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1. Introduction 

The Deep Space Network (DSN) is a precision com- 
munication system which is designed to communicate 
with, and permit control of, spacecraft designed for deep 
space exploration. The DSN consists of the Deep Space 
Instrumentation Facility (DSIF), the Space Flight Oper- 
ations Facility (SFOF), and the DSN Ground Communi- 
cation System (GCS). 

The DSK is a NASA facility, managed by JPL through 
a contract between NASA and the California Institute of 
Technology. The Office of Tracking and Data Acquisition 
is the cognizant NASA office. 

It is the policy of the DSN to continuously conduct 
research and development of new components and sys- 
tems and to engineer them into the DSN to maintain a 
state-of-the-art capability. 

The DSN has facilities for simultaneously controlling 
a newly launched spacecraft and a second one already 
in flight. Within a few months, it will be able to control 
simultaneously either two newly launched spacecraft plus 
two in flight, or the operations of four spacecraft in flight 
at the same time. The DSIF is equipped with 85-ft an- 
tennas having gains of 53 db at 2300 Mc and a system 
temperature of 55OK, making it possible to receive sig- 
nificant data rates at distances as far as the planet Mars. 

To improve the data rate and distance capability, a 210-ft 
antenna is under construction at the Goldstone Mars 
site, and two additional antennas of this size are sched- 
uled for installation at overseas stations. 

The DSIF utilizes large antennas, low-noise phase-lock 
receiving systems, and high-power transmitters located at 
stations positioned approximately 120 deg around the 
Earth to track, command, and receive data from deep 
space probes. Overseas stations are generally operated 
by personnel of the respective countries. The DSIF 
stations are: 

- 
I.D. 
No. 

11 
12 
13 
14 

41 
42 
51 
59 
61 
71 

- 
Name 

Goldstone, Pioneer 
Goldstone, Echo 
Goldstone, Venus (R&D) 
Goldstone, Mars 

(under construction) 
Woomera 
Canberra (under construction) 
Johannesburg 
hlTS 
Madrid (under construction) 
Spacecraft Monitoring 

Location 

Goldstone, California 
Goldstone, California 
Goldstone, California 
Goldstone, California 

Island Lagoon, Australia 
Canberra, Australia 
Johannesburg, South Africa 
Johannesburg, South Africa 
Madrid, Spain 
Cape Kennedy, Florida 

1 
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The SFOF is located in a three-story building at the 
Jet Propulsion Laboratory in Pasadena, California, and 
utilizes operations control consoles, status and operations 
displays, computers, data processing equipment for analy- 
sis of spacecraft performance and space science experi- 
ments, and communication facilities to control space 
flight operations. This control is accomplished by gen- 
erating trajectories and orbits, and command and control 
data, from tracking and telemetry data received from the 
DSIF in near real-time. The SFOF also reduces the telem- 
etry, tracking, command and station performance data 

recorded by the DSIF into engineering and scientific 
information for analysis and use by the scientific experi- 
menters and spacecraft engineers. 

The DSN Ground Communication System consists 
of voice, normal and high data rate teletype circuits 
provided by the NASA World-Wide Communications 
Network between each overseas station and the SFOF; 
teletype and voice circuits between the SFOF, Goldstone 
Stations, and Cape Kennedy; and a microwave link be- 
tween the SFOF and Goldstone, provided by the DSN. 

2 
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II. Tracking Stations Engineering and Operations 

A. Flig ht-Project Engineering 

1 .  Surveyor 

A full report on the results of the command and data 
console (CDC)/DSIF compatibility tests has been written 
by Hughes Aircraft Company; further tests are planned, 
subject to clarification of DSIF mission support sched- 
ules. A prototype interface junction box has been de- 
signed and built and is being evaluated before procuring 
boxes for all Suriieyor stations. The DSIF/Surveyor inter- 
face requirements have been updated and expanded and 
will be issued as the DSN/Surt;eyor interface description, 
JPL Engineering Planning Document No. 260, covering 
the entire DSN interface. 

The problems arising from Surijeyor acquisition re- 
quirements at DSIF-S1 in Johannesburg are being evalu- 
ated in detail, and a satisfactory solution is being sought. 

2. Pioneer 

Integration of the DSIF and Pioneer Project ground 
equipment interfaces has progressed to the point at which 
cables, connectors, and pin designations are defined, and 

procurement action on cables and junction boxes has 
commenced. Also, a revised interface document is being 
prepared. 

The junction boxes will be located at the perimeter of 
the mission dependent area at each station and will serve 
to interconnect the standard DSIF cables with the mis- 
sion dependent cables. 

A start has been made toward defining the project’s 
DSIF requirements for compatibility testing to verify the 
RF and communications interfaces, and to prove the in- 
tegrity of the spacecraft in the Goldstone spacecraft test 
facility and at DSIF-71, Cape Kennedy. The project was 
requested to develop a telecommunications decibel mar- 
gin control table which is now being reviewed by the 
DSIF. 

3. Lunar Orbiter 

A block diagram of the telemetry and command data 
flow has been finalized and will be used for describing 
the interface between the DSN and the Lunar Orbiter 
Program. 

3 
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The DSN/Lunar Orbiter interface description docu- 
ment being written will define the electrical and physical 
characteristics of the interfaces between the DSN and 
both the spacecraft and ground equipment. 

DSIF project personnel are attending design reviews 
for spacecraft subsystems and ground support equipment 
to ensure DSN compatibility with the project. 

4. Surveyor Dynamic Model AC-5 and -6 
Tests to determine compatibility between the Surveyor 

dynamic model transponder and the GSDS S-band sys- 
tem were conducted at the Pioneer site and at Hughes. 
A draft of the testing program and test results at Gold- 
stone has been prepared. 

5. Mariner 

Both Mariner C and D operations were heavily sup- 
ported during this period. Prior to the actual launchings, 
all pertinent parameters of the over-all telecommuni- 
cations system were measured and verified and config- 
urations and operating parameters developed for all 
stations for each launch. 

In addition, acquisition procedures were developed for 
inclusion in the Mariner Tracking Instruction Manual 
(TIM). These are: 

(1) Use of nominal predictions in initial acquisition 
procedures. 

(2) Use of servo monitor scope in initial acquisition 
procedures. 

( 3 )  Initial acquisition for L-S band station configura- 
tion. 

(4) Initial acquisition for S-band station configuration. 

(5)  Nonstandard initial acquisition procedure. 

(6) Procedure for transfer of transmitter from S-band 
acquisition aid (SAA) to S-band Cassegrain mono- 
pulse feedhorn and bridge system (SCM). 

(7) Procedure for transferring spacecraft tracking from 
one station to another. 

(8) Ranging acquisition procedure (preliminary). 

Post-mission analysis of DSIF performance during the 
first launch was carried out and resulted in improvement 
in the following areas : 

(1) Development of a technique for avoiding the pos- 
sibility of lock onto a spacecraft telemetry sideband. 

(2) Modifications to the servoamplifier circuit to pre- 
vent blocking due to saturation under conditions 
of large errors and low signal level. 

(3)  Analysis of RF carrier suppression due to telemetry 
power in the limiter passband. 

(4) Theoretical analysis of expected up-link acquisition 

(5) Development of nonstandard acquisition techniques, 

times. 

using specified beam search patterns. 

Continuous RF advisor support was provided during 
the critical portion of the second mission, and a prelimi- 
nary report containing a detailed analysis of the first 
15 hr of the mission has been published. 

6. Ranger 

Those portions of the Ranger documents pertaining to 
systems engineering considerations were reviewed and 
were updated where necessary, in preparation for the 
forthcoming Ranger 8 and 9 missions. 

B. Systems Engineering and 
Integration 

7 .  Spacecraft Monitoring Station 

Ground has been broken at Cape Kennedy and con- 
struction work is under way for the permanent spacecraft 
monitoring station, DSIF-71. The site has been cleared 
and forms are in place for the underfloor plenum of the 
control building and the floor of the generator room. 

2. Spacecraft Test Facility 

Proposals for the construction of the Phase I1 version 
of the spacecraft test facility at Goldstone are being 
studied. The enclosure will be expanded to 28 X 28 X 20 ft 
in order to accommodate the Surveyor and Lunar Orbiter 
spacecrafts. The enlarged facility is expected to be occu- 
pied in May, 1965. 

4 
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C 

D 

3. JPL Engineering Planning Document No. 256 
Progress on the two-volume technical description of 

the DSIF has been reported previously in JPL Technical 
Memorandum No. 33-26, now identified as JPL Engineer- 
ing Planning Document No. !Z%, Vol. 11, which describes 
the DSIF subsystems. Manuscript copies of 11 of the 
14 sections comprising Vol. I1 have been reviewed, and 
repro typing is now in progress. Vol. I, which describes 
the over-all DSIF System, is also in preparation. 

Receiver 2 will lose lock. 

Good doppler doto i s  now 
received. 

4. First Pass Acquisition Procedure Tests 

a. Purpose. The tests described herein were made to 
develop and prove an acquisition procedure which would 
achieve the following objectives in the shortest possible 
time after a spacecraft appears above the local horizon. 

(1) Good two-way doppler data condition. 

(2) Good telemetry data condition. 

(3) Good angle data above 10deg elevation angle. 

b. Procedure. The helicopter carrying a standard DSIF 
transponder was instructed to 3y a special .f€ight profile 
which resulted in an angular tracking rate at the DSIF 
of approximately 0.05 deg/sec, and to repeat this course 
500 or IO00 ft to the east or west of a predetermined 
“on line” course as instructed. The “on line” course cor- 
responded to the nominal predicted spacecraft track over 
the station, and 500 and lo00 f t  corresponded to approxi- 
mately 5.5 and 11 deg relative to this line at the horizon. 

On several of the runs, the “apparent” frequency re- 
ceived from and sent to the transponder was biased to 
provide the operators with an opportunity for searching 
for a new frequency on each run. 

A time bias was also introduced on some of the runs 
where Event A was called prior to the actual occurrence 
of h s t  visibility. Transponder AGC voltage was called 
by the pilot immediately as up-link lock was obtained. 
The acquisition procedure followed by the DSIF opera- 
tors is shown in Table 1. 

The tracking data handling subsystem and the analog 
portion of the station instrumentation subsystem recorded 
all of the station performance data required to evaluate 
the acquisition time under the various conditions of the 
test. 

C. Test results summary. The time in seconds from h s t  
visibility to Events B, C, D, and E for all runs is shown 
in Fig. 1. 

Table 1 .  Spacecraft acquisition procedure 

Action IEventl Notes 

Antenna points to 10 deg 
above loco1 horizon in the 
“on line” direction. 

I 

Aircraft first visibility. A 

Receiver 1 on SCM 
Receiver 2 on SAA 
Transmitter on SAA I AGC 1 TIM 1 Loop 

1.18cps 4.5 kc 48cp 
R2 4.5 cps 20 kc 152 cp 

Receiver 2 on SAA seorches 
frequency window and locks 
down-link. 

Transmitter is turned on SAA. 
Exciter VCO searches 
frequency window ond locks 
up-link. 

~~ 

Receiver 2 on SAA searches 
window and relocks the 
up-link. 

B I  

Receiver operator presses 
GOOD DATA switch. 

Servo operator selects AUTO 
TRACK SAA when spocecroft 
crosses -I- 10-deg line on 
servo monitor scope. 

B W  = 0.2 cps. lmmediotely 
after Event D, position of 
spocecmft relotive to beam 
axes visible on servo 
ODeemtOr‘S S C o D e .  

R1 on SCM searches frequenc) 
window ond locks down-link 
also. 

Servo operotor selects AUTO 
TRACK SCM. 

after Event D. Set integrator 
B W  = 0.6 cps. 

R2 AGC. 

