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Attent ion:  Code SC 
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Washington, D. C.  20546 

Gentlemen: 

This t h i r d  semi-annual progress r epor t  descr ibes  the  work 
accomplished under Grant No. NsG-658 from May 15,  1965 t o  November 15, 
1965. 

Ind ica t ive  of progress during t h i s  period, i t  i s  being reported 
upon i n  f i v e  d e t a i l e d  technica l  repor t s ,  one of them has been accepted fo r  
publ ica t ion  i n  a na t iona l  journal  and one Master's t h e s i s  i n  Physics has  
r e s u l t e d  from t h i s  support .  
encomtered ,  hc~:'ever, i n  the cons t ruc t ion  of experimental  recording devices ,  
thereby delaying the work of formulating samples of " rea l"  o r b i t a l  da t a  i n  
informatic  form u n t i l  a f t e r  t he  end of t h i s  repor t ing  period. 

Greater than expected d i f f i c u l t y  has been 

This g ran t  continues t o  support  a s t rong mul t id i sc ip l ina ry  e f f o r t  
of mutual advantage t o  the University of Wyoming and, we  f e e l  sure ,  the  
National Aeronautks and Space Administration. 

S incere ly ,  

John C .  Bellamy, Director  



ORBITAL OPERATIONS STUDY 
Grant No. NsG-658 

- Third Semi-Annual Progress Report 
May 15, 1965 - November 14, 1965 

1. Purposes 

A s  es tab l i shed  i n  our first "Plan of Study" repor t ,  the purposes 

Of t h i s  O r b i t a l  Operations Study are "To h e l p  e s t a b l i s h  more productively 

e f f e c t i v e  ways of c o n t r o l l i n g  o r b i t a l  operations" and, s p e c i f i c a l l y ,  t o  

do so with Informatic Data Research: 

"To e s t a b l i s h  the  p r i n c i p l e s  and p r a c t i c e s  of u t i l i z i n g  newly possible  
informatic 

- information which can be acquired, processed, recorded and 

automatic 

ways of representing la rge  sequences of numbers as 
concise  complete ' p i c tu re s '  o r  p o r t r a y a l s  of 

reprocessed i n  numerical d e t a i l  only with appropriate 
equipments i n  appropriately organized la rge  sca l e  
operat ions ,I1 

In  p a r t i c u l a r ,  the following tasks  were e s t a b l i s h e d  a t  the outse t  of t h i s  

study and are discussed i n  t u r n  in Sect ions 4-7 of t h i s  repor t .  

A. Formulating I l l u s t r a t i v e  Samples of Informatic Forms of 

O r b i t a l  Data; 

B. Fabricat ing Informatic Data Recorders; 

C .  Developing Continuous Data Output Buffers;  and 

D. Operational Engineering Research. 
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2. Personnel 

The following personnel indicated by * p a r t i c i p a t e d  i n  t h i s  s tudy 

pr imari ly  during the  period of June, Ju ly  and August; those indicated by ** 
joined the research team i n  September; the  o t h e r s  were par t - t ime p a r t i c i p a n t s  

throughout t h i s  repor t ing  period. 

John C. Bellamy, Director ,  Professor of C i v i l  Engineering 

R. Kenneth Beach, Professor E l e c t r i c a l  Engineering 

Willis L. Evere t t ,  Associate Professor (Research) Resigned August 1965 

Richard J. J i a c o l e t t i ,  Assis tant  Professor Mechanical Engineering 

C. Norman Rhodine, Associate Professor of E l e c t r i c a l  Engineering 

* 
* 
* 

Leave of Absence, August 1965 

* Donald L. Veal, Ass is tan t  Professor of C i v i l  Engineering 

* Dennis J. Knowlton, In s t ruc to r  (Research) 

* Dennis M. Kiser, I n s t r u c t o r  (Research) Resigned August 1965 

* A. L. Riemenschneider, In s t ruc to r  of E l e c t r i c a l  Engineering 

* Carl  V. Sco t t ,  In s t ruc to r  of General Engineering 

** Howard F. G u i l l ,  Mechanical Technician 

Howard E. Roberts, Plechanical Technician 

Graduate Research A s s  i s  t an t 8 

** Larry N. Bruce (E .E. ) * Roland Lamberson (Physics) 

* I?nnalc! Ai Stahla  (E,E,! 
James W. S tugar t  (E.E.) 

