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~ ONLY ONE ‘SCIENCE

TWELFTH ANNUAL REPORT OF THE
NATIONAL SCIENCE BOARD |

. \

To himwho devotes his life to science,

nothing can give more happiness /

than Micreasing the numper of discoverfes.

But his cup of joy is full :

when the results of his studies

immediately find practical application. o

* There are not two sciences, * - ~ - L
Thereis ONLY ONESCIENCE » - i
and the application of science,
and these two activities are linked
as the fruit is to the tree.

Louts Pasteur
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Letter of Transmittals" ~

- September 28, 1981

My Dear Mr. Pre§ident:

I have the honor of transmitting to you and through you to |
W the Congress the Twelfth Annual Report.of the National
Science Board—Only One Science.

. As the title implies, th¥s Report is adeparture from previous
ones. In a narrative form it tells about scientific research

and desgribes how the results of such research affect and
benefit society. The Report does not make specific policy or
budget recommendations.

] The introduction to the Report quotes Louis Pasteur: ' There

is Only One Science and the application of science, and these
" two activities are linked as the fruit is to the tree.’“ The
Board believes that this is true. We also believe that it is of great
importance for all Americans to appreciate how research,
technological development, and human welfare are inevitably and
necessarily interrelated and intertwined. These stories should
v help in achieving that understanding. ‘

. ’ In preparing the Report, the Board selected as subjects six
fields of scientific endeavors from a long list of potential
choices. Some, if not all, of these stories should appeal to readers
with different interests. All of the chapters—whose subjects
range from hofv the seismic system is used in exploring for gas and
oil to the uses of X rays in medical diagnosis—are of current interest.

The enabligg legislation which created the National Science
Foundation mandates the Foundation "' To promote the
progress of science; to advance the national health, prosperity,
and welfare, to secure the national defense and other purposes.”
In an informal way this Report deals with the relationship
of science to the “general welfare.”” We hope the stories are
, interesting—the record of science stands for itself.

/ ) Respectfully yours< :
Lewis Branscomb
Chairman, National Scienge Board

The Honorable
The Rresident of the United States .

10 .
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- impossible. Howewer, the perspectives gained from the Report should

1
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Each year the National Scienc'g-Board submits to the President
and through:him to the Congress a report which deals with issues of %

concern to the Board and to the National Science Foundation. Every
other year the report is entitled Science Indicators; it consists of an up-
dated series of data and indices which portray the status of science
and technology in the United States. In intervening years, reports -
of -the National Science Board have dealt with a wide range of sci--
entific igsues which the Board feels are ‘important. .

'\ The Twelfth Board Report represénts a siggificant departure from ;
previous reports in that it attempts, in a narrative fashion, to deal with a
somewhat broader aspect of the, National Science Foundation’s
responsibilities, Ty establishing. the Foundation in 1950, the Congress, -
among other thirgs, directed the National Science Foundation and the

Py
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"Board to “appraise the impact of research upon industrial development

and upon the general welfare.” This Report was developed. to do that
through the.use, of historical, anecdotal stories of discoveries in six .
different representative fields of sgience.

I .
Although the subject of each dhapter is different, the story each

; tells is characterized by change:"To look at any of the fields at a giv\en

pomént in the past and to try to prdject how a thread of ideas, activities,
&nd circumstances would unfold in the future, would be difficult, if not

give réaders a keener sehse of the interactions among scientific research,

- industry; academia, and the individual. The Report should not
_be viewed as a comprehensive statement of the current status of a

particular field or as a basis £6T future public policy—except to the

genheral extent, that “'past is Ezo_]ogue" to the future.

In the course of preparation of the Report, various aspects of it were
. 28 - . r
reviewed by the current Members of the National Science Board and by
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the immediate past Board Members, all of whom are listed inside t
front cover of this Report. The Committee responsible for the
' preparation for the Twelfth Board Report wishes to acknowledge the

extensive participation of all present and immediate past Members of .

the Board and wishes particularly to express appreciation to f
, . Dr Gwynn C. Akin, Staff Director for.the Reportand Conéultant to the -
‘ - National Science Board, who was the principal staff architect of
the Report. The Committee also wishes to express thanks to Dr. Carlos
Kruytbosch, the Executive Secretary to the Comrijttee and to Dr. Allen
Shinn who served in that same capacity in the early months. In
addition, more than 250 individuals provided information,
documentation, written text, advice, suggestions, ctitical comments, or
technical assxs'tapce during the course of prepara@on of the Report. ™~
. Their names are listed in the Acknowledgment section in the back of this
v\tylurﬁe. If any one has been omitted, we offer our sincere apologies
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To him who devotes his life to science, nothing can give more happiness than ]
mcreasing the number of discoveries But his eupof foy s full when the results . :
of his studies immediately fmd practical applxcatlon .

* Jhere are not two sciences There 1s ONLY ONE SCIENCE and the applca- .

tion ofuscience, and these two activities are lmked as the fruit is to the tree,

- 3, Louzs Pasteur

. No age in history has come closer to providing Pasteur’s link than
the twentleth century. In a world of explosive chinges, the extraordi-
. nary growth of science and technology has had an impact on everyone
and on every aspect of life. Theresults of scientific advances—
automobiles, airplanes, wash-and-wear clothes; antibiotics, television,
glass windowpanes, air conditioners—are pervasive and ubiquitous.
And yet they are of ten tqken for granted or go completely unnoticed.

Deéalimg with the rapld rate of scientific and technological change
and with its results presents a unique challenge—a challenge which
can be met only by strengthening the bridge of understanding between

7. « the individual and the world of science. The public understanding of ~
the purpdses and effects of science and technology is essential to the
. health and vitality of a modern society.

This realization has led the Natignal Science Board to take a novel
approachin its Twelfth Report Rather than presenting a formal gaide
~  to policy, the Report describes, in informal, narrative s yle, how certain
scientific discoveries occurredand how they have affected society. The
L Report examines six topics of importance in which research, techno-

logical innovation, public need,cand human welfare have, pver varying
] '
- ' , ) >
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} t ‘ - periods of time, come together to create a body of scientific knowledge
! and a related technology that enhance the quality of life.

e .
The Report is meant to show that, in'the w0rdi of JulesHenri . * |
v . Poincaré, “Science is built up with facts, as a houses with stones. But ’
) a collection of facts is ng more a science than a heap of stones is a .
o "house.” Even the failures that are inevitable in research'provide new
" insights. The'contamination of a culture plate resulted in the finding of
the antibacterial properties of penicillin; a disproven Rypothesis cah
lead to a fresh view of a problem under study.

) The six topics examined (computers and semiconductors, pesti-

: cides and pest control, the seismic system, survey research and opinion
. polls, synthetic fibers, and,X rays for medical diagnosis) reprdsent a
‘ spectrum of scientific endeavors in the physical,.biological, medical,
and social sciences. The topics were selected from a group which met
’ +  several criteria: a signifigant impact onsociety and the individual, a -
substantialinformatiph base, a histor)fsufficient to assess their )
. developmefit, a firm relationship to scientific research, and general

. current interest. Each chapser illys‘trat'es the problems of dealing with
’ the technological, social, and political realities of society and demon-
strates the strong recurring links among accomplishments by indivi-
duals, universities, industriesyand the government that bring about o
- the introductipn to society of almost every major scientific d%@op-

- ment. ' )

One striking theme that recurs throughout these chapters is that
' approaches to solutions of scientific problems are diverse and varied.
The popular concept of scientific and technological development is
that of a “clean” linear progression from basic, “nontargeted” research
* ®  leading to applied research which, in turn, leads to technological
. \development‘and the marketing of a product. This orderly progression
occurs only rarely. When this direct linear relattonship between a basic -
. observation and the practical application does exist, the connection
may be made within a matter of months or years—or the K:ndamentql
observation may lie dormant for centugies before its uses can be per-
ceived apd a new technology developeg. Alternatively, a breakthrough
~ in technology may stimulate basic research, which in turn allows the
RN investigator to delve deeper into nature’s secrets, thus generating mare .
knowledge that can be applied to improve the technalogy. Or a need
for a particular technology may be perceived, although the basi¢
s knowledge necessary for its development is not yet available. The
need for the technology may stimulate fundamental research which .
permjits the technological development_vghich may, in turn, provoke
additional basic research. )

.

» o
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Although basic research often leads to technological application

and technological application fosters basic research, serendipity is also h

aningredient of research. It is the X" factor that is both. unpredictable

& and often integral to discovery. It is the chance observation that stimu- .
lates a newidea or a new scientjfie appllcahon But here, too, new ideas

- will occur as a result of such a circumstance only'when a background ~ .”
. ) of knowledge is already present. For, as Pasteur observed “In the fields.”
. of ogservahon chance favors only the mind that is prepared.”*

. One of the early examples of the use of seismic waves came fr:om a
’ military officer’s trying to discover if the enemy were digging a secret
tunnel. The officer’s basic tools were a pan of water, set flat on the
ground, and a sharp-eyed soldier stationed to look for ripples in the
. water cauged by digging. Today, the interlocking combinations of
- basic research chance observation, need, and te hnologlcal
~ development have replaced that soldier ‘witha lfost of tramed geopt
="  sicists and that pan of water with sophisticated recordmg instruments
About the only thing that has not changed since that soldier’s lonely
v1g11 isastrong urge sometimes even a need, to know what is going on

‘research and new technology keep-driving each other to fu
old ques%.for answers. , &

-\ Recently, from data developed usmg the selsmograph and other
. technologies, a new scientific theory was born——plate tectonics
. “ According to this concept the crust of the earth is compnsed of about
; - 20 plates that arein continual motion. (Plates aré huge blocks of the

) earth’s crust that float on the dense, hotter, more fluid rock below ) .
The knbwledge gained from'studying this new field has, in turn, pro-
vided a greatly improved understanding of the movement of the con-
— : . tinents, volcanic act1v1ty, and earthquakes. Perhaps this new concept
will not provide much pracncal application for many years. But then it’
is unlikely that the person who conceived the first abacus more than
2,000 years ago could have dreamed of a pocket-size calculator dom-
plete with 30 mathematical functions and a memory core. ' - . -

-

It was not unti] this Report was well uniderway that members of
the Board became §ware of another type of interesting interrelation- _ .
N ship among the topics. There are many cross-connectiont between the )
devel,opments in the various areas of study, a technology discussed in **
one of the chapters often has significant applications tg'the technolo- N
. gies discussed in others. Fog example, although the dfcussion of
X rays deals mainly with medical diagnosis, radiation is also used i in,
. 'J Pest control to steriliz_e male insects or to developmutaticlcs inseeds so,

v 3 INTRODUCTION - . o o .
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g that pest-resistant crops can be.grown. A clear relationship also exists
‘ : between the seismic system and synthetic fibers—oil and gas
discovered by using that system provide the base substances for the
production of synthetic fibers. The most impressive interconnection, /

however, is the relationship.of the computer to the other subjects dis-

cussed. For example, computers are an integral part of the development

. _ of the CT (computerized tomography) scanner so important)in \

radiological diagnosis today. Many advances in the use of the seismic

system to help locate oil and gas could not have occurred without com- «
puters. Computers are used in analyzing data from large scale statistj- T
g ‘cal surveys. T‘hey are even used in the control of production processes

’ in the manufacture of synthetic fibers and in numerous calculations

neesssacy for the success of certain pest control techniques. One tech- )
nological development often makes another development possible,

and so science builds upon science, and one technology pn another.

. Discovery is a product of opportunity, imagination, brilliance,

\ persistence, and serendipity. Unfortunately, none of these factors can

be méasured exactly, nor can they.be ordered at will. An enlightened

society must recognize the need for major opportunities’in unfettered *
research in which imaginative scientists feel free to pursue their curi-

osity beyond the limits of current I<fnowledge.L ,

To extend Pasteur’s analogy of the fruit and the tree, if society
expects a bountiful harvest, it must constantly nurture and feed the »
“tree” of science. It must also remember that no one can predict exactly
v what or when this particular tree will bear—only that, in time, it will.
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A few,summers ago, the 22-yéar-old victim of an automobile
. accident ws rushed to Methodist Hospital of Indiana with critical
head injuries. During the next 2%2 days, while the patient’s respiratory
~~® and circulafory systems were maintained by machines, doctors ran a )
' variety of sophisticated tests but failed to find even a ghmmer of -

. pé/ 7 /ngurotoglcal activity. The patient remained nfkc 3. Fmally, doctors
% - “ concluded that he had suffered total bram death - -
\ A . Because the victim had been in otherwise-¢xcellent health, the
N ’ N doctors brought up the possibility of using his kidneys for transplant

. . purposes. The next-of-kin agreed to the donation—the process of",
' finding sultable recipiénts began

Doctérs had to find two people who were in critical need of qkld-
ney transplant and whose immune systems were compatible with that
of the donor. If the blood and tissue antigens of the donor and receiver
i Y . are not the sime or very similar—and there are tens-of-thousands of !
possible combinations—chances arefoverwhelming that the recipient’s ) .
immuno-defense mechanism will attack, and probably reject, the
- ~ donor’s kidney.

"In an effort to find a sufficiently close match, the donor’s types
were keyed into a terminal at the hospital and transmitted to a com-
_ puter operated by the South-Eastern Organ Procurement Foundatjon
’ _{SEOPF) in Richmond, Virginia. There, a10-second search of almost
1,500 possible candidates registered by 40 transplant centers in a 17-
state area groduced a printoyt of more than 100 names.

Although all the people on the list had the same blood type and

A silicon wafer (in the fore-
ground} 1s being loaded nito a

day with u vacuum penal A one or more matching tissue antigens,vonly two of them met enough .

diffusion furgace used tn mte- tert i i : - -

grbted aren 1& (abrrcation v mm trax}splant F_ntena to .be considered as prime }.kosp.ects..a 34-year-old

the bydefround Indianapolis housewife who had been receiving dialysis treatments for

Nutfonal Semiondustor Ine the past 7 years and a 40-year-old businessman in Pittsburgh, Pennsyl-

¢ «)'v
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vania, who was failing on his dialysis treatments and was in desperate
N need of a transplant. -

As soon as the SEOPF computerrelayed this information to India-
napolis and to the transplant centers where the recipients were
registered, a surgical team re'mo’ved the accident victim’s kidneys,
flushed them with a preserving solution, and packed them inice-filled
' . containers. One was raced across town in an ambulance, the other was
hand-carried to Pittsburgh on a commercial jet. Less than 8 hours after
the kidneys had been removed from the victim, a message was flashed
by the computer to all terminals in the SEOPF network: Two kidneys £
, transplanted with successful results. - :

Rl

While transplant-kidney-matching is one of the more peripheral
computer applrcahons, it does illustrate how far the state of the art has
. come injust 30 year$. The early vacuum-tube computers of the late
4 1940s and early 1950s were monstrous machines that were clearly the
~——exclusive province of a handful of mathematicians, physrcrsts,
engineers, and astronomers. Even the.next two generations of data
! ‘ processing machines, built and marketed during the 1960s, could be
used efficiently only by people with a strong background in math-
ematics and science. Today, however, more and more computer
s capability is found in the hands of people whose prime interests are in
other areas. Computers are used routinely in medicine, in schools, in
factories, in offices, and in the home. And while these machines
have not yet hecome everyone’s tool, there is no doubt that the current
generation 6f computers—compact, solid-state systems relying
heavily on microtechnology—is far faster, more versahle less expen-

sive, and easier to use than its predecessors
K 3

THE ORIGINS '
OF DATA : . f
PROCESSING

Many people outside the electronics field tend to think of-the
computer as amagical engine which sprang into existence full-blown,
. like Athena from the head of Zeus. In fact, the computer has roots that
N reach far back in history—more than 2,000 years—to the abacus. Com-
) puter technology rests upon knowledge accumulated over many cen-
turies and evolved from the genius of many inventive minds. No .
single breakthrough or classic experiment brodght this device into
being, instead, historians trace the development of computers along at\\
least four technical tributaries which merged about 40 years ago to
- form one powerful stream. \ .

8 ONLY ONE SCIENCE
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o Automatic Regulators , One tributary, often overlooked in recounting the background of ,

h computers, goes back to James W att and his steam engine. In 1788

when Watt applied a centrifugal fly-ball governor to his engine, he did

much more than just improve the machine’s efficiency. In effect, he

showed for the firsttime how.a machine could “examine” its own out-

put and use the information to momtor and control its internal opera- \

tion . ’
Other automatic regulators followed. In 1830 Andrew Ure

invented the thermostat.to help control the temperature of furnaces, in

1852 Leon Foucault devised the gyroscope, first used to maintain the

course of torpedoes, but later to become the mainstay of nayigation for

ships and airplanes In the 1860s James Clerk MaxwetlSupplied a

mathematical theory which, among other things, helped to establish

the science of automatic controls.

) Today there are feedback mechamsms on everyt(hmg from
dishwashers to data procegsing machines. In concept; however, they all
go back to Watt's fly ball governor, a system of revolving weights that
act as an automatic throttle Interestingly, Watt was not searching for °

In 1788 Jarmes Watt designed L. PR K
thotly Tulla s ermcrtcreqeate "an abstract.principle when Re'built the control mechanism. Rather, he

the speed ot hus steam enzme yae |ooki g for a practital answer to an urgent need—a device that
and. to allew i to function m-

depoidertly  f lad Janees  would enable his steam engine to maj tam operating speed des ite
4 E g

St o an changes in load. ‘
' v _ $ K
_ Boolean Logic > Another stream which contributed to modern- day Yata processing
) . techniques flowed from quite a different direction. Obviously, a com-
& puter does not depend on,a,ﬂy ball governor, thermostat, or gyrescope

ox

to self-direct its activities. But it &es rely on somethmg equally .
. . ingenious—a set of instructions; or a program, which governs the path
_ of electronic signals through the machine’s switching circuitry. And
Lo this ability to process a sequence of logical statements goes back to the
work of a remarkable nineteenth- -century figure named George Boole.

In 1854 Boole published An Investigation of the Laws of Thought which
did for Jogic what Euclid had done for geometry. The book described
¥ how logical statements could be translated into precise mathematica!
\ forms. Boole’s mathematical logic was binary in nature because it was
based on'the premise- fhat %tatements are either true or false. The
> switching circuits of dlgltal computers are also bmary in nature
because they can existn onl e of two states: “on” or “off.”

What Boole djg for the developmient of computers was to set the

)' 2
\ED ‘ stage for the stored-program computer.In the earliest data processing
3 machines, circuit patterns were more or less fixed to perform a specific
s .
9 COMPUTERS AND SEMICONDUTTORS
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job. The only way a program coi1ld be changed, for example, was -
literally to'go in and reset t‘h~e wif,e's. In 1938, however, mathematician
Claude Shannontof the Magsachusetts Institute of Technology (MIT) \
suggested in a technical paper that Boolean algebra could be used for '
more flexible programming of electronic calculators. Eight years after

e that, the famed mathematician John von Neumann actually showed

\ ¥ how programs could be written and stored in the machine.  «

"This res;ulted in two very great gains,”, explains Christopber
* Evans in his bodR, The Micro Millennium. :

In the first place, one could take advantage of the
computer’s huge processing speed and allow it to y
change programs when required; it could switch from
" one program to another in a fraction of a second instead
of relying on the lumbering skills of its attendant
human being. In the second place, and this i far and
away the most important point, it meant that programs
within the system could interlock and interact ... In
principle, programs could even-modify other programs,
rewriting them to fit the needs of the moment and
integrating them with yet others within the suite.

Thus, in oné conceptual jump, the feedback concept that began ~— .
s with Watl was joined with the mathematical logic of Boole.

\ & ’ -

Calculating Machines A more direct tributary—one that has been recounted often in the
history of dat4 processing—sprang from the abacus. This little device
came into being nfore than 2,000 years ago and still is the most widely
used calculating tool on earth. In vast areas of Asia, in fact, it is virtu-

. : ally the only known counting machine. .

~
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The abacus 1s a device for mak-
ing arithmetical calculations
Sunilar counting took have been
used throughout Aswa and the
Muddle East for more than 2,000
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The abacus was developed as a direct result of early efforts to
count. Probably the first quantitative symbols used were a “two” and
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a “five”: “two’” because pegple have two hands and “five” becatise-of

! the five digits on each hand. It is not surprising that the most popular

.. form of abacus makes use of the two-five or binquinary notation sys-

T4 tem. The Chinesesuan-pan, for example, \cofisists of a series of rods on
which beads are strung. There are seven beads on each rod—separated

by a divider strip into flve on one side (each bead equivalent to 1) and

two on the other (each bead equivalent to 5). Thus, the number
“seven” can be expressed on a line by moving over one bead from the
{ ““five” side and two beads from the “one” side. ,

] . N .
In the hands of a skilled practitioner, the suan-pan is an amazingly \

fast, accurate, and versatile device. Nevertheless, it has a distinct -
shortcoming. It cannot can{:’/er tens from one line to another, and as
mathematical horizons were expanded, this deficiency became a major -
problem.

Although many counting machines were devised over the years, it

aE ) was not until the seventeenth century that the next clear-cut advance *
. came along. In 1642 a young Frenchman named Blaise Pascal, working
in his father’s tax office in.Rouen, built an ornate shoebox-size device
which employed linked geafs to add, subtract, and, most importantly,

Y carry over tens. Thirty years later Gottfried Leibniz improved on
Pascal’s machine so it could multiply, divide, and calculate square
roots. In effect, these two inventors brought about the calculating age.
(Pascal’s contribution to survey research is mentionéd in the chapter,
“Survey Research and Opinion Polls.”) , : .

=

During the'next one-half century many new calculating machines
were built, but‘all were primarily modifications‘or refinements of
& T’ascal s original desxgn In fact, although the next important develop-
ment had nothifig to do with calculating, it was vital to advancement
of the science. In 1780 Joseph Marie Jacquard built an automatic weav-
.ingloom which operated from instructions punched into cards or paper
tape. This invention, which revolutionized the weaving industry, led
directly into one of the most unusua] stories in the history of com-
puters. .

wd

The year was 1822 and the principal was a complex young
Englishman named Charles Babbage. Babbage, a mathematician and
inventor of the railroad cowcatcher and the first tachometer, was
becoming increasingly incensed by the many errors he found in
: insurance records, logarithm tables, and other lists of data. His fetish
Charles Babba;eﬂ foraccuracy was so greatyin fact, that after reading Lord Tennyson’s - -
(1791-1871) .famed line, “Every moment dies a man/Every moment one is born,” he .
1BM Archimes wrote to the poet, “It must be manifest that if this were true, the popu-

1
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This replica of Babbage's Dif-
ference Engine was constructed
uccording to s plans . Unltke a
triue camputer Babhage's inten-
tion was capable, of making
complicated computations, but
it hud no memory as a true Lom-
puter does

1BM Archives

Py

lation of the world would be at a standstill.¥ Babbage’s recommended
change to Tennyson, ’Every momenk\dies aman/Every moment 1%

: X
is born, "

.In 1822 Babbage began work on a machine, which he called the
"Difference Engine,” that could help solve polynomial equations to six
places. The English.government was so impressed by the machine’s
potential for compiling navigational and artillery tables that they sub-
sidized him heavily. The projected machine, said Babbage, would be
able to do complex calculations and print out its results. It was to have
a““memory” sectjon made up of the same sort of punched cards used
by Jacquard’s loom; cards were also to have been used for input to the -
machine and control of its successive operations. The device wasto
have an arithmetic unit, called a mill, in which to store data; it was to
be able to set up its own results in type, thus avolding transcription
errors. : .

Babbage -was literally 130 years
ahead of himself. He built a small
working model, but never was able
to complete a full-sized Difference
Engine. The reason for his failure,
however, had nothing to do with the
concept; the machine could not be
builf primarily because the technol-
ogy of the time was not adequate to
permit construction of the needed
parts. By the time the eccentric genius
died in 1871, he had managed to put
together only a few parts. Nevertheless,
his elaborate drawings of the machine
left no doubt that h; was well on his
way to a true compuiter.

Several years ago, B. V. Bowden, writing in Think magazine,
described his efforts to track down the Babbage story. Aside from the
discovery of many papers which proved the genius of the farsighted
Englishman,the trail led to Lady Lovelace who was the dapghter of the
famed poet Lord Byron. It seems that Lady Lovelace was as much a
prodigy in mathematics as her father was a mastér of poetry. She de-
vised, among other things, a form of binary-arithmetic and an “infal-
lible”’ system for prediéting horse race winners. The binary system,
originally described by Boole, has stood the test of time and is today
used in electronic digital computers. The betting systerh cleaned out
the family fortune and forted Lady Lovelace to pawn all her jewels. .

-
[y »
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Electric Tabulating
Moachines

Hermun Hollenith
(1860-1929)

1BM Archives

o

S . 3 v ! .
" Somewhere along the line Lady Lovelace met Charles Babbage.
Apparently their mutual interest in mathematics was the spark for a

. long“lasting relationshfp As Bowden wrote:

-~

Lady Lovelace often visited Babbage while he was
making his machines, and he would explain to her how
they were constructed and used. As one of her contem-
+ poraries recalled, “While the rest of the party gazed at
« this:beautiful instrument with the same sort of expres-
sion that some savages are said to have shown on first
~ v * -seeing a looking glass or hearing a gun, [she] under-

Ty 77 stood its working and saw the great beauty of the

invention.” She worked out some very complicated

programs and would have been able to.use any of the .

modern machines. She wrote sketches for several . <
papers, but publighed only her notes on Babbage, and

they were anonymous.

Perhaps the most perceptive observation made by Lady Lovelace
was ohe whxch could )ust as easily be apphed to the present

i,

BN eratlon

“'The Difference Engme has no pretensions whatever to ongmate any-
thing. It can'do whatever we know how to orderit to perform. It can

follow analysis; but it has no power of anticipating any analytical rela-
tions or truths. Its province is to assist us in makmg available what we
are already acquainted with.” ’ :

: : - 2

Babbage, Boole, Lady Lovelace Iacquard Pascal, and mgny others
brought technolqgy to the brink of modern data processing. But it took
the work of one man to push it over into the practical devicesithat are
found today throughout the world. He was Herman Hollerith, a statis-
tician from Buffalo, New York, who arrived on the scene just as the
United SSates government was about to stagger its way through the
once-a-decade census count.

The ba51‘c problem was simple. the government had needed 7 full l
years of counting and tabulating to complete the 1880 census. All data
were handwritten on cards, the cards were manually sorted into vari-
ous categories, each category was manually counted, and then the
cards were resorted into new piles and counted once again. Compiling
the census was such a large, tedious job that by the time the final count
was completed, it was already outdated. With the time for the 1890
census cqunt approaching and immigration swelling population ranks
by the day, the Census Bureau'could-envision 9 or even 10 full years to

take the next count. R -

.

»

13 COMPUTERS AND SEMICONDUCTORS

) N




«
’ 2 .

. Although only 4Q years had elapsed between Babbage s frustrat- -
ing efforts to build a Difference Engine and the development of the
. Census Bureau’s forebodings over the 1890 census, two things had
. happened in the meantime to change the technological climate. First,

both machining and manufacturing §kilis’had improved tremendously
3 as a result of the Industrial Revolution; and, second, an exciting new

form of pov% electricity, was now bemg used to dnve an increasing

number of machlnes

”~

2

-3

iy

'?‘2#44 -

R

Herman Hollerith s tabulator
which he developed for use
the Uruted States Census of 1890 S

Suntheenian .

Hollerith worked out an electromechanical method of recording,
. - tabulating, and organizing census data. His system used cards, about
the size of the old United States dollar bill, in which data were recorded
in the form of holes made with a cond@cfor’s hand punch. The °
’punched cﬂ'ds wefe then positioned oneby.one over mercury-filled
) cups in a special machine. At the touch of a lever, rows of telescoping
\ T pins descended on the cards; where there was a hole the pin simply
dropped through into the mercury, thus:completing an electrical cir-
cuif. The electrical impulse, in-turn, was used to move a pointer one .
position on a djal. As the-dials went around, various totals were

o "o

"\
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accumulated (Hollerith’s work was also a key contribution to the field
" of survey research and is referred to in the chapter on that subject.)

Whlle this method sounds primitive by today’s standards, it
enabled the government to complete the 1890 census of 62 million
.people in just one-third the time of the 1880 census of 50 million.
When news of the system reached industry, an almost immediate
demand developed. Before 1900 Hollerith was marketing his unit
record machines to many of the nation’s largest firms. The New York
Central Railroad used them for car accounting; the Marshall Field
Department Store installed electromechanical tabulators for sales
analysis work, the Penn Steel Company in Philadelphia used them for®
cost accounting, and the Western Electric Corporation installed several
of the machines for sales analysis Meanwhile, Hollerith went to Czar-
ist Russia.to.sef up a similar system for that country’s census count

Adoption of Hollerith’s machines took place at a time when the
United States,was embarking on an unprecedented technological
surge. From abotit 1880 to 1930 commerce in America expanded at a
prodigious rate. The railroads pushed west, north, and south to open
new markets and create new industries.'Manufacturing firms adopted
mass production techniques which helped to increase their produc-
tivity many times over The concept of interchangeable parts ensured
that a product manufactured or purcyaéed inone part of the country
could beserviced in another. American ingenuity produced more than
1 3 million new patents in the fxrst third of thetwenheth century
aloné. - . -

In many respects, this was an ideal environment for the introduc- ~
tion of data processing techniques Every bit of this industrial and
commercial development created accounting and recordkeeping prob-
lems In 1911 Hollerith merged his young company with two othdy
firms to become the Computing-Tabulating-Recording (C T.R.) Com-
pany CT R.(whichgventually became the International Business
Machines Corporation) had four basic units to offer. a key punch for
putting holes in cards, a hand-operated gang punch for coding fepeti-
tive data into several cards at the same time, a vertical sorter for
arranging cards inselected groups, and ajtabulating machine for com-
piling the data punched into cards

<

Over the next one-half century the roster of punched card pro¢-

‘essing machines increased tremendously. The Remington Rand Cor-

poratipn entered the field-and, along with IBM, offered devxces for

sorting, punching, verifying, merging, collating, reprodqug, printing,
tabulating, and calculating. All of these Xjachines, howevér, were
dependent on electrical impulses to move fnechanical compopents - ’
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Although electromechanical machines performed yeoman service -
) for more than 40 years, they were limited in both speed and flexibility.
To move gears and manipulate cards takes time; and because each
machine was designed to perform only a specific function, even more
. time was required to move the cards from one device to another to
complete a given processing chore. \ * ? :

Christopher Evans writes that \

in the 1930s a shift was beginning to occur, and the
threads of the problem weré being gathered together,
quite independently, by a number of workers in vari-
ous parts of the world. In the United States, large
organizations such as IBM and Bell Telephone were at
work. In England the thrust was coming from an indivi-
» . dual, the mathematician Alan Turing, whose paper
§ "’On Computable Numbers,”” published in 1936, sent a :
jolt of enlightenment among the cognoscenti.” In Ger-
many, the threads were in the hands of a young
engineer named Konrad Zuse, who had made up his >
’ mind not only to design a universal computer, but also
to l‘mild one. ' . e

Thereds some debate as to who first actually came up with the
idea of an electronic computer. As far back as 1915 James Bryce, acon-
sultant to C.T.R., had at least suggested using vacuum tubes for data
processing purposes; and George Stibitz of Bell Telephone Laboratories
designed a computer using relay circuitry. But it appears that Zuse, an
engineering student working on his doctoral thesis at thesUniversity of

"Berlinin Charlottenburg, was slightly ahead of the others in the build-
¥ * ing of a working machine. .

In 1936 Zuse announced he was.giving up his joB as a design
engineer to build a computer. Rather than fabricate components, he
dedided to use inexpensive, off-the-shelf parts. Although Zuse claims

Konrad Zuse *  hewas no’(ﬁ(lwaie of Babpage and his plans for a Difference Engine,

f;f;’ﬂ' ) . there are sokye interesting parallels in design: both machines would
> have a memory, arithmietic section,'output, and be capable of being
programmed for any kind of mathematical job.

[ 4

Zuse succeeded where Babbage failed. Over the next few years . .
- the German engineer built several suecessful calculators—each onean .
improvement over the previous machine. One of the calculators, the
- ’ Z3, was used by a German aircraft manufacturer during World War Il
to solve wing flutter problems; another, the Z4,4ad some vacuum
tubes to help it speed calculations for aircraft and missile design. Zuse

3 '
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was apparently well on his wayto a full-scale'comfmter when the war-
time government decided to put its dwindling money and technical '
manpower into other areas.of research. Son§#'scientists today wonder
what effect Zuse’s computer would have had on the war’s outcome if

, . he had been able to complete it.

About the same time in the United States, Howard Aiken of Har-
vard, with IBM’s financial and technical help, built the electromechan-
ical Mark I calculator which was essentiglly a linking of 78 individyal
adding machirtes and tabulators. The Harvard calculator occupieda
gymnasium-size room and sounded, in the words of writer-physicist_
Jeremy Bernstein, “like a roomful of ladies knitting.” The clicking
sounds came from the rapid opening and closing of its 3,300 switches.
During 15 years of use, the Mark I generated a huge amount of infor-
matioh that was used, among other things, for more accurate computa-

(tion of the moon’s orbit. y

" The first frue electronic digital computer—that is, a machine using
Howard Aiken

(1900-1973) vacuum tubes for the generation and control of its electrical
IBM Archinds - . impulses—was the Electronic Numerical Integrator and Computer,
» more commonly ¢alled ENIAC! ENIAC was developed at the Moore

¥

' ) School of Engineering of the University of Pennsylvania by J. Presper
Eckert, Jr. and Jobp D. Mauchly for the United States Army’s Ord-
Z‘M’ Muark | fa’fu’;m' was bwz nance Departmenit. It was a huge machine containing 18,800 vacuum
N t 1939 1944 (wit oy x . .
fmancral and techmcal help o tubes, and its inventors spent a good part of the first 214 years just
s [BM)by Howurd Aikenof Har-  soldering the 560,000 connections needed:for the tubes. ENIAC con-

vard University sumed huge amounts of electrical power, and its glowing tubes gen-

Smnthsonun

- =
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s erated a great deal of heat. It is said that.every time the machine was .
turned on, three of its tubes burned out, and the{ights in an area of
Philadelphia dimmed momentarily.

Spare plug-n wnits such as.this
one were used to mamntan the
18,800 vacuum tubes m the
E‘N;}AC electromic digital com-
“pter—a computer which re- o, ?
quared frequent mamtenance - NSy .

Srnthsortan

ENIAC, the furst digital elec-
trontc computer, was mvented
by ] Presper Eckent, Jr (left
foreground) and John Mawunchly
(center foreground) at the Moore
Schoblof Engineering of the Uni-
versity of I:emxsylvama in 1946,

IBM Archives  , * )
. In operation, ENIAC could perform 5,000 additions per second. All -
\ internal functions were conducted by electrical impulses generated at
3 the rate of 100,000 per second. And whilé this rate is barely a crawl
compared with the speed of present-day computers, it was a tremen-

. . ) dous advance over the capabilities of previous electromechanical
i machines. : :
’ ‘ ENIAC’s primaYy job was to solve ballistics problems for the

Aberdeen Proving Grounds in Maryland, where it saw service from
1947 t0 1955. During this period Eckert and Mauchly developed still
another computer called BINAC—a loosely formed acronym for
Binary Computer—which eventually became the foreruniner of Rem-

»
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ington Rand Corporatlon s highly successful UNIVAC—Unxversal
5 A ) Computer—sefies.

Despiteits far- reaching feathres, though, ENIAC lacked the one
elementéthat was needed to break qpen the development of computers.
It did not have a stored program memory.‘Operating instructions for
A . the machine were recorded by the manual placement of plug wires. As
aresult, once data were entered into the machine, they had to progress |
1 accorting to the paths laid down by these preset devices. o

\ [
Y

The Stored Program The critical advance into stored program computers resulted

Coﬂffpf ~ largely from the work of mathematicians involved in government proj-

C écts to build machines intended primarily to solve military-related

sclentlfxc problems. In the early 1940s John von Neumann was one of

the permanent members of the Institute for Advanced Study (IAS) in

, — Pnnceton, New Jersey. Hgglso served as a consultant to the Army’s
Aberdeen Provxng Grounz as well as to the Atomic Energy

Cg mission’s (AEC) Los Alamog Scientific Laboratory.

twas hxs association with Aberdeen that led von Neuman:{: a

chance meetmg with Herman Goldstine, then a lieutenant in th

United States Army serving as liaison for the ENIAC team. In thé sum-
mer of 1944, the two men were waiting fora train on the AWerdeen rail -
road platform. Géldstine, a mathematician himself, recognized von
Neumann and introduced himself. Von Neumann asked the

Lieutenarff what kind of work he was doing for the Army. Goldstine
(1903-1957) replied he was helping to build an electronic computer that could per-
[BM Archives * form about 300 multnplxcatlons per second.

Von Neumann, as Goldstine later putit, was “galvanized.”He , _,
- . immediately saw the possibilities,of applying such a machine to com-
: putational problems in weapdnszesig‘n "W e got on the train
\ * together,”|Goldstine recalls, “and from Aberdeen to Philadelphia he
pumped me for details.” N

Because of that chance encounter, von Neumann and his colleague
at the IAS, Arthur W. Burks, entered into an active collaboration
‘ ) with Goldstine, Eckert, and Mauchly. Between 1946 and 1948, these
men—along with several other scientists working at different
. institutions—published papers on computer design and program
. \ planning: And from this work emerged the concept of the stored
program, a landmark idea that was translated into reality in a
computer built at the IAS in 1952 under Von Neumann’s direction.

Several other machines of note, designed or built during the 1940s,
might qualify as thefirst stored program digital computer. Among 4
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them was the National Bureau of Standards SEAC built by Sam Alex-
ander for the}%mited States Army; the EDSAC constructed at Cam-
bridge University in England; and the EDVAC at the Uhiversity of
Pennsylvania. All had features that allowed at least some program
sequences to be stored in thesame manner as data were stored.

Regardless of which machine came first, it was eviaent-that}com-
puters could be extremely valuable tools for solution of sophisticated
applied science problems. During the late 1940s and the early 1950s,
the AEC funded at least five more pioneering systems which became
part of computer lore: the MANIAC at Los Alamos; the ILLIAC at the
University of Illinois; the AVIDAC at Argonne National Laboratogy;
the ORACLE at Oak Ridge; and the JOHNNIA C—named affec- ‘
tionately for von Neuméilnfat the RAND Corporation. During the

.early 1950s these machines contributed immeasurably to computer

technology, and many of their individual innovations found their way

~ into the general purpose computers of IBM and Remington Rand Cor-

poration. “Perhaps our most important contribution,” observes David
H. Jacobsohn, who worked on the AVIDAC at Argonne National
Laboratory, “was that we convinced industry there was an important
scientific market for computers. At the,time, however, we had no
hoiceexcept to build these machings ourselves.”

With the ability to store prqgrams in the computer, the pace of
development accelerated tremendously. Several United States com-
panies were now building computers for.the general marketplace. In
Great Britain, which for a few years led th)world in computing sci-
ence, powerful data processing’machines appeared in Cambridge, at
Manchester University and af the National Physical Laboratory. A
large English food corporation pioneered in the application of com-

" puter technology to commercial uses.

These early systems, however, had fwo distinct disadyantages:
their enormous cost and the short life-span of their thoysands of
vacuurfgubes. “You had to have a team of service engineers on hand at
all times in order to keep up with burned out tubes,”” recalls an early
user. ’ ‘ :

.
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SOLID-STATE
TECHNOLOGY -

.

5

Semiconductors

The vacuum tube, with its hair-thin wires sealed inside a fragile
glass envelope, was a delicate and temperamental component at best.
Even under optimum conditions, it had only alimited life-spari. A - ‘
large flow of electrical current was needed to get its filament Rot
enough to boil off electrons, but if this heat were not dissipated
quickly and efficiently, the tube woulburn out. Moreover, the whole
unit was extremely vulnerable to damage or destruction from careless
handling or external shocks.

\ \

-

The solution to the fragility of early computers came from a long
series of experiments with solid-state materials. As far back as 1874, a
Gerraan physicist had reported a peculiar flow of electrical current in

_ certain kinds of minerals. These minerals eventually became known as

“semiconductors” because they conducted energy betfer than insula-
tors, but not as well as conductors did. ¥

Despite their unusual properties, semiconductors had remained,
for the mos} part, just a laboratory curiosity. One exception came dur-
ing the early days of radio when the semiconductor material, carborun-
dum, was used as a “/cat’s whisker”” detector—so-called because the
two thin leads attached to the crystal resembled a cat’s whiskers. The
carborundum functioned like a subway turnstile, alowing electrons to
flow more eame direction than the other. In‘this way, the
crystal was abl vert the oscillating electron signal that came in
through the antenna into a useable one-way flow of current.

W hen vacuum tubes were developed, however, they proved to be
much more effective at this conversion. Moreover, tubes could also
boost or amplify current. Because of these advantages, most of the
practical work with slids was discontinued.

Nevertheless many scientists werestill interested in thetunusual
properties of semiconductors. The advent of quahtum mechanics gave
the first real understanding of how electrons in metals were free to
move and conduct electricity. And in 1931 physicist H. A. Wilson pub-
lished a theory of how electrons and holés in semiconductors and insu-
lators gave those materials their electncal qualities.

, These insights stimulated scxentlsts at Bell Telephone Labora-
tories Incorporated to take a closer look at semiconductors as possible
modulators of electrical communication signals. Early in 1940, for
exarnple, Russell S. Ohl, a staff member working with the semigpn-
ductor silfcon, called several colleagugs into his office to watch an

/

21 COMPUTERS AND SEMICONDUCTORS




s

o~

unusual experiment. Ohl showed them a small piece of black silicon
solid to which he had soldered two metal contacts. When light from a
-flashlight was shone on a nargsw region near the middle, a photoelec-
tromotive force of about 0.5 volts was developed. “1 didn’t believe
what [ saw,” recall§ a staff member, Walter H. Brattain, "“until Ohl
gave me a piece to work with in my own laboratory.” y ,

What Ohl and Brattain were working with was, in effect, the first
p-n (positive-to-negative-flow) junction transistor. With the advent
of World War II, however, there was little time to pursue the
phenomenon any further. Although solid-state silicon detectors were
employed during the war inradar devices (most of this work was done
in Englfand and at the R?g;:)n Laboratory of the Massachusetts Insti-
tute of Technology), the'detectors could rectify only certain high-
frequency signals. Vatuum tubes were still required for amplification.

In January of 1946 scientific research on semiconductors was
resumed in earnest at Bell Laboratories, with the directed goal of find-
ing a solid-state amplifier. Among those who participated in this land-

ark work were William Shockley, Walter Brattain, and John

rdeen. Brattain wrote:

At our first meeting, the group realized that in spite of
all the work done before and during the war, we were
still far from a real understanding. One reason was that
copper oxide and other semiconductors on which early
work had been done were very complicated solids. Sili-
con and germanium were the simplest, and the decision
was to try to understand these first. Qur work was
directed toward a fundamental understanding of the
problem though we were well aware of the technical .
importance of a semiconductor amplifier if one could be !
made. -

In Decémber 1947, Shockley sent a casual note to a few colleagues
inviting themi to observe “some effects” the research team had come
across during an experiment with a device that contained gold contacts
and a germanium semiconductor base. "’ hope you can break away and
corhie,” he added.

This may have been the understatemept of the age. What
Shockley’s team demonstrated a few days later was the “’transistor
effect” by which they could control the movement of electronsin a’
semiconductor material through the influence of an outside electrical
field. The action of the device, which was named a “'transistor,” was
explained this way:

The transistor’s amplification process can be under-

stood in terms of the discovery that the input point is
surrounded by an “area of interaction.” Within this

N
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The first transistar was\devel-

) oped by Willam Shockley

(seated), Walter Brattamn (stand-
ing right), and John Bardeen
(stunding left) ut.Bell Labora-
tortes  Although primitive by
todayfs standards, this early
appurdfus demonstrated the tran-
sistor &ffect clearly enough to
generate gmarmous mterest m
further, research

Bellduboratories

-
w.
N

area the electronic structure of the semiconductor is
modified by.the input current. Now, if the output point
is placed in this area, the output current can be con-
trolled by the input ocarrent. This control oQutput
current is the basic mechanism of amplification.

-

The,original transistor was called a point-contact transistor
because it wds essentially a wafer of germanium with two pointed-
wire contacts located close together on one side. Shockley went on to
work out the theory of n-p, n-p-n, and p-n-p transisors and also to
design the junction transistor which, in many ways, was more effec-
tive and efficient than the earlier types. In a very real sense, the
junction transijstor sparked a technological revolution that has since
changed the way people live. i

But demonstrating an effect and actually producing quantities of
workable transistors were two very different things. Early researchers
found that it was almost impossible to predict how a given crystal
would conduct current. Some allowed energy to move only in a posi-
tive direction; some permitted only negative flow; and some allowed
two-way mqvement. Why the differences? Intensive research at
several companies showed that crysfals of germanium or silicon taken
from nature almost always have a small number of foreign atoms
locked among their molecules. Because these foreign atoms have either
more or fewer electrons in their orbits, they change the electrical
characteristics of the crystal. Thus, if was difficult to tell in advance
how a given transistor would behave in an electronic device.

- -
3

- ¢
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W G Pfann (left), nventor of
the so-called “"zong-rufining”’
process, 1s shotwn here with s
associate, ] H Scaff, who 1s
holding a large single crystal
of germamum purified by this
techmque

Bell Laboratories +

‘ \

‘The people at Bell Laboratories—most particularly Gordon Teal
and Ernest Buehler—began to study this problem and soon discovered
they could “grow’ single crystals of silicon in the laboratory. In this
manner they could.control the foreign atoms in the molecule and
predict how the crystal would ¢onduct current.

*The key manufacturing process, however, turned out to be “zone
refining,” developed by Bell Laboratories’ W. G. Pfann. As he
explainedit: .

The method of zone refining consists of slowly passing
a series of molten zones through a relatively long ingot
of impure solid. As a molten zome advances, impure
solid melts at its leading interface, and purified solid
freezes at its trailing interface. Each molten zone which
passes through the ingot carries a fraction of the impur-
ity towdrd the gnd of the ingot. The purification
increases with the number of zone passes. Germanium
purified by zone refining is probably the purest known
manufactured material.

" ONLY ONE SCIENCE




Integrated Circuits

- In fact, crystals grown this way proved to be so pure thatonly 1
atom in 10 billion (equivalent to a pinch of%§alt in 38 carloads of sugar)
was an impurity. The result was long, pencil-diameter”’loaves’’ of

semiconductor—usually germanium—which were then sljcedTnto
individual transitor pieces.

