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ABSTRACT 

The observing carnpaiari Earth Qota t ior )  f r o ! ?  Lunar 
131 s tances  (EROLQ) \ / as  oi-qaniztld t o  provide an i n i  t i d l  
t e s t  of the appl icdtji 1 i tj o f  1 tur1dr7 i - a n n i  nrl t o  the 
d e t e r r ~ ~ i n a t i o n  o f  Utl~verii l l  Titue d r ~ d  1,olar I - lo t ion  
it1 a  s e r v i c e  hui-eat1 ti~odi,. Clli-rent j ~ l a n i  c a l l  f c r  
a  two-year cai,~pdiqti, over1 anninc \ / i t h  s i t1111 ar  e f f o r t s  
using o the r  techniques.  The f i r s t  year  i~  l a r q c l y  
concerned with niaking the network o f  observina 
s t a t i n n s  ope ra t iona l ,  with t he  prospect  t h a t  sorrlc 
5-7 s t a t i o n s  \\lay be p a r t i c i p a t i n g  in  1978. T h i s  
paper d iscusses  the lunar  l a s e r  technique,  the 
CROLD organiza t ion  and goa l s ,  and the  present  
s t a t u s  n f  the  observing campaign. 

INTRODUCT 1011 

I t  has been recognized f o r  the p d s t  several  years  t h a t  the  
present ly-used techniques f o r  rou t ine  detct-1111 nat ion o f  the  ro t a t iona l  
pos i t ion  o f  t he   earth'^ c r u s t  a r e  no lonaer  adequate 'or t he  s c i e n t i f i c  
and p r a c t i c a l  a p p l i c a t i o r s  f o r  which these  da ta  a rp  requi red .  Many of 
t he  c l a s s i c a l  instrunients a r e  now of ques t ionable  ( ~ t i l i t v  and wi l l  
su re ly  have  t o  he r e t i r e d  from s e r v i c e  within one 01- two decades. The 
p e r t i n e n t  question, then ,  i s  riot .;&.-< .> they \ d i l l  he rep laced ,  b u t  
with <.ri - wil l  they he replaceri. 

There begin lo be an imnressive number of u n t ~ n t i a l  candi- 
da t e s  f o r  t he  next-generat ion Farth r o t a t i o n  s e r v i ~ e  One c a n ,  f o r  
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example, imagine a network of instruments conceptually r e l a t ed  t o  the  
c l a s s i ca l  rnothod, such as the new giant  photographic zenith tube ( P Z T )  
a t  the U .  S .  Naval Observatory, o r  the  photoelec t r ic  a s t ro labes  under 
development in France and China. I t  seenis more l i k e l y ,  however, t h a t  
the new network wil l  r e l y  pririiarily on completely new techniques. The 
present p o s s i b i l i t i e s  include various techniques f o r  radio tracking of. 
a r t i f i c i a l  s a t e l l i t e s ,  radio interferometry of c e l e s t i a l  radio sources,  
and l a s e r  ranging t o  the  Moon o r  t o  a r t i f i c i a l  s a t e l l i t e s .  In p r i n c i p l e ,  
each of these systems presents  unique advantages and c a p a b i l i t i e s  not 
t o t a l l y  shared by the  o the r s ;  i n  p rac t i ca l  appl ica t ion  t o  the  needs of 
an Earth ro ta t ion  s e r v i c e ,  each of them a l s o  shows important drawbacks. 
We have t r i e d  t o  summarize both s ides  o f  t h i s  s i t u a t i o n  in Tables 1-4.  

