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 BPHCT-133  

BACHELOR OF SCIENCE (B.Sc.) 

(BSCG) 

Term-End Examination 

June, 2022 

 

BPHCT-133 : ELECTRICITY AND MAGNETISM 

Time : 2 hours Maximum Marks : 50 

Note :  Answer all questions. Internal choices are given. 

Marks for each question are indicated against it. 

You may use a calculator. Symbols have their usual 

meanings. The values of  physical constants are 

given at the end. 

1. Answer any five parts : 53=15 

(a) Write down the electric field due to a 

uniformly charged non-conducting sphere of 

radius R carrying charge Q at a point inside 

it in Cartesian coordinates. Obtain its 

divergence.  1+2 

(b) State Stokes’ theorem. Use it to obtain  

Maxwell’s equation 

 
C


E  . d


l  = – 

dt

d


S


B  . d


S  

 in its differential form. 1+2 
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(c) Determine the electric field due to an electric 

dipole at the midpoint of its axis. Draw a 

properly labelled diagram. 2+1 

 

(d) If the electric potential is zero at a given 

point, must the electric field at that point 

also be zero ? Justify your answer giving an 

example. 3 

 

(e) A parallel plate capacitor is made up of  

two rectangular plates each having area  

6·0  10–2  m2 and separated by a distance of 

1·0 mm. A dielectric of dielectric constant  

3·0 fills up the space between the plates. 

Calculate the capacitance of the capacitor. 

What is the charge stored on each of its 

plates if a voltage of 10 V is applied across 

them ? 2+1 

 

(f) A toroid with 2000 turns is wound on an iron 

ring having area of cross-section 400 mm2  

and mean circumference 1·0 m. Calculate 

the magnitudes of magnetic intensity 

H  

and the magnetic field 

B  when the current 

through the toroid is 0·25 A. The relative 

permeability of the iron ring is 1500. 1
2

1
+1

2

1
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(g) Apply Lenz’s law to determine the direction 

of the current induced in a loop kept in a 

magnetic field, when its area is decreased. 

Assume that the loop is lying in the plane of 

this page perpendicular to the magnetic 

field, which is directed into the page. 3 

(h) A plane electromagnetic wave is travelling in 

vacuum in the positive x-direction. Its 

frequency is 10 MHz and the amplitude of 

the associated electric field 

E  is 200 Vm–1 . 

Write the complete expression of the 

E  field 

given that it is in the positive y-direction. 3 

2. Answer any five parts : 55=25 

(a) Determine the directional derivative of the 

scalar field  = x2y2 + 3xyz at the point  

(1, 1, 1) in the direction of the vector 


c  = 

^
i  – 

^
j  + 

^
k . 5 

(b) Determine the work done by a force field  

F  = xy2^

i  + yx
^
j  in moving an object along 

the curve y = x2 in the xy plane between the 

points (0, 0) to (1, 1). 5 
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(c) Using Gauss’s law, explain how you can 

protect yourself from a lightning strike by 

sitting inside a closed conducting surface 

such as a closed car. 5 

 

(d) Consider two points A and B located in a 

uniform electric field directed along the 

negative x-axis. The coordinates of the 

points are xA = 5 m and xB = 10 m, 

respectively. Is the potential difference  

VB – VA positive or negative ? Justify your 

answer. If | VB – VA | = 103 V, what is the 

magnitude of the electric field ? 3+2 

 

(e) A toroid has 1000 turns and a current of  

100 mA is flowing in it. If the inner and 

outer diameters of the toroid are 0·08 m and 

0·10 m respectively, calculate the maximum 

and minimum values of the magnitude of the 

magnetic field in the toroid. 2
2

1
+2

2

1
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(f) A capacitor is made up of two hollow 

concentric metal spheres of radii R1 and R2 

such the R2 > R1. The region between the 

concentric spheres is filled with a dielectric  

material of dielectric constant K and the 

outer sphere is earthed. Determine the 

capacitance of the capacitor. 5 

(g) An electric generator consists of a 50 turn 

square coil of side 1·0 m. The coil turns at  

50 rps. Calculate the magnitude of magnetic 

field required  for a peak output voltage of 

270 V. 5 

(h) The magnetic field associated with a uniform 

plane electromagnetic wave is given by  

         

B  = (2  10–6  T) ẑ  sin (100 y – t) 

 The wave is travelling in a dielectric 

medium for which  = 90 and  = 0. 

