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Figure 1 - Side View
- ’ e PR ‘ SR S Aircraft Sextant
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Figure 2 - Top View - Aircraft Sextant
Type A-5 (342).
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Figure 3 - Side View - Aircraft Sextant
Type A-5 (1067)
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Figure 4 - Rear View - Alrcraft Sextant
Type A-5 (1067)
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Figure 5 - Side View - Aircraft Sextant - Type A-7 (A-BA)

Figure 6 - Side View - Aircraft Sextant - Type A-7 (3003-A, 3003-B)
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I

INTROD UCTION

1. This Handbook 1s issued as the gener-
al basic Technical Order for the equip-
ment involved.

2. This Handbook contains Description,
Operation, Inspection, Maintenance and
Overhaul instructions for the types A-5

and A-7 aircraft sextants, which are
used to measure the angular altitude of
celestial bodies with reference to an
artificial horizon in aircraft.

3. The following 1s a l1ist of various
types of sextants purchased from the
Pioneer Instrument Company.

Tyte ¥fr's. Part No. ‘' P, 0. or Contract No.
A-5 342 35-2285-P
A-5 1067 36-5792-P
A-7 (A-5A) Modified A-5

Sextants to include BJ-1 Averaging Device 38-5644-P
A-7 300 3-A W335-ac-15814

' W535-ac-17520

A-7 300 3-B W535-ac-17520

K

4. The original sextants, modified on
P.0. 38-5644-P to include averaging de-

.

Vice, were designated type A-5A during
the Service Test period. Later, they
were redesignated type A-7.

SECTION II

GENERAL DESCRIPTION

1. TYPE A-5

8. PIONEER (342). - This type aircraft
sextant was evolved from the two-mirror
oren-frame quadrant sextant. Its physic-
cal shape can be seen to the best advan-
tage in figure 1. Fundamentally, 1t is a
telescope with two reflecting prisms,
the fixed horizon prism and the rota-
table index prism, placed before the
telescope objective lens. The drum shaped
frames which can be seen to the right
and left of the prisms, figure 2, house
or form the mounting bases for all the
controls. To the rear of the prisms 1s
a disc containing colored glass filters,
the objective lens, and astigmatizer.
The vertical part forms a base formount-
ing reflecting prisms, artificial horizon
and the eyeplece. On the face of the
right drum is a celluloid pad for re-
cording observations and a window which

-7

reveals the altitude reading of the ob-
servation to the nearest 109, A small
electric light screws into theside plate
Just under the drum to illuminate the
scale and pad.

D. PIONEER (1067). - This type aircraft
sextant is a modification of the type
342. The modification consists of an im-
proved bubble cell, electric illumina-
tion of the bubble, a larger horizon
field and a more uniform illumination
of the data pad. Refer to figures 3 and 4.

2- TYPE A-7 (A-SA).

When the BJ-1 averaging device is
mounted on the drum of any type A-5
sextant (figures 5 and 7) 1its type is
changed to type A-7. See section 1, par-
agraph-4, this Handbook for explanation
of type designation of the type aA-5A.
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Figure 7 - Averaging Device - Pioneer BJ-1

3. TYPE A-7 (Refer to figure 6).
8. PIONEER (3003-4).

(1) This type aircraft sextant is
essentially the same as type A-5, Ploneer
1067, except for several improvements.
These improvements consist of a rede-

igned eyepiece prism assembly, a modi-
sied bubble cell, a new micrometer drum
one revolution of which 1s equivalent to
five degrees and a new averaging device
.type BJ-4 which records on a drum a se-

ries of observations from which an av-
erage angular altitude may bedetermined.

(2) The electrical system of 1llu-
mination of the bubble has been elimi-
nated from the type 3003-A.

b. PIONEER (3003-B). - This type 1is
essentially the same as Pioneer 3003-A
except that it has a die-cast astigma-
tizer cover, telescope body, and right
and left side plates.
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III

DETAILED DESCRIPTION

1. TELESCOPE ASSEMBLY.

The telescope assembly magnifies the
field brought into view by the index
and horizon prisms and also carries the
artificial horizon system. It 1s made
up of several minor assemblies subse-
quently described.

8. OBJECTIVE LENS ASSEMDBLY.

(1) The objective lens assembly is
made up of an objective mask, a horizon
shutter and the objective lens system.

(8) The objective mask is a circu-
lar disc with an oblong opening cut sym-
metrically with the axis of the disc.
Its function 1s to limit the field of
the objective lens to the useful portion
of the index and horizon prisms, to com-
plete the housing of the horizon shutter,
and to prevent the images of the prism
holders from entering the field of view.

() The horizon shutter, which is
directly behind the mask, is crescent
shaped and has an outside radius the
same as that of the objective mask. One
end of the shutter 1s carried in a split
ring which can be rotated in the objec-
tive tube by means of the shutter control
knob. The outer end of the shutter 1is
pivoted in the housing. By sliding the
shutter control knob to the right, the
crescent shaped shutter stands vertical-
ly across the oblong opening in the ob-
Jective mask and obscures the horizon
prism from view.

