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Spectroscopy in the
Space Science Division of the
Naval Research Laboratory*

W. R. Hunter and T. C. Winter, Jr.
E. O. Hulburt Center for Space Research
Naval Research Laboratory

The goal of the Space Science Division is to measure the intensity
and spectral distribution of radiation reaching the earth from celestial
sources. Such measurements have been made in the visible region of
the spectrum since the time of Newton, when astrophysics may be
said to have had its inception. It is only recently, however, that similar
measurements outside of the visible region have become possible.
The rapid growth of radio astronomy over the last two decades has
permitted observations in the millimeter- and centimeter-wavelength
region through the atmosphere.

With the advent of rockets and satellites which provide observatories
above the atmosphere, scientists have extended their spectroscopic
observations from the visible region to wavelengths shorter than one
angstrom unit (1 A) and can observe regions of the infrared normally
absorbed by the atmosphere. We wish to study this radiation; first,
because laboratory studies of the unseen portions of the total spectral
range augured the existence of much important information on the
constitution of stellar atmospheres and the interstellar medium. The
stars themselves are natural laboratories for high energy physics, and
the nearest star, the sun, may be considered a vast high temperature
laboratory in which phenomena can be observed that cannot be re-
produced on earth. Second, since the unseen radiation from the sun
is absorbed in the earth’s atmosphere it might be that the effect of this
radiation has a significant part to play in the complicated solar-terrestrial
relationship. In fact the first experiments showed how absorption of
ultraviolet radiation in the upper atmosphere formed the ozone layer
which effectively shields us from the harmful solar actinic rays. This
complicated solar-terrestrial relationship provides the environment
for life as we know it and it is important that we gain an understanding
of it.

Radio astronomy was an outgrowth of the World War I1 development
of radar, and is the result of work at many laboratories, mainly in England
and America. On the other hand, rocket spectroscopy originated at

* Presented at the NRL Sponsor's Day Program; 13-15 May 1969
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Figure 2 — Summary of some of the important technological developments which

enabled solar and stellur spectroscopy results to be obtained from above the earth's
atmosphere.

Below the spectrum are shown some of the various technological de-
velopments useful in solar spectroscopy, while above the spectrum
are some of those which proved fruitful in the development of stellar
spectroscopy. The dates indicate when the particular development was
first successfully used by NRL to obtain meaningful data.

Almost concurrently with the advent of rockets, the development of
pointing systems was begun to insure that the spectroscope always
looked at the correct target during the 5 minutes or so that the rocket
was above the atmosphere. The attitude control system for stellar
spectroscopy was more difficult to develop than the solar biaxial (and
more recently the triaxial) pointing system since the former does not
have such a large energy source for guidance and must rely on inertial
systems to point at a fixed position on the celestial sphere. Satellites
were still another development and provided much longer observing
periods than rockets. However, because of the inability to recover data
from the satellities, all information had to be telemetered to earth.
When manned satellites are in use, this requirement may be relaxed.
Satellities do not replace rockets as research vehicles; in fact most
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research is done from rockets because of the flexibility of their instru-
mentation and the relatively short preparation time required.

On the ultraviolet side of the visible region, dispersion has been
obtained by diffraction gratings and, in the x-ray region, by organic
crystals used in Bragg Spectrometers (2). The efficiency of reflecting
and diffracting surfaces was improved with evaporated coatings of
gold (3), platinum (4,5), and combinations of aluminum overcoated
with MgF: (5) and lithium fluoride (6). Scattered radiation was eliminated
by using thin unbacked metal films (7). Special Schumann emulsions have
been developed for photographic techniques (8), while proportional
and geiger counters, photon counters and image converters (9) have
been used for photo-electric detection. In the infrared region, the semi-
conductors, Ge:Cu, Ge:Ga and N-type In:Sb are used as detectors
in liquid helium cooled telescopes (10).

The remainder of this paper discusses the results obtained using these
techniques beginning at the short wavelength end of the spectrum
and working toward the longer wavelengths.

Recent measurements by NRL using proportional counters on board
an Aerobee rocket have yielded the most accurate spectra to date
from several x-ray sources. Figure 3 shows some results from Scorpius
XR-1 (11), the brightest x-ray source discovered in the northern hemi-
sphere. Its radiation has a measurable effect on the earth’s ionospheric
D-region. The data, shown by the plus signs, have not been corrected
for instrumental effects. At the low energy end, the window of the x-ray
detector absorbs the radiation while at the high energy end the argon
gas used in the detector becomes transparent. The dip at about 3.8 KeV
is an x-ray absorption edge of argon. The solid curves in the figure are
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18000+ BREMSSTRAHLUNG
16000+
14000+
12000 Figure 3 — X-ray data from Scorpius XR-1
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calculated to show the natural x-ray radiation of a thin gas at different
temperatures, assuming a thermal Bremsstrahlung* model. Included
in these calculations are the instrumental effects of the x-ray detector
so that a direct comparison can be made with the observations. The close
fit of the 6.5 X 10%°K curve indicates that this is the temperature of
Scorpius XR-1 according to this model.

However, the entire observed range of the Scorpius XR-1 spectrum
from radio to x-rays will not fit a single thermal model. Equally plausible
models explain the spectrum by synchrotron radiation, the radiation
emitted by charged particles being accelerated in magnetic fields and
moving at speeds near that of light. Existing observations do not permit
choosing between these two models.

