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PREFACE

This is the final technical report concerning the instru-
mentation for measurement of cosmic noise at 0.75, 1.225, and
2.0 MHz flown aboard rocket NASA 11.03 UR in June, 1965. The
work was supported under NSG-5T72. The scientific aspects of
this program will be published separately.
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ABSTRACT

This report describes design considerations and performance characteristics
of a complete rocket-borne instrumentation system for absolute intensity meas-
urements of radio frequency noise energy. The instrumentation was designed to
make simultaneous cosmic noise measurements at frequencies of 750, 1225, and
2000 kHz, while immersed in, or above, the ionosphere. The instrumentation
includes an antenna impedance measuring system which operates during flight.

Procedures used for preflight and in-flight noise calibrations are dis-
cussed. A description is given of the ground equipment used to prepare the
flight telemetry data for computer processing.

The payload was launched June 30, 1965 from Wallops Island, Virginia, to
an altitude of 1,057 statute miles and all instrumentation functioned per-
fectly. The scientific aspects and results of this program will be published
in a separate report.

xiii



I. INTRODUCTION

This report describes design considerations and performance characteris-
tics of a complete rocket-borne instrumentation system for absolute intensity
measurements of the radio frequency noise energy which is of galactic and
extra-galactic origin. All portions of the system shown in Figure 1 utilize
fgil-safe circuits, alternate channel redundancy, and conservative design
techniques wherever possible. The payload is an improved version of a pre-
vious experiment conducted in 1962, The present payload is actually the pro-
totype of this earlier experiment with various modifications and additions.
Simultaneous cosmic noise measurements can be made while immersed in, or
above, the ioncsphere at freguencies of 0.75, 1.225, and 2.0 MHz. The radio
astronomy antenna impedance is affected by the ionosphere, and is therefore
measured periodically throughout the flight.

The instruments described herein were successfully fired to an altitude
of 1701 kilometers on June 30, 1965. The rocket was designated NASA 11.03
UR. The scientific results of the flight will be reported separately.

The radio astronomy antenna diagrammed in Figure 1 consists of a 71.5-
foot tip-to-tip balanced electric dipole deployed from the instrumentation
package after last stage rocket burnout and nose cone ejection. Three radi-
ometers operating simultaneously from one antenna are alternately switched
between the receiving dipole and an electrical equivalent dummy antenna for
in-flight noise calibration. For 5 seconds out of every 15 seconds through-
out the flight, the antenna is switched to a circuit which measures the an-
tenna impedance at 0.75 and 1.225 MHz. At these frequencies, the antenna is
electrically very short. Therefore its terminal impedance appears almost
completely capacitive in free space.

Since free electrons present in the ionosphere affect the dielectric
properties of the medium, the antenna impedance will vary as the electron
density varies. ILocal measurement of the antenna impedance is necessary in
order to derive the absolute level of the cosmic noise. These measurements
can also be used to estimate local electron densities, and possibly to eval-
vate ionospheric focusing effects.

Figure 2 is a photograph of the flight payload. For clarity, a metal
cylindrical outer shield normally placed around the instrumentation section
is not included.

The above system was designed to be carried aboard an Argo D-8 rocket
as shown in Figure 3. The 11.03 payload has a predictedl peak altitude of
1840 kilometers for a gross payload weight of 140 pounds. Of the total



weight, 89 pounds is scientific payload. The remaining weight is allocated

to the rocket nose cone, despin system, and the other necessary hardware.

The total usable measurement interval is approximately 1500 seconds with apogee
predicted for 865 seconds after rocket teskeoff. The actual flight trajectory
for this payload is shown in Figure L,




II. DETAILED DESCRIPTION OF PAYIOAD
A. RADIOMETER ANTENNA

1. General Operation

An antenna with accurately known electrical properties is an essential
part of any system for absolute intensity measurement at medium or low radio
frequencies. In addition, an antenna for use aboard a spin stabilized rocket
payload must meet stringent requirements as to physical size, weight, deploy-
ment, and environmental capabilities.

A balanced electric dipole antenna was chosen for this flight and con-
sists of two DeHavilland Aircraft of Canada, Ltd., Type A-18 antenna units,
with slight modifications. Each unit contains a 35-foot element. The ele-
ments are colinearly deployed from the payload perpendicular to the Z-axis.
The payload structure i1s 1.5 feet in diameter, making the dipole 71.5 feet
tip-to-tip.

2. Antenna Elements

The antenna element is a beryllium copper alloy strip, 2 inches wide,
0.002 inch thick, and weighs 0.0141 lb/ft. The strip is tempered by heat-
treating in a manner which causes it to spring into a 0.5-inch diameter thin-
walled tube on deployment. The partially deployed antenna elements may be
geen in Figure 2. For storaege, each element i1s uncurled and wound on a cyl-
inder. Each unit has a self-contained 12-volt DC electric motor and gear
train which deploys the 35 feet of antenna element in approximately 100 sec-
onds. As the antenna element is deployed from the spinning payload it is
subjected to a bending moment. The maximum2 bending moment experienced during
deployment for a given payload and initial spln rate, is directly proportional
to the rate at which the antenna is deployed. The maximum deployment rate is
therefore limited by the maximum allowable bending moment for the antenna
element. The rate selected for this experiment assures a large safety fac-
tor.

3, Modifications to A-18 Unit
One modification of the A-18 unit was the installation of a Globe ILI-24

motor with a 20:1 gear head, replacing the standard motor provided in the
A-18 unit. This modification provides the desired deployment rate and insures



sufficient power for retracting the antenna during ground tests. No pro-
vision is made for retraction during flight.

The other modification to the A-18 unit was the addition of a spring
actuated linear potentiometer for monitoring the antenna position during de-
ployment. The potentiometer shaft rides on a polished, specially bullt cam
locked to the deploy unit shut-off shaft. The shut-off shaft has a Lexan
cam that follows the element supply spool. Thus, as the diameter of the
supply spool decreases, the potentiometer wiper picks off the related frac-
tion of the potentiometer supply voltage (see Figure 5). When all of the
element has been deployed the Lexan follower falls into a slot, shutting off
povwer to the deployment motor and causing the potentiometer wiper to pick off
maximum voltage. The potentiometer signals from each antenna are telemetered
to the ground so that antenna deployment masy be confirmed.

4. Mechanical

The two antenna units are mounted on "A" Deck of the payload as shown
in Figure 6. A modified A-18 antenns unit with 35 feet of antenna element
welghs 2.79 pounds exclusive of wiring and mounting brackets. The maximum
dimensions for each unit exclusive of mounting brackets but including the
length sensor is 8.0 inches long, 4.1 inches high, and 4.2 inches wide.

5. Antenna Eguivalent Circuit

The dipole antenna may be represented by either of the two equivalent
circuits shown in Figure 7. The first equivalent circuit emphasizes the fact
that we are dealing with a balanced circuit. The Jjunction point of the two
voltage generators is at ground potential. Cp and Ry are measured every 15
seconds during flight by the antenna impedance measuring circuit. The ap-
proximate free space value of Ry may be computed from:

_ 801'(2 2

where h is the dipole half length, \ the free space wavelength, and Ry is in
ohms. The effects on Ry of antenna tubing diameter and conductor losses are
not considered in this-equation. These effects are negligible.

The free space reactive component of antenna impedance represented by
Cp is given approximately by:

e _h

tn(h/a)-1




where:

h
a

dipole half length
antenna wire radius.

For h = 35 feet and a = 0.25 inch, these equations predict the following
valueg for free space conditions:

Ry = 0.56 ohm at 0.75 MHz
Ry = L.46 ohm at 1.225 MHz
Ry, = L4.00 ohm at 2.0 MHz
Cp = L6 pf.

Cp 1n the antenna equivalent circuit is stray capacitance. The stray
capacitance 1s due to the proximity of grounded conductors and surfaces adja-
cent to the DeHavilland antenna unit, the antenna switch, and the signal
leads. As installed in the rocket payload, 2Cg was measured as 31.9 pf for
the left antenna (stub only). The right antenna had slightly less stray
capacity than this so a small adjustable capacitor was added as shown in Fig-
ure 8 to maintain the balanced circuit. This capacitor was adjusted so that
the total capacitance from the right antenna element stub to ground was also
31.9 pf.

Note in the second equivalent circuit in Figure T that Cg forms a capac-
itive voltage divider with Cp which decreases the signal voltage at the in-
put to the preamplifier. For this reason, every effort in design and com-
ponent layout was made to minimize the value of Cg.

The values of By and Cp vary greatly from their free space values as the
antenna moves through the ionosphere. Since the antenna impedance does change
during the flight, it is not possible to have an impedance match between the
antenna and the preamplifier. The approach used for this payload was to have
the input impedance to the preamplifier fairly high at all three frequencies.
This results in a high noise figure for the receiver, but since the levels to
be measured are on the order of 107°K ohm, a low noise figure is not required.

6. Antenna Iength and Payload Stability

A final consideration for the dipole antenna is overall length. A very
long antenna is desirable from a signal standpoint. However, the payload is
initially spin stabilized about the axis of least moment of inertia (Z-axis).
To insure that the payload remains stable, the Z-axis must remain the axis of
least moment of inertia. If the antenna element were to exceed 40 feet the
Y-axis would become the axis of least moment of inertia and this stability
condition would be violated. The 35-foot elements are therefore a compromise

between signal level and payload stability.



B. RADIOMETER

1. General Operation

The payload block diagram, Figure 1, shows the functional relationship
between the various parts of the radiometer. These units are the antenna,
the antenna switch, the preamplifier first-stage, the preamplifier second-
stage, and the three receivers.

2. Antenna Switch

The relation of the antenna switch to other parts of the payload is out-
lined in the disgram, Figure 1. Figure 8, the antenna switching circuit
diagram, shows the complete electrical detalils. The antenna is switched by
Wafers C and D which alternately connect the balanced preamplifier input ter-
minals to the receiving antenna or the dummy antenna. When the preamplifier
is connected to the dummy antenna, the antenna switch also connects the re-
ceiving antenna to a circuit for measurement of antenna impedance. One com-
plete rotation of the antenna switch corresponds to one 90-second payload
cycle.

Antenna switch Wafer B is used to synchronize the antenna Iedex switch
and the audio commutator switch. Wafer A controls the timing of the switch-
ing intervals and application of power to the antenna impedance system and
noise diode.

Balanced series resonant 240.2 MHz trap circuits at the antenna terminals
and parallel resonant traps at the preamplifier input terminals effectively
prevent transmission of telemetering interference to the radiometer preamp-
lifier and the antenna impedance measuring circuit.

3. Preamplifier

The preamplifier circuit diagram is shown in Figure 9. It consists of
a stable, high input impedance, broadband, low-noise, cascode amplifier feed-
ing three cathode followers. Each cathode follower has a nominal 50-ohm out-
put impedance and serves to isolate the input of each receiver. This feature
makes it unnecessgary to control the receiver input impedance except at its
own operating frequency. The receiver input impedance is a nominal 50 ohms
at band center and decreases sharply outside the operating bandwidth. This
decreases the gain of the cathode follower off the band center and thus ef-
fectively reduces input signal levels except at the appropriate operating
frequency. Spurious receiver responses are thereby minimized.



Of particular interest are the construction technigues used to obtain
the balanced broadband preamplifier input transformer Tq. The transformer
core is a Siemens No. 550M25-AL60, 23x17 mm, air gapped pot core. The
center-tapped primary winding consists of 64 bifilar, spaced, pi-wound turns
at one end of the coil form. The 89-turn secondary winding is pi-wound at
the opposite end of the coil form to minimize stray capacitance between the
secondary and primary windings. A Txll Litz wire is used in all windings.
This construction minimizes transformer electrical unbalance.

A General Electric ceramic-and-metal planar triode, type 7462, is used
in the first stage of the cascode amplifier. It is operated at a plate cur-
rent of 5.6 milliamperes. This operating point yields a typical 8n of 9500
micromhos, a plate resistance of 10K ohms, and a mu of 95. Under these con-
ditions the equivalent series noise resistance is approximately 250 ohms.
The B+ power required for the complete preamplifier is 33 milliamperes at
200 volts DC.

It will be noted in Figure 9 that all tube filaments in the second-stage
preamplifier are wired in series. Since a tube failure in any of the three
cathode followers only affects its respective channel, Zener diodes are placed
across each of the filaments so that preamplifier operation will be unaffected
by one or more cathode follower filament failures. The total filament cur-
rent required is 400 milliamperes at -25 volts. Vacuum tubes rather than
transistors were used in the radiometer preamplifier and receivers because
the radiometer is the modified prototype of NASA 11.02 UR rocket payload,3
which was designed before suitable transistors were available for low noise
RF work.

The preamplifier is physically separated into two sections. The first
section containing the first stage is packaged with the antenna switch,
dummy antenna, and antenna impedance megsurement circuit as shown in Figure
10(b). The second section consisting of the second stage of the cascode
amplifier and the three output cathode followers shown in Figure 11 weighs
14 ounces and occupies 37 cubic inches.

Figure 12 is a plot of the preamplifier frequency response from the in-
put terminals of the dummy antenna to the resistively terminated output.
Figure 13 is a curve of the preamplifier self-noise, TpRjy product in °K.ohms,
as Cp in the dummy antenna is varied above and below the antenna free space
capacitance at 0.75 MHz.

The noise performance of the preamplifier with the antenna as a source
impedance can also be characterized bﬁ a set of nolse parameters as discussed
by the IRE Subcommittee 7.9 on Noise. These parameters have been measured
on the flight preamplifier and are tabulated below.



PREAMPLIFIER NOISE PARAMETERS

Frequency (MHz) Fy Go(mhos) By (mhos) Rn(ohms )
2.00 2.460 1.336x10"* -2.00 x10-} 3182.9
1.225 1.808 2.297x107 1.791x10" % 1156.2
0.75 1.691 3.939x1074 k.369x107H 602.1

Using these values, the noise performance can be predicted by using the fol-
lowing equation:

2.
Tp = Tolfp - 1+ Rn/Ga[(GA‘Go)g + (By-By) 1}
where
To = 290°K
By
GA = 55 = antenna conductance
' RT+HX
A TA
and
-Xp
By = —— = antenna susceptance .
Ra+Xp

k, Receivers

The three radiometer receivers (each driven from a separate cathode fol-
lower in the preamplifier) are conventional superheterodynes as shown in
Figure 14. A cascode RF amplifier is followed by a pentode mixer with a
separate local oscillator stage. Two pentode intermediaste frequency ampli-
fiers with delayed AGC, operating at U450 kHz are followed by a full wave
bridge second detector. The detector drives a transistor audio amplifier
and an RC filter with a time constant of 0.1 second. The RC filter is fol-
lowed by a cathode follower stage which establishes the optimum DC level and
output impedance for the telemetry system. The audio output is also tele-
metered so that man-made or atmospheric noise leskage through the ionosphere,
or abnormal receiver performance, can be monitored. The character of the
signal present at the antenna terminals can be determined in a gross way from
this audio output.




Figure 15 shows a typical receiver CW bandwidth curve, obtained by
varying frequency with signal input level constant and the output voltage
maintained below the AGC threshold at all times. The noise bandwidth is
typically 8.73 kHz.

