
Research with the space shuttle
A laboratory the size of a boxcar will be placed in
earth orbit by the Space Shuttle system within
the next decade, thus beginning a new era of science in space.

John E. Naugle

Solid rocket booster
142 3 in diameter

324 in diameter
external tank

Solid rocket booster
attachment

Tank orbiter
aft attachment

Space Shuttle vehicle. The key to the
Space Shuttle system is the Shuttle orbiter,
which is a delta-wing rocket plane capable
of changing orbits and leaving orbit to land
on an airstrip. The orbiter rides piggy-back
upon a large liquid-hydrogen, liquid-oxygen
tank that supplies fuel to the plane's engines
during the launch. Further lift is provided
two reuseable solid-propellant rockets
mounted on either side of the main tank.
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The new space transportation system
based on a reusable space shuttle, cur-
rently under development, will sub-
stantially change our traditional meth-
ods of space research that have been
based on a ballistic-missile technology
and its reliance on expensive expenda-
ble components. The shuttle will not
become operational until 1979, but the
time is ripe now for planning the
space-exploration and space-science
programs for the period 1978-85.

Already groups such as the NASA
Shuttle Payload Planning Steering
Group and the European Space Re-
search Organization (ESRO) have con-
sidered possible use of the space shut-
tle for experiments in astronomy, high-
energy astrophysics, atmospheric phys-
ics, plasma physics and other fields of
physical and biological science. The
NASA Astronomy Working Group has
recommended the Large Space Tele-
scope (LST) to be the cornerstone of
the astronomy program for the 1980's;
the objectives of the Atmospheric and
Space Sciences Working Group will be
to investigate the detailed mechanisms
that control the near-space environ-
ment of the earth, perform plasma-
physics investigations not feasible in
ground-based laboratories and conduct
investigations important in under-
standing planetary and cometary phe-
nomena. The Working Group in High-
Energy Astrophysics has considered
various types of instrumentation that
can be taken into space by the Shuttle
to map the sky in the x-ray and
gamma ray regions of the electromag-
netic spectrum, as well as in regions of
the cosmic-ray spectrum. NASA has
just published a ten-volume set of the
final reports of the payload-planning
working groups, including the three al-
ready mentioned and whose work we
shall consider in this article. The
other working groups are: Life
Science, Solar Physics, Communica-
tions and Navigation, Earth Observa-
tions, Earth and Ocean Physics, Mate-
rials Processing and Space Manufac-
ture, and Space Technology.

The ICBM's and Apollo were devel-
oped over the past two decades to sat-
isfy limited objectives, and there was
therefore a limited opportunity to in-
fluence their basic design to incorpo-
rate scientific objectives. This is not
the case with the Shuttle, for it is
being designed to meet the needs of all
groups who will be using space in the
1980's and beyond. This requires that
scientists think about the direction of
space science and its requirements two
decades hence and that they anticipate
the scientific discoveries of the next
five or ten years; a difficult task, be-
cause the real research program of the
1980's is only now beginning to ferment
in the minds of today's college and
graduate students.

Only a handful of scientists in the
early 1950's recognized the research po-
tential inherent in a ballistic-missile
system. Today, many scientists are
aware of the potential in space re-
search, but the high cost of this re-
search limits their participation.
There are reasons for this high cost.
One is reliability; everything has to
work the first time. To permit some
failures, a certain amount of redundan-
cy can be built in. A new way of
building equipment has been devel-
oped that uses extensive documenta-
tion, quality assurance and almost un-
ending testing prior to launch. Anoth-
er factor is the weight constraints; we
tend to try to pack as much equipment
into a spacecraft as possible. We also
try to use the latest development,
whether it be the scientific equipment,
the telemetry system or control system.
As a result, our spacecraft come out
looking more like an expensive Swiss
watch than a piece of research hard-
ware. We will be able to do more re-
search with the resources available if
we do not have to spend so much time
and effort on reliability and miniaturi-
zation. The Space Shuttle will offer
us this opportunity.

