ATTEMPTING TO DESCRIBE the pres-
ent status of instrumentation in
physics” one is faced with the
lem of defining terms. Space phys-
y be interpreted broadly to in-
(1) all experimental areas of
cs in which the use of balloons,
ets, satellites, or space probes of-
ne advantage, and (2) ground
sed measurements of “space” phe-
nena. In category 1 are included
 the in situ measurements of the
ronment (from the atmosphere
interplanetary space) as well as
areas of astronomy, astrophysics,
and planetary physics, geodesy,
- meteorology. Examples of meas-
ments in ctategory 2 are solar and
netic observatory measurements,
pheric studies using radio propa-
n characteristics, auroral observa-
etc. Clearly, a listing of the
nes that might be considered
 of space physics would be quite
}i each of these areas uses a
d and complex set of instru-
ion that is worthy of detailed
in.

L of trying to survey the in-
ation in all these areas, we
rate here on the system as-
f experimental space physics
rther, limit most of the dis-
satellite systems. We begin
dering the common factors
nce design of all satellite
ts and proceed to a detailed
of data-handling systems.
llowed by descriptions of
ples of experiments and
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an attempt to point out some of the
approaches to system design that
promise greatly to influence future
capabilities.

Although we emphasize the data-
handling problem as being of prime
interest to all experimenters, it should
be mentioned that the success of a
satellite experiment depends heavily
on the operation of the auxiliary sub-
systems that make up the spacecraft.
Especially important are the power
and thermal designs, attitude-control
and measurement systems and track-
ing system.

[t is probably fair to say that very
few satellite-borne experiments in-
COrporate sensor or measurement prin-
ciples that are completely new. Of-
ten, the problem in
ments is not so much
the measurement as how to make it

space experi-
how to make

within the constraints imposed by the
spacecraft  (power, weight, volume,
data system) the environment
(launch vibration, temperature varia-
tions, background interference and
other experiments). In general, ex-

and

periment design requires a series of
compromises forced on the experi-
menter by facts of satellite life. We
do not mean to imply that the de-

sign of space-borne instruments is
simply the repackaging of ground-

based equipment. In fact, the design
of experiments from both physics
engineering
quite challenging
equivalent or greater amount of in-
genuity than comparable ground

points of view is

requires an

and
and

To get experimental data
from space vehicles to the
ground, physical quantities
(temperature, particle energy,
etc.) must be converted to
electrical quantities and then
broadcast. Equipment for the
purpose varies accora’iﬂg to
the nature of the experiment
and the amount of on-board
data processing desired. Early
systems delivered fairly “raw’
data to the ground, but as
experiments grow more
sophisticated, more on-board
sorting and analysis are
necessary.
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equipment. The major reason is the
requirement for completely unat-
tended operation, and therefore, very
high reliability. Reliability to the
physicist means more than just the
probabilities of failure com-
puted in the classical manner. The
results obtained [rom an instrument
can depend critically on the stabili-
ties of the component parts, and the
experimenter must have high confi-
dence in the instrument, particularly
if an anomalous effect is observed. In
other words, it is not sufficient to
know that an instrument is working;
we must that it is working
correctly. In that sense, perhaps cred-
ibility is a more appropriate word
than reliability.

in-flight tech-
niques can be used to increase credi-
bility. With certain particle-detector
systems, radioactive sources can be
used to good advantage. If, however,
the experiment is complex and has
several detectors, each having several

pil]'l:.‘i

know

Various calibration

discriminators operated in several
combinations of coincidence, antico-
incidence or both, in-flight calibra-

tion becomes equally complex, and
one must worry about the credibility
of the calibrator! Clearly this is an-
other point where one must arrive
at a suitable compromise. Basically,
credibility is achieved through care-
ful design, the available com-
ponents, proven [abrication
sembly techniques, attention to qual-
ity control practices, extensive pre-
launch calibration, and rigorous (non-
destructive) testing.

best
and as-

Types of spacecraft

Returning now to the system aspect
and its effect on individual experi-
ments, let us consider types of space-
craft currently available. There are
several categories based on mission:
earth orbiters; lunar probes, orbiters

and landers; planetary probes, or-
biters and landers: interplanetary
probes; solar probes and galactic

probes. We will not discuss the vari-
ous probes at length because the ex-

periment-spacecralt interlacing prob-
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lems are in general similar to those
for earth satellites. The major differ-
ence is in the telemetry link, which
will have a much smaller information
capacity than for near-earth missions.

Another categorization is by size. It
is possible to go into the sometimes
controversial question whether large
or small spacecraft should be used in
a given case; but we will confine our-
selves to pointing out some of the
advantages of each.!

The small satellites (weighing less
than about 150 kg) make the task
of controlling all types of interfer-
ence easier, simply because there are
fewer experiments and smaller space-
craft subsystems. Program
tion, testing and scheduling are eas-
ier because of the smaller numbers
of people involved. And it is possi-
ble to meet the orbital requirements
more closely because of the larger
range of launch-vehicle capabilities
for the lighter payloads and because
it is easy to assemble small payloads
of experiments with closely matched
orbital requirements.

The larger observatories,
having the obvious advantage of being

codrdina-

besides

able to perform very large or heavy ex-
periments can also carry large numbers
of related
studies of the correlative aspects of
numerous space phenomena. (This
advantage may be difficult to realize
however, if the experiments
from many geographically separated
institutions.) The large observatories,

experiments to perform

come

in addition, can carry higher-perfor-
mance data-handling systems, which
provide a larger information band-
width for the experiments. Their ac-
tive attitude-control systems can also
provide accurate orientation control.
Another important aspect is that the
larger more efh-
use of the ground receiving
and tracking stations and data-process-

observatories make

cient

ing facilities than a comparable num-
ber of small satellites.