* J m ~ s  $!. Cndy (E.E.) 

** Russel l  B. Chadwick (E.E.) 

* Thomas C.  Ensign (Physics) ** Frank D. Terry (E.E.) 

David F je ld  (Elath) 

Undergraduate Ass is tan ts  

** Joseph P. Alibrandi (E.E.) Jck Robert 0. Lamb (C.E.) 
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3. Publ icat ions 

Progress t o  da te  toward the  purposes of t h i s  s tudy has  been 

sunmarized l a rge ly  i n  the  following t echn ica l  progress  r e p o r t s  which 

have been completed by the  time of t h i s  w r i t i n g ,  

1. 

2. 

3. 

4. 

5. 

6.  

"Plan of Study," John C .  Bellamy, August 1964, Mimeographed NRRI 
Information C i rcu la r  No. 27, 30 pp. 

"Proposed Naut ical  Units of Length and Time," John C.  Bellamy, 
Apri l  1965, Mimeographed NRRI Information C i rcu la r  No. 28, 20 pp. 
Accepted f o r  Publ ica t ion  i n  "Navigation." 

"The Character of Gravisphercs," Thomas C.  Ensign and John C.  Bellamy, 
October 1965. 
To be submitted f o r  publ ica t ion  elsewhere. 
(Attached t o  t h i s  semi-annual progress r epor t ) .  

Mimeographed NRRI Information C i r c u l a r  No. 36, 35 PP. 

"1965 S ta tus  of TACOS, An Experimental Tabular Computing System," 
C. N.  Rhodine, December 1965. 
C i rcu la r  No. 2 9 ,  29 pp. 
elsewhere. 
(Attached t o  t h i s  semi-annual progress  r epor t ) .  

Mimeographed N R R I  Information 
To be  submitted i n  p a r t  f o r  pub l i ca t ion  

"An I n i t i a l  Use-Test of Tr iad ic  Decimal Digi ts ,"  Richard J. J i a c o l e t t i ,  
and Donald L. Veal, December 1965. 
C i rcu la r  No. 30, 14 pp. 
(Attached t o  t h i s  semi-annual progress  r e p o r t ) .  

Mimeographed NRRI Information 

"A Tr i ad ic  Decimal Dig i t  Printer-Reader Unit, Preliminary Design 
Considerations ,I1 C . N. Rhodine, December 1965. 
Information C i rcu la r  No .  31, 11 pp. 
(Attached to  t h i s  semi-annual progress  r epor t ) .  

Mimeographed NTSCI 

I n  addi t ion ,  t he  following two r e l a t e d  papers were supported i n  

p a r t  by t h i s  study and were published during t h i s  r epor t ing  period. 

"'SIPLIC' Forms of Hourly P rec ip i t a t ion  Data,'' Anton C. Munari and 
John C.  Bellamy, August 1965 . 
No. 32, 25 pp. 
(Attached t o  t h i s  semi-annual progress r e p o r t ) .  

Kimeographed NRRI Information C i rcu la r  
Accepted f o r  publ icat ion i n  The Monthly Weather Review. 

"A Study of the  Magnetohydrodynamic Behavior of the  F Region of the  
Ionosphere ,I' Roland H. Lamberson, August 1965. 
i n  Physics,  6 1  pp. 
Now being r ewr i t t en  by D r .  Willis L. Evere t t  a s  a r epor t  of t h i s  
O r b i t a l  Operations Study and for  publ ica t ion  elsewhere. 

Thes is  f o r  M.S. degree 
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4 .  I l l u s t r a t i v e  Examples of Informatic Forms of O r b i t a l  Data 

As described i n  Sections 5 and 6, unexpected d i f f i c u l t i e s  i n  

f ab r i ca t ing  the  p re requ i s i t e  recording devices has  delayed the  planned-for 

formulation of i l l u s t r a t i v e  examples of o r b i t a l  d a t a  i n  informatic  form. 

