322 AIR NAVIGATION CELESTIAL NAVIGATION—LEQUIPMENT 323

1 s the ealculated altitude. The difference between this altitude
L ihe true altitude found with the sextant gives the altitude intercept 14
I Sinee the true altitude is greater than the calculated, the direction
~ L the observed body.

Azimuth.—The azimuth is taken from the diagram shown in Fig. 217c.
e left-hand side of the page enter with 18° cross on this horizontal
~ o unlil it intersects the curved line of declination 21°, pass up this line in
= ihieal direction until the altitude curve 33° is intersected, then pass
~ vonlally to the right side of diagram, and thus read the azimuth 20°.
0 Lhe sun bore southeast, the azimuth is S, 20°E.,

latitude and declination are of contrary names, or subtracting if of
same name, to get the value K ~ d.
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Fra. 222 —Hubstellar points.

o Meridian Altitude.—If the LHA is 0, the sun is on the meridian,
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K = latitude

. 0 | B = B, it is only necessary to enter Table B with K ~d
=l oul from B the H, direct. Tt is not necessary in this case to
= down A, B, or log H.. Also since the body is on the meridian,
~ hnnth is not required, and the @ is applied to the assumed latitude
~ o the Iaditude diveet.
oo HaedThe eolumn form of work sheet as shown will be found
~cudenl in the air, sinee several sights ean be worked on one page and
(i form need not be written each time.  Also since similar terms
AU ciphis appear on the same line, a ready check on the work is
- o 06 is enstomary to make the small correction for refraction
.l Blnlly
Bl Altitude Curves.”——I'rom any given position on the earth, at
Ccbcen metant of sidereal time, there is only one possible altitude for
Sl mtr, The CStar Altitude Clurves” take advantage of this fact
Ao ndvanes oogreat paet of the work otherwise required of the
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Fia, 221,—Page from “I1,0, 214."

With the value K ~ d, turn to Table I3 (IMig, 2176) and with {1

to the nearest minute, 55°43’, find the number 21927, and adid Cogetd
and B to get 26487, Now, entering Table B (I, 2070) wt (he |

and looking in the column for this sanme number, the altitude i fouml Ml
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The simultaneous altitudes of two stars, together with (e €5
sidereal time of observation, definitely determine a poinl o &
surface. This may be put in graphic form by plotting he 8
against the latitude and local sidereal time. The simullmneais
thus determine by the curves a latitude and a corresponding st
time. The local sidereal time found from the curves cuili
the Greenwich sidereal time gives the longitude of the ulisi
both latitude and longitude are determined withoul peleris
dead-reckoning position, right ascension, deelination, huis
azimuth. No plotting whatever is required to obtain w [ix.
computation for the latitude and longitude of a definite |
reduced to one subtraction of time to find the longilude,

Graphical Representation. At any given instanl w stur
over (Z.e., in the zenith for) some point on the earth callod thie &
point. On a small-scale chart such as Fig. 222, assume (hal the
point for one star is at A, and for a second star at B, shown 18
chart. At A the altifude of the zenithal star is 90°, and nt u o
600 miles (60 nautical miles equal 1°) the altitude s HOY, ad
miles the altitude is 70° ete. In the same way, curvos ol
the second star (Polaris) may be constructed from . ‘Il
equal altitudes are nothing more than lines of posilion [l W
given instant of time.

Referring again to Tig. 222, suppose the altitude of stur |
to be 28°, and of star B, 40°; then the intersection of (hese
circles at C is the observer’s position. There are {wo posith
which are on the same two cireles of altitude, hut only (e nne
the curves are constructed will give the proper value of Uie s
time,

If the star 4 of 0° declination is on the prime verficnl with Hh
on the equator, its altitude at point €' will incrense ot i pake
every 4 min. of elapsed sidereal time. The star A chunpges alis
0° to 90° in 6 hr., therefore, 1 hr. equals [5°, or | min. eouuk &
minutes after the altitude of star A, as observed [vom € s
have inereased to 29°, and 4 min. later, to 30°%, ele.  "I'hin iy
by having the time scale inerease toward the rvight as shown
Instead of considering that the altitude inereases for (e pued
picture the time increasing, as represented by the locnlsiderial
for greater altitudes. Tor other latitudes and declinntiome, &8
of altitude would be less than 1° for 4 min, of time, hut the
illustrate the principle. The “At’ in “ILO, 211," shows (e
altitude for change of time,

Since the azimuth is at vight angles to the line of posit
the altitude inerenses when the body i approscehed, thie S8

(08" give the approximate azimuth at a glance. In Fig. 223 {he
nth of Vega will be seen at once to be rising because the altitude
mses with time, and to be nearly east because the altitude curves
Vepa run nearly north and south. Given the approximate local
ionl time and latitude, the curves give the name, azimuth, and
joximate altitude of the star to be observed. The curves may be
| ronveniently for star finding,.

