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APPENDIX A

DESIGN ANALYSIS REPORT, SIGNAL PROCESSING
CIRCUITS OF THE MAPS BREADBOARD

—t
(=]

CrNDr

~ N -

This report prevides design 2nalysis documentatiur for the sijnal pro-
cessing circuitry of thz MAPS breadboard electronics.

2.0 CIRCLIT REQUIPZMENTS

The sign:l processing circuit impicwentaticn is per the block diagram,
figure 1 uith the individual block requirements as delineated bslow:

2.1 Input Suffers

Eacr of 3 composite scens and balance reference signals ‘rom the sensor
head shall be received via a shielded twisted pair with a diffecentiai buffer
stage.

H
o
(5]

o+
(A
3

® guffer gain

b Nynamic range + 10 volts

v (S; *+ R;i and (S5 + Ry) buffer shall be non-inverting and the

(3. v %) buffer spaii be inverting.

<

2.2 AGT Atteructore

Per the blocl “lacram, C andiog multipiisrs srell be used 3¢ AGT atienuators
to centrol the gain cvor a range of + 255 around unity gain. The gain control
voltage is the + 10 volt cutpul of the AGC contrel integrator.

The transfer functior snall be:

€ /e, = + Kooy Vo

o/ein LRLYS S

where Vc = AGC Intejrator cum.out voitLge
KATT = Attenuator scaiin, . _to..
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2.3 AGC Loop Scaling

The AGC loops shall have a difference amplifier, a R timed synchronous
demodulator and an op-amp integrator. The total AGC loop gain and integrator
time constant shall be such that the AGC loop time constant is 20 seconds
when the R component of the buffer amplifier input signal is one volt peak to
peak.

2.4 R Qutput Signal Scaling

The R component of the (S2 + RZ) signal shall be demodulated, amplified and
filtered as the R output signal. Gain scaling shall be such that the d.c. out-
put is 2.5 volts per volt peak to peak square wave input to the (S2 + Rz) buffer
stage.

The output shall be filtered by an amplifier having 2 single order lags at
0.2Hz.

2.5 V Output Signal Scaling

The S component of the (S2 + R2) signal shall be demodulated, amplified
and filtered as the V output signal. Gain scaling shall be such that the dc
output is 1.0 volts dc per volt peak to peak square wave input to the (52 + RZ)
buffer stage.

The output shall be filtered by 2 single order lags at 0.2 Hz.
2.6 AV and AV' Signal Scaling

The difference in the gain adjusted S] and S2 signal components shall be
obtained, demodulated, amplified and filtered as the AV output signal. The
difference in the gain adjusted S3 and 52 signals provides the aV’'output.

The gain scaling for each signal shall be such that the dc output is
22.5 volts dc per volt peak to peak signal di“ference referred (o the buffer
amplifier inputs.

The outputs shall be filtered by 2 single order lac: at 0.2 ~7
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3.0  CIRCULT DESCRIPTION AND ANALYSIS RESULTS

Each of the individual circuits is described briefly below. The attached
circuit analyses provide an assessment of circuit performance. The circuits
are also shown on sketch schematics SK-MAPS-88-102 and 103.

3.1 Input Buffer Stages

This stage consists of a HA2-2700 operational amplifier with a gain of
+ 0.5 depending upon which input is used as the high side.

The feedback resistance is shunted with a selectable rolloff capacitor
which is used to adjust the phase delays between the S2 and S] or S3 chamnel.

3.2 AGC Attenuator Stages

The AGC attenuation function is implemented with an integrated circuit
analog multiplier. (Analog Devices AD 530L).

The AGC control input is fed both a +10 volt reference voltage and the
output of the AGC integrator stage through a resistive summing network. Hence
the nominal gain with no AGC integrator voltage is unity.

3.3 Difference Amplifier Stages

Each of the four differencing amplifiers uses a low power Harris HA2-2700
IC operational amplifier.

The AGC loop balance signal difference gain is 10. ThaaAV and AV' signal
difference gain is 15,

Small (0-50 ohn) selectable series resistors in the AV and AV' stage input
circuits are used to match these difference circuits to the AGC balance loop.
Resistor values are selected in test to provide a maximum reduction in the effect
of the V signal upon the AV andA V' outputs.

3.4 Demodulator

A11 six of the signal processing demodulator circuits employ an identical
circuit Topology.

The gain of a LMI08BA op-amp is switched between + 1 by a DG129 FET switch
1ntegra£ed circuit which is driven from the app:ropriate drive reference signal
(S or R). Pages 5 thru 8 of analysis attachment A review the demodulator
performance characteristics.



3.5 AGC Loop Integrators

Each of the 2 AGC balance loops utilize an operational amplifier type
RC integrator. '

The operational amplifier consists of a 2N5196 dual FET stage followed
by a LMIUBA IC op-amp.

The RC integration time constant is set by a 845K resistor and a 2.2 ufd
mylar feedback capacitor.

Analysis pages 9 thru 13 cover the AGC integrator performance.

3.6 Qutput Filter Amplifiers

Each of the output filter amplifiers uses a LMI08A IC op-amp in an active
filter circuit to provide two single order lags at 0.2 Hz while providing the
necessary gain.

Analysis pages, 14 thru 25, provide a complete performance analysis
of the R, V, aV, and AV' output filter amplifier performance.

3.7 OYERALL PERFORMANCE

The analysis results in attachment B show how an overall AGC loop time
constant of 20 seconds is achieved and reviews the various output scale factors,
offsets and scale factor stabilities.
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1.0

2‘0

2.1

2.2

2.3

APPENDIX B
DESIGN ANALYSIS REPORT, PYROELECTRIC DETECTOR GAIN
CIRCUITS OF THE MAPS BREADBOARD
SCOPE *

This report provides the design and analysis documentation for the pyro-
electric detector pteamplifier and second amplifier gain stages.

CIRCUIT REQUIREMENTS

Each of 3 pyroelectric detectors (PIN 8D008) shall interface with a pre-
amplifier and 2nd amplifier which have the following characteristics.

Detector Interface

) Source Load Impedance - 68.1K + 1% to - 12V
° Bias Voltage = - 6.0V + 2% from < 500K dc impedance

Preamplifier
The preamplifier shall have a gain characteristic which rises at 6db per
octane from 0.32Hz to 160 Hz.

The gain at 39 Hz shall be 248 + 10 percent. The preamplifier equivalent
input noise with the input terminated in 10K ohms shall not exceed 30 NV
ms in a 0.2 Hz bandwidth centered at the scene chopping frequency of 25 Hz.

Second Amplifier

The preamplifier shall be followed by a second gain stage which raises the
detector signal level to the + 5 volt range. This stage shall have its

low frequency response at less than 2.5 Hz and its high frequency rolloff
at greater than 500 Hz. The gain shall be adjustable by resistor selection
and/or potentiometer adjustment from 10 to 40.

B-1



3.0 CIRCUIT DESCRIPTION,AND ANALYSIS RESULTS

3.1 Preamplifier

A schematic of the preamplifier circuit is shown on page #1 of the attached
analysis. It is also shown on sketch schematic SK-MAPS-BB-105.

The circuit consists of a low noise differential FET stage followed by a
LMIOBA operational amplifier. The feedback network around the amplifier
then provides the required frequency response.

Pages 1 thru 5 of the attached analysis covers the FET stage biasing and
show an adequate phase margin to provide closed loop stability.

Pages 6 and 7 provide a tabulation of the expected closed loop response.
Page 15 is a plot of measured preamplifier response.

Analysis pages 9 thru 12 provide a simplified calculation of the preamplifier
equivalent input noise and presents test data which shows fairly close
agreement. In all cases the preamplifier noise contribution is significantly
less than that of the detector.

Pages 13 and 14 of the analysis compute the ratio of the preamplifier gains
at 23.5 Hz and 39 Hz (old operating frequencies) as a function of component
variations. For the component olerances used, the rss variation in the
gain ratio was 0.1 percent.

3.2 Second Amplifier

The second amplifier consists of an integrated circuit operational amplifier,
AR2(HA2-2700) and its feedback metwork components as shown in sketch
schematic SK MAPS-BB-105.

Attached analysis pages 16 ard 17 cover the performance of the amplifier.
Potentiometer R7 is used to set the overall gain to match a particular detector
responsivity.
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APPENDIX C
DESIGN ANALYSIS REPORT, LEAD SELENIDE OETECTOR GAIN
CIRCUITS FOR THE MAPS BREADBOARD
1.0  SCOPE
This report provides the design and analvsis documentation for the
cooled lead selenide detector preamplifier and 2nd amplifier gain stages.
2.0 Circuit Requirements

Each of 3 lead selenide detectors (FIN 8D007) shall interface with a
preamplifier and second amplifier gain stage having the following character-
istics.

2.1 Detector Interface

The preamplifier shall be a.c. coupled to a detector which is biased
from a 100 volt bias and is terwminated in a 1 megohm load resistance.

2.2 Preamplifier

The preamplifier shall provide a constant gain of 50 + 5% over the
frequency range of 10 Hz to 3 KHz.

The equivalent input noise shall not exceed 56 nanovolts rms in a 0.2 Hz
bandwidth centered at the scene chopping frequency of 177 Hz.

2.3 Second Amplifier .

The preamplifier shall be followed by a second gain stage which raises
the detector signal level to the + 5 volt range. This stage shall have its
low frequency response at less than 10 Hz and its high frequency rolloff at
greater than 5 K hz. The gain shall be adjustable by resistor selection
and/or potentiometer adjustment from 10 to 20.

3.0 CIRCUIT DESCRIPTION AND ANALYSIS
3.1 Preamplifier
A schematic of the preamplifier is shown on sketch schematic SK-MAPS-BB-105.

- The circuit consists of a Tow noise differenttal FET stage followed by
a LM108 A operational amplifier.




Pagés | thru 8 of the attached analysis covers the preawplifier
performance. Adequate biasing, closed loop stability and noise per-
formance is shown.

3.2 Seccnd Amplifier

The second amplifier consists of a HA-2-2700 IC operational amplifier
and the gain control feedback network. The key performance parameters are
given on Page 9 of the attached analysis.
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APPENDIX D

DESIGN ANALYSIS REPORT, CHOPPER MOTOR DRIVE AND PICKOFF

1.0 SCOPE

CIRCUITS OF THE MAPS BREADBOARD

This report provides design and analysis documentation for the choppaer
motor drive and pickoff circuits of the MAPS Breadboard. -

o

2.0 CIRCUIT REQUIREMENTS

The function of these circuits is to provide a variable voltage, variable
frequency 2-phase square wave voltage drive to a synchronous motor and to
provide the S and R demodulation timing signals.

a) Internal Oscillator

Provide an internal clock oscillator which will provide three
different switch selectable motor operating speeds. The basic
oscillator operating frequencies shall be 125HZ, 458HZ, and 916HZ.

Provision shall also be made to accept an external clock input.

b) Two-Phase Drive Logic

Provide two square wave logic signals with a 90 degree phase

.

relationship which have an output frequency which is one-fourth
that of the clock oscillator,

¢) Motor Drivers

Two separate PA and PB motor drive circuits shall be provided which
have the following characteristics:

Low impedance square wave output

Qutput voltage - within + 1 volt of the supply voltage
for a range of supply voltages from + 16 volts to *+ 60 volts.

Drive capability - must drive synchronous motor with
characteristics per specification 28006.



d) Pickoff Circuits

The chopper disc pickoff circuits shall provide wheel timing signals
as follows: \

° Lamp bias networks - Each of 2 1ight emitting diodes
shall be provided with a bias current adequate to give
sufficient detector signals.

o Pickoff Amplifier - The outputs of 2 separate phototransistors
shall be sensed and a 0 to + 5 volt square wave developed
by the use of a zero crossing detector.

o Timing Adjustment delay circuit - a delay circuit shall be
provided for each pickoff signal which allows an adjustable
delay of the square wave signal by up to 1 percent of its
period.

3.0 CIRCUIT DESCRIPTION AND ANALYSIS RESULTS

The motor drive circuitry is shown on sketch schematic SK-MAPS-BB-101 and
the pickoff circuitry is shown on sketch schematic SK-MAPS-BB-103.

The attached circuit analyses sheets provide an assessment of circuit
performance.

3.1 Motor Drive Circuits

The basic motor drive clock signal is obtained from an SES5L timing IC which
is connected as a free running square wave oscillator.

The two 90° phase related drive signals are then obtained from a cress
connected 2 bit shift register. (See analysis page 2.)

The drive signals are increased to 15 volts peak-to-peak by a 2N2222
stage and then ac coupled to the output drivers. AC coupling is used so that
the loss of the clock signal or external sync will result in the removal of
all motor voltages. ‘

" The output stage consists of a complementary pair of transistor switches
which alternately switch one side of the motor winding between the plus and
minus supply voltage. Clamp diodes (IN4944's) across the switches provide
current paths for transient inductive motor currents.

D-2
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3.2 Scene and Reference Pickoff Circuits

Two pliototransistor and light emitting diode pairs provide the pickup
of the S and R timing signals. As is shown on analysis page 5, a HA2-2700
IC operational amplifier is connected as a voltage comparator with positive
feedback to develop a square wave output from the phototransistor signal. The
phototransistor output is AC coupled so the circuit switches only on zero
crossings and is immune to steady state 1ight level responses of the photo-
transistor.

Analysis pages 6 and 7 show the timing of the adjustable delay circuit
which provides an overall timing signal delay. The delay equals the period
of the one shot circuit using the 2N2222 transistor.
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APPENDIX E

DESIGN ANALYSIS REPORT TEMPERATURE SENSING AND CONTROL
CIRCUITS OF THE MAPS BREADBOARD

1.0 SCOPE \

This report provides the design analysis documentation for the three
blackbody temperature sensing circuits, for the three detector temperature
sensing and control circuits and for the on-off temperature controller
circuit.

2.0 CIRCUIT REQUIREMENTS

2.1 Room Temperature Blackbodies

For each of 2 unheated blackbodies, provide an analog voltage
proportional to temperature over a minimum range of 7°C to 37°C. The
output signal range shall be +5 volts with a measurement accuracy of
#0.25°C.

2.2 Heated Rlackbody

For the heated Blackbody. provide the analog output over a minimum
temperature range of 67°C to 87°C with an accuracy of 4#0.25°C. The
output signal range shall be +5Y nominal.

2.3 Cooled Detectors

For each of 3 cooled detectors, an analog voltage output shall be
generated using the thermistor internal to the detector (per PIN 80007).
The measurement range shall be a minimum of -65°C to <90°C with a
measurement accuracy of +3°C with individual thermistor calibration.

In addition, the temperature readout voltage shall be compared
with a set point voltage and the difference signal used to control the
voltage applied to each detector thermoelectric cooler to maintain a
constant detector temperature.

2.4 On/0ff Blackbody Heater Driver

An on/off temperature controller shall be provided which switches 28V,
10 watts max, to the blackbody heater.
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3.0

The set point temperature shall be adjustable from 72 to 80°C.
The switching point dead zone shall be as required for +3°C
temperature control.

CIRCUIT DESCRIPTIONS

3.1 Temperature Sensing Circuits

The six temperature sensing circuits are shown on sketch schematic
SK-MAPS-BB-104. The circuits are identical in the sense that a thermistor-
resistor bridge circuit and a gain scaling isolation amplifier are used in
all cases.

The three blackbody sensing circuits use YSI precision thermistors
which provide matched interchangeable temperature/resistance characteristics
to within +0.5 percent.

The three cooled detector circuits use the thermistors internal to the
detector. Because of the wide variation in thermistor characteristics
from detector to detector, a selectable shunt resistance is placed
across the thermistor in each case. Individual circuit calibration
is still necessary however.

3.2 Blackbody Heater Drive

The blackbody heater drive circuitry and the 3 detector T.E.
cooler control circuits are shown on sketch schematic SK-MAPS-BB-101.

Transistors Q12 (2N2222) and Q13 (2N5153) comprise the heater
on/off voltage switch. A Harris 2700 operational amplifier is used as
a voltage comparator to drive the voltage syjtch. _The blackbody
temperature voltage is then compared with a set point voltage at the
input of the voltage comparator to provide the control action. Positive
feedba~k around the comparator sets up the switching dead zone.

3.3 Thermoelectric Cooler Controllers

The T.E. cooler drive and control circuits are shown on sketch
schematic SK-MAPS-BB-101. Each T.E. co0ler is provided with a low
impedance drive voltage from a darlington connected emitter follower
circuit. The emitter follower is driven by a gain of 100 control
amplifier which uses an LMI08A 1.C. operational amplifier.

E-2



The control amplifier compares a temperature set point voltage
from a potentiometer voltage divider with the output of the detector
temperature sensing circuit and amplifies the difference voltage to
provide temperature control.

4.0 CIRCUIT ANALYSIS

The attached sketch sheets provide supporting circuit performance
analyses.

Pages 1 through 4 of the attached analysis show a rss uncertainty in
the unheated blackbody temperature measurements of +37.2 millivolts or
#0.14°C at a nominal temperature of 22°C.

Pages 5 through 7 give the program results for the heated blackbody.
The rss uncertainty in readout at 77°C is +0.2°C.

Pages 8 and 9 cover the cooled detector temperature sensing circufts
using data from opto-electronics detector S/N 005. As the data shows a
thermistor shunt resistor must be selected for each detector and a separate
output calibration curve will be needed because of the differences in
the detector thermistors.

Page 16 shows the thermoelectric cooler drive circuitry and “eedback
control amplifier.

Analysis pages 11 through 14 cover the temperature controller circuit.

An adequate drive capability is shown along with an adequate set point
adjustment range and dead zone.
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GROUND SUPPORT UNIT DESIGN AND FABRICATION -

INTRODUCTION

The Ground Support Unit (GSU) was designed to serve as the radiometric
calibration standard fo. -he MAPS ’'.strument and provides a capability for
simulating a broad range wrce temperatures and pcllutant concentrations.
It allows a complete end-to-end checkout and calibration of each MAES channel.
It was designed for use in the performance evaluation of the BRL brassboard
interfaced with the TRW signal processor and prior to the reldirection of

the contract it had been intended to be used in the performance evaluation of
all models through to the flight model. The GSU consists of a hlackbody
radiation source and absorption gas cell whi h may be adjusted over the
temperature range 240°k to 320°K and placed between the target source and

each individual MAPS channel.

COMPONENT L..SIGN FEATURES

Blackbody Target Source

A blackbody source with a minimum clear aperture of 12 cms. was purchased
from Eppley Laboratories. The source has an operating range of 240% to
350°K, the lower temperature being achieved by a thermoelectric cooler
backed by a Lauda Brinkmann refrigerator. The source is complete with five
nlatinum resistance thermom:ter sensors which are dépable of monitoring the

o
uniformity and accuracy of the source to + 0.1°cC.

Absorption Gas Cell

The absorption gas cell consists of a type 304 stainless steel double walled
cylinder of & metre length between germanium windows. The cell has four ports,
two for cell windows and one each for pressure and temperature feedthroughs,

and pump and marifold couplings. Multiple circular baffles are located



between the double walls of the cell to restrict the coolant fluid flow,
reduce any dead spaces within the volume, and remove any thermal non-
uniformities within the cell. Nine copper-constantan thermocouples are
located within the cell, three at each end and three located in the centre
of the cell to measure thermal uniformity of the gas within the cell.

<21 Windows

Cell window material is germanium. Ge has transmission properties with
broadband A.R. coatings > 90 percent required per window in each of the required
spectral regions to achieve a cell transmission > 80 percent. It is also
chemically compatible to small concentrations of the proposed test gases and

its absorption coefficient does not change significantly over the temperature
test range. The entrance window clear aperture is 12 cm. x 0.5 cm. thick and
the exit window ciear aperture is 9 cms. X 0.3 cam. thick. The A.R. coatings

used have a vafour pressure < 10-3 Torr.

Pressure Transducer

An M.K.S. pressure transducer with a 0 to 1000 Torr head was initially installed
in the absorption cell to act as the absolute standard for gas concentration
measurements. However after delivery it was found that the M.K.S. capacitance
manometer had insufficient accuracy and also suffered from considerable drift and
could not be used as the absolute standard in the region 10-3 Torr - 1 Torr.

To overcome this difficulty an NRC-801 thermocouple gauge was installed in

the absorption cell and on the manifold to measure ultimate vacuum and leak
rates. The calibration of the thermocouple gauges should be verified at

regular intervals.

Vacuum Pump

A double stage rotary pump with a pumping speed of 100 litres/minute is used
to evacuate the cell and manifold. With this pump in series with a molecular
sieve trap an ultimate vacuum of 1 x 10_3 Torr was achieved in the absorption
cell.
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Heat Exchanger

An F.T.S. model FC-50-40 compressor with a Model ngr;mobe is used to provide
the cooling capability to the circulating fluid between the cell walls. This
combination with the probe immersed in an insulated, well stirred, open topped
dewar containing 8 litres of ﬁéig;iéi and a room ambient of 24°C has a cooling
capacity of = 1200 Watts. A proportional thermocouple temperature controller
with a 1.2 kw heater p oportions power to the heater to achiewve control accuracy

of the fluid in the dewar of 0.1°C.

Thermocouple Readout

The nine themocouples located within the czbsorption cell are read out on a

Doric multi-channel digital thermometer with a resolution of 0.1°x.

Test Gas Specifications

Research grade test gases with certified analysis are used and introduced to
the cell manifold via high purity stainless steel single stage regulators which
have been helium leak tested.

The gases provided are as follows:

1. Matheson purity nitrogen with analysis for hydrocarbons and dew point.

2. 0.03 percent anmonia in nitrogen to a certified standard.

3. 0.3 percent carbon monoxide in nitrogen to a primary standard contained

in an aged cylinder.
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Insulation

The absorption cell is insulated with three inches of polyurethane foam to
reduce the effect of conductive and convective heat losses wher operating the
cell at temperatures below ambient.



G.S5.U. SUBSYSTEM TESTS

Inner Cell Leak Test July 8 to 14 -- see Figure lA, 1B, 1lC.

