| Camelot on the Moon

The Real Story of How We Managed to
Fulfill Kennedy’s Promise and Put a Man on the Moon
by Donald E. Kimberlin, NCE

SFE said we would go o the movn Prefore the end af
the decade As mid-T969 approachied, the guesiion
arpseas o whether it g
waild all happen or
rof fu the end, it
capte down fo fard
wark adid (mprovisa-
fiewn By some intvepild
EHEIHEERE,

Most people de
red v e Tasi pos-
sible lgunch window i the decade rearly clozed fa
Sallure, saved lterallv ai the last momeent by an amazing
gffort. Now, ferty vears leter, the story bz sill exciting
antd (REriraing.

SLANDIEE, North Carodinal John F.
Eennedy's truncated presidency has often been called
“The Camelet Era.” There had been an unspoken feeling
the U5, had gone to sleep while Eisenhower presided.
Expectations now grew that Amcrica had to do some-
thing spectacular, especially as the glow of victory in
World War Il continwed to dim.

Meanwhile, the charismatic personac of the Kennedy
farnily seemed 1o say, “these are the oncs whowill bring
glory to the nation.” Compared to previous Presidents,
JEK s pelative youth — his brother Robert as his close
aide, combined with his beawtiful spouse and young
children — made cvery day potentially a harbinger of
Creal news.

There had bBeen great news — but not happy news —
from the Sovied Union. The launch of Sputnik shocked
Arnericans and gave many people reasons to worTy,
considering the tensions of the time. Indecd, the Evil
Empire might be able to rain down destruction and ruin
on the United States. Mikita Khrushehey had shown on
television during his United Mations visit self-confi-
dencetothe point of arrogance. The USA was losing the
race for dominance in space. The Missiles of October
were to drag JFK into a global poker game like none
before.

THE PROMISE |15 MADE

Griven the world situation, JFE s promise to put an
Arnerican on the meon was well received,; the country
needed an offort to rally behind. Further, he promised it
would happen before the end of that decade. One can
profably say there has not been any other single event
since that has brought as much solidarity across the
catire Amcrican population, indeed perhaps the whole
world. Best of all, this rallving point in history devel-
oped with the promise of a peaceful objective,

[t was the sort of promise of the Sixties that people
really wanted. It was The Promise of Camelot.

What many people do not know i that it all came
wery close being a failure. At the very last moment the
last possible launch window for a lunar mission in the
L5607 s was nearly missed

POTENTIAL DISASTER LOOMS

Thenear failure was not due o problems with recket
selence orastroplysics orastronautics. Those had caused
carlice program slippages, but had been solved. The
ultimate problem that nearly ended this Final Tribute to
Carmelot was a telecommunications prablem.

[t was all related to the then relatively new technol-
ogy of communications satellites. Only the massive
cfforts of telecomm people, contributing in ways we

today might find imposaible, actually made the mission
possible. Some readers may know picces of the story,
bt few have ever known the whole picture.

[tall focused on WASA s Deep Space Network. The
Deep Space Metwork was a subsct of only three of the
taenty-plus ground stations MASA built around the
warld for tracking and communicating with objccts it
launches. Most of the MASA stations were capable of
communicating only with oftjects in carth oebit lLess than
100 nautical miles above the surface.

On the other hand, for the planned lunar mission,
there was a necd to construct three very large carth
stations with 85-foot dishes that could sweep the hori-
#on rapidly and track a point on the moon or anywhere
between the carth and the moon.

These special stations were needed in order to main-
tain communication across the quarier million miles of
gpace to the moon. The three were Robledo, Spain,
about 37 miles west of Madrd; Goeldstone, a ghost town
in California’s Mojave Desen: and Canberra, about 165
rniles southwest of Sydney, Australia

A leok at the world map shows cach is about one-
third of the way around the carth. OF these three, only
one at a time has a view of the moon for an cight-hour
portion of cach day. In order to maintain sufficient
communication with the first humans fo make the honar
journcys, all three stations would have o function
perfectly and continuous]y during their cight-hour peri-
ods of lunar visibility.

