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Code No. SS/40/1 

 

Phy. 

 
 

Roll No.  

      

 Candidates must write the Code on 
the title page of the answer-book  

 
 

 

PHYSICS (Theory) & SOLUTION 

 

Time allowed : 2 hr, 45 Min.                  Maximum Marks : 56 
 

 

General Instructions : 

ijh{kkfFkZ;ksa ds fy, lkekU; funsZ'k% 
 

1. Candidate must write first his/her Roll No. on the question paper compulsorily  

 ijh{kkFkhZ loZizFke vius iz'u&i=k ij ukekad vfuok;Zr% fy[ksaA 

2. All the question are compulsory. 

 lHkh iz'u djus vfuok;Z gSA 

3. Write the answer to all question in the given answer-book only. 

 lHkh iz'uksa dk mÙkj&iqfLrdk esa gh fy[ksaA 

4. For questions having more than one part, the answers to those parts are to be written together in 

continuity. 

 ftu iz'uksa esa vkUrfjd [k.M gS mu lHkh ds mÙkj ,d lkFk gh fy[ksA  

5. If there is any error/ difference/ contradiction in Hindi & English versions of the questions paper, the 

questions of Hindi version should be treated valid. 

 iz'u&i=k ds fgUnh o vxzsth :ikUrj.k esa fdlh izdkj dh =kqfV@vUrj@fojks/kkHkkl gksus ij fgUnh Hkk"kk ds iz'u dks gh 

lgh ekusA 

6. Write down the serial number of the question before attempting it.  

 iz'u dk mÙkj fy[kus ls iwoZ iz'u dk Øekad vo'; fy[kasA 

7. There are internal choices in Questions Nos. 16 to 20. 

 iz'u Øekad 16 ls 20 esa vkUrfjd fodYi gSA  
 

 

1. Choose the correct answer from multiple choice question 1 (i to ix) and write in given answer book. 

 cgqfodYih iz'u 1 (i ls ix) : fuEu iz'uksa ds mÙkj dk lgh fodYi p;u dj mÙkj iqfLrdk esa fyf[k, 

(i) The SI unit of electric flux is : 

 oS|qr ¶yDl dk SI ek=kd gS  

 (A*) NC–1m2  (B) NC–1m–2  (C) N–1C–1m–2  (D) N–1C1m2 
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(ii) The dependence of electric potential (V) on distance (r) inside a uniformly charged spherical shell is  

 ,dleku vkosf'kr ,d xksyh; [kksy (dks'k) ds Hkhrj oS|qr foHko (V) dh nwjh (r) ij fuHkZjrk gksrh gS 

 (A) V  r   (B*) V = constant fu;r (C) V  1/r  (D) V  1/r2 

 
(iii)  In meter bridge experiment, the balance point is found to be at 20 cm distance from end A when  

R = 3 resistor applied between A and B, then the value of unknown resistance S will be 

 ehVj lsrq ds ,d iz;ksx esa A o B ds e/; R = 3izfrjks/k iz;qDr djus ij A fljs ls 20 cm nwjh ij 'kwU; fo{ksi izkIr 

gksrk gS] rks vKkr izfrjks/k S dk eku gksxk  

 

+   
– ( ) 

G

CDA 

R



S B 

K E 

2  
 (A) 3   (B) 6   (C*) 12  (D) 10  
 

(iv) The correct relationship between the permittivity of free space (0), the permeability of free space (0) 
and the velocity of light in vacuum (c) is : 

 eqDr fnd~LFkku dh fo|qr'khyrk (0), eqDr fnd~LFkku dh pqEcd'khyrk (0) rFkk fuokZr~ esa izdk'k dk osx (c) esa lgh 

lEcU/k gS: 

 (A) 00 = c2  (B*) 2

00

c
1




  (C) 2
00 c  (D) 2

00

c
1




   

 
(v) A moving charge can produce – 
 (A) Only electric field    (B) Only magnetic field 
 (C*) Both electric and magnetic field  (D) None of these 

 xfreku vkos'k ls mRiUUk gks ldrk gS& 

 (A) dsoy fo|qr {ks=k     (B) dsoy pqEcdh; {ks=k 

 (C*) fo|qr ,oa pqEcdh; {ks=k nksuksa   (D) buesa ls dksbZ ugha  
 

(vi) Eddy currents are used in - 
 (A) Magnetic breaking in trains   (B) Induction furnace 
 (C) Electromagnetic damping   (D*) All of the above 

 Hk¡oj /kkjkvksa dk mi;ksx gksrk gS& 

 (A) jsyxkfM;ksa esa pqEcdh; czsd esa    (B) izsj.k HkV~Vh esa 

 (C) fo|qr pqEcdh; voeanu esa   (D*) mijksDr lHkh 
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(vii) If refractive index of denser medium 1 with respect to rarer medium 2 in n12 critical angle for this pair of 
media is ic, then correct relation between n12 and ic is- 

 (A) n12 = sin ic  (B) n12 = tan ic  (C) n12 = 
citan


 (D*) n12 = 

cisin


 

 ;fn l?ku ek/;e 1 dk fojy ek/;e 2 ds lkis{k viorZukad n12 ,oa bu ek/;eksa ds ;qxy ds Økafrd dks.k ic gS] rks n12 

o ic ds e/; lgh lEca/k gS& 

 (A) n12 = sin ic  (B) n12 = tan ic  (C) n12 = 
citan


 (D*) n12 = 

cisin


 

(viii) In an experimental study of photoelectric effect, the correct graph between collector plate potential and 
photoelectric current for different intensities of incident radiation is : 

 (A*) 
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izdk'k&fo|qr izHkko ds izk;ksfxd v/;;u esa vkifrr fofdj.k dh fofHkuu rhozrkvksa ds fy, laxzkgh ifV~Vdk foHko rFkk 
izdk'k&fo|qr /kkjk ds chp lgh vkys[k gS & 
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(ix) Who first experimentally verified the wave nature of the electron ? 

