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PHYSICS

This section contains SIX (06) 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 correct

option.

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

Negative Marks : –2 In all other cases.

For Example: If first, third and fourth are the ONLY three correct options for a question with second option

being an incorrect option; selecting only all the three correct options will result in +4 marks. Selecting only two

of the three correct options (e.g. the first and fourth options), without selecting any incorrect option (second

option in this case), will result in +2 marks. Selecting only one of the three correct options (either first or third

or fourth option) ,without selecting any incorrect option (second option in this case), will result in +1 marks.

Selecting any incorrect option(s) (second option in this case), with or without selection of any correct option(s)

will result in –2 marks.

Circular motion

1. The potential energy of a particle of mass m at a distance r from a fixed point O is given by V(r) = kr2/2, where

k is a positive constant of appropriate dimensions. This particle is moving in a circular orbit of radius R about

the point O. If   is the speed of the particle and L is the magnitude of its angular momentum about O, which of

the following statements is (are) true?

nzO;eku (mass) m ds ,d d.k dh fLFkfrt ÅtkZ  (Potential energy ) V(r) = kr2/2 gS tgkW r ,d fu;r fcUnq  (fixed

point) O ls d.k nqjh gS vkSj k mfpr foekvksa  (dimensions) okyk ,d  /kukRed fu;arkd gSaA  ;g d.k fcUnq O ds lkis{k

R f=kT;k okyh ,d o`rh; d{kk (circular orbit) eas ?kwe jgk gSA ;fn v d.k dh pky gS vkSj L fcUnq  O ds lkis{k blds

dks.kh; laosx  dk ifjek.k gS rks fuEufyf[kr dFkukas esa ls dkSu lk (ls)  lgh gS(gSa)?

(A) 
k

R
2m

  (B) 
k

R
m

  (C) 2L mkR (D) 
2mk

L R
2



S. BC
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2kr
U

2


dU
F kr

dr
    
 

 
2mv

kR
R

     
k

v R
m



Angular momentum L = mvR = 2mkR

Rotational Dynamics

2. Consider a body of mass 1.0 kg at rest at the origin at time t = 0. A force  ˆ ˆF t i j  


 is applied on the

body, where   = 1.0 Ns–1and = 1.0 N. The torque acting on the body about the origin at time t = 1.0 s is ??


 . Which of the following statements is (are) true?

(A) 


 = 
1

Nm
3

(B) The torque 


 is in the direction of the unit vector k̂

(C) The velocity of the body at t = 1s is   11 ˆ ˆv i 2 j ms
2

 


(D) The magnitude of displacement of the body at t = 1s is 
1

m
6

1.0 kg nzO;eku dh ,d oLrq le; t = 0 ij ewyfcUnq ij fojkeoLFkk eas gSA bl oLrq ij ,d cy  ˆ ˆF t i j  


 yxk;k

tkrk gS tgkW   = 1.0 Ns–1 rFkk  = 1.0  N gSA le; t = 1.0s ij ewy fcnq ds lkis{k oLrq ij yxus okyk cy vk?kw.kZ


  gSA fuEufyf[kr dFkuksa esa ls dkSu lk (ls) lgh gSA (gaSA)

(A) 


 = 
1

Nm
3

(B) cy vk?kw.kZ 


 ek=kd lfn'k  k̂  dh fn'kk eas gS

(C) le; t = 1s ij oLrq dk osx    11 ˆ ˆv i 2 j ms
2

 


 gSA

(D) le; t = 1s ij oLrq ds foLFkkiu dk ifjek.k 
1

m
6

gSA

S. AC

m = 1kg

ˆ ˆma F ti j  


(1) ˆ ˆa ti j 


dv ˆ ˆti j
dt

 


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2t 1ˆ ˆ ˆ ˆv i tj i j
2 2

   


3 2t tˆ ˆs i j
6 2

 


 
1 1ˆ ˆs t 1 i j
6 2

  


r F  


   1 1ˆ ˆ ˆ ˆi j j i
6 2

   

1 1 2 1ˆ ˆ ˆ ˆk k k k
6 2 6 3


    

1

3
   at t = 1 sec.