&NO operotor presses GOOD ti Press when good auto tmcking 
ANGLE DATA switch. I I on SCM i s  achieved. 

~~~~~ 

Table 2. Runs and events achieved 

Run 

1 

2 

3 

4 

5 

6 
7 
8 
9 

10 

11 

12 

13 

14 

15 

Events achieved Run 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

Events achieved 

B. E 

8, C, D, E 

B. C. D. E 

8, C. D, E 

B. C. D. E 

This run oborted 
because of 
premature turn-on 
of transmitter 

B 

8, E 

B. C. D, E 

B. C. D, E 

B, C, D. E 

B, C. D, E 

5 
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Fig. 1. Time from first visibility to various events 

Event B is Receiver 2 on SAA in one-way lock (down- 
link). 

Event C is transmitter on SAA in one-way lock (up- 
link). 

Event D is Receiver 2 on SAA in two-way lock. 

Event E is Receiver 1 on SCM in one-way lock (down- 
link). 

These results are summarized in Table 2. 

The signal levels into the transponder input' and DSIF 
receiver are shown in Fig. 2, together with the flight path 
and apparent received frequency deviations for each run. 

In the following evaluation of each run, reference is 
made to Fig. 2 for parameter variation. 

'The loss between the transponder input connector and the actual 
receiver is 22 db. Thus, the up-link receiver levels are actually 
22 db lower than the input levels given in Fig. 2. 

1-100 - 1  - 
T - -  I -  r 

- -90 

STRENGTH AT UP-LINK 
LOCK IN TRANSPONDER 

LOCK IN RECEIVER 
--LEVELS ESTIMATED FROM 

PREVIOUS ATTENUATOR SETTING 1 I 
1 SIGNAL STRENGTH AT TWO-WAY I 

-+- 

I 

1 5  

I + !  
I B  

U 
- 4 0  I 

d 
z 

- --70 m z 
(r 
a 

I +  

- 4-60 

I 

I 

11000 g 
- -50 

0 
L L  

Considering first those runs on which only Event B 
was achieved: 

Runs 1,2 

Run 3 

Run 12 

Runs 14, 
15,16 

Run 21 

During these runs, severe leakage between 
the 50-Mc cables from antenna cage to con- 
trol building caused receiver malfunction. 

Signal levels to and from the transponder 
were probably too low, judged by subse- 
quent performance. 

Signal strength into transponder was too 
low. 

Signal strength into receiver was probably 
too low (estimated -142 dbm), although 
contributing factors could have been flight 
path and frequency deviations. 

This run was aborted because of procedural 
confusion caused by the premature turn-on 
at DSIF transmitter. 

6 
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Run 22 

Run 23 

Signal strength into the transponder was 
high (estimated -50 dbm) and flight 
path was approximately 5 deg E, but the 
major factor was probably the apparent de- 
viation of the transponder-receiver fre- 
quency from nominal (- 15 kc). It appears 
that the exciter operator was, therefore, un- 
able to locate the transponder-receiver fre- 
quency in the frequency window. 
Signal strength into the transponder was 
high (estimated -55 dbm) and flight 
path was normal. Transponder-receiver fre- 
quency deviation was +7.5 kc. It is, there- 
fore, concluded that the exciter operator was 
unable to locate the transponder-receiver 
frequency as in Run 2.2. 

140 

E n 

130 f 
(3 z w U 

D 
I 

Gl 
120 -1 

a 
‘2 
z 
rn 

110 
2 

a 
w 0 w 

Considering the remaining 17 runs, the following obser- 
vations are evident from the data given in Figs. 1 and 2. 

(1) Two-way lock (D) was established in all cases as: 
Minimum time: 12 sec 
Maximum time: 136 sec 
Average time: 50 sec 

(2) On Runs 4-10, Receiver 1 lock (E) was not at- 
tempted until after auto track on SAA (F). On 
subsequent runs, the operator was instructed to 
lock R1 as soon after Event D as possible. Except 
on Run 16, where the signal strength was very low, 
R1 was locked up, typically 10-15 sec after Event D. 

(3) On all except Run 13, the signal strength at the 
transponder input was -76 dbm or greater, and 
the signal strength at the receiver input was 
-133 dbm or greater. When either or both signal 
strengths were less than this value, two-way lock 
was not achieved. This point is illustrated in Fig. 3, 
where a datum line has been drawn at the above 
signal levels. Points well below the datum cor- 
respond to short acquisition times, while points near 
the datum generally have long acquisition times. 
Acquisition was not achieved in those cases when 
either up-link or down-link signal levels were above 
the line. 

(4) On Runs 24, 25, and 26 the time bias referred to 
in paragraph (1) was removed before the acquisi- 
tion point was plotted in Fig. 3. The conformity 
at the resulting two-way lock times to the general 
pattern is evident. 

(5) The acquisition times do not show any obvious 
dependence on flight path variations. Any effect 
due to flight path is probably reflected in the signal 
strength relationships described above. 

RUN NUMBER 

Fig. 3. Variation of signal strength and lock 
time versus run number 

(6) The acquisition times do not show any obvious 
dependence on frequency variations. The location 
of the spacecraft frequency in the “window” must 
obviously influence the lock times, but it appears 
that the effect is masked by the much stronger 
effect of signal strength variations. 

Angle tracking was accomplished on all runs on which 
two-way lock was first achieved, as shown in Fig. 4. 

Auto track on the SAA was accomplished as soon as 
the helicopter reached 10 deg above the horizon (aver- 
age time, 154 s e ~ ;  average rate, 0.06 deg/sec), and auto 
track on the SCM was achieved shortly after (average 
time, 35 sec). 

d. Conclusions. These tests, and evaluation of the data, 
lead to these conclusions: 

(1) The time from first visibility to two-way lock on the 
SAA depends strongly on both the up-link and 
down-link signal strengths. Two-way lock will not 
be achieved when either the transponder received 
signal strength is less than -76 dbm ( -98 dbm at 
DSIF test transponder input) or the ground re- 
ceived signal strength is less than -133 dbm. If 
both signal strengths exceed these values, acquisi- 
tion will be achieved in a time which depends 
directly on the difference between the actual signal 
levels and the minimum levels referred to above. 

7 
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400 
X R I  AUTO TRACKING, SCM 

a 
I- z 
w 2 200 

I 
0 
(L 
LL 

W 

I- 
2 

100 

0 
5 10 

RUN NUMBER 

Fig. 4. Time to auto track condition versus run number 

The signal-to-noise ratios in the loop bandwidths 

S/N for -133 dbm in 2 B, = 450 cps; on SAA 

S/N for -98 dbm in 2 B,, = 233 cps; in tran- 

corresponding to these levels are: 

parametric amplifier = 16 db 

sponder = 18 db. 

(2) Flight path variations (up to 211 deg) and tran- 
sponder frequency offsets do not exert a strong 
influence on two-way lock time. 

(3) Within the constraints mentioned above, two-way 
lock can be achieved in the following times from 
first visibility: 

Minimum time: 12 sec 
Maximum time: 136 sec 
Average time: 50 sec. 

(4) Auto track on the SAA can be accomplished reli- 
ably when the spacecraft reaches 10 deg above 
the horizon (assuming prior two-way lock on the 
SAA). Average time for typical angular rates of 
0.06 deg/sec is 156 sec. 

8 

(5) Angle track on the SCM can be accomplished 
shortly after angle track on SAA. Average time, 
35 sec. 

(6) The procedure described results in good doppler 
data at the earliest possible time after first visi- 
bility, reliable auto track condition at 10 deg above 
the horizon, and good angle data some 35 sec later. 

5. Suitcase Telemetry 

All components of the suitcase telemetry equipments 
have been received and checked out. The equipments 
were packed and sent to Johannesburg where a crew from 
the mobile tracking station was checked out in equipment 
operation. One set of equipment was left at Johannesburg 
while the other was taken to the Fort Dauphin area, 
Malagasy Republic. 

The Johannesburg Station, with the advantages of real 
time administrative communications, was able to acquire 
MC-2 at a signal level of about - 142 dbm. No data were 
obtained, however, since the level is below telemetry 
threshold. MC-3 was acquired and tracked for about 
3.5 min. Malagasy was unable to acquire the signal from 
MC-2, but did acquire MC-3 and recorded data for 
2.5 min. Equipment difficulties reduced the length of 
the track and degraded the data. Some equipment de- 
ficiencies were noted and will be corrected. The basic 
concept of a station searching an azimuth sector for a 
spacecraft using only trajectory predictions and having 
no real time communications has been proven. A com- 
plete report of the test will appear in a future S P S .  

6. S-Band Receiver AGC Calibration Analysis 

The analysis compares a theoretical evaluation of the 
root sum square (rss) errors intrinsic in calibrating the 
AGC loop of the receiver in terms of signal strength 
received at a reference point, with data taken on the 
S-band receiver at the Pioneer site. The comparison be- 
tween theoretical and actual was taken only for the 
traveling wave maser (TWM) and parametric amplifier 
modes with the effective loop noise bandwidth (2B,,) 
equal to 12 cps. 

The analysis illustrates an inordinate spread of data 
points at the AGC voltages analyzed in the report (viz, 
5 to 10 db for both strong and weak signals on the TWM 
and parametric amplifier) from data taken over several 
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months, while the theoretical estimates indicate the 
spread should be 

(1) TnlrM-rss (30) = ~k1.27 db 
(2) Parametric amplifier-rss (30) = k1.64 db 

The abnormal spread in data indicated that standard- 
ized AGC calibration procedures and careful operator 
techniques need to be established in the DSIF. A pre- 
liminary calibration procedure was included in the 
Appendix of the analysis. 

7. Mariner 4 Carrier Lock Verificufion Procedure 

A simplified operational procedure has been developed 
wherein carrier lock on a telemetry sideband can be 
detected and corrected. 

A 70-cps RC low-pass filter was inserted, via a tee, 
into the telemetry video output line of the GSDS S-band 
receiver (Fig. 5). The filter consisted of a 100 kn resistor 
and a 0.33-pf capacitor mounted between two coaxial 
connectors. 

I I 

--.) OSCILLOSCOPE LOW-PASS 
FILTER 

I I I I 

Fig. 5. Sideband filter connections 

The Uter is high impedance and causes negligible 
loading on the telemetry output. The output from the 
filter was connected to an oscilloscope with the vertical 
sensitivity set at 0.2 v/cm and the sweep speed set at 
SO msec/cm. 

If the receiver is locked to the carrier, the telemetry 
video output contains the telemetry subcarrier frequency 
only, which is much higher than the filter cutoff fre- 
quency, and the oscilloscope shows only noise. If the 
receiver is locked to a telemetry subcarrier sideband 
which is being biphase modulated at a rate 33% bits/sec, 
the video output contains the biphase modulation rate 
which is passed by the filter and presented on the scope. 
Fig. 6 compares camer lock with sideband lock at two 

signal strengths with the receiver reference channel set 
for a 152-cps threshold loop bandwidth which has a car- 
rier threshold of - 160 dbm at 50°K system temperature. 

This technique allows detection of sideband lock down 
to receiver camer power levels of 15 db above threshold. 

8. Station Control and Monitor Console, Phase I 

A prototype station control and monitor console (SMC) 
has been completed and installed at the Pioneer site in- 
terim S-band facility building. The console, which pro- 
vides a central point for the station manager to carry out 
his normal duties, was designed to satisfy three primary 
requirements: 

To display information for the station manager that 
will indicate any nonstandard situation which may 
be detrimental to the operation of the station and 
to the acquisition of data. 

To display information frequently requested by 
DSIF operations control. 

To display other information that will assist the 
station manager in maintaining a smooth operation. 

a. Description. The console for the prototype SMC is 
shown in Fig. 7. It is composed of five equipment racks 
with accommodations for standard 19-in. display, con- 
trol, and communications panels to be mounted above 
the desk top which is approximately 9 f t  in over-all length 
and can accommodate either a two- or three-man opera- 
tion. The electronics control and power units, and con- 
nector patch panels, are located in the lower part of the 
five bays. 

In addition to the console, the prototype SMC subsys- 
tem consists of the following functional units: 

Antenna position display 

Greenwich Mean Time display 

Countdown time assembly 

System status display 

Subsystem status display 

Microwave switch mode display 

Connector and patching assembly 

Station intercommunication panels 

Interstation communications panels 

The displays for these assemblies are shown in Figs. 8-13. 

9 
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CARRIER SIGNAL LEVEL. -100 dbm FIRST SIDEBAND SIGNAL LEVEL, -102 dbm 

CARRIER SIGNAL LEVEL, -144 dbm FIRST SIDEBAND SIGNAL LEVEL, -146 dbm 

Fig. 6. Comparison of carrier lock with sideband lock, receiver bandwidth at 152 cps and threshold -160 dbm 

Fig. 7. Prototype station control and monitor console 

10 
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Fig. 8. Headset control panel 

Fig. 9. Antenna position display panel and 
telemetry local display panel 

b. Functional units. The following paragraphs provide 
a functional description of the displays, beginning with 
the bay at the extreme left (Fig. 8) and proceeding to the 
bay at the extreme right (Fig. 12) and from top to bot- 
tom. The blank panels are for future expansion of the 
SlIC display capability. 

Fig. 8. Headset controE pmcl:  provides control for two 
headsets. 

Fig. 9. Anterim position display panel: provides decli- 
nation and hour angle readout to third decimal place. 

Fig. 10. Mode, time, and status display panels 

Fig. 1 1 .  Countdown time, countdown clock control 
and TAC-COM panels 

Fig. 12. Remote countdown time display 

Telemetry local display: provides display of space- 
craft telemetry parameters. lf7ith the REhlOTE-LOCAL 
switch in the LOCAL position, the two parameters dis- 
played are under the control of the mission decom equip- 
ment, and normally will display spacecraft AGC and 

11  
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................ 

-- 

Fig. 13. Station intercommunications panel with 
headset control panel 

static phase error. However, the local address control 
digiswitch assembly provides for selection of any telem- 
etry data word by setting the appropriate address. In 
the REMOTE switch position, the telemetry display is 
connected to, and data display controlled by, the digital 
portion of the station instrumentation subsystem com- 
puter. 

Fig .  10. Greenwich Mean Time display (days, hours, 
minutes, seconds). 

System status display panel displays: 

(4 )  Telemetry (TLM) receiving or not receiving. 

(2) Range tracking (RNG) tracking or not tracking. 

(3) Spacecraft command (CMMD) transmitting or not 
transmitting. 

(4) Phase lock of Receiver 1 and 2, in-lock or out- 
of-lock. 

(5) Receiver doppler condition (DPLR) good or bad. 

(6) Servocontrol antenna error signals (SERVO) from 
SCM or SAA. 

(7)  Tracking (AUTO) in or out. 

(8) Tracking angle data (ANGL) good or bad. 

(9) Doppler mode: 

C1, one way. 

C2, two way. 
C3, pseudo two way. 

C,,3, coherent pseudo two way. 

Subsystem status panel: displays the following operat- 

(1) Received signal strength meters, Receivers 1 and 2; 

(2) Transmitted power meter, to be calibrated in kilo- 

( 3 )  Receiver gain control (AGC) Receivers 1 and 2; 

(4) Transmitter synthesizer loop lock (SYNTH) in-lock 

ing conditions: 

indicates AGC voltage, 0 to -10 v. 

watts. 

AGC or MAN. 

or out-of-lock. 

(5)  Transmitter modulation: 

Ranging (RNG) . . . on-off. 

Command (CMMD) . . . on-off. 

Non-GSDS. . . on-off. 
Test OSC . . . on-off. 

Switch mode panel: displays the operating configura- 
tion of the DSIF system. Two sets of lights are used to 
display either SCM or SAA operation. Each set displays 
the same data, except for the SCM which has an addi- 
tional light to indicate when the TWM is in use. The 
panel displays the following operating conditions, and 
all are pertinent to operation in either SCM or SAA mode: 

(1) Transmitter operation, (XMTR) to SCM or SAA. 

(2) Antenna operation: 

SCM to maser (TWM). 
SCM to parametric amplifier (PAR). 

SCM directly to receiver (DIR). 

SAA to parametric amplifier (PAR). 

SAA directly to receiver (DIR). 

( 3 )  Receiver 1 or 2 in use (R l )  or (R2). 

(4) Which receiver is supplying doppler (DPL) data. 

(5)  Which receiver is supplying ranging (RNG) data. 

(6) Which receiver is supplying telemetry (TLM) data. 

Fig .  11. Countdown time panel: provides for counting 
from -99999 to 00000 to +99999 min. The clock is de- 
signed to accept a l-pulse/min pulse from the DSIF 
frequency and timing subsystem (FTS). In addition, one 
of the five letters, L, I, X, M, and T can be displayed 
in the extreme left display position. 

Countdown clock control panel: enables the operator 
to set the clock to any desired counting position in either 
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plus or minus time. A series of ten-position switches is 
provided for setting each decimal digit. By placing the 
HOLD-RUN switch to HOLD, and positioning the de- 
sired number sequence on the switches, the numbers can 
be entered on the countdown time display by pushing the 
ENTER button. The counting sequence at 1 count/& 
is then resumed by placing the HOLD-RUN switch to 
RUN. A remote display identical to, and driven from, 
the countdown time display is mounted on top of the 
servo rack (Fig. 12). 

Tactical communications panel (TAC-COM): provides 
voice circuits for real time coordinating of DSIF opera- 
tions through DSIF net control in the SFOF, and report- 
ing DSIF status to SFOF. 

Fig.  13. DSZF Station intercommunications panel: also 
includes TAC-COM capability described in previous 
paragraph. 

c. Modifications to SMC prototype. The production 
phase of the SMC has been initiated; however, the 
follow-on SMC will reflect several changes, primarily to 
the console configuration. The console height has been 
reduced to 45 in. to provide better visibility for the sta- 
tion manager; the desk surface has been increased to a 
21-in. depth. Also, changes have been made in some of 
the panel nomenclature to provide a better understanding 
of switch identiEcation and functions. The countdown 
clock design will be modified to read out time in hours, 
minutes, and seconds in order to be compatible with 
standard SFOF designs. 

C. Systems Analysis 

I .  Estimate of the Nominal Earth-to-Spacecraft 
Up-Link Acquisition Times 

Prior to the Mariner 1964 launches, an investigation 
was made to estimate the nominal Earth-to-spacecraft 
up-link acquisition times involved in the Mariner 4 flight 
to Mars. Three flight periods are considered: (1) first pass 
acquisition (refer to Section B, p. 5); (2) midcourse ma- 
neuver; and (3) encounter. 

The time to be specified will be comprised of the 
propagation time of the radiated signal and the search 
time necessary to locate the spacecraft lock-up frequency. 

For a practical assessment of the up-link acquisition time, 
the down-link propagation time should be added to the 
above estimate in order that two-way acquisition will 
occur, verifying the up-link acquisition. 

The total up-link acquisition time can be expressed 
by the following relationship: 

Ttot = TI, + ( f w / j a w )  * ( f w / i d >  (1) 
where 

Ttot = total uplink acquisition time, sec 

T p  = propagation time, sec 

fm = frequency window to be searched, c p s  

fgw = operator sweep rate, cps2 

i d  = nominal doppler rate experienced by the space- 
craft, cps2 

Also, the frequency rate components are related as 
follows: 

fgw * f d  * A f d  < fmaz (2) 

or 

where 

A i d  = the change in doppler rate experienced by the 
spacecraft relative to the nominal doppler rate 
for a specific case. 

j m m  = maximum tolerated frequency rate of the space- 
craft receiver, beyond which the spacecraft theo- 
retically is unable to obtain phase lock. 

In using this relationship, the following assumptions 

(1) The frequency window represents an estimate 
of the maximum uncertainty of the lock-up fre- 
quency of the spacecraft transponder. This value 
includes spacecraft frequency (crystal oscillator), 
doppler prediction uncertainty estimates, and in- 
cludes the effect of a doppler shift of the lock-up 
frequency during the acquisition process. 

(2)  The fw / jgw factor represents the time necessary 
for the operator to sweep once through a given 
frequency window. However, this value does not 
include the time necessary to zero the static phase 
error in the spacecraft receiver, which is acknowl- 
edged via telemetry. 

will be made: 

1 3  
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Fig. 14. Typical example of fa and fa curves for 
first pass at Woomera 

(3) Using Fig. 14 and separating the time into two 
chronological zones: (a) If the operator attempts 
up-link acquisition in Zone 1, he should search from 
a higher frequency to a lower frequency; and (b) in 
Zone 2 he should start his search from a lower fre- 
quency sweeping to the higher predicted frequency. 
This technique will minimize relative doppler rates. 
The most probable search condition will occur in 
Zone 2 with the spacecraft doppler rate fd aiding 
the operator sweep rate. 

The f,, represents the spacecraft transponder fre- 
quency rate limitation during acquisition with the restric- 
tion that the maximum tolerated phase error is 15 deg. 
Using ?h rad for this restriction has been suggested 
(Ref. 1); however, the effect of noise in the receiver is 
not included in this reference. 

The down-link propagation time should be added to the 
total up-link acquisition time to yield an estimate of 
the time of up-link acquisition from the start of the search 
to confirmation of up-link acquisition. It is assumed that 
initiation of command system lock-up required up-link 
RF lock verification. 

For the first pass acquisition and midcourse sequence, 
the operator should sweep at no more than 200 cpsz at the 
carrier frequency, and if the spacecraft’s ranging channel 
is on, the operator can listen for the down-link audio fre- 
quency beat of the up-link unlocked carrier frequency 
(while sweeping the frequency window). Table 3 illus- 
trates typical up-link lock acquisition time. 

Table 3. Estimated acquisition times 

Fraquency 
Flight period window r-T- f,, cps 

1. First pass 
acquisition 

2. Midcourse 
maneuver 
(a) 3 days 
(b) 10days 

3. Encounter 

10,ooo 
5,000 
3,000 

lo00 
lo00 

100 

Operator 
‘sweep 

rate 
f,,, cps? 

200.0 
200.0 
200.0 

200.0 
200.0 
zo.0 

Up-link 
acquisition 

time 
T t o t ,  sec 

42.0 
16.0 
12.0 

Z9 .0  
13.0 

z1000 
(or 16.7 

min) 

Time from 
start of search 

to up-link 
acquisition 
verification, 

z 12.0 
22.0 

Z1733.0  
(or 29.0 

rnin) 

For several passes before encounter phase, a very slow 
sweep rate may be required in order to obtain up-link 
lock. However, by the time the spacecraft has reached 
the encounter phase, the operator’s a priori knowledge 
should allow presetting of the transmitter VCO frequency, 
thereby letting the spacecraft transponder acquire lock 
by itself. This is denoted as the pull-in time of the phase 
lock loop receiver. Ref. 1 gives the relationship for pull-in 
time for a second-order loop (perfect integration) as 
follows: 

27 (n)’ t=-  
256BL3 ’ 

where 

0 = difference between the signal frequency and the 
VCO center frequency, rad/sec 

and 

B ,  = loop noise bandwidth, cps (10 cps for the 
Mariner 4 transponder). 

For the encounter phase equals approximately 100 cps 
and using the loop noise bandwidth at threshold of space- 
craft transponder then yields: 

= 41.6 sec 
27 (100)’ (2x)‘ 

256 (1013 t =  

Ref. 1 does not take into account noise effects or dop- 
pler rate capability and the fact that the loop filter is an 
imperfect integrator. Nevertheless, this value will prob- 
ably not exceed 100 sec. 

From plots of Eq. ( l) ,  it is estimated that the up-link 
acquisition should occur within 20 min of station first 
view, more likely within 15 min. 

14 
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This theoretical development to an operational prob- 
lem necessitates an experimental program to venfy the 
acquisition time and technique presented in the analysis. 
So far, the numbers generated for the first acquisition 
and midcourse phases of Mariner 4 have been verified 
in a qualitative manner. Actual performance of the S-band 
stations during the later phases of the Mariner 4 mission 
will be reported in a future SPS.  

difference equation for xi  alone. By inspection of the 
first few terms, the solution can be found and easily veri- 
fied to be: 

,I 

x o r  + ~o 2 + i  

(5) 
i = 1  x, = r + nn, 

This and Eq. (4) yield: 

A o r  
A, = nn, + r 2. Initial Values for Sequential Estimation 

This article applies the sequential method of R. Kalman 
(Ref. 2) to the estimation of a random variable imbedded 
in noise. The random variable, x,  is fixed for any single 
experiment, but its value varies over the ensemble of 
experiments. A single experiment is the observation of a 
scalar sequence of values of + ( t ) ,  { + i }  where 

The limit as n+ 00 of the estimate is the mean of the 
observations; that of the variance is zero. This holds for 
any initial estimates of the parameter and the variance of 
the estimate. However, the effect of different choices of 
the initial estimates is significant. 

For any single experiment whose actual value of the 
parameter is x, the expected value of the sequential esti- 
mate will be: 

+ ( t )  = x+ n ( t )  (1) 

The goal is to provide the best possible estimates of x for 
i = 0, 1, 2, . . . , a, assuming that the noise n(t)  is of zero 
mean and variance r. We consider the effect of the initial 
estimate on the set of best estimates. Thus, xn is a biased estimate of x,  with bias 

bo - x)/(r + n&J. 

The bias is asymptotically zero and can be reduced by 
increasing the initial variance A ~ .  

In Ref. 2, Kalman presents a general iterative solution 
for the optimal estimate of the state of a dynamic system 
excited by noise. Related and equivalent results, in which 
the noise enters directly into the observations, are pre- 
sented by Pfeiffer (Ref. 3), and Ho (Ref. 4). In all cases 
the best estimates are given by a system of difference 
equations which yield a new best estimate and a new 
estimate of its covariance in terms of the previous values 
and the observation at that time. With x i  and .ii rep- 
resenting the estimate and its variance, direct application 
of these results to the example discussed above yields: 

An attempt to eliminate the bias, by choosing for xo a 
function of the h s t  few observations whose expected 
value is x (such as the mean), was not fruitful. If we set 

and use Eq. (5) for ( I  + 1) and on, 

(9) 
i = r + l  xn = r + (n - r )  A, and 

But 
(3) 1 r 

A, = E [(x - x,)*] = E [ (: 5 ni) '1 = 7 E [ n l ]  = - 
7 , = I  

Dividing Eq. (2) and (3) and examining x,,/.i, and x2/& 
yields: Consequently Eq. (9) reduces to 

(4) 

If the best a priori estimate of x (its mean over the 
ensemble of experiments X) is known and used as initial 

where xo and A, are the initial or a priori values. Solving 
for A, in terms of x, and substituting in Eq. (2) yields a 
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estimate, the expected value of the bias over the ensemble 
of experiments will be zero. However, in many cases ?t 
is not known. Furthermore, the estimation in a single ex- 
periment may be of great importance as in the case of a 
parameter of a missile trajectory, so use of the a priori 
best estimate does not help eliminate the bias. 

D. Goldstone Operations 

The launch of Mariner 4 on November 28, 1964 culmi- 
nated months of preparation at the Pioneer site. In those 
months, the control building wings were erected, local and 
overseas S-band systems were assembled and tested, and 
personnel were trained to operate equipment for the 
Mariner-Mars mission. After the success of Ranger 7 ,  the 
Echo site gave to the Pioneer site full support which 
continued until the midcourse maneuver of Mariner 4 was 
accomplished. During the last two weeks of December, 
Echo personnel began the preliminary system pr epara- 
tion for the Ranger 8 and 9 missions, scheduled for early 
1965. 

7 .  Mariner 7964 
Prior to the launch of Mariner 3, scheduled for Novem- 

ber 4, 1964, the Pioneer site participated in Mission Simu- 
lation Test No. 1. All subsystems functioned properly and 
preparations for Mariner 1964 were completed. Mariner 3 
was launched on November 5, 1964 but failed soon after 
launch. Pioneer unsuccessfully attempted to acquire the 
vehicle during the first view period. 

In the interval between the Mariner 3 and Mariner 4 
launches, there was additional system testing. Operational 
testing of receiver spare modules was performed, and the 
receiver was retuned for operation on Channel 21. 

Practice countdown exercises were conducted by station 
personnel to verify continued operational readiness. Pio- 
neer participated in successful DSIF operational readiness 
tests on November 19 and 24. 

Mariner 4 was launched from Cape Kennedy. Pioneer 
attempted to "hear" the spacecraft as it went into the 
injection orbit, but terrain feature3 at Goldstone raised 
the eastern horizon too high to accomplish the reception. 
First acquisition of the spacecraft occurred late in the 
evening of November 28. Canopus lock was delayed until 
November 30 and Pioneer initiated the commands which 
caused the Canopus sensor to unlock from other stars. 
The view period ended for Pioneer prior to Canopus lock, 
which occurred after Woomera had taken over the track. 

Two midcourse maneuvers were initiated. The first 
occurred on December 3 and was inhibited almost im- 
mediately when the spacecraft performed an unscheduled 
roll. The second, on December 4, successfully completed 
the midcourse correction, and a close-up flyby of Mars is 
expected. Scientific, engineering, and cruise-mode data 
are being recorded in near-real time, and the tracking has 
settled into a normal mission operation. 

Fig. 15. Madrid Cassegrain cone test setup 
at Pioneer site 
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2. Equipment 

The S-band system for the Madrid, Spain Station was 
assembled and tested in late December at the Pioneer site 
(SPS  37-30, Vol. 111, p. 3). The Madrid Cassegrain cone, 
tested on the Echo site 85-ft antenna, was installed just 
outside the south wall of the Pioneer S-band wing (Fig. 
15), and the parametric amplifier (Fig. 16) was installed 
in the basement to permit closed loop interface testing of 
the receiver equipment. With the Pioneer 85ft  antenna 
in full use for Mariner 1964 tracking, all future tests of 
the Madrid S-band system involving the antenna will be 
performed at  the Madrid Station to which equipment will 
be sent early in 1965. 

Fig. 16. Madrid parametric amplifier test setup 
at Pioneer site 

The S-band system for DSIF-71, Cape Kennedy, is 
being partially assembled and tested at the Pioneer site. 