 (A) Wilhelm Hallwachs and Philipp Lenard (B*) C.J. Davission and L.H. Germer   

(C) Albert Einstein    (D) A.H. Compton 

 bysDVªkWu dh rjax izÑfr dk iz;ksfxd rkSj ij loZizFke lR;kiu fdlus fd;k ? 

 (A) Wilhelm Hallwachs and Philipp Lenard (B) C.J. Davission and L.H. Germer   

(C) Albert Einstein    (D) A.H. Compton 

 

2. Fill in the blanks (i) to (iv): 

 fjDr LFkkuksa dh iwfrZ dhft, (i) ls (iv) : 

(i)  The name of machine that accelerates charged particles or ions to high energies is _________. 

 vkosf'kr d.kksa vFkok vk;uksa dks mPp ÅtkZvksa rd Rofjr djus okys ;a=k dk uke ___________ gSA 

(ii) The ratio of flux linkage (N) associated with a coil having N turns to the current (I) flowing through it 







 

I
N

 is _________. 

 N Qsjksa okyh dq.Myh dh ¶yDl ca/krk (N) rFkk mlesa izokfgr /kkjk (I) dk vuqikr 





 

I
N

gksrk gSA 

(iii) If _______of two particles are equal, then their de Broglie wavelength will be equal. 

 ;fn nks d.kksa dk ____________ leku gS rks mudh ns czkWXyh rjax nS/;Z leku gksxhA 

(iv) The ________ are majority charge carriers and _________ are minority charge carriers in p-type 

semiconductor.   

 p-izdkj ds v)Zpkyd esa ________cgqla[;d vkos'k okgd rFkk ______ vYila[;d vkos'k okgd gksrs gSaA 

Ans. (i) Cyclotron (ii) Self Inductance (iii) Linear Momentum (iv) Holes and electrons 

 

3. Give the answer of the following questions (i to viii) in one line. 

 fuEu iz'uksa (I ls viii) ds mÙkj ,d iafDr esa nhft,A 

(i)  In Milikan's experiment, the charge found on a charged droplet was –6.4×10–19 C then write the number 

of electrons in that charged droplet. 

 fefydu ds iz;ksx esa ,d vkosf'kr cw¡n ij –6.4×10–19 dwykWe vkos'k ik;k x;k rks ml vkosf'kr cw¡n esa bysDVªkWuksa dh 

la[;k fyf[k,A 

(ii) Write the value of electric potential at a distance r from the middle point of the dipole on the axis of the 

electric dipole of dipole moment p.  

 p f}/kqzo vk?kw.kZ ds oS|qr f}/kqzo dh v{k ij f}/kzqo ds dsUnz ls r nwjh ij oS|qr foHko dk eku fyf[k,A 

(iii) Write dependence of resistivity with temperature for semiconductors. 

 v)Zpkydksa dh izfrjks/kdrk dh rki ij fuHkZjrk fyf[k,A  
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(iv) If two cells of e.m.f. 1. 2 and internal resistance r1, r2 are connected in parallel combination, then write 

the equivalent e.m.f. of this combination. 

 nks lsyksa ds foñokñcy 1. 2 o vkarfjd izfrjks/k Øe'k% r1, r2 gSA nksuksa lsyksa dks ik'oZ Øe la;ksftr fd;k x;k gS] rks 

bl la;kstu dk rqY; foñokñcy fyf[k,A 

(v) How can a galvanometer be converted into a voltmeter ? 

 ,d xSYosuksehVj dks oksYVehVj esa fdl izdkj :ikUrfjr fd;k tk ldrk gS ? 

(vi) Draw a diagram of the magnetic field lines due to a current carrying circular loop. 

 fdlh fo|qr /kkjkokgh o`Ùkkdkj ik'k ds dkj.k pqEcdh; {ks=k js[kkvksa dk fp=k cukb,A 

(vii) Write Faraday's law of electromagnetic induction. 

 QsjkMs dk fo-pq- izsj.k dk fu;e fyf[k,A 

(viii)  Draw a graph between angle of incidence (i) and angle of deviation () for a triangular prism. 

 fdlh f=kHkqtkdkj fizTe ds fy, vkiru dks.k (i) rFkk fopyu dks.k () ds chp xzkQ cukb,A 

Ans. (i) q = ± ne 

  n = 4
106.1

104.6
19

19








 

(ii) 
2r

Kp
V   

(iii) T 

(iv) 
21

1221
net rr

rr



  

(v) A galvanometer can be converted into a voltmeter by connecting a high resistance in series with 
 it. 

