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1.0 INTRODUCTION

This report describes a method for measuring the flatmess and
stability of the VLA's waveguide communication channels from the
antennas to the central electronics room. Four 50-MHz wide IF bands
(containing the signals received by the antenna), local oscillator
phase information and monitor data are sent from each antenna to the
central electronics room along a waveguide trunk line (one line for
each of the three arms of the array) for approximately 51 msec out of
every 52.0833 msec transmission cycle. During the other approximately
1 msec, control data and local oscillator signals are sent out to each
dish. A more detailed description of the system can be found in [1].

In order that only one waveguide per arm of the array is re-
quired, the signals from the nine antennas on each arm are frequency
multiplexed. The carriers used in the eleven possible channels (two
are kept as spares) lie in the range 26.41 to 50.41 GHz and only upper
sidebands are detected (to avoid group delay problems). Before being
modulated onto the carrier the signals described above are arranged to
lie in the frequency range 1 to 2 GHz as shown in Figure 1. This
signal is the input to the modems at each dish and the output of the
modems in the central electronics room. It is the flatness and sta-
bility of this transmission system, shown in Figure 2, that was mea-

sured.
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The stability and flatness of this system will become even more
important when the spectral line processor becomes operational late in
1979 and the array is used for line observations. If at any frequency
which lies in one of the four IF bands shown in Figure 1 the trans-
mission system has a high (or low) amplitude response, a spurious
emission (or absorption) line would appear to be present. If the
transmission system were extremely stable such effects could be cali-
brated out by observing a source with a flat frequency spectrum to
establish the response of the complete observing system. However, the
waveguide trunk and the connections to each antenna vertex room (where
the modem is located) are exposed to the extreme weather conditionms
experienced at the VLA Site, and as such any irregularities in the
system response might be expected to vary, especially from day to
night during spring and fall.

The waveguide response has also been measured using a sweeper in
the range 26-50 GHz and measuring the response from the distribution
network to the circular waveguide entering the antenna vertex room.
This method has two disadvantages: it does not include the effects
caused by mismatches at each modem; and the data cannot be recorded in
a computer for manipulation as described later, but is instead record-
ed on a chart recorder.

The remainder of the VLA electronics is in a controlled environ-
ment and is expected to remain relatively stable. Another problem
which irregularities in the waveguide system can cause, especially if
they result in multiple signal reflections, are phase variations in
the local oscillator at an antenna [2,3]. These reflections will also
cause an irregularity in the amplitude response and may be detected by

examining the response of the system.

2.0 TEST EQUIPMENT AND SETUP

The transmission system from modem-to-modem was swept from 1 to 2
GHz by a sweep generator placed at the antenna. The signal arriving
at the central electronics room was detected in the IF combiner (T2)

module and the amplitude recorded on magnetic tape by the digital



communications system (DCS). The sweep generator is controlled re-
motely by the DCS through a special unit built by Mr. D. Morton in
1978. This unit replaces the T2 module at the antenna while the test
is in progress and on receiving the appropriate commands from the DCS
generates a ramp voltage which is connected to the external sweep of
the generator. It also provides a front panel connection for the
swept signal to be fed to the modem (FI in Figure 2) as well as per-
forming the receive fTunction of the normal T2 to allow the Ilocal
oscillator at that antenna and hence the modems local oscillator to
remain phase locked.
2.1 The Special T2 Module
A block diagram of the special T2 module is shown in Figure
3. The ramp voltage is generated by a 12-bit digital-to-analog
converter whose input is the output of a 12-bit binary counter

which is clocked once every waveguide cycle (62 msec or 19.2 Hz).

Figure 3: Special T2 module.



The ramp signal may be started and stopped either by a front
panel switch or sending a command to that antenna, via the DCS to
address 3608 of data set 2 to start the sweep, or 3618 to stop
the sweep. Another front panel switch enables the ramp voltage
to be set to zero (RESET position) or to a value corresponding to
an octal number selected on a set of thumbwheel switches on the
front panel (PRESET position). The PRESET condition may also be
activated by sending a command to address 3628. There are two
other inputs to the digital-to-analog converter: an offset adjust
which varies the lowest output voltage (nominally zero) and hence
lowest frequency obtainable and a gain adjust available at the
front panel (called RANGE) which varies the highest output volt-
age and hence highest frequency obtainable.

This unit also provides the receive function of the T2
module by providing an adjustable amount of gain for the received
IF signals coming out of the Tl module (the modem), including the
local oscillator signals and commands from the DCS. The gain
adjustment is available at the front panel and must be set (as
described later) at each antenna. Finally, a female BNC connec-
tor is provided at the front panel to connect the output of the

sweep generator to the input of the modem.

