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The se'wf—emergj of o Baofj is caleulated as M, %= H%ﬁﬂ?'
27 %
For i fough idea, a uniform rf’fhsf*; sohere has M ™= _Gp"U 5'1%'%{;':—' ~ Gp"lé“
w-\-L,n V= U'o,qrn.G/ R: Sf)l"f'f;fﬂ"( FC{(?!"LLT - Mg("‘n—- 9%1
The Fraclional Sel-f-en{rgy i Hen ’_:.A?-Er. %*% earth = 7e™"
7 Pyl -0
Real dlemf"”y FmFie fj_:‘euf -ﬁnﬁ‘ = Exip

Rg, 2.7 . L
The weon Hhen has about %Bmi z ﬂé}ﬁ;: <> - 22

of parth’s %“L o wile

Assum:nj for o woment Hit e moon orbibs Lhe sun {chefguo{fh{’ofl-he eartl, (ndxrly Hrue),
the earth’s erbit is displaced from +he picon's drc_aro(l‘w) to

L .
Q‘M-%M-S = "_/.Lr-\i where M? M are gm«zﬂwﬁbnq/ £ vertial wasses
Preserving earfls erbiml geriod % == const, - G Mf._M) = Miwtr

or ¢ = Gjﬂj‘g % , quler's laow.  The mopn’s orbu“-“ (wwhhfgqrﬂ:‘s Na M,:,./Wi) has

a = (_%iﬂ')% , defining He agronomical und, Bas if Mgy, ¢= a(%{")ﬁ

IF M,:ML-"'E 5 ra a\(i-l-;'_’g) - IS-;“:_- r-o4 = éﬁq;\

e ————e—

Um{e.r -pul( w‘G’d‘HOM (SCI'F' ev\rcrw hﬂs nro I‘ne_f‘h\al' qus), £ =-]Mﬁ§ "’-"’.6" fO’w

=7 $.,2-2% m (Fu” violation - ,1”: 1)

"Rcar calcalations 3@?‘- (S,. = 13,5 W E (U mgzsures wmjm'lrua& of w‘ofah‘cn)

lem LLR data  establish % fo +he 10 level - ‘1 i ooty [:usLe.c }o fd_ﬂ
15

or H.6x07"" b toin] Ms
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Science Goals — G and tHhe restof F

Kepler's law, GM= @’ can be asal do accurdely detormivg GIA as a Fuckon
oF sewmi- major axls (direet rarae memsurementy and orby lf:eth. OF course 45 not
co ﬂ"Mf|e tne 3+ 60'}3 system, but He ide % He sawe.

A Pm;‘C Mfasumwf- oF G qﬂows uy o s"uolj ;'-{;GM ~ G:M -2 E.!ﬁﬁ-fa'u ”%;

Current- wreagurmeats (over dcmﬂ{c{) Himi s !7_.;‘ o £ 10'"' ger Yeor o orders
o Mdﬂjm‘*”"otf less Hion a secular e-ffed— S(a”"'j‘ with ‘HA@ Hubéle equn;f"an.

Measarement aP C- requires +wo 'l-l\l*ucisl p"?dg& MCASur.mzwh:rPW ) and 'H‘ﬂe_ .
One year of mm grecision LLR daba will do e for G/ next to He 2+ decades
9‘: lower Qrecﬁsr‘o-n pACRL L MEnF J-L\u; 'F’\r aaumulaﬁ'vl.

Assum!mj He Fasf- 5-10 years of Lov-cm level datu s langd«s resfbngu‘ék L

He current level o‘F 5 051 o é-) e w-‘“ '}akt s at+ least 5 s Jo bat ~I—LL{
olowf\ubt! qﬂv'“"-ef ‘FUL "‘0“: (0. Y ?m &

de SHer Precession:

Thy Sma” precessfbh of +he lunar orbit can be unafgrs}wd’ as a .lrajjl‘nj

of +the earth-moon inertial Frame as o revolves around thesun.  This grecession
is dotally dwarfed 57 New onian emc‘fs, awwum‘:hjk; a.oHZarrrec/yr (rowtfarnf
o 20°/:Jm class‘n"m{ pia-esrr‘an).

The weasuremont of de SHer gerecsion, ke /6 (and e wing ) improves with Ame ,
Presenﬂy +he r:re(esn‘on is verifled P agree wirh GR to 0359,

Lohq Rma)e F?f‘(es.'
— x

A Yakowa - tike forte -law weth lomj-r‘a'?e atirtbutes  will effed-+he rate of
perigee precession - a secubor eFfect that, of coure |5 measured ouer time.

T'm tot too familiar weth +his topie, al"al don'+ Enow whafl r!paw’, qr‘qﬂ?-Fr‘cam—
ivv\fac‘l' fow—mm fr'fc:gf})ﬂ rafge - may apc(l‘ ‘n +he shord +erm.
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Sowrces of Ervor - Atwosgheric Path De(qS

The pd‘f"\ Jelaj through +he an‘MCKPLere Jelnena’ 5 on +he :‘nfegra‘fcv( refrogtie Mdex
ecouvrtered a’ang Hre ﬂ‘qlﬂ- paHa.

M sea level, ng (S3zas) = 190027820 | W, (1064m) = LO0O27327 [@-wn)is 15% dfferent]
'Er-l»lu#uu A'f
(nm,r__i)K[O‘:A/‘,\‘; 7%% p|‘|¢| MB, Tl‘n K

EL= 1013 mB ot sea level — PR = P,Lexp("%'c") w iy scale he.‘cjlﬁ» aﬁwfmosfj,m
A standard temperatue profile can be czp[:mxf‘vaa’ by two uear seyments:

298¢ - V(ER) h<15km gﬂz - h hES 0 o)
T ] 10 + 2(&) b >5km T -6, - 30+ 2h WY

Augilier Wersion exisls at mesopause, fut by then Pis so low (ng- - 1) s fumusgtueuﬁids st

Al: b‘i”h’n{h II‘S 'Hﬂe aneé ‘-’I/a.y FE!"J"\ o(e{as -IJnmuj‘,\ Hae q-l-mcsfatzer'e

5 Wk o b ] T s sea level temperature

= —<£—dl, 5 . .
=001 + s | H oin t
A= 0. 0[ S“ T-Th lng-'S'I]_'—ZOﬂ_k T, s lapse rare f‘af’O(f)LlLr‘f

Under STP‘ oved with seafe - hcfj"h‘ = Z2km - From wea level HL= 7.20%30 m H=¢
.Frvlw Mcboqulz;.l Al = 70;2 hn H T 2075 by
F"'Oh\ APO A by 1156[, faa? H:Z.Tﬂkm

0% o'F -ﬁl«k Je.’cirj oce s '\Vl +|"0F€-me§e.

keep ' omind He secz Ferm 1 tuwice the P“’LL' quj at 30 clvation (&= £0°).

If the APO station s ot 5°C | the nomiral AL is 1519% m, How does i ”’\om?e
with (homj;"ﬂ eong[I‘J-,'MS?

L8 = 156wz (15 wm B for P enpremedas sean level chane
2 )y -
%AI ,—”-, M (K/kmﬂ ’4956 rate, T, assumerd g.c;;,,‘,;pa(j 687 K km!

_53; A = m scale he.‘jl«i— nom?naﬂ? T ke

Tyg}m, préssure of ~ 0.4 inch over 2 Few hundred wiles (smp 3 mB over GO0 kim)‘
e—F—Fec‘HVf('j cl/\anojes scale |Mr'711+' when look 3 at eleved icn @ In direction of 7rw/!fﬂ£

H': oo g _1‘3 = 10005 Ly for W° elevarhion qng,e = 0.6 Mm Je!qy dvFeronce

Ly T.Gotvol

= cowtror j +o dn é’ﬂr{;er (Om‘cufah[r'an‘ we Seg +Lra+ +\}1>|‘m | pressure gmo’?fn-h- have e effed:

all




nnnnnn

Sowfceg o'r" Error- A+mos?l/\er:‘c Pa-“q Delqy

T+ seems, therefore, that Lmm maddh‘ng of +he q+mo§p5mrf requires

measurenert of T within 0,2°¢
medtsu re m end o P v.‘l'lm‘r\ 0.07 b

knawlea(ge of lagse rate +o 0.025 K/km (0-'4'70) - Jep. oh kumr‘a[:’fy
accurate scale l’ler‘tj + o By ! .

