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PREFACE

This paper brings together most of the amthor's work at Oklchoma A. & M.
College on ultrasonica, including the details of the design and construction
of the ultrasonic siren generator.

It is hoped that the mechanical drawings, comstruction details and ex-
periments on the siren's performance will prove useful to the future workers
on the siren.

I wish to express my appreciation to Dr. Shermen W. Eager, Head of the
Physiecs Department at Oklahoma A. & M. College for his encouragement and
guildance and to whom must be attributed a large part of what success may be

claimed,
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CHAPTER I

APPLICATIONS OF ULTRASONICS

Ultrasonics has seen a wide range of application in recent years. It
has received much study in World War II because of its importance for the
underwater detection of submarines. Also nmumerous commercial applications
have been found for ultrasonics. The Sperry Company makes an instrument for
detecting flaws in large steel castings where x-ray methods are impractical.
An ultrasonic pulse is introduced into the casting or part to be tested, the
echo pattern is then studied. A flaw will cause a discontimuity in the sound
path and send back an echo of its own. The time it takes the echo to return
is a measure of the distance the flaw is away from the transducer. The
coagulating property of ultrasonics is used in some factories for removing
furnace smoke and for collecting carbon black. There is such a unit oper-
ating at Kingsmill, Texas installed by the Ultrasonics Corporation of
Cambridge, Massachusetts.

In ligquids ultrasonics has some important physical as well as chemical
effects. It has a strong dispersive power, it can degas a liquid, cause
cavitation, and has thermal and oxidizing effects. As a consequence of these
properties ultrasonics is finding wide applications in chemical engineering.

Since intense sound has been found to be bactericidal,l its possibili-
ties are being studied for pasteurizing milk and sterilizing drinking water.

2
The biological effects on animals is also receiving study. Airborne-

1y. Gaines, and L. Chambers, "Further Study of Effects of Intense Audio-
frequeney Sound”, Phys. Rev., II (1932), 39, 862.

2E. C. Gregg, Jr., "Biological Effects of Ultrasonics, " M. Physics,
(1944%), 1591-1596.



sound has been found to be lethal tc small animsls. Other workers are in-
vestigating its vossibilities for inhibiting or destroying cancerous growths.

The nsual difficulties in almost all applications is getting encugh
acoustic energy in = given place economically. Most of the effects emmerated
require a large smount of acoustical energy. This calls for an efficient
genersctor. The siren is one of the most efficient types of sound generators.
The Bell Telephone Laboratories has built & siren with an efficiency of
60-80% in the acoustic rm:ga.3

By certain design changes the siren can be used as an efficient generator
of ultrasonics. It is for these reasons the siren was adapted for the con-

struction of a powerful ultrasonic source.

3R. Clark Jones,"A Fifty Horsepower Siren! J, A. S, A., XVIII (1946),
371-387.



CHAPTER II
THE ULTRASONIC SIREN GENERATOR

In order to facilitate the study of the acoustical phenonema that exist
in high intensity ultrasonic radiation, a powerful ultrascnic siren generator
was built, The fundemental arrangement decided upon was similar to the one
used at the acomstical laboratory at Pemnsylvania State College, which was
constructed under a Naval oontmt.l Lacking the facilities of that large
school the task looked formidable, nevertheless the project was undertaken.

Both the first and second models were built almost entirely on the 9"
lathe of the Physics Department by the author, except where it was necessary
to secure acocurate indexing on a milling machine.

The siren consigts of the following components: a source of air, =2
rotor vhich interrupts the air flow at a frequency determined by the rotational
speed of the rotor, and finally ports in a stator through which the compressed
air escapes. The rotor is driven by an electric motor. The frequency of the
sound waves is controlled by adjusting the motor voltage. VWhen the rotor
turns all the 100 holes open simulteneocusly giving an effective area of open-
ing of .503 square inches. The sound intensity is adjusted independently of
the fregquency by regulating the chember air pressure, the higher pressures

giving the louder sounds.

