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ABSTRACT 

This experiment has demonstrated that it is possible to 

generate pulses of acoustic waves in an aluminum single crys­

tal by the direct use of the tensile stress associated with 

an electric field at the surface of a conductor, and it is 

possible to detect these waves with a biased, capacitive 

pickup transducer. 
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I. INTRODUCTION 

A. Discussion 

There are many properties of solids which can be studied 

by the use of ultrasonics. Information concerning attenua-

tion, scattering, and velocities of ultrasonic radiation in 

solids can be obtained by this technique. Erior to 1950, the 

use of ultra~ound in studying these properties was not widely 

used. The methods were and still are vexed by difficulties 

such as pulse shaping and in bonding the transducers to the 

sample. There are several methods which can be used ln coup­

ling a mechanical disturbance, such as a pulsed or sinusoidal 

wave, to a sample. 

(1) The piezoelectric method: Here a piezoelectric 

transducer is bonded to a s a mple and an electric field 

applied to the transducer. The transducer converts 

this signal to a mechanical wave which is then trans­

mitted into the sample. Bonding and frequency limi-

tations are a problem. Since the thickness and the 

resonant frequency of the transducer are inversely 

proportional, it can be seen that at higher frequen­

cies the transducer becomes thin enough t o become 

difficult to work with. 

(2) The ma gnetostrictive method: In t hi s me thod a 

rod of magnetic material bonded to a sample is sub­

jected to an alternating magnetic field parallel to 



its axis. Mechanical vibrations are generated 

which are transmitted to the sample. As a result 

of the inductance in an electromagnet, the back 

emf prohibits short duration pulsing of the mag­

netic field. 

(3) The microwave method: When using the micro-

wave method, a piezoelectric sample is placed in 

a tuned cavity where microwaves of the desired 

frequency are used to excite acoustic waves at the 

surface of the sample. The disadvantages are that 

the method is limited to piezoelectric samples, 

and that when different frequencies are desired, 

different cavities have to be used. 

In this experiment an electric method was employed. 

2 

Here the longitudinal modes in the sample were excited by an 

alternating electric field. A flat plate, or electrode, was 

fixed with its face parallel to, and a short distance from, 

the sample as shown 1n Fig. 1. More will be said concerning 

these particulars in a later section. The use of an electric 

field, both for producing and detecting acoustic vibrations, 

is one of the essential features of this method. With this 

method the absence of a piezoelectric transducer eliminates 

electromechanical resonance which appears when one uses the 
-

piezoelectric method. Another attractive feature of the elec-

tric method is that there is no direct contact between the 

sample and the electrode, so energy losses in the piezoelec-



Fig. l. 

Position of the Electrode 
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tric crystal and its bond are eliminated. 

B. Review 

The use of ultrasound in solid state studies essentially 

started in 1947 when Mason, et. al. (l) measured the attenua-

tion and scattering of high frequency sound waves in metals 

and glasses. In his experiment the sound pulses were genera-

ted by piezoelectric crystals attached to the sample with 

beeswax. Measurements were made in the frequency range from 

2 to 15 megacycles, but the wax bond limited the band width 

of the transmitted pulse. For this reason long pulses were 

used, which approached steady state conditions. The electri-

cal circuit used by Mason is shown in Fig. 2. This circuit 

is basically a reliable one, and is used now in some experi-

ments. 

In 1947, P. G. Bordoni used the continuous wave electri-

cal method for research on elasticity. He claimed excellent 

results in the low megacycle range in that he was able to 

detect electrode vibrations as small as one angstrom. 

In 1948, W. Roth( 2 ) reported a method for measuring ab-

sorption of ultrasound in polycrystalline metals in the fre­

quency range of 15 to 100 megacycles using the pulse-echo 

techniques. Here Roth used an X-cut quartz piezoelectric 

transducer. The transducer was acoustically loaded in a 

bath of distilled water. The acoustical energy from the 

transducer was transmitted through the water and into the 



Fig. 2 

Electrical Circuit Used by Mason 
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sample, through which it propagated. After being reflected 

from the second surface of the sample, the pulse returned 

through the water to the same transducer as that used for 

transmission. If transverse waves are necessary, the water 

buffer method cannot be used. Fig. 3 shows this experimental 

arrangement. The water loaded method limits the minimum 

pulse length that can be used, and cavitation 1n the water 

is also a pr~blem. 