Eac]n o‘p J—Iﬂfsc SELWLS reo(t‘cwbm’fj imPossMe (even wedm'njless)

T can he(a‘eve eqc,a of 4‘!"6-56 can Le had with 10 % +Le e, o(e/r'ven'n? cht - /eue/
attmospheric delay. Seems like « Motle“wj wall Jo me,

Asource T just found ndhicafes that the parhi- MMrﬂj wode | produces +Hee -E,Hgm'.j
qMO{;Clﬂi‘S at egn;‘-”ll:

%%{- = L5 wmm mg'  n djr(anyl‘f' with My calcalativn

% =z 0.00 mm k™ (qsoffoqet(*: €3) !;l.
%ﬁ- = 0.05 mm Z—' where H 35 r-e[a'h've hqm;‘dﬂ’y A A

-/
Whj“"c ‘g‘r pfev’-‘cfr'ms vary 5-} ~0' I can not quess.  Surt my wmodel 75 Art - st ,
bur Fobe lapse rate s held Yied (ie., scme humidity), and +he i osphece is well

mixed I'm act sure how vy deal can go Joo wrong. = AL~ = 05}7' ~g, dor 1°4T

S expect 0% | or & pm devichbn .

For Hhe mament acieptivy +he 9ra7[-'eﬁl' values reortal ‘nthe pager | wemsarement- of

presswre is He critip unca-im'nr? gVen t+yoial measuremert eV"S — which arc
,.el,om,{ at 0.5~ imﬂnr’ 07-15k  5-10% RH,

T skl consider +he dmoséefe a wodelvg “wall” below the 5-10 level | but
Hhis cerhm‘nl7 deserves more :‘nVES'H“yah:Z
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Sou\rces a—F Evror — Cms'hﬁl DeForMo('HOHg

The earth £ moon both experience relatively gredictable crustal motions —
mainly due +o Hdes. These bulk motions (?Jv Ocm gn earth | I think) are
Fm'r‘,\:‘ ealstj Jo Moa[{[ LFH'.

AJJfHahﬂl Ioow{r'n 04‘ c«qr#u s ch{S‘/‘é “a ana’ alr are }gg; @“S‘j Yo n,de/,
yet are said o exict at +he several mm leve .

My maih questionss Ts ocean law[t\/? relevard o Agache Polnt — for inland?
Con we not +hrow’in aucther +erm o the £t ¢ &, P Ho express
rhe nkcnown dMOsPAgr.'c lam[:‘rg as a Sﬁ'ngfe hhear funcron
of pressure (W’flr‘cL wé M!amft’anyway),

Bﬂrrl‘l’;g, ‘MTS) an SLR He-Tn m.ﬂ\j be +Lle mos} eFFec'HVe mears afe/r'ﬂlf]lﬂqhhﬁ {-lf.(;(
uncer

infres.
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mean (ﬁ) mgdf e (ps) (4} (pS) may (ps)__ real?#fc m(an*(fs)
Apdlo 14,1 Fumm 19% 207 77 [374 ) (212 ]
RMS 52 5% 2| 109 5¢
Agolle  1G.  FwhHM 374 351 (76 [%12] [hz4 ]
RMS (ol 93 44 240 e

* Assuntes 5'\910(?(‘;‘!‘6[&({ variation of lebreticn 0437’(’5 (,‘;15{Ff_;(futfe:!‘ll(y} -5 fpﬂ'ﬂ(."{ wior€ fine € I\.‘jt,

SOMV‘OE{ oF Ecror — Retro- reflector Armj Orientatien

This sowre of error o ht 4o pehave W a random rather +han sgﬂfmm"t‘c sense,
me‘old the. reflector e icfen(j s undlorm ocross He rray,

Thg moow's_libration — caused by variable revolution speed resultng From He elliptical
orbit ~ e-l:Fech'Ve(y Hits the arrays away from vormal fucidence. The +It is often
around 5-10°in Magnﬂ‘ude , resq(-h‘ﬂtj in Cange masuremen 15 spﬂnm""cs alOcm,

5 A — =
In general, the ceclangular array is oy —
5’99\:4"@( bg a ‘U‘GH{I M-‘[ a-p consSiont - / / f

time (ravne) lnes (isochrones?) atan 3 '/, R
anale detérmined 60; +he lbration angle / [« +'me
repaf'ft/e o +he arny's nd‘#"'fon#n o riéntutron tr‘so(‘lmﬁf

The. refurn oul ?roﬁk \,.h'"J I em’, te com osea’a-f: uackratic ta'ly and a Llot
0P, -fhauasrn ;‘-e}her may be mu‘ss%e” For spec lal orﬂ‘enho‘—r‘og‘s. N

T +he laser pMISE frv\qle and Hmllra ji‘H’ﬁ"‘ iles are well wandpestaod Cw’m'c:l’l {s

Poss-‘ble From caltbration pulses) +hen e should see the retro-reflector arfay induce

quse brovidenivg Aot onluj verl$j|(nj aretttetfon qnﬁle, éu#'nls‘q al/own‘ us to
characterize spaﬁ‘ﬂl +hr‘o

hlpu{' Jo\rr‘m";'mq on 4“"'6 arragys, ﬂ,’g well enq_”e
am? systematic correction Mot meay be necessary awing Jo non- un'form | skewed,
pulse re-f'arn 5hape.

EgFerr-‘.aﬁ +0 above oll‘ﬂjmmg, +he arra <5 h¥ W, wi it fsg-hrone a ,{’ 8. The pu/se
fs characlerized L) times s L+, measured From center > FW@ 0% Wy = 24 Five 10} <25)

s= % (w- htan@) cos8 Cor tnd < /A
t=5 \“LS:‘np

;,C tond 7 w/k , m—lmnae h&-)w

FWHM = 25+ (Z2-J2)hsub — sing e>cosf
- < 358 Y ¢ A

SANERENLES e sl 35

Afoub 11 g, 14 armus; have h=w= 046 m , APo”g 15 lﬂas h= O-GM’ w = 1.0,-.,‘

IF the libratons in lc;ﬁfv‘wff £ latifude Flte 7°x7° hox, with equal preb b ilities
o+ each Po—;‘n—{) we 9 +Hie -Folfouv‘na return Pufse charactenctics !
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Sources of Error — Hfﬁ‘n $r‘gml Rias

Unless we can -p\‘rjurt.ouf a meaninghal waq to centrotd the tine of refurn of a

packes ok hotons (distributed ov ~500ps)  we need to +y t0 te-tag eacl,

detected ohoton, which almost certonly means coch photon Fvds o dferenf detector.
14 ? Y P

Cue wayto do 'DLI’I;(-, s witha sequerice of beam ¢ }ﬁ"}frs each with q 5- 0% Prdbﬂb;ﬁf
\ plitters, Fy
0“{:' l’e-F"?C"LrUV‘.

AVIO+L19F W ;s vl own APD arra M?‘%mp[r'&i 4""4" f € o-p-l-lﬂe r‘e-Furn, Th:'f has
Many aJA-'-hom’ qﬂ{mr\*agfs ) Mm'nﬁj ov"n? 4o Presen/ah‘cn of ;Fa'fv‘d/ ‘o rrmation.

In ether scheme one wanks pach detector 4o have < 509 chane of cakhdu
A pl*lmtoh " Eﬁcl/l ?M[Se. 0+14€ru4'<e’ Mu[”p’t’ events would Be(ou,mgn' which Jr‘s-}car'hj
He ;n»,[:errgaf Fﬂke— refurn ﬁ‘wg C;',e,) offsets the centroid). T‘1r‘5 s wiwt T meon %
"Im‘gla signal bias.’

