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Lunar Laser Ranging
During the Apollo missions to the moon, astronauts 
placed arrays of Cube Corner Retroreflectors (CCRs) on 
the lunar surface to use in future Lunar Laser Ranging 
(LLR) experiments.

A CCR is created by cutting three perpendicular surfaces, 
similar to a corner you might see where two walls meet 
each other and the floor, within a circular pupil.

A. For the Apollo 15 mission, the CCRs were arranged in large rectangular panels. If the 
diameter of each CCR is 38 mm, estimate the surface area of a rectangular portion of 
the panel containing a 12 × 9 array of CCRs. Explain your reasoning.

B. A new retroreflector is scheduled to launch to the moon. Given that the diameter of 
this CCR is 100 mm, what is the total surface area of a similar 12 × 9 array of the new 
CCRs? How does this compare to the surface area of the array of 38 mm CCRs? 

C. In the LLR experiment, the laser beam reflects off each surface of the corner before 
returning to Earth. Given the speed of light c and the time taken for the signal to 
travel to and return from the moon t, write an equation that represents the distance 
d between Earth and the moon.

D. Estimate the distance from Earth to the moon given c ≈ 3 ×   10  8   m/s and t ≈ 2.6 s. 
Then, research and compare your estimate to more exact values. Determine if your 
estimate was too high or too low. What might contribute to the difference in estimates?
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A, B. See Additional Answers.

See margin.

d = ct_
2
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Mathematical Connections

Lunar Laser Ranging
Overview
Students use congruence criteria and rigid motions to 
prove that triangles in an applied problem in lunar 
science are congruent.

Lunar Laser Ranging experiments involve the use of 
Corner Cube Retroreflectors on the surface of the 
Moon to determine its distance from the surface of 
Earth. Since there have been so few missions to the 
moon, there are only a few retroflectors on the moon. 

A retroreflector is an optical device that reflects light 
back to its source with minimal scattering. A Cube 
Corner Retroreflector is made up of three planes that 
form the inside corner of a cube. When a ray of light 
hits the first side of the plane, it is reflected to the 
second side and then to the third side, and then 
reflected back to its source.

Career Connections
Students who are interested in Lunar Laser Ranging 
can consider a career as a lunar and planetary 
geodesist, someone who studies the rotation rates, 
masses, and gravity fields of the moon and planets, or 
as a cartographer who produces maps of the location 
and elevation of surface features of these bodies. 
Related career goals include becoming a physicist, an 
astronomer, an optical engineer, or even an astronaut.

Answer
D. The estimated distance to the moon is about

390,000,000 meters.

d =    ct __ 2    =    3 ×  10 8  (2.6) 
 _________ 2    = 3.9 ×   10  8   meters

Possible answer: A more exact value is given by
384,400,000 meters. Variations in measurement
could be due to rounding the time, variations in
the diameter of Earth at a laser location, or the
approximation of the speed of light.
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Task Part Prerequisite Skills

Parts A and B Students can use triangle congruence criteria to 
determine congruent triangles (8.1–8.4).

Parts C and D Students can use formulas involving the speed of 
light to find the distance from Earth to the moon 
(Algebra 1, 2.2).
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