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AN IMPROVED MODEL BALL DROP SEXTANT 

INTRODUCTION 

The ball drop sextant 1s an artlflclal 

horizon sextant for use in celestial navlga- 

t,on Whereas, ,n the conventmnal artlflclal 

horizon sextant a bubble 1s used to estabhsh 

the harzontal plane from which celestial al- 

tltudes are measured, the ball drop sextant 

uses the lme of fall of a small steel ball to 
establish a vertxcal lme, from which the co- 

altitude andhence the altitude of celestial ob- 

jects may be measured The xnstrument 1s 

capable of recordmg any t,lt present at the 

Instant of observatmn and the correctmn for 

such tilt may be obtamed from a tilt table, 

furrnshedwlth the sextant. and may be applied 

to the observed altitude. 

The ball drop sextant was first called to 

the attention of the Offxe of TechnIcal Devel- 

opmentby the UnItedStates NavalObservatory. 

The Observatory had constructed a prelum- 

nary model based on an Idea orqmated by 
Mr. Fred Hagner, and had Incorporated cer- 

tax, ideas whxh, It was b&wed, would con- 

slderably ~rnp rove this model. A detalled 

descrlptmnofthls prellmmary model may be 

foundmReport on Hagner Averagmg Sextant, 

publlshedby the UnItedStates Naval Observa- 

tory June 15. 1942. Anmspectmnofthe Naval 
Observatorylnstrument revealed certaxn ap- 

parent advantages of the ball drop sextant over 

conventional types,whxhmade the mstrument 

appearworthyofiurther development These 
were as follows 

1 The sxnpllclty of the operatmg prmclple 

permltted sturdier constructmn. 

2 Dlrectmeasurementbet~een the lxne of 

slghtand the vertzcal perrmtted one de- 

gree of altitude to be represented by 

one degree on the 8,-c, thus elxmmatmg 

reduction and tendmg toward greater 

accuracy 

3 Ahgnmgastablecross hair mtersectmn 

with a star requres less concentratmn 

on the part of an observer than allgnmg 

an unstable bubble 

4 Prov,smn was made to corrpct for tilt 

5. The dxrect slghtmg method obviated so- 

danger of confusmg the IdentIty of stars. 

It ,.,a~ therefore de c 1 de d to redesign 

the ball recordmg sextant and build a new 

model for further testmg and comparison With 

a hl g h g r a d e commercw.lly manufactured 

bubble sextant. The Improved ball drop sex- 

tant was constructed by the Naval Observatory 

and was delIvered to the CAA durmg 1946. 

IMPROVEMENTS IN NEW MODEL 

BALLDROPSEXTANT 

The xnprovements mcorporated III the 

new mode 1 b a 11 drop sextant mcluded the 

following 

1. The weight was decreased. 

2 A contmuous roll of recordmg material 

was provided, makmg It pos slble to take 

several hundred observatmns before 

changmg the roll, whereas in the or,gl- 

nal model It was necessary to subsh- 

tute a new recordmg disk or erase marks 

fromtheoldone after each observatmn 

3 A telescopic sight was provided on the 
new l”strunle”t 

4. Tw, telescopes were provldeh one direct 

slghtlng (Fig 1) and one elbow type 

(Fq 2). for the purpose of bendmg the 

light rays and r&evmg the s t r Ann of 

direct slghtmg on celestml b o d 1 e 5 at 

hIghaltItudes These telescopes can be 

Interchanged at the optmn d the observer 

Bath the orqmal and new model sextants 

allowed a varied number of balls to be used 

foranobservatmn. EIghtballs were provided 

wlththe new mstrument and th,s number was 

usedinallobservatlons,amean of the pattern 

formed by the e>ght balls bemg used as the 

readmg A typxal observatIona record 

showmg the tilt scale and cros, ha,r “meanmg” 

an eight-ball pattern 1s shownmF,g. 3. 

