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A METHOD FOR AUTOMATIC TEST AND EVALUATION
OF MICROWAVE TRANSCEIVERS AT L-BAND FREQUENCIES

Introduction

The advent of the practical phased array radar introduced the need
for complex testing and thorough statistical analysis into the microwave
industry. The voluminous quantities of data required on each device
coupled with the redundancy of devices used on even a single system made
the use of automatic microwave test systems mandatory, not optional.

The long test and evaluation cycle required for acquiring large
quantities of data coupled with the uniqueness of each device has in
turn created a serious financial burden on most manufacturers who cannot
justify the purchase and/or fabrication of such equipment based upon
anticipated demands.

The gathering of data on a single device is only the first step in
a chain of statistical analyses. Individual limits must be imposed upon
each device produced to assure quality control but in a system using
hundreds of even thousands of the same device (such as is experienced in
phased arrays) then only the aggregate performance is important to the
system. Thus through the test of individual devices, system performance
can be predicted and as the data base is increased, the importance of
individual parameters on the system can develop into higher quality and
more cost effective producte.

This report describes the effort expended at the Naval Research
Laboratory in the attainment of an automatic test facility capable of
acquiring individual device data and the reduction of such data into
terms suitable for system statistics.

This effort has been concentrated primarily at L-band frequencies
and on transmit/receive devices, the latest device being such a trans-
ceiver now in production by the General Electric Company, Aircraft
Equipment Division, Utica, New York for the Naval Air Development
Center, Warminster, Pennsylvania (Dr. J. Smith, Code 2040).

The Device Under Test

In order to reduce the complex testing required to manageable
proportions, it is necessary to specifically tailor the test program
to the unique device under test and to eliminate operator interaction

Note: Manuscript submitted November 10, 1977.
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or reduce this interaction to a minimum. Towards this goal a thorough
understanding of the device parameters to be evaluated and the condi-
tions of test is indicated as well as an understanding of microwave
testing techniques.

The device that is being considered in this report is a transceiver,
used in a phased array radar at L-band, under pulse transmit conditions.
In addition to microwave circuitry such as circulators, switches, and
amplifiers, the device employs a 5 bit (32 state) electronic phase
shifter, and a 3 bit (8 state) electronic step attenuator. Within the
transceiver structure is the necessary electronic circuitry to trans-
late incoming digital signals into appropriate performance commands.

It is, therefore, necessary to gather performance data under the
following test modes:

transmit

receive

over frequency

over phase

over attenuation (receive only)
over temperature

over supply voltages

over input power (transmit only)

In addition, a typical device may be required to operate under
various combinations of PRF and pulse width during transmit which
greatly adds to the amount of data required to verify system perform-
ance capability.

Referring to the above list the number of data points considered
necessary and adequate for the transceiver amounted to 2304 for receive
and 864 for transmit for each temperature/voltage combination during
acceptance with a total of 20736 receive and 7776 transmitter data
points per transceiver module during qualification.

It can therefore be seen that entering into such a test endeavor
without an adequate test sequence and plan or without adequate test
facilities can lead to chaos.

Microwave Tests. The number and kind of microwave measurements are
quite limited but from these limited number of measurements much data
can be extracted. In automatic microwave measurement, after appro-
priate calibration, it is possible to measure

a. Amplitude and angle of reflected power
b. Amplitude and angle of transmitted power

Many systems, such as the Hewlett-Parkcard Automatic Network
Analyzer define a set of device S-parameters from which the typical RF
terms can be derived. In addition, dependent on the type of device to
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be evaluated, it is possible to vary the calibration model and therefore
the correction factors applied to the device under test.

In each case, however, the four basic bits of information are used
to derive all necessary data. VSWR is derived from the reflective
properties. Gain (or loss) is derived from transmission magnitude and
such properties as differential phase and differential attenuation are
derived from various sets of transmission data. It is insufficient to
just derive the S parameter values; it is necessary that data processing
be incorporated into any program to permit evaluation.

Reference Line

RF Connect Throu_gl_
Signal SRR
Gen. l |
Transmission Dctl’c:mn
I e 1 ‘
Nerw j e Lcomrisn
~  Under ton

Fig. 1 - Test by comparison test method




The measurement system. Both microwave automatic measurement systems
used for the measurements described in this report are similar in
method, although quite diverse in design particulars. Referring to
Figure 1, the RF signal is divided into two paths, one to be used as a

reference, the other as a signal for the unit under test (UUT). Im
addition, the reflected wave at the input to the UUT is sampled.

To determine a complete set of S parameters, both phase and ampli-
tude of the various signals must be known, first over all measurement
frequencies under calibrate conditions with no UUT in the line from
which system correction factors are determined and then repeated at the
measurement frequencies with the UUT in the line.

The Hewlett-Packard (HP) system accomplishes the measurement
sequence by switching the phase and amplitude measuring hardware
between the various test points (reflected input and output). It is
thus necessary to double the number of measurement or data points that
must be obtained from the numbers listed above.

The HP system is designed for CW operation only and this type of
measurement system is not acceptable when high power pulse measurements
are to be made. The Scientific-Atlanta (SA) measurement system, which
uses a different method of detection and signal processing, with
reduced accuracy is used for measurement of pulse signals, in this case
transmit signals associated with the transmit section of the UUT.

In addition, the Naval Research Laboratory has modified this
equipment so that the input power can be leveled at each frequency to
predetermined values for evaluation of such devices that are sensitive
to input power especially those operating in a non-linear mode (class
C transmit operation for the UUT). Also, the addition of pulse peak
power meters, to measure forward power before and after the device
under test and the input reflected power permits the measruement of
powers by sampling (80 nsec) the pulse power. The sampling window
can be moved through the RF pulse time and does not operate on the
basis of averaging techniques as does the SA equipment.

Transmission and reflection properties of the UUT are measured

simultaneously with this equipment, therefore, switching is not
required. It is necessary, however, to measure at each data point,
a series of five measurements, which are averaged to reduce instantan-
eous errors and eliminate erroneous measurements. This then means that
the number of sequential measurements becomes 80,352 for qualification
of each UUT and 8,928 for acceptance.

In addition to the signal measurement hardware, there is associa-
ted with the overall control system, a set of control hardware used with
the UUT, and redesigned and/or modified as required for each device and
test plan that has for its prime function control of the UUT. This
control includes the necessary switching of the various module functions
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such as transmit/receive, phase shift and attenuation, by the generation
of the necessary code sequences under computer control and also the
generation and control and/or monitoring of the various supply voltages
and operating temperatures. See appendix IV for detail schematics of
this special test equipment and other equipments designed at NRL speci-
fically for this application.

The entire system in simplified block diagram form is shown in
Figure 2.

The measurement program

All measurement programs are generated in either FORTRAN for
main programs or in assembly language for I/0 drivers.

The listings of the actual programs are included as appendices I, II,
and III to this report. However, it should be mentioned here that the se-
quence of measurement events has proved very important to the efficient use
of the test time. Some parameters, when changed, require longer periods
for switching or settling, therefore they should be changed a minimum
during any test sequence. The sequence chosen (where applicable) is,
from least varied to most varied:

Temperature
Voltage
Attenuation - Receive only
"'S" parameter - Receive only
Input power - Transmit only
Frequency

Phase

} Manual change - automatic monitoring

Attenuation in the above list is out of time sequence because of
the limitation of memory size. Although the attenuation command is
loaded into the device along with each phase command, the attenuation
command is varied such that the acquired data from all other variables
is transferred to bulk storage between each change.

Input power requires further comment in that the power leveling
circuit is a computer based digital servo loop that can be programmed
to the desired power level, turned off, held at a predetermined feed-
back voltage, and initialized to predetermined limits. This loop has
its own interrupt system thus making it independent of the normal pro-
gram sequence. The data update rate is 600 per second maximum which
does not appreciably alter the normal program function.

Programs and any other special command functions are entered by way
of keyboard or magnetic tape cassette. Data is output to reel type mag-
netic tape. Each file of data first references a serial number followed




by pertinent test parameters so that a tape can be easily searched for
the desired file. The appendices include program listings for searching
transmit or receive data tapes, extracting the desired data and proces-
sing the data in a similar manner to the main program.

Data processing and output

It is desirable to store the data obtained in raw form on magnetic
tape for future processing ana generation of overall statistics but it
is likewise necessary for immediate use that a summary listing be made
available. Many forms could be generated including curves and histo-
grams but the quantity of print-out can rapidly reach uncontrollable
proportions.

For this reason it was decided that the raw data as delivered by
the test system would be processed into the various specificatien para-
meters and presented in tabular form. Because of the statistical nature
of the application for the units to be evaluated much of the data is
printed out in terms of statistical information.

In addition a keyboard switch option was included in the program
that generates a long form print out where in addition to the summary
data, information at each frequency-phase state is given. This long
form print out is forced when power output under transmit test condi-
tions reaches a level that causes large measurement errors (i.e. O dBm)
so that the operator is immediately aware of the type of error and then
can properly evaluate the statistical parameters.

A listing of the short form print-out is given in Figure 3 and the
long form is given in Figure 4.
Conclusions. With the complexity of test and the number of data points
necessary for a meaningful statistical analysis, the use of manual test
equipment requiring much operator interaction is prohibited.

Thus for production components, or those that are to be produced in
quantity where repeated similar tests are to be performed, the computer
based test facility with data processing and storage is indicated. Not
only can immediate data be obtained but the stored data can be processed
at a later date in ways specifically meaningful to the end system use as
well as in the form of useful statistics on classes of devices.
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SER.NO. 801 RECEIVER

DRTE: MRY 28,1977

VOLT1=-11.898 VOLT2= 23.89@
TEMP1l= 24 .9DEG.C TEMP2= -24.9DEG.C

TAPE TEST, RAE CRALIBRATED XXX

ATTHURTIOM= 2DE.

FRER. 1235 1268 1ze0 1295 1368 13a3 1226 1244
VIWR MAX .1.84 1.84 1.84 1.64 1.84 1.64 1.895 1.85
VYEIWR MEAN 1.84 1.84 1.684 1.84 1.84 1.84 1.85 1.85
MAX-FPH-ER -34%. -34%. -349. -349, -34%. -349. -349, -349.
RME-PH-ER 2823 .0 ZB3.8 ZR3.A 283.8 283.8 263.8 2823.8 2682.9
MARX-SN-DB .8 -8 .8 = .0 =B =B . ¥ =ik
MIM-GM-DE . B ol 15 = .8 = . = 0 -.8 - .08 -.8
INS PHRS =18 =48, =l =1is =19, =/, = s =5
OVERALL MEAN GRIN= ~.BLE.

STD. DEVIATIOM IM OVERRLL GRIM= -58.3DEBE.

SER.NO. TEST TRAMEMITTER

BRATE: MRY 17, 13977

YOLTI=-11.145 y VOLT2= 24.1583

TEMP1l= 23.9DEG.C TEMP2= -34.6DEG.C

HOHNE

INPUT POUER=24.2D38M.

#FHUT %3
- FRE® . 1225 1269 iz2g0 1295 12ead 1889 1z22a izam
VESWR MAZ 5555 $FS5F 45555 SEE5F $$55% 5555 $5S5% £33¢8
YEINRE MEAN $$3$¢ $$34%5 56358 $T$5F $I55F $E55F $T55S 535S
HBX-PH-ER —-349. =349, =349 —apd 1 —259, -349., —-349. =349,
RMSE-PH-ER 283.8 282.% 282.9 165.6 136.8 2@83.8 283.8 283.1
MAXK-PUR-U . B .8 .8 . B .9 .6 .48 .8
MIN-PUR-UW . 6 . & .8 . B B -8 . 8 .8
INE PHRARS . . . . L IEE . 306 . 268.
OVERALL MERN PERK POWER= LBURTTE

ETD. DEYIATIOHW IH OYERRARLL PERK FOWER= LBWATTE

Fig. 3 - Short form printout for transmitter
and receiver sections of transceiver
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SER.NO. TEST . TRANSMITTER

DATE: MRY 17, 1977

VOLT1=-11.145 YOLT2= 24.15@
TEMP1= 23.9DEG.C TEMP2= -34.6DEG.C
NONE

INFPUT POWER=24.2DEM.
FREQ ., 1235 12eQ
«88 DER.
VIUR $HET5F 38353
MAX-PWR-U .8 .8
IPHS : . .
1¥.25 DEG.
VEUR FESEF FF5EF
MAX-PWR-W .8 . 8
DEL PHRSE -.8 . 8
22.56 DEG.
VEUWR FE5%%
MAX-PWR~-W .8 .8
DEL FPHRSE =l .8
33.75 DEG.
YSHWR 5559
HAX-PWR-U .8
DEL PHRASE o
45.88 DEG.
VYSHR $355%%
MAX-FUR-U . B
DEL PHASE — 8
S6.25 DEG.
YSUWER $5$%%
MAX-PWR-U .0
DEL PHREE -.8
€67 .58 DEG.
VEUWR $5%5%
MAX-PWR=-W .8
BEL PHASE =il
" ¥8.75 DEG.
VEWR F5$55
MRR-PLUR-W .8
DEL PHASE = 8
S58.868 DEG
YSUWR ) $$$$$
MAX-PUR-UW .8
DEL PHASE . .8
161.25 DEG.
YEWR *E%%5
MAA-FUR-W i
DEL PHARSE -.0
5 112.52 DEG.
YEUR $2355
MARZ~-FPWR~-W ~ .8
BELC PHEBSE .8
183 .70 BEG.,
VEUWR 55%5 o
MAX-PUR--U ’ : s
D;L FHRZE - : .
135.08. DEG.
VYELR $55%% > & ;& oA A oot oA el FESYE st s
MAAZ-PUR-U . A .3 3 2
DEL PHASE . 0 ' -.0

Fig. 4 - Long form data printout for tra.nomittei and rocoiver
sections of transceiver module (Continues)
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146.2% DEG.
VYSUR $$5$3¢
MAX-PWR-U .0
DEL FPHASE -.8

