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SECTION – A 
 This section contains SIX (06) questions. 

  Each question has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE of these four 

option(s) is (are) correct answer(s). 

  For each question, choose the option(s) corresponding to (all) the correct answer(s). 

  Answer to each question will be evaluated according to the following marking scheme: 

 Full Marks  : +4 If only (all) the correct option(s) is(are) chosen; 

 Partial Marks  : +3 If all the four options are correct but ONLY three options are chosen; 

 Partial Marks  : +2 If three or more options are correct but ONLY two options are  

    chosen, both of which are correct; 

 Partial Marks  : +1 If two or more options are correct but ONLY one option is chosen and  

     it is a correct option; 

 Zero Marks  : 0 If unanswered; 

 Negative Marks  : −2 In all other cases. 

  For example, in a question, if (A), (B) and (D) are the ONLY three options corresponding to 

correct answers, then 

 choosing ONLY (A), (B) and (D) will get +4 marks; 

 choosing ONLY (A) and (B) will get +2 marks; 

 choosing ONLY (A) and (D) will get +2marks; 

 choosing ONLY (B) and (D) will get +2 marks; 

 choosing ONLY (A) will get +1 mark; 

 choosing ONLY (B) will get +1 mark; 

 choosing ONLY (D) will get +1 mark; 

 choosing no option(s) (i.e. the question is unanswered) will get 0 marks and 

 choosing any other option(s) will get −2 marks. 

 
ROTATIONAL MOTION 
Q.1 One end of a horizontal uniform beam of weight 𝑊 and length 𝐿 is hinged on a vertical wall at 

point O and its other end is supported by a light inextensible rope. The other end of the rope is 

fixed at point Q, at a height 𝐿 above the hinge at point O. A block of weight 𝛼𝑊 is attached at 

the point P of the beam, as shown in the figure (not to scale). The rope can sustain a maximum 

tension of  2 2 W . Which of the following statement(s) is(are) correct? 
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 (A) The vertical component of reaction force at O does not depend on   

 (B) The horizontal component of reaction force at O is equal to W for  = 0.5 

 (C) The tension in the rope is 2W for  = 0.5 

 (D) The rope breaks if  > 1.5 



 

 

 W Hkkj rFkk L yEckbZ ds ,d {kSfrt ,dleku n.M ds ,d fljs dks fdlh m/okZ/kj nhokj ij fcUnq O ij dhyfdr fd;k 

tkrk gS rFkk blds nwljs fljs dks ,d gYdh vforkU; jLlh }kjk vk/kkfjr fd;k tkrk gSA jLlh dk nwljk fljk fcUnq O ij 

dhyd ds mij L mapkbZ ij fcUnq Q ij n`f<+r gSA W Hkkj ds ,d xqVds dks fp=kuqlkj n.M ds fcUnq P ij la;ksftr fd;k 

tkrk gS (fp= lkadsfrd gS)A jLlh  2 2 W  dk vf/kdre ruko lgu dj ldrh gSA fuEu esa ls dkSulk@ls dFku lgh 

gS@ gS \ 
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 (A) O ij izfrfØ;k cy dk m/okZ/kj ?kVd]  ij fuHkZj ugh djrk gS  

 (B) O ij izfrfØ;k cy dk {kSfrt ?kVd]  = 0.5 ds fy, W ds cjkcj gS 

 (C) jLlh esa ruko  = 0.5 ds fy, 2W gS 

 (D) ;fn  > 1.5, rc jLlh VwV tkrh gS 

Sol. A,B,D 

 Given  

Tmax = 2 2  W 
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  condition where rope will just break. 



 

 

 So, Option D is correct 

 Again from the figure 

 Now, N1 = 
T

2
 = 

W W
W

2 2
     

Option A is correct 

 

 N2 + 
T

2
 = W + W 

 or, N2 +  
W

2
 + W = W+W 

 or, N2 = 
W

2
 (Independent of )  

Option B is correct 
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W

2
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  =  
W

2
+

W

2
 (If = 0.5) 

  = W 

 Or, T = 2 W     

Option C is Incorrect 

 
SOUND WAVES 

Q.2 A source, approaching with speed u towards the open end of a stationary pipe of length L, is 

emitting a sound of frequency fs. The farther end of the pipe is closed. The speed of sound in air 

is v and f0 is the fundamental frequency of the pipe. For which of the following combination(s) 

of u and fs, will the sound reaching the pipe lead to a resonance ? 

