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Electric Charges and
Fields

MULTIPLE CHOICE QUESTIONS—|
QL.1. In given figure, two positive charges g, and g, fixed along
y-axis, exert a net electric force in the positive x direction on a charge

g, fixed along the x-axis.
¥
s
x
no
(S

(@) )

If a positive charge Q is added at (x, 0), the force on g,
(a) shall increase along the positive x-axis.
(b) shall decrease along the positive x-axis.
(c) shall point along the negative x-axis.
(4) shall increase but the direction changes because of the
intersection of Q with 4, and g,.
Main concepts used: Like forces repel and unlike forces attract and
vector addition of forces.
Ans, (2): (/)As the resultant force on g, due to 4, and g, is along positive
x direction. [Given]
(i7} The vector sum of forces F,, and
F,; is R, along positive x direction. So, Y
F,, and F,, are attractive forces and F,, +q,
[F,| =1F;| also. 0 4
(ii1) So q, is negative charge (as g,, 4, R
are positive charges.) Fis
(iv) Charge Q (x, 0) is positive, so the
force due to Q will be along positive x
direction.
(v) As the direction of forces R (due to F,, and F,, and due to Q)
are along positive x-axis, so the net force on g, shall increase along
positive x-axis.
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Q1.2. A point positive charge is brought near an isolated conducting
sphere in given figure. The electric field is best given by

+q

@i
S0
(iv)
(a) Fig. () (b) Fig. (i)
(c) . Fig,. (i) (4) Fig. (iv)

Main concepts used: Properties of lines of forces, induction.

Ans. (q): As given charge is +4 and lines of forces in positive charge
must be outward from positive charge 4.

Now, as the positive charge is kept near an isolated conducting
sphere, due to induction left part of sphere gets accumulated negative
charge and right part positive, and lines of force from right part of
sphere must emerge outward normally.

So verifies the answer (a).

- As lines of forces are not perpendicular to the surface of sphere, so
(iif) and (i) is also rejected again.
Q1.3. The electric flux through the surface

(@) infig. (iv) is the largest.

() in fig. (fif) is the least.

(¢) in fig. (i) is same as fig. (iii) but is smaller than fig. (iv).

(d) is the same for all the figures.

100w

(i) (iid) ()

Main concept used: Gauss's law of Electrostatics.
Ans: (d): lectric flux (¢) through the closed surface (or space) depends
only on the charge enclosed inside the surface.

Here, charge inside all figures are same. So electric flux [(I) = i}
will remain same. €o

6
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Q1.4. Five tharges q,, q,, 4, 4, and g, are fixed at their positions as in
the figure. S is a Gaussian surface. The Gauss’s law is

given by *0
$Eds= 1.
s Eg S
Which of the following statements is correct? o
95 g,

(2) E on the L.HS. of the above equation will -
have a contribution from g,, 4, and 4,, while g Gaussian s
on the R.H.S. will have a contribution from q,
and g, only.

(b) E on the L.H.S. of the above equation will have a contribution
from all charges while ¢ on the R.H.S. will have a contribution
from g, and g, only.

(©) E on the L.H.S. of the above equation will have a contribution
from all charges while g on the R.H.S. will have a contribution
from q,, 4, and 4, only.

{d) Both E on the L.H.S. and g on the R.H.S. will have contributions
from g, and g, only.

Main concepts used: Gauss’s theorem, superposition of electric

field.

Ans. (b): As all charges are positive (or of same signs) so electric
field lines on R.H.S. of Gaussian surface will be due to 9, 43 and g,
only.
On L. H.S. of Gaussian surface, the electric field lines on ‘E’ will be
due to 4,4, 4,9, and g,. So answer (b) is verified.

QL.5. Figure here shows electric field lines in which an electric dipole
P’ is placed as shown.
Which of the following statements is

correct?
(#) The dipole will not experience any //_

force.
(¥) The dipole will experience a force
towards right. el .
(¢) The dipole will experience a force \,\
towards left.,
(d) The dipole will experience a force
upwards. :
Mairl) conc_e)pts used: (/) Magnitude of force on a cl{arge in electric
fieldisF =4E .

(i4) Electric field is directly proportional to the concentration of field

urface

.
»

EiecTRic CHARGES AND FiELDS [ 7

7


http://www.cbsepdf.com

www.cbsepdf.com

Ans. (c): Electric field lines density decreases from left to right, so
electric field intensity on +g will be smaller than —; charge of dipole.

As ? = qET), so the force on (+g) will be smaller than ().

The direction of force on +7 is along the direction of electric field,
so force on —; will be in left direction. So net force on dipole will be
towards left verifies the answer ‘c”.

QL6. A point charge +7 is placed at a distance ‘d’ from an isolated
conducting plane. The field at a point P on the other side of the plane
is

(a) directed perpendicular to the plane and away from the plane.

(b) directed perpendicular to the plane but towards the plane.

(c) directed radially away from the point charge.

(d) directed radially towards the point charge.

Main concepts used: (i) Induction; (ii) Electric

field lines are perpendicular to the surface; _‘5+ —
(#ii) lines of forces emerge outwards from positive

charge. o |
Ans. (2): Let charge +7 is placed to the left of isolated ~||+—>

conducting plane AB vertical to plane of paper.

Due to induction by +g charge, R.H.S. plane will :;_ d_f : :E;"
acquire positive charge. —>

So lines of forces will emerge perpendicularly, -1 S
outward and parallel to each other. B

It verifies the answer (a). Conducting Plane

Q1.7. A hemisphere is uniformly charged positively. The electric field
at a point to the diameter away from the centre is directed

(a) perpendicular to the diameter.

(b) parallel to the diameter.

(c) at an angle tilted towards the diameter.

(d) at an angle tilted away from the diameter.

Main concept used: Lines of electric field are perpendicular to the
surface.
Ans. (2): As the side or diameter of hemisphere is plane surface, and
whole hemisphere is charged with positive charge so, the electric field
lines of forces emerging outward will be perpendicular to the plane
surface or diameter.

MULTIPLE CHOICE QUESTIONS—II MORE THAN ONE OPTION
Q18 If 4‘)5E.ds = 0 over a surface, then

(@) the electric field inside the surface and on it is zero.
(b) the electric field inside the surface is necessarily uniform.

8 B NCERT ExempPLAR ProsLEms PHysics—XI|
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(c) the number of flux lines entering the surface must be equal to

the number of flux lines leaving it.

(d) all charges must necessarily be outside the surface.

Main concept used: Gauss’s theorem of electric flux.

Ans.(c) and (d): Flux in Gaussian surface is zero. So the net charge
inside the closed surface either is zero or charges are outside the
surface, If charge or charges are outside the Gaussian surface, then
entering leaving lines of electric field will be equal so net flux (lines of
electric field) is zero verifies answers (c) and (d).

Q1.9. The electric field at a point is

(#) always continuous.

(b) continuous if there is no charge at that point.

(c) discontinuous only if there is a negative charge at that point.

(d) discontinuous if there is a charge at that point.

Main concept used: Properties of lines of forces.

Ans. (b) and (d): Either positive or negative charges will interact the
lines of electric field so makes the electric field discontinuous.

If there is no any charge inside the electric field then the lines will
not be affected. So electric field becomes continuous. So, answers {(b)
and (d) are verified.

Q1.10. If there were only one type of charge in the universe, then

(2) i E.ds # 0 on any surface.
(b {; E.ds = 0 if the charge is outside the surface.

{©) @S E.ds could not be defined.

@ @ Eds = L if charges of magnitude g were inside the surface.
5 EO

Main concepts used: Gauss’s theorem in Electrostatics. @ Eds= -1
3

Ep
Ans, (b) and (d): If a charge 7 is enclosed inside Gaussian surface then
{d) is true.

If Gaussian surface (or space) is outside the charge @S E.ds=0 and

(c) and (#) are not true. So, answers (b) and (d) are verified.
Q1.11. Consider a region inside which there are various types of
charges, but the total charge is zero. At points outside the region,
(@) the electric field is necessarily zero.
(b) the electric field is due to the dipole moment of the charge
distribution only.

ELecTRIC CHARGES AND FIELDS 9
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(© thed_ominant electric field is = is, for large ‘v, where ‘¥ is the
r

distance of point (outside) from an origin in this region.
(d) the work done to move a charged particle along a closed path,
away from the region, will be zero.

.Main concepts used: (i) The Electric field due to dipole is always
proportional to la .
r

(i7) A matter have so many dipoles and net charge zero.
(ifi) Electrostatic work is conservative.
Ans. (c) and (d):

Although net charge in a dipole is zero but its electric field is
proportional to is Work done against electric field is conservative,
r

so net work done in a closed loop is always zero. So answers (c) and
(d) are verified.

Q1.12. Refer to the arrangement of charges in given figure and a
Gaussian surface of radius R with charge Q at the centre of surface.
Then

=<—R—>;"<—R—> QeR—>'
5Q © RR2 l :
" =20 K

Gaussian surfac;e.
(a) total flux through the surface of the sphere is 2 .

g
(b) field on the surface of the sphere is —Q 5 ’
4meR

(¢) flux through the surface of sphere due to 5Q) is zero.

(d) field on the surface of sphere due to —2(Q) is same everywhere.

Main concepts used: (i) Gauss’s law of electrostatic, (if) Electric
field on a metallic sphere.
Ans. (2) and (c): (2) is true by Gauss’s law. Here net charge =-2Q + Q.

(b) is the electric field on a conducting sphere. There is no any
conducting sphere but only surface or spherical space is there.

5Q charge outside the Gaussian surface will not contribute to
electric flux in Gaussian surface (or space).

For (d), the distance of Gaussian surface from -2Q is different, so
field wilf not be same on the surface.

10 NCERT ExempLAR ProbLEMS PHysics—XI



http://www.cbsepdf.com

www.cbsepdf.com

Q1.13. A positive charge +Q is uniformly distributed along a circular
ring of radius R. A small test charge g is placed at the centre of ring,
{Fig.). Then:

(@) Ifg>0and is displaced away from the centre
in the plane of ring, it will be pushed back
towards the centre. +

(b) Ifg<0andis displaced away from the centre .
in the plane of ring, it will never return to
the centre and will continue moving till it *
hits the ring.

(c) If g <0, it will perform S.HM. for small
displacement along the axis.

(d) q at the centre of the ring is in an unstable equilibrium within
the plane of the ring for 4> 0.

Main concepts used: (i) Interaction between charges.

(i7) stable and unstable equilibrium.

Ans. (a), (b), (c) and (d):

For d, charge is uniformly distributed along the ring. It is not
sphere in which charge is only outside. So positive charge of ring
will interact equally a charge placed at centre of ring but will be in
unstable equilibrium.

For ¢, if 4 is displaced slightly (or small), it will perform S.HM. and
stops at centre.

{2) and (b) are verified in similar way.

VERY SHORT ANSWER TYPE QUESTIONS

Q1.14. An arbitrary surface encloses a dipole. What is the electric flux
through this surface?

Main concept used: Gauss’s law of electrostatics.
Ans, From Gauss’s theorem, Electric flux,

¢= §Eas=L
Net charge inside the Gaussian surface due to a dipole
=+q-4=0
- 9.
€o

Q1.15. A metallic spherical shell has an inner radius R, and outer
radius R,. A charge Q is placed at the centre of the spherical cavity.
What will be surface charge density on (i) the inner surface, (i) the
outer surface?

Main concepts used: (i) Spreading the charge on a conductor, (i)
Induction, (i#) Electric field.

ELectric CHARGES AND FiELDS 1 11
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Ans. Due to induction by charge +Q) at centre, the inner surface
acquires —Q charge and outer surface of shell will acquire +Q charge.
So, Surface charge density,

o=
A Q
+
o on outside surface = 3
41R,
o on inside surface = — 5 -
- - 47]:R1 * F X

Q1.16. The dimensions of an atom are of the order of an Angsirom.
Thus, there must be large electric fields between protons and electrons.
Why, then is the electrostatic field inside a conductor zero?

Main concepts used: (i) Electric field due to dipole, (ii) Dipole
moment, p = 2ag (iii) Coulomb’s law.

Ans. As we know, net charge in atom is zero and size of atom is of
the order of Angstrom. So force between electron and proton is very
large by Coulomb’s law.

2aq

Electric field outside the atom (or substance) will be e« —=.

4
2a=Average distance between positive protons and electrons in atom.

r = Very large distance between point and atomic dipole.

s r>»>a,.50,EE 0.

The electric field inside surface of isolated conductor is zero.
Q1.17. If the total charge enclosed by a surface is zero, does it imply
that the electric field everywhere on the surface is zero?

Conversely, if the electric field everywhere on the surface is zero,
does it imply that net charge inside is zero?

Main concept used: Gauss’s law.

Ans. By Gauss’s law of electrostatics,
e 1 %
s 80
Consider a Gaussian surface enclosing charges ¢,, 4, 4, and

4+ 4.+ q,=0.

But electric field on RH.S. due to g, will not be zero. But, on L.H.S.,
it will be zero. So first statement is not true.

If electric field on Gaussian surface is zero, then, in above case, it
is possible only when 7,=0, i.e., if everywhere, on Gaussian surface,
electric field is zero then net charge will be zero.

Q1.18. Sketch the electric field lines for a uniformly charged hollow
cylinder shown in the figure.

Main concept used: Electric lines of forces are perpendicular to the
surface.

12 E! NCERT ExempLAR ProBLEMS PHysics—XII
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Ans. As there is no any charge inside the hollow cylinder,
y s 54 <>

so not any negative charge due to induction only positive + [+
charge is spreading uniformly and lines of force emerge M N
away perpendicularly from the surface to infinity. + +
+ 5 +
From ~ * 5 Size of
Top and " > linesis
Bottom — — equal

Q1.19. What will be the total flux through the faces of the cube (Fig.)
with side of length ‘«’ if the charge ¢ is placed at

(a) A;a corner of the cube.

(b) B; mid-point of an edge of the cube.

(¢) C; centze of a face of cube.

(d) D; the mid-point of B and C. p

Main concepts used: (/) Gauss’s law.(i)) Imagine | -
the number of cubes so that position of charge () |/~ _a
becomes symmetric to whole figure. (ii}) Get the A
charge by dividing the given charge by number of DC=DB=—
cubes (or given figure).
Ans. (4) To make charge 4 at A symmetric to identical cube, there will
be 8 identical cubes as shown in figure. So charge distribution for 1
cube is:

™,
o U.-n-.-.n

-1 _1
< 8x1 8
Total flux by Gauss’s law = A
8gg
% _ZT for (c)
a
-5 @)
a
A i
- &
a

(b) To ma.keacharge q at B symmetric, we can consider the 8 identical
cubes of side 5as shown in figure given below. So charge distribution

for one cube is:

ELecTric CHARGES AND FIELDS 13
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q
8x

Q2=

i =

N[

a ] b /
214 &
:BE
al /
LN SN I Ieceinn v
2

e Tavy = ——
Total flux by Gauss’s law = de,

() Point “C’ is symmetric to two cubes as shown in figure, so charge
distribution for one cube Q,= . |

1 2
8 =
"%
Total flux across cube by Gauss’s law = %
0
1 2

(d) As the charge g is placed at D, the mid-point of BC, the charge is

shared by 2 identical cubes, so the charge for each cube = g
Total electric flux by Gauss’s law = Z—q-

L
SHORT ANSWER TYPE QUESTIONS °

Q1.20. A paisa coin is made up of Al-Mg alloy and weighs 0.75 g. It
has a square shape and its diagonal measures 17 mm. It is electrically
neutral and contains equal amounts of positive and negative charges.

Treating the paisa coins made up of only Al, find the magnitude of
equal number of positive and negative charges. What conclusion do
you draw from this magnitude?

Main concepts used: (/) Avogadro’s number, (i) Mole concept,
(iif) Atomic structure.

14 NCERT ExempPLAR PrOBLEMS PHYSICS—_X”
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Ans. A (.75 g paisa coin now is made with Al only. So,
the mass of a paisa coin=0.75 g
Atomic mass of Al = 27 amu

So, number of moles in 0.75 g = 07772 mole

Number of Al atoms in coin =N
0.75
27
Atomic number of Al= 13
- Number of electron (negative charge) and proton (positive
charge) = 13,
So, number of either proton or electron in a coin

13x0.75
SBBX0P 6002 x 107
Magnitude of charge on a proton or electron =1.6 x 1077 C
So, charge either positive or negative
25
_ 13x78 x6.022 X102 x 1.6x107°C

27100
9
13x 25 x 6.022 x 1.6 x 1023192
9

_ 3131.44x10%%
9
=348x10*C ‘

Either positive or negative charge on a coin = 34.8 kC

It concludes that even a 0.75 g Al contains anormous amount of

positive and negative charges and equal in magnitude.
Q1.21. Consider a coin of question 1.20. It is electrically neutral and
contains equal amounts of positive and negative charge of magmtude
34.8 kC. Suppose that these equal charges were concentrated in two
point charges separated by:

Hlem(~1/2x dmgonal of one paisa coin), (i) 100 m (~ length of a
long building), (iif) 10° m (radius of earth). Find the force on each such
point charge in each case. What do you conclude from these results?

Main concept used: Coulombian force.

Ans, Here charges are equal and opposite. So, by Coulomb’s law, foice
of attraction between charges,

1 %4
4me, 72
ELectric CHARGES AND FIELDS 15
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4,=4,=348kC

4ne,

=9 x 10° N-m?%/C?
34.8 x10°% x34.8 x10° x9x10°

F=

T,Z

34.8x 34.8x9x 10733

r?_

10899.36x 10% 1.1x 10"

?‘2

N= N
. T2

E=

[

1.1x10%°
2

N

@ r,=1am=0.01m
. =1,

_ 11x10Y

1 0.01x0.01

1 x 1019+

=1.1x10% N towards the charges.

(i) r,=100m
1.1x10Y
2~ 700% 100

=1.1x10"*

=11x 10" N towards the charges.

(iif) 3= 10°m
1.1x 10"
37 10° x10°

=1.1x 101%-6-¢

= 1.1 x 107 N towards the charges.

This elecl'rostahc force varies from order 107 N to 10 N. The
minimum force 107 is equivalent to the force of attraction between
earth and 1 million kg body which is too much high.

So electrostatic force is so many times larger than gravitational force.

Q1.22. Figure shows a crystal unit
of cesium chloride, CsCl. The
cesium atoms represented by open
circles are situated at the corners
of a cube of side 0.40 nm, whereas
a chlorine atom is situated at the
centre of the cube. The cesium
atoms are deficient by one electron
while the Cl atom carries an excess
electron.

{{) What is the net electric field
{force) on Cl atom due to eight Cs
atoms?

16 &

o)

C
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(if) Suppose that the Cs atom at the corner A is missing. What is the
net force on the Cl atom due to seven remaining Cs atoms?
Main concept used: Eleciric force is vector quantity.
Ans. The charge on Cs atom = +e
The charge on Cl atom = —¢
The distance of Cl™ ion from any Cs* ion

1
=3 diagonal of cube of side

1 372
2

,,,
|

0

%\/3 x0.4x10~° x0.4x10~ m

=%x0,4x10'9x\/§

r=02v3%x10" m
| =02V3x10” m|

(7) As the distance of CI” ion from Cs"* is equal and charge on each
Cs' ion is same, so electrostatic force due to Cs* ion at A and D will

be equal in magnitude and opposite in direction. So by F= ﬂlzqi
r

net force on CI” due to Cs” ion will be zero, as atoms of Cs atiracts the

CI” equally in opp. direction with pairs diagonally i.e., (B, H), (C, E),

(D, B).
(if) As the Cs"ion at A is missing so net force on CI” ion will be only
due to its’ opposite Cs" ion and other forces will be cancelled out.
Net force on CI” ion when a Cs" ion from A is removed,

L (k=L]
T2 4me,
7= 02V3x10° mand |g,|=|g, |=]|e|
e=16x10°C

9%x10° x1.6x 107" x1.6x10™?
0243 %107 x0.24/3 x107°

9Ix16x16x107%+°
2x2x3x10718

3x16x4x102+18=-192 x 107!

il

Force on CI"ion F =1.92 x 107? N towards CI” ion
ELecTrRIC CHARGES AND FiELDS & 17
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Q1.23. Two charges g and -3 4 are placed fixed on x-axis separated by
distance ‘?’. Where should a third charge ‘27 be placed such that it
will not experience any force?
Main concepts used: (i) Coulomb’s law (i) Vector properties of
addition.
C A B
Ans. 2gea—x—»* «—d—» -3¢

(i) If we place the third charge 24 between A and B the direction of
the force on 29 due to A and B on C will be same.

So the net force cannot be zero, so the charge ¢ cannot be placed
between A and B.

(#) If 24 is placed right side of Athenr, >, asq, <gy S0 F., <
F, always as the direction of F, is towards right and F, is left so
F., + F.y # 0 we cannot obtain required condition.

(ii7) Now consider 24 at C to the left of g at distance x from 4.

Force on 24 at C (left of g) is in opposite direction so net force will
be zero if magnitude is equal so,

Fop+Fg=00rF., =-F

KquA= -Kqcag
rZCA 72CB
2499 _ —29(=3q)
= 2 (x+d)}
2 _ 6 1 _ 8
= 2 ardl A rd)
=> 3% =2+ P+ 2xd
3x2-x2—2xd-d*=0
222 - 2xd-d*=0
_ 42d £y(-2d)* -42(-d)
x= 22
+2d +Jad? +84> 24 2443
= *= 4 " T
_ 2{d £4(V3)) _a(1£+3)
= =T 42 2

x= %(1+\[§)mto the left of 4.

18 . B NCERT ExempLAR ProsLEMS PHysics—XI|
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Q1.24. Figure shows the electric field lines around three point charges
A, Band C. :

(#) Which charges are positive?

(b) Which charge has the largest
magnitude? Why?

(¢) In which region or regions of the
picture could the electric field be zero?
Justify your answer. (i) near A (if) near B
(ifi) near C (iv) nowhere.

Main concepts used: (i) Properties of
electric lines of force (i) neutral point,
Ans. (2) Electric lines of forces emerge out from positive charge. So, A
and C are positive charges.

(b) As the density of electric lines of forces from a charge increases,
the intensity or of electric field or magnitude of charge increases. So
the magnitude of charge C is maximum,

(c) The neutral point lies between two like charges. At neutral point
force acting is zero, or no electric lines of force. As the lines of force
repel each other sideways and the lines of force emerging from A and
C are of same kind so repel each other and there will be no any electric
lines of force at a point between A and C. :

As the magnitude of charge C is larger than A so lines of force of C
will be stronger than of A.

S0, the Neutral point lies near A

So, option (f) is the correct answer.

Q1.25. Five charges, 4 each are placed at the corners of a regular
pentagon of side '’ as shown in figure.

() ({) What will be the electric field at O, the A
centre of the regular pentagon?

(#) What will be the electric field at O, if the
charge from one of the corners (say A) is removed?

(iii) What will be the electric field at O if the
charge g at A is replaced by —4? D7 a4 ¢

(b) How would your answer to () be affected if
pentagon is replaced by - sided regular polygon with charge g at
each of its corners?

Main concepts used: (i) Properties of electric field (if) concept of
Geometry of regular polygon.

Ans. (a) (i) Point O is symmetric to all the five equal charges of +4
placed at vertices of regular polygon. So net electric field will be zero
atO.

ELecTRIC CHARGES AND FiELDS B 19
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(i)When a charge 4 from A is removed from symmetric charge
distribution about “Q, the net electric field due to rest of the charges
will be equal in magnitude as there is — charge at ‘A’. So Electric field
at ‘O’ in this case

—1q

E 41usor2
The direction of E is from O to A. _
(iif) When charge g from A is removed and — charge is placed then
electric field at O

. |
T 4megr®
When a new charge — is placed the E.F. will increase by 1 1 5
TEYT
Now resultant becomes=E,=E, + 4 5 = 4,
3772 Ames?  Amey® Amegr?
B, =2
4meE,r

() Now when pentagon is replaced by n — sided polygon

(i) electric field at ‘O’ will be again zero as all charge distribution
about O is symmetric as in case of electric field at the centre of
conducting ring or shell.

(i) electric field at O will remain same as in a(ii) if a charge q is
removed. The resultant will be equal to the electric field due to charge
—q at A.

So electric field at ‘O’ at the centre of regular polygon of # side if

a charge from one vertex is Temoved is equal to E, = 9 . The
direction from O is opposite to OA. 4meor
(iii) If charge — is placed at one vertex after removing +4 from there
then resultant electric field at ‘O’ will be due to charge (-29) at A.
So the net electric field at O after removing g from A by placing —
at A.

2

-4 _ _1
4meyr 4megr
~2g
E= > from Oto A.
- 4“801‘

—-LONG ANSWER TYPE QUESTIONS

Q1.26. In 1959 Lyitleton and Bondi suggested that the expansion
of the Universe could be explained if matter carried a net charge.
Suppose that the Universe is made up of hydrogen atoms with a
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number density N which is maintained a constant, Let the charge on
the proton be: e,=—(1+y) e, where ¢ is the electronic charge.

(¢) Find the critical value of y such that expansion may start.

(b) Show that the velocity of expansion is proportional to the

distance from the centre,

Main concepts used: (i) Expansion will start if gravitational force
(F;) between H atoms is smaller than Coulombian repulsive force
(Fo), (i) Atom has equal no. of proton and electron, (jii) for critical
value of y > F.=F_. '

Ans. (a) Consider that the Universe is spherical with radius R made
up of H atoms.

Charge on proton=— (1 +y)e

So the total charge on a H atom = e, te
—(l+y)e+e
[F1-y+1]e
7 Charge on 1 H atom = -ye

Number of H atoms in spherical Universe = N.V.

“NAr?
3

n

n

4
<. The net charge in Universe = 3 ‘WNRB -ye

Consider the boundaries of Universe as Gaussian surface then by
Gauss’s law of electrostatics,

$ Eds = L
5 EO
—4nNR?ye
E. 4nR2 = ——— %
3g,
N Ee ~4nNR’ye _ ~NRye ,
3g,.4nR? 3eg -

Electrostatic force acting on one H atom F. = gE

F = (—ye) (-NRye) +y2e2N .R.
c 3e, T 3g,
Positive sign of F. shows repulsive force.

~o

Gravitational potential at boundary of Universe = %

M = mass of Universe (or all H atoms)
So, the gravitational force acting on a H atom
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at boundary of Universe = Gravitational potential x m
"[m = mass of H-atom]
GM
Fg= R’ ™
Mass of 1 H atom = mass of a proton
=m
..Mass of Universe = N’:). of H atoms in Universe x m_

= N.aR.m,
G(NgnRa) mzF
FG RZ
4wGNR mf,
G~ 3
If F.>F, then universe will start to expand. So for critical
value of expansion
F.=F
y?¢*NR _ 4w GNR m;
3, - 3
£41 GNR m? 2
= v = BeadnGNRmy 4ne,G (Tﬂ)
3 NR e
6.67x10™" (1.66x107 \’
= Y= 5 19
9x10 " 1.6x10
= yl = 6-67 X 10 [10_27,”_9 ]2
= 0.741 x 107 x (1078
= Y¥=741x102x 10" =y = [741x 107

y=86x10"1=10""
So critical value of y is of the order of 107'° so that Universe start to
expand.
(b) For expansion repulsive force F . must be greater than, attractive
gravitational force
So net force on H atom to expand

=F.-Fg
y¥’NR  4n
= - == GNR m?
Fu 3¢, 3 GNR
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This force F; will produce acceleration in H atom
_ 4R
N
Here R (size of Universe) changes with time as Universe expands

with velocity
4*R _ | Ny*® 4nGNm
m = - R
P ag? 3g, 3

2 2,2 4nGNn?
#R _ 1 |Nyte? 4nGNm, |
dr m, | 3gg 3

AsN, y,¢, g7, G, m are constants so taking a new constant o’ such

that
2
azz i Ny232_4ﬂ(;Nmp
m,| 3gg 3

2
d_1: =a’R
dt
It is differential equation of order 2. Its solution is
R= Ae™+Be™
For expansion of Universe B=0
R=Ae™ (D)
Receding velocity of Universe 7 = N
v=Aae” or v=Ra
as a is constant. So the receding (expanding) velocity of
Universe is directly proportional to the distance of matter
(H atom) from centre of Universe.
Q1.27. Consider a sphere of radius R with charge density distributed
as
p(r)=kr (forr <R)
p(r)=0(forr>R)

(@) Find the electric field at all points 7.

(&) Suppose the total charge on the sphere is 2¢ where ¢ is electron
charge. Where can two protons be embedded such that the
force on each of them is zero. Assume that the introduction of
the proton does not alter the negative charge distribution.

Main concept used: Gauss’s law of electrostatics.
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Ans. (a) Consider a sphere (solid) of radius R with charge density
p(r) =kr (for r <R) and p(r) = 0 (for r > R)

~ -
oo -

Case-I: Consider the Gaussian surface at radius r < R. Applying
Gaussian law at A

v = Volume of Gaussian surface
q=p(n. f;-m‘*
: 1
@ Eds = — p(r).dv
5 £

o= Sar
3

dv= %nBrzdr=4nrz dr
p(r)= kr forr<R

* kr.dnr’d
§ Eds= [T
E 0 80
,
}34m-Z=ﬂ ridr
€& 0
L AR 1
/4}“-'"250 4
: 2
g=X
4e

As field is positive so direction of E is radially outward.
Case-II: Consider a Gaussian surface of radius r > R

- —

- —-
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As charge inside the Gaussian surface isuptor = 0 tor = Rremains
same as earlier, 5o net charge in this Gaussian surface

q= p(r).dv
R
g= J' kr 4mr?dr as charge reside upto radius

R only
By Gaussian law
éE.ds - R ankr3dr
8= 41!72 0 Eu
4R
Edm?= 2% ['—]
g L4k
'( E= Ank ___(R4 - 0)
4e, (41:1'2)
k R*
E(r)=— —-
=437

The direction of E.E. is outward radially.
(&) As the total negative charge on sphere is 2¢
(e is charge on electron) is distributed in sphere of
radius R symmetrically. So two protons must be
symmetrical in sphere. i.e., two protons must be on
the opposite sides equidistant from the centre as
shown in fig.
Charge onsphere g = p(r)do
From last part (2) do= 4nrdr

R R4
q= I(kr) anridr =4Tfk'T
0
2e= mkR*
2
= k= e -0

Protons 1 and 2 shown in fig. are embedded at distance r from
centre O, of sphere, thus force of attraction between a proton and
negative charge distribution in sphere as E is due to (-) charge. EF
due to charge distribution inside the charge sphere at 7 <R from part
(a)is

2
E= Z’_
F "—eEI;— —e-kr”
1 4e,
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Repulsive force on proton 1 due to proton 2 =F, by Coulomb’s law

2 4mey(2r)?
Net force on proton 1, F=F, +F, =0
Fe —ekr? . & -0
= - 480 41‘8047‘2
L e _d
41:5041'2 4g,
R
= 7T amegdek
= =
4rk
e iR* ( k= 2e fr I)
4_ A = —— [TOIm
= 7T ami2e mR*
4
= r4 = -13—
8
= r= R
(84
So protons must be embedded at a distance of R/(8)"” from the
centre of sphere of radius R.
Q1.28. Two fixed identical conducting plates AY

(o & P), each of surface area S are charged to
—Q and g, respectively, where Q>¢>0. A third
identical plate (y), free to move is located on the
other side of the plate with charge Q at a distance
d as shown in fig. The third plate isreleasedand o g ¥
collides with the plate B. Assume the collision is
elastic and the time of collision is sufficient to
redistribute charge amongst B and v.

{(a) Find the electric field acting on the plate y

before collision.
{b) Find the charges on p and y plates after «d->
collision. Q + Q

(c) Find the velocity of plate y after collision
and at a distance d from the plate p.
Main concepts used: Electric field of infinite plate of charge density
c

2,
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()WD=Fd. (i)KE=1mv?
Ans, (a) As the plate y s Q charge. So electric field on plate y due
toplatea= -2 = =
2g, S2e -Q
E = —=. towards left
* 2S¢,
Similarly, electric field ony due to plate B=E,= _*4_ towards right.
So this net electric field on platey=E=F,_ + E, 258
E = ..:9_ + L
2880 2580

E= ESe_D[q Q] towards left as (Q > g)

So, the electnc field on plate y before collision is towards left as
(1Q1>Igl)= ——[q QL.

(b) On colhsmn between plate  and y their
potential becomes same. Suppose during collision €-~d
at any point P between plates p and y the charges
on B and y plates are 4, and g, respectively. E e
Consider a point O to the right of plate Band left |, 4B
to plate y such that net electric field at O is zero.

Electric field due to plate a at O Q 1
= % (towards left)
Electric field at O due to pla%e =0 (towards right)
2S¢, v

_ T2
Se

/

a B

I
|
" -

h

&
o)

)
O '—'-'-'-"0———'-———
A

|

w1-Ql > gl
Net electric field at O must be zero so,
-Q P - SR | G
25e, 2S¢, 2S¢
or Q=4,-4, . |
As there is no loss of charge on collision by law of conservation of
charges so,

+Q+g=g,+4, W

. Q=4,-4, [From I]

q=2g, [Subtract I from II]
- —q
or =1
92 2
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So, charge on plate y after collision = % unit.
Charge on plate |3=Q+q—-g-

Charge on plate B= (Q - %)

(c) After collision of plate y with a, after charge distribution between
plate y and B, the plates will repel each other and plate y will move
towards its initial position as plate yis free to move but plate o,  are fixed.

Let the velocity of plate y after collision at distance 4 is v and mass
of plate is m then gain in KE round the trip from P to B and B to P must
be equal to the work done by electric field.

After collision the electric field on plate y at O, due to plate at o
and f -

_9,Q+%
ZSED ZEDS
%
= L2 i
E, 26, towards right
Electric field on plate y just before collision due to plate o, and B
E=_2, 9
2e,S  2g,5
E = 2241
2e,5

Force on plate y just before collision =-E Q
o g =(Q+(-Q L Q-9Q
L ' 2¢,5 T 2eS

2

9.4 (ﬂ]

= F=p5 4=22=-\2/

2" 2S¢, 265
W=(F, +F,)d

. 2
(s 2_ ﬁ}
- (Q—q)Q+(2) dJQ Qg
‘ 2605 2g,S 2g,S

‘ 2
2.(9) o0l
[Q +(2) ZLQ'z]d

- 2€,S
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W= _(Q_%Td =KE

2¢,5
i, e
1), o
Y=\ 2 = p?= 2
2 ZEUS ZEOSm
o= (Q - %) ( Eog.m) is the velocity of plate y ata
distance 4 after collision.

Q1.29. There is another useful system of units, besides the SI/mks.
A system, called the cgs (centimeter-gram-second) system. In this
system Coulomb’s law is given by

Qg

F= T—z T
where the distance 7 is measured in ecm (= 102m), F in dynes
(= 10° N) and the charges in electrostatic units (es units), where les

unit of charge = é x107°C

The number [3} actually arises from the speed of light in vaccum
which is now taken to be exactly given by ¢=2.99792458 x 108 m/s. An
approximate value of ¢ then is c = [3] x 10° m/s.
(7} Show that the Coulomb law in cgs units yields
1 esu of charge =1(dyne)¥2 cm.
Obtain the dimensions of units of charge in terms of mass M,
length L and time T. Show that it is given in terms of fractional
powers of M and L.

(i) Write 1 esu of charge = y Coulomb, where 7 is a dimensionless
number. Show that this gives:

1 _ 107 Nm?

4ne, x* C?

With x= [?1] x107%,

We have )
1 -papx1e N2
dme, C )

or 1 - (2.99792458)% x 1¢° NLZ‘ (Exactly)
dne, C

Main concept used: Homogeneity of a formula in Dimensions.
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1dyne= [1esu]” esu]’
(Tem)®

1lesu=am J—_-—
lesu=L! F¥=1! [MLT?*
lesu=M* 132 T
So esu of charge is represented in terms of fractional powers of -2-
of M, 2 3 of Land -1Dof T

(i 1esu=yxC [Given]

Where, x is dimensionless number. Coulombian force between
two charges each of magnitude 1 esu separated by 1 cm is one dyne
= 10"5N. This situation is equivalent to two charges of magnitude xC
separated by 102 m. By Coulomb’s law,

F=_1 3% o _1 =F-r2
4ne, 7 4ne, 419,
f,=4,=%C
r=1am=102m
If F=1dyne,
1 =1dyne(1cm)2

. |

From I,
XX
10'5N (102m)?
$ C2
1 _ 107 N-m?
47E, le c?
xﬂ

[3] x 10°

- 1 10 2 92 N-m?

E =10 X[3] X(].O ) ?‘
1 =9 x10° N -m?
4me,
If [3] — 2.99792458 we get

—— =8,98755 x 10° N-m? C2
4,

Q1.30. Two charges — each are fixed separated by a distance 2d. A
third charge ¢ of mass m placed at the mid-point is displaced slightly
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by x (x <<< d) perpendicular to the 9
line joining the two fixed charges o, _
as shown in figure. Show that g will d
perform simple harmonic oscillation €-oo— oo =57
of time period | Hemdoo> koo d ooy
T= 8nleymd® |2
e

Main concepts used: (i) Properties of S.H.M. (ii) Coulombian force.
Ans. Force acting on charge g due to —q at A will be F,, along P
to A
1 g4 1 g(—q)

So, F = T T2 T

PA - 4mey, r dre, r
S
PA™ 47gyr?
Similarly, Fpp= p [ |Fp, I=IFp| =F]

. P .
So, the horizontal components of Fpasin0<€--- (_:_\_q_ - >Fpgsin

Fp, and F,_ are equal and opposite £~ 8 1x
PA ¥B
so neutralise each other. Fea . o ! b Jiﬂ
The vertical components of F,, and < ’ O * “wB
Fpparedownwardandso addup. 25217 50¢ 325

Net force on g at P=F; cos 8 + F;,, cos 0 = 2F cos 6
" 1Fp, I = IFpgl = |FI

2.4

dme,r

cos O

2

Force on 4 downwards = i X
Amegr? 1
r*=x+d*  [By Pythagoras theorem]

2
Forceon g= 24 * 3
41550 (xZ + dZ ) /2
cx<<<d oa<<<<d?
As negative sign shows force of attraction.
2
So net force on q at P downwards = ~2q x
4ne,d?
So force on g is directly proportional to the displacement from
mean position O (mid point of segment joining —¢ and — charges). So
motion of g about O will be S.H.M.

ELecTrIC CHARGES AND FIELDS [
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2
F=-kx where, k= 29
4neyd®

3, 37T
T= [EE%"E—] Hence Proved.
Q1.31. Total charge —Q is uniformly spread along the length of a ring
of radius R. A small test charge +4 of mass m is kept at the centre of the
ring and is given a gentle push along the axis of the ring

(2) Show that particle executes a simple harmonic oscillation.

(b) Obtain its time period.

Main concepts used: (i) Properties of SHM, (ii) Centre of ring is
symmetric to all charge distribution so electric field at centre is zero.

Here ring is along x - y plane and its axis is along z-axis.

Ans.(z) As —Q charge is equally distributed along a conducting
ring, so, at the point O, the centre of ring is symmetric to charge
distribution. So the electric field at O will be zero, or force on charge g
placed at O will be equal to 4E i.e, 4x0=0.

But when the charge g is displaced gently from ‘0, or mean position
the electric field on g will not be zero so force acts on g as in fig. below.

X
RN
&, & NG,
’ 1 ~
A;.’.--F--D.--B_..__‘:.B
O dq

Force on g at P when z is small
F=F,+F, [“1Fal=IFyl=IFal|
F,=F,cos0+F, cos 0

F, = 2F, cos 8 (downward)
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The horizontal component of F 'a and Fy will be equal and opposite,
so cancelled out.

So net force acting on g due to small element dI of ring =dF cos 8

aF = 1 949z [‘.'cose = 5]
Yo4me, g r
Charge on small element d! of ring
dg= Al
-Q
= =4I
4q 27y
QM
af, = 4ne,;r* 2R
-Qqzd!
Y 4me,-2nRr°
Integrating both sides we get,
F R
I dF, 4 = I LA 3
0 0 4'"2027!RT
27R
F= 7Qz 3 I dl (- r=yR%+2?
4mey2nR (R? +22)/2 0
[if z<<<R,22<<<<R?
or 2% can be neglected]
_ ~qQz.2nr
 4mey2mrR3
= 41;Q;3 z [0
Focz 0
So motion of ¢ is SHM
F= =z .. [d]
o) .- = Q7 [Comparing I and ]
4meyR?
T= 25 |2
k

3
T= 21 4megmR
V"
aQa
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2 Electrostatic Potential
. & and Capacitance

MULTIPLE CHOICE QUESTIONS—!

i 100
Q2.1. A capacitor of 4 uF is connected as —H———'VW—

shown in circuit here. The internal resistance
of the battery is 0.5 Q. The amount of charge
on the capacitor plates will be _I —
(@) 0 (b) 4pC 25V
(c) 16 pC (d) 8puC :
Main concepts used: (i) DC current does not 2Q
flow across capacitor. (if) PD. across parallel branches are equal.
Ans, (d): As capacitor offer infinite resistance so current from cell will

not flow across capacitor branch.
So current will flow across 2 Q branch.

v 25 —§=1Amp.

! R+r| 2405 25

So PD. across 2 £ resistance V=RI=2x1~=2 Volt.

As battery, capacitor and 2 Q branches are in parallel. So P'D. will
remain same across all three branches.

As current does not flow through capacitor branch so no potential
drop will be across 10 Q resistance.

So P.D. across 4 UF capacitor =2 Volt

=4qu2=8uC.

Q2.2. A positively charged particle is released from restina uniform
electric field. The electric potential energy of the charge

(a) remains a constant because the electric field is uniform.

(b) increases because the charge moves along the electric field.

(c) decreases because the charge moves along the electric field.

(4) decreases because the charge moves opposite to the electric field.

Main concepts used: (i) Uniform electric field. (i) As K.E. increases,
PE. decreases. (iif) The direction of electric field is from higher to
lower potential.
Ans. (c): Equipotential surface is always perpendicular to the direction
of electric field.

Positive charge experiences the force in the direction of electric
field.
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When a positive charge is released from rest in uniform electric
field, its velocity increases in the direction of electric field. So K.E.
increases, and the P.E. decreases due to law of conservation of energy.

So PE. of positively charged particle decreases because speed of
charged particle moves in the direction of field due to force gE.

Q2.3. Figures below show some equipotential lines distributed in
space. A charged object is moved from point A to point B.

3oV 40V
| ! ! ] I | 1 } 4 [}
1 ! i ' 1 ] [} I 1 ]
1 [} 1 I ! ] 1 1 [} I
R R Tt A AU A Y
S TR T
1 t L} i 3 i J 1 ! ¥
| } ! ! | | | 1 1 1
i | I | ) I { ] ] |
i ! 1 | ) i L} ] i 1
oot S
10V 20V 30V 40V 50V 10V 20V 50V
@ (i)
v
) ! ! } [}
! } ¢ ! !
} } [} ! !
b
L Ae 1 By
1} ! | | 1
t 3 t | 1
I 3 I [} i
1 ] | [} !
U I R A
10V 20V 40V 50V

(iit)

(@) The work done in figure (j) is the greatest.

{&) The work done in figure (ii) is least.

(c) The work done is the same in all figures (i), (i) and (iif).

(d) The work done in figure (iif) is greater than figure (i) but equal

to that in figure (i).
Main concepts used: Work done in electric field by charge g.
W=(V,-Vi)g

Ans. (c): As the potential difference between A and B in all three
figures are equal (20 V) so work done (AV.g) by any charge in moving
from A to B surface will be equal.
Q2.4. The electrostatic potential on the surface of a charged conducting
sphere is 100 V. Two statements are made in this regard:
S,: At any point inside the sphere, electric intensity is zero.
S, At any point inside the sphere, the electrostatic potential is 100 V.

Which of the following is a correct statement?

(a) S, is true but S, is false.
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(b) Both S, and S, are false.

(c) S,is true, S, is also true and S, is the cause of 5,.

(d) S, is true, S, is also true, but the statements are independent.

Main concepts used: (i) Potential gradient, (i) Electric field,
(i) Shielding (effect).
Ans. (c): The relation between electric field intensity E and potential
V) islg = - &Y.

dr

Here, E = 0 inside the sphere then Z—V- =0
r

ie., V = constant.

E = 0 inside charged sphere, the potential is constant or V = 100
everywhere inside the sphere and it verifies the shielding effect also.
Hence verifies the option (c).

Q2.5. Equipotentials at a great distance from a collection of charges,
whose total sum is not zero, are approximately

(@) spheres (b} planes (c) paraboloids (d) ellipsoids

Main concepts used: (i) Equipotential surface, (if) Properties of
field lines, (i) Properties of charges (iv) Potential, (v) Point charge.
Ans. (a): Here we have to find out the shape of equipotential surface.
These surfaces are perpendicular to the field lines. So there must be
electric field which cannot be without charge.

So the algebraic sum of all charges must not be zero. Equipotential
surface at a great distance means that space of charge is negligible as
compared to distance.

So the collection of charges is considered as a point charge.

The lines of field from point charges are radial. So the equipotential
surface (perpendicular to the field lines) form a sphere.

It verifies that (a) is the correct answer.

Q26. A parallel plate capacitor is made of two dielectric blocks in
series. One of the blocks has thickness 4, and dielectric constant ,
and the other has thickness d, and dielectric constant k, as shown in
the figure. This arrangement can be thought as a dielectric slab of
thickness d(d, + d,) and effective dielectric constant k. The k is

(ﬂ) kldl + kzdz (b) kld.'l. + k2d2 %
dy +d, ky+ky dyi
kaky (dy +dy) ( 2k1k; y
(kydy + kody) ky+k, 2§
Main concepts used: (i) Capacitance of a capacitor, (if) Combination

of capacitor.

(©
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Ans. (c): Capacitance of a parallel plate capacitor filled with dielectric

of constant k, and thickness d, is |C, =1‘l_‘§9,é .
1
Similarly for other, C,= k’-E—OA .
d
Both capacitors are in series so equivalent capacitance C is related
as: ‘
l =i+i _ dl + d2 _ 1 k2d1+k1d2
C Cl CZ klsoA szoA eoA klkz
So C =_k1k2i_ ."I
(kid; + kydy)
C’'= kEOA i
d

where d= (d+d)
So, multiply the numerator and denominator of eqn. I with (d, +d,),
__kkgA  (ditdy) _ kk(di+dy)  gA
(hdy + kody) (dy+dy)  (kydy +kpdy) (dy +y)
Comparing eqns. II and HI, the dielectric constant of new
capacitor is:
k= kiky(d; +d,)
(kedz + kydy)
It verifies that the correct answer is (¢).

MULTIPLE CHOICE QUESTIONS—II MORE THAN ONE OPTION

Q2.7. Consider a uniform electric field in the Z direction. The potential
is a constant

(#) in all space.

(b) for any x for a given z.

(c) for any y for a given z.

(d) on the x-y plane for a given z.
Main concepts used: (i) Equipotential surface, (ii) Electric field lines.
Ans. (b), (¢) and (d): As we know that equipotential surfaces are
perpendicular to the direction of electric field lines. Here electric field
is in +Z direction.

So, equipotential surfaces will be the plane perpendicular to z axis,
i.e., along x-y, plane, which includes any x or y axes. So answers (b), (c)
and (d) are verified respectively.

37
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Q2.8. Equipotential surfaces:
(8) are closer in regions of large electric fields compared to regions
of lower electric fields. P

(b) will be more crowded near sharp edges of a conductor.

(¢) will be more crowded near the regions of large charge densities.

(d) will always be equally spaced.

Main concepts used: (i) Relation between electric field E and
potential gradient, (i) EF. « o, (iif) @ =‘%.
Ans. (g), (b) and (c): We know that on any two points of equipotential
surface, potential difference is zero or of equal potential.

AL
dr

So the electric field intensity is inversely proportional to the
separation between equipotential surfaces.

So equipotential surfaces are closer in regions of large electric
fields. Thus, it verifies answer (g).

The electric field is larger near the sharp edge, due to larger charge
density as A is very small. .
°=a

So equipotential surfaces are closer or crowded. It verifies
answer (b).
As the electric field E = ﬂ; and potential or field decreases as size
r

of body increases or vice-versa (case of earth), so the equipotential

surfaces will be more crowded if the charge density o = % increases.

1t verifies the answer (c).
As the equipotential surface depends on distance r by E = -V

r
and V= L . Equipotential surface depends on charge density at that
r

place which is different at different place, so equipotential surfaces
are not equispaced all over.

Q2.9. The work done to move a charge along an equipotential surface
from Ato B

B B
{a) cannot be defined as - J Edl (b)) mustbe defined as — I Ed!
A A

(¢) is zero. (d) can have a non-zero value,
Main concepts used: (i) W,, = (V, ~ V,)q, (i) Equipotential surface.
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Ans. (c): As the potential on equipotential surface does not change
50 (V,-v))=0
and W=(V,-V)g.

So, work done on moving a charge is zero, verifies answer (c).

We know the work done by charge ¢ in moving in electric field

dW =FEd!
| =[eEa [ F=gE]
W=gq.[E.dl
So, W # { E.d! or answer (b) is wrong.
Answer (g) and (b) can be true only when g=+1C which is not given
in question.

Q2.10. In a region of constant potential
(@) the electric field is uniform.
(b) the electric field is zero.
{(¢) there can be no charge inside the region.
(d) the electric field shall necessarily change if a charge is placed
outside the region.
-dVv

Main concept used: Relation between Eand V, i.e, E= =
r

Ans, (b) (¢): Constant potential => 4V = 0 so by relation E = _dﬂ E=0

i.e.,, the EF. is not uniform discards answer (4) and agree with answer (b).

As potential may be outside the charge also so there can be no
charge inside the region of constant potential. It verifies answer (c).

If a charge is placed in outside region, potential difference in region
will not be changed or electric field will not be changed. It makes
answer (d) false.

Q2.11. In the circuit shown in figure, K
initially key K, is closed and key C
K, is open. Then K| is opened and

is closed (order is important). | 1 1
[Take Q] and Q3 as chargeson C; | T T TG
and C, and V, and V, as voltage g
respectively].
Then

(#) charge on C, gets redistributed such that V, =V,

(b) charge on C, gets redistributed such that Q] =0Q;

(c) charge on C, gets redistributed such that C,V, + C,V, = CE

(d) charge on C, gets redistributed such that Q; +Q;=Q

Main concepts used: (i) Law of conservation of charges,
(if) Potential in parallel combination is equal.
—————— ELecTRosTATIC POTENTIAL AND CAPACITANCE E

K,

Se® =t
Lol
S
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Ans. (4) (4): When K, is closed keeping K, open, the capacitor C, gets
charged by battery of emf E. Now when K, opens, C, remains charged.
When K, closes keeping K, open, C, gets charged by redistribution of
charge of C, between C, and C,.

Let charge on C,, which is charged by battery, was Q then after
redistribution of charge Q = Q] + Q3 by law of conservation of charge.
S0 answer (d) is verified.

As C, and C, both are in parallel combination, so their potential
will be equal, i.e, V, = V,. It verifies the answer (a).

Q2.12. If a conductor has a potential V # 0 and there are no charges
anywhere else outside, then

(a) there must be charges on the surface or inside itself.

(b) there cannot be any charges in the body of conductor.

(¢) there must be charges only on the surface.

(d) there must be charges inside the surface.

Main concepts used: (i) The charge reside only on the surface of

a conductor. (i) Net charge inside the conductor is zero. (jif) Charged
spherical shell.
Ans. (a) (b): As the excess charge can reside only on the surface of
conductor and inside net positive and negative charge is zero. Any
charge can reside inside the hollow shell or body. So verifies answer
(@) and discards answer (c).

Inside the solid material of conducting body there is no charge, it
comes to outer surface. So verifies answer (b) and discards answer (d).

Q2.13. A parallel plate capacitor is connected !K\ '
to a battery as shown in figure. Consider two \*/
situations:
A: Key K is kept closed and plates of T_J_ c==
capacitors are moved apart using E
insulating handle.

B: Key Kis opened and plates of capacitors are moved apart using
insulating handle.
Choose the correct option(s):
(@) In A: Q remains same but C changes.
(b) In B: V remains same but C changes.
(¢) In A:V remains same and hence Q changes.
(@) InB:Q remains same and hence V changes.

D4 iQ=cv

Main concepts used: (i) C=

40
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Ans. (¢) (d): (A) In situation A: When the space between the plates of
kegA
d

capacitor increases, the capacitance decreases by relation C = , but

battery remains same, i.e., potential difference across plate remains "V’

same. So by Q = CV relation, Q also decreases verifies answer {c) and
discards answer (a).

(B) Now for situation B: K is open and capacitance decreases by
moving apart plates of capacitor, so by relation Q = CV, here K is open
so charge Q remains same in turn V will increase on decreasing C
hence answer (d) is verified.

VERY SHORT ANSWER TYPE QUESTIONS

Q2.14. Consider two conducting spheres of radii R, and R, with
R, >R,. If the two are at the same potential, the larger sphere has more
charge than the smaller sphere. State whether the charge density of
the smaller sphere is more or less than that of the larger one.

Main concepts used: (i) 6 = %, () V= ﬁ

¥
Ans. We know that \'A =ﬂand \'A =ﬂ.
R, R,
AsV, = V,, so:
ki
Rill - ’1‘:;22 (Multiply by 21; on both sides)

Rk _ kR,
R, 4nR; 4R, R,

R _ R,

4nR?  4nR3
% 7
MR =R
A 1T A, 2
oR, = o;R,
o <o, ( R>Ry)
So charge density of smaller sphere (R,) will be larger than larger
sphere (R,).
Q2.15. Do free electrons travel to a region of higher potential or lower
potential?

Main concepts used: Current (or positive charge) flows from
higher to lower potential.
Ans. As free electrons has negative charge so the direction of flow will
be opposite to positive charge, i.e., free electrons will move from lower
potential to higher potential.
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Q2.16. Can there be a potential difference between two adjacent
conductors carrying the same charge?