In the spring of 1969 an NRL rocket x-ray experiment revealed that
a small (about 5%), but significant part of the x-radiation from the
Crab Nebula, shown in Figure 4, is emitted in pulses with a period of
about 33 milliseconds (12). Earlier NRL data had shown that most of
the x-rays come from a large diffuse region of the nebula, about one
light year across, rather than from a point source (11). However. the
pulsating nature of part of the x-rays, coupled with the discovery in the
past year of a pulsating object in optical and radio frequencies near
the center of the Crab, tend to lend credence to the theory that the
pulsating star is a neutron star that originated in the supernova explosion
which formed the Crab. This explosion was observed in daylight and
recorded by the Chinese astronomers in 1054 A.D.

The experiment which showed the spatial distribution of the Crab
x-rays involved launching the rocket at a particular time so as to show
the Crab being occulted by the moon—an event which occurs about
once every nine years! The dashed arcs on Figure 4 show the position
of the lunar limb at successive times as it moved across the nebula.
The x-ray signal intensity decreased gradually, rather than ending
abruptly, which would have occurred if all the x-radiation came from a
point source. Launching rockets at precise times to observe time depen-
dent extra-terrestrial phenomena, such as occultations. solar eclipses
and flares, is a rather difficult maneuver, but has been accomplished
successfully on several occasions by NRL to obtain important, and
otherwise unobtainable information.

Satellites are ideally suited for monitoring stations because of their
long observing time as compared to rockets. The Solrad program was
developed for this purpose. It is a small satellite program which currently
provides about 70% of the monitoring of the solar x-ray emission in
those wavelengths that most directly affect the earth’s ionosphere as
a communication medium (13). The present vehicle, Solrad 1X, was

* Bremsstrahlung is radiation from electrons which gain or loss energy while being accelerated in
the field of an atomic nucleus or ion.
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unbacked metal films as transmission filters (7) to keep the scattered
light from the one-million-times-more-intense visible and near-ultraviolet
solar radiation from reaching the photographic film.

Figure 6 illustrates the results of these two developments and shows a
portion of the soft x-ray spectrum extending from 30 A to 80 A (14).
In the top spectrum, half of the slit was covered by a thin aluminum
filter and the other half by a thin indium filter. The differences in line
intensities show the difference in transmission properties of these two
metals at these wavelengths. The top spectrum was taken during a
period of quiet sun and the bottom spectrum, which used an aluminum
filter, was taken on an active sun. The differences in line intensities
caused by these two conditions are easily seen. These differences indicate
that lines such as Si IX arise from the mechanisms associated with the
active regions.

A number of these solar x-ray lines have been identified as arising
from highly excited states of metal atoms. The lines are identified by
the chemical symbol of the element plus a Roman numeral which is
larger by unity than the number of electrons removed from the atom.
From such spectra over two hundred coronal emission lines have been
measured with a wavelength accuracy of about 0.03 A. Analysis of
the intensities of approximately 70 identified lines indicated that approxi-
mately equal amounts of iron and silicon are present in the corona and
that the quiet corona has a temperature of about 1,700,000 Kelvin
(1.7 X 10°K).

Not all observed lines have been identified because of the paucity
of experimental and theoretical spectroscopy for highly ionized atoms.
It is heartening to know, however, that laboratory astrophysics is
making its contribution as illustrated in Figure 7. Here we see part of
the solar spectrum from 150 A to 220 A compared with the spectrum
obtained from a Zeta machine, a type of © pinch or plasma apparatus.
at Culham Laboratories, U. K. (15). The lines in the laboratory spectrum
are of highly ionized Fe VIII to XIV, and Ni X to XIV arising from
atoms literally boiled off the stainless steel walls of the Zeta machine.
The almost perfect correlation between the two spectra is very con-
vincing evidence that we are seeing the same lines in the solar spectrum.
Note the sudden decrease in intensity of the solar spectrum at 170 A
going from the long to the short wavelengths. This is not a feature
of the spectrum but is caused by a thin unbacked Al film used to shield
the photographic film as previously mentioned. The L., absorption of
Al occurs at 170 A so that radiation of shorter wavelength is more
strongly absorbed than the longer wavelengths.

Now that some of the lines have identities, the question arises: where
do they originate on the sun? Are they coronal or chromospheric in
origin? In other words, there is now a need for spatial as well as spectral
resolution. This question of the origin of the lines is partially answered
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resolution impossible and all information must be deduced from spectra.
The method of obtaining the spectrum of such distant and, compared
to the sun, faint objects is a technology in itself and merits a short
description. An extreme ultraviolet image converter was used which is
shown in Figure 10 (18). A flat, objective grating, not shown in the
figure, is used from which the diffracted wavelengths enter the instru-
ment. They are focussed by the collecting mirror, which is coated with
Al + LiF, onto a photocathode which has been sensitized with a coating
of KBr. The photoelectrons are accelerated toward the emulsion and
focussed on it by the magnetic field of the solenoid. Thus images of the
stars are obtained in different wavelengths on the film. Early stellar
spectra showed a short wavelength limit of about 1030 A that was
mostly instrumental but was extended to almost 1000 A in the latest
flight.

