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502 SINTANTY

mstrutrent,  The hubble chamber is placed in the focal plane so that the image of
the bubble appears in {he same {ield as the inage of the celestial body, In the
measurement of an altitnde, the index prism is moved until ihe image of the body
i wdjreent o that of the hubbie.  The altitude 1s then read {rom the sextant scale

Mark 5 bubble scextant

2103. The instrument shown in figure 2103 is a deviee eapable of measuring the
altitude of a celestial hody by refeveuce to either a self-contained aetificial horizon o
the natural hovizon,

The optical svstemn consisls essenrially of a prismatic telescope svstem with twg
movable prismsa akead of the objective lens: an index prism whose augular movenenl
can be measured, and a horizon prism which can be iserted or vemoved at will from
the optical path of the instrument.  The index prism refleets light rays from the objeet
observed to the telescope system. 1 the sextant i= set at zero reading, the =cxant
funections as a telescope having a magnification of o dimmeters and a visual field
of 12° 1 the horizon prisn: = in the optieal path, the hoage from (he mdex prism
al zero selting should ecomeide with that frow the horizon prism as scen through
the eyepicce.  IT the line of «ight is held on the natural hovizon, using the horizon
prizm, objecls clevated above the horizon can be brought into view by rvolating the
index prism. If the image of @ body iz broughl into coineidenee with the image of the
Liorizon, the readine of the seales is (he altitude of the hody above the nutural (visible}
Liorizon.

Shade glasees.~—The sextant iz provided with hght filtevz of vavious densities and
colors to rediiee the elare of the sune Thise are mounted ou the shade glass pssembly
free fig, 21003) . whicl can be ralated uniil the fileer giving the greatest visual comfort
is in the optieal path. .\ polarizing filter can be inacrted i the eyepicee tube (o reduce
elawre from elouds o frotn water when using the natueal horizon.

Astigmatizer.— The image of a bright star novmally appears as a point of leht when
viewed throneh the evepiece.  When the astigmatizer is inserted o thie optical path,
the poiut of light 1s drawn out to a line.

2104, Artificial horizon.—The hubhle cell (fiz. 21020 i permanently Toeated 1o
the optieal path at the privetpal Tocus of tie objective lens. The top of the bubble
eoll s the field lens of the eveplece svsten, while the hottom 1s a {lat plare of lass,
The carth’s gravitational feld forees the bubble to the highest poin€ i the eelf. When
the bubible i< scen o be In the center of the field, the wa-trument s hovizontal; that i,
light passing throngh the horizon prism, or the index prisn ol zevo setting, iz hovizontal.
The bubble, therefore, = an artificial horizon. 1 the Index prso s rotated unil the
imuee of a ecestinl body is seen adjacent to the hubble at the center of the field. the
reading of the altitude aeales is the altivade of the bhody,

1 i not neeessary thal the (wo bmages be held exactly in the eenter of the fild,
~inee the botrom of the field Tens in thie bubble ¢hamber has a curvature sucl that the
bubible will move the spme distonee as the image of (he hody, (0 (he sextaat is lipped
slightlv. Tlowever, cotneldence should take place near the vertical center Iine of the
ficld. Coneidence obtained near the rop or botrom of the center Hne = aecurale, but
when oblained near the vight o lelt edee niay be in ervor by as mucl as several minutes,

Forming the bubble ——If no hubble is secn through the eyepicee, the babbl chanber
adjustmend seectr o, 21030 3 Cened i cloekwize divecton. This retraets a flexible
dinphragm in the bubble chamber, veducing the pressure on the liquid (xylene) which
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504 SEXTANT

completely fills the Lubbkle chamber and ccll. When the vapor tension of the liquid is
greater than the pressure, a bubble of vapor forms. This is usually aceompanied by 8
pronounced click. If the screw is tarned counterclockwise after a bubble has formed,
the inereased vapor pressure causes the molecules of vapor in the bubble (o re-enter the
Hquid, thus decrcasing the size of the bubble. If diffienlty is experienced in forming
the bubble, the sextant should be tipped until the adjusting screw points downward
about 45° In this pesition, reducing and increasing the pressure on the bubble
chamber several times will usually cause a bubble to form. To remove the bubbls,
turn the adjusting serew counterclockwise, putting increased pressure on the liquid,
Gently shaking the instrument aceelerates the absorption of the vapor bubble, The
bubble should always be removed after all observations arce completed and the sextant
1s to be stowed.