Main concepts used: (i) V=IR, () R = p%.
Ans. If in two conductors flowing current is same then both may be
~ considered in series. So Ohm’s law becomes V< R. i.e., if the resistances

(which depends on p, I and A) are different then potential difference
will be different. :

‘So there can be potential difference between two adjacent
conductors carrying the same charge or current if either their length
or area of cross-section (A) and resistivity are different.

Q2.17. Can the potential function have a maximum or minimum in
free space?

Main concepts used: Electric field, potential difference.

Ans. In the absence of free space or atmosphere, the phenomenon
of electric field or potential leakage cannot be prevented. Hence,
the potential function do not have maximum or minimum in free
space.

Q2.18. A test charge 4 is made to move in
the electric field of a point charge Q along
two different closed paths as in given
figure. First path has sections along and
perpendicular to lines of electric field.
Second path is a rectangular loop of the
same area as the firstloop. How does the <
work done compare in the two cases?

Main concepts used: Work done in electrostatic force is conservative.
Ans. We know that electrostatic work done is conservative. So work
done in closed loop is always zero, it does not depend on the nature
of closed path.

SHORT ANSWER TYPE QUESTIONS

Q2.19. Prove that a closed equipotential surface with no charge within
itself must enclose an equipotential volume.
Main concepts used: (i) Electric field lines are perpendicular to

equipotential surface, (ii) E = _d;‘:/

Ans. Let us consider that inside the enclosed equipotential surface,
potential is not same. Let the potential just inside the equipotential
surface is different to that on the equipotential surface, causing in a
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potential gradient %V\ E. So electric field will exist inside. sukrface
which is equal to E __;i_nr[
The field lines pointing inward or outward from the surface are
perpendicular to equipotential surfaces or the field lines cannot be on
the equipotential surface. The field lines can be on the equipotential
surface if field lines can originate from the charge inside, which
contradicts the original assumption. Hence, the entlre volume mﬁlde
equipotential surface has no charge.
Q2.20. A capacitor has some dielectric between its plates, and the
capacitor is connected to a DC source. The battery is now disconnected
and then the dielectric is removed. State whether the capacitance, the
energy stored in it, electric field, charge stored and the voltage will
increase, decrease or remain constant.

Main concepts used: (i} C= keﬂA, (i) Q = CV, (iii) E=-;—%,
T (W) E=—
Ans. C= ke, A

As k is positive and more than one, so by removing dielectric slab,
and keeping A and 4 constant, capacitance of capacitor will decrease,

When battery and dielectric slab from capacitor is removed, the
charge remains same as it was when battery connected earlier.

2
As the energy stored in capacitor is ;ic— . When capacitance C is

decreased by removing dielectric slab but q remains same, so the
energy stored in capacitor will increase.

We know that V =—g—, where g is same and C is decreased so
potential will increase.

As E=%, distance between plates of capacitor is same and

potential is increased as discussed above, so electric field between the
plates of capacitor will increase.

Q2.21. Prove that, if an insulated uncharged conductor is placed
near a charged conductor and no other conductors are present,
the uncharged body must be intermediate in potentlal between that of
the charged body and that of infinity. 7

—
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Main concept used: V = H
r
Ans. Consider a charged body (A) (say with positive charge) and
an insulated uncharged conductor (B) is placed near the charged
conductor (A) as shown in the figure:

+q A B

o+ F - +
- +

+ + + _ +

Asv=2

— where k and g are constants, so
7

Ve 1 or at infinity, V—0
r

Uncharged conductor is between charged conductor and infinity,
so potential decreases from body A to infinity.

So the potential of uncharged body varies between potential of A
and infinity.
Q2.22, Calculate the potential energy of a point charge —q placed
along the axis due to a charge +Q uniformly distributed along a ring
of radius R. Sketch P.E. as a function of axial distance Z from the centre
of the ring. Looking at graph, can you see what would happen if — is
displaced slightly from the centre of the ring (along the axis)?

Main concepts used: (i) V= —ki, (i) PE=Vq.
¥

Ans. Let us consider a ring §
of radius R having charge +Q
distributed uniformly over the
ring. Also a point P at distance z
- on its axis passing through centre
O and perpendicular to plane of
ring.
Again consider an element of ring
at S of length dl having charge dg
and SP is equal to 7. Then potential
energy due to element dl at P. If dg is charge on element dl of ring

dv = —kdq’ where k=
T ﬂSD

due to dg charge will be negative.
Charge on 2nR length of ring = Q

Charge on 4l length of ring dgq = %dl

and as Q is positive charge so potential
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So potential due to element d at P

v Tk-Q.d
2nRr
~dW=dV.q and r=R?+2?
So aw = — 4

ZnR\/RZ +22 -

Integrating both sides, over a ring, we have

w 2nR
dl
0 d 2nRVR? +z%
W __ Q2R
ZZ
2uRR\/1+?

This work done converts into PE. at P, so

PE,V = -

411'&:01{1 ’1 + %

Let W =5| (a new constant)

4ne R
-5
V= , /2
RZ
at z=-—o0
-5
V.= 5 \72 y
z
1+
( RZJ
z>>>R <—z z
Z>> R2 o
5 \112
1z - by
Y
vV, =——0
vV,—=0"
vV,.—0
atz=0
V=-5
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Q2.23.Calculate the potential on the axis of a ring due to charge Q
uniformly distributed along the ring of radius R.

Main concept used: V= —,
Ans. Let us consider a ringrof radius R
having charge +Q distributed uniformly.
Also a point P at distance z on its axis
passing through centre O and perpendicular
to plane of ring.

Again consider an element of ring at
5 of length dl having charge dg and SP is
equal to r. Then potential energy due to

elementdlat |, 4V = —#ﬂ where k= 4;
Charge on 2nR length of ring =Q
Q
= ——dl
Charge on d! length of ring 7R

So potential due to element 4l at F,
_ —k.Q.dl
V= ke
Integrating over aring the potential atP Vv,

J J deI where r = JRZ +z2

kQZJtR _ Q
2nR\R? + 2% 41:80\/112 +2
LONG ANSWER TYPE QUESTIONS
Q2.24. Find the equation of the equipotentials for an infinite cylinder
of radius r;, carrying charge of linear density A.

Main concepts used: (i) Gauss’s law of electrostatics, (i) Properties
of electric field lines, (iii) Drawing of proper Gaussian surface,
. -dV
(i) E= g
Ans. Consider a Gaussian cylindrical dotted surface, S at a distance »

from the cenire of the cylinder of radius r; of infinite length.
The electric field lines are radial and perpendicular to the surface.

Vp =
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Let electric field intensity on Gaussian surface at P is E_ and total
charge g on cylinder will be g = Al

So, by Gauss's law,
@E,ds = M = [Ers cos G]ﬁﬂ =£
5 €q €
E, 2nrlcos 90° = M [£0 is between E, and curved
€0 surface of dotted cylinder is 90°)
B - A
r 2mreg
We know that electric field E_ at distance r from centre of cylinder
—dV
Er= ar

So potential difference d at distance r, and r from the centre of
cylinder,

dV =-E,. dr [ E =%]
V(r) = V(r) = -[E,.dr
Ak dr
o . = — l
Jzneor r 2neg ; " 2ne, [oge ]'n
-
= [loger—log,, ro]= 1 ge
211:
log, — = V() ~ V()]
L]
r ﬁ(vm ~V(o)]
Ty
2T vin- ViR

So equipotential surfaces are the coaxial curved surfaces of
cylinders with given cylinder of radius r related as above.

Q2.25. Two point charges of magnitudes + and —q are placed at

(—g,(},O) and (g,(},O) respectively. Find the equation of the

equipotential surface where the potential is zero.
Main concepts used: Net potential at a point is equal to the vector

sum of all potentials due to different charges in the system and V = %.
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Ans. The potential due to charges +4 and — will be zero in between
the line joining the two charges +g and —4. Let zero potential is at S.

YA
/P(r,y,O)
/ X N
xl(m' (O, 0, O)H -—q » X
Ag---2 .y S
(--d- 0 o] 2 (5,0, 0)
2; ’ 2
Yy
Then equipotential surface will pass through S and perpendicular
to line joining two chargers or AB.
So rt = AS? + SP2
= (x+£)2+ 2
= 2 y
2
r = (x+g) +y
. d\2
Similarly, r,= (x-?)_-) +y?
So net potential at P=0
ﬂ+M =0 where, k =
n L5} 4ne,
1 1
S kq[———} -0 [ kg #0]
h n
1 1
= ——— =0
h n
= 1.1 r=r
m 1572
2 2
= (x+—) +y2 = (x—— +y2
2 2
= (x+£) = (I+£)
2 2
d2 2
= x2+T+d; = X +——dx
2dx =0
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2#0

_ . x=0

So equipotential surface will be perpendicular to X-axis passing
through x =0 i.e.,, origin in Y-Z plane.
Q2.26. A parallel plate capacitor is filled by a dielectric whose relative
permittivity varies with the applied voltage (U) as £ = U where o. =
2 VL. A similar capacitor with no dielectric is charged to Up=78 V. It
is then connected to the uncharged capacitor with the dielectric. Find
the final voltage on the capacitors.9650852605

Main concepts used: () Q =CV, (i/) C= £C,.
Ans. Let C be the capacitance of capacitor C, without dielectric then
charge q, = CU where U is the final potential of C, when connected to
G, the capacitor filled with dielectric €,

C,=eC
g, = eCU
= aUCU
= aCU?
Initial charge ¢, of C; when charged at potential of U,=78Vis,
gy=CU,=78C
By the law of conservation of charge
Bo=Nh+h
78 C = CU + o.CU2
78 = U +alU? [o=2 per volt]
=T +2U?
or 2U2+U-78=0 :
U= -1+ ,fl —4.2(-78) _ -1+ 1/1 + 624
2.2 4
_ -1+JB25  -1£25
4 4
-1+25 . .
= 2 as U is positive
= E = 6 Volts.
4

Final potential on both the capacitors becomes 6 Volts,
Q2.27. A capaditor is made of two circular plates of radius R each
separated by a distance 4 <<R. The capacitor is connected to a constant
voltage. A thin conducting disc of radius 7 << R and thickness ‘¥ << 7
is placed at the centre of the bottom plate. Find the minimum voltage
required to lift the disc if the mass of the disc is m.

Main concepts used: (i) E = d;‘rv
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(i) Electrostatic force is balanced by
weight, (iii) Electrostatic force F = gE.
Ans. Let A and B are circular plates of
radius R separated by distance d << R
kept horizontally.

A thin conducting disc D of radius
r<<Rof thickness‘t'is placed concentrically
on lower plate B as shown in figure.

Let plates A and B charged with potential V.

The magnitude of electric field E between plates of capacitor

" e
d s

Consider Gaussian surface along circular disc D.
By Gauss's law, q’;E ds=1

vV _, ¢

d

q’ is the charge conducted b)elo plate B to disc D during charging.
Nature of charge on plate B and disc will be same so repulsive force
acts between B and D. v

So, the charge ondiscD=¢q"= —nrzao

Electrostatic repulsive force acting on disc in upward direction

2, V V2 _,
F= q’E= Em 50“‘;’—‘ =d—2'ﬂ.7' €g
This repulsive forzce will be balanced by weight mg of disc D.

mg= V—nrzao

d2
V2= M8 d?
nrle,
So minimum voltage V to lift the disc
mg d*
V=
nrle,

Q228. (a) In a quark model of elementary particles, a neutron is

é)e] and two down
quarks [charges (—%)e]. Assume that they have a
triangle configuration with side length of the order of 107

m. Calculate the electrostatic potential energy of a neutron
and compare it with its mass 939 MeV.
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(b) Repeat the above exercise for a proton which is made of
two up and one down quark.
Main concepts used: The potential energy is equal to the sum of
potential energy or energies required to form the configuration, if charge
particles are carried with zero acceleration, from infinity to that point.

1
Ans. (a) gq,= ~3¢ [charge on down quark] PA
2 r r
9, = +§€ [charge on up quark]
Potential energy U = —kq:_ﬁ Aq > B
k= 1 ‘ (A neutron) ‘
ir e,
U= k9,9 + kings + k4,45
r r r
U = L )4 | (0, 2u(-44)
" 4me, r 4neyr  4Ameyr
= 4:::07' [+4: — 9 — 4] (Taking sign of charge)
1
9%x10°x =
=gy 2g7- —x——ie[le—2~—2-e]
dmegrd T 0% (37 73
[nature sign of charges taken already]
9x10°xe ¢ /
= 11~ 4]Joul
ax1g B 3l ~4Joule
- 0°x1. R
_ 3x9x1 x—lfxlo ¢ Joule
9x10
= 48x10>1%eV = 48x10%eV =-0.48 x 10° eV
U= -048 MeV

So charges inside neutron [14, and 24,] are attracted by energy of
0.48 MeV.
Energy released by a neutron when converted into energy is 939 MeV.
1-0.481 MeV

i 10 = ——— ——=0.0005111 =5,
Required ratio 939 MaV 5.11x 107
(b) PE. of proton consists of 2 up and 1 down quark 9
r=10%m
1
q4; = —Ee, qu=§e r r
U = —— %X 2.(-92)  4u(-q4)
Podme, v Ameyr  Ameyr q, r s
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_ g, —

= 47:501'[% g4 — 94l
9u 9x10° 2 [2 1 ]

_ DV B e I FC D, D
4n£0r[q” 4] 5 3%3° 2.3¢| =0.

Q2.29. Two metal spheres, one of radius R and the other of radius 2R,
both have same surface charge density ‘s’. They are brought in contact
and separated. What will be new surface charge densities of them?

Main concepts used: () Q=0.A, (i) V= Ky .

Ans. Let surface charge density of both the spheres are o and their
charges are g, and 4,
- g, = O.A, = 0.ATR’
g, = 0A, = GAT(2R)* = c.4nR%4 = 4q,
Both charged spheres are kept in contact, so charge flows between
them and their potential becomes equal, let the charges on them now
become 4, and g,.

So, VY, =V vk
kq,l 2 (.V- rj
ko kap oo 1

> R~ (@R) [ "‘41:50}

Where g and g} are the charges on spheres after redistribution of
charges

w5
R 2R
2 = 291 W

By law of conservation of charges
9+ g =1+ 4
gy +4q; = g1+ 291 (fromI)
5q, = 341
34 = 5.4.0.nR?
g1 = ?39-1:R20

il 2
93 e s
A, 4nR? 3 20
r Fd 2-_ 2
% 2q g™

Q,= —= =
27 A, 4m(2R)?  4m4R?

Hence, o, =§o and o, =%°' —
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Q2.30. In the circuit in given K, K,

figure initially K, is closed and }( —(s) {o}-

K, is open. What are the charges C.=6C

on each capacitor? 1 J_ G=3C|
Then K, was opened and K, T °-°V Te, =3¢ T

was closed (order is important).

What will be the charge on each

capacitor now? [C=1uF]

Main concepts used: (i) V = %, (if) Law of conservation of charge,
(iti) In series combination charges on capacitors are equal.
Ans, When K, is open and K, is closed the capacitors C, and C, will
charge and potential develops across them i.e,, V, and V, respectively
which will be equal to the potential of battery 9 V.
. V] + V2 =0 I |

q 1
= —= Voc—
VvV or

vi. %
v, G
Vi _ac
V, 6C
3V, =6V,
V, =2V, I
From Eqns. [ and II,
V,+2V, =9
3v,=9
V, =3 Volt
V, = 2x3 Volt = 6 Volt (from II)
g, =C,V,=6Cx3=18C [C:luF}
=18x1pF=18 pC
g, =CV,=3Cx6
=3x1uFx6=18 uC
So, charges on each capacitor i.e., g, = 4, = 18 uC
When K, is open and K, is closed then charge ¢, will be distributed
among C, and C;. Let it be g5 and g,

or

- 9= 92+
As C, and C, are now in parallel combination so their potentials
remain same (V)
! 7= GV+GV
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18uC=3x1puFxV+3x1uFxV
18=6V
V =3 Volt.

So potential on C, and C, capacitors are 3 Volt each
=C,V=3x1uFx3Volt=9 pC] Ans
=CV=3x1puFx3Volt=9uC] "

Q2.31. Calculate the potential on the axis of a disc of radius Rdue toa
charge Q, uniformly distributed on its surface.

Main concepts used: A disc can be considered as the combination

of rings of different radii and V for ring = % where, 7 is the distance

of axial point from ring,
Ans, Consider a point P on the axis perpendicular to the plane of disc
and at distance x from the centre O of disc as shown in the figure.

Now consider a ring of radius r of thickness dr on disc of radius R,
as shown in figure. Again let the charge on the ring is dg then potential
dV due to ring at P, Evﬂl be,

av - K94 [ 7=+ 2]
dgq is the charge on the:'mg G-area of ring
= o-[r(r + dr)? — nr?]
_ dg=on]r +dr?+ 2rdr -1
Because dr is small therefore, dr* is negligible.
. - --dg = on(2rdr) = 2nro-dr

AV = k2nrodr
(r* + x2)
So the potenﬁal due to chargégl disc

J- k2nrodr
0rt+x*

R

V=%k2no- J--""W 2nkc J-T . (7'2 + xz)mdr
0
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= 275k0'[(R2 + xz)lfz —I] = %[(Rz + x2)1’2 - I]

[+ #R%5 = Q (charge on disc)

2R°0 [ [RZ+ 2 1]

" 4ne R?

V- 4::2;2122 [VRE+#7 -]

Q2.32. Two charges ¢, and g, are placed at (0, 0, d) and (0, 0, —)
respectively. Find the locus of points where the potential is zero.
Main concepts used: Where the net potential due to different
charges are zero. y = LN
r
Ans, Let the potential at any point P(x, , 2) is zero then—

Vi+V,=0
kg + kg, -
\/x2+y2+(z—¢5[)2 \/x2+y2+(z+¢:l)2
% + 9 _
V2 + 2+ (z—d)? X+ 2+ (2 +d)?
% —92

JE+ P +(z~d)? ) J2 2 +(z+d)?
% —\/xz +y2+(z—d)2

@ e+ H(z+d?

qlz _ x2+y2+zz+d2— zd
B Pryi+id+ ud
Componendo and dividendo
of XY is:c+a_y+l:!
a b x-a y-b
Then componendo and dividendo of

2
4
(qu B xz+y2+zz+d2—22d

1 Py’ + 22+ + 24z
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2
(q_z] +1 _ Iz+y2+zz+d2—2dz+(xz+y2+zz+d2+2dz)

(‘h]z . xz+y2+zz+d2—2dz—(x2+y2+zz+d2+2dz)

11
=1 +1
(fh] AP +y+2+d)

(’1_1)2_1 —Adz
f2
'h)zﬂ
2P+ +d = -24dz 92 .
’71) -1
92
(q—l 1
P+ +2d _‘72_2_ 2+ d2=0
Bl
92
2, 2
I’+yz+z2+2d[q;+q§]z+d2=g
1~
This is the equation of sphere with centre (g, b, c) as required point
2, 2
isonzaxissoa=0,b=0andz___zd[qlz+422]
9~

2+ 2
(0,0,- 2d[_—‘]’12 qg]}
7~ 92

Q2.33. Two charges —4 each are separated by distance 2d. A third charge
+4 is kept at mid-point ‘O’. Find the potential energy of +4 as a function
of small distance x from ‘O’ due to —q charges. Sketch PE. v/s x and
convince yourself that the charge at O is in an unstable equilibrium.

Main concepts used: () PE. U= ki , (if) At equilibrium, F =0 or
r

dF AU LSS SR
—dx=0=—=
x dx o

kg O == P sl -
Ans. V=— < -(d=x)=~ ERSARIY Fp T

r
Let equilibrium of +g is at P at a distance x from mid-point of line
joining two charges.
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Force F, on +7 is towards left side and force F is towards right side,
so for equilibrium of +7 at P,
F, =F
ki* ki’
@d-2? (@+x?
({@-x) = (@d+x)
d-x=d+x (Taking square root)

-2x=0
x=0

So, equilibrium position of charge +g between two —g charges is at
mid-point (O) of line joining the two charges (—g) and (—).

Now we have to find out potential energy of +g as a function
of small distance x from balance condition (O) towards any of (—g)
charge.

Let new position of charge (+7) from a small distance x from (O)

_ k@ (-9)  kaq)(-4) o1y 2 K
U= ~d-n Tarn ( U= )
_ a1 1
- kq[(d—x)+(d+x)}
o _gp] Atxtd-x] o[ 24
- kq[(a‘—x)(d+x)] kq[a'z—xz]
_ - 2
dmey (2 -+Y)
So, U is the P.E. as a function of x.

x u

0 —Tquz

4 | 4[24

2 '5( d )

4| a2

2 3( d )

W |

d —.

aaa
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3 m:

MULTIPLE CHOICE QUESTIONS—

Q3.1. Consider a current carrying wire (current I), in the shape of a
circle. Note that as the current progresses along the wire, the direction
of J (current density) changes in an exact manner, while the current I
remains unaffected. The agent that is essentially responsible for it is:
(a) source of emf.
(b) electric field produced by the charges accumulated on the
surfaces of wire.
(¢) the charges just behind a given segment of the wire which push
them just the right way by repulsion.
(d) the charges ahead.

Current Electricity

Main concepts used: T=GE,}=l, o =-1—=L.
‘ A RA 1 ]
Ans. (b): Current density (J) depends on conductivity =—=

p RA’
Electric field (J = oF), current and length and area of cross-section.

In our options only E i.e., electric field can be varied by the charges
accumulated on the surface of wire.

Q3.2. Two batteries of emf €, and g, (g, > £)) £ .
and internal resistances r; and r, respectively !
are connected in parallel as shown in figure. B
(@) The equivalent emf e, of the two cells {
isbetween €, and g, i.e., g < €q <&y r

A
£
(b) The equivalent emf Eeq is smaller than g;.
(¢©) The equivalent emf is given by
E.q =€, * & always.
) Eeq is independent of internal resistances r, and r,.
Main concept used: Combination of cells in parallel
€12 + €21
g, =
€ R+
Ans. (2): We know that equivalent emf €, in parallel combination of

cells is:

“ n+n
Clearly, part ‘c’ and ‘d" are discarded by formula. This formula
suggests thate, <e <&,. 5o verifies answer (a).
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Q3.3. The resistance R is to be measured using a meter bridge. Student
- chooses the standard resistance S to be 100 Q. He finds the null point at
~1;=2.9 cm. He is told to improve the accuracy. Which of the following
is a useful way?
(a) He should measure /; more accurately.
(k) He should change S to 1000 Q and repeat the experiment.
(c} He should change S to 3 Q and repeat the experiment.
(d} He should give up hope of a more accurate measurement with
a meter bridge. - l
. BN |
Main concep; used: S 1007,
Ans. (c): R is the unknown resistance

L [ 29 ]
R=$S = 100/ == (=298 Q.
= (100»1l 97.1

So to get balance point near to 50 em (middle) we should take
3 =3Q, as here R: 5 =29 : 97.1 implies that S is nearly 33 times to
R. In order to make ratio R and S =1 : 1, we must take the resistance
S=3Q, verifies answer (c). -

Q3.4. Two cells of emf approximately 5 V and 10 V are to be accurately
_~—compared usirig a potentiometer of length 400 cm.
“=- () The battery that runs the potentiometer should have voltage of 8 V.
(&) The battery of potentiometer can have a voltage of 15 V and
R adjusted so that the potential drop across the wire slightly
exceeds 10 V.

(¢) The first portion of 50 cm of wire itself should have a potential
drop of 10 V.

(4) Potentiometer is usually used for comparing resistances and

not voltage.

Main concept used: Potential drop across the potentiometer wire
should be slightly more than the emf of primary cell which is to be
measured. e
Ans. (b): Here, emf of primary cells are 5 V and 10 V. So the potential
drop across potentiometer wire must be slightly more than that larger
emf 10 V. So the battery should be of 15 V and about 4 V potential is
dropped by using rheostat or resistances. So verifies answer ().

Q3.5. A metal rod of length 10 cm and a rectangular cross-section of

1cm x % cm is connected to a battery across opposite faces.
The resistance will be
(8} maximum when the battery is connected across 1 cm x % cm faces.
(%) maximum when the battery is connected across 10 cm x 1 cm faces.
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1

(¢) maximum when the battery is connected across 10 cm x 5 an
faces.

(d) same irrespective of the three faces.

Main concept used: R = p% .

Ans. (4): Asweknow R =p i The maximum resistance willbe when
A
the value of *_is maximum, i.e., ‘A’ must be minimum, it is minimum
1
when area of cross section is 1 cm x 7 em. Verifies option (a).

Q3.6. Which of the following characteristics of electrons determines
the current in a conductor?

{(a) Drift velocity alone.

{t) Thermal velocity alone.

(¢) Both the drift and thermal velocity.

(d) Neither drift nor thermal velocity.

Main concept used: [ = Aner,
Ans. (a): As I = Anev,, so current I = v, i.e,, verifies answer (4).

Although I also depends on #, the number of free electrons which
increases on increasing temperature which makes more collision
between electrons increase resistance or decrease current. So Ans. ‘o’
verified.

MULTIPLE CHOICE QUESTIONS—II MORE THAN ONE OPTION

3.7. Kirchhoff’s junction rule is a reflection of

(a) conservation of current density vector.

(b) conservation of charge.

(¢) the fact that the momentum with which a charged particle
approaches a junction is uncharged (as vector), as the charged
particle leaves the junction.

(d) the fact that there is no accumulation of charges at a junction.

Main concept used: Kirchhoff’s junction rule.

Ans. {b) (d): According to junction rule, algebraic sum of current or
charge flowing per unit time towards a junction in an electric network
is zero, i.e., law of conservation of charges verifies answer (b) and no
any charges accumulate at junction as the sum of entering and out
going charge are equal, at any time interval. It verifies answer (d).

Q3.8. Consider a simple circuit shown in figure. stands for
a variable resistance R’. R’ can vary from R, to infinity, # is internal
resistance of the battery (r << R <<R,).
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(2) Potential drop across AB is nearly constant as R’ is varied.
(b) Current through R’ is nearly a constant as R’ is varied.
(c) Current I depends sensitively on R’

A%
(d) IZH—R always.
Main concept used: (i) Property of @R’

resistances in series and parallel, (i) V =IR.

Ans. (@) (d): As r « R « Ry <R’ from question, R
R’>Rand R’and R are in parallel combination, [A Wy B
so the equivalent resistance will be always less 4 1 r

I v
than R. 50 12 -YR and potential across AB

¥
will remain nearly constant. It verifies answers (g) and (d).

Q3.9. The temperature dependence of resistivity p(T) of semicon-
ductors, insulators and metals is significantly based on the following
factors:

(2) Number of charge carriers can change with temperature T.

(b) Time-interval between two successive collisions candependon T.

(c) Length of material can be a function of T.

(d) Mass of carriers is a function of T.

Main concept used: Resistivity (p) = —g—
ne’t

Ans, (4) and (b): We know that resistivity (p) depends on mass of
charge-carrier (m), relaxation time (t). Length and mass cannot be
function of T as the mass of a body is constant everywhere. So discards
answer (d) and length of body changes negligibly with temperature
discards answer (c).

As 1 decreases on increasing T due to rise in speed of charge-
carriers and n increases on increasing temperature. So will affect the
p or p is function of T verifies answers () and (b).

Q3.10. The measurement of an unknown resistance R is to be carried
out using Wheatstone Bridge. Two students perform an experiment
in two ways. The first student takes R, =10 2 and R, =5 Q. The other
student takes R, = 1000 © and R, = 500 Q. In the standard arm, both

students take R, =5 Q. Both find R =%R3 =10 Q within errors,
1
(a) The errors of measurement of the two students are the same.

(b) Errors of the measurement do depend on the accuracy with
which R, and R, can be measured.

{c) Ifthestudent useslarge values of R, and R,, the current through
the arms will be feeble. This will make determination of null
point accurately more difficult.
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(d) Wheatstone Bridge
is a very accurate
instrument and has no
errors of measurement.

Main concept used: A

nn
1 ||I|
Ans. (b) and (c): As the ratio of E

% and standard resistance are same, so value of unknown resistance
1
for both students are 10 Q. So we can say the Wheatstone Bridge is

most sensitive.

The results of both students depend on the accuracy of resistances
used. So answer (b) is verified.

When R, and R, is larger, the current through galvanometer
becomes weak. It will make difficult to find out null point more
accurately. So answer (¢) is verified.

Q3.11. In the meter bridge the point D is a neutral point (Fig.).

R 5
B 1
o B¢ ] [¢

¢ | --L-—--Ppyd----(100-L)----p| o

0cm D ' 100 cm

il

(@) The meter bridge can have no other neutral point for this set of
resistances.

(b) When the jockey contacts a point on meter wire left of D,
current flows to B from the wire.

(¢} When the jockey contacts a point on the meter wire to the right
ot D, current flows from B to the wire through galvanometer.

(d) When Ris increased, the neutral point shifts to left.

_ L oo B L
Main concepts used: (i) Principal of meter bridge 5= 100-1
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(i) When potential difference between two points is zero the
current does not flow, (iif) Potential decreases from A to B.

Ans. (a) and (¢): When jockey is at D, the current does not flow through
galvanometer. So the potentials at B and D are equal. Potentials at
different points on the wire are different, ,

The point D is unigue to get null point verifies the answer (1). When
jockey is shifted to right of D on wire the potential in wire towards right
side becomes smaller or Vg > V, becomes smaller so current flows from
B to D in wire verify the answer (c) and discards answer (5).

When R is increased potential drop across R increases. So potential
at B increases to get null point. Jockey must move to right.

VERY SHORT ANSWER TYPE QUESTIONS

Q3.12. Is the motion of a charge across junction momentum
conserving? Why or why not?

Main concept used: p.=mv,, 7, = EE'?T .

Ans. As we know that drift velocity depends on e, E, T and m as for a
junction point, if the temperature is constant ¢, 1, m is constant so drift
velocity (7,) of electron depends on electric field only i.e., (6 o E).

When a free electron approaches a junction in addition of the
uniform electric field (E) facing it normally as E is constant by cell or
battery so o, is constant.

There is a accumulation of charges on the junction which will

affect the drift velocity or the momentum, so the momentum is not
conserved at junction.
Q3.13. The relaxation time 7 is nearly independent of applied electric
field E whereas it changes significantly with temperature T. First fact
is (in part) responsible for Ohm’s law whereas the second fact leads to
variation of p with temperature. Elaborate (why)?

Main concept used: () Higher 5, makes higher collision, 7,
increases on increasing temperature, (i) Increase in v, decreases
relaxation time.

Ans. As the drift velocity increases, the relaxation time (t) (average

time between successive collision) decreases which increases the p by
formula: p= Tﬂlt .

The drift velocity (v,) changes of the order of one mm on increasing
electric field, whereas the drift velocity increases of the order of
10° m/s when the number of free electrons (n) increases on increasing
temperature (T). So, due to increase in v, the relaxation time (1)

considerably decreases in metal or conductor.
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3.14. What are the advantages of the null point method in Wheatstone
Bridge? What additional measurements would be required to calculate
R (unknown) by any other method?

Main concept used: At null point in Wheatstone Bridge experiment
no current flows in the arm of galvanometer.
Ans. The main advantage in Wheatstone Bridge is that at null point
current does not flow in arm of galvanometer, so no effect of resistance
of galvanometer or no consumption of electric energy or potential
across galvanometer. It is convenient and easy method.

We can calculate the unknown resistance by Ohm’s law in which we
need to calculate the least counts and readings of ammeter and voltmeter.

Unknown resistance can also be calculated by applying Kirchhoff’s
laws to the circuit in which unknown resistance is connected. Here
we have to measure the currents and potential differences across all
components of circuit which makes the method difficult.
3.15. What is the advantage of using thick metallic strips to join
wires in a potentiometer?

Main concept used: R = PK.

Ans. As the area of cross-section of metallic strips in potentiometer

(and meter bridge) is larger than a single wire. So the resistance of
!

strip is much smaller by formula: R = e

A long resistance wire is used in potentiometer by winding it as
shown in the figure,

o AV

i Metallic

g —% strips

g j ' Wires not in
2 B calculation

[0 25 50 75 100]cm
I 1 T 1} + 0
100 75 25 Scule

The resistance below the metallic strips are out of circuit and
calculation which makes easy to take readings and calculations.
Q3.16. For witing in the home one uses Cu wires or Al wires. What
considerations are involved in this?

Main concept used: Resistance and resistivity of metal, cost availability.
Ans. As the metals have low resistivities so metals have low resistance.
The cost of metals used in electric circuits decreases from Ag, Cu, Al,
Fe (steel). But Ag is costly so Cu or Al wires are used in wiring.
Q3.17. Why are alloys used for making standard resistance coils?

Main concept used: Dependence of resistance on temperature,
atmospheric condition must be minimum and cost also.
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Ans. Dependence of resistance on change of temperature, humidity,
pressure, etc, must be negligible. Alloys has small value of temperature
coefficient and are not affected by moisture, etc, ‘

Alloys has higher resistivity in turn the higher resistance so need
smaller length to make coils which decrease the effect of inductance.
Due to these reasons alloys are used to make standard resistance coils,
Q3.18. Power P is to be delivered to a device via transmission cables
having resistance R, If V is the voltage across R and I the current
flowing through it, find the power wasted, and how can it be reduced.

Main concept used: P= VI, P=I°R,

Ans. As we know that P = VI so, to transmit a constant power P
through transmission cable there are two ways:

() Ifa constant power Pis transmitted at low voltage (V) and high
current (I). In this method high current will produce higher
heat by H=I’R and power loss through cable is higher. -

(#9) If a constant or same power be transmitted at high voltage (V)
and low current. It gives lower loss of power as heat. But need
thicker insulation during transmission.

So to transmit high power at long distance, we use low current
and high (132 kV) voltage to minimize heat losses through
towers and thicker (long) insulator.

To transmit power supply at short distance, we can transmit power

atlow 440V, 220 V, 11 kV with higher current.

Q3.19.Ingiven figure ABis potentiometer
wire. If the value of R is increased, in ——II——(.)__%_
E R

which direction will the balance point
J shif§? ]
Main concept used: At null point A

current in galvanometer circuit is zero E B
so potentials at A and J are equal and _'

\'
K=—1o.

AB

Ans. If R is increased current in main circuit will decrease (by V =
IR) as the potential (E) is constant. So in turn potential difference
across AB will decrease (by V=IR). AsR of AB is constant so potential

gradient K = % will decrease. So to balance potential across AB equal

to potential of secondary circuit (E) the length AJ” must be larger than
earlier AJ. So the point J shifts towards B.

Q3.20. While doing an experiment with potentiometer as in the figure, it
was found that the deflection is one-sided and (7) the deflection decreased
while moving from one-end (A) of the wire to the other end (B), (i) the
deflection increased while the jockey was moved towards end B.
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() Which terminal positive or negative

E
of cell E, is connected at X in case ——* {7

(i) and how is E, related to E?

(i) Which terminal of cell E,; is J
connected at X in case (if)? A B
Main concept used: (7)) V = IR, L. E;
(K= X Y

Ans. (i) One-sided deflection in galvanometer decreases when jockey
moves towards B. So the potential in galvanometer circuit
decreases as compared to potential across A] earlier or potential
between AJ’ increases. It is possible when positive terminal of
E, is at X and negative at Y. S0 E; > E.

(i) One-sided deflection in galvanometer increases when jockey
moves from end A to B. So the potential in galvanometer circuit
increases as compared to potential across AJ earlier or potential
between AJ decrease. It is possible when positive terminal of E
is at Y and negative is at X. S0 E; <E.

Q3.21. A cell of emf E and internal resistance r is connected acToss an

external resistance R. Plot a graph showing the variation of P.D. across

R, verses R.

Main concept used: y; _ ER .

R+r
Ans. We know that {_ E andV=IR
R+r
So v=_R (@
R+r
v=_F ID)
7
1+~
R
Here E, r are constants. So
1
Ve - (from I}
1+—
R
and V=R (from 1)

With increase in R, PD. across Ris increased upto maximum value E.

V) 0O RO R
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SHORT ANSWER TYPE QUESTIONS

Q3.22. First set of n equal resistors of R each are connected in series to

battery of emf E and internal resistance R. A current (D) is observed to

flow. Then the # resistors are connected in parallel to the same battery.

It is now observed that the current is increased 10 times. What is 7?
Main concept used: (i) Series and parallel combination of

resistances, (i} | = R, forabattery.
Ans. When n resistances of each RQ are connected in series and

parallel then
R;=R+R+R+..-ntimes = Rg=nR

1 1.1 1 1 _n
—=—+4+—+ —... 7 Hm = =
R, R R R "7 R, R

R

= Rp=;

When r resistors are connected in series connected with battery of
emf E then current (I) flows. So
E (1)

=1
R+#nR
and now n resistances are connected in parallel combination then

current in circuit increased to 10 times of 1

=101
R+5
n
E . 10E
R+® R+aR
1" _ 10
R(l+l) R(1+n)
i
10(1+1)-=1+n
n

10+1—0—l-n =0

1
—n+ 1o +9 =0 [Multiply by —n to both sides]

H
n?-10-9n =0
7-9n-10=0
n?~10r+1n-10=0
n(n-10)+1(n-10) =0
So (n+1) (n-10) =0
or n=-1isnot possible or n=10,
So, there are 10 resistors in combination.
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Q3.23. Let there be n resistors R, ... R, with R, = max(R, ... R;) and
R, = min(R, ... R,). Show that when they are connected in parallel,
the resultant resistance R, <R, and when they are connected in
series the resultant resistance R_>R__ . Interpret the result physically.
Main conceptused: () R, =R +R,+:,
L1 1, 1.1,
@) R, R, R, Ry
Ans. Let R_, and R_,, are the minimum and maximum resistances
among all resistances R, R,, ... R,..
When resistors are connelcl:ed in parallel then equivalent resistance

1 1 1
Rpls ==ttt
RD Rl RZ Rn
Multiplying both sides by R ;, we get,
Ruin _ R | Remin , ., Rnin 1
R, R, R, R,

Among R, R,, .., R, there must be a resistor which is minimum.
So there must be a term imfn in RHLS. of equation (). So RHS. in

min
equation ([) must be greater than 1 as all other terms are also positive.

i
R, R
A A
R R, Rinin
—AAA — AN/
R, R
——— AW
I AR
'y Ry
{a) ®)
Rioax R R
4‘\N\ﬁ
R, R, R, R,
vV \'A
—]! al
(C)R R R (lg)
min _ Npmin min_ ... min .. Rmin
or R, R, + R, + +ijn+ + R, >1
R .
or I'{m“ >1 or R <Ry
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So in parallel combination, the equivalent resistance R, is always
less than any smallest resistance in the combination.

When n resistors are connected in series then equivalent resistance —

R, =R +R,+Rj+--+R. wll

Here, in R.H.S, there must be a term R, Which has maximum

value among R;, R, ... R . As all terms in RH.S, of equation II are

positive so
R, =Ry +Ry+Ry+ - +Ryp 4 +R >Ry,
or R,>R
So in series combination equivalent resistance is always greater
than the maximum resistance R0 among R,R,.,R.

H
Q3.24. Here the circuit shows two
cells connected in opposition to each ' A {] B |
other. Cell E, is of emf 6 V and internal | E E, J
resistance 2 Q, the cell E, is of emf 4 V and
internal resistance 8 Q. Find the potential
difference between points A and B.
Main concept used: Current in circuit from higher to lower

potential, I= E

r
Ans. The above figure can be
redrawn as given here. The
direction of current in circuit
will be as shown in the figure. I

So point B is at higher
potential than A. So V>V,
E;+E, (6-4)V

= =0.2 amp
n+rn (2+8)Q

For positive potential A is near to positive terminal of E, so has
+4 V. So potential across E, and E,;:

E,=V-Ir=6-02x2=6-04=5.6V
E,=V+Ir,=4+02x8=4+16=56V

So potential between A and B = E,=5.6 Volt.

As current is flowing from B to A. So potential at B is larger than A.
Q3.25. Two cells of same emf E but internal
resistances r,, r, are connected in series to
an external resistor R (Figure). What should
be the value of R so that potential difference
across terminals of the first cell become zero?

Main concepts used: 1=

Current (I) in circuit, I =

R+r
V,=E -1, and Kirchhoff's law, Ohms’ law.
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E+E
. . . o | = —— .
Ans. Current [ flowing in the circuit ] Rer+7,
‘ 2E.
V,=E-Ir,=E- B
R+rn+n
The net potential difference across Ist cell V, =0 (Given)
2En _
R+n+rn
2
or R
R+ n+f
2n 1
n+np+R 1
or 2ry=r+r,+R

It is the required condition for the potential difference across Ist
cell to be zero.
Q3.26. Two conductors are made of the same material and have the
same length, Conductor A is solid wire of diameter 1 mm. Conductor
B is a hollow tube of outer diameter 2 mm and inner diameter 1 mm.
Find the ratio of resistances R, to R.

Main concept used: R, = ol

A
Ans. Conductor A (solid wire R,) Conductor B (hoilow tube Rp)
L =1 L =! (Given)
A =nr A, = -mf
r1=Emm=0.5x10'3m r, =Emm=1x10'3m
P =P P2 =P

P
Ra LA _ph A _pL Ay A
Rg E’ﬁ A ph A Pl A4
A

2
2
Ry A, _mn-—my =n(r§—rf)=(r_zJ »
R,. A 2 2 T
B 1 m12 T 1
1x1072
L A . _1=(2P-1=4-1=2
0.5x 10" 1
R,:Ry=3:1

Q3.27. Suppose there is a circuit consisting of only resistors and
batteries. Suppose one is to double (or increase it to n-times) all voltage
and resistances. Show that currents are unaltered.

(See NCERT Textbook Example 3.7)
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Main concept used: 1 =

R+r’
Ans. Casel: Consideracircuithaving external R, R,, ..., connected with
some batteries E,, E,, E,, ... having their internal resistances r,, r,, 75, ... .
Let the equivalent resistance, emf and internal resistance of above
combination is R, E.;, and 7, respectively. So the current passing in
_ P
Reg +7eq
Now the resistances and cells are again connected in a manner that
their equivalent resistance, emf and internal resistances are nReq, nEeq

the circuit, I, =

nE
and nr,, respectively. So again current in new circuit I, = -

MEeq E‘,q
Iz = - = Il
MReq +7q] Req+ Teq
So the current remains same if the R, E and r of a circuit is increased
by n times, i.e. nR, nE, nr.

LONG ANSWER TYPE QUESTIONS [ |

A ———
Q3.28. Two cells of voltage 10V and 2V M E
and internal resistances 10 Q and 5 Q@ 14 vli

. . . 2

respectively are connected in parallel with Hvl oy . I, D

the positive end of 10 V battery connected L

to negative pole of 2 V battery asin figure. 4 0V YL

Find the effective voltage and effective L 10Q 1,

resistance of combination. B —VW—e
Main concepts used: V = IR, Kirchhoff’s law.

Ans. Applying junction rule at A

11Req + iy

.

Apply Kirchhoff’s loop rule on loop B CEF and loop ADEF
10=IR+101, )
2=-IR+51I, I
2=-IR+5(I, 1) [from I]
2=-IR+5I,-5I IV
=-2IR+101,-101 [on multiplying IV by 2] ..V

10=IR+101, :

—6=-3IR-101 [on subtracting (IT) from (V)]
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or 3IR+101=6
I(3R+ 10)=2x3
I(3R +10)

3
= I(R + E) ..Vl
3

Let the effective potential difference due to both batteries is Veg:
will be across res1stance R. S50

eq =IR+ Req) .. VI
Where R, is the resistance of circuit except R
Comparing (VI) and (VII), 10
Veq = 2 Volts and R —?Q

3.29. A room has AC (air-conditioner) that runs 5 hours a day
at voltage 220 V. The wiring of the room consists of Cu wire of
1 mm radius and length of 10 m. Power consumption per day is
10 commercial units. What fraction of it goes in the Joule heating in
wires? What would happen if the wiring is made of the aluminium of
the same dimensions?

[Pe,=17%10°Qm, p, =27x10°Q-m)

Main concepts used: P=1I°R, R= ?:

Ans. Total energy consumed in 5 hrs a day by AC and wiring
=10 kWh
. Energy consumed in 1 hr by AC and wiring
=2 kWh
So total power of AC and wire = 2000 W
P=VI
P 2000

I= —=——=90A
vV 220

Let P, is power of wiring then,
=I’R, [R,, = resistance of wiring]

= gxg.p_.l
A
Ix9x1.7x10%x10  81x17x107%
314x1x10°2 x1x107° 3.14

1377 2
x10™° =4.38 = 4.4 Watt
3 12 0 Wa

So loss of energy in wiring = 4.4 J/sec

44
The fractional loss due to heating of wires = 2000 x 100% =0.22%
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0 JAL
Pa(wiring) PR, "AA,
- = = l,=1 dA, =
P(:u(erlng) IzRCu ey a8ip =iy and Ay, ACu

pCu Acu
27x1078
PP o op S2TX L gawant
P, Pcu 1.7 x10

P, =7 Watt
So power loss in Al wiring =7 Watt

The fractional loss due to Al wiring = F700 x100% = 0.35% .

Q330.In an experiment with E, 1
potentiometer, V; = 10 V. R is —||_° 3
adjusted to 50 Q in the figure, A —e
student wants to measure voltage E, J—_; & A—' E,

of battery (approx. 8 V), finds no null EB;B
point possible. He then diminishes R

to 10 Q and is able to locate the null
point on the last (4th) segment of the
potentiometer. Find the resistance of K,
the potentiometer wire and potential
drop per unit length across the wire in the second case.

Main concepts used: (i) I= %, {ii) Potentials at A and jockey point
N, are equal at balance condition, (iif) Null point is obtained if E, and
E, <V, (wire of potentiometer).

Ans. Let R’ be the resistance of potentiometer wire.
"> Variable resistance, R =50 Q

[ is the current in primary circuit which is at Ez=10V.

I= Ve = 10 =1I(in primary circuit) -1
R+R  50+R’ primary
Potential difference across the wire of potentiometer

V=R
Froml ~ v'= 10R" I
As with R=50 ﬂi%;-istance, null point cannot be obtained by 8 Volt.
So V’ < 8 Volt.
10R” <8 (No balance point)
50 +R’

As 50 + R’ is positive so we can multiply above equation by positive
number and we get
10R’ < 400+8R’
2R’ <400
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R’ < 200 I

Similarly, null point is obtained by R=10 Q. then V"> 8 atbalance point
iti ibl fromI, R=10

So it is possible when O+R >8 (as from )

Similarly, multiply above equation by positive number 10 + R’ to
both sides
10R >80+8R’
2R >80
R’ > 40 LY

3
As the null point is obtained on 4th segment or at of total length
so at %R’ {No balance point)

10x =R’
or 4 <8 (At balance point}
10 +R
So 75R <80+8R
—0.5R" <80
-R" <160
R’ > -160
R’ can never be negative so, 160 Q is considered 160 Q

Any R’ between 160 Q and 200 Q will achieve null point. Since the
null point is on last 4th segment of potentiometer wire, so the potential
drop across 400 cm wire > 8 Volt.

So K400cm > 8V (At balance point)

K>3 Volt/cm
400

K> % Volt/m
K > 2 Volt/m
As balance point is at 4th wire, so no balance point at 3 m,
ie., K3<8 (No balance point)
K< %Volt/m
K< 2—2— Volt/m
So 22V/m>K >2 Volt/m|-
3 R=6Q
Q3.31. () Consider circuit in figure. How much
energy is absorbed by electrons from
the initial state of no current (ignore 1 Iy
thermal motion) to the state of drift V=6V

velocity?
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(b) Electrons give up energy at the rate of RI per second to the
thermal energy. What time scale would one associate with
energy in problem (a)?

n = Number of free electrons/volume = 10%/m?

Length of circuit =10 cm

Cross-sectional area = A= 1 mm?,

1
Main concepts used: I = Anev, KE= —- m v5 per electron, ohmic

2
loss of energy per sec =RIZ, V=RL
Ans.  A=1mm?=10"%m? R=6Q
n = 10®/m? V=6V
19 v_e
e=16%x10""C I=§=g=1amp
m,=9.1x10% kg I=10cm=10"m
(@ - I=Anev;
s 1 m/s
© YT Ane T 109 x10P x1.6x 107

1 w6+19-29 1 4
= —x10 1
16 16 <10 m/s

1
KE = Emvﬁ per electron

Number of electrons (free} in wire = n {(volume of wire)
=n XAl

. KE of all electrons = %mvﬁ Anl
10*x10™
1.6x1.6
x 10731787+ - 1 78 x 107%+%

KE= %x 9.1x 107 x x 107 % 10% x 10~

_ 91
T 2x256
= 1.78 x 1077].
So, to start flow of current I, the electrons will take energy from cell
= KE of all electrons =1.78 x 10717 ]
(b) Loss of energy during current flowing = I’R.
P =1x1 x6=6 Joule per second

Energy = P.t
E_178x1077
or t= = =————
P 6

0.29 x 107 sec = 0.3 x 10777
3 x 108 gecond.

nom

Qag
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4 Moving Charges and
I B8 Magnetism

MULTIPLE CHOICE QUESTIONS—I
Q4.1. Two charged particles traverse identical helical paths in a
completely opposite sense in a uniform magnetic field B =B k.

(a) They have equal z-components of momenta.

(b) They must have equal charges.

(c) They necessarily represent a particle-antiparticle pair.

(d) The charge to mass ratio satisfy (i) + (i) =0
./ /2

2mmy cos 0

Main concepts used: (i) Pitch, P = Bg ,
(i7) Law of conservation of momenta.

2nmov cos 0

Ans. (d): For a given pitch, P= Bg

4 _2mwcosd [0 is angle of velocity of charge
m BP particle with X-axis}]

If motion is not helical, 8=0.
As path of both the particles is identical and helical but of opposite
direction in same magnetic field so by law of conservation of momenta

LGl =o
mh \mj;
So, verifies answer (d).
Q4.2. Biot-Savart law indicates that the moving electrons (with
velocity v) produce a magnetic field B such that
(@) B is perpendicular to velocity v.
(b) B is parallel to ».
(c) it obeys inverse cube law.
(d) it is along the line joining the electron and point of observation.
Main concept used: Biot-Savart law.
Ans. (a): By Biot-Savart law, 4B = La 521n o
r
Ixdl

or dB = "
I can be considered flow of charge.
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So the magnetic field is perpendicular to the direction of flow of
charge verifies answer ‘a’.

Q4.3. A current-carrying circular loop of radius R is placed in x-y
plane with centre at origin, Half of the loop with x > 0 is now bent so
that it now lies in the y-z plane.

(@) The magnitude of magnetic moment now diminishes.

(b) The magnetic moment does not change.

(c) The magnitude of B at (0, 0, z), z >> R increases.

(d) The magnitude of B at (0, 0, z), z>> Ris unchanged.

Main concept used: Direction of magnetic field due to circular
loop (Right-Hand Thumb-Rule).

Ans. (a): As the direction of magnetic field due to current-carrying
circular loop is perpendicular and it is perpendicular to plane of loop
and unidirectional.

In first case, direction of magnetic field is only in positive x-z
direction but when it is bented then half of B is along z-x axis (due to
unfolded loop) and half of B is along +x direction so vector sum of B
will decrease. Verifies answer (a).

Q4.4. An electron is projected with uniform velocity along the axis of a
current-carrying long solenoid. Which of the following is true?

(a) Electron will be accelerated along the axis.

(b) The electron path will be circular about the axis.

(¢) The electron will experience a force at 45° to the axis and hence

execute a helical path.

(4) The electron will continue to move with uniform velocity along

the axis of the solenoid.

Main concept used: Lorentz force.

Ans. (d): The Lorentz force acts on a charged particle in a magnetic
and electric field is F = g[E + v x B]. As there is no E, force due to E.F.
is zero and force due to B is perpendicular to the direction of v and B
which will be perpendicular to the direction of motion (v), so will not
affect the velocity of moving charge particle. So verifies answer (d).
Q4.5. In a cyclotron, a charged particle

(2) undergoes acceleration all the time,

(b) speeds up between the dees because of the magnetic field.

(c) speedsup inadee.

(d) slows down within a dee and speeds up between dees.

Main concept used: Working of cyclotron and motion of charged
particle in magnetic field, electric field or both.

Ans. (a): There is crossed electric and magnetic field between dees
so the charged particle accelerates by electric field between Dee’s
towards other Dee.
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Inside dees, there is no electric field due to shielding effect of charge
or field. So only magnetic force keeps the circular motion of charged
particle inside (any circular motion is also accelerated).

So the charged particle accelerates inside and between dees always
verifies answer (a).

Q4.6. A circular current loop of magnetic moment M is in an arbitrary
orientation in an external magnetic field B. The work done to rotate
the loop by 30° about an axis perpendicular to its plane is

(&) MB (b)?MB ORI PES

Main concept used: Work done by loop in orientation
= MB(cos 8, —cos 8,). Where M =N/A
Ans. (b) and (d): When the axis of rotation of loop is along B then angle
between B and A is 90° always. So WD by loop to rotate i.e, WD =MB
cos 90°. So WD is zero. Verifies option (d).
But when the axis of rotation of loop is not along the direction of B,
then direction of vector B and A will change with time.
Work done by loop during orientation in uniform magnetic field
= MB(cos 8, — cos 6,) =MB cos 0

= MB cos 30° = MB%_:i

S0 answer (b) is verified.

MULTIPLE CHOICE QUESTIONS—II MORE THAN ONE OPTION
Q4.7. The gyro-magnetic ratio of an electron in an H-atom, according
to Bohr’s model is

(a) independent of which orbit it is in.

(b) negative.

(¢) positive,

(d) increases with the quantum number n.

