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ÿoˆÁTˆEı YÁPˆy‘] (B.D.P.) 
◊`l˘Á[˝bÔÁ‹ô̂  YÃ[˝›l˘Á ( Term End Examination ) :  

◊Qˆ„a∂ë̂ Ã[˝, 2014 C L«X, 2015  

YVÁUÔ◊[˝VÓÁ ( Physics ) 
B◊¨K˜Eı YÁPˆy‘] ( Elective ) 

T ˆTˆ›Ã̂  Yy ( 3rd Paper : Harmonic Motion, Waves & 
Acoustics ) 

a]Ã^  f V«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∂ë̂ Ã[˝ 

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* Â^-ÂEıÁ„XÁ V«◊ªRÙO Y“‰ ¬̀Ã[˝ =w Ã̄[˝ ◊VX  f 10 × 2 = 20 

Eı) 1m  C 2m  \ˆ„Ã[˝Ã[˝ V«◊ªRÙO ◊[˝≥V«\ˆÃ[˝ AEı◊ªRÙO \ˆÃ[˝c˜›X k-◊&“e 

W˝–”[˝„EıÃ[˝ ◊&“e •ÁÃ[˝Á ^«N˛ * V«◊ªRÙO \ˆ„Ã[˝Ã[˝ ]„W˝Ó %Á„Y◊l˘Eı 

V…Ã[˝„±ºˆÃ[˝ GTˆ›Ã^ a]›EıÃ[˝S◊ªRÙO ◊XSÔÃ^ EıÃ[˝”X* AEı◊ªRÙO 

◊•YÃ[˝]ÁS«Eı %S«Ã[˝ YÃ[˝]ÁS« V«◊ªRÙOÃ[˝ \ˆÃ[˝ ^UÁy‘„]  