I t  i s  iniportant t o  note t h a t  none of these systenis was 
invented f o r  the purpose of Universal Time and polar  motion. Each of 
then1 had o ther  motivations t h a t  seenied t o  be rrlore important,  and rrlost 
of them have derrlonstrated in p rac t i ce  t h a t  they a r e  capable of important 
s c i e n t i f i c  o r  technical t a sks ,  B u t  our present subjec t  i s  t h e i r  appl i -  
c a b i l i t y  t o  the  da i ly  needs of a serv ice  bureau function.  The Doppler 
Polar Motion Service (DPMS) has shown t h a t  i t  can operate in t h i s  mode, 
b u t  with severe disadvantages. Episodic determinations of UTO and/or 
the var ia t ion  in l a t i t u d e  have been obtained by VLBI, a r t i f i c i a l  s a t e l -  
1 i t e  ranging, and L L R ,  b u t  WE be1 ieve t h a t  (excepting DPMS) none of the  
new techniques have demonstrated t h e i r  u t i l i t y  in a  da i ly  service  net-  
work mode, nor a t  what real  cos t .  True, the re  a re  s e n s i t i v i t y  s tud ies  
a n d  projec t ions  f o r  several of them, b u t  most o f  these  a r e  believed a t  
lliost by t h e i r  authors.  I t  seenls undeniable t h a t  the  only real  way t o  
discover the u t i l i t y  of the  new techniques as potent ia l  next-generation 
Earth ro ta t ion  networks i s  t o  perform r e a l i s t i c  p i l o t  delnonstrations 
for each one, unless the re  a re  obvious grounds on which t o  exclude i t .  
I f  t h i s  i s  done, we may suspect  t h a t  the r e su l t ing  "bes t  buy" wil l  be 
( a s  now) a hybrid system incorporat ing two o r  nlore of the  new techniques 
whose advantages and disadvantages a r e  in some way complementary. 

The observing canipaign ca l l ed  Earth Rotation from Lunar 
Distances ( E R O L D )  i s  intended t o  he j u s t  such a p i l o t  demonstration. 
The concept was developed in discussions between us in 1974, and was 
proposed f i r s t  t o  the  NASA Lunar Laser Ranging Team and then t o  COSPAK 
Working Group 1 t h a t  same year.  COSPAR responded h y  reconinlending tha,t  
the  campaign be undertaken, and the  Working Group appointed a Steering 
Committee t o  work out  the  d e t a i l s  and provide coordination a t  the 
in ternat ional  l e v e l ,  recognizing t h a t  no one country i s  capable of 
deterrriining the  three-dimensional ro ta t ion  of E a r t h  from e n t i r e l y  
within i t s  own boundaries. 
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BASIS O F  TI-IE TECHNIQUE 

The l a s e r  ranging technique provides nieasures of a  nature very 
d i f f e r e n t  from c lass i ca l  astronoi~iical observations.  I t  i s  an ~i ( : - i , -~z )e  
process, in  which the  ob;er,:er i l luminates a t a rge t  a n d  observes the 
illurrlination t h a t  he himself has provided. I t  i s  a lso  unlike a t  l e a s t  
sonle o f  the o ther  new tcchniques, in t h a t  the observed objec t  i s  
e n t i r e l y  passive,  and thus i s  not subjec t  to  technological f a i l u r e  nor  
ad~r~ini  s t r a  t i v e  shutdown. (The often-mentioned f a c t  tha t  the t a rge t  

. - ,  
) I : - . , : . ~ : ,  be destroyed by a chance coll  is ion i s  in f a c t  shared with , . l :!I  

te:hniques, and the probabil i t i e s  are  qu i t e  infini tesicial  f o r  a l l  of 
them. ) With the l a s e r ,  a pulse of l  i gh t  i s  transniittod by a  t e r r e s t r i a l  
s t a t i o n  towards a  r e f l e c t o r  on the lunar surface ,  Because of the cube- 
corner design of the  r e f l e c t o r ,  the l i g h t  t h a t  s t r i k e s  i t  i s  retransniit-  
ted towards Earth in the sarrle d i r e c ~ i o n  from which i t  cane (Figure 1 ) .  
Thus, the signal i s  detected by a  photolnultiplier a t  the sanie s t a t i o n  
frotri which i t  cane. The observation recorded i s  the  tinie delay between 
the  transmission of the l a s e r  pulse a n d  tlic detect ion of the ref lec ted  
s igna l .  For convenience, one often r e f e r s  t o  t h i s  as a dis tance measure- 
ment, b u t  i t  i s  e s sen t i a l  to understand tha t  i t  i-s r ea l ly  an aberrat ion 
time, inore corrirrionly cal lcd "1  ight  tirne", T h e  titlie delay cannot be s,ynl- 
rrletric about the r e f l ec t inn  tiirle, because o f  the r e l a t i v e  rnotions of 
the Earth and Moon during the in tcrval  o f  about 2 . 6  seconds ( 1 ) .  