 (A) u = 0.8v and fs = f0  (B) u = 0.8v and fs = 2f0 

 (C) u = 0.8v and fs = 0.5f0 (D) u = 0.5v and fs = 1.5f0 

 L yEckbZ ds ,d fLFkj ikbZi ds [kqys fljs dh vksj u fs vko`fRr dh /ofu mRlftZr dj jgk gSA ikbZi dk nwjLFk fljk can gSA 

ok;q esa /ofu dh pky v gS rFkk ikbZi dh ewyHkwr vko`fRr f0 gSA u rFkk fs ds fuEu esa dkSuls la;kstu ds fy,] /ofu ds ikbZi 

ij igqapus ij vuqukn mRiUu gksxk \  

 (A) u = 0.8v rFkk fs = f0  (B) u = 0.8v rFkk fs = 2f0 

 (C) u = 0.8v rFkk fs = 0.5f0 (D) u = 0.5v rFkk fs = 1.5f0 

Sol. A,D 
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Using Doppler's effect 
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 Now,  s 0

v
f 2n –1 f
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 Now check options using values keeping mind (2n–1) must be any possible integer. 

GEOMETRICAL OPTICS 

Q.3 For a prism of prism angle  = 60°, the refractive indices of the left half and the right half are, 

respectively, n1 and n2 (n2  n1) as shown in the figure. The angle of incidence i is chosen such 

that the incident light rays will have minimum deviation if n1 = n2 = n = 1.5. For the case of 

unequal refractive indices, n1 = n and n2 = n + n (where n << n), the angle of emergence  

e = i + e. Which of the following statement(s) is (are) correct ?  

 

n1 n2 



i 

 

 (A) The value of e (in radians) is greater than that of n 

 (B) e is proportional to n 

 (C) e lies between 2.0 and 3.0 milliradians, if n = 2.8 × 10-3  

  (D) e lies between 1.0 and 1.6 milliradians, if n = 2.8 × 10-3  

 fizTe dks.k  = 60° ds ,d fizTe ds fy,] fp=kuqlkj ck;s vk/ks Hkkx rFkk nk;s vk/ks Hkkx ds viorZukad Øe'k% n
1
 rFkk n

2
 (n

2
 

 n
1
) gaSA vkiru dks.k i dk p;u l izdkj fd;k tkrk gS fd vkifrr izdk'k fdj.kks dk fopyu U;wure gks ;fn n

1
 = n

2
 = 

n = 1.5 gSA vleku viorZukad dh fLFkfr ds fy, n
1
 = n rFkk n

2
 = n + n (tgk¡ n << n), fuxZeu dks.k e = i + e gSA 

fuEu esa ls dkSulk@dkSuls dFku lgh gS@gS \  

 

n1 n2 



i 

 

 (A) e dk eku (jsfM;ue esa) n ds eku ls vf/kd gS 

 (B) e, n ds lekuqikrh gS 

 (C) ;fn n = 2.8 × 10-3rc e, 2.0 rFkk 3.0 fefyjsfM;u ds e/; esa fLFkr gS  

 (D) ;fn n = 2.8 × 10-3, rc e, 1.0 rFkk 1.6 fefyjsfM;ue ds e/; esa fLFkr gS 



 

 

Sol. B,C 

 

 

A=60o 

e i 
r1 r2 

 
Given 
n1 = n2 = 1.5 

 For min  

i = e and r1 = r2
  = 

A

2
 = 30º 

 1sini = 1.5 sin30º 

 sini = 
3

4
……………..(i) 

 cosi = 
7

4
 

 

i+e i 
  

n1 n1+n 
 

 Now,  n2 1.5 + n 
  e i + e 
 Hence, light from n1 to n2 goes perpendicularly; so, no deviation 
 (1.5 + n)sin30º = 1 × sin(i+e) 
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 Option A is Incorrect 

 Check option using values given in options. 



 

 

UNIT AND DIMENSION AND BASIC MATHEMATICS 

Q.4 A physical quantity S  is defined as   0S E B /   , where E  is electric field, B  is magnetic field 

and 0 is the permeability of free space. The dimensions of S  are the same as the dimensions of 
which of the following quantity (ies) ?  

 (A) 
Energy

Charge current  
(B) 

Force

Length Time  

 (C) 
Energy

Volume
  (D) 

Power

Area
 

 ,d HkkSfrd jkf'k S  dks   0S E B /    ds vuqlkj ifjHkkf"kr fd;k tkrk gS] tgk¡ E  fo|qr {ks= gs] B  pqEcdh; {ks= gS 

rFkk 
0
 eqDr f=foe dh ikjxE;rk gSA S  dh foek;s fuEu esa ls fdu jkf'k;ks dh foekvks ds leku gS \ 

 (A) 
   

(B) 
  

 (C)   (D)  

 
Sol. B,D 
 Given 
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 This is pointing vector. This gives rate of flow of energy per unit area.  

 i.e s 
2

J Power

Areasm
  

 Also, 
Power

Area
 can be written in form : - 

2

F F

tt



 

 
 
 
 
 
 
MODERN-II 
 
Q.5 A heavy nucleus N, at rest, undergoes fission N  P + Q, where P and Q are two lighter nuclei. 

