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UNITED STATES PATENT of FICE 
2,651,457 

CALCULATING MACHINE 

Hans P. Luhn, Armonk, and Richard L. Johnson, 
Wappingers Falls, N. Y., assignors to Inter 
national Business Machines Corporation, New 
York, N. Y., a corporation of New York 
Applieation May 13, 1949, Serial No. 92,996 

(C. 235-—-6.) 14 Claims. 
1. 

The present invention relates to calculating 
machines and particularly to the type of cal 
culator controlled through the action of the keys 
of a typewriter. 
The principal object of the invention is. to pro 

vide a calculating machine in which the trigo 
nometric calculation and other arithmetic op 
erations that occur inland survey Work are auto 
matically performed. 
In carrying out the principal object of the in 

vention, a set of auxiliary keys is provided which 
the Operator Will actuate in accordance with the 
value of any measured angle lying within the 
range of a complete circle. This angle is auto 
matically entered digit by digit into a storage 
mechanism which in turn controls the typewriter 
keys to type the angle on a suitable record sheet. 
One of the objects of the invention is to pro 

Wide improved controls for Such entry so that 
upon completion of each digital entry, the storage 
device will effect Operation of the typewriter to 
print the digits. If through observation the op 
erator notes that the correct digit is typed, this 
Will be an indication that Such digit is correctly 
Set up in the storage device and also that the op 
erator has not made an error in keying. 
Upon completion of the angle entry and typing, 

there is a transfer of the angle from the storage 
device to a so-called function analyzing. mecha 
nism, Wherein it is a Scertained in. Which octant 
Of a circle the angle lies. This is effected by 
initially setting up the octant limit angles 45°, 
90°, 135°, 180°, 225°,270°,315°, and 360° and con 
currently comparing the type angle. With each of 
these limit angles. 
A further object of the invention accordingly 

resides in the provision. Of novel devices for a S 
certaining the location of an angle with respect 
to a circle as measured from a base line, for ex 
ample, the north-South. Ordinate. 
The function analyzing mechanism also serves. 

to reduce the angle where it is greater than 45 
to an angle of 45° or less measured from the 
nearest north-South, or east-west-ordinate. The 
reason for this is... that...in. Surveying all, angular. 
measurements are customarily made in a clock 
wise direction from a north-South, ordinate SO. 
that, for example, an angle of 10 measured 
counterclockwise from such. Ordinate is defined. 
as an angle of 350. Upon reduction, it becomes 
360°-350° or 10° and is indicated as lying in the 
eighth octant, wherein the east-west side. of the. 
right triangle supported by the angle has a nega 
tive value and the north-South; side. has a posi 
tive value. 
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A further object of the invention accordingly 

resides in devices for ascertaining the algebraic 
Sign of the values of the sides of a right triangle 
With respect to a basic north-south ordinate. 
A So-called table lookup mechanism is pro 

Wided in which the sines and cosines of all angles 
from 0 to 45° are set up in steps of tens of min 
utes, together with the differences between suc 
cessive settings. As a preliminary, the seconds 
of the entered angle are corrected to a decimal 
of Illinutes and combined with the units of min 
utes. As a further step in the procedure, the 
units of minutes so obtained is multiplied by a 
difference value derived from the table lookup 
mechanism and the product combined algebrai 
cally With the Selected Sine and cosine values for 
the degrees and tens of minutes part of the angle 
to obtain the ultimate sine and cosine values for 
the complete angle. 
A further object of the invention resides in 

the provision of mechanism for automatically se 
lecting from a table lookup device the sine and 
cosine of an angle from 0 to 45 in tens of nin 
utes intervals and Supplementing this walue in 
accordance with an interpolated value based on 
the units of minutes and seconds of the angle. 
While the selection and calculation of the sine 

and cosine are proceeding, the Operator may ma 
nipulate the auxiliary keys to enter a value rep 
resenting the neasured distance between two 
Survey stations into the storage device which will 
in turn cause typing thereof. Upon completion 
of both the distance entry and function calcula 
tion, the distance is multiplied in succession by 
the sine and cosine to determine the north-south 
and east-West distances between the two stations. 
In the procedure it is required to first obtain a 
north-south value, and this may require either 
multiplication by the sine, or cosine depending 
upon the octant within which the angle lies. 
An object of the invention accordingly resides 

in the provision of controls exercised in accord 
ance with the octant in which an angle lies for 
Selectively calling the Sine O' cosine into effect 
for multiplication by a distance value and for 
also determining whether the product is positive 
or negative with respect to a prior station. 
Upon completion of the first product represent 

ing the north-south component of the distance 
(which distance is the hypoten use of the tri 
angle), it is automatically typed and thereafter 
the other function is multiplied by the distance 
to obtain the east-west value, which is then also 
typed. 
Another object of the invention resides in the 
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provision of an accumulator, in which a result 
is obtained and set up, and a readout device con 
prising a single set of positionable WiperS, One 
for each denominational order, and control 
mechanism is provided for enabling the reading 
out of such result through the single set of 
wipers, order by order, or the reading out of all 
orders concurrently. 
A further object of the invention resides in the 

provision of improved column shift devices em 
bodied in the circuit connections between ac 
cumulators to the end that simplification is ob 
tained. This is realized by the employment of: 
a set of binary ordered relays which combina 
tionally effect selected extents of column shift. 
A still further object of the invention is to 

provide an accumulator arranged with tens carry 
devices effective from Order to order for nor 
mal accumulating operations and Wherein the 
accumulator may be automatically Split into a 
plurality of individual adding sections with all 
but one section receiving tens and higher Or 
dered digits of amounts and tens carries from 
the units order of the one section are rendered 
effective to carry into the tens order of all Sec 
tions. 
Another object of the invention resides in in 

proved controls between a typewriter and Com 
puting mechanism for controlling the initiation 
of selected computing operations in accordance 
with the position of the typewriter carriage. 

Still another object resides in the provision of 
a novel table lookup mechanism including de 
vices for enabling the rapid Selection of a de 
sired setting of the lookup. 
A further object is to provide controls be 

tween a denominationally ordered readout de 
vice and a typewriter wherein digits are read 
out in succession with Zeros to the left of the 
first significant digit, automatically causing Space 
operations of the typewriter and Zeros to the 
right causing zero print operations. 
Other objects of the invention will be pointed 

out in the following description and claims and 
illustrated in the accompanying drawings, Which 
disclose, by way of example, the principle of the 
invention and the best mode, which has been 
contemplated, of applying that principle. 

In the drawings: - - 
Figs. 1a, 1b, 1c, 1d, 1e, 1f, 1g, 1h, 15, 1j, 1k, 

1m, 1m, 1p, 1q, 1r, 1s, 1lit, 1u, 12) and ilU When 
arranged in the order indicated in Fig. 5a con 
stitute a wiring diagram of electric circuits of 
the machine. - 

Figs. 2a, 2b, 2c, 2d, 2e, 2j, 2g, 2h, 2i, 2j, 21c 
and 2m when arranged from left to right in the 
order named constitute a sequence diagram of 
the operation of current responsive devices dur 
ing the performance of a representative problem. 

Fig. 3 is a view of One denominational order 
section of the accumulating mechanism. 

Fig. 4 is a detail of the accumulator clutching 
mechanism in operating position. 

Fig. 5 is a plan view of the typewriter showing 
location of the auxiliary keyboard. 

Fig. 5d., is a diagram of the arrangement of the 
sheets to constitute the circuit diagram. . . . 

Fig. 6 is a sectional elevation through the 
typewriter taken Substantially on lines 6-6 of 
Fig. 5. 

Fig. 7 is a detail of the skip bar of the type 
writer carriage and the contacts controlled 
thereby. - - 

Fig. 8 is a Section taken on lines 8-8 of Fig. 7. 
Fig. 9 is a Section through the auxiliary key 

board taken onlines 9-9 of Fig. 5. 

4 
Fig. 10 is a section taken on lines 10-10 of 

Fig. 9. . 
Fig. 11 is a section taken on lines - of 

Fig. 9. 
Fig. 12 is a detail of a stepping switch. 
Fig. 13 is a time chart of circuit breaker devices 

identified as CB contacts. is 
Fig. 14 is a time chart of circuit breaker de 

: vices identified as C contacts. 
Fig. 15 is a sectional elevation of a Switch con 

Stituting One Section of the table lookup device 
and is viewed in the direction of lines 5-5 of 
Fig. 16. . . 

Fig. 16 is a section taken on lines 6-16 of 
Fig. 17 through the clutch connection of the 

... table lookup device. 

20 

30 

the entries 
throughout a Succession of cycles of operation for 

40 

Fig. 16d. is a detail of a One-revolution clutch. 
Fig. 17 is a detail. Of the table lookup clutch 

in normal position. 
Fig. 18 is a detail of 

in operated position. 
Fig. 19 is a diagram illustrating the Survey 

ing problem Selected for. illustration of the man 
ner of operation of the machine. 

Fig. 20 is a sheet upon. Which the data enter 
ing into the computations is recorded. 

Fig. 21 is a diagram illustrating the manner 
in Which various angles are identified. 

Fig. 22 is a chart illustrating the manner of 
entering angle values into the accumulator or 
dierS. -- 

Figs. 23a, 23b, 23c and 23d arranged vertically 
in the order named constitute a chart showing 

in certain of the accumulators 

the table lookup clutch 

a representative problem. . 
Fig. 24 is a diagram showing the table lookup 

arrangement. . . . . 

In the following, an explanation will first be 
given of the several mechanical units of the ap 
paratus followed by a description of the circuit 
diagram in connection with which a representa 
tive problem will be carried through the various 

50 

55 

power Source (not shown). 

60 

65 

Steps leading to the solution thereof. 

The diccumulating mechanism. 

The accumulating mechanism is of the well 
known type disclosed in the Lake et al. Patent 
2,328,653, granted September 7, 1943, and one unit 
or Order thereof is shown in Fig. 3. Its operation 
is as follows. - 
Each denominationally ordered accumulator 

unit comprises a mounting plate 9 (Fig. 3) which 
has fixed to it a sleeve 3 rotatably carrying a 
drive ratchet 2 and integral gear 9 (Fig. 4). 
Gear 9 is continuously driven by a gear fixed 
On a shaft which is in constant rotation from 

Gear makes one 
revolution a cycle and has sixteen teeth while 
gear 9 has ten teeth. . . 

Rotatably carried by a hub of ratchet 2 is 
a disk 8 having ten teeth adapted to be engaged 
by a tooth 6 on the long arm of a clutch lever 
it to hold the disk against rotation in a counter 
clockwise direction. At the side of disk 8 is a 
register or adding wheel 26 rotatable on sleeve 
3 and provided with ten peripheral notches. 
Wheel 26 may take any of ten rotative positions 
corresponding to values 0 to 9. A spring-pressed 
lever 27 engages with a notch of the register 
Wheel to hold the wheel impositively and to cen 
ter it in the value position to which it has been 

is rotated. A transfer or tens carry cam 4 is fixed 
to the side of wheel 26 by a pair of studs 4a and 
f4b. These studs extend through openings of 
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disk 8 to positions adjacent ratchet 2 where 
stud 4d. pivotally carries a clutch dog 5 and 
stud 4b anchors one end of a spring 28. The 
other end of the Spring is connected to the free 
end of dog 5 to urge a tooth of the clutch dog 
to engage ratchet 2. 
In the position shown in Fig. 3, the clutch lever 
is in declutching position, its tooth 6 is re 

straining rotation of disk 8 counterclockwise, 
and clutch dog 5 is clear of ratchet. 2. The 
clutch dog is being held clear of ratchet 2 by 
coaction of a pin 29 on the dog with the upper 
portion of a cam edge 8a of disk 8. When 
the clutch lever 7 is dropped to cause its tooth 
6 to release the disk 8 for counterclockwise 
movement, the spring 28 is effective to rock, the 
clutch dog 5 into engagement with ratchet 2. 
During this movement of the clutch dog, its pin 
29 rides down the cam edge 8a of disk 8 and 
cans the disk counterclockwise until its tooth, 
previously engaged by tooth 6, is to the right of 
the latter tooth. The parts are then in clutch 
ing position, shown in Fig. 4, and the register 
wheel 26 is coupled to the drive device 2-9 
for rotation. Through engagement of the pin 
29 of the clutch dog with cam edge 8a, the disk 
f8 is forced to rotate counterclockwise together 
With the register Wheel, 
When the clutch lever 7 is returned to upper, 

declutching position, its tooth 6 intercepts a 
tooth of disk 8 and stops the disk. The register 
Wheel and clutch dog continue rotating while 
cam edge í8a of disk 18 cams the pin 29 of the 
clutch dog outwardly until it is again in its outer 
position. As the pin 29 is cammed outwardly, 
clutch dog 5 moves clear of the ratchet f2 and 
declutches the register wheel from the driving 
means. The register wheel is then held and cen 
tered in its new value position by lever 27. 
A cycle of operation represented by a revolu 

tion of shaft is divided into sixteen so-called 
cycle points designated as 9, 8, 7, 6, 5, 4, 3, 2, 
i, 0, 11, 12, 13, 14, 15 and 16. To enter any Sig 
nificant digit, clutching is effected at the corre 
Spondingly numbered cycle point, and later de 
clutching at the 0 cycle point Will leave, the accu 
mulating element or wheel 26 advanced a cor 
responding amount. The driving ratio is such 
that wheel A advances a tenth of a revolution 
for each cycle point of engagement and thus has 
ten rotative positions representative of the ten 
digits. 
When ring its attached to Wheel 26 stands at its 

rotative position 9, a carry lever 20 rocks to close 
9's carry contactS 2 and, when the wheel passes 
from 9 to 0 position, 10's carry contacts 22 are 
closed and latched as shown in Fig. 3. To effect 
a carry entry of one unit, lever 7 is rocked coun 
terclockwise after the 0 point in the cycle, and 
One point later it is rocked back again to effect 
uncoupling. 
A magnet 25 designated “Start,' when ener 

gized, Will rock lever 7 counterclockwise to start 
rotation of the accumulating wheel 26, and a sec 
ond magnet 25 designated "Stop,' When ener 
gized, Will rock lever 7 in reverse direction to 
stop rotation of the Wheel. This second magnet 
is employed for subtracting operations wherein 
the 9's complement of a digit is entered by ini 
tially energizing "Start' magnet 25 at the 9 
point in the cycle and thereafter energizing 
“Stop' magnet 25 at the cycle point correspond 
ing to the value of the digit whose 9’s comple 
ment is to be entered. 
As usual in this type of accumulator, each 
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Wheel 26 has connected thereto a so-called read 
out brush 30 (shown diagrammatically in the cir 
cuit, Fig. 1h. Which takes any of ten positions 
With relation to a series of contact segments 3 
to effect an electrical connnection between the 
Segment and a common conductor 32. In the 
actual accumulator, the segments 3 and con 
ductor 32 are circularly disposed as is well known, 
but in the circuit they are illustrated in a linear 
manner for more convenient explanation and 
circuit tracing. 

The typewriter 
In the illustrated embodiment, the selective 

printing om the data sheet is effected by a type 
Writer which will be recognized by those skilled 
in this art as being basically similar to a well 
known commercal form of power driven type 
Writer. The general principles of operation and 
features of construction of this kind of type 
Writer are fully disclosed in a number of United 
States patents, among which are Patents No. 
1777,055, granted September 30, 1930, and No. 
1,873,512, granted August 23, 1932. As will be 
apparent as the description proceeds, the type 
Writer includes certain changes and additions 
over the commercial form referred to, which 
Were made to Suit the requirements of the illus 
trated embodiment, 
The structural features of the typewriter are 

disclosed in Figs. 5 to 11 and the key arrange 
ment of its main keyboard 50 and auxiliary key 
board 5 is shown somewhat diagrammatically 
in Fig. 5. The keys composing the main key 
board each comprise a key cap mounted on a 
related key lever 52 (Fig. 6) and each key may 
be actuated by manually depressing its related 
key cap, and it may also be selectively operated 
by a solenoid 53. 
The Solenoids related to the digit printing keys 

for digits 1 to 9 are arranged in a line above a 
bail 54, So that when any of these nine solenoids 
is energized, its plunger will move down to rock 
bail 54, and thereafter close a pair of contacts 55. 
The type bars 65 of the typewriter, one of which 

appears in Fig. 6, are pivotally mounted in a type 
basket 56 and each bar carries the usual type. 
Each time a character key is depressed, a cor 
responding cam unit 57 is operated by releasing 
a latch 58 from a cam 59, thereby permitting a 
Spring-pressed lever 60 to move the cam 59 
against the periphery of a continuously rotating 
motor-driven power shaft 6. The cam 59 is then 
rotated by frictional contact with the shaft 6 
thereby causing the carrier 62 of the cam to rock 
in a direction for pulling a link 63 which, through 
a suitable link-and-lever arrangement, propels 
the corresponding type bar 65 toward the platen 
64 to effect printing of the character on the sheet. 
During the final increment of movement of the 
type bar, it strikes a universal bar 66 to actuate, 
through Suitable linkage, an escapement lever 6, 
for releasing the escapement mechanism and 
thereby to effect a spacing movement of the car 
riage 68. A pair of contacts 69 is provided and 
arranged to be opened by the escapement lever 
{67. Whenever the latter is actuated. 

Depression of the usual space bar directly or 
through a related Solenoid 53 similarly results in 
downward movement of a key lever 52 to effect 
Operation of a cam unit 57 and thereby operate 
Suitable linkage for actuating the escapement 
lever 67 to cause a character space operation. 
The linkage and the escapement mechanism Op 
erated by the lever 67 are not disclosed in detail 



herein as they do not perse form a part of the 
present invention. They are fully disclosed in the 
above-mentioned. Patent No. 1,873,512. 
The carriage return mechanism is operated by 

depressing the related key and is of the type dis 
closed in United States Patents No. 2,104,559, 
granted January 4, 1938, and No. 1,753,450, grant 
ed April 8, 1930. As is usual in the power driven 
typewriter shown, the carriage return movement 
is accompanied by a line spacing operation. Af 
ter the carriage has been returned and a single 
line Spacing operation effected as an incident 
thereto, a repeated depression of the carriage re 
turn key merely causes an additional line Space 
operation. - - - - - - - - , . . . . 

The tabulating mechanism operated by the 
related key is such as shown in United States 
Patent No. 1,935,436, granted November 14, 1933, 
and United States Patent No. 2,451,722, granted 
October 19, 1948, and includes the usual Settable 
tab stops 7 (Figs. 6 and 7) which are pivotally 
mounted on a rack bar extending across the 
back of the machine. As is disclosed fully in the 
last-mentioned patents, the depressing of the tab 
key effects movement of a tab lever 72 to an op 
erated position where the end 73 thereof lies in 
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the path of the preset tab stops 70. The move 
ment of the tab lever also releases the escape 
ment mechanism to permit tabulating movement 
of the carriage 68. When the carriage 68 reaches 
the character space position where a regular tab 
stop 70 has been preset, the end 3 of the tab 
lever 72 is engaged by the preset stop 9 and 
thereby stops the carriage 68 and restores the 
tab lever 72 to its normal position at Such char 
acter Space position. . 
As shown in Figs. 5, 6, 7 and 8, a special Or 

extra rack bar 74 is mounted on the back. Of the 
carriage 68 for movement thereWith, and is fixed 
at its two ends to rearwardly extending support 
plates 75, which are suitably fixed to the two end 
plates of the carriage 68. As shown, the special 
rack bar 74 is formed with a plurality of pairs of 
vertical grooves, each pair being formed on op 
posite sides, respectively, of the bar 4 and ex 
tending in a common transverse vertical plane. 
The several pairs of grooves correspond, respec 
tively, to the character-space positions of the 
carriage, the same as the regular settable tabu 
lar stops 10 preyigusly described. Each of the 
pairs of grooves is adapted to receive any one of 
five kinds of control stops indicated respectively 
by the reference characters CSI to CS5. 
Each of these control stops functions when 

the carriage 68 reaches the character-space po 
sition corresponding to the pair of grooves where 
such control stop has been placed to actuate a re 
lated pair of interlock contacts mounted within 
a contact assembly 76 fixed to the rear portions. 
of the typewriter frame. As will appear more 
fully hereinafter in the description of the opera 
tion in connection with the circuit diagram, there 
is a separate pair of interlock contacts actuated 
by each of the five kinds of control stops CS? to 
CS5. Such contacts are designated as TAB , 
TAB2, etc. (Figs. 7 and 8) and are located in in 
terlock circuits for controlling certain operations 
of the apparatus disclosed herein. 
Each pair of contacts is actuated by a separate 

related lever 77 when the latter is engaged by a 
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rack-bar 74 by corresponding numerals, and the 
control stops CSI to CS5 are located in the pairs 
of grooves of the rack 14 they will occupy when 
the apparatus in the illustrated embodiment is 
operated to effect the automatic typing of the 
data appearing on the sheet shown in Fig. 20. 
In Fig. 6 the cam-actuated lever associated with 

the carriage return key is designated 75 and, 
when this is actuated by the power roller 6A, it 
closes pairs of contacts 78a and 78b whose func 
tions will be explained in connection with the 
circuit diagram. . 

The. auariliary keyboard 

As stated hereinabove, the auxiliary keyboard 
5 (Figs. 5 and 9) is arranged at the front of the 
main keyboard 50 and comprises ten digit keys 85), 
a TAB key 8, and a motor bar 82, which may be 
manually operated to store numeric values in a 
relay storage unit. The auxiliary keyboard 5 
appears in plan in Fig. 5 and is shown in the Sec 
tional views (Figs. 9, 10 and 11). In addition to 
the keys named, the auxiliary keyboard comprises 
certain functional control keys which are iden 
tified in Fig. 5 as follows: a clear key 83, a stop 
key 84 and an error key 85, the operation of 
which will all be explained in the circuit descrip 
tion. 
The auxiliary keyboard 5 is suitably fixed to 

the frame of the typeWriter and comprises a top 
frame plate 8 (Fig. 9), and a bottom frame plate 
88 joined together by suitable end plates. Each 
digit-representing key 80 and the TAB key 8 
Comprise a key cap mounted on a vertically mov 
able bar 89 which extends through aligned open 
ings in the top and bottom plates 8 and 88, re 

40 

???? ??? 

50 

55 

60 

65 

70 
contact actuating tab formed on its related con 
trol stop. . . . . . 
In Fig. 7, the character space positions of the 

typewriter which correspond repectively to the 
different pairs of grooves are indicated on the 75 

Spectively. An integral projection 90 extends 
laterally from each bar 89 and is slidable with 
in a related slot 9i formed in a guide comb plate 
32, the latter being fixed. A bar 93 is fixed across 
the front of the comb plate 92 and is provided 
with transverse vertical slots aligned with the 
Slots 9. Of the comb plate 92, and the bar 93 
is also provided with a recess extending for its 
length thereof and filled with a multiplicity of 
interlock rollers 94 as shown in Fig. 9. As is 
well known, the number of rollers 94, their dimen 
Sion, and the length of the recess in the bar 93 
are such that, when any key is depressed, the 
projection 90 moves to the bottom of its aligned 
slots 9 , and in so doing the rollers 94 are dis 
placed laterally of the recess in the bar 93, so 
that a roller 94 will then extend across each of 
the other slots and will thereby prevent any 
of the other keys having projections 90 from 
being depressed until the key previously depressed 
is restored to its normal or inactive position 
Shown. The motor bar 82 is mounted on two 
Such vertically slidable bars 89, but only one 
of Such bars is provided with a projection 99 
extending into a slot 9 of the comb plate 92 
and an aligned slot in the bar 93. Each of the 
keys 83, 84 and 85 also comprises a key cap and 
a vertically slidable bar 89, but the bars thereof 
are not provided with interlocking projections. 
Tension springs 95 serve to return all keys of the 
auxiliary keyboard 5 to their upper or normal 
positions shown, when such keys are released 
by the operator. . . 
Each key and the motor bar of the auxiliary. 

keyboard closes one or more pairs of related key 
contacts when such key is depressed. As shown 
in Fig. 9, a contact actuating wedge 80a is fixed 
to a side of each of the bars 89 and to the right 
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hand bar 89 of the motor bar 82. As each key 
and the motor bar is depressed, its wedge en 
gages the upper inclined end of a movable Spring 
contact blade and thereby cams such movable 
blade to the right to close related contacts. The 
Contacts closed by the digit keys to 9 are in 
dicated in Fig. 1f by the reference numerals K. 
to K9, inclusive. 
A pair of bail contacts 96 (Figs. 9 and 1) are 

also closed each time one of the digit keys 8. 
is operated and each time the TAB key 8 is 
operated. To this end a bail 9 extends length 
Wise beneath the bottom frame plate 83 and 
is pivoted at its end, as indicated at 93. The 
bail extends beneath the lower ends of each of 
the bars 83 of the digit keys 8 and the TAB 
key 8. One side of the bail extends beneath 
a contact actuating pin. Which is fixed to the 
lower movable blade of the pair of bail contacts 
96. Thus, when any one of the keys 89 or the 
key 8 is depressed, the lower end of its bar 89 
engages and thereby rocks the bail 9 counter 
clockwise as viewed in Fig. 1 to close the con 
tacts 93. Leaf springs 99 fixed to the bail and 
engaging the under side of the botton frare 
plate 88 return the bail to the position shown 
in Fig. 11, when the keys are released, and there 
by permit the contacts 96 to open due to the 
inherent spring force of their blade. 
Means is provided for locking the digit keys 8., 

the TAB key 8, and the motor bar 82 so that 
they cannot be depressed. This means is shown 
in Fig. 10 as being in the form of a solenoid 
including an armature 0 to Which is attached 
a bar G2 like the bars 89 of the keys 38. The 
bar 92 includes a projection 03 movable Within 
aligned slot 9. Thus, when the solenoid E is 
energized, its projection 03 is move downward 
in its slot 9 and thereby displaces the inter 
lock rollers 9 laterally and, as a result, none 
of the keys 80, 8 or bar 82 can then be depressed. 
A tension Spring serves to restore the bar 92 
and armature of when the locking magnet it 
becomes deemergized. 

