
 EMT-IX (UA-137) EMT-IX (UA-137) 2  

B.Sc.-AU-7121   [ Y„Ã[˝Ã[˝ Y úˆÁÃ^ V–rÙ[˝Ó B.Sc.-AU-7121  

ÿoˆÁTˆEı YÁPˆy‘] ( B.D.P.) 
%X«`›_X Yy ( Assignment) : ◊Qˆ„a∂ëˆÃ[˝, 2014 C L«X, 2015 

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

X[˝] Yy ( 9th Paper : Kinematics ) 
Y…SÔ]ÁX  f 50  ]Á„XÃ[˝ mÃ[˝”±ºˆ  f 30% 
Full Marks : 50 Weightage of Marks : 30% 

 
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*ı AEıEı \ˆ„Ã[˝Ã[˝ AEı◊ªRÙO EıSÁ V«◊ªRÙO ÂEı≥V– A C B •ÁÃ[˝Á %ÁE ırÙ 

c˜‰¨K˜* Y“◊Tˆ◊ªRÙO ÂEı≥V– Âa◊ªRÙO„Eı 2x
μ  [˝_ •ÁÃ[˝Á %ÁEıbÔS Eı„Ã[˝ 

Â^FÁ„X x c˜_ B ÂEı≥V– ÂU„Eı EıSÁÃ[˝ V…Ã[˝±ºˆ* Y“ÁU◊]Eı\ˆÁ„[˝ 

EıSÁ◊ªRÙO„Eı ◊ÿöˆÃ[˝ %[˝ÿöˆÁÃ^ [˝◊W˝ÔTˆ AB-AÃ[˝ =YÃ[˝,                   

AB-AÃ[˝ ]W˝Ó◊[˝≥V« ÂU„Eı 3a
 

V…Ã[˝„±ºˆÃ[˝ ÂEıÁX ◊[˝≥V«              

ÂU„Eı   BA [˝Ã[˝Á[˝Ã[˝ Y“„l˘Y EıÃ[˝Á c˜_* ÂVFÁX Â^, B EıSÁ 
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⎡
+− )32(log
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a]Ã^ YÃ[˝ B ◊[˝≥V«„Tˆ 

%Áa„[˝ Â^FÁ„X AB = 2a. 10ı 

%U[˝Á 

 ÂEıÁX ÂEı≥V–›Ã^ Eıl˘Y„U ªJÙ_]ÁX ÂEı≥V–›Ã^ [˝_ÁW˝›X ÂEıÁX EıSÁÃ[˝ 

=YÃ[˝ Y“^«N˛ [˝_ ÂEı≥V– ÂU„Eı B EıSÁÃ[˝ V…Ã[˝„±ºˆÃ[˝ a]ÁX«YÁTˆ›* 

^◊V B EıSÁÃ[˝ G◊TˆY„U V«◊ªRÙO %YV…Ã[˝Eı ◊[˝≥V« UÁ„Eı ^Á„VÃ[˝ 

%YV…Ã[˝Eı V…Ã[˝±ºˆ a A[˝e b, TˆÁc˜„_ ÂVFÁX Â^ B EıSÁÃ[˝ 

G◊TˆY„UÃ[˝ a]›EıÃ[˝S c˜„[˝ 
2

2

2

2
2 sincos

ba
u θ+θ= * AÃ[˝ 

ÂU„Eı Y“]ÁS EıÃ[˝”X Â^ a %YV…Ã[˝Eı V…Ã[˝„±ºˆÃ[˝ ◊[˝≥V« ÂU„Eı 

),( θu
 

◊[˝≥V«„Tˆ ÂYgÏªK˜Á„Tˆ EıSÁ◊ªRÙO Â^ a]Ã^ ÂXÃ^ TˆÁ 

⎟
⎠
⎞

⎜
⎝
⎛ θ−

b
a tantan 1 -AÃ[˝ a]ÁX«YÁTˆ›* 7ı + 3ı  

2* Y“]ÁS EıÃ[˝”X ÂEıÁX a«b] [˝ß\«ˆ„LÃ[˝ LÁQˆÓ }Á]Eı Âa◊ªRÙOÃ[˝ 

ÂEı≥V–GÁ]› Â^ ÂEıÁX aÃ[˝_„Ã[˝FÁÃ[˝ aÁ„Y„l˘ 
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⎠
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2