The Design and Comstruction of Hodel I
Plgure I is a cross section of the first siren buillt. This drawing is

% scale. The rotor was driven by a 4 horsepower motor. The upper bearing

10. H. Allen, and I. Rudnick,"A Powerful High Frequency Sireny J. A. S. A.,
XIX (September, 1947), 857-865.
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housing of the motor was threaded and the motor was screwed into the under-
side of the pressure chamber. By rotating the motor the rotor-stator spacing
could be adjusted., The usual spacing was set at ,001", After this adjust-
ment the motor was locked into position by three hold down clamps, Three
pipes leading to the underside of the chamber brought in air at a pressure

of 3 to 5 1bs/sq. in. The air deflector insured a uniform distribution of
air to the 100 holes in the top of the chamber, The entire chamber assembly

and motor was ghock mounted in rubber and it ran vibration free.
The Performance of Model I

Some difficulties arose on the first runs with the first model of the
giren. There was an 80% drop in pressure between the compressor storage tank
and the siren pressure chamber. This was due to the high resistance to the
air flow offered by emall hoses used to admit the air and the construction of
the connectors for this tubing. The commectors used had a bore of +" diame-
ter, which for the three connectors gave only a cross sectional area of .15
8q. in. to admit the air., This is small compared to the .503" eross section
of the openings that generate the sound. Another difficulty noted was the
large decrease in frequency that occurred when the pressure was ralsed. This
trouble was attributed to the thickness of the rotor teeth (.040") and the
small size of the drive motor (£ h. p.).

To remedy these troubles the rotor teeth were trimmed down to .O15%
thick, This is over a 604 decrsase in thickness. The small hose, the small
connectors and the three way distribution system was eliminated, since the
latter had right angle bends in it. Large comnectors, and ordinery garden hose

of good quality was substituted for the small hose and all constrictions and



right angle bends were eliminated. The new cross section of the inlets was
equal $o0 .93 sq. in., an increase of over 5007 in cross sectional area.

With these modifications there was only a 20% drop in pressure between
the compressor storage tank and the siren, Considerable improvement was
noted in the siren performance. No instruments were available for quantita~-
tive measurements but cotton could be scorched in the sound field, demonstrat-

ing a high level of sound intensity,
The Design and Construction of Model II

It was decided to make some radical improvements on the sirem which were
based on our own experience and the experience of the group who were doing
similar work at Pemnsylvania State College with whom we were in contact,
Figure II is a cross section of the Model II siren designed and built by the
author. This drawing is a 1:1 scale. A new and more powerful motor was ob-
tained. It was the Dumore W-2 type motor which has 2 rating of 2/3 of a
horsepower with an imput of 710 watts and a speed of 8000 r.p.m. The motor
is of the A.0.-D.C. type whose speed is controllable with a Variac on A.C.
or a rheostat on D.C. In the new design a new type of motor mounting is used.
The motor itself is encased in a steel jacket through which the compressed
air circulates. This has the advantage of providing increased cooling for
the motor and it helps suppress the motor noise. To accomplish this it was
necessary to provide air tight seals on the top and the bottom of the large
Jacket and also to provide an airtight seal for the electrical imput to the
motor. For the electrical cable a screw cap is brought up against a steel
wagher which compresses a rubber washer around the inmput cable making an
effective pressure seal. About the top of the Jacket two rings were mounted.

The lower ring was welded to the Jacket and the upper ring compresses a ring
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of rubber to provide an airtight seal between the jacket and the siren cham-
ber. The lower pressure seal was made by bolting the jacket down on a rubber
gasket by means by three brackets, one of which can be seen in Figure II.

