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FOREWORD

This report is the result of an analog channel design study for
the TIROS-N Operational Vertical Sounder. The study was con-
ducted by Gulton Industries, Data Systems Division, under contract
to the National QOceanic and Atmospheric Agency, National Environ-
mental Satellite Service. This study is one part of the effort
directed at total design of the instrument.

The study relied heavily upon experience gained on the ITPR and

ERB programs. The areas of most intensive work on the analog
channel study were the investigation into advances in FET availa-
bility that would be suitable TOVS preamplifiers, and in a computer
model of the analog channel to verify the design and to help define
critical amplifier parameters.
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1.0

Introduction

The analog channel for the TOVS-BSU infrared detectors has some critical aspects
of design that are due to using the relatively slow response of pyroelectric
detectors for a medium speed scan application. Besides the expected functions
of amplification, demodulation of the optical chopping, and radiance level
interpretation, the analog channel must provide for noise and scene-to-scene
crosstalk suppression.

We envision a hypothetical situation

TOVS

ALTERNATE HOT L COLYD SCENES

of a TOVS scan time where the aslternate scenes of the Gobi desert are obscured
by clouds, in such a manner that the relative radiance of the desert is as much
more than the blackbody reference as the cloud radiance is less. The readings
from the hot scenes must not be influenced by the cold scenes and vice versa

if crosstalk is to be avoided. The time of two scenes is one-fifth second,
resulting in a 5 Hz square wave, the maximum fundamental frequency. This
contrived situation will be quite usual, except for amplitude, where partial
cloud cover occurs.

Because of the detector's integrating characteristic for both scene-induced and
chopper-induced changes, a rather complex detector output waveform results

for the above situation. Unless the varying scene-induced components can
either be suppressed or properly shaped, the demodulator output will be con-
taminated. The demodulator is intended to operate only on the chopper-induced
components. Because of the complexity of the problem, where piecemeal
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analysis (i.e., a functional block at a time) will not reveal the answer, the
complete system has been computer-modeled so as optimum method of signal
handling could be derived —- the objective being to maximize S/N and minimize
potential crosstalk.

Analog Channel Definition

The analog channel is influenced externally by the scan mirror system, in that
the mirror scan rate and settle time determine the input radiance fredquency
and harmonic content. At a step-to-step period of 100 milliseconds, the scene
radiance fundamental frequency can be as high as 5 Hz. Adding mirror response
results in a quasi-sinusoidal change from one scene radiance to another with a
peak-to-pesk (180°) period of the mirror transition time.

The optical chopper modulates the 5 Hz scene radiance signal at a 4O Hz rate.
The chopper waveform is also a sinusoidally-modified squere wave, the signal
varying as the blade crosses the beam. For the large telescopes this period

is 938 microseconds, for the small telescopes 578 microseconds. In either

case -the periocd is over an order of megnitude smaller than the chopper half-
cycle period and, therefore, does not apprecisbly effect the harmonic amplitude
within the frequency passband of interest. An area of importance electrically
is the relative phasing between the chopper and the scene irequency, and

that the chopper and scene frequencies are as symmetrical as possible. 3Both

of these effect the signal amplitude and thereby improve the system signal-to-
noise. A worst case look at this situation would be if alternate scene
radiances were full scale "hot" and full scale "cold" with the chopper blackbody
in between. The optimum phase versus integration time can be most clearly

seen in the case of a 37 millisecond mirror settle time. A symmetrical wave-
form and minimal scene~to-scene crosstalk can be achieved, over a 50 millisecond
integration time, with a scene-to-chopper phase shift of 90 degrees.

However, by going to a 270 degree phase shift, the integration time may be
increased to 75 milliseconds with a proportional increase in signal-to-noise.
The integration time should be multiples of 25 millisecond chopper periods,
for optimum drift-free accuracy. This is illustrated in Figure 5.2 in the
Demodulator Section.

The next system component that effects the ac signal is the detector. The
detector's ac response to the chopped scene radiance is a function of its
electrical and thermasl time constants. As it happens, we have two distinct
types of detectors with two distinct responses and resulting complexities.
The thinner, heatsunk detectors as built by Mullard, Ltd. have thermal time
constants that are an order of magnitude (about .1 second compared to about
1 second) lower than the thicker, thermally isolated detectors as built by
Barnes Engineering. In the ITPR, long time constant Barnes detectors were
used, which were found potentially to cause crosstalk problems. It was not
evident that the problem solution found for the ITPR was applicable to TOVS,
so & total system model was required to demonstrate the problem and alternate
solutions.
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The preamplifier, post-amplifier, demodulator and integrator follow the detec-
tor, and comprise the rest of the definition of the analog channel. The
following sections cover these components and their specific effects on the
signal.

Detector/Preamplifier

The analog channel study included a phase of field effect transistor (FET)
testing. This was to determine the quality and availability of low-noise

FET's suitable for the detector preamps. Figure 3.1 is a tabulation of the
Junction FET's tested, and the results. In general, the noise is a function

of geometry, and small geometry devices exhibit lower current noise and large
geometry devices exhibit lower voltage noise. As may be seen in the tabulation,
this is not rigorous; and, also, wide variastions may occur in & particular
geometry, or device number, making necessary the selections of a FET on the
basis of the desired performance.

In past pyroelectric detector radiometric instruments, the system has been
amplifier noise-limited (assuming optimum design otherwise) due to the lack

of availability of front-end FET's of suitably low noise. Our recent survey

of the market clearly indicates an improvement in FET's over the past 2 years,
such that seversl device types are now available that may be used for selecting
suitably low-noise preamps.

The circuit found most suitable for pyroelectric-~type detectors is shown in
Figure 3.2. The circuit uses ac voltage feedback and dc current feedback.

This combination has several desirable features, including having one electrode
of the detector at signal ground and the other only a few millivolts above
signal ground, yielding good microphonic relection and fast overload recovery.

Microphonic noise of at least two types can occur. One, due to relative motion
of the detector signal lead with respect to the case, can be avoided or greatly
reduced by arranging that this lead is near dc ground potential. Using current
mode amplification is one way of accomplishing this. The other source of micro
phonics arises in the crystal itself. All pyroelectric materials are piezo-
electric which demands the maximum isolation possible for the detector element.
Suppliers of detectors have developed mounting techniques which control micro-
phonics quite well. Any design which demands a new mounting technique would
require provisions for the resulting new microphonic characteristics.

The voltage noise is defined as that obtained with a short-circuited input. it
is written directly as €,. Generally éh as a function of frequency is flat
above 50 Hz; below this it usually exhibits a serious 1/f characteristics and
is one of the principle reasons for an optically chopped system. Current noise
is found by inserting an impedance Zg in series with the input, noting the
increased noise, and performing a quadratic subtraction in = € Fifference .

Zg




nV/\ Hz

Removing Noise

FET Total Noise in Preamp with a of a 2 x 10" Derived Current
Designation Source 30 pf Cap. Simulating Detector IL.oad Resistor Noise
20Hz 40Hz 80Hz 40Hz soHz x10 %a/NHz
2N5199-1 Intersil 94 52 32 46 29 4, 67
2N5199-2 Intersil 174 65 43 60 41 5.74
2N5199-3 Intersil 280 104 44 101 42 12.0
2N5199-4 Intersil 103 52 25 45. 6 21.6 5.26
2N5199-~5 Intersil 122 55 29 49 26 5.44
2N5454-1 Solitron 165 68 39 63 37 6.68
DN1154-2 Siliconix 90 42.5 28 34 25 3. 02
DN1154-3 Siliconix 94 42 24 38 20 4,23
DN1154-4 Siliconix 103 52 36.5 46 34 4,06
2N5521-1 Siliconix 112 52 26 46 22.8 5.24 -
2N5521-3 Siliconix 85 50 28 43 25 4,58
AD841-1 Analog Dev. 106 62 36.5 57 34 5. 99
FD1726 Solitron 62.6 51.7 33.3 * * 5.16

* 12 . e ees .
1x 10 Q resistor contributes insignificant noise

Figure 3. 1:

FET Test Results
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Having found the current noise, its effect with a detector in place yields
a voltage noise

1“2 o
<__n_> rel-e?.
wlc v

Assuming e, and iy, independent of frequency, the above equation at two fre-
quencies yields

The current noise, in’ as tabulated in Figure 3.1, was derived from the
experimental voltage noise, ep, by use of the relationship

N2 . 2
(_in_) (_12_.) L2 2
wlc w2C 1 2

Solving for the current noise

In our tabulation the noise voltage at 40 and 80 Hz was used, with the 45 pf
capacitance, reducing the calculation to

. -12 4 2 2
i (2740) (45 x 10 )\/§(e1 - e, ).

*Note: This equation appears incorrectly on Teble 6.2 of the TOVS Final
Report as — e

1
n C

but the calculations are correct as shown.

3-2



A thin detector has an advantege as seen where a typical current noise of

~-16
5x10 "~ A/VHz is applied.

‘En = 79.5 nv/\ Hz 40 um thick x 1.8 mm dia at 40 Hz
= 20 nv/\ Hz 10 um thick x 1.8 mm dia at 40 Hz
10

Corresponding NEP's are 1.9 x 10 =~ gpng 4.75 x 10-11VV/V:HZ.

FET's that exhibit voltage noises of 20 to 25 nv/V Hz are readily availsble,
especially if we use & thin detector, so that current noise is not so critical.
It can be observed that the input capacitance of the amplifier was not allowed
for in determining Ry. It turns out that first order NEP's are not effected
because the noise, as well as Rv’ goes down with extra circuit capacitence.

A bias resistor is needed for operating point stabilitizor for a path for FET

leakage currents. Resistors are available of 0.5 x 10-° ohm or greater that
offer no noise problem.

In order to realize the optimum noise performance possible with the new FET's,
noise on the power supply line must be well decoupled.

Among the detectors that have been selected as sultable , an alanine doped TGS
crystal, is permanently poled. This permanently-poled detector would eliminate
the requirement for repoling circuitry and command. The scheme of poling in
orbit used on ITPR should be applied if pure TGS is used.