Operation of the ball drop sextant by an 

observer 1s lllustratrd ln Fzgs 4 and 5. 
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Fq 1 Ball Drop Sextant, Direct Slghtlng Telescope 
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Fag. 2 Ball Drop Sextant. Elbow Telescope 
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COMPARISON BUBBLE SEXTANT 

The bubble sextant chosen for the com- 

pa r 1 s “n tests w a s a P,oneer Instrument, 

Type 3014-l -A, manufactured by the Bendix 
AwatmnCorporatlon This sextants equpped 

with an automatic averagmg dewce. which, 

overanobservmg perrod of two mmutes. ~111 

automatxally record the average of 60 “bser- 

vatIons spaced at two-second mtervals, the 

method bang to ma~ntam as nearly as pos- 

able. comcldence between the bubble and the 

celestial body durmg the entlre two-mmute 

period This mstrument also may be used to 

take a single znstantaneous observation. A 

YI~W of th,s sextant bang operated by an ob- 

server IS shown I” Fig. 5 

PRELIMINARY GROUND OBSERVATIONS 

Before usmg either type of sextant in an 

arplane, a l”“g serves of ground observations 

was taken with each in 5 t r urn e n t, some at 

night but a greater number in the daytxne 

The method used was to make a se=les of 

observations, noting the time of each, and 

then to compute the correct altitude for the 

body observed at the know” posltlon and tm,e 

of observation. The difference between the 

observed and computed altitudes for each 

observation lndlcated the error. After a 

ser>es of 231 g r” und observations wth the 
ball drop sextant (usmg the d I = e c t slghtmg 

telescope) a constant error of plus 13 mmutes 

was found, while a constant minus error of 

5 minutes was found I” the same instrument 
after 193 observations with the elbow type 

telescope These were defmltely establlshed 

as ~nstrumenterros and attributed to lncorred 

colllmatlon m dowelmg the telescopes to the 

instrument frame. Colllmatlon tests later 

showedanerr”rof”lus 13mmutesmthedlrcct 

slghtmg telescope and mx,us 6 minutes I” the 

elbow telescope. Smce these err”=5 were 

found to be constant and thus mdependent of 

either the angle of altitude or any per5om.l 

equatlonofthe observer, noattempt was made 
to co = re c t the mstrument, but the proper 

correctlonfactor was applied to each observed 
.?L*gle Ground “bservatlon err”rs 11, the 

bubble sextant, due t” mstrurnent “= constant 

pe=s”nale=r”rs,weres” smallthatnoattempt 

wasmade to correctfur them. The results of 

ground observations w1t.h both bubble and 

ball drop sextants are comp,led ,n Table 1. 

These = e s ul t s were obtamed from a 

combmatlon of the observatmns of two ob- 

servers. All necessary correctlow m each 

casewere applledtotbe observed altitude be- 

fore computmg the error 

COMPARISON FLIGHT TESTS 

OF SEXTANTS 

Comparison flight tests of the sextants 

were made at the Experimental Statlon, 

Indlanapolls, Indxana during the pellod from 

July 7 - 16, 1947. Observations were made 

both durmg the day and mght, although by far 

the greater num be = we=e made “n the sun 

durmg the day The method adopted was to 

take a series of “bservatlons w,tb one sextant 

durmg the first half of the flight and with the 

other sextant durmg the latter half of the 

flight, in order that a comparison nught be 

made under slmllar condltmns. This system 

was contmued durmg the greater part of the 

flight tests,although. on several mght flights 

near the end of the tests observations were 

made wltb the ball drop sextant exclusively, 
Bubble sextantobservatlonsweremadealmost 

entirely with the averagmg device m “per- 

ation, althougha few smgle shots were taken. 
The airplane used was a Douglas C-47, e- 