Power per unit experiment weight
and cost per experiment weight ap-
pear to be comparable for the two
categories. There is a higher proba-
bility at present for successfully
launching the small satellites because
of their relative simplicity. But rather
limited experience with the observa-
tories thus far indicates that once a

larger observatory is  successf
placed in operation its probabil
for a long life is greater because p
the large amount of redundancy of
subsystems and repairability by use of
the extensive command link. On the
large observatories an attempt has
been made to standardize spacecraft
structure and  subsystems. The ad-
vantage of this standardization is
that, in principle, the only major
changes from one flight to the next
are in the scientific missions. Thﬁ
spacecraft and the ground data-han-
dling systems require a minimum of
modification, leading to lower cost
per mission and higher reliability and
dependability. The small spacecraft
have not, in general, been able to
adopt much standardization because
of the need for more tightly integrated
packages to take f[ull advantage of
the more limited weight. But with the
recent advent of smaller electronics
packaging techniques, efforts are now
being made to provide a higher degree
of standardization on the small satel-
lites as well.2

SPACE INFORMATION SYSTEM

“Information system” refers to that
portion of the electronic systems that
collects outputs from experiment sen-
sors on the spacecraft, processes these
data on the spacecraft, transfers them
to the ground receiving stations, and
prepares the information in suitable
form for the experimenters so that
they may reach conclusions about the
phenomena being measured.

Generalized system

The basic generalized system is illus-
trated in figure 1. A sensor converts
some physical quantity, such as tem-
perature, charged-particle energy, or
magnetic field intensity, into an elec
trical quantity. Signal conditioning
circuits aboard the spacecraft, such a5
amplifiers, feedback networks, charge
integrators, etc., are often associated
directly with the sensors to make the
electrical quantities more easily proc
essed and telemetered. These ar€
often followed by additional signal
conditioning  circuits  that count
pulses, measure amplitudes of pulss
measure amplitudes of more slowly
varying analog quantities such as c—“_-‘;
rent, voltage, and resistance, and
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measure time intervals to simplify the
task of telemetering the data to the
ground.

After on-board signal conditioning,
additional processing ol two basic
types can be done on the spacecraft.
The first reduces the amount of raw

data without reducing information
content. This processing includes
elimination of redundant informa-

tion, elimination of meaningless zero
readings and reformatting operations
that involve simply rearrangement of
data. The second type of on-board
processing reduces the information
content of the raw data and includes
curve fitting, statistical analysis and
mathematical manipulation.

Since one often wants to perform
a number of experiments in the same
spacecraft and obtain status and per-
formance information about various
spacecraft subsystems, it is common
practice to multiplex a number of
data channels onto a common telem-
etry link. This link includes neces-

GENERALIZED space information system. —FIG. 1

nas and the space path. This entire
link can be represented in general
by a transfer function in which noise
is added to data. If one must ma-
nipulate space-borne equipment from
the ground, a reverse or ‘“up-
telemetry” link, usually referred to
as a ‘“command link" is also in-
cluded.

After data have reached the ground
one must perform a number of addi-
tional operations before they can be
used by experimenters in their anal-
yses. These operations commonly in-
clude synchronization, noise removal,
time decoding, quality determina-
tion, editing and documentation or
sorting. These processes result in the
to experimenters of data
tapes containing the best estimation

of the original data from each experi-

provision

ment's sensors, along with the neces-
sary status, performance,
validity information. It is also com-
mon practice to supply orbit and
spacecraft attitude information neces-

time and

passes this information

additional

through an
processing operation in
reformats, sorts, performs
additional mathematical manipula-
tions and ultimately obtains outputs
that he can use directly in analyzing
the phenomena being investigated.

which he

A simple system

An example of an extremely simple
space information system is shown in
figure 2. This is the Explorer T sys-
tem,? which was successfully launched
on 31 Jan. 1958 and led to discovery
of the Van Allen radiation belts
surrounding the earth. In this sys-
pulses from a single Geiger-
Miiller counter were accumulated in

tem,

a five-stage binary register capable of
32 counts. The state of the output
stage was continuously
In addition, a

transmitted.
number of tempera-
tures and the continuities of a num-
ber of micrometeoroid detection grids
were also telemetered. Each signal
source controlled a subcarrier oscil-

sary encoding and decoding equip- sary for use in the experimenter's lator so the oscillator frequencies were
ment, transmitters, receivers, anten- analyses. Each experimenter then proportional to the voltages from the
GEIGER- SCALE
MUELLER jm=s| OF
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EXPLORER I information system. —FIG. 2
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Yes, our MR Recorder often

seems like many instruments at work
(and the specs tell you why)

DESCRIPTION: SARGENT MODEL MR QUANTITY RECORDED: mV, V, z.aand ~ ELECTRICAL RANGE: twelve LIMIT OF ERROR: 0.1% or 5 pv,

RECORDER—automatic, self-balancing, ma—selected by panel switch. pre-calibrated ranges by switch whichever is greater.
10-inch potentiometer recorder. selection — 0.5, 1, 2, 5, 10,

Includes special high gain amplifier, 20, 50, 100, 200, 500, 1000, 2000.

and high stability solid state Variable range expansion from 100%

reference power supply requiring no (off) to 40% of selected range with

standardization. Line operated. continuously adjustable dial.