The G.S.U. gas cell minus outer covering, port flanges and end flanges

was leak tested with dummy flanges and ports. The cell pressure was
monitored with a Varian 801 thermocouple gauge with 531 thermocouple head.
Preliminary tests were carried out with the cell in the same condition as it
was delivered from the welder, that is with the welding blemishes from the
attachment of the circulation baffles. These tests indicated that the cell
leak plus outgassing rate was 7 + 1 p/minute. In addition negative results
were obtained (indicating no leaks) when the cell welds were sprayed

with acetone.

After this test the decision was made to grind oct the weld blemishes
since they obstructed the placement of the T.C. rack and were potential
sources of outgassing. After the welds were ground out the cell was
cleaned of any loose metal and flushed with tetrachloroethylene until

no residue appeared on a clean kimwipe used to scrub the inner cell wall.

The second inner cell vacuum test proceeded as the first. The leak

Plus outgassing rate was approximately 3 p/minute and the acetone spray
gave negative results. The leak and outgassing rate was approximately
.4 that of the preceeding test (l.1). This indicated that cleaning the
cell inner walls and/or removing the weld blemishes reduced outgassing.
The cell exceeded the leak specifications (20 p/minute) by a factor of 7

times and was cleared for welding the flanges, ports and outer shell.

Checkout of the MKS Capacitance Manometer. May 30 to June 3.
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2.1 1In order to test the MKS system, the pressure head was attached to a
rotary pump vacuum system to which a Varian thermocouple head and
Vacustat McLeod gauge were also attached. Pressure readings were
taken with the pump valve closed so that all gauges were at the same
pressure during the test. Two sets of measurements were made; one
gset was made three hours after switching on the electronics and the
second was made three days after switch on (the latter set was taken
to ensure that measurements were taken after the system had adequate
time to thermally stabilize).

2.2 ¥Friday Observation (May 30) -- see Figure 2.

The MKS capacitance manometer system exhibited zero drift that exceeded

the absolute pressure accuracy specification of 10-5 of full range which

was 1,000 Torr. The drift observed was positive and exceeded 1.0 Torr/hour.
The drift mecasurements were made after the manometer and associated
electronics had warmed up for two hours (with the manometer thermal regulator
on). The quad setting had been minimized and the null and full scale
calibrations had been set. The system pressure was verified not to drift

by checking wth a McLeod gauge and a Varian thermocouple gauge, both of

which gave the same absolute pressure to within + 5 y with no indication

of pressure drift.

2.3 Monday and Tuesday Observation (June 2 and 3) -- see Figure 3.

L4

The MKS manometer was run on the vacuum system over the weekend (the system
Pressure was unchanged Monday morning at 40 u. The MKS zero was set at

40 y and the pressure monitored for 24 hours. The manometer showed an
initial drift of -.02 Torr/hour which was reasonably linear. In addition
the MKS pressure reading fell to -.57 Torr overnight (net rate of 0.1 Torr/

hour.

2.4 On the basis of these measurements the MKS head was returned for replacement,
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3.1

3.2

3.3

3.4

b
e |

Checkout of Replacement MKS Head and Pressure System (July 14)

After receipt of the MKS replacement head a second calibration test

was carried out. MKS again had not supplied a calibration for the head
in the 0 to 1000 Torr region (as requested by BRL). Communication with
MKS indicated that no systematic calibration in the region had been taken
and time constraints did not allow the head to be returned to MKS for

calibration.

The MKS head was attached to the Alcatel vacuum pump and pumped down.
The DVM (170 - M - 25) readout for the MKS head read 12 V

overload with the electronic setting on null (0.0 V output), F.S.
(10.0 V output) and with the DVM inputs noted. Operation of the MKS
head and electronics (manus the DVM) was verified with an AVOU meter.
A replacement DVM was requested (shipped from MKS on July 14). The
rest of the MKS system was checked out with an H.P. DVM and with a

McLeod and Varian pressure head to calibrate the MKS head.

After the system pressure had stablized (both on the Varian thermocouple
and the McLeod) the MKS showed a negative pressure drift. The MKS,

Varian and McLeod pressure readings were monitored for a 15 hour period.
The Varian and McLeod readings remained stable at 50y and 40u respectively
during the 15 hour interval. The MKS pressure reading decayed from 1450u
to -200p during the same interval falling most rapidly in the first two

hours (e.g. 1450 to 135u). See Figure 4.

Communication with MKS indicated that the system performance was generally
measured after stabilization for at least 3 hours. The "absolute" accuracy
statements in the MKS literature were concluded to be valid for only short
term measurements. Our test indicated absolute pressure measurements have
an accuracy no greater than + 2 Torr unless calibrated with another absolute

pressure head.,
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4. Vacuum Pump Checkout (July 13)

The Mcleod pressure gauge was connected directly to the Alcatel
vacuum pump. The ultimate vacuum obtained for the pump (without the
molecular sieve) was measured at 1l.4u. McLeod gauges of this type
have absolute accuracies of + 3u* (Ref. Edwayds vacuum components
catalogue pp. 111, 112).

(* at pressure from 10p to Ou)
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Checkout of Varian TC Gauge (July 16)

The Varian TC gauge and the McLeod gauge were attached to the Alcatel
vacuum pump (with molecular sieve). One half hour after the pump down
the Varian thermocouple gauge read 30u while the McLeod gauge read

Su. The Varian thermocouple pressure reading then slowly fell while
the McLeod remained at 5u. After about 10 hours the Varian stabilized
at 10y (McLeod read 5u). The Varian gauge reading remained at 10p for

about 5 hours (until the system was pressurized).

Subsequent measurements with the Varian thermocouple gauge confirmed their
zero drift. In order to obtain an accurate pressure zero with the Varian
pressure gauge it should be held at a vacuum that is better than 10y

for at least 10 hours.
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6.1

6.2

6.3

6.4

Checkout of Blackbody System (July 22). See Figure 5, 6.

The blackbody system was interconnected per the Eppley instructions.
Operation of the Doric platinum resistance thermometer was verified
at room temperature. The platinum resistance thermometers read

room temperature to within .2°c (no control on BB temperature).

The Lauda Brinkman cooler was set at —10°C and the compressor was
switched on. After 1 hour 45 minutes the temperature of the bath (with
circulation pump off and no thermal load) read +10°C. The circulation
pump was switched on and the blackbody T.E. cooler was set at 1,000

(low range). The BB temperature fell to —40° and then began to rise.

_The coolant temperature rose from 10°C to 25°C. It was apparent that

the T.E. cooler was thermally overloading the Lauda Brinkman cooler.

The test was repeated with the T.E. cooler at a setting of 2,500. 1In

. O .
this test the BB temperature reached -20 C then began to rise when the

" coolant temperature went from +14.5°C to about 35°C.

It was concluded that the Lauda Brinkman cooler could not handle the
150 watt maximum thermal load of the blackbody T.E. cooler. The rated
cooling power of the Super K2R cooler was 250 watts. Consequently, efforts

were made to have the refrigerator unit repaired or replaced.
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7.

vacuum Test of the Completed Cell (July 23 to July 25. See Figure 7.

7.1 The completed cell (with end flanges, port flanges and outer shell) was

7.2

7.3

connected to the Alcatel vacuum pump with molecular sieve. The Varian
thermocouple, McLeod, and MKS pressure gauge were connected to the
inlet of the pump upstream of the gate valve with a “Tee" coupling.
The upper flange was sealed with the doubler flange, germanium window,
and window retaining ring (per assembly drawing). The lower flange
was sealed with a flat plate and "0" ring.

The system was pumped down and the pressure read on the Varian thermocouple
and the McLeod gauges. The cell pumped to 1Oy in about S minutes and to
about 5u in one hour.

The main gate valve was closed and the pressure monitored with time.
The Leak plus outgassing rate with the Mcleod was 3.lu/minute, with
the Varian thermocouple, 13p/minute and with the MKS, 3.8u/minute.
The MKS rate was measured by the decrease in pressure when the system
was pumped out (after being closed off 10 minutes). In this way the

drift of the MKS did not affect the reading because the pump out occurred
in less than 10 seconds.

The difference in readings between the McLeod; MKS and the Varian
indicated that the Varian was more sensitive to an outgassed component
than either of the displacement type gauges. Thig is not unusual
since the Varian is sensitive to the thermal conductivity of the medium

surrounding the gauge, which changes with molecular weight as well as

pressure.

All welds on the cell were sprayed with acetone while the system was under

vacuum (gate valve closed) and no leaks were detected.
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Vacuum Test of Completed Cell Coolant Chamber. July 28. See Figure 8.

The coolant chanber was connected to the vacuum pump with flexible
teflon tubing. The inner chamber was pressurized and the window was
removed. The outer chamber pumped down to 30u on the McLeod gauge.
All welds on the outside and the inside of the cell were tested by
spraying with acetone. No leaks were detected in the coolant chamber.
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Checkout of Brinkman Lauda Cooler after “Repair"

The Lauda Brinkman cooler was set at -20°C and the compressor switched

on. The temperature of the coolant in the bath was monitored (circulator
on, T.E. cooler off) with time. The temperature of the bath fell to +15°¢C
(from 27°C) in 31 minutes, then began to rise. The thermal overload relay
on the compressor motor began switching at the point in time that the bath
began to warm up. The problem was diagnosed as either a faulty thermal
overload switch or a faulty compressor motor that caused the system to
overheat. Communications were resumed with Brinkman and Eppley in order

to have the system replaced or repaired.
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10.

Checkout of the FTS Temperature Control System

The FTS bath was filled with methanol and water solution and the
compressor, pump and stirrer were hooked up. The stirrer and pump
operations were verified. The compressor motor operated intermittently
when connected to the maing with an extension cord. Checking the voltage
across the cord indicated that the starting current of the compressor
caused an 18V drop when the compressor was switched on. The compressor
operated satisfactorily when connected directly to the mains through its
own power cord. The system achieved a bath temperature of -32.5° in

1% hours when the ambient temperature was +32.22 (AT = 64.7°C).
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11.

GSU Debugging and Calibration

41.1 Calibration of Gas Cell Thermocouple

Theninemeqathermco\élestobensedinthegasceuueze
interconnected with the Doric Digital Thermocouple readout per

Doric instructions. The ends of the thermocouple were sheathed

in plastic and attached to the La‘'da Brinkman cooler bath thermometer,
near the bulb. After a preliminary calibration run the Doric zero
and span controls were set 80 that the Doric readout corresponded

to the Lauda Brinkman thermometer. The bath was the - cycled from
-5.4%C to +49.2°C in a one hour period. Readings were taken for all
nine thermocouples at eight temperatures. See Table 1. At the highest
temperature the potential across termocouple #5 and #6 (#6 in water
ice Lath) was measured. Thermocourle #5 was supplied with an absolute
calibration carried out by Orenda. The voltage across these thermo-
couples corresponded to S4.33°C compared t0 an average reading of
54.41°C for the rest of the thermocouples. Thus the maximum error

in absolute temperature (at 54.40) is estimated at .oe°c.
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L.B.
meter 1 2 3 4 S 6 7 8 9
-5.4 -5.4 -5.4 -5.4 -5.4 -5.4 -5.4 -5.4 -5.4 -5.4
-1.1 -1.1 -1.1 1.1 1.1 1.1 1.1 1.2 1.2 1.2
+2.8 2.8 2.8 2.8 2.7 2.7 2.7 2.7 2.7 2.7
+10.8 10.7 10.7 10.7 10.7 10.7 10.7 10.7 10.6 10.6
24.1 24.0 24.0 24.0 24.0 23.9 24.0 24.0 24.0 23.9
25.3 25.2 25.2 25.2 25.2 25.2 25.2 25.3 25.3 25.2
36.5 36.5 36.5 36.5 36.4 36.4 36.5 36.5 36.5 36.5
49.2 49.3 49.3 49.2 49.2 49.2 49.2 49.3 49.2 49.2
TABLE 1.
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11.2

11.3

11.4

Debugging Vacuum System
The assesbled vacuum system was tested in the following sequence:

1. Vacuum pusp to ACG valve and 4" shroud and manifold pumpline
2. Vacuum puep to manifold and shroud gate valve

3. Manifold

4. Shroud puspline

5. Gas cell

S. Black Body shroud

Each subsystem was tested by spraying couplings, joints and valves

with acetone. In addition ultimate vacuums and leak plus outga.ssing
rates were mcasure?d f(vhere possible). Only minor leaks were detected
and these were eliminated by tightening the vacuum couplings. The
molecuiar sieve filter was found to outgass but this was remedied by
replacing the charge of the molecular sieve. The vacuum pumpline (1) (2)
pusmped down to 6u in 1S5 minutes and fell to about 2u in three hours.

The manifold and shroud pumpline (3) (4) had a leak plus outgassing rate
of 2u/minute and pumped down to 25§ (on the manifold thermocouple pressure
gauge) after 16 hours. The gas cell had an outgassing rate (after 48
hours of continuous pumping) of 1.5u/minute and an ultimate vacuum (by

thermocouple pressure gauge) of 1.3u. The blackbody shroud reached
280u in about three hours.

Debuggir_\g Cell Fluid Circulating System

The Cell circulation chamber was filled with fluid by venting with the
plug at the top of the cell with the FTS circulation pump running. The
fluid level of the bath was monitored for 72 hours after this to detect
any leaks into the fluid circuit {cell, pipeline, pipeline connections)

which would have resulted in an increase in the bath level. No increase
of the bath level was detected.

Debugging Replacement Blackbody Cooler

The replacement Lauda Brinkman cooler was connected to the blackbody.
The bath was charged with methanol and the compressor run (with the
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11.4

(Continued)

the circulation pump off) until the bath temperature was -20°Cc (1% ho
The circulator was then switched on. The Black Body temperature
fell to -12°C in about one hour. The Temptonic T.E. control was

set at 2,000 and switched on. The Black Body temperature fell to
-41°C in 8 minutes. The T.E. control was reset to 2,350 and the BB
temperature stabilized at 40.0° £ .1°C for two hours. In this time
the coolant temperature rose to about -9.5°C. See Table II.

Table II ,
Elapsed time after oC oC !
TE cooler switched Black Body Coolant
on (minutes) Temperature Temperature
0 -12 -19
2 -26 -17.5
5 -36 -15
8 -41 -13.5
13* ~-40 -13.0
43 -39.9 -12
114 -40.06 -10
133 -40.10 -9.5
*reset TE control B
to 2,350
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ACCEPTANCE TESTS

Formal Acceptance Tests were carried out on the G.S.U. at BRL premises on
September 4th and 5h, 1975. These tests were carried out in the presence of
BRL Q.A. personnel and a TRW representctive. The test data recorded are
included.

SHIPPING
A copy of the shipping order for the G.S$.U. is included. A BRL representative

was on hand at TRW to assemble the GSU after receipt of shipment at TRW. This
was accomplished and all systems checked out to TRW satisfaction.

F-22
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QUALITY ASSURANCE

The document package assembled by Quality Assurance for 196-11 GSU is on
file, and is to all intents and purposes structured in the following manner.

1. The Receiving Function

Copies of Purchase Orders, Packaging Slips, Drill Certificates, Test Result
Sheets, Certificates of Compliance and all related correspondence together
with BRL Accept, Test and/or Reject Tags are cross referenced ccmpletely

and recorded in an "Incoming Materials Log", such log allocating R/L (Release

Numbers) that act as common demonimations to individual incoming occurrences.

2. Assembly and Internal Manufacture

All work tasks performanced internally are qualified by Q.A. acceptance tags,

all such tags having been retrieved and assembled in the Q.A. files.

3. Correspondence BRL/TRW

Copies of all correspondence by BRL and by TRW related to Quality Assurance

remain on Q.A. files.

4. GSU Acceptance

Copies of all acceptance test and test data information are on Q.A. files,
as yet we still await return from TRW signed copies of the formal acceptance

test document and the IR 501108 that will "buy off"™ the deviations from specifica
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OPERATIONAL MANURLS

1.

Eppley - delivered to TRW with GSU
Lauda -~ included in this package
MKS - delivered to TRW with GSU
NRC - included in this package

FTS - delivered to TRW with GSU
Doric - delivered to TRW with GSU

BRL - included in this package

F-27
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APPENDIX G

MAPS ELECTRONICS BREADBOARD TEST PROCEDURE
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Revision A
August 11, 1975
MAPS ELECTRONICS

BREADBOARD TEST PROCEUURE

1.0 SCOPE

This procedure covers the final performance testing of the MAPS
Electronics breadboard exclusive of the circuitry contained in the
opto-mechanical head assembly.

2.0 TEST CONDITIONS
2.1 Test Article

Tﬁé MAPS electronics breadboard consists of a chass}s assembly
containing 4 breadboard circuit assemblies whose sketch schematic
identitication is as follows:

Bd. #1 - SK-MAPS-BB-101, Temperature Control and Motor Drive

Bd. #2 - SK-MAPS-BB-102, Signal Processing - A

Bd. #3 - SK-MAPS-BB-103, Signal Processing -~ B
Bd. #4 - SK-MAPS-BB-104, Temperature Sense and Bias Regulators

Breadboard input/output connecticns are delineated in sketch
# SK-MAPS-BB-107.

2.2 Test Equipment

Testing of the breadboard will be performed using the special power
supply panel to provide the various secondary voltages. Inputs simulating
signals from the opto-mechanical sensing head will be provided from a
special head simulating kludge box.

Simulation of various’ thermistor inputs will be provided by decade
resistance boxes. The motor, heater, and T. E. Cooler loads will be
represented by a set of load resistors.

In addition to the above mentioned special items, the following
additional test equipment is needed:
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2.2 Test Equipment - continued
Function Generator, Wavetek
pscilloscope, Tektronix

W Type, Plug- an for Tektronix Scope
DVM, DC and rws AC

Counter, frequency

Strip Chart Recorder, S.uborn

Data Translator Box, TRW Special to inter:i..e DVM to an
HP9100 Culculator

HP9100 Calculator
VOM '

2...1 Test Eyuipment Descriplion

2.2.1.1 Sensiny Head Simulator

\

This unit provides the S and R timing inputs as well as the 3
simulated radiance input signals denoted (S] + R]). (S2 + RZ) and
(S3 + R3). Potentiometers on the simulator allow the adjustment of
the balance signal level (R), the common scene signal level (S) and
the addition of 4 small scene signal component to the (S] + R]) and
(S3 + R3) signals (simulating the aV and AV' signals).

In addition, the relative amplitudes of the (S] + R]) or ’53 + R3) signals
may be adjusted without changing the ratio of scene signal to balance
signal. (This simulates ‘individual channel gain variations.)

2.2.1.2 Load Simulator -

The chopper motor, the BB heater, and the 3 T, E. Coolers are
simulated by a set of load resistors as tollows:

® 2-Motor Coils
o 1-BB Heater
o 3-TE Coolers-

1060  ohms each (represents 60V case only)
82.5 ohms
21.5 ohms each

2.2.1.3 Ddata Reduction Unit

-

This unit accepts d.ta from the Digital Voltmeter and format. it for
readout to a HP9100 calculator. The culculator is then programmed to
provide the mean anag  undard deviation of a selected number of DVM
readings.

TiGINAL PAGE IS
OF FOOR QUALLTY G-3
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3.0 PROCEDURE

3.1 Procedure Performance

The - tep-by-step procedure for the functional testing is given
below. The test segquence given is not mandatory. Test results should
be recorded in the spaces provided in the body of the procedure.

3.2 Test Setup and Preliminary Checks

" Interconnect the MAPS bLreadboard and the power switching unit.
Connect the head simulator to the breadboard via- a breakout box to
head connector J3. Connect the dummy loads tu head connector JZ.

Switch on the electronics and measure and record the following
irlput and bias voltages:

(a) Inputs

o +ISVIN @ pin 1 of JI = £/HAFFY
o -1SVIN@pin2ofdl = —/5. 05/
o +5VIN@pin3of Jl = 24 7IV

(b) Regula:ed £12V Outputs

o +12V-1 @ pin7 of J3 = #42.erV
o +12V-2 8 pin 8 of U3 = »/2 0¥
o +12V-3 @ pin9 of J3 = p/8/V

e -12V-1 @ pin 10 of J3 = - ~/2 ¢V
e -12V-2 @ pin 11 of J3 = —s2.0/V
o -12v-3 @ pinl120of J3 = _—s7.e/V

(c) Internal :10V Bias Voltages

"o +10V @ pin 6 of AR7, Board 3 = 77 792v
e -10V @ pin 6 of ARS8, Board 3= — 7 592v

(d) Regulated +100V Output
Switch on the +130 volt input and measure the fellowing voltages:
o +130V input @ pin 7 of J] = #4225V

e 100V-1 @ pin 38 of J3 = ,04./3V
o 100V-2 @ pin 39 of J3 = /00, ,3¥
o 100V-3 @ pin 40 of J3 = /00./7 9V

- 6-4
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3.3 Motor Driver Tests

The purpose of these tests is to check out the 2 phase synchronous
motor drive electronics.

The circuit can operate at 3 selectable frequencies using an
internal clock or can use an « ternal clock. The motor drive voltage
also has three .clectable values as determined by a switch on the
unit power pancl. The test sequence is as follows:

(a) Set the breadboard clock frequency switch in the low
position and the clock select switch in the internal
position.

(b) Put the motor voltage switch on the power panel into
) the 20 volt position.

(c) Turn on the motor voltage and check the ¢A and ¢B motor
drive signal at pins 9 and 11 of J2.

(d) Verify that square wave outputs are present with an
oscilloscope. Measure and record the peak tc peak amplitude
and verify that a 90° phase relationship exists. Also
measure the drive signal frequency. Record the results
below:

PP voltage, ¢A = 32vPL
PP voltage, ¢B = DAYy
e 90° phasing = v
o Drive frequency = 30, Ar

(e) Switch the frequency select switch to the mid and high
positions and record the drive frequency.

e Mid position /3 Hz.

e Hi position A £ Hz.