, Â^FÁ„X [˝ß\«ˆ„LÃ[˝ [˝ÁßÃ[˝      

aeFÓÁ  = n, Y“„TˆÓEı [˝ÁßÃ[˝ ÈVHÔÓ = c  A[˝e  [˝ß\«ˆ„LÃ[˝    

\ˆÃ[˝ = M. 10ı 

%U[˝Á 

 AEı◊ªRÙO ZgıÁYÁ [˝ w¯ÁEıÁÃ[˝ Â[˝_X„Eı ◊ÿöˆÃ[˝ %[˝ÿöˆÁÃ^ Ã[˝ÁFÁ c˜„Ã^‰ªK˜, 

Â^FÁ„X Â[˝_„XÃ[˝ %l˘ %X«\…ˆ◊]Eı* AÃ[˝ ◊\ˆTˆÃ[˝ AEı◊ªRÙO [˝ w¯ÁEıÁÃ[˝ 

ªJÙÁEı◊Tˆ TˆÁÃ[˝ Tˆ_„Eı ={∂ëˆ ÂÃ[˝„F GQÕˆÁ‰¨K˜* ^FX ªJÙÁEı◊Tˆ◊ªRÙO TˆÁÃ[˝ 
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◊X∂oˆTˆ] %[˝ÿöˆÁ„X UÁ„Eı TˆFX TˆÁÃ[˝ G◊Tˆ„[˝G )(3
8 bag − * 