To-<control the electrical characteristics, Bell Laboratories and
Texas Instruments, among others, developed several methods of "dop-
ing” the loaf with foreign atoms. One way to achieve the effect was+o
dope laaveés with a few atoms of arsenic. Because arsenic has five elec-
trons in its atomic configuration—one more electron than is found in
germanium—the fifth particle was free to “roam” and produce n-type
conduction Doping with gallium, which has only three electrons, left
"holes” or "escape ;outes/m/the molecular structure which gave the
crystal a p-type of electrical flow. Solid-state transistors could, there-

fore, be designed to perform most of the functions formerly handled
by vacuum tubes.

]

Although transistoys were originally designed for telephone
switching appllcahons, they arrived at an even more opportune time
for the computer mdustry The extremely high component failure rate.
in computers w1th‘thousands of vacunm tubes became a thingof the ™
past W hen computer manufacturers started replacing tubes with
transistars, tl'{e failure rate fell from once every few hours to once
every few days at most.

By the end of the 1950s, a second generation of computers had
“appeared, using germanium transistoryas their basic active circuit ele-
winent At the same time, storage medilims for computers were improv-

ing rapidly—from tubes, to mercury delay lines and magnehc drums,
to magnetic core technology (developed at MIT by JayForrester). In
this latter technique—still widely used in computers—information is
stored as magnetization in a tiny doughnut-shaped ferrite core Asa
result, a large volume of instructions can be stored in the computer,
making the system faster, more depe,ndable and more flexible.

All of these technological improvements served to make the com-
puter a much more desirable tool. As Time Magazine reported, "No,one
took to the (new) computer more eagerly or saw its usefulness more ra
quickly than the businessman.” General Electric became the first com-
mercial organization to acquire a data processing system; and many
other major firms, more particularly insurance companies with their

»

*huge information handling needs; followed within a few years.

Nevertheless, it was the military that played an especially significant
role in early computer development. The huge IBM STRETCH system,

]
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Doping a Silicon Chip
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for example, with 150, OOO transistors capable of executing 100 billion
instructions per day, was built in response to the Ballistic Missile Early
Warning System’s requirements for almost-instant data analysis and
computation. UNIVAC Il and several large transistorized systems
from Control Data also were developed for equally sophisticated
scientific applications. / .

At first, manufacturers looked for clever ways of packaging
transistorized circuits. One of the earliest featured transistors and
printed circuit patterns wired together on cardsgwhich could be
plugged into, or taken out of, a main frame_Thus, if a failure did occur,
the faulty circuit could be replaced easily.

But even occasional failures were much too frequent for many
users, particularly when the computer was a key elemen)}m adefense
system. Analysis showed that most of the problems occurred ih the
interconnections rather than the transistors themselves. in the solder
joints, at the plug-and-socket connections, at wire-wrap joints, and so
forth. And the next developmental step was to find a way of minimiz-
ing or eliminatigg these troubTEsbme spots.

A new industry had developed in the Uniged States in the early
1950s—the semiconductor industry. In 1956 William Shockley, co-
inventor of the transistor, left Bell Laboratories to form the Shockley ~
Transistor Division of Beckman Instruments in Palo Alto, California.
A yearlater, eight of Shockley’s best engineers left, and with the back-
ing of Fairchild Camera and Instrument Corporation started a division
which became known as Fairchild Semiconductor in the same area of
Santa Clara County. Within a few years, so many new semiconductor
corporations had been set up in and around Palo Alto that the region
became known as “’Silicon Valley.” One of the redeeming features of
semiconductor research, developrifent, and manufacture was that a

ew firm could be startj withrelatively modest amounts of venture
lc}apltal Even as Fairchil Q miconductor prospered and grew, several -
of that company’s best engineers left to start their own operations.

It did not take long for this activity to start paying off. In1953, for
instance, a Radio Corporation of America physicist applled for a patent
on a circuit that could be fabricated on a single block of germanium, a
year or two later several English scientists extended the concept; in
1958 an engineerat Texas Instruments succeeded in making an
integrated circuit (IC); and a few months after that a team at Fairchild
Semiconductor began work on what today are called microelectronic
circuits. )

Simply put, an integrated circuit is one in which all the active and

/
\
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Large-Scale Integration
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Aruitoxt provided by Eic:

passiveelements are formed together on a small chip of semiconductor
material. There are no separately installed joints, wires, or other parts
that can’break or become unraveled. Nevertheless, even an integrated
circuit can fail—usually as a result of a manufacturing defect. The -
answer to this problem came from IBM engineers who designed a
high-speed machine capable of testing the tiny chips before they are
installed in a computer. Thus, once an integrated circuit is inside a data
procéssing system, its failure rate is virtually nil.

r

Although the early ICs were formed on a germanium base, it soon
became evident that silicon offered some distinct advantages The rea-
son lies in the basic process. Most integrated circuits today are made
by the same kind of photoetching techniques used in metalworking
industries. To start, engineers coat the surface of a semiconductor
wafer with a thin photosensitive film called “photoresist.” W hat this
does, in effect, is to turn the wafer into a kind of photo contact paper.
Then amask or stencil of the circuit pattern that'has been photograph-
ically reduced from a large drawing is placed over the surface and
exposed to ultraviolet iight The light has the effect of either hardening
or softening partgs;of the material. The softer material is washed away
by a solvent, leaving the semiconductor surface open or exposed in the
desired pattern. As a final step, doping impurities or metal for the
interconnection lines are deposited on the exposed areas.

The photosensitive material, however, is insufficient by jtself to
prevent some dopants from depositing on other areas of the<hip
Because of this, chemists started looking for a more impermedble
material Because its oxide is quartz, one of the hardest and most
impenetrable materials known, silicon was an obvious choice. No
other semiconductor, in fact, provided such qualities, silicon soon
became the material-of-choice in chip manufacture.

Today the universal process for manufacturing integrated circuits
(known as Silicon Planar Technology) is as follows: a thin wafer of sili-
con is oxidized and coated with photoresist. The resist, in turn, is *
developed to expose the circuit pattern, the wafer is then treated with
hydrofluoric acid to dissolve the exposed areas of silicon'dioxide, right
down to the underlying base of pure silicord The exposed silicon is
finally doped with the desired impurity by baking it in"a furnacein the
presence of an impurity vapor—a process called diffusion.

v

Initially, single integrated circuite were replicated scores of times
over on the starting wafer, and then the wafer was diced into indi-
vidual chips. It soon became eyldent, though, that a much more func-
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Microprocessors

-

e
tional device could be formed by interconnecting several of these cir-
cuits. Fhe result was what industry people called Large-Scale Integra-
tion (LSI), in which a large number of circuits, each with a different
fugction, are formed together on a single, % -inch-square silicon chip.

LSIs, which 9ppeare5in the late 19605, gave the computer indus-
try ahuge boost. Because the first two generations of data processing
machines had tremendous cost, heavy power needs, and huge heat dis-
sipation problems, the only organizations that could even consider
installing them were large government agenaes major scientific
centers, and leadxgg corporations. ‘ -

W ith LSI technology, however, the size, cost, electrical drain, and
heat generation of computers were reduced to the point where the sys- i
tems came within reach of most medium-sized and some smaller com-
panies Not only did this mean a vastly expanded marketplace for
computer manufacturers, butit also opened the gates for hundreds of
entirely new firms Among them were consulting organizations to help
a company plan its data processing needs and install the equipment;
"software” houses to write the special programs required by industry;-
peripheral equipment manufacturers {o produce data storage facilities,
terminals, and other “plug-compatibl&’ devices which could be linked
to a main frame, and a still growing numer of smaller manufacturers
making special function and miniaturized tomputers. Thus, what
started as technology dominated by just a few firms soon involved
hundreds of different companies.

When Bell Laboratories announced the transistor back in 1948, no
one could really foresee the revolution in electronics that would fol-
low. Yet, by 1960, even the tiny transistor seemed bulky when com-
pared with the integrated circuits and the large scale integration which
crowded increasing numbers of components onto an ever-shrinking
sHicon square. Still another quantum jump in the technology of minia-

" turization can be witnessed today—the emergence of the so-called

“miracle chip” on which both logic and memory circuitry are con-
tained v , ‘
There is some question as to whether Texas Instuments or The

Intel Corporation was first in developing microprocessors The most
*widely repeated story, h#wever, concerns a project which took place at
Intel back in 1969. As Time,Magazine described the events:

Fresh out of Stanford University, where he had been a

research associate, M E. “Ted” Hoff was placed [by

Intel] in charge of producing a set of miniature com-
ponents for programmable desk-top calculators that a
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Japanese firm-planried to market. After studying the

- _ circuitry proposed by the Japanese designers, the shy,
self-effacing Hoff knew that he had a problem. As he * i
recalls: “The calculators required a large number of
chips, all of them quite expensive, and it looked, quite
frankly, as if it &vould tax all our design €apability.”
. .

To solve the problem, Hoff came up with a novel idea. W hy not
place most of the calculator’s arithmetic and logic circuitry on one tiny
chip of silicon? After wrestling with the design, Hoff and his associates
at Intel were able to place nearly all the elements of a central processing
unit (CPU)—the "“main frame,” as it is called in large scale systems—
on a single chip. Finally unveiled in 1971, the one-chip CPU, now
called a microprocessor, contained 2,250 transistors in an area barely
1/6 of an inch long and 1/8 of an inch wide. In computational power, the
tiny microprocessor was almost as powerful as the original ENIAC,
and perforrhed as well as many IBM machines of the 1960s. It was, as
the company was quick to advertise, “a new era of integrated
electronics...a micro-programmable computer on a chip.”

To most people, the word “larger” usually means “faster” or

' “‘morg powerful.” A large, eight-cylinder engire, for instance, pro-
duces more horsepower than a small, four-cylinder one. A mammoth
steam shovel can probably dig out more dirt in one scoop than a person
with a spadde could move in many months. In the familiar mechanical
world, a larger machine almost always does a job faster, more easily,
and more econothically than a smaller one. .

In microelectronics, however, the reverse kolds true. Chips are
hundreds or thousands of times smaller than the vacuum tubes and
transistors they have replaced. Yet everything about them is faster,

. more powerful, more reliable, and more economical. A desk-size com-
puter today can often produce the same amount of work as a computer
that once occupied an entire room. In computers, because a major lim-
iting factor in the rate of computing is the timetrequired to move elec-
tric signals within the machine, smallis beautiful. As more com-
ponents are packed onto a chip, signals travel shorter distances and cal-
culating speeds go up; and as density and sgeed increase, compating
costs go down. The%esult: many times faster processing at a fraction of
the cost. '

For those applications where small size is in itself a desirable end,
the chip is made to order. Electronic wrist watches, versatite pocket cal-
culators, portable foreign language translators,;computer-cofk;olled
microwave ovens, automatically focused cameras, palm-size color
television sets, automobile trip computers, engine monitoring
computers—all of the new miniaturized computational devices on the,

€
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PROGRESS-IN
PROGRAMMING
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market today—owe their existence to the thousands of transistors,
memory cells, and passive elements crammed onto the surface of a sili-
con chip small enough to passithrough the eye of a neédle.

Grace Murray Hopper
Y1906
18BM Amh:ves

As circuitry got smaller and Rore reliable, an equally important

change took place in the programming of computers. When data proc-
essing systems first appeared, most s¢ientists needed an intermediary
trained in programming to use them. Even with this kind of help, it
took months or years to write a major program. The reason was that
even the simplest problems involved the laborious and error-prone
process of setting down long segments of instrugtions in the precise
order needed by the machine. As a result, most/0rganizations had to
hire large—and expensive—programming statfs if they wanted to get
their system “on the air” in a reasonable amount of time. .

The first major improvement came from the work of Grace

Hopper, who started programming with Howard Aiken’s MARK1 —~~

computer group. She later served as a senior mathematician for the
short-lived Eckert-Mauchly Computer Corporation and finally did
some of her most productive work for the Remington Rand UNIVAC
group AtRemington Rand, she developed the first practical “com-
piler” program which translated relatively compact instructions, such
as "ADD C,” intodetailed binary code. More than anything else, her
work showed that the computer itself could be used to do its own pro-
gram writing, translatmg more or less standard English terms into
binary numbers.

The next major advance came with thedevelopment of so-called
problem-oriented languages. The first of these, still widely used, was
FORTRAN, created by John Backus and his IBM colleagues in 1956.
FORTRAN gave scientists, i in particular, the ability to write their own
programs in algebra-like expressions. Other math-oriented languages,
such as ALGOL, PL/1, angPAPL, followed and had a proﬁ)und influ-
ence on scientific computing. With ALGOL, for example, a complex
program could be written in a few instructions instead of in several
FORTRAN pages. Thus, programming became fasterand ’ ‘debug-
ging”’ easier, witl'the net result of a drastic reduction in turn-around
time between conceptuahzatlon of a problem and testing of the con-
ceptona computer -

Today many of theinstructions which formerly had to be written
by a programmer are preprogrammed into a computer by its manufac-
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turer, Nevertheless, the art and science of getting a machine to do what

is wanted still requires a skilled individual working with a particular
programming la’nﬁ:age. Every computing system, from the largest dis-
tributed processing networks t®oipact stand-alone computers, con-

sists of five elements: input, storage, processing, output, and control. ¢
To makesurea job is performed properly, theprogrammer must guide

the system through all of these areas in a‘precise step-by-step manner.

While programming still requires a considerable amount of -
human skill and patience, an increasing amount of this work is new
performed by the computer itself. ' Among the developments that have
made this possible are the following: simplified programming
languages and translators which take English-like statements and
translate them directly into ¢’s and 1’s; program libraries from which a
user can select prewritten routines and piece them together to form all
or part of a complex complete program; structured programming sys-
: Zﬁ;ﬁ;ﬁ'ﬁ”ﬁﬁﬁ?:j’ﬁ“ﬁji * tems which allow an untrained individual to develop a'program by
sommunicatious applicatons  answering machme generated questions, preprogrammed memory
;i":df’t“flf,’f‘;,:’;{’g; ;:'Z ,‘;f':’a':’y chips which can “sense” certain internal activities anei then supply the
paper clp needed data management routines; and error-correcting codes,
Bell Laboratortes developed by Richard Hamming.

TRENDS/%V ‘
COMPUTER USE

In the nineteenth century, Charles Babbage speculated that sci-
ence would eventually “grind to a halt” because of alack of calculating
_power. Instead, the opposite has happened; the pace of scientific
“development has picked up to the point where people are now being
inundated with nevy information. This is true not only in science and
technology but also in virtually every area of business and industry,
Thus, ohe critical need today is to find ways of managing and using the
ever-mcregsmg information flow.

(’.'learly, computers are tools almost ideally designed for this kind
of work, Wlth their speed, storage capaqty, display ability, and ease of
programming, data processing system’s are now finding their way into
application areas not even dreamed of a decade ago. Here, for example,
are just a few applications to illustrate some of the directions in which
computers are now moving;: '

Scienfific Information Computers are being used tostore dnd to retrieve the huge
Storage and Retrieval amounts of scientific information on hAnd today. (It has been
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Analysis of Satellite-
Gathered Data
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/
.estimated that the amount of this information has foughly doubled
during every decade of this century:) A major application in the scien-
tific and technological fielé? as been the development of information

~ 'storage and retrieval systems. Generally speaking, the information

storage and retrieval systems being developed today feature huge data
bases—with a given base usually confined to a specific scientific
discipline—which capl be reached through a variety of remote termi-
nals. In most cases, the user needs very little training or computer

+ krowledge to get at the material. Al it takes is a few key statements
punched out on a typewriter keyboard,” explains a cancer researcher at
tfte University of California, Los Angeles, School of Medicine, "’and
the request goes directly to the MEDLARS (Medical Library and
Retrieval System) computer in Washington, D.C.” After that, itis only
a matter of seconds before a title, abstract, or whole paper—depending
on what is requested—is flashed back via the same channels, and .
either displayed or printed out by the same terminal.

- :
Computers are being used with a program designed to make better
uses of the earth’s resources. The program also is used to correct map-
ping infermation collected by satellite. As the National Aeronautics
and Space Administration’s LANDSAT satellite circles the globe each
day, its cameras and other sensor devices map segtiops of theearth’s
surface and transmit digitized information to a land station. Ordi-
¥ narily, such things as satellite roll, pitch and yaw, earth rotation, and
sensor errors would make these digitized pictures very difficult to read.
But the corrective “lens” of the computer’s program is able to reconsti-
tute each of its 115-mile-square pictures with remarkable clarity—
even filling in sections that are missed by the cameras. Under certain
conditions, even a single vehicle can be identified.

»

One key use for this satellite-collected computer-processed data is
in agriculture. Through the progran® the computer can help to identify
acreage under cultivation by type of crop, can be used in the assess-
ment of damage from floods or insect infestation, and, most signifi-
cantly, can be used to predict crop yields. In 1979, for example, satel-
lite data were used to estimate wheat production in the United States
and Canada—a figure which turned out to be more than 95 percent
correct when the actual crop was harvested. By the end of 1980 the
same program was applied on a global scale to make predictions about

-——world output of wheat,-corn,cotton,rice,-and soybeans. -

Another important area for such systems, alreédy being used to -
some extent by a few oil companies, is in cutting the time and effort ,
o R
~
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& With the wd of LANDSAT im-
agery, a United States Depart-
© ment of Agriculture statistician
1s developing new mathematical
procedures to predict crop yields
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Industrial Applications

o a

involved in energy exploration. Using computer-produced pictures of
seismic reflection patterns, geologists can spot formations in the earth
which may contain oil or gas deposits. With this kind of informatior,
they can theri congentrate their land exploration efforts toincrease
chances of a find. {The importance of the computer in analyzing data
to help locate oil ahd g%s deposits is describ;lin the chapter,
“Seismic Exploration for Oil and Gas.”) '

Other areas for satellite-computer applications include: land map-
ping, coastal zone management, monitoring water run-off from moun-
tain snows, tracking icebergs, urban planning, selecting right-of-way
corridors for pipelines, power lines, and highways, and gathering intel-
ligence info ian. In the near future, satellites in stationary orbits
over the oceans of the world will, through land-based computers, help
to keep track of ship traffic.

»

-*>

In industry, goods-in-transit systems are already proving to be a
rich vein for computers. Presently, many companies use computers to
assist in the complex process of rating freight bills, improving utiliza-
tion of trucks or railroad cars, and scheduling preventive maintenance
for their fleets. ot

The greatest potentiabfor savings, however, lies in scheduling
goods directly from shipper to consignee rather than simply from yard
to yard. Studies show that a leaded rail camoves toward its destina-
tion only about 11 percent of the time, leaving room for a tremendous -

L
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amount of improvement. A mere 1 percent/improvement, for'example,
“could free up+to 17,000 rail cars. Thus, computer applications which

help to increase resource productivity are among the most important in

industry today. - -

Another industrial application now clearly coming into its own is
computer-aided design (CAD), sometimes referred to as engineering
graphics: Since CAD came into existenceé about 10 years 4go, most of
the large automotive and aerospace companies have made it a fine art.
What is significant today, however, is that many intermediate-sized
manufacturers are now reaping product improvements and cost sav-
ings through CAD. One CAD application being used at a heavy equip-
ment manufacturing firm, for instance, has eliminated up to 50 steps
between the creaf® of a basic drawing and the actual cutting of a part
on a machine tool. And every one of these saved steps can be translated
into dollar terms. Computers can even be used to design themselves.
As more complexity has been needed in very small integrated circuits,
CAD has been used successfully to eyalﬁate the optimal arrangement

. of subcircuits and their connections and interconnections. ' &
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Commercial Although busmess has 16ng used computers for accounting and
Applications recordkeeping functions, the agcelerating trend today is toward elec-
tronic, “paperless” offices. Many firms now use computers for text

entry, informatign retrieval, composition, and forelectronic ;.

transmission of lettetyimages, often via satellite, from computer to

computer within a company. In addition, many large legal organiza-

tipns now use compfterized systems for both storage and retrieval of ..
) pertinent legal data.

Y

Point-of-sale computer applications, such as the terminals used in
retail and grocery fitms for credjt card transactions, check ca$'ng
% authorization, debit card activities, and automatic laser-beam scanning
of bar codes, are gradually replacing the traditional cash register. Such
C systems provide productivity improvements, timely management
~ information, and better control over store operations in one recording
A stép. , .
Yet the trend is not limited to these areas alone. Drug stores are
now installing pharmacy systems to improve the process of filling
prescriptions. When a customer purchases a prescription drug, the
- computer provides information such as side-effects, explratlon dates
' pnces and a recelpted record for the customer’s tax purposes.

-~ -

“

Medical Applications Hospitals and physmans are finding more and more uses for com-

Los - puters. Computerized Tomography (CT) scanners now use computers

' to intensify and analyze cross-sectional and longitudinal X-ray pic-
tures of the body. (CT scanners are discussed in more detail in the
chapter, X Rays for Medical Diagnosis o) Computers-also monitor
and signal events in the Intensive Care Unit (IC)), help.to provide
rapid and accurate readous of laboratory tests,.and keep track of

. patients’ progress from the time they enter the hospital until long after
they have been discharged. _ F L

.

Stientific Laboratory Today there is hardly a scientific laboratory that does not make
Applications use of computers. Minicomputers, and even microcomputers, are
often integfal parts of such sophisticated experimental machines as P
o, Nuglear Magnetic Resonance (NMR) and Electric Paramagneti¢ Reso- .7
? nance (EPR)apparatuses. In the most advanced instrumentations, data
are handled from their source to their ultimate disposition entirely by a
computer. The human reseatcher intervenes to direct the course of an
experiment, interpref results, and generally manage the laboratory sys-
tem. But all of 5hes ctions are enhanced to some degree by a com-
puter

-

¥
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Finally, the computer is increasingly being used in the home.
. Originally, applications of computers away from the work placé were
limited primarily to a handful of engineers, scientists, students, or
sophisticated people in business who were obliged to do a lot of work
at home. With the advent of the microprocessor, however, all sorts of
‘convenience applications—from homé recipe planning to energy sav-
ings systems—are becoming apparent. . )

P

QUALITY OF
LIFE

Despite the vital nature of these information management func-
tions and the usefulness of the devices made possible by microproces-
sors, the very mention of computers and chips often elicits only a
negative response. Some people blame computers for many of the
more unpleasant aspects of modern life: billing errors, junk mail, com-
mercial crime, job dislocation, and threats to privacy and individuality.
These problems should be viewed from the perspective of;éhnology
that is still growing, if not exploding. Although the victims © com-
puter technology gone awry are often told, “The computer did it,” it is
actually the people who program and run computers who create most
) A of the problems for which their machines are blamed. ”Computers do
r only what they are told,” says a data processing scientist, “and not an
iota more.” i

In the final analysis, it should be retognized that technology
- creates new products and services and, therefore, new job markets.

Already, microprocessors have opened a home computer market; they

. have been responsible for scores of new calculator-type games and
manyylifferent electronic children’s toys; they have made possible P
many ne iniaturized communications devices; and they are the
.keystopz)?; still-growing digital watch industry. ’Nevertheless,”
says Bell Laboratories microprocessor chief Lee Thomas, the most
exciting applications won’t come until the kids who are still in high
school and have grown up with pocket calculators and home com-
putersbecome the engineers of the 1980s and 1990s.” Thomas also

« feels that if American business fails to ¢xploit this capability,a poten-

tially enormous market could slip through its fingers.

-~

THE FUTURE o . .

Despite the dramatic developments that have taken place in recent
5 - ' years, the world is still in an early stage of microelectronic technology.
And from th.e-perspective of more than 30 years of progress, a few con-

\ clusions stj'nd out.
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First, most of the devices and components used in computers
today did not result from accidental discovery, but from intensive,
mission-oriented research programé: In this field, typically, sc1entlsts,
have deliberately set out to find altematlves to components already in
use.

Secondly, the unparalleled advances in semiconductor and com-
putertechnology during this period were the products of interdisci-
plinary teamwork. The complexities of integrated circuits—not to
mention the complexities of putting a computer together—required
the correlated efforts-of specialists in materials, components, circuits,
and systems. And the job of moving the circuit from a drawing board
toits placeina computer requlre till another team of highly trained -
people, %

Finally, applymg computers to an ever- expanding range of jobs is
dependent on people whose skills were not even known 30 years ago.
These people—among them programmers, systems analysts, and even
anew breed of sales representatives—have all contnbuted to the suc-
cess of this new, yet still growing industry.

Few technologles in history have come so far so fast Thlrty years

, ago ‘people were looKing forward to the “nlclear age.” However, the
computer’s spectacular growth—ir, mimbers, in power, and capability,
in the variety of things it cari do, and in the economy it prov1des when
doing these things—has brought about the ” computer age.” What is
more, it is a safe bet that th:s new era will be around for a long time to

rcome. o »

- -~
-

» I “
[ @;] 5N ;;{;57’ .
- ’ . - -

- f

- 37 COMPUTERS AND SEMICONDUCTORS

4




)
O
2
=
O
w
w
Z
o
Y
-l
Z
O




By setting ot eaplosiors such
as the one shown on the oppo-
* site page, geophysicists can gain
infurmation ubout the compusi
tion of the various strata helow
the surface of the earth Such
mformation helps them locate
areas where ol and gas may have
accumulated
U Sat Mty @ Govscunod, b
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Seismic Exploration

forOlland Gas @ - °

Ina Connecticut Veterans Adminiftration hospital, a man who
has lost his eyesight listens carefully to stereo recordings of someone
walking through hallways, in and out of rooms, and along city streets.
His instructor points out important clues in the quality and loudness of
the sounds. With this help, the sightless patient will be able to orient
himself; he will soon be able to distinguish differences in the reflected
sound of hijs footsteps or of his cane taps. He will be able to tell if heis |
walking along a corridor by the speed with which the echo of his
footsteps returns from the nearby walls; he will learn to distinguish
differences by the change in sound quality when he walks into an
intersection of corridors; he will Teatn to listen to those echoes for clues
to the size, the shape, and even the furnishings of a room. In other
words, the blind patient is being trained to sense and process informa-
tion about his surroundings based on his expenence of the reflection
time of sound waves through air. “

* Someone standing on the surface of the ground who needs to
learn about the structure of the earth 100 feet, 1,000 fret, or even 1,000
miles below is like the blind man. Althoughea sightless person could
conceivably walk around the room touching walls and feeling suffaces,
asimilar techniqueis clearly impractical for a geologist or geophysicist
trying to learn about the structure of scores of cubic miles of earth.
One of the most useful methods of the modern geophysicist is analo-
gous to the technique that the patient at’the Veterans Administration
hospital was learning. The geophysicist, too, can learn about the world
by interpreting the behavior of wa%es—in this case, seismic waves as
they travel through the earth.

The technology that allows the geophysicist of today to see below
the surface of the earth is based on contributions of scientists from a

-3 -
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BASIC

PRINCIPLES OF
SEISMIC . .
EXPLORATION

broad variety of scientific fields. Many of these scientists, such as
Leonardo da Vinci, Isaac Newton, and Christian Huygens, were trying

to satisfy their curiosity about how things work, how the earth’s sur'

face came to be, or how natural phenomena, especially light and sound,
behave. Da Vinci’s geological observations, Newton'’s cogception of

the physical universe, and Huygens’ unravelling of some of the

mysteries of the behavior of light, were combined hundreds of years .
later by geophysicists trying to develop versatile and reliable methods N
of locating o0il and gas deposits. In the work of many of the giants of
science, others saw techniques and concepts that could be shaped and
adapted to search for oil and gas and even to explore the inner structure

‘of the earth toits core. =

- /

L]

Anyone who has felt the ground trémble underfoot has sensed
clearly that vibrations travel through the earth. Whetherit is a heavy
truck, a subway train, an explosion, the demolition of a building, or an {
earthquake that causes the ground to tremble, they all have one thing
in common—they send waves (vibrations) traveling through the earth.
More than 400 years ago, English soldiers besieged at Exeter recognized
and took advantage of this phenomenon. Concerned that their enemies ,
might breach their defenses by tunneling under the walls, the soldiers
set out pans of water and watched them carefully for surface ripples
caused by the impact of shovels digging below. The modern seismic
method of e’xploration for gas and oil takes advantage of the same
principles of detecting vibrations, but modern technological progress
has produced vibration-detecting equipment faf more sophisticated
than pans of water set out on the ground.

Today, application of the seismic method to look for oil or gas uses
explosives or other energy sources, scores of specially designed geo-
phones, magnetic tape recorders capable of recording up to 1,024 chan-
nels of sound simultaneously, and computers as powerful as those
used in the space program. While it was important for those soldiers at
Exeter to know if their enemies were tunneling, they needed to know .
only whether or not there was vibration. Interpretatidbn was simple—if
there were vibrations that could not be explained otherwise, the enemy |
was at work below. Today’s geophysicist is looking much farther and |
deeper than those sixteenth-century soldiers. To reach useful conclu- -
sions, modern geophysicists use far more precise data. Still, the

40 ONLY QNE SCIENCE




‘r.‘
”

y

Recordings made from modern
setsmographs enhance the ability
of geophysicists to make inter-
pretations
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Formation and
Accymulation of
Petroleym

interpretation of the stacks of computer printouts and graphs is simply
thate-an interpretation. Seismic exploration does not indicate where
oil is, only where it is likely to be. And in the case of seismic prospect-
ing for oil, a decision to drill can mean millions of wasted dollars orit
can mean the discovery of significant déposits of oil, the development
of natural resources, and corpprate prpfits—an awesome gamble to
base on what ¥ no more thanan™educated guess.” For the guess to be
as educated as possible, the geophysicist needs every scrap of informa-
tion and every clue available. '

.

The ways that petroleum formed and accumulated have dictated

‘the kinds of clues geophysicists seek with their sophisticated equip-

ment Most geologists today believe that petroleum is formed from the
remains of plants and animals which lived millions of years ago in or
along the coasts of the shallow seas, swamps, and lakes that covered
many parts of the earth. When these organisms died, their.remains
eventually sank to the bottom and were covered by sediments, such,as
silt, shale, or limestone. As the sediments and organic matter were
buried deeper and-deeper, they were subjected to increased tempera-
ture and pressure. The-sediments gra@ially formed rock, while bac-
teria, heat, pressure, and diverse natural processes, which are still not
totally understood, transformed the organic material into oil and gas.
The sedimentary rock in which the oil and gas were formed, commonly
mudstone or shale, is called “source rock.” As layers of sediments con-
tinued to accumulate under the water, the newly formed oil and gas

- were subjected to increasing pressure. The pressure caused the oil and

gas to move into nearby porous sedimentary layers called " reservoir
rocks” which were under less pressure. Within theﬁmtformation, oil
and gas may also move upward because they are less dense than the
water which fills the spaces in the rocks. -

“The reservoir rocks, no matter what their composition—sand,
sandstone, or limestone—have two very important properties: they are
porous and permeable. The oil moves into the pore spaces within these
rocks in much the same way that water poured into a glass filled with
sand finds its way into the empty spaces befween the grains. The more
porous the reservoir rock, the more oil and natural gas it can hold.

In addition to the source rock where the oil and gas are formed and
the reservoir rock in which they can be stored, a third condition is
necessary for significant oil or gas accumulation—the presence of a
trap What happens when oil or gas is not trapped can be demonstrated
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with a simple oil lamp. When a wick is put in the oil reservoir of the
lamp, the oil saturates the wick. The longer the wick, the longer it takes
for the oil to reach the end. Eventually, though, the wick will draw all
of the oil from the lamp, tesulting in a damp wick and a dry reservoir.

-~

~  Wiith crude oil in the earth, the porous rock is Both the reservoir
and the wick. The oil, unless blocked, migrates upward and laterally
through the porous rock layers until it is dispersed so thinly that, for all
intents and purposes, it disappears. It may even reach the surface
. where the lighter fraction may escape into the atmosphere, as in the
’ well-known case of the La Brea tar pits. Luckily, oil can be trapped in
the reservoir rocks if the adjacent rock is nonporous. But How can this
happen if the sedimentary layers are horizontal?

+ Almost 500 years ago Leonardoda Vingi glimpsed part of the
-answer. The fossil seashells that he found in the Alps convinced him
- , that the surface of the earth had undergone gigantic changes. During
the long periods of time that it took for the formation of oil, segments
-of the earth itself shifted. Huge areas of the'planet’s surface rose and
fell. Newibodies of water appeared, and the bottoms of ancient bodies - S
of water became high plains, deserts, and sometimes even mountains.
’ Duringthis time, the earth’s crust buckled, zracked, and folded, and
{ ' - r faults developed. This geologic activity millions of years ago set the
stage for modern technological society by forming traps for the accu-

mulation of oil and natural gas. -

One common ¢xample of such a trap is'the saltdome. The oil and
gas around a salt dome were formed in an O(ganicalE/ rich sedimentary
layer. Buckling in the earth’s crust, probably causefl by salt pushing
upward, deformed the original horizontal layering of the sedimentary
material. This action of the salt dome created fractures in the distorted *
layers, trapping oil and gas around the géme. The gas, less

dense than oil, flowed to the top ofthé trap. Today, the geophysicist
who locates a salt dome knows that this is the kind of structure that
might be associated with oil. Only a successful well will tell for sure.

Breaks irt the earth’s crust, or faults, aré another common form of
hydrocarbon-trapping structure. Although the break can bein any
direction, the one commonly associated with.oil entrapments forms
when the earth shifts vertically and causes a permeable layer to lie next
to an impermeable layer. Again, the story begins with the deposition of
organically rich sedimentary layers. The organic material begins to be
transformed into oil and natural gas. As the layers shiftin their selation

, toeach other, a fracture with displacement—a fault—may be formed.

v
s
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PRINCIPAL TYPES
OF OIL TRAPS

s

Typrcal petroleum traps
(a) Fault (b) Salt dome.

(a) Fault #

(b)
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Behavior of Seismic

Waves

‘the Vibrosets® techmque

“

Setsmic reflection profiling using

’

As petroleum is formed, it tends to move generally upward along
permeable beds. In a particular circumstance, for example, perhaps the
oil flow can move only toward the right and up until it reaches the
fault itself . Because the right side of the fault consists of an

impermeable layer, the oil and gas must stop. A new reservoir is
formed.

-

" Thereis an almost infinite variety of traps that might contain oil.
Whatis 1mgortant to remember is that while accumulations of oil are
found only in traps, not il traps contain oil. The fact that a geologic
structure could trap oil does not mean thtt it did. The proof is in the
drilling. ) ¢

Before any kind of interpretation of information gained from
seismic waves is possible, however, geophysicists need to understand
the behaviog of these waves as they travel through the eafth. Today it
is known that as a seismic wave tra_vels through the earth, a part of it is-
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bounced back each time it encounters an interface between differ’efgt/
layers of rock. This is a little like what happens when ripples set 6ff by
a pebble in a pond strike an object in the water. Someone looking at the

water closely will see smallerwripples that have bounced off that object -

moving away from it. In the case of a seismic exploration, the waves
reflected from rock layers bounce upward and travel back to the sur-
face where sensitive detectors, called geophones, record them. The
geophone is similar to amicrophone. It ’hears” the vibrations in the
ground and transmits them to a tape recorder.

In the same way that the captain of a ship learns the depth of the
water by learning how long it takes a "ping” or sound wave to reach
the ocean bottom and return, geophysicists measure the time it takes
the seismic wave from a small explosion to bounce back to their detec-

" tors. But, in dealing with a single and fajrly uniform element—
water—the ship’s captain has a comparatively easy task. Sourd travels
through water with a known speed. Distance, then, is easy to calculate.

Once the speed of sound in water is known and the time it takes for the |

echo to return is measured, distance can be calculated.-Within the
earth, however, the application of the same principles is far more com-
plicated for a number of reasons.

In 1845 an Irish engineer, Robert Mallet, tried to discover the
speed that sound travels through the earth. He got the wrong answer,
but his experiment was so ingenious that his methodology made the
largest single contribution to the seismic method in the nineteenth
century. He buried a charge of gunpowder connected to an electric
detonator and placed bowls of mercury various distances from the
-explosion. A spotlight on the mercury illuminated the liquid so that
with a telescope he could see ripples on the surface when the seismigc
wave reached the bowl and made it quiver. To time the wave he used a
clock which was started electrically and simultaneously with the
explosion. Hetould measure the distance on the ground betweeh the
site of the explosion (today called the shotpoint) and the mercury
(corresponding to today’s electronic sensors). By measuring the time it
took for the seismic wave to reach the bowl; he could determine the
speed of the wave. Mallet also made the very important observation
that different velocities were derived from different surface geologic
materials. The observation that the velocity of the seismic wave was
dependent on the sort of rock through which the wave was traveling
was to be of immense importance to twentieth-century geophysicists.
For example, it was discovered that seismic waves traveled through
rock much faster than through soil. Because of the comparative insen-
sitivity of the mercury, the actual velocities Mallet calculated turned
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* . outtobetoolow. Nevertheless, his work was a success. In the middle
of the nineteenth century Robert Mallet had-devised all of the basic
. elements of the seismic method. He had also discovered that the speed
of a seismic wave was related to the material through which it was .
traveling. Modern developments with their more sensitive and com-
plex electronic components are, in a real sensg, refinements of Mallet’s
pioneering work. -

- PROBLEMS
ENCOUNTERED
WHEN USING -
THE SEISMIC
METHOD v

From the beginning’,'the problems of “seeing” underneath the sur-
face of the earth confused the data. Mallet did not know that his mer-
cury detectors were giving him inexact information because the mer-

. ’ cury was not sensitive enough to signal the arrival of the first weak
vibrations arriving at the bowls. Today, with all the advances in
physics, geology, and electronics, geophysicists still have to face an
impressive array of problems that grow out of the behavior of seismic
waves.

Veloc?ly The first problén facing the geophysicist,is that, unlike water, the
earth is made up of a variety of materials. In water, sound travels at
approximately 5,000 feet per second, varying only slightly if the water
is salt or fresh. But in the earth, sound travels anywhere from 1,500 *
feet per second in some unconsolidated muds, clays, and sandy ma-
terials, to as fast as 25,000 feet per second in some dense, deeply buried
rocks. Geophysicists refer to the speed of sound through a material as
the “seismic velocity’” of that substance. Seismic velocity is deter-
mined by the solid state crysthl structure, the density, the amount of
% gbre space, and the fluid or flliids filling the pore spaces of the material.

b1

In a sense, the seismic velocity of a rock layer is a signature identi-
,&ying tMpe of rock. That, in turn, can be an indicatpr as to the likeli-
P hood of the existence of the proper conditions for the Eresence of oil
‘beneath the surface.

w $

/ Refraction A second problem is also related to speed. Under most conditions,
& when a wave, including a seismic wave, changes speed, it alsonc\mhges
A *directior_n it bends. Physicists refer to this as a change in the direction
\? T ~of propagation or “'refraction.” Light waves behave the same way;

- 1

&
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‘éien aruleris put into water at an angle to the surface of the water,

the ruler appears to be bent at the point where it enters. As the light

R waves travel from one medium, water, to another medium, air, they

’ change speed; they are refracted if the path of the light wave s at

., angletotheinterface. The ruler appears bent: Since the layers{f(ta:e\
earth are made up of rocks having dlfferent seismic velocities,.seismic
waves traveling through them are oftén bent too. It is important for the
geophysmsfuﬁl land how much bending'takes place. That
information will portant clues to the velocity 'of the rock layers.
These clues are extremély useful in decoding what sorts of rocks and

what formations make up the area underinvestigation.

:‘Xnalysis f refracted waves was the first seismic method
employed to explore for-salt domes and the oil which might be associ-
ated with them. The technique takes advantage of the fact that the
seismic velocity of salt usually is considerably higher than that of the/
sedimentary rogk beds surrounding the dome. Stated simply, if the
seismic wavetravels from the explosion to thedetector a lot faster than‘
it should ifit were travelmg through sand or shale, a salt dome and,
- better still, 0il may have been found ¢ ,
;L , . ) ’ . T °
'A Although the word sounds somewhat simglar to refraction, reflec-
tion réfers toa very different wave quality. If refraction is thought of
as bending, reflection is like bouncmg To.understand reflection, itis |
uséful to think of what happens when a ball is thrown against a wall .
A ball thrown directly ate wall bounces directly back. If the ballis .
thrown at an angle, the angle of the boupce is d1rectly related fo the
angle at which the ball hits the wall. . .

Seismic reflections behave in a similar fashxon ﬁ\e seismic

bounce takes place when a wave moving throtigh one kind of rock hits

a layer of another type of rock which has a different seismic velocity. It
\ is the coptrast between the seismic velocitiesin different types af rock
) thatis the “wall.” The difference in selsméﬁvelocmes of two adjacent

rock layers, for example a shale and a sandstone, is usually not very -

great. So the reflection property of sound waves means both good

- news and bad news forthe geophysicist.

- The bad news first. The amount of energy reﬂected back toward ‘
& thesurficeis not: very great. Typlcarly, less than 1 percent of the
» downgoing energy gets reflected back to the surface ata'single mter-
face becauge so little of the seismic waveis reflected. -The geophysicist
negds veriensmve instruments to record these weak signals. ¥

. 4 . .
The good news is that this same lack of reflection means that most

~

/ -
48 ONLYONESCIENCE  *

. . . %
r - < * . ., o« .
. .55~ =
i ;.; R . -
| ' o
t : o o . \- e



- J\ P xh Pooe
+ " of the energy continues to travelfarther down into the earth for reflec-
, ' i fon from deeper interfaces. It means that the seisn#ic method can usu-
& ally be used to map the subsurface through the thousands of feet of
’ < rock built up over.eons of the earth’s histdry all the way to the'base of
the earth’s crust. This method can also be ubed to obtain information
about the structure of the earth as deep asits core, because the energy
. .. that continues downward may also be “refracted”” as it travels from
one deep layer to another. At deeper levels, however, the data become
] L - less precise because of the diséipatign of energy. -
, 4 - - ,
Noise . Seismic waves from an explosion travel in all ditections from their
source. The geophysicist wants to detect the refracted and reflected
" waves returning to the geophones on the surface. Unfortunately, the - *
source of those waves, the original-explosion, creates a lot of additional
unwanted seismic waves that sometimes overpgwer the much weaker -
T +signals corning back from beneath the surface. The geophysicist refers
\ to these unwanted signals as ““noise.” -

The “snow” ona telev151on set is electronic video “noise.” This is
something like the unwanted sound waves the geophysicist detects. v
When a cl\annel with a better picture, or sigrmaty is chosen the noise is
reduced. A better antenna, say one on the roof rather than “‘rabbit
ears’”’ on the set, enBances the ratio of signal-to-noise, and the tele-
vision pictureimproves. Fine-tuning might filter out even more of the .
“snow,” improve the signal-to-noise ratio, and result in a better e
picture. : g

One common way for the geophysicist td improve the signal-to-
LS . noise ratio is through proper placing of the explosive. Often, the top -
layer of soil is made up of a variety of materials including rocks and ~
, £ boulders mixed with sand, decayed organic materials, and other sub-
) @ - ) stances. This layer, called-the “weatheredzorle,” produces copfusing
.. ' seismic information. By dtilling throughiit to the layer below and plag- *
' ing the shot there, the seismic explorer ¢An minimize th'é effect of this
' layer on the signals coming back to thekeophones and reduce the
noise=in effect, getting rid of the “snow’’ to get a better picture. Many
of the mgmfu,g{f%mprovements in theaccuracy and utility of seismic
a exploration fonoil and gas hav¥been in this area.

Resolution A fifth difficulty for the geophysicist using sound waves to
explore the earth’s substructure is that the distance from one rock layer
interface to the next is usually quite small, often less than 50 feet.

Rgfleéted from adjacent interfaces, waves traveling at thousands of
-

.
- &
i
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Complex Geology

feet per second—thousands of miles per hour—overlap each other as

they travel back to the geophones on the surface. The time differences
in the arrivals of the waves are very small. This can make it quite diffi- _
cult to map any single interface. To go back to the example of the '
television set, reflections from nearby buildings can sometimes be so

. strong that the “ghosts” on the tube overlap each other so that the

lettering on the screen cannot beread or the picture may not be.recog-~
nizable at all. In such a case, the signal from the television statidn’s
transmitter is going not only directly to the antenna but also to nearby
buildings where it bounces perhaps to the antenna or perhaps even to
another building, all before reaching the set. Because of tHe differences
in distance, a part of the television station’s signal takes a little more
time to get to the set. The television set has trouble makingéense of
such a signal and decodes it as a “ghost” rather than as the picture
originally transmitted. The television viewer usually considers this
ghost a minor problem, jiggles the antenna, adjuststhe ¢ontrols, and
decides to “live with it.”” But geophysicists, charged with the responsi-
bility of making decisions involving hundreds of thousands of dollars,
cannot afford to have such an attitude. They need all of the resolution
possible Resolution is one of the major problems of seismic research
that quern technology has tackled with considerable and continuing
success.

4 . ‘

In many areas, the rock layers of the earth’s substructure are not
flatand uniform Forces within the earth have twisted, folded, and
faulted layers of rock Waves reflected from these deformed structures
behave in what, from the surface, looks like a nonsensical manner.
Simple plotting of the reflection times from the various rock layers
yields a very distorted picture of the complex subsurfacestructure. In
those areas where the geologic structure is complex, the geophysicist
needs a great deal of additional data processing and plotting to get a
useful picture. Although this problem has been challenging geophy51-
cists for years and some significant progress has,been made, it is )
getting a great deal of special attention. Some 0f the most ﬁpmlsg
land areas in the United States remaining to be explored for oil and gas -
are extremely complex.geologically. Each advance in seismic technol-
ogy that increases the chances of successfully exploring compleX struc-
tures underneath the earth’s surface enhances the odds of fmdmg
crude oil or gas.

