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1. A block of mass m = 1 kg slides with velocity  = 6 m/s on a frictionless horizontal surface and
collides with a uniform vertical rod and sticks to it as shown. The rod is pivoted about O and swings
as a result of the collision making angle  before momentarily coming to rest. If the rod has mass
M = 2 kg, and length l = 1m, the value of  is approximately :
(take g = 10 m/s2)
m = 1 kg nzO; eku dk , d NksVk [ k.M   = 6 m/s osx l s , d ?k"kZ.k& j fgr  {kSfr t  l r g i j  pyr s gq,  , d , dl eku Å/okZ/kj  NM+
l s Vdj kr k gS vkSj  bl  i j  fpi d t kr k gS ¼fp=k ns[ ksa½A NM+ O i j  Vaxh gqbZ gS vkSj  bl  VDdj  ds dkj .k ?kwedj  pyr s gq,  {k.kHkj  ds fy ; s
: dus l s i gys   dks.k cukr h gSA ; fn NM+ dk nzO; eku  M = 2 kg vkSj  yEckbZ  l = 1m, gks r ks dk eku yxHkx gksxk%   :
(g = 10 m/s2)

(1) 49° (2) 63° (3) 69° (4) 55°
Sol. 2

Applying law of conservation of momentum.
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2. A uniform thin rope of length 12 m and mass 6 kg hangs vertically from a rigid support and a block
of mass 2 kg is attached to its free end. A transverse short wavetrain of wavelength 6 cm is
produced at the lower end of the rope. What is the wavelength of the wavetrain (in cm) when it
reaches the top of the rope ?
, d , dl eku i r yh j Ll h ft l dh yEckbZ  12 m vkSj  nzO; eku 6 kg gS Å/ok/kZj  yVdh gqbZ gS vkSj  bl ds fupys fl j s i j  2 kg
nzO; eku dk , d [ k.M yVdk gqvk gSA bl ds fupys fl j s i j   6 cm r j axnS/; Z dh , d vuqi zLFk r j axkcfy (wavetrain) cuk; h t kr h
gSA t c ; g j Ll h ds Åi j h Nksj  i j  i gq¡psxh r ks bl  r j axkofy dk r j axnS/; Z ( cm esa) gksxk%
(1) 12 (2) 3 (3) 9 (4) 6

Sol. 1
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3. When a diode is forward biased, it has a voltage drop of 0.5 V. The safe limit of current through the
diode is 10 mA. If a battery of emf 1.5 V is used in the circuit, the value of minimum resistance to
be connected in series with the diode so that the current does not exceed the safe limit is :
t c , d Mk; ksM dks QkWj oMZ ck; l  i j  yxk; k t kr k gS r ks bl esa  0.5 V.dk foHkokUr j  gksr k gSA Mk; ksM dks l qj f{kr  j [ kr s gq,  bl esa
l s vf/kdr e fo/kqr  /kkj k dk eku  10 mA. gSA ; fn , d i fj i Fk esa 1.5 V dh cSVj h dks yxk; k gS] r ks Mk; ksM ds l kFk fdr us U; wur e
eku dk i zfr j ks/k yxk; k t k;  ft l l s i fj i Fk esa cgus okyh /kkj k l s Mk; ksM [ kj kc u gks\
(1) 300  (2) 200  (3) 50  (4) 100 

Sol. 4
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4. Using screw gauge of pitch 0.1 cm and 50 divisions on its circular scale, the thickness of an object
is measured. It should correctly be recorded as :
LØw xst  dk i z; ksx dj ds , d oLr q dh eksVkbZ uki h t kr h gSA ; fn LØw xst  dh fi p 0.1 cm gks vkSj  bl ds òÙkh;  Ldsy i j  50 Hkkx
gks r ks oLr q dh eksVkbZ dks bl  i zdkj  l s l gh fy [ kk t k; sxk %
(1) 2.125 cm (2) 2.124 cm (3) 2.123 cm (4) 2.121 cm

Sol. 2

Least count = 20.1 1 0.2 10 0.002
50 500

   

when we multiply by division no.'s
it must be even because L.C. is 0.002.