2.2 C(Calibration of the Measuring System

As these waveguide sweep tests attempt to measure only the
response of the waveguide system and the modems, the effects of
variations in the responses of the sweep generator and detecting
circuitry must be removed. The same T2 module was used in the
central electronics room for every antenna and it was modified to
minimize any possible reflections and hence variations in ampli-
tude response. This was achieved by removing the four-way power
divider and replacing it by a 6-dB attenuator and feeding this
signal directly into the diode detector whose output was moni-
tored by the DCS.
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The response of the sweeper and the modified T2 was measured
in the following way, using two D racks in the central electron-
ics room as illustrated in Figure 4. The T1 and T2 modulles iIn a
D rack were removed and the modified T2 was placed in the appro-
priate section of the D rack. The output of the sweep generator
was connected to the rack connector which would normally be TI®s
IF output (OMQ connector P15). The modified T2 was then placed
in full receive mode by shorting pins S and T on the T1 modules
amp connector in the D rack. The signal to control the sweeper
was generated by inserting the special T2 module in the T2 posi-
tion of another D rack (see Figure 4). The test was then run as
if sweeping a waveguide channel, using slightly different DCS
commands (explained in Appendix 1), giving a Ffile on magnetic
tape corresponding to the amplitude response of the test equip-
ment. This could later be computationally removed from the data

measured for each antenna.
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Figure 4: Calibration test setup.



2.3 Setting Up and Running the Sweep Tests

The modified T2 is inserted in the D rack associated with
the antenna to be tested and the special T2 in the B rack (at the
antenna). The sweeper 1is then connected to the special T2 as
shown in Figure 5. The power level going into the special T2
should be set at -10 dBm and the frequency range adjusted in the
following way: halt the sweep, dial up 7777 on the thumbwheel
switches on the front panel. After pressing PRESET the frequency
should be adjusted to 2.0 GHz. With 0000 selected the frequency
should be 1.0 GHz. This can be adjusted by either the internal
offset pot or slightly increasing the number selected on the
switches as the sweep starts at the point selected. Before
beginning the test the gain adjust on the special T2 should be
set so that the local oscillator at the antenna is iIn lock. To

do this the modem at the antenna should be in full receive and

Figure 5: Test setup in antenna vertex room.



the modem in the central electronics room in full transmit and
the gain adjusted to give the correct 1200-MHz and 1800-MHz
levels as indicated on the L9 module's front panel meter in the B
rack.

Taking the data requires the assistance of someone in the
Control Building, such as the telescope operator. A list of
instructions for the operator is given in Appendix 2. When the
setup is complete, a set of commands must be transmitted via the
DMT task in order to start the sweep and record the results. To
maintain synchronism between the sweep and the data recording,
these commands must be executed much faster than they can be
manhally typed; therefore, they are stored in a disk file and
executed by assigning control of DMT to that file (step 7 in
Appendix 2). The contents of the command file are listed and
explained in Appendix 1.

The "select” command (line 8 in Appendix 1) has two effects.
It causes the data set in D rack (DS 5) to transmit the value of
a specified address (468, which is the detector in T2) every
waveguide cycle, using Monitor Word 2. It also causes the soft-
ware task called DCS to begin writing this data to a file called
MDO, which we have assigned to the magnetic tape (step 4, Appen-
dix 2).

2.4 Software For Analysis of Results

A program called WGSWEEP has been written to read the tape,
to remove systematic effects using the calibration data, to make
a line printer plot of the calibrated data with averaging op-
tions, and to compute and plot a discrete Fourier transform of
the data. The latter should give us the equivalent of a time
domain reflectometer. The program was written for the Modcomp
computers, and is mostly in FORTRAN; but because it uses a fairly
large amount of main memory, it currently can be run only on the

computer called "Bacchus".



3.0

The remainder of this section assumes general familiarity
with the operation of the Modcomps.

The program is normally run in the background. It reads
from file BI, which should be assigned to the tape. Before each
read operation, the program pauses to allow the user to position
BI at the beginning of the desired file. For each file to be
read, the program requests the complete address (antenna, data
set, multiplex) of the data desired. The calibration file is
read first, and it need only be read once. The first wvalue in
the calibration file calibrates the first one in each data file,
etc., up to a maximum of 4096 values; normally this is the length
of a sweep. The user is prompted for which of these values are
to be used for plotting the frequency domain data, and for the
averaging interval to be used. For reference, the sequence
numbers of values at some useful frequencies are given below,

assuming a 1.0 to 2.0 GHz sweep of 4096 points.

1.00 GHz 1
1.20 (LO carrier) 820
1.30-1.35 (Channel A) 1228-1433
1.40-1.45 (Channel B) 1638-1843
1.55-1.60 (Channel C) 2252-2457
1.65-1.70 (Channel D) 2662-2867
1.80 (LO carrier) 3277
2.00 4096

The program then computes the FFT of the entire data vector
(4096 points), computes the magnitude of each point in the re-
sulting 2048-point complex vector, and will plot any user-speci-

fied portion of the latter.