Figure 11 shows some densitometer tracings of part of the spectrum
obtained with this image converter in the vicinity of 1216 A, the HI
line of atomic hydrogen, for three stars of the © Orionis cluster of Orion
(18). Smooth lines indicate the continuum (upper line) and background
(lower line) levels used in estimating the equivalent widths of the HI
line. The results show that the total amount of interstellar hydrogen is
only 1/5 to 1/10 that estimated from radio absorption measurements
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using the 21 centimeters (cm) line of hydrogen. They also include con-
firmation that the hot stars are less bright than predicted by model
atmosphere theory at wavelengths shorter than HI and that early-type
super-giant and bright Orion stars are ejecting gas at high velocity. This
latter result is deduced by the absorption (dip at left) and emission (peak
at right) feature of the C III line. The emission is thought to come from
radiation from the star’s central core. The absorption, which is shifted
toward shorter wavelength, is believed to occur in an expanding shell of
gas around this core.

The solar spectrum in this wavelength region is relatively uncom-
plicated by large concentrations of intervening material or rapidly
expanding gas shells and consists mostly of emission lines with some
continua. One example of the latter is the hydrogen recombination
continuum beginning at 912 A and extending, with ever decreasing
intensity, to shorter wavelengths. However, even though the earth-sun
distance is small compared to interstellar distances, there is still enough
hydrogen to cause absorption of the Ly-alpha and Ly-beta lines at 1216
A and 1026 A respectively. The profiles of these lines have been re-
corded with high dispersion spectrographs and show broad wings
with partial self absorption of the line center caused by atomic hydrogen
in the solar atmosphere (19). In addition, in the center of the broad
absorption feature is a quite narrow *‘telluric’’ absorption due to hydrogen
in the earth’s vicinity (20).

Toward longer wavelengths, the solar spectrum remains one of
emission lines until, at about 1900-2100 A, the emission lines become
too faint to record against the photospheric continuum, with its thousands
of absorption lines. In the wavelength region above 2000 A, the near
ultraviolet (UV), the absorption lines are so closely packed that rather
high resolution is necessary to resolve them. Usually this involves
an instrument of fairly large size which is incompatible with space
limitations of rockets. However, NRL has developed a small, high
resolution rocket spectrograph: the echelle spectrograph, which has
been extremely useful in obtaining high resolution spectra of the sun
in the near UV and also in observing line profiles from rockets.

The name of this instrument is derived from that of its coarse grating.
This echelle grating is used in the high orders. Its direction of dispersion
is at right angles with that of a prism or grating of comparatively low
dispersion. The low dispersion separates the high orders of the echelle
grating into separate, almost horizontal, bands, as shown in Figure 12,
while within each band is a part of the highly dispersed solar spectrum.
By using this scheme, the dispersion equivalent to that of a 21 foot
radius of curvature, concave grating was obtained with an instrument
about 3 feet long.

The spectral region covered in the echelle spectrogram of Figure 12
is from about 2100 A to 4000 A and has a resolution equivalent to that
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that were within the field of view and had infrared luminosites com-
parable with optical luminosities of quasars. On the same flight the
intensity of the 63 u emission of atomic oxygen in the nighttime high
atmosphere was measured. This is thought to be the principle mechanism
of radiation cooling of the thermosphere.

NRL has also collaborated on another flight with Cornell University

in February 1968 to make observations in the 400-1300 u range (23).
One of the results was a measurement of the intensity of the background
infrared from without the galaxy. Recent results obtained by radio
astronomy at longer wavelengths which reach the earth’s surface, have
suggested that this background radiation comes from the remnants of the
explosion in which the universe was created, i.e., the “Big Bang’ the-
ory of LeMaitre (24). Figure 13 shows a calculated 2.7°K blackbody
curve with the radio observations superimposed on it. The fit is very
good indeed but because the shorter wavelengths are absorbed by the
atmosphere the essential observations needed to confirm or deny the
theory could only be obtained by a rocket or satellite experiment. The
infrared observation obtained from the rocket experiment appears to
be, in essence, an ultraviolet catastrophe for the theory because the
experimental points did not fall on the 2.7°K blackbody curve, but
rather fell along the linear extension of the line drawn through the plot
of the radio observations. It is emphasized that this data comes from
just one observation and that it could result from phenomena other than
the remnants of the ‘‘Big Bang” (25), but it is giving proponents of this
theory a chance to exercise their reasoning.

The longest wavelength range observed by the NRL Space Science
IDivision is that of mm and cm waves. This study, known as radio as-
tronomy, has been responsible for quite a few significant advances.
O ne of the most recent is the discovery by a group at the University of
C alifornia in collaboration with the NRL Radio Astronomy Branch of
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command and service module on the left, the S-IVB, and the lunar
module (LM) ascent stage which houses the ATM control and display
panel. The ATM is positioned at the end of the LM opposite the multiple
docking adapter.

The ATM contains nine instruments which will observe the sun over
a fifty-day period. NRL is preparing three of them. Two are photographic
instruments, a spectroheliograph to cover the 150 A-630 A waveband
and a spectrograph to cover the 970 A-3940 A waveband. The photo-
graphic film will be carried back by the astronauts. The third instrument
is a XUV monitor which will present a heliogram, integrated over the
170 A-550 A waveband, on a TV display in the Lunar Module to enable
the astronauts to select suitable targets for the other ATM instruments.
Copies of these heliograms will periodically be transmitted to the ground
for further study.

