


First flight of the integrated Apollol 
Saturn space vehicle. 

First flight of the first (s-IC) and 
second (s-11) stages of the Saturn V 
launch vehicle. 

First engine restart in orbit of the 
upper (s-IVB) stage of the Saturn 
vehicle. 

First successful demonstration of 
Apollo spacecraft performance on 
entering the earth's atmosphere at 
speeds to be reached on return from a 
lunar mission. 

The launch vehicle placed the Apollo 
spacecraft and the third (s-IVB) stage 
into a 102.5 nautical mile orbit. After 
completing two orbits, the third stage 
re-ignited to place the Apollo space- 
craft into orbit with an apogee of 9,39 1 
nautical miles (10,800 statute miles). 

Upon separating from the third stage, 
the spacecraft raised its apogee to 
9,769 nautical miles by firing its service 
propulsion system (sps) engine. A sec- 
ond sps burn during descent from apo- 
gee boosted re-entry velocity to more 
than 36,333 feet-per-second (21,800 
knots) for the command module. 

The command module, protected by 
its heat shield, re-entered the atmos- 
phere. The command  module"^ lift 
capability was used to split re-entry 
heating into two pulses. Drogue and 
main parachutes functioned normally 
and the spacecraft at splashdown was 
sighted from the deck of the prime 
recovery vessel, USS Bennington. The 
landing point was some 18,500 yards 
west of the aiming point. 

The Saturn first stage (v s-IC) and 
second stage (s-11) performed a s  
planned on their maiden flight. The 
third stage (s-I-) had flown four times 
earlier as the second stage of the Up- 
rated Saturn 1. Commenting on Apollo 
4 mission results at a postflight press 
conference, NASA Deputy Adminis- 
trator Dr. Robert C .  Seamans said, 
"Today we placed in earth orbit over 
280,000 pounds. To give this some 
perspective, this is three times the 
weight of the six manned Mercury 
spacecraft and the ten manned Gemini 
spacecraft that we have flown." 

"And I believe," Seamans continued, 
"that this is a clear indication that our 
team of government, industry and uni- 
versity people was not found wanting, 
and that we do have the capacity in this 
country to be preeminent not only in 
space, but in all human endeavor in- 



volving science and technology. The 
power of the Saturn V is exceeded 
many-fold by our power in this country 
to accomplish the near impossible for 
the good of all mankind." 

The hellish heat generated at blast- 
7ff put a piece of Collins equipment to 
s most diabolical test. The equipment, 
RADIC (from RAdio Interior Com- 
mication) station, was located only 

feet from the thundering rocket. 
ien  the launch area cooled down 
)ugh for NASA personnel to inspect - effects of liftoff, they found the 
aDIC station torn from its mount, 
ilging by its coaxial cable and the tub- 

ig used to purge the unit with inert 
3s. All the control knobs were melted 
~d the circuit cards were vibrated 

3ose. But when the NASA personnel 
e-seated the cards, the station played 
is well as any of its some 2,000 coun- 
terparts at Launch Complex 39. These 
RADIC stations are used by NASA 
personnel for communication during 
tssembly, checkout and launch opera- 
ions. 

The success of Apollo 4 has rekin- 
led America's hope of rocketing astro- 
auts to the moon and back by the end 
f this decade. Recently NASA an- 
ounced a new schedule for reaching 

this goal. In the revised Apollo sched- 
ule, command, service and lunar mod- 
ules will be tested and qualified on 
concurrent unmanned flights of the 
uprated Saturn and Saturn V launch 
vehicles. (Apolloluprated Saturn flights 
are identified with a two-hundred series 
number, i.e.,ApollolSaturn 204. Saturn 
V flights are identified with a five- 
hundred series number, i.e., Apollol 
Saturn 502.) The schedule for 1968: 

Apollo/Saturn 204, the first un- 
manned test of the lunar module in 
earth orbit. 

ApollolSaturn 502, second  un- 
manned flight test of the Saturn V 
launch vehicie and command and ser- 
vice modules. 

ApollolSaturn 503, third unmanned 
test of the Saturn V and command and 
service modules. 

Apollo/Saturn 206, second  un- 
manned flight test of the lunar module 
in earth orbit. 

ApollolSaturn 205, first Apollo 
manned flight, a 10-day mission quali- 
fying the command and service mod- 
ules for further manned operations. 

ApolloISaturn 504, first manned 
Apollo flight on the Saturn V launch 
vehicle. This mission will provide the 
first manned operation in space with 

the command and service and lunar 
modules, including crew transfer from 
the c s r s ~  to the LM and rendezvous 
and docking. 