The equipment will be shipped to the Cape early in 1965, 
and final assembly and complete system testing will be 
accomplished there. 

3. Ranger Preparations 

During November and the first two weeks of December, 
Echo site personnel contributed full support to the 
Pioneer site for the launch of Mariner 3, and the subse- 
quent launch and tracking of Mariner 4. Since the L-band 
system was being held in standby with the completion of 

Ranger 7, the time was used to recable the 854 antenna, 
and to perform cone testing of the Madrid S-band Casse- 
grain cone. In addition, star track tests were performed 
with a radiometric Cassegrain cone under development 
in the Goldstone microwave support section. 

In December, preliminary L-band system testing was 
begun. Cable loss calibrations of the new cabling installed 
on the antenna were completed. During the last two weeks 
in December, operations personnel were withdrawn from 
the Mariner mission to complete the L-band system prep- 
arations for the Ranger 8 systems and operational readi- 
ness tests scheduled for early 1965. 

The RCA video group has been conducting continuous 
testing, and has been performing minor modifications to 
the video equipment in readiness for Ranger 8. 

Fig. 17. Exciter installation for 100-kw transmitter 
at Venus site 

4. Mariner 7964 700-kw Cone Transmitter 

The exciter for the Mariner 1964 100-kw Cassegrain 
cone transmitter ( S P S  37-30, p. 5)  has been installed in 
the Venus Site control room (Fig. 17). Personnel from the 
Goldstone microwave support section, who partially de- 
signed and fabricated the exciter, have been conducting 
system tests of the exciter and transmitter. Testing has 
included ground testing of the cone transmitter, and 
antenna testing with the full 100-kw capability. A modifi- 
cation was initiated to provide a listening capability in 
addition to the transmitting function, and is currently 
being installed and tested. 

5. Construction 

The underground telephone cable ( S P S  37-30, p. 6)  
linking the Echo, Pioneer, and Mars sites and the airport 
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Fig. 18. S-band wing excavation at Echo site 

was completed. Construction of the S-band wing to the 
present control building at Echo has started. The base- 
ment excavation (Fig. 18) has been completed and the 
footings and support pads have been placed. 

E. Canberra 85-ft Antenna 
Erection 

Construction of the Canberra, Australia, 85-ft polar- 
mounted antenna was completed November 6, 1964, 
bringing DSIF-42 closer to operational status. Completion 
of the four-month task now gives the Canberra Station 
an antenna which incorporates all the new DSIF features 
embodied in the recent Retrofit Program (new TX-E1 
cage, truss quadripod, counterweight cages, air condition- 
ing, acquisition aid subsystem, etc.). 

The Canberra antenna also has the new high- 
performance S-band surface panels, increased hour angle 
coverage, a four-legged pedestal, a beefed up structure 
for improved surface tolerance and general stiffness, and 
modified hour angle and declination drive skids for ad- 
justability and improved stiffness. 

Figs. 19-26 show the Canberra antenna at various 
stages of completion: 

Fig. 19 shows the foundation piers for each pedestal 
leg being framed up before pouring the cement. 

Fig.  20 shows the start of erection of the antenna’s 
steel portion, the pedestal legs having just been placed. 

Fig. 21 shows the completed pedestal prior to installa- 
tion of the hour angle drive skids. 

Fig. 22 shows the completed four-legged pedestal and 
polar wheel, with both the HA and Dec drive skids in 
place. 
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1 

Fig. 19. Placing pedestal leg foundation 

t 

5 . -  

Fig. 20. Pedestal leg placement completed 
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Fig. 21. Four-legged pedestal prior to drive 
skid installation 

I 

I 
I 
I 

R 
Fig. 23. Antenna structure ready for dish installation 

Fig. 22. HA-Dec drive skids in place 

Fig. 23 shows the antenna structure just before installa- 
tion of dish elements. 

Fig. 24 shows the antenna structure with the dish sub- 
structure, electronics room, etc., installed. 

Fig. 25 shows the antenna after installation of the new 
high-tolerance S-band panels on the dish. 
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Fig. 25. Antenna dish with high tolerance 
S-band panels installed 

Fig. 26 shows the completed antenna, along with its 
support hardware and buildings. 

Fig. 26. Antenna installation completed 

A preliminary review of the acceptance test data indi- 
cated that the new four-legged polar antenna not only 
exceeds its design criteria but apparently has an X-band 
quality surface. 
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111. Space Flight Operations Facility 

A. Installation of Orbit 
Determination Keyboard 

in the FPAA 
A\ keyboard input device has been designed and imple- 

mented at JPL for use in the flight path analysis area 
(FPAA) of the SFOF. This device replaces the existing 
control panel/control logic configuration used in updating 
the orbit determination display; a display containing rows 
and columns of remotely controlled digital information. 
The purpose of the display is to present orbital and miss 
parameter information when the spacecraft is in close 
proximity to the Earth immediately after launch and 
during other critical phases of the mission. 

Such a keyboard entry device was required to shorten 
the time element involved in updating the display, es- 
pecially during earlier phases of a mission when orbital 
trajectories have shorter periods due to the spacecraft’s 
relative closeness. The previous control panel configura- 
tion (Fig. 1) contained thumbwheel switches for the digi- 
tal data. A study made,comparing the update time of the 
existing thumbwheel configuration to the ten-key key- 

Fig. 1.  Previous control panel configuration 
employing thumbwheel switches 
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board,resulted in favoring the keyboard as it was found 
to be four to eight times faster: depending on the operator. 

The new configuration consists of three units: a remote 
control panel (Fig. 2); a card-cage containing digital con- 
trol logic [and and or gating, binan-coded decimal/deci- 
mal (BCD-Deci) and Deci, BCD decoding, and a shift 
register]; and a power supply. 

Briefly, an updating operation will consist of selecting 
a column and a row, “inserting” a selected array of ten 
digits into a shift register and then entering these into the 
display proper. Electrically, the process consists of the 
keyboard (being a decimal input) feeding a decoder card 
which changes the signals to BCD. This enables informa- 
tion to be entered into the shift register as it is a 4-bit 
by 10-digit matrix. The output of the shift register is 
also BCD. These signals are decoded with BCD to deci- 
mal converter cards prior to entry into the display which 
has a decimal input. -4ctuation of the display digital data 
unit (DDV) readouts, accomplished through relay logic, 
consists of “homing” in on the ‘‘h~t” decimal lines pro- 
vided by the decoder cards. These actuate relays con- 
tained within the readouts, breaking the .4C circuit 
driving the DDU motor, and stopping the unit at the 
proper number selected. 

The neu- device pro\-ides the same functions as the 
original system with thc additional capability of clearing 
the shift register in the event of error and maintaining a 
given configuration of digital information in the shift 
register if two or more groups of ten DDU’s are to be 
updated alike. 

Fig. 2. New keyboard control panel 

The largest design problem involved integrating the 
new control logic into the present system. This was solved 
by adhering to the existing wiring pattern behind the 
display and designing the new control system “around” 
existing cabling and wirelists so that the display “sees” 
the same inputs as before. The temporary storage of data 
aspect had been changed, however, i.e., thumbwheel 
switches to keyboard shift register. 

This system has been tested and is fully opera- 
tional. Evaluation of the system based on time-and- 
motion studies is favorable. 

In conclusion, the remote-controlled semiautomatic 
displays in the SFOF will probably be computer-driven 
eventually. The keyboard control logic configuration is 
designed so that this could be accomplished with the 
computer drive and serve as a manual override. 

B. High-speed Data System 

This is part of a continuing series of articles describing 
implementation of various portions of the SFOF. 

The high speed data system (HSDS) to be discussed is 
presently utilized in the transmission of real time telem- 
etry data from the DSIF stations to the SFOF. After 
performing data encoding, the HSD transmitter phase 
reversal modulates an audio tone which is passed over 
high-quality voice transmission lines to the SFOF re- 
ceiver. To be investigated are the errors which occur 
between HSD transmitter and receiver. 

The problem of evaluating error performance over a 
data transmission link is often insurmountable because of 
the random nature of the digital signals being passed. 
Fortunately, operational high speed data system design 
allows on-line performance monitoring of any type of 
random data. 

Basically, error performance may be checked in tlvo 
ways : 

(1) During nonoperational periods, exact error count is 
determined by means of an integral test facility 
(ITF). A fixed signal is fed to the transmitter which: 
after transmission to the SFOF, is compared to a 
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DIGITAL CLOCK 
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* D Y - 2 5 4 5 A  
TAPE PUNCH COUPLER 

HP- 5214 
PRESET COUNTER 

ERROR 

4 (MODIFIED) 
INPUTS 

Fig. 3. DY-6691 counter-timer system for JPL 

- BRPE II 
TAPE PUNCH 

- 

RECORDING FORMATS : 

0 XHHMMSS SPACE DDDDD 

H = HOURS 

M = MINUTES 

S = SECONDS 

D = DATA 

X = SPECIAL CHARACTER: 

K WHEN OPENED 

M WHEN CLOSED 

Fig. 4. Recording formats 

like signal generated within the receiver. Any 
errors present are fed as voltage pulses to the error- 
counting equipment. 

(2) During operational periods a relative error rate 
may be measured. Due to nine to five coding of the 
digital data, code groups are selected so that it is 
impossible for two logic one’s to appear consecu- 
tively in the 9-bit data. Consequently, a fixed 
percentage of errors will appear as 9-bit consecu- 
tive one’s. These consecutive one’s are detected 
within the receiver and are routed as voltage pulses 
to monitoring equipment. 
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The error monitoring equipment consists of a counter, 
digital clock, and high speed paper tape punch, (Fig. 3). 
In operation, on command from the counter, error count 
and GMT are punched on the paper tape in the general 
format shown in Fig. 4. The paper tape, with its error 
data, provides a permanent record of line error char- 
acteristics. 

In practice, the counter issues punch commands in 
either of two modes: 

(1) By setting the unit to TIME INTERVAL, errors 
are read out in switch selectable increments of time. 

(2) If the counter is in PRESET mode, errors and GMT 
are read out whenever the number of errors reaches 
a preset amount. 

A computer program to reduce the error data reads the 
paper tape and provides outputs of error rate and per- 
formance evaluation. Thus, the error data may be used to 
provide a basis for more efficient data coding schemes. 
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IV. RF Systems Development 

A. S-Band Waveguide Switch 
Development 

I .  Summary 

Development has been completed of two- and three- 
position WR-430 waveguide switches used to calibrate 
the traveling wave maser, select antenna feeds for the 
parametric amplifier, select loads for the transmitter, and 
control antenna polarization. Prototype and production 
models have been tested and are being manufactured. 

Therefore, JPL initiated both in-house and contractor- 
supported development programs to provide several 
switches of acceptable performance. As a result of these 
efforts, a new control/indicator circuit was developed, 
and marginally acceptable microwave performance was 
obtained in a three-position switch for radiometric work. 
The geneva drive mechanism for this switch, however, 
did not perform satisfactorily until the switching speed 
was reduced to 1.5 sec. For high power operation, a two- 
position switch was obtained by purchasing an acceptable 
switch without drive and assembling to it a unique drive 
mechanism which has performed satisfactorily on the 
Venus radar antenna, but which is slow and not readily 
adaptable to a three-position switch. 2. Background 

Prior to 1963, there existed at JPL a requirement for 
several WR430 waveguide switches to perform maser - 

calibrations and radiometry switching at 2388 Mc, and 
transmitter load selection for the Venus radar antenna at 3. GSDS Development 

the same frequency and a power level of 100 k w  con- 
tinuous wave (CW) or greater. 

Early in 1963 it became apparent that the S-band 
conversion of the DSIF would require more than 50 
waveguide switches for transmitter load selection, maser 
calibration, and antenna polarization selection. Ease of 
fabrication and assembly, simplicity of field maintenance, 
and minimal necessity for spare parts dictated that all 
waveguide switches in the DSIF be as nearly identical as 
possible. It was decided to initiate a new procurement for 

A survey of the market at that time indicated that no 
switches were available which would provide both high 
performance and high reliability. The most serious fault 
with available switches was the inferior performance of 
various drive mechanisms and control/indicator circuits. 
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two prototype WR-430 waveguide switches (one two- 
position and one three-position) that would be essentially 
identical except for rotor and body layout, and which 
would use the well-proven control/indicator circuit de- 
veloped at JPL and shown in Fig. l (as modified slightly 
for the production switches). 

A survey was made of possible drive mechanisms, in- 
cluding all known switch drives then commercially avail- 
able and the unique JPL drives. Since no one drive 
mechanism was outstanding, or even entirely satisfactory, 
the choice of drive was left unspecified in the request for 
proposals. 
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Out of nine requests there were two acceptable pro- 
posals; Ramcor, Inc. of .Long Island, New York, was 
selected on the basis of slightly lower cost, and because 
Ramcor at that time was marketing an S-band switch 
with good microwave performance. 

Immediately after award of this prototype switch con- 
tract in May 1963, a device manufactured by Commercial 
Cam & Machine Co. of Chicago, Illinois, came to the 
attention of JPL. This device, an indexing cam with zero 
backlash and a modified trapezoidal output acceleration 
for uniform input, appeared so promising that JPL di- 
rected Ramcor to investigate the device and use it for 

t . 4 

I .  TOP VIEW OF CAM LOOKING DOWN ON ROTOR FROM ELECTRONICS DECK.  

2. S 5  DEACTUATES WHEN DRIVE IS IN MECHANICALLY SAFEST P O S I T I O N  
CW A N D  CCW A R E  R E F E R E N C E D  FROM T H I S  VIEW 

NC: N O R M A L L Y  CLOSED 
N O :  N O R M A L L Y  O P E N  
CW: C L O C K W I S E  
CCW: COUNTERCLOCKWISE 

Fig. 1. Schematic diagram of waveguide switch (two-position) 
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Fig. 2. Two-position WR-430 waveguide switch 

c 

the switch drive, if possible. The device was successfully 
incorporated in both prototype switches, and after ac- 
ceptance testing of the units at JPL, a production con- 
tract was awarded with only minor changes in the 
prototype design. 

4. Results 

A production model of the resulting two-position switch 
is shown in Figs. 24. In Fig. 3 may be seen the micro- 
switch (S5) which rides on the lov-er transfer gear, and 
two of the four microswitches which ride the follower 
plate. Fig. 4 presents a close-up of the two-piece drive 
mechanism consisting of cam and follower plate. 

The cam is driven through the transfer gears and a 
30:l gear reducer by a '4-hp DC motor. The follower 
plate, with its preloaded roller bearing followers, is bolted 
and pinned directly to the rotor. The rotor and body are 
each machined from solid 7075-T6 aluminum forgings. 

Fig. 3. Waveguide switch with cover removed Fig. 4. Close-up of drive mechanism 
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The three-position switch (not shown) uses an identical 
drive system, except that it has eight microswitches for 
position control/indication. The three-position switch 
time between adjacent ports (one revolution of the cam) 
is 0.2 sec from command to verified indication. The two- 
position switch time between adjacent ports is 0.4 sec 
because the cam must rotate twice to turn the rotor 
90 deg. 

The VSWR of each switch is 1.01 at 2100 Mc; at 2300 
Mc it is 1.01 for the three-position switch and 1.045 for 
the two-position switch. The isolation of each switch is 
greater than 60 db over this frequency band, and inser- 
tion losses vary from 0.02 to 0.035 db. 

A total of 96 two- and three-position switches has been 
received and many have been in operation since 
January, 1964. 

Two failures have occurred: 

(1) A defective relay was discovered in one switch; 
replacement corrected the fault. 

(2) Water was inadvertently allowed to enter one 
switch. During several months of storage and over- 
seas shipment, corrosion occurred, causing an elec- 
trical failure in the control circuit. The switch was 
replaced. 

In normal operation, no switch is required to handle 
more than 10 kw CW. However, all switches in the high- 
power waveguide runs are routinely tested at 17 kw CW, 
and one switch was successfully tested at 100 kw CW at 
2388 Mc for more than 50 hr. No power failures have ever 
occurred in any switch. Typical use of these switches 
in the DSIF is described in SPS 37-28, Vol. 111, p. 30. 
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Event 

1. Receiver lock achieved 

2. Spacecraft line-of-sight above 
local horizon 

3. Servo auto track on acquisition 
antenna 

4. Servo switchovei to auto track 
on main antenna 

5. Smooth tracking an main 
antenna 
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Time hr, min. rec 

15:10:46.5 

15: 1 1 :01.5 

15:12:00.9 

15: 12: 10.7 

15:12:40 

V. Co m m u n ic at io n s Eng i n eeri ng Deve I o p m e n ts 

A. S-Band Implementation 
for DSIF 

I .  Traveling Wave Maser ITWMJ 

After several disturbing failures in the closed-cycle 
refrigerators (CCR) of the TWM/CCR assembly, all sys- 
tems are now in satisfactory operation. Defects in the 
unit, problems with the compressor, and inadequate 
operator training have contributed to many apparent 
system failures. A memo, to up-date operator training 
while the instruction manual is being completed, is being 
prepared. 

2. Acquisition Aid for DSlF 
As part of the DSIF S-Band Implementation Project, 

an S-band acquisition aid subsystem (ACQ) has been de- 
veloped for the S f t  antennas. The first three systems, for 
Pioneer, Woomera, and Johannesburg, are now opera- 
tional. The fourth subsystem, for Canberra, is presently 
being installed. 

The DSIF-41 (Woomera) acquisition subsystem was 
successfully used during the recent Mariner 4 tracking 
mission. The events recorded are given in Table 1. 

Table 1. Events during Mariner 4 first acquisition 
at DSIF-41 

The toto1 time of approximately 2 min for this sequence of events i s  well within 
the original design goo1 of 5 min for ocquisition. 

3. Acquisition Aid for Ascension Island 

An S-band acquisition antenna system is required for 
the DSIF-72 (Ascension Island) station. This system will 
facilitate acquisition of Surveyor immediately after ap- 
pearance above the local horizon. 

The required function of the DSIF-72 acquisition sys- 
tem is basically the same as for the existing S f t  antennas 
at Goldstone, Woomera, and Johannesburg. Because of 
the large size and weight of the microwave equipment in 
these systems, however, it is not practical to use the same 
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TURNSTILE RIGHT-HAND CIRCULAR POLARIZATION 
JUNCTION I 
POLARIZER - 

design on the 30-ft DSIF antenna. An additional factor 
favoring a microwave redesign for Ascension Island is 
that the angular tracking rates and dispersions are some- 
what different from those typically observed at the other 
DSIF stations, thereby possibly dictating a different gain/ 
beamwidth optimum for the acquisition antenna. 

Fig. 1 is a block diagram of the DSIF-72 acquisition 
aid system. Preliminary designs have been completed for 
the major components, and prototype units are being 
fabricated. 

The transmitter horn is located outboard of one antenna 
elevation bearing to provide for: (1) convenient installa- 
tion of the waveguide run to the electronics room; (2) 
alleviation of the problem of mechanical interference with 

1 ------ 
I-- 

I I I I I REFERENCE 

the pedestal at low elevation angles; and (3) relative free- 
dom from blockage by th.e 30-ft antenna apex and quad- 
ripod structure. A dominant mode conical feedhorn will 
be used as the radiating element. By using detachable 
sections to construct the associated horn flare, with the 
radome on the smallest section, it may be possible to have 
a variable beamwidth which may be chosen prior to each 
tracking mission. A series of scale model feedhorns is be- 
ing fabricated to investigate this technique; it is presently 
anticipated that a half-power beamwidth range of 10 to 
30 deg may be obtained, with a corresponding gain range 
of 24 to 14 db above isotropic. 

The 2295Mc tracking antenna poses a somewhat more 
complex design problem. A preliminary look at the ques- 
tion of optimum half-power beamwidth for reliable 

I 
TRACKING ANTENNA 

RIGHT-HAND CIRCULAR 

(PARABOLOID OR HORN) 

m BANDPASS 1 AZIMUTH ERROR 
=I 2295 Me POLARIZATION FILTER 

ELEVATION ERROR BANDPASS I 
FILTER 

I 
I - I &  

3 0 - f t  ANTENNA BACK-UP STRUCTURE 

f 2295 MC 
-I --- r-I----- 1 r- v 

TEST HORN 
RIGHT- HA N D 
CIRCULAR 

POLARIZATION - 1 3/8-in. D COAXIAL, I 
APPROXIMATELY 70 f t  
LONG; IO-db LOSS 7/8-ln D FLEXIBLE COAXIAL, 

1 APPROXIMATELY 100 f t  
LONG; 4-db LOSS 

ACQUISITION COLLIMATION TOWER ANTENNA STRUCTURE 

Fig. 1. DSIF-72 acquisition aid block diagram 
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ELEMENT 
I 

EL E VATION 

acquisition indicates a range of 10 to 20 deg. For beam- 
widths less than 15 deg, the front-fed paraboloid appears 
to be the most practical type of antenna configuration; 
for beamwidths greater than 15 deg, the five-horn and 
multimode horn approaches appear best. Pending com- 
pletion of the beamwidth optimization study, both the 
paraboloid and horn approaches are being considered. 

- 
RCP 

H Y B R I D  ELEVATION 

RCP JUNCTION ERROR * 

A preliminary design for a suitable monopulse para- 
boloid feed has been completed. It has been shown previ- 
ously by Hannan (Ref. 1) that a monopulse feed should 
have an error channel aperture width, in the null plane, 
approximately equal to the reference channel aperture 
width. In the error plane, the error channel aperture 
width should be approximately twice the reference chan- 
nel width. A feed with these characteristics can be made 
to have high reference channel efficiency, high error chan- 
nel slope, and low sidelobes in all channels. 

A feedhorn having the desired characteristics is shown 
in Fig. 2; the associated bridge circuitry is shown in Fig. 
3. This approach has the additional advantage (over the 
conventional four-horn feed) of having only one hybrid 
junction associated with each error channel, and hence 
much less severe problems associated with mismatches, 
dissipative losses, physical size and temperature stability. 
A possible problem area, however, is the noise tempera- 
ture contribution due to coupling between the ambient 
terminations and the reference channel output; this effect 
will be investigated with a prototype feed presently be- 
ing fabricated. 

t PLANE 

I 

Fig. 2. Prototype monopulse feed configuration 

LCP 
E L  EVATION 

ELEMENT 

HYBRID 
RCP 

AZIMUTH 

RCP: RIGHT-HAND CIRCULAR 
POLARIZATION 

LCP: LEFT-HAND CIRCULAR 
POLARIZATION 

REFERENCE 
ELEMENT ~ REFERENCE 

Fig. 3. Prototype monopulse bridge circuitry 

-$ =90 deq 

-$= 60 deg 

d E= 270 deq 

Fig. 4. Error channel aperture distribution 

The error channel aperture illumination calculated for 
the prototype feed is shown in Fig. 4. Contours of con- 
stant aperture field are shown as a function of the feed 
polar and azimuthal pattern angles + and 6,  respectively. 
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It is clear from Fig. 4 that the aperture is efficiently 
utilized, while at the same time a strong tapering is intro- 
duced at the aperture edges, resulting in low error chan- 
nel sidelobes. The secondary performance to be expected 
from this type of feed is presently being quantitatively 
investigated, utilizing the IBM 7094 Radiation Program 
(SPS  37-21, Vol. 111, pp. 28-30). 

If scaled down in angle (larger aperture), Fig. 4 indi- 
cates the type of error channel performance to be ex- 
pected from a five-horn acquisition antenna. Thus, for 
beamwidths larger than 15 deg, a suitable approach ap- 
pears to be the use of the basic feed unit with horn flare 
extensions rather than with a paraboloid. It is presently 
planned to investigate both approaches experimentally. 

B. Ground Instrumentation for 
Mariner C Occultation 

Experiment 

The Mariner C occultation experiment places unique 
demands on the measurement capabilities of the DSIF. 
The principal quantities to be measured are doppler fre- 
quency and received power versus time of the Mariner 
spacecraft S-band radio signal. 

For the experiment, the second channel of the standard 
DSIF S-band receiver (described in S P S  37-30, Vol. 111, 
pp. 34-35) will be used in a constant frequency, constant 
gain mode; the first receiver channel will be used in its 
normal phase lock mode and with essentially conven- 
tional doppler and signal amplitude instrumentation. 

Essentially, the occultation experiment measures small 
perturbations of frequency and power produced by the 
planetary atmosphere. To make meaningful measure- 
ments, it is necessary to have good data about the steady 
state. Experiments are being conducted to measure the 
drift rate and stability of the Mariner spacecraft auxiliary 
oscillator by measuring the inflight one-way doppler and 
comparing it to the orbital predictions and obtaining the 
residuals. If evaluation of the data indicates a require- 
ment, stability and drift tests will be conducted with the 
type-approval radio system in the environmental test 
facility. These tests would be designed to determine fre- 
quency stability and drift dependence on temperature. 
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It is also necessary to measure the actual inflight 
spectrum of the Mariner transponder in two-way lock. 
This will be accomplished with the receiver configuration 
described in S P S  37-30. 

Measurements will be made to determine the spectral 
content of the S-band receiver dynamic automatic gain 
control (AGC). This data will be used to analyze the 
steady state stability of the power received from 
Mariner C .  

C. Mesa Antenna Range: 
Anechoic Chamber 

Facility 
Construction of the anechoic chamber building ( S P S  

37-24, Vol. 111, pp. 97-99) at the Mesa Antenna Range 
has been completed. The structure is an addition to Build- 
ing 212 (Fig. 5); it has been expanded to the west (Figs. 6 
and 7). The new building houses two anechoic chambers, 
required control rooms, necessary assembly space, a con- 
trol room for two outdoor ranges, and office space. 

Lining the chambers with RF-absorbent material will 
be accomplished in four steps: 

(1) Commercially available RF-absorber will be evalu- 
ated and tested to show which absorber is most 
efficient over the widest range of angles of inci- 
dence. 

(2) A study by a commercial engineering company 
will determine the effect of baffling on the reduction 
of RF-reflections in the chambers. In this study, the 
following baffle configurations will be investigated: 
a transverse iris; a pair of transverse fences in either 
plane; pyramidal backwall; backwall at an angle; 
and different shapes of longitudinal baffling on all 
four surfaces. 

(3) After checking the data provided by Steps (1) and 
(2), the smaller (K-band) chamber will be lined; 
the K-band chamber will then undergo tests to 
determine its performance. 

(4) The X-band chamber will be lined, using infonna- 
ation provided by Step (3) to make any possible 
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improvements in the installation of lining in the D. Mariner C 100-kw 
Tra n smitte r 

I large chamber. 

Present planning calls for both chambers to be lined 
i 

and in operation by mid-1965. 7 .  lntroduction 

I 
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Fig. 5. Building 21 2 before construction of addition 
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I 

I 
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Fig. 6. Anechoic chamber addition viewed 
from the west 

[I ' 9 11 I 
I 
I y R F  SWITCH 

A ground transmitter power of 100 kw continuous wave 
(CW) will be required for the Mariner C program under 
certain operating conditions. The complete transmitter 
program to meet this requirement consists of a 100-kw 
klystron amplifier subassembly, a ground test and check- 
out facility, and specialized controls for this installation. 

I 
1 
I 
I v 

2. Klystron Amplifier Subassembly 

During this reporting period the klystron amplifier sub- 
assembly was operated in the cone test facility to obtain 
operating time on the components and to train personnel. 
At the same time, additional measurements were made 
to evaluate the subassembly. 

I 
I 
I 
I 
7 

As described in SPS 37-30, 1701. 111, p. 36, the wave- 
guide VSWR was calculated by measuring the fonvard 
and reflected power. To obtain a check on these measure- 
ments (Fig. 8) the VSWR was measured from the klystron 
out through the feedhom for both Amplifier Number 1 
and Number 2, using a reflectometer. The ratios, con- 
tained in brackets in Fig. 8, were obtained as described 

AMPLIFIER 

I 

LiNTENNA 
FEED 

AMPLIFIER 

2 

R F  

WATER 

LOAD 

I 
I 
I 

I 'tl I 
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Power into ontenno feed from 
Amplifier 1 

Amplifier 2 

Power into water load 
Insertion loss, load to switch 
Insertion loss, through switch 

Power into switch from Amplifier 2 
Insertion loss, switch input to output 
Insertion loss, switch output to 

antenna feed 

Power into antenna feed from 
Amplifier 2 

INPUT FROM- 
AMPLIFIER I 

80.038 dbm 0.01 1 0.01 1 

80.04 dbm 0.001 0.001 
0.013 db 0.002 0.002 
0.045 db 0.003 0.003 

80.098 dbm 0.006 0.006 
0.036 db 0.003 0.003 

0.017 db 0.002 0.002 

80.045 dbrn 0.01 1 0.01 1 

W 
lL e t  

0.036 
f0.003 db f0.003 db h, 0.005 

\ 

0.045 

J-RF SWITCH 

