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THE CELESTIAL ALTITUDE DIFFERENTIAL COMPUTER 

INTRODUCTION 

The Idea for the Celestml Altitude Dlf- 
ferentlal computer was concalved wlthm the 
Aeronautical Charts Section of T e c hn 1 c a 1 
Development Sernce and the design was 
accomplished by that Section. The experl- 
mental model of the mstrumentwas construct- 
ed by the Clvll Aeronautics Admxnstratlon 
Expernnental Station at Indlanapolls, Indmna. 
The purpose of this nxtrurnent 1s to compute 
the change m altitude of a celestml body for 
a short mterval of tn-ne. such change bemg 
due both to the rotatmn of the earth and to 
movement of an observer over the surface of 
the earth. 

In celestial navlgatmn, altitude obser- 
vatmns upon two celestial bodies determine 
a hx, or knownposltmn. In almost any method 
of computing tbxs posltmn it 1s an advantage 
to have the observahons snnultaneous and in 
several methods it 1s nnperative. However, 
malr navlgatmnit 1s impractical to make the 
observations s.m-mJtaneously. sxxce tins would 
necessliate two observers and two sextants. 
The Celestial Altitude Dlfferentxal Computer 
enables the observer to compute a correctIon 
totbe flrstaltltude observed, therebyreducmg 
It to a con&tlon of smmltaneltywlth the second 
observation and thus acccmphshmg the same 
result as would obtam If both observations had 
bean taken at the same tnne. 

HISTORY OF THE COMPUTER 

The design of a computer to accomplish 
the above-mentmned r e s ul t was originally 
suggestedby the proposal of a system of nav- 
~patmn known as Spherographlcal Navlgatmn 
This system proposed use of an accurately 
ground sphere with plastic coatmg, upon which 
the promment navlgatmnal stars were plotted. 
By the use of special mstruments It was pro- 
posed to solve celestial problems graphxally 
upon the surface of this sphere In usmg this 
system, with the sphere representmg the 
celestml sphere, it was necessary xn most 
cases to reduce two celestial observatmns to 

- a condltlon of sunultanelty, ,n order to msure 
the proper degree of accuracy 1x1 the result. 
There are severalways of accompllshmg tbls. 
An addltmnal observatmn may be taken on the 
first star after the second star has been ob- 
served, and the altitude of the first star ad- 
Justed for time of second star sight by means 

of the two observatmns. H 0 No. 218. a set 
of astronomxal navlgatmn tables publlshed by 
the Hydrographx Offxe of the Navy, mcludes 
s e v e r a 1 tables which may be used for this 
purpose. The Celestzal Altitude Dlfferenbal 
Computer furmshes another method of solvmg 
the same problem, and Its orlgmal conceptmn 
was the result of an effort to solve the problem 
for Spherographlcal Navlgatmn 

BASIC THEORY OF THE COMPUTER 

The change la altitude of a star to an 
observer m a raprdly movmg airplane 1s due 
totwo causes, the rotatlonof the earth and the 
movement of the anplane w 1 t h reference to 
the surface of the earth If dh equals the rate 

iir 
of change of altitude m mmutes of arc per 
rmnute of tnne due to the earth’s rotatmn. then 

dh - - 15 s1n z cos L, 
dt - 

where Z = azn-nuth of the body from the ob- 
server’s merldlan 
and L = latitude of the observer. 
If dh’ equals the rate of change of altitude III 

mmutes of arc per mmute of tnne due to motion 
of the anplane over the surface of the earth, 
then 

where S = ground speed of airplane m knots 
and $3 = angle between the track of the plane 
and the bearlag to the star. 