In and out Stepping Switches 

The apparatus is provided with two stepping 
switches of Well known construction, one of Which 
is illustrated in Fig. 12. Each Switch comprises 
a stepping magnet IN (or OUT) which upon en 
ergization will rock its armature (4 counter 
clockwise to draw down a spring biased pawl 
G5 an extent so that, upon deemergization of the 

magnet, ratchet 06 will be advanced counter 
clockwise one tooth or step. Ratchet 6 is Se 
cured to a shaft 0 to which there is also se 
cured a plurality of wipers 08 which traverSe 
Spaced contact segments O9. A common. COll 
ductor i makes constant coritact with related 
Wiper 8 and therethrough there is an elec 
trical connection made between common COn 
ductor 0 and individual segments (9. 
Each Wiper 08 and a related Set of segments 

G9 and conductor O constitutes a section or 
level and in the circuit diagrain these will be 
suitably identified. When magnet IN (or OUT) 
is energized, its arnature closes a pair of con 
tacts designated b and opens a pair of contacts 
designated a (Fig. 12). Ratchet 6 has forty 
teeth, and Wiper C8 being double ended will make 
a full sweep of the twenty magnets (9 for twenty 
operations of magnet IN starting from the 1 or 
“Home' position. 
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Table lookup switches 

The table lookup Switches are similar to the 
stepping Switches in their circuit closing ar 
rangement (Fig. 15) in that a wiper f2 on a 
shaft 3 is rotated counterclock Wise in incre 
ments of 40 of a revolution to successively en 
gage twenty individual SegmentS 4 numbered 
0 to 19. A common conductor 5 Serves to 
Supply current to the Wiper. For table lookup 
purposes, three sets of wipers are provided with 
one set related to tens of degrees having ten 
Sections or levels, a second set related to units 
of degrees having fifty Sections or levels, and 
a third set related to tens of minutes having 
three hundred Sections or levels. 

Each set has its wipers secured to the related 
shaft 3 and this is advanced through the 
rechanism. ShoWin in Figs. 15 to 18. A gear 6 
Secured to the end of shaft 3 meshes with 
a gear on a shaft 8 with a 2 to ratio. So 
that, if shaft 8 advances A30 of a revolution, 
wipers 2 will advance Ao of a revolution or one 
Step. 

Freely rotatable on Shaft 8 is a ratchet 9 
and integral gear 20, which latter is suitably 
driven from the constantly running cyclic shaft, 

to make One revolution for each cycle of the 
machine. Secured to shaft f8 is a square 
toothed wheel 2 and coaxial therewith is a 
Similar wheel 22 freely mounted on the shaft. 
Wheel 2 has a pin 23 secured therein which 
extends through an opening 24 in wheel 22 
and Supports a clutching dog 25 having an in 
tegral finger 25 fitted into a notch 2 of the 
hub of wheel 22. A pair of aligned teeth of the 
two wheels 2 and 22 are normally blocked 
against clockwise rotation by the lower ends of 
the arrnature 28 of Start magnet 29 and against 
counterclockwise movement by a Spring urged 
leber 30. With the wheels so held, dog 25 will 
be maintained in the position of Fig. 17 where 
Spring 3 tends to urge it counterclockwise about 
pin 23 and to urge wheel 22 through finger 
26 in a clock Wise direction. 
Upon energization of “Start’ magnet 29, ar 

nature 28 releases the wheels and spring 3 
assisted by a Spring 3 a will then effect relative 
rotation of the wheels which will enable dog 
25 to engage driving ratchet 9, so that wheel 
2 will be driven and cause advance of the 

wipers 2. When magnet 29 is energized, its 
arnature rocks to permit the right end of the 
armature 32 of "Stop' magnet 33 to snap into 
the position of Fig. 8 Where it holds arnature 
28 in releasing position. 
“Stop' magnet 33 may be energized after one 

or more Steps of advance to free armature 28 
Which Will thereupon SWing into position to in 
tercept a pair of related teeth of wheels 2, 
22 by first engaging the tooth of wheel 22 

holding it back While wheel 2 advances to 
bring its tooth into alignment and at the same 
tine due to the relative rotation of the wheels 
dog 25 Will be disengaged from ratchet 9. 

iroVision is made in the form of a pin 34 for 
engaging an extension 35 of stop armature 32 
When the Wheel advances from its 19 to its 0 or 
home position. 

Sequence Stitch. 

A sequence Switch is provided which is of the 
Same construction as the table lookup switches 
and this is diagrammatically represented in Fig. 
1S by a plurality of common conductors 60, 
wiperS 6, individual segments 62, start mag 
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net 63, and stop magnet (64. The several levels 
are identified and also the twenty Successive 
positions. 

CB contacts 
The main constantly running drive shaft 

carries a number of circuit breaker operating 
cams which control contacts generally prefixed 
with the letter C and whose number and timing 
with respect to a cycle of operation is repre 
sented in the timing diagram (Fig. 14). 

Additional can controlled contacts designated 
by the prefix CB are represented in Fig. 13 and 
their controlling cams are mounted on a shaft 
31 (Fig. 16a) which is driven from shaft 6 
through a common form of one revolution clutch 
comprising a driving element 38 secured to shaft 

and a dog 39 pivoted to gear 40 loose on shaft 
is but meshing with gear 4 on shaft 37. Upon 
energization of magnet CB, its armature 42 Will 
rock clutch lever 43 to engage the clutch for 
driving shaft 3 and operation of the CB con 
tacts. As indicated in Fig. 13, the contacts have 
a “Home' position corresponding to the cycle 
point position 15, that is, when magnet CB is 
energized the contacts operate in unison with the 
contacts of Fig. 14 starting at position 15, 
through a cycle and stop again at 15 if magnet 
CB is given only a momentary impulse. 

Circuit diagram. 
In the circuit diagram (Figs. 1d to 120), the 

several cam controlled contacts are prefixed C and 
CB with their timing as given in Figs. 14 and 13, 
respectively. Relays are designated with the 
prefix R, and in the apparatus two types are 
employed. One is a multiple coil or winding type 
in which a plurality of windings are made on a 
common core with generally one winding Serving 
as a pickup winding and the other as a holding 
winding. In the diagram the letters P and H 
applied to the windings designate the respective 
functions. 
Other relays are of the so-called latching type 

provided with a pickup coil designated P and a 
tripping coil designated T (see Fig. id). The 
contacts operated by the relays are generally 
shown adjacent to the windings but in Some 
instances to effect simplification of the circuit 
connections contacts are shown at points re 
mote from the coil, but in such cases the con 
trolling coil is indicated by dotted outline along 
side the contacts. 

Pqroblem, 

The apparatus of the invention is utilized 
to calculate and type the entries on the "Grid 
traverse sheet' 5 of Fig. 20 from data Supplied 
by observations and measurements resulting 
from a survey as diagrammatically illustrated in 
Fig. 19. In this figure, 3A represents a starting 
station chosen so that the areas Surveyed Will 
lie to the right of ordinate Y and above ordinate 
X. From here to station 3B, the distance 642.53 
is measured as well as the angle 75° 41' 37'. 
From station 3B to station. 3C the distance 732.63 
is measured as well as the angle 163° 40' 00'. 
Similar measurements are taken for stations 3D, 
3E and back to 3A, it being noted that all angles 
are measured from the vertical ordinates paSSing 
through the stations. 
With these measurements before him, the Op 

erator inserts sheet 56 in the typewriter and in 
normal manner types the data, on the heading 
and Spaces to the line headed station 3A, Where 
Such designation is typed and also the arbitrary 

10 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

75 

12 
ordinates 1000.00 in the “Northings' and 'East 
ings' columns. Next, after line spacing 3A-3B 
is typed followed by operation of the keys of the 
auxiliary keyboard which results in entry of the 
angle into the apparatus and typing thereof. 
This is followed by operation of the keys of the 
auxiliary keyboard which results in entry of the 
angle into the apparatus and typing thereof. 
This is followed by similar entry of the distance. 
At this point the automatic calculating mech 

anism takes over to find the sine of the comple 
ment of angle 75° 41’ 37” multiplying it by the 
distance and type the result 15877 in the “Lati 
tude' column with a plus sign. Thereafter, the 
cosine is found and multiplying by the distance 
and the result --62260 typed. These values are 
then added to the initial "Northing' and “East 
ing' values and the sums automatically typed to 
give the location of station 3B with respect to the 
X, Y ordinates. 
Automatic carriage return and line Spacing now 

brings the carriage into position to receive the 
next typed entry 3B-3C after which the next 
angle and distances are entered. This time the 
triangle shaded to the left of line 3B-3C (Fig. 
19) is solved to obtain a negative value 70307 
and a positive value 20600 which are algebraically 
added to the last two columns and the carriage 
again returned. 
On selecting the sine and cosine values the 

table lookup device is set up to Six place accul 
racy, so that the results obtained are accurate 
within such range and accounts for the last 
“Northing' entry being 99999 instead of 100000. 

In the following, the detailed steps of Opera 
tion involved in carrying out the preparation of 
sheet 59 of Fig. 20 will be explained in connec 
tion with the circuit diagram of Figs. 1d, etc. and 
the sequence diagram of Figs. 2a, etc., which lat 
ter sets forth the various relays energized and 
their period of operation. As a further guide 
Figs. 23d to 23d are provided to illustrate the en 
tries in certain of the accumulators at Successive 
steps in the operation and Serve to explain the 
mathematical procedure involved. 
As a preliminary, the typewriter motor (not 

shown) is placed in operation and the sheet 38 
is inserted around the platen 64 (Fig. 5) after 
which the operator Will type the identifying data, 
as shown at the top of the sheet (Fig. 20) and 
will then space down to the line on which the 
starting or initial coordinate Y and X Values are 
to be typed. On this line, the identification 3A 
is first typed and the carriage is then advanced 
either manually or through the usual tab key to 
position the first column of the field headed “Y” 
in printing position (i.e., three spaces to the left 
of the 1). This field has seven postions plus 
two decimal positions, and the manner in which 
the entry therein is effected is as follows. 

Entry circuits for initial Y value 
With the carriage in position as stated, the 

0 key 80 on the auxiliary keyboard (Figs. 5 and 11) 
is operated to close the key lever contacts 96 
which will complete a circuit from plus side of 
line 200 (Fig. 1c), through the key lever contacts 
95, a contacts of relay Rf42, P winding of relay 
R 36 to ground. This relay closes its a contacts 
to provide a holding circuit traceable from 
ground, through the holding winding H of relay 
R36, its a contacts, wire 2.0 (Fig. 1b), normally 
closed escapement contacts 69 to line 200. The 
holding circuit for relay R? 36 (Fig. 1c) branches 
from its H holding winding to the P winding of 



2,651,457 
13 

relay R42 and ground, which relay will in turn 
shift its a contacts to thereby prevent a repeat 
energization of relay R36. The a contacts of 
R42 will now provide a holding circuit for re 
lay R? 42 through the key lever contacts 96, SO 
that this relay remains energized until these con 
tacts are opened by release of the key 80. 
A further circuit is traceable through the b 

contacts of relay R? 36 traceable from line 200, 
through the key lever contacts 96, b contacts of 
R 36 (closed) and the IN stepping magnet to 
ground. This stepping magnet controls the 
switch shown in Fig. 12 which is provided with 
twenty successive contacting positions. 
At the beginning of operations, the related 

contact wiper 08 normally sets at the 1 position 
and in the circuit diagram this switch is repre 
sented diagrammatically in Fig. 1f as a straight 
line arrangement. The switch is provided. With 
a plurality of sections termed "levels' herein 
for identification, with a Wiper provided for each 
level and arranged to travel as a unitary struc 
ture. It will be noted in Fig. 12 that the step 
ping switch is of the type wherein energization 
of the magnet simply retracts the Stepping pawl 
85, so that advance of the Wiper occurs upon 

deenergization of the magnet. Incidentally, the 
magnet is provided with two contacts designated 
a and b which open and close respectively when 
the magnet is energized. 
With the b contacts of relay R42 and the b 

contacts of the stepping magnet N both closed, 
a circuit is traceable from line 200, wire 202 (Fig. 
1c), through these two b contacts in series, Wire 
99 (Fig. 1f) to the common conductor 0 of the 
IN stepping magnet at level 5, wiper 08, Segment 
09 in the 1 position, wire 203 (Fig. Jie), thence 

in series through the CI contacts of each of a 
set of storage relays (which are generally desig 
nated R2C and separately identified as 1, 2, 4 
and 7) related to the highesteratering order deS 
ignated “Order' 9. From these contacts the cir 
cuit continues through the 0 Wire of a group deS 
ignated 204 (Fig. 1d) to the b contacts of relay 
R250, “Space' key solenoid 53 and to ground. 
The operation of the “Space' key Solenoid Will ef 
fect a character space operation of the typewriter 
during which the escapement contacts 69 (Fig. 
1b) will open to deenergize relay R.36 which in 
turn opens the circuit to the stepping magnet IN 
and the wipers thereof will then advance to their 
2 position. 
The operator now repeates the depression of the 

0 key two more times, for each of Which the Cir 
cuits just traced will be repeated to energize the 
'Space’ Solenoid and Successively advance, the 
carriage to present the counn in which the 
Figure 1 is to be typed so that, when this column 
is in printing position, the stepping switch. IN will 
haWe been advanced to. place its Wipers in their 
4 position. Upon the Second O. key. Operation, 
Wipers 98 (Fig. 1f) are at their 2 positions and 
the circuit extends through the 2 wire .203 to the 
storage relays of “Order' 8 (Fig. 1e) and through 
the a contacts of the 7, 4, 2 and 1 relays R2 in 
this Order to the 0: Wire 2.04 and thence to the 
space key Solenoid 53 as before. Upon the third 
0 key Operation, a similar. circuit extends to the 
3 Wire 203 and contacts in relay storage “Order'7. 

It may be pointed out that the circuits traced 
through relays R136, RÍ 42, and magnet II:N will be 
completed upon. Operation of any of the other 
digit keys inasmuch as all of them close the key 
lever contacts 96. For significant digit key oper 
ation, there Will be a character space operation 
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14 
of the typewriter under control of the printing 
bars and an advance of the wipers of the IGN step 
ping SWitch to their next higher position. In the 
case of the significant digit keys, additional cir 
cuits are called into operation to effect entry of 
the value of the digit into the "Storage relays' 
and also printing of the character. 

For the particular example where the 1 key is 
operated, this key will close contacts K in Fig. 
1f So that, when the c contacts of relay R36 
Close, a Circuit is completed from line 2, 
through the c contacts of R.36, through the con 
tacts EX of the 1 key 8, to the common conductor 

at "Level 1 of the IN stepping switch, whose 
Wiper is now set in the 4 position. From here it 
extends through the 1 wire 295 (Fig. e) to the 
P Winding of the magnet, R20 in order 6 of the 
storage device, and thence to ground. These 
magnetS R2 are of the so-called latching type 

20. wherein, when the magnet is energized, its con 
tacts. Will shift and become latched until the 
Winding designated T is energized to unlatch the 
contacts. 
Now when the b contacts of the magnet IN 

close, a circuit extends from line 29 (Fig. ic), 
Wire 202, b contacts of R 82, b contacts of TN, 
Wire 203 (Fig. 1f) as before to the common con 
ductor in level 5 whose wiper is in the 4 position, 
4 wire of the group 203 (Fig. 1e), a contacts of 
Inagnets R20 in order 6, in the 7, 4 and 2 posi 
tions in Series, the a contacts of the i magnet 
R2C (shifted), the 1 Wire. 204 (Fig. 1d.), through 
a pair of a contacts of a relay designated R249 
to the "Eey solenoid' and ground. The oper 
ation of this Solenoid will effect printing of the 
Character 1 and Will also bring about the inci 
dental character space operation during which 
the escapement contacts 69 will open momen 
tarily to break the circuits as previously ex 
plained. 
In this instance the: circuit to the relay R2 

is completed to shift the related contacts before 
the circuit is completed to the wire 203, and thus 
the circuit through such wire is directed to the 
Wire 24 corresponding to the key operated. In 
the previous case where the 0 key 89 was oper 
ated, Since such key has no related contacts, no 
R20 relay is energized and the circuit from wire 
203 goes through the unshifted contacts of the 
7, 4, 2 and 1 relays R29 to the 0 wire 284. 
The operator now actuates the 0 key 80 five 

times in Succession and it will be noted in Fig. 20 
that the 0's are now printed. This is brought 
about under control of the prior significant digit 
printing, in that provision is made for normally 
SuppreSSing the printing of 0's and rendering the 
Suppression ineffective following the operation of 
a significant digit Solenoid. In Fig. 6 the sole 
noids 53 associated with the significant digits 1 
to 9 have their plungers extending down to oper. 
ate the bail. 54 through which a pair of contacts 
55 is closed Whenever one of these solenoids re 
ceives current. Accordingly, when the character 
is printed as explained, these contacts called zero 

Suppression "Key bail' contacts 55 will be closed 
to complete a circuit from line 200 (Fig. 1d), con 
tacts 55, and winding P of relay R25 to ground. 
This relay Will close its a contacts to provide a 
holding circuit from ground, through holding 
winding H of the relay, its a contacts, wire 20 
(Fig. 1C), a contacts of relay R34, b contacts of 
R. 32, b contacts of R i? to line. 200. Relay R250 
(Fig. 1d) shifts its b contacts so that the circuit 
previously traced therethrough will now extend 
to the 0 Solenoid 53 instead of the “Space' sole 
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noid and as a result the 0 will be printed, where 
as heretofore a spacing operation was effected 
Without printing. 

After the last 0 in the Y field of the sheet 50 is 
printed, the carriage escapes to the first record 
ing position in the X field. At this point the Wip 
ers of the IN relay are in their 10 position in which 
it will be noted from Fig. 1f that for levels 1 to 
5 no connections are provided so that any further 
key operations will have no effect through these 
levels. 

Briefly recapitulating, the first key operation 
closes contacts 96 to energize relay R. 38 and, if 
this is a significant digit key, the value thereof 
is entered in the 1, 2, 4, 7 combination code into 
the highest ordered set of storage relayS. This 
occurs immediately upon closure of the C contacts 
of R36 (Fig. 1f). Very shortly thereafter, when 
R. 42 has been energized and its contacts shifted, 
the readout circuit is completed through the con 

O 

tacts of the set storage relays in the highest order 
to energize the type bar solenoid 53 correspond 
ing to the entered digit. This brings about the 
escapement of the type printer carriage and re 
lease of R? 36 and IN, with R. 42 being held until 
the key is released to open key lever contacts 96. 
Where the first key is the 0 key, the circuit 
through the contacts of storage relays R2 is di 
rected to the space solenoid. Thus, there is pro 
vided a sequence of operations wherein a digital 
value is entered in a storage relay order, and such 
order in turn controls the typewriter to print the 
entered digit, if significant, or to cause a space 
operation if 0. By observing the typed charac 
ters as they appear, the operator is assured that 
the storage relays contain the desired entries. 
With the carriage in its present position, a pair 
of tab contacts are closed. These are identified 
in Fig. 1d, as TAB. 

Transfer of Y from storage relays to 
accumulator Y 

The Y ordinate entry will now be transferred 
from the storage relays to accumulating mech 
anism, and this is brought about as follows. 

Circuit for start relay R129.-The operator now. 
depresses the motor bar to close contacts 208 
and 209 in Fig. 1a, whereupon a circuit will be 
completed from line 200, through contacts C4a, 
motor bar contacts 208, contacts TAB, wire 20, 
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d contacts of R03, wire 2 (Figs. 1b and 1c), 
contact segment 09 in position 10 of the IN step 
ping switch, level 7, at which the wiper fo8 is 
now set, the common conductor Othereof, wire 
22 (Figs. 1b and 1c), a contacts of R09, Wire 
23, g contacts of relay R 05 (shifted), wire 24 
(Fig. 1b), m contacts of Rí20, Wire 25, a con 
tacts of R 0, to winding P of “Start’ relay 
R2 and to ground. (To facilitate the expla 
nation, it is assumed that relay R í B5 has been 

55 

60 
energized without tracing the pickup circuits at 
this time. Briefly, this relay is energized near 
the end of a prior operation and its contacts 
latched in their shifted position.) 

It will be observed that this circuit to relay 
R. 29 cannot be completed until the carriage is 
in position to close contacts TAB and also un 
til the TN Stepping SWitch has been advanced to 
its 10 position and thus serves as a check that 
the operator has typed the correct number of 
positions in the Y field of the sheet. 'Start' 

- relay R29 closes its a contacts to provide a hold 
ing circuit traceable from ground, hold winding 
H of the relay, c contacts of relay R.60, a con 
tacts Of R|29, contacts CB28d to line 200. 

65 

5 

... 6 
Circuit for TAB solenoid 53-A further cir 

cuit extends from line 200, contacts CB28a, b 
contacts of relay R? 29, and TAB solenoid 53 to 
ground. This solenoid operates the tabular key 
of the typewriter in the usual manner to ad 
Wance the carriage to the next typing position 
which, for the present problem, is the position 
in the X field of the sheet 5 providing for an 
eratry of a seven-place figure followed by two 
decimal positions. 

Circuit for relay R106-A further circuit is 
traceable from contacts C4a (Fig. 1a), motor bar 
contacts 208, contacts TAB, Wire 20, el con 
tacts of Rf O3, pickup winding P of relay Ri G6 
to ground. This relay is of the latching. type 
and will accordingly have its shifted contacts 
latched. - 

Circuit for keylock solenoid-Following the 
energization of relay R. 29, when contacts CB 
close, a circuit is traceable from line 29 (Fig. 
la), through contacts C3, wire 248 (Fig. 1b), 
c contacts of Ri29, Wire 2 (Fig. 1a), b con 
tacts of relay R? 0, b contacts of RA (9, wire 28 
(Fig. 1b), winding P of relay R3 to ground. 
This relay closes its a contacts to provide a hold 
ing circuit traceable from ground to the hold 
Winding H of the relay, its a contacts, wire 2 9 
(Fig. 1c), a contacts of relay R38, wire 228 (Fig. 
lib), a contacts of Rf40, and wire 292 (Fig. 1c) 
to line 200. Relay R37 (Fig. 1b) closes its c 
contacts to complete a circuit from line 200, Wire 
202 (Figs. 1c and 1b), c contaets of R. 37 and 
'Exeylock' solenoid. OO to ground. This sole 
noid is shown in Fig. 10 where it acts upon the 
interposer 02 to lock the keys of the auxiliary 
keyboard against further, operation. 

Circuit for relay R102-A further circuit is 
Completed when contacts C3 close which is trace 
able from line 200, to contacts C3 (Fig. 1a), 
Wire 26 (Fig. 1b), c contacts of R. 29, pickup 
Winding P of relay R? 02 to ground. As a re 
Sult, this relay shifts its a contacts into latched 
pOSition. 

Trip circuit for relay R102.-At this time a 
circuit is also completed to energize the trip 
magnet T of relay R. G5 traceable from line 20t), 
contacts C3 (Fig. 1a), Wire 26 (Fig. 1c), c con 
tacts of R29 (shifted), wire 27 (Fig. 1a), 
branching through wire 24 to the trip magnet 
of R05 and ground. 

Circuit for magnet CB-Later in the cycle, 
contacts C2 (Fig. 1a) close to complete a circuit 
from line 200, through the contacts C2, wire 22 
(Fig. 1b), a contacts of R? 02 (shifted), the clutch 
magnet CB to ground. Clutch magnet CB cou 
ples the shaft 13T (Fig. 16a), containing the op 
erating cams for the CB contacts to the con 
stantly running shaft 0, so that these contacts 
now make One revolution in synchronism with 
the constantly running cam contacts. 
In Fig. 2d the relative timing and sequence of 

the Several magnets whose circuits have just 
been traced is shown. 

