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ÿoˆÁTˆEı YÁPˆy‘] ( B.D.P.) 
◊`l˘Á[˝bÔÁ‹ôˆ YÃ[˝›l˘Á ( Term End Examination ) : 

 ◊Qˆ„a∂ëˆÃ[˝, 2014 C L«X, 2015 

G◊STˆ ( Mathematics ) 
B◊¨K˜Eı YÁPˆy‘] ( Elective ) 

X[˝] Yy ( 9th Paper : Kinematics ) 
a]Ã^  f ªV«c˜O H∞RÙOÁ Y…SÔ]ÁX  f 50 
Time : 2 Hours Full Marks : 50 

( ]Á„XÃ[˝ mÃ[˝”±ºˆ  f 70% ) 
( Weightage of Marks : 70% ) 

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 accuracy and relevance 

in the answer. Marks will be deducted for incorrect 
spelling, untidy work and illegible handwriting. 

The weightage for each question has been 
indicated in the margin. 

 

1* [˝ „w¯Ã[˝ ÂEı‰≥V–Ã[˝ ◊V„Eı ÂEı≥V–›Ã^ [˝_ )(uφ -AÃ[˝ ⎟
⎠
⎞⎜

⎝
⎛ = ru 1  

Y“\ˆÁ„[˝ AEı◊ªRÙO EıSÁ Y“ÁÃ^ AEı◊ªRÙO [˝ w¯›Ã^ Y„U ªJÙ„_* EıSÁ◊ªRÙOÃ[˝ 

G◊Tˆ a«◊ÿöˆTˆ c˜[˝ÁÃ[˝ `Tˆ¤ ◊XSÔÃ^ EıÃ[˝”X* A„l˘‰y %YV…Ã[˝Eı›Ã^ 

(apsidal) ÂEıÁS ◊XSÔÃ^ EıÃ[˝”X* 10 

%U[˝Á 

 ÂEıÁX [˝ÿô«ˆEıSÁ AEı◊ªRÙO ◊ÿöˆÃ[˝ ◊[˝≥V« O ÂU„Eı b ( > a ) V…Ã[˝„±ºˆ        

O ◊[˝≥V«GÁ]› ÂEıÁX [˝„_Ã[˝ ◊y‘Ã^ÁÃ^ ◊ÿöˆÃ[˝Á[˝ÿöˆÁ ÂU„Eı ^ÁyÁ £Ã[˝” 

Eı„Ã[˝* EıSÁ◊ªRÙOÃ[˝ =YÃ[˝ ◊y‘Ã^Á`›_ [˝_ F A[˝e O ◊[˝≥V« ÂU„Eı   

x V…Ã[˝„±ºˆ [˝„_Ã[˝ a…y ◊X∂oˆÃ[˝÷Y : 

 ⎟
⎠
⎞⎜

⎝
⎛ −= x

aF 1μ , O-AÃ[˝ ◊V„Eı ^FX x > a A[˝e 

 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−= x

a
x
aF 2

2
μ , O-AÃ[˝ ◊[˝YÃ[˝›Tˆ ◊V„Eı ^FX x < a. 

 Y“]ÁS EıÃ[˝”X Â^ [˝ÿô«ˆEıSÁ◊ªRÙOÃ[˝ G◊Tˆ„[˝G Y«XÃ[˝ÁÃ^ `…XÓ c˜„[˝    

^FX b
ax

2
= .  10 

2* OX, OY, OZ aÁ„Y„l˘ AEı◊ªRÙO V ªRÕÙ[˝ÿô«ˆÃ[˝ LÁQˆÓ }Á]Eı ^UÁy‘„] 

A, B, C  C %ÁÃ^Tˆ„l˘y›Ã^ %l˘ ( OY, OZ ), ( OZ, OX),      

( OX, OY )-AÃ[˝ aÁ„Y„l˘ LÁQˆÓ mSZı_m◊_ ^UÁy‘„]      

D, E, F c˜„_ A[˝e OL, OK YÃ[˝&Ã[˝ _∂ëˆ V«◊ªRÙO aÃ[˝_„Ã[˝FÁÃ[˝ 

◊VEÀı-ÂEıÁaÁc˜OX ^UÁy‘„] ),,( 111 nml  A[˝e ),,( 222 nml  

c˜„_ OL-AÃ[˝ aÁ„Y„l˘ LÁQˆÓ }Á]Eı ◊XSÔÃ^ EıÃ[˝”X A[˝e    

OL C OK-AÃ[˝ aÁ„Y„l˘ LÁQˆÓ mSZı_ ◊XSÔÃ^ EıÃ[˝”X** 

   10 

%U[˝Á 
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 AEı◊ªRÙO HX ◊X„Ã[˝ªRÙO Â[˝_XÁEıÁÃ[˝ ÊªJÙÁI¯„Eı %X«\…ˆ◊]Eı %[˝ÿöˆÁÃ^ 

