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[PHYSICS]

1. An infinite line charge of uniform electric charge density  lies along the axis of an electrically
conducting infinite cylindrical shell of radius R, At time t = 0, the space inside the cylinder is filled
with a material of permittivity  and electrical conductivity . The electrical conduction in the
material follows Ohm’s law. Which one of the following graphs best describes the subsequent
variation of the magnitude of current density j(t) at any point in the material?

(A) 

j( )t

(0, 0) t

(B) 

j( )t

(0, 0) t

(C) 

j( )t

(0, 0) t

(D)  

j( )t

(0, 0) t

1. , d csyukdkj  vuUr  fo| qr pkyd dop dh f=kT; k R gSA csyu ds v{k i j  , d vuUr  j s[ kh;  fo| qr  vkos' k fLFkr  gSA ft l dk , d

l eku j s[ kh;  ?kuRo  gSA csyu ds vUnj  dh t xg dks l e;  t = 0 i j  , d i nkFkZ l s Hkj k t kr k gS, ft l dk i j kfo| qr kad  , oa

fo| qr pkydr k gSA i nkFkZ esa fo| qr  vkos' k dh pkydr k vkse~ ds fu; e (Ohm’s law) dk i kyu dj r h gSA i j kor hZ l e;  esa

i nkFkZ esa fdl h Hkh fcUnq i j  fo| qr  /kkj k ?kuRo j(t) ds i fj ek.k esa i fj or Zu dk l cl s vPNk o.kZu dkSul k ys[ kkfp=k dj r k gS?

(A) 

j( )t

(0, 0) t

(B) 

j( )t

(0, 0) t

(C) 

j( )t

(0, 0) t

(D)  

j( )t

(0, 0) t

Sol. A

+ +

t
RC

0I I e



j( )t

(0, 0) t
It is discharging of cylindrical capacitor.
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2. In a historical experiment to determine Planck’s constant, a metal surface was irradiated with
light of different wavelengths. The emitted photoelectron energies were measured by applying a
stopping potential (V0) are given below :

Given that c = 3 × 108 ms-1 and e= 1.6×10-19 C, Planck’s constant (in units of J s) found from such
an experiment is
(A) 6.0×10-34 (B) 6.4×10-34 (C) 6.6×10-34 (D) 6.8×10-34

Iykad fLFkj kad fudkyus ds fy ,  , d , fr gkfl d i z; ksx esa , d /kkr q dh l r g l s vyx&vyx r j axnS/; Z ds i zdk' k l s i znhIr  fd; k
x; kA mRl ft Zr  i zdkf' kd bysDVªkWu dh Åt kZ dks fuj ks/kh foHko (stopping potential) yxkdj  eki k x; kA mi ; ksx esa yk; s x,
vki fr r  dh r j axnS/; Z  () , oa l EcfU/kr  fuj ks/kh foHko (V0) ds vkadM+s uhps fn; s x,  gS  :

i zdk' k dh xfr  c = 3 × 108 ms-1 r Fkk bysDVªkWu dk vkos' k e= 1.6×10-19 C fn; k x; k gSA bl  i z; ksx l s fudkys x,  Iykads
fLFkj kad (Js ek=kd esa) dk eku gS &
(A) 6.0×10-34 (B) 6.4×10-34 (C) 6.6×10-34 (D) 6.8×10-34

Sol. B
C = 3 × 108 m/s

e = 1.6 × 10–19 C
 in m
E =  + eV

1
1

hc
eV   



2
2

hc
eV  



1 2
1 2

1 1
hc eV eV

 
     

8 19
6 6

1 1
h 3 10 1.6 10

0.3 10 0.4 10


 

         
[2 – 1]

6 6
8 19

12

0.4 10 0.3 10
h 3 10 1.6 10

0.3 0.4 10






   
       

 
9

12 34

8 6

1.6 10
h 0.12 10 6.4 10

3 10 0.1 10


 




     

 
Js

3. A water cooler of storage capacity 120 liters can cool water at a constant rate of P watts. In a
closed circulation system (as shown schematically in the figure), the water from the cooler is
used to cool an external device that generates constantly 3 kW of heat (thermal load). The
temperature of water fed into the device cannot exceed 30° C and the entire stored 120 litres of
water is initially cooled to 10 °C. The entire system is thermally insulated. The minimum value of
P (in watts) for which the device can be operated for 3 hours is

Cold

Hot
Cooler
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(Specific heat of water is 4.2 kJ kg-1 and the density of water is 1000 kg m-3)
(A) 1600 (B) 2067 (C) 2533 (D) 3933
120 yhVj  {ker k okyk i kuh dk , d dwyj  l eku nj  P watts l s i kuh dks B.Mk dj  l dr k gSA , d cUn i fj l apj .k esa
(t Sl k O; oLFkk fp=k esa n' kkZ; k x; k gSA), dwyj  ds i kuh l s , d ckgj h ; a=k dks B.Mk fd; k t kr k gSA t ks ges' kk 3 kW Å"ek mRi Uu
dj r k gSA ; a=k dks fn; k x; k i kuh dk r ki eku 30° C l s T; knk ugha gks l dr k , oa i wj k 120 yhVj  i kuh i zkj EHk esa 10 °C r d
B.Mk fd; k x; k gSA i wj k fudk;  r ki j ks/kh gSA bl  ; a=k dks r hu ?k.Vs r d pkyw j [ kus ds fy ; s de l s de fdr uh ' kfDr  P (watts
esa) dh t : j r  gS\

Cold

Hot
Cooler

(i kuh dh fof' k"V Å"ek = 4.2 kJ kg-1 vkSj  i kuh dk ?kuRo = 1000 kg m-3)
(A) 1600 (B) 2067 (C) 2533 (D) 3933

Sol. B
Rate of cooling = P watts
Thermal load = 3 kW
Capacity = 120 litres.
Initially cooled to 10°C
Max. Temp = 30°C
Time of operation = 3 hours
Q = msT

= 120 × 4.2 × 20 × 103

= 10080000
= 10080 × 103 J

Heat = 3 × 103 × 3600 ×3
= 32400 × 103

Heat extracted = (32400 – 10080) × 103 = 22320 × 103

Now :
P ×3 × 3600 = 22320 × 103

 P = 2067 Watts

4. A uniform wooden stick of mass 1.6 kg and length  rests in an inclined manner on a smooth,
vertical wall of height h(<) such that a small portion of the stick extends beyond the wall. The
reaction force of the wall on the stick is perpendicular to the stick. The stick makes an angle of
30° with the wall and the bottom of the stick is on a rough floor. The reaction of the wall on the
stick is equal in magnitude to the reaction of the floor on the stick. The ration h/ and the
frictional force f at the bottom of the stick are (g = 10 ms-2)

(A) 
h 3 16 3

,  f= N
16 3




(B) 
h 3 16 3

,  f= N
16 3




(C) 
h 3 3 8 3

,  f= N
16 3




(D) 
h 3 3 16 3

,  f= N
16 3




1.6 kg æO; eku vkSj   yEckbZ dh , dl eku ydMh dh , d MaMh , d fpduh [ kM+h nhokj ,  ft l dh Å¡pkbZ h(<) gS] i j  vkur
r j hds l s bl  r j g l s j [ kh x; h gS fd MaMh dk , d NksVk l k Hkkx nhokj  l s Åi j  fudyk gqvk gSA MaMh i j  nhokj  dk i zfr fØ; k
cy MaMh ds yEc: i  esa gSA MaMh nhokj  ds l kFk 30° dk dks.k cuk j gh gS vkSj  MaMh dk vk/kkj  , d ?k"kZ.k okyh t ehu i j  gSA
nhokj  l s MaMh i j  i zfr fØ; k r Fkk t ehu l s MaMh i j  i zfr fØ; k dh ek=kk l eku gSA h/ dk vuqi kr  , oa MaMh ds vk/kkj  i j  ?k"kZ.k
cy f gSA (g = 10 ms-2)

(A) 
h 3 16 3

,  f= N
16 3




(B) 
h 3 16 3

,  f= N
16 3




(C) 
h 3 3 8 3

,  f= N
16 3




(D) 
h 3 3 16 3

,  f= N
16 3
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Sol. D

 
1

l
mg cos60 R l x

2
  

  
1

l 1
mg · R l x

2 2
 

  mgl 2
l x

4 3
 

mg

R2

30
°

R cos30°1

R1 R sin30°1

x

f

x
2
l


hl/2

30°

3l 8l 8x 


5l

x
8



h
cos30

l x
 


3 h

5l2 l
8





h 3 3
l 16


R1 = R2 (given)
R1cos30°=f

1
2

R
R mg

2
 

13R
mg

2


1 2

2
R mg R

3
 

f = R1cos30°

16
f

3


Note : Considering the reaction force to be Normal reaction only.

