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1. Â^-ÂEıÁ„XÁ V«◊ªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX f 20 × 2 = 40 

 Answer any two questions : 

a) i) ÂVFÁX Â^ 
→→→→→→→→→→→→→→→→→

=×−×+×−× 0).().().().( rqpsqpsrpsrqsrqp  4 

  Show that  
→→→→→→→→→→→→→→→→→

=×−×+×−× 0).().().().( rqpsqpsrpsrqsrqp  

 ii) ^◊V 
→→

→

×= a
t
a

ω
d
d

 and 
→→

→

×= b
t
b

ω
d

d  c˜Ã^, Y“]ÁS EıÃ[˝”X Â^ )()(
d
d →→→→→

××=× baba
t
t

ω .

 4 

  If  
→→

→

×= a
t
a

ω
d

d  and 
→→

→

×= b
t
b

ω
d

d  prove that  )()(
d
d →→→→→

××=× baba
t
t

ω . 

 iii) ÂEıÁX [˝ÿô«ˆÃ[˝ ±ºˆÃ[˝S 
∧→

−= jga , AFÁ„X g  AEı◊ªRÙO W˝–”[˝Eı * ^◊V [˝ÿô«ˆ◊ªRÙOÃ[˝ Y“ÁU◊]Eı %[˝ÿöˆÁX ]…_◊[˝≥V«„Tˆ c˜Ã^ 

A[˝e Y“ÁU◊]Eı Â[˝G 0000 sincos θθ vjviv
∧∧→

+=  Tˆ„[˝ t a]Ã^ Y„Ã[˝ [˝ÿô«ˆ◊ªRÙOÃ[˝ %[˝ÿöˆÁX A[˝e Â[˝G 

◊XSÔÃ^ EıÃ[˝”X * 5 

  Acceleration of a body is  
∧→

−= jga , where g = constant. If initially the body is 

at origin and initial velocity 0000 sincos θθ vjviv
∧∧→

+= . Find the position 

and velocity of the body after time t. 

 iv) ÂEıÁX [˝ÓÁ„aÃ[˝ aÁ„Y„l˘ AEı◊ªRÙO ◊X„Ã[˝ªRÙO ÂGÁ_„EıÃ[˝ LQÕˆTˆÁ-}Á]Eı ◊XSÔÃ^ EıÃ[˝”X * ÂEıÁX %„l˘Ã[˝ aÁ„Y„l˘ 

AEı◊ªRÙO a«b] HX„EıÃ[˝ LQÕˆTˆÁ-}Á]Eı a[˝Ô◊X∂oˆ c˜„[˝ ?  5 + 2 

  Calculate the moment of inertia of a solid sphere about a diameter. About what 
axis the moment of inertia of a uniform cube will be maximum ?  

b) i) ]c˜ÁEıbfiÃ^ W˝–”[˝Eı [˝_„Tˆ ◊Eı Â[˝Á„MıX ? A].„Eı.Aa Yà˘◊Tˆ„Tˆ AÃ[˝ AEıEı ◊Eı ? 4 

  What do you mean by gravitational constant ? What is its unit in MKS 
system ? 

 ii) Y ◊U[˝›Ã[˝ %Á[˝c˜]â¯„_Ã[˝ c˜Ác˜O‰QŒˆÁ„LX, ◊c˜◊_Ã^Á] Y“\ ˆ◊TˆÃ[˝ ]Tˆ c˜Á_EıÁ GÓÁa V«πY“ÁYÓ ÂEıX ? E ı◊≈y] 

=YG–„c˜Ã[˝ G◊Tˆ`◊N˛ A[˝e ◊ÿöˆ◊Tˆ `◊N˛Ã[˝ Â^ÁGZı_ ◊c˜„a[˝ EıÃ[˝”X * 2 + 4 

  Why light gaseous elements like hydrogen, helium etc. are rare in earth’s 
atmosphere ? Calculate sum of kinetic and potential energies of an artificial 
satellite. 

