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16 Claims. (C. 235-60.31) 

This application is a continuation-in-part of my copend 
ing application, Serial No. 359,071, filed June 2, 1953, 
for a Calculating Machine, now abandoned. 
The invention relates to automatic calculating machines 

of the electric mechanical type having both electrical and 
mechanical controls. It has particular reference to the 
improvements and simplified devices which obtain partial 
products during a multiplication operation cycle when a 
single digit in a multiplier is multiplied by all the digits in 
a multiplicant. The invention also has particular reference 
to the automatic positioning of entered numbers and re 
sults about a decimal point position in an accumulator 
and on a record sheet. 

Calculating machines capable of performing the four 
primary computations of addition, subtraction, multipli 
cation, and division in an automatic manner are always 
complex and require a skilled operator to obtain the de 
sired results. It is desirable to provide a machine which 
will perform any of the four computations without exercis 
ing any more skill than would be required to operate a 
simple adding machine. It is also desirable to print all 
entries put into the machine and all results obtained from 
the machine on a record sheet with the decimal point al 
ways aligned about a common decimal position. 
One of the underlying principles of the present inven 

tion is to count the digits on either side of the decimal 
point as they are entered into a storage block. With this 
data the position of the decimal point in a product or 
quotient can be obtained automatically and the result is 
printed in a position on the recording sheet which shows 
the exact decimal position. Other novel features will be 
evident when the description is read in connection with the 
drawings. 
One of the objects of the present invention is to pro 

vide improved automatic calculating machine which avoids 
one or more of the disadvantages and limitations of prior 
art arrangements. 

Another object of the invention is to reduce the number 
of mechanical and electrical parts in an automatic cal 
culating machine. 

Another object of the invention is to improve the ac 
curacy of calculating machines by providing a system for 
entering digits which is positive in operation. 

Another object of the invention is to increase the flex 
ibility of calculating machines by providing two or more 
accumulators with operative means for transferring a 
number from any one accumulator to any other accumu 
lator in an additive or subtractive manner. 

Another object of the invention is to increase the use 
fulness of calculating machines by providing a printing 
mechanism which is capable of printing all numbers en 
tered into the machine and all results. 

Another object of the invention is to automatically 
determine the decimal point for all numbers whether the 
result of addition, subtraction, division, or multiplication. 

Another object of the invention is to print the results 
of addition, subtraction, and multiplication on a record 
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2 
sheet arranged about a decimal position which can be 
indicated on the sheet by a characteristic mark. 
Another object of the invention is to employ an im 

proved relay system for obtaining a plurality of partial 
products when all the digits in the multiplicand are multi 
plied by each digit in the multiplier. 
Another object of the invention is to enable a calculat 

ing machine to perform division in a simplified manner by 
omitting the usual requirement of an addition cycle after 
an over-subtraction cycle. 
Another object of the invention is to insure the accuracy 

of calculating machines by providing a safety circuit 
which operates whenever there is a break in the electrical 
power applied to the machine, 
The invention includes an automatic calculating ma 

chine for receiving, storing, and processing digital values 
and comprises a plurality of accumulators, each including 
a plurality of denominational order gears; a series of 
driving gears coupled to the accumulator gears; electro 
magnetic clutch means for turning the driving gears an 
amount proportional to a digit value and a control means 
for energizing the electromagnetic means to operate the 
accumulator gears. 
The invention also includes a carry system which com 

prises a set of electrical contacts in each denominational 
order which are mechanically operated when a counting 
wheel passes from a 0 to a 9 in either direction. An 
electromagnetic clutch is in series with each of the con 
tacts and power is supplied to the clutches to turn the 
accumulator in the next higher order one digit space after 
the adding or subtracting cycle is finished. 
A feature of the invention includes nine partial product 

relays, each containing circuit contacts which are assigned 
values corresponding to the tens and units digits of prod 
ucts of all numbers from one to nine, inclusive; each of 
the relay contacts connected in series with a control con 
tact and one or more electromagnetic clutches which con 
trol a series of accumulator counting wheels to turn an 
amount proportional to the digit values of the product of 
a multiplicand digit and a multiplier digit. 
Another feature of the invention includes a system for 

determining the decimal point position in a sum, differ 
ence, product or a quotient. To accomplish this during a 
dividing operation the digits of a dividend are first entered 
into a storage block and the digits to the left of the 
decimal point are counted. Then the dividend is entered 
into an accumulator in a predetermined position. The 
digits of the divisor are entered into the storage block 
and the digits to the right of the decimal point are added 
to the counted dividend digits. A positioning system is 
employed to align the digits to position the lowest digit in 
the divisor in the same denominational order as the highest 
digit in the dividend. During the usual repeated subtrac 
tion and storage block shift operations a decimal point is 
printed between digits in the quotient when the sum of the 
digit places to the left of the decimal point in the dividend 
plus the number of digit places to the right of the decimal 
point in the divisor is equal to the number of storage block 
shift operations. 
To accomplish this during a multiplication operation 

an accumulator decimal point is first assigned a position 
between two accumulator orders. Then the multiplacand 
digits are entered into the storage block and the digits 
to the right of the decimal point are counted. Next, the 
multiplier digits are entered into the storage block ad 
joining the multiplicand digits and the number of digits 
to the right of the multiplier decimal point are added 
to the decimal digits of the multiplicand. Before the 
start of the multiplication operation the storage block is 
further shifted a number of digit spaces which is the 
difference between the number of decimal spaces in the 
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accumulator and the sum of the decimal digits in the 
multiplicand and the multiplier. 
During an addition or subtraction operation with deci 

mal point registration the numbers are entered into the 
storage block as described above and the digit places to 
the right of the decimal point are counted. Before the 
start of the operation the storage block is shifted a num 
ber of digit places which is the difference between the 
number of decimal spaces in the accumulator and the 
number of decimal digits in the entered number. 

Another feature of the invention includes a circuit 
means for removing the entered number from the storage 
block whenever the decimal capacity of the machine is 
exceeded. 

