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 PHE-07  

BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

February, 2021 

 

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 calculators. Symbols have their usual 

meanings. The values of  physical constants are 

given at the end. 

1. Attempt any five parts : 54=20 

(a) Hydrogen atom consists of an electron and a 

proton separated by an average distance of 

5·3  10–11 m. Calculate the magnitude of 

the electrostatic force between them and 

compare it with the magnitude of the 

gravitational force between them. 

No. of Printed Pages : 12 



PHE-07 2 

(b) Calculate the electric flux linked with a 

surface of area 200 units, lying in the y – z 

plane, if the electric field 

E  is given by  


E  = 2

^
i  + 3

^
j  – 5

^
k . 

(c) A solenoid of length 1 m and area of  

cross-section 0·05 m2 has 5000 turns of wire. 

A current of 200 mA flowing in it is reduced 

steadily to zero in 2·0 ms. Calculate the 

magnitude of back emf in the solenoid. 

(d) A stream of protons and deuterons in a 

vacuum chamber enters a uniform magnetic 

field. Both protons and deuterons have been 

subjected to same accelerating potentials, 

hence their kinetic energies are same. If the 

ion stream is perpendicular to the magnetic 

field and the protons move in a circular path 

of radius 0·15 m, calculate the radius of the 

circular path traversed by the deuterons. It 

is given that the mass of a deuteron is twice 

that of a proton.   

(e) A charged particle moving in a uniform 

magnetic field perpendicular to it penetrates  

a layer of lead and thereby loses half of  

its kinetic energy. What is the ratio of the 

radii of curvature of its new path and 

original path ? Consider the motion to be 

non-relativistic. 
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(f) A plane electromagnetic sinusoidal wave has 

the following parameters : 

(i) It is travelling in the negative x-direction. 

(ii) Its frequency is 10 MHz. 

(iii) The electric field is perpendicular to the 

y-axis and has magnitude 100 Vm–1. 

 Write down the expressions for the electric 

and magnetic fields associated with the 

wave. 

(g) Calculate the effective capacitance of three 

capacitors arranged in such a way that two 

of them C1 (= 1 F) and C2 (= 1 F) are in 

series and third C3 (= 0·5 F) is parallel with 

this series combination. 

(h) Compare the precession frequency and the 

cyclotron frequency of the proton for the 

same value of magnetic field B. It is given 

that g = 1. 

2. Attempt any four parts : 45=20 

(a) Derive the expression for the capacitance of 

a parallel plate capacitor given that the 

electric field between the plates is 
A

Q
E

0


 , 

where + Q is the charge on the top plate and 

A, its area. Calculate its capacitance if the 

area of the plates is 4·0 cm2 and their 

separation is 4·0  10– 4 m. What will its 

capacitance be if a dielectric material of 

dielectric constant 2 is inserted between the 

plates ?    3+1+1 
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(b) Distinguish between the polarisation of 

polar and non-polar dielectrics due to an 

applied external electric field. Calculate the 

bound volume charge density of a block of 

dielectric for which 

P  = A(x

^
i  + y

^
j  + z

^
k ), 

where A is a constant. 3+2 

(c) Calculate the loss of electrostatic energy 

when a droplet of radius ‘a’ carrying charge q 

splits into two droplets of equal volume and 

charge q/2. Assume that the droplets are 

repelled to a large distance compared to 

their radius due to electrostatic repulsion. 

(d) Draw the B – H curves for diamagnetic and 

ferromagnetic materials. On the basis of  

the B – H curve, explain saturation and 

remanence for ferromagnetic materials. 1+2+2 

(e) Two parallel wires A and B are placed at  

a separation of 6 cm carrying electric 

currents 5 A and 2 A in opposite directions, 

respectively. Determine the location of the 

point at which the net magnetic field due to 

these two wires is zero. Draw an appropriate 

diagram. 4+1 

(f) With the help of a diagram, explain the 

concept of molecular (local) field in a 

uniformly polarised dielectric. Express it in 

terms of (i) the dipole moment at a given 

point, and (ii) the polarisation given that 

there are N molecules per unit volume in the 

dielectric. 3+1+1 
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3. Attempt any one part : 110=10 

(a) State Gauss’s law for electrostatics. Using 

the law, determine the electric field due to a 

uniformly charged non-conducting sphere of 

radius R having volume charge density  at  

a point lying (i) outside the sphere, and  

(ii) inside it. What would the corresponding 

electric fields be if the sphere were metallic ? 