Let  = MN – MP – MQ, where MP, MQ and MN are the masses of P, Q and N, respectively. EP and 
EQ are the kinetic energies of P and Q, respectively. The speeds of P and Q are vP and vQ, 
respectively. If c is the speed of light, which of the following statement(s) is (are) correct ?  

 (A) EP + EQ = c2   

 (B) EP = 2P

P Q

M
c

M M

 
 

 
 

  

 (C) P

Q

v

v
 = 

Q

P

M

M
  

 (D) The magnitude of momentum for P as well as Q is c 2 , where  = 
P Q

P Q

M M

(M M )
 



 

 

 fojke esa fLFkr ,d Hkkjh ukfHkd N  fo[k.Mu N  P + Q ls xqtjrk gS] tgk¡ P rFkk Q nks gYds ukfHkd gaSA ekuk  
 = M

N
 – M

P
 – M

Q
, tgk¡ M

P
, M

Q
 rFkk M

N
 Øe'k% P, Q rFkk N ds nzO;eku gSA E

P
 rFkk E

Q
 Øe'k% P rFkk Q dh xfrt 

mtkZ;s gSA P rFkk Q dh pky Øe'k% v
P
 rFkk v

Q 
gSA ;fn c izdk'k dh pky gS] rc fuEu esa ls dkSulk@dkSuls dFku lgh 

gS@gS \ 

 (A) EP + EQ = c2   

 (B) EP = 2P

P Q

M
c

M M

 
 

 
 

  

 (C) P

Q

v

v
 = 

Q

P

M

M
  

 (D) P rFkk Q ds fy, laosx dk ifjek.k  c 2 , gS] tgk¡   = 
P Q

P Q

M M

(M M )
 

Sol. A,C,D 

 

 
N 

P Q vQ vP 

rest 

 
Given     

 mpvp = mQmQ 

 p Q

Q p

v m

v m
       

option C is correct. 

 Now, Ep + EQ = mc2 = c2   

option A is correct. 

 Ep = 
2 2
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option B is Incorrect. 

 Now, Ep + EQ = c2 
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 P2 = 2c2 

 P = c 2      

option D is correct. 

 

MAGNETISM 

Q.6 Two concentric circular loops, one of radius R and the other of radius 2R, lie in the xy-plane 

with the origin as their common center, as shown in the figure. The smaller loop carries current 

I1 in the anti-clockwise direction and the larger loop carries current I2 in the clockwise direction, 

with I2 > 2I1.  B x,y  denotes the magnetic field at a point (x,y) in the xy-plane. Which of the 

following statement(s) is (are) correct ?  

 y 

I2 

I1 

R 
O 

2R 

x 

 

 (A) B(x,y)  is perpendicular to the x-y plane at any point in the plane 

 (B) B(x,y)  depends on x and y only through the radial distance r = 2 2x y  

 (C) B(x,y)  is non-zero at all points for r < R 

 (D) B(x,y)  points normally outward from the x-y plane for all the points between the two loops 

 

 nks ladsUnzh; oR̀rh; ywi] ftuesa ls ,d dh f=T;k R rFkk nwljs dh f=kT;k 2R gS] xy-ry esa bl izdkj fLFkr gS] fd ewy 

fcUnq fp=kuqlkj budk mHk;fu"B dsUnz gSA NksVk ywi okekorZ fn'kk esa I
1
 /kkjk xzg.k fd, gq, gS rFkk cM+k ywi nf{k.kkorZ fn'kk 

esa I
2
 /kkjk xzg.k fd, gq, gS] tgk¡ I

2
 > 2I

1 
gSA   B x,y  , xy-ry esa ,d fcUnq (x, y) ij pqEcdh; {ks= dks iznf'kZr djrk gSA 

fuEu esa ls dkSulk@dkSuls dFku lgh gS@gS \ 

 y 

I2 

I1 

R 
O 

2R 

x 

 



 

 

 (A) B(x,y)  ry esa fdlh fcUnq ij x-y ry ds yEcor~ gS 

 (B) B(x,y)  f=T; nwjh r = 2 2x y  esa dsoy x rFkk y ij fuHkZj djrk gSA 

 (C) B(x,y)  , r < R ds fy, lHkh fcUnqvks ij v'kwU; gS 

 (D) B(x,y)  nksuks ywiks ds e/; lHkh fcUnqvks ds fy, xy-ry ls yEcor~ :i ls ckgj dh vksj bafxr djrk gS 

 

Sol. A,B 

 

 

I2 (x,y) 

2R 

R 

I1 

 
Given  

I2 > 2I1  

 Option A is correct  

 Because M.F. will always be along z-axis due to both loops at point (x,y) 

 Now, if any point (x,y);  

 r = 2 2x y  

 

 
for any point in space; we have disting M.F. 

