


























Answers

5.16 (a) The tendency to disrupt the alignment of dipoles (with the
magnetising field) arising from random thermal motion is
reduced at lower temperatures.

(b) The induced dipole moment in a diamagnetic sample is always
opposite to the magnetising field, no matter what the internal
motion of the atoms is.

3l

=052 G
R, =0.224 G
R=0.57 G, g=23°
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5.20 (a) B, = (#4,IN/2r)cos45° =0.39G
(b) East to west (i.e., the needle will reverse its original direction).
5.21 Magnitude of the other field
~ 1.2x107 xsin15°
B sin 45°
=4.4x10°T
5 92 _ meV
) eB
_ y/2m, x kinetic energy
B eB
=11.3m
Up or down deflection = R (1-cosf) where sinf = 0.3/11.3. We get
deflection = 4 mm.
5.23 Initially, total dipole moment
=0.15x 1.5 x 10% x 2.0 x10**
=45J T
Use Curie’s Law m « B/T to get the final dipole moment
= 4.5 % (0.98/0.84) X (4.2/2.8)
=79JT"
M 1, NT
5.24 Use the formula B= ozR where u_ (relative permeability) to get
B=4.48T.
5.25 Of the two, the relation n,=-(e/ 2m)l is in accordance with classical
physics. It follows easily from the definitions of w, and L
4 = 1A =(e/T)nr*
o2nr?
l=rwr=m
where r is the radius of the circular orbit which the electron of mass
m and charge (—e) completes in time T. Clearly, u, /l=e/2m.
Since charge of the electron is negative (= —e), it is easily seen that
p and l are antiparallel, both normal to the plane of the orbit.
Therefore, p; = —e/2ml.Note u /S in contrast to g /1 is e/m, i.e.,
twice the classically expected value. This latter result (verified
experimentally) is an outstanding consequence of modern quantum
theory and cannot be obtained classically.
CHAPTER 6
6.1 (a) Along qrpq
298 (b) Along prq, along yzx
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6.2

6.3
6.4

6.5
6.6

6.7
6.8
6.9
6.10

6.11

6.12

Answers

(c) Along yzx
(d) Along zyx
(e) Along xry
(f) No induced current since field lines lie in the plane of the loop.

(a) Along adcd (flux through the surface increases during shape
change, so induced current produces opposing flux).

(b) Along a’d’c’h’ (flux decreases during the process)

7.5%x10°V

(1) 2.4 x 10"V, lasting 2 s

(2) 0.6 x 10"V, lasting 8 s

100V

Flux through each turn of the loop = & r?B cos(at)

£ =-N wn r’B sin(ot)

& =-Nonr’B
=20 x50 X7 Xx64 % 10*%x3.0x%x102=0.603V

€,y4 1S zero over a cycle

I ..=0.0603 A

L Erax Imax = 0.018 W

average Q ~max max

The induced current causes a torque opposing the rotation of the
coil. An external agent (rotor) must supply torque (and do work) to
counter this torque in order to keep the coil rotating uniformly. Thus,
the source of the power dissipated as heat in the coil is the external
rotor.

(@) 1.5 x 10V, (b) West to East, (c) Eastern end.
4H
30 Wb
Vertical component of B
= 5.0 x 107* sin 30°

=25x107*T

€= Blv

£=2.5x%10"*x 25 x 500
=3.125V

The emf induced is 3.1 V (using significant figures).

The direction of the wing is immaterial (as long as it is horizontal) for
this answer.

Induced emf=8x2x 1074 %x0.02=3.2x%x10°V
Induced current = 2 x 107° A
Power loss = 6.4 x 1071°W

Source of this power is the external agent responsible for changing
the magnetic field with time.

Rate of change of flux due to explicit time variation in B

144x10* m*>x 10° Ts™

1.44 x 10° Wb s™

Rate of change of flux due to motion of the loop in a non-uniform B
144x10*m*x 10°Tem™ x 8 cm s™