[y
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EXPLORATION -

HISTORY OF OIL

b3

rs

The Early-Years In 1845 when Rober‘t Mallet was setting off ”art1f1c1al earth-
quakes, oil was already in demand. Petroleum, which literally means
“rock-oil,” was being sought and fousd. For thousands of years -
- ® —petrel been used as medicine, a lubricant, and even as a fuel. T

L)

The search for o1l s on,and a
new mdustry grewalmost over-
wight This photograph was
tuken in 1865, on the Benming-
hoff farm near -Oil Creek,
Pennsylvania, just 6 years after
Drake’s successful well was
cumpleted m Tituswville

~Amreran Dy ’wle wm lummte

Aruitoxt provided by Eic: “
’

But the demand for this substance had been met by finding surface '
seeps where the oil either bubbled to the surface in places sich as on
the Island of Trinidad; or seeped out of rodk formations where stream
beds cut into oil-bearing rock formgtions. In the nineteenth century,
however, whale and fish oils were ecoming scarce and more expen-
sive. Improvements in refining made petroleum an attractive substi-
tute for the other fuels, By 1857‘tfe demand for petroleury produtts,
such as kerosene, had grown enough to make the idea of drilling for oil
economically attractive. Although oil had been found as a by-~product .
-of drilling for water, no one had yet drilled specifically for oil. With the
market for oil expanding, however, it was only a matter of time until

oil wells vyo_uld)gake an appearance. The first oiftvell in the United

~
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Coopers or barrelmakers played
an tmportant role in the early
days of the development of the
oil industry Just 10 years after
this photograph lvas taken in

™ the United States had produced
a billion barrels of o1l

4meuﬂ\| Petroleum Institute

¥

On August 20, 1869 Edwin
Drake completed the world’s
first successful ol well near
Titusuille, Pennsytvgnia Drake,
in top hat, s pictured in front of
the well he drilled for the Seneca
Ol Company

Drake Well Museum

. Omaha, Nebraska argund 1890, -

States was dug in Cuba, New York, in 1857. It was 3"dry hole.” One
year later the Seneca Oil Company of Connecticut began drilling a well

* on the Hibbard farm near Titusville, Pennéylvania. After drilling 69

feet 6 inches, the tompany struck ¢il. (Today successful wells are often
drilled to depths of 25,000 feet or even more. ) The Titusville well was a
success. In 1859, its first year of operation, it producéd 2,000 barrels of

crude oil. .

As the demand for oil grew/the search for it became more ,
aggressive. Companies that supplied the growing demand reaped for-
tunes. The cycle of demand and supply seemed to feed on itself and to
grow explosively as new use¢for a convenient and cheap source of
power were developed. By 1900 the United States had produced a total
of 1 billion barrels of oil; the second billion was produced by 1909; and
the third billion, by 1913, This phenomeﬂal rateof growfh was )ust the
beginning.

Early petroleum production was achieved without the use of geo-
physics. Oil was found by locating wells in plages where oil had
seeped to the surface, by looking forgeologic structures on the surface
similar to those that had yielded\il in other locations, or by a number
of other means, most of which wede not very scientific. Explorers had |
to be willing to gamble, to “wildcatY’ The stakes were high, but so
were the rewards. Many of today’s 1argest oil companies trace thelr
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beginnings to this period, but the petroletm industry would not have
survived very long if it had continued to depend on comparatively
haphazard approaches to exploration. Fortunately, a large number of
people in business were willing to risk their financial resources, and
scientists were willing to devote their careers to developing better ways
tofind oil It was natural that investigators took geological knowledge

-and-tried to-marry it to long=known principles of physics to see if there

were any promising means of increasing their ability to find oil.

The problem wasgo discover a method for locating likely oil traps
without resorting to the impractical alternative of drilling
everywhere—a kind of'geological blind-man’s bluff. Investigators
needed a way to “’see” the structure of the rock layers beneath the
earth’s surface. )

. By 1921 two Oklahoma physicists were ready to try tolook
beneath the surface with seismic waves. William Haseman, a physics
professor, and John Karcher, one of his former students, began
attempting to measure seismic velocities in rock formations in the area
arotnaFonca City, Oklahoma: Their equiptnent andmethodolog¥,
although crude by more modern standards, contained the essential ele-
ments used in seismic exi)loratig’ﬁ today. Dynamite shots were set off
below the surface. The instant of detonation, called the “time break,”
was marked electronically on film running through a photographic
film recorder. The seismic waves were picked up by a microphone
detector on the surface, and exact times of their travel plotted electri-
cally on the recording film. Calibrations for the timing were produced.
by a tuning fork vibrating at precisely 100'times per second. Accurate
recording of the times it took the seismic waves to travel from the
detonation logation, the shotpoint, to the microphone was essentiaj
Haseman and Karcher hoped that they would be able to locate types of
structures that are often associated with oil traps. Field tests showed’
that their equipment was working, their methodology was sound But
the real question was, could their system be used to find oil?

Despite careful design and the years they devoted to testing,
results were still disappointing. The project had to be abandoned
Unfortunately, the area their first client had asked them to explore was
not amenable to obtaining good data. Haseman and Karcher's equip-
ment was not sophisticated enough to make sense out of the jumbled
seismic waves returning to their microphone’ The nature of the ge-
ology of the area, not a flaw in their equipment or methodology, had
defeated their attemipts.

In 1923 another major, unsuccessful attempt to locate oil-bearing
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stru?ctures was conducted in the United States by a German company,
Seismos, Ltd This time the seismic exploration for salt domes focused
on the Texas and Louisiana Gulf Coast. The luck of the Seismos crew
was as bad as that of Haseman and Karcher. It happens that there are -
no shallow domes in the part of the Gulf Coast they were searching.
There are deeper domes in that area, but the equipment in 1923 was not
sensitive enough to pick up refractions coming from the greater
depths. The following year, however, another Seismos crew contracted
by Gulf Production Company obtained useful refractions from a salt
dome in the Texas Gulf Coast region—the first seismic discovery of a
salt dome that contained oil. The seismic method was begmmng to
proveits potential.

In 1926 a seismic crew was hired by Gulf Production Company
from the Geophysical Research Corporation (GRC), a geophysical con-
tracting company That crew discovered two salt domes within 3
months. Part of the reason for their success was that they had placed
their detectors farther away from their shotpoint théan had been done
before. They reasoned that by increasing the shoppoint-to-detector

distance to as much as 6 miles, they would be able to receive refractions

from far deeper in the earth and 4o collect evidence of deep salt domes.
Their results showed that their reasoning was correct. The equipment
was the same, but their new methodology made the leap forward pos-
sible.

- Another of the GRC's innovations was a new amplifier that could
tune out undesired “"ground roll.” Ground roll is a seismic wave that
starts with the explosion at the shotpoint, travelsalong the surface of
the ground directly to the detectors, and drowns out the weaker, but
desired, reflections coming back from deep in the earth.

Developments such as these enabled GRC to be the only company
during the 1920s to carry out commercial reflection seismograph pros-
pecting The discoveries they mate for their parent company, Amerada
Oil, were proving over and over again that the system worked. Because
of GRC’s outstanding success, Amerada decided to limit the use of the
GRCreflection crews exclusively to Amerada itself and to 1ts subsidi-
ary, Rycade Oil Company. Toward the end of the 1920s GRC
employed 70 percent of the world’s seismic scientists, Amerada’s de¢T:
sion, therefore, constituted a serious restriction of the development of
seismic exploration.

Everette De Golyen, president of GRC, dlsagreed with this
monopolistic policy of his parent company In February, 1930 he took
an unusual step. De Golyer secretly financed the organization of

.\‘
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Geophysical Service, Incorporated (GSI) to do reflection seismograph
prospecting. Because the patents on the seismic equipment he needed
were held by Amerada, De Golyer’s new group was forced to develop
, its own designs and prove them to the oil companies. Amerada’s
successes had made its competitors eager for the new seismic explora-
" tion technology. GSI offered them a way.into the garve. Within o
—meees e oo -1 monthGSthad 107 conitracts for as many crews. Geophysical Reesearch
Corporation’s monopoly was broken. It took sever_aQ';ars for them to
- refine the new equipment, but by 1938 GSI had 34 creWs workingin )
- North and South America and in the Far East. GSI was or its way to
. becoming the largest geophysical contracting company in the world.

At least 30 new United States seismic contracting companies were .
formed during the next 10 years or so. Of these, almost all were .
founded by former GRC and/or GSI employees. Most of these new >
¢ompanies built instruments similar to the new design GSI had .
g developed to get around the GRC patents. However, several of the new
contracting companies developed seismic equipment of their own
' design. Oné such company was Petty Geophysical Engineering ‘
~ . founded by $wo brothers, Dabney and Scott Petty. '

In ear‘ly 1925 Dabney, a geologist from the Texas Bureau of
Econemic Geology in Austin, heard about the seismic exploration
activities of the Seismos crew working in eastern Texas on timberland §
owned by the Petty family. Dabney decided that if he and his brother,
Scott, cbuld obtain a seismograph and learn how to use it, they could
go into the consulting business trying to locate promising sites them-
selves, .

This house 15 where the Petty
hrathers developed their proto-
typre of a seismuc detector n
) Scutt Petty s words | from Seismk
Reflectiuns), Our first 6 months .
*were the hardest for we not only
had technical problems but fi-
nancal problems as well Our
salaries had ceased when we quit
our ywbs Qur folks helped out
by givmg usroomand board for

free and furmishimg us aplace to ] 2 :,:{;ﬁfg;-’?"’ s .
work  The location was ideal 3 Bt . 2 -3 1)5’;;’5;-*;! 3
fur we found that trolley cars, X ¥ =3 g'?f’,'f' :

passing gver bumps i the tracks
two blocks away, set up helpful
vthrations m the earth. which
were fairly wuform o1 nature

O Scott Pettyund Grosource Ing B oot T T cu T R i L
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Scott and Dabney Petty set up
the headquarters tor some of
their rur'_, Festirig o Fapoamrig,
struments m this abandoned
farm house mn Brazora County,
Texas

O Sc Pt and Gersoerce [rs

Dabney asked Scott to read everything he could find about the
Seismos Company, geophysics, and earthquakes. Coigcidentally, Scott
had just read about an extremely senstive vacuum tube™ ultramicrom-
eter” (adevice for measuring very tiny distances) invented by John J.
Dowling of the University of Dublin.

Scott ordered one of Dowling’s ultramicrometers. Both brothers
resigned their jobs and, with $5,000 borrowed from their father, started
work at the family home in San Antonio on a very sensitive prototype
seismic detector, using the micrometer to measure minute deflections.
They first tested the system with the vibrations from trolley cars pas-
sing over bumps in the track two blocks away.

After some Initial field testing and equipment modifications, they
leased acreage partly on and partly off a known salt dome. They spent
the winter of 1925 experimenting with refractions, reflections, and
dynamite shots of all sizes, set off at a variety of distances to obtain

a
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variops types of profiles of tHeir dome. They learned how to obtain
. good salt dome records with as little as 20 pounds of dynamite, rather
than the several hundred pounds used on each shot by the Seismos
/— crews, a significant economic advantage.

Their first commercial job was to “shoot” a block of family-
owned timberland in the southeastern part of Texas. Because of the
results of tests ontheir salt dome, they believed they could obtain a
reflection directly from the salt by setting a detector fairly close to the
shotpoint. At the Texas site, they obtained evidence of such a
reflection. Their excitement at that achievement faded quickly when
they discovered that the evidence was the result of a loose nut that was
vibrating on the detector! Despite that disappointment, they subse-
quently mapped a dome with a relief (the maximum difference in
elevation between the highest and lowest points on the top of the
dome) of only 150 feet, a notable achievement. The significance of
s~their success was that, since the dome was about 10,000 feet below the

surface of the earth and the relief of the dome was only 150 feet, the .

_sensitivity of the equipment, especia]j;the recording devjces, was fine

enough to distinguish between waves arriving only hundredths of a
second apart. (Twenty years later that particular dome was drilled and
# ‘produced oil.) :

For the next 2 years, Dabney and Scott improved their techniques
and equipment and had the satisfaction of finding prospects missed by

. gther crews. From 1927 to 1931 the brothers had three refraction crews

A complete set of refraction
equapment that was dirhifted to
Venezuela nr 1931 by Petty Geo-
physwal Engmeermg Company

O Scott Dot and Gooserd I
N




The 1940s and 1950s

in Venezuela; in 1930 the brothers sold a complete set of their refrac-
tion instruments to Humble Oil and Refining Company. By 1940
Petty had 17 crews in the United States and 7 in foreign countries; their
operation was nearly as‘large as GSI'’s.

__—

During this pertod the major oil companies were no longer content
to rely completely on the geophysical contractors for crews, equip-
ment, and field expertise. Almost all ofthese oil companies formed
geophysical departments of their own, ctaffed them with the best
talent they could find}and supported active research programs. The oil
companies tried to deyelop all available geophysical techniques into
exploration tools. SoyZe of their efforts were quite effective. Humble,
applying modern technology to scientific principles dlscovered more
than 100 years before, developed and built the first commerc1ally prac-
tical gravity meter. The gravity meter measures the average density of
subsurface rocks to determine whether older and more dense rocks
have been pushed closer to the surface; it can also determine whether
less dense salt has been pushed toward the surface. Using this tech-
nique of measuring the earth’s gravity at the surface to “’see”’ rock sedi-
ments below, that company found 15 prospective sites in Mississippi
in 1940. ’

Many of the geophysics departments of the major oil companies
" made attempts to develop practical methods of detecting oil and gas
deposits directly by running electric current through rock layers
Today, airborne magnetometers, devices for measuring magnetism in
rocks, can map the basement structure of an area from an airplane,
sometimes giving clues to the structure of overlying sedimentary rock
layers. This techmque based on a per-mile cost, is quite inexpensive
and can be used to “’screen” large areas for geological structures most
likely to be favorable for the accumulation of petroleum.

The intimate working knowledge of all aspects of geophysical
technology acquired by these and other research groups was of utmost
importance in establishing a base for the future of petroleum geology.

World War Il had both an immediate and a long-term effect on

the development of the seismic method. The national effort to develop .

new weaponry for usein the land, sea, and air battles of World Warll
was unprecedented. Geophysical techniques that had been developed
to find oil were adapted, refined, and improved to contribute to ways
of solvirig war-related problems. Technology and methodology helped
develop better ways of locating enemy submarines (sonar) and artillery
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*(echo-ranging). Many of the geophystfal laboratories found they had a

great deal to offer to the national defense effort and devoted at least a

portion of their facilities and personnel to the war effort and'to military’

projects. Although this deflection of personnel and resources consider-
ably slowed the development of seismic technology until a few yea
after World War II, the technological advances stimulated by war in
fields which related only peripherally to seismic exploration were
turned to great advantage by geophysicists when the war was over.

W artime advances in the field of electronics led to the postwar

development of smaller, lighter, and more sensitive geophones.. The ——

improved geophones could be adapted to new uses. Before the war, for
instance, it had been standard practice to use a single geophone for
each channel, usually recording four channels of data. A single geo-
phone will pick up and record confusmg seismic waves on the surface
as well as the unwanted reflections from depth. New developments
made it possible to put multiple geophones togethejon asingle trace,
or channel, thereby providing a way of cancelling s waves arriv-
ing at the different geophones at different times and of reinforcing
reflections all arriving at the same time. This technique resulted in
seismic recordings with a significantly improved signal-to-noise ratio.
Some of the “snow” was gone; the postwar geophysicist was getting a
little clearer picture of the earth’s substructure.

Advances in electronics and in instrumentation stimulated by the
war also had an effect on recordings. Before the war, a four-trac
record of seismic waves had been fairly standard. By 1950 recordings
using 24 channels were common. More information and more useful
seismic clues, therefore, were at the disposal of the oil prospector using
the seismic method. .

In addition to improvements inthe detector at.one end of thesys-
tem and in the recorder at the other, there were advances in the design
of the amplifier which connected them. A seismic wave reaching a
detector is transformed by the detectorinto a weak electric signal. =
Before it can be recorded, that signal must be made stronger or ampli-
fied, a process not unlike turning up the volume on aradio. In fact,
advances in radio and television equipment led to the development of
the new generation of amplifiers. Amplifiers were placed on each
channel to boost the output of the geophone groups. Each one of those
24 individual trace amplifiers was provided with easily adjustable
volume controls and with special high-frequency and 10w-frequency
filters to help cut out various types of unwanted noise.

Another “‘crossover’’ advance from radio and television technol-
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ogy came with the concept of automatic gain control (AGC). The AGC
automatically adjusts the volume of asignal to a desired level, evenif /
the strength of that signal varies. Today AGC is best known as a stan-
dard feature on many home tape recorders; it was also an important
advance in the seismic method. In seismic recording AGC is used to
adjust the volume on the recorder as the progressively weaker reflec:
tions coming from increasingly deeper levels arrive at the detectors on
the surface. Such faint echoes, once lost to the geophysicist, are now
available for interpretation.

Using this new, postwar equipment, geophysicists were able to
investigate areas of far more complex geology than had been possible
in the past. New areas were opened up for the search for oil. While the
new methods did require a lot of slow and tedious work interpreting
the growing mound of data recorded from each seismic shot, they were
a definite improvement over the prewar methods. 3

By the early 1950s the growing demand for oil had seismic crews
searching underwater for oil. A considerable"amount of the seismic
work was being done in shallow-water-areas such as thée swamps and
bayous of LouisianasInstead of being put on trucks, the recording
equipment was put on boats or barges, or on specially constructed
“swamp buggies.” The seismic method was proving to be not only

Wate, but also adaptzible to the widened search for oil and gas.

Although seismic shooting in open-water areas such as the Gulf o 4
Mexico was underway during this period, of fshore exploration was £\
not yet a large percentage of the overall seismic exploration effort. (The
first separate cataloging of marine seismic efforts in the Geophysical
Avctjvity Report of the Séciety of Exploration Geophysics was not until
1983.) Strangely enough, because of World War I, more was known
about the physical processes involved in underwater explosions than’ -
was knowg about those that occur in a shothole as part of land
exploration. Yhe base of knowledge gained from wartime research was
. to be an important factor in the success &lﬁe seismic method in
marine exploration, and marine exploration wagthe seismic wave of
the future. Many of the major oil finds sinc®¥he late 1950s have been
offshore in open water. Such finds, including the opening o vast
North Sea fields, were made possible by information gained fro - -
marine seismic exploration. Without those major undersea fields, the _
world supply of crude oil would have been considerably lower, result- N
ing in increased economic hardships for all nahons depending on
imported oil.

The description of the state-of-the-art of seismic prospecting in

r
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Hectwn quality of the United
States 1 1951
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? the 1950s may give the impression that the technology available was

equal to the exploration task at hand. This might have been true had it
not been for twd extremely important factors. First, large areas of the
United States £hd the world could not-be explored with commercial
success because of very.bad noise problems, very complex geology, or
very elusive traps. Second, petroleum prospects in the good shooting
areas were becoming increasingly difficult to find.

_In the 1951 seismic-reflection quality map of the United States
shown below the dimensions of the first problem are quite clear. In
the potentially productive areas of the country, large sections yielded
either “poor to no-good” reflections or only “fair” reflections. .
Twenty-five percent of the area of the United States has litt] ch&qge
of producing oil because of its géologic history. Only 17 perd%\} of the .
prospective area was judged to give “good” reflections, and only about
28 percent, “fair.”” =~ . . :
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The @hallen;Pwas plain: first to develop improved techniques
that would yield better results in the more than half of the area in the
United States where oil might be found but where the complex geo-
logic substructure made seismic exploration impractical; second, to
improve techniques for finding petroleum in the good shooting areas
where petroleum prospects were becoming more difficult to find. This
decline in petroleum prospects carvbe seen by looking at the produc-
tion results of an average seismic crew. In 1934, the golden era of salt
dome éxploration, a single geophysical crew could expect to find about
14 million barrels of oil in a year. But almost 25 years later, despite all
of the significantimprovements in the methodology and technology of
seismic exploration for oil, that same crew could expect to find less

_ than 2 mil}ion barrels. And they would spend more time, effort, and

money to find it. While the demand for oil was growing, most of the
“’easy oil”’ had already beén found.

& Clearly, there was a great need for a new or an‘improved tech-
. nology that would make it possible to prospect more successfully for
oil in thaf large areaof poor reflection quality. Furthermore, data proc- .’
essing techniques were needed which wouldfenable the interpreter’to
[l of the valid reflection informatibn on the seismic
recording ot just the small portion that the geophysicists had time
to pick, correct, and plot by crude manual method&%g a desk calcu-
lator Theseimprovements were on the way.—

+

~ f

It has become common practice to record musicat groups, rock
stars, and symphony orchestras alike on multipie sound tracks, with
the output of several mncrophones being recorded separately but syn-
chronously. The advagtage of this method is thatafter the recording
session, the engineer and the producer can adjust Yge relative volumes,
the balance of individual instruments, singers, and efchestra sections
on the various tracks. They can experiment with filters on individual
sound tracks until they,are satisfied that they have the best possible
sound. The same developments that made this teelinjque p0551ble for
the recording industry also made possible fremendous improvements™
in seismic exploration techniques.

For geophysicists to be able to handle the problems of noise and
resolution more effectively, they had to be able to make multiple-track
field recordings that ¢oulttse played qver and over again for analygis
and could ultimately be combined in the bt possible manner fof final
recording and analysis Magnetic recording on tape had become a prac¢-
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tical reality during World War II. The technology continued to
improve in the years following the war, and geophysicists began - -
experimenting with it. They were looking fora way of recording infor- .

‘ mation from their shooting in the field that would be a 51gmf1cant
. improvement over the limited methods then in use.

- -+ Onesystem, deteloped by Field Research Laboratories of \
Magnolia Petroleum (now Mobil Oil Company), allowed geophysical )
crews to record synchronously 13 separate tracks or channels over a
“ wide range of frequencies. By experimenting with many playbacks of
the recor mg, the geophysicist was then able to choose the best filter
setting or séttings and tune into the precise frequencies that of fered the
best results in that particular circumstance. The results of seismic
explQration dohe with this new generation of the record/playback sys-
tem successfully demonstrated the advantages of the new generation
* of exploration eqmpmgnt -

As aresult, the development and the manufacture of equipment
for the magnetic recording of seismic.events began to mushroom.
Geophysical Service, Incorporated, 3 very large geophysical consulting
firm, had become heavily involved in the design and manufacture of
. new instfumentation during the Kotean War. That involvement ,

) prompted the founding of their subsidiary, Texas Instruments (TI), in
1952. The geophysical company eventually was able to take advantage
of TI's pioneering work in semiconductors by developing new mag-
/ netic recording equipment designed specifically for the seismic
/ exploration‘for oil. By 1954 TI was ready with a magnetic-disc field-
" recording system and an advanced amplifier. It was the first in a serjes
-of new systems and set a new standard for the industry.

Other companies rushed into development also. In 1955 more
than 180 magnetic recording units were either in use or on order from
the7 m(anufactttj rers producing this equipment. These units were dis-

~ tributed among 20 percent of all the seismic crews in the world. The .
.- magnetic recording revolution was well underway.

One very effective use of this new technology was to Qme from a
new method of shooting made possible by this recently developed
equipment. It is called the common-depth-point (CDP) or the
common-reflecting- pomt (CRP) shooting and processing method.

. The best way to understand the common-depth-pomWf
. shooting is to look at an example of it in use. In the figu
‘ -~ on Page 65, 24 geophones are spread out in a line 2 miles
long on the surface of the aW#a to be, investigated. The

diagram show$Yaypaths of the soundwaves gen?l by the |

[
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This draggam dlustrates a1 24-
trace rollalong spread with re-
Moot poants bor 12 bond wdi-
tion The ray paths ot the sound
wates generated by an exploswon
at shot how 4 are shown

1

"

explosion at shothole “A” (below the weathered layer) as
they travel to the first line of reflecting points, representing a rock
layer interface, and_are reflected to thé geophones on the surface.

The next shot takes place at shothole “B.” In preparation forfhat
shot, the seismic crew will remove the geophone array at the left bnd
and add another at the right end. They will then explode shothole “B.”
The results of this shot are illustrated by the second row of reflecting
points at the bottom of the diagram. This leapfrog process is repeated
overand over to shothdle “L.” By the time all 12 shotholes have been
fired, each reflection point will have been covered by 12 diffdrent shots
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from 12 different angles as shown in the-figure below. This

type of shooting provides "’1,200 percent’’ or “12-fold” '
coverage of the subsurface. If shots were spaced twice as far
apart, the coverage would be one half, “6-fold,” or 600
percent.”” The amount of coverage required is dependent upon
how much the signal-to-noise ratio needs to be increased’ And
this in turn is dependent on the specific geology of the area
being explored. | ’

As mentioned earlier, seismic echoes from each shot travel to tHe
24 geophone arrays. The output of each array is recorded separately on
a 24-trace magnetic recording tape for playback and interpretation
later by the geologist. Although the information recorded in CDP
shooting requireg a great deal of sophisticated data processing to make
the system work, this method has become one of the most valuable
seismic exploration tools in use today.
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The original concept of CDP or CRP shooting, recording, and
analysis originated with Harry Mayne of the Petty Geophysical
Engineering Company. Mayne conceived the idea when he faced some
serious problems on one particular job in 1950. Experience told him
N that the usual shooting techniques would not give the results needed.
The geology of the'area was complex and required a large number of
“shots. These shots, however, would override the desired seismic
s reflections with noise. Mayne theorized that the arrangement, which
v today is called CDP shooting, could provide the information he
k) needed. In 1950, however, there were no practical ways of making a
' useful recording. Even if he could have made the recordmgs the proc-
’ essing of the huge amounts of data generated by the multiple shots and
, largenumbers of geophone arrays would have been a gigantic task, too
great even to be com®dered using existing technology These problems
were enough to make CDP an impossibility—for a while. Simultane-
ously parallel developments in other fields were about to provide
answers to the problems of CDP shooting

. The first such development was in magnetic tape. By 1955 tape
technology had advanced to the poifit where it was practical tg make
field recordings with enough channels to record the output of all the
geophone array necessary for the CDP system When Mayne realized
that one obstacle had been overcome, he turned his attention to the

&~ problem of processing'massive amounts of data, the remaining stum-
bling block to implementation of CDP. He made the rounds of all the
- geophysical instrument manufacturers trying to find a company
interested in his problem. Mayne refalls#he way the equipment was
developed His descriptionis aninsight into the complexities of apply-
INg even very promising scientific and technical knowledge in "’the réal
world ” . i

All of the geophysical instrument manufacturers were
approached with an outhne of the requirements for
. procéssing equipment which could perform the neces- : )
) sary correcting, transcribing and summing operations ’
With the exception of one company, the Texas Division
of Brush Electronics, no one could understand the need
- " for transcribing the corrected data to another tape and
refused to consider making such a machine

s After considerable negotiation,Brush prepdred prelimi-
" nary specifications and submitted a price quotation on
o a-suitable machine, and Petty entered into a develop-
ment contract in late 1955 Brush was a newcomer In
" the geophysical instrument business, and not fully
aware of the lgh standards required by the industry 1
gMayne] suspect that their education was a rather pain-

ul engineering amd finanaial process In any case, after -,

' /
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two years elapsed time, considerable engineering
trauma, and a price escalation to 2% times the original
price quotation, theﬁvgloped quite 'a competent
machine. .

s

Unfortunately, the ged®fysical business had suffered a
severe recession in the interim, and Petty as a relatively
small contractor, was dubious about the business wis.
dom of risking $250,000 (the final purchase price) on an
~untried instrument designed to perform a process
which had not yet been accepted by the industry.

It was a classic case of the chicken and the egg. We
could not demonstrate effectiveness of the CRP
method without the machine, and we didn’t want the
machine unless the method proved to be economically
viable. All of this against the backdrop of a widespread

% “it will be too expensive even if it works”’ expression of
opinion from a large segment of the industry.

Consequently, it was with some relief that we received
an inquiry from a major oil company requesting us to
. relinquish our order for the machine to them. Negotia-

' tions were completed between the three parties at the

SEG [Society of Exploration Geophysicists] annual
meeting in Dallas in 1957, and they assumed our order
and subsequently took delivery on the first machine of
.its type. It should be gratifying to all concerned that
this particular machine continued to perform creditably
until displaced by digital processing in the mid-sixties,

-General industry acceptance was still some time away,
and the first clients who supported this eyly work
were thé'exas Gulf Producing, Pure Oil and El Paso
o Natural Gas Companies. Through the interest of these
\,\ companies we were able to develop a considerable body
of experience in a' variety of areas, and confirm our

. hopes that the method offered significant potential for

) . data'quality enhancement in most problem aress. t

This information was gradually percolating through the
industry, and a great deal of interest was apparent by
late 1960 at the SEG annual meeting ingsalveston. As
evidenced by licensing activity and the proliferation of
specialized data-processing equipment designed for the
method, interest increased rapidly, from 196Q through
1963, and the last major remaining skeptics had finally
accepted the method by the end of the 1960's.

A

-~

Mayne goes on to describe the chain reaction set in motion by
CDP use. This reaction serves as an example of how a new technology,
developed for one specific purpose, can'lead to a.wide variety of

s changes and improvements affecting an entire field. He writes of this
time: :
Paralleling a part of this period, another technical
development was gaining momentum, namely the digi- .
s P
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tal recording and proéessmg revolution: This was also a
fortuitous circumstance because the CRP method and
digital processing were mutually synergistic.

The widespread use of the CRP method provided the
masses of data required to make digital processing
attractive....

One other synergism between apparently unrelated

technical developments can be cited between the CRP

method and the development of non-dynamite sources, -
both land and marine. The development of these inex-

pensive and effective new sources undoubtedly” -

impacted acceptance of the CRP method by improving

its cost-effectiveness.

Mayne was referring to the fact that using dynamlte as the seismic
source for CDP shooting requires a lot of shotholes. Drilling and
dynamite already were becoming a very-expensive part of seismic’
exploration. Surprisingly CDP, although an expensive process itself,
was beginning to reverse this trend and to make possible financial sav-
ings, at least in some cases. In other cases, the better energy penetration
that geophysicists can get ftfom exploding dynamite in shotholes
drilled below the weathered zone and the additional information about
the thickness and velocity of thé weathered layer obtained during the
drilling still outweigh the higher cost. Even in the United States where
CDPis heavily used, dynamite still remains the most commonly used
seismic source on land. g

»

However, largely because of the effectiveness of CDP, an earth
shaking method developed by Continental Oil Company is running a
close second. Called Vibroseis®, the method uses trucks on which large
vibrators are mounted; the vibrators are used as a seismic wave source. .
At what would be the shothole locations, Vibroseis® creates seismic
waves by vibrating the surface of the ground, usually for a few s
seconds. It then is moved to the next “shotpoint” and the process
repeated. There is a disadvantage to Vibroseis®. Vibration sources
require an even more complicated data processing method to deter-
mine the exact travel time of a reflection of the vibration than the
method needed to measure the reflection from the very short impulse
generated by a dynamite shot. There are circdmstances, however, in
which the method’s inherent advantages outweigh this consideration.

For instance, vibration can be used to search for 6il in urban areas such
as Los Angeles, where the use of dymmite is prohibited; in addition,
the required complex data processing method helps overcome certain
types of noise.

In addition to Vibroseis®, there are other ingenious nondynamite
techniques in use. In one system, a seismic wave s created when a gas

~ .
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is exploded inside a container on the surface of the ground. In another
system, a heavy weight (approximately 3 tons) is droppedgo the
ground. The purpose of both systems is the same as that ofthe dyna-
mite explosions—to deliver a strong but sharp impulse to the earth. As
with Vibroseis®, both of these systems offer cost advantages in getting
the kind of coverage re%quired by CDP shooting. N s

For underwater seismic surveying the variety of energy-
producing devices used to generate'seismic waves is even greater.
Originally, dynamite was the seismic wave-source uhderwater, but in
the early 1950s it was replaced by nitrocarbonitrate (NCN) because the

- dynamite explosions were killing too many fish. However, even if
dynamite had not affected aquatic life at all, the growing popularity of
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the underwater CDP method for marine"exploration gave the new
nondynamite sources a strong economic advantage.

CDP profiling in water, as on land, requires that the energy source
be capable of being fired at regular and frequent intervals. For marine
exploratjon the firing takes place at the end of a towline behind the
shooting vessel The explosions must be uniform and powerful enough
to generate seismic pulses that will travel through the water and
penetrate through the ocean bottom to thgrock layers beneath.

The most widely used of all the nonexplosive sources is the air
gun Although air guns had been used originally in academic studies of
the ocean subbottom and to research sound transmission through
water, geophysicists saw in the air gun an answer to their problem of

- how to generate seismic waves under water

To create these waves, air,pumps build up extremely high pres-
sures (as much as 2,000 pounds per square.inch) in the submerged gun.
The instant this pressurized air is allowed to rush through the large
holes opened in thte sides of the air gun, it strikes the surrounding
water with enough force to simflate a small underwater explosion.
The pulse from this “explosion” $preads ouf from the source.:The de-
scending portion hits the bottom and generates the seismic wave that
will be reflected by underlying rock layers back to detectors (in this
case, the pressure-medsuring devices are called “hydraphones”) being
towed through the water above.

One important sidelight to marine searches for oil is the difficulty
of exploring areas where the ocean bottom is gomposed of a hdrd, cop?
solidated material, rather than the more usual soft mud. In such a cfse,

reflected at the ocean bottom, leaving only a weak signal to penetyate
the subsurface At the same'time, the reflected pulse béuncin ack up
from the hard bottom creates high-energy noise in the_wate’ This in
turn creates a very difficult signal-fo-noise ratio problem which has
not yet beep satisfactorily solved even by today’s highly sophisticated
data-processing techniques Certainly, much more attention will be
given to this problem as the search for oil in the ocean increases.

_ alarge portion of the energy from the descending water pulseis’- - -

As mentioned earlier, common-depth-potint shooting and mag-
netic recording are providing a great deal more data than did the earlier’
methods of seismic exploration. From the moment the scientific world
became aware of the emergence of computers, geophysicists began
thinking up ways to use them to handle seismic data, .

In 1950 at the Massachusetts Institute of Technology, a professor
of mathematics, G. P. Wadsworth, and a graduate student, Enders A.

-

72 ONLY ONE SCIENCE




4, ~
'

Robinson, began to study ways of using digital computers to enhance

the interpretation of seismographic records The results of their early .

work were promising. Within 3 years, with the sponsorship of most of

the major oil companies and some of the geophysical contractors, the

study expanded. More staff and graduate students were attracted to

work on the project In comparison to today’s methods, the MIT work

was primitive, Paper field-recordings had to be hand-digitized for

analysis on MIT’s “W hirlwind”’ vacuum-tube computer. The task was

not only time-consuming, it was also tedious. . .o

The method of analysis these researchers’ were using depended
heavily on the work of a number of theoretical mathemahqgnsand., e
statisticians. Although that earlier work had prowded‘a stichr. -
theoretical base for geophysical application, there was still much left to
be done. New theories and techniques applicablespecifically to
seismic waves had to be developed The work went on for 5 years

Luckily, as the task continued, computers themselves were being
improved. Although they were slow and small in capacity by today’s
standards, these new machines permittéd simpler types of seismic
analyses to be performed on a practical basis, replacing some of the
more tedious calculations with earlier computer programs There was
a fairly gradual transition thrpu{;h several stages from the use of analog
magnetic tape recordmg and minimal processing, to analog recording
with digital processing, to dlgltal recording with digital processing

By the time the second generahon of general-purpose digital com-
puters became available in the mid-1960s, most of the oil companies
had switched to digital field-recordings. Some of them started to do
data processing themselvess—both for research purposes and to try to
improve upon the geophyswal contractors’ processing results. Core

“ memories of 32,000 words;or more were available by then, along with
multiple times in the microsecond range, so that the processing rapidly
became even more sophisticated. Although costs were still high, they
were gradually being reduced by the development of new techniques
for handling data and by continuing 1mprovements incomputer tech-

1 _ nology .

About this sametime, a promising part of the North Sea was being
explored for sites likely to produce oil. The processing of data from this
area was difficult. The ocean subbottom in this region, with its com-
plex and highly variable geology, stretched all of the state-of-the-art
digital processing techniques to the limit of their capabilities.

"The development of velocity analysis methods greatly helped to
resolve this impasse. Velocity analysis is the calculation of the speed

I
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with which a seismic wave travels through a rock formation. As men-
tioned earlier, velocity is an extremely important factor in seismic
exploration not only because it can be used to determine the depth
from which the reflections return but also because it provides valuable
clues to the types of rocks present. In the mid-1930s it became routine
to “shoot”” wells for velocity. These velocity surveys were done by
lowering a special geophone down the well hole and measuring the
exact travel times to different depths by shooting at the surface. While
this technique gave accurate velocity information at the‘well, the data
were not necessarily applicable elsewhere.

Not until the advent of CDP shooting, digital processing, and the
developrhent of velocity analysis programs did it become possible to
routinely determine useful velocity information from regular data
throughout the entire survey area The combination of the seismic
method and digital processing made the accurate surveying of parts of
the bottom of the North Sea possible and led diredtly to one of the larg-
est oil discoveries of recent years. The effects of that one discovery on
the economies of the participating nations and on the world supply of
oil will ultimately affect almost every person in the world.

In recent years the ability to process seismic recordings has con-
tinued to improve, and industry reliance on computers has continued
togrow Today the United States petroleum industry uses more digital
computer power than any other private industry in the world. Within
the petroleum industry seismic data processing is the largest user of
that computer capacity.

As oil has become increasingly harder to locate, the pressure for .

techniques that will locate more subtle configurations that may cone———
* tain trapped oil has incrgased. New instrumentation and new com-

puter programming hayve led to the developmant of new “high-
resolution” techniques. Tyese methods require even more ““number
crunching” to extract all posdible information from seismic field-
recordings and to see the earth’ substructure more clearly. The results
are impressive. One of these new high-resolution systems has demon-
strated that}'&(n”picture” a layer as thin as 25 f8et that is almost a
mile below the surface. Such techniques are expected to prove
extremely #aluable in finding oil.

A number of problems in the use of the seismic method have been
at least partially overcome. Although much research remains to be
done, the seismic $ystem has bécome a major tool for the geophysicist*
in thedffficult task of.finding geological conditions capable of entrap-
ping oil and gds. '

L]

74 ONLY ONE SCIENCE




THE SEISMIC
METHOD

OTHER USES OF .
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Whileits rolein the gearch for oil and gas is probably the most
widely publicized, the seismic system has made significant contribu-
tions to other areas as well.

In the mining industry, the primary traditional applications of the '
seismic method have been to map the depth of rock layers down to
bedrock or to explore for ancient channel deposits that may contain
uranium. More recently, high-resolution techniques for seismic
exploration have been modified to map coal seams. The spread of the
seismic.method into the mining field has been somewhat limited by a
lack of appreciation for seismic techniques on the part of mining geolo-
gists. But acceptance of the seismic method is growing as it continues
to prove itself as a cost-effective means of collecting valuable geologi-
cal information. The increasing value of minerals has made the seismic
method (a very expensive way to locate minerals) more economically
feasible. :

The seismic method is also being used to study potentially impor-
_tant geothermal power sites. The structural information collected
~ about geothermal power sources deep inside the earth will greatly =
facilitate the development of these energy resources.

Some of the refinements in the technology used in the search for
oil have also been adapted to study earthquakes, just ag some prin-
ciples of studying earthquakes have hélped geophysicists locate

__hydrocarbons. The scientists who study earthquakesand their — . -

behavior, causes, and even their prediction are working with tech-
niques that are familiar to the petroleumsgeophysicist. There are also
similarities in the equipment that is used. The instruments rely on the
same scientific priniciples; the major difference is in the source of the
”bang.” In seismic exploration the vibrations are set off when and J
where the investigator wishes. With éarthquakes, movements of

layers of the earth itself generate the vg)rations.

The earliest known "'seismograph” was invented in Chinaabout
2,000 years ago. Choko, the inventor, designed a sculpture; it was a cir-
cle of dragon heads, each with a copper ball in its mouith, surrounded
by acircle of frogs. When the earth shook, the copper ball fell from a
dragon’s mouth into the waiting mouth of a frog ( page 76). As quaint
as this arrangement may seem, the Chinese reported that this device
detected an earthquake about 250 miles away. Scientists who study

0
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’ referring to an old Chinese '
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drawmg

- Natwnidd Svwnce Museum m Tohye,
Japan

L. . ) earthquakestoday are interested in knowing not only that an earth-
quaketook place but also how strong it.was, howlong it lasted, the
' degree of horizontal and vertical movements of the earth’s crust, where
' ' in the earth’s crust it was generated, the kinds of motions that toak )
. . ‘ place, and when and fvhere the next one might.gccur. The answers to
. . such questions are helping to reduce loss of life and damage to prgp-

7

K

) erty from one of the most destructlve fqz;: in nature.

" Americans tend to think of earthquaKes as a problem of some very
’ ?perfﬁc parts of the country, especially of California. They forgetthat -
’ ' - ‘ cities such as Boston, St. Louig, and Charleston have also been shaken 61
- N a by severe tremors. Because ea thquakes can octur in.a number of locas

o ) tions, studies using the principles of the seismic method have been*
o useful in choosmg locations for stsuctures for which the prevention of .

. . damage from earthqtiakes is particularly cntlcal,S_uch structures

) . include nuglear plants, dams, public bu1ldmgs, skyscrapers and
' ) bridges.. ™°

- ‘ : Vibration detection devices similar in principle to those used n oil )
o .exploratlon have béen modified to record how different building T
) . . “ materials arid various arch¥ectyiral designs react to simulated earth-

quakes. Seientists are using the information from these testz}%
. engineer structures that will withstand the tremors of quakes; s

. " guarding the lives of people who hve an%work in those sections of the
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Scientists are nbt the only people fascinated by, the results of the
work in the Piedmont region. The sedir’pentary strata under the
overthrust rocks turn outsss be very much like rock layers that often
contain petroleum of one form or another. In addition; the dense crys-

L talline rock thrust over them makes an almost ideal seal for oil and gas
which might be stored in porous sedimentary rock below. In fact, as a
result of COCORP, several oil companies have sent seismic crews to
the Piedmont area in the hopes of finding oil-and gas. (Ohly exploration
wells can show whether there is commercial oil or natural gas available
within those very deep sedimentary strata of the Piedmont. The find-
ings of COCORP have suggested that portions of the United States
previously considered barren may contain badly needed oil and gas.

Whether searching for oil at depths of 25,000 feet or looking for
clues to the geologic history of the earth at depths of many miles, the
scientific principles involved are Similar. On a COCORP expedition
there may be university professors and experienced oil explorers work-

t * ingsideby side, each able to make an important contribution of
kn3Wledge and experience toward the solution of the problems at
- . hand Theurniversity community and the oitindustry have leatred -
. that the principles of seismic exploration provide a versatile and accu-
¥ ratetool for seeing beneath the surface of the earth. The seismic
method owes much to basic science, the roots of whith penetrate the
history of science from the development of the silicon chip back to
Newton, Galileo, and Da Vinci. It is today successfully and increas-
ingly repaying that debt
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Survey Research and
Opmlon Polls

In 1888 James Bryce, a British lawyer and Member of Parliament,
* noted a “new force” in the world, ““conspicuous only since govern-
ments began to be popular " That force was public opinion. Lord Bryce
believed that whether a country is despotically governed or free, ”both
are generally ruled by opinion.” But in free countries people /, their*
supremacy, treating their rulers as their agents, while intdespotic coun-
tries the habit of submission prevails. Bryce felt that a stage in the evo-
lution of oplmon from unconscious and passive to consciouggnd
active, could be reached “if the will of the majority of the c1u§ S were
to become ascertainable at all times” without having to pass througha
body of representatives or even through a cumbersome voting .
machinery. But, of course, the “mechanical difficultfes...of working
such a method of government are obvious " Brycewrote:
‘ How is the will of the majority to be ascertained except
by counting votes? How, without the greatest incon-
venience, can votes be frequently taken on all the chief
questions that arise? No country has yet surmounted
: * these inconveniences ‘
Today, some 90 years since Bryce wrote The American Commonwealth,
" ne?only can public opinion be frequerttly ascettained but thet hnol-
ogy also eX1sts to determine it instantaneously. Whether or not
latter capablhty has strengthened democratic systems is a matter of
controversy. , -

Survey research is a science that provides a variety of tools for dis-
covering, manipulating, and organizing data in many fields, both
academic and commercidl. Most often, the general public comes into
contact with just one aspect of survey research—the public opinien

poll. ’ .

.

Public opinion polling js not an easy term to define, although‘ the

t
-
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method is used in\all social sciences today and in most related profes-
sions Some define and use the term narrowly to refer to a method of
data collection, while others think of opinion polling as an analytical
tool It has been used'for evaluation of the past and for prediction of
the future. It can provide accurate information about the present;
however, when it deals with the past, the data are sifted through and
censored by human memory which often is-not"?oo reliable.

It has been estimated that $4 billion aré spent each year in,the
United States on all kinds of survey research, an industry that employs
millfons of people directly or indirectly and has had an impact on every
Amencan The capital investment for survey research in staff, training,
equipment, supervision, and interviewing is large An army of trained
interviewersis constantly on call to undertake projects ' .

The public which reads newspapers and magazines, watches
television, or listens to the radio is very familiar with the political opin-
ion poll Somewhat less frequently, the public also sees or hears new
analyses of various social, political, or economjeissues that are based
on “climate of opinion” surveys.  ° '

It would be misleading, however, to beli€ve thaf survey research is
used primarily te-provide the press with an a¢sessment of the standing
of political figures with the electorate,é}eve teérmine how the
public.feels ﬁ)u} the issues of the day. S search is also an
important tool of the United States Census Bureau, which uses it to
collect information on population characteristics, employment statis-
tics, commeraial indices, and other sobial indicaters. Market and '
advertising research would be impossible without sample surveys.
Radio and television gatings, sociological and anthropological studies
that, among other things, influence the distribution of welfare funds,

" educational progress reports; economic analyses, the climate for mili-

tary recruiting efforts, and public health information—all use the data
gathered in survey research. Inshort, whenever it is necessary to gather

data about people in the aggregate and their relationships to one group-

or another, survey researgh is one of the major scientific tools that

{nakesthis possibte. ~ - . :

Survey research has many arttecedents: As a means of gathering
data‘about the demographic_characteristics of people in a social.setting

" (that s, their sex, education, income, or age djstributions), surveys go

back through history. Stirveys were done in the past because society
needed the facts to take appropriate actions, and they are done today
for the same reason. )

Careful descriptive surveys were conducted in the late eighteenth

A
*
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‘and early nineteénth centuries in Europe and especially in England.
John Howard gathered a systematic and objective body of facts in the '
1770s that led to prison reform in England..Henry Lytton Bulwer and

Frederic LePlay described French social and economic conditions in the |
early nineteenth century, and Henry Mayhew gave detailed descrip- .
tions of various segments of London society in the mid-1880s. The .
studies of these men were not based on scientific samplings nor were

they a complete census, but they.did point to the value of social sur-

veys, even when the samples on which they were based were not truly
répresentative of the population.

.

The application of representative sampling to social surveys fol-
lowed the industrial revolution and urbanization. With larger numbers
of people living in one place, it was particularly important, when laws
and regulations were proposed. dr made, to know as rapidly as possible

- who would be affected and how. .

.

Before 1880, when the population of the United States was less
than 40 million, census enumeration of the entire population took 10 to

- 20months. After 1880, with a population of over 50 million, more

census-takers were-added, and the count was completed in 1 month.

