
EDITORIAL

We are pleased to bring to our readers in
this issue a special feature profiling the
optical engineering effort in the area of
"Optical Communications." Dr. Warren
Birge, our guest editor for this issue, has
been extremely cooperative in this under-
taking, and has earned the gratitude of
the editorial staff of Optical Engineering.
We would like, also, to thank the authors
for their cooperation and contributions
in bringing this timely subject matter to
our readers.

Also, in this issue, we are pleased to
feature a number of other contributed
papers. Three of these are in the general
area of "Coherent Optics in Mapping,"
and we hope to include a special feature
on this subject next year.

The special feature for the November/
December 1974 issue will be "The Impact
of Lasers in Spectroscopy," with guest
editors Dr. Shaoul Ezekiel from M.I.T.
and Dr. Stanley Klainer from Block En-
gineering, Inc. The issue promises to be
both exciting and timely, covering a very
broad range of activities within the gen-
eral area.

We have finished plans for special fea-
tures in each of our issues for 1975, and
we shall announce them in the Novem-
ber/December issue. Also, beginning with
the next two issues, our readers can ex-
pect to read some new Forum columns.

John B. DeVelis, Editor
OPTICAL ENGINEERING
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FORUM

MEDICINE

WILLIAM R.
HENDEE

Thermography: A Screening Method
for Breast Cancer?

One of the ways that the human
body maintains constant temperature is
by exchange of radiant energy between
the skin and objects in the immediate
environment. In 1957, Lawson observed
that cancer can alter the pattern of
emission of thermal energy from the
female breast.' This observation stimu-
lated a number of studies of thermo-
graphic detection of breast cancer and a
number of publications with contra-
dictory conclusions regarding the effec-
tiveness of thermographic techniques.
To some degree, these contradictions
probably reflect inadequate experience
of persons interpreting thermographic
images, and improper ambient condi-
tions such as asymmetrical air flow
during the thermographic examination.

Cancer of the breast is the leading
cause pf death from cancer in women in
this country. Despite advances in
surgery, radiation therapy, and chemo-
therapy, mortality statistics for this
disease have not improved, partly
because the disease often is in a
relatively advanced state at the time of
detection. Currently, early detection is
the most promising approach to improv-
ing the mortality statistics for breast
cancer, and to this end considerable
interest has developed in the establish-
ment of screening programs for early
detection of breast cancer in asympto-
matic women. To utilize x -ray examina-
tions as the screening technique for the
38,000,000 women in the United States
over 40 years of age would require 1900
full-time screening centers staffed by
3800 radiologists and 11,400 technolo-
gists and supporting personnel, at a cost
of $621,300,000 per year.2

A less expensive screening tech-
nique to identify a smaller population
of high risk women for x -ray examina-
tion could reduce these resource re-
quirements to a more practical level.
This technique may well be thermo-
graphy. To determine the feasibility of
the screening approach, the American
Cancer Society and the National Cancer
Institute currently are funding 20 breast
cancer detection demonstration projects
which will compare the accuracy of
x -ray, palpation, and thermographic

techniques for detection of breast
cancer. Hopefully, these projects will
confirm the usefulness of thermography
as a screening method for identification
of a small proportion of asymptomatic
women who are at greater risk for breast
cancer.

Confirmation of this expectation
will immediately raise questions of
interest to engineers and physicists
involved in medical instrumentation.
Currently, thermographic images are
displayed on a cathode ray tube and
photographed in a conventional manner,
often with Polaroid film. These images
then are evaluated by visual comparison
of the thermal pattern from the two
breasts. This comparison should be
amenable to automatic pattern recogni-
tion techniques which could increase
the speed and reduce the resources
required for thermographie screening.
These savings should easily compensate
the additional hardware costs for
electronic storage and computer analysis
of thermographie information required
for automatic pattern recognition.

Physicists and engineers involved
in medical instrumentation should fol-
low the breast cancer demonstration
projects with considerable interest.

1. R. N. Lawson: Thermography: new tool in
investigation of breast lesions. Canad. Serv.
Med. J., 13: 517 -524, 1957.

2. A. H. Dowdy, W. F. Barker, C. D. Lagasse,
L. Sperling, L. J. Zeldis, and W. P.
Longmire, Mammography as a screening
method for the examination of large
populations, Cancer, 28, 1558 -1562, 1971.

William R. Hendee
University of Colorado Medical Center
Denver, Colorado 80220

RADIOMETRY &
PHOTOMETRY

IRVING J. SPIRO

More on Nomenclature

At the end of the last column, I
mentioned the proposals by Fred
Nicodemus, Jon Geist, and Edward F.
Zalewski of NBS* and asked for the
reader's comments.

This column takes the form of a
letter from Nicodemus, in which he
amplifies some of his thoughts on
"pointance" and "areance."
From: Fred E. Nicodemus, NWC.

(Code 5143)

*By the time you read this Nicodemus will
have left NWS and taken his new position at
the National Bureau of Standards where he
will supervise the publication of a book on
"Optical Radiation Measurements."

OPTICAL ENGINEERING - SEPTEMBER /OCTOBER 1974 G183

EDITORIAL

We are pleased to bring to our readers in 
this issue a special feature profiling the 
optical engineering effort in the area of 
"Optical Communications." Dr. Warren 
Birge, our guest editor for this issue, has 
been extremely cooperative in this under 
taking, and has earned the gratitude of 
the editorial staff of Optical Engineering. 
We would like, also, to thank the authors 
for their cooperation and contributions 
in bringing this timely subject matter to 
our readers.

Also, in this issue, we are pleased to 
feature a number of other contributed 
papers. Three of these are in the general 
area of "Coherent Optics in Mapping," 
and we hope to include a special feature 
on this subject next year.

The special feature for the November/ 
December 1974 issue will be "The Impact 
of Lasers in Spectroscopy," with guest 
editors Dr. Shaoul Ezekiel from M.I.T. 
and Dr. Stanley Klainer from Block En 
gineering, Inc. The issue promises to be 
both exciting and timely, covering a very 
broad range of activities within the gen 
eral area.

We have finished plans for special fea 
tures in each of our issues for 1975, and 
we shall announce them in the Novem 
ber/December issue. Also, beginning with 
the next two issues, our readers can ex 
pect to read some new Forum columns.

John B. DeVelis, Editor 
OPTICAL ENGINEERING

FORUM

MEDICINE

WILLIAM R. 
HENDEE

Thermography: A Screening Method 
for Breast Cancer?

One of the ways that the human 
body maintains constant temperature is 
by exchange of radiant energy between 
the skin and objects in the immediate 
environment. In 1957, Lawson observed 
that cancer can alter the pattern of 
emission of thermal energy from the 
female breast. 1 This observation stimu 
lated a number of studies of thermo- 
graphic detection of breast cancer and a 
number of publications with contra 
dictory conclusions regarding the effec 
tiveness of thermographic techniques. 
To some degree, these contradictions 
probably reflect inadequate experience 
of persons interpreting thermographic 
images, and improper ambient condi 
tions such as asymmetrical air flow 
during the thermographic examination.

Cancer of the breast is the leading 
cause of death from cancer in women in 
this country. Despite advances in 
surgery, radiation therapy, and chemo 
therapy, mortality statistics for this 
disease have not improved, partly 
because the disease often is in a 
relatively advanced state at the time of 
detection. Currently, early detection is 
the most promising approach to improv 
ing the mortality statistics for breast 
cancer, and to this end considerable 
interest has developed in the establish 
ment of screening programs for early 
detection of breast cancer in asympto 
matic women. To utilize x-ray examina 
tions as the screening technique for the 
38,000,000 women in the United States 
over 40 years of age would require 1900 
full-time screening centers staffed by 
3800 radiologists and 11,400 technolo 
gists and supporting personnel, at a cost 
of $621,300,000 per year. 2

A less expensive screening tech 
nique to identify a smaller population 
of high risk women for x-ray examina 
tion could reduce these resource re 
quirements to a more practical level. 
This technique may well be thermo 
graphy. To determine the feasibility of 
the screening approach, the American 
Cancer Society and the National Cancer 
Institute currently are funding 20 breast 
cancer detection demonstration projects 
which will compare the accuracy of 
x-ray, palpation, and thermographic

techniques for detection of breast 
cancer. Hopefully, these projects will 
confirm the usefulness of thermography 
as a screening method for identification 
of a small proportion of asymptomatic 
women who are at greater risk for breast 
cancer.

Confirmation of this expectation 
will immediately raise questions of 
interest to engineers and physicists 
involved in medical instrumentation. 
Currently, thermographic images are 
displayed on a cathode ray tube and 
photographed in a conventional manner, 
often with Polaroid film. These images 
then are evaluated by visual comparison 
of the thermal pattern from the two 
breasts. This comparison should be 
amenable to automatic pattern recogni 
tion techniques which could increase 
the speed and reduce the resources 
required for thermographic screening. 
These savings should easily compensate 
the additional hardware costs for 
electronic storage and computer analysis 
of thermographic information required 
for automatic pattern recognition.

Physicists and engineers involved 
in medical instrumentation should fol 
low the breast cancer demonstration 
projects with considerable interest.

1. R. N. Lawson: Thermography: new toof in 
investigation of breast lesions. Canad. Serv. 
Med. J., 75:517-524, 1957.

2. A. H. Dowdy, W. F. Barker, C. D. Lagasse, 
L. Sperling, L. J. Zeldis, and W. P. 
Longrnire, Mammography as a screening 
method for the examination of large 
populations, Cancer, 28, 1558-1562,1971.

William R. Hendee
University of Colorado Medical Center
Denver, Colorado 80220

RADIOMETRY & 
PHOTOMETRY

IRVINGJ. SPIRO

More on Nomenclature

At the end of the last column, I 
mentioned the proposals by Fred 
Nicodemus, Jon Geist, and Edward F. 
Zalewski of NBS* and asked for the 
reader's comments.

This column takes the form of a 
letter from Nicodemus, in which he 
amplifies some of his thoughts on 
"pointance" and "areance."

From: Fred E. Nicodemus, NWC' 
(Code 5143)

*By the time you read this Nicodemus will 
have left NWS and taken his new position at 
the National Bureau of Standards where he 
wiJJ supervise the publication of a book on 
"Optical Radiation Measurements."