The information presented in this review illustrates the technology
which NRL has developed to observe the non-visible portion of the
electromagnetic spectrum emitted by extra terrestrial sources, and
shows some of the results obtained since the beginning of rocket spectros-
copy in 1946. NRL has pioneered the efforts to observe these sources
in many of the non-visible regions of the spectrum. The resulting break-
through of several thresholds in astronomy has enabled man to gain a
better understanding of the universe and the effects which it has on the
terrestrial environment. The technology developed for this has been
used in a number of significant applications to military needs and other
scientific fields of endeavor.
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Fast Gaseous Reactions

Princeton University has submitted to ONR the final report on “Fundamental Pro-
cesses in Gaseous Reactions.” The report traces some ten years of progress with several
fundamental contributions to combustion, fast reactions, and other areas relevant to
military propulsion technology.

The work was started by Professor D. F. Hornig concentrating first on fast reactions in
shock waves. This was one of the first shock tube chemistry efforts in this country and
much pioneer work in equipment and instrument design was accomplished. Dissociation
of bromine, Br;, was first studied and then recombination of bromine atoms was studied
using flash photolysis (1961). Later the thermal dissociation of N.F, and related work
on NF; decomposition at shock temperatures was done (1963) laying the fundamental
groundwork for the understanding of combustion reactions which would arise from the use
of N-F compounds as oxidizers in rocket fuels.

In the area of hydrocarbon combustion reactions, the ultraviolet emission from acetylene-
oxygen flames was done. Infrared emission resulting from vibrational relaxation of the
simple diatomics HCI, HBr, CO., and N:O at 1000°K was also studied. These studies
are basic to gas lasers.

Professor Hornig left the program in 1964 to become Presidential Science Advisor
being succeeded by Professor George Leroi. Under Professor Leroi attention was focussed
on the use of photolysis as a tool for initiating chemical reactions. Use of the ruby laser
as a source of high intensity coherent light was explored leading to the important discovery
of a two-photon absorption and subsequent chemical reaction in solid silver chlorine,
AgCl. This discovery followed by only a few months the discovery by Bell Telephone
Laboratory of a similar laser induced photopolymerization of polystyrene. The signifi-
cance of the two-photon absorption discoveries lies in the fact that the longer wavelength
(less energetic) coherent light can be used to initiate reactions which would otherwise
not be activated by ordinary light (of same wavelength) (1965).
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lamps. The output format is digitized in such a way that the translated
pattern could be sent to a pattern processing computer.

The operation of the system relies heavily on the use of hybrid circuit
techniques. This is accomplished by means of digital circuitry which is
controlled by an analog signal and analog circuitry which is under the
control of digital signal.

The circuitry is arranged so that the picture displayed on the output
array is a magnified, translated, rotated version of the input picture.
This transformation is actually performed in reverse. That is, Paramatrix
actually examines each output point on an individual basis and determines
if there is a corresponding input point (taking into consideration any
rotation, magnification and translation). Whether or not there is a corres-
ponding input point is determined by examining the input slide at the
point in question. Thus, after a complete scan of the output field, all
points in the input field which have corresponding points in the output
field are determined; and then the transformation is complete. This 1s
accomplished in about two milliseconds in the model. The magnifica-
tion, translation and rotation are adjusted by means of potentiometers
under operator control in the model. In a more automated system.
these parameters could be put under computer control. Figure 2 showsa
pattern before and after rotation.

The success of this prototype system shows that small, high speed.
graphic interpreters can be built using hybrid circuit techniques at
reasonable cost and that great savings in computation time can be
obtained over conventional digital processing.

ARTRIX

Another hybrid system, Artrix, produces graphical constructions
on a TV display at the command of an operator (Figure 3). The displa
utilizes a standard black and white television monitor. A light pen s
used in conjunction with the display in order to write on or construct
lines and circles on the display. The light pen uses a photodiode 10
detect the raster of the television monitor. The output of the pen 1
used either to write into a graphic memory or to perform the logical
operations required by the processor for the automatic construction of
lines or circles. The graphic memories in Artrix are units composed of 4
direct-view storage tube with two stable states and a television camera.
Input to the memory is by means of the writing gun in the storage tube.
The output from a storage tube or cell is obtained from the television
camera. The cameras of all cells run synchronously with the display
Thus, the information on the display is obtained directly from the outpu!
of the memory. All information stored in the memory is in pictona.
form. Writing on the display is accomplished by allowing the light pen
signal to drive the write gun in the storage tube of the memory. Th»
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between the endpoints. It is possible to generate any conic section in
this manner although in the working model only lines and circles have
been implemented.

Local erasure in the system is complicated by the fact that the storage
tubes have no provision for it. In the present system, local erasure is
accomplished by a selective transfer method. In this method, the informa-
tion in the memory cell from which information is to be erased is trans-
ferred temporarily to another cell. During the transfer, the information
to be erased is deleted. The original memory is then erased and the
modified contents of the temporary storage cell is rewritten into the
original memory cell. Maintaining registration between cells during
this operation is difficult.

