makes an angle
of incidence (i) and deviates by angle § as
shown in the figure. Show that in the position
of minimum deviation Zp = Za. Also find
out the condition when the refracted ray QR

www.cbsepdr.coffiffers total internal reflection. 131
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(i) Condition for minimum deviation :

1.A=180-2a
sini
2 Sn@o—-p) "

when, r; =r; = r > critical angle
r1+ 12 =180 - 20

2r =180 - 2a [r1=1]
r=r=9-a
B=90~—T1
=90-90+a
B=a

condition when QR have total internal reflec-
tion :
ZQRC =critical angle for the prism
Z180° — B =critical angle
or
Z£180° — @ = critical angle
Z180° —a = ZBAC
ZBAC = critical angle

A 10D pF parallel plate capacitor having plate
separation of 4 mm is charged by 200 V dc. The
source is now disconnected. When the distance
between the plates is doubled and a dielectric
slab of thickness 4 mm and dielectric constant
5 is introduced between the plates, how will
(i) its capacitance, (ii) the electric field between
the ‘plates, and (iii) energy density of the
capacitor get affected? Justify your answer in
each case. No OTP No Login No Adversitemd ]
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Answer : Given, 1
¢ = 100 pF , Cog= 3
d = 4x103m. 112 x10
V = 200V =—x107°
k=5 12
= 200 x 100 x 1076 (ii) Electric field inside dielectric will be
= 2 x 102 Coulomb ®=E___50 _
As dielectric of 4 mm is inserted between the - K 5x4x107
plates of capacitor and the spacing between the 50%103
plates is doubled then it will acts as following = =10x10°
Fig-A and Fig-B. =1000 V/m.
4 mm—by . N o .
é and Electric field inside capacitor but out of
— dielectric Area will be
— E=50x10° V/m
—_—
é c C (iii} Energy densityQ(;f capacitor is given by :
4 mm Fig-B U= 2
Fig-A
[ . N : . =U+U
Here, C' will be capacitance with dielectric of 2
4 mm & 8 mm separation between the plates. -2 i
C'=KC=5x100x10°=05x 10°F ¢ 2¢
(i) Thus, equivalent capacitance 2r1 17 2x102x2x1072 |
111 1 :’QT{— F]= : ——lzxa0’]
C, C C 10010  05x107 - i
“ o bl L 1
=10 x 10* +2 x 103 "C C G,
=12 x 10° =2x 107 x 12
1 =24]
'C—eq' =12 x 103 es
Physics 2019 (Outside Delhi) SET III

Time allowed : 3 hours

Note : Except for the following questions, all the
remaining questions have been asked in previ-
ous sets.

2. Draw a pattern of electric field lines due
to two positive charges placed a distance d
apart. (1]
Answer : Electric field lines due to two
positive charge placed to at distance d apart :

~www.cbsepdf.com

Zener Breakdown

Maximum marks : 70

4. When a charge g is moving in the presence

of electric (E)} and magnetic (B) fields which
are perpendicular to each other and also
perpendicular to the velocity v of the particle,
write the relation expressing v in terms of E
and B. (1]
Answer:0=E/B

Draw the I-V characteristics of a Zener dioc[le].
1
Answer :

Current
) F 3

V.

2

Volts - ——» Voitage
/ ’

: l|=\‘(mA)No OTP No Login No Adversitement
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SECTION-B

State, with the help of a ray diagram, the
working principle of optical fibres. Write
one important use of optical fibres. (2]
Answer :

Optical fibre works on principle of total
internal reflection. When angle of incidence is
greater than Critical angle then incident rays
are totally reflected back in same media.
When, 0; > 8¢, Total internal reflection occurs
and if 8; < 8¢, refraction occurs.

Application : Optical fibre are used for commu-
nication due to very high bandwidth of media.
How are electromagnetic waves produced
by oscillating charges? What is the source of
the energy associated with the em waves [2]
Answer : Oscillating charges are responsible
for generation of periodically varying electric
field in the space. The oscillating charges
generate varying electric current which in
turn is responsible for the generation of
periodical varying magnetic field. This way
the electromagnetic waves are generated.
The wavelength of light from the spectral
emission line of sodium is 590 nm. Find the
kinetic energy at which the electron would
have the same de-Broglie wavelength. [2]
Answer : Given, A = 590 nm = 590 x 10°m
KE=7?

For same de-Broglie wavelength,

De-Broglie wavelength (A) = 2
h-planck constant mo
= 590x107°
h
——— =7
m, x590x10 1
KE= —m2
2
= — XM X
h2
mZ x(590x107%)?
www.cbsepdf.com 21 ‘
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_1 662x107% x6.62x107# x10° x10°
2 " 9.1x107%! x 590 x 590

KE =691 x 107V ]

SECTION-C

(a) Draw the energy level diagram for the line
spectra representing Lyman series and
Balmer series in the spectrum of hydrogen
atom.

(b) Using the Rydberg formula for the spectrum
of hydrogen atom, calculate the largest and
shortest wavelengths of the emission lines
of the Balmer series in the spectrum of
hydrogen atom. (Use the value of Rydberg
constant R=1.1 x 10" m* 3]

Answer:

(a) Energy level diagram showing lyman and

balmer series :
E{n)to E(n=4)

Wi

Paschen series
E(n) to E(n = 3)

Balmer series
E{n) to E(n = 2)

n=1
Lyman serles
E(n)to E(n=1)

Spectrum wavelngths of both series for
hydrogen atom

£

EEEEE £
(=]

8 8 8 § 5

: 2 g il 1§ HEH B £i
Lyman Balmar
series series

B S—————
Paschen series

(b) Rydberg formula,

1 1
1 =1.1x 10’ ]:—2——2]
A ny o on

1 _ 7 l_l]

?\’—1 = 1.1x10 [4 )

1 7

— = 1.1x10° x 0.1389

A

A = —x107 x0.1389
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, - 100x107
"7 0153

Amax (A1) = 653.6 nm

1 L1x10’
A 4
4
M= ———s
27 11x10°
400 '
= HX].O_Q

Amin (A2) = 363.6 nm

15. In a network, four capacitors C;, C3, C3 and
C4 are connected as shown in the figure, [3]

C,=6uF
12uF 4uF als
11 -
I .
C, G 1l
C,=3uF
1]
8V
(a) Calculate the net capacitance in the
circuit. '

(b) If the charge on the capacitor C; is 6 nC,
(i) calculate the charge on the capacitors
C3 and Cy, and (i) net energy stored in the
capacitors C; and C; connected in series.

Answer:
(@)
6UF
|
120F |F
|1
4uF I
3yF
Q |Cqq F $
|1 | |
O || 11 o
1 C,
o |- o
\;vww.cbsepdf.com Ceq
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1 1 1
==

C, 124

1 4
c1‘12'th
Ci=3puE

Cp =3+ 6 =9yF
11,1 1.1
Cq C C 9 3
1 _4

Ceq 9
Ceq = 9/4 uF

(b) () Given, Q; =6 uC, Co=6 uF

C,=6pF
12uF 4HF — =
L | ] -
| ) '
C, GC, 1]
[+
8V
Q is charge on C;
QQ; is charge on C;
Q is net charge flows through C; and C,4
Q Q,
=V ==t
G G,
Q
= ==xC
Q Clx 2
=§x6
3
Q,=12uC
Q= +Q
=124+6
=18 uC

(ii) Voltage across C; and C; is 2 volts.
Thus, voltage across combination of C4 and Cs
will be
V=8-2=6V
1 1 1
= +

C gé" OTgﬂo Login No Adversitement
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Hence, Energy

1
|
X
W
X
N
[+

=54 x 10797
17. Draw the circuit diagram of a full wave rectifier.
Explain its working principle. Show the input
waveforms given to the diodes D; and D; and
the corresponding output waveforms obtained

at the load connected to the circuit. [3]
Answer :
D'I
N
g
S
R,
Nl
%
2
Full wave rectifier
[
Input
Waveform »i
D, D, Dy D,
Output : R
Waveform >t O

During first half of input sinusoidal ac signal
diode D; conducts as it is forward bias and
during second half of input ac signal diode
D, conducts as it is forward bias now. D; and
D; are inverse bias conditions during first and
second half respectively and doesn't conduct.
Due to this output appears as waveform (b).

