
SECTION 1 (Maximum Marks : 18)
 Section contains SIX (06) questions.
 The answer to each question is a SINGLE DIGIT INTEGER ranging from 0 to 9. BOTH INCLUSIVE.
 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 : +3 If ONLY the correct integer is entered;
Zero Marks :  0 If the question is unanswered;
Negative Marks : –1 In all other cases.

Hkkx -1 (vf/kdr e vad: 18)
• bl  Hkkx esa N% (06) i z' u ' kkfey gSA
• i zR; sd i z' u dk mÙkj  0 l s 9 r d] , d , dy vad i w.kkZad gSA nksuksa l fEefyr  gSA
• i zR; sd i z' u ds fy , ] mÙkj  nt Z dj us ds fy ,  fufnZ"V LFkku i j  ekml  vkSj  vkWu LØhu vkHkkl h ¼opqZvy½ l a[ ; kRed dhi sM dk

mi ; ksx dj ds mÙkj  ds vuq: i  l gh i w.kkZad nt Z dj saA
• i zR; sd i z' u ds mÙkj  dk ewY; kadu fuEufyf[ kr  vad i ) fr  ds vuql kj  fd; k t k, xkA

i w.kZ vad : +3  dsoy l gh fodYi  pquk t kr k gSA
' kwU;  vad :  0   ; fn dksbZ fodYi  ugh pquk t kr k gSA ¼vFkkZr ~ i z' u dk mÙkj  ugh fn; k gks½
_ .kkRed vad : –1  vU;  l Hkh fLFkfr ; ksa esaA

1. A large square container with thin transparent vertical walls and filled with water (refractive index 
4
3

)

is kept on a horizontal table. A student holds a thin straight wire vertically inside the water
12 cm from one of its corners, as shown schematically in the figure. Looking at the wire from this
corner, another student sees two images of the wire, located symmetrically on each side of the line of
sight as shown. The separation (in cm) between these images is ____________.

i r yh i kj n' khZ Å/okZ/kj  nhokj ksa ds l kFk , d cM+k oxkZdkj  i k=k gS r Fkk i kuh ¼vi or Zukad 
4
3

½ l s Hkj k gS] t ks , d {kSfr t  Vscy i j  j [ kk

gSA , d fo| kFkhZ fp=kkuql kj  bl ds , d dksus l s 12 cm i kuh ds vUnj  Å/okZ/kj  : i  l s , d i r ys l h/ks r kj  dks i dM+s (hold) j [ kr k

gSA bl  dksus l s r kj  i j  ns[ kr s gq, ] vU;  fo| kFkhZ r kj  ds nks çfr fcEcksa dks ns[ kr k gS] t ks fn[ kk; suql kj  n'̀ ;  j s[ kk ds çR; sd r j Q (side)

l efer  : i  l s fLFkr  gSA bu i zfr fcEcksa ds chp nwj h (cm esa) gSa&
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Sol. (Official Answer Bonus : Marks to all)
Probable Answer : 3 or 4 or 5
(for 3)
When ray is normally incident

h  apparent depth

2
12
h  = 

3
4
1

h = 
2
9

So, distance between images will be 3 cm.



For 4 or 5

We will use formula :
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 Answer 2y 12 h' . 2      

12 5.26 2 4.56   
Answer : 4 or 5



2. A train with cross-sectional area St is moving with speed vt inside a long tunnel of cross-sectional
area S0 (S0 = 4St). Assume that almost all the air (density ) in front of the train flows back between
its sides and the walls of the tunnel. Also, the air flow with respect to the train is steady and laminar.
Take the ambient pressure and that inside the train to be p0. If the pressure in the region between

the sides of the train and the tunnel walls is p, then 2
0 t

7p p v
2N

   . The value of N is _________.

St vuqçLFk&dkV {ks=kQy dh , d Vªsu] S0 (S0 = 4St) vuqi zLFk&dkV {ks=kQy dh , d yEch l qj ax ds vUnj  vt pky l s xfr eku

gSA ekuk fd Vªsu ds l keus yxHkx i wj h gok ¼?kuRo ½ bl ds ckt qvks (sides) r Fkk l qj ax dh nhokj ksa ds chp oki l  cgr h gSA l kFk

gh] Vªsu ds l ki s{k gok dk i zokg fLFkj  r Fkk i Vyh;  gSA  Vªsu ds vUnj  O; ki d (ambient) nkc 0 ysr s gSA ; fn Vªsu dh ckt qvks r Fkk

l qj ax dh nhokj ksa ds chp {ks=k esa nkc p gS] r c 2
0 t

7p p v
2N

    gSA r c N dk eku gS&

Sol. 9

A2 = 3St
Equation of continuity
vt4St = 3Stv

v = 3
4

 vt

Using Bernoulli's equation

P0 + 
2
1
vt

2 = P + 
2
1

  
2

tv
3
4










P0 – P = 18
7

 vt
2

Now compare from given value
N = 9



3. Two large circular discs separated by a distance of 0.01 m are connected to a battery via a switch
as shown in the figure. Charged oil drops of density 900 kg m–3 are released through a tiny hole at
the center of the top disc. Once some oil drops achieve terminal velocity, the switch is closed to
apply a voltage of 200 V across the discs. As a result, an oil drop of radius 8×10–7 m stops moving
vertically and floats between the discs. The number of electrons present in this oil drop is ________.
(neglect the buoyancy force, take acceleration due to gravity =10 ms–2 and charge on an electron
(e) = 1.6×10–19 C)

0.01 m nwjh l s i F̀kd~ nks cM+h òÙkh;  pdfr ; k¡ fp=kkuql kj  , d fLop ds ek/; e l s , d cSVªh l s t ksM+h t kr h gSA 900 kg m–3 ?kuRo dh

vkosf' kr  r sy dh cwUnsa Åi j h pdr h ds dsUnz i j  , d NksVs fNnz l s NksM+h t kr h gSA , d ckj  t c dqN r sy dh cwUnsa l hekUr  osx çkIr  dj

ysr h gS] r c pdr h; ksa ds fl j ksa i j  200 V dh oksYVr k i znku djus ds fy,  fLop cUn fd; k t kr k gSA i fj .kkeLo: i ] 8×10–7 m f=kT; k

dh , d r sy cwUn Å/okZ/kj  xfr  cUn dj r h gS r Fkk pdr h; ksa ds chp pyk; eku (floats) gSA bl  r sy cwUn esa mi fLFkr  bysDVªkWuksa dh

l a[ ; k gS ¼mRi ykou cy ux.;  gS] xq: Roh;  Roj .k =10 ms–2 r Fkk bysDVªkWu i j  vkos' k (e) = 1.6×10–19 C)

Sol. 6

qE = mg ....(i)
q = ne

V = Ed  E = 
V
d

from equation (i)



ne 
V
d  = mg

n = 
mgd
eV  = 900 × 3

4
 × 

200106.1
01.01010888

19

21








n = 6.02   6

4. A hot air balloon is carrying some passengers, and a few sandbags of mass 1 kg each so that its
total mass is 480 kg. Its effective volume giving the balloon its buoyancy is V. The balloon is
floating at an equilibrium height of 100 m. When N number of sandbags are thrown out, the balloon
rises to a new equilibrium height close to 150 m with its volume V remaining unchanged. If the

variation of the density of air with height h from the ground is (h) = 0

h
h

0e


 , where 0 = 1.25 kg m–3

and h0 = 6000 m, the value of N is _________.
, d xeZ gok dk xqCckj k dqN ; kf=k; ksa r Fkk çR; sd 1 kg nzO; eku ds dqN j sr  ds csxksa dks ys t k j gk gS] r kfd bl dk dqy nzO; eku 480

kg gSA xqCckj s dks bl dk mRi ykou nsus okyk bl dk çHkkoh vk; r u V gSA xqCckj k 100 m dh l kE;  Å¡pkbZ i j  pyk; eku (floating)

gSA t c N j sr  ds csx cgkj  QSads t kr s gSa] r c xqCckj k 150 m ds l ehi  ubZ l kE;  Å¡pkbZ r d c<+r k gS t gk¡ bl dk vk; r u Hkh vi fj ofr Zr

j gr k gSA ; fn /kj kr y l s h Å¡pkbZ ds l kFk gok ds ?kuRo dk i fj or Zu (h) = 0

h
h

0e


 gS] t gk¡ 0 = 1.25 kg m–3 r Fkk h0 = 6000

m gSA r c N dk eku gS&
Sol. 4

1vg = 480 g
2vg = (480 – N) g

100
 
6000

0
150 
6000

0

e vg

e vg









 = N480
480





 120
1

e  = N480
480


  480 – N = 

120
1

e

480

 120
1

e  (480 – N) = 480

N = 480 (1 – 
1 

120e


)
N = 480 (1 – 0.9917)
N = 480 × 0.008
N = 3.98
N   4

5. A point charge q of mass m is suspended vertically by a string of length . A point dipole of dipole
moment p


 is now brought towards q from infinity so that the charge moves away. The final

equilibrium position of the system including the direction of the dipole, the angles and distances is
shown in the figure below. If the work done in bringing the dipole to this position is N ×(mgh),
where g is the acceleration due to gravity, then the value of N is _________ . (Note that for three

coplanar forces keeping a point mass in equilibrium, 
F

sin
 is the same for all forces, where F is any

one of the forces and  is the angle between the other two forces)
m nzO; eku dk , d fcUnq vkos' k q, yEckbZ dh , d j Ll h } kj k Å/okZ/kj  yVdk; k t kr k gSA p


 f} /kqzo vk?kw.kZ dk , d fcUnq f} /kqzo vc

vuUr  l s q dh vksj  yk; k t kr k gS r kfd vkos' k nwj  xfr  dj r k gSA f} /kqzo dh fn' kk] dks.k o nwfj ; k¡ dks ' kkfey dj r s gq,  fudk;  dh
vfUr e l kE; koLFkk] uhps fp=kkuql kj  gSA ; fn f} /kqzo dks bl  fLFkfr  r d ykus esa fd; k x; k dk; Z N ×(mgh) gS] t gk¡ g xq: Roh;  Roj .k
gS] r c N dk eku gS _________ . (/; ku nsr s gS fd r hu l er yh;  cyksa ds fy,  , d fcUnq nzO; eku dks l kE; koLFkk esaa j [ kr s gq, ]

F
sin

 l Hkh cyksa ds fy,  l eku gS] t gk¡ F cyks esa l s dksbZ , d gS r Fkk  vU;  nks cyks ds chp dks.k gSA)



Sol. 2

  + 2 = 

 = 
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W = mgh + 2

kpq
d

3

T mg 2kpq
sin( ) sin( ) d sin(2 )
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sin
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2kpq
d sin( )  








 
2

cos

Mg
 = 3

2kpq
d sin

2

kpq
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 = 
Mgsin d

2cos
2


  = 

2
cos2

2
sinl2sinMg






2

kpq
d

 = 
2

cos2

2
sinl2

2
cos

2
sin2Mg








 = 
2

2
sinmgl4 2 

 = 2mgl sin2 
2


 cos  = d
h



cos  = 

2
sinl2

h


cos 






 



22  = 







 
2

sinl2

h

sin2 





 
2  = 

l2
h

2

kpq
d

 = 2mgl × 
l2

h
 = mgh

W = mgh + 2

kpq
d

 = mgh + mgh = 2mgh

N = 2

6. A thermally isolated cylindrical closed vessel of height 8 m is kept vertically. It is divided into two
equal parts by a diathermic (perfect thermal conductor) frictionless partition of mass 8.3 kg. Thus
the partition is held initially at a distance of 4 m from the top, as shown in the schematic figure
below. Each of the two parts of the vessel contains 0.1 mole of an ideal gas at temperature 300 K.
The partition is now released and moves without any gas leaking from one part of the vessel to the
other. When equilibrium is reached, the distance of the partition from the top (in m) will be _______
(take the acceleration due to gravity =10 ms–2 and the universal gas constant =8.3 J mol–1K–1).
8 m Å¡pkbZ dk , d m"eh;  : i  l s foyfxr  csyukdkj  cUn i k=k Å/okZ/kj  j [ kk t kr k gSSA ; g 8.3 kg nzO; eku ds , d m"ek&i k; Z