The Space Shuttle System

The key to the Space Shuttle Sys-
tem is the Shuttle Orbiter shown in
figure 1. This 126-foot long delta-wing
plane has the maneuvering capability
to change orbits and to de-orbit; it has
the necessary protection to survive
entry into the atmosphere and the
ability to land on an airstrip. Basical-
ly, this rocket plane carries a crew of
four in the cockpit—a pilot, co-pilot,
and two payload crew members. Be-
hind the cockpit is a very large cargo
bay, 15 feet in diameter and 60 feet
long. Behind the cargo bay are the
high performance liquid-hydrogen, liq-
uid-oxygen engines that are used for
maneuvering in orbit and during land-
ing. This orbiter can carry payloads of
65 000 pounds due east into a 150-nau-
tical-mile orbit; it can carry about one
third as large a payload into a 600-nau-
tical-mile orbit. The difference in
weight between the nominal payload
and the reduced payload is used to
carry additional fuels for orbit changes.

The orbiter rides piggy-back on a
large liquid-hydrogen, liquid-oxygen
tank that supplies the fuel to the
plane's engines during launch. Fur-
ther lift is provided by two reusable
solid-propellant rockets mounted on ei-
ther side of the main tank.

A typical mission profile is shown in
figure 2. At launch, both the main en-
gines of the rocket plane and the solid
rockets are fired. After about 109 sec-
onds at an altitude of 133 000 feet, the
solid-propellant rockets have burned
out; they are then dropped and re-

trieved for subsequent reuse. The Or-
biter with its main fuel tank continues
to ascend to 500000 feet. At that point
the main fuel tank is dropped at a safe
place so that it reenters into a remote
ocean area. Fuel contained within the
Shuttle Orbiter itself is then burned to
make the orbit circular.

The Shuttle is designed to stay in
earth orbit for a time as short as one
orbit or as long as seven days. With
additional expendables for life support,
the orbit "stay-time" can be extended
to 30 days. After the operation in
orbit is completed, the plane uses its
engines to de-orbit; it then re-enters
the atmosphere, is slowed down, and
lands on a runway.

The large cargo bay makes the Shut-
tle adaptable to a variety of missions
because any number of different pay-
loads can be designed to fit into the 15
X 60-foot space. For instance, the bay
can carry a spacecraft plus an upper
stage to inject a payload into higher
orbit or it can carry a large spacecraft
into orbit. A manned laboratory can
be carried to orbit and used while the
Shuttle is in orbit for investigations
from a week to a month. The Shuttle
can also be used to carry remotely op-
erated experiments into orbit for peri-
ods of 7 to 30 days and then return
them to earth. The nominal turn-
around time between successive flights
is two weeks. This time is required to
refurbish the orbiter, fit it out with a
new expendable hydrogen-oxygen tank,
and add new solid boosters.

A reusable tug will be developed to
boost spacecraft to a geosynchronous
orbit and return them to the Shuttle
orbit. This same tug can also give a
planetary spacecraft its required veloc-
ity.

NASA programs supported in the
past, with the exception of Apollo and
Skylab, can all be accommodated on
the Space Shuttle. In many cases we
will use the Shuttle purely as a first-
stage booster. For instance, a plane-
tary spacecraft, together with the tug
or an additional propulsion stage, can
be inserted into earth orbit by the
Shuttle; the upper stage, -vhen ignited,
will then send the planetary spacecraft
on its way to the planet.

The Shuttle as a research tool

Planetary missions are only one ex-
ample of satellites that require upper
stages. Synchronous-orbit missions
and highly elliptical orbits require sim-
ilar capability. A small satellite such
as an Interplanetary Monitoring Plat-
form (IMP), by using its own injection
stage, could be launched more cheaply
with the Shuttle than with traditional

The author is Associate Administrator for
Space Science at NASA and chairman of the
Shuttle Payload Planning Steering Group.
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boosters if such a launch could be com-
bined with other spacecraft on the
same mission.