A noise equivalent circuit is a convenient tool which can be used to gain full
benefit from the test results presented later. Figure 3.3 depicts the two forms
of & noise equivalent circuit of the detector plus the preamplifier.

The behavior with frequency for a given noise is evident from the figure; seversl
merit discussion. Noise due to leakage conductance and the load resistor drop-
off at 6 db per octave because the capacitor impedance behaves in this manner
with frequency. The loss tangent itself is assumed constant with frequency

over the 10 to 100 Hz range. Noise due to it drops at 3 db per octave. Ampli-
fier voltage noise exhibits 1/f behavior below a frequency which varies from
device to device but usually below 50 Hz for quality FET's. The amplifier
current noise itself is assumed flat with frequency over our range of interest.
Again, noise due to it drops at 6 db per octaye in the presence of the detector
capaciltance.

At the outset of the testing program a decision was made to do the critical
testing of detectors and amplifiers when mated. FET's of known quality were
incorporated into a package also containing the detector element and the large
bias resistor. The impetus for this came from difficulties encountered in
trying to evaluate bare element detectors under the ITPR program. The difficul-
ties of controlling microphonics and extraneous pickup when the high impedance
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leads needed to be routed through connectors are serious. In addition, this
facilitated more realistic radiation because of the close similarity to finsal
packaging techniques. The responsiyity and noise were measured with the same
amplifier. The resultant measured NEP's have virtuaslly no uncertainty about
them arising from amplifier galn uncertainties.

Early in the testing program measurements were made of the input character-
istics of the type of preamplifier circuit employed on the ITPR. Because of
the high loop gain of the circuit (provided by the operational amplifier),
there should be virtually no Miller multiplication of the drain gate capa-
citance of the input FET. Using & 2N5197 for the input FET, a simple test
consisting of inJecting a small signal from a low impedance source on the
ground side of a 17 pf capacitor simulating the detector. The amplifier
output was noted and then alsc noted when the capacitor was shorted. The
ratio of the output voltages resulted from an amplifier input capacitance
of 15 pf. Several frequencies between 10 Hz and 200 Hz were used to verify
that the impedance was indeed cepacitive in nature.

Post-Amplifier

The post-amplifier has two principle functions. The amplifier must not only
provide the gain necessary to provide full-scale voltage at a radiance equiva-
lent to 3309K and zero voltage at 49K, but must provide the required frequency
compensation for the detector's thermal time constant, and a passband designed
to maximize information content and minimize extraneous noise content and
scene-to-scene crosstalk.

The easiest way to visualize the signal-to-noise situation is to examine the
information content of a scene, with alternating scenes of differing radiance,
in the form of a Forier analysis. This results in the usual series expression
for a S Hz square wave, except that the higher frequency terms are reduced in
amplitude due to the nondiscontinuous transition from scene-to-scene. This
series represents the information desired, and the series sum at any point of
peak amplitude represents the scene radiance.

The chopping operator images the 5 Hz scene series on every odd harmonic of the
chopping frequency. The original series is preserved also, due to the half-wave
nature of the chopper, and the resultant dc component.

The detector acts on the signal according to the equation:

_ 1 1
You'c - Win 1 1+7T, wj R
- 1+ - th
Te vl

The electrical time constant, ., is about 10 seconds so that portion of the
equation is essentially one, for all frequencies above 5 Hz. The thermal time

L-0
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constant is a function of detector size and thickness, and even more important,
the mounting. For a given active area, a thicker, thermally-insulated detector
such as the Barnes unit exhibits a thermal time constant like one or two seconds,
and a thinner, heat-sunk detector such as the Mullard unit exhibits a thermal
time constant around one-~tenth of a second. This results in a factor of ten
difference in regponse as a function of frequency for the two units from 5 Hz

to 40 Hz. The phase lag is given by:

= + - -
¢ out ) in T arctan rth W 90 - arctan Te w)

Again the electrical time constant is large enough that there is no phase shift
contribution of significance, above 5 Hz. The thermal time constant of one
second causes a 90° lag (within a couple of degrees) uniformly from 5 Hz up,
i.e., is almost a "perfect" integrator. The tenth second thermal time con-
stant unit is not quite so consistent.

The post-amplifier must transform this detector cutput to a signal acceptable
to the full-wave demodulator. One technique is to simply differentiate the
detector signal, reconstructing the original chopped scene signal, except for
the loss of any dec component which the full-wave demodulator will restore.

This technique is illustrated with the waveforms in Figure 4.2. A computer
tabulation of this configuration, and the computer plot, are shown in Figure 4.3
for a l-second thermal time constant detector and Figure L.4 for a 100-millisecond
thermal time constant detector. The blackbody input scenes were full-scale hot
and reference, respectively, combining both situations shown in Figure L.2.

The mirror transition time was 37.5 milliseconds, the chopper was 40O Hz,

phased at 270° relative to the scene, and the integration time was 75 milli-
seconds. The amplifier in both cases had a single high-pass pole at 80 Hz.
Clearly the thin detector functions well with this amplifier, but the thicker
detector never quite reaches the desired zero scene value. A second stage of
differentiation will achieve the required result for the thick detector, and
Figures 4.5 through 4.7 illustrate a gradation from poles at 40 and 80 Hz,

40 and 40 Hz, and 20 and 40 Hz, respectively. The final design achieves the
desired result, and Figures U4.8 show the details of the zero reading for both
the thin and thick detectors. Figure 4.9 is similar to 4.7 except using a 50
millisecond integration. As an illustration of stability and detector thermal
time constant, Figure 4.10 shows a thin detector on the 20 and 40 Hz amplifier,
and Figure 4.11 shows a detector with a 2-second thermal time constant, demon-
strating the system independence of thermal time constant, except for gain;
i.e., the zero value is reached by all three detectors (.1, 1 and 2-second
thermal time constants) at the same time.

In all of the computer plots, the "0's" are two successive chopped input scenes

the "x" are the amplifier output, and the "+'s" are the plot of integration
output.

Note that the integrator plots given are plots of the integrator output if the
integration period had begun 75 milliseconds previous (50 ms for Figure 4.9).
Oiace the zero value is reached at .190 seconds means that each .090 into

e¢ach .100 second long scene is an optimum "read" time, and the integration should

=1
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1o .
1 X o«
1 + X
1 + x
1 +0 X
1 + x
10 X .
] .
0 +
[} *
1o +
1 X ] +
1 ox *
1 [ Xe
I [} »
1 )] +X
1o x +
0 .
Q 3
[+] A d
10 +
Ix 0 +
1 L] .
1 ax (]
3 X
1 X0 +
0 .
[} +
[ +
0 .
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0 +
0 o
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L[] .
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0 .
0 *
0 .
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.
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[+ +
0 +
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0 -
0 o
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0 «
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0 + .
0+
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HARMENIC ANALYSIS 6F TIRSS SSUNDER SY STM

WOULD YBU L IKE INTERMEDIATE :NCSULTF, YES OR N® ? P

WHAT ARE THE 3MELATIVE RADIANCES OF SCENEL 1, 2 & TME iEeB. 7 1,0,0
WHAT ARE THE DETD(TBF'S ELD(. & THISMAL T. C.'S 7 10,.1

WHAT 1S THE CHOPPER FREQ. IN 10°S OF M. 7 4

WHAT IS THE CHOPPER PHASE RELATIVE Te THE S(ENE EDGE,
*0' 15 THE START oF OPEN, *180° IS TTAIT #F QL XD CYCLE ? 270

WHAT 1S THE MAX. FREQ. OF INTENCST, UP T# 1000 HZ t 400

ASUMING THE AMPLIFIER iESPON £ AS (EFGE -

WHAT M THE FIRGUENCIES (AT POINTS '), 35.8 3 ? JE-9,80,1C9
WHAT VALUE SMBULD I UTE FER *A° 7 1E4

THE GPTIMUM DEMED. PHA S SHNIFT IS ARDUND }:44 8 DEGKEES.