These flights will be flown in the 
above order and as rapidly as all neces- 
sary preparations can be completed. 
As they proceed, all opportunities to 
accelerate progress toward manned 
flights and a rapid accumulation of 
manned experience with the Apollol 
Saturn system will be sought. 

The 1969 Apollo flight schedule 
calls for five manned ApollolSaturn 
flights (A/S 505 through AIS 509). Four 
of these flights, A/S 505 through 508, 
are programmed as lunar mission de- 
velopment flights or simulations. 

It is possible that the lunar landing 

a. Recovery ship Bennington prepares to hoist aboard scorched command module. b. 
Apollo 4 took this photo of earth from an altitude of 9,850 nautical miles. View is looking 
southwest over Atlantic. c. Astronauts train in command module for upcoming manned 
flights. d. This RADIC station, only 30 feet from Apollo 4 at blastoff, withstood tremen- 
dous heat and vibration; yet it still played. 



could be made on the ApollolSaturn 
509, but it is also possible that the 
landing may be delayed until one of 
the remaining six Saturn V flights. 

Unified S-band spacecraft communi- 
cation equipment and ground tracking1 
communication systems provided by 
Collins performed significant roles in 
the highly successful Apollo 4 test 
flight. The unmanned command module 
system performed these functions: 

Two-way telemetry transmission. 
Receiving and automatic retransmis- 

sion of ranging signals to determine 
orbital velocity and position of the 
spacecraft. 

Recovery communication. 
This was the third space flight test of 

the spacecraft communication system, 
it having been used on two previous 
unmanned Apollo test flights. In future 
manned flights, the system will provide 
two-way voice communication for 
astronauts and television transmission 
from spacecraft to earth. 

The new unified S-Band ground 
tracking1communication network, for 
which Collins is prime contractor, was 
tested for the first time with an Apollo 
spacecraft during the Apollo 4 mission. 
This network includes 12 stations with 
30-foot antennas and three stations 

with 85-foot antennas. Eleven of the 
30-foot stations and one of the 85-foot 
stations were used for communication 
with and tracking the spacecraft. Also 
employed during the mission was the 
tracking ship Vanguard, which has 
Collins systems aboard. 

Eventually the new USB ground net- 
work will be used for all tracking, com- 
munication and data acquisition on all 
Apollo missions, including the flight to 
land astronauts on the moon and return 
them safely to earth. 

The spacecraft communication and 
data system is provided by Collins 
under contract to North American 
Rockwell Corp., and the USB ground 
network system is provided under con- 
tract to NASA's Goddard Space Flight 
Center. Both the spacecraft and ground 
systems will be used throughout Proj- 
ect Apollo. 

USB combines near-earth and deep- 
space communication requirements in 
a single band of radio frequencies. The 
communication and data system also 
employs VHF for near-earth and com- 
mand module-to-lunar module commu- 
nications. For recover operations, VHF 

and HF provide the communication 
link. USB replaces C-Band, used in 
Mercury and Gemini, for ranging; 

although continued use of C-Band is 
programmed along with USB in initial 
Apollo flights. 

Design of the USB system was based 
on the coherent doppler and pseudo- 
random range technique, developed by 
NASA's Jet Propulsion Laboratory, and 
used in previous unmanned deep space 
probes. This technique involves a 
ground-based transmitting and receiv- 
ing station, working in conjunction with 
a spacecraft transponder. A single 
carrier frequency is utilized in each 
direction for the transmission of all 
tracking and communications data be- 
tween the spacecraft and ground. The 
voice and up-date data are modulated 
onto subcarriers and then combined 
with the ranging data. This composite 
information is used to phase-modulate 
the transmitted carrier frequency. The 
received and transmitted carrier fre- 
quencies are coherently related: This 
allows measurements of the carrier 
doppler frequency by the ground sta- 
tion for precise determination of the 
radial velocity of the spacecraft. 

Voice and telemetry data from the 
spacecraft are modulated onto sub- 
carriers, combined with the ranging 
signals, and used to phase modulate 
the down-link carrier frequency. The 

This transportable unified S-band tracking and communication station is bdng used in the lunar landing program. Station is 
one of I5 built by Collins for NASA3s Goodard Space Flighr Center, which is responsible for the worldwide Manned Space 
Flight Network. 

20 



spacecraft S-Band transponder trans- 
mitter also can be frequency modu- 
lated for transmitting television, analog 
data, or recorded voice and data. 

The ground-command module up- 
link frequency in the phase-modulation 
mode is 2106.4 MHz. The coherently 
related down-link command module- 
earth frequency in the phase-modula- 
tion mode is 2287.5 MHz. A second 
down-link frequency, 2272.5 MHz, op- 
erates in the FM mode. 