Calculate the speed of the wave in the 

medium, and the refractive index  and 

dielectric constant of the medium. Write the 

complete expression of the electric field 

associated with the wave in the dielectric 

medium. 2+3 
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3. Answer any two parts : 25=10 

(a) Apply Gauss’s law to determine the  

electric field due to a uniformly charged 

non-conducting sphere of radius ‘a’ at a 

point inside it. The charge on the sphere is 

Q. 5 

(b) Using Biot-Savart’s law, derive the 

expression for magnetic field due to an 

infinite current-carrying wire.   5 

(c) Define the energy density of the 

electromagnetic field. Starting from the 

integral form of Poynting’s theorem, show 

that   1+4 

 

  . 


S  = 

t
–



(UM + UEB) 

 

Physical Constants : 

0 = 8·85  10–12  C2 N–1  m–2 

c = 3  108 ms–1 





2

0  = 2  10–7 TmA–1 
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 ~r.nr.EM.gr.Q>r.-133  

{dkmZ ñZmVH$ (~r.Eg gr.) 

(~r.Eg.gr.Or.) 

gÌm§V narjm 

OyZ, 2022 

 

~r.nr.EM.gr.Q>r.-133 : {dÚwV² Am¡a Mw§~H$Ëd 

g_` : 2 KÊQ>o  A{YH$V_ A§H$ : 50 

ZmoQ> :  g^r àíZm| Ho$ CÎma Xr{OE & Am§V[aH$ {dH$ën {XE JE h¢ & 
àË`oH$ 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 : 53=15 

(H$) {ÌÁ`m R dmbo EH$g_mZV: Amdo{eV AMmbH$ Jmobo Ho$ 
H$maU, {Og na Amdoe Q h¡, H$mVu` {ZX©oem§H$m| _| 
CgHo$ ^rVa pñWV q~Xþ na {dÚwV²-joÌ H$m ì`§OH$ 
{b{IE & CgH$m S>mBdO©oÝg àmá H$s{OE & 1+2 

(I) ñQ>moŠg à_ o` H$m H$WZ Xr{OE & CgH$m Cn`moJ H$a 
{ZåZ{b{IV _¡Šgdob g_rH$aU  

 
C


E  . d


l  = – 

dt

d


S


B  . d


S  

 H$mo CgHo$ AdH$b ê$n _| àmá H$s{OE & 1+2 
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(J) EH$ d¡ÚwV {ÛYw«d Ho$ H$maU CgHo$ Aj Ho$ _Ü`-q~Xþ na 