The ofFect of #his bias depencls on how our system werks, A/qme%  defails oF
APD ey.wncln?m_;) combined with ﬂ‘vp—pulse discrimmait;on determiné +he effect of
k.‘jln - s:‘%nal returns,

Ty hotons geﬂcmh‘ﬂcj e-h f-'v‘fs can have several| outcomes, Assumin the Firstr
Phc,-!-(,--e!e(#rc)n #fﬂggr; an am’a”rlmg (;reaLJowm , the Secvvw( r:hﬂb-—g/f(%ro/) can
A) partie |‘Fa+-€ ‘n the avalomche W pregress | addin signal [ duration o +He pube,
pas pregress, ;, ‘ . P
Bg fad do fn'hate an a\/alaﬂd,e; ”{{5{)[]"(" ripe condifras { shill biused cibeve brecrkolin)
C) Find the ADD tMﬂ’!Cl"{o’ below breatdomm, -ﬂfter‘téy 9ewem7"fug a wedk Fu’;e e best

Case B is BSS&ﬂTI\Cfﬂ‘) |‘na’t‘$h\*'~3u-‘slﬂﬂb[< Froe o vormal fllﬁgIe-PJ/Ia'k‘ﬂ event.

:&4 Cq.‘)e" A, +L¢ oq-l—ﬂ,ﬂf Pu’se s ‘5th€0[ a‘i&mn’@ 'Frcr:r o 7;‘;1 ’e—Ptlc-.Lcn pti-‘rce,
Either He pulse s simgl. brocdened o +here are two discernoble peaks. In any
Case 'Hﬂc W‘.E-HWC-'I ot J;J'zrtlklllill(l'll}‘Jl Mgea‘fbu -Hle J;I'l'cl"lfd/ couhter rfjpmal:'n?}a a
Sop pulse will woet likely ignore the secomdl photon, r‘c’spano{:’fzcj only o te
fe&to(:hrj EJqf' caused Ltg :#-'05 Fired ohedon,

Th Casg C, +-‘\e _’;g(omd phfr}-am e Srﬁ'l'-‘p'ci’ﬂ%[y ffﬂfl(’lb(-c[ +'/Ia|+ ‘”M S{UF’ Pﬂke +im l"?j "S
based sole [-3 on the Fvs+ ghoton.

U\ps'ao’f . second p\-l_u-}c?h b !‘rjncrfcj | systematically prasing return Paf;e +iwe to earlier valugs,
Treadrents: 1) Throw out hu‘gh . sr‘?nal vreturns o avore/ bias
2) Lower [aser power ¥ onehtion is Per;-‘ere"-}—

3)  IF defector efficlencies are well understeedd ' q?f(7 a Irectren
Fadvr‘) Pf‘o‘:ﬁ(él7 EQ%’CI ch Monte Corlo sty afions,
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H otrolware_ - Las er

Pulse width : no need to do much better than die fo lumear libration

Rep rote 1 [imifed by detector daad +ime, atmospheric backscatter, need o mattiplex
with, calibrotion pulses .
Must keep system bbcked o for ~ 2*7:00&4 ~> 1.3 ms 4 avod
backscatteor —> dend +ime ot defector a‘mlyﬂ%‘ca# by comparisoh

T have aeer‘eq\ﬂue 'w?udows“/ rep rate R 0 He aferemu'é 100 Ha

How fosr does rowd-trip Hae vary? che= 2(Fg - Ryl —co®)) + corst
w"'{rz Coe s 'lf‘flﬂ't‘c“ Ja'sfimce, & s "lour‘qﬂ?k ot rmezin

e deriv =-ZR,¢M‘£ - F 8:%0° (Zhnarler),%"z_—»-a He5 W
-"!’fi(q[ O min. obs, > 1 ke rvch—-!—r-“q variohon —> li nes variahon |

J+ windows outt 4o be lare compared to 1ms <100 He s comh

NA:YAG at 532 nm or 064 nna deserves Primary attention, bor Hhe 4;!/0;‘,.'4; reaso
« Ublqubtoas, vorsatile, with excellent physical proferties [Aurability
o OFF - the- shelf Q-swithed | mode locked, doubled Cor uot) rtents
e Plethora oF aph‘c; jo choose from (mirrors lenses filters) coated for 537 or (Y
+ Turn- keq orara'h'on , AR UM cql/r}j fissing — no need 4o becowe leser Joe ks
The Fo”ow?ns parameters assume a Nd: YAG laser

Pump;v?): .Pv:fﬁqﬁﬁ requive. Flas’w’%ps for kn‘jlq

eNer .B ¥ would be much hd”a?cr
iode - f’“""f’e"' ( Need 4o see J—Zese% (:“1 delfver éan,j £r éuck)

Pulse enenyys Peak power Wwited 45 ~ 1GW - P“[‘C evergy iy m) = Pvllfe width in ng |

-3 {00 - |50 M-J/Puke

Auera_sg Yower : Pf‘obablj cont Pus'n l;ejpyw’ "’3‘4/) [c‘ma'Hnj rep rafe 40 ~ 20 Hz

s
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Hoardware — Laser (continued)
Nd: YAG ugug[enﬂ; {0 o(ovxl»le orr wt o Jauble

D°“H"’[‘S ol\f ia‘encj can be qurte .l/u:jh, so no worries about power loss @ 63
Reasons 1o use 32 nm !

* Detector eﬂ:l‘c?emcj Ilfll\g}/\

¢+ Thivmer detector = less hime jitker

. Easj ro work with W lab /less of o haeard

. Can see beam backscodter; which may aid go-‘m'-.‘r_.j

Reasons net to use H%2:
s StarHe factor for pilots shll an issue even oF eqe safe
v lunar sudace d‘f'pmk t‘n“{?MSﬁLB @ 532
hatf +he g‘ﬂojrvvk. per Pu‘Se camrdfeo( o 064
backscat+er From air b Himes worse than @ 1069
Sl:j transmission of absslte best ot 100 mim , but ouﬁg L-t0% eFFect
shick.
4. *
Just &MJ out Huab slicon APDs are on S, em‘cl‘an e (O6Y
o other waterils are 100 far pehind o be 0P wmuch use.

= Really must g5 vt 932

% Thin APDs are on[‘ 012 ebficicar ot D64 nm,
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42-206 200 RECYCLI
Mada U 5.4

A2-392 100

Hardware - Detecfor

IMPar-lalﬂce oF cn qr—pq-l: )
(dete

e wiyh 6-10 pltm‘ons / pubef need mn’ﬂplc detectors o cath individual Pho*vns
o arrdy in ?mqje flcme twoukles 3w'al€r feed Lucﬁ, Tocus al:‘ujﬂasﬁ‘(sI ah‘guwen'l' afuhguosﬁ
o small area of exch array element Pmc‘h‘mﬂb elimates qukjrwno( (i.e, woon,

Given +iat we want a comgact array, PMTs are out, APDs tn [Miochannel Phies

APDs can have |M7|/I defechion efficiencies (30-50%) i sinale P‘w’o”' countin
(reiger mode. Ceoling to just -20°C virtually elimmates dark wolse (+Uis "
starhement deserveg V‘g"f-F?CMHOﬂ /Q!P(ura.‘h'onj— it may still be ag LII%L\ as (0 couirfs/sec ),

AbPD arrdys for Geiger mode operaton are b(l‘ﬂg afevdopea[. Il bet = Ee\?
o‘l‘cpf‘cql s n “C"l:'e”"vlﬂ unidormite in -Hq?clhf?( (and +therefore b realefmm o!-knje’)
decross +he orvey such #Hhert all e??“'lf’irf'{ cflem'f'e el gnth e regting wit sqre V.

we'll need some um{e_»‘sf*aw[,‘,,«,g of mulri- pldm%m respoilse of shic APD Geger
nmede. Ta otber wonds  aside from e dead-+ie after the avabapche, what is ile
hme resolufrons Wil asecond dilon within 100 g participate i He awtlorcke
5‘fur‘red( by +he frsf, or s e dade dead by then ?

