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Time: 3 Hrs.  le;: 3 ?kaVs Max. Marks : 264 vf/kdre vad : 264
Please read the instructions carefully. You are allotted 5 minutes specifically for this purpose.

Ñi;k bu funs Z'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

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 question. 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 10 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 10 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 DO
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12. Section 3 contains 2 "match the following" type question and you will have to match entries in Column I
with the entries in Column II.
Marking scheme : for each entry in Column I, +2 for correct answer, 0 if not attempted and –1 in all other
cases.
[kaM 2 ls 10 ls lqesfyr çk:i ds ç'u gS ftlesa vki dkWye 1st  dh çfof"V;ksa dks dkWye 2nd dh çfof"V;kas dks  dkWye II dh

izfof"V;ksa ls lqesfyr djsaxsaA

vad ;kstuk% dkWye I dh izR;sd izfof"V ds fy, +2 lgh mÙkj ds fy,] 0 iz;kl ugha djus ij rFkk –1 vU; lHkh voLFkkvksa

es aA

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@fodf̀r 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. An infinitely long uniform line charge distribution of charge per unit length  lies parallel to the y-axis in the

y-z plane at z = a
2
3

 (see figure). If the magnitude of the flux of the electric field through the rectangular

surface ABCD lying in the x-y plane with its centre at the origin is 
0n
L



 (0 = permittivity of free space), then the

value of n is :

fp=kkuqlkj ,d vuar yackbZ ds ,dleku vkosf'kr lh/ks rkj] ftldk jSf[kd vkos'k ?kuRo  gS] dks y-z ry esa y-v{k ds lekarj

z = a
2
3

 nwjh ij j[kk x;k gSA ;fn blds fo|qr {ks=k dk x-y ry esa fLFkr ewy fcanq ij dsfUnzr ABCD vk;rkdkj lrg

ls gksdj tkus okyk ¶yDl (0 = ijkoS|qrkad dk ifjek.k) 
0n
L



 gS] rc n dk eku gSA

Ans 6

PHYSICS
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Sol. Flux from total cylindrical surface (angle = 2)
lEiw.kZ csyukdkj lrg (dsk.k = 2) ls ikfjr ¶yDl

= 
0

inQ


Flux  from cylindrical surface  AB = flux from the given surface    
30° 30°

aA B

O

csyukdkj lrg AB ls ikfjr ¶yDl = nh xbZ lrg ls ikfjr ¶yDl

=  
in

0

Q
6 = 

06


n = 6

2. Consider a hydrogen atom with its electron in the nth orbital. An electromagnetic radiation of wavelength 90 nm
is used to ionize the atom. If the kinetic energy of the ejected electron is 10.4 eV, then the value of n is
(hc = 1242 eV nm)
,d gkbMªkstu ijek.kq esa bySDVªkWu nth d{kk esa gSA mldks vk;fur djus ds fy, 90 nm rjaxnS/;Z ds fo|qr&pqECdh; fofdj.k

dk iz;ksx fd;k tkrk gSA ;fn bl izfØ;k esa mRlftZr bySDVªkWu dh xfrt ÅtkZ 10.4 eV gS, rc n dk eku gksxkA

(hc = 1242 eV nm)
Ans. 2

Sol 4.10
n
1.eV6.13–hC
2 










 2
1242eV 13.6– 10.4

90 n


 2
41.4 13.6– 10.4

3 n
 13.8 – 10.4 = 2n

6.13
 3.4 = 2n

6.13

n2 = 4 n = 2

3. A Bullet is fired vertically upwards with velocity v from the surface of a spherical planet. When it reaches its
maximum height, its acceleration due to the planet's gravity is 1/4th of its value at the surface of the planet. If
the escape velocity from the planet is vesc = nv , then the value of N is (ignore energy loss due to atmosphere)
,d xksykdkj xzg dh lrg ls ,d xksyh v osx ls Å/okZ/kj fn'kk esa iz{ksfir dh tkrh gSA xksyh dh mPpr~ ÅWpkbZ ij xzg ds

xq:Rokd"kZ.k ds dkj.k blds Roj.k dk eku xzg dh lrg ij xq:Roh; Roj.k ds eku dk ,d pkSFkkbZ 1/4th gSA ;fn xzg ls iyk;u

osx vesc = nv  gS rks N dk eku gSA (okrkoj.k ds dkj.k gksus okyh ÅtkZ {k; ux.; gSA)
Ans. 2
Sol When it reaches its maximum height, its acceleration due to

the planet's gravity is 1/4th of its value at the surface of the planet.

22 R
GM

4
1

r
GM



rr = 2R
By conservation of mechanical energy

0
r

GMm–mv
2
1

R
GMm– 2 

 
R2

GMmmv
2
1 2 

vesc = 
2GM v N

R


N = 2

PHYSICS
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4. Two identical uniform discs roll without slipping on two different surfaces AB and CD (see figure) starting at A
and C with linear speeds v1 and v2, respectively, and always remain in contact with ths surfaces. If they reach
B and D with the same linear speed and v1 = 3 m/s, then v2 in m/s is (g = 10 m/s2)
fp=kkuqlkj nks fHkUu lrgksa AB o CD ij leku o`Ùkkdkj pfØdk,a (fMLd) A rFkk C ls Øe'k% v1 rFkk v2 izkjfEHkd js[kh; osxksa ls

fcuk fQlyrs gq, yq<+duk 'kw: djrh gSa rFkk lnSo lrgksa ds laidZ esa jgrh gSA ;fn B rFkk D fcUnqvksa ij igqWpdj nksuksa

pfØdkvksa ds js[kh; osx cjkcj gSa rFkk v1 = 3 m/s gS, rc m/s esa v2 dk eku gSA (g = 10 m/s2)

Ans. 7
Sol. Final kinetic energy of both discs is same

2)3(m
2
1

2
3






 + mg (30) = 2
2

3 1mv
2 2

 + mg(27)

4
3

. 9 + 300 = 2
2

3 v
4

 + 270

 
4

27
 + 30 = 2

2
3 v
4

 2
2v  = 9 + 40  v2 = 7

PHYSICS
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5. Two spherical stars A and B emit blackbody radiation. The radius of A is 400 times that of B and A emits 104

times the power emitted from B. The ratio 










B

A
 fo their wavelengths A and B at which the peaks occur in their

respective radiation curves is :

nks xksykdj rkjksa A rFkk B }kjk d`f".dk (CySd ckWMh) fofdj.k mRlftZr fd;k tk jgk gSA A dh f=kT;k B dh f=kT;k dh 400
xquk gS rFkk A ls mRlftZr ÅtkZ B ls mRlftZr ÅtkZ dh 104 xquk gSA mudh mu rjaxnS/;ksZ A vkSj B , ftu ij muds fofdj.k

oØ mPpre~ gSa] ds vuqikr 










B

A
 dk eku gSA

Ans. 2
Sol. According to Wien's displacement law

Am  TTA = Bm T
B



Ratio of energy radiated per unit time
4

A A A
4

B B B

E T A
E T A





4
B

2

4
A

24

T)r)(4)((
T)r400)(4)((

E
E10




 C

2
4

A

B )400.(










 = 104



4

B

A











 = 24   
B

A




= 2

6. A nuclear power planet supplying electrical power to a village uses a radioactive material of half life T years as
the fuel. The amount of fuel at the beginning is such that the total power requirement of the village is 12.5% of
the electrical power available from the plant at that time. If the plant is able to meet the total power needs of the
village for a maximum period of nT years, then the value of n is.
,d xkao dks fo|qr ÅtkZ iznku djus okys ukfHkdh; la;a=k esa ,d T o"kZ v)Z&vk;q ds jsfM;ks/kehZ inkFkZ dks b±/ku ds :i esa iz;ksx

fd;k tk jgk gSA izkjEHk esa b±/ku dh ek=kk bruh gS fd xk¡o dh lEiw.kZ fo|qr 'kfDr dh vko';drk,sa ml le; miyC/k fo|qr

'kfDr dh 12.5% gSaA ;fn ;g la;a=k xk¡o dh lEiw.kZ ÅtkZ vko;';drkvksa dks vf/kdre nT o"kksZ ds fy, iwjk dj ldrk gSA

rc n dk eku gSA

Ans 3

Sol. E' × 100
5.12

 = E

E = 8
'E

(E = Power requirement to  the village xk¡o esa vko';d fo|qr 'kfDr, E' = Power of plant la;=k fd

fo|qr 'kfDr)

E = 32
'E

Number of half life v)Z vk;q fd la[;k = 3
So total time required vr% vko';d dqy le; = 3 × T years lky

PHYSICS
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7. A young's double slit interference arrangement with slits S1 and S2 is immersed in water (refractive index
= 4/3) as shown in the figure. The positions of maxima on the surface of water are given by x2 =p2m22 – d2,
where  is the wavelength of light in air (refractive index = 1), 2d is the separation between the slits and m is an
integer. The value of p is
,d ;ax f}f>jh O;frdj.k (Mcy fLyV bUVjQhjsal) lsV] ftldh f>fj;k¡ S1 rFkk S2 gSa] dks n'kkZ;s fp=kkuqlkj ikuh

(viorZukad  = 4/3) esa Mqcks;k x;k gSA ikuh dh lrg ij egÙke rhozrk dh fLFkfr;k¡  x2 =p2m22 – d2 laca/k }kjk nh tkrh

gSa ;gk¡ ij   izdk'k dh ok;q (viorZukad = 1) esa rjaxnS/;Z, 2d f>fj;ksa ds e/; nwjh rFkk m  ,d iw.kk±d gSa rc p dk eku gSA

Air

Water

xd

S2

S1

d

Ans. 3
Sol. For constructive interference x = m

3
4

2 2d x – 22 xd   = m

3
1

22 xd  = m

x2 = 9m2 2  – d2

p = 3

8. Consider a concave mirror and a convex lens (refractive index = 1.5) of focal length 10 cm each, separated by
a distance of 50 cm in air (refractive index = 1) as shown in the figure. An object is placed at a distance of
15 cm from the mirror. Its erect image formed by this combination has magnification M1. When the set-up is

kept in a medium of refractive index 7/6, the magnification becomes M2. The magnitude 
1

2

M
M

,d vory niZ.k rFkk mÙky ysal (viorZukad = 1.5) ftuesa izR;sd dh Qksdl nwjh 10 cm  gS] n'kkZ;s fp=kkuqlkj ,d&nwljs

ls 50 cm dh nwjh ij ok;q (viorZukad = 1) esa fLFkr gSA ,d oLrq dks niZ.k ls 15 cm dh nwjh ij j[kk x;k gSa bl la;sktu

}kjk oLrq ds lh/ks cuus okys izfrfcEc dk vko/kZu M1 gSA tc ;g lsV&vi 7/6 viorZukad ds ek/;e esa j[kk tkrk gSA rc

vko/kZu M2 gks tkrk gSA 
1

2

M
M

 ds ifjek.k dk eku gSA

Ans. 7

PHYSICS
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Sol. For mirror
niZ.k ds fy,

f VM –
f – u u

 

–10 VM –
–10 15 –15

 


M = – 2,
v = – 30 cm
For lens
ysal ds fy,

f 10M' –1
f u 10 – 20

  


M1 = 2
In liquid
nzo esa

0

f ' – 1 7
f 4

1


 
 

  
{f' is the focal length of lens in medium of refractive index 0= 6

7
}

70f '
4

  cm

70
f ' 4M' 7

70f ' u 20
4

   
 

M2 = 14

2

1

M 7
M



PHYSICS
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SECTION – 2 : (Maximum Marks : 40)
 This section contains TEN 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 : 40)
 bl [kaM esa nl 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

9. Consider a vernier callipers in which each 1 cm on the main scale is divided into 8 equal divisions and a screw
gauge with 100 divisions on its circular scale. In the vernier callipers, 5 divisions of the vernier scale coincide
with 4 division on the main scale and in the screw gauge, one complete rotation of the circular scale moves it
by two divisions on the linear scale. Then,
(A) If the pitch of the screw gauge is twice the least count of the Vernier callipers, the least count of the screw
gauge is 0.01mm.
(B) If the pitch of the screw gauge is twice the least count of the Vernier callipers, the least count of the screw
gauge is 0.005mm.
(C) If the least count of the linear scale of the screw gauge is twice the least count of the Vernier callipers, the
least count of the screw gauge is 0.01 mm.
(D) If the least count of the linear scale of the screw gauge is twice the least count of the vernier callipers, teh
least count of the screw gauge is 0.005 mm.
,d ofuZ;j dSyhilZ esa eq[; iSekus dk 1 cm, 8 cjkcj Hkkxksa esa foHkDr gS rFkk ,d isapekih ds o`Ùkkdkj iSekus ij 100 Hkkx
gSA ofuZ;j dSyhilZ esa ofuZ;j iSekus ij 5  leku Hkkx gS tks eq[; iSekus ds 4  Hkkxksa ls iwjh rjg feyrs gS (laikrh gksrs gS)
A isapekih esa o`Ùkkdkj iSekus ds ,d iwjs pDdj ls js[kh; iSekus ij 2 Hkkxksa dh nwjh r; gksrh gSA rc