Simultaneous transmissions can be 
made on all three S-Band frequencies. 
In the frequency modulation mode, 
however, television by itself can be 
transmitted or analog datalrecorded 
voice and data can be sent, but not 
simultaneously. 

The communication and data system 
is actually a subsystem of the command 
module, provided by North American 
Rockwell to NASA. AS communication 
and data subsystem manager, Collins 
was responsible not only for the system 
engineering, system testing, and man- 
agement of the program but also for 
the design and manufacture of certain 
of the equipments. They include: 

Audio center - A solid-state audio 
amplification and control unit providing 
a complete and independently operated 

audio station for each astronaut. Fur- 
nishes each crew member with micro- 
phone and earphone amplifiers, diode 
switching circuits that control audio 
signals to and from operating RF equip- 
ment or an intercom system, and vox 
circuitry to permit voice keying of 
transmitters. Three electrically identi- 
cal groups of audio and switching cir- 
cuitry are contained in 3 1 small, encap- 
sulated cordwood assemblies, housed 
in a gasket-sealed aluminum case. 

S-bandpower amplifier-A traveling- 
wave-tube power amplifier for high- 
power amplification of the low-level 
outputs of transponder. The PA unit 
contains two independent power ampli- 
fiers, either of which can be used to 
amplify either t h e p ~  or FM frequency 
mode. Two power levels, approximate- 
ly 2.5 and 11 watts, are provided. The 
power amplifier is packaged in a sealed 
pressurized case, about 5.75 inches 
wide, 6 inches high and 22 inches long. 
The PA weighs 32 pounds. 

Pre-modulation processor- It pro- 
vides the signal multiplexing and inter- 
facing between voice, data, television 
and recording equipment, and com- 
mand module RF transmitting and 
receiving equipment. When the pre- 
modulation processor is used in con- 

junction with the transponder, both 
perform many communication func- 
tions that otherwise would require 
separate transmitters and receivers. 
The pre-modulation processor func- 
tions for all S-band transmission and 
reception except the ranging signal and 
provides interfacing with uss  for com- 
mand module-lunar module communi- 
tion via VHF/AM. The pre-modulatioq 
processor is of solid-state design with 
redundant circuitry and modular con- 
struction. Weight is 1 1.3 pounds. The 
unit is approximately 4.7 inches wide, 
6 inches high and 10.5 inches long. 

HF transceiver - Employed for long- 
range direction finding and voice com- 
munication during landing and recovery 
phases of mission. Operable in single 
sideband, compatible AM or cw modes 
on preassigned carrier frequency of 
10.006 MHz. Power output is 20 watts 
PEP in sss, and 5 watts carrier in AM 

and cw. Transceiver is enclosed in a 
machined aluminum case, 4 inches 
wide, 6 inches high and 8.5 inches long. 
Weight is 6.3 pounds. 

VHF recovery beacon-A solid-state 
tone-modulated AM transmitter that 
provides signal for line-of-sight radio 
direction finding during landing and 
recovery operations. Recovery beacon 

View from atop Apollo 4 before launch from Kennedy Space This multiple exposure freezes 30-foot S-band antenna in 
Center shows approaching mobile service structure, which three positions as it sweeps from horizon to horizon. The 
is used to ready launch vehicle and spacecraft for flight. Manned Space Flight Network includes 12 30-footers. 



transmits with 3-watt minimum power I 
at 243 MHz. It has an automatic trans- 
mission interruption cycle of 2 seconds 
on and 3 seconds off. Unit consists of a 
modulator-regulator assembly and an 
RF amplifier-oscillator assembly. I 
Weight is 2.5 pounds, and dimensions 
are 4 inches wide. 4 inches hiah and - 
6.75 inches long. 

Other elements of the spacecraft 
communication and data system are a 
VHF AM transmitter-receiver for near- 
earth and recovery communication, 
unified S-band equipment (two phase- 
locked transponders and an FM trans- 
mitter), PCM telemetry equipment, data 
storage equipment, and a VHF triplexer 
for simultaneous operation of three 
channels on a single antenna. 

The normal spacecraft-earth voice 
communication channel is via USB. 

Voice and telemetry signals originating 
in the spacecraft modulate a subcarrier 
in the pre-modulation processor. The 
subcarrier is routed to the unified 
S-band equipment, where it modulates 
one of the two redundant transponder 
transmitters. The output of the S-band 
equipment may be routed directly to 
the S-band antenna system or first 
passed through the S-band power ampli- 
fier, where it is amplified to one of two 
selectable power levels. 