Restoring the IN stepping suitch-This switch 
is restored by advancing it until its wipers 8 
are again in the 1 position, and this is brought 
about as follows. A circuit is first completed 
from line 200 (Fig. 1b), contacts CB28a, a con 
tacts of R29, i contacts of relay Rt 20, wire 222 
(Fig. 1a), if contacts of RO3, wire 223 (FigS. 1b 
and 1c), Winding of relay R3 to ground. Re 
lay R3 will hold through its a contacts in se 
ries with a contacts of R32, through wire 202 
to line 200. A circuit is now traceable from 
line 200 (Fig. 1c) to the common conductorio 
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at level 8 of the IN stepping switch, thence 
through the wiper 08 now set in the 10 position 
to the segments 09 connected in Series, and to 
the b contacts of R3 (now closed), a contacts 
of IN stepping magnet, and then through the 
Inagnet to ground. 
Asa result, the IN stepping Switch Will advance 

one step during which the a contacts of the 
stepping magnet will open momentarily and, 
with the wiper now in the 11 position, the circuit 
Will be repeated. It is apparent that a succes 
sion of such operations will thereafter take 
place to advance the wipers 8 to the 1 posi 
tion through which there is no circuit to the 
IN stepping magnet, so that the wiper comes to 
rest in this position. 
With the Wiper of level 8 in the 1 position, a 

circuit will be completed from the positive side 
of line to the common conductor and Wiper to 
the 1 segment, and thence through c contacts 
of R3 and P winding of R. 32 to ground. Open 
ing of the b contacts of R.32 will break the hold 
ing circuit previously traced for relay R250. The 
opening of the d contacts of R.32 will break the 
holding circuit of R. 3. 

CB cycle 1 

Ti'ransfer circuits..—The entry made in the ster 
age relays will now be transferred to acclanslator 
Y, and this will occur during the first cycle of the 
CB contacts which will be termed “CB cycle i' 
and is So designated in Fig. 2d. 
AS previously pointed out, the accuratulators 

are of the type which reset to 9's in all positio}}.S. 
The entry of a true value will accordingly be in 
the form of a 9's complement and a negative 
value will be entered directly. In the present 
case, the true amount 1000.00 is to be entered. 
As a preliminary, the start magnets in all posi 
tions of the accumulator are energized at the 9 
time in the entering cycle to initiate the rotation 
of all the adding Wheels. In the fifth highest 
order, wherein the 1 is to be entered, the stop. 
magnet Will be energized after one step of rota 
tion while in all remaining orders the wheels will 
advance through nine steps and then meghan 
ically disengage at that time. Since all ten or 
ders of the Yaccumulator are alike, only four are 
illustrated to avoid excessive duplication. 
The energizing circuit for relay R323 which 

prepares accumulator Y to receive the initial 
Start, impulse is traceable as follows: firgrin line 
290 (Fig. 1b), through contacts CBS, throughe 
contacts of R?. 9, wire 224 (Fig. 1a), b contacts. 
of R 98 (nowy, closed), wire 225 (Fig. 1b), a con 
tacts of R-, wire 223 (Fig. la), g contacts of 
IR 96 (shifted), winding of relay R323 to grond. 
Relay, R323 (Fig. 1g) shifts its a contasts, and 
these will remain in shifted position for the pe 
riod of closure of contacts CB 8 (see Fig. 3). 
Relay R32 is energized concurrently with 
through a circuit extending from the cl contacts 
of R (Fig. 1b) to relay R.322 and ground, so 
that this relay will also shift its a contacts 
(Fig. 1g). - . . . . . 

At the 9 entry time in the cycle, the contacts 
CB3 close to transfer an impulse through the 9 
Wire 227 (Figs. 1d to 1g), and thence through 
wire 223 to the a contacts of relay R323 in each 
Order of acclim:Ulator Y, thence through the ti, 
contacts of relay R324, and start magnets 35 to 
ground. In Fig. 1d relay R28S is energized 
through a circuit traceable from ground to relay 
R249, c contacts of relay R. 86 now closed, wire 
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224 (Fig. 1b), e contacts of R?. 9, contacts CBS 
to line 200. 

Relay R249 shifts its a contacts in Fig. 1d and 
at the 1 time in the cycle a circuit is completed 
from contacts CB4 to the 1. Wire of the group 
of impulse wires generally designated 22 to the 
1 Wire of the group generally designated 228, 
thence through the shifted a contacts of R249 
designated the 1 wire of the group of wires desig 
nated 204 extending to “Order' 6 of the storage 
device (Fig. 1e). The circuit continues from the 
1 wire 2:04 to the a contacts of the 1 relay R28 
(shifted), a contacts of the 2, 4 and 7 relays in 
Series to the related 4 wire of the group desig 
nated 23 (Fig. if), branching through the 6 Wire 
of a group 229 (Fig. 1g), thence through the at 
contacts of R.32 (shifted) to the b contacts of 
R323 (shifted) and "Stop' magnet 25 to ground. 
As a result, the adding wheel in order 6 will be 
interrupted after an advance of eight steps. As 
eXplained, the Wheels in all other orders will ad 
vance nine steps. Since the accumulator initially 
starts at 9 in all orders, the entries will cause 
closure and latching of the tens carry contacts 22 
in all orders, so that the carry time when con 
tacts CB5 close a circuit is completed in each 
order higher than the lowest, which is traceable 
from line 20) (Fig. 1g), contacts CBS to wire 
23), tens contacts 22 of the lowest order of ac 
cumulator Y, a contacts of R322 in the next 
higher order, a contacts of R323 (now deener 
gized), a contacts of R324, and "Start' magnet 
25. In the units order, the tens carry circuit ex 
tends through the tens carry contacts in the 
highest order and through wire 23 to the “Start' 
magnet 25 in the lowest Order. One step later, 
the mechanical knockout is effected to interrupt 
the advance of the Wheels so that for the probleia 
under consideration accumulator Y Will Stand at 
99.99899999. 

It will be noted that in the foregoing operation 
the keys will enter the value in the storage relays 
and that the control of the type bars is from the 
storage relays and therefore represents the set 
ting of the relays to serve as a check that they 
are set up in accordance with the printed data. 

It may also be noted at this point that the 
StOrage relay contactS. of FigS. 1d and e are con 
trolled to be read out in two different manners. 
In One manner the entry of an amount is read 
out digit by digit from “Orders' 9, 8, 7, 6, etc. in 
succession through circuits entering from the IN 
stepping switch level 5 (Fig. 1f), through wire 
23, through the relay contacts and then through 
wires 24 and contacts. Of R249 to the key sole 
noids 53. Through the stepping of wiper 08 in 
level 5 the orders are read out one after the 
other. In the second manner, relay R243 dis 
connects wires. 204 from the key solenoids and 
connects them directly to impulse emitting wires 
227 (Fig. 1d), so that current flows concurrently 
to all relay contact orders and upwardly through 
the same sets of contacts and wires 203 to wires 
229 which extend to the accumulator entry mag 
netS 25. 

Resetting of storage relays.--When contacts 
C4b (Fig. 1d) close, a circuit is completed from 
line 26, through these contacts, b. contacts of 
relay R249 and winding P of relay R248 to 
ground. This relay closes its a contacts to pro 
Vide a. holding circuit through contacts C and 
prepares the energizing circuit for the trip mag 
nets T of the storage relays which, later in the 
cycle, are energized through a circuit traceable 
from line 20, contacts C8, b, contacts of R248, 
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wire 232 (Fig. 1e) and thence to all the trip mag 
inets T of all the relaysFr2. 
A further circuit is completed through con 

tacts C8 (Fig. 1d), c contacts of R248, wire 233 
(Fig. 1a), g contacts of RiO3, wire 234 (Figs. 1b 
and 1c) and Winding of relay R38 to ground. 
This relay opens its a contacts which are in the 
holding circuit of R37, so that the latter be 
comes deenergized and in turn opens its b con 
tacts in the holding circuit of the "Keylock' 
Solenoid, so that the keys in the auxiliary key 
board are now released for further operation 
(Fig. 2d). 
During the transfer cycle, when contacts CB5 

close, a circuit is completed from line 200, con 
tacts CB5 (Fig. 1a), wire 235, a contacts of RfC6 
(closed), pickup winding of R05 to ground. 
When contacts C3 close, a circuit is traced from 
line 280, through the contacts C3 (Fig. 10), wire 
236, a contacts of R,05 (shifted), wire 23 (Fig. 
1b) to the trip magnet T of relay Rt O2, releasing 
its a contacts so they may open and break the 
circuit to the CB clutch magnet. 

Circuit for relay R101.-Near the end of the 
cycle, relay Rei (Fig. 1b) is energized through 
a circuit traceable from line .209 (Fig. 1b), con 
tacts CB2, wire 238, e contacts of R2, wire 
23 (Fig. 1a), d contacts of R? 06 (shifted), wire 
249 (Fig.1b), pickup winding of R. 0 to ground. 

Cyclic operation of the CB contacts now Sus 
pends with relays Rie5, REO6, R. Of energizes as 
indicated at the end of CB cycle 1 in Fig. 2d. 

Entry circuits for initial X value 
The operator now actuates the keys of the 

auxiliary keyboard in accordance with the X 
ordinate which, for the example chosen, has the 
Sane value as the Y Ordinate, So that the key 
operation Will be exactly the same as already ex 
plained, that is, the 0 key is repeatedly operated 
three times, then the 1 key and then the 0 key 
five more times. As before, the operation of 
the 0 key the first three times will result in spac 
ing operations of the typewriter carriage with 
out printing, while the later 0 key operations will 
result in printing of the 0's as well as spacing. 
Printing of the last 0 is accompanied by the usual 
spacing operation, and at such time the motor 
bar is again operated to initiate transfer of the 
amount now standing in the storage relays to a C 
cumulator X. 

Transfer of X from storage relays to 
accumulator X 

With the motor bar Operated a second time, a 
circuit is completed in the same manner as pre 
viously traced through the g contacts of R05. 
to energize R, 29. Circuits are also completed in 
the same manner as before to energize relays 
R62, R. 37, R. 3, R32 and the keylock sole 
noid. The IN stepping switch is also advanced 
or restored to its 1 position. These operations 
are represented in Fig. 2d. from which it is seen 
that they correspond to like operations following 
entry of the Y coordinate value into the storage 
relays. The trip magnet for Rio5 is also ener 
gized as before. 
A circuit is also completed to energize the 

TAB solenoid which will advance the carriage to 
its extreme position where one of the tabs CS4 
on bar 744 (Fig. 7) will shift the contacts desig 
nated TAB4. The energizing circuit for the 
tabulating solenoid is traceable from line 200 
(Fig. 1b), contacts CB28, b contacts of R29 
(shifted) and TAB solenoid to ground. The 
energizing circuit for the carriage return Sole 
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noid 53 is traceable from line 200 (Fig. 1a), con 
tact C3, contacts TAB4, 'Carriage return' sole 
noid 53 to the ground. The energization of this 
Solenoid in the Well known manner will cause 
automatic return of the carriage to its other ex 
treme position, where it will be held by the es 
capement mechanism. Relay R2 closes its a 
contacts to energize the CB clutch magnet 
through circuits already traced, so that the cams 
for controlling the CB contacts are now in: mo 
tion for another cycle Which is designated CB 
cycle 2 in Fig. 2d. 

CB cycle 2 
The Operations during this cycle are the same 

as explained for CB cycle 1 (see Fig. 2d) with 
the exception that relays R.328 and R330 are 
energized instead of R.32 and R323, respectively. 
Relay R328 is energized through a circuit from 
line 200 (Fig. 1b), contacts CB6, e contacts of 
R. 9 (shifted), Wire 224 (Fig. 1d.), b contacts of 
RO6 (closed), wire 225 (Fig. 1b), a contacts of 
ROf (shifted), and relay R328 to ground. 
R.328 closes its a contacts (Fig. 1g) to connect 
the accumulator to the storage relays through 
Wires 229. It is also necessary to energize R330 
at this time to direct the initial starting impulse 
to the start magnets 25 of accumulator X. The 
energizing circuit, therefore, is traceable in the 
same manner as for relay R328 through the a 
contacts of R, ) (Fig. 1b) from Where it 
branches through wire 242 (Fig. 1a), h contacts 
of R06 (shifted) and relay R330 to ground. 

Closure of contacts CB6 at the 9 time in the 
cycle will now direct an impulse to the 9 wire 
227 (Fig. 1g) and to the a contacts of R330, to 
all the start magnets 25 of accumulator X, SC 
that the wheels in all orders will commence to 
rotate and for the particular example chosen all 
the wheels Will continue through nine-steps until 
mechanically disengaged at the 0 time, with the 
exception of the Wheel in the 6th order from the 
right, wherein a 1 is to be entered in the form of 
a 9's complement, that is, the wheel is to be ad 
vanced eight steps. Accordingly, and in the 
same manner as explained for the entry of the 
value in accumulator Y, an impulse is trans 
mitted to the storage relays through the same 
circuits as previously traced, with the exception 
that it extends from wires. 229, through the ci. 
contacts of R328 instead of R32 to energize the 
stop magnet 25 in the accumulator X at the 1 
time, leaving the entry of this accumulator 
standing at 9999899999. At the carry time in 
the cycle, the usual 10's carries take place in a 
cluding the carry from highest to lowest order. 
Also, as before, R248 is energized under control 
of C4b and its contacts in turn complete the cir 
cuit through the trip magnets of all the storage 
relays, When contacts C8 close, thereby clear 
ing them of entries. 
The return of the carriage is accompanied by 

the usual line Space operation and the operator 
now types the station designation 3A-3B and 
tabulates the carriage to the field headed "Azi 
muth' (Fig. 10) wherein the value of the first 
angle is now to be typed. 

Entry circuits for a 2imuth value 
The angle is entered on the auxiliary keyboard 

and for the example chosen the first key operated 
is the 0 key which, as explained, closes only the 
common bail contacts 96 which will result in no 
setting on the relay storage device, but will cause 
a carriage Space Operation and will also cause 
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the IN stepping magnet to advance its wipers 68 
to their 2 position. The next key operated is for 
the digit 7 (Fig. 20) and, with the EN stepping 
magnet in its 2 position, a circuit will be cora 
pleted to enter the 7 in the order 8 of the relay 
Storage in coded for. 
As noted, the code adopted is the 1, 2, 4, 7 code 

so that for this particular digit, the 7 relay, R2 
in order 8. Will be energized. The incidental 
closure of the key ever contacts 96, Will have 
energized R 36 (Fig. 1c), so that a circuit ex 
tends from line 208 (Fig. 1.f), c contacts of R-36, 
contacts K, connoia conductor is at level 4 of 
the IN stepping switch, wiper 98 set in the 2: 
position, 7 wire of the group. 233 (Fig. le) to the 
P. Winding of the 7 relay R23 in order 8 and 
ground. The stepping switch Will then advance 
to its 3 position where the 5 key is depressed to. 
again operate the contacts 95 picking up R33, 
so that the entering circuit now extends, to the 
contacts of the 5 key designated K5. For this 
digit two circuits are contapleted to energize the 
4 and 1 relays R2 in order 7. One of the cir 
Cuits extends fron contacts K5, COInnon. Con 
ductor (3 at level 1 of the N Switch, Wiper f 8. 
set at step 3, 1 wire of the related group to, the 
1 relay R22 in order 7. The second circuit, ex 
tends from the second pair of contacts K5, corn 
mon conductor at level 3 of the IN Switzch, 
wiper 68 in position 3, 4 wire of the related 
group to the 4 relay R2 in order 7. 

Inspection of the wiring arrangement to the 
keys shows that for the other digitS. the coin 
binational selection of relays R28, Will be as, 
follows: 

For the 9 key, Irelays 7 and 2 will be energized; 
For the 8 key, relays 7 and 1 will be energized: 
For the 6 key, relays 4 and 2 will be energized: 
For the 4 key, relay 4 will be energized; 
For the 3 key, relays 2 and 1 will be energized; 
For the 2 key, relay 2 will be energized; 
For the 1 key, relay 1 will ba energized. 
It will thus be seen that operation of the keys 
in accordance with the angle 75° 41' 33' will re 
sult in entry of this value into the storage re 
lays. In the same manner as explained for the 
entry of the initial ordinate values, the relay 
storage network will control the typing of the 
entered values in succession through the circuits 
extending from the level 5 of the IN stepping 
switch, so that as each succeeding digit is entered 
into the storage device the preceding One is 
typed out. The circuits involved are the Saline 
as already explained, so that they are not re 
peated in detail at this point. Inspection of the 
typed angle will indicate to the operator the cor 
rectness of the setting in the storage relays and 
provides for an opportunity of correction if the 
result is not correct. 

Error key circuit.-If an error is found, the 
entries in the storage relays Will be cleared and 
the typewriter carriage set back to its initial posi 
tion. The manner of clearing is under control 
of the error key, which will close its contacts 
(Fig. 1d.) to complete a circuit from line 28, 
contacts C4b, error key contacts, pickup winding 
of relay R248 to ground. The relay will close 
its holding circuit as before, and through its b 
contacts will complete a circuit from line 2, 
through contacts C3, b contacts of R248, to all 
of the trip magnets of the storage relayS R2: 
to reset the same. 
As previously explained, the energization of 

R248 will pick up the relay R3 which in turn 
controls the homing or restoration of the IN 
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stepping. Switch. Which has already been explained 
in detail. As a result, the operator may make 
suitable eraSure and proceed to reenter the Value 
of the angle, 

Sine and cosine Computation 
The motor bar is now again operated and a 

series of Computations. Will be initiated thereby 
to calculate the Sine and cosine of the entered 
angle. In the present carriage position, that is, 
with the first typing position of the 'Distance' 
column of sheet 58 (Fig. 20) in typing align". 
ment, contacts TAB3 are closed, so that closure. 
of the motor bar contacts. 228 (Fig. 1d) will com 
plete a circuit as follows. 

Trip circuit for relays R106 and R101-From 
line 296 to contactSCAC (Fig. 1C), notor bar co 
tacts. 298, contacts. TAB3, wire 244 to energize 
the trip magnet of R-6, resetting the Sarine. (see 
also. Fig. 2b). A further circuit extends froin. 
contacts TAB3 and wire 244 down to Fig. 1b, to 
the trip magnet of Ref. 

Picicip. circuit for relay R129.--A still further 
circuit extends from the contacts TAB3, wire 244 
(Fig.1b), wire. 245 (Fig. 1c) to the 8 segment 9 
of the IN stepping switch, level. , Wiper 8, its 
common conductor f : ), wire 2.2 (Figs. 1b and 
1a), a contacts of R. C9, wire 23, g contacts of 
Rf85. (shifted), Wire. 24 (Fig. 1b), m. contacts: 
of R2, wire 2 is, a contacts of R. 38, pickup 
winding of R-29 to ground. 
As before, relay R. 402 is energized through the 

c contacts of R, 29 and concurrently therewith 
the trip magnet of RC5 is energized as indicated 
o the sequence, diagram. Through the a con 
tacts of Rio 2 the CB clutch magaet is again einet 
gized so that now the cams controlled through. 
the coupling of the clutch will operate. Also a S. 
before, the TAB solenoid is energized through the 
circuit extending through the b contacts of R29, 
causing the carriage to tabulate to a position. 
where the first digit of the “Distance' may be 
typed. As before also, the IN stepping Switch is 
restored to its 1 position through the (a contacts 
of R29, which circuit has already been traced. 

CB cycle 3 

All entires made into the accumulators occur 
during cycles, in which the CB contacts Operate. 
Thus, for the first CB cycle the Y amount is 
entered into the similarly designated accumulator 
and the X amount is entered during the Second 
CB cycle. In the third cycle, which is about to 
be described, entries are made into an accumul 
lator designated FS. This accumulator has a 
left and right hand section each comprising six 
orders. Entries are also made into accumulator 
designated LH. Into these accumulators are 
entered the tens complement of the angle values 
45, 90, 135, 180, 225, 270 and 315. Certain short 
cut provisions are made which night be best ex 
plained in connection with Fig. 22 in which the 
angles listed above are represented as three-posi 
tion figures. 

Directly below the same are represented the 
tens complements thereof. On the next lower 
line labeled “Add' the angle 75° (for example) 
is designated under each of the angle values and 
beneath that on the line headed "Total' is in 
dicated the difference in each of the separate 
cases. It will be noted that for angles 45°, 135, 
225°, and 315°, the units value of their comple 
ments is 5 and that for a tens carry from the 
units order to the tens order of angle 45 there 
will also be a tens carry in the alternate higher 
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Orders. This fact is recognized in the design of 
the mechanism and permits the elimination of a 
Setting for the unitS order Values of the angles 
except in the case of 45. The Setting is Inade 
So that, when a tens carry takes place from the 
units to tens order in the 45 Section, a units carry 
will also take place into the alternate higher 
Orders as indicated on the diagran (Fig. 22). 
The purpose of the multiple subtraction of the 

selected angle from the predetermined angle 
values is to ascertain in which "Octant’ of the 
circle the Selected angle falls. In the present 
case the selected angle of 75° 41' 37’’ is greater 
than 45° and less than 90°, and this is evidenced 
by a tens carry out of the highest order of the 
45° section. In other cases the determination is 
made aS to Which is the highest valued Section 
from Whose highest Order a tens carry is made. 

Following the principles outlined in connection 
With Fig. 22, the tens complements of the Seven 
identified angles are entered during the third C3 
cycle in positions of the FS and LH accumulators 
as represented in Figs. 22 and 23a. During the 
following fourth CB cycle, the tens digit of the 
first Selected angle 75 is entered in the positions 
shown along the “Add' line of Fig. 22. In addi 
tion thereto, the units digit 5 is entered into the 
tWO positions (5 and 7 orders) of the LH accLinu 
lator and the minutes and degrees values are also 
entered therein for storage purposes. 

Circuit for relay R333.-In the third CB cycle 
(during Which relay Rio 6 is now deemergized), 
a circuit is completed when contacts CB6 close 
Which is traceable on Fig. 1b through the e con 
tacts of R. 9, wire 224 (Fig. la), the i contacts 35 
of R06, wire 247 which extends to Fig. 1s, and 
to the COmnon conductor 60 at level 2 of the 
'Sequence Switch' (whose Wipers are all set at 
the home or 1 position), thence through the 
Wiper in the 1 position, relay R333 to ground. 
Concurrently, the relays R30, R3A and R3? 7 
are energized to condition the FS and LH ac 
CumulatorS for reception of the tens complement 
of the angle table. These relays are energized 
through the circuit from wire 27, to the common 
conductors in levels 15, 16 and 18, through the 
wipers of which in the 1 position the relays R30, 
ER39 and R3 | are respectively energized. These 
relays will remain energized for the duration of 
closure of contacts CBE 6 as indicated on the se 
quence chart (Fig. 2b). 
At the 9 time in the cycle, a circuit is traceable 

from the ernitting contacts CBS to the 9 Wire, 
- 227 (Fig. 1i), wire 25, p. and q contacts of R333, 

(shifted), thence through wires 249, a contacts 
of R3 (shifted), in the 9 and 11 Orders of the 
LH accumulator, a contacts of R38, a contacts 
of R39, start magnets 25 in these two orders to 
ground. As a result, these orders will be coupled 
for rotation and will continue until mechanically 
disengaged after nine steps of movement. 
At the 8 time in the cycle, a circuit is traceable 

from the 8 impulse, wire 227, wires 25 (Fig. 1t), 
k, m and in contacts of R333 (shifted), to the a 
contacts of R30 and R39 (shifted), thence 
through a contacts of R308 and R3 in parallel 
and the a contacts of R399 and R32 in parallel 
to the start magnets 25 in the third order of the 
left hand Section of the FS accumulator and the 
Second and fourth orders of the right hand sec 
tion of the FS accumulator to effect an entry of 
8 in each of these three positions as indicated in 
the chart (Fig. 23a) along the line labeled '3' 
CB cycle.' 
At the 7 time of the cycle, the circuits are com 
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pleted from 7 impulse wire 227 (Fig. 1i), h, i, and 
i Contacts of R333, a contacts of R307 and R3f 0 
in the Same manner as for the entry of 8, which 
Will result in the entry of 7's in the fifth and 
Sixth Orders of the right hand section of the 
FS accumulator and in the second order of the 
left hand Section of this accumulator (Fig. 23a). 
At the 6 time in the cycle contacts CB9 com 

plete a circuit through the 6 Wires 22 and 25 
to the f and g contacts of R333 (Fig. 1t), through 
the contacts of R30 and R3 to enter a 6 in the 1 
Order of the right hand section and in the fourth 
Order of the left hand Section of the FS accumu 
lator. 
At the 5 time in the cycle, contacts CBC com 

plete a circuit through the 5 wires 227 and 25 to 
the di and e contactS Of R333 (Fig. 1i) (Shifted) , 
a contacts of R37, and thence down to the start 
magnets 25 in the 7 and 8 orders of the LH 
accumulator to enter 5's therein. 
There is no entering circuit at the 4 time. 
At the 3 time, a circuit is completed from con 

tacts CB2, through the 3 wires 22 and 25 
(Fig. 1t), c contacts of R333 to energize the start 
magnet in column 1 of the left hand Section of 
the FS accumulator. 
At the 2 time a similar circuit through the b 

contacts of R223 will energize the appropriate 
start magnet in the third order of the right hand 
Section of the FS accumulator. 
At the time the circuit extends through the 

a contacts of R333 (Fig. ii), and thence to the Ol. 
contacts of R3 to energize the start magnet in 
the tenth order of the LH accumulator. 
Through the foregoing Specifically traced cir 

cuits, the tens complement of the used portion 
of the several angles are entered into the accu 
mulators for comparison with the selected angle 
of 75. 
The FS and LH accumulators are initially set 

at 9 in all orders as indicated on the first line 
of Fig. 23d, so that the entries just traced will 
be added to these 9's and tens carries take place 
under control of contacts CB5a (Fig. 1), 
through wire 253 (see also Fig. it), and carry 
contacts 22. There is also the uSual carry from 
high to low order in the LH accumulator and 
separately in the left and right hand Section of 
the FS accumulator, So that the Summation is 
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as followS. 
Initial 99.9999 999999 999999999999. 
Entry - 00683 778286 O9955 000000 
Carry 111111 1. ii.1111 
Sum 006873 778286 09.95.5000000 

Near the end of CB cycle 3 the sequence SWitch 
is advanced from its 1 to its 2 position, and this 
is brought about as follows. Upon closure of COn 
tacts CB25 (Fig. 1b), a circuit is completed from 
line 200, through these contacts, Wire 250, c con 
tacts of R? 20, wire 25 (Fig. 1s), e contacts of 
R374, e contacts of R375, k contacts of R06, 
“Start’ magnet 63 of the sequence switch to 
ground. A cycle point later, the stop circuit is 
completed from line 200 to contacts CB2a to 
energize the “Stop' magnet of the Sequence 
switch, leaving it advanced one step. 