quipped with an astrodome, flymg at an a~= 

speed of approxunately 140 mph. It was net- 

essary to make “bservatlons either standmg 

on the deck of the plane or standmg on a box 

when the celestial obJect could not be slghted 

without an lntrease 1” e1evatlon Durmg the 

tests the al= condltlons varwd from smooth 
to medlun-rough Some trouble was en- 

countered by clouds mtermlttently obscurmg 

the sun durrng the contxnuous two-mmute ob- 

servmg period usmg the bubble sextant. how- 

ever, these “bservatlons were mcluded along 

with the others, and the results seemed to in- 

dwate that accuracy was not materwJly un- 

paxed by the mtermlttent clouds 

The method used to compute the error 

of observation closely followed that used in 

the ground observations Shots were taken 

when the earplane was over s”me defmlte I- 

dentxflable pomt whose latitude and longitude 

could be determmed. Knowmg the posltlon 

and time of “bservatlon, the correct altitude 

of the sun or star could be computed. The 

dlfferencebetweenthecomputedand observed 

altitudes gave the observational error All 

necessary corrections were applied t” the 



Fig 3 Observatmnal Record, Show=% 
~llt scale and Cross Hair Meaning Shots 

Illustration Enlarged Five Diameters 
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Fig 4 Ball Drop Sextant III Operatmn, Showmg Ball Drop Unkt 



Fig 5 Ball Drop Sextant Operated by Observer 



observedaltltude before comparmg them with 

the computed altitudes. Neither a Cormlls 

correctmn nor correctmn for refraction of 

the astrodome were applwd. ~lnce the former 

was considered negllglble and the latter was 

not known. 
Twomenalternatedmobservlng Wlule 

one manobserved, the other clocked the time 

of observation, recorded the results, and noted 

other pertr,ent data, wlnle the co-pilot slg- 

naled the mstant of passage over predeter- 

nuned observmg pomts. Both observers had 

had long experience in making celestial and 

other observatmns w1 th sextants and other 

mstruments, but neither had had any previous 

experwnce with celestial abservatlons from 

an auplane. 

Tabulated herem (Tables II thru X) are 

records of the observations, listed in chro- 

nologlcal order. 

COMPARISON OF BALL DROP 

SEXTANTANDBUBBLESEXTANT 

WITH AVERAGIl*TG DEVICE 

The comparative accura~uzs of the new 

ball drop sextant and the Pmneer bubble sex- 

tant (averagmg device used) n-&cated by the 

r e s u 1 t s of the Indlanapohs flight tests are 

given r, Table XI. Fig 6 shows curves for 

each sextantbased mthe normalerrorfunctmn 

The experimental r e s ul t s are mdlcated by 

means of circles. Inspectur, of the curves 

shows that the error law fits the data qute 

well in the case of the ball drop sextant, with 

wuhlch 98 observations were made. As would 

be expected, however, the fit IS not as good 

in the case of the bubble sextant, 51nce the 

data are based on only 42 abservatlons. 

In any event. ba s e d on the observed 

data,the probable error of a smgle observa- 

60 

III I II II 1 
0 IO 20 30 40 50 60 

ERROR IN MINUTES 

Fig 6 Comparative Accuracies of the Ball Drop and Bubble Sextants 
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tlon would be 35 5 mmutes for the ball drop 

sextant and 7.2 minutes for the bubble sex- 

tant. These two figures may be consldered a 

fairly concise Index of the relative accuracies 

of the two Instruments. 

CONCLUSIONS 

Sucherrors as occured m the ball drop 
sextant are, of course. entirely prohlbltlve 

and cauldnotbe compensated for by any other 

advantages, such as s p e e d of observation, 

rugged constructmn of the Instrument, etc. 

Actually. while it takes two mxnutes to make 

an observation with the b ub b 1 e sextant and 

about 10 to 15 seconds wlththe ball drop sex- 

tant the process of averagmg the eight shots 

and the readmg of the tilt take another 20 or 

30 seconds, so that the tune advantage 1s not 

so large as mxght appear. The only possxble 

conclusion to be reached from the flight test? 

