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ÿoˆÁTˆEı YÁPˆy‘] ◊`l˘Á[˝bÔÁ‹ôˆ YÃ[˝›l˘Á 
 ( BDP Term End Examination ) 
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B◊¨K˜Eı YÁPˆy‘] ( Elective Course ) 

G◊STˆ ( Mathematics ) 
X[˝] Yy ( 9th Paper ) 
Kinematics : EMT-9 

a]Ã^  f ªV«c˜O H∞RÙOÁ (Time : 2 Hours)  

Y…SÔ]ÁX  f 50 (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* ={∂ëˆ ÂÃ[˝FÁÃ^ ÂaÁLÁ =W[˝Ô◊V„Eı AEı◊ªRÙO EıSÁ u Â[˝„G ÊªKg˜ÁQÕˆÁ 
c˜_* ^◊V EıSÁ◊ªRÙOÃ[˝ G◊TˆY„UÃ[˝ [˝ÁW˝Á TˆÁÃ[˝ Â[˝„GÃ[˝ [˝„GÔÃ[˝ 
a]ÁX«YÁ◊TˆEı c˜Ã^ Tˆ„[˝ EıSÁ◊ªRÙOÃ[˝ G◊Tˆ %Á„_ÁªJÙXÁ EıÃ[˝”X* 10 

%U[˝Á 
 AEı◊ªRÙO EıSÁ ÂEıÁ„XÁ a]Tˆ„_ A]X\ˆÁ„[˝ G◊Tˆ`›_ ^Á„Tˆ TˆÁÃ[˝ 

=YÃ[˝ Y“^«N˛ ±ºˆÃ[˝S B Tˆ„_Ã[˝ =Y◊Ã[˝◊ÿöˆTˆ AEı◊ªRÙO ◊X◊V¤rÙ ◊[˝≥V«Ã[˝ 
%◊\ˆ]«F›* EıSÁ◊ªRÙOÃ[˝ G◊TˆY„UÃ[˝ %[˝Eı_ a]›EıÃ[˝S GPˆX 
EıÃ[˝”X* 10 

2* ◊•]Á◊≈yEı G◊Tˆ LÓÁ◊]◊Tˆ„Tˆ ÂEıÁ„XÁ V ªRÕÙ [˝ÿô«ˆÃ[˝ G◊Tˆ`◊N˛Ã[˝ 
Ã[˝Á◊`]Á_Á ◊XSÔÃ^ EıÃ[˝”X* 10 

%U[˝Á 
 D'Alembert-AÃ[˝ X›◊Tˆ ◊[˝[˝ Tˆ EıÃ[˝”X* Ac˜O X›◊TˆÃ[˝ aÁc˜Á„^Ó 

V ªRÕÙ [˝ÿô«ˆÃ[˝ G◊Tˆa…yÁ◊V ◊XSÔÃ^ EıÃ[˝”X* 2 + 8 

3* W˝–”[˝Eı c˜Á„Ã[˝ Eı]ÔÃ[˝Tˆ AEı◊ªRÙO ◊y‘Ã^Á`›_ [˝_ •ÁÃ[˝Á Y“\ˆÁ◊[˝Tˆ c˜„Ã^ 
aÃ[˝_„Ã[˝FÁÃ^ G◊Tˆ`›_ AEı◊ªRÙO EıSÁ Y“ÁU◊]Eı %[˝ÿöˆÁÃ^ u Â[˝G 
◊X„Ã^ x V…Ã[˝±ºˆ %◊Tˆy‘] EıÃ[˝ÁÃ[˝ Y„Ã[˝ TˆÁÃ[˝ Â[˝G VÒÁQÕˆÁÃ^ V * 
Y“]ÁS EıÃ[˝”X Â^ B V…Ã[˝±ºˆ %◊Tˆy‘] EıÃ[˝„Tˆ EıSÁ◊ªRÙOÃ[˝ 

