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Nondestructive Testing 
By HAROLD BERGER 

WHAT IS NONDESTRUCTIVE TESTING? 

Drop a coin in the slot, pull the plunger, and reach down 
for your candy bar , cigaret tes , or bottled drink. 

Unless you ' re in the business of making vending ma
ch ines—or slugs—you probably think little at such a time 
about the machine or the coin you drop into it. You may be 
surpr ised to learn that the machine subjects your coin to a 
great many tes ts , to assure its genuineness, before the 
product you bought is delivered. 

The coin is tested for s ize, shape, and magnetic proper
t ies (and, in some machines, for i ts weight and elastic 
proper t ies) , all m the few seconds between the time you 
inser t it and the time your purchase pops out. 

These tes ts must be made quickly and in such a manner 
that the coin is still useful when the tes ts a re finished. In 
this respect , the tes ts have much m common with many 
nondestructive tes ts made in industry. 

Nondestructive testing, however, is not limited to indus
t r ia l , medical, or scientific use but is something we all 
employ in everyday affairs. If, while drying the dishes at 
home, you drop a drinking glass or a plate and pick it up 
and look at it to determine if it is broken, you are applying 
a nondestructive test . If you do not see a crack or a broken 
spot, you probably will assume that the glass is undamaged 
and can continue to be used for its intended purpose. You 
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have not damaged it by looking at it; therefore your test 
was nondestructive. 

If, on the other hand, you believe an invisible crack may 
have formed in the plate, and deliberately apply s t r e s s by 
trying to bend it against your knee, the test may not be 
nondestructive. If you apply too much force, the plate may 
break. If it does, it will no longer be useful for its intended 
purpose. 

You and I, it is clear , daily apply tes t s , both destructive 
and nondestructive. In our discussion so far, you may 
have noticed the use of the phrase "for i ts intended pur
pose" . This phrase is really the cr i ter ion for determining 
whether a test i s destructive or nondestructive. For ex
ample, many people might think of X-radiography — the 
inspection of an object by obtaining a visible image of the 
X-radiation transmitted through the object — as a typical 
nondestructive test . For most cases this i s certainly a 
valid assumption: X-radiography is a very widely used 
method of nondestructive testing. However, if we were to 
inspect a box of photographic film by this method, the test 
probably would not he nondestructive. The fogging caused 
by the X rays would doubtless make the film totally un
suitable "for i ts intended purpose " ! 

The requirement that the test leave the inspected object 
in a useful form is the essential element of our definition of 
nondestructive testing. Let us therefore describe a nonde
structive test as being an examination of an object in any 
manner which will not impair the future usefulness of the 
object. The purpose of the examination may be to detect 
internal or external flaws, to measure thickness, to de ter 
mine mater ia l s t ructure or composition, o r to measure or 
detect any of the object 's proper t ies . The test method may 
be a simple visual one, or it may involve some form of 
electromagnetic energy other than visible light, such as 
X rays , infrared rays , or microwaves. Figure 1 indicates 
some of the many forms such energy can take. The test 

Figure 1 The electromagnetic spectrum with some uses of vari
ous portions indicated by the drawings. The wavelength regions 
are indicated in Angstrom units (there are 10,000,000,000 Ang
stroms in 1 meter) in the upper part of the diagram and in meters 
in the lower part. Courtesy Eastman Kodak Company 
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inhomogeneities. Certainly in medical applications the 
t e rm "nondestruct ive" is of part icular importance. 

Just as you would earnestly prefer to have a doctor X-
ray your a rm to find a broken bone than cut it open to 
search for the break, industrial people, too, prefer testing 
methods that do not destroy or impair the object. The 
advantage is obvious; the railroad axle, the landing-gear 
cap, or even the dropped dish can be used with confidence 
if the test resul ts a re satisfactory. 

As you have gathered, any one nondestructive test usually 
is capable of yielding useful information about only some 
types of inhomogeneities. It is therefore common to test a 
component of an important assembly, such as a missile or 
a reactor , with a variety of methods. When a component 
comes through such a se r ies satisfactorily, it can be used 
with the confidence that it will perform as intended. This 
high degree of reliability is , after all, the ultimate aim of 
nondestructive testing, an aim that makes all the effort 
worthwhile. 
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Both these methods, neutron radiography and ultrasonic 
imaging, are in only the beginning stages of application, 
and both appear to have a number of uses for which they 
are part icularly valuable: For the former , it is in inspec
tion of radioactive mater ia ls and heavy metals , and for the 
lat ter , in fast, reliable, readily interpreted flaw detection. 
There are many other promising developments in non
destructive testing research involving not only new methods 
but also improvements on methods already in use. Infra
red, microwave, and electr ical techniques, such as eddy-
current methods — these and even such old standbys as 
X-ray and ultrasonic inspection — are all being considered 
in interesting and potentially useful new developments. 
Experience has taught us that new techniques are necessary 
if the capabilities of nondestructive testing are to meet the 
demands that will inevitably be placed on them. 

Figure 21 Neutron radiograph of a pocket flashlight. Dark areas 
are regions in which the neutrons were easily transmitted. The 
white areas are those in which only a few neutrons penetrated. 
Those two vertical white bars are plastic disks that make up the 
on-off switch. The presence of hydrogen accounts for the high at
tenuation of the neutrons in this material. 

Courtesy Argonne National Laboratory 

Nondestructive testing, you recal l , is an examination of 
an object in any manner which will not impair future u se 
fulness of the object. It is not surpr is ing that many of the 
methods used to inspect metals, p las t ics , and other in
dustrial mater ia ls also are being used in the medical field. 
After all, medical use often involves purposes s imilar to 
those of industry, including the detection of cracks , loca
tion of foreign mater ial , or disclosure of other abnormal 
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may involve vibrational energy (sound) over a wide range of 
frequencies. The frequencies normally used encompass 
those above the audible limit of 20,000 cycles per second 
to those in the range of 10 to 20 megacycles* per second. 
These so-called ultrasonic vibrations are widely used in 
nondestructive testing. 

Indeed, almost any physical phenomenon may be em
ployed as a means of nondestructive testing, and a great 
many different ones actually have been used. It would not 
be possible or desirable to describe all these techniques in 
a booklet of this size. However, we can discuss a few 
basic methods and some of their charac ter i s t ics . In ad
dition, we can obtain some insight concerning possible 
future methods for nondestructive testing by taking a quick 
look at some of the methods now under study. For those 
whose interest in this subject may be stimulated, the sug
gested references at the end of this booklet can provide 
more information. 

WHY IS NONDESTRUCTIVE TESTING USED? 

Nondestructive testing principles and methods are being 
used when you pick up a dropped glass or plate to see if it 
i s broken, when a shopkeeper drops a coin on the counter to 
listen to its ring, and when a shopper squeezes a tomato or 
thumps a melon. The purposes behind these tes ts are as 
varied as the tes ts themselves. The first was made to 
determine if the plate was still useful. The second was 
made to determine the composition, or genuineness, of the 
coin. And the third was made to see if the tomato or the 
melon was ready for use. Industrial uses of nondestructive 
testing encompass purposes s imi lar to all these, and more . 

For example, as m our visual inspection of the dish, 
aircraft maintenance workers perform periodic nonde
structive tes ts to find out if components of an aircraft a re 
sti l l capable of functioning without the likelihood of failure 
m flight. We depend on tes ts to tell us if we should con
tinue to use the dish and r isk a messy table, and to advise 

*A megacycle is 1,000,000 cycles. 
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recording, because a still picture gives only a limited 
amount of information. An ultrasonic image of a finger tip 
IS shown in Figure 20. 

Neutron techniques, as we have already seen, are useful 
for inspecting heavy mater ia ls . In addition, they offer 
advantages in severa l other a reas . For example, neutron 
inspection of neutron shielding or control mater ia ls for 
nuclear reac tors has an obvious advantage. These ma
ter ia ls a re supposed to absorb neutrons. The use of neu
trons to inspect them gives answers directly to the im
portant question: Will they absorb neutrons properly? 

Neutrons are also useful for inspecting highly radioactive 
mater ia ls . X-radiography usually has been used to inspect 
these substances. However, since the film that detects the 
X rays is also sensitive to the radiation from the radio
active mater ia l , considerable shielding and quick film 
movements normally a re needed to minimize this dis turb
ing effect. Even these measures are of little help if the 
object is highly radioactive. Neutron-created images, on 
the other hand, can be detected without exposing film, and 
so there is no problem with film fogging. 

The neutron image can be detected by a sheet of metal, 
one especially chosen because of i ts tendency to become 
radioactive upon neutron irradiation. Metals such as in
dium, si lver, and gold are commonly used. If a neutron 
beam passes through the object to be inspected and then 
s t r ikes the metallic detector, the detector becomes radio
active. Moreover, it has been "imprinted" with a radio
active image of the neutron beam that passed through the 
object, since the radioactivity of the detecting sheet is 
directly proportional to the intensity of the neutrons at any 
point. The radioactive image on the detector can be made 
"visible" by placing it in contact with a sheet of film, which 
IS exposed by the radioactivity in the detector. The film 
then can be developed in the usual way. This neutron image 
of a pocket flashlight (Figure 21) i l lustrates something of 
the detail that can be obtained by this method and also 
some of the differences between neutron and X-ray t r ans 
mission in common mater ia ls .* 

*Foi other examples of neutions at woik, see Neutron Activation 
Analysis and Research Reactors, companion booklets in this se r ies . 
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Figure 20 Television picture of a human finger obtained with the 
ultrasonic system shown m Figure 19 The image of the finger is 
the oval m the center of the round white area, which is the image 
of the sensitive part of the television camera tube. The tip of the 
bone m the finger is easily seen. The hand at left points to the 
television image. Courtesy Northwestern Umvereity 

image information, a re produced m the ultrasonic cameras 
by a piezoelectr ic- target mater ial . Piezoelectr ic mater ia ls 
develop a voltage that is proportional to the push, or 
intensity, of the ultrasonic wave. Moreover, these ma
ter ia l s act as though they were made of small , independent 
elements, each of which develops a voltage corresponding 
to the ultrasonic intensity at that point, and this quality 
makes a video signal possible. 

Ultrasonic imaging methods a re useful, generally, for 
detecting the same types of flaws as those recommended 
for conventional ultrasonic tes t s . The inspection informa
tion is merely presented in a different manner, which may 
be more useful. 

The imaging technique is being studied in several medical 
and biological laboratories as well as in industry. Ultra
sonic methods are already used extensively in the medical 
field, and tne image presentation is being investigated to 
see what advantages it may have. Among promising de
velopments IS its possible use in studying the movement 
of fluids in the body, particularly in the heart . Motion 
studies must be made by motion pictures or magnetic-tape 
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us whether to continue to use the aircraft par t s and r isk a 
crash if they should malfunction or break. The effort ex
pended in either tes t has a direct correlat ion with the r i sk 
involved. 

The shopkeeper and his ringing com bring to mind the 
significant industrial problem of sorting and identifying 
mate r i a l s . Tes ts that can be used to sor t metallic ma
ter ia l s by means of magnetic o r electr ical propert ies are 
readily available and easy to interpret . Nevertheless, even 
today a number of product failures can be traced to the 
inadvertent use of the wrong mater ia l for some machine 
component. 

It IS somewhat more difficult to find an industrial 
counterpart for a tomato-squeezing shopper. The shopper 
makes her tes t to help her decide if the tomato is ready 
for use . She may be compared with the inspector who 
drives a just-finished automobile off the end of the a s 
sembly line to determine whether or not the car is ready 
for the consumer. 

Actually we find nondestructive testing entering the p ro 
duction process well ahead of this last step and continuing 
even after the product leaves the factory. It is used to de
tect faulty mater ia l before it is formed or machined into 
component pa r t s , to detect faulty components before a s 
sembly into the product, to measure the thickness of metal 
or other mater ia l , to determine the level of liquid or solid 
contents in opaque containers (from huge gasoline storage 
drums to beer cans), to identify and sort mater ia ls , and to 
discover defects that may have developed while the material 
was being processed or used. 

These tests a re used to make products reliable, safe, 
and more economical. Increased reliability, of course, 
also improves the public image of the manufacturer, a 
factor that leads to grea te r sales and profits. In addition, 
manufacturers use nondestructive testing to improve and 
control manufacturing processes . 

A part icular manufacturer may have any of several dif
ferent motives for his initial investment in nondestructive 
test ing. He may recognize advantages in using nonde
structive tests in place of, or in addition to, destructive 
tes ts or proof tes t s . Typical destructive tests subject a 
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small percentage of a manufacturer 's products to a force 
sufficient to destroy them, in order to determine the 
products ' strength. On the other hand, proof tes ts subject 
every product to the maximum force the product might be 
expected to receive in use, to determine the percentage of 
fai lures. 

