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[PHYSICS]-PAPER-2 CODE - 4

1. A rocket is launched normal to the surface of the Earth, away from the Sun, along the line joining
the Sun and the Earth. The Sun is 3 × 105 times heavier than the Earth and is at a distance 2.5
× 104 times larger than the radius of the Earth. The escape velocity from Earth's gravitational
field is ve = 11.2 km s–1. The minimum initial velocity (vs) required for the rocket to be able to
leave the Sun-Earth system is closest to
(Ignore the rotation and revolution of the Earth and the presence of any other planet)
(A) vS = 62 km s–1 (B) vS = 22 km s–1 (C) vS = 72 km s–1 (D) vS = 42 km s–1

1. j kdsV Hkwr y ds vfHkyEcor  l w; Z , oa i F̀oh dks t ksM+us okyh j s[ kk esa l w; Z l s nwj  dh r j Q (radially outward from the
direction of the sun) i z{ksfi r  fd; k x; k gSA l w; Z i F̀oh l s 3 × 105 xquk Hkkj h gS , oa i F̀oh dh f=kT; k l s 2.5 × 104 xquh

nwj h i j  fLFkr  gSA i F̀oh ds xq: Rokd"kZ.k {ks=k ds fy ,  i yk; u xfr  (escape velocity) ve = 11.2 km s–1 gSaA j kdsV dks l w; Z

, oa i F̀oh fudk;  (Sun Earth system) ds xq: Rokd"kZ.k l s eqDr  gksus ds fy ,  de l s de i zkj afHkd osx (vS) dk fudVr e eku

gS&

(i F̀oh dh pØh;  xfr  vkSj  i fj Hkze.k r Fkk fdl h vU;  xzg dh mi fLFkfr  dh mi s{kk dj saA)
(A) vS = 62 km s–1 (B) vS = 22 km s–1 (C) vS = 72 km s–1 (D) vS = 42 km s–1

1. D

M

R

nR
K(M)

u

R
GM2

 = 11.2; 
2
1

m (ve
2) = 

R
GMm

2
1

 mu2 – 
R

GMm
 – 

G(KM)m
2(nR)  = 0

2
1

 u2 = 
R

GM
 + 

KGM
nR

2
1

 u2 = 
2
1

 (ve)2 + 
2
1

 4

5

105.2
103



 (ve)2

= (11.2)2 + 12 (11.2)2
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2. A person measures the depth of a well by measuring the time intgerval between dropping a stone
and receiving the sound of impact with the bottom of the well. The error in his measurement of
time is T = 0.01 seconds and he measures the depth of the well to be L = 20 meters. Take the
acceleration due to gravity g = 10 ms–2 and the velocityof sound is 300 ms–1. Then the fractional
error in the measurement, L/L, is closest to
(A) 5% (B) 1% (C) 3% (D) 0.2%
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2. , d O; fDr  , d i RFkj  dks dq, sa esa fxj kr s l e;  vkSj  dq, sa dh r yh esa l a?kV l s mRi Uu /ofu ds l e;  var j ky dk eki u dj ds dq, sa

dh xgj kbZ dk i r k yxkr k gSA ; g l ek; kar j ky ds eki u esa =kqfV T = 0.01 l sdsaM , oa dq, sa dh xgj kbZ L = 20 m eki r k gSA

xq: Rokd"kZ.k Roj .k g = 10 ms–2 , oa /ofu xfr  300 ms–1 nh xbZ gSA L/L ds eki u esa fudVr e vkfa' kd =kqfV (fractional
error) gS&
(A) 5% (B) 1% (C) 3% (D) 0.2%

2. B

t = 
v
t

 + g
L2

dt = 
300
dL

 + 
2
1

 
10
2

 × L
1

 dl

dt = 
300
dL

 + 20
22.0

 (dl)

0.01 = 
300
dl

 + 0.05 dl

3 = 16 dl

dl = 
16
3

20
dl

 × 100 = 0.95%

3. Consider an expanding sphere of instataneous radius R whose total mass remains constant. The
expansion is such that the instantaneous density  remains uniform throughout the volume. The

rate of fractional change in density 
1 d

dt
 

  
 is constant. The velocity v of any point on the surface

of the expanding sphere is proportional to

(A) R (B) 
1
R

(C) R2/3 (D) R3

3. , d i zl kj h xksys (expanding sphere) dh r kR{kf.kd (instataneous) f=kT; k R , oa nzO; eku M vpj  j gr s gSA i zl kj  ds

nkSj ku bl dk r kR{kf.kd ?kuRo  i wj s vk; r u esa , dl eku j gr k gS , oa vkaf' kd ?kuRo dh nj  
1 d

dt
 

  
 vpj  (constant) gSA

bl  i zl kj h xksys ds i "̀B i j  , d fcUnq dk osx v fuEu ds l ekuqi kr h gksxk &

(A) R (B) 
1
R

(C) R2/3 (D) R3

3. A
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4. A symmetric star shaped conducting wire loop is carrying a steady state current I as shown in the
figure. The distance between the diametrically opposite vertices of the star is 4a. The magnitude
of the magnetic field at the center of the loop is

(A) 0l 3[2 3]
4 a





(B) 0l 6[ 3 1]
4 a





(C) 0l 3[ 3 1]
4 a





(D) 0l 6[ 3 1]
4 a





4. t Sl s fd fpf=kr  fd; k x; k gS] , d l fEer  r kj s (symmetric star) ds vkdkj  ds pkyd esa vi fj ofr Zr  /kkj k I cg j gh gSA  ; gk¡

foi j hr  ' kh"kksZ (diametrically opposite vertices) ds chp dh nwj h 4a gSA pkyd ds dsUnz i j  pqEcdh;  {ks=k dk eku gksxk

&

(A) 0l 3[2 3]
4 a





(B) 0l 6[ 3 1]
4 a





(C) 0l 3[ 3 1]
4 a





(D) 0l 6[ 3 1]
4 a





4. B
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5. Consider regular polygons with number of sides n = 3, 4, 5 ...... as shown in the figure, The
center of mass of all the polygons is at height h from the ground. They roll on a horizontal surface
about the leading vertex without slipping and sliding as depicted,. The maximum increase in
height of the locus of the center of mass for each polygton is . Then  depends on n and h as

(A) 
2hsin

n
    

 
(B) 

2htan
2n
    

 

(C) 
1h 1

cos
n

       
  

(D) 
2hsin
n
    

 
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5. fp=k } kj k n' kkZ; s l ecgqHkqt ksa dh Hkqt kvkasa dh l a[ ; k n = 3, 4, 5 ...... gSA l Hkh cgqHkqt ksa dk l agfr  dsUnz (center of mass)
vuqHkwfed r y l s h Å¡pkbZ i j  gSA  ; s fcuk fQl ys f{kfr t  r y  i j  i zfr xkeh ' kh"kZ (leading vertex) ds pkj ksa vksj  ?kw.kZu dj

vxzl fj r  gks j gs gSA i zR; sd cgqHkqt  ds l agfr  dsUnz ds j s[ kki Fk (locus) dh Å¡pkbZ dh vf/kdr e òf)   gSA r c  dh h vkSj  n
i j  fuHkZj r k fuEu esa l s nh t k, xh&

(A) 
2hsin

n
    

 
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2n
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 

(C) 
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       
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6. Three vectors P,Q


 and R


 are shown in the figure. Let S be any point on the vector R


. The

distance between the points P and S is b|R |


. The general relation among vectors P,Q


 and S


is -

(A) S (1 b)P bQ  
 

(B) S (b 1)P bQ  
 

(C) 2S (1 b)P b Q  
 

(D) 2S (1 b )P bQ  
 

6. r hu osDVj  P,Q


 , oa R


 fp=k } kj k n' kkZ,  x,  gSA osDVj  R


 i j  , d fcUnq S n' kkZ; k x; k gSA fcUnq P , oa fcUnq S ds chp dh

nwj h b|R |


 gSA P,Q


 , oa  S


 osDVj ksa ds chp l EcU/k gS &

(A) S (1 b)P bQ  
 

(B) S (b 1)P bQ  
 

(C) 2S (1 b)P b Q  
 

(D) 2S (1 b )P bQ  
 

6. A

PS  = bR

= b )PQ(


  = PS




S

 = Qb


 – Pb


 + P



= (1 – b) P
  + Qb


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7. A photoelectric material having work-function 0 is illuminated with light of wavelength 
0

hc     
.

The fastest photoelectron has a de Broglie wavelength d. A change in wavelength of the incident
light by results in a change d in d. Then the ratio d/ is proportional to

(A) 3
d /  (B) 3 2

d /  (C) 2 2
d /  (D) d / 

7. i zdk' k fo| qr  i nkFkZ (photo electric material) ft l dk dk; Z Qyu (work-function) 0 gS] r j ax&nS/; Z 
0

hc     

ds i zdk' k l s i znhIr  fd; k x; k gSA nzqr  i zdk' k bysDVªku dh Mh czksxyh (de Broglie) r j ax&nS/; Z d gSA vki fr r  i zdk' k

(incident light) dh r j ax&nS/; Z esa ds i fj or Zu l s d ds eku esa d dk i fj or Zu gksr k gSA r c d/ dk vuqi kr

l ekuqi kr h gksxk &

(A) 3
d /  (B) 3 2

d /  (C) 2 2
d /  (D) d / 

7. B

2
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
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m
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
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 – 0
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1

l
C

 = 

2C

 – 0

3
d

1

)(
C2




 (d) = – 2
2

C (Δλ)
λ

 

 d  = 2

3
d)(



8. A wheel of radius R and mass M is placed at the bottom of a fixed step of height R as shown in the
figure. A constant force is continuously applied on the surface of the wheel so that it just clims
the step without slipping. Consider the torque  about an axis normal to the plane of the paper
passing through the point Q. Which of the following options is/are correct?