In the receiver schematic, Figure 14, note that all three receivers are
basically identical. R) in the cascode amplifier output tank is used to set
the receiver gain for signal levels below AGC threshold. The IF traps in the
first stage provide additional rejection at 450 kHz for the 0.75 MHz and
1.225 MHz receivers. No IF rejection filter is required in the 2.00 MHz re-
ceiver. Figure 16 shows the recelver construction.

The receiver overall dynamic regponse characteristic is determined by
delayed AGC. The AGC action does not begin until well above the expected
cosmic noise level.

The overall gain characteristic of the dynamic response is determined by
the value of cathode and grid bias on V), and V5 (see Figure 14). Cathode
bias is fixed by Zener diode Dg and emitter-follower Q; and is iIniependent
of cathode current. The fixed gsin portion of the dynamic response is deter-
mined by Zener diode D7, which supplies grid bias through series pass diode
Dg. The AGC portion of the dynamic response is determined by the AGC ampli-
fier, which amplifies the detector output, feeding the amplified signal
through pass diode D5 to the grids of V), and V5° AGC amplifier gain is deter-
mined by the value of R31 and R52,

Diodes Dg and D5 select either the voltage on Zener diode Dg or the AGC
amplifier output, whichever is more negative for epplication to the grids of
V4 and Vs. The recelver gain and the point at which AGC tekes over are
determined by the values of Zeners D7, Dg, and resistors RBl and R32.

When the signal input is low, grid bias is taken from Zener D8 and re-
celver gain is constant. As the signal input 1s increased, the AGC ampli-
fier output eventually exceeds the voltage on Zener Dg and receiver gain
becomes a function of the signal input and AGC action occurs.

The Zener diodes D7 and Dg are temperature compensated types. Diodes
D9, Dips and Dyj provide circuit temperature compensation. Thus the AGC
characterictic is carefully temperature compensated through the fixed gain
range, with only moderate drift in the delayed AGC range.

Power requirements for each receiver are 130 volts DC at 18.6 milli-
amperes and 25.6 volts DC at 300 milliamperes.

All components were carefully selected for stability and ruggedness and
particular attention was paid to the construction techniques used. After
ad justment, each transformer and inductor tuning slug is locked in place



with beeswax so that the ferrite cores are not detuned by vibration. Each
receiver weighs 1.88 pounds and occupies T4 cubic inches.

C. ANTENNA IMPEDANCE MEASURING SYSTEM

1. Introduction

Proper interpretation of the cosmic noise levels measured during flight
requires that the impedance of the receiving antenna be known. The antenna
impedance measuring system designed for this payload measures the antenna
impedance at 0.75 MHz and 1.225 MHz once every 15 seconds during flight. The
instrument can measure values of antenna impedance equivalent to a capaci-
tance between -40 pf and +70 pf at 1.225 MHz and between -36 pf and +92 pf
at 0.75 MHz. Antenna resistance values up to 1000 ohms may be measured at
either frequency.

2., ©Simplified Circuit

The telemetered data from the antenna impedance measuring circuit con-
gists of two waveforms which must be measured simultaneously. The first
waveform represents the response of a resonant circuit and is telemetered via
the L0 kHz VCO. The second waveform 1s a measure of the bias sweep voltage
applied to a varactor diode and is telemetered via the 30 kHz VCO. Both of
these waveforms are shown in the sample of telemetry data in Figure 78.

The circult for measuring antenna impedance is a modification of the
familiar "Q-Meter" circuit. Basically, the circuit consists of a series res-
onant RIC circuit as shown in Figure 17(a), in which the Xg and RR are known
functions of the antenna impedance. The value of C is varied by use of a
varactor diode to obtain a complete resonance response curve. The sweeping
bias voltage to the varactor diode is monitored so the value of C is known
at all times. The unit contains two constant amplitude excitation oscil-
lators, one for 0.75 MHz and one for 1.225 MHz. The radio frequency voltage
across the circuit C is the output signal. A computer program has been
written to determine Ry and X from the shape of this response curve.

Figure 17(b) shows a simplified schematic diagram of the antenna im-
pedance measuring circuit. A transformer is used to couple the antenna im-
pedance to the resonant circuit. The impedance seen looking into the sec-
ondary winding of the transformer is designated Zg for reflected impedance
and is equal to RR plus JXR as indicated in Figure 17(a). Preflight calibra-
tion of this circult consists in part of determining the function which allows
Xg and Ry to be calculated . from Xp and Ry and vice versa.

10




3. Detailed Circuit

a. Antenna Coupling Transformer.—Figure 18 shows the complete schematic
diagram of the resonant circuit. The antenna coupling transformer is desig-
nated as Ty, and the varactor diode as Dy. The oscillator input signal is
injected into the circuit as a nominal 0.3% mv rms across the 0.5 ohm resistor
Rs. Capacitors Cy, Co, and 65 parallel D; and are part of the series C.
Capacitors Co and 03 are used only during the measurement at 0.75 MHz. The
RF signal across the varactor diode 1s taken off via emitter-follower Q, so
as not to load the resonant circuit.

The antenna coupling transformer T; was developed for use in this circult.
A pot core was used in the transformer because of its self-shielding, high
coupling coefficient and small size. An air gap in the core improves temper-
ature stability. ILosses in the transformer were minimized so that small
values of antenna resistance could be measured. The turns ratio is one-to-
one and consists of basket wound Litz wire. One half of the primary was
wound on each side of the secondary so that the stray capacitance would be
balanced. The balance of each primary half was checked by applying a signal
to the secondary winding and then comparing the induced signals in each half
of the primary as to amplitude and phase. Fine balancing was accomplished by !
ad justing the relative position of the primary half coils. ‘

The inductance of the secondary winding provides the L in the series res-
onant circuit. The secondary winding was designed to have an inductance of
106 microhenries so that at 1.225 MHz the circuit could resonate when the an-
tenna reactance was equivalent to a Cp of -L0 pf. This resonance occurs when
the varactor diode is at its maximum value of capacitance. For minimum var-
actor diode capacitance, resonance occurs for a Cp of 70 pf. To obtain the
proper Cp range at 0.75 MHz, a 270 pf capacitor is switched in parallel with
the varactor diode.

b. Varactor Diode.—Operation of the circuit is such that the sum of
Ca and the varactor diode capacitance is nearly constant at circuit resonance.
The range over which Cp may be measured is therefore approximately equal to
the range over which the varactor diode capacitance may be varied. A 1N952
varactor diode was selected because it can be varied by at least 125 pf, has
a high Q and is gquite stable with temperature. The capacitance of the diode
may be calculated very accurately from:

11



where

Cp = diode junction capacitance
K, Vo, and n = constants for a given diode
V = 1instantaneous value of the bias sweep voltage.

When Cp is measured in pf and V is measured in volts, the flight diode values
are K = +143.0, V, = 0.5958, and n = 0.4766. The value of Cp is 157 pf when
V = +0.30 volts and 26.1 pf when V = +35.0 volts.

c. Sweep Voltage Generator.—The bias sweep voltage is generated by an
RC discharge circuit shown in Figure 19. The sweep waveform is generated by
C1p discharging through the series combination of RlO and Rl}' The sweep
voltage decays exponentially from 35 volts to 0.3 volt in approximately 0.5
second. The sweep capacitor is recharged through the silicon controlled
rectifier, Q5' The free running multivibrator, consisting of Q; and Qp, gen-
erates a positive pulse every 0.5 second which is coupled through C§ and
triggers the SCR, allowing Ciy to charge back up to +35 volts. The repeti-
tion rate is such that approximately five resonant response curves are ob-
tained at each measurement frequency.

d. Excitation Oscillators.—The two crystal controlled oscillators
which provide the input signal to the series resonant circuit are of the
Colpitts type. Construction details are shown in Figure 20. The schematic
diagram of the oscillator circuit board is shown in Figure 21. These osecil-
lators are temperature stable in amplitude and frequency. A monitor circuit
is provided which measures the oscillator amplitude at the collector and
provides a DC level which is telemetered along with the other data. The
proper measurement frequency is selected by a relay which applies -23 volts
to only one of the oscillators at a time. The relay is controlled by the
payload sequence timer.

e. BSignal Amplifier and Envelope Detector.—As mentioned previously,
the RF signal appearing across the varactor diode is coupled to the amplifier
via an emitter-follower. The amplitude of this signal changes ag the var-
actor diode capacity is swept through 1ts full range. The envelope formed
by this amplitude variation goes through a resonant pesk and is a measure of
the response of the series resonant circuit.

Following the emitter-follower, the RF signal is amplified and then the
envelope is detected. The circuit is shown in Figure 22. Two stages of
amplification are provided by Q] and Qp. A reactive load is used for Qo to
improve linearity and produce equal gain at 0.75 MHz and 1.225 MHz. The en-
velope detector consiste of Dy and D, connected as a voltage doubler. Sig-
nal levels are high enough so that this detector produces a linear response.
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The diodes have high forward conductance and exceedingly low reverse leakage.
The detector time constant is set by Rg and 05 to be approximately 1/10 that
of the series resonant circuit. This allows the detector to faithfully fol-
low the envelope.

Driver stage Q3 couples the detected envelope signal to the telemetry
(40 kHz VCO) input. Diode D5 temperature compensates Qz and at the same
time sets the bias level so that any signal detected will produce an output
at the driver.

4, Flight Operation Seguence

Figure 25 shows the time relationship between the antenna impedance meas-
urement intervals and all other payload switching functions. In the basic
pattern power is supplied to the antenna impedance measurement circuit for 5
out of every 15 seconds. The antenna impedance is measured at 1.225 MHz
during the first half of the 5-second interval and at 0.75 MHz during the
second hglf.

Note in Figure 23 that the antenna impedance is measured in four differ-
ent intervals during one complete 90-second payload switching sequence. In
addition, the interval between the 1O-second mark and the 15-second mark is
used to measure the impedance of a known capacitor to provide an in-flight
check of the circuit calibration. During the interval between the 55-second
mark and the 60-second mark the antenna impedance circuit is not energized.
Therefore oscillator leskage cannot interfere with the radiometer "noise” and
"no-noise" calibration.

5. Mechanical Iayout

The antenna impedance measuring circult was assembled in two boxes des-
ignated the antenne switch box and the oscillator and sweep generator box.
The antenna switch was integrated into a single package along with the an-
tenna impedance tank envelope output circuit and the radiometer first-stage
preamplifier. Figure 10(b) is a photograph showing the mechanical assembly
of the antenna switch and the impedance tank envelope output circuits.
Shielding is accomplished by providing separate compartments for the circuits.
A gide cover plate and a shielding plate have been removed for clarity. The
circuit boards are secured on three sides by slots milled into the vertical
sides of the package. Figure 10(a) is another view of the antenna switch
box showing the plug-in calibration capacitor for the impedance measuring
system. The total weight of the switch box unit is 2.45 pounds and it meas-
ures 7.50 inches long, 4.25 inches wide, and 4.25 inches high. The housing
is fabricated from magnesium.
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The excitation oscillators and sweep generator are housed in a common
box on "B" Deck. The complete unit weighs 0.79 pound and measures 4.50 inches
long, 3.83 inches wide, and 3.83 inches high. The housing is magnesium.

D. SWITCHING SEQUENCE TIMER

1. General Operation

In order to perform the various measurements and calibrations during
flight the switching sequence requires a rather complicated timer. The time
relationships can best be illustrated by referring to Figure 23 which shows
a complete sequence of switching events. Note that 90 seconds are required
for one complete switching sequence. 1In that intervel the radiometer data
and antenna impedance sequence repeats 6 times, the radiometer audio output
commutator sequence repeats twice and the telemetering VCO channel calibration
occurs once for each bank of VCO's. The Iledex steps &t 10-second and 5-
second intervals for the radiometer data and antenna impedance megsurement
intervals, respectively. The payload block diagram, Figure 1, shows the re-
lationship of the various sections of the timer and their influence on pay-
load operation. The control functions of the timer are as follows:

1. Antenna switching, which also controls all other timing functions.
2. Antenna impedance measurement turn-on and sequencing.

3. Radiometer "no noise" and '"noise" calibration sequencing.

L. VCO calibration sequencing.

5. Antenna impedance measuring system calibration.

6. Radiometer audio commutator sequencing.

Referring to Figure 24, the basic timing interval is generated by the
astable multivibrator labeled "Antenna Timer." The output of this timer is
a -34-volt pulse with a duration of approximately 50 milliseconds. The pulse
is used to drive two power amplifiers, which in turn energize the antenna
ILedex and the audio commutator Iedex. The antenna Iedex shown in Figure 8
is a l2-position L-wafer switch. Wafers C and D are 2-pole, 6-position
switches which are used to switch the radiometer preamplifier and antenna
impedance measuring system between the antenna, radiometer calibrating dummy
antenna, and impedance calibrating capacitor. Wafer B is used to synchronize
the audio commutator to the antenna Iedex. Wafer A is a 2-pole, 6-position
switch, one pole of which switches a timing capacitor in and out of the an-
tenna switch multivibrator to provide variable timing. The other pole
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switches -23-volt regulated power to the antenna impedance system. The audio
commutator Ledex shown in Figure 25 is a 4-wafer switch with half of Wafer D
wired as a 3-position switch to sample the audio output of each of the three
receivers sequentially. The audio output of each receiver is sampled for 15
seconds. Only during the first 10 seconds of this interval is the audio out-
put due to galactic background noise. During the final 5 seconds the antenna
impedance is being measured and the audio output is meaningless. The other
half of Wafer D supplies -3L4 volts from the VCO calibration timer to two
groups of VCO calibration relays. Wafer C supplies +9 volts through several
resistor networks for the establishment of a computer control voltage. Wafer
B supplies -23 volts to the noise generator control, VCO calibration control,
and antenna impedance measuring circuit. The fourth wafer is part of a homing
circuit to slave the audio commutator to the antenna ILedex.

Several fail-safe features were incorporated in the switching sequence.
In both the delay circuits and the calibration timer, a circuit failing, in
either the energized or de-energized position, will be switched out withilin 5
seconds by the antenna timer so that radiometer data will still be provided.
Further, if either or both the antenna ILedex or the audio commutator Ledex
should malfunction, the antenna timer will continue to pulse them in an at-
tempt to restore normal action. Under these circumstances, the audio com-
mutator Ledex will be resynchronized to the antenna Iledex within 90 seconds.

2. Description of Circuits

A simplified antenna timer circuit is shown in Figure 26. Applicable
waveforms for this and other timing circuits to be discussed are shown in
Figure 23, The basic antenna timer is a conventional astable multivibrator
with unsymmetrical on-off times. Referring to Figure 24, when terminal CL3
is not connected to terminal CL4, the discharge time of Cs through Rz pro-
duces a 1/2 cycle time of 1.5 seconds, and Cg in parallel with 013 discharging
through Ro produces a 1/2 cycle time of 3.5 seconds. The total is then 5.0
seconds. When terminals CW3 and Chd are connected, Cg and Ci2 are in par-
allel with C5 and the discharge time becomes 6.5 seconds, which, in combina-
tion with the 3.5-second time, gives a period of 10 seconds. Terminals cL3
and Chli are alternately connected and disconnected, producing alternate 10-
and 5-second periods, respectively. The output relay RYg is placed in series
with a capacitor from the collector of Qg to ground. When Qg is cut off,

Ci charges through Rl and the relay coil. ©Since the relay is a magnetically
biased, polarized type, the charging current does not operate the relay.
When Qg conducts, Cl discharges through the relay coil. The current direc-
tion is now correct and the relay operates. The time constant of the relay
coil and Cy is ad justed so that the relay remains closed for approximately
50 milliseconds. Diode D7 prevents the relay coil back-EMF from damaging
capacltor C).
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The second basic circuit is the delay-on timer which is used in the VCO
calibration sequences, the VCO calibration sequence delay, the noise gen-
erator delay and the antenna impedance measuring system delay timers. Re-
ferring to the simplified circuit in Figure 27, transistor Q1 is cut off and
C1 initially is not charged. When -E,. is applied, Ep begins falling toward
-Ecc as the capacitor charges. When Ep reaches about -0.2 volt, the tran-
sistor conducts and relay RY; is energized. Rz limits collector current.