Manufacturer A may find, from customer complaints or 
his own long-term tests on small samples of his output, 
that his product does not have the reliability which he would 
like or which may be required to meet his competition. 
Manufacturer B may find that his factory is wasting a great 
deal of time and money machining raw mater ia l that la ter 
is found defective and must be scrapped. Manufacturer C 
rea l izes that proper use of nondestructive testing in certain 
a reas of production could help pinpoint improvements 
needed to lower production cos ts . In many cases , instead 
of costing more , nondestructive testing actually saves 
money by effecting manufacturing improvements. 

Figure 2 Inspector using 
nondestructive ultrasonic 
test unit on helicopter rotor 
blade to search for possible 
areas where materials were 
not bonded together prop
erly. Courtesy Federal Aviation 

Administration 

In the present e ra of nuclear reac tors , high-performance 
mili tary aircraft , and space flight, nondestructive testing 
plays an increasingly essential role (see Figure 2), Here 
the cost factor for the nondestructive test is of less 
importance than in consumer goods, since reliability is the 
pr ime requirement. For example, one of the U. S. moon 
shots was extremely successful in hitting i ts target, but the 
failure of the television equipment was a frustrating and 
costly malfunction. Improved testing might have pinpointed 
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WATER TANK 

Figure 19 Photograph and diagram of an ultrasonic inspection 
system that yields a televised picture of the ultrasonic radiation 
reaching the pickup tube detector. Water is used to transmit the 
ultrasonic vibrations in a flashlight-type beam from the trans
mitting crystal (left) to the object and then to the detector. This 
detector is a camera in a closed-circuit television system. 

Courtesy James Electronics, Inc. 

or pickup tube, and the image is displayed on a television 
screen. This camera (like most television cameras) makes 
use of slight charge-density changes over the target a rea 
of the tube to produce the video, or picture, signal. These 
charge-density variat ions, which must correspond to the 
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Because each method has some limitations, several non
destructive tes ts may be used on a single component to 
provide a complete inspection. There is a constant search 
for new methods that may show grea te r potential in certain 
applications. 

FUTURE PROSPECTS 

It IS perhaps not surpr is ing to find, in the investigation of 
new methods for nondestructive testing, that most so-called 
new methods really had their beginnings many years ago. 
For example, two techniques just coming into use can be 
t raced back to the late 1930s. Ulhasonu-imailing methods 
were described by a Russian scientist , S. Sokolov, more 
than 25 years ago. A great number of patents testify to the 
efforts in that same period of a German r e sea rch team, 
H. Kallmann and E. Kuhn, in the field of neith on i ad/ogi af>liv 
In spite of the high quality of these early efforts, people 
were not quite ready to use these novel methods. The 
methods lay dormant until c ircumstances for their use 
were more favorable. In the case of neutron radiography, 
for example, wider use of the method had to wait until 
neutron sources were more plentiful. 

Let ' s take a closer look at these methods. The words 
"ultrasonic imaging" seem to be a ra ther odd combination. 
We have already discussed ultrasonic techniques, and it 
may be difficult to see how ultrasonics is connected with 
imaging. The imaging technique is somewhat analogous to 
the radiography technique. Essentially, sound waves are 
used as light waves. Methods were sought for producing 
an image of the ultrasonic radiation passing through or 
reflected from an object, because a picture is eas ier to 
interpret , in many cases , than conventional ultrasonic 
indications. Many techniques for producing and displaying 
ultrasound pictures have been devised. 

The main features of one ul trasonic imaging system 
using television are shown in Figure 19. The object to be 
inspected is placed in front of the camera tube of this 
closed-circuit television system. The ultrasonic radiation 
that passes through the object is detected by this camera. 
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the source of trouble in advance and saved not only the 
expense of another try but also time and effort for other 
aspects of the space program. 

PRESENT METHODS 

Now that we have an idea of the what and why of non
destructive testing, let us consider some of the methods. 
These methods vary a great deal in their complexities, in 
the amount of equipment they require, and m the type of 
testing they can perform. 

Many nondestructive testing methods are related to our 
own senses . For example, X rays , infrared rays , mic ro
waves, and s imilar radiations may be considered extensions 
of the sense of seeing, since all involve electromagnetic 
radiation and are therefore s imi la r to light. Ultrasonic 
methods are associated with our sense of hearing because 
both make use of mechanical vibrations. Testing techniques 
for detection of surface and surface-connected flaws, such 
as penetrant techniques, may be associated with our sense 
of touch. 

The senses themselves provide us with some important 
nondestructive tes t s , such as egg-candling (in which an egg 
is held to a strong light so that s taleness or fertility can 
be detected visually) and the old sonic test for metal (m 
which parts were struck with a hammer and flaws detected 
by the sound of the ring). As you might suspect, the suc
cessful application of these tests often depends, however, 
on whether the inspector has slept well the night before. 
Today the trend is toward greater complexity and delicacy 
in testing methods because par ts a re more complex, be 
cause safety factors are more exact, and because, in space 
science and nuclear applications, the need for the utmost 
in reliability is paramount. 

Fortunately manufacturers and engineers have a large 
number of proven methods from which to choose. This has 
not always been the case, however, for in the technology of 
nondestructive testing, as in other fields, progress has 
been great in the past 10 to 30 yea r s . The multiplication 
of the basic testing methods and innovations in testing 
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UNLIMITED EXPANSION AND DEVELOPMENT 

Figure 3 The growth of nondestructive testing. 
Courtesy Magnaflux Corporation (reprinted with permission 

of the Society for Nondestructive Testing) 

which have been made in recent decades is i l lustrated in 
Figure 3. Although many of the t e r m s on this diagram 
may be unfamiliar to you, we will not attempt to discuss 
them all. Each of the branches on this t r ee , however, 
represents another method for nondestructive testing. 

The growth of this t r ee of methods was very slow in the 
beginning. For example, X-radiation was discovered by a 
German physics professor, Wilhelm Roentgen, in 1895, 
Medical use of X-radiation was initiated in many par ts of 
the world soon afterward. However, industrial use of non-

8 

Figure 18 An aluminum helicopter-landing-gear part after pene
trant inspection. On the left is a white-light view of the part. On 
the right is a black-light view of the same part shown at left after 
fluorescent-penelrant inspection. The fluorescing crack is easily 
visible. Courtesy Magnaflux Corporation 

the penetrant liquid may have difficulty entering, or the 
mater ia l in the crack may react with the penetrant, changing 
some of its proper t ies . 

Sufficient time must be given for the penetrant to seep 
into even the smallest flaw. This time var ies with the ma
ter ia l being inspected, the type of penetrant, and the kind of 
defect. It may vary from a few minutes to an hour. Ex
perience is needed to decide. 

Another cr i t ical a rea is the removal of excess penetrant. 
If all surface penetrant is not removed, many spurious 
flaw indications will appear after development. On the 
other hand, too much washing could remove penetrant from 
inside the discontinuities. Fortunately, some special pene
t rants are available to help with this , but even with help 
from improved products the know-how involved in this type 
of inspection is a significant factor for success . 

There a re , then, a number of problems involved in the 
use of penetrants , just as in any tes t . However, for the 
part icular job of discovering surface-connected discon
tinuities, penetrants have advantages over other techniques. 
They can quickly and easily test large objects or many 
small ones at the same t ime. 

There is no universally useful nondestructive test method 
that i s readily capable of discovering all kinds of defects. 
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Figure 17 Steps in fluorescent penetrant inspection. 

violet radiation, just as the phosphor screen in your 
television picture tube emits light when electrons s t r ike it. 
Lamps that emit ultraviolet are called black lights because 
the visible light they might normally emit is stopped by a 
filter, making them appear black or dark purple. F luores 
cent penetrant inspection is commonly performed in the 
dark, often in a cloth-darkened booth. When the inspector 
turns the black light on the par t to be inspected, a defect 
appears as a bright fluorescing mark against a black back
ground, an ideal contrast situation. The major steps of a 
fluorescent penetrant inspection are shown in Figure 17, 

The visible- and black-light images of an aluminum 
helicopter-landing-gear par t after penetrant inspection i l 
lustrate how the high contrast of the fluorescent-penetrant 
indication helps in locating even very small flaws (Figure 
18). Tests have shown that these penetrants are capable of 
detecting cracks with surface openings as small as 10 one-
millionths of an inch! 

As you might expect, a great deal of "know-how" goes 
into the successful application of almost any nondestructive 
test . This is the case in the use of penetrants; and, al
though a few paragraphs of explanation will not t ransform 
you into a well-qualified penetrant inspector, we can at 
least explore the problems associated with this technique. 

The part to be inspected must be clean. If the cracks or 
other surface faults are filled with grease or contaminants. 
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destructive testing lagged behind, receiving no significant 
support until after World War I. Nondestructive testing, 
in general, had no great impetus until WorldWar II. 

Although this s eems surprising on f irst consideration, 
there were valid reasons for the delay. Before World 
War n , nondestructive testing was not urgent because of 
the large safety factors which typically were engineered 
into almost every product. Service failures did take place, 
of course; and ra i l road axles and crankshafts for rotating 
equipment, for example, did break in service despite large 
safety factors. However, the role of mater ia l imperfections 
in such failures was not then fully recognized, and the re 
fore little concentrated effort was made to find them. 

During and just after World War II, the significance of 
imperfections on the useful life of a product came to be 
more fully appreciated. In aircraft design, in nuclear 
technology, and, more recently, in space exploration, the 
factors of high hazards and costs have made maximum 
reliability vital. Moreover, the years since the war have 
witnessed a large growth of all inspection methods in 
industrial and scientific applications, where design and 
manufacturing specifications go hand in hand. 

In spite of many differences, these methods have much 
in common because there are five basic elements in any 
nondestructive test . 

F i r s t , a source is needed which provides some probing 
med ium—a medium that can be used to inspect the item 
under test . 

Second, this probing medium must change as a result of 
discontinuities or variations within the object being tested. 

Third, a detector capable of detecting the changes in the 
probing medium is required. 

Fourth, a means of indicating or recording the signals 
from the detector is necessary. 

Fifth, some method of interpreting these indications 
must be provided. 
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Let us now see how these apply in the case of X- rad i -
ography. The source of the probing medium is the X-ray 
generator from which the radiation is emitted. The rays 
are modified as they are t ransmit ted through the test 
specimen. The detector in this process normally is X-
ray-sensi t ive photographic film. Darkening of the film 
provides an indication and a record of the test, and the 
interpretation usually is provided by a human observer . 

These five basic elements — source, modification, detec
tion, indication, and in te rpre ta t ion—are common to all 
nondestructive t e s t s . Let ' s again use the glass dropped in 
the kitchen as an example. The source of the probing 
medium (light in this case) might be the sun or an electr ic 
lamp. The modification would be the manner in which the 
light was transmitted or reflected from various par ts of 
the glass . A crack, for example, would reflect much of the 
light striking it. The detector would be the human eye, and 
the indications would be the varying amount of light r e 
turned to the eye by the glass . The interpretation in this 
case would, again, be provided by a human brain. 

You may ask if any other method of interpretation i s 
possible. The answer is yes. For example, thickness 
gauges that electronically compare an indication to some 
preset standard a re in common use. Some of these, on 
equipment for rolling sheet metal, for example, even p r o 
vide e r r o r signals that tell the rolling equipment to make 
the material thinner or thicker. Devices that check the 
level of fill in milk or juice containers usually are set to 
reject automatically the vesse ls not containing the speci 
fied amount. These are cases in which the testing device 
itself can provide the interpretation. 

As you can see, such devices are pract ical pr imari ly in 
high-production i tems where fast control is essential . In 
most cases , and certainly in those involving inspections of 
cri t ical i tems such as reactor fuel elements, aircraft , o r 
missi le components, the interpretation still must be made 
by an experienced human observer . In o rder to do the 
most effective job, this observer must be aware of many 
of the basic principles involved in the test he is using. 
In the next few pages we will consider some of these 
principles. 
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PENETRANT TECHNIQUES 

Many defects in mater ia ls a re not necessari ly com
pletely enclosed within the sample. For example, it is not 
unusual for a crack to originate on the surface of an object 
or to grow to the surface gradually from a s t r e s s point. In 
cases in which discontinuities a re open to the surface, 
penetrant inspection methods can provide a simple and an 
effective means for discovering their location. These 
methods can be useful for inspecting any homogeneous 
material that is not porous. Therefore we find penetrant 
methods in wide use for testing metals , g lass , plastic, and 
some ceramic mater ia l s . 

