
__________________________________________________________________________________________________
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. A football of radius R is kept on a hole of radius r (r < R) made on a plank kept horizontally. One end
of the plank is now lifted so that it gets tilted making an angle  from the horizontal as shown in the
figure below. The maximum value of  so that the football does not start rolling down the plank
satisfies (figure is schematic and not drawn to scale)

R f=kT; k dh , d QqVckWy {kSfr t  : i  l s j [ ks , d r [ r s i j  cus r (r < R) f=kT; k ds , d fNæ i j  j [ kh t kr h gSaA r [ r s dk , d fl j k

vc mBk; k (lifted) t kr k gS r kfd ; g fp=kkuql kj  {kSfr t  l s  dks.k cukr s gq,  >qdr k gSA  dk vf/kdr e eku r kfd QqVckWy r [ r s

ds uhps yq<+duk i zkj aHk ugha dj r h gS] l ar q"V dj r k gS ¼fp=k l kadsfr d gS r Fkk i Sekus l s j s[ kkafdr  ugha gS ½

(A) 
rsin
R

  (B) 
rtan
R

  (C) 
rsin

2R
  (D) 

rcos
2R

 
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Sol. A

 
rsin
R

 

on the verge of rolling 'mg' passes through point of contact.

2. A light disc made of aluminium (a nonmagnetic material) is kept horizontally and is free to rotate
about its axis as shown in the figure. A strong magnet is held vertically at a point above the disc
away from its axis. On revolving the magnet about the axis of the disc, the disc will (figure is
schematic and not drawn to scale)
, Y; qfefu; e ¼, d vpqEcdh;  i nkFkZ ½ dh cuh , d gYdh  pdr h {kSfr t  : i  l s j [ kh t kr h gS r Fkk fp=kkuql kj  bl ds v{k ds i fj r %

?kweus ds fy,  Lor U=k gSA , d i zcy (strong) pqEcd pdr h ds Åi j  , d fcUnq i j  bl ds v{k l s nwj  Å/okZ/kj  j [ kh t kr h gSA pdr h

ds v{k ds i fj r % pqEcd dks ?kqekus i j  pdr h ¼fp=k l kadsfr d gS r Fkk i Sekus l s j s[ kkafdr  ugha gS½

(A) rotate in the direction opposite to the direction of magnet’s motion
(B) rotate in the same direction as the direction of magnet’s motion
(C) not rotate and its temperature will remain unchanged
(D) not rotate but its temperature will slowly rise
(A) pqEcd dh xfr  dh fn' kk ds foi fj r  fn' kk esa ?kwesxh

(B) pqEcd dh xfr  dh fn' kk ds l eku fn' kk esa ?kwesxh

(C) ugha ?kwesxh r Fkk bl dk r ki eku vi fj ofr Zr  j gsxk

(D) ?kwesxh ysfdu bl dk r ki eku /khj s&/khj s c<+sxk
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Sol. B

by lenz's law, the disc also tries to move in same direction because in the backward part of disc the
flux reduces as magnet moves and as there is change in magnetic flux, so there is eddy current
production which leads to production of heat.

3. A small roller of diameter 20 cm has an axle of diameter 10 cm (see figure below on the left). It is on
a horizontal floor and a meter scale is positioned horizontally on its axle with one edge of the scale
on top of the axle (see figure on the right). The scale is now pushed slowly on the axle so that it
moves without slipping on the axle, and the roller starts rolling without slipping. After the roller has
moved 50 cm, the position of the scale will look like (figures are schematic and not drawn to scale)
20 cm O; kl  ds , d NksVs j ksyj  esa 10 cm ¼uhps ck; ha vksj  fp=k nsf[ k; s½ O; kl  dh , d /kqj h (axle) gSA ; g , d {kSfr t  Q' kZ i j  gS

r Fkk , d ehVj  i Sekuk bl dh /kqjh i j  {kSfr t  : i  l s fLFkr  gS] ft l esa /kqjh ds f' k[ kj  i j  ¼nk; ha vksj  nsf[ k; s½ i Sekus dk , d fdukj k (edge)
gSA vc i Sekus dks /kqj h i j  /khj s&/khj s /kdsyk t kr k gS r kfd ; g /kqj h i j  fcuk fQl ys pys] r Fkk j ksyj  fcuk fQl ys yq<+duk i zkj aHk dj r k

gSA j ksyj  ds 50 cm pyus ds i ' pkr ~ i Sekus dh fLFkfr  fuEu r j g fn[ kkbZ nsxh ¼fp=k l kadsfr d gS r Fkk i Sekus l s j s[ kkafdr  ugha gS½

(A) (B) 

(C) (D) 
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Sol. B

v R 0  

v R 

vv 20
20

    

Velocity of point (A) = v+ r

vv 10
20

  

3v 1.5v
2

 

so distance moved by point of contact
= 1.5×50 cm = 75 cm

4. A circular coil of radius R and N turns has negligible resistance. As shown in the schematic figure,
its two ends are connected to two wires and it is hanging by those wires with its plane being
vertical. The wires are connected to a capacitor with charge Q through a switch. The coil is in a
horizontal uniform magnetic field B0 parallel to the plane of the coil. When the switch is closed, the
capacitor gets discharged through the coil in a very short time. By the time the capacitor is
discharged fully, magnitude of the angular momentum gained by the coil will be (assume that the
discharge time is so short that the coil has hardly rotated during this time)
R f=kT; k r Fkk N Qsj ksa dh , d òÙkkdkj  dq.Myh dk ux.;  i zfr j ks/k gSA l kadsfr d fp=k esa fn[ kk; suql kj ] bl ds nks fl j s nks r kj ksa l s t ksM+s t kr s

gS r Fkk ; g mu r kj ksa } kj k yVdk; k t kr k gS] ft l dk r y Å/okZ/kj  gksA r kj  , d fLop ds ek/; e l s vkos' k Q ds l kFk , d

l a/kkfj=k l s t ksM+s t kr s gSA dq.Myh bl ds ¼Lo; a ds½ r y ds l ekukUr j  {kSfr t  l e: i  pqEcdh;  {ks=k B0 esa gSA t c fLop cUn fd; k t kr k

gS] r c l a/kkfj =k cgqr  vYi  l e;  esa dq.Myh l s fuj kosf' kr  gksr k gSA t c r d l a/kkfj=k i w.kZ : i  l s fuj kosf' kr  gksr k gS] r c r d dq.Myh } kj k

i zkIr  dks.kh;  l aosx dk i fj ek.k gksxk ¼ekuk fd fuj kos' ku l e;  br uk vYi  gS fd dq.Myh bl  l e;  ds nkSj ku eqf' dy l s ?kwer h  gSA½ &

B0

(A) 2
02

NQB R
(B) 2

0NQB R (C) 2
02 NQB R (D) 2

04 NQB R
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Sol. B

after closing switch, within fraction of seconds entire charge flows through coil and produces
impulsive torque.

dt L  
NBIAdt L 

2NB R Q L  

2
0NQB R L  

5. A parallel beam of light strikes a piece of transparent glass having cross section as shown in the
figure below. Correct shape of the emergent wavefront will be (figures are schematic and not
drawn to scale)
i zdk' k dk , d l ekukUr j  i qat  fp=kkuql kj  vuqi zLFk dkV j [ kus okys i kj n' khZ dkap ds , d VqdM+s i j  Vdj kr k gSA fuxZr  r j axkxz dk l gh

vkdkj  gksxk ¼fp=k l kadsfr d gS r Fkk i Sekus l s j s[ kkafdr  ugha gS½

Air

Light Glass

Air

(A) (B) (C) (D) 
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Sol. A

Concept : based on Huyghen's principle.
Theory of wavefront  wave moves such that direction of propagation is perpendicular to wavefront.

