
PAPER ¼isij½- 2
Max. Marks : 240 vf/kdre vad : 240

Please read the instructions carefully. You are allotted 5 minutes specifically for this purpose.
Ñi;k bu funsZ'kks a dks /;ku ls i<+s aA vkidks 5 feuV fo'ks"k :i ls bl dke ds fy, fn;s x;s gS aA

Time : 3:00 Hrs.  le; : 3 ?kaVk

A. General lkekU; %

1. The sealed booklet is your Question Paper. Do not break the seal till you are instructed to do so.
;g eksgjcU/k iqfLrdk vkidk iz'ui=k gSA bldh eqgj rc rd u rksMsa tc rd bldk funsZ'k u fn;k tk;sA

2. The question paper CODE is printed on the left hand top corner of this sheet and the right hand
top corner of the back cover of this booklet.
iz'u&i=k dk dksM (CODE) bl i`"B ds Åijh ck;sa dksuksa vkSj bl iqfLrdk ds fiNys i`"B ds nk;sa dksuksa ij Nik gSA

3. Use the Optical Response Sheet (ORS) provided separately for answering the question.
iz'uksa dk mÙkj nsus ds fy, vyx ls nh x;h vkWIVhdy fjLikal 'khV ¼vks- vkj- ,l-½  (ORS) dk mi;ksx djsaA

4. The ORS CODE is printed on its left part as well as the right part. Ensure that both these codes
are identical and same as that on the question paper booklet. If not, contact the invigilator.
vks- vkj- ,l- dksM blds ck;sa rFkk nk;sa Hkkx esa Nis gq, gSaA lqfuf'pr djsa fd ;g nksuksa dksM le:i gSa rFkk ;g dksM

rFkk iz'ui=k iqfLrdk ij Nik dksM leku gSA ;fn ugha] rksa fujh{kd dks lEidZ djsaA

5. Blank spaces are provided within this booklet for rough work.
dPps dk;Z ds fy, bl iqfLrdk esa [kkyh LFkku fn;s x;s gSaA

6. Write your Name and Roll Number in the space provided on the back cover of this booklet
bl iqfLrdk ds fiNys i`"B ij fn, x, LFkku esa viuk uke rFkk jksy uEcj fyf[k,A

7. After breaking the seal of the booklet, verify that the booklet contains 32 pages and that all the
60 questions along with the options are legible.
bl iqfLrdk ds eqgj rksMus ds ckn d`i;k tk¡p ysa fd bles a 32 i`"B gSa vkSj lHkh 60 iz'u vkSj muds mÙkj fodYi Bhd

ls i<+s tk ldrs gSA

QUESTION PAPER FORMAT AND MARKING SCHEME :
iz'ui=k dk izk:i vkSj vadu ;kstuk %

8. The question paper has three parts : Physics, Chemistry and Mathematics. Each part has three
sections.
bl iz'ui=k esa rhu Hkkx gSa% HkkSfrd foKku] jlk;u foKku vkSj xf.krA gj Hkkx esa rhu [kaM gSaA

9. Carefully read the instructions given at the beginning of each section.
çR;sd [kaM ds çkjEHk esa fn;s gq, funsZ'kksZ dks /;ku ls i<+sA

10. Section 1 contains 8 questions. The answer to each question is a single digit integer ranging
from 0 to 9 (both inclusive).
Marking scheme: +4 for correct answer and 0 in all other cases.
[kaM 1 esa 8 ç'u gS çR;sd ç'u dk mÙkj 0 ls 9 rd ¼nksuks 'kkfey½ ds chp dk ,dy vadh; iw.kkZd gSaA

vad ;kstuk +4 lgh mÙkj ds fy, rFkk 0 vU; lHkh voLFkkvksa esaA

11. Section 2 contains 8 multiple Choice question with one or more than one correct option.
Marking scheme: +4 for correct answer, 0 if not attempted and –2 in all other cases.
[kaM 2 ls 8 cgqfodYih ç'u ftuds ,d ;k ,d ls vf/kd fodYi lgh gSA

vad ;kstuk +4 lgh mÙkj ds fy, rFkk 0 ç;kl ugha djus ij rFkk -2 vU; lHkh voLFkkvksa esaA
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12. Section 3 contains 2 "paragraph" type questions. Each paragraph describes and experiment, a situation
or a problem. Two multiple choice quesitons will be asked based on this paragraph. One or more than
one option can be correct.
Marking scheme: +4 for correct answer, 0 if not attempted and –2 in all other cases.
[kaM 3 esa 2 vuqPNsn gSA çR;sd vuqPNsn ,d ç;ksx] ,d n'kk vFkok ,d leL;k dks n'kkZrk gSA bl vuqPNsn ij nks cgqfodfYi;

ç'u iwNs tk;saxsA ,d ;k ,d ls vf/kd fodYi lgh gks ldrs gSA

vad ;kstuk : +4 lgh mÙkj ds fy, rFkk 0 ç;kl ugha djus ij rFkk –2 vU; lHkh voLFkkvksa esaA

OPTICAL RESPONSE SHEET :
vkWfIVdy fjLikal 'khV%

13. The ORS consists of an original (top sheet) and its carbon-less copy (bottom sheet).
,d vks-vkj-,l- esa ,d ewy ¼Åijh i`"B½ vkSj mldh dkcZu&jfgr izfr ¼uhps i`"B½ gSA

14. Darken the appropriate bubbles on the original by applying sufficient pressure. This will leave an impression
at the corresponding place on the carbon-less copy.
Åijh ewy i"̀B ds vuq:i cqycqyksa (BUBBLES) dks i;kZIr ncko Mkydj dkyk djsaA ;g dkcZu&jfgr fupys i"̀B ds vuq:i

LFkku ij fpfUgr djsxkA

15. The original is machine-gradable and will be collected by the invigilator at the end of the examination.
ewy i`"B e'khu&tk¡P; gS rFkk ;g ijh{kk ds lekiu ij fujh{kd ds }kjk ,d=k dj fy;k tk;sxkA

16. You will be allowed to take away the carbon-less copy at the end of the examination
ijh{kk ds lekiu ij vkidks dkcZu&jfgr i`"B ys tkus dh vuqefr nh tk,xhA

17. Don not tamper with or mutilate the ORS.
vks-vkj-,l- dks gsj&Qsj@fod`fr u djsaA

18. Write your name, roll number and the name of the examination centre and sign with pen in the space
provided for this purpose on the original. Do not write any of these details anywhere else. Darken the
appropriate bubble under each digit of your roll number.
viuk uke] jksy ua- vkSj ijh{kk dsanz dk uke ewy i`"B esa fn, x, [kkuksa esa dye ls Hkjsa vkSj vius gLRkk{kj djsaA buesa ls dksbZ

Hkh tkudkjh dgha vkSj u fy[ksaA jksy uEcj ds gj vad ds uhps vuq:i cqycqys dks dkyk djsaA

DARKENING THE BUBBLES ON THE ORS :

19. Use a BLACK BALL POINT to darken the bubbles in the upper sheet.
20. Darken the bubble COMPLETELY.
21. Darken the bubble ONLY if you are sure of the answer.

22. The correct way of darkening a bubble is as shown here: 

23. There is NO way to erase or "un-darkened bubble.
24. The marking scheme given at the beginning of each section gives details of how darkened and

not darkened bubbles are evaluated.
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PART - I : PHYSICS

SECTION – 1 : (Maximum Marks : 32)
 This section contains EIGHT questions
 The answer to each question is a SINGLE DIGIT INTEGER ranging from 0 to 9, both inclusive
 For each question, darken the bubble corresponding to the correct integer in the ORS
 Marking scheme :

+4  If the bubble corresponding to the answer is darkened
0    In all other cases

[kaM  1 : (vf/kdre vad : 32)
 bl [kaM esa vkB iz'u gSaA

 izR;sd iz'u dk mÙkj 0 ls 9 rd, nksuksa 'kkfey] ds chp dk ,d ,dy vadh; iw.kk±d gSA

 izR;sd iz'u esa] vks- vkj- ,l- ij lgh iw.kk±d ds vuq:i cqycqys dks dkyk djsaA

 vadu ;kstuk :
+4  ;fn mÙkj ds vuq:i cqycqys dks dkyk fd;k tk,A

0    vU; lHkh voLFkkvksa esa

1. The dinsities of two solid spheres A and B of the same radii R vary with radial distance r as 






R
rk)r(A  and

5

B R
rk)r( 





 , respectively, where k is a contant. The moments of inertia of the individual spheres about axes

passing through their centres are A and B, respectively, If 
A

B




 = 10
n

, the value of n is :

R f=kT;k ds nks Bksl xksyksa A vkSj B ds ?kuRoksa dk f=kT; nwjh r ds lkFk laca/k Øe'k% 






R
rk)r(A  rFkk 

5

B R
rk)r( 





  gSa,

tgkW k ,d fLFkjkad gSA xksyksa ds vius&vius dsUnz ls gksdj tkus okyh v{kksa ds ifjr% tM+Rok?kw.kZ Øe'k% A rFkk B gSA ;fn A

B




= 10
n

 gS, rc n dk eku gSA

Ans. 6
Sol. Consider a shell of radius r and thickness dr

dI = 
2
3 (.4r2dr)r2

dr
r

I = Id

I
I
B

A
 = 

R 5
2 2

5
o
R

2 2

o

2 rk .4 r dr r
3 R

2 rk 4 r dr r
3 R








 = 10

6

PHYSICS
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2. Four harmonic waves of equal frequencies and equal intensities 0 have phase angles 0, 3


, 3
2

 and . When

they are superposed, the intensity of the resulting wave is n0. The value of n is :

cjkcj vkof̀Ùk;ksa rFkk rhozrk 0 dh pkj vkorZ rjaxksa dh dyk ds dks.k 0, 3


, 3
2

 rFkk gSaA tc bu rjaxksa dks v/;kjksfir lqijiksl

(superposed) fd;k tkrk gS rks ifj.kkeh rhozrk n0 gSA rc n dk eku gSA

Ans. 3

Sol.

/3
/3

/3

A A

AA

I0   A
2

Let amplitude of individual  wave be A then amplitude of resulting wave 2A cos 





 

6  = A3

ekuk izR;sd rjax dk vk;ke A rc ifj.kkeh rajx dk vk;ke 2A cos 






 
6  = A3  gSA

  I
2

3A

I = 3I0

3. For a radioactive material, its activity A and rate of change of its activity R are defined as A = 
dN
dt


 and

dAR
dt


 , where N(t) is the number of nuclei at time t. Two radioactive sources P (mean life ) and Q (mean life

2) have the same activity at t = 0. Their rates of change of activities at t = 2 are RP and RQ, respectively.

If 
Q

P

R
R

 = e
n

, then the value of n is :

,d jsfM;ksa/kehZ inkFkZ dh lfØ;rk A ,oa lfØ;rk ifjorZu dh nj R Øe'k% A = 
dN
dt


 rFkk 
dAR
dt


  laca/kksa }kjk ifjHkkf"kr

dh tkrh gS] tgkW le; t ij ukfHkdksa dh la[;k N(t) gSA nks jsfM;ksa/kehZ L=kskr P (vkSlr vk;q ) rFkk Q (vkSlr vk;q 2) dh le;

t = 0 ij leku lfØ;rk gSA mudh lfØ;rk ifjorZu dh njsa le; t = 2 ij Øe'k% RP  rFkk RQ gSA ;fn Q

P

R
R

 = e
n

, rc

n dk eku gSA

Ans. 2

PHYSICS
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Sol. 
t–

0P eAA , AQ = 

–t
2

0A e 






t–
0

P eAR , RQ = 


2

t–
0 e

2
A

at  t = 2  ij

1–0

2–0

Q

P

e
2
A

eA

R
R



  = e
2

4. A monochromatic beam of light is incident at 60º on one face of an equilateral prism of refractive index n and

emerges from the opposite face making an angle (n) with the normal (see the figure). For n = 3  the value

of  is 60º and dn
d

 = m. The value of m is :

,do.khZ izdk'k dk ,d iqat ,d n viorZukad okys leckgq fizTe ds ,d Qyd ij 60º ds dks.k ij vkifrr gksrk gS rFkk lkeus

okys Qyd ls yac ls (n) dks.k cukrs gq, fudyrk gS (fp=k ns[ksaA) n = 3  ij  dk eku 60º gS rFkk dn
d

 = m gSA rc m

dk eku gSA

Ans. 2

PHYSICS
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Sol. sin 60 = n sin r ..............(1)
sin = n sin (60–r)...............(2)
Differentiating eq...(2)

cos dn
d

 = –n cos (60–r) dn
dr

+ sin (60–r)

Differentiating eq...(1)

n cos r dn
dr

+sinr = 0

cos dn
d

 = – n cos (60–r) 







n
rtan–

 +sin (60–r)





cos

1
dn
d

  )r–60(sinrtan)r–60cos( 

60cos
1

dn
d


  30sin30tan30cos 

= 2 





 

2
1

2
1

 = 2

5. In the following circuit, the current through the resistor R (= 2) is  Amperes. The valeu of  is :
uhps fn;s x;s ifjiFk esa izfrjks/k R (= 2) esa  ,fEi;j /kkjk izokfgr gksrh gSA rc  dk eku gSA

Ans. 1

PHYSICS
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Sol.  







