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PAPER I

PHYSICS

SECTION-1 (Maximum Marks : 12)

* This section contains FOUR (04) questions.

* Each question has FOUR options ONLY ONE of these four options is the correct answer.

* For each question, choose the correct 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.

1. In a radioactive sample, 40
19 K  nuclei either decay into stable 40

20 Ca  nuclei with decay constant 4.5 × 10–10 per

year or into stable 40
18 Ar  nuclei with decay constant 0.5×10–10 per year. Given that in this sample all the stable

40
20 Ca  and 40

18 Ar  nuclei are produced by the 40
19 K  nuclei only. In time t × 109 years, if the ratio of the sume of

stable 40
20 Ca  and 40

18 Ar  nuclei to the radioactive 40
19 K  nuclei is 99, the value of t will be,

[Given : ln 10 = 2.3] Question ID : 337911112

,dÃjsfM;ks,fDVoÃuewusÃesa, 40
19 K  ukfHkdksaÃdkÃ{k;Ã40

20 Ca  vFkokÃ40
18 Ar ÃfLFkjÃukfHkdksaÃesaÃgksrkÃgS]ÃftudsÃ{k;Ãfu;rkadÃ(decay

constant) Øe'k%Ã4.5 × 10–10 izfrÃo"kZÃ(per year) rFkkÃ0.5×10–10 izfrÃo"kZÃgSAÃfn;kÃgSÃfdÃblÃuewusÃesaÃlHkhÃ 40
20 Ca  vkSj

40
18 Ar  ukfHkdÃdsoyÃ 40

19 K  ukfHkdksaÃlsÃcursÃgSaAÃ;fnÃt × 109 o"kksZÃesa]ÃfLFkjÃukfHkdksaÃ 40
20 Ca  vkSjÃ 40

18 Ar  dhÃla[;kÃdsÃdqy

;ksxÃ,oaÃjsfM;ks,fDVoÃukfHkdksaÃ 40
19 K  dhÃla[;kÃdkÃvuqikrÃ99 gSÃrksÃt dkÃekuÃgksxk,

[fn;kÃgS : ln 10 = 2.3]

(1) 1.15 (2) 2.3 (3) 9.2 (4) 4.6

Ans. 3

S.


1
 = 4.5×10–10 per year


2
 = 0.5×10–10 per year

N
1
 = number of Ca nuclei

N
2
 = number of Ar nuclei

N = number of K nuclei
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After t × 109 year

1 2N N 99

N 1




1 2N N N 100

N 1

 
 (N

1
 + N

2
 + N = N

0
 = total K nuclei initially )

0N 100

N 1


0N
N

100
  = eqT

0N e


( eq 1 2     )

ln 100 = 
eq

 × T

T = 9.2 × 109 years

t = 9.2

2. A current carrying wire heats a metal rod. The wire provides a constant power (P) to the rod. The metal rod is

enclosed in an insulated container. It is observed that the temperature (T) in the metal rod changes with time (t)

as

1

4
0T(t) T (1 t )  ,

where  is a constant with appropriate dimension while T
0
 is a constant with dimension of temperature. The

heat capacity of the metal is , Question ID : 337911111

,dÃ/kkjkÃokgdÃrkjÃ,dÃ/kkrqÃdhÃNM+ÃdksÃxjeÃdjrkÃgSAÃrkjÃNM+ÃdksÃ,dÃfLFkjÃ'kfDr(P) (constant power) iznkuÃdjrk

gSAÃ;gÃ/kkrqÃNM+Ã,dÃvpkydÃcrZuÃesaÃj[khÃx;hÃgSAÃ;gÃik;kÃx;kÃfdÃ/kkrqÃdkÃrkiekuÃ(T) le;(t) dsÃlkFkÃfuEuÃ<axÃls

ifjofrZrÃgksrkÃgS

1

4
0T(t) T (1 t )  ,

tgk¡Ã ,dÃmi;qDrÃfoekÃdkÃfLFkjkadÃgSÃtcfdÃT
0
 rkiekuÃdkÃgSAÃ/kkrqÃdhÃÅ"ekÃ/kkfjrkÃgS,

(1) 
 

4

0

4 5
0

4P T(t) T

T




(2) 

 
3

0

4 4
0

4P T(t) T

T




(3) 

 0

4 2
0

4P T(t) T

T




(4) 

 
2

0

4 3
0

4P T(t) T

T





Ans. 2

S. d C dT    (C = heat capacity)

d dT
C

dt dt


 

3/4
0

1
P C T t

4
    (T = T

0
 (1 + t1/4))
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3/4

0

4P
C t

T


 .....(1)

If T = T
0
 (1 + t1/4)

t1/4 = 
0

0

T T

T





3

3/4 0

0

T T
t

T

 
  

 
......(2)

using eq (2) in eq. (1)

 
3

0

4 4
0

4P T T
C

T






3. Consider a spherical gaseous cloud of mass density (r) in free space where r is the radial distance from its

center. The gaseous cloud is made of particles of equal mass m moving in circular orbits about the common

center with the same kinetic energy K. The force acting on the particles is their mutual gravitational force. If (r)

is constant in time, the particle number density n(r) = (r)/m is :

[G is universal gravitational constant] Question ID : 337911109

ekuÃyhft;sÃeqDrÃvkdk'kÃ(free space) esaÃ,dÃxksykdkjÃxSlÃdsÃcknyÃdkÃnzO;ekuÃ?kuRoÃ(r) gSÃrFkkÃbldhÃdsUnzÃlsÃf=kT;

(radial) nwjhÃr gSAÃ;gÃxSlh;ÃcknyÃm nzO;ekuÃdsÃlekuÃd.kksaÃlsÃcukÃgSÃtksÃfdÃ,dÃledsUnzh;Ão`ÙkkdkjÃd{kkvksaÃesaÃleku

xfrtÃÅtkZÃK lsÃ?kweÃjgsÃgSaAÃbuÃd.kksaÃijÃikjLifjdÃxq:Rokd"kZ.kÃcyÃyxÃjgkÃgSAÃ;fnÃ(r) le;ÃdsÃlkFkÃ,dÃfLFkj

jkf'kÃgS]ÃrcÃd.kksaÃdkÃla[;kÃ?kuRoÃn(r) = (r)/m dkÃekuÃgksxkÃ:

[G lkoZf=kdÃxq:Roh;Ãfu;rkadÃgSA]

(1) 2 2

K

r m G
(2) 2 2

K

2 r m G
(3) 2 2

K

6 r m G
(4) 2 2

3K

r m G

Ans. 2

S.

