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 PHE-07  

BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

December, 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. Answer any five parts : 54=20 

(a) A current of one ampere is passing through a 

copper wire 10 m in length and 0·08 mm  

in diameter. If the resistivity of copper  

is 1·65  10–8 ohm meter, calculate the 

resistance of copper wire and the potential 

difference between the ends of the wire. 4 
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(b) Two point charges Q1 and Q2 are 3 m apart 

and their combined charge is 50 C. If one 

repels the other with a force of 0·6 N, what 

are the magnitudes of the two charges ? 4 

 

(c) Derive the expression for the work done in 

moving a charge from point A to point B in 

an electric field. Is it path dependent ? 3+1 

 

(d) An electron with a velocity of 107 ms–1 

enters a magnetic field of strength  

7·5  10–3 Wb m–2 at an angle of 30 with it. 

Calculate the radius of helical path and the 

time taken by the electron for one revolution. 

Take e/m = 17·6  1011 C kg–1. 4 

 

(e) Discuss the polarisation of dielectric 

material in electric field. 4 

 

(f) Show that in the absence of any free surface 

charge at the interface of two dielectric 

materials in contact, the normal component 

of 

D  is continuous at the surface. 4 
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(g) A proton moving with a velocity 2  106 m/s 

enters a magnetic field of intensity  

300 Wb/m2 at right angles to it. Calculate 

the magnitude of the force acting on the 

proton. 4 

 

(h) The pole faces of cyclotron magnet are  

120 cm in diameter and the field between 

the pole faces is 0·80 T. Calculate the  

kinetic energy in eV of a proton as it 

emerges from the cyclotron. 4 

 

2. Answer any one part : 110=10 

(a) (i) State and explain Gauss’ law. Use it to 

determine the electric field due to an 

infinite plane sheet of charge. 6 

 

(ii) A flat sheet of area 50 cm2 carries a 

uniform surface charge density . An 

electron 1·5 cm from a point near the 

centre of the sheet experiences a force 

of 1·8  10–12 N, directed away from the 

sheet. Calculate the total charge on the 

sheet.  4 
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(b) (i) Obtain the expression for capacitance 

of a parallel plate capacitor with 

dielectric. 5 

 

(ii) What potential would be necessary 

between the parallel plates of a 

capacitor separated by a distance of  

0·4 cm in order that the gravitational 

force on a proton would be balanced by 

the electric field ? 5 

 

3. Answer any one part : 110=10 

(a) (i) State and prove Biot and Savart law in 

vector form. 5 

(ii) Using Biot and Savart law, compute 

magnetic field at a distance r from a 

long straight wire carrying current. 5 

(b) (i) With the help of a diagram, explain the 

working of a cyclotron. 5 

(ii) Obtain the expression for the electric 

field due to a dipole at a point P on the 

perpendicular bisector of its axis. 5 
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4. Answer any one part : 110=10 

(a) Deduce the wave equation for electric field 

from Maxwell’s equations in vacuum. 10 

 

(b) (i) A 1 m long and 20 cm diameter 

solenoid contains 20,000 turns of wire. 

A current of 3 A flowing in it is reduced 

to zero in 1 ms. What is the magnitude 

of back emf of the inductor while  

the current is being switched off ?  

Take 0 = 1·26  10–6 H m–1.  5 

 

(ii) Consider an electromagnetic wave in 

empty space whose electric field is 

given by :  

  E = 50 x̂  exp[– i(108 t + z)]. 