21. (a) When a convex lens of focal length 30 cm is
in contact with a concave lens of focal length
20 cm, find out if the system is converging or
www.cbsepdf.com dlvelgmg- . 23
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(b) Obtain the expression for the angle of
incidence of a ray of light which is incident
on the face of a prism of refracting angle A
so that it suffers total internal reflection at
the other face. (Given the refractive index
of the glass of the prism is ) (31

Answer:

(a} bit = foonvex = 30 cm

f2 = fconcave =-20 cm-

i1, 1
f 1 h
_1r .1
T30 20
2-3
60
l = _l [ . concave (diverging) lens]
f 60
g
® = nan
Let C is the critical angle,

2 = C for total internal reflection

rn+rn=A
n+C=A
T1='A—-C
_ sini -
 sing
= 8in i = psin rq

sin { = u sin (A-C)
i =sin"! u sin (A - C)

o0
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SET I

Maximum marks : 70

SECTION-A

Draw the pattern of electric field lines, when
a point charge — (Q is kept near an uncharged

intensity of radiation. SI unit of intensity of

radiation is E .
T

conducting plate. [1] What is the speed of light in a denser medium
Answer : of polarising angle 30° ? [1]
The positive charge will be induced on the Answer :

uncharged conducting plate, kept near it. So,
the lines of forces will start from metal plate
and end at - Q.

Given : i = 30°
since, p = tan i, (By Brewster's law)

Q n= tan 30°
1
= p=7—§
Since,p=—c—
C
v = velocity of light in medium = —
++++++ A+ F 3x108 H
+++++++++t++rE S+ =
++++++++++++ S+t E+ S+ 1/3

Yor ot

2. How does the mobility of electrons in a con~

ductor change, if the potential difference
applied across the conductor is doubled,

3J3 x108 m/s
= 5.196 x 108 m/s

In sky wave mode of propagation, why is the
frequency range of transmitting signals restricted

il

keeping the length and temperature of the to less than 30 MHz ?** [1]
conductor constant ? [1] OR
Answer:

The mobility of electrons is given by the
. er

expression, p = —

xp h=-

As it's independent of the applied potential
difference, so it will not change if the applied
potential difference will be doubled.

Define the term "threshold frequency” in the
context of photoelectric emission. [1]

OR
Define the term 'Intensity’ in photon picture
of electromagnetic radiation.

On what factors does the range of coverage
in ground wave propagation depend ?**

SECTION-B

Two bulbs are rated (Py, V) and (P, V). If they
are connected (i) in series and (ii) in parallel
across a supply V, find the power dissipated
in the two combinations in terms of P; and P».
[2]
Answer : (i) In series combination :
Net resistance, R =R; + R, ... (i
As heating elements are operated at same
voltage V, we have

. 2 2 2
Answer: R=V ,R1=V—andR2=V—
The minimum frequency of the radiation p Py Py
incident on a metal surface below which there . From equation (i)
is no photoelectric emission is called threshold v2 v V2
frequency. It is a characteristic property of a —= ?+ P
photosensitive material. 11 = __1+‘_2
OR P P B
= Net power dissipated :
The amount of light energy or photon energy
o - ~ 515!
incident per meter square per second is called = =5
1T

wiiAnssexi-Bgt siven due to change in the present syllabus.

24
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(if) In parallel combination :

Net resistance,
11,1 "
R R, R, (1)
P_h B
= Vi ovEove
. 2 2 2
S Gl T G
P P P,
= P=P1+P;

Hence, net power dissipated is P = P; + P».
Calculate the radius of curvature of an equi-
concave lens of refractive index 1.5, when it

is kept in a medium of refractive index 1.4,
to have a power of -5D ? [2]

OR

An equilateral glass prism has a refractive index
1.6 in air. Calculate the angle of minimum
deviation of the prism, when kept in a medium
of refractive index 4v2 /5.

Answer :

In an equi-concave lens, radius of curvature
of both surfaces are equal

Fo33)

since, P=-5D

_01x(=2)
" 14x(-5)

=0.03 m

OR
As we know,
sin(A+8min )
2
A

sin—
2

where 1y = 1.6, refractive index of gléss prism

2 =

n= 4 , Tefractive index of medium

www.cbsepdf.com 25
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A = 60° angle of prism
Smin = angle of minimum deviation

60°+3,
1.6 ) 2

a2 /5 " eina0

04x5 . (60°+8, P | ]
= e 30°=—
\/5 sm( 2 )x 2 [ sin 5

sm(60°+5’" )_i
= 2 2

60°+ Sm _ Si]"l.—l (_1_)
= 7 Ji

= sin™ (sin 45%) = 45°
= Sm = 30°

An a-particle and a proton of the same kinetic
energy are in turn allowed to pass through a

magnetic field B , acting normal to the direction
of motion of the particles. Calculate the ratio of
radii of the circular paths described by them.
121

Answer:
As we know, radius of the charged particle is
given by

2mK

gB

Since, K. E. of particles and B are equal.
.. For a- particle

r=

2m, K
Pa= Y—2 ()
9B
For proton,
2m,K
rp = _ (i)
P %B

o _ N 2
t /mp 1
rattp=2:1

State Bohr's quantization condition of angu-
lar momentum, Calculate the shortest wave-
length of the Bracket series and state to which
part of the electromagnetic spectrum does it

belong. - No OTP No Login No Adversitellr?é]nt
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10.

11.

OR

Calculate the orbital period of the electron
in the first excited state of hydrogen atom.

Answer : According to Bohr's quantization of
angular momentum, the stationary orbits are
those in which angular momentum of electron

is an integral multiple of % ie.,

mor=n — Where,n=1,2,3
2r

For Brackett series,

1 1
— =h=
Amin sinC
1 _R
= Amin 16
Where, R = Rydberg constant
= 1.096x107 m!
; 16
= in= ———————=1ml
Aani 1.096 x 107
=14.599 x 10~
= = 14599 A

Brackett series is found in infrared region
(10° A to 7000 A) of electromagnetic spectrum.

OR
For hydrogen atom z =1 and n = 1
. Velocity of electron,
= ze”
"~ 2hegn
v= 2oy
Therefore, v= 13% , Where, c is velocity of light.
i 2
Orbital period = IS0 _ 2 137
Velocity c
_ 2x3.14x5.29x107 x137
B 3x10°

= 1.517 x 10716 sec.

Why a signal transmitted from a TV tower
cannot be received beyond a certain distance?
Write the expression for the optimum separation
between the receiving and the transmitting
antenna.** 2]

Why is wave theory of electromagnetic radiation
not able to explain photo electric effect ? How
does photon picture resolve this problem ? {2]

[y 0 L) ]
wor Vlv\l(-;lgisveepr g g(l)?tn given due to change in the present syllabus. .
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12,

13.

Answer : o

Wave theory cannot explain the following laws

of photoelectric effect.

(i) The instantaneous emission of photoelec-
trons.

(ii) Existence of threshold frequency for metal
surface. '

(iii) K.E. of emitted electrons is independent
of intensity of light and depends on
frequency.
The concept of photon explained that
energy is not only emitted and absorbed
in discrete energy quanta, but also it
propagates through space in definite
quanta with the speed of light. It can
explain all the above photoelectric effect,
which wave theory cannot explain.