Fluid dynamics (Surface tension)

3. A uniform capillary tube of inner radius r is dipped vertically into a beaker filled with water. The water rises to

a height h in the capillary tube above the water surface in the beaker. The surface tension of water is  . The

angle of contact between water and the wall of the capillary tube is  . Ignore the mass of water in the menis-

cus. Which of the following statements is (are) true?

(A) For a given material of the capillary tube, h decreases with increase in r

(B) For a given material of the capillary tube, h is independent of 

(C) If this experiment is performed in a lift going up with a constant acceleration, then h decreases

(D) h is proportional to contact angle 

,d vkURkfjd f=kT;k r okYkh ,dlekUk ds'kUkyh (uniform capillary tube) dks Å/okZ/kj rjhds ls (vertically) ikUkh ls Hkjs

,d chdj (beaker) esa Mqcks;k tkrk gSA ds'kUkyh esa ikUkh] chdj ds ikUkh ds i`"B (water surface) ls, h Å¡pkbZ rd mBrk

gSA ikUkh dk i`"B rUkko (surface tension)  gSA ikUkh vkSj ds'kUkyh dh nhokj ds chp dk laidZ dks.k (angle of contact)

  gSA esfUkLdl (meniscus) eas mifLFkr ikUkh ds nzO;ekUk (mass) dh mis{kk dhft;sA fuEUkfyf[kr dFkUkksa esa ls dkSUklk@dkSUkls

lgh gS @ gSa &

(A) ,d fn;s x;s inkFkZ ls cUkh ds'kUkYkh dk r c<+kUks ls h de gksrk gSA

(B) ,d fn;s x;s inkFkZ ls cUkh ds'kUkYkh esa] h i`"B rUkko  ij fuHkZj ugha djrk gSA

(C) ;fn ;g iz;ksx ,d fu;r Roj.k (constant acceleration) ls Åij tkUks okYkh fYk¶V esa fd;k tkrk gS] rks h de gksrk

gSA

(D) h laidZ dks.k   ds lekUkqikfrd gSA
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S. AC

2 cos
h

gr

 




When lift is going up with constant acceleration h =  
2 cos

g a r

 

 

Electromagnetic Induction (EMI)

4. In the figure below, the switches S
1
 and S

2
 are closed simultaneously at t = 0 and a current starts to flow in the

circuit. Both the batteries have the same magnitude of the electromotive force (emf) and the polarities are as

indicated in the figure. Ignore mutual inductance between the inductors. The current I in the middle wire reaches

its maximum magnitude I
max

 at time t =  . Which of the following statements is (are) true?

uhps n'kkZ;s x;s fp=k esa S
1
 rFkk S

2
 dqaft;ksa (switches) dks le; t = 0 ij ,d lkFk can fd;k tkrk gS ifjiFk (circuit)

esa /kkjk cgUks Ykxrh gSA nksUkksa cSVfj;ksa (batteries) ds fo|qr okgd cYk (electromotive force ; emf) dk ifjek.k lekUk gS

vkSj mudk /kqzo.k (polarity) fp=k esa n'kkZ;k x;k gSA nksUkksa izsjdksa (inductors) ds chp vU;ksU; izsjdRo (mutual inductance)

dh mis{kk dhft;sA ;fn e/; esa fLFkj rkj esa /kkjk I viUks vf/kdre ifjek.k I
max

 ij le; t =   ij igqaprh gS] rks

fuEUkfyf[kr dFkUkksa esa ls dkSUklk (ls) lgh gS@gSa &

(A) max

V
I

2R
 (B) max

V
I

4R
 (C) 

L
n 2

R
  l (D) 

2L
n 2

R
  l

S. BD

i  (current in middle wire) = i
1
 – i

2

= 

Rt Rt

L 2L
V V

1 e 1 e
R R

    
     

   
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= 

Rt Rt

2L L
V

e e
R

  
 

 

For i
max

 :  
d

i 0
dt

 



Rt Rt

L 2L
V R R

e e 0
R L 2L

  
   

 


Rt Rt

L 2L
1

e e
2

 





Rt

2L
1

e
2



  & 
2L

t n 2
R

 l

 and i
max

 = 
V

4R

EMF (Magnetic field)

5. Two infinitely long straight wires lie in the xy-plane along the lines x = ±R. The wire located at x = +R carries

a constant current I
1
 and the wire located at x = –R carries a constant current I

2
. A circular loop of radius R is

suspended with its centre at (0, 0, 3R ) and in a plane parallel to the xy-plane. This loop carries a constant

current I in the clockwise direction as seen from above the loop. The current in the wire is taken to be positive

if it is in the + ĵ  direction. Which of the following statements regarding the magnetic field B


 is (are) true ?