 iii) Y“]ÁS EıÃ[˝”X Â^ E ı‹ôˆX YÁÃ[˝&◊Ã[˝Eı %◊\ˆ_∂ëˆ ◊V„Eı a]ÁX Y“aÁÃ[˝S C ae„EıÁªJÙ„XÃ[˝ a]T«ˆ_Ó * EıSÔ _∂ëˆ 

◊Eı ? 4 + 2 

  Show that a shear is equivalent to an equal elongation and a compression at 
right angles to each other. What is Cantilever ? 

 iv) Y úˆªRÙOÁX C ÂEıÏ◊`Eı ◊y‘Ã^ÁÃ[˝ YÁUÔEıÓ [˝SÔXÁ EıÃ[˝”X * 4 

  Distinguish between surface tension and capillarity. 

c) i) =VÀG◊Tˆ◊[˝VÓÁ aey‘Á‹ôˆ [˝Á„SÔÁ_›Ã[˝ =YYÁVÓ ◊[˝[˝ Tˆ EıÃ[˝”X C Y“]ÁS EıÃ[˝”X * 6 

  State and prove Bernoulli’s theorem in hydrodynamics. 
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 ii) TˆÁY]ÁyÁ a„Ü TˆÃ[˝„_Ã[˝ aÁ≥V–TˆÁ„·¯Ã[˝ a+EÔı ◊Eı ? ÂEıÁX TˆÃ[˝„_Ã[˝ aÁ≥V–TˆÁ·¯ AEı Y„Ã^L [˝_„Tˆ ◊Eı 

Â[˝Á„MıX ? 4 

  What is the relation between coefficient of viscosity of a liquid and 
temperature ? What do you mean by the statement that the coefficient of 
viscosity of a liquid is one poise ? 

 iii) 2 cm [˝ÓÁ„aÃ[˝ AEı◊ªRÙO GÓÁa [˝«V[˝«V 1·75 g/cm3  HX„±ºˆÃ[˝ AEı◊ªRÙO V–[˝„SÃ[˝ ◊\ˆTˆÃ[˝ ◊V„Ã^ ◊ÿöˆÃ[˝ Â[˝„G =Y„Ã[˝ 

=Pˆ‰ªK˜ A[˝e AÃ[˝ Â[˝G 0·35 cm/s. V–[˝„SÃ[˝ aÁ≥V–TˆÁ·¯ ◊XSÔÃ^ EıÃ[˝”X * GÓÁ„aÃ[˝ HX±ºˆ %G–Ác˜Ó EıÃ[˝Á Â^„Tˆ 

YÁ„Ã[˝ * 4 

  A gas bubble of a diameter 2 cm rises steadily by through a solution of density 

1·75 g/cm3  at the rate of 0·35 cm/s. Calculate the coefficient of viscosity of 
the solution. Neglect the density of gas. 

 iv) Ã[˝”à˘TˆÁY Y◊Ã[˝[˝Tˆ¤„X %ÁÃ^TˆX C =b’TˆÁÃ[˝ ]„W˝Ó a+EÔı ◊XSÔÃ^ EıÃ[˝”X * Ã[˝”à˘TˆÁY Y“aÁÃ[˝„S GÓÁa ◊Eı ÂEıÁX 

EıÁ Ô̂ Eı„Ã[˝ ? 6 

  Deduce the relation between volume and temperature of a gas in an adiabatic 
change. Does a gas do any work when it expands adiabatically ? 

d) i) £õı [˝ÁÃ^«Ã[˝ Âl˘‰y \ˆÓÁX-QˆÁÃ[˝ CÃ^Á_aÀ W˝–”[˝Eım◊_ ◊XSÔÃ^ EıÃ[˝”X * ÂVCÃ^Á %Á‰ªK˜  

  cT = 132 K ; cP  = 37·2 atoms ;   R = 82·07 cm3 .K 1−  mole 1− . 4 

  Calculate van der Waals constant for dry air, given that   

  cT = 132 K ; cP  = 37·2 atoms ;   R = 82·07 cm3 .K 1−  mole 1− . 