)(2

)(3
22 VuVu

xVu

++

+

 
a]Ã^ _ÁG„[˝* 6 

%U[˝Á 
 ^◊V ÂEıÁ„XÁ AEı◊ªRÙO EıSÁ aÃ[˝_ a]ta G◊Tˆ„Tˆ AEı◊ªRÙO [˝„_Ã[˝ 

ÂEı≥V– ◊V„Ã^ aÃ[˝_ ÂÃ[˝FÁ [˝Ã[˝Á[˝Ã[˝ ªJÙ„_ A[˝e B a]ta G◊TˆÃ[˝ 
◊[˝ÿôˆÁÃ[˝ a A[˝e ÂVÁ_XEıÁ_ T c˜Ã^ Tˆ„[˝ ÂVFÁX Â^ ]…_◊[˝≥V« 

ÂU„Eı x V…Ã[˝„±ºˆ ÂYgÏªK˜Á„Tˆ EıSÁ◊ªRÙOÃ[˝ 
a
xT 1sin

2
−

π
Y◊Ã[˝]ÁS a]Ã^ 

_ÁG„[˝ A[˝e B %[˝ÿöˆÁ„X EıSÁ◊ªRÙOÃ[˝ Â[˝G c˜„[˝ 
T

xa 222 −π
.  

   3 + 3 
4* AEı◊ªRÙO HX _∂ëˆ[˝ w¯›Ã^ `·«¯Ã[˝ %„l˘Ã[˝ aÁ„Y„l˘ LÁQˆÓ }Á]Eı 

◊XSÔÃ^ EıÃ[˝”X* 6 
%U[˝Á 

 M \ˆÃ[˝ ◊[˝◊`rÙ C a ÈVHÔÓ ◊[˝◊`rÙ AEı◊ªRÙO TˆN˛Á, AEı◊ªRÙO %ÁXTˆ 
]a S Tˆ„_Ã[˝ a„[˝ÔÁ¨JÙ X◊Tˆ„Ã[˝FÁ [˝Ã[˝Á[˝Ã[˝ Y“ÁU◊]Eı %[˝ÿöˆÁÃ^ ◊ÿöˆÃ[˝ 
%Á‰ªK˜* Tˆ_◊ªRÙO α -ÂEıÁ„S %X«\…ˆ◊]Eı Tˆ„_Ã[˝ a„Ü XTˆ*      
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M ′ \ˆ„Ã[˝Ã[˝ AEıLX Â_ÁEı, TˆN˛Á◊ªRÙOÃ[˝ =Y„Ã[˝Ã[˝ Y“Á‹ôˆ ÂU„Eı 
X›‰ªJÙÃ[˝ ◊V„Eı TˆN˛Á [˝Ã[˝Á[˝Ã[˝ cg˜Á≈ªRÙO„Tˆ £Ã[˝” Eı„Ã[˝ A]X\ˆÁ„[˝ Â^, 