We W U, hl({hf' '}C’ “,1.1:4‘ Jﬁr‘ L ('U_l"f‘\_"l’l'{" h @1, qPP/y l‘l‘l j br‘(ﬁ/(c/f:w..-, V&-’I'-’Lf-?‘:ﬁ at -f—[‘nrlé’S'
within Ji.w 105 of ns of exlac’d'e !Q!QC’;T:M drrval Feoe, The strorteyy world
0(!9'0 bf Vénj B'LF‘C’G"‘!'V{'ﬁ reofu.:mg F;al;-e *‘r;‘j?_grg Frowm é‘ackjrcaeno/ th‘ms,

I‘F $€€l:ﬂCj’ 'FC'C(-(S' eter. are (3,:;05!’ Iwc;u[cl Vol—e (;,r- 0. 2 atcsec P’\’{’/S’ d'.Vl‘(/I.‘“LJ a
1" disk ntp +~ 20 elements — eas\‘/(j hqno[[nj 5-10 ghetons detectee! per pir'ce,

A (Ox (O arrqy wald then be a convenert 2 arcsec acvoss, allowivg effective quiler
{eedback , focus/alignment diagnostics, efe. A $x5 averay wold not pdke ¥ bhese taiks
IRMFéfﬂ‘Hf- st Zﬂrder,

One fzchuologica’ hardle ' APD array development |5 cross - talk behween elewents
an avalanclhe 9eﬂ{.r‘¢"€$ plictons that can trigger the ﬂefjk&)n‘hj element 1o break don.
We could l,,,+en+mf relax the areal Fll-Fuctor requicent , albw-rﬂz'% elomends +o
Le better J?ola"‘aﬂ’- Meucle-l' arm5 (Le(owu(hj comumr’q(e Leasy to r‘ur/l) cGet -uién
make up r ;‘ncvmple‘f F"”?vu}. { fup:lflame

Addl'{‘!'blﬁa( LQH'&F!‘IL o lmslc# Olfmlj".
gmaller active ared —> wore grecisé Himing, —

Local flavle

N

&~ u/eﬂ—l‘jolqh'cf AP
plementts qrng

% Dark curreit Pd'cg by comparison +o luna, 5%k(1md , 30 i+ 56 of lHe Coucern.

[N

$
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0 AECYCLED WHITE S SQUARE

100 RECYCLED WHITE &
Madainl.B A

42.381 508H
42-382

42389

42-00

42390 200

gl e i

Hd"c{tvnrﬂ - (—[Uck
We need a clock,

Absolute Prec:Sl‘C-h necfsmr:,): Earfn rototes 1 mm (at equcd'ar) in 2 48

§2P§~5|cwed Quarte g;fod_c prm/f&(FS Hing atcurale o 10 ns a(wr'ar_(j LR of +rpe
Cwithoott  select ive aynz.’c«b¢4¥(j — dhe currest condfia - this [s Fmbaé’? 2C - % us),

Quarte bas superior shotterny stabili # , N por with He lf\@‘a— performance
cesium stemdard guer 1- 105 ~{-|'wu'g(;¢{($ (furnar "()Mno/-q!rfp 5 2.4 sec),

Guarte ar cegium <lcks haw cx10 s-h-éih‘alj over 1—10¢ - adew mnt

A Frst T assumed we could vt doferodte q (0O ns albs-lytc Fme error, but T con
remember now wihot m\; sfnf’a:,-"}"( bjecton wws, The Lustest relatie motivw between
earth [ maoon ctatisids o due o earth rojation. Fven the 30 km's earth
orbitn| mt-'f';cﬂ_cpuﬁ Lwm 'n 3¢ ns, but absolute ear\Hiu/wroon P&S‘#.l'-':n reit e
to Hhe scur 15 rrelevant o ths prfcf;.'c-m

Price A;‘g&mre IIIS ?)(fl"{“'h!e — 56 k v 570 [cl éd"‘lfl t:)raaru(g ]0 MH;!_ GY-HPLH-WF;“GWE,




1%

Haerare - g“"a‘” Inferval Counter

We heeo( to F€§GIU€ e 10 M= lock O(/l'fpod‘ o ~ 5"[0‘5 (!-% Sps) arrur'aaj

The MCDomu scheme yges a courter 1o count 10Mle fntervals, +hen = vernier
to peagire the Hne befween e lngk clock pube euel +he stop pufse From the detecton

Asclmmqﬁ( U‘Gmier 'rr, as ‘Fo[(pwst

E
E

mmmmm

SI : HOI‘MC(Hj o cn—q[ocl: Persec{oSes
+€n:t':c.rrart‘([; )

C
N R,
o "_‘% Co b 'Ha\l{’(s with 5| - norwall ?o:'sﬁg '
S, ,
R = $.4 ' nomla”u Cla_qgtf -qm‘lé%'(' a'f-APD fu.{ge
v

42300 200 RECYCLED WHITE 5 SQUARE

Maoe inLLE. A

42.382 100 RECYCLED WHITE

closed qjq;‘n @ cloct pwkf
R.C 2 106 ng

RC £ few ns

t

APD ?ufse - piCasow ¢ \/ — A+

L«k ?ulf,es — L,__J

b

Of conrse e act ual JErVIErS ACE k.TE Comp/@r /h'nmr re}:‘qb[.e
Ae o black box, vemier has § ?nfuf‘« : ﬁt-’pp[g ua/h.ﬂe, cleck pedse APDPuf:e, grounc, Vrrwas.

The pef‘FPf+ solittion would be an arran of micr‘c-f/fmff’fs febriceteel e ot sheet
gl Pf(,(gaf tetween APD;\rra-) anel C{hn.S o0 FEBr-fesedd b’f‘[*"!jf nicguremen t / A/D
G*atae

=P vt 1y ?rr-;’-'-)a[: uo!"aﬂes l‘v‘c-l“fdl'!f'c‘) +Helf o 7*13!1;—:’ P"'(s"'
from APD

rrua_’c».d—
a i’l“f")

How realisfic 17 +his ceheme?  Twish T ppew, Prafmﬁl(j {abricatn is too (ktam;.-b{
both tn Hwe € maney.

What do hfo_\"' e quys do for h‘M"WJ arrays oF de tectors? My quesss racks § cadks oF
electronics  plus 1gts of wires.,
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Haydvare - Cptics §r Otner Equipment

T"‘e fi‘Wl I@S{' Fﬂr‘f' C'(" 1—1\_1\3 ths')"em (51,-0.;1;{— far’yc) j‘f Hﬂe aflf‘f\Ca’ ng'f‘CM,
as wWg ¢ l‘;} care o\BOH'P Mcuacj-lt‘oma-h'c h‘j 1'-_

Ir W'OUl(ol bf wmost con ventent ‘o wol k with a col{n‘m_a-.-‘af Leam less ,uqom 26 mi
in diangter I«eefa‘n e armrynzzf,zf- compact ond +he ophis suaall, Bmf V"'Izl
Sy, a Wwmm beatn, the otticine cilse will defiver » peot power densit
~300 MW eni* — enough +thet normal AR coa-#.r‘u55 wmay be a{amajeo(, g0 Fhat
"v@_’.//""/dﬂ‘f' ts  hove 5?{(‘1‘4’//7 chl'f'ﬁb( afh‘(.'j d/oﬂj Hib Fojgf‘ fray,,

1f we wend a f"”ﬂ :k,/MMIWeJ 3.5 m ekr“f‘dioeﬁ‘ure_ (whith leads 4o o eye - sale

beam omd an dndewaged Hlescope), then there’s np 3d+r‘wg around o iuoufvy
O?‘]‘l\a - a9y, a Ml‘ﬂ'ﬂr W"-H’l a Dlé’ mrgff'{; r‘o-}ancj.

