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CELESTIAL AIR NAVIGATION 84-85

(2) Averaging dewvice.—To test averaging doevice [or proper totalizing
wilhout first removing index or bubble error, the procedure for deter-
mining bubble crror by the thivd method deseribed in paragraph 616
(Z)(e} is recommended. A precompuled altitude surve of the body for
the position al which observations are being made 15 virtually neces-
sary for this check {scc sec. X1).  If the plotled obscrvation (average
of the eight sights corrected for refraction and/or parallax) does not
agree wilh the computed altitude, the lotalizing mechanism vequires
adjustment. To make this adjustment, loosen screw which locks the
knurled adjusting screw and rotate adjusting screw upward to increase
nagnitude of average altitude and downward (o decrease it.  After
adjusting, lock knurled nut and check correctness of adjustment by
comparing additional observations against computed allitudes.
This adjustment allows for bubble error and obsecver’s personal error
oply when using the telalizer.

(3) Indes andjor bubble error—I1 it s desived to determine index
crror or bubble crror by checking against a leveled datum line or
against the natural horizon as oullined i paragraph 615(2}{a) and
(b}, extreme cantion must be exercised when rotating the micrometer
drum in a direetion Lo decreasce altitude setling when near the zero
alticude position.  To avold danger of dumaging the instrument, tle
knurled adjusting screw should be backod off several turns, that is,
moved upward, before the errors are determined. It may be resct by
setting the instrument for 90° altitude and adjusting the mechanism
Lo Lotal 907 {in which case bubble and observer's personal error must
be applied to futnre observations) or adjusted in the manner deseribed
in {2) above, in which case the twe crrors are corvected for in subse-
quent observation,

65. Octant, A-8 (figs. 43 and 44® and ®).—a. General—(1)
The A-6 octant is a light, compact, handy instrument. 1t may be
used either day or night and as a bubble sextant or herizon sextant,
Qutstanding features are—

{a) 1t contaims o scmipermanent bubble which requires no adjust-
ment in flight, hut which may be enlarged or reduced as desived. It
will rernain as adjusted for a period of Lime.

(by Interior of hubble is transparent so that collimation may be
offected casily by centering the observed body at center of bubble.

{¢) Tt has a divect reading mdex to 1 minute of are.

(d) Stars may be ohserved by direct vision, thus facilitnting star
identification.

(2) Complele diseription, operalion, and maintenance mstructions
pertaining to the A—6 oclant arve contaiued in Air Corps Technical
Order 05-35-7, December 10, 1935.
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Figune 48.—Magram of optical parts, A-¢ octant,
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b. Deseription.—(1) Optical parts (Ag. 43).—(a) Fye, is position
of eheerver’s cye when heavenly body is a bright one, that is, the sun
or the moon.

(d) Fyegis the position of observer's eye when the heavenly body is
a faint one.

(¢) The index mirror is & glass plale, surfaces of which are optically
plenc and very aceurately parallel to each other,  This mirror rotaies
about an axis perpendicular to the paper.  The rotation is caused by
operation of the control nut and il at the same lime, operales the
micrometer drum from which (he altitude is read.

{d) The pair of moderating glasses are of different densities. One
or both may be introduced into the position shown if the heavenly
body 12 too bright for comfortable ehservation.

{e¢) The bubble cell is filled with xylol cxcept for a small bubble at
the top. The bubble appears as a black civele in o bright field. The
upper and lower surfaces of the bubble cell glasses which confine the
bubble are curved, concave downward. The radiug of the upper
curve 1s equal to the principal focal lengths of the objective lens and
eye lens. This condition makes it possible to make an accurate
reading any place within the approximately 9° field so long as reflected
image and bubble remain in ecoincidence with bubble clear of the rim.

{f) The tclescope shade glass may be placed over the objeetive lens
when it is desired to exclude terrestrial objects.

(23 Path of light through optical system (fg. 43).—(e) Light for
the bubble enters either through the objective lens or is artificially
produced by the bubble lamp.  When natural light is used it follows
the dotted and dashed path shown in the diagram to Eye, or [ye,.
When the bubble lamp is used, the light is reflected by the plane glass
reflector and then follows the path as shown, The optics arve so
arranged as to make the bubble appear af mfinity.