amp1
5.6
5.6
I

6. An  electron in an excited state of Li2+ ions has angular momentum 3h/2. The de-Broglie wavelength of he
electron in this state is pa0 (where a0 is the Bohr radius). The value of p is
Li2+ vk;u dh mÙkstu voLFkk esa ,d bysDVªkWu dk dks.kh; laosx 3h/2gSA bl voLFkk esa bysDVªkWu dh Mh&czksXyh rjaxnS/;Z

pa0  ( tgk¡ a0 cksj f=kT;k gS ) gSA rc p dk eku gSA

Ans. 2

Sol. L = 
2

nh
 = 

2
h3

n = 3

 = p
h

 = vm
h

 = h3
r2h 

 = 3
r2

r = a0 
2n

Z

 = 3
2

 a0 

2n
Z

= 3
2

a0 3
32

 = 2a0

PHYSICS
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7. A large spherical mass M is fixed at one position and two identical point masses m are kept on a line passing
through the centre of M (see figure). The point masses are connected by a rigid massless rod of length  and
this assembly is free to move along the line connecting them. All three masses interact only through their
mutual gravitational interaction. When the point mass nearer to M is at a distance r = 3 from M, the tension

in the rod is zero for m = k 







288
M

. The value of k is

,d cM+k xksykdkj nzO;eku M ,d txg fLFkr gS rFkk nsk ,d:i fcUnq nzO;eku m  nzO;eku M  ds dsUnz ls gksdj tkus okyh

js[kk ij j[ks x;s gSA (fp=k nas[ks) A fcUnq nzO;eku ,d  yEckbZ ds nzO;eku jfgr n`<+ NM+ ls tqMs gS rFkk ;g laa;kstu mudksa

tksM+us okyh js[kk ij xfr dj ldrk gSA lHkh nzO;ekuksa esa dsoy mudk viuk xq:Rokd"kZ.k gSA tc M ds fudV okyk fcUnq

nzO;eku M ls r = 3dh nwjh ij gS rc m = k 







288
M

ds fy, NM+ esa ruko 'kwU; gSA rc k dk eku gSA

Ans. 7
Sol. For point mass at distance r = 3

 23
GMm


 – 2

2Gm


 = ma

For point mass at distance r = 4

 24
GMm


+ 2

2Gm


 = ma

29
GMm


– 2

2Gm


= 216
GMm


 + 2

2Gm


144
GMm7

 = 2

2Gm2


m = 288
M7

8. The energy of a system as a function of time t is given as E(t) = A2 exp(–at), where a = 0.2s–1. The measurement
of A has an error of 1.25%. If the error in the measurement of time is 1.50%, the percentage error in the value
of E(t) at t = 5 s is
,d fudk; dh le; t ij ÅtkZ E(t) = A2 exp(–t) Qyu }kjk nh tkrh gS, tgk¡  = 0.2s–1 gSaA A ds ekiu esa 1.25% dh

izfr'kr =kqfV gSA ;fn le; ds ekiu esa 1.50% dh =kqfV gS rc t = 5 s ij E(t) ds eku esa izfr'kr =kqfV gksxhA

Ans. 4

PHYSICS
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Sol. E(t) = A2 e–t

 = 0.2 s–1

A
dA

 = 1.25%

t
dt

 = 1.50 %

E
dE

 = ?

log E = 2 log A – t

E
dE

 = ± 2
A

dA
 ± dt

= ±2 (1.25) ± 0.2(7.5)
= ± 2.5 ± 1.5
= ± 4 %

SECTION – 2 : (Maximum Marks : 32)
 This section contains EIGHT questions
 Each question has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE  of these four

option(s) is(are) correct
 For each question, darken the bubble(s) corresponding to all the correct option(s) in the ORS
 Marking scheme :

+4  If only the bubble(s) corresponding to all the correct option(s) is(are) darkened
0    If none of the bubbles is darkened
–2  In all other cases

[kaM  2 : (vf/kdre vad : 32)
 bl [kaM esa vkB iz'u gSaA

 izR;sd iz'u esa pkj fodYi (A), (B), (C) rFkk (D) gSaA bu pkj fodYiksa esa ls ,d ;k ,d ls vf/kd fodYi lgh gSaA

 izR;sd iz'u esa] lHkh lgh fodYi ¼fodYiksa½ ds vuq:i cqycqys ¼cqycqykas½ dks vks- vkj- ,l- esa dkyk djsaA

 vadu ;kstuk :
+4  ;fn flQZ lHkh lgh fodYi ¼fodYiksa½ ds vuq:i cqycqys ¼cqycqykas½ dks dkyk fd;k tk,A

0    ;fn dksbZ Hkh cqycqyk dkyk u fd;k gksA

–2   vU; lHkh voLFkkvksa esa

PHYSICS
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9. A parallel plate capacitor having plates of area S and plate separation d, has capacitance C1 in air. When two
dielectrics of different relative permittivities (1 = 2 and 2 = 4) are introduced between the two plates as shown

in the figure, the capacitance becomes C2. The ratio 
1

2

C
C

 is

,d lekUrj ifV~Vdk la/kkfj=k dh ifV~Vdkvksa dk {ks=kQy S rFkk ifV~Vdkvksa ds chp esa nwjh d gS rFkk bldh ok;q esa /kkfjrk C1

gSA tc ifV~Vdkvksa ds e/; nks vyx&vyx lkis{k ijkoS|qrkadksa (1 = 2 rFkk 2 = 4) ds ijkoS|qr inkFkZ n'kkZ;s fp=kkuqlkj j[ks

tkrs gS rc bl izdkj cus u;s la/kkfr=k dh /kkfjrk C2 gks tkrh gSA rc vuqikr 
1

2

C
C

 gSA

(A) 6/5 (B) 5/3 (C) 7/5 (D) 7/3

Ans. (D)

Sol.

C1 = d
A0

C = 

2
d

2
s2 0

 = d
s2 0

C' = 

2
d

2
s4 0

 = d
s4 0

PHYSICS
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C" = d
2
s2 0

 = d
s0

C2 = 'CC
'CC

  + C'' = d
s

3
4 0  + d

s0

= d
s

3
7 0

 3
7

C
C

1

2 

10. An ideal monoatomic gas is confined in a horizontal cylinder by a spring loaded piston (as shown in the figure).
Initially the gas is at temperature T1, pressure P1 and volume V1 and the spring is in its relaxed state. the gas
is then heated very slowly to temperature T2, pressure P2 and volume V2. During this process the piston moves
out by a distance x. Ignoring the friction between the piston and the cylinder, the correct statement(s) is(are)

,d ,dijek.kqd vkn'kZ xSl ,d {kSfrt crzu (horizontal cylinder) esa fLiazx ;qDr fiLVu }kjk can gS (n'kkZ;ss fp=kkuqlkj)A izkjEHk

esa xSl dk rkieku T1, nkc P1 rFkk vk;ru V1 gS rFkk fLiazx foJkar voLFkk esa gSA vc xsl dks cgqr /khjs&/khjs rkieku  T2 rd

xeZ djus ij nkc P2 rFkk vk;ru V2 gks tkrk gSA bl izfØ;k esa fiLVu x nwjh r; djrk gSA fiLVu ,oa crZu ds e/; ?k"kZ.k

dks ux.; ekurs gq,] lgh dFku gS(gS)

(A) If V2 = 2V1 and T2 = 3T, then the energy stored in the spring is 11VP
4
1

(B) If V2 = 2V1 and T2 = 3T1, then the change in internal energy is 3P1V1

(C) If V2 = 3V1 and T2 = 4T1, then the work done by the gas is 11VP
3
7

(D) If V2 = 3V1 and T2 = 4T1, then the heat supplied to the gas is 11VP
6

17

(A) ;fn V2 = 2V1 rFkk T2 = 3T1 gS, rc fLiazx esa lafpr ÅtkZ 11VP
4
1

 gSA

(B) ;fn V2 = 2V1 rFkk T2 = 3T1 gS, rc vkUrfjd ÅtkZ esa ifjorZu 3P1V1 gSA

(C) ;fn V2 = 3V1 rFkk T2 = 4T1 gS, rc xSl }kjk fd;k x;k dk;Z 11VP
3
7

gSA

(D) ;fn V2 = 3V1 rFkk T2 = 4T1 gS, rc xSl dks nh x;h Å"ek 11VP
6

17
gSA

Ans. (A,B,C)

PHYSICS
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Sol.

(A) P = P1 + 
Kx
A

12 P
2
3P   x = 

A
V1

2
P3 1  = P1 + 

Kx
A

Kx = 
2
AP1

Energy of spring

2
1

 Kx2 =  x
4
AP1  = 1 1P V

4
 Ans. AA

(B) U = 
2
f

 (P2 V2 –P2 V1)

 = 3 P1V1 Ans. B

(C) Pf = 3
P4 1 KX = A

3
P1 X = 

A
V2 1

Wgas = – (WPatm
 + Wspring)

= (P1Ax + 
2
1

Kx.x)

= + 






 
A
V2.

3
AP.

2
1

A
V2.AP 111

1

= 2 P1 V1 + 3
VP 11  = 3

VP7 11

(D) Q = W + U

= 3
VP7 11  + 

2
3

  1122 VPVP 

= 2
3

3
VP7 11   






  1111 VPV3.P

3
4

= 3
VP7 11  + 11VP

2
9

= 6
VP41 11

PHYSICS
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11. A fission reaction is given by 236
92U   140

54 Xe  + 94
38Sr + x + y, where x and y are two particles. Considering

236
92U  to be at rest, the kinetic energies of the products are denoted by KXe, KSr, Kx (2MeV) and Ky (2MeV),

respectively. Let the binding energies per nucleon of 236
92U , 140

54 Xe  and 94
38Sr  be 7.5 MeV, 8.5 MeV and 8.5

MeV, respectively. Considering different conservation laws, the correct option(s) is(are)

,d fo[kaMu izfØ;k 236
92U   140

54 Xe  + 94
38Sr + x + y nh x;h gS] tgk¡ x rFkk y nks d.k gSA 236

92U  fojkekoLFkk esa gS rFkk mRiknksa

dh xfrt ÅtkZ, Øe'k% KXe, KSr, Kx (2MeV) rFkk Ky (2MeV) ls n'kkZ;h x;h gSA 236
92U , 140

54 Xe  rFkk 94
38Sr  dh izfr

U;fDYkvkWu ca/ku ÅtkZvksa dks Øe'k% 7.5 MeV,  8.5 MeV rFkk 8.5 MeV ysaA fofHkUu laj{k.k fu;eksa dk /;ku j[krs gq, lgh

fodYi gS ¼gSa½

(A) x = n, y = n, KSr = 129 MeV, KXe =  86 MeV
(B) x = p, y = e–, KSr = 129 MeV, KXe =  86 MeV
(C) x = p, y = n, KSr = 129 MeV, KXe =  86 MeV
(D) x = n, y = n, KSr = 86 MeV, KXe =  129 MeV

Ans. (A)

Sol.  yxSr 1
0

1
0

a
38

140
54

236
92

4 

x = y = n
Q = 236 × 7.5 – (140 × 8.5 + 94 × 8.5)
= 1770 – (1190 + 799)
= 219 MeV
In A and D energy and charge conservation is followed
So Q = Kxe + KSr + Kx  + Ky

= 129 + 86 + 4
= 219

In D,
pxe > pSr + px + py
so conservation of momentum will not hold

12. Two spheres P and Q of equal radii have densities 1  and 2 , respectively. The spheres are connected by a

massless string and placed in liquids L1 and L2 of densities 1  and 2  and viscosities 1  and 2 , respectively..
They float in equilibrium with the sphere P in L1 and sphere Q in L2 and the string being taut (see figure). If
sphere P alone in L2 has terminal velocity PV


 and Q alone in L1 has terminal velocity QV


, then

cjkcj f=kT;k okys nks xksyksa P rFkk Q ds ?kuRo Øe'k% 1  rFkk 2 gSA xksyksa dks ,d nzO;eku jfgr Mksjh ls tksM+dj 1 ,o 2

?kuRo okys rFkk 1  ,oa 2  ';kurk xq.kkdksa okys nzoksa L1 ,oa L2 esa Mkyk tkrk gSA lkE;koLFkk esa xksyk P nzo L1 esa rFkk Q nzo

L2 esa rSjrk gS rFkk Mksjh ruh jgrh gS ¼fp=k ns[ksa½A ;fn xksys P dks vyx ls L2 esa Mkyus ij mldk lhekar osx PV


 gksrk gS

vkSj xksys Q dk L1 esa vyx ls Mkyus ij lhekar osx QV


gS] rc

(A) 
P

1

2Q

V

V







 (B) 
P

2

1Q

V

V









(C) P QV .V 0
 

(D) P QV .V 0
 

Ans. (A,D)

PHYSICS
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Sol.