157 .50 DEG.
CMIWR $3$%%
MEX-PYUR-U .0
DEL PHARSE -.8

168.75 DEG.
VSUR $$$¢3
MAX-PUR-W .0
DEL PHRSE -.0

192.089 DEG.
VIWR $55%$
MAX-PWR-U .8
DEL PHRASE -1

191.25 DEG.
VSUR £55¢3
MAX-PWR-U .8
DEL PHRARSE -.8

282.58 DEG.
VSUWR $35%%
MAX-PWUR-W .0
DEL PHASE -.0

213.75 DEG.
_YSUWR $$s5s¢
MAX-PWR-W .0
DEL PHRSE .8
© 225.80 DEG.
YSUWR $$$¢4
MEX-PUR~- .0
DEL PHRSE -.8

226 .25 DEG.
YSUWR $55%5$$
MAX-PWR-U .0
DEL PHASE -.8
... 247.%0 DEG.
VSYR $$55¢%
MAX-PWR-W .0
DEL PHASE -.8

258.75 DEG.
YIUR L $5¢%%
MAX-PUR-U -
DEL PHASE -.1

279.89 DEG.
YSWR $35%%
MAYX-PWR-U .0
DEL PHASE -.0

291.2% DEG.
YSUR §$$¢%
MARX-PUR-U .9
DEL PHRASE -1

292.59 DEG.
VEWR - . 55$%$
MAX-PWR-U .0
DEL PHASE -.0

302.75 DEG.
VSUR $3%23
MAK=-FUR=1 .0
DEL ®HAZE .8

$$¢s¢
Ia
.8

$3525%
.a
.g

$FE5EF
'e
.8

L 2
.e
.8

$$5%5%
Ie

£$3$82
.0
.8

ok 3
IB
.8

$$$59%
.8
. 8

$35%3

$5$¢¢
la

$EE5F
.8

.g
$5¥555
-.0
$rE3
.8
$EFES
.8

-8

$E54%

.9

$¢85¢
.8
.2

$535%

.8

. B

23558
.8
.8

EEEES
.2
=g

£555%

.8
—l@

$E5%5

$5%s¢8
la
$$55£%
.8
$$33$5
.0
-.0

£ %R o1

TS S
.8

F58%%

la

$54%¢
.0

$3$58%
.8

F583%
.9
-.8

£35%%
. B
.8

3 3

$$5%¢
Ig

- .8

$553%
.8

- .0
$$$5%
.8

- o8
$$5%5
.8

.8

$$5833%

$$58¢

$$$5¢
-ol
$$8s5¢
.2

.8

k3 33
LA

« 8
$EE5¥
« B

$55¢8

-0

$$%%%
- a
3 - g

FE55%
.B
Sl 3

$3535%
'a
~.8

FEFEF
.9

"'.9 ’

X33 3
.8
-.0

$¥5%2
.2
=B

$$$%%
e
- .8

$¥¢¢¢%
9
—-l

$355%

$38$3¢

$55%%

I |

Fig. 4 (Continued) - Long form data printout for transmitter
and receiver sections of transceiver module
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SER.NO. 291

DRTE: MAY 28,1977

VOLT1=-11.0890

TEMPL1= 24 .9DEG.C
‘TAPE TEST, AS CALIBRATED

ATTNUATION= 2DEB.

FREQ. 1235
.88 DEG.
VSWR 1.84
GRIN-DB .0
IPHS ~18.
11.28 DEE.
YSWR 1.04
GAIN-DE .8
DEL PHASE -.8
22.58 DEG.
VSWR 1.84
GRIH~DE .8
DEL PHASE -.8
33.75 DEG.
YSWR 1.84
GRIN-DB .0
DEL PHRARSE .0
45.88 DEG.
VSWR 1.04
GAI:-DE .8
DEL PHRSE -.0
S56.25 DEG.
VSWR P
GAIH-DEB .8
DEL PHASE .8
67.58 DEG.
YSWR 1.04
GAIH-DB .0
DEL PHRASE -.8
78.75 DEG.
YSWR S ]
GRIHN-DB .0
DEL PHASE -.0
98.808 DEG.
YSUR 1.04
GRIN-DB a
DEL PHASE -.6
191.25 DEG.
YSUWR 1.04
‘SRAIH-DE .2
DEL PHASE -.0
112.50 DEG.
VSR 1.64
GAIXY-DB .0
DEL PHASE -.8
123.75 DEG.
VYSWE 1.04
GRAIH~-DE .0
DEL PHRSE -.9
125.890 DEG.
YELR 1.04
GAIN-DE .8

D

. RECEIYER

VOLTZ2=
TEMPZ2=

1268

1.64

1.84
—-9
-.8

1.64
-8
.8

1.84
4
IB

1-@4
= .0
.@

1.84
=B
-«

1.84
-.0
. B

1.84
-.8
. @

1.04
"-9

-24 .9DEG.C

1328

1.85
-.6
~19,

1.85
= o8
.8
1.85
-.8
. @

1.85

1.85

1.685
-.8
.8

1.85

1.85
-.8

1248

1.85
-.08
-19.

1.8S5
"-@
.8

1.85
_.B
.8

.1.83

-.8
.8

1.85
-0

. B

1.83
-.0
Ig

1.8535
-.8
.8

1.85

.8

"-@

Fig. 4 (Continued) - Long form data printout for transmitter
and receiver sections of transceiver module

1365

1.85
-.08
-208.

1.85
—-8
.8

1.85

1.85

1.85
-.8
.8

1.85
-.0
.8

1.85
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DEL PHASE -.9 -.8 -.1 -.0 -.0 -.0 .8 .0 .8
- 146.2% DES.
YSWR 1.4  1.84 1.04 1.04 1.P4 1.94 1.0%5 -1.895 "1.85
. GAIN-DE ) .0 .8 ~-.0 -.@ -.6 -.6 -G -.08
DEL PHRSE -.2 -.8 -.8 -.0 -.a ) -.68 .9 .0
157.58 DEG.
YEWR $.04 1.04 104 1.04 1.04 1.04 1.60% 1.9% 1.09
% GAIN-DB .8 -.6 -.@ -.8 -.0 -.0 -.6 -.8 -.0
DEL PHRSE -.0 -.a -1 ~-.0 .G .8 .6 .9 .0
168.75 DEG.
YSWR 1.00 1.84 1.84 (.84 1.80¢ 1.9% 1.905 1.905 1.9%
GAIN-DB .0 .0 -.0 -.0 -.0 -.0 -.0 -.a -.0
DEL PHRASE -.6 -.2 -.8 -.6 -.6 .8 -.8 .8 .0
186.08 DES. :
YSWR 1.04 1.864 1.04 1.04 1.04 1.04 1.85 '1.8%5 1.85 :
GAIN-DB .8 .8 -.8 -.8 -.a -.0 -.@ -.6 -.0 ]
DEL PHASE -.8 -.0 -.6 -.8 .0 -.0 -.@ .8 .0
191.25 DEG.
YEWR 1.04 '1.04 1:04 3.4 1.904 1.94 1.95 1.95 1.89
GAIN-DEB .8 .9 -.58 -.8 -.0 -.0 -.8 -.8 ~.8
DEL PHASE -.0 -.8 -.1 -.8 LG ) .8 .8 .0
282.50 DEG,
YSWR 1.04. 1.84 1,084 1.04 1.4 1.4 1.85.:1.95 1.09
GAIN-DE .8 .8 -.8 -.0 -.8 -.0 -.8 -.0 ~.8
DEL PHASE -.0 -.0 -.1 -.8 .G -.0 .8 .a .0
213.75 DEG.
YSWR 1,04 - 1.04 104 1.84  1.898 1.80% 1.90% 1.0 1.05%
GRIN-DB .0 .9 -.0 -. B -.8 ~.0 -.8 -.8 -.0
DEL PHASE -.8 -.8 -.1 -.8 .8 -.8 -.0 .G .8 1
225.80 DEG. !
YSWR . 1.04. 1.04 164 1.84 1.84¢ t.04  1.8% ' 1.85 1.0% 3
GRIN-DB .0 -.8 -.8 -.0 -.0 ~.0 -.0 -.8 -.0 4
DEL PHRASE -.8 -.@ -.1 -, -.8 ol L e .8 .0
: 236.25 DEEG.
E YSWR .04 1.8¢ 104 1.64. 1.84 1.84 1.95 ' 1.8% 1.0%
4 A GAIN-DE e .0 .8 -.0 -.a ~.8 -.a -.8 -.0
DEL PHRASE  -.8 . -.8 -.8 -.08 .a -.8 -.0 .8 .8
| . 247 .50 DEG. ‘ :
i YSHWR 1.04 1.9049 1.04 1.04 1.84 1.04 1.0%5 1.095 1.99
- GAIN-DEB .8 -.8 -.@ -.0 -.0 ~.0 -.0 -.6 -.0
DEL PHASE -.8 -.8 .8 -.8 .0 .0 .0 .8 .0
2%8.75% DEC. T :
YSWR 1.04 1.04 1,04 1.04 1.84 1.04 1.85 ‘1.05 1.0%
GAIN-DE .0 -.8 .8 -.0 -.0 ~-.0 -.8 -.0 -.8 k
DEL PHASE -.0 -.9 -.8 -.B8 -.98 ~.8 .0 .G .8 i
270.82 DEG. :
» VSWR 1.04 1.04 1.04 1.04 1.04 1.84 1.05 1.05 1.5 ;
b GRAIN-DE .2 -.8 .8 -.8 -.0 ~.0 -.0 -.@ -.0
, DEL PHASE -.0 -.6 -.0 -.0 -.8a -.0 .0 .8 .0
3 221.25 DEG.
i YEWR 1.8  1.,04 1.94 1.04 1.4 1.84 1.9% _1.05 1.0%
f GAIN-DB .9 -.08 -.8 -.08 -. 0 -.0 -.0 -.8 -.0
DEL PHRASE -.0 -.0 -1 -3 -.6 -.6 -.6 .0 -8
292.%9 DEE.
YSWR $.0¢ 1.808 1.809 1:0¢ 1.94 1.84 1.035 1.85 1.85
GAIN-DB .0 -.8 -.92 -.0 -.0 -.Q -.8 -6 -.0
DEL PHRSE -.0 -.0 -.1 ~-.8 -.0 -.0 -.0 .@ . @
3923.75 DEEC.
YIWR 1.04 1.04 1.64 1.04 1.04 1.04 1.05 1.05 1.05
GRIN-DE .0 -.8 -.08 -.0 -.0 -.0 -.9 -.0 -.0
Fig. 4 (Continued) - Long form data printout for transmitter

and receiver sections of transceiver module
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DEL PHRSE -.0
315.88 DEG.
YSWR 1.84
GRIN-DE .
DEL PHASE -.0
326.25 DEG.

VYIWR 1.84
GRIN-DB .8
DEL PHRSE - .0
337.58 DEG.
YIUWR 1.84
GRIN-DE .8
DEL PHASE -.8
348.75 DEG.
YSUWR 1.04
GAIN-DE .0
DEL PHARSE -.0

Fig. 4 (Continued) - Long form data printout for transmitter
and receiver sections of truocgivcr module
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APPENDIX I

Data processing programs:

These programs are intended for locating data already obtained and
stored on magnetic tape. The desired file is called by inputting the
serial number and attenuation or input power level. The output pro-
cessed data is in the form of Figures 3 and 4 of this report.
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PAGE 1

PROGRAM RIRCY

PIMENSION NDATE(19) ,MEER(18) ,LTL1(28) ,CHM(64,9) ,GMAG(32,9),
16RANG (32,%) ,VMAG (32, 9J,HMHXV(91.QMENV[9\ sAMAXEFP(9) ,RMEPH(S),
2DEGMX(9) ,DRGMI (), BRNP(QI JF(9) ,¥YAHG (32, 9],?”@1(288],
3VQG(2881,GRG(ZSS),GNG(ESS],TENP8(91,TEHP9(93,ISER[IGI

EQUIVALENCE (VWMAG(1,1) ,¥YMG1 (1)) ,(VYANGI(L1,1) ,YAG(1)),
l(GMHG(I,l),GRG[lJ),(GQ'G(l,l],GNG(l]]

FEXIFEXXFN XX EFF AR A F IR EII LI EXFAFAFNNFEFTEF TR RLEXEFERFFEFETESR

THIS PROGRAM SEARRCHES MAG. TAPE FOR DATA WITH MATCHIMNG
SERIAL NUMBER AHD ATTEMUARTIOHN.

RECEIVER DRTR OHMLY.

OUTFUT DATA TO YERSATEC IN BOTH LOWMG AMD SHORT FORMAT
AS PER HNADC1.

