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Y◊Ã[˝◊]Tˆ C ^UÁ^U =w¯„Ã[˝Ã[˝ LXÓ ◊[˝„`b ]…_Ó ÂVCÃ^Á c˜„[˝* 

%£à˘ [˝ÁXÁX, %Y◊Ã[˝¨K˜~TˆÁ A[˝e %Y◊Ã[˝õıÁÃ[˝ c˜ÿôˆÁl˘„Ã[˝Ã[˝ Âl˘‰y X∂ëˆÃ[˝ 
ÂEı‰ªRÙO ÂXCÃ^Á c˜„[˝* =YÁ„‹ôˆ Y“‰`¬Ã[˝ ]…_Ó]ÁX a…◊ªJÙTˆ %Á‰ªK˜* 
Special credit will be given for precise and correct 

answer. Marks will be deducted for spelling mistakes, 
untidiness and illegible handwriting. The figures in the 

margin indicate full marks. 
 

1. \…ˆY „úˆ ÂEıÁ„XÁ ◊[˝≥V« ÂU„Eı AEı◊ªRÙO EıSÁ u Â[˝„G %X«\…ˆ◊]Eı 

ÂÃ[˝FÁÃ[˝ aÁ„U α  a…©ø ÂEıÁ„S ◊X„l˘Y EıÃ[˝Á c˜_* ]ÁW˝Ó„]Ã[˝ [˝ÁW˝Á 

^◊V kv (Y“◊Tˆ AEıEı \ˆ„Ã[˝) c˜Ã^ Â^FÁ„X v EıSÁ◊ªRÙOÃ[˝ G◊Tˆ„[˝G, 

Tˆ„[˝ EıSÁ◊ªRÙOÃ[˝ YU ◊XSÔÃ^ EıÃ[˝”X* %ÁÃ[˝C ÂVFÁX Â^ EıSÁ◊ªRÙOÃ[˝ 

G◊TˆY„UÃ[˝ ◊X„l˘Y ◊[˝≥V« ÂU„Eı 
k

u αcos
 
V…Ã[˝„±ºˆ AEı◊ªRÙO =_∂ëˆ 

%X‹ôˆ &`ÔEı %Á‰ªK˜* 6 + 4 

%U[˝Á 

 =_∂ëˆ a]Tˆ„_ ◊X‰∂oˆ `›bÔ◊[˝≥V« A[˝e =W[˝Ô]«F› %l˘◊[˝◊`rÙ A[˝e 

%]a S ªJÙy‘L (cycloid)  Ã[˝„Ã^‰ªK˜; TˆÁÃ[˝ AEı◊ªRÙO EıÁ& (cusp) 

