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INTRODUCTION

The purpose of the GEOS-C Project is to design, develop, and launch a
geodetic satellite and to perform experiments in support of the appli-
cation of geodetic satellite techniques to geosciences. The experiment
subsystem complement on board the spacecraft consists of a radar altim-
eter, C-band transponders (coherent and noncoherent), S-band transponders,
laser retroreflectors, and doppler transmitters. Details on the mission
objectives and descriptions of the spacecraft and experiment subsystems
are available in the literature.l ’

The C-band system on GEOS-C consists of two transponders: one coherent
and one noncoherent type. Each transponder is connected to its own
antenna, and the units may be operated independently or simultaneously
with no interference. Both transponders may be tracked by all C-band
radars to obtain range and angle position data. In addition, those
C-band radars equipped with pulse doppler capabilities will provide the
measurement of range rate. Operationally, the only significant differ-
ence between the two types of transponder is that the coherent trans-
ponder replies at the same frequency at which it is interrogated (rather
than at an offset frequency), and appears as a skin target to the track-
ing radar. :

The principal effort in the calibration of the transponders lies in the
identification of range measurement error sources. The most significant
error sources are the variation in delay as a function of signal level
and spacecraft environment. Prelaunch calibration data is presented in
this report in tabular and graphical form to provide a means for calcu-
lating range corrections from the spacecraft TM data. Also included in
this report are descriptions of the transponders, test equipment, and
the prelaunch testing program. '

TRANSPONDER PERFORMANCE CHARACTERISTICS
The coherent transponder is a new design developed for the GEOS-C mission
by Vega Precision Laboratories under contract to the Wallops Flight
Center. Primary emphasis was placed on the development of a coherent
transponder which has predictable delay characterisitcs, low power con-
sumption, and long life. The nominal operating characteristics of the
coherent transponder are shown in Table 1. : ‘ :

The noncoherent-t:énSponder is one of eight units built by Vega for the
GEOS-B Program. This unit was maintained in semiactive storage

between programs and was operated only enough to keep the magnetron out-
gassed. The nominal operating characteristics of the noncoherent trans-
ponder are shown in Table 1. ‘ : ‘ ~



Figure 1 shows a picture of the noncoherent transponder on the left and
the coherent transponder on the right. The antennas shown in Figure 1
are identical to the two flown on the satellite. They are manufactured
by Vega (Model 820C) and are the same design as the antennas used on
GEOS-B. The antenna is a quartz-loaded, cavity backed helix radiator
which produces a right hand circular polarized radiation pattern. The
ggg:widfhzis sufficient to provide horizon-to-horizon coverage on

-C.>?

Both transponders feature the same three operating modes which are in-
itiated by spacecraft command. These modes are defined as follows:

OFF . = All power to the transponder is turned Off.

ON/NORMAL - When commanded into this mode, the transponder will
enter a STANDBY state where only the receiver is turned
on (to conserve spacecraft power). Upon receipt of
approximately 10 valid interrogations the transmitter
will turn on, and initiate the turn-on time delay (See
Table 1) which allows for magnetron filament warm-up.
At the end of the turn-on time delay the transponder

. will reply to all valid interrogations. If no valid
interrogations are received for a period equal to or
greater than the-turn-off time delay (See Table 1),
the transponder will automatically switch back to the
STANDBY state. ‘ ,

ON/OVERRIDE - When commanded into this mode the éntire transponder
o is turned on and after the turn-on time delay has
elapsed, it will reply to all valid interrogations.

Each transponder provides inputs to the spacecraft telemetry subsystem
for housekeeping and post pass data correction purposes. A detailed
description of the GEOS-C telemetry subsystem can be found in Reference
‘1. Channel number, function identification, full scale voltage, and
scale factor information is contained in Reference 3. Table 2 shows

‘a list of the telemetry functions for each transponder along with their
analog subcommutator and channel numbers. Table 3 lists the expected
range of values for the T functions of each transponder in the space-
craft environment for three operating modes. Figure 2 shows the input
current vs. PRF curves for both transponders. Note that the input cur-
_rent of the noncoherent transponder is independent of input voltage.
The error bars shown on the noncoherent curve are the one sigma values
for the measurements at the indicated PRF's. The one sigma values for
the coherent transponder input current are about an order of magnitude
smaller then those shown for the noncoherent and were not plotted on
the curves. ‘ S e e o '
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PRELAUNCH TESTING PROGRAM

Component level flight acceptance tests were performed on both tfanspon—
ders to demonstrate that the units meet specifications before, during and
after being subjected to a simulated spacecraft environment and to es-
tablish baseline measurements for the evaluation of performance during
spacecraft level tests. Spacecraft level tests were performed for the
purpose of calibration and performance verification of the transponders _
during spacecraft acceptance testing. Calibration data was obtained with
the transponders hard-lined to the C-band test consele and quick-look
performance verification was obtained via air link using a Sperry (Model
C201C) radar simulator. Detailed test procedures for the spacecraft _
level testing of the coherent and noncoherent transponders are given in
References 4 and 5. Given below is a list of the tests performed
during the calibration effort: o

Turn-0On Time Delay

™ Functions vs. PRF

‘Receiver Sensitivity

Receiver 3 db Bandwidth

: Receiver Code Spacing
Peak Power Output
Transmitter Pulse Width and Pulse Width Jitter

Delay, Delay Jitter, and Signal Stfength ™ Voltage;V_ﬂ
vs. Signal Strength : :

Fréquency,Erior (coherent)

Pulling Range (coherent)

Interline Néisé (cdhgfent)
,TransmitvFrequenéy-(noncohérent)

Turn-0ff Time'Delay :: | |

‘A1l of the above vs;.Input Voltage and Temperatufet‘z =

‘The performance characteristics listed in Table 1 represeni the nominal
results of the prelaunch calibration tests for each transponder.



A simplified block diagram of the test equipment set-up used to calibrate
Fhe transponders is shown in Figure 3. The test equipment was assembled
in a mobile console called the C-band test console. The same equipment
set-up was used for component and spacecraft level testing except that
the DC power and T voltage interface was through an external power
supply and digital voltmeter in the component level tests and through

the spacecraft power and ™ systems for the spacecraft level tests. A
block diagram description of the test console operation is given below.
More detailed information on the equipment used, the test set-up and

the test procedures can be found in References 4 and 5.

The C-band test console operates as follows (refer to Figure 3). The
coherent transmitter generates three output signals: one interrogation
signal and two local oscillator (LO) signals. The first LO signal is a
C-band CW signal tunable in 1.2 Hz steps, and is normally tuned exactly
to the interrogation signal frequency plus 30.1 MHz, The second LO
signal is a CW signal that is fixed at 30.0 MHz. Both LO signals are
fed to the receiver for down converting the transponder's reply signal.
The interrogation signal is tunable across C-band (5.4 to 5.9 GHz) in
1.2 Hz steps and is normally set at 5.69 GHz. The pulse width is vari-
able but normally set at one-half microsecond. It has double pulse
capability with variable spacing, which is normally set to eight micro-
seconds (leading edge to leading edge). The maximum output power avail-
able in the interrogation signal is +20 dbm. The interrogation signal
passes out of the transmitter through a directional coupler. A detector
on the coupled port samples the interrogation signal and provides a start
count pulse for the computing counter (to start the delay measurement).
The output of the directional coupler passes through a variable attenua-
tor which is used to zero set the signal strength at the transponder,

and then through the step attenuator which is used to vary the signal
strength at the transponder. The step attenuator has a range from O

to 99 db in 1 db steps. After leaving the step attenuator, the inter-.
rogation signal passes through the circulator and a directional coupler
to the transponder. A power meter measures the transponder's average
power through the coupled port of the directional coupler. The reply
pulse leaves the transponder and passes through the directional coupler
and circulator to a variable attenuator which is used to set the signal
level at the detector and receiver. The reply pulse passes through the
variable attenuator to a directional coupler. The direct output of the
coupler passes through a wavemeter to a detector which provides a stop
pulse to the computing counter. The wavemeter is used to determine the.
transmit frequency of the noncoherent transponder. The coupled port of
the directional coupler feeds the receiver. The receiver is used to pro-
cess the reply pulse train from the coherent transponder. The receiver
down converts the input to a 100 KHz carrier frequency using the two LO
signals supplied by the coherent transmitter, and filters the 100 KHz :
output to a 40 Hz pass band. The resulting output is the central spectral
line in the coherent pulse spectrum. The amplitude of the central line
is measured on the AC voltmeter and the frequency characteristics are

determined by the computing counter.

