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Objective of this Presentation

Honor Dr. Coolidge for his x-ray tube invention
Give an overview of related x-ray history

Brief historical review of Coolidge’s life

Note and discuss his major inventions

Review the various technical aspects with the
innovation of the ‘hot cathode’ x-ray tube

lllustrate the wide uses x-ray equipment
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Acknowledgement —
Dr. Lawrence Coolidge

He provided a great deal of reference materials on his father.

He brought good things

' to ‘light!’
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William D. Coolidge

History of X-rays & Radioactivity

e Late 1800s Crookes discharge tube, cathode rays
e 1895 Roentgen discovers x-rays

e 1896 Becquerel discovers radioactivity

® c1898 Curies discover Po and Ra
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Crookes Tube — c1880

object,

Lenard - early 1890s

Topump  Philipp Lenard
(1862-1947)

Wilhelm Conrad Roentgen
Discovered X Rays 1895
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X ray Discovery
November 1895

J.J. Thomson - “Cathode
Rays” / Electrons 1897

PA History of X rays

e Radiograph image of tokens made by A.W.
Goodspeed (1860- 1943) and William
Jennings (1860-1945). They had made the
image by accident in during a Crookes
tube demonstration in Philadelphia on
February 22, 1890.
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Cold Cathode X-ray
Tube (c1896)

Fig. 9.

A modern Crookes tube for X-ray work. It is provided with a small
side tube which contains a substance which absorbs or gives up sufficient
Kas to produce most penetrative effects.

1. Compt. Rend 122, 384, (1896).

= o .-
Drs. Edwin and Gilman Frost perform the first American medical X-ray in Reed Hall, Darimouth College on February 3. 189
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X Rays, what are they?

X-rays
> Bremsstrahulung, or ‘braking’ radiation
> Characteristic

Initial Bremsstrahulung

Characteristic x-ray peak

Max kV

Number of x-r

Final Spectrum

X-ray Energy

Cathode 4 Cathode rays (electrons)
Anode 5 X-rays
Anticathode

Edison’s X-ray Lamp!
UNITED STATES PATENT OFFICE.

THOMAS A. EDISON, OF LLEWELLYN PARK, NEW JERSEY.

FLUORESCENT ELECTRIC LAMP,

No. 865,367, Specification of Letters Patent. Patented Sept. 10,1907,
Application £led May 19, 1808, Sarial No. 502,119, Resewsd April 20,1002, Serlal No. 105,233,

What I claim is:

. A fluorescent screen or surface composed of tung-
state of calclum, substantlally as set forth.

2. A finorescent screen composed of glass with a fluo-
rescont crystalline powder fused thereto, substantially as
sotforth,

6. A fluorescent electric lamp having In combination a
vacuum tube, chemicnls placed thereln which fuoresce.
wheu subjected to the X ray of Rintgen, and electrodes
having thelr centers cut away, substantially as set forth,

This spectfication signed and witnessed this 16 day of
May 1806,

THOMAS A. EDISON.

Witnesses :
W. T. Mattony,
J. F. RaNboLPH.
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HIDDEN PERILS &
OF THE X-RAYE,

George Phaler, MD

Arthur Goodspeed, PhD

Skin Burns from X rays

THE AMERICAN

X~-RAY JOURNAL.

Devoted to Practical X Ray Work and Allied Arts and Sciences.

VoL. 8. ST. LOUIS, JUNE, 1901.

SHIELD FOR THE PREVENTION OF
X-RAY BURNS,

of an aluminum shield, grounded by a
wire to the steam pi
mended. In this pa
present briefly a simple and convenient
method of applying this principle, which
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PA History of X rays

Patterson fluoroscopes > PATTERSON
OPERATING FLUORQ??OPE
Towanda, PA. ¢1920

A “Queen City X-ray”
Philadelphia, PA ¢c1900

THE PATTERSON SCREEN COMPANY

S P ——

X-rays in the Second Boer
War S. Africa c1900

b

PA History of X rays
Philadelphia

Dr. Kassabian’s x-ray and fluoro lab
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X-ray Fluoroscopy c1900

Coolidge - Early Years & Education
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Early Years & Education

s
Studies Chemistry

and Physics at
Boston Tech [MIT]

Coolidge in Germany

Universitét Leipzig Bauliuce

founded
December 1409

Returns to teach physics at

Studies Physics Boston Tech [MIT]

PhD in Germany

Coolid ge 'S DIRLEKTRISCHE UNTERSUCHUNGEN

VERMITTELST ELEKTRISCHER DRAHT-

P h D WELLEN.
D isse rtati 0 n INAUGURAL-DISSERTATION

HOHEN PHILOSOPHISOHEN FACULTAT

UNIVERSITAT LEIPZIG

ERLANGUNG DER DOCTORWORDE
vosoeLesr

. dee Db =3 e
hei ki, guaigert ‘Willism David Goolidge S. B.
ety o rve

200k deutich comstatires.