 2 × 10 26−  kg C 2·7 × 10 26−  kg ; ^◊V 

YÃ[˝]ÁS«„VÃ[˝ ]„W˝Ó [˝_„Eı 190 N/m W˝–”[˝„EıÃ[˝ AEı◊ªRÙO 

◊&“e •ÁÃ[˝Á %X«◊]Tˆ EıÃ[˝Á c˜Ã^, Tˆ„[˝ %S«◊ªRÙOÃ[˝ Eı+Á·¯ ◊XSÔÃ^ 

EıÃ[˝”X * ÂVFÁX Â^ Eı+„XÃ[˝ Âl˘‰y Â]ÁªRÙO `◊N˛Ã[˝ Y◊Ã[˝]ÁS 

W˝–”[˝Eı * 4 + 2 + 4 

F) AEı◊ªRÙO %[˝]≥VEı Eı+„EıÃ[˝ %[˝]≥VX [˝_ Â[˝„GÃ[˝ 

a]ÁX«YÁTˆ› * y‘Á‹ôˆ›Ã^ %[˝]≥V„XÃ[˝ LXÓ Eı+„EıÃ[˝ GTˆ›Ã^ 

a]›EıÃ[˝S◊ªRÙO a]ÁW˝ÁX EıÃ[˝”X * ÂVFÁX Â^ ^◊V Y“ÁU◊]Eı 

aÃ[˝S `…XÓ c˜Ã^ C Y“ÁU◊]Eı Â[˝G …̀XÓ XÁ c Ã̃^, TˆÁc˜„_ 

Eı+Eı◊ªRÙO Â^ a]Ã̂  Y„Ã[˝ ◊ÿö̂ Ã[˝ c Ã̃̂  TˆÁ Y“ÁU◊]Eı Â[˝„GÃ[˝ 

=YÃ[˝ ◊X\ˆ¤Ã[˝ Eı„Ã[˝ XÁ * 5 + 5 

G) Y“Vw¯ Tˆ„‹óˆÃ[˝ GTˆ›Ã^ a]›EıÃ[˝S ◊XSÔÃ̂  EıÃ[˝”X C TˆÁ„VÃ[˝ 

a]ÁW˝ÁX EıÃ[˝”X * ÿëˆÁ\ˆÁ◊[˝Eı Eı+XÍ`_› C Tˆ‹óˆ◊ªRÙOÃ[˝ 

ÿëˆÁ\ˆÁ◊[˝Eı Eı+Á·¯ EıÁ„Eı [˝„_ ? TˆÁ„VÃ[˝ aÁ„Y„l˘ Tˆ‹óˆ◊ªRÙOÃ[˝ 

Â]ÁªRÙO `◊N˛„Eı Y“EıÁ` EıÃ[˝”X * 

 

   6 + 2 + 2 
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H) QˆY_ÁÃ[˝ ◊y‘Ã^Á EıÁ„Eı [˝„_ ? QˆY_ÁÃ[˝ ◊y‘Ã̂ ÁÃ[˝ LXÓ Ê`“ÁTˆÁÃ[˝ 

