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Surveyor's Shots Provide Clincher\
'Photos Prove Moon Walks. .. .

To Be Safe~'1W'Man Says
By ~lA..'1 WITT .•. • , ~ed by noting that the Surveyor

t' (Stat. Jour •••!St.II Wrlt'r) _.1 "--camera ••.•.•••.•d 00 ""silioned and
f Photographs from i~eyor ~ 1 focused and that rilie Luna 9
coupled \\-ith other information camera \"'15 fixed.
from Earth definitely show that The changing length of shadows
:man can travel on the .surface of from rocks and irregularities on
the Moon. Prof. Heinz H. Lettau, the surface as they are poto-
,university of Wisconsin meteorol. graphed over 12 days' time also
lIgist. said Thursday. v will provide in'Valuable informa-

The latest photographs. are jn. tion on height determination and
terpreted as further proof that other factors, be noted.
the surf~e does not exhibit a How long will It take to analyze
substantial dust 1a '1 e r which the photographs and ojber daia?

'might endanger a manned land- It depends on the purpose of the
lng, he saili." " analysts, he Jahf. The photo-

And Luna 9. in February es. graphs wm be used o~er and over
tablished the fact that the 5urlace again by scientists studying dif.
had the neCessary 'b'earing lerenceupeds. '~;:,. ,...••.• -,

, rnength to support a spacecraft. But the bask: interest is in the
h Maa Call Walk on Moon meoo.ankaI strength of the
~; Lettau .said that the weiiJrt dis- surface, he said. This will provide
~tributed on e?l;h of the feet of HEINZ H. LE'lTAU '¥lSwers to queslioos' aD future
.~urveyur \lias roughly compara. '. • '-.: lunar craft: such as how wide !he
ble to that of a man in a space estlmates by other authorities, track oJ a mobile vehk:1e should

~liuiV ':~-~, _ 31 ~~ who , have descrihed'~ ,surface be for'nwtimum'~kiency and
1, "I will flatly say that man can rangmg from the consistency of safety"1- . * -;"_,;-.~
ttravel on tbesmace of the moon la~a to one hid,den~nder 15 feet < When queried, he said he. had
Lind that a maD walking on tb; D!-. d~,: , '" .. "\._: '\. ~esen:'~tions about .the; scientific.
••urface wID be in" JiO danger of He said .iliat -the great. differ- necesSIty for - ,a manp.ed Moon
t ,Inking in bel'!.w •• ,- extremely enc~' in descrip~?~ came about sh.~t,- ~ 01- , . • ':~:"., _
t thin, crust,':. he Said.~,~J...... m~mly because some e>:Pfrl5 re- ,What can man ~,~hat a per.
~,~He described the' crw;t as no sFlcted their discussions' severe- fed-ed Z'l'ibo!couJd~t. he asked
inore than. aD. inch thick, all d ly by basing conclusionssolely on But he said he still fliougllt"thetSaid that it, might, be something v~~. ~pr~ions - from photo- lremendollS••."human . experience
J}ke walking'on a 'snow layer that graphs. .••. . . --:- ~d. drama __of landmg a m~
crunched underfOot. .- Referring to his,0)\11 studies, he ~as worth the effort. ••.1<"-.t Bene~l:hthis ~ is porus mat- sakl.~Some iignlficant lnf.orma- .wstt
erial and solid V<l1canicrock after tloD.:on the, physieat 5b:ucture of
lealy a. few 'inches. he'said. the)unar surfa.ce c.an~be ~erl~ved

. lIiathemalical Analysis' fro~ '"m~~ureme~ts ,~ ;J.b~~,al
Lettau based his observatioftS. radiation at ",va~r,,10 UI - wave-