5. Model a torch battery of length  to be made up of a thin cylindrical bar of radius ‘a’ and a
concentric thin cylindrical shell of radius ‘b’ filled in between with an electrolyte of resistivity  (see
figure). If the battery is connected to a resistance of value R, the maximum joule heating in R will
take place for :
VkpZ esa i z; ksx vkus okyh   yEckbZ dh , d cSVj h dks bl  i zdkj  cuk ekfu; s fd bl esa  ‘a’  f=kT; k dh , d csyukdkj  NM+ l ev{kh;

‘b’  f=kT; k ds , d csyukdkj  [ kksy (shell) ds vanj  gS vkSj  buds chp dk LFkku i zfr j ks/kdr k ds , d bySDVªksykbV l s Hkj k gqvk

gSA ¼ fp=k ns[ ks½ ; fn cSVj h Rd  eku ds , d i zfr j ks/k  l s t ksM+k t kr k gS r ks i zfr j ks/k esa vf/kdr e t wy ghfVax ds fy; s%
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Sol. 4
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6. Consider a gas of triatomic molecules. The molecules are assumed to be triangular and made of
massless rigid rods whose vertices are occupied by atoms. The internal energy of a mole of the gas
at temperature T is :
f=ki j ek.kqd v.kqvksa dh , d xSl  yhft ; sA ; s v.kq f=kdks.kh;  vkdkj  ds gS vkSj  ; g ekuk t k l dr k gS fd bl ds i j ek.kq nzO; eku j fgr
vuE;  (rigid) NM+ksa l s t ksM+s x; s gSaA bl  xSl  dh r ki eku  T i j  , d eksy dh vkUr fj d Åt kZ gksxh%
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Sol. 2

fU nRT
2



6U nRT
2



U = 3nRT n = 1
U = 3RT

7. An elliptical loop having resistance R, of semi major axis a, and semi minor axis b is placed in
magnetic field as shown in the figure. If the loop is rotated about the x-axis with angular frequency
, the average power loss in the loop due to Joule heating is :
v.Mkdkj  vkdkj  dh , d dq.Myh ds v/kZi zeq[ k (semi major)  v{k dh yEckbZ a r Fkk v/kZy?kq (semi minor) v{k dh yEckbZ b
gS r Fkk bl dk i zfr j ks/k  R gSA bl s , d pqEcdh;  {ks=k esa fp=kkuql kj  j [ kk x; k gSA ; fn x v{k ds pkj ksa vksj  bl s   dks.kh;  osx l s ?kqek; k
t kr k gS r ks dq.Myh esa gksus okyh t wy ghfVax l s bl esa ' kfDr  dh vkSl r  {kfr  gksxh%
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Sol. 3
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8. A balloon filled with helium (32° C and 1.7 atm.) bursts. Immediately afterwards the expansion of
helium can be considered as :
(1) reversible isothermal (2) irreversible isothermal
(3) reversible adiabatic (4) irreversible adiabatic
, d xqCckj s esa Hkj h gqbZ ghfy; e dk r ki eku  32° C, ncko 1.7 ok; qe.My ncko ds cj kcj  gSA t c ; g xqCckj k QqVr k gS r ks QwVus
ds r qj Ur  ckn bl esa Hkj h ghfy; e xSl  QSyr h gSA ; g QSyko%
(1) i zfr or hZ l er ki h;  (reversible isothermal) (2) vfoi ; sZ;  l er ki h;  (irreversible isothermal)
(3) i zfr or hZ : ) ks"e (reversible adiabatic) (4) vfoi ; sZ;  : ) ks"e (irreversible adiabatic)

Sol. 4
irreversible  adiabatic Because Energy can not be restored, if the process is sudden.

9. When the wavelength of radiation falling on a metal is changed from 500 nm to 200 nm, the
maximum kinetic energy of the photoelectrons becomes three times larger. The work function of
the metal is close to :
, d /kkr q i j  i M+us okys fodhj .k dh r j axnS/; s t c  500 nm l s cnydj   200 nm dh t kr h gS] r ks bl l ss mRl ft Zr  gksus okys
QksVksbySDVªkWUl  dh vf/kdr e xfr t  Åt kZ r hu xquk gks t kr h gSA , sl h fLFkfr  esa /kkr q dk dk; ZQyu fuEu esa l s fdl ds fudr e gS\
(1) 1.02 eV (2) 0.61 eV (3) 0.52 eV (4) 0.81 eV

