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ÿoˆÁTˆEı YÁPˆy‘] ◊`l˘Á[˝bÔÁ‹ôˆ YÃ[˝›l˘Á 

 ( BDP Term End Examination ) 

◊Qˆ„a∂ëˆÃ[˝, 2017 C L«X, 2018 (December-2017 & June-2018) 

B◊¨K˜Eı YÁPˆy‘] ( Elective Course ) 

YVÁUÔ◊[˝VÓÁ ( Physics ) 
◊•Tˆ›Ã^ Yy (2nd Paper) 

Mechanics and General Properties of Matter : EPH-2 
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 precise and correct 

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

margin indicate full marks. 
 
1* Â^-ÂEıÁ„XÁ V«◊ªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX  f 10 × 2 = 20 

Eı) i) ÂEıÁXÁ [˝ÿô«ˆ x-%l˘ [˝Ã[˝Á[˝Ã[˝ aÃ[˝_„Ã[˝FÁÃ^ G◊Tˆ`›_ 

A[˝e TˆÁÃ[˝ =YÃ[˝ x-%l˘ [˝Ã[˝Á[˝Ã[˝ F [˝_ EıÁL 

Eı„Ã[˝ * AªK˜ÁQÕˆÁ ]ÁW˝Ó„]Ã[˝ ÂÃ[˝Á„W˝Ã[˝ LXÓ [˝_ Â[˝„GÃ[˝ 

a]ÁX«YÁ◊TˆEı * [˝ÿô«ˆ◊ªRÙOÃ[˝ %[˝ÿöˆÁ„XÃ[˝ Ã[˝Á◊`]Á_Á ◊XSÔÃ^ 

EıÃ[˝”X * 5 

 ii) EıÁ‰ªRÙO¤◊LÃ^ C ÂGÁ_›Ã^ ◊X„V¤`Tˆ„‹óˆÃ[˝ ±ºˆÃ[˝S 
(acceleration) =YÁe`„VÃ[˝ ]„W˝Ó a+EÔı ◊XSÔÃ^ 

EıÃ[˝”X * 5 

F) i) ]c˜Á`…„XÓ ÂEıÁ„XÁ Ã[˝„Eı‰ªRÙOÃ[˝ =YÃ[˝ [˝Ác˜O„Ã[˝ ÂU„Eı 
ÂEıÁ„XÁ [˝_ EıÁL EıÃ[˝‰ªK˜ XÁ * Ã[˝„EıªRÙO◊ªRÙO u Â[˝„G 

