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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[˝ ◊X„Ã^ Â]ÁªRÙO V«◊ªRÙO Y“‰`¬Ã[˝      

=w¯Ã[˝ ◊VX f 10 × 2 = 20 

◊[˝\ˆÁG – % 
(Eı) AEı◊ªRÙO a]Tˆ_›Ã^ [˝_„GÁúˆ› AEı◊ªRÙO V ªRÕÙ [˝ÿô«ˆÃ[˝ =YÃ[˝ 

◊y‘Ã^Á`›_* ÂVFÁX Â^, A◊ªRÙO [˝_m◊_Ã[˝ Tˆ„_ %[˝◊ÿöˆTˆ 
Â^ ÂEıÁ„XÁ O ◊[˝≥V«„Tˆ ◊y‘Ã^Á`›_ AEı◊ªRÙO AEıEı [˝_ C 
AEı◊ªRÙO AEıEı •„≥•Ã[˝ a]T«ˆ_ c˜„[˝* AÃ[˝ ÂU„Eı 
[˝_„GÁúˆ›◊ªRÙO aÁ]ÓÁ[˝ÿöˆÁÃ^ UÁEıÁÃ[˝ `Tˆ¤m◊_ ◊XSÔÃ^ EıÃ[˝”X* 

  10  

(F) AEı◊ªRÙO [˝GÔÁEıÁÃ[˝ YÁTˆ AEı◊ªRÙO ]a S ÂVCÃ^Á„_Ã[˝ =YÃ[˝ 

◊ÿöˆÃ[˝ %Á‰ªK˜, ^Á„Tˆ YÁTˆ◊ªRÙOÃ[˝ Tˆ_ B ÂVCÃ^Á„_Ã[˝ aÁ„U 

={∂ëˆ\ˆÁ„[˝ UÁ„Eı* B [˝GÔÁE ı◊Tˆ YÁ„TˆÃ[˝ [˝ÁßÃ[˝ a]ÁX 

ÈVHÔÓ◊[˝◊`rÙ AEı◊ªRÙO a…©ø a…TˆÁÃ[˝ aÁc˜Á„^Ó B YÁTˆ◊ªRÙOÃ[˝ 

AEı◊ªRÙO ÂEıÏ◊SEı ◊[˝≥V«, ÂVCÃ^Á„_Ã[˝ AEı◊ªRÙO ◊[˝≥V«Ã[˝ aÁ„U 

^«N˛ %Á‰ªK˜* aÁ„]ÓÃ[˝ %[˝ÿöˆÁX ◊XSÔÃ^ EıÃ[˝”X A[˝e ÂVFÁX 

Â^, A◊ªRÙO a«◊ÿöˆTˆ* 10 

           ◊[˝\ˆÁG – %Á 

(G) AEı◊ªRÙO aÁ]Tˆ◊_Eı Âl˘y ={∂ëˆ\ˆÁ„[˝ L„_Ã[˝ ◊\ˆTˆÃ[˝ 

a+…SÔ\ˆÁ„[˝ ◊X]◊#Tˆ* ^◊V A◊ªRÙO H…SÔX [˝Ó◊Tˆ„Ã[˝„Eı 

={∂ëˆTˆ„_˝ a]„[˝„G %ÁÃ[˝C ◊X]◊#Tˆ c˜Ã^, Tˆ„[˝ ÂVFÁX 

Â^, ªJÙÁY„Eı≥V–, Tˆ_◊ªRÙOÃ[˝ \ˆÁÃ[˝„Eı≥V–GÁ]› %X«\…ˆ◊]Eı ÂÃ[˝FÁÃ[˝ 

◊V„Eı, \ˆÁÃ[˝„Eı‰≥V–Ã[˝ G\ˆ›Ã[˝TˆÁÃ[˝ [˝„GÔÃ[˝ [˝ÓÿôˆÁX«YÁ◊TˆEı 

Â[˝„G W˝Á[˝]ÁX* 10 

(H)  `›bÔ„EıÁS α2  ^«N˛ AEı◊ªRÙO Eı◊PˆX _∂ëˆ[˝ w¯ÁEıÁÃ[˝ `·«¯ 

◊PˆEı L_Tˆ„_Ã[˝ X›‰ªJÙ ◊X]◊#Tˆ %Á‰ªK˜* AÃ[˝ AEı◊ªRÙO 

EıÁ◊Ã[˝EıÁ ÂÃ[˝FÁ (generator) L_Tˆ„_ %Á‰ªK˜* `·«¯ 

EıT ˆ¤Eı %YaÁ◊Ã[˝Tˆ L„_Ã[˝ CLX W c˜„_, Y“]ÁS EıÃ[˝”X 

Â^, `·«¯Ã[˝ [˝y‘Tˆ„_Ã[˝ =YÃ[˝ _◊ï˘HÁTˆ 

α+ 2sin31W  A[˝e B _◊ï˘Ã[˝ ◊VEı `·«¯Ã[˝ %„l˘Ã[˝ 

aÁ„U θ  ÂEıÁ„S %ÁXTˆ c˜„_ α=θ tan2cot * 10 
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2* Â^-ÂEıÁ„XÁ ◊TˆX◊ªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX (Y“„TˆÓEı ◊[˝\ˆÁG ÂU„Eı 

