shadow of the wire line E talls upon theslit Fin the sight
Ve

4. DECLINATICN. When necessary to take this inta
consideration (for instance when using the instrumsent
earty AW, or late .M, inequatorial waters), sed the crass
_wire G to the degrees marked on the wire line sight E,
accarding bo the SUN'S DECLIN ATION: follew previ-
ous directions until the shadeoey shown by thiecross wines
coincides with the cross cuts in the sight vane.

Tor s the Instrusnert with a STAR

1 .Clamp the time clecle hrmmnta]l}'.

2. Place the pointer & to “Ship's Head.”

3, Sight the star, usirg e time circle divided bo 1800
o determine the position in usual manner.

To use the instrument WITHOUT THE SUN, BY A
DISTANT OBJECT, the bearings of which are known.

1. Clamp the upper circle horizontally and place the
sight vane poimber to X1 or O,

2. St and claeng the Compass dial Arrew pointer by
the kriovwrn bearing of the distant obiject.

3. Move the Compasa dial by the progections, until
vou can sight the diskant object through the sight vane,

The difference between the Compass dial of the in-
strament, and the compiass on the Ship, is the deviation.

MNOTE—The time circle H being divided also o 1807,
itcan be used with the aid af the sights to determine the
correct oF fagnetic course, according to Burdwood's ar
othier Tabbes, apart fram the lower dial.

FRANK MORRISOMN & SONS
Compass Adjustors and Manufacturens
af Mautical Instruments

West Eleventh 5., Cleveland, Ohie

Marrison was a dealer in Cleveland. The “Poalaris”
was made in London. Mine is signed “Ir. MacGregor,
Glasgow”, a “Mautical Optician”, as dealers in naviga-
flom retruments ard chronameters were calbed then, for
whom it was made. [ soquired it from a Great Lakes
sheamboat capdain who was acquainted with Morrison,

HISTORY OF
NAVIGATION

The Brown-MNassau Spherical computer
g Jokes M. Lraykr

GENERAL

The Brown-Massau Sphﬂlcal l::nmpulrr is a plastic
lightweight 12°x13" graphic device which weighs anly
14 o2 It was designed in 194 at the Case Instibute of
Technology, Cleveland, Ohio primarily for use in the
rapid sight reduction of celestial abservations for line of
poskibon ALY B shape and hand iness permits its use
in lieu af sight reduction tables in small cramped areas
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such as the cockpit of a fighter aircraft. The computer
salves the navigation triangle as well as other spherical
trigenometric navigation problems in mudh the same
way that a “coordinabe converter™ or “coordinate trans-
formeer” solves problems of spherical irigonometry
through the relationship that pxiste between the Celoss
tinl Equator coondirate system and the Harizon coardi-
nahe sg,*sbem.

The celestial equator and harizon coardinabe systems
are described inogreat detail in the 1995 edition of
Bowditch, pages 243-255, A description of bow the navi-
gation triangle is formed from elements of bath the
celestinl equater ard horizon coardinate syshemns is in-
cheded on pages 28 and 295 of Boswdibch and shown b}-
diagram in figure 1530% on page 254.

COMSTRUCTION OF THE COMPUTER

The computer i3 comstrected of laminated plashc
sheets consisting of a rectangular opadque base plabeand
bwoa transparent mIaIinE quarber circles or “ratogs” o
against each side of the base plate. The main featune of
each faceof the hase plate is a grid of curves enclosed in
a quadrant of a circks 107 in diameter. The horizontal
curves on eddh “rotor” represent paralleis of latitude
and the vertical curves sepresent hour anghes. A clrous
lar declination scale is marked along the circumderence
of the guadrart on each face. (Figure 1) The fwoe “ro-
tars” are printed with curves nu‘r;hlng the lakitude
curves of the base plate, The twio robors. are pivoted at
the bower left cormer of each face of the base plate.
[Figure 2
OFERATION OF THE COMPUTER

The principall purposse of the computer is fo deber-
nine computed altitude (He) and azimuth angle (Z)
from values of [atitude (L), meridian angle {th and decli-
nition (d). The computer enay also be used o compube
imitial Great Circle course {C) and Great Circle distance
('] between bwo points on the earth’s surface and 10
denkify skars fromm values of abserved azimuth (ZM) and
albtude (H).

Iratructions printed on each side of the base plate
direct the user to the exact sequence of operations in
solving problems which may vary in accardarce with
e

Do limation {d ) and Latitede{L) which may be “same
mamse” ar “contrary name”

Meridian Anghe (- which may be greater orkssthan
e

Declination (d) - which may b preater or less than
Latitude (L)

For sight reduction the computed altitude (Hc) is
obbained first from vahees of L, ¢ and . Onee He is
abtained, therm, azimuth angh {Z} is computed fromn
valwss of He, d and L

Based onwhethera) d and L are " same™ or “contrary ™
name, b t is greater ar kess than %0° and o whether d is
preater or less than L, one side ar the other of the base
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plabe is sedected for the sight redwction calculations.

Seep Oine: A mark is placed on the intersection of the
L and t curves on the base plate. This establiches
thie DR or the assumed position.

Spep Two: The ratar ks then set 1o the value of o,

Step Three: He is determined by the positson of the
sebected mark (Step One) among the alfitude curves on
the ratar.

Skep Four The fofor i4 then et fo the altitude (Hi)
determined in SWP Thirew.

Step Five: The pointof intersection of the Declination
() eurve o the roter and the Latitude (L) curve on the
base plate is now determined. This presind
when extended tothe Latitud e scabeon the left side of the
rakar s thie azlmuth angle (£).