THE FRAGILE TELECOM LINK

Humans had previeusly made occasional contact
with the moon, bouncing radar oft it as carly as 1947,
Radioamateurs later had made “moon bounce” commu-
nications demonstrations. However, mainiaining a ¢on-
timuows Llink from the Earth to the moeen for over a week
had never been done before. Mecting the Promise of
Camelot would require solid, secure communications
for the cntire mission.

The Deep Space Metwork was unigue not only
because of its stations’ lecations. The communications
bandwidth required was larger than previously accom-
plishied over such a distance. And networking the infor-
mation together once it was back on carth was yet
another new fieat.

[ntelsat was inoperation and making intercontinen-
tal satellite communications availakle. Howewer, there
had Bcen uncertainty about availability at the time
MASA wasplanning the lanar project. Furthermore, the
costs would be at levels beyond what MASA would
prefer. And just to add one more level of complication:
running a full color video baseband from the moon to
carth with the clectronics of the new diserete transistor
cra had not yet proved reliable.

Al i all, & true technical challenge for the time.

THE ESSENTIAL LINK

Early in the lunar project, the decision was taken to
combine all communications between the lunar moedule
and earth inte one 48-kilobit, multiglexed digital signal
af video, speech communications, spacecraft telemetry
and bomedical data using 2-gigahertz radio. That was
the Deep Space Metwork's fask.

Just getting that 48 kilobit stream created and trans-
prorted back inte MASA — and then put back out for the
world to see — was in iteelfa risk. NASA called the link
rcaching those guarter million miles across space iis
Unified 5-Band system. The combined signal would be
fed through each Decp Space Station back to MASA s
Communications Center at Greenbelt, Maryland for
signal procesaing and distribution o the whole world.

It was critical for MASA 1o get the Deep Space
Metwork built and any bugs shaken out. As the &0's
prassed, lunar launch opportunitics frittered avway onc by
ane while various problems inthe program were uncsy-
cred and solved. However, those slippages did allow
time to make MASA's Decp Space Network opera-
tional.

BUILDNING A 48 KILOBIT CONNECTION

Actually, until late 1968, the world s publictelecom
nebwork did not have the means totransportasingle data
stream as large as 48 kilobits across the Atlantic or
Pacific. The intercontinental state-of-the-arthad reached
anly a maximum modem rate of 4800 bps, Intelzat was
forccasting satellites that could provide whole 48-Kilo-
kit channels on which "wideband” analog modems
could be used by the late 1960°s, but MASA necded
something seoner.

blcanwhile, NASA was not about to commit reli-
ance on HF {shortwave) radio or submarine telephone
cabtles across the Atlantic and Pacific. The cables them-
aclves still had procious few channcls in the late 19607,
prior to the digital fiber optic era. Integrated circuit
devices to make tiny units with really low power con-
sumpiion were only onthe horizon; devices like micron-
thick selid-state electronics were still way in the future.
Indeed, vacuum tubes were really still mose reliable in
miany uses than transistors had yet been proved 1o be.

MASA needed a reck-solid way bring lunar signals
from Robledo, Canberra and Goldstone into the NARA
communications center at Greenbelt And that 48-kilo-
kit path across the oceans had to be relatively proven
technology — at least reliable enough upon which astro-
naut lives might be risked.

SCAMA

The interim method was called the Station
Conferencing and Monitoring Arrangement { SCAMAL
SCAMA included aformofinverse multiplexing Chyped
as a recent development, the military already had em-
ployed SCAMA just after WWIIL Telegraphers also
had wsed inverse multiplexing on wire lines and HF
radio for decades.

Adleast one MASA carth station achieved a 2400 bps
digital link with Greenbelt using inverse multiplexing.
(The senal data was converted inte 24 parallel FRE
streams riding on HF radio between Panama and
Santiago, Chile; the portion from Greenbelt to Panama
rode on submarine cabkle.) But that was only 2400 bps,
and the lunar project necded 48 kilobits, especially ifit
was o give the world convincing proof of the lunar
landing via live color video from the moon.

SCAMA was the largest inverse multiglexer built to
date. laplitthe 48-kilokit data into teelve parallel paths
af 4E00 bps synchronized data for infcrcontinental
transmission, and then recombined them into the erigi-
nal 48 kilobits at the recciving end. As you may insagine,
the transport cost Was cnanmous.