Nevertheless good research progress has  been made toward t h i s  t a s k  with 

the  following four  t e s t - t r i a l s  of p o t e n t i a l l y  usefu l  forms of numerals. 

4a,  "SIPLIC" Forms of Data. 

The development of the llSIPLIC1l form of no ta t ion  i s  deemed t o  be 

a major advance i n  the  general  f i e l d  of informatic  d a t a  research. 

i t s  i n i t i a l  t r i a l - u s e  has  been to  por t ray  the space-time d i s t r i b u t i o n  of 

hour ly  p r e c i p i t a t i o n  da ta ,  it c l e a r l y  o f f e r s  outs tanding p o t e n t i a l i t i e s  f o r  

portraying,  e spec ia l ly ,  some of the  s c i e n t i f i c  kinds of o r b i t a l  data .  In  

addi t ion ,  p a r t i c i p a t i o n  by some of the  Orb i t a l  Operations Study personnel i n  

t h e  formulation 

i n s i g h t  i n t o  the  d i f f i c u l t i e s  of using general  purpose d i g i t a l  computers and 

c u r r e n t l y  ava i l ab le  kinds of recorders t o  produce t h i s  kind of data .  

Although 

of t h i s  t r ia l  sample of d a t a  has  provided them with valuable 

4b. Incremental Forms of Orbi ta l  Pos i t ion  Data. 

The r epor t  on the  " I n i t i a l  Use-Test of Tr iad ic  Decimal Digits" 

was based on a pos tu la te  t h a t  t h e  newly conceived "Triadic  Decimal Digi ts"  

might wel l  be c t i l i z e d  f o r  per iodica l ly  labe l ing  incremental  forms of o r b i t a l  

pos i t i on  data .  

mental no ta t ion  t o  por t ray  t h e  values  of t i m e ,  longi tude,  l a t i t u d e  and 

e l e v a t i o n  f o r  a por t ion  of an o r b i t  of a TIROS satel l i te .  

reached with t h i s  i n i t i a l  use- tes t  were, i n  essence,  t h a t  (1) the  proportions 

of the  incremental 3.1, 0 and -1 numerals used i n  t h i s  tes t  were inappropriate  

f o r  t h i s  purpose, (2) some other ,  probably "uadic", no ta t ion  i s  needed t o  

l a b e l  t h i s  kind of incremental da ta  and (3) the  use of a general  purpose 

d i g i t a l  computer such as the Philco 211 f o r  formulating such d a t a  is  not 

n e a r l y  as Convenient and economical as w a s  i n i t i a l l y  expected. 

Consequently i t  included an i n i t i a l  use- tes t  of an incre-  

The conclusions 
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4c. Tr iad ic  Decimal D i g i t s  . 
Although t h a t  i n i t i a l  use- tes t  of "Tr iad ic  Decimal Digi ts"  pro- 

duced a negat ive r e s u l t  i n so fa r  as they might prove t o  be use fu l  f o r  

pe r iod ica l ly  labe l ing  incremental t a l l i es ,  it also produced the  p o s i t i v e  

r e s u l t  t h a t  they a re  r e a d i l y  recognizable a f t e r  bu t  l imi ted  experience 

with them. 

usefu l  f o r  purposes such as informat ica l ly  l abe l ing  whole shee t s  o r  blocks 

of da ta .  

Consequently i t  is expected t h a t  they might w e l l  prove t o  be 

4d. Uadic Numerals. 