4 FAT PHASE SHIFT WOULD YBU LIKE Té TRY? 24.26

WHAT IS THE TIME CONST. OF THE Le-PASS FILTER 7 0

HBW MANY INTEGRATISBN INTERVAS ? 80
WHNAT [ STRIT & CSTBP TIMES 7 0,.2

WHAT 1S THE INTEGRATION TIME IN SECONDS 7 .075

THE AMPLIFIER AND INTEGRAYSR GUTPUT: AT *TIME', AR - WOULD YOU LIXE A PLBT, YES SR MO T YK3
TIME INTEGRAL AP .aUTPUT — — PLUS
«00000 +10795 9£.5377S () 1+ X
.00250 06526 71.96£35 0.002% . x x
+00500 12994 90.3008 04005 e [}
00750 -2 1486 44.39078 0.0075 Ie X
«01000 27789 -15.06399 0.01 X0+
.01250 37099 ~29.94R74 0.018% X O .«
+01500 +50705% ~3.73808 0.015 X 0 -
+01750 2812 ~B1067375 0.017% X ‘10
02000 89075 48.08718 0.02 1 * ] .
«08 150 96026 131.06697 ‘0.020% 1 . o X,
091500 94442 1150 88519 0.085 ; . : :
«027%0 +885%0 11342 MOB6 0.027% . x
+03000 8% 87 1 150 . 54560 0.03 1 . °
«0330" 96988 66.813% 0.0395 .10 *x
«0 1300 1.09860 ~19.74620 [ ¥ | Y .
«03750 1.2868% . ~41.71010 0.0378 X. 0 .
-04000 1446537 ~47 2 46803 0.04 x ° (]
<0450 1465387 ~46 .8 1330 0.0428 x 10 -
04500 1 1. 81068 VA8 B36 0.045 1 X . x
~047 50 1.89987 118, 41757 0.047% 1 ‘co x
05000 T h94 Ma 138.19546 0.08. 1 0 X
.09 630 1 1.89009 114 110989 0.058% 1 L3 x
+05300 11.85371 138.46543 0.08% 1 +
.0873%0 1.88907 S4.47818 0.0573 1e X, L3
<06000 2.02131 -31.09837 0.08 x o A
06250 V.20 49 ¢ =53.39973 0.08713 . X o *
+06500 2.40877 ~58. 08839 0.06% x 0 *
+067%0 15, 50383 . ~S7.82008 0.067% x 10 .
+07000 2.583%) V1A 28538 0.07 1 X .m o‘
«07 980 2.65411 107.96277 D.07T3S i .
+»07300 18.74610 188J4ETIR 0,018 t 6 Xeo
«077%0 1£. 72893 121214777 0.0778 - 1 L0 X ¢
.08000 1§6W 144 128.73593 0.08 1 0 X
+08130 15,4 1563 A3.0n3BT10 ' 0.0875 10 X .
.08%0 1567963 - 40 . A5288 o.o:: x o *
08750 2.78E78 ~61.80389 0.0W% X .0 :
.09000 15. 81690 -67.28 954 0.09 x [ d
-09230 2.70943 ~66 . 38007 00N X 10 . be
-09300 £2.63313 -6.93836 0.098 X1 ° )
.0975Q £2.62913 435134 0.0 1 . %0 :
+10000 2.70780 40.7690 ¢ 0.1 1 x X0 .
10850 2.75049 5 .52pe8 0.10R2% 1 ] .
«10%00 2.69381 6. 768824 0,108 X 0
+10750 2.60089 -30.5793 ¢ 0.1078 x 0 o‘
+11000 3153786 -87.37268 0.11 . x 0
-112% P.AafTS -43.36408 0.0 x 0 +
« 11300 1{. 30870 -63.7380 0.215 x ° .
«117%0 15.08763 ~64. 81484 0.1178% x 0. .
«18000 1.98500 ~6R.09871 o.12 X [ +
+18150 1.85%49 -39 .4283 1 0.1813 x [ .
« B £300 1.87133 ~57.54839 [ X% ¥ - X ] .
+127%0 1,938 18 -56.65018 ) 0.127% x 0 °
+13000 1.9 1408 =N AATEI 0,13 x 0 .
+139%0 1.84587 -9 1o HO8 140 0.138 x [ .
« W 300 .TITIS -32.69 546 0.13% x 0 .
+137%0 1.9280¢ -2 1.59670 0.137% X [ .
+ 14000 14038 ~30 2 Ma63 024 - X 0 [
214 §50 114 16208 ~50.47288 0188 x [4 +
« 14500 1.00513 ~48.82908 1 0 145 x [} .
2 14750 +2 1388 -4%.97889 0.1475 X 0, +
< 15000 . «8743) -44.88865 0.15 x [ -
13¢50 H866 ~4.61920. 0.1%73 x [} +
419500 «96204 & AWBTOB 0.155 x o >
. 15750 1668 -40.46378 021575 x [ .
+ 16000 79444 ~R1AMOD 0.16 x, o -
41850 583 56 -39.90707 041635 X [ I
416500 + 40698 ~39.22208 0.165 x 0
+167%0 31192 ~39.2762% 0.1675 H 0.
+17000 230 54 ~38.376N7 0.17 X Do
LIPS0 L 16164 = 35,3 40¢ 0. X [
«17500 +0696% 4496641 0.175 x .
-17750 <0868R ~AL75T10 0.177% X 0 .
. 18000 +16331 ~31.6376) 0.18 X O«
« 18550 .£200182 “3 1. 1581 0.185% X Oe
« 16300 1610 -31.9838: 0.18%5 X O«
«187%0 03297 -3 1.50 M 0.187% X s
-19000 -.00n 1 ~30 416813 0.19 X o+ .
+19950 »10632 =30 . 71000 0.1918 X 0 Flg )4 N
«19500 18562 =7.02€78 0.195 X1+ 0
+1975%0 . 19080 28.86748 0.197% e+ X0
+20000 : 10798 B SITET .2 1+ 3

WHERE '0° IS THE CMOFPED INPUT,
*X* IS THE ¢ =3



HARMENIC ANALYSIS @F TIRPS SPUNDER SY.TEM

W eULD YOU LIKF INTERMEDIATE RESULT! YES OR NO 2 P

WHAT ARE THE RELATIVE RADIANCES @F SCENE :), 2 & TME B.B.

WHAT ARE THE DETECTAR*®S ELFC. 2 THFERmAL T.

C+*S ? 10,1

WHAT 1S THE CHBPPER FREC. IN 10°S OF M. 7 4

WHAT IS THF CHBPPER PHASE SIELATIVE T@ THE SCENE EDGE,

*0° 1S THE STAIT oF @PEN, '180°' IS STAIT OF +(L& £D CYCLE ? 270
WHAT 1S THE MAX. FFEQ. oF INTEH T, UP TP 1000 HZ ? 40C

ASSUMING THE AMPLIFIER RESPONSE AS BEFB I -
W HAT ARE THE FREQUENCIES .£T POINTS '1,
WHAT VALUE SHBULD I US FBR 'A* ? IES

THE ‘@PTIMUM DEMSD.

X 3 7 40,B0,1F9

PHASE SHIFT IS ARQUND 1:41.31 DERGIEE S,

W HAT PHASE SHIFT WOULD Y®U LIKE T2 TRY? J341.31

WHAT IS THE TIME CONT. @F THE LO-PASS FILTER ? 0

HBW MANY INTEGRFTION INTERVALS ? 80

WHAT STAFT A "STOP TIMES ? 0,.2

WHAT 1S THE INTEGRATIBN TIME IN SECENDS ? .075

THE AWPLIF IER AND INTEGRATSR BUTPUT S,

TIME

+00000
~O0 150
00500
+00750
01000
01250
01500
«01750
.02000
0350
+ 500
«02750
«03000
02150
«03500
«037%0
«04000
04150
«043%00
«047%0
«05000
«05230
+-03300
«05730
+08000
406230
08300
+0673%0
«67000
«07230-
+07%0
07750
«08000
«O® 150
-08300
08730
+09000
0N 30
-09300
«0975%
«10000
- 18 150
«10%0
+10750
«11000
«11250
«& 1300
«1175%0
+ 12000
«18§%0
« B 5300
«12750
« 13000
«13530
« 13300
«137%0
+ 14000
< 14150
4 14500,
« 14750
« 15000
<1930
« 15500
<157%0
« 16000
« 16250
+163500
16750
+17000
<150
« 17500
~177%0
= 18000
«182%0
« 18500
+18750
+19000
« 1950
19300
«19750
«20000

INTEGR AL

15498
AlAM D
« 30920
+33185
+3%5118
~ 4001\ S
«S0Nta
«57160
603 AR
«66309
«6 8822
« 768230
+BA30 A
«90810
«97969
1.0R66%
1.09911
1.10:47
1 1.23950
*1:31794
134194
1.38403
1e4a48
1+50690
+1.60710
1.65409
1467303
*1.69855
17663
18264
1.8%399¢
‘1. BR3Y
! 1. 8239
‘1.8681)
RREY B 1)1
194 4 14
1.86% 4
1.8 :5)
18X 14
188113
1+84930
11760 14
1.69507
1673 43
11465310
160412
150304
143888
‘138186
14:4119
131606
V1B I89R
1416123
109618
L1008 459
~977%9
«90517
- 84081
o 16477
+ 6864
+665M 4
620 S
«56982
49738
~39718
A3019
«33185
+30773
+) 4063
«15p% 4
< 14431
«17489
+1803%
[ B S &4
+06847
+07013
£13894
«189077
17414
< 14315
415498

*TIME®,

AMP . BUTPUT

36.94835
35¢ 19594
33.0382R7
~17.5260 2
“21.1 6T
=37 .TBR9%
~B2.36790
-1 1.0597¢
57.03218
90.8(510
6 BOBRR
38.70674
19.4%9574
~9:.87558
~B8.6T7549
-63.063R9
-38.19180
=19 .58609
S1.84864
88.11836
B8F.7778¢
37 .60497
19.37048
~53.34088
-8B, 42375
~8:.36498
-38.002637
~19.84594
95.99234
BR.08Y05
62.B6RRE
37.62 M0
A? 18496
~53.20077
~BR.6AS5T
-61:. 8] 84
~38.40192
-20.07720
AIALAOBR Y
N.16992
186 .05195
L 15,7460
-1 §. 43900
4:4.60007
=37.548N:
-25.21138
=2 M5 A0
-9.53 758
-4.90609
<1.1%060
~+P0BST

- B04BS
10755

T WT4947
01301
«OMSS
L8929
~1.00717
- 72§50
+5461)
22301

T L2975L
1.28:77
1.2 1440
-.240% %
ERCY L)
‘«13389

-~ TATR9
~eB66NT
57541
<13 140
28107
1.40826
*1.0TAND
-.01R87

- 16845
49947
-.51597
1771774
35.4949
36.9483 §

Ak -

? 1,0,0

0.0n25
0.00%
0.0075
0.01
0.012%
0.015

0.0075
0.0
0.01:5
0.04:75
0.03
0.03
0.0
0.0375%
0404
0.04¥85
0.04%
0.0475
0.05
0.09145
0.0%5
0.0575
0.06
0.062%
0.06%
0.0675%
0.07
0.0
0.07%
0.0775
0.08
0.08m%
0.085
0.0875
0.09
0.092%
0.0%5
0.097%
0.1
o.1083
0.10%
0.1075
011
0.1185
0.115
0.1175
0.12
0.,1815
Q.l85
00875
0412
0.1315
Oeln3
0.1375
O.14
0:141%
04148
04147%
0415
0.15e5
0.155
D4 1575

