
Papers on the Lunar Settlement
Engineering 2 :  Illumination

0. Necessity As the inhabited spaces of  Luna City
will be situated underground, light must be provided
in  large  quantities  both  for  human  vision  and  for
life-support uses such as plant growth.  Since even the
lunar surface is in darkness for 350 hours at a stretch,
artificial lighting is definitely required, and much the
same  considerations  which  govern  the  choice  of
illuminants will apply to other uses of artificial light,
such as for indicators on equipment.

1. Sources Neither tungsten nor mercury is readily
available from lunar sources.  Much the same goes for
zinc, which is a major constituent of both the usual
phosphors  employed  in  mercury-vapor  fluorescent
lamps, and the common electroluminescent materials.
The  production  of  light-emitting  diodes  involves
chemistry  and  processes  which  can  be  expected  to
pose  serious  implementation  challenges.   Therefore,
other light-source options must be considered. 

For  some  purposes,  Nernst-style  incandescent
lamps,  using  a  bar  of  oxide  ceramic  in  place  of  a
metallic filament,  may prove suitable.   The ceramic
composition is adjusted so that it has high emissivity
in the visible spectrum, and reasonable conductivity
when hot ;  rare earths may be used for this purpose.
One problem with the Nernst lamp is that the element
(or  ‘glower’),  being  a  good  insulator  when  cold,
requires some form of pre-heating.  Most commonly
this  involves  a heater  constructed of a  metal  which
increases  in  resistivity  with  temperature :   at  some
point, the decreasing resistance of the glower meets
the increasing parallel resistance of the heater, and the
lamp lights.   A cutoff  relay,  for  instance  a  thermal
switch  coupled  to  the  current-limiting  resistor
required to protect the glower,  may also be used to
disconnect the heater.

Alternatively, it may be possible to employ an
inductive  starter,  somewhat  like  those  used  with
metal-vapor lamps.  If the cold glower is treated as a
capacitor, and an inductor placed in parallel with it to
form a  tank  circuit,  tuned to  the  alternating-current
line frequency or some harmonic,  connecting power
will  result  in  the  appearance  of  a  high  alternating
voltage on the glower terminals.  The glower will then

undergo dielectric heating, and as it begins to conduct,
its impedance will shift from reactance to resistance,
reducing  the  quality  factor  of  the  resonator  and
bypassing the inductance (which,  again,  may be cut
out by a relay if desired).

Again,  we  may  consider  ‘cold’ gas-discharge
lamps  of  the  Moore  type.   Characteristic  of  such
lamps  are  a  low-intensity  emission  (the  ‘negative
glow’) seemingly attached to the electrode surfaces,
which for this reason must be made extensive, and a
very high efficiency of conversion of electric to light
energy.  The  electrodes  can  be  made  of  aluminum,
although  a  coating  of  readily-ionized  alkali  or
rare-earth  metal  is  often  applied  to  improve  light
output.   The  filling  is  ordinarily  a  noble  gas,  most
often neon, which gives an orange-red glow, but this
element is less than plentiful in the regolith adsorbed
gas.  Argon, however, supplied partly by the decay of
potassium-40,  is  reasonably  abundant,  owing  to  its
relatively great atomic mass.

The argon emission spectrum is mostly in  the
ultraviolet, a disadvantage which may be overcome, to
some extent, by the use of a fluorescent envelope.  In
terrestrial  practice,  fluorescent  glass  is  most  often
prepared with uranium, which shifts ultraviolet light
to yellow-green, or manganese,  which gives orange.
The  combination  of  either  shade  with  the  purplish
argon glow does not seem likely to prove satisfactory
for  illumination  purposes,  but  should  be  acceptable
for indicator lamps and the like.  The availability of
suitable  fluorescent  dopants  is  a  matter  for  further
investigation.   To avoid problems arising from total
internal reflection when light is being produced inside
the glass, the lamp envelopes may require treatment
such as a ground surface finish.