 (vi) 

 
 (vii) Faraday’s laws of electromagnetic induction: 
 First law: Whenever the magnetic flux linked with a closed circuit changes, an emf (and hence a 

current) is induced in it which lasts only so long as the changes in flux is taking place. This 
phenomenon is called electromagnetic induction. 
Second law: The magnitude of the induced emf is equal to the rate of change of magnetic flux 
linked with the closed circuit. Mathematically, 

   
d
dt


      

(viii)  
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SECTION B 

[k.M B 
4. If the area of each conducting plate of parallel plate capacitor is A & d is the preparation between them, 

then derive its capacitance formula. 
 ;fn ,d lekUrj IysV la/kkfj=k dh izR;sd pkyd IysV dk {ks=kQy A gS rFkk muds chp i`FkDdu d gS] rks bldh /kkfjrk 

dk lw=k O;qRiUu dhft,A  
Ans. It consists of two large plane parallel conducting plates, separated by a small distance  
 Let A = area of each plate,  
 d = distance between the two plate  
 ± = uniform surface charge densities on the two plates  
 ± Q = ±  A = total charge on each plate. 

 
Parallel plate capacitor.  

The direction of the electric field is from the positive to the negative plate and the field is uniform 
throughout. For plates with finite area, the field lines bend at the edges. This effect is called fringing of 
the field. But for large plates separated by small distance (A >> d2), the field is almost uniform in the 
regions far from the edges. For a uniform electric field,  

 P.D. between the plates 
 = Electric field × distance between the plates   

 or V = Ed = 
0

d



     (Electric field between the plates) 

       



















000 22

E  

 Capacitance of the parallel plate capacitor is  

 
0/d

A
V
Q

C



  or 

d
A

C 0  

5. If C1, C2, C3, C4, C5 five capacitors are connected in an electrical circuit as shown in figure, then calculate 
the equivalent capacitance of this mesh (network) between point A & point B. 

 ;fn C1, C2, C3, C4, C5 ik¡p la/kkfj=k fp=k esa n'kkZ;s vuqlkj fo|qr ifjiFk esa la;ksftr gSa] rks fcUnq A o B ds e/; bl 

tky ¼usVodZ½ dh rqY; /kkfjrk dh x.kuk dhft,A  

 
A 

B 

C2 = 40F 

C1 = 40F 

C4 = 20F C3 = 20F 

C5 = 40F 
 

Ans. CAB = 40 f 
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6. Carbon resistors are widely used in electronic circuits. Why ? Write any two reasons. 

 bysDVªkWfud ifjiFkksa esa dkcZu izfrjks/kd O;kid :i ls mi;ksx esa fy, tkrs gSA D;ksa ? dksbZ nks dkj.k fyf[k,A 

Ans. The big advantage of carbon composition resistors is their ability to withstand high energy pulses. When 
current flows through the resistor, the entire carbon composition body conducts the energy. The wire 
wound resistor, for example, has a much smaller volume of wire to conduct current. 

 

7. If 12 resistors each of resistance 12 are connected in a cubical network, then determine the equivalent 
resistance of this network across the diagonally opposite corners of the cube. 

 ;fn izR;sd 12 izfrjks/k ds 12 izfrjks/kd ,d ?kuh; ifjiFk tky ¼usVodZ½ esa tqMs gSa] rks ?ku ds fod.kZr% lEeq[k dksuksa 

ds e/; bl ifjiFk tky dk lerqY; izfrjks/k Kkr dhft,A  

Ans.  

 
Appling KVL 

– IR – 
2
IR – IR +  = 0 

IR
2
5

  

Req = R
6
5

I3



 

 R = 12      

Req =  1012
6
5

 

 
8. If the focal length of a concave mirror is f and radius of curvature is R, then prove that radius of curvature 

is twice the focal length. 

 ;fn ,d vory niZ.k dh Qksdl nwjh f ,oa oØrk f=kT;k R gS] rks fl) dhft, fd oØrk f=kT;k Qksdl nwjh dh nqxquh 

gksrh gSA  

Ans. Consider a ray AB parallel to the principal axis, incident at point B of a spherical mirror (concave or 
convex) of small aperture. After reflection from the mirror, this ray converges to point F (in case of a 
concave mirror) appears to diverge from point F (in case of a convex mirror),  

     
    Fig. Relation between f and F of  
     a concave mirror  
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 According to the law of reflection, 
   i r   
 As AB is parallel to PC, 
   i    

  In BFC, r   

 Hence CF = FB 
 For a mirror of small aperture, 
 FB = FP    CF = FP 
 Hence CP = CF + FP = FP + FP = 2 FP 

 or  R = 2f    or  
R

f
2

  

 or  Focal length =
1
2

 × Radius of curvature 

 
9. If a concave lens 25 cm focal length is placed in contact with a convex lens of 20 cm focal length, then 

calculate the power of the combined lens formed by this combination. 