An entirely different situation exists
with satellites that stay in an orbit
compatible with the Shuttle. In these
cases, the Shuttle can rendezvous with
a satellite during a subsequent mission
to repair, update and replenish ex-
pendables; if necessary, the satellite
could be placed in the cargo bay and
returned to earth. We believe that
this mode of operation will make possi-
ble the establishment of permanent ex-
perimental and observational facilities
in space.

In addition to using the Shuttle as a
first-stage booster and to launch and
maintain large observatories in low
earth orbit, we plan to use the Shuttle
in the so-called "sortie" or "research"
mode. In this mode, we take advan-
tage of the Shuttle's ability to carry
men and instruments into space, keep
them there for one to as many as 30
days, and then return them to earth.

The European nations are planning
to build a space laboratory for use in
this mode. The space laboratory will
consist of two elements; a manned lab-
oratory and a pallet to carry instru-
ments. A sortie mission may consist of
a manned laboratory where the full ca-
pability of the Shuttle is used to carry
the laboratory; or it may consist of a
"pallet-only" mission in which the full
capability of the Shuttle is used to
carry instruments in the cargo bay of
the Shuttle, with these instruments
being operated remotely either by
someone in the flight deck of the Shut-
tle or on the ground; or alternatively
an orbital mission of the Shuttle may
consist of a laboratory and a pallet.
Figure 3 shows conceptually how the
Shuttle might be used in this mode;
here a medium-sized telescope is car-
ried on a mission that is primarily
undertaken to launch a satellite.

In the remainder of this article, I
shall discuss some of the specific pro-
posals that have been made for utiliza-
tion of the Shuttle for research in
space. These proposals were made by
the NASA Shuttle Payload Planning
Working Groups. They all appear in a
ten-volume set of reports published
this year by NASA. I will consider
here only some of the recommenda-
tions made by the Working Groups in
Astronomy and its subpanel on Rela-
tivity, Atmospheric and Space physics,
which also includes plasma physics,
and High Energy Astrophysics, which
is concerned with x-ray, gamma-ray
and cosmic-ray astronomy.

The Shuttle and astronomy

Nancy Roman of NASA headquar-
ters and David Leckrone of the Godd-
ard Space Flight Center are co-chair-
men of the NASA Astronomy Working
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Group. In their report, the Working
Group called the Large Telescope
(LST) the "cornerstone" of their rec-
ommendations for the astronomy pro-
gram of the 1980's. It is a diffraction-
limited telescope with a three-meter
aperture. The telescope will optimally
function.in the ultraviolet and the visi-
ble regions of the spectrum but it will
also be usable in the infrared region.
The instrument will be operated as an
automated satellite and will be period-
ically serviced by the Shuttle (see fig-
ure 5). The LST will extend signifi-
cantly the distance to which we are
able to probe the universe. The
cosmological problem, whose solution
has not been possible from the ground,
might be solved using the LST.

A balanced program requires that
this major instrument be supplement-
ed by other more specialized instru-
ments such as are also required in

ground-based observatories. Because
the LST is not planned primarily for
the infrared, early emphasis in the
Shuttle Sortie program is placed on
this special region. Two infrared tele-
scopes are proposed:
• A 1.5-meter aperture telescope,
cryogenically cooled to about 20 K.
specifically for the 10-50-micron wave-
length region.
• A very large uncooled telescope for
the far-infrared and microwave region,
and for planetary studies and narrow-
band spectroscopy over the whole in-
frared range.