(diathermic) ¼i w.kZr % m"eh;  pkyd½ ?k"kZ.kjghr  foHkkt d } kj k nks l eku Hkkxksa esa foHkkft r  fd; k t kr k gSA bl  çdkj  foHkkt d çkjaHk esa

fp=kkuql kj  f' k[ kj  l s 4 m dh nwjh i j  j [ kk t kr k gSA i k=k ds çR; sd nks Hkkx 300 K r ki  i j  , d vkn' kZ xSl  dk 0.1 eksy /kkj .k dj r s gSA

foHkkt d vc NksM+k t kr k gS r Fkk i k=k ds , d Hkkx l s nwl j s r d fdl h Hkh xSl  ds fcuk fj l s xfr  dj r k gSA t c l kE; koLFkk çkIr  dh t kr h gS]

r c f' k[ kj  l s foHkkt d dh nwjh (m esa) gksxh (xq: Ro ds dkj .k Roj .k =10 ms–2 r Fkk l koZf=kd xSl  fu; r kad =8.3 J mol–1K–1 ysr s gS)



Sol. Official answer : Bonus (Marks to all)
This is because by wrong method we get an integer = 6

Correct Method :
Work done by gravity changes internal energy

vmgx nc T  V
3C R
2

  
 

f
38.3 10 x 0.2 8.3 [T 300]
2

      

 f
100xT 300

3
   ..(1)

f f

mgP .(4 x)A
AP(4 x) A nR

T T

       

f

P(4 x) A nR
T
 



fnRT
PA

4 x




0.1 8.3 100(300 x)
4 x 3


  


83 9 x
3 4 x

    
..(2)

f

mgP (4 x) A
A

nR
T

   
  

fnRT
(PA mg)

4 x
 


..(3)

83 9 x 83
3 4 x

       

1000.83 300 x
3

4 x

  
 


 ..... (From (1) and (2))

83 9 x 83
3 4 x

       

83 9 x
3 4 x

    

9 x 12 3x
4 x

  


(9 x)
4 x







(21+4x)(4-x) = (9+x)(4+x)
284 21x 16x 4x   236 9x 4x x   

5x2+18x–48 = 0

18 324 960x
10

  


18 1284
10

 


18 35.8
10

 


x 1.8
 y = 4+1.8 = 5.8


Wrong Method :

As work done by gravity changes internal energy so we can not take temperature constant.
But incorrectly by taking temperature constant we get an integer = 6 as answer.

2 1P A P A mg   (forces are balanced)

2 1
mgP P
A

 

2 1

nRT nRT mg
V V A

 

2 1

1 1 mgnRT
V V A
 

  
 

1 1 mg0.1 8.3 300
A(4 x) A(4 x) A
 

      

0.1 8.3 300 1 1 8.3 10
A 4 x 4 x A

       

2

4 x 4 x 1
316 x

  



6x = 16–x2

x2 + 6x -16 = 0
x = –8, 2
The distance of the partition from the top = 4+2

         = 6m



SECTION 2 (Maximum Marks : 24)
 Section contains SIX (06) questions.
 Each question has FOUR options. 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 the 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 none of the options is chosen (i.e. the question is unanswered);
Negative Marks : –2 In all other cases.

Hkkx -2 (vf/kdr e vad  : 24)
• bl  Hkkx esa N% (06) i z' u ' kkfey gSA
• i zR; sd i z' u ds pkj  fodYi  gSA bu pkj  fodYi ksa esa l s , d ; k , d l s vf/kd fodYi  l gh mÙkj  gS ¼gSa½A
• i zR; sd i z' u ds fy , ] l Hkh l gh mÙkj ksa ds vuq: i  fodYi  pqfu, A
• i zR; sd i z' u ds mÙkj  dk ewY; kadu fuEufyf[ kr  vad i ) fr  ds vuql kj  fd; k t k, xkA

i w.kZ vad : +4  ; fn dsoy ¼l Hkh½ fodYi  pqus t kr s gS] ¼gSa½A
vkaf' kd vad : +3  ; fn l Hkh pkj ksa fodYi  l gh gS] ysfdu dsoy r hu fodYi  pqus t kr s gSaA
vkaf' kd vad : +2  ; fn r hu ; k vf/kd fodYi  l gh gS ysfdu dsoy nks fodYi  pqus t kr s gS] t ks fd nksuksa gh

  l gh gksA
vkaf' kd vad : +1  ; fn nks ; k vf/kd fodYi  l gh gS] ysfdu dsoy , d fodYi  pquk t kr k gS r Fkk ; g , d l gh

  fodYi  gksA
' kwU;  vad : 0  ; fn dksbZ fodYi  ugh pquk t kr k gS ¼vFkkZr ~ i z' u dk mÙkj  ugh fn; k gks½A
_ .kkRed vad : –2  vU;  l Hkh fLFkfr ; ksa esaA

7. A beaker of radius r is filled with water (refractive index 
4
3

) up to a height H as shown in the figure

on the left. The beaker is kept on a horizontal table rotating with angular speed . This makes the
water surface curved so that the difference in the height of water level at the center and at the
circumference of the beaker is h (h<<H,h<<r), as shown in the figure on the right. Take this surface
to be approximately spherical with a radius of curvature R. Which of the following is/are correct? (g
is the acceleration due to gravity)

r f=kT; k dk , d chdj  ck; ha vksj  fp=kkuql kj  H Å¡pkbZ r d i kuh (vi or Zukad  
4
3

) l s Hkj k t kr k gSA chdj  dks.kh;  pky l s ?kwer h

gqbZ , d {kSfr t  Vscy i j  j [ kk t kr k gSA ; g i kuh dh l r g dks oØh;  cukr k gS r kfd chdj  dh i fj f/k i j  r Fkk dsUnz i j  i kuh ds Lr j
dh Å¡pkbZ esa vUr j  h (h<<H,h<<r) gSa] t Sl k nk; ha vkSj  fp=k esa fn[ kk; k gSA bl  l r g dks yxHkx R oØr k f=kT; k dh xksyh;  l r g
ysr s gSA fuEufyf[ kr  esa l s dkSul k@dkSul s l gh gS \ (g xq: Ro ds dkj .k Roj .k gS)



(A) 
2 2h rR
2h




(B) 
23rR

2h


(C) Apparent depth of the bottom of the beaker is close to 
123H H1

2 2g


 

 
 

(D) Apparent depth of the bottom of the beaker is close to 
123H H1

4 4g


 

 
 

Sol. A,D

R2 = (R – h)2 + r2

R2 = R2 + h2 – 2Rh + r2

2Rh = h2 + r2

R = 
h2
rh 22 



v
2  – u

1  = 
R

12 

v
1

 – 
4

3( H h)   = 
R

3
41 

v
1

 + )hH(3
4
  = R3

1

h << r

R = 
h2
rh 2

(h2 = 0)

R = 
h2

r2

v
1

 = )hH(3
4
  – 2r3

h2

v
1

 = – 2r3
h2

 – )hH(3
4


h <<<H

v
1

 = – H3
4

 






  2r
h

3
2

4
H31

v
1

 = – H3
4

 






  2r2
Hh1

gh = 
2
r22

  
h
r2

 = 2

g2


v
1

 = – H3
4

 






 


g22
H1

2



v
1

 = – H3
4

 






 


g4
H1

2

|v| = 
4
H3

 

12

g4
H1










 


8. A student skates up a ramp that makes an angle 30° with the horizontal. He/she starts (as shown
in the figure) at the bottom of the ramp with speed v0 and wants to turn around over a semicircular
path xyz of radius R during which he/she reaches a maximum height h (at point y) from the ground
as shown in the figure. Assume that the energy loss is negligible and the force required for this turn
at the highest point is provided by his/her weight only. Then (g is the acceleration due to gravity)
, d fo| kFkhZ , d j sEi  ds Åi j  fQl yr k (skates) gS] t ks {kSfr t  l s 30° dks dks.k cukr k gSA og fp=kkuql kj  v0 pky l s j sEi  dh r yh
i j  çkjaHk gksr k gS r Fkk R f=kT; k dss , d v/kZòÙkh;  i Fk xyz i j  eqM+uk (turn around) pkgr k gS] ft l ds nkSj ku og fp=kkuql kj  /kj kr y
l s vf/kdr e Å¡pkbZ h (fcUnq y i j ) i gq¡pr k gSA ekuk fd Åt kZ gkfu ux.;  gS r Fkk mPpr e fcUnq i j  bl  ?kqeko ds fy,  vko' ; d
cy dsoy ml ds Hkkj  } kj k i znku fd; k t kr k gSA r c (g xq: Roh;  Roj .k gSa)

(A) 2
0

1v 2gh gR
2

 

(B) 2
0

3v 2gh gR
2

 

(C) the centripetal force required at points x and z is zero
(D) the centripetal force required is maximum at points x and z

(A) 2
0

1v 2gh gR
2

 

(B) 2
0

3v 2gh gR
2

 

(C) x r Fkk z fcUnqvksa i j  vko' ; d vfHkdsUnzh;  cy ' kwU;  gS

(D) x r Fkk z fcUnqvksa i j  vko' ; d vfHkdsUnzh;  cy vf/kdr e gS



Sol. A,D
Given : The force required for turn over a semi circular path at the highest point is provided by his/
her weight only so at that balancing situation

mg sin  = 
R

mv2

mg × sin 30° = 
R

mv2

2
gR

 = v2 ....(i)

From energy conservation

2
1

 mv0
2 = mgh + 

2
1

 mv2

v0
2 – 2gh = v2

v0
2 – 2gh = 

2
gR

Option A correct
(D)
As gravitation force is not providing centripetal force at x and z that's why maximum force is
applied on x and z for circular motion.

9. A rod of mass m and length L, pivoted at one of its ends, is hanging vertically. A bullet of the same
mass moving at speed v strikes the rod horizontally at a distance x from its pivoted end and gets
embedded in it. The combined system now rotates with angular speed  about the pivot. The
maximum angular speed M is achieved for x = xM. Then
m nzO; eku r Fkk L yEckbZ dh , d NM+ bl ds , d fl j s i j  dhydhr  gS] t ks Å/okZ/kj  : i  l s yVd j gh gSaA v pky l s xfr eku l eku

nzO; eku dh , d xksyh bl ds dhydhr  fl j s l s x nwjh i j  {kSfr t  : i  l s NM+ l s Vdj kr h gS r Fkk bl esa cSB (embedded) t kr h gSA l a; qDr

fudk;  vc dhyd ds i fj r %  dks.kh;  pky l s ?kwer k gSA vf/kdr e dks.kh;  pky M , x = xM ds fy,  çkIr  dh t kr h gSA r c&*

(A) 2 2

3vx
L 3x

 


(B) 2 2

12vx
L 12x

 


(C) M
Lx
3

 (D) M
v 3
2L

 



Sol. A,C,D
From angular momentum conservation
Li = LF

 mvx = 
2

2mL mx
3

 
 

 
 

 = 









 2

2

Mx
3

mL
mvx

 m = mass of bullet and rod is same

 = 
2

2

x
3
L

vx



 = 22 x3L
vx3


...(i)

option (A) is correct
Now for maximum value of 

dx
d

 = 0  dx
d

 







 22 x3L
vx3

 = 0   3v dx
d

 







 22 x3L
x

 = 0

 dx
d

 



















x
x3

x
L

1
22  = 0   dx

d
 

12

x3
x
L











  = 0

 
22L( 1) 3x

x


 

  
 

 







 3

x
L

2

2

 = 0

 
2

2

L
x


 + 3 = 0

 2

2

x
L

 = 3   x2 = 
3
L2

x = 
3
L

Option (C) is correct



Now put this value in equation (i)

max = 
)3/L(3L

3
Lv3

22 










  
L2
v3

Option (D) is correct

10. In an X-ray tube, electrons emitted from a filament (cathode) carrying current I hit a target
(anode) at a distance d from the cathode. The target is kept at a potential V higher than the
cathode resulting in emission of continuous and characteristic X-rays. If the filament current I is

decreased to 
I
2

, the potential difference V is increased to 2V, and the separation distance d is

reduced to 
d
2

, then

(A) the cut-off wavelength will reduce to half, and the wavelengths of the characteristic X-rays
will remain the same
(B) the cut-off wavelength as well as the wavelengths of the characteristic X-rays will remain the
same
(C) the cut-off wavelength will reduce to half, and the intensities of all the X-rays will decrease
(D) the cut-off wavelength will become two times larger, and the intensity of all the X-rays will
decrease

, d X-fdj .k uyh esaa] I /kkj kokgh , d r Ur q ¼dSFkksM+½ l s mRl ft Zr  bysDVªkWu] dSFkksM+ l s d nwj h i j  , d y{;  ¼,ukWM+½ l s Vdj kr s gSA y{;

dSFkksM+ dh r qyuk es mPp foHko V i j  j [ kk t kr k gS ft l ds i fj .kkeLo: i  l r r ~ vkSj  vfHkyk{kf.kd X-fdj .kksa dk mRl t Zu gksr k gSA

; fn r Ur q /kkj k I l s 
I
2

 r d ?kVkbZ t kr h gS] foHkokUr j  V l s 2V r d c<+k; k t kr k gS r Fkk i F̀kDdj .k nwj h d l s 
d
2

r d ?kVkbZ t kr h gS

r c&

(A) var d r j axnS/; Z ?kVdj  vk/kh gks t k, xh r Fkk vfHkyk{kf.kd X-fdj .kksa dh r j axnS/; Z l eku j gsxh

(B) var d (cut-off) r j axnS/; Z r Fkk vfHkyk{kf.kd X-fdj .k dh r j axnS/; Z l eku j gsxh

(C) var d r j axnS/; Z ?kVdj  vk/kh gks t k, xh r Fkk l Hkh X-fdj .kksaa dh r hozr k; sa ?kVsxh

(D) var d r j axnS/; Z nks xquk cM+h (larger)a gks t k; sxh r Fkk l Hkh X-fdj .kksaa dh r hozr k ?kVsxh



Sol. A,C

ev = 

hc

v  

1

  
v
1

If current in filament is reduced then emitting electrons should be reduced thats why intensity of
x-ray is reduced.