Plot a graph showing variation of de Broglie
wavelength (A) associated with a charged
particle of a mass m, versus 1/«./{7-, where
V is the potential difference through which
the particlé is accelerated. How does this
graph give us the information regarding the
magnitude of the charge of the particle ? [2]
Answer: '

|

A
W —
Since, A= h
_ 2meV
. 1
ie.,

}"‘xﬁ

Therefore, more the wavelength lesser is the
charge.

SECTION-C

(2 Draw the equipotential surfaces correspond-
ing to a uniform electric field in the z-direc-
tion.

(b) Derive an expression for the electric potential
at any point along the axial line of an electric
dipole.

3
No OTP No Login No Adver[sigement
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Answer :
@

r 3

dy

|2v

7
/% 3

4
/ %y
| ¥ |4V d>d,>d,

(b) Electric potential due to dipole along axial
line :

[av

« r »

-q o) +q P
——————8--------- ]
f—— 2] ———»{

The figure shows a dipole consisting of
two equal and opposite charges +q and —4
separated by a distance 2. Let, P be a point
on the end- on position of the dipole. OP is
the axial line of dipole.

The potential due to charge + g at point

P=V,
1 q
Vi=—X
17 amey T (r-1)
The potential due to charge — g at point P = V3
[ ),
V2= ey, )

Total potential at point P =V =V; + V,
N A )
dme,  (r—1) 4me; (r+1)

_ L[L__L}
T Amey|r—1 r+l

g | r+l-r+l
B 4dreg | (r—D(r+1)

V=

_ L 2
T Amey (r-D)(r+1)
_ 1 2q

 dme (P -2
But the dipole moment, P = 2ig
S SRV
dmey  (#%-1%)
Using Kirchhoff's rules, calculate the current

through the 40 Q and 20 Q) resistors in the
following circuit : [%]7

So,

www.cbsepdf.com
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80V 200 o
S A
400
D AW c
40V
H e AWA E
E ! 10Q
OR

What is end error in a metre bridge? How
is it overcome? The resistances in the two
arms of the metre bridge are R=5Q and S
respectively.

When the resistance S is shunted with an
equal resistance, the new balance length
found to be 1.5 I, where /; is the initial bal-
ancing length, Calculate thg value of S.

o | [ o9 6]

C
«—/ cm ple {100 ~ l)}—»
T { )}
"E K
Answer :
sov 20Q
A = > M
|1/\ U VI.]
40Q i
D A & c
Al L 4
2 m 2
E : 1F 100 F
2 40V

Applying Kirchhoff's first law at junction C
11 = Iz + 13
L=L-1s (1)
Applying the Kirchhoff's second law in closed
loop ABCDA
' 80-20 Ty — 40T; = 0 ()

Applying Kirchhoff's second law in closed
loop BCFED

40I3-101, +40=0 (1)
From equations (i) and (iii),
405-10(I-13)-40=0

0-101 + 4f\(l]o?)'?P No Login No Adversft'ég‘é)wt
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From equations (ii) and (iv) (b) Prove that the average energy density of
80 =201; + 401 the oscillating electric field is equal to
that of the oscillating magnetic field. [3]
40 =10 I1 + 50 I3 Answer : (a)
We get, Ia=0 (i) Radar—Microwaves are used in radar. The
and L=4A If_rle;quency range is from 3x10!! Hz to 1x10°
L=4A (i) Eye Surgery—Infrared waves are used. The
Therefore, current through 40 Q resistor is 0 frequency range is from 4x10™ Hz to 3x10™
and current through 20 Q resistor is 4 A. Hz.
OR (b) Energy density in oscillating electric field
The shifting of zero of the scale at different 15—
points give rise to the end error in metre up = 1%]32
bridge wire. 2
This can be overcome by, . Energy density in oscillating magnetic field is-
1. By trying to obtain the balance point in the u 1 B ‘
middle of the metre bridge. B (2up)
2. By taldng metre bridge wire of uniform We know, E = cB
cross-section 1
3. By taking the copper strips thick, so that And c=
their resistance can be ignored. vHogo
As we know that, 1 , 1 1 )
R ! So, ug = —&(cB)" =8 ——xB
= =1 (i) 2 2 " Hogyp
: S 100-4 1
When resistance S is shunted with equal = (7—)—B2
Ho
resistance. Then, §'= g So, ug = up

16, Define the term wavefront. Using Huygen's

Therefore, balanci int is, "
eretore, new cing point 15 wave theory, verify the law of reflection. [3]

R 154
= 5/2 = 100-15] OR
Define the term, "refractive index" of a medium.
R 1510 " Verify Snell's law of refraction when a plane
= S T 2(100-15) -+ wavefront is. propagating from a denser to a
rarer medium.
On comparing equations (i) and (ii) Answer :
h 154 A wavefront is the continuous locus of
= ~ vibrating particles which are in the same state
100-4  2(100-15h) of vibration or phase.
200 -31; = 150 - 1.51; Laws of Reflection from Huygen's principle
151 =50
50
Lh=—
T 15

From equatoin (i),

5 . 50 50
—="[100-=
S 1.50( 1.5)

(~ R=8)
5 50x15

- S 15(100) Consider a plane wavefront AB incident on
- _ 500 =100 a plane reflecting surface PQ, Let v be the
50 velocity of the wave. At time ¢t = 0 one end
15. (a) Identify the part of the electromagnetic of the wavefront just touches the reflecting
spectrum used in (i) radar and (ii) eye surface at B. Draw normal NB to PQ. When
surgery. Write their frequency range. the wavefront strikes the reflecting surface,

www.cbsepdf.com 28 No OTP No Login No Adversitement
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then due to the presence of it, it cannot
advance further. When wavefront strikes at
B, secondary wavelets starts emitting from B.
The secondary wavelets will travel a distance
AD = vt during the time the other end A of the
wavefront AB reaches the surface PQ at QQ.
To find the reflected wavefront, B as a
centre and AD as radius draw an arc, which
represent the secondary wavelets originating
from B. As the incident wavefront AB
advances, the secondary wavelets will touch
CD simultaneously.
According to Huygen's principle CD represents
the reflected wavefront corresponding to
incident wavefront AB. BD is common
triangles BAD and CBD and BC = AD = ot.
Therefore, two triangles are congruent.
So, ZABD = ZCDB
ie., Li=Lr
Thus, angle of incidence is equal to the angle of
reflection. This is the second law of reflection.
Also, the incident wavefront AB, reflecting
surface PQ and the reflected wavefront CD are
perpendicular to the plane of the paper. So,
the incident ray, reflected ray and the normal
. at the point of incidence, all lie in same plane.
This is first law of reflection. .
Thus, Huygen's principle explains both the law
of reflection.

OR .
The refractive index of a medium is defined as
the ratio of speed of light in vacuum to that of
the speed of the light in medium.

ie., n=

afn

Where, 1 = refractive index of medium when
light ray passes from vaccum into a medium.
¢ = velocity of light in vacuum

v = velocity of light in the medium

Proof of Snell's law of refraction

Denser medium

Medium 1
Bl

www.cbsepdf.com
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Medium 2
r

Rarer mediur59
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when a wavefront travels from one medium
to other, it deviates from its path. In travelling
from one medium to other, the frequency of
wave remains same and speed and wavelength
changes. Let, XY be a surface separating two
media '1' and '2'. Let the speed of waves of v1
and .

Suppose, a plane wavefront AB in first medium
is incident obliquely on the boundary surface
XY and its end touches the surface at A at time
t = 0, while the other end B reaches the surface
at point B' after time-interval 't

Clearly, BB' = ost.