◊YªK˜X ◊V„Eı GÓÁa ◊XfaÃ[˝S Eı„Ã[˝ * ÂVFÁX Â^ 

   
dt
Mu

t
vM d

d
d →
→

=  

  Â^FÁ„X 
→
v  Ã[˝„Eı‰ªRÙOÃ[˝ Â[˝G A[˝e M \ˆÃ[˝ * 

→
u  ÂEı 

W˝–”[˝Eı W˝„Ã[˝ ÂVFÁX  

   0
→→

− vv f  =  – u ln 
fM

M 0  

  Â^FÁ„X 0 •ÁÃ[˝Á Y“ÁU◊]Eı C f •ÁÃ[˝Á %◊‹ôˆ] Ã[˝Á◊`„Eı 

Â[˝ÁMıÁ„XÁ c˜„Ã^‰ªK˜ * 3 + 2 

 ii) AEı◊ªRÙO L  ÈV„HÔÓÃ[˝ Ã[˝„QˆÃ[˝ Y“◊Tˆ AEıEı ÈV„HÔÓÃ[˝ \ˆÃ[˝ 

Ã[˝Qˆ◊ªRÙOÃ[˝ AEı◊ªRÙO Y“Á„‹ôˆÃ[˝ ÂU„Eı V…Ã[˝„±ºˆÃ[˝ a„Ü 

a]ÁX«YÁ◊TˆEı c˜Á„Ã[˝ [˝ ◊à˘ YÁÃ^ * B Y“Á‹ôˆ ÂU„Eı 

Ã[˝Qˆ◊ªRÙOÃ[˝ \ˆÃ[˝„Eı≥V– EıTˆ V…„Ã[˝ %[˝ÿöˆÁX EıÃ[˝‰ªK˜ ? B 

Y“Á„‹ôˆÃ[˝ aÁ„Y„l˘ Ã[˝Qˆ◊ªRÙOÃ[˝ LÁQˆÓ }Á]Eı ◊XSÔÃ^ 

EıÃ[˝”X * Ã[˝„QˆÃ[˝ \ˆÃ[˝ M * 3 + 2 

G) i) AEı◊ªRÙO M \ˆ„Ã[˝Ã[˝ C  R  [˝ÓÁaÁ„W˝ÔÃ[˝ ÂGÁ_ÁE ı◊Tˆ 

ÂFÁ_„EıÃ[˝ [˝Ác˜O„Ã[˝, ◊\ˆTˆ„Ã[˝ C =Y„Ã[˝ ]c˜ÁEıbfiÃ^ 

◊[˝\ˆ[˝ C Y“Á[˝_Ó ◊XSÔÃ^ EıÃ[˝”X * ÂFÁ_„EıÃ[˝ Â[˝W˝ 

=„Yl˘Á EıÃ[˝”X * 6 
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 ii) AEı◊ªRÙO L ÈV„HÔÓÃ[˝ c˜Á_EıÁ EıÓÁ◊≥RÙO◊_\ˆÁÃ[˝ [˝›„]Ã[˝ AE 
ıY“Á„‹ôˆ W CLX ÂMıÁ_ÁXÁ %Á‰ªK˜ * Y“Á‹ôˆ ◊[˝≥V«Ã[˝ 

X]„XÃ[˝ Ã[˝Á◊`]Á_Á ◊XSÔÃ^ EıÃ[˝”X * 4 

H) i) Y“[˝Ác˜›Ã[˝ ( TˆÃ[˝„_Ã[˝ ) Âl˘‰y %◊[˝◊¨K˜~TˆÁ a…y◊ªRÙO 
◊XSÔÃ^ EıÃ[˝”X * %aeX]Ó Y“[˝Ác˜›Ã[˝ Âl˘‰y a…y◊ªRÙOÃ[˝ 
◊Eı Y◊Ã[˝[˝Tˆ¤X c˜„[˝ ? 3 + 1 

 ii) ◊X=ªRÙOX›Ã^ TˆÃ[˝„_Ã[˝ `Á‹ôˆ Y“[˝Á„c˜Ã[˝ LXÓ ÂYgÁÃ^Á„aÓc˜OÃ[˝ 

a]›EıÃ[˝S◊ªRÙO ◊_F«X C [˝ÓÁFÓÁ EıÃ[˝”X * G◊Tˆ`◊N˛ 
L◊XTˆ y”◊ªRÙOÃ[˝ LXÓ Ac˜O a]›EıÃ[˝S◊ªRÙO„Eı ÂEı]X\ˆÁ„[˝ 
£à˘ EıÃ[˝Á c˜Ã^ %Á„_ÁªJÙXÁ EıÃ[˝”X * 2 + 4 

2* Â^-ÂEıÁ„XÁ ◊TˆX◊ªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX  f 6 × 3 = 18 