The siren chamber is held down against the pressure by three 1" steel rods.
{There is a force of 1326 1bs. on this siren chamber when it is operating at
30 1bs./sq. in.). The air is introduced into the jacket by a 2" pipe line.
The air rushes past the motor and then passes through the base plate which
has six 13/16" holes. The air deflector was machined with a smoother curve

go it would offer little resistance to the flow of air.
The Rotor

Much care had to go into the design of the rotor since it has to rotate
at very high speeds. There always exists the possibility that the rotor might
explode because of the very high stresses to which ii is subjected. Figure
III is a drawing of the rotor. The téeth and spaces on this rotor have the
same width (.09%4). The teecth are wider than the ports (.080") to minimize
air leaksge during the time the teeth are covering the ports. The use of
teeth rather than holes in the rotor is for the purpose of reducing the mass
on the periphery of the rotor and thus reduce the stress in this area. The
forces to be considered in the design of the rotor is centrifugal force and
the cantilever force due to the periocdic stopping of the flow of air through
the 100 openings., To produce a sound of 30 KC the speed of the rotor would

be as follows:

S = 30,000 X 60 = 18,000 r.p.m.

100

If we consider the radial and cantllever forces to be of equal magnitude
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we heve & "disc of uwniform strength” so that we get the following:
gz = Unp = 0 = constant

The shape of such & rotor is glven by the following formila:®

7

el L

T
pre

2

stress (1bs./sq. in.)

= gpecific density

Y = density (1bs./en. in.)

9 = 32.17 X 12 in,/sec.

o= anglar velocity (radians/sec.)

Tl

It can be seen from the formla that the material used for the rotor
should have a2 high tensile strength and o low density to obtain the greatest
safety factor. The best material obtainable for this purpose was 24 S.T
alunimm. This material has a yleld strength of 68,000 1bs./sd. in. and a
density of 0.1 1bs/cu. in.

The value AL o
L d

= k

is a constant determined by the material and the cperating conditions. Values

are now chosen for the ecenter thickness and the thiclmess of the rim of the

rotor.

¥y (thickness at the center) = .750
y (thickness at 2 3 1/8" radins) = .015

With these values we can now determine k.

23todola and Loewenstein,




b e

'0,5—-:___',756—~f((3-!15‘)2_
o2 = e —KT78
K = .40

Hence the formula for construction is

/‘f - .75 e —.qgox™

It now remains to show what the safety factor will be.

This can be done
in the following way:

et
2.0

To find the safety factor at 30.060 cycles/sec. we have the following

values:

0.1 1bs./cu.in, 5
32.17 12 in./sec.
2 77300 = 1885 radians/sec.

ESR
g]} non F

A0 = 2,59 X QI.ZBS)ZX 108 x 10-%
T

0 = 1150 1bs./sq.in. (required strength)

Safety factor = 68,000 = 59
1150

where

Sefety factor = 8

w——_
minimm required strength
The actual safety factor will be less due to the hole in the center

of the rotor for the shaft. The design of the rotor for the first siren had



a commated safety factor of 22. This later design 1ls nearly three times
stronger.

The rotor is secured to the motor shaft by a tapered pin. The actual
values used to comstruct the rotor follow on the next page.

These figures made it possible to fabricate the pattern from which the
rotor was made., The curve was first made in a flat plece of bdrass plate 1/8%
thick, This plate was secured to the lathe bed. A small pin was mounted on
the cross-slide of the lathe. VWhen the cross feed was fed in the pin followed
the curve and gulded the cutting tool. The result was that it was possidble
to produce the surface of revolution of the curve on the aluminmum piece which
was rotating on a supporting fixture. As a final step the rotor powered by
its own motor was turned and ground after it was mounted to assure that it
would run true. The stator was ground and lapped so that very close spacing
could be effected. The rotor ran vibration free after mounting, demonstrating

a good condition of balance.

Agsembly

The shaft is spring loaded at the bottom with a third bearing on the top
of the shaft providing a positive stop. When expansion occurs in the shaft
this upper bearing prevents the rotor from coming in contact with the stator.
The adjusting screw on the top of the siren makes it possible to adjust the
spacing between the rotor and the stator.

Figure IV is a photograph showing the parts that go into the construction
of the siren.

Figure V is a photograph of the assembled unit. The hose to the upper
pressure chamber is a line to a pressure gauge. The base plate is a salveged

vacuum chamber base plate. The Jacket is a section of high pressure steam
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pipe. There was very little cost for material since all of the material was
obtained on the campus.