Still, the analy51s f the census of 1880 took 7 years. Herman Hollerith, -

an employee of the Census Bureau, helped to halve this time by sug-
gesting that a card with holes punched in it that had been used for
some time by weavers to produce patterns in cloth be adapted to the
tabulation process. (Hollerith’s work is also mentioned in the chapter,
““Computers and Semiconductors.”’) . ~

But even the use of the card was too slow for many needs. Sam-
pling of representative parts of the whole was adopted by several indi-
viduals and governments as a compromise between accuracy and .
speed or, alternatively, economy. Samphng made it possible to get
information faster and cheaper than through a census of the entire
population. In England and France, for example, samphng of sorts was
“used # the mid-eighteenth century even before regular censuses were
introduced»By the end of the nineteenth century, the pressures for fast.
and cheap pepulation data had reached the point where sampling for
demographxc information had become a necessity. ,

Opinion sampling was a dlfferent matter altogether. Only a .
long shot gambler would try to predict the outcogfie of an election on ‘
the basis of a straw or “trial” vote, but this is Just what the edjtors of 8 . )
the Harrisburg Pennsylvaniangnd the Raleigh Star did. They asked their -
readers to indicate how they would vote in the elections of 1824 and =~
based their predictions on this un.scientifie’approach. Their chances of
i

.
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a correct prediction wefe not very-good. Although the Raleigh Star
\ - correctly anticipated that Andrew Jacksén was in the lead, he feceived
4 nowhere near the 80 percent vote he received.in the straw poll.
" Nevertheless, 6y the end of the nineteenth century, such straw polls
had become céi/nmon in boththe daily newspapers and magazines.

. Witha very(few exceptions, scientific opinion polling did not stagt
* until the 1930s when it.was introduced in both the marketing and the

broadcasting industty. Sampting has its basis in the mathematical
theory of probability. Once sampling’s scientific validity was under- ’
stood, its social, political, and commercial value became obvious. From
then on, social scientists were encouraged to work on improving the
sample reliability and to expand its area of usefulness by developing or

.5 - adapting statistical tools'that permitted more sophisticated analysis.

World War Il gave another strong impetus to the developmient of
survey research The Surveys Division of the Office of War Informa-
. tionconducted surveys of overseas civilian morale, while the Research
& . Branch of the Division of Information and Education in the War

’ Department helped to train, indoctrinate; and evaluate the military
forces .

Since then, the development and availability of high speed com-
puters to collate the data, more sophisticated mathematical technigues
to analyze what the data mean, and vastly more advanced collection:

* techniques have allowed the science of samplesurveys to opetate with
‘ a much firmer scientific base and with inéreasirig reliability. The appli-
' cations of survey researcl have been varied and broad. Most people
- meet with it more frequently in connection with public dpinion sur- '

» veyi\l?ut the same principles of sampling apply to the many other uses
{ of surVey research—whetherit is in the collection of data for econom- ’
"¢, legislation, education, anthropology, or any othér field that
~ involves examining the distribution of characteristics in an aggregate.

5 .
‘ - ) N
- b4

MEASUREMENT g 2 ‘ :

v Asking questions 1s fundamental to socidl surveys. Statisticians of .
" the early nineteenth century used q'uestiqns as an instrument with .
which to measure social phenomena. But they also found that. despite
¢ carefyd definition and classification of the event (or g')’bjact) to be mea-

. sured,’subsequent observations of the event (or object) were not neces:
sarily an exact replica but only d reasonable facsimile. The prototype

) of this falsimile, called the “’average man,” was described in 1848 by

- Adolphe Quetelet, a Belgian mathematician, astronomer, and social R

8  ONLYONESCIENCE . '
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-observations will occur, distributing themselves around the average in -

~ Was concerned about the way people were often classified as either
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scientist. He wrote that individual observations will show deviations .
from the average, but the greater the deviation the less frequently such

the form of a “normal g bell-shaped) distribution.

Quetelet believed that the concept of normal distribytion could be
applied to all aspects of the study of society. Mathematics, he decided,
was the only way to turn the study of society into a science, because
mathematics can focus on what is common to objects. If one could
generalize about a branch of knowledge to the point Where one could
classify things under common headings, it would be possible to reach
an advanced leve] of that science.

But to be able to classify things under common headings, uniform
methods of data collection, tabulation, and presentatiaq of fmdmgs are '

herghts and weights), and he insisted th one could do the same for
moral and intellectual characteristics.

The English scientist Francis Galton, best known for his pioneer-
ing work on heredity, carried Quetelet’s theories one step further. He

ly d't%beautiful, honest or dishonest. In his study of eugenics, he
fotm.d‘that Quetelet was right; whatever a person’s characteristics
were, they were normally distributed around a mean of the charac-
teristic: ln other words, people had a “’central tendency”’ of beautyor °
honesty The further one deviated from that tendency, the fewer .
people there vOere who cotild be said to be that extreme in the charac-
teristic. To drscover this, Galton had to devise fairly unambiguous
measuring instruments or questionnaires and a rating scale.

The first mailing of a‘survey questionnaire was initiated in the
1780s by a wealghy Scottish landowner writer, and parliamentarian by
the name of John Sinclair. Hé sent out 881 questionnaires to the Scot-
"tish clergy The quesgronnarre was divided into parts dealing with
geography and.natural history of the parish; age, sex, and occupations
of the pulation; and farmm,g and minerals. He also introduced
"anothef survey research téchmque,,,the follow-up letter, still used with
mail questionnaires. It has been found that follow-up létters ai crucial
‘to improving the representativ&ness of a r_naﬂsa:mple.

One other branch in the lineage of survey researck is,the ¢oricept
of attitude. In 1848 Quetelet tried to relate various population charac-
teristics, such as age, to the probability that an individual might-have
criminal tendencies. He called it a criminal penchantor propengrty He

4

» ~



The Dz5a};lz‘ne of the
Scientific Method

Y

o

/
$

.
vy,
o
o
v

: /!

said there was a distinction between an "apparent propensity” and a
“'realpropensity.” The former is what appeared on the surface; it could

. beobserved and calculated. The “real propensity” is the underlying

reason for thé “apparent propensity”; it'cannot be observed, but only
inferred from a person’s behavior. Real propensities were what were
later referred to as attitudes.

-

One of the first attempts to measure attitudes through a large-
scale survey was by Adolf Levenstein, a self-educated German laborer.
B"etwee)n 1907 and 1911, he sent out 8,000 questionnaires to miners,
steel workers, and textile workers, asking them about their opinions on
isses such as their political and economic hopes and aspirations, their
religious views, satisfaction with their work, their drinking habits, and
their cultural pursuits. German sociologist Max Weber prevailed upon
Levenstein to publish his findings and suggested ways for him to tabu-
late and analyze them. Weber was stimulated to think about the appli-
cation of survey research to the building of theory in the social sciences.

RS }”-' *

.

Much sisrvey research is done to determine the extent of a partic-
ular type of behavior (such ds_reading a particular magazine), attitude
(such as favoringa bill to pertnit smoking of marijuana), or characteris-
tie (suth as country of origin).for a given population. Most newspaper -
polls and pélitical opinion surveys are ofthese types. The findings lead
nowhere beyond providing an answer to a question. If the question is
irrelevant, the answer is irrelevant. Burthermore, jf the questionis a
fixed alternative type of question; offering the respondent a choiceof
only a few possible answers, thg;eéuft‘s ofthe survey are limited by the
imagination and ability of the survey designer and such other things as
the nature of the problem As an example, imagine that researchers

‘were living in a culture in which it is b%lievgd thatillnessis caused by a

person’s beingpossessed by devils. If they were to design a study to
determine the cause of a particular type of illn€sg,they would try to
analyze the kinds of devils that weke int peeplé with different types of
illness Because they already “"knew” the gerieral causeof illness, the
researchers would have no need to examine any other possible causes;
people do not 4sk questions that do not occur to them. >

el

The concept of the controlled study is basic to‘exgeri'meﬁ:agion-
(A controlled study in the social sciences is an experiment in which
one-half of the subjects are exposed to some treatment, for example, a
message inkended to persuade them in some way, while a parallef{con-
trol) group is not exposed. The purpose is to sée what effect theekpo-

[
r’
o
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Bluse Pascal”
(1623-1662)

Library of Congress

Structured Versus
Unstructured
Interviewing

.

" sure has had by comparing the attitudes of the two groups after exp6-

sure.) Physical scientists such as Blaise Pascal had been using controfs =~ .
without calling them that since the Renaissance. (Pascal’s contribution

to the development of computers is included in the chapter, “Com-

puters and Semiconductors.”’) John Stuart Mill developed the logic of N
scientific éxperiments in 1843. In 1900 Karl Pearson contributed the

idea of a hypothesis, whichis a sugges:;relationship betweeh two

variables that needs to be tested. But modern concepts of experimental —
design in social and natural sciences are attributed to the British statis-
tician and geneticist, Ronald A. Fisher, who developed them between

1919 and 1930. - .
Hypotheses are both a necessity and an albatross around the neck
of progress inthe sociaP®tiences. Without them, researchers have no .

way of decidifig what questions to ask in their surveys. A properly

 stated hypothesis indicates what questions dre relevant. On the other .

hand, once a hypothesis h&Sbeen stated, it is the only trial relationship

that is tested. If it is wrong, the experiment must be done again, know-

ing only that the first experiment did not confirm a particular relation-

ship. An example might be the relationship between the reading of

magazines and education. The hypothesis might be that the more edu-

cation people have, the more likely it is that they will read magazines.

But the real reason that people tend to read magazines may be that

magazines give them information they can use in their jobs. In other

words, it may be occupation rather than education that s the crucial

variable. It is possible that education has little to do with magazine .~ !
reading but, by coincidence, happens to,be tied to occupation. Occupa- )
tion is known as an intervening variable in this case because, without s
its intervention'in the right direction, the level of education would not
predict magazine reading correctly. o

Interviewing for surveys in the nineteenth century was largely
unstructured. Questions could beexplained by interviewers in their
own words and could be expanded. Questions were not always L.
phrased the same way in face-to-face interviews. To collect demo-
graphic data, highly structured questionnaires were not crucial. But in
searching for something that is not physically observable, suchasa
person’s attitudes, the only thing that could be held constant was the
question. If the questions were not the same, the answers wefe not
really measurable. Unstructured questioning has it uses, however.

Unstructured surveys are exploratory. An example: the United .
States exhibit in the 1967 World’s Fair in Montreal had not been a suc-

/‘\_/’\
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cess. So for the fairin Osaka, Japan, a means to make the exhibit more .
* appealing had to be found. [t was decided to approaelthe problem )
through an unstructured survey. A set of questions was prepared, and -
& ’ trained psychologists were put to work interviewing Japanese who.h
’ been in the United States for no longer than 6 months. They were
asked what were the most interesting things they had experienced
when they first arrived in the United States, abou{c what things they . .
had written home, and what specifics they wished friends in Japan ~
could see. The unstructured interviews produced a set of ideas.that
* were'then worked into a structured (standardizéd) que@xonnalre tobe ,
’ usedin a survey in Japan.-The structured survey estabhshed the degrte e
. of interest in particular types of exhlblts, while the unstructured syur-
B vey provided the more creative ideas for inclysion in the structured o
o ’ survey All forms of unstructured interviewig, however, require later -
~ o ‘,gs,tandardlzahon by the rpsearcher for the purposes of measurement— .
o A 1 tbat is, the researcher musttate the ideas that are cammon to.the vari~ |
aJthough each respondent, may have used dlfferent o \
wa’fys of stating them. .

interviews permit measurement of reactions tp an oo,
.7 unvaryin tion. If 2n average response tog given questions1s con--
ceived, then it should be possible to measuf€ the amount that‘a given
population varied from thagaverale response. The stitflylus is the ot .
fluestion; the response is the answer to the queshon -

~ . . <
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a P/umbmg fhe Human Oneé problem with survey resgarch js.that it mugt deal with self-
. Mind report.” Survey researchers have long been aware of the fact that ‘
] human memory is imperfect and that people either consciously or “1
NN ) unconsc1ously tend to distort their responses. Even factual questions,
Y such as, “"Doyou read comic strip$ regularly, sometimes, or not at all?”’ ]
, , : ”How often do yois read editorials in your newspaper?” are not Lo
. answered accurately, sometimes quite uncansciously. The tendency on
the part of most people is to provide the socially desirable answer.
. Some of the social desirability is eliminated in mail or self-
) administered surveys.One t}tzinmque that has been developed to -
v ¥ counteract the tendency is to introduce the question with: “"Most’ i
people, asyou know, occasionally take things that do not belong to \
them ..."” or “Some people believe. .while others believe....” Respon-

, yents can thus align them selves with one group or‘a‘ﬁother aQi(not feel

like misfits. \
' Another problem of $elf-report is known as response set. Some
‘people have a consistent tendency to agree with everything. Others
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Projective Tech mqiws

and Role Playing

tend tobe very negativéand disagree with everything or to respond to
every question on ascale by picking the extreme choices. A survey

,research technique that has been developed to reduce the effect of
. agreement or disagreement is to wrife the questions that nffght pose

problems in a positive vein for half of the sample and negatively for
the other half riFhus half the sample is asked: “Would you say you

agree or disagree with the statement: ‘Most people are dishonest?"”’

The other half of the sample would be asked the same question, but
“"honest” would be substituted for “dishonest.”

For the most part, survey research depends on verbal responses.

. Exceptions are suchinvoluntary measu'es as galvanic skiri responses

on which the use of lie detectors is based or measuring thelcontractions
and dilations of the pupil of the eye, a technique which is used in some
market studies. Fortunately, people usually tend to tell the truth.
because of moral persuasion, because they find it easier than telling a
lie, or because they are not involved enough to want to lie. It is when

“people are motivated to disguise the truth that the survey reséarcher

must be most careful. No satisfactory method has yet been devised for
asessing the probability that a respondent is dlstorhng answers,
although there are some techniques to reduce nonresponse or distorted
responses in the case of sensitive or difficult to answer questions.

. Most people are reluctant to answer sensitive questions about
themselves To overcome this reluctance, survey researchers use pro-
jective techniques which ask respondents how they think “others” or
"“most people” would answer a given question. By projecting the .
respondents’ own behavior to “others,” they avoid embarrassment but

reveal their own attituyes and behavior. 22 o

" During the first decade of the twentieth century, the Swiss’
psychiatrist Carl Jung began developing one. form of projective
testing—word association'studies. Another ma}dr contributor to pro- A .
jective tests was the Swiss psychiatrist, Hermann Rorschach. His tests |
are often referred to as the “ink-blot” test because subfects are asked to
react to‘a spot on a piece of paper which resembles an jnk blot. The
Rorschach test was the basis of yet another fornt of projective teshng . .
occasionally used in survey research. This other kind of t&8, the ’

Themahc Apperception Test, was first developed by Haryard psychol- \

Henry A. Murray in 1935. It involves showing respondersts a pic- ' °
ture and asking them fo use their imagination and, through free associ~—_ *
ation, to answer questions about it. As an example in a'village in
Southeast Asia an interviewer shows respondents a picture of a farftily

v
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. sitting around aradio set. "To what program are they listening?” the

interviewer asks The respondents know that most.people listen to for-
bidden Communist broadcasts, but the villagers would be foolish to
admit to a stranger that they do so. Yet this is a majge-believe picture.
There is no problem So a respondent says the familytis listening to a
Communist broadcast. '

Unfortunately, most respondents approach a survey iptervigw~as
though it were an intelligence test. Philip E. Converse, asur¥ey '
research specialist at the Survey Research Center of the University of , /
Michigan, found that the average respondent, when Taced with an
opinion guestion dealing with an unfamiliar topic,gs reluctant to say,
“I'have no opinion—I have never thought about those things before
you came and never will again after you leave ’ Instead, an opinion
will be ventured. '

In 21956 study Converse tried to relieve the respondents who .
might not have an opinion of any compulsion toanswer by intro«
ducing the question with. “Of course, different things are importantte =~ %
different people, so we don’t expect everyone to have an opinion about - ..
«all of thése If you don’t have an opinion, just tell me that ’In spite of
this, follow-up studies and analysis showed that only an additional 27
percent gave no opinionupon thisspeaal invitation. It was assumed,
based on prévious experience, that about 9 percent would have opted
fera”’don’t know’’ response anyway Th,}t left 64'percent who chose
to offer an opinion Of these, 45 percent could be shown by comparing
and analyzing their responses in follow-yp interviews to have no
opinion ) : .
al'he 1956 study by Converse and other research have shown that
only around one in five members of the public has an informed opinion
on matters dealing with public affairs. Unless an opinion is grounded
in strongly based attitudes, it is not a reliable guide to future bahavior.

The problem of how to word a question to obtain the dbsired
information is a difficult one, and there is no fool-proof rule to guide
the survey researcher As Humpty Dumpty put it in Through the Looking
Glass and What Alice Found There "When [use a word...it means just what
1 choose it to mean, neither more nor less.” This, of course, is an exag-
geration because culturally and socially shared meanings of words

- exist Buf the fact that one.can manguver people into responding posi-

tively to a most serious question affecting everyone in the population
was 1llustrated by American s&ial.-p‘sychologist Hadley Cantril. Using N
the respotises to-surveys conducted by the American Institute of Public <

.
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pinion and the Office of Public Opinion-Research, just before the
nited States entered World War IL, Cantril showed that from 8 per;
cent to 78 percent of Americans favored involvement in the war in

Europe. /

Note in the figure on page 93 that differences in responses hinge
op)whether the question is asked directly, by implication;or by
a combination of direct and implied statements.

. . .

Over the years, certain rules for questign construction have.
evolved. One rule that has been recognized for a long time is.that for
most purposes questions should be asked in the most simple and
economic form possible. The words used should be understood by the
person with the least education in the sample. Sometimes the question
is a concealed two-part questlop as in the following quety from a
Congressman:

Health care costs havg incredsed substantially in recent
years, to the extent that adequate health care has
become difficult for many people. Should the Federal
government consider a National Health Insurance pro-

gram to cover all Americans? - . ® oy

The respondent who is for a national health insurance program,
but not for one that covers all Americans, isin a quandary The ques- -
tion should have been simplified by being split into two separate ques-
tions. Spht question techniques havethe disadvantage, however, of
lengthening the questlonnalre - -

Leadmg questions are another favorite of those who are more”
interested in the public relations effect of theif survey than in the cli-
mate of opinion. This example is from another questlonnalre

i . !

Are you in favor of a tax cut, even th0ugh it might le\&f
toa greater Federal deficit?

.Some questions are sunply ambiguous. They mean différent things to
different people, and the sutvey researcher cannot tell which was

meant, as in the follown\i:ueshon

¢
L
»

Do you believe that gun control can solve the cnme -
problerfi? * P
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The meaning of “gun control4 may range for some people from
simple registration to coYfﬁscatlon of all firearms; for others “solve”
may mean either reduce oreradicate. Adding all of the responses to this
question is like addmg~apples and oranges. .

The split-ballot method was developed in 1940 by the American *
Instituté of Public Opinion to test the effect of wording differences.]
The method, which is often used by market researchers, as well,
involves using two versions of a question with different halves of the
sample of respondents. The following is an example that shows the
emotional contekt of the italicized words:

A Would you favor adding a law to* the Constitution to prevent
any President of the US from serving a third term?
N

. B Would you favor changing*the Constitution tosprevent any
President of the US from serving a third term?

.

- " Percent Percent
Y Response for Response for Percent
Responses Adding~ ‘Changing Difference
Yes 36 26 10
No 50 - 65 15
No Opinion 14 9 .+ 5

/

*Notemphasized in original survey

. * i ‘

-

The order in which questions are.asked also can have an 1mportant
effect on the response, as in the following: ¢

A.Do you believe that anybody sho;z{be allowed to
t

/ speak on any subject she or he wahits to, or do you
think there are times when free spe)bch. should be
prohibited? - )

B. Do you believe in free speech to the extent of allow-
ing Communists and extreme rightists to bold meet-
ings and to express their views in the communhity?

'
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George Gallup
(1901- )
The Gallup Organizatiorsf [n.

J

~

. 'dents m

) . lad ¥

— ’

Because't];e researcher has little control over the orderin which

questions are read in the case of self-admtinis{ered questionnaires (as.in

a_ mall survey), questions that may be affe
dlfflcult to ask, and must be masked or cam

by their sequence are
flaged.
In the modern questlonnalre there are essentially two kinds of
questions: open-ended and closed-ended. In open-ended questions,
" respondents fill in their responses (or an interviewer does it for them)
in their own'words. This is useful when the researcher has no idea -
what the ansvjers mightbe. It is used extensively in a pilot or prehmx-
nary study when information is bemg collected about scope or issues.
Open-ended questions.have their drdwbacks, however. If the inter-
view is being conducted by an interviewer, it takes a fast writer or a .
tape recordgr to take down everything the respondent says. If the
+ interviewer summarizes, the danger of injecting personal interpreta-
tions arises. If the quéstionnaireis.self-administered, some respon-
tend to skip open-endgd questions because they are too
muchbother. If everything is taken down verbatim, there is also the
problem of coding Jater. Someone must decide How to classify the
answers under a limited number of categories, otherwise answers'cé

i

: -not be reducéd to numbers for purposes of comparison. =~ .

Closed-ended questiows, also called fixed- alternative, multiple-
choice, or cafeteria questions, precode the responses. This means that
the researcher lists the choices for the fespondent to consider in' the
question: For example: .

} - Compared with 5 years ago would you say your atti-* “
tude toward your logal hospital has becom# better, Bas
remained about the same, or has become worse? w

Closed- ended questions have theadvantage oﬁfocusmg all
réspondents attention on thesame alternatives. The responses can
* thus be more easily tabulated. On the.other hand the alternatives
presented force the respondent into an artifictal mold. The true opin-
ions of the population may.lie elsethre ,~'

George H. Gallup, in 1947, develo?ed a procedure that he called
the quintamensional design to overcome some of the disadvantages of
open-ended and closed-ended questions.. This method begins with an
open-ended general knowledge question to determine whether
respondents are aware of the question. Then it is followed by another
. open-ended question in which respondents are asked for an opinion
-about the issues in their own word$? Next comes a question with alter-

" natives on~so§q\_<;‘specific part of the issue, and respondents choose *

among them. T

~

is is followed by a question asking “Why?” to permit
PR v
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SAMPLING

3

respondents to elyborate on their choice. Finally, thereis a closed. °
ended intensity question to determme how strongly the,views are held.

Because of the posabxhty that trends in opinion rfay be studied at |
some future time, questions are often worded in ea<actly the same way
as they were in some past survey, Any changes in wording would
make it difficult to determine whether it was the change in wordjng or
achange in attitudes that influenced the results of a survey.

When responses to questions are tabulated, it should be remem-
bered that they are responses to words that have only approximately - !
the same meaning for the various respondents This is one of the rea-
sons why sample sutveys do not necessarily reﬂect the “true qpinions” .
of the population. .

Another reason is that-surveys reflect a s'itua?ion ata given time; -
yet they are often projected into the future. When asked how they will
vote tomorrow, people may oblige afid tell the interviewer how they
think they will vote tomorrow. But often implicit in their response is .
the warning, ”I hope you won't hold me to it.”” Survey research may be
an important guide to the futuré, but that does not necessarily make it

.agoad guide Yetitisa principle, both.in everyday life and in scientific

endeavors, that the best evidence available should be the guide :Survey
research has’provfded increasingly better evidence on which to base
detisions orl certain topics. @ K .

’
-

v
‘. -
N

Its Origins

In 1912 <group of city officials with a problem)n Reading, Eng- .
land approadhed Arthur Bowley, a part-time lecturer in economncs and
statistics at the local University Extension College They were con-
cerned about the condition of the working ¢lass in the city. But Read-
ing could not raise the money for asocial'survey of the magnitude of
earlier, more sweeping studies. Bowley was just the\person ﬁtackle
this prpblem. Although his education had been in mathematics at
Cambndge his interests were in economics and social issues. He had
heard ok the great debates at the Internatjonal Statistical Institute con- too-
ventions at Bern in 1895 and Budapest in 2§01 on the ”repnesentahve - '
method.” He had also heard that Anders N. Kaier, cHief of the k
Nerwegiar Bureau of Statistics, had used “'representative samplmg” in. _°
gathering Jabor statistics.in 1891. So he undertook to use the limited -

‘funds available to prepare a report on “Eilelihood and Poverty” in

Readmg it was a landmark study for sampling techniques.

4
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. . . In Readmg, 1t was.economy that foreed the use of sampling. In
. . 1923 in Japan it was the need for speed that precipated its use. An
earthquake in Tokyo destroyed part of the tabulation of tHe Japanese
- census. To get the results out by the following year—by, age, sex, size
- o of households, and other demographic charactenshcs—lapanese offi-
‘\ ’ - cials took a sample of 11,000 by picking every thousandth household‘
. ' of the 11 million in the census. When the tabulations of the entire
. . census were later.completed and compared with the sample results, it
.o . was found that the sample had provided very accurate data.

George H. Gallup; who started a corfmercial polling organization
' . intheearly 1930s, showed that as long as a sample was representative, .
' ' it did not have to be very large to reflect consistent resultgy, Thus a sur-
vey of public opinion on prohlbmon provided the followingresults:

) Percent Percent Percent,
. . . 1 Favi§ing O_pposmg with No
Prohibition  Prohibition Opinion

K L2

*
3 *

J ? Firstsample of 442 respondents ) S 62~ 7
) ' "\ bt Adding second sample of 142, thus y } ' h
. - ’ ' / makirg 884 respondents 29 63 8
* Third sample of 443, making 1,327 E ) .
reSpondents 30 63 7
. <A
~ ¢ Fourthsample of 1,258 makmg’Z,SSS ~ s »
) respondent§ i 31 61 * ‘ "8 h
a " . Flﬂh sampleof 2,670, making 51255 { .
respondents . . 33 59 .8
'\ . - * Sixth s‘amp]eo:' 2,998, making 8,253 . \L
respor'\dents . 32 060 &"
e . . .
. * Seventh sample of 4‘241 making 12,494 { .
J respondents , 32\ el 7
| N \ % 7 N
. - AY
True, it is not known what the distribution of opinign regarding
hd _ prohibition was in the populatian as a whole. But there 1s no reason to
. . believe that further sampling—to the point where the total population
‘ e is approached—would have caysed percentages to fluctuate any more.
; e It took a long tifne for the laws of probability and sampling, which
: . : had been used-in connection with natural and physical observations, to
~ ' . be applied to soqal phenomena. Jakob Bernoulli, a sewenteenth-

century Swiss mathemahcnan physicist, and theologian, demonstrated
in 1713 thht the COlC{S of?’%ample of marbles drawn from an urn would

/\
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be approximately proportionate to the colors of all the marbles in the
urn if the marbles in the um'Weig randomly distributed. This illus-
\ . trated empirically, or through experiment, w hat Dutch mathematician
. . Christian Huygens and French mathematicians Pierre de'’Fermat and N
' Blaise Pascal had, flgured out theoretically 50 years earlier. (Huygens'' \
} contribution to séjsmic explaration is mentioned in the chapter on that
subject.) Bernoulli stressed that a substantial humber of observations
would have to be made for the sample to be accurate. -~
. ‘ .
. Bemdulli suggested fhat sampling might be applied to economics. ¢
AT About 100 years later, in the early 1800s, a French mathematician and
astronomer, the Marqui¢de Laplace, tried to figure out the probability
that jurors might err in arriving at a verdict. His compatriot mathema-
tician, Simeon Denis Poisson, worked on the same problem ah}, in
. 41837, develope(d the bases for theapplication of statistécs to the social . .
; sciences. But, it was not until the end of the.nineteenth century that *
British scientist Francis Galton began to apply statisticsito biological
problems o

v [t had been the common wisdom that “like bbgets like.” Galton set
' aboi proving this axiom empirically and statistically. To do this, he
. measured and weighed fathers and sons. He found a high correlation
between the heights and weights of fathers and sons, but he also .
.+ discovered that fathers who were very much taller than the average
", . tended to have shorter sons, while shorter than average fathers tended
| \ o have taller sons. He called this “regression” to the mean (or average).

Bowley,‘the man from Reading, pointed out in 1912 that what
could be done with biological pfoblems could also be done with'socio- -
Togical ones. He stressed that, while the number of variables,encoun-
tered when-dealing W1th human beings may be unlimited, whatis -
important ig the variability of single attributes of these human beings,
\ such as how their'opinions vary on.a given tapic Qr the extent to which
their opinions differ from the average. Actually it was this measure-
ment gnd observation of variance that first led to the study of proba-
bility in phy51cal observations.

\ Around the middle of the seventeenth century, a Frenchman by
the'name of Chevalier de Méré called on Blaise Pascal to help him
improve the odds on his gambling. Fascinated with the challenge, Pas-
- cal worked on the problem and checked it out with his friend, Pierre de
& Fermat. One of the first things Pascal didwas to toss coins. He then®
worked out how many chances he had of getting a given number of
. heads and tails in ziny number of trials /

-

. L
' .

. ) .
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Being.a mathematician, Fermat immediately saw th¥t the number \

_— of times each chance is likely to occur could be figured out mathemati- ..t
1
call;\r, thus: » ¢ C ¥

.
I )

’
Tossing asingle coinone can get a Head or a Tail  ~- .3
- .




Pascal prepared 2 triangle of chances based on up‘to 10 coins that
lool;ed something like this: »

hmberofCoins) ‘ \ ’ _

“ Sum of Chances
1 1‘ ) . 2* L

* f -

~

.1 \ _ T

o o121

\ 2 4
' N 3 1331 . 8
- * v
. 4 _ 14641 16 .
. ’ < 5 15101051 32
. 6 . 1615201561 . 64
N 7 172135352171° 7 128
‘ \ 8 182836705623881 . " 256
\ L9 19 36 84 126 126 84 36 9 1 512 ,
10 11045 120 210 252 210 12045101 1,024
. n ,
1098 7 6 & 473210
, He read the last [ine of his triangle as follows: . -
If 10 coins are tossed once or 1 coin 10 times, there is 1
, chance in'1,024 of getting all.heads or tails, 210 chances - !
: ~ in 1,024 of getting either 6 heads and 4 talls or 4 heads
\ . , and6talls etc. ‘
v "‘,3 Graphing this, he found th followmg kind of flgure that show ,
. “the decreasing probability of getting mostly heads or mostly tails:
¢ RN
o
Number of Chances in 1,024~ ° - . -
, : /
1252
' 210 . .
120 7
45 |” — -
10 R
o ~f ~ ol
1 i 1 . .
1 8 9 10 ¢ ‘ '
) « : Number of Heads (or Tails)
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"\ T * Abraham DeMoivre, a French mathematician refugee in England,
‘ : . in the early 1700s smoothed the resulting curve by increasing the
" number of cases (or coins) to a very large nﬁmbgr, andin the latter part
of thé century the French astronomer-mathematician Marquis de .
Laplate introduced further improvements. In the eatly nineteenth cen-
tury, the German mathematician and astronomer, Karl Friedrich
) Gauss, used the Laplacian curve todevelop the concephof standard
; . deviation and of standard error from the mean. To provide any data,
however, that are susceptible to,mathematical manipulation, re-
searcliers have to agree on just what it is they are measuring. *~

e + Observation of nature had shown that no two things, at'least -
-among biological and social phenomena, were exactly alike. In other
»  words, generalizations here are theoretically impossible. But if minor
differences could be ignored, it was argued, catggories or classes of
things and ideas that are approximately alike could be lumped: * - N
. together.

[y

S
»

Since, however, nothing is an exact replica of anything else, if

. - something is named, say, “leaf”” and thought of as a ideal, every other .

// leaf after that deviates from the ideal. Statisticians refer to the devia-
tion as “‘error.”” The secgnd leaf is not identical, but it is still close

enough to be called aleaf. What Gauss did was to define and calculate
the average error that is likely to be foundin anything in nature. ie
called the averageerror a standard deviation, which is a form of a
. ] age deviation from'the mean (or average) of all observed cases.

" An example of how mathematieians calculate thi{s variarice or
deviation from the ideal mi?ﬁ help to clarify the theory behind it. If
the term “weekly income™.i§ used at the example, a sample of this
incogme might be the weekly paycheck over a period of 5 weeks, thus:

) .

r_

o ' " FirstWeek . $120.00 : \
: Second Week 80.00
.- "" .y ‘ . Third Week ' 70.00
e Fourt\h Week 100.00-
‘ Féfth Week - _ . -80.00 ‘

The total incpmé for the 5 weeks is $450, and the average, or mean, .-
income is $450 divided by 5, or $90. Note that the mean is an ideal or  *

~» 0 representative weekly income. None of the weeks in this particular
v . , ‘
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sample showsthat amount,Each week is irr”error’”” to some extent—

-~

that is, if $90 were the'ideal representative of the term “weekly

PR . .. . :
- income,” Gauss figured out how to define how much each was in error.

He also noted that the mean, by definition, is a midpoint. If the devia-
tions from the mean, the pluses and minuses, were to be added, they
.would total zero. To eliminatgthe zero, he squared the deviations,
since this would not affect the relative distance of the deviations’but

,

would take care of allthe minus signs, thus:
: e N

M L

Squared
- Deviation Deviation

I Observation . Mean from Méan from Mean
First Week 120 0 +30 +900
Second Week . 80 90 -19 +100 °
Third Week 70 90 -20 +400
 FourthWeek - 100 90 ‘;‘HO +100
Fifth Week 80 90" *10 +100 -
Total . 450 450 0 1,600 R
' 4

The average squared deviation from the mean is 1,600 divided by

5, or 320, and this Gauss called a variance, If the variance were
“unsquared” or the square root taken, the result would be about 18. He

called the number calculated in this way the standard deviation.

When Gauss examined the Laplacian curwe (which has since beg'
renamed the Gaussian curve), he deduced its mathematical form and
noted that the curve had the shape of a bell. He figured out that about
68 percent of the area under that curve was within one standard devia-
tion from the méan, 95 percent of the area was within two standard
deviations; and better than 99 percent of the area was within three
standard deviations from the mean. Toillustrate his discovery, the
measuremé&nt of the results of intelligence quotient (IQ) fests can be

used. For this example, average IQ can be given a rating of 100. Obvi-

ously, hot everyone has an average IQ: Some are above ayerage-and
somye are below. How much people'?'IQ deviates from the average can
be calqujated by subtracting 300 from each person’s IQ rating and,

workingout the standard deviation. If it Is discovered that the stand-
ard deviation is 15, accoyding to Gauss’ approach about 7 out of 10 peo-

ple would have IQs that measure no less than 85 and no more than
. .,116—that is, one standard deviation-(15) on each side of the mean

’

(100,
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Furthermore, 95 percent of people would be no more than two
standard deviations (15 multiplied by2,.o# 30) remqved from the mean,
putting them between 70 and 130 in [Q, and 99 percent of people,
would be no more than three standard deviations from the mean 145),

pl‘acing them between 55 and 145 on the1Q scale. h p

A great deal of work has been done to determine the optimal «
number of re,spbpses: needed to assure accurate responses to Survey
questions. It has been found that even if a survey is repeated a number .- .
of times using different samples of the same size, the proportions for a
partitular question will vary-from sample to sample—but not by
much. These changes irgresponse rates from sample to sample age
known as the sampling error. To halve the error, a sample four times
that size is needed. This is where a compromise must be made between
accuracy and economy: Two questions must be asked. The first s,
how mych error can be tolerated? In a survey dealing with attitud®s
toward a political candidate, a fairlylarge amount of sampling error -
may be acceptable On the other hand,.if a survey were made to deter-
mine whether a drug will have harmful side effects, a much smaller
error would be tolerable. =

The second question is, how important s it to be certain that this
sampling error will not be ex¢eeded?One standard deviation covers
close to 70 percent of the curve. Actually, some 32 percent of the sam-
ple would lie outside this area. Thus, if the sampling error tolerated is 3
percentage points, and a survey showed 60 percent favoring a candi-
date, the true pepulation percentage might be anywhere between 57
and’63 pertent. It would be about 68 percent certain that this error of 3
percentage points is not exceeded. Two standard deviations would
provide over 95 percent confidence or only a 5 percent chance of the
error being greater, and tl&refe times the standard deviation yields better
than 99 percent assurance. ? :

¢

Imagine acarload of grain. To determine How much impurity isin
the grain, a random handful could be taken to count the number of
foreign particle in that sample, assuming that the entire sample is well
mixed. If the handful contained 1,000 individual seeds and 10 of the
particles counted were foreiggyparticles, that would rapresent a ratio of
10 to 1,000, or 1 percent. There is no need to examine the entire carload.
This one handfulwould give a fairly good estimate of the incidence of
impurities. oy 1

Thereal world, howe\{‘er, is nqt that homogeneous; populati'ons
are not uniform. In the 1870s the German statistician #d econotnist

- \)
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Wilhelm Lexis developed a theory for cluster sampling. That method
e involved drawing samples from population clusters which tended to
. have more homogeneity internally, or within a cluster, than there was
.between the clusters. He devised methods for drawing subsat%ples
from each of the clusters so that the final sample was representative of
-the entire population.
. A majbr problem with sampling is defining a pbpulation so that-
there is no doubt whether a given unit or element is or is not a mgmber
of that;population. Unless the population can be defined precisely,
samples may not be representatlve

Having defined a population—for exanple, all cltlzens who are
o registerettto vote and are not traveling abroad orinjail orina
hospital—it is necessary to find a sampling frame from whlch\fo draw
+ thesample. This sampling frame, a list or map of all the units in the
- population, must be comprehensive and up-to-date. A telephone
directory, often used as a sampling frame, illustrates many of the prob-
. lems of defmmg the population. If the population is defined as ““tele- "~
N i phone owners,” a directory does not include unlisted numbers, nor
does it include all names of individuals who share a single telephone.’
Moreover, it includes many names of people who have moved or
whose nymbers have beenthanged as well as business telephone
numbers that are not identifiable with a particular person or persons. If
they*are so identifiable, that person often is listed again at his or her
residince giving the person more than one chance of being selected In_
short, defining the papulation unambiguously’and finding a sampling
frame to fit the definitiof are difficult and important challenges to
sampling and survey research. Failure to meet these challenges has
cauged some massive errors in the past.

— For 20 years, the Literary Digest had been conductmg pre51dent1al
election surveys based on mailinglists it had started collecting in 1895.
In 1936, 10 million ballots based on t&lephone and car registration list-
~ ings were mailed out and 2,367,523 straw votes were returned. These
telephone subscribers and automobile owners gave 54 percent of their
» vote to Alf Landon and 41 percent of their vote to'Franklin D.

) Roosevelt. The electorate, on the other hand, gave Roosevelt over 62
percent of their votes. Obviously, the Literary Digest voters, in spite of
their numbers, were not representative of the electorate. The
magazine’s straw votes were discontinued that year—as was the

. Literary Digest itself ™

Two approaches to achlevmg‘representatlveness have been
attempted quota samplmg and probability sarppling. Quota samplmg
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involves dividing the populationinto relevant groups based on factors .
such as age, educational level, sex, geographical location, and race.
.Quotas are set for each of these groups in proportion to their preva-

- lencein the populatien. Put simply, if 20 percent of the population has

a college education and 40 percent a high school education, while

"another 40 percent has less tharra high school education, then those are

the proportions’byivbich the sampleis drawn. . -
Quota samplin'ghas 2 number of shortcomings. Accurate and

up-to-date figures on population den\ographigs*a:g essential to setting

the correct quotas. But, moreimportantly, therelevant characteristics

£or a particular survey must be known—something that is normally

better knownafter the survey than befWore, if the inter- M

viéwers are given free réin as to whom fhey include in the sampleto ~

make up the quiota, there is always the chance of picking people who

are most like the interviewers—that is, more congenial. Quota sam-
pling, therefore, is being used less and less in serious surveys, espe-

“cially in view of the fact that the error cannot be estimated when it is

used The probability that characteristics will fall within a calculated
margin of error is based on the assumption of randomness if the choice

. of subjects, and'pure randomness cannot be assumed in quota

sampling. : -

There ar&twa approaches to probability sampling. The purest and
best is based.on a listing of the entire population, from which a random
sampleis drawn by using a table of computer-generated random &
humbers which indicate the element or persorf to be:picked. Numbered

- listings of the population for use as a sampling frame are hard to obtain

or do not exist. So a second method, based on the geographical location
of the.elements of thg-population, is used most of the time,
Area sampling, as it is Called, might use a map over which a grid is
placed, marking out cells that are picked randomly. Within each cell or
cluster thus-chosen, everyone can be interviewed, or the clusters can bé
enlarged and subclusters can be picked for inclusion in the sample. ' 4

‘The problems of selecting respondents; of dealing with refusals,
“not-at-homes,” wrong addresses, and wrong identifications; and of
making substitutions plague survey researchers to the present day.
One basic'rule of sampling is that for a sample to be representative of
the population from which it is drawn, it must be truly random, which

known chance of }ing selected, and every combination of elements
must have an equal or a known chance of being selected—an always
difficx,l‘fafnd sometimes impossible candition to ensure. )
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S . While's'ampling theory h-as changed little in tl\e past 30 or 40
, _ years, the methods of securing ‘and analyzing the data and of reaching
¥ " therdspondent have changed significantly. Even more significant is
% A the Mscovery of vwhat will and what will not work. Inthe 1920s and
early 1930s, mail surveys were popular. But by the mid-1930s, com-
mercial and academic pollsters had decided that the personal interview
. was superior, although far more expensive The Voice of America has
’ used radic’announcements where access to the populahon isdifficult,
if not impossible, especially in 5parsely populated Afridan countries
T'h@e call on listeners to write in, giving some information about \}
- themselves, in exchange for which they will parhcxpate in adrawing
+ foraprize. ' ‘

[

. - One obvious advantage of mail surveys is relatively low cost.
Another is that the interviewer does not affect the responses by
influencing the answers. The disadvantages are numerous. The
responderits are Self-selected, that is, the respondents decide whether
they will or will not return the questionnaire. The bias is toward people
in the upper educational and socioeconomic levels, who are more likely
thap those in the lower levels to answer their mail. The sequence in
which the questions are answered cannot be controlled,and @may
7 influence the responses. There is no way of telling whather the ques-
- 4 " tionnaire was filled out by the addressee or by som(e;?er person. And, )

" most important, it is not possible to'tell how the vie®W¥ of those who —
did'not reply differ from those who did.

»

For many years it was the consensus that the only truly scientific
; rveys were those conducted through personal interviews. Thelr
advantages remain numierous. They are still the best way to exercise
full contrel over the sample, although reaching the selected 1nd1v1duals
may be difficult at times and may take a number of callbacks. They are " N
certainly the best method for long interviews. {’Z“zg
. Because more than 94 percent of households in the United States ’
have telephone service, telephone surveys have gained in acceptance
since the 1930s and 1940s. Today, it is possible to reach almost all seg-
_ments of the population and to reach them quickly and relatively
. , cheaply. In most cases, the int%iews must be kept short—perhaps no -«
\ - longerthan 20 minutes—but re studies suggest that once the
' 4 respondentis on the telephone, tl&length of the interview ceases to be
) amajor problem. Phe bi %éiest problem is with complex and long ques-
tions, which are hard t administer over the telephone. Questions that .
involve the ranking of alternatives, or even selection among a large -
number of choices, snply cannot be administered.
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Panel studies involve recurrent interviews with the same sample
of individuals. Théy are fi'equently’used for consumer studies and for
broadcast ratings. But they have also been used tq study-how the elec-
torate makes up its mind, as in the seminal Erie County, Ohio, surveys
by Paul F Lazarsfeld, Bernard Berelson, and Hazel Gaudet in 1940
Panels are most useful in studies of trends and causes of change, but
they suffer from a high drop-out rate and from the dangers of contami-
nation. Contamination, which is extremely difficult to determine,
occurs when responses to later interviews are influenced by condition- .,
ing caysed by earlier question; those who are exposed to the questions
are more likely than others to notice relevant items in the mass media
or to discuss the topic with friends. ~

. Broadcastlratings are often done through panels. The A C Niel-_
sen Company has used a meter thatds attached to television or radid”
sets and checked periodically Nielsen and the American Research
Bureau also use a diary method, which involves leaving diaries with a
panel of subjects who fill them out as they listen to a radio or watch
television The problem with meters is that they merely record
whether the set is on and to what channel it is tuned, not who, if any-
one, is listening or viewing And it is impossible to ensure that diaries
are kept when memories gre still fresh '

Coincidental telephone interviews are done by C. E. Hooper, Ihc.,
Trendex, The American Research Bureay, and others. They involve
calling at the time the program is being broadcast to determine how -
many people are listening and whd these pegple are. One problem is
that the person most interested in the program is least likely to answer
the phone. “Day recall” telephone interviews conducted by the
Sindlinger Company, among others, overcome this problem. People are -
asked which programs they heard the previdus day. The weakness is
the shortness of many peple’s memory. Personal interviews covering
the previous 24 hours, conducted by Pulse, Inc., have the same
shortcomings .

-
'

Inrecent years, electronic devices have been introduced both to
assist in the interviewing process and to obtain.instantaneous feedback
from viewers of a television progragn. One such polling device received
wide publicity in July of 1979 when it was tested for instant feedback
from 6,000 to 8,000 viewers of a presidential speech to the nation. The
polling system works in conjynction with the Warner Communica-
tions Company’s QUBE cable television service in Columbus, Ohio.
(QUBE is alse discussed in the chapter, "Synthetic Fibers.”) Its 30,000
subscribers have control boxes on their television sets with numbered

’ -
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Viewers of QUBE cable televi-
sion in Columbus, Ohio are
uble tu commumnicate thewr re-
spanses dueetly to the studio
thereby providing instant feed-
buck fo questions asked by the
station

QUBE

Q

ERIC -

e '
- ,

buttons which register at the studio. Percentages reflecting’subscriber
responses are calculated instantaneously, thus making it possible for
the audience to provide and to receive immediate feedback. Because ,
subscribers are representative of nobody but themselves and tend
toward the upper socioeconomig levels and because the respondents
-who choose to participate in any particular survey are-not even
representative of the subscribers, results of such polls are no more than
interesting at this point. - ’

Ultimately, the objective of a sample survey is to make meaning-
ful statements about the population from which the sample is drawn.
Theoreticdlly, one can say that proportions found in a random sample
will be the same as those to be found in the population as a whole,

. within calculable margins of error. o
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" In1932 George Gallup conducted a survey for his mother-in-law,
who V\;aSvrunning for Secretary of State in Iowa. She won the election
and thys became the first woman Secretafy of State in lowa. The first
paid-&}%’ey commissioned by a politician was undertaken in 1946, :
.when Jacob K. Javits had the Roper organization undertake a survey of

the 21st Congressional District of New York.But, by the mid-1970s,
+ three out of four congressional candidates were using professional ,
" pollsters, at least to write their questionnaires or to design their sam-
ples, if not to conduct the entire survey.