.after viewing initial surveyor pho- lellgths." < .-.. *,1 •.;••, 1:\ ,
tog rap b s, on a mathematical ,InformatiClD fro~ ~U!_ure,s~tel-
;inalysis which be ~ade of radia.lites lIDdluna: probes.,must ,be
,fioo measurements of the lunar c 0 Upled With the unpresmve
I,urface,. ',Y.. • V' amount of I1.formati?Davaila~.~
~.The dati cOllliisted of IruerD- from teles<:oplcand ~tber eqUIp-
.wave and infrared "soundings~'of rnenl on Earth he .~id.--,, . . ~ ~ . ,
Ithe M~? 'coincid~g. with.vary~g ~'. ,~urv.eyor'l Photos, Better,
~epths.I' . . 'Ii- 't'I" ." , Comparing SUrveyor and Lunat Lettau's analysIs pro\'idtid a de- 9' photographs, 'he sa'id that Sur-

1~ription of"~ surface which is veyOr's are in a much'more fa-
~~rne .out remarkably wen by ,ob- vorable sftu~tion'b e c a u:Se .,the
servations of Luna g.and Surrey- horizon~was limited for Lutia 9

tor. . J.; ~''\-t',"- since it had landed in a crater,
It- He is one 0,'._ Dlany~sclenllsts ''Our 'pictures.' arfmueb 'b:etter
~'l"orklng along SlmUar hiles III at-- than the Russians' Decause their
: lemptlng.to interpret this type of first picttires were d~rted:'
LUo. da~ ~ ~tressed. .,...... He saKI thatfhe ~stlphisticat.iOn

""._""~~"I_"=.~.'R~.:..~~1°()! th~.twe.sy;s••lems c?uId be' co!1l".•



Old Moon Theories Have Been Blasted
By JOSEPH L. ~IYLER

WASHINGTON IUPIl-The
dire forecasts turned out to be
wrong. But bf!ftlre the Apollo 11
ntronauts landed and walked
fln the moon, nobody could say
certainly that none would prove
to be right.

AccordinJl: to the horror
stories, the moon-the stran.
ge inconstant, fickle. untrust.
worthy, deCt'pti\e, tricky (Ind
other adjectives meaning the
same things) moon-was capa-
ble ~f inflicting all manner of
reprisills against any earthlings
arrogant enough to violate its
mystery.

Space engineers were, of
course, familiar with the
demonstrable ~ril~ of space
night. These involved the
rockets which-if the astronauts
were to come safely home-had
to burn precisely as ordered,
the cabin and spacesuit life
support systems which had to
work, the communicatiolUl that
must not fail, the parachutes
that had to open, on time.

But there also were .the
unknown or only vaguely
sunnised perils of physical
contact with treacherous Luna.

Scientists of considerable
consequence had predi~d, for
the best of reasons, that human

beings sef'kinl to r!!nd the
moon's vf'il would die either in
flame or dust.

The dusty death theories
were largely destroyed 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 sil\k
out of sight in moon dust.

But that did not remo~ the
possibility that Luna had
another kind of dust menace in
her repertoire of dooms.
Suppose moon dust over the
tons had acquired an electrical
charge opposi~ to that of
Earth's. An Earthm.n, in that
case, would be greeted on
arrival by a fountain of leapini
dust grains which-since elec-
trical opposites attract-would
quickly smother him.

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

So was it not possible that
some dust might do some
d.mage, perhaps settling on the
astronauts' visors and blinding
them In their attempts to get
back to the safety of their
landing craft?

And would the landine craft

itself he safe from moondust?
This dust, never having known
rontact with OXYlO!en,might
well e""lode into flame inside
the LEM when {or the first
time it encountered the reactive
!as 50 common and so
l'Iecessary to life on Earth.

Mi.llht not a meteorite punc-
ture a space suit? Might not a
solar flare fatally irradiate L"e
space men?

Such horrors s~med pos~ible
before the fac!. But they didn't
happen. Nor did the horrors
about the ntronauts' ability to
walk, think, and function on the
low gravity moon.

The astronauts said moon
walking was "easy", even
"fun".