For a better understanding of the present invention, to 
gether with other and further objects thereof, reference 
is made to the following description taken in connection 
with the accompanying drawings. 

Figs. 1 and 2, when viewed together, are a plan view 
of the entire calculator with some of the cover plates 
removed. - 

Figs. 3 and 4, when viewed together, are a side view 
taken from the right side of the calculator with the covers 
removed. 

Fig. 5 is a plan view of the accumulator and print 
ing mechanisms removed from the base member. 

Fig. 6 is a side view, taken from the left, of the ac 
cumulator and printing mechanism. 

Fig. 7 is a view similar to Fig. 6 but taken from the 
right side. 

Fig. 8 is a sectional view of the accumulator and 
printing mechanism, taken along line 8-8 of Fig. 5. 

Figs. 8A, B, C, and D side views of one of the accumu 
lator wheels showing carry contacts. 

Fig. 9 is a front view of the accumulator mechanism 
With the keyboard and associated mechanism removed. 

Figs. 9A, B, and C are front views of one of the shuttle 
shaft control mechanisms. 

Fig. 10 is a sectional view of the keyboard mechanism 
taken along line 10-10 of Fig. 16. 

Fig. 11 is a side view of the keyboard mechanism taken 
from the right. 

Figs. 12 and 13 when viewed side by side are a sec 
tional view of the base mechanism with the keyboard, ac 
cumulator, and printing mechanism removed. 

Figs. 14 and 15 when viewed side by side are a plan 
view of the base mechanism with all the plug-in units 
removed. 

Fig. 16 is a front view of the keyboard with the cover 
removed. 

Fig. 17 is a partial sectional view of the Retain key 
taken along line 17-17 of Fig. 20. 

Fig. 18 is a partial sectional view of the Retain key 
taken along line 18-8 of Fig. 20. 

Fig. 19 is a sectional view of the Non-List key, also 
the Lower Register key taken along lines 19-19 and 
19A-19A of Fig. 20. 

Fig. 20 is a sectional view of the keyboard mechanism 
taken along line 20-20 of Fig. 16. 

Fig. 21 is a detailed sectional view of a small part of 
the keyboard mechanism and is taken along line 21-21 
of Fig. 20. 

Fig. 22 is a plan view of the storage block. 
Fig. 23 is a sectional view of some of the operational 
y f the keyboard and is taken along line 23-23 of 

ig. 10. 
Figs. 24 to 28, inclusive, are sectional views of the key 

shanks and stop bars taken along corresponding section 
lines of Fig. 23. 

Fig. 29 is a side view of the keyboard mechanism, 
taken from the left, and shows the connecting lugs to 
the storage block switches. - 

Fig. 30 is a sectional view of the Lower to Upper 
key showing the key shank and its cooperating mecha 
St. 

O 

4. 
Figs. 31 to 35A, inclusive, are sectional views similar 

to Fig. 30, showing other operational keys. 
Fig. 36 is a sectional view of the keyboard mechanism, 

taken along line 36-36 of Fig. 10, and shows Some of 
the operating components. 

Fig. 37 is a sectional view of part of the keyboard 
mechanism taken through the "0' key on line 37-37 
of Fig. 10. 

Fig. 37A shows part 250 in the operated position. 
Fig. 38 is another sectional view of the keyboard 

mechanism taken along line 38-38 of Fig. 11 but omit 
ting some of the components. 

Fig. 39 is a sectional view of a part of the keyboard 
mechanism, taken along line 39-39 of Fig. 20. 
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Fig. 40 is a front view of the escapement mechanism. 
Fig. 40A is a view of the escapement mechanism taken 

from the back. 
Fig. 41 is a side view of the escapement mechanism 

taken from the right side of Fig. 40. 
Fig. 42 is a sectional view taken along line 42-42 of 

Fig. 40. 
Fig. 43 is a sectional view taken along line 43-43 of 

Fig. 40. 
Fig. 44 is a sectional view taken along line 44-44 of 

Fig. 40. 
Fig. 45 is a top view of the escapement mechanism. 
Fig. 46 is a part sectional view taken generally along 

line 46-46 of Fig. 40. 
Fig. 47 is a top view of the three commutator shafts 

with their commutator segments and clutches. 
Fig. 48 is a sectional view of the commutator shafts 

taken along line 48-48 of Fig. 47. 
Fig. 49 is a sectional view of the commutator shafts 

taken along line 49-49 of Fig. 47. 
Fig. 50 is a sectional view of the “A” commutator shaft 

taken along line 50-50 of Fig. 49. 
Fig. 51 is a side view of the nine multiplier relays, 

assembled as a unit, with some parts cut away to show 
the internal construction. 

Fig. 52 is a sectional view, taken along line 52-52 
of Fig. 51 and shows some of the details of the “times 
three' relay unit. 

Fig. 53 is a sectional view, taken along line 53-53 of 
Fig. 51 and shows the other side of the “times three" 
relay unit. 

Fig. 54 is a side view of the “times three' relay with 
parts in section to show the details of the inner mecha 
S. 

Fig. 55 is a side view of the “Units Tens Transfer” 
relay with parts in section to show the details of the make 
and break contact components. 

Fig. 56 is a plan view of the "times one” relay unit 
with its armature removed. 

Fig. 57 is a plan view of the “Units Tens Transfer” 
relay showing the tens value plate with its armature re 
moved. 

Fig. 58 is a plan view of the “Units Tens Transfer 
relay showing the units value plate. 

Fig. 59 is a plan view of the moving element in the 
“Units Tens Transferrelay. 