4

it



The test set is callbrated for signal strength by disconnecting the
cable at the transponder and measurlng the power at that point with the
-power meter. The signal strength is set at that point (normally to 0
dbm with the step attenuator at 0 db) using the variable attenuator at
the output of the coherent transmitter. With the test set disconnected
from the transponder, the internal delay of the test set is measured by
reflecting the interrogation signal back down the open cable to the stop
pulse detector.

COHERENT TRANSPONDER CALIBRATION DATA

The calibration curves for the coherent transponder are presented in
Figures 4 through 13, and include the following:

PRF T Voltage vs. PRF

Signal Strength T™ Voltage vs. Base Plate Temperature and
Signal Strength at 160 and 640 PRF

S1gna1 Strength.TM Voltage vs. Signal Strength and Input
Voltage at three selected temperatures

Slgnal Strength TM Voltage at 640 PRF vs. Slgnal Strength
T™ Voltage at 160 PRF

Delay Variation vs. Signal Strength
Delay vs. Base Plate Temperature and Signal Strength
Average Delay Variation vs. Temperature

In order to compute the actual delay of the transponder the outputs

of the following four ™ channels must be known: Input Voltage,

‘Signal Strength, PRF, and Base Plate Temperature. The signal strength
™ voltage varies with input voltage, PRF, and temperature as well as
with signal strength, and must be corrected for those variations before
the actual signal strength can be determined. The transponder delay

~ varies with signal strength and temperature but is 1ndependent of

1nput voltage and PRF. ‘ S

Flgure 4 shows the curve of PRF.TM Voltage vs. PRF for the coherent
transponder This curve was derived from the data 1n Table 4,

The 51gna1 strength TM~c1rcu1t contains a peak detector wh1ch w111 re-
spond to the strongest interrogation signal it receives; therefore, it
_can only be used for calibration purposes when one radar is interrogat-

ing the transponder. Because of this the calibration data has been con-

. centrated at the prlmary radar PRF's of 160 and 640 W1th the maJorlty



of the data being taken at 640 to minimize the averaging time for the
delay and pulse width measurements.

Figure 5 and 6 show the family of curves of Signal Strength TM Voltage
vs. Temperature at 160 and 640 PRF. The individual points plotted are
the raw data points listed in Table 5. These curves are not in a con-
venient form for interpolating signal strength as a function of signal
strength T voltage; however, the shape of the curves suggests that they
'could be modeled by computing a least squares linear regression equation
in two variables (input voltage and temperature) at each signal strength.
The regression equation is of thz form:

Yi=Bo+ Br *Ti+B *Vj

where:
Yj = jth Signal Strength TM Voltage Measﬁrement
By = Constant |
Bt = Temperature Coefficient
'Ti = jth Base Plate Temperature Measurement
By = Input Voltage Coefficient
V; = ith Input Voltage Measurement.

The computed coefficients for each curve are listed in ‘Table 6, and the
resulting regression lines for 14.7 V (1nputvoltage)are shown in
Figures 5 and 6 at selected signal strengths. The total rms of the re-
siduals to the model at 640 PRF is .028 volts. Using this linear model
the signal strength ™ voltage has been replotted as a function of
signal strength in Figures 7, 8, and 9. The family of curves are valid
only at 640 PRF. If the 51gna1 strength ™ voltage is known at 160 PRF,
it can be scaled to 640 PRF using the curve in Figure 10, This curve
was computed using a least squares 11near fit to the data in Table 5.
The regression equation is:

: V(640)-='1..03153** V(160) + .11265
The rms of the residuals to this curve is .027 vqlts;p

Actual delay measurements in the calibration tests are referenced to the
half-amplitude point on the leading edge of the reply pulse, ‘and unless
otherwise stated, all delay data presented in this report is referenced |
to the leading edge. Only the average delay variation vs. base plate
temperature curve (Figure 13) includes a controid correction, because-
bath the leading edge delay and the pulse width vary with temperature.

e A1l delay and pulse width measurements were made using an Hewlett-Packard

- 5360A Computing Counter. Each data point represents a real -time averagev
,’of 1000 samples taken at the PRF rate. .
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Figure 11 shows the curve of delay variation vs. signal strength. The
curve was computed from a least squares fit of a seventh degree poly-
nomial to 219 measurements made at ambient temperature and pressure.
This data is summarized in Table 7. The total rms of the residuals to
the fitted curve is 0.4 nanoseconds.

Figure 12 shows a plot of selected portions of the delay data taken
during the spacecraft thermal vacuum performance test. The complete
data set is listed in Table 5. The delay data in Table 5 may only be
interpreted for its relative variation with signal strength and tempera-
ture., The family of curves in F1gure 12 shows a signal strength
dependence of delay vs. temperature for signal levels below -61 dbm.

The average delay variation has been computed by fitting a least squares
parabola through each signal strength curve between -26 dbm and -61 dbm
and then by averaging the coefficients to determine the average slope,
which is .01424 * T + ,1977 nsec/°C. In addition to the leading edge
delay varying with temperature, the- pulse width also varies with
temperature, Therefore, the motion in the pulse centroid with tempera-
ture must be added to the leading edge delay variations. The pulse
width versus base plate temperature data is listed in Table 5. A least
squares linear fit to this data yields a slope of .478 nsec/°C. The
centroid variation is one-half that of the pulse width; and the total
slope of the centroid delay variation with temperature is the sum of
the leading edge and centroid variations.

TOTAL SLOPE = ,01424 * T + ,4367 nsec/°C
The average delay variation vs. base plate temperature (including

centroid correction) can be computed by integrating this equation with
respect to temperature (T) and solving relative to 23.6°C (The refer-

~ ence temperature for delay ca11brat1on, see Figure 11). The curve re-

sulting from: the integration is plotted in Figure 13.

The fb110w1ng is an example of how to use the curves to determlne the

-delay under a given set of cond1t1ons, they are:

Input Voltage - : 13,04 V
Signal Strength ™ Voltage 2.497 V
PRF T Voltage : .258.V
. Base: Plate Temperature 7.45 °C

From Flgure 4 a PRF ™ Voltage of .258 volts gives a 160 PRF; therefore,
the 51gna1 strength T™ voltage must be scaled to 640 PRF using Figure 10.
The scaled signal strength T voltage is 2.69 Volts. Since the base

plate temperature is between 5°C and 20°C, Figures 7 and 8 must be used

to determine the Signal Strength -From Flgure 7 a signal strength of

~-34.6 dbm is obtained by using linear interpolation to obtain the signal
strength at an input voltage of 13.04 volts. From Figure 8 a signal
strength of -36.9 dbm is obtained by using linear interpolation again

to obtain the signal strength at an input voltage of 13.04 volts.



Linear interpolation is used again between the two above results, to
determine a signal strength of -35.0 dbm at 7.45°C and 13.04 volts.
From Figure 11 and starting with an absolute delay of 2530 nsec (-30
dbm and 23.6°C) add a correction of +3.1 nsec (-35 dbm) delay variation
with signal level and from Figure 13 add a correction of -10.6 nsec
(7.45°C). The total delay is the sum of the absolute delay and the
corrections and is equal to 2522.5 nsec.

NONCOHERENT TRANSPONDER CALIBRATION DATA

The calibration curves for the noncoherent transponder are presented
in Figures 14 through 21, and include the following:

PRF ™ Voltage vs. PRF

Signal Strength ™ Voltage vs. Base Plate Temperature
and Signal Strength at 160 and 640 PRF

Signal Strength ™ Voltage vs. Signal Strength at
three selected temperatures '

Signal Strength ™ Voltage at 640 PRF vs. Signal
Strength ™ Voltage at 160 PRF

Delay Variation vs. Signal Strength
Delay vs. Base Plate Temperature and Signal Strength
Average Delay Variation vs. Temperature

The structure and use of these curves is identical to that for the co-
herent transponder with one exception. That is, the signal strength
T™ voltage of the noncoherent transponder is independent of the input
voltage. Because of the similarities in the curves for the two trans-
ponders, all of the details on their derivation will not be repeated
in this section. ’

Figure 14 shows the curve of PRF TM Voltage vs. PRF, and the data from
which this curve was derived is listed in Table 8.