RESULTS OBTAINED USING THE SWEEP TEST SYSTEM

In August 1979 the sweep tests as described above were performed

on VLA antenna numbers 2, 4, 6, 8, 9, 14, 15, 18, 19, 20, and 21 and

the results recorded on two magnetic tapes. The files recorded on

these tapes are listed in Table I(a) along with the antenna position



MEASUREMENTS MADE DURING 1979

TABLE I

Peaks at 46,120 nsec (1)

Peaks at 10,14 nsec (1,2)

Large peak at 14 nsec (2)

Large peak at 108 nsec
Peak at 11 nsec

Antenna Station Channel Address CER T1- VR T1- Date Tape/file(3) Remarks
(a) Calibration - 218 - - 8/14 1/1,V310/1
4 Cw8 3 5 D35 D13 8/14 1/2,V310/2
6 AW3 8 108 D18 D16 8/16 1/3,V310/3
2 AW4 7 118 D14 D15 8/16 1/4,V310/4
8 AWS 2 6 D50 8/16 1/5,V310/5
9 AW6 1 4 D28 8/16 1/6,V310/6
14 AW7 4 3 D36 D39 8/16 1/7,V310/7
15 AW8 9 7 D19 D44 8/16 1/8,V310/8
Calibration - 218 - - 8/8 2/1,V310/9
Calibration - 218 - - 8/8 2/2,V310/10
20 DN2 1 268 D69 D66 8/13 2/3,V310/11
18 DN4 5 248 D62 D30 8/13 2/4,V310/12
19 DN6 4 258 D38 D60 8/13 2/5,V310/13
21 DN8 6 238 D40 D7 8/13 2/6,V310/14
(b) Calibration - 218 - - 10/10 3/1,V310/15
18 BE6 3 168 D10 D33 10/9 3/2,V310/16
16 CE9 7 228 D53 D11 10/9 3/3,V310/17
12 CES8 9 208 D45 D20 10/9 3/4,V310/18
13 CE6 2 178 D24 D63 10/9 3/5,V310/19
11 DE8 1 158 D68 10/9 3/6,V310/20
7 DE4 6 128 D42 10/9 3/7,V310/21
10 DE3 5 138 D32 D31 10/9 3/8,V310/22
3 DE1 8 218 D17 D51 10/10 3/9,V310/23
5 DE2 4 148 D22 D64 10/10 3/10,V310/24

(1) See Section 4.
(2) Variable pad in rectangular waveguide at D rack.
(3) Data was originally written on three different scratch tapes.

It has now all been copied to tape V310.
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at that time, the waveguide channel used, the antenna address, and the
serial numbers of both modems. The results of all these tests were
analyzed using program WGSWEEP, the calibration file was applied to
each file and an amplitude plot and FFT plot of the data were pro-
duced. Some of the antennas showed a fairly flat amplitude response
(especially antenna 14 and 15); others had slowly varying, but large,
variations over the 1-2 GHz passband; and a few had fine scale ripples
in the whole band, such as antennas 6 and 20 (reduced plots of these
are shown in Figures 6 and 7 respectively). Fast Fourier transforms
were done on all the data and the results for antennas 6 and 20 are
shown in Figures 8 and 9 respectively. These outputs show that the
ripples seen in antenna 6's response are periodic, as shown by the
peaks occurring at around 45 nanoseconds and 120 nanoseconds, indicat-
ing possible reflections, whereas the FFT for antenna 20 is flat after
31 nanoseconds with values less than 0.005 indicating that the ripples
are not caused by reflections. Note that 120 nanoseconds corresponds
to a period in the frequency domain of 8.3 MHz and 45 nanoseconds
corresponds to 22 MHz, and that the plots in Figures 6 and 14 show
structure at these frequencies. For antenna 6 the waveguide frequency
was 45 GHz, which in 20-mm waveguide has a group velocity of 2.74 x
108 m/sec, so 120 nanoseconds corresponds to 32.9 metres and 46 nano-
seconds to 12.6 metres round-trip length or distances between reflec-
tions of 16.5 metres and 6.3 metres. The distance between the coupler
and foundation waveguide is approximately 6 metres indicating that the
foundation waveguide bend may be faulty. The 16.5 metres response may
be another reflection or a mode conversion effect from the wave dis-
continuity.

To verify these results the A and C IF channels at the outputs of
the T2 modules were examined with a spectrum analyzer and plots of
these 50-MHz passbands were made. Although these plots would be
affected by the front end band shapes and the filter band shapes, it
is still possible to see some of the waveguide responses which have
large variations affecting this band shape. The resulting plots for

antennas 6 and 20 are shown in Figures 10, 12, 14, and 16. These
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plots were donme with 300-kHz resolution and a 10-Hz video filter on
the analyzer; the vertical scale is 2 dB per inch and 10 MHz per inch
on the horizantal scale. To compare these easily a plot of the A and
C channel frequency ranges was made with only 4 averages per plot
point.