Fig. 60 is an end view of the element shown in Fig. 59. 
Fig. 61 is a side view, with parts in section, of the 

plate shown in Fig. 58. 
Fig. 62 is a bottom view of the element shown in 

Fig. 59. 
Fig. 63 is a plan view of the "times four" relay base 

with its armature removed. 
Fig. 64 is a plan view, of the "times three' relay base. 
Fig. 65 is a detail drawing on a larger scale showing 

a small section of the relay base. 
Fig. 66 is a plan view of a typical clapper unit showing 

the iron relay armature. 
Fig. 67 is a plan view of the clapper unit of Fig. 66 

but showing the reverse side. 
Fig. 68 is a side yiew of the clapper unit of Fig. 66 
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showing how the conductor pins fit in the contact units. 
Fig. 69 is a side view of the printer unit showing the 

type wheel, printer arm, and paper feed mechanism. 
Fig. 70 is a side view similar to Fig. 69 but on a smaller 

scale to show more of the paper feed components. 
Fig. 71 is a schematic wiring diagram of the complete 

multiplier relay assembly. 
Figs. 72 to 79, inclusive, when arranged as indicated 

in Fig. 80 (below Fig. 22) constitute a schematic wiring 
diagram of the complete calculator. 

Fig. 80 indicates the manner of assembling Figs. 72 
to 79. 

Figs. 81 to 83, inclusive, are a timing diagram, showing 
the duration of contact of the commutator segments of 
shafts A, B, and C and indicating the periods when the 
shafts are stopped. Figs. 84, 85, and 86 are sample cal 
culations. 

GENERAL ORGANIZATION 
The calculator will now be described in general terms, 

omitting for the present the detailed features of novelty 
and invention. Reference is made to Figs. 1 to 15 which 
show all the major components of the calculating ma 
chine. These major components are plugged into a base 
structure which is shown in detail in Figs. 12, 13, 14, and 
15. The base includes a supporting casting 100 on which 
is mounted an electric motor 101, a rectifier unit 102, a 
transformer 103, a multiple plug-in socket 104 for the 
rotating commutators, and a plug-in socket for the key 
board unit 105. The base member also contains a num 
ber of relay units 106 and 107 which will be described in 
detail later. In Fig. 12 an escapement assembly 108 is 
shown mounted on the base casting together with con 
tact fingers 110 which control the position of a storage 
block and its movement in both directions across the 
width of the machine. Other plug-in units and contact 
fingers supported on the base structure will be described 
in detail hereinafter. 

Figs. 1 and 2 when taken together show the main 
components as viewed from above with the cover re 
moved. A keyboard panel 111 contains ten digit keys 
112 and a plurality of operation keys 113. Directly 
behind the keyboard is the escapement mechanism 108 
and some of the controls which cause it to operate. A 
relay 114 is mounted on the right hand side of the ma 
chine and is used exclusively for obtaining the partial 
products of all combinations of two digits from 1 to 9. 
Details of the multiplier relay are shown in Figs. 51 to 
68, inclusive, and will be described later. A paper roll 
115 is positioned at the rear of the machine and is 
used for paper storage for a printing mechanism in the 
usual well known manner. A ribbon container 116 is 
mounted adjacent to the paper roll for use by the print 
ing mechanism. The calculator contains 15 denomina 
tional orders and a printing mechanism 117 includes 15 
print arms for printing the digits which have been run 
into each of the 15 orders in the accumulator. A six 
teenth print arm 119 is used to print quotient digit values. 
A seventeenth print arm 118 contains the usual addi 
tional characters, such as -, T, ST, and X. An eighteenth 
print arm 129 contains a decimal point for designating 
a decimal point when a quotient is being printed. At the 
back of the machine below the paper roll 115 an "A" 
commutator shaft 120 is located (Fig. 4), with “B” and 
'C' shafts beside it toward the front of the machine but 
not visible in Fig. 2. A paper platen 121 is employed in 
the usual manner to roll the paper from the storage roll 
115 and position it in front of the print arms 117, 1:8, 
119, and 129. The platen is connected to a shaft 22 
and a hand knob 123. 

Figs. 3 and 4 when taken together form a side view 
of the calculator taken from the right side and show the 
multiplier relay assembly 114 in block, the rectifier unit 
102, the paper roll 115, and the “A” commutator 120. 
This view also shows the “C” commutator shaft 124 and 
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6 
indicates a Worm Screw 125 attached to a shaft 126 ruit 
by the electric motor 10. Fig. 4 shows the upper rib 
bon container 116 and a lower ribbon container 127 to 
gether with the ribbon 128. 

Fig. 5 shows part of the rear end of the calculator and 
is similar to Fig. 2 but certain parts have been omitted 
from this figure for the sake of clarity. Print arms 17 
are positioned directly above an assembly of eighteen drive 
gears 130 which are controlled by eighteen associated 
electromagnetic clutches 131 (see Fig. 8) and control 
the entering of digits into the machine's accumulator 
mechanisms. In order to show the operator what num 
ber is in the upper accumulator a series of fifteen visual 
wheels 132 are mounted at the top of the machine just 
back of the keyboard. The machine shown in the draw 
ings contains two accumulator units with means for enter 
ing a number from the keyboard into either accumulator, 
additively or subtractively, and also contains means for 
shifting a number in either accumulator to the other 
accumulator, either additively or subtractively. However, 
it should be obvious that any number of accumulators 
can be used in this type of machine in accordance with 
the ideas here disclosed. The upper accumulator 33 is 
shown in Fig. 8 with an idler gear 134 for adding in 
amounts directly from the drive gears 130. An addi 
tional set of gears 35 is employed to transfer numbers 
from the drive gears i30 to the accumulator gears 33 
in order to subtract. The lower accumulator 136 is simi 
lar to the upper accumulator and has a series of idler 
gears 137 and a series of gears for subtracting i38. Di 
rectly below the accumulater mechanism four relays are 
positioned. Relay 146 is operated when the upper accu 
mulator is to be cleared. Relay 4 is operated to pro 
vide a carry in the upper accumulator. Relay i42 is 
similar to relay i49 but is for clearing the lower accumu 
lator while relay 43 is operated to provide a carry in 
the lower accumulator. The circuits connecting the relay 
windings and their associated contacts will be described 
in detail later. The accumulator gears 133 are always in 
mesh with their associated idler gears, and gears 134 
are normally in mesh with gears 135. However, neither 
gears 134 nor 35 are in mesh with the drive gears i3) 
unless they are shifted in an axial direction by an cut 
side control means. This control means is shown gen 
erally in Fig. 5 where shafts 144, 45, 146, and 47 are 
shown at the left side of the machine urged by springs 
which normally maintain the gears in an unmeshed con 
dition. In Fig. 5 the operating means which controls the 
shaft movements is not shown but Fig. 6, which is a side 
view taken from the left of the rear portion of the cal 
culator shows the operating lever 148 and the can wheel 
150 which operates it. Retaining means for holding any 
one of the shafts 144 to 47 in engaging position is 
mounted on the right hand side of the calculator (iFigs. 
5, 7, and 9). This means comprises four magnets 15i, 
152, 153, and 154, the latter not being visible in Fig. 5. 
The armature of these magnets contain slotted portions 
which engage the ends of shafts 44 to 147 and hold any 
one of them in an operated condition. (Fig. 9A, 93, 9C.) 