I''ovision is also made for the accurate simple use of any edition ol
nirves for a date earlier or later than the date of publication. This
complished by applying to the sexfani altitude a correction for the
il date. The figure below each star’s name in Fig, 223 is the correc-
(o be applied for the annual change in altitude, the sign showing
il is applied for a date loter than the epoch for which the curves are
qiited and positioned.  Figure 223 shows a sample page of the new
(i reduced one-half,

Hidereal Time and Longitude.—Local sidereal ttme (LST) is found
o Lhe “Star Altitude Curves” by projecting the altitude intersection
i top or bottom scale. Longitude is the difference between Green-
nitereal tme (GST) and LST. GST may be determined by any of
il different methods:

I By GST watch showing GST in time units.

! By GST watch showing GST in arc units.

1 By converting Greenwich civil time (GCT) to GST in arc by means
o ir Almanac, or by means of a mechanical time converter.

Wlhien using GST in time units, LST is taken from the top scale of the
i Altitude Curves,” and the difference is longitude in time units
lichould be converted to are units.  When GST in are units is used,
I 11 (nken from the bottom scale of the “Star Altitude Curves.”

I Adr Almanac gives GST in are (GHA of T) for 10-min. intervals
I convenient interpolation table for minutes and seconds from 0 to
wii This is perhaps the most satisfactory way of finding longitude
i the Adr Almanac is available. Remember that the hour angle of
I is sidereal time.

Fanmple—At any time, any place, observed with an adjusted bubble sextant
Ailidde of Vega to be 39°35" and the Greenwich sidereal time of observation
om0, Tmmediately thereafter observed the altitude of Polaris to be
o Phe star Vega is observed to be in the east and rising.  Required, a fix.

= ahion (Using GST wateh).——(1) The altitude of curve of Polaris indieates the
ol lntitude (307 to 407N in which the observer is located.  (2) Tollow through
e il the altitude of the star Vega is approximately 40° and rising, or take
Altcrenee between the approximate longitude in time and the wateh (GS'T) (o
S approsimate BRI and taen to that prge of the enrves (g, 22800 (3) Find the
Cinterneetion of the evrves for the two nltitades observed . This point projected
gt the tione seade nt the top o bottom given Che foenl mderend time (110035
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of the place. The difference between the local sidereal time from the sl
observed Greenwich sidereal time gives a longitude of 5"05™51% thiu Lulug
of time, and when converted into are gives a longitude of 76°28'W. (1) 1l
intersection projected horizontally to either of the latitude scales given i lul
38°57/.6N. Note that the Polaris altitude curves are not horizontul nul
not be followed to pick latitude from the scale.

Figure 224 shows the solution of four examples, using
Almanac to find GHA 1 (GST). :

Practical Use of Adjusted Altitude Line.—Regardless of (1
used, the difficulty of taking simultaneous altitudes of {wo or ul.
stars complicates celestial air navigation. This difficulty muy l
by using the “Star Curves” in a manner similar to 1o
Altitudes” described later. ,

Suppose a plane making 300 m.p.h. on course 210° {rue & |
Lat. 70°N., Long. 56°W. at 1800 GST, or 1416 LST (1800 I
for 56°W. longitude). In 10 min. the plane would travel A0
240° and, with a page of the curves used as a Mercator churl, n
in Fig. 225, would arrive at point B, in Lat. 68°36'N. oo
distance traveled in 10 min., the altitude of Vega would ol
44°36" at A to 43°55’ at B. In the elapsed 10 min., Vegu's &
increases at point B from 43°55' to 44°48’ at €. The comluned
of change of position and 10 min. of elapsed time would climpe
altitude from 44°36' to 44°48’. If Vega’s altitude at 1800 G &
and at 1810 GST is 44°48’, then for 1805 GST Vega's ultifude &
at once to be 44°42". In other words, the line AK is (he loous ol
taneous altitudes of Vega, Capella, and Polaris, provided the
remains on its schedule. If at 1830 GST Vega's altitude in 148
plane is at some point D about 12 miles off course to vight, [ i ol
tion of Polaris gives an altitude of 67°40" at 1830, the infered
Vega gives D as the definite fix, and the planc is shown (o Lo 14
247° true from the scheduled 1830 position.