◊[˝≥V« ÂU„Eı AEı◊ªRÙO \ˆÁÃ[˝› EıSÁ ◊ÿöˆÃ[˝Á[˝ÿöˆÁ ÂU„Eı ªJÙy‘„LÃ[˝ 

◊\ˆTˆ„Ã[˝Ã[˝ ◊V„Eı ÊªK˜‰QÕˆ ÂVCÃ^Á c˜_* `›bÔ◊[˝≥V«„Tˆ ÂYgÏªK˜Á„_ 

EıSÁ◊ªRÙOÃ[˝ Â[˝„GÃ[˝ ]ÁX A[˝e %X«Ã[˝÷Y Y◊Ã[˝◊ÿöˆ◊Tˆ„Tˆ ]a S   

ªJÙy‘„LÃ[˝ `›bÔ◊[˝≥V«„Tˆ ÂYgÏªK˜Á„_ Â[˝„GÃ[˝ ]Á„XÃ[˝ %X«YÁTˆ 

2/122/12 )1(:)( μμμπ +−−e  c˜„[˝* 10 

2. ÂVFÁX Â^ V ªRÕÙ[˝ÿô«ˆÃ[˝ \ˆÃ[˝„Eı≥V– A]X\ˆÁ„[˝ aá˚ÁÃ[˝]ÁX Â^, 

V ªRÕÙ[˝ÿô«ˆ◊ªRÙOÃ[˝ a]ÿôˆ \ˆÃ[˝ Â^X B ◊[˝≥V«„Tˆc˜O ÂEı≥V–›\…ˆTˆ A[˝e a]ÿôˆ 

[˝◊c˜[˝Ô_C Â^X \ˆÃ[˝„Eı‰≥V–c˜O Y“^«N˛ %Á‰ªK˜* 

 %ÁÃ[˝C ÂVFÁX Â^ ^◊V \ˆÃ[˝„Eı≥V–◊ªRÙO ◊ÿöˆÃ[˝◊[˝≥V« c˜Tˆ A[˝e AEıc˜O 

[˝◊c˜[˝Ô_ [˝ÿô«ˆ◊ªRÙOÃ[˝ CYÃ[˝ AEıc˜O\ˆÁ„[˝ Y“^«N˛ UÁEıTˆ, TˆÁc˜„_ 

\ˆÃ[˝„Eı≥V–◊ªRÙOÃ[˝ aÁ„Y„l˘ V ªRÕÙ[˝ÿô«ˆ◊ªRÙOÃ[˝ ªJÙ_ÁÃ[˝ W˝Ã[˝X AEıc˜O UÁEıTˆ* 
   5 + 5 

%U[˝Á 

 AEı◊ªRÙO a«b] Vâ¯„Eı =_∂ëˆ %[˝ÿöˆÁÃ^ W˝„Ã[˝ Ã[˝ÁFÁ %Á‰ªK˜ A[˝e 

V„â¯Ã[˝ X›‰ªJÙÃ[˝ Y“Á‹ôˆ◊ªRÙO AEı◊ªRÙO ^UÁUÔ %]a S ÊªRÙO◊[˝„_Ã[˝ =YÃ[˝ 

◊[˝`“Á„] %Á‰ªK˜* Vâ¯◊ªRÙO„Eı ÊªK˜‰QÕˆ ◊V„_, Âa◊ªRÙO B X›‰ªJÙÃ[˝ Y“Á‹ôˆ◊ªRÙOÃ[˝ 

aÁ„Y„l˘ ÂHÁ„Ã[˝* Vâ¯◊ªRÙOÃ[˝ G◊Tˆ %Á„_ÁªJÙXÁ EıÃ[˝”X* 10 
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3. ÂEıÁ„XÁ a]Tˆ„_ %[˝◊ÿöˆTˆ OX C OY YÃ[˝&Ã[˝ _∂ëˆ V«◊ªRÙO 