A discussion of one or two types of penetrants will 
describe the basic method. Penetrants are usually light, 
oil-like liquids which are applied by dipping, spraying, or 
brushing, or in some other convenient manner. The liquid 
penetrant is drawn into cracks and other discontinuities by 
strong capillary action. After the penetrant has had t ime 
to seep in, the portion remaining on the surface is removed 
by wiping or washing. The test object i s now changed be
cause the p e n e t r a n t is m all surface-connected d is 
continuities. If the penetrant can be made visible, it will 
reveal the location of all the surface openings. This is 
usually done by a p rocess called developing. Typically 
this involves the application of a uniform fine powder on 
the surface. The developing powder acts like a sponge, 
drawing penetrant out of cracks and enlarging the size of 
the area of penetrant indication. 

Of course, once the penetrant has been drawn out and 
spread in the developing powder, it must be easily observed 
for the inspection process to be completed. One desirable 
arrangement is for penetrant and developer to have con
trast ing colors or some other quality that will make the 
penetrant easily visible. Combinations such as white de
velopers and red penetrants are common and readily p ro 
vide penetrant indication 

Another common method is the use of fluorescent pene
t ran ts . In this case the penetrating liquid contains a ma
ter ia l that emits visible light when it is exposed to u l t ra-
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monic, or resonance, frequencies. The wavelength a s 
sociated with this fundamental frequency is equal to twice 
the thickness of the specimen. The wavelength can be found 
from the relation 

V= FW 

where V is the velocity of the wave, F is the frequency, and 
W is the wavelength. The velocity, wavelength, and thick
ness should, of course, be expressed in the same distance 
units. 

This technique for measuring thickness has the advantage 
that only one side of the material need be exposed. In ad
dition, the resonance method can be used over a wide range 
of mater ia l thicknesses. Steel, for example, can be mea
sured over a range from a few thousandths of an inch to 
several inches, with an accuracy as good as a few tenths 
of one percent. 

On the debit side, the technique requi res direct contact 
of the t ransducer with the measured mater ia l or contact 
through a conducting liquid. The fact that the method is 
responsive to internal flaws may also be regarded as a 
disadvantage in a thickness gauge. If there are a number 
of flaws, it may not be possible to obtain a thickness mea
surement because a standing wave cannot be set up; or, if 
a flaw happens to be oriented paral lel to the surface of the 
specimen, a false thickness determination less than the 
actual value may be obtained. These disadvantages in 
thickness measurement do, however, make the method 
useful for flaw detection. 

We have seen that these mechanical vibration techniques 
indicate flaws and are responsive to flaws much different 
from those we discussed in the section on radiation. Ul t ra
sonic methods are preferred for the detection of cracks 
and for the inspection of bonding between two mater ia ls , 
which may amount to the same thing. The high sensitivity 
of the ultrasonic method in these uses , as well as in de
termining grain s izes and in detecting blowholes and other 
defects, helps account for i ts widespread use in nonde
structive testing. 
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PENETRATING-RADIATION TECHNIQUES 

Penetrating radiation in nondestructive testing usually 
means gamma rays or X-radiat ion—short-wavelength e lec
tromagnetic rays capable of going through relatively large 
thicknesses of mater ial . These radiations are used for 
nondestructive testing in science and in industry in the 
same way your dentist uses X rays to "look" through your 
teeth and gums for evidence 
of decay or disease. Before we 
discuss these methods in detail, 
we probably should learn more 
about the radiations. 

These rays a re , like light, in
frared, or radio waves, a form of 
electromagnetic radiation, but, 
as shown in Figure 1, their 

, ' ^ Dental X ray. 
wavelengths a re much shor te r . 
It is this shorter wavelength which gives X rays and gamma 
rays the ability to penetrate materials with grea te r ease 
than their long-wavelength counterparts. 

Gamma rays and X rays differ only in the sources from 
which they originate and in their wavelengths. Gamma rays 
usually have a nuclear origin. That i s , gamma radiation 
is one of the types of radiation which can be emitted from 
the nucleus of an atom of a radioactive substance. X rays , 
on the other hand, usually are produced by a machine in 
which electrons are accelerated by high voltage and shot 
against a metallic target . They are nonnuclear in origin,* 

A common source of gamma radiation used in nonde
structive testing is the radioactive material cobalt-60. 
This gamma source can be obtained in various sizes and 
radiation intensit ies. Commonly, a r a d i o a c t i v e pellet 
smal le r than a dime is employed. The pellet is usually 
enclosed in some heavy container, which i s opened only 
when an exposure, or test, is being made. The container 
provides shielding to protect persons near the source from 
the constant emission of the penetrating rays . The actual 

*For more information on radiation and nuclear energy, see Our 
Atomic World, a companion booklet in tliis se r ies . 
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Figure 4 An 8,000,000-volt linear accelerator X-ray source being 
set up to radiograph a weld in a large steel pipe. 

Courtesy High Voltage Engineering Corporation 

size of the shield depends upon the intensity and type of 
source involved. 

X-ray machines also come in a variety of s izes and 
shapes. The smal ler machines, such as the one your 
dentist uses , usually operate at less than 100,000 volts. In 
industry, machines of this voltage are used to inspect the 
smaller thicknesses of light mater ia ls such as aluminum. 
To inspect heavier mater ia ls , such as steel , larger ma
chines operating at higher voltages and producing X rays of 
shorter wavelength are necessary. Typical industrial ma
chines operate at up to 300,000 volts and are used to inspect 
steel up to about 3 inches thick. (Even larger machines 
are available and are gradually becoming more common.) 
Accelerators and betatrons which can accelerate electrons 
to energies of 15 to 20 million volts a re X-radiographic 
sources which are useful for inspecting steel many inches 
thick or other heavy mater ia ls (see Figure 4). 

Not only gamma rays and X rays , but also electrons and 
neutrons are used in nondestructive testing. Electrons for 
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Figure 16 Comparison of three methods of nondestructive testing. 
The test object ivas an aluminum block, 1^/g inches thick, fatrricated 
to contain several well-defined aluminum—air interfaces. Tests on 
this object included X-radiography, a mechanically scanned ultra
sonic test, and the ultrasonic-image system. Results are shown in 
B, C, and D. 

A. A diagram of the test object, top and side views. The three oval 
areas milled into the surface were V^ by •'/j j«c/j and 0.002, 0.005, 
and 0. 010 inch deep. 

B. An X-radiograph 
of this sample. The 
oval non bond area 
0.010 inch deep is 
clearly detectable; 
this indicates a thick
ness sensitivity of 
better than 1%. The 
other oval areas are 
not readily observed 
on the X-radiograph. 

C. A copy of a re
corder trace taken 
from a through-
transmission test of 
the aluminum test 
block ivith a mechan
ically scanned, two-
transducer ultrasonic 
device. All three oval 
nonbond areas are 
detectable, and good 
bonding is indicated 
in the remainder of 
the test object. 

D. A print of a kine
scope motion-picture 
film, (cinesonogram) 
taken during a test of 
the aluminum, test 
block with the ultra
sonic-imaging sys
tem. The image of 
one of the oval non-
bond areas is clearly 
visible in the center 
of the frame. Each 
of the oval nonbond 
areas was clearly 
detected in a sim.ilar 
manner. (SeeFig. 19.) 

the transducer continuously and note the frequencies at 
which resonance occurs , we can easily find the thickness 
of the test sample (assuming that the velocity of ultrasound 
in that material is known). 

Note that the value of the fundamental frequency can 
easily be determined by subtracting two successive ha r -
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Figure 15 Conditions for ultra
sonic resonance. The ultra
sonic transducers send vibra
tions into the specimens. If the 
thickness (T) of the specimen is 
an integral number of half wave
lengths, then the wave will re
flect from the surface of the 
specimen in phase with the 
transmitted wave. That is, the 
crests of the reflected and trans
mitted waves reinforce each 
other. These strengthen each 
other and set up what is known 
as a standing wave. The fre
quency (F) increases as the 
wavelength decreases, and this 
gives rise to harmonics or 
resonances. 

ducer is not subjected to an occasional pulsed electr ical 
signal but is continually activated by an electr ical signal. 
Instead of emitting energy in what would be equivalent to an 
occasional short toot on a whistle, the t ransducer in a 
resonance test emits the equivalent of a long steady blast . 

The resonance method is i l lustrated in Figure 15. If the 
frequency of the ultrasonic waves sent into the test ma
ter ia l is changed by varying the electr ical frequency driving 
the transducer, a number of specific frequencies will each 
yield a detectable signal. If the thickness of the test object 
is an integral number of half wavelengths,* then the wave 
reflected from the back surface will be in phase with the 
oncoming wave. These strengthen each other and set up a 
standing wave that causes the test object to resonate, j 
Since this will also apply increased p r e s s u r e to the t r a n s 
ducer, this can be detected as an increased emerging 
electr ical signal. Therefore, if we vary the frequency of 

•Ahalf wavelength is the distance between two successive mini-
mums (antinodes) on the wave. 

fWhen you sing in the shower, the sound waves ol your voice 
may coincide with the resonance wavelength of the bathroom, which 
acts like a large organ pipe in this case and begins to " r e s o n a t e " . 
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Figure 5 The Juggernaut Research Reactor at Argonne National 
Laboratory. The device within the L-shaped wall next to the reac
tor is used for neutron radiography. This is one of many applica
tions of the radiation from this reactor. 
Courtesy Argonne National Laboratory (reprinted with permission of the publishers of 

the International Journal of Applied Radiation and Isotopes) 

these purposes are frequently produced by X-ray machines, 
by bombarding thin lead foil with X rays . Because they are 
easily absorbed, electrons a re particularly useful for 
radiography of very thin or very light objects. 

Neutrons can be obtained from a nuclear reactor , an ac
celerator , or a source of natural radioactivity. They too 
have special usefulness because of absorption differences 
between neutrons and X rays . For example, mater ia ls with 
high densit ies and high atomic numbers, such as lead and 
uranium, absorb an X-ray beam much more readily than 
mater ia ls with lower atomic numbers and densit ies. There
fore X-ray inspection of such mater ia ls usually requires 
generation equipment in the multimillion voltage range and 
relatively long inspection t ime. Neutrons, on the other 
hand, a re easily t ransmit ted through the heavier ma
te r ia l s , and exposure t ime to complete the inspection can 
be appreciably shor ter than that with X rays . A nuclear 
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reactor used as a source of neutrons for neutron radi 
ography is shown in Figure 5. 

Certainly one of the most commonly used methods of 
penetrating radiation for nondestructive testing is film 
radiography, a technique in which a visible image of the 
radiation passing through an object is produced on film by 
the radiation. This technique is so well established that the 
amount of X-ray film used for radiography is much grea ter 
than the total amount of black-and-white film used by all 
amateur photographers! The method typically used to make 
an X-radiograph is i l lustrated in Figure 6. 

Notice how the X rays diverge from the target of the 
X-ray tube and cast a shadow of anything in their path. The 
flaw in the specimen il lustrated might be a blowhole in a 
casting or a light metal impurity in some heavy mater ia l . 

The radiation entering the specimen is absorbed less by 
the flaw than by the r e s t of the mater ia l , and therefore 
more radiation passes through to s t r ike the film beyond 
the flaw than beyond the res t of the specimen. This would 
show up on the developed film as a dark area , revealing 
the presence, location, and general shape of the flaw. 

The specimen in this illustration is nearly uniform in 
thickness and consistency except for the flaw area, but in 
many practical inspection situations this is not the case. 

ANODE DIAPHRAGM SPECIMEN X-RAY FILM 

Figure 6 Fundamentals of an X-ray exposure. The focal spot is 
the small area on the anode, or target, of the X-ray tube. The 
anode is bombarded by the electron beam in the tube. This spot is 
the source of the X-radiation. The X-ray intensity is decreased 
as the radiation passes through the thickness of the specimen. 
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Figure 14 A typical voUage-versus-time graph of the signal on the 
transmitting transducer shown in Figure 13. The initial pulse to 
the transducer yields an indication, a>id the ultrasound vibration 
reflected from the back surface also returns to yield a voltage 
pulse. A reflected signal from a flaw is also shown. The distance 
of the flaiv signal from the initial pulse is a measure of the dis
tance of the flaw below the specimen surface. The size of the flaw 
voltage signal is an indication of the flaw size. 

like that in Figure 14, There is an initial pulse of energy 
from the vibrating t ransducer . If the specimen is homo
geneous, no ultrasonic energy re turns to the t ransducer 
except on reflection from the back surface. If a flaw is 
present , a reflected signal appears between the initial pulse 
and the back-surface reflection pulse. 

