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ABSTRACT

The OGO-E Triaxial Search Coil Magnetometer was designed to measure
geomagnetic and interplanetary field fluctuations in the frequency range

of less than .01 Hz to above 1000 Hz. The search coil sensor, a critically
dampened inductor, consists of 100, 000 turns of wire wound on a nickel-
steel laminated core. The basic sensitivity of the sensor is approximately
10 microvolts (uv) -per gamma (Y)-per Hertz (Hz). A low noise d-c¢
preamplifier with a high input impedance (107 ohms), low input capacity
(10 picofarads), and a gain of one hunderd is mounted near the sensors

in a boom mounted experiment package of the spacecraft. The main
electronics assembly located in the main body of the spacecraft, further
amplifies the data from each preamplifier, performs a triaxial spectrum
analysis, and generates seven (7) commutated outputs per axis, each a
measure of the energy in a given frequency band. Other functions provided
by the main assembly are (1) real time data, (2) wideband f-m data, (3)
in-flight calibration, (4) gain state data, and (5) operating power conversion
and regulation. Special equipment requirements included a portable Bench
Test Equipment (BTE) mounted in a single package. The function of this
package is to simulate all spacecraft interface signals during preflight
calibration and monitor the performance of the instrument.
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1.0 INTRODUCTION

This report summarizes the work carried out by Marshall
Laboratories in compliance with JPL Contract 951142, OGO-E Triaxial
Search Coil Magnetometer.

The primary task of this contract was to develop, fabricate, and
test one (1) breadboard monoaxial magnetometer, two (2) flight models
of a Triaxial Search Coil Magnetometer and one (1) Bench Test Equipment.

The primary function of the magnetometer is to measure the
geomagnetic and interplanetary field fluctuations in the range of less than
.01 Hz to above 1000 Hz. A commutated spectrum analyzer is included
to determine the frequency spectrum of the magnetic field fluctuations.

The flight instrument consists of five subassemblies. Three
sensor subassemblies contain the search coils, and a preamplifier
subassembly contains three low noise preamplifiers.. These are all
mounted in an experiment package at the end of a long boom (EP-5) to
reduce interference from the spacecraft signals. The main equipment
package, mounted in the spacecraft body, contains the remaining electronic
circuitry.

The portable Bench Test Equipment was designed to generate
all spacecraft interface signals for complete laboratory bench checkout.
It also provides test points for monitoring all input-output signals, and
provides externally programmable commutating and reset functions
adaptable to automatic calibration and checkout systems..

This report contains detailed system, electrical and mechanical
descriptions of the flight instrument and the Bench Test Equipment.

2.0 SYSTEM DESCRIPTION

The following sections describe the OGO-E Triaxial Search Coil
Magnetometer including the mechanical design. A Master Drawing List
is contained in Appendix A of this report which references all drawings
required for a full evaluation of the magnetometer design. However,
smaller and simplified schematic diagrams are presented throughout
this report to aid in the analysis of the circuits under discussion.

Figure 1 shows the block diagram of the OGO-E Triaxial Search
Coil Magnetometer which consists of three monaxial magnetometer assemblies,
a power supply, control circuits, status indicator circuits, and in-flight
calibration circuits. '

e
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A monaxial magnetometer assembly consists of a search coil
sensor, preamplifier, waveform channel, commutated wave analyzer
channel, wideband peak detected channel, and a frequency modulated
SCO channel. The sensor generates a voltage proportional to the rate
of change of the amplitude of the magnetic field component along its
axis. This signal is amplified by a low noise preamplifier and presented
to the input of a voltage controlled low pass filter, and to the input of a
wideband amplifier. The output of the low pass filter drives a waveform
gain change amplifier, low pass filter, and a second gain change amplifier,
" and an output amplifier. The output of this amplifier is an input to the
spacecraft telemetry system.

The waveform gain change amplifiers have a voltage controlled
gain of either 1.4 or 14. The waveform output amplifier has a gain
of 5.1. By a combination of control voltages, the waveform gain may
be either 10, 100, or 1000, corresponding to low, medium, or high gain.
A voltage is presented at the output of the waveform gain state. The '
function of the low pass filter in the waveform channel is to limit the
response of the channel to the data bit rate of the spacecraft.

The bit rate logic senses the operating mode of the spacecraft
data system via the spacecraft bit rate, mode, and switch signals and
presents a control voltage to the luw pass filters. This voltage will
limit the bandpass of the waveform channel to either 64 Hz or 2 Hz
corresponding to wide and narrowband operation. Wideband operation
occurs at the 64 kilobit rate and narrowband operation occurs at 8 and
1 kilobit rates. The bit rate logic also drives a status logic circuit
which gives an output voltage identifying the waveform bandwidth. The
output amplifier of the waveform channel is biased to +2, 5v d-c and
has a maximum excursion of 5v p-p.

The wideband amplifier consists of two (2) cascaded voltage
controlled gain change amplifiers identical to the waveform amplifiers.
The output of the wideband amplifier provides the input to the wave
analyzer channel, wideband peak detected channel, and SCO channel."
A monitoring signal is also brought out to the BTE from this point and
used for calibration purposes.

There are seven (7) bandpass filters for each wave analyzer channel
with center frequencies of 10, 22,47, 100,220,470 and 1000 Hz. The
output of each filter is an analog voltage corresponding to the energy in
" its frequency band. The voltage from the seven (7) bandpass filters is
sequentially sampled by a commutator which is controlled via the com-
mutator index logic by the spacecraft index pulses. The data is then
presented to the spacecraft telemetry system through a stable d-c
amplifier with short circuit protection and low output impedance. The-
output amplifier resting level is nominally 0 + . 02 volts.

.
e oy,
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The input to the wideband peak detected channel and the SCO
channel is through a low pass filter which has -3db response at 1000 Hz.
The purpose of this filter is to limit the voltage swing at higher frequencies
to reduce the higher harmonics generated by the SCO frequency modulation
process. The output of each SCO (X, Y and Z axes) is passed through
a bandpass filter and output amplifier which drives the spacecraft telemetry
system. The X, Y and Z axes SCO signals are combined in a single
driver amplifier before entering the spacecraft telemetry system. The
SCO output amplitude is nominally 1. 7V rms with center frequencies of
30KHz, 52.5KHz and 70KHz corresponding to X, Y, and Z axes respectively.
The X and Y axes SCO's have a maximum frequency deviation of + 15%
and the Z axis SCO has a maximum frequency deviation of + 7-1/2%. The
selection of these center frequencies and frequency deviations provides
approximately 1000 Hz response for each channel. Provision is also
made to turn the SCO's '"On' and "Off'' simultaneously via ground command
during time sharing modes of the spacecraft telemetry system. The
ground command is sensed by the SCO detector amplifier which turns the
SCO's "On'" or "Off'", and an output is generated by the status logic cor-
responding to the active or inactive state.

The output of the low pass filter that drives the SCO channel
also drives the wideband peak detected output channel. This signal
is peak detected and passed through an output amplifier to the spacecraft
data system. Although the SCO may at times be commanded off during
certain phases of spacecraft operation, the wideband data will still be
transmitted. ‘

Figure 2 shows the interface wiring drawing which depicts all
interconnections between the five subassemblies as well as all connections
to the spacecraft and the signals on the instrument test connector. Figure
3 shows the thermal schematic drawing which depicts the thermal properties
of each of the five subassemblies. '

2.1 Sensor Assemblies

The three probe assemblies contain the basic instrument
sensors and are mounted orthogonally within Experiment Package No. 5.

2.1.1 Characteristics

‘ Each of the sensors consists of a core manufactured

from a high permeability magnetic material upon which is placed a coil
consisting of many turns of fine copper wire. The approximate characteristics
of each is as follows: '
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Page 8
A. Sensitivity: 10 microvolts per gamma Hertz
B. DC Resistance: 50K ohms
C. Inductance: 1200 Henries
D. Capacitance: 30 Picofarads
E. Resonant Frequencies: 670 Hz
F, Damping: Critical

Figure 4, shows a photo of the three sensor assemblies.
2.1.2 Mechanical Characteristics

Figure 5, shows the sensor envelope
drawing. The sensor housing is constructed of aluminum approxi-
mately .02 inches thick. The sensor assembly is held in place within
the housing by a light weight foam material. The housing cover is
sealed by an epoxy adhesive., The housing is primed and painted with
a Cat-a-Lac black epoxy paint.
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Page 11

2.2 Preamplifier Assembly
Each magnetometer instrument contains one preamplifier
assembly which contains three low noise preamplifier modules and one
preamplifier heater module. The preamplifier assembly is mounted
near the probe assemblies in Experiment Package No. 5.

2.2.1 Preamplifier Electrical Characteristics

Each of the three preamplifiers has the
following electrical characteristics:

A. Mid-Frequency Gain: 100 %2
Frequency Response: DC to 2KHz * 1 db

C. Input Impedance: Approﬁcimately 109 ohms
shunted by 10 picofarads.

Output Impedance: Approximately 100 ochms

Minimum Undistorted Output Signal: 1.0 volts
RMS into 50K ohm load.

F. Operating Temperature: -50°C to +60°C
G. Input Noise:

1. Less than 1.0 microvolts RMS from
0.1 Hzto 1 Hz.

2. Less than 0.0l microvolts squared per
cps from 5 Hz to 1000 Hz.
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2.2.2 Preamplifier Mechanical Characteristics

The preamplifier assembly envelope conforms
to the drawing shown in Figure 6. Figure 7 is a photograph of the same
assembly. The housing is constructed of magnesium coated with Dow 7
and painted with a Cat-a-Lac black paint. The three preamplifier modules
and the heater module are electrically connected on a mylar hookup board
and thermally insulated with several layers of NRC Super Insulation.
The wrapped subassembly is held in place and further insulated by use of
a light weight foam material, '

2.3 Heater Electrical Characteristics

The proportional heater module is incorporated in the
preamplifier assembly in order to allow operation at low ambient
temperatures. This module dissipates .02 watts or less when its con-
trol thermistor temperature is greater than 15°C, and dissipates at
least 0. 15 watts when the control thermistor is at 15°C or lower.

2.4 Waveform Channel

The waveform channels assembly contain circuitry to
provide waveform information from three different axes. A block
diagram of one waveform channel is shown in Figure 8. The characteris-
tics of each waveform output are as follows:

A. Hi Gain: 1000 + 20
B. Med Gain: 100 + 2
C. Lo Gain: 10 + 0.2
D. High Frequency Cut-off (-3db):

Narrowband -1.0Hz + 20%
Wideband -64.0 Hz + 20%

E. Low Frequency Cut-off (-3bd):
.01 Hz (-3db) + 20%

slope = 18 db/octave

F. Output Resting Level: 2.5 + 0.1 volt
G. Output Impedance: Less than 1000 Ohms
H. Output Voltage Range: From -1.0V to

+ 6.5V maximum. Output signal is distorted
between +0. 1V and +5.0V.
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Gain Change Sequence:
Lo, Med, Hi, Lo, Med, Hi, etc.
controlled by ground impulse command

The bandwidth of the waveform output is
controlled by logic circuitry utilizing the
Bit Rate, Mode and Switch signals of the
spacecraft telemetry system. Narrowband
operation will take place at all times except
when either of the following combinations
of Bit Rate, Switch, and Mode signals are
present,

1. Bit Rate, 64KHz Switch, V1; Mode, V3
2. Bit Rate, 64KHz; Switch, V2 Mode, V4

2,5 Spectrum and Wave Analyzer Channels

A block diagram of spectrum channel and a seven channel
wave analyzer is shown in Figure 9.

The spectrum output for each axis has the following
characteristics (these signals are not utilized by the spacecraft):

A.

Gain; Lo 2+ 2%
Med 20 + 2%
High 200 + 2%

Frequency Response:

1.0 Hz to 2000 Hz t 3db

Output Impedance:
Less than 200 ohms

Maximum Undistorted Output Swing:

1.5 volts RMS

The gains of all three spectrum channels are
controlled simultaneously by a ground impulse
command. ‘

Gain Change Sequence: Lo, Med, Hi, Lo, Med,
Hi, etc. -

( L%
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A =14 in Hi Gain
= 1.4 in Lo and Med Gain

A_ = 14 in Hi and Med Gain

5
= 1.4 in Lo Gain
A =1.4 volt dc
6 volt rms

T. =220 x 10™° sec.

3
T =16 %1072 sec
4° ec.
-3
T5 =7.4x 10 sec.
-3
T6 =3,4x10 sec.
-3
T7= 1.6 x 10 ~ sec.
T8 = 0,74 x 10"3 sec.
-3
T9 =0.34x10 sec.
_ -3
T10 =0,16 x 10 ~ sec.
T11 =1 sec.

T, =.091 x 1073 sec.

FIGURE 9A
Spectrum Amplifier and Wave Analyzer

~3)

\ _j
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_ The wave analyzers have the following characteristics
(these outputs are commutated before being transmitted to the spacecraft

telemetry).

A.

C.

Frequency

fox 1.0
fox 1.1
fox1.18
fox 1.5
fox 2,15
fox 0.910
fo x 0. 848
fo x 0. 667
fo x 0. 465

D.

H.

The gain at resonance of each bandpass filter
is 8.5+ 1.5

The resonant frequencies of the seven bandpass
filters are 10, 22, 47, 100, 216, 467 and 1000
cps all + 12%.

The AC gain of each channel relative to the
resonant frequency gain is as follows:

Gain in db

The detector output resting level is 0 + 20
millivolts., The temperature stability is less
than + 20 millivolts, ’

The detector rise time constant is less than
3 millise_conds.

Detector Decay Time constant is one (1)
second. ' V :

The detector output range is nominally 0 to
2.5 vdc. : o

volts DC

Detector Gain: 1.4 m

2.6 Sub-Carrier Oscillator (SCO) and Wideband Detector

Each axis contains an SCO and Wideband Detector as
shown in Figure 10 and 11. Since only two sub-carrier inputs to the
spacecraft telemetry systems are available, the Y axis and Z axis SCO
outputs are summed and amplified by a single driver amplifier. The

oy
e
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SCO outputs to the telemetry system are (1) X axis subcarrier and (2)
summed Y and Z axis subcarriers. The input to each is the spectrum

output of Figure 9. The characteristics of the SCO are as follows:

A. Low Pass Filter Cutoff Frequency:
1000 * 50 Hz

B.. SCO Center Frequency:
X Axis; 30KHz + 0.2%
Y Axis; 52.5KHz + 0.2%
Z Axis; 7T0KHz + 0.2%

C. __The frequency deviation is + 3. 00 + 0. 06 percent
of center frequency per input volt peak-to-peak for
X and Y-axis; and + 1.50 £ 0.03 percent for Z-axis.

D. The modulation produces less than one percent
distortion for the maximum available signal from
the low pass filter.

E. Not more than five percent of the SCO output signal
lies outside the following bands:

1. X-Axis: 25.5KHz to 34.5KHz

2. Y-Axis: 44, 7KHz to 60,5KHz
3. Z-Axis: 64.8KHz to 75.2KHz

F. Output Impedance:
Less than 100 ohms

G. Output Amplitude:
4.75 + 0.10 volts peak to peak

H. The SCO's are turned On and Off by the Special
Purpose Power Comumand.

The wideband circuit has the following characteristics:
A. The wideband detector has a rise time constant
of 180 x 10-3 sec., and a decay time constant

- of 1 second.

B. Output Amplifier Gain:
5.9+ 1%

C. Amplifier Output Impedance:
Less than 100 ohras .
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Page 23

D. The amplifier resting level:
Ov + .02 volts

E. Output Voltage Range:
from -1.0v to 6. 5v maximum output signal
undistorted between +0. 1v and +5.0v

2.7 Bandwidth Control

Figure 12 shows the circuit block diagram of the bandwidth
control network for the waveform channel. After interface buffering and
inversion the Bit Rate, Mode and Switch signals of the spacecraft telemetry
system are mechanized by logic AND and OR gates to provide 1 Hz narrow
band operation except under either of the following conditions for 64 Hz
wideband operation.

1. Bit Rate 64 Kbps BR
Mode V3 M
Switch Vi1 S

2, Bit Rate 64 Kbps BR
Mode V4
Switch V2 S

The output control signal is 0 to 0.2 vdc for narrow band
operation and +5. 8 to +6 vdc for wideband operation.

2.8 Wave Analyzer Commutator Control

The wave analyzer commutator control circuit block
diagram is shown in Figure 13. The telemetry equipment group 1 and
2 'index pulses are combined in an AND gate with the switch signal and
the wave analyzer index pulse inhibit and reset line. The AND function
output toggles the 3 bit wave analyzer flip-flops for equipment group 1
or equipment group 2 index pulse operation.

The binaries are connected in a scale of seven counters,
Their outputs are converted by seven NAND gates, the commutator
gating block, to provide the sequential gating signals for the commutator.
A. Commutating rates:
1. 55.5 cps for 64 kbps.
2. 6.9 cps for 8 kbps
3. 0.87 cps for 1 kbps
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B. Commutator input impedance:

greater than 22 megohm

C. Commutator amplifier gain: 2 output impedance:

less than 100 ohins

D. Reset & Inhibit signal is +6 volts under normal
operation and 0 volts during inhibit. Reset
occurs during the negative transition which must
be 1 microsecond or less.

E. Wave analyzer output amplitude: 0 to +5 volts
2.9 IFC Signal, Waveform and Spectrum Gain Control

The IFC signal, waveform and spectrum gain control
circuit block diagram is shown in Figure 14. '

Each of 3 command lines is isolated from primary
to secondary grounds by a one-shot blocking oscillator (iso-amp).
The three timing signals of 222, 13,9 and . 87 pps are buffered by
inverters. The timing signals are divided by two, summed and at-
tenuated to give an IFC signal consisting of a 2 millivolt squarewave
step for each frequency (111, 6.9 and . 43 cps) or a total of 6 milli-
volts during the high gain state of the waveform channel. Changes in
the waveform gain to med and low gain, increases the IFC signal amplitude
one magnitude for each gain step decrease. The preamp has a gain of
one to the IFC signal. The mixed frequency signal is rich in harmonic
content such that an output is detected in all wave analyzer channels.

The waveform and spectrum gain control circuits are
identical. The impulse command signals (relay closure to primary
28 vdc return) toggle a divide by 3 counter. The output control signal
logic states as a function of gain are as follows: '

AMP State Hi gain Med gain Lo gain
Hi gain control 0 0 1
Med gain control 0 e | 1

4.\



2 f-977
Page 27

T0a3uo0n) cmﬂ‘U H o

[ouueyD wnijdoadg

Toajuo)d uie) .muvz‘\
Touuey) wnaijdadg

[0a3u0D ureD 1H g o

TPuUuURYD) WIOFIA®M

10azuon
uren PIN [euUUeYD

N

wiogeaey ¥

sdureald 03 ¢

Teusts DAl

dNV-0SI

weaderq ¥201g 3INJIATDH [0IJU0D UTeD WnJIIdadg pue UIIoJdA'M ‘reudtg DI ¥T1 °andr g

purwWIWIO))

®—ren wnajoedg

dNV-0SI

purwwIoD
uren) WJIOJIABM

NLLV 3 WAS

dNV-0SI

puewIwIo D)
“ 330/u0 DJI

Lm.ou A/
o)
mf
lmh.el.
gl 4/4
@]
O
_ g
. a/3
O
g
o—»
. A/4
3 |
g
—
Jg/d
O

aopng

. Teuig Sutwry
¢ sdd L8°0

Iayng

Teudts Surwiy
sdd 6 ¢l

Jaymmg

Teusrg Juruury,
-— sdd 222




0 I S

Page 28

2.10 Status Words

Four analog outputs are provided to indicate the state
of the control circuitry. The status outputs are as follows:

A, Waveform Gain - Hi, Med, or Lo and
Spectrum. Gain - Hi, Med, or Lo (4 bits),

B. Bandwidth -2 or 64 cps and IFC -
On/Off (2 bits).

C. Analyzer Frequency (3 bits).
D. Power - On/Off and SCO On/Off ( 2 bits).

The status words are stable to within + 100 millivolts
under all environmental conditions.

2.11 Power Supply

The unit contains a power supply to provide those
voltages necessary to enable other circuitry to meet its specified
performance. The + 0.1% regulated output voltages are -6.0, +6.0
and +20.0 volts. Figure 15 shows the circuit block diagram.

The power supply meets interface requirements includ-
ing generated noise, surge current limiting, frequency synchroni-
zation and ground isolation. Maximum input power is 2 watts (70 ma).
The power supply has an efficiency of greater than 60 percent at 1
watt and greater than 67% at 2 watts with a nominal 28 volt inputs.