X

P

S

Q
R
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(A) If the force is applied at point P tangentially then  decreases continuously as the wheel
climbs.
(B) If the force is applied tangentially at point S then   0 but the wheel never climbs the step.
(C) If the force is applied normal to the circumference at point P then  is zero.
(D) If the force is applied normal to the circumeference at point X then  is constant.

, d f=kT; k R , oa æO; eku M dk i fg; k (wheel) , d R Å¡pkbZ okys n+̀<+ l ksi ku (step) ds r y i j  j [ kk gSA (t Sl s fp=k esa

fn[ kk; k x; k gS) i fg; s dks l ksi ku i j  p<+kus ek=k ds fy ; s , d vpj  cy i fg; s ds i "̀B i j  l r r  (continuous constant
force) dk; Zj r  gSA dkxt  ds i "̀B l s vfHkyEc fn' kk esa (perpendicular to the plane of the paper)fcUnq Q l s t kus

okyh v{k ds l ki s{k cyvk?kw.kZ  ekfu; sA fuEu esas l s dkSu¼l k½ l s i zdFku l gh gS?

X

P

S

Q
R

(A) ; fn fcUnq P i j  Li ' khZ;  cy (tangentially force) yxk; k t k;  r c t Sl s i fg; k l ksi ku i j  p<+sxk oSl s  l r r  ?kVsxkA

(B) ; fn fcUnq S i j  Li ' khZ;  cy yxk; k t k;  r c   0 gS fdUr q i fg; k l ksi ku i j  dHkh Hkh ugha p<+sxkA

(C) ; fn fcUnq P i j  i fg; s dh i fj f/k l s vfHkyEc fn' kk esa cy yxk; k t k;  r c  ' kwU;  j gsxkA

(D) ; fn fcUnq X i j  i fg; s dh i fj f/k l s vfHkyEc fn' kk (normal direction) esa cy yxk; k t k;  r c  vpj  j gsxkA
Sol. C, D

9. A right uniform bar AB of length L is slipping from its vertical position on a frictionless floor (as
shown in the figure.) At some instant of time, the angle made by the bar with the vertical is .
Which of the following statements about its motion is/are correct?

B

A

O

L

(A) When the bar makes an angle  with the vertical, the displacement of its midpoint from the
initial posiiton is proportional to (1–cos)
(B) The midpoint of the bar will fal vertically downward
(C) Instantaneous torque about the point in contact with the floor is proportional to sin 
(D) The trajectory of the point A is a parabola
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, d L yEckbZ dk n<̀+ n.M (rigid bar) AB vi uh Å/okZ/kj  fLFkfr  l s ?k"kZ.kghu vuqHkwfed r y (frictionless horizontal
surface) i j  fp=kkuql kj  fQl y j gk gSA l e;  ds fdl h {k.k i j  naM+ } kj k Å/okZ/kj  l s cuk; k dks.k  gSaA fuEu esa l s dkSu l k
(l s) i zdFku l gh gS@gSa\

B

A

O

L

(A) t c naM Å/okZ/kj  l s  dks.k cukr k gS r c naM ds e/;  fcUnq dk foLFkki u ml ds vkj afEHkd fLFkfr  l s (1–cos) ds l ekuqi kr h

gSA

(B) naM dk e/;  fcUnq Å/okZ/kj  uhps dh vksj  (vertically downward) fxj sxkA

(C) naM+ vkSj  Hkwr y ds Li ' kZ fcUnq ds pkj ksa r j Q r kR{kf.kd cyk?kw.kZ (Instantaneous torque) sin  ds l ekuqi kr h gS

(D) fcanq A dk i zi Fk i j oyf; d (parabolic path) gSA
9. A,B,C

Centre of mass will fall vertically downwards as N & mg are in vertical direction

y

A(x,y)
L/2

mg

x
O

L/2
N

C2

C1

Displacement of com = 
2
L

 – 
2
L

  cos 

= 
2
L

 (1 – cos )

B = mg 
2
L

 sin 

x = 
2
L

 sin 
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& y = L cos 

sin2 + cos2 = 1  
2

2
x

L
2

 
 
 

 + 2

2

L
y

 = 1

10. The instantaneous voltages at three terminals marked X, Y and Z are given by
Vx = V0 sin t,

VY = V0 sin 
2t and
3
    

VZ = V0 sin 
4t
3
    

An ideal voltmeter is configured to read rms value of the potential difference between its termi-
nals. It is connected  between points X and Y and then between Y and Z. The reading(s) of the
voltmeter will be
(A) independent of the choice of the two terminals

(B) rms
xy 0V V (C) rms

yz 0
1V V
2

 (D) rms
xy 0

3V V
2



10. r hu VfeZuyksa ds fcUnqvksa X, Y , oa Z ds r kR{kf.kd oksYVr k (instantaneous voltage) nh xbZ gS

Vx = V0 sin t,

VY = V0 sin 
2t
3
   

 
vkSj

VZ = V0 sin 
4t
3
    

, d vkn' kZ oksYVeki h (ideal voltmeter) nks fcUnqvksa ds foHkokUr j  dk vkj  , e , l  (root mean square, Vrms) eku nsr k

gSA ; g oksYVeki h fcUnq X , oa Y l s t ksM+k t kr k gS fQj  Y , oa Z l s t ksM+k t kr k gSA bl  oksYVeki h dk eki u gksxk@gksxsaA

(A) fdl h Hkh nks fcUnqvksa ds p; u i j  fuHkZj  ugha dj r k

(B) rms
xy 0V V (C) rms

yz 0
1V V
2

 (D) rms
xy 0

3V V
2



10. A,D
vxy = vy – vx

= v0 















  tsin
3
2tsin

= v0 














 







 
3

sin
3

tcos2

3  v0 cos (t + /3)
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vxy, RMS = 
2
3

  v0

vyz = vz – vy

= v0 














 






 
3
2tsin

3
4tsin  = v0     3/sintcos2 

3  v0 cos (t + )

11. A uniform magnetic field B exists in the region

between x = 0 and 
3Rx
2

  (region 2 in the

figure) pointing normally into the plane of the
paper. A particle with charge +Q and
momentum p directed along x-axis enters
region 2 from region 1 at point P1 (y=–R). Which          

Region 1 Region 2 Region 3
y

O
x

P1+Q

(y=-R)

3R/2

of the following option(s) is/are correct?

(A) For 2PB ,
3QR

  the particle will re-enter region 1

(B) For 8 PB ,
13 QR

  the particle will enter region 3 through the point P2 on x-axis

(C) For a fixed B, particles of same charge Q and same velocity v, the distance between the point
P1 and the point of re-entry into region 1 is inversely proportional to the mass of the particle.
(D) When the particle re-enters region 1 through the longest possible path in region2, the mag-
nitude of the change in its linear momentum between point P1 and the farthest point from y-axis

is P / 2 .

11. , d l eku pqEcdh;  {ks=k (uniform magnetic field) B

dkxt  ds r y ds vfHkyEc fn' kk esa x = 0 , oa 
3Rx
2

  ds

chp ds {ks=k (fp=k esa region 2) esa l oZ=k (t Sl s fd fp=k esa
fn[ kk; k gS), mi fLFkr  gSA , d d.k ft l dk vkos' k +Q , oa

l aosx p gS] og x-v{k ds vuqfn' k {ks=k 2 esa fcUnq

P1 (y=–R) i j  i zos' k dj r k gSA fuEu esa l s dkSu l k (l s)

dFku l gh gS@gSa\

Region 1 Region 2 Region 3
y

O
x

P1+Q

(y=-R)

3R/2

(A) 
2PB

3QR
  ds fy, ] d.k {ks=k 1 (region 1) esa i qu% i zos' k dj sxkA

(B) 8 PB
13 QR

  ds fy,  d.k {ks=k 3 (region 3) esa x--v{k i j  fcUnq P2 l s i zos' k dj sxkA

(C) fu; r  B ds fy,  , dl eku vkos' k Q , oa , d l eku osx v okys d.kksa ds fy,  fcUnq P1 , oa {ks=k 1 (region 1) esa i qu% i zos' k
fcUnq dh nwj h dk var j  d.kksa ds nzO; eku ds O; qRØekuqi kr h gSA

(D) t c d.k l cl s yEcs l EHkoi Fk l s {ks=k 2 (region 2) l s {ks=k 1 (region 1) l s i qu% i zos' k dj r k gS] r c fcUnq P1 vkSj  y-

v{k l s l cl s nwj  fcUnq ds fy,  j sf[ kd l aosx ds i fj ek.k esa cnyko P / 2  gSA
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11. A,B
To, enter in region (i)

mvr
qB


mv 3R
qB 2



pr
qB

 
3R P
2 qB




qB 2
P 3R




2PB

3qR


r

r

d

mv 3R
qB 2



Bq 2
P 3R



2PB
3qR



sin  = 
d
r

3R /2 qBsin
mv

 

       
3R 8 Pq
2P 13 qR

 
   

 
 = 

24 12
26 13



r (1–Cos ) = R

1 – Cos  = 
R
r

1 – Cos  = 
RqB

P

1 – Cos  = 
qR 8 P
P 13 QR



1 – Cos  = 
8

13

     Cos  = 
81

13


     Cos  = 
5

13
 =  
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12. Two coherent monochromatic point sources S1 and S2 of wavelength  = 600 nm are placed
symmetrically on either side of the center of the circle as shown. The sources are separated by a
distance d = 1.8mm. This arrangement produces interference fringes visible as alternate bright
and dark spots on the circumference of the circle. The angular separation between two consecu-
tive bright spots is .Which of the following options is/are correct?

d

S2S1

P1

P2

(A) The angular separation between two consecutive bright spots decreases as we move from P1

to P2 along the first quadrant
(B) At P2 the order of the fringe will be maximum
(C) A dark spot will be formed at the point P2.
(D) The total number of fringes produced between P1 and P2 in the first quadrant is close to 3000.