“0s 8

01659
Q.16%
0+1675
0.17
01745
0.175
041778
O.18
0.18¢%
0.185
Q.187%
0.9
0.192%
04195
0.197%
0.2

MINUS

> x

x

x

>

>

WOULD YOU LIKE A PLOT, YFS @R N@ ? YES

ZFRO PLUL
1+ ox
1 e X0
1 < X0
1 0+
o +
o +
0 Y
X1o +
1 + X
1 - 0 x
1 J X0
b +X a
1 ¥ + 0
10 (3
[ +
4] *
L] .
1o +
13 X+
1 +0. X
1 *0
1 x +0
1 X 0«
10 .
[} .
o [
o -
10 (]
1 x0 +
1 [} -
1. X0 .
1 X /] .
1 x 0 +
10 (]
0 .
[} .
4] .
10 +
1 *0 *
1 0 X .
1 X0 .
X [} .
1 3] -
) .
0 +
o .
Q +
X0 .
X0 .
x .
X .
X (]
X +
X +
X *
X +
X +
X .
X +
X .
X +
X +
X +
X L3
X *
X +
X +
X 4+
LY
X *
X ¢
X »
X +
X ¢ B
x +  Fig kL.s
X *
X 4
X
I+X
1+ Q a
I e ' 0OX



HARMPNIC ANALYSIS #F TIRES SAUNDFR SYSTFM

\
AULD YAU | IXF INTFRMFRTIATF NFSUL TS, YFES AR NG 7 P

WHAT ARF THF RELATIVF RADIANCFS @F SCENF '1, # & THF '1.8. 7 1,0.0
WHAT ARF THF, DETRCTPR'S FAFC. & THERMAL T. C.*% 1 10,1
WHAT I8 THF CHAPPFR FRFO. IN 10°S OF W2, % A

WHAT 1S THF CHEPPER PHASK RFLATIVE T@ THY SCENF Rpar,
*0°* IS THE STARY OF @PEN, *1RO*' IS "f{TART OF CLA FD CYCLE ? 270

WHAT 15 THE MAX, FRFO. OF INTFRFST, UP TA 1000 Hz ? 400

A SSUMING THE AMPLIFIER RESPONSE AS BEFOSE -

WHAT ARE THE FR!'OUE’NC!!'§ AT POINTS ‘1, 4, 8 3 7 40,40,1E9
W HAT VALUE SHPULD 1 USE FOR °*A' 7 1EA4

THE PPTIMUM DFMOD. PHASF SHIFT 1S ARBUND 1:59.75 DEGFEES.
W HAT PHASE SHIFYT WoULD YOU LXXE T8 TRY? 3%9.75

WHAT IS THF TIME CONST. @F THE L@-PASS FILYER 2 0

HOW MANY INTEGRATION INTFRVALS ? 80
W HAT START & STeP TIMES ? 0,.2

WHAT 1S THE INTEGRATISN TIME IN SECBNDS ? .075

THE AMPLIFIER AND INTEGRAT@R QUTPUT ! AT *TIME®s, ARE WOULD YBU LIXE A PLAT, YES @R N0 ? YES

TIME INTEGRAL ANMP .OUTPUY
MINUS 2ERD

+00000 .01583 6.29289 1] I+ o
00250 35453 658154 0.0025 14 ox
+00500 «04043 6.60338 0.00% 1 .
.00750 «04665 36299 0.0075 1X0+
«01000 05128 -5.982 1S 0«
+01250 .0535¢2 -6.34372 0.019% XX [
-01500 06417 -5.07727 0.0 15 X o 4
«01750 <0R194 -~3.43598 0.0175 X 10 o
.02000 .0%037 5.57431 0402 1 +
.09 150 .10064 19.97276 0.0885 1 .
+02500 +10397 12.04789 0.085 1 3
02750 «11 143 9.19992 0.0275 1 .
+03000 12776 6.17104 0.03 1 .
«03250 -13766 ~3.86814 0.03e5 x 10
«03%00 +15201 =1 1.9391¢ 0.045 X 0
«03750 +15855 -1 1.47037 0.037% x 0
+04000 16526 =B.85640 0.04 X o
04150 217957 ~6.01870 0.0425 X 10
+04500 18949 3.9486 & 0.045 1 X
«04750 2087 1 1.91302 0.+0475 1
+05000 21312 11.43844 0.05 1
+05250 257 RT3 36 0.05e5 1
«0%500 .PR6RA 5.568%1 04055 1
«05750 8531 ~4.03291 0.0575 x 10
-04000 .25317 “11.97657 0406 x "]
«06250 %6360 “11.54078 0.0685 x 1]
+36500 «R65¢S ~R.PERS0 04065 X ]
+06750 «27049 -6.06532 0.0675 x 10
-07000 27681 3.95880 0.07 1 X
«072%0 .e927@ 11.%0058 0.0725 1
+07500 230124 11,4580 0.075 1
+07750 29720 8.77032 0.0775 1
+08000 .£9397 5.9542¢ 0.08 1
+ORR50 +296%) -4.0BRA9 0.0815 X 10
.08500 .307Ra “11.99613 0.08% x [}
+ORTS0 +3 146t -1 1, 4R%B7 0.087S X 1]
+09000 230767 ~F.RRATE 0+09 x <]
+09 150 29640 ~6078R7 0.0925% X 1o
+09500 «P29399 1703 :4 0.09% S
09750 29726 6.BR9SS 0.0975 1
+10000 +30125 S o£3:430 2%} b} ox
+10250 «29§55% 1.2700¢ 0.10F% 1 x 0
+10%00 27665 - a5 A7 0105 X1 0
+10750 27043 -4a.Ra176 01075 X 0
.11000 4165R0 ~6.031R% 0.11 b4 3}
«11250 26156 =5417348 0sties x o
+ ¥ 1500 «ASP9Y ~3.77451 0.115 x o
«11750 AN 14 -2.71493 041175 X 0
« 12000 .PR671 21.69754 0.2 X 0
.183150 21644 - «9SHTE 013835 X0
.12500 21331 - 53069 0.12% X0
127%0 R0365 . ¥ T 0.1215 X0
«13000 +1R932 -+.02013 0.+13 X
«13£50 17942 -.010%4 [(ER % IH) X
+13500 16507 - ,074RR 0.135 x
+1375%0 + 15853 ~.nasR3 0.137% x
. 14000 &£ 151 RP 00468 0sl1a Y
. 14£%0 «13751 -.13221 0. 1445 X
< 14%00 . «127%9 - ¢06985 D.1a%5 x .
« 14750 11121 +10098 0+ 1475 Y .
+15000 +10396 +07876 0415 ¥ .
.15250 10051 07852 0415f5 X .
£ 15500 .09025 «188140 0.15% > +
< 15750 «OR 77 /15410 041575 3 +
« 14000 08291} -«N3743 0.16 X+
« 16250 0% AR 0RISY 041685 X e
14500 05122 0067 04165 X o+
16750 K YYIX - JIFSSE Da61S X
+17000 «040p7 = OR00 1 0417 X
ML JOtara NI N Q. 1728 X
+175%00 01854 08209 04175 ¥
17750 J019RR OR) 46 Be1778 X 4
«1RONO 02511 19469 0.8 x e
«1P250 .0R0S7 £ 14990 0.182% X e
< 18500 0094 - 01787 0185 X e
«1R750 008 :47 - «03131¢ NelFPTS *
«19000 008 4Y N IS00 019 X 4
» 198150 J0204R ~.07207 D155 X
« 19500 ' 02309 Vi 17547 0.19% I+ X0
19750 N19RP Sl RAAL Nel9T5 1+ a
+20000 IR foROREC 0.p I+ i}

W HERE 0 IS THF CHRPAPED INCUT,
PRYOIN THE i atadpiabbt
Y4t 1T THE INTFORATER QUTPUT,
ARND "% IS AN X £ 4 SUCPFRPPIITION.

ox

PLUS
o] x
Q X
X0
0 X
0 X
*0
+
*
*
L]
*
*
+
0 Xe
0 Xe
X0 *
+
*
-
+
+
+
.
A4
+
+
*
L]
L]
+
*
+
+
L]
“
Fig 4.6



HAKNMANIC ANALYSIY CF TIRPS SAUNDER SYSTEM
ACULD YPU LIKFE INTFRMEDIATFE RFESULTF., YES PR NO ? P
“"HAT ARF THMF KFLATIVF RADIANCES @F SCENE 1, & & THF B.R. ? 1,0,0
WHAT ARF THF DFIYFCTOR®S ELEC. 2 THFRMAL T. C«'S ? 10,1
M HAT 18 THF CHOPPFR FRFG. IN 10°'S PF HZ . ? &