REV. € MRY 28,1977
L. LAYEDRN

CoOOOMO00O0D00000

FEEFREXRFFFEREERFFE IR IR SR E R R LR PRSP F LS LRI FFTREFRFEFIFFIFE T XX EES

SRR EEERE L
., e g o -
00N U R WAy~
et et et et St Nt et

CALL CLEAR(®)
WRITE(9,188)
128 FORMAT("FROGRAM FOR LOCATING AMD PROCESSING RECEIVER"~
$119%," DATA STORED ON MAG. TAPE",~
2P LEASE SELECT TAPE AND PUT SYSTEM OH LINE")
Cinin s
GALL PAUSE
REWIND 18
118 CALL CLEAR(®)
WRITE(9,120!
128 FORMAT("IMPUT SERIAL NUMBER«")
READ(8,130) (ISER(I),I=1,1@)
138 FORMAT(18RA2)
WRITE (9,131)
131 FORMAT("INPUT ATTENUATIOH&")
REAL (8,%! NTTH2
13% READ(18,1805
14

IFI(IEOF(18)) 150;13%5
% 150 REARD(18,170ILETL ,(HSERI(I) s I1=1,18) ,ITTN3,(MDATE(I) ,
111,103 ,VOLT)Y ,YOLT2,TEMPL1 ,TEMP2,(LTL1(I) 41=1,20)
179 FORMATI(RL ,18A32,12,10Q2,2F7.32,2F7.2,28R2)
IF(IEQOF(¢8))Y2¢€0,210
2106 D0 S900 I=1,10
1F(1>ER(II“N“LP‘7" 135,500

/5




589

g R e Ny

1eee

1a@a1

O0O0000

2038
2840

28358
s s

[ SRR o MRS - SN 5 I v i st

COMTINUE
IF(NTTN2-ITTN3) 135,1880,135

CORRECT SER HO CONTIHNUES

REQAD(18,1891) (YMG1 (I ,I=1,288)
RERD(18,1801) (YRG(I) ,I=1,288)
READ(18,10081) (EAG(I) ,1=1,288)
READ(18,1661) (GNG(I) ,I=1,283)
FORMAT (28(18E12.7/)1@E12.7)

ORDER PHASE STARTING WITH GANG(1,1)

CRLL PHORL(GAHMGI1,1))

DO 2858 J=2,°9

IF(GANGI(1 ,J-1)-GCANGI(1,J)+56.0)2840,20406,205a
GAHNG (1 ,JI=GRANG(1,d)-3606.6

GO TO z638

CALL PHORDIGAMGI(1,J)1)

COMTINUE

PRCCESE DATA AND PRINT QUT ON YERSEATEC

SET EUM GRIN TO 6
SUMGE=8.8

SET SUM(GRINITZ2 TO B
SUnGcz=a

DD 2198 I1I=
INITIALIZE ¥
GMAX=GMAG (1,
GMIM=GMAGI(1,
YHMAK=VMAGI(L,
YAVE=YMAX
PHB=GAHG (1 ,I1)

FHIMAKX=8 .8

SUMPZ2=FPHMAHX

SUMG=ZUMNG+GMAG (1 ,I1)
SUMG2=3UNME2+GMAG (1 ,II1#GMAG(1 ,1I1)

ES TO FIRST PHRSE ETATE

FHESE LOOF
BO- 2159 iF=2,3¢
DETERMIHNE rEFLEPTION COEZFF MAX
IFIYMAG(IF,11I)-VYHAK) 2679 ,2878,2865
YMOA=VMAGIIF, II)
DETERMINE SUM REF. COEFF.
vnw;:unvs+unacclp,113
DETERMIME YOLTRGE GRIHM
17 (GMAGIIP,I1)Y-GHAX) 26
r'ﬂu-rNHbeF II)
DETERMINE W¥( T
1

gy
£B,2028,2875

GE GRIM MIN
;rthIN-fHH ,11)) 28%%,2090,2885
EMIH= GVHPI;P
LETERMIME °““ OF VOLT GARINW
FUMG=ZUMNG+EHMES(IP ,I1)

- /6

kil el i A

PRAGE 2




DETERMINE SUMIWOLT GRIHITZ
SUMG2=SUMGZ+GMAG(IP,II)*GHMRAG(IP,II}
DETERMINE DELTR PHREE
PELP=PHO-GRANG(IP,IT)
DETERMINE DELTHR PHRSE ERROR
PDELP=DELP-(11.25=#FLOAT(IP~-1)}
PETERMINE DEL PHARS ERR HMPEX
IF(AES(DPDELP)-ABS(PHMAXI! 21%0,2150,2695
2895 FPHMAX=DDELP
BETERMINE SUM(LEL PHRAS ERRE)T2
SUMP2 = SUMF2 + DIDELPxDDRELP

o 0 60 O

2150 CONTINUE

OM B PER FREG BASIS-~—-——=-

CONVERT MAX RHO TO VSWRE MAX

AMAXY (IINI=(1.8+VMAR¥) - (1 .8-VMAK]
CONVMERT AYG RHO TO MEARMH WEWR

AMEHNY (II)=(1.8+(¥AVE-32.8))~7(1.6-(YAVYG-32.08))
EONYERT MAX PHASE

AMAXKP (II)=FPHMAK

CONVERT RM3Z PHASE
RMSPHIIII=SQRT(SUNP2,32.80)

CONMVMERT YOLT GRIW MAR TC #MAXY GRIW DE
DEGM®(II)=28.#HLOGIGHAX) ~ALOGI16G.8)
CONVERT VYOLT GARAIM MIM TO MIN GAIW DE
DEGMI(II)=20.+ALOG(GMINIALOG(1A,A)

O o 0O 00 o 60

2188 CONTINUE

CONVERT TO MERM GRIN

DEGME=28 ., *ALOGIEUME-Z288.081/ALO0G(18.6)

COMYERT TO RME GRIHN

RMEC=20 .*ALOG(SART((SUMNGE2-(SUMG*ESUMG~282.8))1/288.0))
1ALOG (18 .81

NN .5 on O

(o N

1 CALL CLEARRI(E)
! WRITE(11,299%9)
' 2999 FORMAT(181-7))

3880 WRITE(11,3065) (NEER(I),I=1,16)
2685 FDR"QT["SLR M. IQQZ,EK,"PECFIVER"]
NRITEEII,oﬂlaliﬂﬂﬁTE(IJ, =1,18)

WRITE(11, SGISJVOLTI vaLTZ
3815 FORMAT("V U-Tl‘" Fr.3,-@¥ "YOLTZ2=" 4F7.3)
2B]TEMP1,TEWF2
Pil=",F7.1,"DEG.C" 416X ,"TEMP2=",F7.1,"DEG.C")
291 ELTLEICTI) =1 3281
%

29
¥
2
3625 FORMAT (2882
B238)ITTNS
3030 FORMST("ATTHUATIOH=" L 12,"DB."/)
WRITE(11,3635) (F(I),1=1.9)
3635 FORMART("FREG.",3%,9(2KX,F4.0))
MRITE (11 ,304€) (AMAXY (1) ,I=1,9)
3040 FORMAT("VIWR MAX " ,2(K,FS.2})
WRITE(11,3845) (RMENY(I) ,1=1,9)
2045 FORMATI"VSWR MEAN",3 (¥ ,F5.21)
WRITE(11,3050) (RMAYP (1) ,I=1,9)
17




( PAGE 4
3850 FORMAT("MAX-PH-ER",3(X,F5.1))
WRITE(11,3855) (RMSPHII) ,I1=1,9)
2855 FORMAT("RMI-FH- Er",9[x,r3.11)
WRITE(11,38608) (DEGHX(I) ,I=1,9)
3068 FORMAT("MAK-GH-D2",9(X,F5.1))
WRITE(11,3065) (DBGMI(I) , I=1,9)
3865 FORMAT("MIMN-GM-DB" ,9(X,F5.1))
g WRITE(11,387@) (GANG(1,I),I=1,9)
3070 FORMAT("INS PHAS " ,9(X,F5.0))
WRITE(11,3875) DEGME
3875 FORMAT("OVERALL MEAN GAIN=",F5.1,"DB.")
WRITE(11,3088)RMSG
: 388@ FORMAT("STD. DEVIATION IH OVERALL GAIN=",F6.1,"DE.")
CALL PAGE
: 4995 WRITE(11,3085) (NSER(I) ,1=1,18)
E WRITE(11,3010) (NDATE(I),1=1,10)
3 WRITE(11,2615)¥0LT1,v0LT2
» WRITE(11,30208) TEMPL ,TEMP2
4 MRITE(11,3825) (LTL1(I),I=1,28)
3 WRITE(11,3023@1 ITTH3
WRITE(11,3235) (F(I),I=1,9)
c
C
PO 4180 I=1,32
DO 4181 J=1,9
TEMPS (M) =(1.+YNAGE(I,J)) /(1 .~VMAG(I,J))
TEMPE (11 =28 .%ALOG (GMAG(I,J)) ~ALOG(16.8)

4191 COMNTINUE
BIT=11.25%*FLOAT(I-1)
WRITE(11,4182) RBRIT
4182 FORMAT(" *",F6.2," DEG.")
WRITE (11,4185) (TEMP9(J),J=1,9)
4195 FORMAT("VSWR",S5%,9(X,F5.2))
WRITE (11,4118) (TEMPS(J) ,J=1,9)
4110 FORMAT ("GAIN-DEB" ,2X,9(X,F5.11)
IF(I-1) 4115,4115,
4115 WRITE(11,4125) (GAN
4125 FORMAT("IPHEZ" 5%,
G0 T 41088
4120 DO 4126 L=1,%
BANG (L) =GANG(1,L) -GRHET(I,L)
4126 COMTINUE
WRITE(11,4130) (BANG(J) ,J=1,9)
4130 FORMAT("DEL PHASE",9(X,FS5.1))

1
(1,Jd7 ,J=1,9)
R F5.08))

4196 COMTIMUE
CALL PRGE

a0

REWIND 18
GO TO 118
288 CALL CLERAR(®@)
WRITE(9,205)
265 FORMAT("SERIAL MUMBER AMD ATTENUATION REQUESTED"
1" HOT FOUMD OH TFPE")
220 REWIND 18
CALL PRUSE
G0 TO 118

END

/€



b AL I s S i it~

PRAGE 1
FROGRAM RIDXWMT

c %
DIMENSION MSER{18) ,NDATE(18) ,LTL1(28) ,TEMPI(28: ,GHG(288),
1BANG(32,9) ,GMAG(32,9) ,AYEWR(22,9) ,GAG(282) ,
| 2VMG1(288) ,YMAGI(3Z2,9) ,AMAKVYI®) ,FI(3]) ,ISER(1G),
- : IAMENY (9] ,AMAKP (3] ,RMEPH(S) ,PURMX(3) ,PURMI (9) ,BAHNG (9]
c ,
. EQUIVYALEMCE (GANGI(1,1),GHG(1}) ,(GMAG(L ,1) ,GAG(1)),
t(VMAG (L ;1) ,VME1(1))
: c s
; X R R R R T F R E R F R R E R R F RS EE R R R F Y S A F R FF X PP E XX XL XXX S EFF XXX EREEE
: o o
C THIS PROGRAM SEARCHES MARE. TAPE FOR DATA MWITH MATCHING
C SERIAL HNUMBER AHD DRIYE POWER.
c
F TRANEMIT DRTA OHNLY
[
€ QUTPUTS DRATA TO YERSATEC IHM EOTH SHORT AMD LONG
C FOEMAT RE FPER HMARCZ,.
Cc
R REY. C MAY 28,1977
c L. LAYEDAN
H c
§ R R R R L R R R R X T T F LR R e e e e A e R g g
i e
( C

RHO1=8.11512%25
RHOZ2=08.23823851

i

.

i Fi1) = 1235.

i Fi2)=1266.

g F(2)=1229.

: F(4)=1295.

g F(5)=1230@.

; FI6)=1305,

i FiT7In1220.

; FLe)=1240.

3 F(3)=1265.

: C . " )

1 CALL CLERAR(G)

| WRITE(9,108)

: 180 FORMAT("PROGRAM FOR LOCATING AND PROCESSING TRANSMITTER".
16%," DATA STORED ON MAG. TAPE"~~
2YFPLEASE SELECT TRFE AND PUT SYSTEM ON LIHE™)

-

CALL PAUSE
REVIND 18
118 CALL CLERR(B)
WRITE(9,120)
i 1290 FORMATI("INPUT SERIAL NUMBERe")
é READ(8,13B) (ISER(I),I=1,18)
139 FORMRT(10R2,F4.,1)
WRITE (9,131)
1 _ 131 FORMAT ("INPUT LRIVE LEVEL (23.8,24.8,25.8)¢")
] | RERD (2,%) PHWRE
: | 139 RERDC(18,148)
149 FORMAT(I1)
IF(IEOF(18)) 156,168
160 G0 T 135S

19
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PRAGE 2

158 READ(18,17@)LET!, (NSER(I),I=1,18) ,FPWRA, (NDATE(I),
11=1,18) ,MOLT1,Y0LT2,TEMPL,TEMP2,(LTL1(I) ,I=1,28)
178 FORMATI(A! ,10A2,F4.1,16A2,2F7.3,2F7.2,20A2)
IF(IEOF(18)1)268,21@
218 DO S@@ I=1,10
IF(ISER(I)J-NSER(I)) 135,508,135
588 CONTIMNUE
IF(PURA-PWRE) 125,18080,135

C
C CORRECT SER MO COMTIMNUES
C
1909 READ(18,1061) (YHME1(I),I=1,288)
RERD(18,1081) (GAG(I) ,I=1,288)
READ(18,1801) (GNG(I) ,I=1,2882)
1801 FORMAT (2S(18E12.7-)18E12.7)
C
IFLG = @
C
C ORDER PHASE STARTING WITH GANG(1,1)
C PORD ORDERS POSITIYE FPHASE DELAY
CALL PORDIGANGII,1))
DO 1240 J=2,9
1225 IF(GANG(L,J-1)-GAHG(1,J1-20.08) 1235,1238
1238 GANG{1,J)=CANG(1,J)+3608.8

GO TO 1225
1235 CALL PORDI(GANG(1,J)]
1248 COMTINUE

C
C
SUME=8.8
SUMG2=6.9
C FRE@ LOOF
no i6@68 I1I=1,9
c
C INITIALIZE VALUES TO PHARSE STATE

CHMAX=GMAG(1,I1)
IF (GMAG(1,11))1298,1259,1298
1299 IFLG=1 :
1298 GMIMH=GMAX
YMAX=YMAG(1,II)
YAYG=YMAX
PHO=GAMG (1,11)
PHMAX=0 .8
SUMP2=PHMAY
 SUMG=SUMG+GHAG(1,I1)
SUMG2=SUMG2+GHMAGI1 ,ITJ*CMAG(L,II)

C PHASE LOOP
D0 1335 IP=2,22
IF(GMAG(IFP,I1T1)

1382 IFLG=1

1381 IF(YMAG(IF,II)

1300 YMAX=YHAC(IP,

1295 YAVE=YAYS+VYMA
IFIGMAG(IFP, I

10 GMAX=GMAG(IP

15 IFIGHIH-GMAG I

20 GMIN=GMRG(IF

1361,1302,1201

MAX) 1285,13685,1360

-
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1325 SUMG=SUMG+GMAG(IF,II1)
SUMGZ2=SUMG2+ (GMAG(IP,II11*(GMAGIIP,TII))
BELFP=GANG(IP,IT)-PH2
BUDELP=DELP-(11.25%#FLORT(IFP-1))
IF(ABS(DDBELP)-RES (PHMAX)) 1335,1335,13306
PHMAR®=DDELF
SUMP2=SUMPZ+DDELF*=DDELF
CONTINUE