ZERO DISPLACEMENT: calibrated SOURCE RESISTANCE TOLERANCE: ELECTRICAL FILTERING: four position ~ PEN SPEED: 1 second for full

ranges of 10, 100, 1000 and 5000 of 50,000 ohms in most sensitive range, switch to reject transverse and scale transverse,
the selected units, upscale or increasing with increasing range. common mode A.C. superimposed on

downscale. Continuously adjustable the D.C. signal, without loss of sharp

reading dial for 0 to 100% of balancing characteristics.

selected range.

DAMPING GAIN ADJUSTMENT: CHART DRIVE: twelve synchronous CHART TAKE-UP: automatic, SYNCHRONIZATION: chart drive may

automatic with range change; panel speeds—0.5,1, 2, 4, 10, 20—by dial by motor with preset torque—or be synchronized with external

dial for fine adjustment—particularly selection, inches per hour or per by-pass for free end chart tear off. systems connected to rear panel, and

for low resistance systems like minute by panel switch. Magnetically operated by the chart drive switch.

thermocouples. braked in “off" position. Free clutch Or chart drive may be operated
system scans chart with rapid drive; from an external switch.
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averages 50 feet per minute in
forward or reverse directions.

This gives you some idea why the SARGENT MODEL MR RECORDER can
do the work of several less versatile recorders, manual potentiometers
or precision meters. To get the complete picture, write for Bulletin MR.
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SA R G E N T SCIENTIFIC LABORATORY INSTRUMENTS « APPARATUS = CHEMICALS

E.H.SARGENT & CO.
1647 West Foster Avenue Chicago = Anaheim, Calif. « Birmingham e« Cincinnati « Dallas
| Ilinois 60630 Denver « Detroit « Springfield, N.J. = Toronto, Canada

JULY 1966 = PHYSICS TODAY




SPACE PHYSICS
(Continued)

These various signal sources
ﬁequency multiplexed by the
tion of the outputs from the oscil-
lators. The resulting single composite
;@ﬁa.l modulated the transmitters di-
y and the output of the receiver
on the ground was, in turn, demulti-
_plexed by passing the signals through
a number of bandpass filters and fre-
quency discriminators. At the output
of the frequency discriminators on
the ground, the signals (identical in
form to the signals that modulated
the subcarrier oscillators in the space-
cralt) were used to produce strip
chart recordings. These strip chart
recordings were then manually re-
duced by a number of data readers
to provide, ultimately, tabulations of
the G-M counter pulse rates, temper-
atures, and the rates of breakage of
the micrometeoroid grids. This sys-
tem employed very little on-board
data processing and very little ma-
chine processing on the ground. It
provided an output containing a
large fraction of the raw data pro-
duced on the spacecraft. This very
simple system was used in the first
satellites to give a high probability
of success at a time when instrumen-
tation on satellites was still an un-
known art, and when large-volume
data-processing techniques on the
ground were relatively unknown.
Since that time, technology has ad-
w until one can make quite
complex electronics systems on space-
craft and operate them reliably for a
?‘mr or more. In addition, we now
want to perform many more experi-
ments that are much more complex
than those on early Explorers. The
Teason is that as we investigate vari-
ous phenomena in more and more
detail in order to study their detailed
characteristics, we must make more
and more discriminating measure-
ments, which involve a higher order
Of data processing. To illustrate, on
Explorer 1 only the omnidirectional
.‘memlt}' of all particles above a thresh-
energy determined by the thick-
ness of the G-M counter wall was
‘measured, Now, in the continued in-

vestigation of cosmic rays and ener-
getic trapped radiation, the direc-
tional characteristics, the types of par-
ticles, the intensity as a function of
particle energy and type, and the
temporal variations of these param-
eters must all be determined. There-
fore, where one could once simply
count the number of pulses, one
must now perform a multiparametric
pulse height analysis from rather
complex detectors. These additional
requirements impose a requirement
of increased capability for the entire
information system.

A more complex system

The information system for a recent
large spacecraft is illustrated in figure
3. It is for the Orbiting Geophysical
Observatory* (OGO), a spacecraft in
the 500-kg category, which was de-
signed for a variety of orbits ranging
from low, near-circular, polar orbits
(Polar Obiting Geophysical Observa-
tory, POGO) to very highly eccentric
orbits extending to approximately 24
earth radii at apogee (Eccentric Or-
biting Geophysical
EGO). The frst of these ob-
servatories, OGO-I, launched in Sep-
tember 1964 into the eccentric or-

Observatory,

bit, carried 22 experiments from 17
institutions.

Instrumentation for OGO experi-
ments ranges from extremely simple
generators of analog signals corre-
sponding to, for example, currents in
ion collectors, to extremely complex
digital-data-processing subsystems in-
volving digitization and manipula-
tion of pulse heights from a number
of detectors. Each of the two digital-
data-handling subsystems on the space-
craft consists of a main time-division
multiplexer (which can be imagined
as a sampling switch) with 128 ex-
periment inputs and three slower sub-
multiplexers with 128 inputs each
fDT an assortment Or .‘ir.l."l('{_'c]'.'lf[ nll(i
experiment inputs. In addition, each
has a flexible-format rime multiplexer
that can be set at any one of 32 dil-
ferent input-data formats by ground
command. The latter multiplexer is
intended for use with extremely high
information bandwidth
for relatively short
large-capacity tape recorders are in-
cluded on the spacecraft. They can

experiments
periods. Two

record at 1000 bits/sec for 24 hours
for EGO missions and 4000 bits/sec
for 8 hours for POGO missions.
These rates correspond to approxi-
mately one and four main multi-
plexer measurements per channel per
second for the two cases. In addition,
information can be telemetered di-
rectly without the tape recorder at
bit rates up to 64 000 bits/sec corre-
sponding to 55 measurements per in-
put channel per second.