 ii) =dy‘] TˆÁY]ÁyÁ EıÁ„Eı [˝„_ ? \ˆÁ_ ◊c˜]ÁÃ^„EıÃ[˝ %Á[˝`ÓEı›Ã^ mSÁ[˝_› ◊Eı ? 6 

  What is temperature of inversion ? What are the requisites of a good 
refrigerant ? 

 iii) GÓÁ„aÃ[˝ %S«Ã[˝ "GQÕˆ ]«N˛ YU' [˝_„Tˆ ◊Eı Â[˝Á„MıX ? `◊N˛Ã[˝ a]◊[˝\ˆÁLX a…y◊ªRÙO ◊_F«X C [˝ÓÁFÓÁ EıÃ[˝”X * 
 6 

  Explain what is meant by ‘mean free path’ of a gas molecule. State and explain 
the law of equipartition of energy. 

 iv) TˆÁY-G◊Tˆ◊[˝VÓÁÃ[˝ ◊•Tˆ›Ã^ a…y◊ªRÙO ◊[˝[˝ Tˆ EıÃ[˝”X A[˝e [˝ÓÁFÓÁ EıÃ[˝”X * 4 

  State and explain the second law of thermodynamics. 

  

Y“U] =w¯Ã[˝ / First Answer : 
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◊•Tˆ›Ã^ =w¯Ã[˝ / Second Answer : 
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2. Â^-ÂEıÁ„XÁ ◊TˆX◊ªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX f 12 × 3 = 36 

 Answer any three questions : 

a) i) 
→→→

×= rv ω   c˜„_ ÂVFÁX Â^  
→→→

×∇= v
2
1ω . 4 

  If  
→→→

×= rv ω   prove that 
→→→

×∇= v
2
1ω . 

 ii) 
→
A  Â^ ÂEıÁ„XÁ Â\ˆkÙÃ[˝ c˜„_ Y“]ÁS EıÃ[˝”X  0. =×∇∇

→→→
A . 5 

  For any vector  
→
A  prove that  0. =×∇∇

→→→
A . 

 iii) zykzyjzxiA 2232 22
∧∧∧→

++=  c˜„_  ÂVFÁX Â^  ( 1,  – 1,  1 ) ◊[˝≥V«„Tˆ 3. =∇
→→
A . 

   3 

  If   zykzyjzxiA 2232 22
∧∧∧→

++= , show that  3. =∇
→→
A  at ( 1,  – 1,  1 ). 

b) i) l ÈV„HÔÓÃ[˝ A[˝e Y“◊Tˆ AEıEı ÈVHÔÓ m \ˆ„Ã[˝Ã[˝ AEı◊ªRÙO aÃ[˝” V„â¯Ã[˝ ÈV„HÔÓÃ[˝ ]W˝Ó ◊V„Ã^ A[˝e ÈV„HÔÓÃ[˝ 

%◊\ˆ_∂ëˆ\ˆÁ„[˝ %„l˘Ã[˝ aÁ„Y„l˘ %Á[˝Tˆ¤X EıÃ[˝„_ Y“]ÁS EıÃ[˝”X V„â¯Ã[˝ G◊Tˆ`◊N˛ 32
24
1 ω lm , ω = 

V„≥QˆÃ[˝ ÂEıÏ◊SEı Â[˝G *   6 
  Show that the kinetic energy of a thin rod of length l and mass m per unit 

length rotating about an axis passing through the middle point and 

perpendicular to its length with angular velocity ω is  32
24
1 ω lm . 

