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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 ) 

V`] Yy ( 10th Paper : Analytical Statics and       
Fluid Statics ) 

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* Y“„TˆÓEı ◊[˝\ˆÁG ÂU„Eı AEı◊ªRÙO Eı„Ã[˝ Â]ÁªRÙO V«◊ªRÙO Y“‰`¬Ã[˝      

=w¯Ã[˝ ◊VX f 10 × 2 = 20 

◊[˝\ˆÁG – % 

(Eı) ÂEıÁ„XÁ V ªRÕÙ [˝ÿô«ˆÃ[˝ =YÃ[˝ ◊y‘Ã^Á`›_ a]Tˆ_›Ã^ [˝_„GÁúˆ›Ã[˝ 

◊XÃ[˝„Yl˘ ÂEı‰≥V–Ã[˝ %◊ÿôˆ±ºˆ, ◊[˝‰`¿◊bTˆÁe` Yà˘◊Tˆ„Tˆ 

Y“◊TˆúˆÁ EıÃ[˝”X* 

 ◊XÃ[˝„Yl˘ aÁ]ÓÁ[˝ÿöˆÁÃ[˝ `Tˆ¤◊ªRÙO ◊XSÔÃ^ EıÃ[˝”X* 

(F) AEı◊ªRÙO V ªRÕÙ [˝ÿô«ˆÃ[˝ =YÃ[˝ ◊y‘Ã^Á`›_ %a]Tˆ_›Ã^ 

[˝_„GÁúˆ›Ã[˝ Eı◊îTˆ EıÁ„^ÔÃ[˝ a…y ◊[˝[˝ Tˆ C Y“]ÁS EıÃ[˝”X* 

◊[˝\ˆÁG – %Á 

(G) AEı◊ªRÙO YÁ‰y Ã[˝◊l˘Tˆ ◊EıªK«˜ Y◊Ã[˝]ÁS a]a√º¯ TˆÃ[˝_ ={∂ëˆ 

%„l˘Ã[˝ aÁ„Y„l˘ a]\ˆÁ„[˝ H…SÔÁÃ^]ÁX* A◊ªRÙOÃ[˝ Â^ ÂEıÁ„XÁ 

◊[˝≥V«„Tˆ ªJÙÁY C a]ªJÙÁ„YÃ[˝ Tˆ_ ◊XSÔÃ^ EıÃ[˝”X* 

 ρ  HX±ºˆ ◊[˝◊`rÙ TˆÃ[˝„_Ã[˝ z G\ˆ›Ã[˝TˆÁÃ^ Y ◊U[˝›Ã[˝ %ÁEıbÔS 

a + bz c˜„_ Âac˜O G\ˆ›Ã[˝TˆÁÃ^ ªJÙÁY ◊XSÔÃ^ EıÃ[˝”X* 8 + 2 

(H)  ÂEıÁX [˝ÿô«ˆÃ[˝ YÃ[˝Á„Eı‰≥V–Ã[˝ (metacentre) %◊ÿôˆ„±ºˆÃ[˝ `Tˆ¤ 

◊XSÔÃ^ EıÃ[˝”X A[˝e a]a√º¯ ◊ÿöˆÃ[˝ TˆÃ[˝„_ %◊\ˆEı„bÔÃ[˝ •ÁÃ[˝Á 

Y“\ˆÁ◊[˝Tˆ %[˝Á„W˝ \ˆÁa]ÁX [˝ÿô«ˆÃ[˝ ^UÁ^U Y“Tˆ›Eı ◊ªJÙc˜‘ac˜ 

V
AkHM

2
= a…y◊ªRÙO Y“]ÁS EıÃ[˝”X* 

2* Y“„TˆÓEı ◊[˝\ˆÁG ÂU„Eı %‹ôˆTˆ AEı◊ªRÙO Y“`¬ ◊X[˝ÔÁªJÙX Eı„Ã[˝       

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

◊[˝\ˆÁG – % 

(Eı) ABC ◊≈y\«ˆ„LÃ[˝ BC, CA, AB [˝ÁßyÃ^ [˝Ã[˝Á[˝Ã[˝ ◊TˆX◊ªRÙO 

[˝_ P, Q, R AEıc˜O %◊\ˆ]«„F a◊y‘Ã^* ^◊V A„VÃ[˝ _◊ï˘ 

_∂ëˆ◊[˝≥V« ◊V„Ã^ ^ÁÃ^, Tˆ„[˝ ÂVFÁX Â^, 
0secsecsec =++ CRBQAP . 
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(F) OBDC AEı◊ªRÙO %ÁÃ^Tˆ„l˘y, Â^FÁ„X OB = b A[˝e 

