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HE supersonic reflectoscope is an instru- nlent for the measurement or non-destruc- 

tive testing of solid parts for flaws, by sending 
supersonic sound waves into the part and oh- 
,serving reflections from the boundaries of the 
part or from flaws within it. The reflectoscope 
has been developed at the University of Michigan 
in a research program which has continued for 
several years. 

Figure 1 illustrates the principle of the reflecto- 
scope as applied to the inspection of a block of 
metal. A quartz crystal makes effective contact 
with the work through a thin film of oil which is 
squirted onto the surface of the work. The upper 
and lower faces of the crystal are provided with 
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conductive coatings and tile crystal has tile 
property that when an oscillatory voltage is 
applied between these coatings the crystal grows 
thicker and thinner in synchronism with the 
electrical oscillations. This causes the lower face 

of the crystal to vibrate and thereby radiate 
sound waves through the oil film into the work. 
By proper choice of the thickness of the crystal, 
it will give a thickness resonance and corre- 
spondingly increase the strength of the sound 
waves radiated. The sound waves are not radi- 

ated continuously but only for a short time 
interval; typical operation would consist in 
apply'ing 500 volts to the crystal at a frequency 
of 5 mc (5 million cycles per second) for 1 
microsecond (1 millionth of a second). Thus a 
group of only 5 waves is radiatc•l, tile wave- 

Fl(,. 1. Principle of the supersonic reflectoscope..k 
quartz crystal making contact with the work througl.• a 
thin film of oil sends into the work a wave group consisung 
of just a few sound waves of short wave-length. This wave 
group is reflected from the side of the work most distant 
from the crystal, and upon striking the crystal generates in it 
a voltage whose time of arrival •s indicated on a cathode- 
ray oscilloscope. The flaw is detected by the fact that it 
reflects a part of the wave group back to the crystal and 
this reflection arrives at the crystal before the reflection 
from the distant side of the work. 
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FI(,. 2a. Type A SUlyersonic reflectoscolre. 
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FIG. 2b. Closeup of the panel of the Type A reflectoscope 
sowing the 9-inch diameter oscilloscope screen. The 
crystal is being held against a block under test. 

length in steel or aluminum at this frequency 
being approximately .050" and the total length 
of the wave group .250". If the crystal is 0.5" 
square, the waves will be radiated in a beam, 
like a searchlight beam, whose cross section is 
0.5" square. Since the velocity of longitudinal 
sound waves in steel or aluminum is approxi- 
mately 250,000 inches/sec., the waves travel one 
inch in 4 microseconds, and if the block shown 
in Fig. 1 has a vertical dimension of 4", the 
wave group will be approaching the bottom of 
the piece as shown about 15 microseconds after 
having left the crystal. This wave group will be 
reflected from the bottom face of the work aud 
will get back to the crystal 32 microseconds after 
having been sent out. The quartz crystal also 
has the property that when it is subjected to the 
oscillatory pressure caused by the impingement 
of the sound xvaves against its face, it generates 
a small voltage between its coatings, which in the 
present example might be of the order of magni- 
tude of .05 volt. This small voltage is amplified 

Fro. 2c. Fixed focus camera which is quickly attached 
for recording reflectograms when desired, although visual 
observation of the oscilloscope screen is the usual practice. 

F•G. 3. Type B Sperry reflectoscope. 
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FIG. 4. Type A sweeping and 
timing system. This is the pat- 
tern which appears on the screen 
when the crystal is not being 
energized. It consists essentially 
of a time scale which is formed 
by the green spot of the oscillo- 
scope traveling along the zigzag 
path A, B, C, D, etc. Each 
microsecond the spot is deflected 
slightly upward so as to notch 
the line and thereby form a 
timing scale. Every eighth notch 
is made higher in order to assist 
in counting. There are eight of 
these higher marks per zigzag so 
that it requires 64 microseconds 
to traverse one zigzag. 

