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Physics — Il
ELECTRICITY & MAGNETISM

Time : 3 Hours Max. Marks - 70

/nstruction : Answerany five questions from each Part.

PART — A

I. Answerany five questions. Each question carries eight marks. (5%8=40)

)@) Write an expression for electric field at a point due to a short dipole.
Hence find the electric field at a point on the equatorial line of the dipole.

/b)fgt'ate Thevenin’s theorem. With a suitable network of resistances, explain
the determination of Thevenin voltage and Thevenin resistance. (3+5)

%)/af Explain the theory of working of a moving coil ballistic galvanometer. €6

b) Mention the conditions for a ballistic galvanometer to be dead beat. (5+3)

3) a) State and prove Ampere’s circuital law.

b) Using Ampere’s circuital law, obtain an expression for magnetic field at

the center of a long solenoid carrying current. (4+4)

4) a) Write the expression for magnetic field at a point due to an infinitely long
straight conductor carrying current. State the Maxwell's cork screw rule

to find the direction of the magnetic field.

b) Obtain an expression for force between two long straight parallel conductors
separated by a small distance. Hence, define Ampere. What is the nature
of the force between the conductors when they carry currents in same akbac

direction and in opposite direction ? mz‘Pdl ‘ (2+6)

P.T.O.



5) a) Derive :
an expression for gr .
graphically the variation Q@ oms\s of charge in an RC circuit. Represent
circuit. arge with time. Define time constant of RC
es LCR circuit.

b) Mention iti i
the conditions to start or stop oscillations in & S€" (6+2
6) a) Oc.*m_: an expression for velocity of electromagnetic waves in fre® p3CE
using Maxwell’s field equations.
‘=) Mention the factors on which the refractive index of a material medium (6+7
depend.
. i i .. “
7) a) Obtain an expression for impedance of series | CR circuit using ns_wM%m
diagram. Also obtainan expression forthe phase differencé petween VO
and current.
b) Whatis resonance of series LCR circuit ? Mention the condition for (543
resonance and write the expression for frequency at resonance:
8) a) State the laws of thermoelectricity.
b) Describe the determination of ?oamos oomao_ma using thermoelect! ic 444
diagram. b
PART-B
(5x4=20

Il. Answer any five questions. Each question carries four marks. ,
ced at the two corners of an

Two point charges of +2p1c and =2 pcare pla
d magnitude of the

equilateral triangle of side 20 cm. Find the direction an
electric field at the third corner.

charged through a high resistance.

pacitance 10 F is dis
the capacitor to leak is found to be

e-third of the charge on
ue of the high resistance.

ils of radius 11 ¢cm and 100 number
s which produces a deflection

10) A capacitor of ca
Time taken for on
20 s. Calculate the val

11) A Helmholtz tangent galvanometer has co
of turns. Calculate the current through the coil

of 45°. (By=0.32x107*T)

12) The magnetic flux linked with a coil of resistance 1002 atany instantis given
by ¢=6 2 4 1.2t+4 where ¢ isin Wb and t in s. Find the magnitude of

induced currentat 0.4 s.



._@v \r_:__Q nce o H
CO#m i
f10 and a resistance of 0.5 (2 are conr vected to a battery of

emf 6 :
V. Calculate the time taken for the current to reach 6 A.
m the standard value of

-ﬂ
4) Evaluate the value of permittivity of free space fro
3x108 ms~ !, py= Ax»1077HM

speed of light in free space. (G =
0 V, 60 Hz ac mains. Calculate the

OV, 10 W lamp to be run on 10

15) A 6
hoke coil required.

inductance of the C

‘ 16) Determine the neutral temperature an
thermocouple in which emf is given by e =

junction is maintained at 0°C.

d inversion temperature for a
_ 156 + 0.02562 (nV). Cold

PART-C

stion carries two marks. (5x2=A1

17) Answerany five questions. Eachque
pole is zero. Will electric intensity at

~s), Electric potential at a point due to a di
that point be zero ? Explain.

ctric charge of 10nC is kepti
he charge ?

n a strong magnetic fieldof 40 T.

b) A stationary ele
What is the force on't

s much more slowly through a small region containing a

similar bar of an insulating material. Explain.

h its length parallel to th
mf induced in the rod ?

oubled. What happens to the tim:e

c) Analuminium bar fall
magnetic field than a

ucting rod is moved wit
elocity v. What is the e

a series LR circuit is d

e magnetic field lines

d) Acond
withavVv

e) The inductance of

constant ?
f) If Aissuch that v A = 0, then what is the vector field A called ? Why ?
ut allows ac. Why ?

citor blocks dc b
o Fe-Cu thermocouple ?

g) Acapa
couple preferredt

h) Why is Sp-Bi thermo
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Instruction
S:
Answeran Y five questions from each Part.

