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Sound waves are very convenient for t} investigation of 
all wave phenoinene with t1 exception of polarization. They ere 
particularly useful in connection with microwaves beoause the 
latter's wave length ci be easily duplicated with sound waves, 
making it possible to obtain the same diffraction pattern for 
both when confronted by the saine metal obstacles. Thus, if a 

diffraction grating is chosen as e means of determining the wave 

length of microwaves, the wave length of the sound which produces 
the same diffraction pattern as the microwaves will be the wave 

length of the latter. 

Using sound with a wave length of three centimeters, tF 

diffraction pattern for a grating of five slits was experimentally 
determined and compared with the calculated patterns for Fresnel 
cid for Fraunhofer diffraction. The sound was produced in the back 
of a sound-absorbing box by either e Galton whistle or e small 
speaker driven by an oscillator; detection was by a microphone 
whose signal appeared on an oscilloscope. 
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A DEVICE FOR IIWESTIGATING WAVE PHENOMENA 
BY MEANS OF SOTJ1D 

INTRODUCTION. Lord Rayleigh (5, pp.208-211) performed many 

experiments vdth sound about 60 years ego demonstrating different 

wave phenomena. Using a Galton whistle to produoe a sound with a 

single wave length in the range between one and one-half end six 

centimeters, he placed various obstacles in the path of the sound end 

detected the diffraction or interference pattern on the 
other side of 

the obstacles by e sensitive menometrio flsme which roared when at a 

position where the intensity wes a maximum. Later in 1936 H. K. Schil- 

ling (C, pp.27-31), while et Union College, Nebraske, revived inter- 

est in this type of experiment when he used similer apparatus for 

instructionel purposes. He made obvious improvements (7, p.156) such 

as using a microphone to detect the sound end an oscilloscope to 

observe the wave. Still later (8, p.57) he substituted a speaker 

which was driven by an oscillator for the Galton whistle. 

In the past few years sound waves have been used by Harvey 

(i, pp.349-354) of Bell Laboratories as ari aid in the investigation 

of microwaves. Since the wave length of microwaves can be easily 

duplicated using sound waves, he was able to use the seme diffraction 

screens for both. 

One method of determining the wave lengths of microwaves is 

to analyze the diffraction pattern obtained with a transmission grating. 

Since the pattern with Fraunhofer diffraction is very simple to 
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calculate, while the calculation of the pattern with Fresnel diffrac- 

tion is very tedious, it is always a temptation to assume approximate- 

ly plane waves. However, this assumption may leed to a complete mis- 

interpretation of the pattern unless the waves are sufficiently plane. 

An attempt has been made here to show that with distances 

from the source to the grating end from the grating to the line of 

observation that ere convenient in the laboratory study of micro- 

waves, the assumption of plane waves would lead to erroneous results. 

Using apparatus similar to that of H. K. Schilling (6, p.27) sound 

waves were used to obtain a diffraction pattern from e grating of 

five slits which was compared with the calculated patterns for Fresnal 

and for Fraunhofer diffraction. 

APPARATUS. A sound source (either a Gelton whistle or a 

smell dynamic speaker) was mounted in the beck of e box lined with 

cotton batting which acts as a sound absorber (Fig. i). The box 

was made of 5/8 inch plywood with inside dimensions of 20x30x120 

centimeters. The front edges of the bottom and top of the box were 

grooved to facilitate the insertion end removal of various openings 

(slits, circles, etc.). 

When the Galton whistle was used it was actuated by air at 

a pressure of about two pounds per square inch supplied by e smell 

air oompressor driven by a variable speed motor. In order to smooth 

out the uneven air supply from this compressor, two five gallon cans 

were placed in series with the air line between the compressor and 



Fig. 1. Apparatus With the Michelson Type of Interterometer 
Using a Gelton Thistle as the Sound Source. 



Fig. 2. Apparatus With a Grating of Five Slits Using a 
Small Speaker as the Sound Source. 
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the Galton whistle. An air pressure gage was placed on one of these 

cans so that the air pressure could be ascertained. Although a slight 

variation in the air pressure does not affect the frequency of the 

sound, it does affect its intensity. 

1then the small speaker was used, it was actuated by the npli- 

fled signal of an audio oscillator. The perimeter of the cone of the 

speaker was in the she of en elipse, the axes of which measured 

four end six centimeters. Figs. i and 2 show the apparatus using a 

Gelton whistle and a small speaker, respectively, for the sound 

source. 

The Galton whistle was tried first because it approximates 

a point source better than the speaker. However, it was found that 

the speaker was small enough so that no difference could be detected 

between the results obtained using the Galton whistle end the speaker. 

The speaker was preferred because of its portability and its freedom 

from harmonics and hissing noises. 