G◊Tˆ C =d„aÃ[˝ G◊TˆÃ[˝ Âl˘y•„Ã^ `åTˆÃ[˝„ÜÃ[˝ Eı+Á„·¯Ã[˝ 

Y◊Ã[˝[˝Tˆ¤X ÂEı]X \ˆÁ„[˝ c˜Ã^ TˆÁ ◊XSÔÃ̂  EıÃ[˝”X * 340 Hz 

Eı+Á·¯ ◊[˝◊`rÙ V«◊ªRÙO a«Ã[˝`_ÁEıÁ Ê`“ÁTˆÁÃ[˝ aÁ„Y„l˘ 

G◊Tˆ`›_* AEı◊ªRÙO Ê`“ÁTˆÁÃ[˝ ÂU„Eı v Â[˝„G V…„Ã[˝ a„Ã[˝ ^Á‰¨K˜ 

C %YÃ[˝◊ªRÙO 
2
v  Â[˝„G Ê “̀ÁTˆÁÃ[˝ ◊V„Eı G◊Tˆ`›_* ^◊V Ê “̀ÁTˆÁ 

4 Hz Eı+Á„·¯Ã[˝ ◊[˝ªRÙO £X„Tˆ YÁX TˆÁc˜„_ v-AÃ[˝ ]ÁX 

◊XSÔÃ̂  EıÃ[˝”X * ÂVCÃ^Á %Á‰ªK˜ [˝ÁÃ^«„Tˆ `„åÃ[˝ Â[˝G 

340 m/sec * 2 + 5 + 3 

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

Eı) YÃ[˝&Ã[˝ _∂ëˆ\ˆÁ„[˝ V«◊ªRÙO a]Eı+Á„·¯Ã[˝ Eı+„XÃ[˝ 

=Y◊Ã[˝YÁ„T Ã̂[˝ Zı„_ EıSÁ◊ªRÙOÃ[˝ G◊TˆYU ÂEı]X c˜„[˝ [˝ÓÁFÓÁ 

EıÃ[˝”X * V`ÁÃ[˝ %‹ôˆÃ[˝ φ ≠ 0 ; φ-AÃ[˝ ]ÁX 
2
π  C π c˜„_ 

EıSÁÃ[˝ G◊TˆYU◊ªRÙOÃ[˝ ◊ªJÙy %·¯X EıÃ[˝”X * 4 + 2 

F) ^«◊GΩTˆ G◊TˆÃ[˝ V«◊ªRÙO a]›EıÃ[˝S ◊X∂oˆÃ[˝÷Y f 

  062 121 =++ qqq&&  

 A[˝e 052 212 =++ qqq&&  

 ÿëˆÁ\ˆÁ◊[˝Eı Eı+Á·¯ C ÿëˆÁ\ˆÁ◊[˝Eı Eı+XÍ`_›Ã[˝ ◊[˝ÿôˆÁ„Ã[˝Ã[˝ 

%X«YÁTˆ ◊XSÔÃ^ EıÃ[˝”X * 6 

G) Ê`“◊S a][˝Á„Ã^ ^«N˛ AEı◊ªRÙO LCR [˝Tˆ¤X›„Tˆ AEı◊ªRÙO 

Y“TˆÓÁ[˝Tˆfi Tˆ◊QÕˆ¨JÙÁ_Eı [˝_ 0E  cos ωt  Y“^«N˛ c˜„Ã^‰ªK˜ * 

[˝Tˆ¤X›„Tˆ Tˆ◊QÕˆdY“[˝Á„c˜Ã[˝ Ã[˝Á◊`]Á_Á ◊XSÔÃ̂  EıÃ[˝”X * [˝T ¤̂X›„Tˆ 

%X«XÁV EıFX c˜„[˝ ? ÂVFÁX Â^ %X«XÁ„VÃ[˝ a]Ã^ [˝Tˆ¤X›◊ªRÙO 

£à˘ ÂÃ[˝ÁW˝^«N˛ [˝Tˆ¤X›Ã[˝ ]„TˆÁ %ÁªJÙÃ[˝S Eı„Ã[˝ * 4 + 1 + 1 

H) Âc˜_„]Á_d„aÃ[˝ Tˆ√º̄  %X«^ÁÃ^› ªK˜QÕˆ ªRÙOÁXÁ TˆÁ„Ã[˝Ã[˝ ◊[˝ÿôˆÁ„Ã[˝Ã[˝ 

a]›EıÃ[˝S ◊XSÔÃ̂  EıÃ[˝”X * 6 

I¯) ÂEıÁ„XÁ TˆÃ[˝„_ %X«ÍVHÔÓ TˆÃ[˝„ÜÃ[˝ Â[˝„GÃ[˝ Ã[˝Á◊`]Á_Á ◊XSÔÃ̂  

EıÃ[˝”X * 6 

ªJÙ) AEı◊ªRÙO H„Ã[˝Ã[˝ %ÁÃ^TˆX 1500 m 3  A[˝e a]G– Tˆ„_Ã[˝ 

Â]ÁªRÙO Âl˘yZı_ 1200 m 2 * 0·5 W l˘]TˆÁÃ[˝ `å =da 

[˝Ó[˝c˜ÁÃ[˝ EıÃ[˝ÁÃ[˝ YÃ[˝ ÂVFÁ ÂG_ =da◊ªRÙO UÁ]Á„XÁÃ[˝ 2s Y„Ã[˝ 

H„Ã[˝Ã[˝ `å `“[˝Óa›]ÁÃ^˝ ÂYÏªK˜ÁÃ^ * 100 W l˘]TˆÁÃ[˝ =da 

[˝Ó[˝c˜ÁÃ[˝ EıÃ[˝„_ a]Ã^◊ªRÙO c˜Ã^ 3s, H„Ã[ Ã̋[˝ Â]ÁªRÙO Â`ÁbS EıTˆ ? 

aEı_˝ Tˆ„_Ã[˝ GQÕˆ Â`ÁbS mSÁ·¯ EıTˆ ? 6 

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

Eı) 2d ÈV„HÔÓÃ[˝ GÓÁaY…SÔ AEı◊ªRÙO ÊªJÙÁ„I¯Ã[˝ ]W˝ÓFÁ„X m  \ˆ„Ã[˝Ã[˝ 

AEı◊ªRÙO ◊Y∫RÙOX %Á‰ªK˜ * ◊Y∫RÙOX◊ªRÙO„Eı ÂEıÁ„XÁ AEı◊V„Eı 

aÁ]ÁXÓ aÃ[˝S H◊ªRÙO„Ã^ ÊªK˜‰QÕˆ ÂVCÃ^Á c˜_ * Y“◊y‘Ã^Á◊ªRÙO„Eı 

a]TˆÁYEı W˝Ã[˝„_ ◊Y∫RÙO„XÃ[˝ Eı+Á·¯ EıTˆ c˜„[˝ ? 3 
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F) ÂEıÁ„XÁ ÂVÁ_„EıÃ[˝ \ Ã̂[˝ 10 g, Y“TˆÓÁXÃ̂ Eı [˝_ 

5 dyne/cm C %[˝]≥VX [˝_ 2 dyne-sec/cm. 