11. Two identical non-conducting solid spheres of same mass and charge are suspended in air from a
common point by two non-conducting, massless strings of same length. At equilibrium, the angle
between the strings is . The spheres are now immersed in a dielectric liquid of density 800 kg m–3 and
dielectric constant 21. If the angle between the strings remains the same after the immersion, then
(A) electric force between the spheres remains unchanged
(B) electric force between the spheres reduces
(C) mass density of the spheres is 840 kg m–3

(D) the tension in the strings holding the spheres remains unchanged
l eku nzO; eku vkSj  vkos' k ds nks , dl eku vpkydh;  Bksl  xksys] l eku yEckbZ dh nks vpkydh;  nzO; ekuj ghr  j fLl ; ksa } kj k , d

mHk; fu"B fcUnq l s gok esa yVdk; s t kr s gSA l kE; koLFkk i j ] j fLl ; ksa ds chp dks.k gSA vc xksys i j koS| qr kad 21 r Fkk ?kuRo 800

kg m–3 ds , d i j koS| qr  nzo esa Mqcks; s t kr s gSaA ; fn Mqcus ds i ' pkr  j fLl ; ksa ds chp dks.k l eku j gr k gS] r c&

(A) xksyksa ds chp oS| qr  cy vi fj ofr Zr  j gr k gSA

(B) xksyksa ds chp oS| qr  cy ?kVr k gSA

(C) xksyksa dk nzO; eku ?kuRo 840 kg m–3 gSA

(D) xksyksa dks /kkj .k dj us (holding) okyh j fLl ; ksa esa r uko vi fj ofr Zr  j gr k gSA
Sol. (Official Answer) B,C

  

T sin 
2


 = F

T' sin 
2


 = F'

'T
T

 = 
'F

F

'T
T

 = 

2

2
0

2

2
0

1 q
4 r

1 q
4 21 r





'T
T

 = 
1
21

T' = 
21
T



T cos 
2


 = mg

T' cos 
2


 = mg – vg

mg
vgmg

2
cos'T

2
cos'T 






21
1

 = 1 – dvg
vg

d


 = 1 – 
21
1

d


 = 
21
20

d = 10
21

 × 800

d = 840 kg/m3

12. Starting at time t = 0 from the origin with speed 1 ms–1, a particle follows a two-dimensional

trajectory in the x-y plane so that its coordinates are related by the equation 
2xy

2
 . The x and y

components of its acceleration are denoted by ax and ay, respectively. Then
(A) ax = 1 ms–2 implies that when the particle is at the origin, ay = 1 ms–2

(B) ax = 0 implies ay = 1 ms–2 at all times
(C) at t = 0, the particle’s velocity points in the x-direction
(D) ax = 0 implies that at t = 1 s, the angle between the particle’s velocity and the x axis is 45°
l e;  t = 0 i j  1 ms–1 pky l s ewy fcUnq l s çkj aHk , d d.k x-y r y esaa , d f} &foeh;  ç{ksi  i Fk dk vuql j .k dj r k gS r kfd bl ds

funsZ' kkad l ehdj .k 
2xy

2
  } kj k l EcfU/kr  gSA bl ds Roj .k ds x r Fkk y ?kVd Øe' k% ax o ay } kj k fu: fi r  gSA r c&

(A) ax = 1 ms–2 cr kr k gS fd t c d.k ewy fcUnq i j  gS] r c ay = 1 ms–2

(B) ax = 0 cr kr k gS fd i wj s l e;  ay = 1 ms–2 gSA

(C) t = 0 i j ] d.k dk osx x-fn' kk es funsZf' kr  gSA

(D) ax = 0 cr kr k gS fd t = 1 s i j ] d.k ds osx r Fkk x v{k ds chp dks.k 45° gSA



Sol. A,B,C,D  or B,C,D

t = 0, x = 0, u = 1m/sec

y = 
2
x2

vy = 
2x
2

 vx

vy = xvx
ay = xax + vx

2

option A

dx
dy

 = x     2

2

dx
yd

 = 1

Rc = 
2

2

2/32

dx
yd

dx
dy1





















 = 
1

)x1( 2/32

at x = 0 Rc = 1

 ay = 
c

2

R
v

 = 
1
12

 = 1 m/s2

at x = 0
ay = 1 m/s2

independent of ax
option (B)
if ax = 0
ay = 0 + vx

2 = 1 m/sec2

option (C)
vy = xvx at = x = 0 at t = 0
vy = 0    vx = 1 m/sec
Option (d)



x = 1m

x

y

v
v

 = tan = x = 1

 = 45°

SECTION 3 (Maximum Marks : 24)
 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 the each question will be evaluated according to the following marking scheme:
Full Marks : +4 If ONLY the correct numerical value is entered;
Zero Marks :  0 In all other cases.

Hkkx -3 (vf/kdr e vad  : 24)
• bl  Hkkx esa N% (06) i z' u ' kkfey gSA i zR; sd i z' u dk mÙkj  l a[ ; kRed eku gSA
• i zR; sd i z' u ds fy , ] mÙkj  i zfo"V dj us ds fy ,  fufnZ"V LFkku i j  ekml  vkSj  vkWu&LØhu vkHkkl h ¼opqZvy½ l a[ ; kRed dhi sM dk

mi ; ksx dj ds mÙkj  dk l gh l a[ ; kRed eku nt Z dj sA ; fn l a[ ; kRed eku esa nks l s vf/kd n' keyo LFkku gS] r ks nks n' keyo
LFkkuksa ds eku dks NksVk@fudVr e dj saA

• i zR; sd i z' u ds mÙkj  dk ewY; kadu fuEufyf[ kr  i ) fr  ds vuql kj  fd; k t k, xkA
i w.kZ vad : +4  ; fn dsoy l gh l a[ ; kRed eku i zfo"V fd; k x; k gSA
' kwU;  vad : 0  vU;  l Hkh fLFkfr ; ksa esaA

13. A spherical bubble inside water has radius R. Take the pressure inside the bubble and the water
pressure to be p0. The bubble now gets compressed radially in an adiabatic manner so that its
radius becomes (R – a). For a R  the magnitude of the work done in the process is given by

(4p0Ra2)X, where X is a constant and  = Cp/Cv = 30
41

. The value of X is________.

i kuh ds vUnj  , d xksyh;  cqycqys dh f=kT; k R gSA cqycqys ds vUnj  nkc r Fkk i kuh dk nkc p0 ysr s gSA vc cqycqys dks , d : ) ks"e
<ax esa f=kT;  : i  l s l ai hMhr  fd; k t kr k gS r kfd bl dh f=kT; k (R – a) gks t kr h gSaA a R  ds fy, ] çØe esa fd; s x; s dk; Z dk

i fj ek.k (4p0Ra2)X } kj k fn; k t kr k gS] t gk¡ X , d fu; r kad gS r Fkk  = Cp/Cv = 30
41

gSA X dk eku gS&



Sol. 2.05

dv = 4R2a
pv = constant
vdp + pv-1 dv = 0

 dp = – p 
dv
v

= 
2

0p 4 R a
v

 

Work done, W = pavg. × dv

= 
dp
2  4R2a (as for small changes pavg = 

dp
2

by considering linear variation in pressure)

= 
2 2

0p 4 R a 4 R a
2v

   

= 

2 2
0

3

p 4 R a 4 R a
42 R
3

   

 

= 
2

03 p 4 Ra
2

 

= 2
0

3 41 4 p Ra
2 30
  

= 2.05 (4p0Ra2)  x = 2.05 Ans.



14. In the balanced condition, the values of the resistances of the four arms of a Wheatstone bridge are
shown in the figure below. The resistance R3 has temperature coefficient 0.0004 °C–1. If the temperature
of R3 is increased by 100 °C, the voltage developed between S and T will be __________ volt.
l Ur qyu fLFkfr  esa] , d OghVLVksu l sr q dh Pkkj  Hkqt kvksa ds i zfr j ks/kksa ds eku fp=kkuql kj  gSA çfr j ks/k R3 dk r ki eku xq.kkad 0.0004 °C–1 gSA

; fn R3 dk r ki eku 100 °C l s c<+k; k t kr k gS] r c S o T ds chp mRi Uu oksYVr k oksYV esa gksxh&

Sol. 0.27
R3 = 300 (1 + T)
R3 = 300 (1 + 0.0004 × 100)
R3 = 312 

312
0x 

 + 60
50x 

 = 0
y 50
100


 + 
y 0
500


 = 0

52
x

 + 10
x

 = 5 y – 50 + 5
4

 = 0

62x = 520 + 5
6y
5  = 50

x = 62
5520 

y = 
250
6

x = 62
2600

 = 41.93 y = 41.66

x = 41.93 – 41.66 = 0.27



15. Two capacitors with capacitance values C1 = 2000 ± 10 pF and C2 = 3000 ± 15 pF are connected in
series. The voltage applied across this combination is V = 5.00 ± 0.02 V. The percentage error in
the calculation of the energy stored in this combination of capacitors is _______.
C1 = 2000 ± 10 pF r Fkk C2 = 3000 ± 15 pF /kkfj r k ds nks l a/kkfj =k Js.kh esa t ksM+s t kr s gSA bl  l a; kst u ds fl j ksaa i j  vkj ksfi r

oksYVr k V = 5.00 ± 0.02 V gSA l a/kkfj =kksa ds bl  l a; kst u esa l afpr  Åt kZ dh x.kuk esa çfr ' kr  =kqfV gSa&
Sol. 1.30

ET = 
2
1

 Cnet v2

C
1

 = 
1C

1
 + 

2C
1

C
1

 = 2000
1

 + 3000
1

2C
dC

 = 2
1

1

C
dC

 + 2
2

2

C
dC

C
1

 = 6000
23 

 = 6000
5

C = 5
6000

 = 1200









C
dC

 = 







 2

2

2
2
1

1

C
dC

C
dC

C

C
dC

 = 







 22 )3000(

15
)2000(

10
 1200

C
dC

 = 






 
9

15
4

10
 








610

1200

C
dC

 = (2.5 + 1.67) 







410

1200

C
dC

 = 410
1217.4 

E
E

 = C
dC

 + 
V
V2

 = 













1005
02.02

10
1217.4

4

E
E

 = 










1005
4

10
64.50
4

E
E

 = (0.504 + 0.8) = 1.30



16. A cubical solid aluminium (bulk modulus = 
dPV
dV

 = 70 GPa) block has an edge length of 1 m on the

surface of the earth. It is kept on the floor of a 5 km deep ocean. Taking the average density of
water and the acceleration due to gravity to be 103 kg m–3 and 10 ms–2, respectively, the change in
the edge length of the block in mm is _______.