The sound was detected by a dynamic microphone which travelled 

on two 2x4's fastened together in a T. The T shape was used in order 

to aid in the moving end positioning of the mirrors and microphone 

in the Iichelson interforometer experiment. The 2x4's with appro- 

prieto scales attached to aid in making measurements were mitered 

together and two diagonal bracos were added for rigidity. 

The signal from the microphone was fed into en audio trans- 

former which matched the impedance of the microphone to that of a 



linear voltage amplifier. Before the amplified signal was applied to 

an oscilloscope, it was led through a high-pass filter which eliminated 

undesirable low frequency noises that the microphone might pick up 

along with any 60 cycle hum inherent in the nplifier. Since the 

response of the microphone, the amplifier, and the oscilloscope that 

were used were linear, the amplitude of the wave which appeared on 

the oscilloscope was proportional to the amplitude of the sound wave 

received by the microphone. Thus, the relative amplitude of the sound 

wave at any point could be determined. 

DETERMINATION 0F THE WAVE LENGTH. Before any experiment 

could be performed, the wave length of the sound had to be determined. 

The approximate wave length of the sound from the speaker could be 

calculated very quickly by Eqs. i and 2 using the frequency readings 

on the oscillator. 

X !' 
f 

. s i 

y (33lm) (0.6m )t, s . 2 

sec sec C 

where is the wave length, 

t is the temperature, 

f is the frequency, 

y is the velocity. 

However, the Galten whistle had to be calibrated before it could be 

used. Fortunately, the Galten whistle had micrometer scales on it 

so that once the wave length for a given setting had been determined, 
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this wave length could be quickly obtained again. The wave length 

was roughly established by applying the signal obtained from the 

Galton whistle to the y-axis input of an oscilloscope and the oscil- 

lator's signal to the x-axis input of the oscilloscope. YVhen the 

whistle's signal and the oscillator's were at exactly the same fre- 

quency, an ellipse was obtained on the oscilloscope. The frequency 

readings from the oscillator were converted to wave lengths by 

Eqs. i and 2. The whistle was calibrated in terms of the wave length 

rather than the frequency because the former is the important factor 

in the wave phenomena to be investigated here. 

Two adjustments can be made to the Galton whistle to change 

the wave length of the sound produced. The more important adjust- 

ment applies to the plunger which controls the length of the air 

column in the cylindrical barrel of the whistle. The other adjust- 

ment applies to the spacing between the part supplying the air end 

the cylindrical barrel. A graph of the wave length as a function 

of the micrometer settings for the plunger is shown in Fig. 3. 

Curves for two settings of the micrometer screw controlling the 

spacing between the pert supplying the air end the cylindrical barrel 

are shown. 

In order to measure the wave length directly, a Michelson 

end a Febry-Perot type of intorferometer were constructed. The 

apparatus for the Michelson interferometer is shown in Fig. i. 
The partially reflecting mirror was made by drilling 204 one-half 



Pig. 3. Calibration of the Galton Whistle. Wave Lengths Expressed as a i\inct1on 
of Miorometer Settings (Air Pressure 2 psi). 



inch holes in a 12x17 inch sheet of galvanized iron. The resulting 

mirror has a surface 0.8 of which reflects sound end 0.2 of which 

transmits sound. The reason for the high ratio of reflection area 

to transmission area was that this sne mirror was used in the Fabry- 

Perot interferometer where e high ratio is necessary for sharp 

Haidinger fringes. The two plane mirrors were made of two 12x12 inch 

sheets of galvanized iron. 

One of the plane mirrors was adjusted so that the microphone 

received a wave of maximum amplitude. This plane mirror was then 

moved through a distance x so that n maxime viere observed on the 

oscilloscope. The wave length was then calculated by Eq. 3. 

nA2x, ...3 

where n is the number of maxima, 

x is the displacement of the mirror. 

The Fabry-Perot interferometor is an exemple of en interferonieter 

involving multiple reflections. It consists of two partially reflect- 

ing mirrors the planes of which are mounted perpendicular to the axis 

of the box. The partially reflecting mirror from the Michelson 

interferometer along with an additional mirror having the same relative 

transmission and reflecting areas, 0.2 end 0.8, respectively, were 

used. The amount of sound that underwent multiple reflections between 

the two mirrors was greatly increased by the large reflection area 

of the mirrors resulting in maxima that were narrow in relation to 

the minima. The fringes resulting from multiple reflections of this 

nature ere called Heidinger fringes. 
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The measurement of the wave length of a sound wave with the 

Fabry-Ferot interferometer was very similar to that with the Michelson 

interferometer. One of the mirrors was adjusted so that the micro- 

phone received e wave of maximum amplitude. T'ne mirror was then 

moved through a distance x so that n maxima were observed on the 

oscilloscope. The wave length was calculated by Eq. 3. 