 ii) Y ◊U[˝›Ã[˝ ÂEı≥V– ◊V„Ã^ AEıY“Á‹ôˆ ÂU„Eı %XÓY“Á‹ôˆ Y^Ô‹ôˆ AEı◊ªRÙO ÂaÁLÁ C ]a S a«QÕˆÜ ÂFgÁQÕˆÁ c˜_ * Y ◊U[˝› 

a«b] ÂGÁ_Eı c˜„_ Y“]ÁS EıÃ[˝”X Â^ ÂEıÁX [˝ÿô«ˆ„Eı B a«QÕˆ„Ü ÂZı„_ ◊V„_ aÃ[˝_ ÂVÁ_G◊Tˆ _Á\ˆ EıÃ[˝„[˝ * 6 
  A straight frictionless hole is bored through the centre of the earth. Show that 

a body dropped into it will execute simple harmonic motion, if the earth were a 
homogeneous spheres. 

c) i) a„]Áb’ ◊ÿöˆ◊TˆÿöˆÁYEıTˆÁ A[˝e Ã[˝”à˘TˆÁY ◊ÿöˆ◊TˆÿöˆÁYEıTˆÁ [˝ÓÁFÓÁ EıÃ[˝”X * E ı‹ôˆX ÂEıÁS C Â]ÁªJÙQÕˆ ÂEıÁ„SÃ[˝ ]„W˝Ó 

YÁUÔEıÓ ◊Eı ? 4 + 2 
  Explain isothermal elasticity and adiabatic elasticity. Differentiate between 

angle of twist and angle of shear. 

 ii) [˝Ác˜O„Ã[˝ ÂU„Eı TˆÁY aÃ[˝[˝Ã[˝Ác˜ XÁ a„√º¯C [˝ÁπY›\…ˆTˆ c˜„Tˆ al˘] Ac˜O Ã[˝Eı] [˝ c˜d L_◊[˝≥V«Ã[˝ [˝ÓÁaÁW˝Ô ◊XSÔÃ^ 

EıÃ[˝”X * °C  TˆÁY]ÁyÁÃ^ L„_Ã[˝ Y úˆ `◊N˛ = 117 ergs/cm2  A[˝e °C  TˆÁY]ÁyÁÃ^ L„_Ã[˝ 

[˝ÁπY›\ˆ[˝„XÃ[˝ _›XTˆÁY = 606 cal/g. 6 
  Calculate the radius of the largest drop of water that can evaporate without 

heat being supplied to it. Surface energy of water at °C = 117 ergs/cm2  and 
latent heat of evaporation of water at °C = 606 cal/g. 

d) i) ◊X◊V¤rÙ TˆÃ[˝„_Ã[˝ Âl˘‰y aeEıªRÙO Â[˝G C ÂÃ[˝X„∑QˆÃ[˝ aeFÓÁÃ[˝ ]„W˝Ó a+EÔı ◊Eı ? ªJÙÁ„YÃ[˝ =YÃ[˝ TˆÃ[˝„_Ã[˝ 

aÁ≥V–TˆÁ·¯ ◊Eı\ˆÁ„[˝ ◊X\ˆ¤Ã[˝ Eı„Ã[˝ ? 6 
  What is the relation between critical velocity and Reynold’s number ? How 

does the coefficient of viscosity of a liquid depend on the pressure ? 
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 ii) Y“Á‹ôˆ„[˝G EıÁ„Eı [˝„_ ? ◊X∂oˆ◊_◊FTˆ ◊[˝bÃ^m◊_Ã[˝ =YÃ[˝ Y“Á‹ôˆ„[˝G ◊Eı\ˆÁ„[˝ ◊X\ˆ¤Ã[˝ Eı„Ã[˝ ?  (a) YTˆX`›_ 

ÂGÁ_„EıÃ[˝ [˝ÓÁaÁW˝Ô, (b) ]ÁW˝Ó„]Ã[˝ aÁ≥V–TˆÁ·¯,   (c) ÂGÁ_„EıÃ[˝ A[˝e ]ÁW˝Ó„]Ã[˝ HX±ºˆ * 6 
  What is terminal velocity ? How does it depend on (a) the radius of the falling 

body (b)  the coefficient of viscosity of the medium (c) the densities of the body 
and medium ? 

