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AN IMPROVED MODEL BALL DROP SEXTANT

INTRODUCTION

The ball drop sextant 1s an artificial
horizon sextant for use in celestial naviga-
tion Whereas, in the conventional artificial
horizon sextant a bubble 1s used to establish
the horizontal plane from which celestial al-
titudes are measured, the ball drop sextant
uses the line of fall of a small steel ball to
establish a vertical line, from which the co-
altitude and hence the altatude of celestial ob-
jects may be measured The instrument 1s
capable of recording any tilt present at the
instant of observation and the correction for
such tilt may be obtained from a tilt table,
furmished with the sextant, and may be applied
to the cobserved altitude.

The ball drop sextant was first called to
the attention of the Office of Technical Devel -
opment by the United States Naval Observatory.
The Observatory had constructed a prelima-
nary model based on an 1dea originated by
Mr. Fred Hagner, and had incorporated cer-
tain i1deas which, 1t was believed, would con-
siderably improve this model. A detailed
description of this preliminary model may be
foundinReport on Hagner Averaging Sextant,
published by the United States Naval Observa-
tory June 15, 1942, Aninspectionofthe Naval
Observatoryinstrument revealed certain ap-
parentadvantages of the ball drop sextant over
conventional types, whichmade the instrument
appear worthy of further development These
were as follows

1 The simplicity of the operating principle
permitted sturdier construction,

2 Directmeasurementbetween the line of
sight and the vertical permitted one de-~
gree of altitude to be represented by
one degree on the arc, thus eliminating
reduction and tending toward greater
accuracy

3 Alhgninpa stable cross hatr 1ntersection
with a star requires less concentration
onthe part of an observer than aligning
an unstable bubble

4 FProvision was made to correct for tilt

5. The direct sighting method obviated some
danger of confusing the identity of stars,

it was therefore decided to redesign
the ball recording sextant and build a new
model for further testing and comparison with
a high grade commercially manufactured
bubble sextant, The improved ball drop sex-
tantwas constructed by the Naval Observatory
and was delivered to the CAA during 1946.

IMPROVEMENTS IN NEW MODEL
BALL DROP SEXTANT

The improvements incorporated in the
new model ball drop sextant included the
following

l. The weight was decreased.

2 A continuous rell of recording material
was provided, making 1t possible to take
several hundred observations before
changing the roll, whereas in the origi-
nal model 1t wa s necessary to substi-
tute a new recordingdiskor erase marks
frorm the old one after each observation

3 A telescopic sight was provided on the
new 1nsirument

4. Twotelescopes were provided, one direct
sighting (Fig 1) and one elbow type
(Fig 2), for the purpose of bending the
laght rays and relieving the strain of
direct sighting on celestial bodies at
highaltitudes These telescopes can be
interchanged at the option of the observer

Both the original and new model sextants
allowed a waried number of balls to be used
foranobservation, Eightballs were provided
with the new 1nstrument and this number was
usedinall observations, amean of the pattern
formed by the eight balls being used as the
reading A typicalobservational record
showing the tilt scale and cross hair ""meaning"
an eight-ball pattern 1s shown in Fip, 3,
Operation of the ball drop sextant by an
observer 1s 1llustrated in Figs 4 and 5.



Fig 1 Ball Drop Sextant, Direct Sighting Telescope



Fig. 2 Ball Drop Sextant, Elbow Telescope



COMPARISON BUBBLE SEXTANT

The bubble sextant chosen for the com-~
Parison tests was a Pioneer instrument,
Type 3014-1-A, manufactured by the Bendix
AviationCorporation This sextant1s equipped
with an automatic averapging device, which,
over anobserving period of two minutes, will
automatically record the average of 60 obser-
vations spaced at two-second intervals, the
method being to maintain as nearly as pos-
sible, coincidence between the bubble and the
celestial body during the entire two-minute
period This instrument also may be used to
take a sinple instantaneous observation, A
view of this sextant being operated by an ob-
server 15 shown in Fig. 5