The reflection of an ultrasonic wave from a flaw or an 
interface is usually very large and can be thought of as 
s imilar to the reflection of light from a partially si lvered 
mi r ro r . Much of the light is reflected, but a small portion 
gets through. In the case of a m e t a l - g a s interface in a 
typical internal flaw in a metal specimen, only 10 to 20% of 
the ultrasonic energy enters the gas. The res t is reflected. 

This fact, along with the fact that the reflected intensity 
is essentially uninfluenced by the width of the flaw, accounts 
for the excellent sensitivity of the ultrasonic method for 
the detection of cracks . This is t rue for both through-
transmission and pulse-echo techniques, as well as other 
sonic methods, such as the resonance technique. 

The resonance method differs from the other two in that 
continuous waves are used. That is , the ultrasonic t r a n s -
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Figure 13 Pulses of ultrasonic energy which cause vibrations to 
pass through an object can be used for inspection. A pulse of elec
trical energy causes the transmitting transducer to vibrate mo
mentarily and the transducer sends its vibration pulse into the 
specimen. This will be received by a transducer on the opposite 
side. If there is a flaw in the path of the ultrasound, part of the 
energy mil be reflected; a reflection signal will be received at the 
trans milting transducer, and the signal received by the receiving 
transducer will be reduced. 

several cycles of the desired frequency is applied to the 
transmitt ing crystal , the packet of ul trasonic waves p r o 
duced will t ravel through the specimen to the opposite face. 
The second t ransducer , placed on the opposite side, receives 
the vibrations and converts them into an electr ical signal 
that can be amplified and observed on the cathode-ray tube 
of an oscilloscope, a meter , or some other indicator. If 
the ultrasonic wave t ravels through the specimen without 
encountering any flaws or obstructions, the signal received 
is relatively large . If, however, a flaw is in the path of the 
ultrasonic wave, as in the diagram, the received signal is 
reduced and reveals the presence of the flaw. 

The pulse-echo inspection method requires only one 
t ransducer , which se rves as both t ransmi t te r and receiver . 
Note that a portion of the ultrasonic energy which en
counters the flaw is reflected back to the transmitt ing 
t ransducer . This energy s t r ikes the t ransducer and gen
erates an electrical signal. The pulse-echo method of 
ultrasonic inspection makes use of this reflection signal. 
(This is also how sonar works.) The pattern on an osci l
loscope for the pulse-echo inspection would look something 

22 

Just as we can see a flaw by a darkening of the X-ray 
film, we can also see changes in thickness or mater ial . On 
the radiographs the dentist makes of your teeth, for ex
ample, the gums appear much darker than the teeth be 
cause the lighter mater ia ls in the soft t issue are less 
absorbing for the X-ray beam. Cavities appear dark within 
the shadow of the tooth because there is less material to 
absorb the radiation. Fillings, which contain heavy ma
ter ia ls such as s i lver , a re very absorbing and appear as 
light a r eas . (See dental X ray on page 11.) 

Examine the radiograph of the jeep on the cover, for 
example, and associate the light and dark a reas with the 
appropriate par t s of the vehicle. The t i r e s , for instance, 
which appear relatively transparent , were easy for the 
X-ray beam to penetrate, whereas the engine block was 
much more difficult. This is an unusual radiograph, both 
because the subject contains mater ia ls having a very wide 
range of radiation transparency and because of the large 
size (the picture is actually a composite picture of many 
smal ler radiographs). (There are no lenses which can 
focus the X-ray image of a large object on a small piece 
of film as you do in your camera when you take snapshots.) 

One question that naturally a r i ses concerns the size of 
the flaws that can be detected by X r ays . Suppose the flaw 
in the specimen in Figure 6 had been very small in the hor
izontal direction and had appeared no wider than the a r 
row leading from the word "Flaw". With normal X-rad io
graphic methods it could sti l l be detected if its thickness 
in the direction taken by the X-ray beam were about 2% of 
the specimen thickness in the same direction. Let ' s say, 
for example, that the specimen is a piece of steel 2 inches 
thick and that the flaw is a thin, flat, void area. Chances 
are that the flaw would be detected if it were at least 
0.040 inch thick. If the thickness were appreciably less 
than that, as a typical crack would be, the difference in 
darkening on the X-ray film would be so small that the 
flaw might escape detection. 

The detection of cracks by radiographic inspection i s , 
therefore, not an infallible method. The crack either must 
be quite wide or must be positioned so that the radiation 
passes along its length for some distance. Inspection for 
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this kind of defect is usually done by other methods. In 
spite of this limitation, film radiography is broadly applied 
in nondestructive testing. One reason for its popularity is 
that the pictures which result are simple to interpret as 
compared with some other methods. 

Penetrating radiation can be used in other methods of 
nondestructive testing also. Another imaging technique is 
fluoroscopy. In this technique the arrangement is s imilar 
to that for film radiography except that the film is replaced 
by a phosphor screen. The phosphor, when stimulated by 
X rays , emits visible radiation (light) of an intensity 
proportional to the X-ray intensity. Therefore the picture 
is like that obtained with film methods, except that the dark 
and the light a reas a re reversed. 

Two related advantages of fluoroscopy a re that there i s 
no waiting for a film to be developed and that the object, 
therefore, can be moving while it is being inspected. 
Figure 7 shows a fluoroscope being used to inspect the 
contents of a sui tcase. 

Figure 7 A portable package-inspection fluoroscope in use. 
Courtesy Westmghouse Electric Corporation, X-ray Division 
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nothing can be condensed and rarefied if nothing is there , 
there is no sound in a vacuum. These vibrational waves 
do have wavelengths, velocities, and other propert ies com
mon to all wave motion. 

Just as there is always some push or movement involved 
in the production of audible sound waves, so too there must 
be a s imilar effect produced by sources of ultrasonic 
waves. Ultrasonic waves for nondestructive testing are 
usually produced by piezoelectric mater ia ls . These are 
mater ia ls that undergo a change in physical dimension as 
they a re subjected to an electric field. If we apply an 
alternating electr ic field to a slab of quartz, for example, 
the quartz will expand during the first half of the cycle and 
contract when the polarity of the electr ic field is reversed . 
By varying the number of t imes (or frequency) the a l t e r 
nating electr ic field becomes positive and negative, we can 
vary the frequency of the mechanical vibration produced in 
the quartz. Piezoelectr ic mater ia ls (quartz and barium 
titanate are common ones) are widely used as ultrasonic 
t ransducers .* They can convert electr ical signals to me
chanical signals and vice versa . 

The property of these materials of generating an electr ic 
charge proportional to the mechanical p re s su re applied to 
them is known as "the piezoelectric effect". The opposite 
effect, mechanical movement proportional to the electr ic 
field, is known as the " r e v e r s e piezoelectric effect". Both 
are extremely important in ul trasonics because mater ia l s 
with these proper t ies can be used not only to generate 
ultrasonic waves but also to detect them. In many prac t i 
cal testing applications, the same transducer serves both 
as a source and as a detector of ultrasonic waves. 

Two common ultrasonic test methods, the through-
transmission and the pulse-echo methods, a re i l lustrated 
in Figure 13. 

The through-transmission inspection method requires an 
ultrasonic t ransducer on each side of the object being in
spected. If an electr ical pulse long enough to contain 

*A transducer is a device that converts input energy into output 
energy of another torm. A microphone, as an example, converts 
sound into electricity. 
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ULTRASONIC METHODS 

A very different nondestructive testing technique em
ploys mechanical vibrations to discover useful information 
about mater ia ls (Figure 12), Sound is a good example, A 
vibrating tuning fork emits sound which t rave ls through the 
air by alternately pushing and pulling the a i r molecules 
surrounding it. The sound wave is the continuation of 
these disturbances along a path in the air leading away 
from the vibration source. The alternate compression and 
rarefactions of the medium (air) produce a slight move
ment, or displacement, of the molecules in a direction 
paral lel to the direction the sound is traveling. This type 
of wave is called a longitudinal wave. 

Longitudinal waves can be produced which have f re
quencies higher than 20,000 cycles per second (which is 
about the upper limit of those we can hear) , in which case 
they are called ultrasonic waves. Most ultrasonic non
destructive testing is done at considerably higher f re
quencies; a common range is 0.5 to 5 megacycles. Ul t ra
sonic vibrations can be produced in several different kinds 
of waves, but in this discussion we'l l consider only the 
longitudinal type. 

10"̂  1 10^ 10* 10^ 10^ 10'° 

Figure 12 Mechanical vibrations. 

This form of energy is very different from the e lect ro
magnetic energy we just discussed. Light, infrared, and 
X rays can travel through empty space, since they need no 
medium to support or propagate the wave motion. Sonic 
and ultrasonic waves, however, require a medium; since 
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Of course, there are also disadvantages. The observer 
must look at what is often a rather dim image in close 
proximity to the radiation area, and problems in lighting, 
radiation shielding, and operator fatigue are thereby p r e 
sented. The shielding problem can be lessened by using 
lead-glass shielding windows and/or m i r r o r sys tems to 
increase the distance between the operator and the radia
tion and to provide absorbing material to protect the 
operator . The radiation intensity can then be increased to 
provide improved image brightness. Electronic devices 
such as X-ray image intensifiers and closed-circuit t e le 
vision equipment can provide the ultimate solution to both 
the brightness and the shielding problems. 

Although the use of fluoroscopic methods is increasing, 
the film method is preferred in many applications because 
it provides grea ter detail and somewhat better contrast 
(making observation of small changes in thickness or ma
ter ia l possible) and because a permanent record of the 
inspection is automatically obtained. 

•

RADIATION 
SOURCE 

Figure 8 A simple radiation thickness gauge. The radiation from 
the source is attenuated by the material being inspected. As the 
thickness increases, the radiation intensity reaching the detector 
decreases. If the response of the detector is calibrated for known 
thicknesses, the detector reading can be used to indicate the thick
ness of the inspected material. 
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In addition to its use in radiographic and fluoroscopic 
techniques, penetrating radiation is often used where an 
image is not really needed to accomplish the desired r e 
sult. For example, assume that you want to determine the 
level of the liquid within a large, opaque water tank. There 
are many ways you could do this. In one method you would 
make use of radiation, say from an X-ray machine or a » 
radioactive source, on one side of the tank and a radiation «• 
detector on the other side. During the tes t you would move " 
these from the top downward. A decrease in your detected • 
signal would indicate that the radiation was going through 
the liquid to reach the detector. More of the penetrating 
radiation would be attenuated (thinned out) by the liquid 
than by the air above the liquid, and the change in the signal 
when the radiation moved from the air to the liquid would 
indicate the liquid-level line. The detectors in such ap
plications include gas-filled counters that yield an e lec t r i 
cal signal when the gas in the counter is ionized by the 
radiation, scintillation detectors that employ a combination 

Figure 9 A?i X-ray inspection system on a canned-milk produc
tion line. The X-ray unit and detection equipment bridges the can 
line at the right of the picture. With this equipment the cans are 
inspected at production-line speed for level of fill. 

Courtesy General Electric Company 
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Figure 10 A radiation 
gauge in use measuring 
sheets of rubber for tire 
casings. Courtesy Dunlop 

Tire and Rubber Company 

of a light-emitting mater ia l and a light detector such as a 
phototube, and photoconductive detectors whose electr ical 
res is tance changes with the intensity of the penetrating 
radiation. 

Such methods a re used in many applications, including 
the determination of level in containers of juice, milk, and 
other liquids (Figure 9). 

Changes in solid material can also be detected, even 
inside a container. This forms the basis of thickness 
gauges, which are widely used by manufacturers of metal, 
plastic, paper, and other sheet mater ia l s (Figure 10). 

These are but a few of the many applications in nonde
structive testing in which penetrating radiation has been 
successfully controlled and harnessed. 

Figure 11 A' ray and television 
used in combination to give engi
neers direct viewing of radio
graphs. In view A, an employee 
places a part between X-ray tube 
(top) and television camera (bot
tom). In view B, he views tele
vision picture of another part. 
This system magnifies objects 
27 times on the television monitor 
screen, and rotates so that ob
jects can be viewed from all sides. 