Main concept used: Gyro-magnetic ratio,

_ Magnetic moment of e
He Angular momentum of e’

Ans. (2) and (b): Magnetic moment of

e=TA="2.n’
T
M = —enr’ " —enr’p _ —€ur
S " Tm 2
)

The angular momentum of e = L. = mor
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. Gyro-magnetic ratio, = Magnetic momentofe _ —eor e .
¢ Angular momentumofe 2mur 2m
So it is independent of velocity or orbit of e depends only on charge
and is with negative sign, i.e. u, of e is opposite of any positive charge.
So verified answers (2) and (b).
Q4.8. Consider a wire carrying a steady current I placed in a uniform
magnetic field B perpendicular to its length. Consider the charges
inside the wire. It is known that magnetic forces do not work. This
implies that,
(#) motion of charges inside the conductor is unaffected by B since
they do not absorb energy.
(b) some charges inside the wire move to surface as a result of B.
(¢) if the wire moves under the influence of B, no work is done by
the force.
(d) if the wire moves under the influence of B, no work is done by
the magnetic force on the ions, assumed fixed within the wire.
Main concept used: Force on current-carrying conductor placed in
magnetic field B is equal to B! sin §, its direction is perpendicular to B
and I (or [}. .
Ans. (b, d): Force (F) on current-carrying conductor by magnetic field
B is perpendicular to B. So by formula—
F=BILsin0=IxBxL
F is perpendicular to B and L both by Fleming’s Left-hand Rule.
So work done by magnetic field is W = F.l cos 8.
W =F.l cos 90° will be equal to zero. Verifies the answer (d).
Due to magnetic induction some charges can move on the surface
of conductor verifies answer (&).
Q4.9. Two identical current-carrying coaxial loops carry current I in
an opposite sense. A simple amperian loop passes through both of
them once. Calling the loop as C,

@) (ﬁc B.dl =32,
(b) the value of QSCB.dI is independent of sense of C.

(c) there may be a point on C where B and di are perpendicular.

(d) B vanishes everywhere on C.

Main concept used: Ampere’s circuital law.
Ans. (b) and (c): Loops are identical placed coaxially and carrying
same current in opposite sense. So inside amperian loop of any type
direction of current will be opposite by Ampere’s circuital law

@CB.dz =po(I~1) =py(0)=0
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As the magnetic field inside (over everywhere) the loop is
perpendicular to the direction of plane of loop, so

¢.B.dI = 1B.dl1 cos 90° = 0

So, answers (b) and (c) are verified.

04.10. A cubical region of space is filled with some uniform electric
and magnetic fields. An electron enters the cube across one of its
faces with velocity v, and a positron enters via opposite face with
velocity —v. At this instant,

(a) the electric forces on both the particdes cause identical

- accelerations.

(b) the magnetic forces on both the particles cause equal

accelerations.

() both particles gain or loose the energy at same rate.

(d) the motion of centre of mass (CM) is determined by ‘B’ alone.

Main concept used: Lorentz force, F = 4(E + v x B).

Ans. (b), (c) and (d): As F = gE here E is same but g is in opposite
nature force. Electric force or acceleration is not identical. It discards
answer (a).

As the F = qu x B, i.e., F is perpendicular to velocity and magnetic
field, so particle revolves perpendicular to both B and  with uniform
speed. But magnitude of acceleration by magnetic field is equal. It
verifies answer (b).

As magnitudes of charge 3, E and B are constant, so gain or loose
the energy at the same rate verifies answer (c).

As there is no change in centre of mass of particles therefore
the motion of centre of mass is determined by B alone. It verifies
answer (d).

Q4.11. A charged particle would continue to move with a constant
velocity in a region wherein,

(#) E=0,B=0, () E#£0,B=#0

() E#0,B=0, @ E=0,B=0

Main concepts used: (i) Lorentz force, (i) How the net force on
charged particle may be zero.
Ans, (a), (b) (d):

We know that F; =F,+F, =qE +qv xB .
The velocity 7 of a charge (q) particle in magnetic field (B) and
electric field (E) will be constant. If Lorentz force (F, ) on 4 is zero. As
F.=qE+4oxB
i.e., for constant v F,=0
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() WhenE=0,butB=0, then for F, =0
q0)+qoxB=0 or g(vxB)=0 wl
q % vx B will be zero as the force F, is L to the direction of B an
v both (By Fleming's left hand rule) F_ = 0. So, verifies option
{a).
(i) 1fB=0, E+0, Consider F,, =0 may or may not be as under
qE +q(7 % B) = 0

gE+vxB)=0
g#0soE+({(vxB)=0
or gE = —(v x B)

Above two forces F and F, may be equal and opposite when
the direction of E is opposite to direction of (v x B) and the
magnitude of E and B must be in such a way that
(4E) = q(w x B)
ie, IEl =oxB
= E.F. must be (7| times of B and perpendicular to B.
(i) B=0,E+0
qE=0
It will change the velocity or direction of v and v cannot be
constant discards option (c).
() WhenE=0and B=0. ThenqE +qv x B=0
0+0=0
S0 no force acts on charge particle. Hence it will move with
uniform velocity, verifies option (d).

VERY SHORT ANSWER TYPE QUESTIONS

Q4.12. Verify that the cyclotron frequency m=£§ has the correct
dimensions of [T] ™. m
Main concepts used: (i) For a circular motion, there must be
centripetal force perpendicular to velocity. (i) Magnetic force is
perpendicular to motion of particle.
Ans. In cyclotron, charged particles revolve in circular orbit due to
magnetic force which acts perpendicular to the velocity of particle.
2
So it provides the centripetal force for revolution. So, mTv:, qo X B.
Here, 8 =90° as 6 is angle between % and B
2 2
mo v 4B
—_—= B —_— e
R ™ 7 R m
®= % so dimensions of below must be equal.

or B
m

W

Moving CHARGES AND MAGNETISM



http://www.cbsepdf.com

www.cbsepdf.com

N AT

2]-()m

So dimensions of  is [T™].
Q4.13. Show that a force that does no work must be a velocity
dependent force.

Main concept used: W.D. =F.dl
Ans. As work done by force is zero, so

dW =Fdl=0
= F.El—xdt =0
dt
dW=Fvdt=0
dt#0 [~ Fv=0]

So F must be velocity-dependent, i.e., angle between F and v must
be 90° always, then

For Ev=0
Fo cos 8 = cos 90°
0 = 90°

If v changes direction then to make © = 90°, F must change angle
according to v. So F is dependent on v to make work done zero.
0Q4.14. The magnetic force depends on & which depends on the inertial
frame of reference. Does then magnetic force differ from inertial frame
to frame? Is it reasonable that the net acceleration has a different value
in different frames of reference?

Main concept used: Propagation of electromagnetic waves.

Ans. The magnetic force changes from inertial frame to frame, i.e. the
magnetic force depends on frame of reference. So the net acceleration
which comes into existence out of this is, however, frame independent
(non-relativistic physics) for inertial frame. '
Q4.15. Describe the motion of a charged particle in a cyclotron if the
frequency of radio frequency (rf) field were doubled.

Main concept used: In cyclotron, frequency of charged particle is
equal to the frequency of radio, (T = % .

Ans. When the frequency © of electric field (oscillator) is doubled, the

2
time-period (T = f-) becomes half. So the charged particle will take
half time to reach between dees. Hence, a charged particle accelerates
as it moves in circular path between the dees during motion in Dee’s
the radius of moving charged particle remain same.
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Q4.16. Two long wires carrying current
I, and L, are arranged as shown in figure.
The one carrying current I, is along the
X-axis. The other carrying current L is
along a line parallel to Y-axis given by
X=0, Z =d. Find the force exerted at O2
because of the wire along X-axis.

Main concept used: RHGR to find the x4 1
direction of magnetic field and F = Bl sin 6.
Ans. We know that force on current (I) carrying conductor placed in
magnetic field B is

F=BxIdl =Bl sin 6.

The direction of magnetic field at O, due to the current I, is parallel
to Y-axis and in -Y direction.

As wire of current L, is parallel to Y-axis, current in L, is also along
Y-axis. So I, and B, (magnetic field due to current I,) are also along
Y-axis i.e., angle between L, and B, is zero. So magnetic force F, on wire
of current L is F, = B, L, dl sin 0° = 0,

Hence, force on O, due to wire of current I, is zero.

SHORT ANSWER TYPE QUESTIONS

Q4.17. A current-carrying loop consists of 3 identical quarter circles
of radius R, lying in the positive quadrants of X-Y, Y-Z and Z-X planes
with their centres at the origin, joined together. Find the direction and
magnitude of B at the origin.

Main concepts used: (i) Direction of magnetic field in a current-
carrying loop, (ii) Magnitude of magnetic field B due to an arc.
Ans. Considerin figure, 3 quadrants of conductors AB, BCand CDalong
positive X-Y, Y-Z and Z-X planes
respectively, A and D are connected
to a battery which is responsible
to flow current I through the three
quadrants of radius R coordinate
of Aor D (R, 0, 0), B(0, R, 0) and of
C(0, 0, R). Now the direction of
magnetic field by right-hand thumb
rule due to quadrants AB, BC and
CD are +B,, B, and B, along +Z, +X
and +Y directions respectively. So,
at the centre ont quadrant

. B:.u_ol'i.
2nR 2=
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_ gl
8nR
So M.F. due to quadrants AB, BC and CD at their centre O are B,, B,
and B, respectively.
| S 1 " 1 I -
So net magnetic field at origin due to three current-carrying loops

B=B, +B, +B,. |
B= :LR [i+]+k]

The resultant of B,,B, and B, will be diagonal OR of cube of side B,,
B, B,as the IB,| = |B,| = IB,|
Q4.18. A charged particle of charge ¢ and mass m is moving in an
electric field E and magnetic field B. Construct dimensionless
quantities and quantities of dimension [T].

Main concept used: How a charged particle moves in a magnetic
and electric field.
Ans. When a charged partide is placed in an electric and magnetic
field, its motion will be circular, and centripetal force is applied by
magnetic force F,, = quB sin 90° = quB.

Centripetal force = MY_ is balanced by F,, = qvB

or - =guB
R qu
2.8
R m
v=wR and g=e
w=2-fB
R m

Dimensional formula for angular velocity o

o-[2]-{g]-m

Q4.19. An electron enters with a velocity o = vog into a cubical region
(faces parallel to coordinate planes), in which there are uniform
electric and magnetic fields. The orbit of electron is found to spiral
down inside the cube in the plane parallel to X-Y plane. Suggest a
configuration of fields E and B that can lead to it.

Main concept used: Motion of charged particle in magnetic and
electric field is helical. .
Ans. The velocity of electron is 7 = 74, i.e., along X-axis so magnetic
field is in Y direction.

B=Bk
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The moving electron enters into cubical region. The force on
electron due to Lorentz force

EF,= —e[sz x BIE] = —evoB}
which revolve the electron in X-Y plane.

The force due to electric field F, = eEk accelerates electron along
Z-axis which in turn increases the radius of circular path. So the
motion becomes helical path.

Q4.20. Do magnetic forces obey Newton’s third law? Verify for
two current elements dl, =dIi located at the ongm and dl, =dlj located
at (0, R, 0). Both carry cun'entI YA

Main concept used: The direction of T
magnetic field due to current-carrying I H dl,
conductor. And direction of force on current- O,R.0)
carrying conductor placed in magneticfield. "~ L»
Ans. The direction of magnetic field on dl, U 3 0.0 X
due to magnetic field B, by dl, will be along / ©00) d
+Z direction by Right-Hand Grip Rule, i.e., 7
directions of I, and B, are perpe:ndicular.

Force on dl, due to dl, = B,Ldl, sin 90° =B, L1,

Similarly, angle between magnetic field B, and current I, is 0°, So
the force acting on d!, due to dl,

=B,], dl, sin 0°=0.

Idi, I~Id1 I =1dil

So magnel:lc force existing on dl, is zero but on dl, due to dl, is not
zero so magnetic forces do not obey Newton’s third law
Q4.21. A multirange voltmeter can be R, R, R,
constructed by using a galvanometer
circuit, as shown in figure. We want to
construct a voltmeter that can measure
2V, 20 V, 200 V using galvanometer
of resistance 10 © and that produces
maximum deflection for current of 1 mA, R;=10Q 2V 20V 200V
Find R;, R, and R, that have to be used.

Main concept used: Resistance of galvanometer R, R, R,and R,
are in series and G can tolerate I, = 1 mA.

Ans.For2V; (R+R1)—2V
1x10’§[10+R1]
R, = 2000 -10=1990 <.
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For 20 V: IR, +R)=V “R=R; +R,
LIR +R, +R,] =20V
10310+ 1990+ R,] =

R, = 20000 - 2000

R, = 18000 2 =18 kQ.
For 200 V: LIR, +R +R; +R;] =200V “R=R,;+R)+R,

1073[10 + 1990 +18000 + R,] = 200
20000 + R, = 200000
R, = 200000 - 20000
= 180000 Q =180 kQ

Hence, R1=199OQ;R2=181<Q;R3=180k.Q

Q4.22. A long straight wire carrying current  p Q
of 25 A rests on a table as shown in figure. =~ &———7>—*
Another wire PQ of length 1 m and mass 'h

2.5 g carries the same current but in opposite A 4 B

direction. The wire PQ is free to slide up and
down. To what height will PQ rise?

Main concept used: Direction and magnitude of magnetic field
due to current-carrying conductor and force on a current-carrying
conductor placed in magnetic field.

Ans. Wire PQ must experience a repulsive force due to magnetic field
by wire AB.

Let the wire is balanced at height k thus, magnetic force due to wire
ABonPQ=mg

F,=mg

Let magnetic field due to AB at height h is B, and length of PQ is ,,

balanced at height k. The angle between B, and I in PQ is 0°.

ul BLl,sin0=mg
Holy
th Izlzsm290 =mg [[,=L,=1=25A]
Kol =m
B
2mh

pl’l,  4mx107 x25x25x1
2% mg 2nx25x10“3x98

2 x 625 20
X625 1072 =20% D 104 m e 51 x 104 m

LONG ANSWER TYPE QUESTIONS
Q4.23. A 100 turn rectangular coil ABCD (in X-Y plane) is hung from
one arm of a balance as in figure.

Amass 500 g is added to the other arm to balance the weight of coil. A
current of 4.9 A passes through the coil and a constant magnetic field of
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0.2 T acting inward (in X-Z
plane) is switched on such
that only arm CD of length
1 cm lies in the field. How
much additional mass m
must be added to regain the L x x

X x x X7

balance? ~X* xp 4=—<——Bin Y direction

Main concept used: (i) Force experienced by current carrying
conductors due to M.F. (ii) Weight of coil measured by beam balance
is 500 gm.

Ans. The magnetic field is perpendicular to arms BC and AD, so
torque will act on CD and AB arms due to it, coil rotate.

When current of 4.9 A does not pass through the coil the balance
measures mass of coil 500 g.

On arm AD and BC of rectangular coil magnetic force due to M.F.
will be equal and opposite so it will rotate the coil horizontally not
vertically up or down. So does not affect the balance.

When current of 4.9 A passes through the coil, downward force acts
on arm CD due to magnetic field. Length of arm CD is 1 cm (1052 m).

Force acting onarm CD=F,, = BxLI=Bllsin
[0 is angle between B and I in CD]
= 0.2 x 4.9 x sin 90° x 1072
or F,=098x102N

Now let the weight mg is added on other side of beam balance to

balance the coil

mg=F_
mx9.8 =098 x 102
m = %—x104=10’3kg=lg.

Q4.24. A rectangular conducting loop consists of two wires on two
opposite sides of length '/’ joined together by rods of length ‘d’. The
wires are each of the same material but with cross-sections differing
by a factor of 2. The thicker wire has a resistance R and the rods are
of low resistance, which in turn are connected to a constant voltage
source V. The loop is placed in a uniform magnetic field B at 45° to
its plane. Find the torque (t) exerted by the magnetic field on the loop
about an axis through the centres of rods.

Main concepts used: R = %l, F =BILsin® V=IR.
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Ans. I

L RQ
F, 1.V
I

AsR = PXE’ the thicker wire has resistance R Q then resistance of thinner

wire 2R Q as both the wires are of the same material with same length
but differing in area of cross-section by factor 2 (as given).

o W \"
V.=IR, = I.=5=7 and [, =—%
011 1= R, R #M42%5
: BVOI . o BVol
So F1=B11151n9=—R~SIn45 =75-‘E-
F. = BLI sin 8 = BVylsin 45° BVl
27 BLisin®= ") 2J2R
BV,! BV,ld
= Fd=2y and o= BV
1 1 ‘JiR an 2 ZJER
BV,id BV,ld
Net torque = 1=1, -1, = J__ZOR— ZJ_;R
BVuld[ 1] BV,ld
T=—| ]l |=—
VR U 2] 2R

Q4.25. An electron and a positron are released from (0, 0, 0) and
(0, 0, 1.5 R) respectively in a uniform magnetic field B = Byi, each with
an equal momentum of magnitude f = ¢BR. Under what conditions on
the direction of momentum will the orbits be non-intersecting circles?
Main concept used: The boundaries of two circles of radius r, and
t, will not overlap if the distance (d) between their centres is greater
than (r, +7,).
Ans. As B=B;i so magnetic field is
along +X-axis. The circular motion of
the momenta of both an electron and a
positron are in Y-Z plane. Let p, and p,
are the momentum of the electron and
positron respectively, the magnitude
of charge and momentum of both are
equal so they revolve in Y-Z plane due to
MEFB = Boi. but in opposite sense with
same radius R as the direction and p,
and p, are opposite.
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Let p; and p, make an angle +0 (~8) with Y-axis, as shown in the
above figure.

The centres of the respective circles must be perpendicular to the
momentum and at a distance R. Let the centre of revolving electron and
positron are C, and C, respectively so co-ordinates of

C, will be (0, + R sin 6, R cos 8) and that of C_ will be
(0,—Rsin0,%R—Rcose .

The planes of circular paths are in Y-Z plane.

The condition that the circular path of the electron and positron are
non-intersecting circles is that the distance (d) between their centres
must be greater than 2R

id>d>2R

& = (=2 + (W, — ) + (2, - 7,
2
= (0~0)?+ (+R sin 0 + R sin 0)? +(R cosB-—%R+RcosOJ
3 2
= (2R sin §) + (ZR cos 0 —ERJ

= 4R?sin% 0 + 4R2 cos? © +%R2 —6R? cos0

= 4R2 +%R2 —6R%cos® - (D
d>2R
d? > 4R?
4R? +%R2 - 6R%cos0 > 4R?
9

ZRZ -6R%cos0 >0
3R? (%—2(:059] >0

3R? > 0 rejected
—2cos 0> —
4

cos @< % is the condition that two circular paths do not intersect; 0 is

angle of momentum of electron or positron with Y-axis.

Q4.26. A uniform conducting wire of length 12 4 and resistance R is
wound up as current-carrying coil in the shape of (i) an equilateral
triangle of side a (i7) a square of side g, (iif) a regular hexagon of side
a. The coil is connected to a voltage source V. Find the magnetic
moment of the coils in each case.
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Main concept used: Magnetic moment of a coil of n turns, M = nlA,

Number of turns in coil = Lef\gth of wu'e. .
Perimeter of coil

Ans. (i) The coil of shape equil?g:zeral A is made up with side 4. So
a
number of turns in coil = a=4turns

J‘

- Magneticmoment =nlA=4xI1x —

Magnetic moment of triangular coil = JE 1a*.

(i) Number of turns in coil of square-shape of side a = 12 _ 3 turns

So magnetic moment due to square shaped coil
=nlA =3I x ¢ =31a*
(iif) For a regular hexagon-shaped coil of side 4, number of turns in
coil
12a

62
Magnetic moment = nlA = ZI[\/E ) 6= 3\[— 1a2.

Q4.27, Consider a circular current-carrying loop of radius R in the X-Y
plane with centre at origin. Consider the line integral

IW=

(#) Show that 3(L) monotonically increases with L.

(b) Use an appropriate Amperian loop to show that 3(e0) = pl,
where | is the current in the wire.

(c) Verify directly the above result.

(@) Suppose we replace the circular coil by a square coil of side R
carrying the same current I. What can you say about S(L) and
3()?

Main concept used: Ampere’s circuital law.

Ans. (2) B(z) point in the same direction of Z-axis and hence S(L)
is monotonical function of L as B and 4! are along the same
direction. So

B.dl = Bdl cos 0 = Bdl cos 0° = Bdl.
() 3(L) + Contribution from large distance on contour C = p[.

taken along Z-axis.

L
j Bdl
-1

o AS L —> o0
1
Contribution from large distance — 0. (AS Boc r—s)
3 (=) ~ Mol-
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(¢) The magnetic field due
to circular current-
carrying loop of radius
R in XY plane with
centre at origin at any
point lying at distance
a from origin.
Consider a loop of
current-carrying
conductor placed in
X-Y plane. A point P
is in +Z direction at y
distance z, i.e. OP = z.
Again consider an element dz on loop of conductor as shown
in figure below.

Let angle between R and QP =0 then magnetic field at Pdue to loop is

2
Bz = +°1R2n3—/2 [Integrating both sides w.r.t.z and z
2(z"+R%) can vary from —d to +d]
Bidz =
_I” ;[, 2(z* +R?)*?
4
tan 6 = —
R
z=Rtan @
Differentiating both sides:
dz = R.sec’0.d0
cosQ = R
\/zz +R?
R
cos? § = T
o oo 2
R d
j Bzdz = e _[ =

2 L(Z+R%) (2 +R?)
/2
_"ﬂj C0526~—_—R sec” 0.4 [ c059=—R—]

2 JZZ+R? yz* +R?
“.0:[ +7/2 R de n/2

—?_TLZ——,———ZZ+R2 TO 1_[/ cos 040
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Bolp . w2  Mol| . ® . —T
- Bl oy, = B snd -on 7Y

ol Tos
= —2—[1+1]=]J.OI= JBZ.dZ-:l..lOI

(@) Because the area of square loop is smaller than the area of
circular loop, for the same length of conducting wires, hence

loop B(z)s‘._lm,'e toop < loop B(z) circular loop

35(L)sg. = B5(L)ctrcutar [ length of conducting wire are equal]
By using arguments as in (b) part, Bz does not depend on length
of wire
o B(e) sq.loop — 3 (=) circular loop
Magnetic field due to circular or square loops remain same, i.e.

(Bz)circula: loop = (Bz)squm'e loop = l“"()I

So, (o) sq.loop = 3 (*®) circutar loop = 1l Hence proved.

Q4.28. A multi-range current meter
can be constructed by using a
galvanometer circuit as shown in
figure, We want a current meter that
can measure 10mA, 100mAand 1 A
using a galvanometer of resistance
10 Q and that produces maximum
deflection for current of 1 mA.Find A B C D
S,, S, and S, that have to be used. 10mA 100mA 1A
Main concept used: Galvanometer can be converted into ammeter
by lowering its net resistance by using shunt of proper value and
using Kirchhoff’s law.
Ans, We can measure the currents of magnitude 10 mA, 100 mA and
1 A by connecting ammeter A with B, C and D respectively. So,

forl0mA — LG=(I-L)(5;+5,+5y) ()
for100mA —»  L(G+5)=(1-L)(5,+5y) ..(I)
for1A — LG+S5,+5) =(I-1)5, (1T
L=1 mA=10%A and G=10Q
10°x10 = (102-107) (5, +5,+5,) [from ()]
= 10 = (10~1) (S, +5,+S,)
= 10 =9(5,+5,+5,) -..(TV)
10310 +8,) = (107 - 1072 (S, +5,) [from (II)]
= 10+5, = (100-1) (S, +5,)
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10+5, = 99(S,+S,) (V)
10%(10+5, +S,) = (1-10% (S,) [from (TIT)
10+5, +5, = (1000-1)S,

10+S,+85, =999 S, (VD)
10+5; = 99(S, +5,) [from (V)]
10 = 9(S,+S,+S,) [from (IV)]
10
5 =515+ [from (V)]
10 S
§+§}= S,+5, [from (V)]
10_10_5 _g
9 99 99 !
110-10 S,
_Sl it
99 99
100 _ 998+, _ 100_100
99 99 99 99 "1
5,=1Q
10
35 “1+5,+5 [from (IV)]
1
9 ~5:2%5,
10 S, S
S, = — +—L 4+ 2 fr
3~ 999 T 999 * 999 [from (VD]
10 1 S,
= ——t——t+—= G =
Sy 999 999 999 [ 5=19]
11 S
> 999 " 999
S, = %_53 [%: S, + 5, from above]
1 11 S,
=-——— 2 fr
9 999 990 (érom I
g .S _ -1
27 999 999
1000, _ 100
999 "2 999
S,=01Q
10
Sl+Sz+S3=? (from IV)
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= 1+01+S—%

. 6, -0 1 _100-99 1
9 10 90 9%

Hence, 5,=1Q;5,=0.1€;5,=0.010Q

'Q4.29. Five long wires A, B, C, D and E each carrying current I are
arranged to form edges of a pentagonal prism as shown in figure.
Each carries current out of the plane of paper.

Front side
(2) What will be magnetic induction at a point on the axis O? Axis
is at a distance R from each wire.
() What will be the field if current in one of the wires {say A) is
switched off?
(c) What if current in one of the wire (say) A is reversed?
Main concept used: Magnetic field due to current-carrying

conductor at distance Ris B= ——.

Ans. (z) Figure shows that five conductors AA’, BB’, CC’, DD’ and EE’
are along height of regular pentagonal prism ABCDE.

—~ ;I A’ ’
AT € W
Q_R_‘_’.;QE' R \

E Y Oy K--90 \

\\ [R Cé I \‘ ! A

(W R rI \; —’fAEI

& » -&

D I D’

It is given that five identical conducting wires are along the
heights of regular pentagon, represented in figure above by
AA’, BB’, CC’, DI, and EE". Axis of regular pentagon is OO’
will be equidistant (R) from all five conductors, the current is
passing through all five conductors are equal let (T).

As the current in all 5 conductors are equal to I and the distance
of O from conductors is also equal to R then magnitude of
magnetic field due to each conductor will be equal, i.e.

. 1
By =[B,] = [B| = [B,| =[B5| =B~ 22
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The direction of magnetic field induced can be find out by right
hand grip rule, then direction of induced magnetic field at ‘O’
due to AA” will be perpendicular to both AA’ and AO. Angles

between any two consecutive magnetic field is %365& =72°

As shown in figures given here
O f ¥
B®
I
i A’
A I x
z
Fig. shows the direction of Fig. shows the direction of B,, B,,
magnetic field B, due to AA’ B, B, and B, due to conductors
conducting wire AA’, BB, C(’, DI, and EE’

respectively
As B =B, = B, = B; = B, = B; and angle between consecutive
magnetic fields is 72° or symmetric in 360° so their resultant at
O will be zero, i.e.
B,+B,+B;+B,+B; =0
Hence, the induced magnetic induction at O due to five
conductors as shown in figure is zero.
{(t) When current in AA’ is switched off, then B, =0 and resultant
becomes R=B,+ B, +B, + B,
But from () part B; + B, + B; + B, +B. =0

or B,+B,+B,+B; =-B,
R=-B,

Hol

R e c—

2nR

i.e. direction of resultant is opposite to B,.
{c) Here, on reversing the current in AA’, direction of magnetic
field due to AA’ becomes -B,,
R=B,+B,+B,+B,
|-B,l = IB,l = IB;1 = IB,l = IB;| =B
- net induced magnetic field at O becomes
-B+B+B+B+B =33B I
Ho
R= L
2nR
[ [
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5 Magnetism and
| B Matter

MULTIPLE CHOICE QUESTIONS—I

Q5.1. A Toroid of n turns, mean radius R and cross-sectional area a
carries a current L It is placed on a horizontal tabie taken as x-y plane.
It's magnetic moment m —

(4) is non-zero and points in z-direction by symmetry.

(b) points along the axis of toroid (M mo).

(c) is zero otherwise there would be a field falling as -13— at large
distances outside the toroid. L4

(d) is pointing radially outwards.

Main concept used: No magnetic field outside the toroid. Magnetic
field only inside the toroid and M=IA.
Ans. (c): We know that there is no magnetic field outside the toroid.
So outside, the M.F. falls very rapidly as it is inversely proportional to
third power of distance from centre of toroid.

By Amperian circuital law, there is no any current so no magnetic
moment outside. Verifies answer (c).
Q5.2. The magnetic field of Earth can be modelled by that of a point
dipole placed at the centre of Farth. The dipole axis makes an angle
of 11.3° with the axis of Earth. At Mumbai, declination is nearly zero,
then

(4} the declination varies between 11.3° W to 11.3° E.

(b) the least declination is zero.

(c) the plane defined by dipole axis and the earth axis passes

through Greenwich.

(d) declination averaged over the earth must be always negative.

Main concept used: Magneticdeclination is an angle between angle
of magnetic meridian and the geographic
meridian.
Ans. (7): As the earth’s magnetic field can be
considered similar to that of a hypothetical
magnetic dipole located at the centre of

earth. The axis of dipole is tilted 11.3° with
axis of geographic of earth by 11.3° both
side east and west (South pole of earth

towards West and North pole towards east).
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So the declination varies from East to West both side 11.3° on whole
earth surface verify answer (a). Also see figure with answer Q.24
Q5.3. In a permanent magnet at room temperature

{a) magnetic moment of each molecule is zero.

(b) the individual molecules have non-zero magnetic moment

which are all perfectly aligned.

(¢) domains are partially aligned.

(d) domains are all perfectly aligned.

Main concept used: In permanent magnet more domains are
permanently aligned (not all).

Ans. (c): At room temperature permanent magnet behaves like a
ferromagnetic substance.

When there isno magnetic field in ferromagnetic substance domains
are randomly spread. So resultant magnetic moment is about zero.

But when this substance is placed in strong magnetic field some
domains aligned in external field permanently even in absence of
external magnetic field.

So domains partially aligned permanently verifies the option (c).
Q5.4. Consider two idealised systems (i) a parallel plate capacitor with
large plates and small separation, (i) a long solenoid of length L >> R,
radius of cross-section. In (j) E is ideally treated as a constant between
the plates and zero outside. In (i) magnetic field is constant inside
the solenoid and zero outside. These idealised assumptions, however,
contradict fundamental law as below

(a) case (i) contradicts Gauss’s law of electrostatic fields.

(b) case (ii) contradicts Gauss’s law of magnetic fields.

(c) case (i) agrees with @SE-dz=o

(¢) case (i) contradicts @H di=1,

Main concept used: Electric field lines do not form continuous
path while the magnetic field lines forms closed paths.
Ans. (b): According to Gauss’s law of electrostatic field SﬁgE-ds =4

. EO

so it does not contradicts for electrostatic field as the electric field lines
do not form continuous path.

According to Gausss law of magnetic field gﬁs B.ds=0, It

contradicts for magnetic field, because there is a magnetic field inside
the solenoid, and no field outside the solenoid carrying current, but
the magnetic field lines form the closed paths.

Q5.5. Paramagnetic sample shows a net magnetisation of 8 Am™!
when placed in external magnetic field of 0.6 T at a temperature of
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4 K. When the same sample is placed in an external magnetic field of
02 T at a temperature of 16 K, the magnetisation will be—

@ Zam, () Zam, (@ A, @) 2.4 Am™

Main concept used: Curie’s law,
Magnetisation =< B(Magnetic field induction) .
T(Absolute temperature)
Ans. (b) According to the Curie’s law of magnetisation, (L), for a

substance is directly proportional to magnetic field induction (B) and
inversely proportional to the absolute temperature T.

«B o L_Bh
T I, BT,
1,=8 Am™ B,=0.6T T,=4K
=7 B,=0.2T T,=16K
BT, 02x8x4 2,

= = Am
L=%1, 1" 06x16 3 T

MULTIPLE CHOICE QUESTIONS—II MORE THAN ONE OPTION

Q5.6. S is the surface of a lump of magnetic material.

(a) Lines of B are necessarily continuous across S.

(b) Some lines of B must be discontinuous across S.

(c) Lines of H are necessarily continuous across S.

(@) Linesof H cannot all be continuous across S.

Main concepts used: ({) Magnetic field lines are always continuous.
(if) Field lines of electric field of a dipole begins from positive charge
and ends on negative charge or escape to infinity. (#if) Also magnetic

intensity (H) outside the magnet isH= -} and for
0

B
inside the magnet H=—"-.
& Kok,

Ans. (2) (d): Magnetic field lines for magnetic induction (B) form
continuous lines so lines of B are necessarily continuous across S. Also
magnetic intensity (H) to magnetise varies for inside and outside the
lump. So lines of H cannot all be continuous across S.
Q5.7. The primary origin of magnetism lies in

(a) atomic currents (b) Paulie’s exclusion principle

(c) polar nature of molecules  (d) intrinsic spin of electron.

Main concept used: Motion of charge produces magnetic field,
due to magnetic effect of current.
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Ans, (a) (d): Motion of charge particle produces magnetism and nature
of magnetism depends on the nation of motion of charge particle.

In atom, electrons revolve and spin around the nucleus which
in turn produces current and due to magnetic effect of current,
magnetism produces in the material.
0Q5.8. Along solenoid has 1000 turns per metre and carries a current of
1 A. It has a soft iron core of p_=1000. The core is heated beyond the
Curie temperature T..

(@) The H field in the solenoid is (nearly) unchanged but the B field

decreases drastically.

(b) The H and B fields in the solenoid are nearly unchanged.

(c) The magnetisation in the core reverses the direction.

{d) The magnetisation in the core diminishes by a factor of about 10°,

Main concept used: (i) Behaviour of magnetic material beyond
Curie temiperature, (i) Magnetic intensity H = nl, (ii{) The magnetic
induction B=p p_nl
Ans. (a) (d): n = 1000 turns per metre, p_=1000

H=nl=1000x1=1000 Amp. So H is constant verifies the answer (a).

B=pu nl=(urlhu =Kp, (K=constant)

So,Be< .

By Curie’s law, when ferromagnetic substance is heated beyond
Curie temperature it behaves like a paramagnetic substance. Where,

Susceptibility of (X, )err, = 10°
Susceptibility of (X,,) ,r, = 107°
-5
Bta (107 198 o B,=10°B,
B, xu 10°

So, magnetisation becomes 10™® times of earlier or diminished by
10® times. Verified answer (d).

Q5.9. Essential difference between electrostatic shielding by
conducting shell and magnetic shielding is due to

(a) electrostatic field lines can end on charges and conductors have

free charges.

(b) lines of B can also end but the conductors cannot end them.

(¢) lines of B cannot end on any material and perfect shielding is

not possible.

(d) shells of high permeability material can be used to divert the

lines of B from the interior region.

Main concepts used: (/) Electric field lines start from positive
charge and ends on negative charge and there is existence of positive
and negative charge separately (ii) Non-existence of monopole,
(iff) Magnetic field lines start from North pole and ends to South
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pole, (iv) The path of magnetic field lines can be affected (attracted or
repelled) by magnetic materials.

Ans. () (¢) (d): Conductors have free charge particles so the lines of
force can be stopped by conductors gives shielding effect.

As non-existence of mono pole magnetic field lines cannot be
stopped or shield.

Magnetic field lines are affected by magnetic materials so
can be repelled by using a high permeability magnetic material to get
the region of no magnetic field.

Q5.10. Let the magnetic field on the earth is modelled by that of a
point magnetic dipole at the centre of the earth. The angle of dip at a
point on the geographical equator

(a) is always zero (b} can be zero at specific points

(¢) can be positive or negative  (d) is bounded

Main concept used: Angle of dip specifies the direction of resultant

magnetic field of earth.
Ans. (b) (¢) (d): As the dipole is placed at an angle of 11.3° W t0 11.3° E
from geographical N-S axis. South and North pole of it are just like
an imagined magnet of earth. South of dipole is in North direction
towards 11.3° towards west and North pole in South direction 11.3°
towards east.

The resultant magnetic field due to dipole will be zero at its
equatorial plane of dipole but not on geographical equator verifies
answer (b).

The angle of dip. will change on changing the equatorial plane of
dipole, i.e., where angle of dip. is zero. It is not zero at all points of
geographic equator. Angle of dip on geographical equator will be zero
where it meets with magnetic equator. So verifies answérs (¢) and (d).

VERY SHORT ANSWER TYPE QUESTIONS |

05.11. A proton has spin and magnetic moment just like an electron.
Why then its effect is neglected in magnetism of materials?

Main concept used: ({) Magnetic dipole moment of a charge particle

M= % , (if) Mass of proton is 1836 times larger than electron.
m

Ans. As we know that magnetic moment of a charged particle of
charge e and mass m is
eh eh

M, = and =
¢ 4dnm, Mp 41r,mp
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As charge on proton and electron are equal in magnitude so

m
Me 1. or M, =L,
m - M, m,
As the mass of proton is 1836 times as of electron, so magnetic

M, .m 1
=t e Moo 2 grp
m, * 1836m,’ 7 1836 O ¢

moment of proton M, =

. 1
So magnetic moment of proton is 1638 times of electron, so can be

836
neglected.
Q5.12. A permanent magnet in the shape of a thin cylinder of
length 10 cm has M =10* A/m. Calculate the magnetisation current I,

I
Main concept used: Magnetic moment =~ T

Ans. M =10 ampre/metre, !=10cm=0.10m
Iy = Magnetisation current

Tn
1
So, Ty =M x1=10°x 0.1 = 10° ampere,
Q5.13. Explain quantitatively the order of magnitude difference
between the diamagnetic susceptibility of N(~5 x 10®) (at S.T.P) and
of Cu(~107%),
Main concept used: Magnetic susceptibility is the property of
substance which show how a material behaves in external magnetic
field. ‘

28g 28 28 3
Ans. Pu =22 5 = 72000 ] ~ 222005 P
p, =8 g/cm?
P o 28 exi0
P, 22400x8
Also, Xy 5XW07 o g
Xew 10
_ Intensity of magnetisation (M)
~ Magnetising field intensity (H)
Magnetic moment (m)
_ Volume (V) i
x= ~ H
_om
%" hy
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Ifm’, V, p are the mass, volumg and density of magnetic material, then

" _y

P mxp

x=H.m’
xocpasmass,m'andHareconstantandmagneticmaterial are same,
So Xy = Py _qex10

x Pea

The major difference between diamagnetic susceptibility of N, gas
and solid Cu is due to their difference between densities.
Q5.14. From molecular point of view, discuss the temperature
dependence of susceptibility for diamagnetism, paramagnetism and
ferromagnetism.

Main concept used: Susceptibility y is the ratio of intensity of magneti-
sation (M) of magnetic material to the intensity of magnetising field (H).

x=g

Magnetic moment of diamagnetism due to orbital motion is

opposite to applied field. ’

Ans. The direction of external magnetic field H and magnetism M
due to orbital motion of electrons of diamagnetic substances are
opposite so net magnetism becomes zero. Hence, the susceptibility (%)
of digmagnetism is not much affected by temperature.

The direction of magnetism due to orbital motion of electrons in
paramagnetism and ferromagnetism material and external applied
field are in same direction so net magnetism increased and much
affected by temperature. As temperature raised the alignment of atomic
magnetism is disturbed resulting in decrease in susceptibility.

05.15. A ball of superconducting material is dipped in liquid nitrogen
and placed near a bar magnet.

(/) In which direction will it move

(/) What will be the direction of its magnetic moment?

Main concept used: Superconducting material and liquid nitrogen
are diamagnetic materials. ‘

Ans. Liquid nitrogen and a superconducting material are diamagnetic
materials and remain diamagnetic when superconducting material is
dipped in liquid nitrogen.

So when external magnetic field is applied on superconducting
material dipped in liquid nitrogen it will be repelled by external magnetic
field and direction of motion will be opposite to direction of magnet
or magnetic field.
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SHORT ANSWER TYPE QUESTIONS
Q5.16. Verify the Gauss's law for magnetic field of a point dipole
(magnetic) of dipole moment 7 at the origin for surface which is a
sphere of radius R.
Main concept used: Gauss’s law in magnetism.
Ans. We know by Gauss’s law in magnetism @SﬁE =0.
z

Magnetic moment (m) of dipole at

origin O is m = mk.

Let Pbe a point at a distance 7 from Oand
OP makes an angle 6 with z axis. Component
of /i along OPisequalto 2 cos©.

Now the magnetic field of induction at
P due to dipole of moment /2 cos 0 is

B= ﬂl@;ﬂ; x Sphere
in  r
Here r is the radius of sphere with centre ‘O’ lying in X-Y-Z plane.

Centre at origin.
Take an elementary area ds at P’ then

ds = r(rsin0)d0+ =rsin0 40+ ['.'dﬂ:ii;ords=rzd6:|
r

S i 0. a
¢.B% - o 2 €088, 12 ne.doF)
5 in P
. 2T - 21
= Bo® [25in@cose-do = Bo™ [ sin 20-d0
dnr o anr
- 27
= M[—cos%] - Mo reosdn—(~cos0
a2 b w2 (-cosO)]
41|:rx2[ cos 0 +1] 81|:r[ ]

Bds =0 Hence the Gauss’s law in magnetism proved.

Q5.17. Three identical bar magnets are riveted .
together at centre in the same plane as shows in
figure. This system is placed at rest in a slowly
varying magnetic field. It is found that the system of
magnets does not show any motion. The north-south

les of one magnet is shown in figure. Determine
the poles of the remaining two.

Main concept used: The resultant magnetic force on magnets must
be zero for no motion.
Ans. The poles must be symmetric to each other or a magnet. It is
possible only when the poles of the remaining two magnets are as in
given figure.
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The north pole of magnet (1) is equally attracted N
by south poles of (2) and (3) magnets placed at s 2 0 s
equal distance.

Similarly one pole of any one magnet is
attracted by opposite poles of other two magnets
so resultant force or moment on each magret is N#3) g N
zero and will not be in motion placed on table. ;
Q5.18. Suppose we want to verify the analogy between electrostatic
and magnetostatic by an explicit experiment, Consider the motion of
(i) electric dipole 7 in an electrostatic field E and (i) magnetic dipole
m in a magnetic field B. Write down a set of conditionson E, B, 7,
and /i so that the two motions are verified to be identical. (Assume
identical initial conditions).

Main concept used: Force on dipole (electric) in electric field and
torque on magnetic dipole in magnetic field.
Ans. Let 8 is the angle between /7 and B.
<. Torque on magnetic dipole in a magnetic field B is

t=#Bsin @ ol

Similarly if @ is the angle between electric dipole moment p and

electric field E then torque on electric dipole in E is '
T=PEsin® I

For if motion in1and II of electric and magnetic dipole are identical

thent' =1

pE sin 8 = B sin 0

or pE = mB )
We know that E = ¢B (relation between E and B) .IV
c is velocity of light.
Put the value of E from IV in III
pcB = imB
= _
s

It is the required relation,
Q5.19. A bar magnet of magnetic moment 7 and moment of inertia
I (about axis passing through centre and perpendicular to length) is
cut into two equal pieces perpendicular to length. Let T be the period
of oscillations of the original magnet about an axis through the mid
point, perpendicular to length, in magnetic field B. What would be the
similar period T’ for each piece?

. | o [
Main concept used: T=2m,— and
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Ans. If a magnet of magnetic moment  is cut into n equal parts then

magnetic moment m’ of all equal parts is nm’ = m. So magnetic moment
m

of each 2 parts of magnet = m’ = =

mi?
12

as the length of new magnet = /' = %

So original time period T = 27, /~I—B
m
If M is the mass of original magnet then the mass of each two
' il he M
magnets m’ will be =

M(lz
MP? ,_ 2 2] M~
S0, 1=z and I 12 8x12
Zﬂ‘i‘
—T_= mB: —I—m' orz-— ﬂ—’
T g m I T Vm' 1
27, [——
m
m'IIZ m(IJZ
r.¥ 20
m?
¥
m P’
_234_1
I mlz 8
m _m 2
m o omo 1
2
I _ j_%xl_ 1
T 178 Va4
T

T’
Q5.20. Use (i) Ampere’s law for I and (i) continuity of lines of B to
conclude that inside a bar magnet, (a) Lines of & run from the N-pole
to S-pole while (b) lines of B must run from S-pole to N-pole.
Main concept used: Ampere’s circuital law, angle between B and 47
inside or outside the magnet.
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Ans. Consider an Amperian loop C inside and B

outside the magnet NS on side PQ of magnet then 1 /‘\ R
Q Pu P Q
[FLdi= j—B—. dl S NZ -
P oMo

where B is magnetic field and m, is dipole moment. As angle between
B and d1 varies from 90°, 0, 90° from R to T in figure, so cos 0 is greater

Q P a
than 1. So IFIE = IEEi >0 ie. positive.
P oMo
Hence, the value of B must be varied from south pole to north pole
inside the magnet. According to Ampere’s law (f) Hdl=0
PQP

§ L= | i+ [Ad =0
PQP r Q

P
As ?H.dbo (outside the magnet) and [Hdl<0 (inside the
Q

P

magnet). It is due to the angle between H and dl is more than 90°
inside the magnet so cos 6 is negative. It means the lines of H must run
from north pole to south pole.

LONG ANSWER TYPE QUESTIONS

Q5.21. Verify the Ampere’s law for magnetic field of a point dipole of dipole
moment it = mk. Take C as the closed curve running clockwise along
(i) the Z-axis fromZ=a>0to Z=R,
(if) along the quarter circle of radius R and centre at the origin in
first quadrant of X-Z plane,

(iif) Along the X-axis from X=RtoX=4 and

(iv) along the quarter circle of radius 4 and centre at the origin in
the first quadrant of X-Z plane.

Main concept used: Magnetic field due to anarc and Amperianloop.
Ans. In figure from P to Q every point Z
on Z-axis lies on dipole is in k direction
so all points on Z-axis lies on axial
dipole NS placed at origin.

So magnetic field induction (B) at
a point (0, 0, z) from magnetic dipole
(centre at origin) and having magnetic
moment 77k of magnitude ().

jpl = Fo 20) _ Mo
in 2 2nd®
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(/) Ampere's law along Z axis from Z=ato Z=Ri.e. fromPtoQ
Q
?ﬁ.m = |Bdl cos 0°=?de
P P P

al 3’1s:lz--“0 I‘adz [+ distance of P and
p 21z a Q from origin are a and

2 R respectively]
bt [ [ 11
2n L2l 2n(-2)|R* 4

_Bm| 11

EB.dI i Lz Rz}
(if) Ampere’slaw along the quarter circle
QS of radius R as given in figure here.
Point A can be considered on the
equitorial line of magnetic dipole of
moment 77 sin 6.
Magnetic field at point A on the circular
arcis

n

n

I

I, 7 sin @
B=Y4nx Rr2

dl
= —=dl=Rdé
de R=>

- By Ampere’s law _[B.di = J-B.dl cos @
T

-Rd8

T oo

T msin 0

Bl LB
o4t R

J.E Ji Hom [—cos e]glz - _“1112[— cos 20° + cos {°]
4AnR 4nR

IB.dl Zﬂ:R_Z

(iii) Ampere’s law along the X axis

from x =R to x = 4 as in given
figure here.
As all points from S to T lies on
equitorial line of magneticdipole
N-S so magnetic field induction
at a point P at a distance x from
the dipole is

X
R 0,0)

(260
«—x—>
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>

B= Yo _H fik
am x* 4m x
- Sk
JBdl =j Ho¥ 77 - angle between 4l and m is 90°
2 4mxc®
a o
5o [Bal - J. Mo Il d cos 90° _
N

(iv) Ampere’s law along4 the quarter
circle of radius ‘4’ and centre at the
origin in the quadrant X-Z plane as

* in figure here as in part (ii).
(B - T Ho sin ©
424  a

_ Mottt 0
jB.dl yi [ cos(i]w2

. adf

2

0 = angle from axial line of dipole
Bl =

_H'O

u;n; [—cos 0+ cosg]

*. Applying Ampere’s law along close path starting from PtoQ
QtoSandStoP.
Q s T P
¢ Bdl = [Bal+ B+ [Bal+ [Bal
PQST P Q 5 T
From parts (i), (ii), (i) and (iv) substituting the values

{oa- B[ 1) b e
pOST in \z* R 4R ina
Boft Mot Mot Poift

2 7t 2 2
4ra”  4mR° 4naR“° 4ma
¢ Bdl =0

POST
Proves the Ampere’s law is magnetism.

Q5.22. What are the dimensions of ), the magnetic susceptibility?
Consider an H atom. Guess an expression for 3 upto a constant by
constructing a quantity of dimensions of % out of parameters of atom
e, m, v, R and W,. Here m is electronic mass, v is the electronic velocity,
R is the Bohr's radius. Estimate the number so obtained and compare
with the value of Iyl ~ 10~ for many solid materials.

M Inten51ty of magnetisation
H Magnetising field
108& NCERT ExemPLAR ProBLEMS PHysics—XII
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(#) Biot-Savart’s law, (#ii) dimension analysis,
Ans, As the intensity of magnetisation (M) and magnetising field

(H) both has the same unit, i.e. ampere per metre and X =£I-/II- S0 X
(susceptibility) has no unit.
We have to relate x with ¢, o, m, R and K- We will relate these
Physical quantities by using dimension and Biot-Savart’s law.
. Mo Ldlsin® ‘
(i) By Biot-Savart’s law dB = m 2 can be used to find out
the dimension of p. !

dB.Anr?
b= Liising fordB
for dimension of dB
F=Bguvsin0
F  MLT? Ot -1
= = = ML T_
B gusin® QLT [ <
MT'Q'IL? -2
= —"—"=[ML
p’O QT—IL [ Q ]
Where Q is dimension of charge.

% depends on magnetic moment induced when H is turned on. H
couples to atomic electrons through its charge e. The effect on m is
via current I which involves another factor of e. The combination Ty

does not depend on the “charge” Q. Dimension x= uie’mv'R?
MLTQY = [MLQ? ] @PMe LT Ly
[MULOTOQO] = MtH—b er—iﬁd T—C Q—-ZLH‘Z

Comparing the powers
c=0, a+b=0 ~2a+2=0 atc+d=0
1+b=0 ~2q=-2 1+0+d=0
b=-1 a=+1 d=-1
X = (uye* m1 PR ;
. = Mo
mR
Hp=47x107 TmA™ e=16x10"
m=91x10%kg R=10"m

_ (@rx107) (1.6 x107%) (1.6 x 107)
(9.1x107%) x 10710
4x31x16x16 x 10_7_‘19_19_'_31.,_10
9.1

X
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-45+41
_ 12425610 _3174 %10~ =3.5x 10~
9.1 To1
1271=107 (given)
y _ 35x10*  35x107
Wl ) TP
k1 10 107x10
% =352
Q5.23. Assume the dipole model for the earth’s magnetic field B which
Mg 2m cos 0

is given by By, = Vertical component of magnetic field = . 3
noor
. in@
and B,, = Horizontal component of magnetic field = :—:c = jlan . Bis

equal to 90° latitude as measured from magnetic equator.
Find the loci of the points for which (i) IBl is minimum, (i7) dip
angle is zero and (i) dip angle is +45°.

By
Main concept used: (i) B? = B} + B, (ii) angle of dip tan a.=
P H g P B

H
Ans. (i) We know from fig. ~ IBy!
= B3 + B} BH;
_ [u_DchosB]2+[u_Dmsine]2 ! IBy|
i P L4n 1 W
(substituting the value of By and By from 3 By

question)

2 2
= [—‘-‘l] ™ 14 cos? 8 +sin? 6]
2 2
B2 = (E"—) x -”’T[a cos2 0 +1]

= B0 ®3cos? 0 + 112 ;

B . [ cos | D
Fromequation (7), the value of B wﬂl be minimum when [3 cos®0 + 1]”‘2
is minimum which will be at 6 = E So magnetic equator lies at 8 = bY
i.e., from magnetic dipole axis 8 = % for magnetic equator.

{if) For angle of dip &

thcosB
By _4n ;
an P
tand =2 cot 6

110 & NCERT Exemptar ProsLEMS PHysics—XII



http://www.cbsepdf.com

www.cbsepdf.com

for5=0, cot0=0, 0= g
So angle of dip will lie at magnetic equator.
(i) tand= %’— = angle of dip 8 =45°
H

or DV tanms = DV _panase
o1 or
H
B = +45°
tan +45° = 2 cot © [+ tan §=2 cot 0]

cot9 = % or tan6=2
0 = tan™ 2 is the locus of points where the angle of dip § = +45°
Q5.24. Consider the plane S formed by the dipole axis and axis of
earth. Let P be the point on the magnetic equator and in S. Let-Q be
the point of intersection of the geographical and magnetic equators.
Obtain the angle of declination and dip at P and Q.

Main concept used: (i) Angles of magnetic axis with geographical
axis, (i) Angles of magnetic and geographical equator with their axis.
Ans. Q is the point of intersection North
between geographical meridian and directi
magnetic meridian. So angle dip at P Ei -
and Q will be zero with horizontal as 'E,.E’.
magnetic middle stay horizontally. & g..

As angle between axis of rotation §°
of earth and magnetic axis is 11.3° and - ©
their respective equators are at 90° with
their respective axis. Magnetic

So angle between the plane of equator

magnetic and geographical planes ie.
declination will be 11.3° at P and Q
both.
Q5.25. There are two current carrying planar coils made each from
identical wires of length L. Coil C, is circular of radius R and coil
C, is square of side a. They are so constructed that they have same
frequency of oscillation when they are placed in same uniform field B
and carry the same current. Find 4 in terms of R.