%l˘•Ã^ ◊ÿöˆÃ[˝ XÃ^, O ◊[˝≥V«Ã[˝ aÁ„Y„l˘ ◊XL a]Tˆ„_ %Á[˝◊Tˆ¤Tˆ 

c˜„Tˆ YÁ„Ã[˝* TˆÁc˜„_ AEı◊ªRÙO G◊Tˆ`›_ ◊[˝≥V«Ã[˝ OX C OY-AÃ[˝ 

aÁ„Y„l˘ Â[˝G C ±ºˆÃ[˝S ◊XSÔÃ^ EıÃ[˝”X* 6 

%U[˝Á  

 M \ˆÃ[˝ ◊[˝◊`rÙ AEı◊ªRÙO Ã[˝„EıªRÙO ÂU„Eı Y“◊Tˆ AEıEı a]„Ã^ eM 

\ˆÃ[˝^«N˛ j»Á_ÁX› V %Á„Y◊l˘Eı Â[˝„G ◊X∂oˆÁ◊\ˆ]«„F ◊XGÔTˆ 

c˜‰¨K˜* ^◊V Ã[˝„EıªRÙO◊ªRÙOÃ[˝ ÂFÁ_a c˜OTˆÓÁ◊VÃ[˝ Â]ÁªRÙO \ˆÃ[˝ M ′  c˜Ã^,   

TˆÁc˜„_ ÂVFÁX Â^, eV > g XÁ c˜„_ Ã[˝„EıªRÙO◊ªRÙO ◊[˝„ÿˆïıÁÃ[˝„SÃ[˝ 

a„Ü a„Ü =_∂ëˆ =W[˝Ô ◊V`ÁÃ^ =Pˆ„Tˆ YÁÃ[˝„[˝ XÁ A[˝e 

g
M

eMV >′ XÁ c˜„_ Ã[˝„EıªRÙO◊ªRÙO A„Eı[˝Á„Ã[˝c˜O =„W[˝Ô =Pˆ„Tˆ    

YÁÃ[˝„[˝ XÁ* 6 

4. AEı◊ªRÙO a«b] aÃ[˝” TˆÁÃ[˝„Eı %W˝Ô[˝ „w¯Ã[˝ %ÁEıÁ„Ã[˝ [˝gÁEıÁ„XÁ c˜„Ã^‰ªK˜, 

^ÁÃ[˝ [˝ÓÁaÁW˝Ô a ; ÂVFÁX Â^ V«◊ªRÙO [˝ÓÁ„aÃ[˝ AEı Y“Á„‹ôˆ, TˆÁÃ[˝◊ªRÙOÃ[˝ 

a]Tˆ„_Ã[˝ CYÃ[˝ Â^ ]«FÓ %l˘m◊_ %Á‰ªK˜ TˆÁÃ[˝Á [˝ÓÁa◊ªRÙOÃ[˝ a„Ü 

^UÁy‘„] 
π
4tan

2
1 1−

 
C 

π
π 4tan

2
1

2
1−+

 
ÂEıÁ„S XTˆ* 6 

%U[˝Á 

 m-\ˆÃ[˝ C a [˝ÓÁaÁ„W˝ÔÃ[˝ AEı◊ªRÙO [˝ w¯ÁEıÁÃ[˝ %Áe◊ªRÙO AEı◊ªRÙO ]a S 

%X«\…ˆ◊]Eı Tˆ„_Ã[˝ CYÃ[˝ %Á‰ªK˜* M \ˆ„Ã[˝Ã[˝ AEı◊ªRÙO Eı›ªRÙO B 

%Áe◊ªRÙOÃ[˝ CYÃ[˝ ◊ÿöˆÃ[˝Á[˝ÿöˆÁ ÂU„Eı %Áe◊ªRÙOÃ[˝ W˝ÁÃ[˝ [˝Ã[˝Á[˝Ã[˝ W˝–”[˝ 

G◊Tˆ„[˝G v ◊X„Ã^ cg˜Á≈ªRÙO„Tˆ £Ã[˝” Eı„Ã[˝* ÂVFÁX Â^, %Áe◊ªRÙOÃ[˝ ÂEı≥V– 