ÂVÁ_„EıÃ[˝ G◊Tˆ Y^ÔÁ[˝ w¯ c˜„[˝ ◊EıXÁ ◊XSÔÃ^ EıÃ[˝”X * 3 

G) 200 Nm 1−   W˝–”[˝Eı ◊[˝◊`rÙ AEı◊ªRÙO ◊&“e ÂU„Eı 0·2 kg 

\ˆÃ[˝ M«ı_‰ªK˜ *  \ˆÃ[˝◊ªRÙOÃ[˝  =YÃ[˝  ◊y‘Ã^Á`›_  %[˝]≥VX  [˝_  

– 2v Nm 1− s, Â^FÁ„X v \ˆÃ[˝◊ªRÙOÃ[˝ Â[˝G * \ˆ„Ã[˝Ã[˝ =YÃ[˝ 

12 cos 50t  ◊X=ªRÙOX [˝_ ◊y‘Ã^Á EıÃ[˝„_ ÿöˆÁÃ^› %[˝ÿöˆÁÃ^ 

\ˆÃ[˝◊ªRÙOÃ[˝ ◊[˝ÿôˆÁÃ[˝ C Y“^«N˛ [˝„_Ã[˝ a„Ü aÃ[˝„SÃ[˝ V`Á YÁUÔEıÓ 

EıTˆ c˜„[˝ ? 3 

H) V«◊ªRÙO Eı+X tx π= 10cos1  C tx π= 12cos32  

c˜„_ ◊[˝ªRÙO Eı+Á·¯ C ◊[˝ªRÙO ◊[˝ÿôˆÁÃ[˝ ◊XSÔÃ^ EıÃ[˝”X * 3 

I¯) ÂEıÁ„XÁ T Ã̂[˝„ÜÃ[˝ a]›EıÃ[˝S  

  S = 6·0 cos ( 50t + 3x ) 

 TˆÃ[˝„ÜÃ[˝ Eı+Á·¯, TˆÃ[˝ÜÍVHÔÓ C Â[˝G ◊XSÔÃ^ EıÃ[˝”X * 3 

ªJÙ) `„åÃ[˝ ◊[˝ÿôˆÁÃ[˝ 
10
1  mS Eı]Á„_ Tˆ›[ –̋TˆÁÃ[˝ ‚—˜Áa ÂQˆ◊a„[˝_ 

AEı„Eı ◊XSÔÃ̂  EıÃ[˝”X * 3 

ªK˜) CD ÂTˆ `„åÃ[˝ ◊Qˆ◊LªRÙOÓÁ_ %◊\ˆ„_F„X 16 ◊[˝‰ªRÙOÃ[˝ aeFÓÁ 

[˝Ó[˝c˜ÁÃ[˝ XÁ Eı„Ã[˝ 4 ◊[˝‰ªRÙOÃ[˝ aeFÓÁ [˝Ó[˝c˜ÁÃ[˝ EıÃ[˝„_ ◊Eı 

%a«◊[˝W˝Á c˜Tˆ ? 3 

L) %X«Ã[˝SX EıÁ_ EıÁ„Eı [˝„_ ? ◊XπY“ÁS Eıl˘ EıÁ„Eı [˝„_ ? 3 

 

( English Version ) 

 

1. Answer any two questions : 10 × 2 = 20 

a) Two point masses 1m  and 2m  are 

connected by a spring of spring constant k. 

Obtain the equation of motion for the 

relative displacement of the two masses. A 

diatomic molecule has two atoms of masses 

2 × 10 26−  kg and 2·7 × 10 26−  kg. If the 

force between the atoms be approximated 

by a spring of spring constant 190 N/m, 

find out the frequency of vibration of the 

atom. Show that the total energy is a 

constant for vibrational motion. 