, d ?kuh;  Bksl  , Y; qfefu; e (cYd eki kad = 
dpV
dv

 = 70 GPa) CykWd dh 1 m yEckbZ dh , d Hkqt k (edge) i F̀oh dh l r g i j

gSA ; g , d 5 km xgj s l eqnz ds Q' kZ i j  j [ kk t kr k gSA i kuh dk ?kuRo r Fkk xq: Roh;  Roj .k Øe' k% 103 kg m–3 o 10 ms–2 ysr s gSA

r c CykWd dh Hkqt k dh yEckbZ esa mm esa i fj or Zu gS&
Sol. 0.23 to 0.24

B = V 
dP
dV

70 × 109 = 
V
dV  × 103 × 10 × 5 × 103

7 × 109 = 
V
dV  × 106 × 5

7000 = 
V
dV  × 5

dV
V

 = 7000
5

V = l3

dV
V

 = 3 
l
dl

l
dl3

 = 7000
5

l
dl

 = 
5

21000

l
dl

 = 







21
5

 mm

dl = 0.238 mm



17. The inductors of two LR circuits are placed next to each other, as shown in the figure. The values
of the self-inductance of the inductors, resistances, mutual-inductance and applied voltages are
specified in the given circuit. After both the switches are closed simultaneously, then total work
done by the batteries against the induced EMF in the inductors by the time the currents reach their
steady state values is________ mJ.
nks LR i fj i Fkksa ds çsjd fp=kkuql kj  , d nwl j s ds cxy esa j [ ks x; s gSA i zsjdksa ds Loi zsjdRo] i zfr j ks/k] vU; ksU;  i zsjdRo r Fkk vkj ksfi r  oksYVr k

fn; s x; s i fj i Fk esa mYysf[ kr  gSA nksuksa fLop , d l kFk cUn gksus ds i ' pkr ~] t c r d /kkj k; sa muds fLFkj  voLFkk ekuksa r d i gq¡pr h

gS] r c r d i szj dksa esa i zsfj r  fo- ok- cy ds fo: )  cSVªh; ksa } kj k dqy fd; k x; k dk; Z ________ mJ gSA

Sol. 55

1 = L1 dt
di1  + dt

Mdi2

dW = 1i1dt
dW1 = L1 (di1) i1 + M(di2) i1
dW2 = L2 (di2) i2 + M(di1) i2
W

1 2
0

(dW dW )  = 
1i

1 1 1
0

L (d i )i  + 
2i

2 2 2
0

L (d i )i  + 
1 2i i

1 2
0

M d(i i )

W = 
2
1

 L1 i12 + 
2
1

 L2i22 + M (i1i2)

W = 
2
1

 × 10 × 10–3 × 1 + 
2
1

 × 20 × 10–3 × 4 + 5 × 10–3 × 2

W = 55 × 10–3 = 55 mJ



18. A container with 1 kg of water in it is kept in sunlight, which causes the water to get warmer than
the surroundings. The average energy per unit time per unit area received due to the sunlight is
700 Wm–2 and it is absorbed by the water over an effective area of 0.05 m2. Assuming that the
heat loss from the water to the surroundings is governed by Newton’s law of cooling, the difference
(in °C) in the temperature of water and the surroundings after a long time will be _____________.
(Ignore effect of the container, and take constant for Newton’s law of cooling = 0.001 s–1, Heat
capacity of water = 4200 J kg–1 K–1).

1 kg i kuh ds l kFk , d i k=k l w; Z ds i zdk' k esa j [ kk gS] ft l ds dkj .k i kuh i fj os' k l s vf/kd xeZ gks t kr k gSA l w; Z i zdk' k ds dkj .k

i zkIr  i zfr  bdkbZ l e;  i zfr  bdkbZ {ks=kQy vkSl r  Åt kZ 700 Wm–2 gS r Fkk ; g 0.05 m2 ds i zHkkoh {ks=kQy i j  i kuh } kj k vo' kksf"kr

dh t kr h gSA ekuk fd i kuh l s i fj os' k esa m"ek gkfu U; wVu ds ' khr yu ds fu; e } kj k fu; af=kr  (governed) gS] r c , d yEcs l e;

i ' pkr ~ i kuh r Fkk i fj os' k ds r ki eku esa vUr j  (°C esaa) gksxk (i k=k ds i zHkko dks ux.;  ysr s gS] r Fkk U; wVu ds ' khr yu ds fu; e ds

fy,  fu; r kad = 0.001 s–1, i kuh dh m"eh;  /kkfj r k = 4200 J kg–1 K–1 gS) :
Sol. 8.33









dt
dT

 =  0

3
0 TT

ms
T4eA








 

ms = 4200

3
0eA 4T

ms


 = 0.001

eA4T0
3 = 0.001 × 4200 = 4.2

Given, 
dQ

dt area
 = 700

dQ
dt

 
 
 

 = 700 × 0.05

= 35

dQ
dt

 
 
 

 = (eA4T0
3) (T – T0)

35 = 4.2 T

T = 
42

1035 
 = 6

50
 = 8.33



SECTION–1 (Maximum marks :18)
• This section contains SIX (06) questions.
• The answer to each questionis a SINGLE DIGIT INTEGER ranging from 0 TO 9, BOTH INCLUSIVE.
• For Each Question, enter the correctinteger corresponging 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 : +3 If ONLY the correct integer is entered;
Zero Marks : 0 If the questio is unanswered.
Negative Marks : –1 In all other cases.

________________________________________________________________________________________

Hkkx -1 (vf/kdr e vad: 18)
• bl  Hkkx esa N% (06) i z' u ' kkfey gSA
• i zR; sd i z' u dk mÙkj  0 l s 9 r d] , d , dy vad i w.kkZad gSA nksuksa l fEefyr  gSA
• i zR; sd i z' u ds fy , ] mÙkj  nt Z dj us ds fy ,  fufnZ"V LFkku i j  ekml  vkSj  vkWu LØhu vkHkkl h ¼opqZvy½ l a[ ; kRed dhi sM dk

mi ; ksx dj ds mÙkj  ds vuq: i  l gh i w.kkZad nt Z dj saA
• i zR; sd i z' u ds mÙkj  dk ewY; kadu fuEufyf[ kr  vad i ) fr  ds vuql kj  fd; k t k, xkA

i w.kZ vad : +3  dsoy l gh fodYi  pquk t kr k gSA
' kwU;  vad :  0   ; fn dksbZ fodYi  ugh pquk t kr k gSA ¼vFkkZr ~ i z' u dk mÙkj  ugh fn; k gks½
_ .kkRed vad : –1  vU;  l Hkh fLFkfr ; ksa esaA

___________________________________________________________________________________________________

Q.1 For a complex number z , let Re( )z  denote the real part of z . Let S  be the set of all complex

numbers z  satisfying 4 4 2| | 4 , z z iz  where 1 i . Then the minimum possible value of 
2

1 2 ,z z

where 1 2, z z S  with  1Re 0z  and  2Re 0,z  is

Q.1 , d l fEeJ l a[ ; k  z ds fy; s ekuk Re( )z , z ds okLr fod Hkkx dks fu: fi r  dj r k gSA ekuk 4 4 2| | 4 , z z iz  dks l Ur q"V dj us

okyh l Hkh l fEeJ l a[ ; kvks z dk l eqP;  S gS] t gk¡ 1 i  gSA r c 
2

1 2z z  dk U; wur e l EHkkfor  eku gksxkA t gk¡

 1Re 0z  r Fkk  2Re 0,z  ds l kFk 1 2, z z S  gS &

Ans. 8
z4 - |z|4 = 4iz2

z4 - z 2|z|2 = 4i z2

z2 (z2 -  2z ) = 4iz2

 22 2z 0 z z 4i  

Let z = x + iy

Re(z )>01

Re(z )<02

x  > 01

x  < 02

y  > 01

y  < 02

(x , y )1 1

(x , y )2 2
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z2 - (z )2 = 4i
(x + iy)2 - (x - iy)2 = 4i
xy = 1
Now (z1 - z2)2 = (x1 - x2)2 + (y1 - y2)2

= x1
2 + x2

2 + y1
2 + y2

2 - 2x1x2 - 2y1 y2
= x1

2 + x2
2 + y1

2 + y2
2 + 2x1 (-x2) + 2y1(-y2)

Now AM  GM
 8(x1

2 x2
2 y1

2y2
2 x1 x2 y1 y2)1/8

 8

Q.2 The probability that a missile hits a target successfully is 0.75 . In order to destroy the target
completely, at least three successful hits are required. Then the minimum number of missiles that
have to be fired so that the probability of completely destroying the target is NOT less than 0.95, is

Q.2 , d fel kby } kj k l Qyr k i woZd y{e i j  ekj us dh i zkf; dr k 0.75 gSA y{;  dks i wj h r j g u"V dj us ds fy ,  de l s de r hu l Qy
ekj  dh vko' ; dr k gS] r c fel kbyksa dh U; wur e l a[ ; k] ft udks nkxk t kr k gSA r kfd y{;  dks l Ei w.kZ u"V dj us dh i zkf; dr k 0.95
l s de u gks] gksxhA

Ans. 6
P(Hit) = 0.75 = 3/4 & P(Hitnot) = 0.25 = 1/4
P(targel Hit)  0.95
1 - P (tagent not hit in n throws)  0.95

1 -          
n n 1 n 2 2n n n

0 1 2C H C H . H C H H 0.95
 

  

 n n 1 n 2 2n n 11 1 3 1 31 n. . 0.95
4 4 4 2 4 4

                  
       

n 21 9n 3n 21 0.95
4 2

       
   

n
2 49n 3n 2

10
    

Now check n = 6

Q.3 Let O  be the centre of the circle 2 2 2 , x y r  where 
5

2
r . Suppose PQ is a chord of this circle

and the equation of the line passing through P  and Q  is 2 4 5 x y . If the centre of the

circumcircle of the triangle OPQ lies on the line 2 4, x y  then the value of r  is

Q.3 ekuk O  òÙk 2 2 2 , x y r  dk dsUnz gS t gk¡ 
5

2
r  gSA ekuk PQ bl  òÙk dh , d t hok gS r Fkk P  , oa Q  l s xqt j us okyh

j s[ kk dk l ehdj .k 2 4 5 x y  gSA ; fn f=kHkqt  OPQ ds i fj òÙk dk dsUnz j s[ kk 2 4, x y  i j  fLFkr  gS] r c r  dk eku gksxkA



Ans. 2

P

S2

Q
O

S1

S1 : x2 + y2 = r2 whre r > 
5
2

now let S2 : x2 + y2 + ax + by = 0  C2; 
a b,
2 2
  

 
 

RA of S1 = 0 & S2 = 0 is PQ
PQ : RA : S1 - S2 = 0
PQ : ax + by + r2 = 0
Given PQ : 2x + 4y - 5 = 0

2a b r
2 4 5
 


.....(1)

also centre of S2 lies on x + 2y = 4

 
a b 4
2


  ....(2)

from (1) & (2)
2 2r 4r 4
5 5


 

 
- 5r2 = -2o
r2 = 4
r = 2



Q.4 The trace of a square matrix is defined to be the sum of its diagonal entries. If A  is a 2 2  matrix
such that the trace of A is 3 and the trace of A3 is -18 , then the value of the determinant of A is

Q.4 , d oxZ vko; qg dk vuqj s[ k.k] bl ds fod.kZ ds vo; oks ds ; ksxQy dks i fj Hkkf"kr  dj r k gSA ; fn A , d 2 2  dk vkO; qg bl  i zdkj
gS fd A dk vuqj s[ k.k 3 gS r Fkk A3 dk vuqj s[ k.k –18 gS] r c A ds l kj f.kd dk eku gksxk &

Ans. 5

Let  r

a b
A T A 3

c d
 

   
 

  A = 
a b
c 3 a
 
  

A3 =  

2

2

a bc 3b a b
c 3 a3c cb 3 a

   
        

Tr (A3) = a3 + abc + 3bc + 3bc + 3bc +(3-a)23 - abc - a(3-a)2

-18 = a3 + 9bc + (3-a)3

  a3 + 9bc + 27 - a3 - 3.3a (3 - a)= - 18
 a2 - 3a + bc = -5
Now |A| = a(3 - a) - bc
= 3a - a2 - bc
|A| = 5

Q.5 Let the functions : ( 1,1)  f  and : ( 1,1) ( 1,1)  g  be defined by

( ) | 2 1| | 2 1|  and ( ) [ ]     f x x x g x x x
where [x] denotes the greatest integer less than or equal to x. Let fog : ( 1,1)   f g  be the
composite function defined by (fog)(x) = f(g(x)). Suppose c  is the number of points in the interval
(-1,1) at which fog is NOT continuous, and suppose d  is the number of points in the interval (-1,1)

at which fog is NOT differentiable. Then the value of c d  is

Q.5 ekuk Qyu : ( 1,1) f  r Fkk : ( 1,1) ( 1,1)  g ,

( ) | 2 1| | 2 1|   ( ) [ ]     f x x x g x x xr Fkk  ds } kj k i fj Hkkf"kr  gS] t gk¡  [x], x l s NksVs ; k cj kcj  egRr e i w.kkZad dks

fu: fi r  dj r k gSA ekuk fog : ( 1,1)   f g  , d l a; qDr  Qyu gS t ks (fog)(x) = f(g(x)) ds } kj k i fjHkkf"kr  gSA ekuk c  var j ky

