
THE UNIVERSITY OF TEXAS AT AUSTW 

11. Lunar Laser  Ranging Data Deposi tea  i n  t h e  

Nat iona l  Space Sc ience  Data Center :  

F i l t e r e d  Observat ions  f o r  
1971 J u l y  through 1971 December 

. - U n f i l t e r e d  Photon De tec t i ons  
f o r  1972 January  through 1972 June 

J . D e r r a l  Mulholland 
P e t e r ,  J:, Shelug.  . . , - , 

DEPARWNT OF ASTRONOMY 

McDONALD OBSERVATORY 

Austin, Texas 78712 



Lunar  L a s e r  Ranging  Data D e p o s i t e d  i n  t h e  

N a t i o n a l  Space  S c i e n c e  Data C e n t e r :  

F i l t e r e d  O b s e r v a t i o n s  f o r  
1 9 7 1  J u l y  t h r o u g h  1 9 7 1  December 

U n f i l t e r e d  Photon  D e t e c t i o n s  
f o r  1972 J a n u a r y  t h r o u g h  1972 J u n e  

J .  D e r r a l  N u l h o l l a n d  
P e t e r  J .  S h e l u s  

U n i v e r s i t y  of  Texas  a t  A u s t i n  
R e s e a r c h  Memorandum i n  Astronomy 

Number 73-006 



I. I n t r o d u c t i o n  

One of t h e  most s t r i k i n g  new t e c h n i q u e s  i n  modern a s t r o m e t r y  

is t h a t  of  l a s e r  r a n g i n g  t o  a  r e f l e c t o r  f i x e d  on a  c e l e s t i a l  o b j e c t ,  

p a r t l y  because  t h e  a t t a i n a b l e  p r e c i s i o n  is s o  h i g h  t h a t  t h e  d a t a  can 

t e l l  u s  a s  much abou t  E a r t h  a s  abou t  t h e  observed o b j e c t .  The Apol lo  

a s t r o n a u t s  have now placed t h r e e  wide ly  s e p a r a t e d  r e f l e c t o r  a r r a y s  on 

t h e  Moon a s  a  p a r t  of t h e  Lunar Lase r  Ranging Experiment (LURE), t h e  

p a r t i c i p a n t s  i n  which a r e  l i s t e d  i n  t h e  Acknowledgements. 

Although t h e  groundwork i n  t h e  exper iment  began much e a r l i e r ,  

t l ie  d a t a - t a k i n g  p rocess  d i d  n o t  beg in ,  of course ,  u n t i l  1969 J u l y ,  

when the  Apol lo  11 miss ion  was f lown. Success  i n  r e c o g n i z i n g  r e t u r n s  

from t h e  r e f l e c t o r  was n o t  ach ieved  u n t i l  t h e  f o l l o w i n g  month. F o r  

many months the l l e -a f t e r ,  v a r i o u s  c a u s e s  c o n t r i b u t e d  t o  a  ve ry  low 

d a t a  r a t e .  I t  was n o t  u r l t i l  1970 A p r i l  t h a t  r e g u l a r  s u c c e s s e s  became 

c  ommon . 
From t h e  exper iment ' s  i n c e p t i o n ,  t h e  LURE Team h a s  recogn ized  

t h e  o b l i g a t i o n  t o  make t h e s e  d a t a  a v a i l a b l e  i n  a  r e a s o n a b l y  u s a b l e  

form, and we have agreed upon a  t ime-schedule  t h a t  s t r i v e s  f o r  a  f a i r  

compromise between t i m e l y  r e l e a s e  and ~ ~ r i o r i t y  of t h e  members of t h e  

LURE Team. T h i s  r e p o p t  is t h e  documentat ion t o  be used i n  conjunc- 

t i o n  w i t h  t h e  d e p o s i t i o n  i n  t h e  N a t i o n a l  Space S c i e n c e  Data  Cen te r  

(NSSDC) of t h e  f i l t e l - e d  d a t a  ob ta ined  d u r i n g  l a s e r  r a n g i n g  o p e r a t i o n s  

between t h e  DlcDonald Observatory  and t h e  Apol lo  11, 14, and 15  1-e- 

f l e c t o r s  f o r  t h e  s i x  months end ing  1971 December 3 1  and t l ie  u n f i l t e r e d  

photon d e t e c t i o n s  f o r  t h e  succeed ing  s i x  months. These two b l o c k s  



w i l l  be d i s c u s s e d  i n  more d e t a i l  i n  subsequent  s e c t i o n s  of t h i s  mem- 

orandum. 