The power supply circuitry consists of an input noise
filter, a pre-regulator with surge current limiting, a synchronized
DC/DC converter capable of free-running at 2461 cps 1+ 5 percent,

a sync signal amplifier, and post regulator for prov1d1ng the -6.0,
4+6.0 (2), and +20. 0 volt outputs.

The pre-regulator and converter output and secondary

voltage outputs from the power supply are available as test points on
the unit test connector.

The power supply is housed in an isolated cavity with
its inputs brought through a separate nine pin connector.
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2.12 Test Connector

A test connector is provided to enable monitoring of
the units performance when mounted in the spacecraft. The signals
.available on this connector include the following: '

A. All outputé to the telemetry including the
SCO outputs {26 pins) (timing signals are
excluded). ‘

B. All signals to the preamps (8 pins).

C. The three spectrum T. P. Signals
(3 pins).

D. Power Supply -6.0 volts +6.0 volts (2),
23.5 volts, and converter output (7 pins).

2.13 Main Assembly Mechanical Description

The main assembly envelope conforms to the drawing
shown in Figure 16. A photo of the main assembly showing the three
electronic blivets together with the connector harness housing to which
these blivets are attached is shown in Figure 17. All mechanical
structure is machined from AZ31B magnesium tooling plate to provide
a high strength-to-weight ratio. All magnesium surfaces are either
treated with Dow 7 or are gold plated. The gold plating is utilized
where required for electrical bonding and RFI purposes. These sur-
faces include the mounting base and all mating surfaces between the
blivets and covers. The major portion of electrical components are

" packaged into welded cordwood modules using non magnetic Alloy 180
as the interconnecting material. The fabricated modules after electri-
cal tests are coated with PT4121 which is a low viscosity epoxy and then
foamed with a light weight foam material. The modules are inter-
connected on a modified welded matrix again using Alloy 180 as the
interconnecting material. Terminals are mounted on each matrix
assembly for interconnecting all input and output leads with the con-
nector on the blivet housing. '

In order to facilitate checkout of the magnetometer
instrument, Figures 18 through 27 are included in this report.
These figures show the schematics for the waveform blivet, the
wave analyzer blivet, and the power supply and control blivet.
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3.0 SPACECRAFT INTERFACES
3.1 Mechanical Interfaces

The characteristics of all mechanical interfaces are
depicted on figures which are part of the preceeding test. These
include Figure 3, the thermal schematic; Figure 5, the sensor pre-
amplifier envelope drawing; Figure 16, the main electronic assembly
.envelope drawing.

3.2 Electrical Interfaces

The following subparagraphs include figures showing
the schematic of each instrument spacecraft interface. All grounds
shown are signal (telemetry) ground.

3.2.1 Primary Power Interface

Figure 29 shows the schematic of the inter-
face presented to the +28VDC primary power lines. As indicated,
the series regulator receives the +28 VDC. An auxiliary supply from
a winding of the power transformer used to increase the efficiency of
the regulator driver transistors. The +28 VDC return is isolated
from signal (telemetry) ground and from chassis ground.

3.2.2 Synchronization Signal Interface

Figure 30 shows the schematic of the inter-

face presented to the spacecraft 2461 Hz sync signal. The three
wire input is applied to the primary of an isolation transformer.
This primary is completely isolated from all other circuitry within

the instrument. The secondary outputs of the transformer are
" applied to a complementary transistor amplifier through suitable
_isolation networks. The output of this amplifier is applied to the
converter for synchronization. The +23.5 VDC and 423, 5 VDC return
are obtained from the primary power interface circuit.

3.2.3 Timing Pulse Interface
Figure 31 shows the schematic diagram of

the interfaces which are presented to the spacecraft timing signal.
The three frequencies utilized are 0. 87 pulses per second, 13.9 pps,

-~Jd
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O +6V

_ N3486A
Pl

16

32

Identical to above

l
|
L o

49 —-{ Identical to above

Wt

B 7
[
l"'..

1. All resistance in ohms + 5% 1/4W
2, All capacitance in microfarads + 10%

Note: Unless otherwise specified

Timing Pulse Interface

Figure 31
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and 222 pps. The input circuit to all three of these signals is identi-
cal. Each input circuit consists of suitable isolation resistors, which
present the proper input impedance, together with an amplifier which
acts as a buffer to a logic AND circuit. All of the returns for these
signals are referenced to signal or telemetry ground.

3.2.4 Index Pulse Interface

v Figure 32 shows the schematic diagram of
the Index Pulse interface. As indicated, both the group one index pulse
No. 26 and that from group 2 are applied through suitable isolation
resistors into amplifiers which buffer the AND/OR logic circuit which
follows. The control inputs to the two AND gates are the switch
signal and its complement. These signals are not the spacecraft
signals but are those which are derived from the spacecraft through
suitable buffering amplifiers. The index pulse signals are returned
through the signal ground line.

3.2.5 Special Purpose Telemetry Power Command
Interface

Figure 33 shows the schematic for the inter-
face to the special purpose telemetry power command. When the
command is in the enable state, the 28 volt input is regulated and
applied to an oscillator as the supply voltage. The command input is
returned on the 23.5 volt return line. The oscillator is transformer
coupled and rectified for use as the instrument control signal which
is referenced to signal ground.

3.2.6 Impulse Command Interface

Figure 34 shows the schematic of the cir-
cuitry which is used for the three spacecraft impulse commands,
These commands consist of the Waveform Gain Increment Command,
the Spectrum Gain Increment Command, and the IFC On-Off Command.
Each of the three input circuits is identical. The command input is
filtered to obtain maximum noise rejection and is then applied to a .
blocking oscillator. All power for this circuit is derived from the
+23.5 volt return and signal ground.

3.2.7 Telemetry Status Signals Interface

Figure 35 shows the interface circuits for
the telemetry status signal. The signals utilized are the Bit Rate
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Telemetry Status Signals Interfaces
Figure 35
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Signal, the Mode Signal, and the Switch Signal. The circuitry for the
Mode and the Switch Signals is identical both utilizing isolation resistors
to present the proper input impedance, and amplifiers which provide

the output corresponding to the input signal and also its complement.
The circuit for the Bit Rate Signal is similar except that it utilizes a
‘complementary symmetry amplifier. All of these signals are returned
through signal ground. '

3.2.8 Waveform and Wideband Output Interfaces

Figure 36 shows a schematic diagram of the
interface circuit for the waveform and wideband output signals., These
six outputs are identical except for the value of output capacitor and
feedback resistor between the waveform outputs and the wideband out-
puts. These component variations are indicated on the interface
schematic. The actual output circuit consists of a complementary
emitter follower driven by a PNP amplifier. Also connected to the
output is a feedback network consisting of R1 and Cl, a capacitor C2
which provides the necessary surge current for the ADHA input capaci-
tance, and CR4 and CR5 which clamp the output to prevent large out-
put excursions below signal ground and above plus 6 volts., The high
open loop gain of the amplifier results in a very low dynamic output
impedance of this circuit. '
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3.2.9 Wave Analyzer Output Interface

Figure 37 shows the schematic diagram of
the wave analyzer outputs. The outputs for all three axes are identical.
These output circuits are identical to those shown in Figure 36 except
that the clamping diode to ground is not included due to the fact that the
input to these circuits is d-c rather than a-c, and will not cause the
output to go more than 20 millivolts below ground potential.

3.2.10 Special Purpose Telemetry Output Interfaces

Figure 38 shows a schematic diagram of the
output c1rcu1ts for the three signals which are utilized by the Special
Purpose Telemetry. These output circuits are identical except for
SCO frequencies which are being passed, these consisting of 30 KHZ -
for the X-Axis, 52.5 KHZ for the Y-Axis, and 70 KHZ for the Z-Axis.
The Y and Z axes SCO signals (52. 5 KHZ and 70 KHZ) are summed within
the output amplifier in order to conserve one Special Purpose Telemetry
Output channel. The output circuit consists of a complementary emitter
follower output stage which is part of a feedback amplifier., These
amplifiers are very similar to those shown in Figures 36 and 37. As a
result of the emitter follower output stage, the output impedance of these
circuits is extremely low. Both output circuits are capacitor coupled
in order to remove the d-c component of the signal.

3.2.11 Instrument Status Output Interfaces

Figure 39 shows a schematic of the output

circuit for the four status output lines. Each of these circuits is identical
with the exception of the wave analyzer output which has a . 01 microfarad
capacitor rather than a 1.0 microfarad capacitor across the output. This

is required due to the relatively high frequency at which this output changes.
These capacitors are used as hold devices to stabilize the input to the analog
to digital converter. Figure 40 indicates typical output levels on the four
'status lines for all combinations of the control circuitry within the instrument.

q2
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4.0 CIRCUIT DESCRIPTIONS

The following paragraphs describe, in detail, circuits which
were utilized in the OGO-E-16 Search Coil Magnetometer. They are

the following:

PENSIB LN

Search Coil Sensor

Preamplifier

Heater

400 Hz Notch Filter

1850 Hz Low Pass Filter

Waveform Channel Bandpass Control Circuit
Gain Change Amplifiers '
Output Amplifier

Wave Analyzer Bandpass Amplifiers
Peak Detector ’ -
SCO lL.ow Pass Filter

Subcarrier Oscillator (SCO)

Wave Analyzer Commutator
Commutator Gating Circuit
Complementary Flip Flop

Seven (7) Bit Binary Counter

Impulse Command Isolation Amplifier
SCO Command Detector

Power Supply Synch Amplifier

Power Supply Converter

Power Supply Preregulator (+23. 5v)
Power Supply Postregulators

Search Coil Sensor

In pas-t years, Marshall Laboratories has been actively

engaged in the field of search coil magnetometer development. Part of
this work has entailed the design and evaluation of the basic sensor
itself. We used this knowledge to design a sensor, the OGO-E Magneto-

. meter.

q
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The basic sensitivity for a search coil magnetometer is:

2TN Ap x 10-7 microvolts (uv) seconds (sec)

K = gamma (y)
where N = number of turns

A = area in sz-

He = effective mu of the sensor

This formula neglects any fringing effects which may take place.

The parameters N and A are rather obvious and need no
further discussion at this point; however, value for the effective mu of
the core needs further evaluation. In his book, "Ferro Magnetism",
Bozorth describes the relationship between the real mu and the effective
mu of a search coil. On Page 848, he depicts the relationship of real mu
to effective mu as a function of the -4¢ ratio of the core of a search coil.
If one assumes that the real mu of the core is infinity, then the expressmn
for the approximate effective mu, 1s‘

Pe P 1.6 (AAL)AI'6

where l

d

length of core

effective core diameter

Combining the two above equations, leads one to the following result:

K A 2iN(Le % a%%1077 E—‘-’—'TSES

From the above, it can be seen that the sensitivity of
the search coil is a much stronger function of its length rather than of
its diameter.
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At first glance, it might appear that d should be chosen
to be as large as practical; however, the obvious limitations are those
of weight of the core itself and also the winding. On the other hand, d
cannot be too small since then the effective mu will become too large
and the assumption that the real mu is much greater than the effective
mu will no longer be a valid one.. One would then be operating in a region
where changes in the real mu of the core material would drastically affect
the effective mu and therefore the sensitivity of the sensor. Too large
an effective mu can cause problems as a result of operation in a d-c
magnetic field which can saturate the core. For example, if the effective
mu of the core were 30,000 and if it were placed in the earth's magnetic
field, one would find approximately 15,000 gauss in the core. This flux
density will saturate the types of materials which are best for this
application. Another real factor involved in the selection of the core
cross section is the availability of material. Experience has shown that
delivery problems can be expected when other than standard material
is requested from a magnetic material manufacturer. It is thus extremely
advantageous to use a standard size and type of material.

Based upon the above considerations, Marshall Laboratories
fabricated the core from 4 mil laminations 1/8" wide of Round HyMu 80
with a build up of one eighth of an inch. This core geometry provided
an effective mu of approximately 1600. This value is conservative from
the standpoint of variations of real mu because the effective mu of the
material is as large as 24, 000.

The location of the windings on the cores is important
from the consideration of fringing fields., Figure 41 shows the measured
sensitivity of one winding of 12,500 turns as a function of its location
along the core. Any winding mounted near the end of the core will have
its sensitivity reduced by more than 50% as a result of fringing effects.
For OGO-E, the windings are placed within one inch of the center of the
core.

The parameters which remain to be determined now are
the number of turns to be placed upon the coils and the winding methods
used. Both of these parameters are dictated, to a large degree, by the
required resonant frequency of the sensor. There is also a strong inter-
relation between the number of turns (therefore the core inductance) and
the signal to noise ratio of the sensor preamp combination.

The winding techniques used are important in that they
affect the winding capacity and therefore the resonant frequency of the
sensor. The windings used for this system consists of 100, 000 turns
of No. 47 wire which are wound upon 2 equal sized sections each with
a width of approximately 1. 0" and containing 50, 000 turns of wire each.

ql
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Figure 41. Effect of Fringing Fields
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Each of three search coil sensors has the following
characteristics:

a, Sensitivity: 10 pv/y/Hz
b. D-C Resistance: 50K ohms

c. Inductance: 1600 Henries
d. Capacitance: 30 Picofarads
e. Resonant Frequency: 670 cps

f. Damping: ’ Critical

The sensor equivalent is shown in Figure 41.
4.2 Preamplifier

The preamplifier (Figure 42) consists of cascade amplifier,
Ql and Q2, driving a matched differential amplifier, Q3, which drives
differential ampl1f1er Q4 and Q5. Outpt short circuit protectmn is pro-
vided by R16 in the collector circuit of Q6.

The open loop gain of the preamplifier is about 104, and
the closed loop low frequency gain is 100, determined by the ratio of
R5, and R12. Capacitor C3, shunting R12, limits the high frequency
response by increasing the feedback at higher frequencies resulting
in decreased gain. The -3db break point occurs at about 3.6 KC.

The bias point of the field effect transistors Q1 and Q2
is determined by resistors Rl through R6. By proper selection of R3,
R4, and R6, a quiescent drain current is set such that the cascade
amplifier exh1b1ts a near zero temperature coefficient over the operating
range of -50°C to +40°C. The thermal stability of the cascade amplifier
in conjunction with the inherent stability of the differential amplifier

ensures bias pomt stability over the entire operating temperature range
of -50°C to +60°C.

Capacitors Cl and C2 provide power supply decoupling -
improving the low noise characteristic of the preamplifier. Resistors
R13 and R5 form a 100:1 voltage divider for the injection of the in-flight
calibration signals provided by the main electronics assembly.

o
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The preamplifier characteristics are as follows:

Input Impedance > 107 ohms
shunted by 10 picofarads

Output Impedance - < 102 ohms

Frequency Response  D-C to 3600 Hz (-3db)

Output Voltage 1 volt RMS into 50K ohm
Gain 100+ 1
Noise l a) <1 microvolt RMS from 0.01 Hz to 1 Hz

b) <0, 01 microvolt squared per Hz from
5 Hz to 1K Hz

Operating Temperature =50°C to +60°C

4.3 Preamplifier Heater Circuit

The preamplifier proportional heater was designed to
ensure the proper operation of the preamplifier below +15°C. Figure 43
shows the schematic diagram of the proportional heater. Transistors
Ql and Q2 form a differential amplifier with fixed bias resistors Rl, R2,
and R3. Transistor Q2 is controlled by a temperat ure sensitive bias net-
work consisting of R5, R6, and RT1. RTI1 has a negative temperature
coefficient. When the temperature goes below +15°C, the resistance of
RT1 increases which increases the bias voltage and turns Q2 on. When
Q2 is turned on, the voltage across R4 decreases which turns Q3 on. The
maximum power, determined by the collector resistors of Q3 (R7 and RS8),
is approximately 125 milliwatts. : )
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N
\/8

27 Vg-4
6.4k S @. 47K

Figure 43. Preamplifier Heater Circuit
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4.4 . 400 Hz Notch Filter

The function of this circuit is to attenuate 400Hz s1gna1
(Spacecraft Power Sync Frequency) component and pass with unity gain
all other signals.

Figure 44 shows a schematic of the circuit.

Figure 45 shows a simplified equivalent circuit. In
Figure 45 the input signal ‘e; passes through the symmetric parallel-T
network (G) into a high gain amphﬁer (A) which is used as a follower,
through the resistor attenuator network R1-R2 and back to the network G.

The transfer function is derived as follows:

First consider the following -

2

N~
A is the gain of the differential amplifier
v, = A (va - Vb)
thus e, = A (e2 - eo)

e°=Ae2—Aeo

»>
[
i
o
+
»
®
0o

|
(¢]
——
o
+
»
A

wce (14k) [— - — - - —
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Ce :F ] as [ cozen
'Em m;i 3Ri6
' ' ' J
ELECTRONIC SCHEMATIC GRD
@
(Reierernce W4512-1)
Cl=C2=C3=C4= 1200 pf %= 1% Ql = 2N3954
C6 = 1000 pf Q3 = FM2484
Rl = R2= R3 = R4= 332K # 1% Q4 = ML20001
R5 = Select
R6 = R7 = 40, 2K
R8 = 16.9K
R9 = 10 Meg
R10 =510
Rl1l = 1K
R12 = 47K ,
R13=R14 =200Q
R15 = 499Q
R16 = 10K

Figure 44. 400 Hz Notch Filter Schematic
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1 - 2
.“G" out
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e.
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I'Kll
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Figure 45. 400 Hz Notch Filter Equivalent Circuit
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Now consider the K network:
e
o
R2 €3 ~ (:Rl T R]
—_—0 &
3 - R1
LetK, = "7 Rz
Rl
_— then ey = .Ko e, - - - = (2)
Now consider the parallel T network
1 O— —O 2
e' G ell
O —Q
3
n e, -~ e
and let G = = 2 3 .
: [ e - €
-1
el = ein """""""""""""" (3)

Substitute equations 1, 2, and 3 in the expression for G, which yields:

ot 4] ]
CET ol
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e .
‘Solving for e‘L yields:
in
o _ 1
. K F/I-R\F 1 R (4)
in [e] ( O) -A—-G

The transfer function for G as given in "Feedba.ék Control System Analysis
and Synthesis' by D'Azzo + Houpis (page 577) is:

1 - o R? c?
1-w?R%c?+;4RCw

G =

which reduces to:

1+K T7S-—T

1 7

Substituting equation 5 into 4 yields:

, 2.2
%o . t-T S
e. 2 2 2 -2
in 1+(1-K°) K1 T?S-T7 s™ + l'i'K].'I".’S-T7 S
A
1+K1T7S-T7zsz\.
Let X = Ny ) if Aisin
KZ
the form of A = 1+ST2

and A >>], T2 <« T7, theno( =0

o
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then:

e, 1-1.°%s?
= = Closed Loop Gain = - >3

in 1 +{1 - Ko) K1T7S - T.7 S

for values used:

T7 = RC = (332K) (1200 pf)
T =-3.32 % 10° -9 < -4

7 =-3. x x1.2x10 "=3.98x10
T7 = 398 usec.

- 1 _ 0.1592 _

fi = ZWRC™ ° T398 psec. - 400 Hz
K, = 4

1 R

_ 1 _ 10K _
% ® R R, ToK + 499 - 0-933
K2 = (1+ Ko) Kl =(1 - 0.953) (4) = 0.188
1-1.°%8?
Closed Loop Gain = ' v (6)
1+ K2 T7 S - T7 S

g = .9:.21_8&_ = 0.094

From '"Feedback Control Systems Analysis and Synthesis", page 294

€ = 0.094 dbpeak =144db
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The closed loop gain
denominator yields

- codb

Yielding:

Ideally, attenuation at 400 Hz == co.
but practical attentuation = 20 db.
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Figure 46 is a plot of measured test data of the 400 Hz Notch Filter
Frequency Response. Using equation No. 6, page 96 , as the transfer
characteristic for the 400 Hz filter, a computer derived frequency
response was run. The results are tabulated below, for

K2=.188, T7=.398x10"3andS=jw,.

