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 PHE-07  

BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

June, 2022 

 

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 calculator. Symbols have their usual meanings. 

The values of  physical constants are given at the 

end. 

1. Answer any five parts : 54=20 

(a) Four equal positive charges are placed at the 

corners of a square. Determine the net 

electric field at the centre of the square. 

(b) An electron moves in a circular orbit of 

radius 1·0 nm with a speed of 2·0  106 ms–1. 

Calculate its frequency and the current in 

the orbit. 
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(c) A loop of radius r carries a uniformly 

distributed charge. Assuming the electric 

potential at infinity to be zero, determine the 

ratio of electric potentials at the heights 2r 

and 3r from the axis of the loop. 

(d) A circular plane sheet of radius 0·10 m  

is placed in an electric field of magnitude 

100 NC–1 making an angle of 60 with the 

field. Calculate the electric flux through the 

sheet. 

(e) Calculate the capacitance of a parallel plate 

capacitor having plates of area 0·01 m2 with 

a separation of 2·0  10–4 m between the 

plates. What is its capacitance when a 

dielectric of dielectric constant 4 is filled in 

the gap between the plates of the capacitor ? 

(f) A uniformly charged disc of radius R carries 

charge Q and is rotating with constant 

angular speed . Show that the magnetic 

dipole moment has the magnitude (QR2)/4. 
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(g) The pole faces of a cyclotron magnet are  

2·0 m in diameter. The magnetic field 

between the pole faces is 1·0 T. Calculate the 

kinetic energy in eV and the speed of a 

proton as it emerges from the cyclotron. 

(h) An electromagnetic wave propagating in free 

space is given by 

 Ex = E0 sin (t – kz)
^
i  

 By = B0 sin (t – kz)
^
j  

 Show that the Poynting vector for the field is 

given by 

 

S = 















 c

E

0

2

x ^
k  

     = 

















0

2

y
cB ^

k  

 

2. Answer any two parts : 25=10 

(a) Derive the expression for the electric 

potential due to an electric dipole at a point 

off its axis. 5 
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(b) Determine the electric field due to an 

infinite sheet of charge of surface charge 

density . 5 

(c) A parallel plate capacitor has n similar 

plates of area A at equal spacing d, with the 

alternate plates connected together. Show 

that its capacitance is  

  (n – 1) 0A/d. 5 

3. Answer any two parts : 25=10 

(a) State Biot-Savart law. Use the law to 

calculate the magnetic field due to a long 

straight current-carrying wire. 5 

(b) A long cylindrical wire of radius R carries a 

steady current I which is uniformly 

distributed over its cross-sectional area. 

Determine the magnetic field at a distance  

r < R from the axis of the wire.  5 

(c) Starting from the expression  



ME  = 

E  + 
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P
 for the molecular electric 

field, derive the Clausius-Mossotti equation.  5 
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4. Answer any two parts : 25=10 

(a) Derive the electromagnetic wave equation 

for the 

E  field, from Maxwell’s equations in 

vacuum. 5 

(b) A uniform plane electromagnetic wave has a 

wavelength of 5 cm in free space and 3 cm in 

dielectric for which  = 4·7  10–7 NA–2. 

Determine the dielectric constant of the 

dielectric. 5 

(c) A long coaxial cable carries current I which 

flows down the surface of the inner cylinder 

of radius a and back along the outer cylinder 

of radius b. Obtain the energy stored in a 

section of length l of the cable. It is given 

that magnetic field between the cylinders is 

of magnitude 
r2

I
0




 and zero elsewhere. 