Eı) i) %ÁÃ^„XÁ◊ÿˆïıÃ^Á„Ã[˝Ã[˝ ]„W˝Ó ◊V„Ã^ ÂÃ[˝◊QˆC TˆÃ[˝Ü YÁPˆÁ„XÁ 

c˜„_ TˆÁ c˜O„_EıÆœÙ„XÃ[˝ ÿôˆ„Ã[˝Ã[˝ =YÃ[˝ EıÁL Eı„Ã[˝ * 

Tˆ◊QÕˆd Y“Á[˝_Ó  tEEx ω= sin0  W˝„Ã[˝ ◊X„Ã^ 

ÂVFÁX Â^ x-%l˘ [˝Ã[˝Á[˝Ã[˝ c˜O„_EıÆœÙ„XÃ[˝ Â[˝G 

  v ( t ) =  
ω

+
m

eE
v 0

0  ( cos ωt – 1 )  A[˝e 

 x ( t ) =  
2
00

00
ω

+⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛

ω
−+

m

eE
t

m

eE
vx  sin ωt 

  c˜O„_EıÆœÙ„XÃ[˝ %ÁW˝ÁX – e, \ˆÃ[˝ m, 0v  A[˝e 0x  

^UÁy‘„] x-◊V„Eı Y“ÁU◊]Eı Â[˝G C %[˝ÿöˆÁX * 4 

 ii) Eı„Ã^Eı◊ªRÙO EıSÁÃ[˝ ]„W˝Ó ÂEı[˝_ YÁÃ[˝&◊Ã[˝Eı [˝_ 
◊y‘Ã^Á Eı„Ã[˝ * ÂVFÁX Â^ EıSÁ a]◊rÙÃ[˝ Â]ÁªRÙO ÈÃ[˝◊FEı 
\ˆÃ[˝„[˝G W˝–”[˝Eı c˜„[˝ * 2 

F) i) AEı◊ªRÙO EıSÁ AEı◊ªRÙO [˝ w¯ÁEıÁÃ[˝ Eıl˘Y„U H«Ã[˝‰ªK˜ * ^◊V 
EıSÁ◊ªRÙOÃ[˝ V–”◊Tˆ v A[˝e Eıl˘Y„UÃ[˝ [˝ÓÁaÁW˝Ô a c˜Ã^, 

ÂVFÁX Â^ EıSÁ◊ªRÙOÃ[˝ ±ºˆÃ[˝S  

   
∧→

−= r
a

vf
2

. 3 

 ii) AEı„Ã[˝F›Ã^ Y…SÔ ◊ÿöˆ◊TˆÿöˆÁYEı aeH„bÔÃ[˝ Âl˘‰y Â]ÁªRÙO 

G◊Tˆ`◊N˛Ã[˝ Y◊Ã[˝]ÁS W˝–”[˝Eı * Y“]ÁS EıÃ[˝”X * 3 

G) i) AEı◊ªRÙO L ÈVHÔÓ C M \ˆÃ[˝ ◊[˝◊`rÙ HX„EıÃ[˝ ÂV„c˜Ã[˝ 
EıSÔ„Eı %l˘ W˝Ã[˝„_ LÁ„QˆÓÃ[˝ }Á]Eı ◊XSÔÃ^ EıÃ[˝”X * 

    4 

 ii) Ã[˝ÁZıÁÃ[˝„ZıÁ„QÔˆÃ[˝ YÃ[˝›l˘ÁÃ^ ^◊V a›aÁÃ[˝ ( Z = 82 )  