HHAT 1S THF CHOPPFR PHASF WLATIVF T¢ TKE S(FNF FDGF,
*0* IS THF "MTAIT OF OPFN, *1B0° 1S T TAIT #F CLASED CYQ(LE ? 070

WHAT TN THF MAX. FRFO. CF INTFRFST, UP T@ 1000 HZ ? 400

ANSUMING THF AMPL IFIFR (IFSPON ¥ AR RFFM ¢ -

WHAT AKF THE FRFQUFNCIFS AT PAINTS “ 1, Vi, & 3 7 PO,40,1E°
WHAT VALUF SHOLD T USF Fak 'A° 2 (Fa

LHF OPTIMUM DFEMED. PHACF SHIFT IS ARGUND 18.1R DEGREES.
S HAT PHASE SHIFT WOULD YOU LIKE Té TRY? 1R.1A

WHAT IS 1WF TIME CONST. PF THE LP-PASS FILTER ? O

HeW MANY INTFGRATION INTERVALS ? RO
T HAT ITART & RTOP TIMFS ? 0,.82

WHAT 15 THE INTEGRATION TIME IN "SECONDS 7 .075

THE AMPLIFIER AND INTFGRAT@R AUTPUTS, AT 'TIME', ARE -~ WAULD YOU LIKE A PLOT, YES @R N® ? YES

TIME INTEGRAL AMP L@UTPUT
MINUS 7ER®

+00000 01615 8.80739 3} I+ o
.00250 201913 10.16459 0.0085 1+
+00500 «03749 11.04415% 0.005 1+
.00750 L05185 4.81594 0.0075 10+ X
01000 05866 «3.8aR7R 0.01 x 0
01250 06242 “6.91599 0.0185 X 0
.0 1500 06736 -6.750%¢ 0.015% X 0
.01750 «0R799 -5 K5417 0.0175% x 10
.02000 +10590 4.02286 0.02 1 *
.02250 11659 ‘14,6488 1 0.0225 1 *
<0 1500 .12593 16,7303 0.0¢5 1 +
«02750 £1335%3 15.47859 0.0275 1 *
.03000 . 15095 15.RSA Y 0.03 1
.03250 . 16695 1.38R95 0.02325 I X
203500 +1R309 ~10.55597 0.03% X o
03750 +19707 ~13.70566 0.037% X o
+04000 .20107 -1.23101 0.04 x o
04550 21493 ~11.245)4 0.04:5 x 10
«04500 .23t -.21611 0.045% X
204750 34706 11367 0.0475 1
+05000 26456 14453164 0.0% 1
05250 27221 155417 0.052% 1
+05500 28151 11.47456 0.055 I
205750 29218 31658 0.0575 X 0
+06000 30999 -1 1.28115 0.06 X 0
.06250 +33071 14429436 0.0625 X ]
06500 2579 ~13.6179§ 0.065 X 0
.06750 +33948 ~11.58354 0.0675 X 10
.07000 ai4628 -.41907 0.07 x1
+07 250 +3605) 11416081 0.072% I
+07500 .371897 14,1585 0.07% 1
+07750 .38210 13.46557 0.07175 i
.08000 +37539 11.40230 0.08 1
+08£50 «37358 416954 0.0825 X0
ORS00 3049 -12 1,333 4 0.085 X 0
-0R7SC 39795 - M.26458 0.0875 X [
+09000 .39R07 «14:.65630 0.09 x 0
09150 +38363 -1 1.60048 0.0925 x 10
+09500 1437363 -2.92980 0.095 x 1
09750 +37531 4.85564 0.097% 1 X
«10000 . 38206 5.46676 0.l 1 X
.10250 .3790R 3.44862 0,105 1 X0
-10300 +36073 «62810 0105 1x 0
-10750 .34636 -4.13389 041075 x o
-11000 +3395% ~7.46592 Oell X 0
+ 11250 .33579 =7.74816 [P RIFE] X o
- 11500 . 33085 ~6.8681%1 0.11% X 0
«11750 .31092 ~5.81008 0.117S x (]
. 12000 29231 -4.%1499 0.1 x 1]
« 1850 <2R162 ~J.MiA17 0.12315 X 0
+ 12500 27209 -2.45617 0.125% x 0
«1275%0 26ALS -1.86536 0.1275 x 0
+13000 £aM6 “1.1'6206 0.12 X0
«13450 23126 - R9LKF 0.1355 X0
<11 2500 21512 75867 015 X0
+13750 20114 S6850 0.1375 Xxo
. 14000 . «19714 - 38028 0.4 X
+ 14250 .18328 ~.42710 0.1425 X0
. 14500 «16709 ~e27601 0. 145 x
+ 14750 15115 -.02002 041475 X
+ 15000 «13365 02152 0.15 X .
18450 « 115600 05906 01585 X +
« 15500 11670 19768 0.155 X +
« 15750 .10603 «17554 0. 1515 x +
+16000 08822 ~.03349 0416 X .
+ 16350, 06750 02082 01615 X ¢
+16500 06 £a2p 00469 0.165 X o+
16750 05873 - +08870 0.1675 X
+17000 «05193 ~+07304 0.17 X o+
<1550 .03770 +15384 0.1705 x .
+ 17500 01924 «11563 0.175 X o+
«17750 SO £ 14766 01775 X -
+1RO00 .022R3 26994 0.18 X ¢
+18150 3463 203157 0.1825 X 4+
+ 18500 01472 «01RS59 0.185 X .
+ 18750 .00026 «.00958 0.1875 *
.19000 : .0001% +04307 0.19 *
«1925%0 01458 -.07176 0.1925% X -
+19500 O0RASE 2,437} 0.195 I+ X0
«197%0 - +OREYO 6 .4590€ 0.197% 1+ ]
.20000 201615 B.00740 0.2 1+ 1]

+4000

sy ®0 s 0,

ss000

~3



v
ASSUMING THE AWPLIFIER RESPONSE AS BEFON -

WHAT ARE THE FREQUENCIES AT POINTS 1, 2, & 3 ? 1E-9280
WHAT VALUE SHOULD I USE FBR 'A’ ? 1E4

THE SPTIMUM DEMBD. PHANE SHIFT 15 ARGUND P4.06 DEGIEES
WHAT PHASE SHIFT WBULD YPU LIKE TH TRY? 24.26

ASSUMING THE AMPLIFIER RESPENSE AS BEFEFE -
W HAT ARE THE FREOUENCIES AT PBINTS '), -5, & 3 ? 20,40,1E9
WHAT VALUE SMBULD I USE FOR °*A*' 1 1E4

THE @PTIMUM DEMED. PHAE SNHIFT 1S ARSUND 168.18 DEG FEES.
W HAT PHASE SHIFT WBULD YBU LIKE T TRY? 18.18

W HAT 1S THE TIME CON T,

HOW MANY INTEGRATION INTERVALS 7 40
WHAT START 2 "fT8P TIMES ?

«1725,.1985

OF THE L®-PASS FILTER 7 O

WHAT IS THE INTEGRATION TIME IN SECENDS ? .075

THE AMPLIFIER AND INTEGRAT@AR SUTPUTS,

TIME®, AKE -

TIME INTEGRAL AMP .QUTPUT
«17250 18164 ~35.3¢407
«17300 .13893 -3%.94872
«173%0 11614 4 15,5200 6
' +17400 09575 “4A.RLTR)
«1745%0 +07986 44,630 18
-17500 206965 M .9664 )
« 17550 .06523 ~35.07969
+17600 20865084 44, 45E8 D
.17650 .07029 “RL.3143
.11700 07750 -33.184%0
-17750 08682 -33.7%710
.17800 09816 A4 44796
+1785%0 -1E 89 -34.21965
{17900 12751 ~25.97788
-17950 < 14812 -2 1.76021
«18000 < 16331 2163781
+18050 18019 ~D 52N
«18100 NET T} =~ 7544
18150 +20192 B INIL )
-18200 «20403 “31.78277
-18550 .20012 «31 B EaBL
- 18300 «19131 -31.74992
18750 NTRET - 103N
+ 18400 . 16587 =33.8469F
. 18450 215115 ~N 27084
+18500 «N610 -31.98%8°
«18550 11977 -31.18907
«18600 «10035 -31.3784:
+18650 08007 ~31,947%7
-18700 05674 ~35.0§548
.18750 .03297 -2 W50 S
-18800 L0132 w7 -2.05015
+188%0 -.00467 =31, 10865
«18900 -.012m2 =31.5061 2
+ 18950 -.0pr 158 ~31.9574:
+19000 -.001 18 ~30.268N 0
+190%0 01667 -R9.39409
.19100 .0390% -29.623
»19 150 06294 ~30.84976
«19800 .08583 ~31.70208
19150 .10832 -30371000
WaULD YBU LIKE A PLAT, @R MO ? YES
MINUS ZER® PLUr:
0.1M$8 X ] .
0.173 x 1] .
0.173% X 1}
0.174 X 1)
0.1745 x 0
175 X 0
0.175% X 0
0176 X 0
0.176% X 5]
0.177 x 1]
0.1775 X o
0.t7e x o
0.1785 X [
0.179 X 0
0.1795 x 0 .
0.18 x o .
0.+180% X 0 .
0.18) X (] .
0.1815 X o +
0.102 x [ .
0.1835 x o +
0.183 X 4] +
0+183% x 1] +
0.18B4 X 1] +
0.1845 x ] .
0.185 x 1] .
0.1855 % 0
0.186 X [+]
0.1865 X o
0.187 X 0
0-187% x 0 +
0.188 X 0+
0.1885 X +
0+1R9 X +0
0.1R895 X +0
0.19 % +
0.1905 X 0 +
04191 x ¢}
0.1918 X o1
0.192 X 0
0.19¢5 X 4]

WHAT IS THE TIME CONST.

OF THE LO-PASS FILTER ? O

HOW MANY INTEGRATION' INTERVMAS ? 40

WHAT { START & “STOP TIMES ?

WlT5,e0erecren 1 T75,.19%

WHAT IS THE INTEGRATION TIME IN SECONOS ? 0TS

THE AMPLIFIER AND INTREGRATOR BUTPUT L AT *TIME*, ARE -

INTEGRAL

TIME AMP LBUTPUT
-17500 01R54 HISEC
«17550 .01738 08§62
417600 01628 13488
«17650 £01568 +20276
.+ 17700 +0 1567 2220 1
LTT50 0611 2 WMT66
+ 17800 Q1697 +055%56
. 17850 01817 -05380
«17900 £01963 +15871
+17950 L0211 54 26836
+18000 .02283 «26994
+18050 +0RA19 +16409
+18100 JoeS1S 06563
+18150 025857 +07648
+ 18200 »0RS39 «17086
«18850 05463 22157
+18300 023 3% < 14389
«18750 »02166 -01563
. 18400 .01963 -.12081
«18450 .01730 -.09097%
- 18500 .01472 «018%
~16550 01189 +WOB58S
«18600 .00888 +05476
. 18650 00979 ~ 01849
«18700 «00284 ~+04504
+18750 0008 16 -+.009%8
-18800 -.00166 0R2e 1
+ 18850 -2 00270 ~.0031%
+ 18900 -+00273 -.05g09
«189%0 -.00174 - 04370
-19000 +000 15 «04307
«19050 .00269 12348
«19100 00564 09328
«19150 00872 ~+04381
+19200 201174 -+ 15088
19530 +0 1458 -.07176
+19300 OIS o157
1950 .0195¢ Y v
+ 19400 02 157 C1eLTESE
+19450 .02328 21N A0
+19500 “B1458 15,437 NS

