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Introduction

RMLEC Yl oy ot - vy o7 3 - S s A A A~ hl 3 - e =
RM-59 was a grazing incidence, double-deck spectrom-

e elght fixed wavelengths con-

s
tinuously during a rocket flight as part of the Aladdin

T4 program. The eight selected wavelengths were: 2841,
T O R T S ER
JUSRA /)“«, ‘D‘UA, 7j0 5 9124 1026A and 1206K.

The instrument was a Rowland mount specftrometer de-
signed for use with two meter radius of curvature
gratings, illuminated at an angle of incidence of 86

rees from the grating normal. There were two paral-
lel optical paths (decks) with entrance aperture,
grating, scanning and detection systems and electronics,

independently and simultaneously operated to monitor

the eight specified wavelengths in the solar spectrum.
Earlier versions of this type of instrument are described
in the following references:

a) Wiederholid, P. R. and J. F. McGrath, Jr.,
"Instrumentation for Studies of Solar
Extreme Ultraviolet Radiation," Final
Report, November 1968, Contract AF19(628)-
5188, Comstock & Wescott, Inc., Cambridge,
Mass. AFCRL-69-0004.

{(b) Padur, J. P., J. P, McGrath, Jr., and
P.R. Wiederhold, "Instrumentation for
Studies of Solar XUV Radiation," Final
Report, February 1972, Contract AF19628-
68-C-0239, Comstock & Wescott, Inc.,
Cambridge, Mass. AFCRL-72-0133.
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Instrument Package

'ne magnesiu spectr el i
originally proposed is illustrated
Figure 2 is a reproduction of a photograph of
as delivered to AFGL for calibra-
contains a summary of the technical
characteristics of this instrument. Descriptions
of the individual components are given in the fol-

h deck was similar

The entrance aperture for ea
3 which include

Q

to the one shown in Figure S an
electroformed slit, etched slit height limiter,
and polarized aperture plates. The slits were of
elactroformed nickel on a base of beryllium
copper, and had a high degree of dimensional
accuracy (as well as sharp slit edges) due to the
inherent accuracy of the photoforming manufactur-
ing process. One side of the slit housing was
used as a reference surface to align the slit,
and was also used for temporary mounting of an

optical target in the optical alignment procedure.
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N

'he grating mount for each deck consisted of a stiff,
accurately-ground base plate with three reference
surfaces for positioning of the grating. Clamps for
the grating were provided opposite the three refer-

faces to apply clamping force through cyclized
rubber pads. Each assembly was removable from the
instrument as a unit without disturbing the grating
clamps. Mountlng surfaces were provided in the instru-
ment which were machined to the accuracy needed to
assure the maintenance of proper focus on the Rowland
circle at all wavelengths within the range of the
instrument. Figure 4 illustrates the grating mount
assembly.

Gratings

The gratings for this instrument were two identical gold
coated replicas (Bausch & Lomb Catalog No. 35-52-39-30)
with the following characteristics:

Ruling 300 grooves/mm
Ruled Area 32 mm ruled width

24 mm groove length

Blaze Wavelength 46508
Blaze Angle 400"
Grating Blank 1986 mm radius, fused quartz

Provisions were made for visual verification of the instru-
ment alignment (entrance slit, grating, and exit slits)
during integration with the solar pointing control. These
provisions included a means of determining whether the

solar visible radiation was illuminating the grating




(V8]

properly in the elevation and azimuthal planes. In
order to check whether this radiation did pass through
the exit slit in the azimuthal plane, a grating substi-
tute was provided, enabling one to traverse the visible

radiation along the entire Rowland circle.

Detectors

Four (4) Galileo Model #4500 channel electron multi-
pliers (CEM's) were used in each deck for measuring

the diffracted radiation. These detectors were potted
in an elastomer and positioned behind their respective
exit slits with the cone portion of the channel at graz-
ing incidence to the diffracted radiation. Prior to
assembly in the instrument, each of the CEM-amplifier
combinations were shown to exhibit a well defined count-
ing plateau for count rates up to 100,000 counts per
econd when illuminated with EUV radiation. The CEM's

17}

were operated with a positive potential of 3,000 volts

on the anode with respect to ground; 400 volts on the
throat, and about 20 volts on the cone entrance for
charged particle rejection. Each CEM was also well
shielded to reject any radio frequency interference. The
background count rate was less than one count per second
for each of the units. The amplifiers were mounted atop
the CEM assemblies with minimum lead length to reduce
unwanted pickup.