The adjusted altitude line may be laid down for any cotre wid
By its use the problem of advaneing lines may be grontly s

Other Methods of Using Curves.—A transparent (emplale
used over the curves in the book to find a position without wiy
tion. The latitude and longitude are etehed on the transpurenl &
making of it a Mercator chart to the same seale as that ol (e
Positions may be plotted on the template; also, courson il |
With this arrangement, the latitude and longitude moy e ek
without writing a single figure- simply by ovienting the LS seak
point on the transparvent cover, and then by marking {hoe e
the altitude curves. 'T'he intersection of the aliitude enrvos
latitude and longitude on the fransparent cover,
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The simultaneous altitudes of two stars, together with the Greenwich
sidereal time of observation, definitely determine a point on the earth’s
surface. This may be put in graphic form by plotiing the altitudes
against the latitude and local sidereal time. The simultaneous altitudes
thus determine by the eurves a latitude and a corresponding local sidereal
time. The local sidereal time found from the curves combined with
the Greenwich sidereal time gives the longitude of the observer. Thus
both latitude and longitude are determined without reference to the
dead-reckoning position, right ascension, declination, hour angle, or
azimuth., No plotting whatever is required to obtain a fix. The entire
computation for the latitude and longitude of a definite position 13
reduced to one subtraction of time to find the longitude.

Graphical Representation.— At any given instant a star is directly
over (i.e., in the zenith for) some point on the earth called the substellar
point.  On a small-seale chart such as Fig. 222, assume that the substellar
point for one star is at 4, and for a second star at B, shown just off the
chart. At A the altifude of the zenithal star is 90°, and at a distance of
600 miles (60 nautical miles equal 1°) the altitude is 80°, and at 1,200
miles the altitude is 70° ete. In the same way, curves of altitudes for
the second star (Polaris) may be constructed from B, These circles of
equal altitudes are nothing more than lines of position laid down for a
given instant of time,

Referring again to Fig, 222, suppose the altitude of star 4 is observed
to be 28° and of star B, 40°; then the intersection of these two altitude
circles at C' is the observer’s position. There are two positions possible
which are on the same two circles of altitude, but only the one for whicl
the curves are constructed will give the proper value of the local sidereal
time,

If the star A of 0° declination is on the prime vertical with the observar
on the equator, its altitude at point € will increase at the rate of 1° for
every 4 min, of elapsed sidereal time, The star A changes altitude from
0° to 90° in 6 hr., therefore, 1 hr. equals 15° or 4 min. equals 1°. Touy
minutes after the altitude of star 4, as observed from €, is 28°, it will
have increased to 29°, and 4 min. later, to 30° ete. This may be graphed
by having the time seale increase toward the right as shown in Tig, 223,
Instead of considering that the altitude increases for the passing of timo,
picture the time inereasing, as represented by the local-sidereal-time seale,
for greater altitudes. For other Iatitudes and declinations, the change
of altitude would be less than 1° for 4 min. of time, but the figures given
illustrate the principle. The “At” in “H.0. 214.” shows (he change of
altitude for change of time.

Since the azimuth is at vight angles to the line of position and sineo
the alfitude inerenses when (he body is appronchiod, the “Stae Aludo
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Curves” give the approximate azimuth at a glance. In Fig. 223 the
nzimuth of Vega will be seen al once to be rising because the altitude
increases with time, and to be nearly cast because the altitude curves
lor Vega run nearly north and south. Given the approximate local
sidereal time and latitude, the curves give the name, azimuth, and
approximate altitude of the star to be observed. The curves may be
used conveniently for star finding.

Provision is also' made for the accurate simple use of any edition of
(he curves for a date earlier or later than the date of publication. This
is accomplished by applying to the seaxtant altitude a correction for the
desired date.  The figure below each star’s name in Fig. 223 is the corree-
lion to be applied for the annual change in altitude, the sign showing
how it is applied for a date lafer than the epoch for which the curves are
computed and positioned. Figure 223 shows a sample page of the new
rurves reduced one-half,

Sidereal Time and Longitude.—Local sidereal time (LST) is found
[tom the “Star Altitude Curves” by projecting the altitude intersection
(0 the top or bottom scale. Tongitude is the difference between Green-
wich sidereal time (GST) and LST. GST may be determined by any of
several different methods:

1. By GST watch showing GST in time units.

2. By GST watch showing GST in are units.

3. By converting Greenwich civil time (GCT) to GST in arc by means
ol the A¢r Almanac, or by means of a mechanical time converter.