6. An open-ended U-tube of uniform cross-sectional area contains water (density 103kg m–3). Initially
the water level stands at 0.29 m from the bottom in each arm. Kerosene oil (a water-immiscible
liquid) of density 800 kg m–3 is added to the left arm until its length is 0.1 m, as shown in the

schematic figure below. The ratio 
1

2

h
h

 
  
 

 of the heights of the liquid in the two arms is

l e: i  vuqi zLFk&dkV {ks=kQy dh , d [ kqys fl js dh U-uyh i kuh ¼?kuRo 103kg m–3) /kkj .k dj r h gSA çkjaHk esa i kuh dk Lr j  çR; sd Hkqt k

esa r yh l s 0.29 m i j  fLFkr  gSA 800 kg m–3 ?kuRo dk dsj kl hu r sy ¼,d i kuh&vfeJ.kh;  nzo½ ck; ha Hkqt k esaa feyk; k t kr k gS t c r d

bl dh yEckbZ 0.1 m uk gks] t Sl k uhps l kadsfr d fp=k esa fn[ kk; suql kj  gSA nksuksa Hkqt kvksa esa nzo dh Å¡pkbZ; ksa dk vuqi kr  
1

2

h
h

 
  
 

 gS&

h2

0.1 m

h1

(A) 
15
14

(B) 
35
33 (C) 

7
6 (D) 

5
4
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Sol. B

PA = PB (Same horizontal level)

atm ker o w 1 atm w 2P g 0.1 g(h 0.1) P gh        

1 2800 0.1 1000(h 0.1) 1000h   

1 20.8 10h 1 10h  

1 210(h h ) 0.2 

h1 – h2 = 0.02 ...(1)
also, initial level of water in both arms = 2×0.29

1 2 h 0.1 h 0.58   

1 2h h 0.68  ....(2)

from (1) & (2)
h1 = 0.35 & h2 = 0.33

so  
1

2

h 35
h 33

    option (B)
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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. A particle of mass m moves in circular orbits with potential energy V(r)= Fr, where F is a positive

constant and r is its distance from the origin. Its energies are calculated using the Bohr model. If
the radius of the particle’s orbit is denoted by R and its speed and energy are denoted by v and E,
respectively, then for the nth orbit (here h is the Planck’s constant)
(A) R  n1/3 and v  n2/3 (B) R  n2/3 and v  n1/3

(C) 

1 32 2 2

2
3
2 4

/
n h FE

m

 
    

(D) 

1 32 2 2

2
2

4

/
n h FE

m

 
    

m nzO; eku dk , d d.k V(r)= Fr fLFkfr t  Åt kZ ds l kFk òÙkh;  d{kkvksa esa xfr  dj r k gS] t gk¡ F , d /kukRed fu; r kad gS r Fkk r ewy
fcUnq l s bl dh nwj h gSA bl dh Åt kZ; sa cksgj  çfr : i  dk ç; ksx dj r s gq,  Kkr  dh t kr h gSaA ; fn d.k dh d{kk dh f=kT; k R l s fu: fi r
dh t kr h gS r Fkk bl dh pky r Fkk Åt kZ Øe' k% v o E l s fu: fi r  dh t kr h gS] r c noha d{kk ds fy ,  (; gk¡ h Iykad fu; r kad gS)
(A) R  n1/3 r Fkk v  n2/3 (B) R  n2/3 r Fkk v  n1/3

(C) 

1 32 2 2

2
3
2 4

/
n h FE

m

 
    

(D) 

1 32 2 2

2
2

4

/
n h FE

m

 
    
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Sol. B,C
P.E., V(r) = Fr

dVForce
dr


 

= - F

2mvF
R

 ...(1)

nhmvR
2




...(2)

nhR
2 mv

 


2mvF
nh

2 mv

 



2 3m v .2F
nh


 

1
33

2

nFhv V n
2 m

   


from (2) 
nhR

2 mv




1
3

knR
n



2
3R n

E = KE + PE

21 mv V(r)
2

   
1 FR FR
2

 

3 FR
2

 1
3

2

3 nh
.F

2 nFh2 m
2 m

 
    

1
2 2 2 3

2

3 n h FE
2 4 m
 

  
 

Option B and C.
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8. The filament of a light bulb has surface area 64 mm2. The filament can be considered as a black
body at temperature 2500 K emitting radiation like a point source when viewed from far. At night
the light bulb is observed from a distance of 100 m. Assume the pupil of the eyes of the observer to
be circular with radius 3 mm. Then
(Take Stefan-Boltzmann constant = 5.67×10–8 Wm–2K–4, Wien’s displacement constant = 2.90× 10–3 m-K,
Planck’s constant = 6.63×10–34 Js, speed of light in vacuum = 3.00×108 ms–1)
(A) power radiated by the filament is in the range 642 W to 645 W
(B) radiated power entering into one eye of the observer is in the range 3.15×10–8 W to 3.25×10–8 W
(C) the wavelength corresponding to the maximum intensity of light is 1160 nm
(D) taking the average wavelength of emitted radiation to be 1740 nm, the total number of photons
entering per second into one eye of the observer is in the range 2.75×1011 to 2.85×1011

, d çdk' k cYc ds r Ur q (filament) dk i "̀B {ks=kQy 64 mm2 gSA r Ur q 2500 K r ki  i j  , d d f̀".kdk ds : i  esa ekuk t k l dr k

gS] t ks , d fcUnq L=kksr  dh r j g fofdj .k mRl ft Zr  dj r k gS t c nwj  l s ns[ kk t kr k gSA j kr  esa çdk' k cYc 100 m dh nwj h l s çsf{kr

fd; k t kr k gSA ekuk çs{kd dh vk¡[ kksa dh i qr yh òÙkkdkj  gS] ft l dh f=kT; k 3 mm gSaA r c
¼yhft ; s % LVhQu&cksYVt eku fu; r kad = 5.67×10–8 Wm–2K–4, ohu dk foLFkki u fu; r kad = 2.90× 10–3 m-K, Iykad fu; r kad

= 6.63×10–34 Js, fuokZr  esa çdk' k dh pky = 3.00×108 ms–1½

(A) r Ur q } kj k fofdfj r  ' kfDr  642 W l s 645 W i j kl  esa gSA

(B) çs{kd dh , d vk¡[ k esa ços' k dj us okyh fofdj r  ' kfDr  3.15×10–8 W l s 3.25×10–8 W i j kl  esa gSA

(C) çdk' k dh vf/kdr e r hozr k ds l axr  r j axnS/; Z 1160 nm gSA

(D) mRl ft Zr  fofdj .k dh vkSl r  r j axnS/; Z 1740 nm ysus i j ] çs{kd dh , d vk¡[ k esa çfr  l Sd.M ços' k dj us okys QksVksuksa dh dqy

l a[ ; k 2.75×1011 l s 2.85×1011 dh i j kl  esa gSA
Sol. B,C,D

4P e AT 
8 41 5.67 10 64 (2500)      =141.75 W

radiated power entering one's eye 2
2

P r
4 R

  


2 2

2

141.75 (3 10 )
4 (100)

 


 = 318.9×10-10 = 3.19×10-8 W  option (B)

for wavelength corresponding to maximum intensity,

mT b 

6

m
2.93 10 1160nm

2500


     option (C)

for no of photons, per sec,
hcN P


8 9

34 8

P 3.19 10 1740 10N
hc 6.67 10 3 10

 



   
 

  
 = 2.77×1011 Option (D).

Ans. BCD
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9. Sometimes it is convenient to construct a system of units so that all quantities can be expressed in
terms of only one physical quantity. In one such system, dimensions of different quantities are
given in terms of a quantity X as follows: [position] = [X]; [speed] = [X]; [acceleration] =[Xp];
[linear momentum] = [Xq]; [force] = [Xr]. Then
dHkh&dHkh bdkbZ; ksa dh , d i ) fr  dk fuekZ.k dj uk l qfo/kkt ud gksr k gS r kfd l Hkh j kf' k; ka dsoy , d HkkSfr d j kf' k ds i nks esa O; Dr

dh t k l dr h gSA , d , sl h i ) fr  esa] fHkUu&fHkUu j kf' k; ksa dh foek; sa X j k' kh ds i nksa esa fuEu : i  esa t kr h gS % [fLFkfr ] = [X]; [pky]

= [X]; [Roj .k] =[Xp]; [j s[ kh;  l aosx] = [Xq]; [cy] = [Xr], r c &
(A)  + p = 2 (B) p + q – r =  (C) p – q + r =  (D) p + q + r = 

Sol. A,B
Position = [x]

[L] [X ]  ...(1)

speed = X

LT-1 = X

X T-1 = X (from (1))
T-1 = X- ...(2)
acceleration = XP

LT-1 × T-1 = Xp

PX .X x  
2 PX x 

2 p    

p 2   

Option (A)
[Linear momentum] = xq

M LT-1 = xq

M.X = xq

M = xq- ...(3)
[force] = xr

M LT-2 = xr

M.Xp = xr

M = xr-p ..(4)
from (3) & (4) , q- = r - p
p + q - r =  option (B)

from (A) 
pp q r

2 2


   

p q r
2 2


  