(–1,1) esa fcUnqvks dh l a[ ; k gS ft l  i j  Fog l ar r  ugh gS r Fkk ekuk d  var j ky (–1,1) esa fcUnqvks dh l a[ ; k gS ft l  i j  fog

vodyuh;  ugh gS] r c c d  dk eku gksxkA
Ans. 4



f(x) = |2x - 1| + |2x +1|

f(x) = 

4x 1x
2

2 1 1x
2 2

4x 1x
2





   

  


g(x) = x - [x] = {x}

Now fog = 

4g(x) 1g(x)
2

2 1 1g(x)
2 2

4g(x) 1g(x)
2







  

  

fog = 

 

 

14 x x 1
2
14 x x 0
2

2 11 x
2

2 10 x
2

  


  


   


  


fog = 
 

4x 1 x 1
2

2 10 x
2

14 x 1 x 0
2

2 11 x
2

  

  


  

    




Now check
fog is not continuous at x = 0 only.

fog is not differentiable at x = 
1 1,0,
2 2


c = 1 & d = 3
c + d = 4

Q.6 The value of the limit

2

4 2(sin 3 sin )lim
3 5 32sin 2 sin cos 2 2 cos 2 cos
2 2 2




         
   

x

x x
x x xx x

 is

Q.6 l hek 
2

4 2(sin 3 sin )lim
3 5 32sin 2 sin cos 2 2 cos 2 cos
2 2 2




         
   

x

x x
x x xx x

  dk eku gS &

Ans. 8

 
2x

2

4 2 sin3x sinx
lim

x 7x 5x 3xcos cos cos 2.2cos x cos
2 2 2 2






   

2x
2

4 2 sin2x cos xlim
x x2sinx sin 2sin3x.sin 2 2 cos x
2 2


  

 

2

2x
2

16 2 sinx cos xlim
x2sin 2 sin2x.cos x 2 2 cos x
2


 

x
2

16 2 sinxlim
x2.4sin sinx 2 2
2


 

16 2
18. 2 2
2


x
2

32 32lim 8
8 4 4


 





SECTION 2 (Maximum Marks : 24)
 Section contains SIX (06) questions.
 Each question has FOUR options. 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 the 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 none of the options is chosen (i.e. the question is unanswered);
Negative Marks : –2 In all other cases.

Hkkx -2 (vf/kdr e vad  : 24)
• bl  Hkkx esa N% (06) i z' u ' kkfey gSA
• i zR; sd i z' u ds pkj  fodYi  gSA bu pkj  fodYi ksa esa l s , d ; k , d l s vf/kd fodYi  l gh mÙkj  gS ¼gSa½A
• i zR; sd i z' u ds fy , ] l Hkh l gh mÙkj ksa ds vuq: i  fodYi  pqfu, A
• i zR; sd i z' u ds mÙkj  dk ewY; kadu fuEufyf[ kr  vad i ) fr  ds vuql kj  fd; k t k, xkA

i w.kZ vad : +4  ; fn dsoy ¼l Hkh½ fodYi  pqus t kr s gS] ¼gSa½A
vkaf' kd vad : +3  ; fn l Hkh pkj ksa fodYi  l gh gS] ysfdu dsoy r hu fodYi  pqus t kr s gSaA
vkaf' kd vad : +2  ; fn r hu ; k vf/kd fodYi  l gh gS ysfdu dsoy nks fodYi  pqus t kr s gS] t ks fd nksuksa gh

  l gh gksA
vkaf' kd vad : +1  ; fn nks ; k vf/kd fodYi  l gh gS] ysfdu dsoy , d fodYi  pquk t kr k gS r Fkk ; g , d l gh

  fodYi  gksA
' kwU;  vad : 0  ; fn dksbZ fodYi  ugh pquk t kr k gS ¼vFkkZr ~ i z' u dk mÙkj  ugh fn; k gks½A
_ .kkRed vad : –2  vU;  l Hkh fLFkfr ; ksa esaA

___________________________________________________________________________________________________

Q.7 Let b  be a nonzero real number. Suppose :  f  is a differentiable function such that (0) 1f

If the derivative f  of f  satisfies the equation

2 2

( )( ) 


f xf x
b x for all x , then which of the following statements is/are TRUE?

(A) If 0,b  then f  is an increasing function

(B) If 0,b  then f  is a decreasing function

(C) ( ) ( ) 1 f x f x  for all x
(D) ( ) ( ) 0  f x f x  for all x



Q.7 ekuk b  , d v' kwU;  okLr fod l a[ ; k gSA ekuk :  f  , d vodyuh;  Qyu bl  i zdkj  gS fd (0) 1f  gSA ; fn f  dk

vodyt  f  t ks l Hkh x  ds fy,  l ehdj .k

2 2

( )( ) 


f xf x
b x  dks l Ur q"V dj r k gS] r c fuEufyf[ kr  dFkuksa esa l s dkSul k l R;  gSA

(A) ; fn 0b  gS] r c f  , d o/kZeku Qyu gSA

(B) ; fn 0b  gS] r c f  , d gkl eku Qyu gSA

(C) l Hkh x  ds fy,  ( ) ( ) 1 f x f x  gSA

(D) l Hkh x  ds fy,  ( ) ( ) 0  f x f x  gSA
Ans. A,C

 
  2 2

f ' x 1dx dx
f x b x


 

ln(f(x)) = 
11 xtan c

b b
    
 

put x = 0  c = 0

(A) f(x) = 
11 xtan

b be
  
 
 

f(x) > 0  x R     f'(x) = 2 2

f(x) 0 f(x)
b x

  


(C) f(x) f(-x) = 
1 11 x 1 xtan tan

b b b be
       

     = e0 = 1

(D) f(x) – f(-x) = 
1 11 x 1 xtan tan

b b b be e
       
   

for all x  R   0

Q.8 Let a  and b  be positive real numbers such that 1a  and .b a  Let P  be a point in the first

quadrant that lies on the hyperbola 
2 2

2 2 1. 
x y
a b

 Suppose the tangent to the hyperbola at P

passes through the point (1,0),  and suppose the normal to the hyperbola at P  cuts off equal

intercepts on the coordinate axes. Let   denote the area of the triangle formed by the tangent at

P , the normal at P  and the x  -axis. If e  denotes the eccentricity of the hyperbola, then which
of the following statements is/are TRUE?

(A) 1 2 e (B) 2 2 e (C) 4  a (D) 4  b



Q.8 ekuk a  r Fkk b  /kukRed okLr fod l a[ ; k,  bl  i zdkj  gS fd 1a  r Fkk .b a  gSA ekuk P  i zFke pr qFkkZ' k esa , d fcUnq gS t ks

vfr i j oy;  
2 2

2 2 1 
x y
a b

 i j  fLFkr  gSA ekuk P  i j  vfr i j oy;  dh  Li ' kZj s[ kk fcUnq (1,0),  l s xqt j r h gS r Fkk ekuk P  i j

vfr i j oy;  dk vfHkyEc funsZ' kh v{kks i j  l eku var [ k.M dkVr h gSA ekuk  , P  i j  Li ' kZj s[ kk] P i j  vfHkyac r Fkk x-v{k } kj k
cus f=kHkqt  ds {ks=kQy dks fu: fi r  dj r k gSA ; fn e  vfr i j oy;  dh mRdsUnzr k dks O; Dr  dj r h gS] r c fuEu esa l s dkSul k dFku
l R;  gS &

(A) 1 2 e (B) 2 2 e (C) 4  a (D) 4  b
Ans. A,D

  normal cuts euqal Intercepts
 MN = -1
MT = 1

B
A

-1=MN

90o

45o45  o

(1,0)

T at P  
x sec y tan 1

a b
 
 

pass (1, 0)
sec = a

  MT = 1   
bsec 1 b tan
atan

       
b2 = a2 (e2 - 1)   e2 - 1 = sin2 e2 = 1 + sin2 (  0 <  < /2)

1 < e2 < 2  1 < e< 2

Area  = 
1
2

(AP) (AP) AP = BP

=    2 22 2 4 41 1 sec tan tan b
2
         



Q.9 Let :  f  and :  g  be functions satisfying

( ) ( ) ( ) ( ) ( ) and ( ) ( )    f x y f x f y f x f y f x xg x

for all , .x y  If 0
lim ( ) 1,



x

g x  then which of the following statements is/are TRUE?

(A) f  is differentiable at every x
(B) If (0) 1,g  then g  is differentiable at every x
(C) The derivative (1)f  is equal to 1

(D) The derivative (0)f  is equal to 1

Q.9 ekuk :  f  r Fkk :  g  Qyu gSA t ks l Hkh , .x y  ds fy,

( ) ( ) ( ) ( ) ( )  ( ) ( )    f x y f x f y f x f y f x xg xr Fkk  dks l Ur q"V dj r s gSA ; fn 0
lim ( ) 1,



x

g x  gS] r c fuEu esa l s

dkSul k dFku l R;  gSA

(A) f  i zR; sd x  i j  vodyuh;  gSA

(B) ; fn (0) 1,g  gS] r c g  i zR; sd x  i j  vodyuh;  gSA

(C) vodyt  (1)f , 1 ds cj kcj  gSA

(D) vodyt  (0)f , 1 ds cj kcj  gSA

Ans. A,B,D
f'(x + y).1 = f'(y) + f(x) f'(y) g(0) = 1
put y = 0 f'(x) = xg'(x) + g(x)
f'(x) = f'(0) + f(x)f'(0) f'(0) = g(0) = 1
xg'(x) + g(x) = f'(0) + f(x). f'(0)
xg'(x) + g(x) = 1 + f(x)
f'(x) = f(x) + 1
f(0) = f'(0) + 1
f(0) = 0
f(1) = f(1) + 1

 
 
f x

dx dx
f x 1


 

 ln(f(x) + 1) = x + c
put x = 0
c = 0
f(x) =  ex - 1
f(1) = e - 1
f'(1) = f(1) + 1 = e - 1 + 1 = e

g(x) = 
  xf x e 1
x x






we have check differentiability at x = 0

g'(0+) = 

x

x 0

e 1 1
xlim

x

   
 
   

x

2x 0

e 1 1 1lim
2x

  
 

 

g'(0–) = 

x

x 0

e 1 1
xlim

x





 



x

2x 0

e 1 x 1lim
2x





 


g(x) is aiarecate for dex
M-II
to find function

f'(x) = 
h 0

f(x h) f(x)lim
h

 

         
h 0

f x f h f x f x f x
lim

h

  

f'(x) = (f(x)+1)
 

h 0

f h
lim

h

= (f(x) + 1) 
 

h 0

h g h
lim

h

f'(x) = f(x) + 1

Q.10 Let , , ,     be real numbers such that 2 2 2 0      and 1.    Suppose the point

(3,2,-1) is the mirror image of the point (1,0,-1) with respect to the plane   x y z    . Then
which of the following statements is/are TRUE?
(A) 2   (B) 3   (C) 4   (D)      



Q.10 ekuk , , ,     okLr fod  l a[ ; k, a bl  i zd kj  gS fd  2 2 2 0      r Fkk 1.    gSA ekuk fcUnq

(3,2,-1) l er y   x y z     ds l ki s{k fcUnw (1,0,-1) dk ni Z.k i zfr fcEc gS] r c fuEu esa l s dkSul k dFku l R;  gSA

(A) 2   (B) 3   (C) 4   (D)      
Ans. A,B,C

pp' is normal to given plane

 let
2 2 0
  
   

 = 0
  = 1   = 1 = 

Q pt is mid pt of pp' = (2, 1, -1)

Q

p(1, 0, -1)

p'(3,2,-1)

lie on plane

put 
 = 3
 = 3
 = 4
 = 2  

Q.11 Let a  and b  be positive real numbers. Suppose ˆ ˆ 

PQ ai bj  and ˆ ˆ 


PS ai bj  are adjacent sides

of a parallelogram PQRS .Let u  and v  be the projection vectors of ˆ ˆ w i j  along 

PQ  and ,


PS

respectively. If | | | | | | 
  u v w  and if the area of the parallelogram PQRS is 8,

then which of the following statements is/are TRUE ?
(A) 4 a b
(B) 2 a b
(C) The length of the diagonal PR of the parallelogram PQRS is 4