- 400HZ 9:08 LA SYSM 3/05/68
0G0 E 16 SEARCH COIL

499 HZ NOTCH FILTER

THEORETICAL FREQUENCY RESPONSE
ROBERT J NAHABIT

F REQUENCY " NOTCH GAIN DB

-1 1 0

2 1 o

5 1 .08

19 1 2

20 1 o .
50 +9997 .
100 «9987 -e01
209 «9922 -e@7
300 «9517 - - 43
350 «8179 -1.74
364.03 « 1074 -3

390 22574 “11.77
395 «1297 -17.71
397 00768 °22025
399 «B236 =32 49
420 «9203 -58+35
401 « 0296 -30.54
493 -0822 -2167
495 «134 "l-’t4€
410 22568 -11.79
439.28 « 1875 -3

452 « 783 -2.12
Seo . «9229 o7
790 «9875 ~e11
1869 2996 -«03
1859 «9991 -+G1
245] +9995 0

3000 +9997 2
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Figure 46, 400 Hz Filter Measured Frequency Response
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4.5 1850 Hz L.ow Pass Filter

Figure 47 illustrates the detailed schematic diagram of
the 1850 Hz Low Pass Filter, Figure 48 is a simplified equivalent
circuit. In Figure 48 the input ejn passes through the RC filter network
into 2 unity gain amphﬁer (A) which is used as a follower. The output
of the amphﬁer is fed back into the fxlter network via Cl, The transfer
function is described as follows: -

Assume the input impedance of A is infinite, the output
impedance = 0,

G Vi
e, o— VW r‘W 9 0 €,
— SC1 — SC2
'Y =
) —

-

Vl (2G + SCl) te, (-G) =e G+ eo‘SCl

V(-G )+e, (G+SCy=0

(2G + SC;) (0) - ( -G) (e; G + e_ SC))

ez-

(2G + SCl) (G + SCZ) - {(-G) (-G)

But e, =€ thus

_©1G%+ e, SC1G
o~ 2 2

G+ ZSC-ZG + SCLG.+ S_Cl(?z' .
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4
e ()Y0—— M

QY2 @
:L ez 3
(?) «o
o -5V
Cl = 3000 pf
C2 =750 pf
Rl = R2 =57,6K
R3 = R5 = 30K
R4 = 1,5 meg
Ql = FM 2484
Q2 = ML 20001
Figure 47,

1850 Hz Low Pass Filter Schematic

W
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Rl R2

VM
o/l
M
/1
>
il

Cl = 3000 pf
C2 =750 pf

Rl = R2 =57.,6K

Figure 48.
Equivalent Circuit of 1850 Hz Low Pass Filter
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o _ 1
1 2C. C 2
€ + ZSC2R+S Cl CZR
- C 2, o2
1+ (ZCZR)S+ (Cl CZR )S
We want this in the form
2.2
1+ K1 T1§+ Tl S
14+42CT.S+ T 2 S2
1 1
thus 2C T1 = ZCZR
2 2
= C
T1 Cl 2R
_ 2
T1 = Cl ('J2 R
T, = \]cl cz) R
ZCT1 = Kl Tl = ZCZR
ZCZR _ ZC2 R ZC2

a
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c, = 3000 pf R = 57.6K
C, = 750pf
\[clc2 = \(3,000)(750) = 1500 pf
T, = (1,500 pf) (57.6K) = (I.5) (10™%) (57. 6) (103)
T, = 86.4 x %9'6
.1591 159. 1x10°>
£, = 6= Be = 1,850 KHz
86.4x 10 .
K, = g0 - Teo0 < 1O
K, = 1.0
2 = K1,€=%=—%=0.5

from Feedback Control System Analysis and Synthesis, page 294, the
overshoot is 1. 25 db.

1
V
|

|
overshoot = 1.25 db

T

0 db

S -12 db/octave rolloff

1300 Hz
1850 H=z
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gain of the 1
circuit , = 5> T Y
1+T, S+T.78
1 1
Where T, = 86.3 x 10°° seconds.

1

Equation 1 is the transfer equation shown in Figure 8, page 16, to
describe the characteristics of this filter, The tabulation listed below
is a computer print out of the Theoretical Frequency Response based on
Equation 1. The result is also plotted out on page 106, Figure 49.

1850 18:28 LA SYSM 3/05/68
0GO E 16 SEARCH COIL

1858 HZ LOW PASS FILTER
THEORETICAL FREQUENCY RESPONSE

ROBERT J NAHABIT

MARSHALL LABS T
FREQUENCY E QUT/E IN DB GAIN
1 1 )
2 1 2
5 1 2
11 1 ]
29 100081 2
50 1.0084 2]
100 1.8615 <01
200 1.8059 « @S
4908 1.0232 .2
509 . 18359 «31
700 1068 «57
800 10864 « 72
1000 1.1234 1.01
1100 1139 113
1200 1.15@82 1.21
1308 - 11547 1.25
1588 - 11351 © led
18040 1.0234 2
18508 « 9968 . ~+B3
2000 + 9102 -+ 82
2461 06468 "30 78
3069 e 4321 ~T7+28
4200 +233 =~12.64
S003 o 1448 T=16+76
7500 e 3623 -24.08
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Figure 49,

1850 Hz lL.ow Pass Filter Theoretical

Frequency Response
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4.6 Waveform Channel Bandpass Control Circuit

The output signal of the 1850 Hz Low Pass Filter is
applied to the input of the first bandpass control circuit. QI is a static
switch controlled by the Bandpass Control signal. With Ql, non-conducting,
the high frequency cutoff point is determined by R1 Cl (nominally 60 Hz).
With Q1 conducting, C2 is placed in parallel with Cl and the cutoff frequency
is reduced to about 1 Hz., Two of these controlled bandpass filter networks
are employed to provide 12 db/octave rolloff characteristics. Figure 50
is a schematic of one of the bandpass filter networks.
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. o——ANN—¢ . O]
‘ 475k T °
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35v oV o
/
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R Coons/720C.
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Figure 50. Waveform Channel Bandpass Control Circuit
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4.7 Gain Change Amplifiers

Figure 51 is a detailed schematic diagram of the
Gain Change Amplifiers. Figure 52 is a simplified -
equivalent circuit. QI is a matched pair of N-channel field effect tran-
sistors used in a differential amplifier circuit to optimize the thermal
stability of the bias current, Resistors R4 and R5 are selected to
equalize the drain currents in Ql. QI has a nominal voltage gain of
2.5 and drives differential amplifier Q3 and Q4. Q3 and Q4 are selected
for matched characteristics for maximum bias point temperature
stability., The voltage gain of Q3 and Q4 is nominally 400. Isolation
amplifier Q5 is operated in the emitter follower mode and has essentially
unity gain. The open loop gain, being the product of the gains of the
individual stages, is nominally 103. Closed loop gain is determined
by the ratio of R11 to the parallel combination of R7 and R8 when
control transistor Q2 is "off', and by the ratio of R11 to the parallel
combination of R7, R8, R9, and R10 when the control transistor Q2
is "on'". R1l4, Cl, R15, and C2 form a filter network that prevents high
frequency oscillations inherent in high gain amplifiers. The gain
change amplifier is characterized by a2 very high input impedance,
low output impedance, stable gain change, and very good gain stability
over the temperature range of -15°C to +60°C.

Refer to ¥Figure 52. The gain is determined
by the feedback resistors R1l and the parallel combination of R7 through
Rl10.

In the Low Gain State, Sl is opened which
removes R9 [/ R10 thus the gain is given by:

X _ R11
Gaing o =1+ w3 RT0

Typical values are:
R11 = 40.2K
R7 1l R8 =100.5K

R9 | R10 =3.17K

Gaing =1+ 40.2K 1 L 0.4=1.4

ow 10Q. 5K

GalnLow =1,4

s
0N
!' ’,3
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_ - . —0-+20V
R2: 3$P3 : b 31/ 0. .
< ‘ . u -
03,,?5‘ 04
- \b/ 2] @) Gain Change Amp
d o-fol (reference W4316)
R/ '
hy 8- @)
&S e 0%
v s
& | 3y et} 5:5),-(’,2)
R S\ L7 e
. . - CONTOL
2.5V
. q2) —0 -GV
: an
120 pf Rl = 22 Meg
1000 pf R2 = R3 = 47.5K
SU2066 R4 = R5, R6, R7, R9, R13, Rl6 = Select
GT5968 R11 = 40.2K
Q4 = SM9139H R10 = 3,24K
2N2484/46 R12 = 25.5K
R14 = 10K
R1l5 = 1K -
R17 = 39K
R18 = 4,64K
R8 = 100K
Figure 51

Gain Change and Fixed Gain Amplifier Schematic
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®in O ¢ \
A 9 —0 e
: / ’

R1l

R7 R38

%Rl R9 R10
\%ias O © J

+2.5V Note: R7 and R9 are Gain Trim
Resistors. :

) Figure'SZ .
Simplified Equivalent Circuit of the Gain Change Amplifier
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In the high gain state, Sl is closed which places R9 R1l0in
parallel with the parallel combination of R7 and R8, Thus the ex-
pression for high gain is:

R1l

Chigh = ! * (R7 T R8 T R9 1 RI0)

Let the parallel combination of R7 through R10 = R

_ 1 ~
Re* T+ T+ L+ T = 3.08K
R Ry Ry Ry

_ Rl _ 40.2K __
Gpign =1+ Ro— = L+ Tomgc 1+ 13
G . =120
High |

Note that transistor Q2 in Figure 51 is
used as Sl to change the gains.

T

4
o N
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4.8  Output Amplifier

Figure 53 depicts the output amplifier configuration
as used in the Waveform Channels. The +2, 5v supply that biases Q1
also sets the output resting level through resistors R4 and R5, to
+2.5v £ 0.02v. When this amplifier is used as the output stage for
the Wave Analyzer and Wideband Channels, the *+2.5v bias point is tied
to ground and the resting level will be 0 £ 20 millivolts. The operation
of Ql, Q2, and Q3 is identical to that of the gain change amplifier. The
output stage, Q4, Q5, utilizes a complementary push-pull circuit to
minimize the quiescent bias current yet provides relatively high power
output. Diodes CR1 and CR2 establish the bias point for Q4 and Q5.
Diodes CR4 and CR5 limit the output voltage swing to +6.5 and -0. 5v,
CR3 protects the base-emitter junction of Q4 against large signal
excursions. Capacitor Cl limits the high frequency response for
amplifier stability. The function of capacitor C2 is to decrease the
output impedance of the amplifier at high frequencies in or der to increase
the response to load transient. The spacecraft telemetry commutator
appears as a transient load with some capacity. To minimize telemetry
error, this external capacity must be charged or discharged to the same
voltage as that of the amplifier within a specified period of time. C2
increases the transient load response of the amplifier to satisfy this
requirement.



Q2 =Q3 =Q5 =SM9%9139H
Q4 = 2N2484/46

Figure 53
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w
4 +—0 +20V
;R‘c 1:-:? (13) 4y
LS .
]
(M)eé Gé .g‘ G,Q‘ RE S a3 RI2
] o &CRE
s l ! CRI s}z @3 84 S
o | 57 Acra i)
\ x CR2 QS_L*
mi R9 R Tee
(5) o—o R
+2.5V + ®
(g) '6v(|e) é)GED
ELECTRONIC SCHEMATIC
(Reference W4317)
Cl = 220 pf
C2 =,39 pf
Rl = R2 =47,.8K
R3 =22.1K
R4 = 39,2K
‘R5 = 10K
R6, R7 = select
R8 =22 meg
R9 =49.9K
R10 = 82K
Rl1l = 3,6K
R12 =1,.8K
Ql = SU2066

-Output Ampiifier Schematic
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4,9 Wave Analyzer Bandpass Amplifier

The Wave Analyzer consists of seven bandpass
amplifiers per axis. The bandpass amplitiers differ only in the value
of the capacitors Cl, C2, C4 and C5 used to set the center frequencies.
A detailed schematic diagram of the bandpass amplifier is shown
in Figure 54. Figure 55 is a simplified equivalent circuit diagram.

The bandpass amplifier consists of a D-C coupled
negative feedback amplifier with a bridge T filter in the feedback loop.
The input coupling network, consisting of C1, R1l, C2 and the amplifier
input impedance is parallel with R3, provide a low Q bandpass filter.

At the resonant frequency of the feedback network, negative feedback
is a minimum, that is, the amplifier gain st at maximum and the desired
bandpass frequency is achieved.

For Filter No. 1:

N N
e. O—ANAN—© @ @ ~0 e,
in V l|
5
KG -t C
where -
_ Rl _ 26lK
K=—x3 720,58 - !27
1 '
. ] 1
G:.—]-'-— SC:...L G'=-%{—- K:(%—)—Grz-%—,GzKG
1 C 2, ' '

V5 (G + sC) + e, (-SC) =G e

vs(-sci)+ e, (KG + 2 5C) =0
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)
. ~&od
. cel
colF @32
] 22, .
B) &y ¥ QS R par .\‘>> P4
o—'wv-—lk' ¢ AW 3 1 .
S Y & ga)
#4102 + r"" . €o
L o5 %’33 %;29 |
14 . _
EloczzomQ SO TIC
Cl=C2=C4=C5 = 0.22 pf (10 Hz)

c3
R1
R3

R4 -
R5

" R6
R7
RS
R9

= 0.1 pf (22 Hz)

= 0. 047 puf (47 Hz)

= 0. 022 pf (100 Hz)

= 0.01 pf (216 Hz)

= 0.0039 pf (467 Hz)
= 0. 0022 pf (1000 Hz)

1000 pf
261 K
20.5 K
806 K
6.65 K
200 K
100 K
430 K
47K

Ql =Q2 =Q3 = FM 2484
Q4 = ML 20001

Figure 54 -
Bandpass Amplifier Schematic
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Figure 55

Bandpass Amplifier Equivalent Circuit
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1
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"
R2 4 -@— 9]
!Filter No. 1
3 Ta|T
———AAN—9
R4
C4 C5
| | [
I I
R5
Filter No, 2
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l (G+5C) (Ge,_) l

o (-SC ) (o

(-5C )

(G + sC)
’ (KG + 2SC)

(-sC )

= 0 - (-SC) (G ein)
(G +8C)Y (KG + 25C) - (-SC) (-5C)

Yele
KG% + 2 SGC + SKGC + S2 C

2

) | SCR
K + 2SCR + SKCR + $% C® R

2

1 ( RC
Q.K VK

1+ (-i—/i-KHK- (%—} S +

) S

Cll) 2 SZ

VE

12,7 2+ 12,7

ek
P

14,7

3¢57
4,15

3.57

3.57
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Gain of 1st Filter = 0.28 To S y——s— | === -- (2)
1+4,15T s+ T © s
o )

for 100 Hz:
T _ RC _ (261K) (0. 022p)

- pme———— = -
’I‘o = 1,61 milliseconds

_ 1 16 _ 160
b = zTET, T TR T TTLer 100 Hz
From equétion 1 the denominator is:

1+4.15T 8+ T 252

o o

factoring reveals roots of 3,82 and 0,365
Thus equation 1 becomes
2 0.28 To S
e (T +3.82 TOS) (1 + 0.365 TOS
let f = -1
- o 27 To

£ = "~ = fo = 2.74f

a 2 To (0. 365) . 365 ° o

= 274 Hz
_ 1 _ fo _
f, = T (s T 5.8z - 026260

26.2 Hz



Which plots thus:

0db— -— — —

-11db
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20 db/decade

S

db =20 Log 0.28 =11 db

fo

!

0db

-11db

0db

20 db/decade

|fa.

20 db/decade

26.2 Hz

EEffect of Filter No. 1

100 Hz

A

274 Hz



For Filter No. 2 and A:
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out

2
ez o~
ey 3.
) G
/A
N
B
SC
Assume A 5 infinity
then e;—>e,
. Cout . Cout
ain = B
g e, 3

V4 (KG 4+ 2SC) + ey (-sC) = e,

'V4 (- SC) + e3(G+ sC) = eoG

where G = R, = 806K

3
and K :5%- = 806 = 121
R, 5.65

Note that ey is the independent
variable since it has a very
low source impedance (i.e.
the output Z of the amplifier)

while e3 has a very high load Z.



Page 121

(KG + 25C)  (eg SC) ]

(- 8C) (eo G)
(KG + 28C) (-SC)
(- SC) (G + sC)

(KG + 25C) (G) - (-SC) (SC)

(KG ¥ 25C) (G ¥ 5C) - (-8C) (-5C)

2 [Rcl [Rd 2,2
1+-2- | BEC 1 s 4 S
3 K K ! _271{1
e ] + 2K [ BRC }s [(RC ]2g2
VK |VK K
let TO = ___ISC_:_
K
. 2
3. 14+VE ToS+ T,
o 2+K

!

121 11

for 100 Hz filter

T i} RC

° VE
1

o ZTT' To

(806K) (. 022 u)

b71-917

= 1,61 msec

= 100 Hz
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2 _ 2 _
_2+K _ 2+ 121 _ 123 = 11,2
vE I =
: 2.2
e3 1+ (0.182) ToS+ T)°S
%o 1+ (11.2) TS+ T 2%s?
[o] o
eC)
but gain = -
€3
e . 1+11.2 T.S + T 252
-0 Gain of _ * o o Cmmeee- (2)
€3 filter 1+0.18 TS+ T %g°
No, 2 o 0

factoring the numerator 1 + 11.2 X 4 1 X2 yields roots of 11 and 0.1.

thus:

(1 4+11 ToS) (1 + 0.1 ToS)

Gain =
1 + (0.182) ToS + To” S%
£ = 1
o -~ 21 To
_ 1 _ fo _
f =@FsToyTT = 11 = 09f
- 1 _ fo _ _
fa "@FToy 01 = 61 = 10fo=1

¥ 9,1 Hz

KHz

—t



Thus:

(1 + 11 TS)

(1 40.1 ToS)

20 db/decade

1

1 +0.182 ToS + To” S

— — — ——0db
fd

i
i
!

|
) Yields these two curves:

40 db/decade

" +14 db

{(Gain = 5. 5)

0 db
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2{=0.182 S= 0.091, from '""FeedbackControl Systems Analysis

and Synthesis', page 294 5 =0.10, db = +14. Thus the total effect
of Filter No. 2 is:

S
!
14 db
[
20 db
fd
Which yields an
overall effect of o) ciiem . L#12 db
the circuit thus:

d
. 40 db/decade

20 db/decade

9.1 Hz
26.2 Hz

100 Hz

274 Hz —. .
1000 Hz
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The overall gain at fo equals the gain of Filter No. 1 plus the
gain of Filter No. 2.

Gain = (-11 db - 11 db) + (+14 db + 20 db) = +12 db

12 db = 3.9811 or 4.0.

Thus the overall gain of the bandpass Filter at fo = 4. 0.



67-917
Page 126

4,10 Peak Detector

Figure 56 is a detailed schematic of the peak detector.
Figure 56 is a simplified schematic. In Figure 57 an input signal
(ei ) is AC coupled to R3 and the input 1 of Amplifier A. CRI serves
to'fimit the peak value of this signal to £3. 2 volts p-p. (+2.6V + V diode).
Amplifier A causes point 2 to "follow' positive value only (because of
CR2) of signal at point 1. C2 and R7 form a large time constant network
é:!hzli(t) serve to hold the peak positive output value of the amplifier. T(R?, c2)
= seconds.