12. nks dykl ac/k , do.khZ (coherent monochromatic) fcanq L=kksr  S1 , oa S2, ft udh r j ax nS/; Z  = 600 nm gS , d òÙk

ds dsanz ds nksuksa vkSj  l efer  voLFkk esa fLFkr  gS (t Sl s fp=k esa fn[ kk; k x; k gS)A L=kksr  S1 , oa S2 ds chp dh nwj h d = 1.8
mm gSA bl  O; oLFkk } kj k O; fr fdj .k fÝUt sa (interference fringes) i zfr or hZ nhIr  , oa vnhIr  fpfÙk; ksa (spots) ds : i  esa

, d òÙk dh i fj f/k i j  fn[ kr h gSA  nks Øekxr  nhIr  fpfÙk; ksa ds chp dh dks.kh;  nwj h (angular separation between
two consecutive bright spots) gSA fuEu esa l s dkSu l k (l s) i zdFku l gh gS@gSa\

d

S2S1

P1

P2

(A) i zFke òÙki kn esa P1 l s P2 r d t kus esa nks Øekxr  nhIr  fpÙkh; ksa ds chp dh dks.kh;  nwj h ?kVr h gSA

(B) P2 i j  fÝUt ksa dk Øe mPpr e gksxkA

(C) P2 i j  , d vnhIr  fcUnq cusxkA

(D) P1 , oa P2 ds chp ds i zFke òÙki kn (first quadrant) esa dqy dj hc 3000 fÝUt sa cusxhA
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12. B,D

S2S1

3000th

d cos  = n

cos  = 
d

n

for n = 0
 = 90°
As cos varies by same value, we can see that reperation between values of  increases.

90°

At p2     d cos = n  d = n

n = 

d

 = 3000 (max order) bright frigne

13. A point charge +Q is placed just outside an imaginary hemispherical surface of radius R as shown
in the figure. Which of the following statements is/are correct?

+Q

R
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(A) The circumference of the flat surface is an equipotential
(B) The component of the electric field normal to the flat surface is constant over the surface.

(C) Total flux through the curved and the flat surfaces is 
0

Q


(D) The electric flux passing through the curved surface of the hemisphere is 
0

Q 11
2 2

 
    

13. /kukRed fcUnq vkos' k +Q , d dkYi fud v/kZxksyh;  i "̀B ft l dh f=kT; k R gS] ds ckgj  j [ kk gS (t Sl k fd fp=k esa fn[ kk; k x; k

gS)A fuEu esa l s dkSu l k (l s) i zdFku l gh gS@gSa\

+Q

R

(A) l er y i "̀B dh i fj f/k , d l efoHko i "̀B (equipotential surface) gSA

(B) fo| qr  {ks=k dk l er y i "̀B l s vfHkyfEcr  ?kVd i wj s i "̀B i j  vpy j gsxkA

(C) ofØr  , oa l er y i "̀B l s xqt j us okyk dqy ¶yDl  
0

Q
  gSA

(D) v/kZxksyh;  ofØr  i "̀B l s xqt j us okys fo| qr  ¶yDl  (electric flux) dk eku 
0

Q 11
2 2

 
    

 gSA

13. A,D
(A) As distance of energy point is same from the charge

(B) E = 2)secR(
KQ



Q

R

E

2)secR(
KQ


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Now, component  to the flat surface,

E1 = E cos 

= 2)secR(
KQ

  cos  = 2R
KQ

 cos3 

Total flux = 
0

enq
  = 0    (as qen = 0)

Flux through flat surface

R

R

= 2 (1 – cos )

 = 2 









2
11

So, flux through flat surface,

1 = 
04
Qq




 × 

1 = 
4
Q

 





















2
112

1 = 
02

Q
  










2
11

 flux through curved surface

2 = – 
02

Q
  










2
11     [1 + 2 = 0]

14. A source of constant voltage V is connected to a resistance R and two ideal inductors L1 and L2

through a switch S as shown. There is no mutual inductance between the two inductors. The
switch S is intially open. At t = 0, the switch is closed and current begins to flow. Which of the
following options is/are correct?

S

R

L1 L2
V+

–
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(A) At t = 0, the current through the resistance R is 
V
R

(B) The ratio of the currents through L1 and L2 is fixed at all tmes (t>0)

(C) After a long time, the current through L2 will be 1

1 2

LV
R L L

(D) After a long time, the current through L1 will be 2

1 2

LV
R L L

14. nks vkn' kZ i zsj d (ideal inductor) L1 , oa L2 vkSj  , d i zfr j ks/k (resistance) R dks , d vpy oksYVr k V ds L=kksr  l s , d

fLop S } kj k t ksM+k t kr k gS (t Sl k fp=k esa fn[ kk; k x; k gS)A L1 , oa L2 ds chp vU; ksU;  i zsj dRo (mutual inductance) ugha

gSA i zkj EHk esa fLop S [ kqyk gSA l e;  t = 0 i j  fLop can fd; k t kr k gS vkSj  /kkj k cguh ' kq:  gksr h gSA fuEu esa l s dkSu l k (l s)
i zdFku l gh gS@gSa\

S

R

L1 L2
V+

–

(A) t = 0 i j  i zfr j ks/k R esa i zokfgr  /kkj k 
V
R

(B) L1 , oa L2 esa i zokfgr  /kkj k dk vuqi kr  gj  l e;  (t>0) fu; r  j gr k gSA

(C) nh?kZdky ds ckn L2 esa i zokfgr  /kkj k 
1

1 2

LV
R L L  gksxhA

(D) nh?kZdky ds ckn L1 esa i zokfgr  /kkj k 
2

1 2

LV
R L L gksxhA

14. B,C,D

V – i R – L1 







dt
di1  = 0

Also, V – i R – L2  







dt
di2  = 0

from above L1 







dt
di1  = L2 








dt
di2

L1 
1i

0
1di  = L2 

2i

0
2di

L1i1 = L2i2
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2

1

i
i

 = 
1

2

L
L

 (fixed)

i1 + i2 = 
R
V

....(i)

Also, L1i1 = L2i2 ....(ii)

i1 = 
R
V

 







 21

2

LL
L

i2 = 
R
V

 







 21

1

LL
L

SECTION - 3
PARGRAPH - I
Consider a simple RC circuit as shown in figure 1.

Process-1: In the circuit the switch S is closed at t = 0 and the capcitor is fully charged to voltage
V0 (i.e., charging continues for time T >> RC). In the process some dissipation (ED) occurs across
the resistance R. The amount of energy finally stored in the fully charged capacitor is EC.

Process-2: In a different process the voltage is first set set to 
3
v0  and maintained for a charging

time T >> RC. Then the voltage is raised to 
3
v2 0  without discharging the capacitor and again

maintained for a time T >> RC. The process is repeated one more time by raising the voltage to
V0 and the capacitor is charged to the same final voltage V0 as in process 1.
These two processes are depicted in figure 2
, d l k/kkj .k RC i fj i Fk dks nsf[ k; s] t Sl k fp=k 1 (figure 1) esa n' kkZ; k x; k gSA

i zØe -1 (Process-1): t = 0, i j  fLop S } kj k i fj i Fk i w.kZ fd; k t kr k gS , oa l a/kkfj =k i w.kZ : i  l s oksYVr k V0 l s vkosf' kr
gks t kr k gSA (T >> RC l e;  r d vkos"k.k pyr k j gr k gS)A bl  i zØe esa i zfr j ks/k R ds } kj k dqN fo| qr  mt kZ {k;  (energy
dissipated), E0 gksr h gSA i w.kZ : i  l s vkosf' kr  l a/kkfj =k esa l afpr  mt kZ (stored energy in a charged capacitor) dk

eku EC gSA

i z+Øe-2 (Process-2): , d vyx i zØe esa i gys 
3
v0  oksYVr k dks vkosf' kr  l e;  T >> RC ds fy,  vuqj f{kr  fd; k t kr k

gSA r c fcuk l a/kkfj =k vkos' k fol t Zu ds] l e;  dks T >> RC ds fy,  vuqj f{kr  dj ds oksYVr k dks 
3
v2 0  r d c<+k; k t kr k gSA

oksYVr k dks V0 r d c<+kus ds fy,  ; g i zØe , d vkSj  ckj  nksgj k; k t kr k gSA l a/kkfj =k dks vafr e oksYVr k V0 (t Sl k fd i zØe 1
esa gS) r d vkosf' kr  fd; k t kr k gSA

; s nksuks i zØe fp=k 2 (figure 2) esa fn[ kk,  x,  gSA
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R

CV

S

Figure 1
T 2T

T>>RC
Process2

Process1

V

V0

2V /30

V /30

t

Figure 2

+

15. In process 2, total energy dissipated across the resistance ED is -

(A) ED = 3 






 2
0CV

2
1

(B) ED = 
3
1

 






 2
0CV

2
1

(C) ED = 3 CV0
2 (D) ED = 

2
1

 CV0
2

15. i zØe 2 ds nkSj ku i zfr j ks/k ds } kj k dqy {k;  mt kZ ED gS &

(A) ED = 3 






 2
0CV

2
1

(B) ED = 
3
1

 






 2
0CV

2
1

(C) ED = 3 CV0
2 (D) ED = 

2
1

 CV0
2

15. B
Total energy dissipated

ED = E1 + E2 + E3 = 
2

0v1 c 3
2 3

     
  

 = 
1
3

 CV0
2

16. In process 1, the energy stored in the capacitor EC and heat dissipated across resistance ED are
related by -

(A) EC = ED (B) EC = ED ln 2 (C) EC = 2ED (D) EC = 
2
1

 ED

16. i zØe 1 esa l a/kkfj =k esa l afpr  mt kZ EC vkSj  i zfr j ks/k R } kj k mt kZ {k;  ED esa l aca/k gS &