In 1951, R. L. Roderick, et. al. ( 3 ) used the pulse tech­

nique to measure the ultrasonic attenuation in steel samples. 

The experiment was carried out using both the transducer and 

water bath methods. Frequencies here ranged from 5 to 50 

megacycles. Fig. 4 shows the electrode arrangement with the 

crystal mounted directly on the specimen. The crystals used 

here were three 3/4 inch X-cut quartz; a 5 megacycle crystal 

operated at 5, 15, 25, 35, and 45 megacycles; a 10 mega~ycle 

crystal operated at 10' , 30, and 50 megacycles; and a 20 mega­

cycle crystal operated at its fundamental frequency. 

In 1960, P. G. Bordoni( 4 ) used the electrical method to 

investigate the elastic and anelastic behavior of metals at 

very low temperatures. Both in this work and in his work in 

1947, continuous rather than pulsed waves were used. In this 

work the.frequency used was 7 megacycles. Some of the char­

acteristics of the experimental apparatus are listed in Table 

I. 



.. 

Fig. 3 

Water Loaded Method Used by Roth 
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Table 1 

Characteristics of the Apparatus Used by 

Bordoni 



Table 1 · 

Distance between Rod & Electrode 

Mutual Capacity 

Frequency 

Driving Voltage 

Length of Rod 

Diameter of Rod 

Resonant Frequency . 

Typical Value of Vibration 
Amplitude Measured 

Output of the FM Vibration 
Meter for l0- 7 cm Vibration 
Amplitude 

14 

.l mm 

10 pf 

7 Me. 

100 v 

65 rnm 

12 rnm 

10 - 50 KC 

40 mv. 



15 

As can be seen, very little work has been carried out 

using the electric method with continuous waves, and no work 

has been done with the electric method using a pulsed signal. 

For this reason and because the electric method is in many 

ways a better method, the work discussed in the following 

pages has been conducted . 

. • 
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II. THEORY 

A. Discussion 

The theory of the experiment is based on the fact that 

at the input of the sample acoustic waves are to be generated 

by the stress associated with an electric field. Here it 

will be shown that the stress, S, is proportional to the 

square of the electric field, E. We will assume a parallel 

plate capacitor with stationary plates. From the definition 

of capacitance, we can write 

c = EpA 
d ' 

(l) 

where A is the area of the plates, and d is their separation. 

Since the stress is defined as the force over an area, or 

s F = A ' 
and 

F = q E ' 
we can write 

s = ~ A 

Also, since 

E 
v = d 

and 

q = c v ' 
where v is the potential, equation (4) can be written as 

:2. s = c: 0E • 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 



17 

B. Input Electrode 

The input electrode configuration consists of an elec­

trode placed parallel to the sample and at a distance to be 

determined in this section. Fig. 5 shows the circuit from 

which this discussion is based. 

From Ohm's law, we can w.ri te 

I = Vs I [Zs + R + i (wL - w~)] , (8) 

where Vs is the source voltage, Zs is the source impedance, 

and R and L form a tuning network to adjust the input signal 

for maxlmum energy transfer to the sample. C is the capaci-

tance of the sample and electrode, which is in parallel with 

a variable capacitor. Setting 

wL 1 = , 
we 

(9) 

we have 

LC 1 . = -;-z- , (10) 

and then 

(11) 

where I is the maximum current. As s uming that the source 
m 

impe dance is real, that is, 

, (12) 

then 

Im = V I (R + R) = V I Z , s s . c c 
(13) 

where vc is the voltage across the capacitor, C. Equation 



Fig. 5 

Circuit Diagram on Which the Input Theory 

is Based 
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(13) can be rewritten 1n the form 