Digit amounts are entered into the keyboard 2 by 
the operator and each key operates a small electrical 
switch in a storage block 155 directly under the keyboard 
(see Fig. 10). There are fifteen denominational orders 
and ten digits, 0 to 9, inclusive, therefore there are a hun 
dred and fifty electrical switches in the storage block. 
Sliding contacts are maintained with all the switch termi 
inals, all the digits of equal value being connected by 
contact rods 156 (Fig. 22) and all the switches in each 
of the fifteen denominational orders are connected by a 
series of sliding contacts 57 (Fig. 10). 
The operation keys in the keyboard contain the usual 

control keys such as start, total, Subtotal, clear, and list. 
In addition control keys are provided which will trans 
fer a number from the upper accumulator to the lower 
and from the lower to the upper. A subtract key causes 
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subtraction instead of addition while the non-list key 
disables the printer mechanism. If it is desired to enter 
numbers from the keyboard directly to the lower register 
a control key may be operated for this operation. 
One of the novel features of the calculator resides in 

the decimal point control system. When a number hav 
ing a decimal point is to be entered the digits to the left 
of the decimal point are entered into the storage block 
by the operator, then the decimal point key is depressed 
and then the numbers to the right of the decimal point are 
entered. If this procedure is followed in all cases of 
addition or subtraction the numbers will be aligned about 
a central decimal position which may conveniently be 
designated by a red line vertically printed on the paper 
rol. 115. 
When it is desired to perform multiplication of two 

numbers with the decimal point control, the multipli 
cand with its decimal point is first entered into the storage 
block and the multiplier key 224 (X) is depressed. Then 
the multiplier is entered into the storage block with the 
decimal point and the start key 187 is depressed. 
The multiplier and multiplicand are both retained in 

the storage block during the multiplication operation. 
After the start key is depressed the machine will auto 
matically multiply the two numbers and at the end of 
the operation the product will appear in the visual digit 
wheels properly aligned about a decimal position. If the 
multiplication operation is done in the lower accumulator 
the result is not visible to the operator. The product is 
retained in the accumulator and is available for other 
operations and the multiplicand and multiplier are re 
tained in the storage block until it is automatically re 
turned to its normal position and cleared. If it is de 
sired to print the result and clear the accumulator the 
total key 92 is depressed. 

In order to divide one number by another the dividend 
key 160 is first depressed. Then the number is entered 
into the storage block with the decimal point, and the 
start key 158 is depressed. This action moves the storage 
block so that the highest order digit is in the 9th denomi 
national order (controlled by a counting wheel) and the 
number is then entered into the upper accumulator. The 
storage block is next returned to its normal position and 
cleared. Next the divisor key 161 is depressed and the 
divisor is entered into the machine with the proper deci 
mal point designation. Then the start key 158 is de 
pressed and the lowest order digit of the divisor is aligned 
under the previously entered highest order of the divi 
dend. From this position the machine will divide the 
dividend by the divisor using the process of repeated sub 
traction. The quotient is printed vertically on the paper 
with a decimal point printed in its proper place. The 
remainder is printed in horizontal alignment in the usual 
Inac. 

Keyboard digit keys 
The keyboard, as shown in Figs. 1, 10, 11, 16, 37, and 

38 comprises digit keys from 0 to 9, inclusive. The 
keys are connected to key shanks 162 which are offset 
beneath the panel 168 and enter a ball lock 63 (Fig. 
10) comprising ten balls set in a race and arranged to 
permit only one key to be depressed at any one instant. 
Directly beneath the ball lock is a series of ten key 
rods 164, each of which is latched in a slot in an upper 
supporting plate 165. Each of the rods 64 contains an 
ear 166 which extends through plate 65 and is secured 
to one end of a spring 167, the other end of the spring 
being secured to a portion of sub-panel 163. This panel 
supports the lower end of a plurality of key springs 179 
which resiliently hold the keys in their unactuated posi 
tion. All the key rods 64 have their end portions 
terminating in contact with a pivoted bail 171 which in 
turn is in contact with a switch 172 shown in Fig. 11 as 
an enclosed microswitch. 