ON R PER FRE® BARSIEZ

CONYERT MAX RHO TO VIWE MAX
AMAXKY (II)=(1 . 8+YMAX) /(1 .G-YHAR
CONVERT AYWE RHOD TO MERH YWSWR
AMENY(II)=(1.8+(YAVYG/32.81)/0(1.0-(YAYE~-22.01])
CONYERT MAKXK PHASE

AMABXP (IT)=PHMAX

CONVERT RMS PHAEE
RMEPHI{II)=SQRT(SUMF2-32.8)
PURMX(II)=GMRAK

PWRMI(IT)=GMIH

COMTINUE

MERM FOWER

FURME=SLME- 282 .6

RMS POWER

RMEFPW=SRRTI(EUMGEZ2-282.6) - (PURME*PUWRME]

PRINT SEQUEMCE---ZHORT FORHM

CALL CLEAR(@]
WRITE(11,2999)
FORMAT (18 (/1)

MRITEIII,SBBSJKH EP[I] I=1,18)
FORMAT("ZER.NO. 19ﬂ2.5%.“TRﬂHSMITTER"]
URITEIII,BBIGJ[thTE(lel—l,IB)
FORMAT("DATE: " ,18R2)
URITE(il,EBlS]VGLTl,VCLTa
FORMBT ("VYOLT1=" ,F?.3,28¥,"Y0LT2=",F7.3)
WRITE(L1 3@28]TEHP1,TENP°
FDRHRT("TEHPI—“,F? P BEGwE® w168, " TEMRPE=" ;F? .1 ;" DEC.C*}
WRITELL]Y 36257 CLTLICT) 1I=d,201
FURHQT[°BR°’]
WRITE(11,39368)FWURA
FORMAT ("INPUT POWER=",F4.1,"DBM.")
IF(IFLG)Y 3831,2034, 39-1
WRITE(11,3022)
FORMAT ["CRUTIWN--ER 2 EMCOUNTERED IN DRTA™)
WRITZ (11,3B833)
FDPO’QT [ll lI]
URITE[11,3q301(F[I),I
FORMRT ("FRER . SK,9(2
H
o
|'|r

—

URITE(II,JB4“J[PHQ\
FORMAT (“YSUR HAx
WRITE(LL ;3 945][3P 4
FORMAT ("YIWNR MEQH"
WRITE(11,3058) 'FIHHVP[
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—-(\_!'v—cl'_l’}i—d.:x iy}

wrloM*m

Al




C
c

C

2es58
3855
38&49
3865
zera
3875

3@z

4i@2
4185
4118

4115
4125

4120
4126
4130
4128

z2oa
285

229

FORMAT ("MAX-PH-ER" ;SU¥ JFS
WRITE(11 3UﬁqllPﬂQPH(IJ,I

UmNﬂT("Rh? PH-ER" ,9 (X ,F3
URITE(ll,QBa@;FFHQW%(IE,I
FORMAT ("MAX-PWR-W" ,9 (¥ ,F3
WRITE(11,23865) (PURMI(I), I
FORMAT (HHMIN-PUR=-U" 9 (R FS
WRITE{11l,2387@) (GAMGIL1,T0,
FORMAT("INS PHRE " ,9(X,FS

MRITEIII,SG?SJFMEHE
FORMAT("OYERALL MEAN FPEAK
WRITE(11,3088)RMEPW

et

II-
et

.

[ QN | [ S N SR —
St o el oy Celen g

- *—"-D'—"\D‘-*\D‘—'
(¥ ] -

. - .

POWER="

PRGE

JFS.1,"WATTS")

FOWER=",F5

FORMAT("STD. REYIATION IN OYERALL PERK
1"WATTS")

CALL FAGE

WRITE(11,36@5) (NSER(I1,I=1,18
WRITE(11,2R1€) (NDATE(I) ,I=1 ,1@1
WRITE(11,3815)¥0LT1,V0LT2
WRITE(11,3028) TENP1,TEMF2
MRITE(11,2825) (LTL1(1) ,i=1,20}
WRITE(11,36381FWRA
WRITE(11,3835) (F(I),I=1,%)

DO 4188 I=1,32

DO 4181 J=1,%

VMAG(T ,J)=(1.0+YMAG(I, )13/ (1.8-YMAG (I ,J))
CONTINUE

BIT=11.29%FLOAT (-1
WRITE(11,4182) EIT

FORMAT(" ",F6.2,* DEG."}
WRITE(11,4165) i¥MAGC(I,J) ,J=1,9)
FORMAT ("YSWR" ,5%,9(X,F5.2))
WRITE(11,4118) (GMAG{I,J) ,J=1,9)
FORMAT ("MRYX-PUR-W" ,9 (% ,F5.1))
IFiI-1) 4115,4115,4126
WRITE(11,4125) (EANGI1,J),J=1,9]
FORMAT("IPHS" ,5%,9(X,F5.8))

GO TO 41@a

I0 4126 L=1,%

BAKG (L) =GANGI(I,L)-GANG (1 ,L)
COMTINUE
WRITE(11,4138) (BANG(J) ,J=1,9)
FORMAT ("DEL PHASE",9(%,FS.11)
COMTIMNUE

CALL PAGE

REWIND 18

G0 TO 110

CALL CLEAR(G)
WRITE(9,285)
FORMAT("SERIAL

1" HOT FOUND ON TRAFE")
FEWIND 18

CALL PRUSE

GO TO ‘11@

EMD
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APPENDIX II

Data acquisition programs:

NADC 1 and 2 are the two primary programs employed in hardware
control and data acquisition, processing, and storage for the trans-
ceiver modules described in this report.

CALS]1 is a transmitter test subroutine used in the hardware
calibration sequence.

BORIS is a receiver test subroutine for calibration of the Hewlett
Packard network analyzer and is similar to that used by Newlett Packard
except that it is tailored specifically to module test.




0N EEOCONCO00000N00000

FRGE 1

PROGRAM NADCI

DIMENSIOH HDATE(18) ,NSER(168),LTL1(28) ,CM(64,5) ,GMAG(32,9),
16ANG(32,9) ,¥MAG(22,9) ,AMAXY (9) ,AMENY (9) ,AMAXF (%) ,RHSPH(9] ,
2DBEHN (9) ,DRCMIC(S) ,BEANG(9) ,F(9) ,YANG (22,91 ,VNE1 (288) ,
3VRACI1288) ,GAG (2881 ,6NG(288) ,TEMPE(3) ,TEMFO(3)

COMMON LT1ST,LTZMD,LTSTP,LINFR,LINND,EXT(3),I2(2),
t£IDMY ,LCAL ,ICTYP,IHEW,FCO,CALIG,9)

YMG1 (1)) ,(VANG(1,1) ,¥ARGI(1)]),

EQUIWRLENCE (VWHMRG(1,11,
J(GANG(1 ,1) ,GHG{11])

YIGMAGIL 1) ,GRGI1))
FEEF T EFF AR FFFF R R F R IR IR R F RN LS FF R F IR FF R R E IR FF PSR F XX L5255

THIS I& A SPECISL MEASUREMENT PROGRAM FOR
-MEASURIMG THE REFLECTION AND TRAWMEMISEIUGHN BEFORE OQUTPUTING
DATA TO MAGHETIE THFPE.

BORISE ESHELEG 18 MARCH??
REY M ‘18 MRY ¥7

THIE IS MODIFIED GPMi1

Y R R R T
INITIARLIZE FLAGE--FIRET TIKE ONLY--AND CONSTANTS
€ALL CLRIO

TRAFP 1 IS RETURM TO MEASURE
CALL TERAPFPI(1)
GO0 TO 1880
TRAF 2 1% RETURMN TO CALIERATE
CALtL TRAF(2)
GO TO 58

$8 CALL CLEAR(@]

[

WRITE(9,50)
86 FORMAT("PUT DATA TAPE OH DECK AND ON LIME")
CALL PAUSE
WRITE(9,85) _
85 FORMAT("NEN TAPE (¥ OR H)=e")
CALL NYES(IV)
IF(IvY) 99,90
50 ENDFILE 18
ENDFILE 18
FEWIND 18
99, CONT IHUE
WRITE(9,100)
168 FORMAT("DATE:",20%, 4,18t ") .
READ(&,165) (NDATE (1) ,I=1,1@) :
105 FORMAT(18R2)

ENTER FREGUENCIES IN MHZ HERE

o0N

Fll1i=1235

KR4




s

.

QOO0 0N

OMOoO

OQO0O0O0O0

O 00

Q00

1800
1885
1087
1910
1812

ie1s

gooe

PRAGE

MMM ™

.CRLL BORIS(F(11})

CALL CLERR(@®)

MRITE(9,1885)

FORMAT ("SER.NO.=" ,28%,"%,18YY"e")
RERD(8,1887) (NSERCI) ,I=1,18)
FORMAT (18A2)

WRITE(9,181@)
FORMAT("REMARKS :" ,48%,"1,28 ¥ "¢")
READ(8,1612) (LTL1(I) ,I=1,28)
FORMAT (28R2)

WRITE(9,1615]

FORMAT ("CONNECT DEVICE-=-~--- ")
CALL BELL

CRLL PAUSE

MERSUREMENT CYCLE--DARTA RETURHED IN CM APRAY
D0 4888 ITTN=1,8%8

CHAH 1=TEMP DEG C

CHAN 2=TEMF DEG C

CHAHN 4=48 YOLT

CHAN S=12 VOLT

EALL TYOLB(Ll ,TEMP1)

CALL TYOLD(Z2,TEMFZ)

CALL TWOLDIO4,%0OLT1)

CALL TYOLD(S,vOLT2)

SET ATTEHMURTION
ITTH2=ITTH=-1

CALL SETPH(B,ITTH2)

CALL MEASURE AT 9 FREG AND 32 PHASES
CALL MCORL(F(1},CM)

QUTPUT DATA TO MAG TAPE

COMVERT CM FRRAY TO MAG AMD BHMGLE

In 2828 J=1,2

DO 2028 I=1,32

GRNG (I, J)=RHG(CM(2=T,0))

GMAGILI 4 JI=CMAG(CM(2%] ,J]1)

28

i AL s e i 2

ANl e N e




Qo0

2020

2e21
2822

2823
2824

L Mo N o]

o000

2025

_2e 27

o0

2630
z2e48

2858
2860

0000

[ JANRRC - S

0

PRAGE

YMAG (I , 1 =CHRAG(CM(2*I~1,4))
YVANG (I ,J)=ANGICHMI2*I~-1,4)1
CONTINUE

ITTH3=ITTHZ=*2

FIND EHD OF TARPE

READ(18,2822)

FORMAT (I
IF(IEOF(18)) 2823,2821
READ(18,2822)
IF(IEOF(18)) 2824,2821
BACKSPRACE 18

FUT TITLE INFO OM TAFE

WRITE(18,2025) (HSER(I),I=1,18) ,ITTH3,(NDATE(I),
11=1,108) ,VY0OLT1,Y0LT2,TEMPL ,TEMP2,(LTL1(I),I=1,206)

PUT MEASURED DATA OM TRFPE

-

0000 00 P

°F7.2,208AR2)

— T

[ Sl e I A1

IO R | I B
el |

MEITE(12, 2@ 2 7) (VAE
WRITE (18,2827) (GAG
WRITE(18,2027) (GH
FORMAT (28 (18E12.7

—'HHJ—\}—"u
Pl e e I
() ot bt
S e | I 3}
“Ja ca wa 7T
— g S P a

03 00 00 00 )

At et et (TG

\ITJITH.T
Mo e

CRDER PHRASE STARTIHG WITH GRHG(1,1)

CALL PHORDIGAKG(1,11)
DO z2Bo@E J=E2,9
IFiGﬁNG[l,h—ll—GﬂHGil-
GANG (1 , ) =GANG(] ) -26&
GO TO 2838

CRALL PHORDIGRAMEL1,.01)
COMTIMUE

812824

m
ra
=
I
@
)
s
)
@

J1+9
8.0

PROCESE DATA AMD FRIWT OUT ON VERSATEC
S® 1 IS @UAL LONG FORM OPTIOM

SET SUM GARAIN TO &
SUNMG=B .8

SET 3UMIGAINITZ TO B
SUNMGz=8

DO 2108 11=1,9
IMITIRLIZE VYA
GMAX=GMAG (1,1
GMIN=GMAG (! ,I
YMAX=YHRG (1, i ¥
YAVC=YIMRA
Phamrnnei1,113

PHMAN=5 .5

3UMF°—°HHH:

SUMEC=ZUMG+GMRG (1,11
SUMG2=SUME2+GHAGI1 ,TIY*CMAG(L1 ,1I1)

R6

3




28635
2arve

2873
~

2828
2833

2290

0 0

[}

2695

2158

€3 € Iy O

]

219@

o Y o R - CRA 1 NN o

[ N o

PHASE LOOP

DD 2158 1IP=2,32

DETERMINE REFLECTION COEFF MAX
IFI(VMAG(IP,IIN-VMAK) 287V8,28708,2065
YMIX=VYMAG(IP,II)

PETERMINE SUM REF. COEFF.
VAVYE=VAVG+YMAG(IFP,II]

DETERMINE WMOLTRSE GAIW MAX

IF (GMAGIIR,II-GMAK) 2830 ,20830,2075
GMAX=GMRG (IR ,II]

DETERMINE VOLTAGE GRIHW MIH
IFI(GMIN-GMAG(IFP,II)) 2896,2898,20885
GMIN=GMARG(IF,II]

DETERMIME SUM OF YOLT GRIH
SUNMGS=SUMG+GMAGIIF,II]

DETERMINE SUMMOLT GAINItTZ
SUMGE=SUMG2+GMRG(IF,IT1*GMAG(IP,II)
DETERMINE DELTAR PHRSE
DELP=PHO-GRANG(IP,II)

DETERMINE DELTR PHRSE ERROR -
DDELP=DELP-(11.25*FLOAT(IP-1)) .
DETERMINE DBEL PHHAEE ERR MAX
IF(RES(DDELP)I-RAES(PHMAK)) 2158,2150,2895
PHMAX¥=DLELF