In the same time, wavelets starts from A and
reaches A' in time 't with velocity .
Therefore, AA' = vyt

According to Huygen's principle, A'B' is the
new position of the wavefront in second
medium. A'B' is a refracted wavefront.

Let, the incident wavefront (AB) and reflected
wavefront (A'B") makes angle i and r with
surface XY. ‘

In AAB'B,
ZABB' = 90°
T g Bt .
sinz= o= 2p i)
In AAA'B',
ZAA'B' = 90°
1
siny= 24 _ %t ()
AB' AB

Dividing equation (i) by (ii), we get
sini o,
——— = —== constant
sinr o,

Hence, ratio of sine of angle of incidence and

the sine of angle of refraction for a given pair

of media is constant. This is Snell's law of
refraction.

(a) Define mutual inductance and write its
S.L unit.

(b) A square loop of side 'a' carrying a current
Iz is kept at distance x from an infinitely
long straight wire carrying a current 1; as
shown in the figure. Obtain the expression
for the resultant force acting on the loop.

[3]

/\I1 a
N ’\Iz

«—Xx—>

a
Answer: :
(2) Mutual inductance : It is a property of two

coils due to which each coil opposes any change
No OTP No Login No Adversitement
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of current flowing in the other. The mutually
induced e.m.f,, in one coil produces the opposition
in other coil.

Its SI unit is henry (H).
(b)
M cC. a D
v Ah
a a
M - 'A a B

The resultant magnetic force of sides AB and
DC is zero. The force on side AD is repulsive
and on side BC is attractive. Since, AD is near
the straight wire. So, the net force will be

repulsive.
Force on side AD,
Fi= 1.21_;111_211 (away from wire)

Force on side BC,
Ho L, <2

2=
2% (x+a)
(towards the wire)
Therefore, resultant force,

F=F-F
= ‘&Illzﬂ(l— I )
2n X x+a

Ho a
2n Ll (x(x +a) )

_ R I,L,a°
2n x{x+a)’
(away from wire)
(@) Derive the expression for the torque act-
ing on a current carrying loop placed in
a magnetic field.
(b) Explain the significance of a radial magnetic
field when a current carrying coil is kept in
it. [3]
Answer : Torque on current carrying loop in
magnetic field :

F=

v

v

v

vvy

www.cbsepdf.com
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W
'
.
'
'
v
]
- -
v

.
>

Consider a coil PQRS placed in a magnetic
field. Let © be the angle between the plane of
the coil and direction of B. When current flow
through coil each side experiences a force. The
forces on vertical side will constitute a couple.
Moment of torque = One of forces x
Perpendicular distance
between lines of action

of force
t= FxQT = F x b sin8
= IIBbsin B
t=J(ib)Bsin @
r=I(KxE) (+ Area = Ib)
If there are N turns, then

t=NI (AXB)= Mx B
d b d

Where, M = NI A is magnetic moment of loop.
(b)A magnetic field, in which the plane of the coil
in all positions remains parallel to the direction
of magnetic field is called radial magnetic field.
In a radial magnetic field, magnetic torque
remains maximum for all the positions of the
coil.

Draw a labelled ray diagram of an astronomical
telescope in the near point adjustment position.
A giant refracting telescope at an observatory
has an objective lens of focal length 15 m
and an eyepiece of focal length 1.0 cm. If this
telescope is used to view the Moon, find the
diameter of the image of the Moon formed
by the objective lens. The diameter of the
Moon is 3.48 x 10° m and the radius of lunar
orbit is 3.8 x 10° m. [3]
Answer : Astronomical telescope in near
points adjustment :

biect
Obhjective

B
At infinlty

30

A
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Here, fo=15m,fe=1cm=01m 20. (a) State Gauss' law for magnetism. Explain
Diameter of moon, d = 3.48 x 10°m b ;ths s:egmthﬁ(;ance ans ties of th
. — 8 rite the four impo properties of the
Radius of lunar orbit up = 3.8 x 107 m magnetic field lines due to a bar magnet. [3]
size of the image of moon, I = ? OR
The angle subtended by the moon at the Write three points of differences between
objective lens, para-, dia- and ferro-magnetic matenals
o = d G) giving one example for each.
[ug | Answer :
And the angle subtended by the image of the (@) Gau.?s 'law .for magnetism : .If f? lfilostﬁd
moon at the objective lens surface is imagined in a magnetic field, the
! number of lines of force emerging from the
_ 1 (i) surface must be equal to the number entering
fo it. That is, the net magnetic flux out of any
Both these angles in equations (i) and (ii) will closed surface is zero. i
be equal. Gauss law signifies that magnetic monopoles
i X does not exist.
2= = (b)
lug|  fo 1. In a bar magnet, each lines of force, starts
dx f, from a north pole and reaches the south pole
= I= 0 externally and then goes from south pole to a
4o | north pole internally. Thus, magnetic line of
6 force forms a closed loop.
= M;(_B m 2. No two lines of force will never intersect
3.8x10 each other.
=13.73 x 102 m 3. In a uniform field, the lines are parallel and
equidistant from each other.
=13.73 am 4. The lines of force are crowded near the poles.
OR
. Ferro-magnetic Para-magnetic Dia-magnetic
Properties Materials Materials Materials
State They are solid They can be solid, liquid or | They can be solid, liquid or
gas. gas.
Effect of Magnet | Strongly attracted by a | Weakly attracted by a mag- | Weakly repelled by a mag-
magnet net. net.
Effect of Above curie point, it With therise of temperature, | No effect.
Temperature becomes a paramagnetic. | it becomes a diamagnetic.
Examples Iron, Nickel, Cobalt Lithium,  Molybdenum, | Copper, Silver, Gold
‘ magnesium
Note : Any three difference can be written in exam.
21, Define the term 'decay constant’ of a radioactive —dN / dt
sample. The rate of disintegration of a given A="

www.cbsepdf.com

radioactive nucleus is 10000 disintegrations/s
and 5,000 disintegrations/s after 20 hr, and 30
hr. respectively from start. Calculate the half
life and initial number of nuclei at t =0. [3]
Answer:

‘Decay constant' of a radioactive sample is
defined as the ratio of its instantaneous rate of
disintegration to the number of atoms present
at- that time.

ie, —— =-—An,
dt 31

Let, the initial number of nuclei be Ny at ¢ =0

aN =10,000 atf=20hr
dt _
and d;j—SOOO at{=30hr
We have, aN = AN,
dt

For first case,

10,000 = AN, => N = 10,000
No OTP No Login No Ad?ﬁersnement
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and N =Npe™,
10,000 _ .
== Ng e 20? (i)
For second case,
5,000 = AN’
, 5,000
N=—"—-
A
and N' = Ng e30*
3,000 = Np e (i)

A
on dividing equation (i) by equation (ii), we
get

-20%,
€
08 = 2
e
Taking log on both sides,

20X + 30A = log,.2
10 = 2.302 x 0.3010
A = 0.0693

-Half life, 1= 2009 _
0.0693
(a) Three photo diodes Dy, D; and Dj are
made of semiconductors having band
gaps of 2.5 eV, 2 ¢V and 3 eV respectively.
Which of them will not be able to detect
light of wavelength 600 nm ?

(b) Why photodiodes are required to operate
in reverse bias? Explain. [3]

Answer :

(@ Energy corresponding to wavelength 600 nm
18,

=

=
=

=

10 hr

he

A
_ 6.6x10™ x3x10°
B 600x107°

33x107°
= Wev = 2,06 eV

The photon energy (E =2.06 eV) is greater than
the band gap for diode D5 only.

Hence, diode D; and D3 will not be able to
detect the given wavelength.