Courtesy Atomics International Division, 
North American Aviation, Inc. 
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In addition to its use in radiographic and fluoroscopic 
techniques, penetrating radiation is often used where an 
image is not really needed to accomplish the desired r e 
sult. For example, assume that you want to determine the 
level of the liquid within a large, opaque water tank. There 
are many ways you could do this. In one method you would 
make use of radiation, say from an X-ray machine or a > 
radioactive source, on one side of the tank and a radiation * 
detector on the other side. During the tes t you would move " 
these from the top downward, A decrease in your detected • 
signal would indicate that the radiation was going through 
the liquid to reach the detector. More of the penetrating 
radiation would be attenuated (thinned out) by the liquid 
than by the air above the liquid, and the change in the signal 
when the radiation moved from the air to the liquid would 
indicate the liquid-level line. The detectors in such ap
plications include gas-filled counters that yield an e lec t r i 
cal signal when the gas in the counter is ionized by the 
radiation, scintillation detectors that employ a combination 

Figure 9 An X-ray inspection system on a canned-milk produc
tion line. The X-ray unit and detection equipment bridges the can 
line at the right oj the picture. With this equipment the cans are 
inspected at production-line speed Jor level oJ Jill. 

Courtesy General Electric Company 
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Figure 10 A radiation 
gauge in use measuring 
sheets oJ rubber Jor tire 
casings. Courtesy Dunlop 

Tire and Rubber Company 

of a light-emitting material and a light detector such as a 
phototube, and photoconductive detectors whose electr ical 
res is tance changes with the intensity of the penetrating 
radiation. 

Such methods are used in many applications, including 
the determination of level in containers of juice, milk, and 
other liquids (Figure 9). 

Changes in solid material can also be detected, even 
inside a container. This forms the bas is of thickness 
gauges, which are widely used by manufacturers of metal, 
plastic, paper, and other sheet mater ia ls (Figure 10). 

These are but a few of the many applications in nonde
structive testing in which penetrating radiation has been 
successfully controlled and harnessed. 

Figure 11 X ray and television 
used in combination to give engi
neers direct viewing oJ radio
graphs. In view A, an employee 
places a part between X-ray tube 
(top) and television camera (bot
tom). In view B, he views tele
vision picture of another part. 
This system magnijies objects 
27 times on the television monitor 
screen, and rotates so that ob
jects can be vie wed fro m all sides. 

Courtesy Atomics International Division, 
North American Aviation, Inc. 
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ULTRASONIC METHODS 

A very different nondestructive testing technique em
ploys mechanical vibrations to discover useful information 
about mater ia ls (Figure 12). Sound is a good example, A 
vibrating tuning fork emits sound which t rave ls through the 
air by alternately pushing and pulling the a i r molecules 
surrounding it. The sound wave is the continuation of 
these disturbances along a path in the air leading away 
from the vibration source. The alternate compression and 
rarefactions of the medium (air) produce a slight move
ment, or displacement, of the molecules in a direction 
paral lel to the direction the sound is traveling. This type 
of wave is called a longitudinal wave. 

Longitudinal waves can be produced which have f re
quencies higher than 20,000 cycles per second (which is 
about the upper limit of those we can hear) , in which case 
they are called ultrasonic waves. Most ultrasonic non
destructive testing is done at considerably higher f re 
quencies; a common range is 0.5 to 5 megacycles. Ultra
sonic vibrations can be produced in several different kinds 
of waves, but in this discussion we'l l consider only the 
longitudinal type. 

10'̂  1 10̂  10" 10* 10̂  10'° 

Figure 12 Mechanical vibrations. 

This form of energy is very different from the e lect ro
magnetic energy we just discussed. Light, infrared, and 
X rays can travel through empty space, since they need no 
medium to support or propagate the wave motion. Sonic 
and ultrasonic waves, however, require a medium; since 
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Of course, there a re also disadvantages. The observer 
must look at what is often a rather dim image in close 
proximity to the radiation area, and problems in lighting, 
radiation shielding, and operator fatigue are thereby p r e 
sented. The shielding problem can be lessened by using 
lead-glass shielding windows and/or mi r ro r sys tems to 
increase the distance between the operator and the radia
tion and to provide absorbing mater ia l to protect the 
operator . The radiation intensity can then be increased to 
provide improved image brightness. Electronic devices 
such as X-ray image intensifiers and closed-circuit t e le 
vision equipment can provide the ultimate solution to both 
the brightness and the shielding problems. 

Although the use of fluoroscopic methods is increasing, 
the film method is preferred in many applications because 
it provides grea ter detail and somewhat bet ter contrast 
(making observation of small changes in thickness or ma
ter ial possible) and because a permanent record of the 
inspection is automatically obtained. 

•

RADIATION 
SOURCE 

Figure 8 A simple radiation thickness gauge. The radiation from 
the source is attenuated by the material being inspected. As the 
thickness increases, the radiation intoisity reaching the detector 
decreases. If the response oj the detector is calibrated Jor known 
thicknesses, the detector reading can be used to indicate the thick
ness of the inspected material. 
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this kind of defect is usually done by other methods. In 
spite of this limitation, film radiography is broadly applied 
in nondestructive testing. One reason for i ts popularity is 
that the pictures which resul t a re simple to interpret as 
compared with some other methods. 

Penetrating radiation can be used in other methods of 
nondestructive testing also. Another imaging technique is 
fluoroscopy. In this technique the arrangement is s imilar 
to that for film radiography except that the film is replaced 
by a phosphor screen. The phosphor, when stimulated by 
X rays , emits visible radiation (light) of an intensity 
proportional to the X-ray intensity. Therefore the picture 
is like that obtained with film methods, except that the dark 
and the light a reas a re reversed. 

Two related advantages of fluoroscopy are that there i s 
no waiting for a film to be developed and that the object, 
therefore, can be moving while it is being inspected. 
Figure 7 shows a fluoroscope being used to inspect the 
contents of a sui tcase. 

Figure 7 A portable package-inspection fluoroscope in use. 
Courtesy Westinghouse Electric Corporation, X-ray Division 
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nothing can be condensed and rarefied if nothing is there , 
there is no sound in a vacuum. These vibrational waves 
do have wavelengths, velocities, and other propert ies com
mon to all wave motion. 

Just as there is always some push or movement involved 
in the production of audible sound waves, so too there must 
be a s imilar effect produced by sources of ultrasonic 
waves. Ultrasonic waves for nondestructive testing are 
usually produced by piezoelectric mater ia l s . These are 
mater ia ls that undergo a change in physical dimension as 
they are subjected to an electric field. If we apply an 
alternating electr ic field to a slab of quartz, for example, 
the quartz will expand during the first half of the cycle and 
contract when the polarity of the electr ic field is reversed. 
By varying the number of t imes (or frequency) the a l ter 
nating electr ic field becomes positive and negative, we can 
vary the frequency of the mechanical vibration produced in 
the quartz. Piezoelectr ic mater ia ls (quartz and barium 
titanate are common ones) are widely used as ultrasonic 
t ransducers .* They can convert electr ical signals to me
chanical signals and vice versa . 

The property of these mater ia ls of generating an electric 
charge proportional to the mechanical p re s su re applied to 
them is known as "the piezoelectric effect". The opposite 
effect, mechanical movement proportional to the electr ic 
field, is known as the " r e v e r s e piezoelectric effect". Both 
are extremely important in ultrasonics because mater ia ls 
with these proper t ies can be used not only to generate 
ul trasonic waves but also to detect them. In many prac t i 
cal testing applications, the same transducer serves both 
as a source and as a detector of ultrasonic waves. 

Two common ultrasonic test methods, the through-
t ransmiss ion and the pulse-echo methods, a re il lustrated 
in Figure 13. 

The through-transmission inspection method requires an 
ultrasonic t ransducer on each side of the object being in
spected. If an electr ical pulse long enough to contain 

*A transducer is a device that converts input energy into output 
energy ol another form. A microphone, as an example, converts 
sound into electricity. 
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Figure 13 Pulses of ultrasonic energy which cause vibrations to 
pass through an object can be used for inspection. A pulse of elec
trical energy causes the transmitting transducer to vibrate mo
mentarily and the transducer sends its vibration pulse into the 
specimen. This will be received by a transducer on the opposite 
side. If there is a flaw in the path of the ultrasound, part of the 
energy mil be reflected; a reflection signal will be received at the 
trans milting transducer, and the signal received by the receiving 
transducer will be reduced. 

several cycles of the desired frequency is applied to the 
transmitt ing crystal , the packet of ul trasonic waves p r o 
duced will t ravel through the specimen to the opposite face. 
The second t ransducer , placed on the opposite side, receives 
the vibrations and converts them into an electr ical signal 
that can be amplified and observed on the cathode-ray tube 
of an oscilloscope, a meter , or some other indicator. If 
the ultrasonic wave t ravels through the specimen without 
encountering any flaws or obstructions, the signal received 
is relatively large . If, however, a flaw is in the path of the 
ultrasonic wave, as in the diagram, the received signal is 
reduced and reveals the presence of the flaw. 

The pulse-echo inspection method requires only one 
t ransducer , which se rves as both t ransmi t te r and receiver . 
Note that a portion of the ultrasonic energy which en
counters the flaw is reflected back to the transmitt ing 
t ransducer . This energy s t r ikes the t ransducer and gen
erates an electrical signal. The pulse-echo method of 
ultrasonic inspection makes use of this reflection signal. 
(This is also how sonar works.) The pattern on an osci l
loscope for the pulse-echo inspection would look something 
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Just as we can see a flaw by a darkening of the X-ray 
film, we can also see changes in thickness or mater ial . On 
the radiographs the dentist makes of your teeth, for ex
ample, the gums appear much darker than the teeth be 
cause the lighter mater ia ls in the soft t issue are less 
absorbing for the X-ray beam. Cavities appear dark within 
the shadow of the tooth because there is less material to 
absorb the radiation. Fillings, which contain heavy ma
ter ia ls such as s i lver , a re very absorbing and appear as 
light a r eas . (See dental X ray on page 11.) 

Examine the radiograph of the jeep on the cover, for 
example, and associate the light and dark a reas with the 
appropriate par t s of the vehicle. The t i r e s , for instance, 
which appear relatively transparent , were easy for the 
X-ray beam to penetrate, whereas the engine block was 
much more difficult. This is an unusual radiograph, both 
because the subject contains mater ia ls having a very wide 
range of radiation transparency and because of the large 
size (the picture is actually a composite picture of many 
smal ler radiographs). (There are no lenses which can 
focus the X-ray image of a large object on a small piece 
of film as you do in your camera when you take snapshots.) 

One question that naturally a r i ses concerns the size of 
the flaws that can be detected by X r ays . Suppose the flaw 
in the specimen in Figure 6 had been very small in the hor
izontal direction and had appeared no wider than the a r 
row leading from the word "Flaw". With normal X-rad io
graphic methods it could sti l l be detected if its thickness 
in the direction taken by the X-ray beam were about 2% of 
the specimen thickness in the same direction. Let ' s say, 
for example, that the specimen is a piece of steel 2 inches 
thick and that the flaw is a thin, flat, void area. Chances 
are that the flaw would be detected if it were at least 
0.040 inch thick. If the thickness were appreciably less 
than that, as a typical crack would be, the difference in 
darkening on the X-ray film would be so small that the 
flaw might escape detection. 

The detection of cracks by radiographic inspection i s , 
therefore, not an infallible method. The crack either must 
be quite wide or must be positioned so that the radiation 
passes along its length for some distance. Inspection for 
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reactor used as a source of neutrons for neutron radi 
ography is shown in Figure 5. 

Certainly one of the most commonly used methods of 
penetrating radiation for nondestructive testing is film 
radiography, a technique in which a visible image of the 
radiation passing through an object is produced on film by 
the radiation. This technique is so well established that the 
amount of X-ray film used for radiography is much grea ter 
than the total amount of black-and-white film used by all 
amateur photographers! The method typically used to make 
an X-radiograph is i l lustrated in Figure 6. 

Notice how the X rays diverge from the target of the 
X-ray tube and cast a shadow of anything in their path. The 
flaw in the specimen il lustrated might be a blowhole in a 
casting or a light metal impurity in some heavy mater ia l . 

The radiation entering the specimen is absorbed less by 
the flaw than by the r e s t of the mater ia l , and therefore 
more radiation passes through to s t r ike the film beyond 
the flaw than beyond the res t of the specimen. This would 
show up on the developed film as a dark area , revealing 
the presence, location, and general shape of the flaw. 

The specimen in this illustration is nearly uniform in 
thickness and consistency except for the flaw area, but in 
many practical inspection situations this is not the case. 

