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Uncoated corner cube retroreflectors (CCRs) operating via total internal reflection (TIR) are less suscep-
tible to internal heating than their metal-coated analogs, lacking an absorber on the rear surface. Even
so, environments that induce differential heating within the CCR will result in thermal lensing of the
incident wavefront, introducing aberrations that will generally reduce the central irradiance of the
polarization-sensitive far-field diffraction pattern (FFDP). In this paper, we characterize the sensitivity
of TIR CCRs to axial and radial thermal gradients. We present simulated FFDPs for key input polariza-
tions and incidence angles and provide a generalized analytic model that approximates the behavior of
the central irradiance as temperature differences are introduced. © 2012 Optical Society of America
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1. Introduction

Total internal reflection (TIR) corner cube retrore-
flectors (CCRs) are often advantageous choices in the
presence of significant radiative flux—such as sun-
light—due to their lack of absorptive coatings. Still,
these optical devices can become subject to thermal
gradients in the presence of dust deposition, surface
abrasions, bulk absorption of light within the materi-
al, and conduction from their mounting arrangement.
Such differential heating will produce distortions of
the emerging wavefront as a form of thermal lensing
on their far-field diffraction pattern (FFDP). It is
important then to understand the sensitivity of the
FFDPs produced by TIR CCRs to perturbations from
thermal gradients. Our specific interest arises from
observations of the degraded performance of the retro-
reflector arrays placed on the Moon by the Apollo as-
tronauts [1]. Although we concentrate on the impact
of thermal lensing on TIR CCRs, many of our results
apply to the metal-coated variety as well.

The literature contains a number of papers that
mention thermal sensitivity of TIR CCRs; however,
none provide a full quantitative analysis. A contribu-
tion to the final report on the Apollo 11 Laser Ranging
Retro-Reflector Experiment by Emslie and Strong
(1971) [2] provides the closest quantitative handle,
however lacks the computational power to give a com-
plete view of how the FFDPs evolve as a function of
thermal gradient and angle of incidence. Faller (1972)
[3] reports on the optimal dimensions for CCRs in ret-
roreflector arrays, including thermal considerations,
but does not detail their subsequent thermal lensing
behaviors. Zurasky (1976) [4] presents experimental
findings for combined axial and thermal gradients in
CCRs employing dihedral angles and evaluating flux
in an annulus well away from the central spot. More
recently, in efforts to produce next-generation retrore-
flector arrays, Currie et al. (2011) [5] mention the im-
portance of minimizing thermal gradients to improve
return signals. Dell’Agnello et al. (2011) [6] further
emphasize the degradation of the return signal from
thermal lensing, but neither provide generalized
results on the subject.

The goal of this paper is to provide a general char-
acterization of the FFDPs produced by TIR CCRs
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B. Off-Center Irradiance

A prominent central lobe can be seen in the normal
incidence cases of Figs. 2 and 3. The shape of this lobe
closely follows the Airy function in the isothermal
case, as explored in our companion work [8]. In Fig. 7,
we show how the shape of the central feature evolves
as a result of thermal gradients by plotting envelopes
encompassing the maximum variability of horizontal
and vertical profiles of the central region. We have
selected temperature differences, � Th � 1.9 K and
� TR � 0.8 K, which individually drive the central ir-
radiance to half that of the isothermal case. Included
is the perfect reflector (giving rise to the Airy func-
tion in the isothermal case), right-handed circular
input polarization, and linear input polarization. In
the linear case, the envelopes include variation due
to the angle of the input polarization as well. The pro-
file of left-handed circular polarization is the same
as that of right-handed except for a left–right flip.

From this we learn that all normal incidence cases
mimic the Airy function near the center of the FFDP,
to varying degrees, and that thermal gradients do
not cause immediate departure from this similarity.

4. Analytic Model of Central Irradiance

Having seen how similar the central region is to that
of the Airy function, we can confine our interest to
the central irradiance, knowing that we can extend
this result to points near the center of the diffraction
pattern for modest temperature gradients. By doing
so, we can analytically produce useful approxima-
tions for the normal incidence case.

As outlined in our companion work [8], the FFDP
can be calculated from the Fourier transform of
the complex amplitude and phase of the electric field
exiting the CCR, with the square magnitude repre-
senting the irradiance in the far field. A simpler ex-
pression may be employed to investigate the central
value of the FFDP if one neglects off-axis field points:
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For TIR CCRs subject to thermal gradients, the
phase function ϕ�r; θ� can be represented as the
superposition of the set of TIR static phase shifts,
fϕnjn∶1 → 6g, and the thermal lensing perturba-
tions, ϕ� T�r; θ�, so that ϕ�r; θ� � ϕn � ϕ� T�r; θ�—as
depicted in the rightmost panel of Fig. 1. Addition-
ally, as thermal gradients do not affect the amplitude
of the electric field, the amplitude function is
described entirely by the effects of TIR, making
S�r; θ� � Sn. Thus,
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Since ϕn and Sn are constant within each wedge,
we can pull them out of the integrals and sum over
the six wedges:

Fig. 6. Central irradiance of the FFDP of a TIR CCR subject to
both axial and radial thermal gradients, at normal incidence. As
the axial temperature difference increases, the radial temperature
difference follows proportionally. Irradiance is normalized to the
isothermal case.

Fig. 7. Irradiance profiles of the central lobe of the FFDPs of TIR CCRs subject to thermal gradients at normal incidence. Temperature
differences correspond to those required to reduce the central irradiance to half that of the isothermal case. The perfect reflector (metal-
coated CCR) is at left, followed by TIR cases given right-handed circular and linear input polarizations. Envelopes encompass maximum
variability in horizontal and vertical profiles, and for all rotations of the input polarization in the linear case. The isothermal case in the left
panel corresponds to the Airy function.
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