1s that the ball drop sextant falls by a great 

deal of attalnlng the accuracy necessary for 

celestial navlgatlon in the air Since two ob- 

servers were used, and since each attalned 

far greater accuracy with the bubble sextant 

than with the ball drop sextant. the lack of 

accuracy must be attributed to the Instrument 

Itself ratherthan to the observers. Improve- 

ments in this mstrumentmlght be made to in- 

crease the accuracy, but the observations ob- 

tuned at IndIanapolls were so totally unre- 

liable, wlthout any x,dlcatlon of such unre- 

llablllty being due to some speclflc flaw in 

the Instrument, that the logical conclusion 

seems to be that the basic prmclple of con- 

struction 1s not adaptable to observations in 

an airplane 
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TABLE I 

GROUND OBSERVATIONS WITH BUBBLE AND BALL DROP SEXTANTS 

No of Observatmns 

Average Error 

Total Average Error 

Ball Drop Sextant Ball Drop Sextant 

Bubble Sextant Dzrect Szght Telescope Elbow Telescope 

468 231 193 

3 7 ml* 4 1 ml* 3 5 In,* 

3 7 mm 3 8 ml* 

TABLE II 

FIRST FLIGHT 

Date July 7. 1947 
Body SUI 
Observer A M. Weber 
Instrument. Ball Drop Sextant 

T mne 
GCT 

Observed 
Altitude 

Tilt 
T rlt Corr 

Telescope Direct slghtmg 
Latitude 39” 43’ N 
Longitude 86’ 21’ W. on all observations 
A,r Medium rough 

1nst Corr CWlp 
Corr Obs Alt Alt Error 

HMS Deg. Mm Deg MKI Ml* Deg Mm Deg Mm Mm 

(-) C-J 
192728 57 21 1 1 13 57 07 63 14 -367 

30 40 65 34 1 1 13 65 20 62 42 t15a 

3412 62 49 0 0 13 62 36 62 07 + 29 

36 56 60 58 2 4 13 60 41 61 39 - 58 

41 17 58 15 0 0 13 58 02 60 54 -172 

43 35 59 54 2 4 13 59 37 60 32 - 55 

46 32 57 35 1 1 13 57 21 60 00 -159 

49 57 59 47 2 4 13 59 30 59 25 + 05 

Body SUll 
Observer A M Weber 
Instrument Bubble Sextant, 

averagmg device 
used. 

Latitude 39’ 43’ N 

Longrtude 86’ 21’ W. on all observatmns 
AlI. Medium rough 

Tllll?? Observed 
GCT Altitude 

HMS Deg Mm. 

20 02 50 56 57 
17 35 54 13 

22 30 53 35 
29 15 52 24 
36 35 50 48 
43 02 49 44 

Computed 
Albtude 

Deg Mm Mm 

57 07 -10 
54 20 -15 
53 34 to1 
52 19 f05 
50 56 -08 
49 44 00 
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TABLE III 

SECOND FLIGHT 

Date July 8, 1947 Telescape Direct slghtmg 

Body SIXI Al= Moderately smooth 

Observer G 8. Walker 

Instrument Ball Drop Sextant 

Tnne N 

GCT Lat. 

W Obs. Tilt Inst. Corr COlllP. 

Long Alt Tilt Corr. Corr. Obs Alt Alt. Error 

H M S Deg Mm Deg.Mm Deg Mm. 

150000 39 49 86 19 51 25 

02 00 39 51 86 23 52 20 
05 00 39 53 86 32 51 57 

07 00 39 56 86 37 53 35 

09 15 39 58 86 43 50 27 

11 40 40 00 86 48 52 27 

13 35 40 03 86 54 50 27 

Deg. 

1 l/2 

1 

0 

0 

1 

1 

1 

MlIl. 

C-J 
2 

1 

0 

0 

1 

1 

1 

MlIl 

(-) 
13 

13 

13 

13 

13 

13 

13 

Deg.Mm Deg Mm Ml?l. 