The signal strength T™ voltage vs. temperature and signal strength data
listed in Table 9 is plotted in Figures 15 and 16 for PRF's of 160 and
640 respectively. Unlike the coherent transponder, this data is inde-
pendent of input voltage, and therefore, a simple linear model in one
variable (temperature) can be used. The regression equation is of the
form: . , T

B



The computed coefficients for the curve at each signal strength are
listed in Table 10, and the resulting regression lines are shown in
Figures 15 and 16 for selected signal strengths. The total rms of the
residuals to the model at 640 PRF is .006 volts. Using this model the
signal strength.TM voltage has been replotted as a functlon of s1gna1
strength in Figure 17 at three selected temperatures. This curve is
valid for signal strength TM voltages at 640 PRF. The signal strength
TM voltage at 160 PRF can be scaled to 640 PRF using the curve in
Figure 18. This curve was derived by computing a least squares linear
fit to the data in Table 9.~;The regression equation is:

V(640) = 1.15 * V(160) - .00232
The rms of the re51duals of thlS curve is .006 volts.

Figure 19 shows the curve of delay variation vs. signal strength This
curve was computed from a least squares fit of a seventh degree poly-
nominal to 176 measurements made at ambient temperature and pressure.
This data is summarized in Table 11. The curve was fitted in two
segments from -20 dbm to -35 dbm and from -35 dbm to -60 dbm. The total
rms of the residuals to the fitted curve is 0.5 nanoseconds.

Figure 20 shows selected portions of the delay data taken during the
spacecraft thermal vacuum performance test.  The complete data set is
listed in Table 9. The delay data in Table 9 may only be interpreted
for its relative variation with signal strength and temperature. Like
the coherent transponder, the delay vs. temperature characteristics
show some signal strength dependence, and the same type of model will
be used to determine the average delay variation with temperature for
signal strengths between -24 dbm and -59 dbm. After computing a least
squares parabolic fit to each signal strength curve at 640 PRF, the
average slope of the leading edge delay variation with temperature has
been determlned to be .0313021 * T - .2984 nsec/°C

A least squares parabolic fit to the pulse w1dth VS, temperature data in .
Table 9 yields a slope of the pulse centroid 'variations with temperature
. equal to .032397 * T - .1717 nsec/°C. The total _slope is of the sum of
the leadlng edge -and centr01d variations: o :

TOTAL SLOPE = .063518 * T - .4701 nsec/°("j""

By 1ntegrat1ng this equat1on with respect to temperature (T) and SOlVlngv
with respect to 25.5°C (the reference temperature for delay calibration,
Figure 19) the average d~lay variation- (referenced to the centroid) can
be computed The. resuitmng curve is plotted 1n Flgure 21.

For an example on how to use these curves to calculate the actual trans-
ponder delay, refer to the precedlng section on the coherent transponder
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~ TABLE 1

GEOS-C C-BAND TRANSPONDER CHARACTERISTICS

Manufacturer
Model Number
Serial Number
Delivery Date
Supply Voltage

Power Consumption @ 14 7V:

Standby
Override
-.160 PRF

640 PRF

2560 PRF
Turn—On Time Delay
Receiver Sensitivity @ 5690 MHz
Receiver 3 db Bandwidth
Receiver Pulse Width

‘Pulse Code Spacing:

- 100% Accept = |
100% Reject High
100% Reject Low

‘Peak Power Output

Transmit Frequency

“Frequency Error

'Pulling Range :
“Interline:Noise (160 PRF 40 Hz)
" Transmit Pulse Width :

Pulse Width Jitter

Nominal Delay L

Delay Variation w1th Slgnal
Level from -20 to =60 dbm

Delay Jitter @ -40 dbm-

Turn-Off Time Delay -

Total Operating Time

~Prior to Launch

74 Hrs

" "COHERENT

Vega
355C

3

Sep 73

11.9 to 16.9V

1.2W
7.8W
8.0W

8.7W

11.1W

40 +'1 sec

-67 + 1 dbm
15.0 + 0.6 MHz

~..25 to1.0 usec

7.75 to 8.15 usec

>8,25 usec
<7.65 usec
130W

NA '

<.1 Hz..rms

‘5690 ¢+ 5 MHz

>22 db down
486 nsec
.9 nsec rms

2.5 usec

26 nseé
2.4 nsec ™ms -
59 * 1 sec

' NONCOHERENT

Vega -

313C

7

Oct 67

11.9 to 16.9V

4.0W

13.5W

14.2W

17.5W

27.0W

51 + 2 sec

-72 £ 1 dbm.
13.2 ¢+ 0.6 MHz
.25 to 1.0 usec

7.70 to 8.20 usec
>8.30 usec

<7.60 usec

490w
5764.5 *+ 0.5 MHz
NA :

NA

NA

. 481 nsec

2.1 nsec rms
5.0 usec.

24‘nsec
2.2 nsec rms
41 * 2 sec

69 Hrs

11



TABLE 2

TELEMETRY FUNCTION S UBCOMMUTATOR/CHANNEL IDENTIFICATION

COHERENT

FUNCTION TRANSPONDER

NONCOHERENT
TRANSPONDER

SUBCOMM CHANNEL  SUBCOMM  CHANNEL

INPUT VOLTAGE o

INPUT CURRENT 2

RECEIVED SIGNAL STRENGTH . 1

PULSE REPETITION FREQUENCY 1
* PEAK POWER OUTPUT | 1

LOCAL OSCILLATOR TM VOLTAGE 1

MAGNETRON FILAMENT CURRENT 1

'MAGNETRON FILAMENT VOLTAGE NA

BASE PLATE TEMPERATURE 1

12

28
07

00

16

25

24

23
NA
51

1 .

2

1

28
06

32

48

25

24
NA

23
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" INPUT VOLTAGE RANGE:

‘TABLE 3

- NOMINAL VALUES OF T™ FUNCTIONS

11.9 TO 16.9V

COHERENT TRANSPONDER

BASE PLATE TEMPERATURE RANGE: 5 TO

35°C

o S SIGNAL _PEAK LOCAL FILAMENT.
OPERATING || = mNpuUT STRENGTH |  PRF POWER 0SCILLATOR CURRENT
MODE ~ CURRENT TM VOLTAGE | T™ VOLTAGE | TM VOLTAGE | TM VOLTAGE | TM VOLTAGE
STANDBY I .05 = .o15n 0 0 0 2.06 + .04V 0
- OVERRIDE/ ST P g | |
- UNINTERROGATED || .550 * .065A— .04V 0 .47 + .04v | 3.78 + .04v | 3.99 + .0ov
INTERROGATED || See Fig. 2 Variable See Fig. 4 | 2.44.% .43V | 3.72 £ .11V | 3.95 + .04v
NONCOHERENT TRANSPONDER
S A - SIGNAL PEAK LOCAL FILAMENT
OPERATING  INPUT STRENGTH PRE POWER OSCILLATOR VOLTAGE
~ MODE  CURRENT TM VOLTAGE | TM VOLTAGE | TM VOLTAGE | TM VOLTAGE | TM VOLTAGE
STANDBY .28+ .02A .07 £ .01V 0 1.44 + .11V | -6.54 + .00V 0
OVERRIDE/ , | |
'UNINTERROGATED || .921 + .004A | .09 * .02V 0 1.46 + .04V | -6.57 + .06V | -4.89 + .03V
INTERROGATED || See Fig. 2 Variable See Fig. 14| 2.15 £ .09V | -6.54 + .00V | -4.83 + .09V
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TABLE 4
REDUCED DATA FOR PRF TM VOLTAGE VS. PRF CURVE

COHERENT TRANSPONDER

AVERAGE

PRF PRF TM VOLTAGE' . RMS

) S @ W
160i e o .268 - .018
320 3 550 Lo
480 s .86 .01

| 7646 S 1.078 .010
%0 L6 Lo
1280 S 2.158 xS 3 017

2560 ' 4,197 072

- NOTE: These results are independent of input voltage,

aignal strength, and temperature.