 ;fn fdlh 20 cm Qksdl nwjh ds mÙky ySal ds lEidZ esa 25 cm Qksdl nwjh dk vory ySal j[kk tkrk gS] rks bl 

la;kstu ls cus la;qDr ySal dh 'kfDr dh x.kuk dhft,A  

Ans. f1 = –25 cm 
 f1 = 20 cm 

 
21 f
1

f
1

f
1

  ;   f = 100 cm   ;   P = D1
100
100

f
100

  

 
10. By writing Einstein's photoelectric equation, explain any two observations related to photoelectric effect. 

 vkbUlVhu dk izdk'k&fo|qr lehdj.k fy[kdj] blls izdk'k&fo|qr izHkko ls lEcfU/kr dksbZ nks izs{k.k dh O;k[;k 

dhft,A  

Ans. Energy of the incident photon = maximum K.E. of photoelectron + work function 

 or  2
max 0

1
h mv W

2
    

 or  2
max max 0

1
K mv h W

2
     ................... (1) 

 Also, h0 = W0 

  2
max max 0 0

1
K mv h h h( )

2
         ................... (2) 

 Equation (1) & (2) are called Einstein’s photoelectric equations. 
 1. Explanation of effect of intensity :  

The increase of intensity means the increase in the number of photons striking the metal surface per unit 
time. 

 So, the number of ejected photoelectrons increases with the increase in intensity of incident radiation. 
 2. Explanation of threshold frequency :  

If  < 0 i.e., the frequency of incident radiation is less than the threshold frequency, the kinetic energy 

of photoelectrons becomes negative. This has no physical meaning. So photoelectric emission does not 
occur below the threshold frequency. 
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11. Calculate the de-Broglie wavelength associated with an electron, accelerated through a potential 

difference of 100 V. 

 100 V ds foHkokUrj }kjk Rofjr fdlh bysDVªkWu ls lEc) ns czksXyh rjaxnS/;Z dk ifjdyu dhft,A  

Ans. Å23.1
100

3.12

v

3.12
  

 

12. What is meant by half-life of a radioactive nuclei ? Write the relation between half-life and mean life of a 

radioactive nuclei. 

 fdlh jsfM;ks,fDVo ukfHkd dh v)Zvk;q ls D;k rkRi;Z gS ? jsfM;ks,fDVo ukfHkd dh v)Zvk;q ,oa vkSlr vk;q esa lEcU/k 

fyf[k,A  

Ans. The time interval in which number of undecayed radioactive sample reduces to half of its initial value is 

called half-life of the radioactive substance.  

The half-life of a particular radioactive isotope is a characteristic constant of that isotope. It is denoted by 

1/ 2T . 

 Relation between half life and mean life :  

 We know that 
1

 


 ............... (1) 

 1/ 2
1/ 2

T0.693 1
T

0.693
  

 
 ............... (2) 

 Put (2) in (1)  

 

 1/ 2
1/ 2

T
1.44T

0.693
    

13. Write any three features of the nuclear force. 

 ukfHkdh; cy ds dksbZ rhu vfHky{k.k fyf[k,A 

Ans. Features of nuclear force:  

 1. Strongest interaction:  

Nuclear force is the strongest interaction known in nature that holds the nucleons together despite the 

strong electrostatic repulsion between the protons. The relative strength of gravitational, electrostatic and 

nuclear forces is  

  Fg : FE : Fn = 1 : 1036 : 1038 

 2. Short-range force:  

Unlike gravitational and electrostatic forces, nuclear force is a short-range force. It operates only up to a 

very short distance of about 2-3 fm from a nucleon. 

 3. Charge independent character:  

 It is seen from experiments that the attractive force between two neutrons (nn-force) is nearly equal to 

that between two protons (pp-force) or between a proton and a neutron (pn-force). Thus the nuclear force 

does not depend on the charge of the particles. 
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14. Write the working of a voltage regulator made by using a Zener diode. 
,d tsuj Mk;ksM dk mi;ksx dj cuk, x, oksYVrk fupa=kd dh dk;Ziz.kkyh fyf[k,A 

Ans. Zener Diode as a Voltage Regulator 
Principle From the above V - I characteristic of zener diode, we can say that, zener voltage remains over  
a wide range. If a Zener diode is joined in reverse bias to the fluctuating. DC input voltage through a 
resistance R then, the constant output voltage is taken across a load resistance connected on parallel 
with Zener diode.  

 

     
        Circuit diagram of Zener diode as voltage regulator 
 

Working Here, when input DC voltage increases beyond a certain limit, the current through the circuit 
rises sharply, causing a sufficient increase in the voltage drop across the resistor Rs . Thus, the voltage 
across the Zener diode remains constant and also the output voltage remains constant at VZ. When the 
input DC voltage decreases, the current through the circuit goes down sharply causing sufficient decrease 
in the voltage drop across the residence. Thus, the voltage across the Zener diode remains constant and 
also the output voltage across RL remains constant at VZ. Hence, the output voltage remains constant in 
both conditions.  
 

15. A circuit is shown in the figure by combining two NOT gates and one NOR gate. The truth table for 
 this connected circuit. 

 

Y 

B 

A 

 
nks  NOT xsV ,oa ,d NOR xsV ds la;kstu ls fp=k esa ,d ifjiFk n'kkZ;k x;k gSA bl la;ksftr ij lR;eku lkj.kh 
cukb,A 

 

Y 

B 

A 

 
Ans. A B A' B' y 
 
 0 0 1 1 0 
 
 1 1 0 0 1 
 
 0 1 1 0 0 
  
 1 0 0 1 0 
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SECTION C 

[k.M C 
16. Write Gauss's law. Using this law, find the electric field due to a uniformly charged infinite plane sheet at 

a point near the sheet. 
 xkml fu;e fyf[k, A bl fu;e ds vuqiz;ksx ls ,dleku vkosf'kr vuar lery pknj ds dkj.k pknj ds lehi fLFkr 

fdlh fcUnq ij fo|qr {ks=k dk eku Kkr dhft,A 
OR / vFkok 

Write the definition of electric dipole. An electric dipole is placed in a uniform external electric field )E(
as shown in the figure. Calculate the torque on this electric dipole. 