In the circuits for the antenna impedance measuring system delay and VCO
calibration delay shown in Figure 24, additional resistors (RIB and Rol) have
been provided to discharge the timing capacitor. They are switched across
the timing capacitor when the associated relays are energized.

The delay-off gate shown in Figure 28 and used in the VCO calibration
timer is the last basic type of delay circuit used. In this case, audio com-
mutator ILedex Wafer B provides the initiating power, -Ece, to the circuit.
Relay RY; is energized immediately and is de-energized 2 seconds later. De-
lay-off was used for the VCO calibration timer because it can be wired fail-
safe in the event of audio commutator Ledex malfunction in the VCO calibrate
position. If such a malfunction occurs, the delay-off timer will "time out"
and the system will revert to a data taking mode. Circuit operation is then
basically the same as that of the delay-on gate previously described except
that, instead of using Qo to energize a relay, the rise in collector voltage
when Qp conducts is used to cut off Q; and thereby de-energize RY;.

The audio commutator and antenna Ledex stepping switches each require a
28-volt, 3-ampere pulse for proper actuation. The Iedex coils must not re-
main energized for extended periods because of their limited duty cycle
rating. The Ledex solenoids are energized through power transistors Q11 and
Q1o shown in Figure 24, Their bases are normally reverse biased by the +1k-
volt supply through relay RYg and drive resistors Rg and R7° When RYg closes
for 50 milliseconds the bases are forward biased from the -34-volt supply,
the transistors saturate, the ledexes actuate and step one position.

To prevent ledex switching transients from interfering with proper timer
performance, it is necessary to operate the collector of Qg from the separate
Zener regulator diode, D§. Precision control of the delay circuit timing
requires a stable voltage for the bias circuits. Zener diode D9 provides a
regulated source of +10 volts from the unregulated +lL-volt battery.

3. Components
All timing capacitors in the circuits of Figure 24 are hermetically
gegled, sintered anode, wet slug tantalum type XT capacitors manufactured by

P. R. Mallory. The switching transistors used are all from the Motorola Meg-
A-Tife series, which are specially constructed to have a low failure rate.
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All timer circuits are mounted together in the subassembly shown in
Figure 29. The unit weighs 38 ounces, exclusive of the Ledex actuators, and
occupies 81 cubic inches.

E. IN-FLIGHT CALIBRATION

1l. Noise Calibrator

a. General.—The requirement for a reliable and rugged in-flight cali-
brator for the radiometer poses a rather difficult design problem because of
the 7.6x107 °K-Q signal level required. Continuous wave, pulse, or amplitude
modulated carriers require the generation of constant amplitude signals. If
the radiometer center frequency or bandwidth shifts somewhat during flight
a CW or pulse type calibration will result in a misleading interpretation of
the changed response of the radiometer to the actual cosmic noise being meas-
ured. The only completely satisfactory solution is the in-flight use of a
wideband random noise generator. The noise generator 1s used to supply a
known input signal level periodically so the radiometer dynamic response may
be monitored in flight.

With the above considerations in mind a study was made to obtain the best
possible means of in-flight noise generation. A solid state noise diode’ was
selected on the basis of its high output and its ruggedness.

b. Noise Diode Selection.—Since relatively little was known about the
diode as far as stability, spectrum, and reliability, a test circuit was
assembled in June 1962 to age and study a batch of eleven SD2L diodes, from
which a flight diode could be selected. SD2L diodes are double-diffused
silicon junction diodes. They are operated reversed biased Jjust beyond the
knee of the Zener region. Measurements were made of noise output level,
power spectrum, diode output impedance, age variations, and sensitivity of
nolse output to wvariations in diode current and ambient temperature. Of the
eleven placed on test, seven were still on test May 1965. Two failed the
first two months of test because their leads were overstregsed during instal-
lation in the test fixture and two were withdrawn from test because their
spectrum did not meet our needs. In general an individual diode's output
remained constant at a given operating current and temperature over the
three-year period. Since each diode exhibited a different response to oper-
ating current and to temperature, diodes are not interchangeable. The range
of current for which output amplitude remains constant can be determined by
viewing the output on a high frequency scope. A suitable diode does not
exhibit spiked, ragged or erratic voltage fluctuations. Good noise output is
represented on the scope by a symmetry with respect to the scope's zero base-
line and appears to have a Gaussian amplitude distribution. The scope view-
ing technique was confirmed by comparison to a laboratory thermionic noise
generator.
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Figure 30 shows the flight diode rms nolse output voltage variation
with temperature and diode current. The data for this curve is the rms
noise measured in a 3.5 kHz bandwidth centered at 1.225 MHz. Plots of the
data taken at 0.75 MHz and 2.00 MHz have a similar shape and the noise out-
put level is within £0.5 db of the 1.225 MHz value in Figure 30 over the
whole diode current range. An operating current of 528 microamperes was
selected for use during flight because in that region the noise output is
relatively insensitive to changes in temperature and diode current as Figure
30 shows. The flight diode has an effective output impedance of 140 ohms.

c. Noise Diode Circuit.—The flight circuit developed for use with the
SD2L diode is shown in Figure 31. The circuit consists of noise diode Dy,
emitter-follower Qp, and the RC output attenuator network. The emitter-fol-
lower isolates the noise diode from the rest of the circuit. The output
attenuator tailors the spectral distribution so that the desgsired calibration
gignal level is presented to each recelver. The attenuator, in addition,
provides a 50 ohm match to the radiometer dummy antenna unbalanced-to-balanced
input transformer. Noise diode current is monitored during flight by tele-
metering the voltage drop across RBQ

Since a small noise output temperature coefficient does exist, a small
constant-temperature oven operating at 90°F 13°F was designed for the com-
plete noise generator circuit. The oven internal temperature is monitored
during flight for reference purposes.

The flight unit was designed to provide an in-flight noise calibration
level of 7.5xlC6 °K-Q at 0.75 MHz, 2.8x107 °K-Q at 1.225 MHz, and T.6x107
°K+Q at 2.00 MHz. These levels were selected to fall near the anticipated
levels to be measured in free space.

It is important to recognize that the laboratory thermionic noise diode
calibrations are used as the absolute standard. The in-flight solid-state
dicde gerves to determine the magnitude of any change in the radiometer per-
formance.

Once every 90 seconds during flight the noise generator is connected to
the radiometer and turned on to perform a noise calibration. The radiometer
noise calibration interval is shown in Figure 23 as occurring from the 55 to
the 60-second time mark. For this five-second duration, the radiometer is
connected to the dummy antenna. During the first 2-1/2 seconds no noise is
present because the +130 volts is not applied to the noise generator. For
the remaining 2-1/2 seconds of the calibration interval, +130 volts is ap-
plied and the noise signal is present. The first interval is referred to as
"no noise," the second as "noise." The radiometer in-flight gain calibration
is based on these two levels as discussed in Section IIT under Radiometer
Prelight Calibration. The sample of analog telemetry record in Figure 79
shows the radiometer output level for the "no noise'" and "noise" interval.
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2. VCO Calibrator

Data processing is simplified and accuracy is greatly improved by feed-
ing known DC levels through the complete telemetry system at regular inter-
vals. This procedure makes it possible to determine voltage scale factors
and offset levels which include effects from both the telemetry system and
the data reduction equipment. By applying the known DC input levels at
regular intervals the scale and offset factors may be recomputed, thereby
eliminating drift effects in the complete system. Four levels are used so
that errors due to nonlinearities may also be eliminated.

The four known DC levels which are applied to 8 of the VCO inputs once
every 90 seconds are 0.000 volt, 1.530 volts, 3.059 volts, and 4.623 volts.
Each level is applied for approximately 1/2 second, meking the calibration
interval 2 seconds long. The sample of analog telemetry record shown in Fig-
ure 79 contains a VCO calibration.

The VCO calibration interval occurs in the payload 90-second switching
sequence as shown in Figure 23. The three radiometer channel VCO's are cal-
ibrated in the interval from 40 to 42 seconds. The two antenna impedance
channels, the audio commutator channel, the Langmuir probe channel, and
the solar aspect sensor channel are calibrated in the interval from O to 2
gseconds.

The high and low frequency commutated channel VCO's are calibrated once
per second as described in the telemetry section (Section IT, Part K) of this
report. The computer control channel VCO handles only 9 discrete DC voltage
levels, which also serve as its calibration.

The VCO in-flight calibration relies on the accuracy and stability of
the calibrating voltage source. Great care was taken in designing and tem-
perature compensating the in-flight voltage references. Figure 32 is a
schematic of the VCO calibrator unit which consists of a temperature compen-
sated Zener diode followed by three voltage-divider emitter-follower con-
figurations. This unit maintains the output levels #3 mv as the temperature
is varied between -10°C and +50°C. Construction and mounting details for
the VCO calibrator are shown in Figure 33.

The transferring of the VCO inputs from the various data lines to the
VCO calibration bus is accomplished by relays located on the "C" Deck VCO
chassis. These relays, RY, through RY5, shown in Figure 25, are controlled
by the payload sequence timer.

3. Antenna Impedance Measuring Circuit Calibrator

The antenna impedance measuring circuit is calibrated in flight by pe-
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riodically connecting it to a known impedance. The known impedance consists
of a palr of series connected 120 pf capacitors whose common point is con-
nected to ground. This configuration simulates the balanced antenna. The
capacity of the Radio Astronomy antenna in free space will be near this
value.

The calibration occurs once every 90 seconds between the 10- and 15-
second mark as shown in Figure 23.

F. COMPUTER CONTROL

The major portion of the flight data reduction will be done on a digital
computer. The payload contains a timer and programmer which automatically
cycles the payload through the various measurement and calibration modes.

The computer must be able to sense which of the nine modes the payload is in
so it can select the proper routine to process the data. To accomplish this
a computer control signal is generated aboard the payload by the opening

and closing of various contacts on the ledexes and relays. The resistive
summing network for the computer control signal is shown in the upper right-
hand corner of Figure 25. This DC level is impressed on the 2.3 kHz VCO and
telemetered back along with the other data.

During the data processing operation, the DC computer control level is
recovered and indicates the mode of payload operation. The levels were
chosen to be a nominal 0.5 volt apart. Table I lists the DC levels and
identifies the payload operational mode corresponding to each. Figure 79
is a sample of the analog telemetry record and shows the computer control
channel output signal.

G. POWER SUPPLIES

1. Batteries

The primary power for all portions of this experiment is supplied by 33
Type HR-3 Yardney Silvercels. Ten cells are connected in series to form a
nominal +1lh-volt battery and 23 are connected in series to form a nominal
-3L4_volt battery. The +1lk-volt battery has a tap at approximately +12 volts
for the antenna motors.

Each cell has a nominal rating of 3-ampere hours at 75°F which allows
a minimum safety factor of 2 for the normal 30-minute rocket flight. The
+1h-volt battery has a somewhat greater safety factor because it is very
lightly loaded except during antenna erection.
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Because the trickle charge potential of a silver-zinc cell is 2.0 volts,
the equipment operated from the battery packs must be capable of continuous
operation at -46 volts on those units using the -3k-volt pack, and +20 volts
on the +14-volt pack.

These cells were protected from loss of electrolyte by vent plugs which
were get at approximately 0.5 psia pressure differential. Thus, when the
cells were placed in a hard vacuum, the electrolyte was still under 0.5 psia
pressure, which was adequate to prevent appreciable loss of electrolyte.

The battery container i1s lined with neoprene sheet, which holds the cells
firmly and provides a degree of cushioning. A photograph showing the battery
container structure is shown in Figure 34. Total weight of the battery pack
is 8.94 pounds, of which the container weight is approximately 2.30 pounds.

2. DC-to-DC Converter

A -3L-volt-in to +235-volt-out DC-to-DC converter is used in this exper-
iment., The unit is shown schematically in Figure 35 and supplies 200 ma to
the +130-volt and the +200-volt regulators. The converter is a conventional
common emitter saturating core-type power multivibrator. The switching rate
for the unit is approximately 3.5 kHz. Current input to the converter is
1.3 amperes. Careful attention was pald to filtering since this type of con-
verter ic capable of generating a considerable amount of pulse-type RF noise.

3. Regulators

The eight voltage regulators used fall into three categories: uncom~
pensated Zener diode, Zener diode biased emitter-follower, and highly compen-
sated series. One unccmpensated Zener diode is used for regulation of the
+35-volt supply to the antenna impedance sweep generator. Zener diode biased
emitter-follower regulators are used for the transmitter -34-volt supply and
the -34-volt supply to the +235-volt DC-to-DC converter. There are six
highly compensated series regulators for (1) the radiometer filaments, (2)
preamplifier B+, (3) receiver B+, (4) -23-volt bus, (5) +9-volt bus, and
(6) +6.3-volt bus.

The regulators, shown in Figures 36, 37, and 38, are used to reduce the
battery supply voltage variations and decouple converter noise from the main
battery lines. The Zener diodes used in these regulators are selected to
achieve the desired input voltage to their respective loads.

Filament and plate power for the three radiometers must be well regulated
if stable operation is to be achieved. With a possible variation of 40% in
the battery supply voltage, the use of regulators with high internal loop
gain is required. Figure 39 shows the -25-volt, l.5-ampere radiocmeter fila-
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ment regulator. Transistors Ql and Q2 are paralleled series passing elements,
Resistors Ry and Ry also assist in dropping a portion of the input voltage,
reducing the dissipation requirements on Q; and Qo. Q3 and Q) are cascaded
emitter-followers providing sufficient current gain to drive the bases of Q
and Qo. The error amplifier, Q5, compares a fraction of the output voltage
with the reference Zener diode (Dg) voltage, and amplifies this difference.
Resistor Ripo applies an error signal directly from the input to improve the
compensation of input voltage variations. Temperature compensation is ef-
fected by adding a sufficient amount of posgitive temperature coefficient re-
sistance to Rg. iypical performance of this regulator is as follows:

a. The output voltage is reduced by 1 mv for each 20 ma increase in
current. This is an equivalent output impedance of 0.05 ohm. Full
load current is 1.5 amperes.

b. The output voltage changes less than 6 mv for each 1-volt change in
the input volteage.

¢c. For a constant input voltage, the output voltage changes less than
10 mv between 5°C and 50°C.

Both B+ regulators are very similar in design as shown in Figure L4C.
Both receilve their input power from the +235-volt radiometer DC-to-DC con-
verter which has a fairly constant output voltage because of its preregulator
input. Transistor Qi is the series passing element driven by emitter-follower
Qo. Error amplifier Q) compares a fraction of the output voltage with the
reference Zener diode (Eg) voltage and amplifies the difference. Additional
voltage amplification is obtained from Q3' Diode Dp protects Q1 from acci-
dental over-voltage. A power Zener diode Dy is used to drop 70 volts at the
input of the +130-volt regulator only.