5. A parallel beam of light is incident from air at angle  on the side PQ

of a right angled triangular prism of refractive index n 2 . Light
undergoes total internal reflection in the prism at the face PR when
 has a minimum value of 45°. The angle  of the prism is
(A) 15° (B) 22.5°
(C) 30° (D) 45°      

P

Q R
n 2=

5. ok; q l s vkr h i zdk' k dh , d l ekUr j  fdj .k&i qat  (parallel beam) , d l edks.k f=kHkqt h;  fi zTe (right angled
triangular prism), ft l dk vi or Zukad n 2  gS] ds PQ r y i j   dks.k l s vki fr r  gksr h gSA t c  dk U; wur e eku 45°
gS r ks i zdk' k dk fi zTe dh PR l r g i j  i w.kZ vkar fj d i j kor Zu (total internal reflection) gksr k gSA fi zTe dk dks.k  D; k
gksxk\

P

Q R
n 2=

(A) 15° (B) 22.5° (C) 30° (D) 45°
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Sol. A

90°
30° 45°

45°

45° 

2

   sin c = 
2

1

1 sin 45° = 2  sin r

1
2

 = sin r r = 30°

 + 120° + 45° = 180°
 + 165° = 180°
 = 180° – 165° = 15°

6. A conducting loop in the shape of a right angled isosceles triangle of height 10 cm is kept, such

that the 90° vertex is very close to an infinitely long conducting wire (see the figure). The wire is

electrically insulated from the loop. The hypotenuse of the triangle is parallel to the wire. The

current in the triangular loop is in counterclockwise direction and increased at a constant rate of

10 As-1. Which of the following statement(s) is (are) true?

, d l edks.kh;  f=kdks.k pkydh;  Qans dh Å¡pkbZ 10 cm gS , oa bl dh nks Hkqt k, a l eku gSA bl  Qans dk l edks.kh;  fcanq , d

vuar  yEckbZ ds pkydh;  r kj  ds cgqr  ut nhd bl  r j g l s j [ kk x; k gS fd f=kdks.k dk d.kZ pkydh;  r kj  ds l ekukUr j  gS ¼t Sl k

fd fp=k esa n' kkZ; k x; k gS½ r kj  r Fkk Qank , d nwl j s l s fo| qr j ks/kh gSA f=kdks.kh;  Qans esa /kkj k okekor Z~ fn' kk esa , d l eku nj  10

As–1 l s c<+r h gSA fuEufyf[ kr  esa l s dkSul k@dkSul s dFku l R;  gS@gS \

90º10cm

(A) The induced current in the wire is in opposite direction to the current along the hypotenuse.
(A) r kj  esa i zsfj r  d.kZ esa /kkj k ds foi j hr  fn' kk esa gSA

(B) There is a repulsive force between the wire and the loop.
(B) Qans , oa r kj  ds e/;  i zfr d"khZ cy gSA

(C) The magnitude of induced emf in the wire is 
0 

  
 volt

(C) r kj  esa mUi Uu emf dk i fj ek.k 
0 volt

 
  

 gSS

(D) If the loop is rotated at a constant angular speed about the wire, an additional emf of 
0 

  
volt is induced in the wire.

(D) ; fn Qans dks , dl eku dks.kh;  xfr  l s r kj  ds v{k i j  ?kqek; k t kr k gS r c r kj  esa 
0 

  
 volt i fj ek.k dk vfr fj ä  emf

i zsfj r  gksr k gSA
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Sol. B,C

10cm I I

I

i = 10 A/sec–1

(2xdx)

I

dx
2x

x

d1 = 



2

0  
x
i

 (2xdx)

8 = 

0  i 

1.0

0

dx

= 

 i0  (0.1)

e1 = 


 1.00  







dt
di

 = 

0

M = 
dt
di1

2

 = 
dt
di2

1

If we consider

dt
di1  = 

dt
di2

2 = 

0

   Net force between the loop and the wire is repulsive
Iin

i

i

i

90°

F1

F1

F2

7. A length-scale () depends on the permittivity () of a dielectric material. Boltzman constant (kB),
the absolute temperature (T), the number per unit volume (n) of certain charged particles and
the charge (q) carried by each of the particles. Which of the following expression(s) for  is(are)
dimensionally correct?
, d yackbZ  eki  () dh fuHkZj r k] i j kfo| qr  i nkFkZ ds i j kfo| qr kad () cksYVt eku fLFkj kad (kB), i j e r ki  (T), , d vk; r u esa
dqN vkosf' kr  d.kksa dh l a[ ; k (n) ¼l a[ ; k ?kuRo½ r Fkk gj  , d d.k ds vkos' k (q) i j  gksr h gSA  ds fy,  fuEufyf[ kr  esa l s l gh
foeh; r k okyk dkSul k@dkSul s l w=k gS@gSa\

(A) 
2

B

nq
l

k T
 

   
(B) 

B
2

k T
l

nq
 

  
 

(C) 
2

2 /3
B

q
l

n k T
 

   
(D) 

2

1/3
B

q
l

en k T
 

  
 

Sol. B,D
() = M–1 L–3  T4 A2

[KBT] = [E] = [M1L2T–2]
n = [L–3]
q = [A1 T1]
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8. Two loudspeakers M and N are located 20 m apart  and emit sound at frequencies 118 Hz an 121
Hz, respectively. A car is initially at a point P, 1800 m away from the midpoint Q of the line MN
and moves towards Q constantly at 60 km/hr along the perpendicular bisector of MN. It crosses
Q and eventually reaches a point R, 1800 m away from Q, Let v(t) represent the beat frequency
measured by a person sitting in the car at time t. Let vP, vQ and vB be the beat frequencies
measured at locations P, Q and R, respectively. The speed of sound in air is 330 ms-1. Which of the
following statement(s) is (are) true regarding the sound heard by the person?
nks ykmMLi hdj  M , oa N t ks fd , d nwl j s l s 20 m dh nwj h i j  gS] Øe' k% 118 Hz , oa 121 Hz dh /ofu mRl ft Zr  dj r s
gSa] fcUnq P j s[ kk MN ds n~foHkkt d yac i j  fLFkr  gS r Fkk MN ds e/;  fcUnq Q l s 1800 m dh nwj h i j  gSA , d dkj  fcUnq P
l s fcUnq Q dh r j Q 60 km/hr dh fLFkfr  xfr  l s pyuk i zkj EHk dj r h gSA dkj  Q fcUnq dks i kj  dj  var r ksxRok fcUnq R ds vkxs
pyh t kr h gS] t gka fcUnq R fcUnq Q l s 1800 m dh nwj h i j  gSA dkj  esa cSBk O; fDr  l e;  t i j  foLi an & vkòfr  v(t) eki r k
gSA fcUnq P, Q,R i j  foLi an & vkòfr  Øe' k% vP, vQ, vR gSA /ofu dh gok esa xfr  330 ms-1 gSA dkj  esa cSBs O; fDr  } kj k l quh
x; h /ofu ds ckj s esa fuEufyf[ kr  esa l s dkSul k@dkSul s dFku l R;  gS@gSa\

R

Q

P 

vQ

t

v(t)

(A) The plot below represents schematically the variation of beat frequency with time
(B) The plot below represents schematically the variation of beat frequency with time
(C) vP + vR = 2vQ
(D) The rate of change in beat frequency is maximum when the car passes through Q
(A) uhps fn[ kk; k x; k ys[ kkfp=k foLi an & vkòfr  dk l e;  ds l kFk i fj or Zu dh O; oLFkk dks n' kkZr k gSA
(B) uhps fn[ kk; k ys[ kkfp=k foLi an & vkòfr  dk l e;  ds l kFk i fj or Zu dh O; oLFkk dks n' kkZr ; k gSA
(C) vP + vR = 2vQ

(D) t c dkj  Q fcUnq dks i kj  dj r h gS r ks foLi an & vkòfr  dh nj  esa vf/kdr e i fj or Zu gksr k gSA

Sol. A,C,D
v0 v0

R

1800 m

121 Hz

NQ

20 mf=118 Hz

M

1800 m

v0

v0 60 km/hr

P

q = 221 – 218 = 3 Hz
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0 0
1P 1 2P 2

v v v v
f f & f f

v v
    

    
   

0 0
1Q 1 2Q 2

v v v v
& f f & f f

v v
    

    
   

So,

p 2P 1Pf f  

R 2R 1Rf f  

   P R 2P 2R 1P 1Rf f f f      
= f2 (2) – f1 (2)
= 2 (f2 – f1)
= 2Q

P + R = 2Q

9. A plano-convex lens is made of a material of refractive index n. When a small object is placed 30
cm away in front of the curved surface of the lens, an image of double the size of the object is
produced. Due to reflection from the convex surface of the lens, another faint image observed at
a distance of 10 cm away from the lens. Which of the following statement(s) is(are) true?
, d l er y & mÙky ysal  ds i nkFkZ dk vi or Zukad n gSA t c , d NksVh oLr q dks yasl  odzi z"V ds l keus 30 cm dh nwj h i j
j [ kr s gSa r ks ml  oLr q dh nqxquh l kbt  dk i zfr fcEc cur k gSA mÙky i z"V l s i j kor Zu ds dkj .k ysal  l s 10 cm dh nwj h i j  , d
{kh.k i zfr fcEc Hkh cur k gSA fuEufyf[ kr  esa l s dkSul k@dkSul s dFku l R;  gSa\
(A) The refractive index of the lens is 2.5
(A) ysal  dk vi or Zukad 2.5 gSA
(B) The radius of curvature of the convex surface is 45 cm
(B) mÙky i z"V dh oØr k f=kT; k 45 cm gSA
(C) The faint image is erect and real
(C) {kh.k i zfr fcEc okLr fod , oa l h/kk gSA
(D) The focal length of the lens is 20 cm
(D) ysal  dh Qksdl  nwj h 20 cm gSA

Sol. A,D
For reflection

O = 30 cm

mf
1

 = 
10
1

 – 
30
1

 fm = 15 cm  R = 30 cm
For lens

O 10 cm

convex mirror

m = –2 = 
u
v

  v = 24 = 60 cm

v
1

 – 
u
1

 = + 
2f
1

  
2f
1

 = 
60
1

 + 
30
1

  f2 = 20 cm

2f
1

 = (n – 1) 







R
1
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20
1

 = (n – 1) 







30
1

 n = 
2
3

 + 1

 n = 2.5

10. Highly excited states for hydrogen-like atoms (also called Rydberg states) with nucles charge Ze
are defined by their principal quantum number n, where n>>1. Which of the following statement(s)
is(are) true?
Ze ukfHkdh;  vkos' k ds gkbMªkst u dh r j g ds i j ek.kq dh vR; f/kd mÙksft r  voLFkk ¼ft l s fj M~cxZ voLFkk Hkh dgr s gSa½ dks ml ds
eq[ ;  dkaVe vad n (n>>1) l s i fj Hkkf"kr  fd; k t kr k gSA fuEufyf[ kr  esa l s dkSul kW@dkSul s dFku l R;  gS@gSa\
(A) Relative change in the radii of two consecutive orbitals does not depend on Z.
(A) nks Øekxr  d{kksa dh f=kT; k dk vki sf{kr  var j  (Relative change)Z ds Åi j  fuHkZj  ugha dj r k gSA
(B) Relative change in the radii of two consecutive orbitals varies as 1/n.
(B) nks Øekxr  d{kksa dh f=kT; k dk vki sf{kr  var j  1/n ds l ekuqi kr  gksr k gSA
(C) Relative change in the energy of two consecutive orbitals varies as 1/n3.
(C) nks Øekxr  d{kk dh Åt kZ dk vki sf{kr  var j  1/n3 ds l ekuqi kr  gksr k gSA
(D) Relative change in the angular momenta of two consecutive orbitals varies as 1/n.
(D) nks Øekxr  d{kksa ds dks.kh;  l aosx dk vki sf{kr  var j  1/n ds l ekuqi kr  gksr k gSA

Sol. A,B,D
orbital :

&
r
r


  relative change

2

n

n
r 0.529

Z


 2 2

2

n 1 n
n

 


2 2

2

n 1 2n n
n

  


2

1 2n
n

 


1
n

  dependent on n.

