
Waves in pipe and string 

1. a. What is close organ pipe? Discuss various modes of vibration of the air column in 

close organ pipe and hence write the expression for the frequency of 𝑛௧௛ mode.[3] 
b. What is standing wave? How and what type of standing wave is formed in close 

organ pipe.          [2] 
c. Determine the length of the pipe closed at one end in which the air column will 

vibrate with fundamental frequency of 160 Hz taking the speed of sound in air to 
be 340m/s. Also find the frequency of third overtone.  [𝟎. 𝟓𝟑𝒎, 1120Hz]   [3] 

d. A close pipe is 0.5m long. What is the fundamental frequency and third Harmonics 
if velocity of sound is 350 m/s?     [175Hz, 525Hz]               [2] 

e. Draw the waveform for third harmonics in close organ pipe. If the fundamental 
frequency is 𝑓, what is the frequency of third overtone in open pipe?    [2] 

2. a. What is resonance? Explain why soldiers are ordered to break steps while crossing 
a bridge.                    [2] 

 b. The frequency of fundamental note of a closed organ pipe and that of open organ 
pipe are the same. What is the ratio of their length?        [2] 

c. An open organ pipe of length 30cm sounding at third harmonics is in unison with 
a close organ pipe sounding at third overtone. Find the length of close pipe.    [2] 

d. Determine the length of a closed pipe and an open pipe that will resonate in the air at 
with a minimum frequency of 175 vibrations per second.  

[𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 𝑠𝑜𝑢𝑛𝑑 = 330𝑚/𝑠. ] [0.47m,0.94m]     [2] 
e. What is end correction? How is end correction related to radius of pipe?     [1] 
f. Two open pipes of same length produce sounds of different frequencies if their 

diameters are different. Why?         [2] 
3. a. What type of wave is generated in a stretched string when plucked? 

b. Discuss various modes of vibration in a stretched string and hence write the expression 
for the frequency of 𝑛௧௛ mode.         [3] 

c. What happens to the frequency of vibration of a string under tension if, i) Thickness 
of the string is doubled? ii) Tension on the string is doubled?      [2] 

d. Calculate the velocity of a transverse wave travelling in a copper wire of radius 1𝑚𝑚 
stretched under a load of 1.4𝐾𝑔. (Density of copper= 8.8𝑔𝑚/𝑐𝑚ଷ).  [22.4m/s]    [2] 

4. a.  A guitar consists of several strings of different thickness. Why it is made so? Explain.
             [2] 

b. A wire of diameter 0.04𝑐𝑚 and made of steel of density 8000𝑘𝑔/𝑚ଷ is under a 
constant tension of 80N. What length of this wire should be plucked to cause it to 
vibrate with a fundamental frequency of 840Hz?  [0.168m]    [2] 

c. A string 1.5𝑚 long is made of steel (density 7.7 × 10ଷ 𝐾𝑔/𝑚ଷ and Young’s modulus 
2 × 10ଵଵ𝑃𝑎). It is maintained at a tension that it produces a strain of 1% in the string. 
What is the fundamental frequency of the transverse vibration of the string?    [2] 
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1. a.  Define pressure amplitude.       [1] 
b. Write the mathematical form of pressure amplitude.    [1] 
c. The displacement node is called as pressure antinode. Explain.  [2] 
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Dopplers Effect: 

𝒇ᇱ =
𝒗 ± 𝒗𝒐

𝒗 ± 𝒗𝒔
  × 𝒇 

 When the source approaches and 
passes the stationary observer  

(Overtaking problem) 
Approaches: 

𝒇 ᇱ =
𝒗

𝒗 − 𝒗𝒔
× 𝒇 

 Passes:   𝒇′′ =
𝒗
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 Doppler Effect in sound is 
asymmetric. 

 Doppler’s effect is independent of 
distance between source and 
observer. 

 Doppler’s effect is not observed if 
both source and observer are at rest. 
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