M

r

m

F
net

 on 'm' = 
2

2

GMm mv

r r


21 GMm 1
mv k

2 r 2
 

2Kr
M

Gm
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22K
dM dr 4 r dr

Gm
  

2

K

2 r mG
 



2 2

K

m 2 r m G






4. A thin spherical insulating sheel of radius R carries a uniformly distributed charge such that the potential at its

surface is V
0
. A hole with a small area 4R2 (<<1) is made on the shell without affecting the rest of the shell.

Which one of the following statement(s) is correct ? Question ID : 337911110

(1) The magnitude of electric field at a point, located on a line passing through the hole and shell's centre, on a

distance 2R from the center of the spherical shell will be reduced by 
0V

2R



(2) The ratio of the potential at the center of the shell to that of the point at 
1

2
R from center towards the hole

will be 
1

1 2



 

(3) The potential at the center of the shell is reduced by 2V
0

(4) The magnitude of electric field at the center of the shell is reduced by 
0V

2R



R f=kT;kÃdsÃ,dÃirysÃxksyh;ÃvpkydÃdks'kÃ(spherical insulating shell) ijÃvkos'kÃ,dlekuÃ:iÃlsÃblÃrjgÃlsÃforfjr

gSÃfdÃbldhÃlrgÃijÃfoHkoÃV
0 
gSAÃblesaÃ,dÃNksVsÃ{ks=kQyÃ4R2 (<<1) okykÃ,dÃfNnzÃckdhÃdks'kÃdksÃizHkkforÃfd,

fcukÃcuk;kÃtkrkÃgSAÃfuEufyf[krÃdFkuksaÃesaÃlsÃdkSuÃlkÃlghÃgSÃ?

(1) dks'kÃdsÃdsUnzÃoÃfNnzÃlsÃxqtjusÃokyhÃjs[kkÃijÃdsUnzÃlsÃ2R dhÃnwjhÃijÃmifLFkrÃfcUnqÃijÃoS|qrÃ{ks=kÃdkÃifjek.kÃ 0V

2R



lsÃ?kVÃtk,xkA

(2) dks'kÃdsÃdsUnzÃrFkkÃdsUnzÃlsÃ
1

2
R nwjhÃijÃfNnzÃdhÃvksjÃmifLFkrÃfcUnqÃijÃfoHkoksaÃdkÃvuqikrÃ

1

1 2



 
 gksxkA

(3) dks'kÃdsÃdsUnzÃijÃfoHkoÃdkÃekuÃ2V
0 
lsÃ?kVrkÃgSA

(4) ds'kÃdsÃdsUnzÃijÃoS|qrÃ{ks=kÃ(electric field) dkÃifjek.kÃ 0V

2R


 lsÃ?kVrkÃgSA

Ans. 2
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S.

Total charge = Q

small area = 4 R ( <<1)2  

q = charge on small area = 2

2

Q
4 R Q

4 R
   



0

KQ
V

R


(1)   
 '

c 2 2

K QKQ
E

R2R


   ;   

C 2

KQ
E

2R


0
C 2

VKQ
E

R R

 
   

(2)   
A

B

KQ KQ
V 1R R

KQ KQV 1 2
R R / 2





 

  

(3)    
'
A

KQ KQx
V

R R
  A

KQ
V

R


 A 0

KQ
V V

R

 
  

(4)   
'
A 2

KQ
E

R




AE 0

0
A 2

VKQ
E

R R


  

SECTION-2

This section contains Eight (08) questions.

Each question has FOUR options for correct answer(s). ONE OR MORE THAN ONE of these four

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

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

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 options.

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

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

Negative Marks : –1 In all other cases.

1. In the circuit shown, initially there is no charge on capacitors and keys S
1
 and S

2
 are open. The values of the

capacitors are C
1
 = 10µF, C

2
 = 30µF, and C

3
 = C

4
 = 80µF. Which statements is/are correct :

Which of the statement(s) is/are correct ? Question ID : 337911115

(1) The key S
1
 is kept closed for long time such that capacitors are fully charged, the voltage across the

capacitor C
1
 will be 4 V.

(2) The key S
1
 is kept closed for long time such that capacitors are fully charged. Now key S

2
 is closed, at this

time the instantaneous current across 30 resistor (between points P & Q) will be 0.2A (round off to 1st

decimal place).

(3) The key S
1
 is kept closed for long time such that capacitors are fully charged, the voltage difference

between points P and Q will be 10 V

(4) At time t = 0, the key S
1
 is closed, the instantaneous current in the closed circuit will be 25 mA

iznf'kZrÃifjiFkÃesa]ÃvkjEHkÃesaÃla/kkfj=kksaÃijÃdksbZÃvkos'kÃughaÃgSÃvkSjÃdqathÃS
1
 vkSjÃS

2
 [kqyhÃgSaAÃla/kkfj=kksaÃdsÃeku

C
1
 = 10µF, C

2
 = 30µF vkSj C

3
 = C

4
 = 80µF gSAÃfuEufyf[krÃdFkuksaÃesaÃlsÃdkSuÃlk(ls) lghÃgS(gSa) ?