VOL. 13-NO. 5 OPTICAL ENGINEERING-SEPTEMBER/OCTOBER 1974 G183



LET ERIE DESIGN and BUILD YOUR HIGH VOLTAGE
POWER SUPPLIES and VOLTAGE MULTIPLIERS
When you talk about designing and packaging miniature, low current High Voltage Power Supplies and
Voltage Multipliers, the name ERIE should come to mind first. Why? No other manufacturer of these
sophisticated devices has its own capacitor and rectifier technology in- house. Only ERIE does it all. Our many
years experience in producing State of the Art high voltage capacitors and high voltage silicon rectifiers -
plus an unsurpassed technology in circuit designing, packaging and encapsulation,
makes ERIE an ideal source for your high voltage component needs. From very
low input voltages, ERIE can produce output voltages up to 50,000 volts. Write for our 32 -page catalog...
Application for these compact, high reliability devices includes night- vision image High Voltage Components and

intensification systems. Apollo TV cameras. CRT displays. Avionics systems Devices... orfortechnical

exposed to rugged environments. Industrial, commercial and military equipments assistance, call

... an almost infinite variety of applications. So bring ERIE in early.

AII ERIE Power Supplies and Voltage Multipliers are designed and produced
at our Trenton, Ontario plant.

ERIE TECHNOLOGICAL PRODUCTS of Canada, Ltd.
Trenton, Ontario, Canada

613/392 -2581

LET ERIE DESIGN and BUILD YOUR HIGH VOLTAGE 
POWER SUPPLIES and VOLTAGE MULTIPLIERS
When you talk about designing and packaging miniature, low current High Voltage Power Supplies and
Voltage Multipliers, the name ERIE should come to mind first. Why? No other manufacturer of these
sophisticated devices has its own capacitor and rectifier technology in-house. Only ERIE does it all. Our many
years experience in producing State of the Art high voltage capacitors and high voltage silicon rectifiers  
plus an unsurpassed technology in circuit designing, packaging and encapsulation,
makes ERIE an ideal source for your high voltage component needs. From very
low input voltages, ERIE can produce output voltages up to 50,000 volts.
Application for these compact, high reliability devices includes night-vision image
intensification systems. Apollo TV cameras. CRT displays. Avionics systems
exposed to rugged environments. Industrial, commercial and military equipments
... an almost infinite variety of applications. So bring ERIE in early.

I All ERIE Power Supplies and Voltage Multipliers are designed and produced 
at our Trenton, Ontario plant.

ERIE TECHNOLOGICAL PRODUCTS of Canada, Ltd.
Trenton, Ontario, Canada

Write for our 32-page catalog .. 

High Voltage Components and 

Devices . .. or for technical 

assistance, call

613/392-2581



To: I. J. Spiro, Aerospace
Subject: Proposed new terms -

"pointance" and "areance" -
for use with "sterance" in
the proposed "phluometry"
nomenclature for radiometry
(incl. photometry).

"The more I learn about the
nomenclature business, the more I'm
convinced that it's poor strategy ever to
start right in to "sell" any real
innovation. It's practically useless to try
directly to get it accepted, however
logical and timely it may appear to you
and to others who have been concerned
with nomenclature and nomenclature
problems. Furthermore, I think it's very
important not to get tagged with the
label of reformer or missionary, zealous-
ly trying to promote innovations. This
just "turns people off." This has made
me particularly cautious in connection
with the Wiley Reference Book on
Radiometric Nomenclature, which is my
first priority at the moment. In the
book, I'm trying primarily to report
facts concerning the very confused
situation that actually exists and secon-
darily to point the way toward reduc-
tion of that confusion, as much as
possible in terms of already -existing and
reasonably well established nomencla-
ture. I have considered Jones' "phlu-
ometry" nomenclature as meeting that
criterion, though perhaps a bit margin-
ally, and so have gone ahead to advocate
its adoption, mainly by adopting and
using it myself as the common "lan-
guage" in terms of which I define and
discuss the other nomenclature in the
book draft.

"Unfortunately, the "phluome-
try" scheme as Jones proposed it has
two very definite weaknesses: (1) it
retains the clearly defined *, but widely
and badly misused, term "intensity" for
the quantity of flux- per -unit- solid -angle
(the directional distribution of any flux
that obeys geometrical optics); and
(2) it includes the completely new,
coined term "incidance" for the quan-
tity of flux- per -unit -area (the positional
or areal distribution of flux) which,
unfortunately, is very frequently "cor-
rected" to "incidence" by a secretary,
typesetter, or proof reader who can't
find it in any dictionary. Dr. Jones and
Prof. Jurgen Meyer- Arendt have devoted
quite a bit of time and effort to
searching for better alternatives for
these two terms, particularly for "inten-
sity," but so far without success. One of
their strong criteria is that, to facilitate
direct translation into other languages, a
term should have Greek or Latin roots,
preferably Greek. In addition, it should

*At least clearly distinguished from exitance
or incidance and from stearance, although
there are basic questions (see next para-
graph) about the definition of "intensity."
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be terse, preferably with easily recog-
nized connotation or meaning relevant
to the technical application, etc.

"Recently, I was discussing some
basic problems of defining "intensity"
with Ed Zalewski of NBS. He and Jon
Geist have been much concerned there
with inadequacies in the basic CIE
definition in relation to its realization in
useful physical standards of adequate
accuracy. In the course of that discus-
sion, he remarked that they had several
alternative terms to suggest: "inverse -
square constant," "inverse- square invari-
ant," and "pointance." The first two,
while certainly clear as to meaning, are
probably too long and cumbersome to
achieve wide acceptance. However,
"pointance," which I later learned was
first proposed by Jon Geist, caught my
attention as an excellent choice -terse,
with a clear connotation of the desired
meaning, and a purely geometrical one
appropriate for the "phluometry" ap-
proach, so that it would pair well with
" sterance." It also has a Latin root.

"Later, it also occurred to me that
the term "areance "* could similarly be
coined to serve for the quantity of
flux -per -unit -area (positional distribu-
tion of flux), for which there is now
only the awkward phrase "surface
density of radiation flux" or "surface
density of flux," for the general concept
or quantity, and the terms "incidance"
and " exitance" for the incident and
exitent flux -per- unit -area, respectively.
My thought is to use "incident areance"
for "incidance" and "exitent areance"
for "exitance," thereby eliminating the
second problem term "incidance." I
have never quite understood why it's
important to have separate terms for the
incident and exitent quantities in this
case. There's never been a similar set for
the more basic "sterance" quantities of
"radiance," "luminance," etc., i.e., for
t he flux -per- unit -projected- area -and-
solid -angle or flux- per -unit- throughput
(the simultaneous distribution of flux in
area and direction; the throughput
distribution of flux). No one seems to
have a problem with "incident sterance"
(incident radiance, incident luminance,
etc.) and "exitent sterance" (exitent
radiance, exitent luminance, etc.). Fur-
thermore, these could all be shortened,
in accordance with my suggestion for
combining single syllables rather than
multiple words Appl. Optics, Vol. 12,
No. 4 April 1973, pp. 904 -5, as follows:
"in- areance" and "in- stearance" for the

*In a telephone conversation on 18 June
1974, Nicodemus disclosed to me that he
had just learned that Prof. Jurgen Meyer-
Arendt had proposed the term "areance"
over a year ago in a communication to
Dr. R. C. Jones. Thus if the term is adopted,
credit should go to Prof. Meyer- Arendt and
not Nicodemus who proposed the same term
independently, but a year later.
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HOLOGRAPHY
Expanded and Revised from the French Edition

by M. FRANÇON
translated by GRACE MARMOR SPRUCH
This monograph presents the fundamentals and
important applications of holography in concise,
clear, and elegant form. The first part of the book
reviews -in a descriptive manner -the necessary
fundamentals of optics, with emphasis on spatial
and temporal coherence and the principles and
applications of holography. The second part pre-
sents an elegant mathematical treatment of holo-

graphic theory, using the Fourier transform.
Chapter three again considers the principal phe-
nomena, using interference and diffraction theory,
and concludes with descriptions of several types
of image storage. The fourth chapter is devoted to
holography by computer, and the final one dis-
cusses optical filtering and pattern recognition.

1974, 160 pp., $11.00/£5.30

ADVANCES IN QUANTUM ELECTRONICS, Volume 2
edited by D. W. GOODWIN
CONTENTS: E. R. PIKE and E. JAKEMAN: Photon Doped Chalcogenides. R. C. GREENHOW and A.
Statistics and Photo -Correlation Spectroscopy. M. J. SCHMIDT: Picosecond Light Pulses.
R. BROWN, A. F. J. COX, W. A. SHAND and J.
M. WILLIAMS: The Spectroscopy of Rare Earth 1974, 308 pp., $21.00/£7.50

FLOW VISUALIZATION
by WOLFGANG MERZKIRCH
This book covers virtually every widely used tech-
nique for visualizing flows in experimental fluid
mechanics, aerodynamics, chemical engineering,
and heat transfer studies. The methods discussed
are: optical techniques for compressible flows,
marking flow fields by heat and energy addition,
and adding foreign particles into gaseous and

LASER LIGHT SCATTERING
by B. CHU
This book, intended to serve as an introduction
to the interdisciplinary area of laser light scatter-
ing, concentrates almost exclusively upon quasi -
elastic laser scattering techniques. The book be-
gins with a review of classical electricity and
magnetism, along with the general scattering

liquid fluid flows. The book emphasizes the phys-
ical principles underlying each method, and uses
flow pictures to illustrate the various techniques.
It also includes an extensive bibliography for those
interested in the details of technical performance.

1974, 266 pp., $26.00/£12.50

theory, and then continues with such topics as the
basic theoretical concepts related to light- mixing
spectroscopy, photon- counting fluctuations, Fabry-
Perot interferometry, experimental methods, and
many others.