So, M.F. will depend on r. 

Option B is not asking exact relation of M.F. with 'r' 

So option is B is correct. 



 

 

Now, at 'O'  Bnet = 0 1 0 2
I I

–
R 2R

 
 Bnet at 'O' is inward 

If Bnet = 0; 0 1
I

R


 = 0 2

I

2R


 

 I2 = 2I1   But in Question its given that I2 > 2I1 

 If r 0; B1  

 So there may be possibility that B1 = B2  

So be may become zero somewhere. 

 

Section – 2 

  This section contains THREE (03) question stems. 

  There are TWO (02) questions corresponding to each question stem. 

  The answer to each question is a NUMERICAL VALUE. 

  For each question, enter the correct numerical value corresponding to the answer in the 

designated place using the mouse and the on-screen virtual numeric keypad. 

  If the numerical value has more than two decimal places, truncate/round-off the value to TWO 

decimal places. 

  Answer to each question will be evaluated according to the following marking scheme: 

 Full Marks  : +2 If ONLY the correct numerical value is entered at the designated place; 

 Zero Marks  : 0 In all other cases. 

 

Questions stem for questions nos. 7 and 8 

 Question Stem 

 A soft plastic bottle, filled with water of density 1 gm/cc, carries an inverted glass test-tube with some 

air (ideal gas) trapped as shown in the figure. The test-tube has a mass of 5 gm, and it is made of a 

thick glass of density 2.5 gm/cc. Initially the bottle is sealed at atmospheric pressure p0 = 105 Pa so 

that the volume of the trapped air is v0 = 3.3 cc. When the bottle is squeezed from outside at 

constant temperature, the pressure inside rises and the volume of the trapped air reduces. It is found 

that the test tube begins to sink at pressure p0 + p without changing its orientation. At this pressure, 

the volume of the trapped air is v0 – v. Let v = X cc and p = Y × 103 Pa. 

 

 
 

 

 
r 



 

 

FLUIDS 

Q.7 The value of X is _____. 

Sol. 0.3 

 

FLUIDS 

Q.8 The value of Y is _____. 

 1 gm/cc ?kuRo ds ty ls Hkjh ,d ueZ IykfLVd cksry esa fp=kkuqlkj dqN ok;q (vkn'kZ xsl) Hkjh gqbZ dkap dh ij[kuyh gSA 

ij[kuyh dk nzO;eku 5 gm gS rFkk ;g 2.5 gm/cc ?kuRo ds ,d eksVs dkap ls cuh gSA izkjaHk esa cksry ok;qe.Myh; nkc  

p
0
 = 105 Pa ij bl izdkj lhy can gS fd blesa Hkjh gqbZ ok;q dk vk;ru v

0
 = 3.3 cc gSA tc  cksry dks fu;r rki ij 

ckgj ls nck;k tkrk gS] rc vanj dk nkc c<rk gS rFkk blesa Hkjh gqbZ ok;q dk vk;ru ?kVrk gSA ;g ik;k tkrk gS fd 

ij[kuyh blds vfHkfoU;kl esa ifjorZu fd, fcuk nkc p
0
 + p ij Mwcuk izkjaHk djrh gSA bl nkc ij] blesa Hkjh gqbZ ok;q dk 

vk;ru v
0
 – v gSA ekuk v = X cc rFkk p = Y × 103 Pa. 

 

 
Q.7 X dk eku _____ gSA 

Sol. 0.3 

 

FLUIDS 

Q.8 Y dk eku _____ gSA 

Sol. 10 

 Given 

 mtube = 5g 

 
tube

  = 2.5 gm/cc.    



 

 

 

v0 air 

before after 

(v0-v) 

 
air 

     N 

 

 Vtube = 
5

2.5
 

 Check when 'N' becomes Zero. 

 mg = 
w air tube
(v v )g   

 5g = 1 (vair + 
5

2.5
)g 

 vair = 3cc  when N is just   zero. 

 v = 3.3 cc – 3cc = 0.3cc 

 Sol. (7) = 0.3cc 

 Now, Sol.8   

PV = constant 

 P1V1 = P2V2  

 105 (3.3) = P2(3) 

 P2 = 1.1 × 105  

 P = P2 – P1 = 1.1 × 105 – 105  

 = 0.1 × 105  

 = 10 × 103 pascal 

 = Y × 103 pascal 

 So, Y = 10  

 

 

 

 

 

 

 

 



 

 

Questions stem for Qusetions nos. 9 and 10 

Question Stem 

 A pendulum consists of a bob of mass m = 0.1 kg and a massless inextensible string of length  

L = 1.0 m. It is suspended from a fixed point at height H = 0.9 m above a frictionless horizontal 

floor. Initially, the bob of the pendulum is lying on the floor at rest vertically below the point of 

suspension. A horizontal impulse P = 0.2 kg-m/s is imparted to the bob at some instant. After the 

bob slides for some distance, the string become taut and the bob lifts off the floor. The magnitude 

of the angular momentum of the pendulum about the point of suspension just before the bob lifts 

off is J kg-m2/s. The kinetic energy of the pendulum just after the lift off is K joules. 