Although the  unexpected d i f f i c u l t y  of modifying a mul t i s ty lus  kind 

of recorder  precluded the  formulation of t r i a l  uadic forms of "real" o r b i t a l  

d a t a  during t h i s  per iod,  i t  d id  prove t o  be poss ib le  t o  include an i n i t i a l  

i l l u s t r a t i o n  of some uadic d a t a  i n  the  "TACOS" repor t .  

reached with t h i s  i n i t i a l  t r i a l  were t h a t  (1) the  uadic kind of numerals 

o f f e r s  very good p o t e n t i a l i t i e s  f o r  many kinds of o r b i t a l  da t a ,  bu t  t h a t  

(2) add i t iona l  work is  required t o  obta in  a b e t t e r  balance among t h e i r  

appearance, r e c o r d a b i l i t y  and automatic r e a d a b i l i t y .  

The conclusions 

4e.  Po r t r aya l s  of S c i e n t i f i c  Orb i t a l  Data. 

Work a l s o  continued during t h i s  r epor t ing  period toward formulating 

incremental  F o r t r q a l a  of the d i s t r i b u t i o n  of i n f r a red  r a d i a t i o n  as observed 

wi th  TIROS. This  work w a s  held t o  a low l e v e l ,  however, by the  d ive r s ion  

of e f f o r t  required t o  overcome the  unexpected d i f f i c u l t i e s  encountered i n  

t h e  u t i l i z a t i o n  of our  l a rge  d i g i t a l  computer f o r ,  e spec ia l ly ,  t he  t r i a l  

formulat ion of o r b i t a l  pos i t ion  data .  

5 



5. Fabr ica t ing  I n f o m a t i c  Data Recorders 

As descr ibed i n  the repor t  on "TACOS", the  primary recorder- 

development e f f o r t  during t h i s  period was expended upon the  modif icat ion 

of a commercial mu l t i s ty lus ,  electrochemical type of recorder .  This 

recorder  became ava i l ab le  f o r  producing some i n i t i a l  samples of both 

incremental  and uadic kinds of numerals near  the  end of t h i s  repor t ing  

per iod,  and is  now ava i l ab le  f o r  recording some t r i a l  samples of "real" 

o r b i t a l  da ta .  

Considerable e f f o r t  was a l s o  expended upon modifying e l e c t r i c -  

typewri te rs  f o r  our  experimental work. In  p a r t i c u l a r ,  an o ld  e l e c t r i c  

typewri ter  was equipped with stepping solenoids  and worm gears  t o  obta in  

about 72 paper and/or ca r r i age  s teps  per inch. 

negated by the  extreme d i f f i c u l t y  of maintaining r e g i s t r y  and s t r i k i n g  

fo rces  of keys with compatibly small charac te rs .  

was then made t o  overcome t h i s  d i f f i c u l t y  by u t i l i z i n g  the  ends of small 

music wires as an a r r a y  of "tapper-bars" i n  f ixed  l a t e r a l  pos i t ions .  

Those wires  were t o  be dr iven  against  the  typewri te r  r ibbon ind iv idua l ly  

by passing cu r ren t  through s ingle  d r i v e  wires  i n  a s t rong  magnetic f i e l d .  

It has  no t  y e t  proven t o  be poss ib le ,  however, t o  ob ta in  s u f f i c i e n t  

s t r i k i n g  force  i n  t h i s  p a r t i c u l a r  way. 

This  work w a s  l a r g e l y  

An unsuccessful a t t e m p t  

In  t h i s  r e spec t ,  the Cook E l e c t r i c  Company of Chicago, I l l i n o i s  

donated some equipment t o  the  University of Wyoming during t h i s  repor t ing  

ne ,,rid. It centained a f ixed  pos i t ion  tapper-bar type of recorder  which 

had previously produced some very good q u a l i t y  incremental  records . 
recorder  is  now being modified t o  produce incremental  t a b l e s  f o r  the  t abu la r  

conversion technique of computation i n  TACOS, and a similar kind of "tapping" 

assembly is now being designed fo r  use with appropr ia te  paper car r iages .  

In addi t ion ,  a promising new kind of  recorder  f o r  "uadic" numerals is now 

being developed f o r  use i n  t h e  Universi ty 's  Elk Mountain Water Resources 

Observatory which, i f  successful ,  w i l l  become ava i l ab le  f o r  use i n  t h i s  

O r b i t a l  Operations Study. 