(A) ;fn iaaspekih dk pwM+h vUrjky ofuZ;j dSyhilZ ds vYirekad dk nks xquk gS] rc isapekih dk vYirekad 0.01mm gSA
(B) ;fn iaaspekih dk pwM+h vUrjky ofuZ;j dSyhilZ ds vYirekad dk nks xquk gS] rc isapekih dk vYirekad 0.005mm gSA
(C) ;fn iaaspekih ds js[kh; iSekus dk vYirekad ofuZ;j dSyhilZ ds vYirekad dk nksxquk gS] rks isapekih dk vYirekad 0.01
mm gSA.
(D) ;fn iaaspekih ds js[kh; iSekus dk vYirekad ofuZ;j dSyhilZ ds vYirekad dk nksxquk gS] rks isapekih dk vYirekad 0.005
mm gSA

Ans. (B,C)

Sol. For Vernier calipers
ofuZ;j dsfyilZ ds fy;s

1MSD = 
1 cm
8

5 VSD = 4 MSD

PHYSICS
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1VSD = 
4 4 1 1MSD cm
5 5 8 10

  

LC of vernier calliper  ofuZ;j dsfyilZ dk vYirekad = 
1 1cm – cm 0.025 cm
8 10



(A) & (B) Ldwxst dk pqMh vUrjky

pitch of screw gauge = 2 × (0.025) = 0.05 cm

Leastcount of screw gauge  
0.05 cm
100

 = 0.005 mm

Ldwxst dk vYirekad 
0.05 cm
100

 = 0.005 mm

(C) & (D) Least count of linear scale of screw gauge = 0.05 cm
(C) rFkk (D)  Ldwxst ds js[kh; iSekus dk vYirekad = 0.05 cm

pitch pqMh vUrjky  =  0.05 × 2 cm = 0.1 cm

Leastcount of screw gauge  
0.1 cm
100

   = 0.01 mm

10. Planck's constant h, speed of light c and gravitational constant G are used to from a unit of length L and a unit
of mass M. Then the correct options(s) is (are)
Iyakd fLFkjkad h, izdk'k dh pky c rFkk xq:Rokd"kZ.k fLFkjkad G dks yEckbZ dh bdkbZ L rFkk nzO;eku dh bdkbZ M cukus ds

fy, iz;ksx fd;k tkrk gSA rc lgh dFku gS ¼gS½

(A) M  c (B) M  G (C) L  h (D) L  G

Ans. (A,C,D)

Sol. M = hx cy  Gz

M = (ML2T–1)x (LT–1)y (M–1 L3 T–2)z

x – z = 1
2x + y + 3z = 0
–x – y –2z = 0

x  = 
2
1

, y  = 
2
1

, z  = 
–1
2

M  h c
1
G

For L
x –z = 0
2x + y + 3z = 1
–x –y –2z = 0

x = 
2
1

y = 
2
3–

z = 
2
1

L  h 3 / 2
1

C
 G

PHYSICS
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11. Two independent harmonic oscillators of equal mass are oscillating about the origin with angular frequencies
1 and 2 and have total energies E1 and E2, respectively. The variations of their momenta p with positions x are

shown in figures. If 2n
b
a
 and n

R
a
 , then the correct equation(s) is (are) :

nks fujoyafcr cjkcj nzO;eku ds vkorZ nksyd ewy fcUnq ds ifjr% dks.kh; vko`fÙk;ksa 1 ,oa 2 rFkk dqy ÅtkZvksa E1 rFkk E2

ls nksyu dj jgs gSaA muds losaxksa p ds fLFkfr x ds lkFk ifjorZu laca/k fp=kksa esa n'kkZ;s x;s gSaA ;fn 
2n

b
a
 rFkk n

R
a


gS] rc lgh dFku gS ¼gSa½

(A) E11  = E22 (B) 
2

1

2 n



(C) 12  = n2 (D) 
2

2

1

1 EE





Ans. (B,D)

Sol. For first oscillator For Second oscillator
izFke nksfy=k ds fy, f}rh; nksfy=k ds fy,

b = ma1

b
a

 = 
1

1
m  = n2

2

1
m  = 1

2

1


  = n2 Ans. B

E1 = 2 2
1

1 m a
2



E2 = 2 2
2

1 m R
2



2

1

E
E

 = 
2
1
2
2



  × n2 = 
2
1 2
2

12

 



2

1

E
E

 = 
1

2


   

1

1

E
  = 

2

2

E
 Ans. D

PHYSICS
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12. A ring of mass M and radius R is rotating with angular speed  about a fixed vertical axis passing through its

centre O with two point masses each of mass 8
M

 at rest at O. These masses can move radially outwards

along two massless rods fixed on the ring as shown in the figure. At some instant the angular speed of the

system is 
9
8

 and one of the masses is ata distance of R
5
3

 from O. At this instant the distance of the other

mass from O is :
,d nzO;eku M rFkk f=kT;k R dk NYyk vius dsUnz O ls gksdj tkus okyh fLFkj Å/okZ/kj v{k ds pkjksa vksj  dks.kh; xfr

ls ?kwe jgk gSA bl le; ij 8
M

 nzO;eku ds nks fcUnq nzO;eku NYys ds dsUnz O ij fojke fLFkfr esa gSaA oks n'kkZ;s fp=kkuqlkj

NYys ij yxh nzO;eku jfgr nks NM+ksa ij f=kT;r% ckgj dh vksj xfr dj ldrs gSaA fdlh ,d {k.k ij fudk; dh dks.kh; xfr


9
8

 gS rFkk ,d fcUnq nzO;eku O ls R
5
3

 dh nwjh ij gSA bl {k.k nwljs fcUnq nzO;eku dh O ls nwjh gksxh %

(A) R
3
2

(B) R
3
1

(C) R
5
3

(D) R
5
4

Ans. (D)
By conservation of angular momentum
dks.kh; laosx laj{k.k ls

MR2  = 
2 2

2 M 9R MdMR
8 25 8

 
   

 
 
8
9


R2 = 













258
d25R9R200 222

 9
8

225 R2 – 209 R2 = 25 d2

d = 
25
R16 2

d = 5
R4

PHYSICS
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13. The figures below depict two situations in which two infinitely long static line charges of constant positive line
charge density  are kept parallel to each other. In their resulting electric field, point charges q and –q are kept
in equilibrium between them. The point charges are confined to move in the x-direction only. If they are given a
small dispacement about their equilibrium positions, then the correct ststement(s) is (are) :

(A) Both charges execute simple harmonic motion.
(B) Both charges will continue moving in the direction of their displacement.
(C) Charge +q executes simple haramonic motion while charge –q continues moving in the direction of its

displacement.
(D) Charge –q executes simple haramonic motion while charge +q continues moving in the direction of its

displacement.
fn;s x;s fp=kksa esa nks fLFkfr;k¡ fn[kk;h x;h gSa ftuesa nks vuUr yEckbZ ds ,dleku jSf[kd vkos'k ?kuRo  ¼/kukRed½ ds lh/

ks rkj ,d&nwljs ds lekukUrj j[ks x;s gSaA fp=kkuqlkj q rFkk –q eku ds fcUnq vkos'k rkjksa ls leku nwjh ij muds fo|qr {ks=k

lekoLFkk esa j[ks gq, gSaA ;s vkos'k dsoy x-fn'kk esa py ldrs gSaA ;fn vkos'kksa dks mudh lekoLFkk ls FkksM+k lk foLFkkfir djk

tk;s] rks lgh fodYi gS ¼gSa½

(A) nksuksa vkos'k ljy vkorZ xfr djsaxsaA

(B) nksuksa vkos'k muds foLFkkiu dh fn'kk esa pyrs jgsaxsA

(C) +q vkos'k ljy vkorZ xfr djsxk tcfd –q vkos'k vius foLFkkiu dh fn'kk esa pyrs jgsxkA

(D) –q vkos'k ljy vkorZ xfr djsxk tcfd +q vkos'k vius foLFkkiu dh fn'kk esa pyrs jgsxkA

Ans (C)

Sol. As +q is displaced towards right, the repulsion of right side wire will dominate and the net force on +q will be
towards left, and vice versa
+q vkos'k dks nk¡,s rjQ LFkkfir fd;k tkrk gS rks nka,s rkj ds dkj.k izfrd"kZ.k cy izHkkoh gksrk gS vr% vkos'k ij iz.kkeh cy

ck¡;h rjQ gksxkA

Frestoring izR;ku cy
 = q

2k 2k–
d x d x

  
   

Frestoring izR;ku cy
 = 

 
2 2 2

2k 2x q 4k q x
d – x d

    
 

Hence SHM vr% ljy vkorZ xfr gS

PHYSICS
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For –q, as it is displaced towards right the attraction of right side wire will dominate, which forces the –q
charge to move in the same direction of displacement similarity for other side
–q, vkos'k dks nk¡,s rjQ LFkkfir fd;k tkrk gS rks nka,s rkj ds dkj.k vkd"kZ.k cy izHkkoh gksrk gS vr% vkos'k –q  ij iz.kkeh
cy foLFkkiu ds vuqfn'k gSA

Hence it is not SHM. vr% ljy vkorZ xfr ugha gS

14. Two idenctical glass rods S1 and S2 (refractive index = 1.5) have one convex end of radius of curvature 10 cm.
They are placed with the curved surfaces at a distance d as shown in the figure, with their axes (shown by the
dashed line) aligned. When a point source of light P is placed inside rod S1 on its axis at a distance of 50 cm
from the curved face, the light rays emanating from it are found to be parallel to the axis inside S2. The distance
d is :
nks dk¡p ¼viorZukad = 1.5) dh ,d:i NM+ksa S1 rFkk S2 dk ,d Nksj 10 cm oØrk f=kT;k dh mÙky lrg gSA mudh oØ

lrg ,d nwljs ls d nwjh ij n'kkZ;s fp=kkuqlkj j[kh gSa rFkk muds v{k ,d js[kk (fp=k esa vlrr js[kk) ij gSaA ;fn izdk'k ds

,d fcUnq lzksr P dks NM+ S1 ds vUnj oØ lrg ls 50 cm dh nwjh ij j[kus ij blls fudyus okyh izdk'k dh fdj.ksa NM+

S2 ds vUnj v{k ds lekarj gksa] rc nwjh d gksxh
[JP + JP STAR]

(A) 60 cm (B) 70 cm (C) 80 cm (D) 90 cm
Ans. (B)

Sol.

at glass rod S2

dkap dh NM S2 ij

1  n refraction viorZu ds fy,

2

n 1 n – 1–
u 10


 

 u2 = – 20
at glass rod S1

dkap dh NM S1  ij
for n  1 refraction  viorZu ds fy,

V1 = d – 20

1 n 1– n–
d – 20 (–50) –10



1 n 1
d – 20 50 20

  

d = 70 cm

PHYSICS
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15. A conductor (shown in the figure) carrying contant current  is kept in the x-y plane in a uniform magnetic field

B


. IF F is the magnitude of the total magnetic force acting on the conductor, then the correct statement(s) is
(are) :

(A) If B


 is along ẑ , F (L + R) (B) If B


 is along x̂ , F = 0

(C) If B


 is along ŷ , F (L + R) (D) If B


 is along ẑ , F = 0

n'kkZ;s x, fp=kkuqlkj x-y ry esa fLFkr ,d fo|qr   /kkjkokgh pkyd ,dleku pqEcdh; {ks=k B

esa j[kk gSA ;fn pkyd ij

yxus okys dqy pqEcdh; cy dk ifjek.k F gS] rc lgh fodYi gS (gSa) :

(A) ;fn B

 dh fn'kk ẑ  gS rc F (L + R) (B) ;fn B


 dh fn'kk x̂  gS rc F = 0

(C) ;fn B

 dh fn'kk ŷ  gS rc F (L + R) (D) ;fn B


 dh fn'kk ẑ  gS rc F = 0

Ans. (A, B, C)

Sol.

 F i B 
 



   = i{2(L + R) î  × B
 }

If B


 is along ẑ
;fn B


,  ẑ  ds vuqfn'k gSA

F


 = [i 2(L + R)B]  ĵ

If B


 is along x̂
;fn B


,  x̂  ds vuqfn'k gSA

F


 = 0

If B


 is along ŷ

;fn B
 ,  ŷ  ds vuqfn'k gSA

 ˆF i 2(L R)B)k 


PHYSICS
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Alternate solution
oSdfYid gy

 dF i d B 
 



In unfirom magnetic field
le:i pqEcdh; {ks=k esa

 dF i d B  
 

 =  i d B




 F


 =  BPQi



(A) F = [i 2(L + R)B] = 2iB (L + R)
(B) F = 0
(C) F = [i 2(L + R)B] = 2iB (L + R)
(D) F = [i 2(L + R)B] = 2iB (L + R)

16. A container of fixed volume has a mixture of one mole of hydrogen and one mole of helium in equilibrium at
temperature T. Assuming the gases are ideal, the correct statement(s) is (are)
(A) The average energy per mole of the gas mixture is 2RT.
(B) The ratio speed of sound in the gas mixture to that in helium gas is 6 / 5 .
(C) The ratio of the rms speed of helium atoms to that of hydrogen molecules is 1/2.
(D) The ratio of the rms speed of helium atoms to that of hydrogen molecules is 1/ 2 .