Although both telescopes could oper-
ate as automated free-flyers based on
the same spacecraft Support System
Module developed for the LST, both
would gain by operation on the Shut-
tle. For the uncooled telescope the
Shuttle allows the accommodation of
larger optics than would be possible
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Space Shuttle mission profile. The Space Shuttle transportation system will change our
traditional methods of space research that have been based on a ballistic-missile technol-
ogy and its reliance on expensive expendable components. Figure 2
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with the Titan-compatible Support
System Module, as well as the possi-
bility of interchanging instruments at
the focal plane during flight. The
cryogenic system for the cooled tele-
scope would be much simpler and less
expensive on the Shuttle. These tele-
scopes will be powerful tools in the ex-
ploration of such diverse phenomena as
the immense infrared energy output of
galactic nuclei, the conditions in the
interstellar medium leading to star for-
mation, and the physical properties
and composition of planetary atmo-
spheres and surfaces.

In the ultraviolet, there is a definite
need for:
• A wide-angle telescope to provide an
ultraviolet survey in one broad wave-
length band if the LST is to be used
for many years to maximum effect.
(Subsequent use for studies at differ-
ent wavelengths of for an ultraviolet

spectral survey would be valuable but
less urgent.)
• A one-meter diffraction-limited tele-
scope for the ultraviolet and visible to
provide high angular-resolution imag-
ing over relatively wide fields of view
(0.5G).

The major advantage of the Shuttle
for both these instruments is that it
will allow use of photographic and
electronographic detectors with their
very large information-storage capabili-
ty. The 1-meter telescope will also
provide an important test bed for aux-
iliary instrumentation for LST, allow
specialized observations of a "one-of-
a-kind" nature and relieve LST of ob-
servations of relatively bright sources.

Several other instruments considered
briefly are typical of those that the
Shuttle program should include. Ex-
amples are a very-wide-angle ultravio-
let camera for the study of large-scale.

low-surface-brightness nebulae and
star clouds, a grazing-incidence tele-
scope for the extreme ultraviolet be-
tween the normal x-ray region and the
Lyman limit of hydrogen. Explorer-
class free flyers (to measure the cosmic
microwave background for example),
and rocket-class instruments that can
fly frequently on a variety of missions.

The five major telescopes mentioned
above constitute a balanced ensemble
of instruments tor achieving many of
the objectives of ultraviolet, optical
and infrared astronomy in the 1980's.
To some degree the functions of these
instruments overlap. However, each
one possesses unique capabilities that
make it the best telescope of the five
for particular programs of research.

Relativity and the Space Shuttle

A subpanel of the Astronomy Work-
ing Group made recommendations for
use of the shuttle to perform experi-
ments in relativity. In rough order of
priority, as judged by their feasibility
and importance these were the experi-
ments:

Cosmology experiments
Drag-Free satellite
Geodetic-gyro precession
Blackbody radiation spectrum and

isotropy
Eotvos experiments
Second-order gravitational redshift
Lense-Thirring gyro precession
Strong equivalence principle tests

(clocks)
Solar oblateness
Solar light deflection
Gravitational-radiation experiments
Measurements of "G"

The panel was unanimous in the view
that cosmology would be the most ex-
citing and important aspect of research
in general relativity in the next decade.
Many cosmologically interesting exper-
iments will become possible with tele-
scopes and detectors of the type al-
ready being planned for space; the
main advantages of these are wider
spectral range, higher resolution, and
lower sky brightness.

The virtually force-free environment
of a drag-free probe offers unique op-
portunities for experiments to measure
new post-Newtonian gravitational ef-
fects. An important experiment to
measure four-dimensional curvature is
the measurement of the precession of
the spin angular momentum of a gyros-
cope as it makes a closed orbit around
a gravitational source—the geodetic
precession. Another gyro experiment
may also demonstrate the gravitational
induction field due to moving-mass
"magnetic" gravitational fields—the
Lense-Thirring effect. The measure-
ment of this effect would be extremely
interesting. The magnitude of the
Lense-Thirring gyro procession is very
small (0.05 arc sec per year for a 500
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nautical-mile polar orbit) and will re-
quire gyroscopes having extreme sta-
bility.