It might be mentioned in concluding this section that great care had teo
be exercised in maintaining concentricity between the rotor and the various

structures which supported these two very important pleces.

The Compressor for the Air Source

A large compressor was installed in the Physics Department to serve the
need for the large quantities of compressed air that is needed for various
equipment such as the ultrasonic siren and the ultracentrifuge. The com-
pressor is a Chicago Pneumatic Type T. It is equipped with a 25 horsepower
motor and it can pump 100 cu. ft. per mimte. Since the compressor has a very
large storage tank the required 200 cu. fi./min. can be supplied to the sirea
by storing the air at 100 to 200 p.s.i. A pressure regulator was installed
in the air line to the siren but it had to be removed since it would not work
properly with the very large volumes of air demended by the sirem. An
ordinary valwe was found to work much better, and is now being used to regu-

late the pressure in the siren chamber.
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CHAPTER III
SOME EXPERIMENTS WITH THE MODEL II SIREN

Frequency Studies

The frequency characteristics of the siren were studied as a function of
the motor voltage and the chamber pressure.

The best way to measure frequency is to compare the unknown frequency
with some relisble standard. In this experiment the General Radio Audio
Oscillator was used as a standard. The unit has an internal calibration check-
er. At the factory this unit has been calibrated on every point on the dial.
As a further check the unit was found to agree very closely with the primary
standard audio signals that are transmitted by WWV from Washington, D. C.

The sound of the siren was picked up with a microphone and fed into the
vertical amplifiers of the oseilloscope. The G. R. Audio oscillator voltage
was fed into the horizontal amplifier of the oscilloscope. The oseillator
frequency is adjusted until a circle asppears on the oscilloscope. Under these
circumstances the oscillator frequency is exactly the same as the siren fre-
quency. Siace the G. R. Audio oscillator has an upper limit of 20,000 cycles
a figure eight was used as an oscilloscope pattern. With a figure eight pat-
tern laying on its side the frequency of the audio oscillator will be } of
the freguency of the siren. The only limitation of accuracy is the closeness
with which the audio oscillator frequency can be determined by reading its
dial.

Figure VI is a sketch of the set up used to determine the frequency
characteristics of the siren.

For the first run the chamber pressure was set for a constant 2 1bs./cu.

in. The motor voltage was set at various values and the resulting frequency
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was recorded.

corded.

The power consumption of the siren drive motor was also re-

The data for a constant pressure of 2 1bs./sq. in. is as follows:

14

Voltage imput to Power consumption Frequency of siren
siren motor of drive motor
1 144 volts 625 watts 26,600 cycles
2 140 volts 580 watts 26,000 cycles
3 135 volts 550 watts 25,000 cycles
L 130 volts 530 watts 24,000 cycles
5 125 volte 500 watts 23,000 cycles
6 120 volts 460 watts 26,600 cycles
7 115 volts 425 watts 22,000 cycles
8 110 volts 400 watts 21,000 cycles
9 105 volts 365 watts 20,400 cycles
10 100 volts 335 watts 19,200 cycles
11 95 volts 315 watts 18,400 ecycles
12 90 wvolts 227 watts 18,000 cyocles
13 85 volts 250 watts 17,400 cycles
14 80 volts 225 watts 16,400 cycles

The curves that result from these figures are drawn in Figure VII.
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The second run was made with a constant pressure of 5 1bs./sq. in. The

data is as follows:
Voltage setting Power input Frequency (cycles)
1 130 yolts 600 watts 22,400
2 120 volts 540 watts 20,400
3 110 volts 450 watts 19,600
L 100 volts 356 watts 18,000
5 90 volts 300 watts 16,800

This curve is plotted in Figure VIII,

The third run was made using a chamber pressure of 10 1bs./sg.in, 411

of these rums particularly on the high intensities were limited becsuse the

sound came down too far in the hearing range,

Motor voltage Power consumption Siren frequency

of giren motor
1 130 wvolts 720 watts 20,0600 cycles
2 125 volts 660 watts 19,600 cycles
3 120 volts 610 watts 18,600 cycles
L 115 volts 550 watts 18,400 cycles
5 110 volts 500 watts 18,000 cycles

The above was plotted in Figure IX,
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The final run was made by holding the motor voltage conatant at 130 volts

and increasing the chamber pressure. The effect on the frequency was noted.