OC = c ; %Á[˝ÁÃ[˝ OA B a]Tˆ„_Ã[˝ =YÃ[˝ _∂ëˆ* OA, 

CD A[˝e BD [˝Ã[˝Á[˝Ã[˝, ^UÁy‘„] X, Y A[˝e Z [˝_ 

◊y‘Ã^Á`›_ c˜„_, ÂVFÁX Â^, _◊ï˘ ÂÃ[˝XÀªJÙ (wrench)-AÃ[˝ 

◊[˝‰`¿◊bTˆÁe` [˝_ R A[˝e •≥• K-AÃ[˝ ]ÁX ^UÁy‘„]   

 222 ZYX ++  A[˝e 
222)( ZYXYcZbX ++÷− c˜„[˝* 

(G) AEı◊ªRÙO [˝ÿô«ˆEıSÁ )(xfy =  a]›EıÃ[˝S ◊[˝◊`rÙ AEı◊ªRÙO 

%]a S aÁ]Tˆ◊_Eı [˝y‘„Ã[˝FÁÃ[˝ =YÃ[˝ ◊ÿöˆTˆÁ[˝ÿöˆÁÃ^ %Á‰ªK˜ 

A[˝e TˆÁ„VÃ[˝  =YÃ[˝ Y“^«N˛ [˝„_Ã[˝ x A[˝e y-%l˘ 

[˝Ã[˝Á[˝Ã[˝ ◊[˝‰`¿◊bTˆÁe` V«◊ªRÙO ( X, Y ) * Y“]ÁS EıÃ[˝”X Â^, 

[˝ÿô«ˆEıSÁ◊ªRÙO Âac˜O a]ÿôˆ ◊[˝≥V«„Tˆc˜O aÁ]ÓÁ[˝ÿöˆÁÃ^ UÁEı„[˝,  

 Â^FÁ„X 
2

2
2

d
d

d
d

⎟
⎠
⎞

⎜
⎝
⎛ −≤⎟

⎠
⎞

⎜
⎝
⎛ + Yx

yXx
yYX μ ,    

Â^FÁ„X μ  HbÔSÁeEı* 

◊[˝\ˆÁG – %Á 

(H)  AEı◊ªRÙO TˆÃ[˝„_ ◊X]◊#Tˆ a]Tˆ_›Ã^ Âl˘‰yÃ[˝ C.G. A[˝e 

C.P.-AÃ[˝ TˆÃ[˝„_Ã[˝ ]«N˛„l˘y ÂU„Eı Y“ÁÃ[˝◊ïˆEı G\ˆ›Ã[˝TˆÁ 

^UÁy‘„] z A[˝e ζ  c˜„_ A[˝e TˆÃ[˝„_Ã[˝ G\ˆ›Ã[˝TˆÁ      

y Y◊Ã[˝]ÁS [˝◊W˝ÔTˆ c˜„_, XT«ˆX ]«N˛„l˘y ÂU„Eı XT«ˆX 

C.P. (C
/
) -AÃ[˝ G\ˆ›Ã[˝TˆÁ ζ  ◊XSÔÃ^ EıÃ[˝”X* 

(I¯)  AEı◊ªRÙO [˝ÁÃ^[˝›Ã̂  YVÁ„UÔÃ[˝ [˝ÁÃ^«]â¯_ Y◊Ã[˝ªJÙ_X› 

aÁ]ÓÁ[˝ÿöˆÁÃ^ ÂU„Eı ◊X∂oˆ◊_◊FTˆ a…y◊ªRÙO a]UÔX Eı„Ã[˝ : 