51 10 50 14 + 56 

52 06 50 32 + 94 

51 44 50 58 + 46 

53 22 51 17 t125 

50 13 51 46 - 93 

52 13 51 59 + 14 

50 13 52 34 -141 

Body Sun 

Instrument Bubble Sextant, averagmg device used 

AlF Maderately smooth 

Tlllle N W 

GCT Lat Long Ohs Alt Camp Alt Error Observer 

HMS D eg Mm Deg Mm Deg Mm Deg Mln MXI 

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 86 28 63 27 63 32 -05 

19 45 39 56 86 37 63 53 63 58 -05 

22 20 39 58 86 43 64 07 64 17 -10 

25 50 40 03 86 54 64 38 64 40 -02 

30 50 40 03 86 54 65 14 65 25 -11 
35 20 39 58 86 43 67 27 66 14 t73 

37 55 39 56 86 37 66 43 66 42 to1 
41 30 39 52 86 28 67 03 67 19 -16 

44 30 39 49 86 19 67 29 67 50 -21 

Weber 

Walker 
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TABLE IV 

THIRD FLIGHT 

Date July 11, 1947 

Body SUll 

Observer A M. Weber 

Instrument Ball Drop Sextant 

Trne N W Obs 
GCT Lat Long Alt Tilt 

H M S Deg.Mm. Deg Mm Deg.Mm Deg 

15 02 12 39 49 86 19 50 33 1 

05 19 39 52 86 28 50 26 1 

09 18 39 56 86 37 52 06 0 

11 31 39 58 86 43 52 33 0 

13 37 40 00 86 48 51 30 1 

15 55 40 03 86 54 53 15 2 

21 11 40 03 86 54 52 52 1 

24 05 40 00 86 4.9 56 58 1 

27 20 39 56 86 37 56 52 2 

29 15 39 53 86 32 54 53 1 

32 42 39 51 86 23 55 41 0 

38 10 39 49 86 19 57 30 1 

Body Sun 

Observer A. M Weber 

Instrument Bubble Sextant 

TlXiC N. 
GCT Lat 

HMS Deg.Mm 

15 49 45 39 59 
53 15 40 03 

16 00 15 40 03 
02 52 40 00 

06 00 39 56 

07 03 39 54 

07 47 39 53 

08 32 39 52 

09 24 39 52 

11 01 39 51 

11 54 39 50 

12 45 39 49 

16 43 39 49 

20 05 39 52 

24 00 39 56 
28 20 40 00 

30 50 40 03 

36 55 40 03 

38 28 40 00 

43 00 39 56 

46 25 39 52 

W 

Long. 

Deg.Mm. Deg. Mm Deg Mm MLII. 

86 45 58 28 58 30 -02 

86 54 58 45 59 02 -17 

86 54 60 10 60 14 -04 

86 48 60 52 60 45 to7 

86 37 61 50 61 25 t25 

86 34 61 34 61 38 -04 

86 32 62 02 61 48 t14 

86 30 61 52 61 56 -04 

86 28 61 56 62 06 -10 

86 23 62 26 62 27 -01 

86 21 63 11 62 36 t35 

86 19 63 22 62 47 t35 

86 19 63 19 63 24 -05 

86 28 63 37 63 49 -12 

86 37 64 10 64 16 -06 

86 48 64 46 64 48 -02 

86 54 64 57 65 04 -07 

86 54 65 59 65 57 to2 

86 48 66 19 66 15 to4 

86 37 67 02 67 01 to1 

86 28 67 30 67 36 -06 

Obs Alt Camp Alt. Error Remarks 

Averagmg device 

Smgle shots 

Averagmg device 

Telescope Elbow type 

Al7 Moderaiily rough 

Tilt 

Co** 
Inst. Co** 

Co** Obs. Alt. 

Mlll Deg Mm. 

C-t) 
5 50 37 

5 50 30 

5 52 11 

5 52 38 

5 51 34 

5 53 17 

5 52 56 

5 57 02 

5 56 54 

5 54 57 

5 55 46 

5 57 34 

COITIP 
Alt. 