DETERMINE SUM(DEL PHRAS ERR)TZ2

SUHP2 = SUMFPZ2 + DDELP#*DDELP

COMTINUE

N A PER FREG BRSIS-—--=-

COHYERT MAX RHO TO YSWR MAX
AMAXY(ITI)=(1.84+VMAX)~ (1 . 8-YMAX)
COMYERT RAYE RHO TO MEARN VYEIWR

AMEHY (II)=(1.8+ (YAYG,32.8))-0(1.68-(VYAVYG-22.8))
COHYERT HMRAX FPHEIE

AMAXP (IT)=FHMEX

COHYERT RMSE PHASE
RMEPHIII)=S@RT(E3UMP2-32.0)

COHVERT VOLT GHAIN MAX TO MAX GRIN DB
DEGHMHE (II1=20.+*ALOG(GMAX) ~ALOG(16.08)
COHWVWERT MOLT GRIM MIN TO MIM GRIN DB
DEGMI(II)=28.*ALO{GEGMIN} 7ALOG{1lG.2)

COMTIMUE

CONYERT TO MEAM GRIN

DEGME=28 ,.#QLO0G(3UNG/288 .8) 7 RLOGI118.9)

CONVERT TC RMEZ GAIN
FMEE=20.*ALOG(SART((SUNG2-(SUNG*EUMG-288.8))-288.0)) 7
1ALOGT16.8)

PRINT SEQUENCE--ZHORT FORMN

CALL CLEAR (S
WRITE(11,2929)

FORHAT(1E(/ 7))

WRITECI1 ,3068%5) INSER(]I) 41=1,10)
FORMAT("SER.NO. " ,1BR2,SX,"RECEIVER")
WRITE (11,3018 (RUATE(L) ,I=0,1@)

X7




FORMAT("DRTE: “,12RA2)

WRITE(11,3815)vOoLT1,v0LTS

FORMRT ("YOLTIa" ,F7.3,28%," "YOLT2=",F7.3)

WRITE(11, 3B°OJTEFP1 TEMEZ2

FDRHQTI“TEMP1=“ Fr.l,“DEG C" ;16X ,"TEMP2=" ,F7.1,"DEG.C")
URITE(11,38°SJ[LTL1[I],I-l 28]

FORMAT(2@R2 )

ITTNIL TTN-11%2
23030 ITTNIL
"ATTHUARTION="
WRITE(11,3835) (F(I),I
FORMAT(“FRER." ,3X,9(2
WRITE(11,3048) (AMARY
FORMAT ("VSWR MAX ",9
WRITE(11,3045) (AMEHY
FORMAT ("YSWR MERM",9
WRITE(11,3058) (AMAXF
H

=
-]
.

N

M -

Nea LN e 0 4 O et O = N = ] 4= D
H

—

—

i -

—

FORMAT.("MAX-PH-ER" ,9
BRITE(11,3055) (RMS
FORMAT ("RMS-PH-ER" ,9
WRITE(11,356@) (DEGHK !
FORMAT ("MAX-GN-TE" ,9
MRITE(11,3865) (DEGMI
(

'

’
(
{
0
(
(
(

t—t

i

i3
(
¢
L b

—

L B | B e e o S S B S I |

XHJCHXHXH.“HLC'—-}(HH
2 Pw Vs s edeg  teg erteg wreom b 3]
b ety ey ety mtea lan  tra

(

FORMAT ("MIM-GH-DE" ,9(
WRITE(11,2878) (CANG(1,
FURHQT["IN> PHAS “,2(¥
WRITE(11,3875)DEGHME
FORHQT("OVERQLL MERN GAIH=",FS.1,"DEB.")

MRITE(11 ,3288)RNSG

-FORMRT("STD. DEVIRTION IN OVERALL GRIN=",F&6.1,"DB.")

- et f = o f) e o e ) = o) = o)
el
e

- 4

PUT PROCESSED DATA ON TAPE WITH ENDFILES

CALL PAGE
WRITE(18,3898) (AMAXY
ﬂRITE[lS,oequltﬁMEHV
WRITE(12,30%6) (ANAXF
WRITEC(18, dﬂ?ﬁ](RH<PH
MRITE(18,393Q)

P e R
= 0onnonnn
o+ s s s b

Hea e wm oaw W e

Y VI o Y RN R o
\0'."-4!—'\-"—'\_’

PRACKSPACE 18
BACKEPACE 18

OO0

S¥ 1 UP=LONG FORM FOR QUAL
IF(ISP(1)) 400%5,4006
wprEc11,39953(t*::L13
l,oﬁlai(hanL(7)
J3B15IVOLTE ,vOLT
J 3020 TENPL,TEM

o'l?




41061

4102
4185
4116

4115
4125

4120
4126
4130
4180
4000

PAGE

B2S) (LTL1(I),I=1,28)
930) ITTH1
B3S)(F(I),I=1,9)

£

)
]
e |
mmMmm
———
P
P
- e e
[GROR]

CM(2%I-1,3))
TEMPS (J) (2%1,J4))
COMTINUE

BIT=11.25%FLORT(I-1)
WRITE(11,4182) BIT

FORMAT(" “,F6.2," DEG.")

WRITE (11,41€5) (TEMP9(J} ,J=1,9)
FORMAT ("VSWR" ,5%,9(X,F5.2))
WRITE (11,4118) (TEMPS(J} ,J=1,9)
FORMAT("GAIN-DB" ,2X,9(%,FS5.1))
IF(I-1) 4115,4115,412%
WRITE(11,4125) (GANG(1,4) ,J=1,9)
FORMAT ("IPHS" ,5%,9(X,F5.07])

G0 TO 4188

D3 4126 L=1,9

BAHGIL) =GANG(1,L)-GRNG(I,L]
COMTINUE

WRITE(11,4138) (RBRNG(J) ,Jd=1,9)
FORMAT("DEL PHASE" ,2(%,F5.1))

CONMTINUE
CALL PAGE
COMTIMNUE
G0 TO 18606
EMD

29
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c
Cc
c
c
c
c
c
c
c
c
c
c
c
c
c
c
Cc
Cc
.€
c
e .
C .
c
c
c
c
c
c
C
c
c

PROGRAM HRDC2

NDATE(18) ,LTL1(28) ,TEMP (20) ,GHE(288) ,
91 ,AYSWUR(32,9) ,6AG(288),
) ,AMAKY (9],

MEFH(D) ,PURMK (9] ,PURMI (9] ,BANG ()

DIMENSION MEERI(1
I16ANG(22,9) ,GMAG(
2Y¥YME1(288) YMAG (3
SAMENN (9) JAMAKFE (2]

a1l
az
-
<3
3

’
13
9
R
COMMON F(9) ,PIMCI9) ,POMCI9) ,PYESWRI3) ,E2PMC(2) ,SAFMCI(9)

EQUIVYALENCE (GAMG(1,1) ,GHG(1)) ,(GMAG(L1,1) ,GAG(1)),
1(VMAG(L 41 ,YMGL1 (1)

FFEF R EXEFEFFF IR FEF XL FF TR EFEF LT EFFF IR FFEFI LR FFREFEFEERF¥F

THIE PROGRAM CALIBRATES THE 2.A. EQUIPHEHWT AHD FPERFORMS
THE NADC MEASUREMENT SEQUEHCE.

INPUT COUPLER ANID-0OR PAL IHFO IS HECESSARY.

INFUT, REFLECTED AND TREHMSMITTED POWERE ARE MEASURED
USIHG SHORT WIMDOW PERK POWER METERS. THE WINDOWS CAN
BE MANUALLY MOYED THRU THE PULSE. RAUTOMATIC IHPUT

POWER LEWELIMGE IE USED WHICH I® PROGEAMAEBLE.

A MAX OF =28 SAMPLES IE® TREKREN AT EACH TEST COMDITIOH
AND IF S RARE HWOT FOUMD RCCEFPTRELE FOR AVEERGING,

THEH PROGRAM GIVEE ZEROE AND PROCEEDE.EQUIPMENT PULSZES
IN STANDEBY UNTIL OPERRATOR GIVEE 0O FOR TEMPERRTURE
STARBILITY. FULSEE:Z RRE REMOVED EBY HARDWARE WHEH
FREQ-VOLT-PHRIEE~-FOWERIM CHRMGEE ARE IM PROGRESS.

HARD COFY AND MAG TAFE OQUTFUT.

SW 1 UP FOR @QUAL. LOME FORM OUTFUT.
REY. H DAL T A
L.LAVEDAH 4-,20,77

FEFERFEFE R R IR R IR R AL SR F RS SR I I F A FRE SR P LRV RRFEFIEEEEEEEEES
SET S.A. INTERFACE

eALL SETIP

SET UP PULSE GENERATOR

CALL ESPLLG(1,38,18,3,64)

SET TO MOMIMAL IMFUT POWER

CALL INITP(-€.8)

RHO1=8.1151292%5
RHOZ2=@.238258731

PEFINE FREGUEHNCY SEQUEHCE
235

-n
-

4 y

™My s EEEE NN

QUENCY TO

e e Sl S ST U S PP

G MMM MM
M= = 2
o0l O3 O3 D) W)

b RC R Bt RO W § A




o

00

[y Nl o)

L Mo B v SR

CRALL SETFRI(F(S))
TURHN OFF OUTPUT POWER
CRLL OPULE

TRAP 1 IE® RETURH TO MERSIURE
CRLL TRAFI(1)
GC TO 1868

TRAP 2 IS RETURM TO CALIEBRATION
CALL TRAP(2)
GO TO S8

18 CALL CLEARI(G)
WRITE(2,12)
12 FORMRAT (21K ,"##%3.R. TEEST FROGRAM=*#*#*"//"READ COUPLER"
1" INFO FROM TRAPE®?<")
CRALL HNYESI(ITC)
IF(ITC)Y 14,186

GET COUPLING INFO FROM KEYEORRD

14 WRITE(9,18)
12 FORMATI("TYFE IM THE FOLLOWIMNG COUPLIMNEGS"<"FRE@. IMNPUT®
1" COUP.(+DE) OUTFUT COUP.(+DR)")
DO 28 I=1,9
WRITE(9,22IF (1)
22 FORMATI(FS.1,":¢")
READ(8,*)PIMC(I) ,POMC(I)
28 COMTINUE
G0 TO 56

16 WRITE(9,24)
24 FORMAT("POSITION TRAPE IHM DECK #2")
CALL PAUSE
READ (14 ,%) (PIMC(J) ,POMCII) ,J=1,2)
WRITE(9,28) (F(IJ),PIMC(I) ,POMC(I) , I=1,9)
28 FORMRTI(9(3F1@.2-))

S8 CALL CLEARI(&)
MAKE SURE POWER LOOP IS STILL OH

CALL PLRST
WRITE(S,28)
20 FORMATI("PUT MAG TAPE FCR DATA IN DECK AND ON LIME")
CALL PRUSE
WRITE(3,85)
85 FORMAT("MEW TAPE (Y OR MNl=¢") 5
CALL MYES(IV)
IF(IY) 99,9a
90 ENDFILE 1
ENDFILE 18
REWIND 18
99 COMTINJE

=

WRITE(9,25)
25 FORMAT("DATE:" ,28%,"%,10¥Y"e")
READ(8,30) HNDATE

3l




it o

e

30

000

100

1000
c

1885

1618

1915

1620

1825

1839
1835

1937

1840

1845
1958

1°AND PUT SWITCH 2 LOMH")

FORMAT (2BR2)

PMIN=232.8
PNOM=24.8
PMAXK=25.8

CALIERATION SEQUEHNCE

CALL CLERRI(®)
CALL CALS1
CALL OPULG
CALL PLRST

WRITE(9,1885)

FORMAT("SER.ND.="28%,"+,18tY"&")

READ(8,39) (NSER(I),I=1,18)

WRITE(9,1018)

FORMAT ("REMARKS :"40% ,"1,201Y"&")

READ(8,30) (LTL1(I),I=1,2@)

WRITE(9,1815)

EORMAT("COMHECT DEVICE AND THERMOCOUPLE(1) TO DEVICE®"/

CALL BELL

CALL PAUSE

SET PHASE RAND AMFLITUDE
CALL SETPHI(G,@)

RESTORE PULSE GEMERATOR
CALL RPULS

TURN ON AT F(S) AND FHON
POWER=PHNOM-PIMC(5)

CALL SETPW(POWER)

CALL SETFRI(F(S))

CALL CLERR(B]

WRITE(9,1820)

FORMGT("FUT UP SWITCH 2 FOR EXIT FROM TEMP. LOCP™)
TEMPERATURE LLOF---CHAM 1 ON DEVICE

DY 10835 I=1,2@

GALL TVYOLD(1,TEMP(I))

WRITE(9,1025) TEHF (1)

FORMATIF?.2)

IF(ISP(2)) 10868,1038

CALL DELARY(502@)

COMTIMNUE

DO 1848 I=1,19

TEMP(I)=TEMP (I+1)

COMTINUE

CALL TVYOLD(1,TEMP(28))

CALL CLEPR(D)

WRITE(9,1026)

WRITE(9,1645) (TEMP (1) ,1=1,20)

FORMAT (26 (F7 .21 '
IF(ISP(2)) 1060 ,:056 :
CALL DELAY(S5ABB)

60 TO 1837

START MERSUREMEHTS

POWER IMPUT LODOF

s i i




c
C

Cc
c
c
[
c
c
c

OO0

L}

1@58

1865

1828
1835

1878
1875

1829
16306
1635
1198

-
-
- 3
oA

1115

PRGE

DD 4288 IPL=1,3

IFLE = @

DELPW=2-1PL
PURG=2&.8-FLOAT(IPL)
CALL CLEAR(®@)
WRITE(9,1855)PURA

FORMAT("MERSUREING FOR PFPOWER LEVEL OF",FS.1,"DBM."