Since relay R2 (Fig. 1b) remains energized 
(see also Fig. 2b), the circuit through the CB 
clutch magnet will be completed again to effect 
another cycle of the CB cans, during Which 
fourth cycle the selected angle values will be 
entered into the FS and LH accumulators as in 
dicated on the chart (Fig. 23a). 
This entry is at present standing On the Stor 

age relays and the transfer is effected as followS. 
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CB cycle 4 

When contacts CB6 (Fig. 1b) now close, Cur 
rent will be directed to the e contacts of R 9, 
wire 224 (Fig. 1a), i contacts of R06, wire 24 
(Fig. 1s), the common conductors 60 to energize 
the relays R30, R3 0 and R37 as before, with 
the circuits extending through the wipers 6 in 
their 2 positions. In addition thereto, a circuit 
will be completed through wire 247 (Fig. 1s) to 
the common conductor of the sequence Switch at 
level 7 to Wire 254 (Fig. iia) and relay R249 to 
ground. A further circuit extends through the 
common conductor of level 22 (Fig. 1S) to relay 
R36, 
With these several control relays energized for 

the period of closure of contacts CB6, entering 
circuits may be completed through their related 
contacts traceable as follows. For the minutes 
and seconds values, the transfer circuits are sub 
stantially the same as those traced for the Ordi 
nate entries, except that the circuits are directed 
through the start magnets of the LH accumula 
tor instead of the X and Y accumulators and are 
directed through the a contacts of R3T. For 
the degrees there is no Setting in the hundreds 
order, so this involves no circuit completion. In 
the tens of degrees order, wherein the value 7 
is set on order 8 of the storage relays, the cir 
cuit is completed at the 7 time in the cycle 
through the 7 Wires 227 and 228 (Fig. 1d), a con 
tacts of R249 (shifted), 7 wire 204, extending 
to the 8 order of the storage relays (Fig.1e) d 
contacts of 1 relay R20, c contacts of 2 mag 
net R20, b contacts of 4 magnet R2, a con 
tacts of 7 magnet R2O (shifted), 2 wire 203 
(Fig. 1f), 8 wire 229, thence through a pair of a 
contacts of R36 (shifted) to the 6 wire of the 
group 255 (Fig. 1i), and the a contacts of R3?, 
to the start magnet 25 in the sixth order of the 
LH accumulator. This circuit also branches 
(Fig. 1f) from the 7 wire 229 through the a con 
tacts of R36, to the 8 and 10 Wires 255, from 
which circuits extend through the correspond 
ing a contacts of R3T to the start magnets 25 
in the 8 and 10 orders of the LH accumulator to 
direct entries of 7 in such orders as indicated in 
the diagram of Fig. 23d. 
There are further branches from the 7 Wire 

229, through b contacts of R36 (Fig. 1f) to the 
1, 3 and 5 wires of a group designated 256 which 
extend to Fig. 1t to direct the circuits through 
a contacts of R30 (shifted), and through a con 
tacts of R3 and R32 to start magnets 25 in the 
1, 3 and 5 orders of the right hand section of the 
FS accumulator. 

Still further branches extend from the 7 Wire 
229 (Fig. 1.f), through c contacts of R36 to the 
1 and 3 wires of a group designated 257 which 
eXtend to Fig. 1 it to direct circuitS through di cor 
tacts of R357 (shifted) and a contacts of R308 
and R309 to start magnets 25 in the 1 and 3 Or 
ders of the left hand Section Of the FS accumu 
latOr. 
For the units of degrees, a circuit is Completed 

at the 5 time in the cycle through the Seventh 
order of the storage device to the 7 Wire 229 (Fig. 
1f) from which parallel circuits extend through 
the d contacts of R35 to the 5 and 7 wires 255 
(Fig. 1i) and thence through the corresponding 
a contacts of R3 to enter a 5 in the 5 and 7-po 
sitions in the LH accumulator. Through the 
connections in Fig. if and With reference to Fig. 
3a, it can be determined through Which circuit 

paths the other digits of the angle are entered 
into accumulator LH. 
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Control of tenis carry circuits during cycle 4.- 

Just prior to the tens carry period of the cycle, a 
circuit is completed from line 200, through con 
tacts CB11 (Fig. 18), common conductor í 60 in 
level 24 of the Sequence SWitch, the Wiper 6 and 
segment 62 in its 2 position, to relay R38, and 
ground. This relay controls contacts designated 
di to j in Figs. it and li Which in their normal po 
Sition are included in the tens carry circuits of 
the FS and LH accumulators to enable tens car 
lies to progress normally from lower to higher 
Orders in the LH accumulator and in the two Sec 
tions Of the FS accumulator. 
With the relay R38 energized, tens carry is 

Suppressed between the ninth and tenth orders 
and also between the eleventh and twelfth orders 
of the LH accumulator and between the second 
and third, and fourth and fifth Orders of the right 
hand Section of the FS. accumulator and between 
the second and third, and fourth and fifth orders 
in the left hand section of the FS accumulator. 
At the carry time in the cycle, when contacts 
CB5d close (Fig. 1i), a circuit is traceable from 
line 200, contacts CB5d, wire 253, through the 
tens carry contacts 22 in the seventh order of the 
LH accumulator (in Which 5 is added to 5, see 
Fig. 23a), a contacts of R3 it in the eighth order, 
down to the Start magnet 25 in such order. 
A branch circuit extends from the tens contact 

22 in the seventh order over wire 258 (Fig. 1i) to 
the h. e. and b contacts of R38i (shifted), thence 
down to a contacts of R30 and R37 to the start 
magnets 25 of the FS accumulator which are 
Specifically the 1 and 5 orders of the right hand 
Section and the 3 Order of the left hand section, 
to enter a 1 in each of these orders. The entry 
of 1's in these Orders is in accordance with the 
procedure outlined hereinabove in connection 
With Fig. 22 and Will result in advance of the FS 
and IH accumulators, So that they represent, the 
Values indicated along the line below that repre 
Senting the fourth CB cycle in Fig. 23a and the 
line following the one labeled "Carry' in Fig. 22. 

Selection of angle difference.--In accordance 
With Fig. 21, the angle of 75 lies between 45° and 
90 and, as a result of the entries made in the 
fourth CB cycle, there Will be a tens carry out of 
the 9. Order of the LH accumulator which is the 
Order in Which the hundreds of degrees is en 
tered (see Fig. 23a). The occurrence of the tens 
carry out of this Order is an indication that the 
Value of the Selected angle is greater than 45°. 
Inspection Will show that, if the angle had been 
greater than 90, the tens carry would be ef 
fective from Order of the LH accumulator; if 
the angle Were greater than 135°, the carry 
Would be effective out of order 2 of the right hand 
Section of the FS accumulator; if the angle were 
greater than 180, the carry would be effective 
out of order 4; if the angle Were greater than 
225, carry Would be effective out of Order 6; if 
the angle Were greater than 270, the carry Would 
be effective out of Order 2 in the left hand Section 
of the FS accumulator, and if the angle were 
greater than 350°, carry would be effective out of 
order 4. 

For the example chosen, Where the angle lies 
between 45° and 90, the carry circuit out of the 
ninth order of the LH accumulator completes a 
circuit from line. 200, cam contacts. CBf5a (Fig. 
1i), Wire 253, through the tens carry contacts 22 
of order 8 of accumulator. LH to and through the 
tens contacts 2 in order 9, i contacts of R38 
(shifted), and Winding P of relay R385, to ground. 
This is a latch type relay and its contacts ac 
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cordingly remain shifted until the related. T 
Winding is energized. Relay R385 is one of a set 
designated R385 to R39 (Figs. 1i and 1t), and 
these are each connected to contacts i, i, g, f, d, 
c and a, respectively, of R38 from which it can 
be seen that, when carries occur in the other po 
Sitions as explained above, the set of relays will 
be energized accordingly so that for any given 
angle greater than 45 one or more of the relays 
R385 to R39 Will be energized. If the angle is 
leSS than 45, none of this set of relays will be 
energized. The trip Winding T and the contacts 
Controlled by the relays are shown in Fig. 1k. 

CB cycle 5 

During this cycle the complement of 75° 41' 
37' is to be read out of the LH accumulator. It 
Will be mentioned at this point that a table look 
up device is provided which has set up therein the 
Sine and cosine values of angles from 0 to 45 de 
grees in steps of 10 minutes. Since the table is 
arranged with 10 minute intervals, any angle ex 
pressed in degrees and tens of minutes can be di 
rectly read from the table. Where units of min 
utes and Seconds are involved, steps of interpola 
tion are carried out to obtain. Such values. For 
the present example, the angle is handled in its 
complementary form of 14° 18' 23' of which sine 
of the portion 14° 10' may be read directly from 
the tables. 

Referring to Fig. 21, this diagram represents 
the circle divided into octants and the angle 
under consideration lies in the second octant, 
that is, between 45° and 90°. It is designated as 
02. The problem involves Solving the shaded 
triangle lying Within the Second octant, Specifi 
cally, finding the E and N values of this triangle. 
The angle of the triangle which is to be solved is 
90 minus 62, and as is obvious this is the Con 
plement of the given angle. For this reason, the 
table lookup selection is made in accordance With 
Such complement. Since the value of the degree 
portion of the angle has been set up in Orders 5 
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and 6 of the LH accumulator, a simple inversion 
of the reading will produce the complementary 
Value. 1 

Examination of Fig. 21 will show that for angles 
in each of the octants the angle of the shaded 
triangle to be Solved is represented in terms of 
90°, 180°, 270, and 360 minus the given angle or 
the given angle minus these four values, so that in 
each case the value of the units of degrees of the 
given angle will always be algebraically combined 
With a 0. This enables the conservation of the 
accumulator orders by always reading the units 
of degrees from the fifth order of the LH accumu 
lator either directly or in complementary form 
according to which octant is under consideration. 
The manner in Which the angles lying in the Wari 
ous octants are handled will be more Specifically 
Set forth hereinafter. 
The remainder of the angle complement is 

converted to a decimal of tens of minutes. The 
machine Will take the difference between the 
value of the sine of 14° 10' and 14° 20', multiply 
this difference by the decimal equivalent of tens 
of minutes, and combine it. With the direct sine 
value to obtain the Sine or cosine Value of the 
complete angle. - 

Entry circuits for complement of seconds.-- 
As indicated in Fig. 23d, the complement amount 
23 seconds is to be entered into the multiplier 
accumulator MP, and this 23 represents the 
complement of the seconds. value 37 comple 
mented to 1 minute or 60 seconds. As a first 
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step of this operation, relay R302 is energized 
to prepare the MP accumulator to receive the 
entry. This relay is energized through a circuit 
from line 200, through contacts CBS (Fig. 1b), 
e contacts of R?. 9, wire 224 (Fig. 1a), d contacts 
of R06 (shifted), wire 247 (Fig. 1s), common 
Conductor 60 in level 15 of the sequence switch, 
Wiper 6 in the 3 position and relay R382 to 
ground. This latter, of course, will be ener 
gized for the duration of closure of contacts 
CB6 (Fig.2b). A further circuit is completed 
through contacts CB6 to i contacts of R? 0.6, 
Wire 24 extending to the common conductor 
60 at level 6, wiper 6 in position 3 to ener 

gize relay R.392. 
A third circuit is completed through CB6 to 

wire 247 and common conductor in level 22, 
wiper in position 3, wire 260, a contacts of R39, 
b contacts of R390, a contacts of R389, b con 
tacts of R388, a contacts of R387, b contacts 
of R.386, a contacts of R385 (now shifted), 
thence through relay R393 to ground. 

Units of Seconds circuit-For the entry of the 
units of seconds (complementary 3) into order 
3 of accumulator MP (Fig. 23a), a circuit is 
traceable from the 3 impulse wire 227 (Fig. 1k) 
at the 3 time in the cycle to one of the group 
of Wires 26 f, through one of the group of a con 
tacts of relay R393 (now shifted), to the 7 Wire 
of group 262 (Fig. 1i), to the segment in the 
7 Segment of Order of the LH accumulator 
readout device, wherein the brush 30 is set at 7. 
The group of a contacts of R393 (when 

shifted) will invert the impulses from the wires 
227 in accordance With the tens complementary 
values and, When in normal position, connect the 
value positions of the readout directly to cor 
respondingly valued wire 22. 
From the 7 segment 3 (Fig. 1i) at which the 

accumulator brush 30 is set, the circuit continues 
through the common conductor 32 to f contacts 
of R392 (shifted), wire 263 (Fig. 1n), a con 
tacts of R3)2 (shifted) in the third position of 
accumulator MP, a contacts of R.303 to the start 
magnet 25 in the third position and thence to 
ground. Accordingly, the wheel in this order 
will advance three steps before being mechani 
cally disengaged. 
Tens of seconds circuit.-In the next higher 

Order a similar circuit is traceable from the 2 
impulse Wire 22 (Fig. lik) at the 2 time in the 
cycle, the 2 wire 262, through one of the b con 
tacts of R393 (shifted) to the 3 Wire 264 (Fig. 
1i), which directs the circuit to the readout 
segment 3 in the 3 position of the second order 
Of accumulator LH, Where the brush is Set at 
3, thence through e contacts of R392 (shifted), 
wire 265 (Fig. in), a contacts of R302 in the 
fourth order of accumulator MP, to the related 
Start magnet 25 to enter a 2 in Such order. 

It may be pointed out that the b contacts of 
R393 are connected (when shifted) to direct the 
impulses to the positions in the Second Order 
of the LH - readout device in accordance with 
the 5's complement of the digit standing in such 
Order. 

Circuits for 00 seconds.--In a special case 
Where the LH accumulator has a setting of 00 
Seconds, the manner of converting to the com 
plement of 60, which would result in the entry 
of 60° in the related orders of the MP accumu 
lator, varies Somewhat and may best be ex 
plained by Specifically tracing the circuits in 
Wolved. Thus, for the units of seconds the cir 
cuit is traceable from line 200 (Fig. 1k) through 



2,651,457 
29 

contacts CB5tb, left hand a contacts of R393 
(shifted), 0 wire 262 (Fig. 1d), the 0 readout 
Segment in order 1 of the LH accumulator, if 
contacts of R392 (shifted), and from thence to 
the start magnet 25 in the third order of the 
MP accumulator, as previously traced. This 
circuit is completed one step ahead of the 9 
time in the cycle (Fig. 13), so that the wheel 
Will advance ten steps, that is, it will rotate a 
full revolution, returning to its initial position, 
which in this case is 0. Tens carry contacts 
22 (Fig. 1n) are provided between the third and 
fourth orders of the MP accumulator, so that 
as a result of this entry of 10 the carry contacts 
22 will be closed and the tens carry impulse 
through contacts. CB5b Will be effective to carry 
a 1 into the fourth Order. 

In the tens of seconds order a circuit will be 
completed at the 5 time in the manner similar 
to that previously explained for the chosen 
example, so that the fourth order of the ac 
cumulator MP will be advanced five steps. Later 
in the cycle at the carry time the carry circuit 
through the now closed carry contacts 22 Will 
effect an additional step of advance So that the 
wheel will represent 6. 

Units of 72inutes circuits.-In the RH accumu 
lator the units of minutes (1) is to be entered 
in order 8 and a 5 (the complementary 4 is to 
be entered in order 4 for rounding off purposes, 
See Fig. 23a). As a preliminary, accumulator 
preparing relay R.325 is energized through a 
circuit, traceable from line 290 (Fig. 1b), through 
contacts CB16, e contacts of R!!9, Wire 224 (Fig. 
1a), i contacts of RC6, wire 247 (Fig. 1s), com 
mon conductor 69 of the sequence Switch at 
level i, position 3 and relay R.325 to ground. 
This relay will shift its a contacts from the posi 
tion shown in Fig. 1g. Through these contacts, 
all the start magnets 25 of accumulator RH will 
receive an impulse at the 9 time to commence 
rotation of the related. Wheels. This circuit ex 
tends from the 9 impulse wire 227, through the 
a contacts of R325 (shifted), a contacts of R.326 
to the start magnets 25 to ground. 

In all orders except the fourth and eighth, 
rotation will continue to enter 9's in Such Orders 
in the now familiar manner. In the eighth 
order, a circuit is completed at the 8 time in the 
cycle directed to the stop magnet 25 which is 
traceable as follows: from the 8 impulse wire 
227 (Fig. 1k), 8 Wire 26f, a pair of c contactS 
of R393 (shifted), to the 1 wire of group 266 
(Fig. 1i), the contact segment in the 1 position 
of the third order of accur?inulator LH, brush 
30, conductor 32, thence through d contacts of 
R392 (shifted), wire 267 (Fig. 1g) to the 8 wire 
of a group 268 and to stop magnet 25 in order 
8 (not shown) of the RH accumulator. 
In order 4 of the RH accumulator, an impulse 

is transmitted at the 5 time in the cycle to Stop 
the advance after four steps of movement which 
is traceable from line 200 (Fig. 1s), contacts 
CB Oa, common conductor f 60 of the sequence 
switch at level 25, wiper 6 in position 3, Wire 
269 (Fig. 1g), 4 wire 268, thence to stop magnet 
25 in order 4 of the RH accumulator (not shown). 
At the carry time in the cycle, a carry circuit 

is completed from the highest to lowest order 
of the RH accumulator to enter a fugitive 1, So 
that at the end of the cycle this accumulator 
stands at the value indicated on the line labeled 
“5” CB Cycle, Fig.23a. 
Table lookup switch setting-In Fig. 1s are 

shown three pairs of start and stop magnets 33 
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and i 29 designated Td, Tm and Ud which control 
the advance of a number of wipers 2 (Fig. 15) 
which traverse levels of the table lookup device. 
The start and stop magnets control starting and 
Stopping of the movement of the Wipers in a man 
ner similar to the way in which the start-stop 
magnets of the accumulators control the advance 
of the adding wheels. 
Each of the wipers f2 has twenty positions 

and they are normally set in a 0 position. These 
three start magnets 33 are to be energized in 
accordance with the complement of 90°. This 
may be explained by the following table: 

89° 59 60'?909 
75° 41' 37'-given angle 

14° 18' 23'-difference 

In the foregoing table it is noted that the dif 
ference represents the angle whose sine is to be 
derived from the table lookup device which, as 
mentioned before, provides for the sine and 
cosine of angles up to 45°. Through the follow 
ing circuits and in accordance with the reduced 
angle, the start magnet Td (tens of degrees) will 
be energized for one step of advance, the magnet 
Ud (units of degrees) will be energized for four 
Steps of advance and the magnet Tim (tens of 
minutes) will be advanced for one step of ad 
Waiace. These three magnets are related to de 
grees and tens of minutes of the reduced angle, 
and their related wipers are to be advanced steps 
corresponding to values of the digits in this part 
Of the angle. 

Circuit for lookup magnet Td-Considering 
first the Start magnet Td, an impulse is trans 
initted at the 1 time in the cycle (see also sig. 
2b) which is traceable from the 1 impulse Wire 
222 (Fig. 1ic), 1 Wire 262, a pair of d contacts of 
R.393 (shifted), 7 wire of group 27 (Fig. 1i), 
the 7 Segment in order 6 of the LH accumulator 
on which the brush 30 is now set, common con 
ductor 32, wire 2 (Fig. 1 k), a contacts of 
R386, R388 and R330 in series, a contacts of R392 
(shifted), wire 272 (Fig. 1s), and the start mag 
net 29 of pair id to ground. At the 0 time in 
the cycle a stop inpulse is transmitted from line 
200, contacts CB26, common conductor .69 at 
level 2 of the sequence switch, wiper 8 in the 
3 position to stop magnets of all three Td, in 
and Udi magnetS. 

Circuit for lookup magnet Ud-For energiza 
tion of start magnet Ud, a. circuit is traceable at 
the 4 time from the 4 impulse wire 227 (Fig. ik), 
a pair of C contacts of R393 (shifted), to the 5 
wire 266 (Fig. ii), the 5 segment in order 5 of the 
LH acculinulator, common conductor 32, b con 
tacts of R392 (shifted), wire 23 (Fig. 1s), start 
magnet 29 of pair Ud to ground. 

Circuit for lookup magnet Tim-For the start 
magnet 29 of the pair Tm, the circuit is also 
traceable at the 1 time from the 1 wires 227 and 
262 (Fig. k), through a pair of b contacts of R393, 
4. Wire 264 (Fig. 1i), the 4 Segment in order 4 
of the LH accumulator, c contacts of R392 
..(shifted), wire 274 (Fig. 1s) to the start magnet 
29 of pair Tm and ground. 
At this point the manner in which angles lying 

in the other octants are selected for control of 
the table lookup device will be explained. As 
pointed out hereinabove and in connection With 
Fig. 21, it will be recalled that the octant selected 
'is determined during the carry portion of cycle 4 
and in accordance with whether or not there is 
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a tens carry out of predetermined orders of th 
LH and FS accumulatOrS. 

If the angle lies in the first octant, there will 
be no carry so that during the fifth cycle circuits 
will extend from the 1 to 9 impulse wires 22 
(Fig. 1 k), (bearing in mind that it is only the 
tens of degrees digit that is transferred directly 
or complementarily from a selected Section of 
the LH or FS accumulator, and that the digits 
in other denominations are read from the 1 to 5 
orders of the LH accumulator), through d Con 
tacts of R393 (in normal position), wires 20 
(Fig. 1i), through the setting in order 6 of the 
LH accumulator, wire 27 (Fig. 1k), and through 
the a contacts of R.386, R388 and R390, a con 
tacts of R392, wire 272 (Fig. 1s), to the table 
lookup magnet Td. The digit transferred would 
accordingly be in true value, since inverting relay 
R393 was not energized. 

If the angle lies in the third Octant, the relays 
R385 and R386 are energized to direct the entry 
of an impulse from wires 222 (Fig. 1k), through 
d contacts of R393 and wires 270 (Fig. 1i) as 
before to order 10 of the LH accumulator, wire 
275 (Fig. 1k), a contacts of R386 (shifted), ; d. 
contacts of R388 and R390, a contacts of R392 
(shifted) and wire 272 to the magnet Td as 
before. This is a direct transfer of the true 
value since relay R393 is not energized. 

If the angle lies in the fourth octant, the relays 
R385, R386 and R387 are energized, R387 shifts 
its a contacts (Fig. 1k) in the circuit of relay 
R393 tO energize the Same. The entering im 
pulses will then be directed from impulse wire 
227, through the di contacts of R393 (shifted), 
Wire 2.0 (Fig.1i), the readout in order 10 of the 
LH accumulator, wire 275 (Fig. lik), and thence 
through the a contacts of R386, R388, R396 and 
R392 to the Td magnet to energize it in accord 
ance with the inverted or 9's complement of the 
digit set up in order 10 of accumulator L.H. 

If the angle lies in the fifth octant, relays R385, 
R386, R387 and R388 are energized. Relay R393 
is not energized. The entering impulses will then 
be directed from impulse wires 227 through the d 
contacts of R.393, and wires 270 to the readout in 
order 3 of the right hand Section of the FS ac 
cumulator (in which the tens of degrees digit is 
also set), wire 276 (Fig. 1k), a contacts of R388 
(shifted), a contacts of R390 and R392 and Wire 
272 (Fig. 1s) to the magnet Td to energize it in 
accordance with the true value of the digit. 