 

E 

–q 



a 

a 
+q 

 
 oS|qr f}/kzqo dh ifjHkk"kk fyf[k,A ,dleku ckgkz fo|qr {ks=k  esa fp=kkuqlkj ,d fo|qr f}/kzqo j[kk gSA bl fo|qr f}/kqzo 

ij cy&vk?kw.kZ dh x.kuk dhft,A 
 

E 

–q 



a 

a 
+q 

 

Ans. Gauss theorem states that the total flux through a closed surface is 
0

1


 times the net charge enclosed 

by the closed surface.  
 Mathematically, it can be expressed as  

  
0

E
q

Sd.E


 


 

 This theorem gives a relationship between the total flux passing through any closed surface and the net 
charge enclosed within the surface. 

 Electric field due to a uniformly charged infinite plane sheet :  

 Consider a thin, infinite plane sheet of charge with uniform surface charge density . We wish to calculate 

its electric field at a point P at distance r from it.  

 
Gaussian surface for a uniformly charged infinite plane sheet.  

 By symmetry, electric field E points outwards normal to the sheet. Also, it must have same magnitude 

and opposite direction at two points P and P equidistant from the sheet and on opposite sides. We 

choose cylindrical Gaussian surface of cross-sectional area A and length 2r with its axis perpendicular to 

the sheet.  
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 As the lines of force are parallel to the curved surface of the cylinder, the flux through the curved surface 
is zero. The flux through the plane-end faces of the cylinder is  

  E = EA + EA = 2 EA  (A = cross sectional area of plane-end faces) 
 Charge enclosed by the Gaussian surface,  
  q = A 
 According to Gauss's theorem, 

  E = 
0

q


     2 EA = 
0

A


 or 
0

E
2





 

 Clearly, E is independent of r, the distance from the plane sheet. 
 (i) If the sheet is positively charged ( > 0), the field is directed away from it.  
 (ii) If the sheet is negatively charged ( > 0), the field is directed towards it.  

 
Variation of electric field (E) due to a uniformly charged infinite plane sheet with distance (r) 

OR 

Dipole moment :  
It measures the strength of an electric dipole. The dipole moment of an electric dipole is a vector whose 
magnitude is the product of magnitude of either charge and the separation between the two opposite 
charges and the direction is along the dipole axis from the negative to the positive charge. 

   
 Dipole moment = Magnitude of either charge × separation distance between charges. 
             p q 2a  

Thus the dipole moment p  is a vector quantity. Its direction is along the dipole axis from –q to +q 

The S unit of dipole moment is coulomb-metre (Cm) 
Force and torque on a dipole in a uniform electric field : 
As shown in fig. consider an electric dipole consisting of charges +q and –q and of length 2a placed in a 

uniform electric field E  making an angle  with it. has dipole moment of magnitude,  
  p = q × 2a 

 Force exerted on charge +q by field F qE  (along E )  

 Force exerted on charge –q by field F qE   (opposite to E ) 

  TotalF qE qE 0     
Hence the net translating force on a dipole in a uniform electric field is zero.  

 But the two equal and opposite forces act at different points of the dipole. They form a couple which 
 exerts torque.  
 Torque = Either force × Perpendicular distance between the two forces   
            = qE × 2a sin = (q × 2a) E sin 
            = pE sin   (p = q × 2a) 

       
   Torque on a dipole in a uniform electric field   

 
 

E

O r

2 a– q + q

p
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17. If a metal rod of length  is placed normal to a uniform magnetic field (B) and move with a velocity (v) 
perpendicular to the magnetic field, the find the induced (motional emf) between its ends. Draw the 
necessary diagram. 

 ;fn  yackbZ dh /kkfRod NM+ dks ,dleku pqEcdh; {ks=k (B) ds yEcor~ j[kdj bls pqEcdh; {ks=k yEcor~ (v) osx ls 
pyk,W rks blds fljksa ds chp izfjr fo|qr okgc cy ¼xfrt fo|qr okgd cy½ Kkr dhft,A vko';d fp=k cukb,A 

OR ¼vFkok½ 
 In an ac generator, a rectangular coil of N turns and cross-section A is rotated in uniform magnetic field 

(B) with a uniform angular speed w, then find the instantaneous value the induced emf in it. Draw the 
necessary diagram. 
izR;korhZ /kkjk tfu=k esa N Qsjksa rFkk A vuqizLFk&dkV okyh vk;rkdkj dq.Myh dks ,dleku pqEcdh; (B) esa ,dleku 
dks.kh; pky w ls ?kw.kZu djk;k tkrk gS, rks blesa izsfjr fo|qr okgd cy dk rkR{kf.kd eku Kkr dhft,A vko';d 
fp=k cukb,A 

Ans. The emf induced across the ends of a conductor due to its motion in a magnetic field is called motional 
emf consider a conductor PQ of length l free to move on U-shaped conducting rails situated in a uniform 
and time independent magnetic field B, directed normally into the plane of paper. The conductor PQ is 
moved inwards with a speed v. As the conductor slides towards left , the area of the rectangular loop 
PQRS decreases. This decreases the magentic flux linked with the closed loop. Hence an emf is set up 
across the ends of conductor PQ because of which an induced current flows in the circuit along the path 
PQRS.  

