PHYS 3000 Homework 4

1. A large rectangular classroom has dimensions (length, width, height) of 30 m x 10 m x 8 m.  The internal surfaces of the room have an average absorption coefficient of  = 0.16.  A speaker at the front corner of the room emits an average power of 10-5 W and has a directivity factor of Q=4.

a. What is the reverb time for the room?

b. What is the decibel level at a distance of 1 m and at 5 m from the source?

c. What is the critical distance from the source at which the reverberant level equals the direct sound?

d. What is the %ALCONS at 10m and at 25 m from the source. (Take n=0)? Would speech be clear and understandable at these two distances? 

e. What value would  have to be in order to make the critical distance 8 m?

2. Consider a small room (5m x 6m x 3m) with the same average absorption coefficient = 0.16 as the room in question 1. Calculate the reverb time and compare it to the value for the large room in question 1. What parameter of the room could you alter to make the reverb time of the small room closer to the big room value? 

3. For the room dimensions in question 1 calculate the 10 lowest standing wave frequencies.

4. Why does a small room with cubic dimensions (equal length, width, and height) have worse standing wave response than a room with unequal length, width, and height?

5. Design the profile for a quadratic residue diffuser with p=15. What should the well size be if the desired maximum frequency of operation is 3400 Hz? Calculate the well depth values, dn, if we want the diffuser to operate down to a low frequency limit of 340 Hz? Sketch the profile of one unit of the diffuser.
6.  Design a slot absorber to operate at a resonant frequency of 200 Hz.  The wooden slats are 20 cm wide by 5 cm thick.  The distance away from the wall of the slat array is 30 cm.  

(a) What will the opening size be between the wooden slats to create a resonance at 200 Hz?

(b) What is the grating periodicity of your design if all the slats are regularly spaced?

(c) What is the lowest frequency for which diffraction will become important with this periodic design? In other words, at what frequency will the diffraction angle for normally incident sound be 90 degrees; any higher frequency will have a diffraction angle less than 90 degrees.

(d) If 30 cm was the maximum distance from the wall but the array of slats was angled so that the closest distance from the wall was 10 cm, what would be the resonant frequency for the closely spaced end?

(e) Explain why the maximum damping of the resonance occurs if porous absorbing material is placed just behind the slot openings and minimum absorption occurs if the absorbing material is placed against the wall?