L]
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TABLE 5

THBRMAL~VACUUM PERFORMANCE TEST DATA (SHEET 1 OF

tt

5)
~ COHERENT TRANSPONDER 160 PRF
CINPUT VOLTAGE (V) | 14.7 14.6 14.7 16.9 12.1
BASE PLATE. TEMPERATURE (°C) 17.8 24.8 | 318 33.3 33.6
SIGNAL STRENGTH (DBM) |DELAY |SS T | DELAY | SS ™ |DELAY /| SS T™ | DELAY | SS ™™ | DELAY | SS ™
L e ovsecy | vy | vsecy | e vsEC) | vy | vsEC) |- (v) | (NSEC) | (V)
=26 2584.2 | 3.093 | 2586.0 | 3.093 |2588.9| 3.136 | 2588.4 | 3.265 | 2592.5| 3.050
-36 2588.5 | 2.664 | 2590.8 [ 2.664 |2594.2| 2.707 | 2593.3 | 2.835 | 2597.6 | 2.621
. -46 2594.1 | 2.062 | 2596.6 | 2.105 {2600.2] 2.105 | 2599.9 | 2.191 | 2603.9| 2.019
| - -66 2640.4 | -.558 | 2645.7 | .558 |2652.3| .558 |2650.8| .601|2670.6| .515
'INPUT VOLTAGE (V) “14.7 14.7 14.7 14.7 16.9
BASE PLATE TEMPERATURE (°c)|  32.4 | .. 19.7 o125 4.6 5.8
'SIGNAL STRENGTH (DBM)  |DELAY |SS T | DELAY | Ss ™ |DELAY |SS ™ |DELAY |ss T | DELAY |ss
| -~ losecy | v |osEe) | v s | v |wsEe) | ) | NsEQ) | ()
=26 2588.4 | 3.136 | 2582.9 | 3.007 |2580.7 | 3.007 | 2578.8| 2.921 | 2578.1{ 3.050
-36 2593.3 | 2.707 | 2587.4 | 2.578 | 2585.0 | 2.578 | 2582.9 | 2.492 | 2582.5 2.621
46 2599.6 | 2.105 | 2592.6 | 1.976 |2590.2| 1.976 | 2587.8 | 1.890 | 2587.2| 1.976
- -66 2655.1 | .558 | 2657.3| .515 |2643.3| .515|2659.4| .472|2648.4] .515

i e



9T

TABLE S

 THERMAL VACUUM PERFORMANCE TEST DATA (SHEET 2 OF

5)
COHERENT TRANSPONDER 160 PRF
INPUT VOLTAGE (V) 12.1 14.7 14.6 14.7 14,7
BASE PLATE TEMPERATURE (°C)| -~ 6.0 _ 5.7 116.0 23.9 13.5
SIGNAL STRENGTH (DBM) | DELAY | SS TM | DELAY |SS T™ | DELAY | SS T | DELAY | SS T™ { DELAY |SS ™
osEC) | ) JvsEC) ] ) | avsec) | vy | (wsecy | v) | (nseC) | (v)
-26 [ 2581.8 | 2.702 | 2577.4 [ 2.921 | 2581.1 | 2.964 | 2584.0 | 3.050 | 2581.5 | 2.964
-36 2586.0 | 2.406 | 2581.6 | 2.492 | 2586.0 | 2.578 | 2589.0 | 2.621 | 2585.8 | 2.535
-46 2590.4 | 1.804 | 2586.7 | 1.933 | 2591.3 | 1.976 | 2594.9 | 2.019 | 2591.2 | 1.933
66 2647.1| .515|2656.3| .472|2655.5] .515|2655.7) .515|2654.5| .515
INPUT VOLTAGE (V) 147 14.7 14.7 14.7
BASE PLATE TEMPERATURE (°C)|  15.7 - 24.0 . 33.1 4.9
'SIGNAL STRENGTH (DBM) |DELAY |Ss T™ | DELAY |Ss T |DErAy |ss ™ |petay |ss m
: ose) | v |sE) | v [asEy | o | ovsEe) [ o)
-2 2585.2 | 3.050 | 2590.3 | 3.136 | 2578.2 | 2.878
236 2586.0 | 2.578 | 2580.8.{ 2.621 | 2595.7 | 2.707 | 2582.5 | 2.492
46 1 2595.7 | 2.019 | 2601.9 | 2.062 | 2587.2 | 1.890
-66 2657.3 | .515)2671.0| .515|2641.9| .515

R R
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TABLE

5
THERMAL VACUUM PERFORMANCE TEST DATA (SHEET 3 OF 5)
COHERENT TRANSPONDER 640 PRF

INPUT VOLTAGE (V) 14.7 14.6 14.7 16.9 12.1

- BASE PLATE TEMPERATURE (°C) 17.6 24,6 31.6 33.3 33.6
SIGNAL STRENGTH (DBM) | DELAY |SS T |DELAY | SS T | DELAY |SS T™ |DELAY |SS T [DELAY |sSs ™™
H losEc) | ) | NsEC) | (V) L (NSEC) | (V) | (NSEC) | (V) | (NSEC) | (V)
-26 2584.7 | 3.308 | 2587.3 | 3.308 | 2589.1 | 3.351 | 2580.3 | 3.437 | 2593.5 | 3.179

-31 2586.4 | 3.050 | 2589.1 | 3.093 | 2591.9 | 3.093 | 2591.5 | 3.179 | 2595.8 | 2.964
-36 12589.3 | 2.878 | 2592.2 | 2.835 | 2595.2, 2.921 | 2594.5 | 3.007 | 2598.7 | 2.792 ]
-41 2592.1 | 2,578 | 2595.1 | 2.578 | 2508.1 | 2.621 | 2597.5 | 2.707 | 2601.8 | 2.492
-46 2505.0 | 2.234 | 2598.3 | 2.234 | 2601.4 | 2.277 | 2601.0 | 2.363 | 2605.2 | 2.191
-51 2598.7 | 1.933 | 2602.0 | 1.890 | 2605.2 | 1.933 | 2604.8 | 1.976 | 2609.2 | 1.804
-56 2601.1 | 1.460 | 2604.5 | 1.460 | 2608.1 | 1.460 | 2607.8 | 1.503 | 2612.3 | 1.375
-61 2608.5 | 1.031 | 2611.7 | 1.031 | 2616.5 | 1.031 | 2616.1 | 1.074 | 2621.4 | .945
-66 1 2640.0| .687 |2640.2| .687 | 2654.8 | .687 |2652.4 ] .730|2671.8] .601
r— . : “ .
INPUT VOLTAGE (V) 14.7 1407 14.7 14.7 16.9
BASE PLATE TEMPERATURE (°C) 32.2 19.7 12.5 4.5 5.7 - -}
SIGNAL STRENGTH (DBM) DELAY |SS T |DELAY |SS T [ DELAY |SS ™ |DELAY |Ss T |DELAY |ss ™
R onsee) | vy L ovsee) | v) [ nseey | o) fnsecy | vy | @usEC) | (V)

-26 2589.7 | 3.308 | 2583.6 | 3.222 | 2582.0 | 3.222 | 2579.2 | 3.136 | 2579.6 | 3.265
-31 2591.6 | 3.050 | 2585.4 | 2.964 | 2583.3 | 2.964 | 2581.0 | 2.878 | 2581.1 | 3.007
- -36 2504.9 | 2.878 | 2588.5 | 2.792 | 2586.2 | 2.792 | 2584.1 | 2.664 | 2584.1 | 2.835
-41 2597.9 | 2.578 | 2590.9 | 2.535 | 2588.7 [ 2.535 | 2586.1 | 2.406 | 2586.6 | 2.535
-46 2601.0 | 2.234 | 2594.0 | 2.148 | 2591.5 | 2.148 | 2588.8 | 2.062 | 2588.9 | 2.191
-51 2604,7 | 1.890 | 2597.5 | 1.847 | 2594.9 | 1.847 | 2592.6 | 1.761 |.2592.3 | 1.847
-56 2607.8 | 1.417 | 2599.2 }1.375 | 2597.1 | 1.417 | 2595.1 | 1.289 | 2594.3 | 1.417
-61 2616.4 | .988 | 260%.8| .945 | 2604.1| .988 |2605.5| .902 | 2602.5| .988
-66 2658.9 | .687 | 2€59.7| .644 | 2644.5| .687|2665.0| .601|2651.6| .644
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TABLE 5

 THERMAL VACUUM PERFORMANCE TEST DATA (SHEET 4 OF 5)