(6) When coincidence of bubble and body has been effected with the
eve at Eye, the index glass as a mirror reflects the body S,, while at
the same time the bubble projected through the optical system is
viewed through the index glass.  With the eye at Hye,, the index glass
as a mirror now reflects the bubble image, while the body S; s viewed
through the index glass.  Advantage is taken of this arrangement to
view the less brillhant object whether 1t is the bubble or a dim star
diveet, and to refloet the more brilliant object.,

(3) Operating parts (fig. 44@ and @)—{e) When the three-way
tumbler switeh 1z 1n the central position it 1s off. Toward the eyceap
it illuminates the scale and glass record slate.  Away from the cyecap

it illuminates the bubhle.

O ST o i i
Feung 13, —Diugram of optical parls, A 6 aclung

PUBBLE CELL Casinag
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86 AIR CORPS
(5) The rheostat handle varics the intensity of illumination of the (d) Ads _
bubble. The illumination system has not been altogether satisfactory djusﬁ_m' i
due to the tendency of the rheostat system to get out of order. 1 rI;O ity
{¢) The conwrol nut rotates the index mirror and micrometer drum. (o) OZb i\‘_Ot o if
The mirror and drum arc gesred lower than in the A—5 oetant so that turnin (\S‘ﬂt"e: b
movement of control nut does not rotate the mirror and drum so 4) %J?";JOCI;?;? 0
rapidly. . T oCatRong
(d) The name plate serves as a cover for the counter adjusting nut mt((zrfe;{e with mes
and lock nut. It is fitted in a dovetal and slides downward away (c)) Deep hands
fromm the eycpiece to make the nuts accessible, ) RO 1ot alloy
(¢) The capstan headscrews permit adjustment of bubble to coin- () K'emovc b3'='-_
cidence with natural horizon as described in paragraph 616, An J Ad‘j‘ep Octan! |
adjustinent pin for these screws is carried in the case. poir;L tcjlusmgﬂ't‘“'. 3
() Operation of the bubble adjusting nut changes the size of the ‘ “enlumc”eslc.ope _dc 4
bubble. Sece d below for method. ®) ’ti’o élre’CUOH
(¢} The filter adjusting knob is the means by which the moderating bubble ad; ecrease ¢ :
glasses are introduced or removed. Care must be exercised in operat- remove ; Jg'sltmg L
ing this knob so as not to injure the tecth of the filter gear. When it is ‘ direction u & entugg
desired to move the filters, pull knob full out and hold it out while © 11 nl sufﬁment i
rotating until filters are in desired position. Then rclease knob. stze of ‘bubd;l %'S— ?‘oe‘r.r:i-:r
e. Operation.—(1) To use wnath bubble horizon i@ daylight observa- reached b f»ela,.s- 7ot ne
tion.—(a) Place eye at Fye, (fig. 43). This is the usual position for telescope ;?Ie bubh.-: :
observatxong on sun. ‘ for e ( wmlonzontel
{b) Admit light to bubble by rotating telescope shade glass so as desired size b go.  Tug
not to cover telescope. @) In;fzee ubble is
(¢) Adjust .modera‘t'mg filters so as— that bobh,iidand bbbl |
1. To intercept sun’s rays. parative &X error i
2. Not o intercept nioon's rays. obserwn. easc. No gj
I does not care i

{d) Observe, bringing body into coincidence with center of bubble mine and efim: _
by turning control nut. Have bubble free from rim of chamber, (aj T ; tunate en,h?-
preferably in center. ; Detef""m@ @ind o

(2) To use with bubble horizon in night observation.—(a) Place eye g e@””-@ﬂt@on. l
at Fye, (usual pesition lor night obscrvation on star), or at Eye, if tion with seyf
body is a brilliant one. ﬂﬂd.determine

(b) Adjust moderating filters so as not to intercept rays from body. During this pog

{c) Move three-way light switch to “Bubble.” o EE('PC rays strikiy

(d) Vary bubble illumination by means of rheostat control. - Lhmanation

(e) Observe, bringing body into coincidence with center of bubble by Jected  images |
turning control nut. Bubble should be free from rim of chomber, towar(:‘{ bottom;
preferably in center. adjusting nut

(3) To use with seq horizon.—{(z) Place eyve at Aye. (the lower one

{(5) Remove bubble as described in d below. SCrew).  Then

{¢) Adjust telescope shade glass to cut out glare of horizon. drum to be tur

scale reads zer,
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CELESTIAL AIR NAVIGATION 85
(d) Adjust moderating filters so as—
1. To intercept sun's rays.
2. Not to intcrcept moon’s rays.