Wble these rates are theoretlcally 
correct for only an mstant of tune. they may 
be as s umed to be constant for such short 
p e r 1 o d s as usually elapse between sextant 
observations - usuallyless thanten mmutes - 
wlthout appreciable error Therefore, for 
short Intervals, we may say that 

AH = 15 sn, Z cos L 0) 

and AH’= S cos 4 
60’ 

where A H = change ln altitude XI one mmute 
of hme due to the rotation of the earth and 
AH’ = change in altitude in one rn~nu te of 

time due to motmn of airplane over the earth’s 
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surface 
The solution of these two equations for 

AHandAH’. the algebraic addition of the 
results, and the multiplication by the number 
of minutes in the tune mterval will evidently 
give the total altrtude change in the star be- 
tween the first and second observations The 
problem, then, was to design an instrument tc 
perform these operations mechanically 

Smce the two e q “a t I o n s to be solved 
cnntam operations of multiplication and divi- 
sien only, it was evident that the logarithmic 
principle used in the conventional slide rule 
would apply to the case The values 15 in 
equation (1) and l/60 or 0 0167 in equation 
(2) could be engraved on a slide rule, since 
they remain constant The value S, being 
known for each problem, could be set on the 
slide rule without further reference However, 
the values sin Z, cos L,and cos 94. since they 
represent functions of angles, could not be 
obtainedwithout reference to tables The ,dea 
was then conceived of using a base plate with 
logarithmic sine and cosine curves engraved 
thereon and a movable slide rule, s 11 ding 
across the base p1ate.m order thatthe neces- 
sary functional values of each angle involved 
might be set into the slide rule from the 
curve 5 

CONSTRUCTION 

The expernnental model computer, as 
finally canstructed, (see Fig 1). consists of 
a 7-l/2 inch square brass plate, known as the 
base plate, with a sliding logarithmic rule, 
and a sliding addition scale. The base plate 
has a line. known as the base line, engraved 
near its right hand edge This line 1s sub- 
drvided into equal spaces representing the 
degrees from 0 to 90 Near the left edge of 
the base plate is a parallel line, simrlarly 
subdivided, and with angles noted every 10 
degrees, includxsg all angles from 0 to 360 
with equalnumerxal values for their sines and 
cosmes Above are noted the functional signs 
of the star azimuths and track-to-star angles 
Assignmg a numerical value of one to the base 
lme, the logaritilc sme and cnsme curves 
are engraved upon the b a s e plate, with the 
logarithmrc value of the function as the abscis- 
sa and the angle as the ordinate The sine 
curve is labeled STAR AZIMUTH, since that 
curve IS used to obtain the sine of the star 
azimuth, while the cosine curve is 1 a b e le d 

bothLATITUDE and TRACK-TO-STAR ANGLE, 
smce that curve is used to obtam the cosines 
of these two angles Along the left and right 
edges of the base plate are two prolectmns 
with stops at the upper ends, which act as 
tracks upon which the sliding 1 o g a r i t hm 1 c 
rule moves. 

The s 11 d 1 n g logarithmic rule is com- 
posed of three parts, (1) the fixed scale, 
which slides across the base plate and has 
a logarithmic scale engraved upon it with the 
right hand 1 in line with the base line, (2) the 
sliding scale, which lrkewise has a logarithmic 
scale engraved upon it, and which slides along 
the frxed scale with the two logarithmic 
scales in ]uxtaposition, and (3) the indicator, 
which slides in a groove in the sliding scale 
and has an index mark both at the f i d u c 1 a 1 
edge of the rule and at the logarrthmic scales. 
The fixed scale IS graduated logarithmrcally 
from 0 04 through 1. The sliding scale is 
graduated from 0.4 through 15. The constants 
15 in equation (1) and l/60 or 0.0167 in equa- 
tion (2) are represented on the sliding scale 
by arrows at their proper values and by the 
letters A and B respectively. 

A simple addition scale 1s provided near 
the upper edge of the base plate, for the con- 
venience of anyone desiring to perform me- 
chanicallythe algebraic addition of the change 
in altitude per minute due to the earth’s 
rotation and the change in altitude per minute 
due to movement ever the earth’s surface. 
On the base plate is engraved a scale running 
both directions from zern to plus or minus 
10 minutes, with graduations each two-tenths 
of a r"l""te. A slldmg scale is provided with 
a scale running both directions from eern to 
plus or rrnnus twenty-five mmutes and with 
g r a d ua t 1 on s likewise each two-tenths of a 
minute A groove m this sliding scale provides 
for a slxbng indicator with an index mark 