PRELIMINARY GROUND OBSERVATIONS

Before using erther type of sextant 1n an
airplane, a long series of ground observations
was taken with eachinstrument, some at
night but a greater number in the daytime
The method used was to make a series of
observations, noting the time of each, and
then to compute the correct altitude for the
body observed at the known position and time
of observation, The difference hetween the
observed and computed altitudes for each
observation 1ndicated the error, After a
series of 23] ground observations with the
ball drop sextant (using the direct sighting
telescope)a constanterrar of plus 13 manutes
was found, while a constant minus error of
5 minutes was found in the same 1nstrument
after 193 observations with the elbow type
telescope These were definitely established
asinstrumenterrors and attributed to incorrect
collimation in doweling the telescopes to the
instrurmnent frame., Collimation tests later
showedanerrorofnlus 13minutes in the direct
sighting telescope and minus 6 minutes 1n the
elbow telescope. Since these errors were
found to be constant and thus independent of
either the angle of altitude or any personal
equation of the ohserver, no attempt was made
to correct the instrument, but the proper
correcfionfactor was applied to each observed
angle Ground observation errors in the
bubble sextant, due to 1nstrument or constant
persvnalerrors, were so small that no attempt
wasmade to correctfor them, The results of
ground observations with both bubble and
ball drop sextants are compiled in Table I,

These results were obtained from a
combination of the observations of two ob-
servers, All necessary corrections i1n each
case were applied to the observed aliitude be-
fore computing the error

COMPARISON FLIGHT TESTS
OF SEXTANTS

Comparison flight tests of the sexiants
were made at the Experimental Station,
Indianapolis, Indiana during the pe.iod from
July 7 - 16, 1947, Observations were made
both during the day and might, although by far
the greater number were made on the sun
during the day The method adopted was to
take a series of observations with one sextant
during the first half of the flight and waith the
other sextant during the latter half of the
flight, in order that a comparison might be
made under simalar conditions, This system
was continued during the greater part of the
flight tests,although, on several might flights
near the end of the tests observations were
made with the ball drop sextant exclusively,
Bubble sextantobservations were made almost
entirely with the averaging device 1in oper-
ation, althougha few single shots were taken,
The airplane used was a Douglas C-47, e~
quipped with an astrodome, flying at an air
speed of approximately 140 mph. It was nec~
essary to make observations either standing
on the deck of the plane or standing on a box
when the celestial object could not be sighted
without an 1ncrease 1n elevation During the
tests the air conditions varied from smeooth
to medium-rough Some trouble was en-
countered by clouds intermittently obscuring
the sun during the continuous two-minute ob-
serving period using the bubble sextant, how-
ever, these observations were included along
with the others, and the results seemed to 1n-
dicate that accuracy was not materially im-
paired by the intermittent clouds

The method used to compute the error
of observation closely followed that used in
the ground observations Shots were laken
when the airplane was over some definite 1-
dentifiable point whose latitude and longitude
could be determined. Knowing the position
and time of observation, the correct altitude
of the sun or star could be computed. The
difference between the computed and observed
altitudes gave the observational error All
necessary corrections were applied to the