◊X=◊zıÃ^Áa [˝Ó[˝c˜ÁÃ[˝ EıÃ[˝Á c˜Ã^, TˆÁc˜„_ 75 MeV 

`◊N˛Ã[˝ α-EıSÁÃ[˝ aeHÁTˆ Y“ÁªJÙ_ EıTˆ c˜„[˝ ?  2 

H) i) AEı◊ªRÙO R [˝ÓÁaÁ„W˝ÔÃ[˝ ÂGÁ_„EıÃ[˝ \ˆÃ[˝ M * 

ÂGÁ_Eı◊ªRÙOÃ[˝ ]„W˝Ó AEı◊ªRÙO 2/R  [˝ÓÁaÁ„W˝ÔÃ[˝ ÂGÁ_EıÁÃ[˝ 

G‚º˜Ã[˝ ◊ªJÙ‰yÃ[˝ ]„TˆÁ Eı„Ã[˝ ÂFgÁQÕˆÁ c˜_ * ◊ªJÙ‰y 

A  ◊[˝≥V«„Tˆ m \ˆ„Ã[˝Ã[˝ =YÃ[˝ ]c˜ÁEıbÔ [˝_ ◊XSÔÃ^ 

EıÃ[˝”X * A ◊[˝≥V« OO l  aÃ[˝_„Ã[˝FÁÃ[˝ =YÃ[˝ %[˝ÿöˆÁX 

Eı„Ã[˝ * O ÂGÁ_„EıÃ[˝ A[˝e O l  G‚º˜„Ã[˝Ã[˝ ÂEı≥V– * 3 
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 ii) G–ÓÁ◊\ˆ◊]ªRÙOÁ„Ã[˝Ã[˝ aÁc˜Á„^Ó ÂEı]X\ˆÁ„[˝ F◊XL 

%X«aμ˘ÁX ªªJÙÁ_Á„XÁ c˜Ã^ ? 3 

I¯) i) AEı◊ªRÙO 4 mm [˝ÓÁ„aÃ[˝ ◊∫RÙO„_Ã[˝ TˆÁÃ[˝„Eı 25°C 

TˆÁY]ÁyÁÃ[˝ V«◊ªRÙO V ªRÕÙ ◊[˝≥V«Ã[˝ ]„W˝Ó ªRÙOÁXªRÙOÁX\ˆÁ„[˝ [˝gÁW˝Á 

%Á‰ªK˜ * 15°C TˆÁY]ÁyÁ„Tˆ TˆÁ„Ã[˝Ã[˝ ªRÙOÁX ◊XSÔÃ^ 

EıÃ[˝”X * ◊∫RÙO„_Ã[˝ LXÓ C/1011 6 °×=α −   

A[˝e 212 dynes/cm102 ×=Y . 3 

 ii) GÓÁ„aÃ[˝ ]„W˝Ó `„åÃ[˝ Â[˝G GÓÁ„aÃ[˝ HX±ºˆ C ªJÙÁ„YÃ[˝ 

=YÃ[˝ ◊X\ˆ¤Ã[˝ Eı„Ã[˝ * ]ÁyÁ a]›EıÃ[˝S ÂU„Eı Â[˝G 

ÂEı]X\ˆÁ„[˝ ªJÙÁY C HX„±ºˆÃ[˝ a„Ü Y◊Ã[˝[˝◊Tˆ¤Tˆ c˜Ã^ 

TˆÁÃ[˝ Ã[˝Á◊`]Á_Á ◊XSÔÃ^ EıÃ[˝”X * 3 

ªJÙ) AEı◊ªRÙO [˝ÓÁYX YÁ„+Ã[˝ [˝SÔXÁ ◊VX C EıÁ^ÔY“SÁ_› [˝ÓÁFÓÁ 

EıÃ[˝”X * 6 

3* Â^-ÂEıÁ„XÁ ªJÙÁÃ[˝◊ªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX  f 3 × 4 = 12 