,d eksy gkbMªkstu vkSj ,d eksy ghfy;e dk xSl feJ.k ,d fu;r vk;ru ds crZu esa T rkieku ij lkE;koLFkk esa j[kk gSA

;fn xSlksa dk O;ogkj vkn'kZ gS] rc lgh fodYi gS ¼gSA½

(A) xSl ds feJ.k esa izfr esky vkSlr ÅtkZ 2RT gSA

(B) xSl ds feJ.k rFkk ghfy;e xSl esa /ofu dh xfr;ksa dk vuqikr 6 / 5  gSA

(C) ghfy;e ds ijek.kqvksa rFkk gkbMªkstu ds v.kqvksa dh rms pkyksa dk vuqikr 1/2 gSA

(D) ghfy;e ds ijek.kqvksa rFkk gkbMªkstu ds v.kqvksa dh rms pkyksa dk vuqikr 1/ 2  gSA

Ans. (A, B, D)

Sol. Total Energy  dqy ÅtkZ  = 
2
3

RT + 
2
5

RT = 4RTT

Average energy per moles of mixture
feJ.k dh izfr eksy vkSlr ÅtkZ

= 
2
RT4

 = 2RT

vsound  = 
M
RT

PHYSICS
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mix = 

5 71 1
2 2
3 51 1
2 2

  

  
= 

2
3

,  Mmix  = 
2

4121 
 = 3

sound,mix mix He

sound,He He mix

v M 6
v M 5

 
 

 

vrms = 
M
RT3

2
1

4
2

v
v

2H,rms

He,rms 

17. In an aluminum (Al) bar of square cross section, a square hole is drilled and is filled with iron (Fe) as shown in
the figure, The electrical resistivities of Al and Fe are 2.7× 10–8  m and 1.0 × 10–7  m, respectively. The
electrical resistance between the two faces P and Q of the composite bar is
n'kkZ;s fp=kkuqlkj ,d oxkZdkj vuqizLFk dkV dh ,Y;qfefu;e (Al) dh flYyh (ckj) esa ,d oxkZdkj fNnz cukdj mls yksgs (Fe)
ls Hkj fn;k tkrk gSA ,Y;qfefu;e rFkk yksgs (Fe) dh fo|qr izfrjks/kdrk,a Øe'k% 2.7× 10–8  m rFkk 1.0 × 10–7  m gSA
bl feJ flYyh ds P rFkk Q Qydksa ds e/; fo|qr izfrjks/k gSA

(A) 
2475

64
 (B) 

1875
64

 (C) 
1875

49
 (D) 

2475
132



Ans. (B)

PHYSICS
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Sol. RA and RFe are Parallel to each other
RA o RFe ,d nqljs ds lekUrj gSA

fee R
1

R
1

R
1




R
1

 = 22

8

)002(.)007(.
)05(.107.2



 

; RFe = 2

7

)002(.
)05(.100.1  

R= 
1004510

105107.2
6

48








 = 3 × 10–5

RFe = 2
6

7
105

104
10 








 = 310
4
5 

eR
1

 = 35 105
4

103
1

 



 = 

5
104

3
10 35 



eR
1

 = 35 1012105
15


 = 51012.5

15


eR
1

 = 
12.5

150
 = 

64
1875

18. For photo-electric effect with incident photon wavelength , the stopping potential is V0. Identify the correct
variation(s) of V0 with  and 1/.
izdk'k&fo|qr izHkko esa vkifrr QksVkWu dh rjaxnS/;Z gSA rFkk fujks/kh foHko V0 gSA V0 dk  rFkk 1/ds lkFk lgh xzkQ gS ¼gS½

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

Ans. (A,C)

Sol.

hc

 = eV0 + 

 V0 = 







1

e
hc

PHYSICS
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SECTION – 3 : (Maximum Marks : 16)
 This section contains TWO questions
 Each question contains two columns, Column I  and Column II
 Column I  has four entries (A),(B), (C) and (D)
 Column II  has five entries (P),(Q), (R), (S) and (T)
 Match the entries in Column I with the entries in Column II
 One or more entries in Column I may match with one or more entries in Column II
 The ORS contains a 4 × 5 matrix whose layout will be similar to the one shown below :

(A)

(B)

(C)

(D)
 For each entry in Column I, darken the bubbles of all the matching entries. For example, if entry (A) in

Column Imatches with entries (Q), (R) and (T), then darken these three bubbles in the ORS. Similarly, for
entries (B), (C) and (D).

 Marking scheme :
For each entry in Column I
+2  If only the bubble(s) corresponding to all the correct match(es) is (are) darkened
0    If none of the bubbles is darkened
–1  In all other cases

[kaM  3 : (vf/kdre vad : 16)
 bl [kaM esa nks iz'u gSaA

 izR;sd iz'u esa nks dkWye gSa] dkWye I rFkk dkWye II
 dkWye I esa pkj izfof"V;k¡ (A),(B), (C) rFkk (D) gSaA
 dkWye II esa ik¡p izfof"V;k¡ (P),(Q), (R), (S) rFkk (T) gSaA
 dkWye I dh izfof"V;ksa dk dkWye II dh izfof"V;ksa ls lqesfyr djsaA

 dkWye I dh ,d ;k ,d ls vf/kd izfof"V;k¡] dkWye II dh ,d ;k ,d ls vf/kd izfof"V;ksa ls lqesfyr gks ldrh gSaA

 vks- vkj- ,l- esa uhps n'kkZ;h x;h tSlh 4 × 5 vkO;wg nh x;h gS %

(A)

(B)

(C)

(D)
 dkWye I dh izR;sd izfof"V ds fy, lHkh lqesfyr izfof"V;ksa ds cqycqyksa dks dkyk djsaA mnkgj.k Lo:i] ;fn dkWye I dh izfo"V

(A) izfo"V;ksa (Q), (R) rFkk (T) ls lqesfyr gks] rks bu rhuksa cqycqyksa dks vks- vkj- ,l- esa dkyk djsaA blh izdkj izfof"V;ksa (B),
(C) rFkk (D) ds fy;s Hkh djsaA

 vadu ;kstuk :
dkWye I dh izR;sd izfo"V ds fy,]

+2  ;fn flQZ lHkh fodYi ¼fodYiksa½ ds vuq:i cqycqys ¼cqycqykas½ dks dkyk fd;k tk,A

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

–1   vU; lHkh voLFkkvksa esa

PHYSICS
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19. Match the nuclear processes given in Column with the appropriate option(s) in Column .
Column- Column-

(A) Nuclear fusion (P) Absorption of thermal neutrons by 235
92U

(B) Fission in a nuclear reactor (Q) 60
27Co  nucleus

(C) –decay (R) Energy production in stars v ia hydrogen
conversion to helium

(D) –ray emission (S) Heavy water
(T) Neutrino emission

dkWye- esa nh x;h ukfHkdh; izfØ;kvksa dk dkWye- esa fn;s x;s fodYi@fodYiksa ls mfpr feyku dhft,A

dkWye- dkWye-

(A) ukfHkdh; lay;u (P) Å"eh; U;wVªkWuksa dk U235
92  }kjk vo'kks"k.k

(B) ukfHkdh; la;a=k esa fo[k.Mu (Q) Co60
27  ukfHkd

(C) -{k; (R) rkjksa esa gkbMªkstu dk ghfy;e esa ifjorZu }kjk ÅtkZ mRiknu

(D) -fdj.k mRltZu (S) Hkkjh ty

(R) U;wfVªuksa mRltZu

Ans. (A )  R,T (B) P,S,T;  (C) Q,T; (D)  Q,R,T

20. A particle of unit mass is moving along the x–axis under the influence of a force and its total energy is
conserved. Four possible forms of the potential energy of the particle are given in column  (a and U0 are
constants). Match the potential energies in column  to the corresponding statement(s) in column .

Column- Column-

(A)

22
0

1
U xU (x) 1
2 a

        
(P) the force acting on the particle is zero at x = a.

(B)
2

0
2

U xU (x)
2 a
     (Q) the force acting on the particle is zero at x = 0.

(C)
2 2

0
3

U x xU (x) exp
2 a a

              
(R) the force acting on the particle is zero at x = –a.

(D)
3

0
4

U x 1 xU (x)
2 a 3 a

        
(S) The particle experiences an attractive force

towards x = 0 in the region x a

(T) The particle with total energy 0U
4

 can oscillate

about the point x = –a.
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bdkbZ nzO;eku dk ,d d.k ,d cy ds izHkko esa  x–v{k ij xfr dj jgk gSA d.k dh dqy ÅtkZ lajf{kr gSA dkWye  esa d.k

dh fLFkfrt ÅtkZvksa ds pkj laHkkfor :i fn;s x;s gSa (a rFkk U0 fLFkjkad gSa)A dkWye  esa nh x;h fLFkfrt ÅtkZvksa dk dkWye

esa fn;s dFku@dFkuksa ls mfpr feyku dhft,A.
dkWye- dkWye-

(A)

22
0

1
U xU (x) 1
2 a

        
(P) d.k ij dk;Z djus okyk cy x = a ij 'kwU; gSA

(B)
2

0
2

U xU (x)
2 a
     (Q) d.k ij dk;Z djus okyk cy x = 0 ij 'kwU; gSA

(C)
2 2

0
3

U x xU (x) exp
2 a a

              
(R) d.k ij dk;Z djus okyk cy x = –a ij 'kwU; gSA

(D)
3

0
4

U x 1 xU (x)
2 a 3 a

        
(S) {ks=k x a  esa d.k x = 0 dh vksj vkd"kZ.k cy dk

vuqHko djrk gSA

(T) 0U
4

 dqy ÅtkZ okyk d.k x = –a fcanq ds ifjr% nksyu

dj ldrk gSA

Ans. (A )  P,Q,R,T (B) Q,S ; (C)  P,Q,R,S; (D)  P,R,T

Sol. (A) Fx = 
–dU
dx  = – 0

3
2U
a

 [x–a]   [x]  [x + a]

(A) (P) (Q) (R) (T)

–a a x

F(x)

–a a

U /20

U(x)

(B) Fx = 
–dU
dx = 0

x–U
a

 
 
 

U(x)

x

   

F(x)

x
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(C) Fx = 
dU
dx



    = U0 3

a/x

a
e

22

 [x][x–a][x+a]

–a a

F(x)

a
x

U(x)U (0.37)0 

2

x

(D) Fx = 
dU
dx

 =

   = 0
3

U
[(x a)(x a)]

2a
  

–a a

F (x)

x

P, R, T
U(x)

x

3
U0

3
U0
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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. The total number of stereoisomers that can exist for M is
M ds f=kfoe leko;fo;ksa (stereoisomers) tks vfLrRo esa gS] ml dh dqy la[;k gS

Ans. 2
Sol. Total number of stereoisomers = 2

d+ pair

This molecule can not show geometrical isomerism so only mirror image will be other stereoisomer.

CHEMISTRY
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gy% f=kfoe leko;oh;ksa dh dqy la[;k = 2

;g v.kq T;kferh; leko;ork ugh dj ldrk blfy, dsoy bldk niZ.k izfrfcEc vU; f=kfoe leko;oh gksxkA

22. The number of resonance structures for N is
N dh vuquknh lajpukvksa (resonance structures) dh la[;k gS

 NaOH  N

Ans. (9)

Sol.

23. The total number of lone pairs of electrons in N2O3  is
N2O3 esa bysDVªkWuksa ds ,dkdh ;qXeksa (lone pairs) dh dqy la[;k gS

Ans. 8
Sol. N2O3

CHEMISTRY
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24. For the octahedral complexes of Fe3+ in SCN– (thiocyanato-S) and in CN–  ligand environments, the difference
between the spin-only magnetic moments in Bohr magnetons (when approximated to the nearest integer) is
[Atomic number of Fe = 26]
Fe3+ ds v"VQydh; ladqyksa esa SCN– (FkS;kslk;kusVks-S) rFkk CN–  fyxUM okrkoj.kksa esa] izpØe.k&ek=k pqEcdh; vk?kw.kks± (spin-
only magnetic moments in Bohr magnetons) (Bohr magnetons esa) dk vUrj ¼fudVre iw.kk±d esa½ gS

[Fe dh ijek.kq la[;k = 26]
Ans. 4
Sol. SCN– is weak field effect (WFE) ligand whereas CN– is strong field effect (SFE) ligand.