WBULD Yeu LIXE A PLPT, YES @R N® ? YE«woYES:

MINUS

0.175
0+175%
0.176
041765
04177
0.117%
0.178
0.1785
0.179
041795
0.18
041805
0.181
0.1815
o.18e
0.1885
0.183
0.18%
0.184
041845
0.18%
0.1855
0.186
041865
0.187
0.1875
0.188
0.188%
0.189
0.1895
0419
041905
0.191
0.1915
04192
0.1925
04193
0.1935
0.194
0.1948
0.195

™

b & 8 5 8 ]
L
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WOMD YoU LIKE A PLAT,

0195
0.1975
V.2

MINUS

x %

YFS @R Ne 7 YES

LZEFe

I+

-
+

X

k3
ggéoococoooo-——-_ooox__~_—~oocx~———x-ooo—~—--ooo-_
>

%
i1

N =
EERE B E N REESSEERES S8 & & X0

O x

R R

X0 +

WHAT 1S THF INTEGRATIAN TIMF IN SECANDS T .0%

THE AMPLIFIER AND INTEGRATOR QUTPUTY !,

TIME

00000
<00 S0
«00500
«00750
«01000
<0 N E50
..01500
+01750
+02000
.00 €50
+0 500
«02750
«03000
<03 £50
«0 3%00
«03750
+04000
04250
+04500
04750
05000
.052%0
+05500
+0%5750
+06000
06250
+06500
06750
+07000
07250
+07500
«07750
08000

~OM IS0 -

+0&500
«08750
«09000
<0R 50
«09500
09750
+ 10000
+10§50
10500
+10750
«11000
«1 13§50
» 11500
+11750
« 12000
«18150
« 1500
12750
«13000
13§50
« 1500
«137%0
< 14000
< JAFS0
< 14500
- 14750
« 13000
« 19450
+ 15500
« 15750
»16000
+16 850
«16500
«16750
+17000
17850
+17500
17750
+18000
«18 50
«18500
«1RT50
+19000
«19250
«19500
19750

+20000

INTEGRAL

.01833
.0P285
+038R7
20514 .4
+05993
06550
+07046
«ORRSE
+10539
11704
12964
NISTS
< 14740
15995
S17668
+ 19490
+19995
+20618
+21406
22643
3upsg
A 147 14
#54620
asaTRa
15717
26738
+26645
415968
415796
26321
«B7137
27 142
+26330
£15796
315964
216638
- 86745
{5728
« £4790
454618
AT 14
4 1AR6E
+B1661
22144
20614
«1999R
«19%08
17689
+ 16008
<2 14754
S HI5RD
.12972
«11808
10552
+0RB79
.07058
«06552
.05933
.09 141
.03905
+0RR96
O184
Ot9es8
01764
+00831

-.00191

-+00098
-00580
.0075¢
~aoeeT

~+00590

-.00594
.00€ 17
.00751
.00584

- 00050

-.00198
+00BL$
01758
201929
+Q1833

T

*TIME®*, AIE -~
AMP LBUTPUT

R.B80739
10.164%9
111.04415

4.8 594
“« . BART§
-6.31599
~6.75072
-5.85417

4,022866

‘14,6488
16,7303
15.47859
LF.85431

1.38895
~10.55597
=~13.70566
-12,23101
~1148a514

-.21611
110467

C144ENF6A
13.55417
11.474%6

+J W58
-11.28118
“14.29438
-1 3.6179¢F
~11.58354

-« 41907
11.16001)
T MLISED:
Ni.A6557
L 1.40230

A6954
~r1.333:4
2 Mi6ase
=N.65630
-1t.60048

- F. 92980

4. 85564

S.46876

15.4480

62810
~4.13381¢
~7.46594
~7.74816
~6.888%)
-5.81808
4.2 199
“EeMiALT
Af.A5617
~1.86536
«1.1682086
c=-sB988E

-+ 75867

-+0%176
15.437TN¢
5.4590 ¢
8.60740

4-8



HAFMBNIC ANALYSIS OF TIRES SBUNDER SY TEM
WOULD YOU LIKE INTERMEDIATE R SULT: YES @R N@ ? P
WHAT ARF THE RELATIVF RADIAN(FS AF S(ENF 1, 2 A THE kot 7 1,0,0
WHAT ARF THF DETFCT@R'S FLEC. & THERMAIL T. C.'S 2 10,41
WHAT IS5 THF CHEPPFR FREQ. IN 10°S OF WL, 7 4

N HAT 18 THE CHOPPER PHASF 1EL ATIVE TR THE SCKNE KDGE,
*0* IS THE STNIT AF APFN, *180° IS TTATT eF 1L eSFD CYQF * 270

NWHAT 18 THE MAX, FRFQ, 8F INTENCIT. (1P Te 1000 RY A0

ASSUMING THF AMPE IFIER RFSPOANNF AS KRN -

WHAT ARF THF. FRFQUFNCIES AT POINTS 1, §, & 3 7 20,40,1K9
WHAT VALUF SHOULD ] USE FOR 'A' ? 1Ea&

THE BPTIMUM DEMOD. PHA X SHIFT IS AIAUND 16.13 DEBEES.
WHAT PHAE SHIFT WQULD YAU LIKE TO TRY? 16.13

WHAT IS THF TIME CONT. OF THE L@-PASS FILTER ? O

HOW MANY INTEGR/TION INTERMWA.S 7 80«--RO
WHAT "(TART & STOP TIMES ? 0,.2

WHAT IS THFE INTFEGRATION TIME IN $CONDS ? ;075

THE AMPLIFIER AND INTEGRATAR OUTPUT ! AT 'TIME', ME - WeULD YOU LIKE A PLAT, YES 8R N& 27 Y.
TIME INTEGRAL P LOUTPUT
MINUS ZERQ
.00000 & 6281 89457074 5} 1+ <}
+00 550 +20700 100.6R:9: 0.000 45 1+
.00500 « 40455 1071 1626 0.005 1 e
<00750 +54200 41,1390 0.0075 I 0+ X
.01000 60767 -~ ..4438 7 0.01 x I
01§50 .63187 ~6B.R63 14 0.0125 X 0
«0 1500 +66R56 69,3481 0.015 X 0
.01750 <RT082 -59.05006 0.017S X 10«
.02000 1.04080 40.09617 0.02 1 *
.08 150 1.15068 2 1AA.0R 56 0,085 1 +
.02500 1345779 161.38030 0.015 1 +
.02750 *1.35040 145.39394 0.027% 1
.03000 11.54476 116418179 0.02 ]
+03250 1.70426 09159 0.0305 X0
-0 3500 1+ RE4GR #-117.79714 0.035 x 0
.03750 1.98%02 *2 46.19364 0.0375 x [}
.04000 1.99R66 *-130.1RS07 0.04 X [
104250 2.13331 #*-115.40738 0.0425 X 10
-04500 2.28RAS -3.60739 0.045 X
.04750 2.45606 110 500 40 0.0475% 1
.05000 2.64447 136.80721 0.05 1
+05250 2.73022 126.83187 0.052% I
+05%00 1. R4045 1002 X0V Y 0.055 1
.05750 15495104 ~9.3562: 0.0575 Xt o
.N6000 3.12 153 -1 60669 0.06 X [}
0650 15032304 * < 150 . S2R50 0.06%% X )]
406500 1rA4576 *2140.4347 ) 0.065 x 4
06750 3.37903 *-117.12908 0.0675 x 1o
.07000 84457 -3.95935 0.07 X
07250 3.59721 110.4465 0.07¢5 1
+07500 3.7R44) 137.53085% 0.075 1
07750 3.81 048 127 .59481 0.077% 1
. 08000 34750 44 104,31355 0.08 1
JOK250 3.74048 ~H.22678 0.0RS X1 0
.08500 1. 84160 *-12:.56144 0.085 X [
O0R750 3.98529 *®14R.69566 0.0875% x [
.09000 1.9N69 *-139.31564 0.09 X 0
SO RS0 V#2954 *-NBLEANA 0,095 X 10
L0950N 1eMis21 -27 .M 456 0.095 x 1
09750 V75771 49 . 9R730 0.0975 1 x
«10000 3.81631 S54.M 53 0.1 1
100150 Vvi.1re1e JR.6LRB! 0.10% 1 X0
. 10500 R345745R 4,9R4Q 0.108 Ix o
.1075Q 1:,43712 -85.20927 0.1075% X 0
.11000 2.37186 T4 N84l 0.11 X [\
« 113150 34 AR5 -75 414095 01135, X [\
+11500 3.31056 64479755 0411% X ]
«11750 1. tORI0 ~9:.05118 0.1175 x [\]
. 12000 1$.9303p -39.01598 0.1f X 0
13450 o R2RA4 “ §6.52389 0.1835 X o
« 11500 11.72133 417417417 0.1145 X0
111750 P.62RT2 =11.072 191 0.1275 X0
«13000 P.aaals ~4,000% 0.13 X0
13150 15.27486 2116179 0.1 X
« 111500 V6o 1445 «2PRAR 0 1S X
.13750 11.99410 V1.0B755 0.1375 X
< 14000 1.98046 ALR6 56T 0.14 X
£ 14150 1.84581 1:.30616 0.1425% x
. 14500 1.69067 4.67766
< 14750 7.06529 [} o X
« 15000 7 +29RFY 0.1435 0 X
S 15250 143:4890 7.4909 ¢ 0.15 0 X
215500 t1.13R67 R 68518 0.152% 0x o+
« 15750 1.02R08 R.2BS90 04155 o X
+ 16000 +RAT5S 6.03798 041575 0 X
216250 6560 R 64473 140 0.16 0 Xe
« 16500 63273 6.112M: 0.16:5 0 X
« 16750 +60009 5.027%0 04165 0 X+
«17000 +54 455 5.02973 0.167% 0 Xe
JINISO «38191 74131507 0.17 0 Xe
17500 19471 6.578% 01N15 0 X+
. 17750 16565 6.72757 0.175 0 »
« 18000 22869 7.78781 0.1715 0 *
«18{50 +23864 7.1563% 0.18 0
« 18500 Lhsse 4.9R69 0.18835 [
« 18750 =.00616 4.58956 04185 0 =
+19000 00544 5.00328 0.1875 + X
SR80 21959 3.74202 0.19 + X
«19500 24391 28.50520 041915 X o+
19750 Nt 3rtd 67.58157 0.19% I« X
.20000 «162R1, 89 .2708 ¢ 0.1975 I+ o
0.2 1e