MlTl 

(-) 
1 

1 

0 

0 

1 

3 

1 

1 

3 

1 

0 

1 

Ali- 

50 18 + 19 
50 47 - 17 

51 24 + 47 

51 42 + 56 

52 02 - 28 

52 22 + 55 

53 20 - 24 

53 35 t207 

54 19 t155 

54 41 + 16 

55 51 - 05 

56 53 + 41 

Moderately smooth 



Date July 11, 1947 

Body SUIl 

Observer G B Walker 

Tnne N W 

GCT Lat. Long 

H M S Deg.Mm. Deg Mm 

18 35 00 39 49 86 19 70 23 
38 30 39 52 86 28 70 45 

40 45 39 53 86 32 70 30 

42 55 39 56 86 37 70 31 

45 20 39 58 86 43 68 51 

47 40 40 00 86 48 67 44 

51 10 40 03 86 54 68 26 

56 00 40 03 I36 54 68 01 

58 50 40 00 86 48 67 41 

190025 39 58 86 43 68 14 

02 05 39 56 86 37 69 49 
04 15 39 53 86 32 66 55 

06 25 39 52 86 28 67 20 
07 40 39 51 86 23 66 21 
09 15 39 49 86 19 65 57 

Body 

Observer 

Time N 

GCT Lat. 

HMS Deg Mm 

19 17 40 39 5: 

21 00 39 53 

27 35 40 00 

30 15 40 03 

37 35 40 00 

39 55 39 58 

40 25 39 58 

42 25 39 56 

46 20 39 52 

47 00 39 51 

Deg 

1 I/2 

0 

1 

1 

2 

l/2 
1 

2 

1 l/2 

l/2 
l/2 
1 

2 l/2 

2 
0 

Mm. 
C-1 

3 

0 

1 

1 

5 

0 

1 

5 

3 

I 

0 

1 

8 

5 

0 

Inst 
Co** 

MlIl 

(+I 
5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

Deg Mm. Deg Mm 

70 25 69 58 

70 50 69 38 

70 34 69 24 

70 35 69 09 

68 51 68 55 

67 49 6.3 39 

68 30 68 15 

68 01 67 42 

67 43 67 16 

68 18 67 01 

69 54 66 47 

66 59 66 29 

67 17 66 08 

66 21 65 56 

66 02 65 41 

Sun 

G. B Walker Instrument Bubble Sextant 

Obs T Ilt 

Alt. T dt Co** 

Deg Mln 

13 

TABLE V 

FOURTH FLIGHT 

Instrument Ball Drop Sextant 

Telescope Elbow type 

W 

L0ng. Obs Alt 

Deg.Mm Deg. Mm 

86 23 64 05 
86 32 63 32 
86 48 63 25 

86 54 63 19 

86 48 62 38 

86 43 61 57 
86 43 61 51 
86 37 61 48 
86 28 60 07 

Camp Alt Error Remarks 

Deg Mm MX 

64 27 -22 
64 01 -29 

63 05 t20 

62 41 t38 

61 28 t70 

61 03 t54 

60 58 t53 
60 35 t73 

59 51 t16 

Averagmg device 

Smgle shots 

Co**. Comp. 

Obs Alt Alt Error 

Mm. 

- 27 

- 72 

t 70 

f 86 

- 04 

- 50 

i 15 

t 19 
t 27 

+ 77 

t187 

+ 30 

+ 69 
+ 25 

t 21 

86 23 60 01 59 41 t20 
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TABLE VI 

FIFTH FLIGHT 

Date July 14, 1947 
Body SU” 
Observer A. M Weber 

Tune N w 

GCT Lat. Long 

H M S Deg M,“. Deg Ma” 

14 38 45 39 49 86 19 45 40 
40 47 39 51 86 23 46 10 
42 40 39 52 86 28 45 28 
46 52 39 56 a6 37 47 35 
49 00 39 58 86 43 47 29 
51 27 40 00 86 48 47 48 
54 10 40 03 06 54 47 32 