ANODE DIAPHRAGM SPECIMEN X-RAY FILM 

Figure 6 Fundamentals of an X-ray exposure. The focal spot is 
the small area on the anode, or target, of the X-ray tube. The 
anode is bombarded by the electron beam in the tube. This spot is 
the source of the X-radiation. The X-ray intensity is decreased 
as the radiation passes through the thickness of the specimen. 
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Figure 14 A typical voUage-versus-time graph of the signal on the 
transmitting transducer shown in Figure 13. The initial pulse to 
the transducer yields an indication, a>id the ultrasound vibration 
reflected from the back surface also returns to yield a voltage 
pulse. A reflected signal from a flaw is also shown. The distance 
of the flaiv signal from the initial pulse is a measure of the dis
tance of the flaw below the specimen surface. The size of the flaw 
voltage signal is an indication of the flaw size. 

like that in Figure 14, There is an initial pulse of energy 
from the vibrating t ransducer . If the specimen is homo
geneous, no ultrasonic energy re turns to the t ransducer 
except on reflection from the back surface. If a flaw is 
present , a reflected signal appears between the initial pulse 
and the back-surface reflection pulse. 

The reflection of an ultrasonic wave from a flaw or an 
interface is usually very large and can be thought of as 
s imilar to the reflection of light from a partially si lvered 
mi r ro r . Much of the light is reflected, but a small portion 
gets through. In the case of a m e t a l - g a s interface in a 
typical internal flaw in a metal specimen, only 10 to 20% of 
the ultrasonic energy enters the gas. The res t is reflected. 

This fact, along with the fact that the reflected intensity 
is essentially uninfluenced by the width of the flaw, accounts 
for the excellent sensitivity of the ultrasonic method for 
the detection of cracks . This is t rue for both through-
transmission and pulse-echo techniques, as well as other 
sonic methods, such as the resonance technique. 

The resonance method differs from the other two in that 
continuous waves are used. That is , the ultrasonic t r a n s -
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Figure 15 Conditions Jor ultra
sonic resonance. The ultra
sonic transducers send vibra
tions into the specimens. If the 
thickness (T) of the specimen is 
an integral number of half wave
lengths, then the wave will re
flect Jrom the surjace of the 
specimen in phase with the 
transmitted wave. That is, the 
crests oJ the rejlected and trans
mitted waves remjorce each 
other. These strengthen each 
other and set up what is known 
as a standing wave. The fre
quency (F) increases as the 
wavelength decreases, and this 
gives rise to hartnonics or 
resonances. 

ducer is not subjected to an occasional pulsed electr ical 
signal but is continually activated by an electr ical signal. 
Instead of emitting energy in what would be equivalent to an 
occasional short toot on a whistle, the t ransducer in a 
resonance test emits the equivalent of a long steady blast . 

The resonance method is i l lustrated in Figure 15. If the 
frequency of the ultrasonic waves sent into the test ma
ter ia l is changed by varying the electr ical frequency driving 
the t ransducer , a number of specific frequencies will each 
yield a detectable signal. If the thickness of the test object 
is an integral number of half wavelengths,* then the wave 
reflected from the back surface will be in phase with the 
oncoming wave. These strengthen each other and set up a 
standing wave that causes the test object to r e sona te . ! 
Since this will also apply increased p r e s su re to the t r a n s 
ducer, this can be detected as an increased emerging 
electr ical signal. Therefore, if we vary the frequency of 

*A half wavelength is the distance between two successive mini-
mums (antinodes) on the wave. 

tWhen you sing in the shower, the sound waves ot your voice 
may coincide with the resonance wavelength of the bathroom, which 
acts like a large organ pipe in this case and begins to " r e s o n a t e " . 

MATERIAL 

T '/; Wavelength 

Fi - Fundamental 

Frequency 

T = 1 Wavelength 

fe 2F i 
F„ - 2nd Harmonic 

T - 1'/ , Wavelength 
Fc - 3F, 
F(. ~ 3rd Harmonic 

24 

REACTOR CORE 

NEUTRON 
BEAM PORT 

NEUTRON BEAM 

NEUTRON 
RADIOGRAPHY 
EQUIPMENT 

CONTROL CONSOLE 

Figure 5 The Juggernaut Research Reactor at Argonne National 
Laboratory. The device within the L-shaped wall next to the reac
tor is used for neutron radiography. This is one of many applica
tions of the radiation from this reactor. 
Courtesy Argonne National Laboratory (reprinted with permission of the publishers of 

the International Journal of Applied Radiation and Isotopes) 

these purposes are frequently produced by X-ray machines, 
by bombarding thin lead foil with X rays . Because they are 
easily absorbed, electrons a r e particularly useful for 
radiography of very thin or very light objects. 

Neutrons can be obtained from a nuclear reactor , an ac
celerator , or a source of natural radioactivity. They too 
have special usefulness because of absorption differences 
between neutrons and X rays . For example, mater ia ls with 
high densities and high atomic numbers, such as lead and 
uranium, absorb an X-ray beam much more readily than 
mater ia ls with lower atomic numbers and densities. There 
fore X-ray inspection of such mater ia ls usually requires 
generation equipment in the multimillion voltage range and 
relatively long inspection t ime. Neutrons, on the other 
hand, a re easily t ransmit ted through the heavier ma
te r ia l s , and exposure t ime to complete the inspection can 
be appreciably shor ter than that with X rays . A nuclear 
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Figure 4 An 8,000,000-volt linear accelerator X-ray source being 
set up to radiograph a weld m a large steel pipe. 

Courtesy High Voltage Engineering Corpoiation 

size of the shield depends upon the intensity and type of 
source involved. 

X-ray machines also come in a variety of s izes and 
shapes. The smal ler machines, such as the one your 
dentist uses , usually operate at less than 100,000 volts. In 
industry, machines of this voltage are used to inspect the 
smaller thicknesses of light mater ia ls such as aluminum. 
To inspect heavier mater ia ls , such as steel , larger ma
chines operating at higher voltages and producing X rays of 
shorter wavelength are necessary. Typical industrial ma
chines operate at up to 300,000 volts and are used to inspect 
steel up to about 3 inches thick. (Even larger machines 
a re available and are gradually becoming more common.) 
Accelerators and betatrons which can accelerate electrons 
to energies of 15 to 20 million volts are X-radiographic 
sources which are useful for inspecting steel many inches 
thick or other heavy mater ia ls (see Figure 4). 

Not only gamma rays and X rays, but also electrons and 
neutrons are used in nondestructive testing. Electrons for 
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Figure 16 Comparison of three methods of nondestructive testing. 
The test object nas an aluminum block, 1^/g inches thick, fabricated 
to contain several well-dejined aluminum—air interfaces. Tests on 
this object included X-radiography, a mechanically scanned ultra
sonic test, and the ultrasonic -image system. Results are shown in 
B, C, and D. 

I I I I I I 

A. A diagram of the test object, top and side views. The three oval 
areas milled into the surface were V̂  by ^/2inch and 0.002, 0.005, 
and 0.010 inch deep. 

B. An X-radiograph C. A copy oJ a re- D. A print of akine-
of this sample. The corder trace taken scope motion-picture 
oval no n bond area from a through- Jilm (cinesonogram) 
0.010 inch deep is transmission lest oJ taken during a test oJ 
clearly detectable; the aluminum test the aluminum test 
this indicates athick- block with a mechan- block with the ultra-
ness sensitivity of ically scanned, two- sonic-imaging sys-
better than 1%. The transducer ultrasonic tern. The image of 
other oval areas are device. All three oval one of the oval non-
not readily observed nonbond areas are bond areas is clearly 
on the X-radiograph. detectable, and good visible in the center 

bonding is indicated oJ the frame. Each 
in the remainder oJ oJ the oval nonbond 
the test object. areas was clearly 

detected in a similar 
manner. (SeeFig. 19.) 

the transducer continuously and note the frequencies at 
which resonance occurs , we can easily find the thickness 
of the test sample (assuming that the velocity of ultrasound 
in that material is known). 

Note that the value of the fundamental frequency can 
easily be determined by subtracting two successive ha r -
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monic, or resonance, frequencies. The wavelength a s 
sociated with this fundamental frequency is equal to twice 
the thickness of the specimen. The wavelength can be found 
from the relation 

V = FW 

where V is the velocity of the wave, F is the frequency, and 
W is the wavelength. The velocity, wavelength, and thick
ness should, of course, be expressed in the same distance 
units. 

This technique for measuring thickness has the advantage 
that only one side of the material need be exposed. In ad
dition, the resonance method can be used over a wide range 
of material thicknesses. Steel, for example, can be mea
sured over a range from a few thousandths of an inch to 
several inches, with an accuracy as good as a few tenths 
of one percent. 

On the debit side, the technique requires direct contact 
of the t ransducer with the measured mater ia l or contact 
through a conducting liquid. The fact that the method is 
responsive to internal flaws may also be regarded as a 
disadvantage in a thickness gauge. If there are a number 
of flaws, it may not be possible to obtain a thickness mea
surement because a standing wave cannot be set up; or, if 
a flaw happens to be oriented paral lel to the surface of the 
specimen, a false thickness determination less than the 
actual value may be obtained. These disadvantages in 
thickness measurement do, however, make the method 
useful for flaw detection. 

We have seen that these mechanical vibration techniques 
indicate flaws and are responsive to flaws much different 
from those we discussed in the section on radiation. Ultra
sonic methods a re preferred for the detection of cracks 
and for the inspection of bonding between two mater ia ls , 
which may amount to the same thing. The high sensitivity 
of the ultrasonic method in these uses , as well as in de
termining grain s izes and in detecting blowholes and other 
defects, helps account for i ts widespread use in nonde
structive testing. 
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PENETRATING-RADIATION TECHNIQUES 

Penetrating radiation in nondestructive testing usually 
means gamma raysorX-rad ia t ion—shor t -wavelength e lec
tromagnetic rays capable of going through relatively large 
thicknesses of mater ial . These radiations are used for 
nondestructive testing in science and in industry in the 
same way your dentist uses X rays to "look" through your 
teeth and gums for evidence 
of decay or disease. Before we 
discuss these methods in detail, 
we probably should learn more 
about the radiations. 

These rays a re , like light, in
frared, or radio waves, a form of 
electromagnetic radiation, but, 
as shown in Figure 1, their 

, ; Dental X ray. 
wavelengths a re much shor te r . 
It is this shor ter wavelength which gives X rays and gamma 
rays the ability to penetrate mater ials with greater ease 
than their long-wavelength counterparts . 

Gamma rays and X rays differ only in the sources from 
which they originate and in their wavelengths. Gamma rays 
usually have a nuclear origin. That i s , gamma radiation 
is one of the types of radiation which can be emitted from 
the nucleus of an atom of a radioactive substance. X rays , 
on the other hand, usually are produced by a machine in 
which electrons are accelerated by high voltage and shot 
against a metallic target . They are nonnuclear in origin.* 

A common source of gamma radiation used in nonde
structive testing is the radioactive material cobalt-60. 
This gamma source can be obtained in various sizes and 
radiation intensit ies. Commonly, a r a d i o a c t i v e pellet 
smal le r than a dime is employed. The pellet is usually 
enclosed in some heavy container, which is opened only 
when an exposure, or test, is being made. The container 
provides shielding to protect persons near the source from 
the constant emission of the penetrating rays . The actual 

•Fo r more information on radiation and nuclear energy, see Our 
Atomic World, a companion booklet in this se r ies . 
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Let us now see how these apply in the case of X- rad i -
ography. The source of the probing medium is the X-ray 
generator from which the radiation is emitted. The rays 
are modified as they are t ransmit ted through the test 
specimen. The detector in this process normally is X-
ray-sensi t ive photographic film. Darkening of the film 
provides an indication and a record of the test, and the 
interpretation usually is provided by a human observer . 

These five basic elements — source, modification, detec
tion, indication, and in te rpre ta t ion—are common to all 
nondestructive t es t s . Let ' s again use the glass dropped in 
the kitchen as an example. The source of the probing 
medium (light in this case) might be the sun or an e lectr ic 
lamp. The modification would be the manner in which the 
light was transmitted or reflected from various par ts of 
the glass . A crack, for example, would reflect much of the 
light striking it. The detector would be the human eye, and 
the indications would be the varying amount of light r e 
turned to the eye by the glass . The interpretation in this 
case would, again, be provided by a human brain. 

You may ask if any other method of interpretation is 
possible. The answer is yes . For example, thickness 
gauges that electronically compare an indication to some 
prese t standard a re in common use. Some of these, on 
equipment for rolling sheet metal, for example, even p r o 
vide e r r o r signals that tell the rolling equipment to make 
the mater ia l thinner or thicker. Devices that check the 
level of fill in milk or ]uice containers usually are set to 
reject automatically the vesse ls not containing the spec i 
fied amount. These are cases in which the testing device 
itself can provide the interpretation. 