<

G-5
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3.3 Motor Driver Tests - continued

(f) Return the frequency select switch to the low position and
switch the motor voltage switch to the 40 volt position.
Heasure the peak to peak drive outputs.

o PP voltage, A = __ JN/ff
e PP voltage, 48 = ;ngyl__

(g) Put the motor voltage switch in the 60 volt position and
repeat step (f). '
o PP voltage, ¢A - L2V FY
o PP voltage, 4B = _ s/l P

(h) Put the clock select switch in the external position.
Verify that the ¢A and ¢B outputs go to zero.

Outputs zero, _ V// " Check to verify

(i) Connect a square wave function generator to the externa)
clock input and adjust for a 100 Hz square wave output of
5 volts peak to peak about zero. Checs tha ¢A and ¢B
outputs and verify that the output drive is at one-fourth
of the input frequency.

e Check to verify
3.4 Thermoelectric Cooler Drive Tests

The purpose of these tests is fo verify the correct operation of
the 3 emitter followers which supply constant voltage drive to the
thermoelectric coolers.

The test sequency is as follows:

(a) Turn on the T.E. cooler voltage at the power pane) and
measure the dc voltage into the unit on pin 16 of J1.

T.E. Cooler Input Voltage = £, 75 volts.



3.' Thermvelectric Cooler Drive Tests -

(b) Connect the DVM across the load

and . of J2 to monitor the drive voltage.
ard #2 to vary the output voltage to the load.

R51 on 1.

Revision A
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continued

resistor connected to pins 1
Adjust potentiometer

Measure and record the mini wun and maximum output capability

and set the pot for 3.5 vo!ils out,

T.E. Cooler #1
e Minimum voltage

#

® Maximum voltaye
e Set point voltage
(c) Repeat step (L) for T.L. Cooler

T.E. Cooler #2
e HMinimum voltaye =

o Maximum voltage =
e Sat point voltage
(d) Repeat step (b) for T.L. Cooler

T.E. Cooler #3
o Minimum voltage =
® MHMaximum voltage =

e Set point voltage

- 3
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Record results below.

. /s 7.2 ;:V s (-\_ ZV)

L2V, (> 5.5V)
= A57 U (3.5V)

#2 adjusting R52.

/'[55’

Sl

» (< 2v)
» (> 5.5V)

(3.5V)
#3 adjusting RS3.

-
= _';.5&’

5‘ ?5‘ » (> S.SV)

2o (3.8V)
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3.5 Temperature Sensing Circuit Tests

These tests chec tl.- operation of the six temperature readout
circuits on Board #4 (schematic SK-MAPS BB-104). A variable resistance
box is to be used to Simulate the variable resistance of the sensing
thermistor. Measure and record the bridye bia. voltage at the ewmitter
of Q4 on Board #4.

{4 volts (requirement = 6.4V 1.02 V)
3.5.1 Blackbody #1 Temperature Sense Lircuit

Connect a variable resistance box to pins 22 and 23 of J3. For
each of the resistarce box setlings given below, measure and record
the vultage at the BB#1 temperature output (pin & of J4).

Simulated BB#1 Thermistor BB#! Temperature
Tewperature Resistance (Ohms) Voltage (Volts)
0“C 7355 =5, 77
5¢C 5719 -4 24
7¢C 5183 £l
luC 4482 =3 3¢

I15C 3539 — a0
17¢C 3226 -1-4Y
20¢C 2814 = de?
22°C 2572 —a,043
25°C 2252 4, 772’
27°C 2064 74321
30¢C 1815 +2.4/2
32¢C 1667 +3.627
35°C 1471 73537/
37¢C 1355 #2547
40vC 1200 72 1)
45°C 984 +5. 5y

G-8
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3.5.2 bBlackbedy §2 Temperature Se.ne Lircuil

Repeat the test of paragraph 3.5.1 for blackludy #2. Connect the
resistance box to pins 24 and 25 of J3. Read the output at pin 6 of
J4. Record results below:

Simulated B8#2 Thermistor BL#2 Temperatu: e
Tenperature Resistance (Hws) Vultage (Volts)
0°C 7355 -5.971
5 C £N9 — 4227
7°C 5183 —. Qo
10°C 4482 ~3.52Y
15°C 3539 -J.273
17¢C 3226 —f.F5L
20"C 2814 -a, e
22°C 2572 -e.05y
25C 2252 <.22¢
27°C 2064 7,37
30°C 1815 42 03
32°C 1667 r2 0%
35°C 1471 t3.3¢?
3rc . 1345 +3. 244
40°C 1200 74 522
45¢C 984 2.5 Y



3.4.3 Blackbody #3 Temperature Sense Circuit

Repeat the test of paragraph 3.5.1 for blackbody #3.
variable resistance box to pins 26 and 27 of J3.
Record the voltage for the folluwing resistance values.

at pin 7 of J4.

kevision A
August 11, 1975

B8#3 Temperature
Voltage (Volts)

Sinulated BB¢3 Thermistor
Teagerature Resistance (Ohms)

61°C 2669

63°C 2497

65°C 2339

67°C 2191

69°C 2055

nec 1928

73°C 1810

75°C 1700

77°C 1598

79°C 1503

81°C 1414

83“C 1332

85°C 1255

87¢C 1183

89°C 1116

yiC 1053

2.5.4 Detector Temperature Sense Cirduit Tests

Each of the 3 detector thermistor bridge circuits must be matched
to the characteristics of the detector thermistur by the selection of
a fixed resistance to be placed in parallel with the thermistor.

Values select>d for these tests were picked to match detector
vendor thermistor data on the 3 detectors delivered fur brassboard use.

G-10

j—-’.lﬁ‘,

- . 234
5233

-— 2' z’:.'}

R IR S
255739
7 (. J2

Connect the
Monitor the voltage
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3.5.4 Detector Temperature Sense Circuit Tests - continued

(a) Detector #1 Test

Install a 124K 11% shunt as K68 on Board #4. Connect
the variable resistance box to pins 16 and 17 of J3. Read
the output on pin 8 of J4.

Simulated Thermistor
Temperature Resistance Voltage

-65°C 145K N IALLY

-67°C 175K 2LV

-70°C 230K #8.75 v

-73°C 310K 2o l54e
. -75°C 390K =, 22¢V

-80°C 710K = 734v

(b) Detector #2 Test

Install a 210K shunt as R&69 on Board #4. Connect the
variable resistance box to pins 18 and 19 of J3. Read the
output on pin 9 of J4.

Simulated Thermis tor

Temperature Resistance .Voltage
-60°C" 75K 3.8
-65°C 92K 2053y
-20°C 128K 2 K¢V
-75°C 174K ~ . 2423
-80°C . 250K -/ 3¢5
-85°C 380K -2.3¢9¢
-90°C 600K -3./09
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3.5.4 Detector Temperature Sense Circuit Tests - continued

(c) Detector #3 Test

Install a 261K +1% shunt as R70 on Board #4. Connect
the variable resistance box tu pins 20 and 21 of J3. Read
the voltage at pin 10 of J4.

Sinulated Thermistor

Temperature Resistance Voltage
-60°C 62K - #3.435

-65C 84K v Ao Fe if
-70°C N2k 0955

-75°C 150K 0,2
-80°C 208K 1. 447

‘ -85°C 300K - 2.507
-90°C 420K -3.2p2
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3.6 Blackbody Tewyp rature Control Civcuil Tests

The purpuse of these tests is to check the .peration of the on-
of f temperature contrul circuitry of Board #1.

(a) Adjust R39 on Board #1 so that the center arm voltage
(junction of the pot and R37) is zero +10 millivolts.

(b) Counect a decade resistance bux o simulate BB §3 thermistor
(pins ‘6 and 27 of J3).

(c) Set dead zone potentiometer R66 tu the center of its
adjustment range. '

(d) Connect a DVM acruss the Heater load at pin 7 and 8 of J2.

(e) Set the decade resistance box to 20552, turn on the Heater
voltayge supply and weasure the vultage across the heater
Toad.

Load voltaye _ 2 7.7 , (28v)

(f) Sct the decade resistance bHox to 15303 ohms and measure the
load voltage.

Load voltaue O » (0V)

(g) Slowly increase value: of resistance until load voltage
goes on. Note resistance. Slowly decrease the resistance
until the load vollage goes off. Repeat the ahove procedure
several tiwes to determine the eyuivalent on-off switching
points and hysteresis.

Switcn on Resistance = _sé%¢% ohms (,, -:.(’4(,)
Switch off Resistance = _ /5’ X7  ohms.

(h) Turn the temperatuie set point potentiometer R39 fully

clockwise and repeat step (g).
/E2¢ ohms
/':5 l’C)

/3¢5 otms.

Swilch on Resistance

»

Switch off Resistance

ORICINAL PAGE IS
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3.. Llackbudy Temperature Control Circuit Test, - contlinued

- ——

(i)

(3)

(k)

m

turn the set point control R39 tully ccv and repeat
step (9).

Switch on Revistance

/ 7 ohms /:: 22 ‘e }
L Ji] _ otms.

Switch off Resistance
Keturn R39 to the center of its control range.

Adjuct dead zone contiol Ry fully clockwise and repeat
the te.t of step (g). MNote R39 should be in the mid-range
positiun per step (y). )

Zl £/ ohmis

Iy 4 olms.

Switch on Kesistance

[

Switch off Resistance

Adjust dvad zone conliol R6e6 fully counterclockwise and
repeat the test of step (g).

_/_l___-‘i{__ ohws

AWL4 ohms .

Retuen R66 to its mid-ranye position and K39 to the center

Switch on Resistlance

Switch off Resistance

scl point position.
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The sequence of signal proce..ing tests are to be performed at both the
low and the hiyh chopping frequencies. The pick off phase adjustments for Lhe
S and R demodulators must be adjusted separately for each operating treyuency.

In addition, the aV and aV' difference awplirier trim resistors (R29, R33,
R37, and R38) must be separately selected for minimum V signal feedthrough it
each chopping frequency.

3.7.1 Low Chopping Frequency Tests (NII3 Mode)

For the tests which follow, the heud sinulator is set in the low frequency
mode (25 Hz scene, 50 Hz balance) & | the bandwidth limit switch is to be placed

in the low position.
The demodulator phasing shuuld be adjusted and the aV and aV' difference

amplifier trisming should be made before proceeding. Record the trim resistor

values below.

For aV, R29 = 0 » R33 = p
‘ For V', R37= ¢35 a ,R38 = _p

3.7.1.1 V Signal Gain and | inearity

The purpose of this test is to check the gain and linearity of the V output
as the common scune input is varied. For this test the output is measured with

a DV at pin 2 of J4.

A composite (S + R) test siynal from the head simulator shall be fed into
the S2 + R, input (J3, pin 3). The R component shall be set to zero and the
peak to peak S value shall be accurately set to the values listed below through

the use of an uscilloscope with a W type plug-in.

Also measure and record the rmis ac input with a DVM. (DANA 4530 or

equivalent). J//j/ 75
S Input S Input V Signal
. AC_RMS Output
0 Vpp 0 ~ Im
+2 Vpp YA AS /5
+4 Vpp 2.4 3.7
+6 Vpp 324 S5
+8 Vpp A F e i
+10 Vpp .3 /R &L

The expected gain is 1 volt dc per volt pp ac with a perfect square wave input.
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3.7.1.2 R Siagnal Gain and Linearity

The purpose of this test is to check the gain and linearity of
the R output as the balance signal level is varied. The input
connections are the same as paragraph' 3.7.1.2. The scene component
shall be set to zero and the R component shall be varied using a’

W type plug-in to set the pp level. The R output shall be measured

at pin 1 of J4. . 7/13/1‘
‘\ R Input R Iliput R Signal
PP AC RMS Output
0 Vpp __o -+(J,a§/;/ '

0.5 Vpp 262V [0 2V
1.0 Vpp . J3¢ L0V
1.5vwp 276 3.Rv
2.0 Vpp-  foolv Silby

The expected gain is 2.5 Vdc per volt pp ac with a perfect square wave input. .
3.7.1.3 aV, aV' Signal Gain and Linearity '

The puryose of these tests is to check the gain and linearity
of the AV and AV' output @s the S‘»l and 53 signals are varied relative
to the SZ signal ievel.

-

: Far this test, all 3 simulated radiance inputs are required as
follows: '

(] (S] + R]) to J3, pin 1
° (SZ + Rz) to J3, pin 3
° (S3 + Ra) to J3, pin 5

Set the common scene level and the aV level pots on the simulator
to zero. Adjust the balance level pot until the R output is g‘.so
volts .01 volts.

<
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The S component of the S] + R] and 53 + R3 inputs is then varied
with the aV level control. The AV component of the inputs should be
very accurately set up using a Tektronix oscilloscope with a W type
plug-in. Record the data as listed below:

(a) AV Test J 3/75
S Component AC RMS
of S] + R] AV
S] + R] Voltage Output
0 Vpp . (3¥ev + Tmv
0.05 Vpp 35V ! ofv

0.1 Vpp L3¢ 2.2

—~ -

Gt Yo R e

P

0.40 vpp LG 3 LYY Y a5

The expected gain is 22.5 volts dc/volt pp ac with a square wave input.

(b) av' Test F/z/').;
S Component AC RMS
of 53 + R3 v’
S3 + R3 Voltage Qutput

0 Vpp 6354 timv

0.05 Vpp 43567 A {4
0.1 Vpp L3547 A2

0.15 Vpp 635 F.fov

0.20 Vpp 350  ES¥y
0.25 Vpp « (JpoV SL2v
0.30 Vpp i 3¢ b7y

0.40 Vpp L3374V Z@V

The expected gain is 22.5 volts dc/volt pp ac with a square wave input.

JRIGINAL PAGE ¥
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3.7.1.4 AGC Balance Loop Time Constant Check

The purpose of these tests is to check the aV and aV' automatic
gain balance loop time constants.

For these tests all 3 simulated radiance inputs are needed as per
parayraph 3.7.1.3.

3.7.1.4.1 AY Channel Balance Time Constant Check

(a) Adjust the scene and balance level controls for an R output of
2.5 volts and a V output of 5.0 volts. The aV conirol should
be at zero.

(b) Adjust the simulator gain dials to make the R component of the (S; + &)
signal equal to 1V pp and the R component of the (S3 + R3) signal equal
to 1.5 volts pp.

(c) Feed the (S] + R]) and (S3 + R3) simulated radiance signals to
a selector switch and feed the switch output to the (S] + R])
input of the unit (pin 1 of J3).

(d) Set up the Sanborn strip chart recorder to monitor the
aV AGC integrator voltage. (Pin 6 of AR13 on Board #2)

(e) By switching the (S] + R]) input selector switch back and
furth between the (S] + R]) and (S5 + Ry) signal, an expotentia
change 1n the {ntegrator output voltage will be observed.

(f) Usg the Sanborn Recorder to record the voltage and measure
the time for the voltage to change 63% of the total
change value when the selector switch is changed from the
S + R3 to the Sl + R] position, Repeat going from S]
to S + R3 switch position.
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3.7.1.4.1 aV Channel Balance Time Constant Check - continued

(g) Record the measured time constant and other lata as outlined

below:
R output = J.505 Volts
V output = ~Zoa Volts
(S] + K]) Signal- Total pp value = 505 \pp
- R component = /:0 Vpp
- S component = 4,32 vpp
° (S3 + R3) Siynal- Total pp value = 07 Vpp
- R component = /- \pp
- S component = (.3 vpp
o Time Constant going from 19. 1
(S5 + R3) to (S, +Ry) = g __ Seconds
e Time Constant going from X
(5, * R)) to (S, + Ry) = _ %X  Seconds

3.7.1.4.2 V' Channel Balance Time Constant Check

Repeat paragraph 3.7.1.4.1 for the AV' Channel. Feed the switch
selected signal into the 53 + R3 input (pin 5 of J3). Connect the
Sanborn recorder to pin 6 of AR15 on Board #2.

Record the following data:

® R output = v/ Volts
e V output = Sesr Volts

® S5, + R, Signal = 5,25 \pp
. S component = ¥3  Vpp
R component = /¢ \pp
° S3+RJ Signal -
Total b 4t Vpp
S component = (.3 Vpp
R component = 5 vpp
o Time Constant going from 25,2
(S3 + R3) to (S] + RI) = B  Seconds
e Time Constant going from r2.¢
() + Ry) to (S5 + Ry) = /¥  seconds
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3.7.1.% Effects of Comswon V Signal on the av, aV' and R Qutputs.

The purpose of these tests is to deterwine tie effects of the
large common scene siynal upon the AV and aAV' outputs and upon the

R output.

Set up the input simulator to supply all 3 inputs.

Set the

(S] + R]) and (53 4 R.J) gain controls to the 500 dial setting.

obtain 10v sample mean and standard deviation values.

Set the aV level to zero and the balance level for a 2.5V R signai.

For various aV output levels, vary the scene level to obtain the
V signals shown below and record the values of aV and aV.' cutput.
- When measuring the AV and aAV' outputs, use the HP9100A calculator to

Wait 5 minutes

after each V signal level change tu allow the AGC loops to stabilize.

(a) Run

&V Set to Zero

73/
'__ V Output R Output AV Output AV ‘Output
T (Volts dc) [Volts dc) | Mean 5td Dev Mean Std Dev
ov PRI + ‘Imv —_— 4+ day -
2V 2 Seer +37 2/.5-v | +poauv] /2w
4V o Ten + 2. /4 o P4 #M‘/ f'g'é"“l T 2.6at/
6V TR + 25| 29w | 12 2 e
8v 2. 444 [0V 2 D v 4253/ 24 Ymr
J
(b) Run #2 AV Set to t2V when V = O
: eliifrs
|V Output R Output AV Output _4V' Output
VoTlts dc) (Volts dc) Mean Std Dev Mean Std Dev
ov 2 d Jeps v — .03/ -
v 2. Sers’ LITy | £ 0 2 02pA EASV
4y 2. SaZv £ 5557 | s 43 2 025 | 22 5/
6V 2 Sbo ./4/ o 801, 2 7. Vg 2,034V z 3, &/
8v o LI/ D0l | /b 2.053) | 25 7uv
| I S S !
ORIGINAL PAGE IS G-20
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3.7.1.5 Effects of Common V Signal on the AV, aV' and R Qutputs - continued

(c) Run #3 oV Set to 4V when V = 0
£h/15
V OQutput R Output ____ 8V Output _ AV Output
(Volts dc) (Volts dc) Mean ! uid Dev Mean Std Dev
ov R ikad Lawv | — | L | —
v 2 seod/ 2.9 2250y (o5 | 22 S
qv 2.5V 2w\t Ly S5 | =334
6V 2 Ler, 3755 Z_ 5 2af ¢ 0V | 4 3 dmv
8v 2. f75v L3 |z 22 Yogd | 2Tonv
(d) Run #4 AV Set to 6V when V = 0
oitrs
V_Output R Vutput AV Output AV' Output
(Volts dc) (Volts dc) Mean Std Dev Mean Std Dev
ov 02 bitresv — b0 —
2v oo/ S.77EU | 2 2dmv | hotH | 2234V
av 2.503¢/ 592 2 557 | L0805/ E HFmv
6V 2 ot 5595V Epuy|  betbrs| + L s
8y ZEHY LotV | 2 LG/ |  Gort W |2 fcin))

3.7.1.6 Effects of Channel Gain Varijation Upon the aV and aV' Outputs

The purpose of this test is to measure the effect of changes in the
optical path, detectors and preamplifiers, which cause a common reduction
in both the S and R component of the fnput to the signal processing
circuits. '

This effect is simulated by the (S] + Rl) and (S3 + R3).Qain controls
on the head simulator. With the gain pots set to the mid-range position
(dial reading of 500), adjust the scene level for a 4 volt V output.
Adjust the balance level for a 2.5 volt R output. Adjust the aV control
for a 2 volt AV oulput.
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With an ac reading DVM, measure and record the (S] + R]). (S2 + RZ)’

and (S4 + R3) input voltages. Record in the table below. Then adjust the
gain pot svttings to obtain +1U percent and +25% changes in the (S] + R])
and (S3 + R3) ac voltage readings. After making each gain setting,
allow at least 15 minutes for the AGC luop to react and reach its final

value before recording data.
The aV and AV' readings should be in the mean of 100 samples using

the HP9100 calculator. 25/63/1ur
Gain ] Sy * Ry [ S, * Ry 153 Py v oV Al R

Balance RMS RMS RMS Volts, dc | Volts, dc| Volts, dc| Volts, dc
Equal 22230 | Ly25y |2 220 003y 200b/ O35y o Seoy/
+10% oy | 20950 | Sty | doosd | Loty 2087 2.s0v
vy | 27U | 22750 | ATU | doedd | Reas) | Qe | AsaV
-102 Aeoey | 27750 | Joecod o oo/ Qoe3v )0 .
«25% /l{' (v u‘!/',:y/ /,‘,é 7y 'Al’;’;'/' 2.‘-4,’21 ;‘ 03,/ ‘?1 5o "/
fat | 2223|2075/ ) 2223 ) donay | 2oed | 205 ~

1 | |

3.7.2 High Chopping Frequency Tests (CO Mode)

These tests are very nearly a repeat of the tests of paragraph 3.7.1]
at the 172/34¢ '<rtz chopping rate.

Put the head simulator in the high frequency mode and put the
bandwidth limit switch in the high position.

Demodulator phasing adjustments and the aV and aV' difference
amplifier tri-ming should be made bufure proceeding. Record the trim

resistor values below:

For AV, R29
For aVv', R37

< » R33

51 ., R38

~l

O
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3.7.2.1 ¥ Signal Gain and Liuearity
Repeat parsgraph 3.7.1.1 at the high chopping frequency. Record
the data below:

S Input S Input V Signal
[id AC RMS Outout

0 Vpp o 1+ I
2 Vpp _LeIW yA S

+4 Vpp 2.0 3457
+6 Vpp 3.2V s

+8 Vpp o4 34V 243v
10 vpp  5.32v Z1nv

The expected gain is 1.0 vglits dc per volt pp ac for a square wave input.