(1)ÃdqathÃS
1
 dksÃyEcsÃle;ÃdsÃfy,ÃblÃizdkjÃcanÃfd;kÃtk,ÃfdÃlHkhÃla/kkfj=kÃiw.kZÃvkosf'krÃgksÃtk,ÃrcÃla/kkfj=kÃC

1

ijÃ4 V dkÃfoHkoÃgksxkA

(2) dqathÃS
1
 dksÃyEcsÃle;ÃdsÃfy,ÃblÃizdkjÃcanÃj[kkÃtkrkÃgSÃfdÃlHkhÃla/kkfj=kÃiw.kZÃvkosf'krÃgksÃtkrsÃgSaAÃvcÃdqathÃS

2

dksÃcanÃfd;kÃtkrkÃgSÃrcÃblÃle;ÃijÃ30 dsÃizfrjks/kÃ(P vkSj Q dsÃe/;) esaÃrkR{kf.kdÃ(instantaneous) /kkjkÃdkÃeku

0.2A gksxkAÃ(n'keyoÃdsÃizFkeÃLFkkuÃrdÃjkmaMÃvkWQÃ(round off))

(3) ;fnÃdqathÃS
1
 dksÃyEcsÃle;ÃdsÃfy,ÃblÃizdkjÃcanÃfd;kÃtk,ÃfdÃlHkhÃla/kkfj=kÃiw.kZÃvkosf'krÃgksÃtk,ÃrcÃfcUnqÃP
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vkSjÃQ dsÃe/;Ã10 V dkÃfoHkokUrjÃgksxkA

(4) le;Ãt = 0 ij, tcÃdqathÃS
1
 dksÃcanÃfd;kÃtkrkÃgS]ÃrcÃcanÃifjiFkÃesaÃrkR{kf.kdÃ(instantaneous) /kkjkÃdkÃekuÃ25

mA gksxkA

Ans. 1,4

S. (1) Equivalent circuit when S
1
 is kept closed for long time

5VC4P

C1 C3

C
1
 = 10f

C
3
 = C

4
 = 80f

eq 1 3 4

1 1 1 1

C C C C
  

eq

1 1 1 1

C 10 80 80
  

eqC 8 f 

eqQ C V 40 C   

voltage across C
1
 = 

40 C
4V

10 f






(3) P QV   = Voltage across C
1
 = 4V

(4) Equivalent circuit just after S
1
 is closed

5V

70

30

100i

5
i 0.025A

200
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(2)  S
1
 is closed for long time, then S

2
 is closed. Just after closing S

2
, charges on all the capacitors will remain

unchanged.
Equivalent circuit

KVL in loop ABCD

10 – 30x – 
40

10
 – 70y = 0

        30x + 70y  = 6   .....(i)
KVL in loop ABEF

10 – 30x + 
40

80
 – 5 –30(x–y) + 

40

80
 – 100 (x – y) = 0

      160x – 130y = 6 ........(ii)
on solving equation (i) & (ii)
x = 0.079 A

2. A conducting wire of parabolic shape, initially y = x2, is moving with velocity 
0
ˆV V i


 in a non-uniform mag-

netic field 0

y ˆB B 1 k
L

  
      


, as shown in figure. If V

0
,B

0
, L and  are positive constants and  is the

potential difference developed between the ends of the wire, then the correct statements(s) is/are :

Question ID : 337911114
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(1) || is proportional to the length of the wire projected on the y-axis

(2) || remains the same if the parabolic wire is replaced by a straight wire, y = x initially, of length 2L

(3) 0 0

1
| | B V L

2
   for  0 

(4) 0 0

4
| | B V L

3
   for 2 

fp=kkuqlkjÃ,dÃvlekuÃpqacdh;Ã{ks=kÃ 0

y ˆB B 1 k
L

  
      


ÃesaÃ,dÃijoy;kdkjÃ(parabolic shape), vkjaHkÃesaÃy = x2

okyk, fo|qrÃpkydÃrkjÃosxÃ
0
ˆV V i


 lsÃpyÃjgkÃgSAÃ;fnÃV

0
,B

0
, L rFkkÃ /kukRedÃfu;rkadÃgSaÃ,oaÃrkjÃdsÃfljksaÃds

e/;ÃmRiUuÃfoHkokUrjÃ gS]ÃrcÃfuEufyf[krÃdFkuksaÃesaÃlsÃdkSuÃlk(ls) lghÃgS(gSa)  :

(1) || dkÃekuÃy-v{kÃijÃrkjÃdhÃizs{ksfirÃyEckbZÃdsÃlekuqikrhÃgksxkA

(2) ;fnÃblÃijoy;kdkjÃrkjÃdsÃLFkkuÃijÃ 2L ÃyEckbZÃokykÃ,dÃlh/ksÃrkj]ÃvkjEHkÃesaÃy = x, dkÃmi;ksxÃfd;kÃtk;s

rcÃ|| lekuÃjgsxkA

(3) 0  ÃdsÃfy,]Ã 0 0

1
| | B V L

2
 

(4) 2  ÃdsÃfy,]Ã 0 0

4
| | B V L

3
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Ans. 1,2,4

2.

Sol.

dl

dx

dy

B

0

y ˆB B 1 k
L

  
      

potential difference in small element dl = d

d= BV
0
dy

= 

L

0

0

d BV dy   ...........(i)

 From equation (i) || is proportional to the length of wire projected on the y-axis
(2) Because option (1) is correct, therefore option (2) is also correct

(3) If 



L

0 0

0

B V dy  = B
0
V

0
L

(4) If  2


0
V

0
 

2L

0

y
1 dy

L

  
     



= B
0
V

0
L +B

0
V

0
 
L

3

= 0 0

4
B V L

3

3. A cylindrical capillary tube of 0.2 mm radius is made by joining two capillaries T
1
 and T

2
 of different materials

having water contact angles of 0º and 60º respectively. The capillary tube is dipped vertically in water in two
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different configurations, case I and II as shown in figure. Which of the following option(s) is (are) correct?

[Surface tension of water = 0.075N/m, density of water = 1000 kg/m3, take g = 10 m/s2]

Question ID : 337911113

(1) The correction in the height of water column raised in the tube, due to weight of water contained in the

meniscus, will be different for both cases.

(2) For case I, if the joint is kept at 8 cm above the water surface, the height of water column in the tube will be

7.5 cm. (Neglect the weight of the water in the meniscus)

(3) For case II, if the capillary joint is 5 cm above the water surface, the height of water column raised in the

tube will be 3.75 cm. (Neglect the weight of the water in the meniscus)

(4) For case I, if capillary joint is 5cm above the water surface, the height of water column raised in the tube will

be more than 8.75 cm. (Neglect the weight of the water in the meniscus)

nksÃfHkUuÃinkFkksZÃdhÃ,dÃlekuÃ0.2 mm f=kT;kÃokyhÃnksÃds'kufy;ksaÃT
1
 rFkkÃT

2
 ]ÃftudsÃikuhÃdsÃlkFkÃlaidZÃdks.kÃ(contact

angle) Øe'k%Ã0º rFkkÃ60º gSa]ÃdksÃtksM+djÃ,dÃds'kuyhÃcukrsÃgSaAÃblÃds'kuyhÃdksÃfp=kkuqlkjÃnksÃfHkUuÃfoU;klÃ-I vkSj

foU;kl-II esaÃikuhÃesaÃÅ/okZ/kjÃMqck;kÃtkrkÃgSAÃfuEufyf[krÃdFkuksaÃesaÃlsÃdkSuÃlk(ls) lghÃgS(gSa) ?