CHAN1=TEMP DEG.C OF MODULE d
CHAM2=TEMP DEG.C

CHAN4=48 YOLT

CHAMS=12 VOLT

CALL TvYOLD(1,TEMF1)
CRLL TVOLD(2,TEMFZ]
CALL TVYOLD(4,V0OLT1)
CALL TVYOLD(S,v0LTZ2)
BEGIN FREGUENCY LOOP
DO 1288 IFR=1,9
POWER=PWRAB-FIMC(IFR)
CALL SETPW(FPOWER)
CALL SETFRI(F(IFR)]

INITIARTE A DELAY RHMHD THROW FIRST DATA QUT

CALL SETFH (8,a)
CPLL RSDAT(A1,A2,F1,A3,A4)

BEGIHM PHARZE LOOF

DD 1289 IEBET=1,32

IBT1=IET-1

CEALL SETPHILBTL 6]

CALL RSCDAT(RALl ,AZ,F1,AZ,;A4)]
IF (A2) 1885,188%,1885
THP=RBE(RZ-ZZFMCI(IFR]I-DELFPUW]
IF(TMP-.3) 1898 ,187v@
WRITE(9,1875)THF

FORMAT ("REF JCHEN.DIFF =" , F8.2,"DB. =—-ACCEPT IT?<")
CALL NYES(ITCI

IF(ITC) 1es8B, 1894

IFLG = 1
TMP=F1-SAFMC(IFR
IFITMP) 116868,1:1@
THP=THMFP+3£0 .08

GC TO 1893935
et~ gen,.vl) 13113 ,1110
THP=TMP-368 .0

62 TO 1165

PHHC(IBF,IrE.:TMF

TEMP3S=~HS3 J%D(IFP]-S@.B

GMAGITIET, -E]:E?rfPHﬂ ¥ TEMP3)
TEMPB-—R4+P!:JF[IFQ)

YAAG(IEBT ,IFRI=EAF (RHO1* (TEMP2-PWRR) )

33
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COMTINUE

POWUER=PWRA-FIMC (1)
CRALL SETPWIFOWER}
CALL SETFR(FC(111

"OUTPUT DRATA TO MAG TAFE
FINL EMD OF TAFE

READ(18&,2822)
FORMAT(I1)
IFCIEOF(12)) 2823,2821
RERD (18 ,2822)
IF(IEOF(18)) 2824,2821
EACKSPACE 18

FUT TITLE IMFQ OHM TAFE
WRITE(1&,2823) (NSER(I),I=1,18) ,PURA,(HDARTEC(I),

II:I,IB],VULTI VOLT2,TEMFPIL TEMPE,[LTLI[IJ,I—I za)
2025 FORMRT("T",I@RE Fd4. ,1@R¢.2F? 2,2F7.2,28R2)

c
> PUT MEASUREL DRTR 0OH TAFE
£

WRITE(18,20827) (VG

1 ,288)
WRITE(18,2@27) (GAG(

(

)

1
,288)
.288)
71

WRITE(18,2827) (GHE
FORMAT(28(18BE12 .7~

ORDER PHASE STARTING WITH GANG(1,1

PORD ORDERS FOSITIYE PHASE DELAY

CALL PORDIGANG(1,1))

DO 1248 J=2,9

IF(GANG (1 ,J-1)-GANG (1,1} 1235,1220
CAMG (1 ,J)=GANG(1,J) +360,

60 TO 1z2sS

CALL PORD(GANG(1,.J))

COMTIMUE

SUMG=6 .8
SUME2=08.8
FREG LOOP
PO 1660 II=1,%

IMITIALIZE VALUES TO FHASE STATE
CMAX=GMAGI(i,II)
GMIM=GMAX
YMAK=VYMAG(1 ,ITI]
YAYGE=VIAK :
PHA=GANEG (1 ,11)
PHMAYX =0 .8
SUMPZ=FHMAX
TUMG=SUNMG+GMAG (1 ,I1)
SUMGZ=8UNGZ+GMAGI1 ,III*GMAG(L1,IT)

PHRSE LOOP
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OO0 0O 00

1238
1235

1680

2999

3889
3885

3818
3819

L)W L] w )y
5 o A o2
L] ] )

= (4] 2

&

LN RN
AR e

- PAGE &
B0 385 IP=2.82
IFIVMAG(IFP,IT)-¥MAK) 13685,1285,12400
VMAX=YMAG(IF,II]
VAVE=VAYG+YMAGIIF,II)
IF(GMRG(IP.II]—GNRX] 1215,18315,13186
GMAX=GMAGIIF,II]
IFIGMIN-GMAGIIFP,II)) 1325,1325,1326
GMIN=GMAG(IF,II]
SUMG=SUMCS+GHAGIIFR,II)
SUMG2=SUMG2+ [GHRh[IP IIJ1#(GMAG{IP,IIN])
DELP=GANG(IF,II)-PHB
DBELP=DELP-C11.25*FLOAT CIP—-11)1
IFIRES(DDELPI-REZ(PHMABX]) 1335,1335,13380
FHMRX=DDELF
SUMP2=SUMP2+DDELFP=DDELP i
COHMTINUE |
ON A PER FREQ® BASIS § 4
CONVYERT MAX RHO TO VSWR MAX E
AMAXV (Il =(1.8+¥MAXI /(1 .6-YHAY) - i
COMYMERT AMG RHO TO MERN YEUWR i
AMENY(II)=(1. d~f”HUPs3: 811 -s01.8~-(YRAYG-22.8)1
COMVERT HMR® FHREE
AMAXF (ITI)=PHMAX
COMYERT RMS PHASE

RMEPH(III=SGRT(SUMP2-32.8)
FUREMKIII)=CMHAX
PURMI(II)=GMIH

COMTINUE

MEAM POWER
PURME=SUMG/235.6 :
RMS POWER |
RMZFPU=SGRT((SUMG2/282.6]1 - (FURMEXPURME] ) '

FRIMT SEQUENCE---SHORT FORM

CALL CLERR1B)
WRITE(11,23999)
FORMAT (1B (/7))

WRITE(11,36885) (NSER(I),I=1,18)

FORMAT ("SER.HO. *,1@A2.5%, "TRANSHITTER")
WRITE(11,3016) (NDATE(I) ,1=1,18)

FORMAT("DATE: ",16Q2)
WRITE(11,3815)V0LTL,YO0LT2
FORMAT("YOLTi=",F7.3,20%,"V0LT2=",F7.2)
WRITE(11,3628) TENF1,TERR2

FORMAT("TEMP1=" ,F?.1,"DEG.C",16X,"TEMP2=" ,F7.1,"DEG.C")
WRITE(11,30625) (LTL1(I) ,I1=1,28)

FORMAT (28027)

WRITE(11,3232)FURA

FORMHT["IH°H* FOWER=",F4.1,"DEM.")

IF(IFLG) 23031,3034,3031

WRITE(11,3022)

FORMAT ("CALUTION--ERRORS EHCOUNTERED IN DATA™)
WRITE (11,3923)

<3
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o000

3033
3935
3040
3045
3050
3655
3660
3065
3878
3675
3830

36906

4004
4905

4181

41802

1"WATTS")

FORMAT t" ") i 8
WRITE(11, 3
FoawnTt"FQEs. R
WRITEC(11, n4e)tnrnw
FDRMQT("”SNR MAx
WRITE(11,284%) (AME
FDRHRT["VQMP MERN"
WRITE(11,3658) (AMAX
FORMAT("MAX-FH-ER"
URITE(II,SBSS][RH“
FORMAT ("RMES-PH-ER
WRITE(11,2868) (PURM!
FDRnnT["mnx PWUR-W"
WRITE(11,3865) (PR
FORMAT("MIM-FLR-W"
WRITE(11,3@7F8) (GANG
FORMAT("INE PHAS "
WRITE(11,38F7S)IFPURNME ;
FORMAT ("OVYERALL MEAN PERK POWER=",FS5.1,"WATTS") |
WRITE(11,38920)FMEFY

FORMAT("STD. DEYIATION IW OYERALL PERK POWER=",FS5.1,

Nt
~
n
~
4
'
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PUT PROCESSED DATA GH TAF _
WITH ENDFILES i
cALL PAGE ;

m

wRITEc13,3asaltnmgvvrrJ,1=1,9) ‘
URITE(18,3@9@1(HM;HV 1),I=1,9) i
WRITE(15,3096) (ARMAXPII) ,I=1,9) :
WRITE (18,3650) (RHSPH(I),1=1,9)

MRITE(12,3090) (PURMX(I) ,I=1,9) ‘
WRITE(12,2850) (PURHI(I) ,I=1,9]

WRITE(18,30%0) (GRHE(1,I) ,I=1,9]

WRITE(18,30508) PURME ,RNIPL

FORMAT (9E13.7)
ENDFILE 18
ENDFILE 18
BACKSPACE 1§
BACKSPACE 18

SW 1 UF= LONG FORM FOR GURAL

IF (IFLG) 4885,4884,40085

IF(ISP(1)) 48685,4080

WRITE(11,38685) (HSER(I) ,I=1,18)

WRITE(11,301@) (HDATE(I) ,I=1,16)

WRITE(11,3815)¥0LTL,voLT2

WRITE(11,3028) TEMFL ,TENP2

WRITE(11,3825) (LTL1(1),I=1,28)

WRITE(11,3038)FURA

WRITE(11,303%) (F(11,I=1,%] ;
DO 4186 I=1,22 ‘
D0 4181 J=1,9 !
YRAGLT ,J1 = (1 B+VMPG (T, J) 1 (1.8=-VYMAG(I ,J))

COMTIMUE

BI1T=11.23%FLOATII-1)

WRITE(11,4182) BIT

FORMAT(" ",F6.2," DEG.

WRITE(11,4 zf;chthx.Jl J=1,9}

36

T, ey




G e e SN s L S S A 3

FORMAT("VSWR" ,5¥ ,9
WRITE(11,411@) (GMA

FORMAT ("MAK-FUR-W"

IF(I-1) 4115,4115,
WRITE(11,41253) (AN
FORMRT("IPHS" ,5¥,91

GO TO 4188

Do 4126 L=1,9

EAMG (L) =GANG(I L) -GANG (1 ,L)
COHTINUE.

WRITE(11,4138) (BARGIJ]) ,J=1,9)
FORMAT £ *BEL PHASEY" ,89(X ,FS5.11}

CONMTINUE

CALL PRGE
COMTINUE

CALL SETFRIFIL3
CALL SETPUWI[-&.
CALL OPULG

1
81

S0 TO 1888

ENT




FRAGE 1
SUBROUTINE CRALS!
COMMON F(2),PINMC(9) ,FPOCMC(9]) ,PYSWR(3]) ,32PHC(3),

1SAFMC (9],
C*************%**%3****’%%*‘!--'('************{-****%*****************

CALIEBRATION ROUTIHE FOR S.A. HADC FPROGRAM
INCLUDING Y¥SWR AND VMERIFICATION :

REV.R AFR.21,1877
FEEFREE R FRF R FEE X R F I F AR RS FFF SR ISR S AR F IR PR XL X F XL X FEF

INITIRL SETUP

OOOO00000N0

18 CALL SPULG(L ;326,18,5,161
FOWER=24 ,.8-PIMC (5]
CRLL SETPWHI(FOWER)
CALL SETFRIF (S
WRITE(9,118)
118 FURNQT("RDJUST PUUER LEYEL FOR ZERO YOLTS")
€ALL BELL
CALL PRUZE
POMER=26.2~-PINMCI(S)
CALL SETPWIPOUWERI
- WRITE(S,188)
198 FORMAT("MAKXK. GAIWM CF MODULE (DE):€")
READ (2 ,*)GMAX
EMAX=-GMAX-2 .G
WRITE(9,128) GMAX
1208 FUPMQT["QDJUST PEEEIUEP GAINS AS FOLLOWS:"~
§-. ‘"REF. CHANNEL... -2.8 DB."/
2 "TEST CHANWEL "F8.1" DE"-"TO COWNTINUE, LIFT SWITCH &%)
136 CALL RAPHDI(ALl ,A2,F1,AZ,R4)
IF(ISP(2)) 148,129
148 CALL RSODATI(AL ,ARZ,F1,RZ,HA4)
WRITE(9,158)
158 FORMAT("PUT SWITCH & IDOWH")
CRLL BELL
168 IF(IZEP(2)) 16,165
165 cCALL 3PULG[1,35419,5,64]
CALL DELAY(zai
CALL RSDAT(ALl ,RZ21,F1,AZ2,R4]
TMP=-28,91515
A1=A1+THMP
A2=RZ2+THMP
WRITE(®,178) AL ,AZ2,R11,R21
170 FUPMQT("TEQT AMPLITUDE READINGS WERE:"
1 /7"EXPECTED: TEST CHARANHKEL="F&.1" REF. CHAHNNEL="F6.1
2 /7"MEASURED: TEST CHARMHEL="F6.1" REF. CHRAHNNEL="F6.1
3 Z"0K TO COHMTIHUER«"]
CALL HYESILITLC)
IFLITC) 19,208
208 CALL CLEGR (@)
nQ 239 I=1,%5
210 CALL SETFR(F(I1l)
POWER=24 ,8~FPIMC (I
TALL SETPWI(POUER)
CALL DELAY(20]




T e T R VST T — —

PHGE 2

CALL RSDAT(AL,S2PMC(IJ},SAFMCII) ,A2,A4)
228 CONMTIMNUE
248 CALL SETFRI(F(1))
POWER=24.2-FPINCI(1)
MRITE (9,258
258 FORMAT ("YERIFY CRALIBRATION?e") -
CALL NYES(ITC)
IF (ITC) 299,26
268 DO 288 I = 1,
POWER = 24.8-PIMC(I)
CALL SETFRIF(I)
CALL SETPWIiPOWER)
] CALL DELAY (2@)
E CALL RSDATI(Al,RZ2,F1,A3,AR4)
: A2=RAZ2-S2PMC(I)
F1=F1-SAFMC(I)
1688 IF (F1) 18@1,10885
1881 F1 = F1 + 268.8
G0 TO 19G@
1085 IF (F1-368.08) 1610,1006
- 1806 F1 = F1 - 368.0
- ; G0 TO 1885
iB1@ A3 = -A3 + POMC(I)
WRITE (9,270) F(I),A2,F1,A3
: 270 FORMAT(4F18.2)
/ 238 COMTIHNUE
\ GO TO 248
298 CRLL CLERAR(@)
WRITE (9,30&)
388 FORMAT (“COMHECT SYSTEM AS FOLLOWS:"/
1 "VYSWR POWER METER TO YSWR PGRT"~
2 "SHORT OMN MODULE-HI-PGWER PORT AT END OF CABLE")
CALL PAUSE