For floating rSjus ds fy,

(1 + 2)V = (1 + 2)V
1 + 2 = 1 + 2

since strings in taut so pqfd jLlh ruh gqbZ gS

1 < 1 2 > 2

VP  = 
2

2 1

2

r ( )g2
9

  


VQ = 1 2

1

( )g2
9

  


since 2 – 1 = –(1 – 2)

P 1

Q 2

V
V





0V.V QP 


 because VP and VQ are opposite

0V.V QP 


D;ksfd VP rFkk VQ  foifjr gS

13. In terms of potential difference V, electric current , permittivity 0 , permeability 0  and speed of light c, the

dimensionally correct equations(s) is(are)

foHkokUrj  V, fo|qr /kkjk , ijkoS|qrkad 0 , ikjxE;rk 0  rFkk izdk'k dh pky c dks feykdj foeh; :i ls lgh fodYi gS

¼gSa½

(A) 2 2
0 0V    (B) 0 0V    (C) 0V   (D) 0 0c V   

Ans. (A,C)

PHYSICS
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Sol. (A) Energy of inductor 2
2

02 ANM
2
1L

2
1




izsjdRo dh ÅtkZ

Energy of capacitor = 2
0

2 V
d
A

2
1CV

2
1



la/kkfj=k dh ÅtkZ

2
0

A



    & 2

0 V
d
A

   have same dimension leku foek gS

So blfy;s 0
2 & 0 V

2 have same dimension leku foek gS

(C) Q = CV

t
CV

t
Q



= t
VA

0




t
A


 have unit of speed pky dk ek=kd gS

So  = cV

14. Consider a uniform speherical charge distribution of radius R1 centred at the origin O. In this distribution, a
spherical cavity of radius R2, centred at P with distance OP = a = R1 – R2 (see figure) is made. If the electric

field inside the cavity at position r


 is E(r)
 

, then the correct statement(s) is(are)

(A) E


 is uniform, its magnitude is independent of R2 but its direction depends on r


(B) E


 is uniform, its magnitude independs of R2 and its direction depends on r


(C) E


 is uniform, its magnitude is independent of a but its direction depends on a


(D) E


 is uniform, and both its magnitude and direction depends on a


PHYSICS
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,d f=kT;k R1 rFkk ,d leku vkos'k ?kuRo dk xksykdj vkos'k ewy fcUnq O ij dsfUnzr gSA blesa ,d R2 f=kT;k rFkk P ij dsfUnzr

,d xksykdkj xqfgdk (cavity), tgk¡ OP = a = R1 – R2 gS] cukbZ tkrh gSA (fp=k ns[ksa)A ;fn xqfgdk ds vUnj fLFkfr r


 ij

fo|qr {ks=k E(r)
 

gS] rc lgh dFku gS (gSa)

(A) E


 ,d leku gS] bldk ifjek.k R2 ij fuHkZj ugha djrk gS ysfdu bldh fn'kk r

ij fuHkZj djrh gSA

(B) E


 ,d leku gS] bldk ifjek.k R2 ij fuHkZj djrk gS ysfdu bldh fn'kk r

ij fuHkZj djrh gSA

(C) E


 ,d leku gS] bldk ifjek.k a ij fuHkZj ugha djrk gS ysfdu bldh fn'kk a

ij fuHkZj djrh gSA

(D) E


 ,d leku gS] ,oa ifjek.k rFkk fn'kk nksuksa a

ij fuHkZj djrs gSaA

Ans. (D)
Electric field in cavity xqfgdk esa fo|qr {ks=k

E  = 
0

OP
3





OP = R1 –- R2

= 
0

a
3





PHYSICS
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15. In plotting stress versus strain curves for the materials P and Q, a student by mistake puts strain on the y-axis
and stress on the x-axis as shown in the figure. Then the correct statement(s) is(are)
inkFkksZ P rFkk Q, ds izfrcy&fodf̀r (stress-strain) xzkQ [khapus esa ,d Nk=k xyrh ls y-v{k ij fodf̀r rFkk x v{k ij izfrcy
n'kkZrk gSA rc lgh dFku ¼gSa½

(A) P has more tensile strength than Q
(B) P is more ductile than Q
(C) P is more brittle than Q
(D) The Young's modulus of P is more than that of Q.
(A) P dk ruu&lkeF;Z (tensile strength) Q ls vf/kd gSA

(B)  inkFkZ P inkFkZ Q ls vf/kd rU; (ductile) gSA
(C) inkFkZ P inkFkZ Q ls vf/kd Hkaxqj (brittle) gSA
(D) inkFkZ P dk ;ax izR;kLFkrk xq.kkad inkFkZ Q ds ;ax izR;kLFkrk xq.kkad ls vf/kd gSA

Ans (A,B)

Sol.

stress

Strain

Breaking stress of  P is more than Q so P is more ductile
P dk Hktu izfrcy Q ls vf/kd gS

strain fod`fr = 
1
Y

 stress izfrcy

Yp < YQ

16. A spherical body of radius R consists of a fluid of constant density and is in equilibrium under its own gravity.,
If P(r) is the pressure at r(r < R), then the correct option(s) is (are)
,d ,dleku ?kuRo ds rjy ds xksykdkj fiaM dh f=kT;k R gS rFkk ;g vius Lo;a ds xq:ro ds izHkko esa lkE;koLFkk esa gSA

;fn blds dsUnz ls nwjh r(r < R) ij nkc P(r) gS] rc lgh fodYi gS (gSa)
(A) P(r = 0) = 0

(B) 80
63

)3/R2r(P
)4/R3r(P





(C) 
P(r 3R / 5) 16
P(r 2R / 3) 21






(D) 
P(r R / 2) 20
P(r R /3) 27






Ans. (B,C)

PHYSICS
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Sol. Gravitative field at a distance r  r nwjh ij xq:Roh; {ks=k

= 2

3

r

r
3
4PG 

= 3
rG4 

Consider a small patch of width dr at a distance r

P + dP

P

r f=kT;k ij dr eksVkbZ ds vYika'k ij cy

– dP. A =  3
4

Gr  A dr. 





r

R

2P

O

rdr
3

G4dP

–P =  22
2

R–r
23

G4




P = 
2

2 22G R – r
3
   

   P = c(R2 – r2)

r = 
4
R3

P1 = 
2

2 9Rc R –
16

 
  
 

= c 
16
R7 2

r = 3
R2

P2 = c 










9
R4–R

2
2 = 

9
R5c

2

1

2

P 63
P 80



r = 9
R3

P3 = 





 22 R

25
9–Rc = 

25
R16c

2

r = 5
R2

R4 = 










25
R4–Rc

2
2

= 
25
R21c

2

4

3

P
P

 = 
21
16

r = R P5 = 










G
R–Rc

2
2

 = 
9
R3 2

r = 3
R

  P6 = 










9
R–Rc

2
2

 = 
9
R8 2

32
21

P
P

r

s 

PHYSICS
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SECTION – 3 : (Maximum Marks : 16)
 This section contains TWO paragraphs
 Based on each paragraph, there will be TWO questions.
 Each equation has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE  of these four

option(s) is(are) correct
 For each question, darken the bubble(s) corresponding to all the correct option(s) in the ORS
 Marking scheme :

+4  If only the bubble(s) corresponding to all the correct option(s) is(are) darkened
0    If none of the bubbles is darkened
–2  In all other cases

[kaM  3 : (vf/kdre vad : 16)
 bl [kaM esa nks vuqPNsn gSaA

 izR;sd vuqPNsn ij nks iz'u gaSA

 izR;sd iz'u esa pkj fodYi (A), (B), (C) rFkk (D) gSaA bu pkj fodYiksa esa ls ,d ;k ,d ls vf/kd fodYi lgh gSaA

 izR;sd iz'u ds fy,] lHkh lgh fodYi ¼fodYiksa½ ds vuq:i cqycqys ¼cqycqykas½ dks vks- vkj- ,l- esa dkyk djsaA

 vadu ;kstuk :
+4  ;fn flQZ lHkh lgh fodYi ¼fodYiksa½ ds vuq:i cqycqys ¼cqycqykas½ dks dkyk fd;k tk,A

0    ;fn dksbZ Hkh cqycqyk dkyk u fd;k gksA

–2   vU; lHkh voLFkkvksa esa

PARAGRAPH # 1
17 to 18
vuqPNsn # 1
17 ls 18

In a thin rectangular metallic strip a constant current  flows along the positive x-direction, as shown in the
figure. The length, width and thicknes of the strip are l, w and d, respectively.

A uniform magnetic field B


 is applied on the strip along the positive y-direction. Due to this, the charge carriers
experience a net deflection along the z-direction. This results in accumulation of charge carriers on the surface
PQRS and is appearance of equal and opposite charges on the face opposite to PQRS. A potential difference
along the z-direction is thus developed. Charge accumulation continues until the magnetic force is balanced
by the electric force. The current is assumed to be uniformly distributed on the cross section of the strip and
carried by electrons.
n'kkZ;s fp=kkuqlkj /kkrq dh ,d iryh vk;rkdkj iV~Vh esa ,dleku fo|qr /kkjk  /kukRed x-fn'kk esa izokfgr gks jgh gSA iV~Vh

dh yEckbZ] pkSM+kbZ rFkk eksVkbZ Øe'k% l, w rFkk d gSaA iV~Vh ij /kukRed y-fn'kk esa ,d ,dleku pqEcdh; B


 yxk;k x;k gSA

blds dkj.k vkos'kokgd z-fn'kk dh vksj fo{ksfir gksrs gSaA ifj.kker% lrg PQRS ij vkos'kokgdksa dk lap;u gksrk gS rFkk

PQRS ds lkeus ds Qyd ij cjkcj fdUrq foijhr vkos'k vk tkrk gSA ,d foHkkarj z-fn'kk ds lkFk bl izdkj fodflr gksrk

gSA vkos'k okgdksa dk ;g lap;u rc rd tkjh jgrk gS tc rd fd pqEcdh; cy] oS|qr cy ls lUrqfyr ugha gks tkrkA fo|qr

/kkjk dk izokg bysDVªkWuksa ds }kjk rFkk iV~Vh dh vuqizLFk dkV ij ,dleku gSA

PHYSICS
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17. Consider two different metallic strips (1 and 2) fo the same material. Their lengths are the same, width are w1

and w2 and thicknesses are d1 and d2, respectively. Two points K and M are symmetrically located on the
opposite faces parallel to the x-y plane (see figure). V1 and V2 are the potential differences between K and M
in strips 1 and 2, respectively. Then, for a given current  flowing through them in a given magnetic field strength
B, the correct statement(s) is (are)
(A) If w1 = w2 and d1 = 2d2, then V2 = 2V1 (B) If w1 = w2 and d1 = 2d2, then V2 = V1

(C) If w1 = 2w2 and d1 = d2, then V2 = 2V1 (D) If w1 = 2w2 and d1 = d2, then V2 = V1

,d gh pkyd (metallic) inkFkZ dh nks vyx&vyx ifV~V;ksa (1 rFkk 2) dks ysaA mudh yEckbZ;k¡ cjkcj gSa] pkSMkbZ;k¡ Øe'k%

w1 ,oa w2 rFkk eksVkbZ;k¡ Øe'k% d1 rFkk d2 gSaA nks fcUnq K rFkk M x-y ry ds lekUrj vkeus&lkeus ds Qydksa ij fLFkr gSaA

ifV~V;ksa 1 rFkk 2  esa K rFkk M ds chp foHkokUrj Øe'k% V1 rFkk V2 gSaA rc muesa cgus okyh ,d nh x;h fo|qr /kkjk  rFkk

,d nh x;h pqEcdh; {ks=k dh rhozrk B ds fy, lgh dFku gS ¼gSa½

(A) ;fn w1 = w2 rFkk d1 = 2d2, rc V2 = 2V1 (B) ;fn w1 = w2 rFkk d1 = 2d2, rc V2 = V1

(C) ;fn w1 = 2w2 rFkk d1 = d2, rc V2 = 2V1 (D) ;fn w1 = 2w2 rFkk d1 = d2, rc V2 = V1

Ans. (A, D)

Sol. q v B = m kq(V – V )
w

v velocity of electrons v bysDVªkWu dk osx

Vm – Vk = w v B.
I = neAv = ne(wd)v

wv
ned




m kV – V B
ned




(A) w1 = w2, d1 = 2d2  V2 = 2V1

(D) w1 = 2w2, d1 = d2  V1 = V2

18. Consider two different metallic strips (1 and 2) of same dimensions (length l, width w and thickness d) with
carrier densities n1 and n2, respectively. Strip 1 is placed in magnetic field B1 and strip 2 is placed in magnetic
field B2, both along positive y-directions. Then V1 and V2 are the potential differences developed between K and
M in strips 1 and 2, respectively. Assuming that the current  is the same for both the strips, the correct
option(s) is (are)
(A) If B1 = B2 and n1 = 2n2, then V2 = 2V1

(B) If B1 = B2 and n1 = 2n2, then V2 = V1

(C) If B1 = 2B2 and n1 = n2, then V2 = 0.5V1

(D) If B1 = 2B2 and n1 = n2, then V2 = V1

leku vkdkj (yEckbZ l, pkSM+kbZ w rFkk eksVkbZ d) dh vyx&vyx pkyd inkFkksZa dh nks ifV~V;ksa (1 rFkk 2) ftuds vkos'kokgdksa

ds ?kuRo Øe'k% n1 rFkk n2 gSa dks ysaA iV~Vh 1 dks pqEcdh; {ks=k B1 rFkk iV~Vh 2 dks pqEcdh; {ks=k B2 esa j[kk x;k gSA pqEcdh;

{ks=k B1 rFkk B2 /kukRed y-fn'kk esa gSaA rc ifV~V;ksa 1 rFkk 2 esa K rFkk M ds chp foHkokUrj Øe'k% V1 rFkk V2 gSaA nksuksa ifV~V;ksa

esa cgus okyh fo|qr /kkjk  dks leku ekurs gq, lgh fodYi gS ¼gSa½

(A) ;fn B1 = B2 rFkk n1 = 2n2, rc V2 = 2V1 gSA

(B) ;fn B1 = B2 rFkk n1 = 2n2, rc V2 = V1 gSA

(C) ;fn B1 = 2B2 rFkk n1 = n2, rc V2 = 0.5V1 gSA

(D) ;fn B1 = 2B2 rFkk n1 = n2, rc V2 = V1 gSA

Ans. (A, C)
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Sol. VM – VK = ned
BI

(A) n1 = 2n2   ;   B1 = B2  V2 = 2V1 (correct lR;)
(C) B1 = 2B2, n1 = n2

      V1 = 2V2  V2 = 0.5 V, correct  lR;

