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ABSTRACT

The 0GO-4 main body airglow photometer used a trialkali

cathode photomultiplier to sense light at selected wavelengths

between 2500 and 63004 corresponding to important emissions

in the aurora and night airglow at emission rates ranging

from a few rayleighs to about 200 kilorayleighs. The

optical, electronic, and mechanical systems are described

in terms of their functional characteristics.



INTRODUCTION

The main body airglow photometer was flown on 0OGO-2
and 0GO-4 in order to measure important airglow and auroral
lines at wavelengths as given in Table 1. It was designed
to measure integrated vertical emission and was mounted on
the spacecraft as indicated in Figure 1. A cutaway view of
the instrument is given in Figure 2 and an overall diagram
of functional units is given in Figure 3.

1. Emission was measured in 6 different wavelength
regions below the spacecraft and in one (63003) above the
spacecraft.

2. Spéctral bandpass for visual wavelengths was a
nominal 504 and for the uv(2630&) was about 250A. The fil-
ters had shape and temperature characteristics as given in
Tables 1 through 3.

3. Minimum detectable signal (for 5577A) was less than
5 rayleighs. Details of responsivity are given for line
and continuum emissions in Table 2, and its change with
respect to time are given in Figure 4.

4. Photometer output was measured with an accuracy
ranging from 4 to 10% between the minimum detectable signal
and the upper limit of about 200 kilorayleighs. Absolute
accuracy of radiance was about 15%. Further details of
the calibration are discussed in Reed, Fowler, and Blamont

1972.
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5. The field of view had a half angle slightly 1less
than 5 degrees. See Table 2.

6. A complete set of measurements was made in 8 seconds,
corresponding to a movement of the'spacecraft along the or-
bit of about 1/2 degree of latitude.

7. Appropriate protection was provided to avoid
photocathode and dynode fatigue and damage from direct
or earth reflected solar iliumination.

8. Although the instrument was designed primarily
for use with the spacecraft in the earth's shadow, baffling
was sufficient for some low brightness measurements when
the spacecraft was sunlit; skyward measureménts could be
made when the sun was more than 60o from zenith.

A general description of the instrument was given in
Reed and Blamont 1967. Details of mechanical devices are
found in Bauernschub 1965. A discussion of operational
characteristics such as data rates, time and spatial coverage,
and methods of data reduction is found in Reed, Fowler, and
Blamont 1972. |
OPTICAL

The sensor was an EMR Model 3541E, an end-window
photomultiplier with a tri-alkali photocathode, sapphire
window, and 14 venetian blind dynode stages. A diagram
of the earth directed optics is given in Figure 5.

Light entering the earthward side of the spacecraft

passed through a shutter assembly, which included a



low-fluorescence quartz window, and then through a quartz
objective lens, 5.1 cm in diameter with a focal length of
31.1 cm for yellow light., Lightpaths, each with an inter-
ference filter, were selected by two flat rotating mirrors
inclined 45° to the optical axis and mounted on a common
shaft (Bauernschub 1965). To take into account the chromatic
aberration of the objective lens, whose focal length de-
creased to 28.5 cm for 2537 R, the assemblies of the filter
and the two fixed mirrors were designed to obtain a light
path of appropriate length for each filter wavelength.

A 5.1 cm diameter quartz field lens (F/1.6) set at
the focal plane of the objective lens, focused the entrance
aperture (objective lens) on the photocathode. The 2.5 cm
diameter cathode was slightly larger than the largest area
of illumination.

For the skyward light path, Figure 6, selected by the
inner shaft mirror, physical restrictions of the spacecraft
required an additional 5.1 cm quartz lens (F/2.0) to create
a virtual aperture image at the correct distance from the
field lens,

Tube-1like ribbed light baffles were used to reduce

scattered sunlight. The earthward baffle was 7.6 c¢m long,
sufficient to protect against the sun which should never be
closer than 60° off axis. The skyward baffle was 28 cm long,

which gave protection when the sun was more than 30o off axis.



In additién, a conical sunshade was mounted in the skyward
side of the spacecraft. When the spacecraft was properly
oriented with respect to the sun, the lower aperture was
further shaded by the horizon scanner appendage.

The outer windows were protected against dirt during
handling and launch by sliding panels (Bauernschub, 1965)
which were retracted by command after the spacecraft was
in orbit. Every effort was made to avoid the use of paints
and other organic materials in the vicinity of the optics to
avoid coatings which might reduce sensitivity or even fluoresce.
Protection of the photomultiplier was accomplished by small
photodiodes which sensed the sun or sunlit earth and closed
shutters in either the up or down aperture.