After the bubble has been formed, its size can be regulated by turning the adjustiog
screw.  The correct size is largely o matter of personal preference. In general, however,
the bubble should be from one-sixth (o one-quarter the diamecter of the field. Thisis three
to four times the size of the sun as scen through the eyepicee. It should be small enough
so thal when the astigmatizer is used, the line will extend beyond the bubble. A bubbla
which is too small ig sluggish and recovers slowly if displaced by acecleration. One
that is oo large is subject to excessive motion during observation and is difficult to
align with the image of a bedy. A smaller bubble can be used with a star thau with the
sun or moon.

The bubble appears to move across the civeular field as the sextant is tipped left
or right out of the vertical position, and wp or down as the sextant is tilted hackward or
forward from the vertical.

It alticude 1s to be measured accurately, the index prism must be adjusted to align
the imnage of the star horizontally with the center of the bubble. The alignment should
take place ncar the vertical center line, as stated above. Some navigators prefer to
use the astigmatizer for observations of the sun, planets, and brighter stars, bisecting
the bubble horizontally by the astigmatized line. This feature should be used with
caution in moon sights unless the moon 1s full.

When the astigmatizer is not used, the image of the body should be centered with the
bubble, as shown in figurc 2104a. When
the moon is observed 1n the crescent or
gibbous phase, allowance should be made
for the dark portion,; avoiding the tendency
Lo cenler only the illuminated part. If this
precaution is ot followed, a considerable
error may be introduced in the measured
altitude, as indicated iu figure 2104b. An
observer who [inds it difficult to estimate
accurately the center of the moon may ob-
tain better results by keeping the upper
or lower limb at the center of the bubble
during ohscrvation, and applying a corree-
tion for semidiameter, as with observa-
tions wsing the visible horizon.

2105, Altitude scales.—The altitude of
a body is read from two scales, the main
scale and the micrometer gcale. The mein
scale is graduated for each 5° from (—)10°

Ficure 2104a.-—The images of the hubble and
body are contered in the field.
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to 100°, although the maxirqum reading
that can be made is a little more than
95°.  The micrometer scale is graduated
for each 27 and can be read to 17 by ==y - -
visual interpolation.  One complete turn ' Error.
of the micrometer drum (fig. 2103) is

gquivalent to 5°  The scale on the
micromeler drum serves as a vernier to
ihe main seale.  Thuas, if the micremeter
seale reads 4°28" and the next lower
mark on the maln scale 18 30°, the angle
measured is 349287, If the next lower mark is 3537, the angle 15 38°28".

The rotation of the micrometer drum, and hence the index prism, is limited Lo a
little more Lhan 21 Lurns, by intermediale stop washers (fig. 2103) which engage with
each other in sucerssion.

2106. Averaging device.—Cclestial obscrvations laken in (licht are subjeel (o
rndom crrors due to inaccurate setting of the instrument and unsteadiness of the
bubble resulting from acecleration of the airerafl aboul or along any of its axes. The
latter, called acceleration error, is caused by (1) changes in ground speed, (2) changes
i direetion of wotion, (3) the normal oscilintion of the aireralt i pitch, roll, and
raw, and (4) the superimposed erratie motion due to atmospheric turbulence,  DBecause
of these errovs single sighls may be unrcliable, ane it is usually desirable that a con-
siderable pwmber of observations be averaged. The Mark 5 bubble sextant can
be used either for single observations or for averaging 60 separate observations taken
during a 2-minute period.  The normal ascillalions of an airevalt about cach axis re-
ferred 1o in (3) above, are the long-period osciliations resulting from the response of the
girevafl to its individual stalie-stability characteristies. They are essentially sinugoidal
in character but are difficult to deteet or measure without elaborate equipment.  The
amplilude ol the oscillation in pitch, sometiraes referred to as phugoid escillation, may
be as wieh as 157 (o 207, It involves a varianlion in speed and altirnde with litile or
no change in herizontal acecleration.  The amplitude of the oscillation in roll is be-
lieved to be approxinately Uhe same as in piteh, but somewhat less in yaw.

The oseillation peviod for large atreralt is approximately 40% or 50% I 1t is 407,
the fixed, 2-minute averaging period of the Mark 5 sextant coincides with Lhree oseil-
ltions and the cffeet 1s averaged out. If the fixed observing period ineludes more
than an integral number of oscillalions, an crrvor is mtroduced which depends upon
{1} the amount of the exeess, and {2) the phase al the start of the observation.