factor. If the original calculations are corrected for this 
error, the VSWR of Amplifier 2 out through the feedhorn 
was computed to be 1.14:1, which is in agreement with 
the reflectometer measurements. 

Waveguide insertion loss measurements also were 
made to determine the amplifier R F  power coupled into 
the antenna feed, together with the possible uncertainty 
of this measurement (Fig. 9). The water flow through the 
RF load can be measured to +1 gal/min and the tem- 
perature differential of the water can be measured to 
+0.1 deg. The uncertainty of the water load measurement 
is, therefore, +0.026 kw. It was assumed that 1 kw is lost 
by radiation through the water load and associated wave- 
guide. Results of these measurements are given in Table 2. 

+INPUT FROM 
AMPLIFIER 2 

Table 2. Output power calculations 

Fig. 9. Insertion loss measurements, Mariner C 
amplifier subassembly 

in SPS 37-30. After the original measurements were made, 
calibration of the reflected power coupler on Amplifier 
2 was checked and a 2-db error found in the coupling 

Amplifier 1 I I +db I -db 

Power into water load 80.04 dbm 
Insertion loss, load to switch 1 0.013 db I 0"::;; I ::::; 
Insertion loss, through switch 0.007db 0.003 0.003 

Power into switch from Amplifier 1 
Insertion loss, switch input to output 
Insertion loss, switch output to 

antenna feed 
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VI. Communications Research and 

A. Ground Antennas 

I .  Antenna Instrumentation 
A transportable instrumentation system is being devel- 

oped for use in research and development testing of the 
structural and mechanical properties of large ground 
antennas. It has been used in a measurement program on 
the 85-ft antenna at the Goldstone Venus site; it will be 
used extensively during the alignment and testing of the 
210-ft-diameter Advanced Antenna System (AAS). This 
facility was first used on the AAS Project during the 
recent initial lift-off and rotation testing of the azimuth 
hydrostatic bearing. During those tests it was used to 
meamre and record the bearing film heights. There is a 
detailed description of the instrumentation system in 
SPS 37-20, Vol. 111, pp. 31-34, and progress reports have 
been made in subsequent issues. 

Because the major transportable instrumentation facil- 
ity will be used continuously on the AAS Project during 
1965, a small simplified transportable instrumentation 
facility is being prepared for use on other needed instru- 
mentation work at Goldstone. The small facility is com- 
pletely wired and awaits installation of data equipment, 
delivery of which is approximately 85% complete. 

Development 

A data reduction program is being developed for reduc 
ing data obtained with the transportable instrumentatio; 
systems whenever the data logging systems are use 
(SPS 37-30, Vol. 111, pp. 3738). The recording format i: 
identical for both systems, thus permitting standardiza- 
tion of the reduction program. This data reduction pro- 
gram is now being used to reduce measurement of surface 
waviness of the reflector panels and the dead-load deflec- 
tion measurements on the 8.543 Az-El antenna. Some of 
the results of the dead-load deflection measurements have 
been reported (SPS 37-27, Vol. 111, p. 54; and SPS 37-24, 
Vol. 111, p. 33 and pp. 39-43). 

During this reporting period, a digital plotting system 
was first used to plot results of laboratory and field testing 
of the film height probes used in the AAS hydrostatic 
bearing evaluation. The plotting system is compatible 
with the data recording system and produces 11- by 27-in. 
point plots of high accuracy from key-punch, or punched 
paper tape. 

Tests are now underway at JPL and in the field to 
ascertain the reliability and stability of the film height 
measurement system for use in the interlock and/or alarm 
circuitry of the azimuth drive system. 
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2. Radio Calibration Techniques: Simultaneous 
Lobing Radiometric Tracking System 

a. Summary. The S-band systems for the DSIF 85-ft 
and future 210-ft antennas will use simultaneous lobing 
angle tracking feed systems. A radiometer which could 
be used with the tracking feed would be a useful device 
for angle pointing and gain calibrations of the antenna 
system using radio star sources. 

On the night of September 26-27, 1964, an experimen- 
tal tracking radiometer was successfully operated at the 
Pioneer site of the Goldstone Tracking Station using 
the 85-ft antenna and the S-band receiver system. The 
results of this experiment can be found in SPS 37-30, 
VOl. 111, pp. 4244. 

b. Recent work. After operation of the experimental 
simultaneous lobing radiometer at the Pioneer site, it was 
decided that the unit should be repackaged for ease of 
operation as a potential DSIF demonstration prototype. 
This has been done. 

An analysis of the simultaneous lobing radiometer 
is given in SPS 37-30, Vol. 111, pp. 38-42, in which it is 
shown that the output voltage from the radiometer 
is given by 

Verification of this expression was obtained by setting up 
a step delay line at the IF frequency in one channel of 
the radiometer. The system was set up using a 10-Mc IF 
center frequency and a 6-Mc bandwidth. The results of 
this experiment are shown in Fig. 1 along with a plot 
of the theoretical curve. With the bandwidth and center 
frequency previously stated, the theoretical curve becomes 

00) 
47r x 10; 127 x 10" 

47r x 10' v d c  1) 1 AB ( e,, ) (cos e,, sin 

= AB ( 47r f,, lo') (cos e,, sin 0 .30 ,~  

sin 0.30,, ( 0.30,, ) = AB (127 X 10') (COS 0,) 

Since the experimental curve had a peak of 1450 mv, the 
coefficient in the above expression was normalized to 
1450, giving 

sin 0.30,, 
v d c  = 1450 (cos 0,) ( o,3e,, ) millivolts. 
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eo. deg 

Fig. 1. Theoretical and experimental output from 
simultaneous lobing radiometer versus 

relative delay between channels 

In order to obtain better agreement with the experimental 
curve, this expression was further modified, with the aid 
of an IBM 1620 computer to 

[sin (0.333338.,)] 
0.333330,, ' 

vdru = 1450 [cos (i.oose,)l 

This result indicates that the delay line used was actually 
0.82 longer than marked, and that the bandwidth of the 
system is approximately 6.6 Mc rather than 6 Mc. 

3. Precision Drive System for 30-ft Antenna 

The design, fabrication, and installation of the new 
precision servo drive system for the 30-ft Az-El antenna 
at the Goldstone Venus site has been reported previously 

and S P S  37-29, Vol. 111, pp. 4145). The definitive testing 
of the system to obtain over-all transfer functions has not 
been completed; however, some tracking data are avail- 
able. During the 20- to 24-Gc Venus black body radiation 
experiments, some tracking performance information was 
accumulated. Fig. 2 is a typical record of the slave mode 
tracking error recorded during the Venus experiment. 
The error signal recorded, which is the signal fed to the 
servo valve, is the difference between the computed 

(SPS 37-26, Vol. 111, pp. 23-24; SPS 37-28, Vol. 111, p. 46; 
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Fig. 2. Typical trucking error during Venus experiment 
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ephemeris from the SDS 910 computer and the antenna 
data readout system. The servo system in the slave-track 
mode is a Type I1 system with an integration time con- 
stant equivalent to a bandwidth of approximately 0.1 cps. 
The record (Fig. 2) was made near the meridian crossing 
of the planet; the rates in elevation were very close to zero, 
and the azimuth rates were approximately 0.008 deg/sec. 

During the Venus experiment, a record was made of 
the visual position of the planet on the boresight TV 
camera corresponding to the on-planet position of the 
antenna RF axis. Fig. 3 is a plot of the data. The infor- 
mation used to generate this figure was obtained in the 
first 5 days of tracking, and during the course of the ex- 
periment it was regularly rechecked. No attempt was 
made to remove the error, only to record it; the errors 
were removed during data reduction. 

A hydraulic rotary joint is used to carry high-pressure 
fluid across the azimuth axis to the elevation drive motors. 
The original design of the rotary joint required pressure 
at all times to provide sealing of the fluid; also, the com- 
pression of the high-pressure Chevron packing was not 
accomplished by positive means. Some modifications have 
been made to improve the joint performance; in the 
modified design shown in Fig. 4, all of the original major 
components were utilized (the three inner shells, as well 
as the outer Chevron packing glands). Positive pressure 
on the packing is obtained by the sizing of the back-up 
rings. This sizing operation is accomplished by several 
assembly and test cycles, optimizing minimum driving 
torque with maximum allowable leakage. The leakage is 
not external; however, it is retained and returned to the 
reservoir. One set of “quad-rings” was removed in the 
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redesign to reduce drive torque. By placing the return 
cavity between two already dynamically sealed cavities 
and adding static seals to atmosphere, the removal was 
accomplished. In addition, a caged ball bearing was added 
to control concentricity of the inner and outer assembly 
and to control preload. This bearing replaces a row of 
plain balls that afforded only partial concentricity con- 
trol. The method of restraint was also redesigned, elimi- 
nating any loading on the assembly other than a torsional 
couple. This is accomplished by diametrically opposed 
restraining rods that accept only tension and compression. 
The modified rotary joint will be installed on the antenna 
early this Spring. 
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STATIONARY OUTER ASSEMBLY I 

B. Experimental Closed Cycle 
Refrigerator for Masers 

I .  Introduction 

In a continuing effort to provide the DSIF with more 
reliable cryogenic refrigerators for low-noise amplifiers 
and related cold load instrumentation, a feasibility 
demonstration version of a new helium refrigerator has 
recently been operated. 

The new machine uses the Gifford cryomatic gas bal- 
ancing technique (U. S. Patent 3,119,237) to provide the 
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refrigeration needed to cool helium gas to 16OK; the gas 
is then allowed to expand in a Joule-Thompson (J-T) stage 
and cools itself to 4.2OK. The advantage of the gas 
balancing technique over more conventional designs is 
that of increased reliability resulting from a simpler driv- 
ing arrangement for the engine. The thermodynamic cycle 
used is similar to the Gifford-McMahon cycle used in the 
A. D. Little cryodyne. 

yC-- COMPRESSOR 

- 

The feasibility model was developed through a joint 
effort between JPL and Professor W. E. Gifford of Syra- 
cuse University. Professor Gifford is a consultant to JPL 
under a study contract. 

1 
1 VALVE 

2. Current Activities 

A feasibility model of an advanced refrigerator for 
cooling a maser has been built and is currently being 
tested. The guiding philosophy has been to design a 
refrigerator which is as simple as possible. Not only can 
increased reliability result from this, but equally impor- 
tant is the possibility of concomitant reduction in fabri- 
cation costs. Fortunately, the performance of the new 
machine also appears better than previous designs. 

The principal features of the refrigerator are as follows: 

(1) 750-mw refrigeration capacity at 4.4OK. 

(2) No-load cool-down time of 2?’. hr. 

(3) Elimination of all controls on refrigerator. (All con- 
trol functions can be performed at compressor:) 

(4) Motor driven valve assembly contains only one 
moving part. 

A compatible compressor assembly is now under con- 
struction. 

a. Theory of operation. Since this is a first reporting 
of the project, a concise but complete qualitative descrip- 
tion of the refrigerator will be given. 

All cryogenic refrigerators which achieve liquid helium 
temperatures make use of cooling by expansion of helium 
gas in a J-T process. However, it is necessary to first 
cool the gas to below the inversion temperature ( - 3 0 O K )  
before this process can be used. (Above the inversion 
temperature the J-T process will produce heating.) Vari- 
ous schemes have been proposed and tried; these 
schemes generally differ only in the way in which the 

helium gas is cooled for the J-T expansion, preferably 
to 16OK or lower. The principal advantage of the GifTord 
gas balancing machine as compared with the others is 
that of simplicity resulting from the fact that all critical 
moving parts are at ambient temperature. 

b. Gas balancing refrigeration nethod. Fig. 5 shows 
schematically a single-stage machine. A compressor sup- 
plies helium gas to the refrigerator via a small motor 
driven control valve; the following cycle occurs at a rate 

(1) High-pressure gas is admitted to VI; this drives the 
piston P downward along with the displacer D 
(made of insulating material). 

(2) With high pressure continuing to be applied to 
VI, the valve now permits gas to fill the regenerator 
R and V,. 

of 1 to 2 cps. 

lr 

MICARTA 

OISPLACER 

D 

“3 -CYLINDER 
STAINLESS 
STEEL 

Fig. 5. Schematic diagram of single-stage “gas 
balancing refrigeratof‘ 
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(3) With high pressure continuing to be applied to V, 
and R, the valve now connects V, to the low- 
pressure line. This causes the displacer to move up 
and displace the gas from V, to V,. The gas actually 
deposits a quantity of heat Q with the regenerator 
material as it moves into V,. 

(4) With low pressure remaining at V,, the valve now 
connects V2, Vs, and R to the low pressure. The 
high-pressure gas then expands out of V3, giving a 
refrigeration effect Qr equal to the product of the 
displaced volume and pressure difference. The gas 
expands out through the regenerator where it picks 
up some of the previously deposited heat Q1. Note 

COMPRESSOR 
VALVE 

2 I L 
_-  

HEAT 
EXCHANGEfi 
NO I 

HEAT 
EXCHANGER 
NO 2 

HEAT 
EXCHANGEF 
NO 3 

!!30$ ! ! 3 0 i  i-l-- 

CALIERATED 
LEAK 1 

EXPANSION 
CHAMBER 

STATION,42'K 

Fig. 6. Two-stage machine with J-T expansion 
stage added 
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that the displacer does no mechanical work as is 
done in the more familiar Collins cryostat. 

(5) The cycle is completed when step (1) is repeated. 
This causes the cold gas to be driven out of V, 
through the regenerator, which it further cools by 
picking up the remainder of the heat Q, previously 
deposited there. 

A single-stage machine will provide refrigeration at 
60 to 70°K; a second stage, as shown in Fig. 6, is used to 
provide cooling to 15 to 17OK, which is required for the 
J-T circuit. 

c. The J-T stage. Fig. 6 shows a two-stage engine with 
a J-T circuit added for the final refrigeration to 4.2OK. 
Helium gas, compressed to approximately 20 atm, is 
cooled by the 60" and 15OK stations, then allowed to 
expand to 1 atm. A liquid-gas mixture is produced in the 
4.2"K station for cooling the maser. The cold gas returns 
to the compressor through three heat exchangers and 
helps to cool the incoming gas. The J-T process is simple 
to utilize, but the success depends on the efficiencies of 
the heat exchangers. 

The thermal switch between the 15O and the 4°K 
stations is required to initially cool the latter stage to 15°K 
so that the J-T process may be initiated. Schematically, the 
newly developed switch is shown in Fig. 7. A tube filled 
with hydrogen gas contains two sets of copper plates in 
proximity to each other; one set of plates is in contact 
with the 15OK station; the other with the 4°K station. 
The hydrogen gas provides good heat conduction until 
the entire structure is cooled to around 15°K; at this 
point the hydrogen is solidified, and the two stations are 
then thermally isolated as required. 

Another innovation has been the use of a fixed J-T 
valve to simplify the machine. A calibrated leak is used 
to provide the required flow rate of gas. This eliminates 
a few mechanical linkages and reduces the chances for 
gas leaks. 

C. Experimental X-Band 
Lunar Radar 

I .  Black Body Measurements of the Moon 

a. Summary. During recent tests with an experimental 
X-band radar at the Goldstone Venus site, thermal radia- 
tion measurements of the Moon were made. The antenna 
temperature from the Moon was approximately 120°K. 
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Fig. 7. Goss-sectional view of heat switch 

b. Recent work. The 8448-Mc maser and instrumenta- 
tion mounted on the aft antenna at the Goldstone Venus 
site (SPS 37-30, Vol. 111, pp. 50-53) was used for black 
body measurements of the Moon. The microwave instru- 
mentation is shown in Fig. 8. The receiving system was 
used as a “total power” radiometer to take standard “half 
drift curves” of the Moon. With the maser switched to 
the antenna, the Moon was tracked and the total power 
recorded. When the antenna stopped tracking the Moon, 
the time and antenna position were noted. After the 
Moon drifted out of the antenna beam, the maser input 

COPPER 1 

was switched to the ambient and liquid nitrogen cooled 
termination, respectively. For the sample recording shown 
in Fig. 9: 

Date .............................. November 7, 1964 

Time ..................................... 22:s  GMT 

Azimuth ................................... 183.9 deg 

Elevation .................................... 30.1 deg 

Receiver, 3-db bandwidth ........................ 9 Mc 

Recorder time constant ........................ 0.1 sec 

The liquid nitrogen cooled termination has been cali- 
brated (SPS 37-30, Vol. 111, pp. 56-61). For this typical 
recording, with an ambient temperature of 19.70C7 the 
dserence between the ambient and cryogenic termina- 
tion is 195.7OK. The increase in system temperature de- 
fined at the maser input is 121.9OK. This is the Moon 
temperature, Tk‘, defined at the maser input. A graph of 
the measurements made between October 27 and Novem- 
ber 8 is shown in Fig. 10. The weather was cloudy during 
the measurements of November 3 and 7. The average 
measured temperature (not including that taken during 
cloudy weather) was 12O0K. To refer these temperatures 
to the Moon to obtain the actual measured Moon tem- 
perature, T,, corrections must be made for the wave- 
guide loss between the maser and the antenna, antenna 
beam efficiency, and atmospheric loss. 

4 1  
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1 1 1 1 ANTENNA ONSOURCE 

I 
TOTAL POWER (ARBITRARY UNITS)-- 

Fig. 9. X-band "half drift curve" of Moon taken with 
Venus site 30-ft antenna, November 7, 1964 

2. Feed Performance 

a. Summary. The feed for the X-band lunar/planetary 
radar is a Cassegrain configuration consisting of a 24k 
diameter hyperboloidal subreflector illuminated with a 
dual mode horn. The horn is excited in either a circular 
polarization (CP) mode or linear polarization (LP) mode 
through the use of a turnstile junction polarizer. 

Experimental data using this feed, as installed on the 
Goldstone Venus site 30-ft reflector, have been previ- 
ously reported in SPS 37-30, Vol. 111, pp. 61-63. During 

Fig. 10. Measured Moon temperature (defined at 
maser input) versus date 

November 1964, far-field radiation patterns of the system 
were obtained. 

b. Recent work. Far field radiation patterns of the X- 
band 30-ft reflector system have been obtained using the 
Tiefort Mountain collimation tower. Because the collima- 
tion tower is approximately 13 mi from the radar site, the 
2D2/h minimum range requirement of 3 mi is well satis- 
fied. Rotatable linear polarization was used on the collima- 
tion tower source, and 30-ft reflector patterns were taken 
as a function of polarization and plane of cut. 

Fig. 11 shows azimuth E- and H-plane patterns of the 
system, while Fig. 12 depicts elevation E- and H-plane 
performance. Because some initial radar data has been 
collected using the Moon as a target, the average Moon 
diameter has been plotted for convenience. A comparison 
of Figs. 11 and 12 shows some degradation of symmetry 
in the elevation plane, particularly in the first sidelobe 
levels and depth of second nulls. In Fig. 12 the truncated 
(right) side occurs when the reflector is oriented to look 
below the local horizon (-1.1 deg) at the local terrain. 
It is, therefore, difficult to ascertain whether the cause 
of the asymmetry is due to gravity-induced structural 
deflections and/or rotation (tilt) of the hyperboloidal 
subreflector-quadripod assembly or ground reflections. 

Some evidence exists suggesting that deflections are the 
cause. As reported in SPS 37-21, Vol. 111, p. 24 and SPS 
37-23, Vol. 111, p. 34, a previous X-band (8450-Mc) Casse- 
grain feed has been evaluated on the Goldstone 30-ft 
reflector. Elevation plane patterns obtained during the 
8450-Mc study also show asymmetric sidelobes with ap- 
proximately the same amplitude unbalance, but with 
opposite sense; i.e., the sidelobe observed with the re- 
flector looking at the local terrain was higher rather than 
lower, as Fig. 12 shows. The significant difference between 
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Vertical 79.577 0.762 

Horizontal 79.570 0.757 

Vertical 79.598 0.764 

ROTATION ANGLE, dog 

Fig. 1 1. 8448-Mc, 30-ft reflector azimuth patterns 

ROTATION ANGLE, dep 

Fig. 12. 8448-Mc, 30-ft reflector elevation patterns 

the two X-band hyperboloid positioner-quadripod as- 
semblies used is shown in SPS 37-21, Vol. 111, Figs. 21 and 
!27, which depict the 6-ft reference antenna mounted at 
the quadripod apex, on the feed positioner. It is felt that 
the 6-ft reference antenna did act in a counterweight 
fashion during the 8450-Mc tests. During the recent 8448- 
Mc radar tests, the 6ft antenna was deleted, therefore 
increasing the possibility of hyperboloid translation and/ 
or tilt. Monopulse Cassegrain work conducted at 16 Gc, 
reported in SPS 37-30, Vol. 111, p. 110 also without the 
counterweight, supports this hypothesis. 

Figs. 13 and 14 illustrnte 45-deg plane patterns for the 
radar system, as a function of polarization. 45deg plane 
patterns are obtained by slewing the reflector simultane- 
ously in azimuth and elevation at the same rates, from 
starting offsets of equal magnitude in azimuth and eleva- 
tion, thereby driwiing the structure through the collima- 
tion tower boresight. The axial symmetry in Figs. 13 and 

14 is considered poor for X-band wavelengths, but is ex- 
pected to improve at higher elevation angles. 

Prior to the pattern measurements, the R F  boresight 
coordinates for the Tiefort Mountain collimation tower 
were reevaluated. Table 1 shows the RF boresight co- 
ordinates measured in November 1964; for complete- 
ness, previous determinations reported in SPS 37-30, Vol. 
111, are repeated. It is apparent from Table 1 that a sig- 
nificant (0.025 deg) offset was required in azimuth after 

Table 1. Tiefort Mountain RF boresight coordinates, 
8448 M c  
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ROTATION ANGLE, deg 

Fig. 13. 8448-Mc, 30-ft reflector 45-de9 plane patterns, S-N 

ROTATION ANGLE, deg 

Fig. 14. 8448-Mc, 30-ft reflector 45-de9 plane patterns, N-S 
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1 mo of operations. Elevation boresighting appears to be 
reasonably repeatable. 

Half-power beamwidths have been reduced from the 
recorded patterns. An estimated uncertainty of ~k0.030 in. 
on the recorded patterns amounts to +0.005 deg in half- 
power beamwidth. Table 2 summarizes beamwidth data. 

Table 2. 8448-Mc radar, half-power beamwidths 

Plane of cut 

Azimuth (79.5 d e g )  

45 d e g  N-S" 

45 d e g  S-N 

Elevation (0.8 deg)  

Polarization 
plane 

H 

Half-power 
beamwidth, deg 

0.270 
0.255 

0.243 
0.247 

0.252 
0.250 

0.252 
0.250 

'North-South. 

Silver (Ref. 1) has shown the half-power beamwidth 
for a uniformly illuminated circular aperture for the case 
of interest here to be 0.227 deg, while a tapered illumina- 
tion of the form (1 - r2 )  will produce a secondary beam 
of 0.283 deg. 

In summary, the characteristics of the X-band radar 
30-ft antenna, based on pattern evidence, appear to be 
quite reasonable. Some asymmetr\i has been observed in 
the far-field patterns, but this is expected to improve with 
increasing elevation angle. An unexplained phenomenon 
in Table 2, the somewhat broader azimuth plane beam- 

width, remains. Preparations are being made for a future 
absolute gain measurement. 

3. X-Band Transmitter 

a. Introduction. The X-band 8.448-Gc high-power lunar 
transmitter was assembled at JPL and installed on the 
30-ft antenna at  the Venus site, GTS. The transmitter was 
operational for approximately a 1-mo period, and pro- 
duced output powers as high as 9.5 kw. After initial 
troubleshooting, the transmitter operated reliably and 
the klystron accumulated a total of 324 filament hours 
and 159 beam operating hours. The completed transmitter 
cabinet is shown in Fig. 15, the monitor cabinet in Fig. 
16, and antenna building control equipment in Fig. 17. 

Fig. 15. X-band transmitter, covers removed Fig. 16. Monitor cabinet 
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Fig. 17. Control equipment 

System transmitter tests and the principal problem areas 
encountered in the installations are primarily discussed 
in this report. 

b.  VA 849G klystron. The transmitter used a VA 849G 
klystron that developed a maximum power output of 9.5 
kw at 18.2 kv and 1.95 amp. The klystron is rated at over 
20-kw output at 25 kv and 3 amp, but was run at the re- 
duced power because of power supply limitations. The 
gain curve of the klystron is shown in Fig. 18. The 
curve's output power is relative rather than absolute 
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Fig. 18. Klystron 8496 input versus output power 

because the output power meter was not calibrated with 
the water load when the data was taken. Later, after 
klystron retuning and calibration, a full 9.5 kw was ob- 
tained. The klystron survived approximately 10 wave- 
guide arcs caused by malfunction of the waveguide 
switches, but did not develop any internal arcs during the 
experiment. 

c. Traveling wave tube amplifier. The transmitter used 
a traveling wave tube (TWT) amplifier ( S P S  37-27, Vol. 
111, p. 81) as a power amplifier for driving the klystron. 
The measured gain characteristics of the amplifier are 
shown in Fig. 19. During initial testing of the amplifier, 
the well regulated, but complex, filament power supply 
failed twice because of high-voltage turn-on transients; 
the filament supply floats at nearly -2700 v. The fila- 
ment supply was replaced with a less complex supply 
that incorporated bypass capacitors across each transistor 
element. The new supply operated reliably for the re- 
mainder of the experiment. 

TWT noise reduction. The noise generated in the TWT 
amplifier during the transmit off or receive mode in- 
creased the receiver system noise by 130OK. The Litton 
L-3472 TWTs used in the amplifier had a published noise 
figure of 37 db which is typical for other TWTs of similar 
power output. This high noise output was reflected in a 
change of receiver system noise temperature from 63°K 
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Fig. 19. X-band TWT amplifier gain curve 
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(exciter chain and TWT turned off) to lW°K (exciter 
chain off, TWT on). The klystron beam was at 18.2 kv, 
and the klystron was operating in the water load for the 
test. Subsequently, a coaxial switch was installed between 
the TWT output and the input to the klystron. This al- 
lowed the TWT noise output to be terminated into a 
50-ohm load instead of the klystron during the receive 
mode, and reduced the receiver system noise temperature 
degradation to 4 O K .  The coax switches were not designed 
for X-band use and had nearly 1Odb loss; the transmitter 
power dropped from a high of 9.5 kw to approximately 
6 kw with the loss of klystron drive power. Instability of 
the switches sometimes caused the output power to drop 
as low as 4 kw. The remainder of the experiment was run 
with the coaxial switch unit and lower power because of 
a net gain in the signal-to-noise of the received spectrum 
over that obtained without the coaxial switch unit. A new 
exciter under construction will provide adequate drive 
for full output. 

TWT failures. After 250 hr of operation, TWT 84 be- 
came gassy and ceased to function. A spare TWT was 
installed, but it too had become gassy during storage. The 
“I‘ amplifier was then replacen with an AJfrd TWT 
amplifier for the remainder of the experiment. 

Present plans call for a small three-cavity klystron 
amplifier having a gain of 30 db and an output power 
up to 30 w to replace the TWT amplifier for future ex- 
periments. 

d. Arc detector. A primary problem area of the trans- 
mitter was the arc detector. The arc detector system was 
the same as that used on the 100-kw S-band planetary 
radar transmitter except for the light amplifier unit which 
uses photomultipliers instead of photocells. After the light 
amplifier, test light, reflected power amplifier and as- 
sociated circuitry were installed according to the manu- 
facturer’s instructions, the arc detector would not “fire” 
when an arc was simulated by shining a test light on the 
klystron window. Investigation revealed that the manu- 
facturer’s recommended 25-deg angle at which the light 
enters a hole in the side wall of the output waveguide 
did not permit the light to shine on the center of the 
klystron window; the waveguide was reworked and the 
hole angle changed to 15 deg. Additional modifications 
were required on the light amplifier (increasing photo 
multiplier load resistances, etc.) to lower its threshold 
sensitivity before the light amplifier unit worked properly. 

The reflected power amplifier circuitry was modified 
by the addition of isolation coaxial resistors between the 

reflected power amplifiers and RF crystal detectors. The 
crystal detectors used had internal built-in resistor net- 
works that provided a low impedance path to ground. 
The reflected power amplifiers were designed for use with 
simple crystal detectors having high dc impedance to 
ground. 

Except for two failures of transistors in the reflected 
power amplifier, the arc detector system operated prop- 
erly for the remainder of the experiment. 

e. Antetula multiplier chain. The X60 multiplier chain 
(140.8 Mc to 8.448 Gc) consisting of a VHF amplifier, 
X15, and X4 is shown in Fig. 20. The modules are 
mounted in a RF shielded container and are rack- 
mounted in the transmitter monitor cabinet directly below 
the TWT amplifier (Fig. 16). 

f.  Corona tests. Prior to connecting the antenna- 
mounted equipment to the beam power supply, all de- 
vices subject to beam voltage were tested for corona 
effects using a commercial high-voltage corona testing 
machine. The results of the tests are as follows: 

Filament 
rectifier 

Filament 
transformer 

Series 
limiter 

Klystron 
84% 
installed in 
magnet 

Test 
voltage, 

kv 

60 

40 

40 

40 

COroM 
current, 

P 

0 

0 

20 

100 

Arc-over 
voltage, 

kv 