AEı◊ªRÙO XTˆTˆ„_Ã[˝ =YÃ[˝ Ã[˝ÁFÁ c˜_* %X«\«ˆ◊]Eı Tˆ„_Ã[˝ a„Ü Ac˜O 

Tˆ_◊ªRÙOÃ[˝ X◊Tˆ„EıÁS α * ÂVFÁX Â^, ÊªJÙÁI¯◊ªRÙO„Eı GQÕˆÁ„Tˆ c˜„_, 

ÊªJÙÁI¯ C Tˆ„_Ã[˝ ]„W˝Ó HbÔSÁeEı, %‹ôˆTˆ αtan
3
1  c˜„Tˆc˜O c˜„[˝ 

A[˝e ÊªJÙÁI¯◊ªRÙO ◊X„Ã[˝ªRÙO XÁ c˜„Ã^ ZgıÁYÁ c˜„_ B HbÔSÁeEı 

αtan
2
1  c˜„[˝* 10 

3* AEı◊ªRÙO EıSÁ %◊\ˆEıbÔ C [˝ÁW˝Á mk ( Â[˝G )-AÃ[˝ %W˝›„X 

%X«\…ˆ◊]Eı X◊Tˆ α -ÂTˆ u Â[˝„G Y“◊l˘ä c˜Ã^* EıSÁ◊ªRÙOÃ[˝ Y„UÃ[˝ 

a]›EıÃ[˝S ◊XSÔÃ^ EıÃ[˝”X* 6 

%U[˝Á 

 ÂEı≥V–›Ã^ [˝_ÁW˝›X ( [˝_◊ªRÙO P Y“◊Tˆ \ˆ„Ã[˝ ) AEı◊ªRÙO Eı◊SEıÁÃ[˝ 

G◊TˆY„UÃ[˝ YÁV ( p, r ) a∂ëˆ◊_Tˆ %[˝Eı_ a]›EıÃ[˝S ◊XSÔÃ^ 

EıÃ[˝”X* 6 

4* 2a ÈVHÔÓ◊[˝◊`rÙ AEı◊ªRÙO a«b] Vâ¯ OA, O ◊[˝≥V«Ã[˝ aÁ„Y„l˘ 

]«N˛\ˆÁ„[˝ H«Ã[˝„Tˆ YÁ„Ã[˝* Vâ¯◊ªRÙO ={∂ëˆ ÂÃ[˝FÁ OZ-AÃ[˝ ªJÙÁ◊Ã[˝◊V„Eı 

α  W˝–”[˝Eı ÂEıÁ„S ω  ÂEıÏ◊SEı Â[˝„G H«Ã[˝‰ªK˜* ÂVFÁX Â^       

α -ÂEıÁ„SÃ[˝ ]ÁX `…XÓ %U[˝Á ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛−
2

