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CHAPTER |5

Sextants and Errors of Observati
on
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Hl!ilm‘]t of a cclestial hu._j}- with a sextant o %
The gextants nOW m !.1“""“‘;’.1 use are of two types: hL.T LIT.'l |Iilfl .'Hw'm'l“‘. daccuracy, the 18l |
(1) manne Sn,m”h‘ which measure altitude above small '1’hL t( enter of the field. The error w I
the visible horizon, and (2) arcraft bubble sex- ]illu,l' uf'li|~w bubble is anywhere on the
tants, which measure altitude above the artificial  top or E“ field, as long as it does not tou
honzon. that is, above the celestial horizon as 15-2 ~.hm”“m-- ol e “'_'*'-h!-: imber.  Fi
established by @ leveling device (the bubble), c;:1|1;|1|;n,j““\ examples of correct and :
The marin¢ sextant is not used for aerial navi- Hmzhlnn_..
gation and. consequently, is not discussed in this uhwrrznti;r?lffl'l;fll:‘!:H1[h'qt: e e

113]. : : » 1deal situation is to have a small
ma;ﬂams are subject to certain errors that : bL‘Ihhlu for ease in determining the center. How

) S that must ever, too small a bubble is sluggish, and

he compensated for when determining LOPs.
Some of these errors are corrected by adjusting
e Hs or He, and others are corrected by adjust-
mg the LOP or assumed position., Most of the
material presented in this chapter is devoted to
the explanation of the causes of these errors and
the necessary corrections.

THE BUBBLE SEXTANT

The aircraft bubble sextant mecasurcs altitude
above a horizontal plane established by a bubble.
The Air Force uses several types of bubble sex-
tants, all of which are indirect sighting. This
means the navigator does not 100k directly toward
the celestial body, but always looks in a hori-
zontal direction as shown in figure 15-1. The
image of the body is reflected into the field of
view when the field prism is set at the correct
angle, In the bubble sextant, the bubble and
body are visible in the same field of view.

Accurate observations can be obtained from
the various bubble sextants by using pro ;
Mation Icchniqucg. and by using the proper .~.|'.rl|.‘
bubble, Collimation is effected when the body 18
pIECEd in the center of the bubble, Of ]ulnri,!.l.ll‘ll'd”}'

per colli-
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better to have a bubble that is active
has shown that best results can be obtained with
a bubble approximately one and a half times the
apparent diameter of the sun or moon.

E XDETICENCC

The field prism is geared to an altitude scale
so that when the body is collimated the altitude
can be read from the scale. An averaging mecha-
nism is also incorporated which allows the navi
gator to take a series of observations over
period of time. This is more accurate tha
relying on a single observation.

ERRORS OF SEXTANT OBSERVATION
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Figure 15-1. Body is Not Sighted Directly
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SMALL ERROR

LARGE ERROR

I

from 3 celestial body are parallel, the body has
he Same aqltitude at both the center and the
ce of the carth. For most celestial bodies,
'wfﬂfﬂ'a para]lﬁ}i is neg]igible for purposes of
gavigation.
CORRECTION FOR THE Moon. This does not
ly to the moon because it is so close to the
earth that jts light rays are not parallel. The
allax of the moon may be as great as 1°; thus,
when observing the moon, a parallax correction
must be applied to the Hs. Figure 15-3 shows
that the moon appears at a lower altitude from
the surface of the earth than it would appear
from the center of the earth; therefore, the correc-
fion is always plus. The amount of this correction
varies with the altitude and with the distance of
the moon from the earth. The correction varies
from day to day because the distance of the
moon from the earth varies. On each daily sheet
inthe Air Almanac, there is a table of the moon’s
parallax for all observed altitudes.

SEMIDIAMETER CORRECTION. Another correc-
tion found on the daily pages of the Air Almanac
the semidiameter correction, which is the appar-
ent radius of the sun or moon. It is needed when
shooting the upper or lower limb of the moon oOr
the sun,

It is more likely to occur on observations of
the moon, because when the moon is 1Ot fu!l
fmmplete]y round), the center is difficult to ‘estl-
:Eat'?-- Therefore, the navigator ODSETVes either
e upper or lower limb and applies the seml-
Ic:iI::tﬂ-r Correction listed in the' almanac DIIF :EE
. fight-hand side of the daily pages.
PPer limb is observed, subtract the correction

AF
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Table of corrections
for moon's parallax
2 Sep 67.

r Moon's Parallax

Figure 15.3. Correction fo
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' jion
Figure 15-4, Error Caused by Atmospheric Refractio

from the Hs: if the lower limb is observed, add
the correction to the Hs or subtract it from the Hc.