60 

> 40 

>40 

g.  Filament rectifier. In order to ensure minimum 
spurious modulation of the RF output, dc power on the 
klystron’s heater or filament supply must be used. The 
transmitter uses a single-phase, full wave rectifier and 
filter assembly to rectify the 400-cycle output of the 
filament transformer. The assembly and its corona shield 
are shown in Fig. 21. The assembly also contains pro- 
tective diodes to prevent beam current from flowing 
through and burning out the klystron heater in case of a 
filament transformer short to ground. 

h. Series limiter. Klystrons can be severely damaged 
during an internal cathode-to-anode or cathode-to-body 
arc if not properly protected by a current limiting re- 
sistor or crowbar device. Although the transmitter’s power 
supply has beam and body meter contacting relays that 
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Fig. 22. Beam current, series limiting 
resistor 

Fig. 20. Frequency multiplier chain (X601, 
antenna-mounted component 

Fig. 21. Filament rectifier-filter 

drop out a contactor in the primary side of the high- 
voltage klystron, the response time of approximately 100 
msec is much too slow to suitably protect the klystron 
from peak currents. The transmitter employs a 100-ohm 
series limiting resistor network (six 600-ohm resistors in 
parallel). The series limiter is shown in Fig. 22. 

The primary function of the series limiter is to limit 
peak currents and powers to finite values. Assuming a 
klystron arc has a 1-ohm impedance, the peak current is 
limited to 18.2 kv + 100 ohm or 182 amp. The energy dis- 
sipated is also reduced. The principal energy storage com- 
ponent is a 1-pf capacitor in the output of filter network 
of the power supply. This capacitor stores 165 joules of Fig. 23. X4 frequency multiplier 
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energy at  18.2 kv, but the energy dissipated in the tube 
is reduced to 1.65 joules with the 100-ohm series limiter 
in the circuit again assuming a 1-ohm arc impedance. 

Since the resistor assembly dissipates 400 w with a 
normal beam current of 2 amp, the housing containing 
the series limiter is water cooled. 

4. Multiplier Chains 

a. Introduction. A program for development and evalu- 
ation of varactor multipliers for use in receiver local 
oscillator chains, exciters, and signal generators has been 
in progress for some time. Progress has been reported in 
SPS 37-29, Vol. 111, p. 86 (Solid State Frequency Multi- 
pliers and Modulatms) and SPS 37-28, Vol. 111, p. 75 
(Multiplier Chains). All units for the X-band multipliers 
have been received and evaluated, and the results of sys- 
tem tests are covered in SPS 3730, Vol. 111. With the ex- 

Fig. 24. VHF amplifier 

ception of the final X4 multiplier to X-band, all units 
performed satisfactorily. In-house work is proceeding on 
a redesign of this unit. Based on the results of the X-band 
multipliers, a decision was reached to replace the vacuum 
tube units in the S-band exciter and receiver with varactor 
multipliers. Documentation for procurement of these units 
is well underway, and documentation for procurement of 
additional X-band units, if required, is complete. Recom- 
mendations for m&cation of existing VHF ampuers  
for use with these chains have been made. 

b. Module development and documentation. Module 
development has been completed on all but the X-band 
x 4  multiplier, which was purchased as a stock item. 
Additional line filtering and RF cover plate rework have 
been incorporated, in the VHF amplifier and X15 multi- 
plier modules, to meet RF interference specifications. 
These and a few minor mechanical modifications, con- 
sidered desirable, have been included in the final docu- 
mentation consisting of photographs, schematic diagrams, 
and mechanical fabrication drawings. Work on supple- 
mentary documentation necessary for the procurement of 
S-band components is in progress, and will include the 
moddication of standard types, recommended below, 
wherever feasible. 

c. Znitial X4 frequency multiplier and V H F  amplifier. 
Photographs of the X 4  frequency multiplier and VHF 
ampMier with cover plates removed are shown in Figs. 
23 ar.d 24, respectively. Both units consist of tu70 solid- 
state stages and are mechanically identical. Bias and 
resonant circuit component values associated with indi- 
vidual stages are selected for operation as a doubler or 

Table 3. Electrical performance of initial X 4  frequency 
multiplier and VHF amplifier 

Characteristics 

Center fre- 
quency, Mc 

Impedance, ohm 

VSWR 

Power levels, 
d bm 

Input 
output 

Bandwidth, Mc 
3 db 
1 db 

Limiting action 
output varia- 
tion far 8-db 
input voria- 
tian, db 

X 4 freque 

Specificatior 
limits 

35.0 to 35.3 

50 
< l . l  

13 
8.5 = 1 

2.2 (minimum 
- 
- 

multiplier 

'erforrnonce, 
three units 

5.17 ta35.1I 

50 
< 1 . 1  

13 
8.4 to 9.0 

2.28 to 2.41 
1.61 to 1.86 

Not 
applicable 

VHF c 

Specificatior 
limits 

140 to 141.; 

50 
< 1 . 1  

8 
23 1 1  

20 (minimus 
- 

2 (minimum 

dif ier 

'crformance, 
five units 

140 to 141 

50 
< 1 . 1  

8 
22 to 23 

23.8 to 25.1 
17.4 to 19.3 

2 .o 
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amplifier as required. In the case of S-band chains, the 
first stage of the initial frequency multiplier operates as 
an amplifier, the second stage as a X5 multiplier. 

Table 3 indicates the range of the electrical perform- 
ance of the three frequency multipliers and five amplifiers 
produced. Figs. 25 and 26, respectively, show a plot of the 
input/output characteristic and an oscillograph trace of 

E n 

I-- 
a 

D 

3 

I- 
3 
0 

0 2 4 6  8 IO 12 14 16 

INPUT, dbrn 

Fig. 25. Input/output characteristic of VHF amplifier 

140-Mc POWER AMPLIFIER 

RF INPUT 02 CIO 
140 MC 

CI I  

the frequency response of a representative VHF amplifier. 
All modules meet JPL requirements, but it is felt that the 
degree of limiting of the VHF amplifiers could profitably 
be increased beyond the marginal value orginally speci- 
fied, since more than adequate keying ratio has been 
achieved. To this end, the basic three-stage amplifier 
which is being developed for booster and distribution 
requirements could be standarized for use in future pro- 
curement. 

CENTER FREQUENCY, 140.8 Mc 
BANDWIDTH (3-db),-12.4 t 12.1 Mc 

Fig. 26. Oscillograph trace of VHF amplifier 
frequency response 

X 5  MULTIPLIER I X 3  MULTIPLIER RF OUTPUT 

2100 MC 
+ 7 3  dhm 

I CR3 C17 C I8  _ _  . 

GROUND (COM I 

VR7/2AA13 

Fig. 27. Schematic diagram of X 15 frequency multiplier 

50 



JPL SPACE PROGRAMS SUMMARY, NO. 37-31, VOL. 111 

d. X 1 5  frequency multiplier to S-band. A schematic 
diagram of the X 15 frequency multiplier is shown in Fig. 
27; photographs of each side of the unit with cover 
plates removed are shown in Fig. 28. Referring to Fig. 27, 
a Class C VHF amplifier Q1,Q2 provides about 34 dbm of 
drive power to a X5 frequency multiplier stage CR3, 
which in turn drives the final X3 multiplier CR4 to pro- 
duce an S-band output of 24 to 2 5  dbm. Resistive padding 
formed by R1 through R3 is used at the input of Q1 to 

improve the input match; temperature compensating 
diodes CR1 and CR2 are used for stabilizing the bias of 
the X5 varactor CR3 and of the amplifiiers Q1, Q2, re- 
spectively. Idler currents at  two and three times the input 
frequency are provided for the X5 multiplier by the low7 
Q series resonant circuits L11 C13 and L12 C14, respec- 
tively, and the output at five times the input frequency 
is coupled to the input of the final X 3  multiplier via the 
bottom capacity coupled bandpass filter formed by L13 

Fig. 28. X 15 frequency multiplier (both rides) 
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25 

24 
E n 

+* 23 
3 a + 
13 22 
0 
(L w 

-0 

21 5 a AT ROOM TEMPERATURE AND 
23 dbm ? 2 d b  INPUT 

19 1 I I I I I I I I 
2084 2094 2104 2114 2124 

FREQUENCY, Mc 

Fig. 29. Frequency response of X 15 multiplier 

Fig. 30. X4 frequency multiplier to X-band 

Fig. 31. RF keyer (both sides) 
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RF 
C 

INPUT 

L14 C15 C16 C17 C18. For convenience of alignment and 
also for practical mechanical reasons the output imped- 
ance is matched to 50 ohms. 

VARIABLE 
DIRECTIONAL 

COUPLER 

The final X3 multiplier utilizes coaxial cavities for the 
input, idler, and output circuits. Cavity L15 operates as a 
fore-shortened quarter wave line at the input frequency 
and as a fore-shortened three-quarter wave line at the 
output frequency. The 5o-ohm output of the X5 multi- 
plier is matched into the input of the X3 multiplier via a 
variable capacity C32. This is coupled into L15 at a point 
corresponding to a voltage node at the output frequency 
so as to minimize the tuning &ect at the output fre- 
quency. Differential tuning at the input and output fre- 
quencies is provided by C33 and C34, respectively. C34 
also provides output coupling. The idler cavity L16 is a 
fore-shortened quarter wave line at twice the input fre- 
quency and is coupled into the varactor CR4 by C35 and 
tuned by means of C36. The S-band output from L15 is 
link-coupled to the input cavity of the output bandpass 
filter formed by L17 L18. These quarter wave cavities are 
bandpassed by means of a hybrid coupling consisting of 
link coupling out of L17 and combination link and ad- 
justable capacity (C37) coupling into L18. 

VARIABLE 
PHASE 
SHIFTER 

Table 4 indicates the range of electrical performance of 
the three frequency multipliers produced, and Fig. 29 

~ 

CCNXIAL 
SWITCH 

the frequency response of one of the units over an input 
range of 23 dbm ,+2 db. All units meet JPL requirements. 

e. X 4  multiplier to X-band. A photograph of this unit 
is shown in Fig. 30. A quarter wave coaxial line is used 
to couple the input to a varactor diode, which is mounted 
in a length of H-band waveguide tuned to four times the 
input frequency. A short at one end of the waveguide 
tunes out the diode reactance, and the X-band load is 
coupled into the diode via a diode impedance matching 
section and a two-section bandpass filter. 

These multipliers, as originally submitted, were not 
acceptable due to insufficient bandwidth and also to 
restricted dynamic range causing breakup and sharp 
discontinuities of the output. These faults were found to 
be due to the same cause-imperfect matching of the 
input and output. Insufficiencies in the basic design, 
which do not permit the adjustment for optimum opera- 
tion of the varactor diode, hampered considerably the 
production of wholly acceptable units, two of which were 
eventually supplied, the third unit still having a tendency 
to break up. 

f. R F  keyer. Photographs of each side of the RF  keyer 
with the cover plates removed are shown in Fig. 31. Since 
the switching arrangement used in this unit is identical to 

DUMMY 
/ \ 

1 t 

FLIP-FLOP Cl 
MODULATING t 

SIGNAL INPUT 

Fig. 32. Digital phase modulator 
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140.3 and 140.8 
2104.5and 2112 

50 

<1.2 

23 
21 (minimum) 

20 (minimum) 
- 

1 (maximum) 

- 4 0  db (maximum) 

Table 4. Electrical performance of X 15 multiplier 

140.3 and 140.8 
2104.5 and 21 12 

50 

6 1 . 1  

23 
22.8 to 24.8 

25 to 27 
15 to 20 

0.4 to 1.0 

< - 4 5  db 

Characteristics 
Specification 

limits 
Performance, 

three units 

Center frequency, Mc 
Input 
output 

Impedance, ohms 

VSWR 

Power levels, dbm 
Input 
output 

Bandwidth, Mc 
3 d b  
1 db 

limiting action output 
variation for 4-db input 
variation, d b  

Spurious response 

that used in the digital phase modulator, a description of 
its operation may be found under that heading below. For 
test purposes and when not keying, a manually operated 
reset button is provided so as to ensure that the keyer is 
in the on position. 

Keying takes place immediately after phase modulation 
at an input level of 8 dbm +3 db, the insertion loss of the 
keyers varying between 0.5 and 0.7 db. Since a wide-band 
(400-Mc) coaxial switch is used, there is no restriction on 
the bandwidth. The keyers will operate at frequencies 
from dc to well over the l-kc rate currently called for, 
the rise and fall times of the switching operation amount- 

- 
Fig. 33. Assembled phase modulator 

ing to approximately 30 nsec. The minimum keying ratio 
is greater than the 50-db JPL requirement. 

g. Digital phase modulator. A block diagram of the 
digital phase modulator is shown in Fig. 32; a photograph 
of the assembled strip line components and switching 
unit comprising them is shown in Fig. 33. Digital phase 
modulation is obtained by the addition, to the main car- 
rier, of a suitably attenuated quadrature component at 
the modulating frequency by means of a switch. Ampli- 
tude and phase adjustments of the quadrature component 
are provided by the variable strip-line directional coupler 
and phase shifter, respectively. Components for the 
switching and summing of the signals are housed in 
the switching unit (Fig. 34). Switching is provided by the 
solid-state coaxial switch, the driver of which is actuated 
by a pushpull square wave modulating signal via a dc 
flip-flop. Summing of the signals is provided by the re- 

Fig. 34. Phase modulator switching unit 
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sistive summer, and a single-stage VHF amplifier is in- 
cluded to make up for the losses in the passive elements 
and maintain unity gain. 

For reasons discussed in SPS 37-27, Vol. 111, this equip- 
ment is required to maintain a high degree of carrier 
suppression when the output carrier is phase-modulated 
+90 deg. A minimum carrier suppression of 50 db, re- 
quiring a deviation stability of 0.12 deg in 90 deg was 
considered desirable, but factors other than accuracy of 
modulation index can contribute toward a residual 
carrier. The most important of these factors include 
departures from unity mark space ratio and incidential 
modulation, particularly amplitude modulation. 

With regard to the first factor, imperfections of the 
input modulating wave form, together with any additional 
degradation of the mark space ratio that may occur in the 
switching operation due to asymmetry of the transition 
characteristics, poses a grave problem. However, the sup- 
pression of a residual carrier produced in this manner can 
be improved by tolerating some degradation in symmetry 

of the output modulation sidebands by a suitable change 
of the modulation index. In practice, this always occurs 
to some extent and is limited by the degree of asymmetry 
considered tolerable. Incidental modulation can occur at 
the resistive summer in a manner discussed later, where 
it is shown that unwanted modulation produced in this 
way can be reduced to an acceptable limit. 

Referring to the schematic diagram of the switching 
unit shown in Fig. 35, the pushpull square wave modulat- 
ing signal is applied to the input of a two-stage dc coupled 
9ipflop Q1 through 44, and the output from the collector 
of 4 3  is applied to the driver of the solid-state coaxial 
switch which selects either the quadrature component or 
a =ohm termination. The output of the switch is added 
to the main signal, and the modulated carrier so obtained 
is amplified by 45. Inequalities between the impedance 
of the =ohm termination and that of the quadrature 
component source introduced considerable amplitude 
modulation of the main signal when the phase modulation 
was set at zero. This incidental modulation could be 
eliminated from the main =mer during phase modulat- 
ing by reapportioning the values of a and 90 + 8, as 

Fig. 35. Schematic diagram of switching unit 
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FOR PHASE MODULATION = f 

QUADRATURE COMPONENT FOR NO AMPLITUDE MOD ? 
AMPLITUDE = a = AC/OA 

PHASE = (90+8) 

AND FOR AB AMPLITUDE MOD? 

AMPLITUDE = a'= BC /OA 

PHASE = (90 + 8') 
Fig. 36. Vector diagram 

illustrated in Fig. 36, but it was considered more satis- 
factory to correct this effect by means of an impedance 
matching network in the quadrature connection. A small 
amount (about -45 db) of residual modulation could not 
be removed by this means and was accounted for by the 
open circuiting of the quadrature output when the switch 
was in the off position. 

In the absence of any incidental modulation of the in- 
phase component, the amplitude and phase of the quad- 
rature component required to deviate the output carrier 
+-90 deg at X-band are -25.6 db and 91.5 deg, respec- 
tively, and at S-band -13.5 db and 96 deg, respectively. 
This range in attentuation can be covered by the direc- 
tional coupler used, but degradation in the VSWR at 
S-band necessitates readjustment of the impedance match- 
ing network. These strip line variable directional couplers, 
as first received, were not acceptable mechanically. Back- 
lash and extreme stiffness of the movement made ampli- 
tude adjustments impracticable. Rework to correct this 
problem had to be limited by the necessity of maintaining 
adequate electrical contact pressure to meet electrical 
stability requirements. The modulator is capable of being 
preset to phase-modulate the S- or X-band carrier at 
depths ranging from 2 9  to +90 deg continuously. At the 
higher modulation index, the carrier can be suppressed 
to well under -50 db with good symmetry of the output 
sidebands, but can be expected to approach -40 db 
under adverse working conditions. The main factor, and 
perhaps the deciding factor, against achieving the target 
suppression of -50 db, is the specified quality of the 
input modulating signal. 
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D. S-Band Planetary Radar 
Project 

I .  Redesigned Cassegrain Cone 

A 2388-Mc Cassegrain antenna cone has been con- 
structed to replace the Goldstone Venus site cone dam- 
aged in September 1964. Fig. 37 shows the new cone 
layout. Several major improvements have been made in 
equipment and the cone layout : 

(1) Locating the 100-kw transmitter, water load, and 
transmitter water load switch inside the cone. 

(2) Rebuilding the old maser package with a DSIF 
configuration and incorporating a helium load in 
the maser cryogenic assembly. 

(3) Replacement of the nitrogen load vacuum Dewar 
with a long life foam unit. 
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(4) Integration of the post maser receiver and monitor 
receiver into one package. 

(5) Building in a quick-disconnect capability to allow 
rapid changeover to the 100-kw Mariner C trans- 
mitter cone. 

Planetary radar tests are presently being conducted 
with the planets Venus and Jupiter. System tests and tests 
on the individual subsystems will be reported as data is 
accumulated. 

2. Rebuilt TWM and Instrumentation 

The traveling wave maser (TWM) for the 2388-Mc 
radar system used on the 85-ft antenna at the Venus site 
has been rebuilt and repackaged in the closed cycle re- 
frigerator (CCR). The external package is basically a dup- 
licate of the TWM/CCR units delivered to the DSIF for 
2295-Mc operation. Fig. 38 shows the amplifier installed 
in the experimental planetary radar Cassegrain cone. A 
liquid helium cooled termination was included in the 
refrigerator for calibration purposes. This replaces the 
open cycle Dewar cooled load used previously. The maser 
instrumentation in the cone and control room was con- 
siderably simplified. 

a. Closed cycle refrigerator. The CCR was modified to 
provide a mounting flange for the amplifier having the 
same dimensions as the DSIF units. Additional supports 
have been added to the 4.4OK station of the CCR. In the 

ment of the amplifier microwave head,which is support-tcd 
by the refrigerator and coaxial lines. Movenicnt. wliicli 

past, gain changes have been caused by mechanic. '1 1 move- 
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I 
VIEW A-A 
SIDE VIEW 

Fig. 37. 85-ft antenna, 2388-Mc RID  cone layout 

occurs at the rate of the refrigeration cycle, is caused by 
alternating high and low pressures in the expansion engine 
of the CCR. This causes a corresponding gain fluctuation 
which has been referred to as “crosshead modulation.” 

Crosshead modulation in this amplifier has been re- 
duced to the point where it is not measurable with the 
existing instrumentation (less than 0.02 db peak-to-peak). 
This improved stability has been accomplished by the 
use of micarta supports extending from the outer hous- 
ing of the CCR to the 4.4OK heat station where the TWM 
microwave head is mounted. Improved support should pro- 
vide better gain stability as a function of package position. 

b. Traveling wave maser. The new TWM amplifier 
was tested in the laboratory; the following characteristics 
were measured: 

Net gain .............................................................................. 48 db 

Electronic gain .................................................................... 57 db 

Forward loss ........................................................................ 11 db 

Bandwidth ( a b )  ............................................................ 12.3 db 

Bandwidth ( l d b )  ............................................................. -7.5 Mc 
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Fig. 38. Packaged S-band maser and CCR installed 
in 85-ft antenna Cassegrain cone 

Fig. 40. RF "head" installed in CCR 

Fig. 39. RF "head" providing input and output connections to the 2388-Mc maser and 
a cooled reference termination 
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These measurements were performed at a CCR tempera- 
ture of 4.4OK. The theoretical noise temperature (Ref. 2) 
of this amplifier is 2.3OK. The maser ”head (coaxial lines 
providing input and output connections to the amplifier) 
has been changed to be consistent with the DSIF package, 
and an additional %in. coaxial line has been added (Fig. 
39). This line is terminated at the 4.4OK station to provide 
a cooled reference load for system temperature measure- 
ments. The maser input lines are shown mounted in the 
refrigerator in Fig. 40. The RF  “head” assembly including 
the reference termination was fabricated by Maury Micro- 
wave Corporation, Montclair, Calif. The 4.4OF load tem- 
perature will be increased by an estimated 5S°K due to 
resistive losses in the input coaxial line, the waveguide 
transition, and the 26-db directianal coupler. The equiva- 
lent input excess noise temperature of the TWM amplifier 

WATER I LOAD 

PRECISION 
SIGNAL 

GENERATOR 
(RESDEL) 

FROM 
TRANSMITTER TO HORN 

I .TRANSMIT-RECEIVE, I 
WAVEGUIDE 
SWITCHES 

I 

is expected to be approximately 8 O K ;  it has not yet been 
measured. 

c. Maser instrumentation. A block diagram of the in- 
strumentation used with the 2388-Mc TWM is shown in 
Fig. 41. Several improvements have been made since the 
previous installation (SPS 37-18, Vol. 111, p. 16). The 
“noise box” (Figs. 38 and 42) is installed inside the maser 
package as in the DSIF installation. A tucor noise source 
is used with %-in. EL4 flanges. The precision signal gen- 
erator does not feed through the noise tube in order to 
maintain calibration accuracy. It is now feasible to meas- 
ure the match of the terminations and the antenna feed as 
seen from the maser. In the past, cooled terminations have 
experienced a change in VSWR with time. It has been 
necessary to disconnect a waveguide section to insert a 
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6-ft DISH 

4 WAVEGUIDE 

‘EGUIDE -... * 
I Ln w WAVEGUIDE 

TERMINATION 

WAVEGUIDE WAVEGUIDE 

WAVEGUIDE 
COUPLER 

26-db 

SHORT SHORT 

I 
1 - 7/8-1n COAXIAL 

COUPLER I 
I 
I 
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TO CONTROL ROOM (30-Md m 
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NOISE BOX 

7/&m COAXIAL CABLE FROM CONTROL ROOM SIGNAL GENERATOR 

Fig. 41. Block diagram of TWM instrumentation 
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slotted line to measure the match. Aside from the incon- 
venience of disconnecting the waveguide, there is a pos- 
sibility of degrading the waveguide performance when 
disconnecting and reconnecting the waveguide flanges. 
With the new configuration,the impedance match is meas- 
ured on a daily basis from the maser instrumentation rack 
(Fig. 43) in the control room without any change to the 
system. Coaxial switch 2 is used to measure the VSWR 
using the maser input coupler as a reflectometer. A signal 
reference is made by setting the waveguide switch to the 
short position. The signal generator attenuator is set for 
the same output signal level when the maser input is 
switched to the termination under evaluation. The 26-db 
coupler had 37 db of measured isolation after installation. 

Maser gain is measured by adjusting the signal genera- 
tor attenuator for equal output level when switching the 
signal between the maser input and output (Fig. 41, maser 
gain switch 1). 

The liquid nitrogen cooled waveguide termination (Fig. 
41) is under construction and will be installed in a Dewar 
(Fig. 44) mounted in the cone at a 30-deg bias to the ver- 

tical. The liquid nitrogen life is expected to be greater 
than 24 hr. A liquid helium cooled waveguide termination 
in an open-cycle glass Dewar can be periodically (at 
present on a weekly basis) connected to the calibrate 
waveguide switch (Fig. 41) for precise absolute calibra- 
tions. 

The insertion loss of the waveguide from the maser 
input to the liquid helium cooled termination (between 
points 1 and 2, Fig. 41) was measured on November 6, 
1964, to be 0.029 db. The contribution from this loss is a 
function of its temperature. The equivalent noise tempera- 
ture of the liquid helium cooled termination at the out- 
put flange (where connection is made to point 2, Fig. 41) 
was calibrated to be 6.2OK. The equivalent noise tempera- 
ture of the liquid helium cooled termination referred to 
the maser input, TF,, (point 1, Fig. 41) as a function of the 
waveguide temperature, To,  is 

T ,  = [0.00666 To + 6.161 OK. 

The other waveguide insertion loss measurements such 
as from the maser input to the horn, liquid helium cooled 
termination in the CCR, and the waveguide short have 

Fig. 42. "Noise box" instrumentation used with TWM 
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Fig. 43. S-band maser instrumentation rack located 
in control room 

Fig. 44. Partially completed liquid nitrogen cooled 
waveguide termination mounted in Dewar 

not yet been made. The noise source is calibrated with the 
ambient and liquid helium cooled termination. (See Sect. 
VI-F of this volume.) The liquid nitrogen cooled termina- 
tion will be used to refine and verify the calibration. 

The coaxial liquid helium cooled termination, installed 
in the CCR, and the waveguide short are also calibrated 
periodically (Sect. VI-F) with the cooled waveguide termi- 
nation and used for calibrating the receiver system on 
an operating basis. 

The performance of the TRACE receiver (especially 
amplitude gain stability) has been improved (Sect. VI- 
D-6) so that the monitor receiver is no longer required for 
noise temperature calibrations and radio astronomy ex- 
periments. Direct measurements of the maser amplifier 
and TRACE receiver amplitude gain stability have been 
made (Sect. VI-F). Also, the overall system performance is 
demonstrated by a very interesting total power radiometer 
“drift curve” taken of Jupiter (Fig. 45). No special gain 
stabilizing techniques were used for this recording. In this 
measurement, the antenna is moved ahead of the path of 
Jupiter and stopped. As Jupiter moves through the an- 
tenna beam, the system temperature increases as shown 
(Fig. 45). The total system temperature during the time of 
this measurement was approximately 24OK so that the 

6 1  
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POWER (ARBITRARY UNITS)+ 

Fig. 45. 2388-Mc total power radiometer “drift curve’’ 
of Jupiter 

increase in antenna temperature due to Jupiter AT‘,* de- 
fined at the maser input calibrated from the 0.1-db (1.023 
ratio) calibrations is 

(1.023 - 1) N 0.73’K. 
17.6 divisions 

For this measurement: 

Date ................................................................ December 4, 1964 

Time .......................................................................... 09:28 GMT 

Azimuth ...................................................................... 261.59 deg 

Elevation ...................................................................... 39.94 deg 

Frequency ...................................................................... 2388 Mc 

Bandwidth ............................................................................ 9 Mc 

Recorded time constant .................................................... 0.1 sec 

The apparent brightness temperature of Jupiter Tq is 
approximately ( S P S  37-10, Vol. I. p. 61: 80q antenna beam- 
width) : 

where 

Go = maximum antenna gain 

= angular diameter of Jupiter 
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This results in 

with 

Earth - Jupiter range N 6.014 X 10” km (Ref. 3) 

Jupiter semi-diameter N 7.14 km 

G,, N 54.4 db 
(SPS  37-24, Vol. 111, p. 24) 

The accuracy of the above is probably about +lo% and 
represents only a preliminary measurement. 

3. Planetary Tracking Program 

a. Summary. A multipurpose program has been written, 
for use on the Mod I11 stored program controller at the 
Venus site at Goldstone, which automates all phases of 
the current planetary tracking experiments, and which 
provides coder control during the planetary mapping 
experiments. This article is intended to explain the con- 
struction and operation of the program. 

b. General program characteristics. In the following 
discussion, it will be assumed that the reader has an 
awareness of: 

(1) The structure and organization of the Mod I11 
stored program controller and its language, as out- 
lined in S P S  37-21, Vol. 111, pp. 62-71.’ 

(2) The operation of the planetary coders, as described 

(3) The philosophy of the tracking system implemented 
by the Planetary Tracking Program, as given in 

in S P S  37-27, Vol. 111, pp. 70-79. 

S P S  37-28, Vol. 111, pp. 55-61. 

The Planetary Tracking Program can be divided into 

(1) Initialization and tape synchronization routine. 

(2) “One-second loop.” 

(3) “Twenty-millisecond loop.” 

(4) Data acquisition and display routine. 

four major components: 

The functional structure of these four components and 
the order of their relationships is displayed in Fig. 46. 

‘See also Baugh, Harold W., “Mod I1 Ranging Equipment,” Tech- 
nical Report No. 32-337, Jet Propulsion Laboratory, September 
15, 1962. 
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PREPARE 
LIMIT -C 
LINES 

RESET 
OUTPUT 

INTERNAL 
SIGNALS 

The initialization and tape synchronization routine is 
a first-time-in structure which provides for the initial state 
of the Mod I11 and its external subsystems, and which 
synchronizes the tape reading and other real-time proc- 
esses to the station time. The “one-second loop” is the 
minor timing loop, and its main purpose is to oversee the 
external control functions of the machine. The “twenty- 
millisecond loop is the major timing loop, and is con- 
cerned essentially with controlling the internal state of 
the machine. Finally, the data acquisition and display 
routine has the task of ordering the sampled data inter- 