Nate: When solving for indtial Great Circle Course
and Graat Circle Distance (0 follow the same procedurs

BROWR-PATLAY SRCAL CORPUTEL
dadl Fiwods oOF aFFLILE FOIimEE
ELiPELASR €. U kA

b
(B mEErm Ermae
o I [y
B T e s w im 4 | e

a5 above, substituting difference of Longitsde (Dia) be-
tween bwo places an the earth's surface for meridian
angle t. Latitude (L} of the of arrival is subsiibibed
for C and Great Circle Distance {0} issubstibuted for50re.
Ec. Indtial Great Circle Course ks equal b Z comnected o
true azimuth (ZM).

ACCURACY OF THE COMPUTER

Although tests of the Brown-Nassau computer con-
ducted by the Aeronautical Instruments Labaratory at
the Maval Air Experimental Station at the Mavy Yard,
Philadelphia from January to Jure 1944 indicate that
general accuracy ranges froem 5 to 10 arc minutes, the
wriber has found that with careful handling and proper
setting of the rolars, accuracy of within2 ba 3 anc mimubes
is poasible in altitude and within 0°.3 in asimusth,

Results of accuracy tests conducted by the authar

i LEi
Wi W[ mas 07 T ML g SRR
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TABLE]

RESULTS OF THE ACCURACY TESTS

GIVEN VALUES

1
L d 5
N 3FT™ s510F E 5538
NI=g N7 W5
[N 5536 N 4z E115%4%
Wil BN S1747 W ATl
5117 N1 W AEs
B ) 530741 E 100718
SRR 540729 E #5259
S M 257117 Wy
Arithmebtc Mean Value of Error

give the fallowing results:

Calumn 1 of the table provides the input data fereach
problem and columns 1 and 3 indecate the solution fior
thie He and Z respectivedy by the Brown-Nassau Com-
puter. Column values in parenthesis indicate the solu-
tian by electronic computer for comparison purposes.

SUMMARY

In 1944, at the height of air operations agamst Japan
during World War [I, one of the major problems in air
navigation was the development of a computer or celes-
tinl nrvigation method saitable for wse in small aircraft,
such as h&hrq-m and attack bombers. The Mavy mquim-
merds st thiat time were that:

COMPUTED VALUES
2 3
Hc )
AHras 120,04
[20°34) (119.55+)
=1 +L"5
b 1 29407 Gy
(242’ 205,94
+1 e
2020y [ et Y
(20°26) (DHEG+)
+¥ +0.75
27 197+
(27 0a) [reaigell]
¥ + A
2355y IO A
(43750 12967 A
+¥ o
275 135724+
(2rasy {135°14)
+3 +r.1
[ (T B
[ELR [0 4+ )
4 A
24735 319754
24y F19°09-
-+ <04
He o
1's .3

Thie compuber shimild be compact and light,

Thecomputer should be simple tpoperateand unam-
biguous.

Thi compuiber shoubd be shurdy and sasy 1o use under
cramiped and adverse conditions.

Computer sedutions should be rapid and accurate

Thi Broswn-Maseau computer fulfilled most of these
TEqUETETIENis.

The last sentence in the WAES(AIL) report of 29
August 1944 mentioned in 'h.rasn.slh IV abowe states

“Considered as a whele the Brown-Nassau Com-
puster is the first device sested warranting very exbensive
and complete service testing in small airplanes ™



TABLE]

RESULTS OF THE ACCURACY TESTS

GIVEN VALLUES

L d b
N 35T S1FEy E 5538
NIg N =T W 7SI
I 55736 N4y E 11545
N ZF15 1747 Was"1E
S11°8% N 10 Waess"
S 550741 E 100718
SHFEE S40°2Y E &5°59°
S M35 W4
Arithmetic Mean Value of Error

give the following resubts:

Calumn 1 of the fable provides the input data foreach
prablem and columns 2 and 3 indicate the solution fir
thve He and £ respectively by the Brown-Massau Com-
puter. Column values in parenthesis indicate the solu-
tion by electrinic computer for comparison purposes,

SUMMARY

Im 1944, at the height of air operations agamst Japan
during World War I1, one of the major problems in alr
navigation was the development of a computer or celes-
tinl nvigation method suitable for wse in small aircraft,
such as ﬁ,ahrﬂs- and altack bombers. The Mavy mquim
ments at that time were that:

COMPUTED VALUES
2
He Fa
Hras' 12007
[Py (119554
=1’ +"5
2473 29407 0y
(2424 {2484
+1 e
2= [ B
(20°26) (HE6.+)
+¥ +0°5
270 19T
(27 Dey (233
=¥ +Td
43558 e
(43°50)° {296% A+}
+F i1}
275 13572+
{2y 113814)
+¥ +071
A1 e B+
(46 S) [0 4 )
4 A
24735 3197, 5=
{259y 190+
-+ 04
i I
's w3

The compuaber shouled be compact and light,

The camputer should be simple teoperate and unam-
biguous.

Thecomprater shoubd e sturdy and easy 1o use under
cramped and adwverse conditions.

Computer sofutions shoukd be rapid and accurate

Thi Brown-MNassau compuber ulfilled mast of these
TOOUETETENE.

The last sentence in the NMAES(AIL) report of 29
Aupust 1944 mentianed i 'h.ra:sﬂ.ph IV abowe states

“Considered as a whole the Brown-Nassau Com-
puter is thie first device tested warranting very exbimsive
and complete service testing i small airplanes ™