The information gathered most frequently in the first pollina
political survey deals with issues important to the electorate. At’least{
as many questions aré asked to determine the relativerstanding of can-
didates Somewhat fewer surveys.examine the cartdidate’s image and
the strengths and weaknesses of the opponent, and a relatively smaller
number of surveys also check on the effectiveness of the variousymedia

with the electorate. The costs have already runinto the hundreds of
thousands of dollars and continue to rise :

Since 1960 when pollster Louis Harrisconducted the first private
~ popllfor a presidential candidate (John F. Kennedy), no candidate for
national office has run without the help of surveys. One estimate indi- '
cated that by the mid-1960s, 85 percent of the winning senatorial can-

. didates and more than half of the elected members of Congress had
used polls | )

.

The accuracy of reputable polls has acreas,ed tremendously since

' the fiasco of 1948, when almost all pollsters predicted that Thomas E.
Dewey would defeat Harry S. Truman in the presidentialelection. The
average combined error of final congressional and presidential election

»

polls of the Gallup organization from 1950 through1978 has been -
ahout one-half of 1 percent. '

But not all pollsters have proved to be as accurate as the Gallup
;Polls, and some are hns;fu\pulous in their use of survey research.
Charles W. Roll, Jr. and Albert H. Cantril wrotein Polls: Their Use and
Misuse that when the New York Daily News showed Charles Goodell run-
ning a poor third in the Senaterace, his staff was contacted bya polling
rm which asked if Goodell would be interested in purchasing a poll
that showed him to be ahead. Another firm, bidding for a senatorial
candidate’s business, offered to provide two surveys: one for fund- *

raising and publicity purposes and another to show the true standing
of the candidate ‘

¢ Dan Nimmo reports th4F candidates themselves often misuse sur-

* + vey findings. In NO@beﬁFww Lyndon B. Johnson'’s staff circu-

* ¥
- ¢ \
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Government Surveys

’

- people they governed, and, in one way or another, they have always

lated a'private poll showing the President leading all ¢contemders ha
“bellwether” area. Archibald M. Crassley, who had conducted the sur-
vey, revealed that his findings had been distotted—that the survey
had, in fact, been done in a traditionally Democrati€ county in New
Hampshire. ..
\, R .
Governments hayve always had a need for information about the
managed to collect this information. ¥ he concentration of large
numbers of peoplein urban areas during the industrial revolution
increased this need and called for more detail. Rising 1mrp1grahon led

to the collection of city-by-city data on country of originwith the
census of 1850; beginning in 1870 educational reforms required
detailed data on occupation and education The need for accurate
populahon_data kept increasing, and more and more studies were

done. But these were generally hasty and poorly toficeived reportsthat
ignored the availability of sampling fechniques being developed at:‘ihe
time.

[t was not until the census in 1940 that t\}he United States Census
Bureauadded a s percent sample survey of houdseholds to mclude -
questions on employntent and income. Since then, the Census Bureau
has been adding topics until today it has quarterly rotating panels to
estimate population characteristics suchwas social and occupational
mobility, the labor force, income levels, ownership of major appli-
antes, housing plans, and consumer buying habits.

During World War I, the Research Branch, Information and Edu-
cation Division of the U.S. Army, did about 300 studies or/sothe one-
half million soldiers. These studies helped in policy decisions affecting
troop morale, training, racial desegregation, and demabilization. They
also provided a generation of students and scholars with a gold mine of
date and methodological models for studies in social and communica-
tion research.

After World Warll, a number of other govemment agencies
added survey operanons including the Bureau of Labor Statistics of
the Department of Labo¥, the Congressional Reseatch Service of the
Library of Congress, and the International Communication Agency,
which conducts opinion and media surveys ih many.foreign countries.

. These surveys are used in foreign policy decision-making in evaluating ’

the impact of its own media and cultural activities.
Governmrent-sponsored and government-conducted surveys pro-

'

*vide d;ta‘ for many commeraal and social uses. The surveys are essen-
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"tial to the proper fiWctioning of a modern society. But the data they -
. generate must be accuraté—a goal which can be achieved only if they
- “are based on scientific survey practice. Inaccurate data that
masquerade as accurate and scientific are not only nisleadipg and use-

less but are also potentially dangerous.

»

i

~ .

'
.

Marketing and Media Among the early names associated with business and marketing
Surveys research was that of Archibald M. Crossley. Starting as research .
manager of J. H. Cross advertising agency in Philadelphia after gradu-
ating from Princeton, he later became assistant director of research for
theill-fated Literary Digest polls. In 1926 he set up his own business as a
market researcher, using surveys as a business aid for newspapers,
advertising agencies, and corporations. He was one of the first to
) sample public reactions to-brand names, and when radio broadcasting
R became widespread, he’ pioneered in surveys of radio advertising
impact and listening habits. One of the most widespread uses of sur-
N vey research today is for rating radio and television programs. Com- >
, mercial ratings of network radio programs were first undertaken by the
. ' C. E sHooper Company in 1935.
Ther, the A. C. Nielsen Company, founded in the early 1940s, ‘
invented its mechanical recording device, the audimeter, that was .
attached to radio receivers to monitor the station and the amount of
time a set was tuned in to it.Wielsen bought the Hooper Company in
1 1950. By the mid;1970s Nielsen was offering an ”’instantaneous Niel-
' sen” service by connecting some 1,200 sets to a central compu{er for
overnight tabulation.of .audiences. ’ C

Pulse, Inc., entered the broadcagt rating business in the mid-1940s
L \j using the personal interview method. In 1952, the American Research
~ Bureau added the diary method (and later telephenetoincidentals and
recall surveys). Today the American Research Bureau is called Arbi-
tron Other companies, such gs Trendex and Sindlinger and at least 50
: more, have been doing both national and local rating surveys since the
” 1950s The.accuracy and the methods of the broadcast ratings generate
. a great deal of controversy. In 1961 they were the subject of hearings
by Representative Oren Hartis’ subcommittee of the House Interstate
B * and Foreign Commerce Committee, which reported marly short-
comings—some of which have now been corrected. '

Today, much of the estimated $4 billion that is spent annually on
) ‘ survey research goes into consumeér and media audience res€arch. Cor-
porate marketsurveys help gstimate what types of products consu-

- mers are likely to buy. Time saries analyses irjestigate past buying
. ‘-

C
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behavior to try to predict future patterns of bdying. Market testingis
done with the help ofsample surveys to determine whether a new
product has a chance’of capturing a large enough segment of the
marl@et to make marketing it wdrthwhlle Market share analyses help a
manufacturer determine how successf\ul a product is in cornpetition
with 51m11ar products of other manufacturers. Packaging res®rch uses
surveys to study the most appealing ways to package a product. \

t

4

A

\_a'

, voted for the winning candidate than actually did so.

) ‘
- . ,
. »- .

Probably the most progress in survey research has been in the
sophistication of the ahalysis of data. Computers provided a major
impetus to this development. The earliest survey researchers were
satisfied with mere frequency distribution, percentages, and a simple
breakdown of the data by demographic characteristics. In short, they
reported who gave what answers, what proportion gave each answer,
and what the proportions were in each town, age group, sex,’ incgme

- level, and so forth. While the analysis of the data is far more sophisti- .

cated than it wad 30 years ago, validation of the findings still needs
improvement. Not much attention was paid to the validity of the find-

* ings until the 1930s, when American psychologist Samuel A. Stouffer

began to ask whether a relationship existed between what was mea- _
sured and the intention of the investigator. The validation of survey
data is difficult. TRe data are valid only if they measure specifically -
what they were intended to measure. Some kinds of surveys aré tested
for validity on the basis of whether they correctly predict a future
event—an election or some other test of béhavioK, such as what pro-
portion of the public plans to buy a certain product. Yet it cannot be
determined whether the sufvey propartions were correct and remained
constant until the election or purchase; whether they were incorrect,
but the proportions changed and happened to coincide with the elec-
tion or purchase when those occurred, or whether pyblication of the
results turned them 1nto a self-fulfilling prophecy,,,

Stuydies by survey. spec1alxsts Hugh]. Parry and Hel®h M Crossley
have shown the validity of survey findings to be somewhat disap-
pointing  They showed that almost 25 percent of a sample of the elec-
torate claimed they had voted in the 1944 elections when they had not.
Other studies show that more people tend to “remember” l-kaving .

~

‘One method developed to validate survey data is to compare

responses with such known dat3 as age or sex. T heoretically, if the

N ) .
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sample isj'uly random, all characteristics of the population—including
age, sex, education, and whateger opinions may be held by the
population—would be reflect thesample in the same proportions
as they exist inghe population as a whole. Thus; if the verifiable
characteristics are correct, everything else is considered correct—a leap
of faith. Another validating method involves correlating the index or .
measure used with some othér accepted measure. An index of religi-
osity might be the number of times a person goes to church or it might -
be a minister’s judgment. If the number of times someone goes to
church happens to coincide with the minister’s judgment of her or his
religiosity, then the index has “criterion validity.”’ A third validation
method of survey research is known as construct validity. Conserva-
tism, for example, is a construct that may be measured by a number of .
indices, including social and economic level and political persuasion.
Survey findings regarding the conservatism of a population have con--
struct validity if indices of conservatism are included and measured by
thesurvey.

Validity-is related to reliability, but it is not the same. A watch

may be highly reliable, meaning that it is consistent and does not Jose
or gain any time. But it may not be valid: that is, it tells the wrong time,

_forexample, Paris tirre rather than New York time.

There ig no doubt that survey research can define, d§s'cnbe, and
capsulize the prevailing attitudes, behavior, and characteristics of a

" population. Without such techniques it would not be possible to make

group comparisons or predictions or to develop norms (standards
against which to evaluate individuals or groups). But it myst be
remembered ghat estimates are what are involved—albeit the best esti-
mates available., ° ' :

It has been estimated that some 2,000 survey research organiza-
tions conduct surveys, and there are many times that number of
businesses that conduct their own studies. The technology is decep-
tively easy to learn, and the rewards are high. The United States

"Congress often requires that at'least a part of any money that is appro-

priated by the executive branch for projects of all types be set aside for
edaluation—frequently survey research s used for this purpose.

THe American Statistical Association has been concerned about
this requirement and has sponsored a study to assess survey practices.
Of 26 federally sponsored surveys, 15 did not meet their objectives
because.of pOQ{ design or sampling methods; tey:hnical flaws, such as
high refusal rates, not-at-homes, etc.; or poor supervision of inter-
viewers or of coding and punching of data. Seven of the 10 nonfederal
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/ surveys also failed to meet ASA obfectives.’

. The social science community is concerned abg')ut avariety of
problems affecting surveys. One of them is the growing number of
unqualified firms and indfviduals who are conducting them. Another
is the fact that the mass media occasionally either publish survey

. ’ results without giving adequate information about the method of data \
collection or draw inappropriate conclusions from the results. A third

is that uniscrupulous salespeople occasionally insinyate themselves

into ahome on the pretext of conducting a survey and then switchtoa -
sales pitch. Serious deficiencies remain in the scientific quallty of some
survey mformatlon, in the practices of the industry, in an over-reliance

on surveys, and in the demands 1t places on a heretofore cooperative

public.

L

. Areview of the positive and negative contributions of survey
research to American society suggests that it is, and his been, impor- ,
tant as a planning resource, a managerial aid, a citizen informatlon
base, and a means of constructing and testing social theories. Like most
. ) . other sophisticated tools in use'today, survey research must be con- .
) tinuously refined if it is to keep pace with the society it was designed
to serve.

Ay ‘ Ay
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. Pesticides and
» Pest Control "
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Since the first cave dweller took a swing at a flying gnat, pests .~
have been a problem. Some are merely nuisances; others pose serious
threats to crops, forest products, livestock, and human health.

For thousands of years efforts to manage agricultural productivity )
y - were, at best, only modeNrately effective and resulted in relatively low
. and unpredictable production levels. Before the twentieth century
most succesaes in achieving higherggricultural yields had been piece-
meal. Farmers failed'to consider or were unable to defeat the entire
- & . - - range of crop-limiting factors at once. If a farmer used an improved
' crop variety, for instance, the crop was offen inadequately fertilized or
watered or was destroyed by pests. ¢ * Y .

— ‘ For years the only cont-ralalthat kept plant and animal pests from’
completely overwhelming the Wworld’s crops were natural ones—
) o *  genetic resistince fo pests, weather adverse to pests, natural predators,
~ ., . ) and parasites. Plant and atimal pests could, and sometimes did, . _
’ \ destroy eritire harvests. The Bible recounts pl;gjles of locusts that

[}

0 4 “covered the face of the... earth” and ate “everyherb of theland and all
i * the frdit of the trees.” In the, 1840s in Ireland the late-blight of potataqes
(Phytophthora infestans) brought about the deaths of more than 750,000
T . s S people and compelled the emigration, of atleast a million more. More
recently, grasshopper hordes decimated vegetation in the prairies of
North America, leaving behind a land stripped bare. These “plagues”
- were, fortunately, thé exception; but when they occurred, they were- ,

Beaause hélicopters can spray ) . . .,
smalifﬁ and rregularly-shaped: devaStatlng- - . s

aredfh@re easily than a small . .. Lo Lt
alrcraft can, they may be used It was not until about 40 years ago that scientists working in

to apply Paagcodes This heli chemistry, plant genetics, entomology, engineering, and a host of other *
jf; ﬁe'"n;;r‘f,‘:i ";5“;‘8’5' oranse fields began to develop truly effective methods for improving and
with a fungiide ensuring crop yields. One of theE'lr’ most dramatic successes was in giv-

. uspAa \ ing the farmer new.weapons emical pesticides—t0 use in the age-

¥

~
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old annual battle against those organisms that threatened their crops
and livestock.

The term “pest’* means different things to different people. To
many, it means only harmful insects and rodents; but the term also
includes noxious organisms, such as mites, nematodes, weeds, and cer-
tain vertebrates. In addition, essentially all organisms that cause plant
disease, whether fungi, bacteria, nematodes, or vfruses_, are considered
pests. o

Still, yhere is a contir®ing semantic problem about what is and
what is ncé&g.pést Butterflies are beautiful, but their larvae may be
serious plantt pests. The wheeling flight of a flock of starlings may bea
beautiful sight to a poet oracity dweller, but to a farmer witha . ™
newly-seeded field it is a nightmare. Birds are also considered pests
when they destroy crops such as cherries and strawberries. Clearly,
honeybees are normally highly desirable insects, but they may be pests
to individuals who are particularly sensitive to their sting or to others
who find themselves unwittingly surroundgd by a swarm of bees.

Circumstances of quantity, location, timing, and culture also
affect the status of an organism as a pest. Bermuda grass may be useful
i1t erosion control and as a source of hay, but it can be a damaging weed .
in agriculture or a problem in home gardens. Dogs are prized as pets,
but stray dogs may be legitimately classified as pests.

Most pest efntrol measures, however, are directed at species that
are generally recognized as pests. The control achieved can be con-
s@zbeneﬁt to society, whether it results in reduction inthe’
tran ion of malaria or plague or in the number of grasshoppers;
higher yields of sweet corn, wheat, or apples; or less damage to roses in
a garden. ‘

. While the exact amount of world-wide crop loss attributable to
pests is unkngwn, it is estimated to be about one-third of the potential
food production—food for about 1 billion people. Rice has the greatest
loss from pests—possibly as high as 40 to 50 percent of potential pro-

" duction. -

The magnitude of the pest problem can be appreciated even more
when it is recognized that the amount of land now under cultivation in
the United States is half again as much as would be required if there
were no pest-induced losses The crop-related energy needs.and
amounts of labor, cap1ta1 fertilizer, and other requirements also-are
correspondmgly greater. The total costs are huge.

The United States, particularly, has seen a shift from small farms
that grew a wide range of crops to large, specialized €arms tHat engage

/
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.in monoculture—the intensive productlon of single crops. This .
development has provided pests with-a highly concentrated food
source, in ag around which they can breed and feed with unpre- >
cedented ease. Theeis little doubt that monoculture has led toa
greater need for pest control“-Without monoculture, however, the

" population would have been more permanently bound to the land, and

_technological development probably would not have occurred as

rapidly asTt has, b

Civilization must defend itself not only against organisms that >
a ) destroy buildings, clothing, crops, and stored food but also against cer-
tain pests that adversely affect health. If epldemlc typhus, malaria,
trypanosomiasis,encephalitis, and other diseases that have caused
widespread dj&f\e and debilitation are to be avoided, defense against
\7; disease-tranémitting creatures must be carried ot continuously. Pests
that bother people and higher anipaft by buzzing, crawling, stinging,
bltmg, or sucking blood must also be controlled

This photograph, taken in 1946,
shows DDT bemng appled to kill
corn borers in an El Paso, Illinois
cornfield The photograph also
tllustrates the agricultural prac-
tice of monoculture  »

USDA

.

Use of the peshcxde DDT (d1chlorod1phenyltr18hloroethane)
brought about a dramatic change in the world. It was less than two
' generations ago that victims of typhus and malaria weredying by the
4 thousands in the United States and by the millions aro&md the world.

By helping to control the spread of insect-borne diseases, DDT saved
millions of lives and prevented millions of people from becoming sick
during the early years of its use. ‘
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- the pests which carry typhus and malaria (body lice, rat fleas, ticks,
and Anopheles mosquitoes) it is likely that the ravages of these two kiler
diseases would still be a major factor in Mortality for the United States
o for gther countries where they have been essentially eliminated.
DDT and other pesticides also have beén used to control the spread of
yellow fever, bubonic ptague, certain types of encephalitis, and a host
of other diseases. ’

7 . Vo~
\{lithoixt the development of DDT and its continued use agains;?&/

’

"~ In the early 1960s, Americans became myich more aware of the ’
uses and the dangers of pesticides. They gr'e?especially conscious that
some of the$e toxic chemicals persist in the environment and accumu-
lafe,in certain plants and’animals and even in human beings. Rachel
- Carson’s book, Silent Spring, spearheaded their interest. A report

prepared by President Kennedy’s Science Advisory Committee in1963

also contributed to this #wareness and called for a reduction of the use
, - af chemical pesticides. These publications helped set the stage for rapid

, * expansion of public involvement and concern. Since that time both the

scientific communityand the public have become increasingly aware
‘ -of the need to weigh the risks of this technology against its benefits. A
substantial effort has been made to limit'the use of persistent pesti-
cides ar'lgi to replace them with ecologically safer chemicals or other ’
methods of pest control. Alternative methods are also being sought e/
because, over time, pests frequentlz develop tolerance, resistance, or Ty
. * immunity to particular chemicals or control measures. Cultural
methods (crop rotation, tillage, prop timing of planting, and fertilizer
.o and water management) are now being used more extensively. Other
approaches to pest control include biological control (regulating pests §
‘ through their natural enemies, including vertebrates, insects, mites,

- fungi, bacteria, and viruses); the use of behavior modifying substances

(pheromones), sterilization techniques, eradication programs, and the
- use of synthetic hormones to disrupt critical stagesin life cycles.

o Current and potentiil problems with chemical pesticides demon-
, strate the need for increased research to develop more and better alter-
R _native techniques. Until those techniques are developed, however,
v some pest problems exist for which chemical controls are the only
N available answer. : '

el
-Becauseof the adaptability of pests, possible hazards to the
environment, the economic impact of pest combinations, and concerns
“about the use of certain chemical pesticides, there is great interest in
A - developing and refining an approach to pest control which would
promise both more stable crop production and protection and the least

an -
-
&
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possible risk to human beings and to the environment. That approach
is called Integrated Pest Management (IPM). ¢

The term, “’Integrated Pest Management " has beendefinedin a
variety of ways. It i is described in a 1979 report of the Office of Tech-
nology.Assessment (OTA) of the Congress of the United States as ’an
all-inclusive concept that should be applicable to all pests (weeds,
plant pathogens, nematodes, vertebrates, insects, etc.). However, ter-
minology, control tactics, and strategies vary among disciplinary
groups, so that it is difficult to arrive at a definition completely
appropriate to all interests.” In that report, OTA uses the definition
that IPM “is the optimization of pest control in an economically and
ecologically sound manner, accomplished by the coordinated use of
multiple tactics (Tactics are the specific methods used to achieve pest
control’ These include chemical pesticides, pest-resistant varieties, cul-
tural practices, biological control, and others.) to assure stable crop
production and to maintain pest damage below the economic injury
level, while m1n1m121ng hazards to human beings, animals, plants and
the environment.”

A key to understanding the role of pesticides in society today,
. bothin regard to the benefits of increased crop yields and improved
N public health, is to recognize that pesticides have not eliminated the
: problems of pest control. They have allowed society partially to con-
trol the damaging effects. If pest management were to stop, the life-
threatening situations and crop and livestock destruction caused by
pests would rapidly reappear.

" A HISTORICAL : -

VIEW OF : ;
PESTICIDE « N
DEVELOPMENT - -

. The practice of applying various substances to plants, soil, live-

stock, and sometimes even to people for the control of pests goes back
many years. Fine dust or ashes sprinkled on leaves of crops to combat
leaf-eating wormswere among the earliest pest1c1des Salt was occa-
sionally used to discourage the growth of weeds among certain salt-
tolerant crops. A story about how South American natives killed fish
. by using the root of a certain plant (Derris elliptica) led to the discovery
x of rotenone, an insecticidal compound. This substance was ‘applied as a
dust long before the science of chemistry permiitted identification of
the active complex chemical ingredients of this natuzal product. The
insecticidal properties of a powder derived from dried flowers of the
< daisy-like Chrysanthemum coccineun plant were discovered in the early
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) 1800s when it was observed that insects avoided this plant. Since then,
P the specific chemicals, pyrethrins, whichgave the flowers their

insect-killing power, have been-extracted and have been synthesized.
* 14

. . Farmers used arsenicals such as Paris green as early as 1865 to
combat insects which were damaging potatoes in the Rocky Mountain
region. Fumigation with hydrogen cyanide and lime sulfur washes

. were used in the 1880s.to fight insect pests in California. Although
these inorganic compounds were better than nothing, they had to'be

- usedin high doses and even then were sometimes not very effective.
They, were also highly toxic to human beings. )

L : Legend has it that the developfient of one chemical pesticide was
brought about by a group of thirsty French thieves. To stop their noc-
. turnal raid?&ﬁ the vineyards of Bordeaux to steal grapes, vintners
developed 4 combination of copper sulfate and lirhe. The grapes were
sprayed with this “Bordeaux Mixture” to keep the “human pests”’
away. The mixture left an unappealing blue residue, copper hydroxide,
. and made the grapes toxic if they were-not thoroughly washed. The
human pesticide worked. One day an alert grower noticed that the
mixture also discouraged growth of mildew, so after the thieves were
no longer a problem the vintners cantinued their spraying—and a

chemical pesticide wasporn. * ~ <

In 1919 E. B. Blakeslee found that paradichlorobenzenk could be
used to protect clothes against moths; later it was found that this same
chemical was also effective against peachtree borers (Synathedon exifiosa).

Hotse-drawn power dusters were
used i the early 1900s In the
operation depicted, sylphur or
arsenate of lead 1s being dusted
on trees as th®wagon 1s slowly
p‘Lflled down the road

UsDA SEA
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Atabout the same time, it was discovered that some chemical com-
pounds had valuable insecticidal as well as fungicidal properties, and
fsystematic searches for such laboratory-produced pesticides were
-undertaken in earnest.

The early basic research on pest-control techniques was done
mainly by biologists who concentrated on classifying particular types
of pests and studying their life cycles, engineers concerned with the
control of mosquitoes by draining swamps, and chemists who worked
to improve the few chemicals known to be pesticidal. In the early part *

of the twentieth century, scientis?‘lere searching specifically for \
parasites and predators of important pests. Biological control was

almost all they could offer because there were few effective chemical
pesticides. Eventually chemists became involved on a more practical
level. They improved formulations, refined the products, and identi-
fied chemical structures. Through reséarch they explored methods of
,synthesizing chemical pesticides and of improving waysto apply
them Closely related to this latter research was the start of research on
the behavior of emulstens, spray droplets, dusts, and other physical
statds iiportant to the application of pesticides. Studies such as these
involved physics and engineering as w#ll as chemistry and biology.

Basic studies of kinetics of charged particles and emulsion struc~
ture in the 1930s allowed scientists to prepare chemicals that would
permit formation of an emulsion suitably stable for long-term storage.
Emulsions were needed in which chemicals remained uniformly
suspended when diluted in the spray tank before application, but in

- which the’droplets of the emulsion would break immediately upon f
contact with the sprayed surface so the active pesticide.eould adhere.
Formulations and equipment for applying pesticides were modified'to
increa{sﬁhe concentration bf the active ingredient in the spray tank,
thus lowering thezvolume of diluent which had to be transported and
applied. ~ ’

The basic patent for the pressurized gas aerosol method of
"applying substances was granted to two chemists in the United States
Department of Agriculture—Lyle Goodhue and W. Sullivan. Aerosols
later became popular for many household uses.

In 1874 a German chemist, Othmar Zeidler, synthesized DDT and
filed it away as a curiosity. In 1939 that curiosity provided pesticides’
quantum jump when another chemist, Paul Miiller, at J. R. Geigy,

S. A., in Switzerland, discovered the use of DDT as a pesticide (for
which he received the Nobel Prize in Medicine and Physiology in
1948). Besides being credited with saving millions of lives which might

)
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have been lost to insect-borne typhus and malaria.during and after’
World Warll, the discovery of DDT set off a new effort of basic

research into the chemical control of pests. -

This new effort was led by the establishment of the United States
Office of Scientific Research and Development, a wartime group of
outstanding scientists from many disciplines, Among the responsi-
bilities with which this group was charged was that of finding new and
improved methods of controlling typhus, malaria, and other infectious
diseases. This challenge required the cooperation of organic chemists
to develop new compounds, physmloglsts to determine the mode of )
action for pesticidal chemicals,'and toxicologists to determine hazards
involved in the use of the new chemicals. :

By the end of World Warll, this team effort proved 56 successful it
was rapidly expanded to apply to agricultural pests, including weeds.
Basic studies on the interaction between chemical structure and
biological activity led to discdvery’of such new Forms of pest control as
the hormone-like activity of 2,4-dichlorophenoxyacetic acid (Z4-D) on
plants, natural and synthetic inséct hormones, and pheromones.

# For a number of years after World WarIl, DDT and other’ chlori-
nated hydrocarbons were dominant in the insecticide market. Over
time it became apparent that such stable substances can be dangerous
because they accumulate and migrate in the environment. Moreover,
pesticide resistant mutations, which somehme/s’seemed to causeeven
more destruction-than their ancestors, were béginning to emerge.

' Resistant strains result from selective survival of individuals hav-
ing a genetic constitution which provides immunity. Although such
resistance has been described since the early 1900s, it began to increase
in the middleﬁof the 1940s when.large scale application of pesticides
became common practice. In some cases insects have developed resis-
tance to as many as four different toxic chemlcals or to other pest con-
trol measures.

Alternative pesticides which did not pose threats to the efiviron-
ment were sought. As a result, organophosphorus insecticides (such as
malathione dnd parathione) af\d carbamate insecticides (such as Sevm
and Furadan®) came inte increasing use. The organophosphates werg'
developed from a research base that began in Germany in the early
1930s at [. G. Farbenindustrie. Some of these chemicals are systemic
(absorbed by a plant through its leaves, stems, or roots) ¢ausing a
treated plant to become lethal fqr a time to insects that eat it.
(Nonsystemic ingsrmades are lethal to insects that touch or ingest

them directly,) gax‘iophosphates can be used to control disease-
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carrying mosquitoes and ahimal pests such as fleas, ticks, cattle grubs,

. and hornflies The organophesphates remain in the environment for a

shorter time thah _the chlorinated hydrocarbons and, therefore, have
limited uses. Despite this relative lack of persistance, some organo-
phosphates have been found to"be dangerously toxic to human beings.

Development of the carbamate insecticides began in the 1940s at

J.R Geigy, S. A., in Switzerland. Most of these substances act topi- &.

cally, but a few show a high degree of systemic activity. Although they
do not tend to leave harmful deposits on foods, some are harmful to
warm-blooded animals, Other carbamates are effective because they

act on biological reactions and processes that are common jninsects -
but are not as common'in mammals.

Recently, the evaluation of the effects of pesticides has been
.greatly influenced by the tremendous advances in sensitivity and
specificity of chemical analytical technology and techniues. Before
the 1950s only relatively high concentrations of pesticides and their
metabolites could be identified and measured. Residues of less than
one part per million of pesticides in animal or plant tissues were con-
sidered analytically negligible because they were regarded as trace resi-
dues that could not be measured. :

Inrecent years the development of improved analytical tech-
niques, hdwever, has provided scientists with the ability to analyze
and identify certain pesticides and other chemicals in concentrations as
low as one part per trillion, (One part in a trillion is the equivalent of
about 1 minujéin 1,900,000 years.) People have become more con-
cerned about pesticides at these lower concentrations, and some
research has shown that, even at low concentrations, significant
hglnan risks can result from the persistence of some chemicals in the
egfironment. Although the defenders of pesticides characterize such
minute concentrations as “one drop of vermouth in a tank car of gin,”
others take the position that even these low concentrations of certain
substances are unacceptable Anothér effect of the drive to achieve
pesticide use that is almost or completely risk-free has been to inten-
sify the interest in Integrated Pest Management.

a

. ’

Just as any tethnology may yield new benefits—real or
imagined—it can also produce new hazards—also real or imagined. A
conflict over which hazards and benefits are real and which are imag-
ined seems inevitable. «

125 PESTICIDES AND PEST CONTROL

. 131

f‘\




Pest control by chemicals is a relatively new technology which
most people agree should be integrated with biological, cultural,
genetic, ahd other means of pest control. But any evaluation’f the use
. of pesticides must alsoinclude an analysis of what happens when no
N «  pésticides are used. Obviously, both sides of the pesticide ledger must
be totaled before decisions on the greatest net benefit can be made.

Evaluating the trade-offs in pest control methods is often a matter
v of dealing with a moving target. Circumstances 51e changing contin-
: ually. New regulations and technical imprevements and discoveries
that reduce risks must be part of one side of the equation, while known
T ; " or potential hazards that are detected in initial safety screemng tests
’ become a part of the other side. - . <

~ L

Many agriculturists believe that those who are concerned with
I hea]th must balance the production ledger agairist the possibility that
' an occasional person might be injured now or in the future as a result
of trace pesticide residues. Those in agribusiness point out that the use,
1 of nonchemiecal methods of pest management alone would result ina ,
' severe drop in crop production. Many fear that the public health may
be more adversely affected by reduced crop yields and increased -
incidence of pest-borne diseases than by the occurrence of cancers,
birth defects, or other illnesses in a few individuals. NS

Jhe potential of some pesticides to cause human illness and even
death has been recognized for some time by government regulators
and the agricultural chemical companies. Directions for use and label
precautions in the United States are essentially legal documents, devia-
tion from them is a violation of the law. Thejtime that must elapse fol-
lowing application before harvest or slaughfer, theinterval required

. ) before workers can re-enter a sprayed field/and safe disposal feature
) for used containers are.all a part of the prfcaufionary statements. In
addition, pesticide products areglassifiednto restricted and nonre-
stricted groups; only a certified farmer or commercial applicator can |
use restricted materials. And some pesticides.can cause problems even
/ when used as directed.

L]

On the assumption that human beings must protect themselves,
, their crops, their,forests, and their livestock from pests by one means
or another, all available mformahon must be evaluated alf understood’
N before decisions can be made wtsely. Those who began tH®ir gardening
before the end of World War IT'will recall the skull-and-crossbones
sticker required on packages of arsenical insecticides. Although some
people were concerned about residues of these inorganic substances on
apples and other fruits, pesticide regulation was mlmrrlal. When the
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codling moth (Laspeyresia pomonella) developed resistance to lead arsen-
ate, gardeners increased the number of applications to combat the pest”
with the result that even drastic washings would not remove enough
of the pesticide to meet the established tolerance levels. Then, based on
a'study done by the United State's Public Health Service, the Food and’
Drug Administration raised the tolerance levels for this insecticide.
With the introduction of a wide range of pest control materials soon
after 1945, however, product registration procédures with require- -
ments for safety and efficacy testing prior to marketing were estab-
lished. A statement of recommended handling precautions, as well as
use directions, was required on the label.

s

During the early~1950s people became more concerned that
exposure to certain substances such as cigarette smokeand asbestos
might inffease the probability of developing cancer. One,consequence
of this concern was that in 1958 Congress included in the Federal Food,
Drug, and Cosmetic Act what is now known as the Delaney Clause. .
Fhat clause prohibits the use of any food additives that are found to be ‘
carcinogenic to human beings or to animals. The ruling applies only to
substances that are added purposely to food; it does not apply to
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natural ingredients of foods, inadvertant or unavoiééfble contam-
inants, or to pesticides applied to crops in the field. It does cover pesti-
c1des»fhat might coyammate food as the result of pest control tech-

“niques during storage @t processing of food as well as re51d§%:f pesti-

cides if they become more concentrated during storage or progessing of
the food. The clause neither offess guidelines as to what tests for carci-
nogenicity are “appropriate’’ nor requires testing for carcinogenicity,
although the requirement is implied.

In 1964 the Unitad States Department of Agriculture dec1ded to
refuse to register pesticides fof use on food crops unless the Food and
Drug Administration established a finite tolerance for a residue of that
pesticide on a particular crop or food. This action prohibited the regis-
tration of potentially carcinogenic pesticides for such uses. Some
experts thought that carcinogenicity testing should be required for all
newly registered pesticides At about the same time, representatives o
the agncultural chemical industry urged standardization of testing
required for registration of pesticides so they could complete testing/ -
without undue delay before seeking registration. In response to thejir
request, in the early 1970s the Environmental Protection Agency (EPA)
attempted to develop complete guidelines for testing necessary to,
register a pesticide. Many tests that could be used for one pest1c1de
however, could not be used for another; the task was abandoned. EPA
then proposed that complete carcinogenicity testing be required for
those pesticides expected to result in residues on food, food crops, or
feed crops; on those substances suspected of being carcinogenic
because of chemical or other similarities to known carcinogens; and for
those substances that tested positively in the Ames Test for mutageni-
city. (The Ames Test is used to determine whether or not a substance is
likely to cause mherltable mutations.)

[ 4

-

Prior to the Delaney clause, premarketing safety tests for new
pesticides did not place major emphasis on testing for Carcmogemqty
Subsequently, awide-range retestmg (with laboratory animals) of
pesticides already on the market was instituted. Traditionally, in
designing long-term feeding tests, toxicologists have used at least one
concentration of the substances to be tested that is high enoygh to
induce some effect in laboratory animals. Because many substances
being investigated show no effect at doses comparable with those to’
which human beings are typically exposed, it is sometimes necessary .
to use relatively high dosages to obtain any effect.

. Theproperinterpretation of data about carcinogenicity from these
high-dosage-level tests conjstitutes one of the most frequently debated
aspects of pesticide controfersy. One group of pFople claims that even

Ly .
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a single molecule of a carcinogen can, over‘time, produce cancer if it °
damages the genetic material of a cell. They theorize that, if tumors in
. laboratory animals can be produced in tests using.grossly exaggerated
dosages or using very large numbers of animals at low doses oyer a’
. long period of time, human cancers can result from infinitely smallex:,
doses. When this belief is added to the ability of chemists to detect
toxic substances at concentrations as low as one part in a trillion, to /‘
some people the world seems to become a carcinogenic nightmare.
Other.people are convinced that there are concentrations of most toxic
g ) substantes below which no harmful effects will occur. Neither group
SN - can convince the other.

H ’ Where reliable epldem{ological data exist, they are useful in deter-
mining carcinogenicity. Unfontunately, epidemiology is of limited
value in most instances where chemical pesticides are concerned—
primarily because, for most chemical carcinogens, it may ‘take as long
as 20 years or more between the first chemical exposure and the onset
’\.«‘: of cancer in human beings. By the time a substance is confirmed as a
S carcinogen, many people may already have been exposed to it. Epi-
demiologists also have trouble locating people who may have been
exposed years previously to a particular substanee. When'and if sych
individuals are found, they often have also been exposed to several
' otherpotentially hazardous agents. Thus itis difficult to prove that a
-, pesticide is carcinogenic unless there is a well-defined, easily traceable, L
v relatively homogeneous group of people who have had similar expo-
sure to a particular substance.

In 1972 the Congress passed another piece of legislation which has .
* had a great effect on the use of pesticides in the United States. The
Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) places the
responsibility for proving the safety of a pesticide on those who wish
'to make them—not on the general public as represented by the EPA.

In 1970 the majority of pesticides (an estimated 90 percentfwere
" organic chemicals. Insecticides and fumigants, including nematocides
and rodenticides, accounted for about 47 percent of the organics. The
other organics were divided between herbicides (37 percent) and fungi-
cides (16 percent). Between 1966 and 1976, the use of pesticides in the
United States doubled to more than 600 million pounds. (The use of ,
insecticides and fungicides increased only slightly during this period. ) \
The modelrepresents the chem-  The much greater use of herbicides is responsible for most of this
wcal structure of 2, 4, 5-trichloro-
phenoxyacetic acid (2, 4.-5-T) growth. In 1977 herbicides accounted for 58 percent of all pest1c1de
R ChomalConpraton = sales inthe United States. Although the fofal use of chemical pesticides
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in the United States is not expected to increase appreciably over the
next 15-years, the use of herbicides is expected to accelerate consider-
ably. .

The herbicide 2,4,5-T (2,4,5-trichlorophenoxyacetic acid) has been
in use for about 30 years in the United States, Australia, New Zealand,
Germ ny, and a number of other countries. Each year about 3.8 million
acres inthe United tates are treated with Z,K,S-T—principally to con-
trol brusk and weeds on land used for right-of-ways, timber, rice, and
grazing. Other methods for controlling these types of vegetation gen-
erally are nd¢ as gffective or economical ag2,4,5-T. For example, if the
Current use 0% 2,4,5-T on United Stat&§forest land were cancelled and

other known silviculture methods were used, it is estimateg that the
forest industry would sustain a cumulative net income loss of about
$800 million over'10 years. If 2,4,5-T could not be used on right-of-
ways, it is estimated that expenses for right-of-way maintenance
would increase 35 percent (about $35 million) annuallj”™® ~

v ;
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. 2,4,5-T. The Environmental Protectlon Agency (EPA) set a'hearing '

The dramatic contrgversy w})lch surrounds the use of thé herbi-
cide 2,4,5-T is bne example of some of the complex stientific,-political,
and economic considerations which canbe associated with theuseof
certain pest-control methods. Late in the 1960s it was reported that . -
high dosages of 2,4,5-T caused birth defects in experirhental animals.
In fact, it was not the herbicide itself that produced the birth defegts jh
“these animals, but rather a highly toxic impurity—the dioxin TCDD
\(2 3,7,8- tetrach,lorodlbenzo-p -dioxin) (shown on page 129)—that
occurs in the fognulation of 2,4,5-T. The presence of TCDD is the
principal reason for the concerns about the herbicide.,

The herbicide 2,4,5-T was a key component of “agent orange,” a
defoliant widely used ii jungles during the war’m Vietnam. The
discovery that2,4,5-T had the potential of causing birth defects was
mstrum&tal in discontinuing the use of “agent orange” in Vietnam.
Currently anumber of veterans of that war allege that their exposure

" to”’agent orange” haé,se‘riouslya damaged their health by increasing

their %of cancer and causing them genetic damage. The validity of |
these charges is yet to be detetzTned Prior to the late 1960s certain

quantities of 2,4,5-T contained up to 30 parts per million (ppm)of %
TCDD. W hen the Dow Ghémical Company, the principal manufac-

turer, learned of the high to><1C1ty bf TCDD, it changed its manufactur-

ing processes so that the herbmde produced by 1969 c’xed less .

" than 1 ppm. : . ‘ FUR

In 1970, not long affer the ban of “agent orange” for military uses,
the Unifidd States Department of Agriculture, United States Depart-
ment of the Interior, and the United StatepDepartment of Health,
Educatlon and Welfare jointly agreed fo brohihit«certain uses of Coes

date in 1974 on cancellation of the remaining reglstered usesof 2,4,5-T. .

It Had been found that TCDD disintegrates rapidly (that is, w1thm
days) in some env1ronments receiving bright sunhg t, thereby theoret-~ -
ically reducing the risk of using 2,4,5-T on ricq fields, on right-of- =~ -
ways, and on rangelands or pastures. On the other hand, it was not
known how rapidly TCDD breaks down under certain other condi- )
tions, such as after being sprayed on forests. Moreover, it was not clear
whether or not TCDD would concentrate in ammal tissues, as do Some
other chlormated hydrocarborg. Furthermore, only a handful of

-laboratgnes in the world had the highly trained technicians and

sophisticated equipment necessary to detect very low concentrations

of the chemical. - 2,
By the'time scheduled for the public hearings, the most advanced
A, .- -
" ,
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methods ofass spectroscopy had so increased the sensitivity of
analysig that as [ittle as 10 parts per trﬂlio_n (ppt) of TCDD could be
detected in some tissues, but the method Had not been verified in a suf-
ficient number of laboratories to be useful in the hearing. Without in-
formation abolit human exposure (usually derived primarily through
analysis 9f diet residues, tissues, or milk) there could be no sound evi-

. dence of uch exposure or, thereforeof risk to human health. In spite

of scattbred reports of problems in human beings and animals at- -
tributed to 2,4,5-T «the public hearings scheduled for 1974 were can-
celled because of a lack of sufficient data.

In the meantime, the EPA created a process #lled the “"rebuttable
presumption against registration” (RPAR) to help identify pesticide
uses-which may not satisfy the legal requirements for a pesticide’s
registration. The procedure also establishes a method for gathering and
evaluating information about the risks and benefits of these uses and -
allows for public participation in the process. In effect, fora pesticide
to be registered for a use, its benefits must exceed its risks for that use.
The RPAR for all pesticides containing 2,4,5-T products was issued in
1978. During this process, in March of 1979, the EPA announced an
emergency suspension of spraying of 2,4,5-T on forests, in pastures,
and along right-of-ways. Use of 2,4,5-T on rangeland and rice were not
included in this suspension order. The EPA said it did not say “’that the
health effects in humans are positively proven, or that 2,4,5-T should
never be used again.” But it did say that "’there is sufficient evidence to
stop further exposure of the chemical until the issues can be resolved.”
The evidence (collected during the RPAR review) to which they were
referring was, in large part, information derived from the results of
animal studies and an epidemiological study. + . -

. The prinaipal impetus for the emergency suspension of the use of
2,4,5-T was an ¢pidemiological study said to show a “’high probability
that the hgfbiéide is linked to human miscarriagesfn an area where
2,4,5-Tis used regularly.” The study (called Alsea Il because this was o
the second study conducted in the Alsea Basin region in Oregon)
which precipitated the suspension has since been severely criticized by
a number of indepéndent experts. Their criticisms include incomplete

. . . BN
and inaccurate data on 2,4,5-T usage, inaccurate data on spontaneous SN

abortions and failureé to recognize that the monthly variation in rates of {
hospitalized spontaneous abortions described in this study was no

greater than might be expected through random variationg. The con-
sensus of those who reviewed the Alsea Il study (including a number

of scientjgts at a 1979 conference on 2,4,5-T sponsored by the Ameri-
cavyﬁrr%@hderation) was that it did not seem to warrant the
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EPA’s conclusions. On the other hand, it has been shown in various
studies of certain species of test animals that TCDDican cause cleft
palate, kidney abnormalities, fetal mortality, and reduced fetal weight.

Even though sophisticated techniques were tised in these studies,
traces of TCDD were found in a few cattlein some areas where 2,4,5-T
/ . had been used, while in a number of other studies no traces of TCDD
- : have been detected in animals. Some scientists maintain that more
“ sensitive instruments might have detected TCDD and that even
extremely low concentrations are hazardous. Furthermore, people do
. not yet agree on all aspects of interpreting the dose level responses, in
other words, whether or not there is a level of this chemical below
which no effect will occur. The question al3o remains whether or not
2,4,5-T and/or its contaminant TCDD might pose a threat of cancer,
birth defects, or abortion to human populations. Certain groups vehe-
mently continue to oppose any use of 2,4,5-T no matter how little .
TCDD it contains. Currently, the recommended maximum level of
TCDD in 2,4,5-T is 0.10 ppm. Dow (&.hemical Coﬁany reports that
more recent technology has made it possible to reddce the level of
TCDD in the 2,4,5-T it produces to less than 0.02 ppm’

When the use of a substance such as 2,4,5-T is suspended, hear-

A ; ings can be requested on the cancellation of that chemical’s registra-
tion. In July of 1979 the EPA issued notice of an intent to hold a hear-
ing to determine whether or not the remaining nonsuspended
registered uses of the pesticide (on rangeland and rice, and for noncrop

' _ uses) should be cancelled. In September of 1979 the Federal Insecticide,
Fungicide, and Rodenticide Act Scientific Advisory Panel recom*
mended further reductions of the level of TCDD in 2,4,5-T, obtaining
more long-range data on exposure, and evaluation of information from

imal studies that had not yet been completed. The Scientific
Advisory Panel also said it “could find no evidence of an immediate or
substantial hazard to human health or to the environment associated
with the use of 2,4,5-T" onrice, rangeland, orchards, sugarcane, and in ..
certain noncrop uses. It therefore recommended that the EPA not hold
- ameeting at that time to resolve the fate of the nonsuspended uses.

Nevei‘theless, the EPA is currently conducting hearings on both
the suspended and nonsuspended uses of 2,4,5-T. Evidence is being
collected from the results of ani’mal and epidemiological studies, and

- . ' " new facts are emerging. For example, it has been reported that many of
the 75 chlorinated dioxins may be generated from sources other than
2,4,5-T, such as fuels and other common materials. The full signifi-
cance of this finding is still not understood, but when an environment

k | j)&p'osed to 2,4,5-T is examined for TCDD, measurable amounts of
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TCDD may or may not be found. However, whehn there is a search for
TCDD and other chlorodioxins in an environment exposed to large
sources of combustion by-products, measurable amounts of TCI3D are -
found. More information is being assembled as various studies are
completed. For example, scientists were recently unable to detect .
dioxin in mother’s milk in areas where 2,4,5-T had been'used. No resi-
dues were detected using the most modern scientific equipment—
equipment capable of measuring residues of 1 to 4 ppt. It is not known
whether any dioxin is present below this limit of detection. In
December of 1980 the Advisory Commission on Pesticides forthe
United Kingdom issued its most current report concerning the safety
of 2,4,5-T. That report concluded “that 2,4,5-T herbicides can safely
“be used'in the Unite ingdom in the recommended way and for the
recommended purpo ; however, the committee also expressed its
intention to “continue to examine any soundly based riew evidence or
information.” . .

