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PART I : PHYSICS
SECTION-I (Maximum Marks : 28)

This section contains SEVEN questions.

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

is (are) correct.

For each question, darken the bubble(s) corresponding to all the correct option(s) in the ORS

For each question, marks will be awarded in one of the following categories :

Full Marks : +4 If only the bubble(s) corresponding to all the correct option(s)

is (are) darkened.

Partial Marks : +1 For darkening a bubble corresponding to each correct

option, Provided NO incorrect option is darkened.

Zero Marks : 0 If none of the bubbles is darkened.

Negative Marks : –2 In all other cases.

For example, if (A), (C) and (D) are all the correct options for a question, darkening all these three will get +4

marks; darkening only (A) and (D) will get +2 marks; and darkening (A) and (B) will get –2 marks, as a wrong

option is also darkened

ONE OR MORE THAN ONE CORRECT ANSWER TYPE

1. A circular insulated copper wire loop is twisted to form two loops of area A and 2A as shown in the figure. At

the point of crossing the wires remain electrically insulated from each other. The entire loop lies in the plane (of

the paper). A uniform magnetic field B


 points into the plane of the paper. At t = 0, the loop starts rotating about

the common diameter as axis with a constant angular velocity  in the magentic field. Which of the following

options is/are correct :

area 2A

area A

B

(A) The amplitude of the maximum net emf induced due to both the loops is equal to the amplitude of maximum
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emf induced in the smaller loop alone

(B) The emf induced in the loop is proportional to the sum of the areas of the two loops

(C) The rate of change of the fulx is maximum when the plane of the loops is perpendicular to plane of the

paper.

(D) The net emf induced due to both the loops is proportional to cos t

,d xksykdkj fo|qr&jks/kh rkez ij (insulated copper wire) dks A rFkk 2A okys nks {ks=kQyksa ds oy;ksa esa O;kofrZr

fd;k gSaA rkjksa ds vfrØe.k fcUnq fo|qrjks/kh jgrs gSa (tSlk fp=k esa n'kkZ;k x;k gS)A lEiw.kZ oy; dkxt ds ry

esa fLFkr gSA dkxt ds ry ds vfHkyEcor fLFkj rFkk ,dleku pqEcdh; {ks=k B


 loZ=k mifLFkr gSA oy; vius

lkeqnkf;d O;klksa ls cus v{k ds ifjr% le; t = 0 ls  dks.kh; osx ls ?kqeuk izkjEHk djrk gSA fuEu esa ls dkSulk/

dkSuls dFku lgh gS/gSa\

area 2A

area A

B

(A) nksuksa oy;ksa ls mRiUu vf/kdre dqy izsfjr fo|qr okgd cy (net emf) dk vk;ke] NksVs oy; esa mRiUu

vf/kdre izsf"kr fo|qr okgd cy ds vk;ke ds cjkcj gksxk

(B) izsfjr fo|qr okgd cy oy;ksa ds {ks=kQyksa ds ;ksx ds lekuqikfrd gS

(C) tc oy;ksa dk ry dkxt ds ry ls vfHkyac fn'kk esa gksrk gS rc vfHkokg ds ifjorZu dh nj vf/kdre gksrh gSA

(D) nksuksa oy;ksa ls mRiUu dqy izsfjr fo|qr okgd cy cos t ds lekuqikrh gS

Ans. AC

S. 1 BA cos t  

1

d
BA sin t

dt


     polarity of 

1
 & 

2
 will be opposite

2
2

d
B(2A) sin t

dt


    
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2. A blcok M hangs vertically at the bottom end of a uniform rope of constant mass per unit length. The top end

of the rope is attached to a fixed rigit support at O. A transverse wave pulse (Pulse 1) of wavelength 
0
 is

produced at point O on the rope. The pulse takes time T
OA

 to reach point A. If the wave pulse of wavelength


0
 is produced at point A (Pulse 2) without disturbing the position of M it takes time T

AO
 to reach point O.

