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tone in the Distriet of € U:HI!J-IIH have iu- Cconneciion with i altitude and declina-
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verded certain now  and  useful Emf“im{:-ﬁ lion civeles,
N L. . 1% fygacv i e BN . £ -
nients 1 Apparatus for Solving Sphevieal felferving first to Mo, 2 for the purpose

hmnmmﬂ andd vwe do herol Y {hﬂ ve the fol-
]L\.]:i; to be a full, elear, and exaet dese -
tion of ihe ﬂwzlmm

others skilled in the 111 to which 1t apper-

Gains {0 make and use ilie same. |
his invention relates o an :‘apm‘mthl”
'f‘f_n'* solving divectly md simultaneonsly the
two, aud f«{mi{‘h‘iiﬁh the ihluﬁ“ sphericai tvi-
angles :I}whw 111 finding a ships position

101 e two star sights, or from two stn sights,

wsowell as all other vroble SHERNS IR a’._)i.w.z}g
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To ihese ends the mvention consisis in
the novel details of constvuction and cein-
Dinations of parts more ful by hereinafter |
diselosed and particu arly pomted out in
the claims,
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a part of this gpomhm*mﬂ in which

Hike tn o3 and nu merals red ﬂi (o like

i all hﬂ Views -—Irig e
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L 1 a perspective
11&111111{*111 o, 2, a

m a's-*fm:::[ the upei wion of the 1n-
:-31.111711 1[

{-110 i”* ‘le“{i 11367

l‘: z*m 4 a detall view of one
{')“E thj

verniers used on the rieht ascension
carele; T 2. 5, an end view of the parts
shown in Fig, 4 I
view on the line (3~—-b of INig.

'l--

o l. \
JO 18, Ib H

"'}j

det:il side dw"a ation of the upper vernler
shown in Fig. 8

: g, 8 13 a plan view of the

horizon and ﬁlt]mde LII‘CIG% Ifig, 9 0 szee-

tional elu ationnl ‘H’IE‘W ot smd Cude
10, a view partly in section of saxd eir cles,
but siowing the altitude f‘ll‘t ie m side ele-
vation ;. I*m 11, a detall of o vernier adapt-
edd for use In ::*01111(,1_..11011 with said ._uhw o
cieeles Fig. 19, a sec t1on on the line 19
O l*w 11 figs. 13 and 1
man Vviey *9, M]_}w heh

(;
-19

cieval io:n 2] and
£ a men Suring de-

vice described more _ful V h@ren’m f‘tw' 'I 10,

s’

.:;a, a sectional view on the line 15-—15 of
Fig. 14; Fig. 16, is a plan view of a portion

11 n‘

1ntie **1{:&3 of me cfleaiml mhm‘e -

Mo 3 G enGg elev ammﬂ view of

g, 6 is a detail sectional }

are A M s e*{w: (o«

nointeal T

of {—*-\phmmm the fundamental

principles of
this

aevice, Q) r{?}_}mhmm the celestial
equator running around the concave surface
o1 the llmwm EL R the horizon; P the
th pole; 4 the FL‘;H” 1' the eavth located

:
af the venter of the celestinl sphere; and M
any heavenly

hoay, for exawple, the sun.
Awis well known 10 “:311 OLONCTS AN Navi-

airy,

-*.."’-‘“,*"4. "' :
1 Ehe eyeele i ;U p:’i::-,-ali 11y {ﬂ‘mmn {he i)lﬂe

:f;f_ng;éﬂ:;n the altitude T, of

L T
Q110 WO
the el
3

v
he place af

xTH
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1dm
Liad
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IR AEERY L‘fl’:lj ;i.'*.'}
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=11ce 1he 31 2 A1¢ exch

equal fo 807, it is avi %aw Li a0 {he are P AL
e Uqu” {0 'im“..,,.._-(; ‘)

‘:r"‘l

";r--—m}‘? and that the are
IO W m(h Since

which

il

V‘,»:.f 15 efunl {o Co—-J
:
11t

> altitude A, whiel agle 3T A,
nay be obtained by fﬁ.:s:-‘.-:ﬁi‘ﬂ:ﬁi‘1::;11.j; G SInce
the declination 7 ma ©be obtained from a