Ans :- A,B

www.studentbro.inwww.studentbro.inwww.studentbro.in



10. A uniform electric field, 1400 3ˆE yNC 


 is applied in a region. A charged particle of mass m

carrying positive charge q is projected in this region with an initial speed of 6 12 10 10 ms . This

particle is aimed to hit a target T, which is 5 m away from its entry point into the field as shown

schematically in the figure. Take 10 110q Ckg
m

 . Then

, d l e: i  fo| qr  {ks=k 1400 3ˆE yNC 


 , d {ks=k esa vkj ksfi r  fd; k t kr k gSA q /kukRed vkos' k dks ogu djus okys m nzO; eku

dk , d vkosf' kr  d.k 6 12 10 10 ms  dh çkj afHkd pky l s bl  {ks=k esa ç{ksfi r  fd; k t kr k gSA bl  d.k dk , d y{;  T l s Vdj kus

(hit) ds fy,  fu' kkuk cka/kk t kr k gS] t ks fp=kkuql kj  {ks=k esa (into) bl ds ços' k fcUnq l s 5 m nwj  gSA 10 110q Ckg
m

  ysaA r c&

u

E

T

5m

(A) the particle will hit T if projected at an angle 45º from the horizontal
(B) the particle will hit T if projected either at an angle 30º or 60º from the horizontal

(C) time taken by the particle to hit T could be 
5
6 s as well as 

5
2
s

(D) time taken by the particle to hit T is 
5
3 s

(A) d.k T l s Vdj k; sxk] ; fn {kSfr t  l s 45º dks.k i j  ç{ksfi r  fd; k t kr k gSA

(B) d.k T l s Vdj k; sxk] ; fn {kSfr t  l s 30º ; k 60º dks.k i j  ç{ksfi r  fd; k t kr k gSA

(C) T l s Vdj kus ds fy ,  d.k } kj k fy ; k x; k l e;  
5
6 s r Fkk 

5
2
s gks l dr k gSA

(D) T l s Vdj kus ds fy ,  d.k } kj k fy ; k x; k l e;  
5
3 s gSA
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Sol. B,C

Consider like projectile motion,

so here 10
eff

qEg 400 3 10
m

  

2

eff

u sin2R
g




12

10

4 10 10 sin25
400 3 10

   



3sin2
2

  

2 60 ,120   

30 ,60   

eff

2usinT
g




6 6

10

12 2 10 10 10
2at 30 , T s

400 3 10

   
    


 

10 10 5 s
12 63 4

   


at  = 60°, 
5T s
2

   Ans. B and C
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11. Shown in the figure is a semicircular metallic strip that has thickness t and resistivity  . Its inner
radius is R1 and outer radius is R2. If a voltage V0 is applied between its two ends, a current I flows
in it. In addition, it is observed that a transverse voltage V develops between its inner and outer
surfaces due to purely kinetic effects of moving electrons (ignore any role of the magnetic field due
to the current). Then (figure is schematic and not drawn to scale)

fp=kkuql kj  , d v/kZòÙkh;  /kkfRod i fêdk gS] ft l dh eksVkbZ t r Fkk çfr j ks/kdr k  gSA bl dh vkar fj d f=kT; k R1 gS r Fkk cká f=kT; k R2

gSA ; fn , d oksYVr k V0 bl ds nksuksa fl j ksa ds chp vkj ksfi r  dh t kr h gS] r c , d /kkj k I bl esa cgr h gSaA bl ds fl ok] ; g çsf{kr  fd; k t kr k

gS fd xfr eku bysDVªkWuksa ¼/kkj k ds dkj .k pqEcdh;  {ks=k dh dksbZ Hkh Hkwfedk mi sf{kr  gS½ ds ' kq)  xfr d çHkkoksa ds dkj .k bl dh vkUr fj d vkSj

cká l r gksa ds chp , d vuqi zLFk oksYVr k V mRi Uu gksr h gSA r c ¼fp=k l kadsfr d gS r Fkk i Sekus l s j s[ kkafdr  ugha gS½

I
V0

I

R2

R1

(A) 
0 2

1

V t R
I ln

R
 

     

(B) the outer surface is at a higher voltage than the inner surface
(C) the outer surface is at a lower voltage than the inner surface
(D) V I2

(A) 
0 2

1

V t R
I ln

R
 

     

(B) cká l r g] vkar fj d l r g l s mPp oksYVr k i j  gSA

(C) cká l r g] vkar fj d l r g l s U; wu oksYVr k i j  gSA

(D) V I2
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Sol. A,C,D
to calculate resistance, r,   A tdr

rdR
tdr




but all elemental strips are in parallel so

eq

1 1
R dR

 

2

1

R

eq R

1 tdr
R r




2

eq 1

R1 t n
R R

 
  

  


 0 0
2 1

eq.

V V t n
I R /R

R
  




Option (A)

electrons move in a circular path so they exp. centripetal force due to electric field set up because
of p.d., so 'E' field should be from inner to outer, therefore outer surface is at lower voltage than
inner.
To check p.d. across surface, let us consider elemental resistance

rdR
tdr



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0v tdr
di

r
 



0
d

V tdr
neAv

r




(as  A=tdr)

0 0
d

V KV
V

rne r
  



Now as electrons move in circular path so,

2
dmv

eE
r



2 2
0

2

K VmE
er r

 

2
0

3

K '.V
E

r


p.d.,  V=- E.dr  


2

1

R
2
0 3

R

drV K 'V
r

   

2
0

1 2

1 1V K 'V
R R
 

   
 

2
0V K ''V 

2
0V V  

2V I 

0(as V I)

Ans. Option ACD
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12. As shown schematically in the figure, two vessels contain water solutions (at temperature T) of
potassium permanganate (KMnO4) of different concentrations n1 and n2 (n1 > n2) molecules per unit
volume with n = (n1 – n2)n1. When they are connected by a tube of small length l and cross-
sectional area S, KMnO4 starts to diffuse from the left to the right vessel through the tube.
Consider the collection of molecules to behave as dilute ideal gases and the difference in their
partial pressure in the two vessels causing the diffusion. The speed v of the molecules is limited by
the viscous force v on each molecule, where  is a constant. Neglecting all terms of the order
(n)2, which of the following is/are correct? (kB is the Boltzmann constant)

fp=k esa O; ofLFkd : i  l s fn[ kk; suql kj ] nks i k=k çfr  bdkbZ vk; r u v.kqvksaa n1 r Fkk n2 (n1 > n2) dh fHkUu&fHkUu l kUnzr kvksa ds i ksVsf' k; e

i j esaXusV (KMnO4) ds i kuh ds foy; u (T r ki  i j ) /kkj .k dj r s gS] t gk¡ n = (n1 – n2)n1 gSaA t c os S vuqi zLFk&dkV {ks=kQy

r Fkk l y?kq yEckbZ dh , d uyh } kj k t ksM+s t kr s gS, r c KMnO4 uyh ds ek/; e l s cka; h l s nka; h vksj  fol fj r  (diffuse) gksuk i zkj EHk

gksr k gSaA ekuk v.kqvksa dk l ewg r uq (dilute) vkn' kZ xSl ksa ds : i  esa O; ogkj  dj r k gS r Fkk nksuksa i k=kksa esa muds vkaf' kd nkc esa vUr j

ds dkj .k fol j .k gksr k gSA v.kqvksa dh pky  v i zR; sd v.kq i j  v ' ; ku cy } kj k l hfer  dh t kr h gS, t gk¡  , d fu; r kad gSA Øe

(n)2 ds l Hkh i n ux.;  gS, fuEufyf[ kr  esa l s dkSul k/dkSul s l gh gS? (kB cksYVt eku fu; r kad gS)

s

l

n1 n2

(A) the force causing the molecules to move across the tube is nkBTS
(B) force balance implies n1vl=nkBT

(C) total number of molecules going across the tube per sec is 
Bk Tn S

l
  
      

(D) rate of molecules getting transferred through the tube does not change with time

(A) uyh l s i kj  (across) t kus ds fy ,  v.kqvksa ds dkj .k cy  nkBTS gSA

(B) cy l ar qyu cr kr k gS fd n1vl=nkBT

(C) i zfr  l Sd.M uyh ds i kj  (across) t kus okys v.kqvksa dh dqy l a[ ; k 
Bk Tn S

l
  
      

 gSA

(D) uyh l s LFkkukUr fj r  gksus okys v.kqvksa dh nj  l e;  ds l kFk ugh cnyr h gSA
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Sol. A,B,C

F PS 

1 2(P P )S 

1 B 2 Bn K TS n K TS 

B

B

B

(PV NK T
NP K T
V

P nK T)






  

1 2 B B B(n n )K TS nK TS nK TS       (Option - A)