Listed on the same page is the semidiameter
correction for the sun, which is applied the same
way if used.

Example. The upper limb of the moon as
observed on 2 Sep 1966 at 30,000 feet is 33°41".
Apply these corrections as:

Hs 33°41’
Parallax 445’
Semidiameter —15’
Ho 34°11"

Refraction Erre rs

Still another factor to p
tion is refraction, [f
submerged under wale
the surface. '
bending of light rays |,
water into the air, Thj

€ taken into considera-
a lﬁshing pole js partly

AI‘L’II’JHFH
. h I
CE]cstj-d] | :I HRA{--|-|[‘JN Asg the hEl [
Vaflil_[]"n ¢ Passeg ffﬂn] hE I 0 of |
outer spyce o 1 dimost Perfect
c

.

ted as shown in figure 15.4 ¢
ed & :

g O th
= ¥ AL . - : % P al
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ly ¢ <. Therefore ¢
hl“- g Ir rcdil} 1S. Ihi—- rLf[ re, [I.“- LnrrEEhnn
than = fraction is always minys Th ty

Hs for re . . ‘ ighas
body above the horizon, the Smaljs Bhey

- of refraction ﬂl_ld, consequently, tha 5 r the

Jfraction r;nrrc::nrt:-n, Moreover, the
the re tude of the aircraft, the Jesg dens
the ;l“'r qtmosphere between the hudy ﬂntﬂi the
ol « e. the less the rcfra;_-[jm.]_ lhg

the
the
amoul

layer .
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The appropriate correction table s Atmog,
heric refraction IS listed nmdul the back Cover
pf a1l four books used for celestial ~OMputatjq
of ¢ Iy the Air Almanac, and each of the ¢
mTL]iS of H.O. 249. This table, showp In figy
';r[;_t;n lists the refraction for different uhsen.ru
ai‘tit‘u‘dﬂs of the body and for differept heightg
of the observer above sea level. The valyes shown
are subtracted from Hs or added to Hc.

DoME REFRACTION. Light rays from g celestia]
body are usually refracted as they pass ‘hrﬁugh
the plastic astrodome. Ti:u: sextant SUDporting
arm, furnished with the instrument, hojgs the
sextant in the correct posjtion in the astrodome
to reduce this dome refraction to a minimup,

The amount of dome refraction depends on the
shape and construction of the particular dome,
Domes are far from being optically perfect, and
since they are somewhat flexible, their shape may
be altered at the time of installation. Therefore,
dome refraction is unpredictable.

The dome can be calibrated by taking observa-
tions through it from a known position on the
earth. Dome refraction errors as large as 30’ have
been reported. Dome refraction is usually posted
On a calibration card on or near the dome. The
Air Almanac has a table of dome refractions for
a “standard” dome (not applicable to the periscopie
SeXtant). Since there are many types of domes
'R use in the Air Force. always use the calibration
card if one g attached to the dome,

Instry ment Errors

Certain CITors of observation are a result :
Mechanijeg] faults in the sextant.  An aim{?ﬁ
SeXtant is g delicate Instrument which can casily
Eet out of alignment.

IN[}E}{ ERR{]RS_ Hard knocks or jE]TS can chang®

the aJ;
L}.:.IL ,q.l’gﬂmf:nt of the index and field prism, lhfrzg
dusing Some sextants have I

£ Index error,
€rrorg . > se
Posted on the sextant or on the sextant ¢4

I
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5. This is the refraction corresponding to the E&xtar;iaarggtfid the range of altitude in which the sextant altitud
ude unless conditions are extreme : |- i --!_ t altitude
; B n that case find J-r

le corresponding to the range o
feet and temperature
this fram the sextant altitude

fErr:-m ti-lre. lower tab
rample: at a height of 30,000
1.1, and R is 55'. Subtracting