[ikuhÃdkÃi`"BrukoÃ(surface tension) = 0.075N/m, ikuhÃdkÃ?kuRoÃ= 1000 kg/m3 rFkkÃg = 10 m/s2]

(1) ikuhÃdsÃeqDrÃì"BÃ(meniscus) esaÃmifLFkrÃikuhÃdsÃHkkjÃdsÃdkj.kÃds'kuyhÃesaÃp<+sÃikuhÃdhÃÅ¡pkbZÃesaÃla'kks/kuÃ(correction)

dkÃekuÃnksuksaÃfoU;klksaÃdsÃfy;sÃfHkUuÃgksxkA

(2) foU;kl-I dsÃfy;s, ;fnÃds'kufy;ksaÃdkÃtksM+ÃikuhÃdhÃlrgÃlsÃ8 cm Å¡pkbZÃijÃgS]ÃuyhÃesaÃp<+sÃikuhÃdhÃÅ¡pkbZÃ7.5 cm

gksxhA (eqDrÃi`"BÃijÃikuhÃdkÃHkkjÃmis{k.kh;ÃgS)

(3) foU;kl-II dsÃfy;s, ;fnÃds'kufy;ksaÃdkÃtksM+ÃikuhÃdhÃlrgÃlsÃ5 cm ÃÅ¡pkbZÃijÃgS]ÃuyhÃesaÃp<+sÃikuhÃdhÃÅ¡pkbZÃ3.75

cm gksxhAÃ(eqDrÃi`"BÃijÃikuhÃdkÃHkkjÃmis{k.kh;ÃgS)
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(4) foU;kl-I dsÃfy;s, ;fnÃds'kufy;ksaÃdkÃtksM+ÃikuhÃdhÃlrgÃlsÃ5cm ÅijÃgS]ÃuyhÃesaÃp<+sÃikuhÃdhÃÅ¡pkbZÃ8.75 cm ls

vf/kdÃgksxhA (eqDrÃi`"BÃijÃikuhÃdkÃHkkjÃmis{k.kh;ÃgS)

Ans. 1,2,3

Sol. Rise of liquid in T
1
 if sufficient length is available =  

1
4

2Scos 2 0.075 cos
7.5cm

gr 1000 10 2 10

   
 

   
..........(i)

Rise of liquid in T
2
 if sufficient length is  available = 

2
4

2Scos 2 0.075 cos60
3.75cm

gr 1000 10 2 10

   
 

   
..........(ii)

(1) If sufficient length of a tube is not available then meniscus may change radius of curavature on reaching the
joint and since length of T

1
 and T

2
 are not fixed in question there may arise a situation in which weight of water

contained in the  menscus is same in both cases.
(2) Refer equation (i)
(3) Refer equation (ii)
(4) In case  I

1
 if joint is 5cm above water surface, height of water column will be 5cm only, then meniscus will

change its radius of curvature because if water rises in T
2
 then force due to surface tension cannot balance the

weight of liquid column of length more than 3.75 cm

4. One mole of a monatomic ideal gas goes through a thermodynamic cycle, as shown in the volume versus

temperature (V-T) diagram. The correct statement(s) is/are : [R is the gas constant]

Question ID : 337911117

(1) Work done in this thermodynamic cycle (1  2  3  4  1) is |W| = 0

1
RT

2

(2) The ratio of heat transfer during processes 1  2 and 3  4 is 
1 2

3 4

Q 1

Q 2






(3) The ratio of heat transfer during processes 1  2 and 2  3 is 
1 2

2 3

Q 5

Q 3
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(4) The above thermodynamic cycle exhibits only isochoric and adiabatic processes.

,dijek.kqdÃvkn'kZÃxSlÃdkÃ,dÃeksyÃ,dÃÅ"ekxfrdh;ÃpØÃ(thermodynamic cycle) lsÃxqtjrkÃgS, ftlsÃvk;ru&rkieku

(V-T) xzkQÃfp=kÃesaÃfn[kk;kÃx;kÃgSAÃfuEufyf[krÃdFkuksaÃesaÃlsÃdkSuÃlk(ls) lghÃgS(gSa) : [R xSlÃfu;rkadÃgS)

(1) blÃÅ"ekxfrdh;ÃpØÃ(1  2  3  4  1) esaÃfd;kÃx;kÃdk;ZÃ|W| = 0

1
RT

2
 gSA

(2) pØeÃ1  2 rFkk 3  4 esaÃÅ"ekÃLFkkukUrj.kÃdkÃvuqikrÃ
1 2

3 4

Q 1

Q 2




  gSA

(3) pØeÃ1  2 rFkkÃ2  3 esaÃÅ"ekÃLFkkukUrj.kÃdkÃvuqikrÃ
1 2

2 3

Q 5

Q 3




  gSA

(4) mi;qZDrÃÅ"ekxfrdh;ÃpØÃesaÃdsoyÃlek;ruh;Ã(isochoric) vkSjÃ:)ks"e (adiabatic) izØeÃvkrsÃgSaA

Ans. 1,3

Sol. Process 1-2

P = constant (Isobaric process)

W = nRT = 1×R(2T
0
–T

0
) = RT

0

Q
1-2

 = nC
p
T

= 1×  0 0 0

5 5
R 2T T RT

2 2
 

Process 2-3
V = constant (Isochoric Procsess)
W = 0
Q

2-3
 = nC

V
T

=  0 0 0

3 3
1 R T 2T RT

2 2
   

Process 3-4
P = constant (Isobaric process)
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W = nRT = 
0 0

0

T RT
1 R T

2 2

 
    

 

Q
3-4

 = nC
P
T = 1×

5

2
 R 

0
0

T
T

2

 
 

 
 = 

5

4


RTT

0

Process 4-1
V = constant (Isochoric process)
W = 0

(1) W
total

 = RT
0
– 

0 0RT RT

2 2


(2) 

0
1 2

3 4
0

5
RT

Q 22
5Q 1RT
4





 

(3) 

0
1 2

2 3
0

5
RT

Q 52
3Q 3RT
2





 

(4) Thermodynamic cycle consists of isochoric and isobaric processes.