3.‘7.2.2 R Signal Gain and Linearity

Repeat paragraph 3.7.1.2 at tue high chopping frequency. Record
the data below:

R Input ® Input R Signal

_prpr AC RMS Qutjut

0 Vpp by 1, 0441/
0.5 Vpp : L A3y [02v
1.0 vpp o. 523V, 2,70V
1.5 vpp 2. 796/ 3./5J/
2.0 vpp 2l Y/ 4

2.5 Vpp - 4. Fav S 10

3.0 vpp [ S VA 14

The exgected gain is 2.5V dc per volt pp ac with a square wave input.
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3.7.2.3 AV and AV' Signal Gain and Linearity

Repeat paragraph 3.7.1.3 at the high chopping frequency.

the data as listed below:

(2) &Y Test

Record

S Component AL RMS
of S] + Rl AV
S] + R! Yoltage Output
0 Vpp LC315v " v
0.05 Vpp A3 1L 0%y
0.1 vpp Le3/5v + /¥
0.15 vpp o 320V + 7. 3tv
‘ R T v Y2y
] Vpp “ ot s et
(b) &V*' lest
S Component AC RMS
of S3 + R3 AV
S3 + RZ Voltage OQutput
0 vpp 3o T/ 4.3V
0.05 Vpp ol 31 + 107V
0.1 vpp a2V p2.23V
0.15 Vpp {318V 71333/
0.20 Vpp sV IR
0.25 vpp ,__eﬁj.)hf + 557
0.30 Vpp L4337V +¢ L3V
0.40 vpp L3330y 4 Ze5v
OR} \
op CINAL paGp;
F PooR 15

G-24
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3.7.2.4 AGC Balance Loop Time Constant Check

Repeat the first 3 runs of paragraph 3.7.1.4 at the high chopping
frequency.

(a) (a) 4V _Channel-Test per paragraph 3.7.1.4.1 and record data below:

e R output = M533 Volts
o V output = L0413  Volts
o (S) + Ry) Signal- Tutal pp value = 525 pp
- R component = [0 Vpp
- S component = 425 Vpp
° (S3 + R3) Signal- Total pp vaiue = 22 Vpp
- R component = 48 Vpp
- S component = &3 vpp
o Tiue Constant going from no.5
(S4+ Ry) to (5 + R,) = & _ Seconds
e Time Constant goiny from 12
= & Seconds

(b) aV' Channel - Test per paragraph 3.7.1.4.2 and record data below:

¢ R output = W33 volts
e V output = _&.,0/3 Volts
e 5t Ry Signal = 528 Vpp
S companent s f,s Vpp
R component = _ /o Vpp
[ 53 + R3 Signal
Total = _*2  vpp
S component = (.3 Vpp
R component = L5 Vpp
o Time Constant guing from /8.5
(S5 + Ry) to (S; +R)) . . = _IB _ Seconds
e Time Constant going from 12,2
(S] + R]) to (53 t RJ) = __p»#&  Seconds
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3.7.2.5 Effects of Common V .gnal on the .V, av‘, and R Outputs

Repeat the tests of paragraph 3.7.1.3 at the high chopping
frequency. Record the test results below:

(a) Run #1 AV Set to 2ero
tfafrs
__VOatput | R .utput aV Quiput Av'Outht
(Volts dc) | [(volits dc) |~ Mean Std Dev Mean Std ey
ov PRLYA 1214 o _ = bmv o
2v 2 S ¥t 27001V o " g 7]
4y 2,52 21l Vv | 2 fhav -——/-:mu' 2 L
&Y Z 5':5‘, 2 30. 2mv 2/ L2/ "fl;?tﬂ/ LA/
8y .54 P50 | X5y | 2 /S ’ 22,30V
I . . !
(b) Run #2 AV Set to +2V when V = 0
. . _)Z‘*/?s’
V Output R Output AV Output ' AV Qutput
(VoTts dc) (Volts dc) Mean Sid bev Mean Std Dev
ov a5V Ao 2v P 42V 0
v 2, Sef e LIFYY | Gy | Loréd 2.0 YV
ay 2.522¢ LISV | Ehdme | 20efy | 22 Hv
6V 2,524V DoV | T34mA 20070 | 2 3¥nv
8v 2.5 20050 | /3| Zeotod | £7/mv
5
O]f]n
Nay.
01¢' L AL PA
“Oug QL CB 15
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3.7.2.5 Effects of Common V signal on the aV, aV', and R Qutputs - continued

(c) Run #3 aV Set to 4V when V = 0
/s
V_Output R Qutput AV Qutput _4aV' Qutput ‘
(Volts dc) {(Volts dc) Mean i Std Dev Mean Std bev !
\ ov FELAY 3, 95 — o os0/ —
2v 25ree 3.9%v | 22.2m/ | oY/ | 2 3.9mY
4y 2527 2765V ) 2 2 Jun £, 033y | £S.7av !
6V 5260 3770 £ f5u0 | Ao25e| 2L vav:
8v 2 Sl 7.5 00 22w | bazsv | 2 1280

3.7.2.6 Effects of Channel Gain Variation Upon the AV_and aV' Outputs

Repeat the tests of paragraph 3.7.1.6 at the high chopping
frequency. Record the test results below:

y/;lz /l7 5

Gain S]+R] S, + R S, +R

2 2 3 3 v av av' R
Balance RMS RMS T Volts, dc| Volts, dc | Volts, dc |vults, dc
Equal 2458/ | Loty | 2A85v | fesrv Zeodv 2.0s3v Py
+10% 20434" s206Y Z. {P¥v fmu 2021V 2. 02V L 14
+25% 2830 | 2206w | 2823V | Lo L 918v XY 14 2 500/

-10% 2032y | 22 | 2052V %, 00/ 2003V A0/ 7V 2 S0/

sy | 2623y | 22060 | p493v | foovav | 2odv | Zopey | 2.50es
Equal 2:256v. | 200/ |2 ases | 2590 | D.a0éV 204V 2, Sooy
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3.8 Power Consumption Test

The purpose of this test is to determine the overall power
consumed by the electronics under varjous operating conditions.

Using a VOM, weasure and record the +15, -15, and +5 volt
line current into the breadhoard under the following test conditons.

(a) Electronics on Only, R = 2.6y, V = 4y, aV = 4y

+5V line = ._4¢4.5 ma  Pme whe Kewte. Z“M"‘”‘
T— rZ B Y

A5V line = 4o ”a vk

-15V line = 312 ma .

(b) Same as step (a) with the T.E. Cooler power,
Motor drive power, and the BB heater power on. ﬂ b
Be i oA

+5V line = ¥4.5 ma e ”l“":, S ved

+16V line = Lo ma ' o

-15V line = 37 ma
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3.9 Phase Sensitivity Test

The purpose of this test is to evaluate the units performance with
misaligned timing signals to the S and R syncuronous demodulators.

The timing signals are developed by the chopper wheel pickoff circuits
of signal processing Board B. Potentiometers R58 and R63 on this board
allow adjustment of the S and R demodulator drive signals.

At each of the two chopping frequencies these pots are normally
adjusted for maximum R and V outputs. For these tests they will be
purposely misaligned to cause a +3% phase error.

3.9.1 Low Frequency Phase Sensi!ivity lest

(a) Set up the test situation of paragraph 3.7.1.3. Adjust the
balance input for a 2.5 volt R signal, the Scene level for a
4.0V V signal and the aV level for a AV signal of 2.0 volts.

(b) cCheck the timing of V signal and R signals relative to the demodulator

switiiing signals and adjust R63 and R%8 if necessary.

(c) Readjust the inputs for the correct output levels if necessary.
Record the read.ngs in the table below as the baseline data:

(d) Sync an oscilloscope on the R pickoff signal (pin 34 of J3) and
wnnitor the R demodulator drive signal (pin 9 of 22 on Board #2).
Note the phase relationship of the R demodulaior urive siygnai
to the R pickoff :.i.ynal and adjust R58 to delay the demodulator
drive by 0.2 milliscconds (1%). Repeat the baseline readings,
recording the data below.

(e) Repeat step (d),only this time advance the demodulator drive
by -0.2 milliseconds.

(f) Return the R demodulator timing to the original R58 setting.
Repeat the baseline data readings and record below.

(g) Sync an oscillascope on the S pickoff signal (pin 28 of J3)
and monitor the V demodulator drive signal (pin 13 of 21 of
Board #3). ilote the phase relationship of the V demodulator drive
signal to the sync signal and adjust R63 to delay the demodulator
drive signal by 0.4 milliseconds. Repeat the baseline data
readings and record in the table below.
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3.9.1 Low Frequency Phase Sensitivity Test - continued

(h) Repeat step (g) advancing the demodulator drive by 0.4 milliseconds.

(i) Return twe V demodulator timing to the original R63 setting and
repeat the baseline data readings. Record resuits in the table

below.
e ,ﬁf >
Low Frequency Phase Sensitivity Results

Test

Case R Signal V Signal AV Signal AV' Signal
Initial ) , A
Baseline A.5¢3v ¢f, DOOY D00 N EY 4
R, 1% delay 2 508V Yoot e 20 Vv

R, 1% advance | 2 A9 | £ osey M L5 | 223V

g:;:;l"e J Loty £ voo/ 03w A035y
V, 12 delay o Sool 9P/ S G20V 1, 947
V, 1% advance | % 5oev. S.84w | L odoy /, 9800
Final

Baseline 2food £, b0V 2.005y 2,03

3.9.2 High Frequency Phase Sensitivity Tests

Repeat the tests of paragraph 3.9.1 usinj “he high chopping frequency
inputs. Peak the R and V readings prior to recording the baseline data

of step (c).
For steps (d) and (e) adjust R58 for a timing change of 0.03 milliseconds.

For steps (g) and (i) adjust the R63 for a timing chanye of 0.16 milliseconds.

Record all the data in the table below:
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3.9.2 High Frequency Phase Sensitivity Tests - continued
High Frequency Phase Sensitivity Results X//t/ s
Test
Case R Signal V Signal AV Signal aV' Signal
Initital
Baseline S50z v 3975/ o857 D3N/
R, 1% delay 2,473 2597 Aoo | Qe
R, 1% advance | .- 45 3V 2695 YR (% 20,97
Baseline
Repeat DSV 2, 57517 .00 8/ 203
V, 1% delay 25V 3. foee [, 948v | L 45y
V, 1% advance . liso/ ENG I LTZ R JOoeSyY
Final s e
Ba's.?ine e 3, 791/ 2 o003V o P3ISV
ORIGINAT-
QUALITY
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3.10 Temperature Tests

The purpos. of these tests is to evaluate the performance of the
signal processing circuitry over a temperature environment.

The breadboard electronics shall be installed in a temperature
chamber and interconnected with the sensing head simulator, the load
simulator, and the necessary output cabling.

3.10.1 Ambient Temperature Baseline Data - Low Frequency Mode

(a) Set up the test simulator in the low frequency mode. Install
the ditference amplifier trim resistors called out in
paragraph 3.7.1.

(b) Adjust the input signal levels for a 2.5 volt R signal and a
2.0 volt AV signal with zero scene level. Then vary the scene
level to give V signals of 2 and 4 volts. The (Si+R]) and
(S‘;Ré) gain pots should be in the 500 setting. Record all
test data below allowing adequate time for readings to stabilize.

BASELINE DATA - Room Temperature

¢
v AV Qutput AV' Output
V Output Std Dev. Mean Std Dev.
.;;. 0 x 20/ b | 2.029 :.ST
{53 2 t .y 2028 t.e
4 2 228 | .5 2.0%9 r.7
e
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3.10 Temperature Tests - continued

(c) Wi.h the same conditions as step (b) and with the scene level
se. for a V signal of 4 volts, vary the (S]+R]) and (§8+R8¥
gain pots as shown in the table below and record the test data.

BASELINE DATA - Room Temperature

gain | Gi*Ry) | Bp*Rp) [ (S53R3)

Setiing rms rms rins V Qutput | R Output| AV Output avV' Output
Equal | 2126 | 2175 | 2022 | “oe2 2506 1,999 2028
5% | P 200 | 266 | woor | 25¢ce 1999 2,029
-25% o 2077 | 1593 | Geer | 25006 | 499 2028
Equal | 2022 | 2097 [ zr28 | veoe | 2800 | 1845 | 2029

3.10.2 High Tempurature Data - Low Frequency Mode

(a) Raise the temperature chamber to a temperature of +100°F, allow
to stabilize and repeat the tests of paragraph 3.10.]1 recording
the data below:

(b) High Temperature Test Data

AV Output aV' Output
V Output §] R Output Mean Std. Dev. Mean Std. Dev.
0 2496 || 4co2 £ 3 2030 | 1.5
2 2500 1931 T.2 2028 tl.L
4 2. 50 1194 tu 20% tL?
113 ¢
G-33
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3.10.2 High Tewmperature bData - Low Frequency Mode - continued
(c) High Temperature Test Data
gain | 1R [ (Sp*Ry) | (S3Ry)
Setting rms rms vins V Output | R Output| aV Output aV' Output
Equal [ 213¢ 2,97 2,130 L.oov | 2802 )99y 2030
sy | 2wt | 2007 | 2660 | w0t | z250% 139y 2028
o5y 1697 207 1.597 Voot 260 IRES 2029
o | 22 | 21t | aise | mset | zsee | 198€ | 2030
3.10. 9 Temperature Data - Low Frequency llode
(a) Lo-er the temperature chamber temperature to 50°F, allow to
stabilize and repeat the tests of paragraph 3.10.1, recording
the data below:
(b) Low Temperature Test Data
F- 'Un'é W aV Output I AV output
V OQutput || R Output Mean Std. bev. Mean Std. Dev.
4 0 2.£07 149 | o 2027 2.6
5 2 24 e |23 20251 2,0
173, 2 4 -5l A L l 2p25 | ZT20
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3.10.3 Low Temperature Data - Low Frequency Mode - continued
(c) Low Temperature Test Data
Gain- (S]+R]) (52+R2) (S3+R3)

Setting rms rins rms V Qutput | R OQutput { AV Output avV' Output
Equal | .28 i:z‘""' %'Tf .97 25! KEL Zo2¢
+252 2,06 2177 | 266 yutd L 139 2024
259 1.5 96 2177 | ;. 826 Y009 2510 1,993 2028
Equal | 4J28 | 2077 | 2028 w299 25 1394 2026

3.10.4 Ambient Temperature Baseline Data - High Frequency Mode
Install

(a) Set up the test simulator in the high frequency mode.
the d:fference amplifier trim resistors called out in paragraph

3.7.2. Repeat the tests of paragraph 3.10.1 at room ambient
temperature. Record the data below.
(b) Room Temperature Test Data
'7‘l°f -, !
avV Qutput aV' OQutput
V Qutput (| R Output Mean Std. Dev. Mean Std.  Dev,
o || 28500 2000 | 2 202w | .0
ne| 2 2.5/3 ||L998 g zoll 1> %
. e g
sl 2527 11997 | .S d 2002 | 2 7
ORIGINAU G-35
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3.10.4 Ambient Temperature Baseline Data - High Frequency Mode - continued
(¢) Roum Temperature Test Data
— — - —_
i ain | S1tR) | (GprRy) | (S44Ry)
Sc tting rms rms rms V Output | R Output| AV Output av' Output
[ _
qual | 2157 | 2295 | 2057 | 2,999 | 28526 | 1996 | _aw0%
| oosx | 2é1s 2205 | 26498 | Noooe | 2526 | 1997 1299
o5y | peir | 2296 | ety [ qovd | 2526 )59 2,00Y
Equal | 2157 | 2208 | 2187 [ ueove | 2326 1,447 2203
3.10.5 thgh Temperature Data - High Frequency Hode
(a) Raise the chamber to +100°F, allow to stabilize, and repeat the
tests of paragraph 3.10.1 Record the test data below.
! g i —- : !
Y Lutput || R Qutput Mean std. Dev, Mean Std. Lev.
0 2491 L 05v J 2025 .3
2 EN AN VAR N - 200 | .9
4 2543 1,192 W5 12003 2,1
iR —_—
(c) High Temperature Test Data
Gain. | G1*Ry) | (5,Rp) | (SyRy)
Setting rms rms rins V OQutput | R Output| aV Output av' Qutput
Frual | 4L 58 | 429]) [x)5¢ 3297 | 252 1392 2,003
vosy | 2696 | 220 | 2695 | 1198 | asey | |99 200!
251 | Lbld | 22c7 | leld e | 2,523 1,92Y 2 00Y
toua) | !58 aat | o288 | o5 | 2523 1973 YR 4
— —
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3.10.6 Low Temperature Data - High Frequency Hode

(a) Lower the chamber temperature to +50°F, allow to stabilize,
and repeat the tests of paragraph 3.10.1. Record the test
data below:
(b) Low Temperature Test Data
-
u AV Output AV*® Output
V Outpu: [ R Output i Mean | Std. Dev. Hean Std. Dev.
0 250! 1997 o _2p17 .5
2 2ty S192 2293 -7
4 25a7 139 .6 ! 99t Ly
_—
(c) Low Temperature Test Data
Gain | (1*R) | (Sp*Rp) | (S5+Ry)
Setting ras ros riis V Output | R Output}] aV Output avV' Output
Equal | 2157 | 2206 | 2157 | yooee | 2527 | 1989 1992
+25% 2696 2206 | 2590 | 4.000 2522 .99 .99
g| 253 | ten8 | 2200 | g3 | ueee | 2528 | (978 1,287
Equal | Z0S7 | 2206 | 2,57 | H“ooo | 2528 | 929 1492

(d) Return the test ch.uber to room ambient temperature and remnve
the unit.
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1.0 INTRODUCTION

This report describes work done by Barringer Research Limited (BRL) towards the
development of the measurement of air pollution from space experiments (MAPS),
initially intended to be flown on the Nimbus G space satellite.

This is the final report on work done under Subcontract A39260 RABS to TRW
Systems, and under NASA Prime Contract NAS-1-13695. The BRL programme began

in December of 1974 with a Phase I conceptual design which ended in March, 1975
with the BRL conceptual design report TR75~250.

The conceptual design arrived at a baseline design approach and the main findings and

baseline will be briefly described.

Phase II of the BRL effort was directed towards the detailed engineering design,
fabrication, assembly and testing of a brasskoard vers:on of the opto-mechanical
l.ead of the MAPS sensor.

Thase III of the BRL effort was directed towards the design, fabrication and
acceptance testing of a Ground Support Unit (GSU) intended to provide the radio-
I :tric stimulus and calibration optical signals for calibrating the brassboard

¢ ad all MAPS sensor hardware.

Phase IV of the BRL programme is to provide "follow-on® support activity to aid

TRW in data evaluation and brassboard and GSU hardware help.

This report will include the test results obtained in assessing the performance

characteristic of the brassboard,

Durirqg the course of the programme some changes were made to the original work state-
ment which resulted in less brasspoard testing at BRL then initially planned. 1In
addition, there were a number of changes in hardware design, i.e., chopper disc changes,

an extra mounting plate for operating the GSU-brasshoard independent of the GSU gas
cell, etc.
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2.0 BRASSBOARD DESIGN AND FABRICATION

2.1 Introduction

The MAPS brassboard optical design layout is shown in Figure l. Source radiance
enters the sensor via objective lens Ll1. The size of the objective is determined
by the desired sensor field of view (4.5 degrees in this case). Radiance from a
distant source is imaged in the objective focal plane where a field stop common
to all detectors is located., A 45 degree reflective chopper is located adjacent
tc the field stop.

A relay lens L2 images the objective lens at the aperture stop. L2 also images

tre sensor field stop through the interference filter IF and the gas cells onto the
field lenses L4, LS5 and L6 via the beamsplitters BS1 and BS2. The field lenses
irage the aperture stop and the objective onto the detectors thus avoiding imaging
any scene "hot spots™ onto the detectors. A second relay lens L3 images via

be am recombiner BR1l, the reference stop onto the field lenses, coincident with

[ T peodaont L,

Reference radiation originating at the hot and cold blackbody pair set is chopped
at a frequency fR by the same chopper disc which modulates the scene at frequency fs.
The reflective chopper disc accomplishes this by means of a double annular set of

chopping apertures.

2.2 Special Design Features

2.2.1 Balanced Chopper

The chopper disc at chopping frequency fs alternately introduces radiation to the
detectors from the scene and the reflective blackbody. The reflective blackbody
radiance was chosen so as to minimize the difference in radiance from the two

radiation sources. When the scene radiance and the reflective blackbody radiance

are equal the chopper iz "balanced” and the electronic signal amplitude is zero.

OF VAL PAGE g i
R QUALITY,
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{Nevertheless the signal is still developed due to the correlation of incoming target

gas with the internal target gas cell).

2.2.2 Reference Blackbodies

The reference blackbodies generate at frequency fr’ an optical signal which is used
in an electronic feedback loop to gain control pairs of electro-optical arms
(detector pairs 1 and 2 and detector pairs 3 and 2). The optical signal was
computed to be adequate when the hot blackbody was at 70°C and the cold at 20°C.

2.2.3 Common Field Stop

The use of a common scene field stop for all three detector arms ensures that each
and every detector simultaneously receives energy from a hot or cold spot passing

through the sensor field of view.

2.2.4 Beamsplitters and Beam Recombiners

The conceptual design study on beamsplitters and beam recombiners indicated that the
spectral and spatial uniformity of the beam recombiner was not critical. However

if the beam recombiner was polarizing it was found that the geometricl arrangement
of the two beamsplitters would cause the sensor to be polarization sensitive. Thus

the beam recombiner was required to be non-polarizing.

The beamsplitters were analysed and it was shown that the spatial and spectral
uniformity quality of these were critical. In addition so as to avoid spurious

noise due to incident radiation of changing polarization, two possible solutions were

analysed:
(a) two uncoated ZnSe beamsplitters at opposing 30° angles.