15 00 17 40 03 86 54 49 08 

02 20 40 00 86 48 50 31 
06 07 39 56 86 37 50 36 

09 42 39 52 86 28 50 47 
12 50 39 49 86 19 52 08 
18 00 39 51 86 23 52 53 
21 35 39 53 86 32 52 23 
23 55 39 56 86 37 53 40 
27 17 39 58 86 43 53 40 
28 12 40 00 86 48 54 16 

30 45 40 03 86 54 54 44 
36 07 40 03 a6 54 56 42 
38 30 40 00 86 48 55 26 

40 32 39 58 86 43 55 54 
42 16 39 56 86 37 56 09 

43 58 39 53 86 32 57 17 
45 47 39 52 a6 28 58 46 

47 22 39 51 86 23 58 46 

48 51 39 49 66 19 58 15 

Body 
Observer 

Tl”X N. 
GCT La1 

HMS Deg Mm. Deg. Ml” Deg Ml” Deg Mm 

16 07 05 39 56 06 37 61 01 61 14 

1142 40 00 86 48 61 58 61 58 
14 25 40 03 86 54 62 10 62 10 

21 05 40 03 86 54 63 25 63 14 

24 55 39 58 86 43 64 07 63 58 

27 25 39 53 86 32 64 23 64 30 

30 25 39 52 86 28 64 59 65 00 

SU" 

Obs 
Alt 

Deg MI” 

A M Weber 

W 

LO”& 

Tilt 

D%Z 

1 
1 

1 
0 
0 

1 
1 
2 
0 

1 
0 

1 
2 
0 

2 
1 
1 

1 
0 
1 

2 
1 
I 

1 
3 
I 

Obs. Alt Camp Alt. Error 

Mm 

-13 
0 

0 
t11 

+9 
-7 
- 1 

I”str”me”t Ball Drop Sextant 

Telescope Elbow type 
Al* Moderately smooth 

Tilt 1nst 
Co**. CO**. 

ML”. Ml” 

(-) (+) 
0 5 
0 5 
0 5 
0 5 
0 5 
1 5 
1 5 
2 5 
0 5 
1 5 
0 5 
1 5 
3 5 
0 5 
3 5 
1 5 
1 5 

Co** C0”lp 
Obs Alt. Alt 

Deg.Mm Deg Ml" 

45 44 45 39 t5 
46 14 45 56 t18 

45 32 46 14 -42 
47 40 46 53 +47 

47 34 47 12 t22 
47 52 47 37 t15 

47 36 48 00 -24 
49 11 49 10 + 1 
50 36 49 37 t59 
50 40 50 29 t11 

50 52 51 16 -24 

52 12 51 59 f13 

52 55 52 52 + 3 

52 28 53 23 -55 

53 42 53 44 -2 

53 44 54 16 -32 
54 20 54 21 - 1 
54 48 54 43 +5 

56 47 55 41 t66 

55 30 56 12 -42 

55 56 56 38 -42 
56 13 57 01 -48 

57 21 57 24 -3 

58 50 57 46 +64 

58 43 58 07 t36 
58 19 58 25 -6 

1 5 
0 5 
1 5 
3 5 
1 5 
1 5 
1 5 
8 5 
1 5 

Instrument Bubble Sextant with 

averagmg device 

E**0* 

Ml" 
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TABLE VII 

SIXTH FLIGHT 

2 27 09 39 33 
34 15 39 24 
36 12 39 2, 
39 40 39 17 
47 35 39 07 
51 58 39 07 
57 45 39 17 

3 00 55 39 21 
04 40 39 26 
07 45 39 33 

86 22 57 25 
86 33 56 05 
86 40 56 16 
86 46 56 09 
86 59 54 09 
86 59 54 20 
86 46 52 16 
06 40 52 21 
86 25 52 43 
06 22 50 43 