Since 1969, f ive  1 a se r  r e f l e c t o r s  have been placed on the  
lunar surface .  The r e f l e c t o r  on Lunakhod I has been observed only a  
few tirnes by t h ~  French and Soviet teams, with re1ativel.y poor accuracy. 
Those ca r r i ed  by Apollo 11,  Apollo 1 4 ,  Apollo 15,  and Luna 21 (Lunakhod 
11) have been observed regular ly  frorn the McClonald Observatory s ince  
they were deposited. The typical  accuracy of these ranges, expressed 
as an equivalent  one-way dis tance ,  i s  now 10-15 ern, anci 5-cm ranges a re  
no longer r a re .  We should note here t h a t ,  dt, ledst i r ~  p r inc ip le ,  o111,y 
one r e f l e c t o r  i s  required f o r  Ear th  ro,t:ation <!etcr-:iiir3at.ions, so there 
seenis to  be a reserve t h a t  'is niore thau a d e r l ~ i a t t l  I.0 i7er?der the m e ~ e o r i t e  
"prnblen~" t r u l y  i n s i g n i f i c a n t .  

I t  does not seer11 r1ecessar.y to  give ti-ic d e t a i l $  cibout the pro- 
cess used to  analyze these data t o  obtain i~vpruved est.in!atcs o f  t.he 
physical pararrieters of the Earth-Moon system, 2 s  t l i ! * s  information i s  
already p u b 1  ished ( e . g .  2,3). The two ques-tinns t h a t  d o  seer): to  be 
important here a r e :  a )  a re  the Farrti ro ta t ion  paramet.eys separable from 
the o ther  pa r t s  of the phys-Tcal illodel, at id b:i (can the !jc.ocentric rl-iotion 
of the r e f l e c t o r  be rnodel l e d  w i  tti : 3 ~ i f + i c i e l ! - r .  (IccLrracy t o  permit 1)lean- 
i ngful Earth ro ta t ion  r e s l ~ l  t s 7  

Irr~agine a s i r~ip l i f ied  [;u.oh7etri ii-I wh'cki t h e  Moon does not move, 
but i s  f ixed l i k e  a stat- i n  d i s t a n t  i n e r t i a l  space .  I n  t h a t  case ,  the 
l a s e r  time delays measured from a point. -fixed on t l i~  surface of Earth 
would vary only as a  function of the  Ear th 's  motion. Nealecting the 
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Ear th ' s  o rb i t a l  11,otion fo r  t he  moment, the delays would vary only as a 
function of the local hour angle of the re f l ec to r  and i t s  mininium ( i . e .  
meridian) zenith distance.  If the rotat ional  axis  of the Ear th ' s  c rus t  
were a lso  f ixed in i ne r t i a l  space, then the range could be described as 
exactly a simple har~lionic function of t i n e ,  and the determination of the 
geocentric coordinates of the s ta t ion  would consis t  of finding the arnp- 
l i t u d e ,  phase and zero o f f s e t  of t h a t  s ine  function. True enough, t ha t  
i s  not the real world. Suppose we approach the real world a l i t t l e  more 
closely and imagine t ha t  the Moon does rrlove about the Earth, t ha t  the 
Earth ~oP:; move about the S u n ,  and t ha t  the Ear th ' s  rotat ional  axis  does 
move in i ne r t i a l  space, hz~i; t h a t  we know these motions perfect ly .  Then 
the range i s  no longer a sinusoid,  b u t  thc res iduals  of the observations 
with respect t o  the perfectly-known prediction niodel will be, with the 
amplitude, phase and zero o f f s e t  depending on the s ta t ion  coordinates. 
I f ,  however, our world includes the one in~perfection of a ~ l a s t i c ,  
inhornogeneous, poorly-understood E a r t h ,  then problems begin t o  a r i s e .  
The rota t ion axis of the c rus t  i s  no longer fixed with respect t o  the 
c rus t  i t s e l f ,  and  the rota t ion r a t e  of the c rus t  i s  no longer constant 
or  even perfect ly  predictable.  In other words, there will be var ia t ions  
in the apparent longitude and l a t i t ude  of an observinq s t a t i on .  The 
sinusoid concept can s t i l l  be used with long observation s e r i e s  to  give 
solrle s o r t  of Incan or norr~inal coordinates f o r  the s t a t i on ,  which can then 
be entered in to  the prediction model. The slippage of the Ear th ' s  
c rus t  will then be exhibited as quasi-sinusoidal r es idua l s ,  a  function 
t ha t  i s  loca l ly  harlnonic, b u t  with variable amplitude and phase. If  
the period of these modulations i s  long compared with one day, as sug- 
gested by Stolz e t  a1 (4), then the sinusoid model can be applied dai ly  
to  obtain an est imate of the mean values of the apparent var ia t ions  in 
longitude ( U T O )  and l a t i t ude  (meridian cor~iponent of polar motion) f o r  
t h a t  s t a t ion  and t ha t  day. The data froln several s t a t i ons  can be coni- 
bined t o  give an estimate of UT1, x and y fo r  t ha t  day. 