I = V I (-i ) , 
m c we (14) 

or 

V = =i[V /R(R +R)] I we = -iV eiwt I (R +R)wc ,(15) c s s so s 

where Vso is the amplitude of the source voltage, or 

Vs = V exp (iwt) (16) so 

Now, by rewriting (16), we can obtain 

Vc = -V exp i(wt + n/2) , co 

where i = ein/ 2 , and V is the amplitude of the voltage 
co 

across the capacitor. Therefore, 

V = V I (R + R)wC . co so s 

Choosing an example where R = 50 ohms, A= 10- 4 m2 , and 

d = 10- 5m, then 

c = EoA = 8.85 x 10- 11 farad. 
(i 

(17) 

(18) 

(19) 

Also, if V = 100 volts, and the distance between the sample 
co 

and electrode is 10- 3 em., then 

Eco = 10 5 volts/em (20) 

Therefore, from equation (18), 

(21) 

Setting f = 10 6 10 X 10 6 , and 5 X 10 8 , we h a v e the r esults 
' 

listed in Table 2. From equation (18), and because vco = 

E cold, we have 



Table 2 

Table of Parameters Used in Equation (14) 
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Table 2 

f, sec- 1 v so' volts 

10 6 5.55 

10 X 10 6 55.5 

100 X 10 6 555 

5 X 10 8 30 80 
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Vso = E d(R + R) wC = E d(R + R)weoA/d co s co s ' (22) 

or 

(23) 

From equation (23) we note that the required source voltage, 

v so' does not depend on the electrode spacing, d, for a given 

field strength, E ~ co It does, however, depend on the area, 

A, of the electrode. 

C. The Detecting Electrode 

The device used for the detection of the acoustical 

wave is essentially the same as that used for the input. The 

only difference is that 1n the detector a d.c. voltage is 

applied through a resistor to the capacitor, which is formed 

by the electrode and the sample. Fig. 6 shows the detector 

circuit which was used in this experiment. The output signal 

is detected by measuring the voltage changes across the re-

sistor, R. 

The capacitor C represents the electrode and the sample, 

and E 1s the constant d.c. voltage applied across the capaci-

tor. If d represents the static spacing between the sample 
0 

and electrode, and d represents the amplitude of small chan~ 

in this distance when the acoustic signal reaches the detec-

ting end of the sample, we can write 

eo~ eoA 
C = d = d 0 + d-sin wt ' 

(24) 

where A is the cross sectional area of the electrode. 



Fig. 6 

Circuit Diagram on Which the Detector Theory 

is Based 



25 

R 

FIG. 6 



26 

By Kirchoff's law, we can write 

E - l. R - Q = 0 c , (25) 

or 

E = R ~ + Q [ do + d sin wt ] 
dt e: oA e: oA 

(26) 

By rearranging, equation (26) becomes 

E ~ + Q [ do d sin wt] 
R = + 

dt Re: 0 A Re: 0 A 
(27) 

Now, setting 

E 
R = p 

de 
Re: 0 A = D (28) 

d F 
Re: 0 A = ' 

we can write 

p = ~ + Q (n + dt 
F sl.n wt] , (29) 

where at time t = 0, Q = P/D. Next, a solution l.S considered 

of the form 

Q = a e-St+ y + F ( m sin wt + n cos wt ). (30) 

Taking the derivative of equation (30) 

~ = - aSe-st + wF m cos wt - wF n sin wt 
dt ' 

(31) 

Substituting this into equation (29) gives 



27 

P - - aae-at + wf m cos wt - wf n sin wt 

+ aDe-at + Dy + D F m sin wt + D F 

+ aFe-at sin wt + yD sin wt + f2 m 

+ f2 n sin wt cos wt 

Combining terms with the same coefficients glves 

-a + D = 0 => a = D 

wm + Dn = 0 => n = 

-w F n + D F m + yD = 

f2 m = 0 
} => F = 0 

f2 n = 0 

Dy = p 

af = 0 

By substituting (33) into equation 

m = P/w 2 + D2 

n = 

a = 

w p 
D w2 + D2 

Fw 
o 

p 

The current i is given by 

wm - If 

0 

(30) with t = 

n cos wt 

sin2 wt (32) 

(33) 

0 , we get 

(34) 

-at i = aae + F wm cos wt - F wn Sln wt , (35) 

and the alternating current, i(w) is 

i(w) 

~ (36) 
= F w(m cos wt- n sin wt) = Fw(m2 + n 2 ) sin(wt+ ~). 