(A) EC = ED (B) EC = ED ln 2 (C) EC = 2ED (D) EC = 
2
1

 ED

16. A
Energy stored in capacitor,

EC = 
2
1

 CV2

Energy dissipated in the resistance,
ED = EC (by theory)
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Paragraph - 2
One twirls a circular ring (of mass M and radius R) near the tip of one's finger as shown in figure
1. In the process the finger never loses contact with the inner rim of the ring. The finger traces
out the surface of a cone, shown by the dotted line. The radius of the path traced out by the point
where the ring and the finger is in contact is r. The finger rotates with an angular velocity 0. The
rotating ring rolls without slipping on the outside of a smaller circle described by the point where
the ring and the finger is in contact (Figure2). The coefficient of friction between the ring and the
finger is  and the acceleration due to gravity is g.
, d òÙkkdkj  oy;  (circular ring) (nzO; eku M , oa f=kT; k R) , d maxyh ds i fj r % /kqzr ?kw.kZu dj r k gS (t Sl k fp=k 1 (figure
1) esa n' kkZ; k x; k gS) bl  i zØe esa maxyh oy;  ds var fj d i "̀B l s ges' kk Li ' kZ dj r h gSA maxyh , d ' kadq (cone) ds i "̀B dk
vuqj sf[ k;  i Fk dk vuql j .k dj r h gS] t Sl s dh fcUnqfdr  j s[ kk } kj k n' kkZ; k x; k gSA maxyh , oa oy;  ds Li ' kZ fcanq ds vuqj sf[ k;

i Fk dh f=kT; k r gSA maxyh dks.kh;  osx 0 l s ?kw.kZu dj  j gh gSA oy;  r f=kT; k okys òRr  ds ckgj h i "̀B i j  fQl yu j fgr  ?kw.kZu

(rolls without slipping) dj r k gSA t Sl k fp=k 2 (figure 2) esa oy;  , oa maxyh ds Li ' kZ fcUnq } kj k n' kkZ; k x; k gSA oy;

, oa maxyh ds chp ?k"kZ.k xq.kkad (coefficient of friction) , , oa xq: Roh;  Roj .k g gSA

R

r
R

Figure 1 Figure 2

17. The minimum value of 0 below which the ring will drop down is -

(A) )rR(2
g3
 (B) )rR(

g
 (C) )rR(2

g
 (D) )rR(

g2


17. U; wur e 0 ft l ds de gksr s gh oy;  fxj  t k; sxk] og gS

(A) )rR(2
g3
 (B) )rR(

g
 (C) )rR(2

g
 (D) )rR(

g2


17. B
N = mg ....(i)
& N = m (R – r) 2 ....(ii)
from (i)
 m (R – r) 2 = mg

 = )rR(
g


18. The total kinetic energy of the ring is

(A) M0
2 (R – r)2 (B) 

2
1

 M0
2 (R – r)2 (C) 

2
3

 M0
2 (R – r)2 (D) M0

2 R2

18. oy;  dh dqy xfr t  mt kZ gS

(A) M0
2 (R – r)2 (B) 

2
1

 M0
2 (R – r)2 (C) 

2
3

 M0
2 (R – r)2 (D) M0

2 R2
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[CHEMISTRY]
19. The standard state Gibbs free energies of formation of C (Graphite) and C(diamond) at T = 298

K are
f G0[C(graphite)] = 0 kJ mol–1

f G0[C(diamond)] = 2.9 kJ mol–1

The standard state means that the pressure should be 1 bar, and substance should be pure at a
given temperature. The conversion of graphite [C(graphite)] to diamond [C(diamond)] reduces
its volume by 2×10–6 m3 mol–1. If C(graphite) is converted to C(diamond) isothermally at T = 298
K, the pressure at which C(graphite) is in equilibrium with C(diamond), is
[Useful information : 1 J = 1 kg m2s–2; 1 Pa = 1 kg m–1 s–2; 1 bar = 105 Pa]
(A) 29001 bar (B) 58001 bar (C) 14501 bar    (D) 1450 bar

19. C (xzsQkbV), C(ghj k) cuus dh T = 298 K i j  ekud voLFkkk fxc dh eqDr  Åt kZ %

f G0[C(xzsQkbV)] = 0 kJ mol–1

f G0[C(ghj k)] = 2.9 kJ mol–1

ekud voLFkk dk er yc gS fd fn,  x; s r ki eku i j  nkc 1 bar gksuk pkfg,  vkSj  i nkFkZ ' k)  gksuk pkfg, A C (xzsQkbV) dk C
(ghj k) esa i fj or Zu bl ds vk; r u dks 2×10–6 m3 mol–1 ?kVkr k gSA ; fn C(xzsQkbV) dk C(ghj k) esa l er ki h i fj or Zu fd; k

t k; s r ks og nkc ft l  i j  C (xszQkbV), C (ghj k) ds l kFk l kE; koLFkk esa gS] gS %

[mi ; ksxh l wpuk : 1 J = 1 kg m2s–2; 1 Pa = 1 kg m–1 s–2; 1 bar = 105 Pa]
(A) 29001 bar (B) 58001 bar (C) 14501 bar    (D) 1450 bar

Sol. C
At equilibrium
Ggraphite = DDiamond

G°graphite + Vgraphite . dp = G°Diamond + VDiamond. dp
(G°Diamond – G°graphite) = (Vgraphite – VDiamond) dp
2900J = 2 × 10–6m3 × (Pf – Pi)

Pf – Pi = 
29
2

 × 108 Paa

Pf – Pi = 
29
2

 × 108× 10–5

= 
29000

2
 bar

Pf = 1 + 
29000

2  = 14501 bar

20. Which of the following combination will produce H2 gas ?
(A) Cu metal and conc. HNO3

(B) Zn metal and NaOH(aq)
(C) Au metal and NaCNI(aq) in the presence of air
(D) Fe metal and conc. HNO3

20. fuEufyf[ kr  esa l s dkSul k l a; kst  H2 xSl  mRi kfnr  dj sxk \

(A) Cu /kkr q , oa l kUnz HNO3

(B) Zn /kkr q , oa NaOH(t yh; )
(C) Au /kkr q , oa NaCN(t yh; ) ok; q dh mi fLFkfr  esa

(D) Fe /kkr q , oa l kUnz HNO3

Sol. B
Zn + 2NaOH  Na2ZnO2 + H2



(Page # 23)JEE (MAIN + ADVANCED) Examination (2017) (Code - 4)

      : 0744-2209671, 08003899588 | url : www.motioniitjee.com,     :info@motioniitjee.com

21. For the following cell,
Zn(s)|ZnSO4(aq)|| CuSO4(aq)|Cu(s)
When the concentration of Zn2+ is 10 times the concentration of Cu2+, the expression for G(in J
mol–1) is
[F is faraday constant; R is gas constant; T is temperature; E0 (cell) = 1.1V]
(A) 2303RT – 2.2F (B) –2.2F (C) 2.303RT + 1.1F (D) 1.1F

21. fuEufyf[ kr  l Sy ds fy , ]
Zn(s)|ZnSO4(aq)|| CuSO4(aq)|Cu(s)
t c Zn2+ dh l kUnzr k Cu2+ dh l kUnzr k l s 10 xquk gS r ks G(in J mol–1) ds fy,  O; at d (expression) gSaA [F QSj kMs

fu; r kad gS; R xSl  fu; r kad; T r ki eku vkSj  l Sy ds fy ,  E0 dk eku 1.1V gSA]
(A) 2303RT – 2.2F (B) –2.2F (C) 2.303RT + 1.1F (D) 1.1F

Sol. A

Zn(s) + 2
eqCu   Cu(s)

   x 10x
G = –2 F (1.1) + RT ln (10)

= –2.2 F +2.303 RT

22. The order of basicity among the following compounds is

 
NH

NH2H C3
N NH HN N

NH2

NHH N2
        (I)    (II)     (III)       (IV)
(A) IV > II > III > I (B) II > I > IV > III
(C) I > IV > III > II (D) IV > I > II > III

22. fuEufyf[ kr  ; kSfxdksa esa {kkj dr k dk Øe gS %&

 
NH

NH2H C3
N NH HN N

NH2

NHH N2
        (I)    (II)     (III)       (IV)
(A) IV > II > III > I (B) II > I > IV > III
(C) I > IV > III > II (D) IV > I > II > III

Sol. D

NH —C—NH2 2

NH 1

2 3

The electron density (1) N is very large because due to resonance electrondensity

23. Pure water freezes at 273 K and 1 bar. The addition of 34.5 g of ethanol to 500 g of water changes
the freezing point of the solution. Use the freezing point depression constant of water as 2 K kg
mol–1. The figures shown below represent plots of vapour pressure (V.P.) versus temperature (T).
[Molecular weight of ethanol is 46 mol–1]
Among the following, the option representing change in the freezing point is

(A) 
Water+erhanol

Water

Ic
e

V.
P.

/b
ar

270 273 T/K

1

(B) Water+erhanol
Water

Ic
e

V.
P.

/b
ar

270 273 T/K

1
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(C) Water+erhanol
Water

Ic
e

V.
P.

/b
ar

271 273 T/K

1

(D) 
Water+erhanol

Water

Ic
e

V.
P.

/b
ar

271 273 T/K

1

23. ' kqq)  t y  273 K vkSj  1 bar i j  fgehHkwr  (freezes) gksr k gSA 34.5 g , FksukWy dks 500 g i kuh esa Mkyus i j  foy; u dk
fgekad cny t kr k gSA t y dk fgekad voueu fLFkj kad (freezing point depression constant) 2 K kg mol–1 ysA
uhps fn[ kk,  fp=k ok"i  nkc (V.P.) dks r ki eku (T) ds fo: )  vkys[ kksa dks fu: fi r  dj r s gSaA fuEufyf[ kr  esa l s fodYi  t ks fgekad
esa cnyko dks fu: fi r  dj r k gS] gSa [, FksukWy dk vk.kfod Hkkj  46 mol–1]