Which of the following option is/are correct :

Pulse 1

Pulse 2

O

MA

(A) The velocity of any pulse along the rope is independent of its frequency and wavelength

(B) The time T
AO

 = T
OA

(C) The velocities of the two pulses (Pulse 1 and Pulse 2) are the same at the midpoiont of rope

(D) The wavelength of Pulse 1 becomes longer when it reaches point A

,d leku jSf[kd ?kurkokys (uniform mass per unit length) m/okZ/kj Mksj ds fupys fljs ij ,d xqVdk M yVdk

gqvk gSA Mksj dk nwljk fljk n`<+ vk/kkj (fcUnq O) ls layXu gSA rjaxnS/;Z 
0
 dh vuqizLFk rjax Lian (Lian 1, pulse

1) fcUnq O ij mRiUu dh x;h gSA ;s rjax Lian fcUnq O ls fcUnq A rd T
OA

 le; esa igq¡prh gSA xqVds M dks

fcuk fo{ksfHkr fd;s gq, fcUnq A ij fuekZ.k dh xbZ rjaxnS/;Z 
0
 dh vuqizLFk rjax Lian (Lian 2, Pulse 2), fcUnq A

ls fcUnq O rd T
AO

 le; esa igq¡prh gSA fuEu esa ls dkSulk/dkSuls dFku lgh gS/gSa%

Pulse 1

Pulse 2

O

MA

(A) Mksj ds vuqfn'k izsf"kr fdlh Hkh Lian dk osx mldh vko`fr ,oa rjaxnS/;Z ij fuHkZj ugha gS

(B) le; T
AO

 = T
OA

(C) Mksj ds e/; fcUnq ij Lian 1 (Pulse 1) rFkk Lian 2 (Pulse 2) dk osx leku gS

(D) Lian 1 dh rjaxnS/;Z fcUnq A rd igq¡pus esa yEch gks tk;sxh
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Ans. AB

S.
T

V
µ

  , so speed at any position will be same for both pulses, therefore time taken by both pulses will be

same.

f = v   = 
V

f
 V, since when pulse 1 reaches at A, speed decreases therefore decreases.

At mid point, magnitude of velocity is same, but direction will be opposite. Hence velocity will be in opposite

direction.

3. A flat plate is moving normal to its plane through a gas under the action of a constant force F. The gas is kept

at a very low pressure. The speed of the plate v is much less than the average speed u of the gas molecules.

Which of the following option is/are true :

(A) The plate will continue to move with constant non-zero acceleration, at all times

(B) The resistive force experienced by the plate is proportional to v

(C) The pressure difference between the leading and trailing faces of the plate is proportional to uv.

(D) At a later time the external force F balances the resistive force

,d likV IysV (flat plate) vYi nkc ds xSl esa] vius ry dh vfHkyac fn'kk esa] ckg~; cy F ds izHkko esa vxzlfjr

gSA IysV dh xfr v, xSl v.kqvksa ds vkSlr xfr u  ls cgqr de gSA fuEu esa ls dkSulk/dkSuls dFku lgh gS/gSa\

(A) IysV loZnk 'kqU;srj fLFkj Roj.k (constant non-zero acceleration) ls pyrh jgsxh

(B) IysV }kjk vuqHko gqvk izfrjks/kd cy v ds lekuqikrh gS

(C) izfrxkeh ,oa vuqxkeh i`"B ds ncko dk varj uv ds lekuqikrh gS

(D) dqN le; ds ckn ckg~; cy F vkSj izfrjks/kd cy larqfyr gks tk,axs

Ans. BCD

S. u' = u,  = constant
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F
trailing

 = 2A(u' – v)2

F
leading 

– F
trailing

 = 2A(4u' v) = 8Au'v

Pressure difference = 
leading trailingF F

8 u 'v 8 uv
Area


   

Net force on plate

net

mdv
F F 8 A uv

dt
    

After long time v will be sufficient so F = 8 Auv

After that v = constant, i.e. plate will achieve terminal velocity.

4. A human body has a surface area of approximately 1 m2. The normal body temperature is 10 K above the

surrounding room temperature T
0
. Take the room temperature to be T

0
 = 300 K. For T

0
 = 300 K, the value of

4
0T  = 460 Wm–2 (where  is the Stefan-Boltzmann constant). Which of the following options is/are correct?