e) i) ]ÁyÁ a]›EıÃ[˝S A[˝e AÃ[˝ =Y„^Á◊GTˆÁ [˝ÓÁFÓÁ EıÃ[˝”X *  6 
  Explain dimensional equations and their uses. 

 ii) [˝Áÿôˆ[˝ GÓÁ„aÃ[˝ Âl˘‰y \ˆÓÁX-QˆÁÃ[˝ CÃ^Á_aÀ-AÃ[˝ a]›EıÃ[˝„S a A[˝e b W˝–”[˝Eı V«◊ªRÙOÃ[˝ =Y◊ÿöˆ◊TˆÃ[˝ EıÁÃ[˝S =‰{F 

EıÃ[˝”X * Ac˜O a]›EıÃ[˝„SÃ[˝ Eı„Ã^Eı◊ªRÙO y”◊ªRÙO =‰{F EıÃ[˝”X * 6 
  Give reasons for the presence of the constants a and b in van der Waals 

equation of real gas. Mention some of the defects of the equation. 

f) i) Y“TˆÓÁ[˝Tˆ¤Eı C %Y“TˆÓÁ[˝Tˆ¤Eı Y“◊y‘Ã^Á EıÁ„Eı [˝„_ ? 4 
  What are reversible and irreversible processes ? 

 ii) Y“]ÁS EıÃ[˝”X Â^ Y“TˆÓÁ[˝Tˆ¤Eı Y“◊y‘Ã^Á A≥ÆœÙ◊Y ◊ÿöˆÃ[˝ UÁ„Eı ◊Eı‹ô«ˆ %Y“TˆÓÁ[˝Tˆ¤Eı Y“◊y‘Ã^ÁÃ^ =c˜Á [˝ ◊à˘ YÁÃ^ *  8 
  Show that entropy remains constant in a reversible process but increases in 

an irreversible process. 

  

Y“U] =w¯Ã[˝ / First Answer : 
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◊•Tˆ›Ã^ =w¯Ã[˝ / Second Answer : 
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T ˆTˆ›Ã^ =w¯Ã[˝ / Third Answer : 
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3. Â^-ÂEıÁ„XÁ ªJÙÁÃ[˝◊ªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX f 6 × 4 = 24 

 Answer any four questions :  

a) i) 
→
r ÿöˆÁX Â\ˆkÙÃ[˝ A[˝e 

→
A  ◊ÿöˆÃ[˝ Â\ˆkÙÃ[˝ c˜„_ ÂVFÁX Â^ 

→→→→
=∇ rrA ).( . 3 

  If  
→
r  be a position vector and 

→
A  be a constant vector show that 

  
→→→→

=∇ rrA ).( . 

 ii) x AÃ[˝ ]ÁX ◊Eı c˜„_ 
∧∧∧→

+−= kjiA 553   A[˝e 
∧∧∧→

+−= kxjiB 5  YÃ[˝&„Ã[˝Ã[˝ %◊\ˆ_∂ëˆ 

c˜„[˝ ? 3 

  For what value of x will the vectors 
∧∧∧→

+−= kjiA 553   and 
∧∧∧→

+−= kxjiB 5  

be perpendicular ? 

b) i) LÁQˆÓ-}Á]„EıÃ[˝ aep˚Á ◊VX A[˝e AÃ[˝ mÃ[˝”±ºˆ [˝ÓÁFÓÁ EıÃ[˝”X * 3 

  Define moment of inertia and explain its significance. 

 ii) %Á[˝Tˆ¤„XÃ[˝ EıÁ^ÔEıÃ[˝› [˝ÓÁaÁW˝Ô EıÁ„Eı [˝„_ ? c˜Oc˜Á ◊Eı W˝–”[˝Eı ? 3 

  What is radius of gyration ? Is it a constant ? 

