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A.Why alunar radio array? Uriversity of Glasgow, G12 800, UK

Reaching for the best for radio Evencorrpared.to afree-flyer inspace: o A simple array of ~10 dipol e antennas (like this one) is Taking the mogt feasiblefirst step
astronomy: the lunar far sde - The one Iocgn_oq pe_rmanemly free from the significant probably the most technol ogically feasible observatory to be ) IR i
Yy natural and artificial interference from Earth. placed and operated on the Moon.
(This unique radio quietness will not likely last long once - Radio antennas are much more robust than optics (against
humans begin devel opment around the Moon!) dust, temperature extremes, micrometeorites, ..).
- Also avoids Sun's dominating radiati on during the lunar - Deployment will be simple enough to do robotically (optical
night (and study the Sun during the day). interferometer, for example, will likely require astronauts).
- Stable platform for interferometry: no need to - Power and communi cation systems devel oped for this will
continuously monitor/control array positions. be useful for any future missions to the Moon/ Mars.

Discovering the new univer se (by opening the new frequency window)
* The only unexplored part of the el ectromagnetic spectrumin astronomy.

- Violent phenomena involving energetic particles (Solar activity, cosmic rays, interstellar medium, millisecond pulsars).
- New objects & new phenomena never seen before at higher frequencies. » Completely unexpected discoveries.
GAMMA RAY X RAY ULTRAVIOLET VISIBLE INFRARED MICROWAVE RADIO VERY-LOW-FREQUENCY

wavelength (m)|10™~10"~10"~10"*  10™'-10"%10" 10°-107 10° 10°~10* 10*10” 107~1 10'~10~10*- 10"
frequency (Hz) | 10%®~10%°~10°'~10%° 10'°~10"*~10" 10'°~10"*° 10" 10'°~10" 10''~10" 10°~10° 107~10-~10>~10*
observator CGRO ROSAT HST IRAS COBE Earth-based Lunar Farside Array
View o ’)
of the w _ e s | i — — - L]
Universe | J

Let's find out!

All images from http://www.gsfc.nasa.gov/ Image waiting to be disclosed.

B. How to make it happen?

B.1. Must verify superior performance

B.2. Must select candidate sites

We must confirm that such aradio array will perform as promised 2 E - A crucial first step to further progress in mission design. f‘ %

in the lunar environment. '_ - - —— - Influences many el ements i ncluding the communi cation f %

« How might the lunar regolith scatter radio waves to disturb the T B architecture and the depl oyment method. g‘
observation? i , - Imperative for planning precursor missions to examine ﬁ E
+ How much would the lunar “ ionosphere” affect the observation? ; e — candidate sites.

The Moon' s shielding effect was first demonstrated in the mid- = : =

1970s: When the Radi o-Astronomy-Expl orer-2 satellitewas (3 — « How far into the far side must the observatory be for the

behind the Moon, its antenna temperatures dropped by a few L Y “ terrestrial interference to be sufficiently attenuated?

orders of magnitude (see the data for various low frequencies =>). o
For high-sensitivity interferometric observations, however, we
want to verify a much better attenuation on the lunar surface. - Y

(The flux density of Earth’ s auroral kilometric radiationis up to 6 o o

orders of magnitude higher than the galactic background level.)

3 K. Alexander et al. 1975.

C. Precursor studies for performance eval uation & site selection

Shielding by the M oon of 50 kHz wave )
C.1. Approach C.3. Results (energy density inlog-scale) C.4. Conclusions
« Inthe farthest 50° of the lunar surface, the interference will be attenuated by
as much as 12~16 orders of magnitude, even for a very long wavel ength of 6
km (frequency of 50 kHz).
« With this level of attenuation, the intensity of the terrestrial interference
would be 6~10 orders of magnitude below the background level.
« At higher frequencies, the attenuation should only improve (less
diffraction).
« Anorbiter could estimate the level of terrestrial interference on the surface
using the above comparison between the attenuation in orbit and on surface.
« The result for the orbit indicates that a lunar orbiting observatory will be

Develop a code to simul ate propagation of radio waves around the Moon to:
1. Simul ate interferometric observations by an array on the lunar surface.
2. Study how well the Moon shields incident interference from Earth.

C.2. Simulation of radio wave propagation

On a uniform space-time grid, the scalar 1@ .
wave equation was sol ved using the N E =_§e_ E+e,
finite difference method. ¢

Continuous
plane wave
fromEarth

(interference)

electrical properties of the Lunar regolith

able to take advantage of the shielding by the Moon only during a very small
10 1 telative permittivity = 1.9" | (o5 Joss tangent = 10©*#* 29 fraction of its orbit.
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: C.5. Further study
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The lunar “ ionosphere” and the local plasma were simulated by altering .g -60 - N .
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D. Let’ sbeginproposingnow! | “— . e
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Precursors (international missions): )
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- Low-frequency radio receiver & tranamitter [noiselevel] —_—

- frio o s
- Radar sounder (0.3~30 MHz) [subsurface refl ections] ———~ Lunar Rada.r S::ur.1der (4_ 6MHZ) Ll Lok P8, OO U rem i B . e & Wit =
- Imager/altimeter (vertical resolution < 0.5 m, horizontal - Terrestrial noise behind the Moon. [ s e e A ST TR LS 10 TIr er ryeron of
. - ) 5 s 7.5 Colr M. A o .0, ren . EnC. . Gy p—
resolution < 10 m) [topology for antenna placement] - Permittivity & conductivity profiles and :;;."Vm%mmﬁ:**% S,
- lonospheric survey [electron density above lunar surface] subsurface reflections at candidate sites. [Si ey “‘;;‘.fégi.ﬂw";ﬂ st Lo ety o S S G e W o
. Magnetomter [low field desired] . Terrain Camera & Laser Altimeter (5 S ) o o iy, 5 .
2. Two-element orbiting interferometer - Would higher resol ution be possible at 0 By LR, Veonts . Antcs R_R. A B €. H. Bugare L Wacide L . ——
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candidate sites?
- Radio Science
- Electron density profile throughout the
lunar day & night and the transition.

- Inflatable phased-array antenna.
- To assessradio & plasmawaves in the lunar environ
- Radio spectrograph with large bandwidth.

3. Near sidelander
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- Deploy 2-element interferometer on surface. - Lunar Mag!'letorreter X . E‘. ‘wmxc‘ ‘%T:%’EZ?:%’“‘"' T v oo hH e AR GAGIonoy oo i 19, 257276
Acti ndi be local subsurf - Magnetic survey of candidate sites.

- Active sounding to probe local subsurface. i S“;a’;’“é“é&i&’;\mm et s e

4. Robotic array deployment SELENE iscapabl e of making many measurementsdirectly Thanks: 9] Tkt v 2 oo
- 10-element array over an area of ~20km. relevant to the future of agronomy fromthe Moon. 1 would like to thank Dr Graham Woan for being a very approachable advisor. Thanks also to the Ful bright Foreign Scholarship Board.