PARAGRAPH # 2
19 to 20
vuqPNsn # 2
19 ls 20

Light guidance in an optical f iber can be understood by considering a structure comprising of thin
solid glass cylinder of refractive index n1 surrounded by a medium of lower refractive index n2. The
light guidance in the structure takes place due to successive total internal reflections at the interface
of the media n1 and n2 as shown in the figure. All rays with the angle of incidence i less than a
particular value im are confined in the medium of refractive index n1. The numerical aperture (NA) of
the structure is defined as sin im.
,d izdk'kh; rarq e s a i zdk'k dk ifjogu ,d lajpuk ftles a n1 viorZukad okys dk¡p dk ,d iryk csyu

¼flfyaMj½ ,d mlls de viorZukad n2 okys ek/;e ls f?kjk gS }kjk le>k tk ldrk g SA bl lajpuk es a i zdk'k

dk ifjogu ek/;ek s a n1 rFkk n2 ds v ari` "B ij mÙkj k s Ùkj iw . k Z vk arfjd ij kor Zu }kj k gk sr k g S

¼fp=k ns[ks a½ A izdk'k dh os lHkh fdj.kk s a ftudk bl lajpuk ds fljs ij vkiru dks.k i dk eku ,d fof'k"B dks.k

im ls de gksrk gS lajpuk es a n1  viorZukad ds ek/;e es a jgrs gq, ifjogu dj ldrh gSA lajpuk dk la[;kRed

}kjd (numerical aperture) (NA) sin im  }kjk ifjHkkf"kr fd;k tkrk gSA

19. For two structures namely S1 with 4/45n1   and n2 = 3/2, and S2 with  n1 = 8/5 and n2 = 7/5 and taking the

refractive index of water to be 4/3 and that of air to be 1, the correct option(s) is (are)

(A) NA of S1 immersed in water is the same as that of S2 immersed in a liquid of refractive index 153
16

(B) NA of S1 immersed in liquid of refractive index 15
16

 is that as that of S2 immersed in water

(C) NA of S1 placed in air is the same as that of S2 immersed in liquid of refractive index 15
4

(D) NA of S1  placed in air is the same as that of S2 placed in water
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nks lajpuk,s a S1 ftles a 4/45n1   ,oa n2 = 3/2 gS rFkk S2 ftles a n1 = 8/5 ,oa n2 = 7/5 ys aA ikuh dk viorZukad

4/3 ,o a ok;q dk viorZukad 1 ysrs g q, lgh fodYi ¼gS a½

(A) S1 dh NA ikuh es a Mqckus ij ogh gS tks fd S2 dks 153
16

viorZukad okys nzo es a Mqckus ij g SA

(B) S1 dh NA 15
16

viorZukad okys nzo es a Mqckus ij ogh g S tk s fd S2 dks ikuh es a Mqckus ij gSA

(C) S1 dh NA  mls ok; q es a j[kus ij ogh g S tk s fd S2 dks 15
4

viorZukad okys nzo es a Mqckus ij g SA

(D) S1 dh NA mls ok; q es a j[kus ij ogh g S tk s fd S2 dks ikuh es a Mqckus ij gSA

Ans. (A,C)

Sol.
c

20 - c

im

n1

n2

ns sin im = n1 sin(90 – c)

sin c = 
1

2

n
n

Where ns : Refractive index of surroundings
tgk‰¡ ns :  okrkoj.k dk viorZukad gSA

NA = sin im = 
s

1

n
n

2
1

2
2

n
n

1  = 
sn

1
 2

2
2
1 nn 

For S1 in Air
gok esa S1 ds fy,

NA = 4
9

16
45

1
1

  = 
4
3

For S1 in  ns = 15
6

ns = 15
6

 esa S1 ds fy,

NA = 
6
15

 4
9

16
45

  = 
24
153

For S1 in water
ikuh esa S1 ds fy,

NA = 4
9

16
45

)3
4(
1

  = 
4
3 








4
3

 = 16
9

For S2 in Air
gok esa S2 ds fy,
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NA = 
1
1

 25
49

25
64

  = 
5
15

For S2 in water
ikuh esa S2 ds fy,

NA = 25
49

25
64

)3
4(
1

  = 
5
15

4
3

For S2 in ns = 153
16

ns = 153
16

 esa S2 ds fy,

NA = 
16

153
5
15

 = 16
9

For S2 sin ns = 15
4

ns = 15
4

 esa S2 ds fy,

NA = 
4
15

 25
49

25
64

  = 
5
15

4
15

 = 
4
3

20. If two structures of same cross-sectional area, but different numerical apertures NA1 and NA2
(NA2 < NA1) are joined longitudinally, the numerical aperture of the combined structure is
; fn cj kcj  vu qi z LF k  dkV { k s = kQYk  o kyh ijUr q  vyx&vyx l a[; kRed }kjd NA1 rFk k NA2

(NA2 < NA1) okyh nks lajpukvks a dks vuqnS/;Z :i es a ,d nwljs ls tk sM+k tkrk gSA la;qä la;kstu dk la[;kRed

}kjd gSA

(A) 
21

21

NANA
NANA
 (B) NA1 + NA2 (C) NA1 (D) NA2

Ans. (D)

Sol.

NA = 
2
2

2
1

s
nn

n
1



NA2 < NA1
Therefore the numerical aperture of combined structure is equal to the lesser of the two numerical aperture,
which is NA2

blfy;s la;qDr la;kstu dk la[;kRed }kjd] nksuksa la[;kRed }kjdksa esa ls de okys ds cjkcj gksxkA tksfd NA2  gSA
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PART - II : CHEMISTRY
Atomic masses : [H = 1, D = 2, Li = 7, C = 12, N = 14, O = 16, F = 19, Na = 23, Mg = 24, Al = 27,
Si = 28,  P = 31, S = 32, Cl = 35.5,  K = 39, Ca = 40, Cr = 52,  Mn = 55, Fe = 56, Cu = 63.5,  Zn = 65,
As = 75,  Br = 80, Ag = 108, I = 127,  Ba = 137, Hg = 200, Pb = 207]

SECTION – 1 : (Maximum Marks : 32)
 This section contains EIGHT questions.
 The answer to each question is a SINGLE DIGIT INTEGER ranging from 0 to 9, both inclusive.
 For each question, darken the bubble corresponding to the correct integer in the ORS.
 Marking scheme :

+4  If the bubble corresponding to the answer is darkened
0    In all other cases

[kaM  1 : (vf/kdre vad : 32)
 bl [kaM esa vkB iz'u gSaA

 izR;sd iz'u dk mÙkj 0 ls 9 rd, nksuksa 'kkfey] ds chp dk ,d ,dy vadh; iw.kk±d gSA

 izR;sd iz'u esa] vks- vkj- ,l- ij lgh iw.kk±d ds vuq:i cqycqys dks dkyk djsaA

 vadu ;kstuk :
+4  ;fn mÙkj ds vuq:i cqycqys dks dkyk fd;k tk,A

0    vU; lHkh voLFkkvksa esa

21. In the complex acetylbromidodicarbonylbis(triethylphosphine)iron(II), the number of Fe–C bond(s) is
ladqy acetylbromidodicarbonylbis(triethylphosphine)iron(II) esa Fe–C ca/k ¼ca/kks a½ dh la[;k gS

Ans. 3
Sol. [Fe(CH3CO)Br(CO)2{P(C2H5)3}2]

 Ligand   One Fe–C bond

 fyxs.M  ,d Fe–C cU/k

CO  Ligand  two Fe–C bond

CO fyxs.M   nks Fe–C cU/k

22. Among the complex ions, [Co(NH2–CH2–CH2–NH2)2Cl2]+, [CrCl2(C2O4)2]3–, [Fe(H2O)4(OH)2]+,
[Fe(NH3)2(CN)4]–, [Co(NH2–CH2–CH2–NH2)2 (NH3)Cl]2+ and [Co(NH3)4(H2O)Cl ]2+, the number of complex ion(s)
that show(s) cis-trans isomerism is
fn;s x;s ladqy vk;uks a] [Co(NH2–CH2–CH2–NH2)2Cl2]+, [CrCl2(C2O4)2]3–, [Fe(H2O)4(OH)2]+, [Fe(NH3)2(CN)4],
[Co(NH2–CH2–CH2–NH2)2 (NH3)Cl]2+ rFkk [Co(NH3)4(H2O)Cl ]2+, esa ladqy vk;u ¼vk;uksa½ dh la[;k tks lei{k&foi{k

(cis-trans) leko;ork n'kkZrs gS ¼gSa½

Ans. (6)
Sol. All the complexes given show cis-trans isomerism

fn, x;s lHkh ladqy lei{k&foi{k leko;ork n'kkZrs gSA

CHEMISTRY
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[Co(NH2–CH2–CH2–NH2)Cl2]
+ [(CrCl2(C2O4)2]

3–

  

[Fe(H2O)4(OH)2]
+ [Fe(NH3)2(CN)4]

–

         

[Co(NH2–CH2–CH2–NH2)2(NH3)Cl]2+ (CO(NH3)4(H2O)Cl]2+

23. Three moles of B2H6 are completely reacted with methanol. The number of moles of boron containing
product formed is
rhu eksy (moles) B2H6 dh esFksuky ds lkFk lEiw.kZ vfHkfØ;k gksrh gSA cus gq;s cksjku vUrfoZ"V mRikn ds eksyksa dh la[;k

gS

Ans. 6

Sol. B2H6 + 6CH3OH 2B (OCH3)3 + 6H2
For 3 moles of B2H6 mole of B containing product formed = 6
3 eksy B2H6 ds fy, B ;qDr fufeZr mRikn ds eksy = 6

24. The molar conductivity of a solution of a weak acid HX (0.01 M) is 10 times smaller than the molar

conductivity of a solution of a weak acid HY (0.10 M). If – –
0 0
X Y

   , the difference in their pKa values,

pKa (HX) – pKa (HY), is (consider degree of ionization of both acids to be <<1)
,d nqcZy vEy HX (0.01 M) ds foy;u dh eksyj pkydrk (molar conductivity) ,d nwljs nqcZy vEy HY

(0.10 M) ds foy;u dh eksyj pkydrk ls 10 xquk de gSA ;fn – –
0 0
X Y

   , rc buds pKa dk vUrj]

pKa (HX) – pKa (HY), gS (nksuks a vEyksa ds vk;uhdj.k dh ek=kk (degree of ionization) <<1)
Ans. 3

Sol.
X Y
 
  

  H X H Y
   
            HX HY

    (1)

Also
m

m


   = , So m (HX) = m

  1 and m (HY) = m
  2

(Where 1 and 2are degrees of dissociation of HX and HY respectively.)
Now, Given that

CHEMISTRY
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m (HY) = 10 m (HX).

 m
  2 =10 × m

  1

      2  = 10 1 (2)

Ka = 
2C

1–



, but  << 1, therefore Ka = C2 .

 a

a

K (HX)
K (HY)

=
2
1

2
2

0.01
0.1


 = 

0.01
0.1  × 

21
10
 
 
 

= 
1

1000
.

 log (Ka (HX)) – log (Ka (HY)) = –3.

 pKa (HX) – pKa (HY) = 3.

gy%
X Y
 
  

  H X H Y
   
         

  HX HY
    (1)

vc]
m

m


    = , vr% m (HX) = m

  1 rFkk m (HY) = m
  2

(tgk¡ 1 rFkk 2Øe'k% HX rFkk HY ds fo;kstu dh ek=kk,sa gSA)
vc, fn;k gS] fd

m (HY) = 10 m (HX).

 m
  2 =10 × m

  1

      2  = 10 1 (2)

Ka = 
2C

1–



, ysfdu  << 1, bl izdkj Ka = C2 .

 a

a

K (HX)
K (HY)

=
2
1

2
2

0.01
0.1


 = 

0.01
0.1  × 

21
10
 
 
 

= 
1

1000
.

 log (Ka (HX)) – log (Ka (HY)) = –3.

 pKa (HX) – pKa (HY) = 3.

25. A closed vessel with rigid walls contains 1 mol of 238
92U  and 1 mol of air at 298 K. Considering complete

decay of 238
92U  to 206

82Pb , the ratio of the final pressure to the initial pressure of the system at 298 K is

,d n`<+ nhokjks a okys ca/k ik=k esa 298 K ij 1 eksy 
238
92U  rFkk 1 eksy ok;q varfoZ"V gSaA ;fn 

238
92U  dk 

206
82Pb esa iw.kZ

{k; gks] rc 298 K ij fudk; ds vfUre nkc rFkk izkjafHkd nkc dk vuqikr gS

Ans. 9
Sol. Initial moles of  gases = 1

238 206 4
92 82 2 1U Pb 8 He 6 e   

 Inital moles 1 moles
Moles after    8 mole
decompostion
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Total gaseous moles after decompostion = 8 + 1 = 9 moles

Ratio of pressures 
f f

i i

P n 9
P n

 

xSlks a ds izkjfEHkd eksy = 1
238 206 4

92 82 2 1U Pb 8 He 6 e   
 izkjfEHkd eksy 1 eksy
fo?kVu ds i'pkr      8 eksy
eksy

fo?kVu ds i'pkr dqy xSlh; eksy = 8 + 1 = 9  eksy

nkc dk vuqikr  
f f

i i

P n 9
P n

 

26. In dilute aqueous H2SO4, the complex diaquodioxalatoferrate(II) is oxidized by –
4MnO . For this reaction, the

ratio of the rate of change of [H+] to the rate of change of ]MnO[ –
4  is

ruq tyh; H2SO4 esa ladqy Mkb,DokMkbvkWDlSysVksQsjsV(II) (diaquodioxalatoferrate(II)) –
4MnO  }kjk vkWDlhÑr gksrk gSA

bl vfHkfØ;k esa [H+] ds ifjorZu dh nj rFkk ]MnO[ –
4  ds ifjorZu dh nj dk vuqikr gS

Ans. 8
Sol. 8H+   + MnO4

–   +  [Fe(H2O)2 (OX)2]
2–      Mn2+  + Fe3+  + 4CO2   +  6H2O

4

rate of change of [H ] 8
rate of change of [MnO ]



    
4

[H ]
8

[MnO ]






ds ifjorZu dh nj

ds ifjorZu dh nj 

27. The number of hydroxyl group(s) in Q is
mRikn (products) Q esa gkbMªkfDly lewg@lewgksa (hydroxyl group(s)) dh la[;k gS

 heat
H+

 P 
0°C
aqueous dilute KMNO  (excess)4

 Q

Ans. (4)

Sol.     