ÂVFÁX Â^ ªJÙÁEı◊TˆÃ[˝ ÂEı≥V– Â[˝_„XÃ[˝ ÂEı‰≥V–Ã[˝ aÁ„Y„l˘        

φ  Y◊Ã[˝]ÁS ÂEıÁS Â^ a]„Ã^ ÂHÁ„Ã[˝ TˆÁÃ[˝ ]ÁX 

⎟
⎠
⎞

⎜
⎝
⎛ φ

+π−
44

tanlog
2

)(3
g

ba * AFÁ„X a C b c˜_ 

^UÁy‘„] Â[˝_„XÃ[˝ C ªJÙÁEı◊TˆÃ[˝ [˝ÓÁaÁW˝Ô* 10 

3* ÂEıÁX a]Tˆ„_ ÂEıÁX [˝y‘„Ã[˝FÁÃ^ G◊Tˆ`›_ ÂEıÁX EıSÁÃ[˝ &`ÔEı 

C %◊\ˆ_∂ëˆ [˝Ã[˝Á[˝Ã[˝ ±ºˆÃ[˝„SÃ[˝ =YÁe` ◊XSÔÃ^ EıÃ[˝”X* 6ı 

%U[˝Á 

 ÂEıÁX EıSÁ a [˝ÓÁaÁW˝Ô ^«N˛ ÂEıÁX [˝ w¯ÁEıÁÃ[˝ Y„U A]X\ˆÁ„[˝ 

}]S`›_ ^Á„Tˆ Âa◊ªRÙOÃ[˝ &`ÔEı [˝Ã[˝Á[˝Ã[˝ ±ºˆÃ[˝S %◊\ˆ_∂ëˆ [˝Ã[˝Á[˝Ã[˝ 

±ºˆÃ[˝„SÃ[˝ k mS* ^◊V [˝ „w¯Ã[˝ =YÃ[˝ ÂEıÁX ◊[˝≥V«„Tˆ EıSÁ◊ªRÙOÃ[˝ Â[˝G 

u c˜Ã^ Tˆ„[˝ ÂVFÁX Â^ EıSÁ◊ªRÙO Y«XÃ[˝ÁÃ^ B ◊[˝≥V«„Tˆ ◊Zı„Ã[˝ 

%Áa„Tˆ Â^ a]Ã^ ÂX„[˝ TˆÁÃ[˝ ]ÁX )1(9 2 π−− keku
,
 
Â^FÁ„X 

k W˝–”[˝Eı* 6 

4* Y“]ÁS EıÃ[˝”X Â^ ÂEıÁX ZgıÁYÁ %W˝Ô„GÁ_„EıÃ[˝ \…ˆ◊]Ã[˝ Y◊Ã[˝a›]ÁÃ[˝ 

CYÃ[˝ Â^ ÂEıÁX ◊[˝≥V«„Tˆ Â]Á„]≥RÙOÁ_ c˜O◊_YÀa„Ã^„QˆÃ[˝ a]›EıÃ[˝S 

c˜_ 03)(52 222 =−++ zxzyx * 6 

%U[˝Á 

 2a ÈV„HÔÓÃ[˝ AEı◊ªRÙO Vâ¯ TˆÁÃ[˝ AEıY“Á„‹ôˆ %ÁªRÙOEıÁ„XÁ AEı◊ªRÙO V◊QÕˆÃ[˝ 

aÁc˜Á„^Ó O ◊[˝≥V« ÂU„Eı ÂMıÁ_Á„XÁ %Á‰ªK˜* V◊QÕˆÃ[˝ ÈVHÔÓ l *   

V◊QÕˆ C Vâ¯ V«◊ªRÙOc˜O O ◊[˝≥V«GÁ]› ={∂ëˆ ÂÃ[˝FÁÃ[˝ ªJÙÁ◊Ã[˝◊V„Eı W˝–”[˝ 

ÂEıÏ◊SEı Â[˝„G ÂHÁ„Ã[˝ A[˝e ={„∂ëˆÃ[˝ a„Ü V◊QÕˆ C Vâ¯ 

^UÁy‘„] θ  C φ  ÂEıÁ„S XTˆ* ÂVFÁX Â^ 

θ
φ

θ−φ
φ−θ

=
sin
sin.

tantan
tan3tan43

a
l .  