ok

5

£

Showing T1lt Scale and Cross Hair Meaning Shots

Iilustration Enlarged Five Diameters

3 Observational Record,

Fig



B . . ;o=
4
w o ek E
R
¥
B R
o ¥
£ % &
Y &
PR T
o7
. fy,
¢ L1
= - j4
. PG
5 b “:ﬁwg
ixi E .
e * . e Tnoy VTRLER
" Tl e " 4
= ek e g
. - M % w‘;‘« £ 4
N ” - P 3-3’* e ’ﬁm«:"%;
o - A2 i % i
P - i 5, et
2w T * A
E. [ P e ae, Tw
. - - R ¥
x T . ngvﬁ'
w . y * 1 # BERE
P . 4
“ . i
* R P 4 .
ég‘”
- . - . 3
oo : P onH
; B ” o4
. - N . e
] - &
w i ow s Wi i}iﬂ
- e ES ¥y
" wd 7 3
# Fravyy ¥ E
i o B
o ¥
¢ R, .
T e § PR ¢ .
2 H e, ¥ -
B ¥R - f * H =
L I - § et i w s e
fom s o w LR T
" M w L S B 3
- i R gr 5] g Vel AR
4 o« . o u ¢
B # e PRl §EE aan ¥ - Il o .
. | 5 % K - P Y
P [ v P H
" P R 2o, ey e v
b By A 4, W ﬁg P 2, 5y y*’&;i
= E o = kY o o wdt at
gy Ly Mg T sty 3 . L Y .
- H " iy e “« FE A i
= o (S el e
B SR N A R w Mo P A e v
. e - % b8 B
b %&ime% %5 * - 3 2 LTS [y
ENET e T Foah gyt B
O Z FRERETARBIPYRS T v & . v . s ek e 4y
woowet B *‘ﬁ“,,g P r oo e A
. I S . =
e 5 o ) . ;
=g [ L L = e . e 5w ey 3?.11; &
R " . e
T g gy Bt m ) . . . e
e * ¥ * x 5w TR
- - iy, # Yoy o P A
I B “ha e B H
3 R H P ¥4 el
e - R IR T
Mg Ty . - " S T
1, I =il o Yok ?ﬁ‘
- g St m o » ¥ - i i
WIS b pud B ¢ ] I e
Y - o e - w o e e w BUEC 4l
O e T . I o L
TR A = + L
e ﬁz‘» F ok g o ™ o b FUeLET OB
PR e 3. . P et "
I a Ed P - e " &5
e ae g S 3 T nowe ol R,

Fi1g 4 Ball Drop Sextant in Operation, Showing Ball Drop Unit



%&Eéﬁﬁi é
#
z

w;ﬁﬁ* ﬁ%wéj**g‘g*ﬁ%
L e Sy
i,

L
132

e ek

Fig 5

1

4
BeR e e gl

g
E

£ 6
g

i

e

Ball Drop Sextant Operatled by Observer

B T "
W m # w“
PR
¥ ps
Eat
“om by
4F £ % e
i
T «
“ .
o
st
. L]
U A,
« ¥
R [ B
[ -,
Y
-
wly
N Lo e
s f [ - *
* Ww
w
i
. v, 77w
- E *a
.. i -
- oo =
% 3 P -
s ored
o -
o
. " LR
Y e g
SEe B2
- B e T
a' U
» P S

i

. oz o

Eowh F o F e s
R g . HEeba L aih

o b wlthgats L £ Y L

LR 11 5] .

Faa I L

I
i *"i**jzg..wm 7 ,,2%% g&;g&}:
st

T wiﬁ &WMW:‘«W
- gg«w FuEdd
&5 «2§:§§Wxi'3w

gy
Ty

gé’ g?% a'iwm



observedaltitude before comparing them with
the computed altitudes. Neither a Coriolis
correction nor correction for refraction of
the astrodome were applied, since the former
was consldered negligible and the latter was
not known,

Twomenalternatedinobserving Whaile
one manobserved, the other clocked the t1me
of observation, recorded the resulis, and noted
other pertinent data, while the co-pilot s1g-
naled the instant of passape over predeter-
mined observing points. Both observers had
had long experience in making celestial and
other observations with sextants and other
instruments, but neither had had any previous
experlence with celestial observations from
an airplane.

Tabulated herein {Tables II thru X) are
records of the observations, listed in chro-
nological order,

COMPARISON OF BALL DROP
SEXTANT AND BUBBLE SEXTANT
WITH AVERAGING DEVICE

The comparative accuraciles of the new
balldrop sextant and the Pioneer bubble sex-
tant (averaging device used) indicated by the
results of the Indianapolis flight tests are
given 1n Table XI, Fig 6 shows curves for
each sextantbased an the normal error function,
The experimental results are indicated by
means of cireles, Inspection of the curves
shows that the error law fits the data quite
well in the case of the ball drop sextant, with
which 98 observations were made. As would
be expected, however, the fitis not as gooed
in the case of the bubble sextant, since the
data are based on only 42 observations.