These plots for antennas 6 and 20 are shown in Figures 11, 13,
15, and 17. Considering the shape of the band-pass filter there is a
definite likeness between these two measurements showing that the
sweep system does measure the waveguide response. It is interesting
to note that antennas 14 and 15 have the best responses and they are
the antennas farthest away, suggesting that any waveguide reflections

are attenuated by the long path length.

4.0 SUBSEQUENT INVESTIGATIONS
4.1 Antenna 6

The measurements reported in Section 3 above were made on
August 13. Around September 22, there was a catastrophic loss of
pressurization in the west arm waveguide which was traced to the
elevation rotary joint of antenna 6: the bearings had seized,
and one of the circular waveguide connections had finally un-
screwed itself! The original failure of the joint had no doubt
occurred long before the pressure loss, and the effects were seen
in the swept measurement. A repeat of the swept measurement
would now be interesting.

The ripple periods observed in the swept measurements do not
imply reflections at the rotary joint, which is 9 m from the
modem and 28 m from the 60-mm waveguide coupler.

Plots of the LO phase monitor data for the observing run
just prior to the sweep test are given in Figures 18 (VR 5 MHz)
and 19 (600 MHz round-trip). Similar plots from a run just after
the rotary joint was repaired (October 1-7) are given in Figures
20 and 21.
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13

4.2 Antenna 20

No further measurements have been made, but it should be
noted that shortly before the sweep test of August 13 (namely on
July 27) a variable attenuator was installed in the rectangular
waveguide of D rack, and a wooden pad was removed from the 20-mm
waveguide at the vertex room. The new attenuator is a prototype
of those intended to be installed at all D racks for level set-
ting. So far, the only other D rack so equipped is connected to

antenna 13 (cf. Section 5.1 below).

ADDITIONAL SWEEP MEASUREMENTS, SOUTHEAST ARM

In October 1979 all channels on the southeast arm were swept

using the methods described here. The relevant parameters are listed

in Table I(b). (Data was taken on some of these during August, but it

was accidentally overwritten.) The results have been analyzed in the

same way, producing mostly normal spectra, but with the following

interesting results.

5.1 Antenna 13

The FFT showed a large peak at 14 nsec, corresponding to a
ripple of about 0.9 dB peak-to-peak. This is very similar to the
result for antenna 20. Both antennas have variable attenuators
in their D racks, and both are on low waveguide frequencies
(channels 1 and 2). If due to two TE01 mode reflections in the
20-mm waveguide, the reflections are separated by about 1.6 m and

the product of their reflection coefficients is -12.7 dB.

5.2 Antenna 10

This antenna shows an anomalously high peak at 108 nsec,
with equivalent ripple 0.8 dB peak-to-peak. Reflections in the
20-mm guide would have to be 14.2 m apart and total -13.5 dB.
This distance is comparable to that between the modem and the

elevation rotary joint (about 16.8 m).



14

6.0 ACKNOWLEDGMENTS
The special T2 module was built by Doug Morton, who was an NRAQ
summer student during 1978. Ken Sowinski helped to acquaint us with

the inner workings of Monty. Daryl Grant and Larry Beno assisted in
carrying out the October sweep tests.

REFERENCES

(1] Thompson, A. R., "An Introduction to the VLA Electronics System",
VLA Technical Report No. 29, March 1977.

[2] Ogai, M., "Attenuation, Ripple and Phase Stability in VLA Wave-
guide Transmission System", VLA Electronics Memorandum No. 154,
March 1977.

[3] Archer, J. W., "Spurious Responses in the VLA Circular Waveguide

System", VLA Electronics Memorandum No. 177, August 1978.



TENNA ADR = & ©

TA SET 5
HUX ADR # 25
MMEQ/GHZ  POMER
1. @84 1. 447
1. 812 1.595
1. 626 1. 549
1. 827  1.515
1. 635 1. 668
1. 843  4.491
1. 651 1. 440
1. 852 4. 667
1.667 4.546
1. 874 4. 592
1. 632 1. 825-
1. 650 4.559
1. 852 4. 760
—1. 465 1.725
1.413 1. 652
1.421  1.513
1.129 4.722
1.437 1. &89
1.145 1,782
1. 452 1. 628
1.466 1. 797
1.168 1.79%3
1. 176 1. 748
1. 184 4. 211
1.192 1. 754
1.192 4. 871
i. =za7 2. 827
1. 215 1.936
1. 223  1.955
1. 231 2 213
1.238 2. 073
1. 245 2 146
1. 254 2 116
1. 262 2. 659
1. 276 2. 354
1. 277 2. 28%
1.285 2 284
1.293 2 3Ua
1.361 2. 364
1363 2523
1. 317 2. 450
i. 324 2. 524
1. 332 2. 547
1. 3488 2. 379
1. 345 2. 500
1. 35¢ 2. 535
1. 363 2 215
1. 271 2. 517
1. 273 2 484
1. 387 2. zs¢€
1. 385 2. 283
1. 462 2 528
4. 318 2 443
1. 44.= 2. 7S5
1.428 2 652
i. 434 2 769
1. 442 2. ?68