L]

PO 358 1 = 1, @
3 POWER = 24.8 - PIMC(I}
] CALL SETFR(F(I))

CRLL ZETFPUIFOWER)
CALL DELRAY(Z@]
CHLL RIDART(H4)
EVEMRII) IE TO EE SUBTRACTED FROM A4 DURING MEARSUREMENT
PYSWRI(I) = 24.28 + R4
2568 COMTIMUE
CALL CLERR(G]
CELL SETFR({F (351]
CHLL SETFWi-6.8]
ENT

)
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PAGE 1

SUBROUTINE EORIS
DIMENSION F(2),0
COMMON ID(11),I%
EQUIVALENCE (C,I

},CAL(6,2) ,TEM(2,9)

F
& 12

2 27 ,INEW ,FCO,ICAL(12,2)
) 23 '

- = et e

{
{
{
c
£ ,
e R L L

THIS IS AR ONE PATH CRLIERATION

6 PARAMETER ERROR MODEL

CALLED BY BORIE(F)
- WHERE F IS START FREQUEHWCY ARRAY

INEW IS FLAG TO TRAP CALL, SET TO - AT EHD

OF NORMRL CALIERATIOH

EORIS SHEHEG HMRAR. 4,1977
REV 1 APR 26,1977

THIS IS MODIFIED CALE1
FEFXEFEFXFFFFFEXRFF PP AT R R RS FRF R F RSN EFXF SRR XF XX XFEEE% 2

INTTIARLIZE RAND DEFINE COHSTRHNTE

OONOOO0O0O000000000

DEFINE S11 AMD =21 FOR COMMOH AWD MCOR1
. IS{l)=11
1s(2)=21

Fli=F (1)

CRALL FCALFIF1)

CALL BCHT1(F1)

€ALL CPAK2(1.8,6.3,C1)

MEAZSURE LOADE

o000

75 CRALL SSELT (11}
M=1
MH=1
=1

110 KOP=2
WRITE(2,2963) 7
2845 FORMAT("PORT 1: COMNECT FEMALE =MA LOQAD")
CALL PAUSE
60 TO 98@ve

MEAZURE CROSSTALK

00

288 CRLL FREDZ(F1)
WRITE(Z ,928)
292 FORMAT("COMHECT FEMRLE SMA LORDE, TWO FORTS FOR ISOL.")
5 CRALL SSELL(21]
CALL PRUSE
IP=9
KNOF=4
M=1
GC TO saga




OOooO0O0

OO0

(e

436

580

QOO0

1885
935

o0

PAGE

TEST FOR DESTIMRTION
MEASURE SHORTS

CRLE SSELL Y
CALL FREQ@Z2I(F
IP=2

KOP=5
WRITE(2,913)
FORMATU("PORT 1: COHNECT SMA FEMALE SHORT")
CALL PRUSE

M=1

GO TO 28686

11
1]

MEASURE OPEN

WRITE(2,938)

FORMAT("PART 1: CONHECT SMA FEMALE OPEN")
CALL PRAUSE

cn TO 9@oa

RAD=Z2 .8*ATAN (B .832+#FL*2.14159E-4)

T3=1 -e

CALL CSueR2(C(1),0(2),T1)
CALL CSURBZ2(Ci3),Cl1),T21
CALL PSFT2(@.6,T3,RAD,T2,T3)

CALL CSUB2(T3,T1,T3)

CALL CADD2(T2,T1,T4)
cALL CDIY2(T3,T4,T5)
CALL CADD2(C1,TS,T3)
CALL CMPY2(T3,T1,C(2))
C(2)=TS

60 TO 9258

CONNECT THRU Si1 AND §21

WRITE(Z2 ,9335) .
FORMART("CONMECT THRU FEMALE-FEMALE SMA ADAPTER"™)
CRLL FRERZ2L(F1]

CRLL PRUZSE

M=1

“

aabs bl bt g




o0

1218

0000
b

1580

1838

a0

- 1138

oOO0O0O0

e
e

i B B | L]
AaAmne Q.

1185
1198

o000

REFLECTION

IP=¢
KOP=7
€0 TO 9608

TRANSMISSION

IP=4

KQP=28

M=M2

CALL SSEL1(21)
GO TO 9@88a

RLi=1.22

T4=RL1%4.193E-4

CALL CSUB2(CI(6),C(1),T1)

CALL CMPY2(T1,C(3),T2)

CALL CADD2(T2,C(2),T2)

CALL CDIV2(T1,T2,C(6))

CALL PSFT2(8.8,FL,T4,C(6),C(6))
€0 TO 9256

T3=RL1%*2.08965E-4

CALL CSUB2(C(4),C(5),T1)

CALL CMPY2(C(3),C(6),T2)

eHLL PSFT2(0.9,FL,T4,T2,T2)
CALL CSUBR2(C1,T2,T2)

€ALL CMPY2(T2,T1,C(4))

€ALL PSFT2(0.8,FL,T3,C(4),C(4))
GO TO 9256

RETURN TO MAIN PROGEAHM

CALL FRERZ(F1)

INEW=-1

CALL CLERRI(G)
WRITE(9,1173)
FORMART{"VERIFY CALIBRATIONC(Y OR N)?e")
CALL NYES(NI1)

IF(N1) 1188,1185

CALL CLEHR(BV
WRITE(9,1194)
FURMRT[”CONNECT THRU==="}
CALL PRUZE

VYVERIFICARTIOK MEREUREMEMT SERUENCE

CALL BCOHMT1C
CALL &SEL1LC
DO 12868 I=i
CALL FREGZT
caLL MEAS1(
CALL CPAKZ2(Y

PRAGE

3

Sigaligi: )

i s

boddiiio gtaoy Frikiis




CALL CSUB2(VY1,CAL
CALL CDIY2(V1,CAL
CALL CMPYZ (VY2 ,CHL (3
CALL CRDD2(C1,%¥1,VY1
CALL CDIV2(Y¥2.¥1.TEM(1,11)
1208 CONTINUE
CALL SSEL1(21)
DO 1210 1=1,9
CRLL FRE@2(F(I)]
CALLMEAS! (588,¥1,v¥2)
CALL CPAK2(V1,¥2,Y1)
CALL CSUB2(Y1,CRL(S,I),v1)
CALL CDIV2(V1,CAL(4,1),v2)
CALL CMPY2(TEM(1,1),CRL(3,I),¥1)
CALL CSUB2(C1,V1,¥1)
CALL CMPY2(V¥1,v2,TEM(2,1))
CONTINUE

CALL CLERAR(8)
DO 12286 I=1,9
TE1=CMAG(TEMC(L,
TEZ=AHG(TEM (1,11
TE3=CMAS(TEM(Z,
TE4=RAHG(TEM(2,1]
5 WRITE(9,1222])F ¢
( 1222 FURMRT(F4.B 4(5
izze COHTIMUE
GO TO 1172
1188 CALL CLEARI(@)
CALL FREQ2(F (1)1
RETURH

E1,TE2,TE3,TE4

TEST LODP® 3233233 XXXFTFFXRFE55

oo

9888 MNAWEC=-5
CRA=8.2
CALL CPAKZICRA,2.8,CRA)

2910 FHN=F (M)

ITi=-1

Me=M

CHLL FRERZIFH)

MH=H+1
FL=FH
FH=F (MHNI

CALL MEAS1(108,71,T2)
IF(3-MH) 9552,9158
9552 1itl=1
GJ TO 9148
CALL FREG2 (FHN)

9148 CRLL CPARKzI(T1,T2,T1)
IFINAYEC+S) QEZG 9220 ,9.

L]

a

#3



s200
3220

9230

9240

9258
9zs@

9298
S320

9318
9330

9920

o0 00

PRGE S

CALL CADD2(CAL(IF,M!,T1,T1)
CALCIP,M)=T1
IF(NAVEC+1) 9389,9230
CALL CMPYZ(CRR,T1,CALIIP,H))
"DO 9249 N=1,12
IC(N)=ICAL (N,M) _
€0 TO(2309,200,9300,9300,9300,550,10360,1130)K0P
D0 9268 MN=1,12
ICALIN,MI=ICINI

IF(IT1) 9326,9318
M=MH

G0 TO 91a@e
NAYEC=MHAYEC+1
IF(HNRYEC) %933&,%9Z8
M=MZ

GO TO SB18

GOTO (200,200,280 ,365,400,1005,1500,2008) KOP

END




APPENDIX III

I0 Drivers:

MCOR1 is a driver for calling the various microwave equipments
necessary for an actual receiver measurement. It is similar to a
Hewlett Packard program by the same name but has been tailored speci-
fically for receiver module measurements. It includes a call to set
the phase (and amplitude) of the receiver.

SIGDR is a four entry subroutine that controls and levels the
transmitter input power on an interrupt basis.

SETPH is a subroutine used to control the phase and attenuation
settings of the module for both transmit and receive.

)

;




D ok ok ok ok

MAM
ENT
EXT
EXT
con

REV. D

#*********#{*#****

*

* .

FIST NOP
CH NOP
*

MCOR1 NOP

JSB
PEF

JSB
HEE

IS(1)=11

MCOR1
MCOR1

.ENTR,FREQ2,MEAS1 ,CPAK2,CADD2 ,CMPY2,CDIV2

CSUEBZ2

oMYl

APR

ENTR
FI1ST

BCHT1
*+2

sSSEL1,BCNT1,FLOAT ,NENDF ,SETPH
11),Is(2) ,DHY2(6&) ,CAL

R R R X it
MAKES CORRECTED MERZUREMENTE OF TRAMEMISEZEIOHN AND
REFLECTION.,

‘MAIN PROGRAM
FORM OF CALL FROM FORTRAM IS: CALL MCORI(FIST,CHM])
‘WHERE F1S8ST IS THE STARTING ADDREEE OF THE FREGUEHCY ARRAY
STORED IN THE CALLING PROGRAM. AND CHM IE THE CORRECTED
DATA ARRAY.

RCCESS FREQUEMNCY THRU HARERY PRASEZED THRU

AND IS(2)=21
CM RARRAY=CM(64,9)]

25, 1977

MARECH 15, 1977 E. SHELESR
X R R R R e N Lt I T

DRATR ARRAY RDIDR

EEAM CEHNTER

DEF F1ST,I

CLAINA

SIA

LBA S1DEF

TR
CLA
STHR

1 JEB
DEF
DEF
LDA
S$TR

ING

STH

JEB

*

M
4
ITR

- SCAN FOR =11

ESEL1
*+2

I8

CoI

ATR1

RTHZ
AT1

# MEASURE 821

IP=INDERECT THRU &1

FULL REF. AMD TRAHS.

(IF FRESET)
SELECT REFLECTION

START MEIASUREMENT

#6




I1sz 1P
NOP

cCa ,

STR ITR FLAG ITR=-1

LDA CDI SET UP TRACKING

ADR THRE AND LEAKAGE CAL ADDRESSES
STA ATAZ

INA

STA ATA1

JSB SSEL1 szt

DEF #+2

DEF IS+1

JSB AT START MEASUREMENT SCAN

JSB FRE@2 RESET TO FIRST FRE®
LEF #+2

DEF FIST1

JMP MCOR1,1

#- CORRECTION FOR REFLECTIOHN
CORR JEB EMPYZ2

DEF #+4

DEF C3,1

DEESSE T

DEF T1

JEB CARDD2

LEF #+4

DEF COHNE

DEF T1

DEF T1

JEB CDiv2

DEF #+4

BEF. 31,1 S1=T11,01+T11%E11)

DEF T1

DEF 81,1

CORRECTIOHN TO 821 FOR SOURCE MATCH ERROR

JSE CMPY2 D=1-S1%E11
DEF #+4

DEF S1,I

DEF C3,1

DEF T1

JSB CSUB2

DEF #+4

DEF

DEF

DEF 7T

JTB . $21=T1%T21i
DEF
LEF
DEF
LEF
Jne

“47




D % % 4 k

T1

RT2

AT2

AT4

TEST -L

NOF
JSB
PEF
BEF
Lha
STH
CLA
S$TA
JSE
DEF
DEF
CLA
ETA
CCR
§TH
L&
§TR

JMP

LDR
INR
STH
CMA
RDR
TR
SER
JMP
LoA
ALS
RDA
L S
LTA
INA

ESTAR

CHA
ADA
3TH
SEA
Jmp
CLA
ETH

JER
DEF
DEF
DEF
DEF
JER

DEF

ooprP

FREQ2
*+2
F13T,I
bLY1
IDLY

P
SETPH
*+2
F'

IT1
IT2
Sy ENA
n.
AT3
M
MN
S INA
NINE
1Tt

ATZ
i

F18T
IFH

ENTRY PBINT
SET FIRST FREQUEHNCY

SET LONG DELAY
SET FIRST PHASE

MOT LAST FRER
HEED HNEWM CRALIB DATAH
SET NM=FIRST FREG

SETIUP NEXT FRES

IF IT1<@ DOING LAST FRE®

LRET FREG--DONT ZET HEW
M=MH-1

ADLRESE OF FREQ@
SAYE RADDRESS

SET UP NREXT PHHESE

ZET LRST FHASE FLAG
YES~~-NEXT PHASE I8 ZERO

FEAD YOLTAGES

SET MNEXT PHASE

“4<




IFN

ATS

ATS1

ATA1

ATRZ2

DEF P
LDA DLYS3
STA IDLY
LDR IT2
SSA,RSS
JMP ATS
LDR IT1
S3A

JMP ATS
JSBE FREQ@2
DEF #+2
NOF

LDA DLY2
STAR IDLY
LDA M1
STR 113
JMP ATS1

LDa IT3
$s0,RSS
JHP ATS1
LDA M -
MPY TWLY
ADA CALD
LDE MSIX
STB CHTR
LOE CDEF
TR 1,1
ADA TWO
INE

132 CHTR
JME #-4
CCA

ADA M
MPY OH28
ADA CHM
s78 $1
ADA TWO
STR s2
CLA

STH IT3

JEB CFAEZ
LEF #+4
DEF "Il
IEF T2

1 A
JSB CIUB2
LEF #+4
DEF. T1
HOF

TE 3
JEB CDIVZ
DEF #+4
BEF Tl
NDF

PRAGE
SET EHORT DELAY

TEST FOR LAST PHASE
MO, MO HEW FREQ®
WAE LAET FRER?