The communications and tracking 
for Apollo is provided by elements of 
the Manned Space Flight Network, 
built for Mercury, augmented for Gem- . .  - - .  . - 
in1 and turther ex~anded  to meet the  . - . . . . - 

uniquc requirements of Apollo. The 
b. 

present Manned Space Flight Network, 
managed for NASA by Goddard Space 
Flight Center, involves not only NASA, 

but also elements of the Department of 
Defense and several foreign countries. 
Several of the stations, including in- 
strumentation ships, are operated by 
the DOD. Stations in Australia are op- 
erated by Australians under partici- 
pating agreements with the Australian 
government. 

The Manned Space Flight Network 
may be regarded as a real-time, global 
extension of the monitoring and control 
capabilities of the Manned Space Flight 
Control Center in Houston. In order to 
accomplish this extension, it is neces- 
sary to have an effective world-wide 
communications network. The commu- 
nications network, in fact, becomes one 
of the most important items in the sup- 
port of the mission. 



a. Eighty-ftve-foot antenna belongs to the unified 
* S-band station at Canberra, Australia. b. North 

American technicians install communication sys- 
tem in boiler-plate command module. c. Collins 
test technician and supervisor conduct bench test 
ofApollo command module communication and 
data system equipment. 



The most significant electronics sys- 
tem addition to the network for sup- 
port of the Apollo lunar progrant is the 
Unified S-Band System. Collins is 
prime contractor for the USB System's 
ground-based stations-three 85-foot 
stations and twelve 30-foot stations. 
The three 85-foot stations, which will 
provide the primary lunar distance 
communications, are a t  Goldstone, 
Calif.; Madrid, Spain, and Canberra, 
Australia. Thirty-foot stations are at 
Kennedy Space Center, Florida; An- 
tigua Island; Ascension Island; Ber- 
muda; Canary Islands; Grand Bahama 
Island; Carnarvon, Australia; Guam; 
Hawaii; Guaymas, Mexico; Corpus 
Christi, Texas, and Goddard Space 
Flight Center. 

Functions of the 30-foot stations in- 
clude pre-launch and in-flight checkout 
of the spacecraft, filling of gaps in cov- 
erage of the 85-foot stations, and track- 
ing and communication during orbit. 

Each USB station includes a rotating 
dish antenna, which automatically locks 
on and follows the course of the space- 
craft, and electronic equipment for 
transmitting, receiving, modulating and 
demodulating signals. Each station is 
linked by various landline and radio 
circuits to the Mission Control Center 
at Houston and Goddard Space Flight 
Center, Md. 

The USE System replaces several 
antennas and different  links required 
for tracking and communications with 
the spacecraft. The voice and data are 
modulated onto the same RF carrier 
used for the tracking function. Output 
from the USB System is used to drive 
the data demodulating and processing 
equipment developed and used for 
Project Gemini. 

In  the Apollo program, the us3 net- 
work will be required to support up to 
three vehicles in earth orbit-the com- 
mand module, the lunar module, and 
the Saturn s-IVB. Support is required 
for earth-orbital Apollo missions, the 
L/M-command module rendezvous 
tests, and the checkout of all three 
vehicles in earth orbit prior to injection 
into the lunar phases of the missions. 
Support of both the L/M and command 
module throughout the lunar mission 
and the command module during the 
re-entry phase of the mission is, of 
course, the prime role of the USB Sys- 
tem. Since the USB System is manda- 
tory for the lunar missions, it must be 

Technician mans console of Bermuda 30-foot station, one of 12 such stations 
in the MannedSpace Flight Nefwork. 

checked out and proven capable of 
supporting manned missions during the 
early Apollo flights, as it was during 
Apollo 4. 

The unified system approach was 
adopted primarily because it offers a 
superior technical solution and reduces 
spacecraft equipment requirements. 

A number of the Unified S-Band 
Stations have dual capability; that is, 
they are capable of performing doppler 
and range measurements as well as 
receiving data and voice from two 
spacecraft simultaneously. 

The 85-foot stations are spaced at 
approximately equal intervals of longi- 
tude around the earth to provide con- 
tinuous coverage of lunar missions. 
Three Deep Space Instrumentation 
Facilities, located near the USB sta- 
tions, serve as backup stations. 

Both instrumentation ships and air- 
craft will play a primary role in support 
of the Apollo program. The Apollo 
mission requires burning of the space 
vehicle engine in areas where it is not 
practical or possible to provide cover- 
age from the land-based stations. 
Instrumentation coverage will be pro- 
vided during these critical phases of 
mission by the ships and aircraft. They 
will also be used to provide data during 
the re-entry phases of the mission in 
areas where coverage from land sta- 
tions rs not available. 

Putting men on the moon, man's 
most audacious undertaking, will put 
to the acid test much of modern tech- 
nology. Collins, in its participation in 
Project Apollo, is determined that its 
communication technology will pass 
this critical test. 
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