5. Let us consider a system of units in which mass and angular momentum are dimensionless. If length has dimen-

sion of L, which of the following in statement(s) is/are correct? Question ID : 337911119

(1) The dimension of force is L–3 (2) The dimension of linear momentum is L–1

(3) The dimension of energy is L–2 (4) The dimension of power is L–5

ekuÃyhft;sÃfdÃ,dÃbdkbZÃiz.kkyhÃesaÃnzO;ekuÃrFkkÃdks.kh;ÃlaosxÃfoek-jfgrÃ(dimensionless) gSAÃ;fnÃyEckbZÃdhÃfoek

L gks, rcÃfuEufyf[krÃdFkuksaÃesaÃlsÃdkSuÃlk(ls) lghÃgS(gSa) ?

(1) cyÃdhÃfoekÃ(dimension) L–3 gSA (2) js[kh;ÃlaosxÃdhÃfoekÃ(dimension) L–1 gSA

(3) ÅtkZÃdhÃfoekÃ(dimension) L–2 gSA (4) 'kfDrÃdhÃfoekÃ(dimension) L–5 gSA

Ans. 1,2,3

Sol. Let angular momentum = A (Dimensionless)

Mass = M (Dimensionless)

Given Length = L

Using Dimensional analysis

(1) Force [F] = Ax My Lz

MLT–2 = (ML2 T–1)x MyLz

MLT–2 = Mx+y L2x+zT–x

x = 2

2x+z = 1
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z = –3

[F] = L–3

(2) Linear momentum = [p] = Ax MyLz

MLT–1 = Mx+y L2x+z T–x

x = 1

2x +z = 1

z = –1

[p] = L–1

(3) Energy = [E] = Ax MyLz

ML2T–2 = Mx+y L2x+z T–x

x = 2

2x+z = 2

z = –2

[E] = L–2

(4) Power [P] = Ax MyLz

ML2T–3 = Mx+y L2x+z, T–x

x = 3

2x+z = 2

z = –4

[P] = L–4

6. A charged shell of radius R carries a total charge Q. Given  as the flux of electric field through a closed

cylindrical surface of height h, radius r and with its center same as that of the shell. Here center of the cylinder

is a point on the axis of the cylinder which is equidistant from its top and bottom surfaces. Which of the

following option(s) is/are correct [
0
 is the permittivity of free space] Question ID : 337911116

(1) If h > 2R and r > R then = Q/
0

(2) If h > 2R and r = 3R/5 then = Q/
0

(3) If h < 8R/5 and r = 3R/5 then = 0 (4) If h > 2R and r = 4R/5 then = Q/
0

,dÃR f=kT;kÃokysÃvkosf'krÃdks'kÃijÃdqyÃvkos'kÃQ gSAÃ,dÃyEckbZÃh vkSjÃf=kT;kÃr okysÃcsyukdkjÃcanÃi`"B]ÃftldkÃdsUnz

dks'kÃdsÃdsUnzÃijÃghÃgS]ÃlsÃxqtjusÃokykÃoS|qrÃ¶yDlÃ(flux) ÃgSAÃ;gk¡ÃcsyuÃdkÃdsUnzÃbldsÃv{kÃijÃ,dÃfcUnqÃgSÃtksÃfd

ÅijhÃvkSjÃfupyhÃlrgÃlsÃlekuÃnwjhÃijÃgSAÃfuEufyf[krÃdFkuksaÃesaÃlsÃdkSuÃlk(ls) lghÃgS(gSa) ?
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[eqDrÃvkdk'kÃ(free space)ÃdhÃoS|qr'khyrkÃ
0
 gSA]

(1) ;fnÃh > 2R vkSj r > R rc = Q/
0

(2) ;fn h > 2R vkSj r = 3R/5 rc = Q/
0

(3) ;fn h < 8R/5 vkSjÃr = 3R/5 rc = 0 (4) ;fn h > 2R vkSj r = 4R/5 rc = Q/
0

Ans. 1,2,3

Sol. (1) 

h > 2R and r > R

Since whole shell is enclosed  =
0

Q



2. 



3

h > 2R and r = 3R/5

sin  = 3/5, cos =4/5

charge on shaded area =  
Q

2 2 1 cos
4

    


 = 
Q

5

0

Q

5
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3.  



4R/5

h < 8R/5 and r = 3R/5

sin  = 3/5, cos =4/5

since no charge will be enclosed by cylinder

 = 0

4. 



h > 2R and r = 
4R

5

sin = 4/5, cos = 3/5

charge on shaded area = 2×  
Q

2 1 cos
4

   


 = 
2Q

5

 = 
0

2Q

5

7. Two identical moving coil galvanometers have 10  resistance and full scale deflection at 2µA current. One of

them is converted into a voltmeter of 100 mV full scale reading and the other into an Ammeter of 1mA full scale

current using appropriate resistors. These are then used to measure the voltage and current in the Ohm's law

experiment with R = 1000 resistor by using an ideal cell. Which of the following statement(s) is/are correct ?