The sapphire window of the photomultiplier was the
part most sensitive to fluorescence due to energetic
particles (™~ 2.6 MeV electrons), of the inner and outer
radiation belts. It was shielded in front by the suprasil
plate, 2.2 mm thick.

Surrounding the tube were cylindrical shields of 1.02 mm
thick tungsten inside 6.0 mm aluminum. This shielding, not
flown on the OGO-2 instrument, reduced theresponse to
energetic particles in the South Atlantic magnetic anomaly
by about two orders of magnitude. Further information con-
cerning related laboratory studies and dark current obser-
vations in flight may be found in Reed, Fowler, Aitken, and
Brun, 1967, and Fowler, Reed, and Blamont, 1968. As the -

satellite passed through the



South Atlantic anomaly, the‘signal due to energetic particles
overwhelmed that due to airglow. The response to cosmic

rays at magnetic latitudes greater than about 450 was
noticeable and was equivalent to a few rayleighs of airglow.

ELECTRONICS

The functions of amplifying the photomultiplier current,
controlling the high voltage supply, and buffering the out-
puts to telemetry were related as indicated in Figure 3.

The dc electrometer was a hybrid vacuum-tube-semiconductor
amplifier (using Raytheon CK-587 tubes and a 108 ohm feed-
back resistor) capable of measuring currents from about
10_10 amperes to 5 x 10”7 amperes. This was followed by
three field-effect transistor amplifiers to give the 3
decades (linear to better than i%) appropriately buffered
for telemetry.

In addition, the system included a high voltage control
amplifier connected in a closed loop system which served to
reduce the high voltage as the photomultiplier anode current
became greater than 4 x 10_7 amperes. Since the gain of the
photomultiplier was a nearly logarithmic function of the
high voltage applied, the monitor of the high voltage served
also as the fourth range for measurements of the photocathode
current, extending the range by a factor of 40.

The system was carefully designed to minimize dc¢ drifts
due to temperature changes, aging, etc. 1In fact, the dc

zero level, which was measured every 200 seconds by



disconnecting the photomultiplier from the electrometer,
varied in flight by less than 35 millivolts. The photo-
multiplier anode current was drained to ground before
reconnecting to the electrometer to avoid surges.

The high voltage power supply and control were designed
to have a short term stability of less than 0.1% of output
voltage and a long term variation of less than 0.5% with
a voltage ripple of less than 1 V peak to peak. During
the first six months in flight, the high voltage for anode
currents under 4 x 10-7 amperes increased slowly by 2.3%,
due probably to radiation damage, and corresponding to an
increase in photomultiplier gain of 19%.

AUXILIARY FUNCTIONS

Every 200 seconds the normal measurement of radiance
above and below the spacecraft was interrupted by a calibra-
tion cycle. Both shutters (Bauernschub, 1965) were closed
and the three calibration lamps were turned on. One was
located just inside each shutter, but outside the objective
lens, and the third was iocated on the filter assembly plate
in the '"dark current" position. The lamps were grain-of-
wheat sized tungsten filament incandescent lamps. During
the first 9 seconds of the cycle, the mirrors stepped
through each of the 8 positions, starting and ending on the
dark current mirror position. During the tenth second,
the photomultiplier was disconnected from the electrometer

for 1.5 seconds for the measurement of the zero level of the

10



several outputs. The lamps were turned off, the shutters
were opened (as ambient light conditions permitted), and
normal operation resumed.

By ground command it was possible to cause the photo-
meter mirror to step to any of the 7 filter positions and
to remain there until given a further command. This per-
mitted continuous observations for the chosen color. In
this mode a modified calibration sequence was used: the
shutter closed, the dark current was measured for omne
second, the calibration lamps were turned on for one second,
and finally the photomultiplier was disconnected for 2
seconds for the zero level measurement.

The two shutters were controlled independently of
each other. Each opened whenever the associated photodiode
indicated that ambient light levels were below the pre-
determined levels. The signals from the photodiodes were
overriden by those from the calibration cycle sequencer,
When the photodiodes indicated high light levels both above
and below the spacecraft (daytime conditions) the photometer
went into a standby condition in which parts of the photo-
meter circuitry were turned down or off to conserve power.

In addition to the four dc analog outputs indicated
on Figure 3, a fifth was used to measure the temperature of
the electrometer. Two other telemetry words were used
to transmit digital information regarding mirror position,
shutter positions, photodiode signal, calibration and

electrometer zero measurements, and receipt of commands.

11



The telemetry system handled the data in the form of
9-bit words and could accept digital words directly from
registers in the photometers. This was done for house-
keeping information. Each of the analog photometer outputs
was converted by the spacecraft data handling system to a
9-bit word with a leading bit of O; that is, the signals
in the acceptable range of 0 to 5.10 volts were converted
to numbers ranging from O to 255 with an accuracy of + 1.
The data were generally stored in on-board tape recorders
for playback and transmission when the satellite came into
view of a tracking and data ground station, of which there
were 8 located in various pérts of the world. The data
could also be transmitted directly fo the ground station
in real time.