The D.C. characteristics of the peak detector is as shown,

out
A /
Ideal x’fh 3

detector slope = 1.0

7
0 : ' - e Peak volts
EA
The value of the offset voltages EA is given by:
E = von {CR2)
A AOL :

Where A OL= open loop voltage gain of amplifier A,

The slope thereafter is 1 - LY (i. e. the closed, gain of a follower amplifier
with open loop gain A)., The Open loop gain A can be considered larger
than 1,000 :

thus EA is less then —1_66%%—:32 = 0,6 mv

and the linearity of the output to input signal is better then 0.1%.
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m
0 +20V
R4} 3R5 R8
(8) CRI
+2.6Y0——
to 7]
05?/ gc"
TR
D ey
%6@0
{Reference W4298)
Cl = select {1,0 pf, 3.3 pf) Rl, R2 = select
C2 = .47 uf R3 = 56K
Ql =SU2066 R4 = R5 = 73,2K
Q2 = Q3 = SM9139H R6 = 76.8K
R7 = 22 meg
" R8 = 15K
R9 = 62K

) Figure 56
Peak Detector Schematic Diagram

67-917
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+ 2.6 VDC
l CR1
e
@ —(O out
®
e R7 “TC2

Figure 57

Simplified Detector Circuit
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4,11 SCO Low Pass Filter

Figure 58 is a detailed schematic diagram of the SCO
Low Pass Filter. Figure 59 is a simplified equivalent circuit, which
is useful in the description of the circuit. The input (e, ) passes
through the RC filter network into a unity gain amplifier (A) which
is used as a follower. The output of the amplifier is fedback into
the filter network via Cl. The transfer function is described as
follows:

Assume the input impedance of A = Infinity
the output impedance of A = Zero,

G, v, ? G,
O VVV < NWN——0 ¢
“Tsc SC
G
— o)
e

2+G3+SC)+32(-G2)=e1G1+eOSC

_V1(-G,) +e, (G, +SC) =0

e =e2=(Gl+G2+G3

0
(G1 + C’x2 + G3 + SC) (C%2 + SC) - (-Gz) (.-GZ)

+ SC) (0) - (-GZ) (e1 Gl + e SC)

=elGle+eOSCG2

e
0 2.4
‘ GZ G1 + GZ,G3 + SCCv2 + SCG1 + SCG2 + SCG3 +85°C

2.2 _
+ 5CG, + SCG, +5°C%) = ¢,G|G,

G, G, +G, G
eo(l 2 2 3+SCG1 2

e, T GG, ¥G,G,¥5C (G, ¥G, ¥G,) Fs2¢CcZ
1 e Ul B 2 T b B T
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(1)

O(3) €9

(4) -6V

{Reference W4312)
Cl =C2 =.0047 pf

R1 = 100K

R2 = 53.6K

R3 = 34, 0K

R4 = 33K

Q1 = 2N2484/47

Figure 58
SCO LOW PASS FILTER SCHEMATIC DIAGRAM
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Figure 59

. SCO LOW PASS FILTER
SIMPLIFIED EQUIVALENT CIRCUIT

e

o~
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G3)

R

f=1KHz

e r ] r
L 14sc [(G1*Gp*Gy] g2l 2 }
! |
l_Gl G, ¥ G,0, 8,75, G,
This is in the form of
o.M
e; 1+K,T,5+(T))esé
| = 100K, Gl =1x 1075
R, = 34K, G2 = 2.96 1073
R, =53.6K, G3 = 1.82 1073
C=.0047 C =47 x 10~ 10
o = G G, 1 ) 1
1 Gy G, +G,G; 1+G; T+1.82
oo 1
1
. 1 1 ~
A= = =0.35 0. 34
: 1+1.82 2. 82
A =.34
Ta? = C2 = c®r,
oL G) G + G, G3 G; * Gz
R (34 103 - 8
T. =C 2 = C =CV12.05 X 10
' G, *C, \Vz.82 10-5 /
SN = )
Ty = €7\ 12.05 X 10° = (C) (3.47) 10
T — -6 4_ -6
| = (.0047) (3.47) 107° 10* = (47) (3.47) 10
o -6 -3
T, =163X 107 = 0.163 X 10
1 .1592 3
E m— = = 10 =
£ T T ] BB 98 X 10 1 KHz

¢l



KT, =

I

C(Gl +G, +G3)
1° G, G,+6G,G,

!
(.0047) (1070 x L1*2.96+1.82 \

|1X2.96+2.96X 1.82X 1073

1

= .0047 (107") 5.78
K, T, 2 NI R ]
K, = .00047 . 5.78
.000162 8.4
K = 47 5.78 _,
1 162 8.4
2 = K c=1
Thus | 0 _ Al
e 2 2 | TTTEeeT
1 1+K; T, S+T}* S
Where A1 =0,34
K, =2
T =163X 1078 sec.
1

- Page 133

Equation 1 is the transfer equation shown in Figure 10, page 21, to
describe the characteristics of this filter. The tabulation listed on
page 135 is a computer print-out of the Theoretical Frequency Response
based on Equation 1. The result is also plotted out in graph form

on page 136 Figure 60.
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LA SYSM 3705768

0G0 E 16 SEARCH COIL
SCO LOW PASS FILTER

THEORETICAL FREQUENCY RESPONSE

ROBERT J NAHABIT

MARSHALL LABS

FREQUENCY
1
2
5
10
20
5@
100
209
400
500
700
800
1000
1100
1200
1300
1500
1820
1850
2000
2461
3000
4000
5000
7500

E OUT/E 1IN

+34
e 34
* 34
« 34
¢ 3399
+3391
+3365
¢3263
+2911%
«2694
«2246
«2034
e 1659

«1498

+1354
<1226
1012

«2773 -

+8741
«8654
«0462
«0326
«3191
«0125
+0857

DB GAIN
-9.36
-9.36

=936

=9.36
-9.36
=938
=9+ 45
=971
‘1307
=11.38
-12+95
-13.81
-15.58
~16.46
=17.34
-18.2
-19.87
-22.2
«22.57
-23.65
«“26466
297
«34.32
=38.01
~44.87

h71-917

M
st
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10K

5K

2K

1K

Lt

500

1y

Lo

S

200

100

i i s £y s

e EEs

i - =
gg ‘indino
IENEEEE AN EEE
o o o o o o —
. —t (3N ] o < un
[] [} 1 | ] ]

FIGURE 60
SCO LOW PASS FILTER
THEORETICAL FREQUENCY RESPONSE

FREQUENCY, HZ
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4,12 Subcarrier Oscillator (SCO)

Figure 61 is a complete schematic of the SCO. Figure
62 is a simplified schematic of the SCO. The SCO consists basically of
a free running multivibrator composed of switching transistors Ql
and Q2, current sources I, and I, and timing capacitors Cl and C2.
Figure 63 is a timing diagram showing the voltage waveform within the
harmonics filtered and rejected by a wideband telemetry filter. The
frequency of the output signal is dependent upon T1 and T, which in
turn are dependent upon current sources I, and 1. I an& I, are both
made to vary simultaneously about their quiescenzt vafue by %n amount
proportional to the instantaneous value of the input signal voltage. Thus,
the frequency of the output varies about its quiescent value (center
frequency) by an amount proportional to the instantaneous value of the
input signal voltage. Bias current stability of Q3 and Q4 is provided
by the complementary emitter follower Q5. The variations in the base-
emitter junctions of Q3 and Q4 with temperature will be cancelled by
the opposing change in the base-emitter junction of Q5. Q5 also sets
the bias current in Q3 and Q4. Diode CR2 provides isolation between
the SCO and output amplifier Q6. CR3 serves to stabilize the bias of Q6.
The output of Q6 drives a wideband telemetry bandpass filter referred
to above. The SCO is turned off by clamping the base of Ql to +6 volts
via CRI1.

Current Sources 11 and 12

Frequency stability is also dependent upon the d-c stability

of I, and I,. Figure 64 is a schematic of the I

1 and 12 current sources.
The quiesdence (d-c) value of I, is given by:

L = Igs " Thas
IRS—! V2 Veas ]
Rg

Center frequency is trimmed by adding two resistors in series with R8 and R9.

I I
I = —S  andAl = e
Q3 Base er Q3 Base Aer
I.=1)
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C2
C4
Q1
Q3
Q5
R1
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P Al4
()] %3) (2
& @
Y YRR
R | O o D) w3 e
wi e — T
. - L -0~
% o a3 86
3 Q4
o or lafE ( (15)
N LI T]. ®”5 ‘ Voo
O A1} p :
w | e R6 Rl ouTRIT
€
_ | ®83 R9 Yoo $RI5
4] > SRI3
@) (4 (2)6RD
(Reference W4313)
select R2 = 68K
C3 = sgelect R3 = 90.9K
10, 000 pf R4 = Select
Q2 = 2N3486AML2 R7 = R10 =6.8K
Q4 = 2N2484/46 R8 = R9 = RI13
Q6 = SM9139H R1l1l = 220K
R5 = R6 = 100K Rl2 =Rl15 = 10K
Rl14 =

4. 42K

Figure 61. SCO Schematic Diagram

b1 -9

=30. 1K
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+6V
(+V,)
Ql ‘ Q2
) ‘c1
|
® 1 9
J( 1 $——o =<
— —_— e R
2
- &1 -0,
R l
Figure 62

Simplified SCO Schematic Diagram

3,0

1 4
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- Ql off; Q2 on . ol . Qlon;Q2off
» +6V
T (+v))
Q2 Collector
V= by =R, G
_L_ ! 6v
e . TZ‘ ]
T \ +12v
AV = 6v
1 ; +6V
K Slope = ﬁ'\; = (I: = Constant
. S
Given by e = ——Ji dt
1 AV _ I
AV = o AT, 71 = ¢
Tl + T2 = T3
T, = —b

where f is in the fre;;uency of oscillation of the SCO.

Figure 63
SCO Timing Diagram
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+V1
Rl * A
R2 & I,
Q3
Q5 )
‘ Q4
P
0
N\~
" \N\\—3 Rs R6
R4
— Cl R9
R3
RS
6.
in
4

Figure 64

SCO Simplified Current Sources Schematic

.
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4.13 Wave Analyzer Commutator

The Spectrum Commutator, Figures 65 and 66, consists
of seven (7) voltage controlled switching amplifiers driving a common
output amplifier. Each switch is turned on in sequence, and the gating
arrangement is such that only one (1) switch may be "on'" at any one
time. The data input to the switching amplifiers is provided by the
peak detectors. To insure no loading of this output, high impedance
FET's are employed for the input stage. Control of the switching
amplifier Ql is provided by diode CR1. If the control voltage is 6v
or greater the transistor is biased off. Clamping CR1 to ground via

-the commutator gating circuit allows Ql to function as a linear amplifier.
The output amplifier, including the '"on'' operation of Ql, functions

the same as the output amplifier used in the Waveform and Wideband
Channels., The major difference is that seven (7) input stages are

tied in parallel and sequentially turned "on'" and "off" by a gating circuit.

The input switches, Ql to Q7, are matched pair N
channel FET's. Their output offset is further reduced to-zero with
select source resistors. All drains are connected in parallel to the
second stage PNP differential amplifier Q8 and Q9. Low output
impedance is achieved by the complementary NPN-PNP emitter follower.
The commutator gain of 2 is derived from feedback resistors R29

and R30. A =_R29+R30 _ 100K+ 100K

G~ R29 = TOOK = 2




R1
R2

R22
R23
R24
R26
R27
R28
R29

IO O T I T |
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(Reference W4300)

R4 = R7 = RI0 =RI3 =R16 = RI9 = Select

R5 = R8 = RIl, R14, R17, R20 = Select

R6 =R9 =RI2 = R15 = RI8 = R2l = 76.8K

R25 = 73.25K

10K Cl = 1.0 pf

62K C2 = 220 pf

100 K Ql thru Q7 = SU20266
1.8K Q8 = Q9 = SM9139H
3. 6K Q10 = 2N2484/46

R30 = 100K

2

Figure 65
9]

Wave Analyzer Commutator Schematic Diagi'am
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in \‘ A | 0 %

-
|
|
|
L o =

Logic Control

Figure 66

Simplified Wave Analyzer Commutator Circuit
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4.14 Commutator Gating Circuit

The commutator gating logic consists of seven (7) "AND"
gates connected such that only one (1) output will be true at any one time,
Following is an example of the gate operation using the 1000 Hz control
gate with inputs QJ, QK, and QL. See Figure 67. When any of the before
mentioned inputs are at ground potential, the bias current through Rl is
shunted to ground through either CR1, CR2, and CR3. Transistor Ql
is turned''off' and the collector voltage goes to t20v which is a false
output. The forward voltage drops of CR1, CR2, and CR3 are cancelled
by CR22 which enables Q1 to turn off. If all inputs are at t+6v, -the bias
current through Rl is routed through CR22 to the base of Ql, turning
Q1 on. The collector voltage goes to 0 volts and the output is true. This

output is used to gate the Wave Analyzer Commutator discussed in Section
41.13.

4.15 Complementary Flip Flop

, The complementary flip flop was designed to have a low
output impedance in both the high and low output states. Figure 68 shows
a simplified schematic of the flip flop. Assume initially that Q2 and Q3 are
on' and the output at Q4 is +6 volts. Capacitor Cé will charge to t6 volts
through R2, CR2, CR3, and R7. Since Q3 is "on", C5 will charge to 16
volts through R2 and Q3. Because Q is at 0 volts, capacitors C3 and C4
will not be charged. A negative trigger pulse will be coupled through C7
- to steering diodes CR1 and CR2, The negative pulse is coupled through
CRI1 and C3 to the base of Q2 and through C4 to the base of Q4. This
negative pulse is the polarity required to turn Q2 'on' and Q4 '"off'. But,
since Q2 is ''on'' and Q4 is "'off", this pulse has no effect. However, the
negative pulse coupled through CR2 and Cb6 to the base of Ql, turns Ql 'on'.
Simultaneously, the pulse is coupled through C5 to the base of Q3, turning
Q3 "off". Q now goes through a transition from Ov to +6 volts. The +6 volts
through Rl turns Q2 "off'" and through R4 turns Q4 '"'on'". Q is now at 0 volts
and the flip flop has changed state. Note that the output impedance is low
in both the high and low states since one transistor in each leg is always ''on'.

. 4.16 Modulo-Seven Binary Counter

The modulo seven binary counter is used to control the gating
circuit for the Wave Analyzer Commutator. Figure 69 gives a block diagram
of the counter. Note that F/F A is initially set and F/F B and C are reset.
When the count reaches seven, F/F A, F/F B, and F/F C are all true. The
next pulse will set F/F A "false' which sets F/F B 'false'' which in turn
sets F/F C "false'. But, when F/F C goes "false", it sets F/F A "true',
This 1s the requu-ed reset state for a binary one (1).

4.17 Impulse Command Isolation Amplifier

Figure 70 shows a schematic diagram of the isolation amplifier.
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() (2) Q)
"or PYTX Qe
) cet,, U te .
;‘K:; azﬁ {;ﬂ _\.)e. 7t
ousr =g .
Qo ::= - mgu _ o00) Ce s
vamio S
e [l e
¢ a3 L.
wer o e @ Cem
aJ s
o @, M [ e
ot : ‘f,“P A22) ey
o, s{ -
cod | RZe %30) e 4
F) x5 g (1'7' :
C”“... u%‘ Lo
X | feez 2 ) ey,
o . ;%
“, = Lod
:v: f-f}a ¥8) € ¢
""; e
(Reference W4299)
CR1 thru CR28 = DHDI115
Rl thru R7 = 75K ' :
R8 = R10 = R12 = R1l4 = R16 =R18 = R20 = 24K
R9 = R1ll = R13 = R15 = R17 = R19 =R21 =51K

Ql thru Q7 = 2N2484/46

Figure 67
Commutator Gating Schematic Diagram
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(¢) Cc/ e |2z a2
SO [ mlE e o,

03(@_‘(@5;\:,;@)4’4

¥

S 'A"é (/4 G 2,

29 1 Tp3
it 174 0 GED

a2)b Yo o)
-7 -5

{Reference W4296)

Cl thru C6 = 150 pf
C7 = 560 pf

CRI thru CR3 = DHDI15

Rl thru R6 = 62K

R7 = 1K
Ql =Q2 =SM9139H
Q3 = Q4 = 2N2484/46

Figure 68

Complementary Flip Flop Schematic Diagram
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ﬁggf .O——| F/FA |—o F/IFB +——» F/FC
I.P. Gate

Reset O—

Figure 69
Modulo-Seven Counter Block Diagram

%,«3



+22.5V. 9 £2
. & 3oz | o2y £
’5) -
g T @
2C. <]
- 7T ce + 4~w [
2) &
&3 5 Lo
{(Reference W4308)
.22 pf R5 = 30K
3.3 pf R6 = 150K
1000 pf R7 = 100K
330 pf R8 = 30K
30K R9 = 30K
10 Mes R10= 2K
47K Rll = Select
150K
Figure 70
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Q1
Q2
Q3
CR1

Impulse Isolation Amplifier Schematic

2N 3486A
2N 3486A
2N 3486A
IN753A
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Resistor Rl and Cl form a 5 ms delay circuit that prevents relay

contact bounce from triggering the amplifier. When Rl is tied to ground
via the spacecraft command relay, capacitor Cl begins to charge. After
approximately 5 ms, the voltage across Cl will exceed the circuit threshold
and QI will conduct. This Schmitt-Trigger drives a blocking oscillator,

Q3 and Tl, which produces an output pulse of approximately .5 pus rise

time and 10 pus duration. This pulse is used to control the state of a

flip flop.

In the quiescent state, transistor Ql is "off", Q2 'on'",
and Q3 "off". The trigger circuit reference is at +6v and is determined
by diode CR1 and resistor R3. The voltage necessary to fire the trigger
(referenced to ground) must exceed the t6v reference plus the sum of the
drops across CR2, CR3, and base emitter junction of Ql. The time required
for the voltage across Cl to exceed the threshold value is given by the product
of R1-Cl. R2 serves as a discharge path for Cl between impulse commands.

4,18 SCO Command Detector

The purpose of the SCO detector, Figure 71, is to isolate
the magnetometer circuitry from the spacecraft command lines. This
is accomplished by using the +28v command signal as the supply voltage
for an oscillator circuit. The oscillator signal is then transformer coupled,
rectified, filtered, and used as the control voltage of transistor Q2. The
frequency os oscillation is determined by the inductance in the primary of
T1 and capacitors C3 and C4, and is nominally 100 KHz.
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4.19 Sync Amplifier

B The Sync Amplifier is used to buffer the 2461 Hz sync
signal from the spacecraft. It also enables the power supply to meet
the interface requirements for this signal.

Figure 72 shows the sync amplifier circuit schematic.
The circuit utilizes a transformer coupled amplifier. The amplifiers
are a complementary pair which use the pre-regulated voltage (+22
volts) as their supply.

A square wave synchronization signal of less than 4 volts peak
to peak will sync the instrument's power supply. The input impedance
for the synchronization signal is greater than 9000 ohms.

——— 422V
1000mh O
5
" 10K .
o]
A !
+|
10K 1t
10K |+
7 T 1pf
SP30332
.001
GND

(Reference W4290)

FIGURE 72
SYNC AMPLIFIER SCHEMATIC DIAGRAM
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4.20 Power Supply Converter

The operation of the converter is discussed under
two major headings: Oscillation and Synchronization. Refer to Figure
73 for the discussion. Figure 74 is the detailed circuit diagram of the
converver module W4291,

Oscillation

Upon turn on, +23.5 volts is applied to the emitter of
Q7, Q8 and pin 5 of T3. Pin 2 of T3 is held at ground. The +47 volts
appearing across pins 1 and 3 of T3 are coupled via thé select resistors
to pin 1 and 2 of T2 (the feedback winding) of T2. This voltage at pins
1 and 2 of T2 induces a voltage at pins 3-4 and 4-5 of T2 such that pin 3
goes positive and pin 5 goes negative turning on Q8 and holding off Q7.
After a specified time the current in the winding 1-2 of T3 reaches a
level such that T2 is saturated, i.e. (N,,) (I,,) = (NI . )
at which time the voltage at pins 3 and %f TlZZdrops té azteugg.tmfhfl%rk?ﬁs
the base drive to Q8 and it starts to cut off. This removes the short to
ground at pin 3 of T1, causing the voltage at pin 3 to rise toward +23.5
volts (and causing the voltage at pin 1 of Tl to drop toward +23. 5 volts).

This couples a step voltage of such polarity to the feedback winding of T2
such that it removes it from saturation and couples a negative voltage to

pin 3 of T2 and a positive voltage to pin 5. This cuts off Q8 and turns
Q7 on. This state is maintained until the current in pins 1 and 2 of T2

once again reaches a level to cause T2 to saturate and the whole process

is repeated over and over. Thus, oscillation occurs,

Synchronization

The sync input signal couples currents into the sync winding

(pins 6-7 of T2) to aid or retard the feedback winding current such that

synchronization between the feedback winding voltage and the sync voltage
occurs. These two square waves are of the same frequency, but nominally

at a phase difference of 907; i.e., when (f.1n = ff_ree run of converter:

fp‘?
\
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{Reference W4291)
Ci0 =C11 = 6.8 uf R16 =1K
Cl13 =1.0 pf R17 = 24K
280 ph R50 = 47K
1000 ph Q7 = Q8 =SM9139H
1000 ph
Figure 14

Converter Module Detailed Schematic Diagram
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4.21 Power Supply Preregulator

The power supply preregulator consists of a series
voltage regulator that provides stable operating voltage to the d-c
to d-c converter ensuring reliable operation. The circuit is relatively
straight forward, see Figure 75. CR3, a Zener diode, provides the
reference voltage to Q3-Q4, a differential amplifier, which drives Ql
and Q2. Voltage divider R5 and R6 is selected to set the output voltage
to ¥+23.5v d-c. The collector voltage supply , +47 volts, for Q2 is
provided by an isolated source which is higher than that for Q1. The
higher potential allows QI to operate at a low collector voltage which
minimizes power loss. Q1 and Q5 are mounted on the housing for heat

dissipation. Figure 76 shows the detailed schematic diagram of the preregulator

module.

In order to stay within the spacecrafts' reflected noise and
turn-on surge current requirements, transistor O5 and its associated
components were introduced into the circuit. The turn-on sequence is
as follows: At time T = 0 capacitor Cll has zero volts across it and
begins to charge up to 28 volts through R11, and CR11l. Once Cl1 begins
to charge, Q5 begins to pass voltage to the +23.5 volt preregulator volt
output. The converter begins to run and couples a voltage via T3 back
to the preregulator. It is rectified by CR4-CR5, and again is applied to
capacitor C11. This voltage (147 volts) back biases CR2 and CR11 and
acts as Vcc for Q2 and Q3.

