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Analytical Statics : EMT-10 
a]Ã^  f ªV«c˜O H∞RÙOÁ (Time : 2 Hours)  
Y…SÔ]ÁX  f 50 (Full Marks : 50) 
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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˜* 
Scientific Calculator [˝Ó[˝c˜ÁÃ[˝ EıÃ[˝Á Eı‰PˆÁÃ[˝\ˆÁ„[˝ ◊X◊bà˘* 
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. 
Use of scientific calculator is strictly prohibited. 

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 – % 

 (a) AEı◊ªRÙO a]Tˆ_›Ã^ [˝_„GÁúˆ› 
→→→
nFFF ,...,, 21 ^UÁy‘„] 

AEı◊ªRÙO V ªRÕÙ [˝ÿô«ˆÃ[˝ ))((),...,(),( 2211
→→→
nn rPrPrP  ◊[˝≥V«„Tˆ 

◊y‘Ã^Á Eı„Ã[˝, Â^FÁ„X 
→→→
nrrr ...,, 21  B Tˆ„_Ã[˝ O ◊[˝≥V«Ã[˝ 

aÁ„Y„l˘ nPPP ,...,, 21  ◊[˝≥V«m◊_Ã[˝ %[˝ÿöˆÁX Â\ˆkÙÃ[˝* 

ÂVFÁX Â^, [˝_„GÁúˆ›◊ªRÙO O ◊[˝≥V«„Tˆ AEı◊ªRÙO [˝_ 
→
F    

A[˝e AEı◊ªRÙO }Á]Eı 
→

=

→→
×= ∑ k

n

k
k FrG

1
-AÃ[˝ a„Ü 

a]T«ˆ_* AÃ[˝ ÂU„Eı ÂVFÁX Â^, 

(i) ^◊V 
→

=

→
≠∑ 0

1

n

k
kF , TˆÁc˜„_ [˝_„GÁúˆ›◊ªRÙO AEı◊ªRÙO 

[˝„_Ã[˝ a]T«ˆ_; A[˝e 

(ii) ^◊V 
→

=

→
=∑ 0

1

n

k
kF , TˆÁc˜„_ [˝_„GÁúˆ›◊ªRÙO AEı◊ªRÙO 

}Á]„EıÃ[˝ a]T«ˆ_ ^◊V 
→→

≠ 0G  c˜Ã^* 10 

(b) a [˝ÓÁaÁW˝Ô ◊[˝◊`rÙ AEı◊ªRÙO ÂGÁ_„EıÃ[˝ ÂEı≥V– ÂU„Eı b C c 

V…Ã[˝„±ºˆ A[˝e AEıc˜O W˝Á„Ã[˝ %[˝◊ÿöˆTˆ V«◊ªRÙO a]Á‹ôˆÃ[˝Á_ a]Tˆ_ 

B ÂGÁ_„EıÃ[˝ AEı◊ªRÙO %e` ◊ªK˜~ Eı„Ã[˝* B F◊â¯Tˆ 

%e„`Ã[˝ \ˆÁÃ[˝„Eı≥V– ◊XSÔÃ^ EıÃ[˝”X* AÃ[˝ ÂU„Eı a [˝ÓÁaÁW˝Ô 

◊[˝◊`rÙ AEı◊ªRÙO %W˝Ô„GÁ_„EıÃ[˝ ÂEı≥V– ÂU„Eı Âa◊ªRÙOÃ[˝ 

\ˆÁÃ[˝„Eı‰≥V–Ã[˝ V…Ã[˝±ºˆ ◊XSÔÃ^ EıÃ[˝”X* 10  

◊[˝\ˆÁG – %Á 

(c) AEı◊ªRÙO aÁ]Tˆ◊_Eı Âl˘y a]a√º¯ TˆÃ[˝„_Ã[˝ ]„W˝Ó 

a+…SÔ\ˆÁ„[˝ ◊X]◊#ªTˆ %Á‰ªK˜ A[˝e z C ζ  ^UÁy‘„] 

TˆÁÃ[˝ \ˆÃ[˝„Eı≥V– C ªJÙÁY„Eı‰≥V–Ã[˝ G\ˆ›Ã[˝TˆÁ* ^◊V B 
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a]Tˆ„_Ã[˝ G\ˆ›Ã[˝TˆÁ %ÁÃ[˝C y [˝ÁQÕˆÁ„XÁ c˜Ã̂ , TˆÁc˜„_ 