{dÚwV²-joÌ kmV H$s{OE & g_w{MV ê$n go Zm_m§{H$V 

AmaoI It{ME & 2+1 

(K) `{X {H$gr q~Xþ na {dÚwV² {d^d eyÝ` hmo, Vmo Š`m Cg 

q~Xþ na {dÚwV²-joÌ ^r eyÝ` hmoJm ? CXmhaÊm g{hV 

AnZo CÎma H$s nwpîQ> H$s{OE & 3 

(L>) EH$ g_m§Va ßboQ> g§Ym[aÌ Xmo Am`VmH$ma ßboQ>m| go ~Zm 

h¡ {OZ_| go àË`oH$ H$m joÌ\$b 6·0  10–2  m2 h¡  

Am¡a {OZHo$ ~rM H$s Xÿar 1·0 mm h¡ & ßboQ>m| Ho$ ~rM 

_| S>mBBbopŠQ>́H$ {Z`Vm§H$ 3·0 dmbm EH$ S>mBBbopŠQ>́H$ 

^am h¡ & g§Ym[aÌ H$s Ym[aVm n[aH${bV H$s{OE & `{X 

ßboQ>m| Ho$ nma 10 V H$s dmoëQ>Vm bJmB© OmVr h¡, Vmo 

àË`oH$ ßboQ> na {H$VZm Amdoe g§{MV hmoVm h¡ ? 2+1 

(M) EH$ Q>moam°BS> H$mo {Og_| 2000 \o$ao h¢, bmoho Ho$ db` na 

bnoQ>m OmVm h¡, {OgH$m AZwàñW-n[aÀN>oX joÌ\$b  

400 mm2  h¡ Am¡a Am¡gV n[a{Y 1·0 m h¡ & O~ 

Q>moam°BS> _| 0.25 A H$s Ymam àdm{hV hmo ahr hmo, Vmo 

Mw§~H$s` Vrd«Vm 

H  Am¡a Mw§~H$s` joÌ 


B  Ho$ n[a_mU 

n[aH${bV H$s{OE & {X`m J`m h¡ {H$ bmoho Ho$ db` H$s 

Amno{jH$ Mw§~H$erbVm 1500 h¡ & 1
2

1
+1

2

1  



BPHCT-133  9   P.T.O. 

(N>) boÝµO Ho$ {Z`_ H$m Cn`moJ H$a Mw§~H$s` joÌ _| aIo byn 

_| ào[aV Ymam H$s {Xem kmV H$s{OE O~ CgH$m 

joÌ\$b H$_ {H$`m OmVm h¡ & _mZ br{OE {H$ byn Bg 

n¥îR> Ho$ Vb _| h¡ Am¡a Mw§~H$s` joÌ Ho$ b§~dV² h¡, 

{OgH$s {Xem n¥îR> Ho$ ^rVa H$s Amoa h¡ & 3 

(O) EH$ g_Vb {dÚwV²-Mw§~H$s` Va§J, {Zdm©V _|, YZmË_H$  

x-{Xem _| g§M[aV hmo ahr h¡ & CgH$s Amd¥{Îm 10 MHz 

h¡ Am¡a g§~Õ {dÚwV²-joÌ 

E  H$m Am`m_ 200 Vm–1  

h¡ & `{X 

E  joÌ YZmË_H$ y-{Xem _| hmo Vmo CgH$m 

g§nyU© ì`§OH$ {b{IE & 3 

2. {H$Ýht nm±M  ^mJm| Ho$ CÎma Xr{OE : 55=25 

(H$) g{Xe c  = 
^
i  – 

^
j  + 

^
k  H$s {Xem _| q~Xþ (1, 1, 1) 

