li Surveyor’s Shots Provide Clincher

Photos Prove Moon Walks
To Be Safe, UW Man Says

By WILLIAM WITT .
(State Journal Staff Writer)

i Photographs from 'Surveyar_ 1
coupled with other information
from Earth definitely show that
‘man can travel on the surface of
the Moon, Prof. Heinz H, Lettau,
University of Wisconsin meteorol-
ogist, said Thursday. ' =+
The latest photographs are in-
terpreted as further proof that

the surface does not exhibit a

substantial dust Iayer which
might endanger a anned laud-

ing, he said.
“ And Luna 9 in Februm:y es-
tabll.shed the fact that the surface

had the necessary bearing

strength to support a spacecraft.

;. Man Can Walk on Moon
_Lettau said that the we:g‘ht dis-

trﬁmtedonea{;hofthefeetof_

Surveyor was roughly compara—

““Iwill uysayﬂatmancan
iravelontbesurface of the moon,
‘and that a man walking on the
lnrface will be in ‘no danger of
sinking in below an_exiremely
thincrnst.”hesald.‘ AP 7 T
. He descri]:ed the cmst as no
mm—e than an inch thick, and

.._,..._-_ -p"r—"‘ —-

like walkmg on a snow layer tha

Lett&u based his ohservahm.

1'tog‘r aphs, on a mathematxcal
-analysis which he made of radia-
5 measurements of the llmar
‘surface. - :
£ .The data cnnsmtecl oI micro-
'wave and infrared “soundmgé‘ of
g:e Moon coinciding with varymg

epths.

é Lettau's analysis provided a de—
_scription of the surface which is
‘borne out remarkably well by ob-

+servaﬁons of Luna 9 and Survey—

or P

He is one of any smenhsts

vmr]dng along s:mllar lines in at-

lanpﬂng to interpret this type ui

salﬂthatxtmx;htbesomethmgm“"’l

after viewing initial surveyor pho-|

HEINZ H. LETTAU .
e:;thnates by other authorities,
who have described ‘a surface
ranging from the consistency of
lava to one hldden nnder 15 £eet
of &ust,

He sald !hat,the great djffer-
ences in descriptmns came about
mainly because some exp;rts re-
stricted their discussions "severe-
Iy by basing conclusions solely on

nnpmslons _from_ phnto
R s

Mathem#tmal Ana]ysis Tha :

lites and lunar oba; must “be]
coupled wﬂ;h the lmpresswe
amount of mIon_m_;mn__ available
from telescopic and other equip-
ment on Earth he said.— -
Surveyur’s Plxotos Beiter
Comparmg Surveyor ‘and Luna
9 phutngraphs, he sald that Sur-
veyor's are in a muclg more fa-
vorable situation because the
horizon was limited for Luna 9
since it had landed in a crater.,
“Our pu:tum are much better
than the Russians because their
first pm!sures were distorted.”

;radiaﬁun dai:a., he stressed.
His analysis is_in contrast to

E-‘-;l_-_..a_...: o s e e e T

‘He said that the sophistication
of fhe two systems could be com-’

pared by noting that the Surveyor
camera could be positioned and
focused and that the Luna 9
camera was fixed, :

The changing length of shadows
from rocks and irregularities on
the surface as they are poto-
graphed over 12 days’ time also
will provide invaluable informa-
tian on height determination and

- |other factors, he noted.

How long will it take to analyze

the phofographs and other data?

It depends on the purpose of the
analyses, he said. The photo-
graphs will be used over and over
again by scientish stuﬂxmg ﬂff—
ference aspects.
Butmebas:cmterest:smﬁle
meehanic&l strength of the
surface, he said. This will provide

janswers fo questions on future

lunar craft, such as how wide the
track of a mobile vehicle should
be for~ mpxunm eﬁ‘mmcy and
safety. S

reservations abouf the scientific|

shot.

iremendous - human’ experience

and _drama” “of }anding man

When quened. he said he had-.
necessity fnr 2 manned Moon-
“What can man l!n ihai a pel‘-

fected robot couldn’t?” he asked.!
But he said he still ‘thought “the|
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Old Moon Theories Have Been Blasted

By JOSEPH L. MYLER

WASHINGTON  (UPI)—The
dire forecasts turned out to be
wrong. But before the Apolio 11
astronauts landed and walked
on the moon, nobody could say
certainly that none would prove
to be right,

According to the horror
stories, the moon—the siran-
ge inconstant, fickle, untrust-
worthy, deceptive, tricky (and
other adjectives meaning the
same things) moon—was capa-
ble af inflicting all manner of
reprisals against any earthlings
arrogant enough fo violate iis
mystery.