(A) 
Water+erhanol

Water

Ic
e

V.
P.

/b
ar

270 273 T/K

1

(B) Water+erhanol
Water

Ic
e

V.
P.

/b
ar

270 273 T/K

1

(C) Water+erhanol
Water

Ic
e

V.
P.

/b
ar

271 273 T/K

1

(D) 
Water+erhanol

Water

Ic
e

V.
P.

/b
ar

271 273 T/K

1

Sol. B
Tf = i kf × m

= 1 × 2 × 
2

ethanol

H O

n
W  × 1000

= 2 × 
34.5

46 500
 × 1000

= 
34.5 2

23


 = 
69
23

 = 3

24. The order of the oxidation state of the phosphorus atom in H3PO2, H3PO4, H3PO3, and H4P2O is:-
(A) H3PO4> H3PO2 > H3PO3 > H4P2O6 (B) H3PO2> H3PO3 > H4P2O6 > H3PO4

(C) H3PO3> H3PO2 > H3PO4 > H4P2O6 (D) H3PO4> H4P2O6 > H3PO3 > H3PO2

24. H3PO2, H3PO4, H3PO3, vkSj  H4P2O esa QksLQksj l  i j ek.kqh vkWDl hdj .k voLFkk dk Øe gS%&
(A) H3PO4> H3PO2 > H3PO3 > H4P2O6 (B) H3PO2> H3PO3 > H4P2O6 > H3PO4

(C) H3PO3> H3PO2 > H3PO4 > H4P2O6 (D) H3PO4> H4P2O6 > H3PO3 > H3PO2
Sol. D

5

3 4H PO


 > 
4

4 2 6H P O


 > 
3

3 3H PO


 > 
1

3 2H PO


25. The major product of the following reaction is

NH2

OH

 
 

2i NaNO ,HCl,0 C
ii aq.NaOH


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(A) 

N Cl2

O Na+

(B) 

Cl

OH

(C) 

OH

N=N

(D) 

N=N OH

25. fuEufyf[ kr  vfHkfØ; k dk eq[ ;  mRi kn gS %&

NH2

OH

 
 

2i NaNO ,HCl,0 C
ii aq.NaOH



(A) 

N Cl2

O Na+

(B) 

Cl

OH

(C) 

OH

N=N

(D) 

N=N OH

Sol. C

NH2

OH OH
(i)NaNO , HCl, 0°C2

aq. NaOH

O—

N=N H

O

tautomerisation
OH

N=N
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26. The correct statement(s) about surface properties is(are)
(A) Cloud is an emulsion type of colloid in which liquid is dispersed phase and gas is dispersion
medium
(B) The critical temperature of ethane and nitrogen are 563K and 126 K, respectively. The
adsorption of ethane will be more than that of nitrogen on same amount of activated charcoal at
a given temperature.
(C) Adsorption is accompanied by decrease in enthalpy and decrease in entropy of the system
(D) Brownian motion of colloidal particles does not depend on the size of the particle but depends
on viscosity of the solution.

26. i "̀B xq.kksa (surface properties) ds ckj s esa l gh dFku gS¼gSa½

(A) ckny , d beY' ku i zdkj  dk dksykbM gS ft l esa nzo i fj f{kIr  i zkoLFkk (dispersed phase) gS vkSj  xSl  i fj {ksi .k ek/; e

(dispersion medium) gSA

(B) , Fksu vkSj  ukbVªkst u ds Økafr d r ki eku (Critical temperatures) Øe' k% 563 K vkSj  126 K gSA , d fn; s x; s

r ki eku i j  l fØf; r  pkj dksy dh l eku ek=kk i j  , Fksu dk vo' kks"k.k ukbVªkst u dh vi s{kk vf/kd gksxkA

(C) vf/k' kks"k.k (Adsorption), fudk;  dh , UVªkWi h ?kVus vkSj  , UFksYi h ?kVus ds l kFk gksr k gSA

(D) dksykbMh d.kksa dh czkÅuh xfr  d.kksa ds l kbt  i j  fuHkZj  ugha gksr h i jUr q foy; u dh ' ; kur k (viscosity) i j  fuHkZj  dj r h gSA
Sol. B, C

Theoritical
27. Compounds P and R upon ozonolysis produce Q and S, respectively. The molecular formula of Q

and S is C8H8O. Q undergoes cannizzaro reaction but not haloform reaction, whereas S undergoes
haloform reaction but not cannizzaro reaction.

(i) R  
 

3 2 2

2

i O /CH Cl
ii Zn /H O     Q

(C8H8O)

(ii) R  
 

3 2 2

2

i O /CH Cl
ii Zn /H O     S

(C8H8O)
The option(s) with suitable combination of P and R, respectively, is(are)

(A) H C3  and H C3

CH3

(B) H C3  and CH3

(C) 
H C3

—CH3

 and 
CH3

CH3

H C3

(D) 

H C3

CH3

H C3

 and 

H C3

CH3

CH3

CH3

27. ; kSfxd  P vkSj  R ds vkst ksuhdj .k (ozonolysis) dj us i j  Øe' k% Q vkSj  S, mRi Uu gksr s gSA mRi kn Q vkSj  S dk vkf.od l w=k

C8H8O gSA Q dh dSfut kj ksa vfHkfØ; k (cannizzaro reaction) gksr h gS i j Ur q gkyksQkseZ vfHkfØ; k (haloform reaction)
ugha gksr h] t cfd S dh gkyksQkseZ vfHkfØ; k gksr h gS i j Ur q dSfut kj ks vfHkfØ; k ugha gksr h A
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(i) R  
 

3 2 2

2

i O /CH Cl
ii Zn/H O     Q

(C8H8O)

(ii) R  
 

3 2 2

2

i O /CH Cl
ii Zn/H O     S

(C8H8O)
P vkSj  R ds mfpr  l a; kst u okyk fodYi  Øe' k% gS(gS)

(A) H C3  vkSj  H C3

CH3

(B) H C3  vkSj  CH3

(C) 
H C3

—CH3

 vkSj  
CH3

CH3

H C3

(D) 

H C3

CH3

H C3

 vkSj  

H C3

CH3

CH3

CH3

27. B, C

(B) H C—3 CH
CH2

Ozonolysis H C—3 —CH=O + H–C–H

O
(C H O)8 8

It gives cannizaro rx but not 
haloform rx

2 

n

CH2

CH3

Ozonolysis

Ozonolysis

Ozonolysis

O
C —CH + H–C–H 3 

O[C H O]8 8

It gives haloform but not 
Cannizaro rx .n

(C) 

CH3 CH3

CH3

CH3

CH=O  + CH —CH=O3

C–CH + CH –C–CH3 3 3

[C H O]8 8

[C H O]8 8

It gives Cannizaro rx but not 
haloform rx

n 

n

It gives rx but not 
rx

n 

n
haloform 

Cannizaro 

CH3 OO

CH3
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28. For the following compounds, the correct statement(s) with respect to nucleophilic substitution
reactions is (are)

       
Br Br H C—C—Br3

CH3

CH3

Br

CH3

(I)   (II)       (III)    (IV)

(A) I and II follow SN2 mechanism
(B) Compound IV undergoes iniversion of configuration
(C) The order of reactivity for I, III and IV is : IV > I > III
(D) I and III follows SN1 mechanism

28. U; qfDyvksfQfyd i zfr LFkki u vfHkfØ; kvksa (nucleophilic substitution reactions) ds l UnHkZ esa fuEufyf[ kr  ; kSfxdksa ds
fy,  l gh dFku gS¼gSa½

       
Br Br H C—C—Br3

CH3

CH3

Br

CH3

(I)   (II)       (III)    (IV)

(A) I vkSj  II SN2 fØ; kfof/k dk  vuql j .k dj r s gSaA
(B) ; kSfxd  IV ds foU; kl  (configuration) dk i zr hi u (inversion) gksr k gSA
(C) I, III vkSj  IV ds fy,  vfHkfØ; k' khyr k dk Øe gS : IV > I > III
(D) I vkSj  III SN1 fØ; kfof/k dk vuql j .k dj r s gSaA

Sol. A, D

29. In a biomolecular reaction, the steric factor P was experimentally determined to be 4.5. The
correct option(s) among the following is/are :
(A) Experimentally determined value of frequency factor is higher than that predicted by Arrhenius
equation
(B) The value of frequency factor predicted by Arrhenius equation is higher than that determined
experimentally
(C) The activation energy of the reaction is unaffected by the value of the steric factor
(D) Since P = 4.5, the reaction will not proceed unless an effective  catalyst is used

29. , d f} v.kqd vfHkfØ; k eas f=kfoe foU; kl h ?kVd (steric factor) P dk i zk; ksfxd eku 4.5 fu/kkZfj r  fd; k x; kA fuEufyf[ kr
esa l s l gh fodYi  gS¼gSa½ %

(A) vkòfÙk ?kVd (frequency factor) dk i zk; ksfxd eku vkj ghfu; l  l ehdj .k } kj k vuqekfur  eku l s T; knk gSA

(B) vkj ghfu; l  l ehdj .k } kj k vuqekfur  eku vkòfr  ?kVd (frequency factor) ds i zk; ksfxd eku l s T; knk gSA

(C) f=kfoe foU; kl h ?kVd ds eku l s vfHkfØ; k dh l fØ; .k Åt kZ (activation energy) vi zHkkfor  j gr h gSA

(D) D; ksafd P = 4.5 gS] t c r d i zHkkoh mRi zsj d dk mi ; ksx uk fd; k t k, ] vfHkfØ; k vkxs ugha c<+sxh
Sol. B, C

Steric factor(P) = 
 
 
A /Z exp
A /Z theo

A = frea. factor
Z = Collision freq.
usually P < 1
 Aexp < Atheo. Assuming 'Z' to be same
Here P > 1
 Aexp > Atheo



(Page # 29)JEE (MAIN + ADVANCED) Examination (2017) (Code - 4)

      : 0744-2209671, 08003899588 | url : www.motioniitjee.com,     :info@motioniitjee.com