aMm
Mv

)2( +  
ÂEıÏ◊SEı G◊Tˆ„[˝G ◊X„Ã^ AEı◊ªRÙO [˝ w¯Y„U ªJÙ_„[˝*  

   6 

5. V«◊ªRÙO %]a S a]Tˆ_ ^UÁy‘„] %X«\…ˆ◊]Eı Tˆ„_Ã[˝ a„Ü α  C 

β  ÂEıÁ„S XTˆ A[˝e TˆÁÃ[˝Á %YÃ[˝ Y“Á‹ôˆ [˝Ã[˝Á[˝Ã[˝ YÃ[˝&Ã[˝„Eı 

&`Ô Eı„Ã[˝ %Á‰ªK˜* V«◊ªRÙO Tˆ„_Ã[˝ CYÃ[˝ V«◊ªRÙO %a]ÁX \ˆÃ[˝, 

^UÁy‘„] M A[˝e M ′ , AEı◊ªRÙO a…©ø V◊QÕˆ ◊V„Ã^ YÃ[˝&Ã[˝ 

ae^«N˛ %Á‰ªK˜* V◊QÕˆ◊ªRÙO V«◊ªRÙO Tˆ„_Ã[˝ `›bÔ◊[˝≥V«„Tˆ %[˝◊ÿöˆTˆ m \ˆÃ[˝ 

C a [˝ÓÁaÁ„W˝ÔÃ[˝ AEı◊ªRÙO ]a S Y«◊_Ã[˝ CYÃ[˝ ◊V„Ã^ ^ÁÃ^* ÂVFÁX 

Â^, \ˆÃ[˝ V«◊ªRÙOÃ[˝ Â^ ÂEıÁ„XÁ◊ªRÙOÃ[˝ ±ºˆÃ[˝S c˜_  

       

2

2
)]cossin()cossin([

a
kmMM

MMg

+′+

′+′−− βμβαμα  

 Â^FÁ„X μμ ′,  Tˆ_ V«◊ªRÙOÃ[˝ HbÔSÁ·¯, k ◊X„LÃ[˝ %„l˘Ã[˝ aÁ„Y„l˘ 

Y«◊_◊ªRÙOÃ[˝ H…SÔX [˝ÓÁaÁW˝Ô A[˝e M \ˆÃ[˝◊ªRÙO X›‰ªJÙÃ[˝ ◊V„Eı ^ÁÃ^* 6 

%U[˝Á 
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 m \ˆÃ[˝◊[˝◊`rÙ AEı◊ªRÙO EıSÁÃ[˝ =YÃ[˝ ÂEı≥V– ÂU„Eı r V…Ã[˝„±ºˆ ÂEı≥V–›Ã^ 

%ÁEıbÔEı [˝_ ])(23[ 5224 ubaaum −−μ , ba > ; ^◊V 

)( ba +  V…Ã[˝„±ºˆ %YV…Ã[˝Eı ◊[˝≥V« ÂU„Eı EıSÁ◊ªRÙO 
ba +
μ

 
Â[˝„G 

ÊªKg˜ÁQÕˆÁ c˜„Ã^ UÁ„Eı, TˆÁc˜„_ Y“]ÁS EıÃ[˝”X Â^, EıSÁ◊ªRÙOÃ[˝ G◊TˆYU 

θcosbar +=  c˜„[˝* 6 

6. Â^-ÂEıÁ„XÁ V«◊ªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX f 3 × 2 = 6 