SCN– rks nqcZy {ks=k izHkko (WFE) fyxs.M gS tcfd CN– izcy {ks=k izHkko (SFE) fyxs.M gSA

 = [Ar]   

Spin only magnetic moment = )25(5   = 35  BM

izpØ.k pqEcdh; vk?kw.kZ

 = [Ar] 

Spin only magnetic moment = )21(1   = 3  BM

izpØ.k pqEcdh; vk?kw.kZ

Difference (vUrj) = 35  – 3  ~–  4

25. Among the triatomic molecules/ions, BeCl2, N3
–, N2O, NO2

+, O3, SCl2, ICl2–, I3
– and XeF2, the total number

of linear molecules(s)/ion(s) where the hybridization of the central atom does not have contribution from the
d-orbital(s) is

[Atomic number : S = 16, Cl = 17,  = 53 and Xe = 54]

fn;s x;s f=kijek.kqd v.kqvksa@vk;uksa] BeCl2, N3
–, N2O, NO2

+, O3, SCl2, ICl2–, I3
– rFkk XeF2, esa jsf[kd v.kq(vksa)@vk;u¼uksa½]

ftuesa dsUnzh; ijek.kq ds ladj.k esa d-vkWfcZVy@vkWfcZVyksa dk Hkkxnku ugha gS] dh dqy la[;k gS

[ijek.kq la[;k (Atomic number) : S = 16, Cl = 17,  = 53 rFkk Xe = 54]
Ans. 4

Sol. Cl– Be–Cl N  N  O
      Sp      Sp       Sp

     Sp

26. Not considering the electronic spin, the degeneracy of the second excited state (n = 3) of H atom is 9, while

the degeneracy of the second excited state of H– is

bysDVªkWu pØ.k dk fopkj u djrs gq;s H ijek.kq dh f}rh; mÙksftr voLFkk (n = 3) dh leHkza'krk (degeneracy) 9 gS] rc

H– dh f}rh; mÙksftr voLFkk dh leHkaz'krk gksxh
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Ans. 3
Sol. Energy order of orbitals of H is decided by only principle quantum number (n)

while energy order of H– is decided by (n + ) rule :
Electronic configuration of ‘H–’ is - 1s2 its Energy order is decided by n+ rule.
H– = 1s22s02p0

Its 2nd excited state is 2p
and degenery 2p is ‘3’

H ds d{kdks dh ÅtkZ dk Øe dsoy eq[; DokaVe la[;k (n) }kjk fuèkkZfjr gksrk gS tcfd H– ds fy, ÅtkZ Øe (n + ) fu;e

}kjk fuèkkZfjr gksrk gS :

‘H–’ dk bysDVªkWfud foU;kl 1s2  gS blds fy, ÅtkZ Øe (n + ) fu;e }kjk fuèkkZfjr gksrk gS :
H– = 1s22s02p0

bldh 2nd mÙksftr voLFkk 2p gS

rFkk 2p dh leHkz'krk ‘3’ gSA

27. All the energy released from the reaction X  Y, rGº = – 193 kJ mol–1 is used for oxidizing M+ as M+  M3+

+ 2e– , Eº = – 0.25 V.
Under standard conditions, the number of moles of M+ oxidized when one mole of X is converted to Y is

[F = 96500 C mol–1]

vfHkfØ;k X  Y, rGº = – 193 kJ mol–1  ls eqDr lEiw.kZ ÅtkZ dk mi;ksx M+ ds vkWDlhdj.k M+  M3+ + 2e– ,

Eº = – 0.25 V esa gksrk gSA ekud voLFkk esa tc ,d eksy X  dks Y esa ifjofrZr djrs gSa rc M+ ds vkWDlhdr̀ gksus okys eksyksa

(moles) dh la[;k gS

[F = 96500 C mol–1]

Ans. 4
Sol. m+  m3+ + 2e–

G0 = –nFE0 For 1 mole of m+

G0 = –2 × 96500 × (–0.25) J
= + 48250 J/mole
= 48.25 KJ/mole
Energy released by conversion of 1 mole of

x   y G = –193 KJ
Hence mole of m+ convert

193
48.25 = 4

m+  m3+ + 2e–

G0 = –nFE0     m+ ,d eksy ds fy,

G0 = –2 × 96500 × (–0.25) J
= + 48250 J/mole
= 48.25 KJ/mole
,d eksy ds ifjorZu esa eqDr ÅtkZ

x   y G = –193 KJ

vr% ifjofrZr m+ ds eksy
193

48.25 = 4
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28. If the freezing point of a 0.01 molal aqueous solution of a cobalt(III) chloride-ammonia complex (which behaves
as a strong electrolyte) is –0.0558ºC, the number of chloride(s) in the coordination sphere of the complex is
[Kf of water = 1.86 K kg mol–1]
;fn ,d dksckWYV (III) DyksjkbM&veksfu;k ladqy ¼tks izcy oS/;qr vi?kV~; (strong electrolyte) dh rjg O;ogkj djrk gS½

ds 0.01 eksyy tyh; foy;u dk fgekad –0.0558ºC gS] rc bl ladqy ds leUo; e.My esa DyksjkbM@DyksjkbMksa dh la[;k

gS

[Kf ¼ty½ = 1.86 K kg mol–1]
Ans. (1)
Sol. Tf =    Kf   × i × m

0.0558 = 1.86 × i × 0.01
  i = 3
Given complex behaves as a strong electrolyte

 = 100 %
n = 3 (no. of particles given by complex)
 complex is [Co(NH3)5Cl]Cl2
no. of Cl– ions in the co-ordination sphere of the complex = 1

Tf =    Kf   × i × m
0.0558 = 1.86 × i × 0.01
  i = 3
fn;k x;k ladqy izcy oS|qr vi?kV~; ds leku O;ogkj djrk gS

 = 100 %
n = 3 (ladqy }kjk fn;s x;s d.kksa dh la[;k)
 ladqy [Co(NH3)5Cl]Cl2  gS

ladqy ds milgla;kstu Hkkx esa Cl– vk;uks dh la[;k = 1

SECTION – 2 : (Maximum Marks : 40)

 This section contains TEN 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 : 40)

 bl [kaM esa nl 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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29. Compound(s) that on hydrogenation produce(s) optically inactive compound(s) is (are)
;kSfxd tks gkbMªkstuhdj.k ¼hydrogenation½ djus ij /kzqo.k v?kw.kZd ¼optically inactive½ mRikn cukrs gS ¼gSa½

(A) 
CH3H C3

H Br
(B) CH3

H C2

H Br

(C) 
CH3

H C2

H Br

CH3 (D) H C2

HBr
CH3

Ans (B,D)
Sol.

(A)         

(Optically active)

(B)   

(Optically inactive)

(C)    

(Optically active)

(D)    

(Optically inactive)
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30. The major product of the following reaction is
fuEufyf[kr vfHkfØ;k dk eq[; mRikn gS

O

CH3

O

 ii. H , heat+

i. KOH, H O2

(A) 

CH3

O
(B) 

CH3

O

(C) 

O
CH3 (D) 

CH3
O

Ans. (A)

Sol.

CHEMISTRY
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31. In the following reaction, the major product is
fuEufyf[kr vfHkfØ;k dk eq[; mRikn gS

H C2

CH2

CH3

   HBrequivalent1

(A) H C2

Br

CH3

CH3

(B) H C3

Br

CH3

(C) 
H C2 Br

CH3

(D) 
H C3 Br

CH3

Ans. (D)

Sol.  1 eq HBr  

gy%  1 eq HBr  
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32. The structure of D-(+)-glucose is
D-(+)-glucose dh lajpuk gS

CHO

CH OH2

H             OH
HO             H

H             OH
H             OH

The structure of L-(–)-glucose is
L-(–)-glucose dh lajpuk gS

(A) 

CHO

CH OH2

HO             H

H             OH
HO             H

HO             H
(B) 

CHO

CH OH2

HO             H

HO             H
H             OH

H             OH (C) 

CHO

CH OH2

HO             H

HO             H
HO             H

H             OH `(D) 

CHO

CH OH2

H             OH

HO             H
HO             H

HO             H

Ans. (A)
Sol. The structure of L-(–)- glucose is

L-(–)-Xywdkst dh lajpuk gSA

33. The major product of the reaction is
fuEufyf[kr vfHkfØ;k dk eq[; mRikn gS

H C3
CO H2

CH3 NH2

NaNO , aqueous HCl2

0ºC

(A) 

H C3

CH3

NH2

OH
(B) 

H C3 CO H2

CH3 OH

(C) 

H C3 CO H2

CH3 OH
(D) 

H C3

CH3

NH2

OH
Ans (C)
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Sol. Treating with nitrous acid (diazotisation) gives a hydroxyl group in the place of the amino group. The reaction
occurs stereospecifically with retention in configuration.

34. The correct statement(s) about Cr2+ and Mn3+ is (are)
[Atomic numbers of Cr = 24 and Mn = 25]
(A) Cr2+ is a reducing agent
(B) Mn3+ is an oxidizing agent
(C) Both Cr2+ and Mn3+ exhibit d4 electronic configuration
(D) When Cr2+ is used as a reducing agent, the chromium ion attains d5 electronic configuration.
Cr2+ rFkk Mn3+ ds lanHkZ esa lgh oDrO; gS (gSa)
[ijek.kq la[;k (Atomic number) : Cr = 24 rFkk Mn = 25]
(A) Cr2+ ,d vipk;d  (reducing agent) gSA
(B) Mn3+ ,d mipk;d (oxidizing agent) gSA
(C) Cr2+ rFkk Mn3+ nksuksa d4 bysDVªk¡fud foU;kl n'kkZrs gSa

(D) tc Cr2+ dk ,d vipk;d dh rjg mi;ksx fd;k tkrk gS rks Øksfe;e vk;u dk bysDVªk¡fud foU;kl d5 gks tkrk gSA

Ans. (A, B, C)
Sol. Cr2+ + Mn3+  Cr3+ + Mn2+

Cr2+ is a reducing agent Mn3+ is an oxidising agent both Cr2+ & Mn3+ exhibit d4 electronic configuration.
Cr2+ ,d vipk;d gS] Mn3+ ,d vkWDlhdkjd gS Cr2+ o Mn3+ nksuks d4 foU;kl n'kkZrs gSA

35. Copper is purified by electrolytic refining of blister copper. The correct statement(s) about this process is (are):
(A) Impure Cu strip is used as cathode
(B) Acidified aqueous CuSO4 is used as electrolyte
(C) Pure Cu deposits at cathode
(D) Impurities settle as anode-mud
dk¡ij dk 'kks/khdj.k dk¡ij mnorZ (blister copper) ds fo|qr vi?kVuh ifj"dj.k }kjk fd;k tkrk gSA bl izdj.k ds lanHkZ esa

lgh oDrO; gS ¼gSa½

(A) v'kq) dk¡ij iV~Vh dk mi;ksx dSFkksM ds :i esa gksrk gSA

(B) vEyh; tyh; CuSO4 dk mi;ksx fo|qr vi?kV~; ds :i esa gksrk gSA

(C) 'kq) Cu dSFkksM ij tek gksrk gSA

(D) vinzO; ,suksM&iad (anode-mud) ds :i esa tek gksrs gSaA

CHEMISTRY
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Ans. (B, C, D)
Sol. Impure Cu is used as anode pure Cu deposited at cathode. Electrolyte is acidified solution of CuSO4. impurities

settle as anode mud.
v'kq) Cu dk ,uksM cukrs gS] 'kq) Cu dSFkksM ij ,df=kr gksrk gS] vEyh; CuSO4 dks fo|qr vi?kV~; ds :i esa iz;ksx djrs

gS rFkk v'kqf) ,suksM iad ds :i esa ,df=kr gksrh gSA

36. Fe3+ is reduced to Fe2+ by using
(A) H2O2 in presence of NaOH (B) Na2O2 in water
(C) H2O2 in presence of H2SO4 (D) Na2O2 in presence of H2SO4

Fe3+ ds Fe2+ esa vip;u esa mi;qDr gksrk gS ¼gksrs gSa½

(A) NaOH dh mifLFkfr esa H2O2 (B) ty esa Na2O2

(C) H2SO4 dh mifLFkfr esa H2O2 (D) H2SO4 dh mifLFkfr esa Na2O2

Ans. (C) & (D)
Sol. In Basic medium, Fe3+ will be precipitated as Fe(OH)3.