{b)A photodiode is operated reverse bias
because in reverse bias it is easier to observe
change in current with change in light intensity.
(a) Describe briefly the functions of the three

segments of n-p-n transistor.**

E=

] =33 %107

C

V;;vm%rplgfp%t n$ivsm due to change in the present syllabus
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(b) Draw the circuit arrangement for studying
the output characteristics of n-p-n transistor
in CE configuration. Explain how the
output characteristics is obtained.**  [3]

OR :

Draw the circuit diagram of a full wave rectifier

and explain its working, Also, give the input

and output waveforms.

Answer:
OR
P D
! P :~1| n
. L1
g4
Input g
[~ |
signal r . Output
’ >
n
P P D,

24,

2

For full wave rectifier, we use two junction
diodes as shown in figure.

During first half cycle of input a.c. signal the
terminal S; is positive relative to S and S, is
negative, then diode D is in forward biased
and diode D; is reverse biased. Therefore,
current flows in D; not in D,. In next half
cycle, 5y is negative and S; is positive relative
to 5. Then D; is in reverse biased and D5 is in
forward biased. Therefore, current flows in D,
not in Dy. Thus, for input a.c. signal the output
current is a continuous series of unidirectional
pulse.

The input and output waveforms are shown
in the figure.

A

Input
Signal

v

Output
Signal

v

(a) If A and B represent the maximum and
minimum amplitudes of an amplitude
modulated wave, write the expression
for the modulation index in terms of A
& B.**

(b) A message signal of frequency 20 kHz and
peak voltage 10 V is used to modulate a
carrier of frequency 2 MHz and voltage

No OTP No Lolgin No Adversitement
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25,

of 15 V. Calculate the modulation index.
Why the modulation index is generally kept
less than one 7** [3]

SECTION-D

In a series LCR circuit connected across an
ac source of variable frequency, obtain the
expression for its impedance and draw a
plot showing its variation with frequency
of the ac source.

(b) Whatis the phase difference between the
voltages across inductor and the capacitor
at resonance in the LCR circuit ?

When an inductor is connected to 200 V dc
voltage, a current of 1 A flows through it.
When the same inductor is connected to a
200 V, 50 Hz ac source, only 0.5 A current
flows. Explain, why ? Also, calculate the
self inductance of the inductor. [5]

OR
Draw the diagram of a device which is used
to decrease high ac voltage into a low ac
voltage and state its working principle.
Write four sources of energy loss in this
device.
A small town with a demand of 1200 kW
of electric power at 220V is situated 20 km
away from an. electric plant generating
power at 440 V. The resistance of the
two wire line carrying power is 0.5 Q
per km. The town gets the power from
the line through a 4000-220 V step-down
transformer at a sub-station in the town.
Estimate the line power loss in the form
of heat.
Answer :
(@ Consider an alternating em.f. is
connected in series with an inductor,
resistance R and capacitance C. Let, E and
I be the instantaneous values of e.m.f. and
current in the LCR circuit Vi, Vc and Vg
be the instantaneous values of voltage
across inductor, capacitor and resistor
respectively. Then,
L CIJ R B
o —W

— VN>

(@)

(4]

(@

b

A

)
N
E

WWW.Cbg“e@mis not given due fo change in the present syll.abus.33
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Impedance
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VL=IXL,VC=D(candVR=IR

1
Here, X;= oL and X¢ = E

Y

F 3

Vi

D
\11_;\1G

O
| A
A 4

Ve
Ve

Yl
In an a.c. circuit Vg and I are in same phase,
VL. leads 1 by n/2 and Vc lags Iby /2.
From the graph, in right angled AGEA

OE = JOA? +AE? =JOA? +OD?
= JVE+(V,-V.)
E= \/([R)z +(IXL—D((:)2

E = IJR% + (X, ~Xc)?

_ E
B 2
JRZ'I'(XL—X(:)

Therefore, effective resistance or impedance of
LCR circuit is—

7 = {R? + (X, - Xc)’

2
= JR%(mL—L)
. aC

Xe> XL
Capacitive

A
v

AL> Xe
Inductive

———————— -] —

v

{fr)

Series Resonance

Frequency /

Graph showing variation of [mR‘edance with frequency
No OTP
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{b) At resonance, XL Xc

ie., iXp = Xc¢

or Vi =V

The voltage across inductance and capacitance
are equal and have a phase difference of 180°
at resonance.

(c) Since the reactance of an inductor is zero for
d.c. circuit, But the inductor offers resistance to
an a.c. circuit. Therefore, the current decreases
for the same inductor when it is connected
with an a.c. source,

When inductor is connected in a.c. circuit :

V=200V
f=50 Hz
i=05A .
sV _V_V
R X, oL
200
= ZmxsoL | 0=
200
~ 100x0.5x3.14
4
= 331~ 127H

OR
(a) Step-down transformer :
It is a device used for converting high alternating
voltage at low current into low alternating
voltage at high current and vice-versa.
The device works on the principle of mutual
induction ie., if the current or magnetic flux
linked with a coil changes then an e.m.f. is
induced in the other coil.

In step-down transfomer Np > N; and
transformation ratio is less than 1.

Primary

00

@ P Ns E S Secondary | e

Np

Energy losses are :

1. Copper losses : Due to resistance of windings

in primary and secondary coils, some electrical

energy is converted: into heat energy.

2. Flux losses : Some of the flux produced in

primary coil is not linked up with secondary

coils.

3. Hysteresis losses : When the iron core is
jected to a cycle of magnetisation the core

Download All Previous Year and Sample Papers From www.cbsepdf.com
gets heated up due to hysteresis known as
hysteresis loss.

4. Iron losses : The varying magnetic flux
produces eddy current in the iron core, which
leads to the wastage of energy in the form of
heat.

(b}Length of wire line = 20 x 2 = 40 km
Resistance of wire line, r =40 x 0.5 =20 O
Power to be supplied = 1200 kW = 1200 x 10°W
Voltage at which power supplied = 4000 V

Since, P=VI

P
= ,I=V

1200 x 103
4000

=300 A

Therefore, line power loss
= I x R
= (300)% x 200
=36 x 10°W
= 360 kW ,

<. Line power loss in the form of heat is 360 kW.

26. (a) Describe any two characteristic features
which distinguish between interference
and diffraction phenomena. Derive the
expression for the mtemuty at a point of
the interference pattern in Young's double
slit experiment.

(b)In the diffraction due to a single slit
experiment, the aperture of the slit is 3
mm. If monochromatic light of wavelength
620 nm is incident normally on the slit,
calculate the separatlon between the first
order minima and the 3™ order maxima on
one side of the screen. The distance between
the slit and the screen is 1.5 m. [5]

OR

(a) Under what conditions is the phenomenon
of total internal reflection of light observed?
Obtain the relation between the critical
angle of incidence and the refractive index
of the medium.

(b) Three lenses of focal length + 10 cm, —10 cm
and +30 ¢cm are arranged coaxially as in the
figure given below. Find the position of the
final image formed by the combination,

= I=

+10cm  -10cm +30 cm

) A
w—30 cm—c/ I f
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Answer : (a)

Interference Diffraction

It is the result of inter- | 1. It is the result of in-
action of light coming teracton of light
from two different| come from different
wavefronts originat-|  parts of same wave-
ing from two coherent |  fronts.

sources, ’

All the bright fringes | 2. Thebright fringes are
are of same intensity. of varying intensity
(Intensity of bright
fringes  decreases
from central bright
fringe on either
sides.)

