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THE LRL ELECTRON AND PROTON SPECTROMETER
ON NASA’S ORBITING GEOPHYSICAL OBSERVATORY V(E)
(INSTRUMENTATION AND CALIBRATION)

Abstract

The design, construction, and calibra-

tion of the LRL electron and proton exper-

iment on the OGO-V satellite are described,

A brief account of post-launch results is
included. The electron spectrometer con-
sists of two small permanent magnets
used for energy analysis with electron de-
tection provided by solid-state detectors.
Background detectors are also provided.
The energy range covered is approximately
60 to 2950 keV in 7 differential energy
channels. Geometrical factors vary from
0.18 to 8.6 cm>-keV-sr.

The proton spectrometer consists of a
single solid-state detector and a range-

energy telescope of four solid-state de-
tectors situated in line with the entrance
aperture of the larger of the electron spec-
trometer magnets. The energy range is
0.1 to 94 MeV in 7 differential energy
channels. The geometrical factor for the
lowest energy channel (0.1 to 0.15 MeV)
is 2.06 X 107

the proton channels 1.3 to 1.9 X 102 emZ-sr,

cmz— sr and for the rest of

Data handling in the experiment 1s pri-
marily digital using a binary floating-point
compressional scheme. The experiment
apertures are scanned relative to the
stabilized spacecraft for obtaining pitch-

angle distributions,

1. Introduction

1.1 SCOPE AND DESCRIPTION

This report describes an electron and
proton spectrometer in use aboard NASA's
OGO-V(E) satellite.
developed and built under NASA Order

(The instrument was

-No, 5-70014-G.) The electron sensor con-

sists of two permanent magnet electron
spectrometers (Figs. 1-1 and 1-2).

Buried inside the larger of the two mag-
nets in line with the entrance aperture is

a proton telescope. A small detector ad-
jacent to the telescope provides a low-
energy proton chamnel. The ingtrument

is designed to measure the spectra, fluxes,
and directional properties of electrons,
Table 1-1

lists the information channels provided.

protons, and alpha particles.

The measurement of the direction of the
charged particles is obtained by scamning
the entrance apertures of the spectrom-
eters relative to the spacecraft.
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Low-field electron spectrometer,
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Table 1-1. Characteristic

s of detection system.

Particles Instrument Energy Symbol designating measurement
Electrons Magnetic electron 79 £ 283 keV El
spectrometer
158 + 27 E,
266 = 36 Bs
479 + 52 E 4
822 + 185 Eg
1530 % 260 Eg
2820 + 270 E,
Proton telescope > ~4 MeV EB
Protons Single‘ detector 0.i0 to 0.15 MeV Pl
Proton telescope 0.23 to 0.57 P2
0.57 to 1.35 P3
1.35tc 5.40 P4
5.60 to 13.3 Fg
14.0 to 46 Py
43 to ~84 P,
Alpha Proton telescope 5.8 to 21.6 ay
22,7 to B55.2 ay
56.4 to 104 ag

Omnidirectional measurement Shielded solid-state FPulses

of bremsstrahlung and pene- detector,

>0.30 MeV O

trating protons bremsstrahlung 1
threshold 300 keV,
and proton threshold
~80 MeV
Ommidirectional measurement Pulses
of penetrating protons > 7.20 MeV O2
equivalent
to protons
> ~80 MeV

1.2 SCIENTIFIC CONSIDERATIONS

At 13:06:01.5 GMT of March 4, 1968 the
OGO-V satellite was launched into an orbit
with an inclination of 31.265°, an apogee of
146,757 km, and a perigee of 291 km., The
orbital period was 62 hr 26.3 min. During

the first year of operation, apogee has

been on both the day and night side of the
earth, Also, by virtue of its delayed
launch, itg operation is covering the peak —
of the solar cycle, OGO-V contains many
highly sophisticated experiments designed
to measure particles from plasma to cos-
mic energies and to provide measurements

of magnetic fields and low frequency waves.



'g‘his experiment, designated E-06, was
designed fo take over where the low energy
charged particle experiments stop (a few
tens of keV) and to extend the range to
several MeV,

Because of the satellite orbit, wide
ranges in flux are encountered. Consis-
tent with the constraints inherent in the
instrument design, as wide a dynamic
range of operation as possible has been
provided. The Instruments are designed
to function in the heart of the radiation
belis and still have enough sensitivity and
adequate background rejection to obtain
ugeful data in the region outgide the geo-
magnetic cavity., In this latter respect,
the onset of solar maxima has proved
interesting.

The spectrometers have a moderately
small acceptance angle, To properly use
such instruments, the aperture of the in-
struments should be oscillated in a con-
trolled manner in order to obtain the di-
rectional distributions of the measured
radiations. This scan is provided by a
gpecial mechanism on OPEP-2, (See a
diagram of the spacecraft in Fig, 1-3.)

" Scan in the neighborhood of the earth is
about the earth's radiue vector with the in-
strument's aperture looking perpendicular
to this direction. This scan does not pro-
vide the complete angular coverage desired;
however, a second scan perpendicular to
this direction was considered overly com-
plex for this mission, Pitch angle infor-
mation comes from correlating the aper-
ture scan direction with the magnetic field
data obtained from the UCLA Fluxgaie
Magnetometier Experiment.

Breadly speaking, the objectives of the
measurements are to obtain the energy,

© fluxes, and directional properties of the

meagured radiations along with their time
history., Major emphasis is being given
to the region inside the magnetosphere.
Data from other experiments on OGQO-V
is available to provide many of the re-

quired correlations during data analysis.

1.3 TECHNICAL OUTLINE

This report documents the design de-
tails of the instrument and the calibrations.
This includes the design of the sensors,
glectrical circuits associated with the
sensors, data handling circuits, and the
mechanical design, Three ingtruments
have been built; the proiotype, and first
and second flight models. The prototype
should be considered an advanced bread-
board. Major design changes were made
Flight
units were essentially identical except for

between it and the flight models,

the usual variations in detector character-
istics, spectrometer magnetic fields, and
amplifier gains. This report is primarily
the docurnentation of Flight Unit No. 1,
the instrument in orbit on OGO-V.

The experiment consisis of a sensor
package located on OPEP-2 (- Z-axis) of
the spacecraft (Fig. 1-3) which is con-
nected to an electronics package located
Data

handling is digital, with considerable data

in the main body of the spacecraft.

sharing between the 20 scalers (accumu-
lators) in the experiment and the 5 digital
words available for reading the e'xperiment
data into telemetry. One analog word is
used to provide experiment synchroniza-
tion and to read out status data.
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2. The Electron
2.1 INTRODUCTION

The problem is to uniquely determine
the energy specira and fluxes of electrons
over a large dynamic range (that is in the
range of flux changes of < l/cmz—sec to
>108/cm2-sec} in the presence of proton
fluxes varying over a gimilar range and
One is
quickly led to the use of a magnetic broom

over a wide range of energies,

to sweep away the protons from the de-
tector. One might consider several de-
The detector could be

a single scintillation detector which how-

tection systems,

ever, suffers from problems of long-term
pulse-height stability, change in pulse
height with &ounting rate and severe spec-
tral distortion at high couniing rates, and
non-unique energy response. A single
solid-state detector with pulse-height ana-
lyzers would have been effective over
much of the orbit (>5 earth radii) but has
the problem of spectral distortion due to
pulse pile-up, non-unique energy response
and lacks redundancy. We chose as our
spec:trometer1 to use the principle of
first-order semicircular focusing in a
uniform. magnetic field as had been in
common use in beta ray spectroscopy.
Solid state detectors in the focal plane are
Pulse
height analysis is used to select only the

used to count the analyzed particles.

lFor an account of work using a similar
instrument see, H.I. West, L.G. Mann,
and S.D. Bloom, in Space Research
{(Intern, Space Science Symp., bih,
Florence, 1964; North Holland, Amsterdam,
1965), vol, 5, p. 423, H.IL West, Radia-
tion Trapped in the Earth's Field, B, M.
McCormac, Ed. (D. Reidel, Dordrecht,
Holland, 1965), p. 634.

Spectrometer

full energy pulses, thus reducing the ef-
fects of bremsstrahlung and penetrating
protong, and reducing the detection of de-
graded electrons that have scattered off
the spectrometer walls, In order to clearly
define the entrance aperture, a digk-loaded
collimator is used at the entrance to the
Spectrometer.

One has the choice of using a single size
detector for each energy channel 1 the
spectrometer with a single shielded de-
tector to determine background. In this
case the detector functions much as a
Geiger-Mueller counter except that there
is a widely varying range of pulse heights,
The window of the pulse height analyzers
would have to be set wide to accept the
pulses. A serious problem occurs for
high energy particles at minimum ioniza-
tion since it is almost impossible to dis-
criminate against them. In the interest of
background rejection, we chose the some-
what complex approach of providing tailored
detectors for each energy chanmnel plus a
The
detector depletion depths are approximately

corresponding background deiector.

an electron range (for the upper chammels)
and only the pulses in the peak of the energy
distribution of pulses are used.

Two magnetic spectrometers are pro-
vided: the high-field spectrometer and the
low-field specirometer. This choice was
dictated by several reasons, I was essen-
tial to keep the high-field spectrometer
small in order to maximize the geometri-
cal factor of the proton telescope and to
maximize the geomeiry for the detection
of energetic electrons, Crowding low-
energy electron chammels into this magnet

would result in poor energy resclution,



poor angular resclution, and mechanically
unfeasibly small detectors for the lower
channels. TUtilizing the second magnet
also allows aligning the magnets for ex-
ternal dipole cancellation. Surprisingly,
the use of two magnets is lighter than any
of the single magnet configurations which

came close fo meeting requirements.

2.2 MAGNET DESIGN

The primary consideration for our pur-
poses is to choose the permanent magnetic
material with the highest magnetic energy
per unit weight when producing the mag-
netic field required (2 to 4 kG). Our choice
was the ferroceramic Ferrimag V (same
as Indox V or Arnox V) with peak energy
product Bde of 3.2 X 105G x0eata
mass density of ~5 g/ cm®. The thickness
of the magnetic material is dictated by the
field required in the air gap and by the re-
quirement that B Hy {refer to the manu-
facturer's demagnetization curve) be near
a maximum. These considerations pro-
duced the lightest magnet possible and the
highest geometrical factors. The return
path of the magnets is of annealeﬁ Armco
iron. Careful annealing is necessary 1o
reduce the external stray field, since the
flux in the return path is ~10 t0 12 kG. In
an effort to minimize the external field,
where possible the return path has been
welded into one continuous path to reduce
the fringing field at air gaps.

The ferroceramics have the unfortunate
property of being temperature sensitive,
The change of field with temperature is
-0.19%/°C. Below some critical tempera-
ture, depending upon where in the demag-

netization curve the magnetic material is

-8-

working, the material is irreversible and
gsome flux will be lost in returning to a
higher temperature. The high-field mag-
net (2690 G at 20°C) was designed to be
reversible down to ~ -45°C without flux
loss,
was designed for an initial field of ~ 1500 G.