(COHERENT TRANSPONDER 640 PRF
 INPUT VOLTAGE (V) 12.1 14.7 146 | 147 1407
BASE PLATE TEMPERATURE (°C) 6.0 5.5 | . 1s.8 237 13.4 -~ |
SIGNAL STRENGTH (DBM) | DELAY | SS TM| DELAY | SS T™ | DELAY | SS T™ | DELAY | SS T™ | DELAY | SS T™
o 0 lwsey| v |wsE)| v) | @sEC) | (v | (vsEC) | (v) | (NSEC) | (V)
26 2583.2 | 3.007 | 2578.9 | 3.136 { 2581.8 | 3.222 | 2585.0.| 3.265 | 2582.0 | 3.222
-31 2584.8 | 2.792 | 2580.5 | 2.878 | 2583.5 | 2.964 | 2586.9 | 3.007 | 2583.7 | 2.964
-36 ] 2587.8| 2.621 | 2583.5 | 2.707 | 2586.8 | 2.792'| 2590.2 } 2.835 | 2586.8 | 2.750
-41 | 2590.0| 2.320 | 2585.6 | 2.449 | 2589.5 | 2.492 | 2592.9 | 2.535 | 2589.3 | 2.492
-46 2592.5 | 2.019 | 2588.9 | 2.105 | 2592.4 | 2.148 | 2596.2 | 2.191 | 2592.0 | 2.148
-51 2595.7 | 1.675 | 2592,4 | 1.761 | 2595.9 | 1.804 | 2599.7 | 1.847 | 2505.2 | 1.804.
=56 | 2598.3 | 1.289 | 2594.5 | 1.332 | 2598.6 | 1.375 | 2602.4 | 1.417 | 2598.0 1.375
- -61 2608.7 | .902 | 2602.6 | .945] 2607.2| .945]2611.3| .988 | 2606.2| .945
-66 2674.7| .601|2658.8| .644 | 2656.4| .644|2657.8| .644 | 2654.7| .644
INPUT VOLTAGE (V) 14.7 14.7 14.7 14.7
| BASE PLATE TEMPERATURE (°C) 15.6 |  23.9 33.0-— | - - 48
 SIGNAL STRENGTH (pBM) | DELAY | SS T™M { DELAY | SS T™ | DELAY {SS T | DELAY | SS ™

(NSEC) (V) | (NSEC) ) (NSEC) W) (NSEC) \'3)

- =26 , 2582.4 | 3.222 | 2586.4 | 3.222| 2591.2 ] 3.308 | 2579.7 | 3.136

=31 12588.2 | 3.007 | 2593.4 | 3.050 | 2581.1 | 2.878

. =36 .| 2587.2 ) 2.792 | 2591.6 | 2.792 | 2596.7 | 2.878 | 2584.0 | 2.706
-41 ' 12594.4 1 2.535] 2599.5 | 2.578 | 2586.3 | 2.406
-46 , 12592.4 1 2.191 } 2597.3} 2.191 | 2603.1 ] 2.234 | 2588.9 | 2.062
-51 L 2600.8 | 1.847 | 2606.8 | 1.890 | 2591.7 | 1.761 |
-56 : 2598.211.37512603.2|1.375} 2610.2 | 1.417 | 2594.0 ] 1.289
-61 e : 2612,5| .988] 2620.1| .988 ] 2604.4| .902

=66 v 2650.7 1 .644]12661.4| .644] 2673.7] .644 ] 2669.0]| .609

Xt
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| TABLE 5
THERMAL VACUUM PERFORMANCE TEST DATA (SHEET 5 OF 5)

COHERENT TRANSPONDER

BASE PLATE TEMPERATURE (°C) | PULSE WIDTH (NSEC)

17.3 | 484
f24.2 R 487
5.7 | 490
32.2 e - ' 490
19.7 - 485
12.5 | 481
44 | 477

5.4 o | a8

a7 | 483
23.6 A 488
13.3 R | 482

fis.s e | a8z
23.8 : 486
32.9 | e
4.8 S 478




PRF STRENGTH B Bp
o " (o) & ko
160 226 2.1461 .008380
160 36 1.8074  .007741
160 46 . 1.3354  .007258
160 -66 3645 .001827 -

L | | o
640 | -26 2.3212 006313
640 -31 - 2.2056 .006565
640 -36 o 2.0247 .006611
640 -4 17432 .006045
. e40  -46 1.5393 006138

640 st 12130 .004833
640 %56 o .9288 003910
60 -6l .5926 . .002868

20

. TABLE 6

SIGNAL STRENGTH TM VOLTAGE LINEAR REGRESSION COEFFICIENTS

- COHERENT TRANSPONDER

|
|

| | | SIGNAL

640  -66 | .3552  .001632

By
gv/v)5 =
,049338 |

.044473

036084

.008548

.054326
.044916

.044691

.045258

.035689
.036540
.026498

.022305

.018114
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TABLE 7
REDUCED DATA FOR DELAY VARIATION VS. SIGNAL STRENGTH CURVE.
COHERENT TRANSPONDER

"1 MEASUREMENTS

SIGNAL ' COMPUTED o
STRENGTH CURVE AVERAGE STD. DEV.
(DEM) (NSEC) NUMBER (NSEC) (NSEC)
-20 - 3.0 19 - 3.1 .2
=21 - 2.8
-22 - 2.6 3 - 2.4
=23 - 2.4
-24 - 2.1 3 - 2.2
-25 - 1.8 19 - 1.7 2
-26 - 1.5 3 - 1.6
-27 -1.2
-28 - .7 3 - .9
=29, - .3 : ‘
-30) .2 19 0 0
-31 .7
-32 1.3 3 1.4
-33 1.9
-34 2.5 3 2.3
-35! - 3.1 19 3.3 .1
-36 3.8 3 4.0
-37 | 4.5
-38 5.2 3 5.3
-39 5.9
-40 6.6 19 6.8 2
-41 7.4.
-42, 8.1 3 8.4
-43 8.9 N
-44 9.6 3 9.4 ~ ;
-45 10.3 19 10.0 : .3
-46 11.1 3 11.0
-47. 11.8 ' S
-48 12.5 3 12.6
-49 13.2 ‘ = o :
-50 14.0 19 144 4
-51 14,7 L e R '
-52, | 15.4 3 16.3,
. =53, 16.2. S b
.54 16,9 3 17.2 ‘
-55 17,7 19 17.5 5
-5, 18,5 3 18.6 S
-57. . 19.4 , _ SRR e
.58 204 3 20.2
-59 21.4 ' o

o -60 22,6 e R 22.6 .6
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TABLE 8
REDUCED DATA FOR PRF TM VOLTAGE VS. PRF CURVE
* NONCOHERENT TRANSPONDER

- AVERAGE"

PRF PRF TM VOLTAGE . RMS
(z) | v w)
160 120 _ 0
320 .225 .005
480 .319 .002
640 .401 | .002
960 539 7 .003
1280 652 .008
2560 952 .013
NOTE; These results are independent of input voltage,

signal strength, and temperature.

EXEN

(33



TABLE 9

'l'HERMAL VACUUM PERFORMANCE TEST DATA (SHEET 1 OF §5)

NONCOHERENT TRANSPONDER 160 PRF
INPUT VOLTAGE | (V) 14.7 14.6 147 16.9 11.9
BASE PLATE TEMPERATURE (°C) 18.1 25.4 33.2 35.8 35.4
SIGNAL STRENGTH (DBM) | DELAY. | ss | DELAY |Ss ™| pEray |ss ™| pELay |ss ™| pEray |ss
(NsEC) | (v) | (NsEC) | (v) | (vsEC) | (V) | (NSEC) | (V) | (NsEC) | (V)
-24 5040.5 | .56 | 5046.3| .55 | s051.9] .53 |s055.1| .52 |s0s8.0] .52
-34 | s045.0 .52 |5050.7| .51 | 5055.9] .49 | 5059.4| .48 | 5062.3| .47
-44 5039.2 | .41 | s044.6| .40 | 5048.2| .37 |5051.3| .36 |5054.3| .36
-64 5023.0| .08 | 5031.5| .08 | 5042.4| .08 | 5049.4| .08 |s051.8| .08
INPUT VOLTAGE (V) . | = 14.7 14.7 14.7 14.6 12.1
BASE PLATE TEMPERATURE@{TC) 33.4 22.3 14.2 ‘5.9 ij%,; )
SIGNAL STRENGTH (DBM)- | DELAY |SS T | DELAY |sSs ™| DELAY |ss T | DELAY |sSS T | DELAY |ss
, o lwsey| v | onsey | vy | ovsec) | vy | ovsEC) | (v) | (NSEC). | (v)
-24 5053.9 | .53 | 5045.8| .56 | 5044.87] .58 [5043.3| .59 |s041.2| .59
34 5057.8 | .48 | 5049.9 |- .51 | 5048.3| .53 |s5046.2{ .54 |s044.6| .54,
-44 5049.7 | .37 | 5044.0| .41 |5042.7| .43 |5041.2| .44 |so40.8| .44
| -64 5045.6 | .08 |5028.5| .08 |5023.6] .08 |5019.0] .07 |s018.2| .08
- S e : SUESENES SN SN E— i

