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Since the early days of World War Il it has become increasingly evident that radar can be useful for
studying bird movements. A radar picture of bird activity in Nebraska's Platte Valley is shown on this
month’s cover. For more information on this fascinating application of radar, turn to the article begin-
ning on page 62.
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In January 1967 we described our work on CO. lasers.

Here we present the first of a two-

part discussion on the development of high-sensitivity receivers for infrared systems

using CO. lasers.
tributed to this work.

Frank Arams, Frank Pace, Bud Peyton, and Gene Sard have ali con-

High-Sensitivity Infrared (10.6 Micron)
Heterodyne Receivers with Gigahertz IF Gapability

AMilitary technology has long been interested
in the 8 to 13 micron window for passive infrared
applications. Now this region is attracting in
creasing attention because of the CO» luser. ‘The
C O laser operates in the eenter of this band at
10.6 microns and povides CW output power at
the kilowatt level with an efficieney near 20
percent (reference 1) —substantially better thuan
any other laser. The combination of low toss
atmospheric transmission. a powerful COy laser,
and a sensitive 10.6 micron receiver, would pro-
vide the key clements for new active infrared
systems. opening up frontiers in communications,
ar, mapping, and infrared astronomy

We at AIL are woking on several programs to
develop 10.6 micron system  components  in
particulur a family of 10.6 micron heterods ne
receivers that combine very high sensitivity with

extremely wide 1F bandwidth. Sensitivity and
bandwidth factors are discussed here: Part 1l
will present results on the development of a

packaged 10.6 micron heteradyne receiver.

infrared Receiver Sensitivity

For Jaser systems, heterodyne detectors provide
much better receiver sensitivities than infrared
envelope detectors,  Maoreover, heterodyne de-
tectors preserve phase and frequency informa-
tion, thereby permitting the application of the
powerful coherent technigues widely used in
radio and microwave systems. In radar, for ex-
ample, these techniques permit determination of
turget  velocity  (“range rate”) by measuring
doppler frequency. A heterodyne teceiver
suppresses background noise and interference by
its inherent frequencey selectivity and spatial-mode
diserimination.

The sensitivity of an infrared coherent receiver
is fundamentally limited by noise which bhas its
origin in the quantized nature of the electro-
mapnetic signal. The encrgy of a gquantum tor
photon) is given by :

also

E =l
where
I. = quantum energy
h = Planck’s constant
v = frequency

The sensitivity limit of a coherent receiver
operating in a single mode ¢an in general be
written

hi B b
NEP = e Pl
che/kT + 7
S—y — -
Thermal Noise Quantuin Noise
where

NEP Noise Equivalent Power (8/N = 1),

in watts

B bandwidth

k Boltzmann's constant

T temperature

n = quantum efficiency of the infrared
mixer (a2 number less than unity
wiving the fractional number of

carriers generated per incident photon)
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Part I: Sensitivity and Bandwidth
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Figure 1. Frequency Depen .ence of Noise Power,

‘This expression ix plotted in Figure 1 (reference
2). For microwave frequencie.s and below, he
kT, that thermal noise dominates and the
expression 1educes to kTR, the fami expression
for availuble thermal noite power. As VFigure 1
shows, thermal noie drops rapidly as the energy
hy of photons radiated by a blackbody at tem-
perature I approaches theimal energy kT, an
intuitively reasonable resntt. At infrared and
optical frequencies, where he >> kT, quantum
noise dominates, and NEP ecuals heB for an
ideal detector vp = 1), Thus, at 10,6 microns (the
wavelength of the CO: larer), the idexl coherent
receiver has NP = 1.87 X} 107 watt for a
1.Hz bandwidth.

It appears appropriate to detine. for optical
and infrared coherent receiver- a tipntre of merit
for sensitivity that i~ analogou- to the thermal
noise factor at lower liegquencies (reference 3).
This Quantum Noise Factor (QF) i: determined

~O

by normalizing receiver noise to bBed. [t s a
measure to how clorely the actua! ieeeiver ap-
proaches the ideal receiver Thas, for an ideal
coherent receiver, QF = 1 ar (& db

Since the inframed NEP i< proportional to the
frequency, v, an improvement in sensitivity of
about 20 times is obtained at 10.6 microns con-
pared with a coherent receiver operating in the
visible region. Similar improvements apply to
mechanical  tolerances  since  performance  of
optical components is often specified in fractions
of the wavelength. Moreover, the longer the
wavelength, the larger the permissible diameter
of the receiver telescope and the greater the
received eneryy,

IF Bandwidth

Because the carrier fiequency is approximately
four orders of magnitude higher at infrared than
at  microwave frequencies,  very  substantial
doppler [requency shifts can be encountered

A COMPLETE BOUND SET of our twelve series
of articles is available on request. Write to

Harold Hechtman at AlL for your set.

AIRBORNE INSTRUMENTS

2
000 TH

(see Fignre 2). These doppler shifts may be
desirable for detecting moving targets and/or
measuting their veloeitv. As Figure 2 indicates,
even a relative velocity of only | mph results in
a two way doppler frequeney of 84 kiHz, On the
other hand, iu communications or radar systems
where the path length is changing rapidly, the
doppler frequency offset is substantial.