The low-field magnet, however,

Temperature cycling down to -45°C re-
sulted in a room temperature field of 863 G
(the design goal) after which it was stable
to -45°C upon repetition of the temperature
cycle. Both magnets were temperature

cycled three times to insure reversibility,
2.3 MAGNETIC SHIELDING

To rminimize the magnetic flux to be
attenuated, the two magnets are aligned so
that the external dipoles are i.n‘opposition
(see Fig. 7-1). The resultant field has a
maximum value at 1 £t of about 2000 .
Originally, we had anticipated the need for
a rather elaborate shield. It was found,
however, that a shell of 4 mil Conetic™
shielding material placed ~1/2 in. or
greater (see Fig. 7-1), completely shields
the field of the magnets, There is one pre-
caution, The Conetic must be very care-
fully annealed and not "work hardened"
afterwards. The regidual field from the
OPEP package at 12 in. was ~300 7.

After exposure to a 25-G field (a satura-
tion field for the Conetic shield) the so
called "permed' field was ~1400 7. The
package "depermed" (degaussed) to a field
of ~120 v, The perturbation to an ambient
field of 25,000 v was ~1300%. The above
resulis were for Flight Unit-1 but were
typical for both the prototype and Flight
Unit 2.

=kPJ:'oduc:’c of the Magnetic Shield Division,
Perfection Mica Company.



2.4 DETECTORS

Mechanically speaking, the choice of de-
tectors for the spectrometer is the silicon
The choice of de~

tector for the low energy channels is the

solid-state detector.

diffused junction detector (D. J.) because
of its greater resistance to radiation
damage than the lithium drift detector
(LiD).

Because of the thick depletion depths
required, LiD detectors must be used for
the higher energy channels, Fortunately
the radiation damage sites in the detectors
tend to "anneal out" during the long period
of time OGO-V is outside the radiation
belts, and hence radiation damage is not
expected to be a serious problem, Radia-
tion damage shows up as a loss in detector
resolution and as an increase in leakage
current. A marked increase in leakage
current will cause a loss of detector bias
due to the voltage drop in the bias resistor.
The voliage drop can cause a degradation
in the detector pulse rise time which can
cause loss of pulse height and detection
efficiency, For the detector used in chan-
nels 1 through 5, a factor of two reduction
in detector biag is iolerable. For channels
6 and 7, effects show at approximately 30%
and 20% reduction in bias respectively.
There is alsc a similar problem with the
3 and D 4
The

leakage of a solid-state detector doubles

proton detectors as detectors D

are overbiased by only about 30%,

every 8 to 10°C; hence to minimize the
leakage problem, the OPEP package is
operated at 0 £ 10°C.

Unfortunately the detectors are not
uniquely sensitive to electrons but will
detect both bremsstrahlung (by Compton

and photo-electric interactions) and pene-

~9-

trating protons. This was part of the

reason for housing the detectors in cases
of the high-density high-Z material, gold,
as this allows a large amount of shielding
close to the detectors,

gold provides a defining slit in front of the

Also, the use of

detector and prevents sideways scattering
An im-
portant aspecti of the gold case is the high

of electrons between detectors.

elastic scatiering cross section of gold
for electrons, which results in the reflec-
tion back into the detector of many elec-
This
increases the proportion of high-energy

trons which penetrate the detectors.

pulses in the pulse height distribution and
allows a higher threshold discrimination
to be used for a given detector efficiency,
thus reducing the bremsstrahlung detec-
tion (~1/E distribution of pulse height in
the detectors in the hearts of the radiation
belts),

iectors to monoenergetic electrons are

Typical response curves of the de-

shown in Figs. 2-1, 2-2, and 2-3.

The depletion depth of the detectors
used for the higher-energy channels is
chosen to be approximately a range for the
electron energies to be detected. This is
of some importance for the LiD detectors
as the lithium will continue to drift (~1/2
mm per year at 20°C for fields of 100 V/

‘mm) during the satellite mission, hence

raising the sensitive volume of the de-
The thickness of the detectors for
the iWwo lowest energy channels is dictated

tector.
by noise regquirements., Wiih the low noise
(FET type) preamplifiers available, a de-
pletion depih of ~200 u is a good compro-
mise from the view point of low capacity
and the problems inherent in making thick-
er D.J. detectors.
from minimum ionizing protons wiil be

Unfortunately, pulses

detected in the lowest energy channel, but
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Tig., 2-1. Response of detectors used in channels El and E2 to monoenergetic electrons.

gince the signal-to-background ratic is
high (>50/1), this is not a problem. The
characteristics of the detectors are shown
in Table 2-1, The detectors were manu-
factured by the Solid State Radiations Inc.,
Los Angeles, California, under the direc-
tion of Dr. F. Ziemba.

2.5 PROPERTIES OF THE ENERGY
CHANNELS

We are interested in the energy of the
channel, the channel width, angular ac-
ceptance, and in its geometrical factor.

For our purposes we express the geomet-
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rical factor in terms of the units A 2 AE,
For computational convenience we may
congider A as the effeciive area of the
entrance aperture, £ the solid angle with
which a point in the aperture views the
detector, and AE the effective energy
bite.
the probability of detecting the electron
once it has hit the detector which is in the

To complete the geometry we need

range of 0.5 to 0.8, To a rather good first
order (neglecting fringing fields and cb-

liquity effects) we find

WS ’ ﬂd
AQAE = LW, X (b—)(m)

‘u) E cmz—-sr-keV



where

This equation is given primarily for in-

Ea = length of aperture structive value. The maximum range of
Wa = width of aperture energies detected is
£ q- length of detector
= xari 2
Wd = width of detector - ) W+ Wd + pé 5 4 E/Ii
WS = width of slit Base 20 1 +Efu
b = aperture to slit distance
E = electron energy in keV where
g = electron rest mass = 511 keV
p = radiug of curvature of elecirons ¢ =t an~ L Ws * Wa
path in the magnetic field. 2b :
900 T ] | 1 I ] 3 [ \ ! I 1 I i i I 1 T
Moenocenergetic
- electrons Pulse generator A
calibration
8001~ 768 keV—~_, 7]
~ 637 kem N
A
700— ﬂ ]
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5 o 4
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300 -
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I 1 \ | ) 1 1 - I | ] ] ! i 1 !

.
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Fig. 2-2. Response of detector used in channel E5 to moncenergetic electrons.
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Fig. 2-3. Response of detector uged in channel E7 to monoenergetic electrons.

Note that AE in the geometry equation and

AEBa se differ, The resolution, FWHM )
2.

is ~ AEBase/
The energies of the channels were de-
termined by calibrating solid-state detec-
tors in a laboratory beta ray spectrometer
and then using the detectors in the flight
spectrometer focal planes. The géometri—
cal factors were determined by first cali-

brating extended uniform sources of beta
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ray emitters, The sources were then
placed over the spectrometer apertures {o
vield the geometrical factors directly.
The results including temperature de-
The

accuracy of the geometry calibrations is

pendences are given in Table 2-2.

expected o be within +10% for channels
2-7 and +15% for charmel 1. The relative
error should be well within half these
values.
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Table 2-1. Characteristics of electron spectrometer detectrons.

b Detector
Approximate Detector slit
Bias?® leakage dimensions dimensions Detector
Channel Detector Depletion voltage current length X width length X widih Reflector® encapsulation
No. type depth (V) {uA) {znm) (mm}) over slit "paralene"
Low-field
magnet
El DJ 270 u -50 0,22 10 X 4 8X3 0.1 mil rubber none,
hydrochloride .
E2 DJ 270 u -50 0.38 10 X4 2X3 0.1 mil rubber none
hydrochloride
Bys 270 u ~0.1
Eg DJ 246 u -100 ~0.1 10 X5 9X4 0.256 mil mylar 0.5-1.0 mil
BS 266 p ~0,1
Ey DJ 460 u -300 ~0.1 10X7 9X6 0.25 mil mylar 1,0 mil
B 4 490 p ~0.1
High-field
magnet
E5 LiD 1,45 mm  -150 1.4 10X 6 8X5 0.5 mil mylar 1,0 mil
Bg 1,45 mm 0.7
EG LiD 2.9 mm -300 2 10 X 9 9X8 1 mil mylar 1-2 mils
By 2.9 mm ~1.0
E,? LiD 4,6 mm =500 7 10 X9 9X8 1 mil mylar 1-2 mils
]37 4.75 mm 7

2The detectors will function properly at least twice this voltage.
Pat 200C,
CCoated with aluminum.



Table 2-2. Characteristics of electron channels,
Center Channel® b Geometrical
energy width Base™ Pulse-height factor
Channel in keV at FWHM width discrimination Acceptance cm? keV sr
No,  +21°/0°/-20°C at 0°C__ at 0°C levels in keV angle at 21°/0°/-20°C
1 74{779/83 22 45 51-91 7.6° 0.177/0.180/0.159
2 147/158/168 27 54 101-183 5,8° 0.272/0.277/0.281
3 250/266/282 41 71 194-346 4,7° 0.362/0.390/0.466
4 456/479/500 86 101 329-587 3.5° 0.583/0.605/0.625
5 776/822/866 250 370 453-1051 5.3° 4.,18/4.43/4.64
6 1455/1530/1600 352 520 850-1877 4,1° 8.10/8.57/9.05
7 2680/2820/29'?0c 540 1720-3230 2.5° 3.66/3.88/4.10c

4Measured from pulse height distribution with contribution of detector noise removed.
PEun range of energy detected, calculated. Resolution FWHM ~1/2 base width.
“From temperature dependance of channels 5 and 6 for data at 0° and -20°C.
dPerpendicular to direction of focusing in the magnets, calculated effective width (50%

less and 50% greater),
comes at zbout 3.4 times this value.

The response is approximately triangular so that zero response
The acceptance angle in the plane of focusing is

only slightly channel dependant calculating to 29° for channels 1-4 and 31° for channels

5-17.

2.6 ELECTRON SPECTROMETER
ELECTRONICS

A block diagram of the electronics is
ghownt in the electrical drawing Fig, 2-4,
The pertinent circuit diagrams are indi-
cated by the LE*—numbers attached to the
various blocks, These circuil diagrams
are as follows:

e preamplifiers, Figs. 2-5 and 2-6;

o amplifiers, Fig. 2-7T;

e diseriminator driver, Fig. 2-8;

e pulse separation network, Fig. 2-9;

e differential discriminator, Fig. 2-10;

e discriminator and logic, Fig. 2-11;

and

"The LE-numbers refer to the identifi-
cation numbers used in the Lawrence
Radiation Laboratory Electrical Engineer-
ing Department at Livermore, The num-
ber 12854 is common to all the drawings
related fo this project.