Eı) a]Ã^ t -Ã[˝ aÁ„Y„l˘ ÂEıÁX EıSÁÃ[˝ %[˝ÿöˆÁX  

 
∧∧∧→

π+−+= ktjtitr 2sin)12(3 23  

 c˜„_ t = 3 Âa„Eı„≥Qˆ EıSÁ◊ªRÙOÃ[˝ ±ºˆÃ[˝S ◊XSÔÃ^ EıÃ[˝”X * 3 

F) AEı◊ªRÙO CÃ^ÁG„XÃ[˝ =YÃ[˝ ÂU„Eı 
t
u

d
d  c˜Á„Ã[˝ [˝Á◊_ CÃ^ÁG„XÃ[˝ 

=YÃ[˝ ÂZı_Á c˜‰¨K˜ * CÃ^ÁGX◊ªRÙO ^◊V v  a]„[˝„G G◊Tˆ`›_ 

UÁ„Eı TˆÁc˜„_ c˜O◊tX B CÃ^ÁG„XÃ[˝ =YÃ[˝ EıTˆ [˝_ Y“„Ã^ÁG 

EıÃ[˝‰ªK˜ ? HbÔS [˝_ =„Yl˘Á EıÃ[˝”X * 3 

G) AEı◊ªRÙO 20 G–Á] \ˆ„Ã[˝Ã[˝ [˝«„_ªRÙO %X«\…ˆ◊]Eı\ˆÁ„[˝ 

100 m/sec Â[˝„G ◊G„Ã^ AEı◊ªRÙO 1 kg \ˆ„Ã[˝Ã[˝ EıÁ‰PˆÃ[˝ 

[˝¿„Eı Y“„[˝` EıÃ[˝_ * [˝¿Eı◊ªRÙO AEı◊ªRÙO 1 m _∂ëˆÁ a«TˆÁ •ÁÃ[˝Á 

M«ı_Á„XÁ %Á‰ªK˜ * a«TˆÁ◊ªRÙOÃ[˝ a„[˝ÔÁ¨JÙ ÂEıÏ◊SEı ◊[˝ªJ«ÙÓ◊Tˆ EıTˆ 

c˜„[˝ ?  3 

H) ÂEıÏ◊SEı \ˆÃ[˝„[˝„GÃ[˝ aeÃ[˝l˘S a…y◊ªRÙO ◊_F«X * V ªRÕÙ [˝ÿô«ˆÃ[˝ 

Âl˘‰y TˆÁ Y“]ÁS EıÃ[˝”X * 3 

I¯) ]«◊N˛„[˝G EıÁ„Eı [˝„_ ? ]«◊N˛„[˝„GÃ[˝ Ã[˝Á◊`]Á_Á ◊XSÔÃ^ 

EıÃ[˝”X * 3 

ªJÙ) ÂYÁÃ^ÁagÃ[˝ %X«YÁTˆ Eı› ? AEı◊ªRÙO Ã[˝[˝Á„Ã[˝Ã[˝ V≥Qˆ„Eı ÊªRÙO„X _∂ëˆÁ 

EıÃ[˝Á c˜_ * ^◊V %ÁÃ^Tˆ„XÃ[˝ ÂEıÁX Y◊Ã[˝[˝Tˆ¤X XÁ c˜Ã^ TˆÁc˜„_ 

ÂYÁÃ^ÁagÃ[˝ %X«YÁ„TˆÃ[˝ ]ÁX ◊XSÔÃ^ EıÃ[˝”X * 3 

ªK˜) H«Sfi YÁ„+ ªJÙÁY EıTˆV…Ã[˝ Y^Ô‹ôˆ Eı]Á„XÁ ^ÁÃ^ ? Ac˜O 

a›]Á[˝à˘TˆÁÃ[˝ EıÁÃ[˝S Eı› ? 3 

L) ]c˜ÁEıbfiÃ^ W˝–”[˝Eı G-AÃ[˝ ]ÁyÁ ◊XSÔÃ^ EıÃ[˝”X * 3 
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( English Version ) 
 
 
 

1. Answer any two questions : 10 × 2 = 20 
a) i) A body is moving along x-axis. A force 

F is acting along x-axis on it. If the 
force due to the resistance of the 
medium is proportional to its velocity, 
find an expression for its position. 5 

 ii) Find the relation between the 
components of acceleration in 
Cartesian and Spherical polar         
co-ordinates. 5 

b) i) In space, no force is acting on a 
rocket. The rocket is emitting gas with 
a velocity u towards its back. Show 
that 

  
dt
Mu

t
vM d

d
d →
→

=  

  when  
→
v  is the velocity of the rocket 

and M its mass. Assuming 
→
u  to be 

constant, show that   

  0
→→

− vv f  =  – u ln 
fM

M 0  

  where o and f refer to initial and final 
quantities. 3 + 2 

 ii) A rod of length L has a mass per unit 

length which is proportional to its 

distance from one end. How far is the 

centre of mass of the rod from that 

end ? Find out the moment of inertia 

of the rod of mass M from that end. 