The observing period of the periscopic sextant (art. 2109) is variable up to two
minutes so that 1t can be made to coincide with the phagoid oscillations of the air-
eaft, if known.

The averaging device averages successive positions of the index prism within a
unge of 14° above a selected base value. The base value is established below the
ilitude to be observed, at a multiple of 10°.  1f a body is Lo be observed at an altitude
of approximately 36% the base is sct at 30° so thai the operatine range [alls wichin
the 14° averaging vange. If the body is at an altitudc of approximately 41°, the
tase 15 still 30°, since individual obscrvations may differ from the average by more
than 1°. Beyond 42° the base would be set at 40°, Thus, an operating range of 2°
isavailable on each stde of the altitude being observed.

Fraune 2104b,—A considerable crror may be intro-
duced if only the illuminated portion of the moon
ig euntered.
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Operafion of arveraging deviee. =Referving to figure 2103, lever 1 s conneeted {os
cluteh by which the averaging mechauism can be disconnected [rom the micrometer
{zcale) drum. When lever 1 s pressed to the right against a spring, the clutel is dis (8) Che
enged and the mierometer eale) drun (and consequently the index prisni can be in the desiree
moved through its [ull range independently of the averaging mechanisin, Lever s 8 (9} Tf a
retained in position by lever 2. When lever 2 is pressed, releasimg lever 1. a spring
forees the twe halves of the clutel tosether, und as the milerometer drum is (uraed, s
spline on the movable half of the cluteh drops inte a noteh on the other Lall, The
micromeler drum s now contecled (o the averaging deviee,

The averaging deviee is driven by clockwork mechanisni in the base ol the sextant.
The mainspring of this mechanism is wound by a winding kev on (he hottom of the the preliming
sextant. The clockwork 1s gtarted by pressing o starting lever (33 and operates for2 next smaller
minutes. The spriug must be rewound before each sight il the averaging deviee isto [l (10) Bri
be used.  The starring lever (3 0s locked undl the spring b= inllvy wonmnd. Completion center of the
of the winding operstion alse withdraws a <hutter from the optical path. The shutte tain coincidc?
is returned alter 2 minutes operation of the timing mechanis, indieating the end of (11} Re:
the observation period,  The clockwork mechanism must be completely wonnd evenif | Use the midd
the sextant is to be uscd for single sizhts; otherwise the shutter ebstructs the opticd
path.

If the sun is
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is particularl
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During the averaging period, the hmage of the body observed is held as elosely s will o0
possible in coincidence swith the horizon (natural or bubble) by moving the mierometer ?2) Forn
drum.  Tovery 2 seconds {or 60 times doerving the 2-minute period) Y of e difference 3) Pres
between the base value and the instantancous setting of the micromeler scale Is added @) If tl
to the counter dials (fig. 2103}, The average allitude during the 2Z-minnte period is
the suni ol the base value (multiple of 10°) and the counter reading.  For example, if (5) Brin
the base value is established at 20° and the micrometer drum reading is 59, the reading center of the
of the sextant averase s 20°45°—25° The counter dials should be resel to zen (6) Not
I.)o[ol'ov cach observation, . ‘ micrometor s

When the base value is more than 102 helow the average reading, eare should be With pr
used In interprating the dial reading, since dials do not readl to greater than 9959,
Thus, 1 the approximaic altitude is 51°, the base value 1s normally established at 40°,
If the counter dial reads 19177 at the end of rhe evele. the average altitude iz 40%4
11°177=51°17". The average reading should normally be within 2° of the final
reading of the main seale.  In this example the main seale reads just over 30° at the enough famil
eud of the U]H(‘l:\‘]]lg’ period, ‘ . . ‘ . . in total dark:

2107. Making an eobservation.—The following steps are involved in making sn | The clod
obzervation with a Mark 5 bubble sextant, using the bubble feature: observations

(1) Wi the elockwork by turning the winding key counterclockwise as far as it 2108. A
will go.

(2) Form the hubble and adjust 1= size.

(3) Press lever 2, conueeling the averaging device.

(4) Rotate the micrometer drum clockwize (deercasing readings) nntil it stops.
This posiiions the cluteh =o that the base value will he established at the nest lower
wmultiple of 10°.

(3 Wilhout moving the micrometer drom, press lever 1, disconnecting the averaging
device.

{6} Set the eounter dial Lo zero.

{7) Set the sextant to the approximate altitude to be measured.  This value mey
be determined by prelininary observation, by computation, or by means of a star finder.
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I the sun is to be observed, mtroduce suitable shade glasses. Focus the eyepicee if
NOCU=SATY .