Learned men had forecast
that human beings in the exotic
moon environment would lose
their ability to judge distances
and would be1::ome vietlm to
fantastical 0 p tic a I 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 rocket or
communications or parachute
failures-remained. This made
the Apollo 11 voyage one of the
most daring In history, even 11
the horror stories did turn out
to be fiction.
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In 1966. Prof. Heinz H. uttau, lnj\'ersity of Wiscon5in 5

meteorologist, predicted from instrumental calculating and I'
pholographs that man t'Ould safel}' lravel on the surface of the
Moon. I

He said that the Moon',s C'rust was no rrKlre than an inch:d
thick, and that ••••.alking on it
\l'Guld be like walking on a snow
layer that crunched underfoot.

Beneath: he said three years
ago, was solid volcanic rock.

THE APOLLO 11 Moon walk
proved him correct.

"J was pleased as punch," I
Prof. Lettau said Friday. "when 'J
J saw Armstrong hitting pretty I
hard on his boot 10 get it in." b

Lettau' is ••••.aiting. however.
for a more detailed study of the'
Moon-collected mat e ria 1 for
final proof of his theories.

But the information was cor-
rect "from the evidence that
you aDd I saw on the televi.
sion," the professor said.

"Fantast.ie," he said of the Ii
Moon trip, "it was really a fan. S
lastic achievement of modem PROF. HEINZ, LETI'AU (
technology." of the Moon coinciding with var-,

"IT WASNOT a scientific tie- ious depths. ~. t
cessit)'," h~ said, re-affinning ~~u's observations w ere
his 1966statement., "but 11was a verified by data collected f~m
neceS;Sity of human endeavor." Luna 9 and Surveyor satellites. I

Lettau had made his observa~ IN 1!66. Lettau asked. "What (
tions of the Moon on a mathe- can man "do that a perfected
matical analysis which he made robOt couldn't?" • I
of radia~on measurements of Friday. he summarized his t
the lunar surface.. feelings about the MOOnlanding I

The data consisted of. micro- in one repeat~ word: "Fantas-,
wave and infrared "soundings" t~!". ,
mm __.. .___ .~

IMoon Walk Verifies
JUW Man's Prediction



7

Generated Relations

S II "~(Yf A.F/Z.lI) cos(int+4S-?
o xxl.l Icont inued unt i 1 So generated

Second-Order

University of Wisconsin
Professor H. Lettau

Cl imatonomy of Planet Without Atmosphere (lunar Type, F ••. ,£ d T 4 + 5 )o 0
I. Insolation SW./lo" sin'( sin~ + cos", cos~ cosnt, for positive values only.
Albedo(a)can be constant, or a prescribed function solar zenith angle (or t).
Forcing Function (l-a)SW-!t •• 1'":11 F +~.o.jF cos into by Fourier expansion.
2. Model assumptions for calculating Response Functions~
2. I Submedlum: Assume ~ •• 0 for longest period (or smallest n) considered.
Tentatively. assume homogeneous conduction so that 1j .•• jJ -rn:. )4-. '"' const - 45 Deg
2.2 LW1' : Consider empirical value of emissivityC • If subme~ium has a small
jU -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
First-Order ~':z!!/t/f.~

