The Apollo 11 Telemetry Data Recordings: A Final Report

When astronauts landed on the moon on July 20, 1969, the Eagle lander carried a
small, unconventional television camera affixed to the inside of the door. It had one
mission. Once astronauts opened the door and activated the camera, it would begin
shooting live images of the historic event, transmitting the raw footage by way of an
antenna to Earth below. There, engineers at three tracking stations would tape the
original signals onto one-inch telemetry tapes for backup and then also convert the raw
feed into a conventional format compatible with American broadcast standards.

The camera did its job.

As Neil Armstrong descended from the ladder to take that historic first step, hundreds of
millions of viewers watched spellbound as the drama unfolded. NASA had given them
something they had never seen before: a man walking on the moon via live television.

What most people did not realize, however, is
that the television footage they viewed was
actually inferior to what ground station
engineers saw as the raw footage arrived
from the moon 250,000 miles away. While the
public saw blurry, ghostlike images, the
engineers working at NASA'’s tracking stations
in California and Australia saw clear, crisp
video on special television monitors capable
of displaying the unconventional video.
Although NASA engineers knew that the scan
converter would degrade the original picture
quality, they viewed it as an engineering
trade-off. NASA wanted live television and the
only way to provide it at the time was with
scan-conversion technology, despite the degradation.

In the triumph of the day, no one at the tracking stations considered these differences
and certainly the public was unaware. The engineers boxed the one-inch telemetry
tapes wound onto 14-inch canister reels—which served no other purpose than to
provide backup if the live relay failed—and shipped them to the Goddard Space Flight
Center. From there, the tapes were sent to the Washington National Records Center
(WRNC) in Suitland, Md.

The engineers never saw the back-up telemetry tapes again.



Fast Forward to the Present

Much has happened over the ensuing years. Today, it is hard to imagine life without the
Internet, cell phones, and high-definition television—innovations made possible by the
revolution in digital technology. What was impossible nearly 40 years ago is now
possible. The Apollo 11 telemetry tapes certainly provide a case in point. Using digital
technology, technicians today could convert the raw signals into high-quality video,
allowing the world to see what only a handful of engineers saw in 1969.

The desire to show the Apollo 11 moonwalk as it originally was received and recorded is
what catalyzed a core team of U.S. and Australian Apollo enthusiasts, former NASA
contractors, and a current Agency employee to find the one-inch telemetry backup
tapes. They wanted to give the public a clearer picture of that iconic moment in
American history. Enlisting the support of current Goddard Space Flight Center
employees, these individuals spent thousands of hours tracking down and interviewing
former NASA employees, pouring over memos, telex messages, and databases, and
visiting possible storage sites.

Each had a special role in the effort:

e John Sarkissian, an operations scientist and the de facto historian of the Parkes
Radio Observatory in Australia, initiated the search;

e Colin Mackellar, an avowed Apollo enthusiast, fanned interest through his
posting of images on a website that paid tribute to those who worked at
Australia’s Honeysuckle Creek tracking station before the facility closed in 1981;

e Stan Lebar, a retired Westinghouse Electric program manager who oversaw the
development of the special Apollo 11 camera, volunteered his time to search for
the tapes;

e Bill Wood, a retired Bendix engineer who served as the crew supervisor at the
Goldstone tracking station in California, assisted in contacting retired NASA
officials who may have known of the tapes’ whereabouts; and

e Richard Nafzger, who oversaw television processing at the ground tracking sites
during the Apollo 11 mission, is today a Goddard employee who was able to
access resources at the Center to help in the search. He soon became a pivotal
figure, the team’s unofficial leader.

Unexpected Outcome

By all accounts, the epic-like search has not ended as anyone had expected. The
searchers never found what they set out to uncover. Aside from a few canisters of
Apollo 9 telemetry tapes still stored at the WNRC, the Apollo-era telemetry tapes no
longer exist—anywhere. However, this disappointing discovery does not mean the
Herculean effort that spanned more than eight years ended in vain. The team
uncovered the best television-formatted recordings of the Apollo 11 moon landing and



has secured NASA funding to apply modern-day digital technology to dramatically
enhance the quality of these tapes.