(b) two Ge beamsplitters AR coated on one side and operating one at

20° with the second at 25° in the opposite direction,

H-7



2.2.5 Chopper Disc

The chopper disc was chosen to be an aluminum substrate with an overcoat of gold for

high reflectivity.

2.2.6 Blackbody Design

Although in the sensor design, spatial uniformity of the source is not critical, the
blackbody design attempts to achieve a uniformly high emissivity cavity whose

tenperature is precisely known.

The shape of the cavity is adjusted to achieve a high effective emissivity. Common
shi.pes which have been used are spherical, conical, cylindrical, grooves, overlapping
cones, and honeycombed walled arrays. Because of the difficulty in making high
precision radiometry measurements, heavy reliance is placed upon computed emissivity
values. Computer calculation techniques to predict cavity emissivities have been
developedi Unfortunately, most real blackbodies do not have simple shapes such as
those used in computations. Computations have been extended to blackbodies with

lids even for nonisothermal cases. Work shows the importance of the cavity length

to diameter ratio, being > 2, the importance of the cavity lid, and the relative
insensitivity to the 1lid emissivity and to the cavity wall emissivity, and the
tolerance of the effective emissivity to thermal gradients from the cavity base to the
1lid entrance. Good thermal contact of the housing 1id to the base and heater source

assures minimum thermal gradients. v

To achieve a uniform temperature cavity surface, a high thermal conductivity wall
material is used. Copper has a thermal conductivity about twice that of aluminum,
but the difficulty in machining plus the more troublesome special preparation

requirement of the surface prior to painting suggests aluminum as being the most
suitable material.

The czavity is insulated for operation so as to minimize convective or conductive heat

loss which would cause thermal gradients. Measurement of the cavity temperature

H-8



must be done with good quality precision thermistors embedded in the cavity walls.
Good thermal contact between the thermistors and the cavity :.s achieved by

means of conductive greases of low vapour pressure.

The heat source or sink used for thermal control of the cavity should make good
thermal contact over a large surface area of the cavity. A low vapour pressure

thermally conductive grease coupling between the cavity and the cavity heat source

is used.

The thermal time constant of the cavity is determined by the cavity mass and
specific heat, and by the rate of heat input. Proportional temperature control plus
a high specific heat material such as copper or aluminum of minimum mass should resuit

in time constants of the order of a few minutes,



TABLE 1

BRASSBOARD LENS PARAMETERS

LENS MATERIAL DIAMETER CENTRE RADII A.R.
(mm) + THICKNESS OF COATING
1 mm. {mm) + 0.1 CURV.
™. (IN.)
+ 0.1%

)
!
L1 Objective Ge 50 3.5 2,602, 3.870 ;OCLI wideband '
multilayer, :

6048005
L2 relay (a) Ge 35 2.5 1,373, 1.228 ii i
Jens pair (b) Ge 35 3.0 2,000, 4.744 g
(L3 same) %
{
, {
Jrt, LD, Lu ' i
¢ ' H
field lens (a) Ge 28 .199, 1.625 i ii :
\
Fair (b) Ge 23 2.0 -550, 0.573 | i
| !
! L |

NOTES

80 - 50 scratch and dig

sphericity to 4 fringes overall, 1 fringe irreqularity

uniformity stressed by manufacturing in planetary doublc rotation and

masking techniques, and in the case of the field lens a special on-axis

rotation used and all carried out in a common coating batch lot

1l mm. of edge used for mounting
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5.0 OPTO-MECHANICAL DESCRIPTION

This section is intended as a collection and summary of the specification parameters
of the opto-mechanical section of the MAPS brassboard. The mechanical specifications
of the various components are not described except in general terms, as these

components are well specified in the attached engineering drawing set.

3.1 Optical Lens

The brassboard lenses were procured from OCLI. They are fermanium lenses whose radii
of curvature were optimized for best imaging under the distance constraints shown ir
the mechanical drawings. The actual radii of curvature are given in Table I. Also
shown are the diameters, thickness at center, and notes as to scratch and dig,

sphericity and AR coatings.

3.2 Beamsplitter Parameters

The four beamsplitters for the brassboard are all Ge, AR coated on one side. One
set of two beamsplitters were AR coated to peak at 4.6 microns at 20 degrees angle
of incidence, while the other set of two were AR coated for 1ll.2 microns and 20

degrees angle of incidence.

3.3 Beam Recombiner

”

A single bean recombiner was designed for operation at both the 4.6 and 11.2 micron
operating wavelengths, This beam recombiner, as stated earlier, needed to be
non-polarizing. The beam recombiner is a 2 mm thick Germanium substrate, AR

coated on both sides with a broadband coating, and in addition, one side overcoated
with a polka dot pattern of gold dots so as to achieve a dot area to clear area

ratio of 15/85. The beamsplitter parameters are also summarized in Table IT.

3.4 Interference Filters

The interference filters were specified by NASA and the parameters for the OCLI filters
supplied to BRL for the brassboard tests at 4.6 and 11.2 microns are specified in Table

III L]
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TABLE 11

BEAMSPLITTER PARAMETERS

BEAMSPLITTER MATERIAL DIAMETER THICKNESS SURFACE
mm. + .1 mm. + .1 FINISH
4 beamsplitters Ge 35 1 A.R. coated (for 22°
operation) on one
side only

(1) one set of 2 A.R.
coating peaked
at 4.6 microns

(2) one set of 2 A.R.
coatings peaked
at 1.2 microns

1 beam recumbiner

Ge 40 2 Aluminized with a
"polkadot" array
of 0.61 + .80 mm. radius

for a net iluminized
area of 15%. The

dots being in linear
rows and in a pattern
sO as to give isosceles
triangles of 3 mm.
sides. Both sides A.R.
coated with wideband
OCLI multilayer 6040005

|

NOTE: -- wedge angles < 3 minutes of arc

-~ 80 =~ 50 scratch and dig

-- 4 fringe flatness, 1 fringe inequality

-- 1 mm. of edge used for mounting



TABLE III

INTERFERENCE FILTER PARAMETERS

-

F1LTER A PEAX HALF BANDWIDTH SLOPE AVERAGE grnrcxnnss MATERIAL
(u) (H.BW) TRANS. i
OVER HBW
!
co 4.671y 0.151u 0.766% 70% ! .0382" Silicon
0.858%
!
@ )
NH, 11.132y ° 1.028u 0.98% €% ' . 040" BLKR-ZNS
0.73% ' . o40" B.P.-G.e.




3.5 Gas Cells

The CO and NH3 gas cells were provided to BRL by TRW. The brassboard required two
different cells of each gas. The CO gas cell used 1 mm thick sapphire winduws for
4.6 micron transmission while the Mmmonia cells used 1 mm Ge windows for 11.2

micron transmission. The cells were assembled according to a gold bonding technique

of attaching the windows to the body of the cell.

The cell parameters for the cells used in the brassboard tests at BRL are given
in Table 1IV.

1.6 Detectors

The PhSe thermoelectricaliy cooled detecturs for CO detection and the pyroelectric

detectors for VHB detection are specified later in the results section as the-e

parameters are used to reduce the data.

3.7 Optical Efficiency Budget

The overall optical trainsmissions of the MAPS sensor derend on all of the individual
components in the optrcal path. These components are illustrated schematically

in F’ rure 3.1. The optical efficiency of each detector arm is different. The
summary of the transmission factors for the individual components, and the net
transmission for each arm are given in Tahie V. The individual component
transmissions are taken from vendor supplied data on the comporents, or witness

pieces.

3.8 Mechanical Mounts

The individual optical components were attached to a flat aluminum baseplate by means
of individua. component mounts. This design allowed a good deal of flexibility for

testiny each component. The included drawinc set details the design of each of the
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TABLE IV

GAS CELL PARAMETERS

GAS CONCENTRATIONS WINDOW WINDOW AVEKAGE
THICKNESS MATERIAL TRANSMISSION
Cco HIGH 1.0 Sapphire .62
co LOW 1.0 Sapphire .68
NH 3 HIGH 1.0 Ge .41
1213 LOW 1.0 Ge .47
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TABLE V

OPTICAL TRANSMISSION BUDGET

COMPONENT TRANSMISSION (11lu) TRANSMISSION (4.6u)

T 0.96 0.97
TC 0.96 0.96
TR 0.91 x 0.85 0.90 x 0.85
TI 0.65 0.70
Rl 0.38 0.35
'1‘1 0.61 0.63
T2 Tl Tl
R2 Rl Rl
R 0.95 0.95

. 32
Tw 0.48 0.75
T 1 0.85 0.83
92
T 0.97 0.91
g

Efficiency

Tl .070 .109
'1‘2 .091 .097
‘1‘.‘ .068 .091
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mounts. The detector mounts are integral with the field lens mount. The adjustment
mechanism that was finally kuilt and is shown in the drawing set was modified at

TRW request from the original design submitted to TRW.

3.9 Electronic Components

The MAPS brassboard was takan through a set of tests at BRL prior to delivery to
TRH. To perform these tests a set of laboratory electronic equipment was used.

A list of this equipment is given in Table VI.
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TABLE VI

ELECTRONIC EQUIPMENT LIST

Tetronix Oscilliscope Model 502 with camera.

Wavetec Waveform Generator, Model 112

PAR Lock-in Amplifier Model HR-8

PAR Differential Amplifier Model 114

12 Volt Battery.

90 Volt Battery.

+ 15 Volt Pow:r Supply.

Anakek 28 Volt Power Supp._  Model BRM 40-10C

Honeywell Chart Recorder Model Electronik 194
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4. Brassboard Tests

4.1 OPTICAL ALIGNMENT, IMAGING AND THROUGHPUT OPTIMISATION

(a) Optical Alignment

Optical alignment of the brassboard was carried out using an He-Ne laser
mounted on an adjustable holder (two co-ordinates variable) approximately

10 feet in front of the objective lens holder. The laser beam was aligned
such that it was directed along the brasshoard optical axis defined to be
obtained when the laser beam passes centrally through .010" diameter holes
located at the centre of the objective mount and field stop. Orthogonality
was assured at the objective and field stop mounts by locating a plano front
surface mirror at both mounts respectively and ensuring that the reflected
laser beam was coincident with the transmitted beam. The relay lens mount
vwhich is an integral part of the field stop mount was considered aligned when
the field stop had been aligned. The axial location of the interference
filter and aperture stop was found taking into consideration the optical

axis displacement due to the beam recombiner. ~Computed and measured
displacements with tolerances for all the optical mounts are shown in

Table 4.1. Figure 4.1 shows the computed displacements of the optical
alignment. Field lens #1 axial position was found at its calculated axial
displacement by measurement from a pinhole located at the centre of the field
lens aperture. This displacement was due to the absence of the beam recombiner
and two beam splitters. A front surface plano mirror placed at the field

lens mount ensured orthogonality of the mount.

The location of the 25° beam splittcr mount was obtained using a 25° aluminum

jig referenced to a baseline parallel to the optical axis and located on

the brassboard base plate. The axial location of field lens #2 was obtained

by replacing beam splitter #2 with a front surface plano mirror and adjusting the
field lens mount until the laser beam struck the field lens aperture at a location
coincident. w.th the computed axial displacement. This location was found by

measurement from a pinhole located at the centre of the field lens aperture.
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COOMPARISON OF COMPUTED AND MEARURED AXIAL AND ANGULAR DISPLACLMENTS

LOCATION

COMPUTED DISPLACEMENT IN

MEASURFD DISPLACEMENT

Field Lens No. 1 Horizontal -1.29 ~1.25 + .25 mm
Vertical 0 <% 0.3 mm
Angle normal 0° + 1°
Beamsplitter No. 1 Horizontal -1l.24 -1.0 + 0.3 mm
Vertical 0 <+ .3 mm
Angle 65° 65° + 0.3°
Field Lens No. 3 Horizontal -.64 ' -0.6 + 0.1 mm
¢
Vertical 0 ! 0+ 0.2 mm
Angle normal ‘0% 0.3°
Beamsplitter No. 2 Horizontal -1.2 + 0.2 mm
Vertical 0 0+ 0.2 mm
Angle 70° 70° + 0.3°
Front Surface Mirror Horizontal -1. i -1.3 + 0.3 mm
Vertical ) L 0+0.3m
Angle 10° i 10° + 0.3°
Field Lens No. 2 Horizontal -1.16 , ~1.3 + 0.3 M
Vertical 0 { + 0.3 mm
Angle Normal + 0.3¢
Aperture Stop Horizontal -1.1¢6 -1.15 + 0.3mm
‘
Vertical o] i 0+ 0.3 mm
Angle normal o° + 0.3°
Beam Recomt iner Hor.zontal by 0.0 + 0.3 mm
Vertical 0 0.0 £+ 0.3 mm
Ancle 45° 45° + 0.3°

Tal)l\ 4.1 .

H-22




Oréhogonality of this field lens mount was again ensured by having the reflected
laser beam at the field lens coincident with the transmitted beam. Boamsplitter
#1 was installed using a 20° jig again referred to the base plate reference.

A front surface plano mirror was then mounted on this beamsplitter mount in order
to align the third field lens. The front surface mirror in this arm was located

o . . -
using a 10~ jig. The axial position and orthogonality of field lens #3 was found
in a similar fashion to #1 and #2.

The beam recombiner mount was located in position at 45° to the laser beam using
a 45° jig.

The reference blackbodies were aligned by rotating the brassboard through 180o
and aligning the laser beam in such a manner that it was orthogonal to and was
transmitted through a .010" pin hole located .045" off the optical axis in the
horizontal plane at the aperture stop. The hot and cold blackbodies were
aligned by adjusting their respective mounts until the laser beam reflected at
45° by a front surface mirror located at the beam recombiner was coincident
with pin holes located at the centres of the blackbody apertures in one instance
directly (hot blackbody) and in the second instance after reflection at the

chopper disc. Orthogonality of both blackbodies was found as before.

The reflective blackbody was aligned by introducing a-.010" pinhole located

at relay lens L2 and aligning the laser beam until it was orthogonal to this
rinhole. The laser beam reflected from the chopper disc was then used to

align the blackbody.

On completion of the optical alignment all mounts were drilled and pinned, prior
to removal of the mounts in order to install the optical components and facilitate

relocation.
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(b) Imaging and Verification of Ray Trace

Field stop Feccus

After mounting the objective lens in its mount a2nd relocatina mount on brassboard base
plate and installation of the chopper disc and cover, the field stop focus was
determined using a 3/8 inch diameter, 1/2 inch long hot silicon carbide resistor,
located 10 feet on axis in front of the objective lens as the source. The

location of the image was obtained using a Q.010 inch pin hole located in front

of an InAs detector with the capability of scanning along and perpendicular to

the optical axis. Figures 4.2 and 4.3 show the data obtained perpendicular to

and along the optical axis. When compared to the optical ray trace the field

stop image was found to be 0.6 mm on the beam recombiner gide of the field stop physic
location. This was initially left "as is". The image depth was found to ke

% 20.5 mm and the width % $0.2 mm.

Aperture Stop Focus

The relay lenses, beam recombiner and field stop were mounted on the bas~ ,.ate
and the scanning InAs detector and pin hole were relocatcd at the apertvire

stop location. The objective ens was removed and the Sil resistor source was
placed behind a 0.040 inch axially located stop at the objective lens position.
Directions perpendicular to and along the optical axis were scanned and the

data recorded in figures 4.4 and 4.5. The image of this source located in the
objective plane was found to be & 1 mm toward the field lens from the aperture
stop. This was left "as is". The image depth was found to be % tO.S mm and the

widath ¥ 0.2 mn.

Field Lens Focus

The InAs detector and pin hole were relocated at the image location of the field stop,
i.e., at the field lens #1 position., The hot source was relocated ar for the field
stop focussiug and the objective lens remounted. The results of scanning the

0.710 inch aperture perpendicular to and along the optical axis are recorded in
figures 4.6 and 4.7. The various curves in 4.6 are for different settings of the
axial co-ordinate. The irregularities of the families of curves show the

difficulty in aligning the X-Y scanner on the optical axis. Similar data were

recorded for the locations of field lenses #2 and #3,
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FIELD STOP FOCUS
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Fig. 4.2

Data obtained using a 0.010 inch scanning pinhole moving perpendicular to
the optical axis. The source was a 3/8 inch diameter, 1/2 inch long hot

SiC resistor located 10 feet on axis in front of the objective lens.
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FIELD STOP FOCUS
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Fig. 4.3

A 0.010 inch scanning aperture moving in the direction of the optical axis

at the field stop focus. The source was as in Fig 4.1
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APERTURE STOP FOCUS
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Fig 4.4

Results of pinhole aperture scans at the aperture stop location. The SiC
resistor source was locafed behird a 0.040 inch axially located step at the
position of the objective lens. The X-Y microscope stage mount was scanned

in the Transverse d.rection for a set of values (in mm) for the axial locations. .



APERTURE STOP FOCUS

95% WIDTH= ¥ .Smm
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AXIAL DIRECTION SCANS

Fig 4.5
Scans of the 0.010 incu pinhole moving in the axial direction at the aperture
stop. The source is as for Fig 4.3. The axial scans are for various lateral

positions (shcwn in wmam)
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FIELD LENS FOCUS

1o
N 95% WIDTH= _2mm

RESPONSE (ARBITRARY UNITS)

34 35
(MM)
TRANSVERSE DIRECTION SCAN

Fig 4.6

Results of scanning the 0.010 inch aperture through the field lens focus
position. The source was the SiC resistor located axially 10 feet in front
of the objective lens. Thus the focus is a reimaging of the first image
located at the field stop. The various curves are for different (in mm)

gettings of the axial co-ordinate.
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RESPONSE (ARBITRARY UNITS)

FIELD LENS FOCUS
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Fig 4.7

Results of the 0.010 inch aperture scans moving in the axial direction for

several settings (indicated in mm) of the transverse co-ordinate, The
families of curves are not regular because of the difficulty in aligning the

X-Y scanner precisely on the optical axis.

H-30



(c) Detector Alignment

After locating filed lens positions, all optical
components were reassesbled and positioned on the brassboard baseplate.
Initially, the Pb.Se detectors were installed in threir holders and after
positioning the CO and Nz gas cells in their respective optic arms, optimisation
of each detector output was attempted. It was not found possible to go through
a maximum for any PbSe detector in the direction of the optic axis, however,
it was found possible to maximise the detector response in the two directions
orthogonal to the optical axis. The detectors were demounted and the mounts
modified by removing 0.120' from the rear surface of each, thus enabling the
detector to be located closer to the field lens and allowing a maximum position
to be found. After discussions with T.R.W. personnel, it was discovered that
the PbSe manufacturers' drawings showing the location of the detector flake,
were in error, ard the detector flake was actually = .100 inch closer to

the detector base then had been expected.

A similiar procedure was carried out for the pyroelez*ric detectors and again
it was found necessary to remove .040" from the rear face of each detector
mouﬂt in order to locate the optimum position where each detector output was
found to be able to go through a maximum in all three directions. On location
of these positions all detector adjustable mounts were locked to enable
relocation on the field lens mount when the PbSe and pyroelectric detectors

were interchanged.
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The field image was found with no interference filter or gas cells in the
brassboard. This image was located at 195.7mm from the rear relay lens
surface. The image depth was found to be % 3.5mm and the width = *0.2mm.
When taking the I.F. and gas cell windows into consideration the field
image to relay lens distance would be = 198mm, considered too far out of
design tolerance. The objective lens was moved =0.6mm away from the field
stop and the field lens image found to be relocated at 190.2mm (excluding
I.F. and gas cell windows). The field lens surface is located at 193.7mm
from the relay lens. (verification of ray trace) When all the optics are
included the field image will be at 192.5mm i.e. the field image will be

1.2 pm ahead of the field lens surface.

H-32



4.2 PbSe COOLER TESTS

When the PbSe detectors were received from Opto-electronics it was not found
possible to reproduce the cooler temperatures recorded by Opto with the power
specified. It was also found that the ambient thermistor resistance values

did not correlate with manufacturers data.

Most of the cooling capability was recovered after the detecor getters were
fired and the variance in the ambient thermistor resistance was later found to
be due to the fact that at Opto the thermistor resistance values were recorded

with 100 V bias on the detecor, resulting in scme internal heating.

Gettering was accomplished by passing 5% Amp. 2.C. derived from a variable
transformer with a transformer acting as a choke to limit the current. The
voltage on the Variac was 33 volts and the getters were fired 3 times for 10

seconds each, with a dead period of 3 minutes between each firing.

The time history of each PbSe detector conlers' operating efficiency during

testing at BRL is shown in Figures 4.8 - 4.11.

H-33



7001 - -80
600 |-
PbSe DETECTOR #004
sS00 omﬁffl|(5()l711\)
c
O
8 400 | 4.75
;'E
[0
:z: 3_00 -
7 1-70
o A
W 200
OmA
53 ~€?5——1§a m
O e
© 00} --60
-' G .
+4-40
1 1 I § 'y 4§ [ 1 I I J | [ [
10 15 20 25 30 &5 0 I5 20 25 30 S IO 15 20
JUNE JULY AUGUST
Fig 4.8

The time history of the PbSe detector No.004 cooler, operating efficiency
during testing at BRL. Values for the cold resistance of the thermistor were
taken for a variety of operating conditions, but the values shown here are

for 160 mA of cooler current, unless otherwise shown. The "G" indicates firing
the Getters.
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COLD RESISTANCE (+100052)
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Fig 4.9

The time history of the PBSe detector No. 006 cooler, operating efficiency
during testing at BRL. Values for the cold resistance of the thermistor were
taken for a variety of operating conditions, but the values shown here are

for 160 mA of cooler current, unless otherwise shown. The "G" indicates firing
the Getters.
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Fig 4.10

The time history of the PbSe detector No.005 cooler, operating efficiency
during testing at BRL. Values for the cold resistance of the thermistor were
taken for a variety of operating conditions, but the values shown here are

for 160 mA of cooler current, unless otherwise shown. The "G" indicates firing
the Getters.
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PbSe Detector Cooling vs Power
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Fig 4.11

PbSe detector cooling efficiency versus power applied to the Thermoelectric

heat exchangers. Curves are obtained for a detector heat sink at 30°C.
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Fig 4.12

PbSe thermoelectric cooler performance versus time.