r. ...rl •• 41/11
I 0

ti' - arc tan 0.71 Y:;I(r' + O.71jp
lit", r' cos ~il + ;1:.cos (45- rll) _

I T I •••T 1+L.~.FIZ l)cos(int-Y.
o 0 'I ~i
So'''''I(}JAiFlZi ')cos(int+45 - ~

(to be expanded in Fourier-serle~

1-" 14

f- = 45

4 I •
T " • -"../ (r-s ')/iC • T "(t)o _v 0 0
T II = Til +../:'h.T II cos(int- ?")o 0 I 0 71
Zl1l =A.F/ A.T /I

I , 0
Third-Order, and higher orders ..• to be
agrees with So xx used to generate it.
4. App 1icat ion: Lunar C Iimatonomy
4. I For brevity, consider lunar equator, and zero-value of sun's declination.
Astronomical observations sugge~t that the moon's albedo depends on solar elyvation
angle so that a •• 0.073(cos nt)j/2. Basic lunation cycle n = 246 .10-8 sec- •
Solarconstant = 1.94 Iy/min ...32.3 mly/sec. Employing 8 equally-spaced ordinate
values, Fourier expansion yields
F = 9.20 + 15.15 cosnt + 7.40 cons 2nt -0.15 cons 3nt -1.60 cos 4nt (mly/sec)
4.2 Response: Assume i .. 1.0. ForjVtake 1.6 (as for very porous matte~th8n 14
(as for dry sand), than 45 (as for solid basalt), all in mly/deg per ysec.
4.3 Summary of parameters and ampl itudes calcualted for I :z 1 to 4, f1 '" 1.6 only

F y: rl l' ~l To' So' To" lill S II

I 15.15 0.00z6 0.IZ86 0.1305 0.8 i16 0.30 160 0.0965 O.el
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 -I -0.01 -21 0.0104 0.00
4 -1.60 0.0050 0.1286 0.1322 1.5 -12 -0.06 -24 0.0704 -0.11
4.4 Fou!ie.!.2.y.~th~s_!.-S~E_!.._~e.~p~~~_I~nc~J~- Iteration for fI"" 1.6 only.
nt (Oe9) -J!.... 45 90 .!lL 180 225 ll.9- JlL f!:t£
r(mly/sec) 30.0 21.6 0.2 0 0 0 0.2 2T:6 9.2
t!. - 1.6 To' (oK) 445 353 221 217 215 213 215 379 256

So' (mly/sec) 0.31 -0.09 -0.30 -0.11 -0.13 -0.19 0.02 0.49 0
To" (OK) 383 354 138 94 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
To'''(OK) 383 354 148 112 III 91 94 351 206
5 ' 2.8 -0.4 -2.8 -1.2 -0.8 -1.0 (x) 3.4 0
T~" 374 356 212 172 ISS 164 (x) 341 241

~~:, 35~.4 34~.1 26~.1 2;~.3 2~~.6 2~~.3 ~:~ 31~.12650

Meteorology 403
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LUNL'q-SURFACE CLINATOil'OHY • Example for the follouing :parameterizat1on: (1) Forcine
j c.t.: L 0 lb a 07' ¥, 1Function: SH~•••320t cos_~t, for -90 • nt - 90 ; a edo e'" • .I cos nt j un<:!.tion

cyole n •• 2.46 .10- sec • Plott~d above are Si-:J.., and ]0' •• SW.{,- S~ltf in mly/seo.
(2) Response; Homoc~te1'.couo cor•.c1uctor wi th Io\." therL'lc.l_~d.rnittance f''' 1.6 ~s.'f'2-(.erul £. '" 1. C
T' •• Zero-order approximation calculated withr' ••4 }~'I'f(c~rYi •.•constj rhe saoer' ,
y~eld8 first-order approx. of 3' which, in turn, produc.ea T,? - [{F-S' )fr2]~ first-order
e.PIlrox. of r:l.die.tion temp~ratu~g. Fourip.r anal;rsia of 'llJ yields bll'~ovC!d (varinble)~n
which is u:)ed to calculate t3econd-order approzimations S" and T;;' (e.~hown above)o

o fl<,Jhl
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LUllAR-SURFACE CLI!-L,~'ONOHY Lanation Cycl~ - PI'.rar:leteriza.tion of Fore. Punet. as before_

For caclculation of rcnpons~, emi8sivity was a3~umed to equal unity; cycles of surface _
radiation teDper~ture (in deg K) and Aurfac~-soil-heat-flux (in ~ly/seo) were calculated
aS5u'iling homoe.meous conduction in the lnnar crust and three different values of th"rcal
edoittance (Y, in !Illy/sec il~r-{sec}. Hatch~d "bcndll at ufpp.r rieht innicates observ~<l
tClIlperatl:..res (from. infra-red rneasurf'!ments) as f.1Ummariz~din :lASA T!.~X-53/f?9 (Aueust 1966)