nally and presenting this data through the various display 
devices of the Mod 111. More comprehensive descriptions 
of the four program components follow. 

STORE 
INITIAL 
OFFSET 

COMPUTE 
DIGIT AND -0 

CODE LENGTHS 

c. initialization and tape synchronization. A detailed 
00w chart of the initialization and tape synchronization 
routine is given in Fig. 47. The initialization portion 
of the routine is straightforward, consisting as it does of 
clearing internal lines and preparing constants. The tape 
synchronization portion of the routine consists of a tape 
search, in which the Mod 111 compares time words on 
the tape to station time until the first time word ahead 
of the station time is found, followed by a positioning of 
the tape for entrance into the program. Note that as each 
time word is read, the “range-values’’ subroutine, dis- 
played in Fig. 48, is entered and range values are com- 
puted. Since the tape reader cannot process more than 
two time word-range word pairs per second, this practice 

STORE * 
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J 

UPDATE COMPUTE COMPUTE 
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Fig. 47. Detailed flow chart of initialization and tape synchronization 

* - INDICATES FOLLOWING STEP IS ACCOMPLISHED USING DOUBLE-PRECISION 

Fig. 48. Detailed flow chart of range values subroutine 
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Fig. 49. Detailed flow chart of “twenty-millisecond loop” 

enables the machine to make use of time that would 
otherwise be spent in waiting for the tape reader to 
recover. 

d. “Twenty-millisecond loop.” The “twenty-millisecond 
loop” is detailed in Fig. 49. After the initial entrance to 
the loop from the initialization and tape synchronization 
routine, all further program control is accomplished 
through this loop. A check is made each 20 msec to see 
if a new second has been entered and, if such is the case, 
control is passed to the “one-second loop.” If a new s e e  
ond has not been entered, or if the ”one-second loop” has 
retumed control to the “twenty-millisecond loop,” a check 
is made to see if the program is in the receive state and, 
if such is the case, the analog-todigital converter is 
sampled and the data stored in either the left- or right- 
gate sample storage. Once the sampling is complete, or 
if the program were in a state other than receive, a check 
is made to see if a tape-read sequence has been initiated 
by the “one-second loop.” If such a sequence has not been 
started, control goes to the data acquisition and display 
routine when the program is in the tracking mode, or to 
the beginning of the “twenty-millisecond loop” when the 
program is in the mapping mode. When a tape-read 

sequence has begun, the tape is read for range, and, 
when the print-time breakpoint is on, the time is printed. 
Control then returns to the beginning of the “twenty- 
millisecond loop.” The next time through the loop, the 
range-values subroutine is entered and, if the program is 
in the waiting-to-transmit state, the tape-read sequence 
is completed and control returns to the beginning of the 
7wenty-millisecond loop.” If the program is in some state 
other than waiting-to-transmit, a new range rate is pre- 
pared and when the waiting-tu-receive part of the cycle 
has been entered, the coders are synchronized. The tape- 
read sequence is then completed and control returns to 
the beginning of the “twenty-millisecond loop.” 

e. “One-second loop.” The organization of the “one- 
second loop” is detailed in Fig. 50. Entrance to this loop 
is from the “twenty-millisecond loop,” and exit is back to 
the “twenty-millisecond loop.” The loading of the range 
rate, calculated in the “twenty-millisecond loop,“ takes 
place here, as well as the initiation of the tape-read 
sequence. The range error (the Werence between the 
actual shift present in the planetary coder and the shift 
reported by the coder counter) and the tally-mod-code- 
length (the Mod 111’s record of what the shift in the 
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Fig. 50. Detailed flow chart of “one-second loop” 

planetary counter should be) are calculated in the “one- 
second loop.” A 1-sec count is used to interpolate between 
range values. The countdown number (initially set to the 
round-trip-time-minus-4-sec for both the transmit and 
receive portions of the cycle, and set to 8 sec for the 
transmit-receive changeover) is used to counr time in 
each of the four states : waiting-to-transmit, transmit, 
waiting-to-receive, and receive. An operator-warning sig- 
nal is given when there are 32 sec left in a receive or 
transmit state, and again 2 sec later. While the Mod I11 
is counting down, a check is made each second to see if 
the operator has entered (by means of break-points) in- 
structions to change cycles. Once the Mod I11 is through 
counting down, the next state of operation is determined 
and then entered. 

A check is made each second by the Mod I11 to deter- 
mine if the operator has indicated (by means of break- 
points) that transmitter or receiver control should be given 
to the keyer or coder. Also, a check of the break-points 
is made to see if an octal display of the contents of any 
of the Mod I11 addresses is desired, and to see if the 
mode of program operation, i.e., tracking versus mapping, 
is to be changed. The waiting-to-transmit state may also 
be entered, under conditions explained in Part f of this 
article, from the data acquisition and display routine. 

f. Data acquisition and display. A detailed flow chart 
of the data acquisition and display routine is given in 
Fig. 51. The routine is entered from the “twenty- 
millisecond loop,” and exits to either the “twenty-milli- 
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Fig. 51. Detailed flow chart of data acquisition and display 

second loop” or to the “one-second loop.” The data 
acquisition and display routine operates only during 
receive portions of the cycle. It is controlled by both 
minor and major timing loops, the minor loop being 6 sec 
in length, and the major loop being 60 sec long. 

At the beginning of each minor cycle, one of nine pieces 
of data is printed and punched, except during the first 
minor cycle, when a blank is printed. At the end of each 
minor cycle, the data sampled over the preceding 6 sec 
is processed and displayed, and the coders are shifted in 
response to the data results. If the routine is in an S-curve 
mode, as dictated by the operator through a break-point, 
the coders shift right 4 psec as part of a scan into the 
planet. 

At the end of each major cycle, a check is made to see 
if there are more than 60 sec left in the countdown and, if 

such is the case, control is returned to the beginning of 
the “twenty-millisecond loop.” If there are less than 60 sec 
left in the countdown, since there is not time enough to 
complete a major cycle, control goes to the waiting-to- 
transmit portion of the “one-second loop.” A complete 
explanation of the order and method used by the data 
acquisition and display routine to display the data is 
given in the following article. 

4. Data Processing 

a. Summury. The 1964 Venus Tracking Experiment, 
now concluded, for over 2 mo produced data of high 
accuracy and precision. It is the purpose of this article 
to document the data acquisition and reduction proce- 
dures, and to indicate the steps that have been, or are 
being, taken in the analysis of the data. 
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I Data t w e  

b. Data acquisition and display. As indicated in the 
first report on the 1964 tracking experiment, which de- 
scribed the analysis and calibration of the system ( S P S  
37-28, Vol. 111, pp. 55-61), data acquisition and display is 
one of the several functions performed by the Mod I11 
stored program controller on site at Goldstone. Fig. 46, a 
functional flow diagram of the Mod I11 Planetary Track- 
ing Program, shows the relationship of the data process- 
ing routine to the other functions of the program. The 
routine is detailed further in Fig. 51. 

Time, sec 
Real-time constraints are placed on data acquisition and 

display by the control functions of the machine, and it is 
a combination of these constraints, together with the 
relatively slow speed of the associated output devices, 
that has dictated the segmented nature of the data acqui- 
sition and output. 

Data display is in the form of a print-out, a punched 
paper tape, a strip-chart, and an x-y plot. The print-out, 
strip-chart, and plot are used for on-the-spot engineering 
monitoring, while the punched tape is used as the initial 
source of permanent data. The following data items are 
recorded on both the print-out and the punched paper 
tape: 

(1) Clock number. The number of 125-psec blocks that 
compose a digit in the 511 PN code. With the ex- 
ception of the first 2 days, a clock number of one 
was used throughout the experiment. 

(2) Summation number. The number of seconds spent 
in each gate before the difference of the gates is 
examined to determine the appropriate phase shift 
in the receiver coder. Twice this number defines 
the length of a minor cycle. Throughout the experi- 
ment, the summation number was three. 

(3)  Signal leuel. The average signal plus noise level 
present in the left gate over each major cycle, a 
major cycle being ten minor cycles. The duration 
of a major cycle throughout the experiment was 
60 sec. 

(4) GMT day number. 

(5) Greenwich Mean Time. 

(6) Range. Ephemeris round-trip time in microseconds. 

(7) Average offset. The average tracking-induced phase- 
shift in the receiver coder over each major cycle. 

(8)  Average error. The average gate difference over 
each major cycle. 
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(9) Final error. The gate difference during the last 
minor cycle of each major cycle. 

(10) Sample number. The major cycle number. 

It should be noted that, because the different data are 
acquired and recorded at differing intervals, each data 
item represents the state of the system at some unique 
time. The time relationships between the items, often 
pertinent to the analysis of the data, are shown in Table 5. 

Table 5. Time-type relationship 

Clock number ond summation number 

Signal level and day number 

Greenwich Mean Time 

High-order range 

low-order range 

Average offset 

Average errar 

Final error 

Samde number 

1 -  12 

1 - 6  

t 

i f 6  

i f  12 

t +  18 

t -k 24 

i f 30 

t f 36 

The x-y plot displays average offset on the x-axis against 
average error on the y-axis, thus forming a graph of the 
S-curve. This curve enables the engineer in charge to 
determine what initial offset is necessary in order to lock 
on to the planet for tracking. The strip-chart records total 
left gate signal on strip 1, total right gate signal on strip 2, 
average error on strip 3, and change in average offset 
on strip 4. 

.a 

c. Octal-to-decimal conversion. ?he data, as it appears 
on paper tape from the Mod 111, is in octal or quasi-octal 
form. In order to make the data amenable to hand and 
machine analysis, it is necessary to convert it to decimal 
form. This is done by first generating octal cards, one 
card per major cycle, from the punched paper tape, and 
then using these cards as input data to either an IBM 1620 
or an IBM 7094 program which handles the octal-to- 
decimal conversion. 

The octal cards are generated through the use of a 
modified IBM-047 tape-to-card punch located at the Echo 
site, Goldstone. The modification, made necessary because 
of the nonstandard paper tape format of the Mod 111, 
consists of a disabling switch at the back of the machine 
which removes the parity check. A special board for the 
047 is also necessary because of the tape format. 

The 1620 Monitor I program for converting the octal 
cards to decimal cards and print-out, called digital inter- 



JPL SPACE PROGRAMS SUMMARY, NO. 37-31, VOL. 111 

preter, is shown in Fig. 52 as a functional flow diagram. 
The 7094 program follows the same logic and bears the 
same name, but is written in Fortran IV in order to 
accommodate the large range word without using double 
precision. 

The conversion of the data from octal to decimal is 
complicated by the fact that the day number and time 
word are in the Mod I11 as binary-coded-decimal (BCD), 
but are punched on the paper tape as if they had been 
octal. The digital interpreter converts these words to deci- 
mal by first going through octal-to-decimal conversion 
procedure, and then taking the result and performing a 
hexadecimal conversion. The resulting number is the 
decimal equivalent of the original BCD word. 

A second form of quasi-octal data is found in the range 
word. It is necessary to handle range in double precision 
within the Mod 111; hence, when the range word is 
punched, the sign bit of the low-order half is the least 
significant binary bit of the next highest octal digit. This 
causes the entire high-order word to be shifted right by 

1 binary bit. The problem is easily remedied by convert- 
ing the high-order half from octal to decimal in the usual 
way, multiplying the result by two, and then adding the 
sign bit of the low-order half. 

The output of the digitol interpreter is in the form of 
decimal cards and print-out. The format of both the cards 
and the print-out was changed after Day 189, the differ- 
ence being that through Day 189 the fields labeled “Aver- 
age OBFset” and “Average Error” actually contained, dur- 
ing the S-curve mode, the final offset and average offset, 
respectively. Before Day 156, range was measured to the 
left-gate rather than the mid-gate, and the signal strength 
was not recorded. Any non-zero entries in the signal field 
during the period before Day 156 were entered by hand 
to indicate bad data. 

d. Data anulysis. The data described in this article is 
being used in two major studies. One of these studies uses 
the S-curve data to determine the Venus backscattering 
law. The other uses the tracking data, in conjunction with 
older tracking data and all available doppler data, to 
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Fig. 52. Functional flow diagram of digital interpreter 
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better determine various astronomical constants used in 
the calculation of the orbit of Venus and Earth. Both 
of the projects demand further processing of the decimal 
data obtained from the digital interpreter. 

Each study requires high-resolution S-curve plots in 
order that the distance to the sub-Earth point can be 
accurately determined. For this purpose, a 1620 program, 
called data plot, and a 7094 program have been written. 
Fig. 53 is a functional flow diagram of data plot. The 
7094 program uses the Stromberg-Carlson plotter to pro- 
duce x-y plots, while the 1620 program takes advantage 
of the “PLOT subroutine to produce .r-y plots on the 

high-speed printer. Examples of plots of the same data 
from each of the programs are given in Figs. 54 and 55. 

For the backscatter study, a 1620 program has been 
written to normalize all the S-curve data and fit appro- 
priate sections of the resulting curve with polynomials. 
The astronomical constants study requires edited data 
with range given to the sub-Earth point rather than the 
left- or mid-gate. The ephemeris range, printed during the 
minor cycles t + 6 and t + 12 (Table 5) is actually an 
ephemeris prediction of the range 8 sec past the minute 
in question; in order to have the equivalent measured 
range, it is necessary to interpolate linearly between the 
two range measurements that bound this minute. A 1620 
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program, called trucking data, has been written which 
performs the described interpolation and converts the 
resulting range to a distance-to-front-face measurement. 
Output of the program is in the form of punched 
cards and print-out. Fig. 56 is a functional flow diagram 
of tracking data. 

READ 
INITIAL YEAR NO., 
SETUP CALIBRATION 

NUMBERS 

Since the astronomical constants project uses as input 
edited points only, plots of the tracking data are neces- 
sary in order to determine when planetary lock-up oc- 
curred. The 7094 program that produces S-curve plots 
produces tracking plots simultaneously; an example is 
given in Fig. 57. A similar 1620 program is being written. 

e. Future data. The 1964 Venus Tracking Experiment 
has aptly demonstrated the capabilities of the present 
system. Modifications are now being made which will 
allow the same basic system to be used in lunar ranging. 
The major hardware modification will be the installation 
of coders capable of providing digit lengths as small as 
1 psec. The major software modification involves chang- 
ing the data acquisition scheme so that all data will be 
sampled at a specified time, buffered, and then distributed 
over minor cycles for output. 

5. 100-kw S-Band Transmitter 

a. Radio frequency interference. Installation of the 
100-kw S-band transmitter in the R&D cone does not 
appear to have increased the receiving system noise tem- 

perature significantly. The noise temperature with the 
receiver switched to the antenna was increased 0.01 db 
when the transmitter beam voltage was on. This confirms 
the measurements and analysis made prior to the instal- 
lation and previously reported (SPS  37-30, Vol. 111). The 
power density at the maser input flange was measured to 
be -44.4 dbm (average) with the transmitter radiating 
f 8 0  dbm into the RF load. This is slightly better than 
the predicted -42.5 dbm; the RF leakage from the trans- 
mitter and waveguide joints has been reduced by care- 
fully machining and lapping the flanges. 

6. S-Band Planetary Radar Receiver 

a. Introduction. One of the objectives of the new 
S-band cone installation was the combining of the front 
end (antenna-mounted) portions of the maser instrumen- 
tation and radiometer functions with that of the planetary 
radar. This reduction, from two receivers to one, results 
in considerably less hardware and a simpler system con- 
figuration. On the other hand, neither existing receiver 
(SPS  37-18, Vol. 111, Fig. 16; and SPS 37-21, Vol. 111, 
Figs. 47,49, and 52) possessed the combined requirements 
of coherent local oscillator, balanced mixing, and wide- 
band, high-gain, stable amplification at 30 Mc. Therefore, 
a rather extensive modification of the radar converter was 
accomplished to meet these objectives. 

b. Description. Fig. 58 depicts the combined configura- 
tion in a simplified manner. (For a more detailed 
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description of the maser system, see Sect. VI-D-2 of 
this volume.) Fig. 59 is a detailed block diagram of 
the converter; photographs of the unit appear as Fig. 60. 
Although a selected combination of existing mixers and 
preamplifiers could have been utilized, prior experience 
with gain stability problems indicated that the weak 
point of previous systems was the control room mounted 
filament supply for the vacuum tube preamplifier. Gain 

sensitivity to filament temperature variations suggested 
the use of a solid-state preamplifier with a well regulated 
power supply. A combination of commercially available 
units (Figs. 59 and 60) provided the required gain and 
bandwidth. Modification of the units prior to incorpo- 
ration included line filtering and self-contained, low- 
temperature-coefficient, zener regulators for double 
regulation of supply voltage, as well as RFI shielding 
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Fig. 60. 2388- to 30-Mc converter: (a) with cover 
and (b) with cover removed 
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Fig. 61. 2388- to 30-Mc converter gain stabiiity 
recordings 
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and mounting adapters with special consideration for 
module temperature stability. Not shown in the photo- 
graph is a %-in.-thick copper base plate, thermally insu- 
lated from the outer housing, which replaced the thin 
aluminum plate of the IF amplifier prior to final data. 

c. Test results. The completed converter was tested as 
a unit both before and after installation in the cone at 
the Laboratory with results described below. Although 
field operations (including maser calibration, radiometer 
star track and spectrum analysis of planet Jupiter radar 
returns) indicate satisfactory receiver performance, a full 
S-band retest of the modified (SPS 37-30, Vol. 111) receiver 
has not been accomplished. This is due primarily to sched- 
uling difficulties and to spurious operation of the cone- 
mounted S-band test signal generator. This difficulty was 
not in evidence during laboratory test prior to reinstalla- 
tion, and is presently under investigation. 

The converter test data follows: 

Conversion gain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .65.5 db 

Noise figure, tloiible sideband . . . . . . . . . . . . . . . . . . . . . . .  .7.0 db 

Bandwidth (3-tlh) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .12.5 Mc 

Gain sensitivity to f 3 0 - v  supply change..  . . . .  .0.00.2 db/0.05’X 

Mixer balance (relative immunity to local 
oscillator self-detection) . . . . . . . . . . . . . . . . . . . . . . . . . .  .30.5 d h  

Short-term gain stability (10 min). . . .  <0.005 db peak-to-peak 

Supporting test data for gain stability appears in Fig. 61. 
Comparison of the samples bears out the conclusion that, 
under normal (temperature and voltage stabilized) oper- 
ating conditions, the local oscillator is now the limiting 
factor in gain stability. When solid-state multiplier chains 
become available (similar to those recently implemented 
at X-band, SPS 37-29, p. 86) for S-band, further improve- 
ment in this area is a likely prospect. 

E. Error Statistics of Inter-DSN 
Teletype Channels 

This article continues the teletype-error-correction study 
last reported in SPS 37-30, Vol. 111, pp. 91-93. The prob- 
lem of transmission of command messages to a spacecraft 

is two-fold. The first is the need for correct transmission 
and interpretation of messages, and the second is that the 
first be accomplished as speedily as possible. Previous 
Summaries (SPS 37-26, Vol. IV, pp. 223-225; SPS 37-29, 
Vol. 111, pp. 95-99; and SPS 37-29, Vol. IV, p. 299) 
discussed a procedure to be used to decode messages, 
and detect and correct errors induced into the messages 
from the Earth environment before transmission to the 
spacecraft. By the implementation of the techniques dis- 
cussed in those Summaries, it was possible to correct as 
many as 10 teletype symbol errors in a block of 63 message 
symbols. If the communication channel had probability 
of error of 0.02 per symbol, and errors occur independ- 
ently, then the correction routine would drop the error 
probability to less than IO-” per symbol. In order to deter- 
mine the statistics of the channel more exactly, a program 
was written for the SDS 910 at the Venus site, GTS, to 
analyze messages that had been sent through the DSIF 
Stations. It is on that program that we report here. The 
program is now running, and messages are being sent. 

7 .  Test Message 

A prograni was written to encode a long pseudo- 
random test message to be sent over the DSIF communi- 
cation links. After the return message is to be received, the 
received message woiild he compared to the message that 
was sent. Since the SDS computer was used for the encod- 
ing procedure and since a (nearly as possible) random 
message of teletype symbols was to be sent, a shift regis- 
ter sequence defined by the binary primitive recursion 

+ y-, + 1 = 0 was used. Teletype symbols were de- 
termined from the standard Baudot code. The SDS has 
data word length 23 with 1 extra bit for sign, so the choice 
of the degree 23 polynomial was a natural one. 

There are 5 bits used to encode each unit of information 
in the teletype code; this corresponds to a similar code in 
the SDS computer. The elements of the sequence were 
placed in the 5 highest order bits of each of the four 6-bit 
blocks in a data word, and then punched onto paper tape 
for sending in the teletype machine. 

2. Channel Error Counter 

The next step in the program w a s  to design a program 
to determine varieties of errors occuring in the channel. 
Fig. 62 is a flow diagram of thc c’rror counting program. 
The program relies heavily on the shift and logical opcwi- 
tions of the computer. The program utilizes 75 countrrs 
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Fig. 62. Flow diagram of error checking routine 
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to indicate the frequency of errors. These counters and 
their number are: 

Teletype symbol errors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ( 1) 

Total binary errors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (1) 

Binary channel errors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (5) 

Pattern errors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (32) 

Burst errors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .(30) 

Number of errors per synihol . . . . . . . . . . . . . . . . . . . . . . . . . . .  . (6)  

Since not all of these counters are independent, a check 
can be made between them for quality of operation. 

The teletype symbol counter counts every occurrence 
of an error in the teletype symbols themselves. The binary 
error counter counts every transition of a zero into a one 
or a one into a zero in the Baudot binary representation. 
The five channel counters break this count down to deter- 
mine in which of the five “channels” these errors are 
taking place in the teletype symbol. The six counters tell 
the number of times 0,1,2,3,4, and 5 errors have occurred 
in each teletype symbol. The 32-error-pattern counters 
generalize the work of the six counters immediately 
above. While they count the number of errors in a tele- 
type symbol, they also tell which of 32 possible error 
vectors have been added to the teletype symbol. 

~ 
The 30 burst error counters are the most interesting. 

These counters tell how long a string of teletype errors 
occurred between reception of two symbols which were 
not in error. It is conceivable that there could occur a 
string of more than 30 symbols all of which are in error. 
The probability of such an occurrence is so small (less 
than lo-’”) that it can be ignored. 

3. Program Checkout 

The operation of the program was checked out with 
a series of two experiments. First, the received message 

pared with the message which was generated in the 
computer during the error check program. By comparing 
this with a null message, every one which occurred as an 
output of the sequence generator would be interpreted 
as a binary error in the analysis of the data by the pro- 
gram. Given the starting vector 100 . . .  0, the sequence 
generator ground out 1000 bits, that is, 200 teletype sym- 
bols. The values of the various counters agreed with a 
hand calculation of the values that would be obtained. 

, was taken to be the message of all zeros. This was com- 

For the second test, the transmitted message was in- 
serted into the computer as the received message with no 
errors introduced. In this case there were to be no dis- 
crepancies between corresponding elements of the two 
sequences; again the program functioned correctly, indi- 
cating that no errors had occurred. 

On December 14, 1964, there began to be sent a series 
of messages to the DSIF Stations over the Mariner ZV 
link. With these messages went the instructions to re- 
transmit the message back to JPL and to send a copy of 
the received tape via normal mail routes. With copies 
of the tapes which were sent to compare against those 
which were received, the statistics for the errors in the 
channel can be determined. If the error probabilities of 
the different kinds of errors fall within acceptable lim- 
its, the design of an error correcting program, as defined 
in previous Summaries,can go on as described. 

F. Venus Site Operations: 
Experimental Activities 

7 .  Current fxperiments 

a. X-band lunar experiment. An X-band lunar radar 
experiment was conducted at the Venus site for 11 days 
in the period from October 22 to November 11, 1964. A 
total of 74 hr of good data was obtained during this 
period. The X-band radar experiment operated at 8448 Mc 
using the 30-ft parabolic antenna with Cassegrain feed. 
A nine-cavity maser was used to obtain a system tem- 
perature of approximately 65°K. The 7-kw transmitter 
was phase-modulated with a pseudonoise code of length 
16,383. Except for the RF equipment used, the ranging 
experiments conducted were identical to those performed 
earlier with the S-band system on the 85-ft antenna at 
the Venus site. The X-band system gave a much better 
signal-to-noise ratio (Fig. 63). The data from the ranging 
experiment is still being reduced, but preliminary results 
confirm the range obtained with the S-band system. 
Range-gated spectrum analysis was also obtained on one 
day during this period with a range gate of 1 psec. 

b. S-band planetary experiments. Beginning November 
20, 1964, a continuing program of radar experiments on 
the planets Venus and Jupiter has been carried on during 
their view periods. This program uses the 85-ft Az-El 
antenna at the Venus site in conjunction with a maser 

78 



J P L  SPACE PROGRAMS SUMMARY NO. 37-31, VOL. 111 

LUNAR RANGING 
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Fig. 63. Lunar ranging 

and 1OO-kw transmitter. The primary purpose of the 
present experiment is to detect reflected signals from the 
planet Jupiter. The transmitter is amplitude-modulated 
1 sec on and 1 sec off. The received signal is processed in 
a digital correlator to obtain the spectrum. On Jupiter 
the received signal is broken up into 1Zmin segments, so 
that only a small part of the surface will be observed on 
one spectrum. This procedure is necessary because of the 
high rotation rate of Jupiter. At the end of December, 
when the experiment is concluded, all the spectra ob- 
tained from a particular segment of the Jupiter surface 
will be averaged together in an attempt to detect a re- 
turned signal. Since Venus is easily detected in one round- 
trip time, the same experiment is run in a similar fashion 
on Venus primarily to check the operation of the system. 

A summary of Venus site activities is given in Table 6. 

Table 6. Summary of Venus site experimental activitv 

Experiment Hours 

Primary experiments 
Planetary radar 
Lunar radar 

Radio and optical stor troctc 
Secondary experiments 

Testing, calibration, construction, and 

Down time (equipment failure, includes 

Holidays 

maintenance (scheduled) 

unscheduled maintenance) 

lot01 

804 

147 
62 

1464 
- 

I 'For the period October 20. 1964 to December 19, 1964. 

c. Star tracking. A continuing program of optical and 
radio star tracks has been carried on with the 85-ft S-band 
system and the 30-ft X-band system. These experiments 
are necessary to check the performance of the antennas. 

d. 23& radiometer. Beginning December 1, 1964, the 
Space Sciences Division has been conducting radiometer 
experiments at 23 Gc on the 30-ft antenna. The primary 
observation is Jupiter, but the Sun and radio star sources 
are also observed for calibration purposes. 