~-14~

Thig response is approximately rectangular.

e amplifier and integral discriminator,
Fig, 2-12.
Further relation to the rest of the system
is given in the OPEP interconnect diagram,
Fig, 2~-13.

The preamplifiers for the detector
pulses are of the low-noise charge-
gensitive type. The charge-sensitive
preamplifier has the virtue of being in-
sensitive to variations in detector capac-
ity. The preamplifier used for channels
1 and 2 are designed to provide especially
low noise, The noise expressed in terms
of pulse-height resolution in units of full
width at half maximum is 4 keV + 0.1
keV/pF in which the last term takes into
effect the capacitive contribution, Lower
powered preamplifiers were used for the
higher energy channels, The noise for

these units is 11 keV + 0.22 keV/pF,
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Two schemes are used to handle the
For the higher
energy channels, 3 through 7, the pulses
from the background detectors ars mixed

pulses from the detectors.

at the preamplifier (being differentiated
by polarity} and then handled by the same
The ability to use the
same differential discriminator is pro-

linear electronics,

vided by delay-line clipping the incoming
pulses (Fig. 2-9) so as to provide in both
cases the negative pulse required for the
differential discriminator. The pulses
from the output of the discriminator

(Fig. 2-11) are logically routed {on the
basis of which comes first, the negative
or posgitive excursion of the pulse} to give

the electron plus background and the back-

-19-

ground cutputs., The use of this procedure
insures that the background pulses are
handled in the same manner as the elec-
In addition, the delay-line
clipper provides excellent b‘ase—line resto-

tron pulses.

ration for the pulses, which iz of impor-
tance at high counting rates (including
overload pulses from pfotons} and for
minimizing the effects of radiation démage.
The differential discriminator? is unigue,
It has a two-pulse resolution of ~2 usec,
operates at zero standby power with a
temperature coefficient of 0.025%/°C and

cannot be tripped by overload pulses.

2p. Peters, Lawrence Radiation I.ab-

oratory, private communication (March 19,
1963).
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For the following discussion of the cir-
cuit, refer to Fig. 2-10,
If only tunnel diode CR2
trips, the pulse will couple through to the

Operation is via

negative pulses.

output, the output occurring when CR2 re-
sets, thus providing a negative differenti-
ated pulse at the base of Q4. If, however,
CR1 trips, the combined current flow via
R6 and R7 will trip CR3. During the fall
of the input signal to the differential dis-
criminator, the current via R7 is enough
to keep CR3 tripped. Also @3 is in hard

-21-

77

Differential discriminator (LE 12854-191).

saturation and the memory (~0.7 usec,
temperature compensated hy CR3) is ade-
quate to anticoincidence the ouiput pulge.
This anticoincidence procedure is further
ugsed in the proton logic circuits,

For energy chammels 1 and 2, parallel-
ing the detectors into the preamplifier is
not feasible because of the high capacity
and resultant increased noise. For these
cases, detectors 1 and 2 are identical and
a common background detector is provided,
The logic is shown in Fig. 2-4.
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3. Proton and Alpha Particle Detection System

3.1 INTRODUCTION

The proton telescope measures the
proton and alpha particle fluxes and en-
ergy spectra over as much of the energy
range covered by the space craft orbit as
possible. A large dynamic range was pro-
vided so that the spectrometer could pro-
vide some useful data in the region cutside
the earth's magnetic field and still be able
to handle the high counting rates expected
in the trapping regions.

The design of the proton spectrometer
was sirongly influenced by the presence
of the electron spectrometer, since the
magnet provides a ready made sweeping
field to eliminate lower than 4-MeV elec-
trons and also provides shielding for both
electrons and protons of higher energies,

The large energy range desired, (ap-
proximately 0.1 to >75 MeV), led to the
choice of an E, dE/dX type of detection
system. The telescope has four detectors
and two absorbers in series, The particle
type and energy is determined by meas-
uring the energy deposited in each detec-
tor penetrated, Diffused-junction solid-
state detectors were used because of their
gmall gize, good energy resolution, and
relatively good resistance to radiation
damage compared to other types of detec-

fors.

3.2 THE PROTON TELESCOPE

The arrangement of the detectors in
the proton telescope is shown in Fig, 1-2.
The physical characteristics are given in

Table 3-1. Designating the components
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of the telescope in order from the en-
trance aperture they are: detector Dl‘
detector D2, an aluminum absorber
0.674 mm thick, detector Dg, a gold ab-
sorber 1,57 mm thick and detector D4.
The telescope is located between the pole
faces of the high-field magnet of the elec-
tron spectrometer, directly in line with
the entrance collimator., Two smaller
detectors, D0 centered in the plane of the
magnet pole pieces but 12.5° off the main
telescope axis, and D1 located above D0
and not on a line of sight through the col-
limator, provide the lowest energy chan-
nel, D1 is covered with 1 mil of alumi-
nized mylar and is used as a background
detector for DO‘

The sizes and positions of the detectors
in the {elescope are arranged so that the
acceptance angle of the collimator includes
essentially all of the active volume of each
detector, Both the D0 and D1 detectors
are directly exposed to the open collimator,
hence are coated with 1000-1500 A of
aluminum as a light shield, Although Dz
is shielded from light by Dl’ it is also
coaled with aluminum for interchangesabii-
All detectors have 0.3—0.5
The

edges of the aluminum coating are light

ity reasons.
micron thick gold back contacts.

sealed to the detector mounts with a black
paint which reduces the effective area of
DO’ Dl’ and D2 somewhat from the maxi-
mum active area,

The detectors in the first flight package
were made by Robert Lothrop at the
Lawrence Radiation Liaboratory, Berkeley,
California.
model were made by Nuclear Equipment

Those in the second flight

Corporation and Nuclear Technology



Table 3-1. Characteristics of proton detection system.
Detector No. D, b, b, D, DS D,

Dimensions [l pole face 0.30 em 0.29 em 1.21 cm 1.26 cm — -

inside 1 pole face 0.48 cm 0,47 cm 0.874 cm 0.892 cm — _

pamt Area 0.143 cm® 0.136 cm? 1.06 cm? 1.12 em? —_ —_—
Sensitive Il pole face 0,407 cm 0.407 em 1,49 cm 1,49 em 1.60 em 2.06 cm

area 1 pole face 0.615 em 0.615 ecm 0,992 cm 0.983 cm 1,125 cm 1.461 cm

dimensions Area 0,250 em? 0.250 cm? 1.48 cm2 1.48 cm2 1.80 cm2 3.01 cm2
Geometric || pole face 0,40 crn 0.40 cm 1.29 cm 1,40 cm 1.55 cm 1.80 em

collimated 1 pole face 0.60 cm 0.60 em 0.93 cm 1.05 cm 1.19 cm 1,49 cm

dunensions Area 0,24 cm? 0.24 cm? 1.20 cm® L4t cm2 1.84 cm2 2.82 em>
Serial No, D-0-14 D-0-12 D-1-12 D-1-17 D-3-13 D-3-14
Silicon thickness 100 u 100 u 236 u 247 p 470 470 p
Front surface dead layer

wmcluding aluminum 0,29 u 0.24 u 0.28 u 0.20 u 0,14 u 0.17
Back surface gold thickness — — 0.38 i 0.36 p 0.40 4 0,40 p
Solxd angle 1.44%10°%sr — 125x10 2 s 112X10%sr 857x103sr T.04x107% sr
Noise FWHM (20°C) 10 keV 10 keV 16 keV 17 keV 34 keV 25 keV
Punch-through voltage 50V 50 V 100 V S0V 170 v 160 V
Leakage current at 20°C 0.14 pA 0.12 pA 1.6 pA 1,7 uA 3.9 HA 2.2 ud

Corporation, both in San Carlos, California, greater than 1.31 MeV, and ended by a
signal greater than 0.20 MeV in Dg which

under the direction of Dr., Louis Wang.

The first detector in the telescope, Dl’

is shown as an anticoincidence,

A pulse

serves as both an E and dE/dX detector.
Protons of less than 5.2 MeV are stopped
in this detector, giving a full energy pulse.
Ahove 5.2 MeV, protons peneirate D1 and
can deposit energy in one or more of the
succeeding detectors. Threshold discrim-
inators on the outputs of the various de-
tectors, combined with coincideﬁce and
anticoincidence circuits divide the entire
energy range into seven proton and three
alpha particle channels in an approximately
logarithmic manner. The channel designa-
tions, energy intervals and logic state-
ments are given in Table 3-2.

As can be seen from the logic statement
table, four discrimination levels are pro-
vided for'D1 and D2, five for DS’ and three
for D 4
termine the various energy channels,
example, channel Pg is begun by signals
in Dy greater than 1,32 MeV, and in D,

Logical combination of these de-
For

in Dy greater than 5.84 MeV or in Dy
greater than 5.75 MeV would indicate
either an o particle count or background
and consequently is used in anticoincidence.
Since the intense low-energy portion of
the electron spectrum is prevented from
reaching the telescope, the primary
sources of background are from protons
and bremsstrahlung that have reached the
detectors by penetrating the wall of the
spectrometer, This background is deter-
mined by logically interchanging the roles
of the detectors. This can be done effec-
tively for P2, PS’ and P 4° A reasonable
background channel can be provided for
P5 by the same sort of interchange. The
background for PG comes from measuring
those particles that have passed completely
through the telescope. The alpha back-
ground (op_) again comes from inter-
changing the roles of D, and Dz' Channel

-26-~



Table 3-2. Logic of protor}"d_etg_cﬂp_n system,

Channel Energy range Geomeiry Logic statement discriminator settings
designation (MeV) {cm<-sr} (MeV)
P, 0.10 - 0.15 2.06X107°  Dy(0.070)(D,(0.120]
Py, 0.10 - 0,15 — D_,(0.070}[D_,(0.120}]
P, 0.23 - 0.57 1,30 X 1072 D,(0.20)[D,(0.55) + D,(0.525}]
Py 0.57 - 1.35 1,30 X102 D,(0.55)[D4(1.32) + D2(0.525)}
P, 1.35 - 5.40 1.30 X 1072 D,(1.32)[D,(5.84) + D2(0.525)}
Py 5.60 - 13.3  1.25X 1072 D, (1.32)D,(1.31){D, (5.84) + D,{5.75) + D,4(0.20)]
Pg 12.0 - 46,0 1.72 X102 D,(0.525)D,(1.24)[D,(5.75) + D4(9.05) + D,(0.20)]
Py 43 - 94 1.98 X 1072 DZ(O.20)D3(0.57)D4(0.78)[D2(1.31) + D,(1.58)]
EB E > 4 DZ(O.ZO)DS(0-57)[D2(0.525) + D3(1.24) + D4(0.20)]
ay 5.92 - 21.2  1.30 X 10”2 D, (5.84)[D,{0.525) + D,(0.20})
o, 22.8 - 53.1 125X1072  D,(5.84)D,(5.75)[D(0.20]]
@y 56.8 - 104 172X 10-2 D1(1.32)D2(1.31)D3(9.05)[Dl(5.84) + D2(5.75) + D4(0.20)]
Phy D2(0.20)[D1(0.20) + D2(0.525)]
Pps D,(0.525)[D,(0.55) + D,(1.31}]
PB4 . D2(1.31)[D1(U.55) + D2(5.‘75)]
PB5 ' D2(1.31)D3(0.57)[D2(5.75) + D3(1.58) + D4(0.20)]
PB6 D3(0.20)D4(0.20)[D3(0.57) + D4(0.55)]
apy D, (5.75)[D,{0.55) + D,(0.20)]
apg D,(5.84)D,(5.75)D,(9.05)D,,(0.78)
aps D1(0.20)D2(0.20)D3(0.55)D4(0.55)

ap_ provides a measure of star production
2

in the telescope and ag_ a measure of
relativistic alpha particles,

Figure 3-1 shows the energy deposited
in each detector, including the effects of
the aluminum coatings, the gold backing,

and detector dead layers., The aluminum

and gold absorbers extend the energy range

of the telescope. The energy intervals of
the telescope channels are also shown.
The effect of the paint edging on the
first two detectors is shown in Fig, 3-2
and Table 3-3.