During  daylight  hours,  solar  collectors  at  the
surface  may  be  used  to  capture  sunlight  for  use
underground, avoiding the wasteful energy conversion
steps  involved  with  powering  electric  lights  from
solar  generators.   (Similarly,  adopting  chemical
storage of energy using methane would make a case
for  burning the  gas  under  Welsbach mantles,  rather
than to supply electricity for lighting.)  This requires a
distribution  system  for  light.   With  such  an
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infrastructure in place, it seems reasonable to consider
the use of large central light sources.  This opens the
field to technologies not ordinarily considered suitable
for domestic uses, such as high-pressure metal-vapor
lamps, or RF-excited sulphur lamps.  The latter give
high-quality continuous-spectrum light, with excellent
efficiency, and are made particularly attractive by the
expected  availability  of  sulphur  from  regolith
processing.

2. Distribution While high-power lamps can be
applied in large open spaces using nothing more than
appropriate diffusers, in smaller enclosed spaces both
the location and the intensity of illumination must be
controlled.   This  calls  for  a  distribution  system,  to
direct the light to multiple points of use and dispense
the desired quantity at each.

The  most  obvious  means  of  conducting  light
from a central source is by means of guides operating
on the  principle  of  total  internal  reflection,  such as
flexible  optical  fibers  and  rigid  light  pipes.   The
service region of a lamp in this case will be limited by
the transparency of the optical material, measured by
the diminution of light available at the point of service
and the waste of energy as heat.  A basic arrangement
would run individual light guides to outlets equipped
with mechanical dampers, such as iris diaphragms or
variable-density  filter  wheels.   This  type  of  plan,
however,  has  large  requirements  for  materials  and
installation work,  and does not efficiently apportion
light according to demand.

A superior system would supply multiple points
through a single light guide,  in such a way that the
light not wanted at one would be available elsewhere.
Each such guide might serve several domestic outlets
and then discharge into a public space.  Since the light
transmitted to the end of the guide will be in inverse
proportion to that drawn off along the way, a control
arranged to maintain constant illumination here will
efficiently ration the power used by the light source.

3. Specifics and Implementation The  physics  of
total internal reflection suggest that this goal can be
achieved.  This phenomenon occurs at the boundary
between two bodies differing in refractive index, such
that the deflection angle according to Snell’s law is
sufficient  to  direct  a  ray  back into  the  body it  was
leaving.  For purposes of illumination, time-coherency
of packets is irrelevant, a broad cone of acceptance is
desirable,  and  angular  dispersion  can  be  neglected,
with  the  result  that  ‘air-clad’ (bare)  guides  suffice.
Light will leak from such a guide anywhere it contacts

a body of comparable refractive index.

A tap, then, may be as simple as a piece of glass
pressed closely against  the light guide.   In order to
increase the intimacy of this contact, a film of some
fluid (such as silicone oil) having a similar refractive
index may be introduced between the two surfaces —
anyone who has set a wet drinking-glass down on a
glass tabletop will understand immediately.

If the contact area can be varied, the amount of
light released at the tap will vary in proportion.  For
example, if a branch of the light guide consists of a
flexible fiber, a tap can be arranged in the form of a
glass cylinder with its axis perpendicular to the fiber
axis, and one silvered end.  When the cylinder does
not touch the fiber, no light is transferred between the
two bodies.  When light is wanted, the cylinder can be
made to touch the fiber, and at the point of contact
some light  will  pass  into the tap,  to  escape  via  the
plain end.  Pressing the cylinder more closely against
the  fiber  will  wrap  the  latter  somewhat  around  the
curve of the surface, increasing the contact area and
thus the light transferred.

For  larger  light  demands,  variations  on  this
system can be proposed,  involving multiple  parallel
fiber guides, a fiber tap against a rigid guide, a rigid
tap  pressing  against  a  rigid  guide  with  variable
pressure to vary the area of the contact patch, or other
arrangements to accomplish the same end.

4. Conclusion A sketch of the problems of producing
and distributing light, as they arise under the special
conditions of the lunar settlement, has been given, and
reasonable preliminary solutions have been identified.
The  method  for  bulk  transmission  of  light  from
central  sources,  with  control  of  local  emission,  is
believed  to  be  novel,  and  may  have  broader
applications.
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