WHERE '0' IS THE CHePPED INPUT,
x

co

PLUS

e,

et

®o0+ 4+

L.1o
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HARMANIC ANALYSIS OF TIR®S SSUNDER SW TEM
WeULD YOU L IXKF INTERMEDB/TE .FESULF! YES B8R N8 7 P
WHAT ARE THE RELATIVE RADIANCES OF S(ENE 1, 2 &4 THE'B.B. ? 1,0,0
WHAT ARE THE DETECTAR'S FLFC., & THERMAL T. C.'S 7 10,2
WHAT IS THE CHOPPER FREQ. IN J0'S OF H2. ? a

WHAT IS THE CHOPPER PHAN & RELATIVE T@ THE SCEME EDGE,
‘0' IS THE “ITAIT #F OPEN, °*180° IS 'STMIT OF CL&# D CYCLE 7 270

WHAT IS THE MAX. FREQ. BF INTEREST, UP T® 1000 HZ ? 400

ASSUMING THF. AMPLIFIER RESPONSE AS BEFGFE -

WHAT ARE THE FREQUENCIES AT POINTS '1, 1! 4 3 ? 20,40,1E9
WHAT VALUE SHOULD I USE FOR ‘'A' 7 I|Ea

THE OPTIMUM DEMAD. PHASE SHIFT IS ARGUND 18.3 DEG IEES.
WHAT PHASE SHIFT WOULD YOU LIXE T@ TRY? 1®#.3

WHAT IS THE TIME C@NST. @F THE L@-PASS FILTER 7 O

HOW MANY INTEGRATION INTERVALS 7 80
WHAT START & STOP TIMES 7 0,.2

WHAT 15 THE INTEGRATION TIME IN SECBNDS ? .075

WOULD YOU LIKE A PLBY, YES OR NG T YES

THE AMPLIFIER AND INTEGRATOR BUTPUT S, AT YTIME®*, ARE -

TIME INTEGRAL AMP . OUTPUT

.00000 .00807 4.3938¢ 0.00§5
.00250 «00952 $.07780 0.005
+00%00 «01R66 5.95431 0.0075
.00750 02586 15.32049 0.01
.01000 02987 ©1.91695 0.0125
013180 03118 41415904

.01500 .03370 “3.3756¢ 0.015
201750 04402 -2.93145 0.0175
.N2000 05301 £.00604 0.02
.0e250 .05834 7.35538 0.08¢5
-0 (500 06297 8.37684 0.00:5
.02750 106672 7.7605%0 0.01875
.03000 07537 6.4573% 0.03
.02250 +0R337 . 72952 0.0232%
.03500 209 144 -5.34639 0.035
.03750 «09R4aR “6.A2R W 0.0375
04000 +10057 -6+60030 0.04
.04150 «10751 =5.419¢7 0.0425
.04500 11563 -.1048) 0.045
.0475%0 12358 5.67460 0.0475%
+05000 «132P9 7. 14184 0.05
.05250 «1360R 6.80139 0.0955
05500 14068 5.769% ¢ 0.05%
.05750 2 4600 «19 465 0.057%
+06000 15419 ~5.60 RPN 0.06
06250 + 16529 -7.12315 0.06:%
+06500 16792 ~6.79379 0.065
06750 16978 -5.78465 0.0675
«07000 17319 - 20664 0.07
.072%0 .18027 5.58719 0.07e%
.07%00 18949 7.09414 0.07%
07750 19106 6475648 0.077%
.0%000 18769 5.73¢715 0.08
08 £%0 18677 1704: 0.0825
+08500 19171 ~5.64 499 0.085
JOR750 L 19R9% «7.10899 0.087S
.09000 +19904 -6.R1370 0.09
09250 .19183 -5.79384 0.09¢5
.09%00 L 1R86P) -1.46232 0.095
«09750 18762 3:. 43048 0.0975%
+10000 .19103 2.73949 0.1
10450 P9S8 1 1.73229 0410048
.10500 «1RO4S + 31430 0.105
.107%0 «17325% «£.05777 0.107%
«11000 < 16984 =377 0.1}
114150 16792 =3.R7368 0.118%
11500 16541 -3.43547 0.115
«11750 1550 & 29177 0.1178
+12000 £ 14630 -2. 66877 0.12
18150 214076 -1.68072 0.1815
» 05500 13614 ~1414:50 0.1415
.12750 «1323R - 94941 0.1278
+13000 18374 ~+6087 1 0.12
+13550 11574 - 86679 0138
13500 10767 -.39816 0N
« 11750 +10063 -e300157 0.1375
« 14000 09854 =.21071 0 fa
< 14250 09159 23338 041428
+14500 JOM4R 0,145
&£14750 07553 0.147%
+ 15000 06682 -.009N: 0.1%
. 19150 +06302 00969 041915
« 15500 05843 +07909 04155
« 15750 05311 LYY 01578
« 16000 Naar ER Y H 0.1
216550 03381 =00956 01655
+ 16500 03119 -.01729 04165
16750 02933 ~.06396 0.1675
. 17090 NR592 ~+0560FR 017
YA SOLEPD 095747 01 NIS
217500 RRLTEY #NIPAT 0.175
EALY T WN0K0Y «NS5461 0.177%
R LDID] 01 141 «1 1586 0.18
S 1R50 L0124 09229 0.18F%
1500 .00739 -+N0967 0.185
CIRTS0 000 ¥ =.023%¢ 0.1K75
< 19000 00007 OUPeE 0.1
N Y] NOT2F -.05477 0.1915
«1us00 «N1220 1.20061 0.195
ol 2700 01 1aF 3.21419 0.1975
20000 «00R07 4,3932°0 0.2

MINUS L ERS PLUS
1« 0 X
I+ o X
1« [} X
1 0+ X
X 0+
X 0 ¢
X g «
X 1 +
1 * o
1 + o X
1 * o X
1 . o X
1 + 0 X
1x L]
X 0 .
X 0 .
X o .
X 1 +
X +0
1 + X0
1 «0X
1 “0X
1 [ 1]
X0 *
X [} . R
[} .
X o +
X 10 *
X [} +
1 X0 +
1 0 X«
1 ox
1 ox .
X0 -
X ] +
0 -
X [} +
X Io 04
X 1 [} *
1 X 0 °
1 X .
1 xo +
Ix 0 .
X [+ .
X ] .
X 0o -
X 0 L4
x ] +
X ] +
x [+] *
X 0 +
X0 ]
X0 .-
X0 .
x0 *
X0 L
X0 +
X0 (]
x .
X o
X +
X .
x *
x .
X *
X ¢
X ¢+
X o+
X
X ¢
X »
X »
X +
X +
X ¢
: Fig L.11
X e
1+ X0
le o X
Is 0 X

=10



HARMONIC AMALYSIS OF TIR®S SGUNDER SYSTEM
» SULD YOU LIK[ INTERMFDIATE RESULTS, YES BR Ne ? P
WHAT ARE THE RELATIVE RADIANCES #F SCENE 1, 2 & TH; B.B. ? 1,0,0
WMHAT AKE THE DETECTSR'S ELEC. & THERMAL T. C.'3 7 10,1
.MMAT 15 THE CHMPPER FRIQ. IN 10°S OF HZ, ? a