1 Bv (n S ) nk .T.S     

1 Bn v nk T   

Option (B).
N = total no of molecules,

1
dN S v n
dt

  

BnK T
S


 

  (from (B) putting vn1)

correct option (C)

as n decreses with time so no of molecules decreases with time, option (D) not current.
Ans. ABC.
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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. Put a uniform meter scale horizontally on your extended index fingers with the left one at 0.00 cm

and the right one at 90.00 cm. When you attempt to move both the fingers slowly towards the
center, initially only the left finger slips with respect to the scale and the right finger does not.
After some distance, the left finger stops and the right one starts slipping. Then the right finger
stops at a distance xR from the center (50.00 cm) of the scale and the left one starts slipping
again. This happens because of the difference in the frictional forces on the two fingers. If the
coefficients of static and dynamic friction between the fingers and the scale are 0.40 and 0.32,
respectively, the value of xR (in cm) is ______.
vi uh foLr r̀  r t Zuh; ksa i j  {kSfr t  : i  l s , d l e: i  ehVj  i Sekus dks cka; h vksj  0.00 cm i j  r Fkk nka; h vksj  90.00 cm i j  j [ ksaA

t c vki  nksuksa maxqyh; ksa dks /khj s&/khj s dsUæ dh vksj  ys t kus dk i z; kl  dj r s gS, r c i zkjEHk esa dsoy cka; h maxyh i Sekus ds l ki s{k fQl yr h

gS r Fkk nka; h maxyh ugh fQl yr h gSA dqN nwj h i ' pkr , cka; h maxyh : d t kr h gS r Fkk nak; h maxyh fQl yuk i zkj EHk dj r h gSA r c

nka; h maxyh i Sekus ds dsUæ (50.00 cm) l s xR nwjh i j  : dr h gS r Fkk cka; h maxyh i qu% fQl yuk i zkj EHk dj r h gSaA ; g] nksuksa maxfy; ksa

i j  ?k"kZ.k cyks esa vUr j  ds dkj .k gksr k gSaA ; fn maxfy; ksa r Fkk i Sekus ds chp LFkSfr d o xfr d ?k"kZ.k xq.kkad Øe' k% 0.40 o 0.32

gS, r c xR dk eku (cm esa) gS ______.
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Sol. 25.60
FBD of Rod

(Initial)

by balancing torque, we conclude N2>N1, so f2>f1

as rod does not move, only left finger slips,

so netF 0 KN3 = SN4

0.32N3 = 0.40 N4 ....(1)

about  centernet =0 , x1N3 = 40N4 ....(2)

dividing eq. (1)by(2)

1
1

0.32 0.40 x 32cm
x 40

  

= Fnet = 0, sN5 = kN6

0.40N5 = 0.32N6 ...(3)
net = 0, N5x1 = N6 xR ...(4)
about centre

div eq.(3) by eq.(4),
1 R

0.40 0.32
x x



R

0.40 0.32
32cm x



R
32 32 128X 25.60cm

40 5


   

Ans. 25.60
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14. When water is filled carefully in a glass, one can fill it to a height h above the rim of the glass due
to the surface tension of water. To calculate h just before water starts flowing, model the shape of
the water above the rim as a disc of thickness h having semicircular edges, as shown schematically
in the figure. When the pressure of water at the bottom of this disc exceeds what can be
withstood due to the surface tension, the water surface breaks near the rim and water starts
flowing from there. If the density of water, its surface tension and the acceleration due to gravity
are 103kg m–3, 0.07 Nm–1 and 10 ms–2, respectively, the value of h (in mm) is _________.
t c i kuh , d dkap ds fxykl  (glass), esa l ko/kkuh i woZd Hkj k t kr k gS, dksbZ , d i kuh ds i "̀B r uko ds dkj .k fxykl  (glass)

dh fj e ds Åi j  h Å¡pkbZ r d bl s Hkj  l dr k gSaA i kuh ds cgus i zkj EHk gksus ds Bhd i gys h dh x.kuk ds fy ; s, fp=kkuql kj  v/kZòr h;

fdukj ksa okyh h eksVkbZ dh , d pdr h ds t Sl s fj e ds mi j  i kuh ds vkdkj  dks <kyr s (model) gSA t c bl  pdr h dh r yh i j

i kuh dk nkc i "̀B r uko ds dkj .k nkc l s c<+r k (exceeds) gS, r c i kuh dh l r g fj e ds ut nhd VwVr h gS r Fkk i kuh ogka l s cguk

i zkj EHk dj r k gSA ; fn i kuh dk ?kuRo bl dk i "̀B r uko r Fkk xq: Roh;  Roj .k Øe' k% 103kg m–3, 0.07 Nm–1 r Fkk 10 ms–2 gSAA

r c h dk eku (mm esa) gS _________.

Sol. 3.74
Let radius of disc = 'r'

[A = projected area = h(2r)]
(after balancing effect of Patm on both sides)
S × 2r = Pavg. × h(2r)

ghS h
2

   
 

22S h
g




3
3

2S 2 0.07h 14 10 m 3.74mm
g 10 10


     

 

Ans. = 3.74
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15. One end of a spring of negligible unstretched length and spring constant k is fixed at the origin
(0,0). A point particle of mass m carrying a positive charge q is attached at its other end. The

entire system is kept on a smooth horizontal surface. When a point dipole p

 pointing towards the

charge q is fixed at the origin, the spring gets stretched to a length l and attains a new equilibrium
position (see figure below). If the point mass is now displaced slightly by l  l from its equilibrium

position and released, it is found to oscillate at frequency 
1 k

m
. The value of  is ______.

k fLi azx fu; r kad r Fkk ux.;  vfoLr kfj r  yEckbZ dh , d fLi azx dk , d fl j k ewy fcUnq (0,0) i j  fLFkj  gSA q /kukRed vkos' k ogu

dj us okyk m æO; eku dk , d fcUnq d.k bl ds nwl j sa i j  t ksM+k t kr k gSA l Ei w.kZ fudk;  , d fpduh {kSfr t  l r g i j  j [ kk t kr k gSA

t c , d fcUnq f} /kqzo p

 vkos' k q dh vksj  funsZf' kr  gS, t ks ewy fcUnq i j  fLFkj  gSA fLi azx  l yEckbZ r d i zl kfj r  gksr h gS r Fkk fp=kkuql kj

, d ubZ l kE; koLFkk i zkIr  dj r h gSA ; fn vc fcUnq æO; eku bl dh l kE; koLFkk l s  l  l } kj k gYds l s foLFkkfi r  gksr k gS r Fkk NksM+k

t kr k gS, r c ; g 
1 k

m
 vkòfr  i j  nksyu ds fy,  i k; k t kr k gSA  dk eku gS ______.

z

Sol. 3.14
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as we know, for spring block system,

1 Kf ,
2 m




so we can also observe 'k' as 
2

2

d U
dx  from eq.

21U kx
2



dU Kx
dx



2

2

d U K
dx



so we can say,

2

2
d U

1 dxf
2 m




so by above concept let us find P.E., (U) of system from eqbm.
As given, negligible unstretched length, so spring length is elongated length only.

2
2

0

1 p qU kx
2 4 x


 

  ....(1)

3
0

dU 2pqkx
dx 4 x

 
 

(for eqbm, 
dU 0
dx

 ) given eqbm at  x = 
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3
0

2pqK
4

 
 


 ...(2)

diff. eq(1) again, 
2

2 4
0

d U 6pqK
dx 4 x

 
 

as eqbm at 
2

2
at n=

d Ux ,  
dx

 


 4
0

6pqK
4

 
  

(from (2) put value of 3
0

2pq
4   )

2

2
at x=

d U
dx 

 = k + 3K = 4K

2
2

d U
1 1 4K 1 kdxf
2 m 2 m m

   
  

     = 3.14 Ans.