(A) The amount of energy radiated by the body in 1 second is close to 60 Joules
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(B) If the body temperature rises significantly then the peak in the spectrum of electromagnetic radiation

emitted by the body would shift to longer wavelengths

(C) If the surrounding temperature reduces by a small amount T
0
 << T

0
, then to maintain the same body

temperature the same (living) human being needs to radiate W = 3
0 04 T T  more energy per unit time

(D) Reducing the exposed surface area of the body (e.g. by curling up) allows humans to maintain the same

body temperature while reducing the energy lost by radiation

ekuoh; i`"Bh; {ks=kQy yxHkx 1 m2 gksrk gSA ekuo 'kjhj dk rkieku ifjos'k ds rkieku ls 10 K vf/kd gksrk gSA ifjos'k

rkieku T
0
 = 300 K gS] bl ifjos'k rkieku ds fy, 4

0T  = 460 Wm–2 gSA tgk¡  LVhQku&cksYV~teku fu;rkad

(Stefan-Boltzmann constant) gSA fuEu esa ls dkSu lk (ls) dFku lgh gS/gS  ?

(A) ekuoh; 'kjhj ls 1 lsd.M esa fudVre fodfjr ÅtkZ 60 Joules gS

(B) ekuoh; 'kjhj ds rkieku esa vxj lkFkZd o`f) gks rc izdk'k pqEcdh; fodj.k LiSDVªe dh f'k[kj rjax&nS/;Z

(peak in the electromagnetic spectrum ) nh?kZ rjax&nS/;Z dh vksj foLFkkfir gksrh gS

(C) ifjos'k rkieku vxj T
0 
ls ?kVrk gS ¼T

0
 << T

0
½ rc ekuo ds 'kjhj dks rkieku dk vuqj{k.k djus ds fy,

W = 3
0 04 T T   vf/kd ÅtkZ fofdfjr djuh iM+rh gS

(D) i`"Bh; {ks=kQy ?kVkus (tSls % fldqM+us ls) ls ekuo vius 'kjhj ls fofdfjr ÅtkZ ?kVkrs gSa ,oa vius 'kjhj dk rkieku

vuqjf{kr djrs gS

Ans. CD

S. (A) Since the temperature of the body remains same, therefore heat radiated by the body is same as before.

(W
1
 = aT4 = a(310)4)

(B) W  Area

 If exposed area decreases, energy radiated also decreases.

(C) 
m
T = b T , 

m


(D) (W
1
 = aT4 = a(310)4)

Since it is given that 4 2
0T 460Wm 

Hence, a(310)4 > 460 Wm–2

So (D) option is wrong

5. For an isosceles prism of angle A and refractive index , it is found that the angle of minimum deviation 
m
 = A.

Which of the following options is/are correct :

(A) For the angle of incidence i
1
 = A, the ray inside the prism is parallel to the base of the prism

(B) For this prism, the refractive index  and the angle of prism A are related as 
11

A cos
2 2

  
  

 

(C) At minimum deviation, the incident angle i
1
 and the refracting angle r

1
 at the first refracting surface are

related by r
1
 = (i

1
/2)
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(D) For the prism, the emergent ray at the second surface will be tangential to the surface when the angle of

incidence at the first surface is 1 2
1

A
i sin sin A 4cos 1 cos A

2


 
   

 

,d lef}ckgq fizTe dk fizTe dks.k A gS (isosceles prism of angle A) A fizTe dk viorZukad gSA bl fizTe dk U;wure

fopyu dks.k (angle of minimum deviation) 
m
 = A gSA fuEu esa ls dkSu lk (ls) dFku lgh gS/gSa ?