1974, about 300 pp., in preparation

HOLOGRAPHIC NONDESTRUCTIVE TESTING
edited by ROBERT K. ERF
Here, under one cover, is a comprehensive de-
scription of holographic nondestructive testing -
from the underlying holographic theory to the
specific experimental techniques. Topics discussed
in detail include: the mathematical basis of con-
tinuous -wave, pulsed, and interferometric holog-
raphy; the practical engineering methods necessary
for constructing good holograms; theoretical and
practical aspects of the specialized techniques of
holographic interferometry, surface contouring,
correlation, and vibration analysis; detailed en-
gineering solutions of specific nondestructive
testing problems such as the measurement of sur-

face displacement and strain, the detection of
cracks, and the inspection of such diverse items as
composite materials and structures, cylindrical
bores, turbine blades, pneumatic tires and rocket
cases; techniques -such as subject motion com-
pensation and synchronized shuttering -to over-
come the experimental obstacles of environmental
vibration and ambient light often encountered in
manufacturing test facilities; and the theory, tech-
niques, and nondestructive testing applications of
acoustic and microwave holography.

HIGH VOLTAGE ELECTRON MICROSCOPY
Proceedings of the Third International Conference

edited by P. R. SWANN, C. J. HUMPHREYS and M. J. GORINGE
The book forms the full proceedings of the Third
International Conference on High Voltage Electron
Microscopy held in August 1973 at St. Catherine's
College, Oxford, under the auspices of the Royal
Microscopical Society. It aims to present a com-
prehensive treatise on the latest developments
and applications of high voltage electron micro-
scopy. Many scientific disciplines are covered, for
instance metallurgy, materials science, electron
optics, mineralogy, geology, solid state physics,

1974, 462 pp., $28.00/£14.00

nuclear materials and biology, and are brought
together through their common interest in the
techniques of high voltage microscopy. The work
includes sections on penetration and contrast
theory, instrumentation, image recording, resolu-
tion, dynamic experiments, metals and materials
applications, radiation damage, environmental cells,
biological applications and ultra high voltage
electron microscopy.

1973, 488 pp., $19.75/£7.00

ACADEMIC PRESS, INC
A Subsidiary of Harcourt Brace Jovanovich, Publishers
111 FIFTH AVENUE, NEW YORK, NEW YORK 10003
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HOLOGRAPHY
Expanded and Revised from the French Edition 

by M. FRANfON
translated by GRACE MARMOR SPRUCH 
This monograph presents the fundamentals and 
important applications of holography in concise, 
clear, and elegant form. The first part of the book 
reviews in a descriptive manner the necessary 
fundamentals of optics, with emphasis on spatial 
and temporal coherence and the principles and 
applications of holography. The second part pre 
sents an elegant mathematical treatment of holo

graphic theory, using the Fourier transform. 
Chapter three again considers the principal phe 
nomena, using interference and diffraction theory, 
and concludes with descriptions of several types 
of image storage. The fourth chapter is devoted to 
holography by computer, and the final one dis 
cusses optical filtering and pattern recognition.

1974, 160 pp., $11.00/£5.30

ADVANCES IN QUANTUM ELECTRONICS, Volume 2
edited by D. W. GOODWIN
CONTENTS: E. R. PIKE and E. JAKEMAN: Photon 
Statistics and Photo-Correlation Spectroscopy. M. 
R. BROWN, A. F. J. COX, W. A. SHAND and J. 
M. WILLIAMS: The Spectroscopy of Rare Earth

FLOW VISUALIZATION
by WOLFGANG MERZKIRCH 
This book covers virtually every widely used tech 
nique for visualizing flows in experimental fluid 
mechanics, aerodynamics, chemical engineering, 
and heat transfer studies. The methods discussed 
are: optical techniques for compressible flows, 
marking flow fields by heat and energy addition, 
and adding foreign particles into gaseous and

LASER LIGHT SCATTERING
by B. CHU
This book, intended to serve as an introduction 
to the interdisciplinary area of laser light scatter 
ing, concentrates almost exclusively upon quasi- 
elastic laser scattering techniques. The book be 
gins with a review of classical electricity and 
magnetism, along with the general scattering

Doped Chalcogenides. R. C. GREENHOW and A. 
J. SCHMIDT: Picosecond Light Pulses.

7974, 308 pp., $21.00/£7.50

liquid fluid flows. The book emphasizes the phys 
ical principles underlying each method, and uses 
flow pictures to illustrate the various techniques. 
It also includes an extensive bibliography for those 
interested in the details of technical performance.

1974, 266 pp., $26.00/£12.50

theory, and then continues with such topics as the 
basic theoretical concepts related to light-mixing 
Spectroscopy, photon-counting fluctuations, Fabry- 
Perot interferometry, experimental methods, and 
many others.

1974, about 300 pp., in preparation

HOLOGRAPHIC NONDESTRUCTIVE TESTING
edited by ROBERT K. ERF
Here, under one cover, is a comprehensive de 
scription of holographic nondestructive testing  
from the underlying holographic theory to the 
specific experimental techniques. Topics discussed 
in detail include: the mathematical basis of con 
tinuous-wave, pulsed, and interferometric holog 
raphy; the practical engineering methods necessary 
for constructing good holograms; theoretical and 
practical aspects of the specialized techniques of 
holographic interferometry, surface contouring, 
correlation, and vibration analysis; detailed en 
gineering solutions of specific nondestructive 
testing problems such as the measurement of sur

face displacement and strain, the detection of 
cracks, and the inspection of such diverse items as 
composite materials and structures, cylindrical 
bores, turbine blades, pneumatic tires and rocket 
cases; techniques such as subject motion com 
pensation and synchronized shuttering to over 
come the experimental obstacles of environmental 
vibration and ambient light often encountered in 
manufacturing test facilities; and the theory, tech 
niques, and nondestructive testing applications of 
acoustic and microwave holography.

7974, 462 pp., $28.00/£14.00
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prehensive treatise on the latest developments 
and applications of high voltage electron micro 
scopy. Many scientific disciplines are covered, for 
instance metallurgy, materials science, electron 
optics, mineralogy, geology, solid state physics,
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nuclear materials and biology, and are brought 
together through their common interest in the 
techniques of high voltage microscopy. The work 
includes sections on penetration and contrast 
theory, instrumentation, image recording, resolu 
tion, dynamic experiments, metals and materials 
applications, radiation damage, environmental cells, 
biological applications and ultra high voltage 
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incident quantities and "ex- areance"
and "ex- sterance" for the exitent
quantities. I think the meaning will still
be quite clear to everyone.

"The introduction of "pointance"
and "areance" thus neatly solves the
problem of having the two undesirable
terms "intensity" and "incidance." It
provides us with three well- matched and
easily understood purely geometrical
terms with no earlier accretions of
inconsistent usage -the terms
"pointance," "areance," and "ster-
ance." This seems so obvious to me that
my first inclination is to jump on the
soap box and tell the world that the
millenium is here. And I have found a
few individuals among those who have
wrestled with these nomenclature prob-
lems for a time, with whom the idea
seem to catch on in much the same way.
But, on the other hand, I find there are
others "turned off" by these sugges-
tions. They seem to find it impossible or
extremely difficult to think in terms
other than those that are familiar to
them and already a part of their present
vocabulary.

"Accordingly, I would like to have
the foregoing proposal for "pointance"
and "areance" (to go with "sterance ")
presented to the IRIS Standards Spe-
cialty Group as one that I feel merits
serious consideration, just to see how
others feel about it, but with nb
indication that I am strongly behind it
or pushing it in any way (at least not
until and unless some solid support over
a fairly wide group has clearly devel-
oped). I would, moreover, urge people
to try not to form any strong opinions
until they have "slept on it" for a while
and have given the really new terms a
chance to receive a fair comparison with
more familiar ones. Perhaps, then, this
should be just a preliminary discussion,
with a return to the same topic at the
next meeting.

"This proposal is not complete,
either, without considering the symbols
to be used for these quantities. There's
no problem with "pointance" for which
the same symbol, I, would clearly be
adequate. However, the CIE -ANSI
scheme of nomenclature, as well as
Jones' proposed "phluometry" nomen-
clature, has no symbol for the general
"surface- density -of- flux" quantity that
would correspond to "areance." They
have only the symbols E for "inci-
dance" ( "in- areance" or "incident
areance ") and M for "exitence" ( "ex-
areance" or "exitent areance "). One
possibility would be simply to use (I)A
(= di:D/dA); fie, A (= die /dA) ; 'tv, A (_
dcbv /dA); etc. for "areance;" "radiant
areance;" "luminous areance;" etc.
Another possibility would be to use the
former symbol W from the old OSA-
sponsored ASA Z58.1.1 -1953. In either
case, the separate symbols E for

"in- areance" and M for "ex- areance"
and, for that matter, the term "exi-
tance" for the latter, could also be
retained as permissible alternates. I
think, however, that "incidance" should
be dropped, for the reasons already
discussed.

"In much the same way, I'm
coming around to the position that
there's no harm in keeping "radiance"
as a permissible alternate for "radiant
sterance" Le = d (De /d0; "luminance" as
a permissible alternate for "luminous
sterance" Le = dFv /d0; and "irradi-
ance" as a permissible alternate for
"radiant areance" ( "radiant incidance")
Ee d(13e /dA. But I would object to
retaining "illuminance" or "illumina-
tion" as a permissible alternate for
"luminous areance" ( "luminous inci-
dance") Ev = d4)v /dA when the CIE can
come up with such cogent reasons for
not using "illumination" at the same
time that ANSI gives such good reasons
for not using "illuminance." In other
words, as long as the new, purely
geometrical terms "sterance" and "inci-
dance" or "exitance" (or "areance ") are
made available, providing a way to
speak of the corresponding photon -flux
quantities, such as photon sterance Lp,
or of the purely geometrical quantity
"sterance," common to "radiance,"
"luminance," and "photo sterance," I
see no harm in retaining the older and
presently more familiar terms, where
they do not introduce ambiguity or
perpetuate old problems. In fact, this
may help to gain better acceptance for
the "phluometry" scheme. It's only in
those cases where serious ambiguities or
other difficulties are plaguing us that
the offending terms and /or symbols
should be abandoned completely.

"I transfer to the NBS effective 23
June, ... I'll remain here for a few days
longer, after joining NBS, to get my
household goods shipped, and then start
driving East (I hope not limited to 55
MPH) to arrive in Gaithersburg, Md.,
early in July. Editing, revising, and
otherwise cleaning up the nomenclature
book for actual publication is estimated
to take about another year while, at
NBS, we'll be getting under way with
the exciting three -year project to
prepare and publish a Self -Study Manual
on Optical Radiation Measurements. An
estimated twenty percent of the effort
of the entire Optical Radiation Section,
under Dr. Henry J. Kostkowski, will be
devoted to this project over the three
years and it will be my full -time primary
responsibility to pull it all together."