For example, a two-wav doppler frequency of
840 A Hz resuits for a radial velocitv of 10,000
wph.  For such applications, the most practical
solution is to design the heterodvne receiver with
a wideband 1F frequency response from near DC
to the gigahertz region. This utilizes infrared
photodetectors  having subnanosecond  response
times  a requirement quite different than that
for passive infrared systems, which normally
use slow detectors,

Next month, in Part 11, we will describe the
successful development of a new 10.6 micron
heterodvne 1eceiver which has now been packaged
for field operational use and uses infrared
mixer and a circeuit arrangement combining
sensitivity near the guantum noise limit with
gigahertz IF bandwidth.

an
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Figure 2. Doppler Frequency Shifts at 10.6 Microns.
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Time for a change in attitude. Likening the growth of
publication to the population explosion is a thoughtless
simile. The population explosion has been causcd by a
dramatic reduction in the death rate without any com-
mensurate reduction in the birth rate. In science and tech-
nology, authors have been becoming annually not only
more numerous but also more fertile, whereas death has
not yet even been recognized; by convention, every con-
tribution to “‘the archival literature” is deathless.

In 1947, the AIEE published 2896 pages of journal
articles (exclusive of advertising), and the IRE published
1636 pages. In 1967, the 1EEE published 21 437 pages of
its own journals (again exclusive of advertising). If the
growth in the next two decades matches that of the previ-
ous two, then in 1987 the IEEE journals will run to more
than 100 000 pages.

Extrapolation is always an uncertain business. If it were
not, the stock market would have made more millionaires
than it has. Nevertheless, the forces making for expansion
of the literature of electrical engineering have not been
spent; unless forces of containment come into play, the
literature will continue to expand, though perhaps not at
the recent rate.

It seems certain that forces of containment gre coming
into play-—not merely from fears about being buried
under a future avalanche of literature, but also from dis-
satisfaction with the situation that exists at present.

There are troubles in living with the literature that we
have now. Probably the two chief problems are (1) finding
out what one should read, and (2) gaining access to it. The
IEEE is taking on aggressively a pioneering role in the
search for workable solutions to these problems. Clearly,
the answer to the first one is good indexing. Here a num-
ber of improvements are already in operation. One is in-
creased attention to the indexing of the Institute’s own
journals; henceforth, there will be an annual comprehen-
sive index of all articles published in the journals of the
IEEE. Another is our collaboration with the IEE in
Electrical and Electronics Abstracts, an index 10 several
hundreds of journals. It is becoming recognized that an
author has an obligation to word his title in such a way as
to aid both those who compile the indexes and those who
use them,

Although it may not be an exhaustive one, any worker
with a little experience and some indexes can readily make
a list of articles that seem worth examining. What comes
next may not be so easy, unless he has access to the li-
brary of a major industrial laboratory or a great univer-
sity. In principle, microfilming or interlibrary loans give
almost any worker a means of sceing almost any docu-
ment. However, the document ordered may be useful only
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Spectral lines

in leading the worker to another document. If he is in a
big library and can read the language of the document,
this stage takes a few minutes. If he has to negotiate & new
interlibrary loan, the going gets tedious; if in both stages
he must also wait for translations, the whole process is so
cumbersome that his patience, or his contract, is likely to
run out before the document that will help him is in his
hands.

Even with perfect indexing, unlimited library, and
adequate acquaintance with the needed languages, there
would still be trouble. Reading speed is limited, and even
the most capacious human mind is just so big. It is not
merely that the volume of publication in any one specialty
has increased. An additional, and probably worse, diffi-
culty is that the interconnections between specialties have
increased so much. A designer of ultrasonic delay lines
may encounter a problem that has had the attention of
men concerned with thermal stratification in the oceans.
People concerned with speech may find, as was pointed
out to them in the March issue of the PROCEEDINGS OF THE
1EEE, that their fast Fourier transform closely resembles
the Butler matrix developed carlier by designers of an-
tennas. A man can find his way in the literature of his own
field, but an assault on the literature of somebody else’s
specialty is something else again. Yet these excursions
have become increasingly necessary.

Though it cannot remove these problems, there is a
tool, the review paper, that can help with all of them.
Editors of the IEEE are convinced of the usefulness of
well-executed reviews, and continue to solicit them.
Tradition stands in the way. It says that one isn’t sup-
posed to take up space in a journal unless one has some-
thing new to report, and knows how to be brief about it.
Indeed, in theoretical physics journal publication seems
almost to have become a game, the object being to say
something new that is correct, but maximally terse. The
game is won by the author who is intelligible to the
smallest nonzero number of readers.