The amplifiers in each B+ regulator have the same operating voltages
when referred to the positive polarity side of the regulatcr output. The
error divider ratio and drcpping resistors R5 and Rg for the Zener diodes
have the values as indicated for the +130- and +200-volt operation. A load
current of 70 ma may be drawn from each regulator. Temperature compensation
is done with R8 in the manner described for the -25-volt filament regulator.

Typical performance of this regulator type is as follows:

a. Iess than 10 mv change in output occurs from no load to full load
of 70 ma. This is an output impedance of 0.14 ohm.

b. The output voltage changes less than 0.5 mv per volt of input change.
c. For a constant input voltage, the output changes less than 50 mv be-

tween 5°C and 50°C.
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The +9-volt regulator shown in Figure 41 is a low-voltage version of the
B+ regulators and its electronic performance is similar. Its characteristics
are as follows:

a. The output voltage varies less than 10 mv from no load to full load
of 100 ma. Tts output impedance is less than 0.1 ohm.

b. The output changes less than 1 mv per volt of input change for in-
puts from +13-volts to +19-volts.

c. For a constant input voltage, the output varies less than 10 mv be-
tween -10°C and +48°C.

The -23-volt regulator, whose schematic is shown in Figure 42 is also
similar to the B+ regulators. Its characteristics are as follows:

a. The output voltage varies 0.0l-volt from no load to a load current
of 200 ma. Therefore, its output impedance at DC is less than
0.05 ohm.

b. The output changes less than 0.6 mv per volt of input change.

c. For a temperature change from -10°C to 50°C, with input voltage
constant and a load current of 100 ma, the output changes 6 mv.

A photograph of this regulator showing circuit layout is shown in Figure
L3,

The 6.3-volt regulator which powers the magnetometer electronics is also
similar tc the B+ regulators previcusly described. The schematic is shown

in Figure L4, TIts characteristics are as follows:

a. Output voltage varies 15 mv from no load to a full load current
of 150 ma.

b. The output changes 15 mv as the input voltage varies from +13- to
+20-volts.

c. TFor a constant input voltage, the output varies less than 22 mv
between -10°C and +50°C,
H. ASPECT SENSORS
The relative angle between the earth's magnetic field and the radio as-

tronomy antenna must be known for complete analysis and interpretation of the
radiometer flight data. The strength of the earth's magnetic field may be
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calculated6 to within 1% for the flight trajectory. The relative orientation
of the spin-stabilized payload and the earth's magnetic field vector must be
measured during the flight.

The primary aspect system selected for the flight is a three-axis mag-
netometer capable of measuring the required angles to within *3°. As a back-
up system, a digital solar aspect sensor is included which measures the angle
between the payload Z-axis and the sun once per payload revolution (one meas-
urement every seventeen seconds).

1. Magnetic Aspect Sensor

The magnetic aspect sensor selected for this payload consists of three
Schonstedt Instrument Company Type RAM-3 single-component masgnetometers.
Each RAM-3 consists of an electronics package and a field sensor which is
mounted at the end of a two-foot length of cable. Each electronics package
is 1.75 inches in diameter and 3.00 inches long. ZEach field sensor is 0.75
inch in diameter and 3.18 inches long. Each RAM-3 weighs 8 ounces.

Figure 2 shows the mounting of the three sensors and the three electronics
packages on "E" Deck prior to the foam potting. Figure 45 gives the details
of the interconnect wiring.

The electronics package is comprised of an input voltage regulator,
oscillator, and phase-sensitive rectifier. The oscillator produces a current
of approximately 5.0 kHz. This current is fed through the primary winding of
the sensor to drive cyclically the highly permeable magnetic core of the
sensor into saturation. The presence of a magnetic field along the axis of
sensitivity (long axis) of the field sensor results in the generation of
second-harmonic voltages in the split-secondary winding of the sensor.

The second-harmonic signel is fed back to the electronics unit where it
is detected in & phase-gsensitive half-wave rectifier circuit. TFor a condi-
tion of zero magnetic field on the sensor's axis of sensitivity, the output
IC signal will be the nominal 2.4-volt bias level. For other field condi-
tions, the signal will be less than or greater than the biass level depending
upon the direction of the field with respect to the sensor axis. Calibra-
tion data is furnished by the manufacturer for each unit relating magnetic
field along the sensor axis to output DC voltage, A nominal calibration
curve is a straight line passing through +4.8C volts for a field of +600
milligauss and 0.00 volt for a field of -600 milligauss. Nominal linearity
is 3% of full scale.

The three sensors are mounted in a phenolic fixture machined to assure
that the three axes are mutually perpendicular. The fixture is oriented on
"E" Deck of the payload with the X-axis parallel to the radio astronomy an-
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tenna and the Z-axis parsllel to the longitudinal axis of the payload. The
Y-axis completes the right-hand system. Figure 46 identifies the rocket
coordinate system and shows the relative orientation between the radio astron-
omy antenna, magnetometer axes, and the solar aspect sensor.

Each RAM-3 requires 35 ma from a +6.3-volt supply. One highly regulated
and temperature compensated supply furnishes current to all units through
three separate fuses (see Figure LL). The fuses are used so that all magne-
tometer data will not be lost if an overcurrent malfunction occurs in only
one RAM-3.

In the construction and assembly of the payload, nonmagnetic materials
are used where possible. This is done to reduce distortions in the earth's
magnetic field at the sensor location. The payload main structure is made
of magnesium; the external skin is hard aluminum; hardware consists of stain-
less steel nuts and bolts and nommagnetic connectors. The relays and motors
distort the field at the sensors slightly. The effect of this distortion was
determined by using the earth's magnetic field in a preflight calibration of
the magnetometer with the payload operating in the flight mode.

2. Solar Aspect Sensor

The solar aspect sensor selected for this payload is an Adcole Corpora-
tion Digital Solar Aspect System. This system measures the angle of incident
sunlight with respect to a line perpendicular to the sensor face and expresses
this angle as a digital number. In addition, the DC level of the output sig-
nal indicates the presence of the illuminated earth in the earth telescope
field of view. The system is comprised of an electronics package designated
as a Model 235D shift register and an optical sensor designated as a Model
135 solar sensor. The shift register measures 2x3-1/U4xL-5/8 inches and weighs
2 pounds; the optical sensor occupies a volume of less than 3 cubic inches
and weighs‘u ounces. Figure 2 shows the solar aspect system mounted in the
payload structure. Note the three openings in the optical sensor. The long
slit is used to determine the angle to the sun, the short slit is the command
eye opening, and the round lens is the earth telescope.

The accuracy and resolution of the system are determined in the optical
sensor. Light passing through the long slit on the top of a quartz block is
screened by a gray-coded pattern on the bottom of the block to either illumi-
nate or not illuminate each of seven photocells. The angle of incildence of
sunlight determines which photocells are 1lluminated. The outputs from the
seven cells constitute a seven-bit digital word. The gray-coded pattern is
used so that angles differing by only one degree differ by only one bit in
the digital output. This assures that only one bit changes at a time and
eliminates the possibility of large angular errors due to a small error in
transition synchronization. The bits are transferred in parallel to the shift
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register and read out serially to the telemetry system. The gray-coded pat-
tern and the seven photocells provide 27 or 128 digital words which allows

a coverage of 127° in one degree increments. The angle of coverage is 63.5°
each side of a line perpendicular to the sensor face. The sensor 1s oriented
in the payload to give maximum coverage toward the tail by tilting 20.5° from
the Z-axis (see Figure 47). The angle of coverage extends from ¢ = 174°
(sensor output of -63.5°) to ¢ = L7° (sensor output of +63.5°).

The short slit in the sensor is part of the command eye which generates
the read out trigger for the aspect sensor. This trigger causes the sun
angle to be read out only when the incident rays are perpendicular to the long
slit. The angle to the sun is therefore read out once per revolution of the
payload and always at the same azimuth angle. Figure 47 shows the orientation
of the half-plane the sun must be in to trigger the sensor. This half-plane
passes through the Z-axis and is at an angle of 247° to the X-axis. This
half-plane is actually a two-degree thick wedge determined by the commend eye
optics.

The earth telescope has & 1° conical field of view and is directed at an
angle of ¢ = 120°45'. The sensor output reference level is 3.97 volts when
the earth is not in the field of view of the earth telescope. This reference
level drops to 1.40 volts when the illuminated earth comes into the field
of view. Such a transition is shown in Figure 79 of the sample analog telem-
etry record; note that a deflection downward on this channel is an increase
in voltage.

The output level corresponding to a binary "one" is 4.91 volts when the
earth is not in view and 2.31 volts when the earth is in view. The cor-
responding levels for a binary "zero" are 3.1l volts for the earth not in
view and 0.37 volt when the earth:.is in view.

The manufacturer furnishes a code table sheet which relates gray-code
output to angle. The coded angles range from -63.5° to +3.5° in one-degree
increments. The binary word indicated in Figure 79 for the angle between the
sun and sengor is 11101010. The first seven bits indicate an angle of -25.5°
in the gray-code (f = 110.5° +25.5° = 136°). The eighth bit is always a zero
to signal the end of the word. The beginning of the first bit marks the
point in time at which the angle was read. The shift out rate was chosen to
be 3 bits per second or 2.7 seconds for all eight bits.

The solar aspect sensor data is assigned to the 7.35 kHz VCO telemetry
channel.
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I. IANGMUIR PROBE

1. Introduction

The Langmulr probe experiment consists of a cylindrical collector unit
which is placed outside the payload and an electronic unit placed within the
payload. A photograph of the two units is shown in Figure 48. The two units
are connected through low pass filters provided in the probe mount. The cur-
rent to the cylindrical collector is measured with a current detector as its
potential is swept through a range of negative and positive values with re-
spect to the payload body as shown in Figure 49. Each volt-ampere curve ob-
tained during flight is later interpreted in terms of ionosphere electron
temperature and density.

2. Cylindrical Collector Unit

The cylindrical collector unit consists of a collector electrode, &
guard electrode, and a probe mount. The collector electrode is made of stain-
less steel and is about 9 inches long with a diameter of 0.022 inch. The
guard electrode is made of stainless steel tubing (0.D. 0.065 inch and I.D.
0.042 inch). It is concentric with the collector electrode and insulated
from it with Teflon tubing. The guard electrode is driven with the same
voltage as the collector and serves a twofold purpose:

a. DPlaces the collector beyond the sheath of the payload skin, and

b. helps to maintain a continuous sheath at the collector-guard
boundary.

The collector and the guard electrodes are tied to a connector with a specially
designed concentric spring arrangement that permits folding of the assembly
to any desired position for stowing and deployment at nose cone ejection.

The probe mount provides space for two low pass filters, one for the
collector, the other for the guard, and a connector for the collector and
guard elements. The filter prevents the conduction of radio frequency inter-
ference, induced in the collector unit, to the electronic unit.

3. Electronic Unit

The electronic unit consists of positive and negative voltage regulators,
a linear voltage (AV) sweep generator, a pair of dual range current detectors,
and system logic to control the detector sensitivity and other functions.
Figure 50 1s the schematic diagram of the system and shows the interconnec-
tions between the units.
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Since the system is not sensitive to input voltage change, a simple
series regulator was sufficient to overcome the change of rocket battery
voltage.

Positive - Input voltage: +16 to +20 volts
Output Voltage: +13 volts

Regulation: +2%

Negative - Input voltage: -30 to -36 volts
Output voltage: -28 volts
Regulation: +2%

A unijunction-type ramp voltage generator7 is used because of its sim-
plicity; the schematic diagram is shown in Figure 51. The linearity require-
ment over the temperature range (0° to +50°C) is satisfied by temperature
compensation with two thermistors. The desired negative starting voltage is
obtained by a combination of & Zener diode and a diode. Positive voltage is
determined by the unijunction7 transistor nVee, Flgure 51.

Hi AV - Magnitude: (+) 4.8 volts (-) 3.21 volts
Slope: 30.8 V/sec
Linearity: < +1% from a best straight line
Output impedance: < ZKQ

Io AV - Magnitude: (+) 2.4 volts (-) 1.6 volts
Slope: 5.4 V/sec

To fulfill the requirement of the Iangmuir probe experiment (namely,
floating input configuration as illustrated in Figure 49) a DC amplifier em-
ploying a ring modulator® was used, Figure 52. The detector utilizes the
diode ring modulstor, modulator driver, an AC (carrier) amplifier, and a
demodulator. A current range of 0.02 to 6 microamperes was chosen to en-
compass the charged particle current range expected in this experiment. This
current range was covered in four steps. Detector No. 1 measures 0.02 and
0.8 microampere full scale and Detector No. 2 measures O.l and 6 microampere
full scale. This sensitivity arrangement permits a certain amount of useful
data even if one of the two detectors fails.

The detector input impedance is dominated by a shunt resistance across
the ring modulator. The driving frequency of the modulator is obtained by
an astable multivibrator producing a 2 kHz square wave. To eliminate the
carrier frequency, 2 kHz was chosen because the peak response of the modulator
transformer near this frequency results in maximum sensitivity of the modu-
lator. The frequency response of the detector is limited primarily by the
low pass IC filter at the demodulator, The filter design is a compromise be-
tween a low carrier ripple component on the output and fast response to in-
put current.
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The detectors have the following characteristics:

Detector No. 1 - Range: 0.02 and 0.8 pA full scale
Input impedance: < 120 KQ 0.02 pA
< 16 KQ 0.8 pA
Output: 0 to 5 volts

Output impedance: < 1.5 KQ

Detector No. 2 - Range: 0.1 and 6 pA full scale
Input impedance: < 27 KQ for 0.1 uA
< 3 KQ for 6 uA
Output: 0O to 5 volts
Qutput impedance: < 1.5 KQ

The logic circuits were designed to carry out the following operations
based on AV period, Figures 53 and 5h4.

a. Pulse amplifier—AV retrace is applied to the pulse amplifier and
and amplified pulse is applied to flip-flop No. 1.

b. Hi-Lo AV—Hi-Io AV switching is performed by relay 6 which is ope-
rated by flip-flop No. 1. Therefore the AV alternates between Hi
and Lo AV. Flip-flop No. 1 drives flip-flop No. 2.

¢. Range switch—Range 1 and range 2 of both detectors are determined
by relays 3 and 4, operated by flip-flop No. 2; relay 3 for detector
No. 1 and relay 4 for detector No. 2. To balance the input cur-
rent, relay 3 is "on'" when relay 4 is "off" and vice versa. Since
flip-flop No. 1 drives flip-flop No. 2, a measurement of current
with Hi and Io AV is made in each range. Flip-flop No. 2 drives
flip-flop No. 3.

d. Detector switch—Selection of detector for the collector current
measurement is done by relay 2, input selection, and relay 5, out-
put selection, both operated by flip-flop No. 3. Again to balance
the input current, relays 2 and 5 are alternated. The change of
detectors occurs after making a measurement with range 1 and range
2 of a detector.

e, Calibration—A Shockley diode timer with a free running peri od of
about 50 seconds is synchronized by flip-flop No. 3. This insures
that the calibration is synchronized with the AV. The timer triggers
a 2.2-second monostable multivibrator which allows sufficient time
to calibrate L4 ranges with Hi and Io AV. Figure 55 shows the system
output with a dummy resistance of 22 megohm.
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4, Calibration

In general, it is difficult to ground calibrate a Ilangmuir probe since
simulation of conditions found in the ionosphere is not possible. Therefore,
an in-flight calibration of the current detectors is made by periodically
(approximately every 50 seconds) disconnecting the detectors from the collec-
tor and substituting a known resistor (calibration resistor), appropriate in
value for the sensitivity of the associated detectors. Calibration takes
about 2.2 seconds to cover all four ranges with Hi and Io AV. The accuracy
of the detector calibration is limited by the knowledge of exact values of
calibration resistors and the slope of the AV generator. Therefore, the cali-
bration resistors are known to *1% of their values and the total change of
the AV slope 1s kept under +1% from a best straight line over the temperature
range 0° to 50°C.