Will the public truly experience what just a handful of engineers witnessed 40 years
ago? The answer is probably no, says Nafzger. “However, our search for the original
tapes gave rise to the restoration of what we do have. Now that the 40" anniversary is
upon us, it is fitting that we release the enhanced video and explain why the raw-feed
tapes are not with us today.”

Starting at the Beginning

To fully understand the loss of the original telemetry tapes, one needs to consider the
technology of the day and appreciate the fact that live broadcasts from remote locations
were difficult. No one was even sure it could be done from the surface of the moon.

Given the importance of the Apollo 11 mission, however, mission planners understood
the necessity of television. But because they did not know whether a live broadcast was
technologically feasible, they stipulated that voice, telemetry, biomedical data, and
television all share the same transmission link from an antenna atop the Lunar Module.
Consequently, the Agency budgeted only 500 kHz of the available bandwidth to
television—far less than the 4.5MHz then used by the commercial broadcast television
industry.

To cope with this reduction in bandwidth, NASA hired the Westinghouse Electric
Corporation in Baltimore, Md., to develop a special television camera that used a non-
standard scan format of 10 frames per second and 320 lines of resolution, compared
with the U.S. television standard of 30 frames per second and 525 lines.

Because commercial television could
not broadcast the slow-scan format,
NASA hired the RCA Corporation to
build a scan converter to optically and
electronically adapt these images to a
standard U.S. broadcast TV signal. The
tracking stations converted the signals
and transmitted them by way of
microwave links, Intelsat
communications satellites, and AT&T
analog landlines to Mission Control in
Houston. By the time the images
appeared on international television,
they were substantially degraded.

But at the time, who noticed? Certainly not the hundreds of millions of people worldwide
who sat mesmerized by the fuzzy images on their television sets.



But Lebar, who managed Westinghouse’s lunar camera project, noticed. Now in his
80s, Lebar said he sat stunned watching the drama unfold on the television monitors in
Houston. “I kept thinking it just doesn’t look as clear and crisp as | expected. What's
going on here?” From testing, he knew the camera was capable of producing good
television, despite the reduced bandwidth. What he did not know, however, was that the
converter used to reformat the signal would degrade the quality of the video to the
extent that it did. Furthermore, long-distance transmission of the video from the tracking
stations to Houston further reduced the quality.

Though disappointed, he let his initial emotions pass and allowed himself to be caught
up in the moment. “No one was unhappy,” he said. “We were all in seventh heaven.”
America had pulled off the impossible. In less than 10 years, the Nation had landed a
man on the moon and showed the world, via live television, that it could be done.

NASA never again used the camera Lebar created. In addition to pulling off one of the
most important triumphs of the 20" century, NASA discovered from Apollo 11 that it
could broadcast live video using standard, higher-bandwidth television formats. It no
longer needed to convert the signal to make video accessible to the public. In other
words, viewers would see the broadcast in clear, sharp focus just as a conventional
video camera captured the event.

But no one knew then. Consequently, only those working at the three tracking
stations—Goldstone, Honeysuckle Creek, and Parkes—saw the feed as it came directly
from the moon and was played on their slow-scan television monitors. As the converted
signal made its way to Houston, the engineers at the tracking stations recorded the raw
feed onto one-inch magnetic tapes using M-22 recorders, as required by NASA
protocol. They stored the backup tapes in metal canisters, placed the canisters in
boxes, and then shipped them by airfreight to Goddard. After a months-long holding
period, during which Goddard personnel reviewed the tapes’ content and determined
that the Apollo program no longer needed the data, employees sent the canisters to
WNRC for storage.

The Australian Connection

Sarkissian, the operations scientist and the de facto historian of the Parkes station,
began researching the whereabouts of the slow-scan tapes in 1997 when a British
author called him to get information about Parkes’s role in the Apollo 11 mission. Had
the author not queried Sarkissian, it is conceivable that the search for the tapes would
not have begun.

But in his relentless quest to confirm which of the three tracking stations actually
provided the first steps video, Sarkissian discovered in 2001 the existence of a Polaroid
image taken as the raw-feed video played on the special slow-scan monitor. Even on a
Polaroid print, it was obvious to Sarkissian that the images were far better than those
broadcast in 1969.



One year later in another part of Australia, John Saxon, a retiree who formerly served