     
        Induced current by changing area of the rectangular loop 

Suppose a length x of the loop lies inside the magnetic field at any instant of time t. Then the magnetic 
flux linked with the rectangular loop PQRS is  

   BA B x    

 According to Faraday’s law of electromagnetic induction, the induced emf is  

    /x
d d dx

B B
dt dt dt


        

 or    B v   

where dx/dt = - v, because the velocity v is in the decreasing direction of x. The induced emf B/v is called 
motional emf because this emf is induced due to the motion of a conductor in a magnetic field. 

OR 

A generator or dynamo is a device which converts mechanical energy into electrical energy. 
 Principle: The working of an a.c. generator is based on the principle of electromagnetic induction. When 

a closed coil is rotated in a uniform magnetic field with its axis perpendicular to the magnetic, field, the 
magnetic flux linked with the coil changes and an induced emf and hence a current is set up in it.  

mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx


RBSE XII Examination - 2022  | 04-04-2022
 

 

Resonance Eduventures Ltd. 

Reg. Office & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.)  -  324005 

Ph. No.: +91-744-2777777, 2777700 | FAX No. : +91-022-39167222 

To Know more :  sms RESO at 56677 | Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in | CIN : U80302RJ2007PLC024029 

 

This solution was download from Resonance RBSE 2022 Solution portal  
 

 

PAGE # 14 

7340010333

     
A.C. Generator. 

 Working: Suppose initially the coil PQRS be in the vertical position and it is rotated in the clockwise 
direction. The side PQ moves downward and SR moves upward. According to Fleming’s right hard rule, 
the induced current flows from Q to P and from S to R. So during the first half rotation of the coil, the 
induced current flows in the direction SRQP, with brush B1 acting as positive terminal and brush B2 as 

negative terminal. During the second half - rotation, the side PQ moves upward and SR moves downward. 
The direction of induced current is reversed, i.e., it flows along PQRS, so that the brush  
B2 now functions as the positive terminal and brush B1 as the negative terminal. Thus the direction of 

current in the external circuit is reversed after every half cycle.  

 Expression for induced emf:  
Let 

 N = number of turns in the coil 
 A = face area of each turn 
 B = magnitude of the magnetic field 

   = angle which normal to the coil makes with field B  at any instant t  
  = the angular velocity with which coil rotates. Then the magnetic flux linked with the coil at any instant 
t will be  

     = NBA cos   = NBA cos t 

 By Faraday’s flux rule, the induced emf is given by  

  
d d
dt dt


      (NBA cos t) = NBAsin t  or 
0

sin t     

where 
0
  = NBA . When a load of resistance R is connected across the terminals, a current I flows in 

the external circuit. 

   0

0

sin
sin

t
I I t

R R
 

     

where 0

0
I

R


 . Both current and voltage vary sinusoidally with time. The power dissipated in the load is 

supplied by the agent in rotating the coil in the magnetic field. 
 

18. What is meant by mass defect and nuclear binding energy ? Draw a graph between mass number and 
binding energy per nucleon. 

 nzO;eku {kfr ,oa ukfHkdh; ca/ku ÅtkZ ls D;k rkRi;Z gS\ nzO;eku la[;k ,oa izfr U;wfDyvkWu ca/ku ÅtkZ e/; vkjs[k 
cukb,A 

OR ¼vFkok½ 
 Explain the following in a nuclear reactor based on thermal neutron fission : 
 (i) The moderator 
 (ii) The coolant 
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 Draw a block diagram of this reactor. 
 rkih; U;wVªkWu fo[k.Mu ij vk/kkfjr fdlh ukfHkdh; fj,DVj esa fuEukafdr dh O;k[;k dhft,A 
 (i) eand 
 (ii) 'khryd 
 bl fj,DVj dk CykWd vkjs[k cukb,A 

Ans. Mass defect (m):  
It is found that the mass of a stable nucleus is always less than the sum of the masses of its constituent 
protons and neutrons (nucleons) in their free state. 
The difference between the sum of the rest masses of its constituent nucleons and the rest mass of a 
nucleus is called its mass defect. 

 Consider the nucleus A
Z X . It has Z protons and (A – Z) neutrons. Therefore, its mass defect (m) will be  

 p n Nm = Zm  + (A – Z)  m m   

 Here mp = mass of each proton  
 mN = mass of nucleus 
 mn = mass of each neutron 
 Cause of mass defect :  

To overcome electrostatic forces of repulsion between protons, energy is required (called binding energy) 
which is provided by mass defect. 

 Binding energy :  
The binding energy (Eb) of a nucleus may be defined as the energy required to break up a nucleus into 
its constituent protons and neutrons and to separate them to such a large distance that they may not 
interact with each other.  

  2 2
b p n NE m c Zm A Z m m c          

 Graph between mass number and binding energy per nucleon. 