A 

c 
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FIG. 5. Flaw detection. The 
crystal is now in contact with a 
four-inch block as shown in Figs. 
I or 2b. There is no flaw in the 
path of the waves under the 
crystal. Any oscillatory voltage 
across the crystal shakes the 
oscilloscope spot vertically and 
thereby widens the line. The 
crystal was first energized by the 
500 volts for 1 microsecond when 
the oscilloscope spot was at P. 
This is indicated by a widening 
of the line. While the group 
of sound waves was traveling 
through the block and being 
reflected back to the crystal, the 
oscilloscope spot was traveling 
Ioward the right in the top line 
and a notch was being made 
each microsecond. When the 
waves struck the crystal the line 
was broadened exactly following 
the 32-microsecond mark. In 
fact, since it takes 8 micro- 
seconds for the sound wave to 
travel through one inch of alu- 
minum and return, we may think 
of the time scale in the reflecto- 
gram as a distance scale, con- 
sidering the interval between the 
longer marks as inches which are 
divided into eighths. We see 
therefore that the reflection at 
S begins just following the four- 
inch mark. When the waves 
strike the crystal, they do not 
stop but are reflected back 
through the block for additional 
round trips; and each time the 
waves strike the crystal, a reflec- 

tion is indicated, as for instance 
at the 8-inch mark at S2, the 
12-inch mark at Sa, the 16-inch 
mark at S4, etc. Since there are 
eight inches per horizontal line 
counting the return sweep and 
the block is four inches through, 
the successive reflections should 
form two vertical columns, in 
fact the exact time value of the 
time marks is adjusted until this 
relation holds; this constitutes a 
very simple procedure for ad- 

justing the inch marks to be 
accurately inches, although the 
timing marks are then not accu- 
rately microseconds. If we were 
looking for a flaw, the only por- 
tion of this pattern which we 
would inspect would be the top 
line as far as the four-inch mark; 
since no reflection appears in 
that region, we know there is no 
flaw in that part of the block 
which lies under the crystal. 
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FIG. 6. Flaw detection. This 
is the sanle as Fig. 5 except that 
in order to improve the visibility 
of the reflection the spot has 
been deflected upward hy the 
reflections, instead of heing 
shaken up and down. Again no 
flaw. It is important to note that 
the entire process of energizing 
the crystal, sending out the 
waves, sweeping the oscilloscope 
spot, putting in time marks, and 
obtaining reflections, is repeated 
sixty times per second, so that 
the indications on the oscillo- 
scope appear to the eye to be 
continuous, and they do not 
change until the crystal is moved 
to a new spot; each reflectogram 
photographed here is a 0.5-second 
exposure and therefore consists 
of the superposition of 30 tests; 
note the accuracy with which 
they overlap. By continuously 
moving the crystal along the 
work while observing the reflec- 
togram one quickly respects the 
entire interior. Compare Fig. 7. 

FIG. 7. Fla•v detection. On the 
same four-inch block as Fig. 6, 
the crystal is now held over a 
test flaw three inches below the 
surface consisting of a hole .012" 
diameter drilled into the block 
one quarter inch and struck by 
the waves broadside. The large 
reflection from the hole appears 
at F just following the three-inch 
mark and preceding the reflec- 
tion S from the other side of the 
piece which just follows the 
four-inch mark. Much smaller 
flaws than this have been de- 
tected; a spherical hole .005" 
diameter and about 3" from the 
crystal can be detected; a spher- 
ical hole .060" diameter five feet 
from the crystal can be detected, 
assuming that the material has 
a small grain size. Metal can be 
penetrated to a depth of the 
order of ten feet, the range 
depending on the grain size 
the wave-length used. Higher 
frequencies and shorter wave- 
lengths have shorter range but 
will detect smaller defects. All 
of the reflectograms shown here 
were taken at a frequency of 
$ 

and indicated on a cathode-ray oscilloscope in 
such a manner as to enable the time of round 
trip flight of the waves to be measured. 

If now the block of Fig. 1 has a small flaw 3" 
from the crystal as shown, a small amount of the 
wave energy which passes it will be reflected 
back toward the crystal, and will arrive at the 
crystal 24 microseconds after having been sent 

out. Thus the presence of an interior flaw is 
indicated by the receipt of a reflection back at the 
crystal before the reflection from the other side of 
the piece gets back to the crystal. By measuring 
the time of round trip flight of the reflection 
from the flaw we can determine its distance from 
the crystal within less than one-sixteenth of an 
inch, and we can locate its position laterally 
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FiG. 8. Flaw detection. Same 
as Fig. 7 but with the block 
turned over so that the reflection 
frown the test flaw is one inch 
from the crystal and shows at F. 

Fro. 9. Wall thickness meas- 
urement. We sonnetJmes •ish to 
know the wall thickness of a 
cored casting or of a pipe carry- 
ing corrosive material, where the 
inside surface is inaccessible. The 
crystal is placed against the wall 
and a series of successive reflec- 
tions is obtained; the average 
distance between them is read 
off of the inch mark scale and is 
the thickness of the wall. Above 
is the series of reflections through 
a wall one inch thick; note that 
a reflection follows each one inch 
mark. The accuracy of this 
method is of the order of five 
percent: it depends on the 
smoothness, flatness, and paral- 
lelisdn of the wall faces. 

within less than one-eighth of an inch by noting 
that we will get strongest reflection from the 
flaw when it lies on the line directly under the 
center of the crystal. 