§

DB

1
NN R

L1t
YINNN

!
NN

. &16
L4324
. 324
. 445
. 1e8
. 4838
. 633
. 861

246

. 1385
. 581
. 219
. 918
. 852
. 816
. 639
. 852
. 647
. 73
. 128
. 677
. 687
. 735
. 641
. 781
. 981
L4152
. 365
. 245
. P71
. 856
. 985
. Se7
. BBz
. 485
. 7el
. 635
. 9583
. 48
. 203
. 311
. 2ol

161

. 452

242

i R =1
T

21X

. 271

444
a5z

. @895
. 342
. 820
. 937
. 824
. oA

FIaURE ¢

Dig D€ Chyg AWS3
P 3
* i
+* P
* 5
e )
*
4
*
3 tL
* 9
* » .\/\
* 9
*®k
* [}
b 3
L §
pon
* y
*
*
* )
s
*
*
* ¥
E 3
sk
*
*
* )
»®
e Y
*
* b
sk \
ik
*
o——gii -
* {
E 3 '
£ 3 )
" .
#* 1N
* ! ’
* [
* )
" ——N
* g
# K
* &
* 1
+ - \
»: 0
*
o >
e
Figure 6: Antenna 6 sweep. * 1]
» > ]



e il el ol o o e e e e i al i el ol o el S S S aini sh ol ol kol ol S ol ol ot ol ol ol ol of ok ull d ol b o

SORY RS R TR P R R PO O O G RO OO TR (R R O Rt IS ICY IEN IR S BES ILY IES S N BEN NI O R U R

IR A I R R RN RN A BN AT AN S A RV R RN NI T AR

47z Q37 =L, 00

451 144 -1, 247 " "

e 927 -1 S5% * C Fla @
458 014 —1. 436 *

Sed 627 -1. 397 * \

S12 g41 -1, €86 * C

sz @26 ~41. 412 * N

so7 @23 -1, 332 "

S35 112 -1. 259 *

243 -1, 164 ' * )
38c -0 31z * s

555 472 -B. &1a * >
567 Se2 -0. 771 * \
574 422 -@. 8&5 # d
582 789 - 529 H
590 G841 -8, 583 *

523 32 -B, 963 — * [~
cBs 569 -B. §95 *

E13 g30 -B. 399 *
621 5688 -0. 637 o o~
G239 634 —B. 618 * y
637 758 —B. 472 *
645 4681 -B. 823 — *

&52 477 -0. 814 *

& 451 -@. 223 * )

& 21Z  ~1. 919 * \

3 552  -9. 680 * :

g 552 -B. 764 *

= 445 -@. 856 —_ *

3 525 -@. 7508 * A
o 225 . A37 *

1 a3 —1. 437 * G

2 181 -4, 223 * -

P,

o943 -1, 525 * K
&g47 1. 575 * 4
é6z2z -1, 411 *
goz -1, 354 #

c
(PN}
Al
1
o
$u
pa
<
¥

Y
-\,
Al
|
P
n
Dy
5
¥

893 -1, 613 e

793 —~1. ?al * [

&4z —-1. 655 *

TET -1, &nz *

975 -1, 457 *

167 -1. 215 * N
117 -1, =84 <

186 -1, 159 *

304 —-@ 928 *

11 -1 224 #

241 -1, 115 * "1

[
4
*

D
Ixt
L

EFRENR MWW W W W W W W NN N W NN W W W W W W W W W W W W W W W W W N W W W W WP W N
)
(8]
h n
! 1
A A

RO, A RN ST RN R R REAR AN SR AR R =T RN SR N R SR W T RN I ol o i

2.
=87
a1z
&5 5%3 . I
o - S22
549 -1 721
3t | -1, S
Zza -1, 1443 &
£33 -1, &0l * - '
533 -2 074 * Fig. 6 continu'
162 -2 252 * L
&7l -3.591 ¥ G
e 150
2z 5

4
!
n

=
[PY]