4.2.2 Power Supply Post Regulators

There are four post regulators utilized within the power
supply. Of these, 6 volts and the rest are +20 volts, and -6 volts,
respectively.

The regulators provide regulation of the power provided
by the converter and reduces noise and ripple on the output lines. The
circuits are conventional series regulators with Zener reference diodes,
and differential error detection amplifiers that sense voltage variations
in the output lines. In each case transistors amplify the error signals
which drive Darlington connected pass transistors. The circuit of each
regulator is illustrated in Figures 77 thru 79,
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(Reference W4289)
Cl = .47 pf Rl = 1K
C2 = ,01 pf R2 = 12K
C3 = 1 pf R3 =91K
C4 = 6.8 puf R4 = 30K
LL1 = 280 ph R5 = 162K
L2 = 1000 ph R6 = 69.8K
Q2 thru Q4 = 2N2484/46 R7,R8 = Select
R9 = 160K
Figure 76

Preregulator Module Detailed Schematic Diagram
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(Reference W4294)

C27 = 1 uf R26 = 33K
C28 = 22uf R27 = 130K
Q13 = GT 5968 R28 = 27K
Ql4 = Q15 = Q16 = 2N2484/46 R29 = 75K
CR19 = FCT1121 R30 = 8. 25K
R31 = 60.4K

R32, R33 = Select

Figure 77

+6 Volt Post Regulator Schematic
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(Reference W4321)
GC24 = C33 = 1puf R18 = 6. 2K
C25 = 3.3 puf R19 = 62K
C26 = 6. 8uf R20 = 27K
C34 = 1.0uf R21 = 150K
CR18 = CR22 = CR23 = INT753A R22 = 61.9K
Q9 = GT5H5968 R23, R24, R25 = Select

Ql0=Ql1 = Q12 = Q25 = 2N2484/46

R50 = 150K

R51 = R53 = 75K

‘R52 = 10K

Figure 78

120 Volt Post Regulator Schematic
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C3l =1.0 pf R42 = 33K
C32 = 22 pf R43 = 130K
CR21=FCT 1121 R44 = 27K
Q21 thru Q24 = SM9139H R45 = 75K
R46 = 8, 25K
R47 = 60. 4K

R48, R49 = Select

Figure 79

-6 Volt Post Regulator Schematic
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5.0 BENCH TEST EQUIPMENT

The purpose of the OGO-E Bench Test Equipment (BTE) is to
simulate the spacecraft interface signals and to monitor the functioning
of the OGO-E Search Coil Magnetometer (SCM). The BTE also contains
provisions for convenient use of auxiliary test equipment to enable
complete calibration of the SCM.

5.1 Mechanical Description

As indicated in Figure 80, which shows a front panel
view of the BTE and Figure 81 which shows the rear of the unit, it is
fabricated of a chassis mounted behind a standard 19 inch panel upon
which the majority of the controls and test points are available. All
connectors are mounted on the rear of the panel together with some of
the controls and test points associated with the power supply. The
major portion of the circuitry is mounted on printed circuit boards
some of which are contained within shielded enclosures. As a means
of minimizing the equipment cost, the entire BTE was fabricated
utilizing high quality breadboard type construction. The front panel
is painted per ML S40118, Class II, Type V, light blue. All markings
and lettering are dry transferred DATAK color black. Also located
on the front panel together with the controls, are 60 test points which
enable monitoring of all of the important signals from the SCM as well
as some of the signals which are generated through the BTE,

5.2 Electrical Description

All of the electrical functions provided by the BTE are
described in the following paragraphs. A complete schematic of the
BTE is shown in Figure 82,

5.2.1 BTE Power System

. Figure 83 shows a simplified diagram of the
"BTE power supplies. Under normal operation, the BTE power is
generated by use of power supplies which utilize the 60 cycle 110 volt
‘line for primary power. This ac power is applied to a 12 volt regulated
supply which is utilized in the BTE and is also rectified and filtered for
a 25 volt regulated supply again for use in the BTE. It is also used for
a current limited regulated supply which is variable in output voltage
from 23 to 33 volts. The output of this latter supply is that which is
used to power the SCM. As indicated, the setting of the voltage to the
instrument is regulated by a front panel control which is marked as shown.
A set of test jacks is available on the front panel so that in the OFF-
EXTERNAL position, an external power supply may be used to power
the instrument. Other capabilities are built in by way of rear panel
mounted switches and test jacks to enable the use of external batteries

to power both the BTE and the instrument, for remote site operations.

‘,,,.fk,
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5. 2.2 Sync Signal Generator

Figure 84 shows a block diagram of the circuit
which generates the synchronization signal for the instrument power
supply. A front panel control enables the sync signal frequency to be
varied #5% from the nominal frequency of 2461 cps. This control
adjusts the output voltage from the nominally +25 volt regulated supply.

This voltage is applied to the dc/ac inverter through a rear panel mounted

switch which permits the disabling of the inverter. The output of the
inverter is passed through a multi tap transformer which enables
selection by use of a front panel switch of nominal, min, and max
levels (4, 6, 7v P/P) of the sync signal. Suitable loads are placed
across this attenuator so that the output impedance of this signal is
the same as that of the spacecraft.

5.2.3 Timing and Index Pulse Generator

Figure 85 shows a block diagram of the circuit
which generates the timing and index pulses. As indicated,
a 444 cps clock with an accuracy of one percent is counted down in a
binary countdown chain to the minimum frequency of 0. 87 pulses per
second (pps). The output of this final countdown circuit is applied to
a one shot multivibrator which shapes the pulse to worst case conditions
of the interface specification and is then passed through an attenuator
which can be used to vary the signals from a zero to 10 volt range.
The 13.9 pps and 222 pps timing signals are generated, shaped, and
attenuated in a similar manner except that their inputs are taken from
different points in the countdown chain. The amplitude of all three
of these timing signals is controlled by a single front panel control.

The index pulses for either Group 1 or Group
2 are selected by a front panel control which indicates the frequency
.of the selected index pulse. The 55.5 pps index pulse corresponds
to 2 64 kc bit rate. As with the timing pulses, the output is passed
through a shaper and attenuator which controls the output over a zero
to 10 volt range. A push button switch is included to enable the appli-
cation of single index pulses if required.

5.2.4 Telemetry Status Signal Generator

Figure 86 chows the block diagram of the
circuit which generates the telemetry status signals. Each of these
three signals are generated in a similar fashion. The circuitry consists
of an attenuator for each output which is controlled by a front panel

control. These attenuators utilize the regulated +12 volts as their inputs.
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Each front panel control is calibrated showing the nominal voltages
for each of the states of the signals. Thus, the Bit Rate control is
labeled 1 ke, 8 ke, and 64 kc; the Switch Signal, Group 1 and Group
2; and the Mode Signal Normal and Alternate. All of these controls
are continuously variable from 0 to +12 volts.

5.2.5 Command Generator

Figure 87 shows a block diagram of the circuit
which generates the three impulse commands used by the instrument
and also the power command which controls the special purpose telemetry.
The impulse commands are initiated by a push button switch on the front
panel. The output of this switch is filtered to eliminate transients
and applied to a one shot multivibrator which generates the proper
pulse width. This multivibrator energizes a relay which closes the
output to power ground. A front panel switch selects the line into
which this impulse command is generated. The Special Purpose Telemetry
ON/OFF command is simply a toggle switch which either opens the
command line or returns it to the instrument 28 volt power.

5.2.6 Power Supply Monitor

The BTE contains facilities for conveniently
checking all of the instrument power supply functions. A block diagram
of this system is shown in Figure 88, Three types of functions are
provided consisting of an expanded scale volt meter for precisely
measuring the outputs of the instrument power supply, a2 current monitor
for monitoring the current drawn by the instrument, and a sync signal
demodulator which enables a measure of the frequency of the free
running instrument converter.

The five outputs of the instrument power
supply are applied through a voltage selector and attenuator to a variable
gain dc amplifier. The input voltage, attenuation and the gain of the
amplifier are selected by a front panel control. During this type of
operation, the output of the variable gain amplifier is applied through
the meter select circuit, through the dc meter, and then to a precision
reference voltage. This system is calibrated so that a center (zero)
reading of the meter indicates that the input voltage is exactly what
it should be while a full scale deflection in either direction corresponds
to a +0. 2% deviation in that voltage.

During current monitoring operation, the
instrument power, as generated in the BTE, is applied through the
meter select circuits to the dc meter and then out to the instrument.
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Under this mode of operation, the meter is calibrated so that zero
or center scale corresponds to 0 current and upward full scale deviation
corresponds to 100 milliamps. '

In the sync signal position, the bench test
equipment sync signal is applied together with the output of the instrument
converter test point to a synchronous demodulator.” The output of this
demodulator is applied through the meter select circuits to the dc meter.
One useful mode of operation of this function is to disconnect the sync
signals from the BTE to the instrument allowing the instrument converter
to free run. The meter can then be utilized together with the variable
frequency control of the sync generator to zero beat the converter
test point with the BTE sync signal. This enables an accurate measure-
ment of the free running frequency of the instrument converter. When
the sync signal from the BTE is connected to the instrument, a non
zero reading of the meter indicates that the instrument is locked to
the BTE sync signal.

5.2.7 Test Point Monitor

In order to allow auxiliary equipment to con-
veniently monitor internal instrument and BTE signals, 6C test points
are available on the front panel. The identification of the signal available
at each of these test points is shown in Figure 89. In addition to these
test points, there is one major test point labeled OUT which enables
the monitoring of the most important data outputs of the instrument
at that one test point by use of the test point selector switch. The
front panel layout of this switch is shown in Figure 90, This function
is extremely useful when utilizing one instrument such as an oscillo-
scope to quickly check all of the instrument outputs. The four outputs
at the lower part of the switch refer to the instrument status outputs.

Y
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OGO-E S/C BTE TP Location

+20 volt

+6 volt No. 1

+6 volt No. 2

-6 volt

2.5 volt

2.6 volt

IFC Signal
Converter TP
Converter TP Return
Sec Signal Return

X Pre .Amp

Y Pre Amp

Z Pre Amp

NC

NC

NC

X Axis Demod

Y Axis Demod

Z Axis Demod

Pre Amp Return

X Axis Wave Analyzer
Y Axis Wave Analyzer
Z Axis Wave Analyzer
X Axis Waveform

Y Axis Waveform

Z Axis Waveform

X Axis Spectrum

Y Axis Spectrum

Z. Axis Spectrum
Shield Return

TP-31
TP-32
TP-33
TP-34
TP-35
TP-36
TP-37
TP-38
TP-39
TP-40
TP-41
TP-42
TP-43
TP-44
TP-45
TP-46
TP-47
TP-48

- TP-49

TP-50
TP-51
TP-52

TP-53

TP-54
TP-55
TP-56

TP-57

TP-58
TP-59
TP-60

X Axis Wideband

Y Axis Wideband

Z Axis Wideband

Status - Waveform - Spectrum.
Status - Bandwidth - IFC
Status - Wave Analyzer

Sfatus - Power - SCO

+23.5 volts

4+23.5 volt Return

28 volt Return

External Index Pulse

Index Pulse Inhibit

X Axis SCO 30 KC

Y Axis SCO 52.5 KC

Z Axis SCO 70.0 KC

NC

BTE 222 PPS - Timing Signal
BTE 13.9 PPS - Timing Signal
BTE 0.87 PPS - Timing Signal
BTE Chassis Ground

BTE Switch Signal

BTE Mode Signal

BTE Bit Rate Signal

BTE Index Pulse Group No. 2
BTE Index Pulse Grbup’ No. 1
BTE IFC Command

BTE Spectrum Command
BTE Waveform Command
BTE S P Command

BTE Secondary Signal Return

Figure 89, Test Point Identification
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6.0 RECOMMENDATIONS AND IMPROVEMENTS
6.1 Search Coil Sensor and Preamplifier Assembly

It is recommended that the search coil sensor and pre-
amplifier be integrated into a single package for each axis. A proportional
heater could be built right into the sensor housing. Presently the OGO-E
system has a 14 inch coax cable joining the sensor to the preamplifier.
Experience shows that a situation of this type can allow RFI to be introduced
into the interconnecting cabling. Secondly, the interconnecting cable added
capacity in the order of 500 pf which lowers the resonance frequency of
the sensor coil. If the preamp was relocated to within the sensor housing,

it would be positioned close to the coil to minimize these undesirable effects.

6.2 Sensor Coil Winding

On the OGO-E Search Coil Magnetometer, two one-inch
bobbins were randomly wound with 50, 000 turns of wire each. It is
recommended that the next instrument have a continuous strand of No. 47
AWG-SF magnet wire wound on two 10 section bobbins yielding twenty
individually wound segments, 5000 turns each, or a total of 100, 000 turns.
This technique will improve the self resonant frequency from 500 Hz to
1.0 K Hz.

6.3 Preamplifier Sensitive to Variation of Power Supply Voltage

The OGO-E Search Coil Magnetometer Preamplifier was
sensitive to B+ voltage variations. This produced the undesirable
effect of having a high signal to noise ratio whenever the cabling between
the Main Body and the Preamplifier was subjected to a noisy environment.
The noise which was induced into the power line cabling' wo uld be amplified
within the Preamplifier and appear on the output leads as a signal. The
design of the Preamplifier could be improved to eliminate this problem
by designing the circuit not to be sensitive to variation in power supply
voltages thus yielding a high power line noise rejection.

- 6.4 400 Hz Notch Filter

: C1 thru C4 and Rl thru R4 should have been purchased
as £ O 1% components in order to achieve a sharper and more accurate
notch at 400 Hz.
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6.5 Gain Change Amplifier

Change the module test spec so that the gain measure-
ments for the gain trim is made with DC input and output signals instead
of AC signals, The measurement of AC signals, to better than 1%, is
very difficult., Time was wasted in module test trying to make these
AC measurements, The test set up should be as follows:

] Module —!

E._ |
in
———— Bias !
{
|
@ @ '
|
With e ias at t2,5 volts, the drive current into the
base of Q2 should be cl‘%egked for sufficient drive to turn Q2 (in the
inverted mode) on HARD. IB should equal at least to Ic for inverted

mode switching. See Figureé ) Page 109.

" Note that IbQZ = voltage at pin 3 minus the bias voltage at pin 12 divided
by R17. V3 - V12 '

Loz —RIT —

Also note that R17 might have to be changed as the bias is changed and

that the voltage for cut off of Q2 at pin 3 is negative for a bias of gnd at
pin 12,

W

-
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6.6 Bandpass Amplifiers
A, Noise at Output

CRIl in Figure 54, Page 115 is a source of wi :
noise, The following illustration shows’ the equivalent output :tageV:Vldeband

S U
+20 Volt Power
— Supply

:

|
|
|
|
|
I

L

As shown e} is a noise source contained within the +20 volt power supply
and e is a noise source in the zenor diode CRl. The gain, to these

noise sources, is quite high and they create noise voltages at ej if the

net gain around the amplifier feedback loop is less than unity at these

noise frequencies. In production units considerable noise above 10 KHZ. was
found to be present at the output. To eliminate this problem it is

recommended that an RC filter be added as shown:
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+20V

Network to be added

Inability to trim gain at fo without also changing f,'s value.
A trim resistor should be inserted between Q4 and R9 as shown:

o
o
Add R for gain trim

R = 2,2K0 % 2K0
for a gain trim of * 5%

However R9 must be ¢hanged to a 1% resistor and R must also be a u\
1% resistor. _ : . \9\
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6.7 Subcarrier Oscillator (SCO)

It is recommended that a new circuit be adopted
for the SCO circuit,where the (R7 and R10) collector resistors of
the oscillator and the emitter resistors of the current sources
(R12 and R14), be returned to a negative supply rather than to a
ground potential. See Figure 61, Page 137, This approach will
exceed all specifications required of the SCO. A more complex
approach may be taken, but may not be warranted, This approach
is shown below.

PROPOSED NEW SCO WITH HIGH STABILITY

Figure 91 shows the proposed new current sources
I} and I,. As shown, Ql0-QIll and Q14-Q15 are dual acting as differentail
amplifiers. Point M and N are servoed by the amplifier to zero volts
DC at all times, Thus Ij and I are determined only by R10, Rl1, and
-20V, Notice that the changes in transconductance of Q12 and Q13 are so
that Q11 and Q14 have at least 2 volts drain to source bias. The modulation
input Ej, circuitry functions similar to the present SCO. Test point P is
brought out for DC calibration of modulation index. The switching transistor
section of this proposed SCO can be identical or similar to the circuit
for the OGO-F SCO, The Ve Specification of a 2N2945 is 35V, thus a greater
AV could be used but the gaxn%and width of the transistor is lower.

A second solution for generation of the constant current
source using less parts and affording a 22M {1 input impedance to the
modulation signed is shown in Figure 92, Note that a search coil could

be connected directly to the input.

7.0 SUMMARY OF CHANGES AFTER INITIAL DELIVERY

The OGO-E Search Coil Magnetometer was designed,
fabricated, tested, and delivered to JPL; however, during com-
. pliance testing at TRW, it was discovered that the instrument would
" not properly interface with the spacecraft. The instrument was
returned to Marshall Laboratories for three basic modifications.
‘These modifications are documented throughout the text by the use
of Engineering Orders. The basic modifications are:

A, Interface of the Timing and Index Pulse Circuitries
to improve the instrument's response to slow rise-times.

B. Power Supply Interface to eliminate ringing of the
turn-on current surge pulse.

. C. Addition of a 400 Hz Notch Filter and a2 1850 Hz Low
Pass Filter to reduce noise pickup of the instrument.
D. Introduction of RF filters into the Power and Ground
Lines to reduce the noise susceptibility. 6

v
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10R £+ 1%
(A L
in O~ - \L 10R £ 1%
R

1% 1%
22 meg

=20V

+0.1%

=20V
FIGURE 92

RECOMMENDED CURRENT SOURCE NO, 2 FOR SCO

{
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APPENDIX A

-

TRANSIENTS ANALYSIS OF THE
TIMING AND INDEX PULSE CIRCUITRY
FOR THE OGO-E SCIENTIFIC EXPERIMENT

Note: As a result of this study, the Timing Pulse and Index
Pulse Interface Circuits were modified to that which is
shown in Figures 31 and 32 respectively.
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TRANSIENTS ANAL YSIS OF THE TIMING AND INDEX
PULSE CIRCUITRY FOR THE OGO-E SCIENTIFIC EXPERIMENT

The schematic for the timing pulse circuitry is shown in Figure 93 complete
with details of input waveform characteristics. The schematic for the index
pulse circuitry is shown in Figure 94 The load which the outputs of these

two circuits drive is shown schematically in Figure 95,

Analysis of the transient response of the timing and index pulse cifcuitry

is carried out in the following approach:

{a) Determine the fall time (t £ 2 cutoff to saturation time,
10 - 90%) of Q2 for the present circuit configuration.

{b) Determine the needed rise time (tr = input signal "0"
to '"tv'" time, 10 - 90%) to generate a tf < .5 usec into the
load. _

(c) Design the necessary interface electronics to achieve the

results of (b).

The transient response of the timing pulse circuitry is evaluated first.