The subpanel also suggested that a
major effort should go into precision
measurements of the orbital parame-
ters of planets, asteroids, or drag-free
artificial satellites of the sun to deter-
mine the post-Newtonian corrections to
their equations of motion. Measure-
ments of the perihelion rotation of fast-
moving objects offer tests of relativistic
gravitational theories to second order
in 4>/c2 (where 0 is the Newtonian po-
tential and c is the speed of light).
Precision measurements of the orbital

parameters of objects with different or-
bital radii or inclination to the rotation
axis of the sun may give a better esti-
mate than we now have for the gravita-
tional quadrupole moment of the sun.

Atmospheric and space physics

In their report, the Atmospheric and
Space Physics Working Group (headed
by Erwin Schmerling of NASA head-
quarters) stated that the Space Shuttle
brings with it the opportunity to per-
form the research needed to under-
stand the phenomena discovered in the
earth's near-space environment during
the previous two decades. By the time

The sortie-laboratory mode of the Space Shuttle with the pallet completely open. Pic-
tured here is a medium-size telescope being carried on a mission that is primarily under-
taken to launch a satellite. Figure 3

SHUTTLE PARAMETERS

Volume available
Weight available
Power available
Data system
Shuttle-orientation stability
Modes available

Flight duration

Orbital parameters
Shuttle availability

Availability of Man

Cylindrical diameter 4.5m, length 18m
20 000 kg
1-5 KW for all experiments on shuttle
50 K bits/sec for all experimenters on shuttle
1 degree
Fixed open pallet
Pointable open pallet
Pressurized container pallet, not man-rated
Pressurized "shirt sleeve" man-rated lab
Shuttle-launched "free-flyer," recoverable
Shuttle-launched rocket for deep space
probes
5 to 30 days sortie
6 months free flyer
Altitude 150 km to 250 km
Starting in 1980, with pallet space "as
available" and free-flyer launch and/or re-
covery on 6 months intervals approximately
Part-or full-time within shirt-sleeve lab. or
from crew compartment
Occasional EVA to pallets

the Shuttle becomes operational, the
Working Group expects that the ex-
ploratory and survey phases of research
in the earth's near-space environment
will have been essentially accom-
plished and they expect to have a fairly
extensive catalog of the phenomena to
be found in near-Earth space, and a
rather good statistical knowledge of the
variations in these phenomena to be
expected with changes in season, lati-
tude, solar activity, and so on. Still to
be accomplished, however, will be the
more difficult task of achieving a genu-
ine understanding of these phenomena,
and an intimate knowledge of the
cause-and-effect relationships that gov-
ern them. The lack of such knowledge
is being felt right now in our inability
to assess the long-range effects on Man
of modern technological developments
such as supersonic transports and in
our inability to determine the hazards
to Man of the particular types of pollu-
tants already in our environment.
Such research may have profound ef-
fects on the health and even survival of
succeeding generations.

An enormously fruitful area for the
Shuttle will be the use of space as a
plasma laboratory (see figure 5), where
experiments can be performed in a re-
gion essentially free from the wall ef-
fects that so often bedevil the research-
er in the laboratory on the ground.
Also, using space as an atmospheric
laboratory to perform experiments that
have a bearing on cometary and plane-
tary phenomena, the Shuttle will be an
extremely useful tool to investigate the
mechanisms governing the environ-
ments of other bodies in the universe.

The three principal objectives of At-
mospheric and Space Physics program
for the Space Shuttle are:
• to investigate the detailed mecha-
nisms that control the near-space envi-
ronment of the earth;
• to perform plasma physics investiga-
tions not feasible in ground-based labo-
ratories; and
• to conduct investigations on plane-
tary and cometary phenomena.

The Working Group primarily con-
cerned itself with studying three im-
portant characteristics of the sortie
mode: a high payload weight and size
capability, a 7-21-day duration, and
the presence of Man. These features
can be used very effectively for all the
major research needs foreseeable in the
discipline, except for those that may
require long-term gathering. Taking
these considerations in mind, the
Working Group was able to propose
various explicit experiments. I shall
detail some of them.