to cause the detection of higher energy

The effect of the paint is

protons in a channel than was originally
intended. The effect on the counting rates
in the respective channels for a flat spec-
trum is calculated in Table 3-3,

-2 -

3.3 PROTON CHANNEL P1
The proton chamnel P‘l is derived from
detector DO' This detector and its asso-
ciated background detector D—l were in-
cluded in the design in order to take ad-
vantage of the lower noise level possible
After making al-

lowance for the dead layer, aluminum

with a small detector.

light shield, and average noise level
(assuming the worst case temperature),
we were able to set channel P1 at 0,102
to 0.150 MeV.

The low energy protons detected in Dy
are deflected in the magnetic field so as
to move the virtual position of the detec~
tor 4.8° closer to the center line of the
proton telescope than the 12,5° indicated
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Fig, 3-1. Energy loss characteristics of the proton telescope.

by the physical constraintg. This deflec-

tion greatly enhances the gecometrical

factor, otherwise the edge of the external

collimator is a factor in defining the ac-
ceptance angle rather than the slit of the

spectrometer.
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3.4 ELECTRON CHANNEL EB

Electrons with minimum ionizing en-
ergy reach the proton telescope. The ex-
pected pulse-height distribution from this
source in D1 and D2 is a minimum of
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Fig. 3-2. Energy loss characteristics through the painted portion of the detectors.

~100 keV, peaking at ~130 keV and falling back through D3 and D2 do so at an oblique

off rapidly at higher energies. The dis- angle. Hence the distribution of total
tribution in D3 would be just twice thege energy left in D3 _peaks at ~600-700 keV
values except that a gold absorber has and in D2 peaks at ~ 300 keV. The effi-
been placed directly behind D,. The gold ciency for such a process is ~10% of the
presents a large elastic scattering cross incident particles, In providing this en-
section o the electrons, The direction- ergy channel (Eg), the backgrounds for
ality of the scattered electron is roughly the lower-energy proton channels are
isotropic so that the electrons thai pass raised, but since ther;z is usuaily such

-29~



Table 3-3. Effect of paint on Dy and D2.

Effective Geomeiry Percent b

Solid  painted of painted of Percent effect

Channel Energy range angle area area unpainted in channel for

designation (MeV)2 {sr) {cm?) (cm?-sr) geometry flat gpectrum
P, 1.8- 1.9 0.0112 0.244 2.73X107° 21.0 6.2
P3 1.9- 2.3 0.0112 0,244 2.73 X 10_3 21.0 10.8
P, 2.3- 6.2 0.0112 0.244  2.73X 1073 21.0 20.2
P5 6.4 - 13.3 0.0110 0.0874 9.59 X 10'4 7.7 6.9
o 9.6 - 25.0 0.0112 0.244 273X 1075 21.0 21.0
oz2 26.0 - 53,5 0.0110 0.0874 9.59 X 10_4 7.7 7.0

8protons of this energy range will leave pulses of measurable arnplitudé in the respec-
tive channel. BSee Fig, 3-2.

vbThe contribution to the counting rate of the respective channel by the protons so indi-
cated,

an abundance of low-energy protons rela- 3.6 GEOMETRICAL: FACTORS

tive to energetic electrons, this source
of background is no problem. The geometrical factors for the various
As yet no calibration has been done with

either flight model telescope using > 4-MeV

channels were calculated from the meas-
ured dimensions of the detectors and tele-
scope by a computer program that aver-
ages the solid angle seen by elemental
areas of each detector over the area of
the detector. The values for g = AfQ given
in Table 3-1 are for the open area (un-
painted) of ]?1 and D2 and for the colli-
mated area of DS and D4. The geometri-
cal factor for particles that penetrate the

electrons, so the evaluation of the data
from this channel will be postponed until

such a calibration can be performed,

3.5 DETECTOR PROPERTIES

Table 3-1 lists the periinent detector

properties. All detectors were checked ‘paint is given in Table 3-3, The geomet-

for leakage current and noise over the an-
ticipated femperature range of the spec-
In addition, front and back dead

layers were measured at a variety of pro-

trometer,

ton energies, and the energy response and
collimation geometry were measured with
protons from 0.1 to 14.5 MeV,

~30-

rical factor given for P, is expected to be
accurate to about 10%, certainly to 15%.
The geometrical factors given for the
other channels should be good to 5 to 10%
when measuring spectra in which proton
penetration of the painted edges is not im-

poriant. When penetiration is important,



the uncertainties inerease and can be
estimated with the help of Table 53-8,

3.7 PROTON SPECTROMETER
ELECTRONICS

Figure 3-3 shows the block diagram of
the proton detection system. The associ-
ated circuits are as follows;

e preamplifiers, Figs, 225, 3-4, and

3-5;

 amplifiers, Figs. 2-7, 3-6, 3-7,
and 3-8;

s diseriminator driver, Fig. 2-8;

o differential discriminator, Fig. 2-10;

» integral discriminator, Fig, 3-9;

e coincidence and anticoincidence cir-
cuits, Figs. 3-10, 3-11, 3-12, and
3-13;

# logic amplifier driver, Fig. 3-14.
Further relaticn to the rest of the system
is given in the OPEF intercomnection dia-
gram Fig, 2-13, For each detector a low
noige preamplifier is provided, followed
by one or more ouiput amplifiers, Pulses
of a rather large dynamic range (>30/1)
are required from several detectors,
Hence, to insure transinission to the
spacecraft package at a level well abave
the anticipated spacecrafi noise level
(100 mV), more than one output driver hag
had to be provided.

-31-

All logical operations are performed
Tntegral dis-
criminators (Fig. 3-9) firat quantize the
puiges. The pulses then are routed o the
proper combination of ceincidence and

in the spacecraft package,

anticoincidence logic. An excellent ex-
ample of thiz latter operation ig shown in
Fig. 3-11.

the usual series gate uging transiztors.

The coincidence operation is

The anticoincidence operation is the same
a3 used for the eleciron differential dis-
criminater, In this civeuit, current from
two sources, a selected coincidence input,
and any one of the anticoincidence inputa
How-

ever, cnly one current mput is required

will trip the "memory" tumel diode,

‘to keep the tunnel diode in conduction.
Hence, the anticondifion is mainiained re-
gardless of varying pulse widths until the
entire completion of the logical operations.
This is further insured by the memory ef-
fect of the irangistor, @3, which ig driven
into saturation. This memory time is

~ 700 nsec {independent of iemperature as
it is compensatecﬁoy the funnel dicde) and
ingures negation of the differentiated out-
put {positive portion) of the coincidence
system. It is to be emphasized that de-
cisions are made on the irailing edges of
the input pulses and that false nutpﬁts
cannot resuli, even in the event of long-
duration saturation pulses,
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4, Data Handling

4.1 INTRODUCTION

‘Figure £-1 shows a block diagram of
the experiment's data hendling system.,
The interface with the gpacecrafi's data
handling system is shown to the far leff
and right of the diagram. For complete-
neas, we briefly describe the spacecrafi's
data handling system, Tor more detail
the interested reader is referred to var-
ious NASA publications and speci_fica’cions.:a.

OGO-V handles data primarily in a
digiial fashion, Analog data iz acceptable,
however, but ia digitized inio an 8-bit
word prior to being accepted by the Digital
Data Handling Assembly (DDHA).
redumdant DDHATs are provided in the

Two

spacecraft, called Equipment Groups 1
and 2 {EGI and EGZ)' Thege are con-
trolled by a central control system which
determines the mode of operation of the
DDHA's, e. g, which will be transmitting
in "real time' and which will be tape re-
corded (both can go on simultansocusly) or,
if only one is in operation, which BEG is
handiing data. Each EG is formated into
128, 9-bit words, This format iz called
the "main frame," Various words are
relegated to spacecraft functions, threes
of which are further subcommutaied by
128 words each to provide spacecraft and
experiment siatus data. )

The indication as to when the DDHA is
ready to handle the data readoui of a given
word comes via the "inhibit" signals (I)
from the two EG's, Pig. 4-2. Which EG
is to receive data is determined by the

BSee Bpecification No. Revision D,
T-13366-1, April 25, 1866, TRW Systems.

"mode" and "switeh'' signals (8W), Tig, 4-3.
This experiment is designed to output to
real titne whenever ihere is real-time
transmission and {o tape recorder cther-
wise, For this mode of operation, only the
SW signal is needed. To provide data
readout from the experiment, the apace-
craft continuously provides shift pulses
from the two EQ's, the proper EG selected
by SW. The shift pulses then cause the
serial ouiput of the experiment's shift
register (SR), Fig, 4-4, as long as the
appropriate Iis present. Readout occurs
at three rates: 1 kbit/sec, 8 kbits/sec,

or 64 khits/sec.

Out of the 128 words availsble on the
main frame, this experiment is provided
digital words 10, 27, 50, 88, 108, and
analog word 55, In addition, the experi-
ment uses analog word 102 in the No. 1
subcommirtaior as sn indicator as to
which of the experiment's two low voltage
power supplies is in operation,

4.2 DATA ACCUMULATION

All ecunting data_. in the experiment is
handled by flip-flop scalers or accumula-
tors (ACC), The one analog word is used
tol provide ithe internal status of the ex-
periment smd to provide the synchroniza-
tion internal to the experiment,

Agsociated with each digital word are
four ACC's (see Tigs, 4-1, 4-5, and 2-8.
Appropriate gates at the inpuis o the
ACC's provide data routing. In all cases,
data count for four frames of the DDA,
For data of secondary or tertiary impor-
tance, the daia are counted one half the
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The hasic
commutation cycle internatl to the experi-
ment is 1§ frames of the DDHA. This is
provided by the comrmmtator flip-flops Pl
through P, {Fig, 4-7). Advancement of
the primary commutator is provided by
the traiting edge of pulase '[_1(}8'
mary commutator will deo an adeguale job

time or one fourth of the {ime.