When using GST in time units, LST is taken from the top scale of the
“Star Altitude Curves,” and the difference is longitude in time units
which should be converted to arc units. When GST in arc units is used,
IS5 is taken from the bottom scale of the “Star Altitude Curves.”

The Air Almanac gives GST in are (GHA of T) for 10-min. intervals
with a convenient interpolation table for minutes and seconds from 0 to
10 min. This is perhaps the most satisfactory way of finding longitude
when the Adr Almanac is available, Remember that the hour angle of

\ries, T, is sidereal time.

Example.—At any time, any place, observed with an adjusted bubble sextant
the altitude of Vega to be 39°35' and the Greenwich sidereal time of observation
(o be 19"15™20°. Immediately thereafter observed the altitude of Polaris to be

WOO8% The star Vega is observed to be in the east and rising. Required, a fix.
Solution (Using GRT wateh).——(1) The altitude of curve of Polaris indieates the
i of latitude (30° Lo 40°N,) in which the observer is located, (2} Follow through

Hhie curves until the altitude of the star Vega is approximately 407 and rvising, or take
[he difference hetween the approximate longitude in time and he wateh (G (o
ol thenpproximate LS and fuen fo Chnt prge of Che eurven O 2280 30 i (he
cunet intorseetion of the eurves for the two aliitudes observed Ul point projectod
perteeadfy Lo Clie time sep o wt Ghe Copor Dot tomm gives Che toead stdepend Dime (0 O0M a8



328 AIR NAVIGATION

Figure 226 shows a transparent template.

is then aligned with the last digit of degrees and exact minutes of GHA T,
in which position the star altitude curve may be correctly traced on
the template. Referring to Fig. 224, example 1, the mid-longitude of
the template would be marked 80° and aligned with (28) 3°38/, in

== [ I N =
POLARIS == ARCTURUS ||| ANTARES - ARCTURUS | /| CAPHIX\ POLARIS =

The mid-longitude is
marked 70°, 80° etc., as desired. The mid-longitude of the template
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Fia. 224.—8olution of four examples using the Air Almanac to find GHA T (GST).

which position the Arcturus curve would be correctly positioned under

the template.

In addition to the book form, the Star Altitude Curves

may be lithographed on strips suitable for use in a roller map holder
with a transparent celluloid cover on which are etched the latitude and
longitude to the same scale as that of the curves.

The slight advantage gained in the use of the template by saving
the subtraction of time for longitude when working direet from the eurves
i1 offset by a slight loss in accuracy, and the necessity ol earelully placing
the longitude seale at o definite point on the LS sealo,
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The same general idea of the Star Altitude Curves is used in the

in % ol N

iz mmwn:%‘r%
construction of the Baker navigation machine. With this machine, . .

the altitude curves on a transparent sheet are passed over a map. Differ-

ent sheets are used for different declinations in order to give a general
solution for different bodies.

Line of Position by “Star Altitude Curves.”—Although designed to |
determine a fix by simultaneous observations of two or more stars, the
curves may also be used to lay down a line of position when only one

star is available. To plot a line of position from the curves, assume two
latitudes, and for each, pick off the LST corresponding to the observed

altitude, and find the longitudes for each latitude. Then plot the two
positions so determined on the chart and connect them with the required

line of position. A Polaris observation gives the latitude when the
approximate LST is used. The Polaris line will, of course, run nearly

A0°3ON.

east and west. If is customary to pick off the latitude direct and not to
consider the line.

Problems Solved by “Star Altitude Curves.”—In Fig. 224 the

solution of four problems is shown together with portions of two pages
of the curves. The correction for date appearing on the third line of the

226.

-solution is ignored for Polaris, and is four times 0.4’ for Arcturus. The
sign of the correction is reversed and added beeause the ohservations
were made about four years in advance of the date for which the curves
were gonstructed. The GST in the sixth line of the solution is given in

arc and is taken from the A4 Almanee. The LST is taken from tho

bottom scale of Tig. 224,
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