30. The option (s) with only amphoteric oxides is(are) :

(A) Cr2O3, BeO, SnO, SnO2 (B) ZnO, Al2O3, PbO, PbO2

(C) NO, B2O3, PbO, SnO2 (D) Cr2O3, CrO, SnO, PbO

30. dsoy mHk; Øeh (amphoteric) vkWDl kbMksa okyk¼okys½ fodYi  gS¼gSa½ %

(A) Cr2O3, BeO, SnO, SnO2 (B) ZnO, Al2O3, PbO, PbO2

(C) NO, B2O3, PbO, SnO2 (D) Cr2O3, CrO, SnO, PbO
Sol. A, B

31. Among the following, the correct statement(s) is(are) :

(A) Al(CH3)3 has the three-centre two-electron bonds in its dimeric structure

(B) BH3 has the three-centre two-electron bonds in its dimeric structure

(C) The Lewis acidity of BCl3 is greater than that of AlCl3
(D) AlCl3 has the three-centre two-electron bonds in its dimeric structure

31. fuEufyf[ kr  esa l s l gh dFku gS@ gSa %

(A) Al(CH3)3 dh f} r ; h l aj puk (dimeric structure) esa f=kdsUnz & nks bysDVªkWu vkca/k gSA

(B) BH3 dh f} r ; h l aj puk (dimeric structure) esa f=kdsUnz & nks bysDVªkWu vkca/k gSA

(C) BCl3 dh yqbZl  vEyr k AlCl3  l s vf/kd gSA

(D) AlCl3 dh f} r ; h l aj puk (dimeric structure) esa f=kdsUnz & nks bysDVªkWu vkca/k gSA

Sol. A, B, C

32. For a reaction taking place is a container in equilibrium with its surroundings, the effect of
temperature on its equilibrium constant K in terms of change in entropy is described by

(A) With increase in temperature, the value of K for endothermic reaction increases because
unfavourable change in entropy of the surroundings decreases
(B) With increase in temperature, the value of K for exothermic reaction decreases because
favourable change in entropy of the surroundings decreases

(C) With increase in temperature, the value of K for exothermic reaction decreases because the
entropy change of the system is positive

(D) With increase in temperature, the value of K for endothermic reaction increases because the
entropy change of the system is negative

32. i fj os' k (surroudings) ds l kFk l kE; koLFkk esa , d i k=k esa gks j gh , d vfHkfØ; k ds fy , ] , UVªkWi h esa cnyko ds vuql kj  bl ds

l kE; koLFkk fLFkj kad K i j  r ki eku ds i zHkko dk o.kZu , sl s fd; k t kr k gSA

(A) r ki eku c<+us ds l kFk] Å"ek' kks"kh (endothermic) vfHkfØ; k ds fy ,  l kE; koLFkk fLFkj kad K dk eku c<+r k gS D; ksafd

i fj os' k dh i zfr dwy , aVªkWi h esa cnyko ?kVr k gS

(B) r ki eku c<+us ds l kFk] Å"ek{ksi h (exothermic) vfHkfØ; k ds l kE; koLFkk fLFkj kad K dk eku ?kVr k gS D; ksafd fj os' k dh

vuqdwy , aVªkWi h esa cnyko ?kVr k gSA

(C) r ki eku c<+us ds l kFk] Å"ek{ksi h (exothermic) ds l kE; koLFkk fLFkj kad K dk eku ?kVr k gS D; ksafd fudk;  dh , aVªkWi h esa

cnyko /kukRed gS

(D) r ki eku c<+us ds l kFk] Å"ek{ksi h (endothermic) vfHkfØ; k ds l kE; koLFkk fLFkj kad K dk eku ?kVr kk gS D; ksafd i fj os' k

dh vuqdwy , aVªkWi h esa cnyko ?kVr k gSA

Sol. A, B, C
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Paragraph-1
Upon heating KClO3 in the presence of catalytic amount of MnO2, a gas W is formed. Excess
amount of W reacts with white phosphorus to give X. The reaction of X with pure HNO3 gives Y
and Z.
vuqPNsn-1

MnO2 dh mi fLFkfr  esa KClO3 dk r ki u dj us i j  , d xSl  W dh vkf/kD;  ek=k l Qsn QkLQksj l  ds l kFk vfHkfØ; k dj ds X
nsr h gSA X dh ' kq)  HNO3 ds l kFk vfHkfØ; k Y r Fkk Z nsr h gSA

33. Y and Z are, respectively :
(A) N2O5 and HPO3 (B) N2O3 and H3PO4 (C) N2O4 and H3PO3 (D) N2O4 and HPO3

33. Y vkSj  Z Øe' k% gS

(A) N2O5 vkSj  HPO3 (B) N2O3 vkSj  H3PO4 (C) N2O4 vkSj  H3PO3 (D) N2O4 vkSj  HPO3

34. W and X are, respectively :
(A) O2 and P4O6 (B) O2 and P4O10 (C) O3 and P4O6 (D) O3 and P4O10

34. W vkSj  X Øe' k% gS

(A) O2 vkSj  P4O6 (B) O2 vkSj  P4O10 (C) O3 vkSj  P4O6 (D) O3 vkSj  P4O10

Sol. 33 & 34.

KClO3

MnO2

250°C
KCl + O2

W

X

P4

P O4 10

HNO32HPO3

z

N O2 5

y
+

33. A
[N2O5, HPO3]

34. B
[O2, P4O10]

Paragraph-2
The reaction of compound P with CH3MgBr (excess) in (C2H5)2O followed by addition of H2O gives
Q. The compound Q on treatment with H2SO4 at 0°C gives R. The reaction of R with CH3COCl in
the presence of anhydrous AlCl3 in CH2Cl2 followed by treatment with H2O produces compound S.
[Et in compound P is ethyl group]

CO Et2
(H C) C3 3

P

Q R S

vuqPNsn-2

(C2H5)2O esa ; kSfxd P dh CH3MgBr dh vf/kdr k ds l kFk vfHkfØ; k ds mi j kUr  t y  Mkyus i j  Q feyr k gSA ; kSfxd Q,
H2SO4 ds l kFk 0°C i j  foospu dj us i j  R nsr k gSA CH2Cl2 esa R dh fut yh;  AlCl3 dh mi fLFkfr  esa  CH3COCl ds l kFk
vfHkfØ; k ds mi j kUr  t y  Mkyus i j  ; kSfxd S mRi Uu gksr k gSA  [; kSfxd P eas Et , fFky xqzi  gS]

CO Et2
(H C) C3 3

P

Q R S
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35. The reaction, Q to R and R to S, are :
(A) Friedel-Crafts alkylation and Friedel-acylation
(B) Dehydration and Friedel-Crafts acylation
(C) Friedel-Crafts alkylation, dehydration and Friedel-Crafts acylation
(D) Aromatic sulfonation and Friedel-Crafts acylation

35. Q l s R r Fkk R l s S vfHkfØ; k, a gS %
(A) ÝhMy&Øk¶V , fYdyhdj .k vkSj  ÝhMy&Øk¶V , sfl yhdj .k
(B) fut Zyhdj .k vkSj  ÝhMy&Øk¶V , sfl yhdj .k
(C) ÝhMy&Øk¶V , fYdyhdj .k] fut Zyhdj .k vkSj  ÝhMy&Øk¶V , sfl yhdj .k
(D) , sj kseSfVd l YQksusl u vkSj  ÝhMy&, sfl yhdj .k

Sol. B
CH3 CH3 CH3 CH3

CO Et2 CH3 CH3(i) CH mgBr3 H SO /O C2 4
O

(ii) H O2

(excess)
OH

(Q)

CH –C–Cl/AlCl3 3

O

(R)

(R)

CH3

CH3

CH3

CH3

H C—C3

O

Q to R involve dehydration and R to S involve friedel craft acylation.

36. The product S is :

(A) 

COCH3

(H C) C3 3 CH3

(B) 

H COC3

(H C) C3 3
CH3H C3

(C) 

(H C) C3 3
CH3

H C3

COCH3

(D) 

(H C) C3 3

COCH3

HO S3
O CH3

36. mRi kn S gS %

(A) 

COCH3

(H C) C3 3 CH3

(B) 

H COC3

(H C) C3 3
CH3H C3

(C) 

(H C) C3 3
CH3

H C3

COCH3

(D) 

(H C) C3 3

COCH3

HO S3
O CH3

Sol. C
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[MATHEMATICS]
37. How many 3 ×  3 matrices  M with entries from {0,1,2} are there, for which the sum of the

diagonal entries of MTM is 5 ?
(A) 135 (B) 198 (C) 162 (D) 126

37. , sl s fdr us 3 ×  3 vkO; wg M gS ft udh i zfof"V; k¡ (entries) {0,1,2} esa gS , oe~ MTM dh fod.khZ;  i zfof"V; ksa (diagonal
elements) dk ; ksx 5 gS ?
(A) 135 (B) 198 (C) 162 (D) 126

Sol. B

1 2 3

4 5 6

7 8 9

a a a
M a a a

a a a

 
   
  

ai  {0, 1, 2}

1 4 7 1 2 7
T

2 5 8 4 5 6

3 6 9 7 8 9

a a a a a a
M M a a a a a a

a a a a a a

   
       
      

 dij (MTM) = (a1
2 + a4

2 + a7
2) + (a2

2 + a5
2 +a8

2) + (a3
2 + a6

2 + a9
2)

5 = 
9

2
i

i 1

a



where ai
2  {0, 1, 4}

(I) 5ai = 1, 4ai = 0    
9! 9 8 7 6

5!4! 24
    = 126

(II) 1ai = 1, 1ai = 2, 7ai = 0


9! 9 8 72

7!1!1!
  