If the angle lies in the sixth octant, relays R385 
to R389 and also the inverting relay R393 are en 
ergized and entering impulses will be directed 
through d contacts of R.393 (shifted), Wires 270, 
readout in order 3 in the right hand section of the 
FS accumulator, wire 276, a contacts of R388 
(shifted), to the magnet Td as before. 

If the angle lies in the seventh octant, relays 
R385 to R.390 are energized and the entering im 
pulses will be directed through the di contacts of 
R393, readout in order 1 in the left hand Section 
of the FS accumulator, wire 277 (Figs. 1d and lic), 
a contacts of R390 (shifted), to magnet Td as 
before. 

If the angle lies in the eighth octant, relays 
R385 to R39 and also relay R393 are energized 
and the entering impulses will be directed 
through the di contacts of R393, readout. in order 
1 in the left hand section of the FS accumulator, 
wire 277, a contacts of R390 (shifted) to magnet 
Td as before. 
Where the angle lies in octant 2, 4, 6 or 8, the 

entry through the circuits just identified will be 
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inverted, that is, complemented to 90°. The 
reason for this may be best explained in Connec 
tion with the diagram in Fig. 21, where it is noted 
that in the second octant in which the angle of 
the specific problem lies the angle is the direct 
complement of 90°. In the fourth octant the 
angle is the direct complement of 180° and the 
value of the tens of degrees of the angle sub 
tracted from 90° is set up in the tenth order of the 
TH accumulator, so that to obtain the 180° minus 
the angle, it is simply necessary to complement 
the setting in this order to 90° to obtain the de 
Sired value. As diagrammatically represented in 
Fig. 19, the angle of the triangle to be Solved in 
the fourth octant is 180 minus the angle. In the 
Sixth octant, the angle to be Selected in the table 
lookup device is represented by 270-06 and, since 
the angle of 180° is already set up in the FS ac 
cumulator, that is, the tens of degrees portion is 
set in order 3 of the right hand section of FS, it is 
Simply necessary to complement this to 90° to ob 
tain 270°-66. Likewise, where the angle lies in 
the eighth Octant, the angle to be used for Con 
trolling the table lookup is 360°–98. This is ob 
tained by complementing the Value of the angle 
to 270, which latter has the tens of degrees digit 
Set up in order 1 of the left hand section of FS. 

In connection with octants 1, 3, 5 and 7, it will 
be noted that for the first octant the angle of the 
triangle to be solved is the actual measured angle 
6 and the tens of degrees digit is read directly 
from Order 6 of L.H. In octant 3, the angle used 
for table lookup selection is 63-90. Since the 
tens of degrees digit of this angle is already Set 
up in order 10 of the LH accumulator, it would 
read out directly. Similarly in the fifth octant, 
the required angle is 0-180° for which the tens of 
degrees digit is set up in order 3 in the right hand 
section of FS and can be used directly. 
The determination of What Octants require in 

version of the readout is controlled through the 
set of relays R.385 to R39 whose contacts Will 
control the inverting relay R393, so that it will be 
energized when the angle lies in the Second and 
alternate octants and will remain deenergized 
when the angle lies in the first and alternate 
octants. 
The specific circuit for energizing this relay has 

already been traced in connection with the prob 
lem selected for illustration and under other con 
ditions will be energized through similarly trace 
able circuits. 

CB cycle 6 
During this cycle the conversion factor 1667 is 

entered into the MC accumulator and the FS and 
LH accumulators are to be reset to 9's as indi 
cated in Fig. 23a. For entering the conversion 
factor, a circuit is first completed to energize re 
lay R335 which is traceable from contacts CBf6 
(Fig. 1b), e contacts of R? 9, wire 226 (Fig. 1a), 
contacts of RG6, wire 247 (Fig. 1S) to the com 
mon conductor 160 at level 2 , wiper í 6 in the 4 
position, to relay R335 and ground. 

Conversion factor circuits.-Relay R335 closes 
a group of contacts in Fig. 172. These contacts are 
designated a, b, c and d and are Wired so that the 
a contacts receive an impulse at the 1 time in the 
cycle from the impulse wire 227, the b and C 
contacts receive an impulse at the 6 time from the 
6 wire, and the di contacts receive an impulse at 
the 7 time from the 7 wire, a contacts of R305 
(now shifted) in the four lowest orders, thence 
through a contacts of R306 to the start magnets 
25 in the MC accumulator and thence to ground. 
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In accordance with the time of completion of the 
different circuits, the value 1667 will be entered 
into this accumulator, with the adding wheels 
being disengaged at the 0 time through the usual 
mechanical knockout. Relay R305 was energized 
through the circuit from conductor 63 cf the Se 
quence switch at level 16, position 4 and relay 
R305.to ground (Fig. Ils). 

It may be noted that in this accumulator the 
electrical knockout is not required, so that the 
stop magnets 25 are not provided in this accunlu 
lator. The same is true for the nultiplier accu?in 
ulatOr MP. 

Reset circuits for FS and LH accumulators.-- 
For resetting the FS and LH accumulators, each. 
order is reset through a circuit controlled by that 
order so that tracing of the resetting operation 
of one will Suffice for the remainder. Resetting 
is effected by adding into each order the 9's com 
plement of the digit standing therein to thereby 
advance the wheel to 9. For resetting purposes, 
relays R309, R32 and R39 are energized. Of 
these R309 is energized through a circuit from 
line 200, through CBS (Fig. 1b), e contacts of 
R 9, wire 224 (Fig. 1a), i contacts of RC6, 
wire. 241 (Fig. 1s), sequence switch common f60 
at level 20, wiper 6 in position 4 to relay R39. 
A parallel circuit extends from the common con 
ductor 60 at level 19 and the wiper i 6 in posi 
tion 4, to relay R.32. 
from the common conductor 60 at level 18, the 
wiper 6 in position 4 to relay R39. 
In the FS and LH accumulators (Figs. 12t and 

ii), the readout segments 3 thereof are Con 
nected directly to the set of impulse wires 22 
in accordance with the 9's complement of the 
readout position; for example, in the units Order 
position of the LH accumulator (Fig. 1g), the 7 
position is wired to the 2 wire 227 which is timed 
to close at 2 (the 9's complement of 7). Accord 
ingly, at the 2 time in the cycle this impulse Will 
extend to the readout segment in the unitS order 
of the LH accumulator, thence through the brush 
30 now set thereat, the common conductor 32 in 
the units order, a contacts of R39 (Fig. 1i) in 
the units order (shifted), to the start magnet 25 
in this order. Two steps later, at the 0 time the 
mechanical knockout will be effected to disengage 
the accumulator clutch in this order, leaving the 
wheel advanced two steps from 7, that is, at the 
9 position. In all other orders similar circuits 
are completed to advance those wheels to their 9 
settings. In the two sections of the FS accumu 
lator, relays R309 and R32 (Fig. 1 t) shift their 
a contacts to complete the circuits to related Start 
magnets 25 in the same manner as the a con 
tacts of R39 for the LH accumulator. 

Multiplying circuit selection.--During this 
cycle (see also Fig. 2C) certain circuits are estab 
lished in anticipation of a multiplying Operation 
which is to commence in the following cycle 7, 
during which the amounts in the MP and MC 
accumulators are to be multiplied for conversion 
of seconds to the decimal of tens of minutes. It 
may be mentioned that the multiplying arrange 
ment includes automatic column shift and col 
umn selecting arrangements for reducing the 
number of multiplying cycles to a minimum. 

It may also be stated at this point that multir 
plying is carried out in accordance with the par 
tial products method wherein digits of the multi 
plier are effective in successive order, starting 
with the highest, to obtain left and right hand 
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entered separately into LH and RH accumulators 
respectively. 

For the example under consideration, the high 
est significant digit of the multiplier is contained 
in Order 4 of the MP accumulator (see Fig. 23a), 
and through the circuits about to be traced the 
location of this digit is ascertained and multiply 
ing circuits controlled accordingly. In Fig. 10 
six relays designated R365 to R3 g are provided, 
One for each of the Six orders of the MP accumu 
lator, and these will be energized in accordance 
With whether or not their related orders contain 
0. For the example chosen, orders 1, 2, 5 and 6 
of accumulator MP are set at 0, so that related 
relays RS75), R369, R366, R365 will be energized 
through parallel circuits of which the one for the 
units order is representative and is traceable as 
follows. 
2ero selection circuits for accumulator IAP. . 

As a preliminary, relay R375 is energized. This 
relay is Wired in parallel with relay R335, so that 
it was energized concurrently therewith as indi 
cated on the sequence chart (Fig. 2C). The a 
contacts of R.375 (Fig. 1U) provide a holding cir 
Cuit extending through contacts CB8 and Wire 
278 (Fig. 1n) to line 22. Later in the cycle, 
when contacts CB22 (Fig. 1 w) close, a circuit 
extends from line 200 and wire 278 through these 
contacts, b contacts of R35 and winding P of 
relay R34 which is of the latching type. A cir 
cuit is now completed from line, through con 
tacts CE329, c contacts of R375 (shifted), thence 
ihirough a group of five contacts of R375 general 
ly labeled 'd' to the readout segments 3 in the 
0 position of one section of the MP readout de 
vice (in the highest order the circuit extends di 
rectly from the C contacts of R375). In those 
positions in which the multiplier brushes are set 
at 0, the circuit extends downwardly through the 
common conductor 32 and a related one of a 
group of wires generally designated 279 to the 
related relays R355 to R370 and thence to ground. 
Ti'hus, for the example chosen, all but the two 
central relays Will be energized and their con 
tacts latched. 

Columm, shift circuits.—In F'ig. 1vy relays R,378, 
R379 and R38 control related sets of contacts 
which may be designated as column shift con 
tacts for directing the entries of right and left; 
hand components of partial products into the 
appropriate denominational, orders of the ILEI 
and RH accumulators. Generally speaking, 
When none of these relays are energized, the con 
ponents Will be entered in positions farthest to 
the left, i. e., in the highest orders of the ac 
cumulators. With R38 energized, the entry will 
be made with a one step shift to the right, with 
R379 energized there will be a shift of two steps 
to the right and with R380 energized there Will 
be a shift of four steps to the right. This set of 
three relays is designated with the legend 'Shift 
1,' 'Shift 2' and 'Shift 4' indicating a binary 
progression. So arranged that the extent of shift 
ing Will depend upon the sum of the shift values 
of the relays. For example, a shift of three 
places is brought about by energization of both 
the Shift 1 and shift 2 relays, a shift of six places, 
by the energization of shift 2 and shift 4 and so 
O. 
The relayS are initially energized under con 

trol of contacts of the set of relays R365 to R370 
(Fig. 1U) to energize the relays R.378 to R38) 
combinationally in accordance with the number 
of 0's to the left of the first significant figure in 
the multiplier, 



2,651,457 
35 

For the chosen example the number of 0's is 
two and the shift 2 relay R319 is accordingly en 
ergized through a circuit traceable from line 200, 
Wire 278 through contacts CB22, Wire 280, c con 
tacts of R365 (shifted), c contacts of R366 
(shifted), wire 281 (Fig. 10), c contacts of R361 
and relay R379 to ground. The relay closes its a 
contacts to provide a holding circuit through 
CB23 (Fig.2c). 

It may be pointed out at this time that during 
the next following cycle circuits controlled by 
shift 2 relay R379 will cause energization of the 
next relay R367, at the end of which cycle the 
shift 2 and shift 1 relays will be energized, and 
in the following cycle these two relays will pick 
up the next relay R368 to advance the combina 
tional setting one further step and So on, i.e., 
for each successive cycle the relays R365 to R310 
are in effect advanced one position as though 
representing one more 0 setting and these in turn 
Will advance the shift relays one unit. Where, 
as for the present example, there are 0's in lower 
orders for which certain of the group R365 to 
R37 have already been energized as a result of 
the initial sensing of the multiplier, a circuit Will 
be completed in series through all the b contacts 
of this set of relays to energize relay R358 desig 
nated as the "Multiply end' relay. 
In the sequence diagram (Fig.2c) the order in 

which the shift and shift control relays are en- 3: 
ergized for the chosen problem is set forth. 
Near the end of cycle 6, the sequence SWitch 

is advanced to bring its wipers to the 5 position 
and through a circuit traceable from line 200 
(Fig. 1b), contacts CB25, wire 250, c contacts of 
R. 20, wire 25 (Fig. 1s), e contacts of R35 
(shifted), ke contacts of Rí06, and start magnet 
163 of the sequence unit to ground. As before, 
an impulse from contacts CB2 a will energize the 
stop magnet after one step of movement, so that 
the sequence brushes are now in their 5 position. 
Suspension of sequence switch advance.--It 

will be noted that the previous stepping impulses 
for the sequence switch extended through the e 
contacts of R374 which are now shifted and 
latched and will remain so until the end of mul 
tiplying operations. The e contacts of R35 Will 
only be shifted for one cycle, after which they 
will remain in normal position, so that the se 
quence switch will not be advanced from this 
point until the completion of multiplying opera 
tions. During the last multiplying cycle, relay 
R358 will be energized as previously mentioned 
to shift its c contacts whereby a further impulse 
is directed to the start magnet í 63 of the Se 
quence Switch. 

CB cycle 7 
During this cycle the components of the par 

tial products obtained by multiplying the con 
version factor. 1667 by 2 are obtained and en 
tered into the LH and RH accumulators in the 
form of 9's complement as indicated along the 
line designated seventh cycle in Fig. 23a with the 
column shift contacts allocating the entries in 
appropriate orders. The method of forming the 
partial products and entering them separately in 
the left hand and right hand component ac 
cumulators is well known and the same will ac 
cordingly be but briefly explained by tracing the 
circuits for one of the digits, namely, the multi 
plier digit 2. - - - 
- As a preliminary to multiplying, the relays 
R318 and R325 are energized to condition the LH 
and RH accumulators to receive the complemen 
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tary entries. The energizing circuit for these 
relays extend from line 200 (Fig. 1s), contacts 
CB 16a, thence in parallel through the c and di 
contacts of R34 (shifted) to relays R.325 and 
R3? 8 respectively, and thence to ground. These 
relays will shift their a contacts (Figs. 1g and 1i, 
respectively) to direct an impulse at the 9 time 
from the 9 Wire 22 to all the start magnets 25 
in the RH and LH accumulators, so that all 
Wheels commence rotating at such time. 

Relay R34 also closes a pair of e contacts 
(Fig. 120) to direct a circuit from contacts CB 6b, 
through the e contacts of R374, Wire 282 (Fig. 1) 
and relay R394 to ground. This relay shifts its 
d and b contacts (normally open to prevent back 
circuit conditions) to connect the column shift 
contacts to the multiplying relays for completion 
of circuits therethrough. - 

Multiplier digit selection.-A circuit is now 
completed to the times 2 multiplying relay desig 
nated X2 (Fig. 1m) which is traceable from line 
200, Wire 278 (Fig. 1up) to contacts CB Gb, b con 
tacts of R34 (shifted), a contacts of R365 to 
R366 (shifted), a contacts of R367, thence 
through the 4 wire of group 283 (Fig. 1m) to 
common conductor 32 of the MP readout device 
aSSociated with the 4 order (in which the brush 
is Set at 2), brush 30 and segment 3 ?, thence 
through the 2 wire of a group 284 to the multi 
plying relay designated X2. - 

Partial product circuits-This relay closes a 
Set Of contacts, directly below, which will select 
from the set of digit impulses wires 285 all pos 
sible left hand components derived from the mul 
tiplication by 2 and direct them to a group of left 
hand component wires generally designated 286 
and also select all possible right hand digits of 
multiplication by 2 and direct them to a set of 
RH component wires generally designated 287. 
These two Sets of component wires extend to 

the MC readout device which according to the 
Setting of the brushes therein will select from the 
transmitted impulses those corresponding to 
nultiplication of the multiplicand value by the 
digit 2 and Will transmit these impulses through 
sets of LH and RH component wires 288 and 289, 
respectively, (Fig. 10), through the a. and b sets of 
contacts of R396 to the sets of column shift relay 
contacts controlled by the shift 4, shift 2 and 
shift 1 relays, thence through groups of wires 290 
(Fig. ii) and 268 (Fig. 1g) to the stop magnets 
25 of the LH and RH accumulators. In the case 
of the LH accumulator, these circuits extend 
through the shifted b contacts of relay R2 8. 
These multiplying circuits are not Specifically 
traced as they are well known. Thus, at the end 
of cycle 7 the entries as indicated on line labeled 
''Seventh cycle' of Fig. 23a will have been made 
and added to the settings already in the LH and 
RH accumulators. 
After the entering period of the cycle, the cir 

cuits are readjusted for multiplying by the next 
significant multiplier digit 3 during the following 
Cycle. Specifically, relay R367 (Fig. 1g) is en 
ergized through a circuit which extends from 
line 209, Wire 278, to contacts CB20, c contacts of 
R375, a contacts of R374 (shifted), wire 29 (Fig. 
12), d contacts of R378, e contacts of R379 
(shifted), f contacts of R388, wire 292 (Fig.1a) 
and relay R367 to ground. This relay will ac 
cordingly shift its contacts so that shortly there 
after a circuit Will be completed through the b 
contacts of R374, a contacts of R365, R336 and 
R36 (all shifted), a contacts of R368, the 3 wire 
283 (Fig. 1m), to the readout strip in order 3 
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of the MP readout device, and thence through 
the 3 wire of the group 284 to the X3 multiplying 
relay in preparation for multiplying by 3 dur 
ing the next following Cycle. 
A circuit is also traceable from contacts CB22 

(Fig. 1 up), c contacts of R365, R386 and R367 (all 
shifted), c contacts of R368, wire 28 (Fig. 1)), 
to the relay R39. A parallel circuit also extends 
from the b contacts of R365, R366, R367 (all 
shifted), to the b contacts of R368, wire 293 (Fig. 
i), relay R378 and to ground, so that during the 
next cycle the shift 1 and shift 2 relays will be 
energized to direct the entry circuits with a one 
order displacement to the right. 

CB cycle 8 

At the beginning of this cycle, the conditioning 
relays R38, R325 and R334 are again energized 
as indicated in the sequence chart (Fig. 2c) 
through circuits already traced, so that with relay 
X3 now energized multiplying circuits will be com 
pleted through the contacts of the multiplying 
relays (Fig. 1n) and the MC readout device to the 
column shift relays (Fig. 1), and thence to the 
stop magnets 25 of the LHI and FRH accumulatorS. 
t will, of course, be recalled that the energiza 
tion of the conditioning relays R.328 and R323 
causes the initial 9 impulse to be transmitted to 
these accumulators to commence rotation of the 
adding wheels. Accordingly, during the enter 
ing period of cycle 8 the values entered Will be as 
indicated along the line designated "Eighth cycle' 
in Fig. 23a. These values added to the entries 
already therein and taking into account tens 
carries from highest to lowest orders, the amounts 
now standing in the LH and RH accumulators are 
as indicated along the line following that labeled 
“Eighth cycle.’ 

In the latter part of the eighth cycle relay R368 
is energized through the circuit traceable from 
contactS C32) (Fig. 1u)), C contactS Of R375, d' 
contacts of R374, Wire 29 , di contacts of R378 
(shifted), d contacts of R39 (shifted), d con 
tacts of R38, Wire 294 (Fig. 12D) to relay R368 
and ground. Since the b contacts of the relays of 
the group R365 to R37 ) are now all shifted, an 
impulse from contacts CB22, through wire 289, is 
now traceable in series through all of these b 
contacts to energize the multiplying end relay 
R358 which will close its C contacts to hold 
through contacts CB23. 

Relay R353 closes its b contacts to complete a 
circuit from line and wire 28, through contacts 
CB2b, b contacts of R358, to the trip magnets 
of the group R365 to R370 and of relay R32. 
R358 also shifts its c contacts (Fig. 1s so that 

the next impulse from contacts CB25 extending 
to Wire 25 will be directed through the C Con 
tacts of R358, e contacts of R35, k contacts of 
R66 to the start magnet f 63 of the Sequence 
switch unit to advance it to its sixth step or 
position. 

CB cycle 9 

During this cycle and as indicated along the 
line labeled “Ninth cycle' (Fig. 23a), the MC and 
MP accumulators are reset to 0, the amount in the 
RH accumulator is transferred to the LH-accu 
mulator and reset to 9 and finally the right hand 
Section of the FS accumulator is reset to 0. 

Rest of declimulator IMC.-Considering these 
operations separately, reset of the MC accumu 
lator is brought about as follows. A circuit is 
completed from contacts CBl 6 (Fig. 1b), e con 
tacts of R 9, wire 224 (Fig.1a), d contacts of 
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R06, wire 247 (Fig. is), common conductor f 60 
of the sequence switch at level 16 and wiper 6 
in position 6, to relay R306 and ground. This 
relay shifts its contacts in Fig. 1n. So that circuits 
are completed from the impulse emitting Wires 
22, Wire connections 295 to the Segments 3 of 
the MC readout device in accordance With the 
tens complementary values. These circuits are 
directed to the Shifted di contacts of R306 to 
start in agnets 25 in the corresponding Orders 
Of accuraulator MC. The effect of adding the 
teils Complernent Of the digit, to Such digit, Will 
advance it to 0 position. As explained earlier, 
the MC accumulator is not provided with tens 
Carry devices SO that carry units are not in 
volved and the wheels, when mechanically dis 
engaged at the 0 time, will remain in 0 position. 

Reset of accumulator IAP-For the accumu 
lator MP, the resetting is effected in a similar 
nanner with the exception that, since a tens 
carry device 22 is provided between orders 3 and 4, 
it is necessary to suppress the carry between these 
orders during the resetting operation. This is 
effected by holding relay R3 (23 energized for a 
period extending through and beyond the carry 
period in the cycle (See Fig. 2c). The energizing 
circuit for this relay is traceable from line to 
Wire 2.É. (Fig. 15) as before and to the common 
conductor 83 of the sequence switch at level 15, 
Winding P of relay R393 to ground. This relay 
ClOSeS a pair of b COntacts (Fig. 1??) which will 
hold through contacts CB 8a, which are timed to 
extend through the tens carry period to the 
cycle. 
RH to Lil transfer.--For the RH to the LH 

transfer and Concurrent, FRH reSet Operations, re 
lays R.326, R332 and R33 are energized under 
control of the sequence switch. With the circuit 
extending from the connon conductor 68 at 
level 17, Wipei i81 in the 6 position, to relay R326 
and in parallel to relay R332. A further circuit 
extends front the common conductor 6 at level 
18 and the Wiper 161 in position 6 to relay R38. 
The transfer circuits fron the RH accumulator 

to the H accumulator extend from the impulse 
wires 22. (Fig. 1h), through a group of wires 296 
to the readout Segments 3 of the RH readout de 
Vice. These Wires are Connected from the im 
pulse wires 227 in a 9's complementary manner, 
that is, the 0 SegmentS 3 receive an impulse at 
9, the 1 segrents receive an inpulse at 8 and 
SO On. With the brushes 38 of the readout device 
directing the circuits through the common con 
ductors they extend through the d contacts of 
relay R332 (shifted), group of wires 297 (Fig. 
1i), wires 255, through the b contacts of R38, 
Stop ragnets 25 of the accuinulator to ground. 
The Start magnets 25 of the LH accumulator in 

all orders Will initially have been energized at 
the 9 time in the cycle through the a contacts 
of R38, so that the stop impulse will serve to 
interrupt advance of the wheels after they have 
moved an extent edual to the value of the trans 
ferred amount. 

Reset accumulator RH.-In addition, the com 
plementary inpulses used to transfer from RH to 
TH accumulator branch from wires 236 (Fig. 1h.) 
and conductor 32 through a group of wires desig 
nated 298 (Fig. 1g) to and through the a contacts 
of relay R.326 to energize the start magnets 25 of 
the RH accumulator, So that the wheel in each 
order may start its resetting movement concur 
rently with the completion of a transfer circuit 
through such order, and each wheel will reach its 
9 position at the mechanical knockout point in 
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the cycle, s? that all the wheels will be in the 9 
position at the end of the entering period of this 
cycle. 

Reset accumulator FS. The resetting of the 
right hand section of the FS accumulator which 
is now standing with wires in all orders is brought 
about by advancing the lowest or number 1 Order 
Wheel ten steps. The circuit is traceable from 
line 2GO (Fig. 1s) to the common conductor 60 
at level 23 through contacts CB5d timed to close 
one point in advance of the 9 time in the cycle, 
common conductor 60 of the sequence Switch 
at level 23, wiper 6 in the '6' position, wire 299 
(Fig. 1t) to the start magnet 25 in the unitS or 
1 Order of the right hand section of the FS ac 
cumulator. As a result, this Wheel Will advance 
through its carry position, tripping the tens carry 
contacts 22 so that in the normal manner during 
the carrying period a 1 will be transferred from 
the lowest to the next higher order and so on, 
including a carry from the highest to the lowest 
order which Will leave all. Wheels Standing at 0 
at the end of the cycle. 
The reset relay R32 is energized during this 

operation for the purpose of shifting its a con 
tacts to prevent possible back circuits. The en 
ergizing circuit for this relay R3 E2 is traceable 
in Fig. 1s from line to the common conductor 60 
at level 19, the wiper 6 in the 6 position to relay 
R.32 and ground. 
At the end of CB cycle 9, the TH accumulator 

Will contain the complement of 8.383 minutes 
which is the complement of the 8 inninutes and 23 
seconds rounded to three decimal places (See Fig. 
23a). 