For convenience, the whole process of sending 
out the wave group and observing reflections is 
repeated 60 times per second so that we appear 
to have continuous indication of flaws on the 

oscilloscope; the crystal may be slid along the 
surface thereby continuously inspecting the re- 

gion along the line directly beneath the crystal. 
The same quartz crystal is ordinarily used both 
for sending and receiving the waves. 

There is nothing occult about "supersonic" 
waves in metals; the word supersonic here refers 
merely to the fact that the frequency of the 
waYes is higher than audible. Supersonic sound 
waves are better than audible sound waves for 

inspecting metals because the short wave-length 
supersonic sounds are reflected froin small flaws 
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F•½;. 10. \Vail thickne•.• meaa- 
urement. Same as Fig. 9 but 
with a wall of thickne• •as". 

FIG. 1 I. Lamination detection. 
The crystal is placed against the 
side of a 2.5" piece of rolled steel 
plate, the reflection from the 
opposite side being at S while 
there is a moderate sized flaw at 
F halfway through the plate. 
Compare Fig. 12. 

while the long wave-length audible sounds would 
flow around and past the flaws without appreci- 
able reflection. In order to get appreciable re- 
flection from a flaw, the wave-length must not 
exceed the smallest lateral dimension of the 
flaw by too large a factor. A second useful 
property of short wave-length sound waves is 
our ability to direct them in a beam. While we 
are accustomed to audible sound waves in the 
air bending around corners, the short wave- 

length supersonic waves used by the reflectoscope 
appear to travel in straight lines like light waves, 
and for the same reason--their short waYe- 
length. The longitudinal waves which the re- 
flectoscope normally uses, travel through the 
interior of the metal part and the particles of 
metal vibrate in the line of propagation as the 
waves pass. 

As a tnicrosecond is not very long, being the 
time required for a beam of light to travel 



THE SUPERSONIC REFLECTOSCOPE 293 

FIG. 12. Lamination detection. 
The crystal is now held against 
a different spot on the same 2.5" 
rolled steel plate as Fig. I 1. Here 
the plate has a lamination about 
1.5" from the crystal and of 
projected area greater than the 
one-half inch square of the 
crystal. The waves from the 
crystal are therefore completely 
reflected by the flaw and do not 
reach the opposite side of the 
plate at all. The reflections 
F2, and Fa, shown above are 
therefore just successive reflec- 
tions between the flaw and the 
crystal. By moving the crystal 
over the surface of the plate the 
laminated area can be accurately 
outlined merely by noting a 
change from the reflectogram of 
Fig. 11 to that of Fig. 12. The 
thinkhess of the lamination is of 
no consequence; .0001" of sepa- 
ration will give as large a reflec- 
tion as any greater spacing. The 
interface between two Johansson 
gauge blocks stuck together 
gives a good reflection (and al.•o 
considerable transmission). 

.p 

FIG. 13. Flaw detection. The 

crystal is held against the end of 
a plate one-quarter inch thick 
and seventy inches long. A large 
reflection S is obtained from the 
opposite end of the plate and no 
reflections are observed froin 
internal flaws. Ten or twenty 
feet of sonnd metal can be 
penetrated if its grain size is not 
too large. Compare Fig. 14. 

approximately 1000 feet, the apparatus for 
carrying out this principle in a way which will 
be useful in industry must be both refined and 
rugged. Figures 2a and 2b show the earlier 
Type A supersonic reflectoscope as it was de- 
veloped at the University of Michigan. Although 
some of these Type A reflectoscopes have been 
used in production, the3' may more properly be 
considered as laboratory instruments, while the 

model for general industrial use is the Type B 
shown in Fig. 3, as developed and now leased by 
Sperry Products, Inc., Hoboken, New Jersey. 
Types A and B are equally sensitiYe, but Type A 
has a more detailed system of tilning marks for 
measuring distances, although the preli•ninary 
adjustment of these timing marks requires the 
manipulation of the extra set of knobs shown on 
the upper panel of Fig. 2b. Most of the illus- 
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Fro. 14. A plate signilar to 
Fig. 13, but fnll of small inclu- 
sions which' give random reflec- 
tions F and prevent any reflec- 
tion from being observed from 
the opposite end of the plate. 