2

n 2

z
E 13.6

n
 

E
Relative change =

E


 2 2

2

1 1
nn 1

1
n




 

2 2 2

22

n n 1 2n n
1n n 1

  
 



 

 2
1 2n

n 1
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2

1 2n
n 1 2n




 

2 2

1 2n
n 1 2n n 1 2n

 
   

Doesn’t match with ‘C’

n

nh
L

2




Relative change = 
 L n n 1 1

L n n
  

 

11. A transparent slab of thickness d has a refractive index n(z) that increases with z. Here z is the
vertical distance inside the slab, measured from the top. The slab is placed between two media
with uniform refractive indices n1 and n2 (>n1), as shown in the figure.  ray of light is incident with
angle 2  from medium 1 and emerges in medium 2 with refraction angle f with a lateral
displacement l.

n = constant

n(2)
z

n  = constant2 l 2

d

1

Which of the following statement(s) is(are) true?
(A)  is independent of n2 (B)  is dependent on n(z)
(C) n1 sin 2 = n2 sin f (D) n1 sin l = (n2 – n1) sinf

11. 'd'  eksVkbZ ds , d i kj n' khZ i ê dk vi or Zukad n(z) dk eku z c<+kus l s c<+r k gSA ; gk¡ z i ê ds vUnj  Åi j h l r g l s eki h x; h
Å/okZ/kj  nwj h gSA i ê dks nks ek/; eksa ds chp j [ kk x; k gS ft uds , d l eku (uniform) vi or Zukad n1 , oa n2(>n1) gS] t Sl k
dh fp=k esa n' kkZ; k x; k gSA ; gk¡ n1 vkSj   n2 fLFkj  (constant) gSA i zdk' k dh , d fdj .k ek/; e 1 l s i ê i j  i dks.k l s vki fr r
gS r Fkk ek/; e  esa i kf' oZad foLFkki u (lateral displacement) l l s vi or Zukad dks.k f i j  fudfl r  gksr h gSA

n = constant

n(2)
z

n  = constant2 l 2

d

1

fuEufyf[ kr  esa l s dkSul k@dkSul s dFku l R;  gS@gSa?
(A)  dk eku n2 i j  fuHkZj  ugha dj r k gSA (B)  dk eku n(z) i j  fuHkZj  dj r k gSA
(C) n1 sin 2 = n2 sin f (D) n1 sin l = (n2 – n1) sinf

Sol. A,B,C
(A) l is independent of n2.
(B) l is dependent on n (z) as the lateral displacement varies as z varies.
(C) This is always true
n1 sin i  = n2 sin f
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12. An incandesecent bulb has a thin filament of tungstgen that is heated to high temperature by
passing an electric current. The hot filament emits black - body radiation. The filament is
observed to break up at random location after a sufficiently long time of operation due to
non - uniform evaporation of tungsten from the filament. If the bulb is powered at constant
voltage, Which of the following statement(s) is(are) true?
, d r ki nhIr  cYc ds r Ur q dks fo| qr  /kkj k ds i zokg l s mPPk r ki eku i j  xj e dj us i j  VaxLVu r Ur q d f̀".kdk fofdj .k
(black-body radiation) mRl ft Zr  dj r k gSA ; g ns[ kk x; k gS fd yac l e;  ds i z; ksx ds ckn VaxLVu r Ur q esa vl eku
ok"i hdj .k ds dkj .k r Ur q fdl h Hkh t xg l s VwV t kr k gSA ; fn cYc dks fo| qr  ' kfä  , d fLFkj  oksYVr k i j  nh x; h gS r ks
fuEufyf[ kr  esa l s dkSul k@dkSul s dFku l R;  gS@gSa \
(A) The temperature distribution over the filament is uniform
(A) r Ur q i j  r ki eku dk for j .k , d l eku gSA
(B) The resistance over small sections of the filament decreases with time
(B) r Ur q ds NksaVs Hkkxksa dk i zfr j ks/k l e;  ds l kFk de gksr k gS
(C) The filament emits more light at higher band of frequencies before it breaks up
(C) VwVus l s i gys r Ur q mPp vkòr h i V~Vh (high frequency band) dk i zdk' k i gys l s T; knk mRl ft Zr  dj r k gS
(D) The filament consumes less electrical power towards the ends of the life of the bulb
(D) r Ur q vi uh vk; q ds vk[ kj h l e;  esa de fo| qr  ' kfä  dk i z; ksx dj r k gSA

Sol. C,D
As the temperature increases, m decreases. So frequency of radiation increases with increase in
temperature and resistance increases. So current decreases and hence power consumed (P = Vi)
decreases (V is constant given)

13. The position vector r
  of a particle of mass m is given by the following equation  3 2ˆ ˆr(t) at i t j,  



where  = 10/3 ms–3,  = 5 ms–2 and m = 0.1 kg. At t = 1 s, which of the following statement (s)
is (are) true about the particle?

(A) The velocity 
  is given by ˆ ˆ(10i 10j)  

 ms–1

(B) The angular momentum L

 with respect to the origin is given by ˆL –(5 /3)k


 N m s

(C) The force F

 is given by ˆ ˆF (i 2j)N 



(D) The torque r
  with respect to the origin is given by ˆr –(20 /3)k Nm



13. m æO; eku ds , d d.k dk fLFkfr &l fn' k r
  uhps l ehdj .k esa fn; k x; k gS 3 2ˆ ˆr(t) at i t j,  


 ft l esa  = 10/3 ms–3,

 = 5 ms–2 , oa m = 0.1 kg gSA l e;  t = 1 s i j , fuEufyf[ kr  esa l s dkSul k@dkSul s dFku l R;  gS@gSa?

(A) osx dk eku ˆ ˆ(10i 10j)  
 ms–1 gSA

(B) ewy fcUnq ds fxnZ dks.kh l aosx dk eku ˆL –(5 /3)k


 N m s gSA

(C) cy dk eku ˆ ˆF (i 2j)N 


  gSA

(D) ewy fcUnq ds fxnZ ?kw.kZu dk eku ˆr –(20 /3)k Nm


 gSA

Sol. ABD

r (t) = 3 2ˆ ˆt i t j  
Given,  = 10/3 m/s3,  = 5 m/s2, m = 0.1 kg; at t = 1 s

v
  =  (3t2) î  + 2 t ĵ

)ĵ10î10(v 


dt
vd


 = a
  = 6t î  + 2 ĵ

F

 = ma


 = 0.1 ]ĵ2ît6[ 
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= ĵî2 

)vr(m




l

 = 

3
5  k̂  Nms

Fr




= )ĵtît( 23   × m )ĵt2ît6( 

= m )k̂t6k̂t2( 33 

= 
20

k̂
3


 Nm

14. The isotope 12
5 B  having a mass 12.014u undergoues  - decay to 12 12

6 6C, C  has an excited state of

the nucleus 12
6( C*)  at 4.041 MeV above its ground state. If 12

5 B  decays to 12
6 C* , the maximum

kinetic energy of the  - particle in units of MeV is
(1u = 931.5 MeV/c2, where c is the speed of light in vacuum).

l eLFkkfud (isotope) 12
5 B  ft l dk nzO; eku 12.014 u gS] chVk {k;  (-decay) dh i zfØ; k l s 12

6 C  esa i fj ofr Zr  gks t kr k

gSA 12
6 C  dh , d ukfHkdh;  mÙksft r  voLFkk  12 *

6 C  fuEur e voLFkk l s 4.041 MeV Åi j  gksr h gSA vxj  12
6 B  {k;  gksdj

12 *
6 C  esa i fj ofr Zr  gksr k gS r ks chVk d.k dh vf/kdr e xfr d Åt kZ (MeV dh ek=kk esa) D; k gksxh \

(1 u = 931.5 MeV/c2),  ; gk¡ c fuokZr  esa i zdk' k dh xfr  gSA
Sol. 9

4.041MeV

*
–1

0

Suppose – has (KE)max. = k
Total energy released, E = 931 (m) MeV
Mass defect, m =  (12.014 – 12) 931.5
= 13.04 MeV
Now, E = 4.041 + K
K = E – 4.041 = 9 MeV