(A) tc fizTe dk vkiru dks.k i
1
 = A gS rc fizTe ds Hkhrj izdk'k fdj.k fizTe ds vk/kkj ds lekukUrj gksxh

(B) fizTe dk viorZukad  ,oa fizTe dks.k (A), 
11

A cos
2 2

  
  

 
 }kjk lacaf/kr gS

(C) U;wure fopyu esa vkifrr dks.k i
1
 ,oa izFke viorZd ry ds viorZd dks.k r

1
 = (i

1
/2) }kjk lacaf/kr gS

(D) tc igys ry ij vkiru dks.k 1 2
1

A
i sin sin A 4cos 1 cos A

2


 
   

 
 gS] rc bl fizTe ds fy, f}rh; ry

ls fuxZr fdj.k fizTe ds i"̀B ls Li'khZ; gksxh (tangential to the emergent surface)

Ans. ACD

S.

minA
sin

sin A A2
µ 2cos

A A 2sin sin
2 2

  
 
   

i = A r
1
 = 

A

2

A = 2 cos–1(µ/2)

2

1 1
sin C ,cosC 1

µ µ
  

sini = µ sin (A – C) = µ(sinA cosC – cosA sin C)

 2 2

2

1 cos A A
µ sin A 1 sin A µ 1 cos A sin A 4cos 1 cos A

µ µ 2

   
              

   

1 2 A
i sin sin A 4cos 1 cos A

2


 
    

 

(C) In this option, it has been assumed that the refracting sides (Incident and emergent side) of isosceles

triangle are equal. Therefore, the ray inside the prism is parallel to the prism.
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6. A block of mass M has a circular cut with a frictionless surface as shown. The block rests on the horizontal

frictionless surface of a fixed table. Initially the right edge of the block is at x = 0, in a co-ordinate system fixed

to the table. A point mass m is released from rest at the topmost point of the path as shown and it slides down.

When the mass loses contact with the block, its position is x and the velocity is v. At that instant, which of the

following options is/are correct?

x

y

R

m

M

R

x=0

(A) The x component of displacement of the centre of mass of the block M is – 
mR

M m

(B) The velocity of the point mass m is : 
2gR

v
m

1
M





(C) The velocity of the point mass m is : x = 
mR

2
M m




(D) The velocity of the block M is : V = 
m

2gR
M



o`Ùkkdkj pki okys ,d xqVds dk nzO;eku M gSA ;s xqVdk ,d ?k"kZ.k jfgr est ij fLFkr gSA est ds lkis{; (in a

coordinate system fixed to the table) xqVds dk nkfguk dksj (right edge)  x = 0 ij fLFkr gSA nzO;eku m okys ,d fcUnq

d.k dks oÙ̀kkdkj pki ds mPpre fcUnq ls fojkekoLFkk ls NksM+k tkrk gSA ;s fcUnq d.k o`Ùkkdkj iFk ij uhps dh vkSj ljdrk

gSA tc fcUnq d.k xqVds ls laidZ foghu gks tkrk gS] rc mldh rkR{kf.kd fLFkfr x vkSj xfr v gSA fuEu esa ls dkSu lk

(ls) dFku lgh gS/gSa \

x

y

R

m

M

R

x=0

(A) xqVds (M) ds lagfr dsUnz ds foLFkkiu dk x ?kVd (x co-ordinate) – 
mR

M m
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(B) fcUnq d.k (m) dk osx 
2gR

v
m

1
M




 gS

(C) fcUnq d.k (m) dk LFkku  x = 
mR

2
M m




 gS

(D) xqVds (M) dk osx  V = 
m

2gR
M

  gS

Ans. AB

S. If speed of point mass is v, then using conservation of linear momentum 
mv

V
M



2

2 21 1 mv 1 m
mgR mv M ; mgR mv 1

2 2 M 2 M

   
      

   

M

2gR mR
v ; x

m M m1
M

 
   

 

7. In the circuit shown, L = 1 H, C = 1 F and R = 1 k. They are connected in series with an a.c. source V =

V
0
 sin t as shown. Which of the following option is/are correct :

V0sin  t

L=1 H C=1 F R=1 k

(A) The frequency at which the current will be in phase with the voltage is independent of R.

