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ABSTRACT 

Advantages and disadvantages are discussed of a 
"Two-eye sextant" with whic}: one eye views the celestial 

· ,aody and tr .. e other eye the bubble. Al though no extended 
series of tests were made it was concluded that errors 
in altitude measurements can b·e made negligable for a 
normal observer fo.r a sextant of high magnifying power. 
The construction of a 11 Two-eye sextant" is described. 
pesults of ground and -flight tests are given, insofar as 
they pertain to the two-eye feature of the instrument, 
and show that a "two-eye sextant" may be practicabJe • 



lNTHOOUCTl ON 
.....__ ................. ~ ~---------

l O it wa:.; m1t\1. t'B tcd by communder Clyde W. Smith, 
u . ;~ eN., u t n cu;i.f t!l'tmce 1.m the daylight star project on 
october 20, l~Hl, thnt a sextant in which one eye viewed 
the celeHtiul bo~y and the other eye the bubble, might 
offer certain udvan.t.at~es in siniplici ty of construction. 
A preliminary lnvcstl~ation of the feasibility of this 
i d.ca wtuJ umdc n t this Laboratory and the rcsul ts were 
pt•e~cnlt.:d in I't~fcrence (a). Following this a separate 
bubble Cl·ll to be viewed by the left eye was incorporated 
into the tclcs~opic sextant being built in this Labora­
tory~ 

2. I,abortttory and flir,ht tests of thia !lextant 
hav~ . been made. The present report covers only the aspects 
of the lnvusti~ation related to the two eye bubble feature. 
De3CI'iption of the n,ounting and its effectiveness and as­
p\;cts of the problem other than the t\·10 eye bubble will 
fo1·m the substance of another report. 

3o The results surrcst that the artifice of look­
ing ut th~ bubble with one eye and the celestial body with 
the oth~r may be practicable in certain cases, in fact, 
more I>racticable than one mi~ht expect from a priori con­
sidt!ration. 

ADVANTAGES: 

4. 1'he chief a.dvantane to a sextant with bubble 
viewed by the second eye instead of introduced into the 
same eye with the star is in simplicity of construction. 
A two eye sextant of this kind would probably be less 
expensive and somewhat lie:hter in weight, for the case of 
a daylir,ht star sextant. Furthermore, star visibilities 
should be somewhat greater for the tttwo-eye sextant" since 
no reflector plate need be in the light path. The illumi­
nation system for the bubble can be made entirely inde­
pendant of the star side of the instrument and woul.d have 
no direct effect o~ star visibilities. · 

5. some increase in star visibility may be produced 
by the two eye sextant merely because both eyes are 
illuminated and used, even though the star is seen by only 
one eye. Data bearing on this point were reported in 
reference {b). 

6. The two eye bubble sextant will give incorrect 
altitude readings unless precautions are taken to avoid 
the effects of hyperphoria, if present in the observer• s 
':'y1:?s. IfYperphoria i~ a condition in which the axes of 
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the eyes of the observer tend to be non- parallel in the 
vertical plane0 Under ordinary conditions the two eyes 
see the same objects and the axes are forced into paral= 
lelismo Eut if the two eyes view objects which a r e quite 
dia 0 similar, such as a star and a bubble, and which have 
no fixed position relative to one anotherg the axes of 
the eyes may no longer remain parallelo 

7., The error introduced into an altitude reading 
by hyperphoria is equal to the angle between the axes of 
the eyes, measured in the vertical plane, divided by the 
magnifying power of the sextant telescope. To estima te 
the importance of this error, it is necessary to ~now 
how much hyperphoria is 111tely to be present i n tht? eyes 
of aircraft navigatorso The only informa tion available 
on this point is contained in the Naval Regulations for 
aviators .. A man is disqualified for aviator who showa 
hyperphoria more than l prism diopteP, or 34 minutes of 
arc . probably most av iators show a great deal l es s than 
34 minutes of hyperphoriao 

Bo on the basis of this inforMation it mn.y be ex= 
pected that errors in. altitude up to 34 minutes, rnuy occur 
with "two.,.cye sextants" of unit magnification. For the 
Mark IV sextant, whose magnificat i on ls two 0 cz rors up to 
17 minutes might be expected if it wer e fitted wl.th a 
bubble to be viewed by the other eye. For dnyl i~1t star 
sextants of the "two-e:1 e" type of' magnif ications 10 lclmi 
20P the errors would be 3.4 and le7 minutes respectlvuly 
and would be less seri.ous . I,ack of oxyg·en :migh t l.nc rc.rn. sc 
hyperphoria how ever, but t he magnitude of such an effect 
i s not wnowno 