Main concept used: ({) Magnetic moment m = nlA, (i) Time period
of oscillation,

South direction
(geographical)

1
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Ans. As the frequencies (o) for both coil are given same

©, =,
2 _ 2m
T, T

So the time period of both the coils C; and C, are equal so
T, =T,
2n i_ =21 I_Z
V mB V m,B
Ly Y
ml m2

as B is same in both coils so squaring both sides we get,

L _m "
L m ’

I, I, are the moment of inertia of coils C, and C, placed in same
magnetic field B.
mR? ma*
L= > S L= 2 il
as the length of wire is same and identical so masses m =m,=m
For circular shaped coil, magnetic moment
my = mIA,[" current (I) in both are same, i.e. I, =I,=1]

L 2
= —.].xR : -» L=2nR
M= [ ]
m, = —2 AV

For square shaped coil, magnetic moment

m, = m,lA, as current I, =L, = (given) = :—al.az

m,y = %"L LV
Substitute IT, I1I, IV, V in I
ma*/12  Llg/d 274 21
RZ2 R/2 R_2
or e = T 8 24
a/4
iz 4 24R = 84
3R=a

ooa
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Electromagnetic
Induction

MULTIPLE CHOICE QUESTIONS—I
Q6.1. A square of side L metres lies in X-Y plane in a region where the
magnetic field is given by

B =B(2i + 3j + 4k) Tesla, where B, is constant. The magnitude of flux
passing through the square is

(@) 2B,L* Wb () 3B,L? Wb
(c) 4B,L2 Wb ) V29B,L2 Wb

Main concept used: Q=B.A direction of A is perpendicular to
the plane of square.
Ans. (c): Square lies in X-Y plane in Bso A =12.k
Q=BA
= By(2i +3j+4k).(L*k) =By[2xi.k+3x j.k+4x k.k]
= ByL?[0+0+4] =4B,L2 Wb.
Q6.2. A loop made of straight edges has six corners at A(0, 0, 0),
B(L, 0, 0), C(L, L, 0), D(0, L, 0), E(0, L, L) and F(0, 0, L). A magnetic field
B = By(i + k) Tesla is present in region. The flux passing through the
loop ABCDE FA (in that order) is
{a) BL2Wb () 2B,L*Wb
(€) V2B,I* Wb (d) 4BL* Wb
Main concept used: Direction of A of loop.
Ans. (b): The loop can be considered in
two planes.
() Plane of ABCDA s in X-Y plane
Soits vector A is in Z-direction so
A, = Alk =12k
(i) Plane of DEFAD is in Y-Z plane
S0  A,=lAli=12
A=A+ A, =12( +k)

B =By(i+k)
So Q=BA=Byi+k).L2i+k)= Byl [ii + ik + ki + kk]
= By’ [1+0+0+1] " 08 90° =0
= 2B,L? Wb
Verifies answer (b).
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Q6.3. A cylindrical bar magnet is rotated about Axis
its axis. A wire is connected from the axis and is
made to touch the cylindrical surface through
contact. Then :

() a direct current flows in the Ammeter A.

(%) no current flows in ammeter A.

(¢) an alternating sinusoidal current flows

through the ammeter A with a time

. 2n

period T = s

(d) a time varying non-sinusoidal current flows through the
ammeter A.

Main concept used: Induced current flows only when circuit is

complete and there is a variation of B about a circuit. _
Ans. (b): Here, circuit with ammeter is complete. We know that as
there is a symmetry in magnetic field of a bar magnet about its axial
axis, so no change in magnetic field across the circuit when magnet
is rotated, either alone or with circuit. No current flows in ammeter
verifies answer (b).
Q6.4. There are two coils A and B as shown in figure. A current starts
flowing in B as shown in figure, when A is moved towards B and
stops when A stops moving. The current in A is counterclockwise. B
is kept stationary when A moves. We can infer that

(1) there is a constant current in the v
clockwise direction in A. ®—>
(5) there is a varying cE.lrrent in A. Anticlockwi
(c) there is no current in A.
(d) there is a constant current in the counter clockwise direction
in A.
Main concept used: Due to the current in A and its motion the flux
changes across B. So induced current is produced.
Ans. (4): When coil A moves towards coil B with constant velocity so
rate of change of magnetic flux due to coil B in coil A will be constant
gives constant current in A in same direction as in B by Lenz’s law.
Hence verifies answer (d).
Q6.5. Same as Question 6.4 except the coil A is made to rotate about
a vertical axis as in figure. No current flows U
in B if A is at rest. The current in coil Awhen A

A 5
the current in B (at f = 0) is counter clockwise
and the coil A is as shown at this instant,
t=0,1s
(@) constant current clockwise.
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(b) varying current clockwise

(¢) varying current counterclockwise

(d) constant current counterclockwise

Main concept used: Lenz's law.
Ans. (a): At £ = 0 current in B is clockwise and coil A is considered
above B. The counterclockwise flow of the current in Bis equivalent to
north pole of magnet and magnetic field lines are emanating upward
to coil A. When coil A start rotating at £ =0, the current in A is constant
along clockwise direction by Lenz’s rule. As flux changes across coil
A by rotating it near the N-pole formed by flowing current in B in
anticlockwise. So verifies ans. (a).
Q6.6. The self inductance L of a long solenoid of length ! and area of
cross-section A, with a fixed number of turns N increases as

(a) !and A increases (b) Idecreases and A increases

(c) lincreases and A decreases (d) Bothland A decreases.

Main concept used: Self inductance L = Mo 7% ALl

2
Ans. (b): Asweknow L= U, ];I—I.A.I
N.A
l

L=p~ry‘0
as L is constt. for a coil
LeA and Loc% '

As p_and N are constant here so, to increase L for a coil, area A
must be increased and I must be decreased so verify ans. (b).

MULTIPLE CHOICE QUESTIONS—Ii MORE THAN ONE OPTION

Q6.7. Ametal plate is getting heated. It can be because

(4) a direct current is passing through the plate.

(b) itis placed in a time varying magnetic field.

(c) itis placed in a space varying magnetic field but does not vary

with time,

(d) acurrent (either direct or alternating) is passing through the plate.

Main concept used: Heating effect of current I2R¢ and eddy current.
Ans. (a) (b) (d): A plate or conductor is heated by heating effect of
current (H = I’R¢). Verify answers (1) (d).

When time dependent magnetic field varies across the metal plate due
to production of eddy currents, heating of plate takes place verify (b).
Q6.8. Ane.m.f. is produced in a coil, which is not connected to external
voltage source. This can be due to

(4) the coil being in a time varying magnetic field.

(b) the coil moving in a time varying magnetic field.
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(c) the coil moving in a constant magnetic field.

(@) the coil is stationary in external spatially varying magnetic

field which does not change with time.

Main concept used: e.m.f. produced by electromagnetic induction.
Ans. (a) (b) (¢): em.f. produced in coil due to change in magnetic flux
with time in options (a), (b) and (c). But in part (d) magnetic field
does not change with time although varying magnetic field but rate of
change of magnetic field does not change so rejects the option (d). So
answers are (2) (b) and (c).

06.9. The mutual inductance M, of coil 1 with respect to coil 2

(2) increases when they are brought nearer.

(b) depends on the current passing through coils.

{¢). increases when one of them is rotated about an axis.

(d) is the same as M, of coil 2 with respect to coil 1.

Main concept used: Mutual inductance depends on Geometry of
coils which is constant for two coils.

Ans. (4) (4): As we know that My, = M, =lgmny nrl1 where r,1is

the common area of cross-section of coil so M, does not depend on
assing current and rotation. [ is also common length. So answer (4)

and (d) verified.

06.10. A circular coil expands radially in a region of magnetic field

and no electromotive force is produced in the coil. This can be because

(2) the magnetic field is constant.

(b) the magnetic field is in the same plane as the circular coil and it

may or may not vary.

(¢) the magnetic field hasa perpendicular (to the plane of the coil)

component whose magnitude is decreasing suitably.

(d) there is a constant magnetic field in the perpendicular (to the

plane of the coil) direction.

Main concept used: Induced e.m.£. can produce only when there is
change in magnetic flux with coil or inside coil.

Ans. (b) (d): When coil expands in constant magnetic field, the
magnetic flux inside the coil (along its area vector) increase then
induced current produce so rejects option (2) and (c).

As the component of magnetic field along area vector is zero s0 ¢ = B.A
becomes zero. So, no induced current flows in coil verifies the options
(b) and (d)-

VERY SHORT ANSWER TYPE QUESTIONS

06.11. Consider a magnet surrounded by a wire with an ON/OFF
switch S (in figure). If the switch is thrown from the off position (open
circuit) to the on position (closed circuit) will a current flow in the
circuit? Explain.
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A\ __N A N

f |
Bar o5 Bar \ /g
magnet  Circuit magnet  Circyit
open closed
Main concept used: "~¢=BAcos6,s0 ¢ can be changed by

changing either B, or A or 6.

Ans. As we know that induced e.m.f. or induced current can flow
when there is change in magnetic flux with respect to time and
magnetic flux ¢ = BA cos 6. As there is no any change in B, /.., magnet,
A, ie., area of circuit and no change in angle between Band A.So no
induced current will flow.

Q6.12. A wire in the form of a tightly wound solenoid is connected to a
DC source and carries a current. If the coil is stretched so that there are
gaps between successive elements of the spiral coil, will the current
increase or decrease? Explain.

Main concept used: Lenz’s law, leakage of flux and L= p u #?Al
Ans., When the coil is stretched the magnetic flux will leak through
the gaps between two turns. According to Lenz’s law, the e.m.f. is
produced in nearby coil which will oppose the increase or decrease in
flux in coil. So, on stretching the coil, the current will increase. When
the coil is stretched then n (no. of turns per unit length) will decrease.
So L decrease or reactance decrease which makes current increase.
Q6.13. A solenoid is connected to a battery so that a steady current
flows through it. If an iron core is inserted into the solenoid will the
current increase or decrease? Explain.

Main concept used: Ferromagnetic core increases flux in solenoid
which in turn decrease the current by Lenz’s law.

Ans, When the ferromagnetic iron core is inserted inside the solenoid
the magnetic flux will increase.

As flux increased, then by Lenz’s law, to oppose increase in flux i.e.,
to decrease flux the current in coil will decrease.

Q6.14. Consider a metal ring kept on the N

top of a fixed solenoid (say on a cardboard) Cardboard
as in figure. The centre of ring coincides .
with axis of the solenoid. If the current is 5 Meallicring
suddenly switched on, the metal ring jumps S

up. Explain.

Main concept used: Lenz’s law.
Ans. When the current is switched on in
solenoid, magnetic flux increased across the

ring so induced current produced in such N
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direction so that it can decrease the flux or oppose the increased flux.
So, the direction of magnetic flux between solenoid will be like that
ring is repelled and jumps. Or when current is switched on, the upper
end becomes south pole. By Lenz’s law the induced current produce
south pole lower side and North pole upper side so repelled and
jumps up.

Q6.15. Consider a metal ring kept (supported by a cardboard) on top
of a fixed solenoid carrying current I as in figure. The centre of the
ring coincides with the axis of solenoid. If

the current in the solenoid is switched off, @Mﬁ ring
what will happen to the ring?

Main concept used: Application of S Cardboard
Lenz'’s law.

Ans. As current was already flowing

through the solenoid so it behaves like a =
magnet and let S pole is upper side as flux

in ring is constant. So there is no induced

current in ring.

When current is switched off, magnetic flux decreases so induced

current produced in ring in such a way so that it can increase the
flux. So North pole is produced in ring in lower side, and attracted by
solenoid. So, downward force of attraction between ring and solenoid
acts but as cardboard and solenoid are fixed ring will not be able to
move downward.
Q6.16. Consider a metallic pipe with an inner radius of 1 cm. If a
cylindrical bar magnet of radius 0.8 cm is dropped through the pipe it
takes more time to come down, than it takes for similar unmagnetised
cylindrical iron bar dropped through the metallic pipe. Explain.

Main concept used: Eddy current and Lenz’s law.

Ans. When a cylindrical bar magnet of radius 0.8 cm is dropped
inside a hollow cylindrical metallic pipe of radius 1 cm the magnetic
flux across the pipe changes, and due to induction, eddy current will
produce.

The direction of eddy current will be in such a way so that it can
oppose the cause i.e., motion of magnet. So upward force acts on bar
magnet and decreases the acceleration, which in turn takes more time
to fall magnet through the pipe, as compared to simple metallic piece
in place of magnet.

SHORT ANSWER TYPE QUESTIONS

Q6.17. A magnetic field in a certain region is given by B =B, cos wt k,
and a coil of radius 2 with resistance R is placed in X-Y plane with its
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centre at the origin in the magnetic field as A
in figure. Find magnitude and direction of | B@k
the current at (g, 0, 0) at i
b=, t=Z and t=2% !
20 ® 2m r
Main concept used: Faraday’s law of EMF.
Ans. The direction of magnetic field is along
Z-axis. So the magnetic flux passing through
circular region of coil of radius a placed in X-Y plane.
¢=B.A=BAcos®
The direction area vector A of coil is along Z-direction and B is also
in Z-direction so 6 =0°
¢ = (B, cos of) . (na?) cos 0°

B ¢ = Bc,m:z‘2 cos Wt
By Faraday’s law of electromagnetic induction,
£ = %‘1-’: Boma® sin wt.w

e = B ma* 0 sin ot -

Flow of induced current in coil I = £ where R is resistance of coil.

B 2
I= Ommsinmt
- n R 3n
Forcurrentsat = —, t=-—, f=-—
20 ® 2w
Currentathl
2w
Bomzm . T Bomzzoa . K . R
I= —sinw,—=22""gjn = sin—=1
R 20 R 2 2
n
So,att=—,
2w
Current I = —M— (along +j)
R
att==,
0
2
1= B0 G o F
R ®
Byna’w Bomzmx():o

= ——sing=
R,
att= —, induced current1=0
W
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te= 2 1= B°M2msinco§£
A= e’ " R ’
Boma’® . .
1= R sin 3xn [+ sin 27 + @) = sin x]
Bumzm .
= ————Ssin®
R
12 Byna’®
R
So,att= —3£,
0
- Byra*o 3
Induced current [ = ——OR—'—— (along - f)
Q6.18. Consider a closed loop C in a magnetic
field (as in figure). The flux passing through 5,

the loop is defined by choosing a surface

whose edge coincides with loop and using

the formula ¢ = B;.dA, + B,dA,+ By.dA, +.....

Now if we chose two different surfaces 5, and

S, having C as their edge, would we get the same answer for flux?
Justify your answer.

Main concept used: Properties of magnetic lines.

Ans. The magnetic flux linked with the surface can be considered as
the number of magnetic field lines passing through the surface. So let

d¢ = B.A represents magnetic field lines in an area A to magnetic flux
B. By the concept of continuity of line B cannot end or start in space,
therefore, the number of lines passing through 5, must be the same as
the number of lines passing through S, surface. Therefore, in both the
cases we get the same flux.

Q6.19. Find the current in the ®B D P OB
wire for the configuration shown ® ! ©

in figure. Wire PQ has negligible | L/ PR
resistance. B, the magnetic field Ré ©B G Y

is coming out of the paper. 9 is 10 ©B
fixed angle made by PQ travelling @ b ®

smoothly over two conducting ® Q OB ©B
parallel wires separated by

distance d.

Main concept used: Induced current due to change in area of loop.
Ans. The motional electric field E due to the motion along CD is
E=9vB.
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The direction of E willbe L tobothvand B ~F=4xB
F is force on free charge particle of PQ.
So the motional e.m.f. € = E along PQ x effective length PQ.

Electric field along PQ =vxB=vsm 0.B=vB sin 0

¢ = (vB sin ) (ﬁ}

e=vBd
£ vBd
Induced current = TR

It is independent of 4.
Q6.20. A (current versus time) graph of the current passing through
solenoid is shown in figure. For which time is the back electromotive
force (u) a maximum? If the back e.m.f. at  =3s is ¢, find the back e.m.f.
at t=7s,15 s and 40s. OA, AB, BC are straight line segments.

T 2A4
Py ]A-—-—A—-- time (seconds)
< o N\W . 304
E(O,O)é""c"
5-—1A--
2A+ ¥
Current
(A) time (s) —»

Main concepts used: (i) Current is variable so magnetic flux will
change which in turps changes the emf (i7) Lenz’s law.
Ans. The maximum back electromotive force (#) will be maximum
when there is maximum rate of change of magnetic flux which is
directly proportional to the rate of change of current.

Maximum change or rate of current will be where (t — I) graph
makes maximum angle with time axis which is in part AB.

So the maximum back e.m.f. will occur between 5 s to 10 s. As the
back emf. at f =3 sis ‘¢’ (given)
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Rate of change of current at ¢ =3 s = slope of OA graph with time axis
1
So rate of change of currentat 3s = 7 A/s.

1 L
So back electromotive force at =3 s= L X 55 "°¢ given)
dl

ve= L'E and L = constant for solenoid.

Similarly back e.m.f. u; between 5 to 10 sec.

-3 L
w-L{F)=-sg=-2
back e.m.f. between 10 to 30 sec
_ L[0—(~2)]_+2L _i_l_E

2° 7(30-10) 20 25

U, = +Ee

So back e.m.f. at 7 sec=-3e

1
back e.m.f. at 15sec= + 3¢
At 40 sec graph is along time axis, i.e. its slope with time axis is zero.
dl
So, —=0-

or back gin.f. at40sec=0
Q6.21. There are two coils A and B separated by some distance. If a
current of 2 A flows through A, a magnetic flux of 102 Wb passes
through B (no current through B). If no current passes through A and
1 A current passes through B what is flux through A?
Main concept used: Mutual inductance.
Ans, Let], current is passing through coil A having mutual inductance
M, with respect to coil B.
N, = number of turns in coil A
Ng = number of turns in coil B
0, = flux linked with coil A due to coil B
¢ = flux linked with coil B due to coil A
Mz, = Mutual inductance of coil B with respect to coil A
Then
Total flux through B = M,¢, = M, I,

102 = M, %2
102
MBA=—-—2 =5mH

Now total flux through A= M6, =M, I, [ M,g=Mg,]
=5mHx1Wb=5mWb Ans.
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LONG ANSWER TYPE QUESTIONS
0Q6.22. A magnetic field B =B, sin ((nt)ff YA

covers a large region where a wire

AB slides smoothly over two parallel - A____
conductors separated by a distance d o ®B
(figure). The wires are in X-Y plane. The !

wire AB of length d has resistance R and d: >0
parallel wires have negligible resistance. If ©B v ©B

AB is moving with velocity o, what is the O » X
current in circuit? What is the force needed
to keep the wire moving at constant velocity?
Main concept used: e.m.f. induced in AB will be due to change in
area of loop within magnetic field and Force F = BIL sin 6, 8 is angle
between Band L.
Ans. In figure CA and OB are long parallel conducting wires, connected
by d and conductor CO. The resistance of ACOB is negligible.
Let wire AB at t =0 is at x = 0 i.e., on Y-axis. Now AB moves with
velocity v i.
Let at any time £, position of conductor AB is x(¢) = it
Motional e.m.£. across AB
Wap E _quixB
q q q
Vg = vfxB0 sin at .k x d
&, = By sin to(i x k)d =Bydo sin @t (- j)
g, = — Byvd sin wt (}) (along —ve Y direction in AB)
e.m.f. due to change in magnetic field from f = 0 to at ¢ = 1 when AB
isat(x, 0)

d

Vag =

_d¢ _'dho - '—d ~ ~
= ——=—B.A=—[B, si . k
o o A 0 [By sin wt k.(x.d) k]

Area vector A is along k /
g = :ﬁ(Bo sin wt x.d) /

g, = — B, xd.® cos wt ! (1)
- Total magnitude of e.m.f. =B, od sin of - B, xdw cos ot
& = — Byd [0 sin @t + xo cos o]
The direction of electric induced current by Fleming Right Hand
Rule is from (A to B) i.e., in clockwise in loop.
Bod
R

I= [v sin wt + mx cos wt]

E
R
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The force F acting on conductor AB =Bl 4 sin 6
9 is angle between Bk and I(- ) = 90°
F=1IxBdl
—I(—;)xB(k)dsm(-) [+ 6=90°]
=-IB (] X k)dsm90°=—IB(:)d
F=-iIBd
it shows the direction of force on AB is towards —x direction, which
can be verified by Fleming’s left hand rule
K IFI=1Bd

To keep wire in motion with constant velocity, it will be towards
posmve x direction + i opp. to electromagnetic force

e
= = ‘d_
F=B.dI=|Bl R

BdByd ,
= dRD [o sin ©f + wx cos @]
B t B
—U—SIn—I;D—D——[ 7 sin of + 0X cos wi]
Bid*sinwt _
F = —————[v sin ot + ©x cos wi]
A X B
0Q6.23. A conducting wire XY of mass m
and negligible resistance slides smoothly ®B T
on two parallel conducting wires as
shown in figure. The closed circuit has a Rg ! _
resistance R due to AC. AB and CD are ©B »v
perfect conductors. There is a magnetic Yy
field B = B(t)k. c #)—» D

(i) Write down the equation for the acceleration of the wire XY.
(i) IfBis independent of time, obtain v(t) assuming v(0) = Uor
(#i) For (if) show that the decrease in kinetic energy of XY is equal
to the heat lost in R.
Main concept used: Induced e.m.f. or e.m.i. magnetic force, power
consumption.
Ans. (i) Let wire XY at{=0isatx=0
and att=tisatx=x(t)
Magnetic flux is a function of time ¢(t) = B(f) x A
o(t) = B(Y) [Lx(8)]
_det) __dB(e),
dt dt
dB( )

_ dx(t)

x(t) - B(t) .=

€= 1.x(t) - B(f) ] v(t)
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The direction of induced current by Fleming’s Right Hand Rule
or by Lenz’s law is in clockwise direction in loop XY < AX

E dB(t)
1= % R[ w = +B(t)v(t>]

The force acting on the conductor is F=B(#) I I sin 90°
F=B(1Il

_B()le —B(t)lz[ —dB(t) ]
F= X - R () - B(t). v(t)

md®x aB(t)lz[ dB(t) }

e e EUR sl LU

dx  -P dB(t)

7 = B )[ (1= +B(t)-v(t)} ()

Now B is independent of time i.e. B does not change with time
or it is constant
% =0, B(f)=Band o() = (T
Put (III) in (IT) we get
2 —
LESS ——[0 +By]
a2 mR
d*x B dx
—t——— =0
di2 mR dt
d'U B2 12

— 4 =
dt mRv 0

(D)

or

(i)

(+ by m)

Integrating using variables separable from differential equation
we have

A ex (_12 B t)
v P mR
att=0,

o=u

-IPB*¢
o(t) = wexp| — o

'(iii) Heat lost per second in (i7) where 4B =0
H=IR
Magnitude of current from equation Iin (i) part
Blo dB
'T=_[° Bol { dt - 0]
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Heat produced per second H =I’R
B2 2%
R2

H= R

B2 2 \ P[-zz’ B’t]
H= u* exp- "R
R

[v from eqn. (IV) in (i) part]

—2I°B%
wv? =yfexp ™R

¢ Bz 12 u2 t —-2PB%4
Power lost = jIz Rdt = Ie mR  dt
0 0 [
B**u* mR g2
- 1 — o~ 2FBt/mR)
Power lost R g’ [ ]
muz 2B
_ —|1-eg mR
= 2
2 -21*B%
2
mu? _ mvA(t)
T2 2

= initial K.E. - final K.E.

Power lost = decrease in kinetic energy

This proves that decrease in K.E. of XY is equal to the heat lost in R.
0Q6.24. ODBAC is a fixed rectangular conductor of negligible resistance

(CO is not connected) and OP

is a conductor which rotates A
anticlockwise with an angular
velocity ® (figure). The entire
system is in a uniform magnetic
field B whose direction is along ¢
the normal to the surface of the
rectangular conductor ABDC.

®B B
0
@B ©B )
i
| v \P
O D<-|-»

The conductor OP is in electric contact with ABDC. The rotating
conductor has resistance of A per unit length. Find the current in

rotating conductor as it rotates by 180°.
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Main concept used: Induced e.m.f. produced by change in area.

Considering the position of OP between 0<9<Z —-<9<% and
%<B<T and O is mid point of CD and OD =BD =]
Af 1B
Ans. (i) Let rotating conductor is in . < L -P
contact with BD at Q making angle [N Lz Q
0°<B<45° i L0
Magnetic flux in AODQ is ¢ cl¥y_____\¢ [fp
¢=B.A o !
The direction of B and A are 0° or 180°
Q= Bx%IxQD °.'%]2—tan9
¢=B.AcosO=BA=B%xl.ltan9 QD=] tan 6
0= %BIZ tanﬁ:lBF tan ot (0 =of)
d¢ d1.
Ind —B ¢
uced em.f. e = I a2 Ftan®
e=%B12mseczmt
2
I=—£—=El—msec2a)t [':cose=i,x= I ]
R 2R x cos @
RofOQ = Ax=_*
cos O
R - Al
cos of
5 Bl
=~ wcoswtsec? of = —20 2
2.0 O oSO se ot 2A cos ot
(i) Now rotating conductor rotates from B to A i.e., 45° to 135° or
LY PELY A Q B
4 4" 1 Z
¢ = B.A=B or ODBQ {
= 1
o xf 11 I
Area of AORQ= zyxl 0] .
] C O?R D
tan @ = —
l
y:_—

tan @
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. Area of AORQ = 1P -—l-z——
2 2tand 2 tan® of

Flux through OQBD

B.|1 2
=B.llz+
0 z ?.tane)

= Blz+%Blz cot9 = Blz+%B12 cot ot

L) = iBl;H.lBIZ (—r:ose(:2 o) ®
dt  dt 2

d(IBz)
dt

as | B and z are constant .".

=0

"~ 22\ sin ot

(iii) When_4..<e<_—,theﬂuxthroughOQABD b=B.A
0= B( + - Iy)

lztan(ot) y =I(-tan®)
el Y =-]tan®

tan(180 - 6) =%
6=

BI? d

4 4

dt
= 0+ ——— tan !
2

12
- 2 +— (tan mt)]
0

128



http://www.cbsepdf.com

www.cbsepdf.com

Blao , Bl ®
—£= 4 sec” ©f = e
2 cos” ot
~E_¢€
R Ax )
= -BP® cosat [‘.’—=cos(180—9)
—_— x
2cos® ot A(-D)
Bla —=-cosO=x= }
=— X cos ot
24 cos ot

Q6.25. Consider an infinitely long wire carrying a current I(f) with

%= A = constant. Find the current produced in rectangular loop of

wire ABCD of resistance R.

Main concept used: Total magnetic A B
flux across rectangle can be find out by [« ! >
integration.
Al'ls ConSlder a Sh‘lp Of W'ldth df a.nd. [ £ PP 7777 7777 777 dr;
length / inside a rectangle at distance p C|
7 from the surface of current carrying , ,’fﬂi v #_
conductor. The magnetic ﬁeld across 1)

strip of length [ = B(r)——l B(r) is perpendicular to the paper
upward.
Flux in strip ¢ = “UI J'

A
1
)

x
t

Bl g, s = g o8, %

E_“_d?
dt
So = ¢
dt
_ 1 .d[ppli x=_k‘£1 x dl
: Ed—[‘—b ‘x| 2nR Bk, at
=—-—“u X ["-d—1=3\. 'en]
R gexo 7 = (Biven)

Q6.26. A rectangular loop of wire ABCD is kept close to an infinitely
long wire carrying a current I(#) =1, (1 —%J for0<t<Tand I(0)=0
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for ¢ > T (figure). Find the total charge

loop in time T. The resistance of the
loop is R.

Main concept used: Relation D
between instantaneous current and -

instantaneous magnetic flux. T
Anms. If I{#) is instantaneous current then,
1 d¢
()= ==~
® R dt

If Q is charge passing in time ¢
I(H = —
From (I) and (IT)

or dQ = —.dd

SYORORE TINORING)

For magnetic flux in rectangle:

(T

Magnetic flux due to current carrying conductor at a distance x’

ae - Bl

If length of strip is L, sotoltalﬂuxon‘stri]:ooflengtl'\l..l at distance X is

T
Qi = Fo (t,) L,

2nx
x’ varies from x to (x + L,) so total flux in strip
a+l, L L, +
= Ho dx_,.. _ Mol (Lz +x)
o) oely j U0 = o X(t;) log, ———
The magnitude of charge is given on length L,
1
faQ = =Jdo [from (L]
= 1 pelL L, +x)
aQ = —. 1] ( 2 ) I(t
5 R' 2n og, x !(1)
| Ly +x
) 1, L, +x — p’DL'.l 1 1 ( 2 )
0 Bt (522)0-0 S0 ("
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Q6.27. A magnetic field B is confined to a region r < 2 and points out
of the paper (in the Z-axis), r =0 being the centre of circular region. A
charged ring (charge Q) of radius b (b > a) and mass m lies in the X-Y
plane with its centre at the origin. The ring is free to rotate and is at
rest. The magnetic field is brought to zero in time Af. Find the angular
velocity @ of the ring after the field vanishes.

Main concept used: Change in magnetic flux
causes induced e.m.£. in turn electric field around the
ring. The torque experienced by the ring produces
change in angular momentum.

Ans. As the magnetic field is reduced to zero in A(f),
50 magnetic flux linked with the ring reduces from
maximum to zero. Change of magnetic flux across the conducting ring
induces e.m f. The induced e.m.{. causes the electric field across the ring.

The induced e.m.f. in metallic ring = (E X 21h) (+V=Ed) ..Q)

By Faraday’s law of e.m.i.

The induced e.m.f. = rate of change of magnetic flux
_ Bra?
At

(M)

From (I) and (IT) .
2nbE = BZ‘:
Since the charged ring experiences an electric force = QE
This electric force try to rotate the ring given by

= Force x Perpendicular distance
Bra®
=QEx2b= Qb
Q 2 Q 2nbAt
Torque on ring = Q Bi
d 87 o
Change in angular momentum = Torque x At
Ba”
=Q.—.At
Q 2At
2
Change in angular momentum = Q.E;—

As initial momentum of ring was zero.
So, final momentum of ring = Q.-B%.

2

mb’@ = Q.-BZi (v L=mr'w)
o= Q.B4?
2mb?
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Q6.28. A rod of mass m and resistance A
R slides smoothly over two parallel
perfectly conducting wires kept sloping €
at an angle 0 with respect to horizontal
(figure). The circuit is closed through a
perfect conductor at the top. There is
a constant magnetic field B along the

B
YT

vertical direction. If the rod is initially
at rest, find the velocity of rod as a function of time.
Main concept used: EMI, friction, motion on slope

Ans. From free body diagram the component of B perpendicular to

wire PQor lineF, is Bcos 6:
Angle between B cos 8 and PQ =90°

46 = B-AA (Angle between, cos 8 and ar PQCD is zero)

dp = (B cos 0) (d x v xdt)
d¢

' =Bodcos 0

d C B BCos®

—-e=BodcosO
e=-Bvdcos© D

I= cosB
P=F_.v [F, magneticforce]
P _e.l

F,=—=—
v 7
P _/B,z{dcose Bwvdcos0
m_ ;{ P
v B%d* cos? 0
Frs ™R

———y -

This Lorentz force opposes the motion of sliding wire PQ

~ Net force acting on wire PQ of mass m,
2
. By Newton’s second law mfldt_: =mgsin®-F,

dx , oB? d? cos? 0
m—y = mgsin®-—————
dt R
dv . oB%d% cos? ©
— =gsin@-———m—
dt mR
2,2 .2
d_v+de cos” 0 - gsin®
dt mR
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It is a linear differential equation,
. - B'd* cos’@
___gsing  [(Foedo),
B*d? cos® @
. mR
here, A is constant, -
. —B%d" cos* @
mgR sin 6 AE(TJ'

- B%d? cos® @ -

Initially at t =0, v =0

mgRsin®
" B2 cos? 0

mgR sin O
" B2d? cos 0

mgRsin®  mgRsin® -(ZLe),
B2d? cos® @ - B2d? cos® 6 ¢

R si _[Bd*cos’e),
wng_mf_[l_e( )
B°d° cos“ @

0 A

U=

v

mR

Let us consider a new constant s
B°.d".cos“ 0

¢
v=agsine[1-e “]

6.29. Find the current in the sliding rod AB X A
of resistance R for the arrangement shown )¢ @p ®B A
mﬁgure.Bisaconstantandisoutofthei o "1
paper. Parallel wires have no resistance. 7 C :
is constant. Switch S is closed at time £ = 0. —L ®B | ®B v
Main concept used: Properties of vy B
capacitor, e.m.f.
Ans. Induced current Tin loop ABYX = I, = £ = =14Q
‘" R R dt
1 dg -
L Rt B.A
vBd
Ii = —R— | ‘..(I)
angle between Band A is zero. Direction of I from A to B is given by
Fleming’s right hand rule.

As switch S is closed at £ =0.
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Current of first equation will charge the capacitor. Let Q(t) be the
charge on capacitor.
Q) =CV
Q@ =CIR

[ Q0

Cc
RC
The capacitor opposes the flow of charge, so net current in circuit
1=1-1,
1= Bvd _Q)
R RC
dQ() _ Bod _ Q)
at R RC
Bod _ 2Q() , Q)
—_—t
R d RC
or dQ(t) . Q(t) _Bod
d¢  RC R

So the solution of linear differential equation is
Bod
~t

Q) = %+ AeRC

RC
Q(t) = Bod C+ A e tRC

Initially at t=0,Q=0
So A=-BudC

+ _
So Q(t)= BodC-BodCe RC  [«¢® =1]

Qm=Bmcb-{é}

¢ t
Current in circuit I = m:ﬁgnﬁ or &('&)=Eqd—ce_i‘—C
t R

d dt RC

6.30. Find the current in the sliding rod x A
AB of resistance R for the arrangement ) A
shown in figure. B is constant and is out of s OB ©B :
the paper. Parallel wires have no resistance, —>7 d
¥ is constant. Switch S is closed at £ =0. L '

Main concept used: Kirchhoff’s law, ®B | ®B i
induced current and current in inductor. \ /
Ans, Conductor AB moves towards right Y ©B ©B

with speed v and magnetic field B is perpendicularly upward so angle
between B and v is 90° and an induced e.m.f,, & flows in loop AXYB.
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d.- d d
E= EBA=EBAC050='d_EB(dvat)=Bvd

- angle between Band A is 0°.

e =Buod

at t =0, current starts increasing in loop along with inductor L due to
potential difference

By Kirchhoff’s law in loop ABYX,
~LM+BM =IR
dt
LdI(f)
+RI(#) = Bod
e (t) =Bo
It is a differential equation.
Bod SR
Ih=24 2 (D
att=0,1=0 R
_ Buvd 0 0
0= —R"—+A.E I:','e =]_:|
A= ~ Bod
R Rt
Bvd Bod -
IHh="—""—_"", 2 from
® R TR [ I
Rt
1Bely 5]
R

This is the required current expression.
Q6.31. A metallic ring of mass m and radius ! (ring being horizontal)
is falling under gravity in a region having a magnetic field. If z is the
vertical direction, the z component of magnetic field is B, = By(1 + Az).
If R is the resistance of the ring and if the ring falls with velocity o,
find the energy lost in resistance. If the ring has reached a constant
velocity, use the conservation of energy to determine v in terms of m
B, A and acceleration due to gravity g.

Main concept used: Relation between induced current, power and
velocity of free falling ring.
Ans. Magnetic flux across the ring of mass ‘m’ and radius ‘' falling
under gravity in a region of having magnetic field B, = B (1 + Az) is

0=B,.A =Byl +Az).nP.

The angle between B and A is 0°

d
e= —[By(1+12)] nl’
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dz
IR = (Bynl® [0+k-—}
(Borl) | 0+A%
o ByrAl® dz _ ByrAl? .
R dt R
2,228
Al
Energy lost = 'R = &%—UZ.R
2,2,274 2
Energylost: M
The energy must come from decrease in P.E = mg-tﬁ-=mg'0
2,292,274
mgv = By n° A% v°!
R
someR o mR
Bin Al (m1? A By)
It is the required relation.

06.32. Along solenoid S has 7 turns per metre with diameter z. At the
centre of this coil, we place a smaller coil of N turns and diameter b
(where b <a). If the current in solenoid increases linearly, with time, what
is the induced e.m.f. appearing in the smaller coil. Plot graph showing
nature of variation in e.m.f,, if current varies as a function of m*+C.

Main concept used: When varying current is passed through
solenoid the varying magnetic field can induce the current in another
coil (smaller).
Ans. Varying magnetic field B(f) in solenoid is

B, (f) =pgr I(f)

This varying magnetic field changes flux in the smaller coil.

Magnetic flux in IInd coil

o, = B,(t).A
= pgn I(t). 7

Induced e.m.f. in second coil due to solenoid’s varying magnetic

field in 1 turn

re. —dby —d 2
€= [ p——
It o Hor el I(E)

~ o nub? %(mt" +O)

= -y n Wb 2mt
So net e.m.f. produced in N turns of smaller coil

e=—py Nnnb® 2mt ooo
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Alternating Current

MULTIPLE CHOICE QUESTIONS—I

Q7.1. If the rms current in 50 Hz a.c. circuitis 5 A, the value of current
1/300 seconds after its value becomes zero is

3 5 5
() 5J2A (®) S\EA © 2A @ aA

Main concept used: Relations I=I; sin ot, 0 =2nv, I__=1=1;/v2
Ans. (b2:1=5A, v=50Hz, t= ﬁs
Irms=1= ‘/EIO =5V2 A
I =1 sin oot
att=ﬁsec I=5~/§si1121cv.t=5~/§si112ux50x5;—0
=5J§sin§=5ﬁsin60°

= 52 % = 5\/-5 A
Q7.2. An alternating current generator has an internal resistance R_and
an internal reactance X,. It is used to supply power to a passivegload
consisting of a resistance R, and reactance X;. For maximum power
to be delivered from the generator to load the value of X; is equal to

(a) zero &) X, () X, @ R,

Main concept used: To delivering maximum power from generator
its total reactance (internal and external) must be zero and resistance
must be equal.

Ans. (c): As internal resistance of generator is already equal to external
resistance R . 50 to deliver maximum power to make reactance equal
to zero, the reactance in external circuit will be -X .

Q7.3. When a voltage measuring device is connected to AC mains, the
meter shows the steady input voltage of 220 V. This means

(a) input voltage cannot be AC voltage, but a DC voltage.

(b) maximum input voltage is 220 V. 5

(c) the meter reads not v but {(+?) and is calibrated to read v{?").

(4) the pointer of the meter stuck by some mechanical defect.

Main concept used: Voltmeter in AC reads r.m.s. value of voltage

Vo =Y,
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Ans. (c): The voltmeter in AC circuit reads value [(¢%)] and meter is
calibrated to r.m.s. value (¢v?) which is multiplied by /2 to get V_,

Q7.4. To reduce the resonant frequency in an LCR series circuit with
a generator

(a) the generator frequency should be reduced.

(b) another capacitor should be added in parallel to the first.

(¢) the iron core of the inductor should be removed.

(d) dielectric in the capacitor should be removed.

Main concept used: Resonant frequency.
Ans. (b): The resonant frequency of LCR series circuit is

vo= 1

2nLC
So to reduce resonant frequency v,, we have either to increase L or
to increase C.
To increase capacitance another capacitor must be connected in
parallel with the first.
Q7.5. Which of the following combinations should be selected for
better turning of LCR circuit used for communication?
(1) R=20Q,L=15H,C=35uF () R=25Q,L=25H,C=45F
() R=15Q,L=35H,C=30uF (d R=25Q,L=15H,C=45pF
Main concept used: Quality factor of LCR circuit must be as high
as possible.
Ans. (c): We know that for communication, quality factor must be
higher and quality factor is Q.
1
Q- E\/%
.So for higher Q, L must be large, and R and C must be of smaller
value.
This condition is satisfied in (c) part.
Q7.6. An inductor of reactance 1 Q and resistor of 2  are connected in
series to the terminals of 6 V (rms) AC source, The power dissipated
in the circuit is
(@) 8W @ 12W €) 144W  (d) 18W
Main concept used: Impedance, average power, [ = o] and
R
cos ¢ = 7 of AC.

Ans. (c): We know that average power dissipated in L, R series circuit
with AC source. *
P.=E_ . I, .cos¢

av s

I, E, 6

57 ¥

138 % NCERT ExempLAR ProsLEMS PHysics—XII

I



http://www.cbsepdf.com

www.cbsepdf.com

Z= ,/x§+x,2_
Z=2+1=45
2

osh= —=—
¢ Z

J5

6 2 7
P,=6x—.—~=="2=144Watt

V55 5

Q?7.7. The output of a stepdown transformer is measured to be 24 V.
when connected to a 12 W light bulb. The value of the peak current is

(@) \/—1§~A () V2 A (© 2A @ 2v2 A
Main concept used: V] = Vi
Ans, (a) V, =24V
P =12W
LV, =12
12 12
[[=— =— =05Am
"V, 4 P
I, =1,v2 =052
J52_ 1
10 2

MULTIPLE CHOICE QUESTIONS—II MORE THAN ONE OPTION
Q7.8. As the frequency of an AC circuit increases, the current first
increases and then decreases. What combination of circuit elements is
most likely to comprise the circuit?

(@) Inductor and capacitor (#) Resistor and inductor

(¢) Resistor and capacitor (d) Resistor, inductor and capacitor

Main concept used: Dependence of reactance on frequency.
Ans. (g) (d): In a circuit I___ will be when reactance is minimum. On
increasing frequency in LCR circuit the reactance (X, = 2rvL) due to

it will decrease.

inductance will increase and due to capacitance PevC
v

S0 on increasing frequency X, will be positive and X will be negative
for minimum reactance X; - X. must be zero. As reactance or
impedance (Z) due to LCR series AC circuit is Z = [R? + (Xp~Xc)?,
Z will be minimum when X, ~Xc=0or X =Xc- So for given condition,
X, and X must be in circuit.

Q7.9. In an alternating current circuit, consisting of elements in series,
the current increases on increasing frequency of supply. Which of the
following elements are likely to constitute the circuit?

ALTERNATING CURRENT B
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(#) Only resistor (h) Resistor and an inductor

(c) Resistor and a capacitor (d) Only a capacitor

Main concept used: Reactance decreases and the current increases
on increasing v.
Ans. (¢) and (d) Here in question on increasing v the current also
increases. So reactance of circuit decreases as reactance or resistance does

not depend on frequency and X; =2avLand X¢= So onincreasing

1
2nvC’
frequency, X decreases to increase current capacitors are in ¢ andd.
Q7.10. Electrical energy is transmitted over large distances at high
alternating voltages. Which of the following statements is (are) correct?

(@) For a given power level, there is a lower current.
(b) Lower current implies less power loss.
(¢) Transmission lines can be made thinner.
(d) Ttis easy to reduce the voltage at the receiving end using step-
down transformers.
Main concept used: Power loss = R, V,I, = V,, (Transformers)
Ans. (3) (b) and (d): As we know that Power = I2,, R
So to decrease power loss I__ and R must be lower for a constant
power supply. To decrease I,V must be increased by step up
transformer to get same power in step up transformer
Output power = Input power
VL=V,
vV, >V, 50 ly » 1, 50 loss of power during transmission become lower.
We can again reduce voltage by using step down transformer.
Q7.11. For an LCR circuit, the power transferred from the driving
source to the driven oscillator is P =I?Z cos ¢.
(@) Here, the power factor cos ¢ 20, P20.
(b) The driving force can give no energy to the oscillator (P =0) in
some cases.
(¢) The driving force cannot syphon out (P <0), the energy out of
oscillator.
(d) The driving force can take away energy out of the oscillator.
Main concept used: P =1%Z cos ¢
cos § = E
4
Ans. (2) (b) and (c): As per question P = I°Z cos ¢
Power factor cos ¢ = Z
asR>0 and Z>0

Socos¢=% is positive=>P>0
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Q7.12. When an ac voltage of 220 Volt is applied to the capacitor C,
(@) the maximum voltage between plates is 220 V.
(b) the current is in phase with the applied voltage.
(¢) the charge on the plates is in phase with the applied voltage.
(d) power delivered to the capacitor is zero.
Main concept used: Power factor for C is zero - ¢ = 90°.

Ans. (¢) (d) When capacitor is connected to ac + -
supply the plate of capacitor will be at higher %H —
potential which is connected to positive terminal + -

than the plate connected to the negative terminal.
Power applied to circuit is
Po.=VoLcos¢
& = 90° for pure capacitor circuit
P, =0ascos90°=0
Q7 13. The line that draws power supply to your house from street has
(a) zero average current.
(b) 220V average voltage.
(c) voltage and current out of phase by 90°.
(d) voltage and current possibly differing in phase ¢ such that

T
I ¢ I < '-2— .
Main concept used: Power factor cos ¢ =—

Ans. (4) (d): AC supply are used in houses.
So average current over a cycle of AC is zero. In household drcuit
L and C are connected, so R and Z cannot be equal.

A
=

So, power factor= cos 0==#0
T T Z
as ¢ = E = ¢ < E
i.e. phase angle between voltage and current lies between 0 and -725

VERY SHORT ANSWER TYPE QUESTIONS
Q7.14. If a L-C circuit is considered analogous to a harmonically
oscillating spring block system, which energy of the L-C circuit would
be analogous to the potential energy and which one analogous to
kinetic energy?

Main concept used: P.E. is related to electrostatic energy and K.E.
to magnetic energy.
Ans, An L-C circuit is analogous to a harmonically oscillating spring
block system. The electrostatic energy due to charging of capacitor
1 2 - .
—Cv? is analogous to potential energy and energy due to motion of

e particle i.e., magnetic ener lT_.Izisanalo ous to kinetic energy.
gep gn gYZ B 334
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Q7.15. Draw the effective equivalent. R, G L,
circuit of a circuit shown in figure, _W\,_| |———-rmzn—
at very high frequencies and find the B
effective impedance. L, R, TG R,

Main concept used: Reactance X| [~ wy5—AA——AAA—
and X at high frequencies.
Ans. - We know that reactance due to O\
inductance X = 2nv. As frequency is -
high so X; will be high or L can be considered as open circuit for high
frequency of ac.

1

Insmﬂarway,xc—zmc .

At high frequency, X will be low.

So reactance of capacitance can be considered negligible and
capacitors can be considered as closed circuit.

C,
IOV Y
)

)

Here the above figure is equivalent circuit to given circuit.

Total impedance =R=R; +R,
Q7.16. Study the circuits () and (¥) shown in figure and answer the
following questions:

R ¢ v

R
M

- ~
(7 (%
(@ )

() Under which conditions would the rms curtents in two circuits
be the same?
(b) Can the rms current in circuit (b) be larger than that in (4)?

Ans, (lm)in(a)=vﬂ

R
a )inb=—-——V;‘”= Voms

JRZ + (X —Xc)?
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(ﬂ) (Irms)a = (Irms)b
A/ ~ Vims
VR + (X, —Xc)?
R = R? + (X, - X¢)?
Squaring both sides
RZ - R2+ (XL__XC)Z
or (X, —X)*=0
XL =Xc
So I, in circuits (#) and (b) will be equal if X; = X..
(b) For Ty > (),
V. V

rms > _mms

JRZ+0¢ -Xo)2 R

as V_.=Vso,

\/R2 +(Xp, - Xc)? <R
Squaring both sides
R2+ (XL_XC)Z < R?
(X - X <0

Square of any number can never be negative. Reactance of X

and X, cannot be negative.

So the rms current in circuit (b) cannot be larger than that in (4).
Q7.17. Can the instantaneous power output of an ac source ever be
negative? Can the average power output be negative?

Ans. Let the applied e.m.f. = E = E; sin (w¢)
I =1, sin (wf — §)
Instantaneous power output of ac source
P =El ,
= E, sin t. I, sin (cof - ¢)
= E4l, sin wt [sin wt cos ¢ — cos wt sin ¢]
= B, [sin? wt cos ¢ — sin wt cos ot sin ¢]

= B, [(1 - cc;s 20m¢) c

0s ¢ — %sin 20f sin ¢J

= E‘QI_O‘[COS 0 — cos 20t cos ¢ — sin 2wt sin ¢]
2

= E";i [cos ¢ — (cos 2wt cos ¢ + sin 2wt sin ¢)]

P= E‘;i [cos ¢ — cos (2wt ~ ¢)]
Taken phase angle ¢, +ve.
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Epl
Instantaneous power P = % [cos ¢ — cos (20t + §)]

as cos ¢ = %, R and Z can never be negative and value of cos @

(0 = 20t % ¢) can vary from (1 to 0 to - 1) in any case P can never be
negative.
We know that average power of LCR series ac circuit is

Egly
p =20
] - 5 cos ¢
again as cos ¢ = Z is always positive, because R and Z, the reactances
are always positive.
So P,, can never be negative.

Q7.18. In series LCR circuit, the plot of I, versus o is shown in
figure. Calculate the bandwidth and mark in the figure.
Ans, We know thatbandwidth

= (0, — @,). If=m=rmmmmss
Where @, and ®, are two T

frequencies where the current

amplitude of LCR circuit % 05

becomes 1 times (e th;e'_F
—= times (ie,
N/ Les)

value of current is maximum at g|""Ofs""lio“,"""":

. 15
resonant frequency. ®(rad/s)—»
T 1.0
g 0.5
T
05 10 15 20°
w{rad/s)—p»
Eg 1
I=—{ = —==0.707 Am
VAR P
From graph o, and ®, at 0.707 Amp current is 0.8 and 1.2 rad/sec.
So Bandwidth @, — ®, = 1.2~ 0.8 = 0.4 rad/sec.

Q7.19. The alternating current in the circuit is described by the graph
as shown in the figure. Show rms current in this graph.
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3 -
t 3] —
1
<5 ¢ >
= 14 T 2T
2T t—
34
Ans. Graph of rms current is shown below by dotted line
34
254+
24
Slea .
1
05+
o3 T 2Ty
14+
15+
2

12 +22 \/E
I = =,/=-=16A

Q7.20. How does the sign of the phase angle ¢, by which the supply
voltage leads the current in an LCR series circuit, change as the supply
frequency is gradually increased from very low to high values.

Ans.The phase angle (¢) by which voltage leads the current in LCR
series circuit where XL > X_..

1
2avl ———
XL ~Xe _ ™ T omeC

tan ==L =

If v is small X > X; so [ZmL—ﬁ] is negative, so tan ¢ <0.
TV

Forvislarge, X| > X

So X; - X,. is positive or tan ¢ >0

forX; =X ie, atresonantfrequency

X, ~X.=0sotan §=0. |

So phase angle in series LCR ac circuit will change from a negative
to zero and then zero to positive value.

ALTERNATING CURRENT [


http://www.cbsepdf.com

www.cbsepdf.com

SHORT ANSWER TYPE QUESTIONS

Q7.21. A device X is connected A
to an AC source. The variation of '
voltage, current and power inone _
complete cycleis shown in figure. T

(4) “Which curve shows the p
power consumption over
a full cycle? T

(b) Whatis the average power l’
consumption over a cycle?

(¢) Identify the device X. :
Ans. (1) We know that P = VI, the amplitude of power will be equal to

multiplication of V and I so it must be maximum amplitude as
compared to V and L. So curve A shows the power consumption
over a cycle. The power of a circuit will become zero, when
either V = 0 or I = 0 or both become zero which is clear from
graph ‘A is zero (on dotted lines) at these position.

(b) The graph of power is represented by A. The graph ‘A’ is
symmetric with X-axis, ie. area of graph on positive and
negative side are equal. So net area of power graph is zero.

So power consumption in circuit is zero, which tallies with that
average power of A.C. circuit over a cycle is zero.

(c) As the average power of device is zero so power factor cos ¢ =0
i.e., 0 =90° Change in phase between current and voltage is in
either inductor or capacitor. So device may be either capacitor
or inductor or the combination of both inductor and capacitor.

Q7.22. Both alternating current and direct current are measured in
amperes. But how is the ampere defined for an alternating current?
Ans. For direct current ‘One Ampere’ is equal to one coulomb charge
flowing per sec.

In an AC, current changes it's direction with time equal to the half
of time period of AC. So the charge vibrate to and fro with frequency
equal to the frequency of AC. So net force acting on the charge is zero.

So the AC current in ampere must be defined in terms of some
property which is independent of direction of charge or current.

Joule's heating effect is such a property and hence Joule’s heating
law is used to define one ampere current in AC. According to Joule’s
heating effect, one ampere current in AC is the current which can
produce same quantity of heat per second as the direct current can
produce in one ohm resistance. ’
Q7.23. A coil of 0.01 H inductance and 1 €2 resistance is connected to
200 V, 50 Hz AC supply. Find the impedance of circuit and time lag
between maximum alternating voltage and cutrent.
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Ans.R=1Q, L=001H, V=200V, v=>50Hz
Impedance of the circuit

R L
Z= [RZ+XZ = JR? +(2mvL)?
= J(1)* +(2x3.14x 50 x 0.01)?
()
= J1+9.86 = 10.86 7
20V

=33Q.
~. For phase angle ¢, tan ¢ = %

tan ¢ = XL o 2WVL _ 2% 3.14 x50 x 0.01

=R R - 1

tan ¢ = 3.14

¢ =tan"!3.14=72°

Phase diff 7Z2xn
erence ¢ = 180°
¢ = 1.20 radian

Time lag between alternating voltage and current

b 9 72x7 _ 1
® 180X2x®x50 250 -
Q7.24. A 60 W load is connected to the secondary of a transformer
whose primary draws line voltage. If a current of 0.54 A flows in the
load, what is the current in primary coil? Comment on the type of
transformer being used.
Ans. P =60W, I =054A, I,=2

rad

C

P =Vl
60 = V,x0.54
60
— =V
0.54 s
V, = 111.10 Volt
In multiple of 11
V, = 110 Volt
t volta.
Ratio factor of transformer =M
input voltage
V, 110 Volt _1
" TV, T T 20Vl 2

r
or r <1, so transformer is step down transformer.
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In transformer, output power = input power

LV,=L1V,
LV, _054x110
v, 20 pere

Q7.25. Explain why the reactance provided by a capacitor to an
alternating current decreases with increasing frequency?

Ans. When AC current is applied across a capacitor plate, the plates of
the capacitor get charge and discharge alternately. Current through the
capacitor is a result of this charging and discharging by AC voltage or
current,

A capacitor does not allow a direct current (having zero frequency)
to pass through it. But as frequency of current increases capacitor will
pass more current through it as on increasing frequency, the charging
and discharging happens at fast rate. It implies that the reactance
offered by capacitor decreases on increasing frequency.

So the reactance of capacitor can be written as |X¢ = —mlc— .

Q7.26. Explain why the reactance offered by an inductor increases
with increasing frequency of an AC voltage?

Ans, According to Lenz’s law, when current in an inductor change, the
direction of induced e.m.f. will oppose the change in current in inductor.
The magnetic flux will be in opposite direction with the magnetic flux
produced by changing e.m.. or current in coil and vice-versa.