The output of the AV generator is monitored through the commutator and
the AV slope can be computed throughout the flight if it is required. TFig-
ure 56 shows typical detector calibration waveforms.

J. PREFLIGHT MONITOR SYSTEM

Preflight test point monitoring and remote control of the complete pay-
load is accomplished via a twelve lead pull-off plug cable between the pay-
load and a remote control box. The twelve leads and their functions are
identified in Table II. Flight batteries can be monitored and charged, all
payload equipment can be turned on and off and the payload checked for proper
operation by use of the pull-off cable and the remote control box. This is
a great convenience during the firing countdown because any operational de-
lays can be managed without difficulty. Normally, the total payload power is
supplied externally until just before rocket firing, at which time the system
is switched to internal battery power and the pull-off plug is removed.

Three Ledex stepping switches designated "RECEIVER," "TRANSMITTER," and
"MONITOR" in Figure 57 execute all remote control and monitor functions.
These switches can be energized only by switched external power from the re-
mote control box. The switches are stepped individually one step at a time
by pressing one of the three push button switches located on the remote
control box. The control box is connected via the pull-off cable and the
payload interconnections shown in Figure 58. Both receiver and transmitter
control ILedexes are wired as 6-position switches. They are used to apply
power to the various portions of the payload. The monitor Ledex is wired
as a 3-pole, 12-position switch which allows 36 test points to be remotely
monitored. The monitored functions are tabulated in Table IIT.

The Iedex switches may be stepped in one direction only. The turn on
sequence was carefully arranged so that certain sections of the payload could
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be operated normally while other portions of the payload were still off. The
turn on Ledexes can be stepped to any combination of their six positions and
only those functions identified in Tables IV and V will have power applied.
This feature greatly simplified payload check out by making it possible to
operate the radiometers with the transmitter and timer off, etc.

Monitor Iedex outputs A, B, and C are connected to three voltmeters in
the remote control box via the pull-off cable. Meter range resistors are
located at the test point so the three meters are automatically on the proper
range of 5 volts or 50 volts full scale. A manual polarity switch is pro-
vided. The meter readings for normal operations are known by the remote con-
trol operator and thus any possible malfunction can be noted and diasgnosed.
The monitor ILedex has a fourth output which is connected to a separate meter
in the remote control box to indicate which monitor Iedex position has been
selected. Additional switching was provided at the remote control box so
that the panel meters A, B, and C could be disconnected and the output monitor
lines switched to a digital voltmeter. This feature allows all monitor
voltages to be read very accurately over a hard line.

Two other meters in the remote control box indicate the -34-volt and
+1h-volt external supply current to the payload at all times. This current
is furnished by independently controllable power supplies external to the
control box. A photograph of the remote control box is shown in Figure 59.

Nine test monitor points are thermistor signals indicating the tempera-
ture at various locations within the payload. It is possible to monitor any
payload temperature rise during long operational holds in the rocket firing
countdown. The temperature rise is caused by the dissipation of approximately
182 watts in the payload when the batteries are fully charged and all power
is supplied externally. During flight the dissipation drops to approximately
160 watts. The payload normally has enough thermal capacity to limit the
temperature rise to a satisfactory degree. However, the fiberglass nose cone
is an excellent thermal insulator and full power operation prior to takeoff
cannot be maintained indefinitely.

Prior to removal of the pull-off plug, it is mandatory that all control
Ledexes be set in their proper positions. The receiver and transmitter
Ledexes must be in position 6 and the monitor Iedex must be in position 12.

A safety provision has been incorporated in the Iedex wiring circuit to pre-
vent accidental incorrect positioning of the Iedexes. One switch section on
each ILedex closes only when the Iedex is in the "flight" position. All three
switch circuits are wired in series with a supply voltage to the monitor

Iedex position 12. If the operator observes a -34-volt reading on the monitor
output meter A, in position 12, he can be assured that all control Iedexes

are properly set.
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Diodes are placed in series with the two battery charging lines to pre-
vent short circuits at the pull-off plug connector from discharging the battery
pack. Placing a ground on either line at this connector merely reverse biases
the diode and no current can flow.

X. TELEMETERING SYSTEM

1. General Operation

The telemetering system adopted for this experiment is a standard FM/FM
system which conforms to IRIG specifications. The FM transmitter operates at
2L0.2 MHz with a power output of 2 watts, nominal. Eleven FM subcarrier
channel signals are summed in a resistive network and constitute the trans-
mitter modulation input. The transmitter RF output drives a turnstile antenna
designed to have a near optimum radiation pattern for the expected rocket
trajectory. BEach of the telemetering subsections is described in detail be-
low,

2. Subcarrier Oscillators

Eleven voltage controlled subcarrier oscillators (VCO) are used in this
system. Table VI identifies the VCO model number, the IRIG bends used, the
maximum intelligence frequency and the data assignments. The VCO's were
purchased from the Electro Mechanical Research Corporation.

Five of the VCO's are mounted on "C" Deck and interconnected as shown
in Figure 25. A photograph of the mounting structure is shown in Figure 60
prior to the foam potting operation. The remaining six VCO's are mounted
on "E" Deck and their associated interconnect wiring is shown in Figure 61.
Fach VCO is designed to accept an input voltage of 0 to +5 volts, DC. The
upper modulating frequency limit of each VCO is dependent on its output car-
rier center frequency. Modulation (i.e., deviation) linearity of the EMR
Type 184C VCO is 0.1% or better, about the best straight line for +7.5% de-
viation, and 0.25% for +15% deviation. Modulation linearity for the EMR
Type 213B VCO is 0.2% or better, about the best straight line for *7.5%
deviation. Input and output impedance is 500K ohms and 5K ohms, respectively,
for all units. The output carrier level is adjustable from O to 2 volts rms
for the 213B units and from O to 5 volts rms for the 184C units. Input power
required is 4.5 ma at +9 volts regulated. Each VCO is geparately fused so
that a failure in one VCO will not affec¢t the other ten.

All eleven VCO outputs are summed in & resistive network shown in Fig-

ures 25 and 61. This network is designed so that each VCO works into a b7k
ohm load and the nominal resistance from the sum junction to ground is 5K
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ohms. Subcarrier preemphasis is used to achieve egual signal-to-noise ratio
for each channel at the telemetry receiver output. The subcarrier voltage
levels for preemphasis were computed on the basis of having the transmitter
deviation vary as the 5/2 power of the VCO center frequency. The minimum sub-
carrier level used was 40 millivolts rms which corresponds to a transmitter
deviation of #6.9 kHz. These levels were confirmed by dropout test measure-
ments to insure that all data channels had equal signal-to-noise ratios.

3. Input Signal Limiting

Input voltage levels to the VCO's were limited to -0.5 to +5.5 volts DC
by a signal limiting circuit for each VCO input to prevent a VCO from being
deviated out of its frequency band and causing interference to an adjacent
channel., Although all experiments are designed to have a signal output volt-
age in the 0- to +5-volt range, these limiting circuits are considered de-
sirable safety features in the event that a portion of the payload should mal-
function during flight. The limiting circuit consists of a series resistor
followed by two biased silicon Jjunction diodes as shown in Figures 25 and 61.
The negative 1limit dlode is biased at zero volts. The positive limit diode
is biased at +5.0 volts derived from the +9-volt regulated supply.

L, Commutator

A 28-channel, 2-pole, 28 sample per second per pole, motor driven commu-
tator is used to time-multiplex data onto the 14.5 kHz and 22 kHz subcarriers.
The commutator is a Datametrics Type 914 employing break-before-make con-
tacts and conforms to the IRIG standard? for automatic decommutation. The 56
additional data channels provided by the use of this commutator permit backup
of all continuous channels against VCO failure; transmission of much opera-
tional data such as instrument temperature, battery condition, voltage levels,
antenna deployment length, etc.; and provide the prime data channel for the
3-axis magnetometer. A photograph of the lx3-9/52 b'q 5—17/32-inch, 1l -ounce
unit is shown in Figure 62. The motor draws a nominal 75 ma at 28 volts.

The commutator channel assignments are shown in Figure 63. The first
28 pins on J1 and J2 indicate the data function being sampled and the sampling
order. Pin 1 is sampled first, then pin 2, etc. Each data channel is sampled
for 16.5 milliseconds. A negative 0.25-volt pedestal of 9.5 milliseconds
duration is used to separate data channels. The synchronization bar occurs
between data channels Nos. 28 and 1. The synchronization bar has a duration
of 49 milliseconds and is easily identified on the data records. The syn-
chronization bar is also used as one point in the voltage calibration of the
VCO since it is tied to the +4.623-volt calibration level. Commutator chan-
nels 1, 2, and 3 are tied to the other three voltage calibration levels and
thus complete the four-step calibration of the commutated channels once every
second. A sample of the commutated analog data record is shown in Figure 78.

33



Cross-strapping is employed on the 22 kHz VCO commutator section to pro-
vide 4 samples per second per axis for the magnetometer data and 2 samples
per second for the antenna impedance backup data.

5. Transmitter

Telemetry signal strength data from our previous rocket-borne experi-
ment5 aboard a Journeyman D-8 vehicle fired from Wallops Island confirmed our
calculations that 2 watts of radiated power would provide adequate signal
strength during the flight. Calculations showed that for a rocket antenna
with an isotropic radiation pattern, a ground station entenna with 15-db gain
and a receiver with a noise figure of U4 db, the poorest signal-to-noise ratio
would be approximately at apogee where the margin of safety would be 12.6 db.
Calculations also showed that telemetering signals during the last 100 miles
of altitude on the down leg of the trajectory would not be received because
of horizon cutoff. It was therefore requested that the NASA Bermuda tracking
station be operational so that the data obtained during the ionosphere
bottom-side breakthrough could be recovered.

The telemetering transmitter selected for this payload is a Conic Corpora-
tion Model CTM-20l, true FM transmitter, operating at 240.2 MHz. This solid
state unit has a measured output of 2.8 watts into a 50-ohm load and & nom-
inal carrier deviation of *125 kHz for a 0.725-volt rms modulating signal.

Its spurious output is at least 60 db down with respect to the carrier. It
weighs 13 ounces and draws 550 milliamperes from a 28-volt supply. The

3-1/4 x 2-1/4 x 2-inch unit is shown in Figure 62. Since the transmitter re-
gquires an input voltage between -24 and -30 volts, an emitter-follower regu-
lator is used between the battery pack and transmitter to maintain the supply
voltage in this range. The regulator schematic is shown in Figure 38 and
maintains an output voltage between -27.5 and -28.7 volts for input excursions
between -32 and -45 volts.

6. Telemetering Antenna

Ideally, the telemetering antenna radiation pattern should be symmetrical
about the payload spin axis, and have its major lobe directed to the rear of
the vehicle. Since the protective fiberglass nose cone is ejected, the an-
tenna must be mounted beneath the nose cone and should be capable of radiat-
ing during the powered portion of the flight when the nose cone is in place.

Before selecting the telemetering antenna, several basgically different
designs were constructed and radiation patterns were measured on a full size
mock-up of the payload with the radio astronomy antennas in place. The de-
sign finally chosen is a modified turnstile antenna shown folded in Figure
2. A normal turnstile is simply a pailr of dipoles positioned perpendicular
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to each other and driven 90° out of phase. The modified turnstile shown
here consists of 4 monopoles positioned every 90° around an 8-inch diameter
cylinder. Each monopole is phased 90° from the adjoining monopole, with
the phase increasing for each element counterclockwise as viewed from the
tail of the rocket. This selection of electrical phasing produces right-
hand circular polarization.

Each monopole is approximately x/h units long. The length is trimmed
until the real part of the monopole impedance equals the 70 ohm impedance
of the phasing harness. At the output of the summing junction, a single-stub
matching cable is used to transform the impedance to 50 ohms. Figure 6L(a),
(b) illustrates details of the phasing network.

The monopoles are fabricated of 10 mil tempered beryllium copper strips,
with a slight concavity perpendicular to the long dimension. This shape is
similar to that used in flexible steel tape measuring rules. Therefore, the
elements are sufficiently stiff to be self-erecting and to remain erected.

Nose cone ejection initiates telemetering antenna deployment by means
of the assembly shown in Figure 65. When the nose cone is installed on the
payload, the monopole tips are folded upward and secured under a phenolic
plug. The plug is held in place temporarily by a long threaded rod. The
rod projects through the central hole in the nose cone ejection spring as-
sembly as the nose cone i1s lowered in place over the payload. In this posi-
tion the monopole tips are pressed against contacts on the inner surface of
the plug support. The 4 contacts connect 1500 ohm terminating resistors to
the ends of the monopoles so that the transmitter remains terminated with 50
ohms iEO% when the telemetering antenna is undeployed. 1In this position the
radiation pattern is not ideal, but it is adequate for the initial portion
of the flight. After the ejection spring assembly is cocked and seated
properly on top of the phenolic plug, the long threaded rod must be unscrewed
and removed. During nose cone ejection, the spring loaded pheolic plug is
ejected. As soon as the noge cone clears the top of the payload, the telem-
etering monopoles spring into their stable position which is in a plane per-
pendicular to the payload spin axis. Release of the phenolic plug also
actuates a switch which signals nose cone ejection via the low frequency com-
mutated channel of the telemetry system.

Measured radiation patterns obtained from a full-scale model of the pay-
load with radio astronomy antennas deployed are shown in Figures 66 and 67.
Since the antenna tesgst range used was less than ideal, the patterns and mag-
nitudes shown are probably not precisely correct. Enough work was done with
various antennas, however, to provide reasonable confidence in the results.
On each polar pattern, the 0 db reference corresponds to the maximum signal
received from a x/2 dipole antenna transmitting an equal amount of power. As
viewed from the ground,the transmitted 'signal is right-hand circularly pola-
rized which complies with the standard polarization of most ground station
helical antennas.
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T. Equipment Temperature Monitor

The various sections of the payload are designed to be as insensitive
as possible to temperature variation. However, for completeness the pre-
flight calibration of the payload includes equipment temperature at various
locations as a variable and these same temperatures are monitored during
flight.

The temperature at each of eight locations in the payload is measured
once per second and relayed to ground via the 14.5 kHz VCO commutated chan-
nel. The thermistor locations and commutator data channels are identified
in Figure 63. Each YSI precision thermistor (Part Number 4LO05) is connected
in series with a 14.02K ohm resistor to the +9-volt regulated bus. This com-
bination forms a voltage divider, the ratio of which varies as the resistance
of the thermistor varies. A typical thermistor has a resistance of 3,000 ohms
at 25°C, 2,417 ohms at 30°C and 1,959 ohms at 35°C. The voltage at the junc-
tion of the resistor and thermistor is the telemetered data. A preflight
calibration curve was prepared relating temperature to telemetered voltage.