A good review, of course, flies in the face of the old
morality. It can contain material that is original with the
author, but the purpose of a review is to gather existing
material and display it in such a way as to reveal inter-
relations, so that the mass becomes endowed with order
and structure. Writing a good one takes time, energy, and
insight, but to win credit with one’s R & D colleagues, and
with one’s supervisor, the often easier task of merely add-
ing to the mass has been a better bet. In the present period,
when the need for thoughtful reviews is acute, the old
scale of values should change, and I submit that even-
tually the boss will change his attitude if the colleagues
change theirs. The colleagues are you.—J.J. G. McCue
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experience includes two years as the vice president and sales manager of the Viber
Company, Burbank, Calif.; five years as Western editor of Electrical Waorld,
McGraw-Hill Publishing Company; and five years with the General Electric
Company as field engineer and sales engineer.

Mr. Robinson has been an ofticer and director in the San Francisco Chapter
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Monitoring bird movements by radar (page 62)
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and development of a filter wedge spectrometer and an IR imaging radiometer.

From 1957 to 1961 Mr. Horan was employed by Barnes Engineering, where he was
concerned with the design and fabrication of infrared thermistor bolometers, radiom-
eters, and cameras. He initiated the original thermography work on nondestructive
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equipment. He is a member of the Optical Society of America.
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tical, and hybrid computers, and developing their applications. In 1961 he was ap-
pointed Albibi Professor of Control Engineering at McGill University. His activities
were centered on research and teaching in optimizing control theory in engineering.
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Sonar—
a modern technique
for ocean exploitation

In recent yvears, sonar has emerged as an important
commercial and scientific tool for ocean exploration
and exploitation. From finding fish to scanning strata, it is
prociding its users with underwater eyes

Martin Klein
Harold Edgerton

Three important parameters are among those govern-
ing the application of the many versatile sonar tech-
niques. Penetration and resolution depend upon
pulse length and frequency. The angle of the trans-
ducer is also important- -a perpendicular beam will
resolve geological strata, whereas a side-looking beam
will provide a “‘relief map'" of the ocean terrain.
Finally, several different types of transducers are
available, both hull-mounted and towed, to provide the
user with the best instrument for a specific application.

Until the past few years sonar was considered mainly as
a depth finder or for military applications such as sub-
marine detection. The military sonars were, and still are,
generally large. expensive, and unavailable to the general
public for geology or archaeology studies, There has been
an aura of mystery about the military uses of sonar be-
cause of secrecy. Then chart-recording depth sounders
became available for small ships, enabling fishermen to
“see” their elusive quarry in the sea. This application of
sonar has been most successful; it is said that some fishing
ships carry two sonars, one for a spare, and will not leave

Klein Associates

Massachusetts Institute of Technology

port unless both are in operating condition. Sonar systems
have become popular with both commercial fishing fleets
and private fishing boats that cater to either a single owner
or a charter fishing party. Fishermen have become quite
adept in locating schools of fish from sonar traces pro-
duced on even the simplest of equipment.

More recently, many other types of sonars have be-
come commercially available, and these sonars are find-
ing, and will continue to find, numerous applications for
diversitied users who wish to study, explore, or exploit the
ocean's resources. Sonar has a great role to play in the
sea, with such applications as geological studies, wrecked-
ship locations, archacology, downed-aircraft locations,
water flow and pollution study, and harbor mapping.

Geologists of the deep sea and oil prospectors have
long used explosives to create the powerful sound pulses
that are necessary to penetrate the earth. There is
an array of sound sources for this work, such as the
boomer, the sparker, the air gun, most of which involve
a large ship and equipment; but there is also smaller
equipment for special uses in shallow water that is
adaptable to smaller craft.
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The equipment

All effective sonar systems, we believe, should have a
memory system, that is, a chart recorder of some type to
put down on paper all of the information that is received
back from the echoes in the water. In this way the observer
has the entire story of the experiment in front of him for
review in graphic form. He can examine visually the in-
formation and gain an insight of a complicated situation
that is not immediately obvious. The charts then can be
filed as permanent records.

Some recorders are more capable than others of dis-
playing information. There are several types in wide-
spread use; each has its disadvantages and advantages.
One of the most commonly used is the dry-paper type,
in which returned signals are amplified enough to melt
a thin layer on the surface of the paper, revealing a dark
layer underneath. Vapors are released that can be very ob-
jectionable in a confined area, such as a small submarine.
Another type of recorder uses the electrochemical effect of
current into chemically moist paper. Many problems are
encountered if the paper becomes dry under hot operating
conditions, so that care must be exercised by the user to
keep the paper moist at alt times. Hersey discusses these
instruments in greater detail in his review article in the
book The Sea.

The sonars used by the authors utilize a continuous
strip chart recorder with moist electrochemical paper.
This paper permits high resolution and continuous tone
shades for detailing the ocean bottom. A moving helix
wire mounted on a revolving drum sweeps a point of
electrical contact across the paper. When signals are
present the helix is energized, current passes through the
paper to a second electrode (a continuous loop blade),
and an electrochemical reaction produces a mark on the
paper. At the beginning of each sweep a trigger pulse,

generated through a photooptic pickup from a reference
baseline, encrgizes the transmitter to emit a sound pulse
in the water.

The transmitters usc a capacitor-discharge arrangement
in which energy is slowly stored in a capacitor and <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>