16. Consider one mole of helium gas enclosed in a container at initial pressure P1 and volume V1. It
expands isothermally to volume 4V1. After this, the gas expands adiabatically and its volume
becomes 32V1. The work done by the gas during isothermal and adiabatic expansion processes are

Wiso and Wadia, respectively. If the ratio 2iso

adia

W
f ln

W
 , then f is ________.

ekuk ghyh; e xSl  dk , d  eksy i zkj fEHkd nkc P1 r Fkk vk; r u V1 i j  , d i k=k esa l ayXu (enclosed) gSaA ; g l er ki h;  : i

l s 4V1 vk; r u r d  i zl kfj r  gksr k gSA bl ds i ' pkr  xSl  : ) ks"e : i  l s i zl kfj r  gksr h gS r Fkk bl dk vk; r u 32V1 gks t kr k gSaA

l er ki h;  r Fkk : ) ks"e i zl kj  i zØe ds nkSj ku xSl  } kj k fd; k x; k dk; Z Øe' k%  W
l er ki h;

 r Fkk W
: ) ks"e gSA ; fn vuqi kr

2
W

f ln
W

l erki h;

: ) ks"e
 gS, r c f gS-
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Sol. 1.77

TV–1  = Constant,  = 
5
3

T’  = 

5 1
3

1

1

4V
T

32V


 
 
 

= 

2
31T

8
 
 
 

= 
T
4

Wadb. = 1 2nR(T T )
1


 

= 

TnR T
4

5 1
3

  
 



= 
3 3TnR
2 4

  = 
9nRT
8
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Now work done in isoth.;

Wiso = 2

1

V
nRT ln

V
 
 
 

= 1

1

4V
nRT ln

V
 
 
 

= 2nRT ln2

iso

adb

W
W = 

2nRT ln2
9nRT
8

= 
16 ln2
9

 f = 
16
9

 = 1.77

17. A stationary tuning fork is in resonance with an air column in a pipe. If the tuning fork is moved with
a speed of 2 ms–1 in front of the open end of the pipe and parallel to it, the length of the pipe should
be changed for the resonance to occur with the moving tuning fork. If the speed of sound in air is
320 ms–1, the smallest value of the percentage change required in the length of the pipe is
____________.
, d fLFkj  Lofj =k f} Hkqt  , d i kbZi  esa , d ok; q Lr EHk ds l kFk vuqukn esa gSA ; fn Lofj =k f} Hkqt  i kbZi  ds [ kqysa fl j sa ds l keus r Fkk bl ds

l ekukUr j  2 ms–1 dh pky l s xfr eku gS, r c xfr eku Lofj =k f} Hkqt  ds l kFk vuqukn ?kfVr  gksus ds fy ,  i kbZi  dh yEckbZ i fj ofr Zr

gksuk pkfg, A ; fn gok esa /ofu dh pky 320 ms–1 gS, r c i kbZi  dh yEckbZ esa vko' ; d i zfr ' kr  i fj or Zu dk y?kqr e eku gS
____________.

Sol. 0.62

For open pipe resonance, f = 
nv
4L

Let us consider for n = 1,
initial length of pipe = L1 for f1

1
1

Vf
4L

 
 

 
.....(1)

Now due to Doppler’s effect,

f2 = 1
320 f

320 2
 
  
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f2 = 1
320 f
318

 
 
 

.....(2)

 f2 = 
2

v
4L .....(3)

1

320 V
318 4L

  = 
2

V
4L


2

1

L
L  = 

318
320

% charge in length,

L 100%
L
   = 1 2

1

L L
100%

L
 

 
 

= 2

1

L
1 100%

L
 

  
 

= 
3181 100%
320

   
 

= 
200 %
320

 = 
5 %
8

 = 0.625%

= 0.62%
Ans. 0.62

18. A circular disc of radius R carries surface charge density (r)= 0 1 r
R

 
  

 
, where 0 is a constant and

r is the distance from the center of the disc. Electric flux through a large spherical surface that
encloses the charged disc completely is 0. Electric flux through another spherical surface of radius

4
R

 and concentric with the disc is . Then the ratio 0
  is_________.

R f=kT; k dh , d òr h;  pdr h i "̀B vkos' k ?kuRo  (r)= 0 1 r
R

 
  

 
 dk ogu dj r h gS, t gk¡ 0 , d fu; r kad gS r Fkk r pdr h ds

dsUæ l s nwj h gSaA , d cM+s xksyh;  i "̀B l s xqt j us okyk QyLd t ks vkosf' kr  pdr h dks i w.kZr % l ayXu dj r k gS, 0 gSA pdr h ds l kFk

l adsUæh;  r Fkk 
4
R

 f=kT; k ds vU;  xksyh;  i "̀B l s xqt j us oyk QyLd  gSA r c vuqi kr  0
  gS_________.
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Sol. 6.4

Charge in the elemental ring = 
r

r 0

2 rdr


 

0 = 
enc

0

q
  (charge enclosed completely, so  r = R)

&  = 
enc

0

q
  (.. .. upto 

Rr
4

 )

q = 
r

0
0

r1 2 rdr
R

    
 

= 
r r

20
0

0 0

2
2 rdr – r dr

R


  

= 
2 3

0
r r2
2 3R

 
  

 

For 0, r = R, qenc = 
2 3

0
R R2
2 3R

 
  

 
= 2

0
12 R
6

 

For , r = 
R
4

, q’enc = 

2 3

0

R R
4 42
2 3R

    
    
      
 
  

= 
2 2

0
R R2

2 16 64 3
 

    

= 
2

0
6 12 R
192
    

= 2
0

52 R
192

 

 0
  = 

192
6 5

 = 6.4

Ans. 6.4
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____________________________________________________________________________________________________
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
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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)
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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) 
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(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

www.studentbro.inwww.studentbro.inwww.studentbro.in



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
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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. 
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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.
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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.
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; 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
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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
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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
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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)
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(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


 
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(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

www.studentbro.inwww.studentbro.inwww.studentbro.in



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.
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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)

2000

1000

G 4
G 1




   1000

2000

G 1 0.25
G 4


 



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).
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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.)
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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 ?
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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
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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. Suppose a,b denote the distinct real roots of the quadratic polynomial x2 + 20x – 2020 and suppose

c,d denote the distinct complex roots of the quadratic polynomial x2 –20x + 2020. Then the value

of ac (a–c) + ad(a–d) + bc(b–c) + bd(b–d) is

(A) 0 (B) 8000 (C) 8080 (D) 16000

1. ekuk a,b f} ?kkr  cgqi n x2 + 20x – 2020 ds fHkUu&fHkUu okLr fod ewy dks n' kkZr s gS r Fkk ekuk c,d f} ?kkr  cgqi n x2 –20x +

2020 ds fHkUu&fHkUu  l fEeJ ewy dks n' kkZr s gSA r c ac (a–c) + ad(a–d) + bc(b–c) + bd(b–d) dk eku gS &

(A) 0 (B) 8000 (C) 8080 (D) 16000

Ans. D

x2 + 20x –2020 = 0 

a + b  = – 20 &  a.b = – 2020

& x2– 20x + 2020 = 0 

c + d = 20 & c.d = 2020
Now
= ac(a – c) + ad(a – d) +bc(b – c) + bd(b – d)
= a2 (c +d) + b2(c + d) – c2(a + b) – d2(a + b)
= (a2 + b2) (c + d) – (a + b)(c2 + d2)
= ((a+b)2 – 2ab)((c + d) – (a + b)((c + d)2 –2cd)
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= ((400 + 4040)(20) – (–20)((20)2– 4040)
= 20[4440 – 3640]
20[800] = 16000

2. If the function f:R R is defined by f(x) = |x| (x–sinx), then which of the following statements is

TRUE ?

(A) f is one-one, but NOT onto (B) f is onto, but NOT one-one

(C) f is BOTH one-one and onto (D) f is NEITHER one-one NOR onto

2. ; fn Qyu f:R R, f(x) = |x| (x–sinx), ds } kj k i fj Hkkf"kr  gSA r c fuEu esa l s dkSul k dFku l R;  gS \

(A) f , dsdh gS ysfdu vkPNknd ugh gSA (B) f vkPNknd gS ysfdu , dsdh ugh gSA

(C) f , dsdh r Fkk vkPNknd nksuks gSA (D) f uk r ks , dsdh uk vkPNknd gSA

Ans. C

f(x)  = |x|(x – sinx)

f(–x) =–(|x|(x – sinx))

f(–x) = –f(x) f(x) is odd

 Rf = R = c.df = onto

Now

f'(x) = 
2x sinx xcos x x 0
2x sinx x cos x x 0

  
   

f'(x) > 0   x  R
f is one - one

3. Let the functions f:R  R and g:R  R be defined by

f(x) =ex-1 –e–|x-1| and g(x) = 
1
2

 (ex-1+e1-x).

Then the area of the region in the first quadrant bounded by the curves y = f(x), y = g(x) and
x = 0 is.