Pressure Frequency of

siren (cycle)
1 2 p.s.i. 24,000
2 5 p.s.i. 22,000
3 10 p.s.i. 20,000
L 15 p.n.i. 19,400
5 20 p.s.i. 18,000

Thie last curve is given in Figure X. It can be seen in this curve that
the higher pressures put a substantial load on the siren motor. The micro-
phone did not operate well on the high intensities. Since it was bdadly over-
driven considerable distortion resulted in the signal. The purest sine wave
is obtained when the microrhone was close to the siren. When the microphone
was moved away from the siren the wave approached a saw toothed shape. This

non~linearity has also been cbserved by other worhra.l

Wave Shape of the Radiated Wave
The shape of the sound wave will be strongly affected by the instantaneous
area of the cpenings as the rotor revolves. By changing the shape of the
teeth on the rotor and the shape of the ports on the stator it is possible to

produce quite a variety of wave-shspes from a pure sine wave to a square

11. L. Thuras, R, T. Jenkins, and H. T. 0'Neil, "Extraneous Frequencies
Generated In Air Carrying Intense Sound Waves," J.A.S.A., VI (1935), 173-180.
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wave. Any wave shape other than a sine wave will have harmonies of the funda~
mentsl frequency.

In order to plot the curve of the area of opening at every instant, the
formula for this area will be derived.

N 5 4 /\

Ao:hlm-t(&:ﬁ;)-‘)l_(g--/l)m m*'(?_;:l'

)

The above formula can now be used to plot the increase of area with time.
For the size of the bDottom of the port we have » = .0LO"., It is assumed in
this analysis that the tooth makes a straight line in the hole, which it does
to a very close degree. OCurve 1 on Figure XI shows a plot of the above for-
mula. The flattening out of the top and bottom of the waveform is due to the
fact that the tooth (.094" wide) is wider than the hole (.080" wide). Conse-

quently for .014" travel of the tooth, the hole remains closed. Also since
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the space between the teeth is ,094" wide the hols will remain totally un~
covered for .014" of tooth travel. The above assumes that no leaksge exists

between the rotor and sitator.

The Effect of Leakage Around Rotor Teeth
It must be considered now what effect leaksge has on the wave form of
the siren. To the originel formula will be added the increase in the free
area due to the spacing between the rotor and stator. If S is the spacing,

then the leakage area when the port is covered will be given by:
A s = ,;7—77-17_ 5

This area will decrease as the tooth advances so that:
A{ = 6NS
M@:lo—ﬂ_—!(-—t&)
e
A_,q_r 2. NS o=z ! (L@}“
S

This area is then added to the area of the uncovered part of the hele.
Curves 2 and 3 in Figure XI show the resulting waveform for spacings of .001"
and .005%. Thus it can be seen that the area amplitude is rapidly decreased
with inereased spacing. This of course results in less dound output.

Curve No. 2 with the .001" spacing is a practical value for construction
and as can be seen provides a 95% closure of the hole.

Curve 3 is for a spacing of .005". The leakage here is becoming excessive,
and only a 75% closure will be obtained.

¥hen the spacing 1s .010" the closure is 50%. At .020" there is no
closure at all, the resulting ares amplitude will be zero. At this spacing

sound can still be produced due to the pumping action of the dlades and the



Calculations for Instantaneous Area of Opening

s ﬁf/z Ao zcu"( ’j| B %/
.080 1 .0000 0.000 .0000 .2515
.070 3/4 .0365 1.546 .0578 .1930
.060 1/2 L0984 2.095 .0838 .1670
.050 1/b .1718 2.635 .1052 .1460
.040 0 .2518 3.140 .1257 .1257
.030 -1/ .3307 3.645 1460 .1052
.020 -1/2 JLohk 4,180 .1670 .0838
.010 ~3/4 b663 L.830 .1930 .0578
.000 -1 .5030 6.280 .2515 .0000

f39/ Ae Ae Ar AT
5 fov 001’ |far .cog | for -e01” | oy 005"