Central data processing on the
ground involves four major steps.
The recordings containing the raw
output of the receiver decoders are
first played through a set of equip-
ment that estimates values of original
data bits, establishes bit, word and
frame synchronization and decodes
the times recorded on the tapes at
the ground receiving stations. The
equipment produces a computer buf-
fer tape. The second major step in-
volves editing of this computer tape
to ascertain that there were no er-
rors in its production and to deter-
mine data quality. The third step in-
volves establishment of the relation-
ship between data as recorded on the
spacecraft and  Universal Time
(GMT). The fourth step is decom-
mutation (sorting) of buffer-tape
data and generation of individual ex-
perimenter's data tapes and a status
and performance data tape that is
used for subsystem analysis,

On-board processing

Up to now, data processing on space-
craft has been kept relatively simple
to obtain high equipment reliability
and high confidence in our ability to
interpret results after flight. Some
steps have been made in the direc-
tion of increasing the amount of data
processing on board the
however.

spacecraflt,
A very simple example is
inclusion of floating-point
OGO-1

count pulses in a nonlinear manner.

counters
on some experiments that
One such device is a part of the
cosmic-ray experiment described later,
This counter has a I,ll';;t_' [|_\-‘|l;|||ii\'
range and fixed accuracy that are
ideal for many intensity measurements
in a wide variety ol experiments.
There are a number ol arguments
at present for developing more ex-
on-hoard

tensive processing  tech-
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niques. The major one is that the
sheer volume of data being returned
from satellites is becoming extremely
large and the task of processing the
data on the ground is expensive. As
we have said earlier, two separate
types of information processing on
board the spacecraft are possible, one
involving reduction of raw data while
information content, the
second involving information-content
reduction. The system should be de-
signed so that any degree of on-board
processing from essentially zero to a
large amount of the second type can
be performed by
the ground
launched, at least in the early systems.
Thus the spacecraft can be launched
with a very simple data-processing for-
mat and, as the characteristics of the

retaining

programing from

after the spacecraft is

phenomena and the behavior of the
instruments are ascertained in orbit,
additional degrees of data processing
can be used. On-board computers with
stored (but replaceable) programs are
now being developed by
groups. These computers may also be
‘able to control calibrations of the ex-
periments, computation of spacecraft
attitude relative to the sun or magnetic

several

field (with resulting control of experi-
ment sampling times and programs)
and to interface with the spacecraft
attitude control, power and thermal-
control subsystems.

SEVERAL EXPERIMENTS

We shall now describe several experi-
ments that are currently scheduled
for flight or well along in develop-
ment. We do not claim that these are
“typical”; rather they reflect the ex-
perience and environments of the
authors. Nevertheless, they do serve
as examples and indicate the capa-
bilities of current systems. Only the
experiments are described since the
ground data processing follows the
procedures discussed above.

Solar proton monitoring

An example of a relatively simple,
straightforward instrument designed
to make a specific kind of measure-
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ment is the Solar Proton Monitoring
Experiment® (SPME). Since its func-
tion is to monitor the frequency of
occurrence and intensity of energetic
protons emitted from the sun and to
provide a crude measure of their en-
ergy spectrum, emphasis is on sim-
plicity, reliability and reproducibility.
The experiment is intended for in-
clusion in a number of spacecraft so
as to have, as nearly as possible, con-
tinuous coverage over at least half a
solar cycle. The experiment is cur-
rently scheduled for a series of sound-
ing rockets to be launched (from
Fort Churchill, Canada) into a solar-
proton event, if possible during the
summer of 1966. It is also one of
12 experiments in the IMP (Inter-
planetary Platform) F
and G which will be
placed into highly eccentric orbits in
1966 and 1967.

The experiment consists of an ar-
ray of solid-state detectors designed
to measure proton intensities in the
following energy ranges: E, = 60
MeV, Ep = 30 MeV, E, = 10 MeV,
and 1 = E, = 10 MeV. Separate
detectors are

Monitoring
spacecralt,

used for each energy
range, and a combination of discrim-
inator levels and shielding thickness
defines the energy response of each
channel. This method permits accu-
rate absolute flux determinations and
accurate  unit-to-unit  comparisons
when a series of packages monitors
events over an extended time period.
No attempt is made to discriminate
between protons and other particles,
but energetic-electron contamination
can be ignored if we restrict the ob-
servations to locations outside the
trapping region, that is, outside the
magnetosphere or over the polar caps.
Contributions from heavier nuclei
will vary from one event to another
but should not exceed 109.

The two high-energy detectors (60
and 30 MeV) are identical except
for absorber thickness. Each consists
of three surface-barrier detectors (700
microns thick by 0.8 cm?2) mounted
on adjacent faces of a cube and con-
nected in parallel. The three detec-
tors, therefore, form a unit that pro-
vides a large area and fairly uniform
omnidirectional characteristics over
27 steradians. Typical three-detec-
tor arrays have noise widths of 25-35

keV fwhm (full width at half maxi.
mum) at a bias voltage of 200 V,
which is about 259, above that re
quired for full depletion. A single
discriminator level at 150 keV en-
sures detection of minimum ionizing
particles, which deposit a nominal
280 keV at normal incidence. The
energy threshold is set primarily by
the hemispherical copper absorbers,

5.6 mm thick for the 60-MeV unit
and 1.6 mm thick for the 30-MeV
unit,

Similarly the 10-MeV channel has
omnidirectional sensitivity over 2
steradians and a hemispherical ab-
sorber to set the energy threshold.
The detector itself, however, is a
lithium-drifted silicon cube, 3 mm on
a side. At 200 V bias the detector
noise is less than 50 keV fwhm and
the discriminator level is set between
250 and 300 keV.