11.52 x 10° Wb s™*
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" Physics
The two effects add up since both cause a decrease in flux along
the positive z-direction. Therefore, induced emf = 12.96 x 107° V;
induced current = 2.88 x 102 A. The direction of induced current
is such as to increase the flux through the loop along positive
z-direction. If for the observer the loop moves to the right, the
current will be seen to be anti-clockwise. A proper proof of the
procedure above is as follows:
P(t) = [aB(x,t)dx
0
do _ adedB(x,t)
dt dt
using,
dB _0B 0B dx
dt dt ox dt
_ [3_3 ‘o 3_3}
Lot ox
we get,
de _ ajdx[aB(x,t) o aB(x,t)}
dt > ot ox
0B 0B
—Al = +v—
[at Y ax}
where A = a®
JoB JoB
The last step follows because ) \ax and v are given to be
constants in the problem. Even if you do not understand this formal
proof (which requires good familiarity with calculus), you will still
appreciate that flux change can occur both due to the motion of the
loop as well as time variations in the magnetic field.
&
6.13 Q= ]It
t;
&
-1 _[ edt
R t
@y
N [do
R
N
= E(Q - @ )
for N=25, R=050Q,Q=7.5%10°C
®,=0,A=2.0x10"m’ & =1.5x 10" Wb
300
B=®/A=075T
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Answers

6.14 |¢|=vBl=0.12x0.50 X 0.15=9.0 mV;
P positive end and Q negative end.

(b) Yes. When K is closed, the excess charge is maintained by the
continuous flow of current.

(c) Magnetic force is cancelled by the electric force set-up due to
the excess charge of opposite signs at the ends of the rod.

(d) Retarding force = IBl

=9mV
9ImQ

=75x 10°N
(e) Power expended by an external agent against the above retarding
force to keep the rod moving uniformly at 12 cm s

=75%x10°%%x12x102=9.0%x 10°W
When K is open, no power is expended.
(f) PR=1x1x9%x102=9.0x10°W

The source of this power is the power provided by the external
agent as calculated above.

x0.5Tx0.15m

(8) Zero; motion of the rod does not cut across the field lines. [Note:
length of PQ has been considered above to be equal to the spacing
between the rails.]

Ho NI
l
(Inside the solenoid away from the ends)

6.15 pB-=

&= /UOINI
Total flux linkage = N&

A

_ MpN*A I

l

(Ignoring end variations in B)

d
e =, (N9)

= total change in flux
v total time

i, - 4nx107 x25x10™*
a 0.3x10°°

=65V

x (500)% x 2.5

6.16 M:/'toaln(1+a)
21 X

e =1.7x10°V

2
6.17 _Bra i.
MR
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CHAPTER 7
7.1 (a) 2.20A

(b) 484 W
7.2 (a) 300 2121V

. a) —= .
V2

(b) 1042 =14.1A
7.3 15.9 A
7.4 2.49 A
7.5 Zero in each case.
7.6 125 s7%; 25
7.7 1.1x10°s™
7.8 0.6 J, same at later times.
7.9 2,000 W
710 v=— |1 ; 1

. _27'C LC,I.C., C—m

For L =200 pH, v = 1200 kHz, C = 87.9 pF.

For L =200 pH, v = 800 kHz, C = 197.8 pF.

The variable capacitor should have a range of about 88 pF to 198 pF.
7.11 (a) 50 rad s

(b) 40Q,8.1A

© V,.=14375V,V, =14375V,V, =230V

\% 1 L 1 0
= , — =
LCrms ms 0 CUO C

7.12 (a) 1.0 d. Yes, sum of the energies stored in L and C is conserved if

R=0.
(b) w=10°rads™’, v=159 Hz

() g=q,cosmt

(i) Energy stored is completely electrical at t =0, g T, 3—T .....

2
(ii) Energy stored is completely magnetic (i.e., electrical energy

is zero) at t:I 3—T S—T ....... , Where Tle:6.3ms.

4’ 4 4

b = 0s—— =(,C0S—=—"—
yereens , because 0 C o .
q=q ‘/—

(d) At t= —
8 8 4

’

!
w
yﬂ
o1
yﬂ

2
v~}

9 2
Therefore, electrical energy = ;—C= l[;—‘)c] which is half the total
energy.

() R damps out the LC oscillations eventually. The whole of the

initial energy (= 1.0 J) is eventually dissipated as heat.
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7.13

7.14

7.15

7.16

7.17

7.18

Answers

For an LR circuit, if V =V, sinawt

\%
I:ﬁsm(a)t— #), where tan¢ =(wL/R).
VR +0’l”
(@) I,=1.82A

(b) Vis maximum at t= 0, [ is maximum at t = (¢ / ).

L
Now, tan ¢ = =1571 or ¢ =57.5°

Therefore, time lag = 57.5m X 1 3.2 ms
180 21 x50

(a) I,=1.1x102A

(b) tan ¢ = 100 =, ¢ is close to w/2.

I, is much smaller than the low frequency case (Exercise 7.13)
showing thereby that at high frequencies, L nearly amounts to
an open circuit. In a dc circuit (after steady state) ¢ = O, so here

L acts like a pure conductor.