(¢) The objective lens system is
composed of a double convex lens sepa-
rated by a spacing ring from a plano-
concave lens. The lenses are held in
place by a lens ring, which is slotted
radially to make it flexible, and by a
lock ring, which is threaded and screwed
into the objective tube. The lenses are
made up in a special crown-flint-achro-
matic combination.

(2) The objective lens assembly is
fixed in the objective tube by a set
screw.

b. ASTIGMATIZER ASSEMBLY. ~ The astig-
matizer assembly houses an optical sys-
tem capable of changing & round image
into a narrow line. It is used to change
the image of a celestial body into a
narrow band of light to facilitate cen-
tering of the star and bubble. Whenever
the astigmatizer lens i1s thrown out of
the optical system it is replaced by a
plane parallel plate glass to compensate
for the change in focal length. These
two glasses are held in place in the
astigmatizer plate which can be rotated
by the control knob. The ends of the
slot, in which the knob moves, serve as
stops for the rotation of the plate. Ad-
Justment of the stop position of the
astigmatizer is provided by means of the
set screw in the control knob. The plate
is held in place against either one of
the two stops by an off-center spring.

¢. TELESCOPE CASTING ASSEMBLY. - The
astigmatizer plate 1s mounted in a bush-
ing in the telescope casting. In this
casting is also mounted the body prism

" held in place by the saddle-shaped hold-

-0~

of the roof,

er. The form of this prism (a roof prism)
is such that the light, entering one
face travels through to one of the faces
is reflected to the other
face of the roof and then from it, re-
flected upward. The path of light is
thus bent through 90° and shifted over
to the opposite side of the optical axis
thereby reverting the image.

NOTE: The telescope casting for all
types of sextants is sand cast with
the exception of type A-7, Pioneer
3003-8, which is die cast.

d. ARTIFICIAL HORIZON. -

(Refer to
figures 8 and 9) .
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Figure 8 - Bubble Assembly -
Alrcraft Sextant -
Type A-5 (342)

(1) The bubble assembly which forms
the artificial horizon consists of a
~/ield lens, bubble chamber, bottom glass
and diaphragm chamber with 1its cap. The
system 1is used to form a vapor bubble in
the bubble chamber, which together with
the diaphragm chamber, is filled with
Xylene, Spec. No. AN-R-X+876. The top of
the bubble chamber 1s the glass field
lens and the bottom of this chamber is
the glass bubble bottom. The under sur-
face of the field lens has such a radius
of curvature that the bubble will travel
the same distance as the image of a dis-
tant object when the Sextant is tilted.
Both glasses are cemented to the bubble
chamber and held in place by retaining
rings.

(2) The bubble is formed and control-
- led in size by the deflection of a flex—
- ible diaphragm which forms & wall of the
chamber on the side of the bubble assem-
bly. The deflection 1s controlled by a
nut on the diaphragm cover. By turning
the nut in a clockwise direction, the
diaphragm is deflected. The volume of
the two chambers, which are connected by
a passageway, 1is thereby increased and
& vapor bubble is formed. The bubble’
formation 1susually announced by a sharp
!1ck. The sizeof the bubble is control-
«ed by turning thenut ineither direction.

-10-
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Figure 9 - Bubble Assembly -
Aircraft Sextant - Type A-5
(1067, 3003-A, 3003-B)

(3) On the modified type A-5 sextant
(Pioneer 1067) there are two methods
provided for the illumination of the
bubble, electric and radium luminous
material.

(8) The source of 1ight in an elec-
tric illumination is a lamp controlled
by a switch on the telescope casting,
which can be screwed into the ring light
socket which in turn is held in place
by a small set screw in the casting pro-
Jection at the rear of the telescope
casting. Light from the lamp passes
through the insert into the light ring
made of transparent material and is then
reflected upward through the bubble
chamber bottom. Further reflection takes
place from the inclined surface, forming
the side walls of the bubble chamber and
the bubble 1s thereby illuminated from
the sides. A standard A.C. 3-volt in-
strument lamp, part No. 36A3344, may be
used in place of special 2-volt lamp. To
use the A.C. instrument lamp it will be
necessary to move the butt spring con-
tact out approximately 1/32" to insure
proper contact with the lamp.

() Radium 1luminous material 1is
painted on the under surface of the bub-
ble bottom immediately above the light
rings on a metal ring just outside the
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light ring and on the two surfaces of
the spacing ring immediately inside and
below the light ring. This material sup-
plies ample light to illuminate the bub-
ble.

(4) On the type pA-7sextants (Plioneer
3003-A and 3003-B), the method of elec-
trical i1illumination of the bubble has
been eliminated. Radioactive luminous
material, painted on a metal ring surc
rounding the bubble, furnishes ample
light for 1lluminating the bubble.

€. EYEPIECE PRISM ASSEMBLY. - The eye-
plece prism assembly is composed of the
eyeplece prism assembly, eyeplece lens
assembly and the eyepiece buffer. The
base of this assembly is square and has
a recess in 1t which fits over a raised
circular step onthe top of the telescope
casting. The two assemblies are held to-
gether by a split retainer and spring
washer so that the eyepiece lens assem-
bly may be rotated about the optical
axis of the telescope.