Directly below the key rods 164 a storage block 155 
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is slidably positioned so that it can be moved from one 
side of the machine to the other. The storage block 
contains a plurality of 150 switches arranged in 15 col 
umns of ten each. These switches are shown in detail 
in Fig. 10 and each switch includes an upper contact 
member 174 and a lower contact spring 175. The lower 
contact springs are connected by a series of ten rods 156 
in such manner that like digits in each denominational 
order are all connected to the same rod. It will be noted 
from Figs. 10 and 16 that the upper contact members 
174 are progressively positioned under an extension 173 
so that the actuation of one of the key rods 64 by a key 
shank 162 will result in the depression of the contact 
member and the closing of the switch in the storage block 
assembly. Each of the upper contact members 174 is 
provided with a small lug which, after depression, is 
latched under a spring latch plate 176 which retains the 
contact member in actuated position until released by a 
bail 177. The operation of the key system is as follows: 
When one of the keys 112 is depressed the lower extremity 
of the key shank 162 comes in contact with a portion 
of its associated key rod 164 moving it downwardly so 
that extension 173 depresses one of the contact mem 
bers 174 pushing it down below the latch plate 176 to 
make permanent contact with the lower contact spring 
175. When the key rod 164 is lowered, portion 178 is 
pushed down below plate 165 and spring 167 pulls the rod 
to the right hand side of the machine moving bail 171 and 
closing microswitch 172. This switch closes a circuit 
which is in series with a magnet winding 180 below the 
storage block and which controls a portion of the escape 
ment mechanism. - 

The escapement mechanism, which will be described in 
detail under another heading, moves the storage block one 
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denominational order space to the left and presents a new 
row of upper contact members 174 to the digit key rods. 
When the storage block is moved to the left by the escape 
ment mechanism one of the key rods 164 is still in its 
lowered position. Because of the storage block motion 
the next contact member 174 engages extension 173 mov 
ing it to the left so that the offset portion 178 clears plate 
165 and the spring 167 pulls the rod 64 back to its orig 
inal position, thereby normalizing the keyboard mecha 
nism and making it ready for the next key depression. 
One of the switches in the storage block is now in its con 
tact position. This contact is communicated to other cir 
cuits in the calculator by the series of rods 156 and by a 
plurality of commutator bars 269 positioned directly under 
the storage block and shown in detail in Fig. 10. The 
above described operation is sufficient to produce effective 
operation of the digit key mechanism and the storage 
block switches. However, in order to insure that the key 
action produces its intended result a power depressing 
mechanism has been built into the machine and includes 
an armature 182 (Fig. 16), a vertical rod 183 secured to 
the end of the armature, and a pivoted lever 184. Lever 
184 is secured to a bail 185 which extends across the entire 
width of the storage block and lies adjacent to a hook 
portion on all the key rods 164. When the rods 164 are 
lowered by the key shanks and then moved to the right 
by springs 167 the hook portion 186 is moved under bail 
185 and when armature 182 is moved downwardly by the 
closing of switch 171 lever 183 is pulled down and the 
bail 185 is also lowered engaging the hook portion 186 
and forcing rod 164 to its lowered position. Because of 
this power actuation it will be evident that only a slight 
touch of any one of the digit keys is necessary to produce 
a complete and positive actuation of the key mechanism 
and to positively actuate the desired switch in the storage 
block assembly. When the storage block is moved by 
the escapement mechanism to the left the hook portion 
186 is disengaged from the bail 185 and allowed to resume 
its normal position even if bail 185 had not been nor 
malized. 
From the above it will be evident that successive actu 
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ation of the digit keys will enter the required information 
into the storage block and hold it there, available to other 
calculator circuits until it is wiped out by the return of 
the storage block to its initial position. The return mo 
tion of the storage block is furnished by the escapement 
mechanism which will be described in detail later. When 
the storage block has been fully returned the upper edge 
of bail 177 is disengaged from a pin 179 and a spring 169 
operates the bail and pushes all the latch plates 176 to 
ward the back of the machine thereby releasing all the 
upper contact switch members 174 causing them to return 
to their initial position as shown in Fig. 10. 
The zero key 112 (Figs. 36, 37, and 37A) includes an 

additional mechanism which is designed to prevent the 
machine from accepting a divisor number whose first 
character is a zero at a time when the decimal point key 
is not operated. Without this safety device the machine 
might be set up to give an excessive number of subtrac 
tions to obtain a quotient. At the bottom of the machine 
a small latch 250 has one arm under the shank of a zero 
storage block rod 251. This same arm contains a notched 
portion 252 which normally retains the latch in its unac 
tuated position when it is not moved by the Zero rod. An 
insulator 253 secured to the latch 250 is adjacent to a 
switch 254. If a zero key is depressed (not preceded by 
a decimal point) when the storage block is in the first 
order, latch 250 is lowered and spring 255 pulls the latch 
to the left closing the switch and completing a circuit 
associated with the division operation. When the start 
key 187 is depressed the storage block will return to its 
zero position at once indicating an error in manipulation. 
The return of the storage block always returns latch 250 
to its original position. If the decimal point key is de 
pressed before a zero key is depressed the above mentioned 
safety circuit is inoperative and the division operation con 
tinues after the depression of the start key. 

Keyboard, control keys 
The keyboard contains 16 operation keys which control 

the operation of the calculator and direct the automatic 
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features of the mechanism. There are seven "start' keys 
which initiate various sequences. These comprise an Enter 
and Start key 187 (Figs. 1, 16, and 35A) a Clear Keyboard 
key 188, a List Keyboard key 190, a Sub-Total key 191, 
a Total key 192, an Upper to Lower key 183 and a Lower 
to Upper key 194. These keys have no bail lock and 
no form of interlock between key shanks but there is a 
retaining mechanism which operates after a depressed 
key is released and prevents the keys from being operated 
until after the operation has been completed. 
The Enter and Start key 187 has two shanks because 

of its length and when depressed operates a bail 195 which 
extends for the entire width of the keyboard and is oper 
ated by all of the Start keys. Bail 195 is secured to two 
bell cranks 196 mounted on a rod 97 and secured to a 
second bail 198 which engages projections 200 on start 
bars 201 and 202. The Enter and Start key also depresses 
three switch levers 203, 204, and 205 which depress three 
switch shanks and cause the start of several circuit opera 
tions which will be described later when the entire circuit 
of the machine is described. Switch levers 203 and 204 
are latched down when operated. Lever 205 returns with 
the Start key 187. 
The Clear Keyboard key 188 depresses a switch lever 