.2515 .02515| .1258 .02515 .1258

.1930 .01930 | .0965 .05580 133

.1670 .01670 | .0835 1151 .1819

1460 .01460 | .0730 .1864 .2448

.1257 .01257| .0628 .26407 3143

.1052 .01052 | .0527 322 .3834

.0838 .00838 | .ok19 278 463

.0578 .00578 | .0289 57208 4952

.0000 . 0000 .000 .5030 5030




gurbolence. Such curves are useful for producing a definite waveform. It has
been shown by E. Jones® that the simusoidal output which this siren approximates,
has a maximm efficiency of 50%. The siren with a square wave output has a

possible efficiency of 100%.

Fo intensity measurements were made on the siren since no equipment was

available for such work.

The Radiation Pattern Rendered Visible

Some work was done on the Schlieren method for detecting the variable
density of the standing wave pattern. Successful runs were made with ultra-
sonics in o0il, but the method failed when it was applied %o airborme sound.
Figure XII ghows the standing wave pattern that was obtained with 450 KC
ultrasonic waves in oil. The lack of results for airborne sound was attrib-
uted to the poor lens that was used.

Another method was used to study the radiation pattern. A microphone
and neon lamp was attached together on the end of a long oscillating arm.

The mierophone neon lamp combination was made to scan the area over the siren
while the camera was set for a time exposure. The gain of the accompanying
amplifier was set so the neon 1it at the antinode and it extinguished at the
nodes, The standing waves were produced by placing a heavy brass plate over
the siren. The vertical travel of the necn lamp-microphome combination was
15",

Figure XIII shows the appearance of the radiation pattern. Since the
arm was swept through a vertical plane across the center of the siren (the
covered siren may be seen in the bottom of the pieture) the pattern is a cross
section of the circular pattern.

In Figure XIII it can be observed that the siren on this frequency



Figure XII
This i3 the 450 XC stending wave pattern produced on the Physics De-

partment's Mtrason. It was renmdered visible by optic mesns throuvgh an im-

provised chamber with windows sealed against oil leakage.






(5500 eycles) produces a stromg central lobe and two side lobes. The side
lobes can be seen to be 180° ocut of phase with the standing waves in the cen-
tral lobe,

This teclmique can be used for studying the effectiveness of horns,

acoustic lenses, and scoustic zone plate,

Floating Object:s in the Sound Field

When objects such as corks, balls or coins are placed in the sound field
they were found to float on the velocity antinode. It was ncted that the ob-
Jects in the same level sttract each other and tend to cling together. The
objects could be sent flying out of the field by = fast variation of the fre-
quency. These objects are easily held in the field with a glass cylinder.
Another interesting experiment was to blow powder into the field. The powder
collected at the nodes rendering their location visidle.

Coins laid on a sheet stood up on end, corks stood up on their cormers
vhen the frequency is adjusted so they are over a velocity antinode. If the

frequency is varied the objects jump, all at the same time.

Heating Effects of Intense Ultrasonic Waves

To discover the heating effect one had only to hold his hand in the
strong sound field. The hand will get hot very fast. If cotton is held in
the sound waves path it will burst into flames in about 30-45 seconds. The
burning cotton cannot be extinguished by smothering. Even after wetting, the
interior of the cotton is still wvery hot. Thus the heat generated is penetrat-
ing.

The lethal effect that the radiation has on small animals is most likely
due to this heating effect although in smell insects some physical damage can

be observed such as broken wings and antennse.



There is some question as to the source of this generated heat. Filamen-
tous materials seem to be hest for converting sound energy into heat. The
heat is most likely caused by friection. A good acoustical resistor is a long
narrow pipe, or a small hole. A fibrous substance like cotton or steel wool
has a multitude of such tortuocus channels through its interior. The rapid
viscous flow through such channels would result in a large loss of energy
through friction. To test this idea the cotton was held in various parts of
the field and it was found that the velocity antinode produced the greatest

heating effect,



CHAPTER IV

THE DESIGN OF AN ACCESSORY EXPONENTIAL HORN

To effect a closer coupling between the sound generator and the air
an impedance matching device should be msed. The exponsntial horn is such a
device in acoustics.