 ,d yksyd nzO;eku m = 0.1 kg ds ,d xksyd rFkk yEckbZ L = 1.0 m dh ,d nzO;ekughu vforkU; Mksjh ls feydj cuk gSA 

bls fdlh ?k"kZ.kghu {kSfrt Q'kZ ds mij mapkbZ H = 0.9 m ij ,d fLFkj fcUnq ls yVdk;k tkrk gSA izkjaHk esa yksyd dk xksyd 

fuyacu fcUnq ls m/okZ/kj :i ls uhps fojke esa Q'kZ ij fLFkr gSA fdlh {k.k ij xksyd dks {kSfrt vkosx P = 0.2 kg-m/s iznku 

fd;k tkrk gSA xksyd ds dqN nwjh ds fy, fQlyus ds ckn] Mksjh rkfur gks tkrh gS rFkk xksyd Q'kZ ls mij mB tkrk gSA 

xksyd ds mij mBus ls Bhd igys fuyacu fcUnq ds lkis{k yksyd ds dks.kh; laosx dk ifjek.k J kg-m2/s gSA xksyd ds mij 

mBus ds Bhd ckn yksyd dh xfrt mtkZ K twy gSA     

ROTATIONAL MOTION 

Q.9 The value of J is _____. 

 J dk eku _____ gSA 

Sol. 0.18 

 Angular momentum = L = mvr   

      = 0.2 × 0.9     

 = 0.18  

 

 
v=2m/s 

1m 
0.9m 

 

ROTATIONAL MOTION 

Q.10 The value of K is _____. 

 K dk eku _____ gSA 

Sol. 0.16 

 

 

  

0.9m 

2sin 

2cos 

2 


 

 2sinwill become zero 

 because of impulse  from string 

 K.E. = 21
0.1 (2 0.9)

2
    = 0.16J 



 

 

 

Questions Stem for Questions nos. 11 and 12 

Question Stem 

 In a circuit, a metal filmanet lamp is connected in series with a capacitor of capacitance CF 

across a 200 V, 50 Hz supply. The power consumed by the lamp is 500 W while the voltage 

drop across it is 100 V. Assume that there is no inductive load in the circuit. Take rms values of 

the voltages. The magnitude of the phase angle (in degrees) between the current and the 

supply voltage is . Assume, 3 5  . 

 ,d ifjiFk esa] /kkrq fQykesUV ySEi dks 200V, 50 Hz lIykbZ ds fljks esa CF /kkfjrk ds ,d la/kkfj= ds lkFk Js.kh esa 

la;ksftr fd;k tkrk gSA ySEi }kjk O;f;r 'kfDr 500 W gS] tcfd blds fljks esa oksYVrk iru 100 V gSA ekuk ifjiFk esa 

dksbZ izsjdh; yksM+ ugh gSA oksYVRk ds rms eku yhft,A /kkjk rFkk lIykbZ oksYVrk ds e/; dyk&dks.k (fMxzh esa) dk ifjek.k 

gSA ekuk, 3 5  . 

ALTERNATING CURRENT 

Q.11 The value of C is _____. 

 C dk eku _____ gSA 

Sol. 100 

ALTERNATING CURRENT 

Q.12 The value of  is _____. 

  dk eku _____ gSA 

Sol. 60 

 
 ~ 

vrms=100v 
P = 500w 

R 

 
 vrms = 1200 volt 

 f = 50 Hz 

P = 
2

rms
V 100 100

R R


    

 R = 
410

20
500

   

 Also,   For resistance  

P = Vrms . Irms   

  P = 100 × Irms  

 Irms = 5A  

 


Irms      R=100 

V =100volt Irms xC   



 

 

 cos  = 
100

200
 = 

1

2
 

  = 60° 

From above phaser ; 200 sin60º = Irms xc 

    200 × 
3

2
 = 5 × xc 

    xc = 20 3  

    
1

20 3
c



 

  We get c = 100 F 
 

 

Section – 3 

  This section contains TWO (02) paragraphs. Based on each paragraph, there are TWO (02) 

questions. 

  Each question has FOUR options (A), (B), (C) and (D). ONLY ONE of these four options is the 

correct answer. 