Again, I ask all readers to consider
the terms "pointance" and "areance" as
proposed by Nicodemus above and send
us your comments.
Irving J. Spiro
The Aerospace Corporation
P. O. Box 92957 Los Angeles, Calif 90009

Here's why the

Photo - Kinetics Nova

High Speed Motion

Camera is the finest

and most versatile
The PhotoKinetics Nova High Speed Camera is su-
perior to any other in speed range, resolution, sharp-
ness, it is easy to operate and it is rugged. Unique
changeable film magazines provide great versatility.
The speed range is 10 pps. to 8,500 pps. for the basic
100' camera, 10 to 10,000 pps. with the 400' mag-
azine; and with the 1200' magazine 3,000 pps. with
infinitely variable controlled speed to 1% (patented).
The 16mm prism assembly is interchangeable with 1/2
frame, 14 frame, and streak prisms for frame rates
up to 40,000 pps. and 3,000" per sec. in the streak
made. Uses standard or thin base films. Complete
line of lenses and accessories are available.

FILMl
PRISM

(OBJECTIVE

NOVA

FILM

OBJECTIVE

OTHER

PRISM¡

The "Nova" provides exceptionally sharp pictures be.
cause of its simple straight- through lens design. This
provides a number of advantages over five -prism de-
signs with their attendant image loss and extra light
requirements. The Nova optical system is less liable
to get out of alignment. The NOVA design also en-
ables the film to be stopped and started faster and
acceleration is smoother.
Here's proof "Before purchasing Nova cameras,
we tested all the leading cameras in detail. We
selected the Nova for a number of reasons."
Another: "We are pleased to report that the rocket
sled trial went extremely well and the cameras per-
formed satisfactorily. This compares favorably with two
previous trials in which other types of high speed
cameras failed."
Another: The NOVA is used at NASA Lewis, NASA
Ames, NASA Mississippi, China Lake, Holloman, Eglin,
Lakehurst, and throughout industry.
Area Distributors: Conn.: Speeds Inc., Waterbury; Ill.,
Ind., Ohio: Behrends Inc., Chicago; N. Jersey, New
York, Mass., Maine, N. Hampshire, Vermont: direct
from factory. All other states: Visual Instrumentation
Corp., Burbank, Calif.
RENTAL SERVICE: Try the Nova before deciding to
buy or rent it just for a special job. Full instructions
provided. It's the low cost way to try high speed
photography.
REPAIR: We, the original manufacturers of the Fastax,
offer excellent repair service for these cameras.

SEND FOR CATALOG

PHOTO- KINETICS, INC.
1624 Stillwell Avenue, Bronx, New York 10461

(212) TY 2 -3700
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incident quantities and "ex-areance" 
and "ex-sterance" for the exitent 
quantities. I think the meaning will still 
be quite clear to everyone.

"The introduction of "pointance" 
and "areance" thus neatly solves the 
problem of having the two undesirable 
terms "intensity" and "incidance." It 
provides us with three well-matched and 
easily understood purely geometrical 
terms with no earlier accretions of 
inconsistent usage  the terms 
"pointance," "areance," and "ster 
ance." This seems so obvious to me that 
my first inclination is to jump on the 
soap box and tell the world that the 
millenium is here. And I have found a 
few individuals among those who have 
wrestled with these nomenclature prob 
lems for a time, with whom the idea 
seem to catch on in much the same way. 
But, on the other hand, I find there are 
others "turned off by these sugges 
tions. They seem to find it impossible or 
extremely difficult to think in terms 
other than those that are familiar to 
them and already a part of their present 
vocabulary.

"Accordingly, I would like to have 
the foregoing proposal for "pointance" 
and "areance" (to go with "sterance") 
presented to the IRIS Standards Spe 
cialty Group as one that I feel merits 
serious consideration, just to see how 
others feel about it, but with nt> 
indication that I am strongly behind it 
or pushing it in any way (at least not 
until and unless some solid support over 
a fairly wide group has clearly devel 
oped). I would, moreover, urge people 
to try not to form any strong opinions 
until they have "slept on it" for a while 
and have given the really new terms a 
chance to receive a fair comparison with 
more familiar ones. Perhaps, then, this 
should be just a preliminary discussion, 
with a return to the same topic at the 
next meeting.

"This proposal is not complete, 
either, without considering the symbols 
to be used for these quantities. There's 
no problem with "pointance" for which 
the same symbol, I, would clearly be 
adequate. However, the CIE-ANSI 
scheme of nomenclature, as well as 
Jones' proposed "phluometry" nomen 
clature, has no symbol for the general 
"surface-density-of-flux" quantity that 
would correspond to "areance." They 
have only the symbols E for "inci 
dance" ("in-areance" or "incident 
areance") and M for "exitence" ("ex- 
areance" or "exitent areance"). One 
possibility would be simply to use $^ 
(= d*/dA); *e , A (= d*e /dA); 4»v , A (= 
d<l>v/dA); etc. for "areance;" "radiant 
areance;" "luminous areance;" etc. 
Another possibility would be to use the 
former symbol W from the old OSA- 
sponsored ASA Z5 8. 1.1-1953. In either 
case, the separate symbols E for

"in-areance" and M for "ex-areance" 
and, for that matter, the term "exi- 
tance" for the latter, could also be 
retained as permissible alternates. I 
think, however, that "incidance" should 
be dropped, for the reasons already 
discussed.

"In much the same way, I'm 
coming around to the position that 
there's no harm in keeping "radiance" 
as a permissible alternate for "radiant 
sterance" Le = d<I>e /d >; "luminance" as 
a permissible alternate for "luminous 
sterance" Le = d<$>v /d@; and "irradi- 
ance" as a permissible alternate for 
"radiant areance" ("radiant incidance") 
Ee = d^e /dA. But I would object to 
retaining "illuminance" or "illumina 
tion" as a permissible alternate for 
"luminous areance" ("luminous inci 
dance") Ev = d4>v /dA when the CIE can 
come up with such cogent reasons for 
not using "illumination" at the same 
time that ANSI gives such good reasons 
for not using "illuminance." In other 
words, as long as the new, purely 
geometrical terms "sterance" and "inci 
dance" or "exitance" (or "areance") are 
made available, providing a way to 
speak of the corresponding photon-flux 
quantities, such as photon sterance Lp, 
or of the purely geometrical quantity 
"sterance," common to "radiance," 
"luminance," and "photo sterance," I 
see no harm in retaining the older and 
presently more familiar terms, where 
they do not introduce ambiguity or 
perpetuate old problems. In fact, this 
may help to gain better acceptance for 
the "phluometry" scheme. It's only in 
those cases where serious ambiguities or 
other difficulties are plaguing us that 
the offending terms and/or symbols 
should be abandoned completely.

"I transfer to the NBS effective 23 
June, . . . I'll remain here for a few days 
longer, after joining NBS, to get my 
household goods shipped, and then start 
driving East (I hope not limited to 55 
MPH) to arrive in Gaithersburg, Md., 
early in July. Editing, revising, and 
otherwise cleaning up the nomenclature 
book for actual publication is estimated 
to take about another year while, at 
NBS, we'll be getting under way with 
the exciting three-year project to 
prepare and publish a Self-Study Manual 
on Optical Radiation Measurements. An 
estimated twenty percent of the effort 
of the entire Optical Radiation Section, 
under Dr. Henry J. Kostkowski, will be 
devoted to this project over the three 
years and it will be my full-time primary 
responsibility to pull it all together."

Again, I ask all readers to consider 
the terms "pointance" and "areance" as 
proposed by Nicodemus above and send 
us your comments. 
IrvingJ. Spiro 
The Aerospace Corporation 
P. O. Box 92957 Los Angeles, Calif 90009

Here's why the 
Photo-Kinetics Nova 
High Speed Motion 
Camera is the finest 
and most versatile
The Photo-Kinetics Nova High Speed Camera is su 
perior to any other in speed range, resolution, sharp 
ness, it is easy to operate and it is rugged. Unique 
changeable film magazines provide great versatility.
The speed range is 10 pps. to 8,500 pps. for the basic 
100' camera, 10 to 10,000 pps. with the 400' mag 
azine; and with the 1200' magazine 3,000 pps. with 
infinitely variable controlled speed to 1% (patented). 
The 16mm prism assembly is interchangeable with ]/2 
frame, V4 frame, and streak prisms for frame rates 
up to 40,000 pps. and 3,000" per sec. in the streak 
made. Uses standard or thin base films. Complete 
line of lenses and accessories are available.
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The "Nova" provides exceptionally sharp pictures be 
cause of its simple straight-through lens design. This 
provides a number of advantages over five -prism de 
signs with their attendant image loss and extra light 
requirements. The Nova optical system is less liable 
to get out of alignment. The NOVA design also en 
ables the film to be stopped and started faster and 
acceleration is smoother.
Here's proof . . . "Before purchasing Nova cameras, 
we tested all the leading cameras in detail. We 
selected the Nova for a number of reasons." 
Another: "We are pleased to report that the rocket 
sled trial went extremely well and the cameras per 
formed satisfactorily. This compares favorably with two 
previous trials in which other types of high speed 
cameras failed."
Another: The NOVA is used at NASA Lewis, NASA 
Ames, NASA Mississippi, China Lake, Hollo man, Eglin, 
Lakehurst, and throughout industry. 
Area Distributors: Conn.: Speeds Inc., Waterbury; III., 
Ind., Ohio: Behrends Inc., Chicago; N. Jersey, New 
York, Mass., Maine, N. Hampshire, Vermont: direct 
from factory. All other states: Visual Instrumentation 
Corp., Burbank, Calif.

RENTAL SERVICE: Try the Nova before deciding to 
buy or rent it just for a special job. Full instructions 
provided. It's the low cost way to try high speed 
photography.
REPAIR: We, the original manufacturers of the Fastax, 
offer excellent repair service for these cameras. 
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COLLECTIVE
OPTICS

CHAN STREET

Application of Distributed Sources

In our last two columns we
discussed collective systems that utilized
sources that were small enough to be
considered as point sources and it was
also assumed that they were isotropic.
In the next few issues we will consider
the application of distributed sources,
such as tungsten filament lamps and the
special considerations that must be
taken into account for this type of
source.