In any event, based on the observed
data, the probable error of a single observa-
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tion would be 35 5 manutes for the ball drop
sextant and 7.2 minutes for the bubble sex-
tant, These two figures may be considered a
fairly concise index of the relative accuracies
of the two instruments.

CONCLUSIONS

Sucherrors as oceured in the ball drop
sextant are, of course, entirely prohibitive
and could notbe compensated for by any other
advantages, such as speed of observation,
rugged construction of the instrument, etc,
Actually, while 1t takes two minutes to make
an observation with the bubble sextant and
aboutl10 to 15 seconds with the ball drop sex-
tant the process of averaging the eight shots
and the reading of the tilt take another 20 or
30 seconds, so that the time advantage is not

so large as maght appear, The only possible
conclusionto be reached from the flight tests
15 that the ball drop sextant fails by a great
deal of attaining the accuracy necessary for
celestial navigation in the air Since two ob-
servers were used, and since each attained
far greater accuracy with the bubble sextant
than with the ball drop sextant, the lack of
accuracymustbe attributed to the instrument
itself rather than to the observers. Improve-
ments in thisinstrumentmight be made to in-
crease the accuracy, but the observations ob-
tained at Indianapolis were so totally unre-
laable, without any indication of such unre-
liability being due to some specific flaw in
the instrument, that the logical conclusion
seems to be that the basic principle of con-
struction 15 not adaptable to observations in
an airplane



GROUND OBSERVATIONS WITH BUBBLE AND BALL DROP SEXTANTS

Bubble Sextant

10

TABLE I

Ball Drop Sextant
Direct Sight Telescope

231

4 1 min

TABLE II

FIRST FLIGHT

No of Observations 468
Average Error 37 min
Total Average Error 3 7 min
Date July 7, 1947
Body Sun
Observer A M, Weber
Instrument. Ball Drop Sextant
Time Observed T1lt
GCT Altitude T1lt Corr
HMS Depg, Min Deg Min
(-)
19 27 28 57 21 1 1
30 40 65 34 1 1
3412 62 49 0 0
36 56 60 58 2 4
41 17 58 15 0 0
43 35 59 54 2 4
46 32 57 35 1 1
49 57 59 47 2 4
Body Sun
Observer A M Weber
Instrument Bubble Sextant,
averaging device
used,
Time Observed
GCT Altitude
HMS Deg Man.
20 02 50 56 57
17 35 54 13
22 30 53 35
29 15 52 24
316 35 50 48
43 02 49 44

Ball Drop Sextant
FElbow Telescope

193

3 5 min

3 8 man

Direct sighting
43' N
21' W, on all observations

Medium rough

43
21

Comp

Alt
Deg Min
63 14
62 42
62 07
61 39
60 54
60 32
60 00
59 25
N

W, on all observations

Medium rough

Telescope
Latitude 39°
Longitude 86°
Aar
Inst Corr
Corzt Obs Alt
Main Deg Min
(-)
13 57 07
13 65 20
13 62 36
13 60 41
13 58 02
13 59 37
13 57 21
13 59 30
Latitude 3g-
Longitude 86°
Aar
Computed
Altitude
Deg Min
57 07
54 28
53 34
52 19
50 56