Utilizing the construction capabilities of Artrix, any geometric con-
structions which are possible on paper using a straight edge and compass
may be accomplished and stored.

A system such as Artrix, with somewhat more sophistication. can
readily be used as a graphics display console in conjunction with a
general purpose computer. In such a configuration, it could be used for
drafting, circuit design, flow charting or any other use requiring the
rapid construction of straight lines, circles or other simple geometric
shapes.

TRICOLOR CARTOGRAFPH

The Tricolor Cartograph is a hybrid system which can automatically
color the interior of closed, bounded areas in a choice of colors. It is
shown in Figure 4. The colors are selected by the operator from the
choices red, blue, green and their combinations. The information is
displayed on a red, green, blue color television monitor. A light pen is
used in conjunction with the monitor in order to write or color on the
display. To write, the operator simply selects the color desired and
writes on the display. There is no restriction on the shape of an outline
or the number of outlines other than the resolution of the system. To
color, the operator, using the light pen, first draws the closed boundary
of the area to be colored. The pen is then directed to any interior point
of this bounded area and the system automatically colors the interior.
Automatic erasure is also possible using basically the same scheme as
for coloring. An example of a figure which has been drawn using auto-
matic coloring and erasing is shown in Figure §.

The color information as well as the outline information is stored on
a magnetic disc. As in the Artrix system, the information is stored in
pictorial form rather than by some digital encoding scheme. The color
monitor operates in a normal raster scan mode with one revolution of
the disc corresponding to one television frame. There is one track for
each color and one track for the outlines. The coloring is accomplished
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by scanning the outline memory for boundary points. When the pen is
directed to an interior point of the figure to be colored, its location
is determined. This pen location then serves as a reference point in
subsequent operations. First, a point on the outline directly above and
below the pen location is determined. These two points are used as an
upper and lower bound for the area which will be colored during one
frame. As the next frame is scanned, the last point prior to the pen and
the first point after the pen are used to determine the horizontal ex-
tremities of the colored area. This process is repetitive so that if the
area is not completely colored in one operation a slight movement of the
pen soon results in the entire interior being colored.

The system is self-contained an, as a result, can readily relieve a
larger computer system of the duties of determining the boundary, the
interior points and performing the coloring. In addition, no storage space
in the main computer memory would be utilized for the storage of the
color information. Even reasonably sized colored areas demand large
amounts of storage space in computers. This fast and efficient way of
coloring and storing colored areas, as demonstrated by the Tricolor
Cartograph, may have applications in operations involving map coloring,
in traffic control, radar, art, education and integrated circuit layout as
well as others.

FUNCTIONAL ENCODER

The Functional Encoding System (shown in Figure 6) is a system
for encoding and transmitting pictures of line drawings. These drawings
are input by means of a television camera operating at normal scanning
rates. A transmitter then encodes the video in such a way that less
bandwidth is required than for normal television (for line drawings
full television bandwidth is not required). The receiver converts the
encoded signal back into standard television.

The scheme utilized examines each television line as it is scanned and
determines the time from the start of the line to the occurrence of each
part of the line drawing. It has been found that an allowance of 32
possible intersections of the line drawing with any one television line
is adequate even for very complicated line drawings. These time intervals
are converted to voltage levels and it is these voltage levels which
comprise the transmitted signal. The number of voltage levels per
television scanning line then corresponds to the number of intersections
of the line drawing with that scanning line, a maximum of 32. These
voltage levels are now distributed over the duration of the scanning line
and this signal is transmitted. Thus, if there were 16 intersections. each
of the corresponding 16 voltage levels would be allocated 1/16 of the
duration of the horizontal line. In the worst case, 32 intersections.
the length of time that a given voltage is transmitted, is about 1.5 u
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The foregoing is a very brief synopsis of several of the projects which
may be classed as graphical processors. The general goal of the hardware
research effort at the Department of Computer Science is the exploration
of uncommon forms of information processing. It is hoped that badly
needed improvements in man-machine communications may be one of
the results of such explorations.

Bends Research

Holographic microscopy, a concept developed by Dr. Richard J. Buckles of the Naval
Medical Research Institute is being used as a means for studying decompression sickness.
The system combines the speed and versatility of holography with the detail of microscopy.
It is the first known combination of these two techniques with motion pictures for bio-
logical studies on living tissue. The development of optical parameters and the construction
of a prototype, in connection with this work, are being sponsored by the Bureau of Medicine
and Surgery and the Office of Naval Research under two separate contracts.

The system employs a TRW model 71-A argon laser with 0.4-watt output and 2-watt
peak power. It operates in a hyperbaric chamber capable of developing pressure of 600
pounds per square inch—equivalent to that found 1,200 feet below the ocean surface.
The subject in current studies is a hamster, whose small blood vessel reactions are captured
on 16-millimeter motion picture film by a camera that operates forward and backward
either in single frames or at 24 frames per second.

The optical system is aligned with ports in the pressure chamber. As the pressure in-
creases, observations are made of the hamster's blood cell changes and how tiny. gas
bubbles form after the hamster is returned to atmospheric pressure. This animal was
chosen because its cheek pouch is thin and contains many blood vessels.

It is anticipated that the work will lead to the development of rational procedures for
treatment and prevention of the bends, a decompression sickness.