 TRkp ρργ == , 

 Â^FÁ„X p, ρ , T  ^UÁy‘„] ªJÙÁY, HX±ºˆ C =b’TˆÁ A[˝e 

k, γ , R W˝–”[˝Eı* ÂVFÁX Â^, 
γ

γ
α

1
d
d −

−=−= R
g

z
T , 

 Â^FÁ„X α  AEı◊ªRÙO W˝–”[˝Eı* 

(ªJÙ) `›bÔ„EıÁS α2  ◊[˝◊`rÙ C ◊X∂oˆÿöˆ EıÁ◊Ã[˝EıÁ„Ã[˝FÁ 

%X«\…ˆ◊]Eı, AÃ[˝÷Y AEı◊ªRÙO `·«¯ TˆÃ[˝_ •ÁÃ[˝Á a+…SÔ \ˆ◊Tˆ¤; 

Y“]ÁS EıÃ[˝”X, [˝y‘Tˆ„_Ã[˝ =YÃ[˝ _◊ï˘ HÁ„TˆÃ[˝ ={∂ëˆ 

A[˝e %X«\…ˆ◊]Eı ◊[˝‰`¿◊bTˆÁe` ^UÁy‘„] 

)sin31( 2 α+W  A[˝e ααcossin3W , Â^FÁ„X 

`·«¯„Tˆ Ã[˝◊l˘Tˆ TˆÃ[˝„_Ã[˝ CLX W * 

3* Y“„TˆÓEı ◊[˝\ˆÁG ÂU„Eı V«◊ªRÙO Eı„Ã[˝ Â]ÁªRÙO ªJÙÁÃ[˝◊ªRÙO Y“‰`¬Ã[˝       

=w¯Ã[˝ ◊VX f 3 × 4 = 12 

◊[˝\ˆÁG – %ı 

(Eı) AEı◊ªRÙO ^«GΩ[˝„_Ã[˝ [˝_V«◊ªRÙOÃ[˝ Y“„Ã^ÁG◊[˝≥V« A A[˝e B A[˝e 

TˆÁ„VÃ[˝ }Á]Eı G * ^◊V [˝_V«◊ªRÙOÃ[˝ ◊y‘Ã^Á„Ã[˝FÁ 90° H«„Ã[˝ 

^ÁÃ^, Tˆ„[˝ CÃ[˝Á H }Á]Eı ◊[˝◊`rÙ ^«GΩ[˝_ GPˆX Eı„Ã[˝* 

^FX [˝_ V«◊ªRÙOÃ[˝ ◊y‘Ã^Á„Ã[˝FÁ AB-AÃ[˝ =YÃ[˝ _∂ëˆ c˜„[˝, 

TˆFX ÂVFÁX Â^, [˝_ V«◊ªRÙO 22 HG + }Á]Eı ◊[˝◊`rÙ 

^«GΩ[˝_ GPˆX Eı„Ã[˝* 
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(F) ÂÃ[˝XÀªJÙ (wrench) [˝_„Tˆ ◊Eı Â[˝ÁMıÁ„XÁ c˜Ã^ ? [˝ÓÁFÓÁ 