11. Observatory  and R e f l e c t o r s  

The l a s e r  r a n g i n g  equipment is  mounted on t h e  272 cm r e f l e c t o r  

a t  t h e  McDonald Observatory ,  F o r t  Davis,  Texas.  The p h y s i c a l  i n s t a l -  

l a t i o n  has  been s o  thorough ly  d e s c r i b e d  i n  t h e  l i t e r a t u r e  (e .g .  

S i l v e r b e r g  and C u r r i e  1972) t h a t  it seems unnecessary  t o  dwel l  on 

it h e r e .  The nominal  c o o r d i n a t e s  p r e s e n t l y  recommended f o r  t h i s  

ins t rument ,  based on h igh-order  l and  su rvey  t i e s  t o  t h e  SAO Organ 

Pass  Track ing  S t a t i o n ,  a r e  

g e o c e n t r i c  r a d i u s  p=6374.665 km 
e a s t  l o n g i t u d e  A=+255.9777 9  d e g r e e s  
g e o c e n t r i c  l a t i t u d e  cp'=+30.50320 d e g r e e s  

These r e f e r  t o  t h e  i n t e r s e c t i o n  of t h e  p o l a r  and t r a n s v e r s e  a x e s  of 

t h e  t e l e s c o p e .  The c e n t e r  of t h e  primary m i r r o r ,  a s  t h e  t e l e s c o p e  

t r a c k s  a c r o s s  t h e  sky, d e s c r i b e s  a  c i r c l e  of r a d i u s  305 cm whose 

p lane  is normal t o  t h e  p o l a r  a x i s .  

The p r e s e n t  d a t a  r e f e r  t o  t h e  r e f l e c t o r s  a t  T r a n q u i l i t y  Base, 

I'ra Mauro and Hadley, whose nominal  c o o r d i n a t e s  a r e  

T r a n q u i l i t y  F r a  Mauro Hadley 

s e l e n o c e n t r i c  r a d i u s  p1735 .730  km 1736.680 1735.64 
e a s t  l o n g i t u d e  X=+23.485 degrees  -17.4628 +26.094 
l a t i t u d e  @=+0.642 degrees  - 3.6680 + 3.673 

based on d a t a  s u p p l i e d  by NASA/MSC d u r i n g  t r a c k i n g  o p e r a t i o n s  d u r i n g  

t h e  Apol lo  miss ions .  



111. F i l t e r e d  Data 

The photon d e t e c t i o n s  have been submit ted  t o  a  d a t a  f i l t e r i n g  

procedure developed a t  t h e  U n i v e r s i t y  of Texas. Th i s  p roce s s  is 

based on t h e  assumption of t h e  l i n e a r i t y  of @-C r e s i d u a l s  over  a 

r e l a t i v e l y  s h o r t  t ime i n t e r v a l  and r e l i e s  on Poisson s t a t i s t i c s  f o r  

e s t a b l i s h i n g  a  l e v e l  of conf idence i n  a c o l l e c t i o n  i d e n t i f i e d  by t h e  

f i l t e r .  A p p l i c a t i o n  of t h e  p rocess  r e s u l t e d  i n  t h e  i d e n t i f i c a t i o n  

of t h e  obse rva t i ons  du r ing  t h e  s u b j e c t  i n t e r v a l .  

The p o t e n t i a l  u s e r  shou ld  be  aware t h a t  t h e  l a s e r  cannot  be  

r e l i e d  upon t o  produce a s imple  p u l s e  shape.  There sometimes is 

a  complex and/or b i a sed  s t r u c t u r e  w i t h i n  t h e  p luse .  There fore ,  

r e s i d u a l s  de r i ved  from s i g n a l  photons a r e  n o t  n e c e s s a r i l y  expected 

t o  sliow a  ( ; au s s i an  d i s t r i b u t i o n .  The u n c e r t a i n t i e s  ass igned  a17e 

based on t h e  sun1 of t h e  pu l se  ha l f -w id th  and t h e  measured u n c e r t a i n t y  

i n  c a l i b r a t i n g  t h e  e l e c t r o n i c  system. Beginning w i t h  t h e  April-May, 

1972 l u n a t i o n  a  l e t t e r  code appears  in column 32 ( formerly  unused) 

of t h e  "Z" ca rd  image which p rov ides  an  e s t ima t e  f o r  t h e  accuracy 

of t h e  e l e c t r o n i c  c a l i b r a t i o n  c o r r e c t i o n .  The fo l l owing  code i s  used: 

A - b e t t e r  t han  2200 picoseconds 
B - 1200 t o  2400 picoseconds  
C - t400 t o  1600 picoseconds  
D - ? G O O  t o  11000 picoseconds 
E - k1.0 t o  21.5 nanoseconds 
I-' - 11 .5  t o  k2.0 nanoseconds 
(; - 12.11 t o  2 4 .  0 ~lrinoseconds 
t l  - .i\lorsc tlinli L 4. 0 l lal lose~oilds 

'rlirl ca l i l> i . ;~ t  iolis cve1.e ~~c?r ' fo~~nlcd  by C .  I:. S i l .vc l>be~)g.  0 therwisc ,  tlic. 