The pulse circuitry is comprised of 3 identical switching stages. Therefore,
only one will be analyzed. The fall time of the present circuitry configuration
will be calculated at the 25°C condition for worst case components. The

circuit schematic is shown below:

‘U.v
| -- -
| ] . |
. 221 #9S
| ] ' | \RL ik E ?m
O B“" | °| WAQ
| ! " | | ConTia Ra ™ w1434
! § ’ ] B <, 2
L.z W, N
l 1 i ~ l*_‘l.‘i“)m F’-\QL LNLAT S,
o CoL B Eu Rr T
e __3 v ___i ) Commanl
. SPACE CRApC MARL SYHALL  LABORATIRN

GOy MENT RUIPMENT
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O +6 Volés

kI

30K
73V O 222 PPs
ourpur
Qv 01 ISV
bleizus ~
“Sus Pl h
R, cl
20k v /olao,;f R4 Q2
Viw § ad l /6 | V2989
cth
o~ RS
rT T T T
32 "'—"—"name as above | 13.9 PPS
| | ovrpor
i .
‘/?_'J same as above: Fo) 'ag‘/;’/:p:
1 ]

Figure 93

Original Timing Pulse Interface

Note: Refer to Figﬁre 31 for final configuration.
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O +67 Va/éi‘
RI
2k R3
62k
——— G.P. |l
SWrrcH  INDEX
-0 Ouépuf
Ql
IV R T 2N2Y8Y
rY
Pl b2k
V"' RLINE —% rR2 az
o—/V\V 5 AVAVAY, 2N2YBY
20k 62K .
Cmv: Rs
100,
7 j: 20k, ’
[ —= 6.p.2
INDEX
3/ ———‘ sarae as above l —0 Ou{/ua,‘
' .
P% I SO
Figure 94

briginal Index Pulse Interface

Note: Refer to Figure 32 for final configuration.
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+oV
R/ Q2
7/ | N
c/ ce
/w‘f-f . /@701('
Y 4 £
e K K
AVAVAVE »>— o NAA/
i - cs _, Ce e
S | /W‘ /i'-o::/ £E ‘F ‘l-‘/faf ~
G
00—7-_—-—6 35\/5 —8- H——Q—{é - o /\6)\% - OBT'
U )
| PO
FUT 4 P
L K 4.4
NN~ NN 4
QXS Q4
(\\ Q&)
o4 ce3 N
+—P
d.c7 '
__ Seopf 5( 7
—_— Input o ——
Figure 95

Complementary Flip-Flop
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The load in the collector of Q, is the trigger input of a complementary

RST multivibrator, HL drawing #4296

1S0

ALL DwpES
GE N Q\SO

ALL (APACITORS
iN PR

(18
M\ PS5 COMMON

The above circuit is too complex 2nd nust be reduced to a simplified equivalent

circuit, for evaluation of the load on the source.

Normally one side of the multivibrator is off, and the other side is on.

Therefore a first simplification may be made.

Cia

T o—dik

b3

-
(4

z

ik

=AM\

CaMMoN . -
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A further simplification may be made by considering only the time when the

transistor Q. is saturating. Thus

$t0 C‘ RN
‘k - | —it
Cuo . CAPACATENLES 1N PF
150 1 \SO-L
Rk §R»\K C—‘- C;* T swounie

BALE emaTen,
OF MyLTIVIBATIR
ON TRANSISTOR

i
i
o

o

A last simplification is made by rearranging the configuration somewhat
as the two capacitors C, and C, do not accumulate éharge once V.. rises

to conduction level of approximately .7 volts

Ceq
o i :
wx_ : ' : Ceq= Cio Cv _ yiqpe
' Cot

Ronk

Now, the input waveform to the timing pulse eircuitry will be considered -

lee A

i A
) o= AMNM, - 0— - 2L P
j WYL :
; - v SR
tr < S Wi T Clme
\oae PF
1
8. o b
Common
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oaovr

The unloaded rise time across AB for T = 0 (step*
- -3 : -l
Tog= R CL = 20 100 1000 10 = 20 10  sec
In a two time constant system, comprised of linear passive networks, which

" are independent (that is...N, is not an appreciable load on N,)

T J N, TN‘ - N, Tour
For TN| > TN‘L
Tour = TN\

For T, = T

" For Tr:1,> TN‘

Therefore, for all practical purposes

TA's: = 20 usec

The details of the pulse circuitry are now examined.

+bv
- -| ’ l!
‘ i -1 1A LoAD
\re ;';\th | :' - = ‘
et - e i e —— - . i - ‘_ﬂ‘ i Q‘ .
. GenTROL 1s0% Cen Ne ee

Re>r i

tf'= 20 U

! Re \'Lu-

; f o— - “'——-‘—N\A’ Q" e
‘Er {ooorF
| : n

7
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For IFC control signal = +6 volts, Q, will be automatically turned on when

Q,_ié turned on by a positive going pulse at input\ AIB.,

The minimum base drive at 25°C for R, *+5% high

L Ve o (Vo +Veo ) _ 6-(7%.2) _ _ 54
ba, , 1.05 (150k) 157.5k 157.5k

At V, ., = nominal condition
0% nominal = Ov
" nominal ~= v

The minimum voltage at A'B!?

Rs .. 20k
v ] . v M LN -
Mo’ T M R +R,.. 1.05 20k + .95 2k

The minimum base current into Q. with R, maximum, R, minimum

7 Bk

I = bVA'g' - V,3€_-:,)._ - VB'EQ-;_ = 5,2 - 07 - 97

BQa s
MmN R“‘MAX. R‘M\N

= (35.7 = 11.9) 10" = 23.8 uA

The maximum current that can flow in R,

1.05 120k .95 62k

- ) - + € .
I, = Loz Oeoe o *Voura ) | 6 (2+.2) = 196.5 uA

' R 95 30k

Since C, (q i in parallel with R,, the collector current of Q.and therefore

Q, will be greater than I; .

The h . of the 22484 transistors are now determined from the data sheets.

= 32.4 uA

5 o2V
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l

he @ -55°C
o Ic = 10 uld
hee ®25C Ve + 5v » Ve = 5v

Io=10uvA | I, =100uA | I =500ur| I, =1MA| I  =10HA

100 min 175 xix:m 200 min 250 min k30 typ 20 min
_ : 430 typ 4350 typ 800 max
Use h = h + {(Phee Dons ~'ovun ) .
=6 Fe [2 33 M\“J Tez 1968 & A man FCmin WL i wh 400 ua 96 5 UA

= 175 +7A296.5 = 175 +10.35 = 185.35

Therefore at ICQ‘ = I > 196.5 ud

o+

>
h ge \4\46 MmN — 185.35
The change in output voltage
& v‘a. = Vs - (VQSATQ‘ +v¢€—snrq..,) = 6~ (2 +.2) = 56 v

And the final charge given up by C.
2

Q = CV = 118 0™ 5.6 = 661 10 = coulombs.

The maximum eurreni that is theoretically available from the collector of Q-
"y '

= h%qwmlea, = 185.35 -23.8 107" = 4l MA

€ ax A

The waveform of the input base current to Q. and the collector current is

shown below:
. -
Since the load on Q. collector = 1
v Sq .,
load on Q, collector = C. . in
parallel with R,, the current flowing e
B ‘ A4.841MA 4 — T
through R is small compared to that . %41 max TA
discharging CLW .
I‘Q\. |
"»eq. BuRING DyiewaRGE > % max T Il\
B T™E
o]
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Now the time to discharge Ciey from 6 volts to 2 Vee o

Q = It
o= Q. = 66, 107"
I:V IAV

o

The 4.41 MA or 100% I, has a risetime of 20 usec.
The rate of collector current change assuminé a linear approximation to

the exponential wavefornm

MA . LM B o 1963 uAfusec
usec 20 _
90 | ~— - - =
7/
At the end of the first usec /
/
/K EXPANENTIAL
Q= Iy (¢ - %) / p\ LINEAR APPLOYX IMATGN
= 2176 0" 14" y
_ "';[" 10 10 wil bt/ .

83 10" coulombs S

TINME

At the end of the second usec

- - -t
Q, = Q, +I,,(t,-t) = 83 10 '1+:i§-52 107 10

= 347.5 10" coulombs

At the time the equivalent load capacitor discharges 661 10" coulombs

e g = 861 107" -3 7.5 107" _ 313.5 107
3= by ¥ -

I, o ' _ I.,
t, - t, < 1 usec sinze I ;, = <8815 07 MA
t\‘t\, 2 N
-1% - -t ) %
and Q, = 347.5 10 + 441 10 10 = 788.5 10 coulombs > Q

The needed charge to discharge C\.EQ

B Qy ., = 313.5 107 coulombs
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The time required for the t, - t. increment

tha_t» = I (ts - t'.)

Lﬁ_g_t:gl 107 (t, - 2) 107"

The 1005 discharge time

ty = 2.75 usec

t,-t, = .75 usec
Toe 10 to 90,5 response time

ty= B8 t = 2 usec
Since Icq‘ exceeded 196.5 uh, the h: .., actually will exceed the 185.35
value employsd .in the calculation, and & velue of
FE v e SmuA g0 = 200 would nave been more appropriate.
However, this rigorous approach allows some {lexibility since the 196.5 ud

of R, current was set aside to allow a simple calculation of the capscitor

load discharge time.

" For a transistor with nominal he at 25°C

= 430

~¢ = SO0 WA

h € neminaL 2€%¢

T he 10 to 90% response time of the output current and consequently the

‘oui_:pu% voltzze

200 Fea
Tt = =2 = ,91 .
30 91 usec IcQ
‘ ‘F Il‘
+ev
Veur
‘LV“,",T
Time T
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The above analysis points oul the lack of fast falltime of the output signal
‘due to the slow input waveform res_onse and lack of sufficient gain in the

timing pulse circuitry.

A cursory veview of the same circuitry at ~10°C and nominal input voltage,
indicates that the fall time is very degraded for the same input stimuli.,
For a worst case input voltage

vV = V¥ w ¥ = 4 .1,5 = 2.5 volts

LR () M ) Mg

at - 10°C, the timing pulse circuitry has hardly sufficient gain to drive

the fesistive load R,, let alone the equivalent capacitive load.

The de_termiﬂation of the needed rise time to generate 2 t ¢t € o5 usec at
the load, CLN, is now undertaken. The caleculation will be made at 25°C
and nominal input volta:e, then modified for ecztremes of the epplicable

temperature range.

Oo'l.—- g E‘% May
At 25°C and Vinour NaMiNAL IM\, '
The input V, :ﬂf f
V\Nnuv‘r' U) B 700 v I‘Q-‘LMI{}A;J.
‘ )
Vinwr(@ey = 0V .I‘Qv 1 e,
‘For - he = 185.35 /
. G, 0 Mm‘leﬁ‘“su"
The time in which the capacitor must discharge 100% :
S L2 VR
ty = -23 = 625 usec Ve,
L S ST —
To discharge cLEq in .625 usec R TIME
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I, =9 = 66 107"
mel T % TB%‘B"’lgiﬁ"“ = 1.056 MA
I: cwe = 2 In = 2121

_ Since I, , = 4.1 MA as previously caleculated on page 9.

T he time for 807 (10 to 90 response time) for a waveform changing

’3.%19. = %&% in .625 usec = U7:.8% in .625 usec

The required rise time of the input signal to generate the desired fall time

tewme ﬁ;‘?‘g's‘ 625 = 1,05 usec
- Congideration is made for nominal input at = 0°C ambient temperature.

At -10°C the h,, of Q.

= 1 - {18 —
hee o, N J 185.35 (25 =-20)

T;'t 8L . Suh

(25-250)

= 185.35 - (148.3 f;’g) = 96.45

b
Q) max -0 = B —igte ng‘ = 96.‘4’5 23.8 10 = 2,29 MA

. The time for 809 (10 to 9975 response time) for a waveform chﬁnging

?-{-‘-’-‘l- = ?_52%_25 in .625 usee = 92.2% in .625 usee

- The required rise time of the input signal to generate the desired fall time

bropr = -9—3—‘:’; 625 = .543 usec

The necessary electroniecs interface to achieve the results of calculations

for required rise time are now developed. The requirement necessitates a

W\



Y B A N T
14

_ Page 197

non-inverting switching stage with rise time improvement of the order of 40.
This is required due to the fact that the present input rise time is 20 usec

while the input rise time required to eifect a .5 usec fall time at -10°Cv is
.543 usec,

L

The following circuit is provided to achieve the waveform improvement as well

as regenerate and improve the input signal » V characteristies.

- Qgn 1501

9 AOYTWT

EP"; ‘l/{:

PROPGSED INTELFACE CRLNTRY

: €, = oo PF
The minimum input »V,, is )

’R-_g, 2180 &
Ra,» b0 %
= T ) .
VU) Min. b ‘ p“‘h"h : 8K
\S! max, 15 v - ' g\;;ﬂg}= FAA™

The calculation will be made on the 222 PPS timing pulse circuit. The time

constant

3 Tnea.o., < N ops
8o that C... may discharge via R., and be ready to accept a new charge upon
the receipt of a following timing pulse
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3 Tpey = 3 Rp CLin: < b5 millisec
R, < _..Lt-i._lp_-:_.. = 1.5 10™"
! 3 1000 10-'-
- And for maximum input signal efficiency
Biiﬁ" — 0 orRs > R . Use Ry, = 100 k

Type BB 1/8 w 5%

As a starting point in the design operate Q, and Q; at

ICQ“ = Icq‘a‘ = 025 MA

Therefore
R = V; - (VCG SATS 5 +vﬂ‘.-ea~) - 6 - !. _:__._Z)_ - 20.41{
2 Ieqn .25 1077 :
Use Rf,l = 22k
- V; - v.’.isﬁr - 6 - o2
Rey, = 77 = 25 10 = 23.%k -
tqq Use R., = 22k
The minimum ~V appearing at V. ;'
BV e = BV L = =1.5) 100k _ , o,

MuwR T+ R, 100k + 20k

‘For 2 minimum h,, of the 2M2i8L4 at -10°C from page le

h . . = 96.L5
P e j Le-usun
' the required base current
- : ICQA - 025 10~3 - >
IQQA band h - 96.45 - 2.59 D.A

FE Qa min, -10%C

The value of R,,, the hold off resistor

Vee MAX Aviow, W OFF cdnpitioN

Ra I, 150°Cc = 10 uA
® I caoman ' o Veo = 45 v
£ —-9'2'99:5 = 100k Use Iceqmax 50°C
2 10 B = ov
= 2 uA
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The value of R, 1s now calculated Use R,, = 82k
IKA-._ = Ibqn* Ik-h's = (2‘59 + IU’b) u‘A‘i
Vaeon _
IM} = RR; - 'é'zzlz = 8.54 ud
AVA'I' - v3€ Qn 2008 - .7 .
R = == — = 122k
e b PP (2.59 +.8'5’+) 107
Use R,, = 68k

For the 2N2907A PNP employed for Q,
Teao = 10 ua max  Veso
Use Tcgomax = 2udh €@ 50°C

The hold off resistor

Veo ap may.aciow, o any_
Re, < I

™ CRO mAR

Calculation of input capacitor C.,
With a 20 usec input t,

= 232 _ 35 _
20 10°“

b =
eyt
NPy te

= 50 v @ 150°C

V@o = 6 v

«200
2 10°*

100 k
Use R, = 82k

0175 10° = 17.5 kHs

The reactance of the capacitor Ca, should be

xCA‘ < RA‘L
Lt 2
10
CA\ = 10 = ) Y _._;610 3
Ry, 2T£ s 10> 6.28 17.5 10
b t.
10 10 -1
1 10 -
&8 6.28 17.5 = 2%

Use C,, = 1000 PF

16



67-917 17
Page 200

NOTE: As long as the necessary electronics interface is connected to the

original timing pulse eircuitry, Rh is uxmeces‘sary as R;(Zlbk) will provide

the collector (Q,) return to common.

The calculation of the output rise time into the equivalent input of the

initial timing pulse circuitry is now made.

The equivalent circuit of the section is

—— + 4V
3
- & |
@, Ra 'r A | —A—
v ' i
_f' A A W—r——1-q, |
. <
Ra, 2R, | &1:1
CYp— . vl 1
CoMMON ! ML, EQUIPMENT

An examination of the lozd lines reveals that for all practiecal purposes

: QA and Qg drive resistive loads.

The collector current of Q A¥ill rise at

st
_.the time constant of the input to the Iag,
. ma:d.mum current theoretically available 16, .
from Q,. The maximum current theoretically °
: Iu‘nn.m; -

* availdble from Q ,

I QA mar T, bee QA N w;I LT

ICQ‘ ~ Et?.\_
The base current of Q,
I = =157 7 N -
‘Q“ 1005 68k 095 82k !

Tuwag
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(25.2 - 8.98) 10"
= 16,22 uA

3.01 MA

i

I
Qv max avaL

= 185,35 17.22 10

The rate of rise of I , 10 to 90%

usec 20 - usec

The time to achieve I Rey = .25 MA

by, = =223 = 2,
"o 1200 2.08 usec

The nornally defined response time
ty, = 8 2.08 = 1,665 usec
Ra
The calculation of rise time is now made for Qge The equivalent circuit

for this stage is as follows:

, Ry

o A\
AN 1k
H ©-

'Egis- 1,648 usee

+ov

The base current to Q,

- VS-v‘e_S_ﬂ:\’@) -vlfqﬁ 6— 2 - ‘ ;
I‘qlmm - R‘h- MAR - 1'05 k = ASuk
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The dec current gain of the 2N2907A _
hee © 25°C. V. =10 v
I, =.01M I.=11HA I‘;lom
75 min 100 min 100 min
The b, at .25 MA I
h = & +h,¢ 1MA - 1MA
FE pain ‘LS'(XI“'.LSM‘ h FE tﬁ“;_\"MA 9 '15

75 + 3‘95 a5 = 79,17

The maximum current theoretically available from the collector of Q. is

-4 . .
TQopax roa, = Bfagep, Itay = 79.17 71.5 107" = 5.67 iA

The maxdimum theoretically available collector current wavefomn rises at the

‘time constant of the base input current. ,
Tng |/
The rate of rise of collector current o {
SHIMATT—
JA = 67 = 2.4 MA
usec . usec :
' Teqq .

Since Icq‘ is limited to

= Y2 =Veewso, _ 6-.3 _ .25 MA

Lea, 95 2hk

RSN\N

The time required to reach I;Q. = W25 MA

= 22 = - . |
% _..hﬁﬁ*\ 76.3 10 76.3 nonoseconds

usec

The normal response time (10 to 90%)
t, = 8 76.3 10 = 61.1 nanoseconds
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Therefore, the interface circuitry will meet the needs as defined in the

analysis.

*

. An examination of the NPN/PNP interface circuitry at the lower and upper
temperatures revealed
(a) - 10°C  t, increases considerably but is < .5 usec

de drive is adequate (dc stability is good)

(b) +50°C tr decreases slightly
de stability is good
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The transient response of the index pulée clreuitry is now evaluated,
The pulse circuitry is comprised of 2 identical switching stages, one of
which is on while the other is off. The fall time of the present circuit
configuration will be calculated at the 25°C condition for worst case
components. The circuit schematic is shown below.
ik
;GL E&“
b © ouTPut
SWitH e ’.Q————»—b}—bl-———.—(_[baum‘
INR\BIT & , _Kl‘
&4 gL\-k
Ry s
CLP \ v lv‘v'v‘r
1M DEX LE="S hay 't tane
PR 1
Re ik
G:MMQM

The load on the output is identical to that on the timing pulse circﬁits.

Refer to pages 5 and 6 for simplified cquivalent circult of the load, It

reduces to

C‘-Gq = L\err

B>k

4
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Now the input waveform to the index pulse circuitry

k\.\ut

My — A, ANNA.
SN\ e
J tr £ W SEC ¢

U)<\\ Y MAY
STV MIN
8

d 1

. Page 205
N
- te
i‘—
= Come.
\ago PF
‘0

SV MAR -0
{0) <o M

Caratao

R efer to pages 6 and 7. For all practical purposes

teay = 20 usec

The details of the index pulse circuitry are now examined.
inhibit gignai and switch signal =

For the

45 wolts Q ,will be automatically

t\;rnod on when Q ,1is turned on by a positive going pulse at input AB.

The minimum base drive at 25°C for R, 5% high, R, 5% low

I‘ - !mmq -_QVF - VBE‘Q'
Q4 1.05 R,

Ve + !cgg;
«95 k

- 6=267) - +.,2
§"f.o 2k .95 321; = W9

At ¥,y = nominn;l condition
65 v
= ¥v
The minimun voltage at A'B!

80" neminal =
%1% nominal

Remu

VA': = Vi

.’ R‘nm +R

8 & 95+ 20k 1.05

5.9 v
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The mininum base current into Q,with R; maximum, Ry minimum

IBQ - VA"”’ - VBQQ-.. - V’..‘Ok =\ icg - 07 - 07
> min R g pmny R pmin 1.05 62k .95 20k

(79.8 - 36.8) uA = 33 wA

i

The maximum current that can flow in R,

v, - (VCE‘SAT’Q_L + V*S;Tﬂa) = 6 - (2 +.2)
Riie .95 62k

95 uh

I €3 max =

Since C g is in parallel with R, the collector current of Q, and therefore

Q, will be greater than I, .
Refer to page 9 for the h.. of the 21434 transistors.

Since I, max is 95 uA, use the h of the 2N243hk at I, 2 1MA

cE
Vv MIUN

2

Use hF€ 125% wap lx 175

L riMA
The change in output voltage and final chaige given up by C\_W‘ from page 9
bVeq, = 5.6 v
Q = 661 10~ coulombs
The maximum current that-is theoretically available from the collector of Q -
C Teq = Bea Tae = 175 Wh9 uk = 7.86 1A

The waveform of the input base current to Q. and the collector current is

showvm below.