EıÃ[˝”X* 

(G) AEı◊ªRÙO a«b] \ˆÁÃ[˝› a«„TˆÁ %◊\ˆEıbÔ %W˝›„X ]«N˛\ˆÁ„[˝ 

M«ı_„Tˆ UÁEı„_, B a«„TˆÁ •ÁÃ[˝Á G◊PˆTˆ ÂÃ[˝FÁÃ[˝ a]›EıÃ[˝S 

◊_F«X* 

 ÂVFÁX Â^, ÂÃ[˝FÁÃ[˝ ◊X∂oˆÿöˆ ◊[˝≥V«Ã[˝ ◊XEıªRÙO[˝Tˆfi %e„`, Âa◊ªRÙO 

%◊W˝[˝ „w¯Ã[˝ EıÁªK˜ÁEıÁ◊ªK˜ c˜„[˝* 

(H)  [˝ w¯ÁEıÁÃ[˝ YÁ„TˆÃ[˝ AEı◊ªRÙO YÁV AOB, ^ÁÃ[˝ Â^ ÂEıÁ„XÁ 

◊[˝≥V«„Tˆ Â[˝W˝, OA A[˝e OB ÂU„Eı V…Ã[˝±ºˆ •„Ã^Ã[˝ 

mSZı„_Ã[˝ a]ÁX«YÁTˆ›* OA A[˝e OB-ÂEı %l˘ W˝„Ã[˝ 

ÂVFÁX Â^, YÁTˆ◊ªRÙOÃ[˝ \ˆÃ[˝„Eı≥V– ⎟
⎠
⎞⎜

⎝
⎛

15
8,

15
8 aa , Â^FÁ„X a 

YÁTˆ◊ªRÙOÃ[˝ [˝ÓÁaÁW˝Ô* 

◊[˝\ˆÁG – %Á 

(I¯)  AEı◊ªRÙO aÁ]‹ôˆ◊Ã[˝Eı Âl˘y ^◊V Â^ ÂEıÁXÃ[˝Eı] \ˆÁ„[˝ 

a]a√º¯ TˆÃ[˝„_Ã[˝ ]„W˝Ó ◊X]◊#Tˆ UÁ„Eı, Tˆ„[˝ ÂVFÁX Â^ 

Y“◊Tˆ◊ªRÙO Eı„SÔÃ[˝ Y“Á‹ôˆ◊[˝≥V« V«◊ªRÙO„Tˆ ªJÙÁ„YÃ[˝ Â^ÁGZı_ a]ÁX* 

(ªJÙ) ρ  A[˝e σ  HX±ºˆ ◊[˝◊`rÙ V«◊ªRÙO TˆÃ[˝„_Ã[˝ ]„W˝Ó           

a [˝Áß◊[˝◊`rÙ AEı◊ªRÙO [˝GÔ„l˘y ={∂ëˆ\ˆÁ„[˝ Q«ˆ[˝Á„XÁ c˜_, 

^Á„Tˆ Âa◊ªRÙOÃ[˝ =YÃ[˝ÿöˆ [˝Áß◊ªRÙO ]«N˛ Tˆ„_ UÁ„Eı* ρ  HX±ºˆ 

◊[˝◊`rÙ =YÃ[˝ÿöˆ TˆÃ[˝„_Ã[˝ G\ˆ›Ã[˝TˆÁ )( ab < * 

[˝GÔ„l˘y◊ªRÙOÃ[˝ =YÃ[˝ HÁTˆ ◊XSÔÃ^ EıÃ[˝”X* 

(ªK˜) h  =¨JÙTˆÁ C ρ  HX±ºˆ ◊[˝◊`rÙ AEı◊ªRÙO HX `·«¯,    

)( ρσ >  HX±ºˆ ◊[˝◊`rÙ AEı◊ªRÙO TˆÃ[˝„_Ã[˝ ]„W˝Ó, `›bÔ◊[˝≥V« 

X›ªJÙÿöˆ \ˆÁ„[˝ \ˆÁa]ÁX* ÂVFÁX Â^, `·«¯◊ªRÙOÃ[˝ %„l˘Ã[˝ 

( )3 /1 σρ−h  Y◊Ã[˝]ÁS ÈVHÔÓ TˆÃ[˝„_Ã[˝ [˝Ác˜O„Ã[˝ 

UÁEı„[˝* 

(L) ÂVFÁX Â^, ◊]◊`“Tˆ c˜Ã^ XÁ AÃ[˝÷Y V«◊ªRÙO \ˆÁÃ[˝› a]a√º¯ 

TˆÃ[˝„_Ã[˝ aÁW˝ÁÃ[˝S Tˆ_, %X«\…ˆ◊]Eı a]Tˆ_ c˜„[˝* 
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( English Version ) 

 

1. Answer any two questions taking one from each 
Group :  10 × 2 = 20 

Group – A 

 (a) Establish analytically the existence of an 

astatic centre for a system of coplanar 
forces acting on a rigid body. Determine the 

condition of astatic equilibrium. 

(b) State and prove the principle of virtual 

work for a system of non-coplanar forces 

acting on a rigid body.  