(& Cheel (he Lhorizon prism lever and the astigmatizer lever to see that they are
in the desived positions,

(O Tfa 2-minute average is (o be faken, establishi the base value by pressing lever
2, conneeting the averaging device, and rotate the micromeler drum clockwise to the
stop. This should oceur at the next lower multiple of 10° on the main <cale. Be sure
that this rolation 1s al least 2° on the micrometer seale; otherwise the lower limit of the
averaging range may be encountered during the observation, rendering it useless.  This
is particularly fmperiant if the altitude s decreasing. Hothere is Tess (han 2° bhetween
the preliminary sight and the base value, the base value should be re-established at the
next smaller mulriple of 10°.

(101 Brine the mage of the eelestial body 1n alignment with the hubble, near the
eenter of the ficld and press lever 3, noting the time or having an assistant do so.  Main-
tain coincidenee unlil the shutler obstruets the optical path after 2 minntes.

(111 Read the average altitude az the sum of the nain seele aud coumter dial.
Use the middle time of the observation, 1 minute later than the thme of starting,

If a4 single observation is Lo be made, the Tollow ing steps are involved:

{1) Wind the clockwork by turning the winding key countercelockwise as far as it
will go.

(2) Form the bubble and adjust 1s size.

(3] Press lever 1, disengaging the averaging deviee.

(1) 10 the =un is to be observed, introduce suitable shade glasses.  Foeus the
evepiece i necessary.

(51 Bring the image of the celestial body into alienment with the bubble, near the
center of the held.

{6) Note the time and read the altitude as the sum ol the main seale and the
mictometer seale readings.

With practice, the entive preparation lor making an observation can be performed
ma few seeonds, When taking sights at 4-minmic intervals (art. 2007, example 3), an
apericneed navigator finds no difiicully m reading the sextant and preparing it for the
next observation in the 2 minutes betaveen the ending of one observation and the be-
anning of the next) even thongh a new hase value must be set. Tt s wise to acquive
amough familiarity with the sextant so that (he vavious eoutrols can be manipulated
i total darkuess.

The elochwork mechanism should always be permitied lo run down aflter all
oheervations are completed and the sextant Is to be stowed.

2108. Additional features.—To permit ob=ervation at night, the hubble 1= illu-
minated by a ring ol luminous paint, and small eleetric lights are provided to illumi-
nale the various dials.

A spring elip to hold a stop watel is attached vuder the counter dials.  If desived,
the watel ean be started at some conveuient time and then placed in the chp with its
sein adjacent to starting lever 3. When Jever 3 1s pressed Lo start the 2-minute ob-
wivabion period, 0 also sfops e wateh, and the middle time of sight i< the instant
he wateh was started plus the elapsed time as shown by the walel, plus 1 minnte,

To support the weight of the sextant during observations, a link is attached which
miLhe engaged with a hools on a support arm installed in the astrodome.  This reduces
perator fatigne: tend~ Lo steady the dnstrwuent during observation: avd keeps the

G91 6317 GE— 33
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sextant centered in the astrodome, thus reducing error due to irregular astrodome
re(vaction.

Periscopic sextant

2109. Iniroduction.—'T'he astrodome through which celestial observations are
made s undesirable for several reasons. By protruding above the skin of the aireraft,
it creates drag which s increasingly objectionable as speeds become greater. Moreover,
when it is used in a pressurized cabin at high altitudes, the pressure differential between
the inside and outside alr creates strain, sometimes causing rupture of the dome.  Alsg,
ieht is refracted in passing through the dome, necessitating an additional correction
which cannot always be accurately determined. These disadvantages are avoided by
using o perscopie sexlant,

2110. Sextant mount.—"To accommeoedate the periscopic sextant, a mount (fg.
2110) is affixed (o the overhead of the aiveralt.  When the sextant is not in use, the

Humidity Indicator
y \ﬁ I .

«——— Sealing Shutler
Lever

Azimuth Counter
Azimuth Control Knob

Azimuth Scaie
Viewer Objeclive
~——— Watch Clip

A
: s~ Counter Light

Ao Halftime Dial

Bubbie Adjustment Knob

Bubble Chamber

Rheoslat

Averager Index

Eyepiece Altitude Counter

Altitude Control Knob

Courtesy of Kollsman Instrument Corp.

Figurn 2110 —A periscopic sextant and mnount.
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