The 1-10-MeV detector is also a
straightforward device. It employs a
100-micron-thick solid-state detector
of 2 cm? active area, fully depleted,
and operated at 50 V (~ 259 over-
bias). The 1-10-MeV (approximate)
interval is obtained with a single dis-
criminator level at about 900 keV.
Detector response is linear up to the
point where proton range equals de-
tector thickness (about 3.2 MeV for
normal incidence). For higher ener-
gies the pulse height AE decreases as
dE|dx decreases. Thus the energy in-
terval for protons is 0.9-94 MeV.
The effective lower threshold is in-
creased to about 1 MeV by an alumi-
nized mylar light shield. As angle of
incidence is increased, effective path
length and upper energy limit are
increased. At 30 deg, however, the
upper limit goes only to 10.5 MeV
and all angles greater than 30 deg
are shielded with at least 1.6 mm of
copper, equivalent to about 30 MeV
for protons. To eliminate contribu-
tions to the counting rate from high-
energy protons that penetrate the
shielding and traverse a long path
length in the detector, an upper dis
criminator is set at about 3.6 MeV,
a level greater than the largest pulse
height from protons incident within
the 30 deg (half-angle) acceptance
cone.

Some will argue that the use of solid-
state detectors, surface-barrier and
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ORBITING GEOPHYSICAL OBSERVATORIES informa-
tion system. Each of two digital-data systems has a main
time-division altiplexer with 128 experiment inputs and
three slower submultiplexers with 128 inputs each. In ad-
dition each system has a flexible-format time multiplexer
that can be set at any ol 32 different input-data formats
by ground command. Two large-capacity tape recorders can
record at 1000 bits/sec for 24 hours for EGO missions and
4000 bits/sec for 8 hours for POGO missions. Data can
be telemetered dircctly at up to 64000 bits/sec.—FIG. 3
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lithium-drifted types in particular, is
questionable in a high-reliability appli-
cation. It is worth mentioning, there-
fore, that the Applied Physics Labora-
tory group has been using solid-state
detectors in satellite experiments for
over five years (on five s:ncl'lilcs} anel
that all types of detectors have per-
formed satisfactorily.

A block diagram of the IMP wver-
sion of the experiment is shown in
figure 4. Since only one spacecrall
encoder register is available for the
experiment, the five outputs are com-
mutated, and voltage amplifiers and
discriminator [or channels 1 and 2
are time-shared. Counts are
lated for 19.2 sec
sec encoder-sequence
plete readout requires eight se-
quences, but channels 3, 4A and 4B
are each read twice during this time,
In the sounding-rocket

AcCumu-
2048

COm-

out of the
time. A

version. the
encoder was made a part of the ex-
periment package. The basic detec-
tor channels are essentially the same
as in IMP, except that time sharing
is unnecessary.

Cosmic rays

In galactic and solar cosmicray stud-
ies, one of the basic needs is for de-

CHANNEL DETECTOR

| 60 Mev —=|PREAM

tailed charge and energy spectra over
a wide dynamic range extending from
the MeV to the GeV region from
hydrogen through the very heavy nu-
clei We now discuss an ex-
periment® that provides these spectra
integrated set of three
observations
detectors

group.

through an
Simultaneous
resulting from three
are expected to lead to a better un-

detectors.
these
derstanding of the production. ac
and modulation of the
The
abso-

celeration.
COSINIC
are: (1)
and difterential en-

and solar
MEISUrements

flux

galactic Tays.
major
lute
ergy spectra over the range 0.4-1000
MeV [lux than
1000

anc

proton

and integral
MeV: (2) absolute helium
differential

I‘.{l't'ilt.l:‘r
Aux
energy
between 2 and

spectra  over
1000 MeV
per nucleon and integral fAux greater
1000 MeV per nucleon; (3)
charge and differential energy spectra

the range

than

nuclear constituents be-
and 18 in

ol individual

tween proton numbers 3

the range between 20 and 1000 NMeV
flux

and the integral

greater than 1000 MeV per nucleon:

per nucleon
(1) flux and differential energy spec-
tra of 1-10-MeV solar and galactic

electrons in the region beyond the
isotopic  abun-

“He, and “He
between 20 and 80

magnetosphere:  (3)
dance of Hi D; T,
in the interval
MeV per nucleon.

The a;-x]mriml:m i1s shown in block-

periment instrumentation is split in.
to four major areas, one correspond-
ing to each of the three detectors,
and an accumulator and readout SYs-
tem. They are described separately in
that order.

High-energy detector.
scintillator-Cerenkov

A double
telescope pro-
vides charge and differential energy
spectra over the range between 220
and 1000 MeV per nucleon, and in-
tegral particle flux above 1000 MeV
per nucleon. Two thin thallium-acti-
vated cesium iodide scintillation
counters provide two separate meas-
urements of the rate ol ionization
loss (dE/dx), and a Cerenkov coun-
ter measures the Cerenkov radiation
above the 200-MeV-per-nucleon thresh-
between the two
scintillators defne the geometrical ac
ceptance aperture of the telescope.
Measurements of scintillation and
Cerenkov-detector pulse heights iden-
tify charge and energy of the inci-
dent particle (over the indicated en-
ergy range), regardless of its velocity.
Approximate equality is demanded
between the two scintillator pulses to
help in discriminating against multi-
ple-particle events in the background,
as those due o showers, local

old. Coincidences

such
nuclear interactions, etc. For particles
having velocities below the Cerenkov
threshold, the detector is used as a
simple two-element scintillator tele-
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Model 50-135 Sorption Pump with new 114" quick-acting lever valve.