(B) The current will be in phase with the voltage if  = 104 rad.s–1

(C) At  >> 106 rad.s–1, the circuit behaves like a capacitor

(D) At ~0 the current flowing through the circuit becomes nearly zero.

fp=k esa fn[kk;s x, ifjiFk esa, L = 1 H, C = 1 F rFkk R = 1 kgSA ,d ifjorhZ oksYVrk (V = V
0
 sin t) L=kksr ls

Js.kh laca/k gSA fuEu esa ls dkSulk (ls) dFku lgh gS/gS \

V0sin  t

L=1 H C=1 F R=1 k

(A) tc fo|qr /kkjk oksYVrk dh ledyk esa gksxh rks og vkofrZ R ij fuHkZj ugha djsxh

(B) tc  = 104 rad.s–1 gksxh rc fo|qr /kkjk (electric current) oksYVrk dh ledyk esa gksxh

(C) tc  >> 106 rad.s–1 , ifjiFk la/kkfj=k (capacitor) dh rjg O;ogkj djrk gS
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(D) tc ~0 gksxh rc ifjiFk esa cgrh /kkjk 'kwU; ds fudV gksxh

Ans. AD

S. Current will be in phase with voltage at resonant frequency.

6 1
0

1 1
L 10 sec

C LC

     


If  > 
0
    Circuit behaves like inductive.

If w~ 0 Z  I 0

SECTION-II (Maximum Marks : 15)

This section contains FIVE questions.

The answer to each question is a SINGLE DIGIT INTEGER ranging from 0 to 9, both inclusive.

For each question, darken the bubble corresponding to the correct integer in the ORS.

For each question, marks will be awarded in one of the following categories :

Full Marks : +3 If only the bubble corresponding to the correct answer is darkened.

Zero Marks : 0 In all other cases.

8. A drop of liquid of radius R = 10–2 m having surface tension S = 
0.1

4
Nm–1 divides itself into K identical drops.

In this process the total change in the surface energy U = 10–3 J. If K = 10 then the value of is :

i`"B&ruko (surface tension) S = 
0.1

4
Nm–1  ds nzo ds ,d cawn dh f=kT;k R = 10–2 m gS] ftls K le:i cwanksa esa

foHkkftr fd;k x;k gSA i`"B&ÅtkZ dk cnyko U = 10–3 J gSA ;fn K = 10 gS rc dk eku gksxk :

Ans. 6

S.
3 34 4

R k r
3 3

  

1/3

R
r

(k)


U=(k4r2 – 4R2)T

= 

2
2

2/3

R
4 T k R

k

 
  

 

= 4R2T[k1/3 – 1] = 10–3

1
4 1/3 310

4 10 k 1 10
4


      

k1/3 – 1 = 100
10/3 – 1 = 100
10/3 = 101

 = 6
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9. A stationary source emits sound of frequency f
0
 = 492 Hz. The sound is reflected by a large car approaching

the source with a speed of 2 ms–1. The reflected signal is received by the source and superposed with the

original. What will be the beat frequency of the resulting signal in Hz ?

(Given that the speed of sound in air is 330 ms–1 and the car reflects the sound at the frequency it has received)

,d fLFkj L=kksr vko`fr f
0
 = 492 Hz dh /ofu mRlftZr djrk gSA 2 ms–1 ds xfr ls vixeuh dkj ls ;g /ofu ijkofrZr

gksrh gSA /ofu L=kksr ijkofrZr ladsr dks izkIr dj ds ewy ladsr ij v/;kjksfir (superpose) djrk gSA rc ifj.kkeh flXuy

dh foLian-vko`fÙk (beat frequency) gSA

(/ofu dh xfr 330 ms–1 gSA dkj /ofu dks mldh izkIr gqb vko`fr ij ijkofrZr djrh gS)

Ans. 6

S.

Frequency observed at car

C
1 0

V V
f f

V

 
  

 

Frequency of reflected sound as observed at the source

C
2 1 0

C C

V VV
f f f

V V V V

   
    

    

beat frequency = f
2
 – f

0

C
0

C

V V
f 1

V V

 
  

 

C
0

C

2V
f

V V

 
  

 

= 492 × 
2 2

6beat / s
328




10. A monochromatic light is travelling in a medium of refractive index n = 1.6. It enters a stack of glass layers from

the bottom side at an angle  = 30°. The interfaces of the glass layers are parallel to each other. The refractive

indices of different glass layers are monotonically decreasing as n
m
 = n – mn, where n

m
 is the refractive index

of the mth slab and n = 0.1 (see the figure). The ray is refracted out parallel to the interface between the

(m – 1)th and mth slabs from the right side of the stack. What is the value of m.