The equipment temperature is expected to increase monotonically during
flight. The temperature at liftoff is determined by the length of time the
payload is operated at full power prior to launch and the ambient temperature
at the launch site.

L. MECHANICAL DETAILS OF STRUCTURE

Figure 68 ic a scale drawing of the instrumentation rack structure. It
is fabricated of magnesium plates and hollow tube vertical members, most of
which are heliarc welded in place. One post between the "B" and "C" Deck is
removable and the "D" Deck is completely bolted in place. This construction
technique requires that all mounting holes in Decks "A" and "B" be completed
before welding. Additions or modifications are difficult, but not impossible
because the space between plates A, B, and C does permit the entry and use
of hand tools and right angle electric drills.

A 0.042-inch thick aluminum outer skin is bolted to each deck with 24
flat-head screws per deck. This type construction is very stiff.

Placement of subassemblies is determined by consideration of electrical,
mechanical, accessibility, thermal, and vehicle spin and balance requirements.
The placement of major subassemblies is shown in Figure 2 where the outer
aluminum skin has been removed for clarity. 1In the final configuration, only
0.88 pound of lead had to be added to comply with the 1 ounce-inch static and
20 ounce-inch squared dynamic balance limits for the Argo D-8 vehicle.
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M. DECK LAYOUT AND INTERCONNECT WIRING

Deck location and interconnections of all subsections of the payload are
shown in Figure 58. The "A" Deck shown at the top of Figure 58 is the base
of the instrumentation rack. It is mounted on top of the drum-shaped exten-
sion tube. The extension section in turn is bolted to the thrust face of
the fourth-stage rocket motor. The extension section contains batteries and
timers used to actuate the nose cone release and vehicle despin mechanisms.
A plan view of the location of all major assemblies is shown to the left of
the interconnections for each deck. Each terminal shown in a box is access-
ible for disconnect or check. The designation on the lines to each terminal
refers to the destination of that line. There are two main vertical cable
runs with branches at each deck. Coaxial cables are shown only at their
termination points. Extensive use is made of barrier strip type terminals.
Although this adds slightly to the overall payload weight, the problems of
testing, interference tracing, calibration and trouble shooting are greatly
reduced. Wiring used throughout is silver plated, high strand count, with
spiral wrapped Teflon insulation.
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IIT. PAYLOAD PREFLIGHT CALIBRATION

A. SUMMARY

Since precise measurement of the absolute cosmic noise background tem-
perature is desired, many preflight calibrations and measurments are required
to document system performance under normal and abnormal conditions. The
primary preflight calibrations consist of measuring the radiometer output for
various inputs from the laboratory standard noise generator (temperature
limited thermionic diode) and are used to interpret the flight data. The
other measurements are intended to aid in monitoring performance and recover-
ing as much usable informastion as possible if a malfunction such as a change
in supply voltage or ambient temperature occurs in the system during flight.
The following 1s a typical list of preflight calibrations and measurements,
gsome of which are described in detail later in this section:

1.

Measure insertion loss and input impedance of flight dummy antenna
matching transformer at 0.75, 1.225, and 2.00 MHz.

Measure the value of flight radiometer dummy antenna C, capacitors.

Measure stray (base) capacity and resistance to ground of the
DeHavilland antennas and associated wiring. Include correction for
change in stray capacitance caused by antenna deployment during
flight.

Measure and adjust flight radiometer dummy antenna shunt capacitors
to match Item 3 above.

Measure radiometer dummy antenna-preamplifier voltage transfer func-
tlon versus antenna Cp, Ry, and ambient temperature at 0.75, 1l.225,
and 2.00 MHz.

Calibrate antenna impedance measurement circuit for various combina-
tions of Ry and Xp. ILet Ry range from O to 1,000 ohms. ILet Xp

range from negative values corresponding to 108 pf to positive values
corresponding to 1 millihenry.

Determine temperature coefficient and supply voltage sensitivity of
Ttem 6 above. ~

Noise calibrate each radiometer through the flight radiometer dummy
antenna.
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9.

10.

11.

12.

13.

14,

15.
16.

17.

18.

19.

20,

2l.

22.

25.

ek,

25,

Determine temperature coefficient of Item 8 above.

Measure each radiometer noise bandwidth.

CW calibrate each radiometer through rocket dummy antenna.
Repeat Item 8 and vary filament voltage by *2-1/2% and *5%.
Repeat Item 8 and vary +200 volt B+ voltage by +10%.

Repeat Item 8 and vary +130 volt B+ voltage by i5% and,ilo%.
Calibrate thermistor circuits.

Measure the flight noise generator output level at the three radiom-
eter frequencies.

Confirm the calibration of the solar aspect sensor.

Calibrate the magnetic aspect sensor with payload operating.

Measure linearity of the eleven telemetering subcarrier oscillators.
Calibrate the antenna length sensor.

Measure the absolute wvalue of the in-flight telemetering calibrator
voltage.

Measure preamplifier noise parameters (G,, By, Ry, and Fp).
Measure spurious responses of radiometers.

Measure each radiometer center frequency, local oscillator fre-
quency and IF frequency.

Determine the voltage divider ratio for the following telemetry
inputs:

(a) -3L4 volt TM/monitor
(b) +14 volt T™/monitor
(¢) +130 volt T™/monitor
(@) +200 volt TM/monitor

(e) -25.2 volt TM/monitor
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(f) -23 volt T™/monitor
(g) +9 volt TM/monitor
(h) +12 volt ™/monitor
(i) noise generator current
(3) +6.3 volt TM/monitor

26. Accurately measure the following voltage levels:
(a) calibration level No. 2, i.e., 1.530 volts
(b) calibration level No. 3, i.e., 3.059 volts
(¢) calibration level No. 4, i.e., 4.623 volts
(d) oscillator No. 1 (0.75 MHz) output TM monitor
(e) oscillator No. 2 (1.225 MHz) output TM monitor
(f) magnetometer bias
(g) +130 volt supply
(h) +200 volt supply
(i) -25.2 volt filament supply
(3) -23 volt supply
(k) +9 volt supply
(1) +12 volt antenna power supply
(m) +6.3 volt supply
(n) pedestal voltage (commutator)

27. Calibrate ILangmulr probe.

28. Measure the value of the in-flight antenna Z calibrating capacitor.

29. Measure the plug-in capacitors and resistors used in the calibra-
tion of the antenna impedance system.
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30. Calibrate the noise diode current monitor circuit.

B. RADIOMETER PREFILIGHT CALIBRATION

1. General Operation

The calibration curve for the radiometer shifts slightly if either supply
voltages or ambient temperature is changed. This shift may be thought of as
occurring from an overall gain-bandwidth change in the radiometer plus a DC
offset in the zero signal output level of the receiver. The magnitude of the
shift is easily measured by applying a known noise signal level to the input
and monitoring the output. A new response curve may then be simply generated
from the preflight reference curve by making proper allowance for the gain-
bandwidth change, and the DC shift. Calibrations are made with "white'" noise,
so that changes in either gain and/or bandwidth will be accounted for with-
out needing to know which has changed.

2. ILaboratory Measurements

All laboratory preflight radiometer response calibrations are performed
with a wideband random noise generator designed and built in this laboratory.
The noise generator circuit shown in Figure 69 uses a temperature limited
thermionic diode as a noise source followed by a stable wideband amplifier.
Amplifier gain is measured and adjusted if necessary with accurate step at-
tenuators before each calibration is underteken. This is done at each of
the three radiometer operating frequencies. The resultant accurately known
noise energy is controlled by cascaded step attenuators which feed the rocket
dummy antenna input. This calibration scheme thus requires only a constant
output ncise generator and stable, accurate step attenuators. Since the
diode current can be measured with high precision and all other measurements
require only the use of passive attenuators, it is believed that a minimum
amount of systematic calibration uncertainty is introduced.

The calibrations are performed by coupling the laboratory noise generator
output into the preamplifier via a dummy antenna unit shown schematically in
Figure 9. The dummy antenna contains a transformer to match the single-ended
noise signal to the balanced input of the preamplifier. The dummy antenna
was designed to accept plug-in capacitors so that various values of antenna
capacitance, Cp (source reactance), can be used during calibration. This
game dummy antenna is flown and is used to inject the in-flight noise cali-
bration level. The dummy antenna also contains capacitors to simulate the
base (stray) capacitance in the antenna circuit. Figure 10(a) is a picture
of the antenna switch box showing the radiometer dummy entenna on the left
side.
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During laboratory calibration, many values of source impedance are in-
serted in the dummy antenna to simulate the impedance changes which occur
when the antenna is immersed in the ionosphere.

Considerable data are also taken for many combinations of supply volt-
age and ambient temperature. Thése additional data are used to check the
validity of the gain-bandwidth correction procedure described below.

3. Gain-Bandwidth Correction

During flight, a dummy antenna simulating the nominal free space antenna
impedance is connected to the preamplifier input. The receiver output is
then recorded: (1) with the dummy antenna passive ("no noise"); (2) with a
known amount of noise injected from a reference nolse source. The changes in
these recorded receiver outputs, compared with their values measured during
laboratory calibration, permit correction for changes in radiometer gain-
bandwidth characteristics.

The antenna is represented by an impedance Ry+JX, together with an
imaginary generator, V, as shown in Figure TO. For the purpose of these cal-
culations, antenna base capacity, Cp, is assumed to be part of the radiometer
and is included in Xjy. This generator includes the signal induced in the
antenna by incident waves plus the effects of noise in the receiver, which
is otherwise regarded as noise-free. Thus:

Vi = lk(T,+Tp)R,B (1)
where
Tp = antenna temperature
Tgr = equivalent receiver noise temperature.

For given radiometer conditions, the output, eq, is a function purely of
the equivalent voltage VL developed at the input terminals, regardless of the
antenna impedance. The voltage VL is related to V2 by an expression involving
the antenna impedance:

Vo= o5V, (2)
where

2 2

(RA+RL) 2 + (XA+XL) 2
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The antenna impedance affects two quantities which contribute to Vf: (1) the
voltage transfer factor Oy; (ii) the receiver temperature, T, which is in-
cluded in the voltage V,. Thus, the receiver output is purely a function of
the quantity U, where

U = OoF(TpRy+TxR,) - (&)

This has been verified experimentally for many different source impedances.
A typical reference curve of €5 Vs. U is shown in Figure TL.

The outputs ey, and ey, corresponding to "no noise" and "noise" condi-
tions of the dummy antenna are used as the reference receiver outputs for
comparison with the in-flight calibration outputs. Note that the input U,
under "no noise" conditions is not zero, but represents the effects of re-
ceiver noise only.

By a lengthy series of laboratory measurements it is found that if the
radiometer response curve changes, for example due to changes in supply volt-
ages or in environmental temperature, a simple procedure will correct for
this over wide ranges of the input quantity U. It is found that the new re-
sponge curve may be derived from the reference curve by means of successive
shifts horizontally and vertically. These correspond respectively to a
change in overall "gain" (since the scale is logarithmic) and a DC shift.
These changes may be denoted by:

2 &4

AV

1

fractional gain change

DC shift in eq

During the actual flight, two points on the response curve are given once
every 90 seconds by the gain calibration procedure, so that the two param-
eters Alj/zib and AV may be deduced and the complete response curve is deter-
mined. A computer program has been developed to carry out this procedure,
and it converts any output reading, ey, into the equivalent input, U. Actual
curves of radiometer output vs. the function U are shown in Figures 72, 73,
and Tk,

To obtain TpRy from this value of U by a solution of (4), it is neces-
sary to carry out the calculation:



Both Og and TrRp depend on the antenna impedance, which is measured frequently
in flight. ag also depends on the radiometer input impedance RL+jXL (Eq.
(3)]. This impedance is measured accurately in the laboratory, and, for a
given antenna impedance, ag can be calculated to within a few millibels (1
millibel = 1073 bel = 1072 decibel).

TgrRy is obtained from the noise parameters, also measured accurately in
the laboratory:

T.R
TR = Tp + ZAn [(Gp-Go)® + (By-Bo)®] (6)
where
Rp
Gp = ——s = antenna conductance
Ry +Xp
_XA
Bp = P = antenna susceptance
RA+XA
T, = 290°K
Tps Rps Gos By are the noise parameters.u By means of (6) we can cal-

culate Tg to an accuracy of a few millibels (while Ty is dependent on Ry, it
should be pointed out that when Ry << Xp and Gy << Gy, which is the case of
greatest interest to us, the product TgRRy is almost independent of Rp and so
can be estimated accurately without accurate knowledge of RA). Thus, for an-
tenna temperatures comparable to receiver noise temperature, we can solve (5)
to yield TpR, accurate to about 5 millibels (about 1.3%). For most of our
measurements, in fact, Tp >> TR, so the correction for receiver noise is small.

4. Tests of Gain-Bandwidth Correction Procedure

Many laboratory tests were made with deliberately varied supply voltages
and environmental temperatures. The effective antenna temperature was sup-
plied by means of a controlled, accurately known, variable noise generator
driving the dummy antenna and e, was measured over a wide range of TpRp. The
noise generator circuit is shown in Figure 69. From the values of €p, and
€05 under test conditions, Aljﬂlio and AV were calculated. Og and TrRp were
calculated from (3) and (6) using the known value of source impedance,
Rp+jXp. The value of TpRp for each eg was then estimated using the correc-
tion procedure described above applied to the standard reference responce
curve, and this estimate was compared with the accurately known, true value
of TaARa-
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Under certain laboratory test conditions, values A18V45% as high as 2.4
and AV greater than 0.8 volt occur. We can estimate the value of TpRp within
10 millibels (2.5%) in the range of 3x10° to 107 °K-Q even in this extreme
case (the range of TpRy of special interest to us is approximately 106 to
107 °K-Q). For less extreme changes in the radiometer, the range of TpRp
over which we can correct to this accuracy is much greater.

The actual in-flight performance showed relatively minor changes from
laboratory calibration, and corrections should be very accurate.’

C. PREFLIGHT ANTENNA IMPEDANCE MEASURING CIRCUIT CALIBRATION

The antenna impedance measuring circuit is calibrated in the laboratory
by measuring its output waveforms when accurately known calibration impedances
are connected to the input. By analyzing the variations in the output wave-
forms as the calibrating impedance is varied, a complete electrical equiva-
lent circuit is determined for the antenna impedance measuring circuit. The
waveform analysis is performed on an IBM 7090 computer using a least square
error curve fitting technique. The computer is also used for flight data re-
duction to solve for the value of impedance present at the input terminals,
given the equation based on this egulvalent circuit and the measured output
waveforms.

The preflight calibration is done at several controlled ambient tempera-
tures and supply voltages so that their effect on elements in the equivalent
circuit may be determined.

The calibration resistors and capacitors are mounted on separate plug-in
units to facilitate changing the value of resistance or reactance during
calibration. As shown in Figure 8, the calibrating impedances are balanced
in relation to ground to simulate the actual antenna impedance. Ten re-
actance plug-in units and eight resistance plug-in units are used in all
combinations to produce eighty values of calibrating impedance. Inductive
reactance as well as capacitive reactance is used. Values for R are between
0 and 500 ohms. Values for C are between O and 215 pf. The plug-in boards
with inductors on them are to simulate a negative antenna capacitance.

The output waveforms were recorded on magnetic tape during calibration
along with various housekeeping functions. These tapes were then digitized
and put in the proper format for computer processing.