Total = 72 + 126 = 198

38. Three randomly chosen nonnegative integers x,y and z are found to satisfy the equation x + y +z
= 10. Then the probability that z is even, is

(A) 
5
11

(B) 
6
11

(C) 
1
2

(D) 
36
55

38. ; g i k; k x; k gS fd ; knf̀PNd (randomly) : i  l s p; fur  r hu v_ .kkRed i w.kkZad (nonnegative integers) x,y , oe~
z l ehdj .k x + y +z  = 10 dks l ar q"V dj r s gSA r c z ds l e (even) gksus dh i zkf; dr k (probability) gSA

(A) 
5
11

(B) 
6
11

(C) 
1
2

(D) 
36
55

Sol. B
x + y + z = 10
11 9 7 5 3

1 1 1 1 1
12

2

C C C C C 1
C

    

= 
36 2 6
12 11 11

 

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39. The equation of the plane passing through the point (1,1,1) and perpendicular to the planes 2x
+ y – 2z = 5 and 3x – 6y – 2z = 7, is
(A) 14x + 2y – 15z = 1 (B) 14x – 2y + 15z = 27
(C) – 14x + 2y + 15z = 3 (D) 14x +2y + 15z = 31

39. l er yksa 2x + y – 2z = 5 , oe~ 3x – 6y – 2z = 7 ds yEcor ~ vkSj  fcUnq (1,1,1) l s xqt jus okys l ery dk l ehdj .k gS
(A) 14x + 2y – 15z = 1 (B) 14x – 2y + 15z = 27
(C) – 14x + 2y + 15z = 3 (D) 14x +2y + 15z = 31

Sol. D

p

ˆˆ ˆi j k
n 2 1 –2

3 –6 –2




pn


 = (–14, –2, –15)

P : –14(x – 1) – 2(y – 1) – 15(z – 1)

P : –14x – 2y – 15z + 31 = 0

P : 14x + 2y + 15z = 31

40. If y = y(x) satisfies the differential equation  8 x 9 x dy  = 
1

4 9 x


   
 

dx, x > 0 and

y(0) = 7 , then y = (256) =
(A) 3 (B) 16 (C) 9 (D) 80

40. ; fn y = y(x) vodyuh;  l ehdj .k (differential equation)   8 x 9 x dy  = 
1

4 9 x


   
 

dx, x >

0 dks l ar q"V dj r k gS , oe~ y(0) = 7  gS] r c y = (256) =
(A) 3 (B) 16 (C) 9 (D) 80

Sol. A

4 9 x t  

1 1 1· dx dt
2 x2 9 x2 4 9 x

 
 

 dy = dt
y = t + 

y = 4 9 x   

y(0) = 7      

 y(256) 4 9 16  

= 4 5

= 3
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41. If f: R  R is a twice differentiable function such that f"(x) > 0 for all  x  R, and 
1f
2
 
 
 

 = 
1
2

, f(1)

= 1,  then

(A) f'(1)  0 (B)  1 f ' 1 1
2
  (C) f'(1) > 1 (D)   10 f ' 1

2
 

41. ; fn f: R  R , d bl  i zdkj  dk f} vodyuh;  (twice differentiable) Qyu gS fd l Hkh x  R ds fy; s f"(x) > 0, , oe~

1f
2
 
 
 

 = 
1
2

, f(1)  = 1 gS] r c

(A) f'(1)  0 (B)  1 f ' 1 1
2
  (C) f'(1) > 1 (D)   10 f ' 1

2
 

Sol. C
f"(x) > 0   x  R

1 1f ,
2 2

   
 

  f(1) = 1

1
2
1f' 

LMVT

f'() = 

  1f 1 f
2

11
2

   
 



1 ,1
2
     

f'() = 1    
1 ,1
2
 
  

  f'(1) > 1

42. Let S ={1,2,3,.....9}. For k = 1,2,.....,5, let NK be the number of subsets of S, each containing
five elements out of which exactly k are odd. Then N1 + N2 +N3 + N4 + N5 =
(A) 126 (B) 252 (C) 210 (D) 125

42. ekuk fd S ={1,2,3,.....9} gSA k = 1,2,.....,5 ds fy; s] ekuk NK l eqPp;  S ds mu mi l eqPp; ksa dh l ¡[ ; k gS ft ues i zR; sd
mi l eqPp;  esa 5 vo; o gS , oe~ bu vo; oksa esa fo"ke vo; oksa dh l ¡[ ; k k gSA r c N1 + N2 +N3 + N4 + N5 =
(A) 126 (B) 252 (C) 210 (D) 125

Sol. A
S : {1, 2, 3,....... 9}  k = 1, 2, ....... 5
N1 + N2 + N5 + N4 + N5 =

N1  5 element in which        is  odd

4 5

N1 = 
4 1C C4 5 5 

N2  3, even 2, odd

N2 = 
2 3C C5 4 40 

N3 = 2 even + 3 odd
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N2 = 
3 2C C5 4 60 

N4 = 1 even + 4 odd

N2 = 
1 4C C4 · 5 20

N5 = 5 odd

55 CN 5 1 

Total Ni 126 

43. Let O be the origin and let PQR be an arbitrary triangle. The point S is such that OP


.OQ


 + OR.OS
 

= OR.OP
 

 + OQ.OS
 

 = OQ.OR
 

 + OP.OS
 

 Then the triangle PQR has S as its
(A) circmcentre (B) Incentre (C) Centroid (D) orthocenter

43. ekuk fd O ewyfcUnq (origin) gS , oe~ PQR , d LoSfPNd f=kHkqt  (arbitrary triangle) gSA fcUnq S bl  i zdkj  gS fd

OP


.OQ


 + OR.OS
 

 = OR.OP
 

 + OQ.OS
 

 = OQ.OR
 

 + OP.OS
 

 r c fcUnq S f=kHkqt  PQR dk gS

(A) i fj òr dsUnz (circmcentre) (B) vUr % dsUnz (Incentre)
(C) dsUnzd (Centroid) (D) yEcdsUnz(orthocentre)

Sol. D

P R

Q

)r()p(

)q(

p

.q

 + r

 . s
  = r

 .p

 + q


. s
  = q


. r
  + p


. s


(I) p

.(q

 – r
 ) + s

 .( r
  – q


) = 0 (p – s

 ).(q

 – r

 ) = 0

p

 – s
    q


 – r



p

.(q

 – s
 ) + r

 (s
  – q


) = 0

(p

 – r

 )(q

 – s
 ) = 0













 Orthocentre

p

 – r

    q

 – s


44. If I =  
k 198

k 1 k

k 1 dx
x x 1






  , then

(A) I < 
49
50 (B) 

49I
50

 (C) I < loge99 (D) I > loge99

44. ; fn I =  
k 198

k 1 k

k 1 dx
x x 1






  r c

(A) I < 
49
50 (B) 

49I
50

 (C) I < loge99 (D) I > loge99
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Sol. B,C

I = 
k 198

k 1 k

(k 1) dx
x(x 1)






 

I = 
k 198

k 1 k

1 1(k 1) – dx
x x 1





        
 

=  
98

k 1
k

k 1
(k 1) ( nx – n(x 1) 



   

=  
98

k 1
(k 1) ( n(k 1)– n(k 2)– nk n(k 1)



        

= 
98

k 1
(k 1)( n(k 1)–k. nk)



     –  
98

k 1
(k 1). nk 2 –k. nk 1



      +  
98

k 1
nk(k 1)– nk



  

(Difference series)

 I = (99  n 99) + (–99  n 100 +  n2) + (  n 99) =  n
100

99
2 (99)
(100)

 
 
 

For option (B) :

Now Consider (100)99 = (1 + 99)99

= 99C0 + 99C1(99) + 99C2(99)2 + ..... + 99C97(99)97 + 
99 99

99 98 99 99
98 99

(value (99) ) (value (99) )

C (99) C (99)
 


 

 10099 > 2.(99)99  
99

99
2 (99)
(100)


 < 1

 
100

99
2 (99)
(100)


 < 99 (on multiplying by 99)

 I <  n99

For option (C) :

Since, 
k 1 k 198 98

2
k 1 k 1k k

k 1 (k 1)dxdx
x(x 1)(x 1)

 

 

 
  

 
98

k 1

1 I
k 2

    

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(on integration)

 
98terms

1 1 1 1...... I
3 4 5 100
      
 

 
98

100
 < 

1
3

 + 
1
4

 + 
1
5

 + ..... + 
1

100
 < I

 I > 
49
50

Hence option (C) is correct.

45. If the line x =  divides the area of region R = {(x,y)R2 : x3  y  x, 0  x  1} into two equal
parts, then

(A) 4 + 42 – 1 = 0 (B) 
10
2

   (C) 24 – 42 + 1 = 0 (D) 
1 1
2
  

45. ; fn j s[ kk x =  {ks=k (region) R = {(x,y)R2 : x3  y  x, 0  x  1} ds {ks=kQy dks nks cj kcj  Hkkxksa esa foHkkft r
dj r h gS] r c

(A) 4 + 42 – 1 = 0 (B) 
10
2

   (C) 24 – 42 + 1 = 0 (D) 
1 1
2
  

Sol. C,D

O 1

x

x3

13 3

0 0

1(x x )dx (x x )dx
2


   

12 4 2 4

0 0

x x 1 x x
2 4 2 2 4


   

     
   

2 42 1 1 1 1 1.
4 2 2 4 4 2

          
  
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22 – 4 = 
1
2

2 44 2 1    t = 
4

224 

Check 'D' U t = 1 ± 2
1

2 = t 2 = 1 + 2
1

, 2 = 1 – 2
1

2t2 – 4t + 1 = 0 1 >  > 
2
1

46. If g(x) =  
 sin 2x

1

sinx

sin t dt , then

(A) g'
2
 

 
 

 = 2 (B) g'
2
  

 
 = 2 (C) g'

2
 

 
 

 = – 2 (D) g'
2
  

 
 = – 2

46. ; fn g(x) =  
 sin 2x

1

sinx

sin t dt , r c

(A) g'
2
 

 
 

 = 2 (B) g'
2
  

 
 = 2 (C) g'

2
 

 
 