The present design of this type of
lamp usually has a set of nested coils so
arranged that when viewed perpendicu-
lar to the plane of the filaments they are
seen as a closely packed set of
cylindrical sources, as shown in Fig. la.

a

It should be borne in mind that this
type of source does not obey Lambert's
Law. As seen in Fig. lb, that at 45° on a
strictly geometric basis, the apparent
size of the array has reduced to 0.74 of
the on axis width but it also has only
half the illuminated area, which brings
the effective radiant output to 0.50 of
the on axis value. At 60° off axis the
width further reduces, but the nested
`coils are now visible. At this point the
effective radiation has increased to
0.588. Of course, the coils are not so
ideally spaced in a real lamp and a polar
plot would not follow exactly this
geometric pattern.

In Fig. 2 is a polar plot of a 750 W
CWA lamp with a proximity reflector.
The dash line shows a cos function that
would result if the lamp obeyed
Lambert's Law. As can be seen in the
region between 0° and 40 °, the plot lies
inside the cos function, which can be
explained by the back filament coils
being gradually masked off as the
viewing angle increases. Then as the 45°

point is passed, the back coils again
become visible and add to the total
radiation so the resulting emission
between 50° and 90° exceeds the cos
function. In Fig. 3 is shown a polar plot
of a 1000 W DDB. This lamp contains a
fairly carefully nested set of filaments
but without a proximity reflector. The
effect at the transition point of 45° is
much more pronounced than that
shown in Fig. 2.

From the data shown in these
polar plots, it is quite obvious that the
type of lamp used can have a pro-
nounced effect on the intensity distri-
bution at the film plane of a projection
system. The more modern design of
lamps with proximity reflectors do not
deviate so markedly from Lambert's

Fig 3

Law that one cannot achieve reasonable
control over the field distribution by
assuming they are correcting for a cos
fall -off. This, of course, is contingent
upon the necessity of maintaining the
image of the source in the entrance
pupil of the projection lens when
viewed from all regions of the image
field. The problems encountered in
achieving this latter situation will be the
subject of our next column and
represents a markedly different design
consideration than when a small source
such as a Xe high pressure arc lamp is
used as a source.
Chan Street
Street Laboratory and Industries
139 Nevada Street
El Segundo, California 90245

CLINGER "Precision at Work"

MICRO-OPTICAL
BUILDING BLOCKS

0
C RSTTIN E

Facilitates quick, easy construction of
numerous optical assemblies including
three -dimension and short focal length
types.

Ideal for demonstrations, advanced lab
work or practical uses thru linear,
plane or spatial assemblies.

Send for Catalog #86.

CLINGER SCIENTIFIC APPARATUS CORP.
83 -45 Parsons Blvd., Jamaica, N.Y. 11432 (212) 657 -0536

Modular mounting elements include:
rods, adapter plates, cross slides, etc.
for an almost infinite number of
connections.

Components available in kit form or
individually.
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From the data shown in these 
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system. The more modern design of 
lamps with proximity reflectors do not 
deviate so markedly from Lambert's

F.Q3
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image of the source in the entrance 
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viewed from all regions of the image 
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LINGER SCIENTIFIC APPARATUS CORP.
83-45 Parsons Blvd., Jamaica, N.Y. 11432 (212) 657-0536
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COHERENT
OPTICS IN
MAPPING

ROBERT D.
LEIGHTY

Topographic Mapping

Recently several excellent articles
on optical memories applied to the
recording of digital data have appeared
in the literature. For example, Applied
Optics, VoL 13, #4, published 24 papers
pertaining to optical storage of digital
data and Electro- Optical Systems De-
sign, Vol. 6, #6, featured an article on
optical data recording. Suppose, how-
ever, that instead of digital data we have
interest in storing two -dimensional ana-
log images in optical memories; not
two -dimensional information such as
the alphanumerics on a typed page but
the information in the form of aerial
photographs and topographic map
sheets. There is a genuine need in the
mapping community for simpler, cheap-
er, and more efficient storage for
hundreds of rolls of aerial imagery and
thousands of map sheets.

In the remainder of this column I
will briefly indicate the nature of the
material to be stored and some ques-
tions that arise when types of optical
stores are discussed. We assume the
information density in a high quality 9"
by 9" aerial photograph with about 100
1 /mm resolution precludes line scan
sampling and digital encoding. The
photography consists of negative trans-
parencies with densities ranging between
0 and 4.0 and the scenes are of natural
and cultural terrain patterns. The map
data has a format size of 22" by 29
with line widths of 0.004 ", topographic
symbols, and other annotations all in a
binary negative transparency represent-
ing color separations of the original
map.

Suppose for this discussion we
limit optical memories to those having
definite potential in the near future,
thus excluding volume holographic
memories. Presumably we are now left
with a possible technique involving
either microimages or microholograms
in the form of one or two-dimensional
arrays. Further we consider only archi-
val needs so that access time and
reusable materials are excluded. The
remaining considerations involve storage
density and the geometric and tonal
fidelity of the reconstructed image. The
reconstructed aerial photograph can
have a low level of known systematic
geometric and tonal distortions but only
a very low level of random distortions
to be acceptable., whereas the recon-
structed map color separates must have
geometric precision within 0.004" and
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ASTRONOMY IN SPACE

BOLLER & CHIVENS EQUIPMENT ON SKYLAB

The articulated mirror system and space port being assembled in the clean
room, above, is one of several contributions to space astronomy of Boller &
Chivens experience established, over the years, in ground -based astronomical
instrument production.

For space applications, the firm offers the same precision of design
and manufacture, under MilSpec clean room conditions with full configura-
tion and quality -control management. as exhibited by their fine telescopes
and other professional astronomical instruments.

Doesn't it make sense? Precision in pointing, measuring, and moving
is our business - ground- based, airborne, or in space. Problems like this are
always welcome at Boller & Chivens.

Boller & Chivens Division - where precision is a way of life.

PERKIN-ELMER
916 MERIDIAN AVENUE SOUTH PASADENA, CALIFORNIA

Member American Astronomical Society
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Recently several excellent articles 
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recording of digital data have appeared 
in the literature. For example, Applied 
Optics, Vol. 13, #4, published 24 papers 
pertaining to optical storage of digital 
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ever, that instead of digital data we have 
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two-dimensional information such as 
the alphanumerics on a typed page but 
the information in the form of aerial 
photographs and topographic map 
sheets. There is a genuine need in the 
mapping community for simpler, cheap 
er, and more efficient storage for 
hundreds of rolls of aerial imagery and 
thousands of map sheets.

In the remainder of this column I 
will briefly indicate the nature of the 
material to be stored and some ques 
tions that arise when types of optical 
stores are discussed. We assume the 
information density in a high quality 9" 
by 9" aerial photograph with about 100 
I/mm resolution precludes line scan 
sampling and digital encoding. The 
photography consists of negative trans 
parencies with densities ranging between 
0 and 4.0 and the scenes are of natural 
and cultural terrain patterns. 'The map 
data has a format size of 22" by 29 
with line widths of 0.004", topographic 
symbols, and other annotations all in a 
binary negative transparency represent 
ing color separations of the original 
map.

Suppose for this discussion we 
limit optical memories to those having 
definite potential in the near future, 
thus excluding volume holographic 
memories. Presumably we are now left 
with a possible technique involving 
either microimages or rnicroholograms 
in the form of one or two-dimensional 
arrays. Further we consider only archi 
val needs so that access time and 
reusable materials are excluded. The 
remaining considerations involve storage 
density and the geometric and tonal 
fidelity of the reconstructed image. The 
reconstructed aerial photograph can 
have a low level of known systematic 
geometric and tonal distortions but only 
a very low level of random distortions 
to be acceptable., whereas the recon 
structed map color separates must have 
geometric precision within 0.004" and

BOILER & CHIVENS EQUIPMENT ON SKYLAB
The articulated mirror system and space port being assembled in the clean 
room, above, is one of several contributions to space astronomy of Boiler & 
Chivens experience established, over the years, in ground-based astronomical
instrument production.

For space applications, the firm offers the same precision of design 
and manufacture, under MilSpec clean room conditions with full configura 
tion and quality-control management, as exhibited by their fine telescopes 
and other professional astronomical instruments.

Doesn't it make sense? Precision in pointing, measuring, and moving 
is our business ground-based, airborne, or in space. Problems like this are 
always welcome at Boiler & Chivens.

Boiler & Chivens Division — where precision is a way of life.

PERKIN-ELMER
916 MERIDIAN AVENUE « SOUTH PASADENA, CALIFORNIA 

Member American Astronomical Society
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Gets the information into and out of photographic emulsions
digitally, quickly, accurately and with camera -like quality.

B. w ..v
N

SYSTEM FEATURES

Operation in ambient light
No special environmental conditions
Large format size to 10" x 10"
Integral processing unit
Operational software
High -speed operation - 30,000 pixels /sec
High resolution - 12.5 microns
Correction for film characteristics
Programmed transfer function
Low geometric distortion
Large number of gray levels - 256
Wide dynamic range

For further information write to Dept. SMB

The Leader in Computer- Oriented Image Processing Instrumentation

JIK

a ]®

OPTRONICS INTERNATIONAL INC.
7 STUART ROAD, CHELMSFORD, MASS. 01824 USA (617) 256 -4511 TLX 94 -7443

Offices and Representatives Around the World

"~

JIK
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near perfect tonal uniformity over the
entire information format. The image
obtained from the optical memory must
be acceptable for reproduction at the
desired scale.

An article by E. G. Ramberg
entitled: "Holographic Information
Storage" published in RCA Review,
Vol. 33, March 1972 indicates the
surface necessary for recording by a
plane hologram is approximately eight
times as that for direct photographic
recording. This is a disadvantage only if
certainty of full recovery of stored
information is not necessary. The
redundancy, which is simply achieved
holographically, can be very important
for information reduction due to noise
from dust or scratches. Though there is
the potential capability of recording the
Bible on the head of a pin, commer-
cially available ultra -high resolution
photographic films can record only
about 3000 1 /mm. This might indicate a
potential reduction of 30X but we must
ask at least about the dynamic range
and linearity of the emulsion for aerial
photography storage. A distinct advan-
tage of the direct recording technique
allows use of incoherent light but there
are potential problems in mechanical
focusing tolerances and the need for
high- quality lenses for reduction and
enlargement to preserve flatness of field.