As you can see, such devices are pract ical pr imari ly in 
high-production i tems where fast control is essential . In 
most cases , and certainly in those involving inspections of 
cri t ical i tems such as reactor fuel elements, aircraft , o r 
missi le components, the interpretation still must be made 
by an experienced human observer . In order to do the 
most effective job, this observer must be aware of many 
of the basic principles involved in the test he is using. 
In the next few pages we will consider some of these 
principles. 
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PENETRANT TECHNIQUES 

Many defects in mater ials are not necessari ly com
pletely enclosed within the sample. For example, it is not 
unusual for a crack to originate on the surface of an object 
or to grow to the surface gradually from a s t r e s s point. In 
cases in which discontinuities are open to the surface, 
penetrant inspection methods can provide a simple and an 
effective means for discovering their location. These 
methods can be useful for inspecting any homogeneous 
material that is not porous. Therefore we find penetrant 
methods in wide use for testing metals , g lass , plastic, and 
some ceramic mater ia l s . 

A discussion of one or two types of penetrants will 
describe the basic method. Penetrants are usually light, 
oil-like liquids which are applied by dipping, spraying, or 
brushing, or in some other convenient manner. The liquid 
penetrant is drawn into cracks and other discontinuities by 
strong capillary action. After the penetrant has had t ime 
to seep in, the portion remaining on the surface is removed 
by wiping or washing. The test object i s now changed be
cause the p e n e t r a n t is in all surface-connected d is 
continuities. If the penetrant can be made visible, it will 
reveal the location of all the surface openings. This is 
usually done by a process called developing. Typically 
this involves the application of a uniform fine powder on 
the surface. The developing powder acts like a sponge, 
drawing penetrant out of cracks and enlarging the size of 
the area of penetrant indication. 

Of course, once the penetrant has been drawn out and 
spread in the developing powder, it must be easily observed 
for the inspection process to be completed. One desirable 
arrangement i s for penetrant and developer to have con
trast ing colors or some other quality that will make the 
penetrant easily visible. Combinations such as white de
velopers and red penetrants are common and readily p ro 
vide penetrant indication. 

Another common method is the use of fluorescent pene
t ran ts . In this case the penetrating liquid contains a ma
ter ia l that emits visible light when it is exposed to u l t ra-
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1 PENETRATE 

[^* 
FLUORESCENT 
PENETRANT IS 
DRAWN INTO CRACK 
BY CAPILLARY 
ACTION 

WASH 

hfel 
WATER SPRAY 
REMOVES 
PENETRANT FROM 
SURFACE BUT NOT 
FROM CRACK 

DEVELOP 

liM 
DEVELOPER ACTS 
LIKE A BLOTTER 
TO DRAW 
PENETRANT 
OUT OF CRACK 

INSPECT 
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r // • 
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BLACK LIGHT 
CAUSES 
PENETRANT TO 
GLOW IN DARK 

Figure 17 Steps in fluorescent penetrant inspection. 

violet radiation, just as the phosphor screen in your 
television picture tube emits light when electrons s t r ike it. 
Lamps that emit ultraviolet are called black lights because 
the visible light they might normally emit i s stopped by a 
filter, making them appear black or dark purple. F luores 
cent penetrant inspection is commonly performed in the 
dark, often in a cloth-darkened booth. When the inspector 
turns the black light on the par t to be inspected, a defect 
appears as a bright fluorescing mark against a black back
ground, an ideal contrast situation. The major steps of a 
fluorescent penetrant inspection are shown in Figure 17. 

The visible- and black-light images of an aluminum 
helicopter-landing-gear part after penetrant inspection i l 
lustrate how the high contrast of the fluorescent-penetrant 
indication helps in locating even very small flaws (Figure 
18). Tests have shown that these penetrants are capable of 
detecting cracks with surface openings as small as 10 one-
millionths of an inch! 

As you might expect, a great deal of "know-how" goes 
into the successful application of almost any nondestructive 
test . This is the case in the use of penetrants; and, al
though a few paragraphs of explanation will not t ransform 
you into a well-qualified penetrant inspector, we can at 
least explore the problems associated with this technique. 

The part to be inspected must be clean. If the cracks or 
other surface faults are filled with grease or contaminants, 
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destructive testing lagged behind, receiving no significant 
support until after World War I. Nondestructive testing, 
in general, had no great impetus until WorldWar II. 

Although this seems surprising on f i rs t consideration, 
there were valid reasons for the delay. Before World 
War n , nondestructive testing was not urgent because of 
the large safety factors which typically were engineered 
into almost every product. Service fai lures did take place, 
of course; and rai l road axles and crankshafts for rotating 
equipment, for example, did break in service despite large 
safety factors. However, the role of mater ia l imperfections 
in such failures was not then fully recognized, and the re 
fore little concentrated effort was made to find them. 

During and just after World War II, the significance of 
imperfections on the useful life of a product came to be 
more fully appreciated. In aircraft design, in nuclear 
technology, and, more recently, in space exploration, the 
factors of high hazards and costs have made maximum 
reliability vital. Moreover, the years since the war have 
witnessed a large growth of all inspection methods in 
industrial and scientific applications, where design and 
manufacturing specifications go hand in hand. 

In spite of many differences, these methods have much 
in common because there are five bas ic elements in any 
nondestructive test . 

F i r s t , a source is needed which provides some probing 
med ium—a medium that can be used to inspect the item 
under test . 

Second, this probing medium must change as a resul t of 
discontinuities or variations within the object being tested. 

Third, a detector capable of detecting the changes in the 
probing medium is required. 

Fourth, a means of indicating or recording the signals 
from the detector is necessary. 

Fifth, some method of interpreting these indications 
must be provided. 
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UNLIMITED EXPANSION AND DEVELOPMENT 

Figure 3 The growth of nondestructive testing. 
Courtesy Magnaflux Corporation (reprinted with permission 

of the Society for Nondestructive Testing) 

which have been made in recent decades is i l lustrated in 
Figure 3. Although many of the t e r m s on this diagram 
may be unfamiliar to you, we will not attempt to discuss 
them all. Each of the branches on this t r ee , however, 
represents another method for nondestructive testing. 

The growth of this t r ee of methods was very slow in the 
beginning. For example, X-radiation was discovered by a 
German physics professor , Wilhelm Roentgen, in 1895. 
Medical use of X-radiation was initiated in many par ts of 
the world soon afterward. However, industrial use of non-
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Figure 18 An aluminum helicopter-landing-gear part after pene
trant inspection. On the left is a white-light view of the part. On 
the right is a black-light view of the same part shown at left after 
fluorescent-penetrant inspection. The fluorescing crack is easily 

Courtesy Magnaflux Corporation 

the penetrant liquid may have difficulty entering, or the 
mater ia l in the crack may react with the penetrant, changing 
some of its proper t ies . 

Sufficient time must be given for the penetrant to seep 
into even the smal les t flaw. This time var ies with the ma
ter ia l being inspected, the type of penetrant, and the kind of 
defect. It may vary from a few minutes to an hour. Ex
perience is needed to decide. 

Another cri t ical a rea is the removal of excess penetrant. 
If all surface penetrant is not removed, many spurious 
flaw indications will appear after development. On the 
other hand, too much washing could remove penetrant from 
inside the discontinuities. Fortunately, some special pene
t ran ts are available to help with this , but even with help 
from improved products the know-how involved in this type 
of inspection is a significant factor for success . 

There are , then, a number of problems involved in the 
use of penetrants, just as in any test . However, for the 
part icular job of discovering surface-connected discon
tinuities, penetrants have advantages over other techniques. 
They can quickly and easily test large objects or many 
small ones at the same t ime. 

There is no universally useful nondestructive test method 
that is readily capable of discovering all kinds of defects. 
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Because each method has some limitations, several non
destructive tests may be used on a single component to 
provide a complete inspection. There is a constant search 
for new methods that may show grea te r potential in certain 
applications. 

FUTURE PROSPECTS 

It is perhaps not surpris ing to find, in the investigation of 
new methods for nondestructive testing, that most so-called 
new methods really had their beginnings many years ago. 
For example, two techniques just coming into use can be 
traced back to the late 1930s. Ultrasoiuc-iinagtng methods 
were described by a Russian scientist , S. Sokolov, more 
than 25 years ago. A great number of patents testify to the 
efforts in that same period of a German r e sea rch team, 
H. Kallmann and E. Kuhn, in the field of neutron rcuhogj apliv 
In spite of the high quality of these early efforts, people 
were not quite ready to use these novel methods. The 
methods lay dormant until c ircumstances for their use 
were more favorable. In the case of neutron radiography, 
for example, wider use of the method had to wait until 
neutron sources were more plentiful. 

Let ' s take a closer look at these methods. The words 
"ultrasonic imaging" seem to be a ra ther odd combination. 
We have already discussed ultrasonic techniques, and it 
may be difficult to see how ultrasonics is connected with 
imaging. The imaging technique is somewhat analogous to 
the radiography technique. Essentially, sound waves are 
used as light waves. Methods were sought for producing 
an image of the ultrasonic radiation passing through or 
reflected from an object, because a picture is eas ier to 
interpret , in many cases , than conventional ultrasonic 
indications. Many techniques for producing and displaying 
ultrasound pictures have been devised. 

The main features of one ultrasonic imaging system 
using television are shown in Figure 19. The object to be 
inspected is placed in front of the camera tube of this 
closed-circuit television system. The ultrasonic radiation 
that passes through the object is detected by this camera. 
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the source of trouble in advance and saved not only the 
expense of another try but also time and effort for other 
aspects of the space program. 

PRESENT METHODS 

Now that we have an idea of the what and why of non
destructive testing, let us consider some of the methods. 
These methods vary a great deal in their complexities, in 
the amount of equipment they require , and in the type of 
testing they can perform. 

Many nondestructive testing methods a re related to our 
own senses . For example, X rays , infrared rays , mic ro 
waves, and s imilar radiations may be considered extensions 
of the sense of seeing, since all involve electromagnetic 
radiation and are therefore s imilar to light. Ultrasonic 
methods are associated with our sense of hearing because 
both make use of mechanical vibrations. Testing techniques 
for detection of surface and surface-connected flaws, such 
as penetrant techniques, may be associated with our sense 
of touch. 

The senses themselves provide us with some important 
nondestructive tes t s , such as egg-candling (in which an egg 
IS held to a strong light so that s taleness or fertility can 
be detected visually) and the old sonic test for metal (in 
which parts were struck with a hammer and flaws detected 
by the sound of the ring). As you might suspect, the suc
cessful application of these tes ts often depends, however, 
on whether the inspector has slept well the night before. 
Today the trend is toward greater complexity and delicacy 
m testing methods because par ts a re more complex, be 
cause safety factors are more exact, and because, in space 
science and nuclear applications, the need for the utmost 
in reliability is paramount. 

Fortunately manufacturers and engineers have a large 
number of proven methods from which to choose. This has 
not always been the case, however, for in the technology of 
nondestructive testing, as in other fields, p rogress has 
been great in the past 10 to 30 yea r s . The multiplication 
of the basic testing methods and innovations in testing 
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small percentage of a manufacturer 's products to a force 
sufficient to destroy them, in order to determine the 
products ' strength. On the other hand, proof tes ts subject 
every product to the maximum force the product might be 
expected to receive in use, to determine the percentage of 
fai lures . 

Manufacturer A may find, from customer complaints or 
his own long-term tes ts on small samples of his output, 
that his product does not have the reliability which he would 
like or which may be required to meet his competition. 
Manufacturer B may find that his factory is wasting a great 
deal of time and money machining raw mater ia l that la ter 
i s found defective and must be scrapped. Manufacturer C 
rea l izes that proper use of nondestructive testing in certain 
a reas of production could help pinpoint improvements 
needed to lower production cos ts . In many cases , instead 
of costing more , nondestructive testing actually saves 
money by effecting manufacturing improvements . 

Figure 2 Inspector using 
nondestructive ultrasonic 
test unit on helicopter rotor 
blade to search for possible 
areas where materials were 
not bonded together prop
erly. Courtesy Federal Aviation 

Administration 

In the present e ra of nuclear reac tors , high-performance 
military aircraft , and space flight, nondestructive testing 
plays an increasingly essential role (see Figure 2). Here 
the cost factor for the nondestructive test is of less 
importance than in consumer goods, since reliability is the 
pr ime requirement. For example, one of the U. S. moon 
shots was extremely successful in hitting i ts target, but the 
failure of the television equipment was a frustrating and 
costly malfunction. Improved testing might have pinpointed 
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WATER TANK 

Figure 19 Photograph and diagram of an ultrasonic inspection 
system that yields a televised picture of the ultrasonic radiation 
reaching the pickup tube detector. Water is used to transmit the 
ultrasonic vibrations in a flashlight-type beam from the trans
mitting crystal (left) to the object and then to the detector. This 
detector is a camera in a closed-circuit television system. 