CB cycle 10 

During this cycle there is a transfer from the 
LH to the MP accumulator of the amount con 
tained in orders 5 to 10, and this value will be 
entered in its true form. This value represents 
the decimal equivalent of the 8' 23' of the prob 
lem under consideration. During this cycle also, 
an entry is made in the right hand Section of the 
FS accumulator representing the cosine of the 
angle 14° 10' as derived from the table lookup de 
vice (Fig. 23b). Concurrently, from the same 
table lookup the value 76 is entered in the MC 
accumulator which represents the difference be 
tween the cosine entered and the cosine of the 
next higher angle (14.20") set up in the device. 
Control relay pickup.-Considering the circuits 

involved in effecting these entries, transfer to the 
MP accumulator is brought about as follows With 
-the sequence switch now set in its seventh posi 
tion. Relay R302 will be energized through the 
circuit from line to wire 247 as before (Fig. 1s), 
the common conductor 6 in level 15, the Wiper 

| 6 in position to relay R302. A parallel cir 
i cuit from common conductor 60 at level 18 will 
energize relay R3 9 and from the conductor 60 
in level 19 a circuit extends to relay R34 f. From 
level 20, relay R3 is energized; from level 21, 
a circuit extends to relayS R336 and R244 and 
from the conductor of level 16 a circuit extends 
to relay R305. These several relays energized 
with the sequence Switch in its 7 position will 

- control the transfer operations involved in this 
cycle. As previously explained, the energization 
of relay R.305 is accompanied by energization 
through a parallel circuit of the relay R375 (see 
Fig. 2c) which serves to condition the multiply 
ing circuits for later operation, and this relay will 
hold through contacts CBf 8 for the period indi 
cated on the sequence diagram. 
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LH to IMP transfer.-In Fig. 1d impulses from 

the wires 227 extend through b contacts of relay 
R24 to the readout device of the LH accumu 
lator wherein the digit representing segments 3i 
are connected to their 9's complementary impulse 
lines and the circuit then extends through Wiper 
30 and conductor 32 (orders 5 to 10), group of 
wires 300 (Fig. 11), the a contacts of R34 (shift 
ed), wires 30, a contacts of R302 (shifted), a 
contacts of R303, to start magnets 25 of the MP 
accumulator which will start rotating at times 
corresponding to the true value of the digits 
entered, and as before at the 0 time the mechani 
cal knockout device will function to interrupt 
rotation leaving the wheels in accumulator MP 
set in the position indicated in Fig. 23b along the 
line labeled "Tenth cycle.' 

Reset accumulator MP.-The impulses trans 
mitted from the LH accumulator are also em 
ployed to effect resetting of this accumulator by 
branching from the readout device (Fig. 1j), 
through Wires 302 (Fig. 1i), through the a con 
tacts of R39 (Shifted) to the start magnets 25 in 
the LH accumulator. Inasmuch as the settings 
of this accumulator are in accordance With the 
9's. Complement of the true Value, the addition. 
thereto of the true value Will advance all the 
Wheels to their 9 positions, leaving this accumu 
lator in effect reset to 9's. - 

l'able lookup circuitS.-It Was explained in con 
nection with cycle 5 that the table lookup mag 
nets Td, Tm, Ud Were energized in accordance 
with the units and tens Values of degrees and the 
tens value of minutes. Referring to Fig. 1p, the 
part of the table lookup device controlled by mag 
net id is represented in the form of a 20 posi 
tion Switch having five active positions designated 
0,1,2,3 and 4, and divided into ten so-called levels 
so that where, for the example chosen, the value 1 
is entered in the table lookup device to represent 
10, the wipers f2 associated with the section are 
set in the 1 position as shown. 
The section of the table lookup device con 

trolled by the Tm magnet comprises five sets of 
wipers 2 coupled for unitary movement to any 
one - of the six positions designated 0, 1 . . . 5. 
Each set contains ten levels as designated, and 
the common conductors if 5 in the levels are wiped 
to the individual segments of the tens of degrees 
section as indicated; i.e. the individual segments 

4 of the 0 set of Td, are connected to the corre 
spondingly numbered Common Conductors 5 in 
the 0 or left hand set of Tm, Switches through a 
cable 393. The individual segments 4 of the 1 
set of the Td switches are connected to the cor 
respondingly numbered Common conductors 5 
in the next set of Tim Switches, and so on for the 
other three positions. - 
As will be noted, there are thus fifty common 

conductors (grouped in five cables 393) in the Tm 
set of Switches and there are six steps of the Tm 
switch for each Set. Each Segment 4 of the Tn. 
set is wired (through cables 364d to 304e) to a 
related conductor i 5 of the Set of Switches con 
trolled by the units of degrees magnet Ud. This, 
accordingly, calls for three hundred conductors 

5 in the Ud set of switches. 
For purposes of simplicity in the circuit dia 

gram, Only one section of this set of switches is 
illustrated on an enlarged scale (Figs. 1g and 1r) 
to indicate the nature of the connections for such 
orders, and it will be understood that similar con 
nections are made for the other twenty-nine sec 
tions. . . . . - - . - - - 

Specifically, and considering the particular 
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problem involved, the individual segments 4 
(Fig. 1p) of the 1 step of the Tm (tens of minutes) 
SWitch are connected through a cable 34b to a set 
of ten common conductors 5 of the Udi group 
which are numbered 71 to 80. 
The System of connections is Such that the Seg 

ments 4 in the 0 position of the left hand Tm 
set extend through a cable 384 a to the common 
conductors 5 similar to one in the Set shown in 
Fig. 1g, which may be termed the to 10 set (Fig. 
24), for the next (i) step the connections are 
made through another cable 34a, to a group of 
conductors termed the 11 to 20 Set, etc. 
In Fig. 1p the destination for the Various posi 

tions of the Tn Set are indicated as extending 
through cables 3C4a, which are represented in 
Fig. 24. 
For the Ud set of SWitches (FigS. 1g and 17) 

chosen for illustrative purposes, the individual 
segments 4 are directiy connected to the digii, 
impulse wires 227a, as shown and indicated. These 
connections are made in Such a manner that the 
six left hand levels 71 to 76 in positions 0 to 9 
represent the cosines of the angles 10° 10', 11° 10', 
12° 10', etc. to 19° 10' and the same levels in posi 
tions 10 to 19 represent the sines of these angles. 
In the four right hand levels 77 to 80 the Con 
nections are made in accordance with differences 
between adjacent sine and cosine values With 
ten-minute intervals, which are derived from well 
known tables of sine and cosine values. Wires 
227a in Fig. 1p extend through a set of a contacts 
of relay R244 to the impulse wires 227. These 
contacts are closed during this cycle as explained. 
Thus, for the example chosen, where the angie Set 
up is 14° 10' which, as pointed out, will call into 
action the levels numbered 71 to 80, With the 
brushes 2 set in the 4 position (Fig. ig) it will 
be noted that the value 969.588 will be effective 
and also the difference value 716. 
The setting of the table lookup switches Tad, 

Ud, Tin accordingly connects the digit impulse 
wires 222a through the Ud, Tm and Toi Sections 
from which connections extend through wires 35 
(Fig. 1p) to the right hand section of the FS ac 
cumulator from the six left hand COIO). COIl 
ductors is of the id Switch and to the MC a C 
cumulator, through wires 36 from the four right 
hand conductors. The former are Connected 
through wires 35, a contacts of R336 (shifted), 
a contacts of R337, Wires 3 (Fig. 1it), b con 
tacts of R3i (shifted), to the stop magnets 25 
in the right hand section of the FS accumulator. 
In this accumulator the start magnetS 25 Will 
have received an initial starting iii pulse at the 9 
time in each order through the shifted a contacts 
of R3. As a result, the coSine Value 969583 of 
the table is entered in the forin of a 9’S COmple 
ment, 30411. In Fig. 23b on line labeled “Tenth 
cycle' this complement of the cosine value is in 
dicated as 03.04.11. 

The difference Value '716 is enterei through Ciri 
cuits extending through the Tdi?eadout (Fig. 1p), 
b contacts of R336 (shifted), wires 38 (Fig. 112), 
C contact:S of R3G (Shifted), di contacts of R36 
to the start magnets 25 of the MC accurulator. 
In this case, the wheels will be disengaged when 
they reagh the 0 time in the cycle, so that the 
difference is entered as a true value into the IMC 
accumulator as indicated in Fig. 23b. 

During this cycle, relay R3:5 is energized (see 
Fig. 2c) as in cycle 6 to prepare for nultiplying 
and, after the entries in IMC and MP have been 
made, the MP accumulator is tested as before. 
Since the multiplier is now a four digit number, 
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relays R365 and R366 (Fig. 10) become energized 
together with the shift 2 relay R379 (Fig. 1) to 
cause Selection of the multiplier digit in Order 4 
Of the MP accumulator. 

CB cycles 11 to 14 
The operations during cycle 11 are similar to 

those explained for cycle 7, that is, multiplica 
tion takes place under control of the highest 
Order significant digit Set in the MP accumulator, 
which in this case is 8, and partial products are 
formed and entered as complements into the LH 
and RH accumulators as indicated in Fig. 23b 
under control of the relays indicated as ener 
gized in Fig. 2d. During the Succeeding cycles 
12, 13 and 14, sequence SWitch stepping is Sus 
pended and multiplying takes place by the next 
three succeeding digits of the multiplier, namely, 
3, 8 and 3, with the appropriate column shift and 
complementary entry of the LE and RH con 
ponents, so that at the end of cycle 14 the IH and 
RH accumulators contain the Values represented 
on the line following that for cycle 14. The con 
trolling relays are indicated in Fig. 2d., from 
which it is seen that R357, R368, R369 and R370 
pick up in Succession, so that R358 will become 
energized near the end of cycle 14 to terminate 
multiplying operations and unlatch the shift 
control relays. 

CB cycle 15 
In this cycle there is a transfer from the RH 

to the TH accumulator and accompanying reset 
of the RH accumulator to 9 in a manner as ex 
plained for cycle 9. During this cycle also, the 
MC accumulator is reset but the entry in the MP 
accumulator is retained. Accordingly, the LH 
accumulator noW contains the complement of the 
product of 8383X716 which, when added to the 
Complement of the cosine standing in the right 
hand section of accumulator FS, will produce the 
complement of the cosine of 14° 18' 23’’. 
During cycle 15, the Ud part of the table look 

up SWitch is advanced ten Steps Or positions from 
its initial selected position, and in such new posi 
tion the Wiring to the individual segments is in 
accordance With the Sine. Of the angle and the 
related difference, This is indicated in EigS. 1g 
and 1r where, for example, and as explained the 
cosine. 969.588 and difference 716 in the 7 to 80 
group of levels initially selected are found in 
position 4 (Fig. 1g) and in position 14 (ten steps 
higher, Fig. ir) the sine 244743 and correspond 
ing difference 2820 are located. In Spection Will 
show that this is carried out for all other angles, 
that is, the cosine is found in positions 0 to 9 and 
the corresponding sines are found in positions 
i0 to 19, respectively. 
The manner in which the Ud Switches are ad 

vanced an increment of ten steps is as follows. 
With the sequence switch in position 9, during 
cycle 15 a circuit extends from line 2, through 
contacts CB5a timed to close one point before the 
9 time in the cycle, the common conductor 6 in 
level 23, wiper i 6 : in position 9, to the start mag 
net 29 of Ud to connence rotation of the related 
WiperS. At the 0 time in the cycle a circuit ex 
tends from line 2, through contacts CB26, 
through the conductor 60 at level 27, wiper 6 
in the 9 position, to the stop magnet 33 of the 
Selector SWitch to interrupt advance after ten 
Steps. 

CB cycle 16 
During this cycle the sequence switch will be 

in its 10 position and will prepare circuits for the 
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transfer of a significant part of the value in the 
LH accumulator to the right hand section in the 
FS accumulator. As indicated in Fig. 23b along 
the line labeled “Sixteenth cycle' the transfer 
from the LH accumulator is made only from 
orders 5 to 10 and the transfer is inverted for 
algebraic summation with the amount standing 
in the right hand section of the FS accumulator, 
which it will be recalled is in the form of a com 
plement, so that the net result will be a negative 
value of the complete cosine. 
In Fig. 1b, a circuit is completed from line 200, 

through contacts CB6, the e contacts of R 9, 
wire 224 (Fig. 10), i contacts of R06, wire 247 
(Fig. 1s), common conductor 69 at level 15, 
Wiper 8 in the 10 position to relay R30. A 
parallel circuit from the common conductor 69 
at level 19 will also energize relay R342 (see also 
Fig. 2e). With these two relays energized, an 
inverted transfer is effective from the impulse 
emitting wires 227, b contacts of R24 (Fig. 1j), 
through the segments 3, brushes. 39 and con 
ductors 32 of the readout device of the TH 
accumulator, the -5 to 10 wires 380 (Fig. 1u), a 
contacts of R342 (shifted), wire 309 (Fig. 1t), 
a contacts of R3 (shifted), a contacts of R3, 
a contacts of R32, start magnets 25 of the right 
hand sections of the FS accumulator to initiate 
their rotation at times corresponding to the true 
value of the amount transferred. 
With the sequence Switch in its tenth posi 

tion, a circuit is completed from the common 
conductor in level 16 (Fig. 1s), through the 
brush in the 10 position to energize R385. From 
the common conductors in levels 21 and 22, par 
allel circuits will extend to the wipers in posi 
tion 10 to energize the relays R336, R244 and 
R337. Through the conductor in level 20 relay 
R398 is also energized. With these relays ener 
gized, circuits are conditioned so that the sine of 
the angle 14° 10' is now transferred through cir 
cuits similar to those traced for the cosine, which 
extend from the impulse wires 227a (Fig. 1r) to 
the individual segments 4 in position 14 of the 
Ud switch, thence through wipers 2, common 
conductors 5 in levels 71-80, cable 304b (Figs. 
1q and 1p) to the 1 set of Switches in the Tm. 
section and from there through cable 393 to the ? ? 
individual segments of the 1 position in the Td 
Switches. 
From here the circuits extend through the Six 

left hand orders, through the a contacts of R336 
(shifted), a contacts of R337 (shifted), wires 3 
(Fig.1t), b contacts of R308 (shifted), to the stop 
magnets 25 in the left hand section of the FS 
accumulator, thereby entering therein the com 
plement of the sine 14° 10'. Concurrently, the 
circuit from the four right hand orders of the Td 
section extend through the b contacts of R336 
(Fig 1p), wires 308 (Fig. 1n), a contacts of R305 
(shifted), a contacts of R306 to the start mag 
nets 25 of the MC accumulator, to enter therein 
the difference 2820 in true form. 

During this cycle also there is a rounding off 
entry of 5 into the fourth order of the RH accu 
mulator. This entry is made in the form of a 9's 
complement in the same manner and through 
substantially the same circuits as explained in 
connection. With the fifth cycle, the difference 
lying in the fact that the initiating circuits are 
controlled through the sequence Switch Wipers 
standing in position 10, through which the con 
trolling relay R325 is energized. 
In the same manner also, as explained for 
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cycle 6, relay R3 9 is energized to effect resetting 
of the LH accumulator to nines in all orders. 

CB cycles. 17 to 20 
When the Sequence switch is now advanced 

to its eleventh position, a series of multiplying 
cycles for multiplying by 8383 as before is ini 
tiated in the same manner as for cycles 11 to 
14, and components of partial products will be 
entered as indicated in Fig. 23b under control 
Of the multiplier 8383 and the multiplicand 2820 
So that, after cycle 20, the LH and RH accumu 
lators will contain the sums of their respective 
partial products in complementary form as in 
dicated on the line following cycle 20 (Fig. 23b). 

CB cycles 21 
Upon advance of the sequence switch to its 12 

position, cycle 21 will ensue and will bring about 
the transfer of the RH amount to the LH ac 
Cumulator and re-entry of the amount into the 
Rii accumulator to effect resetting of the same 
to 9's (see Fig. 23c). Also during the cycle, 
the MP and MC accumulators are reset to zero. 
The circuitS involved are substantially as have 
already been explained So they Will not be re 
peated at this time. The particular relays in 
Wolved are Set forth in Sequence chart (Fig. 2.f) 
to facilitate an understanding of the operation. 

CB cycle 22 
During this cycle the sequence switch is in its 

13th position and a portion of the product in 
the LH accumulator is transferred to the left 
hand Section of the FS accumulator for age 
braic Sunnation with the previously entered 
Sine. This transfer operation is similar to the 
One explained for cycle 6. Inspection of the 
sequence chart (Fig. 2.f) will show that for this 
cycle relays R3 9, R308 and R343 are energized 
to direct impulses from the emitter lines 227 
through the readout of the LH accumulator to the 
entering magnets 25 of the left hand section of 
the FS accumulator through familiar circuit 

The transferred entry is also made back 
into the LH accumulator to effect resetting to 9. 
Accordingly, at the end of cycle 22, the MP 
and MC accumulators will have been reset to 
0, the LH and RH accumulators Will have been 
reset to 9's, the right hand section of the FS 
accumulator will contain the cosine of 14° 18' 
23' the left hand Section of the accumulator 
Will contain the Sine of this angle and the X 
and Y accumulators Will contain the initial Ordi 

- nate values. 
During this cycle the table lookup device is 

reset to 0, i.e., the brushes or Wipers in the vari 
ous levels will be advanced to their 0 position, 
and for the example chosen the Td, and Tn. 
SetS of wiperS 2 are to be advanced from 1 
to the 0 position through nineteen steps, while 
the Ud set will advance from the 14 position to 
0, a distance of six steps. This is brought about 
a.S follows. With the sequence Switch in its 13 
position, there is a circuit to the common con 
ductor 160 (Fig. 1S) in level 21 from contacts 
CB6 as before, piper 6 in position 13, to re 
lay R323. Thus, when contacts CB5a, close, a 
circuit will be completed from line 200, contacts 
CB5ct, Wire 32 and through the a contacts of 
R.32 to energize the start magnets 29 of the 
Ud, Tm, and Tad Switches and the related wip 
erS i 2 Will begin to advance and continue un 
til there is a mechanical knockout When the 
brushes arrive at their home position (see Fig. 
17). ? 
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At the beginning of this cycle, circuits are set 
up to interrupt the repeat energization of the 
CB magnet, so that at the end of the cycle oper 
ation of the CB contacts Will cease. The cir 
cuits involved extend from line 200 (Fig. 1S) 
through contacts SB5a, common conductor 60 
of the sequence switch at level 23, wire 33 
(Fig. 1a) to relay R. (5, which will shift and 
latch its associated contacts. Through the 
shifted a contacts of this relay a circuit is com 
pleted from contacts C3, wire 236, a contacts of 
R 35 and wire 237 (Fig. 1b) to the trip winding 
T of relay R2, so that the related a contacts 
now open to prevent completion of further cir 
cuits to the CB clutch magnet, 
At this point in the operation automatic oper 

ations are suspended to permit the operator to 
type the distance 64.253 on the record (see Fig. 
20). It should be noted that the machine is 
arranged so that this value of the distance may : 
be typed during the occurrence of the forego 
ing calculating operations and, if Such typing is 
completed prior to the end of cycle 22, the ma 
chine will proceed automatically with further 
computations. 
planation, it will be assumed that the operator 
delayed the typing of the distance until the 
aforedescribed calculations and operations were 
completed, and the manner in which Such typing 
is effected will now be explained. 
The typewriter carriage will be in a position 

to receive typing one space to the left of the 
6 in the distance field. The keys of the auX 
iliary board are then operated in the order 0, 6, 
4, 2, 5, 3. . With the 0 key causing a Space opera.- :}; 
tion in the same manner as explained in con 
nection. With the entry of the initial Y and X 
coordinates, the significant digit entry will be 
made in the storage relays R20 in Orders 9 to 4 
inclusive through familiar circuits which involve 
the connections through the several levels of the 
IN stepping Switch. 

It will be recalled that, as each key is oper 
ated, the entry is first made into the storage re 
lays and then through the contacts thereof a 
circuit is completed to the appropriate type 
writer key solenoid, so that by observation the 
operator can verify the entry made in the Stor 
age device. When the last digit has been keyed, 
the carriage will have advanced one Space to 
the right of the typing entry, in which position it 
Will close the contacts TAB2. The IN Stepping 
switch will at that time have its brushes (8 in 
their 7 position, 
The motor bar 82 is now operated to close itS 

contacts 208 (Fig. 1d.) and completes a circuit 
from line 26, contacts C4a, contacts 208, TAB2, 
wire 3 4 (Figs. 1b and 1c), Segment 09 in the 
IN stepping switch, level , brush 08 and com 
mon conductor 9, wire 22 (FigS. 1b and id), 
a contacts of R, 09 (shifted), wire 35 to the 
pickup windings P of relays R 03 and R04. 
This circuit also branches at the a contacts of 

R89 (Fig. 1a), through the b contacts of R. 99 
(shifted), wire 28 (Fig. 1b) to energize the re 
lay R. 37, whose c contacts will then as before 
energize the keylock Solenoid. 
Near the end of the cycle (see Fig. 2.f), when 

contacts C9 close, the relay R? 29 is energized 
through a circuit traceable from line 200, con 
tacts C9 (Fig. 1a), wire 36, f contacts of Rio5 
(shifted), a contacts of Rf84 (shifted), wire 24 
(Fig. 1b), m contacts of R. 20, wire 2 i5, C con 
tacts of R. C9, and winding P of relay R29. 
This is the start relay which, as before, will hold 
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through its a contacts and the c contacts of ROO 
and contacts CB28. 
As before, relay R. 62 will be energized through 

the c contacts of R29 (when contacts C3 close 
in the following cycle) and latched so that the 
CB clutch magnet may be energized through the 
a contacts thereof. 
Concurrently with the energization of R29, 

relay R3 is also energized through a circuit 
traceable from line 290, contacts CB28d, (which 
are normally closed. With the CB contacts at rest, 
Fig. 1b), a contacts of R29 (shifted), wire. 37, 
i contacts of R29, wire 222 (Fig. la), e contacts 
of RC3 (shifted), c contacts of R. C4 (shifted), 
wire 223 (Figs. 1b and 1c), pickup winding P of 
relay R3 to ground. 

This, as explained for the very first cycle, will 
initiate stepping of the IN Stepping SWitch from 
its 7 ahead to its initial 1 position as before, where 
relay R. 32 will be energized as before, and as 
indicated in Fig. 2.f. 

Relays FR, 34; and R 05 are now umlatched 
through a circuit traceable from line 20, contacts 
C3 (Fig. 1d.), wire 2 is (Fig. 1b), c contacts of 
R. 29 (shifted), Wire 2 (Fig. 10), and Wire 24 
to the T windings of F, í4 ald Rí f5 to ground. 
This circuit branches from wire 24 through the 
h contacts of R3 (shifted) and wire 38 to the 
Twinding of Re9 to unlatch this relay. 

in the foregoing, it was assumed that keying 
of the distance would be deferred until the con 
puting mechanisinn had come to rest. However, 
the operator may perform the keying while com 
puting is in progress. This will effect energiza 
tion of certain relays whose duration of operation 
is indicated in dotted lines at the bottom of 
Fig. 2.f. Thus, it is indicated that the motor bar 
may be depressed some time, for example, as at 
the beginning of CB cycle 21, after the distance 

} has been keyed in. At this time, however, it is 
to be noted that relay Rio5 is not energized so 
that the effect of the motor har depression will 
be to pick up relays R 3 and R4 as before. 
From the earlier explanation it will be recalled 

that relay Rí29 cannot be energized until RÍ03, 
R. 84 and R 5 are all energized. Accordingly, 
under the present assumption relay R29 will not 
be picked up. In the following cycle 22, relay 
R5 is energized as before due to the completion 
of the computing operations, so that near the end 
of CB cycle 22 conditions are present for the 
completion of circuits through R. 29, and it will 
be energized as indicated. This is the so-called 
start relay which Will initiate Subsequent opera 
tions, so that at the end of cycle 22 the next 
following cycle Will correspond to the machine 
cycle represented in the right hand section of 
Fig. 2.f, that is, the machine cycle just preceding 
CB cycle 23, and the operations explained in con 
nection. With such cycle will now take place. 