From this we can find the alternating component of the volt-

a ge , E(w), a cros s the res istance, R: 



E(w) = F 

= F 

= F 

= 

= 

wR (m2 + n2.)! 
p 

wR wZ + nz 

wR 
p 

wZ + 

F w R P 1 
D(wZ+n2) 2 

nz 

( 

( 

1 
w2 

+nz 

1 )(D2 
D 

dwE 
d (w 2 +d 2 /efi AZRZ)! 

0 0 

)! 

+ w2)! 

Considering an example where d0 = 10-sm., A ·= 10-4mf, R = 

250 ohms, w = 10 7 cycles, E = 102 volts, and d =10-9m., 

D = do = 4.53 X 107 
e 0AR 

The R-C time constant is -1 
D ' or 2.21 X 10- 7 . Therefore, 

E(w) = 2.1 X 10- 3 volts. 

D. Frequency Doubling 

28 

(37) 

(38) 

(39) 

The output frequency from the sample will be twice that 

of the input frequency because of frequency doubling at the 

surface of the input end of the sample. The reason is quite 

simple, and is as follows. The applied signal can be repre-

sented by 

E = E cos wt 
0 

, (40) 

where E is the electric field and w is the frequency. The 

stress at the sample surface is a function of the square of 

the electric field, or 

S = e 0E 2 = AE~ cos 2 wt , (41) 

where A is a constant. By the relation 

cos 2 wt = 2 cos 2 wt - 1 , (42) 
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it can be shown that equation (41) becomes 

S = AE 2 [ cos 2wt + 1] . 0 , (43) 

or 

S = AE 2 cos 2w t + A£2 
0 0 

(44) 

The second term in equation (44) is a constant, and therefore . 
contributes nothing to the time dependent stress. The first 

term, however, contains the variable 2wt, which shows that 

the frequency is doubled at the surface of the input end of 

the sample. 

E. The Output Pulse 

The voltage detected at the output of the sample will 

be proportional to the square of the voltage at the input end. 

From equation (44), it was shown that at the input end, the 

stress was proportional to the square of the electric field 

intensity. Therefore, the square of the voltage at the input 

end will be proportional to the stress, or 

s a: E? a: v? 
~ ~ 

The amplitude of the input pulse in proportional to the 

stress. Therefore, 

S a: A. 
~ 

(45) 

(46} 

The amplitude of the input pulse is proportional to the amp­

litude of the output pulse; also, the voltage of the output 

pulse is proportional to the amplitude of the output pulse, 

or 
V0 cz: A a: A. 

0 l. 
(47) 
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From equations (45) and (46), the desired result is found: 

v ex v~ 
0 ~ 

This relation will provide a future check on the results of 

the experiment. 
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' 
III. EXPERIMENTAL PROCEDURE 

A. Discussion 

A block diagram of the equipment is shown in Fig. 7. 

The pulse generator was composed of two sections, a negative 

gate pulser and an oscillator, which ara shown in Fig. 8. 

The negative gate pulse was orie-half microse?ond long with an 

amplitude of -200 volts. The oscillator had a carrier fre-

quency between 25 and 100 megacycles. Different frequencies 

were generated by changing the inductance in the oscillator 

circuit. The sample was a single crystal of aluminum, one 

inch in diameter and four inches in length. 

The sample holder consisted of two magnesium caps, one 

of which were located on each end of the sample. The caps 

held spring loaded electrodes which were pressed against the 

sample. 

The output signal was detected and amplified by a General 

Radio model 1216-A, I.F. amplifier, connected to a Tektronix 

model 547 oscilloscope with a type lAl plug in amplifier. 

The following sections contain a detailed description of each 

of these components. 