A sources of monochromatic light illuminates

two narrow slits 5 and Sy.The two illuminated
slits act as the two coherent sources. The two
slits is very close to each other and at equal
distance from source. The wavefront S; and
S, spread in all direction and superpose and
produces dark and bright fringe on screen.
Let the displacement of waves from S; and S,
at point P on screen at time f is-

P

Scregen
Y1 = 41 sin o
Y2 = a2 sin (0t + ¢)
The resultant displacement at point P is given
by
y=y+y
= g sin ot + 29 sin (0t + ¢)
= ¢, sin of + g2 sin ot
cos ¢ + Axcos wi sin ¢
= (1 + 22 cos ¢) sin of
+ 42 sin ¢ cos of ....(i)
Let, @ +arcosdp=Acosd -o(ii)
azsin¢ = Asin ¢ ...(iii)
Therefore, equation (i) becomes
y=Acos 0sin ot + Asin®
<os o
= A sin (ot + 8)

www.cbsepdf.cafhis is the resultant displacement. 35

Medium |
I
A

Denser
medium
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Now, squaring and adding equations (i) and (iif)
A2 0052 0 + A25in? 0 = (# + 4 cos ¢) + 42 sin® o
A2= ﬂ12 + ﬂ,% +2ﬂ1ﬂ2COS¢
The is intensity of light is directly proportional
to the square of the amplitude
ie., 1= a+ a5 + 24y 42 COS ¢
This is the expression for intensity at a point
of interference pattern.

or I=Y + 1+ 21, cos ¢
(b) Here, A = 620 nm = 620 x 10° m
a=3x10°m, D=15m

Distance of first order minima from the centre,

_ DA 15x620x107°
NET T axa0

=31x10"*m
Distance of third order maxima on.the same
side,
_7DA_7x15x620x107°
22 2x3x107

=10.85x 107*m
Separation between them.
y=¥2-%
=10.85 x 10%-3.1 x 107
=775x10"*m
OR

(a) Conditions for total internal refraction :

1. The ray must travel from a denser medium
into a rarer medium. '

2. The angle of incidence in the denser medium
must be greater than the critical angle for the
pair of media.

Relation between critical angle and refractive

index :

Rarer !

o0°

1
1
i
1
!
1
|
1
i
i
1

When a ray of light travels from denser to rarer
medium, the ray bends away from the normal.
When the angle of incidence is equal to the
critical angle then the refracted ray grazes th the

surface of separation represented by ray OA

and AB No OTP No Login No Adversitement
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" By Snell's law

where, i = C, 7 = 90° and 1 = refractive index
of denser medium.

(b) For first lens, #1 = - 30cm, f; = 10 cm
. From lens formula,

111

fl_vl Uy

. 11,1

n fiowm

1 1

T 10 30

= v1=15cm
+10cm —10cm +30 cm

——30 cm—

=5 cm—ple—10 cm—»

This means that image formed by first lens is
at a distance of 15 cm to the right of the first
lens. This image serves as the virtual object for
second lens.

For second lens,

fr=-10cm, u=15-5=+10cm

1_ 1.1
v fo uy
__ 1.1
10 10
= Ty =o0

This means that the real image is formed by
second lens at infinite distance. This acts as an
object for third lens.

for third lens, f3 = + 30 cm, u3 =

1 1.1
U3 3 U
1 1
= —q4—
30 o
i)3=30CIn

ie., final image is formed at a distance of 30

www.cbs%"mjft o#fle right of third lens. 36
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27. () Describe briefly the process of transferring

the charge between the two plates of a
parallel plate capacitor when connected
to a battery. Derive an expression for the
energy stored in a capacitor.

(b) A parallel plate capacitor is charged by
a battery to a potential difference V. It
is disconnected from battery and then
connected to another uncharged capacitor
of the same capacitance. Calculate the ratio
of the energy stored in the combination to
theinitial energy on the single capacitor. [5]

OR

(a) Derive an expression for the electric field
at any point on the equatorial line of an
electric dipole,

(b) The identical point charges, 4 each, are
kept 2 m apart in air. A third point charge
Q of unknown magnitude and sign is
placed on the line joining the charges such
that the system remains in equilibrium.
Find the position and nature of Q:

Answer : ‘
(a) When the plates of the parallel plate capacitor
is connected to a battery. Then the first insulated
metal plate gets, the positive charge till its
potential become maximum. Then, the charge
will leak to surroundings. So, the negative charge
will be induced on the nearer face of the second
plate and the positive charge will be induced on
its farther plate.

e
-+ —_
+ —

Va + - Va
—— -
+ -

+ —_—

-+ -_

|~

«—Vpg-V—>

Consider a capacitor of capacitance C. Initial
charge and potential difference be zero. Let, a
charge Q be given in small steps. Let at any
instant when charge on capacitor be g, the
potential difference between its plates,

q
v=1
C

Now work done in giving an additional charge
dq is,
dW =V dg =% dg
No OTP No Login No Adversitement
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Total work done in giving charge from 0 to Q
is,

Qu.. (R4
‘Mf:l0 qu-—— OEdq

_1f2)_afet o] @
T C|2 O_C 2 2| 2C

vy 1 1
.. Electrostatic potential energy,
U= Q_ levilq
2C 2 2
(b) Here, C1 =C, Co=C
Vi=V, V=0

Now initially, energy stored in first capacitor,
as second capacitor is uncharged.

1
Ui = 5 C vi
1
= —CV? (i
> (@

Now, when Cj and C; are connected the two
capacitor form a parallel combination.
Equivalent capacitance,

C=C+G=2C

Final potential = — L0t CHArBe
Total capacitance
[Total charge
V' = -2 will be of first
2C capacitor,
which is
distributed]
Sy |
2C 2
Final energy stored in combination,
1w 1 VY cv? )
UZ:ECV ::EXZCX(?) ="z ...(ii)
On dividing equations (i) with (ii), we get
1.2
~CV
Yo 4”0 1
Uy 12 2
2
Us:Up=1:2
OR

(a) Consider an electric dipole of charges — and
+g separated by a distance 22 and placed in a
free space. Let P be a point on equitorial line
of dipole at a distance r from the centre of a

www.cbsepdf.coq‘ip()le- 37

—q4¢—a—>r04—a—>piq

N
Let, EA and Eg be the electric field at point

P due to charges - and + g
Then resultant electric field at point P is
' - =2 -
E=EA+EB
Now,

- 1 q _ 1 g (al PA
|BA = 4ne, "AP?  4me, (P +) ong PA)
1
|Es| LI 1__ (along BP)

 4me, BP?  4me, (72 +a2)
The, resultant intensity is the vector sum of E4
and Eg.

Ea and Ep can be resolved into two components.
The Y-components cancel out each other. And
X-component will add up to give the resultant

. field.
Eg Y
 Ej sine
Ej coso
< P
E,, cos®
E, ! E, sind
e .
~. |E| =Ea cos 6 + Eg cos 6
Now in right, triangle ORB
cosg=B___4
BP 2.2
1 q a
E=2x x
dney  r*+a* (r* +a 2
No OTP No Login No Adversitement
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2qa
47!80(?'2 +az)3/2
_ 1 P
" 4meg (2 442)32

[ 2q0=p]

This is the required expression.

(b) Let the two charges of + g each placed at

point A and B at a distance 2 m apart in air.
Al ?

« b O (2-2)
Suppose, the third charge Q (unknown
magnitude and charge) is placed at a point
O, on the line joining the other two charges,
such that OA= x and OB = 2—x.

For the system to be in equilibrium, net force
on each 3 charges must be zero.
If we assume that charge Q placed at O is

Physics 2019 (Delhi)

B

v &0
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positive, the force on it at O may be zero. But
the force on charge g at point A or B will not
be zero. It is because, the forces on a charge g
due to the other two charges will act in same
direction. If charge Q is negative, then the
forces on g due to other two charges will act
in opposite direction.

Hence, Q will be negative in nature.

For charge (-Q) to be in equilibrium

Force on charge () due to charge (+4) at point
A should be equal and opposite to charge (+Q)
at B

19 1 O
dney x*  dney (2-x)?
or (2x)? =22
= x=(2~x)=> x=1m

Therefore, for the system to be in equilibrium
a charge — Q is placed at a mid point between
the two charges of + g.each. '

L L ]

SET II

Tiﬁe allowed : 3 hours

Note : Except for the following questions, all the
remaining questions have been asked in previous
set.