This  

6 



6. Developing Continuous Data Output Buffers 

The equipment developed under this Task C of the Plan of Study 
has been dubbed "TACOS" in short for the experimental ''TAbular Computing 
System" with which this informatic data research is being conducted. As 

described in detail in the progress report on TACOS, its development has 
progressed very satisfactorily with the exception of its output recording 
devices. 

tabular conversion technique of computation for both (1) producing 
experimental samples of informatic data and (2) eventual real time use in 
orbital operations for, especially, rectifying observational data in terms 
Of sensor-calibration data. 
were also greatly enhanced by receiving a different kind of tabular 
converting mechanism in the aforementioned gift from the Cook Electric Company. 

It has especially demonstrated good potentialities of the 

The experimental use capabilities of TACOS 

7. Operational Engineering Research 

A relatively small amount of effort on this Task D of the Plan 
of Study has produced one report and one Master's thesis during this period. 
The report on "The Character of Granispheres" is meant primarily to help 
identify and define the characteristic regions of Orbital Operations. 
resultant simple definitions of the extent of the "gravispheres" or 
"body- centered regions of space" associated with the planats and moons 
seem to provide a very useful perspective of present and future operations 
in space. 
of such bodies in their transition regions is also expected to lead to 
some simplified methods of determining and describing orbits. 

The 

The method used to evaluate the combined gravitational fields 

Mr. Lamberson's Master's thesis is concerned with some of the 
physical relationships upon which portrayals of the occurrences in the 
upper ionsphere can be based. The results of this work are apparently 
novel and offer good promise for continued development. A more complete 
report on this work is now being written by Dr. Everett, (who transferred 
to the University of New Mexico in September). This report is to be 
submitted for publication in some suitable journal and is to be preprinted 
as one of the mimeographed series of progress reports of this Orbital 
Operations Study. 
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Plans f o r  t he  Next Period 8 -  ---- 
8a. Formulating I l l u s t r a t i v e  Samples of Informatic Forms of O r b i t a l  Data. 

Plans f o r  the next semi-annual r epor t ing  period c a l l  f o r  a major 

e f f o r t  toward producing some informatic examples of "real" o r b i t a l  da ta .  

Toward t h i s  end some sample Arabic d i g i t  t abu la t ions  of "housekeeping" 

d a t a  were obtained from each of the TIROS, NIMBUS and OS0 c o n t r o l  cen te r s  

i n  the  Goddard Space F l i g h t  Center. 

mid-November t o  obtain t h i s  d a t a  t h a t  similar da t a  from OGO i s  not now 

a v a i l a b l e ,  and t h a t  special arrangements w i l l  have t o  be made with individual  

experimenters t o  ob ta in  sample s c i e n t i f i c  d a t a  from OGO. Consequently 

primary a t t e n t i o n  w i l l  be d i r ec t ed  during t h i s  next r epor t ing  period toward 

portraying the  housekeeping kind of d a t a  from TIROS, NIMBUS and OSO. 

It was  found while arranging i n  

Spec i f i ca l ly ,  i t  i s  intended f i r s t  t o  equip a manual typewri ter  

wi th  keys f o r  a v a r i e t y  of d i f f e r e n t l y  proportioned uadic characters .  

typewri ter  i s  t o  be used t o  t r ansc r ibe  as much of t h e  housekeeping d a t a  

on hand as proves t o  b e  p rac t i cab le  i n t o  t r i a l  uadic forms, and t o  photo- 

g raph ica l ly  reduce t h e  s i z e  of t h e  r e s u l t a n t  d a t a  by s e v e r a l  experimental 
r a t i o s .  

t r i a l s  w i l l  be obtainable  much before the  end of t h i s  next report ing 

period. 