X
Y rf-rf(’n al A wieiere, 11 the Intitude of flic
vlace 13 known, the three sides ¢ oA,
and Co—1, of (e sphevieal tr] 53‘13 4P
ay be aiso kuown : and fhupium the other
parts of the triangle iy be ascertained by
calenlation, The angle 3 % P, for mample
beme thus obtained. and uL the bmh Al 1s
the sun. the 1o ml imw is had. and from ilm
tho ]{}11“ Gide of the place of observation ig
cotien ]J COMYY mmn it with the {nwnwmh
HM{* % MH‘* 11 ]‘1 T {m m}L‘*H” , all as s w ell
HNOWD [y nay Mzat'f‘:l'ﬁ-:. al d1s equally well
Im(m I ﬁmf Un:h TN ;i cilior ,,Hc.u]hlmm; Nec-
(ke time, that
-“.5;1511 nount of  astro-

nowledgge m order o be made with
ACCUTRCY uude HJ C{}llfﬂfl(ﬂilﬂ:

are often ver v laborious. In order t ov er-
come these ifficulties T provide an instru-
ment having cireles coweﬁspondﬂm to the

"y | 7
L }"'_"_--" { IJ:II :

.......

.11--‘.‘ [ .
a { : 1 il

Lhi”& t{f'(f"iiF{‘

agators, the deelination J of a hmvenly body
s ots distance from the celostinl cquator
oL mensuved onoa meridian or {i-*rlnmhvn
civeie P8 (O, mM s elittude 4ois its dis-
tanee aiveve the hovizon I 8 m:;rn;e-';i:!.}_'r:ed Oon A
vertienl or Lulnﬁiii‘ { i'{‘-‘;'la ARSI IEARE: also
woll nown {hatihe disianee 2 }f?’ measured

do i v o the latitude Uf |

Lol m 1t the,
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celesiial equator, to the horizon, lo the me-
ridians or declination ruuo% and to the ver-

tical or altitude civeles of the hw vengs and !

on these cireles I provide mavicers wiich
are adapted to set off or mdieate the various

data constituting the codrdmates of a body
such as altltudwﬁ dechnations, fatitudes, ete.,

that may enter into the caleulations. Suid
cireles in the wstruiuent are also so pivoted
relatively to cach other that the marked po-
sitions UJ‘ a heaveniy body or (wo intersect-
mg circles ean be made fo coinclde, and

thuwpun sald cireles are caused o repro-

duce accurately the celestial triangles to be
solved., When said trmangles ave thus ac-
curately reproduced, it 1s evident that their
varions parts may be read oil at once with-
out any calenlations, aJl as will now be ex-
plained.

Referring more particularly to Fig. Lol
the drawmus 1 mptwwlta A grady wted circle
qe ll(‘::pOll"hIlU Lo the horizon or azimuth cir-
cle H IV; 2 vepresents a meridian or declinga-
tion cirele corresponding te the meridian

P M O; 8 an axis perpendicular to the
pl,.me of the cirele 1 and the end 4 of which
therefore corresponds to the zenith Z.
While 5 is a circle perpendicular to the cir-
cle 2 and therefore Lmreupcmdmn‘ to the
equator or right ascension circle 16 {. For
convenlence of constr uction, the circle 5, in-
stead of intersecting the azimuth snd decli-
nation circles, as does the equator 1n Ifig. 2,
is placed 'to One side of said cireles, as in ndi-

~

cated in g, 1. Lfsaid circle 518 Imamned -

however, as bblttecl toward the right 1n said

figure, until its center (:011 eidﬂs with the
center of said circles 1 and 2, but always

lying in a plane pu"pemm,ular to said circle
2, the relative positions of all the circles
mentioned will be the same as i Fig. 2.
The azimuth circle 1, 1s carried by an axis 6
pivoted 1n the wyes 7 carried by a yoke 8,
supported on the standard 9, rising from
the base 10. -This axis may be pwtmed as

corresponding to the line B € in Fig. 2, and

it permits the horizon or azimuth c1rcle to

SWing through very large arcs. In the same |

way the meridian or declination circle 2 is
pivoted at 11 and 12 on an axis perpen-
dicular to the axis 6, and corresponding to

the gtraight line joining P D in Fig- 2. The

two axes just men UI(;"lUJ are s0 dlsposaed i

the instrument that they interseet at the

It
e

cominon center of the ulcles whichh corre-

~sponds to the position of the earth-or to the

point F in Fig. 2. A little consideration

 will show that the point 12 on the instru-

60

ment - mrrenpon?ls tca the north pole of the
heavens, the point 11 to the south pole, and

the pivois 7 to the east and west 1ﬂomts~, in

K ‘y
5%
1

the horiZon.  These four wmntsa it will be
observed, are fixed in reration to the base