(A) If I
1
 = I

2
, then B


 cannot be equal to zero at the origin (0, 0, 0)

(B) If I
1
 > 0 and I

2
 < 0, then B


can be equal to zero at the origin (0, 0, 0)

(C)  If I
1
 < 0  and I

2
 > 0, then B


 can be equal to zero at the origin (0, 0, 0)

(D)  If I
1
 = I

2
, then the z-component of the magnetic field at the centre of the loop is 

0I

2R

 
 

 

nks vUkUr YkEckbZ ds lh/ks rkj xy-rYk esa x = ±R js[kkvksa ij j[ks gq;s gSA x = +R ij j[ks gq;s rkj esa I
1
 vkSj x = –R ij

j[ks gq;s rkj esa I
2
 fLFkj (constant) /kkjk;sa cg jgh gSA R f=kT;k dk ,d o`Rrkdkj ik'k (circular loop), ftldk dsUnz

(0, 0, 3R ) gS] bl izdkj YkVdk gqvk gS fd ik'k dk rYk xy-rYk ds lekUrj gSA ik'k esa ,d fLFkj /kkjk (constant

current) I cg jgh gSA ik'k ds Åij ls ns[kUks ij ik'k esa /kkjk dh fn'kk nf{k.kkorZ (clockwise) gSA vUkUr YkEckbZ ds rkj

esa /kkjk dks /kUkkRed (positive) ekUkk tkrk gS ;fn ;g ek=kd lfn'k (unit vector) + ĵ  dh fn'kk esa gSA pqEcdh; {ks=k B


ds ckjs esa fuEUkfyf[kr dFkUkksa esa ls dkSUklk@dkSUkls lgh gS@gSa &

(A) ;fn I
1
 = I

2
 gks rks ewYk fcUnq  (0, 0, 0) ij B


 'kwU; gks ldrk gSA

(B) ;fn I
1
 > 0 rFkk I

2
 < 0 gks rks ewYk fcUnq (0, 0, 0) ij B


 'kwU; gks ldrk gSA

(C)  ;fn I
1
 < 0  rFkk I

2
 > 0 gks rks ewYk fcUnq (0, 0, 0) ij B


 'kwU; gks ldrk gSA

(D)  ;fn I
1
 = I

2
 gks rks ik'k ds dsUnz ij pqEcdh; {ks=k dk z-?kVd dk ekUk 

0I

2R

 
 

 
 gSA
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S. ABD

Magnetic field due to ring at origin

=    
2

0 0
3

I R Iˆ ˆK K
2 8R 16R

   
  



Magnetic field at origin due to wires

= 
0 1 0 2I I

K̂
2 R 2 R

  
 

  

Here I
1
 and I

2
 will be substituted with sign

(A) If I
1
 = I

2
 then  0I ˆB K

16R


 


(B) If I
1
 > 0 and I

2
 < 0 then it can be zero

(C) If I
1
 < 0, I

2
 > 0

thens 
 0 1 2I I .I ˆB K
2 R 16R

  
   

 



It can not be zero

(D) 

B
1
 = B

2

magnetic field along z-axis is only due to ring

0iB
2R


  in -z direction

Thermodynamics

6. One mole of a monatomic ideal gas undergoes a cyclic process as shown in the figure

(where V is the volume and T is the temperature). Which of the statements below is (are) true?

,dijekf.od vkn'kZ xSl dk ,d eksy fp=k esa n'kkZ;s x;s pØh; izØe ls xqtjrk gS

(tgkW V vk;ru gS rFkk T  rkieku gS). fuEufyf[kr dFkuksa esa ls dkSu lk lgh gSA (gSA)
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(A) Process I is an isochoric process

(B) In process II, gas absorbs heat

(C) In process IV, gas releases heat

(D) Processes I and III are not isobaric

(A) izØe I ,d levk;rfud izØe gSA

(B) izØe II eas xZSl Å"ek dks vo'kksf"kr djrh gSA

(C) izØe IV eas xSl Å"ek dks fu"dkfLkr djrh gSA

(D) izØe I vkSj izØe III lenkch; ugha gSA

S. BCD

Process II is isothermal expansion

heat is positive
Process IV is isothermal compression

heat is negative

SECTION 2 (Maximum Marks: 24)

This section contains EIGHT (08) questions. The answer to each question is a NUMERICAL VALUE.