I V .  U n f i l t e r e d  Photon D e t e c t i o n s  

It is most impor tan t  t h a t  t h e  p o t e n t i a l  u s e r  observe  t h e  

d e s i g n a t i o n  "un f i l t e r ed1 ' .  By t h i s ,  we mean t h a t  t h e  r e a l  d a t a  a r e  

h e a v i l y  i n t e r s p e r s e d  w i th  n o i s e  photons from any of t h e  v a r i o u s  

sou rce s  of s t r a y  l i g h t .  Any a t t e m p t  t o  use  t h e s e  d a t a  i n  a  s imple  

Gaussian a p p l i c a t i o n  would probably  r e s u l t  i n  a s o l u t i o n  c l o s e l y  

adher ing  t o  t h e  p r e d i c t i o n  ephemeris  used t o  c o n t r o l  t h e  d e t e c t o r  

range g a t i n g .  Some f i l t e r i n g  p roce s s  needs t o  be a p p l i e d  t o  t h e s e  

d a t a  be fo r e  e f f e c t i v e  use  can be made of them. Such f i l t e r i n g  is 

now underway a t  t h e  U n i v e r s i t y  of Texas a t  Aus t in ,  and a l l  f i l t e r e d  

d a t a  w i l l  a l s o  be  depos i t ed  w i t h  NSSDC, b u t  t h e  u n f i l t e r e d  d a t a  may 

be  of d i r e c t  u t i l i t y  o r  i n t e r e s t  t o  t h o s e  p o t e n t i a l  u s e r s  who may 

wish t o  r e p l a c e  our  f i l t e r  c r i t e r i a  w i t h  t h e i r  own. These d a t a  a l s o  

conform t o  t h e  d a t a  format  s t anda rd  r e f e r enced  above, excep t  t h a t  

t h e  c lock  epoch e r r o r  c a r r i e s  t h e  oppos i t e  s i gn ,  a s  is  t h e  c a s e  w i t h  

a l l  p rev ious  NSSDC d e p o s i t i o n s .  

V .  Data  D e s c r i p t i o n  

The d a t a  a r e  contair led on two f i l e s  of a  b i n a r y  magnetic t a p e  

w F i t t e n  i n  c a r d  image format ,  u s i n g  a CDC 6600 computer. I t  is 

w r i t t e n  w i t h  odd p a r i t y  a t  800 b p i .  Two t y p e s  of c a r d s  a r e  p r e sen t ,  

d i s t i n g u i s h e d  by an a lphabe t  c h a r a c t e r  i n  column 1: The l e t t e r  =Z 

d e s i g n a t e s  a  "run" ca rd ,  g i v i n g  environmental  and o p e r a t i o n a l  

parameters  fol> a  s e r i e s  of s h o t s .  Except f o r  c l ock  epoch ewol7, 

t h e s e  w i l l  n u t  cus tonlar i ly  be r e q u i r e d  f o Y  a p p l i c a t i o n  of t h e  llange 

da t a ,  b u t  s e r v e  t o  provide  in format ion  on t h e  observ ing  c o n d i t i o n s  

and t h e  s t a t e  of the  equipnl~tnt .  ) lost  u s e r s  w i l l  f i n d  them h e l p f u l  



only  as s e p a r a t o r s  between observ ing  s e s s i o n s .  The l e t t e r  P i n  

column 1 r e p r e s e n t s  a  "shot"  card ,  c o n t a i n i n g  t h e  r e s u l t  of a  s i n g l e  

l a s e r  f i r i n g .  

A word of warning is  i n  o rde r  t o  t h e  unwary u s e r s .  Some of 

t h e  s p e c i f i e d  d a t a  i tems may n o t  be  a v a i l a b l e .  I n  t h e  ca rd  images, 

a  b lank  f i e l d  is a "no informat ion"  i n d i c a t o r .  A c t u a l  n u l l  v a l u e s  

w i l l  be  r e p r e s e n t e d  by z e r o  punches. 
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