ÂVFÁX Â^, XT«ˆX ]«N˛„l˘y ÂU„Eı XT«ˆX ªJÙÁY„Eı‰≥V–Ã[˝ 

G\ˆ›Ã[˝TˆÁ 
yz

zyzy
+

++ ζ22
 A[˝e B ªJÙÁY„Eı≥V– 

yz
zy

+
−ζ  Y◊Ã[˝]ÁS =„w¯Á◊_Tˆ c˜Ã^* 10 

(d) a [˝ÓÁaÁW˝Ô ◊[˝◊`rÙ a]Y“ÿöˆ‰¨K˜V^«N˛ %W˝Ô[˝ w¯ÁEıÁÃ[˝ [˝à˘ 

◊ªRÙO=[˝ a]ÁX %ÁÃ^Tˆ„XÃ[˝ ρ  A[˝e σ  HX±ºˆ^«N˛ V«◊ªRÙO 

%◊]◊`“Tˆ TˆÃ[˝_ •ÁÃ[˝Á Y◊Ã[˝Y…SÔ %Á‰ªK˜* ÈÃ[˝◊FEı 

Y“◊TˆaÁ„]ÓÃ[˝ (line of symmetry) aÁ„U α  ÂEıÁ„S 

XTˆ AÃ[˝÷Y ={∂ëˆ [˝ÓÁaÁ„W˝ÔÃ[˝ ªJÙÁ◊Ã[˝◊V„Eı ◊ªRÙO=[˝◊ªRÙO        

ω  ÂEıÏ◊SEı Â[˝„G ÂHÁ„Ã[˝* σ  HX±ºˆ^«N˛ TˆÃ[˝_◊ªRÙO X›‰ªJÙ 

A[˝e ◊ªRÙO=„[˝Ã[˝ =w¯_ ◊VEı◊ªRÙO X›‰ªJÙÃ[˝ ◊V„Eı %ÁXTˆ 

UÁEı„_, Y“]ÁS EıÃ[˝”X, V«c˜O Y“Á„‹ôˆ ªJÙÁY a]ÁX c˜„[˝ ^◊V 

αα
ρ

αα
σρσω

sincossincos
)(

2

2

−
−

+
=−

g
a c˜Ã^* 

  10 
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 – % 

 (a) ◊ÿöˆÃ[˝ ◊[˝≥V« A ÂU„Eı AEı◊ªRÙO V◊QÕˆÃ[˝ aÁc˜Á„^Ó 1W  CLX 

ÂMıÁ_Á„XÁ c˜_* %Á[˝ÁÃ[˝ 1W  ÂU„Eı %ÁÃ[˝ AEı◊ªRÙO V◊QÕˆÃ[˝ 

aÁc˜Á„^Ó 2W  CLX ÂMıÁ_Á„XÁ c˜_* Eı◊îTˆ EıÁ„^ÔÃ[˝ 

X›◊Tˆ [˝Ó[˝c˜ÁÃ[˝ Eı„Ã[˝ V◊QÕˆ V«◊ªRÙOÃ[˝ ªRÙOÁX ◊XSÔÃ^ EıÃ[˝”X* 6 

 (b) AEı◊ªRÙO %a] a…y %◊\ˆEıbÔ %W˝›„X M«ı_‰ªK˜ A[˝e a…y◊ªRÙOÃ[˝ 
Â^ ÂEıÁX ◊[˝≥V«„Tˆ Y“ÿöˆ‰¨K˜V ªRÙOÁ„XÃ[˝ [˝ÓÿôˆÁX«YÁTˆ›* Y“]ÁS 
EıÃ[˝”X Â^ a…y◊ªRÙO AEı◊ªRÙO ={∂ëˆ %l˘ ◊[˝◊`rÙ %◊W˝[˝ „w¯Ã[˝ 
%ÁEıÁ„Ã[˝ M«ı_‰ªK˜* 6 