(1) TYPE A-5 (Pioneer 342 and 1067).

(8) The eyeplece prism on the type
A+«5 sextant 1is mounted above the field
lens and serves as a means of deflecting
the light path 45°, The prism is held in
the housing by cork wedges.

(b) The eyepiece lens housing on
the type A-5 sextant is held in a mount-
ing inclined at an angle of 45° from the
vertical and so placed that the 1light
passing through the eyepiece prism also
passes through the eyepiece lens. The
eyepiece lens may be moved in or out for
focusing by rotating the knurled adjust-
ing ring.

(¢) The eyeplece lens is a two-
Plece cemented lens composed of plano-
concave flint glass and a double convex
crown glass.

(d) The eyepiece buffer, shaped
from soft rubber, is mounted in a circu-
lar collar which is attached to the eye-
piece lens holder. The eyepiece buffer
can be rotated so that it may be placed
in the properposition for observing with
either the right or left eye.

T. 0. No.

-11-

05-35-4

(2) TYPE A-7 (Pioneer 3003-A and
3003-B) .

(8) The eyeplece prism on the type
A-7 sextants (3003-A and 3003-B), is
mounted above the field lens and serves
as a means of deflecting the light path
60°. The prism is held in the eyepiece
prism carrier by six prism screws and a
prism retaining plate and four prism re-
taining plate screws,

() The eyepiece lens housing on
type A-7 (Pioneer 3003-A and 3003-B), is
held in eyeplece casting inclined at an
angle of 60° from the vertical and so
placed that the light passing through
the eyepiece prism also passes through
the eyepliece lens. The eyepiece lens 1is
adjusted for focus byrotating the knurl-
ed adjusting ring. '

(¢) The eyepiece lens and eyepiece
buffer used on type A-7 are similar to
those used on type A-5.

2. RIGHT SIDE PLATE ASSEMBLY.
8. TYPE A-5 (Pioneer 342 and 1067).
(1) The right side assembly is mount-
ed on the right side plate. This plate

is an irregular-shaped aluminum casting.
The rounded front portion houses the

spindle and indicating mechanism for the

index prism which is mounted between the
two side plates. The index prism 1s an
isosceles right-angle prism mounted
with the hypotenuse down. This prism is

-made of crown glass with inclined faces

polished and the base silvered and paint-
ed. The vertical surfaces arealso paint-
ed. The prism is keyed into and cemented
to the prism holder which is mounted on
the prism carrier. The position of the
prism holder with respect to the prism
carrier can be adjusted by means of two
adjusting screws and a regulating pivot.
The prism carrier also hasa shaft, which
is fastened into the worm wheel assembly
after this latter assembly is attached
to the side plate. .

(2) The worm wheel assembly consists
of the female center bushing, worm wheel
support and worm wheel. The female cen-
ter bushing is a flanged bronzed casting,

NESTRICTED
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lch 1is screwed to the right side plate
and into which isbushed the taper of the
worm wheel support. The right side plate
has an opening to accommodate the shoul-
der on the female center bushing.

‘ (3) The worm wheel support carries a
projection on which is cut the gradua-
tions of the scale which isviewed through

A2 window in the right side plate cover. -

On i1t is also mounted the worm wheel
which i1s cut to engage the worm gear.
The position of the worm wheel can be
adjusted by means of the two screws and
locked in position by means of the two
lock screws. Adjustment of the position
of the worm wheel is a correction for
some small inaccuracies in the machining
of the worm gear and wheel.

(4) The worm wheel is turned by a
micrometer worm which is cut from a
stainless steel rod. The shaft of the
rod has a tapered bearing seat which
fits accurately into a bronze bushing.
The bronze bushing is held in place ver-
tically at the upper end by a thin seat-
ing ring, which is clamped into the side
plate by the worm bushing bezel. This

‘lows the worm gear to move slightly

sward the side. This movement 1is con-
strained by the adjustable worm shaft
plunger assembly which pushes the worm
gear against the worm wheel thereby
eliminating backlash. The worm shaft is
pushed upward against the tapered bush-
ing by the spring and ball at the lower
end. The shaft extends up through the
bushing and above the upper edge of the
side plate.

(5) The scale drum assembly i1s lock-
ed to the shaft by a lock nut. The
worm gear and wheel are of such ratio
that one revolution of the micrometer
drum corresponds to 10 degrees of alti-
tude. Hence, the drum is calibrated from
@ to 10 degrees. The units are degrees
and five minutes. The 10 degree units,
"from 0 degrees to Y0 degrees are engraved
on the worm wheel support. A knurled
cover 1s screwed over the top of the
drum to facilitate 1its rotation. .

(6) Just below the micrometer knob
is a ring which carries the lubber line
plate. The ring may be locked in posi-
tion concentric with the knob by means
~f a lock screw. The position of the

1bber line plate is adjustable up and
uown 1f the adjusting screws are loosened.
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(7) Attached to this side plate is
also the battery holder. It consists of
two bakelite cradle ends, carrying con-
tacts. After inserting the battery, in
such a way that the positive pole is at
the end with the single contact, the
spring clip 1is swung into the clamped
position against the battery. The engrav-
ing on this clip-also indicates the po-
sition in which the battery is to be
mounted.