15. Two inductors L1 (inductance 1 mH, internal resistance 3 ) and L2 (inductance 2 ml internal
resistance 4), and a resistor R (resistance 12) are all connected in parallel across a 5V battery.
The circuit is switched on at time t = 0. The ratio of the maximum the minimum current (Imass/
Imin) drawn from the battery is
nks i zsj dksa (Inductors) L1 r Fkk L2 dk i zsj dRo Øe' k% 1 mH , oa 2 mH gSa] , oa vkar fj d i zfr j ks/k Øe' k% 34 gSaA bu nksuks
i zsaj dksa r Fkk , d i zfr j ks/kd R, ft l dk i zfr j ks/k 12  gS] l Hkh dks , d 5 V dh cSVªh l s l ekukUr j  esa t ksM+ fn; k x; k gS i fj i Fk
dks l e;  t = 0  i j  pkyw fd; k t kr k gSA cSVªh l s fudyh vf/kdr e , oa U; wur e /kkj kvksa dk vuqi kr  (Imax/Imin) D; k gksxh \

Sol. 8

1mH

2mH

5V
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Min. current is at t = 0

imin = 
12
5

 A

Max. current is at t 

eq

1
R  = 

3


 + 
4


 + 
12


req = 
2
3

 

imax = 
3

10
 A

min

max

i
i

 = 
3

10
 × 

5
12

 = 8

16. Consider two solid sphere P and Q each of density 8 gm cm–3 and diameters 1 cm and 0.5 cm,
respectively. Sphere P is dropped into a liquid of density 0.8 gm cm–3 and viscosity  = 3 poiseulles.
Sphere Q is dropped into a liquid of density 1.6 gm cm–3 and viscosity  = 2 poiseulles. The ratio
of the terminal velocities of P and Q is
8 gm cm–3 /kuRo okys nks Bksl  xksys P r Fkk Q dk O; kl  Øe' k% 1 cm , oa 0.5 cm gSaA xksys P dks 0.8 gm cm–3

/kuRo , oa n = 3 poiseulles ' ; kuRo (viscosity) okys , d r j y  esa fxj k; k t kr k gS vkSj  xksys Q dks 1.6 gm cm–3

/kuRo , oa n = 2 poiseulles ' ; kuRo (viscosity) okys nwl j s r j y  esa fxj k; k t kr k gSA xksys P , oa Q ds vafr e osxksa dk
vuqi kr  D; k gksxk \

Sol. 3
P = 8 g/cm3 = Q

RP = 1 cm ; RQ = 0.5 cm

P

P

1R
3cm/g8.0 

poise 3

poise 2

3
l cm/g6.1
2


Applying :

 
2

T 0

2 r
V g

9
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1

3 3
3

T
2 10 10

V 8 0.8 10 10
9 3

 


    

 
2

3 3
3

T
2 10 10 0.25

V 8 1.6 10 10
9 2

 
 

    

1

2

T

T

7.2
V 3 3

6.4V
8

 

17. A metal is heated in a furnace where a sensor is kept above the metal surface to read the power
radiated (P) by the metal. The sensor has a scale that displays log2(P/P0) where P0 is a constant.
When the metal surface is at a temperature of 487 ºC, the sensor shows a value 1. Assume that
the emissivity of the metallic surface ramins constant. What is the value displayed by the sensor
when the temperature of the metal surface is raised to 2767ºC?
, d /kkr q dks HkV~Vh esa xj e dj r s gq,  ml dh fofdj .k ' kfä  (P) dks /kkr q ds Åi j  j [ ks gq,  , d l aosnd (sensor) l s i <+r s gSaA
l aosnd dk i Sekuk log2 (P/P0) dks i <+r k gS] ; gk¡ P0 , d fLFkj kad gSA t c /kkr q dk r ki eku 487 °C gS r ks l aosnd dk i Bu
1 gSA eku yhft ; s fd /kkr q dh l r g dh mRl t Zdr k fLFkj  gSA /kkr q dh l r g dk r ki eku 2767 °C r d c<+kus i j  l aosnd dk
i Bu D; k gksxk \

Sol. 9

log2 








0

1

P
P

 = 1

 P1 = 2P0

P  T4

1

2

P
P

 = 
4

760
3040









 = (4)4

 P2 = P1 (4)4 = (4)4 2P0

 log2 








0

2

P
P

 = log2 








0

0
9

P
P2

 = 9

18. A hydrogen atom in its ground state is irradiated by light of wavelength 970Å. Taking hc/e =
1.237 × 10–6 eV m and the ground state energy of hydrogen atom as – 13.6 eV, the number
number of lines present in the emission spectrum is.
, d gkbMªkst u i j ek.kq dks ml dh fuEur e voLFkk esa 970 Å r j axnS/; Z okys i zdk' k l s i znhIr  fd; k t kr k gSA ; gk¡ i j  hc/e =
1.237 × 10–6 eV m r Fkk gkbMªkst u i j ek.kq dh U; wur e voLFkk dh Åt kZ –13.6 eV gSSA mRl ft Zr  ekukoyh (emission
spectrum) esa j s[ kkvksa dh l a[ ; k D; k gksxh \

Sol. 6
Wavelength = 970 Å

n=4 –0.85
n=3 –1.51

n=2 –3.4

n=1 –13.6

12.75

= 
12375

12.75 eV
970



Now we known that :
The energy gap corresponding to the given wavelenght is same as for n = 4 to n = 1.

 Now for spectral lines = 
 n n 1

2


 4 4 1
2


  = 6 Lines
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[CHEMISTRY]
19. The increasing order of atomic radii of the following group 13 elements is

(A) Al < Ga < In < Tl (B) Ga < Al < In < Tl
(C) Al > In < Ga < Tl (D) Al < Ga < Tl < In
fuEufyf[ kr  l ewg (group) 13 ds r Roksa dh c<+r h gqbZ i j ek.kq f=kT; kvksa dk Øe gS
(A) Al < Ga < In < Tl (B) Ga < Al < In < Tl
(C) Al > In < Ga < Tl (D) Al < Ga < Tl < In

Sol. B
Al = 143 pm
Ga = 135 pm
In = 167 pm
Tl = 170 pm

20. Among [Ni(Co)4], [NiCl4]
2–, [Co(NH3)4Cl2]Cl, Na2[CoF6]

3+, Na2O2 and CsO2, the total number of
paramagnetic compounds is
(A) 2 (B) 3 (C) 4 (D) 5
[Ni(Co)4], [NiCl4]

2–, [Co(NH3)4Cl2]Cl, Na2[CoF6]
3+, Na2O2 r Fkk CsO2 esa vuqpqEcdh;  (paramagnetic) ; kSfxdksa

dh dqy l a[ ; k gS
(A) 2 (B) 3 (C) 4 (D) 5

Sol. B
[NiCl4]

2– = Ni2+ = 3d84s0

Na3[CoF6] = 3d6 4s0

4s 4d 4p

sp d3 2

CsO2 = sp3d2

Cs+.O2
– = superoxised as per M.I.

21. On complete hydrogenation, natural rubber produces
(A) ethylene-propylene copolymer (B) vulcanised rubber
(C) polypropylene (D) polybutylene
i w.kZ gkbMªkst uhdj .k i j  i zkd f̀r d j cj  D; k mRi kfnr  dj r h gS \
(A) , fFkyhu-i zksfi yhu l gcgqyd (B) oYduhd r̀  (vulcanised) j cj
(C) i kWyhi zksfi yhu (D) i kWyhC; wfVyhu

Sol. A
n(CH2=CH2) + n(CH3–CH=CH2)
Ethylene Propylene

     

    Polyethylene–Polypropylene

22. One mole of an ideal gas at 300 K in thermal contact with surroundings expands isothermally
from 1.0 L to 2.0 L against a constant pressure of 3.0 atm. In this process, the change in entropy
of surroundings (smax) in J K–1 is
(A) 5.763 (B) 1.013 (C) –1.013 (D) –5.763
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, d vkn' kZ xSl  dk , d eksy 300 K i j  i fj os' k (surroundings) ds l kFk Å"eh;  l Ei dZ  (thermal contact) esa l er ki h;
voLFkk esa 3.0 atm ds fLFkj  nkc i j  1.0 L l s 2.0 L r d i zl kfj r  gksr k gSA bl  i zfØ; k esa i fj os' k dh , UVªkWi h esa i fj or Zu
(smax) J K

–1 ek=kd esa] D; k gksxk \
(A) 5.763 (B) 1.013 (C) –1.013 (D) –5.763

Sol. C
E = q = w
0 = q – |PV|
0 = q – (3 ×1) atm
q = 3 atm L

ssurr = –
sys.

surr.

Q

T  = 
 3atm l

300

     = 
3

300


 
lit atm

kel
.

= 
3

300


 × 101.3 J/kel

= –1.013 J/kel

23. P is the probability of finding the 1s electron of hydrogen atom in a spherical shell of infinitesimal
thickness, dr, at a distance r from the nucleus. The volume of this shell is 4r2dr. The qualitative
sketch of the dependence of P or r is:

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

gkbMªkst u i j ek.kq ds 1s bysDVªkWu ds ukfHkd l s r nwj h i j  , d vuUr  l w{e eksVkbZ, dr, ds xksyh;  dks' k esa i k; s t kus dh i zkf; dr k
(probability) P gSA bl  dks' k dk vk; r u 4r2dr gSA P ; k r i j  fuHkZj r k dk xq.kkRed j s[ kkfp=k gS

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

Sol. B

r = 0, 4r2dr = 0
No. of radial modes = n––1

= 1 – 0 –1 = 0
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24. The reagent(s) that can selectively precipitate S2– from a mixture of S2– and SO4
2– in aqueous

solution is(are)
(A) CuCl2 (B) BaCl2 (C) Pb(OOCCH3)2 (D) Na2[Fe(CN)5NO]
vfHkdkj d (reagent) t ks S2– r Fkk SO4

2– ds feJ.k l s S2– dks oj .kkRed (selectively) vo{ksi  } kj k t yh;  foy; u l s
i F̀kd dj  l dr k ¼l dr s½ gS@gSa
(A) CuCl2 (B) BaCl2 (C) Pb(OOCCH3)2 (D) Na2[Fe(CN)5NO]

Sol. A

CuCl2 S
––

 CuS  (black ppt.)