How does this. idealized deterinination of Earth rota t ion f i t  
in to  the r e a l i t i e s ?  O f  course, we do not have a perfect  model. Nobody 
has a perfect  mode!, not fo r  the M O O D ,  nct f o r  opt ica l  or  radio s t a r  
posi t ions ,  not f o r  TRANSIT nor f o r  LAGEOS. And a s  with a l l  systems, 
anything t ha t  introduces an e r ro r  in to  the  predicted hour angle o r  
meridian zenith distance of ,the observed object  !-:at1 be largely  absorbed 
( r ight ' ly  o r  wrongly) irlto a n  estimate of ilTO a n d  var ia t ion of  l a t i t u d e .  
I n  (.rY ;S !nethods, the hope i s  t ha t  the physical model can be ~r~ade suff  i -  
cientfy  coniplcte by the addition nf other solution paramt:ters t ha t  tl-IF 
conta~ill'riation o f  E a r t h  rutation result:; will be srrial 1 compared t o  the? 
values obt.aineci. kc repeat ,  beca~nse i - t  i s  uften ignore, .?ha-l, 7i.o 

technique fo r  modell i n g  13. phenon~enon for i,vhicl~ there i s  r!o theor)! c.an 
hope ,to do mors. What we perceive t o  be an aavantaqe for '  LLR i s  t h a t .  
tkere 'I 5 Y-;C known nun- -c j vav i , ta t - io r i~ !  phenilnlenor; t h a t  i s  importar. t -I:\  ti?^ . . orb i ta l  m o t i o n ,  a n d  Sh? oon'iy cne tl7a.t f?xiscs i n  1:::~ i i i na r -  rot3t- ion ilY:5 

we] 1 -ciefined pev'inds sepfir;!bl e fr.oi!i t h ~  attier f & c - t u ~ s .  'T'k\t? i:?udel 1 I n 1  

o f  grdvi ty  f i e l d s  see~:is nr::; I)? a sr-rir;ur; j:rrc?blel~~, er'tkiex., T i l a t ,  ' s  
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, i , - , -  . t o  say t h a t  thei.2 are nc; ~ ~ ~ i : ~ l e ! i - i s .  T h c  s t a t , e ~ n e r ; t  111ade f i v e  year-s 
agc k,)/ o n e  o f  (jllr c o l  l etigiies x h a t  ' vje icnolv .L'vc,-:~J far L E Y  t h a t  caul d 
i!;fl ucnce the 1 u r la r  f i r -bi  t at; t h e  few--ccriti!:i~t;;?r I pvi.1'' was rlct Jus t i f j ec !  