Figure 15-5. Corrections

mechanical error
ed by improper
th the altitude
gextant is

!ﬂdﬂx error is usually the largest
:lligl:; :Extant This error is caus
Cnumgrm }?f the index prism Wi
handicd' . E?‘mlattcr how carefully a
It the ;rlt L likely to have some
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Acceleration Errors
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jon of 11

1l .'unurmunluhl
definition ol

Presently,
pravita

available referencc
the true vertical 18
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aused D3
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thin the
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mental the
be ‘\\"‘qll..llt'l! fr
by any self contaned
.-'1.. level or centered bubb
the truc vertical only when 1 B
rest or moving al o constant velocity

=t ounds

line. Any outside force (changes 10 B L e
hang ck) will affect the liguid in |

‘enlace e

consequently, displace th

l..|,"‘.|.ll'|r

or changes in tra
bubble chamber and,

hl:lhh]f.‘ q l:ur\"‘-‘d Pﬂth

ant 18 moved in

When the sext ;
1 i =) or

(Coriolis, changes 1 heading, rhumb line) .
-1 X ith indicate ¢ the

with varying speed, the zenith III;.|lL:1{n:Li by th
; di true vertical. This

bubble is displaced from the :
presents a false artificial horizon ¢ .
f the celestial body 18 measured.

the altitude o ‘
is false, the altitude

Since the horizon used 1 _
om it Is erroneous. Therefore, the

accuracy of celestial observations is directly re-

lated to changes in track and speed of the aircraft.
two principal causes:

d curvature of the

above which

measured fr

Acceleration errors have
changes in groundspeed an
aircraft’s path in space.

The displacement of the liquid and the bubble

in the chamber may be divided into two vectors,
and each vector may be considered separately.
These vectors may be thought of as a lateral
vector (along the wings) and a longitudinal vector
(along the nose-tail axis of the aircraft). Any
change in groundspeed can cause a longitudinal
displacement. This change can be brought about
by a change in the airspeed or the wind encoun-
tered, or the change in groundspeed brought about
by a change in heading due to other factors (gyro
precession, rhumb line error, etc.). A lateral dis-
piacemcnt results from a number of causes, most
of which will occur in spit ‘
them in check. These capu:esu farH: J: S s ‘hﬂ'} ;
: ermed Coriolis
rhumb line error, and wander errors 1

CHANGES IN GROUNDSPEED. This error is

:Ljﬁj pnma__rﬂy by changes in airspeed or changes
ST wrcInmty. Errors due to changes in ground-
G?cth will normally be small. The computati

¢ amount of error is based on th .

e . 5
that a one-knot error assumption

In true airspeed will produce

15-6

ot €rrof in gruuqdﬁpcucl If thigi s
. o one-minute shooting period, it w
it [.!‘Ir:::: pautical miles of error in thel
b m--uu‘ of the speed of the aircrafiss
IHTHI:;:”.] error would occur on a speed {ingt
m.l“;_lml celocity also causes changes ip
amount cannot be determj
lspeed (acceleration-dece
the liguid to be displaced,
-uhsequent shifting f-I~ the bubble creating
Notice in hgure 15-6 how the heg
y displaced by keeping the bug
hile these changes are taking pjg
Force. Any freely moving
4 constant speed above the earth jg
arent force which defleets itg BE,
¢ Northern Hemisphere, and g
left in the Southern Hemisphere. This appg
force and the resulting acceleration were §
discovered shortly before the middle of the _
teenth century by Gaspard Gustave de Corigliy -
5.1843) and given quantitative formulatign

Fi UI'IL“'k“

but the

~LI1{'-_'|_!
{HITIE

change 10 ir

will cause

horizon
-"Il”l”'lh'l'lil.'.'l”
the genter W

(oRrIOLIS
traveling al
ject to an app
the right in th

(179 :
by Ferrel. The acceleration is known as Cor;
acceleration (or force) or simply Coriolis, and s

expressed in Ferrel's law.

The navigator must realize that the bubble
sextant indicates the true vertical only when the
instrument is at rest or moving at a constant
speed in a straight line as perceived in space
If the earth were motionless, this straight patlll
in space would also be a straight path over the
surface of the earth; conversely, a straight path
over the motionless earth would also be a straight |
path in space.