Give reasons for your answer.    1+3+4+2 

(b) (i) Explain how Maxwell generalised 

Ampere’s law to arrive at the following 

equation : 5 

  
C


B  .  d


l  = 0i + 00

dt

d E
 

(ii) The electric field of a uniform plane 

electromagnetic wave is given by  

  


IE  = 200 ẑ  cos (t – 4x) Vm–1. 

 The wave is incident from a region 

having 1 = 40, 1 = 0 normal to the 

plane surface of a material having  

2 = 90, 2 = 40. Write the complete 

expression for the reflected electric 

field. 5 
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Physical Constants : 

e = 1·6  10–19 C 

me = 9·1  10–31 kg 

mp = 1·7  10–27 kg 

G = 6·7  10–11 Nm2 kg–2 

04
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 = 9  109 Nm2 C–2 

c = 3  108 ms–1 

0 = 1·26  10–6 N A–2 

0 = 8·85  10–12 C2 N–1 m–2 
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 nr.EM.B©.-07  

 

{dkmZ ñZmVH$ (~r.Eg gr.)  

gÌm§V narjm 

\$adar, 2021 

 

^m¡{VH$ {dkmZ 

nr.EM.B©.-07 : d¡ÚwV Am¡a Mw§~H$s` n[aKQ>ZmE± 

g_` : 2 KÊQ>o  A{YH$V_ A§H$ : 50 

ZmoQ> :  g^r àíZ A{Zdm`© h¢ & àË òH$ àíZ Ho$ A§H$ CgHo$ gm_Zo {XE 

JE h¢ & Amn H¡$ëHw$boQ>am| H$m Cn`moJ H$a gH$Vo h¢ & àVrH$m| Ho$ 

AnZo gm_mÝ` AW© h¢ & ^m¡{VH$ {Z`Vm§H$m|  Ho$ _mZ A§V _| {XE 

JE h¢ & 
 

1. H$moB© nm±M  ^mJm| Ho$ CÎma Xr{OE : 54=20 

(H$) hmBS´>moOZ na_mUw _| EH$ BboŠQ´>m°Z Am¡a EH$ àmoQ>m°Z h¢ 

{OZHo$ ~rM H$s Am¡gV Xÿar 5·3  10–11 m h¡ & CZHo$ 

~rM bJ aho pñWa-d¡ÚwV ~b H$m n[a_mU kmV H$s{OE 

Am¡a CgH$s VwbZm CZHo$ ~rM bJ aho JwéËdmH$f©U ~b 

Ho$ n[a_mU go H$s{OE & 
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(I) joÌ\$b 200 BH$mB© dmbo y – z g_Vb _| pñWV joÌ 