 = – 2 (D) g'
2
  

 
 = – 2

Sol. Bonus

47. If f(x) = 

     cos 2x cos 2x sin 2x
cos x cos x sinx
sinx sinx cosx
  , then

(A) f(x)  attains its maximum at x = 0
(B) f(x) attains its mininum at x = 0
(C) f'(x) = 0 at exactly three points in ( – ,)
(D) f'(x) = 0 at more than three points in ( –, )

47. ; fn f(x) = 

     cos 2x cos 2x sin 2x
cos x cos x sinx
sinx sinx cosx
  , r c

(A) x = 0 i j  f(x) dk vf/kdr e (miximum) gSA
(B) x = 0 i j  f(x) dk U; wur e (minimum ) gSA
(C) ( – ,) esa dsoy r hu fcUnqvksa i j   f'(x) = 0 gSA
(D) ( –, ) esa r hu l s vf/kd fcUnqvksa i j   f'(x) = 0 gSAa

Sol. A,D
f(x) = cos 2x[1] + cos 2x [cos 2x] + sin 2x [–sin 2x]
cos 2x = cos2x – sin2x
f(x) = cos22x – (1 – cos22x) + cos 2x
= 2cos2 2x + cos 2x – 1 (cos 2x = t)

= 2t2 + t – 1
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f(x) = 2[t2 + 1/2 t] – 
1
2

= 2[(t + 1/4)2 – 1/16] – 
1
2

= 2[(t + 1/4)2] – 1/8 – 1/2
= 2(cos 2x + 1/4)2 – 5/8 Maxm when x = 0
f'(x) = –2sin 2x – 4 sin 2x = 0
= [sin2 x + 2 (2 sin 2x cos 2x)] = 0
sin2x [1 + 4 cos 2x] = 0

sin 2x = 0 cos 2x = –1/4
2x = 0, , 2 2 solution

x = 0, 
2


, 

4 solution

48. Let  and  be non-zero real numbers such that 2(cos – cos ) + cos cos  = 1. then which of
the following is/are true ?

(A) tan 3 tan
2 2
       

   
 = 0 (B) tan 3 tan

2 2
       

   
 = 0

(C) 3 tan tan
2 2
       

   
 = 0  (D) 3 tan tan

2 2
       

   
 = 0

48. ekuk fd  , oe~  bl  i zdkj  dh v' kwU;  okLr fod l ¡[ ; k; sa (nonzero real numbers) gS fd 2(cos – cos ) + cos
cos  = 1 r c fuEu esa l s dkSu l k ¼l s½ l R;  gS ¼gS½ \

(A) tan 3 tan
2 2
       

   
 = 0 (B) tan 3 tan

2 2
       

   
 = 0

(C) 3 tan tan
2 2
       

   
 = 0  (D) 3 tan tan

2 2
       

   
 = 0

Sol. A,B
2(cos – cos) + cos. cos = 1
2cos + coscos – 2cos = 1
2cos(2 + cos) = 1 + 2cos

cos = 

2

2

2

2

1 tan
21 2

1 tan1 2cos 3
2 cos 1 tan

22
1 tan

2

  
       

  




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2 2 2

2 2 2

1 tan 1 tan 2 2tan
2 2 2

1 tan 2 2 tan 1 tan
2 2 2

  
   


  

   

2 2

2 2

1 tan 3 tan
2 2

1 tan 3 tan
2 2

 
 


 

 

22

2 3

11 tan1 tan
3 22
11 tan 1 tan

2 3 2

 


 
 

2 21 tan tan
3 2 2

 

2 2tan 3tan
2 2
 

tan 3 tan tan 3 tan 0
2 2 2 2
           

   

49. Let f(x) = 
 1 x 1 1 x

1 X

  


1cos

1 x
 
  

 for x   1. Then

(A) 
x 1
lim


f(x) does not exist (B) 

x 1
lim


 f(x) = 0

(C) 
x 1
lim


f(x) = 0 (D) 

x 1
lim


 f(x) does not exist

49. ekuk fd x   1 ds fy; s]  f(x) = 
 1 x 1 1 x

1 X

  


1cos

1 x
 
  

 r c

(A) 
x 1
lim


f(x) dk vfLrRo ugh gS ¼does not exist) (B) 

x 1
lim


 f(x) = 0

(C) 
x 1
lim


f(x) = 0 (D) 

x 1
lim


 f(x) dk vfLr Ro ugha gS (does not exist)

Sol. B,D

f(x) = 
1– x(1 |1– x |)

|1– x |


 cos
1

1– x
 
  

x  1+
h 0

1–(1 h)[1 h] 1lim cos
(h) h

   
  


2

h 0

–(h 2h) 1lim cos
h h

  
  

 (2) × (–1, 1) does not exist
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x  1–
h 0

1–(1–h)[1 h] 1lim cos
(h) h

  
  

2

h 0

1– (1–h ) 1lim cos
(h) h

   
   

  

 0

50. If f:R  R is a differentiable function such that f'(x) > 2f(x) for all x  R, and f(0) = 1, then

(A) f'(x) < e2x in  0, (B) f(x) is increasing in  0,

(C) f(x) is decreasing in  0, (D) f(x) > e2x in  0,

50. ; fn f:R  R bl  i zdkj  dk vodyuh;  (differentiable) Qyu gS fd l Hkh  x  R ds fy; s f'(x) > 2f(x), , oe~
f(0) = 1 gS] r c

(A)  0,  esa f'(x) < e2x (B)  0,  esa f(x) o/kZeku (increasing) gSA

(C)  0,  esa f(x) gkzkl eku (decreasing )gSa (D)  0,  esa  f(x) > e2x

Sol. B,D
f : R  R

f' > 2f

dy
dx

 – 2y > 0 LDE

If = –2dxe  = e–2x

e–2x 
dy
dx

 
  

 – 2yee–2x > 0

–2xd(ye )
dx

 > 0

H = ye–2x  H' > 0

H(0) = 1 H 

H(x) = f(x) e–2x > 0  H

f(x) > 0 & f(x) is inc.

ln f > 2x + 

f(x) > e2x . k

f(0) > k

1 > k

f(x) > e2x  2e2x.
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Paragraph 1
Let O be the origin, and OX


, OY


, OZ


 be three unit vectors in the directions of the sides QR


,

RP


, PQ


, respectively, of a triangle PQR.
vuqPNsn 1

ekuk fd O ewyfcUnq (origin) gS , oe~ OX


, OY


, OZ


 Øe' k% f=kHkqt  PQR dh Hkqt k; sa QR


, RP


, PQ


, dh fn' kkvksa esa

r hu , dd l fn' k  (unit vector) gSA

51. If the triangle PQR varies, then the minimum value of cos(p + Q) + cos(Q + R) + Cos(R +P) is

(A) 
3
2

(B) 
5
3 (C) 

5
3

 (D) 
3
2



51. ; fn f=kHkqt  PQR i fj or hZ gS (if the triangle PQR varies) , r c cos(p + Q) + cos(Q + R) + Cos(R +P) dk
u; wur e eku (minimum value) gS

(A) 
3
2

(B) 
5
3 (C) 

5
3

 (D) 
3
2



Sol.

P Q

R

R

oy ox

oz

P Q

51. D

 cos ( – R) + cos( – P) + cos ( – Q)

 –[cosP + cosQ + cosR]

 cosP + cosQ + cosR  
2
3

 minm = 
2
3–

52. OX OY
 

 =

(A) sin(P + R) (B) sin(Q + R) (C) sin(P + Q) (D) sin2R

52. OX OY
 

 =

(A) sin(P + R) (B) sin(Q + R) (C) sin(P + Q) (D) sin2R
Sol. C

| ox oy |
 

 = |ox


| |oy


| sin (180 – R)

|ox


| |oy


| {sin R}

= (1) (1) sin ( – (P + Q))

= sin (P + Q)
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Paragraph 2
let p ,q be integers and let  be the roots of the equaion, x2 – x – 1 = 0, where    . For n =
0,1,2,....., Let an = pn +qn

FACT : If a and b are rational nubers and a + b 5  = 0, then a = 0 = b..
vuqPNsn 2

ekuk fd p ,q i w.kkZad gS , oe~  l ehdj .k x2 – x – 1 = 0 ds ewy gS, t gk¡     gSA n = 0,1,2,....., ds fy; s ekuk

fd an = pn +qn gSA

r F;  : ; fn a , oe~ b i fj esa;  l ¡[ ; kvksa (rational nubers) gS , oe~ a + b 5  = 0 gS] r c a = 0 = b gSA
53. If a4 = 28, then p + 2q =

(A) 12 (B) 14 (C) 7 (D) 21
53. ; fn a4 = 28 gS] r c p + 2q =

(A) 12 (B) 14 (C) 7 (D) 21
Sol. A

a4 = 28
a4 = p4 + q4 = 28

4 4 4p(1 5) q(1 5) 28.2   

2 2 4p(6 2 5) q(6 2 5) 28.2   

2 2 2p(3 5) q(3 5) 28.2   

2p(9 5 6 5) q(9 5 6 5) 28.2     

p(7 3 5) q(7 3 5) 56   

7(p + q) + (p – q) 3 5  = 56

p + q = 8 | p – q = 0
p = 4, q = 4
 p + 2q = 4 + 8 = 12

54. a12 =
(A) a11+ 2a10 (B) a11 – a10 (C) 2a11 + a10 (D) a11 + a10

54. a12 =
(A) a11+ 2a10 (B) a11 – a10 (C) 2a11 + a10 (D) a11 + a10

Sol. D
x2 – x – 1 = 0

x = 1 5
2


a0 = p + q
a1 = p + q
a2 = p2 + q2

a2 = P( + 1) + q( + 1)
a2 = p + q + (p + q)
a2 = a1 + a0
a3 = p3 + q3

a3 = p(2 + ) + q(2 + )
a3 = (p2 + qb2) + p + q
a3 = a2 + a1
 an = an –1 + an – 2