c) i) ]c˜ÁEıbfiÃ^ ◊[˝\ˆ[˝, Tˆ◊QÕˆd ◊[˝\ˆ[˝ A[˝e ÊªJÙÏ∂ëˆEı ◊[˝\ˆ„[˝Ã[˝ ]„W˝Ó YÁUÔEıÓ ◊Eı ? 3 

  Distinguish between gravitational potential, electric potential and magnetic 
potential. 

 ii) E ı◊≈y] =YG–„c˜ \ˆÁÃ[˝c˜›X %[˝ÿöˆÁ [˝ÓÁFÓÁ EıÃ[˝”X * 3 

  Explain the weightless state of artificial satellite. 

d) i) X]X V ªRÕÙTˆÁ Ã[˝Á◊`Ã[˝ aep˚Á ◊VX A[˝e [˝ÓÁFÓÁ EıÃ[˝”X *  3 

  Define and explain flexural rigidity. 

 ii) AEı◊ªRÙO [˝›„]Ã[˝ X]Eı }Á]Eı [˝_„Tˆ ◊Eı Â[˝Á„MıX ? 3 

  What do you mean by bending moment of a beam ? 

e) i) aÁ≥V–TˆÁ `…XÓ TˆÃ[˝„_Ã[˝ G◊Tˆ„[˝G a[˝ÔVÁ %`Á‹ôˆ — [˝ÓÁFÓÁ EıÃ[˝”X * 2 

  Motion of a liquid without viscosity is always turbulent. — Explain. 

 ii) TˆÃ[˝Ã[˝Á‰ªJÙ◊_Ã[˝ =YYÁVÓ ◊[˝[˝ Tˆ EıÃ[˝”X C [˝ÓÁFÓÁ EıÃ[˝”X * 4 

  State and explain Torricelli’s theorem. 

f) i) Y úˆªRÙOÁX, Y úˆ`◊N˛ A[˝e &`Ô ÂEıÁS [˝_„Tˆ ◊Eı Â[˝Á„MıX ? 3 

  What do you mean by surface tension, surface energy and angle of contact ? 

 ii) L«◊Ã[˝„XÃ[˝ a…y ◊Eı ? 3 

  What is Jurin’s law ? 

g) i) `„åÃ[˝ Âl˘‰y QˆYÀ_ÁÃ[˝ ◊y‘Ã^Á ◊Eı ? 3 
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  What is Doppler effect in the case of sound ? 

 ii) aÁW˝ÁÃ[˝STˆ GÓÁ„aÃ[˝ T«ˆ_XÁÃ^ Eı◊PˆX YVÁ„UÔÃ[˝ ]„W˝Ó ◊V„Ã^ `„åÃ[˝ G◊Tˆ„[˝G V–”TˆTˆÃ[˝ * — EıÁÃ[˝S [˝ÓÁFÓÁ 

EıÃ[˝”X * 3 

  Velocity of sound in gaseous medium is generally less than that in solid. — 
Why ? 

h) i) y‘aQÀˆ Â_≥a EıÁ„Eı [˝„_ ? ◊Eı `„Tˆ¤ Â_≥a„Eı y‘aQÀˆ Â_≥a [˝_Á c˜Ã^ ? 3 

  What is crossed lens ? Under what condition a lens can be called a crossed 
lens ? 

 ii) ÂGÁ_Á„YÃ[˝S y”◊ªRÙO ◊Eı ? 3 

  What is spherical aberration ? 

  

Y“U] =w¯Ã[˝ / First Answer : 
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◊•Tˆ›Ã^ =w¯Ã[˝ / Second Answer : 
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T ˆTˆ›Ã^ =w¯Ã[˝ / Third Answer : 
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ªJÙT«ˆUÔ =w¯Ã[˝ / Fourth Answer : 
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