The McDonaH -COUO had A Cﬂl!‘él’ﬁ'f";OH E?Cl"."lﬂ of:ff-i?erfﬂy -me -l-'rlﬁ"'l" lunar return \cga‘d“-,
which e wiay wan-]-\-)‘o a-fo;c[ F we reqw‘re suub -~ mm MMCUH_ Theretore F
Way be wordh l"v\ues'hnﬂ 'n +he Fo[/awr‘nﬁ Wﬂj-th’u'f' for = rof‘orh‘nj pUrror

AS

owkao?nj L I‘ﬂEOM||{l9 (both \ar chlr‘ﬂ,) beams
AR coctted

L AR couted hole" © Witk Fromt [ back of hole AR conted for
456? at pur k/duelf-’”?l"a the “hole" alse qcis
as a ND 2. Fiber

iﬂcom: qums e . 6h (,0{
hj"ﬁ’f‘fﬂfcﬁ =+j ‘ (alt:::g EZ; e —‘nof'dd'ua% /acklmj

This -hjf)e of wmirror would Need o be wade o«ciuo\{c‘h _Wafen'orf} with oood surfaces
as i most Housmit owtaging pulse with immeasarable J%sfr/‘ﬁ‘an. Alsp, +lie back surfe
au7lq+-+c be S’l‘jj'”j wedded at the bole locetion +o sggavette frout surfuce (l@eper)
4:r‘owx édcl’ Cu:r—Focce r‘ejcd'eo’ ) r"mcfechbns. Ba{ance 1SSUEs <ain 55 cout n-bqff'f

bij svmme*rr'c treatment of rear surfuce. Moanafacture ol +his Weoy(je bi+ could
324— Fr?(g, -L"tm.lg,a. Perhqud beRrer soluhon {4 o thicker (gd—ﬁ-sh-‘eb[l‘ 1) pirfor.

Narrow band r‘ther’PEfEncg F:'j-;‘fr“s with Lam FWHM) 20 - 509, +hn{%t’“’t and
OD =H out-of - band rejection are ey do Lind. By tiltvg +he {Hea'for calibeati;
Pulls(; Hhis hmj act as a variokle )"“jl“ attenvation Filfer

We f-méab’ also wont o PLZT elcc*l'om‘ca”y achvatel Lilver — 1L these have Im'?l,
EﬂGbl?,ﬂ +2WI!M-1J‘$ cipin, This i¢ fec He Pn.trpoge c'-r ‘mockfﬂj ot (a/ f‘dgl‘ah'cw FL\WIL‘"S

An(}l-"l{r Mgg%l o{ﬂ/l‘c’c‘ - heve on -‘[i( g _?Lr'ra/ !'CM(L 5o S*’Zd.é (Oiiera,  These cure
expensive, but potcrtially, very (mpordont W understonding Hee sustawahics dssecicrtec!
mf‘i\ the F’ol’fe f/,i:!#,, fél‘f’ e £ S-'nbl')u‘*j. On %ﬁe d%rjha” )y v our caltbration
schewe and  APD array Himing sche e work well, delivering ~ 10 photous ger Pnfqe,
we'll hove an th sita  gulse Pra-me meagurenient with Hie ab”ﬁ) Jo moviho r s’f'alul:‘fj
over [0 -30s (fl us) tinle scalec,

for-the calibration bgond,

4l
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System  Performance  —~  Signl

TThe APQ apertuce, combined with 7;5(1 seerhj/oﬁl‘cs offers us the chanee 4o
routinely see 210 phelens perpule. 7

The number of defectzd Flw—hms Cmines SPeCHE—I\Vt{MCfGP mm‘aér‘ll‘ﬁs) rs 3»‘%" bb:
2 nd 2
N = N7tfa (ﬁ@t)(;]r)ar)

Ny= 4 ?hmlm:s bunched: 100 mJ foike = !2.7’(!0'1,[!(1010&15 &532 s4x0' @ (064
M=

= Narrow ~bard iler F]us PL2T (?) v Worst amse 1"‘ 0,25 l
= {Ml& trim e—mk:‘enrlj of detector in Gca‘c_Jer wmode — @

corner - cube orim aperture : 0.038 m dor all A‘aal/o reflechors
¥ ofF retro-reflectors ' orrag: 100 or 30U

'?'L',FS'(OPET’ afoe;"h-re = 35 m

ou o-‘nj c!l'l?f"fgg‘-'JCE x~ 1 arcsec

retrore Fleclor c-J"'V'ﬁ":ja-:Lf =5 a5 bad as |0 arsec

1]

Vobeon

VYT S 2 D H

Tlese numbers revege from T to 41 (832 nm on 160 elewiart arfay vs. IE 2n 300)
(Jl'o-I-cuS letee bl pEr FM‘fe.

Speckle structore puts e median refurn ot ~ 4 e awrage | with average of
better 0\60!-{4' 2017, a—F +Hhe ‘H"!me. J; o-C:z,\ler‘acje ("'-1—?1“"('7") ~ W% of Hwie,

Gro abead and knack Hhe estimede down by another Facjrc’raf two - shll ' § Flwl‘on r‘gﬂ‘
WI‘.LL. e mbo\-'c nwn[,crsl @vern” ".’aé‘l C-m\cft’r‘('j 5 W"FGZ 6011, wh .‘r‘n S ricdest e
Av 20 HZ, we'll jtf' - 00 f’w-’on{ per 58(0”6"" the Caﬂ+€ﬂ+o£0“’7pv‘(ql ”nvrrmlfm':

One Hhrow |nfu+ varigble not conswlered above 15 se‘w—s!am[o‘w\h ot 4—’1{ retrocel lector
Array, W reh olnops +o ”\TW?L.F‘,&' at a nef libratron 0‘“3’(-’ of 107

Mg way shared oP‘HCq[ elfu‘cl‘en(u& (s*een‘ng/oh“cr'g-\-ﬁ o_p’rfcsl scope, q'f'maﬁ,o'fwﬂ —>I~O.S}

e |

i,

+ .,




System  Performance — chkﬂr‘omnol A Nose

The woon i3 bri hter +vhan Hhe dagtwe skj, so the lunar surkue én‘jhhe;y ,
the dominant sotrce of éaclc7roun phm‘ons Lrom raturcl soursess,

& ‘lil-,

The moom | at+ ~13 Mag hes o sutrhuce ér.‘jhmggs £ 3 naag arcsec” "

5555 V=3 may > 2,17 g Wt

ﬁmgéé In 35 wm apecture | i \axds o 207 xig™" W i aresec? = 564107 plaons 5™ n o
bR - .1

igggg% or [0-056 flwlvns ne' mvf'arcsec"’“l arr W"h3 ot 'ﬁ'.’[fs(afe — detacteld —

ﬁ.s.ﬁ;_ |
gggi Uﬂ‘hc) q(*ﬁ@ J;rom 'Hflmwj’rlpbﬂ" (a[col[m‘r‘ong faikes Hhig dowin

p"\obhs
0.007Z WS- fimarceet

k  Theretore our sismf can not beame contused by éaC/(fvunof plﬂc&m*

* But we il have % worry abourt Fabse “L”‘fﬁfrs; shuHr'nj doum e APD eglement
for some tme {(daxd Hiés of 100-20C0 ns are 1‘-7,0"&-/)

Prabqbf“w‘r} +hat 64:?(1(5)}?}0‘6( lehm g-!rri‘,({’s’ somewhere 'n arrae (2x2ovcsa? ) w::”«.'n
one "dead’ time" of C)(f.’!f’C')LPo( {unce thom arriver| apprm(tlef 9!

G‘Grl-r'nj Hie detecter (fuy 105 ns wndd' when hn‘g"\ e hrewe aﬂa/«'e.o() naonly affeviates
abis Prol;’gm) buf ako reduces pmbﬂér‘/l" ot Aark crrent hits,  You J‘uﬂz bave +
wake sure +he high Vo“‘ﬂjc fs on af right Hme.