(D) w  is an angle bisector of the vectors 

PQ  and 


PS

Q.11 ekuk a  r Fkk b  /kukRed okLr fod l a[ ; k,  gSA ekuk ˆ ˆ 

PQ ai bj  r Fkk ˆ ˆ 


PS ai bj  , d l ekUr j  pr qHkqZt  PQRS dh vkl Uu

Hkqt k, ¡ gSA ekuk u  r Fkk v  Øe' k% 

PQ  r Fkk ,


PS  ds vuqfn' k ˆ ˆ w i j  dk i z{ksi  l fn' k gS A ; fn | | | | | | 

  u v w  gS r Fkk

; fn l ekUr j  pr qHkqZt  PQRS dk {ks=kQy 8 gS] r c fuEu esa l s dkSul k dFku l R;  gS ,
(A) 4 a b
(B) 2 a b
(C) l ekUr j  pr qHkqZt  PQRS ds fod.kZ PR dh yEckbZ 4 gSA

(D) w  l fn' kks 

PQ  r Fkk 


PS  dk , d dks.k v) Zd gSA

Ans. A,C



P Q

RS

ˆ ˆai bj-

ˆ ˆa i bj+

w. PQu
PQ



 

= 
   ˆ ˆ ˆ ˆi j . ai bj

ˆ ˆai bj

 



= 
 

2 2

a b

a b





     
2 2

ˆ ˆ ˆ ˆi j . ai bjw .ps a bv
ˆ ˆps ai bj a b

  
  

 

 


| u | | v | | w | 
  

 
2 2

a b a b
2

a b

 




    2 2 2 2a b a b 2 a b 2a 2 a b       
   

2a2 = 2b2

a = b

Area of parallelogram = 

ˆˆ ˆi j k
a b 0
a b 0

 ˆ2abk 8 
ab = 4  a2 = 4
a = 2 = b
a + b = 4
a - b = 0



Length of diagonal of parallelogram =    ˆ ˆ ˆai bj a i bj  

= 2a = 4
ˆ ˆPQ PS 2ai,2bj w   

  

Q.12 For nonnegative integers s and r , let

!  if 
!( )!

0  if 

      
   

s r ss
r s r

r
r s

For positive integers m  and n, let

0

( , , )( , )





 

 
 


m n

p

f m n pg m n
n p

p

where for any nonnegative integer p ,

0

( , , )


    
       


p

i

m n i p n
f m n p

i p p i
Then which of the following statements is/are TRUE?
(A)  ( , ) ( , )g m n g n m  for all positive integers m, n
(B) g(m, n+1)=g(m+1, n) for all positive integers m, n
(C) g(2m, 2n)=2 g(m, n) for all positive integers m, n
(D) g(2m, 2n)= (g(m, n))2 for all positive integers m, n

Q.12 v+_ .kkRed i w.kkZad s r Fkk r  ds fy,  ekuk

!  if 
!( )!

0  if 

      
   

s r ss
r s r

r
r s

 gSA

/kukRed i w.kkZad m  r Fkk n ds fy,  ekuk

0

( , , )( , )





 

 
 


m n

p

f m n pg m n
n p

p
gSA

t gk¡ fdl h v_ .kkRed i w.kkZad p  ds fy,

0

( , , )


    
       


p

i

m n i p n
f m n p

i p p i



gSA r c fuEu esa l s dkSul k dFku l R;  gS \

(A) ( , ) ( , )g m n g n m  l Hkh /kukRed i w.kkZad m, n ds fy,  gSA

(B) g(m, n+1)=g(m+1, n) l Hkh /kukRed i w.kkZad m, n ds fy,  gSA
(C) g(2m, 2n)=2 g(m, n) l Hkh /kukRed i w.kkZad m, n ds fy,  gSA
(D) g(2m, 2n)=(g(m, n))2 l Hkh /kukRed i w.kkZad m, n ds fy,  gSA

Ans. A,B,D
p

m n i n p
i p p i

i 0

c . c . c 





p
m

i
i 0

n pn ic .
p n i p p i n i


   

p
m

i
i 0

n p nc .
p.n n i pp i

   
           



   
p

m n n p
i p i p

i 0

c c c





 n + pcp [
m n m n m n

0 p 1 p 1 m p mc . c c c .... c c    ]
coffi xp in (1 + x)n (x+1)m

f(m,n,p) = (n+pcp) (m + ncp)

g(m,n) = 
m n

m n m n
p

p 0

c 2


 




g(m, n) = g(n,m)
g(2m, 2n) = 22(m + n) = (2m + n)2 = (g(m,n))2

SECTION 3 (Maximum Marks : 24)
 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 the each question will be evaluated according to the following marking scheme:
Full Marks : +4 If ONLY the correct numerical value is entered;
Zero Marks :  0 In all other cases.



Hkkx -3 (vf/kdr e vad  : 24)
• bl  Hkkx esa N% (06) i z' u ' kkfey gSA i zR; sd i z' u dk mÙkj  l a[ ; kRed eku gSA
• i zR; sd i z' u ds fy , ] mÙkj  i zfo"V dj us ds fy ,  fufnZ"V LFkku i j  ekml  vkSj  vkWu&LØhu vkHkkl h ¼opqZvy½ l a[ ; kRed dhi sM dk

mi ; ksx dj ds mÙkj  dk l gh l a[ ; kRed eku nt Z dj sA ; fn l a[ ; kRed eku esa nks l s vf/kd n' keyo LFkku gS] r ks nks n' keyo
LFkkuksa ds eku dks NksVk@fudVr e dj saA

• i zR; sd i z' u ds mÙkj  dk ewY; kadu fuEufyf[ kr  i ) fr  ds vuql kj  fd; k t k, xkA
i w.kZ vad : +4  ; fn dsoy l gh l a[ ; kRed eku i zfo"V fd; k x; k gSA
' kwU;  vad : 0  vU;  l Hkh fLFkfr ; ksa esaA

___________________________________________________________________________________________________

Q.13 An engineer is required to visit a factory for exactly four days during the first 15 days of every
month and it is mandatory that no two visits take place on consecutive days. Then the number of
all possible ways in which such visits to the factory can be made by the engineer during 1 15  June
2021 is

Q.13 , d vfHk; r k dks i zR; sd efgus ds i gys 15 fnuks ds nkSj ku Bhd pkj  fnuks ds fy ,  , d dkj [ kkus dk nkSj k djuk vko' ; d gS r Fkk ; g
vfuok; Z gS fd yxkr kj  nks fnu dksbZ ; k=kk u gks] r c l Hkh l EHkkfor  r fj dks dh l a[ ; k ft l esa dkj [ kkus esa bl  r j g ds nkSj s vfHk; ar k
} kj k  1 15  t wu 2021 ds nkSj ku fd; s t k l dr s gS] gksxhA

Ans. 495.00
To select = 4 days
not selected days = 11 days
gaps = 12

12
4

12 11 5 9C 495
24

  
  

Q.14 In a hotel, four rooms are available. Six persons are to be accommodated in these four rooms in
such a way that each of these rooms contains at least one person and at most two persons. Then
the number of all possible ways in which this can be done is

Q.14 , d gksVy esa pkj  dej s mi yC/k gSA bu pkj  dej ks esa N% O; fDr ; ks dks bl  i zdkj  l ek; ksft r  dj r s gSA buesa l s i zR; sd dej s esa de
l s de , d O; fDr  r Fkk vf/kdr e nks O; fDr  gksA r c l Hkh l EaHkkfor  r fj dks dh l a[ ; k ft l esa ; g fd; k t k l dr k gS] gksxhA

Ans. 1080.00
by grouping

6

1

1

2
2

6! 4!
1!1!2!2!2!2!

 

 
720 24

2 2 2 2


  
= 1080



Q.15 Two fair dice, each with faces numbered 1,2,3,4,5 and 6, are rolled together and the sum of the
numbers on the faces is observed. This process is repeated till the sum is either a prime number or
a perfect square. Suppose the sum turns out to be a perfect square before it turns out to be a
prime number. If p  is the probability that this perfect square is an odd number, then the value of 14
p is

Q.15 nks mfpr  i kl s] ft l dh i z"B l a[ ; k 1,2,3,4,5 r Fkk 6, gS i zR; sd dks , d l kFk yqqMdk; k t kr k gS r Fkk i z"Bksa i j  l a[ ; kvksa ds ; ksxQy
dk fufj {k.k fd; k t kr k gSA ; g i zfØ; k r c nksgj kbZ t kr h gS] t c r d fd ; ksx , d vHkkT;  l a[ ; k ; k , d i w.kZ oxZ u gksA ekuk ; ksx
, d vHkkT;  l a[ ; k mi fLFkr  gksus ds i gys , d i w.kZ gksr k gSA ; fn P i zkf; dr k gS fd bl dk i w.kZ oxZ , d fo"ke l a[ ; k gS] r c 14 p
dk eku gksxk  &

Ans. 8.00
Sum is prime =
2 (1,1)
3 (1,2)(2,1)
5 (2,3)(3,2) (1,4) (4,1)
7 (1,6) (2,5) (3,4) (4,3) (5,2) (6,1)
11 (5,6) (6,5)

P(prime) = 
15 5
36 12



Q.16 Let the function : [0,1] f  be defined by 
4( )

4 2




x

xf x  Then the value of

1 2 3 39 1
40 40 40 40 2

                      
         

f f f f f  is

Q.16 ekuk Qyu : [0,1]f , 
4( )

4 2




x

xf x  ds } kj k i fj Hkkf"kr  gS]r c

1 2 3 39 1
40 40 40 40 2

                      
         

f f f f f  dk eku gksxk &

Ans. 19.00
f : [0, 1]  R

f(x) = 
x

x

4
4 2

f(1 - x) = 

1 x x

1 x

x

4
4 4

44 2 2
4



 
 

= x

4
4 2.4

  x

2
2 4



 f(x) + f(1-x) = 1

1 2 39 1f f ...... f f
40 40 40 2

                 
       

  19 pairs + 
20 1f f
40 2

      
   

 = 19

Q.17 Let :  f  be a differentiable function such that its derivative f  is continuous and ( ) 6 f 

If :[0, ] F   is defined by 
0

( ) ( ) , 
x

F x f t dt  and if

 
0

( ) ( ) cos 2   f x F x xdx


then the value of (0)f  is

Q.17 ekuk :  f  , d vodyuh;  Qyu bl  i zdkj  gS fd bl dk vodyt  f  l ar r ~ gS r Fkk ( ) 6 f   gSA ; fn

:[0, ] F    ,
0

( ) ( ) , 
x

F x f t dt  ds } kj k i fj Hkkf"kr  gS r Fkk ; fn

 
0

( ) ( ) cos 2   f x F x xdx


gSA r c f(0) dk eku gksxk &

Ans. 4.00

f(x) = 

x

0

f(t)dt
f'(x) = f(x)

III0 0

f '(x)cosx dx f(x)cosxdx
 

 

0
0 0

f '(x)cosx dx f(x)sinx f(x)sinx dx
 


  

 
0

f '(x)cosx f(x)sinx dx




 
0

d f(x)cosx dx 2
dx





0
f(x)cos x 2



f() (-1) - f(0) = 2
6 - f(0) = 2
f(0) = 4



Q.18 Let the function : (0, )  f   be defined by 2 4( ) (sin cos ) (sin cos )   f      .

Suppose the function f  has a local minimum at   precisely when  1 , , ,  r      where

0   1 1.   r   Then the value of 1   r   is

Q.18 ekuk Qyu : (0, )  f  , 2 4( ) (sin cos ) (sin cos )   f       ds } kj k i fj Hkkf"kr  gSA

ekuk Qy u f ,   i j  Bhd  Bhd  , d  LFkkfu;  fufEu"B j [ kr k gSA t c  1 , , ,  r      gS t gk¡

0   1 1.   r   gSA r c 1   r   dk eku gSA

Ans. 0.50
f() = (1 + sin2) + (1 - sin2)2

=  1 + sin2 +  1 + sin22 - 2sin2
= sin2 2 - sin2 + 2

= 

21 7sin2
2 4

    
 

  [0, ]
 2 [0, 2]

f() min. when sin2 = 
1
2

52 ,
6 6
 

  

5,
12 12
 

 

1
1

12
  2

5
12

 

1 + 2 = 
1
2

 = 0.50



____________________________________________________________________________________________________
SECTION 1 (Maximum Marks : 18)

• This section contains SIX (06) questions.
• Each question has FOUR options. 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.