CuSO4  is not a ppt.
25. A plot of the number of neutrons (N) against the number of protons(P) of stable nucleus exhibits

upward deviation from linearity for atomic number, Z > 20. For an unstable nucleus having N/P
ratio less than 1, the possible mode(s) of decay is(are)
(A) –decay ( emission) (B) orbital or K-electron capture
(C) neutron emission (D) + -decay(positron emission)
LFkk; h ukfHkdksa ds U; wVªkWuksa dh l a[ ; k (N) fo: )  i zksVkWuksa dh l a[ ; k (P) dk vkys[ k i j ek.kq Øekad] Z > 20 ds fy; s j Sf[ kdr k
l s Å/oZeq[ kh fopyu i znf' kZr  dj r k gSA , d vLFkk; h ukfHkd ds fy; s ft l dk N/P vuqi kr  1 l s de gS] {k;  dh l aHko fo/kk¼; sa½
gS@gSa
(A) –{k;  ( mRl t Zu) (B) d{kh;  vFkok K-bysDVªkWu i zxzg.k (capture)

(C) U; wVªkWu mRl t Zu (D) + -{k; (i kWft VªkWu mRl t Zu)
Sol. B, D

According to theory

26. Positive Tollen's test is observed for

(A) 

O

H

H

H

H

(B) 

CHO

(C) 
O

Ph
Ph

OH

(D) 
O

Ph Ph

fuEufyf[ kr  esa l s dkSul k ¼dkSul s½ fodYi  l dkj kRed (Positive) VkWysu i j h{k.k (Tollen's test) fn[ kkr k ¼fn[ kkr s½ gS ¼gSa½\

(A) 

O

H

H

H

H

(B) 

CHO

(C) 
O

Ph
Ph

OH

(D) 
O

Ph Ph

Sol. A, B, C

O

H

H

H

H

, 

CHO

,  
O

Ph
Ph

OH

27. The correct statement(s) about the following reaction sequence is(are):

Cumene (C9H12) 
(i) O2

(ii) H O3
+

P CHCl /NaOH3  Q (major) + R(minor)

Q 
NaOH

PhCH Br2
 S

(A) R is steam volatile
(B) Q gives dark violet coloration with 1 % aqueous FeCl3 solution
(C) S gives yellow precipitate with 2,4-dinitrophenylhydrazine
(D) S gives dark violet coloration with 1 % aqueous FeCl3 solution



(Page # 19)JEE (MAIN + ADVANCED) Examination (2016) (Code - 3)

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

fuEufyf[ kr  vfHkfØ; k vfHkØe l s l acaf/kr  l gh dFku gS@gSa

D; qehu (Cumene) (C9H12) (i) O2

(ii) H O3
+

P CHCl /NaOH3  Q (eq[ ; ) + R(xkS.k)

Q 
NaOH

PhCH Br2
 S

(A) R Hkki  ok"i ' khy (steam volatile) gSA
(B) 1 % t yh;  FeCl3 foy; u ds l kFk Q xgu cSaxuh j ax nsr k gSA
(C) 2,4-MkbukbVªksQsfuygkbMªst hu (dinitrophenylhydrazine) ds l kFk S i hyk vo{ksi r  nsr k gS
(D) 1 % t yh;  FeCl3 foy; u ds l kFk S xgu cSaxuh j ax nsr k gS

Sol. B, C

CH
CH3CH3

(i) O2

(ii) H O3
+

CH  – C – CH3 3

O
 + 

OH

 (P)  CHCl /NaOH3  

OH
CHO

(Q) (major)

+ 

OH

CHO

 R(minor)

(Q) 

OH
CHO

 
NaOH

PhCH Br2
 

OCH –Ph2

CHO
 (S)

28. The crystalline form of borax has
(A) Tetranuclear [B4O5(OH)4]

2– unit
(B) All boron atoms in the same plane
(C) Equal number of sp2 and sp3 hybridized boron atoms
(D) One terminal hydroxide per boron atom
ckSj sDl  (borax) ds fØLVyh;  : i  esa

(A) pr qukZfHkdh;  [B4O5(OH)4]
2– , dd (unit) gSA

(B) l Hkh cksj kWu i j ek.kq , d gh r y esa gSa

(C) sp2 r Fkk sp3 l adfj r  (hybridized) cksj kWu i j ek.kqvksa dh l a[ ; k l eku gSA

(D) i zfr  cksj kWu i j ek.kq i j  , d vUr LFk (terminal) gkbMªksDl kWbM gSA
Sol. A, C, D

7
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B

B

BB

O

O O

O

OH

OH

OHHO O

29. The compound(s) with TWO lone pairs of electrons on the central atom is(are):
(A) BrF5 (B) ClF3 (C) XeF4 (D) SF4

; kSfxd@; kSfxdksa] ft l ds@ft uds dsUnzh;  i j ek.kq ds i kl  nks , dkWdh bysDVªkWu ; qXe gS@gSa
(A) BrF5 (B) ClF3 (C) XeF4 (D) SF4

Sol. B, C
ClF3  3B.P. + 2L.P.
XeF4  4B.P. + 2L.P.

30. According to the Arrhenius equation,
(A) A high activation energy usually implies a fast reaction.
(B) Rate constant increases with increase in temperature. This is due to a greater number of
collisions whose energy exceeds the activation energy.
(C) Higher the magnitude of activation energy, stronger is the temperature dependence of the
rate constant.
(D) The pre-exponential factor is a measure of the rate at which collisions occur, irrespective of
their energy.
vkj Zsfuvl  (Arrhenius) l ehdj .k ds vuql kj
(A) mPp l fØ; .k Åt kZ (activation energy) l kekU; r % r hoz vfHkfØ; k n' kkZr h gSA
(B) r ki eku ds c<+us l s osx&fLFkj kad (Rate constant) c<+r k gSA ; g mu VDdj ksa dh l a[ ; k c<+us ds dkj .k gS ft udh Åt kZ
l fØ; .k Åt kZ l s T; knk gks t kr h gSA
(C) l fØ; .k Åt kZ dh ek=kk ft r uh mPp gksxh] osx&fLFkj kad dh r ki eku i j  fuHkZj r k mr uh gh i zcy gksxhA
(D) mudh Åt kZ i j  fopkj  fd; s fcuk] i woZ pj ?kkar kadh xq.kd (pre-exponential factor) VDdj ksa dh nj  (Rate of
collisions) dk eki d gSA

Sol. B, C, D

K = RT/EaAe

(B) K  T
by Increacing temperature rate constant also increases

(C) log 
21

12

1

2

TRT3.2
)TT(Ea

K
K 

  = Ea
K
K

1

2 

(D) Ea  0
K = A
r = K.

31. The product(s) of the following reaction sequence is(are):

(i) Acetic anhydride/pyridine
(ii) KBrO /HBr
(iii) H O , heat 
(iv) NaNO /HCl, 273-278 K 
(v) Cu/HBr

3

3

2

+

NH2
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(A) 

Br

Br

(B) 

Br

Br

(C) 

Br
BrBr

(D)

Br
BrBr

Br

fuEufyf[ kr  vfHkfØ; k vfHkØe dk (ds) mRi kn gS@gS

(A) 

Br

Br

(B) 

Br

Br

(C) 

Br
BrBr

(D)

Br
BrBr

Br

Sol. B
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32. The diffusion coefficient of an ideal gas is proportional to its mean free path and mean speed. The
absolute temperature of an ideal gas is increased 4 times and its pressure is increased 2 times.
As a result, the diffusion coefficient of this gas increases x times. The value of x is.
, d vkn' kZ xSl  dk fol j .k xq.kkad  (diffusion coefficient) bl ds ek/;  eqDr  i Fk (mean free path) r Fkk ek/;  pky
(mean speed) ds l ekuqi kfr d gSA , d vkn' kZ xSl  dk i j e r ki eku 4 xquk c<+k; k t kr k gS vkS bl dk nkc 2 xquk c<+k; k t kr k
gSaA i fj .kkeLo: i ] bl  xSl  dk fol j .k xq.kkad x xquk c<+ t kr k gSaA x dk eku gSaA

Sol. 4
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Diffusion constant   
P

T 2/3

 3/2
4T

2P
 = 4

 
P

T 2/3

33. In the following monobromination reaction, the number of possible chiral products is:

H Br
CH3

CH CH CH2 2 3

(1.0 mole)

Br (1.0 mole)2

300°C

(enantiomerically pure)

fuEufyf[ kr  , dczksfeus' ku (monobromination) vfHkfØ; k esa l EHkkfor  fdj y  (chiral) mRi knksa dh l a[ ; k gSa%

H Br
CH3

CH CH CH2 2 3

(1.0 )eksy

Br (1.0 )2 eksy

300°C

(enantiomerically pure)
¼, suSfUV; ksej h;  ' kq) ½

Sol. 5

H Br

CH3

CH CH CH2 2 3

H Br

CH3

CH CH CH2 2 3

(1.0 mole)

Br (1.0 mole)2

300°C

(enantiomerically pure)

*

Br
H

H
Br

CH3

CH3

+

BrH
HH

HBr
BrBr

CH2CH2

CH3CH3

CH3CH3

H Br

CH –CH –CH2 2 3

CH – Br2

+
+

34. The number of geometric isomers possible for the complex [CoL2Cl2]¯ (L = H2NCH2CH2O¯) is.
l adqy [CoL2Cl2]¯ (L = H2NCH2CH2O¯) ds l aHkkfor  T; kfer h;  l eko; fo; ksa (geometric isomers) dh l a[ ; k gSaA

Sol. 5
[M(AB)2a2]

a
aA

B A

B

a
aB

A B

A

   

a
aA

B B

A

M
   

a
AA

B B

a

M
   

a
BA

B A

a

M
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35. The mole fraction of a solute in a solution is 0.1. At 298 K, molarity of this solution is the same
as its molality. Density of this solution at 298 K is 2.0 g cm–3. The ratio of the molecular weights

of the solute and solvent, 
solute

solvent

MW
MW

 
 
 

, is.