{kkjh; ekè;e esa Fe3+, Fe(OH)3 ds :i esa vo{ksfir gks tk;sxkA

37. The % yield of ammonia as a function of time in the reaction :
N2(g) + 3H2(g)  2NH3(g), H 0 
at (P, T1) is given below.
vfHkfØ;k N2(g) + 3H2(g)  2NH3(g), H 0 
esa veksfu;k ds mRikn (% yield) dh le; (time) ij fuHkZjrk (P, T1)  ij uhps n'kkZ;h x;h gS

T1

time

%
 y

ie
ld

If this reaction is conducted at (P, T2), with T2 > T1, the % yield of ammonia as a function of time is represented
by
;fn ;g vfHkfØ;k (P, T2), ij dh tk; tgk¡ T2 > T1] veksfu;k ds % mRikn dh le; ij fuHkZjrk iznf'kZr djrk gSA

(A) 

T1

time

%
 y

ie
ld T2

(B) 

T1

time

%
 y

ie
ld

T2

(C) 

T1

time

%
 y

ie
ld

T2

(D) 
T1

time

%
 y

ie
ld T2

Ans. (B)
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Sol. Initially on increasing temperature rate of reaction will increase, so % yield will also increase with time. But
at equilibrium % yield at high temperature (T2) would be less than at T1 as reaction is exothermic so the graph
is
rkieku c<+kus ij izkjEHk esa vfHkfØ;k dh nj esa o`f} gksrh gS vr% % yfC/k le; ds lkFk c<+rh ijUrq lkE; ij mPp rki (T2)
ij % yfC/k T1 dh rqyuk esa de gksxh ;?kfi vfHkfØ;k m"ek{ksih gS bl izdkj xzkQ fuEu gSA

T1

time

%
 y

ie
ld

T2

38. If the unit cell of a mineral has cubic close packed (ccp) array of oxygen atoms with m fraction of octahedral
holes occupied by aluminium ions and n fraction of tetrahedral holes occupied by magnesium ions, m and n,
respectively, are
;fn ,d [kfut dh ,dd lsy esa vkWDlhtu ijek.kq ?kuh; ladqfyr (cubic close packing) O;wg (array) esa gksa tgk¡ m fHkUu
(fraction) v"VQydh; (octahedral) fjfDrdkvksa (holes) esa ,syqfefu;e vk;u rFkk n fHkUu prq"Qydh; (tetrahedral)
fjfDrdkvksa esa eSaXuhf'k;e vk;u mifLFkr gksa] rc m rFkk n Øe'k% gSa

(A) 
1
2

, 
1
8 (B) 1, 

1
4

(C) 
1
2

, 
1
2

(D) 
1
4

, 
1
8

Ans. (A)
Sol. In ccp, O2– ions are 4.

Hence total negative charge = –8
Let Al3+ ions be x, and Mg2+ ions be y.
Total positve charge = 3x + 2y
 3x + 2y = 8
This relation is satisfied only by x = 2 and y = 1.
Hence number of Al3+ = 2.
and number of Mg2+ = 1.
 n = fraction of octahedral holes occupied by Al3+

= 
2
4

 = 
1
2

and m = fraction of tetrahedral holes occupied by Mg2+

=
1
8

Hence, answer is (A)

ccp esa O2– vk;u dh la[;k = 4
vr% dqy _.kkos'k = –8
ekuk Al3+ vk;u x gS rFkk Mg2+vk;u y gSA
dqy èkukos'k = 3x + 2y
 3x + 2y = 8
tc dsoy x = 2 rFkk y = 1 gS rc ;g lehdj.k lar`Ir gksrh gSA
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vr% Al3+ dh dqy la[;k = 2.
rFkk Mg2+ dh dqy la[;k = 1.

 n = Al3+ }kjk ?ksjs tkus okyh v"VQydh; fjfDrdk dk izHkkt = 
2
4

 = 
1
2

rFkk m = Mg2+ }kjk ?ksjs tkus okyh prq"Qydh; fjfDrdkvksa dk izHkkt =
1
8

vr% mÙkj (A) gSA

SECTION – 3 : (Maximum Marks : 16)

 This section contains TWO questions
 Each question contains two columns, Column I  and Column II
 Column I  has four entries (A),(B), (C) and (D)
 Column II  has five entries (P),(Q), (R), (S) and (T)
 Match the entries in Column I with the entries in Column II
 One or more entries in Column I may match with one or more entries in Column II
 The ORS contains a 4 × 5 matrix whose layout will be similar to the one shown below :

(A)

(B)

(C)

(D)

 For each entry in Column I, darken the bubbles of all the matching entries. For example, if entry (A) in
Column Imatches with entries (Q), (R) and (T), then darken these three bubbles in the ORS. Similarly, for
entries (B), (C) and (D).

 Marking scheme :
For each entry in Column I
+2  If only the bubble(s) corresponding to all the correct match(es) is (are) darkened
0    If none of the bubbles is darkened
–1  In all other cases

[kaM  3 : (vf/kdre vad : 16)

 bl [kaM esa nks iz'u gSaA

 izR;sd iz'u esa nks dkWye gSa] dkWye I rFkk dkWye II
 dkWye I esa pkj izfof"V;k¡ (A),(B), (C) rFkk (D) gSaA
 dkWye II esa ik¡p izfof"V;k¡ (P),(Q), (R), (S) rFkk (T) gSaA
 dkWye I dh izfof"V;ksa dk dkWye II dh izfof"V;ksa ls lqesfyr djsaA

 dkWye I dh ,d ;k ,d ls vf/kd izfof"V;k¡] dkWye II dh ,d ;k ,d ls vf/kd izfof"V;ksa ls lqesfyr gks ldrh gSaA

 vks- vkj- ,l- esa uhps n'kkZ;h x;h tSlh 4 × 5 vkO;wg nh x;h gS %

CHEMISTRY



Page || 37

JEE-ADVANCED-2015   |    DATE: 24-05-2015   |   PAPER-1   |   CODE-1

(A)

(B)

(C)

(D)

 dkWye I dh izR;sd izfof"V ds fy, lHkh lqesfyr izfof"V;ksa ds cqycqyksa dks dkyk djsaA mnkgj.k Lo:i] ;fn dkWye I dh izfo"V

(A) izfo"V;ksa (Q), (R) rFkk (T) ls lqesfyr gks] rks bu rhuksa cqycqyksa dks vks- vkj- ,l- esa dkyk djsaA blh izdkj izfof"V;ksa (B),
(C) rFkk (D) ds fy;s Hkh djsaA

 vadu ;kstuk :
dkWye I dh izR;sd izfo"V ds fy,]

+2  ;fn flQZ lHkh fodYi ¼fodYiksa½ ds vuq:i cqycqys ¼cqycqykas½ dks dkyk fd;k tk,A

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

–1   vU; lHkh voLFkkvksa esa

39. Match the anionic species given in Column I that are present in the ore(s) given in Column II.
Column I Column II

(A) Carbonate (P) Siderite
(B) Sulphide (Q) Malachite
(C) Hydroxide (R) Bauxite
(D) Oxide (S) Calamine

(T) Argentite

dkWye&I esa fn;s x;s _.kk;uksa (anionic species) dks dkWye&II esa fn;s x;s lgh v;Ld ¼v;Ldksa½ ds lkFk lqesfyr djsaA

dkWye I dkWye II
(A) dkcksZusV (Carbonate) (P) flMsjkbV (Siderite)

(B) lYQkbM (Sulphide) (Q) eSysdkbV (Malachite)

(C) gkbMªksDlSbM (Hydroxide) (R) ck¡DlkbM (Bauxite)

(D) vk¡DlkbM (Oxide) (S) dkykeSu (Calamine)

(T) vtsZUVkbV (Argentite)
Ans. A  P, Q, S ; B  T ; C  Q, R ; D  R
Sol. (P) Siderite (flMsjkbV)  — FeCO3

(Q) Malachite (esysdkbV) — CuCO3.Cu(OH)2

(R) Bauxite (ckWDlkbV) — AlOX(OH)3–2x

(S) Calamine (dsysekbu) — ZnCO3

(T) Argentite (vtsZ.VkbV)  — Ag2S

CHEMISTRY



Page || 38

JEE-ADVANCED-2015   |    DATE: 24-05-2015   |   PAPER-1   |   CODE-1

40. Match the thermodynamic processes given under Column I with the expressions given under Column II.
Column I Column II

(A) Freezing of water at 273 K and 1 atm (P) q = 0
(B) Expansion of 1 mol of an ideal gas into a (Q) w = 0

vacuum under isolated conditions
(C) Mixing of equal volumes of two ideal gases at (R) Ssys < 0

constant temperature and pressure in an
isolated container

(D) Reversible heating of H2(g) at 1 atm from (S) U = 0
300 K to 600 K, followed by reversible cooling
to 300 K at 1 atm

(T) G = 0

dkWye I esa fn;s x;s m"ekxfrd (thermodynamic) izØeksa dks dkWye II esa fn;s x;s O;atdksa ls lqesfyr djsaA

dkWye I dkWye II
(A) 273 K rFkk 1 atm ij ty dk fgehdj.k (P) q = 0
(B) foyfxr (isolated) voLFkkvksa esa ,d eksy vkn'kZ xSl (Q) w = 0

dk fuokZr esa izlj.k

(C) fLFkj rki rFkk nkc ij ,d foyfxr ik=k esa (R) Ssys < 0
nks vkn'kZ xSlksa ds leku vk;ruksa dk feJ.k

(D) 1 atm ij H2(g) dh 300 K ls 600 K rd mRØe.kh; (S) U = 0
(reversible) rkiu] rRi'pkr 1 atm ij 300 K
rd mRØe.kh; 'khryu

(T) G = 0

Ans. (A-R,T) (B-P,Q,S) (C-P,Q,S) (D-P,Q,S,T)
Sol. (A) H2O(  )   H2O(s) at 273 K. & 1 atm

  H = – ve = q
Ssys < 0, G = 0.
w  0 (as water expands on freezing),  U   0
w  0 (pwafd ty] teus ij izlfjr gksrk gSA)  U   0

(B) Free expansion of ideal gas. q = 0
vkn'kZ xSl dk eqDr izlkj w = 0

U = 0
Ssys > 0
G < 0

(C) Mixing of equal volume of ideal gases at constant pressure & temp in an isolated container
,d foyfxr ik=k esa fu;r rki rFkk nkc ij] vkn'kZ xSlksa ds leku vk;ru dks feyk;k tkuk

q = 0, w = 0, U = 0, Ssys > 0 ,   G < 0

(D) H2(g) 300 K Re versible
Heating,1atm  600 K Re versible

Cooling,1atm  300 K.

q = 0, w = 0, U = 0, G = 0, Ssys = 0

(D) H2(g) 300 K ,1atmmRde.kh;z

xe Z djuk
 600 K ,1atmmRde.kh;z

B.Mk djuk
 300 K.

q = 0, w = 0, U = 0, G = 0, Ssys = 0

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 number of distinct solutions of the equation

4
5

cos2 2x + cos4 x + sin4 x + cos6 x + sin6x = 2 in the interval [0, 2] is

varjky [0, 2] esa lehdj.k  
4
5

cos2 2x + cos4 x + sin4 x + cos6 x + sin6x = 2 ds fofHké gyksa (distinct solutions)

dh la[;k gSA

Ans. 8

Sol.
4
5

cos2 2x + cos4 x + sin4 x + cos6 x + sin6x = 2


5
4

cos22x + 1 – 
1
2

sin22x + 1 – 
3
4

sin22x = 2

 cos22x = sin22x
 tan22x = 1

Now vc 2x  [0, 4]  x = 
3 5 7 9 11 13 15, , , , , , ,

8 8 8 8 8 8 8 8
       

so number of solution vr% gyksa dh la[;k = 8

MATHEMATICS
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42. Let the curve C be the mirror image of the parabola y2 = 4x with respect to the line x + y + 4 = 0. If A and
B are the points of intersection of C with the line y= – 5, then the distance between A and B is
ekuk fd oØ C, js[kk x + y + 4 = 0 ds lkis{k esa] ijoy; (parabola) y2 = 4x dk niZ.k çfrfcEc (mirror image) gSA
;fn A vkSj B, oØ C vkSj js[kk y = – 5, ds çfrPNsn fcUnq gS] rc A vkSj B ds chp dh nwjh gSA

Ans. 4
Sol. let P(t2, 2t) be a point on the curve y2 = 4x and Q(h, k) be it’s image in x + y + 4 = 0

2 2h t k 2t 2(t 2t 4)
1 1 2
   

    h = –(2t + 4)

k = –(t2 + 4)
Now k = –5
so t = ±1
hence h = –2, –6
so A, B are (–2, –5) & (–6, –5)
Hence AB = 4

Hindi. ekuk oØ y2 = 4x ij ,d fcUnq p (t2, 2t) gS rFkk Q(h, k) bldk x + y + 4 = 0 esa izfrfcEc gS
2 2h t k 2t 2(t 2t 4)

1 1 2
   

    h = –(2t + 4)

k = –(t2 + 4)
vc k = –5
vr% t = ±1
vr% h = –2, –6
vr% A, B, (–2, –5) rFkk (–6, –5) gSa
vr% AB = 4

43. The minimum number of times a fair coin needs to be tossed, so that the probability of getting at least
two heads is at least 0.96, is
,d U;k; flDds (fair coin) dks U;wure fdruh ckj mNkyuk iM+sxk] ftlls fd de ls de nks fpr (head) çdV gksus

dh çkf;drk de ls de 0.96 gks\
Ans. 8
Sol. Let coin is tossed n times ekuk flDdk n ckj mNkyk x;k

P(atleast two heads) (de ls de nks fpÙk) = 1 – 
n n

n
2

1 1C . 0.96
2 2

       
   

 n
4 n 1

100 2




 n
n 1 1

252


 
n2 25

n 1



 least value of n is 8.

n dk U;wure eku 8 gS

44. Let n be the number of ways in which 5 boys and 5 girls can stand in a queue in such a way that all the
girls stand consecutively in the queue. Let m be the number of ways in which 5 boys and 5 girls can
stand in a queue in such a way that exactly four girls stand consecutively in the queue. Then the value

of 
n
m

is

ekuk fd n rjhdksa ls 5 yM+ds vkSj 5 yM+fd;k¡ ,d iafDr esa bl çdkj [kM+s gks ldrs gSa fd lHkh yM+fd;k¡ iafDr esa Øekxr

(consecutively) [kM+h gks aA ekuk fd  m rjhdksa ls 5 yM+ds vkSj 5 yM+fd;k¡ ,d iafDr esa bl çdkj [kM+s gks ldrs gS

fd Bhd (exactly) 4 yM+fd;k¡ gh iafDr esa Øekxr yM+dh gks aA rc 
n
m

 dk eku gSA

Ans. 5
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Sol. n = 5! × 6!
m = 5! × 6C2 × 5C4 .2! .4!

m 5! 15 2 5!
n 6!