CHEMISTRY
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gy-

28. Among the following the number of reaction(s) that produce(s) benzaldehyde is
fuEufyf[kr esa csUtkYMhgkbM (benzaldehyde) dk mRikn djus okyh vfHkfØ;k ¼vfHkfØ;kvksa½ dh l[a;k gS

I. Anhydrous AlCl /CuCl3

CO, HCl

II.
CHCl2 H O2

100°C

III.
COCl H2

Pd-BaSO4

IV.
CO Me2

H O2

Toluene, –78°C

DIBAL-H

Ans. 4

Sol. (I)  

(II)    

(III)

CHEMISTRY
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(IV)

gy- (I)  (II)    

(III) (IV)

SECTION – 2 : (Maximum Marks : 32)

 This section contains EIGHT questions.
 Each question has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE  of these four

option(s) is(are) correct.
 For each question, darken the bubble(s) corresponding to all the correct option(s) in the ORS.
 Marking scheme :

+4  If only the bubble(s) corresponding to all the correct option(s) is(are) darkened
0    If none of the bubbles is darkened
–2  In all other cases

[kaM  2 : (vf/kdre vad : 32)
 bl [kaM esa vkB iz'u gSaA

 izR;sd iz'u esa pkj fodYi (A), (B), (C) rFkk (D) gSaA bu pkj fodYiksa esa ls ,d ;k ,d ls vf/kd fodYi lgh gSaA

 izR;sd iz'u esa] lHkh lgh fodYi ¼fodYiksa½ ds vuq:i cqycqys ¼cqycqykas½ dks vks- vkj- ,l- esa dkyk djsaA

 vadu ;kstuk :
+4  ;fn flQZ lHkh lgh fodYi ¼fodYiksa½ ds vuq:i cqycqys ¼cqycqykas½ dks dkyk fd;k tk,A

0    ;fn dksbZ Hkh cqycqyk dkyk u fd;k gksA

–2   vU; lHkh voLFkkvksa esa

29. Under hydrolytic conditions, the compounds used for preparation of linear polymer and for chain termination,
respectively, are
(A) CH3SiCI3 and Si(CH3)4 (B) (CH3)2SiCI2 and (CH3)3SiCI
(C) (CH3)SiCl2 and CH3SiCl3 (D) SiCl4 and (CH3)3SiCl
ty&vi?kVuh; voLFkk esa] Ja`[kyk cgqyd ds fojpu (preparation) rFkk Ja`[kyk lekiu ds fy, ftu ;kSfxdksa dk mi;ksx

gksrk gS] og Øekuqlkj] gSa

(A) CH3SiCI3 rFkk Si(CH3)4 (B) (CH3)2SiCI2 rFkk (CH3)3SiCI
(C) (CH3)SiCl2 rFkk CH3SiCl3 (D) SiCl4 rFkk (CH3)3SiCl

CHEMISTRY
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Ans. (B)
Sol. For linear polymer, we need R2SiCl2 and for termination, we need R3SiCl.
gy% js[kh; cgqyd ds fy, gesa R2SiCl2 dh vko';drk gksrh gS] rFkk J`a[kyk lekiu ds fy, gesa R3SiCl dh vko';drk gksrh gSA

30. When O2 is adsorbed on a metallic surface, electron transfer occurs from the metal to O2. The TRUE
statement(s) regarding this adsorption is(are)
(A) O2 is physisorbed (B) heat is released

(C) occupancy of *
p2  of O2 is increased (D) bond length of O2 is increased

,d /kkrq i`"B ij O2 dk vf/k'kks"k.k (adsorbed) gksus ij /kkrq ls O2 dks bysDVªkWu LFkkukUrj.k (electron transfer) gksrk gSA
bl vf/k'kks"k.k ds ckjs esa lgh fodYi@fodYiksa gS ¼gS½

(A) O2 dk HkkSfrd vf/k'kks"k.k gksrk gSA (B) Å"ek fudyrh gSA

(C) O2 esa 
*
p2  dk v/;kokl (occupancy) c<+rk gSA (D) O2 dh vkcU/k yEckbZ (bond length) c<+rh gSA

Ans. (A)

Sol.

CHEMISTRY
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31. One mole of a monoatomic real gas satisfies the equation p(V – b) = RT where b is a constant.
The relationship of interatomic potential V(r) and interatomic distance r for the gas is given by
,d eksy ,dijek.kqd okLrfod xSl lehdj.k p(V – b) = RT dks lUrq"V djrh gS] tgk¡ b ,d fu;rkad gSA bl xSl ds

varjkijek.kqd (interatomic) foHko (potential) V(r) rFkk vUrjkijek.kqd nwjh r ds chp dk lEcU/k gSA

(A) (B) 0

V(r)

r

(C) 0

V(r)

r
(D) 0

V(r)

r

Ans. (C)
Sol.       P(V–b) = RT

   PV – Pb  =  RT    
PV Pb 1
RT RT

 

Z = 
Pb1
RT



Hence Z > 1  at all pressures.
This means , repulsive tendencies will be dominant when interatomic distance are small.
This means, interatomic potential is never negative but becomes positive at  small interatomic distances.
Hence answer is (C)
P(V–b) = RT

   PV – Pb  =  RT    
PV Pb 1
RT RT

 

Z = 
Pb1
RT



vr% lHkh nkcksa ij  Z > 1  gSA
vFkkZr~ izfrd"kZ.k izo`fr izHkkoh gksxh tc vUrjijek.oh; nwjh de gksrh gSA

vFkkZr~ vUrjijek.oh; foHko dHkh Hkh _.kkRed ugh gksrk gS ysfdu de vUrjijek.oh; nwjh;ksa ij /kukRed gks tkrk gSA

vr% mÙkj (C) gSA

CHEMISTRY
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32. In the following reactions, the product S is
fuEufyf[kr vfHkfØ;kvksa esa mRikn S gS

H C3

 OH Zn, .ii
O .i

2

3   R   3NH  S

(A) 
H C3 N

(B) 
H C3 N

(C) 
H C3

N
(D) 

N

H C3

Ans. (A)

Sol.

Sol.

33. The major product U in the following reactions is
fuEufyf[kr vfHkfØ;kvksa esa eq[; mRikn U gS

 
heat pressure, high

H ,CH–CHCH 32  
  T   2O  initiator,  radical  U

(A) 

O
O
H

CH3

(B) O

CH3H3C
O

H (C) 

O
O
H

CH2

(D) 

CH2

O H
O

Ans. (B)

CHEMISTRY
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Sol.

gy

34. In the following reactions, the major product W is
fuEufyf[kr vfHkfØ;kvksa esa eq[; mRikn W gS

NH2

 Cº0
HCl ,NaNO2    V 

OH
, NaOH

 W

(A) N=N OH (B) N=N

OH

(C) N=N

OH

(D) N=N

HO

Ans. (A)

Sol.

CHEMISTRY
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35. The correct statement(s) regarding, (i) HClO, (ii) HClO2, (iii) HClO3 and (iv) HClO4 is(are)
(A) The number of Cl=O bonds in (ii) and (iii) together is two
(B) The number of lone pairs of electrons on Cl in (ii) and (iii) together is three
(C) The hybridization of Cl in (iv) is sp3

(D) Amongst (i) to (iv), the strongest acid is (i)

(i) HClO, (ii) HClO2, (iii) HClO3 rFkk (iv) HClO4 ds lanHkZ esa lgh fodYi@fodYiksa gS ¼gSa½

(A) (ii) rFkk (iii) esa Cl=O ca/kksa dh la[;k tksM+dj nks gSaA

(B) (ii) rFkk (iii) esa Cl ij ,dkdh ;qXe bysDVªkWuksa (lone pairs of electrons) dh la[;k tksM+dj rhu gSaA

(C) (iv) esa Cl dk ladj.k sp3 gSA

(D) (i) ls (iv) esa lcls izcy vEy (i) gSA
Ans. (BC)
Sol.

  

    (i)           (ii)                    (iii)        (iv)
* Number of lone pairs on Cl in (ii) & (iii) together is 3
* Hybridisation of Cl in (iv) is sp3

* Strongest acid is HClO4  (iv)

gy%

    (i)           (ii)                    (iii)        (iv)
*  (ii) rFkk (iii) nksuks esa Cl ij ,dkdh ;qXeksa dh la[;k 3 gSaA
* (iv) esa Cl dk ladj.k sp3 gSA

*  izcyre vEy HClO4  (iv) gSA

36. The pair(s) of ions where BOTH the ions are precipitated upon passing H2S gas in presence of dilute HCl,
is(are)
vk;u ;qXe] tgk¡ nksuksa vk;u ruq HCl dh mifLFkr esa H2S xSl izokfgr djus ij vo{ksfir (precipitate) gksrs gSa] gS ¼gSa½
(A) Ba2+, Zn2+ (B) Bi3+, Fe3+ (C) Cu2+, Pb2+ (D) Hg2+, Bi3+

Ans. (CD)
Sol. Precipitate is formed on passing H2S in acidic medium i.e. ion must be of group II.

Cu2+ , Pb2+ , Hg2+ , Bi3+

gy% vEyh; ek/;e esa H2S izokfgr djus ij vo{ksi fufeZr gksrk gS] vFkkZr~ vk;u f}rh; lewg ds gksus pkfg,A

Cu2+ , Pb2+ , Hg2+ , Bi3+

CHEMISTRY
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SECTION – 3 : (Maximum Marks : 16)
 This section contains TWO paragraphs.
 Based on each paragraph, there will be TWO questions.
 Each equation has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE  of these four

option(s) is(are) correct.
 For each question, darken the bubble(s) corresponding to all the correct option(s) in the ORS.
 Marking scheme :

+4  If only the bubble(s) corresponding to all the correct option(s) is(are) darkened
0    If none of the bubbles is darkened
–2  In all other cases

[kaM  3 : (vf/kdre vad : 16)
 bl [kaM esa nks vuqPNsn gSaA

 izR;sd vuqPNsn ij nks iz'u gaSA

 izR;sd iz'u esa pkj fodYi (A), (B), (C) rFkk (D) gSaA bu pkj fodYiksa esa ls ,d ;k ,d ls vf/kd fodYi lgh gSaA

 izR;sd iz'u ds fy,] lHkh lgh fodYi ¼fodYiksa½ ds vuq:i cqycqys ¼cqycqykas½ dks vks- vkj- ,l- esa dkyk djsaA

 vadu ;kstuk :
+4  ;fn flQZ lHkh lgh fodYi ¼fodYiksa½ ds vuq:i cqycqys ¼cqycqykas½ dks dkyk fd;k tk,A

0    ;fn dksbZ Hkh cqycqyk dkyk u fd;k gksA

–2   vU; lHkh voLFkkvksa esa

PARAGRAPH – 1
vuqPNsn – 1

In the following reactions :
fuEufyf[kr vfHkfØ;kvksa esa

C H8 6

Pd-BaSO4

H2

C H8 8

i. B H2 6

ii. H O , NaOH, H O2 2 2

X

H O
HgSO , H SO

2

4 2 4

C H O8 8

i. EtMgBr, H O2

ii. H , heat+ Y

37. Compound X is
;kSfxd X gS

(A) 

O

CH3 (B) 

OH

CH3 (C) 

OH

(D) 
CHO

Ans. (C)

CHEMISTRY
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38. The major compound Y is
eq[; ;kSfxd Y gS

(A) 
CH3 (B) 

CH3

(C) 

CH3

CH2

(D) CH3

CH3

Ans. (D)

Sol.

Sol.

PARAGRAPH – 2
vuqPNsn – 2

When 100 mL of 1.0 M HCl was mixed with 100 mL of 1.0 M NaOH in an insulated beaker at constant
pressure, a temperature increase of 5.7 ºC was measured for the beaker and its contents (Expt. 1). Because
the enthalpy of neutralization of a strong acid with a strong base is a constant (–57.0 kJ mol–1), this experiment
could be used to measure the calorimeter constant. In a second experiment (Expt. 2), 100 mL of 2.0 M acetic
acid (Ka = 2.0 × 10–5) was mixed with 100 mL of 1.0 M NaOH (under identical conditions to Expt. 1) where a
temperature rise of 5.6 ºC was measured.