%‹ôˆTˆ AEı◊ªRÙO Y“`¬ ◊X[˝ÔÁªJÙX EıÃ[˝„Tˆ c˜„[˝) f 6 × 3 = 18 

◊[˝\ˆÁG – % 

(Eı) ÂEıÁ„XÁ \…ˆ◊] ◊[˝≥V« O GÁ]› EıÁ„Tˆ¤a›Ã^ %l˘ Ox, Oy,   

Oz-AÃ[˝ aÁ„Y„l˘ AEı◊ªRÙO [˝_„GÁúˆ›Ã[˝ A[˝e TˆÁ„VÃ[˝ 

•„≥•Ã[˝ ◊[˝‰`¿◊bTˆÁe„`Ã[˝ [˝›LGÁ◊S◊TˆEı Â^ÁGZı_ 

^UÁy‘„] X, Y, Z A[˝e L, M, N * ÂVFÁX Â^, Â^ 

ÂEıÁ„XÁ \…ˆ◊] ◊[˝≥V« A[˝e Â^ ÂEıÁ„XÁ ◊V„EıÃ[˝ %„l˘Ã[˝ 

aÁ„Y„l˘ 222 ZYX ++  A[˝e LX + MY + NZ  

%◊[˝ªJÙ_* 6 

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

[˝_„GÁúˆ› aÁ]ÓÁ[˝ÿöˆÁÃ^ %Á‰ªK˜* ÂVFÁX Â^, B [˝_„GÁúˆ› 

•ÁÃ[˝Á Eı◊îTˆ EıÁ^Ô `…XÓ c˜„[˝* 6 

(G) AEı◊ªRÙO a]◊•[˝Áß ◊≈y\«ˆLÁE ı◊Tˆ YÁTˆ AÃ[˝÷Y Â^, TˆÁÃ[˝ Â^ 

ÂEıÁ„XÁ ◊[˝≥V«„Tˆ AEıEı Âl˘‰y \ˆÃ[˝, B ◊≈y\«ˆ„LÃ[˝ a]ÁX 

V«◊ªRÙO [˝Áß ÂU„Eı B ◊[˝≥V«Ã[˝ V…Ã[˝„±ºˆÃ[˝ Â^ÁGZı„_Ã[˝ 

a]ÁX«YÁ◊TˆEı* Y“]ÁS EıÃ[˝”X, `›bÔ◊[˝≥V« ÂU„Eı 

\ˆÁÃ[˝„Eı‰≥V–Ã[˝ V…Ã[˝±ºˆ =¨JÙTˆÁÃ[˝ ◊TˆX ªJÙT«ˆUÔÁe`* 6 

◊[˝\ˆÁG – %Á 

(H)  h ÈVHÔÓ, a  [˝ÓÁaÁW˝Ô A[˝e s %Á„Y◊l˘Eı mÃ[˝”±ºˆ ◊[˝◊`rÙ 

AEı◊ªRÙO a]a√º¯ _∂ëˆ[˝ w¯ÁEıÁÃ[˝ ÊªJÙÁI¯ L„_Ã[˝ ]„W˝Ó 

\ˆÁa]ÁX* )1(2
2

2
ss

h
a −>  c˜„_, Y“]ÁS EıÃ[˝”X Â^, 

ÊªJÙÁI¯◊ªRÙOÃ[˝ %„l˘Ã[˝ ={∂ëˆ\ˆÁ„[˝ %[˝ÿöˆÁX a«◊ÿöˆTˆ c˜„[˝* 6 

(I¯)  ABC AEı◊ªRÙO ◊≈y\«ˆL V«◊ªRÙO TˆÃ[˝„_Ã[˝ ]„W˝Ó ={∂ëˆ %[˝ÿöˆÁÃ^ 

AÃ[˝÷Y\ˆÁ„[˝ ◊X]◊#Tˆ %Á‰ªK˜, ^Á„Tˆ TˆÁÃ[˝ \…ˆ◊] BC 

=Y◊Ã[˝Tˆ„_ UÁ„Eı* =YÃ[˝ÿöˆ C ◊X∂oˆÿöˆ TˆÃ[˝„_Ã[˝ HX±ºˆ 

^UÁy‘„] σ  A[˝e ρ  c˜„_ A[˝e ◊[˝\ˆN˛ Tˆ„_Ã[˝ 

G\ˆ›Ã[˝TˆÁ, `›bÔ◊[˝≥V«Ã[˝ G\ˆ›Ã[˝TˆÁÃ[˝ %„W˝ÔEı c˜„_, Y“]ÁS 

EıÃ[˝”X Â^, V«◊ªRÙO TˆÃ[˝„_Ã[˝ ]„W˝ÓÃ[˝ %e`V«◊ªRÙOÃ[˝ =YÃ[˝ HÁ„TˆÃ[˝ 

%X«YÁTˆ )3(:4 ρ+σσ . 6 

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

%„l˘Ã[˝ ªJÙT«ˆ◊V¤„Eı a]„[˝„G H…SÔÁÃ^]ÁX* TˆÃ[˝„_Ã[˝ ]„W˝Ó Â^ 

ÂEıÁ„XÁ ◊[˝≥V«„Tˆ ªJÙÁY ◊XSÔÃ^ EıÃ[˝”X* 6 
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3* Y“„TˆÓEı ◊[˝\ˆÁG ÂU„Eı V«◊ªRÙO Eı„Ã[˝ ◊X„Ã^ Â]ÁªRÙO ªJÙÁÃ[˝◊ªRÙO Y“‰`¬Ã[˝       