  For each question, choose the option corresponding to the correct answer. 

  Answer to each question will be evaluated according to the following marking scheme: 

 Full Marks   : +3 If ONLY the correct option is chosen; 

 Zero Marks   : 0 If none of the options is chosen (i.e. the question is unanswered); 

 Negative Marks  : −1 In all other cases. 
Paragraph 

 A special metal S conducts electricity without any resistance. A closed wire loop, made of S, 
does not allow any change in flux through itself by inducing a suitable current to generate a 
compensating flux. The induced current in the loop cannot decay due to its zero resistance. This 
current gives rise to a magnetic moment which in turn repels the source of magnetic field or 
flux. Consider such a loop, of radius a, with its center at the origin. A magnetic dipole of 
moment m is brought along the axis of this loop from infinity to a point at distance r (>> a) 
from the center of the loop with its north pole always faing the loop, as shown in the figure 
below. The magnitude of magnetic field of a dipole m, at a point on its axis at distance r, is 

0

3

m

2 r




, where 0 is the permeability of free space. The magnitude of the force between two 

magnetic dipoles with moments, m1 and m2, separated by a distance r on the common axis, 

with their north poles facing each other, is 1 2

4

km m

r
, where k is a constant of appropriate 

dimensions. The direction of this force is along the line joining the two dipoles. 
 ,d fo'ks"k /kkrq S fdlh izfrjks/k ds fcuk fo|qr dk pkyd djrh gSA S ls fufeZr ,d cUn rkj ywi izfrdkjh ¶yDl mRiUu 

djus ds fy, mi;qDr /kkjk mRiUu dj Lo;a ls ¶yDl esa dksbZ ifjorZu ugha nsrk gSA ywi esa izsfjr /kkjk dk blds 'kwU; 

izfrjks/k ds dkj.k {k; ugha gks ldrk gSA bl /kkjk ds dkj.k pqEcdh; vk?kw.kZ esa of̀) gksrh gS] ftlds ifj.kkeLo:i pqEcdh; 

{ks=k ;k ¶yDl dk L=ksr izfrdf"kZr gksrk gSA a f=T;k ds bl izdkj ds ,d ywi ij fopkj dhft, bldk dsUnz ewy fcUnq ij 

gSA uhps fp= esa n'kkZ, vuqlkj m vk?kw.kZ ds ,d pqEcdh; f}/kqzo dks bl ywi ds v{k ds vuqfn'k vuUr ls ywi ds dsUnz ls r 
(>> a) ij ,d fcUnq rd yk;k tkrk gS rFkk bldk mRrj /kqzo lnSo ywi dh vksj gSA ,d f}/kqo m dk blds v{k ij r nwjh 
ij ,d fcUnq ij pqEcdh; {ks= dk ifjek.k gS] tgk¡ 

0
 eqDr f=foe dh ikjxE;rk gSA m

1
 rFkk m

2 
vk?kw.kZ ds nks pqEcdh; f}/kqzo 

mHk;fu"B v{k ij r nwjh }kjk i`FkDd̀r gS] buds e/; cy dk ifjek.k
1 2

4

km m

r
 gS] buds mRrj /kqzo ,d&nwljs dh vksj gS] 

tgk¡ k mi;qDr foekvks dk ,d fu;rkad gSA bl cy dh fn'kk nksuks /kqzoks dks tksM+us okyh js[kk ds vuqfn'k gSA 
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ELECTROMAGNETIC INDUCTION 
Q.13 When the dipole m is placed at a distance r from the center of the loop (as shown in the figure), 

the current induced in the loop will be proportional to  
 tc f}/kqzo m dks ywi ds dsUnz ls r nwjh ij j[kk tkrk gS (fp= esa n'kkZ, vuqlkj) rc ywi esa izsfjr /kkjk fdlds lekuqikrh 

gksxh \ 
 (A) m/r3  (B) m2/r2  (C) m/r2  (D) m2/r 
Sol. A 
ELECTROMAGNETIC INDUCTION 
Q.14 The work done in bringing the dipole from infinity to a distance r from the center of the loop by 

the given proces is proportional to  
 nh xbZ izfØ;k }kjk f}/kqzo dks vuUr ls ywi ds dsUnz ls nwjh r rd ykus esa fd;k x;k dk;Z fdlds lekuqikrh gS \ 
 (A) m/r5  (B) m2/r5  (C) m2/r6  (D) m2/r7  
Sol. C 
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   flux of super condutor remains same. 

 
d i

B B  

 (Bd due to dipole, Bi due to induce ) 

 0 0

3

2m i

2a4 r

 



  

3

m
i

r
 

 
.....(1) 

 f i
W U U   and U M.B   

 
i

U 0           =  oMB 180   

 W mB   

 W
2

0

3
2 2 2

ia
m

2(a r )