For each question, enter the correct numerical value (in decimal notation, truncated/rounded-off to the second

decimal place; e.g. 6.25, 7.00, -0.33, -.30, 30.27, -127.30) using the mouse and the onscreen 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 : +3 If ONLY the correct numerical value is entered as answer.

Zero Marks : 0 in all other cases.

Vectors

7. Two vectors A


 and B


 are defined as ˆA ai


 and  ˆ ˆB a cos i sin tj   


, where   is a constant and

1/ 6 rads   . If A B 3 A B  
  

 at time t =   for the first time, the value of  , in seconds, is ........
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A


 vkSj B


 nks lfn'k jkf'k;kW gS tgkW ˆA ai


 rFkk    ˆ ˆB a cos i sin tj   


gSA ;gkW   ,d fLFkjkad gS vkSj

1/ 6 rads   gSA ;fn A B 3 A B  
  

  izFke ckj le; t =   ij gksrk gS rks   dk eku lsdsaMkas eas ....... gSA

Ans. 2.00

S. A B 3 
 

A B
 

   
2 2

a a cos t a sin t     =    
2 2

3 a a cos t a sin t   


t t

2cos 3 2sin
2 2

 
  

t 1
tan

2 3


 

t
n

2 6

 
  

t = (12n ± 2)s
= 2s, 10s, 14s ......

Sound Waves

8. Two men are walking along a horizontal straight line in the same direction. The man in front walks at a speed

1.0 ms–1 and the man behind walks at a speed 2.0 ms–1. A third man is standing at a height 12 m above the same

horizontal line such that all three men are in a vertical plane. The two walking men are blowing identical whistles

which emit a sound of frequency 1430 Hz. The speed of sound in air is 330 ms–1. At the instant, when the

moving men are 10 m apart, the stationary man is equidistant from them. The frequency of beats in Hz, heard

by the stationary man at this instant, is ...........

nks vkneh ,d {kSfrt lh/kh js[kk in ,d gh fn'kk esa fxfreku gSA vkxs okys vkneh dh pky 1.0 ms–1 gS vkSj ihNs okys

vkneh dh pky 2.0 ms–1gSA ,d rhljk vkneh mlh {kSfrt js[kk ls 12 m  dh ÅpkbZ ij bl izdkj [kMk gS fd rhuksa vkneh

,d gh Å/okZ/kj ry esa gSA nksuksa xfreku vkneh 1430 Hz vko`fr okyh ,d tSlh lhfV;kW ctk jgs gSA ok;q esa /ofu dh

pky 330 ms–1 gSA tc xfreku vknfe;kas ds chp dh nqjh 10 m  gS mlh iy fLFkj vkneh mu nksuksa ls leku nqjh ij gSA

ml iy fLFkj vkneh }kjk lquh x;h foLianvksa dh vko`fr ................. Hz gSA

Ans. 5.00

S.

1

v
f f

v 2 cos

 
  

  
2

v
f f

v cos

 
  

  
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5
cos

13
   and v = 330 m/sec

Beat frequency = f
1
 – f

2

  
fvx3cos

v 2cos v cos




      =5

Rotational Dynamics

9. A ring and a disc are initially at rest, side by side, at the top of an inclined plane which makes an angle 60° with

the horizontal. They start to roll without slipping at the same instant of time along the shortest path. If the time

difference between their reaching the ground is  2 3 / 10 s , then the height of the top of the inclined

plane, in metres, is ............... (Take g = 10 ms–2)

,d o`rkdkj oy; vSkj ,d o`rkdkj pdrh  ,d vkur ry ds 'kh"kZ ij vxy cxy fojkeOkLFkk esa gSA vkur ry] {kSfrt

ry ls 60°  dk dks.k cukrk gSA nksuksa oLrq,a ,d gh iy U;wure nqjh okys iFk ij fcuk fQlys yksVkuk vkjEHk djrh gSA

;fn nksuksa oLrqvksa ds {kSfrt ry ij igqWpus dk le;karj  2 3 / 10 s  gks rks vkuRk ry ds 'kh"kZ dh ÅpkbZ  ...............

ehVj gSA g = 10 ms–2 ysaA

Ans. 0.75

S. cm 2 2

2 2

3g
gsin 2a

K K
1 1

R R


 

 

ring

3g
3g2a

1 1 4
 



disc

3g
g2a

1 31
2

 



ring

2h
.