The pri-

of sequencing the readout of each of the
Tour ACCts common to a given data word;
but additional subcommnutating is neces-
sary to conirol the counting info a given
ACC in the event it is o handle two or
more data inputs, This secondary sub-
commutation {$3C) is provided by one or
twe flip-flops (Fig. 4-6) common only o
the given ACC and its associated gates,
They must he common o the one ACC
only, because the updating of the S8C must
accur at the time of data transfer from
the respective ACC, and this time iz not
common to any other ACC, However, 1o
keep the SSC1s in step, it is necessary to
pericdically provide a gync pulse. This is
done via the pulse czlled 1) 54 ;4 (Figs.
4-5 and 4-7), This pulse assures that all
the SS8¢ flip-flopa are in the "set" condi-
tion at the start of a commutation cycle,

Table 4~1 shows the sequence in which
the data comes up in readout. The syn-
chronization of the format is provided by
SYNC in word A 55 {a 11111111 in hinary
The details of the analeg output
will be discugsed later.

notation),

A binary floating point compression sys-
tem reads the data from the 12 to 20 bits
of the ACC's into the 8-bit word of the
DDHA, This system requires set-up time
prior to readout from the experiment. The
timing of these operations siaris at the
trailing edge of the previous "inhibit",
called Iy . The operations are con-

~50-

trolled by ihe seguence generators, Fig,”
4-3, ecne of which is commeon to cach data
word., The sequence of operations ig as
follows:

(1) Reset the shift register system
via 'RT:'N.
Tntubit data count in all four ACC's
of the data word via IvN'
Transfer the data from the ACC to
the shift register via “ﬁN
Advance the S3C, if used with the
ACC, via T%
Reset the ACC via RAL.
Start dsts "setup' in the shift
register via ﬁ'A'N
Restari the data counts.

(2)

{3}

(4)
(5)

(6)

4.3 FLOATING-POINT SEIFT REGISTER
SYSTEM

Figurs 4-8 shows a block diagram of
the systemn. The associsted circuils are
as follows:

& reset accumulator, TFig. 4-10;

» cnshle shift register, Fig, 4-11;

o reget shift register, Fig, 2-12;

e floating point SR, Fig. 4-13; and

» digital output gates, Fig. 4-14.

Cur goal i1s to read out the most signifi-
cant 5 bits of data and where they are lo-
cated in the scalar chain, It is assumed
that data from an sccumulator has been
transferred to bits 1 through 20-of the SR
and that the control toggle has been get .
via 'IEN The gequence of operations for
data setup is then:

(1) Shifi right in the SR.

(2) Count the number of shift pulses
via the tally counter,

When either bit 21 of SR is set or
it 4 of the tally counter is set,
resei the toggle and stop the data
shift.

(8)
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Table 4-1. Main body package commuiation sequence,

Word
Main Frame D10 D27 D50 A 55 D85 D108
1 Ey E5 E2 PG EG P 4
2 E3 Py P, EG P E,?
3 P, O2 O1 OPEP P3 B 4
4 PB1 aB2 P35 SRHVM aBl EB4
5 Eq Eg Ey 1.9V Eg Py
6 Eg P, P, MBT PG E7
7 Py P.? EB OPEP P3 E 4
8 EB1 aq }L‘B2 PG @y PB4
9 Ey E5 E, 45V ES P,
10 E3 P5 Pz 12V Pe E,
11 Py O2 0, OPEP P3 i 4
S S M
5 2 : 6 4
14 E3 P5 P Ground PG E.?
15 Py P7 E ’ OPEP PS E 4
16 EB5 ag PB2 SYNC @y EB7
(4} Transfer the data from the tally no need to read out bit 21, hence
counter to bits 22-25 of the SR to the data shift is steered around bit
complete the data setup. 21 except when the tally counter
Readout occurs when IN enables the has filled. Here, there is an am-
yastem as follows: biguity since bit 21 can be set, and
(1) Enable shift pulses via IN hence we must read out this bit if
Enable Digital Output Gates and we are to remove the ambiguity.
Drivers via IN’ the proper EG is Thig operation is controlled by
. selected by SW and SW. flip-flop No, 5 of the tally
{2) Shift 9 bits of data out of the SR counter.
noting that the contents of bit 21 Since the shift register systemis a crucial
may or may not be part of the data part of the experiment, and redundancy could
readout. Usually we know if bit be supplied without undue complexity, a
21 was set or not by the contents redundant unit is provided. The one in use
of the Tally Counter and there is is conirolled by ground command.
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The decoded data output is given by:

N =('i',1)9 + (—2",2)8 + (1,4)7 + (3?,8)6 + (T§,16)5

if
('3',8)4 + (1,4}3 + (5,2)2 + (1‘,1)1 =15

otherwise

N = [(T,1)g + (2,2)g + (,4), + (8,8)

(75,161, + 321 2[(E?,3)4:+(4,4)3+(2,2)2+(‘1',1)1]
In this notation, the subscript indicates
the bit number, bit 1 appearing first in
time or to the left of the word., Note that
with zero count the code comes up as
111100000,
been invaluable during experiment test,

This none-zero cufput has

especially during integration of the experi-

ment into the spacecrafi,

4.4 ANALOG DATA—MAIN BODY
COMMUTATOR

The commutation scheme is shown in
Fig. 4-15, Diode gates are used which
are controlled by the outputs of the pri-

mary commutator flip-flops, Fig. 4-7. .
Non-linearity caused by current division
between the input and output diode is
largely controlled by feedback in the out-
put driver. Diode variations do ogeur
which limit the over-all linearity and off-
sets to £30 mV when the signal is larger
than the zero non-linearity which is about
0.2 V at 22°C.

The data provided at the output of the
main body commutator is shown in Table
4-2. The details of some of the circuits

are supplied later.

4.5 ANALOG DATA—OQPEP COMMU-
TATOR

The commutation scheme is shown in
Fig. 4-16.
gsame as for the main body commutator.

The general approach is the

Five WS 555 integrated flip-flops conirol
the data sequencing. They are advanced
on the trailing ecfge of P, to provide for

data readout through the main body com-
mutator slots 3,7, 11, and 15. A descrip-
tion and comments on the data outputed is
Details of the cir-

cuits are given later,

given in Table 4-3.
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Takls 4-2, Main body package commmutated analog data.

Data

Frame degignation Comments

1 and 8 PG Tnflight calibration pulse generator, Initiated via Impulse
Ceormamand (I C,) Wo. 130. The calibraticn sequence gynchro-
nously starts with frame No. 1 and stops with frame No. L6,
PG normally reads 4,70 £0.032 ¥, In the calibration mode,
it will read 1,77 £ 0.03 V. PG mode is used only at the 1-k
bit rate.

2 e Bwitch signal BGq = 0,47 £0,02 ¥

EGy = 4.68 £0.02 ¥

3 OPEP See Table 4-3.

4 SRHVM mdicates the operational status of the two shift registers and
the two detector high voltage supplies. Al experiment furn on,
the switching unit comes up in resei copdifion. The opera-
tional state after each exercising of I, C, No, 117 is

1, C. Command SREVM
0 8B, No HV 0.19 £0.08 ¥
1 SRy HVy 3.0% £ 0.02
1| 2 SRy HV, 3.69 £ 0,02
2
g 3 SRy HV, 4.29 £0,02
5 4 SRy HV, 2.41 + 0,02
[
5

5 1.9V Monitor of the 1.9-V bus, Normally reads 2,20 £0.02 V.,

G MBT Main body temperature. T = 22.86 V™1 + 36,73 - 12,16 V
- 0,155 V2 in °C where V i the output signal in velts.

7 OFEP See Table 4-3.

9 4.5V Normglly reads 3.23 £0.02 V.

10 12V Normally reads 2,68 £ 0.04 V.

11 OPER See Table 4-3.

i2 6.3V Normally reads 3.40 £0.02 V.

13 -V Nermally reads 3.07 £ 0,08 V¥,

14 Ground Reada 0.20 £0.03 V.

15 OPEP See Table 4-3.

16 SYNC Provides experiment synchronization. It normaily appears at

the ouiput of the experiment as a greater than 5.1-V pulse, and
hence appears in telemetry as a binary 11111111, Note, how-
ever, that a guard is supplied in the experiment so thai the
other outputs (1-15) cannot rise zbove 4.69 = 0.05 V. Hence,
any signal ~4.8 to 5,1 V. may be used for syne although 5.1 V
is normaily adequate.

®The limit assigned to each number is an indication of the normal variation to be ex-
pected over the operating temperature ranges of 0 to +40°C for the main hody package
and -30 to +30°C for the OPEP, I addition, the OPEP variation includes the offset
variations (0.04 + 0,04 V) in slots 4,7, 11, and 15 of the main body commutator, These
values hold for flight unit 1 only, TFlight unit 2 values are slightly differeni; however,
the syncs do not change significanily,
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Table 4-3, OPEP package commutaled analog data,

Slots
startimg Data
at sync  designations Commernts
1 SYNC A 458 £0.08 V gignal, The guard band voltage is set at ~4,.0 V
for OPEP signals. One uses ~4.3 to 4.7 V as OPEP S¥YNC, im-
posing of courge the condition that the QPEP data comes out
through the main body commulator ai frames 3, 7, 11, and 15
Mote that CQPEP SYNC 13 not in a predetermined synchronization
with the main body BYNC,
2 Ground 0.21 +£0.08 V.
3 HE-1 Ball effect probe for inflight measurement of the magnetic field
of the low-field magnet, B = 175 +388 V &, norirel tem-
perature dependence is ¥V = 2.13% - 8,836 X 107~ T - 9.161
¥ 10°5 72 +0.856 X 10°7 T3, T = °C,
4 HE-2 For high-field magnet, B = 100 (17.96 - 6.20 V + £.339 2
- 1.015 v . The normal temperature dependence is V = 2,021
- 1147 T - 1.781 T2 +8.108 TS, T = °C.
& +6.3 Voltage monitor normally = 3,28 + 4,06 V,
& CME 1 I=(3,30 - V}/1,10
T CMElE2 I=(8.65- V}/1.10
8 CME2 I=(2.7-V)/1,10
9 CME3 I=1(2,3-¥)/0,32
iQ CMB3 I=(2,5-¥)/0.34
11 CME4 I={2.80 - V)/0.17
12 CMB4 I=1(2,9¢ - V)f0.17
13 CMES I={2,95 - ¥)/0,17
14 CMEBS 1=4{2.35 - V)f0.17 Detector current monitors.
15 CMEE - T ={2,40 - V)/0.115 V = telemetry output in volis
16 CMES I=(2.85 - V)/0.115 0 to 5.1 V).
7 CME? I=1(3.15 - V}/0.085 I = leakage current in pA,
12 CMRB7 = (2.52 - V}/6.085
19 CMDM1 I={35.15 -~ V)/0.575
20 CMDZ I=(2.80 - V)/0D.575
21 CMD1 I=(3.56 - ¥)/0.114 ~
23 CMD2 I={3.0-V)fo.114
23 CivD3 I=(3.73 - V)/0.114
24 CMD4 I=(3.37 - V)/0.114
25 HV1 When the high voltage supply is off, HV1 = 4,00 £0.04 V. When
on, HV1 = 3.38 £ 0,08 V, A reading of leas than normal indicates
excessive loading of the power supply.
26 HVEZ mdieator for redundant supply.
27 LMT1 Low-figld-magnet temperature probe, Low pange, T =7.29 V2
+2.07V-1+152-17.3%, T="C
28 HMT1 High-field-magnet temperature probe. Low range. See LMT1
For calibration,
28 LTz Low-fleld-magnet temperature probe. High range. T =T7.68 -2
+48.67 V-1 +25,1 - 10.1 V. T =°C.
30 EMT2 High-field-magnet temperature probe, High range. See LMT2
for calibration,
31 +12 ¥ Normally = 3.36 L D08 V,
32 Ground Normally =0.20 £0.08 V,
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5. Status and Miscellaneous Circuits