If you want to corral gas molecules fast, call on

THE PASTEST PUMP IN THE WEST

When it's roundup time on the vacuum range, straight shooters call
for the Ultek Model 50-135 Sorption Pump. It leads gas molecules
into a box canyon. Then it hogties them, so they won't shoot up sub-
strate surfaces or ride roughshod through space simulation chambers.
And there's no oil or other contamination of the wide open spaces.

Fast on the draw? A passel of 2 pumps will corral enough molecules
to bring a 100-liter volume down to 5 microns in less than ten
minutes. If you aren't being stampeded, a single pump will bring the
same volume down to 10 microns in 20 minutes. This, combined with
the quick-acting lever valve makes it faster than any other pump
on the range, east or west.

The Ultek pump has 140 million square feet of corral area provided
by its charge of Linde 5A molecular sieve. A unique arrangement of
copper-finned transfer tubes provides more uniform chilling to liquid
nitrogen temperatures faster.

- After the roundup is over, the Model 50-135 gets out of the
- bunkhouse and back on the range faster, because the copper-finned
- Construction speeds desorption and bakeout.

_If you need to corral gas molecules fast, send us your brand.
;\,fﬂ.ll'll get data on Ultek sorption pumps and a free booklet about
on pumping: ““A Little Bit About Almost Nothing.” And you'll get
e fastest service in the west. Ask for data # 12

oMM

N

1000 4

PRESSURE

Three Model 50-135 pumps in series
evacuate a 180 liter volume te 1 micron
in less than 13 minutes.

Box 10920 « Palo Alto, California




SPACE PHYSICS
(Continued)

range down to about 50 MeV per nu-
cleon. The two scintillation crystals
are 1.0 g/ecm? thick and 5 cm in di-
ameter. The -Cerenkov radiator is the
l-cm-thick sapphire window ol the
photomultiplier tube. Its top surface
is blackened to discriminate against
upward moving particles.

An E
telescope

Medium-energy detector.
against dE/dx

measures charge and differential en-

scintillator

ergy spectra in the range between 20

and 80 MeV per nucleon, the in-
tegral flux above 80 MeV per nu-
cleon. and the electron spectrum

from 1 to 10 MeV. It employs a thin
(0.45 a/em=) dE/dx CsI(T1) scintil-
lator followed by a thick (9 g/cm?=)
total-energy CsI (Tl) scintillator. Sur-
rounding the total-energy detector
is a combination of a plastic guard
scintillator and another 0.45-g/cm?2
GsI(T1y scintillator. A phoswitch cir-
cuit separates the pulses electronical-
ly from the plastic guard scintillator

and the lower slow scintillator,

Low-energy detector. The low-
energy detector employs two large-
area, fully depleted solid-state detec-
tors and a gzuard scintillator. The
outer dE/dx solidstate detector is a
surface-barrier device used to insure
a minimum dead layer. Tts area is

approximately 3 cm® and it has an
active thickness of 120 microns. The
inner total-energy detector consists of
two stacked I-mm-thick by 3 em? [ully
depleted surface-barrier detectors with
their outputs summed. The plastic
scintillator the back-
fux scattering
and nuclear interactions in the space-
craft and detects particles that enter
the aperture but penetrate the total

guard reduces

sround arising  from

energy detector. Charge-sensitive pre-
amplifiers are used with the two solid-
state detectors to minimize
age effects and detector capacitance
changes. All events in the thin dE/dx
detector are anmalyzed in a fivestep,
fast, integral pulse-height analyzer
that provides flux and energy infor-
mation for particles having more en-
than 0.4 MeV. In this mode of
operation the guard scintillator is not

bias-volt-

crey
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used to provide active collimation,
but it does provide a measure of
mechanical collimation. This mode is
intended primarily lor wuse during
periods of very high counting rate that
follow solar flares.

Readout and control circuits. All
differential pulse-height digitizers pro-
vide inputs to separate scalers in the
binary accumulator system. The in-
tegral height and
other rate sources from the three de-

pulse analyzers
tectors provide inputs through a com-
mutator to a Hoating-point accumuli-
tor system. This [loating-point accu-
mulator provides an output that is ap-
proximately a  binary floating-point
equivalent ol the number of input
pulses. Tt provides a very large dy-
namic range (count capacity greater
than 2 000 000) fixed accuracy
of 39,. The readout system transfers
contents of all the

accumulator to the

and a

the scalers and
foating-point

spacecraft data-handling system.

Digitized spark chamber
A digitized spark chamber for detec-
tion of high-energy gamma rays of
celestial under de-
velopment by a group at the Goddard
Space Flight Center.® The spark cham-
more

origin has been

(_'}I()‘\L':I'l OVEer conven-

Cerenkov

ber was

tion:al and scintillation-
counter ArTays, IJ('['.I'I.I.‘\(' I'_'rllllll]il"lvil’u" i”-
tensities are very small compared to
the several sources of background.
The detector, therefore, must satisly
the criteria ol relatively large collec-
tion area. high efficiency, unambigu-
ous identification of gamma rays and
adequate angular resolution for iden-
tilying digitized
chamber offers several advantages [or
satellite use. Primarily it eliminates
the requirement for recovery of pic-
tures, but it also presents the infor-

point sources. A

mation directly in electrical digitized
form for computer analysis, permits
the discharge energy to be reduced
below that in optically-viewed cham-
bers, has inherent fAducial marks and
reduces the information rate by al-
lowing logical operations in chamber
readout.