s 3 1 1 1 t i o n ~  \ . : j tho l ; t  clete)'illiridt,ior: n+ t h e  Ea\-ti-i i-:ltc:tion pai0,~i~ietercl g i v e  
49 -c l n  r e s i d i ~ a l  S ,  anci i n c l  ! ; d i p 9  r ! ~ c  Eiirti: ro-iation !iciinali~eters on1.v 

T ~ E  conc l  i l~ior-:  ILhat ci\r:t_iti~re t:) :IlPow fi7?i:, t . h i s  - is t h a t  thc 
bes t :  perhai~s the o r ; l y ,  w a y  t..o di.aw c l e a r l y  . jc. ; t iF ' ied concluc,ions as  t o  
the r e l a t i v e  1:ierits o f  the  varioc~s icchnicrr~:es i .I; t o  r j e r f n r m  rea l l s t i : :  
a n d  ~tx ter :d tsd  t ~ s t s  o f  each  orie i;, c. s c r - v i ~ e  ~:ioirie o f  c i p e r a t i o i i ,  p:.eft:ir7- 
a b l y  w i t h  teriipc~.c?i over1 a;, betiqeer; I I P  c l i  f ' e i - P R ~ .  t;:e-t;;c~:l:;, t ~ ?  de tec t ;  
s y s t e m a t i c  e r r o r  w i t h i n  ~ 3 2 h .  



a t  Austin (5), The BIH a c t i v i t y  was defined t o  cons i s t  o f :  
- - - Collection of normal points  froin pa r t i c ipa t ing  observator ies ;  
- - - Calculation of r e s idua l s  with respect  t o  a  uniform model ; 
---  Prel inlinary reduction of the raw res iduals  ; 
--- Calculation of UT1, x and y ;  
--- R~gul  a r  d i s t r i b u t i o n  of r e s u l t s ;  
- - - Study modes of combining L L R  with o ther  d a t a  types.  
The ~ v q u % ~ a r  d i s t r i b u t i o n  of r e s u l t s  i s  a  key f a c t o r  in service  bureau 
operat ions.  The proposed schedule i s  given in Table 5. This wil l  
provide important feedback t o  the observing crews, as  well a s  valuable 
data t o  the various users  of L L R  (and o t h e r )  observations.  This i s ,  
a f t e r  a l l ,  the prime function of an Earth ro ta t ion  service .  