Since the induced e.m.f. is directly proportional to the rate of
change of current, so an inductor produces greater reactance to flow
of current through it.

If direct current passes through an inductor the reactance produced
by inductor is zero. 50 on applying an AC current its reactance
increases with increasing the frequency of AC.

So the reactance is directly proportional to frequency or reactance
of inductor is X; = 2rvL = aL.

LONG ANSWER TYPE QUESTIONS

Q7.27. An electrical device draws 2 kW power from AC mains [voltage
223 V (rms) = /50,000 V]. The current differs (lags) in phase by ¢

(tan o= ;f’-) as compared to the voltage. Find (i) R (if) (Xc — X} and

(iii) I, Another device has twice the values for R, X and X; . How are

the answers affected?

Ans. P=2000W  Current lags the voltage so
V2=50,000V X.>X
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-3
tang=—
¢ 4
=102
v
P=Z
50,000
2000 = 7
7 50,000=259
2000

Z=R%+(Xc - X, )?

R2+ (xc_xL)Z = 252
R%+ (X - X)? = 625 ()

tan¢ = —3

Xe—X)? = =R? (D)
Put the value of (X - X;)?in (T)
R? + L R? = 625
16
Bp2=625
16
R?=16x25
R=4x5=200Q
X=X, .3

R 4
XC_XL=_73X20
X.-X, =-150
vV 223
L= o=2=94
lns = > =25
=21, =vZx9
I,=12.6A

As (1) R, X, X; all are doubled tan ¢ = XL;ﬁ will remain same.
149
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(if) Z will become double then I = % become half as value of V does

not change. (iii) As I become half P = VI will become again half as

voltage remains same.

Q7.28. 1 MW power is to be delivered from a power station to a town

10 km away. One uses a pair of Cu wires of radius 0.5 cm for this

purpose. Calculate the fraction of ohmic losses to power transmitted if.
(i) Power is transmitted at 220 V. Comment on the feasibility of doing this.
(if) A step-up transformer is used to boost the voltage to 11000 Volt,

power transmitted, then a step-down transformer is used to
bring voltage to 220 V. (pg, =1.7 x 1073 Q-m)

Ans. (i) When power is transmitted at 220 V.

1503 NCERT ExempLar ProsLEMs PHysics—Xil

Power lost in transmission ‘
P=VI

P=1MW=10°W
V =220 Volt

I
=0N— R=——
R pA = o
1= 10 km x 2 =20,000 m
A=nr
r=05em=05x102=5x10"%m
Pe, = 1.7%x10° Q-m
pl
A
R=  17x107%x 20,000
3.14x5x10" 3 x5x107?
170 x 20000 x 10-8+6 _ _170% 20000
3dx5x5  314x25x100
R=170x800 170x4 _ 680 _
314x100 157 157
Power loss = R .
- 5010100 x 5010100 x4 = 1001;110 =826 x 107
Power loss in heating = 82.6 MW

as 82.6 MW > 1 MW
So this method cannot be used to transmit the power.



http://www.cbsepdf.com

www.cbsepdf.com

{i)) When power is transmitted at 11000 V
P=10°W
VI = 1000000
11000 I = 1000000
[ = 1000000 _ 1000

11000 - 11
A Re, =4Q [as already calculated in part (i)]
. Power loss = P=I’R
P= 1000)( 1000 w4 - 4000 x 10%
11 11 121
P =3.3 x 10* Watt s i
Fractional power loss = 33x10° _ 33 0.033
1000

Power loss in % =3.3%
Q7.29. Consider the LCR circuit shown in i R

figure. Find the net current i and the phase of —»—AAA————

v \ i C
i. Show that i = —. Find the impedance Z for | 2 L
this circuit.  Z —>——r—

Main concept used: Kirchhoff's law. ‘i )
Ans, Total current i from the source Vﬁ of

V,, sin ot is divided at B in two parts, i,
through capacitor and inductor and part i, through resistance.

Potential across R = Potential of source 12 R .
PD. across R=V,_ sin ot cr—o—" MA\———D
LR =V, sin ot i L
. B —]—rr—E
i = V,, sin ot I ; ~
2 - 5 b il ~
4, is charge on the capacitor at any time V,, sin of
t, then for series combination of C, L.
applying Kirchhoff's voltage law in loop ABEFA.
Ve+V, =V, sinot
L d11 =V .si
+L 2L =V . sin wt
c "a "
1 +qu1=Vmsm(.ot II
C " a? _
Let 41 = 4, 8in (@ + ¢) i
% = q,, @ cos (ot + ) IV
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—5 = —¢,, @ sin (f + §) Y
Substitute the values of equations Il and V in equation II

&ﬂw-]dqm ®° sin (ot + ¢) =V, sin ot

Gy SiN (©F +¢)[%—Lm2] =V, sin ot
ato=0,
gy SN ©F [%— sz] =V_sin ot

G [%—Lmz]sin ot =V, sinot
V,

O [%—Lw2]= Va
m VI)

L .
— L
Q[Cw “’]
Applying Kirchhoff's junction rule at junction B, i = i, + i; using
relaton [, IV

. _ Vi sinot

i +g,, 0 cos (ot + )

Now using relation VI for g, and at ¢ =0
, [Vm sinwt V, ocos ot }
i= R +—
W — — oL
[mC ]

i= -Yﬂ-sinmt+——”‘—cosu)t
v oC
Let A= ?"‘=Cc05¢ ..(VII)
B= lv__m =Csin ¢ ~{VIII)
— =L
®C

i= Ccos ¢sin i+ Csin¢ . cos wt
= C[cos ¢ sin of + sin ¢ cos f]
i = Csin (0f + ¢)
Squaring and adding (VII), (VIII)
A?+B?= C2cos® 9+ C?sin’ ¢
= C?[cos? ¢ + sin? ¢)
A2+B2=C2
or C=JA2+B2
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IV,,,
—-owL
can-1B 1 @C ©
¢ = tan " tan v,
o= —R ¢
(L_m]’_‘)
oC
C2= A2+Bz=ﬁ.+ V:'
R 1 2
(o)
oC
- -1
c=|Vn Vo 2
R? 1 LZ
i (E""’JJ
Mxr2 2 T2
1= {%+1—V’”——2 sin (@f + ¢)
(aco)
i oC
, 1 1 P
i=V, F+(1—-—2 sin (f + ¢)
——oL
o)
and ¢ = tan™! ] R
— -l
(mC m)
I=% or i=—
for ac i= %sin(mt+¢)
Comparing (IX) and (X) ;
1 1 1 2
So Z= EZ_+1——2
——oL
((oC ‘”)

This is the impedance Z for the circuit.

Q7.30. For LCR circuit driven at frequency o, the equation reads,

di ., 9 .
L— L=V,=V,_sin et
T, +Ri+ c Vi Vm
(2) Multiply the equation by i and simplify where possible.
(V) Interpret each term physically.

ALTERNATING CURRENT B
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(c) Cast the equation in the form of conservation energy statement.
(d) Integrate the equation over one cycle to find that the phase
difference between V and i must be acute.
Main concept used: (i) Voltage Kirchhoff’s L C R
law (if) Loss of energy through resistor to
know net loss of energy.
Ans. Consider L-C-R series circuit with AC
supply 2\
V=V_sinat o
Applying voltage Kirchhoff’s law over
the circuit
Vi +Vc+ V=V sinot
L - v, sin @t
dt C

(a) Multiply the above equation by i on both the sides

Li%+ﬂ+i2R=meﬁn®t
Multiply above equation by % on both sides

1,.di .q iR _1_ .. (_dq)
—Li—+i——+— ==V ¢ ci=—
2 g ttact 2 T O T
1. .

d(—LI] 2 .2

2 1 dg 1R_1V

A2 /- A PR =V isinet M
dt 2Ca 2 27

1
d (— Li? )
®) @) _zd__.. represents the rate of change of potential energy in
t
inductance L.

2

(i) | L 4_| represents energy stored in dt time in the capacitor.

dt 2C

(iif) R represents Joules heating loss.

(iv) leisin of is the rate at which driving force pours in
2

energy. It goes into ohmic loss and increase of stored energy in
capacitor and inductor.
(c) Here equation (f) isin the form of conservation of energy statement.
(d) Integrating eqn. (I) both sides with respect to df over a cycle we get

Td('— 1') T dq T 1}'
dt + dt + | =i dt==|Vpisin of df
! dt J,;dtzc !2‘ 24"
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T 2 T T
diil 2 q 1 .2 1 . R

—_— - — o = — dt b =

Idt[zu + Jdt+2_!zRa‘t 2£V1 [+ V=V, sin wf]

! 2C
1 1%
0+=i*RT = ~[Viat
2 23
T
#RT = [Viat
4]
as 2 RT is +ve [* # Rand T can never be negative]

T
So, JV:' dt is positive which is only possible if phase difference
0

¢ is constant and the angle is acute.
Q731 In the LCR circuit shown in the figure below;, the AC driving
voltageis V=V, sin wt.
(a) Write down the equation of motion for g(f).
(b) at t = t;, the voltage source stop and R
is short circuited. Now write down how
much energy is stored in each of L and C.
(c} Describe subsequent motion of charges.
Main concept used: Kirchhoff’s voltage law,
and get relations after differentiating either
one or two with respect to time,
Ans, (a) Consider series LCR circuit and
tapping key K to short circuit R. Let i be
the current in circuit, Then by Kirchhoff’s

Voltage Law, when key K is open, )

. N
VR+VL+VC=VmSmmt vmsinmt
1R+L%(:)+ig—)-vmsinmt=0 [ i(ty=i=1, sin (at+ )]

= As charge 4(t) changes in circuit with time in AC,
then i= 4(t)
dt
. a2
% - _"d‘zgt’ (differentiating again)
2
R4  { d9()  q(t)

dt g T " Vasinot

2
Ld—qgtl+Rm+ﬂ=V sin wt

dt dt C "
This is the equation for variation of motion of charge with
respect to time.
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(b) Let time dependent charge in circuit is at phase angle with
voltage then g = g,, cos (®t + )

i= %:u}qm sin (©f + §) ()
i = Vo _ = Vo - (D)
Z R +(Xc—Xy)
fan ¢ = (Xc = X1)
R
At t = t;, R is short circuited, then energy stored in L and C,
when K is closed will be,
U, = %Liz .M
Att=t,
i=1i, sin (0 +0) «(IV)
From (), i= Vi sin (@t + ¢) «(V)
JR? + (X - X, )
So, from (1II},
U 1y Vi i sin? (of, + 0)
= 0
L 2 ‘\IRZ + (XC - XL)Z
2
q lra 2
Uc = rreke E(—:[qm cos” (wiy + q;)]

Comparing IV)and () i,=4,®

Im=w
Ue = 1 icosz (0t +9) = i cos? (wtg +9)
€ 2C a? 0 2Co? 0
Using equation (I)

Uc cos (0 +0)

T 2[(,}R +(xc—xL))2]
(from IV and V)

(¢) When R is short dircuited, the circuit becomes L-C oscillator.
The capacitor will go on discharging and all energy will
transfer to L, and back and forth. Hence there is oscillation of
energy from electrostatic to magnetic and vice versa.

[ 1
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Electromagnetic
Waves

— -

MULTIPLE CHOICE QUESTIONS—

Q8.1. One requires 11 eV of energy to dissociate a carbon monoxide
molecule into carbon and oxygen atoms. The minimum frequency of
appropriate electromagnetic radiation to achieve the dissociation lies in

(@) visible region. (b) infrared region.
(c) ultraviolet region. (d) microwave region.
Main concept used: (/) E = hv and (i) Range of electromagnetic
spectrum.
Ans.(c): E=11eV=11x16x10"°]
h=6.62x10#]-S
E=hv 19 19+34
V=~Ii‘=11><1.6><10 =8.8x10 _ 880 x 10" Hz
h 662x107* 331 331

0Q8.2. Alinearly polarized electromagnetic wave given as E = Eof cos(kz
- ot) is incident normally on a perfectly reflecting infinite wall at
z = a. Assuming that the material of the wall is optically inactive, the
reflected wave will be given as .
(@ E,=-Eji i cos(kz — f). (b) E,=E cos(kz + wt).
(c) E,=-E,i cos(kz + wt). (@) E,=E,[ cos(kz - wt).
Main concept used: When a wave is reflected from a denser
medium then its phase angle is changed by 180°.
Ans. (b): E=E i cos(kz — ot) (given)
As E is along +ive X axis so reflected ray will be along negative
X-axis. Its electric component will also be opposite to earlier, i.e. in -z
direction, phase will change by n (z —» —z) and (i = i)
E, = E (i) cos[k(-2) — ot + x]
E =-E fcos[n (kz + wt)]

E, =+Ej i cos(kz + wt)
QB 3. Light with an energy flux of 20 W/cm? falls on a non-
reflecting surface at normal incidence. If the surface has an area of
30 cm?, the total momentum delivered (for complete absorption)
during 30 minutes is
() 36x 107° kg m/s. (b) 36 x 107 kg m/s,
(c) 108 x 10* kg m/s. (d) 1.08 x 107 kg m/s.

\4
Main concept used: Momentum of incident light = r (Total energy)
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Ans. (b): Energy flux = ¢ =20 W/cm?
A=30cm? +=30x60sec
U = Total energy falling t sec= ¢ At
U=20x30x30x60]

M. f the incident light U 20x30x30x60
omentum e inciden ===
© C 3x108

=36 x 10 kg ms™
As no reflection from the surface and for complete absorption
so momentum of reflected radiation is zero.
Momentum delivered to surface = Change in momentum
=p;—p; =0-36x10*=-36 x 10" kg m/s
(-) sign shows the direction of momentum.
Q8.4. The electric field intensity produced by the radiations coming from
100 W bulb at a 3 m distance is E. The electric field intensity produced
by the radlahons coming from 50 W bulb at the same distance is

(a) = () 2E. (©) J— (@) JIE.

Mam concept used: E.F. intensity on a surface due to incidence
radiationis I_ = E} and PT"’oc E2

P,, o E2 (as A is constant)

Ans. (c): E, e ,/Pa.,,

(Ea )1 = l )1 ] ﬁ

E) VB Y5OW 1

(Eo)
&, G

Q8.5. If E and B represent the electric and magnetic field vectors of the
electromagnetic wave, the direction of propagation of electromagnetic
wave is along

(@) E. (b) B. (¢) BxE. (d) ExB.

Main concept used: The direction
of e.m. wave can be find out by right
hand grip rule or by E x B.

Ans. (d): The direction of propagat:on
of electromagnetic wave is perpendi- ,,
cular to both E and B and is given by
E x B by right thumb rule.

The electric field E is along E(+x) and E(—x) axis and magnetic field B
is along B(y) and B(~y) axis. So by cross product of E and B, direction
is perpendicular to E and B, from E to B i.e. (E x B) in +z direction.
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Q8.6. The ratio of contributions made by the electric field and magnetic
field components to the intensity of an E.M. wave is

@ c:1 ) A:1 © 1:1 @) Je:1
2
Main concept used: () 1= U, ., (i) U, = 1 g2 o 1Bs
27 2n,
e =——i
(ith) c 3

0

Ans. (c): Average energy by electric field E isU_|
1
U, = —Z—EOEﬁ ButE,=cB,

i 2 1 2n2
(Usodetectric fetd = 5 8o (cB,) =58 B;

- 2o, — (B, N
2 o,
1 2
(U etectric field = 2 B, =(U1w)(magnetlcﬁeld)

9] .

Ratio = ~omldecsicad 1 . o

(Ua-o )magneﬁc fleld 1
Q8.7. An E.M. wave radiates outwards from a dipole antena, with E,
as the Amplitude of its electric field vector. The electric field E, which
transports significant energy from the source falls off as

@ L @ L © L (d) remains constant

r r 1 ¥

Main concept used: E, " from dipole antenna.

Ans. (c): As we know that electromagnetic waves are radiated from

dipole antena and radiated energy E o —1~
r

MULTIPLE CHOICE QUESTIONS—II MORE THAN ONE OPTION
Q8.8. An electromagnetic wave travels in vacuum along +Z direction

E = (E; + E,)) cos(kz — oof).
Choose the correct options from the following:
(4) The associated magnetic field is given as

B= %(El? ~E,j) cos(kz — o).
() The associated magnetic field is given as
B= %(Elf —E,7) cos(kz - o).
(c) The given electromagnetic field is circularly polarised.

EtecTROMAGNETIC WAVES 2 159



http://www.cbsepdf.com

www.cbsepdf.com

(d) The given electromagnetic wave is plane polarised.
Main concept used: From Maxwell’s equations |B | = %
Ans. (a), (b) and (d): Here, in electromagnetic wave, the electric feld

vectorisgivenasE= (El;'\ + EJ ) cos(kz—#). In electromagnetic wave the
associated magnetic field vector B= % = %(Eii + Ej)cos(kz — wf) verify
option (z) and (b) as E and B are along X- and Y-axis respectively so
the direction of propagation is Z-axis and E.M. wave is plane polarised
along X and Y direction E and B respectively verifies option (d).
Q8.9. An electromagnetic wave travelling along Z-axis is given as
E = E cos(kz — @f). Choose the correct options from the following:

(4) The associated magnetic field is given as B= LI -1~(12 x E).

c @
(v) The electromagnetic field can be written in terms of the
associated magnetic field E=c(Bxk).

() BE=0 i.B=o

@ kxE=0, kxB=0

Main concept used: E = E, cos(kz — of)
Ans. (), (b) and (c): E.M. wave is travelling in +Z direction. Its electric
field is given by

E = E, cos(kz — @f) along X direction which is perpendicular to
Z-axis i.e., along X direction.

The associated magnetic field B is also perpendicular to+Y i.e.,, kx E.

AsB=E-= -I-(E x E) (along Y-axis).

c

The associated electric field can be written in terms of magnetic
field as E = ¢(B x k).

Angle between k and E is 90° = E.B=EB cos 0°=1

As we know that B, E and direction of propagation of E.M. wave
are perpendicular to each other.

Here, E =E | cos(kz — o)

As the direction of propagation of E.M. wave is in +Z direction i.e.,

vk, then Eis in Ef and Bj.

Foroption(s) B= lixi [given in option (4)]
c
Bj = %Exﬁ?istme (- kxi=T)
—:;(IE xE) =B [given in option (a)]
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%(l’c\ x Ei) = Bjis true as fex i = j verifies answer (a).
For option (b) Fi = ¢(B] x k) is true . "=jxk
For option (c) IE.E(f) =Q0istrue “~ki=0
I;.B(f) =0is true .~ IE.] =cos 90°=0

For option (d) I’éxE(?) =0 is false asI;xf=—; %0
0Q8.10. A plane electromagnetic wave propagating along X-direction
can have the following pairs of E and B

(2) E, B, (b) E, B (c) B, E, (d) E By

Mam concept used: The direction of propagahon B, magnetlc field
B and electric field are perpendicular to each other.
Ans, (b) and (d): As the EM wave is plane polarised and its propagation
is in +X direction. So direction of E and B will be in either Y and Z
direction or Z and Y direction. So verifies answers (b) and (d).
Q8.11. A charged particle oscillates about its mean equilibrium position
with a frequency 10° Hz. The electromagnetic waves produced:

(a) will have the frequency of 10° Hz

(b) will have the frequency of 2 x 10° Hz.

{(c) will have wavelength 0.3 m.

(d) fall in the region of radiowaves.

Main concept used: (i) c = vA, (ii) the frequency of wave as the
frequency due to which it is produced.
Ans, (2) (c) and (d): Vibrating particle produces electric and magnetic
field, so will produce an E.M. wave of same frequency 10° Hz verifies
answer (a),
wv=10°Hz, c¢=3%x10%m/s

¢ 3x10° 3x10°

So, A= 5" 10 = 10X 108 =03 m verifies answer (c).

As the range of radiowaves are between 10 Hz to 10'* Hz and
10% Hz lies between this range verifies answer (d).
8.12, The source of electromagnetic waves can be a charge

(#) moving with constant velocity. () moving in a circular orbit.

(c) atrest. (d) falling in an electric field.

Main concept used: An EM. wave can be produced either by
accelerated or oscillating charge.
Ans. (b} and (d): Motion of a particle in circular orbit is accelerated
motion verifies answer (b).

When a charge particle falls in electric field the velocity of charge
particle changes so its motion becomes accelerated and can produce
E.M. wave. It verifies answer (d).

ELecTroMAGNETIC WaVES i 161



http://www.cbsepdf.com

www.cbsepdf.com

Q8.13. An EM. wave of intensity I falls on a surface kept in vacuum
and exerts radiation pressure p on it. Which of the following are true?
(#) Radiation pressure is I/c if the wave is totally absorbed.
(b) Radiation pressure is I/c if the wave is totally reflected.

(c) Radiation pressure is 2 it the ‘wave is totally reflected.

c
(4) Radiation pressure is in the range 1 <p< 2L for real surface.
c c
Main concept used: Due to dual nature of the wave, E.M. wave
also has particle nature.
Ans. (4) (c) and (d): Radiation pressure is the force exerted by particles
(dual nature of particle) on unit area, due to the change in momentum

of radiated particles per unit area per sec= -..

c
I = intensity of radiation
¢ = velocity of radiation

Radiations are absorbed, so momentum per unit area per second = l
. c
verify the answer (a).
When radiation is reflected back, the mementum becomes double
as in earlier case, so discards answer (b) and verifies answer (c).

So variation of radiation pressure p comes between the range

! <p< %I— verifies answer (d).
c

VERY SHORT ANSWER TYPE QUESTIONS

Q8.14. Why is the orientation of the portable radio with respect to
broadcasting station important?
Ans. Transmitted carrier wave signals are plane polarised and if the
intensity of signal is poor then receiving antenna of radio must be
parallel to the component of either electric or magnetic field. Because
energy is only due to amplitudes of electric and magnetic components
in EM wave, magnitude of amplitude is in particular directon
perpendicular to each other and perpendicular to wave propagation.
Q8.15. Why does the microwave oven heats up a food item containing
water molecule most efficiently?

Main concept used: Resonance phenomenon.
Ans. In Microwave oven, molecules of food item starts to vibrate by
driven force due to microwaves with the frequency of microwave. But
the natural frequency of water molecules matches with microwave
frequency which causes resonance (more amplitude) which further
causes increase in temperature.
Q8.16. The charge on parallel plate capacitor varies as g = q, cos 2nvt.
The plates are very large and close to each other. Separation between
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plates is d and common area of Platesis A. Neglecting the edge effects,
find the displacement current through the capacitor, '
Ans. The displacement current 1, in capacitor is

1= 1= %‘1, where g = g cos(2nvi) (Given)
t
Li=I.= ;z‘it% cos(2mve)

I, = -4, 27V sin 2mvt
I; = ~2nvq, sin(2nvt)

Q8.17. A variable frequency AC source is connected to a capacitor.
How will the displacement current change with decrease in frequency?

Main concept used: X, 1 and I= v
v XC
Ans. As we know thatxc =1 and I.= v
2nvC Xe
80 reactance of capacitor increases on decreasing frequency X, o 1.
v
So I=2nvCV
As reactance of capacitor increases, the current by Ohm'’s law will
decrease. o ,1_
Xe

So the displacement current decreases frequency decreases when
the conduction current is equal to displacement current.
Q8.18. The magnetic field of a beam, emerging from a filter facing a
floodlight, is given by B = 12 x 107 sin(1.2x 107 z-3.6 x 1015 §) T,
Find the average intensity of the beam.

2
Main concept used: I,= B, C
2p, 2
B = B, sin(kx - 2nvi) ( k= T")

Ans.B=12x10®sin[1.2 x 107 Z ~ 3.6 x 105 wl
Standard equation B =B, sin(kx - wf) .
Comparing the different terms in above two (I, I) equations

B, =12 x 10°® Tesla

2
I =20 L 12x10® %12 %10 x 3 x 10°
av

21, 2x4n x1077
1 1 —8-8+8+7
= 12x12x3x10 = _1.79 W/m?
8x 3.14 3.14x10

Q8.19. Poynting vector S is defined as a vector whose magnitude is
equal to the wave intensity and whose direction is along the direction
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of the wave propagation. Mathematically, it is given by 5= HL(E x B).
Show the nature of S versus t graph. °

Ans. Consider an electromagnetic wave. Let electric field (E) of EM
wave varies along Y-axis the propagation of wave is along X-axis, then
f x B will give the direction of flow of energy in electromagnetic wave
along X-axis.

(VI K,
5= 1 sin(wt - k)i
Ko
Variation of |S| with time will be as given in figure.
Y4
s -
0 »-{
X

zy

Q8.20. Professor CV Raman surprised his students by suspending
freely a tiny light ball in transparent vacuum chamber by shining a
laser beam on it. Which property of EM waves was he exhibiting?
Give one more example of this property.

Ans. We know the dual nature of radiation and matter. EM wave
carries energy and momentum. Due to this change in momentum (by
direction or velocity of wave), EM wave, exert pressure on the surface,
by ‘reflection and refraction. This property of EM waves helped
professor CV Raman to surprise his students by suspending freely a
tiny light ball in transparent vacuum chamber by shining a laser beam
on it. The tails of the comets are also due to radiation pressure.

Electromagnetic radiations can pass even through vacuum and has
particle nature.

Mobile phone placed in evacuated transparent chamber can 1ing
up which can be seen through transparent chamber, but sound of
ring tone cannot be heard, proves the propagation of electromagnetic
wave in vacuum.
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SHORT ANSWER TYPE QUESTIONS

8.21, Show that the magnetic field B at a
point in between plates of a parallel plate I
. . .. WEFdE ’. '*"‘i)
capacitor during charging is “eZe - I I
2 dt v

(symbols having usual meaning).

Ans. Let ], be the displacement current in the region of magnetic field
between two plates of a parallel plate capacitor.

The magnetic field induction at a point in a region between two
plates of a capacitor at a perpendicular distance from the axis of plate is

=”_vl=ﬁ1_”v( d_¢)

2nr  2nr ° 2mr €o di
B=Eﬁ£ Emz e _n e

o gt 7 ) wleg=E.A
B= -u'osoriE_

2 dt

Q8.22. Electromagnetic waves with wavelength
() A,is used in satellite communication.
(i) M, is used to kill germs in water purifiers.

(ii)) A, isused to detect leakage of the oil in underground pipelines.

(iv) A, is used to improve visibility in runways during fog and mist
conditions.

(2) Identify and name the part of electromagnetic spectrum to
which these radiations belong.

(b) Arrange these wavelengths in ascending order of their magnitude.

(c) Write one more application of each,

Ans. (4) (7)) Microwave is used in satellite communications so, A, is the

wavelength of microwave. It is used in microwave oven.

(i) Ultraviolet rays are used to kill germs in water purifier so, A, is
the wavelength of ultraviolet rays.
A, are UV rays that can be focused into very narrow beam for
high precision application such as LASIK (Laser—assisted in
situ kerotomileusis) eye surgery. -

(fi) X-rays are used to detect leakage of oil in underground
pipelines so A, is in X-ray region. It is also used to detect cracks
in machinery and to detect fracture in bones of body.

(iv) Infrared rays A, are used to improve visibility due to larger
wavelength of low scattering.

Infrared rays are used in optical communication.
(v) The arrangement of the wavelengths in ascending order are
A<hy<h <hy

(¢) Uses are along with part (a).
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Q8.23. Show that average value of radiant flux density S over a single

period T is given by § = E2.
2cu, °
Ans.  Radiant flux density S= L (fi B
Hg
e 1
uOEO
or &= L
WoEy
— =g,
Ha
= g,c*(ExB) ()

Let electromagnetic waves be propagated along X-axis so its electnc
and magnetic field vectors are along Y and Z axis.

E= E, cos(kx - mt)}
B = B, cos(kx - mHk
Ex B = (E,B,) cos¥(kx — w#) (j x k)
PutExBinl

=, E B, cos’(kx — mf)i
So average value of the magmtude of radiant flux density over
complete cycle is

T
= EED(EDBD)% J‘ cos?(kx — wt) dt i
0

2 2
= £ 8507 &EoB, I:I = C—EOE (&) l:‘.'C=E’- or B, =E"—
T 2 2 7 %\e B, ¢

2
2 K8, Kot
_¢ 1 E2
=5 —E
K,
2
5 =_20 Hence proved
ST, P

Q8.24. You are given a 2 UF parallel plate capacitor. How would you
establish an instantaneous displacement current of 1 mA in the space

between its plates?
Ans. C=2uF=2x10°F, L,=1mA=102A
. g=CV

Ldt = C.dV
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av
I =c.4V
4 at
AV I, 10°A 1000
£Y =0 Volts
d¢ C 2x10°% 2 '°
Y 500V

Q8.25. Show that the radiation pressure exerted by an EM wave of
intensity I on a surface kept in vacuum is 1

c
Ans. Pressure on surface due to particle nature of wave P= F

Force = Rate of change of momentum A
If mass (m) of radiant particle for wave of velocity ¢ then
E = mc?
E=U (let)
U=mec.c
U=p.c
where, momentum p = mc
Now differentiating w.r.t, time () we get
.. 9
_ c.,-L.
dt dt
14U _dp [ .
PR [ i F (by Newton's second law)]
140 FE 1140
E=Z"C or —==.2.

F
Pressure (P) on surface due to e.m. wave radiation and P = A

P=l.[ﬂ]
¢ L Adt

We know that intensity of radiation is equal to the radiant energy
(U) falling on unit surface per second.

1= 14U or p=£ Hence proved.

A di ¢
Q8.26. What happens to the intensity of light from a bulb if the distance
from the bulb is doubled? As a laser beam travels across the length of
a room its intensity essentially remains constant.

What geometrical characteristic of LASER beam is responsible for
the constant intensity which is missing in the case of light from the
bulb?

Ans. Bulb spreads its light in all around spherically and symmetrically.
So if the distance from the bulb is doubled, the surface area covered by
radiations changes from 4nr” to 4n(2r)? i.e., 22 or four times decreased
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in straight laser. Butina bulb it decreased by 4(4x), i.e. 16x decreased.
So the intensity becomes one-fourth the initial value in straight line.

Since (I o lz) and for spherical source [1 o
r

4mr?
In case of laser, it does not spread in all directions. It passes only

along a straight line. So its intensity remains same almost.

Geometrical characteristics of LASER beam which is responsible
for the constant intensity are:

({) Monochromatic, (i) Coherent, (i) Highly collimated from all
around source, (iv) Unidirectional.

These characteristics are missing in the case of light from the bulb.
Q8.27. Even though an electric field E exerts a force gE on a charged
particle, yet electric field of EM wave does not contribute to the
radiation pressure (but transfers energy). Explain.

Ans. In electromagnetic wave, the electric field is oscillating, so the
resultant electric force on the particle will be zero, as the direction of
electric force changes every half of time period. As the electric field
vibrates, the radiation of energy will takes place only due to vibrating
electric and magnetic field.

LONG ANSWER TYPE QUESTIONS
Q8.28. An infinitely long thin wire carrying
a uniform linear static charge density A is
placed along the +Z-axis (figure). The wire
is set into motion along its length with a
uniform velocity 7=k, Calculate the

1
poynting vector 5= E_(E x B). ey

o
Ans. Consider a cylindrical Gaussian
surface in such a way that the axis of X
cylinder lies on wire. Electric field intensity due to long straight wire
_ata distance 2 and charge density A ¢/m
A n

§ o Mol
27a
I=i—£=hv
t ot
ﬁzuolﬂ'\
N 27a
1 1 A 2 UAD
S= —(ExB)=— X =2
- I-la( ) u::[zmna] 21'&1 I-J
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1% %) A

= — .xi = —k

4n’a’e, (7>3) 41:2412:-:0( )
A .
S= k
4n’a’e,

8.29. Sea water at frequency. v = 4 x 10° Hz has permittivity
£ = 80g,, permeability p =~ |, and resistivity p = 0.25 Q-m. Imagine a
parallel plate capacitor immersed in sea water and driven by an
alternating voltage source V(t) = V sin(2nvt). What fraction of the
conduction current density is the displacement current density?
Ans. Suppose distance between the parallel plates of capacitor is ‘d’
and the applied voltage
V(t) = V, sin(2nvt)
E = V() V,sin(2nv.t)
Y
By Ohm’s conduction current density

Jo = 1z _ 1 V,sin(2nvt)

(Y P d
5§ = Yo

pd

The displacement current

Let

dE dav, . £V,
= g—=E—— 2nvt)=_"90,
Ja PR sin(2mvt) y cos(2mvt) (2mv)
Ju= 2mveV, cos(2nvt)
Let J; _ 2mveV,
d
Then J, = J4 cos(2mvi)
2 2nveV,
2 __ 4
= = 27v!
¢ v, &P
j pd
2 = 2mvep =21 x 4 x 10° x 80g, X 0.25
* = 4me,x 2% B0 x 0.25 x 10°
_ 2x80x025x10° _ 160x25
p 9 x 10° T 9x10x100
Frlialry

o
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Q8.30. A long straight cable of length [ is placed symmetrically along
Z-axis and has radius a (<<< ). The cable consists of a thin wire and a co-
axial conducting tube. An alternating current I(f) =1 _ sin(2nvi) flows down
the central thin wire and returns along the co-axial conducting tube. The
induced electric field at a distance s from the wire inside the cable is

E(s, £) =L v cos(2nmve) log, (E) i
a

(i) Calculate the displacement current density inside the cable.
(i) Integrate the displacement current density across the cross-
section of the cable to find the total displacement current I
(i) Compare the conduction current I with the d1splacement

current [,

Main concept used: (I, =¢

dE
°dt|
Ans. (i) Induced electric field E(s, #) at distance s(s < radius of co-axial

cable) is given as E(s, t) = I v cos2nvt log, ( )k Displacement
current density ], is given by,

d 5]
J,= &~ i dt[cos th.loge;]k

Ja= Eauolov[(—sin 2mvt)- 2mv, log, i]ﬁ
a
[* s and a are constant]

)= —ep,l, 2mv? loge( )sm(z:rwt) k

S WP _)] : (oo
2 I 2nv [ Ioge(s sin (2nvi) k [ C M]

= ?‘g" 1, loge( )stn:vtk

=g, l,v—

= 21;;:21 loge( )sm 2nvt k
Ji= 21;’0 loge — sin(2mvt) k
(i) 1= jJ,,.sdsde = _[Id-sds_[d(i: [ 1, sds[2m]

s=0 0 s=0
2:} [loge (S) sm(zm)ﬁ] sds
2 a
L= (2) I, sin(2mvi)k j log (EJ.S ds
A oo s
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Integration of Ilog( ) sds

s=0
—[lo (—)-ﬁ—ﬂ]——}sads
8l2) 2 22},
4P 3
=o_l.[_5_ - [~ log,1=0]
2a 4 ) 8
2 (2“)2 a a(2n
oL —— I, 2 tk—
d 8 \n sin2nv > 4(}~J I sm(Zcht)k

The negative sign shows that the displacement current I, is
opposite to the conduction current [

a(2ma\?
I,= -( 21) I, sin(2nve) (- k)

I, .—.g(%) 1, sin(2nvi) (k)

1, is in —Z direction as I isin +Z direction.
(it)) I,= 5[ A ) 1, sin(27mve)(— k)

1,= 14 sin(2nvt)

2
where 14 =£(E) I
o 2 42

A
a(maYy
. —(_') L
Required ratio Ze. = L=_(_)
I, I 2\ A
¢ g2
1, 222

Q8.31. A plane EM wave travelhng in vacuum a]ong Z-direction is
givenby E = E, sin(kz — wt); and B =B , sin(kz - wf)} j.
() Evaluate E'SE dl over the rectangular loop 1234 shown in figure.

(i) Evaluate I B.ds over the surface bounded by loop 1234,
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‘ - X
(iif) Useequation @E.dl =T 4, prove
E _c 4 3a
0 = 1
B, h
(iv) By using similar process and the 1 2 i’
equation C_EB dl=pl+e, E%E._ / Z; L 'z
Prove that C= 1 . X
WoEg

Ans. As the electromagnetic wave is propagating along Z-axis then its
electric and magnetic field vectors are along X and Y axis.
() E= Eof and B= B, ] as in figure below.
X
E,i
4

dl
E

dl|E dl|E

h
| a4 2,1,
z

/zlEzz'
vy BY

Ling irltegrgl of E ozer loop1 1234,
$Edl = [E.di+ [E.di+ [E.di+ [Edl
1 2 3 4

3 4 1
E.dl cos 90° + jE.dI cos 0° + IE.dl cos 90° + JE.dl cos 180°
o ; s 2 3 4
$Edl= [0 + [Bdl +jo+j1=.d1(—1)

2 3 4
= 0+[E.H], —{E.h], =Ejisin[kz, - of) - Ej sin(kz, - 0f)
= hE [sin(kz, - of) - sin(kz, - of)]
(i) Consider a strip of area ds = h.dz as in figure. Angle between
X

—_— -

ds and B is zero.
jﬁo_i; = jﬁ.a_é cos{ (;)

ey N ) e O

a ~
= |Buds. ]
EA
= TB,, sin(kz — wf) h.dz
z
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~B,h "
k" [ cos(kz - mt)]zI

-B h
k" [cos(kz2 - ot} — cos(kz, — mt)]

. — B
[B.ds = ; [cos(kz, — at) — cos(kz, — @t) |
(iif) Given .l = —0n —iSBBds [+ B=B,sin (kz — wf)j]
dt dt o
B h ~
= i[ ¢ {cos(kz, — ®t) — cos (kz, —mt)}] ]
dtl &
Bh ,
= —-[-sin(iz; - of(- ®) +sin(kz, — 0t)(-©)]
Bh, .
= [w sin(kz, — ot)— @ sin (kz, - 0f)]
B,k
E= vkm [sin (kz, — @f) - sin (kz, — ©F)]
E = Egfsin (kz, ~ of) - sin (kz, — ©f)]
B,®- [ o }
= Vv—= C
Bo= = k
E,=B,C
EO EO BYC o]
—_———— T — 'n-B=B B=B
B, "By By [ 0] = vl
Eo _
BO
(iv) Consider a loop 1.2, 3, 4 in Y-Z plane as in figure.
X
E =Exi
B=
Y
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¢ Bai =}BE+}B¢1+ B.dl+-1[l§dl »
E 2 4

= [Bdi cos 0°+J'decos90°+j’Bdtcosgo°+delcosgo° II
1

¢ Bl = Tdujs(-dl) dez de:

1

=[BH], [Bh]zz [ dl=hin figure]
¢ Bl = [Byh sin (kz - )L, - [Byh sin (kz — )],
$B.dl = Byh[sin (kz, - ot) - sin (kz, - of)] I

Now to calculate ¢ = _[E.ds. Let us consider the rectangular strip
of loop 1, 2, 3, 4 of area ds each ds = hdz.

¢p = [Eds = [E.ds cos 0° = [Eds =EDTsin(kz~mt).hdz

z;
—cos (kz - ot) T?
N

X

Zy dz Z »
1 f 7z
B = Boj h j’
Y 2 3

Og = %[cos(kzl — ) — cos(kz, — wt)]

‘%E= Boho — —Isin(kz; — of) - sin (kz, ~@f)] IV

By Ampere’s circuital law

21

d
IB.dl = W, [Ic +g, diﬂ [Ic = conduction current]
[c=0in vacuum

[Bar= e, 2

dt
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Using relations obtained in eqn. (I} and (IV)
By# [sin (kz, — wf)-sin (kz, - wt)]

Eqho | . .
= Ho €& — — [sin(kz; ~ ) - sin(kz, ~ af)]
B~ o &g hw Ey
k
Wil €
By= E, _‘; ¢
Eo_ 1
By ke
Co_ 1 [ foec]
k  MHoE B,
CCk
== [o=Ck
k Ho€p
1
C%=
LoEq
1

C= 7 Hence proved.
vHo8p P

Q8.32. A plane EM wave travelling along Z-direction is described by
E=E,sin (kz—f)7 and B=Bsin (kz - 0f)}. Show that
(1) The average energy density of the wave is given by
1 2, 1 0
U, =—gEf+—B
av = 0% 0
(i) The time averaged intensity of the wave is given by

1
Ly = 5CeoE}

Ans. (/) The electromagnetic wave carry energy which is due to electric
field vector and magnetic field vector. In electromagnetic wave,
E and B varies with time.

= 1
The energy density due to electric field E is U= 5 g E?

1
The energy density due to magnetic field B is Ug= 2——32

Ho
Total average energy density of electromagnetic wave
1 1
U= Ug +Up =-g B2 + — B?
BT VB =58 21,
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E=E, sin (kz - 0t)1
B= B, sin (kz — ot) ]
average value of E? over a cycle = -2-0— ,

The average value of B? over acyc:le=70

1, 1, 1 (B)
aw™ %030 2, 2
1

BZ
u,, E2+-—2
[50 Mo ]

u

(i) We know that E;=CBjand C=
vHoEo

1B2 1E3/C® E} 1
——D~——(i——— % 1ogq =~ EoEp
4p 4 pe 4
Up=Ug
1 1B
Uav ZEOE% +ZI],%
E 2
=2 = - b .
By B
EZ 1 )
= =0 - =g & E
B hs e
_1 MoeoBa 1 22 1 o2
Uav '4_80 Eg 04:0 0 € Eo +ZEOE0
1 2
Uav = EED E‘D
1 B2 B) B
Uav= —€g. e g Eg g :l
47 wogg 4o Wo &
BY , Bo
4, 4
'Bz
Uav = —O_'
2u,
Up=Ug
Time average intensity of wave
L -u,c=LBC 1 pc
2, 2 Qoo
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Ray Optics and
Optical Instruments

MULTIPLE CHOICE QUESTIONS—!

Q9.1. A ray of light incident at an angle 8 on a
refracting surface of a prism emerges from the
other face normally. If the angle of prism is 5°
and the prism is made of a material of refractive
index 1.5, the angle of incidence is

(a) 7.5° (b) 5°.

(c) 15°, (d) 2.5°

Main concept used: 8= (- 1)Aand §=i—¢
Ans. (1): 8=(1.5-1)5°=0,5x5=2.5°

0-r=§,0=58+r

0= 25+5=75°
Q9.2. A short pulse of white light is incident from air to glass slab at
normal incidence. After travelling through the slab, the first colour to
emerge is '

(a) blue. (b) green. (c) violet. (d) red.

Main concept used: c=v A, v does not change during refraction.
Ans. (d): ~* c=v A and v is constant during refraction so ¢ = . The
velocity of red colour is maximum in glass as the Ag> A,

Q9.3. An object approaches a convergent lens from the left of the lens
with a uniform speed 5 m/s and stops at the focus. The image

(#) moves away from the lens with uniform speed 5 m/s.

(b) moves away from the lens with uniform acceleration.

(c) moves away from the lens with non-uniform acceleration.

(d) moves towards the lens with a non uniform acceleration.

Main concept used: When # = oo, then v=fand when u=f, thenp=oo
Ans. (c): When an object approaches towards a lens with uniform
speed, its image moves away from the lens to infinity with non
uniform acceleration.

Q9.4. A passenger in an aeroplane shall

{(a) never see a rainbow,

(k) may seea primary and a secondary rainbow as concentric circles.

{c) may see a primary and a secondary rainbow as concentric arcs.

(d) shall never see a secondary rainbow.

Ans. (b): A passenger in an aeroplane may see primary and secondary
rainbow as concentric circles.

-
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Q9.5. You are given four sources of light each one providing a light
of a single colour, red, blue, green and yellow. Suppose the angle of
refraction far a beam of yellow light corresponding to a particular
angle of incidence at interface of two media is 90°. Which of the
following statements is correct if source of yellow light is replaced
with that of other lights without changing the angle of incidence?

(a) The beam of red light would undergo total internal reflection.

(b) Thebeam of red light would bend towards normal while it gets

refracted through the second medium.
(c) The beam of blue light would undergo total internal reflection,
. (d) The beam of green light would bend away from the normal as
it gets refracted through the second medium.

Main concept used: Critical angle for yellow is greater than green
and blue and smaller than red.
Ans. (c): We know that if angle of refraction is 90° for !
the length then incidence angle is called critical angle. i
So light rays are passing from denser to rarer medium. i

Assinc=;1l-so,c.xl and > p, > Iy > Hy G

So, critical angle for C, < Cg < Cy < Cy, ie, critical angle of blue
and green light is smaller than that of yellow and it is greater for red
colour light.

As the angle of tefraction for yellow light is 90° for a particular
incident angle. This incidence angle is critical angle for yellow letitbe
C,. As Cz > C,. So it will not get total internal reflection and C,, < C,,
C <C

¥ 50 Eght of blue and green colour get total internal reflection. 5o
correct answer is ().
Q9.6. The radius of curvature of curved surface of plano-convex lens
is 20 cm. If the refractive index of the material of the lens be 1.5, it will

(@) act as a convex lens only for the objects that lie on its curved

side.

(b) act as a concave lens for the objects that lie on its curved side.

(c) actas a convex lens irrespective of side on which the object lies.

(d) act as a concave lens irrespective of side on which the object lies.

Main concept used: Lens Maker’s formula.

Ans. (c): If object lies on curved side then R, = +20 cm and R, = oo,
b=1u=15

178 = NCERT ExemPLAR ProBLEMS PHysics—X!



http://www.cbsepdf.com

www.cbsepdf.com

1 (L 1
f uZ ,J'] R] R2 ""’1
1 1 171_05_5 _1 0
f “(1'5"1){56“;"} 20 200 40 W\”z
f=+40cm
If object lies on plane side R, =« and R,=-20cm, L=Lun=15

1 1

h

% = (15-1) E—(_%ﬂ - 0.5x(+%) 2 l/
7
f=+40 cm

5o, lens will always act as a convex lens irrespective of side on
which objects lie. So, answer is (c).

Q9.7. The phenomena involved in the reflection of radiowaves by
ionosphere is similar to

{a) reflection of light by plane mirror.

(b) total internal reflection of light in air during a mirage.

(c) dispersion of light by water molecules during the formation of

rainbow.

(d) scattering of light by the particles of air.

Main concept used: Refractive index of ionosphere is less than
atmosphere for radiowaves. Although the refractive index of any
material can never be less than one of vacuum.

Ans. (b): Ionosphere is transparent optical medium and radiowave is
reflected back. Reflection through transparent surface is total internal
reflection so that internal reflection of radiowave takes place.
Q9.8. The direction of light rays incidence on a concave mirror is
shown by PQ, while the direction in which the ray would travel after
reflection is shown by four rays marked 1, 2, 3, and 4. Which of the
four rays correctly shows the direction of 1
reflected ray? 2 2 4
@1 @2 (@©3 (@4
Main concept used: Normal at

incidence point in spherical mirrors pra) / F
passes through centre of curvature of lens, / 3
P
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Ans. (b): Incidence ray PQ is coming through principal focus F so it
must be parallel to principal axis, .. either 2 or 4.

As it is a concave mirTor so, ray cannot go behind the mirror so ray
(4) is discarded.

So ray 2 is the reflected ray. It is verifies answer )]

We can verify it again by drawing normal Q. and find that £r = Zi.
So ray (2) is the reflected ray.
Q9.9. The optical density of turpentine is higher than that of water
while its mass density is lower than water. Figure below shows a
layer of turpentine floating over water in 1.2

a container. For which one of the four rays |Air 3 \4
incident on turpentine in figure, the path [T
shown is correct? W

w1 ®»2 ©3 @4

Main Concept: Laws of refraction.

Ans. (b): b, <p; > Ky Here, incidence ray passes from air to turpentine
to water, i.e, from rare to denser then denser to rarer SO first it bends
towards normal then away from normal so the path shown is correct
for ray (2).
09.10. A car is moving with constant speed of 60 km/hr on a straight
road. Looking at the rear view mirror, the driver finds that car
following him is at a distance of 100 m and is approaching with a
speed of 5 km/h. ‘

In order to keep track of the car in the rear, the driver begins to
glance alternatively at the rear and side mirror of his car after every
2 s till the other car overtakes. If the two cars were maintaining their
speeds, which of the following statements is fare correct?

(@) Thespeedof&ecarintherearisﬁSkmﬂ'l.

(v) Inthe side mirror, the car, in the rear would appear to approach

with a speed of 5 km k™ to the driver of the leading car.

(¢) In the rear view mirror, the speed of the approaching car would

appear to decrease as the distance between the cars decreases.

(@) In the side mirror, the speed of the approaching car would

appear to increase as the distance between the cars decreases.

Main concept used: If object is at infinity, image in convex mirror is
at focus so speed is zero when caris at infinity i.e., very far from centre
of curvature of mirror.

Ans. (d): So when rear car approaches, initially it appear at rest as
image is formed at focus. When car approaches nearer this speed will
appear to increase 50 answer is (d).

Q9.11. There are certain materials developed in laboratories which
have a negative refractive index. In figure below, a ray incidents from

180 = NCERT ExemPLAR PROBLEMS Prvsics-Xll



http://www.cbsepdf.com

www.cbsepdf.com

air (medium 1) into such a medium (medium 2) shall follow a path
given by:

i: 1J| . E
0L N1 \’sz?“;(d) \?

A2 A2

Ans. (a): The negative refractive index '

materials are those in which incident \: Air
ray from air (medium 1) to them — A

refract or bends differently or opposite For ne ative—""ﬁ%vF
and symmetric to normal to that of 5 ! or

refractive index glass

positive refractive index medium. So
answer is (a).
MULTIPLE CHOICE QUESTIONS—Iil MORE THAN ONE OPTION

Q9.12, Consider an extended object immersed in water contained in
a plane trough. When seen from close to the edge of the trough the
object looks distorted because
() the apparent depth of the points close to the edge are nearer the
surface of the water compared to the points away from the edge.
(b) the angle subtended by the image of the object at the eye is
smaller than the actual angle subtended by the object in air.
(c) some of the points of the object far away from the edge may not
be visible because of total internal reflection.
(d) water in a trough acts as a lens and magnifies the object.
Main concept used: Refraction and total internal reflection when
light passes from denser to rarer medium.

Ans. (a), (b} and (c): We -
know that shifting (h) of _ %
image of an object immersed 2 P I

in liquid from object is

directly proportional to the
real distance of object from
the surface of liquid

t = real depth or distance of the object from the surface of liquid
of refractive index p: If the object is seen from one edge of trough
the relative differences of depth (distance) in H,O between two ends
of objects is larger than if it is seen from the top or away from edge.
By above formula or distortion of nearer end is smaller than farther,
verifies the option (a).
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The angle subtended by an object is larger than its image in water,
as its image shifts upward verifies option (b).

Rays coming out from object to observer passes from denser to
rarer medium, and angle of incidence for rays from farther end B of
object is larger than near end A. The incidence angles for rays coming
from end 3 may have incidence angle more than critical angle and
can cause total internal reflection, so will not reach to observer, cause
nonvisible of farther end verifies option (¢).

09.13. A rectangular block of glass ABCD has a refractive index 1.6. A
pin is placed midway on the face AB (Fig). When observed from the
face AD, the pin shall- A B

(@) appear to be nearer to A.

(b) appear to be nearer to D.

(c) appear to be at the centre of AD. D Cc

(@) not be seen at all.

Main concept used: Total internal reflection.

1 B
Ans, (#) (b); v sinC=—
1 [
» sinC = 16 = C=38.7
A point P is on the mid point of
face AB. When seen through face C

AD, near to point A, the angle of incidence (i;) will be smaller than
critical angle i, = 38.7°. So image of P will form at P’ and image can be
seen at ', I’ is nearer to both A and D as compared to P verifies option
(#) and ().

When seen near point D through face AD, angle of incidence i, > i,
so total internal reflection takes place and object cannot be observed.

But object can be seen when viewed near to A so option (d) not verified.
Q9.14. Between the primary and secondary rainbows, there is a dark
band, known as Alexandar’s dark band. This is because

(#) light scattered into this region interfere destructively.

(b) there is no light scattered into this region.

(¢) light is absorbed in this region.

(d) angle made at the eye by the scattered rays with respect to

incident light of the sun, lies between approximately 42° and 50°.

Main concept used: Scattering and dispersion of light.
Ans, (d): Alexandar’s dark band liesbetween the primary and secondary
rainbow. This forms due to the light scattered into this region interfere
destructively. Because the primary and secondary rainbows subtend
angles (41° to 42°) and (51° to 54°) respectively at the observer’s eye
with respect to incident light ray, so the scattered rays with respect to
the incident ray of the sun lies between approximately 42° to 50°.
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Q9.15. A magnifying glass is used, as the object to be viewed can be
brought closer to the eye than the normal near point. This results in

(@) a larger angle to be subtended by the object at the eye and

hence viewed in greater detail.

(b) the formation of virtual erect image.

(¢} increase in the field of view.

(d) Infinite magnification at the near point.

Main concept used: An object is seen more clearly if subtends larger
angle to the eye. Very far object subtends very small angle to eye.

Ans. (a) and (b): In magnifying p.__
glass, the object is placed withinthe 1 %
focal length and the image formed A’
is magnified and erect. As (A'B)
image is magnified so it subtends
larger angle at the eye than object (AB), so can be seen more clearly.
Q9.16. An astronomical refractive telescope has an objective of focal
length 20 m and an eye piece of focal length 2 cm.

(4) The length of the telescope tube is 20.02 m,

(b) The magnification is 1000.

(¢) The image formed is inverted.

(d) An objective of larger aperture will increase the brightness and
reduce the chromatic aberration of the image.

Main concept used: (i) L=fo + fe (i) m = £ and (iif) ray diagram of
telescope. ' fe
Ans. (a), (b) and (c): The length of the telescope
L=fo+ fe=20+00.02=20.02 m
and m=d2. 20m 2000 ..o
fe 002m 2

The final image formed in telescope (Refracting) is inverted, virtual
and smaller than object.
VERY SHORT ANSWER TYPE QUESTIONS

Q9.17. Will focal length of a lens for a red light be more, same or less
than that for blue light?
1 1

1
Main concept used: — =(u—1) ( —J
f R, R,

Ans. As we know that (i, > ug), so % will be large for blue light and

smaller for Red coloured light. So f will be larger for red coloured
light.
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Q9.18. The near vision of an average person is 25 cm. To view an
object with an angular magnification of 10, what should be the power
of the microscope?