The design of such a horn should be such that the increase in area per
unit length should be proportional to the area itself. Stated mathematically

we have the following:
LA - kA

. I
snariy 28 = Jran
A= KQ + tont ot M;/ﬂo?ﬁ
A»} A= kR + 5038
/CO? A/B = KL
A= B2 kXL

This last equation can be used to design the horn.

Another factor to be considered is the diameter of the large end, it
should be greater than a quarter wave for the lowest frequencies to prevent
reflections.

The rate of flare determines the cut off fregquency. Thus if the horm
area doubles for every 2 feet of length the cut off is 32 cycles. If it
doubles every one foot of length the cut off will be 64 cycles ete.

This horn has to be designed in a different mamner since the source of
the sound is from a ring of holes. Hence the horn mmst be made in two parts

(see Pigure XIV).
A design formula must now be found for this type of horn.



Nt =  mean redius = 3"

SN = the increase or decrease in radius
with an increase in length

radius of the ocuter plece

Tz =
Jv, = radius of the inner plece
The Area will be
A=7(n> ,)

Ak Jpy = o S
/1,:‘: -l — - /L

A:"?T'El’_*fzhba+b/t‘2>—— (> 210 +4>/’>i)j
A=ymrnrhn
Agoes, = E773 X 094

{since the dismeter of the upper part of the port
is .188%)

AM = 3.54 sq. in.

AM—,; = 36 = //T)’Aﬁ, s

From these areas one can determine K since the length chosen is 5".

Using the horn equation we get P
Il 3 = 2.9%F €
3.9 = &%
AKo= €93

This gives a horn with a cut off of about 1,000 cycles/sec. Below this fre-

quency the horn is ineffective.

The diameter of the large opening is 1 ft. at a 1,000 cycle/sec. A

quarter wave length is .3 feet, so no trouble should arise from reflections.

The equation can now be put into a form for caleulation,
A A - 3L
ki .e73 XL

ST D Gl Beb il & ry
09 693
The aalculations/}ollow e

Pigure XIV shows a drawing of the horn. At this writing the horn was

)]

£$il]l under construction.



Caloulations for the Exponentizl Horm

V' QR e ke | 4 N H 0
(imches) | -613L ot e N+ £ 0) | =) (1 ches)

0 0 1 09 3.094 2.966 0
% 17325 1.185| .13 | 3.1 2.889 3
3 465 | 1.419 | .133 3.133 2.867 3
3/4 .51975| 1.68 159 | 3.159 2.841 3/%
1 693 | 1.994 | a8y | 3.187 2.813 1
1.250 .866 2.38 224 3.224 2.776 1%
1.5 1.0395 | 2.83 266 3.266 2.734 1%
1.75 1.21275| 3.35 315 3.315 2.685 1 3/4
2 1.386 4,01 377 3.377 2.623 2
2.25 1.559 | 4.76 L8 3.148 2.552 2%
2.5 1.733 | s5.68 [ .53 3.530 2.470 2
2.75 1.90575 | 6.75 635 | 3.635 2.365 2 3/4
3 2.079 8.00 752 3.752 2,248 3
3.25 2.25225 | 9.%9 .892 3.892 2.108 %
3.5 2.4255 |11.36 | 1.07 L.070 1.930 3
3.75 2.59875 | 13.46 | 1.265 | L.265 1.735 3 3/4
L 2.772 15.959 | 1.50 k., 500 1.500 i
4,25 2.945 |[19.106 | 1.800 L .800 1.200 L2
h.s5 3.1185 |22.65 | 2.135 5.135 .865 L
k.75 3.29175 | 26.84% | 2.52 5.520 480 4 3/4
5 3.465 |[32.14 | 3.02 6.020 0 5
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