(e} Obscrve, bringing the body to tangency with ses horizon by
turning control nut.

(4} Precautions during operation.—(a) See that filter glasses never
interfere with movement of index glass.

(6) Keep hands off index glass.

{¢) Do not allow bubble unit to be struck.

(@) Remove battery beforc putting instrument away.

(e) Kecep octant in case wlien not in use.

d. Adjustment—(1) Size of bubble—(z) To Increase size of bubble
point telescope downward, and turn bubble adjusting nut in the
“enlarge’’ direction as shown by arrow engraved on nut.

(6} To deereasc size of bubble point telescope upward and turn
bubble adjusting nut in the ‘reduce” direction. It is possible to
remove bubble entirely fromn the field by turning the nut in reduce
direetion a sufficient number of turns.

(e} If nut s rotated while telescope is held in a horizontal position,
size of bubble is not affected. Thercfore if the end of motion of nut is
reached before bubble is adjusted to desired size, hold octant so that
telescope is horizontal and reverse direction of rotation of the nut as
far as it will go. Then return te operation under (¢} or (b) until
desired size bubble is attained.

(2} Index and bubble error—"The design of this instrument is such
that both index error and bubble crror may be eliminated with com-
parative ease. No adjustinent of the prisms is necessary. If the
observer does not care to eliminate both of these errors, he can deter-
mine and eliminatc either with even greater facility,

(a) To determine and eliminate index error.

1. Determination.—Adjust nstrument as for daylight observa-
tion with sea horizon (no bubble). Set scale near zero
and determine index error as described in peragraph 6la.
During this procedure moderating filters should not inter-
cept rays striking index glass.

2. Elimination.—Rotate control nut until reflected and pro-
jected images coincide. Slide name plate downward
toward bottom of handle. This will expose counter
adjusting nut and counter lock nut. Loosen lock nut
{tbe lower one of the two; it works like any right hand
screw).  Then turn adjusting nut which will permit scale
drum fo be turned without rotation of index mirror until
scale reads zero. Tighten tock nut. Check reading on

139
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dotum point to be sure that image is not doubled when
scale reading 1s zero.

(B To determine and adjust scales for bubble error.

1. Determination.—Proceed as outlived in pavagraph 615
During this operation bubble must be in the field.  Position

of moderating filters will depend upon which method of
paragraph §18(2) is being employed and what object
(terrestrial or celestialy i1s being sighted. The third
method {comparison with compuled altitude of a celes-
tial body) is recommended when the observer's purpose
is only Lo deterrmne bubble error and to adjust scales
with zero ervor when bubble and reflected image are
centered.

2. Scale adjustment.—Having determined the magnitude of
bubble error, the micrometer drum may he adjusted to
read zero when the bubble is centered by turning the
adjusting nut i the same manncer as has been described
for obtaining zero index error, It must be remembered
that when drum 1s thus adjusted for zero bubble cor-
rection, an index error will be put into instrument.

3. Bubblc error may be eliminated without adjusting the
scale by turning the capstan head screws.  Adjustment
of the capstan head screws is generally made onlv when
it is desired to eliminate both mdex and bubble cyror as
described below,

(¢) Yo eliminote both inder and bubble error —The octanl is in perfect
adjustment when no index or bubble crror exists.  When this adjust-
ment 15 complete the octant is in condition of adjustment to permit
reading altitudes against either the natural horizon or the bubble
horizon, and the readings will be acenrate and the saine for either
case. To accomplish this the index crror is first determined and
scales adjusted for zero index ervor as described in (2)(a) above.
Then hubblc error is eliminated as follows:

I. Setup octant for sighting on either a leveled datum point or
on the sca horizon.

2. Using adjusting pin, turn the two capstan headscrews
opposile to each other, observing at the same time. It
will be secn that this moves the bubble in the field. Move
1t until mmage of datum point bisecls it exactly. When
finished, these screws should be taut but not under strain,

e, Maintengnce.-—(1) The octant reguires no field lubrication.  Alj
necessary lubricants are applied during assembly.
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(2) When cleaning optical surfaces the same precautions should be
observed as for type A-5 oclant.