The is shown in
figure 6. It consists of a thick plastic
used as an  anti-
coincidence mantle, a pair of spark
chambers to provide detailed infor-

detector system

scintillator dome

mation about each event, and a cen.
tral plastic scintillator and a Ceren-
kov counter, which are used s tfig.
gering devices. Each of the two spark
chambers consists of 16 plate-and-
wire-grid modules. Each [rame-wire
module has a high-voltage plate and
two orthogonal sets of 128 wires, Al
modules are identical except for the
bottom one in each chamber in whicl
the wires run at 45 deg to all the
others to eliminate the ambiguity in
relating the x and y readings of mul-
tiple tracks. The wires in each set
mm  apart, and the
sets are separated so that when a
plate is inserted between them, the
plate-wire spacing is 246 mm. The
wires are 0.15-mm-diameter beryllinm
copper held under tension and ultra-
sonically welded to pins in the termi-
nal strip. The wire plane is flat with-
in 0.025 mm. The plate consists of a
structural layer of aluminum. 0.178
thick. chemically milled and
coated on both sides with a total
thickness of gold of 0.0685 mm. This
thickness is equal to about 1/50 of a
radiation length for relativistic elec
trons and vyields a system thickness
(32 plates) of less than one radia-
tion length.

Each wire is connected to a series
resistor and then to a wire that
passes through a ferrite memory core
to ground on one side, and is termi-

are spaced 1.2

mm

nated but not grounded on the other.
Each core is also threaded by a sepa-
rate readout wire and a common
sense wire, The chambers are trig-
gered whenever the appropiate com-
bination of signals is received from
the three-clement charged-particle de-
tector array. The dome scintillation
guard, A, the central scintillator, B,
and the Cerenkov counter C, preglICE
a trigger pulse in the modes CA or
BCA and this in turn fires a high
voltage circuit which energizes the
spark chamber. BG is a 10-T second
coincidence and A is a § x 10-0 sec-
ond anticoincidence. The high-volt
age circuit provides a 2.5 kV pulse
with a rise time of 10—8 seconds and
a delay time of 4 x 10—8 seconds.
The gas used in the chamber i
8907 Ne, 109, He, 1% A, and &
trace of alcohol, and the chamber i -
operated at a pressure of one atmo
sphere. Plastics have been avoided in
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© Measures femtoamps, 3x10-15 amps full-scale.

Accuracy better than 2% on meter panel readout; order of 0.25% with
calibrated capacitor and rate of charge measurement with external
potentiometer.

© Measures volts or amps with respect to ground.

© Full line of plug-in adaptors and accessories.

© Transistorized circuitry; 115-230v, 50-60 cps; or 4 D-cell battery operation.

© Ideal for nuclear studies involving ion currents; measuring transistor base

Completely portable

THE VICTOREEN INSTRUMENT COMPANY
10101 WOODLAND AVENUE « CLEVELAND, OHIO 44104
EUROPEAN SALES OFFICE: GROVE HOUSE. LONDON RD.. ISLEWORTH, MIDDLESEX, ENGLAND VICTOREEN

or tube grid currents, and contact potentials; for pH, chromatography,
mass spectrometry; physics research.
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. @easing energy and near 70 MeV

CE PHYSICS
' (Continued)

the chamber construction to mini-
‘mize the possibility of poisoning the
gai

~ The magnetic cores are normally
in the “reset” state. Spark current in
‘a wire “sets” a core and the readout
cycle resets it. In this system (two
.Eh‘amh'er's) there are 32 modules of
956 cores each, or a total of 213
(8192) cores. Rather than transmit
8192 bits of information per event,
a'_n_ly the addresses of ‘‘set” cores are
transmitted. If a pair of tracks origi-
nates at the top of the chamber and
no [urther multiplication occurs, the
total number of sparks is G4. Since
a core address can be specified by 13
bits the total number of bits re-
quired for the event is 64 x 13

(832). Of course, multiplication or
multiple sparks (that is, to adjacent
wires) would increase this number,
but the method is still more efficient
than the 8192-bit readout. The
scheme for obtaining the addresses of
“set”” cores is fairly straightforward.
The contents of a column of cores
(that is, corresponding cores in each
of the 32 modules) are transferred
10 a 32-bit shift register and shifted
out. Each time a set bit is detected,
the state of the 13-bit address regis-
ter, which counts the shift pulses, is
transmitted. All 256 columns are read
out in this manner and all set ad-
dresses are telemetered or stored on
tape. With a very modest bit rate,
say 50 per second, up to 3 events
per minute could be read out. Con-
sidering anticipated count rates from
gdmma rays and spurious events, this
5 a wide margin of safety.

The efficiency for detection of gam-
ma rays through pair production is
as high as 389, for very-high-energy
photons (about 1 GeV) considering
the yolume of the entire chamber as
‘Seénsitive. Efficiency decreases with de-

efficiency should be about 209,. The
Product of approximate area times
0lid angle for the system is 225 cm?
- X 08 ster (180 cm? ster). Direction
"?f flight of an incoming gamma ray
8 determined by analyzing the vec-

tor momentum of the electron pair.
This requires knowledge of the open-
ing angle of the pair as a function
of photon energy, the relative shar-
ing of energy and momentum by the
two electrons and their scattering in
the plates as a f[unction of energy. It
is anticipated that an angular resolu-
tion of about 2 deg can be attained
at GeV energies and a few dearees
at 100 MeV. The multiple-scattering
properties of the electrons will pro-
vide the best measure of their ener-
gies and that of the original gamma
ray, and the opening angle between
the pair can be used for verification.
With these techniques, energy resolu-
tion approaching 309, is possible.
Other pertinent parameters are weight
of the experiment (about 45 kg), vol-
ume (about 0.23 m?) and power re-
quired (about 2.5 watts) .