SECTION-A
2. When unpolarised light is incident on the
interface separating the rarer medium and
the denser medium. Brewster angle is found
to be 60°. Determine the refractive index of
the denser medium. [1l

Answer :
According to Brewster's law,
tani, =n

Since, ip = 60°

.. Refractive index of medium,
n = tan 60°
n= 3
n= 1732

4. When a potential difference is applied across the

ends of a conductor, how is the drift velocity of

the electrons related to the relaxation time? [1]
Answer :
—_—
- eE
Vy=——1T
m

www.cbsybiremm = mass of electron

38

Maximum marks : 70

e = charge of electron

E = potential difference applied

T = relaxation time
. g « 7 ie. drift velocity is directly propor-
tional to relaxation time.
Draw the equipotential surfaces due to an
isolated point charge. [1]
Answer :

& Equipctential
: surface

4
+
r

Field lines

Equipotential
'l
surface

Field lines

[Any one]
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SECTION-B

6. Explain with the help of Einstein's photoelectric

11

www.cbsepdf.com

equation any two observed features in photo-
electric effect which cannot be explained by
wave theory. [2]
Answer:

Features of photoeleciric equation which can
not be explained by wave theory :

(a) The wave theory could not explain the
instantaneous process of photoeleciric effect.
(b) ‘Maximun kinetic energy’ of the emitted
photoelectrons is independent of intensity of
incident light.

A deuteron and an alpha particle having

same momentum are in turn allowed to pass’

through a magnetic field B, acting normal
to the direction of motion of the particles.
Calculate the ratio of the radii of the circular

paths described by them. [2]
Answer :
Radius of circular path
- mo
r= p
ie., r= ";—B [-p=mo]

Momentum of deuteron and alpha-particle are
same and in same magnetic field

P _P v =
ta 4B B [-% U e]
Lot [ =2¢]

Now ry = E;E_ 2¢B

Therefore, ry:rg=2:1

(a) Plot a graph showing variation of de
Broglie wavelength (A) associated with a
charged particle of mass m, versus JV,
where V is the accelerating potential.

(b) An electron, a proton and an alpha particle
have the kinetic energy. Which one has
the shortest wavelength ? [2]

Answer :

(a) We know, 1.22 2

A= —=—A
Vv
AV = constant .
The nature of the graph between A and JVis
hyperbola.

13.

15.
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{b) According to de-Broglie wavelength
h
A=
\lszk
For same kinetic energy,
1

ha= T

We know that

Mg > My > M
Since, alpha-particle have the maximum mass.
Therefore, alpha-particle will have minimum
wavelength.

SECTION-C

(2) State the underlying principle of a moving
coil galvanometer.

(b) Give two reasons to explain why a galvano-
meter cannot as such be used to measure the
value of the current ina given circuit.

(c) Define the terms : (i) voltage sensitivity and
(ii) current sensitivity of a galvanometer.

[31

Answer: :

(@) The Principle : When a current flows

through the conductor coil, a torque acts on

it due to the external radial magnetic field.

Counter torque due to supension balances coil

after appropriate deflection due to current in

the circuit.

(b) A galvanometer can be used as such to

measure current due to following two reasons.

(i) A galvanometer has a finite large resistance

and is connected in series in the circuit, so it

will increase the resistance of circuit and hence
change the value of current in the circuit.

(ii} A galvanometer is a very sensitive device,

it gives a full scale deflection for the current of

the order of microampere, hence if connected
as such it will not measure current of the order
of ampere.

(0) () Voltage sensitivity : It is defined, as the

deflection produced in the galvanometer when

a unit voltage is applied across it.

{ii) Current Sensitivity: The ratio of deflection

produced by the coil ¢ to the current in the

coil is called the current sensitivity. It is the
deflection of the meter per unit current.

(a) Draw equipotential surfaces corresponding
to the electric field that uniformly increases
in magnitude along with the z-directions.

(b) Two charges - and + q are located
at point (0, 0, — 4) and (0, 0, ). What is
the electrostatic potential at the points
{0, 0, £ z) ando(gTg, M3 Zogin No AdversitemeR3]
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Answer: (a)
\\dl< RN dz
- > ) > N h
v N 2v - v _::
] N > —
—_ > > -1 »
—> —> T mi
—— »> —
- > . N
—_—T » » —_—
— > > p— »
| — L —1
\ - — . \ »
—~J ] I
d;>dp

* (b) Since, two charges are on Z-axis. Therefore,
the electric potential on an arrival position i.e.,
at (0, 0, £2) is given by

1 2g
1= T
4rey o1

Vv

1, 2
47580 (Zz _az)

Now electric potential at the position (x, y, 0)

" is given by
V= 1 .2aqc059
47:80 1’2
 But 0 =90°

-~ V3 =0 at the position of (x, y, 0) due to an
* electric dipole, placed on Z-axis.

17. (a) Write the relation between half life and
average life of a radioactive nucleus.

(b) In a given sample two isotopes A and B
are initially present in the ratio of 1 : 2.
Their half lives are 60 years and 30 years
respectively. How long will it take so that
the sample has these isotopes in the ratio
of2:17? [3]

Answer. (a) Half life period = # =0.6931
= 69.3% of average life
(b) We have, N = Ng ¢ M
For two isotopes, we can write
Na = Nge s ()
Ng = Nge ™ (i)
Let the time be t after which,
Na_2
Ny 1
www.cbsepdf.com
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ie., ta=tg=t
Noe ™' = INye e!
— E—A.Atea.ﬂt =2
N N
= (At — Aat) = loge2
= (A —Aa) =log.2
1 1
= [%—5] t=1
= t= 30;:]60 = 60 years
19. (a) Define the term 'self inductance' of a

coil. Write its S.I. unit.

(b) A rectangular loop of sides a and b
carrying current I, is kept at a distance
'a’ from an infinitely long straight wire
carrying current I; as shown in the
figure. Obtain an expression for the
resultant force acting on the loop. [3]

A

+—3a—>r

Answer :

(@) Self-inductance : Self-inductance of a
coil is numerically equal to the amount of
magnetic flux linked with the coil when and
current flows through the coil.

The S.I. unit of Self-inductance is henry (H)
or weber per Ampere 1 H=1wb/A

(b) The force on the side AB of rectangle
is attractive as current is flowing in the
same direction and on side CD will be
repulsive the current is flowing in opposite
direction with respect to straight conductor.
The resultant magnetic force. On sides AD
and BC is zero. The side AB is the straight
wire. 5o, the net force will be attractive and
rectangular loop will move towards the
straight wire.

Now, force between AB and straight wire

Fj = Bo Ll
2n a
Force between CD and straight wire
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i _ LL]
F2= 2n (a+b) -t Ton Ll [a a+b
. — _bo b
<. Fret=Fy -F = xly s
2 a  2n{a+b) net = Tn*m [Towards the wire]
(] ]
Physics 2019 (Delhi) SET II1
Time allowed : 3 hours Maximum marks : 70
SECTION - B

set.

Note : Except for the following questions, all the
remaining questions have been asked in previous

1.

SECTION-A

Distinguish between unpolarized and linearly
polarized light. [1]
Answer:

Unpolarized light : The light having vibra-
tion of electric field vector in all possible direc-
tions perpendicular to the direction of wave
propagation the light is known as unpolarized
light.