(A) 11(2 3) (e e )
2

   (B) 11(2 3) (e e )
2

  

(C) 11(2 3) (e e )
2

   (D) 11(2 3) (e e )
2

  
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3. ekuk Qyu f:R  R r Fkk g:R  R,f(x) =ex-1 –e–|x-1| r Fkk g(x) = 
1
2

 (ex-1+e1-x) ds } kj k i fj Hkkf"kr  gSA r c oØks

y = f(x), y = g(x) r Fkk x = 0 } kj k i fj c)  i zFke pr qFkkZ' k esa {ks=k dk {ks=kQy gksxk &

(A) 11(2 3) (e e )
2

   (B) 11(2 3) (e e )
2

  

(C) 11(2 3) (e e )
2

   (D) 11(2 3) (e e )
2

  

Ans. A

f(x) = ex – 1 – e–|x – 1|

f(x) = 
 

 

x 1x 1

x 1x 1

e e x 1

e e 0 x 1

 



  
   

f(x) = 

x 1
x 1
1

e x 1
e

0 x 1





 


 

& g(x) = 
x 1

x 1
1 1e
2 e




 
 

 
Now f(x) = g(x)

ex –1 – x 1
1

e   = 
x 1

x 1
1 1e
2 e




 
 

 

2ex – 1 – x 1
2

e    = ex–1 + x 1
1

e 

ex – 1 – x 1
3

e   = 0 ex – 1 = 3

x = 
ln31
2


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Area =   
1

0

g x 0  +     
ln31
2

1

g x f x dx





= 

1
x 1

x 1
0

1 1e
2 e




 
 

   + 

ln31
2

x 1 x 1
x 1 x 1

1

1 1 1e e dx
2 e e



 
 

   
     

   

= 
1e e

2

  + 2 3

4. Let a, b and  be positive real numbers. Suppose P is an end point of the latus rectum of the

parabola y2 = 4x, and suppose the ellipse 
2 2

2 2
x y 1
a b

   passes through the point P. If the tangents

to the parabola and the ellipse at the point P are perpendicular to each other, then the eccentricity
of the ellipse is.

(A) 
1
2 (B) 

1
2

(C) 
1
3 (D) 

2
5

4. ekuk a, b r Fkk /kukRed okLr fod l a[ ; k,  gSA ekuk P i j oy;  y2 = 4x ds vkfHkyEc dk , d var  fcanw gS r Fkk ekuk nh?kZòr

2 2

2 2
x y 1
a b

   fcUnw P l s xqt j r k gSA ; fn fcUnw P i j  i j oy;  r Fkk nh?kZòÙk dh Li ' kZ j s[ kk, a , d nwl j s ds yEcor  gS] r c nh?kZòÙk

dh mRdsUnzr k gksxh &

(A) 
1
2 (B) 

1
2

(C) 
1
3 (D) 

2
5

Ans. A

P(,2)

Now E: 
2 2

2 2
x y 1
a b

   Passes through P
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2 2

2 2
4 1

a b
 

    2 2 2
1 4 1
a b

 


...(1)

Now arp E
T Tp p

m m  =1

p

2
y


× – 
2

2
p

x b.
ya  = – 1

2

2
2 bx .
2 2a
 


 

 = – 1

b2= 2a2

for ecc. of ellipse

e = 
2

2
a1
b

  = 
11
2

  = 
1
2

5. Let C1 and C2 be two biased coins such that the probabilities of getting head in a single toss are

2
3  and 

1
3 , respectively. Suppose  is the number of heads that appear when C1 is tossed twice,

independently, and suppose  is the number of heads that appear when C2 is tossed twice,
independently. Then the probability that the roots of the quadratic polynomial x2–x + are real
and equal, is

(A) 
40
81 (B) 

20
81 (C) 

1
2

(D) 
1
4

5. ekuk C1 r Fkk C2 nks vfu"i {k (Bised) fl Dds bl  i zdkj  gS fd , d vdsyh mNky esa fpV i zkIr  dj us dh i zkf; dr k Øe' k% 
2
3  r Fkk

1
3  gSA ekuk fpVks dh l a[ ; k gS t ks mi fLFkr  gksr h gS t c C1 Lor a=k : i  l s nks ckj  mNkyk t kr k gS r Fkk ekuk  fpVks dh l a[ ; k

gS t ks mi fLFkr   gksr h gSA t c C2 Lor a=k : i  l s nks ckj  mNkyk t kr k gSA r c f} ?kkr  cgqi n x2–x +ds ewy okLr fod r Fkk l eku

gS dh i zkf; dr k gSA

(A) 
40
81 (B) 

20
81 (C) 

1
2

(D) 
1
4

Ans. B

; 

Now roots of x2– x +  = 0 are real & equal

 D= 0
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2 – 4 = 0

2 = 4

 () = (0,0),(2,1)

P(E) = 
2 2

2 2
0 0

1 2C . C
3 3

   
   
   

 + 
2

2 2
2 1

2 1 2C . C
3 3 3

     
     
     

 = 
20
81

6. Consider all rectangles lying in the region  (x,y) R R :0 x and 0 y 2sin(2x)
2
 

      
 

and having one side on the x-axis. The area of the rectangle which has the maximum perimeter
among all such rectangles, is

(A) 
3
2


(B)  (C) 2 3


(D) 3
2



6. ekuk l Hkh vk; r  {ks=k (x,y) R R :0 x and 0 y 2sin(2x)
2
 

      
 

esa fLFkr  gS r Fkk x-v{k i j  , d Hkqt k j [ kr s gSA vk; r  dk {ks=kQy t ks , sl s l Hkh vk; r ks ds chp esa vf/kdr e i fj eki  j [ kr k gS] gksxkA

(A) 
3
2


(B)  (C) 2 3


(D) 3
2



Ans. C

Let sides of rectangle are a & b

then perimeter = 2a + 2b

p = 2(a + b)

Now b = 2sin2x & b  = 2sin(2x + 2a) 2x + 2x + 2a = 

ax
4 2
 

  
 
for perimeter max.
P = 2a + 2b
P = – 4x + 4sin2x
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dp
dx  = – 4 + 8 cos2x = 

18 cos2x
2

 
 

 

dp
dx  

Pmax  at x = /6

Now Area =  2x . 2 sin2x
2
 
 

 
 = 

32.
2 3 2

   
        

 = 3
6


 = 2 3


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

___________________________________________________________________________________________________
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7. Let the function f:R  R be defined by f(x) = x3 –x2 + (x –1) sin x and let g:R  R be an arbitrary
function. Let fg: R  R be the product function defined by (fg)(x) = f(x)g(x). Then which of the
following statements is/are TRUE ?
(A) If g is continuous at x = 1, then fg is differentiable x = 1
(B) If fg is differentiable at x = 1, then g is continuous at x = 1
(C) If g is differentiable at x = 1, then fg is differentiable at x = 1
(D) If fg is differentiable at x =1, then g is differentiable at x = 1

7. ekuk Qyu f:R  R, f(x) = x3 –x2 + (x –1) sin x ds } kj k i fj Hkkf"kr  gS r Fkk ekuk g:R  R , d LosPN Qyu gSA ekuk

fg: R  R xq.ku Qyu gS t ks (fg)(x) = f(x)g(x) ds } kj k i fj Hkkf"kr  gSA r c fuEu esa l s dkSul k Qyu l R;  gSA

(A) ; fn g, x = 1 i j  l ar r  gS] r c fg, x = 1 i j  vodyuh;  gSA

(B) ; fn fg, x = 1 i j  vodyuh;  gS] r c g, x = 1 i j  l ar r  gSA

(C) ; fn g, x = 1 i j  vodyuh;  gS] r c fg, x = 1 i j  vodyuh;  gSA

(D) ; fn fg, x =1 i j  vodyuh;  gS] r c g, x = 1 i j  vodyuh;  gSA

Ans. A,C

f : R  R

(A) f(x) = x3– x2+ (x – 1) sinx ; g : R  R

h(x) = f(x). g(x) = (x3 – x2+ (x – 1)sinx). g(x)

h'(1+) = 
        3 2

h 0

1 h 1 h h.sin 1 h g 1 h
lim

h

     

= 
    3 2 2

h 0

1 h 3h 3h 1 h 2h hsin 1 h g 1 h
lim

h

        

= 
    3 2

h 0

h 2h h hsin 1 h g 1 h
lim

h

    

=     
h 0
lim 1 sin 1 h g 1 h


  

h'(1–) = 
          3 2

h 0

1 h 1 h h sin 1 h g 1 h
lim

h

      



= 
    3 2 2

h 0

h 3h 3h h 2h hsin 1 h g 1 h
lim

h

       