 
 

OR 

Nuclear reactor: 
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 (i) Moderator:  
 By the use of a moderator, the fast neutrons are slowed to thermal velocities (2200 m/s).  
 Usually, heavy water (D2O), graphite, beryllium and beryllium oxide are used as moderators. 
 (ii) Coolant:  

It is the material used to cool the fuel rods and the moderator and is capable of carrying away large 
amount of heat produced in the fission process. 

 The coolant must have high boiling point and high specific heat.  
 
 

SECTION D 

[k.M D 

19. What is meant by compound microscope? Draw a ray diagram of the formation of an image by a 

 compound microscope. Briefly describe its working and derive the formula for its total magnification. 

 la;qDr lw{en'khZ ls D;k rkRi;Z gS\ la;qDr lw{en'khZ }kjk izfrfcEc cuus dk fdj.k vkjs[k cukb,A bldh 

 dk;Ziz.kkyh dk laf{kIr esa o.kZu dj blds dqy vko/kZu dk lw+=k O;qRiUUk dhft,A 

OR/vFkok 

 What is meant by Telescope? Draw a ray diagram of image formation by a refracting telescope. Briefly 

describe its working and derive the formula for a its magnifying power. 

 nwjn'kZd ls D;k rkRi;Z gS\ viorhZ nwjn'kZd }kjk izfrfcEc cuus dk fdj.k vkjs[k vukb,A bldh dk;Z iz.kkyh dk 

laf{kIr esa o.kZu dj bldh vko/kZu {kerk dk lw=k O;qRiUUk dhft,A 

Ans. Compound Microscope: It consists of a long cylindrical tube, containing at one end a convex 
lens of small aperture and small focal length. This is called the objective lens (O). At the other 
end of the tube another co-axial smaller and wide tube is fitted, which carries a convex lens 
(E) at its outer end. This lens is towards the eye and is called the eye-piece. The focal length 
and aperture of eyepiece are somewhat larger than those of objective lens. Cross-wires are 
mounted at a definite distance before the eyepiece. The entire tube can be moved forward 
and backward by the rack and pinion arrangement. 
Adjustment: First of all the eyepiece is displaced backward and forward to focus it on cross wires. Now 
the object is placed just in front of the objective lens and the entire tube is moved 
by rack and pinion arrangement until there is no parallax between image of object and cross 
wire. In this position the image of the object appears quite distinct. 
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Working: Suppose a small object AB is placed slightly away from the first focus F0′ of the 
objective lens. The objective lens forms the real, inverted and magnified image A′ B′ which 
acts as an object for eyepiece. The eyepiece is so adjusted that the image A′ B′ lies between 
the first focus Fe′ and the eyepiece E. The eyepiece forms its image A′′ B′′ which is virtual, 
erect and magnified. Thus the final image A′′ B′′ formed by the microscope is inverted and 
magnified and its position is outside the objective and eyepiece towards objective lens. 
 
Magnifying power of a microscope is defined as the ratio of angle (β) subtended by final 
image on the eye to the angle (a) subtended by the object on eye, when the object is placed 
at the least distance of distinct vision, i.e., 

 
 

 Magnifying power 



M  …(i) 

As object is very small, angles a and β are very small and so tan a = a and tan β = β. By 
definition the object AB is placed at the least distance of distinct vision. 

  
EA
AB

tan   

By sign convention EA = –D,  
D

AB


   

and from figure 
'EA
'B'A

tan   

 
If ue is distance of image A′ B′ from eye-piece E, then by sign convention, EA′ = - ue 

and so, 
)u(
'B'A

e
  

Hence magnifying power 
e

e

u
D

.
AB

'B'A
)D/(AB
)u/('B'A

M 







  

By sign conventions, magnification of objective lens 

   
)u(AB

'B'A

0

0




  

   
e0

0

u
D

.
u

M


  

Using lens formula 
u
11

f
1




  for eye-lens, (i.e., using f = fe , ve , u = – ue), we get 

  
)u(

11
f
1

eee 



  or  

eee u
1

f
1

u
1

  

Magnifying power 













ee0

0 1
f
1

D
u

M  

or 













ee0

0 D
f
D

u
M  

When final image is formed at the distance of distinct vision, ve = D 

Magnification, 












e0

0

f
D

1
u

M  
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For greater magnification of a compound microscope, fe should be small. As f0 < fe, so f0 is 
small. Hence, for greater magnification both f0 and fe should be small with f0 to be smaller of 
the two. 

 
OR 

Astronomical (Refracting) Telescope: 
Construction: It consists of two co-axial cylindrical tubes, out of which one tube is long and wide, 
while the other tube is small and narrow. The narrow tube may be moved in and out of the wide 
tube by rack and pinion arrangement. At one end of wide tube an achromatic convex lens L1 
is placed, which faces the object and is so called objective (lens). The focal length and aperture 
of this lens are kept large. The large aperture of objective is taken that it may collect sufficient 
light to form a bright image of a distant object. The narrow tube is towards eye and carries an 
achromatic convex lens L2 of small focal length and small aperture on its outer end. This is called 
eye-lens or eyepiece. The small aperture of eye-lens is taken so that the whole light refracted by 
it may reach the eye. Cross-wires are fitted at a definite distance from the eye-lens. 
Due to large focal length of objective lens and small focal length of eye lens, the final image 
subtends a large angle at the eye and hence the object appears large. The distance between the 
two lenses may be arranged by displacing narrow tube in or out of wide tube by means of rack 
and pinion arrangement. 
Adjustment: First of all the eyepiece is moved backward and forward in the narrow tube and 
focused on the cross-wires. Then the objective lens is directed towards the object and narrow 
tube is displaced in or out of wide tube until the image of object is formed on cross-wires and 
there is no parallax between the image and cross-wires. In this position a clear image of the 
object is seen. As the image is formed by refraction of light through both the lenses, this telescope 
is called the refracting telescope 