=w¯Ã[˝ ◊VX f 3 × 4 = 12 

◊[˝\ˆÁG – %ı 

(Eı) P A[˝e Q V«◊ªRÙO a]]«F› a]Á‹ôˆÃ[˝Á_ [˝_* P [˝_, 

a]Á‹ôˆÃ[˝Á_\ˆÁ„[˝ x V…Ã[˝„±ºˆ a„Ã[˝ ÂG„_, ÂVFÁX Â^       

P, Q-AÃ[˝ _◊ï˘ 
QP

Px
+  

V…Ã[˝„±ºˆ a„Ã[˝ ^Á„[˝* 3 

(F) AEı◊ªRÙO Y“Vw¯ [˝„_Ã[˝ ◊y‘Ã^ÁÃ[˝ %W˝›„X, )(xfy =
 
Ac˜O 

a]Tˆ_›Ã^ %]a S [˝„y‘Ã[˝ =YÃ[˝ AEı◊ªRÙO EıSÁ ◊ÿöˆÃ[˝ 

%[˝ÿöˆÁÃ^ %Á‰ªK˜* EıÁ„Tˆ¤a›Ã^ %l˘ OyOx, -AÃ[˝    

aÁ„Y„l˘ B [˝_◊ªRÙOÃ[˝ ◊[˝‰`¿◊bTˆÁe` ),( YX * HbÔSÁ·¯    

μ  c˜„_, ÂVFÁX Â^, aÁ]ÓÁ[˝ÿöˆÁÃ[˝ LXÓ 
2

2
2

d
d

d
d

⎟
⎠
⎞

⎜
⎝
⎛ −μ≤⎟

⎠
⎞

⎜
⎝
⎛ + Y

x
yX

x
yYX  c˜„[˝* 3 

(G) "◊XÃ[˝„Yl˘ ÂEı≥V–' C "◊XÃ[˝„Yl˘ aÁ]Ó' [˝_„Tˆ ◊Eı 

Â[˝ÁMıÁÃ^ [˝ÓÁFÓÁ EıÃ[˝”X* 3 ı   

(H)  AEı◊ªRÙO aÁW˝ÁÃ[˝S EıÓÁ‰ªRÙOXÁ◊Ã[˝„Tˆ, Â^ ÂEıÁ„XÁ ◊[˝≥V« P-ÂTˆ 

ªRÙOÁX T A[˝e ◊X∂oˆÿöˆ ◊[˝≥V« C-ÂTˆ ªRÙOÁX 0T A[˝e V◊QÕˆ◊ªRÙOÃ[˝ 

CP %e„`Ã[˝ CLX W  c˜„_, ÂVFÁX Â^, 
22

0
2 WTT =− * 3 

◊[˝\ˆÁG – %Á 

(I¯)  %◊\ˆEıbÔL ±ºˆÃ[˝S g W˝–”[˝Eı c˜„_, a„]Áb’ [˝ÁÃ^«]â¯„_Ã[˝    

z =¨JÙTˆÁÃ^ ªJÙÁY ◊XSÔÃ^ EıÃ[˝”X* 3 

(ªJÙ) %ÁV`Ô GÓÁ„aÃ[˝ AEı◊ªRÙO ={∂ëˆ ÿôˆ„ïˆÃ[˝ Â^ ÂEıÁ„XÁ =¨JÙTˆÁ 

z-A ªJÙÁY p A[˝e YÃ[˝] (absolute) TˆÁY]ÁyÁ T c˜„_, 

Y“]ÁS EıÃ[˝”X Â^ p
p
T

gT
p

z
p

p

d
0

00
0 ∫ρ

= , Â^FÁ„X 

000 ,, Tp ρ
 

Tˆ_„V„` ªJÙÁY, HX±ºˆ A[˝e YÃ[˝] 

(absolute) TˆÁY]ÁyÁ A[˝e g-AÃ[˝ Y“ªJÙ◊_Tˆ %UÔ* 3 

(ªK˜) ÂVFÁX Â^, %◊\ˆEı„bÔÃ[˝ %W˝›„X ◊ÿöˆÃ[˝ %[˝ÿöˆÁÃ^, AEı◊ªRÙO 