B. The Pulsed Oscillator Circuit 

A pulsed oscillator is used when a waveform is desired 

where the pulse amplitude is zero until the _ beginning of the 



F:lg. 7 

Block Diagram of Equipment Used in this 

Experiment 
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Fig. 8 

Wiring Diagram of the Pulse Generator_ 
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Table , 3 

' 
Components Used in the Pulsed Oscillator 

Circuit 



R1 

R2, R3 

R4, Rs 

RG 

C1- c7, Cg 

c12 

Tl, T2 

T3, T4 

s 

L 

L2 

L3 

R7 
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Table 3 

lOOK, 1/2 watt 

5 .lK, 2 watt 

47 ohm, 1/2 watt 

90 ohm, 1/2 watt 

.OlJ.lf, 1000 V. ceramic capacitors 

Sample 

6JE6A 

6146B 

Mercury Wetted Relay, HG1077, C. P. Clare & Co. 

Delay Cable, AN Type RG 71/U 

30 Turns of No. 22 Wire 

4-8 Turns of No. 12 Wire 

500 Ohm, Variable 

.. 
. }~,. .· .. \, :~ : 
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pulse interval, becomes sinusoidal during this interval, and 

then returns to zero amplitude. 

The pulsed oscillator was composed of a ringing circuit 

and an oscillating circuit which utilize the same tank net-

work. The tank network is an energy storing device which is 

composed of a capacitor and an inductor connected in parallel. 

The ringing circuit and the oscillator circuit will be dis-

cussed separately. A simple ringing circuit _is composed of 

a capacitor and an inductor placed in parallel, and connected 

to a voltage source through a switch. Fig. 9 shows a ringing 

circuit similar to the one used in this experiment, where 

the switch in this case is a simple triode tube. An equiva­

lent circuit is shown in Fig. 10. gere a parallel resonant 

circuit is connected to a constant potential, E, through a 

current limiting resistor, R. The resistor; r, represents 

the a.c. losses in the resonant circuit. This resistor is 

placed in parallel to the inductor since the d.c. resistance 

of the inductor is small compared to the a.c. resistance, and 

the inductor short circuits the resistor for d.c. 

Initially switch s is closed and a steady state current 

of E/R flows through the inductance. At the time t = O, the 

· The behav~or of the circuit for a time sw1tch is opened. • 
(5) 

greater than zero is represented by 

di 
+ L dt + r i = 0 , 

where i is the current through the inductor. 

(49) 

The solution to 



Fig. 9 

Ringing Circuit Similar to the One Used 

in This Experiment 
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Fig. 10 

Equivalent Ringing Circuit 
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(49) lS glven by 

l = A e-t/2rC cos (wt + .t.) 't' , (50) 

where 

w = [LlC (51) 

The arbitrary constants A and can be evaluated from the 

fact that i = E/R and di/dt = 0 h , w en t = 0. From this, we 

have 

-1 
tan 4> = 2 r c w 

and 

The voltage E0 lS expressed by 

Eo = L di dt ' 
and from equation (50), (54) becomes 

' 

The quantity rcw is called the Q of the resonant circuit. 

Assuming that l/4Q2 is small compared to 1, equation {55) 

can be rewritten as 

E = E wL e-wt/ 2Q sin wt 
o - R 

(52) 

(53) 

(5~) 

(55) 

(56) 

Equation (56) represents a damped sinusoidal oscillation, 

where the rate of damping is such that the amplitude is re­

duced to i/e of its initial value in Q/~ cycles. 