49

44

Error

Man

-10
=15
+01
+05
-08
00

Error

Main

-367
+158
+ 29
- 58
-172
- 55
~-159
+ 05



Date July 8, 1947 Telescope Direct sighting
Body Sun Airr Moderately smooth
Observer G B, Walker
Instrument Ball Drop Sextant
Time N w Obs, Tilt Inst. Corr Comp.
GCT Lat. Long Alt Tilt Corr, Corr. Obs Alt Alt,
HMS5 DegMin Deg.Min DegMin, Deg. Main. Min Deg,Min Depg Man
(-) {-)
1500 00 39 49 86 19 51 25 11/2 2 13 51 10 50 14
0200 39 51 86 23 52 20 1 1 13 52 06 50 32
05 00 39 53 Be 32 51 57 0 0 13 51 44 50 58
07 00 39 56 B6 37 53 35 0 0 13 53 22 51 17
09 15 39 358 B6 43 50 27 1 i 13 50 13 51 46
11 40 40 0O 86 48 52 27 1 1 13 52 13 51 59
13 35 40 03 86 54 50 27 1 1 13 50 13 52 34
Body Sun
Instrument Bubble Sextant, averaging device used
Aar Moderately smooth
Time N W
GCT Lat Long Obs Alt Comp Alt Error
HMS Deg Min Deg Min Deg Min Deg Min Min
16 03 00 39 53 86 32 61 17 61 20 -03
06 35 39 51 86 23 61 50 62 03 -13
13 00 39 49 86 19 62 52 63 09 -17
16 10 39 52 B6 28 63 27 63 32 -05
19 45 39 56 B6 37 63 53 63 58 -05
22 20 39 58 B6 43 64 07 64 17 -10
25 50 40 03 B6 +r4 64 38 64 40 -02
30 50 40 03 86 54 65 14 65 25 -11
35 20 39 58 B6 43 67 27 66 14 +73
37 55 39 56 B6 37 66 43 66 42 +01
41 30 39 52 86 28 67 03 67 19 -16
44 30 39 49 86 19 67 29 67 50 =21

11

TABLE III

SECOND FLIGHT

Error

Min,

+ 56
+ 94
+ 46
+125
- 93
+ 14
-141

Observer

Weber

Walker
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TABLE IV
THIRD FLIGHT

Date July 11, 1947 Telescope  Elbow type

Body Sun Arr Moderately rough
Observer A M, Weber

Instrument Ball Drop Sextant

Time N w Obs Tailt Inst. Corr Comnp
GCT Lat Long Alt Tilt Corr Corr Obs. Alt, Alt, Error
H M 5 Deg.Min, Deg Min Deg.Min Deg Main Min Deg Min, Deg.Min. Min
(-) (+)

150212 39 49 86 19 50 33 1 1 5 50 37 50 18 + 19
0519 39 52 B6 28 50 26 1 1 5 50 30 50 47 - 17
09 18 39 56 86 37 52 06 0 0 5 52 11 51 24 + 47
11 31 39 58 86 43 52 33 0 0 5 52 3B 51 42 + 56
13 37 40 00 86 48 51 30 1 1 5 A1 34 52 02 - 28
1555 40 03 86 54 53 15 2 3 5 53 17 R2 22 + 55
2111 40 03 86 54 52 52 1 1 5 52 56 53 20 - 24
24 05 40 0O 86 48 56 58 1 1 5 57 02 53 35 +207
2720 39 56 86 37 56 52 2 3 5 56 54 54 19 +155
29 15 39 53 86 32 54 53 1 1 5 54 57 54 41 + 16
3242 39 &5l B6 23 55 41 0 0 5 55 46 55 51 - 05
3810 39 49 86 19 57 30 1 1 5 A7 34 56 53 + 41

Body Sun Air Moderately smooth
Observer A.M Weber
Instrument Bubble Sextant
Time N. w
GCT Lat Long. Obs Alt Comp Alt, Error Remarks

HM 5 DegMn Deg.Main. Deg, Min Deg Min Min.

15 49 45 39 59 86 45 58 28 58 30 -02 Averaging device
53 15 40 03 86 54 58 45 59 02 -17