1

4
2

cos
ωa
g

. 6 

%U[˝Á 

 V«◊ªRÙO a]ÁX ÈV„HÔÓÃ[˝ a]Vâ AB, BC,  B ◊[˝≥V«„Tˆ %[˝Á„W˝ 

^«N˛Á[˝ÿöˆÁÃ^ AEı◊ªRÙO ]a S ÊªRÙO◊[˝„_Ã[˝ =YÃ[˝ aÃ[˝_„Ã[˝FÁÃ^ ÿöˆÁ◊YTˆ 

%Á‰ªK˜* AB Vâ¯◊ªRÙOÃ[˝ A ◊[˝≥V«„Tˆ AB-Ã[˝ _∂ëˆ ◊V`ÁÃ^ c˜PˆÁd 

%ÁHÁTˆ EıÃ[˝Á c˜_*  ÂVFÁX  Â^,  A  ◊[˝≥V«Ã[˝  G◊Tˆ„[˝G  B 

◊[˝≥V«Ã[˝  G◊Tˆ„[˝„GÃ[˝ 
2
7 mS* 6 

5* AEı◊ªRÙO Â^ÏG-ÂVÁ_„EıÃ[˝ (Eı) M«ı_X ÂEı≥V– C (F) ÂVÁ_X 

ÂEı‰≥V–Ã[˝ aep˚Á ◊VX* AEı◊ªRÙO =Y[˝ w¯ÁEıÁÃ[˝ YÁTˆ TˆÁÃ[˝ AEı◊ªRÙO 

XÁ◊\ˆGÁ]› C YÁ„TˆÃ[˝ =YÃ[˝ _∂ëˆ AEı◊ªRÙO %X«\…ˆ◊]Eı %„l˘Ã[˝ 

aÁ„Y„l˘ H«Ã[˝„Tˆ YÁ„Ã[˝* ^◊V ÂVÁ_X ÂEı≥V– %YÃ[˝ XÁ◊\ˆ„Tˆ 

%[˝◊ÿöˆTˆ c˜Ã^, Tˆ„[˝ ÂVFÁX Â^ B YÁ„TˆÃ[˝ =d„Eı≥V–TˆÁ  

       c˜„[˝ 
5
2 * 6 

%U[˝Á 

 AEı◊ªRÙO M \ˆÃ[˝ ^«N˛ [˝_Ã^ V G◊Tˆ„[˝„G G]XEıÁ„_ %\ˆÓ‹ôˆÃ[˝›S 

◊[˝„ÿˆïıÁÃ[˝„S 1m C 2m  \ˆÃ[˝^«N˛ V«◊ªRÙO [˝_„Ã^ Y◊Ã[˝STˆ c˜_* \ˆG¬ 

[˝_Ã^ V«◊ªRÙO M \ˆÃ[˝^«N˛ [˝_„Ã^Ã[˝ G◊Tˆ„Ã[˝FÁÃ^ ªJÙ_‰ªK˜* ÂVFÁX Â^, 

TˆÁ„VÃ[˝ G◊Tˆ c˜„[˝ ^UÁy‘„] Mm
Em

V
1

22
+  A[˝e

Mm
Em

V
2

12
− , Â^FÁ„X ◊[˝„ÿˆïıÁÃ[˝„SÃ[˝ VÃ[˝”S =dY~ Â]ÁªRÙO 

`◊N˛Ã[˝ Y◊Ã[˝]ÁS c˜_ E * 6 
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6* Â^-ÂEıÁ„XÁ V«◊ªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX f 3 × 2 = 6 

  (Eı) ÂVFÁX Â^ ^◊V ÂEı≥V–›Ã^ [˝„_Ã[˝ ◊y‘Ã^ÁÃ^ ªJÙ_]ÁX AEı◊ªRÙO 

EıSÁ a]Tˆ„_ )cos1( θ+= ar  [˝y‘„Ã[˝FÁ◊ªRÙO Ã[˝ªJÙXÁ 

Eı„Ã[˝ TˆÁc˜„_ [˝_◊ªRÙO c˜„[˝ 4r
k * (k AEı◊ªRÙO W˝–”[˝Eı ) 

 (F) V«◊ªRÙO [˝ÿô«ˆÃ[˝ aÃ[˝_ A[˝e ◊Tˆ^ÔEıÃ[˝÷„Y aeHÁ„TˆÃ[˝ ◊X=ªRÙO„XÃ[˝ 

a…ym◊_ ◊Eı ? 

 (G) ÂEıÁX AEı◊ªRÙO G–„c˜Ã[˝ %[˝ÿöˆÁX ^FX a…„^ÔÃ[˝ ◊XEıªRÙOTˆ] TˆÁÃ[˝ 

G◊Tˆ„[˝G 1V  A[˝e ^FX a…„^ÔÃ[˝ ÂU„Eı a[˝‰ªJÙ„Ã^ V…„Ã[˝ 

TˆFX TˆÁÃ[˝ G◊Tˆ„[˝G 2V * ^◊V e G–c˜◊ªRÙOÃ[˝ %l˘Y„UÃ[˝ 

=d„Eı≥V–TˆÁ c˜Ã^ TˆÁc˜„_ ÂVFÁX Â^ 

21 )1()1( VeVe +=− . 