Ad that point in time, onc analog voice channcl
across the Atlantic rented for 213,000 a8 month — and
SCAMA vsed twelve. NASA was holding up a dozen
circuits across cach ecean all day and all night, justtobe
ready incase a launch window could ke used. OF course,
they also provided a test bed for the Deep Space Met-
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wiork and the terminals that would go o the moon.

When not in mission use, Bobkledo and Canberra had
adoezentelephone ticlines back to Greenbelt. The “phone
bill,” apgroached a half million dollars 8 month {abowt
£2.5 million per month in curment dollars!), largely just
to b ready to sustain the Promise of Camelot!

THE INTELSAT OPTION

When Intelsat™s Serica [ satellites came into opera-
tional use in L9688, contracts were letto ITET and RCA
to provide 48-kilobit channels from Robledo and
Canberra respectively back to Greenbelt, Goldstone
was not such a sertous problem, as it was in the U5,

{With the satellites available, SCAMA could be
relegated to “back-up” status. That would release a
dozen sorcly needed trunks across cach occan back o
the world's telephone network, Dial telephone demand
had soared far beyond capacity of the fow cables in-
stalled to the time, and the released channels weuld
immediately ke given over to reach various nations from
the 1.5,

[t fizll tos v at IT & T to produce the system design for
the first 48-kilebit circuit between Robledo and
Greenbelt, while RCA took the contract across the
Pacific a few months later, We used proved components
from domestic “wideband data circuits™ and rather
rodtinely put it info operation. MASA achieved regular
use irmmediately.

T o view, it was “'husiness a5 usual "™ We forezaw
no problems, and it appeared we at IT& T would have no
concern whenever America launched an Apolle space-
craft. Our effons tumed toward other fasks. By late
1968, I was ona different assignment in Europe, knitting
AUTOVION and AUTODMM nto trunked networks
reaching the WS, from Europe — most on the new
Intclsat satellite, some on cable.

CRISIS!

Everything seemed towork well until July 14, 1965,
when Howard Briley from IT&T Geneva telephoned
vy office in Paris. He told
mec the lone Intelsat 110
over the Atlantic had suf-
fercd Intelsat’s first fail-
ure inspace. [thad pointed
its aniennas out into space
and would not respond 1o
telemetry commands.

The circuit from
Robledowas the most criti-
cal to the moon landing be-
cause it would be the Decp
Space station facing the
o in those critical first
mornents when the astro-
mawts would step on the lu-
nar surface for te world to
s Waking themwait cight
hours to proceed with the
mission once on the moen
would deglete Life support supplics dangerously. Lacking
a link with Raobledn, the Promize of Carmelot would fail!

Several possible recovery offorts were being pur-
sucd. However, if they did not work, i would be neces-
sary b iy getting twelve voice channels across the
Atlantic between Robledo and Greenbelt working as
4300 hps data circuits and pressing SCAMA back into
use. | got marching orders for Madnd.

Mearwhile, the Early Bird zatellite was considered,
but it was questionable if the CTNE {(Compania
TelefonicaMacional de Espanal carth station at Buitraga,
Spain had receivers to tune into its weakened signals.
Early Bird's batteries were alrcady manning well down
their power curve anyway.

Intclaat had one sparce Series [T zatellite and launch
rechet. It was rushed to a pad at Cape Keanedy to try
recting its onc possible launch window before the last
lunar shot window on the moming of Tuly 16, Unfortu-
nately, the satellite went into a huge looping orbit that
wpnld take more time than permissible to correct — plus
using all its station-keeping fuel in the process. Thus,
any notion of simply replacing the filed satellite in orbit
was lost within minutes afier launching the spare.

THE T-2 HOUR DEADLINE

Fortunately, there was an available commercial air-
linc scat from Paris to Madrd, a rare commodity in
Furopean airtravel at the time. The weather over South-
castern France and Spainon July 14, 1965 was sparkling
clear, Even the cabin steward was impressed, pointing
out land features and citics we passed over caroute,
because they could be seen so clearly from six miles up.

Mevenheless, itwas difficultto enjoy that sceneny fully.
Bl muind wias on what orders awaited me at the Palacio de
Telecomunicaciones, CTME s rococoe, maedern bMooriah
reproduction HEQ
building. Weknewthe
situation was critical,
since Robledo's Dhecp
Space station was the
one that would ke in
view of the moon at
the romicat schoedulbed
for an Amercan to step onto the unar surface.