Rotating Plug Nozzle for Attitude Control

Under a recently completed project at MIT, a new and rather novel method of thrust
vector control (TVC) was investigated to determine its operating principles and utility
for rocket missile attitude control. The method, described in a final report just issued,
involves use of a modified plug nozzle designed to spin as a gyroscopic mass, hence per-
mitting exhaust gas flow to be modulated between the plug and the rocket casing in such
manner as to cause a stabilizing moment when the rocket longitudinal axis deviates from
the plug-spin axis. Stable operation of a rotating plug nozzle system with successful attitude
stabilization for short periods was demonstrated in small scale tests utilizing turning slots
in the area of the exhaust annulus. In this cold flow testing, sufficient gyroscopic rigidity
was obtained which countered the unbalanced pressure field effects around the rotating
plug. Further exploratory development type effort seems in order. The work was per-
formed by CAPT John E. Drain, while a postgraduate student at MIT in fulfillment of
requirements for an Engineering Degree in Aeronautics and Astronautics. CAPT Drain
is now stationed in OPNAYV 07 with the Navy Space Program Division.

29

Google



Navy Science Cruiser Program

The Navy Science Cruiser Program was established by the Chief
of Naval Operations in 1958 to encourage the nation’s youth to develop
an active interest in science. Specifically, it is aimed at encouraging
outstanding high school students whose scientific projects and talents
are of potential interest to the Navy.

Each year Science Service Inc. sponsors fairs for high school students
throughout the country. At 225 regional, state, and district science
fairs, the Navy selects winners for its Science Cruiser Award. Each
winner is presented a certificate signed by the Chief of Naval Operations
and is invited to participate in the Navy Science Cruiser Program during
the summer as a guest of the Navy. Newport, Rhode Island and San
Diego, California, are the permanent East and West Coast sites to host
the annual cruise. Usually winners East of the Mississippi go to New-
port, and those West of it go to San Diego.

The Public Affairs Office for ONR monitors the program in selecting
Science Fair winners and furnishing them with details on the Cruise.
The Public Affairs Offices at the host Navy facilities plan the programs.
which include visits to points of interest at the naval bases as well as
nearby industrial research sites. In this way the Cruisers become aware
of the Navy's most recent scientific and engineering developments.
The highlight of the program in both San Diego and Newport is a daylight
cruise aboard a destroyer. The Navy host facilities provide the escorts.
billeting, and eating arrangements for the Cruisers.

The Navy also promotes scientific interests by offering a trip to Tokyo
to one young scientist who wins the Cherry Blossom Award at the
International Science Fair. This program is in conjunction with the
Army and Air Force who also give the same award.

An exciting 23 minute color motion picture, which shows how the
Navy rewards Science Cruiser winners, is now available. Interested
science oriented youth groups wishing to borrow this film should con-
tact Miss Diane Oliver, Department of the Navy, Office of Naval Re-
search Code 109, Washington, D.C. 20360.

Cheryl Engleman, a winner from Hazelton, North Dakota, reports
enthusiastically on her five days in California. Cheryl, whose exhibit
was the Navy’s second choice, is the alternate for the trip to Japan.

The captain’s voice boomed over the loudspeaker. *‘Ladies and gentlemen
we are now approaching San Diego, California. Ground temperature is
75° with winds out of the southeast at 10 miles per hour. Please observe
the fasten your seat belt sign.”” Up until that time, I hadn’t really realized
that my week in San Diego as a guest of the United States Navy had actually
arrived. Last spring when | was given the Navy Science Cruiser Award at
the district science fair. the week of August 18-23 seemed a long way off.
but now, here 1 was ready to begin an educational and enjoyable five days.
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true fantasyland. The Navy gave us enough tickets to see most anything
we wished. Exhausted but happy, we returmed to San Diego with many
wonderful memories of a fine day.

The Naval Electronics Laboratories Center treated us to tours of its
facilities high atop Point Loma Friday morning. Those interested in the
biological sciences found the demonstration on using brain waves to detect
amblyopia very interesting. Those interested in electronics found the
computer center and radar equipment more likeable. The cruisers then
divided themselves in the categories of physics, chemistry, math and com-
puters, electronics and engineering, medicine and psychology, and Navy
research and development for group discussions with top scientists as
discussion leaders. This gave us a chance to discuss our scientific problems
and goals with some of the nation’s finest scientific minds.

After a picnic lunch at beautiful Gabrillo Monument, we attended gradua-
tion exercises at the Naval Recruiting Center. The bands and drill teams
brought us a feeling of pride and awe for our nation’s young men.

The week’s activities ended with a dance given in our honor by a San Diego
science club. A group of teen-agers always enjoys a dance, and we were no
exception. We were a little saddened, though, at the thought of leaving all
the wonderful friends we had made.

As we left San Diego and our many friends Saturday morning, 1 was
unhappy to realize 1 might never see my cruiser friends again. But yet, |
had so many wonderful memories, 1 knew I couldn’t truly be sad. My week
in San Diego had given me a great insight into the Navy’s many scientific
facets. 1 never realized education and enjoyment could be so expertly
mixed into only five days.