=     
h 0
lim 1 sin 1 h g 1 h


  

as g(x) is constant at x =1
 g(1+h) = g(1 – h) = g(1)
h'(1+) = h'(1-) = (1 + sin1) g(1)
'A' is Correct.
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8. Let M be a 3 × 3 invertible matrix with real entries and let I denote the 3 × 3 identity matrix. If
M-1 = adj (adj M), then which of the following statements is/are ALWAYS TRUE ?
(A) M = I (B) det M =1 (C) M2 = I (D) (adj M2) = I

8. ekuk M , d 3 × 3 dk okLr fod i zfof"B; ksa ds l kFk R; qRØe.kh;  vkO; qg gSA r Fkk ekuk I, 3 × 3 ds r Rl ed vkO; qg dks fu: fi r

dj r k gSA ; fn M-1 = adj (adj M) gS] r c fuEu esa l s dkSul k dFku ges' kk l R;  gksxk &
(A) M = I (B) det M =1 (C) M2 = I (D) (adj M2) = I

Ans. B,C,D

M–1 = adj(adj(M))

(adj M)M–1 = (adjM)(adj(adj(M)))

(adj M)M–1  = N. adj(N) { Let adj(M) = N }

(adj M)M–1 = |N|I

(adjM)M–1 = |adj(M)|I3

(adjM) = |M|2 .M ............(1)

|adj M| = ||M|2.M|

|M|2 = |M6|.|M|

|M|=1

from equation (1)

adj.M =M (2)

Multiply by matrix M

M.adj M = M2

|M|I3 = M2

M2 = I

From (2) adj M =M

(adj M)2 = M2 = I

9. Let S be the set of all complex numbers z satisfying |z2+z+1| = 1. Then which of the following
statements is/are TRUE ?

(A) 
1 1z
2 2

   for all zS (B) |z|   2 for all zS

(C) 
1 1z for all z S
2 2

   (D) The set S has exactly four elements
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9. ekuk S l Hkh l fEeJ l a[ ; kvksa z dk l eqP;  gS t ks |z2+z+1| = 1 dks l Ur q"V dj r k gSA r c

fuEu esa l s dkSul k dFku l R;  gS \

(A) l Hkh zS ds fy,  
1 1z
2 2

   gSA (B) l Hkh zS ds fy,  |z|   2 gSA

(C) l Hkh 
1 1z S z
2 2

  d sfy ,  gSA (D) l eqP;  S Bhd pkj  vO; o j [ kr k gSA

Ans. B,C

|z2+ z + 1|= 1

Let z2 + z + 1 = ei

as |z2+ z + 1| = 1

 z2 + z + 1 – ei= 0

Z = 
i1 1 4 4e

2

   

Z + 
1
2

 = i1 4e 3
2

 

Z + 
1
2

 =  1 4cos 3 i4 sin
2

   

1z
2

  =    
1/2

2 21 4cos 3 4 sin
2
     
 

Let a = (4cos – 3) +i4sin

|a|=  2 24cos 3 16sin   

 2 216 cos 9 24Cos 16 sin     

|a|= 25 24cos 

|a|  [1,7]  
1 1 7z ,
2 2 2

 
   

  

Z =  1 4cos 3 i 4sin

2

    

2Z = – 1 ±    4cos 3 i 4sin   

|2z|   1/225 24cos  |2z|  1 + 7

|2z|  3.4     |z|  1.7
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10. Let x, y and z be positive real numbers. Suppose x, y and z are the lengths of the sides of a triangle

opposite to its angles X, Y and Z, respectively. If  x Z 2ytan tan
2 2 x y z
 

 
,

then which of the following statements is/are TRUE ?

(A) 2Y = X + Z (B) Y = X + Z (C) 
x xtan
2 y z


 (D) x2 + z2 –y2 = xz

10. ekuk x, y r Fkk z /kukRed okLr fod l a[ ; k,  gSA ekuk X, Y r Fkk Z Øe' k% , d f=kHkqt  dh Hkqt kvksa yEckbZ; ka gS t ks bl ds dks.k x,y

r Fkk z ds foi fj r  gSA ; fn x Z 2ytan tan
2 2 x y z
 

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

(A) 2Y = X + Z (B) Y = X + Z (C) 
x xtan
2 y z


 (D) x2 + z2 –y2 = xz

Ans. B,C

x z 2ytan tan
2 2 x y z
 

 

   
2y

x y zs s x s s z
 

 
  

   
2s x z

s x s y

     
   

 = y

 = (s – x)(s – z)

1 =  s s y

   

ytan
2

 = 1

y =90°
(B)  y x z    
(D) False by Cosine formula

(C) 
xtan
2

 =  s s x

  =    

1 xz
2

1 1x y z y z x
2 2

   


x

y z
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11 Let 1L  and 2L  be the following straight lines.

1 2
1 1 1 1:  and :

1 1 3 3 1 1
   

   
  

x y z x y zL L

Suppose the straight line 
1:

2
  

 


x y zL
l m
 

lies in the plane containing 1L  and 2 ,L  and passes through the point of intersection of 1L  and 2.L

If the line L  bisects the acute angle between the lines 1L  and 2 ,L  then which of the following
statements is/are TRUE?
(A) 3   (B) 2 l m (C) 1   (D) 0 l m

11 ekuk 1L  r Fkk 2L  fuEu l j y  j s[ kk, a gS &

1 2
1 1 1 1:   :

1 1 3 3 1 1
   

   
  

x y z x y zL Lr Fkk

ekuk l j y  j s[ kk 
1:

2
  

 


x y zL
l m
 

,

1L  r Fkk 2 ,L  okys l er y esa fLFkr  gS r Fkk 1L  r Fkk 2.L  ds i zfr PNsnh fcUnw l s xqt j r h gSA ; fn j s[ kk L  j s[ kkvks 1L  r Fkk 2 ,L  ds

chp U; wudks.k dks l ef) Hkkft r  dj r h gS] r c fuEu esa l s dkSul k dFku l R;  gSA

(A) 3   (B) 2 l m (C) 1   (D) 0 l m
Ans. A,B

x 1 y z 1
1 1 3
 

   


x 1 y z 1
3 1 1
 

   
 

 P 1, ,3 1     Q  3 1, , 1     

for point of Intersection
 + 1 = – 3 + 1  = 
 =  = 0
Point of Intesection (1,0,1)

 
x y 1 z

m 2
    

 


 passes through (1,0,1)

1 1 1
m 2

    
 


...(1)

dr's of L1(1, – 1, 3) dr's of L2(–3, – 1, 1)
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1v


 = di's of 1
1 1 3L , ,
11 11 11

 
 
 

 ; V2= di's of 2
3 1 1L , ,
11 11 11

  
 
 

1 2V .V 0
 

 dr's of   bisector of L1 and L2

= 
2 2 4, ,

11 11 11

  
 
 

or   : m : (–2) = – 2 : – 2 : 4
= 2 : 2 : – 4
  = m = 1

 1 –  = – 1 = 
1

2
 


 = 2 1 –  = 2 ;  = – 1

12 Which of the following inequalities is/are TRUE?

(A) 
1

0

3cos
8

 x x dx (B) 
1

0

3sin
10

 x x dx

(C) 
1 2

0

1cos
2

 x x dx (D) 
1 2

0

2sin
9

 x x dx

12 fuEu esa l s dkSul h vl fedk, a l R;  gSA

(A) 
1

0

3cos
8

 x x dx (B) 
1

0

3sin
10

 x x dx

(C) 
1 2

0

1cos
2

 x x dx (D) 
1 2

0

2sin
9

 x x dx

Ans. A,B,D

cosx = 
2 4x x1

2! 4!
 

 cosx  
2x1

2!


xcosx  
3xx

2!

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11 2 4

00

x xxcosx dx
2 8

 
   
 


1

0

xcosx dx   
1 1 3
2 8 6
  (A) Correct

similarly

sinx = 
3 5x xx ...