9o 'l'he error· due to hyp erphoria can be el.lrn.ln a tcd 
in eith~r of two ways, as pointed out in reference (a). 
F1.rst , c:r·os s hairs or a ret:l.cle pattern c an be lntrodut: cd 
into the field of the left eye and made suf fici en tly 
stmila..t· to the cros s hairs :i. n the fi eld of the ri t:i-ht (~'Y c 
so that the two eye s a1•t:J forc ed to ste.y :in o.11 :1.gnrnent a 
cross hairs of thia sort were tr:led in a laborato:r·y £jct 
up but found to distrac t t oo nm.c h from vis i on of' t.he :.Lo.r n 
Secon.d 0 rota t eable p.r•l :.,ms, or a. dee en terlnc; u. lju e tmen t. 
for the eyepiece , or o thf.:,•x· d.e v i c<~ ctin b e :b c:orpox·utcU . .into 
the bubblf: oide s o tha t th .. effect of hype:rphorln cHn LH, 
compcnc;a.tt:d out fo r the p11r t ic u ar ob:Jt!l'Ve'l.~ o Th o 1.eft, t:ye 
field v,oulcl ha ve som . 1n c o1w p l.cuou.r1 al 11c;nmen t. w: . .u.·kii ic :.1 t 
th e m1.1:rg.in o f t he: f le1.d to b e u::ied f or 1 aki:nc tb1 : •i ; .cJ. ,i u:d.-~ 
men t., s uch t..1. ~yst em J:'(;qu 1res ttw.t the dcg:r.' <! e of h.' pr:1· 
pho:t'J.a igt o.y fnlrly constan t 1.'o:r rm ot.Jt1erver•u o n t u on t.ru.; 
cun::; t :-.mc y of hyper;p.h•.>r-l.n were no t. av-11.i.lrtblc- 0 bA.t, v n. l. n t. i uu:i 
in hypt::r·phor.lo.. d.tu·i nr:, thr·: co ur·tiE-J of ,in Ob[lEJr-vn tlo,1 :U'(: 
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m d 
ont ;y · v0: r-y fw.1 uLmt..:s uf ru•c .. 

11 o ' Jioph,)r.iu. und ! :,.'\ c ph ,.n ·in. P wh it.:: h r tc~t'r·:i. · to V.1clt 
uf pa.J:· n. · l t · L · 1 of the' r__)l e :i of th f_: :1~~s 1 . tllf: tw r j z, ,m Lal. 
p'.,ir.H', caw;,~ (, · •._..cs wh ich [U''e · r o bobly n e; J l f,Ub.l c: 0 bnt. 
r,1:1y 1 ; 1 Vt' d :;e tu d ·1. ~fl.cu. 1.ty r,n· <. ·t ·tui n. Jnd.l vid ml:1 t n 
m1::q ·. lr>.e', th e tw I fi elds l'lt er-n.ll y., 

l o I. f thi: l n :c: t r umen. t ·. ·, n. ·• 1,. .- .,' 0p ,~.t · c1.d jH/c1LHi ·-n t. 
U p i dnr~ th c :ti.ea i s:ideways r.ic, t.11 · t one eye rn.o v cu u1.i n.ntl 
u,, oi;h r. ' i. ' ri H H ,, ,'.Jnw ll amoun t p ii~1t t h e cy i.:.-ple t: (,.j ~ caur. e ~J 
t.J. ;.,.: ntu.r i{l ld bu t1 bl.P to ; ,o out; of co .tnc:ld. (:n.ce o.n<.l \ji ll 
LJ v v ,·l~:i• t,.J u.n e rro.t• Diml l &u · to tha t due to lr;yp r.: l '1Jhorl l'.J. a 
.l l' t h, ' 1 ,,H 1·.c 11 of bubbl c fi Ci't:Jtl oh a i r s and Dt o. r all l. Je at 
J n f in :i t y, no :mch effect ex i sts u.nd this cc.md i. Llou c nn 
t,c :c;ceu.r ed by tJt'opcr foc us s ine; of the eyep l eces o 

1r. ~o far ns a c cur a cy is ~oncarncd lt wa~ cunclud~d 
u ~ a re ~u , t of t he theory tl~scri~ed ab ove tha t a uati3-
f .ric t.or-y two eye bub bl (: {;exta n t c an b o ma.de in powt:l'3 ()f 
10 ox· hi~h e;r , and px·obauly for lower powers as well o 

DE::,:Cr,~1 I_T O, OF !NSTRlff ~ : 

13 a An experimenta~ t l e -perlscopic sextant was 
conu t~i·uc t ed ,n l th bub bl1·: v i tWCd by the left oy{J and s t ur 
by t h1: r.i t:hto The opti c 1.l system is di@grumnicd in plate 
~ (F ig . 1.) and the por tion of the a ctual instrument con­
t ainlna the two occulars and bubb l e is shown in Pla te le 

. 1 4 0 Th.e magnifying povrnr of the lnntrwnent was 20 0 

'1.'he sky p1·ism was a 90 d egree pri sm with faces 70 1nn10 

s quare a 'I'he obj ec ti vt: was of foc a l length 50 cm and dia= 
rnet~r 50 rruno The eyepiece wo.::i a Kellner type of 2. 5 cm 
equlv~lent foc al length. The exi t pupil of the in~tru= 
ment d e p ended on the prlmn setting and was at most 2o5 
mm in di a m.eteI'o The :real field of tlie instrument was 
1.8 deGrees a nd the apparent £ie ld 36 degreeso 