{3) Three spare bulbs, two of clear glass aund one frosted, are
provided in the case. The frosted bulb is for bubble dlumination
and the two clear bulbs for illuminating the scale and the recording
slate, respectively.

{4) The lawmp shield lock screws should he Lested frequently for
tightness. Vibration ol the airplane frequently logsens these screws
with the result that the shields sometimes fall from the octant and
are lost.

86. Octant, A-8A (fiz. 45).~—a. General—The A-BA octant is a
type A~6 which has been modificd Lo imcorporate a mechsanical aver-
aging device. This deviee operates on the same principle and is
practically identical with that incorporated on the type A-5A octant.
The description and adjustment are coutained in Air Corps Technical
Order 05-35-7.

b. Description—The principal parts of the averaging device are
shown in figure 45. Comparison wilth thie A—5A octant (fiz. 42) will
show the similarity between the two. The principal differences are—

{1) The movable {vernicr) secale iz the outer of the two scales,
Hence degrees are vead off the inner scale, minutes off the outer.
The reading in figure 45 is 28°40°.

{2) The adjustable resetting stop performs the functions of the
zero resct screw on the A-5A.

(3) The fixed stop scvew is ol glightly different design.  This scrow
is locked in position by a lock serew which must be loosencd before
the stop screw can be nuned.

(4) The position of the operating handle is such that it may be
operated in either dircction by the index finger.

¢. Operation—(1) Individual sightings with this mstrument are
made in the same manver as when using the A—6.

(2) The averaging deviee gives arithmetical mean of ecight sights
aud is operated n o manner simitar o that of the A-5A.

d. Adjustment—Adjustinenis for elimination of bubble and index
error arc the same as for type A—6. If a leveled datum plane or the
natural horizon are employed when making these adjustments, ex-
treme caulion must be exercised when rotating the control nut in a
direction Lo decrease altitude setting when near the zero altitude
position.  To avoid danger of damaging the instrument, Lhe fixed
stop scrow showld be backed off two or three turns during the microme-
ter drum adjustmeent.  After the micrometer drum has been adjusted
and loecked, the stop screw of the averaging device should be turned
clockwise until it presses the armn against the movable stop. The
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altitude setting should be zero and control nut should be against the
zero position stop during this operation. Care must be exercised
not to exert any pressurce against the movable stop.  The stop screw
should be tightened only enough to prevent any movement of the
arm in the zero altitude pesition, Since this screw 1g the acting stop
for zero posttion when the averaging device is being used, it is obvious
that its adjustment is very critical. Any error in its position is added
eight times so the final reading would be thrown ofl an amount equal
to cight times this crror, After setting the adjusting serew it must
be firmly locked by the lock serew.

67. Correction of observed altitudes.—e«. It has been stated in
a preceding scetion that the intereept, or altitude difference, was ob-
tained by comparing the observed and computed altitudes. The
observed altitude (H,) 1s not the sextant altitude (H,), but the sextant
reading after it has been corrected for several determinate errors of
observation. In other words, assuming no acceleration errors,
observed altitude is true altitude as measured from the plane perpen-
dicular to the vertical at observer’s position, Depending on whether
the visible horizon or bubble horizon has been used for leveling and
upon the particular body observed, corrections for one or more of the
following crrors are applied to Hy to obtain H,:

(1) Index.

{2) Bubble.

(3) Coriolis’ Lype acceleration.

(4) Refraction.

(5} Parallax.

(6) Dip.

{(7) Semidiameter.

b. Tndex ervor aud bubble error, being stuiclly instrument errors,
have been described in paragraph 61

¢. Coriolis’ type acceleration error, its determination, and the suh-
sequent adjustment of the plotted line of position to correct for it have
been described in paragraph 59. This crror is essentially an instrum-
ment error but its amount, although determinate, 18 not constant as
are index and bubble errors.

d. Refraction, parallax, dip, and somidiameter arc errors which
result from conditions not related to the instrument.  Values for these
corrections are given m the Air Almanac. They are also listed indi-
vidually and in various convenient combinations in the Nautical
Almanac and in many of the tables used for solving the astronomical
triangle.

88. Refraction (fig. 46).-—a. A well-known principle of optics is
that a ray of light in passmg from one medium into another medium
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