16 00 15 40 03 B6 54 60 10 60 14 -04
0252 40 00 B& 48 60 52 60 45 +07
06 00 39 56 86 37 61 50 61 25 +25 Single shots
07 03 39 54 B6 34 61 34 61 38 -04
07 47 39 53 36 32 62 02 61 48 +14
08 32 39 52 86 30 61 52 61 56 -04
09 24 39 52 86 28 61 56 62 06 -10
11 01 19 51 86 23 62 26 62 27 -01
11 54 39 50 86 21 63 11 62 36 +35
12 45 39 49 86 19 63 22 62 47 +35
16 43 39 49 86 19 63 19 63 24 -05 Averaging device
20 05 39 52 B6 28 63 37 63 49 -12
24 00 39 56 B& 37 64 10 64 16 -06
28 20 40 00 836 48 64 46 64 48 -02
30 50 40 03 86 54 b4 57 65 04 -07
36 55 40 03 86 54 65 59 65 57 +02
38 28 40 00 86 48 66 19 66 15 +04
43 00 39 56 86 37 67 02 67 ol +01

46 25 39 52 86 28 67 30 67 36 -06



Date
Body
Observer

Time
GCT

N

Lat,

July 11, 1947
Sun
G B Walker

H M S Deg.Min, Deg Min

18 35
38
40
42
45
47
51
56
58
13 00
02
04
06
07
09

00
30
45
556
20
40
10
00
50
25
05
15
25
40
15

39
39
39
39
39
40
40
40
40
39
39
39
39
39
39

Body
Observer

Timne
GCT

HM

19 17
21
27
30
37
39
40
42
46
47

5

40
00
35
15
35
55
25
25
20
oo

N

49
52
53
56
58
0o
03
03
0o
58
56
53
52
51
49

Lat.

Deg Min

39
39
40
40
40
39
39
39
39
39

51
53
00
03
00
58
58
56
52
51

13

TABLE V

FOURTH FLIGHT

w Obs
Long Alt, Tilt
Deg Min Deg
B6 19 70 23 11/2
B6 28 70 45 0
86 32 70 30 1
B6 37 70 31 1
B6 43 68 51 2
86 48 67 44 1/2
86 54 68 26 1
86 54 68 0l 2
B6 48 67 41 11/2
86 43 68 14 1/2
B& 37 69 49 1/2
86 32 66 55 1
86 28 67 20 21/2
B6 23 66 21 2
86 19 65 57 )
Sun
G. B Walker
W
Long. Obs Alt
Deg.Main Deg. Min
86 23 64 05
86 32 63 32
86 48 63 25
86 54 63 19
86 48 62 38
86 43 61 57
g6 43 61 51
86 37 61 48
86 28 60 07
86 23 60 0l

Instrument
Telescope
Tilt Inst
Corr Corr
Main, Man
(-) (+)
3 5
0 5
1 5
1 5
5 5
0 5
1 5
5 5
3 5
1 5
0 5
1 5
8 5
5 5
0 5
Instrument
Comp Alt
Dep Min
64 27
64 01
63 05
62 41
61 28
61 03
60 58
60 35
59 51

59

41

Ball Drop Sextant

Elbow type

Corr, Comp.

Obs Alr Alt

Deg Min, Deg Min
70 25 69 58
70 50 69 38
70 34 69 24
70 35 69 09
68 51 68 55
67 49 68 39
68 30 68 15
68 01 67 42
67 43 67 16
68 18 €7 0l
69 54 66 47
66 59 66 29
67 17 66 08
66 21 65 56
66 02 65 41

Bubble Sextant

Error

Min

-22
-29
+20
+38
+70
+54
+53
+73
+16
+20

Remarks

Error

Man.

T2
70
86
04
50
15
19
27
77
187
30
69
25
21

o+

b

+ 4+ + + + + o+

Averapging device

Single shots
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TABLE VI

FIFTH FLIGHT

Date July 14, 1947 Instrument Ball Drop Sextant
Body Sun Telescope Elbow type
Observer A. M Weber Air Moderately smooth
Time N W Obs Tailt Inst Corr Comp
GCT Lat. Long Alt Tilt Corr. Corr. Obs Alt. Alt Error
H M 5 Deg Maun., Deg Min Deg Min Deg Min. Main Deg.Min Deg Man Min
(- (+)