As explained 2t the bottom of paze 9 Leqn

——0

>
Cleq DuMNG Siscuance | T MAX !

.. - a4 MA =
And the time to discharge CLGQ from 6 v —e e
tO 2 VC(_ SFT. Ic
1%
O

Te FJLMAL TA,
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t = ——Q;- = §_6-.]_‘..._._...._.10
Tav Lav

The rate of rise of collector current of Q.

A = 2,82 8 - 314 HA
< 0

usec usec

At the end of the first usec
Q, = I (t, -t) = -'3—;5’-10'3 07" = 157 10 coulombs
At the end of the second usec
Q. = Q T, (ta-t) = 157 207" +22 107 107
= 628 10™'* coulombs

The time t, at-which the equivalent load capacitor reaches full discharge

661 10" _ 628 107

t,=t, =
T Tay
t,-t, £ 1 usec since in the next 1 usec
- — 7 -1t 1.570 -3 -t
B e T Q.+ I, (ty-1ty) = 6283 10 + =2 10 10
- -1
= 628 107" +785 10

-
= 1413 10 > C\-—Cq DISEHARLYD

The needed charge to discharge C_., completely
-v - -12
B Q-4 = 661 10 - 628 10 = .31 10 coulombs
The time required for the t, - t, increment

BQty = Iay (ts-t,)

= (:.é.2_§._t2§) 10'3 (t: = 2) 10"'
2 *
ty = 2,05 sec
The 10 to 90} response time

t = B8 t, = 1.64 usec

2k

f‘"'
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Since Icq, exceeded 95 uA, the hg actual]y will exceed the 175 value

'emnloyed in the calculation, and a value of h = 200

L TC _& Le = Swmun W

would have been more appropriate.
For a transistor with a nominal h. at 25°C

= 430

h FE pominaL 1% 3
Te: Smup

The 10 to 90% response time of the output current and consequently the

output voltage

=..Jli . =
t %30 1.64 LE7 usec

The above calculations are similar to those made on the timing pulse
eirculitry, except are not as deficient in gain and waveform improvement.

Therefore, the same corrective interface circuitry is recommended here.

25
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APPENDIX B

MASTER DRAWING 1ISTS

Search Coil System - MDL 51896 B ‘
Mainbody Electronics Assembly - MDL 51731 B
Preamplifier Assembly - MDL 51733 B

-
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APPENDIX C

TEST SPECIFICATIONS

1. Mainbody Electronics -~ S40843
2, Preamplifier - S40847
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1.0 SCOPE

This specification convers the electrical checkout of the OGO-E, Triaxial
Magnetometer Assembled Unit.

2.0 APPLICABLE DOCUMENTS

2.1 The following documents, of the issue in effect on the date of
invitation for bids, form a part of this specification.
DRAWINGS
Marshall Laboratories
51731-101 Electronic Assembly
51903 Electronic Schematic
51904 System Wiring
51732 Interface Wiring
2.2 Precedence of Governing Documents. Unless otherwise specified
when a requirement of an applicable drawing is in conflict with a
requirement specified herin, the requirement specified on the
drawing shall apply.
3.0 REQUIREMENTS
3.1 Acceptable results are contingent upon the use of the material and
equipment as specified herin. Substitution of material or equipment
will not be allowed without prior written approval of Marshall
Laboratories Engineering and Quality Control Groups.
3.2 Test Equipment The following test equipment, or equivalent, shall
be used to test the Unit.
A. Oscilloscope, Tektronix, Model 502 A.
B. Power Supply, Hewlett-Packard, Model HP 721A.
C. Voltmeter, Triplett, Model 630 NA.
D. Function Generator, Hewlett-Packard, Model 202A.
E. Digital Voltmeter, Cubic Corporation, Model V 71.
F. B.T.E. OGO-E, Triaxial Magnetometer. (Special)
G. Stat-O-Lite, Marshall Laboratories, (Special)
H. Counter, Hewlett Packard, Model 521A.
M | MARSHALL TITLE SPECIFICATION NO. REV
L LABORATORIES OGO-E Triaxial Magnetometer
TORRANCE CALIFORNIA Assembled Unit S 540843
CODE i Module 51731-10]1 iy
IDENT NO ]3‘26 Test Procedure for SHEET 2  OF ﬁ\"
ML FORM 201 =
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Complete setup per Figure (1).

Set the SYSTEM MONITOR knob to I in.

Set the BTE Controls per following:

g

BTE Power ON
SPACERAFT POWER
INDEX PULSES
AMPLITUDE
TIMING SIGNALS
SCO COMMAND

ON
ON
EXT

" NOM

NOM
OFF

4. Check the System Monitor Deviation meter reading. It shall
be 27 £ 3 max.

POWER SUPPLY CHECK

1. Set the Systerm Monitor knob to SYNC. Set the SYNC. DEVIATION

knob to Min.

Vary frequency from + 5% to -5%.

Meter shall follow changes in frequency.
SYNC; the meter would not move).

2. Check the following test points for proper voltages.

System Monitor
(If the system is not in

SHEET 3  OF

{ —
Nominal Measured !
TP Voltage (Volts) Voltage ; Remarks
1 + 20.0 £ 0.020
2 + 6.00 £ 0.006 + 6 volts No. 1
i
3 | +6.00%0.006 + 6 volts No. 2 |
- i
4 - 6.000 £ 0.006 :
5 2.500 £ 0,005
6 2.60 +£0.12
38y + 23.5%£0.025
M |MARSHALL | TITLE . SPECIFICATION NO. REV
LABORATORIES OGO-E Triaxial Magn.
L | ToRRANCE CALIFORNIA "Assembled Unit S o843
IDENT NO 13126 Test Procedure for mj

ML FORM 201

P
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i

P
51 -917
s Monitor 50 pin connector To r_eadout
Cable L L 1nstruments
———1 ot
I |
5 . {] BTE
I : “—9 pin connector
- b F
= 50 Test
l - /QL / Points
| 50 pin connector E{
Connector—harnz :
housing
Pre-amp. \0 L
- Stat-O-Lite
W
Per Stat-0O-Lite instrucfions——k Power
o Supply
Figure 1. Test setup
M [ MARSHALL TITLE : SPECIFICATION NO. REV
L LABORATORIES OGO-E Triaxial Magn.
TORRANCE CALIFORNIA Assembled Unit, S 40823
CODE Module 51723-101. ,
IDENT NO. 13126 Test Procedure for SHEET 4  OF }ﬁ
ML FORM 201 : = : - ;
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1. Check to make sure that IFC is off (Stat-O- Lite, IFC - off light indicator
is on. If not, turn the IMPULSE Com. dial to IFC and then push the

ANALOG AND LOGIC CHECKOUT

3

INITIATE push button once).

2. Grourd TP7

Measure voltage at following test points.

/[ -917

M
L

MARSHALL
LABORATORIES
TORRANCE CALIFORNIA

CODE

TITLE
OGO-E Triaxial Magnetometer
Assembled Unit
Module 51731-101
Test Procedure for

SPECIFICATION NO. REV
S 40843
SHEET 5 OF N

v w0 13126

e
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Expected Measured
. L pe . Voltage Voltage
Test Point Identification M volts M volts
TP-17, X Axis Demod —
TP-18, Y Axis Demod
TP-19, Z Axis Demod
TP-21, X Axis Wave. Analyzer
spectrum gain = 200
10 cps channel +10
22 cps channel = 10
47 cps channel + 10
100 cps channel +10
220 cps channel + 10
470 cps channel 10
1000 cps channel + 10
TP-22 Y Axis Wave Analyzer
spéctrum gainin = 200
10 cps channel =10
22 cps + 10
- 47 cps + 10
- )
M | MARSHALL TITLE SPECIFICATION NO. “REV
L LABORATORIES OGO-E Triaxial Magnetometer
TORRANCE CALIFORNIA Assembled Unit S 40843
CODE : Module 51731-101
IDENT NO 13126 Test Procedure for SHEET 6 OF 2‘9

ML FORM 201 P
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Expected Measured
Test Point Identification Voltage Voltage
M volts M volts
100 cps channel +10
220 cps channel +10
470 cps =10
1000 cps + 10
TP-23 Z Axis Wave Analyzer
specttum gain=200
. 10 cps Channel +10
22 cps Channel +10
47 cps Channel + 10 .;
100 cps Channel =10
220 cps Channel + 10
470 cps Channel  #10
1000 cps Channel =10

M MARSHALL : TITLE ) SPECIFICATION NO. REV
- LABORATORIES OGO-E Triaxial Magnetometer
L | roRRANCE CALIFORNIA Assembled Unit S 40843
CODE Module 51731-101
IDENT NO ]3] 26 Test Procedure for SHEET 7  OF )H “
ML FORM 201 ; P L
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279
Expected Measured |
Voltage Voltage
Test Point Identification MV MV
TP-24 X Axis Waveform, gain = 10 2500 £ 15
gain = 100 2500 % 15
gain = 1000 2500 £ 15
TP-25 Y Axis Waveform, gain = 10 2500 % 15
gain = 100 2500 £ 15
gain = 1000 2500 £ 15
TP-26 Z Axis Waveform, gain = 10 2500 % 15
gain = 100 2500 £ 15
gain = 1000 2500 £ 15
TP-27 X Axis Spectrum, gain = 200 2500 £ 15
TP-28 Y Axis Spectrum, gain = 200 2500 = 15
TP-29 Z Axis Spectrum, gain = 200 2500 = 15
TP-31 X Axis Wideband Spectrum Gain = 200 + 20
TP-32 Y Axis Wideband Spectrum gain = 200 + 20
‘TP-32 Z Axis Wideband Spectrum gain = 200 £ 20
M | MARSHALL TITLE , SPECIFICATION NO. REV
LABORATORIES OGO-E Triaxial Magnetometer
L TORRANCE CALIFORNIA Assembled Unit S 40843
Module 51731-101 :
?ggpf'( NO 13126 Test Procedure for SHEET 8 OF aja.
ML FORM 201 ' S

L
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3. Check waveform channel per following Table.
¥ i T - ¥ ¥ ¥ r *
| % ol * & * | %
(1) L@ (3 - @ 5) (6) m
e e s e e s i [ + . —_— { - e =
Input Sinewave Input ‘Waveform Waveform Test Point|Measured . Calculated
P-P Angplitude Frequency Bandwidth Gain . to Output p-p_ e
in MV "1 £04%  cps ! Setting : Setting Measure Amplitude €0 1 —> shall be
i ®2% . _CPS.___ .. .. S % 0.4% ©i e
200 1 64 10 24 { 10%0.2
200 1 64 10 25 © 10%0.2
200 1 64 10 26 10x+0.2
200 0.1 64 10 24 10£0.2
200 0.1 1+ 64 10 25 10 £ 0.2
! :
200 0.1 | 64 10 26 ! 10 % 0.2
200 | 64 64 10 24 5% 2
200 | 64 64 10 25 52
200 | 64 64 10 26 o522
; i
200 0.01 64 10 : 24 5%2
|
200 0.01 64 10 25 5% 2
200 0.01 64 10 26 52
M | MARSHALL TITLE SPECIFICATION NO. REV
L LABORATORIES OGO-E Triaxial Magnetometer
TORRANCE CALIFORNIA Assembled Unit 5 40843
CODE Module 51731-101 :
IDENT NO 13126 Test Pr ocedure for SHEET 9 OF . ﬂ
ML FORM 201 ;
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57917
* * * | % ® P *
(1) (2) 3) ;@ (5) © ()
Input Sine Wave Input Waveform ™ Waveform | Test Point ; Measured | Calculated
P-P Am%htude ¢ Frequency Bondwidth Gain to Measure! Output p-p - e
in MV, "i+ 0.4 cps * 2% | Setting cps Setting * Amplitude -2 shall be
% ' 0%0.4% - °i
200 0.1 1 10 24 ' 10%0.01
200 0.1 1 10 25 10 £0.1
200 0.1 1 v 10 26 10 £0.1
200 1 1 10 24 5:% 2
200 1 1 10 25 5%2
200 1 1 10 26 5% 2
20 2 64 100 24 100 £ 2 .<
20 | 2 64 100 25 100 £ 2
20 i 2 64 100 26 100 =2
2 2 64 1000 24 1000 + z0
2 2 64 1000 25 1000 = 20
2 2 64 - 1000 26 1000 + 20
M MARSHALL TITLE SPECIFICATION NO. Rev
LABORATORIES — :
L OGO-E Triaxial Magnetometer .
- TORRANCE CALIFORNIA Assembled Unit . S 40843

ML FORM 201
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: -



~p rage £5U

67-917

%* (1') Input sine wave p-p amplitude in MV, i 0. 4% Column (1) gives
the input signal p-p amplitude written in M volts. The measurement
accuracy is % 0. 4%.

* (2) Input frequency cps * 2%. Column (2) gives the frequency of the input
signal. The accuracy of the measurements shall be * 2%.

* (3) Waveform! Bahdwidth setting cps. Column (3) gives the bandwidth of
waveform channel. Waveform bandwidth may be checked on the
Stat-O-Lite. :

* (4) Waveform gain setting. Column (4) gives the waveform gain setting.

Gain setting may be verified on the Stat-O-Lite and changed by the
BTE Initiate Push Button when IMPULSE Com. dial is at WG setting.

#.. (5) Test point to measure. Column (5) gives the test point number which
output shall be measured at.

* (6) Measured output p-p amplitude €0 % 0.4%. Column (6) is provided to
record the measured output at test p int indicated in Column (5). The
output p-p amplitude shall be measured within £ 0, 4% accuracy.

o : e ‘

N (7} Calculated e__o shall be. Column (7) gives the acceptable range of .\‘
the gain i e :

e__o_ = (Column (6) reading)

i Column (1) reading’”
M |MARSHALL TILE A SPECIFICATION NO. REV
L LABORATORIES OGO-E Triaxial Magnetometer S
TORRANCE CALIFORNIA Assembled Unit 40843 -

CODE Module 51731-101
IDENT NO 13126 Test Procedure fo SHEET 11 OF (\%
ML FORM 201 : _ 7 -
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-

4. Check spectrum channel. Proceed per following Table.

T % % ¥ ¥ i g

.x:
(1) { (2) 3) (4) - - (5)

I Input i Input .Spectrum a Record Output Signal Calculated Gain, |
: Amplitude . Frequency; Gain { Amplitude (1)
§ MV £ 0.4%, cps + 2% Setting » 3] shall be
{ TP-27 | TP-28 | TP-2¢
g ; rtaa ? o mill
¢ 1000 ; 1 2 z 1.4£0.5
? = :
_3 1000 ’. 30 2 2.0 +£0.04
e j
: 1000 i 2000 2 2.0+0.04

100. 0 ; 30 20 20 0.4 .,
H . §
‘ 10. 00 ; 30 200 200 = 4 :
¢ ' -—-§

* (1) Input signal shall be a sine wave, column (l) gives the input signal

p-p amplitude in M volts. Measurements shall be done with * 40%
relative accuracy. Input shall be applied to TP-7. Check Stat-O-
Lite to make sure that IFC is off.

*

(2) Input frequency measured within * 2% accuracy.

* (3) Spectrum gain setting. Spectfum gain may be verified on the Stat-O-Lite
- and changed by BTE Initiate. push button when IMPULSE com. dials is
set at ST. .

% (4) Column 4 is provided to record the measured output. Output shall be
measured within % 0.4% accuracy. Output shall be measured at TP-27,
TP-28, and TP-29. .

3*

(5) Column 5 gives the acceptable range of the spectrum gain.

' ) REV
M M {:SB%?ILA!& ORIES T(')TA‘JEC)—E Triaxigl Magnetometer SPECIFICATION  NO.
L | 10RRANCE CALIFORNIA Assembled Unit S 40843 .

Module 51731-101. A .
ggpfr NO. 13] 26 Test Procedure for SHEET 12 OF
ML FORM 201 - > _ ﬂ}-‘"‘ﬁ "
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5. Check SCO.

1. Turn the SCO Command Switch of the BTE to on position. Set the
spectrum gain for 2.

2. Apply 1000 £ 5 M volts p-p 33 £ 1 cps sine wave to TP-7. Check
TP-17, TP-18, and TP-19 for a 500 # 10 M volts p-p 33 £ 1 cps
sine wave.

3. Apply 1000 £+5 M volts p-p 1 + 0.02 cps sine wave to TP-7. Check
TP-17, TP-18, and TP-19 for a 350 £ 120 M volts p-p 1 £ 0.02 cps
sine wave.

4. Apply 1000 £ 5 M volts p-p 1000 = 5 cps sine wave to TP-7. Check

TP-17, TP-18, and TP-19 for a 5b9 + 200 M volts, p-p 1000 £ 5 cps
sine wave.

6 Check wave analyzer channel.

ML FORM 201 .
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7.0 Wide Band Channel Checkout

and TP33. Output shall be a DC level, 4.000 £ 0.80V.

sure that the Spectrum gain is set at 2. Measure output at TP-31,
TP-32, and TP-33. The output shall be 2.000 £ 0.800V DC.

The output shall be 2.000 = 0.800V DC.

8.0 Status-Power-SCO

8.1 Turn the SCO COMMAND switch to OFF position. Voltage at TP-37
shall be 3.37 = 0.17 DC.

8.2 Turn the SCO COMMAND switch to ON position. Voltage at TP-37
shall be 1.70 £ 0,17V DC.

i
-

7.1 Apply a 2.000 £ 0.005V p-p 30 + 2% cps sine wave to TP-8. Make sure
q that the Spectrum gain is set at 2. - Measure output at TP-31, TP-32,

7.2 Apply a 2.000 £ 0.005V p-p 1000 = 2% cps sine wave to TP-8. Make

7.3 Apply a 2.000 £ 0.005V p-p 1.0 % 2% cps sine wave to TP-8. Make sure
that the Spectrum gain is set at 2. Measure output at TP-31, 32, and 33.

W1 FORM 201 E -
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3.

.0 SCOPE

This specification covers the electrical checkout of the Preamplifier
Assembly, OGO-E Triaxial S.C. Magnetometer.

.0 APPLICABLE DOCUMENTS

.1 The following documents, of the issue and revision in effect on the
date of invitation for bids, form a part of this specification to the extent
specified herein:

DRAWINGS
Marshall Laboratories
51733-101 Preamplifier Assembly
51734-101 Sensor Assembly
51732._ Interface Wiring Diagram
.2 Precedence of Governing Documents. Unless otherwise specified, when a
requirement of an applicable specification is in conflict with a requirement
specified herein, the requirement specified herein shall apply. When a

requirement of an applicable drawing is in conflict with a requirement
specified herein, the requirement specified on the drawing shall apply.

0 REQUIREMENTS

3.1 Acceptable results are contingent upon the use of the equipment and test

3.

procedures as specified herein. The test shall be performed in the exact
order specified herein.

2 Standard Test Equipment. The following standard test equipment, OR
EQUIVALENT, shall be used to check out the unit:

Oscilloscope, Tektronix, Model 535A.

Plug-In Unit, Tektronix, Type CA.

Power Supply, Hewlett-Packard, Model HP7Z21A.

Voltmeter, Triplett, Model 630NA.

Audio Oscillator, Hewlett-Packard, Model HP200CD.

Digital Voltmeter, Cubic, Model V-71.
Vacuum Tube Volt Meter, Hewlett-Packard, Model HP400H.

QEEoowy

Recorder, Texas Instruments, Oscilo/riter.

3.3 Special Test Equipment. The following special test equipment, not

available commercially, shall be used to check out the module:

A, Noise Amplifier, ML, Special.
M MARSHALL TITLE Preamplifier Assembly, SPECIFICATION NO. REV
L LABORATORIES OGO-E S
TORRANCE CALIFORNIA Triaxial S. C. Magnetometer 40847 .
3 ‘ ,
f(())EDNT N 131 26 ) Test Procedure for SHEET oF ‘2}?‘
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309

3.4 Test Procedure

3.4.1 Connect test equipment as shown in Test Setup No. 1.

3.4.2 Output dc resting level test.

3.4.2.1

3.4.2.2

3.4.2.3
3.4.3 Output ac gain

3.4.3.1

3.4.3.2
3.4.3.3

3.4.3.4

3.4.3.5
3.4.4 Heater Test.
3.4.4.1

3.4.4.2

3.4.4.3

Short pin 5 (IFC Signal) to ground.

Measure output voltage at pins 1, 2 and 6. (X, Y and Z
Axis, respectively). Output voltage should be +5 = 1.5
volts dc.

Record data in Table 1.

and response test.

Place a2 100 = 10 cps, 1.000 + 0,005 Vrms sine wave
signal into pin 5.