a]a√º¯ TˆÃ[˝„_Ã[˝ ]«N˛Tˆ_ %X«\…ˆ◊]Eı* 3 

(L) a [˝ÓÁaÁW˝Ô ◊[˝◊`rÙ AEı◊ªRÙO %W˝Ô[˝ w¯ÁEıÁÃ[˝ YÁTˆ AEı◊ªRÙO 

TˆÃ[˝„_Ã[˝ ]„W˝Ó ◊X]◊#Tˆ, ^Á„Tˆ TˆÁÃ[˝ a›]ÁÃ[˝ [˝ÓÁa◊ªRÙO 

=Y◊Ã[˝Tˆ„_ UÁ„Eı* ÂVFÁX Â^, TˆÁÃ[˝ ªJÙÁY„Eı‰≥V–Ã[˝ 

G\ˆ›Ã[˝TˆÁ 
16
3 aπ . 3 
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English Version 
 

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

Group – A 
 (a) A system of coplanar forces is acting on a 

rigid body. Show that it can be reduced to a 
single force acting at an arbitrarily chosen 
point O lying in the plane of the forces and 
a single couple. Hence find the condition of 
equilibrium of that system. 10  

(b) A square lamina rests with its plane 
perpendicular to a smooth wall, one corner 
being attached to a point in the wall by a 
fine string of length equal to the side of the 
square. Find the position of equilibrium 
and show that it is stable. 10 

Group – B 

(c) A plane area is completely immersed in 
water, its plane being vertical. If it is made 
to descend in the vertical plane without 
rotation and with a uniform velocity, then 
show that the centre of pressure 
approaches the horizontal line through the 
centre of gravity of the plane with a velocity 
which is inversely proportional to the 
square of the depth of the centre of gravity.  

