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PROBLEM 1 

1. The wave equation for a spherically symmetric sound wave is the following  
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Where p represents the small amplitude fluctuations, 𝑟 the distance from the origin, and 𝑐 the 

speed of sound.  

a. Re-express this equation as a function of derivatives of the product (𝑝𝑟) only, and thus 

determine its general solution. [HINT: Multiply by 𝑟 and consider that (𝑥𝑓)𝑥 = 𝑥𝑓𝑥 + 𝑓)] 

b. Show that only part of this general solution satisfies the Somerfield radiation condition, given 

by 
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c. A pulsating sphere that radiates spherical waves into air, where the frequency is 100 Hz and 

the intensity 50 mW/m
2
 at a distance of 1 m from the center of the sphere. What is the power 

radiated? What is the pressure amplitude and velocity amplitude at distance 50 cm from the 

center of the sphere? 

 

 

  



PROBLEM 2 

a) Consider the rigid closed tube with cross-sectional area A and length L as shown below and assume that 

the lateral dimensions are much smaller than the wavelengths of interest, i.e. plane pressure waves with 

associated volume velocity are propagating along the length of the tube. Derive the relationship for 

resonance frequencies of this tube. Plot the pressure and volume velocity distribution along the tube at the 

third resonance frequency. 
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b) Find the relation for the resonance frequencies when a hole is drilled at one end of the tube as shown in 

the figure below. The effective length of the opening is l’ and the cross-sectional area is S. Show that at 

very low frequencies this relation results in the classical Helmholtz resonator formula. Assume that there 

is no radiation loss at the opening, i.e. the impedance is purely reactive. Comment on the validity of the 

classical formula at higher frequencies. 
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PROBLEM 3 

Consider two harmonic point sources separated by a distance 2e, as shown in the figure below. The phase 

difference between the volume velocity of the two sources is an angle ϕ 

 

1. Derive the expression for the pressure radiated in the far field 

 

2. Show that the magnitude of the pressure in the far field can be written as:  
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Hint: the following trigonometric identities might be useful 

cos2 𝜃 + sin2 𝜃 = 1 

cos(𝑎 + 𝑏) = cos 𝑎 cos 𝑏 − sin 𝑎 sin 𝑏 

 

3. Determine the nodal directions (that is the angles 𝜃 for which the pressure field is zero). 

 