Provisions for alignment of the exit slits with respect
to the entrance slit were supplied in the exit slit

mounts. This adjustment was in the plane perpendicular
to the plane of dispersion of the grating and was opti-

cally referenced to the grating normal.
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tors failed at various

uring the calibration of this instrument, three detec-
times. Past experiences have

us
evealed shorts and/or opens in either of the three
but

eads from the CEM never a complete breakdown of
he CEM, so they were replaced without full knowledge of

he cause. When the problem again arose with RS-60, an

investigation of the manufacturing process of the detec-

taken. The results of this investigation

r
re given in Section 4.6.

Wavelength Scanning Subsystems

Each wavelength scanning system consisted of a detector/
amplifier carrier assembly, a flexible drive belt, a
motor drive assembly, and a take-up pulley assembly.

Each deck was designed to scan across four spectral lines
in the EUV in two seconds, with data points on either
side of the peak count, for background correction. The

data sampling time was 100 milliseconds in both decks.

3.7.1 Take-Up Pulley Assembly

The take-up pulley assembly is illustrated

in Figure 5 and consisted of one pulley sup-

ported by a single housing at the rear of

the Rowland circle. It contained sprocket
pins, was adjustable, and accommodated a cer-
tain amount of belt misalignment through the
use of a gimballed mounting arrangement. The
housing contained a thumbscrew-actuated ad-
justment mechanism that provided a predeter-
mined amount of belt tension with amplitude
restraint to prevent belt disengagement dur-

ing vibration. Adjustment of the thumbscrew




mbly for each deck consisted

3

f a 28-volt permanent magnet de motor

with a 30 step increment; an integral gear-
ad, a flexible coupling, a recirculating

ball lead screw, drive belt bracket and

~ounterweight, 1imit switches, and housing.

It is shown in Figure 6.

The lead screw had a pitch of 0.100 inch.
Jhen driven through a gearhead with a reduc-
tion ratioc of 10:1, it produced a iinear
motion of the drive belt bracket of .0025

inch per step of the motor.

A modification in the electronic design was

made in order to "double-step" the motor

in the flight mode so that the drive belt bracket
would inecrement by .005 inch. This modification

will be discussed in the electronics section.

Limit switches were adjustable for any de-

sired scanning range. The switch actuators
had overtravel plungers designed to prevent

damage to the switches (Figure 7).

ki

The switches used were Texas Instruments
Type AT-362.

20
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J was 1uta Iped I 4
- 1 beryllium-copper trip and
W OF ¥ detector-
] N OO TY v
Detector-Amplifier Carrier Assembly
A ~ By " o - =
k )-A carriers were manufactured from

aluminum alloy and mounted four detector-
amplifier exit slit modules on the Rowland
rcle so that four bands of wavelength
would be covered when the carrier was
scanned through the total wavelength

The carriers rode on the machined

circle on four wheels, consisting

[ class ball bearings.

The detector modules were similar to units
supplied on previous contracts and are typi-
fied in Figure 8 showing the module less

amplifier.

The spiral detector was mounted in a Kel-F

housing and potted in silicone rubber. The

silicone compound used to support the detec-
tor was G.E. RTV-11.
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3

8

9

s e il

Optical Alignment

Reference surfaces were provided on the grating seat

and entrance and exit slits for mounting targets to

be used in the optical alignment. The exit slits had

a fixed slit-jaw spacing and their mount was adjustable
to provide parallelism with the entrance slit to

+2 x 10~" radians. The slits were mounted onto the

Rowland circle so that the surface of the slit was
normal to the dispersed radiation when the slit was at

mid-scan.

Electronics for Rocket Spectromecter No. 59

3.9.1 General Discussion

A separate electronic subsystem was built
for each deck of the instrument. Each sub-
system included a high voltage power supply,
a divider board, a pulse amplifier for each
of the four detectors, and three logic
cards, one of which mounted a dual plus and

minus fifteen volt power supply.