Aircraft Safety Device

Preliminary conclusion of tests performed with a hyperextension device, designed under
ONR contract, is that this apparatus holds the possibility of being an effective system for
the prevention of vertebral fracture in pilots ejecting from high-speed aircraft. The dat:
has shown that the device is very effective in minimizing the peak strains on the antenor
aspect of the vertebral body and also indicates a redistribution of the load over the enure
vertebral body. Projecting to actual hardware, it is proposed that the device take the form
of an air bag which can be deployed just prior to ejection. The estimated pressure required
is of the order of 50 psi. The theories and concepts for this device originated with Dr
Channing Ewing of the Naval Aerospace Medical Center.

Termite Trail-Following Pheromones

Deterioration of wood by termites is of major concern to the Naval Facilities Engineer-
ing Command. Dr. Coppel is extracting the trail-following pheromone (ectohormone
from the Formosan termite. This substance, when used as an attractant, may possith
provide an effective means for termite control. Preliminary effort has shown that th
worker termite will follow the train of a crude hexane obtained from an extract of termutes
This hexane has also been found to be present in extracts from wood blocks decayed b
the fungus Lenzites trabeu.
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Research Notes

Improved Theory of Condensation

The recent publication of ** A Kinetic Theory of Cluster Formation in the Condensation of
Gases™ by E. R. Buckle (Trans. Far. Soc.65, No. 557, Part 5, 1267 (1969)) describes the
theory developed by the author under Office of Naval Research sponsorship. The work was
done in association with Dr. Pouring at the U.S. Naval Academy. This theory represents
a new approach to nucleation/condensation in that it depends only on “hard sphere™
molecules, and the growth (or decay) of nuclei is described by chemical kinetic principles.
It thus departs from the classical macroscopic formulation of condensation worked out
by Volmer in 1939, and it reveals in a fundamental way the reasons for controversies
which have arisen in recent attempts to incorporate atomistic parameters into the frame
work of the classical theory. In parallel work, Buckle’s theory has been tested in analyzing
the flow of humid air in nozzles, where it has been shown to correctly predict the onset
of condensation and the subsequent pressure rise —‘‘thermal choking™ —in the nozzle.

Laser Potential in Curing Disease

Dr. Irwin Sherman, University of California, Riverside, and Dr. Donald E. Rounds,
Pasadena Foundation for Medical Research have recently collaborated in a feasibility
study for ONR showing that laser energy may possibly be used for the control of selected
diseases in man. These workers have shown that the malaria parasite may be stained with
methylene blue while inside human or avian red blood cells. When these infected cells
are afterward exposed to ruby laser energy, the methylene blue stain selectively absorbs
the laser wavelength. Both the stained malaria parasite and the infected host cell in which
it resides are thereby destroyed. Normal cells do not accept the methylene blue stain,
do not absorb the laser energy, and apparently remain unharmed.

There are still some hitches in this new laser approach to therapy. One must keep in
mind that the malaria parasite does not appear in the blood stream until the final stage
of its life cycle, after it has multiplied in vital organs of the body. The problem of hitting
enough of the parasites to bring about a cure, and without damage to the human host,
remains unanswered. Dr. Rounds will be encouraged to investigate more promising and
more relevant applications of laser technology in the solution of biological problems.

Thermal Protection for Divers

Operating in the cold ocean waters has always placed a severe constraint on man'’s
capability to work effectively in the sea. The use of the He/O: mixtures required at great
depth has increased the severity of this constraint because of the greater thermal con-
ductivity of helium vs the nitrogen in air. In an ONR sponsored investigation undertaken
by Duke and the Naval Experimental Diving Unit a physiological and psychomotor study
was carried out on subjects wearing a water warmed diving suit in 45°F water at a simulated
depth of 600 feet. The suit system was based on a design concept used by NASA in its
Apolio 11 mission. Although there is room for improvement, the thermal protection af-
forded by this suit system permitted subjects to carry out specific work patterns in this
extremely cold environment for a period of one hour.
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Selected Contract Research Reports

The contract research reports listed below have been extracted from U.S. Government Research
& Development Report 69, No. 14 of 25 July and 69, No. 15 of 10 August 1969. Government agencies
and their contractors who are registered with the Defense Documentation Center of the Defense
Sepply Agency may obtain copies from the Center at Cameron Station, Alexandria, Virginia 22314.
Abstracts of the reports are found in USGRDR 69, Nos. 14 and 15.
For non-DDC users, most reports may be purchased from the Clearinghouse for Federal Scientific
and Technical Information, Department of Commerce, Springfield, Virginia 21151,

AERONAUTICS

Effects of Variations in System Data Rates
ind Measurement Accuracies on Pilot Per-
vrmance in Helicopter IFR Formation Flight
{ode; Honeywell, Inc.;. Anderson and Toivanen;
\D-688 200

Remarks on a Study of a "New' Procedure
s the Statistical Evaluation of Design Criteria;
‘olumbia U.: Brown; AD-688 437

Rotor Jet Power Alternate Systems; Ga.
‘ech.: Gray and Hubbartt; AD-688 470

TMOSPHERIC SCIENCES

Analvsis of lonospheric Data; 1IT Research
1st.. Sears: AD-687 535

Transient Response of a Differentially Heated
otating Annulus;: Woods Hole: Snyder and
outz; AD-687 950

Initial Observations of VLF Electric and
lagnetic Fields with the Injun 5 Satellite;
wa U.. Gurnett e al; AD-688 440