Question ID : 337911120

(1)  If the ideal cell is replaced by a cell having internal resistance of 5 then the measured value of R will be

more than 1000 

(2) The measured value of R will be 978 < R < 982 
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(3) The resistance of the Voltmeter will be 100 k

(4) The resistance of the Ammeter will be 0.02  (round off to 2nd decimal place)

nksÃ,dlekuÃpydqaMyhÃ/kkjkekihÃ(galvanometer) ftudsÃizfrjks/kÃ10  gSaÃrFkkÃbuesaÃ2µA ijÃiw.kZLdsyÃfo{ksiÃ(full-scale

deflection) feyrkÃgSAÃbuesaÃlsÃ,dÃdksÃ100 mV iw.kZLdsyÃekiuÃ;ksX;ÃoksYVehVjÃrFkkÃnwljsÃdksÃ1mA iw.kZLdsyÃekiuÃ;ksX;

vehVjÃesaÃmi;qDrÃizfrjks/kksaÃdkÃiz;ksxÃdjrsÃgq,ÃifjofrZrÃdjrsÃgSaAÃvkseÃdkÃfu;eÃ(Ohm's law) iz;ksxÃesaÃR = 1000

izfrjks/kÃ,oaÃ,dÃvkn'kZÃlsyÃdsÃlkFkÃbuÃnksuksaÃdkÃmi;ksxÃfoHkoÃvkSjÃ/kkjkÃdksÃekiusÃdsÃfy;sÃfd;kÃtkrkÃgSAÃfuEufyf[kr

dFkuksaÃesaÃlsÃdkSuÃlk(ls) lghÃgSÃ(gSa) ?

(1)  ;fnÃvkn'kZÃlsyÃdksÃnwljsÃlsyÃftldkÃvkarfjdÃizfrjks/kÃ5 lsÃcnykÃtk;sÃrcÃizfrjks/kÃR dkÃekikÃx;kÃekuÃ1000

lsÃvf/kdÃgksxkA

(2) R dkÃekikÃx;kÃekuÃ978 < R < 982 gksxkA

(3) oksYVehVjÃdsÃizfrjks/kÃdkÃekuÃ100 kgksxkA

(4) vehVjÃdsÃizfrjks/kÃdkÃekuÃ0.02  gksxkAÃ(n'keyoÃdsÃf}rh;ÃLFkkuÃrdÃjkmaMÃvkQÃ(round off))

Ans. 2,4

Sol.
2 A r1

 Voltmeter

2×10–6 (10+r
1
) = 0.1V

10 + r
1
 

r
1
   = 49990 

 Total resistance of voltmeter = 50

r2

1mA

A B2 A

 Ammeter

Current in r
2
 = 1mA –2A  1mA

V
A
–V

B
 = 2×10–6 ×10 = 10–3×r

2

r
2
 = 0.02 

Ohm's law experiment

i2

i +i1 2

BA i R1       
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R
measured 

= 
2 voltmeter

1 2

i RVoltmeter reading

Ammeter reading i i






 V
A 

– V
B
 = i

2
 ×50000 = i

1
 ×1000

i
1
 = 50i

2

R
measured

 =
2

2 2

i 50000 50000
980.4

50i i 51


  



As we can see from the calculation shown above that even if ideal cell is replaced by a cell having internal

resistance of 5, measured value of R will not exceed 1000

8. A thin convex lens is made of two materials with refractive indices n
1
 and n

2
, as shown in figure. The radius of

curvature of the left and right spherical surfaces are equal. f is the focal length of the lens when n
1
 = n

2
 = n. The

focal length is f +f when n
1
 = n and n

2
 = n + n. Assuming n << (n – 1) and 1 < n < 2, the correct

statement(s) is/are, Question ID : 337911118

(1) For n = 1.5, n = 10–3 and f = 20 cm, the value of |f| will be 0.02 cm (round off to 2nd decimal place)

(2) The relation between 
f

f


and 

n

n


remains unchanged if both the convex surfaces are replaced by concave

surfaces of the same radius of curvature.

(3) 
f n

f n

 


(4) If 
n

n


 < 0 then 

f

f


> 0

fp=kÃesaÃn'kkZ;kÃx;kÃ,dÃirykÃmÙkyÃysalÃnksÃinkFkksZÃlsÃfeydjÃcukÃgS]ÃftudsÃviorZukadÃ(refractive index) Øe'k%Ãn
1

vkSjÃn
2 
gSaAÃysalÃdsÃck,¡ÃvkSjÃnk,¡Ãi"̀BksaÃdhÃoØrkÃf=kT;k,¡ÃlekuÃgSaAÃn

1
 = n

2
 = n dsÃfy,ÃysalÃdhÃQksdlÃnwjhÃf gSAÃtc

n
1
 = n vkSjÃn

2
 = n + n gS]ÃrcÃQksdlÃnwjhÃf + f gSAÃ;gÃekursÃgq,ÃfdÃn << (n – 1) vkSjÃ1 < n < 2, fuEufyf[krÃdFkuksa

esaÃlsÃdkSuÃlk(ls) lghÃgSÃ(gSa) ,
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(1) ;fnÃn = 1.5, n = 10–3 vkSjÃf = 20 cm gks, rcÃ|f| dkÃekuÃ0.02 cm gksxkAÃ(n'keyoÃdsÃf}rh;ÃLFkkuÃrdÃjkmaM

vkWQÃ(round off))

(2) ;fnÃnksuksaÃmRryÃi`"BksaÃdksÃmlhÃlekuÃoØrkÃf=kT;kÃokysÃvoryÃi"̀BksaÃlsÃcnykÃtkrkÃgSÃrcÃ
f

f


 vkSjÃ

n

n


dkÃlaca/

kÃvifjofrZrÃjgrkÃgSA

(3) 
f n

f n

 


(4) ;fn 
n

n


 < 0 gksÃrcÃ

f

f


> 0

Ans. 1,2,4

S.

n2n1

f1 f2

f
1
 = focal length of left half

f
2
 = focal length of right half

When n
1
 = n

2
 = n

 
1

1 1
n 1 0

f R

 
   

 

 
2

1 1
n 1 0

f R

 
   

 

 

1 2

2 n 11 1 1

f f f R
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R

f
2 n 1




When n
1
 = n, n

2
 = n+n

 
1

1 1
n 1 0

f R

 
   

 

 
2

1 1
n n 1 0

f R

 
     

 

 

1 2

2n 2 n1 1 1

f f f f R

  
  

 

R
f f

2n 2 n
  

  

 
R R

f
2n 2 n 2 n 1

  
   

=   
2n 2 2n 2 n

R
2n 2 n 2n 2

    
 

    

Since n n 1  

 
2

n R
f

4 n 1

 
  



 
f n

f 2 n 1

 
 

 .....(1)

(1) M = 1.5, n  = 10–3, f = 20 cm

 

3f 10

20cm 2 0.5


 

f 0.02cm  

(2) As can be seen by equation(1), relation between 
f

f


 and 

n

n


 will remain unchanged even if both convex

surfaces are replaced by concave surfaces of same radius of curvature.