The ringing of the tank circuit in Fig. 8 is initiated 

when the steady state curre~t thro~gh the tubes T1 and T2 is 



suddenly shut off by the application of a negative pulse to 

the grids. This applied pulse must be greater than the cut­

off voltage of the tube, plus the initial amplitude of the 

oscillations. If this is not the case, the initial amplitude 

of the oscillations will bring the tube back into its operat­

ing region. When the negative gate pulse returns to zero 

amplitude, the tube suddenly conducts and rapidly quenches 

the oscillations. ' 

The ringing circuit produces a signal which is shown in 

Fig. 11. In order to sustain the oscillations throughout the 

gate pulse duration, the oscillator replaces the energy losses 

represented by the resistor r in Fig. 10. Fig. 12 show a 

simplification of the circuit which accomplishes this energy 

replacement. The voltage from a point A in Fig. 12 is applied 

to the grid of T2 , and the cathode is connected through a re­

sistor, R1 , to a tap on the inductance. In practice, the 

gain of this network may be greater or less than unity. The 

gain can be made to be unity by adjusting the variable re­

sistor, R1 , thus yielding pulses of constant amplitude. If 

tube T 2 were omitted, the voltage across the tank circuit 

would have an initial amplitude of I 0 wL, where I 0 is the ini­

tial current in the tank circuit. If the feedback from T2 is 

adjusted to the value required to supply the tank circuit 

losses, the amplitude of the signal will remain at !owL. 

The resistor Rl is used to adjust the amount of feedback 



Fig. li . 

Photograph of the Ringing Circuit Output 



Fl G. II 



' Fig. 12 

Feedback Oscillator 
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to the tank circuit. An approximate value of Rl is easily 

calculated. First assume that the loop gain of the system 

ln Fig. 12 is unity; also assume that the inductor is tapped 

at its midpoint. The impedance, RT' looking into the center 

tap is l/4 wLQ. Since the tank voltage, e 0 ,equals 2eT, then 

for the loop gain to be unity, the ratio e 0 /eT must equal 2. 

Therefore, 

, . (57} 

or 

(58) 

which was verified in practice. Fig. 13 shows a photograph 

of the pulse taken directly across the tank circuit. 

C. The Pulser Circuit 

In order to turn off the tube T1 in Fig. 12, a negative 

gate pulse must be applied to its grid. The amplitude of 

this pulse must be greater than the cut-off voltage of the 

tube, plus the initial amplitude of the ringing sinusoidal 

wave from the tank circuit. For this reason a negative gate 

pulse of approximately 200 volts amplitude was needed. To 

produce this pulse a delay line and switching network was 

used, which is shown ln Fig. 14. 

Ess~n~ially, the pulser consists of a source of d.c. 

voltage, a switch, and a le!lgth of coaxial cable which is 
. (6} 

terminated by an open circuit at the far end. Referring 

to F~g. 14, s is a relay with mercury wetted contacts, and 



Fig. 13 

Photograph of the Output of the Pulsed 

Oscillator 

Sweep: .1 1l sec/ em 

Vertical: 50 V/cm 



FIG. 13 



Fig. 14 

Circuit Used to Produce the Negative Gate Pulse 
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driven by 60 cycle line voltage. The pulse forming coaxial · 

cable is represented by L • 

Fig. 15 shows the wave forms during one cycle of opera-

tion. Between pulses, L1 is charged t~ a potential of -E 

through the high resistance, R1. At the time t 1 the switch 

closes, and the line (which ma.y be considered as a generator 

of potential -E and internal impedance of 90 ohms) is dis­

charged by the 90 ohm terminating resistor Rz. Since the 

impedance of L1 is equal to R2 , the potential at A increases 

from -E to -E/2, and that of B falls from zero to -E/2. This 

transient occurs very rapidly and is slowed only by stray 

capacitances. The voltage step -E/2 travels down L1 taking 

time T to do so. The line is open at the far end, and hence 

the reflections occur without inversion. At the time t3, 

which is twice the delay time of L1, the waveform step at B 

is cancelled, making a pulse duration twice the delay time 

of L1 and of amplitude -E/2. At the time t4, S opens, allow­

ing L1 to charge exponentially to a potential of -E. 

D. The Sample Holder 

The sample holder was composed of the input and detect-

ing electrodes which were located at each end of the sample. 