As for the holographic approach
Ramberg suggests an out -of -focus lens -
less Fourier transform hologram with
the object illumination modified by the
introduction of a finely structured
two -dimensional phase grating or aper-
ture plates. Presumably "finely struc-
tured" refers to the sampling frequency
required to preserve information. To
minimize distortions in the holographic
approach all geometries for recording
must be duplicated to a high accuracy in
the reconstruction. Ramberg mentions
that intermodulation noise due to
scattering could possibly cause image
resolution losses for low contrast
images. We must also ask about such
things as liquid gates, microflat plates,
all reflecting, transmitting and recording
surfaces.

Emulsion shrinkage is a problem
for both the holographic and direct
record approaches, as is the processing
problems involved with many micro-
images or microholograms with a wide
range of exposures on a single plate.
Additionally, it does not seem practical
to encode a large. map sheet by either
approach without an intermediate re-
cording step and this at least doubles
some problems while solving others.

This short column proposes no
simple criteria for selection of the
technique for optical storage of map-
ping community data, but hopefully-
points to the need for study at the level
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presently afforded the optical storage of
digital data.

Robert D. Leighty
Supervisory Research Engineer
Research Institute
U.S. Army Engineer Topographic Laboratories
Fort Belvoir, Virginia 22060

INFRARED

R. BARRY JOHNSON

Mr. James Wood of the Night
Vision Laboratory will discuss the
parameters and measurement techniques
used at NVL to characterize thermal
imaging systems.

R. Barry Johnson, Principal Engineer
Teledyne Brown Engineering
Cummings Research Park
Huntsville, Alabama 35807
and
Lecturer in Modern Technology
University of Alabama in Huntsville
Huntsville, Alabama 35807

Laboratory Bench Analysis
of Thermal Imaging Systems
The design, development, and

deployment of thermal imaging systems
has been accelerated in recent years in
order to exploit the real -world target
and background sterance differences in
the 3 -5 µm and 8 -12µm regions of the
electromagnetic spectrum. This empha-
sis on the procurement of these systems
in various stages of development has
required a concerted effort on the part
of project engineers to write meaningful
procurement specifications. Central to
these performance specifications is the
set of parameters associated with them.
Ideally, these parameters must satisfy
several basic requirements. First, they
must be relatable to the real -world
system performance. Secondly, they
must be laboratory measurable using
well- defined procedures. And thirdly,
the parameters , must be predictable
based on fundamental theoretical calcu-
lations in order that they be useful to
the system designer. Except for the
newest of these parameters, the proce-
dures used to measure them are well
documented in the literature.1 -4 This
article will act as a summary of the
primary parameters and procedures in
use at the Visionics Technical Area of
the Night Vision Laboratory, where the
resulting data from the measurement of

CO2 and CHEMICAL LASER

EXPANDER COLLIMATORS

LARGE
APERTURES

4" aperture

6" aperture

1" aperture

LOW
PRICES

These new low -cost systems produce expanded collimated beams
up to 6" in diameter from any laser input up to 1 cm. Designed for
use at 10.6 microns, the totally reflective off -axis systems allow
visual observation, adjustment and alignment.

For power levels up to 50 watts /cm CW, air -cooled units feature
low- expansion optical substrate materials. Water -cooled units
designed for up to- 300 watts /cm utilize high thermal conductivity
metal mirrors. All systems have hard, cleanable reflective coatings
and greater than 95% efficiency.

SPACE OPTICS RESEARCH LABS
7 STUART ROAD CHELMSFORD, MASSACHUSETTS 01824

(617) 256 -4511 TLX 94-7443
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near perfect tonal uniformity over the 
entire information format. The image 
obtained from the optical memory must 
be acceptable for reproduction at the 
desired scale.

An article by E. G. Rarnberg 
entitled: "Holographic Information 
Storage" published in RCA Review, 
Vol. 33, March 1972 indicates the 
surface necessary for recording by a 
plane hologram is approximately eight 
times as that for direct photographic 
recording. This is a disadvantage only if 
certainty of full recovery of stored 
information is not necessary. The 
redundancy, which is simply achieved 
holographically, can be very important 
for information reduction due to noise 
from dust or scratches. Though there is 
the potential capability of recording the 
Bible on the head of a pin, commer 
cially available ultra-high resolution 
photographic films can record only 
about 3000 I/mm. This might indicate a 
potential reduction of 3OX but we must 
ask at least about the dynamic range 
and linearity of the emulsion for aerial 
photography storage. A distinct advan 
tage of the direct recording technique 
allows use of incoherent light but there 
are potential problems in mechanical 
focusing tolerances and the need for 
high-quality lenses for reduction and 
enlargement to preserve flatness of field.

As for the holographic approach 
Rarnberg suggests an out-of-focus lens- 
less Fourier transform hologram with 
the object illumination modified by the 
introduction of a finely structured 
two-dimensional phase grating or aper 
ture plates. Presumably "finely struc 
tured" refers to the sampling frequency 
required to preserve information. To 
minimize distortions in the holographic 
approach all geometries for recording 
must be duplicated to a high accuracy in 
the reconstruction. Rarnberg mentions 
that intermodulation noise due to 
scattering could possibly cause image 
resolution losses for low contrast 
images. We must also ask about such 
things as liquid gates, micro flat plates, 
all reflecting, transmitting and recording 
surfaces.

Emulsion shrinkage is a problem 
for both the holographic and direct 
record approaches, as is the processing 
problems involved with many micro 
images or microholograms with a wide 
range of exposures on a single plate. 
Additionally, it does not seem practical 
to encode a large' map sheet by either 
approach without an intermediate re 
cording step and this at least doubles 
some problems while solving others.

This short column proposes no 
simple criteria for selection of the 
technique for optical storage of map 
ping community data, but hopefully- 
points to the need for study at the level

presently afforded the optical storage of 
digital data.

Robert D. Leighty
Supervisory Research Engineer
Research Institute
U.S. Army Engineer Topographic Laboratories
FortBelvoir, Virginia 22060
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Vision Laboratory will discuss the 
parameters and measurement techniques 
used at NVL to characterize thermal 
imaging systems.
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Teledyne Brown Engineering 
Cummings Research Park 
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and
Lecturer in Modern Technology 
University of Alabama in Huntsville 
Huntsville, Alabama 35807

Laboratory Bench Analysis 
of Thermal Imaging Systems
The design, development, and 

deployment of thermal imaging systems 
has been accelerated in recent years in 
order to exploit the real-world target 
and background sterance differences in 
the 3-5 /im and 8-12 /im regions of the 
electromagnetic spectrum. This empha 
sis on the procurement of these systems 
in various stages of development has 
required a concerted effort on the part 
of project engineers to write meaningful 
procurement specifications. Central to 
these performance specifications is the 
set of parameters associated with them. 
Ideally, these parameters must satisfy 
several basic requirements. First, they 
must be relatable to the real-world 
system performance. Secondly, they 
must be laboratory measurable using 
well-defined procedures. And thirdly, 
the parameters, must be predictable 
based on fundamental theoretical calcu 
lations in order that they be useful to 
the system designer. Except for the 
newest of these parameters, the proce 
dures used to measure them are well 
documented in the literature. 1 " 4 This 
article will act as a summary of the 
primary parameters and procedures in 
use at the Visionics Technical Area of 
the Night Vision Laboratory, where the 
resulting data from the measurement of

CO, and CHEMICAL LASER
EXPANDER COLLIMATORS

4" aperture

1" aperture

LARGE 
APERTURES

6" aperture

LOW
PRICES

These new low-cost systems produce expanded collimated beams 
up to 6" in diameter from any laser input up to 1 cm. Designed for 
use at 10.6 microns, the totally reflective off-axis systems allow 
visual observation, adjustment and alignment.

For power levels up to 50 watts/cm CW, air-cooled units feature 
low-expansion optical substrate materials. Water-cooled units 
designed for up to* 300 watts/cm utilize high thermal conductivity 
metal mirrors. All systems have hard, clean able reflective coatings 
and greater than 95% efficiency.

SPACE OPTICS RESEARCH LABS
7 STUART ROAD CHELMSFORD, MASSACHUSETTS 01824 
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1. L. M. Biberman (Ed.), "Guide for the
Preparation of Specifications for Real -
Time Thermal Imaging Systems," Paper
P -676, Institute for Defense Analysis,
January 1971.

2. J. M. Lloyd et al., "The Optical Transfer
Function of Real Time Infrared Imaging
Systems," Proceedings of IRIS, 1970.

3. R. L. Sendall and J. M. Lloyd, "Minimum
Resolvable Temperature Difference," Pro-
ceedings of IRIS, 1969.

4. J. R. Moulton and J. T. Wood, "Two Port
Evaluation Techniques Applied to Com-
mercial Imaging Thermographs," Proceed-
ings of the Technical Program, Electro-
Optical Systems Design Conference, 1970.

5. John Johnson, "Image Intensifier Sym-
posium," Fort Belvoir, Virginia, October
6 -7, 1958.

James T. Wood
Visionics Technical Area
Night Vision Laboratory
Fort Belvoir, Virginia 22060

INNOVATION
& DISCOVERY

ROBERT E. LEWIS
PHILIP E.
CHANDLER

Blind, Legally

Somewhere at the other end of
the line, you may end up with partial
vision or may be designated "legally
blind." What an irony that would be if,
after a notable career in the realm of the
SPIE, all the optics, image processing,
and good engineering left you with no
way to see effectively (even though
your retinas functioned well, in a
restricted sense). We do not refer to
total blindness.

Several of the engineering disci-
plines have been able to stake out
special positions -almost with "patron
saint" status -in the assisting of people
with handicaps or disabilities. From
electronic engineering have come hear-
ing aids for the partially deaf; from
mechanical engineering, prosthetic limbs
for the crippled; other examples could
be cited. There is one kind of disabled
person whom the SPIE expertise should
be uniquely capable of helping: the
"legally blind." These are persons whose
retinas are at least marginally functional
but who have problems such as near
opacity or forward scatter within the
eyes -simple lenses do not help them
enough, although they are not totally
blind.