15. '!'he bubble cell was designed so that bubble and 
star stayed toge ther as the instrument was tipped to or 
away from the observer o. In order for this to take place 
the proper radius of curvature of the surfs.ce agains t \·1lllch 
tltc bubble rode was se lec tcd. The theory :ts as follows: 

lG. If the instrument i s tipped throush un unc;le 
a, measured in the plane of star and zertith, th e star 
image appear s to move t hru an angle given by Ao "<®/:..,. 
ond the bubble thru Ao R/L , 
wher e \ . ..-, f., alild ? 2 are_ the ro~o.l lene:ths o~ objective, 
star ey t;:p idce, and bubble eyep i ece, r espeut:.i.vely, and R 

f{\ 
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is the radius of curvature of the surface over which the 
bubble moves. For these angles to be equal, the condit= 
ion is that 

and in the case of the sextant which was constructed 

R = 50 x 3.37: 66cm 
~ 

For bubble chwnber a standard Mark III pioneer cell was 
reconstructed with a surface of 66 cm radius of curvature. 
The bubble and star images in the finished instrument 
where found to follow one another quite welle 

17. BY placing the bubble cell above the right 
px•ism, p3 , as shown in plate 2, the star and bubble were 
made to move in the same direction for forward and back­
ward tipping of the instrument. For lateral tipping, th,e 
two image moved in opposite directions. A roof prism in 
place of either p2 or p3 would have corrected this, but 
was not available. 

18. As usually adjusted a bubble of 2 to 4 mm dia­
meter was used a.rid appeared quite larc.e at the eye, sub­
tending an angle of 4 to 8 degrees. The real angle 
subtended in the object sp .. ce was only 0.2 to 0.4 df~grees. 
The bubble period w~s about 1/2 sec., ~s would be expected 
for a surface of 66cm radius of curvatu1•e (cf. reference 
(a)). The motion of the bubble in xylene of 2=4 mm dia­
meter wo.s approximately critically damped. The bubble 
action was considered satisfactory. 

19. F:ven illµrnination of the bubble was secured by 
a 2e8v flashlieht bulb .L run from two ce1ls. Between 
lamp and bubble were a ground glass . diffusing screen u, 
and a blut: fil tei:• F to malrn the bubble field closer ir.1. 
color to the sky . A rheostat enabled the 9bse1•ver to ad~ . 
just the bubbl(? field in brightness . 

20. The two eye experimental sextant was tested from 
ground and in flight. At Washington on September 22 an.cl 
23, 1942, Venus, Aroturu:; and Procyon vJere viewed ,through 
a .full d a ylight s ky from e;round. In .flight in a JRF plane 
on Sept en.1bcr 29 and 30J 1'342., Venus, Arctu:r·us and Vega 
werE~ observed in full daylight at 10.,000 .feet. With the 
sexta nt mounted in a Fl3Y- 5a, during flig.,hts on Jo.nua1-y 
13

11 
1942 v~nu~1 and Vega were observed at 8,000 i'eet. 
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~l. No ex tensi ve te~ts of acc u rac y were made with 
th' nexta nto 'l'he wrltl'.:r, who has approxlm~tely 20 minute~ 
of hyp .rphoria ~ wan ~bie to repeat se ttings to l or 2 
mi. nutco of a.re p after a.dj u.atmcnts were made to com.pen= 
uu te for his hyperphori. 

2~u ,\:3 . u r•esttlt' of ti--1i1 test ti lt appeared tt1u t tl1 e 
rirc::ll-m~!c of tlle bulible in the l(~ft eye fleld cti.st r-acted 
some,1lmt frou vi sion of the t:ta?" in the right eyeo In 
order Lo :i.'ednc;c this ef f cct 9 bubble nnd baclccr ounll were 
d:lmwcd untll barely vlslbl1..:. A b1•ight uniform blue 
fi 0ld ~iU1 no bubble seemed to be of no harm and probably 
u ltlt:d v iaion of the nto.r•o nowcvcr, a unifor·m field for 
the left eye of color quite different from the sky (un­
filt ered tuncat en light) al so cuused distractlon. 

23. Further t eats are necessary to determine the 
mo s t favo rable type of bubbl e illimlna tion. rt is thought 
tha t o. ayster:: as ulaeramn1ed in Plate 2~ Fi{;ure 2 may be 
worth tryi ng . The beam splitting prism·psuperlmposes the 
bubble image on the bright uniform backgrow1d produc€d by 
lamp t 1 • nu.ckground bri.ghtness and bubble brightness and 
color ean be varied independently and any brightness or 
color contrast produced. It is expected tha t a very low 
bubble to background contra.s t along with a high brightness 
background would be most favorable. 

CONCLUSIONS: 

24. It was concluded that a practical and accurate 
two eye bubble sextant can be made especially if hi~h 
magnifying power is usedo FUrther ~ork will be necessary 
to determine the range of errors to be encountered due to 
hyperphoria and to discover the most favorable type of 
bubble illuminations 

-



REFERENCES 

(a).. NRL c;onf. ·Report. No. H-1625 of' 20 
December , 1941. 

(b). NRL conf. Report No. H-1780 of l 
October, 1941. 



PLAT E 1 



r G. ~ 

E 

YS 

F . I 