   6 

5* M \ˆÃ[˝ ◊[˝◊`rÙ AEı◊ªRÙO [˝ÿô«ˆ H W˝–”[˝Eı c˜Á„Ã[˝ Eı]ÔÃ[˝Tˆ AEı◊ªRÙO c˜O◊tX 

•ÁÃ[˝Á ◊y‘Ã^Á`›_ c˜„Ã^ W˝–”[˝Eı [˝ÁW˝Á R a„√º¯C AEı◊ªRÙO aÃ[˝_„Ã[˝FÁÃ^ 

G◊Tˆ`›_˜* ÂVFÁX Â^, B [˝ÿô«ˆ◊ªRÙOÃ[˝ ªJÙÃ[˝] V–”◊TˆÃ[˝ ]ÁX R
H  c˜„[˝ 

A[˝e ◊ÿöˆÃ[˝Á[˝ÿöˆÁ ÂU„Eı B ªJÙÃ[˝] V–”◊Tˆ ÂYgÏªK˜Á„Tˆ 

⎟
⎠
⎞

⎜
⎝
⎛ −

2
12

2
ln

R
MH  a]Ã^ _ÁG„[˝* 6 

%U[˝Á 

 AEı◊ªRÙO =Y[˝ w¯ÁEıÁÃ[˝ YÁTˆ TˆÁÃ[˝ ◊X„LÃ[˝ a]Tˆ„_ AEı◊ªRÙO 

ÂZıÁEıÁ„aÃ[˝ aÁ„Y„l˘ ω  ÂEıÏ◊SEı Â[˝„G H«Ã[˝‰ªK˜* B 

ÂZıÁEıÁa◊ªRÙO„Eı %Á[˝à˘ Ã[˝ÁFÁ c˜„Ã^‰ªK˜* c˜PˆÁd Ac˜O ÂZıÁEıÁa„Eı 

]«N˛ Eı„Ã[˝ %XÓ ÂZıÁEıÁa„Eı %Á[˝à˘ EıÃ[˝Á c˜_* ÂVFÁX Â^, 

=Y[˝ w¯ÁEıÁÃ[˝ YÁTˆ◊ªRÙO AFX B ÂZıÁEıÁ„aÃ[˝ aÁ„Y„l˘ 

ω
+

−
2

2

32
52
e
e  ÂEıÏ◊SEı Â[˝„G H«Ã[˝„[˝, Â^FÁ„X e c˜_ =Y[˝ „w¯Ã[˝ 

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

Eı) %◊\ˆEı„bÔÃ[˝ Y“\ˆÁ„[˝ ÂEıÁX XTˆTˆ_ [˝Ã[˝Á[˝Ã[˝ YTˆX`›_ 

ÂEıÁX EıSÁÃ[˝ ◊ÿöˆ◊Tˆ`◊N˛ C G◊Tˆ`◊N˛Ã[˝ a]◊rÙ W˝–”[˝Eı   

— Y“]ÁS EıÃ[˝”X* 

F)ı ^◊V ÂEıÁX aÃ[˝_ a]ta G◊Tˆ„Tˆ AEı◊ªRÙO EıSÁ ªJÙ„_ A[˝e 

B G◊TˆÃ[˝ ◊[˝ÿôˆÁÃ[˝ a c˜Ã^ A[˝e ÂVÁ_X EıÁ_ T c˜Ã^ Tˆ„[˝ 

ÂVFÁX Â^ ]…_◊[˝≥V« ÂU„Eı x V…Ã[˝„±ºˆ ÂYgÏªK˜Á„Tˆ EıSÁ◊ªRÙOÃ[˝ 

⎟
⎠
⎞

⎜
⎝
⎛

π
−

a
xT 1sin2  Y◊Ã[˝]ÁS a]Ã^ _ÁG„[˝ A[˝e B 

%[˝ÿöˆÁ„X EıSÁ◊ªRÙOÃ[˝ Â[˝G c˜„[˝ 222 xaT −π .  

G)ı ÂEıÁX ◊[˝≥V« O ÂU„Eı gk2  Â[˝„G XOY ={∂ëˆ Tˆ„_ 

EıSÁa]…c˜ ◊X„l˘Y EıÃ[˝Á c˜_* O ◊[˝≥V«„Eı ]…_◊[˝≥V«,    

O ◊[˝≥V«GÁ]› %X«\…ˆ◊]Eı C ={∂ëˆ ÂÃ[˝FÁ„Eı ^UÁy‘„] 