57 05 57 51 -46 Weber 
55 51 56 51 -60 
56 02 56 37 -35 

55 55 56 07 -12 
53 49 54 58 -69 
54 06 54 11 -05 

51 57 52 55 -58 Walker 
52 07 52 16 -09 
52 29 51 22 +67 
50 26 50 43 -17 

TABLE VIII 

SEVFNTH FLIGHT 

Tnme N w Obr. 
GCT Lat Long AIt 

2 27 03 39 49 86 19 56 46 
30 44 39 57 06 16 56 45 
36 33 40 02 86 01 53 55 
40 10 40 04 85 51 53 00 
43 30 40 06 85 41 52 17 
48 04 40 10 85 30 52 34 
50 20 40 11 85 23 52 13 
52 17 40 12 85 16 52 10 
55 50 40 II 85 08 50 54 

3 05 25 40 21 85 09 48 45 
11 10 40 27 85 22 48 47 
14 00 40 28 85 30 47 28 
17 10 40 33 85 40 46 44 
21 22 40 31 85 49 46 47 
24 20 40 29 85 58 46 15 
28 00 40 29 86 08 45 13 
36 57 40 17 86 3, 43 46 
40 41 40 08 86 37 42 21 
46 07 40 03 86 28 42 26 
50 52 39 57 86 16 41 34 

56 30 57 01 -31 Weber 
56 31 56 18 113 
53 41 55 05 -84 
52 47 54 21 -94 
52 03 53 40 -97 
52 21 52 44 -23 
51 59 52 15 -16 
51 57 51 47 t10 
50 40 51 06 -26 
48 30 50 00 -90 Walker 
48 33 48 23 t10 
47 14 47 58 -44 
46 30 47 29 -59 
46 33 46 50 -17 
46 02 46 24 -22 
44 59 45 51 -52 
43 25 44 30 -65 Weber 
42 08 43 54 -106 
42 05 42 48 -43 
41 09 41 46 -37 
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TABLE IX 

SUMMARY OF FLIGHT TEST OBSERVATIONS 

Direct qhtmg telescope 

Elbov telescope 

Total 

Direct slghtmg telescope 
Elbow telescope 

Total 

Direct slghtmg telescope 

Elbow telescope 

Grand Total 

BALLDROPSEXTANT 

Weber 

No. Obs. 

27 1875 
38 1356 

65 3231 

Walker 

No Obs 

18 1014 

15 779 

33 1793 

Total - Both Observers 

No Obs 

45 2889 

53 2135 

98 5024 

Max 

El-I-or 

MlKl 

69.4 

35.7 

49 7 

367 

207 

367 

Av 

Error 

MlIl 

56.3 

51.9 

54.3 

141 

187 

187 

AV. 

Err07 

MU-,. 

64.2 

40 3 

51 3 367 



11 

TABLE x 

BUBBLE SEXTANT 

*verapng Dence 9 231 25.1 
Smgle shots 6 286 47.7 

Weber 

No Obs 

33 210 
8 128 

Walker 

No. Obs 

Total - Bath Observers 

No. Obs 

Averagmg Devxe 42 441 

Single shots 14 414 

TABLE XI 

A" 
Error 

Mm 

64 
16 0 

Mm 

AV. 
Error 

Ml” 

10.5 
29.6 

Max 
Error 

Mm 

17 
35 

Max. 
Error 

Mm 

73 
73 

Max 
Error 

Mm. 

73 
73 

COMPARATIVE ACCURACLES OF THE BALL DROP AND BUBBLE SEXTANTS 

Sextant 

Ball Drop 

Bubble 

NO 
Obs. 

98 

42 

Total A” Max 
Error E.rror Error No Errors 
Mm Mm Mm. Over 60’ Over 30’ Over 10’ 

5024 -51 3 367 26 54 83 

441 10 5 73 1 2 15 

Percent Observatmns 

sextant 

Ball Drop 

Bubble 

Over 60’ Over 30’ Over 10’ 
Error Error Error 

27 55 85 

2 5 36 