PART - A
A i :
3 nswerany five questions. Each question carries eight marks. (5%8=40)
1. a) Define an ideal voltage source and current source.
(2+6)

B) State and prove maximum power transfer theorem.

& Obtain an expression for decay of charge in series LCR circuit and mention its
special cases. I3 8

3¢ a) State and explain Biot — Savart's law.

b) Obtain an expression for the field on the axis of a Solenoid carrying
g o 2 (3+5)

current. —

4. a) Obtain with necessary theory an expression for the current through the

Helmholtz galvanometer.
b) Using Ampere’s circuitar law obtain an expression for the magnetic field due
(5+3)

to a straight conductor carrying conductor.
5. a) State and explain Divergence theorem. 909
b) Derive Maxwell’s Equation vp = p and discuss its physical
) (2+6)

mm@,:_:om:om. m\,\\r U 2\

;) mEmS an expression for velocity of electtomagnetic waves in free space.
| (6+2)

b) State poynting theorem. ¢
: - J\@
P.T.O.

&\»
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7. a) Derive with a dig

gram an expression for self inductance of a coil using
Maxwelrs Bridge

. 49
b) What js Q-factor ? Explain its significance. 266 (5+3

8. a) Distinguish between

b) .<<:3 is meant by Th
its applications.

Seebeck effect and Peltier effect.

©€rmo electric diagrams ? Discuss in detail any two of

318 1246)
PART-B
Solveany five Problem. Each problem carrnesfour marks (5x4=20)
Permeability of free space Ho =4nx107H m" .
Permittivity of free SPace t, = 8.8x 10 "2y

9 500 turns and radius 0.02 m is wound on an iron
E zﬂ@o core of relative permeability 800. What will be the

average emf induced in the
hanges from 0 to 2 mac;:o.\obmmo.

e

solenoid if the currentin it ¢
Given pu; = 4xx107Hm™".

11. A uniform magnetic field of magnitude 1.5 Tesla points horizontally from south

to north. A proton of energy 5 MeV moves vertically downward through this
field. Calculate the force on it.

Given mass of proton = 1.7 x1027 kg
Charge =1.6x10719C.
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|2. A condense
: rof 100 i
dischar OPFisc
ged through a BG Thh?rged to a potential differen
The firetihirow on a scals placed c;e of 1 volt and then
way is 0.62m. Ifthe

time period i
is 10 sec
B and i i
pstantof the galvano e‘é?anthmlc decrement is 0.02, calculate the ballist
) . ) allistic

13. Anacvoltagei
ge is appli :
pplied directly acrossa 10 pF capacitor. The frequency of th
' e

sourceis 3kHz a
nd the voltage i ;
between the plates of the Cagac?tl;\?htude is 30 V. Find the displacement current

14. Calculate the ski
in depth in co .
electromagnetic waves of frequ‘;‘;’\i; <13f n(:(:rzductlwty 58 x 107 S m- for the

G‘Ven }l = p’O = 4nx10~7Hm_1

ﬁ
5 gnccljr?::i S<’3’[0n&‘:lS’ts of a non inductive resistance Of 50, an inductance of 0.3H
150 H “;‘T‘Cde of 2 @, a capacitor of 40 LF in series and s supplied with 200V
2. Find the impedance, i ms @3N Imax in the circuit.

peratureé of inversion and the total emt ofa

16+ Calculate the neutral temperature, tem
C for which the geebeck coefficients are

thermo couple between 0°C and 100°
a =10 wv/°C and b =—0.025 wv/°C2.
/
. PART-C
17. Answer any five questions- gach question carries two marks. (5%x2=10) ’

a) Can super position theorem b€ app\ied to non linear networks 2 Explain.
b) Is there any loss of energy dué tothe product'\on of back emfinan LR circuit?