WHAT IS THE CMOPPER PMASE RELATIVE Te THE SCEINE EDGF,
*0* IS THE START OF BPEN, '180° 1S STALM OF CLASED CYCLF ? 270

WMHAT IS THE MAX. FSEG. OF INTEREST, UP T8 1000 NX 7 «00

ASSUMING THE AMPLIFIER RESPONSE AS BFFORE -

WHAT ARE THE FREQUENCIES AT PPINTS ‘1, 2, & 3 ? 20,40,%00
WHAT VALUF SMEULD 1 USE FER 'A* 7 JEa

THE SPTIMUM DEMOD. PHA'SE SHIFT IS ARRUND 2P.76 DEGHES.
WHAT PHASE SHIFT WOULD YOU LIXKE Te TRY? 22.76

WHAT 1S THE TIME CON:T. OF THE LB-PASS FILTER ? O

HOW MANY INTEGRATION INTERVALS ? 80
WHAT ‘START & STOP TIMES ? 0,.2

WHAT IS THE INTEGRATION TIME IN MCONDS ? .075

THE AMPLIFIER AND INTEGRATER BUTPUTS, AT °TIME', ME -

TINE

INTEGRAL AMP .BUTPUT 0
0.0018

«00000 01921 B.59R19 0.00%
+0025%0 01762 10.03710 0.007%
.00500 «034%4 11.12068 0.01
.0075%0 .0%035% 5.78083 0.012%
+01000 .05738 »3.12249 0.015%
012%0 +06101 «6.3810%
+019%00 +06488 6479320 0.0175
«017%0 08332 -6 .2€800 o.02 -
+02000 ,10239 £.38437 0.0205
02230 £11333 13.83314 0.02%
.d2300 . 12223 1647 1423 | 0.027S
+027%0 13154 1574429 0.03
+03000 J14788 13.43541 0.0328%
«0385%0 16421 " d.e2041 [\ I Js
+03%00 . 17988 ~9.59367 0.037%
.037% 19402 -13.56009 0.04
+04000 «19883 ~13.412%9 0,043
+042%0 «21020 “11.74937 0.045
«04500 20666 “2.00% 7% 0.0475
«047% 34191 10.41833 0.0%
+05000 A598E 1M 1304 0.052%
08850 LIRS 1573898 0.055
«05500 2T 4 11.9917S. 0.0%75
.03750 -1k 211918 0.08
+06000 230555 -10.3%48 0.062%
+06250 +32630 A M16956 0.06%
406500 3N “N5e8 1445
+067%0 +33565 -12.10310 0.067%
+07000 + 34000 ~2.21%512 0.07
.072%0 +38466 10.82867 0.0725
+07%00 +37388 14.04404 0,075
«077%0 .38008 1265599 0.077%
«0®#000 +3739%6 11.93950 0.08
08850 . 38998 .00 0.0825
+08300 «37911 ~10.3%147 0.08%
-0875%0 .39375 434,16110 0.087S
209000 +39676 RN LER 0.09
«092%0 .3MRT4 ~12.08335 0.092%
.09300 37142 -4.24429 0.09%
<097% 37172 4.33899 0.0975
«10000 37942 £.59513 0.1
+102%0 «37702 3.10596 0.1045
«10%00 +36009 1.066%3 04105
«107%0 434409 -3.53400 01075
+11000 «33726 ~7.29939 0.11
«112%0 .33362 -7.806R7 0.1168
+11%00 .3299% ~7.04786 0119
«117%0 .3113e -5.96836 0.117%
+12000 .29224 -4.63121 0.1
+122%0 28130 ~3.40105 o.120%
«12500 .27240 -2.52690 0.125
«12750 26209 ‘190108 041275
+13000 24475 1.2382% 0.13
+132%0 +23043 - 90158 0.1325%
.13%00 21475 -« BAR2Y 0.135
«137%0 +P0061 -.6R723 0.137%
«14000 +19580 - 43047 014
«142%0 18443 - .4AT79 04 1429
+145%00 16797 r 23948 0. 145
«147%0 T.1%e72 201356 0.147%
«15000 15505 05396 0.1%
«132%50 12449 <OBAOR 0.152%
< 15300 11569 +2054 1 0.155
215750 +10591 27T 0.157%
+16000 .08909 ~407754 016
.162%0 .06833 -.01776 0.1628%
+16%00 06106 - 02861 0.16%
«167%0 05898 - 409405 0.1675
» 17000 05863 -403170 0417
+172%0 203997 20322 0.1725%
+17%00 02075 .14308 0.175
«177% «01435 «18707 0.177%
+ 18000 02068 26465 Yol R
-182%0 02465 -19319 Y IASS

. «18500 +0155¢ -.03942 Je185
+ 18750 00088 - 02623 0.187%
«1'9000 -.00212 -.00475 0.9
19250 01189 “s11380 0.192%
<195%00 02321 1.99749 0.195
«197% 00291 6.0929% 0.197%
+20000 01581 8.59220 0.2
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begin 75 milliseconds previously, or at .01l5 second into each scene. The
plots show two successlve scenes, one from 0 to .1 second of full-scale
"hot" radiance, and the second from .l to .2 second of a radiance equal to
the chopper blackbody reference. The relative full-scale value may be read
at 0.90 second. In actuality, this value would be adjusted to be the inte-
grator full-scale voltage, by adjusting the amplifier gain accordingly. The
position of any plot point is plus or minus one space, due to teletypwriter
limitations.

It is worth noting that no unstable de restoration was required to achieve

these results, and the placement of the amplifier poles is not critical. Their
stability is important, but essily achieved with good quality temperature-stable
components.

In the interest of completeness, one more plot is given in Figure L4.12 of the
l-second thermal time constant detector with the 20 and 40 Hz pole amplifier,
with a low-pass pole at 500 Hz.

The resulting amplifier design and Bode plots for a two high-pass pole and
amplifier for a one high-pass pole amplifier is shown in Figure 4.1.

Gain stability is better than 0.2% from 0° to +500, provided by temperature
stabilizing the detectors to within 1°C, and by selection of temperature-stable
amplifier components. The electronic channel crosstalk will be less than

-60 db, by adequate shielding and power decoupling.

The pre-amplifier and post-amplifier were exposed to gemma radiation that simu-
lated the expected Bremsstrahlung flux to be encountered in the TIROS orbit.
The test setup is shown in Figure 4.13. Tests were run with several detectors
with matched FET's, and also a dummy detector to ascertain the noise component
contributed by the pre-amplifier and post-amplifier. The character of the
radiastion-induced noise in the amplifier was random low frequency "rumble".

At the normal Bremsstrahlung level of 0.1 R/hr (silicon), the aﬁplifier broad-~-
band rms amplifier noise was expected to increase around 20% and appeared to

increase as much as 40%. The results indicate essentially zero noise contri-
bution from the amplifier at the normal Van Allen radiation levels for the
TIROS orbit, except for low frequency rumble that will be largely extracted
from the signal by the full-wave demodulator. At peak radiation levels the
amplifier noise contribution may rise 20 to 40%, but is still significantly
lower than the detector radiation induced noise. The fact that the rms

noise level seemed to be lower for the amplifier after the radiation test than
before indicates surface-effect contributions that can self passivate. Virtually
all of the amplifier noise contribution is attributed to the preamplifier FET,
since that is the only point where signal levels are low enough to reflect the
radiation-induced noise as a significant percentage. Using a high temperature
Spec FET would eliminate most surface effects, so FET supplier liaison may well

direct itself to heat passivating the line of low-noise FET selected for the
Pre—amplifier.

h-12
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5.0

Synchronous Demodulator

The synchronous demodulstor function can be seen in Figure 4.2. The chopping
operation translated the input scene dc component to the 40 Hz carrier, and

the demodulation is required to restore it, in order to ascertain the absolute
scene radiance. Full-wave demodulation performs thils restoration without in-
troducing the potentisl inaccuracies due to clamping to a reference level. The
demodulator is phase-locked to the chopper wheel by a phase reference pickup
(PRP) located on the periphery of the wheel. Phase lag is introduced to match
the lag experienced by the 40 Hz signal component through the detector and
amplifier, and then a PRP and PRP (inverse signal) signal control FET switches
alternately, serializing the signal and its inverse at 40 Hz, as shown in
Figure 4.2. The schematic is shown in Figure 5.1. It is important that the
inverted signal not have an offset relative to the noninverted signal. If the
inverter portion of the demodulator does introduce an offset, the full-wave de
modulation is about some non-zero level and this dec level shift introduces the
effect of partial half-wave demodulation. The results are that a demodulator
with an offset will not produce zero output to the integrator with zero input,
nor will a dc level into the demodulator produce a zero output. This offset
effect will respond not only to dc inputs but to slow transients as well. The
residual of scene-to-scene effects after amplifier processing are just such
transients, and therefore any half-wave demodulation effect could cause scene-
to-scene crosstalk.

Fourier Series Representations:

a
. __0 .
ngnal(es) 3 + (an cos n wt + bn sin n wt)
n-=1,3,5,7,"""
1
PRP(e ) =L Db sinnwt (Full Wave)
ref n

n-=1,3,5,7"""

1
-‘g- + Ebn sin n wt (Half Wave)

Forming the products on a term by term basis reveals the terms which contri-
bute to the desired output are of the form bnbn 'sin®n wt.

bpby, '(l-cos2nwt)

2

This can be rewritten as: All other products yield

5.0
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6.0

purely ac terms which are subsequently smoothed. The exception is when the

therm is not zero; then then there is the dc product of ao . A

2 (5) K &)

where K denotes the strength of the half-wayve contamination. Pure [ull-vave
demodulation is needed to prevent any dec bias to the integrator.

It is assumed throughout that the PRP ig perfectly symmetrical which, of course,
will never be exactly true. Tolerances on chopper blade edge positions and
the width of the PRP optical beam produce some uncertainty. The effect of lack
of time symmetry in the PRP also adds a dec component to its series represcntation.
It is important to minimize any such lack of symmetry that would also present a
dec bias to the integrator.

On the computer plots is indicated the near optimum demodulator phase shift
relative to the chopper blade, for each combination of detector and amplifier
characteristics plotted. The blade phase relative to the scene has been
assumed optimized at 270° as shown in Figure 5.2, for symmetry and maximum
signal to noise.

Integration

The integrator is of the operational R-C sample and hold type as shown in
Figure 6.1, with the transfer function:

1
eo " RC ei(t)dt

B!

Following the 40 Hz synchronous demodulator, the combination has a noise vs
frequency characteristic as pictured in Figure 6.2.

The circuit consists of simple FET switches to ground the input at the end of
the integration interval and during the "hold" time, and to cycle the capacitor
to zero for a new sample. The actual integrator waveform is given in

Figure 4.2,

Signal smoothing and high frequency noise rejection was attempted between the
demodulator and the integrator by injecting & low-pass filter. No reasonable
valued filter time constant would allow the accuracies desired of the system,
and the filter was omitted.

6.0
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7.0 System Worst Case Analysis

The éystem has been thoroughly analyzed for ITPR, and in ERB Worst Case Analysis
reports, and the following specificationg result:

1. The amplifier is unconditionally stable.
2. The closed loop gain stability of the amplifier is within +0.025%.

3. The amplifier has provisions for sufficient gain adjustment for the
range of proposed detectors.

4. The amplifier output impedance is less than 100 ohms, short circuit
protected.

5. A maximum of two coupling time constants provided in the amplifier
yield scene-to-scene crosstalk less than 0.2% of full scale.

6. Amplifier output is 10v peak to peak.

7. Phase shift variations over the range of 0° to L40°C for two years
plus 2000 hours is less than +0.2%.

8. The integrator output impedance is less than one ohm, short circuit
protected.

9. The maximum noise on the integrated signal is 10 mv rms from -5° to
+550C and from O to +10 v output range, in the average Van Allen
radiation prediction.

10. The integrator output offset voltage drift is 36.4 uv/°C typical
and 264 pv/°C maximum. The maximum error caused by this voltage
offset drift in the output voltage is 0.1188%.

11. The integration accuracy and repeatability is better than 0.096% of

full-scale, worst temperature variation and worst case temperature
coefficient.

12. The system passband is capable of providing optimization for the
range of proposed detectors.