A cross-sectional view of the device that holds the electrode 

· F. 16 The sample was placed in a 
l.n place is shown in 1g. · 

1 · · h 1·nsulated the sample from the metal base. 
P ast1c insert whl.c 

Th f bronze, . ground flat on one face. 
e electrode was made o 



- Fig. 15 

Waveforms Found at Various Poirits ln Fig. 14 
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Fig. 16 

Sample Holder 
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This electrode was fitted into an expansion spri~g which 

forced the electrode against the sample. The electrode was 

kept away from the sample by three small plastic spacers, 

each three mils in thickness. Since the input s~gnal was of 

the order of 100 volts peak to peak, the sample, with its 

holders, was placed in a vacuum so that the area near the 

electrode was free from any _ gas which could have caused 

electrical breakdown. The sample wa~ held at ground poten­

tial while the signal was impressed on the electrodes. The 

detecting electrode was of the same design as the input 

electrode except that the detector was biased with 100 volts 

d.c. in series with a small resistor. This circuit is shown 

in Fig. 17. The I.F. amplifier was · connected across this 

resistor and the rectified signal from the amplifier was ' . 

observed on an oscilloscope. 



Fig. 17 

Dectecting Circuit 
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IV. RESULTS AND CONCLUSIONS 

The photograph in Fig. 13 shows the 25 megacycle pulse 

which was impressed on the input end of the sample. The sig-

nal from the output of the sample was mixed with the output 

of a local oscillator. When the local 0scillator frequency 

was 80 megacycles, the d.c. level meter on the I.F. amplifier 

was at a maximum. This shows that a 50 megacycle signal was 

being detected from the sample output, and that the input 

frequency was, in fact, being doubled. Fig. 18 is a photo­

graph of the detected pulse. 

Two other checks were made to insure the observed fre-

quency was originating at the samp.le output. First, the 

input and output signals were observed simultaneously on the 

scope, as shown in Fig. 19. Fig. 20 shows the delay to be 

16 microseconds. The calculations in Appendix II show this 

is the delay time to be expected. Secondly, from equation 

(48), the output voltage is proportional to the square of the 

input voltage. Fig. 21 shows the behavior of the output 

voltage as the input signal was attenuated; as is observed, 

the graph is nearly of quadratic form. 

The results given above show that the electric method 

· pulsed ultrasonic waves in solids. 
1s capable of generat1ng 

In Shown that these ultrasonic waves 
addition, it has been 

· d capacitive pickup transducer. 
are detectable using a b1ase , 



Fig. 18 

Photograph of the Detected Pulse 



FIG. 18 



Fig. 19 

Time Delay Circuit 
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Fig. 20 

Photograph of the Delayed Output Pulse Relative 

to the Input Pulse 



FIG. 20 



Fig. 21 

Graph of the Input Voltage v.s. the 

Detected Voltage 
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With improvements such as filtering the noise in the output 

circuit, useful research utilizing these electrical techniques 

is possible. 
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APPENDIX I 

List of Equipment 
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APPENDIX I 

General Radio Type 1216-A Unit I.F. Amplifier 

General Radio Type 874-MR Crystal Mixer 

General Radio Type 1215-C Unit Oscillator 

General Radio Type 1211-C Unit Oscillator 

Tektronix Type 547 Oscilloscope 

Tektronix Type lAl Dual Trace Pl~g in Unit 



APPENDIX II 

Time Delay of the Pulse in the Sample 
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APPENDIX II 

For a sample grown 1n the [110] direction, we have 

w2p = l/2 (C 11 + C12 + 2C44 ) 1(2 , ( 5 9) 

where w lS the frequency, p is the density, c .. 
1.J 

is the stiff -

ness constant, and K is the wave number, or w/V. Therefor e, 

( 60 ) 

and 

V = ( ....:.C-..~.l....,.l_+ __ C-!::~2.-_P_+_2_C-='+'+"--) ~ • ( 61 ) 

Since 

ell = 1.068 X 1012 dynes/cm2 

C12 = .607 X 1012 dynes/cm2 

c'+'+ = .282 X 1012 dynes/cm2 
(62) 

p = 2.733 grams/cm3 • 

we have, 

V = 6.4 x 10 5 em/sec 
(63) 

• 

Therefore, since the time delay is given by 

T = x/V ' 
(64) 

where x 1s the length of the sample, 

T = 15.9 microseconds 
(65) 

• 
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