Package for 040

The OAO Goddard Experiment Pack-
age (GEP) is basically a 97-cm-diam-

CUT AWAY OF ———
UPPER SPARK
CHAMBER

{OPENING ANGLE])

eter telescope feeding a photoelectric
spectrometer and is designed to gath-
er high-resolution spectral data from
both point and extended sources in
the ultraviolet region of the spec
trum.® The system is capable of ob-
serving stars as faint as tenth magni-
tude and will cover the spectral range
from approximately 100 nanometers
to 400 with a selectable spectral res-
olution of 0.2, 0.8 or 6.4 nm.

It will observe normal stars for en-
ergy distribution in the continuum,
blanketing effects and identification,
and intensities of
lines. It will undertake time-depend-
ent photometry of

strong  emission
peculiar
such as Beta Canis Majoris, T Tauri,
and the Woll-Rayet stars. Its observa-
tions of nebular and interstellar me-
dia will investigate the law of red-
dening, the ultraviolet radiation field

stars,

and spectra of emission and reflection
intergalactic
media will be observed for spectral-
energy

nebulae. Galaxies and

distribution and magnitude
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SPACE PHYSICS

(Continued)

and intensity of Lyman alpha red-
shift.

The telescope has a Cassegrain con-
figuration and is a modihied Ritchey-
Chrétien design; that is, the secondary
mirror is a convex true hyperboloid
and the primary mirror is a concave
quasihyperboloid. With a primary-sec-
ondary spacing of 107 cm, the tele-
scope has an effective focal length of
4.83 meters. Except for the secondary
mirror, which is quartz, all optics (pri-
mary mirror, spectrometer mirror and
diffraction grating) are of beryllium.
For good uv reflection efhiciency, the
are coated with aluminum
and then overcoated with magnesium
fluoride.

The Goddard package contains sev-
en detectors, six for uyv and one for
visible light detection. The six uv de-
tectors measure spectral-energy distri-
bution in specific bands in the range
105.0-426.7 nm. The seventh detector
channel acquires data in the visible

IMIrrors

range of the spectrum so that uyv in-
tensity and star magnitude can be
correlated.

The six uv detectors are mounted
in the focal plane of a diffraction
grating which is blazed at 120 nm
in the first order and, in this spectrom-
eter, gives a linear dispersion of
0.81 nm per millimeter. The output
from each phototube feeds a data-
accumulator channel.
contains two counters, one to count
photon-generated pulses with a max-
imum capacity of the
other to count clock pulses with a
total capacity of 65536 counts equiva-
lent to 42 seconds of time. In nor-
mal operation the counters are both
turned on together and count until
either one or the other of the two
counters fills, at which time both
counters are turned off. Thus, for rel-
atively high counting rates, the sys-
tem provides a measure of the time
required to fill the photon counter
channel, and for very low counting
rates the system measures the number
of photons in a 42-sec time interval.
In all cases division of the photon
count by the clock count provides
the l_}hrnl'f}l'l

Each channel

4096 counts,

rate, which is propor-
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tional to the spectral intensity in the
observed wavelength band. A focus
detector provides information to the
observer on the ground to permit
him to command focus changes.
Since this detector requires a point-
ing accuracy greater than that pro-
vided by the observatory guidance
system alone, the detector supplies a
fine guidance signal to the observatory
This provides an
over-all capability for guidance to
within 1 sec of arc for stars brighter
than third magnitude, 4 sec of arc for
stars between third and eighth magni-
tude and 10 sec of arc for stars be-
tween eighth and tenth magnitude.

guidance system.

FUTURE DEVELOPMENT

In the near future a number of ad-

vances in instrumentation are certain

to occur. Some will occur because
rapidly developing technology will
make them possible, others because

we cannot proceed without them. Ex-
periments themselves will become
more complex. In some areas (for
example, trapped radiation), the
day of the survey experiment is past
(although monitoring devices will
still be wvaluable). To provide an-
swers to today's questions more de-
tailed measurements necessary.
Simultaneous measurements of related
phenomena at the same point in
space are required and, equally im-
portant, simultaneous measurements
of the same phenomenon at different
points in space. By the same token,
more and better ground-based meas-
urements of related phenomena will
be required to complement and per-
haps control spacecraft experiments.
In-flight calibration techniques will
be further developed and some experi-
ments may require manned control.

Both large and small spacecraft will
be used. Even in small satellites in-
creased reliability and convenience
to experimenters achieved through
standardization is recognized.?2 In
both cases, however, the information
rate and probably the data rate will
increase. On-board processing will be
used to a greater extent, but the re-
duction afforded in data rate will
probably be offset by the inclusion
of more measurements.

The facility at the Goddard Space
Flight Center is processing data from

are

current satellites at the rate
million measurements per d
rate increases and as experimen
come more complicated, a
problem over use of these data
be expected. This problem can
solved simply by reducing dat;
quisition because a complete u
standing of the various space-sc
phenomena requires measuren
that are very broad in both spa
and temporal coverage. This
ment results in part from our
inability to extrapolate from
gion to another and to pred
tailed time behavior of natural
nomena. These requirements i
the need for new techniques for
processing, reduction and prese;
tion on the ground. 3
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