£T

v Y
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~ TABLE 9

THERMAL VACUUM PERFORMANCE TEST DATA (SHEET 2 OF 5)

' NONCOHERENT TRANSPONDER 160 PRF
INPUT VOLTAGE (V) 14.6 14.6 14.7 14.7 14.7
- BASE PLATE TEMPERATURE (°C) 6.7 ' 16.4 24.5 15.2 16.2
 SIGNAL 'STRENGTH (DBM)_ . | DELAY |ss | DELAY |ss ™| DELAY | ss ™| DELAY |ss ™| DELAY |ss ™ -
| 7 aseey| oy |wsEo | vy | aseo | o) | ovsEo) | | sy | )
24 5042.0 | .59 | 5043.1|-.57 | 5045.8| .55 | s044.7| .57
-34 5045.3| .54 | 5046.8| .52 | 5049.9] .51 | 5048.3| .53 | 5047.7| .52
-44 5040.4 | .44 | s041.2| .42 | 5043.7| .40°| s042.8| .42
-64 5018.0| .07 | 5023.3} .07 | 5031.8{ .08 | 5023.8| .08
' INPUT VOLTAGE (V) 14.6 147 1447
. BASE PLATE TEMPERATURE (°C) 245 35,3 6.1 - -
SIGNAL 'STRENGTH (DBM) | DELAY. | ss ™| DELay | ss | peray |ss m )
S (NSEC) | (V) | (NSEC) | (V) | (NSEC) | (V)
2 " |so46.6| .55 | 5054.8| .52 | 5041.3| .59
-34 - 5050.8 | .51 |5059.3| .47 | 5044.5| .54
44 | 5044.3] .40 | 5050.8| .36 | 5030.9| .a4
64 5031.1| .08 |5050.1| .08 [5017.1( .08
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TABLE 9

640 PRF

* ‘THERMAL VACUUM PERFORMANCE TEST DATA (SHEET 3 OF 5)

NONCOHERENT TRANSPONDER
CINPUT VOLTAGE (V) | 14.7 14.6 14.7 16.9 11.9
BASE PLATE TEMPERATURE (°C) 17.6 25.0 32,9 j35.3 35.1
SIGNAL STRENGTH (DEM) DELAY |ss ™| pEtAy |ss ™| peray |ss ™ pEray | ss ™ | pELay |ss ™
i : , _ (NSEC) | (V) | (NSEC) | (V) | (NSEC) | (V) | (NSEC)|] (V) | (NSEC) | (V)
-24 5045.6 | .64 | 5051.3| .63 | 5056.1| .61 |5058.2) .60 |5062.4] .59
-29 5048.2 | .63 | 5053.5| .61 |5058.5| .59 |s5060.8| .58 |5065.0 .57
-34 5049.6 | .59 | 5055.2| .58 |5059.8| .55 |5062.0] .55 |5066.5| .54
S a39 5046.8 | .54 |5052.4 | .53 |5056.1| .50 |5058.8| .49 |5063.5| .48
5 -44 5041.1 | .47 | 5046.4 | .46 |s049.2| .42 |5051.9{ .42 {5056.5| .41
L -49 5034.0 { .40 |5030.2( .38 |5042.8| .35 |5046.0] .34 |5050.5] .34
! -54 5020.1 | .32 |5035.0{ .30 |5039.8| .27 |s5043.8| .27 |s048.2| .26
| 59 5023.7 | .20 | 5031.5| .20 {5038.0| .17 |5042.7| .17 {5046.5| .16
S 64 5027.3 ] .09 | 5035.0} .09 {5047.1] .08 |5052.8| .09 [5056.1| .08
INPUT VOLTAGE (V) 14.7 14.7 14.7 14.6 11.9
BASE PLATE TEMPERATURE (°C) 33.2 21.9 13.9 5.6 7.1
* SIGNAL STRENGTH (DBM) DELAY |SS T™| DELAY |ss ™™ | DELAY |ss T | DELAY | ss T |DELAY |Ss ™
(NSEC) | (v) | (usEC) | () JNseQ) | oov) [ nsEQ) | (v) | (vsEC) | (v)
=24 5058.4 | .60 | 5052.9 ]| .64 |5051.9| .66 |s5051.5| .69 |5047.7| .67
-29 5060.8 | .58 | 5054.8| .62 |s5054.2| .64 |5053.9] .67 [5050.31 .66
-34 5061.8 | .55 |5055.8| .50 [5054.8| .61 |s50s3.5| .63 |5050.5| .62
-39 '5058.4 | .50 |5052.6| .53 |5051.7 | .55 §5050.6| .57 |5047.9] .56
44 5051.5 | .42 | 5046.8 | .47 |5046.5 | .48 |5045.9| .50 [5043.1{ .50
-49 5045.1 | .35 |5039.5] .39 |5039.5( .41 |5039.2| .43 |5036.6( .43
_54 5042.0 { .27 | 5034.9| .31 |5033.9| .33 |5032.7{ .35 |5030.5{ .34
-59 5039.6 | .16 | 5030.2 | .21 |s5026.2 | .21 |s022.2] .21 |s021.0| .21
-64 5049.4 § .08 | 5032.7{ .09 |5027.9| .09 |5023.7] .00 }s022.0{ .co
e
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TABLE 9 -

THERMAL VACUUM PERFORMANCE TEST DATA (SHEET 4 OF 5)

NONCOHERENT TRANSPONDER = 640 PRF
 INPUT VOLTAGE (V) | 1416 14.6 14.7 14.6 14.7
| BASE PLATE TEMPERATURE (°C)| . 6.4 15.9 24.3 15,0 15.9
" SIGNAL STRENGTH (DBM) | DELAY |SS ™| DELAY |ss ™| pELAY |ss ™| petay | ss m | pELAY |ss ™
: (NSEC) | () | vsEC) | v) | avsEC) | ) | vsE@)| o0 | avsE) | o) |
24 5050.3 | .68 | 5050.0| .66 |5051.8| .63 |s051.2| .66 |5050.3| .66
-29 5052.6 | .66 | 5052.4| .64 |5054.3| .61 | 5053.7| .64- .
34 5052.0 | .62 | 5053.1| .60 | 5055.7 | .58 |'s054.3] .60 |5053.3| .60
.39 5049.2 | .57 | 5050.3| .55 |5052.2| .53 | s051.5{ .55 |
R 5044.4 | .50 | 5045.0| .48 |5046.5( .46 | 5046.4| .28 |s0a5.1| .48
-49 5037.8 | .43 | 5037.9| .41 [s039.1( .38 | 5039.3| .41
-54. 5031.6 | .34 | 5032.5( .32 [5034.9| .31 |s033.9] .33 [s032.8| .32
_59 5021.6 [ .21 | 5025.2| .20 |5030.2| .20 | 5026.4] .21
-64 5022.5 | .09 | 5027.6| .09 |s5034.9| .09 |s028.0{ .09 [s028.3| .09
INPUT VOLTAGE (V) 14.6 14.7 14,7
 BASE PLATE TEMPERATURE (°C) 24.2 35.1 5.8 . T
© SIGNAL STRENGTH (DBM) | DELAY |SS TM{ DELAY |SS TM | DELAY |SS ™
' ((NSEC) | (V) | (NSEC) | - (V) | (NSEC) } (V)
-24 5052.1| .63 | 5058.0) .59 |5048.7 .68
-29 5054.7 | .61 | 5060.6| .57 | 5051.2| .66
-34 5055.9 | .58 | 5062.0°| .54 | 5051.0| .62
-39 5053.0 | .53 | 5058.5| .48 | 5048.4| .57
-44 | 5047.1| .46 | 5051.5| .41 | 5043.6| .50
-49 | 5039.9| .39 | s054.8| .33 | 5036.8| .43
.54 5035.6 | .31 | 5043.6| .26 | 5030.5] .41
-59 5031.1( .20 | 5042.9| .16 | 5050.7 | .22
-64 5035.0 | .09 [ 5053.9| .08 | 5021.3| .09
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TABLE 9

- THERMAL VACUUM PERFORMANCE TEST DATA (SHEET 5 OF 5)

NONCOHERENT TRANSPONDER

'BASE PLATE TEMPERATURE (°C) -

PULSE WIDTH (NSEC) -

17.3
24.7
32.6
33.1

21.7

, 13.7

| 5,4'

6.2
~15.5
23.8
14.9
15,7
24.0
34,8

5.6

486
484 -
494
488
480
472
467
472
476
482
475
475
483
511

477




~ TABLE 10 |
SIGNAL STRENGTH TM VOLTAGE LINEAR REGRESSION COEFFICIENTS
'NONCOHERENT TRANSPONDER

£
O |
R SIGNAL |
PRF STRENGTH Bo

| _ \ L b - Br
- (H2) o _(oBw) R A N /%)
160 -24 .6071 -.002364

160 -34 .5578 1002211

160 -44

.