OPERATION OF THE COMPUTER 

In the use of the logarithmic rule the 
standard procedure is to always read the re- 
sult of any o p e rat 1 on on the sliding scale 
The fixed scale and the sine and cosine curves 
are used to set off the various increments or 
decrements OH the sliding scale by moving 
the previous or carried value on the sliding 
scale to the base line, and then moving the 
indicator to the multiplier on the fixed scale 
or on the functional curves. at which tune the 
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Fig I The Celestml Altztude Dlfferentml Computer 



4 

mdlcatar ~111 read the result of the operatm” 
on the slldlng scale 

The following rules lndxate the method 
of solvmg a problem with the instrument 

1 Set A on slldlng scale to base line. 
2 Move flduclal edge 01 rule to latitude 

angle 
3 Set Index pomter to latitude curve. 
4 Move slldmg scale until Index pomter 

1s at base line 
5 Move flduclal edge of rule to aem,uth 

angle 

6. Set Index pornter to nzrmuth curve. 
7 Readmmutes atmdex pointer o” slldmg 

scale, record and note slg” from ae,muth 
angle 

8. Set B on slldlng scale to left hand 1 on 
fixed scale. 

9 Set Index pointer to ground speed A” 
“autlcal miles on fixed scale. 

10 Move slldmg scale until index pointer 
1s at base lme. 

11. Move flducmledge of rule to track-star 
angle. 

12 Set Index pointer to track-star curve. 
13 Readmmutes at mdexpmnter on slldmg 

scale. record and note slg” from track-star 
angle 

14. Add algebraically (7) and (13) 
15. Multlply (14) by time interval 1” minutes 

The result of operation 15 gives the 
“umber of minutes of altitude change, with 
slg” of change, of the celestml body durmg 
the elapsed tune ,“terval. Operatm” 14 may 
be performed either with penal and paper or 
with the addltm” scale on the Instrument. 

The followng sample problem 1s give” 
as an lllustratlo” 

Two star shots are taken from an air- 
plane, with a tm,e Interval of 6 mmutes and 
36 seconds between them. It 1s de s 1 r e d to 
compute the altitude of the first star observed 
as it would have appeared at the tnne of the 
second observatmn. The followmg data pre- 
Wll 

Latitude 39” N 
star azimuth 220” 
Ground speed of plane 

(nautical miles per hour) 165 
Track-star angle 30” 
Elapsed tune b rnn~ 36 sec. 

Set A on sl,dx”g scale to the base lme 

and move the flduclal edge of the rule to 39 
degrees Set Index pointer to latitude curve 
and read 11 60 u” slldmg scale. Move slzdmg 
scale until Index pointer 1s at base lme Move 
fiducial edge of rule to 220 degrees, set index 
p o 1 nt e r to azimuth curve, and read 7 45 on 
slldmg scale with a minus slg” taken f r urn 
the aelmuth angle This mdlcates that the star 
~111 decrease 1” altitude 7.45’ for every 
minute of elapsed tm,e, due to rotatIc.” of the 
earth Record this value and proceed w 1 th 
the nextoperat1on Set B on sll&“g scale to 
left hand 1 on fued scale and set Index pomter 
at 165 o” flxed scale, readmg 2.75 on sltdmg 
Scale Move slldmg scale until Index pointer 
1s at base line and set flduclal edge of rule to 
30 degrees. Set Index pomter to track-star 
curve and read 2.38 on slldmg scale with a 
plus slg” taken from the track-star angle. 
Thus mdlcates that the star ~111 increase m 
altitude 2.38 for every minute of elapsed 
tune, due to the motxz” of the airplane. The 
algebraic sum of -7 45 and l 2 38 g Eve .s the 
total change I” altitude per minute due to both 
motmns. namely -5.07’ . Multlplymg this on 
the slide rule by the elapsed time 6.6 minutes 
gives the value -33.4’, which 1s the total 
change I” altitude of the star durmg the tnne 
Interval between observatmns Ttis must, of 
course, be applied to the observed altitude. 
whereupon we have the altrtude of both stars 
slmulta”eo”sly. 