(8) The side cover plate on which
the data pad is mounted conceals the
worm wheel assembly. The right side plate
is fastened to the left side plate by
spacing studs. The studs are rods thread-
ed at hoth ends. They are screwed into
the right sid® plate and secured to the
left side plate by cylindrical nuts.

b. TYPE A-7 (A-5A). - The averaging
device 1is shown in figures 5 and 7.
Mounted on the cover casting (1, figure
5) are a plate (2, figure 7§ and a ver-
nier (3, figure 5) both of which are
free to rotate on tapered hearings about
a common axis. A scale (4, figure 5) is
fixed rigidly to the cover casting.
To the plate (2, figure 7) are secured
a friction clutch shoe and a lever (5,
figure 5) which, when pushed up, forces
the shoe against the periphery of the
vernier holder and causes it to rotate.
When the lever 1s returned, the shoe 1is
released, resulting in no motion of the
vernier. A vernier zero stop (9, figure
7) 1s also provided. The vernier can be
reset to zero by placing a finger on the
knob (10, figure 5) and rotating the dial
in a clockwise direction until stopped.
The motion of the plate i1s limited at one
side by the contact of a post (8, figure
7) with the zero stop (7, figure 7) and
at the other side by the contact of the
post (8, figure 7) with the edge of the
worm wheel which carries the rotating
prism of the sextant. The zero stop (7,
figure 7) if properly adjusted, should
be in contact with its stop post (6,
figure 7) when, for zero reading of the
instrument, the post (8, figure 7) 1s in
contact with the edge of the worm wheel.

¢. TYPE A-7 (Pioneer 3003-A and 3003-
B). - The right side plate assembly is
essentially the same as type A-5 (Pioneer
1067) except for differences in worm
wheel support assembly, micrometer scale
drum, and the addition of a new type
averaging device.
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(1) The worm wheel support assembly
consists of a worm wheel support, worm
wheel support bearing, bearing housing,
index prism carrier, andworm wheel dial.
The worm wheel support fits into the
inner race of the worm wheel support
bearing the outer race of which is se~
cured to the right side plate by means
of the bearing housing. The bearing
housing i1s mounted on the right side
plate with threescrews. The shaft of the
index prism carrier is a light push fit
into the worm wheel support and is se-
cured to it with a nut and washer.

(2) The rotatable index prism of the
sextant is rigidly connected to the worm
wheel meshing with the worm operated by
means of the micrometer scale drum. The
micrometer scale drum is locked to the
worm shaft by two nuts. The worm gear
and worm wheel are of such a ratio that
one revolution of the micrometer drum
corresponds to 5 degrees of altitude-
The drum's periphery is divided into
five major parts, each reading 1ldegree.
These are further subdivided into thirty
parts each reading 2 minutes of arc. The
worm wheel dial is visible through a
window on the right side plate cover and
carries a graduation line for each 5
degrees. When reading ‘the instrument,
the divisions of 5 degrees are taken
through the window, while the remaining
units of degrees and minutes are read
directly from the scale of the micrometer
drum. The knurled drum cover, which is
screwed over the top of the scale drum,
i1s provided with a surface upon which
observations are recorded by the averag-
ing device.

(3) The pBJ-4 averaging device as
shown in figure 24, 1s mounted on the
right side plate at therear. It consists
mainly, of a trigger operated pencil
assembly and a ratchet for indicating
the number of observations up to 20. The
pencil pressure against the micrometer
drum cover (23) 1s adjustable by means
of a knurled screw (1) and a thrust
spring (2). The trigger (6) 1is attached
to the base plate (10) by means of a stud
(22) on which the trigger pivots. On the
base plate are located a ratchet (18)
and trip pin (20). The ratchet turns on
a pivot (16) attached to the base plate.
The ratchet spring (19) is located on the
stop (8) which 1s firmly attached to the
trip pin by means of a taper pin (7).

T. 0. No.
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WYhen the trigger 1is pressed
backwards by a motion of the right thumb,
it pushes the trip pin through the open-
ing in the base plate. As the trip pin
is pushed in, the ratchet spring (19),
which i1s attached to the stop by a screw
(15) , pushes against the ratchet (18).
As the ratchet is rotated counter clock-
wise to the next number, a ratchet stop
spring (9), located at the bottom of the
base plate to the right of the ratchet,
falls into place.The ratchet stop spring
holds the ratchet so that the numeral on
the ratchet appears in the center of the
plate cover cutout.

At the same time as the trigger
is pressed backward, the pencil (24)
places a vertical mark on the gray sur-
face, directly above the scale, on the
drum cover (23). As the trigger 1is re-
leased, the trigger spring (21) moves the
trip pin back into place and returns the
pencil assembly toits original position.
Thus a series of observations may be re-
corded to determine the average angular
altitude.