Backscatter @ 532w i L2 X0 ! rt at APO altitede

For a collimated "lqbamh:q“ beam diameter of 20 mm (175 x smaller Hon e beawm)
ths corresponds to 10° phaions per meter seat back Yo a 27 square avray From He
(g”:'u-wn"for beann nrr'-f'lqin the Iaﬁ. Once Lf:jonol +he S(ope, 'F's 20 plw.*mr fJPf meter
$ent l)ch -fqural "“1—! OQ'FI?C\LDD'; Fa”:ltg ag: as G""MOSPLIQ{;C OICHSH'(} Jecmsfs

h
i:lf:::o" 532 pm GO mY/ Pulsc
backscatter protile
1 | ; | —\'
Y | (0w OO0 m I Epn O L
ramge

* for M‘&:Hm‘ﬂl’ dedected 66((43@",;[ n 5"012-57*#”;-2 -3 2!(()_3 Fl!o‘h’.‘nf ns v "
— ove ' -F;VE C’IEF’FI\CLI""' fo r”;fr"&‘qufﬂ/\ -f'r"rr;w\ jfgug;f ;’fwk.‘(h I 10'1' per f;:;f;g )_
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SOUAHE
SQUARE
SOUARE
SOUARE
SCLIARE
SQUARE

nnnnnn

WHITE

42308 200 RECYCLED WHITE

FILLER
ke

100 SHEETS

42389 200 SHEETS
42392 100

13-782 500 SHE!
42381  SOBHEETS

42-382

S

g(gz_,-#em Pe.ﬁ%rmche - chlcﬂrouna' gf Nm‘sc ((ouh'm-ea()

In’rvvjmhﬂa( a'r backsaaHer 4oward detector (2% Z”arfﬂl) b
=236 m

o colbmeted section: O2mx Won = 2210° ehotons o= (%) gz collimarted
s ewoute +o4€cchtlch'. = 7_&[{,’; FI'L"J'U”S < (D/ :l) bearr cliungter
- ff(onﬂhrj o r:rrl'hvnry'_ 3 =0 f’!‘lG}'C’"S < (DA’”.L (MSume,( 20'""")

o aJ-"WlaSPlerf’e "5"'0; ?l'lo"'vhs
keef“"j the section oF quja:‘ns collimatad beam that s w‘sl\uo do detector shert s l‘mFof‘;Dm
A ‘n‘gjcr ca";'ma'l"rol beam he'ps the &ickstrm"ﬁerl at 'd'if Sués‘bmﬂa’ cosFot S(ﬂm'ly Cz'.f”op?l“(s

To put back scatter into perspective, retro-retlector for collimation sevdls
RV R o "
Nc.l = M‘[_D—) %‘:‘_} = M(%’—é—‘-) where A!f = ‘y}ﬂuﬂ{M @d = aﬂ?u(ar‘ scale O-ﬁ MC"W G

] Jq it corner cube J"ﬂmd'ef; Az WV@’EHT"L
— s 71{{0'0 (E’i_cc;.) PLo}om,‘ a\rerwltrhm'nj f"’l"‘t’jm"'ﬂ:’ ‘;»ﬂcés(aH'ef

'”lere];;ref -1}16 Fn‘"l'f'n'ng u;eo/ -For Cq/r%'f‘ afion wa‘// rom’o/?'ﬁ’/j Hoc.(' th 5ﬂCICS(aH€r:“

LE"S SD!I‘F;ces, O\nc{ egfagcr'q[/j a[us’h; ones’ wf” ﬂ/s‘o $erd Many rha'!"ong‘ Lac&.
LWorst rase 4 1% 6f suelace” scatters infe 45 —¥

N‘{ Y4 Gaee)

/[/”+=o.ar 5 61(01 fJL.oJ-on; — o~ | of m,r‘lgrn-fpé*“ 54ren7“\

One los+ source of baclcsmwf ‘o consder: our Iase?r_em"ﬂs Lrom lupgr_surbore,
Ush range eguation with O.Caléeué) 27 scalfer — |00 g‘ﬂo*uns ger ﬂﬂ could

be 3&5&5{. The range will be mang ns o, but can shil +"7ij"‘ +he APDs !

This noise source is more r.-‘gn-‘ﬁcw the sunlit hnar surface for us, ow-‘ﬂ; +>
the fock Huat Hhese photouts have the l"l‘ﬁl’l{" passionds for ouf s?ah‘ot’ /speckral / +&mgonl
filters.

Oh - pne queshion of relewtce : doesthe A¥D secoudary hak a central hole ?
Lf M, aeerqc:maklj 13 xi01 f'lpbus hexd AG(CIC foward e Jetecfor real eq'f'af'c.oft'rec”j
off the <econdarg, This could po’ifenﬁd" gerve as 4 calibtation source (i liey of a
rerl-m-rtple:-ﬁof‘? o ks FOSiHM i Wourn q£$o|u+€(7 as a4 hunchon O'F‘f'e[ffC?? Jocus,

ctherwise, M+ is a relevant noise source =5 +he ‘califration i conc A

A
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St)shzwt Yerformance — E(je. Smce{j

The num(re!’ cLW b Eric s;ll/efl’cfj aﬂﬁ[f""j e was i #T. “There wag
some queshion a; fg whether $his fsm%m 1 cM%j or f‘uZa o egeéaﬂ.

Tx.fcelwg He conservative iM-J et [;‘wf'f‘, +he APO areq of ~ “x 104 cm®
G"oWS a(o(aiqﬂe OJ'\ ~ !l0m')—_ T assume +he Fiyures relate Yo ,k,-]a[ f‘h"ﬁke,
IPanlj ove pulse is taken v were robably Ene wHr a "laboratory” leser
e ofF ~150 mT gerpulse, lVarious wefRtiencies unll eat- s numiber down
to aceptable levels by the fiwe i+ Wits Unitel Flight 264,

But are we dealing \with one pulse or morg? A+ 20 Hz rep rafe, And o becsn diampher
0~p 25 M,  ah a 600 i’-U.!I.‘J"/l Agle [Wﬂl’f‘f‘ raie)‘ a F{ane 30:}/\3 sbwer than 140 M/‘;
(~ 280 knets )} could be expagggf 0¥ g Pq/seg, Thus compercial eirlers sre in
the one - f'uls'e cateqory, small comeergial F/””” two- pilse, and gpall eneral
Aviztion p)amﬁ’i (at "~ 100 knoks) pre quJ'ed' 4 Hhree.  Fortuvatele ’ srnated at
9500 feet, +he cone up to 1L~ 1400 feef (where smafl P(am—s Hy has very Lte
volawae. Plus, F[y:‘n_g over ‘17000*' fwot moundeuns at n;jlfn‘ isnF o Pof)bf(ﬁr‘ ac’Z'w'h?—-
smart Pi]d; th over e va /9_'75.

Bo%re we deem our systert eye- sofe, we shoulol 76* Hip odLciul wiord on wobiat
sate 15 .




mmmmm

gtjs*m Perlormance - C olibredion

Good, redl Lime caltbraticn iy of Lond amenty] mpertanice 4o pur frUPOSc?c{ wieas urewlent:
We want e,ver‘j s]no+ to be ch:meqm'cd b‘j a cali bre aHpn rehuwrn ) coMtMrnuc fe Pha*"or\
densty +o +Hhe lunar refurn (~o% P‘l.dous detectey per army clement ),

The aJuam‘aose o an array detector s that gven WP each element receives less +han

oune calbrufion ela.oi'o‘v- onaveraie, as lug as element ~fo- clement +'|M;"‘] ofFseks
are. s“faﬂ(,, the entire afraj s calor 57 a handful g'F detectons,

The array - based calibration ako frovr‘c(er recd-+me  (or ue,«ffj s6) pu’fe wiclth / shage
analysl‘ s, quarntifres -f'l'm;mg JjHer, efc.

A ty ical scheme Wuolves f’l“c""") a retro-reflecfor g the 'hBle{(ope agerture and
carefully survesing s position relative to the fixed wtersection of +ekscope axes.
A+ the mm leve we'll have fo worrv aéau'l"‘ -{Jteﬂwz’ GX[JaMsfou ot the +€£e$(0(3‘€

spructure, and furrlejﬂg May be somer‘ln'ng of an art,

With a diamefer d,. | He corveruube smears It:ZI‘d- out over of lexst 2, T adians,
such that the total reptrn +o the detector spamm! g Bl recdiaus on the sk7 st

z z 9.5
N, = NI g—;‘) 6@/@ = Ny J—’;F%{L : Mt =#p’ufvu9 launchad, D telestope a(oerﬁ(re
For a 27 detector L 532 nm , we qet 7!!0'0(3%,‘“)" photons sentback.

us:ﬁj ‘[)ca ~s "f?o (ag wié q_sajf m s;jml Ca[Cuthns) > '2. g”()'ré‘)q ,‘“})
vulm‘clf\ I3 o‘(?vﬂ‘l o ZJUFu flw-l'pus for a 0% an Colfler (ute.