Courtesy James Electronics, Inc. 

or pickup tube, and the image is displayed on a television 
screen. This camera (like most television cameras) makes 
use of slight charge-density changes over the target a rea 
of the tube to produce the video, or picture, signal. These 
charge-density variat ions, which must correspond to the 
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Figure 20 Television picture of a human finger obtained with the 
ultrasonic system shown in Figure 19. The image of the finger is 
the oval in the center of the round white area, which is the image 
of the sensitive part of the television camera tube. The tip of the 
bone in the finger is easily seen. The hand at left points to the 
television image. Courtesy Northwestern University 

image information, are produced in the ultrasonic cameras 
by a piezoelectric-target material. Piezoelectric materials 
develop a voltage that is proportional to the push, or 
intensity, of the ultrasonic wave. Moreover, these ma
terials act as though they were made of small, independent 
elements, each of which develops a voltage corresponding 
to the ultrasonic intensity at that point, and this quality 
makes a video signal possible. 

Ultrasonic imaging methods are useful, generally, for 
detecting the same types of flaws as those recommended 
for conventional ultrasonic tests. The inspection informa
tion is merely presented in a different manner, which may 
be more useful. 

The imaging technique is being studied in several medical 
and biological laboratories as well as in industry. Ultra-
some methods are already used extensively in the medical 
field, and the image presentation is being investigated to 
see what advantages it may have. Among promising de
velopments is its possible use in studying the movement 
of fluids in the body, particularly in the heart. Motion 
studies must be made by motion pictures or magnetic-tape 
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US whether to continue to use the aircraft parts and risk a 
crash if they should malfunction or break. The effort ex
pended in either test has a direct correlation with the risk 
involved. 

The shopkeeper and his ringing coin bring to mind the 
significant industrial problem of sorting and identifying 
materials. Tests that can be used to sort metallic ma
terials by means of magnetic or electrical properties are 
readily available and easy to interpret. Nevertheless, even 
today a number of product failures can be traced to the 
inadvertent use of the wrong material for some machine 
component. 

It is somewhat more difficult to find an industrial 
counterpart for a tomato-squeezing shopper. The shopper 
makes her test to help her decide if the tomato is ready 
for use. She may be compared with the inspector who 
drives a just-finished automobile off the end of the as
sembly line to determine whether or not the car is ready 
for the consumer. 

Actually we find nondestructive testing entering the pro
duction process well ahead of this last step and continuing 
even after the product leaves the factory. It is used to de
tect faulty material before it is formed or machined into 
component parts, to detect faulty components before as
sembly into the product, to measure the thickness of metal 
or other material, to determine the level of liquid or solid 
contents in opaque containers (from huge gasoline storage 
drums to beer cans), to identify and sort materials, and to 
discover defects that may have developed while the material 
was being processed or used. 

These tests are used to make products reliable, safe, 
and more economical. Increased reliability, of course, 
also improves the public image of the manufacturer, a 
factor that leads to greater sales and profits. In addition, 
manufacturers use nondestructive testing to improve and 
control manufacturing processes. 

A particular manufacturer may have any of several dif
ferent motives for his initial investment in nondestructive 
testing. He may recognize advantages in using nonde
structive tests in place of, or in addition to, destructive 
tests or proof tests. Typical destructive tests subject a 
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may involve vibrational energy (sound) over a wide range of 
frequencies. The frequencies normally used encompass 
those above the audible limit of 20,000 cycles per second 
to those in the range of 10 to 20 megacycles* per second. 
These so-called ultrasonic vibrations are widely used in 
nondestructive testing. 

Indeed, almost any physical phenomenon may be em
ployed as a means of nondestructive testing, and a great 
many different ones actually have been used It would not 
be possible or desirable to describe all these techniques in 
a booklet of this size. However, we can discuss a few 
basic methods and some of their charac ter i s t ics . In ad
dition, we can obtain some insight concerning possible 
future methods for nondestructive testing by taking a quick 
look at some of the methods now under study. For those 
whose interest in this subject may be stimulated, the sug
gested references at the end of this booklet can provide 
more information. 

WHY IS NONDESTRUCTIVE TESTING USED? 

Nondestructive testing principles and methods are being 
used when you pick up a dropped glass or plate to see if it 
IS broken, when a shopkeeper drops a coin on the counter to 
listen to i ts ring, and when a shopper squeezes a tomato o r 
thumps a melon. The purposes behind these tes ts a re as 
varied as the tes ts themselves. The first was made to 
determine if the plate was still useful. The second was 
made to determine the composition, or genuineness, of the 
coin. And the third was made to see if the tomato or the 
melon was ready for use. Industrial uses of nondestructive 
testing encompass purposes s imi lar to all these, and more . 

For example, as in our visual inspection of the dish, 
aircraft maintenance workers perform periodic nonde
structive tes ts to find out if components of an aircraft a re 
still capable of functioning without the likelihood of failure 
m flight. We depend on tes ts to tell us if we should con
tinue to use the dish and r isk a messy table, and to advise 

*A megacycle is 1,000,000 cycles. 
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recording, because a sti l l picture gives only a limited 
amount of information. An ultrasonic image of a finger tip 
IS shown in Figure 20. 

Neutron techniques, as we have already seen, are useful 
for inspecting heavy mater ia ls . In addition, they offer 
advantages in severa l other a reas . For example, neutron 
inspection of neutron shielding or control mater ia ls for 
nuclear reac tors has an obvious advantage. These ma
ter ia ls a re supposed to absorb neutrons. The use of neu
trons to inspect them gives answers directly to the im
portant question: Will they absorb neutrons properly? 

Neutrons are also useful for inspecting highly radioactive 
mater ia ls . X-radiography usually has been used to inspect 
these substances. However, since the film that detects the 
X rays is also sensitive to the radiation from the radio
active mater ia l , considerable shielding and quick film 
movements normally are needed to minimize this dis turb
ing effect. Even these measures are of little help if the 
object is highly radioactive. Neutron-created images, on 
the other hand, can be detected without exposing film, and 
so there is no problem with film fogging. 

The neutron image can be detected by a sheet of metal, 
one especially chosen because of i ts tendency to become 
radioactive upon neutron irradiation. Metals such as in
dium, si lver, and gold are commonly used. If a neutron 
beam passes through the object to be inspected and then 
s t r ikes the metallic detector, the detector becomes radio
active. Moreover, it has been "imprinted" with a radio
active image of the neutron beam that passed through the 
object, since the radioactivity of the detecting sheet is 
directly proportional to the intensity of the neutrons at any 
point. The radioactive image on the detector can be made 
"visible" by placing it in contact with a sheet of film, which 
IS exposed by the radioactivity in the detector. The film 
then can be developed m the usual way This neutron image 
of a pocket flashlight (Figure 21) i l lustrates something of 
the detail that can be obtained by this method and also 
some of the differences between neutron and X-ray t r ans 
mission in common mater ia ls .* 

*Foi othei examples ol neutions at woik, see Neutton Activation 
Analysis and Reseat ch Reacloi s, companion booklets m this series. 
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Both these methods, neutron radiography and ultrasonic 
imaging, are in only the beginning stages of application, 
and both appear to have a number of uses for which they 
are particularly valuable: For the former , it i s in inspec
tion of radioactive mater ia ls and heavy metals , and for the 
lat ter , in fast, reliable, readily interpreted flaw detection. 
There are many other promising developments in non
destructive testing research involving not only new methods 
but also improvements on methods already in use. Infra
red, microwave, and electr ical techniques, such as eddy-
current methods — these and even such old standbys as 
X-ray and ultrasonic inspection — are all being considered 
in interesting and potentially useful new developments. 
Experience has taught us that new techniques a re necessary 
if the capabilities of nondestructive testing are to meet the 
demands that will inevitably be placed on them. 

Figure 21 Neutron radiograph of a pocket flashlight. Dark areas 
are regions in which the neutrons were easily trans tnitted. The 
white areas are those in which only a few neutrons penetrated. 
Those two vertical white bars are plastic disks that make up the 
on-off switch. The presence of hydrogen accounts for the high at
tenuation of the neutrons in this material. 

Courtesy Argonne National Laboratory 

Nondestructive testing, you recal l , is an examination of 
an object in any manner which will not impair future use 
fulness of the object. It is not surpris ing that many of the 
methods used to inspect metals , plast ics , and other in
dustrial mater ia ls also are being used in the medical field. 
After all, medical use often involves purposes s imilar to 
those of industry, including the detection of cracks , loca
tion of foreign material , or disclosure of other abnormal 
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have not damaged it by looking at it; therefore your test 
was nondestructive. 

If, on the other hand, you believe an invisible crack may 
have formed in the plate, and deliberately apply s t r e s s by 
trying to bend it against your knee, the test may not be 
nondestructive. If you apply too much force, the plate may 
break. If it does, it will no longer be useful for its intended 
purpose. 

You and I, it is c lear , daily apply tes t s , both destructive 
and nondestructive. In our discussion so far, you may 
have noticed the use of the phrase "for i ts intended pur
pose" . This phrase is really the cr i ter ion for determining 
whether a test is destructive or nondestructive. For ex
ample, many people might think of X-radiography — the 
inspection of an object by obtaining a visible image of the 
X-radiation transmitted through the object — as a typical 
nondestructive test . For most cases this i s certainly a 
valid assumption: X-radiography is a very widely used 
method of nondestructive testing. However, if we were to 
inspect a box of photographic film by this method, the test 
probably would not he nondestructive. The fogging caused 
by the X rays would doubtless make the film totally un
suitable "for i ts intended purpose " ! 

The requirement that the test leave the inspected object 
in a useful form is the essential element of our definition of 
nondestructive testing. Let us therefore describe a nonde
structive test as being an examination of an object in any 
manner which will not impair the future usefulness of the 
object. The purpose of the examination may be to detect 
internal o r external flaws, to measure thickness, to de ter 
mine mater ia l s t ructure or composition, or to measure or 
detect any of the object 's p roper t ies . The tes t method may 
be a simple visual one, or it may involve some form of 
electromagnetic energy other than visible light, such as 
X rays , infrared rays , or microwaves. Figure 1 indicates 
some of the many forms such energy can take. The test 

Figure 1 The electromagnetic spectrum with some uses of vari
ous portions indicated by the drawings. The wavelength regions 
are indicated in Angstrom units (there are 10,000,000,000 Ang
stroms in 1 meter) in the upper part of the diagram and in meters 
in the lower part. Courtesy Eastman Kodak Company 

2 

inhomogeneities. Certainly in medical applications the 
te rm "nondestruct ive" is of part icular importance. 

Just as you would earnestly prefer to have a doctor X-
ray your a rm to find a broken bone than cut it open to 
search for the break, industrial people, too, prefer testing 
methods that do not destroy or impair the object. The 
advantage is obvious; the railroad axle, the landing-gear 
cap, or even the dropped dish can be used with confidence 
if the test resul ts a re satisfactory. 

As you have gathered, any one nondestructive test usually 
is capable of yielding useful information about only some 
types of inhomogeneities. It is therefore common to tes t a 
component of an important assembly, such as a missile or 
a reactor , with a variety of methods. When a component 
comes through such a se r ies satisfactorily, it can be used 
with the confidence that it will perform as intended. This 
high degree of reliability i s , after all, the ultimate aim of 
nondestructive testing, an aim that makes all the effort 
worthwhile. 
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Nondestructive Testing 
By HAROLD BERGER 

WHAT IS NONDESTRUCTIVE TESTING? 

Drop a coin in the slot, pull the plunger, and reach down 
for your candy bar , c igaret tes , or bottled drink. 

Unless you're in the business of making vending ma
c h i n e s — o r s lugs—you probably think little at such a time 
about the machine or the coin you drop into it. You may be 
surpr ised to learn that the machine subjects your coin to a 
great many tes t s , to assure i ts genuineness, before the 
product you bought is delivered. 

The coin is tested for s ize, shape, and magnetic proper
t ies (and, in some machines, for i ts weight and elastic 
proper t ies) , all in the few seconds between the time you 
inser t it and the time your purchase pops out. 

These tes ts must be made quickly and in such a manner 
that the coin is still useful when the tes ts a re finished. In 
this respect , the tes ts have much in common with many 
nondestructive tes ts made in industry. 

Nondestructive testing, however, i s not limited to indus
t r ia l , medical, or scientific use but is something we all 
employ m everyday affairs. If, while drying the dishes at 
home, you drop a drinking glass or a plate and pick it up 
and look at it to determine if it is broken, you a re applying 
a nondestructive test . If you do not see a crack or a broken 
spot, you probably will assume that the glass is undamaged 
and can continue to be used for i ts intended purpose. You 
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