,do.khZ izdk'k (monochromatic light) viorZukad n = 1.6 okys ek/;e esa izxkeh gSA ;g izdk'k dk¡p dh phrh (stack

of glass layers) ij fupys lrg ls  = 30° dks.k ij vkifrr gksrk gS (tSlk fd fp=k esa n'kkZ;k x;k gS) A dk¡pksa ds Lrj
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ijLij lekUrj gSA dk¡p ds phrh ds viorZukad ,dfn"V n
m
 = n – mn, Øe ls ?kV jgs gSA ;gk¡ m Lrj dk viorZukad

n
m
 gSA vkSj n = 0.1 gSA izdk'k fdj.k (m – 1) ,oa m Lrj ds i`"Bry ls lekUrj fn'kk esa nkbZa vksj ls ckgj fudyrk gSA

rc m dk eku gksxkA

m
m – 1

1

2
3

Ans. 8

S. 1.6sin = (n – mn)sin90°

1.6sin = n – mn

1.6 × 
1

2
= 1.6 – m(0.1)

0.8 = 1.6 – m(0.1)

m × 0.1 = 0.8

m = 8

11. An electron in a hydrogen atom undergoes a transition from an orbit with quantum number n
i
 to another with

quantum number n
f
 . V

i
 and V

f
  are respectively the initial and final potential energies of the electron. If  

i

f

v

v = 6.25,

then the smallest possible of is n
f
 
 
is

,d gkbMªkstu ijek.kq dk ,d bysDVªkWu n
i
 DokUVe la[;k okys d{k ls n

f
  DokaVe la[;k ds d{k esa izos'k djrk gSA V

i
 rFkk

V
f
  izkFkfed ,oa vafre fLFkfrt ÅtkZ,sa gSA ;fn 

i

f

v

v = 6.25, rc n
f
 dh U;wure lEHkkoh la[;k gSA

Ans. 5

S. PE = V = 2

13.6 2

n




i

f

V

V =

2
1

2
2

1
13.6 2

n
6.25

1
13.6 2

n

 
  

  
 

  
 
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2
2
2
1

n
6.25

n


2

1

n 5

n 2
 n

1
 = 2;  n

2
 = 5

12. 131I is an isotope of Iodine that  decays to an isotope of Xenon with a half-life of 8 days. A small amount of a

serum labelled with 131I is injected into the blood of a person. The activity of the amount of 131I injected was

2.4×105 Becquerel (Bq). It is known that the injected serum will get distributed uniformly in the blood stream

in less than half an hour. After 11.5 hours, 2.5 ml of blood is drawn from the person's body, and gives an activity

of 115 Bq. The total volume of blood in the person's body, in liters is approximately

(you may use xe 1 x   for |x| << 1 and ln 2 0.7 )

vk;ksMhu dk leLFkkfud 131I ] ftldh v/kZ&vk;q 8 fnu gS] -{k; ds dkj.k tsuksu ds leLFkkfud esa {kf;r gksrk gSA vYi

ek=kk dk 131I fpfB~Br (labelled) lhje (serum) ekuo 'kjhj esa vUr% f{kIr (inject) fd;k x;k] ftl ek=kk dh vWfDVork

(activity) 2.4×105 csdsjsy (Becquerel) gSA ;g lhje :f/kj /kkjk esa vk/ks ?kaVs esa ,dleku forfjr gksrk gSA vxj

11.5 ?kaVs ckn 2.5 ml jDr 115 csdsjsy dh vWfDVork n'kkZrk gS] rc ekuo 'kjhj esa jDr vk;ru (yhVj esa) gS

(vki xe 1 x   for |x| << 1 ,oa ln 2 0.7  dk mi;ksx dj ldrs gSA)

Ans. 5

S. I131 
1/2T 8days

 Xe131

A
0
 = 2.4 × 105 Bq = N

0

Let the volume is V,

t = 0 A
0
 = N

0

t = 11.5 Hrs A = N

115 =
N

2.5
V

 
  

 

115 = 
t

02.5 (N e )
V


 

 
n 2

(11.5Hr)
8day0(N )

115 2.5 e
V


  

l

 
5

1/24(2.4 10 )
115 2.5 e

V


  