P 

FIG. 15. Bond determination. 
A plate «" thick was built up of 
two plates one-quarter inch thick 
bonded together by an undis- 
closed method. The crystal being 
placed against one face of the 
plate gave a typical reflectogrant 
a.shown above showing a lm•g 
series of reflections exactly ¾' 
apart. There was no ob.ervable 
reflection iron: the bonded inter- 
face. The plate appears t• lie a 
s•flid piece. Compare Fi•. 16. 

trative reflectograms shown in this paper were 
made with Type A, because these photos hap- 
pened to be available at this writing, but Type B 
reflectograms would have been equally con- 
vincing. While Type A has a considerable num- 
ber of knobs which may require adjust•nent when 
making the set-up for a new type of test, in 
routine operation all knobs are left fixed with the 
possible exception of the amplification control; 
thus a skilled man is required for set-up, but 

routine operation can be carried out by un- 
skilled help. Type B, it is noted, has been 
simplified in this respect. 

In Fig. 2b the crystal is shown being held 
against a test block, 4 inches through, snch as 
was used for illustration in Fig. 1. Crystals of 
different frequencies from 0.5 mc to 12 mc may 
be plugged onto the end of the cable; lower 
frequencies and longer wave-lengths permit 
greater penetration of coarse grained materials 
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F•. 16. Bond determination. 
Same plate and same conditions 
as Jn Fig. 15 but with the cr•stal 
above a spot larger than' the 
crystal, having bad bond. In this 
case, the bad bond has caused 
the waves to be absorbed, prob- 
ably caused by the presence of 
some flux; if the area of bad bond 
were clean, a series of reflections 
one-quarter inch apart would 
have been observed. In either 
case the area of bad bond can be 
easily outlined by moving the 
crystal. 

,o 

F•G. 17. Average grain size 
measurement. A piece of rolled 
brass sheet 1" thick was cut into 
strips 2" wide which were an- 
nealed at different temperatures. 
This one was annealed at 1060øF 
and has an average grain size of 
.03 mm as measured by micro- 
scope. Reflections were obtained 
through the 2" dmmnsion. Note 
that 12 successive reflection• are 
observable in the above reflecto- 
gram. Compare Figs. 18 and 19. 

while high frequencies and short wave-lengths 
permit the detection of the very smallest defects. 
The flexible cable may' be as long as ten or 
twenty feet at some small sacrifice of sensitivity. 
The various knobs on the panels are for tuning 
the circuit which energizes the crystal, for 
focusing the oscilloscope tube, controlling the 
oscilloscope sweep, introducing the timing marks, 
etc. The 9" diameter screen of the oscilloscope 
tube can be seen in the center of the instrument; 

the screen is slanted for ease of observation 
when working at the bench. 

Although visual observation of the screen is 
the usual practice, when it is desired to record 
reflectograms, a fixed focus camera as shown in 
Fig. 2c nla¾ be used on a tripod which can be 
attached in a few seconds and it was with such 
a camera that the reflectograms shown in the 
remainder of this paper were obtained. The 
detailed principle of operation and a number of 
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FI6. 18. Average grain size 
determination. Same as•Fig. 17 
but the brass was annealed at 
1225øF and has an average grain 
size of .075 mm as measured by 
microscope. Although the sensi- 
tivity is. the same as before, only 
six successive reflections are 
observable. 

F•G. 19. Same as Fig. 17 except 
that the brass was annealed at 
1350øF and has an average grain 
size of .105 mm as measured by 
•nicroscope. Note that only three 
successive reflections are visible. 
Thus by suitable calibration, the 
rate at which the waves are 
scattered or absorbed may be 
used as a measure of average 
grain size. By proper choice of 
frequency and v-ave-length this 
method can be made sensitive in 
different ranges of grain size. 
The frequency used here was 
5 mc corresponding to a wave- 
length in brass of 0.88 nun. 

illustrative uses are set forth in the captions 
under the reflectograins. 

ADDITIONAL REFINEMENTS 

When the flaw is closer to the crystal than 
0.5", the waves reflected by the flaw may be 
received before the transmitted wave train ends, 
thus preventing the detection of the flaw. This 
problem has now been solved by special methods. 

When the work is curved, the crystal may be 

ground to fit •:he curve as shown in Fig. 23. 
The waves then converge toward the center of 
the work and diverge beyond the center. All 
parts of the interior can be tested by moving the 
crystal around the surface. The curved crystal 
would be advantageotis for instance in measuring 
the wall thickness of a pipe or tank. 