When the aircraft is flying a path curved in
f,pacc to the left, the fluid in the bubble chamber
is deflected to the right and the bubble is deflected
to the left of the aircraft’s path over the earth.
When the aircraft is flying a curved path in space
to the right, the reverse is true.

‘In figure 15-7, the aircraft is represented as
ﬂ}rmg on a curved path to the left. Note that in
the inset representing the bubble chamber, the
heavy black bubble is indicated in its approxi-
mate position representing the true vertical.

. H:wever, the observer always seeks to center
< :

= ul:llble, and on this beam shot, facing to the

hg t side of the aircraft to observe the body,

& - ;
T ‘E‘:}l‘;i tip Fhe sextant up. This would tilt

le horizon from its true position, pro-

duci
g a smaller sextant reading than the frue
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s — inertia

gooed 90T -
||quld to move to

covs®* of chamber Bubble
front 1o back of chamber.

-

O s tipped to bring
bubble to center of field,

| godies ahead of aircraft
' observed too low.

At :.l. ruﬂb
n
to decreased ':;::ddu-

ACCELERATION
ERROR

Figure 15-6. Acceleration/Deceleration Errors

.. Following the rule — the smaller the Ho,
ater the radius of the circle of equal
dlitude—the .OP will fall farther from the
sybpoint than the true LOP. Obviously, if the

sroneous LOP falls farther from the subpoint,
¢ will fall to the left of the true LOP and the

corection to the right is valid. Corrections for
Coriolis error are shown on the inside back cover
of the almanac as well as in all volumes of H.O.

249,
Coriolis acceleration is:

valu
the gre

» Directly proportional to the straight line ve-

locity.

» Directly proportional to the angular velocity

of the earth.
* Directly proportional to the sine of the latit

he direction of motion of
y influence

ude.

* At right angles to t
e particle, and therefore it can onl
'8 direction, never its speed.

hei]?]M.E LINE ERROR. As long as @
ErhungbIS: flown, the path of th(? alrcr
ﬁurfagr: .llne, BECHUSE: a rhumb.lu_w ont
Ing ; 8 a loxodromic curve, 1t ! 10
' space, If the aircraft is headed 1n &

q constant truc
aft will be
he earth’s

Ap
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easterly direction in the northern hemisphere, the
appaljcnt curve is to the left and becomes an
addition to the Coriolis error. By the same token,
if headed in a westerly direction in the northern

=<
In the Morthern Hemisphere
V\I Coriolis deflects a freely moving
' body te the right. The aircrafi flies
-I.‘;;tl‘:i:ighi a curved path 1o the left to reach
* mh‘. lefi destination.
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of high speed aireralt,

—— 2de QS TR

. i 1| Wy el L " " ' 3

the rhumd HILH ”Ir;ﬂ knots the error is negligible.
d ‘ .t ’

Jer

| ad] 'hl]I'l'll'l
. i |.IIIHILIL."\, I
."llﬂ"t h!‘r."l."tf.'- or !'Il:l..f

8]
For example, at 6()
and a 11I‘Hllml—
ction is 15

yACWOL, al :
o s a p;‘lx‘*u‘l.lhi’t

ith a track of 100
the t‘ﬂt'iﬂfi.‘i corre |
umb line correction

hne ¢mX
north Jatitude W
&S50 knots,

I ~J of .
i and the rh

squtical miles right an
10 nautical miles right. T
The correction for thumb line error 1§ !!'IL LIC l.:[
m‘:hlthc Coriolis correction and 11::111 be In:-u.nd in
od Coriolis/thumb line table shown

the combim ;
in figure 15-9. These tables are computed for

aach S0 knots of groundspeed.
wanoek ERROR. A change in track can be
~roduced by changes In the wind velocity, by
heading changes between limits of the autopilot,
Sy heading changes produced from changing mag-
~etic variation. and by heading changes derived
from As with the
Corolis force and rhumb line errors, correction
mhies have been developed for wander error.
Values extracted from the wander correction table,
stown m fgure 15-10, are to be applied to the Ho.

Use the following information as entering argu-

o
o

pilot manual steering errors.