3t
3g

4




 = 

4h 4 16h

3g3 3g


disc

2h
2.

4h 3 4h3t
g g g3
3

  
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h 2 3 2 3
2

g 3 10

  
   

 


h 1

2
3g 10




4

h 1
3



  
3

h 0.75m
4

 

COM

10. A spring-block system is resting on a frictionless floor as shown in the figure. The spring constant is 2.0 N

m–1 and the mass of the block is 2.0 kg. Ignore the mass of the spring. Initially the spring is in an unstretched

condition. Another block of mass 1.0 kg moving with a speed of 2.0 ms–1 collides elastically with the first block.

The collision is such that the 2.0 kg block does not hit the wall. The distance, in metres, between the two blocks

when the spring returns to its unstretched position for the first time after the collision is ...........

,d dekuh xqVdk fudk; ,d ?k"kZ.k jfgr Q'kZ ij fojkeOkLFkk eas gS tSlk fd fp=k eas n'kkZ;k x;k gSA dekuh fLFkjakd 2.0

N m–1 gS vkSj xqVds dk nzO;eku  2.0 kg gSA dekuh ds nzO;eku 1.0 kg gS vkSj pky 2.0 ms–1 gS igys xqVds ls izR;kLFk

la?kV~V djrk gSA bl la?kV~V ds ckn 2.0 kg  dk xqVdk nhokj ls ugha Vdjkrk gSA tc dekuh la?kV~V ds ckn igyh ckj

viuh vrkfur fLFkfr esa okil vkrh gS] rc nksuksa xqVdksa ds chp dh nqjh  .......... ehVj gksxh.

Ans. 2.09

S. Just Before Collision

Just After Collision

V
1
 + V

2
 = 2 .....(1)

2V
1
 – V

2
 = 2 .....(2)

13V 4
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 1

4
V

3
 V

2
 = 2 – 

4

3
 = 

2

3
 m/s

T 2 2
t

2 2 2


    =   sec.

Distance = 2

2 22 44
V m m 2.09

3 7 21

  
     

  

Capacitance

11. Three identical capacitors C
1
, C

2
 and C

3
 have a capacitance of 1.0 F each and they are uncharged initially..

They are connected in a circuit as shown in the figure and C
1
 is then filled completely with a dielectric material

of relative permittivity r . The cell electromotive force (emf) VV
0
 = 8 V. First the switch S

1
 is closed while the

switch S
2
 is kept open. When the capacitor C

3
 is fully charged, S

1
 is opened and S

2
 is closed simultaneously.

When all the capacitors reach equilibrium, the charge on C
3
 is found to be 5 C. The value of r  = ......

rhUk ,dlekUk la/kkfj=kksa (identical capacitors) C
1
, C

2
 rFkk C

3
 esa izR;sd dh /kkfjrk 1.0 F gS vkSj 'kq:vkr esa rhUkksa l/

kkfj=kksa vUkkosf'kr (uncharged) gSA rhUkksa la/kkfj=kksa dks] tSlk fd fp=k esa n'kkZ;k x;k gS] ,d ifjiFk (circuit) esa tksM+k x;k

gS vkSj mlds ckn C
1
 esa r  lkis{k ijkoS|qrkad (relative permittivity) dk ,d ijkoS|qr (dielectric) inkFkZ iw.kZr% Hkjk tkrk

gSA lsYk (cell) dk fo|qr okgd cYk (electromotive force, emf) V
0
 = 8 V gSA 'kq:vkr esa dqath (switch) S

1
 can gS vkSj

dqath S
2
 [kqYkh gSA la/kkfj=k C

3
 ds iwjh rjg vkosf'kr (charged) gksUks ds ckn] ,d gh iYk esa ,d lkFk (simultaneously)

dqath S
1
 dks [kksYk fn;k tkrk gS vkSj dqath S

2
 dks can dj fn;k tkrk gSA tc lHkh la/kkfj=k lkE;koLFkk (equilibrium)

esa vk tkrs gS] rc la/kkfj=k C
3
 ij 5 C dk vkos'k ik;k tkrk gS r  dk ekUk  ...... gSS

Ans. 1.50
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S.