Sometimes the flaw is so situated that there is 
no point on the surface of the piece at which a 
crystal can be placed and transmit waves to the 



THE SUPERSONIC REFLECTOSCOPE 297 

Flu. 20. Weld testing with 
'1' 3 pe B. Two piece• of 6" diam- 
eter steel were electrically butt 
welded. P is the original pulse 
and S the reflection from the 
.pposite end of the assembly 
8.4" froin the crystal. This was 
taken at a place where the weld 
is continuous. Each square wave 
indicates one inch. Compare 
Figs. 21 and 22. 

FIG. 21. Same as Fig. 20 but 
taken at a place where the weld 
was only partially continuous, 
yielding a reflection F from the 
weld and S from the other end. 

,o 

flaw while sending tile waves at right angles to 
tile surface on which the crystal sits. Such is the 
case in railroad axles which sometimes develop 
fatigue cracks inside the wheel seat where the 
axle is of larger diameter than its end. Special 
devices have been developed whereby such flaws 
can be detected. 

The reflectoscope is also provided with a 
connection for a second cable so that one crystal 

can be used for sending out the waves and a 
second crystal placed elsewhere for picking up 
the waves. Operation with a single crystal is so 
much more convenient however that the double 

crystal arrangement is seklom used. 
When the surface of the work is quite rough, 

as for instance the surface of a casting, the 
crystal makes poor effective contact with the 
work and the sensitivity is considerably reduced. 
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FIG. 22. Same as Fig. 20 
at a place where the weld is 
completely unfused. F• is the 
first reflection from the weld 
and F: the second. 

It is advisable under these circumstances to 
touch a portable grinder to the surface. A rough 
turned surface is also sufficiently good. 

If a crystal is placed against the wall of an 
empty tank, a long series of reflections back and 
forth through the •netal wall will be obtained. 
When the tank is filled with liquid, the presence 
of the liquid against the inside face of the tank 
wall causes the successive reflections through the 
tank wall to be quickly absorbed so that only a 
few reflections are obtained. The level of liquid 
in a tank can therefore be determined merely by 
sliding the crystal up and down the outside of 
the tank xvall and observing the level at which 
the number of successive reflections through the 
tank wall suddenly changes. Another procedure 
would be to mount the crystal permanently in 
the bottom of the tank and shoot the waves 
through the liquid, thereby obtaining a reflection 
from the upper surface of the liquid. The time 
of receipt of this reflection would be a measure 
of the height of the liquid column, although this 
would be influenced somewhat by liquid temper- 
ature and composition which would influence 
the velocity of sound in the liquid. 

In the testing of rolled shapes, it is often 
most convenient to carefully inspect the billet 
from which the shapes are rolled; cropping out 
the flaws from the billet will keep them from 
being rolled out into the finished material. Since 

metal can be penetrated to a depth of the order 
of ten feet if the material is sound, large billets 
can be tested. 

The reflectoscope can be used for determining 
holes or unfused areas in welds, but it does not 
directly measure the strength of the weld except 
insofar as the strength is influenced by the 
presence of such flaws or unfused areas. Certain 
cases have been observed where a weld was 
completely continuous and indicated no reflec- 
tion on the reflectoscope, but was nonetheless 
found to be weak by breaking. The stresses 
produced by the sound waves are too feeble to 
break a weak weld. 

I am indebted to Mr. Julian R. Frederick for 
his contributions during the many years which 

FtG. 23. If the surface of the work is curved the crystal 
can be ground to fit the curve. 
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he has spent in constructing and testing the 
intricate experimental equipment used in this 
development. I wish to acknowledge the contri- 
butions of Mr. William G. Langton, and the 
theoretical studies made by Mr. Daniel S. Ling, 
Jr.; also the contributions of Mr. Ralph B. 
DeLano, who has been responsible for much of 
the development of the Type B model, and of 
Mr. H. C. Drake, both of Sperry Products, 
Incorporated. This development has been sup- 
ported through the Department of Engineering 
Research of the University of Michigan, by 
United Aircraft Corporation, General Motors 

Corporation, and for the last two years, by 
Sperry Products, Incorporated. 
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Letter to the Editor 

CYRIL M. HARms 

Belt Telephone Laboratories, Murray Hill, New Jersey 
November 6, 1945 

EMBERS of the Acoustical Society are passing up an excellent opportunity for exchang- 
ing ideas with each other through the "Letters to the Editor" column. Very frequently 

one does research work which would be of interest to readers of this Journal but which is left 
unpublished because the researcher does not have the time to write an article or perhaps feels 
that his work is not sufficiently complete or imporunt to warrant a paper. This column presents 
a medium, that we should take advantage of, for reporting such investigations. 