Armriving in Madrid, [ learned the NASA Mission
Dhrcctor had put a “hold and check point™ in the count-
dowan. He =aid the mission would be serubbed if Robledo
were hotonline to Crrecnbelt by T minus tao hours, D egan
to fizel the pressure to make the mission succesd — it would
livie oF dic by what wie accomiplished in the next beo days.

THE RACE AGAINST TIME ... AND RULES

At the Palacio, Senor Luis Terol, CTME s Manager
of Infemational Services updated me on the situation,

Buitrago was not having much luck establishing a
link via Early Bird. [ntelsat's replacement satellite had
been launched — and lost The last-ditch backup -
pressing SCAMA inte use — was the only hope of
kecping America’s lunar launch on schedule for its last
chance in 1969,

As with all the other Europeans 1 spoke to in the
rmonths preceding the launch, Terol wanted Bennedy's
premise to come true. The free world had bought inta to
secing it happen the way JFK committed. Terol told me
that AT&T, [T&T and CTMNE cxecutives had alecady
been working personal contacts with PTT {Post, Tele-
phone and Telegraphbagencics all over Europe, Butthat
did net necessarily make our mission casy.

Mormally, in the world of intemational links verbal
orders were unheard of. Each and every eircuit order is
a documented transaction conneeted with the aceount-
ing depantrnent for the reaulting circuit. There is noway
a verbal order — no matter how urgent or convincing —
can get a technician in France, for example, to stick a
patch cord into a panc] that will cut off a fransit trunk
between the US. and Switzerland

Considering that we required a dozen trunks — one
of twio cach from England, Belgium, the Netherlands,
Denenark, Germany, Switzerland, Spain and Ttaly -
disconnecting and re-
routing the warious
cables on manual
patches down into
Spain took a lot of
coprdination. Each
and everyoncofthese
informal agreements
required the personal intervention of top telephone
cxccutives in the affected nations. They promised
paper orders in detail woeuld follow fo every affected
peoint.

A CTHE staffer would handle negotiating resoutes
from each disconnect point. He knew the European
infrastructure in considerable detail, and could lay outa
plan for getiing the circuits to Madrid with the least
number of negotiations, Simuliancously, he minimized
the number of links, to oy keeping noise levels down.
{This was a major consideration in building circuiis
appreaching 5, 006 miles in length ) We would lave to
cat imte the noise ceiling by adding some equalization
for perhaps six sets of channel banks.

blzanwhile, [ was sent out to see ifthere was any last
hope for use of Early Bird at Buitrago and then to setup
shop at nearby Robledo.

WORKING BOTH ENDS — AND THEN SOME

W were trying to engineer some quiet, clean data
channels on the fly, vsing a somewhat random assort-
ment of circuits. We would have to do it in record time,
Tonc.

While the bosses worked the system from the top
down, our CTME staffer worked it from the botiom up.
When he would get road-blocked by a lethargic techni-
clan a eountry or two away, he would get out his own
litile black book of names and numbers he knew in that
country. He would talk a supervisor or manager into the
spirit of the cffort, and get that boss to motivate his
people or cven go down 1o the office himself,

Again, we worked throagh the night. Channels were
patched through, which is no mean feat in off-houwrs
anywhere in the world, [ was on a connection with
[T&T s Technical Operations Center at Mew Y ork,
setting ug and equalizing circuits as they became avail-
able.

Ome by one, we got the circuits established. We used
aome pretty dicty iricks to leave them just a bit loose on
cqualization, but with amooth curves in order to Keep
naise lower. Meanwhile, the MASA folk were starting
up SCAMA. They would first run pattern data with their
madems then add cach chanmnel to SCAMA. This was to
catablish operation proving in the reliability for the
Mission Director.

FIVE MINUTES TQ SPARE

Finally —at T minus X hours and 5 minutes - NASA
accepted the twelfth circuit, declared SCAMA opera-
tional, and the Mission Director removed the hold. The
launch for the moon was “on!”