10.. Pwotally meunted on the axis 8, and
movable around the same, are two quad-

 rants 13 and 10 constitnting a cemicivele, as
- <hown. and uuws* Gruunﬂ 10 the Wrtlml ov
i .

I. itude civele % “EL A i i, 2. The axis 3
{ 11 {_"lU{(!lL cuu(mp:mrle {o thg line 4 T n Ifig.
2, and it also passes through the common ;g
- center of the circles and at un*ht angles to
- the axis 6. The dechnation cirele 2 is pro-
- vided with suitable mavkers 17 and 18 of
the vernter t} pe; the vertical cirele 15, 16 is
- provided with hl::{, markers 19, and the right 75
- ascension cirele 5 is pr ovided with movable
- verniers 20 and 21 rigid with the declination
circle 2.
it is evident from an 1spection of Tig.
2, that if the declination circle ¥ M O could gg
LL. swung around the axis P 1), and if the
altitude cirele 2 M A could be awumr around
' the axis Z T, while the azimuth cirele could
be swung around the axis B C, that any.
triangle muaspondmw to any onen set of g5
cobrdinates  whatever could be formed.
That 1s to say, with the freedom of move-
ment stated, these three particular circles
- could be so dﬂp@%d as to cause the point of
intersection. of the altitude and declination gy
circles to be.located in any point in the
heavens whatever, and when said intersec-
tion 18 S0 locat’ed sald circles would, also,
ogive by m&p@ctmn all the other parts of the
“tStI’OIlOIIllC‘ll triangle. Eurthermore, H1g. 2 g5
shows that the inclination of the dE(‘,llIl‘lthH
| civele P M O to the altitude civele 2 M A 1s
smeasured by the are P Z or Co—li.. “Lhere-
fore; 1L 1s obvious if we observe the sun,forex-
hmplejandﬁmhts altitude/ to be 30‘“ "31”, 100
we may get its true declination Irom the
Nautical Almanac and mark 1t off by the
“appropriate vernier 17 or 18 on the dechna—
tion cirvele. We may likewise mark off said
observed altitude on the altitude ciréle 15, 105
16, by the appropriate vernier 19; and we
11]‘1V incline the point 4 of the axis 3 so
‘that its distance fmm the polar point on
the declination circle is equal to the differ-
ence between 90° and the latitude, or to 110
Co—L. Finally, we may then Wlth()l]lt cis-

—r— —— e Bl ) EJ BT

| turbing” this last relation move the circles 1

and 2 about their respective axes until each
-of the marking verniers show said circles to
_-"'mte;tqec;; at the point corresponding to the 115
cotrdinates given. After having performed
these ¢ pemtmns it is evident that the tri-
angle % P M in Fig. 2 will be reproduced
oh- the mstmment and that its hour angle
ZPM may be read off on the 11@ht ascen- 1920
- s1on cs.rcle 5, sincg it 1s measured by the arc
O Q. Trom this' we may get at once the
-l(}ca,l time and the longitude of the place by
comparing with a chronom@ter; all_in the =
manner weh known, and wit hout the usual 125

caleulations.
in carrying out the above operations,
however, it accuracy 1s top be attained 1t 1s
| essential that the instriiment be provided
k with certain refinements now to be described, 130




5

40

¢le 1.

99

60

il

043,532

and  which ave not found in ];Jhl'tf?fl[ );'G.

tion circle, as well as the altitude cirele, into
two parts hinged together, as will appear be-
low, which features are llhemse not found
in said patent.