Shuttle as source. The Shuttle can
"paint" a significant fraction of an en-
tire orbit with chemicals such as bari-
um or helium. Observation of such a
trail, with aircraft and ground-based

34 PHYSICS TODAY/NOVEMBER 1973



cameras, could provide in one day
more information on global circulation
than years of sounding-rocket releases.
Both neutral and ion winds can be
studied, and temperature data can also
be obtained.

The use ot electron accelerators to
generate artificial auroras could pro-
vide definitive answers to significant
questions concerning acceleration
mechanisms and plasma instabilities.
Ground-based and aircraft observa-
tion stations would be needed, and
rocket flights could also provide useful
diagnostic data. The same accelerator
in the "electron echo" mode can pro-
vide data on magnetic and electric-
fields integrated over long paths. One
very important application here will be
the use of electron beams, stepped or
ramped in energy, and operated in
both reflection and transmission
modes, in order to determine the elec-
tric potential drop along entire mag-
netic lines of force.

Shuttle as a plasma laboratory.
The stimulation of plasma resonances
with an on-board transmitter can pro-
vide rapid answers to questions con-
cerning the critical power levels, the
interaction volumes, and the resonant
(Fourier) structure if a maneuverable
sub-satellite is used as a probe.

Shuttle as perturbation. The wake
behind the Shuttle can be mapped
with a maneuverable sub-satellite.
Both the real wake (including out-
gassing) and the wake from a clean test
body can be investigated in detail.

Shuttle as observing platform.
The Shuttle provides a versatile plat-
form for investigating a wide range of
wave-particle interactions. The waves
may be generated on board, to interact
with ambient particles; or particle
streams may be generated on board to
interact with radio waves transmitted
from the ground. The interactions
that have been suggested range from
the weak perturbations that trigger
VLF emissions to the strong interac-
tions that could produce significant
perturbations in the radiation belts.

Shuttle as a precipitator. It has
been pointed out by a number of work-
ers that conditions often exist in the
magnetosphere under which the addi-
tion of small amounts of cold plasma
at appropriate locations will result in
rapid growth of wave instabilities and
produce subsequent dumping of large
amounts of trapped particles into the
atmosphere. Several Shuttle experi-
ments are envisioned in which canis-
ters of 20-40 kg of light gases are re-
leased just inside or just outside the
plasmapause to explore the question of
whether tubes of magnetic flux can
thus be emptied of their energetic-par-
ticle contents for short periods of time.
These experiments, if successful, will
point the way toward active control oi

the radiation content in the Van Allen
belts.

High-energy astrophysics

High-energy astrophysics is an im-
portant and critical part of the present
explosive growth of our knowledge of
the cosmos. It is concerned primarily
with the detection of x rays, gamma
rays and cosmic rays. Because of their
absorption by the earth's atmosphere,
these radiations must of necessity be
examined from space. The High Ener-
gy Astrophysics Working Group headed
by Albert Opp of NASA, proposed a

program that would be a continuation
of the present program, which uses sat-
ellites, sounding rockets and balloons.
The Shuttle generation of research will
not only see instruments of greatly ap-
proved sensitivity but also a great ex-
pansion in the repertoire of observa-
tional techniques. In their report, the
Working Group made recommenda-
tions separately for each of the three
subtields.