14 38 45 39 49 86 19 45 40 1 0 5 45 44 45 39 + 5
40 47 39 51 86 23 46 10 1 0 5 44 14 45 56 +18
42 40 39 52 86 28 45 28 1 0 5 45 32 46 14 -4z
46 52 39 56 86 37 47 35 0 0 5 47 40 46 53 +47
49 00 39 &8 86 43 47 29 0 a 5 47 34 47 12 +22
51 27 40 00 B6 48 47 48 1 1 5 47 52 47 37 +15
54 10 40 03 86 54 47 32 1 1 5 47 36 48 00 -24

15 00 17 40 03 B6 54 49 08 2 2 5 49 11 49 10 + 1
02 20 40 00 B6 4B 50 31 ¢] 0 5 50 36 49 37 t59
06 07 39 56 8e 37 50 36 1 1 5 50 40 50 29 +11
09 42 39 52 36 2B 50 47 0 0 5 50 A2 51 16 -24
12 50 39 49 B6 19 52 08 1 1 5 52 12 51 59 +13
18 00 39 51 g6 23 52 53 2 3 5 52 55 52 52 + 3
21 35 39 &3 86 32 52 23 0 0 A 52 28 53 23 -55
23 55 39 56 B6 37 53 40 2 3 5 53 42 53 44 -2
2717 39 58 86 43 53 40 1 1 5 53 44 54 16 =32
28 12 40 00 36 48 54 16 1 1 5 54 20 54 21 -1
30 45 40 03 B6 54 54 44 1 1 5 54 48 54 43 + B
36 07 40 03 B6 54 56 42 0 0 5 56 47 55 41 +66
38 30 40 00 86 48 55 26 1 1 5 55 o 56 12 -42
40 32 39 58 36 43 55 K4 2 3 5 55 56 56 38 -42
42 16 39 56 86 37 56 09 1 1 5 56 13 57 01 -48
43 58 39 53 86 32 57 17 1 1 5 57 21 57 24 -3
45 47 39 52 86 28 58 46 1 1 5 58 50 57 4é +64
47 22 39 51 86 23 58 46 3 8 5 58 43 58 07 +36
48 51 39 49 86 19 58 15 1 1 5 58 19 58 25 -6

Body Sun Instrument Bubble Sextant with
Observer A M Weber averaging device
Time N. w
GCT Lat Long. Obs. Alt Comp Alt, Error

H M S Deg Main, Deg, Man Deg Min Deg Min Main

16 07 05 39 56 86 37 61 01 61 14 -13
11 4z 40 00 86 48 61 58 61 58 0
14 25 40 03 86 54 62 10 62 10 0
21 05 40 03 86 54 63 25 63 14 +11
24 55 39 5B B6 43 64 07 63 58 + 9
27 25 39 53 86 32 64 23 64 30 - 7
30 25 39 52 a6 28 64 59 65 00 -1
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TABLE VIIL

SIXTH FLIGHT

Date July 15, 1947 GCT Instrument Ball Drop Sextant
Body  Star Arcturus Telescope Direct sighting
Aar Moderately smooth
Time N W Obs Tall Inst Corr Comp
GCT Lat Long Alt T1ilt Corr Corr Obs Alt Alt Error Observer

H M 5 Deg Min Deg Min Deg Min Deg Min Min Deg Min Deg Min Min

{-) (-)

22709 39 33 86 22 51 25 3 7 13 57 05 57 51 -46 Weber

34 15 39 24 86 33 56 05 1 1 13 55 51 56 51 -60

3612 39 21 86 40 56 16 1 1 13 56 02 56 37 -35

39 40 39 17 B6 46 56 09 1 1 13 55 55 56 07 =12

47 35 39 07 86 59 54 09 3 7 13 53 49 54 5B -69

51 58 39 Q7 Bé&6 59 54 20 1 1 13 54 06 54 11 -05

57 45 39 17 86 46 52 16 3 6 13 51 57 52 55 -58 Walker
30055 39 21 B6 40 52 21 1 1 13 52 07 52 16 -09