(c) X, Y, Z [˝_m◊_ ^UÁy‘„] ◊TˆX◊ªRÙO aÃ[˝_„Ã[˝FÁ 
czby −== , ; axcz −== , ; byax −== ,  

[˝Ã[˝Á[˝Ã[˝ ◊y‘Ã^Á Eı„Ã[˝* ÂVFÁX Â^, ^◊V 

0=++
Z
c

Y
b

X
a c˜Ã^, Tˆ„[˝ TˆÁ„VÃ[˝ AEı◊ªRÙO _◊ï˘ 

UÁEı„[˝* 6 

◊[˝\ˆÁG – %Á 

(d) ρ  HX„±ºˆÃ[˝ ◊≈y\«ˆLÁE ı◊Tˆ YÁTˆ ABC, σ  HX„±ºˆÃ[˝ TˆÃ[˝„_ 
={∂ëˆ\ˆÁ„[˝ \ˆÁa‰ªK˜, ^Á„Tˆ B ◊[˝≥V«◊ªRÙO TˆÃ[˝„_Ã[˝ =Y◊Ã[˝Tˆ„_ 
UÁ„Eı A[˝e A ◊[˝≥V«◊ªRÙO TˆÃ[˝„_ ◊X]◊#Tˆ c˜Ã^ XÁ* ÂVFÁX 
Â^, BCA sin:cossin: =σρ . 6 

(e) AEı◊ªRÙO HX %W˝Ô„GÁ_Eı ^ÁÃ[˝ \…ˆ◊]Ã[˝ >W[˝ÔTˆ] ◊[˝≥V«◊ªRÙO 
=Y◊Ã[˝Tˆ„_ UÁEıÁ %[˝ÿöˆÁÃ^ TˆÃ[˝„_ ◊X]◊#Tˆ A[˝e 
\…ˆ◊]◊ªRÙO TˆÃ[˝„_Ã[˝ =Y◊Ã[˝Tˆ„_Ã[˝ aÁ„U 2tan 2−  ÂEıÁ„S 
%ÁXTˆ* %W˝Ô„GÁ_Eı◊ªRÙOÃ[˝ [˝y‘Tˆ„_Ã[˝ =YÃ[˝ _◊ï˘HÁTˆ 
◊XSÔÃ^ EıÃ[˝”X* 6 

(f) a [˝ÓÁaÁW˝Ô A[˝e h =¨JÙTˆÁ ◊[˝◊`rÙ AEı◊ªRÙO _∂ëˆ[˝ w¯ÁEıÁÃ[˝ 
ÊªJÙÁI¯, %l˘„Eı ={∂ëˆ ÂÃ[˝„F AEı◊ªRÙO TˆÃ[˝„_ \ˆÁa]ÁX ^ÁÃ[˝ 
HX±ºˆ ÊªJÙÁ„I¯Ã[˝ HX„±ºˆÃ[˝ 