Hkkx -1 (vf/kdr e vad: 18)
• bl  Hkkx esa N% (06) i z' u ' kkfey gSA
• i zR; sd i z' u ds pkj  fodYi  gSA bu pkj  fodYi ksa esa l s dsoy , d gh l gh mÙkj  gSA
• i zR; sd i z' u ds fy , ] l gh mÙkj  ds vuq: i  fodYi  pqfu, A
• i zR; sd i z' u ds mÙkj  dk ewY; kadu fuEufyf[ kr  vad i ) fr  ds vuql kj  fd; k t k, xkA

i w.kZ vad : +3  dsoy l gh fodYi  pquk t kr k gSA
' kwU;  vad :  0   ; fn dksbZ fodYi  ugh pquk t kr k gSA ¼vFkkZr ~ i z' u dk mÙkj  ugh fn; k gks½
_ .kkRed vad : –1  vU;  l Hkh fLFkfr ; ksa esaA

___________________________________________________________________________________________________

1. If the distribution of molecular speeds of a gas is as per the figure shown below, then the ratio of
the most probable, the average, and the root mean square speeds, respectively, is

; fn , d xSl  dk vkf.od xfr  dk for j .k fuEukafdr  fp=kkuql kj  gS] r ks vf/kdr e i zkf; d osx] vkSl r  osx r Fkk oxZ ek/;  ewy eku dk
vuqi kr ] Øe' k% gS%

(A) 1 : 1 : 1 (B) 1 : 1 : 1.224
(C) 1 : 1.128 : 1.224 (D) 1 : 1.128 : 1

Ans. B
By observing the graph we get
umps : uavg : urms  =  1 : 1 : 1.224

LENOVO
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2. Which of the following liberates O2 upon hydrolysis?

fuEu esa l s dkSu t yvi ?kVu gksus i j  O2 eqDr  dj r k gS\

(A) Pb3O4 (B) KO2 (C) Na2O2 (D) Li2O2

Ans. B
Superoxides liberate oxygen with water

2KO2 + H2O   2KOH + H2O2 + O2

3. A colorless aqueous solution contains nitrates of two metals, X and Y. When it was added to an
aqueous solution of NaCl, a white precipitate was formed. This precipitate was found to be partly
soluble in hot water to give a residue P and a solution Q. The residue P was soluble in aq. NH3 and
also in excess sodium thiosulfate. The hot solution Q gave a yellow precipitate with KI. The metals
X and Y, respectively, are
(A) Ag and Pb (B) Ag and Cd (C) Cd and Pb (D) Cd and Zn

, d j axghu t yh;  foy; u esa nks /kkr qvksa] X r Fkk Y ds ukbZVªsV gksr s gSA t c bl s NaCl ds , d t yh;  fo; yu esa feyk; k t kr k gS]

r ks , d ' osr  vo{ksi  cur k gSA ; g vo{ksi  , d vo' ks"k P  r Fkk , d foy; u Q nsus ds fy,  xeZ t y esa vkaf' kd : i  l s foys;  i k; k

x; k gSA vo' ks"k P t yh;  NH3 r Fkk l ksfM; e Fkk; ksl YQsV ds vkf/kD;  esa Hkh ?kqyu' khy gSA KI ds l kFk xeZ foy; u Q , d i hyk vo{ksi

nsr k gSA X r Fkk Y /kkr q, sa] Øe' k% gS&

(A) Ag r Fkk Pb (B) Ag r Fkk Cd (C) Cd r Fkk Pb (D) Cd r Fkk Zn
Ans. A

(1) AgNO3 + Pb(NO3)2  NaCl  AgCl       +    PbCl2

       solution        white ppt        white ppt
      partially soluble
        in hot water

(2) AgCl       + NH3   [Ag(NH3)2] Cl

    (residue-p)         (soluble complex)

(3) AgCl       + 2Na2S2O3   Na3[Ag(S2O3)]

   (residue-p)  (excess)        (soluble complex)

(4) PbCl2      +  2KI    PbI2

    (hot solution-Q)  (yellow ppt)



4. Newman projections P, Q, R and S are shown below :

Which one of the following options represents identical molecules ?
(A) P and Q (B) Q and S (C) Q and R (D) R and S
U; weSu i z{ksi .k P, Q, R r Fkk S dks fuEukuql kj  n' kkZ; k x; k gS&

fuEu esa l s dkSul k , d fodYi  l eku v.kq i znf' kZr  dj r k gS\
(A) P r Fkk Q (B) Q r Fkk S (C) Q r Fkk R (D) R r Fkk S

Ans. C

(P) 



(Q) 

(R) 

(S) 

5. Which one of the following structures has the IPUAC name
3-ethynyl-2-hydroxy-4-methylhex-3-en-5-ynoic acid ?
fuEu esa l s IPUAC uke
3- , fFkuhy  -2-gkbMªkWDl h -4- esfFkygSDl -3-bZu-5-vkbukWbd vEy okyh l aj puk dkSul h gS?

(A) (B) (C) (D) 

Ans. D

3-ethynyl-2-hydroxy-4-methylhex-3-en-5-ynoic acid



6. The Fischer projection of D-erythrose is shown below :

D-Erythrose and its isomers are listed as P, Q, R, and S in Column-I. Choose the correct relationship
of P, Q, R, and S with D-erythrose from Column II.
Column – I Column – II

P. 1. Diastereomer

Q. 2. Identical

R. 3. Enantiomer

S. 

D-bj hFkzks dk fQ' kj  i z{ksi .k uhps n' kkZ; k x; k gSA



Lr EHk -I esa D- bj hFkzks r Fkk bl ds l eko; oh P, Q, R r Fkk S ds : i  esa vafdr  gSA Lr EHk II l s D- bj hFkzks okys P, Q, R r Fkk S ds
l gh l EcU/k dk p; u dhft ; sA
        Lr EHk – I     Lr EHk – II

P. 1. MkbZLVhfj ; ksej

Q. 2. l e: i

R. 3. i zfr fcEc: i h ¼busfU' k; ksej ½

S. 

(A) P  2, Q 3, R 2, S 2 (B) P  3, Q 1, R 1, S 2
(C) P  2, Q 1, R 1, S 3 (D) P  2, Q 3, R 3, S 1

Ans. C

P. 

Q. 

R. 

S. 



SECTION 2 (Maximum Marks : 24)
• This section contains SIX (06) questions.
• Each question has FOUR options. ONE OR MORE THAN ONE of these four options(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 none of the options is chosen (i.e. the question is unanswered);
Negative Marks : –2 In all other cases.

Hkkx -2 (vf/kdr e vad  : 24)
• bl  Hkkx esa N% (06) i z' u ' kkfey gSA
• i zR; sd i z' u ds pkj  fodYi  gSA bu pkj  fodYi ksa esa l s , d ; k , d l s vf/kd fodYi  l gh mÙkj  gS ¼gSa½A
• i zR; sd i z' u ds fy , ] l Hkh l gh mÙkj ksa ds vuq: i  fodYi  pqfu, A
• i zR; sd i z' u ds mÙkj  dk ewY; kadu fuEufyf[ kr  vad i ) fr  ds vuql kj  fd; k t k, xkA

i w.kZ vad : +4  ; fn dsoy ¼l Hkh½ fodYi  pqus t kr s gS] ¼gSa½A
vkaf' kd vad : +3  ; fn l Hkh pkj ksa fodYi  l gh gS] ysfdu dsoy r hu fodYi  pqus t kr s gSaA
vkaf' kd vad : +2  ; fn r hu ; k vf/kd fodYi  l gh gS ysfdu dsoy nks fodYi  pqus t kr s gS] t ks fd nksuksa gh

  l gh gksA
vkaf' kd vad : +1  ; fn nks ; k vf/kd fodYi  l gh gS] ysfdu dsoy , d fodYi  pquk t kr k gS r Fkk ; g , d l gh

  fodYi  gksA
' kwU;  vad : 0  ; fn dksbZ fodYi  ugh pquk t kr k gS ¼vFkkZr ~ i z' u dk mÙkj  ugh fn; k gks½A
_ .kkRed vad : –2  vU;  l Hkh fLFkfr ; ksa esaA

___________________________________________________________________________________________________

7. In thermodynamics, the P–V work done is given by extw dVP  .

For a system undergoing a particular process, the work done is, 2

RT aw dV
V b V

      

This equation is applicable to a
(A) system that satisfies the van der Waals equation of state.
(B) process that is reversible and isothermal.
(C) process that is reversible and adiabatic.
(D) process that is irreversible and at constant pressure.



Å"ekxfr dh esa] fd; k x; k dk; Z P–V fuEu } kj k fn; k x; k gS extw dVP 

, d fo' ks"k i zfØ; k l s xqt j us okys r a=k ds fy , ] fd; k x; k dk; Z gS] 2

RT aw dV
V b V

      
; g l ehdj .k fuEu esa l s fdl ds fy ,  mi ; qDr  gS&

(A) , d r a=k t ks voLFkk dh ok.Mj  okYl  l ehdj .k dks l ar q"V dj r k gSA

(B) , d i zfØ; k t ks mRØe.kh;  r Fk l er ki h;  gSA

(C) , d i zfØ; k t ks mRØe.kh;  r Fkk : ) ks"e gSA

(D) , d i zfØ; k t ks vuqRØe.kh;  r Fkk fLFkj  nkc i j  gSA
Ans. A,B,C

w = ext.P dV

Pext. = 2

RT a
V b V
 
   

 = Pgas


process is reversible

Pgas = 2

RT a
V b V


  is Van der waals equation of state.

Hence Ans. A,B,C

8. With respect to the compounds I–V, choose the correct statement(s).

(A) The acidity of compound I is due to delocalization in the conjugate base.
(B) The conjugate base of compound IV is aromatic.
(C) Compound II becomes more acidic, when it has a –NO2 substituent.
(D) The acidity of compounds follows the order I > IV > V > II > III.



; kSfxd I–V ds l k{ksi , l gh dFku dk p; u dhft ; s&

(A) ; kSfxd I dh vEyh; r k l a; qXeh {kkj  esa foLFkki u ds dkj .k gksr h gSA

(B) ; kSfxd  IV dk l a; qXeh {kkj  , j kSesfVd gSA

(C) ; kSfxd II vf/kd vEyh;  gks t kr k gS] t c ; g , d –NO2 i zfr LFkki h j [ kr k gSA

(D) ; kSfxdksa dh vEyh; r k bl  Øekuql kj  gS I > IV > V > II > III.
Ans. A,B,C

(A)  is a conjugate base of compound I. Which is stable by delocalisation or

resonance.

(B)  is a conjugate base of , which is aromatic compound.

(C) –NO2 group is strong electron withdrawing group which increases acidic strength of compound
 H–CH3.

(D) The order of acidic strength

     



9. In the reaction scheme shown below, Q, R and S are the major products.

The correct structure of

(A) S is (B) Q is 

(C) R is (D) S is 

fuEufyf[ kr  vfHkfØ; k i zØe esa, Q, R r Fkk S eq[ ;  mRi kn gSaA



l gh l aj puk gS&

(A) S dh gS (B) Q dh gS 

(C) R dh gS (D) S dh gS 

Ans. B,D



10. Choose the correct statement(s) among the following:
(A) [FeCl4]– has tetrahedral geometry.
(B) [Co(en)(NH3)2Cl2]+ has 2 geometrical isomers.
(C) [FeCl4]– has higher spin-only magnetic moment than [Co(en)(NH3)2Cl2]+.
(D) The cobalt ion in [Co(en)(NH3)2Cl2]+ has sp3d2 hybridization.
fuEu esa l s l gh dFku dk p; u dhft ; s&
(A) [FeCl4]–  pr q"Qydh;  T; kfefr  j [ kr k gS
(B) [Co(en)(NH3)2Cl2]+ 2 T; kfer h;  l eko; oh j [ kr k gS
(C) [FeCl4]– , [Co(en)(NH3)2Cl2]+ dh vi s{kk mPpr e pØ.k&dsoy pqEcdh;  vk/kw.kZ j [ kr k gS
(D) [Co(en)(NH3)2Cl2]+ esa dksckYV vk; u sp3d2 l adj .k j [ kr k gSA