 

 Put i from equation (1)     
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Paragraph 

 A thermally insulating cylinder has a thermally insulating and frictionless movable partition in 

the middle, as shown in the figure below. On each side of the partition, there is one mole of an 

ideal gas, with specific heat at constant volume, 𝐶𝑉=2𝑅. Here, 𝑅 is the gas constant. Initially, 

each side has a volume 𝑉0 and temperature 𝑇0. The left side has an electric heater, which is 

turned on at very low power to transfer heat 𝑄 to the gas on the left side. As a result the 

partition moves slowly towards the right reducing the right side volume to 𝑉0/2. Consequently, 

the gas temperatures on the left and the right sides become 𝑇𝐿 and 𝑇𝑅, respectively. Ignore the 

changes in the temperatures of the cylinder, heater and the partition. 
 ,d rkih; :i ls dqpkyd csyu esa uhps fp= esa n'kkZ, vuqlkj e/; esa rkih; :i ls dqpkyd rFkk ?k"k Z.kghu xfreku 

foHkktd gSA foHkktd ds izR;sd Hkkx ij ,d eksy vkn'kZ xSl gS] ftldh fu;r vk;ru ij fof'k"V m"ek  

C
v
 = 2R gSA ;gk¡ R xSl fu;rkad gSA izkjaHk esa izR;sd Hkkx dk vk;ru V

0
 rFkk rki T

0 
gSA ck;sa Hkkx esa ,d fo|qr ghVj gS] 

tks xSl dks ck,sa Hkkx ij Q m"ek LFkkukUrfjr djus ds fy, vR;Ur fuEu 'kfDr ij pkyw gksrk gSA ftlds ifj.kkeLo:i 

foHkktd /khjs&/khjs nk;ha vksj xfr djrk gS] ftlls nk,a Hkkx dk vk;ru V
0
/2 rd ?kVrk tkrk gSA ifj.kkeLo:i ck,sa o nk,sa 

Hkkx ij xSl ds rki Øe'k% T
L
 rFkk T

R 
gks tkrs gSA csyu] ghVj rFkk foHkktd ds rkiks esa ifjorZuks dks ux.; ekfu,A 

 

 T0,V0 T0,V0 

 
HEAT-2 
 

Q.15 The value of R

0

T

T
 

  R

0

T

T
dk eku gS & 

 (A) 2  (B) 3  (C) 2 (D) 3   

Sol. A 
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adiabatic  

process 

 
 process in right chamber is adiabatic 

 PV = constant 

   = 
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 TR = T0 21/2  
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HEAT-2 
 

Q.16 The value of 
0

Q

RT
 

 
0

Q

RT
 dk eku gS & 

 (A) 4(2 2 1)  (B) 4(2 2 –1)  (C) (5 2 1)  (D) (5 2 –1)  
Sol. B 

 

 L 

TL 

R 

TR 
WR 

 
 Take both chamber as one system 
 net work done = 0 
 i.e. WL + WR = 0  ....(i) 
 Apply 1st law of thermodynamics 
 QL+R = UL + UR + WL + WR  
 QL+R = UL + UR  

  U = nCVdT  

 QL+R = 1 × 2R (TL – T0) + 1 × 2R  0 02T T
 ....(i)

 

 Calculation of TL  
 (Final temperature in left chamber) 
 From ideal gas equation 

 PV = nRT  0 03v v

2 2
 

 nR = 
PV

T
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   For left chamber 
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   for right chamber 

 TL = 03 2T
 

 Put the value of TL in equation (i) 

 QL+R = 2R 0 0 0 03 2T T 2R 2T T     
   

 

 QL+R = 2R 0 04 2T 2T 
 

 

 or L R

0

Q

RT


 = 4 2 2 1 

 
 

 

 



 

 

   
SECTION 4 

  This section contains THREE (03) questions. 
  The answer to each question is a NON-NEGATIVE INTEGER. 
  For each question, enter the correct integer corresponding to the answer using the mouse and 

the on-screen virtual numeric keypad in the place designated to enter the answer. 
  Answer to each question will be evaluated according to the following marking scheme: 
 Full Marks  : +4 If ONLY the correct integer is entered; 
 Zero Marks  : 0 In all other cases. 
CURRENT ELECTRICITY 
Q.17 In order to measure the internal resistance 𝑟1 of a cell of emf 𝐸, a meter bridge of wire 

resistance 𝑅0 = 50Ω, a resistance 𝑅0/2, another cell of emf 𝐸/2 (internal resistance 𝑟) and a 
galvanometer G are used in a circuit, as shown in the figure. If the null point is found at 𝑙=72 
cm, then the value of 𝑟1=___ Ω. 