The number of times per second that the photometer
out puts were sampled depended on which of several different
.telemetry formats were in use, whether the data were going
to the tape recorder or directly to a ground station, and
for direct real time transmission, the bit rate which had
been commanded by the ground station. Two of the photometer
outputs, the temperature and the digital word containing
command and some shutter information, were on a subcommutator,
with a substantially slower sample rate. A summary of the
various rates are given in Table 4.

Commands from the ground could be used for several

purposes: one group of commands were used to instruct the



TABLE 4

Main Commutator Sub-

Bit Rate Format 00 Format 12 Format 15 Commutator
4 kbs 3.47 41.7 27.8 0.027
16 kbs 13.9 167 111 0.108
64 kbs 55.6 667 444 0.434

Data raté in samples per second. The four analog outputs
and one digital output from each photometer were on the

Main Commutator.
Commutator.

13

The remaining words were on the Sub-



stepping mirror to either go to a stated mirror position

and stay there, or to resume stepping operation. Another
set of commands could be used to change the dc level of

the electrometer. Drift was not the problem that was
anticipated, and it was not necessary to use this capability
in orbit. Another command was used to ensure that the shut-
ters were closed prior to opening the sliding protective
doors.

PERFORMANCE IN ORBIT

The 0GO-2 instrument performed as designed during the
24 months of 0GO-2 operation, except that the response to
energetic particles was greater than expected. For a few
orbits during the first few days after launch, the down-
looking shutter did not close in response to the sunlit
earth, and the responsivity decreased due to fatigue. When
proper operation resumed, the responsivity climbed back to
its normal value. However, the failure of attitude control
on the 0GO-2 spacecraft made the data of little value.

The 0GO-4 instrument performed as designed during the
18 months of 0GO-4 operation except that about six months
after launch, the photodiodes apparently developed a leakage
current, probably due to radiation damage, that was com-
parable to that from the sunlit earth, and no longer directed
the down-looking shutter to open. The characteristics of the

calibration lamps tended to wander over a period of months,

14



and hence were useful primarily for noting short term

variations (over hours or a few days) of sensitivity.

15



REFERENCES

Bauernschub, J.P., '"Mechanisms for Spacecraft Optical

Instrumentation", NASA Technical Note TN D-3008,

Oct. 1965, 15 p.

Fowler, W.B., E.I. Reed, and J.E. Blamont, "Effects of

Energetic Particles on Photomultipliers in Earth
Orbits up to 1500 km'", NASA Goddard Space Flight

Center X-613-68-486, Dec. 1968, 19 p.

Reed, E.I., and J.E. Blamont, 'Some Results Concerning

the Principal Airglow Lines as Measured from the OGO-II
Satellite'", Space Research 7, North-Holland, Amsterdam,

1967, p. 337-352.

Reed, E.I1., W.B. Fowler, C.W. Aitken, and J.F. Brun, "Some

Effects of Mev Electrons on the OGO II (POGO) Airglow
Photometers", NASA Goddard Space Flight Center

X-613-67-132, March 1967, 58 p.

Reed, E.I., W.B. Fowler, and J.E. Blamont, "An Atlas of

Low Latitude 6300 [0OI] Night Airglow from 0OGO-4
Observations", submitted for publication, 1972,
Also NASA Goddard Space Flight Center X-625-71-171,

May 1972.

16



FIGURES

Figure 1. The OGO Observatory with a portion of the main
body cut away to show the airglow photometer. When the
spacecraft was operating in an attitude stabilized mode,
the up directed optical axis was at zenith and the down
directed axis was toward the sub-satellite point.

Figure 2. A cut-away view of the photometer with shading
added to indicate light paths. The earthward directed
axis is at the right.

Figure 3. A functional diagram of the 0GO-4 photometer,
with the details of the data and command interfaces.

Figure 4. Responsivity of the 0GO-4 photometer relative to
the laboratory calibration of May 1966.

Figure 5. Ray traces for the optics used in making measure-
ments towards the nadir. The filters and associated
mirrors remain fixed in position while the two central
mirrors direct the light to each filter in turn.

Figure 6. Ray traces for the O6ptics used in making measure-

ments towards the zenith.