CONCLUSIONS 

Use of the Celestial Altitude Dlfferentml 
Computer 1s by no means the only method of 
obtaining a con&tion of slmultanelty of two 
celestial obsmvatmns for determmmg posltm”. 
T able s exist for determmlsg the change m 
altitude. due both to the earth’s rotation and 
to movement eve r the earth’s surface. A” 
addltmnal observation may be take” u” the 
flrst star after the second has been observed 
to attam the same result In the tabular method 
of precomputed astronomical trw-qles and 
wIththe astrographthe element of time dlffer- 
ence 1s taken care of I” other ways. 

Below are llsted some of the methods 
used I” obtalmng a fix from two c e 1 e s t, a 1 
altitudes and the possible use of the computer 
1x1 each case. 

1. The conventional method of us ~“g 
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precomputed tables or computers to o b t a ln 
the altitude and ammuth from a” a s s urn e d 
posltmn and using the difference between the 
observed and computed altitudes to establish 
B position lme for each observation. In this 
case the element of time enters Into the cum- 
putatmn for altitude and ,t 1s only necessary 
to adJust for the run of the plane between 
observations. This may be done m the con- 
ventional way by advancmg the first position 
lme parallel to itself the distance and dlrec- 
tmn of the plane’s run between observations 
It may also be done by using the computer to 
obtain the difference I” star altitude due to 
the plane’s reel between bbservations and 
applying tbls difference to the first observed 
altitude, whereupon no advance of the f 1 r s t 
posl~o" 11ne 1s necessary Use of the com- 
puter I” this case merely substitutes a com- 
putatlon for a drafting up e rat 1 on and 1s a 
matter of personal choice. 

2. TheAstrograph - The same condltlons 
prevail m tbls case as 1x1 case (1) and the 
computer can be put to the same use, if 
desired. 

3 Star Altitude Curves -When two 
stars other than Polaris are used. it 1s nec- 
essary to make graphically, adJustments on 
the curve sheet for change m altitude due to 
both the earth’s rotation and the run of the 
plane between observations. These two graph- 
lcal adJustients may be elunlnated by using 
the computer to obtain the total altitude change 
an the first star observed and then applying 
this change to the first observation Agam, 
It 1s a matter of personal choice between the 
two methods. 

4. Spherographlcal Navigation - Use of 
the Spherograph, mentloned ln the paragraph 

on &story of the Computer. has not, to our 
knowledge, come Into general use Usmg the 
Spherographlcal two star fix solution with the 
sphere as a celestial sphere, It would be “ec- 
essary to make both adJustients for the time 
interval between observations. We know of 
no practxal way of accompllshq tbxs graph- 
xally upon the sphere, but use of either the 
computer or tables of altitude change ~111 
accomplish the necessary result. Here It 1s 
a matter of choice between the computer, 
tables, or an additional observation. 

5. Navqator Sphere - This IS a new 
lnstrumentnow under constructlon for the Air 
Navigation De-aces Development Dxvlslon of 
TechnlcalDevelopmentServlce Itls deslgned 
to give a direct reading of position latitude 
and longitude when the altitudes of two stars 
and the sldereal time are set Into the lnstru- 
ment. It IS n e c e s s a r y with the Navigator 
Sphere to have a condltlon of slmultanelty of 
observatmns, which can be obtalned wltb eltber 
the computer or tables. as desired. 

The foregang lllustratlons lndlcate some 
ofthe wayslnwhxchthe computer maybe 
used. Agal”, It should be emphasleed that by 
means of an additional observation or the use 
of tables the same result may be achieved m 
all cases. The computer 1s probably somewhat 
faster thananaddltlonal observationand prob- 
ably somewhat more accurate than tables 
such as appear in H 0 218, although great 
accuracy 1s not essent1a1 I” ks comp”tatlo”, 
smce the basic data 1s usually not extremely 
accurate. Its use m preference to other 
methods would probably depend to a g r eat 
extent upon the personal preference of the 
navigator. 