Group – B 

(c) Determine the pressure at any point and 
the surfaces of equal pressure when a mass 
of homogeneous liquid contained in a vessel 
revolves uniformly about a vertical axis. If 
earth's attraction be a + bz at a depth z of a 
liquid of density ρ , find the pressure at the 
depth. 8 + 2  

(d) Find the condition for existence of 
metacentre of a body and prove the formula 

V
AkHM

2
=  with usual notation for finding 

the metacentre of the body floating freely in 
a homogeneous liquid at rest under gravity.  

2. Answer any three questions taking at least one 

from each Group :  6 × 3 = 18 

Group – A 

 (a) Three forces P, Q, R act in the same sense 

along the sides BC, CA, AB of a triangle 

ABC. If their resultant passes through       

the orthocentre, then show that 

0secsecsec =++ CRBQAP . 

(b) OBDC is a rectangle such that OB = b and 

OC = c ; also OA is perpendicular to the 

plane. Forces X, Y and Z act along OA, CD 

and BD. Show that the component force      

R and the couple K of the resultant wrench 

  are 222 ZYX ++  and 

222)( ZYXYcZbX ++÷−  respectively. 

(c) A particle rests on a plane rough curve 
whose equation is )(xfy =  and is acted 
upon by a force with components ( X, Y ) 
along x and y-axis. Prove that the particle 
will rest in equilibrium at those points for 

which 
2

2
2

d
d

d
d

⎟
⎠
⎞

⎜
⎝
⎛ −≤⎟

⎠
⎞

⎜
⎝
⎛ + Yx

yXx
yYX μ , where 

μ  is the coefficient of friction.  



 EMT-X(UT-226/15) EMT-X(UT-226/15) 2  

B.Sc.-803-G    [ Y„Ã[˝Ã[˝ Y úˆÁÃ^ V–rÙ[˝Ó B.Sc.-803-G   

Group – B 

(d) If z and ζ  be the depths of the C.G. and 

C.P. respectively of a plane lamina 

immersed in a liquid, below the free surface 

in the original position and if the depth of 

the liquid be increased by y, then find ζ

which is the depth of new C.P. (C
/
) below 

the new free surface. 
(e) A gaseous atmosphere having convective 

equilibrium of temperature satisfies the law  

 TRkp ρργ == , 

 where p, ρ , T are pressure, density and 

temperature respectively and k, γ , R are 

constants. Show that  
γ

γ
α

1
d
d −

−=−= R
g

z
T , 

where α  is a constant. 

(f) A cone, whose vertical angle is α2 , has      

its lowest generator horizontal and is       

filled with liquid; prove that the vertical     

and horizontal components of the    

resultant pressure on the curved surface                     

are respectively )sin31( 2 α+W  and 

ααcossin3W , where W is the weight of the 

liquid contained in the cone. 

3. Answer any four questions taking two from each 

Group :  3 × 4 = 12 

Group – A 

 (a) The constituent forces of a couple of 

moment G act at A and B. If their lines of 

action be turned through a right angle, they 

form a couple of moment H. When they 

both act at right angles to AB, show that 

they form a couple of moment 22 HG + .  

(b) What is meant by Wrench ? Explain.  

(c) Write down equation of the curve formed by 

a uniform heavy inextensible string hanging 

freely under gravity. Show that in the 

neighbourhood of lowest point the curve 

approximates to a parabola.  

(d) AOB is a quadrant of a circular plate, the 

thickness at any point of it varying as the 

product of the distances of the point from 

OA and OB. Taking OA and OB as axes, 

show that C.G. of the quadrant is  

⎟
⎠
⎞⎜

⎝
⎛

15
8,

15
8 aa , a  being the radius of the plate. 
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Group – B 

(e) If a parallelogram be immersed in any 

manner in a homogeneous liquid, then 

prove that the sum of the pressures at the 

extremities of each diagonal is the same.    

(f) A square of side a  is dipped vertically in 

two liquids of densities ρ  and σ  with the 

upper side in the free surface. The depth of 

the upper liquid of density ρ  is )( ab < . 

Find the thrust on the square.  

(g) A solid cone of height h and density ρ  is 

floating in a liquid of density )( ρσ >  with its 

vertex downwards. Show that the length 

( )3 /1 σρ−h  of axis of the cone is outside 

the liquid.  

(h) Show that the common surface of two 

heavy homogeneous liquids which do not 

mix is a horizontal plane.   

    