206 which is latched down and closes one of the switches 
in bank 207 and operates a relay which causes the storage 
block to be returned to its initial or zero position at which 
time bail 177 is released and operates latch plates 176 to 
release all the switch units 174. This key has no action 
on the accumulators nor any of the accumulator controls 
except during the clear operation the accumulator power 
line is cut off. 
The List Keyboard key 190 causes the number in the 

storage block to be printed but prevents storage block 
from returning and prevents the accumulator drive gears 
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from meshing with the accumulator gears. The opera 
tion of this key depresses a switch lever 208 which is 
latched down and closes a switch in switch bank. 207 there 
by actuating the drive gears to transfer the number from 
the keyboard directly to the printer mechanism. 
The Sub-Total key 191 prints the number in the upper 

accumulator but does not clear that accumulator. A sub 
total may be printed from the lower accumulator by 
depressing both the Lower Register key and the Sub-Total 
key. This action will be better understood when the lower 
register key is described. Depressing the sub-total key 
9 operates the bail 195 and depresses switch levers 
210 and 20A which latch down and operate switches in 
bank. 207 and in turn operate several relays. This key 
also contains a cross bar 209 which operates common 
bar 212. Other details regarding the sub-total operation 
will be described later. 
The Total key 192 is similar to the sub-total key and 

performs the same operation except that the accumulator 
is zeroized during the total operation. The Total key 
operates bail. 95 and by means of an extension 211 (Fig. 
20) operates a common total bar 212 (Fig. 32). The 
common total bar is operated by three other extensions 
similar to 21. These three extensions are secured to the 
sub-total key 91, the Upper to Lower key 193, and the 
Lower to Upper key 194. The common total bar operates 
key lever 213 which latches down and depresses a switch 
bar located in bank. 207 which controls several relays 
which perform the total operation. 
The Upper to Lower key 193 transfers a number from 

the upper accumulator to the lower accumulator and per 
forms this operation by connecting the upper accumulator 
gears and the lower accumulator gears to the drive gears 
131 with a sensing circuit in operation so as to clear the 
upper accumulator by running its gears in a reverse order 
to their zero position. When the upper accumulator is 
cleared its digit value is transferred to the lower accumu 
lator and to the printer mechanism. Key 193 operates 
bail 195 and also a Switch lever 214 which is latched 
down. 
The Lower to Upper key 194 is similar to key 193 ex 

cept that it transfers a number in the lower accumulator 
to the upper accumulator. This operation is the same as 
the one described above except the action is reversed. 
Key 194 operates bail 195 and also depresses a switch 
ever 215 which is latched down. 
On the right side of the keyboard are four keys which 

are not connected with the total operation. Three of 
these keys, Retain 215, Non-List 217, and Lower Register 
218 operate electrical contacts and are illustrated in Figs. 
17, 18, and 19. The fourth key Release 220 simply oper 
ates a latch plate 22 which releases any one of the other 
three keys which may have been latched down. As will 
be obvious from Fig. 20 the Retain key 216 contains an 
extension 222 which operates two banks of switch con 
tacts. One of these banks is shown in Fig. 17 and con 
tains two normally closed contacts. The second bank 
is shown in Fig. 18 and includes one normally closed 
contact and one normally open. The Non-List key 217 
and the Lower Register key are exactly the same and are 
both illustrated in Fig. 19, each containing one normally 
open contact. The operation of these keys and their asso 
ciated circuits will be described in detail later. 
There are five other keys on the keyboard, not total 

keys, but controlling calculator operation as related to 
subtraction, multiplication, and division. These keys are 
Decimal Point 223, the times key (X) 224, the subtrac 
tion key (-) 225, the Divisor Key 161, and the Di 
vidend key 160. These five keys contain a control sys 
tem associated with their key shanks which includes nine 
latch bars located directly beneath the keys and shown in 
Figs. 23 to 28, inclusive. All the keys except the dividend 
key will be latched in their depressed position by the 
uppermost latch plate 228. The latch plate is connected 

3 by a spring 230 to the keyboard structure and engages 
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the key shanks in their uppermost cut-out portions. The 
dividend key is also latched down by a smaller latch plate 
231 which includes a similar spring 232. Directly below 
latch plate 228 are four additional latch plates 233, 234, 
235, and 236. Latch plate 236 has an extension 237 
which is engaged by a number 238 controlled by the Enter 
and Start key 158 by means of start bar 201. Latch plate 
236 also has a turned up extension 240 which engages 
parts of bars 228, 233, and 235 so that the operation of 
any start key which causes start bar 201 to operate causes 
latch plates 228, 233,234, 235, and 236 to be moved to 
the right. This action unlatches the top latch plate and 
allows a depressed key to move up for a very short dis 
tance to be retained by latch 236. This latch also locks 
other underpressed keys (except the Dividend key) in 
their normal condition. When the operation is finished 
and star thar 20 is normalized, latch plate 236 is re 
leased by extension 238 and is returned by spring 24i, 
freeing all the keys. 
An additional shank 242 is positioned under the De 

cimal Point key 223 and is depressed along with that key. 
It is locked down by plate 234 which holds the shank 
in actuated position while permitting key 223 to be re 
turned to normal at the end of a cycle. During multipli 
cation, addition, or subtraction the key 223 and shank 242 
move together and are both latched down for the entire 
operation. During a division operation the decimal key 
223 and shank 242 are depressed together and are latched 
down until the dividend is entered into the accumulator. 
After the dividend is entered the decimal key is released 
because the lug 238 moves latch plate 236 to the right. 
The shank 242 is held by plate 234, which is under spring 
tension from plate 233. Plate 233 is now held by hook 
248. During the operation which enters the divisor into 
the storage block the Divisor key 161 first unlatches the 
Dividend key 160 and then the Decimal Point key 223 is 
latched down and held by plate 228. When the start key 
is depressed plates 236, 233, and 228 are moved to the 
right by member 240 (and 238). At this time the deci 
mal key is held down by plate 236. At the end of the 
division operation member 238 is returned to its normal 
position and all the depressed keys are released. 
The times (X) key 224 cannot be depressed unless the 