5.1 INFLIGHT CALIBRATION PULSE
GENERATOR

A major problem in space research is
the credibility of the data.
solving this problem, we have included a -~

As an aid in

pulse generator in the experiment. A

pulse train rising in amplitude is inserted
at the input to each detector-preamplifier
(Fig, 2-13).
checking the discrimination levels of most

The pulse train allows

of the discriminators in the system, pro-
vides a partial check of the accumulators,
and provides a partial check of the shift
register readout system.

The circuit diagrams are shown in
Figs. 5-1 and 5-2,
of two modules; the logic, located in the

The system consisis

main body electronics package and the
ramp pulse generator, situated in the
OPEP package. TFlip-flop No. 1 of the
logic is initially set by a ground impulse
command (No. 130). Occurrence of the
16th frame of Ligg can then result in the
synchronized turn-on of flip-flop No. 2,
thus activating the 7.68-kHz pulse gener-
ator in the OPEP. The envelope of pulses
rises linearly over a period of 16 frames
of the DDHA (1-kbit rate) at which point
the pulse train is ferminated through re-
setting the logic circuiis.

One stage of fail-safe pretection is pro-
vided via the circuiiry of Q2 in the ramp
circuitry which provides turn-off of the
pulse generator after about 3 min of oper-
ation. A second stage of fail-gsafe opera-
tion is provided by the circuitry associated
with @5 in the logic circuitry. In case the
first flip-flop fails with its cutput at 0 V,
the circuit will prevent Q1 from turning omn,

-85-

thereby preventing the possibility of the
pulse generator operating without a pulse
command,

The pulse generator pulses, after prop-
er attenuation (Fig. 2-13), are inserted
via a 4.7-pF capacitor into the input of
each detector-preamplifier. As the pulses
accumulate, they are read out every four
frames of the DDHA, A typical data run
is shown in Table 5-1.
for Jan, 1, 1969, The OPEP was at +2°C
and the Main Body Package at +22°C, TFor
a check on the pulse generator frequency,

The data run is

note the second O1 readout., This readout
was for four complete frames of the DDHA,
that is, 4 X 1.152 = 4,608 sec. An indica-
tion of the channel widih is determined by
adding all readouts commeon to a given
channel. The bottom discriminator trip-
ping level of a channel is then found from
the first reading and the upper level from
the last reading.

The voltage dividers for the proions are
selected to check out the maximum num-
ber of chamnels., Unfortunately a rather
complex scheme would be required to
checkout the complete proton and alpha

logic, and this has not been done,

5.2 HALL PROBE

The magnetic flux from the permanent
magnet material (Ferrimag V) of the mag-_
nets is temperature sensitive (temperature
coefficient of the magnetic field being
~0.19%/°C), and the change of flux with tem-
perature is irreversible below ~-50°C,
There is also the question of the long term
stability of the magnetic material even
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Table 5-1. Typical in-flight pulse generator run,

Data count readout in the following words in the indicated frame

Frame of
readout Word D10 Word D27 Word D50 Word D8% Word D108
1
2 Pgy 3648
3 04 20992
4 PB,; 18432
5 Eq 1] B 13312 B, 14080 E_:G 736
6 P, 5504 E, 25088
7 Pl 28160 P3 15616
8 EB; 18944
9 E, 25600 E 31744 E2 18944 EG 34816
10 B, 12800 B, 1088
11 Py 14336 Oy 35840 Py 6912 By 23040
12 EB; 23552 EB,. 32768
13 Ey 30208 E E6 24064
14 E, 35840
15 E4 35840
16
1 Ey
2 E3 12800
3 0, 14336 E4 8448
4 EB 784
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though the ferroceramics are fairly stable
fn:_tagnetic materials, For these reasons,
it appeared advisable to provide each of
the magnets with Hall probe magnetic field
monitors.

The circuit diagram is shown in Figs.
5-3 and 5-4 (also reported in UCRI.-
14650-'1‘4). The sequence of operations is
as follows:

{1) Pulse Hall probes at position 30

and 31 of OPEP subcommutator.

(2) Amplify and siretch output pulses
from Hall probe,

(3)
4)

Read out via analog output.
Reset pulse streichers at position
32 of the subcommutator.

5.3 DETECTOR LEAKAGE CURRENT
MONITORS

A convenient way to monitor the state
of the solid-state detectors is by means of
leakage current. As long as we know the
temperature of the detector, leakage cur-
rent provides a rough check on the progress
In a well behaved de-

tector, leakage current doubles every 8 to

of radiation damage.

10°C in the range of room temperature.
Figure 5-5 shows the circuit used for

measuring the current, The current con-

gists of a simple FET source follower with

a constant-current transistor, Values are

43. McQuaid, A Low-Powered Magnetic

Hall Probe for Space Applications, L.aw-
rence Radiation Laboratory, Livermore,
Rept. UCRL-14650-T (1966).
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chosen to be partially temperature com-
pensating, Calibration is given asg equa-
tions in Table 4-3.

5.4 TEMPERATURE PROBES

Temperature probes are provided to
monitor the center of the main body elec-
tronic package and the two electron spec-
trometer magnets. Two probes are pro-
vided for each of the magnets,
4-15 and 4-16,

given in Tables 4-2 and 4-3.

See Figs.

Calibration equations are

5.5 VOLTAGE MONITORS

The voltage monitors are simple re-
sistive networks. BSee the circuit diagrams
of tI;e main body package and OFEP com-
mutators, Figs. 4-15 and 4-16, respec-
tively. Note that the commutator inputs
load the networks. This must be con-
gidered in data interpretation in case sig-
nificant deviations from normal are ob-

served,

5.6 HIGH VOLTAGE/SHIFT REGISTER
SWITCH

Redundant high voltage supplies and
shift registers are provided which are
controllable by ground command, The
command logic is shown in Fig. 5-6 and
the high voltage switch in Fig, 5-7.
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6. Electrical Construction

6.1 COMPONENTS

In keéping with the 1-year mission ex-
pectancy of the spacecraft, considerable
effort went into component selection and
(See Table 6-1.)

All transistors and diodes were pro-

screening,

cured under high reliability specifications
initiated by LLRL, or tested to the speci-
fied levels at LRL. In addition to 100% of
lot screening for hermetic seal, mechani-
cal shock survival, and temperature cy-
cling/stabilization; all devices were
burned-in at full ratec{ power for a mini-
mum of 200 hr, Two parameters were
monitored as a screening criteria; hFE
and ICBO for transistors, Vf and IL for
diodes. Devices which exhibited a param-
eter drift >5% in Vf or hFE’ or >25% in
leakage current were rejected from flight
model fabrication., The conservative de-
sign use of transistors and diodes, using
these devices at typically less than 0.05%
of rated power, also contributes to high
reliability.

The WS 555Q integrated circuit flip-
flop, procured from Westinghouse
Electric Corp., was extensively used in
The WS 555@ device was

chosen for reasons of good noise immunity

the experiment.
and low power dissipation. Noise immunity
(a1l inputs and outputs including the supply
voltage) is a nominzl 1.5 V, while standby
power dissipation for a supply voliage of
4.5 V is less than 1 mW. The NPN-PNP
complementary outputs are well-suited to
space application since a low output im-
pedance is presented for both positive and
negative going signals, and the relalively

high power dissipation of collector resis-
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tors is avoided. More than 400 flip-flops
are used in the experiment, indicating the
need for low-power elements,

The WS 555Q devices were carefully
Each de-

vice was x-rayed before and after a me-

screened by the manufacturer.

chanical shock to insure that eracked,
chipped, or voided dies were not allowed
into the final test phase., After a hermetic
seal test, each device had 30 parameters
read and recorded while part serialization
was established. A 168-hr burn-in at
125°C, with the device undergoing switch-
testing, followed the preliminary pairam-
eter screen. Upon completion of burn-in,
the 30 parameters were again read and
re'corded. After delivery to, and accep-
tance by, LRL the devices were incor-
rorated into subassemblies and exposed

to three temperature cycles of -55 to

125°C at a rate of 10°C per min. A 24-hr
bake at 125°C completed thermal testing,
after which electrical tegts were per-
formed on all assemblies. These tests
simulated use conditions as nearly as
practicable, and were conducted with the
supply voltage at normal (+4,5 V) level and
at half-level.

pass this functional test were rejected

Devices which would not

from flight model use,

Two types of DC/DC converters were
used in the system, a low-voltage (LV)
type for developing +12, 46, and +4.5 V
from the 28-V spacecraft supply, and a
high-voltage (HV) type for supplying bias
to the solid-state detectors,

Two LV supplies were used in parallel '
redundancy, selectable by spacecraft power
command. The LV supplies were fur-
nished by Power Conversions, Inc. of



Table 6-1.