Die spacilie. Ase
(wl Fig. 15 Dt

LEIPZIG,
JOMANN AMBROSIUS BARTEL
1699,

10



Edison — Light Bulb &
Fluoroscope

GE Company (c1905)
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Coolidge in Early
GE Research Lab

J.J. Thomson, |l. Langmuir
and W.D. Coolidge at GE

Langmuir and electron tube
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Coolidge, Lawrence and Others
at Cyclotron Construction Site

Coolidge’s Research & Patents

In the main areas of -

» Tungsten metal processing
» X-ray Tubes

* Electrical applications

Ductile Tungsten at GE

UNITED STATES PATENT OFFICE.

ELECTRIC COMPANY, A CORPORATION OF NEW YORK.
TUNGSTEN PURIFICATION.

1,026,428, Speeideation of LettersPatent.  Patented May 14, 1012,
FoDrawing. Application fled September 23, 1908, Serlal No. 454,450,

8/3/2016
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GE - Metal Filament Lights

W. D, COOLIDGE.
WAKIVG INCANDESEENT Lavts,

Inventor
William D Coolidge,
by il Do,
His Attorney

Edison & Coolidge ¢c1920

Cold vs. Hot Filament
X-ray Tubes

Tungsten Anode Electron Beam

Cathode

Cathode Am
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Improved X-ray Tube
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COOLIDGE
X“RAY
TUBE

o0,
[y
k\@;‘

Coolidge X-ray Tube -
Major Technological Innovation

!

D. Coolidge _

ELECTRONS
Every

SECOND
asa

TON of

RADIUM
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“Coolidge” X-ray Tube

Patent issued 10-31-1916

W. . COOLIDGE,

1,203,495.

Patented Oct. 31, 1916,

Schenmdf in the county of Schenectady
5 and State of New York, haveinvented certain

d useful Improvements in Vacuum-
T\lbu of which the fnllwmg is a specifica-

My:pv:‘uﬁnnhuswkumtnhumd

10 more ly to
m pose of producing Bﬁnn:fmany:
hlbowhlchlhlvep luced differs so
radically from the tubes of the prior art
for or X-rays as to

15 amount not so mnch to an improvement on
prior tubes as to an entirely new variety
of tube differing both in its prumpha of
npenuon and In its operating character-

Marie Curie & X rays - WWI

WW | French Field
Hospital X-ray Set-up

8/3/2016
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X-ray Technology -1913

=P o

W.D. Coolidge c1915

GE X-ray Tube Development

'?*r !

be c1915

Stereo X-ray Apparatus

W, D. COOLIDGE,
STEREOSCOPIC X-BAY APPARATUS,
ION FILED NAR. 3, 1915,

Patented Dec. 11, 1917.

17
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GE X-ray Tube Development

Coolidge with
circa 1920 Portable
X-ray Unit

[Alard Collection - GE Press photo and X-ray Unit

Portable GE “Coolidge
X-ray Outfit” c1920

18
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Tube in Lead Glass
Shield w Window

X-ray Tube Manufacture c1925

19
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GE X-ray Lab (c1930)

Super-Power Cathode Ray Tube

Coolidge & New 800 keV X-ray
Facility in Chicago - 1933

~—

A
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X-ray Fluoroscope c1930

Chest X-ray Exam c1940

Coolidge & New High
Voltage X-ray Tube - 1938

21



GE X-ray Tube Development

Life Magazine

LIFFP

1944 -
=

Nearly twenty years ago Dr. William D.
Coolidge, now G-E vice-presidentand Director
of the Research Laboratory, developed the
Coolidge X-ray tube—one of the most impor-
tant developments of all time in science and
medicine. In the years that followed, he and
other scientists and engineers worked steadily
to improve this almost magical tool of research
and healing.