For a RC circuit, if V=V sinwt

Vo

1
ﬁsm(a)t+ ¢) where tan ¢ = ——
\/R +1/wC) ®wCR

(@) I,=3.23A
(b) ¢ =335°

Time lag = ﬂ =155 ms

w
(@) I,=3.88A
(b) ¢ =0.2 and is nearly zero at high frequency. Thus, at high

frequency, C acts like a conductor. For a dc circuit, after steady
state, ® = 0 and C amounts to an open circuit.

Effective impedance of the parallel LCR circuit is given by

2
l: L2+ a)c_i
Z R oL
1

which is minimum at 0 =@, =—

JLc

Therefore, 1Z| is maximum at @ = @,, and the total current amplitude
is minimum.

In R branch, I

Rrms

I:

=575 A
In L branch, I

Lrms

In C branch, I =092 A

=092 A

Note: total current I . =5.75 A, since the currents in L and C branch
are 180° out of phase and add to zero at every instant of the cycle.
(@) For V= V,sin ot

2022-23
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7.19

7.20

7.21

7.22

\%

T
I= sin(a)t+—J; if R=0
2

oL ——

wC
where — sign appears if oL > 1/wC, and + sign appears if oL < 1/oC.
I,=11.6 A, I =824A

0) Vime =207V, V. =437V

’ "Crms
(Note: 437 V — 207 V = 230 V is equal to the applied rms voltage
as should be the case. The voltage across L and C gets
subtracted because they are 180° out of phase.)

(c) Whatever be the current I in L, actual voltage leads current by
n/2. Therefore, average power consumed by L is zero.

(d) For C, voltage lags by n/2. Again, average power consumed by C
is zero.

(e) Total average power absorbed is zero.
I..=726A

Average power to R = IrzmsR =791W

Average power to L = Average power to C = 0
Total power absorbed = 791 W
(&) w,=4167 rad s'; v, = 663 Hz

7% =141 A

b) P=(1/2) 1(2) R which is maximum at the same frequency (663 Hz)
for which I, is maximum P =(1/2) (Imax)2R = 2300 W.

(c) At w=w, £ Aw [Approximation good if (R/2L) << a].

Aw=R/2L =95.8 rad s™'; Av = Aw/2n = 15.2 Hz.
Power absorbed is half the peak power at v= 648 Hz and 678 Hz.

At these frequencies, current amplitude is (] /ﬁ ) times 181‘“,
i.e., current amplitude(at half the peak power points) is 10 A.

(d @=21.7

w,=111rads™'; Q=45

To double Q without changing ,, reduce R to 3.7 Q.

(a) Yes. The same is not true for rms voltage, because voltages across
different elements may not be in phase. See, for example, answer
to Exercise 7.18.

(b) The high induced voltage, when the circuit is broken, is used to
charge the capacitor, thus avoiding sparks, etc.

(c) For dc, impedance of L is negligible and of C very high (infinite),
so the dc signal appears across C. For high frequency ac,
impedance of L is high and that of C is low. So, the ac signal
appears across L.

(d) For a steady state dc, L has no effect, even if it is increased by
an iron core. For ac, the lamp will shine dimly because of
additional impedance of the choke. It will dim further when the
iron core is inserted which increases the choke’s impedance.

(e) A choke coil reduces voltage across the tube without wasting
power. A resistor would waste power as heat.
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7.23
7.24

7.25

7.26

Answers

400
Hydroelectric power = hpgx Ax v = hpg f8

where f§ = Av is the flow (volume of water flowing per second across a
cross-section).

Electric power available = 0.6 x 300 x 10° x 9.8 x 100 W
=176 MW
Line resistance = 30 X 0.5 = 15 Q.

800x1000W
rms current in the line = — = 200A
4000V

(a) Line power loss = (200 A)? x 15 Q = 600 kKW.
(b) Power supply by the plant = 800 kW + 600 kW = 1400 kW.
(c) Voltage drop on the line = 200 A x 15 Q = 3000 V.

The step-up transformer at the plant is 440 V — 7000 V.

800x1000W
— =20A
40,000V
(a) Line power loss = (20 A)? x (15 Q) = 6 kW,
(b) Power supply by the plant = 800 kW + 6 kW = 806 kW.

(c) Voltage drop on the line =20 A x 15 Q = 300 V.

The step-up transformer is 440 V — 40, 300 V. It is clear that
percentage power loss is greatly reduced by high voltage
transmission. In Exercise 7.25, this power loss is (600/1400)
%X 100 = 43%. In this exercise, it is only (6/806) X 100 = 0.74%.