ﬁ
I!EHHH ACR = # 16 Noo Dea Des chi pnvz FIGURE 7

A SET O
iU ROR # 295

JPe/cHz  POMER DB
1. 894 1. 047 -3 441 * 2
1. 612 @ 938 -3 661 ¢ £
1. 626 @ 371 -3 758 4
i.@27 1.805 <3 €22 *
1. B35 4. 627 -3 527 *
1. 843  1.822 -3. 544 * Ky
1. 851  1.131 =3 185 ¢
1.853 1.218 -2.785 # b
1. B&7 1. 1786 -2 99 % y
1. 674 1.175 -2.942 e
1. 852 4.238 -2 713 * s
1. @98 1.262 -2 632 * '
1. 853 4.260 -2 848 e C
1. 485 4. 18% -2 91X * )
1. 413  1.188 -2 922 *
1,421 4.423 -3 146 e
1429  4.148 -3 859 e
1. 437 4.222 -2 767 * 3
1. 145 1.20858 -2. 529 * ]
1. 452 1.212 -2 887 <
1. 168 4.278 -2.577 # .
1.188 1.292 -2. 539 . o
1. 476 1. 345 -2 255 ¢ O
1. 184 4.420 -2 118 * .
1.492 4.446 -2 641 * D
1.493 1.512 -1 844 * ]
1. 287 1.459 -2. 660 e '
1. 215 4. 457 -—2. @88 * )
1.223 1.5%1 -1 753 e
41.231 4.611 -1 57@ * 3
1. 238 4. 645 ~1. 479 e
1. 246 4. 568 -1, 719 *
1. 254  1.483 -2 4172 * C
1. 262  41.3283 -2 234 *
1.279 4.439 -1, 933 #
1.277 1.558 -1.722 *
1.233  4.638 -4, 504 # Q
1.292 1.7456 -1.221 e D
1. 21 4.814 -1, @562 #
1. 363 4. 852 -6.953 *
1.317 4.933 -@. 785 * ‘
1.324  4.914 -p. 822 * [
1.332 4.948 -0, 763 * Y
1. 248 1. 854 -0 399 * {
1343  4.823 -1.035 * -7 &
1. 356 4. 745 -1, 224 . = £
1. 2682 4. 656 -1, 457 e
1. 371 4. 622 -1 542 *
1.37% 1. 743 -1.2298 & _
1357 4,885 -1 BF7 4 ),
1.395 1 763 -1, 220 * o —o”
1482 1 624 -1, 535 ” r
1. 418 1. 558 -4, 735 - /
1. 4‘-}3 1. S54 =1 7el  Figure 7: Antenna 20 sweep. *
1428 4. 628 -1, 545 *
1424 1, 842 -1, 435 * N
1442 1720 -1 238 * e
. RS fnr' K] -1t —-t —T T

o Y R -



R S S S el s el ai st sl el i ol i o ol ol A S

PRRBRRRERERER

Gy s 4. ool e, e
431 1. 837 -1. 861
455 1. 781 -1.112
S 1. 838 -B8. 932
Siad 1. 865 -06. 935
S12 1. €92 -1, 658
529 1.728 -1.285
27 1. €58 -1 468
535 1. 692 -1, 357
243 1.925 -68.733
554 2.115 -8. =283
555 2. 118 -6 352
Sev 2.187 -8 244
574 2.132 -6 231
Se2 2. 832 -8. 583
S8 1. 845 -8 921
553 4. 624 -1, 352
&GS 1. 745 -1 224
61% 1.823 -1. 824
€21 1. 824 -1, 662
o223 1. 726 1. 273
627 1. 697 4. 245
645 1. 842 -8. 552
&52 1.8B88 -B. 849
&SE 1.833 -0.9533
&es 1. 753 =4 263
&7 1. &7 -1 294
€S54 1. 533 -1 €21
692 1. 544 -1, 755
653 1. 565 -—1. 68&
as 1. 619 -1, 549
715 1. 552 -1. 728
23 1.469 -2 154 *
734 1. 283 -2 55¢ *
735 1. 24% -2, 657 *
745 4. 284 2. 55E *
754 1. 245 -2, €87 *
7E2 1. 175 =2 942 *#
7va 1. 444 -3, 457 *
rEas 1.128 -3.147 *
a5 1. 216 -2.752 *
a3 1. 273 -2.554 *
sl 1.318 -2 443 *
Sas 1. 278 -2.57¢ *
e17 1. 2412 =2 783 "
ez4 1. 319 -2 435 *
532 1. 295 -2 503 *
§48 1. 3@a -2 TAz *
243 1. 274 -2 582 *
205 1. 224 -2 7ved *
=120 1.181 -2 943 *
arl 1. 265 -2 8Z2 *
573 1. 345 -2 35= *
g37 4.455 -2 913 "
&35 1. 637 -1 5ed
Suz 1. 734 -1, 1im4
916 1. 812 -1, 621
sis 1. 82 -1, =4
[za 1. 855 -—a. 555
S=4 1. 825 -8 2E5
Sz 4. 535 -1, 6Oz Fig. 7 continued.
43 1. 730 -4, 1z¢
S5V 1. 771 —4.453
HES 1. 788 -4 4=




£ SRE+be Aﬁ(

CALE =

=k 168E+81

=0, zZec+al

=g InE+al

=gt e+l *

= S8E+Bl *
=i cac+al *
=8, ToEc+a1 +

=g, Sne+al *

=g, SBE+ol #

=g, 1BE+82 *

=g, 11E+82 *

=8, AZE+BZ *

=g LIE+82 *

=@, 14E+82 *

=g A5E+a2 *

=8, leE+B2 *

=8. 17E+82 *

1ZE+B2 %
1SE+B2Z *

]
MR A IO I A I A = f"‘_-,v o !_‘:a !}:l 35: [ !"_il L‘D !}',,l !Sl .Cl _\"n 35 fux] !Sl 33;9 !3 33: ﬁ' fSl !Sl PO DI 0SD DD 0D