  10  

(d) A solid right circular cone of vertical angle 

α2  is just immersed in water so that one 

generator is in the surface of the liquid.     

If W be the weight of the liquid displaced by 

the cone, then prove that the resultant 

thrust on the curved surface of the cone is 

α+ 2sin31W  and if θ  be the inclination 

of direction of resultant thrust to the axis of 

the cone, then α=θ tan2cot . 10  

2. Answer any three questions taking at least one 

from each Group :  6 × 3 = 18 

Group – A 
 (a) Let X, Y, Z and L, M, N denote respectively 

the algebraic sum of the components of a 

system of forces and their moments with 

respect to Cartesian axes Ox, Oy, Oz 

passing through any base point O. Show 

that 222 ZYX ++  and NZMYLX ++  are 

invariant whatever be the base point or the 

direction of axes. 6  

(b) A system of coplanar forces acting on a 

rigid body is in equilibrium. Show that the 

virtual work done by the system is zero. 6  
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(c) An isoceles triangular lamina is such that 

its mass per unit area at every point varies 

as the sum of its distances from the equal 

sides of the triangle. Prove that the distance 

of the centre of gravity, from the vertex is 

three-fourth of the altitude. 6  

Group – B 

(d) A homogeneous circular cylinder of length 

h, radius a and specific gravity s, floats in 

water. Prove that the position with the axis 

vertical is stable, if )1(2
2

2
ss

h
a −> .  6  

(e) A triangle ABC is immersed vertically in two 

liquids with the base BC in the surface. If 

the densities of the upper and lower liquids 

be σ
 
and ρ

 
respectively and the depth of 

the surface of separation be half the depth 

of the vertex, then show that the ratio of the 

thrusts on the portions in the two liquids is 

)3(:4 ρ+σσ . 6  

(f) A mass of homogeneous liquid contained in 

a vessel revolves uniformly about a vertical 

axis. Find the pressure at any point of the 

liquid. 6  

3. Answer any four questions taking two from each 

Group :  3 × 4 = 12 

Group – A 
 (a) P and Q are like parallel forces. If P be 

moved parallel to itself through a distance 

x, then show that the resultant of P, Q 

moves through a distance 
QP

Px
+

. 3  

(b) A particle is constrained to rest on a rough 

plane curve )(xfy =
 
under the action of a 

given force whose components are ( X, Y ) 

referred to Cartesian axes Ox, Oy. Show 

that, for the positions of equilibrium, 

2
2

2
⎟
⎠
⎞

⎜
⎝
⎛ −μ≤⎟

⎠
⎞

⎜
⎝
⎛ + Y

dx
dyX

dx
dyYX , μ

 
being the 

coefficient of friction. 3  

   

(c) Explain what are meant by 'Astatic Centre' 

and 'Astatic Equilibrium'. 3  

(d) In a common catenary, if T be the tension 

at any point P, 0T
 
be that at the lowest 

point C, and W be the weight of the portion 

CP of the string, then show that 

22
0

2 WTT =− . 3 
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Group – B 

(e) Assuming g, the acceleration due to gravity 
as constant, find the pressure in an 
isothermal atmosphere at a height z. 3    

(f) In a vertical column of perfect gas, if the 
pressure and absolute temperature at any 
height z be p and T respectively, then prove 

that ∫ρ
=

0

00
0 d

p

p

p
p
T

gT
p

z , where 000 ,, Tp ρ  

are pressure, density and absolute 
temperature at the bottom and g has its 
usual meaning. 3  

(g) Show that the free surface of a 
homogeneous liquid at rest under gravity is 
horizontal. 3  

(h) A semicircular lamina of radius a is 
immersed in a liquid with the bounding 
diameter in the surface. Show that the 

depth of its centre of pressure is 
16
3 aπ . 3   
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