The hearings on the 2,4,5-T issue in the United States are still
underway. Because ofthe many complex issues involved, it probably
will be some time before they are concluded and important
risk/benefit questions about 2,4,5-T and a host of other chemical.
pesticidés are resolved '

MY

Biological Controls-

B
/f he publrt?{!ﬁifaé‘fn mobilized by the publlcatron of Silent Spring
and the report by President Kennedy’s Science Advisory Committee
has brought\al:;put a serious search for alternatives tothe heavy use of
chem\ka'l- pestrcuiEs . ‘.

To achieve the goal of reducing the use of chemical pesticides, the
concept of Integrated Pest Management has become a research priority -
for ipdygtries, universities, and government. A number ¢f new, non- ]
chemiaf¥ methods of pest control have come understudy and have .
progressed to field testing with varymg degrees of success. .

.

‘The greatest efforts in bidlogical control have been d1rected at
insects and mites. Hundreds of years ago the Chinese used ants to con-
trol insect pests on citrus plants. But it was not until around 1890 that a
major-biological control effort was undertaken in the United States.
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Around 1590 the cg‘ﬂm;y cush-

1on scale (right), threatened the

success of citrus farming in

Califprnia Its matural enemy,

the predatory vedalia beetle (left)
. was used to control this pest m
« the first major biological con-
trol effort tht wus undertaken
in the Umited States

APHIS USDA
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At that time the cottony cushion scale, lerya purchasi, nearly de-
stroyed the beginnings of citrus farming in California-This scalewas .’
found in Australia but was not considered a pest there because of a
natural enemy—the predatory vedalia beetle, Rodolia cardinalis. Within a
year after the vedalia beetle was imported and established in the Cali-

fornia citrus groves, the scale problem was under control. ,
.

The supptession of this pest continued for more than 60 years
until DDT was used in some groves to combat other pests. Unfor-
tunately the DDT killed the beetles, too, and therewas a widespread
recurrence of cottony cushion scale. Control was achieved through the
reintroduction of the vedalia and by adjusting the spray treatments.

Insect diseases can be important natural regulators of insect popu-
lations, but itis difficult to predict where and when an outbreak of a -
pathogen will occur. There have been some cases of successfully intro- :
ducing an insect pathegen to control certain insect pests. One notable
such program was designed to control the Japanese beetle (Popillia japon-
ica), an insect that injures shade trees, ornamentals, lawns, and various
food crops. Estimates of the averdge damage caused.each year in the
United States by this beetle range up to $20 million. The beetlelays its
eggs in the soil, and the eggs hatch into larvae that eat plant roots
before they enter their inactive pupal stage. The adult beetles feed on

.

4 & v
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Japunese beetles (right) attack
flowers, foluge, und friat of more
than 275 different plants In thewr
grub stuge, the beetles are par-
ticularly destructive to grass

USDA

In the photograph below a dust
contammy bacterul spores from
Baaillus popilhae 15 betng ap-
phied to the grownds of National
Atrport m Washmglon, D C to
prevent spreading of the Japa-
nese beetle t6 distant locgtions
The bactera are an ideal weapon
because they attack ondy Japa-
nese'beetles and a feto other -
sects 1 the sume fanulys The
disease 1l not mfect other -
sects, earthworms, birds, warm-
booded wimals, human bemys,
or plants ’
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several types of ripe fruits, especially peaches. It was found that a bac-
terium, Bacillus popillige, can infect the beetle larvae. This pathogen is
propagated by injecting the live larvae of the Japanese bgetle. Later, the
spores of the bacteriuns are removed from thelarvae, dried, and mixed
with talc to achieve the desired concentration of spores. The “’spore
dust” is then spread on the soil to attack the ldrval beetles. Theinfected *
larvae further inoculate the soil and add to the concentration of spores

. to the point that the beetle population is controlled. In thé eastern
. United States, this method of control is one of the most important bio-
logical factors in regulating the number of Japanese beetles.

i
-

. Another commercially successful effort to control insects with

bacteria has been the use of a bacterium named Bacillus thuringiensis to

control pests such as the cabbage looper, Jrichoplusia ni, and the corn

earworm, Helwothis zea. B. thuringiensis, hab been used commercially for

” aboutﬁﬂ’y’ei&s, but it does have its drawbacks. It and other microbial

: A contrdJs are highly specific, chemical insecticides must, therefore, be
used to control the aphids, mites, and other pesjs in the same field. The
bacteria do not persist in the field, so applications must be made fre-
quently, as with conventional insecticides. Furthermore, bacterial
insecticides do not produce the quick knockout of pests that farmers
like to see.

Another successful use of biological methods is in the control of
the prickly pear cactus, Opunta stricta, on about 60 million acresin Aus-
tralia. This unwanted plant has been controlled by introducing moths,
Cactoblashs cactorum, which feed on it. Generally, however, the biological
control of a single species of weed is not practical because other weeds
quickly take over when the weed causing the primary problem is gone.

The successes of biological controls have been limited. Unfor-
tunately, of the approximately 85,000 species of insects living in the
United States and Canada, only about 60 species are reported to have
been partially, substantially, or completely controlled by managed bio-
logical intervention.

Stersle-Male Technigue Sterilization of male insects by radiation as a means of pest control
or eradication was conceived by E. F. Knipling some 40 years ago. His
theories were first put into practice in 1955 to eradicate the screw-
worm, Cockliomyia homimivorax, in Curacao.

Screwworms are the maggots of blowflies. The maggdts eat the i
flesh of living cattle, and the wounds they cause may kill the cattle or
severely damage the quality of the cowhide. In the sterile-male tech-
nique, male insects are raised in an insectary where they are treated
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with radiation to make it impossible for them to reproduce. These

- sterile males are then released to-mate with females who later lay eggs
that develop.improperly or not at all. Releasing sterile males has beert
quite successful in almost eliminating the population of screwworms
in the southeastern United States. The techniques involved in the suc-
cessful control of the screwworm have rarely been duplicated for othfr

~ Rsts during the past 25 years. J

At right 15 2 group of blowfly

MaggUts (screwworms) winth ong
enlarged to show detail Below

15 @t adult blowfly (Cochlio-

mvia hominivorax)
APHIS (5D

ERIC

Aruitoxt provided by Eic:
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Researchers are also exploring the use.of.chemical sterilization,
but at thig time all of the substances that are effective chemosterilants
have harmful effects on higher animals and human beings and are
hazardous even under carefully supervised conditions. Unfortunately,
itappearsthat the sterile-male approach to insect control {although
scientifically interesting and feasible for certain insects like mosqui-

" toes and fruit flies) is not apt to have much broad impact on reducing
.

chemical insecticide usage in the near future.
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Hormones and
Pheromones

One method bemg used to con-
trol blowtlys mvolves breeding
and hatching them m a labora-
tory where the males aressteril-
1zed by radation The resulting
stertle male bldwfhes are then
released m an mfested area to

mate wunsuccessfully, thereby +

reducing the blowfly popula-
*tion 1 that particular area ,

APHIS USDA
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Two of the most highly publicized methods of “natural”’ control s
are the use of insect hormones arid pheromones. The hormones can )

interfere with the natural physiological processes of a pest, and the
pheromones can affect a pest’s behavior. '

A number of insect hormones have been identified. The hor-
mones are us to kill by-mterfenng with, confusmg, ovenstlmulatmg,

’s bedy chemistry and may affect its gut act1v1ty, blood
sugar level, or fertility.
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Pheromones are like hormones in that they are glandular in origi

* and act in minute amounts. THe big difference is that while hormones

are secreted internally and act on the pest’s body chemistry, phero-
mones are secreted externally by one creature and act 6n another, usu-~
ally of the same spécies. Pheromores exercise behavorial control over

* colonial insects through their odors which may cause clustering, indi-

cate alarm, or blaze an olefactory trail for otherstsfollow. Probably
their best known function, however, is as sex attractants. Pheromones
of important insect pests are being isolated and-identified, and some
are available commercially. Traps containing sex pheromones are used
to attract insects so their populationscan be monitored. Another use
of pheromones in the management of pests is to suppress mating by
confusing the male insects. This procedure is still experimental; but it
rests od the theory that if many sourges of synthetic sex pheromones
areintroduced into the native envirortment of the insect, there will be a*
greatly reduced possibility of the male or female insect finding a
member of the opposite sex. ‘

»

Methoprene, produced by Zoecon Corporation, is one of the few
hormonal pesticides now available. It is used as a flood-water
mosquito larvicide and also for the control of hornflies (Siphona irritans).

P .
Although use of hormonal pesticides and control by pheromones are
not widespread, these two argas of research are promising. A consider-

-able amount of 'tﬁought and work are being devoted to making these i

methods more useful. —_— .
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A successful method of nonchemical control of destructive insects
has been the selection and development of resistant crop varieties.
Almost everyone is aware that the development of hybrid seed corn
revolutionized farming'in the United States so much that yields have
nearly tripled in the past 50 ygars. However, few people realize that
research to improve s¢ed corn is still very active. One major goal of this
research is to developlhybrid varieties that are resistant to pests and
diseases. As an example, the research center of Pioneer Hi-Bred Inter-
national Inc. grows corn borer moths, Ostrinia nubilalis, the larvae of
which can easily destroy corn crops. The company grows the moths to
obtain more than 60 million eggs a year. The newly hatched larvae
from these-eggs are used to test different strains of corn for their resis-
tance to this pest. he :

_The search for pest-resistant varieties must be a continuing proc-
ess because living organisms can acquire resjstance or immunity to
nofchemical as well as to chemical control measures. When pressure is
applned that comes close to exterminating an organism, the threatened,
organism may be able to adapt to overcome the threat, particularly
when long periods of time are inv@Ived. The process of natural selec-
tion of insect-resistant and disease-resistant strains of crops is going
on continuously, and research such as that described with is
needed to keep}fhe farmer ahead of the p/ests

, ,//

One major problem facing the further development of nonchemi-
cal methods of pest control is their specificity. Because these methods °
usually aré effective against only one kind of pest, crops still require
chemical or other treatments to handle threats from other species'of
pests. The second important issue for nonchemical (and chemical) con-
trol methods is the possibility that health or environmental hazards
may be introduced which have effects at least as severe as those
methods they are intended to replace. This is particularly true in the
cases of hormonal controls and chemical steriliZ8tion techniques.

A third major drawback in the use of nonchemical measures is the
cost of developing and marketing them. Because of the specificity of
these measures, a feature that many environmentalists consider desir-
able, any single product will have a limited market. Saaeven if a prod-

- uctcould capture the entire market for thf(ﬂ(:ntrol .of aparticular  *

species of pest, its limited demand might n A]ushfyihe costs of

development.
[ 4
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| INTEGRATED. ' j ™ -~ ]
PEST , a ,’
MANAGEMENT _ / \
. . , The most widespread attempt to integrate nonchemical controls
with chemical controls is Iitegrated Pest Martagement (IPM),
Researchers using the biological, cultural, and chemieal contrpl phases
. of Integrated Pest Management programs have provided val#able: .
?nowledge needed to attack a pest at its most susceptible stage and to 1
¢ etermine the circurnstances under which the host is most vuInerabie.
v (
Few would argue about either the desirabiljty or the potential of,
combining multiple methods of pest control into an effective
Integrated Pest Management system. But the lack of research informa-
tion on the basi‘c biology of pests and crops, the lack of established
> ! econpmic‘(hresholds, and the primitive state of predictive modeling
and agroecosystem analyses are serious deterrénts to the growth of
IPM. . - '
Although according tothe 1979 Reporton PeWanagemmi Strategies of
the Office of Technology Assessment
. IPM appears to be the most promising crop protection
strategy for the next 15 years, [there are] technological ’
-~ . and administrative obstacles that impede the develop- o~
-ment and implementation of IPM.
. The technological obstacles lie primarily in the areas of
B basic knowledge, delivery systems, and pérsonnel. An T
inadequate base of knowledge in the biology, bionom- - .
’ ics, and interactions of c?¢p pests seriously limits the
) range of control tactics gvalable for integrating pest |
. management into a total ¢rop production system.

. OTA has concluded that, with incréased use of IPM, chemical
. pesticide use s expected to decreasetrall crops considered in the 1979
report; suprigingly, however, it has also concluded that ““the amount of
reduction is speculative and may not be nearly as significant as is of ten
‘assumed byfsome persons. It is more cerfain that the pesticides that are -
applied will be used efficiently and effegg:vely.” '

- Because chemic# pesticides will continue to be heavily used in the
* foreseeable future, it is important to discover for each crop and each
pest how to select the most-specific chemical available, the most suit- . . v
able formulation and application techniques, the optimal dosage, and
the proper time of application. Some such knowledge is part of the
. experience background of any successful farmer. But to ge
results, itis necessary to have information about trends in pes
» tions obtained by areawide surveillance and an understanding o
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relationships between pest populahons pest damage, crop production,
and profits. For example, in some cases, while a pes%trol technique
may reduce damage by pests, it may also decrease overall production.
In other cases, the cost of pest control may exceed the benefits in ]
increased crop production, making it more profitable to accept reduced
production and to avoid the expense of certain methods.

Convincing skeptical growers that Integrated Pest Management is
aviable alternative to their present pest-control practices is not an easy
job. Many growers have confidence in what they are doing now;
many, already faced with serious threats from pests are hesitant to
abandon current control methods for the uncertain services and bene-
fits offered in an IPM program. And in many cases farmers do not see
any economic benefits from IPM. Because of the complexity of IPM
strategies, a great deal mor/y\research is needed to develop, implement, ,
and improve them.

’

i
v

Measuring thesocial impact of pest control is difficult. The rea-
sons for and results of its use are wide-ranging and complex.-One of
the more obvious reasons for controlling pests is to enlarge crop pro-
duction. If areduction in the number of pests permits farmers to
increase their harvest, the farmers may realize greater profits because
their unit costs are reduced, and consumers may pay less for food
because it is in greater supply. Pagt absences of or failures in pest-
control programs have set the stage fortuch tragedies as a plague of
locusts devastat' g hundreds of square mlles of cropl‘and causmg star-

There ate other, perhaps less-compelling, reasons for using pesti-
cides Farmers may find it necessary to apply pesticides to reduce the
aphid population on tomatoes to meet the strict tolerances for the
number of parts of insects permitted in gatsup, even though the aver-
age consumer may not be aware of any)éontammahon\)f catsup.
Cosmetic considerations sometimes mandate the use of ‘pesticides. For
instance, mite damage may affect the appearance of an oi'ange while
having no impact on its taste or nutritional quality. An orange’s
appearance, however, may affect its marketability—a strong incentive
for a farmer to ¢ontrol the mites.
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« Pest-Borne Diseases One aspect of pest control that is often ignored m the continuing
- - debate over its need is the contribution of chemical pesticides to world
health. . ) ,
R Prior to 1939 epidemic typhus killed more people during all the
. wars in history than all the spears, arrows, bombs, and bullets com-

bined. One type of typhus is transmitted by body lice, a pest that
thrives on the unsanitary conditions associated with extended battle.
War and this disease seem to go together. ’ 4

Early in WorldWar long after Paul Miiller discoveréd that”
. DDT,was effective in controlling a wide range of'insects_, including
- lice, the allied forces put DDT into mass production. In 1944 DDT was
applied directly to thousands of soldiers, refugees, and prisoners to
v combat body lice, thereby helping to avoid the spread of a disease that Lon
) killed more than 2 million . people during World Warl and its after- ?

math. ! ' \g
Malaria, probably the greatest killer and debilitator in the world,
is carried by several species of the Anophéles mosquito. Prior to the :
widespread use of DDT, control techniques included spreading oil on

the surface of water to prevent mosquito larvae from getting air neces-

sary for their survival, water management, and using pesticides such as

Paris green and pyrethrum spray. '

/" Through the use of DDT and other insecticides, the elimination of
| potential breeding places, efforts to fmprove the standard of living, and !
the discovery of better medical treatments, the picture gradually °
. changed until the disease was no longer a problem in the United States.
- Nevertheless, malaria remained a problem in other parts of the world.
Itis estimated that in the late 1940s and early 1950s there were about :
300 million cases annually, with at least one death occuring from the .
disease every 10 seconds, In 1956,the World Health Otganization
mounted an international malarta-eradication effort using DDT.
Although the pragram was very successful in many countries, it'is
estimated that the disease still causes 1 million deaths (mostly in ~
‘ Africa), and there aré 120 million cases per year. On the other hand, the
* ersistence of DDT and the harmful effects caused by its accumulation
. in'the\ food chain contribu'ted_ toits being banned for use in the United
States.

i Other seridys diseases are also borne by mosquitoes. Yellow fever
is still a major threat in Africa although it has been eradicated in most
urban areas of the New. World. Filariasis, a disease caused by a parasite

3 nematode worm and transmitted by mosquitoes, infects an estimated"
»- "250 million people. I\"/Iosquitoes are the vectors of more than 80 viruses

LS

-

LR

-
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v .Gambusia affinis (above right) .
g 15 a small fish which s a natural
predator of the larvaland pupal
stages of mosquutoes of the genus
Anopleles Gambusia (right)
arg bemg hberated nto a gond
. to help contrel the mosquity

that attack human beings and cause diseases, such as 0'nyong-nyong

CR—
= apopulation S fever, dengue fever, Chikungunga fever, and several types of
¢ USD AsCenter for Disease Control N

. : . . encephalitis.

Encephalitis, a disease prgpent in the Umted States, is transmltted
to people by birds and mosquitoes. In most years there is little risk to
people, but when mosquitoes become more abundant—after heavy
. ' rains for instance—the risk increases. Researchers are developing a
number of nonchemical alternatives tq prevent outbreaks of encephal-
itis in this country. Many of these techmques could have applications

-
]

= . in other parts of the world to control mosquito-borne dlseases -
o~ ’ ' There is evidence that the mosquito now is exhlbltmg incredible
2 s @ adaptablhty Southern Asia-and parts of Central and Sou America'
. ) ' N 9 ‘ ~
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: ﬁ ¢ are experiencing a resurgence of malaria: Mosquitoes are developing a
! high resistance to household sprays and other methods used te control
»

—~ them. ) )

"In additjon to insecticidal sprays there are other approaches to
. ' _ . _controllingmosquitoes. Just-as some peoplehave hereditary resistance
+  tocertain diseases, mosquitoes have been found that resist laboratory
e infect them with encephalitis virus. Such mosquitoes may be
released in hopes of eventually replacing those which carry the disease.
The use of natural Predators (for example, fish that eat larvae)is
another control method which is effeg't’ive in certain locations.

S Biologists first thought that the variations inthe numberof
mosquito larvae from rice field to rice field in California reSulted from
toxins from a blue-green algae. Recent research, however, has shown .
v that when'mosquito larvae brush against certain species of flatworms
‘ in the genus Mesostoma the larvae become paralyzed and die. Studies are_
now underway to find out why,certairsrice fields support flatworms ;
T . ahd others do not. These worms may provide anothérbiclogical
\ approach to mosquito control. Parasitic roundworms that can kill lar-
-~ ‘vae may also prove to be the mosquito’s nemesis. '

. These are just a few methods that have potential for controlling *
o encephalitis-carrying mosquitoes i THe United States. Many of these
» - methods may have application elsewhere for€ontrolling pests which o0
transmit other diseases; enormous health benefits could ensueif the
techniques are successful. "

o

sl

Risks and Benefits When spray operators become ill or die as a result of spraying or
spilling pesticides on themselves, the adverse effects of pesticides are
& , © '+ immediately evident. In other instances determining that a death has
- been caused by a pesticide often requires a little more detective work.
t Accidents caused by Eareless‘storage 9f pesticides around small chil-
- dren and even suicides.show up in the statistics on p&sticide poisoning. I

. Immediate and fatal effectgare fairly easily documented. Despite

the vastincrease in the availability and use of pesticides, since 1956
direct deaths attributed to poisoning by agricultural chemicals, includ-
ing pestjcides, dropped from 152 in that year to 34 in 1977. (In'1977 the J
totalTiimber of lethaM#Gisonings from all substances in the United

% States was 4,970.) During this same period the total population and the

$ - number of accidental deaths from all other poisenings approximatel
o~ + doubled. : '

' Pestieides maycause unwanted damage to crops and animals
. . which can octur at the site of application or many miles downwind or » ~

7 ° !

\
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. downstream from the point of application. Some other adverse effects

are harder to identify. In general, it is rare that the cause of anindi-
vidual case of cancer can be identified reliably. Epidemiological studies
of population groups may associate a rise in rate of cancer with a com-
mon exposure to a chemical, but such detettable outbreaks are usually
in relatively small, immobile, and homogeneous populations of heavily
exposed individuals. No such outbreak of cancer has been reliably
related to a pesticide—although the possibility of such a relationship
cannot be dismissed. The United States Environmental Protection,
Agency has established a Cancer Assessment Group with the responsi-
bility of evaluating evidence that certain substances are or are not car-
cinogenic. Their deliberations are principally baged on the results of
experiments on laboratory animals and findings in epidemiological
studies: . : -

A}

Problems also exist in assessing the more Serious long-term or
delayed effects of pesticides on wildlife and on the environmenit in
general As already mentioned, certain pesticides persist in the .
environment and may accumuylate in the fo8d chain. Few doubt that
the poténtial exists for serious, long-standing ecological damage, but
such damage is difficult to demonstrate in many specific cases and is,
therefore, almost impossible to quantify. It is not uncommon fot a pesti-
cide to kill beneficial parasites and predators of pests as well as the
pest itself, thus resulting in a serious infestation of the same or a dif-
ferent pest at a later time. But this effect is also difficult to measure.
Biological control methods may also suppress the population of one
pest, thereby, in turn, allowing the population of another pest to
develgp into a serious problem. r

Effects of pest control measures are hard to classy y as entirely
beneficial or adverse. It is easy, for example, to undeystand why the
Mormons in Utah erected a monument to the seagulls that savéd their
crops from a devastating horde of insects. It is somewhat more

* surprising to learn that a monument was erected to the boll weevil in

Enterprise, Alabama, because that insect forced farmers to diversify
their crops, thus benefiting the entire state. -

Few experts in the field of péstrcontrol believe thdt it is possible
for the United States to maintainits current levels of agricultural pro-
ductivity, let alone to increase production for expariding world needs,
without some use of chemical pesticides. Similarly; acceptable freedom
from pest-spread diseases, pest annoyance, and the destruction “of
crops and forest products by pests cannot beAchieved without some
usé of chemical pesticides.”On the other hand, the tremendous surge in
chemical technology several decades ago, especially the rapid conquest

~

[ .
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of serious pest problems during W orld War I, resulted in an unjusti-
fied confidence on the part of some people that chemicals could solve )
ali pest problems. Scientists were less sanguine about having found the
ultimate solufion to pest control than the users were, and the scientists

- havebeen proven right. Today the need to reduce damage, health

_hazards, and annoyance frong:e;ts is still present.

< -
est contro] will require more research:

(Accomplishing effective

¢ " » . . .
e‘hazards of pesticides need to be reduced; the ecological interactions ‘
among people, pests, and’environment needto be better understood; .

the ability of those concerned with pest control to communicate
among themselves-needs to be increased; and the tethnology for deal-
ing with the complexities of tHe pest-control equation needs to be
improved.  ~ ’

Answering questions involvifwg the risks and benefits of pesticides
in today’s'society is the responsibility of legislators, ré&ulatory agen-
cies, county and state research and advisory services, agricultural
chemical companies, farmers, and finally, individuals. All have a vital
stake in the continued successful mafiagem

The pfesent pblitical reality in the'/ifted Sfates and in other parts

."of the world is that consumer and other interested groups object to the

use of a technology unless they have been persuaded that the benefits
of fhe technology are great enough to justify the rigks that are
involved. Within the last decade these groups have awakened to the
fact that pressure from social forces can result in the banning of
hazardous pesticides. It is likely that this monitoring process will con-
tinue; it is clear, therefore, that the Bases of assessing risks, benefits,
costs, and the ways in which theysare distributed tc various segments
of society must be better understood. To this end, both experts in the
field and jnterested segments of the population must learn how to
communicate more effectively with each other. If mutual respect
among the various segments grows, it shquld be p'ossible for adver-
saries to understand and agree on the najere of the risks, benefits,
costs, and alternatives, even if they attribute different values to each.

-
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‘When the Harternumal at the newg
’]m’dah International Awrport s
completed. it will be Lotered by
5 5 mullion square feet of Teflon -
coated fiberglass fabric The
translucent tabric will torm 210
tent-like wunits sparniz 105
acres—an areaequivalent to that
of 80 football hields The ternu-
nal’s principal purpose 1s to serve
Mushms making therr once-mn-
a-life-time holy pilgrimage to
Mecca Six hundred thowusand
. prlgrims are expected to'use the
facility i 1981 This biulding
mategal was Jiosen Feoause f
> uts high strength, resistance to
weather, and long lite

Owens-Cormng Fiberglas
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Synthetic: . -

About 30 years ago the term “wash-and-wear” was introduced to
the American public. Since then it has become virtually synonymous
in the American mind with any fabric made entirely or in part of fibers
created in the laboratory. “The easy care that is characteristic of syn-
thetic fibers is already legendary; over the years their durab111ty has
also proved undepu ted. .

I?or thousands of Years, fabric had been woven from natural
fiber§, such as silk and wopl from anifnals and cotton and flax (linen)
from plants. Not until the twentieth century did scientists and
engineers successfully reach beyond the range of fibers provided by
nature. Research made it possiBle to ufe feedstock chemicals to pro-
duce synthetic fibers, and powerful new technologies provided the
means to reform, shape, blend, coat, and treat the fibers.

Today more than onezthird of the fiber used in the world and -
about three-fourths of that used by mills irr the United States are syn-
thetic. Synthetic fibers are everywhere—providing clothing, shelter,
and household furnishings, infproving long-range communications,
and helping make more time available for lgisure and “for work. Collec-
tively, in their many apPlications,syntheétic fibers make the modern
world more habitable. - '

f e o s - ,‘
. < »”‘
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v

Today, fiber chemlsts canproduce and tailor synthetic fibers to
meet a variety of special needs. Sy‘hthetlc fibers also can be produced
more rapidly aegr:n some cases more economically than natural ones,
especially in recént years. Polyester staple, for example, is usually
cheaper than cbtton, and nylon and polyester filament yarns are

€
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cheaper than wool and silk—primarily because of sf\e differences in the

amounts of labor required to produce natural and

ynthetic fibers.

The textile manufacturing process tends te beeome increasingly

.
D)

labor-intensive as the raw product’goes from fiker to yarn to textile to
finished product. Making the fibers, dyeing them, and finishing them
represent less than 10 percent of the retail cost of a garment, while
spinning, weaving, design, and manufacture account for more than 50
percent of the cost. Making cloth from synthetic fibers requires less

‘

labor than making cloth from natural fibers. Because of fhis saving in

labor costs, the average family in the United States now spends a much
smaller portion of its income on clothing thanit did 20 years ago.

Synthetic fibers have made dramatic changes in clothing possible.

Today’s comfortable, fitted,.and functional styles are possible only
because of synthetic fibers. Synthetics have even sparked a number of
fashion revolutions. Textured nylon, for example, led to pantyhose,
whichin turn helped popularize the miniskirt. Modern styles of

lingerie, swim, and other sportswear owe their existence to synthetic
a » -~
- -~ == fibers. C . -t g

~ -

Synthetic fibers aJso mean that not only the wealthy but also a

vast spectrum of Americans can enjoy the latest trends in héme
decoration. The fibers have made possible a great variety of inexpen-
sive, easily maintained, durable, and colorful fabrics for upholstery,
draperies, and linens. In fact, bulked, continuous filament yarns have
created a carpeted America.

Becausesynthetics are so easy to maintain, the need for mending

has decreased; and although people now wear more knits than they did
a generation ago, darning is almost a forgotten art. In the past, an aver-
age family’s ironing may have taken more than 1 day a week, and this
was for approximately one-half or less of the clothing and furnishings
that Americans own today. The important effect 5f these time and
labor savings is that people have more time which can be used in other
ways. This time can be used to add to the total work force, for recrea-

tion, or simply for relaxation.

-

By cutting the cost of recreation equipment, synthetic fibers have

also helped diversify and multiply leisure-time activities. The private
boating boom is largely a result of research that made possible the
development of synthetic fiber and polymer composites that can be
molded into hulls reinforced with' glass fibers. Ma ny of the low-cost,
sturdy, lightweight tents, sleeping bags, and other hiking and camping
equipment more resistant than ever to extremes of heat and cold, wind,
rain, and abrasion could not exist without synthetic fibers. In skis, golf
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club shafts, tennis rackets, tent poles, vaulting poles, and skate boards,
where strength-to-weight and ﬂex1b1hty to- welg}u ratios are impor-

tant F‘hetﬂremfmeed”ylaau\.a C)\LCI

~

The Silverdome Stadium in

. Pontia¢. Michigan has more *

than 80,000 seats"and covers
about 35,000 square meters

« Owens Cornmg Fiberglas

The construction industry is using synthetic fibers to cover some
long, clear spans. Sport fans know that the Silverdome Stadium in
Pontiac, Mlchlgan has an inflated roof woven of glass fiber. A Teflon®
coating protects the roof agairrst extremes of weather, yet the roof
remains translucent. The flame-resistant qualities gf glass fiber and its
“high strength-to-weight ratio were important factgrs in the choice of
these materials. When the cost and time to erect this enclosed stadium
are compared with the cost and time needggd to build similar structures
in recent years, the economic advantage of this inflated roof over con-
ventional ones is easily demonstrated.

Iriflated structures also have permltted some large-scale construc-
tion projects to proceed virtually all winter long in even the coldest cli-
mates. Such structures also are being used in hydroponic gardening
and farming to make plant growth independent of the weather.
Experts predict that the ablhty to erect these structures quickly and

\q.nexpenswely over large areas will have increasing apphcahon in con-

struction, agriculture, and industries in which pollutants must be con-
trolled.

Even as they are being further refined, synthetic fibers continue to
, be used for a variety of special environmental uses. These include
" hollow- fiber membranes used to purify water by hyperfiltration and
filter bags that can remove particulate matter from smoke. Nonwoven
fabrics made of olefin, nylon, or polyest}r are serving in road construc-
tion as a textile layer between road bed and surface pavement; they
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Human blood vessels thay be
repaired using grafts made of
synthetic fibers such as this Veri
Soft woven graft (130x)

Meadox Medicals Inc

- }
resist the elements and prevent cragking of the road surface. A less
well-known use of synthetic fibers is in a so-called nylon “whale” -
capable of sucking up thousands of gallons of oil spilled into the ocean.
Not too lorg after synthetic fibers became available, surgeons

started replacing portions of damaged or blocked blood vessels with
tubes woven of synthetic fibers. For about 20 years synthetic fibers

.have formed the soft, woven synthetic fabric tha%rings an artificial

heart valve, permitting it to be sewnvlktc;\ the wall of the heart. Even
the spiture materials are frequently synthetic fibers-

Synthetic fibers also are used for such nonwoven hospital dispos-
ables a$ bed linens and gowns for professional and nonprofessional
personnel. Glass fibers also are used in probes made of special glass or
plastic fibers which can transmit light. These make it possible to see
inside many of the body cavities and hollow organs, including tge
abdomen, bladder, chest, and the lungs themselves, without resorting
to a major surgical procedure to make a diagnosis or to give treatment.
In the last few years, medical scientists have been experimenting with
the use of carbon fibers in artificial joints because these fibers are light-
weight, very strong, and chemically inert. Indeed, the number and
kinds of medical uses for synthetic fibers have increased markedly in
the past decade, but these ftbers represent only a small portion of the

" total volume of synthetic fibers used for all purposes because medical

devices usually are small. '

2
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HOW A

SYNTHETIC '

FIBERS ARE ) C :

MADE | .- ‘ , g

Polymerization is a chemical reaction in which monomers—small
chemical compounds with low molecular weight—combine to form a
polymer, a more compléxinolecule with a higher molecular weight and
’ very different chemical and physical properties. Polymerization is

basic to the mdnufacture of synthetic fibers: The process may be visu-

alized as the end-to-end joining of molecules, something like joining

the links of a chain. If each link were about % inch long, somé poly- .

mers might be longer than a football f?el{i.lt is a polymer’s high molec-

ular weight and its enormous length-to-width ratio that account for

some of its unique properties. Polymers can be molded or shaped, they

can be set'by heat, chemical processing, radiation, or by a combination

of all three processes, Some are more elastic than rubBer, and others are

so tough they are used to produce helmets4n bulletproof vests.

Production of a'&ynthetic_,fiber begins with liquefaction of a poly-
mer by dissolving it in a solv@nt or by melting it into a syrupy liquid. It
then‘ is pumped through a sp'ipnegette, a nozzle-like device similarto a
showerhead containing tiny holes.

As the filaments emerge from the spinnerette, they are hardened -
v or solidified. This process is called spinning. It is spinning somewhat in
the manner in which a spider‘is said to spin and should not be confused
with the textile operation that produces yarn. '

In the manufacture of synthetic fibers, there are three methods of
spinning—wet, dry, and melt. In wet spinning, filaments from the
spinnerette pass through a chemical bath where hardening takes place.
Rayonis produced by this technique. In the dry method, the extruded
filaments dry and harden in warm air. Synthetics processed by this
method include modacrylic and acetate. Fibers produced from poly-
mers that are melted before extrusion and hardened by cooling include
nylon, pelyolefin, and polyester.

A separate process in each of these techniques stretches the fiber
after they are extruded from the spinnerette, reducing the diameter of
the fibers in proportion to the amount of stretching. This stretching - '
aligns a substantial fraction of the polymer’s chain-like molecules
parallel to the length of the fiber, greatly increasing tensile strength
and stiffness. .
\ Synthetic fibers can be blended with one another or with natural
fibers. Two different polymers can be extruded side by side and
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This machine was developed
during the early days of nylon
prodiattion It pressed nylon
filaments mto a lonig nibbon,
whuch was then cut, melted, and
extruded to form indrnidual
nylon fibers of varying thick-
nesses
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twisted togetHer, or they can be mixed and extruded as a single fiber.
Sudli fibers cafjgive the finished product desirable characteristics, such
Mtistatic, elastic, or flame retardant properties.

# Synthetic fibers can be made in different shapes and thicknesses;
they can be textured to add bulk, stretched to conform to desirable
shapes, or pr ed in varying lengths for blending with other fibers.
With special additives, basic fiber-forming solutions can produce o

-
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fibers that are as comfortable as cotton or that look and feel like fur, _
wool, or silk. Some synthetft fibers can be manufactu red into fabrics
that are both sheer and strong at the same time.

The various processes available for the manufeature of synthetic
fibers and the wide choice of polymers and molecular weights give
these fibers their versatility in meeting many different needs.

-

< . ”

RESEARCH AND A .
DEVELOPMENT d ’ .

Rayon (Artificial Silk) The Yoots of fiber technology, like the roots of many early tech-~
nologies, are traceable to Europe. The earliest proposal for making
artificial gilk is attributed to a versatile English scientist, Robert Hooke.

,Hls observations of silk worms and spiders prompted him to boast that

- he could make a better fiber than the silkworm. In 1664 he suggested

+ thatif a suitable liquid could be forced through small openings, it .
would harden into fibers or artificial silk. Hooke, however,was a man
- of varied interests; he did not follow through on many of his ideas, and ~ /
he tended to abandon any slow-moving experiments. o,

t

In the 1880s, a Sw1ss chemist, Georges Audemars, also was N
interested in making artificial silk. He reasoned that the mulberry tree
eould provide people, as well as silkwdrms, with the necessary raw
ingredients for making silk He experimented with the cellulose (the
- chief constituent of the walls of plant cells) from the inner bark of the -
mulberry tree to form a suitable liquid, but he laéked a process for
— extruding the liquid.

Britain’s Sir Joseph Swan solved Audemars’ dilemma. Swan found
that he could produce fibers by forcing liquid through a small opening
into a coagulating bath that hardened the material into fibers. s. But
because Swan was interested in making carbon filaments forelectric
, . lamps, he never pursued the possibility of making textile fibers. It was
' ) Count Hilaire de Chardonnet, a French chemist, who went on to
deyelop a process capable of producing artificial silk, ater called rayon. ‘
. ﬁfg?ly speaking, rayon is not usually considered a synthetic fiber
because it is made from a naturally occuring polymer, cellulose.) .
Fabrics were first displayed by de Chardonnet in 1889 at a Paris exhibi-.
tion; about 2 years later he opened the first commercial rayon plant in
France. .

In the meantime three English scientists, C. F. Cross, E. V. Bevan, - /
andC. Beadle, were working to improve de Chardonnet’s process for
manufacturing rayon. They developed what is called the viscose proc-

i ess, the usual way of converting cotton or wood cellulose into rayon.
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. Two Swiss chemists, Camfﬁﬂ and Henri Dreyfus, patented anoth
s T ~method; the acetate proce ss—whichcharrgemherramreoﬁéﬁﬁiose by —

; treating it with acetic acid arid other chemicals. These two brothers
made and marketed low flammability lacquers, plastics, agd films. {

Most experts agree that fiber technology came to the'United -
States in 1910 when the American Viscose Corporation, now. Avtex
* Fibers, Incorporated, began manufacturing rayon in Marcus Hook,
, Pennsylvania. . - ~ ‘
Acetate fiber was first succe,ssfully produced in the United States . ’ <
Lo on Christmas Day in 1924 at a plant established by the Dreyfus -
. _° brothersin Maryland; that plant was the predecessor of today’s ’ g
Celanese Corporation. Viscose and acetate rayons were popular with
. ‘ ‘American shoppers throughout the 1920s.

v

Nylon, In his Principles of Polymer Chemistry, Pagal Flory points out that the
. © overriding goal of most chemists around §he turn of the century

seemed to be the desiré to prepare or isolate pure substances; thatis, »
substances made exclusively of a single type of molecule. This objec--
tive continued to dominate synthetic chemistry in the 1920s. A chemi-
cal discovery was not accepted unless its composition were confirmed
through laboratory analyses and the determinations of its proposed
‘molecular weight were shown to conform to the molecular structure.

Although synthetic chemistry produced thousangBof different
combinations and permutations of atoms, the horizons of research
- were restricted. Most organic and physical chemists came to believe
that every definable substance could be classified in terms of a single
¢ discrete molecule that could be represented by a concise formula.
Theoretical chemists focqsed attention 6n ““the molecule,” postulating
laws for ideal molecules which were visualized as small spheres not
much larger than single atoms. According to this concept, the
understanding of the mdlecule would serve to explain all of the pr
! ' ties of a substance. This perspective, however, overlooked a very
: important group of substances, the polymers, which cannot be
described by conventional'molecular formulas and which are ther
building blocks of natural fibers:

Polymers are much larger than most other chemicals. For example,
a simple sugar, such as glucose, has a molecular weight of 180, while .
cellulose, (a natural polymer) is formed fromrhundreds of glucose
molecules chemically combined end-to-end. :

: The mysterlous physical and chemical nature of polymers took :
/ years of mvestlgatlon to unfold. Until the 1930s several theories about

’

158 ONLY ONE SCIENCE

Q ‘ lb‘u‘




How a Long-Chain Polymer, Nylon-66, is Formed.  *

ADIPIC ACID /HEXAMETHYLENEDIAMJNE

One molecule of adtplclacxd and one malecule of hexamethylenediamine (in which each
the desired number of bonded atoms) are brought together

A

—_
When the two rnolectly;}brought together and heated, old bonds are broken (00
bonds (----)are formed to make a water molecule and a polymer fragment Oneendo
Jadipic acid molecule 15 then able to react further with another end of a hexamethylened)
[mgment thus creatiffg a repeating umt or polymer building block

| | -
t J | V/

. WATER
( OX010 ¥

® 000000

A A

- 4

X
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Hydrogen with a single

bond connected to one
other atom
Oxygen witi/two bonds

connected o one or two
other atoms

Nitrogen with thres
bonds connected to
three other atoms

Cdrbon with four bonds
connected to three or
four other atoms

Each type of atom tends to form
¢ a certain number of bonds

atom has

WATER

&= /0000

This process is repeated many times, fragments are connected, and a long-chain molecule 1s formed

This particular pylymer 1s nylon-66

v
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these giant riolecules hela sway. O};te was that céllulose was made up, =

of clumps of glucc?se—a\ggregated in some unknown fashion. Another

theory was'that relatrvély simple molecules could combine through . ‘
* strong ghemical bonds to form giant molecules—molecules 10 times, or

even 1,000 times, larger than the original molecules. The latterwasa .
less popular thebry, most scientists investigating the structure of poly- +
mers preferred the concept of finite certainty offered by ring formulas

to the vagaries of a formula for chains of unidentified lengths.

The dlve} nt thearies about the structure of polymers precrpr-
tated heated disciissiprs and controversies. Many: converts to the giant
molecule concept were zealous in their efforts to define the precise
structure and properties of polymers. Among the principal proponents
of the giant molecule theory were Herman Mark, K. er, and
H. Staudinger. ,

A

Staudihger led the paradeof converts to the giant molecule theory, -
but many thought he had gone too far when he proposed a relatrvely
Simple relationship between the viscosity of a solution of ‘2 polymer
and its molecular weight az size. To disprove the theory, Harold i
Hibbert and his students at McGill University in Canada undertook an

- extravagant program of synthesrzmg ever larger molecules by classical
methods to disprove Staudinger’s viscosity theory. Their efforts had 3

the opposrte result from the one intended. Their research confirmed _
that polymers are actually chemicals of high molecular- welghl; and that
the v15cosrty of diluté polymer soldtions is determined by the’ “poly-
mer’s molecular w‘e’zrght (In 1953 Staudinger received a Nobel prize ,
for his work on giant molecules.)

Onceit was determined‘that natural flbers have unique properties
because they are c0mposed of.giant molecules, chemists began to syn-
thesize giant molecules from smaller ones and to study their properties..

_ This type of research becamgone of the ifajor activities at E. . du Pont
‘ de Nemours & Company, Incorporated, in Wilmington, Delaware.

"In 1927 the Du Pont Company initiated a research program-in
organic chemlstry The aim was to gain a better understanding bf the .
chemical processes involved in polymer formation and possibly to find
new paths of appliéd research. A year later a brilliant young chemist,
Wallace Carothers, was persuaded to leave Harvard University, where
heheld the rank of instructor, to direct this work at Du Pont. .>

From the begmnmg, mbers of the Du Pont group were
encouraged o select their own projects. Carothers was interested in
stbstarices of high molecular weight and in polymerjzation by conden-

safion Through his basic research on condensation polymerrzatrop he

-
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In 1927 Wallacf Carothers’left
his anstructod’s position at
Harvard Umivdrsity to head a
research group at E | du Pont
< de Nemours & Compuny, Incor-
. porated, wheye he imtiated and
guaded the restarch that even-
tually led to the discovery and .
production of nylon
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obtaiffed polymers, chemicals characterized by reéurring structural

*‘units. After'investigatmg the preparations and properties,of many

such substances, Carothers made a significant advance in their
preparation. He used a device called a molecular still that had been set
up at Du Pont by Julian Hill, a member of the group. The equipment
made it possible to carry polymerization closer to completion. Because
the still could eliminate water formed during the condensation reac-
tion, Carothers could obtain linear polymers with miuch,higher molec-
ular weights than everbefore. Someg of these substanees had molecular
weights of over 10,000; Carothers called them “superpolyiners.”
(Today polymers with molecular weights of more than 10 million are -
l{ﬁown.) The polymers which Carothers made in the molecular still
were only of theoretical interest, however, because of their low melting
poinits and easy solubility. L e
One day Hill madé a crucial observation which dramatically
changed theffocus of the reseafch. He found he c¢ould obtain filaments
by using a rod to pull threads from the molten polymer prepared in the
still. Furthermore, after these filaments had cooled, they could be
drawn to several times thgir original length. These cold-drawn fila-
ments had quite different physical properties from both the polymer

’

/ and the “undrawn” filam®nts pulled by minimal tension from the mol-

ten polymer. .

The laboratory byzzed with excitement and activity as the group
explored the properties of these cold-drawn fibers. X-ray diffraction *
patterns showed+hat the filaments in the undrawn state were partly
ctystalline and that the crystals had a random orientation. The cold-
drawn filaments, however, indicated a considerable degree of orienta-
tion parallel to the fiber axis. This pattern was similar to that shown in.
natural silk fibers or in rayon filaments which are formed under ten-
sion. The new filaments had high tensile strength and elasticity. They-
were pliable and tough enough to be tied into hard knots. Drawing the
fiber¥ also caused them to develop a high degree of luster and transpar-
ency. Moreover, unlike ordinary textile fibers, their wet tensile
strength was no less than their dry tensile strengg . ,'

Until this time Carothers’ research had been ent rely fundamental,

conceived to explore certain aspects of the polymerization process.

?

- However, the striking qualities of the cold-drawn fibers obtaired from

the polymers aroused hope that it might be possible to make afiber

with commercial utility
4

A new research phase began at the Du Pont laboratory—this time
to synthesize a polsgner that might form the basis for a new marketable
N fiberNn his earlier research, Carothershjd»f(ot been successful in
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A synthetic fber was first drawn
trome a test tube i1 1930 by Julan
Hull, a member of the research
teamat Du Pont (Hill reenuc ted
that hustoric moment for pho-
tographers m 1940 ) Frve years
of intense xesearch was requared
to produce u marketable prod-
uct—nylon, 06
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_ on certain'superpolyamides (long-chain chemicals in which the linking
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preparing afsupgrpolymer with the combination of negessary corﬁm_er-
cial properties. Surveying his past efforts, he decided to resume work .

group contains carbon, oxygen, and nitrogen). After developing .
several substances that lacked the desired qalities, Carothers chose to
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The spinneret was not a new
i histe when if was usad iri the
production of nylen. It did,
however, huve to bg redesigned
fo wocomodate sume of the
wimque requrements of nylow”
production
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concentrate on a particular polyamide which, when treated in the

" molecular still, had a melting point of 150° Celsius. After cold-drawing,

these fibers were equal to silk in strength and pliability.