In the fuai place, 1t is desivable -that the
cirele 15, 16, he canable of a slow motion and
be provided with a clamp to fix it in a1y po-
sition to which it may be adjusted. ’3{0 these
ends there is provided the serews 25 and 26
appropriately threaded and bbreled at their
enids, which take against the sector shaped
plece 27 rigid mth the axis 6. W) nen these
SCrews are 1111(‘L11111}6{‘1 the altitude civele can

he freely moved by hand to the approximate

position, after which by s etting up on one

or both serews a very fine 1111@1?0;11{: er adjust-
went may be attained, while at the same time
clamping the circle.
screw 8 and lampmtv serew 29 serve to
slowly move and to accurately fix the cirele
5 1n any desired position. This circle is pro-

vided with a vernier 30, as shown, and is
preferably graduated on one face v*ith hours
.0t right ascension, and on the ot her w
grees ot longitude.

ith de-

The givele 2 is provided with Lho rigidly

“hxed arms 35 carrving the verniers _0 M}ri

21, playing over the (31};]{* 2, and these vep-
niers are i}lmzﬂed with the adiusting : SCLEWS
31 and 32, taking against suitable SPrings
33 and 34 reapwm*"h, hmim?ﬂ tlﬂi]’llﬂilﬂ

serews as 36 are dla(} provided for the ver-
niers, as best nh(}‘ﬁ’l i g, 5

\ The altitude civele 13, 16 13 ot l} pro-
‘1'1ded with the slidable verniers 19, ac p.,lm‘m

but alsowith the verniers 197 w huﬁ’; are uuﬂ
to said curele and traverse the azimuth nip-
Clamping screws ave also [rov tled
for said veruiers 1%, the upper ends of which
appear at 38,

10 (*f‘:uufus'mhmm the circle 2, weights 40
are provided, and to- counterbalance the ciy-
cle T, the cector 97 i 1S prnwdcd with a welght
41, ¥ig, 10. The plane of the face of cin cle

L; 16, passes accurately through the center !
as illustrated, and the pLx ne of |

of its hinges,
the face of 0]1019 1 passes accurately thy ougl

the axis of its pivot 6.

In Fig. 11 1s illustrated a large marker
e\ten{hn-ﬂ over a quadrint, w hich may be
placed on the altitude eircle for Measuring

negative altitudes, or alﬁtudeb below the

horizon. - This markel‘ also useful in

‘clamping the quadr ants L:r and 16 together

when tr mmﬁ' 4 great circle course. I*’ 1S

provided with a bmtable set serew D1,

shown. - -
In Fig. 13 18 &,hmvn a device for measuring
ares, which we ter in a spherical COMDAss, an d
it consists of a pair of legs 92 and 53, the leg

[ ]

53 provided with a hollow rim 54, oveér which ¢

Again, the adjnsting

R T e

105,159 above.  Also, if two star sights, or
two sui sights, are to be solv Q{L nnalt{um-
ously, 1t is ne cos sary o divide the declina-

-
e

ey T BEm o am_me s sl . . o - -

e Pl S dey—h e T

_———— T e ET————
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T P L W AL e e e e L

e B ey e = W N YN S—r o mmem imp

£,
Ot
fis the arenlar pivol 35 of the leg 52, and in
which I)J‘rf.i-- the wedee 56 l‘nmu the ta-

perad end HT Htting in the slit 58 of the vim
s evident when the wedge iz 1*:3 o
that the jeo 32 Dty readlly Lirn avonnd its
pryot. but when the wedge is down the parts
will be clamped agninsi 1111‘11111*1 .

In order that the eirele 1 ﬂmrl its markers
may freely move inside Iw cireie 2, a een-
siderable space G0, ¥ 1. 8,1 e ft hetween the
(WO ¢ 11('11”“-.-* and ')I{h  that the !J{JH]M o1
mterseetion of the declination and a1itude
cireles auy 1” accurately ren o there-is piro-
vided the o u.;:. ernier seale 6, 1o, 19 and
20, which lapted to lie flat rgninet the
altitude evele fmd Lo {iaimd over the seale of
the declination circle, or viee
clamnp 66 15 provided in order {o
parts together.