Sol. 2
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10. Two isolated conducting spheres S1 and S2 of radius 
2
3

R and 
1
3

R have 12 C and –3C charges,

respectively, and are at a large distance from each other. They are now connected by a conduct-
ing wire. A long time after this is done the charges on S1 and S2 are respectively :
(1) 6 C and 3 C (2) 4.5 C on both
(3) + 4.5 C and –4.5 C (4) 3 C and 6 C

l qpkydksa l s cus gq,  nks i F̀kd xksyksa S1 r Fkk  S2 ft udh f=kT; k, ¡ Øe' k%  
2
3

R vkSj  
1
3

R gSa] i j  12 C vkSj  –3C vkos' k gSA ; s

xksys , d nwl j s l s cgqr  nwj h i j  gSaA ; fn bu xksykss dks , d l qpkyd r kj  l s t ksM+ fn; k t k;  r ks t ksM+us ds yEcs l e;  ds i ' pkr ~  S1

vkSj  S2 i j  vkos' kksa dk eku Øe' k% gksxk :
(1) 6 C vkSj  3 C (2) 4.5 C nksuks xksyks i j
(3) + 4.5 C vkSj  –4.5 C (4) 3 C vkSj  6 C

Sol. 1
12 C -3 C
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11. In a radioactive material, fraction of active material remaining after time t is 9/16. The fraction that
was remaining after t/2 is :
, d j sfM; ks/kehZ i nkFkZ esa t l e;  ckn cpk gqvk l fØ;  i nkFkZ vkj EHk esa mi fLFkr  l fØ;  i nkFkZ dk  9/16 Hkkx gSA r c  t/2 l e;  esa
cpk gqvk i nkFkZ vkj fEHkd i nkFkZ dk dkSu l k Hkkx gksxk \
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12. Moment of inertia of a cylinder of mass M, length L and radius R about an axis passing through its

centre and perpendicular to the axis of the cylinder is I = M 
2 2R L

4 12
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. If such a cylinder is to be

made for a given mass of a material, the ratio L /R for it to have minimum possible I is :

, d csyu  dsUnz l s gksdj  t kus okys vkSj  csyu ds v{k ds yEcor ~ , d v{k ds fy ; s csyu dk t M+Rok?kw.kZ I = M 
2 2R L

4 12
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 gS]

t gk¡  M  csyu dk nzO; eku] R bl dh f=kT; k vkSj   L bl dh yEckbZ gSA ; fn , d fn; s gq,  nzO; eku ds fdl h i nkFkZ l s , d csyu cuk; k
t k;  r ks bl ds t M+Rok?kw.kZ ds U; wwur e eku ds fy; s  L/R dk vuqi kr  gksxk:
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Sol. 4
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13. A satellite is moving in a low nearly circular orbit around the earth. Its radius is roughly equal to
that of the earth’s radius Re. By firing rockets attached to it, its speed is instantaneously increased

in the direction of its motion so that it become 
3
2

 times larger. Due to this the farthest distance

from the centre of the earth that the satellite reaches is R. Value of R is :
, d mi xzg i F̀oh ds pkj ksa vksj  yxHkx òÙkkdkj  de Å¡pkbZ dh , d d{kk esa py j gk gSA d{kk dh f=kT; k yxHkx i F̀oh dh f=kT; k  Re

ds cj kcj  gSA fdl h , d {k.k i j  mi xzg i j  yxs j kdsVksa dks nkxdj  bl dh r kRdkfyd xfr  bl ds osx dh fn' kk esa  
3
2

 xquk c<+k

nh t kr h gSA bl ds dkj .k i F̀oh ds dsUnz l s mi xzg dh vf/kdr e nwj h R gks t kr h gSA R dk eku gS:
(1) 2Re (2) 3Re (3) 4Re (4) 2.5 Re

Sol. 2
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R v
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From conservation of angular momentum about the centre of earth

0 emV R mVR
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From conservation of energy :
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By further calculating
R = 3Re

14. Pressure inside two soap bubbles are 1.01 and 1.02 atmosphere, respectively. The ratio of their
volumes is :
l kcqu ds i kuh l s cus nks cqycqyksa ds vUnj  dk ncko ok; qe.My ds ncko l s Øe' k% 1.01 vkSj  1.02 xquk T; knk gSA bu cqycyksa
ds vk; r u dk vuqi kr  gksxk:
(1) 4 : 1 (2) 2 : 1 (3) 0.8 : 1 (4) 8 : 1