Electrical components,

Device

LRL gpecification

Nearest vendor
and/or equivalent

Integrated circuit
Transistor

Transistor

Transistor

Transistor

Transistor

Diode

Transistor

Zener diodes

Tunnel dicde

Tunnel dicde

Diode

Field-effect transistor
Field-effect transistor
Field-effect transistor
Field-effect transistor
Diode )

Capacitor, solid tanitalum
Capacitor, glass
Capacitor, wet tantalum
Capacitor, mylar
Capacitor, ceramic
Delay line, lumped constant
Resistors, carbon composition
Resgistors, metal film
Transformers, pulse
Hall probe

Comnectors

Connectors

Connectors

LES21051
LES11796
LES11803
LES11826
LES11842
LES11825
LES11818
Burned-in/screened at LRL
Burned-in/screened at LRL
Burned-in/screened at LRL
Burned-in/screened at LRL
Burned-~in/screened at LRL
Burned-in/screened at LRL
Burned-in/screened at LRL
Burned-in/screened at LRL
Burned-in/screened at LRL
Burned-in/screened at LRL

LES11785

Westinghouse WS 555Q
2N3251 ’
2N2784

2N930

2N2484

2N396A

IN3206

2N559

TRW 400-mW series
IN4396B

IN3713

HPS1670

2N2606/08

23436

2N3823

TIX-5-41

CD13333

Sprague 350D

Corning CYFR

ITT RL

TRW 600 series
Glenite/Chem-Flectiro
Allen-Bradley AB, BB
RN 55, Mil, Spec.
Aladdin 94-117
Beckman Model 350
Cannon DM series

ITT Cannon ME series
Continental MM series

Long Beach, California under a specifica-
tion generated by Goddard Space Flight
Center, and modified to meeti the experi-
ment requirements for +4.5-V power,
Thege supplies, designated PS-14, weigh
150 g and operate at an efficiency of 60%.

3.6 W.

gpecifications,

=76~

The power into the converter under normal

operation and with the HV supply on is

The input and output of the power sup-
ply are dc isclated as required by NASA
The power supply uses a



thopper, free running at about 7.4 kHz
and can be synchronized to the third har-
monic of the spacecraft power-supply sync
frequency. The experiment loads are ap-
proximately 80 mA at +12 V, 40 mA at
+6.3 V, 70 mA at 4.5 V and 3 mA at -6 V.,
The design request was 140, 80, 150, and
6 mA, respectively., The current limiting
of the outputs with the other ouiputs at de-
sign load were 250, 130, 130, and 375 mA
respectively.

The HV converters were developed and
produced by Electro-Development Corp.
of Seattle.
uses two HV supplies in parallel redun-

Each experiment flight package

dancy, programmable by impulse command.

The same impulse command which is used
to gelect output shift registers selects the
HYV supply to be operated,

The HV supplies weigh 35 g each, lessg
electrostatic shield which adds several
grams, The units operate from the well-
regulated +12 V supplied by the experiment
L'V converter. The output voltages are
isolated from groumnd, permitting either
positive or negative operation of a particu-
lar output voltage., Outiputs are: 500, 300,
200, 150, 100, 50, and 4 V; the lowest
De-

gign output currenis are nominally 100 uA,

voltage is used as a status monitor.

contributing to the low overall efficiency of
30% whichis not unusual for converters of
this type. Currentlimitingsets the power

out of the power supply to about 30 mW,
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Particular attention was focused on RFI
control, with tests conducted independently
to insure that conducted/radiated EM en-
ergy would not interfere with other experi-
ments. The converter frequency of 75 kHz
was chosen in order to place the funda-
mental and all harmonics outside of the
frequency bands measured by the antenna
system of Haddock (Experiment E-20),

Univergity of Michigan.,

6.2 FABRICATION

Ad] circuit modules were either welded
cordwood consiruction or integrated cir-
cuits, Soldering was used to secure the
The

mother boards provide the electrical inter-

modules to the mother boards.

connections between the modules. ‘The
majority of this work was performed in
this Laboratory by people having at least
5 years experience in aerospace fabrica-
tion. Inspection was performed at each
level of fabrication. Each module was
completely tested, including thermal
cy;:ling, before being incorporated into
the various subgystems. Completed
circuits were cleaned and then conformal
coated with Epoxylite 2518, a polyurethane
circuit board coating. The results of the
fabrications may be seen in Figs. 7-2
through 7-6 and Figs. 7-8 through 7-12,

the photographs of the experiment.



7. Mechanical

7.1 CONSTRUCTION OF OPEP PACKAGE

The OPEP package containg the sen-
sors, congisting of the two magnetic elec-
tron spectrometers, and the proton tele-
scope, Along with the sensors are the
preamplifiers, detector HV supplies and
Fig. 7-1 shows ihe con-

The base plate mounts

status circuits,
struction details.
on the scanning mechanism supplied by
the Goddard Space Flight Center., TFigs.
7-2 through 7-6 are photographs showing
the configuration and general location of
all the parts,

Note: The numbers shown in paren-
theses in Figs, 7-3 throug:h 7-6 are pre-
fixed with LRL drawing No. LE 12854-~,
E.g. in Fig. 7-3, (31M2) is LE 12854-
31M2. When the OPEP is deployed, the-
Z-axis of the spacecraft is perpendicular
to the base plate of the OFPEP package,
Wote that the apertures of the sengors
look out and scan in the XY plane of the
spacecraft {(see Fig, 8-1),

The best angular resolution in the scan
plane is achieved by mounting the spec-
trometers vertically. The spectirometers
are mounted on Synithane plates (epoxy
fiberglass) glued to the honeycomb up-
rights, The outside box as well as the
uprights are of Hex-Cell honeycomb clad
with 24 SRT aluminum. The inside of the
cover as well ag the upright members are
at circuit ground. The whole outside is at
chassis ground. The stray magnetic field
from the magnels must be contained, This
is accomplished by using vacuum-annealed
Conetic 4 mils thick, This is bonded to
the two outside upright panels and passes

between the panels and the baseplate. A
Synthane reinforced cover passes over
the uprights and is held in place with
screws. Battened joints in the Conetic
shielding are provided, We were origi-
nally provided with a test shake specifica-
tion of 60 g. Design models easily passed
this test, Flight tests were to 30 g The

OPEP package weighs 12.0 1b.

7.2 CONSTRUCTION OF MAIN BODY
PACKAGE

Refer to the mechanical drawing Fig.
7-T and photographs Figs., 7-8 through
7-12,
Synthane mother boards which hold the cir-
cuit modules and provide electrical inter-
comnections. These boards are 7.5 X 7.5 in,
and are 0,0032 in, thick, The mounting
scheme consists of clamping the outer
edges of the boards with aluminum channel
frames, Internal to the package, stiffness
is provided by standoffs and the frames of
interconnecting electrical connectors.

The main body package weighs 6.5 1b.

The circuitry is mounted on four

7.3 TEMPERATURE RANGE

The experiment was tested over the
range of -45 to +60°C and will operate in-
definitely at these temperatures without
damage, However, due to leakage current
at high temperatures and the affect of ad-
verse temperature coefficients at low tem-
peratures, good operation is limited to
-20 to +30°C. Channel E1 is faulty below
-20°C, and channel E7 is faulty at greater
than +30°C,
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] Accumulators and associated gaiss for|
words 10, 27, 50, 89
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Fig. 7-8. Main body elecironics package.
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Fig, 7-9. Proton and electronic logic, top side,
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Word D10 Word 50

Gates and Gates and
4 ACC’s §ub- coms sub~coms 4 ACC’s

Word D27 Word D89

Fig, 7-11. Data accumulators,
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Commutation Word 108

- Gates and
4 ACC's sub-coms

4

»
.

wr

(14)—
(18) —
(20)—=
(19) —3=

Shift
registers ¢
1and 2

S e T B i o M SR - ol

SR bits 21-25
Tally counter

\ - NP SR | S | SR

SR conirol logic

Bit 21 steering gate

Fig., 7-12. Commutators and work 108 accumulator shift registers.
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8. Sensor Orientation

8.1 COORDINATES The solar array and OPEP rotate relative
to the body of the spacecraft, The space-
Figure 8-1 shows the coordinate system  craft is constrained to orient so that Yp
used on the spacecraft. Here we have (the perpendicular direction to the solar
! array) always looks directly at the suﬁ,
and Z e of the OPEP axis always looks di~
™ rectly at the center of the earth. This is

X‘b’ Yb’ Zb’ body coordinate system

X.,Y ,Z , solar-array coordinate
pop P system
the ideal situation. In practice, the devia-

X,¥Y ,Z QOPEP coordinate system

e’ "e’Te tions are but a few degrees. The deviations

Zb' Ze

Sy 1 Poinfs fo cenfer
©4, of the earth

Ty —— Ve PE—— Yb
OPEP shaft

OPEP 2

Xb’ Yb' Zh Body coordinate sysfem
Xp’ YP, Zp Solar array (paddle} coordinate system
P X ,Y ,Z  OPEP coordinate system

e’ ef Te

Fig. 8-1. Coordinate system showing ideal orientation of the OGO spacecraf.
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are available as part of the spacecrafi te-
lemetry output. The array angle ¢p is
measured counter clockwise from + Y, .
t;bp varies between 90° and 270°,

8.2 SHAFT SCAN

The OPEP shaft is oriented along the
The shaft scan
is provided as part of the normal space-
Both CPEF 1 and 2 move
during this operation. The shaft may be

Z-axis of the spacecraft,
craft operation,

commanded to scan at an angular rate
~1.,7°/sec, The turn-around of the mecha-
nism occurs at a scan angle of -90° and
+140°,
counterclockwise in the Xb Yb plane from
+ Xb. The angle is zero when Xe and Xb
are aligned, There is a second, more
ugual, mode of shaft operation called the

"gyro'" mode. Here X, is controlled to

Here the + angle is measured

lock forward into the plane of the satellite

orbit,

8.3 OPEP-2 SCAN

This experiment, E-06, and experiment
%-03 {low-energy charged particles) are

-94-

located on a secondary scan mechanism
attached to OPEP-2. This mechanism is
indicated as E-25 and was provided

. through the efforts of R. Browning and

H. Burdick of the NASA Goddard Space
Flight Center,
commanded to scan back and forth at

3°/sec through an angle of £115°, Readout

is via a potentiometer system through

The mechanism can be

analog word 109 on the main telemetiry
frame. The angle is decoded as 6= -121.96
+ 0.9745 A, iIn which A is the value of the
anglog readout (0-255).
hetween clockwise and counterclockwise

The difference
readings is about 0.2°. The angle
increases counterclockwise in OPEP co-
ordinates, e.g. from + X, to + Ye, the
angle being 0 at + Xe.

The central look angle of the spectrom-
eter in spacecraft body coordinates is
given directly by the sum of the OPEP
shaft and OPEP scan angles.
The look angle of the
gspectrometer must finally be related to

There are

no Fixed offsets.

physically significant parameters; the
most important is the local magnetic field,
The field data are being supplied from the
UCLA flux gate magnetometer experiment
E-14 (P.J. Coleman).



9. Post Launch Operation and Critique

9.1 ELECTRON COUNTING DATA

In general, the experiment has func-
tioned well with few malfunctions since
launch, The only electron spectrometer
malfunction that has occurred has been
associated with E,.{,, EB7’ Ol’ and 02.
These chamnels are all derived from two
thick detectors multiplexed together and
both operating at 500-V bias. Occasional
neise was evident shortly after launch and
continued {less than 1% of the time)} for
Data
between noise bursts are quite acceptable,

the first few months of operation.