Main concept used: Magnification of microscope at distance of
distinct vision.
Ans. To see the final image at distinct vision D =25 cm
foreyelensu=—fand v=-25

+v
m=—
u
10_H_2§
-f
f= +§=+2.5cm=0.025m
pol__1 _loo0 oo
T f 0025 25

Q9.19. An unsymmetrical double convex, thin lens forms the image of
a point object on its axis. Will the position of the image change if the
lens is reversed?

Main concept used: Lens maker’s formula
Ans. Position of image in convex lens changes either by changing u

~ of f. Here, u is constant and l=(1.1—1)(i——1—). Here, u and
f R R

curvature of the lens are same so f is constant. So on reversing the

lens, position and nature of the image will not change.

Q9.20. Three immisible liquids of densities 4, > d, > d; and refractive

indices 1, > |1, > L, are put in a beaker. The height of each liquid column
is g . A dotis made at the bottom of the beaker.

For near normal vision, find the apparent depth
of the dot. @

real depth @
apparent depth !
(i7) Image formed by one medium acts as an %

Mg (@ir)

_J;l_..*

Main conceptused: (i) i =

object for second medium.

Il 00 | P o | P

.{-:——
l___.__-’.:
-
1
1
L
o

Ans. The liquids are immisible, so liquids @) & & 1 "
arranged from bottom to top d,, 4, and d, with LA o
their refractive indices yu,;, 1, U, respectively @ 3 !
separated by layers !, I, as shown in figure. o E
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Consider the layer I,. Let object is at its bottom at P then distance
(x,) of image of P by hqmd of refractive index |1, from layer [,

L _ K3 - H=h
1o 2My z )
3”‘1 3”’1

This image I, acts as ob]ect for liquid of W, and form the image at L.
The distance x, below level I,

Real depth = [g + xl)
Real depth  Real depth
X, = —_
2 3Ms Mo /My

= ”_3[_}1+x1}=”_3[£+ﬁu2J hu3[ s B }
Ha L3 Ma[3 3 M) 3y W
=E[£s_+”_aﬁ} =E[b+gg]

3k M2 M| 3[M Wy
as the point P is seen from outside

uy [ k(K B Lt =1
x, = _0[_ +x2]— — +—( + 3] (refractive index
s L3 Ha[3 3k 1y of air]
=E[L+_(h+—3ﬂ
3 Mz M3l Iy

h 1
™ !-13 ™ ! 3lHs My Iy

X3 is apparent depth.

Q9.21. For a glass prism () =+/3) the angle of minimum deviation is
equal to the angle of the prism. Find the angle of the prism.
Ans, The required relation for minimum angle of deviation

(A+8 )
n= —"‘31_‘ [ 8, =A (given)]
sin —
2
25inAcos
. SinA 9 2 A
K — A= “A —2cos—27
sin — sin ——
2 2
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3= ZCOS% = COs

cosé =cos30° = . =30°
2

A =60° is angle of prism.

SHORT ANSWER TYPE QUESTIONS

Q9.22, A short object of length L is placed along the principal axis of a
concave mirror away from focus. The object distance is u. If the mirror
has a focal length £, what will be the length of the image? You may
take L << [v—fl

Main concept used: The length of image is the difference between
the image distance of extremities.
Ans. As the mean distance of object from mirror is #

u1=u~% and u2=(u+%]
Let the image of the two ends of object form at distance v, and
v, (v, > ,). So length of image on principal axis is L" = (v, ~v,)
1 1 1 1 1 u- uf
_—— = —_— —-_—
v u f v f u v uf u-—f

I () (e N )
)

12
Le<(u—f) —4—<<<(u—f)
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So neglecting the terms L_2

4
L L
2 _ 2 2
ald ey
L= ffL = L'=L_f2_
(- fy (u~ f)
It is the length of image f.

Q9.23, A circular disc of radius R is placed co-axially and horizentally
inside an opaque hemispherical bowl of radius ‘a’ as in figure, The far
edge of the disc is just visible when viewed from the edge of the bowl.
The bowl is filled with transparent liquid of refractive index p1, and the
near edge of the disc becomes just visible. How far below the top of
the bowl is the disc placed?

I

(z) Bowl filled with air {b) Bowl filled with liquid
Main concept used: Snell’s law and Geometry.
Ans. In figure AM and BM are the rays from the ends of disc AB
reaching at one end of bowl at M. MN is tangent at M, so MN L AB
ie, ZN=90°
Taking incidence ray BM and refracted ray MD
BN=CN-CB=OM-(CB=4-R
MB= [ i (a-R2?)
BN _ (a—R)
BM  [é? +(a-R)?
Zr=o=/L AMN
AN a+R
AM 4 (a+RY
For incidence ray BM to the horizontal level of liquid MP, MN will be
normal at M. Zi and Zr will be incidence and refracted angles when

ray BM passes from liquid () to air. By Snell’s law, as ray passes from
liquid to air

sini =

sinr = cos(90° — ) =

_ sini - Mg _sini [, for air=1]
o = Sins B, sinr [y = p for liquid]
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1 sin {

1

sinr R
a—
1 J2+@-R? _(@a-R)J& +(@+R)’
- __(@+R) (@ +R) | + (@ —R)?
./d2+(a+R)2

d= u‘(az _dZ)

J@+r? -pa-r)?
It is required expression.
Q9.24. A thin convex lens of focal length 25 cm is cut into two pieces
0.5 cm above the principal axis. The top part is placed at (0, 0} and an
object is placed at (— 50 cm, 0). Find the co-ordinates of the image.
Main concept used: There is no effect on focal length if a lens is cut

= |

by plane parallel to principal axis.
Ans. Object is placed 0.5 cin above principal axis
u=-50cm f=425 cm, v=7
11 1 ?
- T 7 !
v u f (-50 cm, 0) 1(0)0) n
L. 105 1
v -50 25  TTTTTToTTTT o I A
l _ _1__l \\\ E ”:' (+50 cm, -1 cm)
v 25 50 ‘\'I,’
22711
© 50 50
v=50cm
3 i'i_+(50)__1
Ty T =50

So the size of image is equal to that of object, m is negative so image
is inverted.

So image is at (50 cm, -1 cm) and 0.5 cm below the X - X’ axix.
9.25, In many experimental set ups, the source and the screen are fixed at
adistance say D and the lens is movable. Show that there are two positions
for the lens for which an image is formed on the screen. Find the distance
between these points and the ratio of image sizes for these two points.

Main concept used: Principle of reversibility

Ans. =—~(D-17) Object Screen
D=0 L
1 1 1 1 1
=== u —_ -
f ovou v (D-2)
~D-p+v D
(D7) oD - o < De----
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fD=ovD-7*
v —oD+fD =0

+,D?% 2_
v=+D_,/1:; 4Df=%i\/D 24Df y

= _(D_U)zﬁ[DQ{EiMH
2 2

—F -
27 2
o . D D’ -4Df
From II, when the position of object u, = > + —
[infront of I, (lower sign)]
JD? 4D
Then from ], the position of image v, = 5 —z—f [lower sign]
_ D +D?-4Df
Similarly when position of object u; = TR
[from H upper sign]
D D*-4D |
then the position of image o, = TR —z-f; [from I upper sign]

The distance between two positions of lens d =, — 7,

,_D D7 4Dy _{2_ D? ~4Df:|

2 2 2 2
d=4/D? - 4Df is the distance between two positions of lenses.
Ll
N R
Source
ouf—— Up--— imi
Screen
€ Uymm A >\ j€---- Oy-ppe
<« 7 >
« D »
In first case of L,
D d
w373
D d
vl = — 4 —
2 2
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™~ "D d D-d
2 2
- D d
u2=?+5
D 4
%=7373
D_d
m U_z__? 2 D-d
2y, E+£i_ D+d
2 2
D-d
my D+d D-4dY
my D+d (D+d

my _(D-dY
m \D+d

Q9.26. A jar of height h is filled with a transparent
liquid of refractive index p (figure). At the centre

of the jar on the

minimum diameter of a disc, such that when
‘placed on the top surface symmetrically about the
centre, the dot is invisible.

Main concept used: Total internal reflection
Ans. The point O will be invisible if the light ray
coming from O does not come out or it get graze
the surface of liquid or gets total internal reflection
as in figure here.

190& NCERT
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Ray OA is incident at A with critical angle i, and it’s angle of refraction
will be 90°,

For other ray if incident angle is more than i_ it will get total internal
reflection from the surface so will not come out from liquid.

So disc of diameter d is required to stop the rays from ‘O’ out of liquid.

. df2 , .
tan i == ot tanzc=ﬁ = d=2htani,

.. _1_P P=d)2
sin i_ = LT H [From figure]
H?-P2 o
B= 2_1
” B=4 H=9
tani =
B 2_,1 B
d=2hx

\/uz -1
0Q9.27. A myopic adult has a far point at 0.1 m. His power of
accommodation is 4D.

(i) What power of lens required to see the distant objects?

(#) What is his near point without glasses?

(ii1) What is his near point with glasses? (Take the image distance

from the lens of the eye to the retina to be 2 cm).
Main concept used: p_p P, and P -1

Ans. (i) Power of lens required to see clearly the object placed at

infinity. 4 = —co
—1- = 1_1-—-..1__1. = _1.m
f v u -10 = f
1_1 -—m
f -0 0.1
f=-10cm=-0.1m P = -10 Diopter

(i) When no corrective lens used: Let powers of eye when object
is at far point, near point are Prand P, respectively and power
of accommodation P, = +4D

P, =P+P,
When object is at far point its clear image is formed at retina
2 cm from eye lens
t#t=-10cm=-0.1m, v=2cm=0.02m
If f is focal length of eye lens focused at far point then
1_1 1_ 1 1

f v ow 002 (-0)
Ray Opmics aND OPTICAL INSTRUMENTS B 191



http://www.cbsepdf.com

www.cbsepdf.com

1 _50+10-60
f
Pf=60D
P,=P+P,=60+4=64D
Let the near point be x,
u=-x, (=2 cm =0.02 m})
11 !
v u f
1 1
——+ — = Power
002 «x, )
1
50 +— =64
xﬂ
1
— =64-50=14D
xﬂ
N 1 100
Near point without glass x, =ﬁm=1—4cm=7cm(Approx.)

(iij) When used corrective lens: When corrective lens is used then
eye can see the object atinfinity. Power of eye lens in this situation

isP_

u=o0 and v=2cm=0.02m
1 11
e

1 1

P”=m—:=50
P_=50+0
P_=50D

If P, = Power of eye at near point when corrective lens is used
P’=P +P =50+4=54D
Let near point in this situation is x,
=—x,m
v=+2cm=002m

1
= =54
f
11 1
v u f
L1 g (all distances are in m)
002 «x,
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50+~ =54 (%:4)
X, X
X, = %m=0.25m

LONG ANSWER TYPE QUESTIONS

Q9.28. Show that for a material with refractive index 2 +2, light
incident at any angle shall be guided along the length perpendicular
to incident face,

Main concept used: Snell’s law cL9e
and Total internal reflection Q
Ans, Consider a rectangular slab
of refractive index p>+2. An B
incidence ray incidence at angle "~
i on face PQ at incidence point. )7
Refracted ray BC strike at face QR =~ 4 P , S
which is perpendicular to PQ with incidence angle i, so that refracted
ray CD passes normal to the face PQ as per required in question. So i_
must be critical angle '

p= — (Sné;]l’s law at ¢)

nzv2

sini, '
| .. 1
sini, > 1 sin j, =—
n K
sin(90~#) > L [+ r+90+i =180]
u
Cosr 2 l
K
cos’r > iz (squaring both sides)
i
—cos?r < "iz
u
2 1
l-cos*r<1- —
M
sin?r<q.- _12. (D)
sini _ i (by Snell’s law)
sin r
sini= | sinr
or sin®i = u?sin?r (squaring both sides)
iz sin’i =sin’r (D)
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Put (IT) in ()
u—z sin®i € 1— F

_ sinfi <p?-1  [onmultiplying by u? on both sides)

For smallest angle i.e., i =90°

‘ sin?90 < p¥ ~1 [ n2vzZ]

1+1<u?
2 <pu?
Taking square root
J2 <p  Hence proved.

9.29. The mixture of a pure liquid and A
a solution in a long vertical column (ie., \
horizontal dimensions is very-very lessthan  ----
vertical dimensions) produces diffusion of B
solute particles and hence 2 refractive index
gradient along the vertical dimension. Aray (180-6)/
of light entering the column at right angles
to the vertical is deviated from its original - dx- P
path. Find the deviation in travelling a X (x +dx)
horizontal distance d << &, the height of the column.
Ans. Consider a long vertical column of transparent liquid of infinite
height () and thickness (dx). Consider a ray AB that enters at an angle
@ into liquid of height y in column of liquid and emerges at an angle
(8 + d) at height {y + dy). From Snell’s law,

W(y) sin @ = W(y +dy)sin (8 +d0)
n(y)sin @ = [p,(y) + %lyl- . dy] (sin® cos df + cos @ sin d6)

As dy, d6 are very small tends to zero
sind0=d6, cosdo=1 u)=p (natheighty constant)
W sin O = [u+du] (sin 8+ cos 0.46)
3 usinesusin9+ucos(-)d9+dusine+cose.dedp
Apain dedu=0
Ieoos@.dd =—dusin®

do=_10% - Laitane

B cos® u
From figure tan (180 — @) = %’i
y
tan 0 = &
dy
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14
o = ~—2 . gy
K dy
By integration on both sides
f 8 d d
- 14
J'dﬁ = it J'iide = ————p‘~jdx [ nand y does
0 Hoody mdy
not change horizontally
14 " dy, dy are constant horizontally.]
0z — =g
L dy

Q9.30. If the light passes near a massive object, the gravitational
interaction causes a bending of ray. This can be thought of as happening
due to a change in the effective refractive index of the medium given by

2GM
=1+
n(f') TCZ

where r is the distance of the point of consideration from the centre
of the mass of the massive body, ‘G’ is the universal gravitational
constant: M is the mass of the body and ¢ is the speed of light in
vacuum. Considering a spherical object find the deviation of the ray
from the original path as it grazes the object.

Ans. Consider two spherical surfaces at r and (r + dr) distance from the
centre of massive object of mass M and radius R.

A ray ABCD incident at B and C on two surfaces at r and (r+dr)
then, by Snell’s law

H(r) sin @ = u(r + dr) sin (0 + d6)

p;(r) sin@ = [u(r) +i;% . ] [sin 8- cosd6 + cos @ sindo]

[~ 48 — 0 then cos 40 =1 and sin 46 = 46e]
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w(r) sin @ = [p(r) +dp][sin @ + cos 8 d6]
H(r) sin © = u(r) sin@ +dus'1ne+p.(r)cose-d9+dud9-cose
djL. d0 cos 0 is very small as du and 4@ are very small
dpdbcos0=0
W) sin 0 = H(r) sin O +dp sin 6 + . cos 040
0 = dy sin 0 + p(r) cos0 40
—dpsin @ = |r) cos9-d0
Dividing both side by dr
;'u sin @ = p(r) cose%El (D
b = 1+ 2GM 1

r
dp 0+ 2GM( 172
dr c?

d() _ +2GM @
2GM
2.2

dr c’r?
de
cos0-—
rc rc? ] dr

sin@ = [1+
As the G is very small and ¢* is very large so
2GM

TCZ

2GM sin 8 _ de
22 cos8  dr
2GM dae
.__tan_ = —
i dr
2GM j'

C2 r

(given)

Il

—0

d—jde

P =x2+R? (From figure)
Differentiate w.r.t. r both sides
2rdr = 2x dx

0, a
b 2GM ¢ 1 R _R
jde == I__z-_dx (tane—x)
o K
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2GM ¢ R 2GM § R
S o axd=", I(2+R23/2
Cz Sa AT —a (X )
6 o
4 2GM dx
ae R
! c? _J; (x> +R%)¥?

i

x=Rtan 0
dx = Rsec?0 .40

)

_2GM %* RRsec’8d0  2GM “-’[2 R?sec? 048
¢ R tan’0+R2P2 2 (R2(tan?0 + )P

8, W2 52 2

J'de=2GM I R%sec” @

) c? -2 R®sec’

w2 2
2GM f ! do = ZG]’:I I cos0 4o
RS _j,5ecH Re® 3

2GM . .2 2GM[ . m  (-x
re? " e -‘R?[S‘“E‘S“‘ (7)]

2GM n] 2GM
g, = I+sin—|= 1+1
o R [ sz] Rc? [1+1]

de

i

4GM

eo= R_Cz

is required rotation.

Q9.31. An infinitely long cylinder
of radius R is made of an unusual
exotic material with refractive
index -1 (figure). The cylinder is
placed between two planes whose
normals are along the y direction.
The centre of the cylinder ‘O’
lies along the y-axis. A narrow
laser beam is directed along the
y direction from the lower plate.

The laser source is at a horizontal
distance x from the diameter in the y direction. Find the range of
x-such that light emitted from the lower plane does not reach the
upper plane. - -

Main concept used: p_=-1 and p, = 1, when light passes from | to
~{ then reflection takes place from normal at incidence point,
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Ans. As the cylinder is made of refractive index (-1) and is placed
in air of jL = 1 so, when ray AB is incident at B to cylinder, 6, will be
negative i.e., refracted ray will get reflection from normal. Similar thing
happens at incidence point C and angle of refraction and incident at
B and C will be equal (8,) as OB =OC =R and of refraction at Cis ‘8.

0, = |e,.| = |9,| = |9;l as reflection takes place

the total deviation of outcoming ray from the incoming ray 40,. Rays

shall not reach the receiving plane if T<aps %T-E angles measured

clockwise from the y axis. 2

or gs E)S:%Tt (on dividing by 4 to all sides)
x
Sinel=ﬁ'
£_<_sin'1—x—_g}E or Esﬁs-sﬁ
8 R 8 8 R 8

Thus for light emitted from the source shall not reach the receiving
.. Rn 3Rn
plane if ry <x< e
Q9.32. (i) Consider a thin lens placed Dy
between a source(S} and an
observer (O) (figure). Let the b

thickness of the lens vary as S«
2
Wpy=W, —%,wherebisthe

vertical distance from the pole,
W,is a constant. Using Fermat’s principle i.e,, the time of transit
for a ray between the source and observer is an extremum, find
the condition that all paraxial rays starting from the source will
converge at a point ‘O’ on the axis. Find the focal length.

(ii) A gravitational lens may be assumed to have a varying width

of the form
K
W(b) = K; log (Tf”) B <5 < b
= K, log(BK—z—) (b<b;)

show that an observer will see an image of a point object as a ring
about the centre of the lens with an angular radius

u
(ﬂ"l)Klg

u+vo
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Ans. The time taken by ray from S to | = ﬁ

A L ing b <<<

17 2 2 (assuming u)
Similarly, time required by ray from P, to O = i)
c

r 7 ]
v
L=—1+ —5
2ol 2!
Time required by ray to travel through the lens
_ W-)W)

)

y =
, c
Thus total time by ray from Sto O=t=¢ +¢,+1,

t=£(1+i) ”[1+ J -1 W)
c 2u? c 292 c

2 2
=1I:u+b—+'u+b—+(p. 1)W(b)]
c
- 1[u+v+— (2D w-nwol
c (/)
1 1 1
if el B
D %'y
[ 2 2
1 b b
=—|u+ +—+ DWW, ——
t c| u+v 2D (T )[ GJ]
By Fermat's Principle
it 1 2 ( ZbII b ~2b
— == = nlo-=Z|| = L —u-n==2
Z =0 0p D0 )| = k-
But time from S to O remains constant, so, Z—;=
b 2u-1b
— =
o cD ac
2(u-1b . b
o cD
o=2(u-1D

Thus, the convergence lens is formed o = 2(1 - 1)D.
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It is independent of b and hence all paraxial rays from S will
converge at O (i.e., for rays b<<<u and b<<v).

Since %= 1.1 it is equivalent to focal length f
u v

i 11
f v u
t=l[u+v+—-bi+(u—1)W(b)]
c 2D
K
here W) = K, log, 5
/ 2
/ 1f . b
/ t=;[u+v+ﬁj—+(u—1)Kllog%i|
it 1 2b b a‘(KZJ
db c[ Horpted le]db b
1[ b K 1
===+ (-1 =2b-Ky(-1) —

. . I
as time from S to O is constant, so, %:0

e &}
S0 0= :lD n-1) b
K, _ b (..l
(M_I)T =D . c#O)
B =K, D(pn-1)

b= Ju-1)KD

Thus all the rays passing at a height b shall contribute to the image.
The ray path makes an angle

_b_J®-DXD fw (..}__L,l)
S ‘D v
~ (n-1) Kuo (D= v )
- vz(u+v) ute
B = L-1DKu

v+ v)
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10 i | Wave Optics
MULTIPLE CHOICE QUESTIONS—I

Q10.1. Consider a light beam incident from '
air to a glass slab at Brewster’s angle as shown e

¢

1

in figure

A Polaroid is placed in the path of the
emergent ray at point P and rotated about
an axis passing through the centre and
perpendicular to the plane of the polaroid. \

(a) Foraparticular orientation, there shall be P
darkness as observed through polaroid.

(b) The intensity of light as seen through the polaroid shall be
independent of the rotation.

() The intensity of the light as seen through the polaroid shall go
through a minimum but not zero for two orientations of the
polaroid. °

(4) The intensity of light as seen through the polaroid shall go
through a minimum for four orientations of the polaroid.

Main concept used: Brewster’s angle. A E
Ans. {c): Whenaray ABCD of light passes i1
through prism in such a way that angle B 000
between reflected ray BE and refracted 7

ray BC is 90° then only reflected ray is '
plane polarised. So polaroid rotated in
the way of CD the intensity will never be
zero but varies in one complete rotation C
so, it verifies answer (c). \mD
Q10.2. Consider sunlight incident on a
slit of width 10° A. The image seen through the slit shall
(a) be a fine sharp slit white in colour at the centre.
(v} abright slit white at the centre diffusing to zero intensities at
the edges.
(c) abright slit white at the centre diffusing to regions of different
colours.
(d) only be a diffused slit white in colour.
Ans. (2): Width of slit 10* A = 10,000 A.
Wavelength of visible light varies from 4000 to 8000 A. As the width
of slit 10000 A is comparable to that of wavelength of visible light i.e.
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8000 A. Hence the diffraction occurs with maxima at the centre. So at

the centre all colours appear i.e. white colour at the centre appear.

Q10.3. Consider a ray of light incident from air onto a slab of glass

(refractive index n) of width ‘4’ at an angle 6. The phase difference between

the ray reflected by the top surface of the glass and the bottom surface is
1 1

{a) Z—T;‘“ﬁ[l-—%sinze]?+n (b) ﬂ[l--lzsinz(-)]E

n A n
1 1
© 4_7“1[1___1.2.@1126]2 +2 {d) ﬂ[l——%sinzﬂ]2+2u
A " 2 A n

Ans. (g): Consider a ray of light ABCD
through prism, and reflected rays BE and CF
from incidence points B and C as shown in
figure.

The time difference between two
reflected rays BE and CF is equal to the
time taken by ray to travel from B to C.

Time difference dt between two
reflected rays BE and CF are

BC

cos7
Substitute () and (1) in (1),

dicosr
dt = = ud «(IV)

o/ cCcosT

sin 0 . sin ©
- or sinr=
sinr 11

2
= : sin” 6
cosr ,fl—smzr= 1-

l'1’2

u::
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. 212
From IV, dt = —M—=—“£[1—smze:l
sin’g ¢ u
c|1-
2
2 u 2 2 —1/2
Phase difference d¢’ = 2. g = 24 [1— Smn }
TC Mz
1 1
do’ = —Z“M[l—ismze] ? 2 [1—isinze] :
I u? A W

"—,.VA,
The phase diff. between ray AB and BC after refraction is &
Net phase difference = d¢’ + =

.2
do = 21tpd[1_s1n 0

A u?
Q10.4. In a Young's double slit experiment, the source is white light.
One of the holes is covered by a red filter and another by a blue filter.
In this case
(a) there shall be alternate interference patterns of red and blue.
(b) there shall be an interference pattern for red distinct from that
for blue.
(c) there shall be no interference fringes.
(d) there shall be an interference pattern for red mixing with one
for blue. '
Main concept used: Condition for interference is coherent soure or
of same fequency.
Ans, (¢): For sustained interference the source must be coherent and
should emit the light of same frequency.
In this problem one hole is covered with red and other with blue, which
has different frequency, so no interference takes place.
Q10.5. The given figure shows a standard two slit arrangement with
slits 5,, S,. P;, P, are the two minima points on either side of P.
At P, on the screen there is a hole and behind P, is a second screen,
2-slit arrangement with slits S, and S, and a second screen behind them.
(#) There would be no interference pattern on the second screen
but it would be lighted.
(b} The'second screen would be totally dark.
(c} There would be a single bright point on the second screen.
{d) There would be a regular two slit pattern on the second screen.
Main concept used: Each point on wavefront acts as source of
secondary wavelets.

~1/2
] +x [it is very near to option ().]
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Ans. (d: At P, is Second
minima due to two Py Egse%n screen
wavefronts in opposite S,

N sP
phase coming from, . ¥ [T .»pl--—l _
two slits S; and S, but R ¥5;
there is wavefronts 5, > Py "Ié -
from S, S, so P, will ¢
act as a source of

secondary wavelets. Wavefront starting from P, reaches at S; and 5,
slits which will again acts as two monochromatic or coherent sources
and will form pattern on second screen.

MULTIPLE CHOICE QUESTIONS—II MORE THAN ONE OPTION

Q10.6. Two sources S, and S, of intensity I, and L, are placed in front
of a screen [fig. (a)]. The pattern of intensity distribution seen in the
central portion is given by figure (b).

5,0 x
+ X » X

x=0
(@) ®)
In this case which of the following statements are true?

(a) S, and S, have the same intensities.

(b) S, and S, have a constant phase difference.

(c) S, and S, have the same phase.

(d) S, and S, have the same wavelength.

Main concept used: Condition for sustained interference.

Ans. (a), (b) and (c): (i) As the intensity at dark fringe is zero so
intensities of 5, and 5, are equal.

(i) Asthe graph of maxima and minima is symmetric. So the waves from

S, and S, are at same phase difference or zero phase difference.
10.7. Consider sunlight incident on a pinhole of width 10° A. The
image of the pinhole seen on a screen shall be

(4) a sharp white ring.

(b) different from a geometrical image.

(c) adiffused central spot white in colour.

(d) a diffused coloured region around a sharp central white spot.
Ans. (b) and (d): The width of pinhole 10> A = 1000 A and wavelength
of visible light is 4000 A to 8000 A ie., size of slit less than
(or comparable) with the wavelength of light.

So light from pinhole will diffract from the hole. Due to the
diffraction pattern of fringes, the shape are quite different from hole.
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Q10.8. Consider the diffraction pattern for a small pinhole. As the size
of the hole is increased

(a) the size decreases. (b) the intensity increases.
{c) the size increases. {d) the intensity decreases. A
Ans. (1) and (b): We know that width (By) of central maxima B,= D

d
and width of n™ secondary maxima= % here distance (D) between slit

and screen, wavelength A of source does not change.

So on increasing width of hole of pinhole, ‘4’ increase. Hence the
size of central maxima decreases verifies the option (a).

As the energy passing through hole increased on increasing the
size of hole. So the intensity of pattern will increase. Hence verifies the
option (b).

Q10.9. For the light diverging from a point source

(a) the wavefront is spherical.

(b) the intensity decreases in proportion to the distance squared.

(c) the wavefront is parabolic.

(d) the intensity at wavefront does not depend on distance.

Main concept used: Properties of wavefront .

Ans. (7) and (b): light from point source emits in w_--" .

all around the source with same speed so forms a \__ Xi’

spherical surface of wavefrontor spherical wavefront. . . ° A
As the intensity (I) always decreases as the | : - °s:

reciprocal of square of distance. p / .. \

I= .~...'-“-’o
4nr? e

r = radius of spherical wavefront at any time (r = vt)

VERY SHORT ANSWER TYPE QUESTIONS

0Q10.10. Is Huygen’s principle valid for longitudinal sound waves?

Ans. Consider a source of sound formed with the compressions

and rarefactions forward in all directions with T I ..

same velocity, So longitudinal waves propagate .= .- -~

with spherical symmetry in all directions as the . .*

wavefront in light waves. So Huygen’s principle ;| © " "% c N
is valid for longitudinal sound waves also. N s
On a surface of sphere there will be either *, * ..  .-"
compression or rarefaction and that part can also . *-.. ... e

behave like a source of sound but with low intensity. e a

Q10.11. Consider a point at the focal point of a convergent lens.
Another convergent lens of short focal length is placed on the other
side. What is the nature of wavefronts emerging from the final image?
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Ans. Consider a point ‘F’ on focus of converging lens L,. The light
rays from F, becomes parallel after refraction through L,. When these
parallel rays falls on converging lens L, placed co-axial on the other
side of F of L. L, converges the rays at it’s focus at I. It now behave like
a point source of rays and form a spherical wave front.

L

.....

Q10.12. What is the shape of the wavefront on earth for sun].lght?
Ans. As the sun is very-very far from the earth so can be considered
at infinity and sun can be considered as a point source which gives
spherical wavefront. The size of the earth is very small as compared to
distance of sun from earth and size of the sun so the plane wavefront
reaches on earth as shown in figure here.

~EEREREE e

Spherical

wavefront WaVEfl'OI\t
Q10.13. Why is the diffraction of sound waves more evident in daily
experience than that of light wave?
Ans. We know that frequencies of sound waves varies from 20 Hz
to 20,000 Hz, so its corresponding wavelength varies from . 15 m to
15 mm respectively. The size of slit (almost) becomes comparable to
wavelength of sound so diffraction of sound wave takes place easily.

But the wavelength of visible light varies from 0.4 to 0.7 micron

which is very small. So the size of most of the slits is not comparable
with wavelength of visible light, due to this diffraction of light cannot
take place.
Q10.14. The human eye has an approximate angular resolution of
¢=5.8x 107 radian and a typical photoprinter prints a minimum of 300
dpi (dots per inch) (1 inch =2.54 cm). At what minimum distance z should
a printed page be held so that one does not see the individual dots?
Ans, Angular separation = 5.8 x 10~ radian

254 -
The average distance between any two dots = 300 0.85x 10~ cm
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-2
At the distance z cm, angle subtended = 2= = 0.85x10

rad z

' -2
Resolution angle for human = 5.8 x 10 rad = 0.85x%10

: z
Maximum distance up to which human eye cannot see

-2
2 dots distinctly = z = D85 %10~ 104 =14.5cm
5.8x10
which is less than distance of distinct vision.

So a normal person cannot see the dots.

Q10.15, A polaroid I is placed in the front of a monochromatic source.
Another polaroid II is placed in front of this polaroid I and rotated till
no light passes. A third polaroid (III} is now placed in between Ist and
IInd . In this case will the light emerge from II. Explain.

Main concept used: Sunlight unpolarised and Law of MALUS
Ans, Polaroid TiI is placed between two crossed polaroids I and IT and
no light passes through IInd polaroid.

Polaroid III is now placed between I, Il and
now rotates keeping [, Il in no rotation. Let angle
between polaroid I and III be 8 and intensity of
plane polarised light after Ist polaroid is I;. Then
I =

1 I:O= I, cos? 8 is intensity of light after polaroid [l Unpolarised light
L, = I, cos® & =1 cos” H. cos® (90 - 6)

L, = I, cos? 0. sin’®
L, = I(2 cos 0 sin 8)*=1I (sin 26)*

I
12=Zosin229 1 MW 1

0 is angle between I and I Polaroid.
No light will pass through II Polaroid from above eqn. when
sin” 26 = 0 |
sin28 =0
sin 28 = sin 0
e=0°
No light will pass when the angle between I and Ill Polaroid is
zero i.e.,, plane of polaroid are parallel. In all other cases when IIl is not
parallel to either I or I, light will pass.
SHORT ANSWER TYPE QUESTIONS
Q10.16. Can reflection result in plane polarised light if the light is
incident on the interface from the side with higher refractive index?
Main concept used: Brewster’s angle
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Ans, When a ray of light passes from
a medium (air) of refractive index
i, to another medium of refractive
index u,, more than p, with incidence
angle is equal to Brewster’s angle
(i), then transmitted ray BC will be
unpolarised light and the reflected
light BD will be plane polarised.
Angle DBC between refracted and
reflected ray is 90°.

Lr + Lig+90=180°
So Lr+Lig=90° or  £Lr=90-iy
By Snell’s law, u, = ﬁ:ugﬂ:tan ip
sinr cosig
Ha . “Hy >
== = tfaniy ~taniy >1 (D
H .
1 g > 45°
sini. = E when light passes from medium 2 to 1
sin i = B "> Hy)
)
S0 sini. <1 ()
or ic < 90°
FromI tanig > 1
From II 1> sini.
or tani; > 1>sini. or Itanigl > Isinicl
Because 45 < iy
ic <90°
So 45° < i;<90°
0 <i <90°
So ig > ic

Thus, polarisation by reflection takes place.
Q10.17. For the same objective, find the ratio of the least separation
between two points to be distinguished by a microscope for light of
5000 A and electrons accelerated through 100 V used as the illuminating
substance.

1 2sinf
M . . R 1 = —=
ain concept used: R. (njc;cz)scope) 1= 122\
and Ap =—'ﬁnm '
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Ans. A =5000 A =5000 x 10104

. 1 2sinf
In microscope, RP==-=
croscope d 122M
Limit of resolution by light of 5000 A
_ 122 1.22 x 5000 x 1070
min 2 gin B OF i = 2sin B
The de Broglie wavelength A, of illuminated light = 1T22 nm
\'
1.22 1.22 —10_
- — = x107"m
4= 100 10
1223
The limit of resolution by 100 V light e
2sinf
_1.22x1.22x107%
- 2sinfp
1.22x1.22x107%°
. Lo 2sinf _ 122
The required ratio = - = =
doin  1.22x5000 x107° 5000
2sin B

122 .
The required ratio = = x107° = 0.244 x 10°3
Q10.18. Consider two slit interference arrangements (Figure) such

that the distance of the screen €=~~~ =]
from the slits is half the distance s P A
between the slits, Obtain the Source 1 » D T X
value of D in terms of A such Sec=o . B ) 01+
that the first minima on the C D

screen falls at a distance D from S, T
the centre O. Screen

Main concept used: For nth minima the path difference = (2n-1) A
inYDS.E. 2

Ans. According to 0,

x=D {Given) ()
= %d (Given) ()
d=2D"
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Path differenceat P=5,P-57P

_ Y AV
sty o8] ()
Substitute the value of d and x from I and Il

- /0¥ +(D+Dy’ -D* +(D-DY
= V507 -D?

The path difference for nth dark fringe from central maxima ‘0 is

(Zn—l)%.

] - A
For Ist minima p=§
Put the value of p in (II)
% = DES—B—
D= __l__
2(J5-1)

Rationalising the denominator, we get,
9. (B+D) (2236+1), 3236
D=— x = A= A
25-1)" (5+1) 2x(6-1) 2x4
- %@ A =0.404
LONG ANSWER TYPE QUESTIONS

Q10.19. Figure shows the two slitarrangement
with a seurce which emits unpolarised light. P I
is a polariser with axis whose direction is not 115
S
2 I!

given. If L is the intensity of principal maxima,

when no polariser is present, calculate in the

present case, the intensity of the principal P
maxima as well as of the first minima. Screen
Anis; Let the amplitudes of ray 1 and 2 are A, and A, respectively. A,
has constant phase diff. ¢

I~

A, = Al +A]

Ay = AL + A
where Al = Al (sinkx-of)

Al = A] (kx-wt+0)
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Maximum amplitude of A yand A, are same= A
" "Similarly for
Ay = Al sin (r - wt)
Afl = Al sin (kx - at + )
When ray 2 is polarised by P then its A,zI vector stopped.
Casel: When there is no polaroid.
A = Resultant amplitude

=A +A =[A] +A]+[A], +A]]
= [A] sin(wt - kx) + A? sin (ot ~kx +¢)]
+ [Af; sin (@t +¢) + A, sin (0t - kr + )] n
The amplitudes of S, S, when there is no polariser then perpendicular

and parallel components are equal, as the wavefront is coming from
same source S,

AL=al - AL A2 -p,
Where A} and A}, are the amplitudes of electric and magnetic field

vector respectively and A% and A?, are the amplitudes of electric and
magnetic field vector, respectively.
From equation I, we have

A=Ay sin (et ~kx) + A, sin (wf — kx + ) + Ay sin (of —kx) + Ay sin (ot - kx + )
A =2A[2 sin @t - kx + sin (0t - kx + ¢)].
We know that the intensity of maxima in Young’s double slit
experiment ‘
I, =1, =Ta.d the resultant intensity at a point= [T=1, (1+ cos ¢)|
: I=kA? or I,= kAg
Intensity at a point in Young’s double slit without polariser
1=21,(1+cos ¢) =2. kA2 (1+ cos ¢)
For maxima cos ¢ = 1
I=2kA2(1+1)= 4kA} leaving the k (constant) then
=44}
Case II: When polariser P is placed in the path of ray 2: Let L vector
of ray 2 is blocked by polariser

A] = A}. + AI1 |
A= Al (- A? vector blocked)
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Resultant amplitude
A= A2 +A]
2
1= (A} + 27 +[al]
0
av = AJ'|8V =A0

I= kA2 (1+cos¢)+A§% (D)

|2

= kA%[1+cos¢+—;-]

=kA§[%+cos¢] {cos ¢ = 1 for maxima)
5

= kAj X 3 (1)
L= 4kAG {when no polarisation of ray 2}
l |
Az = -L vee
07 Ik ()
Intensity of principal maxima with polariser
1= IZ"% [from I and IIT]
5
I= g IO
Intensity at the Ist minima cos ¢ = -1
2 Al
I=|Aq| (1—1)+~2—° [from 1]
I = Io—- l = -I—o—
4 2 8

Q10.20. A small transparent AC=CO=D
slab containing material of §C=5,C=d<<D
p = 1.5 is placed along AS,
(Figure). What will be the
distance from ‘O’ of the A
principal maxima and of the
Ist minima on either side
of the principal maxima,
obtained in the absence of the glass slab.

Main concept used: When ray passes through the slab it gets lateral
displacement, then fringes shifts by (u—1).
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Ans. When ray AS, passes through glass slab of thickness L and
refractive index p the path difference caused by slab is (U - 1)L and
path difference caused by Young’s double slit experiment is 24 sin 0.
Total path difference at P, is

Ar=2dsin@+(u-1)L

for principal maxima, path difference Ax =0

S 2dsin@,+ (u-1)L=0 (For central maxima 6 = 6;)
. ~u-DL -15-1L d
Sin@y = — =5 T [asL-Z,d—4L:|
_=05-L -1
® 2x4L 16

For central maxima, OP =D tan 6, ~ D sin 8, = :116)"
For small £6,, sin 8,=6,and tan §,=9,
For the first minima the path difference = +—2l~

+
2dsin@, +(u-1)L= A (For both upper and
2 lower side from O)
+
2dsin@ +(1.5-1)L = Tx
. A d
2dsin @, = == -05L ( L=Z)
2 _o5d 42 2
sin@, = —2 4__2 8
! 24 2d
+4), —
sin 6, = ——(_41 /8
2d
For diffraction, =d (half the slit dist.)
o (F4A-A) (x4-DA
R 7> S T
sing, = 271
16 .
For positive direction side, sin 8] = 1_3‘6.
For negative direction side, sin] = ;—:

The distance of first minima from principal maxima on either side x7
and x;, are
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N
- Dtan@} = p. 508

cos 0
.ot
x'=Dtan6} = D sinGy____D3/16
¢ Jl1-sin®6]] J__
3D

3D
x; = D tan 91 a ———--—"l'6 =
,/256 -9 247
._ 3D 16

xT=
RN YT
The first minima starts after the end of central maxima. So the Ist

minima starts at distance of D tan 9= %} = _JBZ% above O in positive

direction.
The distance of first minima on the negative side is

[above point O on screen]

—5D
= Dsin®; _
J1-sin26; f 2_g?
-5D —5D

T B6-25 V@
Q10.21. Four identical monochromatic sources A, B, C, D as shown in
the figure produce waves of the same wavelength A and are coherent.
Two receivers R, and R, are at great but equal distances from B.

(i) Which of the two receivers 'R,
picks up the larger signal? :

(i) V\’Thich of the two rece-ivers PRy, BRSPS
pick up the larger signal e---® 3 o
when B is turned off? R A ¢

(iif) Which of the two receivers RB=RB=d M2

pick up the larger signal
when D is turned off?
(iv) Which of the two receivers
can distinguish which of the sources B or D has been turned off?
Main concept used: The resultant disturbance at a point is equal to
sum of disturbances due to individual sources.
Ans. Consider all the disturbances at R,
Let the wave from source A has zero path difference at R,

yA = g cos 0!t (at R1)
2145 NCERT ExempLAr ProeLemMs PHysics—XI|
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Path diff. between A and B is A/2 or  so wave of B at R,is
yB = - cos mt
Path difference between wave A and C is A or 2x.
So the wave from source C is
Yc = a cos (et — 2m)
or Yo = acos wt
Path difference between A and D =R, D-AR,

2 23172
P e e
2 2 4 2

1/2 2
22 A [ A ] A
= —d+==dl+—[~d+—=
d{ 48 ] i+ 8d° 2

2
Neglecting the term ;? ,

Path difference between Aand D=d +0— d+~2-
Yp = 4 cos (Wf — ) = —a cos wt

Soal] the signals picked upbyR from A, B,Cand D
Yr, = SYatYst¥ctip
= g Cos @t — a cos W + 2 cos of — a cos wt
Yr —050<IR>=-0

or

(
A
2

“+ A2 <<8d?)

b1

So resultant signal at R, due to A, B, C and D sources is zero or no signal.

() New distance BR, =4
Let the signal picked up by R, from B =4, cos ot

The path diff. between B and D = %orn 50

The signal picked up by R, from D =g cos (wt — )
Yp = —~cos ot

The path diff. betweenAanstignalsatR2=AR2—R2B

12
Path diff. = d2+— -d

i
Ar = (g2 2 | _ dil+-—|-d
[d + n d= +8d

2 2
Ax = d+d—;"—2-~d—l—
8d 8d
2n 2n A2 2m\
Phase diff = 2% Ay < 2% A _ 274
ase A % 8d 8a ?
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So the signals received by R, from A and C are

Y, = acos (wt - ¢)
Yc = acos (ot - ¢)
Signals picked up by R, from A, B, Cand D
YR, = Ya*¥st¥ct¥p
= 4 cos (wt — ¢) + a cos ®f +a cos (©f — d) —a cos wt

= 2a cos (0t — ) ( = % (ﬂ)z)

(Iz,) = —;—[4112] = (IR1> =24a" 1= A?

Thus, R, picks up the larger signal than R,.
(i9) 1f B is switched off,
(a) Signals picked up by
Ry =yps*¥ct¥p
R, = a cos ot +a cos ot —a cos wt =g cos o

(Ir,),, = %az (D)
(b) Signals picked up by
R, =Yat¥c*¥p
= g cos (@t — ¢) + a cos(@t — ¢) — a cos ot

Net signals at
R, = 2a cos(wt - ¢)—a cos(wt) = a [2 cos(wt — ¢) — cos(wt)]

2
(Ir,) = = ()

(Iz,) = ()
So R, and R, picks up the signals of the same intensities.
(ii)) If D is switched off
(a) Signals picked up by receiver R,
R, =Yg+ yc+ys=—acos®t+acos ot +a cos o
YR, = a cos ot

(IRI ) = ’1_“2
(b) Signals picked up by receiver R,
R,=ya*+¥stYc
= g cos (@t - §) + a cos @t +a cos (0t - ¢)
omh = 24q cos (wt - §) + a cos wt

£ = ¢is very small so can be neglected.
a
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So signal received by
R, = 24 cos &t +a cos of = 3a cos ot

_ 9%
(e} = =5~

(IR. ) < <IR,)

So R, picks up larger signal compared to R,
(iv) Asignal at R, indicates that B has been switched off.
A signal at R, indicates that D has been switched off.
Q10.22. The optical properties of a medium are governed by the
relative permittivity (€,) and relative permeability (1) The refractive

index is defined as \fe,u, =p. For ordinary material g,>0andp >0

and the positive sign is taken for the square root.

In 1964, a Russian scientist V. Veselago postulated the existence of a
material withe <0 and i <0. Since then such metamaterials have been
produced in the laboratories and their optical properties studied. For

such materials = - yIL,€, . As light enters a medium of such refractive
index the phases travel away from the direction of propagation.

(1) According to the description above, show that if rays of light
enter such a medium from air (4 = 1) and an angle 6 in 2nd
quadrant then the refracted beam is in the 3rd quadrant.

(if) Prove that Snell’s law holds for such a medium.

Ans. (i) Let the postulates -JW, e =p and + i € =p are true
then two parallel rays would proceed as shown in figure (a)
and figure (b) respectively.

() (b)

Let two parallel rays at incidence angle 8, from air would
proceed in medium as shown in figures above. ED shows a
wavefront, then all the points on ED will remain in same phase.
All the points with the same optical path length must have the
same phase.

50 ~Ju,e, AE = BC - . fu,e. CD
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BC = ,/}1,€, (CD - AE)
BC > 0; CD > AE
As showing that the postulate is reasonable if however, the
light proceeded in the sense it does for ordinary material e.g.,
refracted rays are in IV quadrant in figure (b} then
-Je 1, AE = BC - fu,e, CD
BC = IL,&, (CD - AE)
AE > CD hence BC<0
Figure showing that BC <0 this is not possible. Hence the given
postulate is correct.
(i) From fig. (a)
BC = AC sin 8,
CD - AE = ACsin®,
BC = JuI,t&, (From Figure CD - AE =BC)
ACsin®i= fu e ACsin®,
sin 9[-

Sil'l er = “’TEF
which proves the Snell’s law.

Q10.23. To ensure almost 100% transmittivity, photographic lenses are
often coated with thin layer of dielectric material. The refractive index
of this material is intermediated between that of air and glass (which
makes the optical element of the lens). A typically used dielectric
film is Mg F, (1 = 1.38). What should be the thickness of the film so
that at the centre of the visible spectrum (5500 A) there is maximum
transmission?
Ans. In the given figure,
incidence ray IA incident at
point A from air to film surface
with incident angle i. Here at
A, it gets partial reflection and
refraction, passes through paths
AR, and AD respectively. At D
it again gets partial reflection
(and refraction) from the glass
and film interface surface. At C
the interface surface of film and air and finally after refraction from C
pass through path CR, parallel to AR,.

The amplitude (intensity) of wave during refraction and reflection
decreases.

If the interference due to two reflected rays AR, and CR, is destructive
interference, then the reflected rays AR, and CR, will not dominant.

2182 NCERT Exempiar ProBLEMS PHysics—XIl



http://www.cbsepdf.com

www.cbsepdf.com

Both reflections are from lower to higher refractive index surfaces
80, optical path difference between AR, and CR, will be
H(AD +CD) - AB (0
It d is the thickness of film then,

AD=AC = d
Cos 7
AB = ACsini
AC
2

or tanr=T

AC
dtanr=—2—

AC=2dtanr
or AB =2dtan rsin i ...(II)
So the optical path difference from (I)
=L AD+pnAD-AB (- AD=CD)
=2uAD-AB
2 —2dtanrsini (From IT and IT)
cosr
sini 4 sinr | stinz'[ 1 sinr]
. -sini = M
sinr cosr cosr cosr |sinr 1
- 2dsini(1-sin’r) _ 2dsinicos’r

cosr sinr sinrcosr
optical path difference between AR, and AR,

=2dy-cosr [_"u=s-1nz)
sinr
For two rays AR, and CR, to interfere destructively, path difference

should be %

()

2dpcosr=

W[N] >

ndcosr= -

For photographic lenses the sources are vertical planes ie., rays
incident at very small angle.

SO i=r=0
Mz% (v cos0=1)
g M 55004
4p  1.38x4
d=1000A

Qoa
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Dual Nature of Radiation
and Matter

11 |
MULTIPLE CHOICE QUESTIONS—!

Q11.1, A particle is dropped from a height H. The de-Broglie
wavelength of the particle as a function of height is proportional to
(@ H (b) H' (@ H' (@ H™?

Main concept used: de-Broglie wavelength A = b
P

Ans. (d): Velocity of freeely falling body after falling from a height
H=v=, /ZgH
We know that de-Broglie wavelength A = L
h h

Ao my2gH

h, m, and g are constants

i is canstant = koc—l— = HecHV?2

myf2g JH

Q11.2. The wavelength of a photon needed to remove a proton from a
nucleus which is bound to the nucleus with 1 MeV energy is nearly
(@) 1.2nm ()12x10°nm (c)1.2x 106 nm (d)1.2x10' nm

Main concept used: Energy of photon = %—5

Ans. (b): Energy of the photon must be equal to the binding energy of
proton

so Energy of photon = 1 MeV = 108%x 1.6 x 107}
Ao ke 6.63x10% x3x10° 6.63x3 1026413
E 1.6x107? 1.60

_ 1192309 x1071% =12.4x 10713 =124 x 10" x 1077

=124x109x10%=124x10” nm
011.3. Consider a beam of electrons (each eleciron with energy Ep
incident on a metal surface kept in an evacuated chamber. Then
() no electrons will be emitted as only photons can emit the
electrons.
(b) electrons can be emitted but all with an energy E,
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(c) electrons can be emitted with any energy with a maximum of
E, - ¢ (¢ is work function).
7)) elecl:rons can be emitted with any energy with a maximum of E,.
Main concept used: Elastic collision and work function.
Ans. (d): When abeam of electrons of energy E, of each electronincident
on a metal surface kept in vacuum, then due to elastic collisions with
electrons on surface, energy of incident electrons will be transferred to
the emitted electrons. To emit the electrons below the surface a part of
E, of incident electrons is consumed against work function so energy
of emitted electrons becomes less than E,,.
So, the maximum energy of emitted eledrons can be E,
Q11.4. Consider figure given below. Suppose the voltage apphed toAis
increased. The diffracted beam will have the maxima at a value of @ that
(2) will be larger than the earlier value.
(b) will be the same as the earlier value.
(c) will be less than the earlier value.
(d) will depend on the target.
=] A 1+
il Zr

Nickel target

Elecl:ron beam
%
«——Electron gun—p» /'IDiffracted

" electron beam

Movable
conductor
To galvanometer

Main concept used: Wave nature of cathode rays in Davisson-
12.27
Germer experiment, A4 = Noa A, giffraction of waves. In interference
of electrons from the crystalline layers
2dsinB=)
Ans. (¢): In Davisson-Germer experiment, the de-Broglie wavelength
of diffracted beam of electrons

12.27
1‘,{ = W A (f)
V is the applied voltage. If there is a maxima of the diffracted
electrons at an angle 8, then
2dsin@ =) (1))
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From equation (i), as the applied voltage in this experiment increases,
the wave length A, decreases in turn sin 8 or @ decreases by relation
(ii). Hence verifies the option (c).

Q11.5. A proton, a neutron, an electron and an o-particle have the
same energy. Then their de-Broglie wavelengths compared as

@ A=2>L>k, (DA <A, = l

@ A<h=h>h,  (@Dh=h = x”
h 1
Main concept used: ld—m, K= =5m mo?, Ay=—
Ans, (b): de-Broglie wavelength A; =—
E,=E,=E,=E,
KE.=K = +mo* PR W
2 d ph
2K = mv? Ad = TR
2Km = m*o? "
2mK = p?
V2mK =p
or A= Jzi:n_l( [as hand E (K.E.} is constt.]
w L.
Jm
my>m, =m,>m,
1‘0.("‘;:1 z'nc:z'e

Q11.6. An electron is moving with an initial velocity p=p,i andisin
a magnetic field B = Bo}. Then its de-Broglie wavelength

() remains constant. (b) increases with time.

(c) decreases with time. (d) increases and decreases periodically.

Main concept used: F=g(vxB)and A = —

Ans. (a): Given 5=v,7 and B=Bgj
Force on moving electron in perpendicular magnetic field B is
F= —e(oxB)
—e [vgi X Boj]
= —epyBy i xf
F= —~eoDB0k
So the force is perpendicular to v and B both as the force is

perpendicular to the velocity. So will not change v or mv so the
de-Broglie wavelength remains same.
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Q117. An clectron (mass m) with an initial velocity o= 'aog (v >0)
is in an electric field E=—Eyf (E, = constant > 0). It’s de-Broglie
-wavelength at time ¢ is given by

A
@ —g5y © 10[1+;—i‘;t] © X @ Nt
152 ]

Main concept used: lo=i, F=g4E, a

mov €

_E
—m

Ans, (4): Initial de-Broglie wavelength Ay = ko
mo,
Force on electron = F=gE = F =(—¢) (—Eqgi)
ma = EED;
a=- o
m

Velocity of electron after time ¢ is v =1, + at

., eEp .
V= vpi + L ¢
m
eEqt |+
m
h

New de-Broglie wavelength ) = "
mo
h

m[vo + _eEot] i muy, [1 + __eEot:l
m mu,

x:

N Y
[ . eEot:I . m—vo=lo from eqn. I

mu,
Q11.8. An electron (mass m) with an initial velocity v= v(,f is in an

~ h
electric field E=Eyj. If &) =——, its de-Broglie wavelength at time
t is given by %

22,2
b e Eot A'D - ;"0
NN Dl )

1+
mzvg

Main concept used: i, = %, F=gE, a,= 1]
m
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Ans. (c): Initial de-Broglie wavelength 2, =mL. Force on moving
Do

electron due to electric field E = F=—¢E=—¢E;j. Acceleration in

electron due to force by electric field,

ma = —eEyj
_eEDI:
a:
- ]

Acceleration on electron acts in — Y direction the initial velocity of
electron along X-axis,

vy, = v
Initial velocity of electron in Y direction =0
vyo =0
Velocity of electron after time t along X-axis
v, = Uy
So velocity of electron after time ¢ along Y-axis
v=uy+at
'—EEO A X
v, = 0+( - ])t
—eEg 2
v, = - jt

= 2
v=Jo? + vy
E it )
7 - —e ]
7] o2 +[ 0 )
m
1ol = 9,1+ eE3t?
o h
T mv 22,2
muy, 1+ ¢ ].::,Dt
KON
i
xr = -0 (... A‘O = LJ
1+ " Ext? o,
m*v}
Hence, option (¢) is verified.
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MULTIPLE CHOICE QUESTIONS—il MORE THAN ONE OPTION
Q11.9. Relativistic corrections become necessary when the expression

for the kinetic energy %mvz, becomes comparable with mc?, where

m is the mass of the particle. At what de Broglie wavelength, will
relativistic corrections becomes important for an electron?
() A=10nm () A=10"nm
(¢) A=10%*nm (d) A=10°nm
Main concept used: Relativistic correction become necessary when
speed of particle is either more than speed of light or comparable to it.