PRESENT RESULTS OF E R O L D  A N D  FUTURE PROSPECTS 

A t  what s tage  does November 1977 f ind  EROLD? Not a very 
s a t i  sfyinq one, unfortunately.  In princi  pl c , the observinq canipai g n  
was t o  have begun on 1  January 1977, a  date chosen because i t  seemed 
l i k e l y  t h a t  three  s t a t i o n s  would be f u l l y  operat ional  a t  t h a t  t i ~ n e .  
The planned durat ion was two yea r s ,  which would include one year  f o r  
the s t a t i o n s  and the BIH t o  "shake down" t h e i r  opera t ions ,  t o  uncover 
and solve the  s t a r t u p  problen~s,  and then another year  of "production" 
operat ions.  Tn f a c t ,  a t  t h i s  moment, the only s t a t i o n  producing real  
observations of usable qua l i ty  on a  near-dai ly basis  i s  the same one 
t h a t  has been doinq so for about e igh t  years ,  the Mcnonald Observatorv. 
The BIH computation syste111, which wos ready f o r  experimental USE l a s t  
January, has never y e t  been t e s t ed  on real  da ta ,  because there  have 
been e s s e n t i a l l y  no mul t i -s ta t ion  data.  The current  s t a t u s  of the 
prospective s t a t i o n s  i n  the L L R  network i s  a s  follows: 
AUSTRALIA - - -  O f  the new s t a t i o n s ,  Orroral appears t o  be the  c l o s e s t  
t o  opera t ion ,  which i s  a  happy c i rcu~r~stance  in view of i t s  southern 
l a t i t u d e .  They have been f i r i n g  regular ly  f o r  several months and 
gradual 1 y i s o l a t i n q  and f ix ing  various problems. There have been 
several successful echo detec t ions ,  but they a re  not y e t  obta.ined 
cnnsi s t e n t l  y .  Experienced L L R  people est imate t h a t  Orroral coul d 
becorlle operational d t  a l ~ i o s t  any i n s t a n t .  
F R A N C E  - - -  The s t a t i o n  a t  Pic-du-Midi was closed i r  1974 and a new one 
begun on the Calern Pldteau; i t  was t o  have been f in ished in 1976, b u t  
they have experienced severe budget delays. The 1 .5  m telescope was 
niounted in June 1977, dnd optical/rnechanical t e s t i n q  i s  now underway. 
The refurbished and upgraded l a s e r  will  he i n s t a l l e d  ea r ly  next year .  
Ranging t e s t s  c.~)uld begin (opti tnist ical  l y )  as  ea r ly  as June 1978. 
I-unar acquis i t ion  nidy be atterrlpted with the  secontl-geceration a r t i f i c i a l  
s a t e l l i t e  s t a t i o n  a t  Calern before t h a t  t ime, 
G E R M A N Y  ( ~ e d e r a l  Republic) - - -  Approval and fundinq have been received 
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t o  upgrade t h e  ope ra t i ona l  second-generat ion a r t i f i c i a l  s a t e l l i t e  
s t a t i o n  a t  Wettzel l  t o  l u n a r  c a p a b i l i t y .  Equiplnent ~ n o d i f i c a t i o n s  a r e  
expected t o  be d e l i v e r e d  on s i t e  next  June.  Lunar t e s t s  rriiqht begin a s  
e a r l y  a s  Septerrlber 1978. 
JAPAN - - -  Considerable  d,i f f  i cul tv has been exper ienced i n  b r inq ing  t h e  
Dodaira s t a t i o n  t o  ope ra t i ona l  s t a t u s .  I;lan,y ecluipi-nent and o p t i c a l  
problcrris have beer1 -found a n d  c o r r e c t e d .  Fur ther  atterlipts a t  1 unar 
rangin9 a r e  scheduled f o r  I\iovelvber and December 1 9 7 7 .  
USA - - -  The McDonald s t a t i o n  has r e c e n t l y  keen upgraded t o  t he  po in t  
t h a t  5-cril norrr~al p o i n t s  a r e  cornmon, even i f  not  y e t  t h e  r u l e .  The 
Haleakala s t a t i o n  i s  con t inu ing  t o  exper ience  g r e a t  d i f f i c u l t y  i s  
becoming ope ra t i ona l  . Sorr~e ver,y hi gh-qua1 i  t y  echos have been r ece ived ,  
b u t  systeni debugging con t i nues  t o  hc a  f u l l - t i m e  occupa t ion .  
USSR - - -  Ranqing ope ra t i ons  on t h e  2 . 6  m t c l c s cope  a t  Crimea a r e  s t i l l  
perriiitted on ly  20-25 days per7 year-, which i s  inadequate  f o r  f u l l  EROLD 
p d r t i c i p a t i o n .  The nroposed new dedica  Led s t a t i o n  i s  s t i l l  s eve r a l  
years  i n  t he  f u t u r e .  
Thus, t h e  s i t u a t i o n  can be sumrriar~izcd in the  following way: 
--A The da ta  a n a l y s i s  c ~ r l c i  d i s t r i b u t i o n  s y s t e ~ ~ '  i s  \-eddy; 
- - - One s t a t i o n  demonstra tes  t h a t  near-claily ope ra t i ons  a r e  p o s s i b l e ;  
- - -  Three - s t a t i on  operatiori  nlay kecoirie a r ca l  i  t y  a t  any rnornent; 
- - - Full network ope ra t i on  ( 5 - 6  s t a t i o n s )  cannot be expected before  
l a t e  1978 or- e a r l y  1979 .  