TˆN˛Á◊ªRÙO X‰QÕˆ XÁ* ÂVFÁX Â^, 
αsin)(

2
gMM
aM

′+
′ a]„Ã^Ã[˝ 

Y„Ã[˝ Â_ÁEı◊ªRÙO TˆN˛ÁÃ[˝ %XÓ Y“Á„‹ôˆ ÂYgÏªK˜Á„[˝* 6 

5* %X«\…ˆ◊]Eı Tˆ„_ AEı◊ªRÙO aÃ[˝_ ]a S ◊ªRÙO=[˝ TˆÁÃ[˝ AEı◊ªRÙO 

Y“Á‹ôˆ◊[˝≥V« O-AÃ[˝ aÁ„Y„l˘ ω  a]„EıÏ◊SEı Â[˝„G %Á[˝◊Tˆ¤Tˆ 

c˜‰¨K˜* Y“ÁU◊]Eı %[˝ÿöˆÁÃ^ AEı◊ªRÙO EıSÁ O ◊[˝≥V« ÂU„Eı a V…Ã[˝„±ºˆ 

V Â[˝„G O ◊[˝≥V«Ã[˝ ◊V„Eı ÊªKg˜ÁQÕˆÁ c˜_* 
a
V<ω c˜„_ ÂVFÁX Â^ 

B EıSÁ◊ªRÙO 
V
a

h
ω

ω
1tan1 − a]Ã^ Y„Ã[˝ O ◊[˝≥V«„Tˆ ÂYgÏªK˜Á„[˝* 6 

%U[˝Á 

 a›◊]Tˆ [˝„_Ã[˝ %W˝›„X ÂEıÏ◊SEı \ˆÃ[˝„[˝G aeÃ[˝l˘S X›◊Tˆ◊ªRÙO ◊[˝[˝ Tˆ 

EıÃ[˝”X A[˝e Y“]ÁS EıÃ[˝”X* 6 

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

(Eı) V«◊ªRÙO aÃ[˝_ a]ta ÂVÁ_X )(cos 111 ∈+= ntax A[˝e 

)(cos 222 ∈+= ntax  ae„^ÁLX-AÃ[˝ _◊ï˘ aÃ[˝S 

◊XSÔÃ^ EıÃ[˝”X* 

(F) G–c˜a]…„c˜Ã[˝ G◊Tˆ aey‘Á‹ôˆ ÂEıY_Á„Ã[˝Ã[˝ ◊XÃ^]Á[˝_› ◊[˝[˝ Tˆ 

EıÃ[˝”X* 

(G) ]…_◊[˝≥V« O-ÂEı [˝_„Eı≥V– W˝„Ã[˝ ÂEı≥V–›Ã^ [˝_ÁW˝›X AEı◊ªRÙO 

EıSÁÃ[˝ Â]Ã[˝” ÿöˆÁXÁe„EıÃ[˝ a]›EıÃ[˝S θ2cos22 ar =  

[˝y‘„Ã[˝FÁ c˜„_ B [˝_◊ªRÙOÃ[˝ Y“E ı◊Tˆ (a…y) ◊XSÔÃ^ EıÃ[˝”X* 

(H) XY a]Tˆ„_ aá˚ÁÃ[˝]ÁX AEı◊ªRÙO EıSÁÃ[˝ =YÃ[˝ AEıEı 

\ˆ„Ã[˝Ã[˝ LXÓ OX A[˝e OY %◊\ˆ]«„F X A[˝e Y [˝_•Ã^ 

◊y‘Ã^Á EıÃ[˝‰ªK˜ (X C Y [˝_•Ã^ x C y-AÃ[˝ %„Yl˘Eı)* 

ÂVFÁX Â^ EıSÁ◊ªRÙOÃ[˝ G◊TˆY„UÃ[˝ %[˝Eı_ a]›EıÃ[˝S c˜„[˝  

 X

x

y
x
yXY

x
2

d

d
d
d

d
d

2

2
=

⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢

⎣

⎡
−

. 