Space engineers were, of
course, familiar with the
demonstrable perils of space
flight. These involved the
rockets which—if the astronauts
were (o come safely home—had
to burn precisely as ordered,
the cabin and spacesuit life
support systems which had to
work, the communications that

must not fail, the parachutes

that had to open on time.

But there also were the
unknown or only vaguely
surmised Is of physical
contaet with treacherous Luna.

Scientists of considerable
consequence had predicted, for
the best of reasons, that human

beings seeking to rend the
moon's vell would die either in
flame or dust.

Tha dusty death theories
were largely desiroyed by the
Surveyors. The wonderful un-
manned creatures landed softly
on the moon, photographed its
surface, and sent back word
that there was no danger that a
manned spacecraft would sink
out of sight in moon dust.

But that did not remove the
possibility that Luna Thad
another kind of dust menace in
her repertoire of  dooms.
Suppose moon dust over the
eons had acquired an eleclrical
charge opposite to that of
Earth's. An Earthman, in that
case, wauld be greeted on
arrival by a fountain of leaping
dust grains which—since elec-
trical opposites attract—would
quickly smother him.

The Surveyors also appeared
to rule out that disaster. Only a
part of their vitals ‘was coated
by dust, according to the
pictures. Only a part.

So was it not possible that
some dust might do some
damage, perhaps settling on the
astronauts’ visors and blinding
them in their attempls to get
back to the safety of their
landing craft?

And would the landing craft

itself be safe from moondust?
This dust, never having known
contact with Oxvgen, might
well explode into flame inside
the LEM when for the first
time it encountered the reactive
gas so common and so0
necessary to life on Earth.

Might not a meteorite punc-
ture a space suit? Might not a
solar flare fatally irradiats the
space men?

Such horrors seemed possible
befare the fact. But they didn’t

- happen. Nor did the horrors

about fhe astronauts’ ability fo
walk, think, and function on the
low gravity moon.

The astronauts said moon
wfalking was ‘‘easy”, even
L lm”.

Learned men had forecast
that human beings in the exotic
moon environment would lose
their ability to judge distances
and would become victim to
fantastical optical illusions
which might do them in. This
didn't happen either.

The more likely perils—the
chance of landing in a crater,
the chance of rtocket or
commimications or parachute
failures—remained, This made
the Apollo 11 voyage one of the
most daring In history, even if
the horror stories did turn out
to be fiction.
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Wdo‘n Walk Verifies
‘UW Man's Prediction

! In 1966, Prof. Heinz H. Lettau, University of Wisconsin
| meteorologist, predicted from Instrumental caleulating and
photographs that man could safely trave] on the surface of the
Moon.

thick, and that walking on it
would be like walking on a snow
layer that crunched underfoot.

Beneath, he said three years
ago, was solid voleanic rock. -

THE APOLLO 11 Moon walk
proved him correct, -
“I was pleased as punch,
Prof. Lettau said Friday, “when
I saw Armstrong hitting pretty
hard on his boot to get it in.”
~ Lettau is waiting, however,
for a more detailed study of the’
Moon-collected material for
final proof of his theories.
But the information was cor-
rect “from the evidence that
you and 1 saw on the televi-
sion,” the professor said.
t“l‘-‘antasﬁc,l’t’hesaiﬂotthe T :
Moon trip, “it was really a fan- = - :
:tasﬁc achievement of modern  PROF. HEINZ LETTAU
technology.” - : m Moon coinciding with var-
o [ : epths. : X
ces;'irty‘?ieNm % Leftau's observations were
{nis 1966 statement, “but it was a| verified by data collected from
'ﬂmty of human endeavor.” Luna 9 and Surveyor satellites.
Lettau had made his observa-| IN 1966, Lettau asked, “What
tions of the Moon on a mathe-lcan man do that a perfected
matical analysis which he made{robot couldn’t?” 3
of radiation measurements of| Friday, he summarized his
the lunar surface.. feelings about the Moon landing
_ The data consisted of micro-/in one repeated word: “Fantas-
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He said that the Moon's crust was no more than an inchld
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Meteorology 403 University of Wisconsin
Professor H., Lettau

Climatonomy of Planet Without Atmosphere (Lunar Type, F = gesTo +5)

o
1. Insolation SW¢/l, = sing sind + cosy cosd cosnt, for positive values only,
Albedo(a)can be constant, or a prescribed function solar zenith angle (or t).
Forcing Function (1-a)SW{, =F=F +E\diF cos int, by Fourier expansion.