0

r

CV q q q
0

C C C


  


0CV q

C


 = 5

r

q 1
5 1

C

 
  

 
8C – q = 5C

= 
r

1
3 1
 
 
 

q = 3C

r

5 1
1

3
 

  
r

1 2

3
 



r

3
1.5

2
  

Magnetic field (EMF)

12. In the xy-plane, the region y > 0 has a uniform magnetic field 
1
ˆB k  and the region y < 0 has another uniform

magnetic field 
2
ˆB k . A positively charged particle is projected from the origin along the positive y-axis with

speed 1
0 ms    at t = 0, as shown in the figure. Neglect gravity in this problem. Let t = T be the time when

the particle crosses the x-axis from below for the first time. If B
2
 = 4B

1
, the average speed of the particle, in

ms–1, along the x-axis in the time interval T is ...........

xy-rYk esa, y > 0 okYks Hkkx esa ,dlekUk pqEcdh; {ks=k (uniform magnetic field) 
1
ˆB k  gS vkSj y < 0 okYks Hkkx esa ,dlekUk

pqEcdh; {ks=k 
2
ˆB k  gSA ,d /kUkkRed vkosf'kr d.k (positively charged particle) dks ewYk fcUnq (origin) ls t = 0 le;

ij 1
0 ms    dh pkYk ls +y v{k dh fn'kk ls iz{ksfir fd;k tkrk gS (projected) tSlk fd fp=k esa n'kkZ;k x;k gS
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fd bl iz'Uk esa xq:Rokd"kZ.k dh mis{kk dhft;sA le; t = T ij d.k x-v{k dks uhps ls igYkh ckj ikj djrk gSA ;fn

B
2
 = 4B

1
 gks rks T le;kUrjkYk esa x-v{k dh fn'kk esa d.k dh vkSlr pkYk (average speed) ............... ms–1 gSA

S. 2.00

If average speed is considered along x-axis

0
1

1

mv
R

qB
 , 

0 0
2

2 1

mv mv
R

qB 4qB
 

R
1
 > R

2

distance along x-axis x = 2(R
1
 + R

2
) = 

0

1

5mv

2qB

Total time = 
1 2

m m

qB qB

 
  = 

1 1 1

m m 5 m

qB 4qB 4qB

  
 

Magnitude of average speed = 

0

1

1

5mv

2qB

5 m

4qB

  = 
02v

2


m/s

Geometrical optics

13. Sunlight of intensity 1.3 kW m–2 is incident normally on a thin convex lens of focal length 20 cm. Ignore the

energy loss of light due to the lens and assume that the lens aperture size is much smaller than its focal length.

The average intensity of light, in kW m–2, at a distance 22 cm from the lens on the other side is __________.
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lw;Z izØk'k] ftldh rhozrk 1.3 kW m–2 gS ,d irys mRry ysal ij vfHkyEcor~ rjhds ls vkifrr gksrk gSA ysal dh Qksdl

nqjh 20 cm gSA ysal }kjk gksus okyh izdk'k dh ÅtkZ ds {k; dh mis{kk dhft;s vkSj eku fyft, fd ysal dk }kjd eki

mldh Qksdl nwjh  ls cgqr de gSA ysal ds nqljh rjQ 22cm dh nqjh ij izdk'k dh vkSlr rhozrk _____________kW

gSA

Ans. 130.0

2

0

0

'A 2 1

A 20 100

 
  
 