H$s gVh go Ow‹S>o {dÚwV² Andmh H$s JUZm  

H$s{OE O~{H$ {X`m J`m h¡ {H$ {dÚwV²-joÌ 

E  = 2

^
i  + 3

^
j  – 5

^
k  h¡ & 

(J) b§~mB© 1 m Am¡a n[aÀN>oX joÌ\$b 0·05 m2 dmbo 

gmoboZm°BS> _| Vma Ho$ 5000 \o$ao h¢ & Cg_| ~h ahr  

200 mA H$s Ymam H$mo 2·0 ms _| eyÝ` H$a {X`m 

OmVm h¡ & gmoboZm°BS> _| {damoYr {dÚwV²-dmhH$ ~b H$s 

JUZm H$s{OE & 

(K) EH$ {Zdm©V H$j _| àmoQ>m°Z Am¡a S>çyQ>oam°Z H$Um| H$m nw§O 

EH$g_mZ Mw§~H$s` joÌ _| àdoe H$aVm h¡ & BZ XmoZm| 

àH$ma Ho$ H$Um| H$mo Ëd[aV H$aZo dmbm {d^d g_mZ h¡ & 

AV: BZH$s J{VO D$Om©E± g_mZ h¢ & `{X Am`Z nw§O 

Mw§~H$s` joÌ Ho$ b§~dV² hmo Am¡a àmoQ>m°Z {ÌÁ`m 0·15 m 

Ho$ d¥ÎmmH$ma nW na J{V_mZ hm|, Vmo S>çyQ>oam°Zm| Ûmam Mbo 

JE d¥ÎmmH$ma nW H$s {ÌÁ`m n[aH${bV H$s{OE & {X`m 

J`m h¡ {H$ S>çyQ>oam°Z H$m Ðì`_mZ àmoQ>m°Z Ho$ Ðì`_mZ H$m 

XþJwZm h¡ & 

(L>) EH$g_mZ Mw§~H$s` joÌ _| joÌ Ho$ b§~dV² J{V_mZ EH$ 

Amdo{eV H$U grgo H$s naV H$mo ^oXVm h¡ Am¡a Bg 

à{H«$`m _| CgH$s J{VO D$Om© AmYr ah OmVr h¡ & CgHo$ 

ZE nW Am¡a _yb nW H$s dH«$Vm {ÌÁ`mAm| H$m AZwnmV 

Š`m h¡ ? _mZ br{OE {H$ J{V Amno{jH$s` Zht h¡ & 
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(M) EH$ g_Vb {dÚwV²-Mwå~H$s` Á`mdH«$s` Va§J Ho$ 
{ZåZ{b{IV àmMb h¢ : 
(i) dh G$UmË_H$ x-{Xem _| g§MaU H$a ahr h¡ &  
(ii) CgH$s Amd¥{Îm 10 MHz h¡ &  
(iii) CgH$m {dÚwV²-joÌ y-Aj Ho$ b§~dV² h¡ Am¡a 

{dÚwV²-joÌ H$m n[a_mU 100 Vm–1 h¡ & 
 Va§J go g§~Õ {dÚwV² Am¡a Mw§~H$s` joÌm| Ho$ ì`§OH$ 

{b{IE & 

(N>) VrZ g§Ym[aÌm| H$s à^mdr Ym[aVm H$s JUZm H$s{OE 
O~{H$ CÝh| Bg Vah Omo‹S>m OmVm h ¡ {H$ CZ_| go Xmo 
g§Ym[aÌ C1 (= 1 F) Am¡a C2 (= 1 F) loUr _| Ow‹So$ 
h¢ Am¡a Vrgam g§Ym[aÌ C3 (= 0·5 F) Bg loUr 
g§`moOZ Ho$ g_m§Va h¡ & 

(O) g_mZ Mw§~H$s` joÌ B Ho$ {bE àmoQ>m°Z H$s nwañgaU 
Amd¥{Îm Am¡a gmBŠbmoQ´>m°Z Amd¥{Îm H$s VwbZm H$s{OE & 
{X`m J`m h¡ {H$ g = 1 h¡ & 

2. H$moB© Mma  ^mJm| Ho$ CÎma Xr{OE : 45=20 

(H$) EH$ g_m§Va ßboQ> g§Ym[aÌ H$s Ym[aVm H$m ì`§OH$ ì`wËnÞ 

H$s{OE O~{H$ {X`m J`m h¡ {H$ ßboQ>m| Ho$ ~rM  

{dÚwV²-joÌ 
A

Q
E

0


 , Ohm± + Q D$nar ßboQ> na Amdoe 

h¡ Am¡a A CgH$m joÌ\$b & `{X ßboQ>m| H$m joÌ\$b  

4·0 cm2 hmo Am¡a CZHo$ ~rM H$s Xÿar 4·0  10– 4 m 

hmo, Vmo CgH$s Ym[aVm n[aH${bV H$s{OE & `{X ßboQ>m| Ho$ 

~rM _| S>mBBbopŠQ´>H$ {Z`Vm§H$ 2 dmbm S>mBBbopŠQ´>H$ 

nXmW© ^am hmo, Vmo CgH$s Ym[aVm {H$VZr hmoJr ? 3+1+1 
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(I) EH$ Amamo{nV ~mø {dÚwV²-joÌ _| aIo Y«wdr`  
Am¡a AY«wdr` S>mBBbopŠQ´>H$ nXmWmªo Ho$ Yw«dU _| A§Va  
~VmBE & S>mBBbopŠQ>́H$ nXmW© Ho$ EH$ I§S> Ho$ {bE 
n[a~Õ Am`VZ Amdoe KZËd H$s JUZm H$s{OE 
{OgHo$ {bE 


P  = A(x

^
i  + y

^
j  + z

^
k ), Ohm± A EH$ 

AMa h¡ & 3+2 

(J) Amdoe q Am¡a {ÌÁ`m ‘a’ dmbr EH$ ~y±X, g_mZ Am`VZ 
Am¡a Amdoe q/2 dmbr Xmo ~y±Xm| _| ~±Q> OmVr h¡ & Bg 
à{H«$`m _| pñWa-d¡ÚwV D$Om© _| hþB© hm{Z H$s JUZm 
H$s{OE & _mZ br{OE {H$ pñWa-d¡ÚwV à{VH$f©U Ho$ 
H$maU ~±yX| AnZr {ÌÁ`m H$s VwbZm _| A{YH$ Xÿar VH$ 
à{VH${f©V hmo OmVr h¢ & 