52.4 10 1
V 2.5 1

115 24

  
    

52.4 10 23
2.5

115 24

  
    
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5
3

2

10 23 25
5 10 ml 5 liter

115 10

 
   



SECTION–3 : (Maximum Marks : 18)
This section contains SIX questions of matching type.
This section contains TWO tables (each having 3 columns and 4 rows)
Based on each table, there are THREE questions
Each question has FOUR options (A), (B), (C) and (D). ONLY ONE of these four options is correct
For each question, darken the bubble corresponding to the correct option in the ORS.
For each question, marks will be awarded in one of the following categories :
Full Marks : +3 If only the bubble corresponding to the correct option is darkened.
Zero Marks : 0 If none of the bubbles is darkened.

Negative Marks : –1 In all other cases

ANSWER 13 to 15 by appropriately matching the information given in the three columns of the

following table.

A changed particle (electron or proton) is introduced at the origin (x = 0, y = 0, z = 0) with a given initial

velocity v
 . A uniform electric field E


 and a uniform magnetic field B


 exist everywhere. The velocity v

 ,

electric field E


and magnetid field B


 are given in column 1,2 and 3 resepectively. The quantities E
0
, B

0
 are

positive in magnitude.

Column I Column II Column III

(I) Electron with 
0

0

E
ˆv 2 x

B



(i) 
0
ˆE E z


(P) 

0
ˆB B x 



(II) Electron with 
0

0

E
ˆv y

B



(ii) 
0
ˆE E y 


(Q) 

0
ˆB B x



(III) Proton with v 0
 (iii) 

0
ˆE E x 


(R) 

0
ˆB B y



(IV) Proton with 
0

0

E
ˆv 2 x

N



(iv) 
0
ˆE E x


(S) 

0
ˆB B z



uhps nh x;h Vscy ds rhu dkyeksa esa miyC/k lwpuk dk mi;qDr <ax ls lqesy dj iz'uksa 13, 14 ,oa 15 ds mRrj

nhft;sA

,d pktZ;qDr d.k (bysDVªku ;k izksVksu) vkjafHkd xfr v
  ls ewy fcUnq (x = 0, y = 0, z = 0) ij izLrqr (introduced) gksrk

gSA fLFkj rFkk ,dleku fo|qr {ks=k E


 ,oa pqEcdh; {ks=k B


 laoZ=k mifLFkr gSA d.k dh xfr v
 , fo|qr {ks=k E


 rFkk

pqEcdh; {ks=k B


 fuEu dkWyeksa 1,2 ,oa 3 esa Øe'k% n'kkZ;s x;s gSA E
0
, B

0
 ds eku /kukRed gSA

dkWye I dkWye II dkWye III

(I) Electron with 
0

0

E
ˆv 2 x

B



(i) 
0
ˆE E z


(P) 

0
ˆB B x 



(II) Electron with 
0

0

E
ˆv y

B



(ii) 
0
ˆE E y 


(Q) 

0
ˆB B x


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(III) Proton with v 0
 (iii) 

0
ˆE E x 


(R) 

0
ˆB B y



(IV) Proton with 
0

0

E
ˆv 2 x

N



(iv) 
0
ˆE E x


(S) 

0
ˆB B z



13. In which case will the particle describe a helical path with axis along the positive z direction :

fdl fLFkfr esa d.k +z v{k vuqfn'k dqaMfyuh iFk (helical path along positive z-axis) dk vuqlj.k djsxk ?

(A) (III)(iii)(P) (B) (IV)(i)(S) (C) (II)(ii)(R) (D) (IV)(ii)(R)

Ans. B

S.

For constant velocity

 F qE q V B 0   
   

 E V B  
  

ans. (C)

0
0 0

0

E
ˆ ˆ ˆE x y B z

B

 
    

 

14. In which case will the particle move in a straight line with constant velocity :

fdl fLFkfr esa d.k vpy xfr ls lh/kh js[kk esa pyu djrk gS :

(A) (III)(ii)(R) (B) (II)(iii)(S) (C) (IV)(i)(S) (D) (III)(iii)(P)

Ans. B

S. For helix with axis along positive z–direction magnetic field should be along z–direction.

15. In which case would the particle move in a straight line along the negative direction of y-axis (i.e., move along

– ŷ ) :

fdl fLFkfr esa d.k lh/kh js[kk esa _.kkRed y-v{k (neative y-axis) dh fn'kk esa pysxk ?