Proper interpretation of the antenna impedance measurement during flight
requires that proper allowance be made for the antenna base impedance (stray
capacitance to ground). This base impedance was accurately measured during
the preflight calibration.
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D. ANTENNA LENGTH SENSOR CALIBRATION

The antenna length sensors are calibrated by deploying each antenna ele-
ment in a calibrated track. As the tip of the antenna element reaches a
length mark, the voltage out of the length sensor is recorded. The curve re-
lating output voltage to antenna length is thén drawn.

E. SOILAR ASPECT SENSOR CALIBRATION

The solar aspect sensor output is digital. The preflight calibration
consists of orientating the sensor at known angles to the sun and checking
the readout with that stated by the manufacturer. The complete field of view
of 128° in 1° increments was checked and confirmed. The accuracy of the
instrument at transition for a one bit change in the digital output is +0.25°.
Resolution is 1°,

F. MAGNETOMETER CALIBRATION

The magnetic aspect sensor is required to measure the angle between the
radio astronomy antenna and the earth's magnetic field to *3°,

The manufacturer of the magnetic aspect sensor supplied a complete cali-
bration curve for each axis. Since the payload alters the magnetic field at
the sensor location, it 1s necessary to determine two correction factors for
each axis. These factors consist of a shift in the calibration curve due to
a residual magnetic field and a multiplicative scale factor related to field
distortion.

These factors were determined by placing the complete operating payload
at a location where the earth's magnetic field was accurately known. Using
a nonmagnetic fixture, the payload was then positioned in 108 known orienta-
tions. The magnetometer output was recorded for each orientation. A least
square error technique (a program for the IBM 7090 computer) was then used to
determine the two correction factors for each axis.

G. SALT MINE SELF-INTERFERENCE CHECKS

Laboratory testing the radiometers for self-interference is difficult,
if not impossible, because the radic astronomy measurement frequencies are
subject to a high level of man-msde interference. Two of the measurement fre-
quencies fall in the AM broadcast band; other interference is caused by auto-
mobile ignition, diathermy machines and other such equipment. During flight
the ionosphere acts as a shield to prevent earth noise at these frequencies
from interfering with the instrument. The length of the extended radio
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astronomy antennas (7l.5 feet tip-to-tip) precludes the use of a screen room,
so other radio quiet locations were investigated.

Interference measurements made in sections of the International Salt
Mine, 1200 feet under Detroit, Michigan, showed that the mine is very quiet
in the portion of the radio frequency spectrum used and makes an excellent
"screen room." The portions of the mine that contain no power lines or
telephone cables proved to be the quietest, and therefore most suitable for
our use. The International Salt Mine Company was most cooperative and allowed
us free access to the mine for self-interference checks on the payload.

During testing, battery powered test equipment was used exclusively. The
tests measured both conducted and radiated noise from the payload with the
antenna completely extended. Power was applied to selected portions of the
payload to identify contributions to the total noise level by specific unit,
i.e., voltage regulators, DC-DC converters, commutator motor, and solar
aspect sensor.

In all, three trips were made to the salt mine to evaluate the effec-
tiveness of corrective filtering actions. Self-interference was reduced to
an insignificant level.
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IV. THE UNIVERSITY OF MICHIGAN TELEMETERING GROUND STATION

A complete telemetering ground station has been assembled for this ex-
periment. It provides a means to perform preflight system checks and post-
flight data reduction. This station is used as a backup ground station for
in-flight data recording with real time readout if required. A photograph
of the telemetering ground station is shown in Figure 75. The tape recorder
rack contains the main items of the FM/FM telemetering station. Below the
Ampex Model CP-100 tape recorder is a Nems-Clarke Model 1432 phase lock FM
receiver. Below it 1s a bank of six EMR Model 167-01 phase lock subcarrier
discriminators. An interconnect and control panel is below the discriminators,
followed by a Nems-Clarke Model 200-3 spectrum display unit for the FM re-
ceiver. The bottom panel contains an EMR Model 10l-A crystal reference oscil-
lator with mixer amplifiers for the tape speed compensation system. To the
left of the rack is a CEC Model 5-124 direct recording oscillograph with
seven galvanometers for quick readout information. A Tektronlx Model 533
oscilloscope for waveform monitoring completes the telemetering ground sta-
tion.

For telemetry reception and recording, the ground station is arranged as
shown in Figure 76. In general, this is typical of a high precision system
with extra features added to optimize its performance for this application.
Following signal capture by the right-hand helical antenna with a gain of
20 db, the signal is amplified by a 33 db gain, 5 db noise figure preampli-
fier at the antenna site. The high gain antenna and preamplifier are re-
quired for flight data acquisition only. The amplified signal enters the re-
ceiver and is demodulated. The resulting composite subcarrier signal is fed
to a mixer amplifier where a precision 100 kHz sine wave is added to the sub-
carriers. Introduction of the 100 kHz signal provides a reference freguency
for the tape speed compensation channel which is used during tape playback.
The mixer output goes to two direct channels on the T-channel tape
recorder. The direct channels have a frequency response from 200 Hz to 100
kHz at a tape speed of 30 inches per second. This speed allows approximately
34 minutes of uninterrupted recording time. Two channels are used to pre-
clude the loss of data if one channel fails during recording. From the re-
ceiver, the signal also goes to the subcarrier discriminators. Each dis-
criminator has an input band-pass filter to select the appropriate channel
as shown. The discriminator output is a replica of the corresponding pay-
load telemetering input voltage and is recorded on the direct readout re-
cording oscillograph. Provisions are also made to record the discriminated
output on the FM channels of the tape recorder which have a frequency response
from O to 10 kHz.

The receiver signal strength information is displayed on a meter at the
antenna location so that the operator can manually track the payload by posi-
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tioning for maximum signal strength. Provisions are made to record signal
strength on an ¥M tape channel.

Voice comments describing the test conditions under which the data were
taken are recorded on a separate track and are a great aid in locating spe-
cific sections of data on the tape.

The overall circuit for the telemetering ground station is shown in
Figure 7T when used during flight ag a backup ground station. Note that a
second receiving channel along with a left-hand helical antenna has been
added to assure acquisition of the best possible data even if the payload
were to tumble during flight.

Not shown is the circuit used for automatic three-step calibration of
the direct (FM) channels of the tape recorder. Calibration of the FM chan-
nels is desirable because these channels do not have playback tape speed
compensation. Any drift caused by speed variation cannot be separated from
a signal level change without resort to a calibration procedure such as
this. ©Since the discriminators' outputs vary from -2.5 volts to +2.5 volts
for O to +5-volt variations in the rocket payload, -2.5, O, and +2.5-volt
calibration levels are programmed automatically for two seconds once every
two minutes by a ground station M channel calibrator unit. In addition to
the automatic calibration sequence, a manual switch allows additional cali-
brations to be made at any other time. This switch does not affect the
automatic two-minute calibration cycle.

The tape recorder and discriminators are also used for tape playback.
As Figure 77 indicates, the cable patch panel is arranged to transfer the
played-back composite signal containing the 100 kHz reference signal from
the signal delay line into the discriminators for demodulation. In this
mode, the normal tuning units for channel 6 discriminator are removed and 100
kHz units are substituted. If there are any tape speed variations they cause
a steady-state offset or fluctuation in the 100 kHz discriminator output.
This error signal is inserted at the proper point in each of the other dis-
criminators. Cancellation of output variations due to tape speed changes
is thus accomplished. The composite signal to the 100 kHz channel does not
pass through the signal delay unit. In this way, the proper time delay be-
tween the tape speed error signal and the other discriminator outputs is
maintained. When properly adjusted, this technique produces a reduction of
a least 100:1 in tape recorder flutter and wow compared to an uncompensated
system.

Figures 78 and 79 show a section of a typical oscillograph recording of
the discriminator outputs. Each oscillograph trace corresponds to the input
of a VCO, except for reference traces at the top and bottom and a 36-bit
serial decimal time code trace derived from the National Bureau of Standards
WWV Time signal. The in-flight four-step VCO calibration sequence used in
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conjunction with the reference traces provides a means of determining the
actual voltages represented by the various traces. Event timing may be
determined from the vertical "l-second" lines or the 36-bit time code.

The oscillograph records provide a visual means of checking payload
operations, provides corroborative information for computer-digital reduc-
tion of the data and provides prime data for the solar aspect channel.
Final precise data reduction is done from the flight magnetic tape, via an
analog-to-digital converter and an IBM 7090 Computer.
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V. DATA FORMATING EQUIPMENT

Information collected by the 11.03 rocket experiment is prepared for sci-
entific study and analysis by a process of data reduction. A detailed dis-
cussion of the data processing procedures and the results of the scientific
analysis will be given in a separate document. The following discussion is
concerned with only the preliminary steps in the data processing and the
special data logging equipment used to prepare the telemetry data for com-
puter input.

The telemetry data recorded during the rocket flight by the ground station
tape recorder is digitized and rerecorded on computer compatible magnetic tape
by the data formating equipment. The digital tapes are then available for
entry of the payload information into a digital computer for processing. The
equipment consists of: a Scientific Data Systems Model MU31-1 Multiplexer
and Model AD20-14 Analog-to-Digital Zonverter; an Ampex Model TM4113-D
Digital Tape Handling System; and special sequence and control circuitry
assembled from Computer Control Company 1 MHz logic modules. A photograph
of the data logger and ground station is shown in Figure 80.

The SDS Model MU31-1 Multiplexer has 16 input channels. The maximum
switching rate is 15 kHz. The multiplexer is connected for the digitizing
cf the 11.03 rocket data so that channel O is sampled 2500 times per second,
channel 1 is sampled 1250 times per second, channels 2 through 7 are each
sampled 156 times per second and channels 8 through 15 are each sampled 39
times per second.

The SDS Model AD20-14 Analog-to-Digital Converter provides digital samples
with a resolution of 13 bits plus sign. It has a conversion rate of 13,300
samples per second. The analog-to-digital converter also includes sample and
held circuitry which provides a sample aperture of less than 1 microsecond.

The TML113-D Tape Handling System is designed to read and write tapes
that are compatible with the IBM 7090 Computer. It can be operated at tape
densities of either 200 or 556 characters per inch and tape speeds of either
30 or 60 inches per second. It uses 2400-foot reels of 1/2 inch magnetic
tape. A 2400-foot reel of tape provides a recording period of about 16 min-
utes at low speed.

The data formater is used with the telemetry ground station. Figure 81
is a block diagram showing the connections of major components. The telem-
etry tapes are played back through the ground station and the analog signals
from the discriminators routed to the various inputs of the multiplexer.

The multiplexer inputs are sampled in a fixed sequence but not all channels
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are sampled at the same rate. The sampling rate of each channel 1s selected
so there will be sufficient digital samples to preserve the intelligence of
the associated analog signal. The gain of the discriminators is adjusted to
provide an output signal amplitude of +8 volts to -8 volts. The data formater
converts these to digital samples with a resolution of more than 1 part in
8000. Gain and offset of the ground station and data formater electronics

are not significant in the data analysis because all data can be rescaled
using the in-flight VCO calibration voltages.

A special feature of the data formater provides a means of synchronizing
the data sample times with the 100 kHz tape speed compensation signal and
introducing range time into the computer format records. The 100 kHz signal
is used as the basic sampling frequency source. The relative timing of sam-
ples with respect to one another can be determined with the same accuracy as
the frequency of the original clock signal. The accuracy is independent of
the ground station tape recorder speed changes and/or the digital tape re-
corder speed variations. The 100 kHz signal 1s routed to the control logic
via a special tracking multivibrator circuit. If any "drop-outs" of the
100 kHz clock signal are encountered, the multivibrator will continue to
supply clock signals within 2 or 3 percent of 100 kHz.

Range time is put on the digital magnetic tape records essentially un-
processed. The IRIG format is decoded by a special computer program as one
step in the computer data processing.

Two passes of the telemetry tapes are required to digitize the recorded
information. The digital tape recorder is operated at a speed of 30 inches
per second and data are recorded with a density of 556 tape characters per
inch. This corresponds to a sample density of more than 185 analog samples
per inch. Approximately 2 reels of digital tape are obtained from each pass
of each reel of telemetry tape. The sampling frequency of the data logger
could be doubled by changing to a digital tape recorder speed of 60 inches
per second, but this also doubles the ratio of digital-to-telemetry tapes,
and 1s not necessary to preserve the intelligence of the analog signals.
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VI. PAYIOAD ENVIRONMENTAL TEST REQUIREMENTS

It is standard practice to subject rocket payloads to a series of rigor-
ous tesgts to determine functional reliability of all components and construc-
tion techniques. The flight unit is subjected to tests which demonstrate
the ability of the design to meet all performance reguirements without harm-
ful degradation at the expected flight levels.

The required test facilities available at GSFC and the tests prescribed

by NASA for The University of Michigan Radio Astronomy Observatory Cosmic
Noige Rocket Payload designated NASA 11.03 are itemized in the Appendix.

55



VII. VEHICLE DESCRIPTION AND PREDICTED PERFORMANCE

The Argo D-8 vehicle shown in Figure 3 is a four-stage solid propellant
sounding rocket designed to be fired from a zero length launcher. The first
three stages are fin stabilized and the fourth-stage is spin stabilized.

The maximum spin rate is 7 revolutions per second. With a total payload
weight of 140 pounds, the predicted peak altitude is approximately 994 naut-
ical miles for an 80° launch angle. The vehicle staging consists of a first-
stage Sergeant with two Recruit booster rockets atiached to the sides. The
booster rockets give a high initial acceleration to build up the velocity
immediately after release from the launcher. Each Recruit burns for 1.8
seconds and has a thrust of 38,000 pounds. The second-stage is a Iance which
ignites after a 10-second first-stage coast interval. The third-stage is an-
other Iance rocket. Its fins are canted so that at burnout the vehicle spin
rate is increased to approximately 7 rps for fourth-stage spin stabilization.
The fourth-stage is an Altair 6 which ignites after a 13-second third-stage
coast interval. The fourth-stage remains attached to the payload throughout the
flight. At 180 seconds the nose cone is spring ejected and a "yo-yo" despin
mechanism is deployed to despin the vehicle to 0.54 rps. The payload is
further despun by the erection of the redio astronomy antenna. The antenna
starts deploying at 184 seconds and erection is complete at 294 seconds, at
which time the peyload spin rate is 0.059 rps.

Table VII presents a summary of the rocket predicted performance, and
sequence of events.
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APPENDIX. ENVIRONMENTAL TESTS

The following is a description of the environmental test program re-
quired by NASA for the flight model payload. The launch vehicle was an Argo
D-8 (Journeyman).

A. TEST FACILITIES

1. General

The apparatus used in conducting tests shall be capable of producing
and maintaining the test conditions required, with the equipment under test
ingtalled in/on the apparatus and operating or nonoperating as required.
Changes in test apparatus conditions may be the maximum permitted by the
test apparatus, but shall not exceed the applicable equipment specifica-
tion regquirements.