   3 + 2 

c) i) Find out the gravitational potential 

and intensity for a spherical shell of 

mass M and radius R inside, outside 

and on the shell. Neglect the 

thickness of the shell. 6 

 ii) A weight W is suspended at the end of 

a light cantilever of length L. Find out 

the depression at that end. 4 

d) i) Establish the equation of continuity 

for a fluid. What will be its form for an 

incompressible fluid. 3 + 1 

 ii) Write down and explain Poiseuille’s 

equation for a Neutonian fluid. 

Discuss how this equation is 

corrected for error due to kinetic 

energy. 2 + 4 
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2. Answer any three questions : 6 × 3 = 18 
a) i) A radio wave sent through ionosphere 

acts on electrons. Assuming the 
electric field intensity to be  

tEEx ω= sin0  show that the velocity 

of electron along the x-axis is  

  v ( t ) =  
ω

+
m

eE
v 0

0  ( cos ωt – 1 )  and 

 x ( t ) =  
2
00

00
ω

+⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛

ω
−+

m

eE
t

m

eE
vx  sin ωt 

  The electron has charge  – e, mass m. 
The initial position and velocity in the 
x-direction are 0x  and  0v  

respectively. 4 
 ii) Show that if the force acting on a 

number of particles is only due to 
mutual interaction between them, the 
total linear momentum of the system 
of particles is conserved. 2 

b) i) A particle is moving in a circular orbit. 
If its speed is v and the radius of the 
path is a, show that the acceleration 
of the particle is 

   
∧→

−= r
a

vf
2

. 3 

 ii) Show that the total kinetic energy is 
conserved in fully elastic collision. 3 

c) i) Find out the moment of inertia of a 
cube of mass M and length L about its 
body diagonally. 4 

 ii) Find out the impact parameters 
in  Rutherford’s experiment for         
α-particles of energy 75 MeV if 

  Pb ( Z = 82 )  is used as target. 2 

d) i) A spherical cavity of radius 
2
R  is 

made in a sphere of mass M and 
radius R as shown in the figure. Find 
out the gravitational force on mass m 
at the point A. A is situated on the 

line connecting OO l
 where O and O

l
 

are the centres of the sphere and the 
cavity, respectively. 3 

 
 ii) How does one use gravimeter to 

search for minerals ? 3 
e) i) A steel wire of diameter 4 mm is just 

stretched between two rigid supports 
at 25°C. Find out the tension in the 
wire at 15°C. Given that for steel, 

  C/1011 6 °×=α −   and 

  
212 dynes/cm102 ×=Y . 3 
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 ii) Velocity of sound in gas depends on 

its density and pressure. From 

dimensional analysis obtain an 

expression showing how the velocity 

changes with pressure and density. 3 

f) Describe a diffusion pump and explain its 

working. 6 

3. Answer any four questions : 3 × 4 = 12 

a) The position of a particle with respect to 

time t is given by 

 
∧∧∧→

π+−+= ktjtitr 2sin)12(3 23  

 Find out the acceleration of the particle at  

t = 3 second. 3 

b) Sand is being loaded on a wagon from 

above at the rate of  
t
u

d
d . If the wagon is 

moving with a constant velocity v then what 

is the force that the engine applies on the 

wagon ? Neglect friction. 3 

c) A bullet of mass 20 gm hits a wooden block 

of mass 1 kg after travelling horizontally at 

a velocity 100 m/sec. and is embedded in 

it. The block is hung by a string 1 m long. 

Find out the maximum angular 

displacement of the string. 3 

d) Write down the law of conservation of 

angular momentum and prove it for a rigid 

body.  3 

e) What is escape velocity ? Find an 

expression for it. 3 

f) What is Poisson’s ratio ? A rubber rod is 

stretched. Find out the value of Poisson’s 

ratio if the volume remains unchanged. 3 

g) What is the limit to which pressure can be 

reduced in a rotary pump ? What is the 

reason for this limit ? 3 

h) Find out the dimension of gravitational 

constant G. 3 

    