The procedure for determining back-
ground has worked well so that we are
always confident of the background that
needs to be subiracted. The electron-io-
background ratio has typically been high,
>100/1 for E, through E_ except in the
inner belt. Here we have electron-to-
background ratios of typically 100, 100,
100, 20, 10, 2-0, 1-0, respectively. Here
of course the major source of background
The low
signai-to—noise ratio in the higher energy

is from penetraiing protons.

channels is a congsequence of the low fluxes
of these electrons.

The scanning mechanisms have worked
effectively and have allowed good determi-
nation of directional distributions when the
satellite was near the geomagnetic equator,
When away from the geomagnetic equator,
the physical constrictions of the experi-
ment orientation prevent the sampling of
low pitch angles. A good example of
counting data is shown in Fig. 9-1. As
shown, the counting rate is plotted by com-
puter as a function of tim?. These data

were taken at the 64-kbit rate. Here,

eight data points were averaged for each
The

central look direction of the spectrometer

point plotted for the electron data.

relative to the direction of the local mag-
netic field is shown by the dotted sawtiooth
and the angle scale to the right of the
graph., To provide a "road map'" we have
resorted fo plotting j, {or rather the peak
counting rates) as a funciion of time. A
typical plot for the inbound and outbound
orbits on March 9, 1968 are shown in
Figs. 9-2 and 9-3.
rates are normalized to the outer belt

Here, the counting

maxima.

The sensitivity of the electron spec-
trometer has been quite adeguate for ob-
servations inside the geomagnetic cavity.
At the other extreme, the sensitivily has
not been so high that large dead time cor-
rections are necessary or that the scaler
Only
the scalar on E5 has overflowed, and this
has been at the 1-kbit rate. It is not felt
that extending the upper energy range of

capacities have not been adequate.

the spectrometer would be useful unless

a factor of 10 or more in geometrical fac-
tor could be effected, Extending the en-
ergy range towards lower energies would
of course be extremely valuable., Below
about 40 keV, channeltrons should probably
be used for particle detection. The struc-
iure of the specira obtained near L. = 3 and
at low altitudes indicates that more energy
channels would be valuable to provide the
desired detail, In this insitrument a great
deal of complexity was provided fo insure
an accurate knowledge of the backgrounds.
For most measurements beyond about 4

. earth radii, this complexity could be re-

duced, However, during solar particle
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0G0 ¥ DETECTOR ORBIT YEAR DATE DAY HOUR MIN. SEC., RUN REEL FILE RECORD BIT PAGE

INIT. El 2 68 MAR 5 13 39 54,6 27 | 2 128 8B 3
FINAL  EB! 9 69 13 59 52.5 188 )
‘ % = 24 2 f— PR ';Jﬁ %
HE PR 7 TR 3
T : THIEEETIRNE.E
£ "8 = ; :.105 2
61 3 9
4
— .3 75
2 60
K3 = = i5 E
g v ; - — 1% 3
: _ ¥ b ﬁ 5 + 15w
S . plogw fp il M ey *
= - ﬁ 1 I[ “ II iR 1§ I t i 1T 10 =
8 L S ) T 5
S i A s 1 . B s B i
Y IILLII[;[iIiIE:IEII * T 1151{)“ ILIIiI:ISSDE
g S LLM VLI R LR AT AL R U I
- iy Y Y g iy Y =
E 1 = g 4285
61 1 1 i : Fa10
4 1
- 8 ] 8 8 9 1258
e g v I g Tee “f240
S o U 1 2 A X 7 o Gl
b= 210
F
- 195
2
E- 4 63 ¥ 280 i ¥
g™ g g g g g g g g & 3 3 3 &
“ SECONDS OF DAY
ATT-0RB B L MAG LAT R PHI THETA
INIT. 27, 12.44 19.86 10.93 -17.4 21.6
FINAL 31. 11,61 19.64 10.49 -16.7 20.8
Fig. 9-1. Typical example of counting data, electron channel El’
events the ability to accurately measure in the telescope). Noise bursts appeared
background has been invaluable, in synchronism with the scanning mecha-

nism. Diagnosis of the P, channel via the
inflight pulse generator indicates that
9.2 PROTCN COUNTING DATA otherwise the counting channel ig all right
and that the data that appears between
Proton channels P; . have worked well. noise bursts is acceptable.
However, in August 1968 a problem de- The proton spectrometer has provided
veloped with P, (the lowest energy chamel  good data inside the geomagnetic cavity
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105 13 12 11 10 9 8 7 6
3 | U I L DL L R B 3
- Day 49, 1968 .
» Inbound electron counting rates i
- E] =79 keV E5 =822 keV 1
104 E,=158keV  E, =1530 keV ~
- Ey =266 keV E; =2820 keV .
i E4 =479 keV ]
2 © E
E ]03 = o po )\/ 5_:
c = £+ 3
3 C 2 .
0 K Y E
2 L e, i
ke 5N
® 10l g9 -
4 F 3§38 :
- - c -
n g% .
[ = i
10 =
1 | T | Lo b Lo b by by by sl
14 13 12 8 7 &6 5 4 3 215
L
[ I | ! i l i l I Pt i 1 1
20° 200 20° 19.5° 19° 17.5° 14° 9° -1 -25°
15.5° 11.¢6° 5.5 -13.,5°
A

Note: To connect relative count rate to counts/sec, multiply by 1.00, 0.43, 0.33, 0.43, 1,67, 0.91,

and 0.40 for E;, Ey, Ey Ey, By, By and B,

Fig, 9-2.
March 9, 19868.

(see Figs. 9-4 and 9-5) and, in addition,
has provided extensive data (P1 and P2)
in the magnetosheath, Excellent observa-
tion of golar flare particles, protons, and
alpha-particles have been made,

In the radiation belts, greater sensi-
tivity could not be used although in the far
earth regions >7 earth radii this would be

-7 -

respectively,

Example of electron counting rates inbound near the esrth-sun line on

welcome., In the region of peak fluxes of
protons of a few MeV (at ~2 to 3 earth
radii), the flux incident on the front de-
tector of the telescope has been in excess
of 105/sec. This has caused severe dead-
time losses which are doubly complicated
due to interactions between channels and

spectral dependance. In'the heart of the



5 b 7 8 9 10 11 12 13 14,
107 E r~r -1~ 1t 1 17 17 3
» Day 69,70, 1968 o ]
N Qutbound electron counting rates ‘.,r_) -
- normal ized at outer belt maxima. ! -
@
4L -
0E S E
- 0 9 .
[ = ~ ]
P i -
2 1 o
E 3 O 3 - —
= 107 F a Magnetopause crossings 3
: ot || :
(3] - -
) B ]
Z B i
K
2 2 -
4 0T E 3
- - 7
» 1 7
10 E
| o1
'I L1 I 1 ] [} I 1 I ! I
1252 3 4 5 &
[ T T ! |
-13°49° +18,5°20,4° 20° +18°
2% +17,7°
AM
Note: To connect relative chunf rate i‘o counts/sec, multiply by 1.00, 0.56, 0.52, 0.64, 2.60, 1.28,
and 0,48 for E], 4, Eé, and E7, respectively.

Fig. 9-3. Example of electron counting rates outbound towards the dawn side of the
earth on March 9 and 10, 1868.

inner belt (~1.4 earth radii), penetrating Channels Cys Qg, Qg, ¥p , &

o4
B > B L

2 3
protons have caused a background problem. and E8 have all provided data. For other
Proton data in this small region are ex- than @y it is not clear, however, that use-
pected to be of limited value. Ouiside the ful data have been provided. Careful anal-

inmer belt, however, background rejection ysis will be required to make use of thege

has been extremely good. Proton/back- data, Alpha channel @ appears to have
ground ratios of >100/1 are normal, oc- provided useful data, There ig, however,
casionally reaching 10,000/1., Rejection the problem of proton pulse-pile-up, since
of electrons has been extremely good. the effective electronic pulse width is of
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5 13 11 10 9 8 .7 6
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- Inbound proton counting rates -
B normal ized at peak flux. P .
o4 «©
10 FE ﬁ =
- + " P, =0.10-0.15 MeV ]
» I ]
- =) P2 =0,23-0.57 MeV .
L i .g) ~ =0 ]
o al 2 8; Py =0.57-1.35 MeV p |
g WF 58 P, =1.35-5.4 MeV E
C i) 3
8 - 5 P =5.6-13.3 MoV ]
£ L 5= ]
5, 5O
g = o oy -
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N \ i
{
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| l l l I I OROO EN N SN O B
+20.3° +20,1° +20° +18.7° +16° +11,6° +5.3°  -14°
+9.5° +17.6° +14° +8.7° -0.5° -25°
AM

Note: To connect relative counts fo counts/sec, multiply by 0,22, 1,00, 0.54, 1,18, and 0.48 for

Py Po P3, P4, and P5, respectively.

Fig. 9-4. Typical proton counting rates
1968,

the order of 1 usec. By careful analysis

inbound near the earth's sun line on March 9,

By far the most important data have

(including spatial dependance) of the inflight come from channels P, through P 4 (0.1 to

proton specira, we should be able to.in-
ternally measure the pile-up parametérs
and hence, provide the necessary correc-
tions for the @y data,

5.4 MeV) with the weight towards the lowest
channels., A ﬁajor regret is that we did
not provide means for six channel pulse-
height analysis on the pulses from detector
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Fig. 9-5.
side of the earth.
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Typical proton counting rates on March 9 and 10, 1968, towards the dawn



D,, and provide means by ground command
to read these data out through the telemetry
9 through P7. This
would have greafly enhanced operations be-
yond about 4 Re,

channels provided for P

9.3 STATUS INDICATORS

The status indicators show that the ex-
The
OPEP temperature has been in the range

periment has functioned normally,

of -10 to +10°C. Temperatures early in
the migsion were about 0°C. For a month
or so they were near -10°C, Recenily,
the experiment has warmed and is staying
near +5°C, The main body package has
stayed at 22 % 3°C for the entire mission.
The voltage monitors have shown no indi-
The fields of the spec-
trometer magnets are monitored by Hall

cation of change.

probes HE-1 and HE-2, The fields have
followed the normal temperature depend-
ence measured before flight. Detector
leakage current monitors show that the

detectors have been well behaved,
9.4 INFLIGHT PULSE GENERATOR

The operating plan requires exercising
the pulse generator several times at each
apogee. Apogee is chosen simply because
the eleciron and proton counting rates are
usually ingsignificant there, and will not
The

pulse generator shows that the discrimi-

affect the pulse generator resulis.

nator tripping levels are stable, that the
preamplifiers are following the normal
temperature dependence, and that the
digital system is working correctly. The
pulse generator has been invaluable in
checking the system during flight.
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