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BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

June, 2011 

PHE-7 : ELECTRIC AND MAGNETIC 
PHENOMENA 

Time : 2 hours 	 Ma.vimum Marks 

Note : All questions are compulsory. Marks allotted for each 

question are indicated against it. Log tables or calculators 

may he used. Symbols love their usual meaning. Values 

of physical constants are given at the end. 

1. 	Attempt any five parts : 	 5x3=15 

(a) 	Point charges are placed at the vertices of a 

square of side a as shown. Calculate the 

magnitude of ratio 
Q 
-- so that net force on 

  

— 
(b) 	Calculate the effective capacitance of three 

capacitors arranged in such a way that two 
of them, C1  and C,, are in series and the 
third CI  is in parallel with this series 
combination. 
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(c) Two metallic plates of radius r are placed 
at a distance d apart and have capacitance 

C. If another plate of radius 	and 

thickness d with dielectric constant 6 is 
placed between the plates, find the 
capacitance of the system. 

(d) An electric dipole of length 2 cm is placed 
with its axis making an angle of 60' with a 
uniform electric field of VP NC-  I. If it 

experiences a torque of 8 13 N.m, calculate 

the magnitude of charge on the dipole. 

(e) Explain the principle of superposition as 
applicable to electric force. 

(f) A metal ring placed on top of a vertically 
placed solenoid jumps when current 
through the solenoid is switched on. Explain 
why ? 

(g) Define electric dipole and obtain the value 
of electric field at a point P on the 
perpendicular bisector of the dipole axis. 

2. 	Attempt any five parts : 	 5x5=25 

(a) A copper wire has a square cross-section of 
6 mm on a side. The wire is 10 m long and 
carries a current of 3.6 A. The number 
density of free electrons is 8.5 x 1028m -3. 
Find the magnitude of (i) current density in 
the wire and (ii) electric field in the wire. 
How much time is required by an electron 
to travel the length of the wire ? 

( p -electrical resistivity =1.72 x 10 -8 D in) 
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(b) A beam of electron passes undeflected 
through two mutually perpendicular 
electric and magnetic fields. rhe electric 
field is cut off and the same magnetic field 
is maintained ; the electrons move in the 
magnetic field in a circular path of radius 
1.14 cm. Determine the ratio of the 
electronic charge to mass if F= 81 Vin -1  
and B=2x 10 37.  

(c) (i) 	State Biot-Savart's Law. 	 1 

(ii) A current of 5 A is passed through a 	4 
straight wire of length 6 cm. Calculate 
the magnetic induction at a point P 
located on the perpendicular bisector 
of the wire such that its distance is 
5 cm from each end of the wire. 

(d) The amplitude of electric field in an 
electromagnetic wave is Fo  =120 Vm and 
its frequency is v = 50 MHz. Determine Bo, 

k and A. Also write the expression for E 

and B If the wave is travelling in the 

direction and 	is is along the + y axis. 

(e) (i) 	What is the dielectric constant of the 	3 
medium in which the plane 
electromagnetic wave given by 

E = 100 cos (6 x 108/ + 4x) Vm - 1  
propagates .? 

(ii) 	Calculate the average energy density 	2 
of an electromagnetic wave given by 
E= (50 Vm --1) sin (co t- - k 

(f) Discuss the behaviour of a dielectric in an 2+3 
electric field and explain the concept of 
atomic polarisability. 
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3. 	(a) 	State Gauss's Law for electric flux. Write it 2+1 
in its differential form. 

(b) 	Obtain the expressions for electrk field due 5+2 
to a uniformly charged sphere of radius P,at 
the points (i) r > R, (ii) 	R and (iii) r < N. 
1-  [ow would these expressions modify i the 
sphere is a conductor 

(a) Show that the magnitude of i falls off 
inversely with the distance t rom an 

infinitely long wire carrying a current 1 

(b) An electric generator consists of a tO turn 
square wire loop of side 50 cm. !iw loop is 
turned at 50 revolutions per r,eee:'d to 
produce the standard 50 	ac. 1 toy,' strong 
must the magnetic field be for the peak on thus 
voltage of the generator to be 400 V ? 

Physical Constants : 

e= 1.6 x 10 -19C 

ni l --- 9.1 x 10 -3  ko-

ny= 1.67 x10 .- 27  kg 

0 	 - = 8 85 X10 - 12  C2  N 

x 10 - 7  TmA ' 

C = 3 x108  ms 

1 
4=9.0x109  Nrn2C 

PHE-7 	 4 



(f--7-jr9* 	 ) 

44711'd 1rit4T 

2011 

-4-cfp 3417 -4-4WME4 

,r-/777 	7.7-7C1 	 .34N-6,57-izr31q)() 

1-    ki   TR* 1 1,. 

kS:  I 3.177 -Of 	-:-- 7-7-7471 J 3p411 <q,4“ 	1 :Croh% 

74t  TIT477,7 	9-fif#97-  /iii 	377 I 	 m7  

(a) T-qTr..74 	-(7f 	 fT-7, 307 TTC 

fr-474 	1-'1NN-If TMT 	: 

Qce,— 	 q 

— 
	

Q 

3-797•117 	TT 7-7, T-Tri 	 f7Tik 

rrft 

1c21 
() 	-FT41-21 	qT-T, 	T417 	-el I 

C i , 	 '174- ft-9-M t 

1 	c, - 2•7 C2. 17;  

7W1dl 1J , LI 	 t Tim 4.-1-1 	-TT 
-f.--f -,T-Tizr 	-9111-11' 	L{kTfc-77 'T't I 

(b) 
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(c) qrf -q-7 Lcij, 173-I-1411.  