 Determine the direction of propagation, 

the wave number, the frequency and 

the magnetic field of the wave. 5 
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Physical Constants : 

Mass of Proton = 1·67  10–27 kg 

Mass of Electron = 9·1  10–31 kg 

Charge of Electron = 1·6  10–19 C 
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 = 9  109 Nm2 C–2 

0 = 4  10–7 N A–2 

0 = 8·85  10–12 F m–1 

1 eV = 1·6  10–19 J 
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 nr.EM.B©.-07  

 

{dkmZ ñZmVH$ (~r.Eg gr.) 

gÌm§V narjm 

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

(H$) 0·08 mm ì`mg Am¡a 10 m b§~o Vm±~o Ho$ Vma _|  

1 A Ymam àdm{hV hmoVr h¡ & `{X Vm±~o H$s à{VamoYH$Vm   

1·65  10–8 m hmo, Vmo Vm±~o Ho$ Vma H$m à{VamoY 

VWm Vma Ho$ XmoZm| {gam| Ho$ ~rM {d^dm§Va H$m _mZ 

n[aH${bV H$s{OE &   4 



PHE-07 8 

(I) Xmo {~ÝXþ Amdoe Q1 VWm Q2 EH$-Xÿgao go 3 m H$s Xÿar 

na h¢ Am¡a CZ na Hw$b Amdoe H$m _mZ 50 C h¡ & 

`{X EH$ {~ÝXþ Amdoe Xÿgao H$mo 0·6 N Ho$ ~b go 

{dH${f©V H$aVm h¡, Vmo BZ Xmo {~ÝXþ Amdoem| H$m n[a_mU 

Š`m hmoJm ? 4 

(J) {dÚwV²-joÌ _| EH$ Amdoe H$mo {~ÝXþ A go {~ÝXþ B VH$ 

bo OmZo _| {H$E JE H$m`© Ho$ {bE ì`§OH$ ì`wËnÞ 

H$s{OE & Š`m `h nW na {Z^©a H$aVm h¡ ? 3+1 

(K) 107 ms–1 doJ go EH$ BboŠQ´>m°Z 7·5  10–3 Wb m–2 

n[a_mU dmbo Mwå~H$s` joÌ _| Mwå~H$s` joÌ go 30 

H$moU na àdoe H$aVm h¡ & H§w$S>{bZr` nW H$s {ÌÁ`m 

VWm BboŠQ´>m°Z H$mo EH$ n[aH«$_U nyam H$aZo _| bJm g_` 

n[aH${bV H$s{OE &  

 e/m =  17·6  1011 C kg–1 br{OE & 4 

(L>) {dÚwV²-joÌ _| S>mBBbopŠQ´>H$ nXmW© Ho$ Y«wdU H$s {ddoMZm 

H$s{OE & 4 

(M) {gÕ H$s{OE {H$ Xmo S>mBBbopŠQ´>H$ nXmWmªo Ho$ A§Vamn¥îR> 

na `{X _wº$ gVh Amdoe Zht hmo Vmo 

D  H$m A{^b§~ 

KQ>H$ A§Vamn¥îR> na g§VV hmoVm h¡ & 4 
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(N>) 2  106 m/s doJ go J{V_mZ EH$ àmoQ>m°Z 300 Wb/m2 

Vrd«Vm dmbo Mwå~H$s` joÌ _| Mwå~H$s` joÌ Ho$ 

bå~dV² àdoe H$aVm h¡ & àmoQ>m°Z na bJZo dmbo ~b 

H$m n[a_mU n[aH${bV H$s{OE & 4 

(O) EH$ gmBŠbmoQ´>m°Z M wå~H$ Ho$ Y«wd \$bH$m| H$m ì`mg  

120 cm h¡ Am¡a Y«wd \$bH$m| Ho$ ~rM pñWV Mwå~H$s` 

joÌ H$m _mZ 0·80 T h¡ & gmBŠbmoQ´>m°Z go {ZH$b aho 

àmoQ>m°Z H$s J{VO D$Om© eV _| n[aH${bV H$s{OE & 4 

 

2. {H$gr EH$  ^mJ H$m CÎma Xr{OE : 110=10 

(H$) (i) JmCg H$m {Z`_ {b{IE VWm Cgo g_PmBE & 

BgH$m Cn`moJ H$a EH$ AZ§V Amdoe H$s g_Vb 

erQ> Ho$ H$maU {dÚwV²-joÌ kmV H$s{OE & 6 

 