Ans. (¢) and (d): de-Broglie wavelength 3. = -

oo b (h=6.6x10'34 J
mh m=9x10"kg

_66x107*  66x10°* p73x10°

S 9x10%A o A
_ 73x10™

For option A
(@ A=10nm=10x10"m=103m
- v=73x10*x10"=73x 10*< 3x 108 (Speed of light)
() A=10"'nm=10"x10"m=10"m

4
v= ix_f— =73x10741 =73 % 10% =~ 107 <10°
10 (Speed of light)
(€ A=10"nm=10%*%x10"m=10"m '

4
v =13—X_% =73x107"" =73x10° ~ 10 > 108
10 (Speed of light)
(@ A=10°nm=10"%m
p=73x107 x 10" =7.3x 10" = 102 > 10® (Speed of light)
So the velocity of electron is more for option (c) and (4} where
the relativistic correction become necessary although the speed of
electron is 7.3 x 10 m/s is comparable with (c) speed of light, there
must be relativistic correction. Options are (¢) and (d).
Q11.10.Two particles A, and A, of masses m; and m, (m, >m,) have the
same de-Broglie wavelength, Then
(2) their momenta are the same.
(b) their energies are the same.
(c) energy of A, is less than the energy of A,
(4) energy of A, is more tl;lan the energy of A,.

Main concept used: A, = ;
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Ans, (g} and (c): A=

h .
P2
AM=h=2 (given)
p,=p, verifies Ans (@)
E=1 -1 mv’ _ p
2 2 m 2m
Ee L [as p, = p, = const. (a8 proved above)]
m
E2 m]_
E o« [+ m, > m, (given)]
E,

E, >E, verifies answer (c)

Q11.11. The de-Broglie wavelength of a photon is twice the de-Broglie

wavelength of an electron. The speed of the electron 7, = 1_;0. Then

@ E _j0¢ ® Ee_102 © P=102 @ P10
; E, myc m,c

Main concept used: A, b and p? =2mK
P

h
Ans. (b) and (c): de-Broglie wavelength A =—

p
h h
A, = =
m,o, <
€100
100 &
oy, ()
2
Now KE = lmv2 = E =£32— (I
2 2m
= meve = zmeEe
N A= Rk . [from (II)]
o " mo,  J2mE,
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E h? (1)
= = .
¢ 2m,\?
For proton lp =22, [given]
EP = E = he
A, 22,
E 2
NOW . = hC zme}"e = ;"zmec [f'rom (I]I)]
E. 2, g P
- 1004 x € 100
m,c h
= :—"’ = 1072 [verifies Ans. (b))
Now i =My =m x — ("U _LL}
" ;100 100
Pe -2 i (
L= =10 -
= me - 100 [verifies Ans. (c)]

Q11.12. Photons absorbed in matter are converted to heat. A source
emitting # photons per-second of frequency v is used to convert 1 kg
of ice at 0°C to water at 0°C. Then the ime T taken for the conversion

(1) decreases with increasing n with v fixed.

(b) decreases with # fixed v increasing.

(¢) remains constantwithnandv changing such that nv is a constant.

(d) increases when the product nv increases.

Main concept used: E=nhv and mL=E (Heat)

Ans. (z), (b) and (c): Heat energy required to convert 1 kg (1000 gm) of
ice at 0°C to water at 0°C is

E=mL

E'=nhv

7 =no. of photons incident per second.

Let time T is taken by radiation to melt the ice at 0°C. Then,

E=nhvt
mL=nhvt
_ ML
T nhv
toc_]'_ and Tﬂl
n v
or foc 1 [vm, Land h are constants]

V' [verifies Ans. (g), (b), and (©]
if nv, increases then, T decreases so does not verify answer (d).
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Q11.13, A particle moves in a closed orbit around the origin, due toa
force which is directed towards the origin. The de-Broglie wavelength
of the particle varies cyclically between two values A, and A, (A, > A;).
Which of the following statement are true?
(z) The particle could be moving in a circular orbit with origin as
centre.
(b) The particle could be moving in an elliptical orbit with origin
as its focus.
(¢) When the de-Broglie wavelength is A, the particle is nearer the
origin than when its value is A,
(d) When the de-Broglie wavelength is A, the particle is nearer the
origin than when its value is A,. 0
2

Ans. (b)) and (d): As the de-Broglie
wavelength of particle varies cyclically - e -
between two 'values A, and A, It is B

possible when the particle is moving in
elliptical orbit with origin as one of its focus. Because if A, and A, are
equal, their speed must be equal and particle must move in circular
orbit. Hence it verifies answer (b).

Let v, and v, be the speeds of particle at A and B respectively and
origin is at O. If A, and A, are the de-Broglie wavelengths associated
with particle at A and B respectively, then

h h
= — d =
M ™ Ay

WUy

S0 MoD [=A; >A,]  (Given)
;\42 vl

S0 vy < Uy (0

By the law of conservation of angular momentum the speed of th
particle will be more when it is closer to focus. It is verified by 1.
So the object is close to B than A or the particle is nearer to the
origin when wavelength is A, than when wavelength is A,. Hence
verifies answer (d).

VERY SHORT ANSWER TYPE QUESTIONS
Q11.14. A proton and an o-particle are accelerated using the same
potential difference. How are the de-Broglie wavelength. hp and A,
related to each other?

Main concept used: As both proton and o-particles are accelerated
at same potential so their K.Es. will be same i.e, K; =K, =K= gV by
relation (E = ¢V) and

\o P

1/2111 K
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Ans. As we know that both the particles are accelerated at the same
potential difference so their K.Es. will be equal i.e.,

K, =K,=K=4V ( V=EV—J
q
So -t or A;= h
2mK 2mgV
M X 2my4u Vs
Ao (2mgq.V, A

my=4m; q,=2¢; 9,=& V,=V,=V(PD.applied)

Ap 2x4 m, 2eV
Ay 2mp ev

A, =81,

So, the de-Broglie wavelength of proton is +8 times of alpha (or)
particle. '
Q11.15. (i) In an explanation of photoelectric effect, we assume one

photon of frequency v collides with an electron and transfers
its energy. This leads to the equation for maximum energy
E .. of the emitted electron as E ax = BV — &, where ¢, is the
work function of the metal. If an electron absorbs two-photons
(each of frequency v) what will be the maximum energy for the
emitted electron?

(#) Why is this fact (two photons absorption) not taken into

consideration in our discussion of stopping potential ?
Ans. (i) Here, 2 photons transfer its energy to one electron as E =hy

- E,=E

hv, = 2hv
-~ v, =2v
Maximum energy of emitted electron is
Epax = hve—¢0=h(2v)—¢0=2hv—¢o
(if) The probability of absorbing 2 photons by electron is very low

due to their mass difference. So possibilities of such emission of

electrons is negligible.
Q11.16. There are materials which absorb photons of shorter
wavelength and emit photons of longer wavelength. Can there be
stable substances which absorb photons of longer wavelength and
emit light of shorter wavelength?
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Ans. We know that as the wavelength of photon increases, its
frequency decreases or energy increases.

Case I: Photons of shorter wavelength i.e., of larger energy emits
the photons of smaller energy here some energy, is consumed against
work function. So, it is possible by law of conservation of energy.

Case II: Photons of longer wavelength always emits photons of
shorter wavelength and photons of smaller energy can never emits
photons of larger energy as some part of energy (hv) is consumed
in work function (¢} of metal. Otherwise it will discard the law of
conservation of energy (universal law) so, it cannot be possible in
stable materials.

Q11.17. Do all the electrons that absorb a photon come out as
photoelectrons?

Ans. In photoelectric effect, we can observe that most of the electrons
knocked by photons are scattered into the metal by absorbing photons.

So number of emitted electrons are very small than number of
photons absorbed.

One photon cannot emit one electron generally. Some energy of
photons is consumed against work function of metal.

So, not all the electrons that absorb a photon comes out from metal
surface.

Q11.18. There are two sources of light each emitting with a power of
100 W. One emits X-rays of wavelength 1 nm and the other visible
light at 500 nm. Find the ratio of number of photons of X-rays to the
photons of visible light of the given wavelength.
Ans, Let E_ and E, are the energies given by one photon in X-rays and
visible rays then,

E,=hv, and E =hv,

Let n_and n, are number of photons in X-rays and visible light to
give equal energies as both sources (X-rays and visible) emitting same
power 100 W each so

nxhv.t:n!’hvﬂ
1
n, _V A, A, [ c 1)
L o s — . = V=—
n, Vi L A VER YT
A
1nm R WY |
LA x =0 nm [Given)
n, 500 nm and A, =500 nm
T n:n,=1:500
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SHORT ANSWER TYPE QUESTIONS

Q11.19. Consider figure for photo- / Electron
emission. How would you reconcile with
momentum conservation? Note light Metal kLLL\

(Photons) have momentum in a different
direction, than the emitted electrons.

Main concept used: Momentum is vector quantity.
Ans. When photons strike to metal surface, photons transfer their
momentum to atoms of metal by decreasing its own speed upto zero.
This momentum of photons transfer to nucleus and electrons of the metal.

The exited electrons emit approximately opposite to the direction
of photons. But total momentum transferred by the photons will be
equal to the momentum of all electrons and nucleus.

Q11.20. Consider a metal exposed to light of wavelength 600 nm. The
maximum energy of the electron doubles when light of wavelength
400 nm is used. Find the work function in eV,

Main conceptused:E_, =hv-¢
Ans. Let the maximum energies of emitted electrons are K, and K,
when 600 nm and 400 nm visible light are used according to question

K, = 2K;
he

Ko == = 2 -

=ty

M

=2 g2

Kz—?tz A
hc he 2hc
= X _o|=L-2
SaLRE Iy ¢] o

o= 2 1 (+ hc=1240eV nm)

ARy -

2 1 1240[2 17 . (4-3)
= 120 2~ |ov - 2RIZ_1]_,, (879
® |-600 400]‘? 20_0‘[3 2] 6

Work function ¢=6—é2— =1.03 eV.

Q11.21.Assuming an electron is confined to a 1 nm wide region, find
the uncertainty in momentum using Heisenberg uncertainty principle.
(Ax x Ap = h). You can assume the uncertainty in position Ax as 1 nm.
Assuming p = Ap, find the energy of the electron in electron volt.
Ans. As electron revolves in circular path so Ar=1nm =107 m

AxxXAp=h [Given]
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h_662x107 5
Ax 2mAr
6.62 x 107
_____F gm/

3B 10 o Ap= 81, 107%
314

Ap

‘%

il
—

my- = —
2 2m 2m
331 331 10Z%x10%  331x331x 107503

= x x =
314 314 2x9.1x107™ 314 x 314 x 18.2 J

331x331x 107 x1.6 x107 .

314 x 314 x 18.2
| BIxBK6
T 31ax3laxigz V0 €

Q11.22. Two monochromatic beams of light A and B of equal intensity
I, hit a screen. The number of photons hitting the screen by beam A is
twice that by beam B. Then, what inference can you make about their
frequencies?

Main concept used: Intensity or Energy of photons E = nhv

Ans, : =1 [Given]
nyhv, = nghvy
n, = 2ng [Given]
2ngV, = Mg Vg
2v, = Vg

So the frequency of source B is twice the frequency of source A.
Q11.23. Two particles A and B of de-Broglie wavelengths A, and A,
combine to form a particle C. The process conserves the momentum.
Find the de-Broglie wavelength of the particle C (The motion is one
dimensional).

Ans, de-Broglie wavelengths

;t.:‘h or =Il- = =£~ =i and_ =L
y S VR W P
P1tP2=Ps
h  h h .
—to— =5 (A, = the wavelength of particle C)
MoOA A
1 1 1
—_——— =
AoAy g
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Ath 1
M e
= _MM
% Ay +A,
Casel: Whenp, and p, are positive then A, = MAy

Ay + 2y
CaseIl: When p, and p, both are negative
I e L I
o=
l 1+)~2| A.1+A'2
Casell: p,>0,py<0or

B_oh b1 Mok

P WL W W
O,

Sy

CaselV: p,<0,p;>0

hoo bk (M=)
Aa Ay My MA,
__MAy
BT h
Q11.24. A neutron beam of energy E scatters from atoms on a surface,
with a spacing @ = 0.1 nm. The first maxima of intensity in the reflected
beam occur at 8 = 30°. What is the kinetic energy E of the beam in eV?

Main concept used: Bragg's law of diffraction 2d sin 0 =n (maxima)

2
E=7 s

., p=—
Ans. By Bragg’s law of djﬁrgc"éion, conﬁition for nth maxima is
2d sin 6 =n)
n=1so A=2dsin@ [0 = 30° (Given)]
=2x0.1 x 10 sin 30° (** d=0.1nm)

=01x10°m=10"1"m

g 66x66x107%4 x 107
2x1.6 %107
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B 66x66x107% . 66 x 66 x 10744
T 2x1.6x10% x1,6x107° 2x16 x 16
E=33%3 102 =85x102 =0.085 eV

128
LONG ANSWER TYPE QUESTIONS
Q11.25. Consider a thin target [sq. of side 102 m and 10~ m thickness]
of sodium, which produces a photocurrent of 100 pA, when a light of
intensity 100 W/m? (A = 660 nm) falls on it. Find the probability that
a photoelectron is produced when a photon strikes a sodium atom.
(Take density of Na = 0.97 kg/m®)
Ans. Area of square sheet = (A) =107 x 102=10"%m?

Thickness (d) = 102 m
Current (i) = 100 uJA=10% A
Intensity (I) = 100 W/m?
Mass of target (m) = Vol. x density
m = Area of sheet x thickness x density
= (10%x 10 x 097 kg =0.97 x 107 kg
m =097 x 107 gm

23
. No. of Na Atoms in target =§ﬁ2’;i~ 0,97 x 10~ =0.254 x 10%°

Number of Na atoms in Na target = 2.54 x 10'® Atoms
Total energy falling per second on target = rhv

Intensity x Area= n x h X £

A
IxA: ﬂ
A
1AL 100x107* x660x 107 _ 1000X 660 . 13-5.34
he  66x107* x3x10° 66 x 3

] 10(;00 (10T = % x10° x 10"

Number of photons (n) incident per second on Na-metal
n=33x10'"°

Let P is the probability of emission of photoelectrons per atom per
photon.

Number of photoelectrons emitted per second

N = P n. (No. of sodium atom)
N =Px3.3x10%x 254 x 1018 (D)
i=100uA=10"A=Ne
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= N=2L
- e .
P= i
" ex33x10% x 2,54 x10'®
~ 10
T 1.6x107° x 3.3 x 10 x 2.54 x 10™®
10—4 10—4—34+19 5
- = =0.075x 10"
16x33x254x10°°% ~ 134 X
P=75x102"

Q11.26. Consider an electron in front of a metallic surface at a distance
d (treated as an infinite planezsurface). Assume the force of attraction

1
by the plate is given as 1 9 Y Calculate work in taking the charge
TE, '
to an infinite distance from the plate. Taking d = 0.1 nm, find the work
done in electron volts. (such a fo&‘ce law is not valid for d < 0.1 nm)
Main concept used: W.D.= _[0 F-dr

2

. 1 ¢ x
Ans, As per question F 1 4u€0d2 o——
Let at any instant electron is at distance ¢
x from the metal surface, Force of attraction € e eee >
between metal surface and electron is F d=01mm -
F = 1 g Metallic surface ——»
4 4meyx?

Work done by external agency in taking the electron from distance d
toois W.D.= ["F-dx

WD.= q dx 5= 1 I I_de = ___q—x__

1 4x4megx®  4x4dmey M 4 x4me, -1

2 2

WD. - —L[1F=Lk[l_l}

44mey |z, 4 o 4

+kq2 10
WD. = [d4=0.1nm=10"m]

44

Work done is positive
(L6x107°)> x9x10° | 1.6 x9x 1,6 x 10738+9+10

So WD.= o 5 eV
4x10° 4x1.6x10
-19+19
- 9><1.6x410 —36eV
W.D.=36eV
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Q11.27. A student performs an Vg,
experiment on photoelectric effect,
using two materials A and B.
A plot of V,, versus v is given
in figure. () Which material A
or B has higher work function?
(i) Given the electric charge of 5 10 15

‘an electron = 1.6 x 107"° C, find Frequency x 10 Hz

the value of h obtained from the

experiment for both A and B. Comment on whether it is consistent with
Einstein’s theory.

Ans. (i) v ¢ = hv,
v, = Threshold frequency
For metal A Vou = 5x10*Hz
For metal B Vg = 10X 10* Hz

doa _ Fvoa _ 5% 10
q)m; thB 10 ><101’4

o ®op = 2094
So work function of material B is twice of material A.

(if) By the differentiation of potential V = %
if W = E and Q = e (charge on an electron)

then = E or E=eV
e
hv = eV (v E=hv)
Differentiating both sides we get
h.dv=edV
=
1914 _
For metal A, h = 1610 712 1401 =32, 10774
(10 -5)x10 5
=064 x108]5=64x1072]5
=6x10]S ()
E WlB. he ex(25-0) 16x107x25x10™
Ormet B = 1510y x10% 5
4;’0 x 107 =08 x 10
h=8x10%]S (I
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The value of planks constant (k) for both experimental graphs are
not equal, so the experiment is not consistent with Einstein’s theory.

But due to experimental limitation values are very near to
6.6 x 107 JS, s0 can be considered consistent with Einstein theory.
Q11.28. A particle A with mass m, is moving with a velocity v and
hits a particle B (mass my) at rest (one dimensional motion). Find the
change in de-Broglie wavelength of particle A. Treat the collision as
elastic.
Ans. As collision is elastic so law of conservation of momentum and

Kinetic energy are obeyed.
m,v +my(0) = m,v, + my v,
my(0—v;) = mg v, ()
1 1
and %msz +—;—m]3(0)2 = EmAvlz +Eva§
”’IA(Uz —”12) = va%
m, (v-0)) (V+0,) = My 0 (I
Dividing (II) by (I) we get,
V+D =D, ..(m)
v=0,-7,
Put () in (1)
Ma0 — 0y = mg(v + ;)
MAD — 11, D) = Mgl + gD,
(my —mp)o = v,(m, +mpg)
o, = (mp —mg)
(mp + mp)
(my —mp) (my —mp)
From v, =0+ ———p = p| 1+ ——"2
M 2 (my +mpg) (mp +my)
_ (mp +mg+my —mg)v  2muv
(1 +mp) My + My
UL e S
Amitial = Afinal = Mo
h(my + mg)
A4 inal =

mp(my —tp)o

h
AR = Doy ol = M initiar = MAD [

mA +mB _1]
(mp —mpg)
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h |:’"A +mp —(My —mn)]
MAD (my — mp)

2mph
ty (mp — my)v

Q11.29. Consider a 20 W bulb emitting light of wavelength 5000 A
and shining on a metal surface kept at a distance 2 m. Assume that
the metal surface has work function of 2eV and that each atom on the
metal surface can be treated as a circular disk of radius 1.5 A .
(i) Estimate number of photons emitted by the bulb per second.
(assume no other losses)
(i) Will there be photoelectric emission?
(i) How much time would be required by atomic disk to receive
energy equal to work function 2eV?
(iv) How many photons would atomic disk receive within time
duration calculated in (fii) above ?
(v) Can you explain how photoelectric effect was observed
instantaneously?
Ans. () P=20 W, A=5000 A=5000x10"°m, d=2m, ¢=2¢€V,
r=1.5A=15x 10" m (Atomic radius)
Let number of photons emitted by bulb per second is #, then
Power P is

Change in de-Broglie wavelength A =

P=n1hv or P=nl%

PAL 20 x5000x 107
= - ;7 8
he 6.62x107* x3x10

... 100000 % 107°#+% 100000 10-16+34
' 19.86 20
n, = 5x 10%"3=5x 10" no. of photons per sec.

Number of photons emitted by bulb per second
ny=5x 10Y

(i) Energy of incident photon E= hv = %
6.62x 107 x 3x 108 19.86 x 107 34+10+8 .
- 5000 x 10710 ~ 5000%1.6x 107"

=248V

-34 8
Energy of photon = pv = he _ (6.62x107) (3 x107)

A 5000 x 107°

J
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_ 662x3x107%  19.86 x 1076

T 5000x1.6x10°° 8000
3
Energy of photon = 280 xlll)(; = g eV=25eV
x

As the energy of an incident photon is more than 2 eV i.., the
work function of metal surface hence the photoelectric emission
takes place.
Let Af be the time spent in getting the
energy ¢ (work function of metal) -
Energy received by atomic diskin 7=15A
Attime E=PxA-At 5
E=Pxnr- At
energy transferred by bulb in full solid angle 4nd? to atoms =
4nd’
P x xr* At = 4nd’d
_ 4d%9 _ 4x2x2x2x16x107° .
P’ 20x15x15x1070 x107"°

_ 128x107™% 18

5x225 1225
Number of photons received by one atomic disk in time At is

N At mrPAt 5x10° x15x15x 107 x11.4

4nd® 44’ 4%2x2
[, from part (i) and At from part (iii)]
12.25 x11.4 x 107"
N = 258 T = 0.80 = 1 photon per atom
N =1 photon per atom.
Time of emission of electrons is 11.4 sec. So the photoelectric
emission is not instantaneous in the problem. It takes about
11.4 sec.
In photoelectric emission there is a collision between incident
photon and free electron and nucleus, which lasts for very-
very short interval of time (10~ sec) hence we say photoelectric
emission is instantaneous.

At ec

At =11.4 sec

uaa
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12 -

MULTIPLE CHOICE QUESTIONS—I
Q12.1. Taking Bohr’s radius as a,= 53 pm, the radius of Li"" jon in its
ground state, on the basis of Bohr’s model, will be about

Atoms

(a) 53 pm (b) 27 pm (c) 18 pm (@) 13 pm
Main concept used: Bohr’s model, r % or r= EZD_

Ans. (c): According to Bohr’s model of atom, radius of an atom in
its ground state is r = ry/Z where 7, is Bohr's radius, and Z is atomic
number. As 7, = 53 pm and atomic number of Lithium atom is 3 so,

r= é; =17.67 pm = 18 pm verifies option (¢).

Q12.2. The binding energy of a Hydrogen atom, considering an

electron moving around a fixed nuclei (proton) is

me4

BnZEﬁhz

If one decides to work in a frame of reference, where the electron is

at rest, the proton would be moving around it. By similar arguments,
the binding energy would be

(m = mass of electron)

_ -Me*
8n2en®
The last expression is not correct because
(@) nwould not be integral.
(b) Bohr-quantisation applies only to electron.
(c) the frame in which the electron is at rest is not inertial.
(d) the motion of the proton would not be in circular orbits, even
approximately.
Main concept used: m, > m, need more centripetal force for
revolution.
Ans, (c): As the mass of an electron is negligible as compared to
proton. So the centripetal force cannot provide the electrostatic force,
2
E, = ™Y So the given expression is not true, as it form non-inertial
7
frame of reference due tom,< << m, or centripetal force on F, <<<F,
So verifies answer (c).

(M = mass of proton)
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Q12.3. The simple Bohr’s model cannot be directly applied to calculate
the energy levels of an atom with many electrons. This is because

(a) of the electrons not being subject to central force.

(b) of the electrons colliding with each other.

(c) of screening effects.

(d) the force between the nucleus and an electron will no longer be

given by Coulomb's law.

Main concept used: How a centripetal force can be increased.
Ans, (a): As the mass of an electron is negligible as compared to anucleon,
s0 electron cannot being subject to central force. Verifies answer (a).
Q12.4. For the ground state, the electron in an H-atom has an angular
momentum F#, according to the simple Bohr’s model. Angular
momentum is a vector and hence there will be infinitely many orbits with
the vector pointing in all possible directions. In actuality, this is not true,

(a) because Bohr’s model gives incorrect values of angular momentum.

(b} because only one of these would have a minimum energy.

(¢} angular momentum must be in the direction of spin of electron.

(d) because electrons go around only in horizontal orbits.

Main concept used: Bohr's second postulate on atomic model.
Ans. (a): According to Bohr’s second postulate of atomic model,
angular momentum of revolving electron must be some integral

multiple of 2i- so the Bohr’s model does not give correct value of
n

angular momentum. Hence verified answer ().
Q12.5. O, molecule consists of two oxygen atoms. In the molecule,
nuclear force between the nuclei of two atoms

(@) is not important because nuclear forces are short ranged.

(b) is as important as electrostatic force for binding the two atoms.

(c) cancels repulsive electrostatic force between the nuclei.

(d) is notimportant because oxygen nucleus have equal number of

neutrons and protons.

Main concept used: Properties of Nuclear and Coulombian forces.
Ans. (2): Nuclear forces is too much stronger. Only attractive force as
compared to electrostatic repulsive force and nuclear force decreases
to zero on increasing distance. So in case of oxygen molecule, the
distance between atoms of oxygen is larger as compared to the
distances between nucleons in a nucleus. So force between the nuclei
of two oxygen atoms is not important as nuclear forces are short
ranged forces. Hence verified answer (a).

Q12.6. Two H-atoms in the ground state collide inelastically. The
maximum amount by which their combined kinetic energy is reduced is

(a) 10.20eV (b) 2040eV  (c) 13.6eV (d) 27.2eV
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Main concept used: Electrons of K(# = 1) energy level are called
ground state electrons. It has minimum energy i.e.,, —13.6 V.
Ans, (1): Total energy of two H-atoms in ground state

=2(-13.6)=-27.2eV

The maximum amount by which their combined kinetic energy is
reduced when any one H-atom goes into first excited state after the
inelastic collision i.e., the total energy of two H-atom after inelastic
collision

E= l'?ié +136
n

= 1'23—26 +13.6 [~ for excited state (12 = 2)]

‘ =3.4+13.6=17.0eV
So loss in KE due to inelastic collision
=272-17.0=102eV

Q12.7. A set of atoms in an excited state decays

(a) in general to any of the states with lower energy.

{b) into a lower state only when excited by an external electric field.

(c) all together simultaneously into a lower state.

(d) to emit photons only when they collide.

Main concept used: By emitted a photon by an electron, it comes
back in its lower energy.
Ans. (a): A set of atoms in an excited state decays in general to any of
the states with lower energy.

MULTIPLE CHOICE QUESTIONS—II MORE THAN ONE OPTION
Q12.8. Anjonised H-molecule consists of an electron and two protons.

The protons are separated by a small distance of the order of A. In the
ground state,

(1) the electron would not move in circular orbits.

(b) the energy would be (2)* times that of h-atom.

(c) the electrons, orbit would go around the protons,

(d) the molecule will soon decay in a proton and a H-atom.

Main concept used: In H-molecule, 2 proton or 2 nucleus and 1
electron.
Ans. (2) and (c): In H-molecule two nucleus of 2 H-atoms are separated
of the order of angstrom, i.e. of order of nuclear forces. One electron
will revolve around the protons. Hence verifies answer (2) and (c).
0Q12.9. Consider aiming a beam of free electrons towards free protons.
When they scatter, an electron and a proton cannot combine to
produce a H-atom,

{(a) because of energy conservation.

(b) without simultaneously releasing energy in the form of radiation.
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(c) because of momentum conservation.
(d) because of angular momentum conservation.
Ans. (2) and (b): The binding energy of H-atom is larger as compared
to the energy of free electron. Large amount of energy is required so
that electron can reach near the proton which is possible when nuclear
force (attractive) acts between ¢ and pbecome of order of nuclear force,
it is not possible without energy conservation and releasing energy
simultaneously. Hence verifies answers (g) and ®).
Q12.10. The Bohr’s model for specira of a H-atom
(2) will not be applicable to hydrogen in molecular form.
() will not be applicable as it is for a He atom.
(¢} is valid only at room temperature.
(d) predicts continuous as well as discrete spectral lines.
Main concept used: Niel’s and Bohr’s atomic model is valid for
H-atom only and explains the line of spectrum.
Ans. (#) and (b): Not applicable for H molecule or He atom. It does not
depend on minor change in temperature,
Q12.11. The Balmer series for the H-atom can be observed
(2) if we measure the frequencies of light emitted when an excited
atom falls to the ground state.
(b) if we measure the frequencies of light emitted due to transitions
between excited states and the first excited state.
(¢) in any transition in a H-atom.
(d) asa sequence of frequencies with the higher frequencies getting
closely packed.
Main concept used: When an electron is excited and jumps from
higher to lower energy level it emits photons for spectrum.
Ans. (b) and (d): When electron jumps from higher energy level to first
energy level, the spectrum of light is called Balmer series. Spectrum
lines become closer if electron jumps from higher energy level to
ground level. Hence verifies answers (b) and (d).

—1me?
Q1212 Let E, = Ezm—;hz be the energy of nth level of H-atom. If all the
gt

H-atoms are in the ground state and radiation of frequency (E—Z_E—l)

falls on it,

(@) it will not be absorbed at all.

(b) some of the atom will move to the first excited state.

(c) all atoms will be excited to the n = 2 state.

(d) no atoms will make a transition to the # = 3 state.

Main concept used: An electron of an atom absorbs photons of
same energy as required by electron to reach in next higher orbit only.
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Ans. (b) and (d): When the energy of radiation of photons is (Ey —Ey)n ,
then electron jumps in next energy level (n = 2) after receiving this
energy equal to the E, — E, energy. The new state is its unstable
state. Electron jumps from E, to E; by radiating the energy of same
frequency i.e., to (E, — E,). Electron can jump in next orbit. So electron
from ground state will jump at n=2not n=3.
Q12.13. The simple Bohr’s atomic model is not applicable to He* atom
because

(2) Heis an inert gas.

(b) He* atom has neutrons in the nucleus.

(c) He® has one more electron.

(d) electrons are not subject to central forces.

Main concept used: Bohr’s model is valid for H atom only ie. for
1 electron only.
Ans. (¢) and (d): Bohr’s atomic model is applicable only for one electron
and in He? there are two electrons. Electrons are not subject to central
forces due to longer distances than nuclear size verifies answers ()
and (d).
VERY SHORT ANSWER TYPE QUESTIONS

Q12.14. The mass of H atom is less than the sum of the masses of a
proton and electron. Why is this?

Main concept used: Mass defect
Ans. During formation of an atom with neucleon and electrons, it
need the energy to bind the nucleons together in nucleus. This energy
comes from Einstein mass-energy relation

E = AmC?

where Am = [Zm, + (A-Z)ym]-M

So the mass of a H atom is
B.E.

mp +m p - —C-z—'

where B.E.=13.6 eV
Q12.15. Imagine removing one electron from ,He* and ,He’. Their
energy levels, as worked out on the basis of Bohr’s atomic model will
be very close. Explain why.

Main concept used: Bohr’s model explains only the stability of
H-atom.
Ans. If we remove one electron from the isotopes of 2He* and 2He?,
both atoms will have 1 electron as in H-atom and the nucleus is much
(four times) heavier than H-atom. So stability can remain and these
atoms are very close to the H atom so the energy levels are as of
Hydrogen and these atoms will be very close.
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Q12.16. When an electron falls from a higher energy to a lower
energy level, the difference in the energies appears in the form of e.m.
radiations, Why cannot it be emitted as other forms of energy?

Main concept used: When electron jumps from one higher energy
level to another lower energy level then due to motion of charge an
e.m. wave is produced.

Ans. When charge i.e., electron jumps from higher to lower energy
level; there is acceleration in charge particle. The accelerated charge
particle can produce electromagnetic wave only.

Q12.17. Would the Bohr’s formula for the H-atom remains unchanged

if proton had a charge (?)e and electron a charger (—Ts) e, where

e=1.6 x 10 C. Give reasons for your answer.

Main concept used: Electrostatic force remains same as m_and m,
does not change. Position of ¢ and p does not change i.e., p in nucleus
and ¢ revalue.

Ans. As there is no interchange in the position of proton and electron
only the magnitude of charge changes as Coulombian force will be

same as product of both charges %e x —738 =—¢” is same as earlier.

p=+leand e=-1, +lex—le =—¢. So electrostatic force does not change.
So Bohr's formula for the new H-atom remain same.

Q12.18. Consider two different H-atoms. The electron in each atom
is in an excited state. It is possible for the electrons to have different
energies but the same orbital angular momentum according to Bohr’s
model?

Main concept used: Bohr’s atomic model, [, = nh.

2n
Ans. In excited state of electrons of two H-atoms, electrons may be in
orbit or energy level either 7 =2, 3, ... and can have same energy but

angular momentum by Bohr’s model is L. = -271—}5. As n for both may be

n
different so both H-atom will have different angular momentum.
SHORT ANSWER TYPE QUESTIONS
Q12.19. Positronium is just like a H-atom with the proton replaced by
the positively charged antiparticle of the electron (called the positron)
which is as massive as electron. What would be the ground state
energy of positronium?

4

Main concept used: E, =— Te® ___136eV for H atom in

2,2
ground state. Begn’h
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Ans. As in the new H-atom (positronium) proton is replaced by
positron of mass m = m,/2 as under
Mass of positronium =m = m; +m;
m=m,+m,=2m,
a_m
=g =
as E\,“ =~-13.6 and so energy of positron

N

. NEA
—m’eé T\ )e _-136

E' =

" Begh?  Begnth® 2
So g =20 ( m, =E)
2 2
E, =-68eV

Q12.20. Assume that there is no repulsive force between the electrons
in an atom, but force between positive and negative charges is given
by Coulomb’s law as usual. Under such circumstances calculate the
ground state energy of a He-atom.
Main concept l:se-,d: Energy of an electron revolving in stable nth
e

orbit g _z e m,ismass of electron.
" 8e2nh?
Ans. For H atom Z=1 and n=1
4
= - _136eV
8ey1°h
For He-atom, Z=4 and n=1
—4mee4
W=yt =~4x136=-544¢eV
8e,1%h

Q12.21. Using Bohr’s model, calculate the electric current created by
the electron when the H-atom is in the ground state.
Main concept used: T = —?e =—ev

Ans. Let for an electron of H atom velocity in orbit = v m/s
Radius of orbit = 4, = Bohr’s radius

So the number of revolutions per second v = 27
' v

=—ev ( v=2mo)
_ —e2mg ¢

v .
(-) sign shows that the direction of current is opposite to the direction
of motion of electron.
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Q12.22. Show that first few frequencies of light that is emitted when
electrons fall to nth level from levels higher than n, are approximate
harmonics. (i.e.,, in the ratio 1: 2 : 3) when n >>1.
Main concept used: Spectrum of H atom.

Ans. When an electron falls from (n + n)h to nth energy level, the
frequency of radiations in spectrum of H-atom like atoms is given as
v=crzz| L1 ___.1

(n+n’y? #?

heren>>n’
n=1223..
R =Rydberg’s constant
2 1 1 1 wT? 1
P )
n n n

) w 2 ?12
n 1+—2
n

Neglecting the higher terms as n>>n’

2] 1 2n’ 1¢_ 1 2w 1
CRZ[T(I‘_)'_‘Z‘] CRzz[_z__s'__z:’

n n n n n n
-CRZ?2n" (2CRZ2) |,
/] n

So the first few frequencies of light that is emitted when electrons

fall from (n+n") tonth energy level arein theratioofn’=1:2:3, ... when
n>>>1,
Q12.23. What is the minimum energy, that must be given to a H atom
in ground state so that it can emit an H, line in Balmer series? If the
angular momentum of the system is conserved, what would be the
angular momentum of such H, photon?

Main concept used: (i) H, line in Balmer series corresponds to
n =25 to n =2 (ii} Energy of electron in ground state of H atom =

-13.6 eV, (iii) Energy of electron in nth energy level =

n
Ans, We know that H, spectral line in Balmer series formed when
electron falls from n=5ton =1. ‘
Here the electron is in ground state i.e., n = 1 and must be taken to
n =5 for H, line. So the energy of
13.6
H =E;-E, = (——ST) —(-136) =054+ 13.6 = 13.06 eV
Since angular momentum is conserved, so the angular momentum of
H, = change in angular momentum of electron
= Lg~L,=5h-2h
=3h=3%6.63 x10%=19.80 x 10 kg m¥s
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LONG ANSWER TYPE QUESTIONS

Q12.24. The first four spectral lines in the Lyman series of a H-atom
are A = 12184, 10284, 974.3A and 951.4A. If instead of Hydrogen, we
consider Deuterium, calculate the shift in the wavelength of these lines.

Main concept used: Reduced mass of 2 particle system 1_1 + _1_

m my m
Ans. Reduced mass of H atom (mass defect) = i, then
1 1 1

E— =E+ﬁ (M is mass of H atom)
H

m
1 M+mE_M[“‘rE

} (- M>>>m,)

Hu - M-m, M- m,

-1
m, m
My = me[1+-ﬁ} =m2[1—ﬁ”}

For Deuterium M=2M
reduced mass of Deuterium = iy,

m m
= 1._.._"’ 1+_e_
o 131

Total energy E._ of the electron revolving in an n'! stationary orbit,

" Bn’elk?
m is the reduced mass of the electron and proton in H atom.
So hv = En, - En, '

yomet Tl 1] ¢
e2n? | nf mi| A
v o< m (reduced mass)

1 1
—_— —] ko:—
x u

For hydrogen and deuterium = Ay
D

m [1 - ﬂ]
7&0 u'H € M

So 2D - B ,
S ey
T M 2M

o= [10 3] 1=
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Ap = Ay (0.99973)
Ay = 1218A4,1028 &, 974A and 954A (Given)
Ap; = 0.9973 x 1218A = 12144
Ap, = 0.9973 x 1028 = 1025A
Ap = 0.9973 x 974 =971A
Ap, = 0.9973 x 954 = 951A
Q12.25, Deuterium was discovered in 1932 by Harold Urey by
measuring the small change in wavelength for the particular transition
in \H! and ,H?. This is because, the wavelength of transition depend
to a certain extent on the nuclear mass. If nuclear motion is taken into
account, then the electrons and nucleus revolve around their common
centre of mass.
Such a system is equivalent to a single particle with a reduced mass
u revolving around the nucleus at a distance equal to the electron-

nucleus separation. Here
"= m,M

e
M +m,)

where M is the nuclear mass and m, is the electronic mass.

Estimate the percentage difference in wavelength for the first line
of the Lyman series in ;H! and ;H? (mass of ;H' nucleus = 1.6725 x
107 kg and mass of ,H? nucleus is 3.3374 x 10 kg. Mass of electron
=9.109 x 107 kg)

Main concept used: Percent wavelength difference

A (Ap —An)
— %100 =———=x 100
AH Ay
Ans, Total energy of electron in n'™ stable orbit in H or like atom
E = pzzeli
e 8eln’n®

u = reduced mass of electron, proton and neutron (mass defect)

R it

8e2n? |n2 w2 | 8en’l1l 22] seln?la
h k
E = hv = “;':' or A‘H =__E;‘
hvg pae” 3
8eln? 4
_ bye’ 3
"o ge2n® 4

The percentage difference in the wavelength = O”D_A_}“ﬂl % 100

H
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Percent change in wavelength

H

hy = pet 11
8e2n? | 2 n?

% change AE = B—D-l}xloo (- AE=E,~E,) ..(I)

as |l = mass defect, ¢, &, c, and h are constants for an atom.

Ao %
S0 eqn. Ist can be written as percentage change in the wavelength

=[Et'~— ]xlOO
Up

ve

mM
M+m,)

(Given)
meMH
My +
Percentage change in wavelength = (—H——"-If—)-
mMp

e

Mp +m,)

A 100 o [ M Mp+m,)
Ay | Mp (My +m,)

—-1(100

Il

1] x 100

Mp|1l+ ]
M
H D/ _1|x100

M
Mp MH[1+ e ]
1

m,

<

H

-1
+=e 1+ | _1{x100
MD MH
m m
=1+ |1~ |1 {x100
( MD)( MHJ }x
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me < <M, so neglecting the higher degree term

&x100=[1- Me T _ MMM, —1]x100

A’H My MD - MD ‘My
S S N
MD MH
1 1
9.1x107 -
33374x107% 1.6725x107%

_ 9.1x10731+2 [1.6725 - 3.3374]

}XIOO

107 3.3374 x 1.6725
AV X100 _ -9.1x107%*% x 0.6649 _ ~6.05059 x 10~
Ay 3.3374 x 1.6725 5.5180
AL X100 _

= - 1.084 x 10 % decrease in wavelength,

(-) sign showg that A, <A,

Q12.26. If a proton had a radius R and the charge was uniformly

distributed, calculate using Bohr theory, the ground state energy of a

H-atom when {f) R =0.1A (i) R = 10A.

Main concept used: Energy of H atom when (i) point nucleus

(%) spherical nucleus of radius R.

Ans. (i) Consider in H atom nucleus as a point charge electron is
‘revolving around nucleus with speed v and radius r,. The Coulombian

force provides centripetal force to revolve around nucleus.

mevz - K. 62 ' .
S = ()
TA rA
1
Here K= dne,
(-) sign shows the force of attraction.
By Bohr’s postulate, angular momentum = ;—h-
nh T
mor, = —
A 2nm
0= nh
21y,
242 2
i
1121112 2 " Ke2 [From I]
A m rars A
242
n'h
A= ———
A anPm Ke? m

Atoms El 251


http://www.cbsepdf.com

www.cbsepdf.com

For ground staten =1
hZ
AT 4 mKe?
6.63%107* x6.63x10°#
T (2% 31472 x9.1x10 x9x10° x 1.6 x 107 x 1.6 x 107
6.63 x 6.63 x 10765+38+31-9

T 91x9x1.6x1.6x4x314x4x3.14
=7r,=0534 = 053x10"m

—~Ke? -9x10° x1.6x107° x L6 x 107"

E. = =
P s 0.53x107%° J
—9%1.6x1.6x10™ x107° x10° ~9%X16 .. 1649410
= 10 19 ev = x10
053 %107 x 1.6 x 10 0.53
14.4

E. = S22 2071722726V
PE. = 053 €

K.E = Lo

2
1men’r 1 K
T 24w 2 animr®

1 6.62 %107 x 6,62 x10™*
T 2 4x3.14%3.14x9x 107 x 0.53x 1070 x 0.53 x 107%° J
6.62 % 6,62 x 10768+31+10+10
4x3,14%3.14 x 18 x0.53 x 0.53 x 1.6 x 107 eV
6.62 x 6,62 x 10758+51+19

4x3.14 x3.14 x 18 x 0.53 x 0.53

K.E. = 0.1373 x 102 eV =13.7 eV

PE.=272¢eV
(i) Now for spherical nucleus of radius, R, electron moves charge
inside the nucleus R > > r, then electron moves inside the
nucleus. Then (r, is radius of new Bohr’s orbit of revolving

(n =1 for ground state)

electron)
e (%n rf]
Charge = 3 .
~x R?
3
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en
s
g =¢
2 Kee’
= - ie {By Coulomb’s law)
£ r
nh
mor, = 5 = 0,= p— (By Bohr’s postulate)
E nzhz ~ keel
) 41t2rnzr,,2 rb2
, = n’h?
b an?mkee’
3
Now for ground state of H,n=1and ¢ = e% , then
b s a?mke? ) B AT

3
41|:21>11K-e-e-i:~3

hz
"1, =————=0.53 A calculated in part i]
[ A7 An?mKe? part (1)

R3

' = r,R® =053A x (10A)°

ri = 0,53 x 1000 (A)* ([ ra =053 A)
r,=[530 A*]"* =48 A<R=10A
1 >, m K2 h2 n2h
K-E.= —mMy =—: = ep=
2 2 anm’s?  8n’my} anm?r?

6.62 % 6.62x 107 x 107 v
B8x3.14x3.14x9.1x103! x 4.8 x 4.8 x10™ x 1.6 x 1079

6.62 X 6.62 x 10788 +31+20+19 v
e
8x%314x3.14x9.1x48x48x1.6

43.8244 . 8,7 2
= ———1 =0.001656 x 10°eV
264602 0.001656 > 10"e

K.E. = 0.167 eV
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2 2 2
e (7 —3R%) [ quqz)
E = —— PE=—12
PE 411;80 R3 E r
e |ra( -3R?) r
E. = ing by &
FE l: pr— B l:mu.ltyplymg y .
From part (i)
2
PE. = ¢ =272eV
ATE,T,
< PE.= 27,2[0-53 (¥530 “300)] [ r,=(530)" Aand R=10A]
1000
27.2 eV x 0.53(23.02 - 3 53(-276.9
_ eV x 3(232 300) A =27.2)(053( ) v
1000 A 1000
3992.9
PE. = W =-3.99 eV
KE. = 0.167 eV

Q12.27. In the Auger process, an atom makes a transition to a lower
state without emitting a photon. The excess energy is transferred to
outer electron, which may be ejected by the atom (this is called an
Auger electron). Assuming the nucleus to be massive, calculate the
Kinetic energy of an n = 4 Auger electron emitted by chromium by
absorbing the energy from a n =2 to n =1 transition.

Main concept used: As chromium nucleus is massive recoil of
the atom by emitted electron is negligible and the entire energy of
transition may be considered to be.ejected (Auger) elecﬂ:ron As there
is a smgle valence electron in Cr the energy states may ' be thought of
as given by the Bohr’s model.

Ans. The energy E, of the nth state

1 1 1 1
E"=+ZZR[—2— ] Z’R (1 ) (forn, =1, f,=2)

n? 4
Z=24
R =Rydberg constt.
m=§fﬂ
4
The energy required to eject an electron from n = 4 state is
1 1
E,= ZZR—5=—2Z"R
! 4 16

Energy given to electron is converted into K.E. of ejected electron.
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Hence, the K.E. of Auger (ejected) electron = E -E,

KE. = ZZRE——l—ZZR = E22R=-1—1>< 24 x24 x13.6 eV
4 16 16 16

K.E. = 11 x 36 x 13.6 = 5385.6 eV

2

Q12.28. The inverse square law of electrostatics is |F| =ﬁ for
ey ) r
the force between an electron and a proton. The 1/r dependence of |F|
can be understood in quantum theory as being due to the fact that
the particle of light (photon) is massless. If the photon had a mass
[i + &] e~™ where
r

2

, 2
m, force would be modified to |Fl=—25— _
r

m,c h (4neg)r?
an -
2n
Estimate the change in the ground state energy of a H-atom if
m, = 107® times the mass of an electron.

Ans, Mass of photon = 9.1 x 10! x 10 kg
=9.1x10%¥ kg
Wavelength associated with a photon = e
6.62 10" ’
9.1x10% x 3x 10°
L PP 107 >>r (see Q.26)
9.1x3 ) A ’
A<< —1—<e.7L, <<1
a A
—ele™
U = —2¢
Ty
mor = %z*h or v=% (1)

ﬂi=i[_1_+&] < F= ez _1_.'.& e_a" 'Ve:n
r dmey [r2 v ’ (dne)y 2 r &

m Woo_ e [1+?~r]
"

“m?? dney [ 12
Wo_ e
mr ey O M)
0
2
nedne, _ (r+A%)
me?
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2
If A=0,r=r1,= h” 4meg [neglecting 7*]
me’
2 2 2
e _ e A (ry =7 +Ar7)
m 4me,
A, >>ry and r=T,+8
taking 7, =7+ A7? [ r=(r,+8)]
7p= (ra +8) +A(r4 +8) (putr=r,+9)

= 1, + 8+ A(72 + 8 +2r,8)
0= §+Ar2 +2r,8\ (neglecting small term )
0= 8+2r,80+Ark
= 8[1 +2r,M] = —Ar}
oML
(14 2r4))
8= _Ar2[l-2r,M] = —Mr2 +2r307
-~ handr,<<1so r3A? is very small so by neglecting it we get,

= —Mi (1+2r,0)7

ve) —e? _e('m'kﬂ) —& g~ MB+r)
)= - = .
( 4re, (7 +8) 4ne, 5
T4l1+—
TA
_e? 5\
- 1) S
47580TA ¥a

0

—ete ™™ 1- i
4Tt£0rA Ta

V()= -27.2eV remains unchanged

2 2
KE.= 1 o2 = lm(i] = 1w (From Lv= —h—)
2 2 \mr 2 mr? mr
—n? - A’ [1 28}
= 7 = 3 = 5 rp—,
+ r
2m(ry +9) 2mr? (1+ i) 2mry A
Ta
2 2 2
I (1- }”A} " (1+2Ars)
2mry A 2mry,
=13.6eV (1+2Ar,)
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2 2
+
dmegrs  2mri
=[-272+136(1 +2Ar,)] eV
=-272+136+272Ar, eV
Total E = -13.6 +27.2 Ar,

Change in energy = -13.6 + 272 Ar, — (- 13.6 ) = 27.2 Ar, eV
Q12.29. The Bohr’s model for H-atom relies on the Coulomb’s law of
electrostatics. Coulomb’s law has not directly been verified for very
short distances of the order of angstroms. Supposing Coulomb’s law
between two opposite charges + 4,, - 4, is modified to

Total energy = (1+2Ar,)

192

IFl = 4meyr? (rzRy)
- N [Eo_]e <
IFl dme,R3 L 7 (r<Ry)
Calculate in such a case, the ground state energy of a H-atom if
e=0.1,Ry=1A
Ans. Case: whenr <R, = 1A
Lete=2+8
245
po_H% Ry _(e(-)) R [9:=¢, g, =]
4’TBEOR§ r2+5 411:30 r2+8 M1 A2
RS

{Fl = —(1.6x107™°)> x9x 10° —
[(-)ve sign shows force of attraction]

RB
= 29
IFl = 23.04 10 2

The electrostatic force of attraction between positively charged
nucleus and negatively charged electron provides necessary
centripetal force.

2 5

mo 29, R

—— = (23.04x10 ) ,zfs
Let 23.04x107% = A
Rg 4 ARS
By Bohr’s [Ind postulate, angular momentum
nh h

= o and 7 = or [Given in last Q.]

ATtoms @ 257



http://www.cbsepdf.com

www.cbsepdf.com

L=nh
mor = th
1+5 1/2
Lot _nh fmr™ nh( m 24872
me m\ AR m AR
1=-2 = — ——
r 2 m | AR
1 nh n 1/2
S0-8) = —| —%
r mi ARy
. 1
, = n2h2 1-8
" | mAR§] -
1
_n [ (n=1f d state)
= n= O ground state
mARS &
. 1
. (1.05 x 10™*)* 29
1 91x107% x23.04 x 107 x 107

=(1.05% 10““)]

where 7 = 1.05x10734]5!
R,=10"and1-8=29
t, = 8 x 107! m =0.08 nm
This is a radius of orbit of electron in ground state of hydrogen
atom.

Velocity of electron in ground state
By IInd postulate of Bohr’s Atomic model

moyr = h=—
n'n pr m

_ nh_ nh| mAR} |8
T o m | 2R

n

x 10—34+31+9

Case i nel 1.05 x 1073 1.05
:n=1, P = = =
aseLLn= L T T 9.1x10% x0.08x10°  0.728

=1.44 x 10790 =144 x 10° m/s
v, = 1.44 X 10° m/s
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KE = % mof ~9.43x107Y
= %x 9.1x107 x (144 x 10°)? ~ 9.43 x 10719
=59eV

-A
PE. from Ryto —
Ry

r
d;
PE. fromR;tor = +AR3J.——2:5
R.,r

AR?
PE. = 0 [ !

-(1+8§) [

‘ -A
This is the P.E. of electron in groundstateRﬂtor=‘R—
0

pE. ARO[ 1 1

1+8) | ** RI®

-A Ro 1 -A Ro 1+1+8
(1+5) 8 R0 (1+5) P R, R,

Put8=-1.9
-A [RO” _L_%]
(1+( 19| % R, R,
~19 ~2.9

= _L(%[I:g)_g - :209] —2‘9’040—’;104(0.8)"-9 ~19]]
—_173eV

Total E = PE. + K.E.
= (£173+59) eV

Total energy = ~114 eV

This is the required total energy of electron in ground state of
H-atom.
Qaa
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Nuclei

MULTIPLE CHOICE QUESTIONS—!

Q13.1. Suppose we consider a large number of containers each
containing initially 10,000 atoms of a radioactive material with a half
life of 1 year. After 1 year,
(a) all the containers will have 5000 atoms of the material.
(b) ali the container, will contain the same number of atoms of the
material but that number will only be approximately 5000.
(c) the containers will in general have different number of atoms
of the material but their average will be close to 5000.
(d) none of the containers can have more than 5000 atoms.
Ans. (c): Half life time for a radioactive substance is defined as the time
in which a radioactive atomic substance remains half of its original
value of radioactive atom. So after one year means one half life ie.,
average atoms of radioactive substance remain after 1 year in each
container is equal to 1/2 of 10,000 = 5000 atoms (average).
Q13.2. The gravitational force between a H-atom and another particle
of mass m will be given by Newton’s law: F=G M2m
km and ¥

(a) M= mprotun + Melectron” B
B M= M roton * Melectron ™ ZE(B =13.6eV).