Large Temporal Variations of Energetic
lectron Intensities at Midlatitudes in the Quter
adiation Zone: lowa U.; Yeager and Frank;
D-688 441

EHAVIORAL AND SOCIAL SCIENCES
Probabilistic Depreciation and its Implications
r Group Depreciation; Carnegie-Mellon U.;
n and Kaplan: AD-688 843

Analvsis of Merchant Shipping and Inter-
nonal Commodity Flows; Center for Naval
ralyses: Breckner er ul; AD-688 427

Jupan., The United Kingdom, and Selected
rropean Countries: The Importance of Trade;
mter for Naval Analyses; Hyde and Weiher;
D-688 428

Underwater Work Measurement Techniques:
68 Studies; Calif. U.; Weltman er al; AD-688
8

Vuriables Influencing Cooperative Escape and
gressive Behavior; Western Mich. U.; Ulrich
ul: AD-688 204

8inomial Error Models in Mental Testing:
ucational Testing Service; Lord: AD-688 430
Fhe Effect of two Levels of Success Incentive
Persistence in the Face of Failure: Bucknell
: Burkick and Svoboda: AD-688 439
development of Test Theory and Methods;
ucational Testing Service: Lord: AD-688 463
structural Determinants of Cue Utilization in
fement; Oregon Research Inst.; Slovic and
htenstein: AD-688 474
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An Economic Appraisal of Soviet Merchant
Shipping Policy; Center for Naval Analyses;
Athay; AD-687 464

The Effect of the Operator's Handedness on
Some Directional Stereotypes in Control-Display
Relationships; Johns Hopkins U.; Chapanis and
Gropper; AD-687 586

Readability of Dials at Different Distances
with Constant Visual Angle: Johns Hopkins U.:
Chapanis and Scarpa; AD-687 587

Studies in the Phonology of Asian Languages.
Vietnamese Tones; U. of S. Calif.; Han; AD-
687 519

Automatic Determination of Parts of Speech
of English Words: Lockheed Missiles and
Space Co.: Earl; AD-687 629

Human Fuctors and Biotechnology —a Status
Survey for 1968-69; Lockheed Missiles and
Space Co.: Kraft; AD-687 488

Measurement of Personality Dimensions.
Psychological Measurement; Washington U.;
Horst; AD-481 142

Measurement of Personality Dimensions.
Special Problems; Washington U.. Horst;
AD-481 143

Robbins-Monro  Procedures for Tailored
Testing: Educational Testing Service; Lord:
AD-687 471

Punishment of Shock-Induced Aggression;

Western Michigan U.: Ulrich er al; AD-687 521

Reinforcing Behavior of “Naive” Trainers;
Dartmouth Coll.; Lanzetta and Hannah; AD-
687 588

Communication, Cooperation, and Negotia-
tion in Culturally Heterogeneous Groups; lll.
U.: Fiedler and Triandis: AD-687 735

The Effect of Target Area on Grating Acuity;
Columbia U.; Pokorny; AD-687 914

BIOLOGICAL AND MEDICAL SCIENCES

Serological Heterogeneity of the IgM Com-
ponents of Mixed (Monoclonal IgM-Polvclonal
18G) Cryoglobulins: Calif. U.; Mackenzie
et al: Ad-687 548

Current Status of the Chemical Structure of
Bovine Pancreatic Curboxypeptidase A; Wash-
ington U.. Neurath er ul; AD-687 589

Immunochemistry of Some Artificial Human
Hemoglobins: St. U. of N.Y.; Atassi and Skalski:
AD-687 812

Specific Reduction of Carboxyl Groups in
Peptides and Proteins by Diborane; St. U. of
N.Y.; Atassi and Rosenthal: AD-688 009
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Distribution of C 14-Labeled Dimethyl Sulfoxide
in Tissues of Intact Animals; American Founda-
tion for Biological Research; Malinin er al;
AD-687 941

Helminths of Vertebrates and Leeches Taken
by the U.S. Naval Medical Mission to Yemen.
Southwest Arabia; Southwest Foundation for
Research and Education; Kuntz and Myers:
AD-687 606

Alternating-Current  Field-Induced  Forces
and their Biological Implications; Pa. U.; Schwan
and Sher; AD-687 817

Gastric Autoimmunity in Pernicious Anemia;
Calif. U.; Goldberg et al; AD-687 547

Effect of pH on the Vitamin Bl2-Binding
Capacity of Intrinsic Factor; Calif. U.: Goldberg
and Fudenberg; AD-687 813

Immunologic  Aspects  of  Adrenocortical
Insufficiency; Calif. U.. Wuepper et al: AD-
687 814

Renal Function during the Early Post-Burn
Period: a Comparison of Colloid Versus Non-
Colloid Containing Balanced Salt  Solution:
Yale U.; Hoyle et al; AD-687 905

Schistosoma Mansoni  Uptake and Host
Disposition of Tracer Antimony during a Course
of Stable Drug; Vanderbilt U.; Girgis ef al;
AD-687 944

Dielectrophoresis in Lossy Dielectric Media:
Pa. U. Sher; AD-688 296

Evolutionary Origin of the Gm (. Peptide
of Immunoglobins; Calif. U.: Wang et al; AD-
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