, d foys;  dk , d foy; u esa eksy fHkUu (mole fraction) 0.1 gSaA  298 K i j  bl  foy; u dh eksyj r k (molarity) bl dh
eksyyr k (molality) ds l eku gSaA bl  foy; u dk ?kuRo 298 K i j  2.0 g cm–3 gSaA foys;  r Fkk foyk; d ds v.kqHkkj ksa dk

vuqi kr ] 
 
 
 

foys;

foyk; d

v.kqHkkj
v.kqHkkj , gSA

Sol. 9
XA = 0.1, M = m , D = 2gm/ml

0.1 mole 0.9 mole 
m = M

=  21solvent M9.0M1.0
1000d1.0

Mw9.0
10001.0








=  212 M9.0M1.0
2

M9.0
10001.0







=
2

12

M9.0
M1.0M1.0 

 = 2

1 + 
2

1

M9
M

 = 2 ,  
2

1

M
M

 = 9

1
M9
M

2

1 

36. In neutral or faintly alkaline solution, 8 moles of permanganate anion quantitatively oxidize
thiosulphate anions to produce X moles of a sulphur containing product. The magnitude of X is.
mnkl hu vFkok /kwfey {kkj h;  foy; u (alkaline solution) esa 8 eksy i j eSxusV _ .kk; u (permanganate anion)
Fkk; ksl YQsV _ .kk; uksa (thiosulphate anions) dk ek=kkRed vkDl hdj .k dj  X eksy l YQj  (sulphur) vUr foZ"V mRi kn
mRi kfnr  dj r s gSaA X dh ek=kk gSaA

Sol. 6
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[MATHEMATICS]

PART - III : MATHEMATICS
SECTION – I

37. A computer producing factory has only two plants T1 and T2  produces 20% and plant T2 produces
80% of the total computers produced. 7% of computers produced in the factory turn out to be
defective. It is known that
P (computer turns out to be defective given that it is produced in plant T1)
= 10 P (computer turns out to be defective given that it is produced in plant T2),
where P(E) denotes the probability of an event E. A computer produced in the factory is randomly
selected and it does not turn out to be defective. Then the probability that it is produced in plant
T2  is

(A) 
36
73

(B) 
47
79

(C) 
78
93

(D) 
75
83

, d l ax.kd (computer) fuekZ.k dj us okys dkj [ kkus esa dsoy nks l a; a=k (plant) T1 vkSj  T2 gSA dqy fufeZr  l ax.kdksa dk
20% l a; a=k T1 vkSj  80% l a; a=k T2 fuekZ.k dj r s gSaA dkj [ kkus esa fufeZr  7% l ax.kd [ kj kc (defective) fudyr s gSaA ; g
Kkr  gSa fd
P (l ax.kd [ kj kc fudyr k gS ; fn ; g fn; k x; k gS fd l ax.kd l a; a=k T1 eas fufeZr  gS)
= 10 P (l ax.kd [ kj kc fudyr k gS ; fn ; g fn; k x; k gS fd l ax.kd l a; a=k T2 esa fufeZr  gS),
t gk¡ P(E) , d ?kVuk E dh i zkf; dr k n' kkZr k gSA dkj [ kkus esa fufeZr  , d l ax.kd ; knP̀N; k pquk t kr k gS vkSj  og [ kj kc ugha
fudyr k gSA r c ml ds l a; a=k T2 esa fufeZr  gksus dh i zkf; dr k gSA

(A) 
36
73

(B) 
47
79

(C) 
78
93

(D) 
75
83

Sol. C

T1 & T2 P(D) = 
7

100

20% 80% P(T1) = 
20

100

P(T2) = 
80

100
P(D/T1) = 10P(D/T2)
P(D) = P(T1) P(D/T1) + P(T1) + P(T2) P(D/T2)
0.07 = 0.2 (10) + 0.8()
0.07 = 2 + 0.8

P(D/T2) =  = 
0.07
2.8

 = 
7

280
 = 

1
40

Exp

T1

T2

D

G

D

G

1/4

3/4

39/40

1/40

0.2

0.8

P(T2/D ) = 

39
0.8 31.240
30 39 6 31.20.2 0.8
40 40




  

= 
31.2
37.2

 = 
312
372

= 
104
124

 = 
52
62

 = 
26
31

 = 
78
93
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38. The least value of R   for which 2 1
4 x 1

x
    for all x > 0, is

(A) 
1
64

(B) 
1
32

(C) 
1
27

(D) 
1
25

; fn R   vkSj  l Hkh  x > 0 gS] r c 2 1
4 x 1

x
     ds fy,  dk U; wur e eku D; k gksxk\

(A) 
1
64

(B) 
1
32

(C) 
1
27

(D) 
1
25

Sol. C
R 

2 1
4 x 1

x
   x > 0

34 x 1 x  
34 x x 1  

3

x 1
4x
 

3

x 1
y

4x


   3 2

6

x x 1 3xdy
dx x

 
 = 

 3 3 2

6

x 3x 3x

x

 
 = 0

  
3 2

6

2x 3x
x

 
  = 0   

 2

6

x 2x 3
0

x
 



 
3

x
2



 
2

4 27
 



1
27

 

min

1
27

 

39. Let S =  x , : x 0,
2
      

 
, The sum of all distinct solutions of the equation 3 sec x + cosec

x + 2 (tan x – cot x) = 0 in the set S is equaL to

(A) 
7
9
 (B) 

2
9
 (C) 0 (D) 

5
9


ekuk fd S =  x , : x 0,
2
      

 
 gSA l eqPp;  S esa l ehdj .k 3 sec x + cosec x + 2 (tan x – cot x) =

0 ds l Hkh fHkUu gyksa (all distinct solutions) dk ; ksx (sum) gSA

(A) 
7
9
 (B) 

2
9
 (C) 0 (D) 

5
9
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Sol. C

 
3
2

 sinx + 
1
2

 cosx = cos2x

cos x –
3
 

 
 

 = cos2x

x – 
3


 = 2n ± 2x

+ve –ve

x – 
3


 = 2x + 2x 3x = 2x + 
3


x = –2x – 
3


3x = 
3


(6n + 1)

x = –
3


(6n + 1) x = 
9


 (6n + 1)

x = –
3


, x = 
9


, 
7
9


, 
–5
9


Sum = – 
3


 + 
9


 + 
7
9


 – 
5
9


= 
–3 7 –5

5
     

 = 0

40. Let 
6 12
      . Suppose 1 and 1 are the roots of the equation  x2 – 2xsec + 1 = 0 and 2 and

2 are the roots of the equation x2 + 2xtan + 1 = 0. If 1 > 1 and 2 > 2, then 1 + 2 equals

(A)  2 sec tan   (B) 2sec  (C) 2tan  (D) 0

ekuk fd 
6 12
       gSA eku yhft ; s fd 1 vkSj  1 l ehdj .k x2 – 2xsec + 1 = 0 ds ewy (roots) gSa vkSj  2 vkSj

2 l ehdj .k x2 + 2xtan + 1 = 0 ds ewy gSaA ; fn 1 > 1 vkSj  2 > 2 gSa] r c 1 + 2 dk eku gSA

(A)  2 sec tan   (B) 2sec  (C) 2tan  (D) 0

Sol. C

x = 
22sec 4sec – 4

2
  

x = sec ± tan
x = sec + tan
x = sec – tan
1 = sec – tan
1 = sec + tan

x2 + 2xtan – 1 = 0

x = 
2–2 tan 4 tan 4

2
   

x = –tan ± sec
2 = sec – tan
2 = –sec – tan
sec  – tan – sec – tan

= –2tan
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41. A debate club consists of 6 girls and 4 boys. A team of 4 members is to be selected from this club
including the selection of a captain ( from among these 4 members ) for the team. If the team
has to include at most one boy, then the number of ways of selecting the team is
(A) 380 (B) 320 (C) 260 (D) 95
, d okn&fookn l ewg (club) esa 6 yM+fd; k¡ vkSj  4 yM+ds gSaA bl  l ewg esa l s , d pkj  l nL; h;  ny pquuk gS ft l esa ny ds
, d dIr ku (mUgha pkj  l nL; ksa l s) dk pquko Hkh l fEefyr  gSA ; fn ny esa vf/kdr e , d yM+dk l fEefyr  gks r c ny dks pqusa
t kus ds r j hdksa dh l a[ ; k gSA
(A) 380 (B) 320 (C) 260 (D) 95

Sol. A
(6C4 + 4C1 

6C3) 
4C1

6 5 4 6 5 4
2 3 2
      

4

(15 + 80)4
95 × 4 = 380

SECTION – II
42. In a triangle XYZ, let x, y, z be the lengths of sides opposite to the angle X, Y, Z respectively , and

2s = x + y + z, If 
s x s y s z

4 3 2
     and area of incircle of the triangle XYZ is 

8
3


, then

(A) area of the triangle XYZ in 6 6

(B) the radius of circumcircle of the triangle XYZ is 
35

6
6

(C) 
X Y Z 4

sin sin sin
2 2 2 35

 (D) 
2 x y 3

sin
2 5
    

ekuk fd f=kHkqt  XYZ esa dks.kksa X, Y, Z ds l keus dh Hkqt kvksa dh yEckb; k¡ Øe' k% x, y, z gSa vkSj  2s = x + y + z gSA ; fn

s x s y s z
4 3 2
    , vkSj  f=kHkqt  XYZ ds var òZÙk dk {ks=kQy 

8
3


 gS] r c

(A) f=kHkqt  XYZ dk {ks=kQy 6 6  gS

(B) f=kHkqt  XYZ ds i fj òÙk dh f=kT; k 
35

6
6

 gS

(C) 
X Y Z 4

sin sin sin
2 2 2 35

 (D) 
2 x y 3

sin
2 5
    

Sol. A,C,D

s x s y s z
4 3 2
     

3s – ( x + y + z) = 9
s = 9

x 5
y 6
z 7

 
  