Soft x-ray astronomy. Traditional-
ly, x-ray astronomy lies within the do-
main of 1-20 keV. Shuttle-era re-
search should continue the work start-
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The Large Space Telescope (LST) will be a versatile international observatory Through use
of the Space Shuttle for repair and maintenance, it will have a long life and will show pro-
gressive improvement in the capabilities of its instrument systems. The LST's resolution
will exceed the present observations by at least three orders of magnitude. Figure 4
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The Plasma Physics and Environmental Perturbation Laboratory (PPEPL), developed with
widespread participation of the scientific community, will consist of a pressurized cabin and
an unpressurized pallet. Two 50-m retractable booms are mounted at the far end of the
pallet. They can be fitted with instruments such as antennae, particle detectors and mag-
netometers. The pallet will also contain particle accelerators, a transmitter with antennae
extendable to 300-m and a gimbled platform for holding instruments. Figure 5
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If we make just one more improvement
in this hardwired multichannel analyzer,

it won't be a multichannel analyzer any more.
W (It will be a computer.) ^ ^ ^

This instrument—our ND 100—is the most powerful
hardwired analyzer ever made available commercially.
The only thing more sophisticated is a computer. (We
have these, too, but that's another story.) So, if you
have need for such power in a multichannel analyzer,
we urge you to evaluate the ND 100.

First, note the ND 100 display and realize that it
comes from a hardwired multichannel analyzer, not from
a computer-based system.

Until now, displays of this magnitude were found
only on computer-based analyzers. Now Nuclear Data's
new ND 100 hardwired analyzer gives you a continuous
alphanumeric display of elapsed time, total count,
marker position and content, and energy of selected
channels. This direct reading, flicker-free display
updates continually to show current experimental status
without interrupting acquisition. This is but one example
of the kind of advanced feature built into this
unusually flexible and capable new analyzer. Others are:

ND 100 is a complete multichannel analyzer,
including oscilloscope, ADC, preamplifier, and I/O
control in a single space-saving enclosure.

ND 100 has an NIM modular front end that can
accept any ADC or amplifier needed for any detector,
such as GeLi or Nal. In addition to Nuclear Data's 50 or
100 MHz ADC's, choose from Time of Flight, Dual
Parameter, Multiple ADC's, Multiple Input, Multi Channel
Scaling Modules, and others.

ND 100 has a completely solid state memory with
1K, 2K, or 4K memory capacity (field upgradeable)
providing 106-1 counts per channel and two flag bits.

ND 100 has an exclusive photoprint readout that
sequentially displays up to 256 channels of data on
the oscilloscope in seconds for Polaroid film recording.
Nuclear Data, Inc.
Golf and Meacham Roads
Schaumburg, Illinois 60172
Tel: 312/885-4700

Nuclear Data, Inc.
Rose Industrial Estate
Cores End Road
Bourne End, Bucks.,
England, U.K.
Tel: 22733, 25357

Selektronik A/S
a subsidiary of
Nuclear Data, Inc.
Hammervej 3
2970 Horsholm,
Denmark
Tel: (01) 86 6275

ND 100 uses 2 markers for rapid assignment of any
number of Regions of Interest. Marker positioning is
controlled by individual directional controls with
variable marker speed.

ND 100 is available with energy calibration which
permits direct reading of energy levels in each channel
in alphanumeric characters.

Finally, a word about Nuclear Data and multi-
channel analyzers: we have built more of them now in
use throughout the world than any other manufacturer,
and virtually all of the significant advances in
multichannel analyzer technology are an outgrowth of
Nuclear Data research and development.

Now please contact your local Nuclear Data
representative or write us to learn about the many more
features of the ND 100. Thanks.
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ND 100 display showing dual markers positioned on reference 32
Kev X-ray peak and 662 Kev Cesium 137 photopeak for energy
calibration.

Nuclear Data GmbH
Falkensteiner Strasse
75-77
Frankfurt/Main
West Germany
Tel: 590540

Nuclear Data
Instruments AB
Eriksbergsvagen 9
S-752 39 Uppsala
Sweden
Tel: (018) 15-25-15