(A) (III)(ii)(P) (B) (II)(iii)(Q) (C) (IV)(ii)(S) (D) (III)(ii)(R)

Ans. D
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S.

Force due to electric field is along –y axis and force due to B


 is zero.

ANSWER 16 to 18 by appropriately matching the information given in the three columns of the

following table.

An ideal gas is undergoing a cyclic thermodynamic process in different ways as shown in the corresponding

P – V diagrams in column 3 of the table. Consider only the path from state 1 to state 2. W denotes the

corresponding work done on the system. The equations and plots in the table have standard notations as used

in thermodynamic processes. Here  is the ratio of heat capacities at constant pressure and constant volume.

The number of moles in the gas is n.

Column I Column II Column III

(I)  1 2 2 2 2 1

1
W P V P V

1
  

 
(i) Isothermal (P) 

(II) 1 2 2 1W PV PV   (ii) Isochoric (Q) 

(III) 1 2W 0  (iii) Isobaric (R) 

(IV) 
2

1 2

1

V
W nRT ln

V


 
   

 
(iv) Adiabatic (S) 

uhps nh x;h Vscy ds rhu dkyeksa esa miyC/k lwpuk dk mi;qDr <ax ls lqesy dj iz'uksa 16, 17 ,oa 18 ds mRrj

nhft;sA

,d vkn'kZ xSl (idal gas) fofHkUu pØh; m"eikfrd izØeksa ls xqtjrk gSA ;g fuEu dkWye 3 esa P – V vkjs[k }kjk n'kkZ;k

x;k gSA dsoy fLFkfr 1 ls fLFkfr 2 tkusokys iFk dh vksj /;ku nsaA bl iFkij fudk; ij gqvk dk;Z W gSA ;gk¡  fu;r

nkc ,oa fu;r vk;ru Å"ek&/kkfjrkvksa dk vuqikr gS (ratio of the heat capacities) A xSl ds eksyksa (moles) dh la[;k

n gSA
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dkWye I dkWye II dkWye III

(I)  1 2 2 2 2 1

1
W P V P V

1
  

 
(i) lerkih; (P) 

(II) 1 2 2 1W PV PV   (ii) levk;rfud (Q) 

(III) 1 2W 0  (iii) lenkch; (R) 

(IV) 
2

1 2

1

V
W nRT ln

V


 
   

 
(iv) :}ks"e (S) 

16. Which one of the following options is the correct combination ?

fuEu fodYiksa esa dkSu lk la;kstu lgh gS ?

(A) (IV) (ii) (S) (B) (III) (ii) (S) (C) (II) (iv) (P) (D) (II) (iv) (R)

Ans. B

17. Which of the following options is the only correct representation of a process in which U= Q – PV ?

fuEu fn, fodYiksa esa dkSu lk la;kstu U= Q – PV izfØ;k dk vdsys lgh izfrfuf/kRo djrk gS ?

(A) (II) (iii) (S) (B) (III) (iii) (P) (C) (II) (iii) (P) (D) (II) (iv) (R)

Ans. C

18. Which one of the following options correctly represents a thermodynamic process that is used as a correction

in the determination of the speed of sound in an ideal gas ?

fuEu fodYiksa esa ls dkSu lk la;kstu vkn'kZ xSl esa /ofu dh xfr dh eki ds la'kks/ku esa iz;qDr Å"ekxfrd izfØ;k dks lgh

n'kkZrk gS ?

(A) (IV) (ii) (R) (B) (I) (iv) (Q) (C) (I) (ii) (Q) (D) (III) (iv) (R)

Ans. B

sol. 16 to 18

I. 
2 2 1 1P V P V

W
1




 
(iv) Adiabatic

II. 2 1W P(V V )   (iii) Isobaric

III. W = 0 (ii) Isochoric

IV. 
2

1

V
W nRT

V
  l (i) Isothermal