Sol. 4
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15. In a Young’s double slit experiment, light of 500 nm is used to produce an interference pattern.
When the distance between the slits is 0.05 mm, the angular width (in degree) of the fringes
formed on the distance screen is close to :
; ax ds , d f} & f>j h i z; ksx esa  500 nm dk i zdk' k bUVj Qs; j sUl  fQzUt sze cukr k gSA ; fn f>fj ; ksa ds chp dh nwj h  0.05 mm gks
r ks cuus okyh fQzUt szl  ds chp dh dks.kh;  nwj h ¼fMxzh esa½ fuEu esa l s fdl ds fudVr e gksxh \
(1) 0.17° (2) 0.07° (3) 0.57° (4) 1.7°

Sol. 3
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  
 

0.57  
16. A 750 Hz, 20 V (rms) source is connected to a resistance of 100 , an inductance of 0.1803 H and

a capacitance of 10 F all in series. The time in which the resistance (heat capacity 2 J/°C) will get
heated by 10°C. (assume no loss of heat to the surroundings) is close to :
A 750 Hz, 20 V (rms) ds , d L=kksr  dks Js.kh esa t qM+s gq,   100 , ds i zfr j ks/k] 0.1803 H ds , d i zsfj =k , oa  10 F /kkfj r k
ds , d l a/kkfj=k l s t ksM+k x; k gSA ; g ekur s gq,  fd dksbZ Å"ek dh {kfr  vkl  & i kl  ds okr koj .k dks ugha gksr h gS] og l e;  vUr j ky]
t c i zfr j ks/k dk r ki eku 10°C l s c<+ t k; sxk] yxHkx gksxk% (i zfr j ks/k dh r ki h;  /kkfj r k2 J/°C) gSA
(1) 245 s (2) 365 s (3) 418 s (4) 348 s



Sol. 4
f = 750Hz, Vrms = 20V, R = 100, L = 0.1803H
C = 10f
S 2J / C 

2 2
L CZ R (X X )    

2
2 1R 2 fL

2 fc
      

2 2
5

1| z | (100) (2 3.14 750 0.1803 )
2 3.14 750 10

     
  

|Z| = 834
In AC

rms rmsP V i cos 
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V RP V . .
| Z | | Z|
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2
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P R
| Z |
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2
20P 100 0.0575J / S
834

    
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P×t = S

2(10)t
0.0575



t = 348 sec

17. Magnitude of magnetic field (in SI units) at the centre of a hexagonal shape coil of side 10 cm, 50

turns and carrying current I (Ampere) in units of 0I


is :

"kV~dks.k vkdkj  dh , d dq.Myh ds , d fl j s dh yEckbZ  10 cm gS vkSj  bl esa 50 pDdj  gSaA ; fn bl esa I ,Ei h; j  eku dh , d fo/kqr

/kkj k cgr h gS r ks bl ds dsUnz i j  i Snk gksus okys pqEcdh;  {ks=k (SI units esaZ) dk eku  0I


ds ; wfuV esa gksxk:

(1) 250 3 (2) 50 3 (3) 500 3 (4) 5 3
Sol. 3

30°30°

d

x

2

2

xtan30
d

xd
tan30
5 10

d
1
3

d 5 3 10


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




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300

5cm
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B 500 3

18. The magnetic field of a plane electromagnetic wave is

B
 = 3 × 10–8 sin[200  (y + ct)] î T
where c = 3 × 108 ms–1 is the speed of light.
The corresponding electric field is :

, d l er yh;  fo/kqr  & pqEcdh;  r aj x dk pqEcdh;  {ks=k B
 = 3 × 10–8 sin[200  (y + ct)] î T gSA ; gk¡ c = 3 × 108

ms–1 i zdk' k dh xfr  dk eku gSA bl  r aj x dk fo/kqr  {ks=k gksxk%

(1) E

 = –9 sin [200 (y + ct)] k̂ V/m (2) E


 = 9 sin [200 (y + ct)] k̂ V/m

(3) E

 = –10–6 sin [200 (y + ct)] k̂ V/m (4) E


 = 3 × 10–8 sin [200 (y + ct)] k̂ V/m

Sol. 1
If the wave is travelling along +y direction and its direction is along E B