(ii) 50 cm2 joÌ\$b dmbo EH$ g_Vb erQ> H$m 

EH$g_mZ n¥îR>r` Amdoe KZËd  h¡ & erQ> Ho$ 

Ho$ÝÐ go 1·5 cm Xÿar na pñWV EH$ BboŠQ´>m°Z na 

1·8  10–12
 N ~b bJVm h¡ {OgH$s {Xem erQ> 

go ~mha H$s Amoa h¡ & erQ> na pñWV Hw$b Amdoe 

n[aH${bV H$s{OE & 4 
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(I) (i) g_m§Va ßboQ> g§Ym[aÌ {Og_| S>mBBbopŠQ´>H$ nXmW© 

^am h¡, H$s Ym[aVm H$m ì`§OH$ àmßV H$s{OE & 5 

(ii) EH$ g_m§Va ßboQ> g§Ym[aÌ H$s ßboQ>m| Ho$ ~rM H$s 

Xÿar 0·4 cm h¡ & BZ ßboQ>m| Ho$ ~rM Amdí`H$ 

{d^d H$m _mZ {H$VZm hmoZm Mm{hE {Oggo {H$ 

EH$ àmoQ>m°Z na bJZo dmbm JwéËdr` ~b,  

{dÚwV²-joÌ Ûmam g§Vw{bV hmo OmE ? 5 

 

3. {H$gr EH$  ^mJ H$m CÎma Xr{OE : 110=10 

(H$) (i) g{Xe ê$n _| ~m`mo Am¡a gmdQ>© {Z`_ {b{IE 

VWm Bgo {gÕ H$s{OE & 5 

(ii) ~m`mo Am¡a gmdQ>© {Z`_ H$m Cn`moJ H$a {H$gr 

b§~o, grYo Vma, {Og_| Ymam àdm{hV hmo ahr h¡, 

go Xÿar r na Mwå~H$s` joÌ n[aH${bV H$s{OE & 5 

 

(I) (i) {MÌ H$s ghm`Vm go gmBŠbmoQ>́m°Z H$s  

H$m`©àUmbr g_PmBE &  5 

(ii) EH$ {dÚwV² {ÛY«wd Ho$ H$maU CgHo$ Aj Ho$ 

A{^b§~ g_{Û^mOH$ na {H$gr {~ÝXþ P na 

{dÚwV²-joÌ Ho$ {bE ì`§OH$ àmßV H$s{OE & 5 
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4. {H$gr EH$  ^mJ H$m CÎma Xr{OE : 110=10 

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

Va§J g_rH$aU ì`wËnÞ H$s{OE & 10 

 

(I) (i) 1 m b§~mB© Am¡a 20 cm ì`mg dmbr EH$ 

n[aZm{bH$m _| Vma Ho$ 20,000 \o$ao h¢ & Bg_| 

àdm{hV 3 A Ymam H$mo 1 ms _| KQ>m H$a eyÝ` 

H$a {X`m OmVm h¡ & O~ Ymam H$m _mZ KQ>m`m 

(pñdM-Am°\$) Om ahm h¡, Vmo Bg àoaH$ Ho$ níM 

({damoYr) {dÚwV²-dmhH$ ~b H$m n[a_mU {H$VZm 

hmoJm ? 

  _mZ br{OE 0 = 1·26  10–6 H m–1. 5 

 

(ii) {Zdm©V _| {H$gr {dÚwV² ²-Mwå~H$s` Va§J Ho$ 

{dÚwV²-joÌ H$m ì`§OH$ h¡ : 

  E = 50 x̂  exp[– i(108 t + z)] 

 Va§J H$s g§MaU {Xem, Va§J g§»`m, Amd¥{Îm 

VWm g§JV Mwå~H$s` joÌ {ZYm©[aV H$s{OE & 5 
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^m¡{VH$ {Z`Vm§H$$ : 

àmoQ>m°Z H$m Ðì`_mZ = 1·67  10–27 kg 

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

BboŠQ>́m°Z H$m Amdoe = 1·6  10–19 C 
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1


 = 9  109 Nm2 C–2 

0 = 4  10–7 N A–2 

0 = 8·85  10–12 F m–1 

1 eV = 1·6  10–19 J 


