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Blazing a New Path: Lunar

By Steve Varma, Minus K Technology

Twelve years ago, in 2013, NASA launched the Lunar Atmosphere and Dust Environment Explorer (LADEE),
a compact robotic probe designed to study the Moon’s fragile atmosphere and test a revolutionary
communications system.

The mission not only revealed the composition of the lunar exosphere but also pioneered high-speed laser
communications that could transform the way data is transmitted across space.

A Compact Pioneer

LADEE measured just 7.7 by 4.75 by 4.75 feet and weighed 844 pounds (383 kilograms). After a 30-day
cruise to lunar orbit and another month of system checks, it embarked on a 100-day science mission —
later extended by a month. Once its work was complete, NASA deliberately crashed the probe on the
Moon'’s far side, far from historic Apollo program landing sites, to prevent contamination.

Breaking the Bandwidth Barrier

Central to LADEE’s mission was the Lunar Laser Communications Demonstration (LLCD), developed by
MIT Lincoln Laboratory, NASA Goddard Space Flight Center, and Jet Propulsion Laboratory. It was NASA’s
first attempt to replace traditional radio waves with laser light for long-distance communications.

During a 30-day test, LLCD transmitted live data between LADEE and ground stations in the U.S. and
Spain, validating it against standard radio transmissions.

The system achieved record-breaking download speeds of 622 megabits per second (Mbps) — six times
faster than the best previous lunar radio systems — and uplinks of 20 Mbps, fast enough to stream high-
definition video to and from the Moon. It also provided centimeter class ranging data to improve planetary
gravity models.

Even more impressive, LLCD operated flawlessly through thin clouds, in broad daylight, when the Moon
was within 3° of the Sun, and when just 5° above the horizon. It automatically switched between ground
stations as Earth rotated, similar to a mobile phone network, and could even lock on without radio guidance.

This seamless performance marked a major milestone LLCD operated flawlessly. It automatically switched
between ground stations as Earth rotated and could even lock on without radio guidance. This seamless
performance marked for future space communications. NASA is now expanding this capability with the Laser



Communications Relay Demonstration (LCRD), launched aboard STPSat-6 in 2021, which will act as an
orbiting “laser router” to extend optical communications far beyond the Moon.

Achieving Rock-Solid Stability

Delivering that kind of performance required extraordinary pointing precision. LLCD’s Lunar Lasercomm
Space Terminal (LLST) had to maintain line-of-sight (LOS) jitter under 4.2 microradians root mean square
(RMS) a nearly imperceptible wobble. A Magneto-hydrodynamic Inertial Reference Unit (MIRU) actively
stabilized the optical telescope, while engineers built a detailed finite element model (FEM) to simulate

the system’s structural and optical behavior.

Testing involved a telescope mass mock-up mounted to a real panel gimbal and flexure, all secured to a stiff
frame placed on a Minus K BM-4 negative stiffness vibration isolation table. This setup isolated the hardware
from ambient vibrations while angle rate sensors tracked even the tiniest disturbances.

Because full flight conditions couldn’t be replicated, engineers used the data to refine the FEM, aligning
predicted modal frequencies and mode shapes with actual measurements. Early models differed from test results
by 25 percent, but adjusting bolt stiffness, including the mass of the test fixtures, and replicating the exact three-
point excitation used in the lab brought the predictions within five percent of measured data. This rigorous
process confirmed the LLST could hold its beam steady enough for error-free, high-speed transmission from
lunar orbit.

Discovering the Moon’s Exosphere

Beyond its communications triumphs, LADEE delivered valuable science through its Neutral Mass
Spectrometer (NMS). The instrument confirmed that the Moon’s exosphere — a wisp-thin atmosphere — is
composed mainly of helium, argon, and neon, with concentrations shifting by lunar time of day. While most
gases arrive via the solar wind, NMS found argon-40 from the decay of potassium-40 in lunar rocks, and
about 20 percent of helium likely from the decay of thorium and uranium. Because the atmosphere is so
delicate, even rocket exhaust could alter it, making it crucial to understand before humans return to the lunar
surface in force.

A Fiery Farewell

LADEE’s mission ended on April 18, 2014, when it struck the lunar surface at 3,600 mph near the eastern
rim of Sundman V crater. The Lunar Reconnaissance Orbiter later photographed the resulting crater by
comparing images taken before and after the impact.

Though its lifespan was short, LADEE’s legacy is profound. It illuminated the mysteries of the Moon’s
exosphere and proved that laser-based communications can transmit massive volumes of data reliably

across space. This small spacecraft laid the foundation for a future where deep-space missions can communicate
at broadband speeds a leap forward for space exploration.
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