(3)  
f n n

f 2 n 1 n

  
 



Since, n < 2
therefore, 2n – 2 < n

(4) If 
n

0
n


  then 

f
0

f




Can be seen from equation (1)
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SECTION 3

SECTION-3 : (Maximum Marks: 18)

* This section contains SIX (06) questions. The answer to each question is a NUMERICAL VALUE.

* For each question, enter the correct numerical value of the answer using the mouse and the on-screen virtual

numeric keypad in the place designated to enter the answer. 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 : +3 If ONLY the correct numerical value is entered.

Zero Marks : 0 In all other cases.

1. A block of weight 100 N is suspended by copper and steel wires of same cross sectional area 0.5 cm2 and,

length 3 m and 1 m, respectively. Their other ends are fixed on a ceiling as shown in figure. The angles

subtended by copper and steel wires with ceiling are 30° and 60°, respectively. If elongation in copper wire is

(l
c
) and elongation in steel wire is (l

s
), then the ratio 

c

s





l

l  is ___ .

(Young's modulus for copper and steel are 1 × 1011 N/m2 and 2 × 1011 N/m2, respectively)

Question ID : 337911122

,dÃ100 N HkkjÃokysÃxqVdsÃdksÃrkacsÃvkSjÃLVhyÃdsÃrkjksa]ÃftudkÃvuqizLFkÃdkVÃ{ks=kQyÃ(cross sectional area) ,dleku

rFkkÃ0.5 cm2 jgSÃvkSjÃyEckbZÃØe'k%Ã 3 m rFkkÃ1 m gS, }kjkÃyVdk;kÃtkrkÃgSAÃrkjksaÃdsÃnwljsÃNksjÃNrÃijÃfp=kkuqlkj

tqM+sÃgq,ÃgSaAÃrkacsÃvkSjÃLVhyÃdsÃrkjÃØe'k%ÃNrÃlsÃ30° vkSjÃ60° dkÃdks.kÃcukrsÃgSAÃ;fnÃrkacsÃdsÃrkjÃesaÃyackbZÃo`f)Ã(l
c
)

rFkkÃLVhyÃdsÃrkjÃesaÃyackbZÃo`f)Ã(l
s
) gSÃrcÃ

c

s





l

l  =  ___  gSA

(rkacsÃvkSjÃLVhyÃdkÃ;axÃxq.kkadÃØe'k%Ã1 × 1011 N/m2 rFkkÃ2 × 1011 N/m2 gSA)

Ans. 2.00
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S  

60° 30°

3

T2

T1

1

x

y

In x-direction :

T
1
 cos 60° = T

2
 cos 30°

1
2

T 3
T

2 2


1 2T T 3

In y-direction :

1 2T sin 60 T sin 30 100   

2
1

T3
T 100

2 2
 

2
2

T3
T 100

2 2
  

2T 50

1T 50 3

2 2

11
C 2

1 1S

11
1

T L 50 3
A Y A 1 10 2
T L 50 3 1
A Y A 2 10

 
     

 
  

l

l

Ans. 2.00

2. A planar structure of length L and width W is made of two different optical media of refractive indices n
1
= 1.5

and n
2
 = 1.44 as shown in figure. If L >> W, a ray entering from end AB will emerge from end CD only if the

total internal reflection condition is met inside the structure. For L = 9.6 m, if the incident angle  is varied, the

maximum time taken by a ray to exit the plane CD is t × 10–9 s, where t is _____ .

[Speed of light c = 3 × 108 m/s] Question ID : 337911126

,dÃL yackbZÃrFkkÃW pkSM+kbZÃdhÃ,dÃleryÃlajpukÃnksÃfHkUuÃizdk'kh;ÃinkFkksZÃlsÃcuhÃgS]ÃftudkÃviorZukadÃn
1
= 1.5 vkSj

n
2
 = 1.44 gS]ÃtSlkÃfp=kÃesaÃiznf'kZrÃgSAÃ;fnÃL >> W gSÃrcÃAB fljsÃijÃvkifrrÃfdj.kÃdkÃCD fljsÃlsÃmnxeuÃ(emerge)
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lajpukÃdsÃvanjÃiw.kZÃvkarfjdÃijkorZuÃ(total internal reflection) gksusÃijÃghÃgksxkAÃL = 9.6 m dsÃfy,, ;fnÃvkiruÃdks.k

 dksÃcnyrsÃgSaÃrcÃfdj.kÃ}kjkÃCD fljsÃlsÃckgjÃfudyusÃesaÃfy;kÃx;kÃvf/kdreÃle;Ãt × 10–9 s gS, tgk¡Ãt dkÃekuÃ_____

gSA

[izdk'kÃfdÃxfr] c = 3 × 108 m/s]

Ans. 50.00

S.

n2

n1

v

Time taken by ray to exit the plane CD will be maximum when  is slightly greater than critical angle, because

component of velocity of light along the length of structure will be minimum in this case.

Speed of light in n
1
 = 

8
83 10

v 2 10
1.5


  

time taken = t = 8

9.6 9.6

vsin 2 10 0.96


  
 8 95 10 50 10    

2

1

n 1.44
sin 0.96

n 1.5

 
    

 

Ans.  50.00

3. A train S1, moving with a uniform velocity of 108 km/h, approaches another train S2 standing on a platform.

An observer O moves with a uniform velocity of 36 km/h towards S2, as shown in figure. Both the trains are

blowing whistles of same frequency 120 Hz. When O is 600 m away from S2 and distance between S1 and S2

is 800 m, the number of beats heard by O is ______ . (Speed of the sound = 330 m/s)

Question ID : 337911123

,dÃjsyxkM+hÃ(S1) 108 km/h dsÃlekuÃosxÃlsÃpyrsÃgq,ÃnwljhÃjsyxkM+hÃ(S2) tksÃfdÃLVs'kuÃijÃ[kM+hÃgS]ÃdhÃrjQÃtkÃjgh

gSAÃ,dÃJksrkÃ(O) 36 km/h dsÃlekuÃosxÃlsÃS2 dhÃrjQÃfp=kkuqlkjÃtkÃjgkÃgSAÃnksuksaÃjsyxkfM+;k¡Ã120 Hz dsÃlekuÃvkof̀Ùk

dhÃlhfV;k¡ÃctkÃjghÃgSaAÃtcÃO dhÃnwjhÃS2 lsÃ600 m gSÃrFkkÃS1 vkSjÃS2 dsÃchpÃdhÃnwjhÃ800 m gSÃrcÃO dsÃ}kjkÃlqus

x,ÃfoLianuksaÃdhÃla[;kÃ______ gSA (/ofuÃdhÃxfrÃ= 330 m/s)
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Ans. 8.13

S.