storage block has been moved at least one order space. 
This provision results because a turned down extension 
243 on latch plate 244 engages a part of the storage 
block 245 and this latch plate and also plate 246 can 
move to the left only when the storage block moves. 
Depressing the X key 224 releases the Decimal Point 
key 223 by the operation of latch 228. 
The minus key 225 (-) is locked in its normal posi 

tion when the Dividend key 160 is depressed through the 
action of latch plate 247 which is cammed by the dividend 
shank into a retaining notch in the (-) shank. This 
latch plate 247 also prevents the Dividend key 160 from 
being depressed when the minus key has been depressed. 
The Dividend key 160 is latched down by plate 231 and 

when depressed, a hook 248 is resiliently pressed against 
latch plate 233. This latch plate is moved to the right 
by the start key control and as soon as it is moved into 
position the hook enters a hole in the plate and keeps it 
in operating condition until the Dividend key is released. 
The Dividend key can only be depressed when the storage 
block is in its zero position since a single space movement 
will cause plate 244 to move under part of the keyshank. 
When the key is depressed before a number is entered 
plates 244 and 246 are held in their normal position so 
that the (X) times key cannot be depressed. 
The Divisor key 16 may be depressed when the Di 

vidend key is down but not if any other key is in opera 
tive position. It is latched by latch plate 231 which it 
cams to the right on being depressed thereby unlatching 
Dividend key 160. The Divisor key holds plate 233 to 
the right until the end of the division problem. 

Each of the above described five keys contain exten 
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sions on their key shanks 256, 257, 258, 260, and 261 
(Fig. 20) which engage switch plungers 262 (Figs. 12, 
14, 40 and 45) and operate switches which close circuits 
and operate relays for starting the operations desired. 
The Decimal Point key extension 370 engages three switch 
plungers, 272, 612, and 371. Each of these plungers 
operates an electrical switch which is shown in the wiring 
diagram (Figs. 72 to 79) designated by the same refer 
ence numbers. The additional shank 242 which is under 
the Decimal Point key has extension 256 which engages 
three switch plungers 273, 592, and 584. The times 
(X) key extension 257 engages two switch plungers 582 
and 557. The minus key extension 258 engages three 
switch plungers 552, 551, and 550, the latter plunger 
being also operated by the Divisor key extension 260 
which also engages plungers 585, 372, 594, 595, and 
373. The Dividend key extension 261 engages five 
switch plungers 271, 374, 274, 583, and 375. The elec 
trical circuits containing these switches will be described 
later. w 

Escapement 
The escapement mechanism is a power operated means 

for transferring the storage block 155 from one side of 
the machine to the other, either by increments (one de 
nominational order) or by extended movement which 
may occur during any problem to locate the storage 
block so that the decimal point may be properly posi 
tioned. The escapement mechanism is entirely automatic 
and operates in either direction. 

In order to move the storage block one digit space to 
the left as the digits are recorded in the storage switches, 
the bars 164 are employed together with magnet 180 
and armature 182 (Figs. 16, 36, and 37). A depression 
of any of the digit keys, 0 to 9, trips a key rod 164 by 
pushing it down so that a projection 178 is released and 
the rod is pulled to the right operating a bail 171 and 
closing switch 172. This sends current through the 
winding of magnet 180 pulling down its armature. 182 
and lowering rod 183 which in turn rotates lever 184 and 
lowers bail 185. Bail 185 is positioned under a hooked 
portion of the rods 164 and when the bail is lowered it 
engages hook 186 (which has moved to the right) and 
pulls it down to make contact with one of the upper 
switch lugs 174 and seat it fully. When bar 183 is low 
ered it causes a switch arm to close a pair of contacts 
264 which are in series with the power line and a stor 
age block clutch coil-left 265 (see wiring diagram Figs. 
72 and 76). The clutch coil 265 is enclosed in clutch 
unit 266 (Figs. 44 to 46) and engages a rotating gear 
113 to move the storage block 155 by means of rack 
116 and gear 115 (Fig. 40). 
The movement of the storage block 155 forces rod 

164 into its original position by means of the engage 
ment of switch lugs 174 acting on projection 173. This 
opens switch 172 and releases armature 182 but the 
armature cannot go up to its original position until a 
projection 267 (Fig. 10) moves into a hole in a plate 
268 mounted on the storage block. When the armature 
182 reaches its normal position switch 264 is opened 
and the clutch 266 is released stopping the movement. 
During a multiplication operation, when the decimal 

point key is used, the escapement mechanism may be 
called upon to send the storage block as many as 8 spaces 
to the left. When such an operation is started the Start 
key 158 is depressed and a circuit is completed from the 
supply line 270 through dividend contacts 271, decimal 
contacts 272 and 273, dividend contacts 274, contacts 
275 on D-1 cam 408 start contacts 276, contacts 277 on 
SB-1 cam 404 and the escapement coil 180, and ground. 
Actuation of the escapement coil 180 and armature 182 
closes contacts 264 which completes a circuit through 
start contacts 278 and sends current through the stor 
age block clutch coil 265-Left, thereby moving the block 
to the left. This motion continues until the D-1 cam 
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408 is rotated to the position where contacts 275 are 
opened and the escapement coil 180 is cut off. 
At the end of multiplication problems the storage block 

155 is returned to its normal or zero position. This ac 
tion occurs when start-released contacts 280 are closed 
by the start-released bar 281 moving to the right. This 
bar (shown in Figs. 38, 16 and 20) closes contacts 280 
after being released by both an escapement bail 282 and 
by the start bail 195. This contact 280 completes a cir 
cuit through start contacts (Figs. 72 and 76), commu 
tator 158, multiplier relay contact 279, column selector 
contacts 285, A-2 commutator contacts 286, conductor 
287, and the storage block return relay 288. The actua 
tion of this relay closes contacts 290, which completes 
a circuit through start released contacts 291, contacts 
295, escapement coil 180 which closes escapement con 
tacts 264, completing a circuit through contacts 537 to 
storage block clutch coil-right 292. This causes clutch 
293 (Figs. 44 and 46) to be actuated turning gear 294 
(Fig. 40) to turn gear 115 and move the storage block 
all the way to the right. When the storage block is one 
half a space away from the normal position a small in 
sulator lug opens contacts 295 (Fig. 11) and opens the 
circuit to the escapement coil 180, permitting its arma 
ture 182 to rise and engage the storage block in its nor 
mal position. 