We stayed af Rokledo o hear the launch get off on
the afterncon (Europe time) of July 16, and headed
hack to Madrid for some sleep, after two days with-
out. I ehecked into another famous Madrid landmark,
the Palace Hotel, all Spanish cak, brass and tile. The
Palace was Ernest Hemingway s home while writing
about the Spanish Civil War. The hotel had not
changed much, but [ did stop te appreciate it. [ went
directly to bed.

Mlemorics arc blurred, but [ must have slept most of
two days because the next thing [ remember clearly was
a pounding on my door in the middle of the night.
Someone on the hotel staff —apparceatly the best English
speaker the hotel had — was calling me to come to the
hotel™s one T% set and see the Americans on the moeon!
They had landed some hours before, but now they were
going to walk outside on the moon.
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WE MADE IT!

Standing there in my bathrobe, | suddenly realized
there had been a second major problem related o the
Intelzat failure across
the Atlantic. Mot anly
did it break the broad-
band data path to the
U=, but the broad-
casters in Europe had
lesst their video chan-
niels back from the U5
agwell. That was cer-
tainly imporant, for
Kennedy's promisc
included showing
picturcs o the whole free world of the Americans being
“first on the moon!™

Harw hized theey done it? [ was probably the only porsoa
im the room whe knew wvhat it took fo ged vides to the US 5o
the mission could prodeed. Then [ recognized the familiar
face and sonerous tones of Walter Cronkite coming from
the TV set at some time anound 3 AM in Madrid. He was
talking absput the astrenauts preparing to-ogen the hatch and
climb deoam the laddier. Then he said some words that cut
into e a bt

Cronkite spoke about the heroie effor of satellite
caginecrs to get video for broadeast in Burope. It seems
they had uplinked US broadeast video received in Aus-

tralia onto the Indian Oeean satellite. From there, the
videowas downlinked into an 85-foot dish swung around
at Raisting, Germany to receive from the Indian Occan
satellite. He went on at length about how Raisting was
feeding the whole of Europe’s terreatrial television
networks, instead of the usual routes via the failed
Adlantic satellite. Someone clse had been busy getting
Furopean video channels rerouted, too.

[t seemed nobody — not even Cronkite — knew what
a fragile, last-minute thread was camrying the NASA
color video and seund we were all observing from the
roon kack down through Robledo, splitting it into a
dozen submarine cable channels acress the Atlantic to
Greenbelt, Houston and ultimately back o him at CBS
before it gotout to the world! Mo one even asked: iftherc
was no satellite to send video across the Atlantic to
Europe, how did it get o them in the first place?

But then, docs not The Phone Company or MASA
Just "take care of things,” as abways?

EPILOG

Some months after the event, the Director of MASA
Communications scnt me a lovely cifation. It kears a
color photo ofan astronaut looking at his own feotprints
on the lunar surface. Part of the text reads, “in recogmni-
tionofcontibutions teward HASCOM support o £ Apalle
X1, the first manned lunar landing, July 20 A D 19657
Looking at that certificate today, it is rather difficalt to

[
-

Brelieve that it all woerked 40 years ago, without current
day widehand digital techniques, microprocessors to
cormpress color vides to a porion of 48 kilokits, or milli-
micron wafer devices to do it with.

IT&T s pwn corporate brochures carmed the achiswve-
micat ofthe first widcband data circuit acress the Atlantic as
an[T&T " first” for a number ofvears. Robledoeis stll there,
mientioned cocasionally asbeing involved incurrem NASA
miksakons, bat it is doubtfulamyone knows that was the place
the farmows lunar pictuses came down to carth, or what a
tenwows thread conmected it back to the owtside world

Teleeommumications technology
has evolved to the point that it may be
a rather hurm-drum part of the larger
task. Om the whole, America — and
perhaps cven WASA — did not cven
comprehend the drama inowhich we
wiere cngaged. They certainky had no
nation of the geographic scope and
depthotthe infrastucturc amy being
miarshaled acrossthe oceanin support
af the Promise of Camelot.

Dol £ Kimfuriie i Presnident of Tefecomomemicaiions [ Nat-
ey Aot dyrred do Laoaie Mol Carfing . wiere e comifemes
ter cesign and oo’ tevlwolamples the 't Ans come s casua il
call “WAN: 7 You can reach Dan g desbmbueriimil g com

Don Kimberlin