 (H) ÂEı≥V–›Ã^ Eıl˘Y„UÃ[˝ %YV…Ã[˝Eı ◊[˝≥V« EıÁ„Eı [˝„_ ? AEı◊ªRÙO 

[˝ w¯›Ã^ Y„UÃ[˝ %YV…Ã[˝Eı ◊[˝≥V«m◊_ ◊XSÔÃ^ EıÃ[˝”X* 

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

  (Eı) ÂEıÁX ◊ÿöˆÃ[˝ %„l˘Ã[˝ ªJÙÁ◊Ã[˝◊V„Eı H«SÔÁÃ^]ÁX AEı◊ªRÙO V ªRÕÙ [˝ÿô«ˆÃ[˝ 

G◊Tˆ`◊N˛ ◊XSÔÃ^ EıÃ[˝”X* 

 (F) ABCD AEı◊ªRÙO a«b] %ÁÃ^Tˆ„l˘‰yÃ[˝ Tˆ_ ^ÁÃ[˝ \ˆÃ[˝ M 

A[˝e AB = 2a, BC = 2b * AB-AÃ[˝ aÁ„Y„l˘ 

Tˆ_◊ªRÙOÃ[˝ LÁQˆÓ }Á]Eı ◊XSÔÃ^ EıÃ[˝”X* 

 (G) AEı◊ªRÙO Â^Ï◊GEı ÂVÁ_„EıÃ[˝ ÂVÁ_XEıÁ_ ◊XSÔÃ^ EıÃ[˝”X*   

 (H) V ªRÕÙ [˝ÿô«ˆÃ[˝ G◊Tˆa…‰y QˆÁ„_∂ëˆÁ„Ã[˝Ã[˝ X›◊Tˆm◊_ ◊Eı ? 
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( English Version ) 

1. A particle describes a path which is nearly a 

circle under the action of a central force 

⎟
⎠
⎞⎜

⎝
⎛ = ruu 1)(φ  with the centre at the centre of the 

circle. Find the condition that the motion may be 

stable. Also find the apsidal angle in this case. 10 

OR 

 A particle starts from rest at a distance b ( > a ) 

from a fixed point O under the action of a force 

through the fixed point, the law of which at a 

distance x from O is  

 ⎟
⎠
⎞⎜

⎝
⎛ −= x

aF 1μ , towards O when x > a  

 and ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−= x

a
x
aF 2

2
μ  away from O when x < a.  

 Show that the velocity of the particle will again 

vanish when b
ax

2
= . 10 

2. If A, B, C be the moments of a rigid body with 

respect to OX, OY, OZ respectively and D, E, F be 

the products of inertia with respect to the 

rectangular axes ( OY, OZ ), ( OZ, OX ), ( OX, OY ) 

respectively and if ),,( 111 nml , ),,( 222 nml  be the 

direction cosines of two straight lines OL, OK at 

right angles to each other, then find the moment 

of inertia of the body about OL and product of 

inertia about OL and OK.  10 

OR 

 A uniform solid cylinder is placed with its axis 

horizontal on a plane whose inclination to the 

horizon is α . Show that the least coefficient of 

friction between it and the plane so that it may 

roll and not slide is αtan
3
1 . If the cylinder is 

hollow, it is αtan
2
1 . 10 

3. A particle is projected with velocity u at an angle 

α  to the horizon under a resistance equal to   

mk ( velocity ). Find the equation of the path of 

the particle. 6 

OR 

 Establish the formula for the motion of a particle 

describing a central orbit under the action of a 

central attractive force P per unit mass in pedal 

form ( p, r ). 6 
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4. A uniform rod OA of length 2a, free to turn about 

the end O, revolves with uniform angular velocity 

ω  about the vertical OZ and is inclined at a 

constant angle α  to OZ. Show that the value of 

α  is either 0 (zero) or ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛−
2

1

4
2

cos
ωa
g

. 6 

OR 
 Two equal and uniform rods AB, BC are freely 

hinged at B and lie in a straight line on a smooth 

table. The end A is suddenly struck by a blow 

perpendicular to AB. Show that the resulting 

velocity of A is 
2
7  times the velocity of B. 6 

5. Define (a) point of suspension and (b) point of 

oscillation of a compound pendulum. 

 A uniform elliptic board swings about a 

horizontal axis at right angles to the plane of the 

board and passing through one focus. If the 

centre of oscillation be the other focus, prove 

that the eccentricity of the ellipse is 
5
2 . 6 

OR 
 A shell of mass M is moving with velocity V. An 

internal explosion generates an amount of   

energy E and breaks the shell into two portions 

of masses 1m  and 2m . The fragments      

continue to move in the original line of        

motion of the shell. Show that their velocities are                   

Mm
Em

V
1

22
+  and Mm

Em
V

2

12
− . 6 

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

a) If a particle moves along a plane curve 

)cos1( θ+= ar under a central force, prove 

that the force is 4r
k  ( k is a constant ). 

b) What are Newton's laws for direct and 

oblique impact when two bodies collide ? 

c) If 1V  and 2V  be the respective velocities of 

a planet when it is nearest and furthest 

from the sun, then prove that 

21 )1()1( VeVe +=− , where e is the 

eccentricity of the planet's orbit. 

d) What is an apse of a central orbit ? 

Determine the apses of a circular orbit. 
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7. Answer any two questions : 3 × 2 = 6  

a) Determine the kinetic energy of a rigid body 

revolving about a fixed axis. 

b) Determine the moment of inertia of a 

uniform rectangular plate ABCD with mass 

M and sides AB = 2a, BC = 2b, about AB. 

c) Determine the time of oscillation of a 

compound pendulum. 

d) What are D' Alembert's principles for the 

motion of a rigid body ? 

    