3. LEFT SIDE PLATE ASSEMBLY.

[

‘The left side plate assembly has a
mounting plate similar to that on the
right side. On it is mounted the horizon
prism, the light switch, and the shade
glass assembly. :

8. The horizon prism assembly is, as
to form and mounting, like the index
prism. The shaft of the prism carrier 1is

fixed to an adjusting plate after in-

serting the carrier shaft through a
clearance hole in the left side plate.
The adjusting plate has four equally
spaced holes near its periphery, two of
which are threaded. This plate is at-
tached to the side plate by two mounting
screws. Its distance from and its incli-
nation to the side plate controls the
position of the two prisms with respect
to each other and is determined by the
two mounting screws and two adjusting
screws which are screwed through the
threaded holes in the adjusting plate.
Other screws for adjusting the prism are
in the prism carrier.

b. The light switch is composed of two
contact springs with silver contacts

which, when pushed together by the switch
button closes the electric circuit 1in
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- which the lamp illuminating the data pad
and scales is found. The contact springs
are insulated from the casting. One con-
tact spring is connected electrically by
an insulated wire to the light socket,
the other to one contact of the battery
holder.,

£. The shade glass assembly is pivoted
on a projection on the left side plate
.80 that when the disc is rotated, vari-
ous colored glass shades or a blank
opening may be placed in the optical

T. 0. No. 05-35-4

system. By selecting the proper shade
glass it is possible to observe luminous
bodies of any intensity. The shade glass
assembly 1s located behind the horizon
prism and is rotated from the left side.

4. LAMP ASSEMBLY.

The lamp assembly screws into the
right side plate under the micrometer
scale drum and i1lluminates the scales
and data pad. ’

5. OPTICAL LAYOUT.

INDEX PRISM- ROTATABLE-\

7
£ #
y

Figure 10 - Optical Layout - Aircraft Sextant - Types A—5; A-7 (A-54)
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8. Figure 10 gives a layout of the op-
"~ tics of type A-B5 sextants (Pioneer 342
. and 1067) . The purpose of each part is as
follows:

(1) The horizon and index prisms are
both reflecting prisms. The horizon prism
. 1s stationary and is mounted on the left
side plate. The index prism is rotatable
and is mounted on the right side plate.
The direction of the rays of light, which
pass through each prism and then through
the objective lens, is determined by the
position of the prism. Lines ABCDE and
A'B'C'DE show the path of rays of light
through the prism for two different po-

sitions.

(2) The shade glass assembly is a

""rotatable disc contailning several dif-

ferent colored glasses and a blank open-
ing which enables the observer to cut
down the light intensity and to produce
various shades for color contrast in
taking the sight. The various colored
glasses are to be used when observing
the sun, and the blank opening is to be
used when observing stars or the moon.

(3) The objective lens causes the
rays of light passing through it to come
to a focus and form an image of the ob-
served body at the bottom surface of the
field lens.

(4) The astigmatizer is operated by
a lever which places the lens in or out
of the optical system. Its function is
to elongate the image, which is an aid
in centering the image with the bubble.
Whenever the lens is thrown out of the
optical path a parallel plate glass is
substituted to compensate for a change
in focal length.

-15-

05-35-4

(5) The roof prism bends the rays of
light through an angle of 90° and also
both inverts and reverts the image (turns
the image upside down and from right side
to left and from left side to right).

(6) Emerging from the roof prism the
light rays pass through the bubble bot-
tom, which Is a piece of parallel plate
glass and serves as the transparent bot-
tom for the bubble chamber.:

(7) The lower surface of the field
lens 1s the upper boundary of the bubble
chamber. Its surface has such a curvature
that the bubble travels along this sur-
face, when the sextant is tilted, the
same amount as the image of the celestial
body. The upper surface of the field lens
causes the rays of light to converge 1n-
to the eyepiece prism. .

(8) The eyepiece prismbends the rays
of light through an angle of 45° and

‘brings them to the eyepiece lens.

(9) The eyepiece lens is focused on
the plane of the image and bubble by ro-
tating the eyeplece adjusting ring. It
is of such a power that together with
the other lenses of the system it gives
a magnification of two diameters.

k. The optical layout, figure 11, of
type A-7 sextants (Pioneer 3003-A and
3003-B) 1s identical to that of type
A-5 (Pioneer 1067) with the exception of

. the eyeplece prism. The eyeplece prism

on type A-7 sextants (Pioneer 3003-A and
3003-B) bends the rays of light through
an angle of 60° and brings them to the
eyepiece lens.
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l r‘ ISM- R TATABL\ |
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SHADE GLASS

NI N A 1
# /// v

OBJECTIVE LENS

HORIZON PRISM- FIXED/

ASTIGMATIZER LENS
ASTIGMATI A

EYE PIECE LEN

EYE PIECE PRISM

QPTICAL AXiS

Figure 11 - Optical Layout - Aircraft Sextant - Type A-7 (3003-A, 3003-B)

.