ON

-

w
L}

.002713
160 -64 0745 000179

640 . -24 - .7009 .002960

640 29 o L6832 .003032
. | ,

640 -3 ea2l .002722

640 -3

(70
oo
.00
~

]

-.002761

..002963

ul
N
R
N
1

640 i -44
640 49

B
(%1
Y,
00
]

.003147

640 o =54 .002806

.
w
LON
N
]

.001702

640 59 2006

TS S e

640 64 .0e35  -.000277
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| TABLE 11 |
REDUCED DATA FOR DELAY VARIATION VS. SIGNAL STRENGTH CURVE

NONCOHERENT TRANSPONDER

! , o ' MEASUREMENTS

SIGNAL  COMPUTED- | T

STRENGTH. . CURVE | AVERAGE STD. DEV.

_(DBM) (NSEC) |  NUMBER 1 (NSEC) ~_(NSEC)
-20 -42 16 -4z .4
-21] - 4.0 -
-22i - ‘3.8 2 - 3n7
-23, - 3.6 :
-24 - 3.4 2 - 3.4
-25' el 3-0 16 - 300 5
-26 - 2.6 2 - 2.4
27 - 2.1
-28 - 1.5 2 - 1.2
-29! - .8

=30 - .2 16 - .2 5

-Sli .4
=32 .9 2 1.0
-33 1.1 -
-34| 09‘ 2' 09
-35 0 16 0 0
-36 .2 | SN
-37 - .8 ? : :
-38 | 1.5 2 - 1.7
-39 - 2.4 ,
-_40‘; - 306 16 - 305 3
-41 - 4.8
-42. - 6.1 2 - 6.4
-43 - 7.6 ! |
-44: - 900 2 -; 8.4
-45 -10.4 16 -10.5 4
-46 -11.8 2 -11.9
-47 -13.2 5 |
-48 -14.4 2 -14.5
-49 -15.6 .
-50 -16.7 16 -16.7 3
-51 ©=17.6 S
-52 -18.4 2 -18.6
-53 | -19.1 o ,
-54 ! -19.6 o2 -19.3
-55 -20.1 16 -20.1 5
-56 -20.5 .2 -20.4
- = "» ’ 2 ‘21.’6

99 -2L,y ST AR

29
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FIGURE 1. - TRANSPONDER HARDWARE
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FIGURE 6. - SIGNAL STRENGTH TM VOLTAGE VS. BASE PLATE TEMPERATURE AT 640 PRF
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FIGURE 8. - SIGNAL STRENGTH TM VOLTAGE VS. SIGNAL STRENGTH AT 20°C
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FIGURE 9. - SIGNAL STRENGTH TM VOLTAGE VS. SIGNAL STRENGTH AT 35°C
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NONCOHERENT TRANSPONDER

INDEPENDENT OF INPUT VOLTAGE,
SIGNAL STRENGTH AND TEMPERATURE

1

1

IR B

3
et lre—

oSs oud

13

I SR

saaf
e

1

Lot
33

=

H
e H

1

.
-

.
B!

L
PRE
4 o0 She baas

T
1

123 ¢

=
12 oo

HAR

= 5

el

3

.
IS Il

1
v 4

28

95 88088 54

e

$8850 409

3

oty
oo

ittt Mt

.
Pt

!

T
1

sans
ba3
33

oo
3
T

+

3

i bbbt i 44
bessabassannsas

st e

TR T T Y

[os o

Hi 53

T
1
]
(3533

RES S84

3ass (2TTIES

28

T

VOLTAGE AT 160

++

SR

pane

13

131

b
M1
s |

2

ol S22

44

ittt

v+

S o

vods T

‘e an
1T

aasteesadosel 2RRSL N
20T

I

ittt

8

it
T8n

T
jates e

=

352

1

11T

rongereanns
yassdobonsnes

SIG

1irttittists

busands

SRR RS ke

et b

22

3ssces

L4

[See

o

o8 bae
4o

351

s

.
i
-

e
ess

114

)

-

e

- e
P s

S
—

e

4 -

s sess

L

4

98¢

1=

.2

VOLTAGE AT 160 PRF

TERYY tagae Ly ey LN

'
el

M

il

fiiicdi

i
E:
3

ML g it i i ediad tiddgiie]is

+
s

Fe

232238

B33

ST+

LS

i

[SSSNEss Iy

1=

i

B INEN N

47




= (wius o iege tidad pobel Lebk eies (2K NONCOHERENT TRANSPONDER
3 o s B e s o oy Shals
4 . 4
- - l AVERAGE AMBIENT CONDITIONS
: s 1 INDEPENDENT OF INPUT VOLTAGE AND PRF
e R e 3
HHH S84 Toags omassacas iass) pReut Igach bosss spmay
- . e ——— 2 ere FIXED DELAY AT -35 DEM = 5020 NANOSEC
(55 ode % sann T 1
: Bt Frriieti bt REFERENCED TO THE SPACECRAFT ANTENNA AND AT |
e b 4 - -
1 T 25.5°C. WITH A NOMINAL PULSE WIDTH EQUAL TO |
i ies — 481 NANOSEC. THE ESTIMATED TOTAL RMS ERROR l
iaaga e, : IN THIS MEASUREMENT IS 2.8 NANOSEC i
sambyass . !
E13LEIE STITTUPTTUUST TETTPRRRRTORUISOIY bttty ¢
T - r .- e -, - .
% u s 11»‘ S 3 T il‘l ,.E.__,:-::.L:lf : ’
2 3 + + }E EBEB 8 v« dd 9
3 - e o -
3 saas: péod
- -1 —e
! oy $é
1 g 1 o g $ i 226N »
i J13+ ra T 1 : t — AHV{ 2530
b by -+~ -+ r+ - — Al " -+ agss bostt &
- + } - - - . 4 !J » - + .
: ¥ hr 1 T t 1 s H Y0 T e M
-2 : + + - : L TRL ‘Y L b ¢
. 3 4+ - - -
11T ° T+t T o bas
o1t $ + t + -
s 1 xS TIXT 1 11+ -
y I Sge. 1 +- - - - o o > + ' o
H+ sans sausl P = 7 ':‘ 1t T os sams suas .7:" . os e :
- -a . e T -
+ o3 3 $ : s mn ol T r cwm 1 1
T ™ T re 1 +
4+
T
-6
~
w
pas sag - T
e -8 - *
pas snd 4
- - t
: : 2
— - > - - -
HH . s x
i
: oS [ Es3: BRI E S6eR
he reen 'e
a : T $ HHHTH
a > + T=nd e s $omma
3 = et S IS8 SaSEs SRSSS SEEEe
3
R B . -
= B : :
ped sABRY RO c: e
e L3 ¥
3 < e A 3 = we
o - E —_— Ve } e b &
- .e 1
+ ~—+ ~16 T * +
?f = 1 T 1 mna e : : 1 rean
vI 1 - - LAX
¥ Tr r t »Ifr T ¢ T sm:
< 8 - L w T+t
T 18t S E o fssss s *
) - -
: i -+ + +
T 1 -
8 » ¢ e
HH 3 1
+H-20
1 T
% -
T > T - T s
o e pume 1
-22 T ™t T .i <
T 1 + T 1 T + nss +
>t T 1 T 1 T
4 IneR emn
FXL 2 - @ =1 : - y
H - 24 2551 900 S5eay Sanhs padus soues suots Savus Svet ME !
=28 5  SETe oy e Eaas e §3220 e T SREet EERRE SSSEI SRR
: ass san, 5 : : 0 |
3 Hr e
4 H .
-
+ !
< {
¢ . -4
= s ve, T i i - i g pagd
+ “F,".’? Tttt ‘—T..b‘... ™ b—r. FirTRerss 5 : !
1
:i- FIGURE 19. - DELAY VARIATION VS. SIGNAL STRENGTH !
w pgz = e smmon gu: o
senEy ERE: Eﬁ‘! jadus aastisuuand TRURUVENUS INEARURERY TNRNE CRENY UREST KARSY FRRRT FRSRS CRSRTBR o : b3 S B >
e R s e ey setaa saomu yaeon sxand sk aoban nonn s aunou hodu hegba slble Lopl | s




