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BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 
03161 	

June, 2014 

PHYSICS 

PHE-07 : ELECTRIC AND MAGNETIC PHENOMENA 

Time : 2 hours 	 Maximum Marks : 50 

Note : All questions are compulsory. Marks allotted for 
each question are indicated against it. You may use 
log tables or calculators. Symbols have their usual 
meaning. Values of physical constants are given at 
the end. 

1. Attempt any five parts : 	 4x5=20 

(a) State Coulomb's law. Calculate the forces 
acting between two positive point charges 
4 x 10-6  C and 5 x le C separated by a 
distance of 1 m in air. Show properly 
labelled forces in a diagram. 	 1+2+1 

(b) Show that the electrostatic force is 
conservative. 	 4 

(c) Determine the effective capacitance of two 
capacitors connected in series in an electrical 
circuit. 	 4 

(d) Distinguish between polar and non-polar 
molecules. Give one example in each case. 	4 
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(e) The dielectric constant of methane at 0°C 
and 1 atm pressure is 1.00088. Calculate its 
molecular polarisability given that there are 
2.8 x 1028  molecules in 1 m3  volume in units 
of E . 0 

(f) A cyclotron is being used to accelerate 
protons to a kinetic energy of 5.0 MeV. If the 
magnetic field in the cyclotron is 2.0 T, what 
must be the radius of the cyclotron and the 
frequency at which the Dee voltage is 
alternated ? 

(g) Four very long straight wires are bound 
together to form a cable. The wires carry 
currents 

I1 = 20 A, 12  = – 10 A, 13  = 12 A, 14  = – 2 A. 

Obtain the magnetic field at a distance of 
1.0 m from the cable. 

(h) A time-varying electric field in free space has 
the components EX = Ey  = 0 and 

Ez  = E0  cos (-271:x j cos cot. Determine the 

associated magnetic field and the direction of 
propagation of the electromagnetic field. 3+1 

2. Attempt any one part : 
(a) Determine the electric potential due to a 

uniformly charged disc of radius R at a point 
along its axis at a distance r » R. 	10 

4 

2+2 

4 
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(b) State Gauss's law. Using Gauss's law, 
determine the electric field of a uniformly 
charged sphere at a point (i) inside the 
sphere and (ii) outside the sphere. 	4+6 

3. Attempt any one part : 

(a) State Ampere's law. Using Ampere's law, 
determine the magnetic field due to a very 
long solenoid. Calculate the magnetic field 
due to a solenoid having 10 turns per cm for 
1 mA current in the solenoid. 	 2+6+2 

(b) Explain Larmor precession with the help of a 

diagram. Derive the expression for the 

Larmor frequency cop  = g 2m —
e 

B. In the 

magnetic field of 2.0 Wb m-2, protons have 

the precession frequency of 84 MHz. 

Calculate the g-factor of the proton. 	3+5+2 

4. Attempt any one part : 

(a) Write Maxwell's equations in free space. 
From these equations, derive the wave 
equation of electromagnetic waves 
propagating in free space with no source 
charges or currents. Show that these waves 
propagate at the speed of light in vacuum. 

2+6+2 
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(b) A uniform electromagnetic plane wave of 

100 MHz travelling in free space strikes a 

block of material having c = 4 60, µ = 9µo  

and a = 0, normal to the surface. The 

incident electric field is given by 

E = 3000 cos(cot -(3y) 2 Vm-1  

Obtain the complete expressions for the 

reflected and transmitted electric fields. 	10 

Physical constants : 

e = 1.67 x 10-19  C 

me  = 9.1 x 10-31  kg 

mp  = 1.67 x 10-27  kg 

go = 47cx 10-7  TmA-1  

g c= 3 x 10- ms 

h = 6.626 x 10-34  Js 

1 
	 = 9-0 x 109  N m2  C-2  
47te0  
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(3') 0°C MTT 1 atm citsi tft -4-9.1qT sm*kal 
W2T6-  1.00088 t I zit 1 m3  3Trziffq 14 394 
4tkit.9.0-41 2.8 x 1028  t 	e 	779-i At 
aRrir- q, 	u H liftcr)Rict 

(-) i  *114,,m111-1 	zcrzfrrr ta-TRI abta 
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'WT TER 2.0 T 	-4141' fl-FT T TR 

lifkalfZio 0 I 172T 	t 	alTetm 
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PHE-07 	 6 



NO Ildti Pt4H jai 	I 4  11,S*1 •P till W.  ■1441)4  I 

11 1'1 3114DM i)(s) 	fibit oeiAch 

(i) 	 atK err 	* 	RA1 	-a 
f4/1.ft 0 I 	 4+6 

3. 144 7-w 1Trrr 	drit 	: 

"k-PRIK 144H tai: I fi'ertiT Pt1H 	d'Iti 

ariNi 	 ctaul 1.44tzt 

eeiAct) 9-0:1ff 0 I 10 *-1 A cm .4141 7w 
	 17144 1 ma saru 	*, 

ctaul dCLIA 44rAi 	klikchRld 0 I 	2+6+2 

NO 7W aft -41' tmeicii W4K TRTVT t1H51IV I 

-ffrk-14{ 3T1-11 	r PHroRgd 044ict, -9-e:rq 0 : 

= g-
2m
e B 

P  

2.0 Wb m-2  1-4*P4 4q 4 WI 34-efq 

71771.  341-1% iT 1:17 84 MHz' I mleT-1 

1.C.R g-Tict) IiikcniCici 	I 	 3+5+2 

4. *k:ft 	rit3W rrittsl• : 

() 	m al-rwrz 	crti 	ti cr)ku.  

cbtuil 	3441 	 311-47144-04 7R 

tIT1-101q 	m alTWRT 4 Tkft-d-  1-4tR-1-41-4 

diAil 	1Z,R *Tr ti414)tui 	0 I Rio 0 

.ftt 	i4-4f-ff 4 Slchlkl 	 'WF 
cbtCn t I 	 2+6+2 
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trh 34T-*T4T 	TARR 100 MHz aid) ,:s)k-14-11-1 

1Hdc1 147-*Pi *Tr 	im 7 

31-51-4-4ff: airted-d 6lcn 	 C = 4 eof µ = 9µo  
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E = 3000 cos(wt — 8301Z Vm-1  
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se—dW PR/W: 

e = 1.67 x 10-19  C 

me  = 9.1 x 10-31  kg 

mp  = 1.67 x 10-27  kg 

1A0 =4/cx10-7 TmA-1  

c=3x108 ms-1  

h = 6.626 x 10-34  Js 
1 

= 9.0 x 109  N m2  C-2  
47r

o  
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