Hence, show that the self-inductance per 

unit length of the cable is given by 
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Physical constants : 

Mass of electron = 9·1  10–31 kg 

Mass of proton = 1·7  10–27 kg 

Charge of electron = 1·6  10–19 C 

04

1


 = 9  109 Nm2 C–2 

0 = 4  10–7 N A–2 

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

{dkmZ ñZmVH$ (~r.Eg gr.) 

gÌm§V narjm 

OyZ, 2022 

 

^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>a 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$Ýht nm±M  ^mJm| Ho$ CÎma Xr{OE : 54=20 

(H$) Mma g_mZ YZmË_H$ Amdoem| H$mo EH$ dJ© Ho$ H$moZm| na 

aIm OmVm h¡ & dJ© Ho$ Ho$ÝÐ na ZoQ> {dÚwV²-joÌ H$s 

JUZm H$s{OE & 

(I) EH$ BboŠQ´>m°Z 1·0 nm {ÌÁ`m H$s d¥ÎmmH$ma H$jm _|  

2·0  106 ms–1 H$s Mmb go J{V_mZ h¡ & CgH$s 

Amd¥{Îm Am¡a H$jm _| Ymam n[aH${bV H$s{OE & 
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(J) {ÌÁ`m r Ho$ byn na Amdoe EH$g_mZV: {dV[aV h¡ & 

`h _mZVo hþE {H$ AZ§V na {dÚwV² {d^d eyÝ` h¡, byn 

Ho$ Aj go D±$MmB`m| 2r Am¡a 3r na {dÚwV² {d^dm| H$m 

AZwnmV kmV H$s{OE & 

(K) {ÌÁ`m 0·10 m H$s EH$ d¥ÎmmH$ma g_Vb erQ> H$mo  

100 NC–1 n[a_mU dmbo {dÚwV²-joÌ _|, joÌ go 60 Ho$ 

H$moU na aIm OmVm h¡ & erQ> go hmoH$a OmZo dmbm d¡ÚwV 

A{^dmh n[aH${bV H$s{OE & 

(L>) EH$ g_m§Va ßboQ>  g§Ym[aÌ H$s Ym[aVm H$s JUZm H$s{OE 

{OgH$s ßboQ>m| H$m joÌ\$b 0·01 m2 h¡ Am¡a CZHo$ ~rM 

H$s Xÿar 2·0  10–4 m h¡ & `{X S>mBBbopŠQ´>H$ {Z`Vm§H$ 

(dielectric constant) 4 dmbm EH$ S>mBBbopŠQ>́H$ 

CgH$s ßboQ>m| Ho$ ~rM ^a {X`m OmVm h¡, Vmo g§Ym[aÌ H$s 

Ym[aVm Š`m hmoJr ? 

(M) {ÌÁ`m R dmbr EH$g_mZV: Amdo{eV MH$Vr na 

Amdoe Q h¡ Am¡a dh AMa H$moUr` Mmb  go KyU©Z 

H$a ahr h¡ & {gÕ H$s{OE {H$ M§w~H$s` {ÛYw«d AmKyU© 

H$m n[a_mU (QR2)/4 h¡ & 
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(N>) EH$ gmBŠbmoQ´>m°Z Ho$ M§w~H$s` Y«wdm| Ho$ \$bH$m| H$m ì`mg 

2·0 m h¡ & CZHo$ ~rM Ho$ M§w~H$s` joÌ H$m _mZ  

1·0 T h¡ & gmBŠbmoQ´>m°Z go {ZH$bVo g_` EH$ àmoQ>m°Z 

H$s J{VO D$Om© eV _| Am¡a Mmb n[aH${bV H$s{OE & 
 

(O) _wº$ AmH$me _| g§M[aV hmo ahr {dÚwV² ²-M§w~H$s` Va§J go 

g§~Õ joÌ h¢ : 

 Ex = E0 sin (t – kz)
^
i  

 By = B0 sin (t – kz)
^
j  

 {gÕ H$s{OE {H$ joÌ Ho$ {bE ßdmBpÝQ>̈J g{Xe H$m  

_mZ h¡ :  

 

S = 
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2. {H$Ýht Xmo  ^mJm| Ho$ CÎma Xr{OE : 25=10 