CHEMISTRY
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(Consider heat capacity of all solutions as 4.2 J g–1 K–1 and density of all solutions as 1.0 g mL–1)
fLFkj nkc ij ,d Å"ekjks/kh chdj (insulated beaker) esa 100 mL HCl (1.0 M) dks 100 mL NaOH (1.0 M) ds lkFk fefJr

djus ij chdj rFkk mldh vUroZLrqvksa dk rkieku 5.7 ºC c< tkrk gS (iz;ksx 1)A izcy vEy ds lkFk izcy {kkjd dh

mnklhuhdj.k (neutralization) ,sUFkSYih ,d fu;rkad (–57.0 kJ mol–1) gksus ds dkj.k bl iz;ksx dk mi;ksx dSyksjhehVj

fLFkjkad (calorimeter constant) dks ekius esa fd;k tk ldrk gSA ,d nwljs iz;ksx ¼iz;ksx 2) esa 100 mL ,slhfVd vEy

(2.0 M, Ka = 2.0 × 10–5) dks 100 mL NaOH (1.0 M) ds lkFk fefJr djus ij (iz;ksx 1 dh le:i voLFkk esa) 5.6 ºC
rkieku o`f) ekfir dh x;hA

(lHkh foy;uksa dh Å"ek /kkfjrk 4.2 J g–1 K–1 rFkk lHkh foy;uksa dk ?kuRo 1.0 g mL–1  gS)

39. Enthalpy of dissociation (in kJ mol–1) of acetic acid obtained from the Expt. 2 is
iz;ksx 2 ls izkIr ,slhfVd vEy dh fo;kstu ,sUFkSYih (dissociation enthalpy) (kJ mol–1 esa)  gS
(A) 1.0 (B) 10.0 (C) 24.5 (D) 51.4

Ans. (A)
Sol.     Let the heat capacity of insulated beaker be C.

Mass of aqueous content in expt. 1 = (100 + 100) × 1
= 200 g

 Total heat capacity = (C + 200 × 4.2) J/K
Moles of acid, base neutralised in expt. 1 = 0.1 × 1 = 0.1
Heat released in expt. 1 = 0.1 × 57 = 5.7 KJ
5.7 × 1000 = (C + 200 × 4.2) × T.
   5.7 × 1000 = (C + 200 + 4.2) × 5.7
(C + 200 × 4.2) = 1000
In second experiment,

3CH COOH NaOHn 0.2, n 0.1 

Total mass of aqueous content = 200 g
Total heat capacity = (C + 200 × 4.2) = 1000
Heat released = 1000 × 5.6 = 5600 J.
Overall, only 0.1 mol of CH3COOH undergo neutralization.

Hneutralization of CH3COOH = 
5600
0.1


 = – 56000 J/mol

     = – 56 KJ/mol.
Hionization of CH3COOH = 57 – 56 = 1 KJ/mol

gy :     ekuk fd Å"ekjks/kh chdj dh Å"ek/kkfjrk C gSA
iz;ksx izFke esa tyh; ?kVd dk nzO;eku = (100 + 100) × 1

= 200 g
 dqy Å"ek /kkfjrk = (C + 200 × 4.2) J/K
iz;ksx izFke esa mnklhuhdj.k gksus okys vEy] {kkj ds eksyksa dh la[;k = 0.1 × 1 = 0.1
iz;ksx izFke esa eqDr Å"ek 1 = 0.1 × 57 = 5.7 KJ
5.7 × 1000 = (C + 200 × 4.2) × T.
   5.7 × 1000 = (C + 200 + 4.2) × 5.7
(C + 200 × 4.2) = 1000
f}rh; iz;ksx esa]

3CH COOH NaOHn 0.2, n 0.1 

tyh; ?kVd dk dqy nzO;eku = 200 g

CHEMISTRY
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dqy Å"ek /kkfjrk = (C + 200 × 4.2) = 1000
eqDr Å"ek = 1000 × 5.6 = 5600 J.
dsoy CH3COOH ds 0.1 eksy dk mnklhuhdj.k gksrk gSA

H
mnklhuhdj.k

 CH3COOH = 
5600
0.1


 = – 56000 J/mol

     = – 56 KJ/mol.
H

vk;uu
 CH3COOH = 57 – 56 = 1 KJ/mol

40. The pH of the solution after Expt. 2 is
iz;ksx 2 ds i'pkr foy;u dk pH gS

(A) 2.8 (B) 4.7 (C) 5.0 (D) 7.0
Ans. (B)
Sol. Final solution contain 0.1 mole of CH3COOH  and CH3COONa each.

Hence it is a buffer solution.

pH =  pKa   + 3

3

[CH COO ]log
[CH COOH]



= 5–log 2   +  log
0.1
0.1

   = 4.7

vfUre foy;u CH3COOH rFkk CH3COONa  izR;sd ds 0.1 eksy ;qDr gSA

vr% ;g ,d cQj foy;u gS

pH =  pKa   + 3

3

[CH COO ]log
[CH COOH]



= 5–log 2   +  log
0.1
0.1

   = 4.7

CHEMISTRY
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PART - III : MATHEMATICS

SECTION – 1 : (Maximum Marks : 32)
 This section contains EIGHT questions
 The answer to each question is a SINGLE DIGIT INTEGER ranging from 0 to 9, both inclusive
 For each question, darken the bubble corresponding to the correct integer in the ORS
 Marking scheme :

+4  If the bubble corresponding to the answer is darkened
0    In all other cases

[kaM  1 : (vf/kdre vad : 32)
 bl [kaM esa vkB iz'u gSaA

 izR;sd iz'u dk mÙkj 0 ls 9 rd, nksuksa 'kkfey] ds chp dk ,d ,dy vadh; iw.kk±d gSA

 izR;sd iz'u esa] vks- vkj- ,l- ij lgh iw.kk±d ds vuq:i cqycqys dks dkyk djsaA

 vadu ;kstuk :
+4  ;fn mÙkj ds vuq:i cqycqys dks dkyk fd;k tk,A

0    vU; lHkh voLFkkvksa esa

41. The coefficient of x9 in the expansion of (1 + x) (1 + x2) (1 + x3) ......(1 + x100) is
(1 + x) (1 + x2) (1 + x3) ......(1 + x100) ds foLrkj esa x9 ds xq.kkad dk eku gS

Ans. 8
Sol. 9 = (0, 9) (1, 8), (2, 7), (3, 6), (4, 5) # 5 cases

9 = (1,2,6), (1,3,5), (2, 3, 4) #  3 cases
total = 8

42. Suppose that the foci of the ellipse 
5
y

9
x 22

  = 1 are (f1, 0) and (f2, 0) where f1 > 0 and f2 < 0. Let P1 and

P2 be two parabolas with a common vertex at (0, 0) and with foci at (f1, 0) and (2f2, 0), respectively. Let T1
be a tangent to P1 which passes through (2f2, 0) and T2 be a tangent to P2 which passes through (f1,0). If

m1 is the slope of T1 and m2 is the slope of T2, then the value of 










 2

22
1

m
m
1  is.

ekuk fd nh?kZ o`Ùk 
5
y

9
x 22

  = 1 dh ukfHk;k¡ (foci) (f1, 0) vkSj (f2, 0) gS] tgk¡ f1 > 0 vkSj f2 < 0 gSA ekuk fd P1 ,oa  P2

nks ijoy; (parabola) gS ftudh ukfHk;k¡ Øe'k% (f1, 0) rFkk (2f2, 0) gSa rFkk nksuksa ds 'kh"kZ (vertex) (0, 0) gSA ekuk fd P1

dh Li'kZ js[kk T1 fcUnq (2f2, 0) ls] ,oa P2 dh Li'kZ js[kk T2 fcUnq (f1, 0) ls xqtjrh gSaA ;fn T1 dh ço.krk (slope) m1 gks]

gks vkSj T2 dh ço.krk m2 gks] rc 









 2

22
1

m
m
1

 dk eku gS

Ans. 4

Sol. e2 = 1 – 
2

2
b 5 41

9 9a
  

e = 
2
3 focii ukfHk;k¡  (2, 0) (–2, 0)

p1 : y2 = 8x,

MATHEMATICS
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y = m1x + 
1

2
m

0 = –4m1 + 
1

2
m

 2
14m 2

 m1 = ±
1
2

p2 : y2 = –16x

 y = m2x 
2

4
m



 0 = 2
2

42m
m



 2
22m 4

2
22

1

1 m 2 2 4
m

   

43. Let m and n be two positive integers greater than 1. If 
ncos( )

m0

e – e elim –
2





           
, then the value of 

n
m

 is

ekuk fd nks /kukRed iw.kk±d m vkSj n ,d (1) ls cM+s gSa (greater than 1) A ;fn 
ncos( )

m0

e – e elim –
2





           
, rc 

n
m

 dk eku

gS

Ans. 2
Sol.  m  2 and vkSj n  2

= 

ncos(a ) 1 n 2n

n n 2 ma 0

e(e 1) cos(a ) 1 alim
(cos(a ) 1) (a ) a





  
     

= 

ncos(a ) 1 n
2n m

n 2na 0 a 0 a 0

e 1) cos(a ) 1e lim lim lim a
cos(a ) 1) a




  

             

= e × 1 × 2n m
a 0

1 lim a
2




 

Now a 0
lim
 a2n–m must be equal to 1. vc a 0

lim
 a2n–m dk eku 1 gksuk pkfg,

i.e. vFkkZr, 2n – m = 0

m 2
n


MATHEMATICS
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44. If   =  


















 

1

0
2

2
xtan3x9 dx

x1
x912e

1–
 where tan–1 x takes only principal values, then the value of







 


4

3–|1|loge  is

;fn  =  


















 

1

0
2

2
xtan3x9 dx

x1
x912e

1–
tgk¡ tan–1 x dsoy eq[; ekuks a (principal values) dks ysrk gS] rc








 


4
3–|1|loge  dk eku gS

Ans. 9

Sol. = 
















2

21

0

xtan3x9

x1
x912.e

1
dx

  = 
1

0

xtan3x9 1
e 





 

  = 1e 4
39






 n (1 + ) = 9 + 
4

3

Alter :

 = 
1

1 2
(9x 3 tan x)

2
0

12 9xe dx
1 x

  
   


Let ekuk 9x + 3tan–1x = t

 2
39 dx dt

1 x
    


2

2
12 9x dx dt

1 x

 
   

  =  
9 3 / 4

9 3 / 4t t
0

0

e dt e
 

 
  = e9+3/4 – 1

Now vc loge|1 + | – 3/4 = logee
(9+3/4) –3/4 = 9

45. Let f: R  R be a continuous odd function, which vanishes exactly at one point and f(1) = 
2
1

. Suppose

that F(x) = 
x

1–

dt)t(f  for all x  [–1, 2] and G(x) = dt|))t(f(f|t
x

1–
  for all x  [–1, 2]. If 14

1
)x(G
)x(Flim

1x



, then

the value of f 







2
1

 is.
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ekuk fd f: R  R ,d larr fo"ke Qyu gS ftldk eku dsoy ,d fcUnq ij gh 'kwU; gksrk gS rFkk f(1) = 
2
1

 gSA ekuk fd

lHkh x  [–1, 2] ds fy, F(x) = 
x

1–

dt)t(f  ,oa lHkh x  [–1, 2] ds fy, G(x)= dt|))t(f(f|t
x

1–
  gSA ;fn 14

1
)x(G
)x(Flim

1x



gS]

rc f 







2
1

 dk eku gS

Ans. 7

Sol. F(x) =  


x

1

x

1

dt)t(fdt)t(f

G(x) = 

x

1
 t|f(f(t))|dt = 

x

1
 t|f(f(t))|dt

)x(G
)x(Flim

1x

L' hospitals (L' gkWfLiVy)   x 1

f(x) 1lim
14x | f f x |



14
1

2
1f1

2
1











f 







2
1

 = 7

46. Suppose that q,p


 and r
  are three non-coplanar vectors in R3. Let the components of a vector s

  along

q,p


 and r
  be 4, 3 and 5, respectively. If the components of this vector s

  along )rqp(),rqp(–




and )rq–p(–


  are x,  y and z, respectively, then the value of 2x + y + z is

ekuk fd R3 esa] q,p


 vkSj r
  rhu vleryh; lfn'k gSA ekuk fd lfn'k s

  ds ?kVd Øekxr lfn'kksa q,p


 rFkk r
  ds vuqfn'k

Øe'k% 4, 3 rFkk 5 gSA ;fn s
  ds ?kVd Øekxr lfn'kksa )rqp(),rqp(–


  ,oa )rq–p(–


  ds vuqfn'k Øe'k% x,  y

rFkk z gS] rc 2x + y + z dk eku gS

Ans. BONUS
Sol.  This question in seem to be wrong but examiner may think like this

;g iz'u xyr yx jgk gS ijUrq ijh{kd bl izdkj lksp ldrk gSA

S 4p 3q 5r  
   

S x( p q r ) y(p q r ) z( p q r )          
         

–x + y – z = 4 .....(1)
x – y – z = 3 .....(2)
x + y + z = 5 .....(3)
add (1) and  (2)
(1) vkSj (2)  dks tksM+us ij
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–2z = 7  z = 
7
2



2x = 8  x = 4
 y + z = 1

2x + y + z = 2(4) + 1 = 9

47. For any integer k, let k = cos 





 

7
k

+ i sin 





 

7
k

, where i = 1– . The value of the expression














3

1k
2–k41–k4

12

1k
k1k

–

–
 is

fdlh Hkh iw.kk±d k ds fy, k = cos 






 
7
k

+ i sin 






 
7
k

, tgk¡ i = 1–  gSA rc O;atd














3

1k
2–k41–k4

12

1k
k1k

–

–
 dk eku gS

Ans. 4

Sol. k = cos
14
k2 

 + i sin
14
k2 

 = 14
k2i

e


Now 

















3

1k

14
)2k4(i

14
)1k4(i

12

1k

14
k2i

14
)1k(2i

ee

ee

 = 
















3

1k

14
2i

12

1k

14
2i

1e

1e

  = 3
12

 = 4

48. Suppose that all the terms of an arithmetic progression (A.P.)  are natural numbers. If the ratio of  the
sum of the first seven terms to the sum of the first eleven terms is 6 : 11 and the seventh term lies in
between 130 and 140, then the common difference of this A.P. is
ekuk fd ,d lekUrj Js.kh (arithmetic progression (A.P.)) ds lHkh in /ku iw.kk±d gSa A bl lekUrj Js.kh esa ;fn igys

lkr (7) inksa ds ;ksx vkSj igys X;kjg (11) inksa ds ;ksx dk vuqikr 6 : 11 gS rFkk lkrok¡ in 130 vkSj 140 ds chp ea fLFkr

gS] rc bl lekUrj Js.kh ds lkoZ vUrj (common difference) dk eku gS

Ans. 9

Sol. 11
6

S
S

11

7 

]d10a2[
2
11

]d6a2[
2
7




 = 

11
6

Given fn;k x;k gSA 130 < a  + 6d < 140
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)d5a(11
)d3a(7