x T
= T
m N i
5% LE
143
- 153 :
-~ *23538
wu L) inabedhia
sgsslER2ss
rgoss 3L
lafad sEE4S
12 18251 2a3gsoeee
1 3 isddl el
1t iy } m,v i <
] IR @ 2
190 puB s 8
% imv xxxxrﬁ
et e
S L33 H 2
+i - 1+
P . ‘4
" ve S & 4 s aBaEs
t 3 1
T 3 T
08 EEHY FEae) FYed Lok iRkt o : isis
.- .. o ofbe oy 1+
. 4 i2ae = Bags Soaet ass 34 o [« B
o o . TS I2oss oo e s ¥ T T 3 3321 Y T o TENY
o= T Iias sooes sonss i : P L RE 8 S5une saads russ ! Teesh paf ¢ F437 11
Q r T 50 331 saaas. o8l o3t s33aa sanss vus i H e st T i Hrigi ey i
= o: it o1 thtirr os Fhaks caloe a3 R s e : adds 1382 R85 351 I
t t T T . + s . iy 04 :
@ i T 13 HIh gt o T R R T T : : 114 e
i w i 13 3 i3 T tnn e be s oe o 1 se3segasistesiy
RS Soe e roas ras oe s o 1 I ane sae: n
T T
B Tt 23S : I 355 T S e i TR FFsE 11331 M I3 434 1 ; $303s:
: 3 1 : f + e asast sae e ahs seass ol 4 H4
- s & i SeRsesses ol T T t } 3 itk 1 x“&xxx
t T t s
G B SIS 133 1t 3 : NG T e TT
; S ; T ih : 5 B 4 T oy (i
i - : 3 ] 3 L 3 $ H i
? $ - * T T T T~
T e t it 3 ' . : . H o e [
Lot - s i HT 32 apeet
b+ = - T T : T + o
- e 2>t 2k 1224 - - It -+ 4 it HHER T D s~ =
HES R S I T : § 1 =
oz fo-sogs i = e o0t 3 3 e 3 s vus 1
=T T 1 + s 1aRs3 pe t
BE i 555 ¥ H 32 82 :
o % sanme nasss 7 Hy 1 5 . [
7 T Y
4 3 + T +F 3 -1 8¢ e
- 3 s saets B o 3 H o {1 =
$ . 3 3
- s 2= ooy 321 e ] r oe o
> 3 I 358 1
2" ge s e S0y Lndsdnee ases I H SN :
T3t ¥ : - H oS eeeiys 14 ! M
- ve - e 1 e us t
2 1333 tET > g H M
s : T s s
be $ $9 458 o
33 ¥ H 12233 : 1 i (= (7]
i . 1t t vaow 4 slas -
o8 & G e ! ==
i+ STET T HH e
3 121 ¥ oe azasa = =
s I35 Saeee tasusasa: . 8
2 ; e hi: 68 De
ae: - = 4 .
1 ¥ e 217
oS 54 3 o T T t e
——as s - t+ I be saus it T il Q.
T e snsss e, b 43 t T 15924 v
- B THE T Hrttit: ot Tt : ¥ H 2 194 5 a
. H
I pppe=- I 3 T § 43 pasal ge xl.xx jass iRt E.
T i I 353 sidiisaniil !
] : 3 + Y i .
- » -
1 5 T 1 B
25 e s & t o [Ses sad o
2833 DLl e 1 23 o~
pe e 2oe ay 333 tases Il - e - 3
% b shl - 231 N v '
a3e ibes 5501 FRSSI LRRSE b
s pebeg cobdd HIH [£8=0 T }
44 - t -+ 44 it N I
' w 1 .
H
es 203 :
3 2 L
- H -
st i3 12 ; S
= B i :
° st
sees T 130
¥ i1 RSk 13 H
¥ 3 pe
o * |
328 4 Am
‘41 egei s,
je83s dnspl 2924 f9gde i -
- 3 T 1 229804 1esesgsee
-1 1 +1
' '
T * H
t s HH
348 1|
1T ot 180 FRE S
o 1281 I3t 4 4
H HiEluahag i ©
HT &N
I e s
Hitih o
- 3 4§
T 1
¥
T +
MERES 1 - -
- . IS uns o1 8 e 3
S84x iduag s - wus pas be 3
MBERS thmut s naus fhede s 031 1

RIS LA SO T AELA RO




T ’ 1 . . e et e e
: ' | 538 » ‘ | : NONCOHERENT TRANSPONDER
T b S | ““”'“.L"'."""{ d
- :
Bridaiefrieciis b s oY Siapd o
i ; ; 3
- e +-AVERAGE DELAY VARIATION WITH TEMPERATURE
i i 5%
HH 3 Paipgs sacey pi "FOR SIGNAL STRENGTHS BETWEEN -24 DBM AND
. EE%: FERES EATY rocet Ioas: © .;--59 DBM RELATIVE TO 25.5°C. ESTIMATED
e
: : =2 S TOTAL RMS ERROR IN THIS CURVE
FHHE TR 2 2o: bagts e AEgE
s ISERs 3854 s3535 35 46 -1 14‘ S pBy pand ".L
fEinakis ddtuandls 33285 FREbs pan: : :
Hid s R 374 cral s i
e 19 oo Ewy 9P = g =s
B L 1EiE FEg 151 -1 |
12 —4- —
Piiia 1Ea8: Tnavs oais 4
IPRE 9 mé s¥n a1 baDE 2 aGBa reues
13853 5238 -+ Sonas tenus swwel 132
sssl i pas hasq saama saas £
e 10 = = '
$iagasess 1eass dnn dose: 3y 35353 S2 250 o2 i
g2 s ens S9us ymps gwEy Pewwe oo v STes sregs sonen sus oY T
B 230 JESEY Funkd i 1 ot 3
+ 15352 11238 Tt Ry sod8] HHEHE Tt SR e e =
+ 1 o ana B0 na 3 Taai sane e
s s 1:‘:"1:;‘.: T + :
884 o T
Sphe: =t -
1 6 g 9gts gisa: : :
T v[i b e + 4 } 'A e 344 outed ' & 5
~~ 1 f*{ T + Ht Ty + e Tt I3
w e e Tt T
e guuas sugds 1 ¥ s sunas sa st T 3 phoul puows o
. 6 X §,;_ 1; 3 - Ry Tt
% e . ’;1 e ,_;2‘ s :
I .4 ¢ pEs soans + .
. T t 22 2533 S230s sasgy Spad bRagE fasa: osd jouss pass:
5 : 1222 2223s 223, 2337 Joow: sene: St R :
- T 88 & snas T 1 + ey S mad 0o B Ba Tt
ja : o o e s P01 1 s Soats sooas saasy : %
$ ] T " T2 aee saume s s3em =y onss AL
FE T e THHETHLLRE R -
< o
R
b+ 4 a i ‘e -
HHH- g 1 28 S35 =
HHEE HH . ;
s e _
. R ) ) |
H +
ssad : ; aga i
- s iiesss
. L -6 I; 1 -
b+ o s 4 :_L, 3 L‘YL +
s joaads HHE t+
s32 53381 18 B aus H
amget od PR gEEAl I '
S31 just aas 2a8a 15y eyt 150 2308 Mngt egn
azes spezu s o T 3 T
H-43 15+ T - J:o {j iI... .
2 * ® ¥ 2 Ll 5 »
3 { i:: 3
a Unnuy sanas Epu I»-r-»U
-8 T T 11
a3 Soaad jogas sy
.
"T
i
aee 88 sppgs
-
> -
i i
temeas H-12 $
80
1t i
; s
i R e T e '
> - 4 - Tt Tt fg‘k*‘ spag= ks !
iy SEase Fpe “
L HH R PLATE - 1
- e B - - I'"_
b ¢ ign sRves PR *r-‘*—r" ¢ Dds WE B4 . e e o e i z
B sadal 1—¥f~ g0t se tE 3 ®as & RS I
ST 5 |
= < ; {
+—
: - FIGURE 21.’ - AVERAGE DELAY VARIATION VS. BASE PLATE TEMPERATURE L
e8! ik reiia ; s R
Bt e e = 7
1T tor Rt e . eerT; e e l o4 s