(H$) EH$ d¡ÚwV {ÛY«wd Ho$ H$maU EH$ q~Xþ na {dÚwV² {d^d H$m 

ì`§OH$ ì`wËnÞ H$s{OE Omo CgHo$ Aj na pñWV Zht h¡ & 5 
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(I) n¥îR>r` Amdoe KZËd  dmbr Amdoe H$s EH$ AZ§V 

erQ> H$m {dÚwV²-joÌ kmV H$s{OE & 5 

(J) EH$ g_m§Va ßboQ> g§Ym[aÌ _| g_mZ joÌ\$b A dmbr 

EH$-O¡gr n ßboQ>|> h¢ {OZHo$ ~rM g_mZ Xÿar d h¡ & 

g§Ym[aÌ H$s EH$m§Va ßboQ>m| H$mo EH$-Xÿgao go Omo‹S>  

{X`m J`m h¡ & {gÕ H$s{OE {H$ BgH$s Ym[aVm  

(n – 1) 0A/d h¡ & 5 

 

3. {H$Ýht Xmo  ^mJm| Ho$ CÎma Xr{OE : 25=10 

(H$) ~m`mo-gmdQ>© {Z`_ H$m H$WZ Xr{OE & Bg {Z`_ H$m 

Cn`moJ H$a EH$ b§~o grYo Ymamdmhr Vma Ho$ H$maU 

M§w~H$s` joÌ n[aH${bV H$s{OE & 5 

(I) {ÌÁ`m R dmbo EH$ b§~o ~obZmH$ma Vma _| ñWm`r Ymam 

I ~h ahr h¡ Omo CgHo$ AZwàñW-n[aÀN>oX joÌ\$b _| 

EH$g_mZV: {dV[aV h¡ & Vma Ho$ Aj go Xÿar r < R na 

M§w~H$s` joÌ kmV H$s{OE & 5 

(J) AmpÊdH$ {dÚwV²-joÌ Ho$ ì`§OH$ 


ME  = 

E  + 
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P   

go àma§^ H$a Šbm°{g`g-_mogmoQ>r g_rH$aU ì ẁËnÞ 

H$s{OE & 5 
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4. {H$Ýht Xmo  ^mJm| Ho$ CÎma Xr{OE : 25=10 

(H$) {Zdm©V _| _¡Šgdob g_rH$aUm| go {dÚwV²-joÌ 

E  Ho$ 

{bE {dÚwV²-Mwå~H$s` Va§J g_rH$aU ì`wËnÞ H$s{OE &$ 5 

 

(I) EH$ EH$g_mZ g_Vb {dÚwV² ²-M§w~H$s` Va§J H$s Va§JX¡¿`© 

_wº$ AmH$me _| 5 cm h¡ Am¡a S>mBBbopŠQ´>H$ _| 3 cm  

h¡ &  S>mBBbopŠQ´>H$ Ho$ {bE  = 4·7  10–7 NA–2   

h¡ & S>mBBbopŠQ´>H$ H$m S>mBBbopŠQ´>H$ {Z`Vm§H$ 

(namd¡ÚwVm§H$) kmV H$s{OE & 5 

 

(J) EH$ b§~o g_mj Ho$~b _| Ymam I {ÌÁ`m a dmbo 

Am§V[aH$ ~obZ Ho$ n¥îR> _| A§Xa H$s Amoa àdm{hV hmoVr 

h¡ Am¡a {ÌÁ`m b dmbo ~mø ~obZ Ho$ AZw{Xe bm¡Q> 

AmVr h¡ & Ho$~b Ho$ b§~mB© l Ho$ ^mJ _| g§{MV D$Om© 

àmßV H$s{OE & `h {X`m J`m h¡ {H$ ~obZm| Ho$ ~rM 

Mw§~H$s` joÌ H$m n[a_mU 
r2

I
0




 h¡ Am¡a AÝ`Ì eyÝ`  

h¡ & AVEd {gÕ H$s{OE {H$ Ho$~b H$s à{V EH$H$ 

b§~mB© H$m ñdàoaH$Ëd 
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0 ln 
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b  h¡ &  3+2 
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^m¡{VH$ {Z`Vm§H$$ : 

BboŠQ>́m°Z H$m Ðì`_mZ = 9·1  10–31 kg 

àmoQ>m°Z H$m Ðì`_mZ = 1·7  10–27 kg 

BboŠQ>́m°Z H$m Amdoe = 1·6  10–19 C 

04

1


 = 9  109 Nm2 C–2 

0 = 4  10–7 N A–2 

0 = 8·85  10–12 F m–1 