2. Model assumptions for calculating Response Functions:

2.1 Submedium: Assume'§; = 0 for longest period (or smallest n) considered.
Tentatively, assume homogeneous conduction so that }fi = MVYn,, x = const = 45 Deg
2.2 LWA : Consider empirical value of emissivity & . If submedium has a small

M -value, linearization may be permissible only to obtain a first-order
approximation; an iteration method can be used to obtain higher-order approximations,
according to the following scheme:

Approximation Initial Relations Generated Relations
First=Order T, = 2/ Fle

j"i =" = LI_F/-Fl
?1' = arc tan 0, 71}’//(/"' +0.71 %)

= [ cos Z,' + ' cos(kS 7"] =
i : T =To'+Z(AiF/Zi‘)cos(int-g’i

So’“I.(:'f"i diF/Zi')cos(intNiS -é’

Second-0Order o =-—VIEE‘EHTYZEE1 =T ”(t) (to be expanded in Fourier-series
T & --'I: "3 ,(_, T v cos(lnt é’”)
2 =AF/ AT s =3 (F; AF/2.") cos(intshs- ]
Third=-Order, and higher orders . « « to be continued untll S xx 4 generated

agrees with S XX used to generate it.

L, Application. Lunar Climatonomy
4,1 For brevity, consider lunar equator, and zero-value of sun's declination.
Astronomical observations suggeg; that the moon's albedo depends on soéar e}?vatlon
angle so that a = 0.073(cos nt) Basic lunation cycle n = 246 . sec
Solarconstant = 1.94 ly/min = 32.3 mly/sec. Employing 8 equally-spaced ordinate
values, Fourier expansion yields

= 9,20 + 15.15 cosnt + 7.40 cons 2nt =0.15 cons 3nt =1.60 cos Lnt (mly/sec)
4,2 Response: Assume & = 1.0. Foru take 1.6 (as for very porous matter), than 14
(as for dry sand), than 45 (as for solid basalt), all in mly/deg per Ysec.

4.3 Summary of parameters and amplitudes calcualted for i = 1 to &4, &= 1.6 only

i F '_‘f ) z! & To' So' To! zZ;" g 1
1 15,15 0,0026 0.1286 0.1305 0.8 116 0.30 160 0.0965 0. B
2 7.40 0.0035 0.1286 0,1311 1.1 56 0.20 59 0.1280 0.20
3 -0.15 0.0044 0.1286 0,1318 1.3 -1 -0.01 -21 0.0104 0.00
4L -1.60 0.0050 0.1286 0.1322 1.5 -12 -0.06 -24 0.0704 -0.11
L.b4 Fourier Synthesis of Response Functions - lteration for = 1.6 only.
nt (Deg) 0 45 90 135 180 225 270 315 Ave
F(mly/sec) 30.0 21.6 0.2 0 0 0 0:2 21.6 9.2
K= 1.6 T,(K) 45 353 221 217 215 213 215 - 379 256
'(mly/sec) 0.31 -0.09 -0.30 -0.11 -0,13 -0.19 0.02 0.49 0
TO" (°k) 383 354 138 9k 98 108 107 353 204
So''(mly/sec) 0.36 =0.05 -0.50 -0.19 -0.24 -0,07 0.06 0.13 0
Ta (OK) 383 354 148 112 111 9l gk 351 206
A= i s, 2.8 -0.4 -2.8 -1.2 -0.8 -1.0  (x) 3.0
& 374 356 212 172 155 164 (x) 341 2
{u=1+5 - 7.4 1.1 -7.1 =3.3 | %2;6 =23 ). 81 ©
., 358 349 267 221 208 202 (x) 316 265
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LUNAR-SURFACE CLIMATONOMY . Example for the following parameterizations (1) Forcing
Funetion: S = 3202 cos &t, for =30 £ nt & 9C"; albedo & = 0.073 cos’® nt 5 lunation
cycle n = 2,46 .107° sec” ., Plotted above are SW and F = SW{ - SWf, in mly/sec.

(2) Response: Homogheneous conductor with low thermel admittance #= 1.6?&%?31 and &= 1.C
T! = zero-order approximation calculated with[™ = 4 F%(e2)" = const; Y 2 same /!
Yields first-order approx. of S!' vhich, in turn, produces T u[ZF—Sé)Aﬁj = first-order
epprox. of radiation temperature. Fourier snalysis of T} yields improved (variable)Z,®
which is usesd to calculate second-ordsr approzimations Sg end TY (es<shown above ).
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LUNAR-SURFACE CLIMATONOMY ~- Lunation Cycle - Parameterization of Fore., Funct. &s before.

For caclculation of resvonse, emissivity was asaumed to eqiaal unity; ocycles of surface
radiation temperature (in deg K) and surfece-soil-heat-flux (in mly/sec) were calculated
assuning homogsneous conduction in the lunar crust and three different values of thermal
ednittance (v, in mly/sec per Ysec). Hatched "band" at uprper right indicates observed
temperatures (from infre-red maasurements) as summarized in NASA TH X-53499 (Auguat 1966)