  
0

0
' A

A
100



Intensity = 
Power

Area

0 0 0 0
' 'I A P I A 

   
0 0

0 0
0

' I A
I 100I

A

100

   = 130 kW/m2

HEAT TRANSFER

14. Two conducting cylinders of equal length but different radii are connected in series between two heat baths

kept at temperatures T
1
 = 300 K  and T

2
 = 100 K, as shown in the figure. The radius of the bigger cylinder is

twice that of the smaller one and the thermal conductivities of the materials of the smaller and the larger

cylinders are K
1
 and K

2
 respectively. If the temperature at the junction of the two cylinders in the steady state

is 200 K, then K
1
/K

2
 =__________

lekUk YkEckbZ ijUrq vYkx&vYkx f=kT;kvksa okYks nks csYkUkkdkj pkYkd (cylindrical conducting) Js.khØe esa (in series)

nks Å"ek'k;ksa (heat baths) ds chp esa tksM+s x;s gS] tSlk fd fp=k esa n'kkZ;k x;k gSA bu Å"ek'k;vksa dk rkiekUk T
1
 = 300

K  rFkk T
2
 = 100 K gSA cM+s pkYkd dh f=kT;k NksVs pkYkd dh f=kT;k dh nksxqUkh gSA NksVs pkYkd dh Å"ek pkYkdrk

(thermal conductivity) K
1
 gS vkSj cMs+ pkYkd dh Å"ek pkYkdrk K

2
 gSA ;fn LFkk;h voLFkk (steady state) esa] csYkUkksa



15MATRIX JEE ACADEMY : Piprali Road, Sikar Ph. 01572-241911, www.matrixedu.in

Matrix
JEE Academy

JEE-(Advanced) 2018
PAPER-I

ds laf/k (junction) dk rkiekUk 200 K gks rc K
1
/K

2
 dk ekUk __________ gksxkA

Ans.

S. 4.00

Since rate of heat flow is same, we can say

1 2

300 200 200 100

R R

 


R
1
 = R

2
 

1 2

1 1 2 2

L L

K A K A


1 2

2 1

K A

K A
   = 4

SECTION 3 (MAXIMUM MARKS : 12)

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

Each question has FOUR options. ONLY ONE of these four options corresponds to 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.

UNIT & DIMENSIONS

PARAGRAPH “X”

In electromagnetic theory, the electric and magnetic phenomena are related to each other. Therefore, the

dimensions of electric and magnetic quantities must also be related to each other. In the questions below, [E]

and [B] stand for dimensions of electric and magnetic fields respectively, while [ 0 ] and [ 0 ] stand for dimen-

sions of the permittivity and permeability of free space respectively. [L] and [T] are dimensions of length and

time respectively. All the quantities are given in SI units.

(There are two questions based on PARAGRAPH “X”, the question given below is one of them)

fo|qrpqEcdh; fl}kUr ds vuqlkj fo|qr vkSj pqEcdh; ifj?kVUkkvksa (phenomena) ds chp laca/k gksrk gSA blfYk, fo|qr

vkSj pqEcdh; jkf'k;ksa ds foekvksa (dimensions) esa Hkh laca/k gksUks pkfg;sA fuEUkfyf[kr iz'Ukksa esa [E] rFkk [B] Øe'k% fo|qr
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vkSj pqEcdh; {ks=kksa dh foekvksa dks n'kkZrs gS] tcfd [ 0 ] rFkk [ 0 ] Øe'k% eqDr vkdk'k (free space) dh ijkoS|qrkad

(permititivity) vkSj pqEcd'khYkrk (permeability) dh foekvksa dks n'kkZrs gSA [L] rFkk [T] Øe'k% YkEckbZ vkSj le; dh

foek;sa gSA lHkh jkf'k;ka SI ek=kdksa (units) esa nh x;h gSA

(vuqPNsn “X” ij nks iz'Uk vk/kkfjr gS] uhps fn;k x;k iz'Uk muesa ls ,d gS)

15. The relation between [E] and [B] is

[E] rFkk [B] ds chp esa laca/k gS &

(A) [E] = [B] [L] [T] (B) [E] = [B] [L]–1 [T]

(C) [E] = [B] [L] [T]–1 (D) [E] = [B] [L]–1 [T]-1

S. C

In terms of dimension

qE = qvB

E = vB

[E] = [B] [LT–1]

16. The relation between  0  and  0  is :

 0  rFkk  0  ds chp esa laca/k gS &

(A)       2 2

0 0 L T


   (B)       2 2

0 0 L T


  

(C)        1 2 2

0 0 L T
 

   (D)        1 2 2

0 0 L T
 

  

S. D

0 0

1
C 

 

2

0 0

1
C 

 

2
0 0 .C 

   
1 2 2

0 0 L T
   

Errors and Measurements

PARAGRAPH “A”