04 40 39 26 B6 25 52 43 1 1 13 52 29 51 22 +67

07 45 39 33 B6 22 50 43 21/2 4 13 50 26 50 43 -17

TABLE VIl

SEVENTH FLIGHT

Date July 16, 1947 GCT Instrument Ball Drop Sextant
Body Star Arcturus Telescape Direct sighting
Axr Very smooth
Time N w Obs Talt Inst Corr Comp
GCT Lat Long Alt Tilt Corr Corr Obs Alt Alt Error Observer

H M 5 Deg Min Deg Min Deg Min Deg Min Min Deg Muin Deg Min Min
<) )

22703 39 49 86 L9 56 46 2 3 13 56 30 57 01 =31 Weber
3044 39 57 B& 16 56 45 1 1 13 56 31 56 18 +13
36 33 40 02 86 01 53 55 1 1 13 53 41 55 05 -84
40 10 40 04 85 51 53 00 0 0 13 52 47 54 21 -94
43 30 40 Q6 B85 41 5H2 17 1 1 13 52 03 53 40 =97
48 04 40 10 B85 30 52 34 0 o 13 52 21 52 44 -23
50 20 40 11 85 23 52 13 1 1 13 51 &9 52 15 -16
5217 40 12 85 16 52 10 0 0 13 51 57 51 47 +10
5550 40 11 85 08 50 54 1 1 13 50 40 51 06 -26
30525 40 21 85 09 48 45 2 2 13 48 30 50 GO -90 Walker
1110 40 27 B85 22 48 47 11/2 1 13 48 33 48 23 +10
14 0040 28 85 30 47 28 1 1 13 47 14 47 58 -44
1710 40 33 B85 40 46 44 1 1 13 46 30 47 29 =59
21 22 40 31 B85 49 46 47 1 1 13 46 33 46 &OD -17
24 20 40 29 85 58 46 15 0 0 13 46 02 46 24 =22
28 00 40 29 86 08 45 13 1 0 13 44 59 45 5] -52
36 57 40 17 B6 31 43 46 4 8 13 43 25 44 30 -65 Weber
40 41 40 08 86 37 42 21 1 0 13 42 0B 43 54 -106
4607 40 03 86 28 42 26 4 8 13 42 05 42 48 -43
50 52 39 57 86 16 41 34 5 12 13 41 09 41 46 =37
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TABLE IX

SUMMARY OF FLIGHT TEST OBSERVATIONS

Direct sighting telescope
Elbow telescope

Total

Direct sighting telescope
Elbow telescope

Total

Direct sighting telescope
Elbow telescope

Grand Total

BALL DROP SEXTANT

Weber

No, Obs,

27
38

65

Walker

Neo Obs

18
15

33

Total
Error

Min

1875
1356

3231

Total

Error

Min

1014
779

1793

Total - Both Observers

No Obs

45
53

98

Total
Error

Min

2889
2135

5024

Av Max
Error Error
Min Main
69.4 367
35.7 207
49 7 367
Av Max
Error Error
Min Min
56.3 141
51.9 187
54.3 187
Av, Max
Error Error
Main, Main,
64,2 367
40 3 207

51 3 367
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TABLE X

BUBBLE SEXTANT

Weber
Total
No Obs Error
Min
Averaging Device 33 210
Sangle shots 8 128
Walker
Total
No. Obs Error
Min
Averaging Device 9 231
Single shots 6 286

Total - Both Observers

Total

No, Obs Error

Maun,
Averaging Device 42 441
Single shots 14 414

TABLE XI

Av
Error

Main

64
16 0

Error

Min

25,7
47,7

Max
Error

Min

17
35

Max.
Error

Min

73
73

Max
Erxrror

Min.

73
73

COMPARATIVE ACCURACIES OF THE BALL DROP AND BUBELE SEXTANTS

Total Av Max

No Error Error Error No Errors
Sextant Obs, Min Min Main, Over 60' Over 30'
Ball Drop 98 5024 51 3 3167 54
Bubble 42 441 10 5 73 2

Percent Observations

Over 60 Over 307 Over 10’
Sextant Error Error Error
Bail Drop 27 55 a5

Bubble 2 5 36

Over 10

83
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