=0, ZBE+B2

=g, Z1E+B2 =*
= ’“E+6:<

=\, 2ZE+B2

= .’_'4E+¢1._~

= SE+@2<C

'oE+E2:
= JrE+22<

= an-rEjQ
I1E+EZ #*

=B, IZE+B2<

= >~E+@”'

=g, ZIE+BZ

= qu+H25

IE+Bz
IPE+RAZ *
IEE+B2 %

=8, IBE+02<
=81, 4BE+a2]
=8, $1E+62<
=i, 4ZE+02<
=g, 4ZE+RZ #

Rl e e e e o e B e e R B e B e R e o o e e B e e B B e e e e e e e B e e i e e o e R e e e e et B B e e o B e

=g, G4E+DZ *

=d. 45E+82 *
=& JEE+BZ *

=, d7E+B2 *
=0 GRE+BZ *
=3, 49E+52 *
=k, SOE+BZ *
=, S1E+B2<

=0, SZE+AZC

=i SEZE+OZ2
=B.J4E+E&t
=0 ZOE+BZ2 #*
=8_drE+E2 *:
=0, STE+82<

=k SSE+@Z< Figure 8: Antenna 6, time domain (FFT of sweep).
=8 SIE+3ZS

=0, ERE+RZ

=& e1E+82<

=4, eZE+02<



W onoin o ont

I

L T O [ T (T (I T [ I I 1

oo 1}
LA RO DA OO AU OISO BN o IR RO WX B AT A o R I AR B LR R WO b o AU I I R oURE o R DO L I A DU UM

AR O EDA RO I AT

W

444444444444444444444qqqqqqqqqqﬁqqqq44444444444444444444444444-
oo

L 1AE+

SR ULV A SO UL R LA

oo
&EFE+
GoEY
e3e+
TRE+
FlE+
TZE+

7ZE+
THE+E
TSE+G
TEE+A
??E+
TSE+G
7IE+
SHE+

-—

OO DO NS0 E S DS
MO NNINANNANS

2R R RI R R m l’u l\l I\) R ORI OO O5 I D OV (Y

) 0 Q
P,
i
+

ZE+B2<
E3E+02<
S4E+B2<
SSE+QZ
SEE+OZ
ETE+DZ
SSE+B2
SIE+DZY

* ¥

*®

*

SpE+B2 *

SIE+62
SZE+BZ
SIE+E2

L
m
+
i

+

+ + +
LA

S~ 0y
N AR ANARAR A

+

+

OO
mmmrpmmmm
AR ot B

5
+

I Y L RN VRN
U]

m

+

[

M

m

+
[BREOAEDA]

A ANA

!

Y

=
}_c
m
+
OO WO O BDCU X

L,I [P PN I,;..j [ ST P I R PN SR S I Y I;:I [V P O VY N (S I OV CN I RO (N

a
3
mm
+ +
DA

t_E+37
1_E+?T
1ZE+i
AZE+D
1¢E+U
1ZE+©
1ZE+Z

UEDID Y

1 G0 G )

[y
(/3]
m
+
[x]
l_l.' (Y] l/l i

*

¥

#:

*

*

*

A% ¢ comTimmd

Fig. 8 continued.

FiauRreE 8



A zo Flqure 4
SCALE = 6. SOE+8n

T=8. 10E+al
=@, ZOE+B1
=3, TRE+B1 *
=3, 43E+01 *
=3, SEE+gl *
=f. caE+el *
=g, TRE+al *
=g, SBE+al *
=, SBE+B1 *
=@, 183E+02 *
=g, 11E+B82 *
=i, 12E+82 *
=@, 13E+82<
=@, 14E+2 *
=&, 15SE+82<
=g, IeE+82 *
=g, 4ATE+B2 *
=@. 12E+8a2<
=g, 13E+92 *
=8, ZBE+a2Z<

. Z1E+BZ *
ZcE+82 *
ZZE+82 *
Z2HE+B2 *
. 2DE+B2

. 2EE+B2<

. 2VE+B2Z *

. 28E+0z2C
ZRE+EZ *

. ZRE+R2<

. ZLE+B2 %
ZZE+O2<
IREFBZS
EHE+B2<
REE+H2C

. ZEE+D2
ITE+Q2<

. SEE+A2<

. IBEFRZL

. SBE+E2

. G1E+B2<

. AZE+RZL
.42E+@2{
44E+
4SE+a
4EE+
.4rE+
. g
.49E+
. SRE+D
. S1E+
. S2E+E
. SZE+E
. S4E+D
. SoE+l
SEE+0
?E+
ch
_';‘E""
cOE+

. S1E+S
[l e

BOWO R0 NN RN n B RN
wmg@@m@m@@&m@@@@a@&mmﬁﬁmmﬁmﬁm@pmmpmmmmgygama&amm@m@@m@mm@m@@m

JLigure 9: Antenna 20, time domain (FFT of sweep).