Explain.
c) Does 2 current 100

d) Isthe field produce
e) Do magnetic monopoles exist? Explain.
f) Isit possible to have only electric wave of magnetic wave alone propaga\'mg

p behave asa magnetic dipole ? Explain.

din a toroid uniform ? Explain.

g) What is the phase difference between the applied yoltage and currentin an

LCR series ac circuit at resonance 2 Explain.

h) Does thermoelectric effect obey the law of conservation of energy ? Explan.

/
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* ANSwer i
any five questions from each Part

1 a) w ach question carries eight marks. (5x8=40)
- rhat' IS an igeg) voltage sourc
Practicg Voltage Sources,

State ang €Xplain Norton’s theorem

€ ? Represent V-l characteristics of ideal and

b)

2. a) ‘_Derive an expression f

_‘ ) Derive an ex
d.c. source.

(3+5)

or the self inductance of a solenoid.
pression for the growth of current in LR circuit connected to a
(3+5)
3. &) Mention the conditions for a moving coil galvanometer to be dead beat.
b) Explain with a neat diagram the experimental determination of high resistance
by leakage using ballistic galvanometer. - (3+5)
(> 4. a) State and prove Ampere’s circuital law.
b) Using Ampere’s circuital law obtain an expression for magnetic field at a
point inside a long solenoid carrying current. (4+4)

5. a) Write the equation of continuity. What is its physical significance ?

/bj/ Write the four Maxwell’s field equations. Derive v «E - _%B_ (2+6)
_ 5 o0°E
6. gy Derive V°E = “oaoﬁ"
i 6+2)
oynting theorem. (
b) Stale poy P.T.O.
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(OO

oD-
ase angle of

" Derive expressions with diagram for impedance, current and ph
series CR ac circuit by j operator method. 8
8. a) State and explain the laws of thermo-electricity.
(4+4)

Solve any five problems. Each proble

9.

10.

11.

12.

13.

14.

b) Explain with a neat diagram Thermopile.

PART - B
m carries four marks. (5x4=20)

In the given circuit find the current through R, using Thevenin's theorem.

30 20

D

60
R =6Q

18V ‘[’
L
~ — |

How many time constants will be taken by a condenser to gain 99% of its steady

state charges in a CR circuit ?

Two parallel wires each of length 3 m kept 20 cm apart carry currents of 20 A
and 30 A respectively in the same direction. Calculate the force acting. What

is the nature of this force ? Given gy = 4n x 107 Hm™.

An electric current | is flowing in a circular wire of radius J3 m. Atwhat
from the centre on the axis of circular wire will the magnetic field be 1/8" ot its

value at the centre ?
uency 5.09 x 10" Hz enters diamond. Calculate the

Yellow light of freq
amond. At this frequency

wavelength and speed of wave propagation in di

diamond has ¢, = 5.84 and p, = 1. Given C=3x10°ms™.

An electromagnetic wave of frequency 2 MHz is propag
medium. The medium is silver for which conductivity is 6.8 x 10

u, = 1. Calculate the skin depth. Given y, = 4 X 1077 Hm™.

ating in a conducting
Sm™ and

1

distance 3
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15.

18

17.
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An alternating voltage of 110 V, 50 Hz is applied to a circuit containing a

resistance of 200 Q, an inductance of 5 H and a capacitance of 2 yF connected
in series. Calculate the impedance and the current in the circuit.

The emf of a certain thermocouple varies with temperature 6 of the hot

2
junction when the cold junction is keptat 0°C as e = 40 6 - % Find the neutral

temperature and the temperature of inversion.

PART -C

Answer any five questions. Each question carries two marks. (5%x2=10)
a) Self inductance is called electrical inertia. Justify.
b) What does a small value of time constant in a LR circuit represent ? Explain.

c) Is the direction of displacement current same as that of conduction current ?
Explain.

d) Does a current carrying conductor kept parallel to the direction of a magnetic
field get deflected ? Explain.

e) Do magnetic monopoles exist ? Explain.

f) Does the skin depth for a good conductor increase with increasing wave
frequency ? Explain.

g) What is a rejector circuit ? Why is it so called ?
h) Is Peltier effect reversible ? Explain.
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@ PART - A

Answer any FIVE -
. questions. Each question carries 8 marks (5 x 8 = 40)