The calibration curve for the Galten whistle id the fra- 

quency readings on the oscillator for driving the speaker were used 

to determine the wave length approximately. Then if the wave length 

was needed more accurately the interferometers were employed. The 

wave lengths determined by the two interferometers agreed very well. 

SINGLE SLIT. Next, the diffraction pattern for e singlo 

slit was calculated to aid in the selection of en appropriate slit 

opening for the grating and to aid in t calculation of the diffrac- 

tien pattern of the grating composed of five slits. The diffraction 

pattern of a single slit for Fresnal diffraction is most easily cicu- 

lated by a Cornu spiral. A good description of the procedure in the 

use of the Cornu spiral hes been made by C. F. Meyer (4, pp.66-75). 

The diffraction patterns for slit widths of one, two, and three centi- 

meters which were calculated by the use of a Cornu spiral end Eqs. 

4 and b are shown in Fig. 4. 

y q 2(a+b), . . . 4 
ab X 

x v(ab)b). . . . 5 

2a 



- '- 
t - 

I - 
- - - - 

- I;O - . -- I 

t 

i . - 

-_i-_4_:_ __I_ -.---- Cqlcutatedblffroctlon 
:-- 1--V ---L .. L Patiern for A Slit' 
: I 1cm Wide i 

------uF --- 
ÏT 2 cm Wide ____ -- 

i _ __i --- J l__1 
I '_ i 

3 cm Wide -I 

- 
o - ' -- 

cp1utaed p$ for A 

-I -- - s!itl *cn WdÁonidering 
t .. --t- -- 

i -._- Fqctor_ ._i_ L__ __ 
. 

D$d t1 Distnc to the Microphonó ! . 

---- -1---±-----H _i_i_ 
-H-t- ---- l -. 

. . : 
, . I 

. 

- - 

L:r . S 

--. ' 
------t------T- --"--H-m-7-:--- ----- -------------------1- -t- 

-iv: _ 
L i __ . __________ H-R 

90 80 60 4 20 0 20 40 _ 6b 
Distances off From Center Positjon in Centimetsr$ S 

i1T-r : . 

: 

i 

Fig. 4. Fresnol Diffraction Patterais for S11t One, Two, 
and Three Centiiaeters Wide. 



12 

where y is the unit of division of the Cornu spiral, 

p is the distance from the source to the slit, 

b is the distance from the slit to the line 

of observation, 

q is the width of the slit, 

x is the distance that the point of observe-. 

tion is off from the center position of 

observrt ion. 

In the calculations the distance from the source to the slit was 

115 centimeters; the distance from the slit to the line of observation 

was 150 centimeters, and the wave length was three centimeters. The 

diffraction curves in Fig. 4 indicated that a slit of two centimeters 

would be e good choice. 

Since the curves obtained by use of the Cornu spiral do not 

take into consideration the obliquity factor (the decrease in ampli- 

tude for points off from the line of propagation of the wave) or the 

decrease in amplitude due to an increase in distance from the slit 

to the microphone (4, p.61), these factors were taken into considere- 

tion by multiplying the amplitudes on the diffraction curves by the 

factor given in Eq. 6. The quantities in Eq. 6 ere illustrated in 

Fig. 5. 

f r1 (l+cos_e), 

r2 2 

where f is the factor by which the amplitudes on 

the diffraction curve were multiplied, 
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r1 is the line from the slit to the nearest 

point on the line of observation, 

r2 is the line from the slit to the point of 

observation, 

e is the angle between r1 end r2. 

r, r2 

Line of Observation 

Fig. 5 Diagram Illustrating O, r1 and r2 Used in Eq. 6. 

Since slit width of two centimeters was chosen for the diffraction 

grating, these last two factors were included in the calculation of 

the theoretical amplitude curve for this slit width which appea in 

Fig. 4. 

DOUBLE SLIT. Before investigating the pattern formed by 

multiple slits, it was thought advisable that the pattern formed by 

two slits should be checked. This was done by placing a sheet of 

aluminum containing two vertical rectangular openings in the front 
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of the box d observing the interference pattern on a line perpen- 

dicular to the axis of the box. It was shown in the analysis of the 

single slit that there would be no confusion between the diffraction 

pattern of each slit taken separately and the interference pattern 

between the two slits if the slits were no wider than the wave length 

used. 

Since the slits were syetrica1ly placed on either side of 

the axis of the box, the positions of maxime and minima can be accurate- 

ly predicted by calculating the exact path length from each slit to 

points on the line of observation by use of the Pythagorean theorem. 

If the difference in path lengths of the waves from the two slits is 

an integral number of wave lengths a position of maximum intensity 

is expected; if the difference in path lengths is an odd multiple of 

p half wave length a position of minimum intensity is expected. 