- SECTION IV

OPERATION

. 1. POSITION

i The instrument should be held in both
hands, the arms resting easily on the
sldes of the thorax, as shown in figures
12 and 13. The right hand operates the
micrometer drum, while the left, besides
furnishing additional support, operates

- *"e shade glass holder and the astigma-

tizer knob. Figure 13 1llustrates the
mode of operating the instrument with
the eyepiece turned 90°. When the arti-
ficial horizon is used, the horizon shut-
ter knob should be moved to its extreme
position in the directlion opposite to
the arrow. This will exclude any direct
horizontal light from entering the tele-
scope.
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Figure 12 - Correct Position
of Operation

2. USE OF BJ-1 AVERAGING DEVICE ON TYPE
A-7 (A-54).

Before taking a reading with the type
A-7 sextant, be sure the vernier of the
averaging device is set at zero with the
lever in 1its lowest possible position.
This is done by rotating the vernier by
means of the knob in a clockwise direc-
tion until the zero marking of both
scales are in line. Pull the lever as
far down as possible. A sight is taken
with the sextant. The lever is pushed
upward until stopped, causing the vernier
to move through an angle equal to the
angle through which the prism has moved
from its position for zero reading. The
scale and vernier are so graduated that
the change in reading is one rourth of
the angle through which the vernier is
rotated. Since the angle of rotation of
the prism is one half the altitude, the
change in reading is one eighth of the
altitude measured. A second sight is then
made and the lever operated as for the
first sight. If this is done for eight
sights without resetting the vernier,

-17-
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Figure 13 - Correct Position of
Operation at 90° Angle.

the averaging device reading will be the
average value of the eight readings made
with the instrument.

3. USE OF BJ-4 AVERAGING DEVICE ON TYPE
A-7 (PIONEER 3003-A AND 3003-B).

Before taking a reading with this type
sextant, be sure the ratchet of the av-
eraging device is set at zero and the
pencil is adjusted properly to give fine
legible lines. Then, sight through the
instrument and bring the image of the
celestial body into horizontal coinci-
dence with either the bubble or the image
of the natural horizon. To record the
observation, depress the trigger by mov-
ing the thumb of theright hand backwards
without removing the hand from the sex-
tant. Repeat this procedure, without re-
setting the ratchet, until the desired
number of observations have been record-
ed. Note the number on the ratchet and
select the middle reading. For example:
If the ratchet reads fifteen (15), se-
lect the eighth reading. If the number
on the ratchet is even, 1.e., sixteen
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1(16), either the eighth or ninth reading
may be used. Having determined the mid-

dle reading, locate 1its pencil mark on
the micrometer drum cover. This is ac-
complished by starting from either right
or left of the series of pencil marks
and counting to the middle reading. A-
lign the pencil mark of the average read-
ing with the end of the pencil. Note the
reading on the worm scale dial and mi-
crometer drum scale. This quantity is the
average angular altitude as determined
by the observations. At the time of these
observations, note the time in the cus-
tomary manner.

NOTE: Before recording a new series
of observations, be sure to reset the
ratchet to zero and rub out all pen-
cil marks on the micrometer drum
cover.

4. FORMING THE BUBBLE.

8. Before. attempting to form the bub-
ble or change its size, various charac-
teristics of the bubble cell should be
thoroughly understood.

. b It frequently occurs that, due to
~conditions of pressure and temperature,
a bubble 1s present in the diaphragm
chamber independent of the fact that
there may or may not be another bubble
visible in the bubble chamber. This bub-
ble in the diaphragm chamber is of such
size that it cannot pass through the
connecting passage into the bubble cham-
ber. Under these conditions, rotation of
the control nut in the direction used to
form the bubble will increase the size
of the bubble already existing in the
diaphragm chamber still more and make 1t
impossible for the bubble to pass through
the passageway and appear in the bubble

. chamber or to combine with the one al-

ready present. The presence of the bubble
*in the diaphragm chamber can be easily
detected by the significant reaction of
the diaphragm to rotations of the con-
.trol nut. Two cases should be distin-
quished:

(1) A bubble isvisible in the bubble
chamber. A rotation of the control nut
will change the size of this visible bub-
ble slower than when nobubble is present
in the diaphragm chamber due to the fact
that the change 1in pressure is also used
0 change the size of the bubble in the
diaphragm chamber.

~18-~
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(2) There is no bubble visible in the
bubble chamber. In this case the resist-
ance felt when rotating the nut clockwise
builds up gradually as contrasted to a
sudden building up of the resistance
when no bubble is present in the dia-
phragm chamber.

¢. The above-mentioned facts suggest
the following as the proper procedure to
follow to form the bubble.

(1) The first step sbould always be,
even though a bubble 1s visible, to hold
the instrument with the control nut down-
wards at an angle of about 45 degrees
from the vertical and rotate the nut
COUNTERCLOCKWISE sufficiently to put
pressure on the liquid. If a bubble ex-
ists in the diaphragm chamber this will
reduce its size and it may pass into the
bubble chamber. If it does not, keep the
control nut in this position for a minute
or two and shake the instrument from time
to time. This will cause any bubble en-
trapped in the diaphragm chamber to
either disappear or become small enough
to pass into the bubble chamber.

(2) After this if no bubble has ap-
peared, hold the instrument in the in-
clined position and turn the control nut
clockwise far enough to just overcome
the resistance which should build up
suddenly. If this suddenly built-up pres-
sure 1is overcome, the bubble will form
and usually will be accompanied by a
sharp click and the release of the re-
sisting force on the control nut.