Current =

CHAPTER 8

8.1

8.2

(a) C=¢gA/d =80.1pF

do _ av

dt  dt

av 0.15
= 80.1x102 = 1.87 x10°V s™

dt  80.
b) iy = Soaq%_. Now across the capacitor @, = EA, ignoring end
corrections.

A%
dt

Therefore, iy = &A

Now,E = 9 . Therefore, £ =t , which implies i, = i= 0.15 A.
A dt ¢gA

0

(c) Yes, provided by ‘current’ we mean the sum of conduction and
displacement currents.

(@ I, =V, oC=6.9uA

S
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8.3
8.4
8.5
8.6
8.7
8.8

8.9

8.10

8.11

8.12

(b) Yes. The derivation in Exercise 8.1(b) is true even if i is oscillating
in time.

(¢) The formula B = %éid
goes through even if i , (and therefore B) oscillates in time. The
formula shows they oscillate in phase. Since i, = i, we have
_Ho
° orx
magnetic field and current, respectively. i = \/Elrm: 9.76 YA. For
r=3cm, R=6cm, B,=1.63x 10"'T.

ro.
R o where B, and i, are the amplitudes of the oscillating

The speed in vacuum is the same for all: ¢ =3 x 10° m s

E and B in x-y plane and are mutually perpendicular, 10 m.
Wavelength band: 40 m — 25 m.

10° Hz

153 N/C

(@) 400 nT, 3.14 x 10® rad/s, 1.05 rad/m, 6.00 m.
(b) E ={ (120 N/C) sin[(1.05 rad/m)]x — (3.14 x 10® rad/s)t]} :|
B = { (400 nT) sin[(1.05 rad/m)]x — (3.14 x 10° rad/s)t]} k

Photon energy (for A = 1 m)

_ 6.63x107%* x3x10°

. 1.6x10°"
Photon energy for other wavelengths in the figure for electromagnetic
spectrum can be obtained by multiplying approximate powers of
ten. Energy of a photon that a source produces indicates the spacings
of the relevant energy levels of the source. For example, A = 107 m
corresponds to photon energy = 1.24 x 10° eV = 1.24 MeV. This
indicates that nuclear energy levels (transition between which causes
yray emission) are typically spaced by 1 MeV or so. Similarly, a
visible wavelength 2 = 5 x 107 m, corresponds to photon energy
= 2.5 eV. This implies that energy levels (transition between which
gives visible radiation) are typically spaced by a few eV.

() A=(c/v)=1.5x10?m

(b) B,=(E/d=16x10"T

(c) Energy density in E field: u, = (1/2)¢, E?
Energy density in B field: u, = (1/2u,)B?

eV =1.24%x10%eV

1
Using E= ¢B, and c = W u, = u,
0“0

@-j. () 3.5m, (c) 86 MHz, (d) 100 nT,
(e) {(100 nT) cos[(1.8 rad/m)y + (5.4 x 10° rad/s)i]} k
(@) 0.4 W/m? (b) 0.004 W/m?
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8.13 A body at temperature T produces a continuous spectrum of
wavelengths. For a black body, the wavelength corresponding to
maximum intensity of radiation is given according to Wein’s law by
the relation: A =0.29 cm K/T. For )»m=10’6 m, T=2900 K. Temperatures
for other wavelengths can be found. These numbers tell us the
temperature ranges required for obtaining radiations in different
parts of the electromagnetic spectrum. Thus, to obtain visible
radiation, say A= 5 x 107 m, the source should have a temperature
of about 6000 K.

Note: a lower temperature will also produce this wavelength but not
the maximum intensity.

8.14

8.15

(a)
(b)
(c)
(d)
(e)

(a)
(b)

(c)
(d)
(e)
()

Radio (short wavelength end)
Radio (short wavelength end)
Microwave

Visible (Yellow)

X-rays (or soft y-rays) region

Ionosphere reflects waves in these bands.

Television signals are not properly reflected by the ionosphere
(see text). Therefore, reflection is effected by satellites.
Atmosphere absorbs X-rays, while visible and radiowaves can
penetrate it.

It absorbs ultraviolet radiations from the sun and prevents it
from reaching the earth’s surface and causing damage to life.
The temperature of the earth would be lower because the
Greenhouse effect of the atmosphere would be absent.

The clouds produced by global nuclear war would perhaps cover
substantial parts of the sky preventing solar light from reaching
many parts of the globe. This would cause a ‘winter’.

2022-23

307



NoOTES

2022-23