After this discovery, Carothers and his colleagues prepared
polyamides from a variéty of substances and, on February 28, 1935, the
first superpolymer frqm hexamethylenediamine,and adi cid was
synthesized, The resulting polymer, poly(hexamethylene adipamide),
was designated 66" and later called nylon 66. The first digit indicated
the number of carbon atoms in the diamine, and the second digit, the .
number of carbon atoms in the acid. The new polymer 66 produced
fibers that were insoluble in common solvents and melted at about 260°
Celsius, providing a margin of safety above usual ironing tempera-
tures. Du Pont selected this particular polymer for development and
marketing because it had the best balance of desirable properties and
had a low manufacturing cost.” '

The third phase of research in the laboratory at Du Pont was
focused on developinga process for the mass production of nylon 66.
To implement this process, it was also necessary to develop the chemi-
cal and engineering know-how for the erection and operation of a large
scale plant These tasks were enormous and required the time, talent,
and ingenuity of some of the best chemists and engineers of the time.

~

Processes for the manufacture of adipic acid and hexamethylene-
diamine had to be workedqut. The machinery and procedures for -
cold-drawing, sizing, twisting, and packaging yarn had to be planned.
In the process of working out all of these elements of the operation,
many difficulties were encountered. No previous experience with )
these types of processes existed in the DuPont Company, or anywhere
else for that matter. Nylon polymer was a completely new material
with properties different from those of any other previéuésynthetic
product Spinning nylon ffor moltén polymer was completely dif-
ferent from spinning either acetate or viscose rayon. -

’

One example of a complex problem which needed to be solved
was the development of the pumps to handle the viscous molten poly-
mer ‘Special pumps had to-be constructed which performed under
severe temperature conditions, had only small clearances, and used
only the polymer itself as the lubricant. A special abrasion-resistant
steel which did not warp or soften under these conditions was neces-
sary. In fact, the entire spinning assembly involved radically new
engineering accomplishments to produce fibers of the required uni-
formity and other,desirable qualities.
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Nylon stockings, first demon-
strated early m 1939, were made
using expenriehtal production
techmigues The full-scale pro-
- duction of nylon 1xs not begun
by Du Pont wntil Pecember,
1939 ¢
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American consumers were, at first, unaware that they-were using
nylon when, in 1938, toothbrush manufacturers began substituting it
for Chinese hog bristles. But Americans awoke to the promiseof syn-
thetic fibers at the Golden Gate International Exposition in San
Francisco in 1939 when nylon stockings were shown publlcly Buying
was frantic when the stockings first went on sale nation-wide about 1

year later. During the first year, retailers sold more than 60 million
pairs. -

The major advances which allowed the production of nylon did
not benefit the American retail market for very long; when the United
States entered World War Il all American nylon was allocated for the
production of war materials. Japanese silk was replaced by American
nylon for manufacturing parachutes and government currency.
Americanglothes made from nylon soon disappeared from the market
becauSet%Ce synthetic fiber was needed for tires, tents, ropes, ponchos,

combat clothes, cargo rigging, and other military supplies.

Although cotton still made up 75 percent of the national fiber
market by the end of World War II, there were indications of change.
The American public wag buying all of tha nylon stockings it could,
andnylon was bemg‘mtroduced into carpeting and’automobile uphol-
stery.
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Each of these 11000 bobbins
represent a different item in the
nylon product field
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Othsr Synthetic Fibers

Not everQi\ber technology currently in American usage came
from the effortsat Du Pont. Much of the fiber technology had its ori-
gins in other research bases established prior to World Warll. In 1893
Edward D. Libbey displayed a fabric containing glass filaments. Scien-
tists from Owens Illinois Glass Company and Corning Glass Woprks
combined efforts to develop a method of spinning relatively fine glass
filaments, which eventually resulted in a product that was excellent for
insulation and for reinforcing plastics. In 1938 these two companies

~

o~
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formed Owens-Corning Fiberglas Corporation. In the early 1960s
Owens-Corning produced a very fine glasafiber that was pliable g

enough to be used in fabrics.

The American Viscose Corporation, this'nation’s first manufac-
turer of rayon, was also the first company to spin vinyon into textile
filaments in 1939. This fiber, produced today by Avtex Fibers, Incor-
porated, and the Union Carbide Corporation, is remarkably inert to
high concentrations of alkalis and mineral acids. However, it is hard to
colorand has a relatively low melting point.

Since 1946 when they were first introduced by Doebeckmun
Company, metallic fibers (those composed of metal, plastic-coated
metal, metal-coated plastic, or having a metallic core), have beén used
as decorative devices for clothes and home furhishings. ﬁ/‘letallic fibers
such as Lurex?® are found in items such as braids, military uriiform
decorations, draperies, laces, ribbons, table linens, apholstery, and in
éven carpets (to reduce the build-up of static charges). Suitable
adhesives makg it possxble to add color to the fibers; and, when .
properly treafed, the fibers are not affected by salt, chlorinated water
or electrolytic or climatic conditions.

In 1948 Unjon Carbide introduced modacrylic fibers These fibers
have been used to simulate fur and are also found in awnings, blan-
kets, carpets, curtaing, scatter rugs, filters, paint rollers, ahd stuffed
toys Modacrylics remain popular, primarily because they do a good
job of emulating the soft, yet resilient, easy-to-dye properties of yool.
They are also flame-resistant, quick-drying, and keep their basic
shapes under most conditions. )

In the early 19505 Du Pont and a few other compames began pro-
ducmg acrylic fibers Acrylic production represented the succe;sful
development of a synthetic fiber which simulates cértain charactéTis-
tics of wool. Acrylics can be used tp make a variety of products includ-
Ing sportswear, infant weéar, sweaters, work clothes, blankets, carpets(

jand yains for hand knitting. Lot

Ackylics and other syrithetig fibers that are flexible enough to be
. Joined with other materials made blending with cotton or wool pos-
sible. The first result of this mixing was the “wash-and-wear” apparel
that appeared in 1952. The ongmal blend was a atio of 60 percent
acrylic to 40 percent cotfon. The aim of the blending process was to
couple the best characteristics of cotton with those of the synthetic
fibers—particularly since it seemed to many experts as though some of -
the basic advantages of cotton, such as moisture absorption, could not .
be duplicated.

-~

167 +  SYNTHETIC FIBERS

I3




Polyester fibers, which now represent the single mostimportant
class of synthetic fibets, also originated from Carothers’ pioneering
- research at Du Pont. Carothers discovered their fiber-forming proper-
" ties but, because he was working with a particular type of polyester
which he found to be too loy-melting and too solvent-sensitive, he
redirected his research toward the polyamides (nylon). Subsequently,
in1941,] R. Whinfield and J. T. Dickson, working for the Calico
Printers Association in Great Britain, found that polyesters based on
terephthalic acid, an ”aromatic”’ acid, produce very desirable fibers.

J Their basic patent was acquired by the British company, Imperial
Chemical Industries, for all countries but the United States. Ina
strange twist of fate, Du Pont acquired the United States’ right to the
commercial fiber which was based on fundamental research done in its
owndaboratories.

B

3

Polyester fibers became commercially available in the United
States tn 1953. The rapid growthn their production was aided in the
1960s by false twist texturing, a pro'gess in which fibers are crimped (or
convoluted) to decrease contact with the skin and increase air trapping,
thereby increasing comfort. False tivist texturing made the popular
shape-retaining polyester knits (typically 65 percent polyester and 35
percent cotton) possible and, in addition, remarkably increased the use

_of synthetic fibers in tufted carpets.

kl

\ Another significant use for polyester is as fiberfill for pillows and . -
. ‘cold-weather clothing. Polyester fibers have largely replaced nylon in
r tire cords because tires containing polyester not only are strong but
also are not subject to the.annoying “flat-spotting”’ that is characteris- .
tic of nylon-reinforced tires Intensive research has produced a gamut
+ of polyester fibers with a broad range of properties, including a type of

polyester fiber that can be slowly degraded by the human body and
that may, therefore, be used for sutures that need not be removed

¢

s In 1959 Du Pont marketed spandex, an example of a successful

' "engineered” fiber. It was designed to meet th®iemand for a stretch- .
able yarn to be used in items such as swimsuits, A stretchable yarn was
needed that would be superior to those then available, clear or whitein
color, easily dyeable, resistant to fading, and'stable when exposed to
the chemicdls added to swimming pools. Later, scientists at U S

Rubber Company (now Uniroyal, Inc.) developed a spandex in which
polyester and urethane were joined. - e

4 ‘ * -
' Du Pont also introd;;’ed aunique polymer (an aramid) called
*Kevlar® which has a combination of high strength and toughness-

never before produced or found in nature. It is used in bulletproof

3
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To demonstrate the amazing
strength of thewr product, Du
Pont had a 280 pound wrestler

sit on a trapezd suspended above 7

the man street of Lewester, Eng-
land by two strands of Keviar®
Each stran'd was less than 1/8th
of an mch m dameter

El du Pone de Nemours & Com-
puny fncorporated

vests, military helmets, and similar protective clothing. The extraordi- .
nary strength of the aramid fibers could not have been achieved

without a detailed study of the behavior of the aromatic polyamides

when they are dissolved to form solutions. The basic polymers for

these fibers are djfferent from the nylon polymers because their chemi-

cal constitution makes the giant molecules extremely rigid. A great

deal of research was required to find solventsthat are suttable for spin-

ning fibers; it is the behavior of the ardmid polyners in the solvents *

that is remarkable. As more-and more of the polysner is dissolved, the
molecules] because of their rodlike structure, cannot be accommodated

in the liquid medium in the typical, random fashion. Instead, when a

critical concentration is reached, the molecules rearrange theniselves

into a crystallike order {a property normally observed only in soligds) so

that they are more or less parallel to each other. It is this liquid crystal- °
line solutiorrthat s spun to forin aramid fibers. The molecules emerge

from the spinnerette well-aligned with each other and are responsible

for the enormous tensile strengths in the resulting fibers. The liquid
crystalline behavior of rigid polymer molecules is still ah incompletely
understood phenomenon, and there are a number of studies underway
to’correlate the molecylar structure of rigid polymers with their prop-

erties. ‘ ) -

Anot&&Du Pont product is a remarkable polymeric material,
Nomex?, viich has low flammability and can be used at higher tem-

peratures than most polymers, It is used for ironing board covers, air-
craft upholstery, the outfits of professional race-car drivers, and flight
suits for aircraft pilots.

nonooo
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Optcal Fibers
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» Hercules Powder Co. (now Hercules, Inc.) began producing
textile-grade polyolefins commercially in 1961, although they had
been used earlier for specialized purposes. Polyolefins, derived from

" ‘propylene and ethylene gases, are characterized by a resistance to

moisture and by chemical inertness. Propylene-derived fiber is used
for general textile applications. '

L ]

The 1960s were a period i?g‘\%hich production acilities of the syn-
thetic fiber industry expanded and efforts that began a full decade

 earlier tg “engineer” fibers continued with renewed dedication. Opti-

cal fiber technology became important in'the 1970s. A number of tech-
niques developed for the manufacture of synthetic fibers were appli-
cable and helped speed the production of optical fibers. Many key
studies that have improved optical fibers related to analyzing the
transmission properties of glass, devising better glass formulations,
and perfecting commercial scale operations. Mechanical, electrical,
and chemical engineers as well as physicists, chemists, mathemati-
cians, and other scienflsts have all made contributions to this tech-
nology. : / ‘

Fiber optics is that field of physics which deals with the transfer of
light from one place to another through long, thin, flexible fibers of
glass-or plastic; these are called optical fibers. Optical fibers have the
ability to transfer light around corners because the sides of the fiber
reflect light and keep it inside as the fiber bends and turns.

“  In1870 a British physicist, John Tyndall, discovered that light
could be guided through a clear substance. At a meeting of the Royal
Society for Improving Natural Knowledge, he set up a container full of
water with a hole,punched in the side of the vessel to allow a stream of
water to flow out. Tyndall shone alight down intp the container and
demonstrated that, as Ehg light came out of the hoYe, it was guided

. along the stream of.water and lit up the spot on which the water fell.

However, it was not until the 1950s that people began to use thin
strands of glass to transmit both light and images over short distances.

Theglass fibers available in 1960 could transmit signals clearly for
only about 100 feet. For practical dpplications, fibers were needed -
which could carry the light signal more than a mile before needing an
amplifier. Obviously, the lower the signal loss, the greater the distance
could be between the amplifiers, resulting in incréased economy of the
system. - )

The ability of the fibers to transmit light was enhanced by adding
a coating of special glass called cladding which kept most of the light

.

.
) .-
?l'l
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waves inside by reflecting them toward the center of the fiber as they
passed throughit. Researchers also found that the fidelity of the signal
could be improved if the fiber were constructed so that its index of
refraction (capability to bend light) changed from its center to its outer
edge.

The con?ésition of the fiber itself also presented problems.
Materials re§earch showed that impurities in the glass produced
transmission losses. Metallic ions such as iron were particularly
troublesome in this regard, and during the 1970s highly refined
processes were developed to eliminate such impurities. Although
improvements continue to be made, the losses in signa qrenpvﬂow *
enough and the quality of transmission good enougHthat optical fibers 5
can be used for long distance transmlssmn Bell Laboratories, Western.. i
Electric, Corning Glass Works, and International Telephone and‘Tele—
graph have all been involved in making these technological advanﬁes.

. ™
B

.

Optical fibers have many uses. They have replaced small electric
lights in some medical instruments. Physicians use a bundle of fibers
fitted with a lens and an eyepiece to view internal areas of the body.
Many dentists have drills which are fitted with optical fibers to con-
centrate light on the tooth being drilled."In industry, optical scanners
are built into data processing equipment to detect the rectangular holes
punched in computer cards. P

Optlcal fibers have been adopted by novelty makers for decora-
tions Bundles of fibers are mounted in a plastic or nfetal base with™_
white or colored lights shining in the base. The light travels through
the glass strands and appears as bright.points at the tips of the fibers,
thus forming‘designs.

| P

ﬁl ‘_
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ELECTRICAL
SIGNAL
INPUT
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© LIGHT
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Currently, however, the greatest potential applications of fiber
optics are in com ications. It is believed that optical fibers can pro-
vide solutions to man¥ of the problems plaguing conventional elec-
tronic telephone transmyssion. Glass fibers’ advantage over copper
wires lies in the differing natures of electronic and optical communica-
tion systems. Electric cufrent used for conventional transmission also
creates magnetic fields which distort signals. Other disadvantages of
copper include electromagnetic interference, crosstalk, and the need to
be amplified at 1-mile intervals by “repeaters.”

s Because of technological improvements, optical fibers have very
recently become competitive with conventional copper cable for.some
* purposes. American Telephone and Telegraph Corporation, General
Telephone and Electronics, and other telephone companies now find
that it is economically feasible to install glass fibers in their systems,
particularly to connect switching centers in urban areas,

A major advantage to these compatiies is that the optical fiber
saves space. A thin fiber cable can carry many more messages than a
thick copper cable can. Therefore, telephone companies can add
message-carrying capacity to existing underground ducts without
having to dig up streets to put in new conduits. In fact, an optical cable
with a diameter of 13 millimeters contains 144 fibers that can carry
43,680 telephone calls simultaneously. To carry almost the same

/
Examples of optical fiber cables ™
«  for various uses

Stecor Optical Tables, Inc
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number of calls electromcally requnres 4 conventiogal cables comprised

of a total of 7,200 copper wires. e
Optical fibers have other uses. Elztjﬁ utilities are starting to
3 employ them for communication and bedontrol circuits within and
between generating plants. Because transmissions using optical fibers
are relatively immune from “‘static” associated with high power elec-
trical transmissions, optical fibers are particularly useful near pow,
lines. Before long, optical fiber devices are expected to appear in Uflited * /
States-made cars where they will carry control signals to auxiliaty
_equipment. Cable felevision companies are using glass fibers on some
main circuits. A two-way television system which presently is con-
nected by coaxial cable is being tested in Ohio. The system is called
QUBE; itallows people to respond to questions askéd over television
\ and to express their opinions instantly from their homes. The high
capacity of fiber optics could make it feasible for such a system to be in
every home (A few potential uses of this system are briefly described
in the chapter, “Survey Research and Opinian Polls.”)

More and more, optical fibers will make their way into wiring sys- =
tems of aircraft because of their light weight; the armed forces are
enthusiastic about this exotic material for many uses. For example, the
United States Navy is investigating the use of fiber optics for com-
municating with submerged submarines. Optical fibers, linked witha
radio buoy, would allow messages to be sent without the submarines . -
having tosurface. The armed services are also interested in optical ¢
fibers for telephone lines because a direct gplice must be made to tap
light signals, producing a signal leak that can be measuredand
. detected. Copper wire, on the other hand, can be tapped by with-

drawing signals from the electromagnetic field thatsurrounds the  + °
wires, optical fibers préduce no external ele?fromagnehc fields.

1

: Although the total sales of optical fiber cable and associated

) ' equipmient currently are relatively miniscule (an estimated $40 million
a year), the principal manufacturers expect business to grow'o several <
hundred million dollars a year by 1985
&
THE PROMISE ..
OF SYNTHETIC '
. FIBERS i ‘ ' .

Thére is much that remains.to be done if synthetic fibers are to ,
fulfill society’s future needs. Although petroleum prices have sky-
. rocketed, petrochemicals are still the most economical starting material
for making synthetic fibers. Approzdmately 1 percent of the United

. . _ A : )
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States’ oil and natural gas productio}is used to make synthetic fibers.
(All synthetic matertas consume around 3 per¢ nt of the production.)
Abou} onechalf of that amount is used as raw.iaterial for the produc- ’
tion of the fibers; the other half is used foienergy for the conversion
process

’

In a world that is dependent upon finite energy r'esourcgs, how
will the fiber industry prepare for the future? Petroleum will never -#

" again be regakded as the inexpensive energy sdurce that it once&s.

- Risin'g worldwide oil prices have influenced the direction of tic

" fiber research away from that f modifying established fibers. Now
r€searchers aggressi pufst;; ways to replace petroleum as a raw

i of synthetics with sibstances such as coal

nic resqufces, such as-seaweed, terrestrial

" plakts, gatviage, and humjan and animal wastes). Although the impact
Vof the corhpetition for oif and g% on the synthetics industries is not ..

any inexpensive alternatives to these fub-

Pfeedstock for synthetic fibers any time soon

Because of the veryrapid rise in the prices of petrochemical’

feedstock in recentyears, some people have predicted a regor rever-
sion from synthetie fibersztp natural ones™However, there are few
sighs of this-happening: Orfe relson is that many natural materials
hdve also been affected by energy price incréases. Another is that
synthetic fibers have such widespread acceptance and {1§e in industrial | ,
nations Natural fibess, as currently produced, often require alarge
input of enérgy, much of it derived frg'xﬁ the same.fossil fuels needed

“to provide feedstock for the synthetics. Cotton is one of the most,
energy-intensive crops grow La?ge/quaﬁtitfes of petrochemically - -
based pesticides and fértilizerné\he needed to grow cotton, and there-
fore the cost of this fiber has beertdirectly,affected by price hikes for* -
diesel fuel. The spinning of cotton yarn and weaving of cotton fabrics é
are highly mechaniz}d in developed countries. In alarge part, the \

“ increased productivity in cotton mills over the last three decades has
been made po'g?ible by the substitution of cheap energy for laborers
who used to do much of the work b hand,

. The production of textile fibers provides an interesting illustration
of the comparative energy requirements of synthetic and natural )
materials Cotton’and polyester frequently may be substituted for one
another, and their relative use is often determined by price. Ore study -
completed in 1976§c;o.?'cluded that 25 percent more energy was requifed.
to make a polyestei”dotton blend shirt than to make oge entjrely of
cotton Howlkver, cotton/polyester fabrics are more durable and

“tequire less maintenance than all-cotton fabrics Thelife cycle energy
) ) . 2 " .
- " ’ , B )
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requirements of all-cotton clothing in the United States are estimated
to be as much as 90 pgrcent higher than for the blends—though this *. |

varies considerably depending on individual practices of ws‘shing and
ironing clothes. In industrial countries’whéﬁpﬁeople have elec-
trical washe?s, dryers, and irons, it is likely that polyester/cotton

blends actually save energy. Ih developing countries the opposite may

. be true.

One factor ofterloverlooked is how closeqy linked the interna-
tional food and fiber nﬁ“ﬂig e.Theworld food crisis in the early
1970s caused many farme itch from fiber to food crops, arid thé
generally tighter market increased cotton prices by more than 50.per-
cent. This increase serioustydamagetheptton’s competitiveness with
synthetits. The production of cetton, wkich had been gréwig;g slowly,
leveled off. Cotton producers in America yere algle to adjust quickly ~.
by shifting from growing cotton to growing soy beans and ether crops,
but féw farmers in developing countries had that latitude,, ‘}r‘

There'are waysimvyl—\ich synthetic fibers themselves are used to
reduce the consumption of energy. Te¢hnologists have developed a
new material comp'ﬁied of a combination of polyester and extremely
fine olefin fibers foryse in insulation. It has.just recently entered the
commercial market. Thinsulate® produced by the Minnesota Mining
and Manufacturing (3M) Corporation, is twice as warm as wool, with
only a fraction of the thickness and bulk. The scientific principle .
behind Thinsulate® is that micro-fibers trap more air in a given space
than do fibers of a larger caliber. Glass fiber insulation in buildingsisa ¢ !
wellfkrgown aid to energy conservation. . . ~

Research into the properties of some fibrous materials may result
in the development of leds gxpensive, more advanced, and more effec-

-
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- environmental contaminatiop.

*will requireinvestigation and technological innovations.

tive devices to filter ou;poiluting particles. These filters will permit
other reserves, such as coal, to be used more readily, with less fear of

£ .

Many of tR&tesearch and development activities concerning
fiber-reinforced composites also are directed toward finding ways to
saveenergy. Generally speaking, these substances are masses of fibers

- dispersed in a polymer or-metal matrix, and they are becoming anew

class of engineering materials. These productgattempt to reproduce

= . . . \
the intricate structural hetworks found in nature which provide so
many astounding functional characteristics. -
The automobile industry is trying to produce a new generation of
vehicles that have significantly improved fuel economy. One key to o

achievingthis goal is to develop strong, economical, and light-weight .
materials to use in automobiles. It may be possible to reduce the weight

of a vehicle more than 30 percent by using parts made of fiber-

reinforced polymers. ' o

The reduced weight ad v}ntages of compdosites are p‘artiwlarly
important in high-performance aircraft and in military and space
vehicles Commercial aircraft now-are being refitted-with these-lighter - - -

. materials to erthance fuel efficiency. For example, the next generation

of Boeing aircraft (the 757 and the 767) will make significant use of
graphite fiber and graphite/Kevlar® fiber reinforged composites.

In addition to research prompted by energy shortages and the .
search for synthetics with the desirabte properties of wool, cotton, and
silk, there are other driviﬁg forces for-more study in the field of syn-
thetic fibers. Static electricitwin clothing and carpeting made from
synthetics is still a problem. Methods of synthetic fiber produc&)n can
be refined to give even greatersavings to the.consumer. Dyeing and
finishing processes as well as soil resistant and repellancy qualities can
Re improved. The expanded use of glass fibers in telecommunications

-

PR

. Theréare new methods which make textiles resist burning. More
and stronger regulations will undoubtedly increase the consumption of
flame retardant materials and will encourage-studies on how to reduce )

- flammability of synthetic fibers.

The synthetic fibers industry has beenfirmly founded on basic
research discoveries. The science of giant molecules, or polymers, is a
relatively young field and is expanding in the United States, Japan,
West Germany, Great Britain, France, and the Soviet Union. Although
many.of the key discoveries were made by industrial scientists, the

base of research irfpolymer science in the United States is shifting L

e
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toward univq;'»b'z Several large coordinated programs of polymer
_research havebeen established at the University of Massachusetts,

" Case Western Reserve University, and the Un{versity of Akron. %gler
universities such as the University of Wisconsin, the University .
Michigan, Massachusetts Institute of Technology, the University of
Utah, and the Polytechnic Institute of New York are major centers of
polymer science and engineering.

Cugréntly, the synthetic fiber industry enjoys a promising future,
witnessed by the strength of the American companies mentioned in.
this chapter All are publicly held and traded corporations, and the.rate
and volume of investments in these firms provide some indication of
the general health and public cohFidence enjoyed by the industry. In
1976 investments in synthetic fiber plants in this country totaled $8 2
billion Synthetic fiber sales jumped from $5.4 billion in 1977 t6 $7.4
billion in 1979.In 1975, some 100,000 employees, at an average salary
of better than $16,000 a year were makmg and marketing synthetic

“  fibers .

The United States shll leads the world in both synthetic fiber pro-
duction and consumption, but Japan and some Western European*
countries have patterns of synthetic fiber research, development, and
increases in production that resemble those followed by the United
States in years past. Synthetic fibers now represent about one-third of
the world fiber market and their consumption is increasing annually at
the rate of about gpercent worldwide. Thesg is little doubt that the -
world market already reflects the many advantageyof synthetic fibers. -
And given the challenges of the future synthehﬁﬁgr'technology 1S ’
bound to increase .

’
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Many people think of radiation as a relatively new phenome-
non—a product of the nuclear age—but radiation has been around as
long as the universe. In fact, sight is possible only because of light tays, .
which are actually ““visible” radiatigr’ heat from the sun is anOther
type of radiation. Everyone is familiar with a rainbow—the beautiful =
array of color resulting when sunlight is split as it passes through drop- -
lets ol;water. Just as the colors of the rainbow are constituent colors of
visible light, so a number of Oyherzadiayions are constituents of the -
hbroader range or spectrum of sb-called electromagnetic radia-
nl'gs shown on page 180. Radid-waves, which are at one end of the
spectrum, have very different characteristics from X rays, which
are at the other. But electromagneti¢ waves have common properhes
They are all rapidly fluctuating elecmc and magnetic fields that
travel through space with the same velocity—ahout 186, 000 miles

- per second, the speed of light. .

Electromagnehc waves différ in how they vibrate as they move
away from their sources, and they also differ in energy. High-energy
waves vibrate more frequently than low-energy waves. The wave-
length, ordistance between corresponding parts, of high-energy waves
is shorter than, that of low-energy waves. In other words, the higher %
the erergy, theshorter the wavelength Electromagnetic waves carry
momentum and can transfer momentum the same way particles do. In
many circumstances, radiation can be thought of as a stream of parti-
cles, called photons, traveling at the speed of light and exhibiting
wave-like phenomena. For compdrison, visiple light photons have
energies of from about/2 to 3 electron volts, but X-ray photons have ..
energies ranging from 125 to 1,250,000 electron volts. The photons at ?
this high-energy end of the electtomagnetic spectrum are called X rays

-
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els of.an atom and are usually induced by electron bombardment of a
"‘metallic target in an X-raytube. Once a photonis generated in either
manner there is nothing to distinguish its origin.

The practice of medicine has been greatly inffuen¥ed by the appli-
cation of X rays'to the dlagn051s/of illnesses andfinjuries and to the
treatment of certain diseases. ApproxXimately two- -thirds of the popu-
lation of the United States is expased to X rays for ‘medical or dental
purposes each year. This chapter wilttsgncentrate on the uses of X rays
in medical diagnosis. It will describe the discovery of X rays; the
development of some of their dlagnostlc uses; several experiences of

‘scientists and clinicians with X rays, and a few mllgstones in the evolu-
tion of the technology of diagnostic X-ray equipment. Some historical:
material in this chapter is based on'descriptions in 7he Rays, a book -
prepared by Ruth and Edward Brecher, at the invitation of the Amen-
can College of Radlology Foundation.

H

The use of Xraysin redical dlagnosw is f'goad subject. It is,

therefore, beyond the scope of this chapter to' include discussions

about radioisotopes which emit gamma rays, the therapeutxc uses of.
.radiation, or other important methods of diagnosti¢imaging,-such as ,
ultrasonography,-thermography, nuclear magnetic resonance (NMR),
‘dynamic spatial recopstruction (DSR), or posnfn emis$ion transaxial
tomography (PETT). Although the long-term and short-term hazardé

of excessive radiation are also very important subjects, they will not be

a prxmary‘focus etther. Hazardous effects are well-recognized, and pro- -
cedural and technological progress has beeft made to minimize the
dang@rsto millions of patients, to those who use-X rays in their work, .
and to the public. For example, 2 patient getting a rodtine dlagnostlc

chest X-ray photograph in the early 19405 would have received a radia-

tior{ dose more than 10 times that to be expected today. The reductions
of-dosages used in flueroscopy Have been even more impressive, in the

same time period, new procedures have madg it possible to reduce

radiation exposure during fluoroscopy to as much as 1/100 of the« .
exposure that was common in the early 1940s Dosages to theovaries |

- ortestes, when other parts of the body are being X-rayed, have been

reduced morethan 400 times. All of these reductions in dosage were
achieved during the time in which'technological improvements accom-
panied improvements in the quality of the X-ray films. Scientists,
clinicians, and the gendfatpublic all recognize that it is importantto , -
keep human exposure to radiation at the lowest possiple level, and a
great deal of thoughtt research, and legislation continue to'be directed

toward that goal. . - .
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HISTORY

goodspeed, Jennings, and In'1890, nearly 6 years before X rays were discovered, two men;

rookes ..

T {1832-1919;
Amesan College oidd’wlvé‘;
o Ll

-

The Crookes tube was devised
n 1873 by Sir William Crookes
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each 30 years old, met in a physics laboratory in Philadelphia. Arthur

. Willis Goodspeed was a professor of physics; his visiter was aphotog-
rapher, William jennings. Jennings had brought his photography
equipment with him to the laboratory. Fd some time he had wanted to
experiment by making photographs using light from an electric spark, §
and Goodspeed had agreed to hélp him. .

The two men set up an induction coil (to convert low voltageinto

high voltage) which was connected to a spark gap. Jennings placed his

.. Rhotographic plates so that light from the sparks generated by
Goodspeed’s equipment would make it possible to photograph coins
and other jtems placed on the plates. Goodspeed’s induction coil was
the one he ordinarily used to demonstrate how a “Crookes tube”’ func-
tioned A Crookes tube, devised in 1875 by Sir William Crookes, wat
essentially a glass tube from which most of the air Hed been .

"+ evacuated. The negative terminal of a high voltage source was con-
nected to an electrode (the cathode), and its positive terminal was

.. .Attached to anather electrode (the anode). Wl?;xacurrgnt was applied, a
stream of electrons, usually referred to as ’cathode rays,” flowed from

the cathode to the anode and made the glass of the tube fluoresce.
o
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| L
That evening, after the photography session was over, Goodspeed
o demonstrated several of his Crookes tubes to Jénnings. Neither
man noticed that a stack of unexposed photographic plates, left over
+ fropfi their earlier experiments and still wrapped in light-proof paper, .
waslying nearby..Two of the coins which they had been photograph-
. ing lay on top of the stack. When Jennings left the laboratory, he took
' both the exposed and the unexposed plates home with him™ : .

. Several days later, Jennings told Goodspeed thAt something mys-
terious had happened. He had noticed “fogging’’ éf some of theAinex-
posed plates. When he had developed.one of these platés, it showed
the outline of two unexplainable small round objects. Neither man
. could account for what he saw, and the matter was forgotten for nearly
. 6 years. Jennihgs, however, was sufficiently curious about the disc-

shaped images to file tle plate safely away. In fact, that X-ray plate
from February 22, 1890 is the oldest known North American X-ray
plate for which a record survives.

'y
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3 Arthut Willis Goodspeed < X- *’ﬁ- -
' rav photograph made on Febru- L .@EF . .
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. Crookes himself (and undoubtedly others) had a similar experi- '
’ o ! ence. In his address to the Roentgen Society in 1897 Silvanus Thompson
. ) o reported that, “Crookes, after experimerf¥ing with his tubeand - - ’
. developing some photographic plates, noted on his pictures marks that
» corresponded to his fingers; thinking the plates were defective he .
returned them to the manufacturer with some strong remarks!”’ ‘
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. . . : . l.'
. ‘e “ . .' o ! ry -, ) "
Q T . . g 85 . :

. ERIC o |




Lenard and Roentgen

Wilhelm Conrad Roentgen .
(1845 1923

Amestean College of Rudisloey
’
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Between 1890 dnd 1895 many people studied the cathode rays
generated in the Crookes tube; however, most of their experiments
were frustrating to the investigators because studies of cathode rays
(known todaaas beta rays or electrons) could only be conducted
within the cathode-ray tube itself. Then a Germ¢an scientist, Philipp
Lenard, developed a tube which had a window covered by aluminum
foil. He found that the cathode rays penetrated the window and that
their effect could be observed on photographic plates several inches
away. The rays could,also be seen faintly emerging through the win- *
dow if the room were dark andthe glass portion of the tube had a
lightproof cover on it. ' ) '

In the 1800s many scientists were interested in studying cathode
rays. One of them was Wilhelm Conrad Roentgen, the director of the
Physical Institute at the University of Wiirzburg. On Friday,
November 8, 1895, Roentgen was beginning to conduct an experiment
similar to the early ones of Goodspeed and/the later ones of Lenard. As
in Goodspeed’s experiments, Roentgen uged an ordinary Crookes tube
connected to an induction coil. As in Lenard’s research, the room was
dark Butunlike Lenard’s expesi conditions, the CrooKes tube
had no aluminum window and was'completely surrounded with thick
cardboard (Roentgen’s earlier experiments with the Crookes tube had
% been done with the glass uncovered so he could watch what was going

ﬁn inside the tube.) It so happened‘that in the darkened laboratory
« Roentgen’s newly acquired barium platinocyanide screen (which could
“detect the presence of cathode rays outside of the tube)wasona
. counterseveral feet away. One of Roentgen’s biographers, Otto ~ * -
Glasser, has described what happened when Wilhelm Roentgen
actiyétec\i the lightproof tube in a pitch black room:

“Guddenly, about a-yard from the-tube, [Roentgen] saw

- a weak light that shimmered on a little bench he knew
" was located nearby* It was as though a ray of light ora -

. faint spark from the induction voil had been reflected

" by a mfrror Not believing ‘this .possible, he passed
. ariether series of discharges through-the tybe, and-again
* -+ " the samé fluorescenge appeared, this time looking%ike
> faint _green clouds » Highly excited, Roentgen lit a
: match and te, his great surprise discovered that the
source of heiystercus fight whs the little bariym pla-

tinocyanide scfeen lying on the bench He repe&ed the

experiment dgafn and again, each time moving #e little
screen farther away from the tube and each time getting .

" the same result. S

» -

Roentgen’s'screen lit up even though the cathode rays could not
escape from the tube because it had no aluminlim window. If the

-t
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cathode rays could not have 1llummated the screen 6 to 7 feet from the
tabe, what had caused the screeri to glow? Clearly what Roentgen had

- seen was not the result of visible light or of cathode rays—he had L
discovered a new kind of radiation. Because at first Roentgen did not v
understand what the rays were, he called them “X” rays because “X"
symbolizes the unknown.

»

.. .. Torecord whathehad seen that aftérnoon, Roentgen placed a
Y p'hot'ographic plate in the path of the rays and captured proof of his 1
observation. Subsequently, he put a variety of substances between the
tube and the photographic plates. He found that the exposure of the |
plates changed when he used different materials and that the exposure
* also varied with the thicknesses of the materials. Roentgen saw that if
a hand,were held before the flugrescent screen, bones made a dark
shhadow nd the surrounding soft tissues produced only vague out-

December 28 1895, Roentgen submitted a manuscript
ibing his fmdmgs to the Physical-Medical Society of Wiirzburg.
_ Sobn Roentgen’s discovery became front page news.around the world.

- Scientists began clamoring for commercially available Crookes tubes,
and when the supply ran out, invéstigators began to make their owri.
Within'the first year after Roentgen presentedhis findings, fnore than
1,000 scientific papers and 50 books were published dealing with
X rays. For his pioneering worlZ*Roentgen was awarded in 1901 the first
Nobel Prize shown below.
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A early X-ray photoeraphongde *
t

hy Wilhebn Conrad Roenteen
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"anid high-button shoes with nails in the heels are clearly visible.

By early January 1896, Roentgen’s pioneering paper was in the & ~
hands of scientists throughout Europe. They were able to reproduce j
his results quickly. Late in January Iinvestigators in the United States
followed suit. Then, at almost identical times, Arthur Wright of Yale'
University and John Trowbridge of Harvard University reported dué-

" cessful experiments, whlchﬁere followed soon thereafter by dozens of

reports of others. Withinav ry short time there\was widespread use > of A

X rays in medicine. They were used to locate foreign objects, to exam-

ine broken bones, and to do procedures that are often regarded as 9

modern developments. In fact, at the 1896 meeting of the Association )

of American Physicians, reports were presented on the use of X-ray

plates to study the blood vessels in an amputated hand, to examine a

patientesophagus following a swallow of nitrate of bismuth (a liquid, _ -

):Llch can be seen by using X rays), and to locate an aortic afjeurysm (a

dangerous abnormal ballooning-of the largest artery in the [fdy).

The first X/ray photograph of an entire adult body wasRublished -
in 1897 and is.shown on page 178. The subject in the picture was _
still fully clothed; and her necklace, bracelet, rings, hat pin,

In making this particular picture, the subject was exposed to X
rays for 30 minutes. /

»

While researchers in Europe and the United States were finding
and recounting multiple beneficial uses for X rays, some disconcerting %
stories began to be circulated. Evidence was accumulating that, as the
rays passed through human tissue, they could cause damage. It was
not long before reports of serious harm from X rays began to appear.

’

" The Electrical Review reported one such case in August of 1896. A
recent graduate of Columbia College, H. D. Hawks, had been working
for about 4 hours a day around an unusually powerful X-ray machine.

. After4 days, he had to leave work becduse his hands began tp swell

and to appear very sunburned. Two weeks later, all of the skin came
'off of his hands, his fingernails stopped growing, and the hair on the
sides of his head began to fall out. The hair at his temples disappéared
because he routinely placed his head near the tube to demonstrate his
Jawbone to visitors who were curious about X rays. His eyes were very
bloodshot, and his vision was impaired” After being treated by physn-
cians for the severe burns and recovering somewhat, Hawks went back
to work on the X-ray equipment. Following the trial of a number of |
unsuccessful methods, he discoyered he could protect his hands from_
the Xrays by covering them with tinfoil.* ‘
. ' NN . . /
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. There were other reports of darﬁage é(/dé by Xrays during 18%6.
One equipment manufacturer,.G. A. Frei, proposed that it was not the

. . . X rays that were the cause of the problems: - 4 i

Many physicians bring forth the argument that the .

application of the X rays might prove dangerous to their

patrents, that here a foot had to be amputated, ;here

someone’s fingernails dropped off, another had a*sore .t

of three months’ standing, etc. Such arguments can be

met with the above fact that the X-rays are not the

. .. direct cause of the trouble, and withgthis fact &stab-

' lished, remedies could undoubtedly betound to reduce, ° .

« if not entirely elithinate, the effect on the skin wheéh he N
coils are to be employe

Frei clarmed that it was the iriductio corl rafher than the X rays that !
made the problem. At the tirrie, he wEas selling static machines to pro-
duce the high woltage electric potential necessary to make X rays.

T e wefe, the saffie machines used by salesPeople tQ demonstrate the
ness of lightning rods. - e C o .t

-

[
-

physmst at'the General Blectric Qo,mpany, Elihu 'L‘homson,,had

evelgped an induction coil especially for X-ray use that could be used

. d of the $tatic machines made bry Frei. Thomson set out to prove

i ' T ‘that X rays (not the mduchon coilf caused the damage by delrberately

"~ making crucial expgrrments on himself with the intention of publish- -
ing the results. He asked himself what part of his body Re could best g

- afford tolose and decided it was the last f  joint ofhrs left little finger.

“He repeatedly exposed the fmgerhp toan X—ray tubé excited by a static
machine, shielding fhe rest of his hand with glass. Eleven days after the |
exposure the skin on the back of his Fmger had begun fablister and -
was “red, swollen, and painful to touch.” A monthrand a half tater his

. finger was still sore. Thomson had proven that the burns were andirect ,

s ’ ’ . - " result of the rays themselvesand the induction coilwas not thecause. ) ]

; A year later, Thomson performed another experiment. He exposed a -
i different finger to X rays for only a short time each day for several days

" . ‘ and demonstrated that the harmful effects were cumulative. By 1898

Thomson's repoftssgnvinced most people-working with X rays to yse

lead shielding and t‘%vear protective gloves "His work apparently,was

. not convincing enough for at least one of Thémas Edison’s employees.

s -

Thomas Edisor ) Roentgen s discovery stimulated Thomas Edisdp(s curiosity, and
, . | in February of 1896 the New York Wor/d quotgd Edison as saying, - .
“"When I havé asufficiently powerful engine 'm sure that there will be”
. no queshon of obtaining a good photograph of% man'’s haé .. L expect

- * *
. . . ~
a~ . - .

N\ . \
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A promononal phatograph taken . &
*durmg Thomus Edison s attempt -
to tahe un X-ruy photographf

”

5

u heran bram
to have my dynamo in operation by Tuesday (February 4) at the

latest.” Edison was also fascinated with the idea of his being the first * .
person to “photograph” a living hurgan brain. Ori February 5, he was

. " challenged by a telegram from William Randolph Hearst, then pub- -
o * lisher of the New York Journal: - ) .

WILL YOU AS AN ESPECIAL FAVOR TO'THE JOURNAL
UNDERTAKE TO MAKE CATHODOGRAPH OF HUMAN
BRAIN KINDLY TELEGRAPH ANSWER AT.OUR EXPENSE.

«

A number of repoders and onlookers were &ttracted to West o
Y. . ‘Orange, New Jersey, where Edison had announced he was going to
;- photograph the living human brain (Figure0). Anassistantrecalled,  ~
t "For three weeks, mjore than ty®nty newspaper reporters were sta-
- tioned at the Laboratory, the Work going on nights, days, and Sun-
~ days.” The Electrical Review said, “’He had the 'boys,’ as he calls his assis-
' tants, working most of the time. When Saturday nighs came, -
Q Edison had been working steadily for'the better part of 7Q§purs, so he-
) . went home to rest on Sunday. Bright and early Monday morning he
, J appeared at the laboratory as chipper as a lark.” The Flectrical World
' repé{ted that “Edison himself has been having a severe attack of the .
¥ Roentgen mania«” It also told of Edison’s using the music from a loud ~—
hand organ to keep his staff awake during the long Kours they were

askedto work. '
——

. " * .
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Aot s pnpresspon Hin But the scheduled photographing of the brain did riot take place
scene ab Edisongs laboratory m . . . . * °
East Orance, Sot Jersey on February 8. Edison explained by saying he was working on some
rom TR Tral ot imom L special tubes for the experiment. By February 11, Edison still had not
by ER e Grigg MD _ taken a photograph of a human brain, but even that delay wag

regarded as important by the Times, which reported that the tubes
“were not ready..He spent a busy day, however, in making experi-
‘ments designed to bring out the properties of X rays.”

% It was not longlbefore almost everyone in the country ‘bas follow-
* ing Edison’s progress, and thighe was daily reporting of the activities at
4 his laboratory. By February 12, reporters were getting restless: During
. one experiment they watched a photographic plate exposed fora full -
hour, and when it was developed nothing could be seen but a murki-
. ness and a urveddire which Edison could not explain. Edison’s apol-
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' 0gy was quoted in the New York Times on February 13: A man making
- - experiments may count himself lucky if he has successful results in ten
. ' out of every hundred experiments which he makes. At the same time,
each negative result obtained under proper conditions closes up some
avenue along which no further experiments are mgeded.”’

There were more delays and more statements, On February 23,
Edison was recounting the misfortunes he had had. My tubes have
. burst, | have not been able to get as high a vacuum as desired, and

have had to substitute two Leyden jars for the condensers which I have
used heretofore... [ tried [a] German glass [tub(ﬁ .and at first got good
. results... Afterward it failed to act altogether ”* The show wenton, but
. ' the audience began to disappear. N

So far as is known, Edison never did succeed in producing that
+ promised X-ray plate of a human brain. He did, however, manage to
have work of some importance going on in his laboratory while he was ¢
out front performing for visitors. He made improvements in the
Crookes tube and became known as the inventor of the fluoroscope In
fact, Edison did not actually invent the fluoroscope; he did, hoWever,
\ make several contributions to its evolution He developed a fluoro-
e scope which worked like an ordinary stereoscope which allowed both
eyes to focus on the screen at the samé time. He coated the screen of his
‘fluoroscope with calcium tungstate to make the screen much more
sensitive than one coated with'ba{iu'm platinocyanide.

af

T Edison’s most important contribution to fluorodcopy, however,
may have been economic. He turned the manufacture of the fluoro-
scope over to a company which made it available 3t a relatively low
price;-as a result, the fluproscope became cgémerqally available as

early as March 1896. .

4~/ Not long After Edison’s:unsuccessful attempt to photograph the
human brain, he became interested in fluorescent light bulbs. He began
: using modified Crookes tubes as light bulbs calling them "fluorescent
v lamps.” According to the account of E. R. N. Grigg, the results were * -
disastrous: "I [#aid Edison] started in to make a number of these lamps,
v : -but I'soon found that the X ray had affected poisonously my assistant,
’ Mr. Dally, so that his hair came out and his flesh commenced to
: ulcerate. Ithen concluded it would pot do, and that it would not be a
> very popular kind of light, sol dropped it."”

Clarence Dally, who was Edison’s glass blower, dled in 1904
. before reaching his 40th ?mhday, It is most likely that he was the first
fatahty from X-ray’ p01sqqng” in the United States.
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* Evolution of a New A logical consequence of the rapidly growing number of uses of
Specialty X rays in medicine was the emergence of a small group of physicians ,
) who were interested in using X rays in their practice. At a meeting o;
the American Roentéen Ray Society in December 1908, Percy Brown
said that, 10 years before, he had heard that’any high school boy, :
, g given a smattering knoWtedge of human anatomy, should be able to ,
’ aKe X-ray pictures,’ to borrow the expression used.”” He went on to .
say that in the early days all that was needed'to take X rays “was a
hand to start the machine and then—to stop it. A process purely
mechanical; no brains necessary.” However, he pointed out that in
. 1908 physicians in isolated communities had to struggle to determine
the position of fracture fragments with a complete disregard for certain A
fundamental laws of eptics or in blissful ignorance of the hazards of
improperly used X rays, and in many cases the patient regarded the
‘i\ cure as worse thar the diseasg. And then there were still th® dangers
»  from frequéntly missed diagnoses.

One physician attending the meeting explained his expeﬁence
with X rays:

I was one of those who early tried-the roentgen rays 1 -
found, before the lapse of many years, that if I was tor
do as good X-ray work as was+being done by others,
i could not practice surgery. I had no time to develop my
plates except at night, when I required sleep. The
demands of my surgical practice were too exacting to -4
- . permit me to do justice to the X-ray work '

o .