We propose a rewarding and
satisfying activity, perhaps done best
only by the SPIE type of person: a
spare -time, hobby, or even professional
familiarization with what is done in
your neighborhood to solve and remove,
prevent or diminish, the problems of
poor vision. Perhaps you may succeed in
enlisting the local section of your
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The year of Compacts.

ours
The smallest self -contained 16mm
high -speed motion picture camera
available today!

Photo -Sonics 16mm -1 VN

Overall size with 65 -foot maga-
zine illustrated (less lens) is only
2'/" x 2 %" x 66 ". One version has
pulse rates to 12 pps and cine
from 16 to 100 fps. The other has
cine rates from 24 to 200 fps. Both
include LED timing lights. Plug -on
Apex automatic exposure control is
optional.

ACT%ONMASTER¡
the one the pros use OO

A 7/ lb. documentary version that
utilizes the standard 16mm -1 VN,
includes a built -in rechargeable
battery pack, variable rate power
zoom with 12.5 -75mm lens, and
handle. Especially suited for use in
confined areas. Special Apex
automatic exposure control is also
available for this version.

Our "compact" features the famous Photo -Sonics quality, reliability
and ruggedness. Field- proven movements, utilizing 2 pull -down and 2
register pins, are housed in magazines available in 50', 65', 100' and 200'
capacities, darkroom and daylight loads. Magazines can be interchanged
in just a few seconds!

Write,
wire or

phone for
complete

information

Exclusive Distributors

INSTRUMENTATION
MARKETING CORP.

820 South Mariposa Street, Burbank, California 91506
Phone 213- 849 -6251, Telex 67 -3205.
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Blind, Legally

Somewhere at the other end of 
the line, you may end up with partial 
vision or may be designated "legally 
blind." What an irony that would be if, 
after a notable career in the realm of the 
SPIE, all the optics, image processing, 
and good engineering left you with no 
way to see effectively (even though 
your retinas functioned well, in a 
restricted sense). We do not refer to 
total blindness.

Several of the engineering disci 
plines have been able to stake out 
special positions almost with "patron 
saint" status in the assisting of people 
with handicaps or disabilities. From 
electronic engineering have come hear 
ing aids for the partially deaf; from 
mechanical engineering, prosthetic limbs 
for the crippled; other examples could 
be cited. There is one kind of disabled 
person whom the SPIE expertise should 
be uniquely capable of helping: the 
"legally blind." These are persons whose 
retinas are at least marginally functional 
but who have problems such as near 
opacity or forward scatter within the 
eyes simple lenses do not help them 
enough, although they are not totally 
blind.

We propose a rewarding and 
satisfying activity, perhaps done best 
only by the SPIE type of person: a 
spare-time, hobby, or even professional 
familiarization with what is done in 
your neighborhood to solve and remove, 
prevent or diminish, the problems of 
poor vision. Perhaps you may succeed in 
enlisting the local section of your

The year of compacts.

CUPS
The smallest self-contained 16mm 
high-speed motion picture camera 
available today!

Photo-Son ics 16mm-1VN

Overall size with 65-foot maga 
zine illustrated (less lens) is only 
2V x 2%" x 6%". One version has 
pulse rates to 12 pps and cine 
from 16 to 100 fps, The other has 
cine rates from 24 to 200 fps. Both 
include LED tinning lights. Plug-on 
Apex automatic exposure control is 
optional.

ACliONMASJER/
the one the pros use f2@O

A IVi Ib. documentary version that 
utilizes the standard 16mm-1VN, 
includes a built-in rechargeable 
battery pack, variable rate power 
zoom with 12.5-75mm lens, and 
handle. Especially suited for use in 
confined areas. Special Apex 
automatic exposure control is also 
available for this version.

Our "compact" features the famous Photo-Sonics quality, reliability 
and ruggedness. Field-proven movements, utilizing 2 pull-down and 2 
register pins, are housed in magazines available in 50', 65', 100' and 200' 
capacities, darkroom and daylight loads. Magazines can be interchanged 
in just a few seconds!

Write,
wire or

phone for
complete

information

Exclusive Distributors

IM STR U M ENTATIOINJ 
MARKETIMG ' CORP.'

820 South Mariposa Street, Burbank, California 91506 
Phone 213-849-6251, Telex 67-3205.
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THE MOST
WANTED

LIST
The Laser Focus Direct
Mail List Service supplies
you with the names of
the most wanted pros-
pects in the laser market-
place.

These 12,500 prime pros-
pects are proved buying
influences, the key indi-
viduals who specify and
order lasers and related
products.

The Laser Focus Direct
Mail List Service can be
rented in its entirety or in
the portions you need.
You can specify your
mailings by geographic lo-
cation, organization func-
tion, job function, or what
products an individual
buys and /or specifies.

All names are addressed
by title; 94% are deliv-
ered to the individual's
place of employment, the
remaining 6% to their
residence. The list is re-
verified annually so these
truly are the most want-
ed men active in the
laser field.

Just tell us who you want
in your lineup. We'll do
the rest. We'll fold, stuff,
stamp, seal, and send
your message - quickly
and efficiently - to the
prospects you want to
capture.

Write or call:
Kathy Peckham
Laser Focus
385 Elliot Street
Newton, MA 02164
(617)244 -2939

G198

society in a survey or inventory
covering, within defined geographic
boundaries and known population
counts, opthalmologists, eye surgeons,
etc.; oculists; optometrists, opticians;
illumination engineers; optical and pho-
tographic engineers; self -help and blind
aid societies; prescription eyewear dis-
pensers and capabilities; types of vision -
test equipment; visibility and photo-
metric equipment; optical shops and
capabilities; libraries carrying large -print
editions, talking books; driver's license
testing and limitations; research activi-
ties; insurance safety inspection person-
nel; stores selling reading aids; access to
variable magnification microfilm, micro-
fiche readers.

We would like to urge that the
effective use of these things be worked
out. For example, near here one
community has large -print material in
the local libraries and a small -print
talking -book index. An adjoining city
has these hand carried by friendly
visitors to aged and infirm persons who
cannot navigate to a library branch. One
of us (Lewis) is conducting a desultory
survey on his own; in several years'
time, no administrators of vision tests
were found who had made or heard of
flux density level readings at the charts.

Hand magnifiers ( "Sherlock
Holmes ") are the only reading aids cited
(with or without auxiliary light) when
the open question is asked as to what is
available. Opaque projection magnifiers
and near -focus binoculars have not been
listed upon inquiry. We know of one
"legally blind" man who drove his auto
regularly without accident. He once
spent most of his available savings to
make an opaque projector in desk form
so that he would be able to read the
correspondence necessary to his busi-
ness.

Is it possible that more effective
use of available equipment, skills, and
knowledge can be achieved simply by
making them known? Or is it the case
that there is a gap in the less- dramatic
assistance to those who see, but not
without real problems? Perhaps new
things are needed -what better field for
innovation?

Robert E. Lewis
3740 Kenneth Drive
Palo Alto, California 94303
and
Philip E. Chandler
135 Creek Trail
Woodside, California 94062

We can do MORE together
JOIN SPIE!

OPTICAL SYSTEMS
MANUFACTURING
TECHNOLOGY

JOSEPH B.
HOUSTON, JR.

The Point -Diffraction
Interferometer

The Point -Diffraction Interferom-
eter (PDI) was introduced to the Optical
Society of America by Raymond N.
Smartt during the Society's Spring meet-
ing in New York City, on April 13,
1972.1 Since that time, the PDI has
been used successfully to test both mili-
tary optical systems and astronomical
telescopes in situ, under a wide variety
of atmospheric conditions.

The PDI is a simple two -beam
interferometer with the reference beam
formed at the image of the wavefront to
be analyzed. This is achieved by
spatially- filtering the image. Smartt's
procedure is to take a transparent
substrate such as mica, specially cleaved,
and coat it with an absorbing film. In
this film he locates a pinhole which can
be positioned accurately in the image
plane of the optical system being
evaluated.

Fig. 1. Optical schematic of the Point -
Diffraction Interferometer.

"Referring to Fig. 1,2 the direct
beam is attenuated by the absorbing
film. For typical tests, the diameter of
the aperture should be smaller, ideally,
than the central diffraction disk of the
image. Note that as the aperture is
moved away from a centered postion on
the image, the diffracted amplitude
decreases. The interferometer therefore
has the property that the fringe
visibility varies with the interferometer
setting."

Early tests of astronomical tele-
scopes used stellar sources near zenith
where seeing is generally best. However,

R. N. Smartt and J. Strong, J. Opt. Soc. Am.
62, 737 (May 1972).

2 R. N. Smartt, "Telescope Test Using the
Point -Diffraction Interferometer," private
communication July 1974.
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THE MOST
WANTED

LIST
The Laser Focus Direct 
Mail List Service supplies 
you with the names of 
the most wanted pros 
pects in the laser market 
place.

These 12,500 prime pros 
pects are proved buying 
influences, the key indi 
viduals who specify and 
order lasers and related 
products.

The Laser Focus Direct 
Mail List Service can be 
rented in its entirety or in 
the portions you need. 
You can specify your 
mailings by geographic lo 
cation, organization func 
tion, job function, or what 
products an individual 
buys and/or specifies.

All names are addressed 
by title; 94% are deliv 
ered to the individual's 
place of employment; the 
remaining 6% to their 
residence. The list is re- 
verified annually so these 
truly are the most want 
ed men active in the 
laser field.

Just tell us who you want 
in your lineup. We'll do 
the rest. We'll fold, stuff, 
stamp, seal, and send 
your message — quickly 
and efficiently — to the 
prospects you want to 
capture.

Write or call: 
Kathy Peckham 
Laser Focus 
385 Elliot Street 
Newton, MA 02164 
(617)244-2939

society in a survey or inventory 
covering, within defined geographic 
boundaries and known population 
counts, opthalmologists, eye surgeons, 
etc.; oculists; optometrists, opticians; 
illumination engineers; optical and pho 
tographic engineers; self-help and blind 
aid societies; prescription eyewear dis 
pensers and capabilities; types of vision- 
test equipment; visibility and photo 
metric equipment; optical shops and 
capabilities; libraries carrying large-print 
editions, talking books; driver's license 
testing and limitations; research activi 
ties; insurance safety inspection person 
nel; stores selling reading aids; access to 
variable magnification microfilm, micro 
fiche readers.