  
  = 5

45. If the normals of the parabola y2 = 4x  drawn at the end points of its latus rectum are tangents to the
circle (x – 3)2 + (y + 2)2 = r2, then the value of r2 is
;fn ijoy; (parabola) y2 = 4x  ds ukfHkyEc thok (latus rectum) ds f'k[kj fcUnqvksa ij [khapsa x, vfHkyEc (normals)
o`Ùk (x – 3)2 + (y + 2)2 = r2 dh Li'kZ js[kk,sa gSa] rc r2 dk eku gSA

Ans. 2
Sol. Equation of normals at points (1, ±2) are

y = –x + 3 & y = x – 3
 x + y – 3 = 0 & x – y – 3 = 0

Now 
3 2 3

1 1
 


 = r  r2 = 2

Hindi. fcUnqvksa (1, ±2) ij vfHkyEcksa ds lehdj.k

y = –x + 3 vkSj y = x – 3
 x + y – 3 = 0 vkSj x – y – 3 = 0

vc
3 2 3

1 1
 


 = r  r2 = 2

46. Let f: R  R be a function defined by f(x) = 







2x,0
2x],x[

 where [x] is the greatest integer less than or

equal to x. If I = dx
)1x(f2

)x(xf
2

1–

2

  , then the value of (4–1) is

ekuk fd Qyu f: R  R

f(x) = 







2x,0
2x],x[

 ls ifjHkkf"kr gS] tgk¡ [x], x ls de ;k x ds cjkcj ds egÙke iw.kk±d (greatest integer less than

or equal to x) dks n'kkZrk gSA ;fn I = dx
)1x(f2

)x(xf
2

1–

2

  , rc (4–1) dk eku gSA

Ans. 0

Sol.  = 

2 2

1

x[x ] dx
2 [x 1]


   = 

2 2

1

x[x ] dx
3 [x 1]


   = 

0 1 2

1 0 1

0 0 x.1dx dx dx
3 1 3 0 3 1



 
    

= 

22

1

1 x
4 2
 
 
  

 = 
2 1

8


 = 
1
4

 4 – 1 = 0
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47. A cylindrical container is to be made from certain solid material with the following constraints: It  has
fixed inner volume of V mm3, has a 2 mm thick solid wall and is open at the top. The bottom of the
container is solid circular disc of thickness 2 mm and is of radius equal to the outer radius of the
container.
If the volume of the material used to make the container is minimum when the inner radius of the

container is 10 mm, then the value of 
250

V
is

fuEu O;ojks/kksa (container) dks larq"V djrs gq, ,d csyukdkj ik=k (cylinderical container) ,d Bksl inkFkZ ls cuk;k

gS% ik=k dk vkUrfjd vk;ru V ?ku feeh fu;r (fixed) gS rFkk bldh nhokjsa 2 feeh eksVkbZ dh gSa ,oa ik=k Åij ls [kqyk

gSA ik=k dk fupyk ry 2 feeh eksVkbZ okyk Bksl o`Ùkh; fMLd (circular disc) gS rFkk ftldh f=kT;k] ik=k dh ckgjh

f=kT;k ds cjkcj gSA ;fn ik=k dh vkarfjd f=kT;k 10 feeh gksus ij inkFkZ ds U;wure vk;ru dh vko';drk gksrh gks]

rc 250
V

dk eku gSA

Ans. 4
Sol. Volume of material V = r2h ik=k dk vk;ru V = r2h

 V1 = (r + 2)22 + (r + 2)2h – r2h
 V1 = 2(r + 2)2 + h(4 + 4r)
 V1 = 2(r + 2)2 + 4h(r + 1)

 V1 = 2
2

2
2(r 1)V(r 2)

r
    


1

2 3
dV 2v 1 22 2(r 2) 0
dr r r

            

 3
2V 2 1024 0

10
      

 3
24v 24

10



 v = 103


v 4

250




48. Let F(x) = 



6

x

x

2

2

dttcos2  for all x  R and f: 





2
1,0  [0, ) be a continuous function. For a  





2
1,0 , if

F(a) + 2 is the area of the region bounded by x = 0, y = 0, y = f(x) and x = a, then f(0) is

ekuk fd lHkh x  R ds fy,] F(x) = 



6

x

x

2

2

dttcos2 rFkk f: 





2
1,0  [0, ) ,d larr Qyu gSA ;fn mu lHkh

a  





2
1,0  ds fy, F(a) + 2 ml {ks=k dk {ks=kQy gS] tks fd x = 0, y = 0, y = f(x) vkSj x = a, ls f?kjk (bounded)

gqvk gS] rc f(0) dk eku gSA

Ans. 3
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Sol. F(x) = 



6

x

x

2

2cos2 + dt

F(x) = 2
2

2

6
xcos 















 
  2x – 2cos2x

 F(a) + 2 = 
a

0

dx)x(f

2
2

2

6
acos 















 
 2a – 2cos2a + 2 = 

a

0

dx)x(f

 4cos2 





 


6

a2
 + 4a 2cos 






 


6

a2
. 














 


6

asin 2
× 2a + 4cosa sina = f(a)

 f(0) = 4

2

2
3










 = 3

SECTION – 2 : (Maximum Marks : 40)
 This section contains TEN 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 : 40)

 bl [kaM esa nl 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

49. Let X and Y be two arbitrary, 3 × 3, non-zero, skew-symmetric matrices and Z be an arbitrary 3 × 3, non-
zero, symmetric matrix. Then which of the following matrices is (are) skew symmetric ?
ekuk fd X ,oa Y nks LosPN (arbitrary), 3 × 3, 'kwU;srj (non-zero) fo"ke lefer (skew-symmetric) vkO;wg  (Matrix)
gS vkSj Z ,d LosPN, 3 × 3, 'kwU;srj] lefer (symmetric) vkO;wg gSA rc fuEufyf[kr esa ls dkSulk (ls) fo"ke lefer vkO;wg

gS (gSa) ?
(A) Y3Z4 – Z4Y3 (B) X44 + Y44 (C) X4Z3 – Z3X4 (D) X23 + Y23

Ans. (C,D)

MATHEMATICS
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Sol. (C) (x4 Z3 – Z3 X4)T = (X4Z3)T (Z3 X4)T

= (ZT)3(XT)4 – (XT)4(ZT)3

= Z3X4 – X4Z3

= –(X4Z3 – Z3X4)
(D) (X23 + Y23)T = –X23 – Y23  X23 + Y23 is skew–symmetric fo"ke lfEer gS

50. Which of the following values of  satisfy the equation 
222

222

222

)33()23()3(
)32()22()2(
)31()21()1(





 = – 648 ?

 ds fuEufyf[kr ekuksa esa dkSu lk (ls) eku lehdj.k 
222

222

222

)33()23()3(
)32()22()2(
)31()21()1(





 = – 648  dks larq"V djrk (djrsa)

gS (gSA) ?
(A) – 4 (B) 9 (C) – 9 (D) 4

Ans. (B,C)
Sol. R3  R3 – R2, R2 R2 – R1





654525
634323

)31()21()1( 222

= – 648

R3 R3 – R2

222
634323

)31()21()1( 222




 = – 648

C3  C3 – C2, C2 C2 – C1

002
2223

)52()32()1( 2




 = – 648

 22(2+ 3) – 22(2+ 5) = – 324
 –43 = –324   = 0, ± 9

51. In R3, consider the planes P1 : y = 0 and P2 : x + z = 1. Let P3 be a plane, different from P1 and P2, which
passes through the intersection of P1 and P2 . If the distance of the point (0, 1, 0) from P3 is 1 and the
distance of a point (, , ) from P3 is 2, then which of the following relation is (are) true ?
eku yhft, fd R3 esa  P1 : y = 0 vkSj P2 : x + z = 1 nks lery gSA ekuk fd P3 ,d lery gS tks lery P1 ,oa P2 ls

fHkUu gS rFkk P1 ,oa P2 ds izfrPNsnu (intersection) ls tkrk gSA ;fn fcUnq (0, 1, 0) ls P3 dh nwjh ,d (1) gS rFkk fcUnq
(, , ) ls P3 dh nwjh nks (2) gS, rc fuEufyf[kr lEca/k (lEca/kksa) esas dkSu lk (ls) larqf"Vr gksrs gSA (gSa) ?
(A) 2 +  + 2 + 2 = 0 (B) 2 –  + 2 + 4 = 0
(C) 2 +  – 2 – 10 = 0 (D) 2 –  + 2 – 8 = 0

Ans. (B,D)
Sol. Let P3 be P2 + P1 = 0  x + y + z – 1 = 0

MATHEMATICS
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Distance from (0, 1, 0) is 1

 2

0 0 1 1
1 1

   
 

  

 = 
1
2



 Equation of P3 is 2x – y + 2z – 2  = 0
Dist. from () is 3


2 2 2 2

3
    

  2 –  + 2 = 2 ± 6

 option (B, D) are correct.
Hindi. ekuk p3 , p1 + p2 = 0 gS  x + y + z – 1 = 0

(0, 1, 0) ls nwjh 1 gS

 2

0 0 1 1
1 1

   
 

  

 = 
1
2



 p3 dk lehdj.k , 2x – y + 2z – 2  = 0 gS
() ls nwjh 3 gS


2 2 2 2

3
    

  2 –  + 2 = 2 ± 6

 (B, D) lgh fodYi gSA

52. In R3, let L be a straight line passing through the origin. Suppose that all the points on L are at a constant
distance from the two planes P1 : x + 2y – z + 1 = 0 and P2 : 2x – y + z – 1 = 0. Let M be the locus of
the feet of the perpendiculars drawn from the points on L to the plane P1. Which of the following points
lie(s) on M?
ekuk fd R3 esa L ,d ljy js[kk gS tks fd ewy fcUnq ls tkrh gSA ekuk fd L ds lHkh fcUnq leryksas P1 : x + 2y – z + 1 = 0 rFkk
P2 : 2x – y + z – 1 = 0 ls fLFkj nwjh ij gSA ekuk fd L ds fcUnqvksa ls lery P1  ij Mkys x, yEcksa ds iknksa (feet of the
perpendiculars) dk iFk (locus) M gSA fuEufyf[kr fcUnqvksa es ls dkSu lk (ls) fcUnq iFk M ij fLFkr gS  gS (gS) ?

(A) 







3
2–,

6
5–,0 (B) 








6
1,

3
1–,

6
1– (C) 








6
1,0,

6
5– (D) 








3
2,0,

3
1–

Ans. (A,B)
Sol. Let v

  be the vector along L

then v
 = 

ˆ ˆ ˆi j k
1 2 1
2 1 1




 = ˆ ˆ ˆi 3 j 5k 

So any point on line L is A(, – 3, –5)
Foot of perpendicular from A to P, is

1
h 

 = 
2
3k 

 = 
5
1

 



 = 

 
141

156



  = – 6

1
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h =  – 6
1

, k = –3 – 3
1

,  = –5 + 6
1

so foot is 
1 1 1, 3 , 5
6 3 6

         
 

So (A, B)
Hindi. ekuk L ds vuqfn'k lfn'k v


 gS

rc v
 = 

ˆ ˆ ˆi j k
1 2 1
2 1 1




 = ˆ ˆ ˆi 3 j 5k 

vr% L ij dksbZ fcUnq A(, – 3, –5) gS
A ls P ij yEcikn

1
h 

 = 
2
3k 

 = 
1
5l



 = 
 

141
156




  = – 6
1

h =  – 6
1

, k = –3 – 3
1

, l = –5 + 6
1

vr% yEcikn 






 
6
15,

3
13,

6
1

 gSA

vr% (A, B) fodYi lgh gSA

53. Let P and Q be distinct points on the parabola y2 = 2x such that a circle with PQ as diameter passes
through the vertex O of the parabola, If P lies in the first quadrant and the area of the triangle OPQ is

23 , then which of the following is (are) the coordinates of P ?

ekuk fd fofHkUu fcUnq P vkSj Q ijoy; (parabola) y2 = 2x ij bl izdkj fy, x, gS fd ,d o`Ùk] ftldk O;kl PQ gS]
bl ijoy; ds 'kh"kZ (vertex)  O ls tkrk gSA ;fn P izFke prqjka'k (first quadrant) esa fLFkr gS rFkk f=kHkqt OPQ dk {ks=kQy

23  gS] rks fuEu esa ls dkSu lk (ls) fcUnq P ds funsZ'kkad gS (gSa) ?