~~~ ~~ ~ 

2. Subsystem Performance 
a. 100-kw transmitter (operation). The 100-kw trans- 

mitter was refurbished and installed in the RhD Casse- 
grain feed cone. The cone was installed on the 85-ft 
antenna, and tracking operations began on November 
20, 1964. 

The transmitter was operated at powers lower than 
100 kw at the start of the experiment due to operation 
of the reflected power protective devices at full power. 
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This problem was found to be caused by improper instal- 
lation of component parts and was corrected. The system 
was shut down on November 30,1964, because of burned 
and scored slip rings on the l-Mw synchronous motor 
generator. Tracking resumed on December 9, 1964, after 
the slip rings had been resurfaced and new brushes 
installed. Other shutdowns of the transmitter were caused 
by operation of Vac-Ion, back power and arc detector 
interlocks, caused by the “outgassing” of the klystron tube. 

b.  7-kw X-band transmitter (operation). The X-band 
transmitter was operated on the 30-ft antenna as part of 
the Lunar Ranging Experiment from October 22 through 
November 11, 1964. During this period, the transmitter 
varied in power output from 2.8 to 9.4 kw, with an 
average output of 6.2 kw over the entire experiment. 

Transmitter problems causing downtime included fail- 
ure of a coaxial switch, low cooling water flow, monitoring 
circuit failure, water leaks, low output from the traveling 
wave tube (TWT) driver, and recurring back power cut- 
offs caused by improper operation of the waveguide 
switches. 

At completion of the X-band experiment, the transmit- 
ter was removed from the antenna and installed on the 
ground for testing of the new beam keyer, presently under 
design and construction. 

c. S-band receiver. In bringing the modified S-band 
receiver to an operational status, several difficulties were 
encountered. Limiting on strong signals occurred in the 
30-Mc postamplifier of the receiver 2388- to 30-Mc con- 
verter. This limiting produced nonlinearity and was 
eliminated by installing 10 db of attenuation between 
the preamplifier and the post amplifier in the converter. 

The second conversion mixer in the AM channel had 
insufficient bandwidth for the Jupiter experiment. It was 
modified to obtain the required 40-kc bandwidth. The 
AM channel 455-kc I F  amplifier also had insufficient 
bandwidth and was realigned for 32-kc bandwidth. 

The Resdel signal generator failed and is being re- 
paired. Without this generator, absolute measurement of 
receiver sensitivity cannot be made. Two channels only 
are presently being used: the AM channel for planetary 
experiments and the SUM channel for testing and 
calibration. 

d .  Programmed local oscillator. Due to the modifica- 
tions made to the programmed local oscillator (PLO) as 
described in SPS  37-30, the reliability of the system has 
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been improved and the operation has been simplified. 
During the recent X-band experiment and present S-band 
experiment, the system has operated with only minor dif- 
ficulties of a faulty power supply and incorrect setup 
procedures. In a further modification to improve reliabil- 
ity and simplify operation, the only remaining phase- 
locked loop has been replaced with a balanced mixer and 
crystal filter. 

e. X-band receiver. During the X-band lunar experi- 
ment, the receiver operated normally except for the 
failure of the X4 frequency multiplier in the 8448- to 
30-Mc converter. This unit was a new experimental model; 
when it was replaced, the system was restored to oper- 
ational status. A detailed description of the X-band 
receiver conversion is covered in SPS 37-30, Vol. 111. It 
should be noted that no absolute receiver sensitivity 
measurements were made during the lunar experiment 
because of the lack of a suitable X-band signal generator. 

f. S- and X-band central frequency synthesizer. No 
failures have occurred and no modifications have been 
made to this system during this period. It has been ob- 
served that whenever the refrigeration unit which supplies 
cold water to the power supply cold plates fails, the 
temperature of the cold plate rises to 42OC. This condi- 
tion has existed for several days at a time with no apparent 
ill effects. Thc rcfrigeration unit has failed many times 
in the past and is presently being modified to provide 
more reliable operation. 

g. Collimation tower. During a recent windstorm, the 
waveguide run between the signal generator and the 
antenna was damaged, and waveguide pressurization was 
lost. The waveguide has now been repaired, and is being 
inspected for internal contamination. VSWR and loss 
measurements will also be made. Additional and more 
rigid supports for the waveguide run are also being 
installed. 

h. Digital equipment. Two problems have marred the 
otherwise satisfactory performance of digital equipment 
during this reporting period. The SDS 910 computer made 
occasional errors during program operation that could not 
be made to recur by standard diagnostic analysis. These 
errors were only cured when an intermittent transistor in 
a main register failed completely and permitted itself to 
be found. Continuing temperature problems led to inter- 
mittent failures also in the Mod I11 stored program con- 
troller (SPC) and digital PLO. Brute-force increases in 
air supply have suspended these failures, but leave a sim- 
ple answer yet to be found. 
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Rework of the Control Building refrigerated air supply 
has increased the supply and decreased the temperature 
of underfloor air; it is probably correct to say that suffi- 
cient capacity exists to handle the present equipment 
heat load. For digital equipment using germanium com- 
ponents, however, the situation is still marginal. Internal 
rack layout and small underfloor pressure differential 
combine to allow localized hotspots, and logic failures 
follow. 

During shutdown, Mod I11 SPC was reworked to make 
better use of the available supply of cooling air; bottoms 
were completely cut out of both logic racks; one-half 
the carriage slides were removed from top and bottom of 
mounting frames to decrease air resistance. Initially, 
louvered tops were installed in the racks. When logic 
dropouts began to occur, these tops were removed com- 
pletely, allowing greater 00w. When the dropouts con- 
tinued, 500-ft3/min fans were installed in rack tops and 
the trouble ceased. However, the margin is small; a 3 to 
4OF rise in input temperature can again initiate dropouts. 

Room exhaust air is initially chilled to %OF, pumped, 
baffled, silenced, and delivered underfloor at 62 to 64OF. 
Air exhausted from Mod I11 logic racks can run as high 
as M°F under these conditions. Since this temperature 
does not greatly change with or without fans, it is reason- 
able to suppose that fans remove some heat that normally 
stays trapped in the structure with convection cooling 
only, and that better scavenging, rather than increased 
flow, is the reason for improvement. Since further rework 
of Mod I11 is impractical at this time, the fans have been 
retained for the immediate future. 

A significant addition to the digital installation has been 
the increase in memory of the SDS 910; it now contains 
4096 randomly accessible cells constituting 7777 (octal) 
programmable addresses. Of these, the lower 217 (octal) 
are reserved for special program functions. 

The Mod I11 SPS input/output bay also has been 
rebuilt to allow easier and simpler connection to and from 
the computer. This is useful when operational program- 
ming changes demand quick additions or changes to the 
computer proper. 

Programs have been written for use on the SDS 910 
permitting expansion of polynomial curve fits to provide 
angle, range, and doppler ephemerides. Eighth-order fits 
are sufficient to describe range and doppler, but tenth- 
order are necessary to fit azimuth and elevation within 
the requisite error over a 12-hour span. Throughout the 
X-band lunar ranging experiment, the 30-ft antenna was 

driven to the lunar ephemeris using the angle portion 
of this program. Although doppler and range expansions 
have been programmed and checked, they have not yet 
been employed in actual operations. 

The attempt to provide these same programmed func- 
tions for Mod I11 SPC has been abandoned as unprofit- 
able. With only 1777 (octal) programmable addresses, 
Mod I11 memory is insufEcient to contain program and 
subroutines for an operation of this size, and expansion 
of the memory is considered unjustified. 

Continual updating of operational programs is continu- 
ing.The Jupiter AM spectrum program has had four major 
changes in the course of the experiment to permit imme- 
diate changes in operational method. This experiment is 
being conducted using the 85-ft antenna with the Jupiter 
millimeter wave experiment being conducted simultane- 
ously on the 30-ft antenna. Since both use the Mod I11 
SPC for operational control of their systems, and since 
both have somewhat similar timings, the programs were 
rewritten and merged; both experiments are now under 
simultaneous control from Mod 111. Antenna drive for the 
85-ft is provided by the angle tape puller (ATP) and 
digital differencing junction (DDJ) using drive tapes gen- 
erated at the Laboratory; 30-ft commands come from the 
SDS 910 using the sidereal clock program manually u p  
dated hourly. It is of interest here that predetermined 
offsets for the 30-ft antenna are entered and removed 
from the SDS 910 by control from the Mod 111-a first 
step in directly integrating the operation of the two 
computers. 

i. 30-ft antenna (Operations and modifications). Using 
the X-band radar system installed during the previous 
reporting period, Venus site operations were carried out 
on a 24-hr/day schedule. No major modifications were 
made to the antenna during this period, since it was con- 
stantly in use for the experiments. Normal maintenance 
and minor equipment modification were performed during 
the few periods when experiments were not being con- 
ducted. A %ton electric hoist was purchased and installed 
on the antenna to facilitate the installation and removal 
of equipment. 

At the conclusion of the listed experiments, the X-band 
radar equipment was removed and a radiometer, together 
with its associated equipment, was installed on the an- 
tenna and in the operations control room. This is essen- 
tially the same equipment which had been used during 
the Venus millimeter experiment, conducted at this site 
during June and July. The antenna in this configuration 
is currently being used to gather data for experiments 
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Experimental Helium, nitrogen 
90s tube Helium, ambient 
(neon) Nitrogen, ambient 

being conducted by the Space Sciences Division. Support 
and maintenance functions are being performed by site 
personnel during this operation. 

25.6 0.88 
25.6 1 .o 26.1 
28.5 1.5 

i. 85-ft antenna (operations and modifications). The 
only major modification to the 85-ft antenna during the 
present reporting period was the removal of the Mariner 
equipment cone and its replacement with the redesigned 
and rebuilt S-band research and development cone. This 
cone interchange allowed further training of site person- 
nel in the methods of cone installation. A step-by-step 
written procedure for this operation has been developed 
and distributed to all site personnel. It is felt that the use 
of this procedure and further practice by site personnel 
will not only enhance the safety of this operation, but 
will also reduce the time required for its performance. 
Normal maintenance continues; the antenna has been 
completely lubricated and all hydraulic filters have been 
replaced. A difficulty in switching from low to high speed 
in elevation has been cured by the replacement of a servo 
valve. Finally, all surplus and no longer used cabling 
has been removed from the antenna structure. 

High-power 
gas tube 

The 85-ft antenna operations during this period have 
consisted exclusively of the Jupiter and Venus tracking 
experiments. These experiments are currently in progress 
and will continue into January. 

Helium, nitrogen 34.6 0.8 
Helium, ambient 33.4 0.9 33.9 
Nitrogen, ambient 33.0 1.2 

k.  X-bund maser. The X-band multiple cavity maser 
was operated as part of the X-band lunar radar system 
during the period October 22 to November 11. The system 
temperature, when connected to the antenna, was approx- 
imately 65OK. Some trouble was experienced maintaining 
normal maser gain toward the end of the operating period; 
this was presumably due to continual frosting of the 
waveguide input structure during liquid helium filling. 
The maser has been returned to the Laboratory for over- 
haul in preparation for the next operating period. 

During the X-band radar experiments, weekly calibra- 
tions of the microwave gas tube noise sources were made. 
The gas tube noise sources are the means by which the 
daily measurements of system noise temperature are 
made; they must be accurately calibrated to provide 
reliable measurement of system temperature. 

The calibration technique ( S P S  37-30, Vol. IV, p. 230) 
used microwave terminations at known temperatures for 
standard noise sources. The initial calibration of the noise 
sources was performed on October 24, 1964. The calibrat- 
ing sources used were waveguide loads maintained at 
liquid helium, liquid nitrogen, and ambient temperatures. 

After correction for waveguide losses and ambient tem- 
perature effects, the equivalent noise temperatures at the 
maser input flange were 32.6, 97.5, and 297OK, respec- 
tively, for the helium, nitrogen, and ambient loads. The 
results of this calibration are shown in Table 7. 

Table 7. Characteristics of noise sources used for 
X-band system tempe.rature measurement 

Terminations Calculated Probable Weighted 
average, Noise excess 

source I c ~ ~ ~ ~ a %  1 $: 1 1 O K  

3.86 
3.71 3.84 

Data token October 31, 1964 

1. S-bund maser. The rebuilt S-band maser was shipped 
to the Venus site on November 14, 1964. During Novem- 
ber 14 and 15, the maser was installed in the Cassegrain 
feed cone and the associated waveguide and hardware 
was installed and connected; the main closed cycle refrig- 
erator (CCR) compressor and interconnecting helium lines 
were leak-tested and vacuum-pumped; and all necessary 
preparations were made for installation of the maser on 
the antenna. 