a) aÃ[˝_ a]ta G◊Tˆ„Tˆ G◊Tˆ`›_ ÂEıÁX EıSÁÃ[˝ G◊TˆY„UÃ[˝ 

]W˝Ó◊[˝≥V« ÂU„Eı YÃ[˝YÃ[˝ ◊TˆX Âa„Eı„â¯ ]ÁYÁ V…Ã[˝±ºˆm◊_ 

^UÁy‘„] x, y, z * ÂVFÁX Â^ A◊ªRÙOÃ[˝ Y^ÔÁÃ^EıÁ_ 

⎟
⎠

⎞
⎜
⎝

⎛ +−
y
zx

2
cos

2
1

π * 3 

b) AEı◊ªRÙO EıSÁ ^◊V ÂEı≥V–›Ã^ [˝„_Ã[˝ ◊y‘Ã^ÁÃ^ 

)cos1( θ−= ar  [˝y‘„Ã[˝FÁ◊ªRÙO [˝Ã[˝Á[˝Ã[˝ ªJÙ„_ Tˆ„[˝ 

Âa◊ªRÙOÃ[˝ [˝„_Ã[˝ a…y◊ªRÙO ◊XSÔÃ^ EıÃ[˝”X* 3 

c) ^◊V AEı◊ªRÙO ªJÙ_]ÁX EıSÁÃ[˝ G◊TˆYU Y“ÁÃ^            

[˝ w¯ÁEıÁÃ[˝ A[˝e B G◊TˆY„UÃ[˝ YÁV a]›EıÃ[˝S 

mmm brap =− −− )( 222
 c˜Ã^, TˆÁc˜„_ ÂVFÁX Â^ 

%YV…Ã[˝Eı ÂEıÁS Y“ÁÃ^ 
m
π

 
c˜„[˝* 3 

d) )(
2

// cxcx eecy −+=  [˝y‘„Ã[˝FÁ [˝Ã[˝Á[˝Ã[˝ AEı◊ªRÙO 

EıSÁ A]X\ˆÁ„[˝ G◊Tˆ`›_ ^Á„Tˆ Âa◊ªRÙOÃ[˝ =YÃ[˝ Y“^«N˛ 

[˝_ a[˝ÔVÁ y-%„l˘Ã[˝ W˝XÁ±¡Eı ◊VEı [˝Ã[˝Á[˝Ã[˝ a]Á‹ôˆÃ[˝Á_* 

[˝„_Ã[˝ a…y◊ªRÙO ◊XSÔÃ^ EıÃ[˝”X* 3 

7. Â^-ÂEıÁ„XÁ V«◊ªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX f 3 × 2 = 6 

a) ÂVFÁX Â^, 1
2

2

2

2
≤+

p

y

g
x

 
Ac˜O =Y[˝ w¯             

%ÁEıÁ„Ã[˝Ã[˝ aÁ]Tˆ◊_Eı Âl˘y◊ªRÙOÃ[˝ Â]Á„]≥RÙOÁ_       

c˜O◊_Ya„Ã^Qˆ B =Y[˝ „w¯Ã[˝ ÂEı‰≥V–Ã[˝ aÁ„Y„l˘ c˜_ 

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
+++ 22

2
2

2

2

2 11
pg

z
p

y

g
x  = W˝–”[˝Eı* 3 

b) Â^Ï◊GEı ÂVÁ_„EıÃ[˝ X…ÓXTˆ] ÂVÁ_XEıÁ_ ◊XSÔÃ^ EıÃ[˝”X* 3 

c) ÈÃ[˝◊FEı \ˆÃ[˝„[˝G aeÃ[˝l˘S X›◊Tˆ◊ªRÙO ◊[˝[˝ Tˆ C Y“]ÁS 

EıÃ[˝”X* 3 

d) m \ˆÃ[˝ C 2a ÈV„HÔÓÃ[˝ AEı◊ªRÙO Vâ¯ (AB ) ◊ÿöˆÃ[˝Á[˝ÿöˆÁÃ^ 

%Á‰ªK˜ A]X a]Ã^ TˆÁÃ[˝ =YÃ[˝ _∂ëˆ\ˆÁ„[˝ ÂEı‰≥V–Ã[˝ ÂU„Eı 

d V…Ã[˝„±ºˆ AEı◊ªRÙO P HÁ„TˆÃ[˝ AEı◊ªRÙO W˝ÁhıÁ ÂVCÃ^Á c˜_* 

Vâ¯◊ªRÙO ÂEıÁXÀ ◊[˝≥V«Ã[˝ aÁ„Y„l˘ H«Ã[˝„Tˆ £Ã[˝” EıÃ[˝„[˝ Âa◊ªRÙO 

Â[˝Ã[˝ EıÃ[˝”X* 3 
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English Version 
 

1. A particle is projected with velocity u at an 
inclination angle α  (acute) above the horizon in a 

medium that resists the motion by a force kv per 
unit mass, where v is the velocity of the particle. 
Find the equation of the trajectory. Also prove 
that the path of the particle has a vertical 

asymptote at a horizontal distance 
k

u αcos  from 

the point of projection. 6 + 4 
OR 

 A particle slides from a cusp down the arc of a 
rough cycloid, the axis of which is vertical. Prove 
that its velocity at the vertex will bear to the 
velocity at the same point when the cycloid is 

smooth, in the ratio of 2/122/12 )1(:)( μμμπ +−−e .  