 

E = BC
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ˆE 9sin 200 (y ct)( k)     



19. A charged particle carrying charge 1 C is moving with velocity ˆˆ ˆ(2i 3j 4k)  ms–1. If an external

magnetic field of ˆˆ ˆ(5i 3j– 6k) × 10–3 T exists in the region where the particle is moving then the

force on the particle is F

 × 10–9 N. The vector F


is :

, d vkosf' kr  d.k ft l  i j   1 C  dk vkos' k gS ˆˆ ˆ(2i 3j 4k)  ms–1 osx l s py j gk gSA ; fn d.k ds vkl  & i kl

ˆˆ ˆ(5i 3j– 6k) × 10–3 T dk pqEcdh;  {ks=k gks r ks d.k i j  yxus okyk cy  F

 × 10–9 N gSA F


osDVj  gS :

(1) ˆˆ ˆ–0.30i 0.32j 0.09k  (2) ˆˆ ˆ–3.0i 3.2j 0.9k 

(3) ˆˆ ˆ–30i 32j 9k  (4) ˆˆ ˆ–300i 320j 90k 
Sol. 3

F q(V B) 
  

6 3ˆ ˆˆ ˆ ˆ ˆF 10 (2 i 3j 4k) (5 i 3j 6k) 10       


=



6
i j k

10 2 3 4
5 3 6





 

=       610 i 18 12 j 12 20 k 6 15         
 

9ˆˆ ˆF ( 30i 32j 9k) 10    


20. In the circuit shown in the figure, the total charge is 750 C and the voltage across capacitor C2 is
20 V. Then the charge on capacitor C2 is :
fp=k esa fn[ kk; s x; s i fj i Fk esa dqy vkos' k dk eku  750 C gS vkSj  l a/kkfj =k  C2 i j  oksYVr k  20 V gSA bl  fLFkfr  esa l a/kkfj =k
(capacitor) C2  i j  vkos' k gS:

(1) 650 C (2) 450 C (3) 590 C (4) 160 C
Sol. 3

Q2

C2Q1

Potential difference across C2 & C3 are equal

2Q CV 8 f20 160 C    

1Q 750 160 590 C   



21. A person of 80 kg mass is standing on the rim of a circular platform of mass 200 kg rotating about its axis
at 5 revolutions per minute (rpm). The person now starts moving towards the centre of the platform.
What will be the rotational speed (in rpm) of the platform when the person reaches its centre _____.
200 kg nzO; eku ds , d òÙkkdkj  IysVQkeZ ds fdukj s i j  80 kg nzO; eku dk , d O; fDr  [ kM+k gSA ; g IysVQkeZ vi us v{k i j  i zfr

feuV   5 pDdj  dj  j gk gSA ; g O; fDr  vc IysVQkeZ ds dsUnz dh vksj  pyr k gSA t c O; fDr  IysVQkeZ ds dsUnz i j  i gq¡pr k gS r ks

IysVQkeZ dh dks.kh;  xfr  i zfr  feuV fdr us pDdj  ds cj kcj  gksxh _____.
Sol. 9

I11 = 2 I2

2
2

1 2
MR mR

2
 

    
 

 
2MR

2

2

1 22
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 
    

 

1 2
2 801
200
     

 

2 11.8  

2 12 f 2 f 1.8   

2f 5 1.8 9  
22. An observer can see through a small hole on the side of a jar (radius 15 cm) at a point at height of

15 cm from the bottom (see figure). The hole is at a height of 45 cm. When the jar is filled with a
liquid up to a height of 30 cm the same observer can see the edge at the bottom of the jar. If the
refractive index of the liquid is N/100, where N is an integer, the value of N is _____.
, d i zs{kd (observer) , d t kj  ¼f=kT; k 15 cm)  i j  cus Nsn l s nwl j h vksj  cus , d fcUnq dks ns[ k l dr k gSA t kj  dh fupyh

l r g l s Nsn dh Å¡pkbZ  45 cm gS r Fkk fn[ kus okyh fcUnq dh Å¡pkbZ  15 cm gSA ¼fp=k ns[ ksa½ t c t kj  esa 30 cm Å¡pkbZ r d , d

nzO;  i nkFkZ Hkj k t kr k gS r ks ogh i zs{kd uhpyh l r g dh dxkj  (edge) ns[ k l dr k gSA ; fn bl  nzOk dk vi oZr ukad N/100 gks (N

Ikw.kkZd½  r ks N dk eku gSA _____.