You

wanted

The G-E million-volt X ray cuts from hours to minutes
the time required to examine meeal parts—from sirplane

1 crankshafts to turbine shells,

weapons

GENERAL@ELBCTI“C
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Xrays in Film c1940  cwnns@rimern

http:/iwww.youtube.com/watch?v=I3sSHFQ2YME

TARGET

Shoe Fitting Fluoroscope

CERTIFICATE

SHOE-FITTING TEST DATA FOR

2 wuG ; 3
B

' '“ ® .g&‘si@%
! B: SU

.
.

s scientific way of approaching the problem of poorly-fitted shoes
elimina tes guesswor k. Now you can see for yourself!
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Awards, Medals & Honors

Coolidge & GM’s Kettering, TV
Broadcast 1-23-1940
1 o ‘

0/

Coolidge’s GE Radio Talk -
50t" Anniversary of X Rays

< ¢1930 radio station

[Have a 78 rpm recording made
by Coolidge March 1945.]

8/3/2016
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Coolidge, Whitney & Suits c1945

{Allard Collection - GE Press photo.]

THE DEVELOPMENT OF INDUSTRIAL RESEARCH was inspired by policies
and traditions established in the General Electric Research Laboratory under
a remarkable continuity of leadership. The late Dr. Willis R. Whitney (right)
founded the laboratory in 1900. He was succeeded in 1932 by Dr. William D.
Coolidge (left). Dr. Guy Suits (center) became director in 1945.

Painting by Normal Rockwell (c1955)

50t Anniversary of
Modern X-ray Tube

8/3/2016
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In Retirement
1950 P “
\gl'll‘l. -
¥

& -

c1970 >

| <c1960

AAPM Coolidge Award

American Association of Physicists in Medicine

AAPM’s 15t Coolidge Award

76 5. Lasghiin 3nd P. K Goodmin: Wstery of the AAPAE 1988-1998

Fio. 17. In iy 1572 the Coolidge Award was formally presented to Dr. Willam D. Cooidge at Schenectady. NY.
The presentation, which formalized the sward made by e AAPM. is being made by M. Vincent D. Menti of the
General Electric Research and Development Center.

8/3/2016
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Coolidge at 100!

A.M. Bueche

C.G. Suits

{Allard Collection - GE Press pt

Coolidge at 100!

Public Information
ELECTRIC
Schenectady, New York

RDC 19, 463 October 23, 1973

CENTENARY CELEBRATION. Dr. William D. Coolidge, famed inventor of the

ductile tungsten used for filaments in virtually all electric lamps and of the Coolidge
X-ray tube which made possible modern medical and industrial X-ray technology,

observed his 100th birthday in Schenectady, N.Y., on October 23. Dr. Coolidge

joined the staff of the General Electric Research Laboratory in 1905, and was its
director from 1932 to 1945. He was succeeded by Dr. C. Guy Suits (right), director

until 1965, and by Dr. Arthur M. Bueche (left) who became General Electric's

vice president for research and development when Dr. Suits retired. The birthday
cake was lighted with 100 ductile-tungsten lamps and topped by the target from an

early Coolidge tube encrusted with 100 tiny diamonds surrounding one of GE's

large laboratory-made gem diamonds.

[Alard Cobection - GE Press photo.]

AP Press photo,)

cent electric lamps died Monday night at his
home in Schemctady.

atory from 1932 to 1945. (AP Wirephoto)
(a4n/mh24500GR) 1975 EnS: a 1971 nhate
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R.I.P. Dr. Coolidge!

You were a “super man” with an x-ray vision!

X-ray Diffraction

Used to discover structure
of deoxyribonucleic
acid (DNA)

< Photo
No. 51

Rosalind Franklin

James Watson and
Francis Crick

X-ray Fluorescence
Spectrometry

8/3/2016
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X-ray Industrial Radiography
.- s Vincent Roding

(1976) Jp=a-za oy
NDT of !

Liberty |
N !

Industrial X-ray
Radiography c1960

Airport Security X-ray
Baggage Scanners c2002
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Backscatter X-ray
Security System c2012

IS

Dental X-ray Equipment

Medical Uses of Radiation

%y < CT Scanner
@4y - Head
= Lung

Partial body

- Whole body

“CT Screening”-
efficacy?
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Medical Uses of Radiation

Diagnostic X-rays
> Radiography
> Fluoroscopy

Medical Uses of Radiation

Mammography

Medical Uses of Radiation

Dual Energy X-ray
Bone Densitometry
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Medical Uses of Radiation
Radiation Therapy

e

Contact info -

David J. Allard, MS, CHP

PA DEP, Bureau of Radiation Protection
PO Box 8469
Harrisburg, PA 17105-8469

Tel: 717-787-2480
E-mail: djallard@pa.gov %
Web: www.dep.state.pa.us g‘d

key word “radiation”

“Smile and say — X ray!”
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