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Purpose:  To compare the observed sound field with theory for surface interference.

References: 

1. KFCS section 6.8

Apparatus:  Tank with positioning system

Transducer




S/N__________________

Hydrophone




S/N__________________

HP467A Power Amplifier


S/N__________________

Wavetek Model 29 Function Generator
S/N__________________

SRS SR560 preamp



S/N__________________ 

Tektronix TDS3012B oscilloscope

S/N__________________ 

Theory:

The pressure field near a source radiating in the vicinity of the surface of a fluid half space is found by building a trial solution out of components that are known to be solutions of the wave equation, specifically 
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For a point source of strength Q, the method of images is used assuming a free boundary to write the field  at any point in the half space as
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For the case r>>d, 
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The term dsin is fairly small and can be neglected in the denominators, however kdsin is not small modulo 2 and must be included in the phase.


[image: image5.wmf](

)

(

)

jtkrdsinjtkrdsin

oo

jQjQ

p(,,t)ee

4r4r

w--qw-+q

éùéù

ëûëû

wrwr

q=-

pp

r

%


Factoring out the common terms, 
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Using Euler's relation
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For small , sin=h/R and r=R.  By lumping the monopole radiation term into a constant A divided by the range, R, the magnitude of the pressure field can be written
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The voltage sensed by a microphone can then be written
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A null is sensed when the argument of the sin is zero.  This occurs at integer multiples of  radians.
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Rearranging,


[image: image11.wmf]1

n

2hdR

R

nn

==

l


Where
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A maximum is found whenever the derivative of the microphone voltage function is zero.
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Rearranging,
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Or, letting z=R1/R
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This is a transcendental equation that must be solved graphically or numerically.  As seen in the plot below, the solution occurs near z=0.64 .  A more accurate numeric solution gives z= 0.645775  


This results shows
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Also, at R=2R1


[image: image18.wmf]1

1

B2dhB2dhBB

V(R2R)sinsinsin

R2RR4hdR2R

éù

æö

péplùépù

æöæö

=====

êú

ç÷

ç÷ç÷

êúêú

ll

èøèø

ëûëû

èø

ëû


Additionally, for large R, 
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so the microphone voltage becomes
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Taking the log of both sides
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So at great distances from the source, a log-log plot approaches a straight line with a slope of -2.

In the vertical direction, the microphone voltage is a rectified sine wave at a particular range.  In this case 
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where,
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Nulls occur when Kd=n
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so
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At R = R1
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Procedure:

1.  Connect the output of the function generator to the transmitting transducer.  Connect the output of the PA to CHI of the o-scope.  Set trig to 'CH 1'.  Obtain a 1200kHz sine wave of no more than 10V peak amplitude.  Next select Edit (blue button) and Trig (for trigger).  Change the source to TGen (Trigger Generator) and Change the burst count to 40.  Ignore the error messages you get in this mode.  When you are finished, hit enter and then push the output button.  Set the PRT to 10 msecs.  The function generator is now set for a 40 cycle burst at a repetition rate of 100 Hz and a frequency of 120 kHz.  

2.  Set the gain of the pre-amp to about 5.  Set the High pass filter to 30 kHz and the Low pass filter to 300 kHz.  This helps with band rejection of frequencies below 10 kHz and above 300 kHz.  Connect the hydrophone to the 'A' input.  Connect the 600 ohm output to 'CH2' input on the oscilloscope.  Compare your circuit with the block diagram below.

Block Diagram:
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3.  Record the depth of the source and receiver
4.  On 2 x 3 cycle log-log paper, plot the received voltage amplitude as a function of range, starting a few cm (4 or 5) from the face of the source. This voltage is read off the oscope with the cursors.  You should go at least 120cm in range using the leading portion of the receivers flat topped signal (CH2 of o-scope) and ignoring the interference that develops on the trailing portion of the tone burst.  First, take data to define accurately all maxima and minima.  Second, take more data points in these regions and beyond the farthest maximum to determine accurately the shape of the curve.  Third, plot a smooth curve through these points.

5.  Set the range to a minimum  Lower the receiver below the second null beneath the surface.  On linear graph paper, plot the received (peak to peak) voltage as a function of receiver depth raising the receiver in small increments until it is completely out of the water.  Take enough data to locate the nulls precisely and to determine accurately the shape of the curve.

8.  Remove source and receiver from the water.

Report:

1.   Add the theoretical fit to your data from part 4.  See para 5. below for obtaining B.   Do your points follow this fit?

2.  The theory section predicts that pressure nulls observed in step 4 occur at ranges, Rn=R1/n where R1 is the last null before infinite range.  Are your data points consistent with this prediction?  Mark the predictions on the graph.  Calculate Rn /R1 from your observations and compare with n.  Tabulate the comparisons and indicate the percentage deviations.

3.  From the observed value of R1 determine the product hd.

4.  Theory shows that at fixed Range, V is a rectified sine wave function of depth.  Does your graph in step 5 confirm this (at least qualitatively)?

5.  Theory shows that V=B/R at R=2R1.  Use this result to find B from your data.

6.  Theory shows that for large R, V has the asymptotic behavior Va=B(khd/R2). And that a plot of  Va vs R on a log-log plot will result in a straight line with a slope of minus 2.  Plot Va on the graph of step 4.  Does your data appear to approach the predicted asymptote? 
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