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

(Eı) ^◊V ÂEıÁX V ªRÕÙ [˝ÿô«ˆÃ[˝ LÁQˆÓ }Á]Eı C mSZı_ }Á]Eı 

YÃ[˝&Ã[˝ _∂ëˆ ◊TˆX◊ªRÙO %„l˘Ã[˝ aÁ„Y„l˘ LÁXÁ UÁEı„_, 

Â^ aÃ[˝_„Ã[˝FÁÃ[˝ ◊VEı ÂEıÁaÁc˜OX l,m,n (ÂÃ[˝FÁ◊ªRÙO 

%l˘•„Ã^Ã[˝ ÊªK˜V◊[˝≥V«GÁ]›) TˆÁÃ[˝ aÁ„Y„l˘ [˝ÿô«ˆ◊ªRÙOÃ[˝ LÁQˆÓ 

}Á]Eı ◊XSÔÃ^ EıÃ[˝”X* 

(F) [˝„_Ã[˝ HÁTˆ C HÁTˆ [˝„_Ã[˝ HÁTˆ-AÃ[˝ aep˚Á ◊_F«X* 

(G) ÂVFÁX Â^ Â^Ï◊GEı ÂVÁ_„EıÃ[˝ _∂ëˆX ÂEı≥V– C ÂVÁ_X 

ÂEı≥V– V«◊ªRÙO ◊[˝◊X]Ã^„^ÁGÓ* 

(H) α  [˝ÓÁaÁ„W˝ÔÃ[˝ AEı◊ªRÙO a«b] ◊X„Ã[˝ªRÙO ÂGÁ_Eı AEı◊ªRÙO 

%]a S XTˆTˆ„_Ã[˝ CYÃ[˝ GQÕˆÁ‰¨K˜* Tˆ_◊ªRÙO ATˆªRÙOÁc˜O 

%]a S Â^ TˆÁÃ[˝ CYÃ[˝ ◊YªK˜_Á„XÁ aïˆ[˝ XÃ^* 

ÂGÁ_Eı◊ªRÙOÃ[˝ \ˆÃ[˝„Eı‰≥V–Ã[˝ G◊TˆÃ[˝ a]›EıÃ[˝S A[˝e 

\ˆÃ[˝„Eı‰≥V–Ã[˝ aÁ„Y„l˘ G◊TˆÃ[˝ a]›EıÃ[˝S ◊_F«X*  
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( English Version ) 

1. A particle is projected vertically upwards with a 

velocity u in a medium whose resistance varies 

as the square of the velocity. Investigate the 

motion. 10 

OR 

 A particle describes a plane curve under an 

acceleration which is always directed towards a 

fixed point. Find the differential equation of is 

path. 10 

2. Obtain the expression of kinetic energy of a rigid 

body moving in two dimension. 10 

OR 

 State D'Alembert's principle. Deduce the general 

equation of motion of a rigid body from 

D'Alembert's principle. 2 + 8 

3. A particle moving in straight line is acted upon 

by a force which works at a constant rate and 

changes its velocity from u to V in passing over a 

distance x. Prove that the time taken is 

)(2

)(3
22 VuVu

xVu

++

+
. 6 

OR 

 If a be the amplitude and T, the period of a 
particle executing SHM in a straight line through 
the centre of force, show that the time taken by 
the particle to travel a distance x from the centre 

of force is 
a
xT 1sin

2
−

π
 and that the velocity in 

that position is 
T

xa 222 −π
. 3 + 3 

4. Find the moment of inertia of a solid right 
circular cone about its axis. 6 

OR 
 A plank of mass M and length a, is initially at 

rest along a line of greatest slope, of a smooth 
plane inclined at an angle α  to the horizon, and 
a man of mass M ′ , starting from the upper end 
walks down the plank so that it does not move. 
Show that he will reach the other end in time 

αsin)(
2

gMM
aM

′+
′

. 6 

5. A straight smooth tube turns about one 
extremity O in a horizontal plane with uniform 
angular velocity ω . Originally a particle is placed 
in the table at a distance a from O and projected 

towards O with a velocity V. Show that if 
a
V<ω  

the particle will reach O in time 
V
a

h
ω

ω
1tan1 − . 6 

OR 

 State and prove the principle of conservation of 

angular momentum under finite forces. 6 
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6.  Answer any two questions : 3 × 2 = 6 

a) Obtain the resultant displacement of the 

composition of two SHM, 

)(cos 111 ∈+= ntax  and 

)(cos 222 ∈+= ntax . 

b) State Kepler's laws of planetary motion. 

c) A particle describes the curve 

θ2cos22 ar =  under a central force 

towards the pole. Find the law of force. 

d) If a particle moves on a plane XY under a 

force having components X and Y per unit 

mass parallel to rectangular axes where X 

and Y are functions of x and y in any 

position. Show that the differential equation 

of its path is X

x

y
x
yXY

x
2

d

d
d
d

d
d

2

2
=

⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢

⎣

⎡
−

. 

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

a) If the M.I. and P.I. of a body about three 

mutually perpendicular axes are known, 

find the M.I. about a line whose direction 

cosines are l,m,n through their meeting 

point. 

b) Define impulse of a force and impulse of a 

impulsive force. 

c) Show that the centre of suspension and 

centre of oscillation of a compound 

pendulum are interchangeable.  

d) A uniform solid sphere of radius a rolls 

down an inclined plane, rough enough to 

prevent any sliding. Write down the 

equation of motion of Centre of Gravity of 

the body and equation of motion about the 

C.G. 

    