We would like to urge that the 
effective use of these things be worked 
out. For example, near here one 
community has large-print material in 
the local libraries and a small-print 
talking-book index. An adjoining city 
has these hand carried by friendly 
visitors to aged and infirm persons who 
cannot navigate to a library branch. One 
of us (Lewis) is conducting a desultory 
survey on his own; in several years* 
time, no administrators of vision tests 
were found who had made or heard of 
flux density level readings at the charts.

Hand magnifiers ("Sherlock 
Holmes") are the only reading aids cited 
(with or without auxiliary light) when 
the open question is asked as to what is 
available. Opaque projection magnifiers 
and near-focus binoculars have not been 
listed upon inquiry. We know of one 
"legally blind" man who drove his auto 
regularly without accident. He once 
spent most of his available savings to 
make an opaque projector in desk form 
so that he would be able to read the 
correspondence necessary to his busi 
ness.

Is it possible that more effective 
use of available equipment, skills, and 
knowledge can be achieved simply by 
making them known? Or is it the case 
that there is a gap in the less-dramatic 
assistance to those who see, but not 
without real problems? Perhaps new 
things are needed-what better field for 
innovation?

Robert E. Lewis
3740Kenneth Drive
Palo Alto, California 94303
and
Philip E. Chandler
135 Creek Trail
Woodside, California 94062

OPTICAL SYSTEMS 
MANUFACTURING 
TECHNOLOGY

JOSEPHS.
HOUSTON, JR.

The Point-Diffraction 
Interferometer

The Point-Diffraction Interferom 
eter (PDI) was introduced to the Optical 
Society of America by Raymond N. 
Smartt during the Society's Spring meet 
ing in New York City, on April 13, 
1972. 1 Since that time, the PDI has 
been used successfuEy to test both mili 
tary optical systems and astronomical 
telescopes in situ, under a wide variety 
of atmospheric conditions.

The PDI is a simple two-beam 
interferometer with the reference beam 
formed at the image of the wave front to 
be analyzed. This is achieved by 
spatially-filtering the image. Smartt's 
procedure is to take a transparent 
substrate such as mica, specially cleaved, 
and coat it with an absorbing film. In 
this film he locates a pinhole which can 
be positioned accurately in the image 
plane of the optical system being 
evaluated.

We can do MORE together 
JOINSPIE!

Fig, 1. Optical schematic of the Point- 
Diffraction Interferometer.

"Referring -to Fig. I,2 the direct 
beam is attenuated by the absorbing 
film. For typical tests, the diameter of 
the aperture should be smaller, ideally, 
than the central diffraction disk of the 
image. Note that as the aperture is 
moved away from a centered postion on 
the image, the diffracted amplitude 
decreases. The interferometer therefore 
has the property that the fringe 
visibility varies with the interferometer 
setting."

Early tests of astronomical tele 
scopes used stellar sources near zenith 
where seeing is generally best. However,

1 R. N. Smartt and J. Strong, J. Opt. Soc. Am. 
62, 737 (May 1972).

2 R. N. Smartt, "Telescope Test Using the 
Point-Diffraction Interferometer," private 
communication July 1974.
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PROFESSIONAL PLACEMENT

Another service for the

benefit of the optical industry
from SPIE.

SPIE announces that, as a service

to the optical industry, it will pub-
lish, at no charge, in it's official
journal OPTICAL ENGINEERING all

professional placement announce-

ments from corporations and in-
dividuals having positions available

or seeking employment. Forward

announcements* (maximum 100
words) to Director, Placement
Department: Society of Photo -
Optical Instrumentation Engineers

A WORD ABOUT SPIE
Organized as a non -profit organization, SPIE is an

effective medium for technical communication
among those engaged in obtaining scientific or
engineering data through the application of optics

and photography, as well as those engaged in the

design, fabrication, testing and application of optical

components and systems, and in the reduction to

practice of recently developed optical technology.

*A code number will be assigned for those desiring

replies in confidence.

SOCIETY OF PHOTO- OPTICAL

INSTRUMENTATION ENGINEERS

P.O. Box 1146, Palos Verdes Estates,

California 90274 Telephone: (213) 378 -1216

EDUCATION
IN OPTICS

D. J. LOVELL

Peripheral Optical Engineers

The recent resurgence of interest
in optics has resulted in a number of
engineers with little or no training in
optics suddenly being involved in the
development of optical instrumentation.
Perhaps the engineer was trained in
electronics and is now involved in the
design of telemetry equipment to be
used in sending information from an
orbiting telescope to earth. Or perhaps
he is a mechanical engineer employed to
design the frame of that instrument. In
all such cases, the engineer can better
perform his job if he has some
knowledge of optics. It seems likely that
educational institutions will broaden
their curricula to provide more courses
in optics. How should such courses be
structured?

Probably the optics education best
suited for those who will be involved in
what I term the periphery of optics is
not the same as that which serves those
who will devote their attention to
optics, per se. The latter will probably
best be trained in fundamentals such as
Maxwell's equations and the difference
between the Huygens -Fresnel and Kirch-
hoffs diffraction theories. The engineer
dealing with the peripheral aspects of
optics will certainly need to know the
effects diffraction produces on an
image, but it is unlikely that he will
have either the time or the inclination
to approach his study of optics by
reading such a text as that written by
Born and Wolf.

In a previous column, I described
some experiments suggested to me as
being both informative and stimulating.
Such experiments are of particular value
to the "peripheral optical engineers."
Some years ago I was involved in the
development of a telescope to be used
as a star tracker. It utilized several
slender PbS detectors placed in juxta-
position such that the width of each
subtended ten seconds of arc. The
engineer who designed the mechanical
components used a 6 -32 screw to move
the telescope in azimuth. Since we
experimented with this on a tower
overlooking the Atlantic Ocean on cold
New England nights, we found it
vexatious that a very slight turn of this
adjustment moved a star image com-
pletely out of the field of view. The
situation was rectified only after we had
the engineer join us on a cold evening.
Such ah experiment is most informative,
although it need not be done from a

tower on a cold New England night.
The education for the engineer

being discussed here should be thor-
oughly practical. Nearly every electrical
engineer is familiar with the frequency
response of hi -fi sets. Consequently, the
concept of MTF should be readily
apparent to him. Accordingly, one can
expect that he will then be ready to
intelligently apply this concept to the
evaluation of optical systems. In a like
manner, an electrical engineer should
easily grasp many of the concepts of
laser action, and be ready to apply this
knowledge to instrument development.

As optical systems become more
sophisticated, we are increasingly de-
pendent upon engineers trained in
cryogenics, those with a knowledge of
exotic materials, those versed in vacuum
technology, and many others. They can
contribute most if they are familiar with
optical concepts. Some of this know-
ledge can be gained in special summer
courses, which are generally quite good.
But it seems likely that courses in optics
for engineers swill become more preva-
lent in undergraduate curricula. I would
like your opinion.
D. J. Lovell
Barton Road
Stow, Massachusetts 01775

Your Best
source

FOR

"Off- The -Shelf"

OPTICS
IN THE U.S.A.

ROLYN CORP.
300 North Rolyn Place

P.O. Box 148 Arcadia, Calif. 91006
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in optics has resulted in a number of 
engineers with little or no training in 
optics suddenly being involved in the 
development of optical instrumentation. 
Perhaps the engineer was trained in 
electronics and is now involved in the 
design of telemetry equipment to be 
used in sending information from an 
orbiting telescope to earth. Or perhaps 
he is a mechanical engineer employed to 
design the frame of that instrument. In 
all such cases, the engineer can better 
perform his job if he has some 
knowledge of optics. It seems likely that 
educational institutions will broaden 
their curricula to provide more courses 
in optics. How should such courses be 
structured?

Probably the optics education best 
suited for those who will be involved in 
what I term the periphery of optics is 
not the same as that which serves those 
who will devote their attention to 
optics, per se. The latter will probably 
best be trained in fundamentals such as 
Maxwell's equations and the difference 
between the Huygens-Fresnel and Kirch- 
hoff s diffraction theories. The engineer 
dealing with the peripheral aspects of 
optics will certainly need to know the 
effects diffraction produces on an 
image, but it is unlikely that he will 
have either the time or the inclination 
to approach his study of optics by 
reading such a text as that written by 
Born and Wolf.

In a previous column, I described 
some experiments suggested to me as 
being both informative and stimulating. 
Such experiments are of particular value 
to the "peripheral optical engineers." 
Some years ago I was involved in the 
development of a telescope to be used 
as a star tracker. It utilized several 
slender PbS detectors placed in juxta 
position such that the width of each 
subtended ten seconds of arc. The 
engineer who designed the mechanical 
components used a 6-32 screw to move 
the telescope in azimuth. Since we 
experimented with this on a tower 
overlooking the Atlantic Ocean on cold 
New England nights, we found it 
vexatious that a very slight turn of this 
adjustment moved a star image com 
pletely out of the field of view. The 
situation was rectified only after we had 
the engineer join us on a cold evening. 
Such ati experiment is most informative, 
although it need not be done from a

tower on a cold New England night.
The education for the engineer 

being discussed here should be thor 
oughly practical. Nearly every electrical 
engineer is familiar with the frequency 
response of hi-fi sets. Consequently, the 
concept of MTF should be readily 
apparent to him. Accordingly, one can 
expect that he will then be ready to 
intelligently apply this concept to the 
evaluation of optical systems. In a like 
manner, an electrical engineer should 
easily grasp many of the concepts of 
laser action, and be ready to apply this 
knowledge to instrument development.

As optical systems become more 
sophisticated, we are increasingly de 
pendent upon engineers trained in 
cryogenics, those with a knowledge of 
exotic materials, those versed in vacuum 
technology, and many others. They can 
contribute most if they are familiar with 
optical concepts. Some of this know 
ledge can be gained in special summer 
courses, which are generally quite good. 
But it seems likely that courses in optics 
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lent in undergraduate curricula. I would 
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