Linearly polarized light : The light having

vibrations of electric field vector in only one
direction perpendicular to the direction of
propagation of light is as plane or linearly
polarized light )
How is the drift velocity in a conductor affected
with the rise in temperature ? (1]
Answer :
With the rise in temperature, the collision of
electrons occurs more frequently, so relaxa-
tion time decreases and hence drift velocity
increases.
U4 = EE T
m
- V4T
Draw the pattern of electric field lines when
a point charge + g is kept near an uncharged
conducting plate. {11
Answer : The lines of force start from + Q and
terminates at metal plate inducing negative
charge on it.
Q

www.chsepdf.com| — L - e 41

_.Vs

11.

(a) Define the terms, (i) threshold frequency
and (ii) stopping potential in photoelectric
effect. [2]
Answer : (a) (i) Threshold frequency : The
minimum frequency of incident light which is
just capable of ejecting electrons from a metal
is called the threshold frequency. It is denoted
by Vo.

(ii) Stopping potential : The minimum
retarding. potential applied to anode of a
photcelectric tube which is just capable of
stopping photoelectric current is called the
stopping potential. It is denoted by Vjp (or V;).

k

Photoelectric
Current =

n<h

© Anode potential

Obtain the expression for the ratio of the
de-Broglie wavelengths associated with the
electron orbiting in the second and third

excited states of hydrogen atom, [2]
Answer :
According to Bohr's postulate,
_mh
Mor = e
ie., 2nr = ﬂ
mV
h _ 2mr
or — =2

mNo OTFNo Login No Adversitement



CBSE 2019 Solved Paper

A

Therefore, Err_ =}
n
Now for second excited state

: 27
Ap= =2
2T
and for third excited state

2757'2
Az= —=
8 3

()

...{i)

on dividing equations (i) by (ii),

M 3
Az 2n
This is the required expression.

A charged particle g is moving in the presence
of a magnetic field B which is inclined to an
angle 30° with the direction of the motion of
the particle. Draw the trajectory followed by the
particle in the presence of the field and explain
how the particle describes this path. [21

Answer :
Velocity of particle

30°

B (Magnetic field in the region)

k -]
vsin 30 Velocity of particle

30°

F U U

When a charged particle enter in a magnetic
field making angle at 30°. Then velocity compo-
nent is resolved into 2 components. v cos 6 (along
the magnetic field) and v sin 8 (normal to the
magnetic field).

As the charged particle moves along XY-
plane due to velocity component v sin®, it

www.chs@liPcidvances linearly due to the velocity
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component v cos 0. As a result, the charged
particle will move in a helical path as shown
in figure.
SECTION-C
(a) Explain briefly how Rutherford scattering of
o—particle by a target nucleus can provide
information on the size of the nucleus.
(b) Show that density of nucleus is independent
of its mass number A. i3]
Answer :
(a) In Rutherford's scattering experiment of
a-particle, it was observed that the fast and
heavy a-particles could be deflected through
180°. But only very small number of particles

i.e, 1 in about 8,000 a-particles are deflected

through 180° that too from centre only.
So by this it was assumed that the size of

th of

cgnl:ral part i.e., nucleus is about 10,000

the size of the atom and whole positive charge
is concentrated in it.

(b} Consider an dtom whose mass number is
A and R be the radius of the nucleus. If we
neglect the mass of orbital electrons, then mass
of the nucleus of the atom of mass number
A=A am.u.

Mass of nucleus, m = A x 1.66 x 10% kg

Volume of nucleﬁs,

V= é1'|:R3
3

< ot [RRAY)

Wl

where, Rg = 1.1 x 1075, range of nuclear force

4
Therefore, V = 3 n(1.1x101%)3 x Amd

) Mass of nucleus
Density of nucleus, p = Volume of nucleus

Ax1.66x107%
gn(1.1x10‘15)3 x A

xA

=297 x 10" kg/m?3

Therefore density of nucleus is independent
of mass number.
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14. State the underlying principle of a cyclotron.

Explain its working with the help of a sche-
matic diagram. Obtain the expression for
cyclotron frequency. [3]
Answer : )

(@) Principle : It is based on a principle that
a positive jon can acquire sufficiently large
energy with a comparatively smaller alternating
‘potential difference by making it to cross the
same electric field again and again by making
use of a strong magnetic field.

Magnetic field out
of the paper

Deflection plate
Vi

Exit port

Charged
particle

D,

Oscillator

Working : The positive ions are produced from
the source at the cenire are accelerated by a dee
which. is at negative potential at that moment.
Due to the presence of perpendicular magnetic
field the ion will move in a circular path inside
the dees. The magnetic field and the frequency
of a.c source are so chosen that as the ions
comes out of a dee, it changes its polarity and
the ion is further accelerated and moves with
higher velocity along a circular path of greater
radius. This phenomenon is continued till the
ion reaches at the periphery of the dees where
an deflecting plate deflects the accelerated jion
on the target to be bombarded.

Expression for cyclotron frequency

Suppose a position ion with charge g4 moving

with a velocity v, then
2

mu

q’UB - —
r
muv

or r= ———
4B

Therefore, angular velocity o is.
www.cbsepdf.com W= 2 = E 43
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The time taken by ion in describing a semi
circle is (i.e.,, an angle w)

r_rm
F= gB
This is a semi-periodic time (T/2)
T_,_mm
2 qB

2nm
ie,T= —q? , fime period of revolution

- Frequency of revolution is
_1_48
f= T ~2mm

This frequency is called the cyclotron frequency.

Two infinitely long straight wire A; and Aj
carrying currents I and 2 I flowing in the same
direction are kept 'd' distance apart. Where
should a third straight wire Az carrying
current 1.5 I be placed between A; and A; so
that it expeﬁences no net force due to A, and
Aj ? Does the net force acting on A; depend

on the current flowing throught it ? [31
Answer:
IA A1S! AN2!

- Fie———>Fr—]

X ———P—— - X——P

< d —»

Aq As Ay
Let the wire Az placed at a distance x from the
wire Aj. And the distance of wire Az from Az
be (d - x) The current flowing through them
isI, 1.5 Iand 21 in Aj, Az and A; respectively.
Let the current flowing in the wire Az be in the
same direction as A and Aj.
Therefore, force between Aj and Aj is,

F= Mo IXIOL )
2n x

Force between Az and Ajis,

g 2Ix151
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Since, the net force on A3z is zero,
Fi=FK

EQXIX-I.SI=&QX2I)<1.SI

Z T @ 2 @-n
15 3

= —_— =
x d-

= 15d-15c=3%

= 45x=1.5d
.‘ J
Therefore, x = 3

The wire Az is placed at a distance of — from

2d
A1 and ? from Az

No, at a same distance the force on the wire Ag

is independent of the direction of the current.

As if current is in opposite direction then F;

and F; will be in opposite direction, but will

be in equilibrium. _

(@) Draw the equipotential surfaces due to
an electric dipole.

(b) Derive an expression for the electric field
-due to a dipole of dipole moment ; if at
a point on its perpendicular bisector. [3]

Answer : (a)

Equipotential
surfaces

www.cbsepdf.com

Download All Previous Year and Sample Papers From www.cbsepdf.com

(b)
— |,
.

@

Zé

The Magnitudes of the electric field due to the

two charges +7 and —g given by.
q 1 T
Eg,=—"—
+ 4“:50 1’2 + a2 @
__1 1 ..
E ;= -*-—4%0 e -.(id)
Ey= Ey4

The directions of E.4 and E._; are as shown
in the figure. The components normal to the
dipole axis cancel away. The components
along the dipole axis add up.
*. Total electric field

A
E =—(E.;+ E_g) cos 07 [Negative sign shows
A

that field is opposite to? ]
292 ~
E=- 3 P (i)

4neg (zf,2 a2 )5
At large distances (v >> ), this reduces to

z A .
E= - 29 3P (V)
41580?"
- = A
P =,qx2ap
_)
-P
E= r>>4a
41:£0r3( )
[ 1 ]
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