Everyone w i l l  l i k e l y  agree  t h a t  t h i s  i s  not  very s a t i s f y i n g .  
Is t h i s  e q u i v a l e n t  t o  saying t h a t  i t  i s  a f a i l u r e ,  or t ,ha t  i t  should 
not  have been t r i e d ?  We th ink  t h a t  t h e  answer t o  b o t h  que s t i ons  i s  "no" .  
C e r t a i n l y ,  E R O L D  i s  not  y e t  ii s u c c e s s ,  hut i t  i s  a l s o  not  ,yet a  f a i l t l r e ;  
i t  s t i l l  has p rospec t s  f o r  s\.rccess. I t  has not. yclr been demonstrated 
t h a t  L L H  can s e rve  a s  a co rne r s t one  f o r  the  next-generation Earth 
r o t a t i o n  s u r v i c e ,  h u t  no : . ; ~ ~ , +  hiqh-preci  s ion  techn ique  has y e t  demon- 
s t r a t e d  t h i s  c2pacit.y e i t h e r .  Yes ,  i t  i s  t r u e  t h a t  s d t e l l i t e  ranging 
and V L B I  have been used t o  deterniine Ea i th  i -ota t ion p a r a t ~ ~ e t e r s  on a few 
i s o l a t e d  days and tr~r~ch a f t e r  the f a c t ,  jits: a s  L1-R has  dgne. Nhat nlust 
be demonstrated i s  t h e  capab i ? i t , y  f o r ,  and  thc  c o s t  of, d a i l y  o r  near-  
d a i l y  ope ra t i ons  wi th  quick ~ui-n-around of r e s u l t s .  LROLD was t he  f i r s t  
of t he  formal ly-organized campaiqris t o  adopt t h i s  a s  i t s  pri~iie goa l .  
Such carripaigns a r e  n o w  organized o r  in process o f  beiriq organized f o r  
t he  o t h e r  t echn iques ,  and we a r e  pleased to see t h i s .  We hope t h a t  ou r  
own e f f o r t s  have been aliiong t,he s l i r , i ~ . ~ l i  .for- ass~.l i- in~j t h a t  a l l  of  t h e  
new techniques  r ece ive  a11 ddeql iat .e t e s t .  b i e  cio n o t  k r ~ o ~ i  which tech-  
nique o r  combindtion of tcchr i ic jne~ w i l l  prove t o  he t h c  iiiost v i a b l e  f o r  
an Earth r o t a t i o n  s e r v i c e ,  d l  though vie . -  ~ ; I V L .  p r - i v a r . ~  op in ions .  
Opinions a r e  not  impor tan t ;  vie ! 1 1 1 i 5 t  dl 1 t r y  to a s s u r e  t h a t  each t e ch -  
nique i s  t e s t e d  in  a rca l  i s t i c  illoiio, so t h a t  t h e  bes-I! dec i s i ons  rriay be 
11-lade. In t h a t  way, one docs r;ot seek t h a t  a i ~ ~ ~ ! ~ ; ! i : , ' i . : l ; i ~ : ~  "wins" but t h a t  
s c i ence  and technology win, 
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Figure 1  : A schematic representat ion of 1 unar l a s e r  ram!, l i l y  



X X X X X  



J 

0 
rn ? E 

C, 0 
0 
.7 

u 
E z 
0 62 

m L U 
af (11 .r 

Ct--s 
7 L H  3 
rd w m  E 
.r- 4-'1 E 
t' cz== 0 
V, .r - O 
a, 

I-- -v h a  
w c L - P  
0 a! C, -7 

L a- 
't aJ E -  
0 L 0 a! 

0 LC' 

2 u o m  
I I t u ,  

t' a, L 
w  m w m  

l 0 - P  s 
L C . 7  0 

L n- m  
a, =i 
't - w 
L u s -  
w  L m 
t-' wr--"A 
s= E W >  
H w m 

- m u  
0 a n  a, 

.r-- I I *  
73 -a 0, E 
m a! s a" 

Lx C, 0 -  

X X X X  

X  X  X 

X X X X  







-- ~ a b l e  i;: Proposeri Soheclule f o r  i31H Rcductiori of tR0LD Oata 

Day J Beginning of an ohserv ing  i n t e r v a l  

j + a  E n d  of t h a t  observinq i n t e r v a l  

,j !- b I?eceptiori o f  Lhe  tior~nal p o i n t s  at PIH/CERT;b 

J + i  Receptiot-I of t h e  r e s i dua l  s a t  BTH/OP 

Transniissioti of t h e  r e s u l t s  f o r  Universal  Time and po le  j + 
coo rd ina t e s  fronl BIH/OP t o  p a r t i c i p a t i n g  observ ing  groups 