(K) à{VMwå~H$s` Am¡a bmoh-Mw§~H$s` nXmWmªo Ho$ {bE  
B – H dH«$ Amao{IV H$s{OE &  B – H dH«$ Ho$ 
AmYma na bmoh-Mw§~H$s` nXmWmªo H$m g§V¥ßV hmoZm Am¡a 
CZ_| Mw§~H$Ëdmdeof g_PmBE & 1+2+2 

(L>) Xmo g_m§Va Vma A Am¡a B EH$-Xÿgao go 6 cm H$s Xÿar na 
aIo OmVo h¢ Am¡a CZ_| {dnarV {XemAm| _| H«$_e: 5 A 

Am¡a  2 A H$s YmamE± ~hVr h¢ & Cg q~Xþ H$s pñW{V 
kmV H$s{OE {Og na BZ XmoZm| Vmam| Ho$ H$maU ZoQ> 
Mwå~H$s` joÌ eyÝ` hmo & g_w{MV {MÌ ~ZmBE & 4+1 

(M) {MÌ H$s ghm`Vm go, EH$g_mZ ê$n go Y«w{dV 
S>mBBbopŠQ>́H$ nXmW© _| AmpÊdH$ (ñWmZr`) joÌ H$s 
AdYmaUm g_PmBE & Cgo (i) {H$gr q~Xþ na {ÛY«wd 
AmKyU© Ho$ nXm| _|, Am¡a (ii) Y«wdU Ho$ nXm| _| ì`º$ 
H$s{OE & {X`m J`m h¡ {H$ S>mBBbopŠQ´>H$ nXmW© Ho$ à{V 
EH$H$ Am`VZ _| N AUw h¢ & 3+1+1 
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3. H$moB© EH$  ^mJ H$m CÎma Xr{OE : 110=10 

(H$) pñWad¡Úw{VH$s Ho$ {bE JmCg H$m {Z`_ {b{IE & Bg 

{Z`_ H$m Cn`moJ H$a, {ÌÁ`m R Am¡a Am`VZ Amdoe 

KZËd  dmbo EH$g_mZ ê$n go Amdo{eV AMmbH$ 

Jmobo H$m (i) Jmobo go ~mha pñWV {~ÝXþ na, Am¡a  

(ii) CgHo$ ^rVa {H$gr q~Xþ na {dÚwV²-joÌ kmV  

H$s{OE & `{X Jmobm YmVw H$m ~Zm hmo Vmo BZ Xmo q~XþAm| 

na CgH$m {dÚwV²-joÌ Š`m hmoJm ? AnZo CÎma Ho$ H$maU 

Xr{OE &  1+3+4+2 

(I) (i) g_PmBE {H$ {ZåZ{b{IV g_rH$aU VH$ nhþ±MZo Ho$ 

{bE _¡Šgdob Zo Eånr`a {Z`_ H$m ì`mnH$sH$aU 

H¡$go {H$`m : 5 

  
C


B  .  d


l  = 0i + 00

dt

d E
 

 (ii) EH$ EH$g_mZ g_Vb {dÚwV²-Mw§~H$s` Va§J H$m 

{dÚwV²-joÌ h¡ : 

  


IE  = 200 ẑ  cos (t – 4x) Vm–1. 

  `h Va§J 1 = 40, 1 = 0 dmbo àXoe go  

2 = 90, 2 = 40 dmbo nXmW© Ho$ g_Vb n¥îR> 

na A{^b§~dV² Amn{VV hmoVr h¡ & namd{V©V 

{dÚwV²-joÌ H$m nyU© ì §̀OH$ {b{IE & 5 
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^m¡{VH$ {Z`Vm§H$$ : 

e = 1·6  10–19 C 

me = 9·1  10–31 kg 

mp = 1·7  10–27 kg 

G = 6·7  10–11 Nm2 kg–2 

04
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 = 9  109 Nm2 C–2 

c = 3  108 ms–1 

0 = 1·26  10–6 N A–2 

0 = 8·85  10–12 C2 N–1 m–2 