100V bias changes the indicated temperature by less than 1°C, and the application

The application of the

of increased photon flux from the blackbody source gave no discernable change

in indicated temperature.
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PbSe RESPONSIVITY vs TEMPERATURE
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Fig 4.13

.Respongivity versus Temperature for the PbSe detectors (data supplied by
Opto-electronics).
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4.3 HEAT SINKING EFFICIENCY TESTS

The efficiency of the detector heat sinking was evaluated with and without the
heat sink. strap connected. No. 44033, ¥SI thermistors were used to monitor the

detector base, baseplate and ambient temperatures.

The temperature: drift of the baseplate and detector base with the heat sink strap
connected was found to correlate with ambiént temperature. The detector base without
the heat sink strap connected was found to be 22..* C hotter than the base with the
strap connected. The d'fference in the detector cold temperature with and without
the heat sink strap was found to be only 0.7° C. PFigqure 4.14 shows the results
obtained during the heat sink efficiency tests.

It would appear that although the heat sink straps Qo provide an increase in
heat sinking efficiency the detectors would operate ouite adeauately without
them. This is not really surprising when one considers that only 2 watts max.
has to be dissipated and that the thermal contact between the detector base

and mount is very good.

K-40



JHNUVY3IINZL WANINIW Q3A3IHOVY SYH 4371000 "3'L H3Ld4v SILANIN NI 3WIL

98l
281
88l
68l

LA AT

09 (0% (o] 0t (074 Ol 0
T T | I 1 T T
ANIS LY3H HLIM B
(005°€2 BNYV)
9NIN00D
340438 dN3L o
3lvid 3sve O o o.\o.\.o \ |
on - lllO"l ==
(MNIS IY3H LAOHLM 31v7d 3Sve) o--=-0 NS LY 3H
LNOHLIM
(96802 BNV
. ONIN00)
WNIS LV3H Y- 340438 dIN3L -
(MNISLY3K HLM) 38VE8 dOLO3430 o . \\
P4
Y
|oulno|||o.\ =

(MNIS LV3H HLIM) O-

(MNIS LY3H LNOHLIM) 'SdW3L 4700 ¥0LJ313Q

€L/8 OnNV

SO0%¥O0LO3130 °sdd

(NS LV3H LNOHLIM) 3SVE 8013130  o--"°"

-0

llb\\
o----0---0---0--0-

dVH1S MUNIS LVY3H
dvdlS MNIS [ 73H ON - S31ON2Q

/!

can o " o

ve

9¢

o

ce

14

Jde

H-41



4.4 BLACKBODY FABRICATION AND TESTING

The blackbodies were assembled by inserting the body consisting of the machined
pyramids in liquid nitrogen and then pressing the body into the cover.

To ensure high emissivity, 3M black paint and appropriate primer-were used to
paint the blackbodies. Two different techniques were employed, one consisting

of swilling the primer followed by the 3M paint around in the blackbody and then
suspending the body upside down_to allow all excess paint to drip out. The
blackbodies were then baked at 275°F for = 30 minutes. When the baking was
completed it was found that excess paint which had not been removed rrom the
cavity had partially filled in the base of the pyramids

non-black cavity. The second method which was found to give much better results
consisted of spraying both the primer and paint on the blackbody and allowing

the paint to cure overnight. It is felt that the best approach to take in

future would be to spray the blackbody prior to assembling them in thcir covers,
when it will be ensured that the spray carries paint to all sides of the pyramids.

In initial testing of the blackbody with the Tayco heater it was found that the
additional heat load provided by the aluminium retaining ring was sufficient to
ensure that the thermistor imbedded within the blackbody did not see a

temperature greater than SOOC when maximum power (10 watts) was applied to the
heater. A teflon ring was fabricated to replace the aluminium retaining ring and
heating curves for the blackbody were obtained as a function of time for various
fixed levels of heating power. It was found that for maximum heating power a
temperature in excess of 100°%¢ could be obtained in less than 0 minutes. Fig. 4.15
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Fig 4.15

Heating curves for the hot blackbody. The curves are obtained as a function

of time for various fixed levels of heating power applied to the Tayco heating
element.
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4.5 LED - Phototransistor Tests

L.E.D. - phototransistor tests were carried out for both the reference and
.signal frequency pick-offs. The L.E.D. used was a G.E., L.E.D. 56 and the
phototransistor was an MRD 310. + 10 volts was applied through a 100 Q
resistance to the anode of the L.E.D. and + 20 volts was applied to the
collector of the phototransistor. The output signal was picked off across

a 100 O load resistor.

Oscilliscope records of the outputs of the phototransistors from the L.E.D.
phototransistor pairs located on the chopper dis¢c cover are shown in Figures 4.16
and 4.17_ Fig 4.16 shows the waveforms for the pair synchronous with the source
chopping frequency and Fig4.17 shows the‘waveform for the reference blackbody
chopping frequency. These records will be of use in evaluating the chopper

disc waveforms.
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MAPS SYNCHRONOUS SIGNAL WAVEFORM JULY 8, 1975
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Oscilliscope records of the outputs from the phototransistors of the LED -
phototransistor pairs located on the chopper disc. These records are for the
pair synchronous with the source chopping frequency. The records are to be used
in evaluating chopper wavefoxrms. The LED's had 10 volts applied and the photo-
transistors had 20 V on the collector.

FIGURE 4.16
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MAPS SYCNRHONOUS REFERENCE WAVEFORM
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Oscilliscope records of the LED - phototransistor chopper waveforms for the
reference blackbody chopping fregquency.

The LED - phototransistor conditions
are as for Figure 4.18.

FIGURE 4.17
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4.6 Scene and Reference Signal Evaluation

The PbSe and pyroelectric detector and preamplifier output waveforms were

examined using the Eppley blackbody as the scene target. From Figures 4.15 and

4.19 the outputs of the PbSe detector and preamplifier and pyroelectric

detector and preamplifier at the scene frequency, for source and reflective
blackbody temperatures as noted may be evaluated and the respective chopping.
efficiency determined through the bandpass of the preamplifier. Figures 4.20 gna
4:21 show the composite detector waveforms, source and reference

frequencies, for the source temperatures noted.

Optical crosstalk between the scene and reference frequencies was evaluated
by monitoring the differential output from preamplifiers #1 and #2 via a
P.A.R. differential amplifier and lock-in amplifier with the output v, - V

1 2
balanced at zero. V. - V_ was recorded via a Honeywell chart recorder.

1 2
With the Eppley blackbody set at 33.41°C Av. for the five platinum resistance
thermometers the output V1 - V2 at the scene frequency was monitored while
the temperature of the hot reference blackbody was cycled to 64°C and allowed

to cool down to ambient 31°C.

No optical crosstalk was apparent on the output at the scene frequency while

the amplitude of the reference frequency was varied. Similarly while monitoring
the differential reference signal with the hot reference blackbody at Sl.SOC

and cycling the scene amplitude from 33.41°C to 84.11°C and down again no

Ld
crosstalk was apparent between the scene and reference frequencies.

H-47



#005

1 mSec/cm.
100 mvV/cm.

2 mSec/cm.
50 mV/cm.

PbSe DETECTOR SIGNAL WAVEFORMS

i 4ofan vt e aaiet

i ~.p".--

Do . !

RO PR

FIGURE 4.18

AUGUST 8TH, 1973

Source 30.81°C

Reflective B. Board

27.95%

Source 30.7°C
Reflective B,
28.0°C

Board



[i PYROELECTRIC WAVEFORM DETECTORS AUGUST 7TH, 1975

iz $12243
i
10 ms/cm. SIGNAL WAVEFORM
200 mV/cm. Source 36.54°C
Reflective B. Body
: 27.74%
. D v . 3.3
MRy Qo %
t L) v, -
l r s o
5 mS/cm. SIGNAL WAVEFORM
200 wmV/cm. Source 45.73°C
Reflective B. Body
26.3°%
i
100 mS/cm. s REFERENCE WAVEFORM
200 mv/cm. : § Cold B. Body 28°C
1 ; Hot B. Body 74.81°C
3 .
! ' o 12 :
i N LAY .
i ’ ) !
-
| 3
FIGURE 4.19 , §
- i i
¢ A "
. § 4
AN , o
| :
: i o . ) iy a‘.:.u.;' “



20 mSec/cm.
500 mV/cm.

100 mSec/cm.
500 mV/cm.

100 mSec/cm.
200 mV/cm.

FIGURE 4.20

r

E

PYROELECTRIC DETECTOR COMPOSITE WAVEFORMS

. ' "l_,.z-_v'_w

1

AUGUST 7, 1975

Source 36.52°%C
Reflective B. Tody
28°c

Cold B. Body
28.2%

Hot B. Body
74.81°%C

Source 39.4°c
Reflective B. Body
27.6%c

Cold B. Body
27.74%

Hot B. Body
74.81°%C

Source 36.53°%
Reflective B. Body
26°%

Cold B. Body

28°%

Hot B. Body

75°%



[P

e e
"
. R PR

PbSe DETECTOR COMPOSITE WAVEFORMS AUGUST 8TH, 1975

#005

Source 31.17°C
Reflective B. Body
27.9°%

;. ﬁ‘\_;:‘. !x . ‘ ' ‘ COIdoB. Body
] 27.9%

S mSec/cm.,
200 mV/cm.

Hot B. Body
46.9%C

EWWWWMWW'*?A@:*W: e

RGN

Source 30.97°C
Reflective B. Body
27.95°¢C

Cold B. Body
27.95%

Hot B. Becdy

47°%

1 mSec/cm.
100 wV/cm.

.

S |

Source 31.88°C
Reflective B. Body
27.7%

Cold B. Body

2e 25%

Hot B. Body

45.9°%

1 mSec/cm.
100 mV/cm.,

l:i‘-fda..;.,....m... wF
ATt A it

' .’:‘F"‘z“m

FIGURE 4.21



4.7 preamplifier Check-out

The TRW supplied PbSe and pyroelectric preamplifiers were consecutively
installed on the brassboard connected to their respective detectors and
pre-amplifier outputs evaluated. On the PbSe preamplifiers it was discovered
that a large amount of pick-up was apparent due to the thermistor ground and
T.E. cooler ground being connected at the output of the preamplifier rather
than the input. This modification was carried out when the pick.up was

found to disappear. Two of the pyroelectric preamplifiers were found to

be wired incorrectly. The -6 V bias on the detector was absent due to lack

of a connection between Rl and Rz on the preamplifier (see schematic). Wwhen
these modifications had been carried out, all preamplifier detector combinations
were found to operate satisfactorily. The value of the ferrous preamplifier
covers was evaluated and while on one pyroelectric preamplifier, high frequency
spikes were evident the presence or absence of the covers did not affect the

coherent output of the detector and preamplifier.
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PERFORMANCE EQUATIONS

1 1 L]
Crest Factor X Gain ¥ Af

Detector noise voltage = (Qut p-p noise) x

(vms Hzl‘) (1)

Signal response x 2 x

, Gain (2)
System efficiency o Te ANA X responsivity x AA x Al
ngp = Doise voltage (watts) (3)
responsivity
NEP -2 -1
NEN = K Wem ™ sr ) (4)
o e .
o
1 2
AF = —— f [r, ()] at
A
v [+}
= n/2 . f2 for 6 db/octave filter (5)
D* = rd
LY WY L )
NEP
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4.8 NOISE VOLTAGE MEASUREMENTS

Noise voltages were determined for each detector preamplifier combination with
modulated energy derived from the Eppley blackbody falling on the detectors.
The output from each preamp was taken in turn via a PAR lock-in amplifier

to a chart recorder and the peak-to-peak noise voltage determined when all
modulated energy was removed from the detectors by blocking each optical arm in
turn. -

Noise voltages referred to each detector were obtained using equation (1),

The peak-to-peak noise was measured from the chart record where the time period
considéred was ¥ 100 x PAR time constant. In this case the time constant was

1 second and thus peak-to-peak noise over periods of 100 seconds were taken

¢nd an average value derived over 5 such periods. Noise from all of the detectors

tas agsumed to be Gaussian and the appropriate crest factor obtained from figure 4.22.

The gain of each preamp was determined by introducing a square wave of known
amplitude at the signal frequency into each preamp input and recording the preamp
output.

Sguare wave p-p volts out
Square wave p-p volts in

Then preamp gain =

”

The gain of the PAR lock-in and chart recorder was obtained by fixing the PAR
internal reference at the desired signal frequency and with a square wave of
known amplitude, deriveda from a signal generator, at the signal input, sweeping

the generator to obtain the beat frequency at the chart recorder output.

Sine wave p-p volts out
Sine wave p~p volis in

Then PAR gain =

The noise bandwidth Af was obtaine¢ from equation (5). Detector noise voltages

thus cbtained were compared with those obtained from the detector manufacturers
as shown in Tables 4.4, 4.6, 4.10 and 4.12.
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4.9 SYSTEM EFFICIENCY

System thruput or total optical and electxpnic efficiency was derived in a
similar fashion as the noise voltages. Using the Eppley blackbody as the
radiant source and with a known temperature at the reflective blackbody the
coherent signal on each detector was displayed on the chart recorder as an
average woltage output. System efficiency ToTe was then obtained from equation
2. The d.c. signal response was related to the peak-tq-pegk square wave
radiant iaput as shown ir Floure 4.23 System gain was 6eriveé as in section 4.8.

The differential AN, radiance was computed from the known temperatures of the
source ?nd reflective blackbody. Manufacturers data for responsivity and A)
were as§umed and AQ was calculated from design data. The magnitude of the
response from each detector was obtained by consecutively allowing the radiant
enexgy .n each arm to be completely blocked, to obtain a baseline and then
removing the blocker. Measured values for ‘0T Were then compared with the
predicted design data as shown in Tables 4.7 and 4. 13.

Noise equivalent radiances (NEN) were then calculated from the noise voltage data

using ToTe as shown in equation (4). These NEN's were again compared with the
design data as shown in Tables 4.7 and 4.13 .

4.10 GAIN BALANCING

The gains of two of the preamps for both the PbSe and pyroelectric detectors
vere adjusteld to give identical outputs to a fixed Eppley blackbody source.
This was acc mplished by using the outputs from two cf the preamplifiers and
coupling them via the PAR differential amplifier and lock-in amplifier to
obtain zero output by adjusting the gain of the preamp . with the largest
signal at its output through a potentiometer located on the preamplifier.

The nutput from the third preamplifier was then coupled with one of the first
two outputs through the differential amplifier and lock-in amplifier and the
gain of the third preamplifier adjusted to again obtain zero output. In each
instance the differential output V, -V, and V; = V4 were recorded and the noise
voltages after being differentially coupled,
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4.11 AV GAS SIGNAL

Initially it had been intended to monitor the differential output from arms

1l and 2 to evaluate V1 - V2 as a function of gas signal input for the PbSe
detectors. This required the use of the G.S.U. target source and absorption cell.
Unfortunately due to scheduling problems only the target source was available

and thus it was not possible to perform preliminary gas response tests. However it

was found possible to place a 1 Cm x 1 1/2 inch diameter cell with sapphire

windows containing 60 TCRR €2 hack€illed with N, to a total vressure cf 760 TORR.
between the objective lens and the chopper disc and record the response. B
This test verifies that the brassboard was in fact capatle of seeina 2 x 10—3atm.

cms. CO with a target source temperature of 33.4° C with an S/N (RMS) =1,
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COMPARISON OF DETECTOR MANUFACTURER'S DATA & MEASURED DATA

Tables 4.4, 4.5, 4.6, 4.10, 4.1) and 4.12 give a comparison of the detector
manufacturer's noise voltage data with that obtained on the brassboard 5
measured as outlined in section 4.8 for both PbSe and pyroelectric detectors.

Measured values for noise voltages were obtained under the following set of

cond.tions in each case referred to the detector.

Detector noise voltage = (Output p-p noise)x 1 1 ~
Crest factor Gain

Crest Factor = $.2

Noise bandwidth = 0.25 Hz

Output p-p noise was obtained from the chart record -

VAV was also obtained from chart record
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NEN CALCULATIORS

NEN values were calculated for each arm of the brassboard at
4.6 microns and 11.2 microns as described in section 4.9.
These values along with optical efficiency and throughput
values were then compared with design values in Tables 4.7 &
4.13.
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PYROELECTRIC DETECTORS

12117 12142 12243
Area (cm ) .0404 .0402 .0402
ROOM Responsivity (V/W) 725 762 725
TEMP.
D* (cm Hz® W 1) 7.7 x 10° 9.5 x 10° 5.9 x 10°
NEP (W) 2.56 x 10" 10 2.087 x 10°2% | 3.38 x 1071
Responsivity 627 725 650
7 8 8 8
p* 4.7 x 10 6.9 x 10 3.9 x 10
Table 4.2

Detector performance data supplied by manufacturer
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ARM 3 2 1
DETECTOR No. 12117 No. 12142 No.12243
Black Body Temps (°C) 25.5 25.1 26.8

"  »  Radiance (Wem 2sr iy 9.44 x 1074 9.385 x 1074 9-25 x 10™°
Source Temps (°C) 30.45 30.34 30.74
" Radiance (Wem 2sr™2u™Y) 1.015 x 1073 1.013 x 1073 1.019 x 10'3ﬂ
A Radiance (wem 2sr 1yl 7.09 x 10~> 7.45 x 107> 5.65 x 107>
P.A.R. GAIN 39.5 43.45 43.45
Noise Bandwidth (Hz) 25 .25 .25
Pre-amp gain 3 x 10° 1.92 x 10° 2.38 x 10°
Vav Signal (V) 3.15 7.8 5.6
v, Noise (V) 90 x 107> 37.5 x 107> %0 x 1073
Crest Factor 5.2 5.2 5.2
Noise Voltage (V o 2.65 x 107/ 1.72 x 10”7 3.34 x 107/
“o'e .045 .073 .058
N.E.P. (W) 3.66 x 10710 2.25 x 1071° 4.6 x 10°
D* Cm Hz W ! 5.46 x 10° 8.89 x 10° 4.34 x 10°
NEN (Wem 2sr™Y) 8.19 x 10’ 3.18 x 10°° 8.19 x 10°°

Table No. 4.3

Pyroelectric detector measured data
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PYRO NO. 12117

MANUFACTURER'S MEASURED
DATA DATA
D* 7.7 x 108 5.46 x lO8
L -
Cm sz W 1
-7 -7
NOISE VOLTAGE 1.86 x 10 2.65 x 10
(Vrms Hz_s)
Table 4.4

Comparison of manufacturer's and measured data
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PYRO NO. 12443

MANUFACTURER'S MEASURED
DATA DATA
D* 5.9 x 108 4.34 x 108
(Cm Hz® Wl
-7 -7
NOISE VOLTAGE 2.45 x 10 3.34 2 10
(Vrms Hz-k)
Table 4.5

Comparison of manufacturer's and measured data
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PYRO NO. 12142

MANUFACTURER'S

MEASURED
DATA DATA
D* 8 8
2.5 x 10 8.89 x 10
(Cm He® w'l)
NOISE VOLTAGE
-k ~7
Vrms Hz 1.59 x 10 1.72 x 10 7
Table 4.6

Comparison of manufacturer's and measured data
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COMPARISON OF DESIGN & MEASURED BRASSBOARD

PERFORMANCE INH3]

DESIGN (D) MEASURED (M)
aq (Cm® sr) 3.88 x 1072 4.85 x 1072

Af (Hz) 0.1 0.25
D* (Cm Hz® W 1) No. 1 5 x 10° 4.34 x 10°
No. 2 5=x 108 8.89 x 108

'y

No. 3] 5 x 10 6 46 x 168

T T No. 1 .062 .058

0O e

No. 2 .056 .073

No. 3 .091 .045
NEN (Wem 2srl)  we. 1 5.26 x 10°° 8.19 x 10°°
No. 2 5.82 x 1070 3.18 x 1078
No. 3 3.58 x 10°° 8.39 x 10°°

Table No. 4.7
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PbSe DETECTORS

(195°K performance)

Detector Detector Detector
004 005 006
2)
Area (Cm .04 .04 .04
Responsivity (V/W) 2.04 x 104 3.49 x 104 3.21 x lO4
D* (4.7y, 172 Hz) 1.05 x 100 9.59 x 10° 1.25 x 10%°
(cmnz” wl)
TEMP 185%k 1807k 192%
Responsivity (V/W) 1.01 x 10° 3.15 x 10° 2.71 x 10%
D* 1.08 x 10%° 1.39 x 1010 1.48 x 10%°
197%
R. 2.85 x 10%
D* 1.20 x 10%°

Table No. 4.8

Pbse detector performance data supplied by Opto Electronics.
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ARM 1 2 3
Detector No. 005 No. 004 No. 006
Black Body Temps (°C) 25. 26.5 26.65

®»  * Radiance (Wem sy ™) 1.807 ~ 1074 1.830 x 1074 1.848 x 1074
Source Temps (°C) 30.57 30.65 30.68

" Rsdiance (Wem 2Sr Lp ™) 2.11 x 10 2.116 x 107" 2.118 x 1074
A Radiance (Wom 2sr™n”Y) 3,03 x 107> 2.77 x 107° 2.7 x 107>
Detector Temps x; 101 193 189
P.A.R. GAIN 43.5 39.55 43.5
Noise bandwidth (Hz) .25 .25 .25
Pre-amp gain 473 773 555
Vav Signal (V) 3.35 2.05 2.3
Vp-p Noise (V) 46 % 107> 61 x 107> 35.3 x 1073
Crest Factor 5.2 5.2 5.2
Noise Voltage (Vrms Hz-k) 8.6 x l()-7 7.7 % 10‘7 5.6 x 10-7
To'e .101 .082 .084
N.E.P. (W) 2.46 x 10712 3.97 x 1071t 1.77 x 10712
D* (Cm Hz? WD) 8.11 x 10° 5.3 x 10° 1.12 x 10%°
NEN (Wom 2sz”2) 2.51 x 1072 4.71 x 1072 2.17 x 107>

Table No. 4.9

PbSe detector measured data
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PbS: No., 00S

MANUFACTURER'S

MEASURED
DATA DATA
D* 9.59 x 10° at 195%k 8.11 x 10° at 191%
4.7
(Ca Hz" W 1) 1.387 x 1030 = 180%

NOISE VOLTAGE

Y

(Vrms Hz™ )

7.27 x 10”7 at 195%

4.54 x 10”7 = 180°%k

8.6 x 10 at 191k

Table 4.10

Comparison of manufacturer's and measured data
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PbSe No. 004

MANUFACTURER'S

DATA

MEASURED

DATA

4.