3
4  mS* B ÊªJÙÁ„I¯Ã[˝ YÃ[˝Á„Eı≥V–-

AÃ[˝ %[˝ÿöˆÁX ◊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 

 (a) ◊TˆX◊ªRÙO a]]«F› a]Á‹ôˆÃ[˝Á_ [˝_ 
→→→
RQP ,,  ^UÁy‘„], 

ABC ◊≈y\«ˆ„LÃ[˝ `›bÔ◊[˝≥V« A, B, C ÂTˆ ◊y‘Ã^Á Eı„Ã[˝* 

^◊V C„VÃ[˝ _◊ï˘ [˝„_Ã[˝ ◊y‘Ã^Á„Ã[˝FÁ a[˝ÔVÁ ABC 

◊≈y\«ˆ„LÃ[˝ %‹ôˆf„Eı≥V– ◊V„Ã^ ^ÁÃ^, Tˆ„[˝ ÂVFÁX Â^, 

C
R

B
Q

A
P

sinsinsin
== . 3 

(b) AEı◊ªRÙO HX %W˝Ô„GÁ_Eı AEı◊ªRÙO a][˝ÓÁaÁW˝Ô^«N˛ ◊ÿöˆÃ[˝ 

ÂGÁ_„EıÃ[˝ =YÃ[˝ aÁ]ÓÁ[˝ÿöˆÁÃ^ %Á‰ªK˜* ^◊V %W˝Ô„GÁ_„EıÃ[˝ 

[˝y‘Tˆ_ ÂGÁ_„EıÃ[˝ =Y„Ã[˝ UÁ„Eı, Tˆ„[˝ ÂVFÁX Â^ 

aÁ]ÓÁ[˝ÿöˆÁ a«◊ÿöˆ◊Tˆc˜›X* 3 

(c) W CLX ◊[˝◊`rÙ \ˆÁÃ[˝› [˝ÿô«ˆ„Eı AEı◊ªRÙO %]a S %X«\…ˆ◊]Eı 

Tˆ„_ ªJÙÁ◊_Tˆ EıÃ[˝ÁÃ[˝ LXÓ ◊X∂oˆTˆ] [˝_ ◊XSÔÃ^ EıÃ[˝”X* 3 

(d) [˝ÓÁFÓÁ EıÃ[˝”X : "ÂYgÁÃ^a-AÃ[˝ ÂEı≥V–›Ã^ %l˘' A[˝e 

"ÂÃ[˝XÀªJÙ'* 3 

◊[˝\ˆÁG – %Á 

(e) ÂVFÁX Â^, ◊]◊`“Tˆ c˜Ã^ XÁ A[˝e ]ÁW˝ÓÁEıbÔS [˝„_Ã[˝ 

Y“\ˆÁ„[˝ ◊ÿöˆTˆ AÃ[˝÷Y V«◊ªRÙO \ˆÁÃ[˝› a]a√º¯ TˆÃ[˝„_Ã[˝ aÁW˝ÁÃ[˝S 

Tˆ_, %X«\…ˆ◊]Eı a]Tˆ_ c˜„[˝* 3 

(f) L„_ ◊X]◊#Tˆ ABCD AEı◊ªRÙO [˝GÔÁEıÁÃ[˝ aÁ]Tˆ◊_Eı 

YÁ„TˆÃ[˝ AB [˝Áß◊ªRÙO L_Tˆ„_ %Á‰ªK˜* AEı◊ªRÙO ÂÃ[˝FÁ AX 

A]X\ˆÁ„[˝ ªRÙOÁXÁ c˜_ ^Á„Tˆ X , DC [˝ÁßÃ[˝ =YÃ[˝ UÁ„Eı 

A[˝e YÁTˆ◊ªRÙO A]X V«◊ªRÙO \ˆÁ„G ◊[˝\ˆN˛ c˜Ã^ ^Á„VÃ[˝ 

Y“„TˆÓ„EıÃ[˝ =YÃ[˝ HÁTˆ a]ÁX* DX : DC ◊XSÔÃ^ EıÃ[˝”X* 
  3  

(g) %◊\ˆEıbÔ ±ºˆÃ[˝S g W˝–”[˝Eı c˜„_, z =¨JÙTˆÁÃ^ a„]Áb’ 

[˝ÁÃ^«]â¯„_Ã[˝ ªJÙÁY Â[˝Ã[˝ EıÃ[˝”X* 3 

(h) AEı◊ªRÙO %ÁÃ^Tˆ„l˘‰yÃ[˝ V«◊ªRÙO [˝Áß %X«\…ˆ◊]Eı A[˝e TˆÃ[˝„_Ã[˝ 

=Y◊Ã[˝Tˆ_ c˜„Tˆ a A[˝e b G\ˆ›Ã[˝TˆÁÃ^ %Á‰ªK˜* ÂVFÁX 

Â^, B Âl˘y◊ªRÙOÃ[˝ ªJÙÁY„Eı‰≥V–Ã[˝ G\ˆ›Ã[˝TˆÁ 

ba
baba

+
++ 22

3
2 . 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 
→→→
nFFF ,...,, 21  are 

acting on a rigid body at points 

))((),...,(),( 2211
→→→
nn rPrPrP  respectively, where 

→→→
nrrr ...,, 21 are the position vectors of 

nPPP ,...,, 21  with respect to a point O in the 

plane of the forces. Show that the system 

can be reduced to a single force 
→
F  at O 

together with a couple 
→

=

→→
×= ∑ k

n

k
k FrG

1
. 