-7#44d5‘471 ,-R 74tt: . '2-TT 	fT-*Tq .1.;) qlt71 C 

t iFq HVI 	 d (WA -crT "Rc)-E 

.7P-T1 f.TITT-47 LM,-)-qclich 6 t, 	74t- 

ni---,74T 7-R 	cfr 	1->1 qthm 	-'st 

(d) 2 cm 	9TTTT 147-ff., f-T 105  NC -1  

Hi 	fq7 P:(17- 71. 7WIT7,7:-11 

	

?=1"q, f 	P,),7 fn t TIN 60' 	-:;171T 

3-1TV .4-3-TIT '4'1  'IN  

	

N.111 t '41 	fT-2M •6-11c-4 LiRchrr-li 

I 

(e) -r-qqcf -W7 LH 	 6) 	qr 31-wri-ttrur 

HH 

(f) fF 	fM LI •-fl cichl 	-317R 

clog R-T-AT t.  I \riq iTt-Trr---d-wr -14 fq7,1TU -sT-q-rt7 

zM.  'Tffq 6L-R 	3-iTT 6_9(1c11 t I 

	-trr 	61i1 t 

(g) fi  tqaQi .T4 Yro-frrEm 	 7241 7Trk 3P.:T 

Forr--A-T-  'TT #21-ff 	P T{ 

cm TIM LiiTchreid 	I 

2. 	tirri 	: 	 5x5=25 

(a) 
	

t TT 

') 9j- T chrl c-1.* 6 mm t I 74 IR chl 
10 m 	TU7=1-4 3.6 A NItf 7-4Tf-0 	t 
1:1-4q 7-)V9): 	4(.9r4T A-174 8.5 x 1028m -3  t I 

	

t-IR 14 (i) qRT 	7?--TT (n) IIf1Li tcil 

-sTft 

TpTzr 	? 

( p - 	-gtcilcit= 1.72 X10-8  SI m). 
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7-1TP:FT rdqcirl 14 	Ti  721T 1-4-10V-1%-1, # 

1):=1,1 	cc4 	1 	chJjkfJ1-3-113ii1ffl TT5TT 	I 7-11'q 

	 7ITT, 3-T17, -1-q141,-1 

9 	4I -717 -41 	1.14 cm i11 lJr 

TIN T4  TIM' .T.7.711 I Tcj-i. * :3-1T241 417 

7f7‘  

E -= 81 Vrn -1  *Br,  2 x10 	t I 

(c) 	 qd-rq 

(ii) 	6 cm ei.":21, 7419).  7F, 	A H7-41ft-1.  4' 	4 

rt 
t I 	 -,L1 	:41- 	 6f.ftqr 

	 11-1 P, 	 cut 77)-T-  41T 

54 5 cm t, 	--j-4474 tTuf 1ft I 

(d ) 	cI 	 1 	1- 1 .571.1 	fFI 	I 3-11q144, 

= 120 V in - 1  t 7PTI 

v= 50 N11-1.: t I T.J.:1 1{41*rii Bo, (0, k 	X 

	

Rcf T't I - 31.1-4 	. 12T1 

fci 	 k c-14f ± x •f7,7rr I T47,77 -ah-Tt 

E , 	 6T-te71, t I 

(e) (i) 	 f"76' 	f---+T4-74 3 

cij,41 74,1RTIT =FR cft 	frp-ITT 	f9- 1 t : 
E =100 cos (6 x1081 f. 4x) Vm 1  

#19-Y11-i '*T1 '-R1-47-471i* T#TITTI cf.; I 

(ii) 	f7Ti/F-15 	;ITU 	Ri IjT 	2 

	r 	AT-1-ff iTct  959 4fiT 	: 

E = (51.) Vni 1 ) sin (w t Fx). 

(f) fq--4-ct 	ft-247 	 17,194 	-&7-q5 	R 24 3 

'EF): 79-11 TP-,713,411 q:-("i17-1FIT 

(b) 
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3. 	(a) fd7 33-F4Tatt -* Fri Q., II6'H f9717:1 -471 I 	 2+1 
f9714 oh) 3-1-qt-0. 	ffft4 I 

(b) 	R 	 3-1717 Th*-0 t chkul 	 5+2 

	

-f-{-21-f-d-zff TR fa-7, 	t 

'97Ff 01') : 

(i) 	r > R, (ii) r= R 'ff2T1 (iii) r < R. 

fT7 Y*I4 	 6111 	 -> 
? 

31-2.1-4T 

(a) fti-Z 	 Titzrru-r, 	 f7:1-14 5 

%MI / -91-dTt7 rX61t, 	5\*' 	 -#1-ra 

a-0-1 	I 

(b) f-7=ft 	\31f-IA if 10 4,4T T dRi mf -Q,* 	5 
ci 41 cl-)R 1:117T 	 "417T chrl Ci a 	l 50 cm 

t I 4-il -t* 50 Hz ac 7s7T.W4 roQ, 717T 

50 '.-11'.51-fff 	 -71-F4r 	t 	 

t f9-41:f i i 	I f7TUT 4-11-1 400 V 614 * 

17-4-?-4 -)-q- *r HI-1 -P-*--TiT 

Pitidich : 

c=1.6x10 -19C 
me = 9.1 x 10 -31  kg 
111

P
= 1.67 x 10 — 27  kg 

o 8.85 x 10 --7L  (22  N —1 m -2  
vo= x 10-7  TmA —1  
C=3 x 108  ms -1 

1 
47E0 =9.0 x 109  Nm2C — 2  
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