 = 
11
6

7a + 21d = 6a + 30d  130 < 15d < 140
a = 9d Hence d = 9

a = 81
Hence d = 9

Alternative :
oSdfYid :

Let the AP be a, a + d, a + 2d, .....
ekuk lekUrj Js<+h a, a + d, a + 2d, .....
where a , d  N
tgk¡ a , d  N

Given fn;k gS  
7

11

S
S  = 

11
6

 and vkSj  130 < a + 6d < 140 ..... (2)



 

 d10a2
2
11

d6a2
2
7





 = 
11
6

 d110a22
d42a14




 = 
11
6

 154a + 462d = 132a + 660d
 22a = 198d

 a = 
11

d99
 = 9d

(2)   130 < 9d + 6d < 140
 8.6 < d < 9.3
 d = 9

SECTION – 2 : (Maximum Marks : 32)
 This section contains EIGHT questions
 Each question has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE  of these four

option(s) is(are) correct
 For each question, darken the bubble(s) corresponding to all the correct option(s) in the ORS
 Marking scheme :

+4  If only the bubble(s) corresponding to all the correct option(s) is(are) darkened
0    If none of the bubbles is darkened
–2  In all other cases

[kaM  2 : (vf/kdre vad : 32)
 bl [kaM esa vkB iz'u gSaA

 izR;sd iz'u esa pkj fodYi (A), (B), (C) rFkk (D) gSaA bu pkj fodYiksa esa ls ,d ;k ,d ls vf/kd fodYi lgh gSaA

 izR;sd iz'u esa] lHkh lgh fodYi ¼fodYiksa½ ds vuq:i cqycqys ¼cqycqykas½ dks vks- vkj- ,l- esa dkyk djsaA

 vadu ;kstuk :
+4  ;fn flQZ lHkh lgh fodYi ¼fodYiksa½ ds vuq:i cqycqys ¼cqycqykas½ dks dkyk fd;k tk,A

0    ;fn dksbZ Hkh cqycqyk dkyk u fd;k gksA

–2   vU; lHkh voLFkkvksa esa
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49. Let f, g : [–1, 2]  R be continuous function which are twice differentiable on the interval (–1, 2). Let the
values of f and g at the points –1, 0 and 2 be as given in the following table :

1–10)x(g
063)x(f

2x0x1–x 

In each of the intervals (–1, 0) and (0, 2) the function (f – 3g)" never vanishes. Then the correct statement(s)
is (are)
(A) f'(x) – 3g'(x) = 0 has exactly three solutions in (–1, 0)  (0, 2)
(B) f'(x) – 3g'(x) = 0 has exactly one solution in (–1, 0)
(C) f'(x) – 3g'(x) = 0 has exactly one solution in (0, 2)
(D) f'(x) – 3g'(x) = 0 has exactly two solutions in (–1, 0) and exactly two solutions in (0, 2)
ekuk fd f, g : [–1, 2]  R larr Qyu gS tks dh varjky (–1, 2) esa nks ckj vodyuh; (twice differentiable) gSA ekuk
fd f vkSj g ds eku] fcUnqvksa –1, 0 vkSj 2 ij fuEu lkj.kh esa n'kkZ, x, gS -

1–10)x(g
063)x(f

2x0x1–x 

;fn izR;sd varjky (–1, 0) vkSj (0, 2) esa Qyu (f – 3g)" dHkh Hkh 'kwU; dk eku ugh ysrk gS] rc lgh dFku gS (gSa)
(A) (–1, 0)  (0, 2) esa] f'(x) – 3g'(x) = 0 ds rhu gh gy (exactly three solutions) gSa
(B) (–1, 0) esa] f'(x) – 3g'(x) = 0 ds ,d gh gy (exactly one solutions) gS
(C) (0, 2)esa] f'(x) – 3g'(x) = 0 ds ,d gh gy (exactly one solution ) gS
(D)  f'(x) – 3g'(x) = 0 dks (–1, 0) esa nks gh gy (exactly two solutions) gS vkSj (0, 2) esa nks gh gy gS

Ans. (B, C)
Sol. Let h(x) = f(x) – 3g(x)







3)0(h
3)1(h

  h'(x) = 0 has atleast one root in (–1, 0) and atleast one root in (0, 2)

h(2) = 3
But since h"(x) = 0 has no root in (–1, 0) & (0, 2) therefore h'(x) = 0 has exactly 1 root in (–1, 0) & exactly 1
root in (0, 2)

Hindi. ekuk h(x) = f(x) – 3g(x)







3)0(h
3)1(h

  h'(x) = 0 ftldk ,d ewy de ls de (–1, 0) esa gS vkSj ,d ewy de ls de (0, 2) esa gSA

h(2) = 3
ysfdu h"(x) = 0 bldk ,d ewy (–1, 0) vkSj (0, 2) esa ugha gSA blhft, h'(x) = 0 Bhd ,d ewy (–1, 0) vkSj Bhd ,d

ewy (0, 2) esa gSA

50. Let f(x) = 7tan8 x + 7tan6x – 3tan4x – 3tan2x for all x  






 
2

,
2

– . Then the correct expression(s) is (are)

ekuk fd lHkh x  






 
2

,
2

–  ds fy,] f(x) = 7tan8 x + 7tan6x – 3tan4x – 3tan2x gS] rc lgh dFku gS (gSa)

(A) 



4/

0 12
1dx)x(xf (B) 




4/

0

0dx)x(f

(C) 



4/

0 6
1dx)x(xf (D) 




4/

0

1dx)x(f
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Ans. (A,B)
Sol. f(x) = (7tan6x – 3tan2x).sec2x

 

4

0

)x(f dx =   
1

0

26 t3t7 dt = (t7 – t3)0
1 = 0 Ans. (B)

Nowvc 

4

0

dx)x(xf  = 
 6 21 1

0

7t 3t tan t

  dt

=     
111 7 3 7 3

20
0

1tan t. t t t t . dt
1 t

   


= 
 

 


1

0
2

43

t1
t1t

dt =   
1

0

23 t1t dt

= 
4
1

 – 6
1

 = 
12
1

51. Let f'(x) = 
xsin2

x192
4

3


 for all x  R with f 








2
1

 = 0. If m  
1

2/1

)x(f dx  M, then the possible values of m and

M are

ekuk fd lHkh x  R ds fy,] f'(x) = 
xsin2

x192
4

3


 ,oa f 








2
1

 = 0 gSA ;fn m  
1

2/1

)x(f dx  M, rc m vkSj M ds lgh laHko

eku gS (gSa)

(A) m = 13, M = 24 (B) m = 
4
1

, M = 
2
1

(C) m = – 11, M = 0 (D) m = 1, M = 12

Ans. (D)

Sol. f(x) = )x(sin2
x192
4

3


 xR ; f 








2
1

 = 0

Now vc 64x3  f(x)  96x3 x
1,1
2
 
  

So blfy, 16x4 –1  f(x)  24x4 –
2
3

 x
1,1
2
 
  

32
31.

5
16

–
2
1

   
1

21
32
31.

5
24dx)x(f – 

4
3


26
10    

1

1 2

78f x dx
20

 hence vr% (D)
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(A) is incorrect as lgh ugha gS tSlk fd

1

1 2

78f(x)dx
20



(B) is incorrect as lgh ugha gS tSlk fd 

1

1 2

26f(x)dx
10



(C) is incorrect as lgh ugha gS tSlk fd  
1

21

0dx)x(f

52. Let S be the set of all non-zero real numbers  such that the quadratic equation x2 – x +  = 0 has two
distinct real roots x1 and x2 satisfying the inequality |x1 – x2| < 1. Which of the following intervals is(are)
a subset(s) of S ?
ekuk fd S mu lHkh 'kwU;srj (non-zero) okLrfod la[;kvksa  dk leqPPk; (set) gS ftuds fy, f}?kkrh lehdj.k

x2 – x +  = 0 ds nks fofHkUu okLrfod ewy x1 vkSj x2 vlfedk |x1 – x2| < 1 dks larq"V djrs gSA fuEufyf[kr varjkyksa

esa ls dkSu lk (ls) leqPp; S ds mileqPp; gS (gSa) ?

(A) 








5
1–,

2
1– (B) 








0,

5
1– (C) 









5
1,0 (D) 








2
1,

5
1

Ans. (A, D)
Sol. (x1 + x2)

2 – 4x1x2 < 1

2
1


 – 4 < 1

 5 – 2
1


 > 0

2

2
5 1 


 > 0

+– –+

5
1

5
10

 









5
1,   








,

5
1 ...(1)

D > 0
1 – 42 > 0


1 1,
2 2

  
 

...(2)

(1) & (2)

 1 1,
2 5

 
 
 

  1 1,
5 2

 
 
 
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53. If  = 3sin–1 






11
6

 and  = 3cos–1 







9
4

, where the inverse trigonometric functions take only the principal

values, then the correct option(s) is(are)

;fn  = 3sin–1 






11
6

 vkSj  = 3cos–1 







9
4

, tgk¡ izfrykse f=kdks.kferh; Qyu (inverse trigonometric functions) dsoy

eq[; eku (principal values) gh ysrs gS, rc lgh dFku gS (gS)
(A) cos  > 0 (B) sin  < 0 (C) cos( + ) > 0 (D) cos  < 0

Ans. (B,C,D)

Sol.  = 3sin–1

11
6

 > 3sin–1

12
6

and  = 3cos–1
9
4

> 3cos–1
8
4

  > 
2


&  > 

  +  > 
2

3

54. Let E1 and E2 be two ellipses whose centers are at the origin. The major axes of E1 and E2 lie along the
x-axis and the y-axis, respectively. Let S be the circle x2 + (y – 1)2 = 2. The straight line x + y = 3

touches the curves S, E1 and E2 at P,Q and R, respectively. Suppose that PQ = PR = 
3

22
. If e1 and e2

are the eccentricities of E1 and E2, respectively, then the correct expression(s) is (are)
ekuk fd E1 vkSj E2 nks nh?kZo`r gSa ftuds dsUnz ewyfcUnq gSaA E1 vkSjE2 dh nh?kZ v{kk;sa Øe'k% x-v{k vkSj y-v{k ij fLFkr gSaA

ekuk fd S : x2 + (y – 1)2 = 2 ,d o`Ùk gSA ljy js[kk x + y = 3, oØksa S, E1 vkSj E2 dks Øe'k% P,Q vkSj R ij Li'kZ djrh

gSA ekuk fd PQ = PR = 
3

22
gSA ;fn e1 vkSj e2 Øe'k% E1 vkSj E2 dh mRdsUnzrk (eccentricities) gSa] rc lgh dFku gS

(gSa)

(A) 2
1e  + 2

2e  = 40
43

(B) e1e2 = 
102
7

(C) | 2
2

2
1 e–e | = 8

5
(D) e1e2 = 

4
3

Ans. (A,B)

Sol. E1  2

2

a
x

+ 2

2

b
y

 = 1

E2 = 
2

2
x
A

 2

2

B
y

 = 1

Now as x + y = 3 is a tangent
a2 + b2 = A2 + B2 = 9
Now point P is
x2 + (2 – x)2 = 2
2x2 – 4x + 2 = 0
x = 1
so P is (1, 2)

points Q & R are 







3
4,

3
5

 & 







3
8,

3
1

Now 







3
4,

3
5

 lies on E1 so  22 a99
16

a9
25


  = 1
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 225 – 25a2 + 16a2 = 9a2(9– a2)  225 – 9a2 = 9a2(9 – a2)
 25 – a2 = a2(9 – a2)
 a4 – 10a2 + 25 = 0  a2 = 5 so b2 = 4

e1
2 = 5

1

Now 







3
8,

3
1

 lies on E2

2A
1

 +  2A9
64
  = 9

9 – A2 + 64A2 = 9A2 (9 – A2)
1 + 7A2 = A2 = 9A2 – A4  A4 – 2A2 + 1 = 0  A2 = 1 so B2 = 8

e2
2 = 8

7

Hindi. E1  2

2

a
x

+ 2

2

b
y

 = 1

E2 = 
2

2
x
A

 2

2

B
y

 = 1

vc x + y = 3  Li'kZ js[kk gSA vr%

a2 + b2 = A2 + B2 = 9
vc fcUnq P
x2 + (2 – x)2 = 2
2x2 – 4x + 2 = 0
x = 1
vr% P, (1, 2) gSA

fcUnq Q rFkk R 







3
4,

3
5

 rFkk 







3
8,

3
1

 gSA

vc 







3
4,

3
5

 fcUnq E1 ij fLFkr gSA vr%  22 a99
16

a9
25


  = 1

 225 – 25a2 + 16a2 = 9a2(9– a2)  225 – 9a2 = 9a2(9 – a2)
 25 – a2 = a2(9 – a2)
 a4 – 10a2 + 25 = 0  a2 = 5 so b2 = 4

e1
2 = 5

1

vc 







3
8,

3
1

fcUnq  E2 ij fLFkr gSA

2A
1

 +  2A9
64
  = 9

9 – A2 + 64A2 = 9A2 (9 – A2)
1 + 7A2 = A2 = 9A2 – A4  A4 – 2A2 + 1 = 0  A2 = 1 so B2 = 8

e2
2 = 8

7
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55. Consider the hyperbola H : x2 – y2 = 1 and a circle S with center N(x2, 0). Suppose that H and S touch
each other at a point P(x1, y1) with x1 > 1 and y1 > 0. The common tangent to H and S at P intersects the
x-axis at point M. If (l, m) is the centroid of the triangle PMN, then the correct expression(s) is(are)