2. Volume

The volume of the test facilities shall be such that the bulk of the
equipment under test shall not interfere with the generation and maintenance
of test.
3. Heat Source

The heat source of the test facilities shall be so located that radiant
heat shall not fall directly on the equipment under test, except where ap-
plication of radiant heat is one of the test conditions.
L. Standard Conditions for Test Area

Normally checkout will be conducted at room-ambient conditions. Rever-
sion to standard conditions will be required only in the case of equipment
malfunction or unresolved questionable operation. For this condition, stand-
ard conditions are defined as follows:

a. Temperature 25 #3°C (77° *+5°F)

b. Relative humidity: 55% or less
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c. Barometric pressure: local ambient

5. Measurements

All measurements shall be made with instruments whose accuracy conforms
to acceptable laboratory standards, and which are appropriate for measure-
ment of the environmental condition concerned. If tests are conducted out-
side of GSFC facilities, the accuracy of the instruments and test equipment
shall be verified before test, after test, and periodically as required by
GSFC.
6. Tolerances

The maximum allowable tolerances on test conditions shall be as follows:

a. Temperature +2°C (3.6°F)

b. Vibration amplitude: =+10%

c. Vibration frequency: 2%

d. Additional tolerances: additional tolerance shall be as specified.

T. Vacuum Gauge

The vacuum shall be indicated by & vacuum gauge, the sensing element of
which is located within the chamber test space. The gauge shall measure the
vacuum as it exists at the payload.

B. TEST SEQUENCE

1. Dynamic Balance

Although not an envirommental test, balancing is necessary for a spin
stabilized payload and shall be performed prior to exposure to environmental
tests. Balancing is chosen as the first operation so that the adhesion and

effect of the balance weights on payload operation may be evaluated during
the course of the tests.

The payload, while nonoperative, shall be balanced about the thrust axis
in accordance with the following:
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The payload and the fourth stage shall be balanced as a composite unit
upon completion of all environmental tests.

2. Spin Test

The spin test will demonstrate the ability of the electronics and pay-
load structure to withstand the spin forces experienced during flight.

Before exposure to spin, the payload shall be visually examined and
functionally tested to assure correct performance.

3. Thermal Vacuum Test

This test will demonstrate the abllity of the electronics and payload
gtructure to withstand both flight temperatures and pressure.

Test Procedure.—Before exposure to thermal vacuum visually examine and
functionally test the payload to assure correct performance.

With the payload in the nonoperative condition slowly pump the chamber
down to lO'LL mm Hg and let the payload outgas. Back fill the chamber with

dry nitrogen.

With the payload in the flight operative condition, pump the chamber
down rapidly (to 10-% mm Hg) and hold for 30 minutes. During the test main-
tain the control thermistor located on the payload skin at 100°F. Fill the
chamber with dry nitrogen and return to atmospheric pressure.

After exposure to the thermal vacuum, visually examine and functionally
test the payload to assure correct performance.
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4, Vibration Tests

a. Sinusoidal Swept Frequency Test.—The vibration tests given herein
are intended to provide assurance that the payload will survive the expected
flight environment and are applicable to the complete payload in its powered
flight configuration. The vibration tests are based principally on the excita-
tions generated by use of the ~Altair 6 rocket motor. The vibration excita-
tion shall be applied at the interstage connection between the final stage
and the payload. In establishing the test levels some allowance has been
made for excitation generated by earlier stages, aerodynamic disturbances and
handling transporation effects. The resonance test is required because of
unique resonant burning observed in the fourth-stage rocket motor.

Before exposure to vibration, the payload shall be visually examined
and functionally tested to assure correct performance.

The payload, while in operational condition normal to powered flight,
shall be exposed to the following vibration levels:
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Flight Unit: Sinusoidal Swept Frequency Test Schedule

Frequency Test
Direction Range, Duration, Acceleration
cps ~ Min g, O-to-pesk
Thrust 10-50 0.6 1.5
(-7 axis) 50-500 0.8 7.0
500-2000 0.5 4.0
2000-3000 0.1 36.0
Total 2.
Lateral A 10-50 0.6 0.6
(X-X axis) 50-500 0.8 1.4
500-2000 0.5 2.8
2000-3000 0.1 11.0
Total 2.
Lateral B 10-50 0.6 0.6
(Y-Y axis) 50-500 0.8 1.k
500-2000 0.5 2.8
2000-3000 0.1 11.0
Total ET—
Sweep Rate: U octaves/minute
Flight Unit: Random Motion Vibration Test Schedule
Frequency Spectral
Direction Band, Density, g-rms
cps: g2/cps
Thrust axis 20-2000 .03 T.7
Transverse axes 20-2000 .03 T.7

Duration: 2 minutes each direction
Total time: 6 minutes

Control accelerometer response shall be equalized with peak-notch filteriza-
tion such that the specified PSD values are within }3 db everywhere in the
frequency band. The filter roll-off characteristic above 2000 Hz shall be
at a rate of 40 db/octave or greater.

b. Combustion Resonance Test.—The apparent weight of the flight pay-
load may be measured at 600 Hz. The amplitude values given below are based
on an apparent weight of 7 pounds at this frequency. Correction of the
amplitude in inverse proportion to the actual apparent weight should be made,

59



but in no case shall the amplitudes be greater than those given. An alternate
method may be substituted wherein vibration force is programmed into the pay-

load between 550 and 650 Hz at *400 pound force thrust direction and *#67 pound
force transverse direction if a suitable force control is employed.

Flight Unit: Combustion Resonance Vibration Test Schedule

. Test
Di t1 Frequency, Acceleration, g D &1
irection Ho 0-to-peak uration,
sec
Thrust axis 550-650 33.0 15
Transverse axes 550-650 9.5 15%

Sweep rate 1 octave/minute

*15 seconds each axis.

After exposure to vibration, the payload shall be visually examined and
functionally tested to assure correct performance.
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TABIE I

COMPUTER CONTROL LEVELS AND CORRESPONDING PAYLOAD MODE

Voltage level Payload Mode
0.5 Ant. Z cal. 750 kHz
1.0 Ant. Z meas. 750 kHz
1.5 Ant. Z cal. 1225 kHz
2.0 Ant. Z meas. 1225 kHz
2.5 Radiometer TpRp
3.0 Radiometer no noise cal.
4.0 Radiometer noise cal.
L.5 Radiometer VCO cal.
5.0 General VCO cal.
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TABIE IV

CIRCUITS ENERGIZED BY THE RECEIVER TURN ON LEDEX

Switch Position

1

Designation
A

B

Circuits Energized

All power off

A B C D E

A B CDZETF

A°B C DEF G

A°B CDEVF G H J

A - CDET F G H J K

Circuit and Connection

-3LV to receiver filament preregulator
-34V to noise diode oven

+14V to +9V regulator and timer

-34V to antenna Z circuit

+9V to antenna Z VCO driver (connected
directly to +9V reg.)

-34V to receiver converter preregulator
(+130V and +200V)

+200V to preamp.
+14V to transfer relay
=34V supply to timer

Master on interlock connection
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TABLE V

CIRCUITS ENERGIZED BY THE TRANSMITTER TURN ON LEDEX

Switch Position

Designation
L

M

Circuits Energized

All power off
L

L M N

L M N P

L M N P Q

L M N P @ R S

Circuit and Connection

+9V regulator to VCO's and 5V limiter circuit
3LV to transmitter regulator

-3LV to commutator motor

14V to magnetometer reg.

-3L4V and +1L4V to ILangmuir Probe

+14V to aspect sensor

Master on interlock connection
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Figure 2.



Figure 3. Rocket with payload on launch pad.
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Figure 4. NASA 11.03 UR Trajectory.
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Figure 10. Preamplifier first stage.
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Figure 11. Preamplifier second stage.
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Figure 12. Prototype preamplifier gain vs. frequency (CA = 51.5pf).
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Figure 15. 1225 kHz receiver power bandwidth.

Figure 16. Receiver construction.
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Figure 17. Simplified asntenna impedance measurement circuit.
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Figure 19. Sweep generator board.

Figure 20. Sweep generator housing.




*PIBOQ JO3BITTO80

*I2 aandtg

NOWWOJ o —& e ,
"S3SVO HOLSISNVHL /ﬁ %oon,H\
0l Q3GNO8 3V SHOLSIWHIHL ‘G e Hon %
"37dWVX3 HO4 ‘SLI0A 4710 Ta, THROS -
oNIMHOM 002 ‘4110° SNVIW 002/10 b NS %u.ﬁ\ ] 5
‘G3LON 3SIMYIHLIO 250 ZHWOSZ —> ol 4 T s I A
SS3INN NOSYVD (3QT0W 4 mmun uqosﬁu\.xudxmm
%S M2/l J¥Y SHOLSISIY 1V € Now # v
= : - o— AN~ 2
1INS Ol 1SNFQY "'2°3S0 OL e - +
'O3AOW3Y SNNNL Ol "XO¥ddV I o1y v . /l\\\ TH0
:S3ILON ¢ 3LON gl Lz, 161ZNZ oy
N.—- Qus 3y Qomv
{0 2 UOWOI}IA
vobL 1 6 = Ly
180V0IVOb# L¥Vd "y v 130 335 |40 L
‘03 ¥ITUN MP AEZ-o0— Syved U €
7103 350 HTi00! S 310N
lndLn0o———¢ ? * ¢
HOLVT11IDSO0
0o
Q3aaqgv Seoz - 47T | mHwsze
'WYN3 2 omy SO ZHW Gee'l— O
SNYNL 2I os L = I
- ONIONIM Mo T
VNSO sy 1310
HOLINOW o- A 7
131 JsO o1 A0l puoaI3 \
v 1Ivi3a *y 2 340N _mw ] w .
1 Q3w ) Jb
x ¥ _ 39[o8!
069 L
Y v 130 335 ouh.l@l?||
>nN.| o— r AAAS UOWDJ}IA
S 310N

HT001
47




*I9TJTTdure 2ouspadw] BUUIUY

*22 2anILL

(si04onp 29Mm -39 ) 9NOYD SOIUONAN €7 pun‘2 ‘¢

WY POIME8YD 9dA} "Jnuow x0A048Y 810 SJO}I9DdDD 4 | 2
buljos AQG 9ADY 0) ss0j1o0dDO pajou ssajun | :SIION
4 -9 \ @ a4 4
LN
2y 4 471 oy
me_-o g i »
S 4 11 - - H700!
b3 4 >~ = \AAAS
UALY 2, uno _ 8, a7
|
1NdNI
Age-
JdOT13AN3 I
o
107 U0l 86¥NI
L < Ty
- 4. STHONH a7
o [3M9500" TSy {9 2 LndNI
ocoEo:_> 9 Y N a lm|o.._<zw_w
2 44
o)
86bN!
UA96 S3IHONH
'a vILeS vaLzs
S T $'y
mmq 0062 NOA313a
HTlos2 Iy
) [H
: G S




Q
Q2
Qs
Q4
Q v
5 5
°
>
Q,
Qg
Qq
Quelz
RY,
RY,
RY,
RY,
RY,
ON
RYg (- |_esome || | | L1 | |
VCO ON
CAL RY Fm— it}
4 STEP
RAD. VCO
CALIBRATION
DUMMY BUMMY To UMNY
RADIOMETERS RADIOMETER RNT_ RADIOMETER | ANT | RADIOMETER '|E RADIOMETER ngfy RADIOMETER DANT RADIOMETER | anmY
DATA NO DATA NO DATA NO DATA | DATA NO DATA NO
DATA DATA AT Al DATA DATA
RECEIVER RECEIVER
4 STEP V€O NO NOISE —I LNOISE
CALIBRATION CALIBRATION CALIBRATION
ANTENNA v DUMMY ANT. ANT. ANT. ANT.
IMPEDANCE | OFF  ERcum OFF IMP OFF IMP. OFF OFF OFF IMP OFF IMP
SYSTEM i CAL. MEAS, MEAS, MEAS, MEAS.
4 STEP VCO
[T CALIBRATION
| T T
zﬁg‘gME ER h 750 kHz 1,225 MHz 2 MHz 750 kHz 1.225 MHz 2 MHz
{  RADIOMETER RADIOMETER RADIOME TER RADIOMETER RADIOMETER RADIOMETER
COMMUTATOR
rav
COMPUTER o5
CONT. CHANNEL |5V 25V |5visv 25v 2v|iv 25V v I\ 2.5V 3vjav 25V 2v|Iv 25V 2viv
OUTPUT
4 STEP VCO
CALIBRATION
LANGMUIR PROBE,|¥ oaa
SOLAR ASPECT
1 1 | ! [ L i | | | |
o2 10 15 25 30 4042 as 55 60 70 75 85 90

TIME (SECONDS)

COLLECTOR WAVEFORMS

-—-—— BASE WAVEFORMS

Figure 23. mTiming circuit waveforms.
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Figure 26. Basic antenns timer.
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Figure 27. Baslc delay on.
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Figure 28. Basic delay off.

Figure 29. Timer subassembly.




S
)

uV

OUTPUT,

R

|11

l

l

111

100°F

l

|

[TT]

[1]]

l

Pz FLIGHT CURRENT (530 pa)

\

-

l

I

L1

l

l

I TT]

[40°F

(111

!

FLIGHT NOISE DIODE

OUTPUT AT SELECTED CURRENTS
1.225MHz,, BANDWIDTH & 3.5kHz.

200

600 800 1000 1200
CURRENT, pA

Figure 30

1400



*ITNOITO J03BIBUSS 98TOU ¢O°TT °*T¢ oInITd

1Nndlno
3SION

HOL
IN3

Tz
o
Q02

(oz21<§)
BEENT

— HOLSISNVYHL

wiy ey
uoqin) $ Gmmmm_ mm_%
= UYoe
GY 1
10, 7 12as
20 uoisjijos
\L
i Wil
4710°
uimoo:uw Mool
12 2y
e {
VALY 3 UAv0o0'ge ¢
9y Iy ]
AOEl+ O———

>
b3

S
<

bly

1)v%e

HOLINOW
dW3l
3goid




——o0 +9V
R
Rot R R 5 Re L z
28 3 44& < 6< <
Bogk (S3)5608 12.1kQ$ $3)560Q 357043 $3)5600
R $
2670%’ 3 Rg ! Riol
4.s4mT 2.67kQ3 698 Q%
2N929 2N929 2N929
< 4 ﬁ
E, out |.530V E;out 3.059 v Ezout 4.623v
0
]
P L v S w
1.96kQ3 1kQ$ .92k 3 k3 .9kQ3 1kQ3
N W : 3.92k: I 1 5.9 W k W
— 4
IN484 IN484 IN484
1
NOTES: I. E,, Ep,Ez ARE VCO CAL.VOLTAGES.
2. "S" ARE TEXAS INSTRUMENT TYPE TM-1/8 SENSISTORS.
Figure %2. VCO calibrator.

UNIVERSITY
-NASA ROCK

OF MICHIGAN
1103 UR

ET

’g’ & R,
VCO CALIBRATOR g
ANT

AT Z SWEEP SuppLy

VCO calibrator and antenna Z sweep supply.

Figure 33.




Figure 34. Battery box.
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Figure 35.

Receiver DC-to-DC converter.
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Figure 47. Solar aspect sensor angular relations.
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Figure 55. Output waveforms with dummy resistance, Iangmuir probe.
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Figure 56. Calibration waveforms, Langmulr probe.
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Remote control box and operator.

Figure 59.
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Figure 60. VCO chassis "C" Deck.



NOTES:
1) FUSES ARE 1720 AMP. TRON PIGTAIL TYPE GLN

Figure 62.
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Figure 61. VCO board "E" Deck.
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Figure 64. Antenna matching network.
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Figure 70. Equivalent circuit for preflight noise calibration.

log U

Figure 71. Reference regponse curve.
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Figure 75. Ground station.
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DATA LOGGER

—

Figur
gure 80. Data logger equipment
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