(A) (4, 22 ) (B) (9, 23 ) (C) 








2
1,

4
1

(D) (1, 2 )

Ans. (A,D)
Sol. OP  OQ  t1t2 = – 4

0

y

x

Q

90°

P








1
2
1 t,t

2
1











2

2
2 t,
2
t

Now vc 
2
1

.OP.OQ = 3 2


4 4

2 21 2
1 2

t t1 . t . t
2 4 4

   = 3 2


2
1

.4.
   

4
4t

4
4t 2

2
2
1 

 = 3 2

 4.
  

16
16tt416 2

2
2
1 

 = 9 × 2

 8 + t1
2 + t2

2 = 18
 t1

2 + t2
2 – 10 = 0
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 t1
4 – 10t1

2 + 16 = 0
 t1

2 = 2, 8

54. Let y(x) be a solution of the differential equation (1 + ex)y' + yex = 1. If y(0) = 2, then which of the following
statements is (are) true ?
(A) y(–4) = 0
(B) y(–2) = 0
(C) y(x) has a critical point in the interval (–1, 0)
(D) y(x) has no critical point in the interval (–1, 0)
eku fd y(x) vody lehdj.k (1 + ex)y' + yex = 1 dk gy gSA ;fn y(0) = 2 rc fuEufyf[kr dFkuksa esa ls dkSu lk (ls)
lgh gS (gSa) ?
(A) y(–4) = 0
(B) y(–2) = 0
(C) y(x) dk ,d Økafrd fcUnq (critical point) varjky (–1, 0) esa gS
(D) y(x) dk dksbZ Hkh Økafrd fcUnq (critical point) varjky (–1, 0) esa ugh gS

Ans. (A,C)

Sol. (1 + ex) dx
dy

 + yex = 1

dx
dy

 + x

x

e1
e


y = xe1
1


I.F = 
x

xx
e dx n(1 e )1 ee e     = 1 + ex

complete solution iw.kZ gy

y.(1 + ex) = 1dx
(1 + ex)y = x + c
x = 0, y = 2  c = 4
(1 + ex)y = x + 4

y = 
1e

4x
x 


x = –4,  y = 0

x = –2, y = 
1x

2
2 

dx
dy

= 
   

 

x x

2x

e 1 .1 x 4 e

e 1

  



 
 2x

x

1e

13xe





dx
dy

 = 0  x + 3 = e–x

(0, 3)

–1

(–1, 2)
e

ex = 3x
1


55. Consider the family of all circles whose centers lie on the straight line y = x. If this family of circles is
represented by the differential equation Py" + Qy' + 1 = 0, where P, Q are functions of x, y and y' (here
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y' = 
dx
dy

, y" = 2

2

dx
yd

), then which of the following statements is (are) true?

(A) P = y + x (B) P = y – x
(C) P + Q = 1 – x + y + y' + (y')2 (D) P – Q = x + y – y' – (y')2

mu lHkh o`Ùk–dqy(family of circles) dks fopkj dhft, ftuds dsUnz ljy js[kk y = x ij fLFkr gSA ;fn bl o`Ùk–dqy ds

lHkh o`Ùk] vody lehdj.k Py" + Qy' + 1 = 0, ls fu:fir gksrs gS] tgk¡ P, Q bl izdkj gSa fd os x, y vkSj y' ds Qyu

gSa (;gk¡ y' = 
dx
dy

, y" = 2

2

dx
yd

), rc fuEufyf[kr dFkuksa esa ls dkSu lk¼ls½ lgh gS ¼gSa½?

(A) P = y + x (B) P = y – x
(C) P + Q = 1 – x + y + y' + (y')2 (D) P – Q = x + y – y' – (y')2

Ans. (B,C)

Sol. (x – )2 + (y – )2 = r2

x2 + y2 – 2x – 2y + 22 – r2 = 0
2x + 2yy – 2 – 2y = 0 ...(i)

  = 'y1
'yyx




...(ii)

again diff. w.r.t. iqu% vodyu djus ij

2 + 2(y)2 + 2yy – 2y = 0

 1 + (y)2 + yy – 










'y1
'yyx

y = 0

 1 + y + (y)2 + (y) + yy + yyy – xy – yyy = 0
 (y – x)y+ (1 + y + (y)2) y + 1 = 0
 P = y – x, Q = 1 + y + (y)2

Ans. (B,C)
Note : P & Q will not be unique function as
Py + Qy+ Ry– Ry + 1 = 0

 ''Ry–1
'Py

 + 'Ry–1
'Qy

 + 1 = 0 Hence new P & Q can be obtained.

So it can be a controversial problem.
uksV : P rFkk Q vf}rh; Qyu ugha gS tSlk fd

Py + Qy+ Ry– Ry + 1 = 0

 ''Ry–1
'Py

 + 'Ry–1
'Qy

 + 1 = 0 vr% u;s P rFkk Q izkIr fd;s tk ldrs gSA

vr% ;g fooknkLin iz'u gSA

56. Let g: R  R be a differentiable function with g(0) = 0, g'(0) = 0 and g'(1)  0. Let f(x) = 










00

0

x,

x),x(g
|x|

x

and h(x) = e|x| for all x  R. Let (foh)(x) denote f(h(x)) and (hof)(x) denote h(f(x)). Then which of the
following is(are) true?
(A) f is differentiable at x = 0 (B) h is differentiable at x = 0
(C) foh is differentiable at x = 0 (D) hof is differentiable at x = 0
ekuk fd g: R  R ,d vodyuh; Qyu gS tgk¡ fd g(0) = 0, g'(0) = 0 ,oa g'(1)  0 gSaA ekuk fd
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f(x) = 










00

0

x,

x),x(g
|x|

x

 vkSj izR;sd x  R ds fy, h(x) = e|x| gSA ekuk fd (foh)(x) vkSj (hof)(x) Øe'k% f(h(x)) vkSj

h(f(x)) dks n'kkZrs gSaA rc fuEufyf[kr dFkuksa esa ls dkSulk¼ls½ lgh gS ¼gSa½?
(A) x = 0 ij f vodyuh; gSA (B) x = 0 ij h vodyuh; gSA
(C) x = 0 ij foh vodyuh; gSA (D) x = 0 ij hof vodyuh; gSA

Ans. (A,D)
Sol. g(0) = 0, g (0) = 0 g (1)  0











0;0
0x')x(g
0x;)x(g

)x(f h(x) = e|x|

  xhf  =  |x|eg ,      |x|gexfh 

  0f'R  = 
   

x 10

g x – g 0
lim

x 0 
 = g(0) = 0

  L f' 0  = 10
lim
x

   –g x – g 0
x 0

= g(0) = 0

  R h' 0  = 1 &   L h' 0 –1 So h(x) is non derivable. at x = 0

vr% h(x), x = 0 ij vodyuh; ugha gSA

Now vc 0x
lim


     
x

0hf–xhf
 = 0x

lim
  

   |x|g e – g 1

x

R(f(h(x))) = 0x
lim

x
)1(g)e(g x 

 = x 0
lim

 1e
)1(g)e(g

x

x





x
1ex 

 = g(1)

   L f ' h x  = – g (1) Hence   xhf  is non derivable at x = 0

vr%   xhf , x = 0 ij vodyuh; ugha gSA

Since x = 0 is repeated root of g(x) So ||x|g|e  is differetiable at x = 0

pwafdx = 0, g(x) dk iqujko`fÙk ewy gSA vr% ||x|g|e ] x = 0 ij vodyuh; gSA

hence vr%   (A), (D)

57. Let f(x) = sin
π πsin sinx
6 2

  
  

  
for all x  R and g(x) = 

2


sin x for all x  R. Let (fog) (x) dentoe f(g(x)) and
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(gof) (x) denote g(f(x)). Then which of the following is(are)true?

(A) Range of f is 
1 1,
2 2

   
(B) Range of fog is 

1 1,
2 2

   

(C) 6
π

g(x)
f(x)lim

0x



(D) There is an x  R such that (gof)(x) = 1

ekuk fd lHkh x  R ds fy, f(x) = sin
π πsin sinx
6 2

  
  

  
vkSj lHkh x  R ds fy, g(x) = 

2


sin x gSA ekuk fd

(fog) (x) vkSj (gof) (x) Øe'k% f(g(x)) vkSj g(f(x)) dks n'kkZrs gSa] rc fuEufyf[kr esa ls dkSu lk ¼ls½ lgh gS ¼gSa½?

(A) f dh ifjlj 
1 1,
2 2

   
 gSA (B) fog dh ifjlj 

1 1,
2 2

   
 gSA

(C) 6
π

g(x)
f(x)lim

0x



(D) R esa ,d x ,slk gS ftlds fy, (gof)(x) = 1

Ans. (A,B,C)

Sol. f(x) = 














  xsin
2

sin
6

sin

Let 
2


sin x =   



 

2
,

2
–

 f(x) = sin 





 
 sin
6

Let 6


sin  =    




 
6

,
6

–

 f(x) = sin  





2
1,

2
1–  (A)

Now fog(x) = sin 
























  xsin
2

sin
2

sin
6

Clearly, range of fog is also 







2
1,

2
1–  (B)

Now, 
xsin

2

xsin
2

sin
6

sin
lim

0x 















 



= 
x

x
xsin

xsin
2

sin
6

xsin
2

sin
6

xsin
2

sin
6

sin
2lim

0x
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= x

xsin
2

xsin
2

xsin
2

sin

6
2lim

0x












 







623
1 




  (C)

Now, gof(x) = 1

 













  xsin

2
sin

2
sin

2  = 1

 sin 2
1

14.3
22xsin

2
sin

6


















 

 (D)

Hindi. f(x) = 














  xsin
2

sin
6

sin

ekuk
2


sin x =   



 

2
,

2
–

 f(x) = sin 






 
 sin
6

ekuk 6


sin  =    




 
6

,
6

–

 f(x) = sin  





2
1,

2
1–  (A)

vc fog(x) = sin 
























  xsin
2

sin
2

sin
6

Li"Vr;k, fog dk ijhlj 







2
1,

2
1–  (B)

vc , 
xsin

2

xsin
2

sin
6

sin
lim

0x 















 



= 
x

x
xsin

xsin
2

sin
6

xsin
2

sin
6

xsin
2

sin
6

sin
2lim

0x








 








 















 



= x

xsin
2

xsin
2

xsin
2

sin

6
2lim

0x
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623
1 




  (C)

vc, gof(x) = 1

 













  xsin

2
sin

2
sin

2  = 1

 sin
2 2 1sin sinx

6 2 3.14 2
           

 (D)

58. Let PQR be a triangle. Let a QR, b RP 
 

 and c PQ


. If | a |


= 12, | b | 4 3


 and b.c 24
 

, then
which of the following is(are) true?

(A) 
2| c | | a | 12

2
 




(B) 
2| c | | a | 30

2
 




(C) | a b c a | 48 3   
   (D) a. b 72 



ekuk fd PQR ,d f=kHkqt gSA ekuk fd a QR, b RP 
 

 vkSj c PQ


gSA ;fn | a |


= 12, | b | 4 3


 vkSj b.c 24
 

,

rc fuEufyf[kr esa ls dkSu lk ¼ls½ lgh gS ¼gSa½?

(A) 
2| c | | a | 12

2
 




(B) 
2| c | | a | 30

2
 




(C) | a b c a | 48 3   
   (D) a. b 72 



Ans. (A,C,D)

Sol. cba


  = 0

 a–cb




 48 + 2c
  + 48 = 144

R

QP

a


b


c
 2c

  = 48

 34c2 


 a–
2

c
2




 = 24 – 12 = 12 Ans. (A)

Further ;|fi

c–ba




 144 + 48 + b.a2


= 48
 b.a

  = –72 Ans. (D)

 cba


  = 0

 caba


  = 0

 acba


  = 2 ba


  =  272–48.144.2  = 348 Ans. (C)
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SECTION – 3 : (Maximum Marks : 16)

 This section contains TWO questions
 Each question contains two columns, Column I  and Column II
 Column I  has four entries (A),(B), (C) and (D)
 Column II  has five entries (P),(Q), (R), (S) and (T)
 Match the entries in Column I with the entries in Column II
 One or more entries in Column I may match with one or more entries in Column II
 The ORS contains a 4 × 5 matrix whose layout will be similar to the one shown below :

(A)

(B)

(C)

(D)

 For each entry in Column I, darken the bubbles of all the matching entries. For example, if entry (A) in
Column Imatches with entries (Q), (R) and (T), then darken these three bubbles in the ORS. Similarly, for
entries (B), (C) and (D).