YEE,; ND HEW FRE®
HO, SET NEW FRE®

SET MED DELRY
SET NEW CALIE FLAG

SKIF HMEW CAL SECTIOH

NEET" NEW CALIB?
MO

CALIE ADDER .—-12
STORE POIMTERSE
-1 T4 A

GET DATAHR SDDRESE

ZET MEW CRLIB FLRG TO HO

FRCK DATA

ZUBTRACT LERKAGE

LIVIDE BY TRACKIMG

CSTORE IKW.CH

“9

PP




A R
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X ok ok k%

FETURN FOF CORRECTIOH

UPDATE STORAGE

LAST PHASE?

YEI~--SET UP NEW FRER
FRE@ DOME?

HO-=8ET UP HEXT PHASE
STRARTING MHEW FRE®

ALL DONE®?
MO NEXT PHASE

SET UP M AGAIH

% Ti1,T82 VUSE €1,C2,04,C9

LDR ITR
SSE
JMP CORR

* g

ATE LDR =1

s ARDA FOUR
STH =1
ADA TWO
$TA 82
LA IT2
SZA,RSS
JMP RATZ2
$sA,RSS
JMP AT3
LDA HMH
STA M
LDA ITI1
$SA,RSS
JMP ATS3
GLA,INA
STRA H <
JMP ATIL,I
MARIABLES

HOP

IP HOP

Tt BSS 2

T2 BEs 2

MH - NOP

ITR NOP

CHTR HNOFP

IDLY HNOP

1T MOF

172 NOF

I1T8 NOF

P . NOP

Cyr NOFP

cz HOP

c3 HOP

c4 HOF

cS LHOP

Cé - NP

e HOF

*
*

# CONITAHNTS

‘M1 .

TWO
THRE
FOUR
S1IDEF
CONE

DLY1

DEC -1
DEC
DEC
DEC
TEF
ocT
nCcT
DEC

DAL 8 S A N I 3
) © -
D e
D
2

COMPLEY OME
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DLY?2
BLY3
Dat
oMNzZa
TWLY
CALD
MEIX
EBEF
Chl
Bl
HIHE
*

%




MAM SETFH
ENT SETPH
EXT .ENTE

WHERE

EQU S1B
DEF IPHS
BEF 101
DEF I02
BEF T03

ok ok ook ok kR ok Sk kR kR sk R sk sk ok ok ok ko ok ok

-
=)

IPHS HNOP
IAMP HNOF

SETPH NOP :
JSB .ENTR
PEF IFPHS
LBA IPHS,I
ssA

LDA PHAS
AND MM37
STA PHAS
ALS,ALS
ALS

STA THP .
LDA IAMP,I
SSA

LDA AMP
AMT MM2
STA AMP
IGR .THP
OTR IFD
STC 1PD,C
CLE 39D .C
JMP SETPH,I

— -
o000
LN SR

*

R s s R L
8500 BCS COMPATABLE PHASE AND AMFLITUDE
COMTROL ROUTING

CALLIME SEQUEHNCE
CALL SETPHI{IPHASE,IATTH)

IPHRSE IS R FHASE CODE FROM @ TG 31 : :
OR -1 IF FREVIOUS VYALUE IS TO BE USED

~FRTTN IS AM ATTEHUATOR COMTROL CODE

FROM 8 TO 7 OR -1 IF PREVWIOUS VALUE ‘
IS TO BE USED : i

SET CONTROL CARD ADDRESSES

" TEST NEW VALUE

MARCH 21,1977
M. B. LAINE
REV. A MAY 11, 1977

PHAEE WORD ADDRESE
AMP . WORD ALDRESE
EMTRY

GET FHREZE CODE

NO, USE OLD
MAS Y
SAYE
SHIFT

GET AMP CODE

HEW WYRLUE?

MO, LCORD GLD

MEALHK

SAVE

COMEINE AMP AND PHASE '
OUTPRUT

STROBE

TURN CGFF STROERE

EAIT

L




MM37
MM3
FMP
PHAS
TMP

OeT
QLT
BRE
RN
BES

END

B27
az
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PAGE 1

HED POWER LEVELIMG LOOF ROUTINES
NAM SIGDR

ENT INITF,SETPW,PLOFF,PLRST

EXT .ENTR,.DLD,.FMP,IFIX

EXT DIV, MPY,SRFLR |
PC 1

SIGHAL GENERATOR DRIVER FOR USE WITH
"§.A. TEST RACK.

CALLING ZSEQUEHCES
CALL IHITP (FPOWER)
CALL SETPW (FOWER)
CALL FPLOFF (¥OLTZ)
CALL PLREST

*

*

*

*

*

*

*

*

*

*

* WHERE FOWER IS THE DESIRED LOOF LEVEL

* e IN DEM, RHD VOLTAGE IE DESIRED YOLTAGE
. SETTING OF THE DWE. POWER MUET BE IH

* THE RAMGE +5.8 DEM TO +2Z2.8 DEM, AND

* YOLTS MUST LIE BETWEEH -16.8 AHD +1&.@.
* IKITFP INITIARLIZEEZ THE POWER LEYELIHNG LOOP
* AKD EETFW ALLOWE THE CHRHWHGIMG 0OF THE LOOP
* LE#4EL. PLOFF DISABLES THE LOOP RAHD SETS
* THE D¥S TO THE DESIRED VOLTAGE. PLRST

* REARME THE LOOF, USIHG THE PREVIOUS

* POWYER LEYEL AND YOLTAGE. RLL EHTRIES

* SET BOTH PERF (POMER ERROR FLAG! RAND

» OFRF (BUT OF RANGE FLRAG) TO 1.

P
*
*
*
*
%

M.B.LRING MODIFIED 3729777

SPC 1
* DEFIME FOWER METER, D¥E, AND STATUS PANEL SELECT SLOTS
SFPC 1
PME EQU 14E
DVE Eau 17E .
FLRGR EQU S8E
SFC 1
DEF IFWR
DEF 101
DEF 102
DEF - 183
DEF 104
nEF I0s
PEF 106
DEF 107
DEF 108
DEF 109
nEF 10%AR
DEF ' J1Ul®
DEF 142
DEF 1012
NEF 1013

5%




IPWR
INITP

o1

inz

103
IJSB
LINK

IPURI
SETPU

IVLT
PLOFF

104
105

ETC
STC
JMP
JEE
ORE
BEE
ORR
ESE
HOP
JEB
DEF
LDA
ETR
JEB
ETA
JEB
JHP
SKP
BEE
HOF
JEEB
DEF
cLC
CLA
=TH
JEE
DEF

S JSB

TEF
JSB
AD S
$S3
LDR
LLEB
ADE

ID14
1015
I01&

LENTR
IPUR
PME,C
GPTL
IDEMD
LFR
.MPY
YCF
TVOLT
YOFST
YOUT

Ve
1JSE
PMS

SFE

8

FMS,C
INITP,I
LINK,I

CONT
1

LENTR
IPWR1
IFUR1
IPUR

GPTL
IDEME
SFE
SETPU,I

1

LENTR
IVLT
PME,C

PME
LILD
IVLT,1
.FMP
DzZOGo
IFTY

1

HYL TH

LYLIHM
(5]
LVYLIM

PRAGE

ENTRY POINT FOR INITIALIZATIOHN

DISAELE INTERUPT
GET POWER LEVEL
SET LEVEL

GET VOLTRGE
EIMIT 0 +-5.68

SAVE
SET VOLTAGE

SET TRAP

SET ERROR FLAGS .
HRM IMTERUPT SYSTEM
ARM POWER METER
E&IT

SET UP LINK

EHTRY POINT

GET FOWER

SET LEVEL

ZET ERREOR FLAGS
EXTT

EHTRY LOGPFP OFF
DIZARM LOCP
CLERAR TRAF

GET VYOLTAGE

ECARL

™M

TG INTEGER

LIMIT TGO 16 YOLT RANGE

S5




SSB
LDA
JSB
JSB
JMP
NCP
152
LDA
JSE
JSB
LDA
STA
sTC
STC
JMP
SKP
NOP
cLC
STA
STE
ERA
ocT
INA
STA
LIA
cMA

R3S

HYL IM
VOuT
SFE
FLOFF,I

PLRST
- VOFST
YOuUT
SFB
IJSE
PMS

]

PMS,C
PLRST,I

OUTPUT VYOLTARGE
SET ERRCOR FLAGS

EMTRY TO RESET LOOP

GET LAST VOLTAGE
QUTPUT WOLTAGE
SET ERROR FLASGS
SET TRAF

ARM INTERUFT
ARM FOWER HMETER
EXIT

ENTRY POINT FOR LOOP

DIZARM IMTERUPT
SAVE REGISTERS

OCT FOR SOC

RERD POWER METER

SET FOR 13 BITS
COGHVERT TO EIMARY
GET CORRECT EZIGH
SRAVE

COMFPARE TO LEVEL
GOOn LEWEL

TEST FOR 0OUT OF RANGE
LIMITS OF -28 10 +186

RESET OFRF BIT

REZET BIT

DIVIDE BY 2 IF NEG.

Se




EXIT

1019

OF R

EXRCT

SFB

GPTL

§3A3
cCMA
RDA
cLS

LDE
LDA
cLO
SLA
sSTC
LDA
STC
JMP
LoA
ADS
ITH
cHA
JSB
JHP
LDA
ADA
CHA
CLE
JSEB
JHP
SKP
HOP
LDA
ADA
sTA
cmMa
JSE
JMF
SFC
NOF
JSE
DEF
JTB
DEF
JSE
TA
RDE
SSE
LTA
LDE
ADE
s$s3
LR
JMF

,IHA
PLEL

,ELA

AR

PMS,C

CONT,I
PEF
OFRF
1

SFLAG
EXIT
PEF
OFRF

SFLRAG
EXIT

FEF
OFRF
1

SRFLR
SFB,I
2

.DLD
IPWR, I
.FMP
nte.e
IFIH

1

D156

M1S®

@

M38
,RSS

D33

GPTL,!

PRGE
REZDOLUTE WALUE
MINUS LIMIT

SET ERROR BIT

NEW YOLTRGE
TEST FOR LIMITS.

OUTPUT YOLTAGE
RESTORE REGIZTERS

RRM. POWER METER
EXIT
OUT DOF RAHGE

ZET ERROR BITS

SET FLAGSE GOOD

SET BAD

EMTRY, GET AMD TEST POWER

TEET FOR -15 TO +3 RANGE

EXIT




PRAGE S

SKP
TVOLT NOP ENTRY TEST WOLTRAGE
$TA VLTS SAVE
STR 1
QDE VHLIM
SSE
LDA VLLIM
LDE ©
ADE YLLIM
SSB,RSS
LDA YHLIM
CPA VLTS TEST FOR CHAMGE
JMP TVOLT,I 600D, EXIT
LDBE VLTS
CME,INB
ADE @
ADE ¥C
STB ¥C SET MEW YOLTRAGE CHAMNGE
JMP TVYOLT,I
sPC 2
VOUT NOP EMTRY, QUTPUT YOLTAGE
LDR WRD2
ID11  CLC DVs,C
1012 OTA DVS
I013 OTE DVS
LR M&25S
1014 SFC DvS WAIT TILL DOMWE
JMP VOUT,I
INE,SZE
JNP x-3
JMP VOUT+1
SFC 2
B DATA AND STORAGE
SFC 2
VCF DEC 2@
D200 DEC 20060.002
HYLIM LEC 16000
LYLIN DEC -16@88
D13 . DEC 13
. D268 DEC z@@
M1G8 DEC -1889
FEF DEC 1
L OFRF DEC 2
4 D1g.0 DEC 10.8
] D156 DEC 150
M1S9 DEC =159
D36 DEC 30
M3& -DEC -30
YHLIM DEC 19000
YLLIM DEC -18080
PLEL ©DEC -2
WREZ ©0CT ©108
M&25 DEC -625
B4 NCT 4
IDEMD BSS
LPR EES
YOFST BSS
ve BSS

4= bed b pa




PRGE &

AR BES
BR B3
} | ER BSS
3 : FOWER EZ=
3 PUHER BIS
VLTS BEZ
ECDTB HOP
i CMB,INE
4 STE CTR
: LDE DTAREL
STB PTR
CLE
LOOP SLA
ADE PTR,I
i CLE,ERA
3 ' I1SZ PTR
4 ‘ IZZ CTR
3 ! JHMP LOOP
B SLA
] CMB,INE
4 LDA 1
E JHMP BCDTEB.,I
E - TRELE LEC 1,2,4,8,18,208,40,80,100,2680,4938,380
LEC 1608 ,29€0 ,4206,80088
: ODTREL DEF TAEBLE
/ PTE BSS 1
ETR BES 1
SFLAG HOP EHTRY
ZTAa TMPEIR
I015 LIA FLAGR
AHD THPER
RDR 1
1018 OTA FLAGR
JMP EFLRE,I EMIT
TMPSR BSS 1
EHD

b b b b b S
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APPENDIX IV

Schematics of hardware designed at NRL specially tailored towards
L-band transceiver test.
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Pulse Generator (Continued)

7z 1ED PSP RY
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/17 |elo GD. /s |GDso's
olo|r)0]| |G we's|G Dreco’s
/(o7 |O FRF 1's |PRF s0's
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Pulse Generator (Continued)

CIRCUIT BOARD
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Note: Connectors C1-18 notch end (yellow/orange wires) is Pin 1 end.
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