 
 
 
 
 

Working: Suppose AB is an object whose end A is on the axis of telescope. The objective lens (L1) 
forms the image A' B' of the object AB at its second principal focus F0 This image is real, inverted 
and diminished. This image A' B' acts as an object for the eye-piece L2 and lies between first focus 
F 
e and optical centre C2 of lens L2. Therefore eye-piece forms its image A' ' B' ' which is virtual, 
erect and magnified. 
Thus the final image A" B" of object AB formed by the telescope is magnified, inverted and lies 
between objective and eyepiece. 
Magnifying Power: The magnifying power of a telescope is measured by the ratio of angle (β) 
subtended by final image on the eye to the angle (a) subtended by object on the eye, i.e., 

Magnifying power 



M  

As a and β are very small angles, therefore, from figure. 
The angle subtended by final image A′′ B′′ on eye 
  β = angle subtended by image A′ B′ on eye  
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'AC
'B'A

tan
2

  

As the object is very far (at infinity) from the telescope, the angle subtended by object at eye is 
same as the angle subtended by object on objective lens. 

'AC
'B'A

tan
1

  

'AC
'AC

'AC/'B'A
'AC/'B'A

M
2

1

1

2 



   

If the focal lengths of objective and eye-piece be fo, and fe , distance of image A′ B′ from eye-piece 
be ue, then by sign convention 

   e2,01 u'ACf'AC    ; 
e

0

u
f

M   

20. What is meant by forward bias and reverse bias of p-n junction diode? Draw an experimental 

 electric circuit diagram to study the V-I characteristics in the forward bias and reverse bias of a p-n 

 junction diode. Draw forward & reverse bias V-I characteristics curves for p-n junction diode and 

 explain the following in brief : 

 (i) Threshold or cut in voltage   (ii) Breakdown voltage 

p-n laf/k Mk;ksM ds vxzfnf'kd ck;l ,oa i'pfnf'kd ck;l ls D;k rkRi;Z gS\ p-n laf/k Mk;ksM ds vxzfnf'kd ck;l 

,oa i'pfnf'kd ck;l esa V-I vfHkyk{kf.kd ds v/;;u d fy, izk;ksfxd fo|qr ifjiFk vkjs[k cukb,A p-n laf/k Mk;ksM 

ds vxzfnf'kd ck;l ,oa i'pfnf'kd ck;l V-I vfHkyk{kf.kd oØ cukb, vkSj fuEu dh laf{kIr dhft, % 

 (i) nsgyh ;k dV bu oksYVrk   (ii) Hkatu oksYVrk 

 

OR / vFkok 

What is meant by rectification? Draw an electric circuit diagram of a half wave rectifier. Write a brief 

description of its working. Draw input and output voltage waveforms for this rectifier circuit.  

fn"Vdj.k ls D;k rkRi;Z gS\ v)Zrjax fn"Vdkjh fo|qr ifjiFk dk fp=k cukb,A bldh dk;Ziz.kyh dk laf{kIr fooj.k 

fyf[k,A bl fn"Vdkjh ifjiFk ds fy, fuos'kh oksYVrk rFkk fuxZrk oksYVrk ds rjax:i dk fp=k cukb,A 

Ans. Forward Biasing  
A junction diode is said to be forward biased when the positive terminal of the external battery is 
connected to the p - side and negative terminal to the n - side of the diode. 

 Flow if Current in Forward Biasing  
 Reverse Biasing  

A junction diode is said to be reverse biased when the positive terminal of the external battery is 
connected to the n - side and negative terminal to the p - side of the diode. 
Forward Biased Characteristics  

 
    Forward biased characteristic of a diode  
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 Reverse Biased Characteristics      

 
    Reverse biased characteristic of a diode  

(i) Threshold voltage is the voltage above which current increases very rapidly with applied voltage. 
Beyond threshold voltage, the resistance offered by the potential barrier is overcome by forward bias 
voltage, therefore, it is easy for charge carriers to cross the barrier. 
(ii) Breakdown voltage of a zener-diode is the reverse-bias voltage across the diode at which current 
(from n-side to p-side) suddenly increases across it. This phenomenon results in a practically constant 
voltage equal to the breakdown voltage across zener-diode. 

OR 
The process of converting alternating voltage / current into direct voltage / current is called rectification. 

     Diode as a Half - Wave Rectifier 
In this, the AC voltage to be rectified is connected to the primary coil of a step - down transformer and 
secondary coil is connected to the diode through resistor RL across which , output is obtained. 

               
    Circuit diagram of half - wave rectifier 
 Working  
     
  

      
During positive half cycle of the input AC, the p - n junction is forward biased. Thus, the resistance in p - 
n junction becomes low and current flows. hence, we get output in the load. During negative half cycle of 
the input AC, the p - n junction is reverse biased. Thus, the resistance of p - n junction is high and current 
does not flow. Hence, no output is in the load. 
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