Briefly, then, the keying in of the distance may 
take place during cycles occurring at any time 
after the previous entry of the azimuth value has 
been made, that is, any time after cycle 4 
(Fig. 2b). Upon completion of this keying the 
notor bar may be depressed to pick up relays 
R3 and R. 84, and further events Will await 
the next energization of R 5 which will not 
occur until CB cycle 22. 

CB cycle 23 
The contacts controlled by the CB clutch mag 

net Will now effect a cycle of operations desig 
nated on the sequence chart (Fig.2g) as CB cycle 
23. During this cycle the distance is transferred 
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from the key storage device to the MP accumu 
lator and concurrently the appropriate function, 
i. e., the sine, is transferred from the FS accumu 
lator to the MC accumulator and inverted. Selec 
tion of whether the sine or cosine is to be trans 
ferred is determined by the group of sign con 
trolled relays R335 to R39 (Fig. 1k) Which ascer 
tain in what octant the angle lies and accord 
ingly determine whether the sine or cosine is uti 
lized in determining the Y Ordinate, which is to 
be computed first. 

Referring to Fig. 2b, it will be recalled that 
for the angle under consideration relay R385 Was 
energized in CE cycle 4 to indicate that the angle 
lay in the second octant, and from Fig. 21 it will 
be seen that the Y ordinate will result from multi 
plying the sine of the angle times the distance. 
With relay R385 in energized condition, the 

circuit is completed from the Sequence SWitch 
(whose wipers SS, Fig. 1S, are now in position 
14) which is traceable from line. 20 to the con 
mon conductor at level 22, as before, Wiper 6 
in position 14, connection 319 (Fig. 1k) to the b 
contacts of R33?, thence in series through the 
b contacts of R38S, R337, to b contacts of R385 
(Shifted), relay R338, to ground. 
As indicated on the sequence diagram (Fig. 29) 

and through familiar circuits traceable through 
wipers 6 of the Sequence Switch in position 14, 
relays R302, R335, R249, R38?, R325 and R375 
Will also be energized. 

Transfer sine to accumulcitor IMC. Through 
the contacts of these relays a transfer is made 
through the left hand section of the FS accumu 
lator to the MP accumulator, for which the cir 
cuit for the lowest order digit is specifically trace 
able as follows. It will be noted that the sine 
stands in the FS accumulator (Fig. 23c) in the 
form of a complement and the transfer will be 
inverted to enter the true value into the MC 
accumulator. At the 7 time in the cycle a circuit 
is traceable from the 7 wire 22 (Fig. 1d) b con 
tacts of R24, 2 wire 32 (Fig. 1z), the individual 
segments 3 in the 2 position of the left hand 
section of the FS readout device, the brush 30 
in the 1 order, common conductor 32 to the right 
hand a contacts of R338 (shifted), Wire 32 (Fig. 
1n), right hand a contacts of R35 (shifted), 
right hand a contacts of R306 to the start magnet 
25 in the units order of the MC accumulator. 
Similar circuits will enter the higher Order digits 
into this accumulator. 

TramSfeº diStance to Caccumulator IMP.-Con 
currently, the entry of the distance is made into 
the MP accumulator, and the circuits for the units 
order entry is traceable as follows. At the 3 time 
in the cycle the circuit extends from the 3 Wire 
227 (Fig. 1d), 3 wire 228, a contacts of R249 
(shifted), 3 Wire 26, b contacts of the magnet 
R2C in order 4 (shifted), a contacts of the 2 
magnet R2 (shifted), a contacts of the 4 mag 
net R20 and a contacts of the 7 magnet R2O, 
6 wire 203 (Figs. 1e and 1.f), 4 wire 229, left hand 
wire 322 (Fig. 1n), a contacts of R30 (shifted) 
farthest to the right (shifted), right hand a con 
tacts of R392 (shifted), a contacts of R303 to 
the start magnet 25 in the units order of the MEP 
accumulator. Similar parallel circuits are trace 
able at different times in the cycle through the 
remaining orders to enter the complete distance. 
Rounding circuit.-In the RH accumulator, 

there is again a rounding entry of 5 made in the 
6 order of the accumulator. This entry had been 
made in a previous cycle (16) in the 4 order and 
the shift at this time is effected as follows. This 
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Shifted entry is under control of the sequence 
SWitch which through a wiper 6 at level 25 
in position 14 (Fig. 1s) completes a circuit at the 
5 tine in the cycle through Wire 323 (Fig. 1g) to 
the stop magnet, 25 in the sixth order of the RH 
accumulator. It may be pointed out that as 
before, the start magnets 25 are all given an im 
pulse at the 9 tire to commence their rotation 
So this 5 impulse Will advance this wheel four 
Steps. 

CB cycles 24 to 28 
Under control of the sequence switch, the relay 

R35 is again energized to signal the beginning 
of multiplying Operations, and in the manner al 
ready explained the cycle control and column 
Shift relays Will be energized in accordance with 
the multiplier reado ut setting in the MP accu 
Inulator. The particular relays so energized are 
indicated in the Sequence diagram (Fig. 2g) and 
under their control the Subsequent multiplying 
cycles 24 to 28 Will take place, during which par 
tial products Will be entered into the LH and RH 
accumulators in the now familiar manner with 
the particular Values being entered as set forth 
in Fig. 23c. 

CB cycle 29 
During this cycle there is the usual transfer 

f the Sun of the RH components to the LH 
accumulator to obtain therein the complete prod 
uct in the form of a complement with the trans 
ferring circuits branching back from the RH ac 
cumulator to effect resetting thereof to 9’s. Also 
during this cycie with the sequence Switch in its 
16 position, the MC accumulator is reset to Zero 
by transferring the entry therein back into its 
Start magnetS in the form of a tens complement 
for the Separate digits. The circuits involved are 
Similar to that traced in connection with the 
ninth cycle. 
The computing mechanism will now come to a 

halt and typing of the computed Y value Will be 
effected into the latitude field of the traverse 
sheet (Fig. 20) from the sixth highest order posi 
tions of the LH accumulator with inversion of 
the complementary value standing therein. 

Interruption of computing is effected through 
the Sequence Switch which, in the manner ex 
plained in connection with the 13 position, will 
CauSe energization of relay R.5 whose function 
is to interrupt the circuit to the CB clutch mag 
net. Near the end of the cycle (see Fig. 2h), the 
Sequence SWitch start magnet is energized to ad 
Vance the SWitch to its 17 position. 

Typing Of the computed lattitude 
With the Sequence Switch now advanced to its 

17 position, relay R243 is energized through the 
circuit from line 29), contacts CB28 (Fig. 1s), 
conductor 60 at level 29, wiper 6 in position 17, 
and relay R243 to ground. A circuit is now com 
pleted When contacts C9 close (Fig. 1a) traceable 
through these contacts, c contacts of RC3 
(shifted), b contacts of R4, c contacts of RA 5 
(shifted), Wire 325 (Figs. 1b and 1c), a contacts 
of R 35 and relay R? 33 to ground. R. 33 closes 
itS di contactS Setting up a holding circuit through 
the a contacts of R.434, b contacts of R.32, b con 
tacts of Ri4 and wire 22 to line 200. The clo 
Sure of the di contacts R. 33 energizes relay R24 
through Wire 202, and this relay will remain en 
ergized until R. 33 is deenergized. 
A circuit is now completed through the b con 

tacts of R33, traceable from line 200 (Fig. 1b) 
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through escapement contacts 69, wire 20 (Fig. 
1C), b contacts of R. 30, b contacts of R. 33, step 
ping magnet OUT to ground to prepare the OUT 
Stepping Switch wipers for advance to their 2 
position. When the magnet is deenergized. 

Sign typing circuit.--The first circuit now to be 
completed will cause the printing of the plus sign 
(See Fig. 20) in the lattitude column, and this is 
brought about through the following circuit: 
from line 2G (Fig. 1c) to c contacts of R. 33 
(through wire 292), b contacts of the OUT step 
ping magnet, wire 326 (Fig. 1h), a contacts of 
R243 (now shifted), common conductor f it) of 
the OUT stepping switch in level i, its wiper 8 
in the 1 position, thence through wire 32 (Fig. 
is) to the common conductor 6 of the sequence 
Switch at level 28, wiper 6 at position 17, wire 
328 (Fig. 1ic), d contacts of R390, d. contacts of 
of R388, wire 329 (Fig. 1d), solenoid 53 related 
to the symbol --, and ground. This will oper 
ate the type bar to print, such symbol. It may 
be recalled that the group of relays R.385 to R39 
(Fig. 1k), which have been energized in accord 
ance With the octant in which the angle under 
consideration lies, determines whether this initial 
circuit extends through the plus Solenoid 53 or 
the minus Solenoid 53. 

Briefly, if the angle lies in the first, second, 
Seventh or eighth octant, the sign of the lattitude 
is plus, and if it lies in the other octants the 
Sign is negative as evidenced from inspection of 
Fig. 21. With the circuit extending through. Wire 
339 (FigS. lic and 1d) to the minus Solenoid 53. 

in typing the latitude only, the six highest 
positions of the Li accumulator are read out as 
this carries the computation to the desired de 
gree of accuracy. Coincident with the typing of 
the plus Symbol, the escapement contacts 69 
Open to deemergize the OUT stepping magnet, 
permitting its wipers 8 to advance to their 
2 position, and thereafter the OUT magnet will 
be reenergized in the same manner as explained 
When initial typing operations were performed, 
that is, reclosure of contacts 69 will reenergize 
the OUT magnet. 

Accordingly, upon reclosure of the b contacts 
of the OUT magnet, a circuit is completed there 
through from line 289 (Fig. 10), wire 282, through 
the C contacts of R. 33, b contacts of the out mag 
net, wire 326 (Fig. 1h.), a contacts of R243. 
(shifted), OUT stepping Switch at level 1, wiper 
08 now in position 2, upper wire of group 33f 

(Fig. 1u), botton wire 309 (Fig. 1i) to the read 
out conductor 32 of the LH accumulator in the 
highest order to the readout brush 3 set at “9,’ 
9 wire 320, lowermost b contacts of R24 (shift 
ed), wire 332 (Fig. 1d), b contacts of R250 in 
their normal position and Space solenoid 53 to 
ground, thereby effecting a space operation as 
before accompanied by the momentary deener 
gization of the OUT Stepping magnet, So that its 
brushes advance to their 3 position in which a 
circuit similar to that traced now extends through 
the 3 wiper 08 (Fig. 1ft) of the OUT stepping 
switch in level 1, to the readout device of the 
LH accumulator in the next to the highest order 
(Fig. 1i), wherein the brush 39 is set at 8, so 
that the circuit extends through the brush 8, 
wire 329, b contacts of R24 (shifted), 1 wire of 
group 333 (Fig. 1d) to the 1 Solenoid 53 and to 
ground, causing typing of the first digit of the 
latitude 15877. -- 
The remaining typing circuitS Will extend 

through similar paths with the OUT stepping 
switch advancing to Successively complete the 
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Several circuits through level 1 (Fig. 1h). Fol 
lowing the typing of the last digit, the OUT 
stepping switch advances to its 8 position, and 
circuits are now completed to rapidly advance 
the Switch to its initial or home position. 

It may be mentioned at this point that, when 
the OUT stepping switch advances to its 2 posi 
tion, a circuit was completed therethrough from 
line 200 (Fig. ic) to the common conductor if O 
att lewel 8, Wiper | 08 in the 2 position and wire 
334 to relay R35, which will open its a contacts 
to prevent a later energization of relay R. 33 so 
that, when after the completion of typing the 
holding circuit for R? 33 is broken, the pickup 
circuit cannot be completed until R35 is again 
deenergized. 

It will be noted in Fig. 1c that the circuit ar 
rangement is such that this relay R35 will be 
energized when the OUT stepping Switch has its 
Wiper at level 8 in any position Subsequent to 
the 1 position. 
Now with the stepping Switch brushes in their 

8 position, the circuit is completed and trace 
able from line 200 (Fig. 1h), wire 335, common 
conductor O at level 7, Wiper 08 in the 8 posi 
tion, c contacts of R243 (shifted), wire 336 (Fig. 
1c) and relay R34 to ground. his relay opens 
its a contacts to interrupt the holding circuit of 
relay R. 33 so that no further circuits extend 
through the c contacts of R33 and b contacts of 
the OUT magnet. The opening of the di con 
tacts of R. 33 will also deenergize R24. 
The typing of the last digit of the latitude was 

accompanied by escapement to the next position 
Wherein contacts TAB3 close. Now With the OUT 
stepping switch in its 8 position, a circuit is 
traceable from line 200 (Fig. 1a), contacts C2, 
Wire 22 (Fig. 1b and back to Fig. 10), b contacts 
of Rio5 (shifted), wire 337 (Fig. 1b), b contacts 
of R37 (shifted), wire 338 (Fig. 1a), d contacts 
of ROT, wire 339, b contacts of R 03 (shifted), 
wire 340, contacts TAB3, wire 244 (Fig. 1b), wire 
245 (Fig. 1c), the segment io9 in the 8 position 
of the OUT stepping switch in level 6, wiper 08, 
common conductor f0, wire 22 (Figs. lb and la), 
a contacts of R? 09, wire 2 f3, g contacts of R05 
(shifted), wire 214 (Fig. 1b), m contacts of R120, 
wire 25, a contacts of R? 00, and relay Ri29 to 
ground. This is the so-called "Start' relay which 
Will initiate the next series of computing Opera 
tions. As before, the closure of the b contacts 
of R29 will cause energization of the TAB Sole 
noid 53 to advance the carriage to the position 
in which the algebraic symbol for departure Will 
be typed later. 
A circuit is now completed from line 200, 

through contacts CB28a, a contacts of R29 
(shifted), wire 37, i contacts of R20, wire 222 
(Fig. 1a), if contacts of R? 03 (shifted), c contacts 
of R04, wire 341 (Figs. 1b and 1c), and relay 
R30 to ground. A holding circuit extends 
through the a contacts of this relay and the d 
contacts of R. 4f maintain it energized until R4 
is energized. 
The OUT stepping magnet is now repeatedly 

energized through a circuit from line 200 (Fig. 
1c), through common conductor if 0 at level 8, 
the wiper 08 in position 8, wire 342, b contacts 
of R30 (now closed), a contacts of the OUT 
magnet and thence through the magnet to 
ground. The energization of the OUT magnet 
will step the switch and momentarily opens its b 
contacts, so that with the switch now in the 9 
position the circuit will be repeated and con 
tinued through successive positions until the 
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switch is back in its 1 position, where it will re 
main until further typing operations are called 
fO’. “ - - 

When it returns to the 1 position, there is a 
circuit extending from the common conductor 

0 in level 8 to the wiper 08 in the 1 position, 
wire 343, c contacts of R?.30, and relay Rf4 to 
ground, opening the holding circuit for R30 
(see also Fig. 2h). As noted also in this diagram, 
the trip winding of R. G5 is energized, RO2 is 
energized and the CB clutch magnet is also en 
ergized through circuits similar to ones previous 
ly traced. - - 

- - - - - - CB cycle 30 
During this cycle, the entry in the six highest 

positions of the LH accumulator (complement 
984 122) are transferred to the Y accumulator for 
algebraic summation with the initial entry there 
in (complement 899999). With this transfer the 
magnets 25 in the Y accumulator all receive a 
start impulse at the 9 time in the cycle and Will 
be energized under control of the setting in the 
LH accumulator, and tracing a specific circuit 
for one order will suffice to explain the operation. 

Transfer LH to Y-In preparation for the 
transfer, relays R344, and R323 are energized. 
Under control of the sequence switch with its 
wipers 6 set at 17, the energizing circuits are 
traceable from the common conductor in level 19 
(Fig. 1s), wiper 08 in position 17, directly to 
relay R344. A further circuit extends from the 
common conductor in level 20, wiper 6t, Wire 
344, c contacts of R390 (normal), c contacts of 
R386 to relay R323 to determine if, in accord 
ance with the setting of the sign control relays 
R385 to R39 , the value in the LH accumulator is 
to be in effect added to the initial Y value. The 
initial start impulse is sent to all orders of the 
accumulator Y (Fig. 1g), through the circuit 
from the 9 impulse wire 227, wire 226, a contacts 
of R323 (shifted), a contacts of R.324, to all the 
start magnets 25 to commence their rotation at 
the 9 time in the cycle. . . 
-Tracing the stop circuit, at the 7 time in the 

cycle for a specific order, that is, order 7 of the 
LH accumulator, in which the setting is 2, this 
circuit extends from 7 wire 227 (Fig. 15), b con 
tacts of R241, 7 wire 320, brush 30 set at 2 in 
order7, 7 wire 300 (Fig. 1u), right hand c con 
tacts of R344 (shifted), wire of group 345 (Fig. 
1g), b contacts of R323 in the units order 
(shifted), to the corresponding stop magnet 25 
to ground to stop the adding wheel in this order 
after two steps of advance. The remainder of the 
number is transferred through similar parallel 
circuits. 

Reset LH-At the same time that the transfer 
from LH accumulator to the Y accumulators 
occurs, the former will be reset to 9's in the usual 
manner and as a preliminary relay R39 is ener 
gized through the sequence switch which at level 
18 (Fig. 1s) will complete a circuit from the Com 
mon conductor 60 and the wiper 08 set in posi 
tion 17 directly to relay R39. This relay will 
close its a contacts in Fig. 1i to direct the reset 
circuits from the readout of the LH accumulator 
back to its start magnets 25 in the same manner 
as explained in connection with cycle 22. 

During this cycle also, a half entry is effected 
in the RH accumulator by entering a 5 in Order 
6 in the same manner as explained in connection 
with cycle 23, through initial energization of R325 
to energize the start magnets 25 at the 9 time, 
the difference being that, whereas in the former 
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cycle the control circuits were picked up by the 
stepping switch (level 25) at step 14 (Fig. 1s) 
and directed through wire 323 (Fig. 1g) to the 
Stop magnet 25 in column 6 of accumulator RH, 
and at the present time these circuits are effected 
With the Sequence switch in its 17 position. 

Transfer FS to MC-Also during this cycle the 
cosine value standing in the right hand section 
of the FS accumulator is transferred to the MC 
accumulator, wherein it is entered in its true 
form as 968.988. This requires the preparatory 
energization of R305 and R339. The circuit for 
energizing R305 and R375 in parallel therewith 
(Fig. 1S) is the same as already traced in con 
nection with cycle 23. The circuit for energizing 
relay R339 extends from the sequence switch in 
level 22, wiper 6 in position 17, wire 341 (Fig. 
1k), c contacts of R391, c contacts of R389 and 
R387, c contacts of R385 (shifted), to relay R339. 
With these two relays energized, the entering cir 
cuit for transferring from the right hand sec 
tion of the FS accumulator to the MC accumula 
tor is traceable in the units order, for example, as 
follows. In this Order an 8 is to be entered under 
control of the Setting of 1 in the FS accumulator 
and the circuit extends at the 8 time in the cycle 
from the 8 impulse wire 227 (Fig. 1g), b contacts 
of R24, 1 wire 328 (Fig. iu), to the readout brush 
30 in the units order of the right hand section 
of accumulator FS, a pair of a contacts of R339 
(shifted) in the units order, 1 wire 32 (Fig. 1n), 
a contacts of R305 (shifted), a contacts of R30s 
to the Start magnet 25 in the units order of the 
MC accumulator of enter an 8 therein in the now 
familiar manner. 
As before, the relay R375 is energized concur 

rently with R305 and as explained this relay - con 
trols the multiplying operations which will now 
take place. 

CB cycles 31 to 35 

The operation during these cycles follows in 
the Same manner as explained for the operations 
occurring during cycles 24-28, i. e., the values in 
the MP and MC accumulators are multiplied to 
obtain the several LH and RH components and 
enter them in their respective accumulators as 
indicated in Fig. 23d. The several relays in 
volved are represented in Figs. 2i and 2i. 

CB cycle 36 

For this cycle the sequence switch will have 
advanced to its 19 position, and the transfer from 
the RH to the LH accounulator occurs as in 
dicated and in the same manner as explained for 
cycle 29 with accompanying reset of the RH ac 
cumulator to 9’s. Inspection of the sequence 
stepping SWitch connections will show that the 
controlling relays R38, R326 and R332 for ef 
fecting this transfer will be energized with the 
switch in position 19 (see also Fig.2i). 

In addition, the MC accumulator was reset to 
9's in the Same manner as for cycle 29 through 
energization of R306, and in addition thereto the 
MP accumulator is also reset through circuits as 
explained in connection with cycle 21 through 
energization of R303. The FS accumulator is 
reset to 9's through circuits as explained in con 
nection with cycle 6, through energization of re 
lays R309 and R.32. Through level 23, the relay 
RC5 is also energized and through its a contacts 
the trip winding of RO2 is energized as indicated 
in Fig. 2i. 
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Typing of the departure value 
The sequence switch is now advanced to posi 

tion. 20, and the complement of the amount 
Standing in the six highest orders of the LH ac 
Cumulator is to be typed with appropriate sign 
in a manner Similar to operations effected with 
Sequence switch standing in its 17 position. The 
sign printing circuit in this case is traceable from 
the common conductor of the sequence switch in 
level 28 (Fig. 1s), wiper 6 in position 20, wire 
348 (Fig. 1k), d contacts of R388, wire 329 (Fig. 
1d) to the plus solenoid 53, through circuit con 
nections the same as already traced in connection 
with previous energization of this plus sign print 
ing Solenoid. Through now familiar circuits the 
true departure valve 62260 will be typed in posi 
tions indicated on the traverse sheet (Fig. 20) 
With the Successive operations occurring as in 
dicated in Fig. 2i. The carriage will then auto 
natically tabulate over the next two columns 
and various circuits will be brought into oper 
ation, as explained in connection with typing of 
the latitude, to bring the various relays into 
operation as indicated in the sequence chart at 
the beginning of the next cycle 37 (Fig. 1k). 

CB cycle 37 

In this cycle there is a transfer from the LH 
accumulator to the X accumulator. For this 
operation relays R330 and R345 will be energized 
through the wipers of the sequence switch in 
position 20 to prepare the transfer circuits 
through which the amount in the LH accumula 
tor will be transferred over to the X accumulator, 
as indicated on the line labeled “Cycle 37' in Fig. 
23d. Concurrently with the transfer the LH ac 
cumulator is reset to 9's in the now familiar man 
ner under control of relay R39. 
During this cycle, relay R? 05 is again energized 

through the sequence switch setting (Fig. 1s) in 
its level 23 and wire 33 to Fig. 1d to interrupt 
further energization of the CB clutch magnet by 
causing energization of the trip winding of R02 
and thereby interrupt further CB cycles. 
A relay R00 is energized at this time through 

a circuit from the common conductor 60 of the 
sequence switch in level 26 (Fig. 1s) traceable 
from line 20, contacts CB26, conductor in level 
26, wiper 6 in position 20, wire 350 (Fig. 16) 
and relay R (G to ground. This latch type relay 
will accordingly shift and latch its contacts. A 
further circuit extends from contacts CB26, 
through the conductor in level 27, wire 35 (Fig. 
1k) to the trip magnets T of the group R385 to 
R39 to effect resetting of this group of sign con 
trol nagnets. 
In cycle 37, after the LH to X accumulator 

transfer has taken place, the sequence switch is 
advanced one step to its 1 or home position in 
the normal manner. At this point in the op 
eration, relay R. 33 is energized as explained in 
connection with the operations immediately foll 
lowing cycle 30 and in connection with the typ 
ing out of the latitude. In the same manner also 
relay R24 is energized. 
The first typing out circuit extending through 

the highest order (10) in Y accumulator (Fig. 
1g) now standing at 9999884.122 (complement of 
115877) will operate only the space solenoid 53, 
since the digit standing in this Order is a 9 and, 
as previously explained, the true value of 0 is not 
typed but controls energization of the Space mag 
net until the first true significant digit is read. 
This circuit is traceable as follows: from line 
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200 (Fig. ic), wire 202, c contacts of R. 33 
(shifted), b contacts of magnet OUT (shifted), 
wire 326 (Fig. 1h), a contacts of R243, a contacts 
of R242, common conductor 0 of the OUT step 
ping Switch at level 2, wiper 08 now standing 
in the i position, common conductor 32 in the 
readout device of accumulator Y in the highest 
Order (10) in which the brush is set at 9, lower 
most a contacts of R24 (shifted), Wire 352 (Fig. 
ld), b contacts of R250 to the space Solenoid 53 
and ground. 
As an incident to this operation, the carriage 

is Spaced, the OUT stepping switch advances to 
its next position (9) where the circuit is repeated 
through the next lower order of the Y accumu 
lator for three more Space operations, and there 
after the significant digit solenoids 115877 are 
energized in Succession through the a contacts of 
R24 and group of wires 353 (Figs. 1 h and 1d) to 
type the value in the coordinate field. 