   10 
2. Prove that the centre of inertia of a body moves 

as if all the mass of the body, being collected at it 
moves and all the external forces are acting at it.  

 Prove also that the motion of a body about its 
centre of inertia is the same as it would be of the 
centre of inertia were fixed and the same forces 
acted on the body. 5 + 5 

OR 

 A uniform rod is held in vertical position with one 

end resting upon a perfectly rough table, and 

when released rotates about the end in contact 

with the table. Discuss the motion. 10 

3. Find the velocity and acceleration of a moving 

point referred to rectangular axes OX and OY, 

which are not fixed in space, but rotate in any 

manner about the origin O in their own plane. 6 

OR 
 If a rocket, originally of mass M, throws off every 

unit of time of mass eM with relative velocity V, 

and if M ′  be the mass of the case etc., then 

show that it cannot rise at once unless eV > g, 

not at all unless g
M

eMV >′ . 6 

4. A wire is in the form of a semi-circle of radius a. 

Show that an end of its diameter the principal 

axes in its plane are inclined to the diameter at 

angles 
π
4tan

2
1 1−  and 

π
π 4tan

2
1

2
1−+ . 6 

OR 
 A circular ring, of mass m and radius a, lies on a 

smooth horizontal plane, and an insect, of mass 

M, resting on it starts and walks round it with 

uniform velocity v relative to the ring. Show that 
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the centre of the ring describes a circle with 

angular velocity aMm
Mv

)2( +
. 6 

5. Two unequal masses M and M ′ , rest on two 

rough planes inclined at angles α  and β  to the 

horizon, they are connected by a fine string 

passing over a small pulley, of mass m and 

radius a, which is placed at the common vertex 

of the two planes. Show that the acceleration of 

either mass is  

       

2

2
)]cossin()cossin([

a
kmMM

MMg

+′+

′+′−− βμβαμα  

 where μμ ′,  are coefficient of friction, k is the 

radius of gyration of the pulley about its axis and 

M is the mass which moves downwards. 6 

OR 

 A particle moves under a force 

])(23[ 5224 ubaaum −−μ , ba >  and is projected 

from an apse at a distance )( ba +  with velocity 

ba +
μ

, then show that its orbit is θcosbar += . 6 

6.  Answer any two questions : 3 × 2 = 6 

a) In a S.H.M. the distances of a particle from 
the middle point of its path at three 
consecutive seconds are observed to be      
x, y, z. Show that the time of a complete 

oscillation is 
⎟
⎠

⎞
⎜
⎝

⎛ +−
y
zx

2
cos

2
1

π . 3 

b) Find the law of force to the pole when the 
path is the cardioid )cos1( θ−= ar . 3 

c) If the nearly circular orbit of a particle be 
mmm brap =− −− )( 222 , then show that the 

apsidal angle is 
m
π nearly. 3 

d) A particle describes the curve 

)(
2

// cxcx eecy −+=  under a force which 

is always parallel to the positive direction of 
the y-axis. Find the law of force. 3 

7. Answer any two questions. 3 × 2 = 6  

a) Show that the momental ellipsoid at the 

centre of an elliptic plate 1
2

2

2

2
≤+

p

y

g
x  is 

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
+++ 22

2
2

2

2

2 11
pg

z
p

y

g
x  = constant. 3 
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b) Find the minimum time of oscillation of a 

compound pendulum. 3 

c) State and prove the principle of 

conservation of linear momentum of a rigid 

body. 3 

d) A uniform rod AB of mass m and length 2a 

is at rest. It is struck by a blow of impulse   

P at right angles to its length at a distance 

d from its middle point. Find the point 

about which it will begin to turn. 3 
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