“herefore, He corner cube approdch necessitates ~O¥ atrenuation

AVU’H%(‘ Pof-edhq[ Cﬂ[/}‘é"dh‘oﬂ :c‘leme Can wof’( l‘-FJ-'de ‘fE’/C’R'O {d ge(‘ondﬂ mr}‘m/‘
has uo central lole. Tw +his casl, g fraction of the wayo.‘mj beam 15 refucved

as o ”’""“5"“5 bean, toward J-"\e receiver 0[’7"1'(5.

Assuming an £/10 -he’esrare with an -F/l Pﬂ'wquvj H‘e-&xdl /ang wrill be e roX. (0w
bacle ﬁrjam the secondarj - D on sk f f s

lboks [ike _EEL"@; = 2.5 from secondlar
The $f(0#|dar Sffmd{ ’l‘jlh“ |‘|d1> an 'p/Z:7 éecd'h (’1'_ "ﬂJ"ﬂn)l?msaP("'kf szvde;qal §”o(l'o[ Gf:?{
’E:Me"’ éy .Zb_e detector drmy 15~ (7&,{«,)"_ If @“_: 2" = 10°% radian — Grp™ o
4

Jons return o detector, Vi 27x0 photpus lapnched — 13xt0" p’iofvné head back ,
ol after 4fQ = 4% (54« to7]are defected.

The Secomdar(, return (erﬁx;n[v t'oMfe"Es with the comer cube return So Hiat Nl the

comer cube scheme is used +the corner cube return pust be made [argU Haon He Serona/arj
refurn Bj af least o fgetor of 0.

“The actual 5Paf size on the sewndar‘j is ~ 50,‘”‘4’ agg(,uu,‘q.) A ~0.Tm sewmlary dism.
Hofe l"heres Ho dfu,-l' Oh HA«‘* ?arﬁmlnr SFof .
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MadeinU. 8. A

o +he secondary f'l‘aw‘a’ﬂ}"u’ caltbration 5:\‘?19![, 5peu‘a’ care wust be taken o
Unow where the secondary s in an absolute sense. CoMp[F(Qﬁ‘n7 weatters, %secondarj
wioves For focus control. I‘&Jt-fe"ﬂ‘, s moron 5£ﬂeml[7 Coupensates Herial
equusi‘on/(gnmw‘on o Hhe relecwpe structure. T+ the op’r'-cs are low —ﬁ’Kr’nth\Oh
glags M,a-ﬂ—erl‘a( (Sufefg Wg are) + He Phjst‘m' Sf’ﬂcllm beteen pr?mrj £
secohalqr.j doesnt c’«-m7e d{aprecltﬂuj P Focus 15 mautmhad.

Note that when Focus i¢ Mat‘"f‘m‘ﬂt‘a’, e secondar, Pon‘hbm ‘s wmore stable o +hat of
a orner cube atthe e+ nperhrc..(ue-r top of ?e«ope)-

An alterpate placement of He corter cube rear the Mtersection of- axes may eliwanate
miuch confusion about +Hierma) expansion dwg Flexure. IF T rcemtember co rrec;#r.) , e
A scope has o Masm Peus, whih weans there’s a terttary mirror very near
the avs ‘vtersection. Amch"lmj He rehro.rcllector behindd ‘IJ/llg pirros R mn?ﬁ{[[j
Aone, will putthe corner cube Prf'c.\‘ce’j ol e altitude axs, This mimmizes Hie need
For SurUf-j.‘mj — ‘qu)— wateh how 1+ moves when +he ‘l‘ek’gfofie MoVes 1 alhtude.

': cogf‘o'l‘na{-e; ondd gt'lﬂr[l‘a of gu_njcyt‘u , e P[acewre
! dabss ruﬁ' He retyo-reflector (v the jwd Zentral Far+
’:‘ .( Cebe ot +he beamn where. |r”w'4|'i16{+'|9‘1 (s Il'/(-?’j waore unfory

3 +l1‘n owt near +ie Gdje
E \\ L think e wont the bk be of the corner cube onthe

ais, as this regresents the opheal midpott between

evtrawce surface § exit surface (same ibzy‘cq/ ;JQL@)
chHve Y

we'll need 4o remember fo compute the re
withivi the PN‘!M.

Ry freeiver In Hhi Pp‘il"[‘l\(iﬂ' core must 68 bcken M“’C P"?’M
dpesn't shadow ‘tself, The mownting arm must allow
ll“)l’t-lf +o PdQS Hﬂrﬂujl\ From e SEC@J& 'H'e Ff‘l‘mﬂry

o
D"“’ behween the cormer cube and i -ifrh‘a?fv. The moent

may Aso need +o be l"e"’rr(d‘aﬂe o-as net 4 inferfer
with other observatrons.

Novl VIIE}'L\ fons cOW\l‘fl Aa_C(C Prom 'I-h.f <orver che OMU’/OF mdq ([/mut;rfqllylge
o bad L we -)a'l' 601‘91?), we need to adelre s the pésky (s5ue :l :

Adtenyation

Wil ny aHehuqﬁoh, we expecl' '5;:!0“) Zxi0? or C,HD" .{gh::iﬂz’ hotpns across the array

(27 array, assamed) For 10nm diamcter, Gum diameter corner Cu{;’s, or Secondary, respecticd).

The rotating mircor employina AR coatings insteod of an ir hole™ May prock ©* of ¥ +hy ]
i the L{G“?ncfcf@c? AR ?aag- can 'fmnsr?il' a9, of the 71101"0”9. This leaves  about (0F
of vecessary attenvation for the corner cubes, gr 10° for the secondarrj. The goal 5
1o record Jo -30 photony ger pulse on the array (assumho) (24 (Y arr45).

- Besn\olf’g ecse O-F lO(‘a‘f:ﬂ v t, +('e +‘€It’$(o e's QKJ

ut

-

-




11

mmmmmm

42-308 200 RECYCLED WriITt 5 SQUARE

Mae U8 A

42882 100

System Performavce —  Calibration  (conknued)

Asl‘ﬂg’t device cagotble oFswinging From > 50% Frassmssion 4o 107° s meq%
non- existent,

Two PLET % 'M‘j work. T haven't been a“e o fvd ahy l‘h-gﬁrmah'oﬂ on PlET
Prﬂft/’h'fs’ Lw-mj gu.e',s i3 that f*hf_’y run from 70 -80% to (()4— I()‘.'-ﬁmﬂmi'r/'oh.

Abseratively i€ +he parrow- bard iyberference Filyer is wtted 10°-20° i+ becomes
an 0D 3-4  Fer (107 107"} at+ +he lacer que’eﬂljﬂq. Beet~ ra?g‘ol% J‘efkr'nj {-‘l!‘{ af)/‘r&
%!}-wa,-duo{— Hiat lacks apflec{(.