 Marking scheme :
For each entry in Column I
+2  If only the bubble(s) corresponding to all the correct match(es) is (are) darkened
0    If none of the bubbles is darkened
–1  In all other cases

[kaM  3 : (vf/kdre vad : 16)

 bl [kaM esa nks iz'u gSaA

 izR;sd iz'u esa nks dkWye gSa] dkWye I rFkk dkWye II
 dkWye I esa pkj izfof"V;k¡ (A),(B), (C) rFkk (D) gSaA
 dkWye II esa ik¡p izfof"V;k¡ (P),(Q), (R), (S) rFkk (T) gSaA
 dkWye I dh izfof"V;ksa dk dkWye II dh izfof"V;ksa ls lqesfyr djsaA

 dkWye I dh ,d ;k ,d ls vf/kd izfof"V;k¡] dkWye II dh ,d ;k ,d ls vf/kd izfof"V;ksa ls lqesfyr gks ldrh gSaA

 vks- vkj- ,l- esa uhps n'kkZ;h x;h tSlh 4 × 5 vkO;wg nh x;h gS %

(A)

(B)

(C)

(D)

 dkWye I dh izR;sd izfof"V ds fy, lHkh lqesfyr izfof"V;ksa ds cqycqyksa dks dkyk djsaA mnkgj.k Lo:i] ;fn dkWye I dh izfo"V

(A) izfo"V;ksa (Q), (R) rFkk (T) ls lqesfyr gks] rks bu rhuksa cqycqyksa dks vks- vkj- ,l- esa dkyk djsaA blh izdkj izfof"V;ksa (B),
(C) rFkk (D) ds fy;s Hkh djsaA
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 vadu ;kstuk :
dkWye I dh izR;sd izfo"V ds fy,]

+2  ;fn flQZ lHkh fodYi ¼fodYiksa½ ds vuq:i cqycqys ¼cqycqykas½ dks dkyk fd;k tk,A

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

–1   vU; lHkh voLFkkvksa esa

59. Column-  Column-

(A) In R2, if the magnitude of the projection vector of the vector (P) 1

ĵî   on ĵî3   is 3  and if  = 2 + 3 ,
 then possible value(s) of || is (are)

(B) Let a and b be real numbers such that the function (Q) 2
2

2

, x 1–3ax – 2f(x)
, x 1bx a


  

 is differentiable for all x  R.

Then possible value(s) of  is (are)

(C) Let  1 be a complex cube root of unity. (R) 3
If (3 – 3 + 22)4n + 3 + (2 + 3 – 32)4n + 3 + (–3 + 2 + 32)4n + 3 = 0,
then possible value(s) of n is (are)

(D) Let the harmonic mean of two positive real numbers a and b be 4. (S) 4
If q is a positive real number such that a, 5,q, b is an arithmetic
progression, then the value(s) of |q – a| is (are)

(T) 5
dkWye -  dkWye-

(A) ekuk fd R2 esa, ;fn lfn'k ĵî   dk lfn'k ĵî3   ij iz{ksi (P) 1

lfn'k (projection vector) dk ifjek.k (magnitude) 3  gks vkSj

;fn  = 2 + 3  gks] rc || ds laHko eku gS (gSa)

(B) ekuk fd okLrfod la[;k,a a vkSj b bl izdkj gS fd Qyu (Q) 2
2

2

, x 1–3ax – 2f(x)
, x 1bx a


  

 lHkh x  R ds fy, vodyuh; gSA

rc   ds laHko eku gS (gSa)

(C) ekuk fd  1, bdkbZ (unity) dk ,d lfEeJ ?kuewy gSA ;fn (R) 3
(3 – 3 + 22)4n + 3 + (2 + 3 – 32)4n + 3 + (–3 + 2 + 32)4n + 3 = 0,
rc n ds laHko eku gS (gSa)

(D) ekuk fd nks /kukRed okLrfod la[;k,a a vkSj b dk gjkRed ek/; 4 gSA (S) 4
;fn ,d /kukRed okLrfod la[;k q  bl izdkj gS fd a, 5,q, b ,d
lekUrj Js.kh gSA rc |q – a|  dk (ds) eku gS (gSa)

(T) 5
Ans. (A)  P,Q ; (B)  P, Q ; (C)  P,Q,S,T ; (D)  Q, T
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Sol. (A)   ˆ ˆ3i jˆ ˆi j . 3
2

 
     

 
 3 2 3    

23 2 3
3

  
    

 
 3 +  – 2 = ± 6  4 = 8, –4   = 2, –1
(A  P, Q)
(B) Continuous lrr~ –3a – 2 = b + a2

differentiable vodyuh;  –6a = b  6a = a2 + 3a + 2
 a2 – 3a + 2 = 0  a = 1, 2

(B  P, Q)

(D)
2ab 4
a b


  ab = 2a + 2b ......(i)

q = 10 – a and rFkk 2q = 5 + b
 20 – 2a = 5 + b  15 = 2a + b .......(ii)
From (i) and vkSj  (ii) ls a (15 – 2a) = 2a + 2(15 – 2a)

 15a – 2a2 = –2a + 30  2a2 – 17a + 30 = 0  a = 6, 
5
2

 q = 4, 
15
2

 |q – a| = 2, 5

(D  Q, T)
(C) Let a =  3 – 3 + 22

a = 3 – 32 + 2
a2 = 32 – 3 + 2

Now a4n + 3 (1 + 4x + 3 + (2)4n + 3) = 0
 n should not be a multiple of 3
Hence P, Q, S, T

60. Column-  Column-

(A) In a triangle XYZ, let a, b and c be the lengths of the sides (P) 1
opposite to the angles X, Y and Z, respectively. If 2(a2 – b2) = c2

and  = Zsin
)Y–Xsin(

, then possible values of n for which

cos(n) = 0 is (are)

(B) In a triangle XYZ, let a, b and c be the lengths of the sides (Q) 2
opposite to the angles X, Y and Z, respectively. If

1 + cos2X – 2cos2Y = 2sinXsinY, then possible value(s) of b
a

is (are)
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(C) In R2, let ˆ ˆ ˆ ˆ3 i j, i 3 j   and ĵ)–1(î   be the position vectors (R) 3
of X, Y and Z with respect to the origin O, respectively. If the

distance of Z from the bisector of the acute angle of OX  and OY

is 
2

3 , then possible value(s) of || is (are)

(D) Suppose that F() denotes the area of the region bounded by (S) 5
x = 0, x = 2, y2 = 4x and y = |x – 1| + |x – 2| + x, where

 {0, 1}. Then the value(s) of F() + 2
3
8 , when  = 0 and

 = 1, is (are)
(T) 6

dkWye -  dkWye-

(A) ekuk fd ,d f=kHkqt XYZ esa dks.kksa X, Y vkSj Z ds lkeus dh Hkqtkvksa dh (P) 1
yEckbZ;k¡ Øe'k% a, b vkSj c gSA ekukfd 2(a2 – b2) = c2  vkSj

 = Zsin
)Y–Xsin(

 gSA ;fn cos(n) = 0 rc n ds laHko eku gS (gSa)

(B) ekuk fd ,d f=kHkqt XYZ esa dks.kksa X, Y vkSj Z ds lkeus dh Hkqtkvksa dh (Q) 2
yEckbZ;k¡ Øe'k% a, b vkSj c gSA ;fn 1 + cos2X – 2cos2Y = 2sinXsinY

rc b
a

 ds laHko eku gS (gSa)

(C) ekuk fd R2  esa, ewy fcUnq O ds lkis{k ˆ ˆ ˆ ˆ3 i j, i 3 j   vkSj ĵ)–1(î  (R) 3

Øe'k% X, Y vkSj Z ds fLFkfr lfn'k (position vectors) gSA ;fn OX  vkSj OY

ds U;wu dks.k ds f}Hkktd ls Z dh nwjh 
2

3
 gks] rks || dk (ds) laHko eku gS (gSa)

(D) ekuk fd F() ml {ks=k ds {ks=kQy dks n'kkZrk gS tks (S) 5
x = 0, x = 2, y2 = 4x vkSj y = |x – 1| + |x – 2| + x, ls f?kjk gS]

tgk¡  {0, 1} gSA  = 0 vkSj  = 1 ds fy, F() + 2
3
8  dk (ds)

eku gS (gSa) (T) 6
Ans. (A)  P,R,S ; (B)  P ; (C)  P,Q ; (D)  S, T
Sol. (A)

X

Y Z

ba

c
Given 2(a2 – b2) = c2
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 2(sin2x – sin2y) = sin2z
 2sin(x + y) sin(x – y) = sin2z
 2sin( – z) sin (x – y) = sin2z

z  sin(x – y) = 
2

zsin
...(i)

also given,

 = 
 

2
1

zsin
y–xsin



Now, cos(n) = 0

 cos 





 

2
n

 = 0

 n = 1, 3, 5  (A  P,R,S)

(B)

x

y z

b

a

c

1 + cos2x – 2cos2y = 2sin x sin y
2cos2x – 2cos2y = 2sinx siny
1 – sin2x – 1 + 2sin2y = sin x sin y
sin2x + sinx siny = 2sin2y
sin(sinx + siny) = 2sin2y sinx = ak,  siny = bk
a(a + b) = 2b2

a2 + ab – 2b2 = 0

b
a

b
a 2









 – 2 = 0

b
a

 = –2, 1

b
a

 = 1 (B  P)

(C)
Hence equation of acute angle bisector of OX and OY is y = x
Hence x – y = 0

Now, distance of  ĵ–1î    z(, 1 – ) from x – y is 
 

2
3

2
–1–




|2 – 1| = 3

60°
30°

 1,3x

 3,1y2 – 1 = ±3
2 = 4, –2
 = 2, –1
|| = 2, 1 Ans. (P,Q)
(D)
For  = 1

y = |x – 1| + |x – 2| + x = 

3 x ; x 1
1 x ; 1 x 2

3x 3 ; x 2
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A = 

2

0

1 1(2 3) 1 (2 3) 1 2 xdx
2 2

      

A = 5 – 
8 2
3

 F(1) + 
8 2
3  = 5

For  = 0, y = |–1| + |–2| = 3

A = 6 – 

2

0

2 xdx  A = 6 – 
8 2
3

 F(0) + 
8 2
3  = 6  (D  s, t)

Hindi. (A)

X

Y Z

ba

c

fn;k x;k gS 2(a2 – b2) = c2
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 2(sin2x – sin2y) = sin2z
 2sin(x + y) sin(x – y) = sin2z
 2sin( – z) sin (x – y) = sin2z

z  sin(x – y) = 
2

zsin
...(i)

;g Hkh Kkr gS,

 = 
 

2
1

zsin
y–xsin



vc , cos(n) = 0

 cos 





 

2
n

 = 0

 n = 1, 3, 5  (Q  P,R,S)

(B)

X

Y Z

b

a

c

1 + cos2x – 2cos2y = 2sin x sin y
2cos2x – 2cos2y = 2sinx siny
1 – sin2x – 1 + 2sin2y = sin x sin y
sin2x + sinx siny = 2sin2y
sin(sinx + siny) = 2sin2y sinx = ak,  siny = bk
a(a + b) = 2b2

a2 + ab – 2b2 = 0

b
a

b
a 2









 – 2 = 0

b
a

 = –2, 1

b
a

 = 1 (B  P)

(C)
vr% OX rFkk OY ds e/; U;wu dks.k ds v/kZd dk lehdj.k y = x gSA
vr% x – y = 0

vc,  ĵ–1î    z(, 1 – ) dh x – y ls nwjh 
 

2
3

2
–1–




60°
30°

 1,3x

 3,1y

|2 – 1| = 3
2 – 1 = ±3
2 = 4, –2
 = 2, –1
|| = 2, 1 Ans. (P,Q)
(D)

For  = 1 y = |x – 1| + |x – 2| + x = 

3 x ; x 1
1 x ; 1 x 2

3x 3 ; x 2
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A = 

2

0

1 1(2 3) 1 (2 3) 1 2 xdx
2 2

      

A = 5 – 
8 2
3

 F(1) + 
8 2
3  = 5

ds fy, = 0, y = |–1| + |–2| = 3

A = 6 – 

2

0

2 xdx  A = 6 – 
8 2
3

 F(0) + 
8 2
3  = 6  (D  s, t)
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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