After the typing of the units digit 7, the type 
Writer carriage will be in position to close the 
contacts TAB which will energize relay R. Of, 
traceable from line 200 (Fig. 10), contacts C2, 
wire 22 (Figs. 1b and 1a), b contacts of RiO5 
(shifted), wire 337 (Fig. 1b), c contacts of R. 37 
(shifted), wire 338 (Fig. 1d.), d contacts of RO7, 
wire 339, b contacts of R 03 (shifted), Wire 340, 
contacts TAB, wire 20, d contacts of Rf63 
(shifted), wire 3 7 (Fig. 1b), di contacts of R 99 
(shifted), relay R0 to ground, to shift and latch 
the contacts of this relay. 
A circuit is now completed to energize relay 

R30 which is traceable through the same path 
as for relay Rt of up to wire 37 (Fig. 1b) to icon 
tacts of R? 20, wire 222 (Fig. 1d.), f contacts of 
R? 03 (shifted), c contacts of R, G4, wire 34 
(FigS. lib and 1C) to ground. 
This relay, as before, controls the circuits for 

causing the OUT Stepping Switch to advance the 
same to its 1 or home position. When it reaches 
this 1 position, a circuit extends from line 290 
(Fig. "lic), through the common conductor | í 0 at 
level 8 to the wiper 08 in the 1 position, wire 
343, c contacts of R30, relay R4 with the cir 
cuit branching also through wire 354 (Fig. 1b), 
the b contacts of R0 (shifted), Wire 355 (Fig. 
1a), to relay ROT and ground. 
The function of relay RO7 is to shift the read 

out circuits for controlling the typewriter from 
accumulator Y to accumulator X, and this is 
brought about in the following manner. Before 
the typing takes place and before RO7 is ener 
gized, the carriage is automatically tabulated to 
the first printing position of the “Eastings' field 
(Fig. 20), which circuit is as follows: from line 
200 (Fig. la), contacts C2, wire 22 (Figs. 1b and 
1a), b contacts of R? 05 (shifted), wire 337 (Fig. 
1b), c contacts of R? 37 (shifted) wire 338 (Fig. 
1a), d contacts of R07, wire 339, b contacts of 
RO3 (shifted), wire 340 contacts TAB now 
closed, wire 20, di contacts of R. 93 (shifted), 
Wire 37 (Fig. 1b), c contacts of ROO (shifted), 
to the tabulating Solenoid TAB and ground. 
This Will cause the carriage to advance to the 
first typing position in the "Eastings' field. 

Relays R 33 and R24 are energized as before. 
In addition, a circuit is completed from line 269 
(Fig. 1c), wire 202, through the di contacts of 
R 33 (now closed), wire 355 (Fig. id), a contacts 
of ROT (shifted), to energize relay R242. This 
relay shifts its a contacts in Fig. 1h, so the first 
typing circuit is now traceable from line 290, and 
wire. 202 (Fig. 10), through the c contacts of 
R33, b contacts of OUT stepping magnet, wire 
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326 (Fig. 1h), a contacts of R243, a contacts of 
-R242 (shifted), to the common conductor O in 
the OUT stepping Switch, level 3. This switch 
is now in its 1 position, so that the circuit con 
tinues through the wiper í68 to the highest order 
conductor 32 of the accumulator X readout de 
Vice which is set at 9. The circuit continues 
through lowermost a contacts of R24, wire 352 
(Fig. 1d), and the b contacts R250 and thence to 
the Space Solenoid 53 to effect a spacing opera 
tion of the typewriter in accordance with prior 
explanation. Through similar circuits further 
Successive Spacing takes place with the circuit 
extending through the b contacts of R25 in their 
normal position until the first significant digit is 
typed, when relay R250 will be energized to shift 
the circuits from the Space Solenoids to the 0 
printing Solenoid in cases, where a 9 Setting Oc 
curs in the readout device. For the present ex 
ample, this 0 printing occurs in the units order 
position as noted in Fig. 20. 

After this last digit has been automatically 
typed, the carriage will step to its next position 
and at this type the OUT stepping switch will be 
in its 11 position. An automatic carriage return 
operation now takes place though a circuit trace 
able from the plus side of line (Fig. 1h), wire 
335, common conductor O of the OUT stepping 
SWitch at level 7, Wiper O8 in position 11, b con 
tacts of R243, wire 356 (Fig. 1h), and relay R. 34, 
With the circuit branching along wire 356, b con 
tacts of R G (shifted), Wire 357 (Fig. 'id), c. 
contacts of R07, wire 358 (Fig. 1b) (shifted), b 
contacts of R. 39 (normal), wire 359 (Fig. la) 
and carriage return Solenoid 53 to ground. The 
energization of this Solenoid will in the Well 
known manner effect a carriage return Opera 
tion which is accompanied by the usual line Space 
action at the end of the return stroke. 
As noted in Fig. 20, the typing is effected with 

the spacing between the lines containing the 
initial X and Y entries double spaced from the 
next following line. For the form employed, it 
is desired that the entry of the second angle and 
the north and south readings take place with 
a quadruple space interval which is obtained by 
effecting an additional line space operation. 
This is brought about by initiating a second car 
riage return operation which, as is usual in this 
type. Of machine, Will effect Simply a Spacing op 
eration if the carriage is already in its returned 
position. 

Referring to Fig. 1d, the contacts TAB5A and 
AB5B are shifted from the position shown 

When the carriage is in its home or returned 
position. Also in this Fig. 1d, the contacts 8a, 
and 8b close under control of the devices shown 
in Fig. 6 during the carriage return operation. 
Before the initial carriage return, a circuit is 
completed therethrough from line 200 (Fig. 10), 
through contacts TAB5B, e contacts of R06, 
Wire 368, contacts 8d, Wire 36 (Fig. 1b), and 
relay R. 39. This latter effects shifting of its b 
contacts to prevent further circuits through the 
OUT Stepping SWitch in level 7. The a contacts 
of R39 close to establish a holding circuit 
through a contacts of R? 40. 
The Second carriage return circuit is now 

traceable from line through the escapement 
contacts 69 (Fig. 1b), Wire 363 (Fig. 1a), con 
tacts TABSA (closed when the carriage reaches 
itS home position), wire 362 (Fig.1b), b contacts 
of Ri39 (shifted), and wire 359 to the carriage 
return solenoid and to ground as before. This 
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Will, as stated, effect the additional line space 
Operation. - 

Relay Rii) is now energized (see Fig. 2m) 
from line 200 (Fig. 1b), through escapement con 
tacts 69, wire 363 (Fig. 1a), TAB5A, 78to (closed 
mechanically as an incident to the Second car 
riage return operation), wire 364 (Fig. 1b) to 
relay R40. This relay will hold through its b 
contacts, the closed c contacts of R? 39, and wire 
22 to line. The relay R4 also opens its d. 
contacts in the holding circuit of R. 39, so the 
latter becomes deenergized and in turn opens 
its a contacts to drop out R? 40, whereby both of 
these relays Will become deenergized. 
The OU stepping switch is restored to its 1 

position as follows under control of a circuit 
from line 220 and wire 292 (Fig. 15), through 
the c contacts of R40 (shifted), Wire 34 (Fig. 
1C), relay R? 30 to ground. As before, the en 
ergization of relay R30 brings about the Suc 
cession of impulses to the OUT stepping magnet 
as it is advanced from position 11 through posi 
tion 20 and back to its 1 or home position. 
To complete the Sequence of operations, it is 

now necessary (see Fig. 2m) to release relays 
R03, RO, RE 37, which latter in turn deener 
gizes the keylock Solenoid so that further key 
entries may be made. The unlatching circuit for 
R. 33 is traceable from line 200 (Fig. 1h), wire 
335, through the common conductor 9 in OUT 
stepping switch in level 7, wiper 08 in position 
11, b - contacts R243, wire 356 (Figs. 1c and 1b), 
b contacts of R00 (shifted), wire 357 (Fig. la), 
c contacts of Rf O7 (shifted), wire 358 and wire 
365 to trip magnet of R. 93 and ground. 
The circuit for the trip magnet of R60 ex 

tends from line 200 (Fig. 1b), through escape 
ment contacts 69, wire 363 (Fig. 1a), TAB5A, 
78b, wire 364 (Fig. 1b), and wire 366 to the trip 
magnet of R00. The particular sequence in 
which the several magnets are energized and 
deenergized is indicated in the sequence diagram 
(Fig. 2m) to Which reference may be made. 
Relay R3, it will be recalled, is held through 

the a contacts of R. 38 and the a contacts of 
R. 40 So that, When the latter is energized, this 
holding circuit Will be broken. The incidental 
opening of the c contacts of R37 Will break the 
holding circuit through the keylock Solenoid. 
The Operator Will now type in the new station 

designations 3B-3C as indicated in Fig. 20 and 
Will tabulate the carriage to the first column of 
the azimuth field. The new angle 163° 40' 09' 
is typed as before followed by operation of the 
notor bar to close the contacts 28, 209. At this 
point in the operation, the relays R C and R. O. 
are still energized and the Operation of the no 
tor bar will effect deenergization thereof by, as 
indicated in Fig. 2m, completion of a circuit to 
their tripping magnetS. 
The trip circuit for R, 9 is traceable from line 

200, contacts C4a (Fig. 1a), motor bar contacts 
208, contactS TAB3 (now closed), Wire 244 (Fig. 
b), Winding T of Rf and ground. In Fig. 1a, 

the circuit from TAB3 extends along wire 24 
directly to T Winding of R and Rf6 in 
parallel. 
In the operation following the keying in of 

the new angle, relays will be energized as indi 
cated in Fig. 2m. Which correspond to relays pre 
viously energized as indicated in Fig. 2b in the 
machine cycle following entry of the first angle. 
From this point on, operations repeat as for 

the first Sequence of operations, varying to the 
extent of taking into account the algebraic signs 
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of the latitude and departure which, as indi 
cated in Fig. 20, are negative and positive, re 
spectively, so that the former is subtracted from 
the Y value and the latter is added to the X 
value. 

Key circuits 

Provision is made whereby the machine may 
be stopped during either a typing out period or 
during a computing period, in Such manner that 
the problem can be continued from that point 
by Operation. Of the motor bar. 
In Fig. 1a, closure of stop key contacts 370, 37 

will complete a circuit When contactS C3 close, 
which is traceable from line 200, contactS C3, 
contacts 370, wire 372 to winding P of the latch 
type relay R. O. A parallel circuit extends from 
contacts 370 down through Wire 373 (FigS. lb 
and 1c) to relays R. 38 and R32, which Will be 
energized for the duration of closure of contacts 
C3. Relay R132 opens its a contacts (Fig. 1c) 
to open the holding circuit of R3 which in 
turn opens its contacts to prevent homing of 
the IN stepping switch. Relay R. 38 Will open 
its a contacts to break the holding circuits of 
R, f 39 and R Í 37 which in turn release the keylock 
Solenoid (Fig. 1b). Relay Ri O shifts its b con 
tacts (Fig. 1a) to open the circuit to Wire 27 
to prevent a further energization of R3T. 

Relay Ri32 also opentSitS b contactS (Fig. 1c) 
to break the holding circuit to R. 33, which in 
turn opens its d contacts to deenergize R24. 
whose b contacts (Fig. 1j) disconnect the type out 
circuits from the key Solenoids 53. The conse 
quent opening of the c contacts of R. 33 through 
which the type out impulse is transmitted will 
prevent the transmission of the type out im 
pulses to the different stepping SWitch levels. 
This Will effect the Suspension of typing out oper 
ations if Such are in progreSS When the Stop key 
is operating. The opening of the b contacts of 
R. 33 will also interrupt the circuit to the OUT 
stepping magnet, so that the related Switch is not 
advanced and will remain in the position it oc 
cupies when the stop key is operated. 

If the stop key is operated during the perform 
ance of a computing Operation, a circuit is com 
pleted to the trip winding T of R62. This cir 
cuit is traceable from line 260 (Fig. 1a), contacts 
C3, stop key contacts 3G, 37, Wire 237 (Fig.1b) 
and the Ti Winding of R, G2. to ground. This relay 
will open its d. contact through. Which the CB 
clutch magnet is energized and thus prevent 
further tripping of this magnet. Therefore, it 
will interrupt further operations of the CB. cons 
tacts. 
To resume operations, the motor bar is oper 

ated and, if typing Out Were in progreSS previous 
to stoppage, a circuit is traceable from line 200 
(Fig. 1a), through contacts C4a, motor bar con 
tacts 209, a contacts of R O (shifted), wire 375, 
di contacts of Ri 05 (shifted), Wire 376 (Figs. 1b 
and 1c), and P Winding of Rf 33 which Will hold 
as before and reestablish the type out circuits 
through which the operations will pick up from 
where they had left off and continue as explained. 

If the interruption had occurred during a cal 
culating operation, the circuit will extend from 
contacts C4a, through the motor bar contacts 
209, a contacts of RO (shifted) wire 375, d. 
contacts of R i5 (Which Would be in their nor 
mal position due to the calculating condition), 
wires 24, 27 (Fig. 1b), thence to the pickup 
winding P of R02 and to ground, reestablishing 
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a circuit to the CB clutch magnet With resulting 
resumption of computing Operations. 

Clear icey circuits 
to insure that the various instrumentalities are 

in proper position and condition prior to start 
ing a Sequence of operations, the “Clear' key is 
provided and, when Operated, will initiate the 
following operations through its contacts 377. 

Clediring the Sequence trait-This unit (Fig. 
1S) may be in any of its twenty positions and is 
to be advanced to its home or 1 position. De 
pression of the “Clear' key will complete a circuit 
from line 200 (Fig. 1b), through contacts C4, 
contacts 37, wire 378 and relay R 9 to ground. 
A holding circuit through its a contacts and the 
normally closed contacts CB24 will hold the re 
lay R. 3 energized until a Subsequent CB cycle. 
With the di contacts of the relay now closed, a 
circuit is traceable from line 260, through conº 
tacts C5, d contacts of R i 20 (normal), d con 
tacts of R. 9 (shifted), Wire 39 (Fig. 1s), the 
Start magnet f63 of the 'Sequence unit to ground. 
The Sequence unit (Fig. 1S) When thus Started 
Will continue to its home or 1 position where it 
is mechanically uncoupled as previously ex 
plained. At the end of the cycle in which the 
homing of the sequence switch was initiated, 
contactS C6 (Fig. 1b) close to complete a circuit 
from line 20, through these contacts and the 
b contacts of Rf 9, to the pickup winding P of 
Rf 20 and to ground. This relay in turn will 
Close its a contacts to hold through C. From 
the time, chart (Fig. 4) it Will be seen there is 
an overlap between the timing of contacts C6 
and C7 whereby. Rf 20 will now remain continu 
ously energized until R. É í 9 is tripped during the 
first ensuing CB cycle through the opening of 
contacts CB24. 
Now, upon the reclosure of contacts. C4 a cir 

cuit is traceable from line 200 (Fig. 1b), through 
these contacts, wire 380, the g contacts of RI 2G 
(shifted), wire 38 : (Fig. 1d) and the pickup 
Winding of R248, which as previously explained 
Will result in tripping of all the relay storage 
contacts through energization of the trip wind 
ings of the group of relays which are generally 
designated R2 i (FigS. id and ie). In this man 
ner the relay storage unit is cleared. Later, when 
contacts C5 (Fig. 1b) again close, a circuit ex 
tends therefrom to the di contacts of R. i 2 
(shifted) and wires 245, and 244 (Fig. 1d) to the 
trip windings of relays Rf (), R 96 and R to 
restore the contacts of these relays to their nor 
mal positions. Depending upon prior operation 
of the nachine, one or more or none of these 
relayS. might be in energized condition, and the 
circuit just traced aSSures that all are reset at 
this time. 

Following this, closure of contacts C2 (Fig. 1a) 
completes a circuit from line 23, through con 
tacts C2, wire. 221 (Fig. 1b), b contacts of R129 
(shifted), c contacts of R. 9 (shifted), wire 382, 
CB clutch magnet to line. As a result, the CB 
contacts will now go through a cycle of opera 
tions. Of these, contacts. CB 6 close early in the 
Cycle to complete a circuit from line 23 to a 
group of contacts of the relay R. i. 9 designated 
e to m from which a group of parallel circuits 
extends to various magnets. Specifically, the e 
contacts are connected through wire 383 (Fig. 
17) to the MP reset relay R33. The f contacts 
are connected through wire 384 (Fig. 17) to the 
MC reset relay R306. The g contacts are con 
nected through the wire 385 (Fig. 1t), to the 
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any given angle between 0° and 360° and each 
of the angles 0°, 45°, 135°, 180°, 225, 270° and 
315, said given angle being measured from a 
predetermined radius of a circle, means con 
trolled by Said settable device for ascertaining 
the furthest octant of the circle lying within the 
angle, means controlled by said ascertaining 
means and Said device for converting the angle. 
into an angle between 0° and 45° by subtracting it 
from 90° if it extends into the second octant, by 
Subtracting it from 180° if it extends into the 
fourth octant, by Subtracting it from 270° if it ex 
tends into the sixth octant, by subtracting it from 
360° if it extends into the eight octant, by sub 
tracting 90° from the angle if it extends into the 
third octant, by Subtracting 180° from the angle 
if it extends into the fifth octant, and by sub 
tracting 270° from the angle if it extends into the 
Seventh octant, a table lookup device contain 
ing Settings representative º of cosines of angles 
from 0 to 45, means for reading out any of said 
cOSines, and means controlled by Said ascertain 
ing means for controlling the operation of Said 
reading out means in accordance with the value 
of the converted angle. 

5. The invention set forth in claim 4 in which 
multiplying mechanism is provided including a 
pair of factor receiving devices, a product device, 
one of Said receiving devices being Settable to 
represent, a distance, means controlled by the 
reading out means. for entering the selected 
cosine into the other factor receiving device, said 
multiplying mechanism being effective to obtain 
the product of the two factors, and further means 
controlled by Said ascertaining means for indi 
cating the algebraic sign of the product in ac 
cordance With the size of the initial angle. 

6. In a machine of the class described, means 
settable to represent an angle measured from 
the vertical axis of a circle, means settable to 
represent a distance measured from the center 
of the circle along a line forming said angle with 
said vertical axis, means including the first Set 
table means for converting the Setting thereof 
to represent the angle between said line and the 
nearest horizontal or vertical axis of the circle, 
a table lookup device containing cosines of angles 
from 0 to 45°, multiplying mechanism including 
a pair of factor receiving and product manifest 
ing devices, means controlled by the first Set. 
table means for causing selection of the cosine 
of the converted angle from Said table lookup 
device and entry thereof into one of Said factor 
receiving devices, means controlled by the Second 
settable means for causing entry of the distance 
into the other factor receiving device, said mul 
tiplying mechanism operating to obtain the prod 
uct representing the distance along said nearest 
axis of the side of the right triangle formed by 
the converted angle. 

7. The invention set forth in claim 6 in which 
further means is provided and controlled by the 
converting means for indicating the direction of 
said computed distance with respect to the center 
of the circle. 

8. In a machine of the class described, means 
settable to represent an angle measured from 
the vertical axis of a circle, means Settable to 
represent a distance measured from the center 
of the circle along a line forming said angle with 
said vertical axis, means including the first Set 
table means for converting the setting thereof 
to represent the angle between said line and the 
nearest horizontal or vertical axis of the circle, 
a table lookup device containing the sines of 
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angles from 0 to 45°, multiplying mechanism. 
including a pair of factor receiving and product . 
manifesting devices, means controlled by the first 
Settable means for causing selection of the sine 
of the converted angle from said table lookup 
device and entry thereof into one of said factor 
receiving devices, means controlled by the second 
Settable means for causing entry of the distance 
into the other factor receiving device, said multi 
plying mechanism operating to obtain the prod 
uct representing the perpendicular to said near 
est axis from the end of the line representing the 
initial distance, and further means controlled 
by the converting means for indicating the di 
rection of Said perpendicular with respect to the 
center of the circle. 

9. In a nachine of the class described, means 
Settable to represent an angle measured from the 
Vertical axis of a circle, means settable to repre 
Sent a distance measured from the center of the 
circle along a line forming said angle with said 
Vertical axis, means including the first settable 
means for converting the setting thereof to rep 
resent the angle between said line and the near 
est - horizontal or vertical axis of the circle, a 
table lookup device containing cosines and sines 
of angles from 0 to 45, multiplying mecha 
nism including a pair of factor receiving and 
product manifesting devices, means including 
Said first Settable means for causing selection of 
the cosine and Sine of the converted angle in 
Succession fron said table lookup device and 
entry thereof into one of said factor receiving 
devices, means controlled by the Second settable 
IileanS fol' causing entry of the distance into the 
other factor receiving device, means for causing 
the nultiplying means to obtain in its product 
manifesting devices the distance times the cosine 
and then the distance times the sine, and means 
controlled by Said product manifesting devices 
for recording said results in succession. 

i0. In a machine of the class described, means 
Settable to represent an angle measured from the 
Vertical axis of a circle, means settable to repre 
Sent a distance measured from the center of the 
circle along a line forming said angle with said 
vertical axis, means including the first settable 
means for converting the setting thereof to rep 
resent the angle between said line and the near 
est horizontal or vertical radius , of the circle, 
further devices controlled by said first settable 
means to represent the octant of the circle in 
Which the converted angle lies, a table lookup 
device containing sines and cosines of angles 
from 0 to 45, a function receiving device, means 
controlled by the first settable means for effecting 
Selection of the Sine and cosine of the converted 
angle and entry thereof into said function receiv 
ing device, multiplying mechanism including a 
pair of factor receiving devices, a product mani 
festing device, means for transferring the dis 
tance to one of the factor receiving devices, 
means for transferring the sine and cosine in 
SucceSSion into the other factor receiving de 
Vice, Said multiplying mechanism operating to 
obtain in Succession the product of distance times 
Sine and distance times cosine in the product 
manifesting device, and means controlled by the 
Said octant representing means for determining 
the order in which the sine and cosine are trans 
ferred. 

11. The invention set forth in claim 10 in 
which recording means is provided and controlled 
by said product manifesting device to record the 
two products in Succession, and means controlled 
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by the octant representing means for causing the 
recording means to record with each product the 
algebraic sign appropriate thereto. 

12. In combination, a pair of accumulators 
having denominationally ordered elements for 
readin and readout, circuit connections extend 
ing from the readout elements of one accumula 
tor to the readin elements of the other accumu 
lator to normally connect related orders to One 
another, a column shift device included in Said 
connections comprising separate sets of shiftable 
contacts, one set when shifted connecting the 
readout to the readin with a 1 order displace 
ment, a second set when shifted connecting the 
readout to the readin with a 2: Order displace 
ment, and a third set When shifted connecting 
the readout to the readin with a 4 Order dis 
placement said sets, constituting a binary pro 
gression, Whereby said sets of contacts when en 
ergized in binary combinations from 1 to 7 effect 
corresponding displacement, means settable to 
represent a multi-denominational value, and 
means controlled thereby for selectively shifting 
the sets of contacts singly or in combination to 
effect any desired displacement in accordance 
With the denominational magnitude of the set 
WalUle. 

13. In a machine of the class described, a table 
lookup device containing sines and Cosines of a 
Series of angles and including a switch having 
Stationary contactors arranged in 20 positions 
and rrìOVable WiperS arranged tO engage Said COIl 
tactors, circuits controlled through the wipers 
and contactors to read out a different Sine Or 
cosine for each position, means for initially ef 
fecting a differential positioning of the wipers 
across the first 10 positions to select any one 
of ten cosines, means for reading out the se 
lected cosine, means effective thereafter for ad 
Vancing the wipers 10 positions from the initially 
selected position to the position in the second 10 
positions corresponding to the related position, 
Said Second Selected positions containing the Sine 
corresponding to the cosine initially selected, and 
means for reading Out the Selected Sine in the 
first 10 positions. 

14. In combination, a pair of entry receiving 
devices having denominationally Ordered elle 
ments for read in and read out, circuit connec 
tions extending from the readout elements of one 
device to the read in elements of the other de 

0 

5 

20 

25 

30 

35 

40 

45 

50 

64 
vice to normally connect related orders to one 
another, a column shift device included in Said 
connections comprising separate sets of shiftable 
contacts, one set when shifted connecting the 
readout to the readin with a 1 order displace 
ment, a second set when shifted connecting the 
readout to the readin with a 2 order displace 
ment, and a third set when shifted connecting 
the readout to the readin. With a 4 Order dis 
placement, said sets constituting a binary pro 
gression, whereby said sets of contacts When en 
ergized in binary combinations from 1 to 7 effect 
corresponding displacement, a multiplier accu 
mulator, a set of denominationally ordered re 
lays, one for each accumulator order, energized 
under control of the accumulator in orders COn 
taining zeros, means controlled by said relays 
to cause said contacts to effect a shift equal to 
the number of energized relays to the left of the 
highest ordered relay that is not energized, 
means controlled by the shifted contacts for 
thereafter energizing Said highest Ordered non 
energized relay, and means for causing repeated 
operation of said devices to cause said contact 
selection and said relay energization to occur in 
repeated alternation. 

HANS P. LUIHIN. . . 
RICHARD I. JOHNSON. 
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