  

y

xY

X

Z

z

r = 
s


2

2
8
3s
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32 = 8s2

      3 s s x s y s z    = 8s2

3{4× 3× 2} = 8 × 9
82 = 8
2  = 1  = 1

(A) 9.4.3.2 6 6  

(B) R = 
5 6 7

4 6 6

 


 = 
35

4 6

(C)
x y z

sin sin sin
2 2 2
   = 

     s x s y s z
xyz

  
 = 

4
35

(D)
2 x y

sin
2
 

  
 = cos2

z
2

 = 
s(s z)

xy


 = 
3
5

43. A solution curve of the differential equation  2 2dy
x xy 4x 2y 4 y

dx
      , x > 0 passes through

the point ( 1, 3). Then the solution curve
(A) intersects y = x + 2 exactly at one point (B) intersects y = x + 2 exactly at two points
(C) intersects y = ( x + 2)2 (D) does NOT  intersects y = ( x + 3)2

ekuk fd vody l ehdj .k  2 2dy
x xy 4x 2y 4 y

dx
      0, x > 0, dk , d gy oØ fcanq (1, 3) l s xqt j r k gSA r c

og gy oØ
(A) y = x + 2 dks Bhd , d fcanq i j  i zfr PNsfnr  dj r k gS
(B) y = x + 2 dks Bhd nks fcanqvksa i j  i zfr PNsfnr  dj r k gS
(C) y = ( x + 2)2 dks i zfr PNsfnr  dj r k gS
(D) y = ( x + 3)2 dks i zfr PNsfnr  ugha dj r k gS

Sol. A,D

 2 2dy
x 2xy 4x 2y 4 xy y 0

dx
       x > 0

    2 2dy
x 2 y x 2 y

dx
   

    2x 2 x 2 y .dy y dx   

   
2dy y

dx x 2 x 2 y


  

y = v(x + 2)

 dy dv
v x 2

dx dx
  

 
2dv v

x 2 v
dx 1 v

  


 
2 2dv v v v

x 2
dx 1 v

 
 



1 v dx
dv

v x 2
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1 dx
1 dv

v x 2
      

 lnv v ln x 2 c    

  ln x 2 .v v c  

  y
ln y c

x 2
 


(1, 3)

3
ln3 c

3
 

c 1 ln3 

y
lny 1 ln3

x 2
  



y y
ln 1

3 x 2
      

(A) y = x + 2

y
ln 0

3
    

y = 3,   x = 1

(C)  y
ln 1 x 2

3
  

y
ln x 1

3
      

(D)    2 2
x 3 x 3

ln 1
3 x 2
 

 


   22 x 3
1

x 2
x 3

e
2









Both solution are negative though it is given x  0

44. Consider a pyramid OPQRS located in the first octant  x 0,y 0,z 0    with O as origin, and OP

and OR along the x - axis, respectively. The base OPQR of the pyramid is a square with OP = 3.
The point S is directly above the mid- point T of diagonal OQ such that TS = 3. Then

(A) the acute angle between OQ and OS is 
3


(B) the equation of the plane containing the triangle OQS is x – y = 0

(C) the length of the perpendicular from P to the plane containing the trianle OQS is 
3

2

(D) the perpendicular distance from O to the straight line containing RS is 
15
2
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fopkj  dhft ; s] , d l wP; kdkj  (pyramid) OPQRS t ks i zFke v"Bka' kd (first octant)  x 0,y 0,z 0    esa fLFkr  gS]

ft l esa O ewyfcUnq r Fkk OP vkSj  OR Øe' k% x-v{k vkSj  y-v{k i j  gSaA bl  l wP; kdkj  dk vk/kkj  OPQR , d oxZ gS ft l esa
OP = 3 gSA fcUnq S d.kZ (diagonal)OQ ds e/; fcUnq T ds Bhd Åi j  bl  i zdkj  gS fd TS = 3 gSA r c

(A) OQ vkSj  OS ds chp dk U; wudks.k 
3


 gS

(B) f=kHkqt  OQS dks var foZ"V dj us okys l er y dh l ehdj .k x – y = 0 gS

(C) P l s f=kHkqt  OQS dks var foZ"V dj us okys l er y i j  yEc dh yackbZ 
3

2
 gS

(D) O l s RS dks var foZ"V dj r h gqbZ l j y  j s[ kk dh yEcor ~ nwj h 
15
2

 gS

Sol. B,C,D

(A) tan = 
3

3 / 2
  2

(B)

ˆˆ ˆi j k
n̂ 3 3 0

3 /2 3 /2 3



A

O 3

Q(0, 3, 0) R

S (3/2, 3/2, 3)

P(3 )î

T

3

2

3

(3/2, 3/2, 0)

n̂  = î (9) – ĵ (9) + k̂ (0)

n̂  = î  – ĵ
P : 1(x – 3/2) – 1(y – 3/2)
P : x – y  = 0

(C) P : (3, 0, 0)

d = 
3 – 0

2

(D) OS  = 3/2, 3/2, 3

|SM| = 
OS.V
| V |



S R M

O

V


 = (3/2, –3/2, 3)

9 9
– 9 24 4 6

9 9 3 6
9

4 4


  

 

OM2 = OS2 – SM2

= 

2
9 9

9
4 4

 
   

 
 – ( 6 )2

= 
9.6
4

 – 6

= 6
5
4

 
 
 

= 
15
2
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45. Let RS be the diameter of the circle x2 + y2 = 1, where S is the point (1, 0). Let P be a variable
point (other than R and S) on the circle and tangents to the circle at S and P meet at the point Q.
Then normal to the circle at P intersects a line drawn through Q parallel to RS at point E. Then the
locus of E passes through the point(s)

(A) 
1 1

,
3 3

 
 
 

(B) 
1 1

,
4 2

 
  

(C) 
1 1

,
3 3

 
 

 
(D) 

1 1
,

4 2
   

ekuk fd RS òÙk x2 + y2 = 1 dk O; kl  gS] t gk¡ fd S fcanq (1, 0) gSA ekuk fd P (R vkSj  S l s fHkUu) òÙk i j  , d pj  fcUnq
gS vkSj  òÙk i j  fcUnqvksa S vkSj  P i j  [ khaph xbZ Li ' kZj s[ kk, sa fcUnq Q i j  feyr h gSA òÙk ds fcUnq P i j  vfHkyEc ml  j s[ kk dks] t ks
Q l s xqt j r h gS r Fkk RS ds l ekukUr j  gS] fcUnq E i j  i zfr PNsfnr  dj r k gSA r c E dk fcUnqi Fk fuEu fcUnqvksa l s xqt j r k gSA

(A) 
1 1

,
3 3

 
 
 

(B) 
1 1

,
4 2

 
  

(C) 
1 1

,
3 3

 
 

 
(D) 

1 1
,

4 2
   

Sol. A,C

E(h,k)













sin
cos1

,1

S(1, 0)R

)sin,(cosP 

TP : x cos + y sin = 1
1 cos

1,
sin
  

  
NP : y = (tan )x & L at || to RS

   L : y = 
1 cos

sin
 



tan 
K
h

tan = K

2

2.K K
h1 K




 1 – y2 = 2x
y2 = 1 – 2x

46. Let f : R R, g : R R and h : R R be differentiable functions such that f(x) = x3 + 3x + 2,
g(f(x)) = x and h(g(g(x))) = x for all x  R. Then

(A) g'(2) = 
1

15
(B) h'(1) = 666 (C) h(0) = 16 (D) h(g(3)) = 36

ekuk fd f : R R; g : R R vkSj  h : R R , sl s vodyuh;  Qyu gSa fd l Hkh x  R ds fy ,  f(x) = x3 + 3x +
2, g(f(x)) = x vkSj  h(g(g(x))) = x gSaA r c

(A) g'(2) = 
1

15
(B) h'(1) = 666 (C) h(0) = 16 (D) h(g(3)) = 36
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Sol. B,C
f(x) = x3 + 3x + 2

f(0) = 2   g(2) = 0
f(–1) = –2   g(–2) = –1
f(1) = 6   g(6) = 1
f(2) = 16   g(16) = 2
f(3) = 38
f(6) = 111  g(111) = 6
f'(x) = 3x2 + 3

(B)    h g g x x

x = 16
h(g(2)) = h(0) = 16

(C)          h' g g x g' g x g' x 1

x = 111
h'(1)  g'(6)  g'(111) =1

  1 1
h' 1 1

6 111
 

h'(1) = 666

47. Let f : (0, ) R be a differentiable function such that f'(x) = 
f(x)

2
x

  for all x (0, ) and f(1)

Then

(A) 
x 0

1
lim f ' 1

x

    
(B) 

x 0

1
lim xf 2

x

    
(C) 

2

x 0
lim x f '(x) 0


 (D) f(x)  2 for all x  (0,2)

ekuk fd f : (0, ) R , d vodyuh;  Qyu , sl k gS fd l Hkh x (0, ) ds fy ,  f'(x) = 
f(x)

2
x

 , vkSj  f(1) 1

gSA r c

(A) 
x 0

1
lim f ' 1

x

    
(B) 

x 0

1
lim xf 2

x

    
(C) 

2

x 0
lim x f '(x) 0


 (D) l Hkh x  (0,2) ds fy, f(x) 2

Sol. A

 f : 0, R 

   f x
f ' x 2

x
 

dy y
2

dx x
 

dy
x 2x y

dx
 

dy y
2

dx x
 

I.F = 
1

dx
xe x 

y.x = 2x dx
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y.x = x2 + C

C
y x

x
 

2

C
y ' 1

x
 

(A) x 0

1
f

1 x
lim f ' 2

1x
x



 
      

 

= 
1

2 x.f
x

    