3! 5!
 

sinx  x – 
3x

3!

xsinx  x2 – 
4x

6

 

11 3 5

00

x xx sin xdx .3 6 5

 
   

 




13 51

0
0

x xx sinx dx
3 30

 
   
 





1

0

1 1x sinx dx
3 30

 
1

0

3x sinx dx
10

 Similarly Check (C) and (D)

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
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• 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 Let m  be the minimum possible value of  31 2
3log 3 3 3 ,  yy y  where 1 2 3, ,y y y  are real numbers for

which 1 2 3 9.  y y y  Let M  be the maximum possible value of  3 1 3 2 3 3log log log x x x , where

1 2 3, ,x x x  are positive real numbers for which 1 2 3 9  x x x . Then the value of    3 2
2 3log logm M

is____

13 ekuk m ,  31 2
3log 3 3 3 ,  yy y  dk U; wur e l aaHkkfor  eku gS ] t gk¡ 1 2 3, ,y y y   okLr fod l a[ ; k, ¡ gS] ft l ds fy ,

1 2 3 9.  y y y  gSA ekuk M ,  3 1 3 2 3 3log log log x x x  dk vf/kdr e l aHkkfor  eku gS] t gk¡ 1 2 3, ,x x x  /kukRed

okLr fod l a[ ; k, ¡ gS ft l ds fy ,  1 2 3 9  x x x  gSA r c    3 2
2 3log logm M  dk eku gSA

Ans. 8.00

 31 2
31 2

1yy y
yy y 33 3 3 3 .3 .3

3
 



 3 1 2 31 2

1
y y y yy y 33 3 3 3. 3      y1+ y2 + y3= 9

 31 2

1
yy y 9 33 3 3 3 . 3  

31 2 yy y3 3 3 81  
m = log381 = 4

 
1

1 2 3 31 2 3
x x x

x .x .x
3

 


=  
1
31 2 3

9 x .x .x
3
  27  x1x2x3

M = log3(x1x2x3)  log3(27) =3

log2(m)3 + log3(M)2 log2(26) + log3(32) = 6 + 2 = 8
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14 Let 1 2 3, , ,a a a  be a sequence of positive integers in arithmetic progression with common

difference 2. Also, let 1 2 3, , ,b b b  be a sequence of positive integers in geometric progression with

common ratio 2. If 1 1 , a b c  then the number of all possible values of c, for which the equality

 1 2 1 22        n na a a b b b holds for some positive integer n, is____

14 ekuk 1 2 3, , ,a a a  l koZvUr j  2 ds l kFk l ekUr j  Js.kh esa /kukRed i w.kkZadks dk , d vuqØe gSA ekuk 1 2 3, , ,b b b  l koZ vuqi kr

2 ds l kFk xq.kksar j  Js.kh esa /kukRed i w.kkZadks dk , d vuqØe gSA ; fn  1 1 , a b c  gS] r c c ds l Hkh l aHkkfor  ekuksa dh l a[ ; k ft l ds

fy,  vl fedk  1 2 1 22        n na a a b b b  dqN /kukRed i w.kkZad n ds fy ,  gS] gksxh A

Ans. 1.00

2(a1+a2 +......+ an) = b1 + b2 + ... + bn

  1
n2 2a n 1 2
2
 

  
 

 =  n

1

2 1
b

2 1




2n[a1 + (n – 1)] = b1(2n – 1)
2na1+ 2n2  – 2n = a1(2n – 1)

a1=
 

 
2

1n

2 n n
C

2 1 2n




 
 a1 = c1

 C1  1


 2

n

2 n n
1

2 1 2n




 
2(n2– n)  2n– 1 – 2n  n2– n  0 for n  1
= 2n2+ 1  2n

There for n =1, 2,3,4,5,6
n = 1 c1= 0 (×)
n = 2  C1 < 0 (×)
n = 3   C1 = 12 (correct)
n= 4 C1 = not Integer
n = 5  C1 = not Integer
n = 6 C1 = not Integer
 C1= 12 for n = 3

15 Let :[0,2] f  be the function defined by

( ) (3 sin(2 ))sin sin 3
4 4

          
   

f x x x x   

If , [0, 2]   are such that { [0, 2]: ( ) 0} [ , ],  x f x    then the value of    is____
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15 ekuk :[0,2] f  Qyu gS t ks

( ) (3 sin(2 ))sin sin 3
4 4

          
   

f x x x x     ds } kj k i fj Hkkf"kr  gSA

; fn , [0, 2]   bl  i zdkj  gS fd { [0, 2]: ( ) 0} [ , ],  x f x    gS] r c    dk eku gksxk &

Ans. 1.00

Let x – /4 = 

f(x)  0

(3 – sin2( + /4)) sin – 
3sin 3
4 4
  
   

 
  0

 3 sin – sin cos2 + sin3  0
sin [3 – (1 – 2sin2) + 3 – 4sin2]  0


2

ve

sin 5 2 sin 0



     

sin 0  [0,]
 x – /4  [0,]  x  [0,2]

5x ,
4 4
  

   
 

7x ,
4 4 4
   

    
 

1 5x ,
4 4
 

  
 

7,
4 4
  

   
 

 = 1/4 ;  = 5/4
 –  = 1

16. In a triangle PQR, let , 
 a QR b RP  and 

c PQ . If

( ) | || | 3, | | 4  and 
( ) | | | |
 

  
  

      
a c b aa b
c a b a b

,

then the value of 2| |
a b  is____

16 , d f=kHkqt  PQR esa ekuk , 
 a QR b RP  r Fkk 

c PQ  gSA ; fn

( ) | || | 3, | | 4   
( ) | | | |
 

  
  

      
a c b aa b
c a b a b

r Fkk

gS] r c 2| |
a b  dk eku gksxk &

Ans. 108.00

a b c 0  
 
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 
 

a. c b

c. a b





 

   = 
   
   
b c . c b

a b . a b

  
 
    

  

  

= 
2 2

2 2
c b
a b




 = 

a

a b






2c 16
9 16




 =
3
7

  C2=13

a b
  = c



a2 + b2 + 2a.b
  = c2  a.b 6 



 22 2 2a b a.b a b  
  

2
a b


 = (32)(42) –  2a.b



= 144 – (36) = 108

17 For a polynomial ( )g x  with real coefficients, let gm  denote the number of distinct real roots of

( )g x . Suppose S  is the set of polynomials with real coefficients defined by

    22 2 3
0 1 2 3 0 1 2 31 : , , ,     S x a a x a x a x a a a a

For a polynomial f, let f  and f  denote its first and second order derivatives, respectively. Then

the minimum possible value of   , 
f f

m m  where ,f S  is____

17 , d cgqi n ( )g x  ft l ds okLr fod xq.kkad ds fy,  ekuk gm , ( )g x ds fHkUu&2 okLr fod ewyks dh l a[ ; k dks fu: fi r  dj r k gSA

ekuk S  okLr fod xq.kkad ds l kFk cgqi nks dk l eqP;  gS t ks

    22 2 3
0 1 2 3 0 1 2 31 : , , ,     S x a a x a x a x a a a a

ds } kj k i fj Hkkf"kr  gSA , d cgqi n f ds fy, ] ekuk f  r Fkk f  Øe' k% bl ds i zFke r Fkk f} fr ;  Øe ds vodyt  gS] r c

  , 
f f

m m  dk U; wur e l aHkkfor  eku gksxkA t gk¡ ,f S  gS&

Ans. 5.00

f(x) = (x2 – 1)2h(x); h(x) = a0 +a1x +a2x2+ a3x3

Now, f(1) = f(–1) = 0
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f'() = 0,   (–1,1) [Rolle's Theorem]

Also, f(1) = f'(–1) = 0 f'(x) = 0 has atleast 3 root –1, ,1 with –1 <  < 1

f"(x) = 0 will have at least 2 root, say  such that

–1 <  [Rolle's Theorem]

So, min  f "m  = 2
and we find (mf' + mf") = 5 for f(x) =(x2 – 1)2

Thus, Ans = 5

18. Let e  denote the base of the natural logarithm. The value of the real number a  for which the right

hand limit 

1
1

0

(1 )lim






 x

ax

x e
x

 is equal to a non-zero real number, is____

18 ekuk e  i zkd r̀  y?kqxq.kd ds vk/kkj  dks fu: fi r  dj r k gSA okLr fod l a[ ; k a  dk eku ft l ds fy ,  nk; h l hek dk eku

1
1

0

(1 )lim






 x

ax

x e
x

 , d v' kwU;  okLr fod l a[ ; k ds cj kcj  gS] gksxk &

Ans. 1.00

L =
 1/xln 1 x 1

ax 0

e elim
x

 



  ; L = 
 1 ln 1 x 1x

ax 0

e elim
x

 





L = 

2 31 x xx ...
x 2 3 1

ax 0

e elim
x

 
      



  ;  L = 

2x x ...
2 31 1

ax 0

e .e elim
x

 
     





L = 

2x x ....
2 31

ax 0

e e 1

lim
x

 
     



 
  
     ; L = 

22

2
1

ax 0

x x
2 3x xe 1 .... 1

2 3 2 !

lim
x





                       
  
    

= 

2

1

a 1x 0

1 xx
2 31 xe ... ....

2 3 2!

lim
x





             
 
 

for Non - Zero limit a – 1 = 0   a = 1
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