44444444444qqq44444444444444444?444qqqqqqaqqqqqqqﬂ444444%4444

PO D m S X/ DSOS Gn [ A GO ]
2 QR 1D [ P2 3R DU N ) RN 3 12

SOOI ININ N NIV Y A

Py
-



Figure 10: Spectrum analyzer trace, T2-RCV IF, Antenna 6, Channel A.
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Figure 11:

Antenna 6 sweep, expanded to show channel A; cf. Fig 10.



Figure 3-2: Spectrum analyzer trace, T2-RCV IF, Antenna 6, Channel C.
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Figure 14: Spectrum analyzer trace, T2-RCV IF, Antenna 20, Channel A.
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1 302 1. 845 -8, 486 *
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1. 304 4.793 -0 611 *
1.305 4.773 -8 658 *
1. 366 4.773 -8.653 *
1.%@7 41.771 -@.663 *
1.303 41.912 -8 331 *
1.209 4.938 -0. 291
1.318 1. 964 -—0. 349
4.3114 1.908 -B. 359
4 %12 4.854 -0. 464
1.312 1.883 -B. 586 *
1. 314 4.870 -8. 427 *
1.215 1.836 -0. 568
1.316 41.931 -6.289 *
1,317 2 018 -©. 114
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1.245 4.862 -0.445 *
1. 346 1. 798 -0. 593
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Figure 15: Antenna 20 sweep, expanded to show channel A; cf. Fig. 14.



Figure 16: Spectrum analyzer trace, T2-RCV IF, Antenna 20, Channel C.
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Figure 17: Antenna 20 sweep, expanded to show channel C; cf. Fig. 16.
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APPENDIX 1

A listing of the DMT control file used for waveguide sweeps
(called DMTSWEEP) is shown below:

T
Cs 746, 7281, 5
Z M #2219
Z M #ZaE3
Z M #38C3
CS @, "364.,
C5 @, "382,
S ‘46 S
C5 8 "z¢0,
DELAY 215
F 3
ASSIGH

13}

(AU (S IO R

I

B e
(SH RN RN T B W VSN

Line 2 is a single-shot command to cause the data set to select
address '46 for Monitor Word 2.

Line 3-5 are a core patch required by a peculiarity of the DCS
task in MONTY.

Line 6 halts the sweep.

Line 7 PRESETS sweep (to number selected on front panel).

Line 8 saves the data in address octal 46 (hex 26) every wave-
guide cycle.

Line 9 starts the sweep.

Line 10 is a delay lasting the length of the sweep.

Line 11 RESETS the data set.

Line 12 returns control to the terminal.

A listing of the calibration control file, DMTSWCAL, is given

below:

107
2 LS “4a. 7266, 5
I OZ M O#3Z1S 35
4 Z M HIEED &
S Z M #2005 o
= CS 8, "Zel. 5. 714
7 05 8 7353 5. 14
2 % ‘45 9
2 CS 8 2.5 714
18  DELAY 21a
11 F 5
12 ASSIGN
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The commands are the same as for DMISWEEP except that the com-
mands to the special T2 have an address corresponding to the D rack
where the special T2 was located during the calibration run (in this
case 148). These commands are normally sent to the address defaulted
before commencing the sweep (see Appendix 2). During the tests car-
ried out in July and August 1979, the files DMTSWEEP and DMTSWCAL were
stored in partitions DDD and DDC on "Boss'" disk. The core patches

may change as the system is changed.
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APPENDIX 2

Instructions for telescope operators when running sweep tests on

waveguide system and modems.

A special T2 module will be placed in both the B and D racks of

the antenna being tested.

I will call from the antenna and ask you to:

(1)
(2)
(3)

(4)

(5)

(6)
(7)

(8)

(9)

Turn receive/transmit switch on that antenna's T1 module
from "AUTO" to "XMT".
Soon after I will ask you to return it to "AUTO".
In DMT, type I G look for xm instead of X. If xm appears,
someone else is selecting monitor data and I cannot carry
out the test until they stop.
If (3) is clear, assign monitor data output to my mag tape:
In Monty's OC
/DCS/ASS MDO MTn (where n is 1 or 2)
//R.
Give control of that antenna to SB6 (or amy convenient DMT
terminal).
Make sure antenna is taken.
On SBé6: N A 'n (n is octal address for antenna).
ASS  DDD.

This command starts the sweep which lasts for 216 seconds
during which time SB6 is "incommunicado".
I will call back when sweep has finished and ask if mag tape
has been moving.
If all went well I will ask for end of file to be written on
mag tape in Monty OC. (e.g., F7 on SB5).

/DCS/WEOF MDO

/ASS MDO MDO

//M.

(10) Next antenna.