The three logic cards of each deck were

mounted in a single electronics box. Other

than the common box and a common electrical
mnector, the electronics of each deck
wer ! rely separate.
rrent pulses from the four detectors

were processed by the instrument electronics.

'hne pulses were counted and the count
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converted to a binary coded decimal

number. The magnitude of the number

is a function of the radiation inten-
sity. The electronics also controlled
the wavelength scan drive motor and gen-
erated a decimal number representing the
wavelength of the radiation being pro-
cessed by the detector electronics.

ach of the above decimal numbers, or

<
™

words, consisted of four decimal digits
and each digit was comprised of four
coded decimal bits. In addition,
16-bit synchronization word was gener-
ted the computer data

reduction.

The six words described above (sync
word, scan position word, and four detec-
for words) made up a PCM data frame con-
sisting of 96 bits (6 words of 16 bits
each). A separate PCM data channel was

used for each deck.

The frame rate was the same as the scan
stepping rate of 10 per second and was
synchronized with it so that the scanner
would move to the next position at the
beginning of the PCM frame (Bit 1 of sync
word). A timing diagram of the PCM data
format and logic waveforms is given in
Figure 9. Note that the first two bits

34




he PCM data are of greater ampli-

3 ¢ than the remasnine hita T 5

1d i 1e 1 ! . .

. 4 1 thi o f T
i 1 by amplitude discri L 5
! 1 of digital techniques requirir

rison of 16 bi : Thus , L 1 i

ipport equipment was greatly plified
t rk reliabls n clear Y Y
present in the laboratory and prior f
launch. 'he d ita syne Y used
by the computer for reducin
flight data.

yr flight the PCM data were brought
through the inte connector and were
used to modulate channels H and 19

sub-carrier oscillators in an S-band

telemetry deck. These sub-carrier chan-
nels have a nominal rise time of 70 and

1
250 microseconds which is more than ade-
ate for transmission of the PCM signal
ich has a non-return-to-zero form and
a bit width of 1041.6 microseconds.
In addition to the PCM data signals con-
taining the detector photon counts and
wavelength information, three voltage moni-
tors for each deck were also brought out to
the interface connector and were commutated
onto a low frequency sub-carrier oscilla-
tor. The commutator, described in a later

paragraph, incorporated sixteen segments
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1sing, and high voltage assemblies

d located on TOr of the housing.
3V, =13V) low voltage regu-
lated power supplies were mounted on
ilgital-logic cards. Hence, all
lectronics were internal to the hous-
and shielded from receiving or

1

nal radio frequency

proaucing exter

interference. The card box was also
shielded from the detectors and vented
directly to the outside of the hcusing
away from the instrument entrance aper-
ture. The instrument electrical inter-
face connectors were hard mounted to

th

1e housing to prevent the umbilical

cable from dangling.

Circuit Description

A block diagram of the instrument elec-

troniecs is given in Pigure 10.

Each detector amplifier was used to feed
pulses to a separate photon counter
(consisting of four decade counters) on

a single counter card. The binary-coded-
decimal output from the counters repre-
senting the number of photons collected by
the detector in 83.3 milliseconds was trans-
ferred to the 16-bit shift register and
shifted out as words three through six to

the PCM output line during the following

frame.
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Camad L GEC S AES

The wavelength-scanner pcsition was
counted in four decade counters on the

motor drive readout cards, transferred

out as word two.

The sync word (1110101011001011) was gen-
erated on the timer card and was shifted
out as word one of the PCM frame.

DM

The six PCM words were combined, and pro-
cessed on the PS/test/output card to give
a nominal 5 volt signal to the FM/FM

telemetry deck. This card also contained
a test oscillator which, when enabled by

the GSE console, generated 25000 pulses

amplifiers and counters. A DC-to-DC regu-
lated power supply, also on this card,
changed the battery 28 volts

nd -13 volts needed by the

)]

a
fiers and integrated circuits.

The logie cirecults for driving the four-
position stepping motor w

e
the scanner position circuits on the motor

drive/timer card.

e

The timer card contained, in addition to |

the sync word generator, the PCM clock oscil-

lator and logic circuits to generate the

necessary sync pulses, shift pulses, load,

[
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