1. a .
() Whatare ideal voltage and current sources?
ances explain

able network of resist
(2 +6)

(b) State Thevenin’s theorem. With a suit
and T hevenin’s resistance.

the determination of Thevenin’s voltage
2. (a) Derivean expression for energy stored in an inductor:
(b) Derive an expression for the decay of char (3 +5)
n the axis of a current

of the solenoid of infinite
(8)

1d at a point ©

3. Derive an expression for magnetic fie
field at one end

carrying solenoid and hence show that

length is half that at the centre.

oving coil pallistic galvanometer and hence obtain an

S, 4. (a) Give the theory of m
flowing through it.

expression for charge

(b) Mention any three applications of ballistic galvanometer. (5 +3)
current? Mention any two properties of displacement

What 18 displacement

current.

5. (3

B = 0. What is its physical signiﬁcance?

(b) Derive thé Maxwell’s equation V-
(8 +5)

6. (@ State and explain Poynting theorem.

(b) Show that in
electric and ma

an electromagnetic field energy is equally shared between
(6 +2)

gnetic fields.

1/3
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7 a . % . .
(a) V\{)ha.t is the umd'ltl()l? for resonance of a series LCR circuit and hence
obtain the expression for resonant frequency?
(b) }‘0?' a series resonant circuit, define (i) quality factor (ii) band width. Also
write the expressions for them. (4 *a
8 (a) State the laws of thermoelectricity.
| o ' . (dE |
(b)  Applying the principle of thermodynamics arrive at the relation 7 = T i)
a
4+4
PART - B
Solve any FIVE questions. Each problem carries 4 marks : (5x4= 20)
(permeability of free space = Lo = 47 107Hm'')
(permittivity of free space = tp = 8.85x 10°?Fm’™)
Also

9. Find

the value of Ru in the given network to obtain maximum pOwer in it.

find the maximum pOWer.

P RY

10. InanlL

circuit 1

11. An electro
field when it is moving
13N . What is the magn

82x10
electron

12. A Helmholtz g
turns 50. Calculate the current throu

6 - Veiig™

[' RL

]’ 3

) 1 )
R circuit the current attains 1 1d of its final steady v
s closed. What is the time constant of the circuit?

force as it travels 3.9x10°
s. The force 1s upward an
f the magnet

greatest
westward
itude and direction O

n experiences
charge = 1.6x1077C)

alvanometer has coils of circumferet

450 (Given B, =0.38x10"1)

2/3

alue in 1s after the

ms ! in a magnetic
d is of magnitude
ic field? (Given

32

¢

1ce 0.49 m each and number of

gh the coils which produces a deflection of
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3. A plane wave travell -y .
| ¢ travelling in a loss less medium has a wavelength of 0.25 m and

Veloc. i [s c 3 . .
ity of propagation 15 15%x10%ms ' Find the frequency and permittivity of
)

the medium.

ncy 1.6x10°Hz propagating in a conducting

14. An electromagnetic wave of freque
calculate the skin depth Given

medium has the conductivity of 38.2%10°Sm Y
u, =1.
15. A condenser of capacitance QuF is connected in series with 2 resistor to a 220 V,
50 Hzac supply. If the potential difference across the condenser and resistor are
equal 1n magnitude, calculate the resistance and phase current in the circuit.

0c and the temperature

re of cold junction of a thermocouple is O
E=160- 0.040° pv . Find

p°C . The thermo emf is given by
(b) temperature of inversion.

16. The temperatu

@ of the hot junction is
(a) neutral temperature

PART-C

17. Answer any FIVE questions. Each question carries 2 marks : (5 x 2 = 10)

to the production of back emf in a

(@ Is there any loss of energy due

LR circuit? Explain.
e sameé velocity

(b) An o -particle and a p -particle are projected with th
the same force?

perpendicular to the magnetic field. Do they experience

Explain.
() Is the field
In a ballistic galvanometer the le
resistance only. Why? Explain.
0 (e) What does the sm

() Does the skin depth
Explain.

able to determine high

akage method 18 suit

tor indicate? Explain.

all value of quality fac
wave frequency?

for a good conductor depend on the

called an acceptor circuit. Why? Explain.
w of conservation of energy?

nance circuit 18
ffect obey the la

(2 A series reso

Does the thermoO electric €

Explain-
e
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