(3) IMMEDIATELY AFTER THIS, turn the
control nut counterclockwise again in
order to apply some pressure on the
liquid. This will prevent the formation
of too large a bubble and reduce the size
of those present in the diaphragm cham-
ber so that they canpass into the bubble
chamber. Rotation of the control nut
back and forth several times, each time
releasing the suction which is applied
on the liquid, is advisable and will
speed up the removal of all bubbles from
the diaphragm chamber. The nut may now
be rotated clockwise sufficiently to
produce a bubble of the proper size.

(4) Should the bubble fail to appear

after this, start again from the first
step.
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5. REMOVING THE BUBBLE.

In case it is desired to remove the
bubble in order to make observations with
the natural horizon, turn the control

T. O. No.
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nut counterclockwise to put pressure on
the liquid and leave it in that condition
for a minute or two. Shaking the instru-
ment from time to time forces the bubble
to move and thereby speeds up the con-
densation of the vapor bubble.

6. COLLIMATION

FIG. 14 FIG.1S

FiG.18 FIG. 19

FIG.16 FIG.17

FIG.20 FIG. 21

Collimations

The instrument optics are so designed
that the matching of the image of the
bubble with that of the sun or star need
not necessarily take place in the middle
of the field. This matching, called
"Collimation", is shown in figure 14,
approximately in the center of the field.
The image of the sun is brought along-
side of the bubble so the center of the
sun and that of the bubble are on the
same horizontal line. It does not matter
if the two images are collimated in the

- 19 -

position shown in figure 16,o0r in figure
17. If the two are collimated, as shown
in figure 18, the resulting error will
be 5 minutes, while the example shown in
figure 19 also gives an error.

8. Figure 15 shows collimation when the
image of the sun is astigmatized. This
method is preferable for accurate work
because the symmetrical arrangement of
the images makes i1t easier to estimate
the center of the bubble.

RESTRICTED



RESTRICTED

. Figure 20 shows the same work done
with a star, and figure 21 with the astig-
matized image of a star,

£. Stars are not as plainly visible or
identifiable when astigmatized and, con-
sequently, the best procedure is to bring
them approximately in collimation before
astigmatized and then throw in the astig-
matizer for final adjustment.

gd. The size of the bubble which gives
the best results is a little over twice
the apparent size of the sun as seen in
the telescope, namely, approximately 1/10
of the size of the field. This diameter
is given by the distance between the out-
er ends of the twohorizontel lines etched
on the field lens. This, however, is not
a hard and fast rule. The smaller the
bubble the more sluggish itwill be, while
a large bubble will tend to move faster.
Depending on the conditions, the most
suitable size of the bubble is selected,
" trying to avoid too small a bubble.

€. The horizon and index prisms are so
placed that the fields through these
prisms are visible simultaneously when
ithe eye is placed approximately at the
‘center of the eyepiece lens. If the eye
is moved to the right side the index
prism field is visible, and i1f moved to
the left side, the horizon prism field
comes into view. If the eye is moved from
one side to the other there is a region
in which both fields are visible.

7+ NIGHT OPERATION.
8. TYPE A-5 AND A-7 (A-5A).

(1) For night operation, the light
furnished by the radium luminous material
is usually sufficient for illuminating
the bubble. Should more illumination be
, hecessary, electric illumination is pro-
‘vided on Type A-5 and A-7 (A-5A).

(2) The switch (14, figure 3), mounted
- on the back of the telescope controls the

- 20 -
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light. The disc (3, figure 3) when ro-
tated varies this 11lumination. Only suf-
ficient intensity should be used as to
make the bubble clearly visible.

(3) The lamp for producing the il-
lumination of the bubble is shown at (2,
figure 3). The lamp bulb 1is removable by
unscrewing it from the receptacle., A
spare lamp bulb will be found in the box.

(4) A detachable lamp has been pro-
vided for i1lluminating the scale gradua-
tions and the record pad., It is control-
led by the switch on the left side plate.
The lamp holder will be found in a screw
receptacle in the box. When needed, it
should be screwed into the threaded hole
(4, figure 4), under the micrometer drum.

(5) The battery (Bright Star No. 11
or equivalent) should be inserted into
the holder under the telescope in the
direction indicated on the clamp. It is
not necessary to remove the paper jacket
from the battery.

(6) The lamp cap should be turned so
as to have the most suitable 11lumina-
tion, i.e., the large slot toward the
data pad. ’ ’

. TYPE A-7 (Ploneer 3003-A AND 3003-
B) . - The illumination system for night
observations on Type A-7 (3003-A and
3003-B) 1s essentially the same as that
provided on Type A-5 except for the 11-
lumination of the bubble. The electrical
system for bubble i1llumination has been
eliminated. Also radioactive luminous
material, instead of radium, has been
painted on the metal ring surrounding the
bubble.