na {ZåZ{b{IV A{Xe joÌ  

   = x2y2 + 3xyz  

 H$m {XH$²-AdH$bO kmV H$s{OE & 5 

(I) ~b joÌ 

F  = xy2^

i  + yx
^
j  Ûmam EH$ qnS> H$mo xy 

g_Vb _| dH«$ y = x2 Ho$ AZw{Xe q~Xþ (0, 0) go q~Xþ 

(1, 1) VH$ bo OmZo _| {H$`m J`m H$m`© kmV H$s{OE &  5 



BPHCT-133 10 

(J) JmCg {Z`_ H$m Cn`moJ H$a g_PmBE {H$ Amn 

{H$gr ~§X MmbH$ n¥îR> O¡go {H$ ~§X H$ma Ho$ A§Xa 

~¡R> H$a AnZo H$mo {JaVr hþB© V{‹S>V go H¡$go ~Mm 

gH$Vo h¢ & 5 

(K) G$UmË_H$ x-{Xem Ho$ AZw{Xe EH$g_mZ  

{dÚwV²-joÌ _| Xmo q~Xþ A Am¡a B br{OE & BZ  

{~§XþAm| Ho$ {ZX©oem§H$ H«$_e: xA = 5 m Am¡a  

xB = 10 m h¢ & {d^dm§Va VB – VA YZmË_H$ h¡ 

`m G$UmË_H$ ? AnZo CÎma H$s nwpîQ> H$s{OE & `{X 

| VB  – VA | = 103 V hmo, Vmo {dÚwV²-joÌ H$m 

n[a_mU Š`m h¡ ? 3+2 

(L>) EH$ Q>moam°BS> _| 1000 \o$ao h¢ Am¡a Cg_| 100 mA H$s 

Ymam àdm{hV hmo ahr h¡ & `{X Q>moam°BS> Ho$ ^rVar Am¡a 

~mhar ì`mg H«$_e: 0·08 m Am¡a 0·10 m hm|, Vmo 

Q>moam°BS>  _| Mw§~H$s` joÌ Ho$ n[a_mU Ho$ A{YH$V_ 

Am¡a Ý`yZV_ _mZ n[aH${bV H$s{OE & 2
2

1
+2

2

1  
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(M) EH$ g§Ym[aÌ Xmo ImoIbo g§H|$Ðr YmVw Ho$ Jmobm| go ~Zm h¡ 

{OZH$s {ÌÁ`mE± R1 Am¡a R2 h¢, Ohm± R2 > R1 h¡ & 

g§H|$Ðr Jmobm| Ho$ ~rM Ho$ ñWmZ _| S>mBBbopŠQ´>H$ 

{Z`Vm§H$ K dmbm S>mBBbopŠQ´>H$ nXmW© ^am h¡ Am¡a 

~mhar Jmobm ^yg§n{H©$V h¡ & g§Ym[aÌ H$s Ym[aVm kmV 

H$s{OE & 5 

 

(N>) EH$ {dÚwV² OoZaoQ>a _| ^wOm 1·0 m Am¡a 50 \o$am| dmbr 

dJm©H$ma Hw§$S>br h¡ & Hw§$S>br 50 rps H$s Xa go KyU©Z 

H$aVr h¡ & `{X {eIa {ZJ©V dmoëQ>Vm 270 V hmo, BgHo$ 

{bE Amdí`H$ Mw§~H$s` joÌ Ho$ n[a_mU H$s JUZm 

H$s{OE & 5 

 

(O) EH$ EH$g_mZ g_Vb {dÚwV²-Mw§~H$s` Va§J go g§~Õ 

Mw§~H$s` joÌ h¡ :  

 

B  = (2  10–6  T) ẑ  sin (100 y – t) 

 Va§J EH$ S>mBBbopŠQ´>H$ _mÜ`_ _| g§M[aV hmo ahr h¡ 

{OgHo$ {bE  = 90 Am¡a  = 0 & _mÜ`_ _| Va§J H$s 

Mmb, Am¡a _mÜ`_ Ho$ AndV©Zm§H$ VWm S>mBBbopŠQ´>H$ 

{Z`Vm§H$ n[aH${bV H$s{OE & S>mBBbopŠQ´>H$ _mÜ`_ _| 

Va§J go g§~Õ {dÚwV²-joÌ H$m g§nyU© ì`§OH$ {b{IE & 2+3 
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3. {H$Ýht Xmo  ^mJm| Ho$ CÎma Xr{OE : 25=10 

(H$) JmCg {Z`_ H$m Cn`moJ H$a, {ÌÁ`m ‘a’ dmbo 

EH$g_mZV: Amdo{eV AMmbH$ Jmobo Ho$ ^rVa pñWV 

q~Xþ na Jmobo Ho$ H$maU {dÚwV²-joÌ kmV H$s{OE & Jmobo 

na Amdoe Q h¡ & 5 

(I) ~m`mo-gmdQ>© {Z`_ H$m Cn`moJ H$a AZ§V Ymamdmhr Vma 

Ho$ H$maU Mw§~H$s` joÌ H$m ì`§OH$ ì`wËnÞ H$s{OE & 5 

(J) {dÚwV²-Mwå~H$s` joÌ Ho$ D$Om© KZËd H$s n[a^mfm 

Xr{OE & ßdmBpÝQ>¨J à_o` Ho$ g_mH$b ê$n go Ama§^ H$a 

{gÕ H$s{OE {H$ 1+4 

 

  . 


S  = 

t
–



(UM + UEB) 

 

^m¡{VH$ {Z`Vm§H$$ : 

0 = 8·85  10–12  C2 N–1  m–2 

c = 3  108 ms–1 





2

0  = 2  10–7 TmA–1 