The t e n t a t i v e  v a l u ~ s  a r e :  a = 7 days ,  ( b  - a )  = 10-15 days ,  ( c  - b )  = 

3-4 days ,  ( d  - c )  = 2-3 days 
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QUESTIONS AND ANSWERS 

DR. WILLIAM KLEPCZYNSKI, U. S. Naval Observatory: 

You indica ted  t h a t  a study showed t h a t  you could not determine 
a l l  the  e a r t h  ro ta t ion  parameters within any one country. Was 
t h a t  with j u s t  lunar  l a s e r  ranging? 

DR. MULHOLLAND:  

No, with anything. 

DR.  KLEPCZYNSKI : 

Even VLBI? 

D R .  M U L H O L L A N D :  

I  think so. 

D R .  TOM C L A R K ,  NASA Goddard Space F l igh t  Center: 

I would think t h a t  the  Hawaiians and Texans would c e r t a i n l y  want 
t o  be t h o u g h t  of as being i n  the same country. In terms of the  
lunar  l a s e r ,  those a r e  nearly orthogonal on the  e a r t h ,  which I 
th ink  does meet the  c r i t e r i a .  And c e r t a i n l y  a l s o  in the  case of 
t h e  VLBI s i t u a t i o n ,  i f  you regard Alaska, Hawaii, and the con t i -  
nental  United S t a t e s  as a l l  members o f  the same country,  I be l ieve  
the  job can be done q u i t e  admirably on base l ines  involving 
conibinations geographical ly  deposed t h a t  way. 

DR.  MULHOLLAND:  

I agree. I  would be i n t e r e s t e d  in seeing t h a t  done. I am reminded 
of the  idea t h a t  one can model the  moon's g rav i t a t iona l  f i e l d  by 
observat ions of one s i t e  only. Orthogonality i s  perhaps not enough. 
I could say very d i s t i n c t l y  t h a t  McDonald and Hawaii a r e  not enough. 
Hawaii has too low a l a t i t u d e .  
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I DR. KLEPCZYNSKI  : 

I b e l i e v e  you r e a l l y  must  q u a l i f y  t o  what  p r e c i s i o n  y o u  w i s h  
y o u r  q u a n t i t i e s  so t h a t  you  c o u l d  t h e n  d e t e r m i n e  them w i t h i n  
one c o u n t r y .  

DR.  M U L H O L L A N D :  

A l l  r i q h t ,  t h a t ' s  f a i r  enouah .  B u t  I t h i n k  i m r ~ l i c i t  i n  e v e r v t h i n a  

. , . . . . . - . . - - . . - , - - - , . - ' J  ---  
e x t r e m e l y  h i g h  accu racy .  

DR. K L E P C Z Y N S K I  : 

N e x t  Monday, t h e  Naval  O b s e r v a t o r y  w i l l  b e g i n  o b s e r v i n g  on a m o n t h l y  
b a s i s  a t  t h e  Greenbank i n t e r f e r o n i e t e r  t o  d e t e r m i n e  e a r t h  r o t a t i o n  
~ ~ a r a r i i e t e r s .  

DR. MULHOLLXND: 

I was under  t h e  i m p r e s s i o n ,  however, t h a t  t h e  d a i l y  o p e r a t i n n  i q  

sonlewhat i n  t h e  f u t u r e .  I t  i s  t h e  d a i l y  o p e r a t i o n  t h a t  o n t  ,,,, 
t o  do e v e n t u a l l y .  

DR.  K L E P C L Y N S K I  

\,/el 1 ,  if we can do i t  rrlor? t i - i l y ,  r'eclular1.j. 1 t h i n k  k;e w i  I 1  he 
ahead o f  the yarllc. 

DR. M U L H Q L L A N D :  1 
. " 

If You can do i t  rnonth ly ,  r ~ g l i l  a r l y ,  you 1.1 bc a,nead uf u s ,  1 