< Some physicians in similar situations also chose to refer their work . .

with X rays to other physicians who shifted the focus of their work to |

become "'radiologists”’ or “‘roentgenologists *’ By 1910, 27 percent of

the mersbers of the American Roentgen Ray Society who responded to

a questjonnaire were involved in “’practicing roentgenology as an .

absolute speclalty,” and 90 percent of the members responding . N
" thought that the derhand for X-ray work was growing.

A very interesting finding from this same survey was that there .
was a considerable division of interests already developing a:}ﬁng

those who practiced raditlogy Forty-nine percent of those who
responded considered their practice t0 be primarily diagnostic, and 19 .
percent categorized their use of X rays as only for therapy. Only 30
percent of the members of that Society~responde§i that they.were using

the rays for both therapy and'diagnosis. (Two percent éngaged in nei- ? -
ther diagnostic nor therapeutic use of X'rays.) . ;o
: . It is noteworthy that as recently as the 1950s and 1960s radiolo-
- “ gists and medical educators were arguing whether or not radiSlogy .
: - ; i
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j should be divided intqjwo indépendent specialties—otie concerned
with radiation used to diagnose medical problems and the other :

specialty dealing with the use of radiation as a form of treatment or
‘ therapy. : ' : ’

»

DIAGNOSTIC . | |
RADIOLOGY . .

With X rays it was not diffi‘cult to localize certain foreign sub-
stances in the hliman body, such as a bullet in the hand or foot. X-ray
. studies of bone fractures also were common and very useful. But there ve
¢~  wereradiologists who wanted to extend their investigations into other
areas of the body, such as the brain, the gastrointestinal tract, and the
cardiovascular system.” ' )

This early X-ray photograph
shows the distribution of buck
shot i a human hand

from American [nstitute of Radiology
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The Gastrointestinal «, Physicians who treated stomach and i;ltestina;disorders at first
Tract found'no reason 'to be excited about X rays. Th¢ stomach and thesmall ~» .
intestine produced almost no detectable X—ra}%hadows. Theresearch- .
. ers were aware that they would have to devisetechniques and identify .

signs or shadows which had diagnostic significance. Many radiologists
" were using the method which they later called "'retrospectroscopy.” , )
" This'method required that the radiologists be present when the patient
was gxamined at autopsy or had surgery, to learn the diagnosis, and
\ s that they re-exatnine the patient% X-ray photographs to look for pre-
3 ¢ viously unsuspected diagnostic signs which could also be found in

A

other patients with the same condition. . )

* The key to Xrays” usefulness for the gastroenterologist was the *
discovery thaf, if a substance opaque to the X rays coyld be swallowed
or introdticed into the kowel by enema, the intestinal tract could be .
“visualized.” ' )

@‘ TN In f_act,\s early as 1896 Walter C_arxmon experimented
’ with a goose and ““made for it a box so arranged that the long neck
RS ' : reached up thr?ugh the cover. A high cardboard collar was then '§-
o Y “aftached to the top of the box in such a way that it could be closed in

™ : front and surrounding the goose’s neck. Thus the goose, with the
' . appearance of using the most stylish neckwear, presented-to the
,:/ 1) fluorescent screen a very satisfactory extent of esophagus.” At a pro-

Y //,. fessional meétingthat same year, the phenomenon of swallowing was
(‘/// Y demgonstrated informally by having the goose swallow capsules con-  *

taiﬂﬂng bismuth subnitrate. This probably was the first public use of _

Walter B Cannon -Xrays todemonstrate the movements of the digestive tract.
(187151945)

(%S

It had been kpown for some time that extreme emotions could
v Taet. U affeéct the digestive process When Cannon was still a freshman at
v Ce e Ha'rva(d Medical School, he was using X rays to observe the repetitive _
AT Contractions of the stomach of a cat to which he had fed a ndeal of
T Ui T bread mixed with bismuth subnitrate. While he was watching, the
- cat “suddenly changed from her peaceful sleepiness, began to breathe l
‘o "; . quickly,and struggled to get loose. As soon aslthe change took place, )
the movements in the stomach entirely disappeared.” He continued his
. observations.and calmed the cat. As the cat relaxed an\d began to'purr,
) + therhythmic movements in the stomach began once again. Cannon
also found that if he made the cat uncomfortable by holding her mouth
closéd and covering her nostrils to kéep her from breathing, the move-
ment of the stomach would stop When the cat was allowed to breathe
hormally, the stric%tivities reappeared These studies done long ago
. are still of valueto modern radiologists because these studies help in

T % - ! el
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’ L " distinguishin.g disorders of the stomach which are relatéd to anxiety
from those which are organic. - ’

. ¢ ) As early 251897 Charles Lester Leonard reported that he Rad diag-
nosed a ase of drooping of the stomach by introducing an emulsion of
: bismuthinto a patient’s stomach. He said that the stomach had -
‘ ‘ drooped so low that part of it was visible through the pelvic benes. At
h a medical meeting that same year, he explain&d that “by filling the hol-
low organs with opaque liquids, [such] as emulsions of bismuthin the. .
N ] " stomach .. tHeir exact area can be readily determined.”

Inthe years that followed, many other physicians used bismuth as
‘ a contrast medium to study the gastrointestirtal tract. About that time
: the*’bismuth meals”’ began to be replaced by barium sulfate ones.
European radiologists had introduced the us&®f barium for their stud-
ies without any harmful effects, except when they used soluble salts of
barium rather than barium sulfate. Barium was much cheaper than
. ' bismuth. Furthermore, when W.orld War I broke out, Amerjcan radiol-

. e 0gists could no longer obtain bismuth from Europe, and barium
/ , became used almost universally. Barium sulfate is still one of the con-
trast media.in general use by radivlogists. ) -
» During the meeting of the American Roentgen’Ray Society in

+ . 1908, papers were read .on "’ X-ray Bgidence in Gastric Ulcer,” "“The
Roentgen Rays as an Aid in the &nosis of Carcinoma of thé .
Stomach,” and “The Roentgenographic Study of Motioen in the Vis-. "

- ' - cera” X r'ays were growing.in importance to the diagnosis of disorders

‘?&\ of the digestive system. ‘ :

. One remarkable radiologist specializing in the study of the gas-
trointestiaal,:traqt was Louis Gregory Cole. He waslknawn .
as a maverick, but he also had a reputation of being extremel)) meticu-
lous about every detail when he was ma'kin&Z(jay photographs. The

/ radiographs he produced were known for their excgptional quality. He

. was déscribed by some people as a “’crabk on the subject of immobil-
* ity” while X-ray pictures were being taken. Cole not only insisted that

/
// N
. T patients be kept perfectly still (which no doubt contributed greatly to
/ // C— the clarity of the films) but he, like other radiologists of the'era, had a

. - >~ 4 - -
Lewis G Cole . «collection of dif ferent X-ray tubes: He knew the characteristics and ,»
{1874-19547 suitability of each one for differeng procedures. Henry Hulst wrote ~
it vt md e about how a radiologist regarded his tubes: .
@ Hgst ry b ot nolog g 1 .
‘”',."'f" b P Mae He rests, pets, punishes, and smashes tubes as the
e it Rt Bk fetishist his idols He learns to'kggw them all by name,
Holameen e thooitae Dract - . e D
Bovnwotag od 2804w jums " their temper and their capabiliti€s’ He has a number of
T S NI ;" them—the more the better He has trained tubes, trick _
. .
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tubes,' high-spirited, high-bred tubes, as well as gentle," g
steady tubes.. . A flashy tube is worse than an hysteri-
cal woman, it is incurably useless

4 , . . %

s . ?- , "

\ ) The gscognition'by Colé and others of the characteristics of the indivi-
) dual tubes gave an impetus to the development of improvements in

k . X-ray t{;\w . .
’ In1 hile still in his thirties, Cole Jooked for sigtts of stomach
cancers or ulcers on the X-ray films of 566 patiénts and made a number
of correct positive diagnoses. Thirty-three of the patients on whom
Cole made a negafive diagnosis " presented sufficiently severe symp-
. . .toms tojustify surgigal exploration”, 23 different surgeons opgrated on
N ‘them. Remarkably, in all cases, sirgery revealed that Cole’s negative
diagnoses had been correct. Cole hagd also proven how inval®ablea
diagnostic tool X rays could be to those who treated stomach and
intestinal diseases. ~

- ' The revolutionary effect of X rays on diagnosis of diseases and

' disorders of the gastrointestinal system has continued from these early
discoveries to the present. Improvements in équipment,and techniques

‘ = have made it possible for physicians to diagnose and logate ulcers,

' cancers, anatomical abnormalities, trauma, circulatory problems, and a |

* 'hos}//,of other conditions related to the digestivg‘system. V.

. The Brain . / Another part of the body that held great interest for early
' roentgenologists was the brain. Edison was not the only one jinterested '
in photographing the living human brain. In the early 1900s, George ’
Edward Pfahler became curious as to whether or not he could take an . o
X-ray picture of a tumor in the brain The problem he faced was tHat
- brain tumors are composed of soft tissues that differ only slightly in
X-ray opacity, if at all, from ndrmal brain tissues or from the surround-
ing fluids of the brain and spinal cord. Thus, most of the X-ray photo-
\ graphs of thg brain examined by Pfahler did not allow the location of 3
tumor or other disease in the brain ‘

Pfahler diséﬁ::ed-the matter with other physicians and scientists,
includifig Arthur Willis Goodspeed, and found that there had been one
. distinguishable tumor demonstrated on an X-ray picture in 1899. Its

presence had been confirmed orhautopsy. - . N

- Pfahler continued thinking about using X rays to locate tumorsin
' . thebrain In 1901 he found a 32-year-old laundress who was willing to

participatein his studies. Her right arm was paralyzed,and she had ter- 4.
rible headjches and othergymptoms which suggested a large brain
7 . ‘ = B . -

-
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 dna i;’ o Veestav It and received an obvious head injury. Then%achinist was takento | (
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tumor. The laundress was placed in front of an X-ray tube, and the
film was exposed for 4 minutes\The plat'eu;vhich had been placed 18
inches from the tube on the other side of the patient’s skull “showed, .
ood detail of all the structures that might be expectedin anormal- * - -
brain; however, there was a large shadow lying between the coronal
suture and the posterior meningeal artery.” The shadow was shaped
like a dumbbell, but was this the tumoror justap artifact (an artificial”T . 2
» characteristic intrbduged by the technology)? For comparison, Pfahler
took an X-ray picture of another person of similar size who did not .
have abrain tumor. Thatfilm did not show a shadow comparable to
the oneseen in the laundress’s X-ray plate.

The surgeons decided to operate on the patient; when they did,

the tumor was located in the exact spot where Pfahler had said it
would be, but he was not pleased. Thetumor the su rgeons removed

“was much smaller than the one showr on his X-fay film, and it was not
shaped like a dumbbell. If I have demonstrated the tumior, then only .
half of the tumor has beeh removed,” he said as the surgeons were
completing their operation. Unfortunately, the seriouslyll patient sur- = *
viveithe operation for only a few hours. Pfahler attended her autopsy

" which revealed “a large remaining subcortical portion of the ‘ *
tumor~ corresponding to the remainder and less definite part of the
shadow "’ : - .

Because of this initial accurate diagnosis, Pfahler was encouraged
to perform many more experiments, primarily using the heads of
cadavers. He imprgveﬁﬁglity of his radiographs and gained ¢onfi-
dence in his diagnoses for cerfain types of tumors. His later studies,
however, showed that the great majority of tumors did not cast a

shadow that would be visible on an X-ray plate. Therefore, other ‘
means were needed to jdentify these kinds of tumors. -

One wdy in which the diagnosis of certain kinds of bréin tumars
" was made possible was by deliperately introducing air into the ven-
tricles (the fluid-filled cavities of the brain). Air provides a contrast to
the soft tissues of the brain when viewed on radiographs, but it took
~ +several years before radiologists began using this technique. ‘r

A machinist living in New York City was the first pafient in %

v Nerre s o hec - whom it was reported that parts of the brain had-been outlined because

b st ote<ting! tract o Alar

P K Bunen, the ventricles became fitfed with air. In 1912 he was hit by atrolley car 1

COANAL L

v e 25t Lot 1973

Harlem Hospital where theradiologist, William H Stewart, ysed X- -
ray films to diagnose a fracture of his skudl. During the next 2 or 3
weeks, the man’s condition grew, worse, and a second set of X-ray pho- /

)
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A ) tographt were taken. “To my surprise,” Dr. Stewart reported, "I found “©
. we were dealing with a condition different than on the former exami- '
. nation. From the shape, location, and cpurse of those shadows, their
varying density and character simulating gas in theinitestines, I was led
to conclude that we were dealing with a case offracture of thglskull _'
complicated by dlstended cerebral ventriclés (inflated) with air or gas.”
One physician, Eugene W. Caldwell, to whom Stewart showed th T
- : g X-ray pictures concurred that thtey were seeing pictures of aigin the ,. LY
ventricles, but others doubted this diagnosis: After an operation on the
- machinist, the surgeon reported that “’two or three quick spits of air
and fluid” were fouid when he entered the carity of the brain. The .
. 'surgeon also found bubbles of air in the spinal fluid..'The surgery, o
- however, had come too late. Duririg the autopsy of the patient a few .
. . * «days lateg when the brain was submerged in a tub of water a the
o ventricles\xzre opened, z‘iir bubbled out. Apparently, in the time S he
* between when the firstand.the secohd group of X-ray photographs
S were taken, the-patient hadhad a snéezing attack. The sneezing forced
/ air through the fracture in the frontal sinus into the ventricles. This
remarkable ca®was widely reported and dxscussed N

It might be expected that news of the case of the machinist would s
. : have prompted radiologists to begin introducing airinto the ventricles
deliberately for diagnostic purposes, but that did not happen for some
time. During #he pext-several years, many physicians undoubtedly saw
sharp outlines of the brain because of air accidentally introduced into
, - the ventricles, but noone took the creative step from accidental to de-
liberate introduction of air into the brain. This delay is even more : .
qurprlsmg when one considers that the radiologists anc& neurosurgeons '
who must have viewed these plates were the same people who were
most in need of a procedure to enhance visualization of the brain

The person who flnally’ald inject air ta visualize the brain was a
surgical resident at-the Johns Hopkins Hospisal§ For some time Walter
E. Dandy had been interested in methods of diagnesing brain tumors:
At'the tiné only tumors which contained g_glaum could be seen on an
ordinary X-ray photograpl\ Calcium is opaque to X rays, but the pro-
“  cess of tumor calcification rarely occurs to the extent that it would
4 have been visible gn the X -ray pictures of that era . .

/‘: - Dandy and George Heuer,,hlsaséoaate at Harvard rev1ewed \
\ “X-ray photographs of 100 patients jn whom the existence of brain
’ tumors had been demonstrated by surgery. Only six 6f these had a
. shadow that might have indicated the tumor before the operation. In |
, another nine cases, the tumors were obvious because'they distorted the
{ .

1

2
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cavitiesof the brain The remaining 85 tumors could not be seen on » .
X-ray photographs. To obtain better diagnostie accuracy in locating
brain tumors, Dandy and Heuer decided that, if they‘could fill the ven.-
« tricles with some supstance which would produce a shadow, they
could find a numbér of the other tumors. Many tumors change the
. configuration of the walls of the ventricles. If a change in their shape
could be detected, it would bw a clue that a tumor was present. Dandy
and Heuer decided that whatever-they injected had to be nontoxic and )
readily absorbed and excreted by the body. They tried many sub-
" stances (including salts of bismuth, potassium, and thoriumj on
laboratory animals, but always the substance caused fatal ihjury to the
brain Eventually, they decided it was unlikely that they could find a,
substance safe enough to inject into the brain. They were both
unaware of any of the several publis/’led reperts about air accidentally
introduced into the ventricles

Dandy’s insight came in a very unusual way through his surgical
chief, William S. Halsted. It seems that when Halsted and his staff
were reviewing X-ray photographs that showed bubbles of gas in the
intestines, the bubbles were recognizable even if a layer of bone were
between them and ‘tﬁe X-ray plate. This circumstance sometimes
prompted hiumorous remarks from Halsted. In his jokes, he often’
referred to the way in which intestinal gas had the ability “to perforate
bone ” Later, when Dandy wrote about his momeént of insight, he said
that his “attention was drawn to [fhe] practical possibilities [of intro-
ducing gas] into the brain.\‘\ltxlzad occurréd to Dandy that, if the
stomach or intestines could be seqn more clearly when they had airin
them than after they had been filled by a bismuth meal, the radio-
graphic properties of air might be just what he needed to solve his
problem. ) . -

One m‘ight think that a procedure so unusualwould be tried out
firston laBora}ory animals; however, no animal experiments werge -
reported By July of 1918, Dandy had published an account of the first
20 Human cases in which air had béen introduced jnto the ventricles for
diagnostic purposes. He found that “air and water in & ventricle X
behaved exactly'as they would in a cloged flask. Following.any change *
in position, fluid gravitates,to the most dependent part and the air rises
to the top.”” Dandy was thus able to position an air bubble anywhere in
the ventricular system he wanted if by positioning the patient’s head in -
different ways. His experiments led the way to many improvementsin
studying the brain and spinal cord, and Dandy did pioneering work
using ait to visualize other parts of the cerebrospinal §ystem. /
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The Cardiovascular .+ Physicians also were fasWnth the idea of studying the cir-
\System . culatory system of the living humanody, but it was not safe to use ,

air, biSmuth, or barium for this purpose. A nontoxic substance that
was opaque to X rays, soluble in the bloodstream, and.easily absorbed
By the body was nr;ded The first compound which satisfied these cri-
» teria was potassnﬂn iodide. In 1919 its use was first repdrted by Carlos
Heuser, an Argentinian radiologist. Unfortunately, his finding
, received little recognition, probably because his account was written
. ) .\ only in a Spanish-language journal. o

e ‘ o L |
b *  This use of potassium iodide and other compounds (such as
4 . > sodium iodide) in the same chemical family, had to be found all over
J again. At the Mayo Clinic, Earl Osborne was studying the effects on
o + the body of sodium iodide injections whichwere used to treat patients
. . . suffering from syphilis He demonstrated that when sodium iodide &
I , " w8 introduced into the bloodstream, it was concentrated by the kid-
. ) neys and then excreted. Leonard Rowntree, who was also working at ) .
{ N the Mayo Clinic and who was interested in diagnosing kidney :
o diseases, knew that sodium iodide was opaque to-X rays He concluded
\that X-ray photographs might be taken of the kndneys without having
. the difficulties associated with injecting substances such as barium
o~ to the ureters (the tubes which connect the kidneys to the bladd
. y way of a catheter through the bladder. His idea was an easy orf?tz) . )
] Mt because patfenfy‘lready recelvmg sodium iddide injections’ )
Y to treat syphilis, and#fany of those same patients volunteered to have i
. X-ray photographs made. The doctors found that by using this
. method they could now visualize kndneys as well as the rest of the uri-
nary tract by using X rays.

s

Oshorne’s and Rowntree s work with sodxum iodide was the basis
. for new work to visualize blood vesselg, They had noted that, when
~ , ) the fluoroscope was used to watch the injection of sodiuim iodide into a
' - vein, that vein had "’the appearance of a steel wire’’ because of the
r iodide. In this.instance, several of those who wese aware of this finding
. . immediately saw its potential value in visualizing blood vessels in the
Hy *livirtg human Body. A rapid series of experiments proved them'to be
s cOrrect

-

. . These are just a few of the nurriefous examples of discoveries in
the early days of diagnostic radiology which were the foundation of
- "the very sophisticated'techniques for injecting radiopaque substances .~
into,various parts of the cardiovascular system. Because of these key
discpveries and many subsequent ones, doctors now are able to per- .
form diagnostic procedures called anglography These studies involve
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passing a 's.mal'lwplasti‘cﬂtube (a catheter) through veins or arteries. The )
N / cathetgr is guided to the desired location in the body while the physi-
' . cian watches orva fluoroscope to determine the exact location of the K
catheter’s tip."'When the catheter is properly positiofied, liquid which ) .
- is opaque,to X rays is injected into the'catheter and thus into the blood '
\ stream. This material temporarily replaces the blood flowing through
the area and outlines its arteries, capillaries, and veins. The angiograph . - .

- (an X-ray photograph of the blood vessels containing the opaque sub- |, - o

. . stance) gives a physician important information about whetherornot - /
thereis abnormal anatomy or disease ig the region under study.

Improved fluoroscopic technology now allows radiologists to. )
. 7 tinject a substance.visible on X-ray photographs into a syperficial v‘ejr.x;v
" in the arm. They can then observe this substance as it passes through® ‘
e body with the normal blood flow. Thus, problems in certain large
arteries (such as those in the neck) can be identified at relatively little -
risk or discomfort to the patient. ‘ ' ~

5

Y ! ’
i R .
LY . ; &
Anunflated bahvon-tlp catheter A
such as the one above may
be used to open narrowed or -
blocked blood vessels The lower
" catheter 1s not inflated
David O Dawis
\ " — o .
Using catherization procedures, physicians frequently can inject
substances which stop vesséls from abfbrmal bleeding. This technique
. isnotonly beneficial because majQrsurgery can sometimes be avoided
! but is also effective in same cases ir fhich su/r&giy isimpossible. * ~
T - . . .. \

. -

.
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. _ ‘When ir;mportant arteries in the BOdy become narrowed, a catheter
. . eanbeinserted to the site of the prpblerfhe blood vessel is then-
. L dilated by blowing up a tiny balloorvat the tip of the catheter. .,
@ . _— When the balloon is deflated and the catheter is femoved, the bldod
. T ,canonce again flow through the vessel, but this tjme withoutobstruc-
T *tion. This method is now also being used in selected cases where
) arteries of the heart have become narrowed. The long-term effects of

w

. . * this procedure are not known; but there isrevidence that the balloon-
B . d&lated vessels remain open. . .
' T»é. ’ r‘ Tbese new methods of blocking bleeding vessels and opening
: o """ obstructed ones are theasis of anew subspecialty in the field of
o ! ’ radiology called interventional radiology The goal of interventional o
. radlology is to eliminate the need for ma}or surgery in some patients
who prewously had nd alternative. =~ - / . .
~<“>DIA GNOS TiC " h ,
. X-RAY. ,.f o . o
7~ EQUIPMENT -~ - \ ,
. P Many of the advances in diagnostic raciiology would not have

- , ‘ been possible/rithout improvements in X-ray equipment.
. .
o

Coolidge Tube . Convéntional Crookes tubes had many limitations. They would
nof work unle{s aresidue of gas were left inside them. Problems
occurred because the properties of the gas in the tube changed when
i the gas was heated, and these characteristics varied from day to day
T ' . » and from minute to minute,

) While studying 4t Miassachusetts Institute of Technology in 1896, &
- " William David Coolidge did not have his fascination with X rays
» > diminished when he had to be treated for X-ray burns, however, he did
gain a great respect for the rays. He was also interested in making :
better electric light bulbs by developing filaments which were less
brittle. He developed a process to improve the tungsten that was then
, being used to make the filaments; he called his new product ductile
tungsten. +

% 4 For months Coolidge made efforts to improve Crookes tubes by
using ductile tungsten. When an ordinary tube was activated there
wvas an electrical potential between the cathode and the anode. This
caused positive ions of gas in thedube to strike the cathode. This bom-

f . bardment brought about emission of electrons whi®%®hen struck the
\ p N
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The Coohdge tube was intro-
duced.in 1913 [t provided for
the first ume, the ability to de-
termine and control radration
precisely

from The Trai of Invisible Light
by ER N Grigee M D

e . - r
anode and thus generated X rays. The problem was th&¥ if there were
not enough gas in the tube td make ion bombardment of the cathode .
possible, thetube did not work. Thus the problem of producing a
stable tube by decreasing the amount of gas in it did not seemn to have a
solution unless the electrons to hit the target could be suppliedin .
another way. )

‘qi‘Q +

An Austrian researcher, Julius Edgar Lilienfeld, perceived the
samgproblem that Coolidge did. Lilienfeld solved the dilemma by
buildjng a tube containing a filament which, when heated, became
C incandescent and produced electrons. These electrons made it possible
to produce X rays, even though almost all of the gas had been evacu-
ated from the tube. Lilienfeld applied for a patent that specified that
electrons from the hot filament were used to lower the resistance of the

tube®

" A number of other people were working on making a better X-ray
tube, but the tube designed by Coolidge in 1913 having a,pressure “as
low as it has been possible to make” wgas the breakthrough. In his first
experiments with his new tube, he recalled, "' t¢imporarily and unin-
tentionally sacrificed my own back hair. So I didn’t like to practice on
other living subjects. For further experiments [ was, through the kind-
ness of a medical friend, provided with a human leg which had
outlived its usefulness.f’ '

. Coolidge made some initial tests on the cadaver’s leg withan .
innovative tube. His invention had a high vacuum, a hot cathode, and
atungsten target. He then gave hi¢tube to Louis Gregory Colg, the
same New York radiologist whose contributions to gastrointest{nal
radiology already have been described. Cole described Coolidge’s tube

e ' ’ ' o
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as “undoubtedlythe most important contributionto Roentgenology
since the birth of that science " Cole published ntaterial which pro-
claimed the advantages of the new tube. With the Coolidge tube

‘ radiologists could expect-an exact duplication of their previous results,

and furthermore, the tubes could be adjusted very a{urately Because
he was kKhown to have such high standards for his o%n work, praise by
Cole of such an jnyénsion promoted the tube almost overnight. The
General Electric Company* was flooded with orders for the tube from
almost all of the radiologists in the United States,and the tube became
standard equipment for radlologxsts everywhere. In principle, f{lL
Coolidge tube was also the prototype of the electron/tubes used
radios andcomputers.and for many other purposes? until their gradual
replacement by transistors and solid-stdte devices

There were numerous other advances in the equipment that was
used by radiologists Power supplies wereamproved, and, withsthe

_coming of World Wat.l and the subsequent*unavailability of Europea

glass, the'glass photographlc plates which were used with the
overwhelming majority of the X- ray equipment were quickly replaced
by film The early film, made of cellulose nitrate, was very flammable

* and gave out large quantities of poisonous gas when it burned. In 1929

more than 100 people died in a firein Cleveland caused by flammable
film, an incident which helped make peoplé aware of the hazard.
Improved cellulose acetate film, which was avallable by then, was
qu1ckly adap%ed_gd is stlll in use

LI r

v

/Techno!ques such asthe Coolidge tube and improved X-ray films
were critical t0 the pgogress made in diagnostic radiology. For about 50

. years after the discavery of X rays, radiologists had seen the inside of

patients by directly examining a dimly lit fluorescent screen which had
been excited by X rays after “passing through the patient. The image
was so dim,that radiologists routinely had to spend about 20 minutes
adaptmgm\&r eyes to the dark so they could see the image on the
screen. ~

In1928]. H deBoer G Host, and M. C. Teves of Phlhps Corpora-

ion in thé Netherlands filed for a patent on the first device that formed
a nghter image by using the electrons from the fluorescent screen
owever, they encountered what were at the time insurmountable

! chmca!’dlfﬁcult.:ﬁs*and were able to achieve only a modest laboratory

model. .
'&@K Zworykin and G. A Morton of the Radio Corporation of

)

a
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’ America Research Laboratories published their work in 1934 on a simi-
lar tybe whichthey had developed to convert invisible infrared or
ultrgviolet images to visible light. During World Warll an intense

. ‘ effort was mounted in‘Germapy and in the United States to apply
these techniques towards the dévelopment of a tube, illuminated with
infrared light, which.could be used in sniperscopes and snooperscopes -
) for'obserying the énemy at night.

‘. + alt wasnot until'1948, however, that John W. Coltman, a physicist

at ﬂ/estinghpuse Research Laboratories, published the report of his .
successful development of the first image intensifier - This device suc-
ceéded in converting an X-ray image into a visible image as much as
500 times as bright as those previously obtained Modern X-ray tubes
employ the basic principles of Coltman’s tube, but they provide more
thaan 5,000 timef the brightness of the edrly standard fluorescent
screer$,

The invention of the X-ray image intensifier revolutionized the
practice of diagnostic radiology Almost immediately the intensifier
wa¥ used to observe the heart in motion. At last there was e ough light .
j to expose movie film, and the indispensable technique of cir?e?ﬁioro-' ) -
P 4 - == graphy was born. The developments in television technology in the
1950s made it possible to introduce'closed circuit television monitoring -
of fluoroscopy procedures. Improvement in, and simplification of, '
tglevision equipment in the 1960s brought about the widespread use of
", television monitors. Then video tape recorders made it possible to
rd complete fluoroseopic procedures in real time and also in play-

. reco
.- ! ;&and slow motion for more accnr?&cﬁa’gnosis.

" Butevenin the 1960s, the quality of images obtained with image
inténsifiers was not as good as the quality of images on radiographic
- film—primarily because the substance on the intensifier screen, zinc
sulfide powder, was not dense enough to give a sharp image. 'Furthe;-
: more, when light gtruck the screen it scattered from one grain of
' powder to the next, thereby causing “smearing” of the image. Eventu-
v “ally, a tube was developed whi\};{sed cesium iodide instead. This sub-

8

stance gave a surprisinglyood ilage. Research showed that when
4 cesium jodide was applied to coat &3creen (instead of depositing as a
v smooth, continuous layer as expected), it deposited as alayer of
material that could be concejved of as millions of closely packed '
. needles, all parallel to egch other and standing up from the sheet of L4
glass Eachneedle actkd as an optical fiber conductor of the light pro- -
duced in it by the X rays. (Optical fibers are discussed in more detail in
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Tomography

Jean Kieffer
(1897- )
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the chapter, “Synthetic Fibers.”) The ‘needles”’ ef'fic;ently conducted
the light to the surface of the instrument without scattering it side- .
ways to nelghbormg needles Thus, the image was much sharper than
ever before. ., ~

A conventional radiograph is obtained by passing a beam of
X rays through the body, and capturing the images projected by the
Xrays on two-dimensional film. But when Xrays pass through a
patient, dense tissue such as bone obscures less dense txssue which
may liein fro/ngof or behind it. Thus, only structures not in liné with -
such dense tisstes can be visualized easily. A device was teeded which
would make [tﬂ;ossxble to “photbgraph” parts of the body without
those parts being obscured by the shadows of intervening tissues.
Today such machines are called tomographs, and the pictures they
produce are tomograms. - .

& Perhaps Carol Mayer, a Polish radiologist, took the first step

towards developing the first tomograph. Apparently in trying to get
better’ X-ray pictures of a patient’s heart, he moved his X-ray tube. The

. movement of the tube blurred the shadows produced by the patient’s

ribs, which were the part of the body closest to the tube; but the heart,
which was further from the tube, had a better defined image than the

ribs did. He published his findings but did riot apply for a patent,

Jhe work of Mayer probably was'not known to Jean Kieffer, a
young man afflicted with tubercuglosis. Kigffer was an X-ray techni-
cian who worked in a tuberculosis sanitarium in Connecticut following
his own trials with tuberculosis. While confined to bed for treatment,
Jean Kieffeg used the time to think of.a way to visualize thefegion ofs
the body, the chest, where his own disease was concentrated. The criti- |

apart of his invention was an X-ray source placed a fixed distance
ffom an X-ray film. The source and the film could be manipulated
around a I}wzal point or fulcrum—somewhat like two ends of & beam
on a balance spale. The device could be moved in broad arcs, shallow
arcs, or in complex circular, curving, or spiral patterns. During the
movement, both the X-ray tube and the X-ray source remained in a
proportional relationship to the pivotal point, thereby making it pos-
sible to keep an object in the plane of the pivotal point in focus,on the
X-ray film. Most of the shadows of objects which were not in that .
plane were “erased.” Kieffer also found that as the point of rotation.
was moved closer to or farther from the £ilm, different planes could be
brought into focus. He applied for a patent on his “X-ray focusing
machine” in 1929. )

-~/
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. For the next several years Kieffer tried to interest manufacturers
f ' in building his machine. Because he had not completed high schoo] gnd
- - his invention was supposed to besthe sglution to a problem the -
manufacturers themselves had.not been able to solve, he could not find
anyone who would give financial backing for his device.

- He must have had mixed feelings when he read the headlines &f /
' an article in the New York Times of September 29, 1936, which sai ; s
- ”New X-ray Device ‘Dissects’ Films—Machine Makes Possible
6 Photographs of Parts of Organs’Unobscured by Tissue.” ]. Robert
Andrews and Robert J. Stava of the Cleveland University Hospitals
had perfected a tomograph ahd demonstrited it to those who had
arrived early for the meeting of the American Roentgen Ray Society.
Kieffer immediately left for Cleveland to attend the opening'day of the
meeting, which was scheduled for the following day Jean Kjeffer still
had an important part to play in the history of tomography.

N . Most of the radiologists at the Roentgen Ray Society meeting
were not impressed by Andrews and Stava’s discovery. The films
which were exhibited werg considered very poor from a technical point

i

of view. Less detail seemed to be visible than in standard X-ray photo-
! graphs \ .
In addition to Kieffer, another man at the meétmg had tremen-
. dous interest in Andrews and Stava’s exhibit and saw great potentialin  *
. the discovery He was Sherwood Moore, director of the Edward Mal- ?
’ linckrodt Institute of Radiology at Washington Univgrsity Schoobof
’ Meditine in St Louis He struck up a conversation with Andrews and I
Kieffer (wHo also had come to'visit the exhibit booth). Moore particu-

larly was ifnpressed s he heard Kieffer describe his own ideas about a
similar migchine.

Moore wanted Kieffer to help him supervise the building of such a
machinein St. Louis, and Kieffer took a ledve of absence from his job
todoso Ina 1937 letter written home to his wife, Kieffer gave a candid
description of his feelings.

v, . I am so tickled at the.mchine and what it does that |
f . : would like to dance a jig! Dr Moore and I almost did s

- that yesterday morning win I got a film that he didn’t

- » think could be gotten a picture of an abdominal%neu-
rysm! The impossible! And it was also of very much
importance because it absolutely proved the diagnoss,
which was questioned by some men. Boy—Oh—Boy' ]
wiés working on the machine when Dr Moore came up
with the film as it came out of the dark room. ¥Come
- see this” he literally yelled It definitely showed

things, you wouldn’t guess with regular X-ray film .

-

¢

-
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When Dr. Moore saw the long motion working [you . .

© know, he was somewhat ske ,ﬁtlcal] he said, “I'won’t

‘ + v believe it until | see it again,” and he did. He was all | -

' - i . smiles and shook my hand and said, “Kieffer, we've got
J o ) v them all licked.”” -
. oo L y oo | ‘
-« COM PUTED . . ‘ . > <
TOMOBRAPHY _ - ,

The development of X-ray tomography was an important ste%]
improving the physician’s ability to visualize parts of the body without
their being obscured by overlying tissues; however, there were other

limitations of conventional X-ray technology yet to be overcome. A
Ordinary X- -ray fllIT\Sﬁ: differentiate between air, bone, fat, and B
water densitie t nOVbetween those of certain soft.tissues which ~

have densitiesthat 2§fér from one another less tHan 2% percent.
B Moreover, many stfuctures in the body tan be visualized only by . .’
) — s introducing contrast media such as air or substances which are opaque
to Xrays. Variations w1thm soft tissues such as the brain, liver, spleeri,
and pancreas are usually not distinguishable, and conventional X-ray
' . photographs cannot be used to measure gccurately the differences
: between objects with similar densities. The development of thetech- =
nology of computed tomography (CT) hasﬁlade it possible to reduce these
11m1tat10ns .
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With computed tomographya radiologist can obtdin clear

representation of a desired slice of the body without the blurred-out »
anatomical detail from unwanted intervening structures—a charac-
teristicof conventional tymograms.-In a CT scanner, {Y array of X-ray
detectors is situated opposite the X-ray tube on alargemetalring. - F
A patient lies on a table that can be positioned through the
center of the ring The table is then placed %0 the particular area of the
body tobe examined is between the X-ray source and the Hetectors. As
X rays are produced, the ring rotates. When the X-ray source has
rotated in a complete circle,.tl;]e scan of that slice is complete: theQ‘
same time the ring is rotating, the detector translates the measure
ments of the changes in the X-ray beams as they pass through the N\
object into electrical impulses which are then transmitted to the com-
puter These impulses are quantified, mathematically manipulated,
and then useg to reconstruct a tomographic image.

Computed tomography is the “reconstruction’ of an object
throuﬁa particular plane (a “’slice”’) using X rays and atomputer, and ,
the machinery developed to perform these procedures is referred to.as a
CT scanner. Another term frequently heard is compnterized axial fomog-
raphy (CAT). The latter term is more restrictive in meaning because it -
refers to computer reconstrdction of cross-sectional images that essen-
tially are transverse to the long axis of the patient, whereas “CT” refers
to reconstructioh of a slice through-the body taken at any angle. An d
even more general ternyds computerized reconskruction. This termin(;logy
may be applied to no:%dical as well as medical uses of the technique
and to reconstruction in either two or thrée dimensions.

®ne key to the development of computed to ography was find-
ing a way to reconstrucythe internal structure of an object from X-ray
measurements made e{;‘gyf\al to the object. As early as 1917 an Aus-
trian mathematician, Johann Radon, published his investigations
ich‘ultimately were applicable to the theory of reconstruction. But

* Radon was not working on image reconstruction; he was solving

gravitational field equations. Perhaps because his research was in a dif-
ferent field is why his work was not known to some of the 7ionéers in ‘t@
computed tomography whothad to develop their own equations.

. In"1956 a neurologist, William H. Oldendorf, was the first to

attempt a medical application of image reconstruction. He wanted to, -,
find a way to make diagnostic X-ray images of the brain which were

not complicated by*obstruction from the O\jerlying bones of the skull.
Oldendorf made asmall block of plastic and inserted iron and alumi-

num nails into it. He then put the-block on a toy train’’'HO” gauge flat

. b ) -
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This photograph shows Olden-
dorf s expenimental apparatus

Wiltham Oldendor!
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Aruitoxt provided by Eic:

car wh1ch was pulled very slowly along a short track by a clock motor.
“The whole assembly was mounted on a phonograph turntable which

rotated’at 16 times per minute. Gamma rays passed through

the center of rotation of the turntable, and the plastic block was pulled’

through this center of rotation. Using this apparatus Oldendor‘f was

able to obtain an approxnmahon to his model.

Another critical link in the development of computed tom é;bhy
was the work Allan M. Cormack published in the early 1960s. Th
story of Cormack’s contribution to CT scanning began in 1956 when
he was a lecturer in physics at the University of Cape Town in South
Africa. In that year the staff of Groote Schuur Hospital unexpectedly
found itself in need of a qualified physicist to supervise the use of
radioactive isotopes. Becaus Co‘rm‘ack was the ?ply nuclear physicist
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in Cape Town and the presence of one was required by law, he was

asked to spend 1%% days each week at the hospital to fulfill this stipula- &
tion. While working at the hospital he became familjar with the plan-
ning of radiotherapy treatments and was intrigued by the complica-

tions of cqlculz{ting the appropriate doses of X rays for patiers. In his

own words: _

» It pccurred to me that in order to impré)ve treatment
planning ome had to know the distribution of the ..,
attenuation coefficient of tissues of the body, and that
this distribution had to be” found by measurements "
made éxternal to the body It soon occured to me that
this information would be useful for diagnostic pur-
poses and wquld constitute a tomogram or series of
tomograms, though I did not learn the word tomogram
formany years. ‘

Cormack knew that the basic research on attenuation of X raysin
homogenous substances had been done nearly 60 years earlier, but
when he searched the literature for reports about what happened when
X rays passed through substances which were not homogenous, hé
found nothing. Because he did not learn until 14 years later that Radon
had solved the pfdblem in 1917, Cormack started his research without

this basic information 2 % L

One of Cormack’s first experiments was done on a syMmetrical
phantom—a cylinder of aluminum surrounded by a wooden ring,
diagramed on left. (Phantoms are nonliving experimental
substitutes for patients which can provide information, usually
quantitative, about how a particular machine will perform with
a living subject.) Because the form was syRymetrical, fewer .

measurements were needed than for an asymmetrical form. Gamma

. fays were projected from a cobalt source through the phantom,

and a Geiger counter was used to detect the radiation which

passed through the phantom. The data were processed by-laborious
hand calculations, and when they were analyzed they agreed with
the known structure of the phantom. ~

Cormack continued his work intermittently over the Rext 6 years.
In an experiment in 1963, his phantom was more complicated—it was
an outer ring of aluminum representing the skull with Lucite® inside ,
representing the soft tissue of the brain. Two aluminum discs
representing tumors were placed inside the Lucijte® Cormack . .
used a computer to manipulate data (obtained by measuring tPe radia- =
tion that passed through the phantom) that it had taken 2 days to col-
lect The results from Cormack’s first computed tomography agreed
with what would be expected from the known form of the phantom

~

'
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’ Cormack’s work was pugshed in 1963 and 1964 and went almost
~ unnoticed excépt by a few scfhtists. About 10 years later, and totally
& . independently, the first clmlcally\useful computed tomography equip- R
\ ment was developéd It was primarily the result bf the work of Godfrey -
N. Hounsfield who was working at the Central Research Laboratories
: of Electrical Musical Instruments, Ltd: (EMI) in England. (EMlis a
: ™ major force in the world’s music business and the producer of the
Beatles’ records, among others.) Hounsfield’s research had been in
computer techiniques for pattern recognition of characters writtenon  ~
. ) Business forms. With this backgrOund and his interest in information
retrieval in conventional X-ray examinations, Hounsfield undertook
gamma and X- -ray experiments in tomographic reconstruction. He
4 speculated about the possibility of using a computer to reconstruct a
picturefrom measurements of X rays that had passed through the
body at many différent angles. Because of the multitude of measure- s
A ments that would have to be made before a picture could be recon-
) : structed from them and the great number of simultaneous equations
) which would have to be solved, he knew a computer was essential. )

AY

HOu;\sfleld set out to seeif he could develop amethod to distin-
guish between tlSSueS having very similar densities. In his words, “The
, *  equipment was very much improvised.” A lathe bed provided the
lateral scanning movement of the gamma-ray source, and sensitive
. detectors were placed on either side of the object tobe viewed, which
was rotated 1° at the end of each sweep. The 28 000 measurements
« from the detector were translated into numbers and automatically
recorded ondpaper tape After the scan had been completed, the results
were fed into the computer and processed.

Hounsfield’s machine produced encouraging pictures, but it
. worked quite slowly. It took 9 days to obtain the data by projecting
X rays through aphantom and 2 % hours to process the results on a
- computer. This method obviously involved using too much radiation
and was too tedious and time-consuming to be of clinical use. The next
) 4 technological advance was the installation of a more powerful X-ray
source, which reduced the scanning time to 9 hours. With the help of
) ' two radiologists, James Ambrose and Louis Kreel, H0upsf1eld used
preserved humdn brains and unpreserved animal brains to test the
equipment He and his associates were successful in resgnstructmg
brain. hsSue\but the crucial test was whether or not tumogs could be
detected. -

) . Eventually, faster and more sophisticated machines were built to
. scan brains of living patients, and in 1972 a woman with a-suspected

R}
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/ brain lesion was examined using a machine developed by Hounsfielgl. .
. The picture revealed a citcular cyst in the woman’s brain. As Houns-
N\ " field putit, “From this moment on, as more patients were being
scanned, it became evidenit that the machine was going to be sensitive
r enough to distinguish the difference between normal and diseased tis-
sue.”* ' p

~ The total time elapsed from Hounsfield’s idea to the\production of

a functioning clinical machine was about 5 years. The total investment - -
in research and development duting that time was about $5 million. In

the less than 10 years since the invention of CT scanning, about 100

times this amount has been invésted in research and development of

CT scanners by industrial firms in the United States, Europe, and Asia.’

This highly advanced CT system
1s capable of completing an en-
tire scan of the head or body in as
little as 4 8 seconds, thereby nuni- *
mizing image distortion caused
by patient movement

GeneralElectric Company
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This image (above ) resudted from
a prelimmary CT scan of the
thorax and abdomen From views
stmidar fa this, physictans ean
decide pregsely where they want
to make more detailed cross-
sectional CT $cans such as the
one shotwn (below) of the upper
abdomen

- Siemens Corporation

General Eléctric Company
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The first use and advantage of the CT scannerover conventional X-ray
methods was in visualizing the brain, but its value has rapidly been
proven in other regions of the body. . %

There have been.many improvements in CT scanning singe its )
discovery. Thadjrst EMI machine cost about $300,000 in 1972; in 1980 a
CT scanner with similar capabilities can be purchased for about
$120,000. However, Some more sophisticated instruments now may

« Cost up to $1,200,000, and Operating costs for a unit have been
estimated to range from $259,000 to $371,000 per year. The initial esti-
mate of thetworld-wide market for CT scanners was for less than two
dozen machines. Now the number of scanners in use is well over 2,000,
and new ones are being manufactured'each‘year. v

Such high costs for a single piece of medical equipmtent have
brought CT scanners very much into the public eye, particularly at a'
time when so much attention is being focused on the skyrocketing [
costs of medical care. The rapid acceptance of CT scanning has also
promoted concern over the cost of other diagnostic technologies and
even medical technology in general. ¥

Many policy issues related to CT scanning have arisen: How and
by whom should the need for and placement of CT scanners be deter-
mined? When is a scanner safe and efficacious? [s its cost justified?
Who should payﬂfo the technology and its operation? Some of these
issues have been resolved, and considerable effort is continuing at
national, state, and local leyels to find answers to other related policy”
questions. uw

t

The field of cdfputed tomography is still developing. Improved
resolution and shgrter scan times are being sought to examine not only
the brain but also other parts of thebody. Currently, scientists,
engineers, and clinicians are trying to obtain BsaEul diagnostic pictures
of the heart using CT; other problems, such as motion, must still be .
solved. ' ’

In 1979 Allan Cormack and Godfrey Hounsfield wererawarded the
Nobel Prize in Pohysiology and Medidine for their contribution‘s to the
develoggnent of computed tomography. Neither man had a!bacrke

- ground in physiology or in medicine. The invention of CT js one good
example of the dependéﬁcaeﬁffe?hnological developments on previous
discoveries in many, diverse scigntific fields. In this case, contributions
from the disciplines of mathematics, physics, computer science,-medi-
cine, physiology, and engineering were all brought together to develop
a technology which probably has had the greatest effect on the field of
radiology in the 85 years sinc ¥V ilhelni Conrad Roentgen saw'.g.hat
mysterious glow in his darkened laboratory.

- . & : & .
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