8. CARE OF INSTRUMENT AFTER USE.

After using the instrument, turn the
knurled nut controlling the diaphragm in
counterclockwise direction until no re-
sistance is felt. This is done to avoid
useless strain on the diaphragm.
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) (c) If the error 1is greater than
10 minutes, the previous method is un-
suitable, as 1t will require shifting the
reference mark holder too much for con-
venient observation. Lock the reference
mark holder 1in the best position for

¥ observation and set the micrometer drum

to read zero after which the rotatahle
prism 1itself must be adjusted until the

shorizon 1s in collimation with the bubble

2

To perform this operation there are two
adjusting screws on the underside of the
prism carrier. These screws may be turned
by either a screw driver or a pin and
upon completion of the adjustment should
be tight but not tight enough to put
excessive strain on the prisms.

(4) ADJUSTMENT FOR THE HORIZON PRISM
ERROR. - If the horizon prism and index
prism images, after making the adjust-~
ment for the index error, do not coin-
cide, for a zero setting of the microm-
eter drum, the horizon prism must be ad-
Justed by means of the adjusting screws
on the underside of the prism carrier,

(5) ADJUSTMENT FOR HORIZONTAL COIN-
CIDENCE. - It may also be necessary to
adjust the prisms for horizontal coinci-
'ence, that is, the images of some ver-
tical object do not coincide exactly.
Set up the sextant with the bubble at
the center of the field and sight on a
vertical line which passes through the
center of the field. If the lateral po-
sition of the line shifts when the mi-
crometer drum 1s turned, the prism must
be adjusted by means of the adjusting
screw underneath the index prism carrier,
The image through the horizon prism must
then be adjusted to coincide with the
image through the index prism., This is
accomplished by removing the left side
cover assembly by loosening one and
tightening the other of the two mounting
screws that secure the adjusting plate
~-to the left side plate. '

(6) PAINTING OF SHADE GILASSES TO
_ELIMINATE F1ARE. - If there isany notice-
able flare from the horizon prism while
sighting through the index prism, 1twill
be necessary to paint a small portion of
the index prism shade glasses with opti-
cal black to eliminate the flare. This
condition may arise from a slight shift
of the horizon prism causing a flare in

. the index prism field.
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(7) PROCEDURE FOR CHANGING THE BUB-
BIE ASSEMBLY. - In some cases it may be
necessary to change the bubble assembly
on the sextant. This may be occasioned
by breakage of the glass lens or bubble
bottom or by inability to form the bub-
ble.

(8) TYPE A-5 (PIONEER 1067) .

l. Rotate the eyeplece to an in-
termediate 45° position. Remove the four
bubble chamber top screws and the two
side screws onthe left side of the cham-
ber., The eyepiece prism and bubble assem-
blies may now be removed. ‘

2. Tip the assemblies over and
remove the four flat head screws which
secure the eyepilece prism assembly to the
split retainer. Remove thesplit retainer
and the spring washer under it, and as-
semble them into the new bubble assembly.

3. Remove the three screws and
take out the spacing ring, the luminous
paint ring, the aluminum reflector and
the light ring from the old bubble as-
sembly. :

4. Reassemble these parts into
the new bubble cell. Care must be taken
that the V-shaped notch in the light ring
is placed directly in front of the in-
sert, which is cemented in the semi-cir-
cular notch in the side of the chamber.
The aluminum reflector is placed in the
V-shaped notch in the light ring. The
luminous paint ring is held in place by
a slight spring tension.

(k) TYPE A-7 (PIONEER 3003-A AND
3003-B) .

l. Rotate the eyeplece prism as-
sembly to an intermediate 45° position.
Remove the four bubble chamber top screws
and the two screws on the left side of
the chamber. The eyepiece prism assem-
blies may now be removed.

&. Tip the assemblies over and
remove the four flat head screws which
secure the eyepiece prism assembly to
the split retainer. Remove the split re-
tainer and the spring washer under it,
and reassemble them into the bubble as-
sembly.
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3. Reassemble the new bubble as-
sembly to the sextant by reversing steps
1. and 2., this section.

b. ADJUSTMENT OF BJ-4 AVERAGING DE-
VICE (Refer to figure 24),

(1) It may be necessary for smooth
accurate operation of the BJj-4 Averaging
Device used on Type A-7 (Pioneer 3003-A
and 3003-B), to adjust the pencil assem-
bly for proper travel and pressure of
the pencil (24) against the .micrometer
drum (23). Adjustment of the travel is
accomplished by removing the cover screw
(2€) and the cover (28), and loosening
the nut (17) on the adjusting screw (14).
By means of the adjusting screw, adjust
the travel of the pencil assembly to that
shown in the figure. Lock the adjusting

06-356-4

screw (14) in position with the nut (17)
and replace the cover and cover screw.,

(2) To permit removal of the pencil
lead, back out the pencil assembly by
means of the knurled knob (1). Sharpen
the point 1if necessary, and replace pen-
ci1l assembly into the trigger (6). Ad-
{ust the pencil assembly so that a fine

egible line 1s marked on the micrometer

drum (23) when the trigger (6) is opera-
ted.

(3) If the tension on the ratchet
spring (19) 1s insufficient to bring the
next numeral on the ratchet (18) into
view, it may be adjusted by loosening
screw (15) and shifting the spring. It
the numerals are not centered in the cut'-
out on the cover, adjustment may be made
by loosening the screw (11) and shifting
the ratchet stop spring (9).



