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PH 404 Decibels, sensitivity, and all that.



1/28/06    MJM

The the rms (root-mean-square) pressure is


prms =( [ ( p2 dt / (dt ]

All the pressures we deal with are sinusoidal, so for a pressure p = A exp(i(t),


prms = A/(2 = pmax /(2 .

That is, the rms pressure is 0.707 of the maximum pressure.  [ The 115 v listed for house current is an rms value


Vrms = 115 v = Vpeak/(2 .

This makes the peak voltage in your house about 163 v. ]

WWM on p. 196, Eq 7.4  gives the intensity of a sound wave either in terms of peat amplitude A or the rms pressure  { earlier we wrote it as I = 1/2 Re (pu*) }

(1)
I = A2/(2(c)  = p2rms/((c) .

Sound pressure level (SPL) and intensity level (IL) [WWM p. 216].

Intensity level (IL) in dB is given in a form you have probably seen before

(2)
IL = 10 log (I/Iref),


where Iref = 10-12 W/m2.

Exercise: show that sound whose intensity is 3.5 x 10-8 w/m2 has an intensity level of  45.4 dB.

Sound pressure level (SPL) in dB is given by substituting (1) into (2)

(3)
SPL = 20 log(p/pref) .


Exercise: show that for (3) and (2) to be equivalent, the rms pref  must equal  20 ( Pa .

Next page: microphone sensitivity expressed in dB.

Now we want to first deal with microphone sensitivity on p. 332, ff.

Microphone sensitivity S = Vrms/prms , where V is the output voltage for a given input pressure p.

Microphone 'response' R is given by


R = 20 log (S/Sref),

where Sref may be given as 1 V/Pa, or sometimes as 1 V/(bar. 1 bar is 1 atmosphere, and there are 105 Pa at one atmosphere, so 1 (bar = 0.1 Pa.  This means that 1 V/(bar = 10 V/Pa. 

Microphone sensitivities are all negative, meaning the refrerence sensitivities are larger than any mike will actually achieve. A more sensitive mike will have a larger (less negative!) than a less sensitive mike.


Exercise: a microphone has a sensitivity of 1.2 mV/(bar. Find its sensitivity re 1V/(bar. Ans:   -58.4 dB

According to Raichel (The Science and Applications of Acoustics, AIP Press, 2000), -50 dB re 1 V/(bar is about as good as microphones get. The little tieclip mikes in the lab are listed between -74 dB and -65 dB re 1 V/(bar.  

What is the sensitivity of a mike of -50 dB ?  


-50 = 20 log10 ([Vout/p]/[1V/(bar])  

10-2.5 = [Vout/p]/[1V/(bar],   and

Vout/p = 3.2 x 10-3 V/(bar = 3.2 mV/(bar.

The tie-clip mikes that I use in my lab ($25 from Radio Shack) are listed at -74 dB. 

a) Find the sensitivity of the tie-clip mike in (V/(bar. { 200 (V/(bar }

b) Determine the voltage output from a signal whose amplitude is 0.05 Pa.   { 100 (V }

(more on next page)

Now on to adding sound levels.  {WWM Ch 14, p. 441}.

The sounds we are talking about are all incoherent. That is, they are all at different frequencies. [ Two waves are coherent if they stay in some constant phase relationship. To do this, they must be at the same frequency.]  In acoustics, just like in optics, when we deal with incoherent waves, the combined intensity is the sum of the individual intensities:


incoherent waves:
add intensities to get total intensity

For coherent waves (same frequency) we must first add the amplitudes to get an overall amplitude, then use the square of that combined amplitude to get the total intensity.

The intensity of a sound wave is proportional to the square of the pressure, as we saw on the first page of this handout. 

If a band saw and a lathe together give an SPL of 100 dB, and the SPL of the lathe by itself is 91 dB, what is the SPL  (Lp) of the band saw by itself?


100 dB = 10 log10 [(pbs/pref)2 + (plathe/pref)2 ],  and


  91 dB = 10 log10 [(pbs/pref)2].

Solving the bottom one gives  (pbs/pref)2  = 109.1 = 1.26 x 109 .

Solving the top one gives  (pbs/pref)2 + (plathe/pref)2 = 1.0 x 1010.  This leads to

 (plathe/pref)2 = 1010 - 1.26 x 109  = 8.74 x 109 =>   SPLlathe = Lp lathe = 99.4 dB.

You can see this is not a linear relation!

You should go through WWM's Exdample 14.1, p.442. 

For averaging sound levels, keep in mind that you want to average the p2 values. The square of the pressure.

Try averaging 91dB,  93 dB, and 95 dB.  See if you get 93.33.
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1. Find the output of a microphone whose sensitivity is -100 dB V/(bar when presented with a pressure of 1.7 Pa.

2. The background level in a shop is 75 dB with no machines running, and is 83 db when a jigsaw is on. Find the noise level of just the jigsaw itself.

3. A class bell in a hallway at an up-and-coming school somewhere in the midwest registers 106 dB for 4.0 seconds. Without the bell, during the minute the bell goes off, the background level in that hallway is 82 dB while the students are hurrying to and fro. What is the average dB level during that one minute? [Hint: consider 15 samples of 4 sec each, one of which has the bell on, and all of which have 82 dB from the students.]