OX A[˝e OY W˝Ã[˝„_ ÂVFÁX Â^ B EıSÁa]…c˜      

XOY a]Tˆ„_ %◊\ˆEı„bÔÃ[˝ Y“\ˆÁ„[˝ Â^ aEı_ 

%◊W˝[˝ „w¯Ã[˝ =YÃ[˝ UÁEı„[˝ TˆÁ„VÃ[˝ `›bÔ◊[˝≥V«m◊_Ã[˝ 

aá˚ÁÃ[˝YU ykyx 44 22 =+  a]›EıÃ[˝S ◊[˝◊`rÙ AEı◊ªRÙO 

=Y[˝ w¯*  

H) ªJÙ_]ÁX AEı◊ªRÙO ]a X ÂGÁ_„EıÃ[˝ a„Ü ◊ÿöˆTˆÁ[˝ÿöˆÁÃ^ [˝Tˆ¤]ÁX 

%XÓ AEı◊ªRÙO a]\ˆÃ[˝◊[˝◊`rÙ ]a S ÂGÁ_„EıÃ[˝ aeHbÔ c˜Ã^* 

ÂVFÁX Â^ B aeH„bÔÃ[˝ YÃ[˝ TˆÁ„VÃ[˝ Â[˝G 

)1(:)1( ee +−  %X«YÁ„Tˆ UÁEı„[˝ Â^FÁ„X e B 

aeH„bÔÃ[˝ ÿöˆÁ◊YTˆÁ·¯* 

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

Eı) AEı◊ªRÙO a«b] TˆÁÃ[˝„Eı %W˝Ô[˝ „w¯Ã[˝ %ÁEıÁ„Ã[˝ Â[˝gEıÁ„XÁ 

c˜„Ã^‰ªK˜, ^ÁÃ[˝ [˝ÓÁaÁW˝Ô a * ÂVFÁX Â^, [˝ÓÁ„aÃ[˝ AEıY“Á„‹ôˆ 

TˆÁÃ[˝◊ªRÙOÃ[˝ a]Tˆ„_Ã[˝ =YÃ[˝ Â^ V«◊ªRÙO ]«FÓ %l˘ %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* 

F)ı AEı◊ªRÙO V ªRÕÙ [˝ÿô«ˆÃ[˝ =YÃ[˝ CLX [˝_ AEı◊ªRÙO aeÃ[˝l˘› [˝_ 

— Y“]ÁS EıÃ[˝”X*  

G)ı AEı◊ªRÙO ÂGÁ_„EıÃ[˝ %XÓ˝ AEı◊ªRÙO a]ÁX \ˆÃ[˝^«N˛ ◊ÿöˆÃ[˝ 

ÂGÁ_„EıÃ[˝ aÁ„U ◊Tˆ^ÔEı\ˆÁ„[˝ aeHbÔ c˜„_ A[˝e 

ÂGÁ_EıV«◊ªRÙO ]a S C Y…SÔ\ˆÁ„[˝ ◊ÿöˆ◊TˆÿöˆÁYEı c˜„_, ÂVFÁX 

Â^, aeH„bÔÃ[˝ YÃ[˝ ÂGÁ_Eı V«◊ªRÙOÃ[˝ YU YÃ[˝&Ã[˝ _∂ëˆ*  

 H) AEı◊ªRÙO HX [˝ w¯ÁE ı◊Tˆ Â[˝_„XÃ[˝ %„l˘Ã[˝ aÁ„Y„l˘ LÁQˆÓ 

}Á]Eı ◊XSÔÃ^ EıÃ[˝”X* 
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English Version 
1. A unit mass is attracted by the two centres of 

forces A and B. Each centre attracts the particle 

by the force 2x
μ ,

 
where x is the distance of the 

particle from that centre. Initially the particle is 

projected from rest from a point on AB produced 

at a distance 3a
 
from the midpoint of AB along 

BA. Prove that the particle will reach B after a 

time 
μ

2a
 ⎥

⎦

⎤
⎢
⎣

⎡
+− )32(log

6
11 , where AB = 2a. 

   10 
OR 

 The central force acting on a particle moving in a 
central orbit is directly proportional to the 
distance of the particle from the centre. If there 
exist two apses on the path of the particle whose 

apsidal distances are a and b respectively, then 
prove that the equation of the path of the particle 

is 
2

2

2

2
2 sincos

ba
u θ+θ= . Hence prove that the 

time taken by the particle to reach a point ),( θu
 

from the apse with apsidal distance a is 

proportional to ⎟
⎠
⎞

⎜
⎝
⎛ θ−

b
a tantan 1 . 7 + 3  

2. Prove that the moment of inertia of a regular 
polygon with n sides with respect to a straight 
line passing through its centre is 

⎟
⎠
⎞

⎜
⎝
⎛ π−

⎥
⎦

⎤
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛ π+

n

n
Mc

2cos1

2cos2
24

2

, where M is the mass of the 

polygon and c is the length of each side. 10 

OR 

 A hollow circular cylinder is kept at rest with its 
axis horizontal. A circular disc is sliding within it 
keeping its plane vertical. When the disc is at its 

lowest position, its velocity is )(3
8 bag − . Prove 

that the centre of the disc rotates through an 
angle φ

 
with respect to the centre of cylinder in 

time ⎟
⎠
⎞

⎜
⎝
⎛ φ

+π−
44

tanlog
2

)(3
g

ba , where a and b are 

the radii of the cylinder and the disc respectively.  