On November 16, 1964, the Cassegrain feed cone was 
installed on the 85-ft antenna; the helium lines from the 
CCR compressor were connected to the maser and again 
vacuum pumped. The lines were then charged with dry, 
oil-free helium gas, and the maser “cool-down’’ was begun, 
using temporary instrumentation because the new sim- 
plified maser instrumentation rack was not completed. 
The maser instrumentation rack was delivered during the 
“cool-down’’ period and was partially operational on 
November 20, 1964, at which time the radar experiment 
on Venus and Jupiter was begun. On December 8, 1964, 
the maser “warmed up” due to a vacuum leak, possibly 
due to improper seating of an O-ring within the maser 
Dewar. The maser was again cooled down and is pres- 
ently operational. 
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Fig. 64. S-band (2388 Mc) receiving system gain stability under various conditions 
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The instrumentation for this maser provides for inject- 
ing a signal into the maser input waveguide in a direction 
away from the maser input. This permits reflectometer 
measurements to be made on the various terminations 
(Le., antenna, cold loads, etc.) to which the maser can be 
connected. These measurements have indicated that the 
impedance of the various terminations is fairly stable; 
current parameters are tabulated in Table 8. Measure- 
ments have been made of the short-term maser gain sta- 
bility with the antenna stationary and with the antenna 
moving, while the maser and receiver were connected to 
various input terminations. A typical recording, covering 
a 10-min period, is illustrated in Fig. 64. Note that, with 
the antenna stopped at zenith position, the system gain 
changes only 0.05 db during a 10-min period. In order to 
evaluate the effect upon system gain of moving the an- 
tenna, the antenna was moved in elevation at a slow 
constant rate from zenith to 8 deg and back again. The 
maximum gain changes were 0.4 to 0.5 db. Measurements 
of long-term gain stability have not yet been made. 
Weekly calibrations of the gas tube noise source have 
been made on the S-band system. The calibrating termi- 
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Table 8. Source impedance match for S-band maser 

I Termination I Apparent VSWR 1 
Helium laad 
Antenna (A-arm) 
Antenna (B-arm) 
Ambient load 

1.05 
1.06 
1.06 
1.07 

nations used are a liquid helium and an ambient tem- 
perature load. The first calibration was performed on 
December 5 and resulted in an excess noise for the gas 
tube of 48.7OK with a probable error of plus or minus 
0.8OK. The next calibration, performed on December 12, 
1964, resulted in a calculated excess noise of 51.4OK, with 
a probable error of plus or minus 0.9OK. The latter figure 
checks more closely with estimates made by other tech- 
niques; it is being used in system temperature calcu- 
lation. Additional calibrations will be made at regular 
intervals. The gain and noise temperature of the S-band 
maser system are shown in Fig. 65 for the recent operating 
period. 

SYSTEM TEMPERATURE ON LIQUID HELIUM LOAD 

A SYSTEM TEMPERATURE ON ANTENNA 

GAIN OF MASER 

18 20 22 24 26 20 301 2 4 6 8 I O  12 14 16 18 

NOVEMBER I DECEM BE R 

Fig. 65. S-band maser operating characteristics 
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VII. Advanced Antenna System 

A. Synopsis 

A 210-ft-D Advanced i\ntenna System (A.4S) is being 
designed and constructed for the Mars Site of the Gold- 
stone Space Communications Station. This AAS is de- 
signed specifically for deep space communications and 
will be integrated with related systems and equipment 
of the Deep Space Instrumentation Facility (DSIF). 

The work progress on the AAS project has been re- 
ported regularly in this SPS. The project is generally on 
schedule, and it is expected that the end dates for erec- 
tion and project completion will be met. Fig. 1 depicts 
the on-site progress as of November 16,1964. 

7 .  Progress Summary 

The detail design and material procurement phases for 
the structural and drive components is essentially com- 
plete, and all components are either being fabricated at 
various locations or are being erected at the Mars Site. 

The presently planned utility installations are complete 
except for inter- and intra-site communications. The 
diesel-electric power system was completed on Novem- 
ber 28, 1964. 

I 

Fig. 1. Advanced Antenna System construction progress 
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\Vork is in progress on the development and procure- 
ment of the trachng feed, the optical boresight equipment, 
the operational optical instrumentation for alignment 
of the reflector and structure and the servo, hydrostatic 
bearing, and antenna gain instrumentation. Xfeasurement 
equipment, such as film height measuring equipment, is 
being installed in pace with the AAS construction. 

The preliminary design for the optical mount for the 
Precision Data System (master equatorial) has been com- 
pleted, and final design has begun. The layouts and error 
analysis indicate that the goals of the system specifica- 
tions can be met. Gravity deflections are not expected to 
exceed 0.6 arc sec, and indications are that the total 
pointing error can be held within 5 arc sec. Procurement 
actions are in progress for other components of the Pre- 
cision Data System. 

System integration work continues and the component 
test results are being compared with design requirements 
as the work progresses. 

2. AAS Structural und Drive Components 

The concrete structural work on-site has been acconi- 
plished and the A&E interior work in the pedestal, where 
two floors of equipment and work area are provided, is 
over 90% complete. 

Construction of the cooling s!-stem of AriS is nearing 
completion (Fig. 2). The system includes a ground-level 
cooling tower and the required piping and circulating 
pumps to circulate water to all heat exchange equipment. 
From the pedestal to the alidade, the coolant is circulated 
through hoses on the cable wrapup. 

Fig. 2. Advanced Antenna System cooling tower 

=iir conditioning is provided in the electronic equip- 
ment rooms on a heat-dissipation basis of 50 \v ft2 of floor 
area, and in the offices and shop spaces on the basis of 
10 w, ftl. All air conditioning equipment is based on 
maintaining a maximum temperaturc of 8sCF and a 
minimum temperature of 65OF in the enclosed areas with 
the outside air ranging from 1O'F to 115'F with 12X 
relative humidity at the upper limit. 

Electrical duct heaters provide heat for the pedestal 
and alidade and provide three levels of operation. The 
same ducting system is utilized for both air conditioning 
and heating. Sufficient capaciw is provided to maintain a 
temperature of 63°F minimum. 

Installation of the steel portions of the instrument toner 
is being accomplished on-site. The steel tower will be 
thermally protected and air conditioned. -4 Precision Data 
System Astrodome  ill be mounted on a windshield sur- 
rounding the tower which will be mounted on, and rotate 
with, the alidade structure. Fig. 3 shows one of the sec- 
tions of the steel instrument ton-er being sprayed vith 
foam insulation prior to erection. The insulation is rigid 
urethane foam that is Freon-blown to a minimum thick- 
ness of 1.25 in. and a density of 2 lb ft'. The purpose of 
this insulation is to prevent radiant heating through the 
windshield and to maintain the instrument tower at a 
uniform temperature, thereby maintaining a stable ground 

Fig. 3. Insulation of the steel instrument tower 
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reference position. Fig. 4 shows the bottom section of the 
windshield installed at the rotating alidade floor level. 

The steel alidade structure of the AAS has been erected, 
and work is nearing completion on the alidade building 
structure, cable wrapup and alidade structure walkways 
and ladders. A general discussion of the basic alidade 
structure was contained in SPS 37-30, Vol. 111, pp. 97-110. 

The azimuth motion components, consisting of the azi- 
muth hydrostatic thrust bearing, azimuth radial bearing 
and azimuth bull gear and drives, have been installed. 
Checkout of the components is in progress. General dis- 
cussions of these components were contained in S P S  37-30, 

S P S  37-29, Vol. 111, pp. 106-109. 
Vol. 111, pp. 97-110; SPS 37-28, Vol. 111, pp. 90-93; 

A major milestone was passed on December 4, 1964 
when a successful hydrostatic “liftoff and azimuth rota- 
tion was accomplished. All three pads of the azimuth 
hydrostatic bearing, with the weight of the large alidade 
structure upon them, were lifted and floated. Rotation 
through 30 deg was accomplished in a successful trial of 
the component. Further rotation occurred on December 5 
and 6, 1964, when detailed measurement of the film thick- 
ness was verified during a 340-deg rotation. 

The two massive elevation bearing assemblies have 
been fabricated and have been motor-shipped to the 
Mars Site. The elevation gears and drives have been fab- 
ricated and are being held at Philadelphia Gear Corpora- 

Fig. 4. Bottom section of the instrument tower windshield 
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tion, Philadelphia, Pennsylvania, pending on-site erection 
need dates in early 1965. 

Fabrication of the elevation wheel, its backup structure 
and counterweights is nearing completion at Rohr Cor- 
poration, San Diego, California, and will soon be shipped 
to the Mars Site for erection. 

The primary reflector structure, quadripod, subreflector 
(Figs. 5 and 6), feed cone and primary reflector panels 
are also being fabricated at Rohr Corporation. 

Fig. 5. Fabrication of the subreflector backup structure 

Fig. 6. Fabrication of the subreflector panels 
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The servo and control components are being fabricated 
at Dalmo Victor Company, Belmont, California, and test- 
ing of the components will begin soon. Initial on-site 
installation work has begun. 

B. Static Deflection Test of Instru- 
ment Tower to Determine 

Foundation Modulus 

The AAS instrument tower provides a mounting surface 
for the AAS Precision Data System (master equatorial), 
an instrument which establishes reference coordinates for 
the antenna. The tower is mounted on its own foundation, 
separate from the antenna foundation, in order to mini- 
mize the force interactions between the tower and the 
antenna structure. 

In order that the antenna servosystem bandwidth can 
have its required value, it is necessary that the lowest 
natural frequency of the instrument tower be made suffi- 
ciently high. Analyses have been made which established 
this frequency in terms of the weight of the Precision 
Data System and supporting floor structure, and the foun- 
dation modulus. The effective modulus is a function of the 
soil properties and the geometry of the foundation. The 
calculated frequency range corresponding to the range of 
.parametric values used was from 3.68 to 6.08 cps, the 
lower limit being considered a tolerable value. 

Upon completion of the concrete portion of the instru- 
ment tower, a static deflection test was performed in 
order that the foundation modulus could be evaluated. A 
hydraulic- force-measuring jack was placed between the 
top of the concrete portion of the instrument tower and 
the antenna pedestal as shown in Fig. 7. On the opposite 
side from the jack, a dial gage indicator was attached 
to the antenna pedestal. Since the stiffness of the ped- 
estal is so very much greater than that of the tower, 
the dial gage indicated to a high degree of accuracy the 
deflection of the tower. In Fig. 8, the test results are 
shown from which the effective foundation modulus can 
be determined. 

Using this experimentally established foundation mod- 
ulus, together with the known weight of the Precision 
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Fig. 8. Total deflection versus jack force 

Data System and its supporting floor structure, the cur- 
rent vibrational analysis yields a first-mode natural fre- 
quency of 4.5 cps. This frequency is near the middle of 
the range predicted before the Precision Data System 
weight and the foundation modulus were known. The 
results of this test indicate that the instrument tower will 
perform its function satisfactorily. 

C. AAS Elevation Bearing 
Assemblies 

The tipping parts of the antenna structure are sup- 
ported by two elevation bearing assemblies mounted atop 
the alidade. Each bearing assembly consists of two split 
housings, supporting bases, two self-aligning spherical 
roller bearings, a stub shaft, a reflector support casting 
and associated shaft seals and alignment and adjustment 
components (Figs. 9, 10). Each bearing assembly is ap- 
proximately 14 X 11 X 10 ft, and weighs 135,000 Ib. 

The two elevation bearing assemblies have been deliv- 
ered to the Mars Site of the Goldstone Tracking Station, 
one on November 24 and the other on December 2, 1964. 
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PROVISIONS FOR HOISTING 
EQUIPMENT FOR REPLACEMENT 

SIDE VIEW 

REFLECTOR SUPPORT CASTING 

BOLT ADJUSTED WEDGES 

ADJUSTING SCREW 

\ I 
\ I \ 

VIEW ALONG ELEVATION AXIS 

Fig. 9. Elevation bearing assembly, side and end views 
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EXPANSION TANK 

BEARING CAP 
BEARING CAP 

SEAL RETAINER 

SEAL RETAINER 

REFLECTOR SUPPORT 

ALIGNMENT CROSS -HAIRS 

SKF TAPER BORE, 
SPHERICAL, 
SELF- ALIGN1 NG BEARING 

Fig. 10. Elevation bearing assembly, section through housing 

The assemblies were fabricated by National Steel and 
Shipbuilding, San Diego, California, under subcontract 
to Rohr Corporation. SKF Industries, Los Angeles, Cali- 
fornia, provided the bearings. Bethlehem Steel Company, 
Bethlehem, Pennsylvania, made the reflector support cast- 
ings. Fig. 11 is a photograph of one of the elevation 
bearings being delivered to the Mars Site. The portion 
shown on the photograph was motor-shipped from San 
Diego and is the heaviest single piece (approx 50 tons) to 
be shipped to the AAS site. 

7 .  Design Requirements 

the four elevation bearings are: 
Load requirements, including dead-load, for each of 

50 mph wind, operating 

70 mph wind, reflector in 

690 Kips 

750 Kips 

820 Kips, radial 
150 Kips, axial 

any position 

120 mph wind, survival 
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Fig. 1 1 .  Delivery of a n  AAS elevation bearing assembly 

Early designs for the elel-ation bearing assembly pro- 
posed a single spherical roller bearing mounted in a one- 
piece housing. This arrangement is used successfully on 
many smaller antennas, but the large bearing and heavy 
parts required on the -1.4s introduced serious problems of 
assembly, maintenance and replacement and preclude 
this design. 

2. Description of Bearing Assembly 
The present design has the two bearings of an assembly 

mounted on each end of a shaft pressed into the reflector 
support casting (Fig. 9). \f7ith the bearings on the outside 
of the structure, many of the assembly and replacement 
problems are sohred. Provisions are made for mounting 
hoisting equipment to the reflector support casting to 
accomplish bearing replacement. Each bearing is mounted 
in a cast-steel bearing housing which is split for ease of 
assembly and bearing replacement. A key is provided 
between the cap and housing for the transfer of axial 
shear. Lugs on the housing are slid into vertical grooves 
in the support base. Vertical alignment is accomplished 
by the use of shims between the housing and the support 
bases. The vertical lugs thus serve to restrain the housings 
horizontally while they are free for vertical movement 

while shimming. Pro\.isions are made for using hydraulic 
jacks for lifting and supporting the weight of the reflector 
during adjustment or bearing replacement. After align- 
ment, bolted wedges serve to lock the housings in the 
bearing supports. 

The support bases are steel weldments bolted to the 
alidade top. They provide the horizontal adjustment for 
the bearing assembly. Large holding and adjustment 
screws are provided for moving the bearing supports on 
the alidade top. Recesses in the bottom of the bearing 
support provide for hydrostatic floating during horizontal 
adjustments. &After oil pressure is introduced to the hydro- 
static recesses, movement is accomplished by the adjust- 
ing screw. After alignment, the screws are used as 
locking de\ices. 

The stub shaft is a 25-in.-D steel forging approximately 
8 ft long. This shaft is pressed into the steel reflector sup- 
port casting, and these two parts, in combination, form 
the elevation rotating connection for the reflector and 
backup structure. 

Seals and seal retainers are split as required to permit 
their replacement without major disassembly of the bear- 
ing assembly. The bearings are SKF 231,600 CAK CI 
spherical roller bearings with a static capacity of over 
2 million Ib each (Fig. 10). 

D. AAS Elevation Wheel and 
Primary Reflector Structure 

The elevation bearings, discussed abolre, support the 
tie truss, elevation wheel trusses and the wheel bracing 
members. The AAS elevation gears are mounted on the 
circumference of the elevation wheel. The elevation 
wheel structure supports the primary reflector structure, 
d i ich  in turn supports the reflector surface panels, 
quadripod and attached subreflector, feed cone and feed 
cone hoist. 

The tie truss, the tie-truss end weldments, and the 
elevation wheel trusses support the rectangular girder of 
the primary reflector structure. The center hub of the 
A24S rests on the tie truss. The primary reflector structure 
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consists of rib trusses radiating from the center hub and 
interconnected by the rectangular girder and circular 
hoop trusses. 

7 .  Design Requirements 

The accuracy of the primary reflector surface is gov- 
erned by the deflection of the panel attachment points 
on the reflector structure and by the quality of the man- 
ufactured surface panels. The design of the elevation 
wheel and primary reflector structures requires considera- 
tion of errors from gravity, wind, thermal differentials, 
fabrication and field setting to meet a 0.250-in. design 
rms of one-half the R F  path length errors. In addition, 
the rms of one-half the RF path length errors of the 
peripheral panel support point deflections, due to gravity 
in the zenith position, was to be 0.050 in. or less. The 
panel support point deflections and member stresses were 
to be calculated by three-dimensional static analysis. 

2. Design Achievemenfs 

System integration studies subdivided the design rms 
of half the RF path length errors (rms) into design goals 
for various error sources, specifically gravity, wind, 
thermal differentials, fabrication, field setting and safety 
factor. The elevation wheel and the primary reflector 
structures were assigned a 0.065-in. rms design goal for 
gravity loading. The results of design calculations were 
0.068-in. rms for gravity load, the antenna at zenith, 
panels set at 45 deg and a 0.064-in. rms for gravity load, 
the antenna at horizon, panels set at 45 deg. A balanced 
design was achieved as is shown by the nearly equal rms 
values for perpendicular gravity conditions. Three- 

dimensional static analysis using the “STAIR computer 
program showed that the rms results were optimum. The 
rms for peripheral panel point deflections due to gravity 
in the zenith position of the antenna was 0.019 in. 

3. Design Detail 

a. Elevation wheel. The elevation wheel trusses are 
designed to support the counterweights, accept the eleva- 
tion gear loads and meet the over-all deflection require- 
ments of the reflector surface. The wheel trusses are 
attached to the short sides of the rectangular girder and 
supported by the tie truss and by the wheel bracing 
members attached to the tie truss and the tie-truss end 
weldments. 

The elevation wheel trusses are primarily welded con- 
struction with bolted connections between subassemblies. 
The circumferential members of the wheel trusses are 
built up from steel billets and plates; these large billets, 
weighing from 2 to 6 tons, also serve as a large portion 
of the counterweight. The remainder of the wheel 
trusses and the wheel bracing members is made of struc- 
tural steel shapes and plates. Fig. 12 shows the general 
shape of the elevation wheel and tie truss. Fig. 13 is a 
detail of the counterweight. Fig. 14 depicts the initial 
stages of welding the counterweight section of the wheel 
truss. 

b. Tie truss. The tie truss supports the elevation wheel 
and the primary reflector center hub and is structurally 
integrated with the primary reflector structure. The 
reflector rectangular girder is supported by the tie truss 
and tie-truss end weldments. The tie truss transfers the 

END WELDMENT 7 7 TIE TRUSS 7 

-E LE VAT I ON 
BEARING 
CENTERLINE 

WHEEL TRUSS 

Fig. 12. General outline of elevation wheel and tie truss 
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WHEEL TRUSS MEMBERS 

LEAD WEIGHTS 
ELEVATION GEAR BRACKETS-- 

STEEL B I L L E T S /  

Fig. 13. Elevation wheel counterweight detail 

Fig. 14. Welding the counterweight section 

entire weight of the elevation wheel and reflector struc- 
ture to the elevation bearing assemblies. Bracing mem- 
bers whicli supply transverse stiffness to the elevation 
wheel trusses are connected directly to the tie-truss end 
weldments. 

The tie truss is a welded truss of triangular cross sec- 
tion. The bottom chords are 12-in. diameter pipe; the 
remainder of the truss is made from structural steel 
shapes. The end weldments are made from steel billets, 
rod and plates. Fig. 15 shows the tie-truss end weldments 
in detail. 

Fig. 16(a) shows the tie-truss end weldment in the 
initial stages of fabrication. Shown are 10-in. rods in the 
weld jig prior to welding outside plates. To the right of 
the photograph, welders are working on base members. 
Fig. 16(b) shows the tie truss inverted for welding on the 
bottom side. 

c. Center hub. The center hub rests directly upon the 
tie truss, and the tn,o are joined by a bolted connection. 
The center hub supports the feed cone and houses the 
optical instrumerit for monitoring tile reflector surface. 
The reflector rib trusses radiate from the center hub. 
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Fig. 15. Tie-truss end weldment detail 

U 

Fig. 16. Fabrication of the tie truss 
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 INNER RIB TRUSS 

Fig. 17. Center hub and inner rib detail 

The center hub is a doughnut-shaped structure of 
rectangular cross section. The hub is intersected bj7 48 fin 
plates which stiffen the hub and provide means for attach- 
ment of the rib trusses. The entire hub is made of struc- 
tural steel plate. Fig. 17 is a cross-sectional view of the 
center hub. A rib is shown mated to the hub fin plate. 
Fig. 18 depicts the initial stage of welding the center hub. 
Typical fin plates and the notch for splice to the tie truss 
can be seen. 

Fig. 18. Welding the center hub 

d .  Rectangular girder. The rib trusses are supported by 
the rectangular girder. The vertical members of the girder 
are also vertical members of the rib trusses. The main 
girders are attached to the tie-truss end weldments and 
are stiffened by knee braces connected to the base of the 
tie-truss end weldments. The wheel girders connect the 
ends of the wheel trusses and support the intersecting 
ribs. The quadripod is attached at the corners of the 
rectangular girder. Fig. 19 show one-half of the main 
girder. The wheel girder is similar in detail. The main 
girder. being fabricated, is shown in Fig. 20. 

e. Rib trusses and hoops. The 48 rib trusses are sup- 
plemented by 48 partial or intermediate rib trusses 
beneath the outer 50-ft portion of the reflector surface. 
The rib trusses are interconnected by the center hub and 
ten circular hoop trusses. 

Through the rib-hoop interconnection, the reflector 
loads are carried by the rectangular girder. Fig. 21 shows 
one-quarter of the reflector in the plan view. 

The rib trusses have been di\rided into inner ribs and 
cantilever ribs. The inner ribs are that portion from the 
center hub to the 56 ft-0 in. radius (Hoop 7). The canti- 
lever rib extends from Hoop 7 to the reflector edge. The 
welded rib assemblies are made from structural steel 
tees and angles. The rib assemblies are bolted to the 
center hub and rectangular girder. The hoop trusses are 
bolt-connected to each rib. Fig. 17 is a typical inner rib in 
detail. The cantilever rib is similar. Figs. 22 and 23 show 
the inner rib and cantilever rib in the weld jigs. The 
center hub can be seen in the background in a later stage 
of fabrication. All fin plates of the hub have been welded. 
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RIB E 
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ATTACHMENT 

Fig. 19. Rectangular girder, main girder detail 

Fig. 20. Main girder in the weld iig 
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Fig. 21. Primary reflector structure, quarter 
reflector plan view 

Fig. 22. Fabrication of inner ribs 

E. 1/7-Scale Model Feed for AAS 

a. Summary. To date the &-band 16,330-Mc scale 
model studies of the feeds for the -310-ft .\AS have con- 
sisted of primary patterns of the feeds and secondary 
patterns of the Goldstone 30-ft reflector illiiminated by 
the feeds. Primary patterns of the feeds, obtained with 

Fig. 23. Fabrication of cantilever rib 

llesa antenna range facilities were presented in S P S  
37-49, i'ok 111, p. 109, for the original monopulse feed. 
Secondary pntterns of the 30-ft reflector. obtained using 
the Tiefort \fountain collimation facilit>- Lvere reported 
in SPS 37-30, Vol. 111. p. 110-115. In thi5 reporting. some 
of the preparations for Phase I1 studies will be described. 

b. Recent work. Phase I1 scale model studies of the 
feeds for the 210-ft A,iS include the use of a very accurate 
model quadripod assembly to be installed on the Gold- 
stone Venus Site 30-ft reflector. A contract has been 
awarded to Rohr Corporation for the construction of the 
model quadripod. Some of the specifications for the model 
structure which consists of truss\vork legs include struc- 
tural member cross sectional tolerances of iO.010 in. and 
structural member locational tolerances of -0.030 in. 
relative to the focal point. =In attempt is being made to 
avoid possible problems caused by periodicit\- of non- 
exact items such AS weld fillets and structural bar corners 
by specifying these items on the basis of electrical (RF) 
and mechanical compromise. Detail design is proceeding 
satisfactorily. 

Fabrication of the hyperboioid positioner has begun 
and is 5077 completed. This positioner, which is capable 
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Fig. 24. Assembly of the waveguide bridge, horn and mode generator-control section 

I of axial (focus) and tilt motions, will be mounted on the 

I model quadripod apex. 

As mentioned in SPS 37-29, Vol. 111, p. 109, the model 
monopulse feed with modifications will exhibit suppressed 
sidelobe action. A model of the S-band prototype horn 
throat region has been fabricated and is now being tested. 
Fig. 24 shows the assembly of the waveguide bridge, 
horn and mode generator-control section. Additional 
subreflector-scattered pattern data will be obtained for a 
possible vertex plate and offset feed patterns. Offset feed 
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pattern data will allow a more accurate prediction of gain 
loss caused by structure deformation to be made via JPL 
developed computer programs. 

Fig. 25 shows the exterior and interior of the '/:--scale 
Cassegrain feedcone used for the feed evaluations. Fig. 
25(b) shows the dual mode horn installed as well as two 
waveguide switches, and two traveling wave tubes. 
Ancillary equipment such as waveguide isolators, filters, 
couplers and mixers are all contained within the upper 
rotatable cylinder. 
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Fig. 25. Exterior and interior views of the %-scale Cassegrain feedcone used for the feed evaluations 
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