Nuclear Data Ltd.
Kinsale Road
Ballycurren
Cork, Ireland
Post Office Box 23
Tel: 25356, 25357
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ed by the x-ray satellite Uhuru in map-
ping the sky lor various x-ray sources.
In addition, x-ray observations with
the Shuttle should have impact on
studies ot the structure and dynamics
of stellar atmospheres and of the inter-
stellar and intergalactic media. Also
new classes of objects might possibly
be discovered. The Working Group
felt that x-ray astronomy has already
developed to the point where a large
national facility is clearly justified.
The basic instrument they proposed is
a high-resolution imaging telescope
that will reflect and focus x-ray pho-
tons up to at least 4 keV. It will have
an observational capability comparable
to optical telescopes. In addition to
imaging, the telescope will have sup-
porting instruments to do spectroscopy
and polarimetry. To cover the re-
maining part of the soft x-ray spectrum
a large-area proportional counter array
will be used; this is the only means
known to obtain a large effective area
for x-ray detection in the 3-15-keV re-
gion.

The hard x-ray and gamma ray
sky appears quite different from the

low-energy x-ray sky. An intensive ef-
fort during the Shuttle era to deter-
mine the origin and spectra of these ra-
diations will set the stage for discov-
eries that may well parallel the re-
markable advances made by Uhuru.
The wide range of energies of this re-
gion of the spectrum dictates that a
variety of observational techniques will
be used; basically, hard x-ray observa-
tions (10-300 keV) will use detectors
that totally absorb the input photons
while, in the MeV range, electron-posi-
tron pair production must be utilized.

Cosmic-ray astronomy: The same
high-energy processes that are respon-
sible for x rays and gamma rays also
produce high-energy charged particles,
which are then trapped in the galaxy
for a lifetime of approximately one
million years by magnetic fields. The
resulting energy density of cosmic rays
(approximately 1 eV/cc) is comparable
with that of the containing magnetic
fields, with starlight and with the ki-
netic motion of bulk matter; high-ener-
gy cosmic rays therefore are a major el-
ement of galactic structure, and the
study of them is an important comple-

ment to the whole range of astronomi-
cal observation from radio waves to
gamma rays. The Working Group list-
ed three types of experiments that will
have high priority in the early Shuttle
missions; they are all within the state-
of-the-art of cosmic-ray instrumenta-
tion but not of present spacecraft.

The experiments will determine ac-
curately, from direct measurements,
the energy, mass, and charge spectra of
the more abundant cosmic-ray nuclei
(from hydrogen to iron) from about
1010 eV to the maximum possible ener-
gy, and the charge distribution of nu-
clei heavier than iron; they will deter-
mine accurately the energy spectra of
cosmic-ray electrons and positrons
above 1010 eV. and will search for
antinuclei in the primary cosmic rays.
Figure 6 gives an indication of how the
exposure factor and the kinetic ener-
gies of the various cosmic-ray particles
determine the type of instrumentation
that must be used to detect them.

An invitation

The Space Shuttle System will be-
come operational in six years and sub-
stantially change our traditional meth-
ods of space research, opening up an
era of permanent observatories and
laboratories in space. Its capabilities
as a research tool are summarized in
the box on page 34.

Scientists who want to help shape
the Shuttle system to their needs
should begin to make their needs
known. The scientists who will be on
the frontiers of space research in the
1980's will be those who have recog-
nized the potential of this new trans-
portation system and planned their re-
search to exploit it.

In addition to two pilots and one
mission specialist, the Shuttle will pro-
vide facilities for from one to four crew
members. It will be essential that
these crew members be scientists with
professional competence to make value
judgments pertaining to the scientific
goals of the mission and to have an
intimate familiarity with the instru-
mentation. The Shuttle era will also
then be an era of the scientist in space
in a quite literal sense.

Scientists who desire to participate
in the Shuttle Payload planning activi-
ties or who want additional informa-
tion on this subject can contact the ex-
ecutive secretary of the NASA Shuttle
Payload Planning Steering Group, Ger-
ald W. Sharp, Code SG, NASA Head-
quarters.

The material in this article is drew n from a
tall: jit en h\ the author at the April, 1973
APS meeting and /rum the ten-volume set of

t oj the NASA Shuttle Payload Plan-
ning ' • Groups that was published by
NASA in May 1973 o
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