, where 7 is in

() M is not related to mass of H-atom.
@) M = 1,00 + Melectran Iczll [IVi= magnitude of potential
energy of electron in the H-atom.]
Ans, (b): During formation of H-atom some mass of nucleons convert
into energy by E = mc?, this energy is used to bind the nudleons along
with nucleus. So mass of atom becomes slightly less than sum of
actual masses of nucleons and electrons.
B.E.
Actual mass of Hatom =M, +M, ——— ("B? is binding energy)
c
B.E. (B) of H atom is 13.6 eV per atom. ¢
Q13.3. When a nucleus in an atom undergoes a radioactive decay, the
electronic energy levels of atom
(4) do not change for any type of radioactivity.
(b) change for a and B-radioactivity but not for y-radioactivity.
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(c) change for a-radioactivity but not for others.

(d) change for B-radioactivity but not for others.
Ans, (b): B-particles carries one unit of negative charge, and a-particle
carries 2 units of positive charge, and y-particle carries no charge. So
the electronic energy level of the atom changes in emission of & and B
particle, but not in y decay.
Q134. M, and M, denote the atomic masses of parent and the
daughter nuclei respectively in a radioactive decay. The Q,-value for
a B~ decay is Q, and for a B" decay is Q,. If m, denotes the mass of an
electron, then which of the following statements is correct?

@ Q= (quMy)cz and Q, = (M, - M, ~2m,) ¢

®) Q =M, -M)c*and Q,= (M, - M,

(6) Q= (M,~M,~2m,) and Q, = (M, ~ M, +2m,) &

@) Q =(M,~M,+2m)c*and Q,= (M, - M, +2m,)
Ans. (g): Let the parent nuclei ZXA is radioactive atom and decay f~ as
under, where Z and A have usual meanings.

ZXA _’z+1YA + _leo +Vv+Q,

Q1 = [m,, (ZXA)— m,, (Z+1YA) — me]Cz
= [ma@X*) + m,Z— my (20 Y) - (Z+ )m, ]2
= [m(zX*) - m(z, YA)]C?
Let the nucleus =, X* radiate f decay ;X* —,_, YA +e® +v+(Q,
Q,=[m(z X*) - m(5 ,Y*)-2m ]
= [ (zXP) + 1,2 = (24 Y*) = (Z - 1)m, ~2m, |c*
=[m(zX*) - m(z, Y*) - 2m, ]
Qz = (M, —My - Zm,_,)c‘
Q13.,5. Tritium is an isotope of hydrogen whose nucleus triton
contains 2 neutrons and 1 proton. Free neutrons decay into p +€ +V,
if one of the neutrons in triton decays, it would transform into ,He?
nucleus. This does not happen. This is because
(@) Triton energy is less than that of He?® nucleus.
(b) yhe electron created in the beta decay process cannot remain in
the nucleus,
{c) both the neutrons in triton have to decay simultaneously,
resulting in a nucleus with 3 protons which is not a He* nucleus.
(4) free neutrons decay due to external perturbation which is
absent in triton nucleus.
Ans, (2): Triton (1H3) has 1 proton and 2 neutrons. If a neutron decays
as n—p+e+v, then nucleus will have 2 proton and 1 neutron, i.e.
triton atom converts in ,He® (2 proton and 1 neutron).
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Binding energy of ,H? is much smaller than ,He? so transformation
is not possible energetically.
Q13.6. Heavy stable nuclei have more neutrons than protons. This is
because of the fact that ‘
(4) neutrons are heavier than protons.
(b) electrostatic force between protons are repulsive.
(¢) neutrons decay into protons through beta decay.
(@) nuclear forces between neutrons are weaker than that between
protons,
Ans, (b): Electrostatic force between proton-proton is repulsive which
causes the ynstability of nucleus. So nutrons are larger than protons.
Q13.7. In a nuclear reactor, moderators slow down the speed of
neuirons which come out in the fission process. The moderator used
have light nuclei. Heavy nuclei will not serve the purpose because
(a) they will break up.
(b) elastic collision of neutrons with heavy nuclei will not slow
them down.
(¢) the net weight of reactor would be unbearably high.
(d) substances with heavy nuclei do not occur in liquid or gaseous
state at room temperature.
Main concept used: Mass of moderator must not be too much large
for elastic collision.
Ans. (b): For elastic collision masses of both must be equal so that
they can exchange the velocities. To slow down the speed of neutron
substance should be made up of 1 proton for perfectly elastic i.e., we
need light nuclei not heavy. In heavy nuclei only direction will change
not the speed.

MULTIPLE CHOICE QUESTIONS—!! MORE THAN ONE OPTION

Q13.8. Fusion processes, like combining two deuterons to form a He
nucleus are impossible at ordinary temperature and pressure. The
reasons for this can be traced to the fact:
(#) nuclear forces have short range.
(b) nuclei are positively charged.
(c) the original nuclei must be completely ionised before fusion
can take place.
(d) the original nuclei must first break up before combining with
each other.
Amns. (2) and (b): Two deuteron can combine to form He atom when
their nuclei come close to nuclear range where electrostatic repulsive
force between positively charged deuterons does not act. Electrostatic

1
force increases very high on decreasing their distance (’-‘F“—z] .
T
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To overcome this electrostatic repulsive force nuclei need very high
temperature and pressure. Hence to combine two nuclei, they must
reach closer of the range of where nuclear force acts and electrostatic
repulsive force does not act verifies the answers (z) and (b).
Q13.9. Samples of two radioactive nuclides A and B are taken. A, and
Ay are the disintegration constants of A and B respectively. In which
of the following cases the two samples can simultaneously have the
same decay rate at any time?
(a) Initial rate of decay of A is twice the initial rate of decay of B
and A, = A
(b) Initial rate of decay of A is twice the initial rate of decay of B
and A, > A
{c) Initial rate of decay of B is twice the initial rate of decay of A
and A, > Ay
(4) Initial rate of decay of B is same as the rate of decay of A at £ =
2hand Ay <A,.
Ans. (b) and {d): Both radioactive samples can have same rate of decay
at any time from initial time, if the initial rate of decay of A is equal to
the twice of B and A, >A;. Decay rate can be same if A, >A; and initial
rate of decay of both are equal at £=2h.
Q13.10. The variation of decay
rate of two radioactive samples
A and B with time is shown in T
figure. Which of the following
statements are true? ar
(a) Decay constant of A is
greater than that of B

hence A always decays |P B
faster than B. Ly

(#) Decay constant of B is —
greater than that of A but

its decay rate is always smaller than that of A.
(c) Decay constant of A is greater than that of B, but it does not
always decay faster than B.
(d) Decay constant of B is smaller than that of A but still its decay
rate become equal to that of A at later instant.
Ans, (¢) and (d): From the given graph slope of A is greater than of B so

rate of decay of A is greater than of B. %T- =—t or at instant ¢or for
a particular time ¢, % o< A 50 Ay > Ay at point P the intersecting point
of two graphs at time ¢ is same.
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VERY SHORT ANSWER TYPE QUESTIONS

Q13.11. ,He? and ,He’ nuclei have the same mass number. Do they
have the same binding energy?

Ans, (c): In He3 there are two protons which give electrostatic force of
repulsion but in ,He? between nucleons there is only nuclear attractive
force. So bmdmg energy of He’ is larger than ,He>.

Q13.12. Draw a graph showmg the vanahon of decay rate with

number of active nuclei. IN
Ans, By law of radioactive decay d_tT
_ﬂ oc AN bz
N is the number of radicactive nuclei -
. dN
in the sample. -—
AN dt
S0, — can be negative. |

dt
The variation of decay rate with number of active nuclei is shown
by the above graph.
Q13.13, Which sample A or B shown in figure has shorter mean life?
Ans, Initially at £ =0 from figure given

(%) = (%]

dt Ja \dt Jg t
s0 - (NDA=(Nyg AN
ie, initially both samples has equal %

number of radiocactive atoms. Considering
at any instant ¢ = ¢ from figure,

() > (o) T
dat A dt B

Wp—m——faf
=

Ta” g
50 mean life time of sample A is greater than of B.
(13.14. Which one of the following cannot emit radiation and why?
Excited nucleus, excited electron.
Ans. Excited electron has energy in eV while excited nucleus in
M eV. Energy of y¥rays have energy of the order of M eV. So excited e
cannot emit radiation when nucleus is excited.

264 E NCERT ExempLAR ProBLEMS PHysics—XIlI



http://www.cbsepdf.com

www.cbsepdf.com

Q13.15. In pair annihilation, an electron and a positron destroy
each other to produce gamma radiations. How is the momentum
conserved?

Ans. When an electron and positron combine together coming from
opposite directions they destroy each other by the emission of two
¥-rays in opposite direction to conserve linear momentum as below

o€ ' + ge*! = 2y-ray photons.
SHORT ANSWER TYPE QUESTIONS

Q13.16. Why do stable nuclei never have more protons than neutrons?
Ans. If in a stable nucleus number of protons are larger than neutrons
the repulsive electrostatic force between proton-proton becomes
larger in place of nuclear force of attraction between nucleons.

So for stability, repulsive force between proton-proton must be
smaller than nuclear attractive force between nucleons.

Q13.17. Consider a radioactive nucleus A which decays to a stable
nucleus C, through the following sequence
A->B->C

Here B is an -intermediate nuclei which is also radioactive.
Considering that there are N, atoms of A initially, plot the graph
showing the variation of number of atoms of A and B versus time.

Main concept used: Law of radicactive decay
Ans, Let us consider that in A
sample A initially at f = 0, there
are N, atoms of AB and atoms of
B are zero initially.

When A decay to B the
number of radioactive atoms of A
decreases and of B increases.

When rate of decay of A
decreases to a lower value, then
the number of radioactive atoms Time—»
of B becomes maximum. After this the radio-active atoms and rate
of decay of B decreases. Finally, the number of radioactive atoms of
sample A and B becomes very low near to zero.
Q13.18. A piece of wood from the ruins of an ancient building was
found to have a C!* activity of 12 disintegrations per minute per gram
of its carbon content. The carbon C!* activity of the living wood is
16 disintegrations per minute per gram. How long ago did the tree,
from which the wooden sample came die? Given half life of C! is
5760 years.

Main concept used: Carbon dating.

—_—

N (no. of radioactive
atoms)
w
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Ans. Rate of disintegration in old wood sample of C-14 radioactive
atoms is 12 atoms per min per gm. Initially rate of disintegration of
C-14 when the tree was live = 16 atoms per min per gm.
Ty, of C-14 nuclei = 5760 years
According to radioactive decay law,

N =Nye™ or R=Ryg™

12 = 16e7H
_16
12
4
log, ¢ = log, 3
4
At = log, —
08: 3 \
2.303 x log, (“)
. 3) vabie (- A=%9_3£]
A TIIZ
_ 2303(log 4-log 3) X 5760
0.6931
. 2:303(0.6020 - 04771) 5760 _ o0 o0 years
0.6931

Q13.19. Are the nucleons fundamental particles, or do they consist of
still smaller parts? One way to find out is to probe a nucleon just as
Rutherford probed an atom. What should be the kinetic energy of an
electron for it to be able to probe a nucleon? Assume the diameter of a
nucleon to be approximately 107 m.
Main concept used: de-Broglie wavelength
Ans. To detect the properties of nucleons inside the nudleus the
wavelength of particle which may detect nucleons that must be of size
of nucleons (107° m). So the wavelength of particle which can detect
the nucleons must be equal to or less than 107°.
A=100m

x=§
E=hv=% [+ c=VA]

6.6x107# x3x10°

K.E. =PE. of (electron) = 105 ]
6.6x3x107°48 99 10734219
KE =" 6x10™ 8
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=124 x 107342 =1 24 x 10 % 10*®
KE. =124 x10°eV

So the K.E. of particle which may detect nucleon inside the nucleus
must be of 1.24 x 10° eV per particle.
Q13.20. A nuclide 1 is said to be the mirror isobar of nuclide 2, if
Z,=N,and Z,=N
(4) What nuclide is a mirror isobar of ,,Na**?
(b) Which nuclide out of the two mirror isobars have greater
binding energy and Why?
Main concept used: Mirror isobar and Binding energy difference
in neutrons and protons.
Ans. (4): Here Z is atomic number and N is no. of neutron in ;;Na
Z =1
N, =23-11=12
Mirror isobar of ;;Na® is
Z,=N,= 12
So Mg is isobar of ;;
So ,,Mg? is the mirror 1sobar of
() As the neutrons in 12Mgz" are ’11’ and in 11Na are ‘12’ so, the
number of neutrons in Na is larger than Mg and hence nuclear
short range attractive forces in Na will be larger than repulsive
electrostatic forces between proton-proton.
So, ;;Na* has more binding energy than ;,,Mg®.

LONG ANSWER TYPE QUESTIONS

0Q13.21. Sometimes a radioactive nucleus decays into a nucleus which
itself is radioactive. An example is:
¥ Sulphur — e 801 HELLE |, 38 41 stable)

Assume that we start with 1000 S* nuclei at time ¢ = 0. The number
of C1% js of count zero at ¢ = 0 and will again be zero at £ = «. At what
value of ¢, would the number of counts be a maximum?

Main concept used: Radioactive law of decay.

Ans, 38 _ Hlife 33 HLife 38
3 zasn > C1 oen > Ar

Initially at t = 0, number of radioactive atoms of $*=N; and of CI*
are zero.

At any time ¢, % = ~MN;p
and N, = Npe™f

It is the rate of formation of CI* from 5%, Let N, is the number of
C1% atoms (radioactive):
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dN,
dt

- ;thz + A‘INI
= A Nge ™ — A, N, A0
Multiplying both sides by ¢**dt
e dN, = A, Nye M ae - A, Noe* M dt
Mt AN, dt + A, Noe ™ dt = A NoeP2 gt

Integrating both sides

N,et = Nob_ gt ¢ [ eMaN, -dt = 0]

(A2 = %)

C1 atom is formed after disintegration of $*, so initially number
of CI*® atoms are N, =0.
att=0,N,=0,

NoAy

0xe =
AN

e +C ..(I)

“0;"1
= —02 N+ C
0x1 , 1(1)

N, = ;3\7_0_7‘;:8(37_11” _%
eliit - Nohl [ (a-ht _1] .
Multiplying e ™ toboth 51des we get
N, - hNo_?;tI [e(xq—h—k)t - g-w] [ 9=1]
N, = NO—?;; [ o]

Ny~ NoAy = A Nge ™ — & Npe ™™
N, are the number of 5* atoms
No. of C1?® atoms after time ¢ will be N, = Noe"”

dN
For N, .. -d—t2=0

NA, - NpA, = A Nge ™ — AN,
N~ ANy + LN, = Age ™
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Ny, = Ae —ht
NaA, = 7“11\]0‘3—;“t
A -
5= ll Nope ™™t

Put the value of N, in (III)
_Nob1_r ot _q]

Ay Mt it =

A, Noe ™ e (A2 —4y)

bt = [t _1q]

2~ M

By cross multiplication and multiplying both sides by gt
1,2 M o_ o e

A,
ML iy
Ay
h = gt
Aa
Mo (At
log,|— | = log.e
Ay
or Ioge( ] = -A)t
A
log, (JJ .
f=__ \Ma) [ A =M] (V)
A‘l - A-z le
0.6931
M)_ 248 _062_1
A, ) 06931 248 4
0.62
0.6931 0.6931 _ 0.6931(-1.86) —0.6931x1.86

i -Ag) = 248  0.62 248%0.62  248x0.62

loge( )x248><062
= —log, 4 x 2.48 X 0.62

=
—0.6931 x1.86 ~0.6931 x1.86
_ 2303X03010% 248X 062 _ 106586 _ o pocnp
0.6931 x 1.86 12892

Number of CI? radioactive atoms will be maximum at N, =0.8267 hrs.
Q13.22. Deuteron is a bound state of a neutron and a proton with a

binding energy B =2.,2 MeV. A y-ray of energy E is aimed at a deuteron
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nucleus to try to break it into a (neutron + proton) such that the n» and
p move in the direction of the incident y-ray. If E = B, show that this
cannot happen. Hence calculate how much bigger than B must E be
for such a process to happen.

Main concept used: Laws of conservation of energy and
momentum.
Ans. Binding energy (B) of deuteron = 2.2 MeV

Some part of energy of y-ray is used up against binding energy
B =22 MeV and the rest part will impart K.E. to neutron and proton.

KE.= lmvz ><E
2 m

E-B= K,,+Kp )
, K.E.=;—
m
E—B= i.pp_p ...(I)
2m  2m

By law of conservation of momentum,
P, + p, = momentum of yray of Energy E

[ h v hv E]
=; or p:—:——-:—

Av. ¢ ¢
_E
Pn+pp_? ...(II)
Case I: If E =B then from
pE p2 2, 2
_“.+__p=0 or Pn pp =0 .(HI)
2m 2m

It can be possible if p, = P, = 0 because square of non zero number
can never be zero.

If p, = p, = 0 then equation IInd cannot be satisfied and the process
cannot take place.

E
FromIL, 0+0= P or E =0 but energy E of 'y ray cannot be zero.

CaseILIfE>B or E=B+A where A will be very small than B
then from (I},

2 2

P Py

+A' ._.B= .._.ﬂ_,+_
B+4) 2m 2m

S (ph+ 7))

2
_ 1|(E ., _E
"";,;;[[‘;*Pp) +P§] [ ’”"“T”P]

E? 2E
2mh = —‘:-2~+ pf, —TPP +p2

A=
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2
2p§ 2F pp (E——Zml)

Itisa quadratlc equation so its solution by quadratic formula
£ (B
ﬂ=2,b= ¢ ,C= ‘;-2——27711

2
\/4E —4x2 ———Zml]

For a real and equal value of p, d15cnmmant must be zero as the value

of p, must be one.
2 2
A om0

CZ

iz[Ez —2E% + 4mc*A] =
[

“E2+4mc®A= 0
g2
= z
A is very small Ame
) E=B
2 "
Az B 5
4mic

Q13.23. The deuteron is bound by nuclear forces just as H-atom is
made up of p and e bound by electrostatic forces. If we consider the
force between neutron and proton in deuteron as given in the form of
a Coulomb potential but with an effective charge ¢’

1 e

4@0 T

estimate the value of [ ) given that the binding energy of a deuteron

e

is 2.2 MeV,
Ans. The binding energy of H atom in ground state
4
E= —~=136eV D)
8regh

If proton and neutron had charge ¢’ each and governed by the
same electrostatic force, then in the above equation we would need to
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replace electronic mass m by the reduced mass m’ of proton-neutron
(as some mass of proton and neutron is used by binding energy) and
electronic charge e is replaced by e’.

1 _1.1 M = mass of proton
m” M N N = mass of neutron
M-N
M .
= (if m = mass of electron)
m = 1836 m =918 m
2
oo 918 m e
Binding energy (E) = B—ﬂ.‘e%hT ()
Dividing (II) by (I) we get,
E’ _ 918¢%  22MeV
E et 13.6eV
eV 22x10%V
(?) 918 x 13.6 eV
e’ _ 2200000 _ (176.21)"/4
e 1248.48
Required ratio — =3.64

e
Q13.24, Before the neutrino hypothesis, the -decay process was

thought to be the transition n — p + ¢ . If this was true show that if the
neutron was at rest, the proton and electron would emerge with fixed
energies and calculate them. Experimentally the electron energy was
found to have a large range.
Ans, Neutron was at rest before § decay from neutron. Hence energy
of neutron=E, = l’rl,,C2 and momentum of neutron p, =0 as its velocity
is zero.
By the law of conservation of momentum,
Py =Py tPe (Beta)
0 = p v + p 4
Letp, = P, then
= Ippl = |Pe{=P(ev)

Energy of proton = E, = (m;‘:c"' + p;‘:cz)
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Energy of electron (B) = E, = /(mZc* + p*c?) ¢ lpe|=p,)

From conservation,
= o2t 1 202
Ep = Jmct +pc
E,- fo2ct e
By the law of conservation of energy,

(mFZICA + p2c2)1/2 + (mfc" + pZCZ)IIZ = mﬂ’cz

. mc* = 936 MeV
and m,c = 938 MeV
and mc? = 0.5 MeV

As the energy difference in neutron and proton is very small, pc will

be small pc << nvzpz:2 while pc may be greater than m?so by neglecting

(m,2)? = (0.5) (Given)
2 PZ ? 2
=4 m.c” + =m -
P amict pe
2.2
2, Pc =
m,c +W+pc = m,c

P
2 2
Again pc <<m,¢? so neglecting 7 _ we get
2m§¢:4
pe = m,c* —m =938 MeV - 936 MeV
pc = 2 MeV is the momentum
E = mc?
E? = nct
E is the energy of either proton or neutron then
E, = \/m;’,-c“_ +p2c? =J(936)2 + 2% =936 MeV
E,= Jmic* + P2 = () +27 =2.06 MeV
Q13.25.The activity R of an unknown radioactive niuclide is measured
at hourly intervals. The results found are tabulated as follows

t (hours) 0 1 2 3 4
R (mega By) 100 35.36 12,51 442 156
(i) Plot the graph of R versus ¢ and calculate half-life from the
graph, '

(i) Plot the graph of Iogi versus { and obtain the value of half
life from the graph, Ro
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Ans. (i) Graph between R versus ¢ is 1001
exponential curve. From the Zg_
graph at slightly more than 7

TﬁU
——htheRshouldbe 50% so | sg

40_
at R =50% the 30
tth)= 0.7k 204 ¥
= (0,7 x 60 min lg'
= 42 min 2] 2 3 4
th) —»
(#) For Graph between log [—i—} versus #(f)
0
R 100
tt= 0, ! - = _—= =
a 0B, R, log 100 log1=0
at t=1 hour, log, 35.36 log, 0.3536 =~-1.04
o = 2.302 log,, 0.3536 = - 1.04
at t =2 hours, log, 100 = log, 0.125
= 2,303 log,, 0.125=-2.08
442
= I =
at t = 3 hour, 0, —— 100 3.11
1.56
at t = 4 hour, 1033— =-416
t (hours) 1 2 3 4
R -1.04 -2.08 =311 —4.16
loge 'R—
0

The graph showing the variation of log, RE versus #(h) as follows:
0

We know that disintegration constant

log R
- 4.16 -3.11
Am— =T t
e 4 123 ¢ .
i »
= —1.05 per hour ] of —1.04- E
. . 06931 _0.6931 o ~208- :
T -3.124 .
A 105 3  6a16
tlﬂ = 42 min -4.164--=--—-=-—~ 7
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Q13.26. Nuclei with magic number of proton Z =2, 8, 20, 28, 50, 52 and
magic number of neutron N =2, 8, 20, 28, 50, 82, and 126 are found to
be very stable.

(@)

(i3)

(#)

Verify this by calculating the proton separation energy S, for
P ang o e proton s i
The proton separation energy for a nuclide is the minimum
energy required to separate the least tightly bound proton
from a nucleus of that nudlide. It is given by

Sp = [Mz_; N +My - Mz 12
Given In = 118.9058 u; ;;Sn'? = 199.902199 x;
5150 = 120.903824 1 and ,H! = 1.0078252 1

What does the existance of magic number indicate?
() S, =Mz 4 y+ My — My (I
Here in this formula M, , is the mass of atom of Z — 1 atomic
number.
M_ is the mass of atom of mass number Z

M, , = Mass of atom whose atomic number is 50 — 1 = 49,

Itis in"in this case M, ; = ,In'"®=118.9058 and N =119 ~49 =70,

S, for ,Sn'® = ¢’[118.9058 + 1.0078252 — 199,902199]

8, for 5n'® = 0.0114362 ¢?
Now for Sp of ;;Sh'#!

S, = Mz, n + My - Mg y1¢?
= Z=51,Z-1=50forS,
M, _; = mass of ;;Sn =199.902199
S, for ;,S5'?! = [199.902199 + 1.0078252 — 120.903824] 2
= 0.0059912 ¢?
sp(sos"‘m) - Sp%lsbm)

The existence of magic numbers indicates that the shell
structure of nucleus is similar to the shell structure of atom.
This also explains the peaks in binding energy per nucleon
curve,

([ [
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Semiconductor Electronics:
1 4 Materials, Devices and
0 Simple Circuits

MULTIPLE CHOICE QUESTIONS—I

Q14.1. The conductivity of a semiconductor increases with increase in
temperature, because 7

(1) number density of free current carriers increases.

(b) relaxation time increases.

(c) both number density of free current carriers and relaxation
time increases.

(d) number density of current carriers increases and relaxation
time decreases, but effect of decrease in relaxation time is much
less than increase in number density.

Ans. (d): In semiconductor, the density of charge carriers(electron,
holes) are very small, so its resistance is high. When temperature
increases the charge carriers (density) increases which increases the
conductivity. As temperature of semiconductor increases, the speed
of free electrons increases which decrease the relaxation time. As the
density of charge carrier is small so there is small effect on decrease of
relaxation time.

Q14.2. In given figure, V, is the potential
barrier across a p-n junction, when no
battery is connected across the junction

(@ 1 and 3 both corresponds to
forward bias of junction.

(b) 3 corresponds to forward bias
of junction and 1 corresponds to
reverse bias of junction. h

(¢) 1 corresponds to forward bias and 3 corresponds to reverse
bias of junction.

(d) 3 and 1 both corresponds to reverse bias of junction.

Main concept used: Thickness of depletion layer in p-n junction.
Ans. (b): When p-n junction is in forward bias, it compresses or
decreases the depletion layer so potential barrier in forward bias
decreases and in reverse bias potential barrier increases.

Q14.3. In given figure below, assuming the diodes to be ideal,

(#) D, isforward biased and D, in reverse biased and hence current

flows from A to B.

ittt <
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(v) D, is forward biased and -10v A R
D, is reverse biased and
hence no current flows D,
from B to A and vice versa.

() D, and D, both are D.
forward biased and hence
current flows from A to B.

(@) D; and D, are both in =
reverse bias hence no current flows from A to B and vice-versa.

Main concept used: Potential at the ends of diode.

Ans. (b): In circuit, A is at <10V and B is at OV. So B is positive than A.
So D, is in forward bias and D1 is in reverse bias so no current flows
from AtoBorBtoA.
Q144. A 220 V AC supply is A N _
connected between points Aand B T Ll l

C v

(figure). What will be the potential
difference V across the capacitor? AC220V
(@) 20V (5)110V l —I—
(©) OV (d) 22042 V -
Main concept used: p-n B
junction conducts current in forward bias i.e., in positive cycle.
Ans. (d): Potential difference across capacitor will be peak voltage
when diode is in forward bias. Diode will be in forward bias when
end A is at positive potential of cycle. So potential at C = peak value of
V=V, 2 =2202V.
Q14.5. Hole in semiconductor is
(@) an antiparticle of electron. :
(b) a vacancy created when an electron leaves a covalent bond.
(¢) absence of free electrons.
(d) an artificially created particle.
Ans. (b): Atoms of semiconductor are binded by covalent bonds
between the atoms of same or different type. Due to thermal agitation
when an electron leaves its position and become free, then it leaves a
vacancy of electron, this vacancy in the bond (covalent) is called hole.
Q14.6. The output of the given circuit in figure
(4) would be zero at all times. R A
() would be like a half wave rectifier | Vv it
with positive cycles in output.
(c) would be like a half wave rectifier 0, Sin of
with negative cycles in output.
(d) would be like that of a full wave | o
rectifier. B

SEMICONDUCTOR ELECTRONICS: ... 277



http://www.cbsepdf.com

www.cbsepdf.com

Ans. (c): When positive cycle is at A, diode will be in forward bias
and resistance due to diode is approximately zero so potential across
diode will be about zero.

Similarly, when there is negative half cycle at A, diode will be in
reverse bias and resistance will be maximum so potential difference
across diode is V_, sin wf with negative at A.

So we get only negative output at A so it behaves like a half wave
rectifier with negative cycle at A in output, verifies the answer (c).
Q14.7. In the circuit shown in A
figure below, if the diode forward 0.2 mA 0.2 mA
voltage drop is 0.3V, the voltage:
difference between A and B is

(3 13V () 23V

0V (d) 05V |_ |_
Ans. (b): In the middle right of 03V
the circuit the capacitor behaves
like an open circuit for d.c0.2 mA
current so current will flow from 5K < 5kQ
A to B only. Let potential across
A and B is V, so by Kirchhoff’s B B
loop law

V,p = (5000 % 0.2 x 107) +0.3 + 5000 x 0.2 x 107

Vp=1V+03V+1V

V,g = 2.3 Volt
Q14.8. Truth table for the given circuit (Figure) is
A c
E
B D
@ A|B|E () A|B|E () A|BIE @ A|B|E
01011 0(0]1 0]0|0 of(ofo
0]1]0 0]1]0 0f1f1 0111
1({0]|1 1]101}0 11010 110]1
11110 11141 1111 11170
Ans. (c) A B A C D E
0 0 1 0 0 0
0 1 1 0 1 1
1 0 0 0 0 0
1 1 0 1 0 1
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MULTIPLE CHOICE QUESTIONS—II MORE THAN ONE OPTION

Q14.9. When an electric field is applied across a semiconductor.

(a) electrons move from lower energy level to higher energy level

in the conduction band.

(b) electrons move from higher energy level to lower energy level

in the conduction band.

(c) holes in the valence band move from higher energy level to

lower energy level.

(4) holes in the valence band move from lower energy level to

higher energy level.

Main concept used: Motion of a charged particle in electric field.
Ans. (2) and (c): In the direction of electric field the P.E. or energy of
electric field decreases. So electrons always move opposite to direction
of EF, ie. from lower energy level to higher energy level and holes
move from higher energy level to lower energy level.

In semiconductors, electrons are in conduction band and holes are
in valence band.

Q14.10. Consider an n-p-n transistor with its base-emitter junction
forward biased and collector-base junction reversed biased. Which of
the following statements are true?

(a) Electrons crossover from emitter to collector.

(¢) Holes move from base to collector.

(¢) Electrons move from emitter to base.

(d) Electrons from emitter move out of base without going to collector.

Main concept used: Working of transistor

Ans, (7) and (c): Electrons are B

repelled by forward bias from ——4 1 | p | 7 ¢—0
emitter to collector = 5% of E C

electrons combine with holes of

base and rest 95% electrons of
emitter are attracted by reverse
bias of collector-base junction.
So electrons move from @
emitter to collector through |l [
base i.e., emitter to base verifies !
(a) and (c)..
Q14.11. Figure given alongside shows the
transfer characteristics of a base biased CE
transistor. Which of the following statements
are true?
(@) At V, = 0.4V, transistor is in active
state.

O 06V 1V 2V V,

i
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(b) AtV,=1YV, it canbe used as an amplifier.

(c) AtV,=0.5V, it can be used as a switch turned off.

(d) AtV,=25YV, itcan be used as a switch turned on.

Ans. (a) At V,=0.4V there is no collector current only output voltage is
V, due to V_, battery. So at 0.4 V transistor is not in active mode.

{(¥) When at V, =1 volt, transistor is between active region (0.6 V to
2V). So it can be used as an amplifier.

(c) AtV.=0.5YV, the transistor is in cut-off state and it can be used
as a switch turned off.

(d) AtV,=25YV, thetransistor is beyond active region. The collector
current is in saturated state and there is no effect on changing
input voltage and the transistor can be used as a switch turned on.

So, the statements (b), (c) and (d) are true.

Q14.12, In a n-p-n transistor circuit, the collector current is 10 mA. If
95% of the electrons emitted (by emitter) reach the collector, which of
the following statements are true?

{a) The emitter current will be 8 mA.

(b) The emitter current will be 10.53 mA.

(¢©) The base current will be 0.53 mA.

(d) The base current will be 2 mA.

Ans. (b)and (c): I =10mA

' 95
Ic=95%0f1e or Ic= ﬁle
mA
[ = J0mAXT00 _,0ca
€ a5
Ib+Ic:Ie
So L=1-I= 10.53-10=0.53 mA

Q14.13. In the depletion region of a diode

(a) there are no mobile charges.

() equal number of holes and electrons exist, making the region

neutral.

(c) the recombination of holes and electrons has taken place.

(d) immobile charged ions exist.
Ans. (a), (b), (¢) and (d): During formation of p-n junction electrons
from n side and holes from p side move towards each other and form a
potential barrier across the junction. Within the barrier there are holes
and electrons or ions which cannot move.,

So in depletion layer no mobile charges but there are negative and
positive ions; barrier layer was formed by recombination of electrons
and holes when pn junction formed.

2801
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Q14.14. What happens during the regulation action of a Zener diode?
(#) The current and voltage across the Zener diode remains fixed.
(b) The current through the series resistance (R) changes.
(c) The Zener resistance is constant.
(d) The resistance offered by the Zener diode changes,
Ans. () and (d): During action of regulation, current in R, changes and
resistance offered by Zener diode changes. The current through the
Zener diode changes but voltage across the Zener remains constant.
Q14.15. To reduce the ripples in a rectifier circuit with capacitor filter
(a) R should be increased.
(b) input frequency should be decreased.
(¢) input frequency should be increased.
(d) capacitors with high capacitance should be used.
Main Corllcept The Ripple factor (r) of full-wave rectifier is given
1

1
by r=————— or oc —— 0c — o —
y 43R, C, ¥ R = 7 . and r v
Ans, (a), (c) and (d): As the ripple factor
1
"7 43R Cy

So to decrease r, R; and C must be increased.
Input frequency should be increased.
Q14.16. The breakdown in a reverse biased p-» junction diode is more
likely to occur due to
(@) large velocity of the minority charge carriers if the dopping
concentration is small.
(b) large velocity of the minority charge carriers if the dopping
concentration is large.
(c) strong electric field in a depletion region if the dopping
concentration is small.
(d) strong electric field in a depletion region if the dopping
concentration is large.
Ans. (g) and (d): In reverse biasing, T .
minority charge carriers accelerate due to — = —
high electric field applied (due to reverse
PD.). So the minority charge carrier
in both junction accelerated toward
depletion layer, which on striking with ,, | | R
atoms causes ionisation of atoms resulting == v
the secondary electron and so more
number of charge carriers constitute more current in reverse direction.
More current in thin depletion layer is due to the heavy dopping and
large no. of jons in the depletion layer which give rise to strong electric
field across the junction.

P -
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VERY SHORT ANSWER TYPE QUESTIONS

Q14.17. Why are elemental dopants for silicon or Germanium usually
chosen from group XIII or XV?

Ans, The size of the dopant atom should be equivalent to the size of
Si or Ge. So that the symmetry of pure Si or Ge, does not disturb and
dopants can contribute the charge carrier on forming covalent bonds
with Si or Germanium atoms. As the silicon and germanium belongs
to XIV th group so similar size of atom will be in XIII and XV grp of
modern periodic table.

Q14.18. Sn, C, Si, Ge are all group XIV elements. Yet, Snis a conductor,
C is an insulator, while Si and Ge are semiconductors. Why?

Main concept used: Conduction level of an element depends on
the energy gap between valence and conduction band of element.
Ans. A material will conduct current if there is no energy gap between
conduction and valence band in energy band diagram of atom. This
energy gap decreases from insulator to semiconductor and from
semiconductor to conductor.

The energy gaps in Sn, C, Si and Ge are 0 eV, 0.54 eV, 1.1 eV and
0.7 eV respectively related to their atomic size. So the Sn is a conductor,
C is an insulator while Si and Ge are semiconductors.

Q14.19. Can the potential barrier across p-n junction be measured by
simply connecting a voltmeter across the junction?

Ans, We cannot measure the potential barrier across p-n junction by
voltmeter, because the resistance across depletion layer is smaller
than resistance of voltmeter so current to measure the potential will
not flow in voltmeter, and current passes through the junction.
Q14.20, Draw the output waveform across the resisg)r inthe 5iven figure.

\'
+1
0
-1
Input waveform at A
Ans, In given circuit waveform is 41V
connected at A and waveform obtained
across resistance diode conducts when | | |
diode is in forward biased so output b t,

will be only when input is +1V is

between £, to £, So output waveform

will be only £, to t, which, is in given figure.
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Q14.21. The amplifiers X, Y and Z are connected in series. If the voltage
gains of X, Y and Z are 10, 20, 30 respectively and input signal is 1 mV
peak value, then what is the output signal voltage (peak value)

(i} If DC supply voltage is 10 V?

(i) If DC supply voltage is 5 V?

PPy Be . Output voltage
Main concept used: Voltage gain =——="————2—
Input Voltage

Ans, Avx = 10, Avy =20 and AVZ =30

Signal Ay =1mV =107V

1 B vo
My,
Ay, xAVy XAy, = %%
!
Vo= Vix Ay, xAy x Ay, =102 x10x 20 x 30
= 6V (output signal)
(i} If DC supply voltage is 10 V and output voltage 6 V as the
theoretical gain and practical gains are equal so output will be 6 V.
(i) When DC supply voltage is 5V or V=5 V then output peak
cannot exceed by 5 V. So output will be 5 V.
Q14.22. In a CE transistor amplifier, there is a current and voltage
gain associated with the circuit. In other words there is a power gain.
Considering power a measure of energy, does the circuit violate
conservation of energy?
Ans. In CE transistor amplifier the DC supply is connected to give
energy to signal. Due to this fact there is a large power gain in CE
configuration amplifier.

So energy of output signal is equal to the sum of energy of signal
(low) and energy supplied by DC source in output CE circuit (V o)
SHORT ANSWER TYPE QUESTIONS
Q14.23. (i) Name the type of a diode whose characteristics are shown

in figures (a) and (b) here
I
o t
(nA)
P 'l p

V (volt) ‘_) V (volt)
Q

@ )
(i) What does the point P in figure (#) represent?
(##) What does the points P and Q in figure (b) represent?
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Ans. (i) Diode in figure (a) is Zener diode and figure (b) shows solar cell.
(i) Zener breakdown voltage is represented in figure (a).
(i) In figure (b), Q represents zero voltage and negative current,
It means that light energy falling on solar cell with at least
minimum threshold frequency gives the current in opposite
direction to that due to a battery connected to solar cell. But for
point P the battery is short-circuited and hence represents the
short-circuited current.
In figure (b), Point P represents some positive voltage on solar cell
with zero current through solar cell.

* So there is a battery connected to a solar cell which gives rise to the
equal and opposite current to that in solar cell by virtue of light falling
on it.

As current is zero for point F, hence we say P represents open
circuit voltage.
Q14.24. Three photodiodes D,, D, and D, are made of semiconductors
having band gaps of 2.5 €V, 2 eV and 3 eV respectively. Which one will
be able to detect light of wavelength 6000 A?

Ans. A =6000A=6000x 10" m
he 6.62 x 10" x 3 x 10°

= e
A 6000x1070x1.6x 107"
6.62 x 3x 107810419 331 x 1074+

= 3 e 3
6x1.6x10 1.60 x 10
331 10°
= 2o x——eV=2l
T 2.06 eV

The incident radiation is detected by the photodiode D, has band
gap or knee voltage 2 eV only which is less than incident radiation of
2.06 eV.

Q14.25. If the resistance R, is increased (see figure) how will the
readings of the ammeter and voltmeter change?
®

L—® 0

sllls
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Ans. Consider the figure given below to find out the change in reading
of output E-C circuit

C A
L Br
L 3O
E
Ri e
e
A
il .
1 >
I = Vg — Vi
BT

1

As R; increases the PD. across R, also increases so potential across
BE decreases so the Ic will also decrease in turn reading of ammeter
and voltmeter will decrease because Ic = Bl
Q14.26. Two car garages have a common gate which needs to open
automatically when a car enters either of the garages or cars enter
both. Device a circuit that resembles this situation using diodes for
this situation.

Ans. When a car enters the gate, any one or both are open.

The device is shown in figure. o N
1
A B C +0Q A c
0 0 0 -
B N
0 1 1 1 —
1 0 1 OR Gate
1 1 1 = :Z:D_oc

So OR gate gives the desired output.
Q14.27. How would you set up a circuit to obtain NOT gate using a
transistor?
Ans. The NOT gate is a device which has only one input and one
output ie, A=Y means, Y equals to NOT A. Thus,

A Y=A
0 1
1 0
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Here the base B of the
transistor is connected to
the input A through the
input resistance R; and
the emitter is earthed. The
collector is connected to5V

battery. The output Y is the
voltage at C w.r.t. earth. A o
The resistance Ry and R,

are so chosen that if emitter- :—I:
base junction is unbiased, _L
the transistor is in cut-off ~
region and if emitter-base
junction is in forward bias

by 5 Vinput at A, the transistor is in saturation state.

Q14.28. Explain why elemental semiconductor cannot be used to
make visible LEDs.

Ans. In elemental conductor, the band gap is such that the emissions
are in infrared region and not in visible region.

Q14.29. Write the truth table for the 5V
circuit shown in figure given alongside. D,
Name the gate that the circuit resembles. 4 o m oV,

Ans, The circuit resembles AND gate.
The boolean expression of this circuit

isVy=ABie, Vyequals AAND B. ggq I|<‘j
The truth table of this gate is as: D,
A B |v,=A-B
0 0 0
0 1 0
1 0 0
1 1 1

Q14.30. A Zener of power rating 1 W is to be used as a voltage regulator.
If Zener has a breakdown of 5 V and it has to regulate voltage which
fluctuated between 3 V and 7 V what should be the value of R, for safe
operation (see figure)? < MV ©
Ans. Given P=1 Watt Rg
Zener breakdown voltage=5V Repulated
Minimum voltage V_, =3V Unregulated \ZS\ g;ﬂa

s voltage voltage
Maximum voltage V_, =7V

Current = |1 p|e °

maxzvg
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1 Watt
L= —5 =024
Rg=max ™ Vown| 7-3_4 oo
I max 2 02

LONG ANSWER TYPE QUESTIONS
Q14.31. If each diode in figure has I, pDi B0
a forward bias resistance of 125 Q L
and infinite resistance in reverse 1 D. 1250

bias, what will be the values of the C —bs—[qz—'\/\/\/—

currents I, I, I, and 1,?

Ans. Diode D; and D, are in forward
bias and D, is in reverse bias so
resistance in arm A B and EF =125 41,
+ 25 = 150 Q and Resistance in CD

is infinite.

Ry 150 150
Ry, =75 Q

E ;IQ ND3
1

1 1 2 1
+ = —

150 75

Total resistance in circuit=R=75+25=100 Q

So

Resistance Rof CD =co
SO

80
Here resistances are equal

or

V=IR
5=1,100
5

L= 100 0.05 Amp

L=L+L+],

I; =0.05 Amp, I, = 0.025 Amp, I, =0.025 Amp and 1, =0 Amp.
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Q14.32, In the circuit shown in figure, when 910V
the input voltage of the base resistanc? is ReS3ka
10V, Vg, is zero and V¢ is also zero. Find
the values of I, I_and f. v, 400kQ
Ans. Voltage across Ry =10V o—AAN
Vs =Ryl Rs
Vg (Voltage across Ry)
Ig = R ——
0 )
= ——A=25x10"A =25,
400 x 1000 8 Bx10°A
V¢ (Voltage across R¢) 10 3
= = =33x107A
I Rc 3 x 1000
Current gain () I. 33x107
urrent gain (B)= —=——"5 =
8 I; 25x10°°

14.33, Draw the output signals C, and C, in the given combination
of gates.

Al

of 1 2 3 4 5 i

B

O 1 2 3 4 5 K
Ans. To draw the truth table of C, and C,
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timesecl A | B |C|{DJ|EJF[G|H]| I C
0-1 1 0 1 0 0 1 0 1 1 0
1-2 1 1 1 1 0 0 0 1 1 0
2-3 0 1 0 1 1 0 0 1 1 0
3-4 1 0 1 0 0 1 0 1 1 0
45 0 0 0 0 1 1 1 0 0 1

0 4 4 + f —»
‘ 1 2 3 4 5 6 (Waveformof C)
Ks)
A
B
F
time/sec| A | B C|D|]E|F G |G
01 1 0 1 0 0 1 1 0
1-2 1 1 1 1 0 0 01
23 0 1 0 1 1 0 1 0.
34 1 0 1 0 0 1 1 0
45 0 0 0 0 1 1 1 0
0 1 2 3 4 5 ¢ (Waveformof )
#Hs) —>»

Q14.34. Consider the circuit
arrangement shown in
figure (a) for studying input
and output characteristics
of n-p-n transistor in CE
configuration. Select the
values of Ry and R.. for a
transistor whose Vg, = 0.7
Volt, so that the transistor
is operating at a point Q
as shown in characteristics
[figure (2)].
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[

2 4 6 8 10

) Ve (V)
Given that the input impedance of the transistor is very small and
" Vo= Vg =16V, also find the voltage gain and power gain of circuit
making appropriate assumptions.
Ans. For output characteristics at point Q
V=8V, Iy=30pA, IL.=4mA, Vgi=07V
Applying Kirchhoff’s law in collector-emitter loop

Ve = Ve + Rl
- Vee—Ver _ 16-8 8,150 _20000
Ic 4x10
R =2000Q

Now applying Kirchhoff’s loop law in base-emitter circuit,

Vis = IgRg + Vig
Vgs ~ Vg _ 16-07 _153x10°°

Rg = = = =530 kQ
’ Is 30x1078 30
R I
Voltage gain = Ay =— 2€ andp=-5
Rg I
4 -3
B = —i1—0~z=égx 03 =__-4000 =E.L0.
30x10 30 30 3
Average Voltage Ay R
C
Ay = ‘BR—B

(-) sign shows change in phase angle of output is 180° by input voltage.
+400 2000 80
X = =0.52
3 530,000 15.6
Power gain = LV

400
Power gain = B x A = 0.52x—3—

. 208 _ _
Power gain = 3" 69.33 or P, ,=69.33
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Q14.35. Assuming the ideal diode,

_ C
draw the output waveform for the Vx\' oA
circuit given in figure. Explain the
waveform. 20 sin of

Main concept used: When a diode — 5V

is in forward bias its resistance is Tl——
zero and when it is in reverse bias its D
resistance is infinite. :
Ans. When signal 20 sin ot gives input voltage less than 5 volt (because
after 5V diode will get positive voltage at its P-junction) then diode
will be in reverse bias so resistance of diode remain infinity so input
signal will not pass through diode and battery path so output across
A and B will increase from 0 -5V (graph OC).

Now when the input voltage 20 sin wt increase beyond 5 V then
path of diode and 5 V battery will offer very low resistance, so the
current passes through diode and battery and output (across A and B)
remain 5V (graph CD).

Now when the voltage decreases the diode will be in reverse bias
and output will again fall from 5V to 0 V as input changes (graph DE).
When input voltage becomes negative (there is opposite of 5V battery
in p-n junction input voltage becomes more than 5 V now) the diode is
in reversed bias it will not conduct current through CD, and in output
across AB will get same as input AC i.e. for negative cycle diode offer
infinite resistance as compared to R in series graph E, F, G.

Same repetition of input and output continues—graph showing
the output waveform.

s5vy4 € D
T/4 T/2/ \3T/4‘ / \ _ Time
E\/G \/T \_/ ]

HB

O
-5 v
F

JrVoltage

Q14.36. Suppose a n-type wafer is created by doping Si crystal having
5 x 10® atoms/m® with one ppm concentration of As. On the surface
200 ppm Boron is added to create P region in this wafer, Considering
n;= 1.5 x 10" m= (i) Calculate the densities of charge carriers in the n
and p regions. (ii) Comment which charge carriers would contribute
largely for reverse saturation current when diode is reverse biased.
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Ans. When As (pentavalent) is added to Si the n-type wafer is created.
So the number of majority carriers in n-type wafer,

n,= (Np andDSi)=i1)?x5x1023=5x1022/m3

For number of minority carriers n,,
2

n,- ", =
2 16 16
n; 1.5)(10 ><15x10 16/ 3 .
n,=—= .= 1.5 x 10'%/m?) (Given,
b o, 5 x 102 n ) ¢ )

03x1.5x10%"2 =0.45x 10" per m®

When Boron (Trivalent) is implanted in Si crystal, p-type wafer is
formed with number of holes,

n, = (N x n of 5i)
200

1}

= 2 x5x10% =1000 x 1077
10
n, = 1x10% per m®
Minority carrier in p-type wafer
2 16 16
;L 1.
n =i= 5x 10 X255x10 =2.25X1032_25
. 10

= 2.25 x 107 electrons per m*

When reversed bias is applied on p-n junction then the minority
charge carrier moves toward depletion layer ie, holes n, =
(0.45 x 10" per m® from # side and 1, = 2.25 x 107/m® from p side
moves towards junction and make the depletion layer thicker.
Q14.37. An X-OR gate has following truth table. It is represented by
following logic relation Y = A-B+ A B. Build this gate using AND,
OR and NOT gates.

~|lo~=lo]l @
==l ] -

A
0
0
1
1

\0.
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Ans. In given logic relation Y=AB+AB=Y,Y,

Y | AB B A B Y A | AB
0 0 1 0 0 0 1 0
1 0 0 0 1 1 1 1
1 1 1 1 0 1 0 0
0 0 0 1 1 0 0 0

logic relation in given table is
Y=A-B+A-B
=Y, +Y,
Y,=A-B and Y,=A-B \
Y, can be obtained by A through NOT and B direct to AND gate.
So, Y, =A-B.
Y, can be obtained by B through NOT and A direct to AND gate.
So, ,=A-B.
Now Y, and Y, are feed into the two terminals of OR gate to get
Y=Y,+Y, or - Y=AB+AB
Q14.38. Consider a box with three terminals on the top of it as shown in
figure (a). Three components namely, two germanium diodes and one
resistor are connected across these three terminals in some arrangement.

A student performs an experiment in which any two of these three
terminals are connected in the circuit shown in figure (b).

OA 75 -

ow
o

(@) (b)
SeEMICONDUCTOR ELECTRONICS: ...

i 293



http://www.cbsepdf.com

www.cbsepdf.com

The student obtains graphs of current-voltage characteristics for
unknown combination of the components between the two terminals
connected in the circuit. The graphs are:

(/) When A is positive and B is negative figure (c)

(i)) When A is negative and B is positive figure (d)

(i) When B is negative and C is positive figure ()

&

II ‘]‘1 1 I
/-———- =1000 W
slope
' ' ] \Y

07V 07V

(©) (d) (e)
(iv) When B is positive and C is negative figure (f).
(¥) When A is positive and C is negative figure (g).
(vi) When A is negative and C is positive figure (h).

AT A1 II/A
v >V 1.4V >V
® (& (h)

From these graphs of current-voltage characteristics shown in
Figure (c) to (h), determine the arrangement of components between
A,Band C.

Ans. (i) Figure (c) shows the reverse bias characteristics of p-» junction.
It is possible when p-n junction first is in a series combination
with p side of diode towards B and » side towards A resistance.
Its resistance is linear or ohmic resistance.

O—H—wW—0
B A
(31) Figure (d) shows the forward bias characteristics of a transistor
where 0.7 V is the knee voltage of a p-n junction first

slope v/l 1000
A P B
Q N < Q
p side of p-n junction first is connected to B and u side to A
terminal. Resistance is in series with diode.
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(iif) Figure (¢) also shows the +
forward bias characteristics of
p-n junction second having non
ohmic as graph is not straight 1kQ
line. It also has knee voltage (p-n1)
0.7V..
Here p side of p-n junction is ~
connected to C and n side with (# {<]—O *
B terminal as shown in figure. B (pn €
(iv) In figure (f) graph shows
reverse bias characteristics of p-» junction II. n side with B and
p side with C along with a resistance in series.
+
O——KH-wWA—0
B pn 1] C
(v) Figure (g) shows the reverse bias characteristics of pn
junction L

A pnl C
(vi) Figure (k) shows forward biased characteristics of p-n
junction II.
+

O—D-wW—0O

C pn 1] A
Q14.39. For the transistor circuit shown in figure evaluate Vi, Ry, R
given that
Ic=1mA
G
Ve =3V -—
Vg = 0.5V
Vee =12V Ry
f =100
Ans. I.=L;+1;
v g _‘ I
s le=I §R=20k£2
I-.=1mA [Given}

s Ig=1=100A
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A (- C Vee=12V H
+ ! ¢ 1
1 |
i i
v i
I E
' =12V
:
1
|
]
I
1
1
;
) 4
J
- I.=I;=1mA
By Kirchhoff’s loop law, in loop DGH]J
IR +1Re + Vg = Ve

IR +Rp)+ Vi =12
(Rc+Rp) 1x10°+3 =12
Re+Rg = 169-—3'
7.8 x 10° + Ry, = 9000
R; = 90007800 =1200 Q@ =1.2 kQ
Ve =g XRg=I-xRg
=10°x1200=1.2V
Vpp = Ve + Vg =12+ 0.5V = 1.7 volt
Vig = 05V, and V=12V

I= L=—-1-'—7;A=0.085mA
) 20000 20000
R - Vip _ Ve = Vep ( I =lg_)
() "
] B
12-17 10.3 x 10° 10.3 x 10°

RB = = =
B y . 0.095
[0.085 + i%} %102 [0-085+0.01] 09

=108 x 103 Q =108 kQ
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Q14.40. In the circuit shown in figure find the value of R¢
G I F 12V

- o4 o
- w

100 kQ Re

IB B
» 3V
R R AU

20kQ y

0.085 mA

A

‘VI
] D

e
——

[}

B = 100
Vg =05V
\ Vg =3V
Ans. From figure applying Kirchhoff’s junction rule at transistor
L=I.+1 )
I. = BI, (i)

Applying Kirchhoff's loop law to the loop AFCEDLA
IR+ Ve + Vg =V,
IR +3+[ R =12V (i)
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Ic=T+Ig
IB<<<IC

I =1.=Bl

From (i) IR-+IRg=12-3
R Pl + g R =9
BIa(R-+Rp) = 9

Applying Kirchhoff's loop law to the loop JHBED]
Rl + Vgg + Relg = Ve

TgRg + Relp = Voo — Ve

IR + BIgR; = Vee— Vi

Iy R+RP) = Ve — Vi

Vee — Ve

R+Rf

12-05 11.5

Ii=

T (20+1x100)K 120 x10°
5 = 0.096 mA
From eqn. (i),
Ro+Rg = 2 = 2
E” Bl, (100 x 0.096) mA

9
= —————=0938kQ
Re+1000 = 5107

R+ 1000 = 938 Q
R, = 938 - 1000
R.=620
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