This 

It does no t  now seem l ike ly  t h a t  the  r e s u l t s  of such i n i t i a l  

I n  add i t ion ,  it i s  now planned t o  continue work on the  po r t r aya l  

of o r b i t a l  p o s i t i o n  d a t a  and TIROS i n f r a r e d  data.  

planned t o  compiete the debugging of a computer program t o  generate punched 

tape records of continuous o r b i t a l  p o s i t i o n  d a t a  i n  a form s u i t a b l e  f o r  

i n p u t  i n t o  a newly acquired e l e c t r i c  typewriter.  

t o  be f i t t e d  with keys f o r  (1) d i f f e r e n t l y  proportioned increments f o r  

por t ray ing  o r b i t a l  pos i t i on  data,  (2) l abe l ing  such p o s i t i o n a l  da t a  with 

a t r ia l  form of uadic numerals, and (3) incremental and sca l ing  numerals 

appropr i a t e  f o r  portraying the  two-dimensional d i s t r i b u t i o n s  of i n f r a r e d  

data .  

I n  t h i s  case, i t  i s  

This  typewri ter  i s  ye t  
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8b. Fabr ica t ing  Informatic  Data Recorders. 

The development of mechanical recorders  i s  t o  be  continued 

during the  next repor t ing  period with emphasis on the  "tapper-bar" 

method of obtaining the  required small s i z e s  of marks d i r e c t l y .  Such 

mechanical recorders  are needed fo r  our experimental  work as w e l l  as, 

u l t ima te ly ,  d i sp lay ing  the  kinds of da t a  i n  which successive values  of 

each va r i ab le  a r e  received a t  only per iodic  i n t e r v a l s  such as once each 

o rb i  t. 

I n  add i t ion ,  a novel method has r ecen t ly  been conceived t o  

record the  kinds of da t a  i n  which many successive values  of each of the  

va r i ab le s  of i n t e r e s t  become ava i l ab le  a t  once. It i s  expected t h a t  t h i s  

method of recording w i l l  u t i l i z e  cathode- ray- tube f lying-  spot- scanners i n  

a novel,  except iona l ly  f l e x i b l e  and convenient,  o p t i c a l  way of producing 

the  des i r ed  small-size marks d i r e c t l y ,  rap id ly  and accura te ly .  It i s  

planned t o  s tar t  cons t ruc t ion  of an experimental recorder  of t h i s  type 

during the  next  r epor t ing  period. 

wet-processing of i t s  photographic type of output record;  t h i s  wet-processing 

could we l l  be replaced i n  opera t iona l  prototypes by dry xerographic 

process ing  . 

This  experimental  recorder  w i l l  require 

8c .  Developing Continuous Data Output Buffers. 

A s  descr ibed i n  the  repor t  on "TACOS", i t  now needs t o  be 

provided pr imar i ly  with aiitomatic data- input  and i n t e r p o l a t i v e  incrementation 

c a p a b i l i t i e s .  

r epor t ing  period, however, w i t h  separa te ly  supported research on informatic  

forms of water resource da t a .  

provide the  experimental  capab i l i t y  t h a t  t h i s  O r b i t a l  Operations Study 

w i l l  need about one year  from now. 

should be ava i l ab le  f o r  the  i n i t i a t i o n  of research on s p e c i f i c  ways of 

r e a l i z i n g  the  p o t e n t i a l i t i e s  of t abu la r  conversion and incremental  

i n t e r p o l a t i o n  i n  o r b i t a l  operations.  

Most of t h i s  work is  t o  be accomplished during the  next 

It i s  expected t h a t  such paral le l  work w i l l  

By t h a t  t i m e  s u i t a b l e  output recorders  
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8d. Operational Engineering Research. 

One of the primary results of informatic data research to date 
is the clear need it has highlighted to improve upon our understanding 
of what might be called the "Arithmetic of Physical Quantities". 
highlighted especially the need to develop better ways of defining and 
describing the concepts of things such as "operational units of resolution", 
''continuous data", "concordant functions", "tallic numerals", "tabular 
conversion", "incrementation", etc. It is thus planned to hold seminars 
throughout the next reporting period on this general subject. 
emphasis is to be placed on ways of describing the concepts and electronic 
circuitry of the automatic kinds of "incrementa1 arithmetic" which now 
seem likely to become most advantageous for use in various aspects of 
orbital operations. 

It has 

Initial 
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