Sol. 1.58

15cm
45°

r

15cm

15cm

15cm
sini 1sin45 

15 1
1125 2

  

1125
15 2

 

1125
450

 

1.58 

 = 100
N

 = 1.58

 N = 158

23. A cricket ball of mass 0.15 kg is thrown vertically up by a bowling machine so that it rises to a
maximum height of 20 m after leaving the machine. If the part pushing the ball applies a constant
force F on the ball and moves horizotally a distance of 0.2 m while launching the ball, the value of
F(in N) is (g = 10 ms–2)_____.
0.15 kg nzO; eku dh , d fØdsV dh xsan , d ckWfyax e' khu ds } kj k Å/okZ/kj  fn' kk esa Qsdh t kr h gSA e' khu l s fudyus ds i ' pkr ~
; g 20 m vf/kdr e Å¡pkbZ r d t kr h gSA ; fn e' khu esa xsan dks /kdsyus okys Hkkx us bl  i j  , d fLFkj  py  F yxk; k gks vkSj  ; g
xsan dks /kdsyr s l e;  {kSfr t  fn' kk esa  0.2 m nwj h pyk gks r ks  F dk eku (N esa) gksxk (g = 10 ms–2)_____.

Sol. 150
m = 0.15 kg

0.2m

F

F 0.2 mgh
F 0.2 0.15 10 20

3 10 20F
2 2

150N

 
   


 


F

0.2
u=20m/s



24. When a long glass capillary tube of radius 0.015 cm is dipped in a liquid, the liquid rises to a height
of 15 cm within it. If the contact angle between the liquid and glass to close to 0°, the surface
tension of the liquid, in milliNewton m–1, is
[ (liquid) =900 kgm–3 , g = 10 ms–2] (Give answer in closest integer)____.
dk¡p dh cuh gqbZ , d yEch dsf' kdk dh f=kT; k  0.015 cm gSA t c bl s , d nzOk esa Mqcks; k t kr k gS r ks bl esa nzOk  15 cm Å¡pkbZ
r d p<+ t kr k gSA ; fn nzOk vkSj  dk¡p ds chp dk l ai dZ dks.k yxHkx  0° gks r ks nzOk dk i "̀B r uko  milliNewton m–1 esa] fdr uk
gksxk\  [ (nzo) 

=900 kgm–3 , g = 10 ms–2] (mÙkj  fudVr e i w.kkZd esa nsa)____.
Sol. 101

r = 0.015

15cm

2Th
gr




h grT
2




2 2

3

15 10 900 10 0.015 10T
2 10

     



T = 101 milli N/m

25. A bakelite beaker has volume capacity of 500 cc at 30°C. When it is partially filled with Vm volume
(at 30°C) of mercury, it is found that the unfilled volume of the beaker remains constant as
temperature is varied. If  (beaker)= 6 × 10–6 °C–1 and (mercury)= 1.5 × 10–4 °C–1, where  is the
coefficient of volume expansion, then Vm (in cc) is close to ____.
cSdsykbV l s cus , d chdj  dk  30°C i j  vk; r u {ker k  500 cc  gSA t c bl esa 30° C i j   Vm vk; r u dk i kj k Hkj k gks r ks
; g  i k; k t kr k gS fd r ki eku cnyus i j  bl  chdj  ds [ kkyh Hkkx dk vk; r u ugha cnyr k gSA ; fn chdj  ds vk; r u dk r ki h;
i zl kj  xq.kkad  (chdj )

= 6 × 10–6 °C–1 vkSj  i kj s dk vk; r u r ki h;  i zl kj  xq.kkad (i kj k)
= 1.5 × 10–4 °C–1 gks r ks ( cc esa) Vm

dk eku gksxk ______A
Sol. 20

For the volume to remain constant at all temperature
Exp. of the liquid = Exp. of solid

V v T  

1 1 2 2v v  
500cc × 6 × 10-6 = Vm ×1.5×10-4

6

m 4

500 6 10 30V
1.51.5 10





 
 


Vm = 20cc