Ans. A,C
(A) [FeCl4]– Cl– is weak field ligand

Fe+3 = 

 sp3 - hybridization

n = 4 , (s)= 24
(C) [CO (en) (NH3)2 Cl2]+

CO3+  (3d6), (0 > P)
t2g

6 eg,  n = 0,  = 0
hybridization   d2sp3

11. With respect to hypochlorite, chlorate and perchlorate ions, choose the correct statement(s).
(A) The hypochlorite ion is the strongest conjugate base.
(B) The molecular shape of only chlorate ion is influenced by the lone pair of electrons of Cl.
(C) The hypochlorite and chlorate ions disproportionate to give rise to identical set of ions.
(D) The hypochlorite ion oxidizes the sulfite ion.
gkbi ksDyksj kbV] Dyksj sV r Fkk i j Dyksj sV ds l ki s{k] l gh dFku dk p; u dhft ; s&
(A) gkbi ksDyksj kbV vk; u i zcyr e l a; qXeh {kkj  gSA
(B) dsoy Dyksj sV vk; u dh vkf.od vkd f̀r  Cl ds , dkdh bysDVªkWu ; qXe } kj k i zHkkfor  gSA
(C) gkbi ksDyksj kbV r Fkk Dyksj sV vk; u] vk; uksa ds l eku l ewgksa ds fuekZ.k ds fy ,  fo"kekuqi kr u dj r s gSA
(D) gkbi ksDyksj kbV vk; u l YQkbV vk; u dk vkWDl hdj .k dj r k gSA

Ans. A,B,D
Acidic nature  HClO < HClO3 < HClO4
Basic nature  ClO– > ClO3

– > ClO4
–

(B) 

     sp3 (Linear)    Sp3 (pyramidal)



(C) 
( 1)

3OCl


  hot
( 1)

2Cl


 + 
( 5)

3ClO




     
( 5)

34ClO


  
absence of catalyst

Lower temp.  
7

43ClO


 + 
( 1)

Cl



(D) ClO– + SO3
–  Cl– + SO4

2– �

12. The cubic unit cell structure of a compound containing cation M and anion X is shown below. When
compared to the anion, the cation has smaller ionic radius. Choose the correct statement(s).
fuEukuql kj  , d ; kSfxd dh ?kuh;  bdkbZ dksf"Bdk /kuk; u M r Fkk _ .kk; u X ; qDr  gSA _ .kk; u dh r qyuk esa /kuk; u NksVh vk; fud
f=kT; k j [ kr k gSA
l gh dFku dk p; u dhft ; sA

(A) The empirical formula of the compound is MX.
(B) The cation M and anion X have different coordination geometries.
(C) The ratio of M-X bond length to the cubic unit cell edge length is 0.866.
(D) The ratio of the ionic radii of cation M to anion X is 0.414.
(A) ; kSfxd dk ewykuqi kr h l w=k MX gSA
(B) /kuk; u M r Fkk _ .kk; u X fHkUu mi l gl a; kst d T; kfefr ; ka j [ kr s gSA
(C) M-X cU/k yEckbZ r Fkk ?kuh;  bdkbZ dksf"Bdk dksj  yEckbZ dk vuqi kr  0.866 gSA
(D) /kuk; u M r Fkk _ .kk; u X dh vk; fud f=kT; k dk vuqi kr  0.414 gSA

Ans. A,C
According to given diagram, structure seems to be B.C.C.
(1) empirical formula  MX
(2) C. No. of 'M' ion = 8 [same co-ordination Geometry]

C. No. of 'X' ion = 8  [same co-ordination Geometry]

(3) M–X Bond Length = 
22

a a
2 2

            

M–X Bond Length = 
1 1a
4 2



 
M Xbondlength 3 0.866

2a edgelength


 



(4) As it is B.C.C.

X M

3r r a
2  

M

X

r
0.732 1

r




 

Ans. A,C

___________________________________________________________________________________________________
SECTION 3 (Maximum Marks : 24)

• 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 : +4  If ONLY the correct numerical value is entered;
Zero Marks : 0  In all other cases.

Hkkx -3 (vf/kdr e vad  : 24)
• bl  Hkkx esa N% (06) i z' u ' kkfey gSA i zR; sd i z' u dk mÙkj  l a[ ; kRed eku gSA
• i zR; sd i z' u ds fy , ] mÙkj  i zfo"V dj us ds fy ,  fufnZ"V LFkku i j  ekml  vkSj  vkWu&LØhu vkHkkl h ¼opqZvy½ l a[ ; kRed dhi sM dk

mi ; ksx dj ds mÙkj  dk l gh l a[ ; kRed eku nt Z dj sA ; fn l a[ ; kRed eku esa nks l s vf/kd n' keyo LFkku gS] r ks nks n' keyo

LFkkuksa ds eku dks NksVk@fudVr e dj saA

• i zR; sd i z' u ds mÙkj  dk ewY; kadu fuEufyf[ kr  i ) fr  ds vuql kj  fd; k t k, xkA

i w.kZ vad : +4  ; fn dsoy l gh l a[ ; kRed eku i zfo"V fd; k x; k gSA

' kwU;  vad : 0  vU;  l Hkh fLFkfr ; ksa esaA
___________________________________________________________________________________________________

13. 5.00 mL of 0.10 M oxalic acid solution taken in a conical flask is titrated against NaOH from a
burette using phenolphthalein indicator. The volume of NaOH required for the appearance of permanent
faint pink color is tabulated below for five experiments. What is the concentration, in molarity, of
the NaOH solution?

Exp. No. Vol. of NaOH (mL)
1 12.5
2 10.5
3 9.0
4 9.0
5 9.0



0.10 M vkWDl sfyd vEy foy; u dk 5.00 mL , d ' kaDokdkj  (conical) ¶ykLd esa ysdj  fQukWy¶FkSyhu l wpd dk mi ; ksx dj r s

gq,  , d C; wjsV } kj k NaOH ds fo: )  vuqekfi r  fd; k t kr k gSA LFkk; h xqykch j xa dh mi fLFkfr  ds fy ,  vko' ; d NaOH dk vk; r u

i kWp i z; ksxksa ds fy,  uhps l kj .khc)  gSA NaOH foy; u dh l kUnzr k] eksyj r k esa D; k gS ?

i z; ksx l a[ ; k NaOH dk vk; ru (mL)

1 12.5
2 10.5
3 9.0
4 9.0
5 9.0

Ans. 0.11
H2C2O4 + 2NaOH  Na2C2O4 + 2H2O
5ml       M
0.1 M

M = [NaOH] = 2 2 4H C O vol. 2
vol.of NaOH

    

[NaOH]1 = 
5 0.1 2 1

12.5 12.5
  

[NaOH]2 = 
5 0.1 2 1

10.5 10.5
  

[NaOH]3 = 
5 0.1 2 1

9 9
    = [NaOH]4 = [NaOH]5

[NaOH] Final Result = 
1 1 1 3

12.5 10.5 9
5

  

2 2 1
25 21 3

5

 
    

0.08 0.095 0.333
5

 

= 0.102  0.11 Ans.



14. Consider the reaction A  B at 1000 K. At time 't'. the temperature of the system was increased
to 2000 K and the system was allowed to reach equilibrium. Throughout this experiment the partial
pressure of A was maintained at 1 bar. Given below is the plot of the partial pressure of B with time.
What is the ratio of the standard Gibbs energy of the reaction at 1000 K to that at 2000 K?

1000 K i j  vfHkfØ; k A  B i j  fopkj  dhft ; sA l e;  't' i j ] r aa=k dk r ki eku 2000 K r d c<+ t kr k gS r Fkk r a=k dks l kE;  r d

i gqWpus fn; k t kr k gS bl  i z; ksx ds nkSj ku A dk vkaf' kd nkc 1 ckj  cuk,  j [ kk x; k  FkkA uhps l e;  ds l kFk B ds vkaf' kd nkc dk

oØ fn; k x; k gSA  1000 K r Fkk 2000 K i j  vfHkfØ; k dh ekud fxCl  Åt kZ dk vuqi kr  D; k gS \

               

Ans. 0.25
Keq. 2000 K = 100
Keq. 1000 K = 10
G2000 = – 2000 R ln (100) = – 4000 R (ln 10)
G1000 = – 1000 R ln (10) = – 1000 R (ln 10)
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Ans. = 0.25

15. Consider a 70% efficient hydrogen-oxygen fuel cell working under standard conditions at 1 bar and
295 K. Its cell reaction is

H2(g) + O2(g)  H2O(l).



The work derived from the cell on the consumption of 1.0 × 10–3 mol of H2(g) is used to compress
1.00 mol of a monoatomic ideal gas in a thermally insulated container. What is the change in the
temperature (in K) of the ideal gas?
The standard reduction potentials for the two half-cells are given below.

O2(g) + 4H+ (aq) + 4e–  2H2O(l), E0 = 1.23 V,
2H+ (aq) + 2e–  H2(g), E0 = 0.00V.

Use F = 96500 C mol–1, R = 8.314 J mol–1 K–1.
1 bar r Fkk 298 K i j  ekud vOkLFkk esa dk; Zj r  , d 70% n{k gkbMªkst u&vkWdl ht u bZa/ku l sy i j  fopkj  dhft ; sA bl  l sy dh

vfHkfØ; k gS&
H2(g) + O2(g)  H2O(l).

1.0 × 10–3 mol H2(g) ds [ ki r  i j  l sy } kj k O; qRi Uu dk; Z dks , d r ki  j ksf/kr  i k=k esa 1.00 mol , dy i j ekf.od vkn' kZ xSl

ds l ai hMu esa mi ; ksx fd; k t kr k gSA

vkn' kZ xSl  ds r ki eku esa i fj or Zu (K esa) D; k gS \
O2(g) + 4H+ (aq) + 4e–  2H2O(l), E0 = 1.23 V,
2H+ (aq) + 2e–  H2(g), E0 = 0.00V.

Use F = 96500 C mol–1, R = 8.314 J mol–1 K–1.
Ans. 13.32

0
cellE  = 1.23 volt

G0 =  2 96500 1.23  

Energy used = 32 96500 1.23 70% 10      

=  31 8.314 T
2

   

T = 
34 96500 1.23 70 10

100 3 8.314

   
 

     = 13.32

16. Aluminium reacts with sulfuric acid to form aluminium sulfate and hydrogen. What is the volume of
hydrogen gas in liters (L) produced at 300 K and 1.0 atm pressure, when 5.4 g of aluminium and
50.0 mL of 5.0 M sulfuric acid are combined for the reaction?
(Use molar mass of aluminium as 27.0 g mol–1, R = 0.082 atm L mol–1 K–1)
, Y; wfefu; e] l YQ; wfj d vEy ds l kFk fØ; k dj ds , Y; wfefu; e l YQsV r Fkk gkbMªkst u dk fuekZ.k dj r k gS 300 K r Fkk 1.0 atm
nkc i j  mRi Uu gkbMªkst u xSl  dk vk; r u yhVj  esa (L) D; k gS] t c 5.4 g , Y; wfefu; e r Fkk 5.0 M l Y¶; wfj d vEy dk  50.0
mL vfHkfØ; k ds fy ,  l a; ksft r  gksr s gS \
(, Y; wfefu; e dk eksyj  nzO; eku 27.0 g mol–1 mi ; ksx dhft ; s  R = 0.082 atm L mol–1 K–1)

Ans. 6.15 Liter
2Al        +   3H2SO4    Al2(SO4)3   +   3H2

0.2 mol      
50 5 0.25mol
1000

 

                   (L.R.)



Volume = 
1 0.082 300
4
 

= 
24.6

4
= 6.15 Litre.

17. 238
92U is known to undergo radioactive decay to form 206

82Pb  by emitting alpha and beta particles. A

rock initially contained 68 x 10–6 g of 238
92U . If the number of alpha particles that it would emit during

its radioactive decay of 238
92U  to 206

82Pb  in three half-lives is Z × 1018. then what is the value of Z?

vYQk r Fkk chVk d.kksa ds mRl t Zu } kj k 206
82Pb  ds fuekZ.k ds fy ,  238

92U  j sfM; ks/kehZ {k;  l s xqt j r k gSA , d pV~Vku (rock) i zkj fEHkd

: Ik l s 68 x 10–6 g 238
92U  ; qDr  gksr h gSA r hu v) Z&vk; qQkyksa esa 238

92U l s 206
82Pbds j sfM; ks/kehZ {k;  nkSj ku mRl ft Zr  vYQk d.kksa

dh l a[ ; k Z × 1018 gS] t c Z dk eku D; k gS  ?
Ans. 1.21

 238 206 4 0
92 2 182U Pb 8 He 6 antineutrino   

6
2368 10 7 8 6.023 10

238 8

        

= 
1768 7 6.023 10

238

  

= 1.2046 × 1018  = 1.21

18. In the following reaction, compound Q is obtained from compound P via an ionic intermediate.

What is the degree of unsaturation of Q ?



fuEUk vfHkfØ; k esa] , d vk; fud ek/; e l s ; kSfxd P  } kj k ; kSfxd Q i zkIr  fd; k x; k gSA

Q dh vl ar Ìr r k dh ek=kk D; k gS ?

Ans. 18

Total degree of unsaturation = 18