17



/// /
/, 2 //// \/\
\ \

/

/

MAIN BODY PHOTOMETER

\
\
iy

ORBITAL PLANE
EXPERIMENT PACKAGE

Fig. 1



-5 68119-19-D VSVN




€ "orgq

4961 anar (21-Q 'ON dx3)
43L3WOLOHd AQO8 NIV

$6 HOLVLINWWOD NS OL dW31l 90TTVYNY __ dWN3L

N3dOdN HILLNHS &
35010dN H3LLNHS 8
N3dONQ HILLAHS L

BS01D NG Ha.LLOHS 8 SNOILISOd HOMYIW
61216
0221 b
8 HOLVLAWWOD, 8NS 1291 m
2dNnouo dind3 oL - n_uwﬁ_u sae
8 HOLVLNWWOD 8BNS |04 uansiony taine] 2IS|4SOW
1dNOY9 dIND3 0L JOULNOD
- _ ¥3ALL1NHS 3
dNY ¥3L1INHS
30010 OLOHd
- &
un
04 1NOD »zmm.wm w
YILLNHS 8Vd
v244 '060W ﬁ AV HILLNHS o
2dNnoy9 dinb3 Ol m Etﬁm 3000 0LOHd To«..._
244 ‘06 0W Z+ H00Q
1dNOYS diND3 Ol NQ 43L1LNHS8 30010 ¥00d ul_zotom
IS e dN 30010 0LOHd 2 g = QION310S
‘$244'06 0N ‘293 NG 30013 OLOHd 9 =RVETRT TS i
WOBJ 35TNde—— LHOIT WG | 1# HIN WO =>ena
LIGIHNE 8 L31HS o8 o133 j Y3ON3NO3S
SIFDIT VD
22 HONMIN € I vy o °
‘b2 41°069W 133 2 LS HONMIW SIS 1SON | [SiNouL0a T3 19071 'WWOD < HONHIN - HONNIW
Woud 3snd I# 43151934 14IHS ¥3000N3 NOILISOd
L1IG1HNI 8 L4IHS ¥ ¥314
21901 nogn | H300ON3
_oz<§8 MOLOW HOUHIN[™ P
$dd10°0 NV 0'1°3SINd %2010 YOLOW
12-81"9°1 ¥'d3dO NOILNAN1SIO 135
. /a—HOMHIN — HOUHIN HUIW
G2-81 'SONVNWOD 3STINdWI 8 ONVNWO0D OM32 o 0,
2244'COION ‘MO '90TVYNY *— SNINCC=D
£010N Mo HOLIMS | 43,71y =—= T 1Mo W
8144'1010W 03N ‘90 TYNY ou3Z 1v9 — -
12442019 ‘HOIH 'S0TYNY oIX NI =D R Y
3d0os3I3L
21434'€6 DN ‘907 ‘90TUNY Wd
SER] AH
| GONVIWWOD ¥3IMOd A 82 + AddNS H3MOd €4 LHON ..ﬁTO@ 19313
$d2 19v2 ‘ONAS - - ———H3ILINHS ]
HOLOW
39VLI0A MO AH ) oalon xooo o
™ m O10Hd
Py 000 dO1
SN8 IINVNIGHO AB2+ V||_ / ‘F/ :
anv 7
LINoUI ) | 3GVHS NNS °

LI GNVWWNOD 3STNdWI o 399N
v ¥3L1NHS




8961

b "3iq

£961

dYW 834 NVIf 33d AON 100 d3S 9NV A1INr INNAC AVIA

_ _ _ | _ _ [ _ _ T I v 0
31vd
—0SNdONVYO HONNV —6°0
0
 SNINIS 1y
VLLSS 4. 0
43Lidnr ~&3>Y00€9
n NYALYS BSNYNLIUY 170
HYNYIHOIV »
| — 80
- NOILYH8ITVI_]
| avi 6°0
R N T B N I R N IR TN N NN TR NS S Ny |
001 0 00€ 00¢ 0clI

dv3A 40 AVQ

ASNOJS3H JAILYT3IY



g ‘81g

Hi¥V3
SAALT IDNINNILNG 40 INIWIDONVIIY
o5
SN3I1
IAILD3rd0
431714
V0685 JOUIIW
a3axid
JOUYIW
JIIVAOW
331714 mmOmz_(zﬁw._mdSO,Z NEIRIE JOLOW 431714
VY 16€ 4O4 L4vHS v00£9 d43dd31S IONIYIAYILNI
dWWV1 4
NOILVIgIIvVD JOYIW
dJO IN3ININD N EINIE 119V AOW
A¥va VOE£9Z JOUYIW
d3axi4
SN3I1 41314

3AOHLYDOLQHd



SKY

40

OBJECTIVE LENS

MAIN BODY PHOTOMETER
OPTICS FOR THE
-Z DIRECTION

APERTURE STOP
PHOTOCATHODE

INTERFERENCE
FILTER 6300A

FIELD LENS

MOVABLE MIRROR

FIXED MIRROR #1

Fig. 6