If the measurement errors in all the independent quantities are known, then it is possible to determine the error

in any dependent quantity. This is done by the use of series expansion and truncating the expansion at the first

power of the error. For example, consider the relation z = x/y. If the errors in x, y and z are x , y  and z ,
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respectively, then

1
x x x x y

z z 1 1
y y y x y


     

       
    

The series expansion for 

1
y

1
y


 
 

 
, to first power in 

y

y


, is  1 y / y . The relative errors in independent

variables are always added. So the error in z will be :

x y
z

x y

  
   

 

The  above derivation makes the assumption that x / x 1  , y / y 1  . Therefore, the higher powers of

these quantities are neglected.

(There are two question based on PARAGRAPH "A", the question given below is one of them)

;fn lHkh Lora=k jkf'k;ksa (independent quantities) dh ekiUk =kkqfV;ka (measurement errors) Kkr gks rks fdlh fuHkZj jkf'k

(dependent quantity) dh =kqfV dk ifjdYkUk (calculation) fd;k tk ldrk gSA bl ifjdYkUk esa Js.kh izlkj (series

expansion) dk iz;ksx fd;k tkrk gS vkSj bl izlkj dks =kqfV (error) ds igYks ?kkr (first power) ij :fUMr (truncate)

fd;k tkrk gSA mnkgj.k Lo:i] lEcU/k z = x/y esa ;fn x, y rFkk z dh =kqfV;ka Øe'k% x , y  rFkk z gks rks &

1
x x x x y

z z 1 1
y y y x y


     

       
    

1
y

1
y


 
 

 
 dk Js.kh izlkj] 

y

y


esa igYks ?kkr rd]  1 y / y  gSA Lora=k jkf'k;ksa dh vkisf{kd =kqfV;ka (relative

errors) lnSo tksM+h tkrh gSA blfYk, z dh =kqfV gksxh

x y
z

x y

  
   

 

mijksDr ifjYkUk esa x / x 1  , y / y 1  ekUks x;s gSA blfy, bu jkf'k;ksa dh mPPkrj ?kkrsa (higher powers) misf{kr

gSA

(vuqPNsn "A" ij nks iz'Uk vk/kkfjr gS] uhps fn;k x;k iz'Uk muesa ls ,d gS)

17. Consider the ratio 
 
 
1 a

r
1 a





 to be determined by measuring a dimensionless quantity a. If the error in the

measurement of a is a ( a / a 1  ), then what is the error r  in determining r ?

,d foek&jfgr (dimensionless) jkf'k a dks eki dj] ,d vuqikr (ratio) 
 
 
1 a

r
1 a





 dk ifjdYkUk djUkk gSA ;fn a

dh ekiUk dh =kqfV a ( a / a 1  ) rks r ds ifjdYkUk dh =kqfV r  D;k gksxh ?
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(A)  
2

a

1 a



 (B)  
2

2 a

1 a



 (C)  2

2 a

1 a



 (D)  2

2a a

1 a





S. B

1 a
r

1 a






ln r = ln(1 – a) – ln (1+a)

r a a

r 1 a 1 a

  
 

 

2

r 2 a

r 1 a

 




 2

r 2( a)
(1 a)

(1 a) 1 a

 
 

 

2

2 r
r

(1 a)


 



18. In an experiment the initial number of radioactive nuclei is 3000. It is found that 1000 ± 40 nuclei decayed in

the first 1.0 s. For x  << 1, ln(1 + x) = x up to first power in x. The error  , in the determination of the decay

constant  , in S–1, is :

,d iz;ksx ds vkjaHk esa jsfM;ks,fDVo UkkfHkdksa dh la[;k 3000 gSA iz;ksx ds igYks 1.0 lsd.M esa 1000 ± 40 UkkfHkdksa dk

{k; gks tkrk gSA ;fn x  << 1 gks rks x ds igYks ?kkr rd ln(1 + x) = x gSA {k;kad (decay constant)   ds fu/kkZj.k

esa =kqfV   S–1 esa gS &

(A) 0.04 (B) 0.03 (C) 0.02 (D) 0.01

S. C

t
0N N e

0nN nN t l l

different w.r.t. 

1 dN
0 t

N d
 



dN 40
d 0.02

Nt 2000 1
   