(Ca Hz

10

1,046 x 10 at

9.99 x 10 "
10

1.077 x 10 "

8.87 x 1020 =

1.29 x 10 "

195°k
195%&
185%
195%

197.5%

5.3 x 10° at 193°K

Vrms Hz -4

NOISE VOLTAGE

3.9 x 10" at
4.0x10 -
3.55x10 "
4.57x10  *

4.4 x 10 "

195°K
195%k
185%K
195°x

197.5%

7.7 x 10~ at 193%

Takle 4.11

Comparison of manufacturer's and
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PbSe No. 006

MANUFACTURER'S

MEASURED
DATA DATA
D* 1.25 x 2002 at 195% |1 12 x 1020 at 189%
4.7u
O
- ”
(cm Hz? WY 1.48 x 1020 " 182K

NOISE VOLTAGE
5

(Vems Hz )

5.13 x 10~ at 195%K

3.66 x 10~ * 182°k

5.6 x 107 at 189°K

Table 4,12

Comparxison of manufacturer's and measured data
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COMPARISON OF DESIGN & MEASURED BRASSEQARD

PERFORMANCE [CO]

DESIGN (D) MEASURED (M)
A (cm’sr) 3.88 x 1072 4.85 x 1072
A £ (Hz) 0.1 0.25
p* (Cm Hz W 1) No. 1.2 x 10%° 8.11 x 10°
No. 1.2 x 10%° 5.3 x 10°
e
No. 1.2 x 10%° 1.12 x 167
T 1 No. .091 0.101
[ J¥
No. .109 0.082
No. .007 0.084
~2_ =1 -9 - 2.51 x 10™°
INEN (Wom “sr” ") No. 1.49 x 10 .
No. 1.25 x 1072 4.7 x 10~
No. 1.40 x 10°° 2.17 x 107>

Table 4,13
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A 0 CALCULATION

Aperture Field
Stop lens

J 147.2 mm

3.175 radius

A = (5.29)°2 - ((3.125 x22 -1 :3.125)2)

= 225.4 m® .
2
= I (24.4) :‘
ArL [ 3
= 467.6 mm?

A = 225.4 x 4537.6
147.4)2

=  0,0485 cm® sr
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APPENDIX 1

MAPS GAS CELLS CHEMICAL COMPATIBILITY
LIFE TEST
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SVSTEMS GROUP

INTEROFFICE CORRESPONDENCE

E. A. Burns 4341.AC.76-118
vo P, Hutchings cc: C. Flegal OATE: §-9-76
W. Massey
L. Peterson
R. Jones
?
sunsecT MAPS Gas Cells enom. L.E. R‘yan;(. <. Q?’W
Chemical Compatibility sLoG MAIL STA, T
Life Test 0 2030 6245

Reference 1: 4341.AC.75-165, Chemical Compatibility Study of MAPS
Gas Cell, To: W. Massey, From: L.E. Ryan, 7-24-75

Reference 2: Monitoring of Air Pollution by Satellites (MAPS) Phase
1 Report, Science Applications Incorporated.

Reference 3: 4341.AC.76-062, Report on MAPS Gas Cell Fiiiing and
Recommendations for Future Modifications to Fill
Station, To: P. Hutchings, From: L.E. Ryan, 3-19-76

Trntvnda-1ip

e des gl we joc Tave 0T Uie MAPS gas cell eftort was o produce d
chemicaliy stable gas reference cell for the operationai lifetime of
the instrument. Chemical changes were of primary concern because re-
actions which would deplete the reference gases or introduce absorptive
species into the band pass would effect instrument response. Theoretically
the cell design maintains an interior which is inert to the carbon
monoxide, and amnonia fill gases. However, a life test was conducted to
verify that the stability of these cells met the design criteria of a
maximum 1% signal change over a two year period.

Test Sequence

Initially the windows used for these life test MAPS cells were char-
acterized by an optical microscopic inspection. This inspection was
conducted to look for any flaws. These windows were also scanned in the
infrared (2.5-15 microns). These preparation tests were conducted to
provide a baseline reference for each window in the event a life test
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4341.AC.76-118
6-9-76

failure indicated that the window materials were involved.

The cells for life test were processed and filled according to
established MAPS procedures, reference 3. They were then leak checked
to verify vacuum integrity, infrared scanned, and exposed to 85°C for
400 hours to simulate 3 years of life at 25°C (Determined from Arrhenius
Equations - Influence of Temperature on the Rate of Reaction). After
this exposure infrared scans were conducted to verify that changes had
not taken place. Life test cell S/N 112, 5% NH3 was cross sectioned
in half at the end of these tests and the windows were reexamined and
window #3 rescanned in the infrared.

The life test cells are identified below:

Table I: Life test Cell Assignments

Cell Fil1l Gas Windows

S/N

108 35% €0 2885178, #3 and #4
10 10% €O 2885178, #8 and #9
109 20% NH4 288517A, #5 and #6
12 5% NH, 288517A, #3 and #4

Life Test Data

1. Window Characterization

The sapphire windows appeared to be free of defects. Cell S/N 108
had been constructed with windows #3 and #4 and Cell S/N 11Q with windows
#8 and #9.

The germanium windows were free of defects in appearance on the un-
coated side. The antireflectance coating, however, was uneven on all
the windows inspected. It appeared to be spotted with noncoated areas
present (Window numbers #2, #3, #4, #5, #6 and #7)*. Photograph #1 shows
a 500X magnification of window #3 which was used on 1ife test cell S/N112.

*Windows #2 and #7 were used on retrofit cell S/N114.
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Photograph 1: Window 4341.AC.76-118
#3, germanium, two
areas at 500X of anti-
reflectance coating
defects, used on S/N112.

6-9-76

e Noncoated
Area

Area #2




4341 .AC.76-118
6-9-76

Cell S/N 112 had been constructed with windows #3 and #4 and life test
cell S/N 109 with #5 and #6.

The windows from S/N 112 were carefully inspected after the life
test and changes were not detected on the surface in contact with the

ﬁﬂg«

Infrared transmittance scans were conducted on all these windows
before cell cohstruction. The initial scan of the germanium #3, S/N
112 cell, window is attached, scan #1. This same window was rescanned
after cross sectioning and is also attached, scan #2. The transmittance
characteristics were uneffected by contact with the MRB,

2. Vacuum Integrity

These cells were scanned in the infrared just prior to vacuum exposure,
scans #3, 4, 5, and 6. The vacuum exposure was conducted in a bell jar at-
tached to the inlet system of a Hitachi/Perkin Elmer Mass Spectrometer,
RMU-6, Photograph 2.

Photograph 2
MAPS

gas cell

S/N 109 during
Yacuum
Integrity
Analysis




4341,AC.76-118
6-9-76

After the bell jar was evacuated to approximately 5 x 10 -8 torr., the
bell jar was valved-off from the rest of the system. The cell, with
approximately 1 atm. of fill gas, was then allowed to equilibrate with
the vacuum environment of the bell jar for one hour. {If a leak were
present the fill gas would tend to escape into the bell jar). Upon
reventing into the mass spectrometer the increase in pressure was re-
corded and a mass scan was conducted of the contents of the bell jar.
The data from these tests are recorded below:

Table I1: Vacuum Exposure Mass Spectrophotometer Data

Sample/Cell ‘ ‘ ‘ ‘ Mass Scan Data
Standard Helium Helium detected strongly after one hour,
leak, 8.8x10-10 a 5 unit peak height at lowest sensitivity.
attached to bell jar A trace of air also present. 5.8x10-8 torr.
vent, final pressure.
Background of bell Air detected along with outgassing of sili-
Jar, no cell present. cone grease used on ground glass joint and

vent valve. 8,0x10-8 torr. final prescure.

S/N 108 Same as background materials. Neon was not
S/N 109 detected. Change in pressure less than
é{% 110 change in helium standard leak.
/N 12

Leaks were not detected in any of these cells. They were again scanned
in the infrared and these scans were compared with those conducted before
the vacuum exposure, scans #7,8,9, and 10. The intensities of the absorptions
peaks had not changed indicating again that no loss of gas had taken place
during vacuum exposure, It should be noted that differences in these scans
and those just after filling and tip~off are due to ‘nstrumental differences
in the spectrophotometers. The Beckman [.R. 20A was the only instrument
available at the time the vacuum exposure tests were conducted.

1-6



4341.AC.76-118
6-9-76

Table III: Infrared Peak Intensities, Before
and After Vacuum Exposure

Peak measurement in inches from hfse line,
€O at 2150cm=1 and NH3 at 970 cm-!*

Cell Before Exposure After Exposure
3-18-76 3-22-76

S/N 108 0.875 0.800, Slight increase due to
instrumental variations

SIN 109 1.63 1.75, 51ight increase due to
instrumental vari-tions

S/ 110 0.49 D.49, No change
S/N 112 0.92 0.93, No change

3. Thermal Exposure

The thermal exposure was conducted in a quartz chamber, Photograph 3.
This was designed to provide a constant purge of heated (85°C) dry nitrogen
on the exterior of the cells and also provide handling protection for them
during testing,

Photograph 3:
Thermal Exposure
Chamber, from left
to right.

S/N 112, S/N 110
S/N 109, and S/N
108

* Conducted on Beckman IR 20A.




4341.AC.76-118
§-9-76

After 400 hours of exposure at 85°C the cells were removed from the
test chamber and inspected under an optical microscope. The two shapphire
windowed celis S/N 108 and S/N 110 provided a clear view of the*gnld
plated cell walls, where discoloration that could be attributed to
titanium diffusion could be observed if present. Discoloration was not
observed up to 400X magnification. The germanium windows were carefully
inspected for change in the antireflectance coating at the elevated
temperature. Again changes were not observed.

Infrared scans on the cells were then conducted and compared with
the post fill scans (approximately 2 months prior).

Tabls IV: Infrared Peak Intemsities, Post
Fill and Post Life Test

Peak measurement in transmittance units from base

line, €0 at 2150 cm‘3 and %Hz at 970 cm“‘*
cell Post Fill Post Life Test
2-13-76/2-20-76 4-9-76
S/N 108 20, Ref, 3 21, scan #11
S/N 108 45, Ref. 2 48, scan #12
S/ 1o 12, Ref. 3 12, scan #13
SN 112 39, Ref. 3 0, scan #14

The only detectable chanoe nccured in cell S/N 112, 5% %H3 where the
absorption peaks attributed to NH3 were not detectable,

4. Failure Analysis of S/N 112
There were three possible mechanisms for HHB loss in S/N 112:
1} absorption of Mﬁs on cell wall
2) escape of the fill gas, and
3} degradation to a nonabsorbing species.

To investigate HH3 absorption on the cell wall, The §H3 cell was
placed in a cell holder in the optical path of the Perkin Elmer 521.

* Conducted on Perkin Elmer 521.
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4341 AC.76-118
6-9-76

The outside circumference of the cell body was wrapped in heating tape
and elevated to 110°C + 10°C. This should have been sufficient to drive
any absorbed Mﬁg into the optical path. Scans were run after 1/2 hour,
3 hours and overnight. The scan after 3 hours is attached scan #15,

and shows that GB3 was not vaporized.

1t had been verified by the vacuum integrity test that a leak was
not present. However, the existence of stress in the cell with exposure
to 85°C could have propagated a fracture in the pryex. The cell was
first very carefully reexamined using an optical microscope to verify
that an observable defect was not present. The cell was found to be
intact and the fill-tube stub was free of defects.

This cell was then placed in leak check bell jar, evacuated to
1x10°° torr., back-filled with NH, gas to 1 1/2 atm., and placed in the
85°C oven for approximately 3 hrs. This was attempted to force the
ﬂHB back into the cell through any fissure that may have been present
at the elevated temperature. When the apparatus was removed from the
oven there was stil] a positive pressure of Nﬁ3n The cell was then
rescanned, scan #16 and HH3 was not found. {Note: I.R. scan shows that
the exterior of the cell was contaminated with outgassing from the silicone
grease). A similar exposure test was also conducted at the elevated
temperature with the cell immersed in Freon 113. Again gas had not
entered the cell. The general conclusions of these tests were that
there was no leak present through which the gas escaped. However, a
recommendation ‘as made to conduct a hermeticity inspection based on
an incoming component evaluation test procedure. The test chosen
was a "radaflow" inspection test. This consisted of exposing the cell
to radioactive Krypton in an automated testing apparatus, which evac-
uates, back-fills with Krupton, and then counts any Krypton leaking from
the device baing tested. At the completion of this test, tne cell was
found with the fi11 tube stub broken off. In fact, the i1l tube stub
was foind outside of the beaker in which the cell had been placed, indi-
cating that the cell received a substantial shock. The cell was, therefore,
Tost to testing of the last mechanism (gas degrgﬁatian to a nonabsorting species).
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4341 .AC.76-118
6-9-76

Ammonia theoretically can be decomposed at an elevated temperature
to nitrogen and oxygen in the presences of a transition metal catalyst.
Therefore, if nickel or titanium were in contact with the fill gas under
the 85°C life test condition the 5% ammonia would become the infreiad
nonzbsorbing species of nitrogen and oxygen. The presence of nickel
in the interior of the cells had been noted in the past. Even though
inspection procedurss were established dv- ng this phase of cell manu-
facturing to eliminate this problem, the carbon monoxide cells S/N
101 and S/N 102 after 2 months of storage contained nickel tetracarbonyl
absorptions, scans #17 and #18. Two steps were taken to verify that
gas degradation had ‘ndeed taken place:

1} verification that at 55°C and with nickel present, the ammonia
would decompose and
2} examination of cell 5/N 112 for nickel.

The 5% ammonia fill gas was first analyzed using the mass spectrometer
for impurities. It was free from contaminants. A nickel body, 5 onm,
standard infrared gas cell was then fill, scanned {scan #19), placed in the
85°C exposure for 24 hours. This cell was then rescanned and the absorption
spectrum for ammonia was not detected {scan #20). The gas was then vented
into the mass spectrometer. Nitrogen, hydrogen and the neon tracer were
detected. The cell was also heated to approximately 110°C, to verify
that the ammonia had not absorbed on the cell walls, no change was detected
in the mass spectroscopic data. This test was repeated at a 48 hour time
period and the same results were obtained.

The cell was then cross sectioned by cutting through the cell body
to allow for inspection of the window to body interface, Photograph 4.
Une window, #3, appeared to be campiateiy sealed, an obvious ring of gold
could be observed at the window/pyrex interface.




4341 .AC.76-118
6-9-76

Photograph 4:
Cell S/K 112
Cross Sectioned

The other window, #4, appeared to have this gold seal missing from
approximately one-half its circumference (the half opposite the fil}
tube aperture). Metallurgical examinations were made at four points

on this section. Two showed there were unmetallized gaps between the
pyrex/germanium interface, Photograph #5, and at two other points there
was obviously gold, Photograph #6.

Photograph #5
Metallurgical
Cross Section
of Pyrex/
germanium
Interface at
1090x

unmetallized gap




4341 .AC.76-118
6-9-76

Photograph #6
Hetallurgical
Cross section
of pyrex/
Germaniun
interface at
1000x

germanium

fr
gold and

appears

cell, as desigred, 15 a chemically stable means of

contal £ ‘.v ire reference pollutant gases. Loss of signal in either

%%3 or L0 celid can only oCiur when improper processing produces a

Dyrex/uin interfare contaminated with nickel.
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Current scans, 6-9-76, of cells S/N 108, 190 and 11C are attached

and show no detectable differences from those obtained after cell tip-

off on 2-20-76.

—h
.

[¥-] o ~ o o 4 99 ~n

a— - — — —
& w N - o
. L3 . . *

15,
16.
17.
18.
19.
20.
21.
22.
23.

Approved: [2 /_i <§%¢J‘
. Grant, Section Head

Analytical Chemistry

Infrared Scans

Germanium window, S/N 288517A, #3 before cell manufacturing.

Germanium window, S/n 288517A, #3 after life test.

S/N
S/N
S/N
S/N
S/N
S/N
S/N
S/N
S/N
SN
S/N
S/N
S/N
S/N
S/N
S/N

108,
109,
110,
ne,
108,
108,
1o,
ne,
108,
109,
110,
nz,
112,
1z,
101,
102,

before
before
before
before
after
after
after
after
after
after
after

after

cell wall heated for 3 hours.

vacuum

vacuum

vacuum

vacuum

vacuum

vacuum

vacuum

vacuum

integrity test.
integrity test.
integrity test.
integrity test.
integrity test.
integrity test.
integrity test.

integrity test.

life test.

life test.

life test.

life test.

cell exposed to NH3

after 2 months storage.

after 2 months storage.

5 cm Test Cell, 5% NH3 filled

5 cm Test Cell, after 24 hours at 85°C

S/N 108, Scanned on 6-9-76

S/N 109, Scanned on 6-9-76

S/N 110, Scanned on 6-9-76 1-13
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APPENDIX J

INSTRUCTION MANUAL FOR
GROUND SUPPORT UNIT (G.S.U.)

J-1



INSTRUCTION MANUAL
FOR GROUND SUPPORT UNIT (G.S.U.)
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ONE SPACE PARK
LOS ANGELES, CALIFORNIA

OUR REF: TR75-255 OCTOBER 1975

J-2



CONTENTS

G.S.U. Operating Instructioms.

N.R.C. Taermocouple Gauge.

Blackbody Calibration Source.

Lauda/Brinkman Circulator.

M.K.S. Capacitance Manometer.

Doric Temperature Readout.



GSU OPERATING INSTRUCTIONS

Starting Conditions

Valve or Switch

Absorption cell gate valve
Manifold gate valve

Shroud gate valve

Air admittance valves
Metering valve

Manifold outlet valves (5)
MKS Electronic module

MKS Digital Readout
Temptronic TE Controller
Doric Pt. Res. Thermometer
Cell Temp. keadout

Vac pump Circuit breaker
Cooler 1 Circuit breaker
Cooler 2 Circuit breaker

Electronics Circuit breaker

Heater Circuit breaker
Vac pump Powerswitch
Cooler 1  Powerswitch
Cooler 2  Powerswitch

NRC 801 T/C Pressure gauge
Cell temp control
Lauda K-2R Thermal Control

Start up of GSU

POWER Connect power cords to three 115V, 15 amp. receptacles.
PUMP DOWN Switch On pump power switch (20).

Position

Closed Fully C.W.
Closed Fully C.wW.
Clased Fully C.w.
Closed Fully C.W.
Closed Fully C.W. .
Closed Fully C.w.
Power On X1
Auto X 1,000
Power Off '
Power On

Power On Position No.5

ON

ON

ON

OFF

ON

OFF

OFF

OFF

Power On Cell Position
Powexr Off

Compressor ON

Line ON
Thermometer set to -20°C
Circulator pump off

19
above 15
above 16
above 17

22
23

Bottom inside
Hammond cabinet

Switch on electronics circuit

breaker and pump out the cell and manifold (open 1 and 2). The

pump out should take approximately one hour.

curve Figure 1).

{Refer to pump down

The pressure is monitored on the MKS digital

readout in the 760~2 Torr range and on the NRC 801 in the 2 Torr

to lu range. (Refer to the MKS and NRC instructions for detailed

operation of thesc systens).

J-4
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CELL
TEMPERATURE

BLACKBODY
TEMPERATURE

PURGING
REGULATCRS

FILLING
CELL WITH
TEST GAS

Set the Cell Tempcrature Control dial at the desired

cell temperature and switch on the C.T.C. power (23). If this
temperature is below ambient, switch on cooler :’i? (21). Monitor
the cell temperature on the cell temperature readout thermocouple
number 5, For the lowest temperature -27°C the system requires
about 10 hours to stabilize, for the highest temperature about

1 hour is required.

Switch on cooler number,é (17). Aafter one hour turn on the
circulation pump. {Lever on side of cooler). If a low temperature
(below -2o°c) setting is desired, allow the coolant to circulate
for two hours through the blackbody befire switching on the
Temptronic T.E. Controller. For temperature higher than ambient
the T.E. Controller may be switched on as socn as the circulating
pump is switched on. Set the T.E. Controller using the calibration
sheet supplied in the Eppley Instructions. Prior to switching on
the T.E. control, set the Temptronic on high range if the desired
temperature is greater than the temperature of the base plate

and on the low range if the temperature is lower.

Allow absorption 11 to evacuate to between 1 and 30p. Close

the absorption cell gate valve (AGC). Open the test gas outlet
valve and manifold gate valve. Allow the manifold to evacuate

to between 1 and 2 x 10-l Torr on the Varian thermocouple pressure
gauge and then close the test gas outlet valve. Open the test gas
cylinder valve and adjust the pressure to between 0* and 45 P.S.I.
Open the test gas outlet valve and flow test gas at >2 Torr for
about 5 minutes. Shut off test gas outlet valve. Repeat the
above regulator pump out procedure with all other test gases.

Pump down the manifold to less than 60u.