  Hence show that  

(i) if 
→

=

→
≠∑ 0

1

n

k
kF , then the system 

reduces to a single force only; and  

(ii) if 
→

=

→
=∑ 0

1

n

k
kF , the system reduces to 

a couple if 
→→

≠ 0G . 10 

(b) Find the centre of gravity of the solid 

segment of a sphere of radius a bounded by 

two parallel planes in the same side at 

distance b and c respectively from the 

centre. 

 Hence find the distance of the centre of 

gravity of a solid hemisphere of radius a 

from the centre. 10  

Group – B 

(c) A plane area is fully immersed in a 

homogeneous liquid and the depth of its 

centre of gravity and pressure are 

respectively z and ζ . If the whole area be 

now further dipped through y in its own 

plane, then show that the depth of the new 

centre of pressure is 
yz

zyzy
+

++ ζ22
 from 

the new free surface and it is raised 

through the distance yz
zy

+
−ζ

. 10 

(d) A uniform semi-circular closed tube of 

radius a is tightly filled with equal volumes 

of two fluids of densities ρ  and σ  

respectively which do not mix, and is 
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rotated with angular velocity ω  about a 

vertical radius making an angle α  with the 

line of symmetry. Prove that the pressures 

at the two ends will be equal, if  

 
αα

ρ
αα

σρσω
sincossincos

)(
2

2

−
−

+
=−

g
a ,  

 the fluid of density σ  being the lower of the 

two, and the convexity of the tube being 

downwards. 10 

2. Answer any three questions taking at least one 

from each Group :  6 × 3 = 18 

Group – A 

 (a) From a fixed point A, a weight 1W  is 

suspended by a string; and another weight 

2W  is suspended from 1W  by other string. 

Using the principle of virtual work find the 

tensions of the two strings. 6 

(b) In a non-uniform string hanging under 

gravity the area of the cross-section at any 

point is inversely proportional to the 

tension. Show that the curve is an arc of a 

parabola with is axis vertical. 6 

(c) Forces X, Y, Z act along the three       

straight lines czby −== , ; axcz −== , ; 

byax −== ,  respectively. Show that they 

will have a single resultant if 

0=++
Z
c

Y
b

X
a . 6 

Group – B 

(d) A triangular lamina ABC of density ρ  floats 

in a liquid of density σ , with the plane 

vertical, the point B being in the surface of 

the liquid and the point A not immersed. 

Show that BCA sin:cossin: =σρ . 6 

(e) A solid hemisphere is immersed in a liquid 

so that the highest point of its base is on 

the surface and the base makes an angle 

2tan 2−  with the surface of the liquid. Find 

the resultant thrust on the curved portion 

of the hemisphere. 6 

(f) Find the position of the metacentre in a 

right circular cylinder of radius a and 

height h, floating with its axis vertical in a 

liquid whose density is 
3
4  times that of the 

cylinder. 6 
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3. Answer any four questions taking two from each 

Group :  3 × 4 = 12 

Group – A 

 (a) Three like parallel forces 
→→→
RQP ,,  act at 

three vertices A, B, C respectively of a 

triangle ABC. If their resultant always 

passes through the incentre of the triangle 

ABC, then show that C
R

B
Q

A
P

sinsinsin
== .  

   3  

(b) A solid hemisphere rests in equilibrium on 

a fixed sphere of equal radius. If the 

hemisphere rests on its curved surface, 

show that the equilibrium is unstable. 3  

(c) Find the least force required to move a 

weight W along a rough horizontal plane. 3  

(d) Explain 'Poinsot's Centre Axis' and 

'Wrench'. 3 

Group – B 

(e) Show that the common surface of two 

heavy homogeneous liquids which do not 

mix and rest under gravity is a horizontal 

plane. 3    

(f) A square lamina ABCD is immersed in 

water with the side AB in the surface.        

A straight line AX is drawn so that X lies on 

DC and it divides the lamina into two parts, 

the thrusts on which are equal. Find        

DX : DC. 3  

(g) Find the pressure in an isothermal 

atmosphere at a height z when acceleration 

due to gravity g is constant. 3  

(h) Show that the depth below the surface of a 

liquid of the centre of pressure of a 

rectangle, two of whose sides are horizontal 

and at a depth a and b is 
ba

baba
+

++ 22

3
2 . 3   

    