   10 

3. Find the tangential and normal components of 
acceleration of a particle moving along a curve in 
a plane. 6 

OR 

 A particle is moving along a circular orbit with 
radius a in such a manner that its tangential 
acceleration is k times its normal acceleration. If 
the velocity of the particle be u at any point on 
its path, then prove that the particle will return 

to the point in time )1(9 2 π−− keku
, where k is a 

constant. 6 
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4. Prove that the equation of the momental ellipsoid 

at any point of the perimeter of the base of a 

hollow hemisphere is 03)(52 222 =−++ zxzyx .  

   6 

OR 

 A rod of length 2a is hung by a string fixed at one 

end O. The length of the strings is l. Both of the 

string and the rod rotate with respect to a 

vertical line through the point of suspension O 

with constant angular velocity. The string and 

the rod are inclined at angles θ  and φ  
respectively with the vertical. Prove that 

θ
φ

θ−φ
φ−θ

=
sin
sin.

tantan
tan3tan43

a
l . 6 

5. A body of mass M is propelled by an engine 

working at a constant rate H. It overcomes the 

constant resistance R and is moving in a straight 

line. Prove that the maximum speed of the body 

is R
H  and the time in which this maximum 

speed is reached by the body from rest is 

⎟
⎠
⎞

⎜
⎝
⎛ −

2
12

2
ln

R
MH . 6 

OR 

 An elliptic disc is rotating about its focus in its 
plane with angular velocity ω , when the focus is 
fixed. Suddenly this focus is released and the 
other focus is fixed. Prove that the angular 
velocity with which the disc will rotate about the 

present focus is ω
+

−
2

2

32
52
e
e , where e is the 

eccentricity of the ellipse. 6 
6.  Answer any two questions : 3 × 2 = 6 

a) Prove that the sum of kinetic and potential 
energy of a particle moving along an 
inclined plane under gravity is constant. 

b) A particle is moving in a simple harmonic 
motion (S.H.M.) with amplitude a and time 
period T. Prove that the time taken by the 
particle to reach the point at a distance x 

from the origin is ⎟
⎠
⎞

⎜
⎝
⎛

π
−

a
xT 1sin2  and the 

velocity at that point is 222 xaT −π . 

c) A bunch of particles is projected from any 

point O with velocity gk2  in the XOY 

vertical plane. Taking O as origin and the 
horizontal and vertical lines through O as 
OX and OY respectively, prove that the 
locus of the vertex of the parabola on which 
the particles will be situated in the vertical 
plane XOY under gravity is an ellipse whose 

equation is ykyx 44 22 =+ . 
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d) A moving smooth sphere collides with 
another sphere of same mass at rest. Prove 
that after this collision, the ratio of their 
velocities will be )1(:)1( ee +−  where e is 
the coefficient of restitution of the impact. 

7. Answer any two questions. 3 × 2 = 6  
a) A uniform wire is bent in the form of a 

semicircle with radius a. Prove that the two 
principal axes at one extremity of the 
diameter in the plane of the wire are 
inclined with the diameter at the         

angles 
π

− 4tan
2
1 1  and ⎟

⎠
⎞

⎜
⎝
⎛

π
+π − 4tan2

1
2

1  

respectively. 
b) The weight of a rigid body is a conservative 

force. Prove it. 
c) A sphere collides with another sphere of 

same mass obliquely. The two spheres are 
smooth and perfectly elastic. Prove that the 
paths of the spheres after the collision are 
perpendicular to each other. 

d) Find the moment of inertia of a solid 
circular cylinder with respect to its axis. 
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