  

 

 

 

 

 

G E/2 r 

R0/2 E r1 


 

 fo-ok-cy E ds ,d lsy ds vkarfjd izfrjks/k r
1
 ds ekiu ds fy, ,d ifjiFk esa fp=kuqlkj rkj izfrjks/k R

0
 = 50ds ,d 

ehVj lsrq] ,d izfrjks/k R
0
/2 fo-ok-cy E/2 ds vU: lsy (vkarfjd izfrjks/k r) rFkk ,d xsYosuksehVj G dk mi;ksx fd;k tkrk 

gSA ;fn 'kwU; fo{ksi fcUnq l = 72 cm ij ik;k tkrk gS] rc r
1
 dk eku _______ . 

  

 

 

 

 

 

G E/2 r 

R0/2 E r1 


 

Sol. 3 
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 From the circuit 
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2 39
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 75 + r1 = 2 × 39  

 r1 = 3   



 

 

  

GRAVITATION 

Q.18 The distance between two stars of masses 3𝑀𝑆 and 6𝑀𝑆 is 9𝑅. Here 𝑅 is the mean distance 

between the centers of the Earth and the Sun, and 𝑀𝑆 is the mass of the Sun. The two stars 

orbit around their common center of mass in circular orbits with period 𝑛𝑇, where 𝑇 is the period 

of Earth’s revolution around the Sun. The value of n is ___. 

 nzO;eku 3Ms rFkk 6Ms ds nks rkjks ds e/; nwjh 9R gSA ;gk¡ R, i`Foh rFkk lw;Z ds dsUnzks ds e/; ek/; nwjh gS rFkk Ms lw;Z 

dk nzO;eku gSA nksuks rkjs o`Rrh; d{kkvks esa vius mHk;fu"B nzO;eku dsUnz ds pkjks vksj vkorZdky nT ls ifjØe.k djrs gS] 

tgk¡ T lw;Z ds pkjks vksj i`Foh ds ifjØe.k dk vkorZdky gSA n dk eku ___ gSA 

Sol. 9 

 Two – star problem 

 

 

com r2 
s2 

6Ms 

r1 

s1 

3Ms 

r1=
6 9

R
9


 = 6R 

r2 = 3R 

  
 on 6Ms 

 S s

2

G3M 6M

(9R)
 = 6MS 

2
2

nT

 
 
 

 3R ....(i) 

 for S-E system 

 s E

2

GM M

R
 = ME 

2
2

T

 
 
 

 R  ....(ii) 

 Solve equation (i) and (ii) 

 n = 9  

 MODERN-I 

Q.19 In a photoemission experiment, the maximum kinetic energies of photoelectrons from metals 𝑃, 𝑄 

and 𝑅 are 𝐸𝑃, 𝐸𝑄 and 𝐸𝑅, respectively, and they are related by 𝐸𝑃=2𝐸𝑄=2𝐸𝑅. In this experiment, the 

same source of monochromatic light is used for metals 𝑃 and 𝑄 while a different source of 

monochromatic light is used for the metal 𝑅. The work functions for metals 𝑃, 𝑄 and 𝑅 are 4.0 eV, 

4.5 eV and 5.5 eV, respectively. The energy of the incident photon used for metal 𝑅, in eV, is ___. 

 fdlh izdk'k mRltZu iz;ksx esa] /kkrqvks P, Q rFkkR ls QksVks bysDVªkWuks dh vf/kdre xfrt mtkZ;sa Øe'k% E
P
, E

Q
 rFkk E

R 
gS rFkk 

;s E
P
 = 2E

Q
 = 2E

R 
}kjk lacaf/kr gSA bl iz;ksx esa] ,dyo.khZ; izdk'k ds leku L=kksr dk mi;ksx /kkrqvks P rFkk Q ds fy, fd;k 

tkrk gS] tcfd ,dyo.khZ; izdk'k ds fHkUu&fHkUu L=kksrks dk mi;ksx /kkrq R ds fy, fd;k tkrk gSA /kkrqvks P, Q rFkk R ds 

fy, dk;ZQyu Øe'k% 4.0 eV, 4.5 eV rFkk 5.5 eV gSA /kkrq R ds fy, iz;qDr vkifrr QksVkWu dh mtkZ (eV esa) _____ gSA 

 

Sol. 6 

 Photo-electric effect 

 E = h – W0  

 Here, W0 = work function 



 

 

 Given : EP = 2EQ = 2ER  

 Now,  

 EP = hP – 4  ...(i) 

 EQ = hQ – 4.5  ....(ii) 

 ER = hR – 5.5  ....(iii) 

 we have to calculate hR  

 Q = Q  Given  

 Equation (i) – equation (ii)  

 E = 0.5  

 hR = 6  

  

 



 
 

 

 