{n upewmm the cinmps being free, the fol-
lowing mOVeMCnLsS will be possible AMong
the parts. The altitude civele may SWHIEQ
:rwe]v moazinuth, s vertieal axis 3 mavy
»mmu freelyv north and soatl in the moerid-
ian, and the declinaiion cirele MUY IMOVE
freelyv in an (*"IHL and west direction,  There-
fore, 1t is evident - fter the codrdinates of g
heavenly body have been L-.;nL.ul.. as shove
desertd E‘d 011 the appropriate cireles that the
proper marking verniers ma v be brought fe-
i"“t““[l"*l*l' atl the intersections of the ADDIOPriate
cireles and the Hesived spherieal Tt mnIG Pe-
procuced, as above statod. Bal, sinee two
markers canuot oceupy the same space at the
time, the actual point :.-a._,:wht cannot be
had by a direet reading. 1 I1{f~101m£* the
scale of each marker is so avranced that
when-two inavkers touch, it will cither indi-
cure the desired pont of mfiel:eei.mn o1 else
«ach point will be indicated after a known
corvection has been applied. To facilitate
Lie Gperation the markers may be provided
W, u: p Inter- -CNZAGING QT00VES 75 and DS 76,
s best shown in B o5 8 and 1t jﬁ but any other
siitable mmiaumn ‘fmmh mayv be provided,
1t desired,

Since the spherical problems that can be
f-,ﬂlmf by this instruinent ave endless, they
will not be treated in de’nul but it might be
obiserved that a ship’s {*m?on Ny be read-

“I

_-I' .

"H

b

VL, Lk
hold the

1o

ll‘f obtained with its fnrt hy two gtar stolit 113,

1 the follows Mg manner . —The altitndes 4
and 77 of the stars M and M7, Ifig. 2, are
observed 1u the usual way, while their dee-
1i1 ations 4 and ° and theip rieht ascen-
s10ns are obtained from a. mer al Almanoe.
These right
tudes of the stary for the tmwu of observa-
tion 1 the manner well lmf}ml. The altfi-
tuces 2 and 47 ave laid off dn the two quad-
ants 15 and 16 of the altitude cirele bv the
markers 19: the declinations are laid off on
the declinalion cirele by the markers 17 and
18: and the longitudes of the stars ave laid
off on the u**cla 5 by the verniers 20 and 21,

i1

ASCRIISIONS also olve fhu longi-
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The cobrdinates of the {wo bodies of course
will not be the same, and therefore 1f the

aitude and declination circles are to aid

in veproducing the two spherieal triangles
shiown in Fig. 2, it will be necessary fox the
aves 74 M, Z M, P O and P O, ¥ig. 2, 10
be capable of occupying different planes.

To accomplish this, the declination cirele 2

of the instrument 1s made 1 two parts
hinged at 11 and 12, only the hinge 11 being
shiown. This enables the vernier 21 to move
independently of the vernier 20 on the circle
5, and therefore to indicate right ascensions
or longitudes independently of vernier 20.
In the same way the guadrants 15 and 16
may freely move around the axis 3 and 1n-
dicate independent altitudes. Owmyg to
thig construction, it is evident that the in-
striment may readily, in the manner apove
described, shimultaneously reproduce the two

friangles > 7% M and P 7 A 1n. Big 2.

When these triangles are reproduced ihe
longitude of the ship will appear on vernier
30 which marks the meridian, and the lati-
tude will be represented by the pomt 4 ot
the pin 3. |

Qo far as we are aware no mstrument has

Deen heretofore proposed which will solve
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“above.

siinultaneously two spherical triangles and

thereby find a ship’s position from two star
siohts, the latitude not being known. Fur-

thermore, this instyument is capable of find-

ing a ship's position from two sun sighis
involving the solution simultaneously oz
three triangles, the latitude not being known

and the ship having moved in the interval

between the sights. To do this we proceed
in the.way above described, obtamning the
declinations and longitudes of the sun for
the times of observation from the Nautical
Almanae, and setting them off on the 1nstru-
ment as in the cage of said stav sights. Aldso,
we set off the last mentioned altitude 2 as
But in the case of the first meas-
ured altitude A”, we use the spherical com-
pass, Ifig. 13, so setting the extremities of
its legs that they will subtend an arc equal
to Co—A'. Further, we set one of the vanes
as 15 upon the reverse course of the ship and
place one of the markers 19 on the same vane
at-a distance from point 4, equal to the dis-
tunce the ship has moved between the ob-

servations, as indicated by the log. 'This

marker will then represent the position of
the first zenith 4 with reference to the sec-
ond zenith Z. Now engage one extremity of

the spherical compass with the marker rep-

resenting the first. zenith Z’, and bring the
other extremity in contact with the marker
representing the. sun’s fivst position M.