Outputs at pins 1, 2 and 6 shall be 1.000 + 0.015 Vrms.
Record data in Table 1.

Change input signal to 1000 = 50 cps with same amplitude
as 3.4.3.1.

Outputs shall be 0.97 .02 Vrms.

Place a milliammeter (VO19) from pin 4 to ground.

Current should measure 720 = 100 pa at +25°2 C (RT) and
4+ 50° C. Current should be 6.8 + .5 ma at -50° C.,

Record data in Table 1.

3.4.5 The above steps shall be performed at +ZVS° C (RT), +50° C and -50° C.

3.4.6 Noise test (RT only)

- ¥

3.4.6.1 Connect test equipment as shown in Test Setup No. 2.
3.4.6.2 | Measured output noise shall be less than 5 millivolts pk-pk
over a 100 second interval.
3.4.6.3 Record data in Table 1.
MARSHALL TME  broarnolitier Aceornbl SPECIFICATION NO. REV
“ | iasoratories | ogoEC mbly,
TORRANCE CALIFORNIA Triaxial S. C. Magnetometer S 40847
CODE Test Procedure for < 4
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TABLE I SRR
Test Axis Output Data
+25° C (RT) + 50°C - 50°C
Para 3.4.2.3 X Vdc Vdc Vdc
DC Level Y Vdc - Vdc Vdc
V4 Vdc Vdc Vdc
Para 3.4.3.3 X Vrms Vrms Vrms
100 cps Gain Y Vrms Vrms ’ Vrms
zZ Vrms Vrms Vrms
Para 3.4.3.5 X Vrms Vrms Vrms
100 cps Gain Y Vrms Vrms Vrms
Z Vrms Vrms Vrms
Para 3.4.4.3
Heater Current pa ma ma
Para 3.4.6.3 X mv p-p NA NA
| NOISE Y mv p-p NA NA
zZ mv p-p NA NA
NOTE: X Axis Output = Pin 1
Y Axis Output = Pin 2
Z Axis Output = Pin 6

M | MARSHALL
L | LABORATORIES
TORRANCE CALIFORNIA

TITLE
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APPENDIX D

NEW TECHNOLOGY REPORTS

Preamplifier
Gain Change Amplifier:
Voltage Controlled Oscillator

al-917
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NEW TECHNOLOGY 1. Reporting Organization: Marshall Laboratories
' DISCLOSURE Address: 3530 Torrance Boulevard, Torrance,

California 90503

REPORTABLE ITEM 2. Contract Number: JPI, 951142

14

A "Reportable Item" is any innovation, invention, improvement or discovery
conceived or first reduced to practice in performing work under the above
identified NASA contract and includes (but is not limited to) any new or
improved product, device, material, process or method and should be
promptly reported to the Contractor's New Technology Representative.

The questions below are not intended to limit information regarding
the Reportable Itemns; however, it must be complete enough for others
to fully understand the disclosures and its 1mp11cat10ns and possible
applications.

Title of Disclosure: Search Coil Magnetometer Sensor Preamplifier

Brief (Abstract) Description: The preamplifier was designed and

developed to amplify the low level output of a passive search coil

sensor from DC to 1000 Hz, Field effect transistors (FET) gmvpln;ced

were selected for their very low noise and high input impedance.

Description (Attach sheets as required)

A, Give complete information in the following order:
(1) . General ‘purpose of the item.
(2) Improvement and/or advantages over pnor methods,
R materials, or devices.
(3) Detailed description including as applicable the explanation

of the principle of operation: details of the preparation of
the process and/or materials; technical data, drawings,
and sketches. These should be included as required to
fully describe the Item. Include reference drawings, -
specifications, technical reports, test reports, aad

other technical information which will be useful in the
evaluation of the Disclosure. (If a document containing
excerpts of the requested description exists, it may be
attached to meet this requirement).

(4) Features of the Itemn believed to be new.

(5) Additional information to more fully describe the Item.

(6) Does the contractor intend to file a patent application?
Yes X No TBD
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B. Identify any previous publication of th:::h;)_i_.scélosure.
Non;e X . See attached sheet |
C List publications pertaining to this Item and where they may be
obtained.
None X See attached sheet

Applications: Include possible industrial and other non-aerospace uses.

- Identify specific industries, processes, or products in which the

Reportable Item might find application or to which it might be related.

This preamplifier could be employed‘for amplification of extremely

low level signals.

What are possible extensions of this Item: NA

Degree of Development. Check applicable stage:

Concept only Development completed; prototype available
X Limited production B Other-Remarks

Technological significance: In relation to the present state of technology,
this Reportable Item is considered to be a: o

Major improvement Substantial advance in the art x

Design improvement -
Optional-Publication of Reportable Items

It appears at this time that publication of this réportable item:

a.. would be of value to the Aerospace Industry
b. would be of value outside the Aerospéce Industry. If so,
one or more of the following are recommem.jled:
(1) ____amultiple-page Contractor Report .
(2) . ' a brief d'r.aft of a séientific Journal Announcement
(3) _X _abrief announcement (NASA Tech Bri.ef) for republication

on a technical or trade publication

c. publication is not warranted at this stage of development.

2
?.‘a‘
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Innovator's Name(s)

Signature | / Va7 272 /// Date / /

Type or Prmt name.__anman_Katz J 7

Technical Supervisor of Innovator(s)
Signature _Z_/%! Vi :ﬁé ‘,/\‘) Date // ((F

* Type or print néme’ Robeft Kobayashi

Contracto:':;Z:mology Utilization Representative
Signature v K Mble vme 2/ 00y
7 7 7T

Type or print name Geor'ge R. Mohler
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5,A Description of the Search Coil Magnetometer Sensor Preamplifier

1.0

2.0

3.0

JPL Contract 951142

PURPOSE

The purpose of the preamplifier is to amplify the output signal
from a passive search coil magnetometer sensor. This preamplifier

circuit was designed as part of the OGO-E-16 Triaxial Search
Coil Magnetometer.

IMPROVEMENT and/or ADVANTAGE OF DESIGN

This design incorporates for the first time for the OGO-E Search Coil
Magnetometer the use of field effect transistors for the input

stage and a matched differential dual FET amplifier for the

second stage. To increase frequency response, the input cable

and sensor shunt capacitance is cancelled by driving it with a

unity gain output stage.

These changes have resulted in a lower noise figure than have
previously been achieved in the frequency range from DC to

1 K Hz.

DETAILED DESCRIPTION

The preamplifier characteristics are as follows:

Input Impedance 2 109 ohms
shunted by 10 picofarads

Output Impedance £ 102 ohms
+20 volts at 1.5 ma_

Frequency Response DC to 3600 Hz (-3db)

Output Voltage 1 volt RMS into 50 K ohm
Gain 100 + 1
Noise a) <1 microvolt RMS from 0.0l Hz to 1 Hz

b) €0.0l microvolt squared per Hz from 5 Hz to

1 K Hz

- Operating Temperafure -50°C to +60°C

>
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Figure 1 shows the circuit diagram of the OGO-E Search Coil
Magnetometer preamplifier. The amplifier consists of a cascode
N channel FET amplifier, Q_ which in turn drives the PNP
differential amplifier Q, and Q_. The output stage is a PNP
emitter follower to provide low output impedance.

The open loop gain of the preamplifier is -about 104, and the closed
loop low frequency gain is 100, determined by the ratio of R5 and
Rl2. Capacitor C3, shunting R12; limits the high frequency response
by increasing the feedback at higher frequencies resulting in
decreased gain. The -3db break point occurs at about 3. 6 KHz.

The bias point of the field transistors Q, and Q_ is determined by
resistors Rl through R6. By proper selection of R3, R4 and R6

a quiescent drain current is set such that the cascode amplifier
exhibits a near zero temperature coefficient over the operating
range of -50°C to +40°C. The thermal stability of the cascode
amplifier in conjunction with the inherent stability of the differential
amplifier ensures bias pomt stab111ty over the entire operating
temperature range of -50°C to +60°C.

Capacitors Cl and C2 provide power supply decoupling, improving
the low noise characteristic of the preamplifier. Resistors R13

and R5 form a 100:1 voltage divider for the injection of the in-

flight calibration signals provided by the main electronics assembly.

NEW FEATURES

The usage of selected very low noise N channel field effect transistors
for high input impedance and low noise.

ADDITIONAL INFORMATION

For additional information reference OGO-E Search Coil Magnetometer
Final Engineering Report and/or Marshall Laboratories, 3530
Torrance Boulevard, Torrance,- California 90503.
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NEW TECHNOLOGY 1. Reporting Orgar;izationi Marshall Laboratories

’ DISCLOSURE Address: 3530 Torrance Boulevard, Torrance,

California 90503

REPORTABLE ITEM 2. Contract Number: JPI, 951142 )

i

A "Reportable Item' is any innovation, invention, improvement or discovery
conceived or first reduced to practice in performing work under the above
identified NASA contract and includes (but is not limited to) any new or
improved product, device, material, process or method and should be
promptly reported to the Contractor's New Technology Representative.

The questions below are not intended to limit information regarding

the Reportable Items; however, it must be complete enough for others

to fully understand the disclosures and its implications and possible
applications. ‘

Title of Disclosure: Gain Change Amplifier

Brief (Abstract) Description: The GCA can have a fixed gain of 1.4 or

14 depending on the gain control state. Two gain states allow an

instrument gain to cover a wide dynamic range of input signals,

Description (Attach sheets as required)

A, ‘Give complete information in the following order:
(1) General 'purpose of the item.
(2) Improvement and/or advantages over prior methods,
T materials, or devices.
. {3) Detailed description including as applicable the explanation

of the principle of operation: details of the preparation of
the process and/or materials; technical data, drawings,
and sketches. These should be included as required to
fully describe the Item. Include reference drawings,
specifications, technical reports, test reports, axd

other technical information which will be useful in the
evaluation of the Disclosure. (If a document containing
excerpts of the requested description exists, it may be
attached to meet this requirement).

(4) Features of the Item believed to be new.
(5) Additional information to more fully describe the Item.
(6) Does the contractor intend to file a patent application?

Yes - X No TBD

S
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B. Identify any previous publication of the Disc.losure.
None X See attached sheet
C. List publications pértaining to this Item and where ‘they may be
obtained.
None X See attached sheet

Applications: Include possible industrial and other non-acrospace uses.

' Identify specific industries, processes, or products in which the

Reportable Item might find application or to which it might be related.

The amplifier can be employed where’s)er there is a need for a fixed

controllable gain.

X  Limited production - Other-Remarks

What are possible extensions of this Item: NA.

Degree of Development. Check applicable stage:

Concept only Development completed; prototype available

Technological significance: In relation to the present state of technology,
this Reportable Item is considered to be a:

Major improvement Substantial advance in the art X

Design improvement

Optional-Publication of Reportable Items

It appears at this time that publication of this reportable item:
a. would be of value to the Aerospace Indﬁs#ry

b. would be of value outside the Aerospace Industry. If so,
one or more of the following are recommended:

(1) a multiple-page Contractor Report

(2) a brief draft of a s;:ientif{c Journal Announcement

(3) ¥X a brief announcement (NASA Tech Bri.ef) for republication
on a technical or trade publication .

c. publication is not warranted at this stage of development.
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Type or print name Dean Aalami

Technical Supervisor of Innovator(s)

Signaj:ure 7 t#‘x.f /@}34,//:3 Date /—30—GV

' Type or print name Robert Kobayashi

Contractor's 'I;?nology Utilization Representative

Signature  _“Top ey [(/Z/l(‘%&( Date 2///55
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Type or print name George R. Mohler
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5. A Description of the Gain Change Amplifier
JPL Contract 951142

PURPOSE

The purpose of the gain change amplifier is to provide an amplification
of 1.4 or 14 upon a command control.

IMPROVEMENT AND/OR ADVANTAGE OF DESIGN

This design incorporates for the first time for the OGO-E Search
Coil Magnetometer a dual FET input stage for high input impedance.
This allows the usage of a smaller ceramic, low leakage capacitor
between amplifiers. For a high pass frequency of . 004Hz a 1. 84f
capacitor can be employed.

DETAILED DESCRIPTION

The gain change amplifier is essentially a two stage differential
amplifier followed by an emitter follower. A high input impedance

" is realized by use of an FET differential input stage. The gain

of the amplifier is a function of the feedback elements.

Figure 1 shows a detailed schematic of the gain change amplifier.

Q; is a matched N channel field effect transistor used in a differential
circuit to optimize the thermal stability of the bias current. The
offset compensation of this stage is accomplished by use of select
resistor R4 and R5. This stage has a nominal gain of 2. 5 and drives
a differential amplifier made of matched PNP transistors Q3 and
Q4. This helps achieve maximum bias point temperature stability.
The voltage gain of the second stage is nominally 400. This
isolation amplifier Qg is operated in the emitter follower mode

and has unity gain. The open loop gain, being the product of the
gains of the individual stages, is nominally 103, The closed loop
gain is determined by the ratio of R11 to the parallel combination

of R7 and R8 where the control transistor Qj is "Off''. The control
transistor is kept "Off" as long as there is no positive signal applied
to its base. When such a signal appears, the control transistor
turns '""On'' and the closed loop gain is determined by the ratio of
R11 to the parallel combination of R7, R8, R9 and R10. See Figure 2.
In order to prevent high frequency oscillations inherent in high gain
amplifiers, the filter network R14, Cl and R15, C2 is inserted in
the circuit. The change gain amplifier is characterized by a low
output impedance, stable %ain chan%e and a very good gain stability
over a temperature of -15 C to +60 C.

NEW FEATURES

The usage of a matched paix; field effect transistors to achieve very

~high input impedance and low noise.

ol
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ADDITIONAL INFORMATION

For additional information reference OGO-E Search Coil Magnetometer

Final Engineering Report and/or Marshall Laboratories, 3530 Torrance
Boulevard, Torrance, California 90503.

11
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. 2B«
02) o -6V
i)
Gain Change Amplifier Module
(Figure 1)
Q1 = SU2066 Transistor Ri4 = 10K + 5% Resistor
Q, = GT5968 z R = 1K+ 5% "
= = " = "

Q3 Q4 SM9139H R . 33K + 5%
QS = 2N2484 Transistor R17 = 39K + 5% Resistor
R, = 22 Meg. + 5% Resistor C, = 120pf Capacitor
RZ= R3 =47.5K + 1% " C2 = 1000 pf Capacitor

- 1
R4 & R5 Select -.l_- 5%
R6 =49.9K + 1% "

=S + 5 n
R7& R9 elect + 5%
Rg = 100K £ 1% "
R10=3.24K‘1-1% A
R, =40.2K ¢ 1% "

) - 2]

R, =25.5K { 1%
R13 = 120K + 5%
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einO\(\r
OO eo
- R11
|
R7 R8
R1
R9 R10
J Sl
V lk ]
Bias® © v
(+2.5V) Note: R7 and R9 are Gain Trim

Resistors

_ Figure 2
Simplified Equivalent Circuit of Gain Change
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NEW TECHNOLOGY 1. Reporting Organization: Marshall Laboratories

) DISCLOSURE Address: 3530 Torrance Boulevard, Torrance,

California 90503
REPORTABLE ITEM 2. Contract Number: JPL 951142

A "Reportable Item" is any innovation, invention, improvement or discovery
conceived or first reduced to practice in performing work under the above
identified NASA contract and includes (but is not limited to) any new or
improved product, device, material, process or method and should be
promptly reported to the Contractor's New Technology Representative.

The questions below. are not intended to limit information regarding
the Reportable Items; however, it must be complete enough for others
to fully understand the disclosures and its implications and possible
applications.

Title of Disclosure: Voltage controlled oscillator

Brief (Abstract) Description: The miniature VCO was designed to

telemeter real time waveform of a triaxial S. C. Magnetometer. )

Center frequencies of 40K, 52. 5K and 70K Hz were emploved,

Frequenc iati ici i i

employed.
Description (Attach sheets as required)
A, Give complete information in the following order:
(1) . General ‘purpose of the item.
(2) Improvement and/or advantages over prior methods,
. materials, or devices.
(3) Detailed description including as applicable the explanation

of the principle of operation: details of the preparation of
the process and/or materials; technical data, drawings,
and sketches, These should be included as required to
fully describe the Item. Include reference drawings,
specifications, technical reports, test reports, and

other technical information which will be useful in the
evaluation of the Disclosure. (If a document containing"
excerpts of the requested description exists, 1t may be
attached to meet this requirement).

(4) Features of the Item believed to be new.

(5) Additional information to more fully describe the Item.

(6) Does the contractor intend to file a patent application?
Yes X No . ' TBD

-
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B, Identify any previous publication of the Discl.losure. 9 17
| None X See attached shect .
C. List publications pertainin.g to this Item and where they may be
obtained. .
None X See attached sheet

Applications: Include possible industrial and other non-aerospace uses.

' Identify specific industries, processes, or products in which the

Reportable Item might find application or to which it might be related.

The VCO can be em i i
to be transmitted through a FM/FM system -

-

What are possible_extensions of this Item: NA

Degree of Development. Check applicable stage:

Concept only Development completed; prototype available

.X Limited production ) Othexj-Remarks

-Technoldgical significance: In relation to the present state of technology,
this Reportable Item is considered to be a: '

Major improvement Substantial advance in the art X

' Design improvement -

Optional*Publication of Reportabie Items

It app_éars at this time that publication of this reportable item:

ca. would be of value to the Aerospace Industry
b . would be of value outside the Aerospace Industry. If so,
: one or more of the following are recommended: ’
(1) a multiple-page Contractor Report
(z2) . 2 brief dgaft of a s;:ientific Journal Announcement

(3) X a brief announcement (NASA Tech Brief) for republication
on a technical or trade publication .

c. publication is not warranted at this stage of development.

e
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Signature %/ﬂ.f/m /j/é Date-//_-'__}’f [V
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Type or print name Norréd; Katz /;;/L
r

Technical Superyjsor of Innovator(s)

Contractor's Tecknology Utilization Representative

Signature el /7’{,0'/1/&4 __Date 7%/&[
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5. A Description of the Voltage Controlled Oscillator
JPL Contract 951142

PURPOSE

The purpose of the subcarrier oscillator is to frequency modulate
the wideband signals from the X, Y and Z axis of the OGO-E
Search Coil Magnetometer for special purpose telemetry trans-
mission. '

IMPROVEMENT AND/OR ADVANTAGE OF DESIGN

This design incorporates for the Search Coil Magnetometer, a

low power circuit with improved stability as a function of tempera-
ture and greater linearity over the modulating frequency range of
1Hz to 100 Hz.

Frequency deviations of + 15% was used for the 40 KC SCO and
+ 7.5% for the 52.5 KC and 70 KC SCO's.

DETAILED DESCRIPTION

The subcarrier oscillator is, essentially, a frequency controlled
astable multivibrator driven by a current source. Better stability
over temperature is realized by operating the current source in

a common base mode and input signal coupled to the emitter.

Figure 1 shows a detailed circuit schematic of the subcarrier
oscillator. Transistor Q) and Q, along with timing capacitors
C2 and C3 constitute the multivibrator. Transistors Qg3 and Q4
control the charging current through C2 and C3. Increasing the
charging current decreases the charge time of the capacitors,
thereby, increasing the frequency of oscillation. The output
frequency of the SCO is, therefore, proportional to the amplitude
of the input signal. Bias current stability is provided by the
complementary emitter follower Q.. The variations in the base
emitter junctions of Q3 and Q4 with temperature will be cancelled
out by the opposing base emitter junction of Qg. The diode CR2
provides isolation between the SCO and the output amplifier Q.
The diode CR3 serves to stabilize the bias of Qg, and CR1 turns
"Off'" the SCO by clamping the base of Q] to +6 volts. -

NEW FEATURES

The application of many known techniques were applied to achieve
an overall improved circuit.
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ADDITIONAL INFORMATION

For additional information reference OGO-E Search Coil
Magnetometer Final Engineering Report and/or Marshall

Laboratories, 3530 Torrance, Boulevard, Torrance, California
90503.
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QIQZ = 2N3486
Q3= Q4 = 2N2484

QS = Q6 = SMO139H

CR1 = CR2 = CR3 = DHDI115

Rl =R‘5 =R6 = 100K t+ 1%

RZ = 68K'_l_' 5%
R3 = 90.9K + 1%
R =

4 78 79 13
=R, . =6.8K+ 5%

Re=Rio

R, = 220K + 5%
R, = 63K + 5%
Ry, = 4 42K + 1%

(2)

Figure 1

Transister

Diode

Resistor

R_=R_=R, _=30.1K+ 1% "

(14) (2)6RD
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= 4.7 pid Capacitor
= C3 = 270 pf
= 10, 000 pf "