   4 + 2 + 4 

b) For a damped oscillator, the force of 

damping is proportional to velocity. Solve 

the equation of motion for the oscillator for 

critical damping. Show that if the initial 

displacement is zero and the initial velocity 

is non-zero, then the time after which the 

oscillator comes to rest is independent of 

the initial velocity. 5 + 5 
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c) For the given system find out the equations 

of motion and solve them. What are normal 

modes and normal frequencies ? Express 

the total energy of the system in terms of 

them. 

 
   6 + 2 + 2 

d) What is Doppler effect ? Derive how the 

frequency of sound changes for Doppler 

effect for motion of the listener and motion 

of the source. Two tuning forks of 

frequency 340 Hz moving with respect to a 

listener is producing a beat of 4 Hz. One of 

them is moving with a velocity v away from 

the listener while the other is moving with a 

velocity 
2
v  towards the listener. Determine 

the value of v. Given that the velocity of 

sound in air is 340 m/sec. 2 + 5 + 3 

2. Answer any three questions : 6 × 3 = 18 

a) Explain the trajectory of the motion of a 

particle which is under superposition of 

two perpendicular vibrations of the same 

frequency, but with a phase difference 

φ ≠ 0. Draw the trajectories of the particle 

when φ takes values 
2
π  and π. 4 + 2 

b) The equations for coupled motion are given 

by the following : 

  062 121 =++ qqq&&  

  052 212 =++ qqq&&  

 Find out the normal frequencies and the 

ratios of the amplitudes of the normal 

modes. 6 

c) A periodic e.m.f. of 0E  cos ωt is applied to a 

series LCR circuit. Find out an expression 

for the current in the circuit. When will 

there be a resonance in the circuit ? Show 

that at resonance, the circuit behaves as a 

purely resistive circuit. 4 + 1 + 1 
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d) Find out the equation of displacement of a 

bowed string using Helmholtz’s theory. 6 

e) Find out the expression for velocity of 

longitudinal wave in a fluid. 6 

f) A room has a volume 1500 m 3  and the 

total area of all its surfaces is 1200 m 2 . 

While using a sound source of 0·5 W it was 

noted that 2s after the source is stopped, 

the sound in the room reaches the limit of 

hearing. If a 100 W sound source is used, 

the corresponding time is 3s. What is the 

total absorption of the room ? What is the 

average absorption coefficient of all the 

surfaces ? 6 

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

a) A gas filled cylinder of length 2d has a 

piston of mass m at the middle. The piston 

is moved slightly to one side and released. 

Assuming the process to be isothermal, 

what will be the frequency of the piston ? 3 

b) An oscillator has a mass of 10 g, a restoring 

force 5 dynes/cm and a damping force 

2 dyne-sec/cm. Determine whether the 

motion is periodic. 3 

c) A mass of 0·2 kg is hanging form a spring of 

spring constant 200 Nm 1− . The restoring 

force on the mass is – 2v Nm 1− s, where v 

is the velocity of the mass. If a force of 

12 cos 50t N acts on the mass, what will be 

the phase difference between the 

displacement and the force and the 

amplitude of vibration in steady state ? 3 
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d) Find out the beat frequency and the beat 

amplitude for two vibrations given by  

 tx π= 10cos1  and tx π= 12cos32 . 3 

e) For the wave described by the equation   

 S = 6·0 cos ( 50t + 3x ), find out the 

frequency, wavelength and velocity of the 

wave. 3 

f) If the amplitude of sound is reduced by a 

factor of 
10
1 , what will be the decrease in 

intensity in decibel unit ? 3 

g) If 4 bit number was used instead of 16 bit 

numbers, what would have been the 

problems of digital recording of sound on 

a CD ? 3 

h) What is reverberation time ? What is a dead 

room ? 3 

    
 