Also, move the vane 16 which carries the

marker representing the first measured alti-
tude, so it will come into contact with the

‘marker representing the sun’s last position
65 M. When this is done the ship’s longitude
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al the {ime of the last sight will appear un-
dor the vernier 80, and the latitude will be
represented by the inclination of the axis 3.
it is evident that those skilled in the art
may vary the details of construction and the
arrangement of parts without departing
from the spirit of the invention, 1t 1s there-
fore not desired to limit the invention to
the construction shown, except as may be-re-
quired by the claims. '
What 18 claimed 18—

1. Tn an apparatus for solving spherical
‘triangles, the combination of an altitude cir-

cle in two paris hinged together and adapt-
ed to swing on an axis; an azimuth circle
provided with an axis at right angles to the
axis of said altitude circle; a declination
circle provided with an axis perpendicular
to said last mentioned axis; a right ascen-
sion civele; and suitable warking verniers
on said cireles, substantially as described.
9. In an apparatus for solving spherical
triangles, the combination of an altitude cir-
cle; an azimuth circle; a declination circle
tormed in two parts hinged together aund
capable of independent movement; said cir-
cles provided with akes at right angles to
cach other on which they swing; a right
ascension ecircle; and a vernier rigid with
each part of the declination circle adapted
to play over said right asceusion circle, sub-
stantially as described. |

3. In an apparatus for solving spherical

triangles, the combination of an altitude cir-

cle in tweo parts hinged together; an azimuth
circle; a declination circle 1n two parts also
hinged together; said ecircles provided with
axes at right angles to each other on which
they swing; a right ascension cirele; a mark-
ing vernier on each part of the altitude cir-

- cle: a marking vernier on each part of the

declination circle; verniers 20 and 21 aiso on
said declination circle adapted to independ-

ently play over the right ascension cireie;
and means for imparting a slow motion {0
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said last named verniers, substanually as

described. | :

4. In an apparatus for solving spherical
triangles, the combination of an altitude cir-
cle in two parts hinged together; an azimuth
circle: a declination ecirele in two parts also
hinged together; said circles provided with

axes at right angles to each other on which

they swing; a right ascension circle; a siid-

able marking vernier on each part of the
altitude civele; a slidable marking vernier
on cach part of the declination circle; ver-
niers 20 and 21 also on said deelination eir-
cle adapted to independently play over the

right ascension circle; means for impart-
ing a slow motion to said last named ver-
niers; and means to impart a slew motion to
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said right ascension cirelé, substantially as

deseribed. :

5. In an instrument for solving spherical
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said azimuth circle;

$438,582

triangles, the combination of an altitude cir.
cle comprising two quadrants hinged to-
gether; sliding marking verniers on said
circle; an azimuth circle; verniers 19’ rigid
with said altitude cirele and playing over

with axes at right
which they swing:
sald azimuth circle;
ng a slow motion to said

angles to- each other on

sector, substan-

tially as described. .

6. In an instrument for solving sphetical
triangles, the combination of an altitude eir-
cle comprising two quadrants hinged to-
gether; sliding marking verniers, provided
with grooves 75, on said circle; an azimutl

said circles provided

1 sector 27 rigid with-
and means for impart-
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‘means for imparting a slow

- on which they

N\

circle; verniers 19’ rigid with said altitude
circle and playing over said azimuth circle;
a sector- 27 rigid with said azimuth cirele:
motion to said
sector; a declination cirele; said circles Pro-
vided with axes at right angles to each other
v swing; and marking verniers
17, 18, on said declination ecircle provided
with pins 76, substantially as described.

In testimony whereof, we aflix our slgna-
tures, n presence of two witnesses,
-« WILLARD FRENCH.

i CHARLES W, FREDERICK.

Witnesses:

K. L. Byryg,
A. W. Neacg, Jr.
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