= 

2

2

1 1
f '

x x
2

1
1

x

   
   
   


= 
2

2

x 1
.f '

xx
    

x 0

1 1
lim f ' 2 f '

x x

          
2l = 2
l  = 1

(B) 
x o x 0

1
f

1x
lim lim 2 f '

1 x
x

  

 
             
 
 

 = 1

(C)  2

x 0
lim x .f ' x



=   2

x 0
lim 2x x.f x C


  

(D) Not Bounded

48. Let  P = 

3 1 2
2 0
3 5 0

  
  
  

, where  a  R. Suppose Q = [qij] is a matrix such that PQ = kI, where k  R,

k  0 and I is the identity matrix of order 3. If  q23 = – 
k
8

 and  det(Q) = 
2k
2

, then

(A)  = 0, k = 8 (B) 4 – k + 8 = 0
(C) det (P adj(Q)) = 29 (D) det (Q adj(P)) = 213

ekuk fd P = 

3 1 2
2 0
3 5 0

  
  
  

, t gk¡ a  R gSA eku fyft ,  fd Q = [qij] , d , sl k vkO; wg gS fd PQ = kI t gk¡ k  R,

k  0 vkSj  I r hu dksfV (order 3) dk r Rl ed vkO; wg gSA ; fn q23 = – 
k
8

 vkSj  det(Q) = 
2k
2

 gks] r c

(A)  = 0, k = 8 (B) 4 – k + 8 = 0
(C) det (P adj(Q)) = 29 (D) det (Q adj(P)) = 213
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Sol. B,C
 PQ = KI
 Q = K . P–1

 = K

5 10
3 6 3 4
10 12 2

12 20

   
      
   

 

 3 4 8   = 12 20 

24 32 12 20    

12 12  

1  

3 1
Q K .

P


3 2K K
12 20 2

 
 

8
K

2
  = 4

(C) 2P . Q

8 × 

23
94

2
8

 
  

 

(D) 2
Q .P

3
2 3K

. P 4 8
P

 

29

49. The circle C1 : x
2 + y2 = 3, with centre at O, intersects the parabola x2 = 2y at the point P in the

first quadrant. Let the tangent to the circle C1 at P touches other two circles C2 and C3 at R2 and

R3, respectively. Suppose C2 and C3 have equal radii 2 3  and centres Q2 and Q3 respectively, If
Q2 and Q3 lie on the y-axis, then

(A) Q2Q3 = 12 (B) R2R3 = 4 6

(C) area of the triangle OR2R3 is 6 2 (D) area of the triangle PQ2Q3 is 4 2
òÙk C1 : x

2 + y2 = 3 ft l dk dsUnzfcUnq O gS] i j oy;  x2 = 2y dks i zFke pr qFkkZ' k esa fcUnq P i j  i zfr PNsfnr  dj r k gSA ekuk
fd òÙk C1 ds fcUnq P i j  [ khaph xbZ Li ' kZj s[ kk vU;  nks òÙkksa C2 vkSj  C3 dks Øe' k% fcUnqvksa R2 r Fkk R3 i j  Li ' kZ dj r h gSaA eku

yhft ,  fd C2 vkSj  C3 nksuksa dh f=kT; k, sa 2 3  ds cj kcj  gS vkSj  muds dsUnzfcUnq Øe' k% Q2 vkSj  Q3 gSaA ; fn Q2 vkSj  Q3 y--

v{k i j  fLFkr  gSa] r c

(A) Q2Q3 = 12 (B) R2R3 = 4 6

(C) f=kHkqt  OR2R3 dk {ks=kQy 6 2  gS (D) f=kHkqt  PQ2Q3 dk {ks=kQy 4 2  gS
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Sol. A,B,C
Equ. of circles

x2 + (y – a)2 = 12
Tangent at P

2 x + y = 3
Solve with circles

2
3– y

2

 
 
 

 + (y – a)2 = 12

3y2 – 2y(3 + 2a) + (2a2 –15) = 0

D = 0
 a2 – 6a – 27 = 0

(A) Q1Q2 =  |a1 – a2| = 144  = 12
(B) C1(0, 9) C2(0, –3)

normal normal

y – 9 = 
1

2
(x) y + 3 = 

1

2
x

x – 2 y + 9 = 0 x – 2 y – 3 = 0

On solving R2 R3 = 4 6

(C) r from (0, 0) on 2 x + y – 3 = 0

P = 3

  = 
1
2

 × 4 6  × 3

= 4 2

(D) Area = 
1
2

 × 12 × 1 = 6

SECTION – III

50. The total number of distinct x  [0, 1] for which 
x 2

4
0

t
dt 2x 1

1 t
 

  is

, sl s l Hkh fHkUu x  [0, 1] ft uds fy,  
x 2

4
0

t
dt 2x 1

1 t
 

  gS] dh dqy l a[ ; k gSA

Sol. 1

g(x) = 

x 2

4
0

t

1 t dt – 2x + 1 = 0
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f(0) = 1

f(1) = 
1 2

4
0

t
–1

1 t  = 0 –ve

< 0
   atleast one solution
 g'(x) < 0  x  [0, 1]
   exactly one solution

51. Let m be the smallest positive integer such the coefficient of x2 in the expansion (1 + x)2 + (1 +
x)3 + .... + (1 + x)49 + (1 + mx)50 is (3n + 1) 51C3 for some positive integer n. The the  value of
n is
ekuk fd m , sl k U; wur e /kukRed i w.kkZad gS fd (1 + x)2 + (1 + x)3 + .... + (1 + x)49 + (1 + mx)50 ds foLr kj
esa x2 dk xq.kkad (3n + 1) 51C3 fdl h /kukRed i w.kkZad n ds fy,  gSA r c n dk eku gSA

Sol. 5
(1 + x)2 + (1 + x)3 + ..... + (1 + x)49 + (1 + mx)50

coff. x2 = 2C2 + 3C2 + ...... + 49C2 + m2 50C2 = (3n + 1) 51C3
3C3 + 3C2 + ..... + 40C2
40C3 + 40C2
50C3 + m2 50C2 = (3n + 1) 51C2

50!
3!.47!

 + m2 
50!

2!.48!
 = 

(3n 1)51
3!.(48)



1
3

 + 
2m

48
 = 

(3n 1)51
483.48



48 + 3m2 = (3n + 1)51
3m2 + 48 ± 3n + 1 + 51
m2 = n.51 + 1
m2 = 1 + 51.n

2m –1
51

 = n

51.n + 1 = m2

17.3.n + 1 = m2

n = 5

52. Let 
1 3 i

z ,
2

 
  where i 1  , and r, s  [1, 2, 3]. Let 

r 2s

2s r

( z) z
P

z z

 
  
 

 and I be the identityy

matrix of order 2. Then the total number of ordered pairs (r, s) for which P2 = – I is

ekuk fd 
1 3 i

z
2

 
  gS] t gk¡ i 1   vkSj  r, s  {1, 2, 3} gSaA ekuk fd 

r 2s

2s r

( z) z
P

z z

 
  
 

 vkSj  I nks dksfV (order

2) dk r Rl ed vkO; wg gSA r c os l Hkh Øfer  ; qXe (r, s) ft uds fy,  P2 = – I gS] dh dqy l a[ ; k gSA
Sol. 1

z = w r, s  {1, 2, 3}
P2 = – I

P = 
r 2s

2s r

( w) w

w (w)

 
 
 

P2 = 
2r 4s r r 2s r 2s

r r 2s r 2s 4s 2r

w w ( 1) w w

( 1) w w w w

 

 

   
 
   

 = 
1 0
0 1
 
  

 ((–1)r + 1) wr + 2s = 0  w2r + w4s = – 1
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r = 1
S = 1 0 w2 + w4 = – 1
S = 2 0 w2 + w8  – 1
S = 3 0 w2 + w12  – 1

r = 2
S = 1  0
S = 2  0
S = 3  0

r = 3
S = 1 0 – 1
S = 2 0 – 1
S = 3 0 – 1

 Only one solution (1, 1)

53. Let  R be such that 
2

x 0

x sin( x)
lim 1.

x sinx




 
 Then 6() equal

ekuk fd  R bl  i zdkj  gS fd 
2

x

x sin( x)
lim 1

x sinx




 
 gSA r c 6() dk eku gSA

Sol. 7
2

x 0

x .sin( x)
R h

x sinx




 
 = 1

2

x 0

x
x sin x x

x
h

x sinx

  
    

 
 = 1

3

3x 0

x
h

x
x x

6




 
    

 

 = 1

 

3

x 0

x
h

x
x 1

6




  
 = 1

let = 1

3

3x 0

x 6
h 1

x


 

6


54. The total number of distinct x  R for which 

2 3

2 2

2 3

x x 1 x
2x 4x 1 8x 10
3x 9x 1 27x


 


 is

, sl s l Hkh fHkUu x  R, ft uds fy,  

2 3

2 2

2 3

x x 1 x
2x 4x 1 8x 10
3x 9x 1 27x


 


 gS] dh l a[ ; k gS
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Sol. 2

3

3 2 3 3

2 3 3

1 1 1 x
x 2 2 1 2 x 10

3 3 1 3 x


 


3 2 6 2 3

2 2 3

1 1 1 1 1 1
x 2 2 1 x 2 2 2 10

3 3 1 3 3 3
 

 -x3 (( 1 – 2) (2 – 3) ( 3 – 1)) + x6 .2.3 ( 1 – 2) ( 2 – 3) ( 3 – 1) = 10
 – x3 (–1) (–1)(2) + 6x6 ((–1)(–1)(2)) = 10

 3 3x 2 12x 10    
 12x6 – 2x3 – 10 = 0

6x6 – x3 – 5 = 0
6t2 – t – 5 = 0
( t – 1) ( 6t + 5) = 0

t  = 1, 
5
6



t = x3 = 1,  
5
6



x = 1, 
1/3

5
6

  
 