(A) 
1dx

dl
= 1 – 2

13x
1

for x1 > 1 (B) 
 

1
21 1

xd
dx 3 x 1




m
for x1 > 1

(C) 
1

d
dx

l
= 1+ 2

13x
1

 for x1 > 1 (D) 
1

d 1
dy 3


m

for y1 > 0

ekuk fd H : x2 – y2 = 1 ,d vfrijoy; (hyperbola) gS vkSj S ,d o`Ùk gS ftldk dsanz N(x2, 0) gSA ekuk fd H vkSj S
,d nwljs dks fcUnq P(x1, y1) ij Li'kZ djrs gSa] tgk¡ x1 > 1 vkSj y1 > 0 gSA fcUnq P ij] H vkSj S dh lkekU; Li'kZ js[kk x-
v{k dks fcUnq M ij izfrPNsn djrh gSA ;fn (l, m) f=kHkqt PMN dk dsanzd (centroid) gS] rc lgh dFku gS ¼gSa½

(A) 
1dx

dl
= 1 – 2

13x
1

, x1 > 1 (B) 
 

1
21 1

xd
dx 3 x 1




m
, x1 > 1

(C) 
1

d
dx

l
= 1+ 2

13x
1

, x1 > 1 (D) 
1

d 1
dy 3


m

, y1 > 0

Ans. (A,B,D)

Sol.

H

P(
x

,y
)

1
1

M

N(x ,0)2

(1/x,0)
O

Equation tangent to H at P is xx1 – yy1 = 1
fcUnq P ij Li’’ ’'kZjs[kk H, xx1 – yy1 = 1 gSA

 = 
3

x
1xx
1

21 
, m = 

3
1–x

3
y 2

11 

now, vc 
PatHdx

dy
 = 

PatSdx
dy


1

12

1

1

y
x–x

y
x

  x2 = 2x1

So vr%,  = x1 + 
1x3

1

2
11 x3

1–1
dx
d




, 3
1

dy
dm

1
 , 3–x

x.
3
1

dx
dm

2
1

1

1

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56. The option(s) with the values of a and L that satisfy the following equation is(are)












0

46

0

46

dt)atcosat(sine

dt)atcosat(sine

t

4
t

= L ?

fuEufyf[kr esa ls a vkSj L ds dkSu lk ¼ls½ eku lehdj.k












0

46

0

46

dt)atcosat(sine

dt)atcosat(sine

t

4
t

= L

dks larq"V djrk ¼djrs½ gSa ?

(A) a = 2, L = 
4e 1

e 1







(B) a = 2, L = 
4e 1

e 1







(C) a = 4, L = 
4e 1

e 1







(D) a = 4, L = 
4e 1

e 1







Ans. (A,C)

Sol. I1 =          















2 3

2

4

3

4646t46t

0

46t dtatcosatsindtatcosatsinedtatcosatsinedtatcosatsine

= (1 + e + e2 + e3)  



0

46t dtatcosatsine


2

1

I
I

 = 1 + e + e2 + e3 = 
1–e
1–e4





SECTION – 3 : (Maximum Marks : 16)
 This section contains TWO paragraphs
 Based on each paragraph, there will be TWO questions.
 Each equation has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE  of these four

option(s) is(are) correct
 For each question, darken the bubble(s) corresponding to all the correct option(s) in the ORS
 Marking scheme :

+4  If only the bubble(s) corresponding to all the correct option(s) is(are) darkened
0    If none of the bubbles is darkened
–2  In all other cases

[kaM  3 : (vf/kdre vad : 16)
 bl [kaM esa nks vuqPNsn gSaA

 izR;sd vuqPNsn ij nks iz'u gaSA

 izR;sd iz'u esa pkj fodYi (A), (B), (C) rFkk (D) gSaA bu pkj fodYiksa esa ls ,d ;k ,d ls vf/kd fodYi lgh gSaA

 izR;sd iz'u ds fy,] lHkh lgh fodYi ¼fodYiksa½ ds vuq:i cqycqys ¼cqycqykas½ dks vks- vkj- ,l- esa dkyk djsaA

 vadu ;kstuk :
+4  ;fn flQZ lHkh lgh fodYi ¼fodYiksa½ ds vuq:i cqycqys ¼cqycqykas½ dks dkyk fd;k tk,A

0    ;fn dksbZ Hkh cqycqyk dkyk u fd;k gksA

–2   vU; lHkh voLFkkvksa esa
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PARAGRAPH 1
vuqPNsn 1

Let n1 and n2  be the number of red and black balls, respectively, in box I. Let n3 and n4 be the number of
red and black balls, respectively, in box II.
ekuk fd ckWDl I esa n1 yky xsan vkSj n2  dkyh xsan gSA ekuk fd ckWDl II esa n3 yky xsan vkSj n4 dkyh xsan gSA

57. One of the two boxes, box I and box II, was selected at random and a ball was drawn randomly out of

this box. The ball was found to be red. If the probability that this red ball was drawn from box II is 
3
1

,

then the correct option(s) with the possible values of n1, n2, n3 and n4 is(are)
(A) n1 = 3, n2 = 3, n3 = 5, n4 = 15 (B) n1 = 3, n2 = 6, n3 = 10, n4 = 50 (C) n1 =
8, n2 = 6, n3 = 5, n4 = 20 (D) n1 = 6, n2 = 12, n3 = 5, n4 = 20
ckWDl I vkSj ckWDl II esa ls] ;n`Pp;k (at random) ,d ckWDl dks pquk x;k vkSj bl pqus gq, ckWDl ls] ;knP̀p;k ,d xsan fudkyh

x;hA ;g xsan yky jax dh ikbZ x;hA ;fn bl yky xsan ds ckWDl II ls fudkys tkus dh izkf;drk 
3
1

 gS] rc fuEufyf[kr esa

ls n1, n2, n3 vkSj n4 ds lgh laHko eku gS ¼gSa½

(A) n1 = 3, n2 = 3, n3 = 5, n4 = 15 (B) n1 = 3, n2 = 6, n3 = 10, n4 = 50
(C) n1 = 8, n2 = 6, n3 = 5, n4 = 20 (D) n1 = 6, n2 = 12, n3 = 5, n4 = 20

Ans. (A,B)

Sol.
2

1

nBlack
ndRe

IBox




4

3

nBlack
ndRe

IIBox





1

2

n
I

n


 


yky
ckWDl

dkyh

3

4

n
II

n


 


yky
ckWDl

dkyh

P(R) = 
43

3

21

1

nn
n

.
2
1

nn
n.

2
1






R(II/R) = 

43

3

21

1

43

3

nn
n.

2
1

nn
n.

2
1

nn
n.

2
1







 = 

43

3

21

1

43

3

nn
n

nn
n

nn
n








by option fodYiks a }kjk n1 = 3, n2 = 3, n3 = 5, n4 = 15

P(II/R) = 
3
1

12
4

4
1

4
1

2
1
n

20
5

6
3

20
5

4 








58. A ball is drawn at random from box I and transferred to box II. If the probability of drawing a red ball from

box I, after this transfer, is 
3
1

, then the correct option(s) with the possible values of n1 and n2 is(are)

(A) n1 = 4 and n2 = 6 (B) n1 = 2 and n2 = 3
(C) n1 = 10 and n2 = 20 (D) n1 = 3 and n2 = 6
ckWDl I esa ls ;knP̀p;k (at random) ,d xsan fudkyh tkrh gS vkSj mls ckWDl II esa izfrLFkkfir (transfer) dh tkrh gSA ;fn

bl izfrLFkkiuk ds ckn] ckWDl I esa ls ,d yky xsan fudkyus dh izkf;drk 
3
1

 gS] rc fuEufyf[kr esa ls n1 vkSj n2 ds lgh laHko

eku gS ¼gSa½

(A) n1 = 4 vkSj n2 = 6 (B) n1 = 2 vkSj n2 = 3
(C) n1 = 10 vkSj n2 = 20 (D) n1 = 3 vkSj n2 = 6

Ans. (C,D)
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Sol. Given fn;k gS 3
1

1–nn
n.

nn
n

1–nn
1–n.

nn
n

21

1

21

2

21

1

21

1 





3(n1
2 – n1 + n1n2) = (n1 + n2)(n1 + n2 – 1)

3n1(n1 + n2 – 1) = n1 + n2(n1 + n2 – 1)
2n1 = n2

PARAGRAPH 2
vuqPNsn 2

Let F : R  R be a thrice differentiable function. Supose that F(1) = 0, F(3) = –4 and F'(x) < 0 for all
x  (1/2, 3). Let f(x) = xF(x) for all x  R.
ekuk fd F : R  R ,d Qyu gS tks rhu ckj vodyuh; (thrice differentiable) gSA ekuk fd F(1) = 0, F(3) = –4 vkSj
lHkh x  (1/2, 3) ds fy, F'(x) < 0 gSA ekuk fd lHkh x  R ds fy,] f(x) = xF(x)  gSA

59. The correct statement(s) is(are)
(A) f '(1) < 0 (B) f (2) < 0
(C) f '(x)  0 for any x  (1, 3) (D) f '(x) = 0 for some x  (1, 3)
fuEufyf[kr esa ls lgh dFku gS ¼gSa½

(A) f '(1) < 0 (B) f (2) < 0
(C) fdlh Hkh x  (1, 3) ds fy, f '(x)  0 (D)  dqN x  (1, 3) ds fy,  f '(x) = 0

Ans. (A,B,C)
Sol. f(x) = xf(x) + f(x)

  f(1) = f(1) + f(1) = f(1) < 0  (A)
f(2) = 2f(2) < 0  (B)

for x  (1, 3) ds fy,, f(x) = xf(x) + f(x) < 0  (C)

60. If 12(x)dxF'x
3

1

2   and 40(x)dxF"x
3

1

3  , then the correct expression(s) is(are)

;fn 12(x)dxF'x
3

1

2   vkSj 40(x)dxF"x
3

1

3   gS] rc lgh dFku gS ¼gSa½

(A) 9f '(3) + f '(1) – 32 = 0 (B) 
3

1

f(x)dx 12

(C) 9f '(3) – f '(1) + 32 = 0 (D) 
3

1

f(x)dx 12 
Ans. (C,D)

Sol. 
3

1

3 dx)x(''fx  = 40    
3

1

23
1

3 dx)x('fx3–)x('fx  = 40

  312 )x(xf–)x('fx  – 3(–12) = 40
 9f(3) – 3f(3) – f(1) + f(1) = 4
 9f(3) + 36 – f(1) + 0 = 4  9f(3) – f(1) + 32 = 0  (C)

 
3

1

2 dx)x('fx  = – 12    
3

1

3
1

2 dx)x(xf2–)x(fx  = –12

 – 36 – 2 
3

1

dx)x(f  = –12  
3

1

dx)x(f  = –12  (D)
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Appropriate way of darkening the bubble for your answer to be evaluated :

Figure-1 : Correct way of bubbling for valid answer and a few examples of invalid answer.
Any other form of partial marking such as ticking or crossing the bubble will be considered invalid.

Figure-2 : Correct way of Bubbling your Roll Number on the ORS. (Example Roll Number : 5045231)
fp=k vks-vkj-,l--2 : ORS ( : 5045231) ( .) ij vkids jksy uEcj ds ccy dks Hkjus dk lgh rjhdk mnkgj.k jksy uEcj 

a

a

a a

a

a

The one and the only one acceptable

Part darkening

Darkening the rim

Cancelling after darkening and
darkening another bubble

Attempt to Erase after darkening

Answer will not
be evaluated
no marks, no
negative marks

Name of the Candidate
ijh{kkFkhZ dk uke

Roll Number
jksy uEcj

I have read all instructions and shall abide 
by them.
eSaus lHkh funsZ'kksa dk i<+ fy;k gS vkSj eSa mudk 

vo'; ikyu d:¡xk@d:¡xhA

I have verified all the information filled by
the candidate.
ijh{kkFkhZ }kjk Hkjh xbZ lkjh tkudkjh dks 

eSusa tk¡p fy;k gSA

Signature of the Candidate
ijh{kkFkhZ ds gLrk{kj

Signature of the Invigilator
ijh{kd ds gLrk{kj

vkids mÙkj ds ewY;kadu ds fy, cqycqys dks dkyk djus dk mi;qDr rjhdk %

,d vkSj dsoy ,d Lohdk;Z 

vkaf'kd dkyk djuk

fje dkyk djuk

dkyk djus ds ckn jn~n djukA

dkyk djus ds ckn feVkuk

mÙkj dk ewY;kadu

ugha gksxk &

dksbZ vad ugha] dksbZ

_.kkRed vad ugha

fp=k-1 : oS| mÙkj ds fy, cqycqyk Hkjus dk lgh rjhdk vkSj voS| mÙkjksa ds dqN mnkgj.kA

vkaf'kd vadu ds vU; rjhds tSls cqycqys dks fVd djuk ;k ØkWl djuk xyr gksxkA