:;' Wester|, Hendings
*homS Line error 15

- — g i L _|P-' : .
*#posite Coriolis error

ments for the Lft:h:!‘ll']iﬂ:ltiur]

taken from the table, of

The heading ; : g
= O [h .
Wils | “hse A
I'he heading .
0O81.3%.

The observation was |

at 'lh': L'l]{j f'lf bt
thE- Uh
Eﬂryat.
1on

aken Ove i
r a t i

Wlape:
Mgy,

|}L‘l'i{&lf_
The groundspeed wag 450 knots
The true azimuth of the bod .
Following the INstructions
of the table, enter the num |
10n of o

table with the und
change of track per two mi"ute:llﬂlcd
" n th_n

the groundspeed is 450 knots ang Wi
track per two minutes i F AL Since ::'e l’-'ham
the end of the observation is © head;
heading at the beginning, the Ehitat"f‘r than g
right. Notice that you must knuf,-e 18 20
change is to the right or to the lefs Whethe,
the sign of the correction. P
from the table is 12

Next, enter the graph : i
portion of !

thr_-: value of the factor (24) ang Ih:,h: table
azimuth of the body minus the ‘-’a]u:h;ﬁ.
The graph is so constructed thgt it b
entered with Zn — Tr, In this casetl Must be
¥ : i 1“_,“:?

is 130° minus a track of 080°; the valte thre

determined is 050°. Following the ryles set s
0w

in steps two and three at the bottom of the tabe:
the correction found is 19’ Since the r:'.'
track is to the right, the correction is tg he
trar:tEfl from the Ho. This is determined by
referring to the signs shown at the ends of thczl

'
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On Eusteri; Headi
Rhumb Line error m
to Coriolis error
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Min™ s
e

I_-l'_l--lr —

1l
|
‘ 1
I
|

RHUMB LINE
s Turn left }

« Liquid right
= Bubble left

« Coriolis
effect right

+ Liquid right
* Bubble left
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Figres in BOLD FACE type are plotted in 2 direction opposite 10 that of coriolis force.

*Goriols corrections alone are the figures in the 0% 07 180° column.

Figure 15-9 Cambined Coriolis and Rhumb Line Correction
ces an equal
airspeed pro-
d. Further,

unnuuus] y

that a change in heading pmtiu
s . yrack, and 8 change 0
C o] change i groundspee
ies if the body 1§
e observation time.

in.the table. Figure 15-11 shows the €
tis correction,
If the heading and airspeed ar

:EE begi““i“g and the end of a shootin

y 15 €O

e the same€ at s ¢

g period; 94 during
: collime

M€ will be no wander error. This i qssuming
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WANDER IN DEGREgs PER 5 .

F TRArF 'y

Enter the “Wander in Degrees — Mg

with trock changs Per 2 mingtes and g, L T‘_
knots to ebtoin the tetal correet

0

2. Enter the bottom of the gregh with tha :

tained ond follow the are orawnd g r-rh..-h:: :‘-

lobeled with the valus of ITn-troek Lry

oh s |"1|H|uf" 'jﬂt' .i

Figure 15.11.

I'he dmount

time tq

15.10

i d

1. Follow the vertieal line down from the: ek I
in Step 2 to gt the torrection 1o Hg b B gy

MINUTES OF ARC

tign eccording te o furn fo the |efs or by "."ﬂ:-

Figure 15-10. Wander Correction Tables

Wander Correction Applied to H,

pplied oyer 4 given
d, al_'xd subsequcnﬂy
N will pe Cqualizeq

the liquj
One direeyj,

by an amount of force over a
opposite direction to bring the aircraft back to
its original heading, Therefore, if the headi
(track) and airspeed ( groundspeed) are the same
at the beginning and end of a shooting, there
will be no acceleration error caused by heading
or airspeed changes, and NO correction is neces-
sary for wander or groundspeed change (a con-
stant wind is assumed over the shooting period).
MiNMIZING ACCELERATION ERRORS. Errors

due to acceleration are minimized by the following
pProcedures:

I. Maintain ajreraf heading, or desired change
and airspeed as constant as possible
track and groundspeed during &

given time iy the

altitude over a period of time.

% Apply corrections for known acceleration
CITOrs to a|] observations.
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