Open the test gas outlet valve % turn ccw. Open the metering
valve until the change in pressure observed on the MKS pressure
gauge readout corresponds to the amount of gas required. Pump

out the manifold and add a sccond gas using the samec procedurc

* 1 Atmosphere

J-6
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Llock 8

GSU INCOMING POWER DISTRIBUTION

Instruments — Current in Amps Remarks
(see
ircuit
diagram) F.T.S. Heaters 10.2 a 2 x 600 W
l P.T.S. Circulation 0.8 A
Pump
| F.T.S. Stirrer 0.8 A
' TOTAL 11.8 A
IX F.T.S Refrigeration ! 10.5 A up to 1l4A Startir
current
' Electronics plug
strip 2.8 A i
' [
5
]
| |
'II Black Body Cooler l oA t typ. 4-5 amps
Vacuum pump 5.5 A % 6 A starting

J-11
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NRC 801 THERMOCOUPLE GAUGE CONTROL

INSTALLATION, CALIBRATION AND OPERATING INSTRUCTIOKRS

The NRC 801 thermocouple gauge control is a compact, self-
contained instrument, designed primarily for panel mounting. It
is supplied with a2 6 ft line cord and a 10 ft thermocouple gauge
cable. The instrument is line voltage regulated, and a tempera-
ture sensitive element to compensate for temperature drift in
thermocouple gauges is built into the thermocouple cable socket.
The indicator dial, which covers the pressure range from 1 to 1000
microns (1 micron is 1/1000 of 1 mm of mercury, or 1/1000 of 1 torr)
is calibrated for an NRC 521 thermocouple gauge in dry air. The
mechanical zero adjust is located on the front of the instrument.
The pressure calibration can be reached through a hole in the rear
cover (Fig. la and 1d). The meter voltage (0 - 11 mv) is available
at two solder terminals at the rear for operating remote indicators
whose input resistance should be 200 ohms or more.

Installation

A panel cutout, as shown in Fig. la, is required for the
installation of the NRC 801 thermocouple gauge control. The
instrument is mounted from the front and fastened with three nuts
supplied (Figs 1b, 1lc).

Calibration
1. Adjust the mechanical meter zero until the needle reads OFF,

2. Connect an NRC 521 thermocouple gauge to a vacuum system
capable of maintaining a pressure of less than 1.0 micron.

3. Pump down the system to less than 1.0 micron.

4., Connect the thermocouple cable of the NR 801 control to the
NRC 521 thermocouple gauge.

5. Plug the line cord into a 115V 50/60 cycle outlet.

6. Turn calibration control in the rear of the instrument until
the meter regisl rs Zero microns.

7. Allow the system to stabilize for approximately 15 minutes,
and readjust the zero if necessary.

NOTE: If so desired, the gauge can be calibrated against an
NRC Alphatron(R) or a McLeod gauge.

Maintenance

Duc to aging and or contamination of the thermocouple gnupge.
recalibration may be necessary from time to time. The above pro-
cedure should then be followed. As the tempervature compensation
for the TC gauge is built into the TC cord socket. it is not ad-
visable to cut the plug off the TC cord. 1f the cable 1s too long.
1t should be coiled. J-14



Disagsembly of Control

The NRC 801 should give years of trouble-free gervice but,
if repairs are nccessary, the following procedure of dismantling
should be followed.

1. Unplug line cord.

2. Remove the two screws that hold the rear cover and terminals.
3. 8Slip cover as far back as the cable allow.

4. Unscrew the two spacers.

5. Remove printed circuit card from meter.

NOTE: 1If, after assembly, the meter reads backwards, turn
printed circuit card one-half turn.

' -
1 } |
ePosd 1 L)
MECHALICA, ZERD 49 3--—-226
[ ] [ ] (3 [}
rn3|
h]
=< { neconote
5 ame <
200V
wate. ¢—o-—1F -7} ey
eV — 4
aztw‘"‘ e 3 “"1‘” ;“%‘@ ;ﬂ—ﬂ—-mﬂ
S L t o, } ve
BLACK &0 Towanen 9 (5 <" csues
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fig —-[——<y

, Vaﬂan / vacuum division / laxington opsration
121 hartwall avenue /fexington / massachuserts 02173
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CAUTION: 1.

R .
OPERATING INSTRUCTIONS #132-B

LAUDA/BRINKMANN CIRCULATOR
All Models In The K-2/R Series

(Please read the notes on this page)

This circulator is designed for normally supervised lab-
oratory use. If unattended or over-night operation is re-
quired, a suitable back-up safety system should be used *
in order to prevent possible secondary damage due to
leakage or uncontrolled heating. BRINKMANN INSTRU-
MENTS cannot assume liability for damage to the circu-
lator or the laboratory in which it is located, keyond the
replacement, within the warranty period, of defective
components as specified in zaragraph II,

In order to avoid dar.>*ge to the compressorand eliminate
an excessive starting current which may resultin a blown
fuse, the compressor should not be turned on for at least
15 minutes after having been turned off. This time inter-
val will permit the Freon to reach the pressure which is
needed for a proper start-up.

J-16
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1 UNPACKING
Please check the packing material carefully to be sure that all components
have been received and that nothing is accidentally discarded. The follow-

ing items must be received:

- identifying numbers refer to Fig. 1, page 2 -

(1) Bath housing with built-in pump and coatrols
{1) Thermoregulator (contact thermometer) =5 to +105°C — (1)
with
Metal sleeve for above — (2) and
Rotating magnet in plastic housing — (3)
) Control (reading) thermometer with tapered joint connection
— (4)
Q) Piece of hose for temperatures to 150°C (not illustrated)
Q) Cover for access opening (mounted) — (5)

Any shortage or damage must be reported to your supplier within 7 (seven)
days after receipt — see paragraph II.

II. WARRANTY

In lieu of'other warranties, either expressed or implied, all LAUDA constant
~temperature circulators are unconditionally guaranteed for repair or replace-
ment of all parts (except tubes and thermometers) which become defective
due to manufacturing defects or faulty materials, for a period of one year
from date of delivery. This warranty is effective only if the instrui‘entis re-
turned to our plant at Westbury, N.Y. for examination and repairs, and be-
comes void if the equipment has been tampered with unless specifically au-
thorized by us. Damage resulting frcm misuse of the equipment is not cov-
ered by thig guarantee, neither will we be responsible for secondary damage
due to continued unsupervised use of equipmentwhich has become partially
defective. Damage incurred during shipment must be reported to the carr.er
immediately since an inspection is essential to the settlement of any clair
All packing materials must be retained until their disposal is authorized by
the carrier or his representative.

1II. OPERATING INSTRUCTIONS

A. Fill in water to maintain level approximately 1 inch below top of bath.
In order to remove the bath cover its handle should be rotated 45° in
either direction until it clicks into place in a diagonal position. The
cover can then be removed and the circulating liquid should be poured

J-18
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Hlustration No. 1

K-2 /R Front/Side View

Contact thermometer (thermoregulator)
Sleeve

Hotating magnet

Control thermometer [reading thermometer)
Bath cover

Openlng for metal sleeve

Taperced opening {or control thermometer
Sliding switch {compressor)

SHding switch {circulator)

Heater indicating light

Power indicating light

Proportioning Contrel




into the reservoir within one inch of the top. Since a certain amount of
liquid will be required for the external circulating system, the level
should be checked after the first few minutes of opercztion. The cover
should then be replaced and locked by rotating the handle 45° in either
direction.

B. Forexternalcirculation connectcircuit hoses to OUT rozzle (20) and IN
nozzle (21). After the instrument has been turned ON and liquid has been
circulated through the external system, the internal level should be
checked and additional liquid should be added as may be required (see
A. above). The K-2/R is designed for external circulation througha clos~
ed system only. It is not recommended that this circulator be used for
circulation through an open bath or reservoir although this is possible
if the external bath level is sufficiently above that of the K-2/R in ordar
topermit a continuous gravity return. In this case. the control valve (14)
must be adjusted in such a way that the pumping rate will not exceed
the gravity return rate.

C. Yithout external circulation — Connect a short piece of hose across
nozzles 20 and 21. This connection is necessary because the amount
of internal agitation is directly related tothe flow rate through the above
-mentioned nozzles as controlled by lever 14.

D. Suppigs. -tary Instructions for K-2 Series Circulators which are equipped with
Duplex P. s (K-2/D and K-2/RD).

Duplex pumps consist of separate pressure and suction sections which are
connected to one and the same motor. The suction section operates contin-
uously at its maximum flow rate. The rate of liquid which is ptmped out by
the pressure section is continuouslyregulated by a float-operated valve which
will increase or decrease the outputin orderto maintain a constant level with-
in the internal reservoir. For additional inturmation on the operation and per-
formance of Duplex pumps, please read the following paragraphs:

a. This pump can be used both for circulating in a "closed" circuit,
through an external, jacketed appliance, or for circulating through
a "broken" circuit such as an open water bath. In the latter case,
the open ends of the two hoses from the circulating nozzles are merely
immersed in the liquid of the open bath; return to the circulator is
accomplished by the sucjion state of the pump. To balance possibl-
variations between the pressure and suction stages. the pump is
equipped with a floating valve regulator which controls the amount
of liquid flowing out of the circulator; thus maintaining a constant
niveau (level) in the circulator within an accuracy of 1 mm. The ex-
ternal (open) bath may be mounted 1 meter higher or lower than the
circulator without disturbing this relationship.

b. Wh;n first placing the system in operation, fill the ~xternal bath tc
the desired ' ~ight. The circulator maintains its own level and the

external b-  ..ust be filled accordingly.
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1llustration No.

K-2/R Rear View

Female plug of connecting cable

12
13
14
15
16
17
19
18
20
21

Male receptacle on contact thermometer

Control valve lever

Line cord

Locking screws for upper housing

Drain valve knob

Drain valve nozzle

Circulating pump nozzle QUT
Circulating pump nozzle IN
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The frontnozzle of the pump is the pressure side and the reas nozzle
is the suction side. If an open bath is tempered by simply immersing
the open ends of the hose in the external bath, itis advisableto cut
the hose end at a slant (diegonal cut) to eliminate any possibility
of the suction hose attaching itself to the inside of the tank wall (by
suction) and cutting off the return flow of liquid.

Trouble-free circulating operation can only be guaranteed if the cir-
culated liquid does not have a viscosity higher than 50 ¢P at 20°C.

The flow-control valve is not as effective on the Duplex pump as on
the Simplex version because of varying forces in the pressure and
suction side and because of the floating valve. Therefore, with the
Duplex pump, this valve should normally be open (pushed to the front)
or closed (pushed to the rear). Generally, this is not a disadvantage
because even when circulating through a small external system (ca-
pacity 1 liter), there is no evidence of a violent reaction (waves) in
the external bath.

If a system with a Duplex pump is used for circulating thrcugh a
closed circuit {refractometer, spectrophotometer, viscometer, etc.,)
the liquid in the circulator must be filled within 30 mm (1-1/2") of
the top. Otherwise, the rate of circulation may be restricted by the
f oating valve in the pressure side. This valve closes as the bath
level falls. If the liquid level is insufficient, it will continue to
stay closed in an effort to suck liquid out of the other side cf the
circuit. Do not forget that liguid fills the hose circuit which may se~-
quire that some refilling of the bath is necessary. ldeally, for closed
circuit operation, the floater of the pump in the bath should be as
close as possible to the top of the circulator tank.

Adjust lever 14 for the rate of flow whichis required. Flow rate is zero
when the lever is on the extreme right; do not select maximum flow rate
until circulator has been turned on.

Install meta! sleeve (2) for thermorequlator in opening (6) provided and
push down firmly. End of sleeve closest to center of cut~out for scale
must be at top.

Install thermoregulator (1) by gently but firmly pushing it into sleeve.
Push down as far as it will go. Then connezt two-prong plug on line
from left side of circulator to connectors on thermoregulator. Now,
mount rotating magnet in housing (3) on top of thermorequlator and ad-
just temperature setting on scale by rotating magnet (see para. IV.).

Install reading thermometer (4) into tapered opening (7).

Connect three-prong plug attached to end of line cord (15) toa 113 V
A.C., 60 cycle outlet, fused for a minimum of 10 amps.
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J. The circulator can now be turned "ON" by sliding switch {3) towards the
right. In this position a red dot cn the left side of the switch will be
exposed; the right-hand pilct light (11} wi’l light up at full intensity.
For operation above 40 C the cumpressor switch (8) should be inthe OFF
position. At all temperatures below 40 °C this switch should be ON.

K. The K-2/R is equipped with a solid state triac controlled electronic
relay which also includes a wattage proportioning control (22) and
a nolse suppression circuit. The proportioning control can be set
for 20-100% of the maximum rated output (750 Watts). For initial
heat-up or maximum heating, the proportioning control should be
set to 10 (100%). When the circulator cycles at its operating temp-
erature, as indicated by the heater light (10}, the control accuracy
can be increased by reducing tte proportioning control to a setting
at which the ratio of heating vs. non-heating cycles is approx. 1:2.
If the proportioning control is set too low, the heater will stay on
continuously because the wattage output will not be high enough to
overcome the cooling effect of the refrigeration system which is op-
erating at all times. Very brief and Infrequent heating pulses are
indicative of a proportioning setting which is too high, and thus,
results in excessive temperature variations.

IV. USE OF THERMORE “UILATORS
A. Setting the Temperature (control point) — Proceeéd as follows:

1. After loosening the locking screw on the maeonet housing, place
the magnet on top of the contact thermometer.

2. On the upper (exposed) scale of the thermoregulator there is a
small horizontal black bar which moves upor 2own on a spindle
depending on the direction in which the magnet is rotated.

3. Rotate the magnet in the desired direction until the top of the
moving bar is approximately level with the desired tempuirature
on the scale. Clockwise rotation increases the set point; counter
-clockwise rotation lowers the temperature. One complete turn
on the standard -3/+105°C thermometer is equal to a change of
approxiinately v. 5°C. Then .uck the magnet with screw.

4. After putting tae bath in operation. the temperature will stabilize
near the setpoint. However. some adjustmentis usually neces~
sary since the operating temperat: » may be 1°C above orbelow
thedesired temperature. Toassist the user. cachmagnet housing
is calibrated and the chanae intemperature, pe’ division of rota-
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tion, can be determined with the particular thermoregulator being
used. On the thermoregulator -35 /+105°C one division on the mag-
net scale represents a temperature change of approximately 0.05°C.
In adjusting the thermoregqulator, the switching point (point at which
the operating temperature exactly equals the set temperature) can be
determined visually with the aid of the signal lamp (10). When heat-
irg is required, this lamp is ON.

For operation at temperatures above 100°C we now deliver only the
longer stem thermoregulators which must be used with the long metal
support sleeve. This was done because experience has shown that

if the scale is left in the bath liquid at high temperatures, the mercury
may be distilled only to condense again at a higher, cooler location.
This shortens the mercurycolumn of the thermoregulator (breaking con-
tact) which causes the system to call for heat while the actual tem-
perature climbs steadily beyond the control point. By mounting the
scale above the bath liquid, this problem has been eliminated on our
baths.

When not in daily use, always set the thermouregulator above room
temperature (if possible). This prevents continuous contact between
the contact wire and the mercury column.

Trouble Shooting the Thermoregulator

It s possible that due to shock encountered in transportation, the mer-
cury column ir the thermoregulator has separated. To remedy this, pro-
ceed as follows:

1.

Rotate the magnet until the reading bar on the face of the thermo-
regulator is above the scale,

Carefully heat the mercury bulb of the thermometer over a small
flame until the mercury column rises into the excess temperature
collector, between upper and lower scales, where it will rejoin.

Cool thermometer slowly. If mercury does not rejoin, it may be
necessary to heat again until it collects in the neck between the
two scales. Then tap bulb of thermometer on a soft padded sur-
face and shal.e out manually.

Testing Defective Thermoregulator

If the circulator does not function correctly — heater does not begin to
operate and system does not mainlain temperature — the thermoregulator
may be defective. Tou lest, procced as follows:

1.

Disconnect cable and plug (12) from receptacle on thermoregulator.
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v.

VI.

2.

Short-circuit the connecting plug (12) by inserting a piece of wire.
The signal lamp (10) must go off. If it does not go off and does not
disengage the heater, the defect must be in the control circuit.

OPERATION IN VARIOUS TEMPERATURE RANGES

A.

The K-2/R is equipped with contact and control thermometers which
cover a range of -35 to +105°C. If this circulator is to be used at
temperatures above or below the above-mentioned range it will be
necessary to obtain additional thermometers which are listed in the
LAUDA catalog. PLEASE NOTE that adjacent to each ccntact ther-
mometer we list the length of the metal protecting sleeve with which
it must be used. The K-2/R comes equipped with a short sleeve; it
follows that, if one purchases a thermometer which requires a long
sleeve, such a sleeve should be purchased at the same time. In lieu
of additional thermometers it may be more convenient to use a platinum
resistance thermometer with the R-Z20 temperature controller.

Below +1°C — We recommend @ 50:50 Methanol/water mixture. Please
use distilled water only. Switches (8) and (9) must be in the ON posi-
tion. For external circulation we would recommend the use of our foam
~rubber insulated silicone hose. Cat. No. 27 59 200-7.

From +1 to +40°C — We recommend the use of distilled water. Operation
is the same as iisted under "B" above.

From +40 to +95°C — We suggest the use of distilled water. The com-
pressor switch (8) must be in the OFF position. For external circulation
we recommend our perbunan hose, Cat. No. 27 59 100-1.

From 495 to +150°C — We recommend the use of special liquids as listed
in paragraph VI. The compressor switch (8) must be left in the OFF posi-
tion at all times. For external circulation use perbunan hose. Cat. No.
27 59 100-1.

RECOMMENDED CIRCULATING LIQUIDS

A.
B‘

D.

Distilled water (+1 to +95°C)

Methanol (-70 to +50°C) — Although Methanol is toxic, we do recom-
mend its use i{f it {s handled with reasonable care. For operation from
-10°C to ambient, it may be diluted with water on a 50/50 basis.

Ultra-Therm 250W (+20 to +250°C) — Cat. No. 27 57 010-1 -— OQur own
mixture. A hydrocarbon oil which is water soluble for easy exchange,.
It is not transparent and has a distinct brown/green color.

Silicone Oils (-30 to +150°C) — a phenyl-methyl silicone oil but one
having a very low viscosity of 5 ¢ST at 20°C.

1. Type SK Frigor (-60 to +120°C) — Cat. No. 27 57 100-0.

2, Type SK Super-Frigor (-60°C to +120°C)— Cat. No. 27 57 110-7.
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VII. SUGGESTED HOSES FOR EXTERNAL CIRCULATION AND MISC. ACCESSORIES

A. Foam-rubber insulated silicone hose, 8mm i{.d., 30mm o.d., Cat. No.
27 59 200-7

B. Silicone hose, 8mm i.d., for use to -55°C, not insulated. Cat. No.
27 59 180-65.

C. Perbunan hocse, 9mm i.d., for use to +150°C, Cat. No. 27 59 100-1.

D. Test tube holder for 5 (five) test tubes. Cat. No. 27 53 890-0.

VIII. PERFORMANCE DATA

Operating Range : -10 to +150°C — K-2/R

-20 to +100°C — Super K-2/R
Sensitivity : £0.01°C
Control Accuracy : £0.01 to 0.02°C

{measured with distilled water as
circulating liquid)

Cooling Performance (*) : Net available cooling capacity at -10°C
(without load) approximately 200 BTU/h — K-2/R
approximatc 150 BTU/h — Super K~2/R
Heating Wattage : 750 Watts
Reservoir Liquid Required : Approximately 1 (one) gallon
Pumping Capacity . 2-1/2 gal/min.

(*) If compressor has not been used for 24 hours or longer the cooling per-
formance will reach this level only after several hours of compressor
operation.

IX. PARTS LIST

Cat. No. Parts Description
Thermometers
27 59 980-0 Contact thermometer type 215F (fork-type) -35 to +105°C
27 59 690-8 Control (reading) thermometer type 125, -35 to +105°C
27 53 400-7 Short protective sleeve for contact thermometer
27 53 420-1 Rotating magnet drum
Compressor
27 57 940-0 Compressor (condensing system) Tecumseh type AE6H (K~-2/R)
27 56 060-1 Compressor (condensing system) Tecumseh type AESI (Super
K-2/R)
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X. SERVICE

Super K-2/R

A. Refrigeration
K-2/R
Compressor: Tecumseh AE 6 H
Refrigerant: Freon 12 - approx. S oz.
Suction pressure: 10 psi after 15 min.
running time
B. General

Tecumseh AES L
Freon 12 - approx. 8 oz.

5 psi after 15 min.
running time

Any Lauda constant-temperature circulator, or component thereof, may be
returned to our shops in New York for service, overhaul or replacement of

parts.
For information, contact:

LAUDA INSTRUMENTS DIVISION
BRINKMANN INSTRUMENTS INC.
Westbury, New York 11590

Phone (516) 334-7500
TWX S10 222 8254

J-27



-¢ *B1d-

-J15yBIy 30 000S # 191198 YiIm sijun-
J913Wous

NVEOVIQ DNidLM ¥/2-Y } mﬁ.uluMEoo
“ > ST
n . MG’ 0/8%8" 1 -
| 0%mbo 2% s3mpoly’
| ﬁ*

_ MZ/0A0T
ok ,, SL50P £B50p YOu
- 1018 vOod
Q .
voeib _ wnd GINT JoWWiIL M5 o\cv:M
{assoaQ
S——)
joelq | g |
*104 040S¢
AOTT MO0SZL | AOTT
S Y01
mo1q
9syd MO18/Y01
(1oss03dWOD)

walsAg Buisuapund

J-28



P.C. BOARD
6.017-1

Capdcitor

—y 0\
——

a——IC

Camentl, ) }

—T

A

Contact ~
Thermonrjeter

3 T
|~ Line Heater M\
Mp —1 > Light Light >
R - "_1_\',)% Motor

[SaLS;

!

=Y

R

St g
eater Potentiometer

low Blow

pragomy

PUS

750 W

Condensing system
(Compressor)

K-2/R CIRCUIT CONNECTIONS
~-units with serial # 5000 or higher-

-Fig. 4~

J-29