4
cos

5
   

3
sin

5
 

1

330 6 336
f 120 120

330 24 306

 
   

 

2

330 10 340
f 120 120

330 330

 
   

 

f
beat

 = f
1
 – f

2
 = 8.13

4. A parallel plate capacitor of capacitance C has spacing d between two plates having area A. The region

between the plates is filled with N dielectric layers, parallel to its plates, each with thickness 
d

N
  . The

dielectric constant of the mth layer is m

m
K K 1

N

 
  

 
. For a very large N(> 103), the capacitance C is

0K A

d n 2

 
 
 l

. The value of  will be :

[
0
 is the permittivity of free space] Question ID : 337911124
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,dÃC /kkfjrkÃokysÃlekUrjÃIysVÃla/kkfj=kÃdsÃIysVksaÃdsÃchpÃdhÃnwjhÃd gSÃvkSjÃizR;sdÃIysVÃdkÃ{ks=kQyÃA gSAÃIysVksaÃdsÃchp]

iwjsÃ LFkkuÃdksÃ IysVksaÃ dsÃ lekUrj]Ã
d

N
   eksVkbZÃ okyhÃN ijkoS|qrÃ ijrksaÃ lsÃ HkjÃ nsrsÃ gSAÃmth ijÃdkÃ ijkoS|qrkad

m

m
K K 1

N

 
  

 
 gSAÃcgqrÃvf/kdÃN(> 103) dsÃfy,Ã/kkfjrkÃC = 

0K A

d n 2

 
 
 l

 gSAÃ dkÃekuÃ——— gksxkA

[eqDrÃvkdk'kÃdhÃoS|qr'khyrkÃ
0
 gS]

Ans. 1.00

S.

d

dxx
Area=A

K
m
 = 

m
K 1

N

 
 

 

At m = 0 ; K
m 

= K
At M = N ; K

m
 = 2K

Since N is very large, we can solve it like a continuously varying function as follows

K
K K x

d
 

Capacitance of shaded region = dC = 
0A K x

1
dx d

  
 

 

d

0
0

1 1 dx

xC dC
A K 1

d

 
 

  
 

 

 
0

1 d
ln 2

C A K




 
0A K

C
d ln 2




1.00 

5. A liquid at 30° C is poured very slowly into a Calorimeter that is at temperature of 110°C. The boiling tem-

perature of the liquid is 80°C. It is found that the first 5 gm of the liquid completely evaporates. After pouring

another 80 gm of the liquid the equilibrium temperature is found to be 50°C. The ratio of the Latent heat of the
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liquid to its specific heat will be _____ ºC. (Neglect the heat exchange with surrounding]

Question ID : 337911125

,dÃ30° C dsÃnzoÃdksÃ,dÃÅ"ekekihÃ(Calorimeter), ftldkÃrkiekuÃ110°C, esaÃ/khjs&/khjsÃMkykÃtkrkÃgSAÃnzoÃdkÃDoFkukad

(boiling temperature) 80°C gSAÃ,slkÃik;kÃx;kÃfdÃnzoÃdkÃigykÃ5 gm iw.kZÃ:iÃlsÃokf"irÃgksÃtkrkÃgSAÃbldsÃcknÃnzo

dhÃ80 gm vkSjÃek=kkÃMkyusÃijÃlkE;koLFkkÃdkÃrkiekuÃ50°C gksÃtkrkÃgSAÃnzoÃdhÃxqIrÃ(latent) vkSjÃfof'k"VÃÅ"ekvksaÃdk

vuqikrÃ_____ ºC gksxkA (okrkoj.kÃdsÃlkFkÃÅ"ekÃLFkkukUrj.kÃdksÃmis{k.kh;Ãekus]

Ans. 270.00

Sol. First 5gm of liquid completely evaporates. This process brings the temperature of calorimeter to 80°C.

Latent heat of liquid = L

Specific heat of liquid = S

Heat capacity of calorimeter = C

5×S×(80–30) + 5×L = C×(110–80)_______(1)

80×S×(50–30) = C×(80–50) ________(2)

equation (1) (2)

250S 5L
1

1600S




1350S = 5L

L
270

S


Ans. 270.00

6. A particle is moved along a path AB-BC-CD-DE-EF-FA, as shown in figure, in presence of a force

ˆ ˆF ( yi 2 xj) N   


, where x and y are in meter and  = –1 Nm–1. The work done on the particle by this

force F


 will be ____ Joule. Question ID : 337911121

,dÃd.kÃdksÃcyÃ ˆ ˆF ( yi 2 xj) N   


,Ãtgk¡Ãx vkSjÃy dkÃekuÃehVjÃesaÃgSÃrFkkÃ = –1 Nm–1 gS]ÃdhÃmifLFkfrÃesa

AB-BC-CD-DE-EF-FA iFkÃijÃfp=kkuqlkjÃpyk;kÃtkrkÃgSAÃcyÃF


 }kjkÃd.kÃijÃfd;sÃx;sÃdk;ZÃdkÃifjek.kÃ____

twyÃ(Joule) gksxkA

Ans. 0.75

S.  ˆ ˆF yi 2 xj N   
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1N / m  

ˆ ˆF yi 2xj  


Path A – B

x yW F dx F dy  

1

0

ydx 2xdy   

1

0

1dx 0 1    

Path B – C

W ydx 2xdy   

0.5

1

0 2 1 dy 1    

Path C – D

W ydx 2xdy   

0.5

1

0.5dx 0 0.25   

Path D – E

W ydx 2xdy   

0

0.5

0 2 0.5 dy 0.5    

Path E – F

W ydx 2xdy   

0dx 0 0   

totalW 0.75