There 1% dl way § -l-lde "Yoa bou " option oﬁ defng ND -F,'lfe(' " Sunc. wrth ‘I-!e
rc)?'a‘i‘l"tg Ma‘r:zor; Lu-l—o?e Magrhj &Aef"lwl;qrze&w;ﬁ'ée enoujL. 7

One nice idea it had not occurred fp me when T schemed w a layowt was 1o
swap the posctons oF He laser L receiver relakive 4o the erat-hhj pirror; and
tnvert Aql .8 hlakly re-FIDEC‘f-NP Par‘f'S‘ :

|l.' recelver 1 ’ E:dokhrofe Now -lllg laser Joesuo'Frja Hamujh%
\ refleci Wi‘aﬂiﬂg Mn\v‘or, elimnating ove h(‘c]h -power
AR coudy patch ¢ surfice it scaterers, Emd'@rmre, Nde
receiver s better fsolatad fyoe e bawm
dug o the hk]“j redlectve surface.
% reflective)
Mo Hhe bacl ot vo ‘.nl:u\-m(' can ha'e a k-\qln o.D. Pak—‘n coated behind +he
m|‘r!‘0r Fa“(l’l - ﬁm‘lﬂef Qh‘MI Hmj SC&‘H‘CFEC’ [l‘r,lﬂ‘l'ba“d kKOCk!‘lﬂs alo;./n f—'AQ (ﬂ[l“fﬂ"‘r‘oﬂ
5.‘24.4:[. Onl, one Wou;‘nj par'f’, &xif@ balowced , and aCCOMf[I'f“I"dj several -p:qucﬁ‘ous
aF gnce,

Il bet between +he fo coatings we can ger the 107 we need. A supplemcutal PLET
Wy shil be desiredble for control of the calibration sf‘jua! level,

Note that the lm‘?h'j reflectve surfuce on Hhe rokating wirror % noh alwminzed but
a dielectric wnterfereace cgah‘rl s which weans Hat h}"l"‘lwf reflected fs
N HransmHed rather Hun ab;or%d as would bagpen with a mefal coating.

T believe the alove confiauration (Aeoted é‘\, Lrace) s A winver — salw‘ﬂg he affenation
and  backscatrer E:m-’-ecﬁ'?rl [;roﬁlfms_
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5zjs+ewr Performane - SLR He in

In my o incon, +he cm-level uncertinfies In mlmo;(‘fertale&j and crustyl wopton
are uulllzel‘s to becomg wm - level uncerfrlnfed bv our bold Moo(clu“‘lj efforis,

If we It the SLR cammani*g tackle +hee eroéfems, +he9 are swe Yo resulf

v Wleg,,]a or-l-lﬂe g LAGEosopb,)—s 4o £ S5mm enec;‘sfon. Va&nff‘aﬂu!’ 'f""l:‘r‘
maolcll'hj advances will be transferable 4 our wiodeling effort: Fuling this easy
transference | we shil have an accurote orbit as a referéuce,

Rﬂﬂjﬁg to the LAGEOS satellites From APO pear-tee egacln oF liar rongiug wi ?nq%
us to maasure the afuospheric dele, & crustnl o(:‘{placemf' relative +& well
Eﬂﬂ”kheﬁ( of“b"* (wl"iclf' 15 WMeagure, Ja;'lj around %von’o”

T+ would be nice to have SLR quabl'[.‘fj with the stme (ustripenrtal ;af-uc;, 14/10;4‘31«.
we may not want to burden the 2.5 m with a task eas:'/y pef*ﬂ:f‘me"( bﬂd s¢, te,
Compact anit. Ve chould gef nfo on +his SLR 2000 system. Can we qmom?
Can we€ conyce somepne whorested i SLR -l-qu{—-lhej 5Z\oulo( set up at Arachﬂ Pout?
lan astronomers cope with a nmréy, !‘Malcpaolcwf' laser opemﬂ'on?

Ourge,hs.'ﬁde lunar .Fe"'ur wauu dﬁfc-{— ~r !07 flw-}pn; fef Pulst -Fram LAC“EOS!
+rdc|:1‘h5 a(emuns). We cUullol aléo l:uw"lfl e lager Pm/er dopwn $f\7u|'iﬂ‘(au4—[7 erthe
vid lager 'l'um'm) er b’ re'Flec-Hng mest 01[' 'F"‘( AMM o « o(umf.

Even F we have a separate, u‘udcfendar" SLR. sctup, ectublishing the oFFsef befreen He
e 5(5-51("6"45 WOUI,IO( éf g.cedﬂ:‘ 'Fﬁr.l"l.‘!'ﬂ"'cb{ "f SLR cafﬂl;lrlry it 'u‘e A

A seconolanjj but very imrol‘hd‘ benebit of ala.‘ﬂj cone SLR From the 3.5 m is +hat
we can wse SLR to tron out Hie system belore {ucﬂl‘g He woon. Golg Full power
on LAGEDS, we'll see Hre refyrn pulsc Mmour CCD m;&;hg covmera! Thats a heck

o o qo0d way to d-!f"‘F) Syshem OfWHOM — when you ksow You are or are not ;”uw'ﬂﬂmj
the hrje'h




pe
e?(lg:dfer r d end I+ £/io boawn nfout

g%ég%g "ﬁa{wd-‘nvd CCP camern 'G)l’ dctu,"‘ by /-f—rqck,‘“j
& SR tF.H-er (~B)

EEEE§§ u :

§§§§§= ' 2T attoustor (7)

b g

TelezoPe is aperture D focal ,-Eht’fl-lr\ F

- —— - -

For collimated baam diameter J) L, Inqs{" = %F

For Sdcﬂop to be Lmm, L, has £ = -;-Jgﬁ i

L,i$ sameas L,

Ly | 4= For 1" omarray o be L, Ly has 4, =5 2055 mis
|
‘- E, - oF,
'Y @ is span of detector on sl:j
detecor spaus %@[ From within collineated becin
ﬁz&'l'- f'yllf_‘L G\uioleli‘ng nuwlbers:

d=20 pm > %=|7€ - -F|= 200 mm

F,_:-&"-‘—200mh - 4 %G”Srfy
b

Eedm > lmm =12 or\$’=) ot derector

Tr would pag to icrease distance beteen Lll Ly

APDWMJ r __: d”owl‘lqj Meqnl‘hjﬁu‘ Lqﬂq:’.'nj fo Leflaced’ here.

Gndewr )| |~

L57L+—+|‘?L+ box should ceally include the varrow-
pand Filrer - Pef‘l\d(s maS'l'e-(:zecHuel? as s windp
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BoHom L.ine Summotflﬁ Ly
~1 mm  precision data tests ;el-F—enerw equivalence grinalple 1o ;V’g/leve(
Further improvesents Ly ..;..hh.‘-.j over wany lunar orbits.
T achicie fuctor oF [0 beHer limiks on 6, e Sitfer grecessim, long- rame forces (2)
requices TIME. Perhaps G years for good baseline. Wit "NO EP wiol  (precegnion)
Atmiospheric pathh olelaj ~ 4.6 m one-way  30% in Hapa;flier«c.
Laraje_sca[e pressure qradients produce nfej‘-‘g?ﬂg errer.
Biy confugion over path Jebj Jeperdence on tampermtwre.
I ocm-»‘oao’bq relevant in NM? Cap pressure +erm wodel atmosshecic loceling?
Aolls 11 L 14 apraqs have FWHIA ~ 210 p  sometimes 2350,
Afp)b 15 has [:wl'?m « 470 ¢4 s 61\3 as 300 ps
Too meuy Pefum \o‘ld'ons avdfor oo Few deteciors - bins 1o shorter range maprements,
Laser parameters: o 150 g5 FWHM, < 100 He rep. rete , Wikly recommend Net: VoG
Gota go with 532w rather than 106 nm
A+l costs, develop APD array — APDg probably test for us
Mayhe a cherp GaPS- slaved clock i1 adequate for ug
I dow't know what Hee hell It fulb'ty about when 1+ comes bo small Seterual f—:‘mr‘«j
Hase S0 hwe of least one waving ophc 3 need special Wigh-power coatings
Photous —q-p’enﬁj
Moow bﬂtijbmJ no gro“em wint, contugion: may shill want 4o ga"‘c defector
(ool backscortter plot
Bucksetter completely overshadowel bj calibrotion puke, se(onulnrj oy be signihcauct
Prv‘nllzj e,e-sa—l% with 3.9 w fgam
Comer cube vs. 5econdary photon reburns for calibrabion
Corner- Cabe pleement L relative reh‘ab.'{fi-j of secondany vs. cormer cube caltbration
Uever rotating miccor —  caltbraton/buck scatrer atFenuotion wken care of
Should do some SLR From 35 m, betake good to Supplement with SLE 2000

see
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