The positions of maxime nd minima determined experimentally 

agreed very well with the calculated positions. The amplitude of the 

wave for all points along the line of observation could have been 

calculated and checked experimentally, but this did not seem to be 

necessary because of the excellent agreement between the experimental 

and calculated positions of maxima pnd minima. 

DIFFRACTION GRATING OF FIVE SLITS. The diffraction grating 

consisted of five vertical rectangular slits with a width of two 

centimeters end a spacing between centers of six centimeters. The 

distance from the sound source to the center slit was 115 centimeters; 
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the distence from the center slit to the line of observation v;as 150 

centimeters, end the wave length of the sound was three centimeters. 

The apperatus is shown in Fig. 2. 

The diffraction pettern that is obtained for the five slits 

with Fresnel diffraction wRs calculated first, This calculation 

involved the determination of the path length from the sound source 

through each of the five slits to points on the line of observation 

which was made by use of the Pythegoreexi theorem. These path lengths 

were calculated for points one centimeter apart, from the center 

position to 90 centimeters off from the center position. After 

calculating the difference in path length between the longest path 

length ìd each of the other path lengths, these differences in path 

length were converted to differences in wave length by dividing each 

by the wave length. The differences in wave length were each multi- 

plied by 360 degrees to obtain the phase differences between each of 

the waves traveling the different paths nd that treveling the longest 

path. Now thet the phase differences had been determined, the indi- 

vidual contributions were assumed to have the same amplitude and were 

added up veotorially. The resultant amplitude was then multiplied 

by the relative amplitude for the corresponding point for a single 

slit two centimeters wide (which had already been calculated end 

appears in Fig. 4). The final result of this computation is ex- 

pressed as a curve in Fig. 6. 

Next, the pattern that would be obtained with Fraunhofer 

diffraction was calculated by the graphical method described in 
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standard texts in optics (2, pp.160-162). This calculation involves 

the assumption of a constant phase difference from corresponding parts 

of adjacent slits. Representing the contribution from each slit as 

a vector, the contributions were added together for phase differences 

of 18 degrees, 36 degreos, etc. The resultant amplitude for eech 

phase difference was expressed in terms of the displacement of the 

observation point off from the center position by Eqs. 7 and 8. 

= 2jrdsine, ...7 
X 

sin O x, . . . 8 

D 

where is the phase difference, 

d is the distance between slit centers, 

x is the displacement of the observation 

point off from the center position, 

D is the distance of the observation line 

from the center slit. 

In order to include the diffraction pattern from each slit Eqs. 9 

and 10 were used. 

R R0 sin_B, . . . 9 

B 

B i-rg sin e, . . . 10 

X 

where R is the final calculated amplitude et the 

observation point, 
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R0 is the amplitude at the observation point 

calculated by the graphical method, 

q is the width of the slit. 

The final calculated curve for Fraunhofer diffraction is shown in 

Fig. 6. 

Finally, the amplitude of the sound wave was determined 

experimentally with the apparatus shown in Fig. 2. Since the micro- 

phone has directional characteristics it was mounted on a swivel 

base so that it could be pointed toward the slits without leaving 

the theoretical line of observation. The experiment was performed 

in a laboratory room with blankets draped over obstacles in the room 

to reduce the reflection of sound. In order to avoid reflections of 

this kind, the experiment was attempted on the roof of the Physics 

Building, but the wind made it impossible to obtain any reliable 

results. The intensity of the sound that the speaker emitted varied 

slightly throughout the experiment so the amplitude of the wave at 

the center position was checked after each measurement. The relative 

amplitude of the sound wave was determined by recording the amplitude 

of the wave on the oscilloscope for each position, end multiplying 

these amplitudes by the factor which made the amplitude for the oenter 

position agree with the calculated value for Fresnel diffraction. 

The experimentally determined amplitudes for points five centi- 

meters apart, from the center position to points 90 centimeters on 

either side, ere shown in Fig. 6. In general, they agree very well 
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with the calculated curve for Fresnel diffraction. Errors for the 

most pert may be ettributed to the f ollovdng: (i) reflection of 

sound in the box end in the room, (2) error in. the estimetion of 

the height of the wave on the oscilloscope, (3) variation in the 

sound intensity emitted by the speaker. 

CONCLUSIONS. The patterns that were calculeted for a gratine 

of five slits fer Fresnel end for Fraurthofer diffractions differ 

radically indicating that microwaves should not be assumed to be 

plane when distanoes convenient for laboratory work are used. The 

agreement between experimental points and the calculated curve for 

Fresnel diffraction indicates that sound waves provide en excellent 

means of checking diffraction patterns for microwaves. 
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