Other escapement operations will be discussed when the 
operation of the multiplying and dividing structures are 
described. 

Accumulators 

There are two accumulators, an upper and a lower, 
both positioned adjacent to a driving gear arrangement 
and both arranged to be coupled to the driving gears 
either for addition or subtraction, Fig. 8 shows the ac 
cumulator gear trains while Figs. 5, 6, 7, 9 show some 
of the associated mechanisms. 
The drive gears 130 include a limit piece 296 which 

engages a stop 297 secured to a rod 298 which is secured 
to the frame. The drive gears are mounted on a shaft 
300 on which they turn freely. The shaft 300 is being 
rotated at a constant speed while the 'B' shaft is turn 
ing. The drive wheels are normally held in their non 
actuated position by a series of long Springs 301 which 
are stretched between a point on the gear periphery and 
the base. Shaft 300 is secured to a gear 302 on the 
outside of the frame at the left side of the machine. 
This gear is driven by the motor 101 which is con 
nected to it by a gear train and includes a considerable 
reduction in speed. Also meshing with gear 302 is an 
idler gear 303 and a cam gear 150 assembly which con 
tains four cam wheels to operate the accumulator mecha 
S. 

There are eighteen drive gears 130 and each is mount 
ed adjacent to an electromagnetic clutch 13i which is 
secured to the shaft 300. The clutches rotate with the 
B shaft and have one terminal of their magnetic Windings 
connected to the shaft and the negative side of the low 
voltage D.C. supply line. The other terminal is con 
nected to a slip ring on the clutch periphery and makes 
contact with a flexible brush 319. When current is 
applied to the winding the clutch is magnetically fastened 
to the drive gears 130 and they both turn pulling one 
end of spring 301 around the shaft center. 
At the front side of the drive gears four shafts 44, 

145, 146, 147 are mounted. These shafts each hold 15 
gears which may rotate on the shafts and are normally 
out of engagement with drive gears 130. When at 
rest shaft 47 holds gears 135 which are engaged by 
a stop 304. Shaft 146 holds gears 134 which are nor 
mally in mesh with gears 135 and therefore held against 
rotary motion. Gear 134 is in mesh with another gear 
133 which is the upper accumulator gear and which does 
all the adding and subtracting of digit values. Gears 
133 and 134 are arranged to be always in mesh. A 
cam wheel is secured to the accumulator gear 133 and 
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contains a single raised portion which assists in carry 
ing, clearing, and sensing an over-subtraction. A cam 
follower 305 presses against the cam wheel held in en 
gagement by a spring 306 and also engages a spring leaf 
307 which is part of two switches 308 and 310. Gear 
133 also meshes with an idler gear 311 which in turn 
meshes with a gear on a numera wheel 132 for indicat 
ing the digital value in the upper accumulator. 
The lower accumulator has no indicating means but 

does have a gear 38 and stop 312 corresponding to gear 
35 and stop 304. Gears 137 and 136 correspond to 
gears 34 and 33 and cam follower 313 is the same 
as cam follower 305, Switches 314 and 315 are similar 
to Switches 308 and 310. 

Shafts 44, 145, 46 and 147 are controlled and set 
by an operating lever 48 (Fig. 6) and a series of four 
shuttle magnets 151, 52, 153 and 154 (Fig. 5). Lever 
148 is formed with an extension 323 which bears on a 
cam wheel 150. The cam wheel 150 includes a raised 
portion which lifts extension 323 twice each cycle and 
compresses springs on the shafts which tend to move all 
the shafts 144, 145, 146 and 147 a short distance to 
the right of the machine. If the machine is arranged 
for addition in the upper accumulator shaft 146 is al 
lowed to be moved to its operated position by the ac 
tuation of the armature of shuttle magnet 153 which then 
locks the shaft in this position when the current is re 
moved from the coil. When ever 148 returns to nor 
mal the springs on the other three shafts are returned 
to their normal position and the machine is set to add 
in the upper accumulator. Shuttle magnet coils and 
their respective electrical connections are shown in the 
wiring diagram in Fig. 75. 

Both accumulators are operated by similar controls 
and perform the same functions. When it is desired to 
add an amount into the upper accumulator shaft 146 is 
moved along its length to move gear 134 out of mesh 
with gear 135 and into mesh with drive gear 130. The 
teeth on accumulator gear 33 are broad enough to 
keep gear 134 in mesh in spite of this movement. Then 
current is turned on the clutch winding and clutch and 
drive gear 130 revolve for the degree of rotation necessary 
to turn the accumulator wheel the desired amount. As 
the drive gears turn a ratchet stop 321 is moved into 
engagement with gear teeth on the lower side of gear 
E30. A bail 322 controls the action of all the ratchet 
stops and when the gears are to be returned to normal 
the bail is moved down and the gears are released and 
returned under the action of springs 301. 
When the drive gears are moved to their position an 

other set of idler gears 316 is turned. Each of these 
gears turns a print wheel 17 which has type numerals 
on its periphery. When a number is to be printed the 
type wheels together with arm 317 are moved quickly 
to make contact with the paper on platen 318, printing 
through ribbon 128. As the arm 317 leaves its normal 
position, a detent 320 slides away from the upper Sur 
face of stop 297 and the lower end of the detent enters. 
teeth on gear 157 thereby holding it in the correct posi 
tion during the printing excursion. Further details of the 
printing action will be disclosed under a separate head 
Ing. 

Before the drive wheels 130 are released, gear 134 
is returned to its normal position which is out of mesh 
with the drive gears but in mesh with both gears 133 
and 135. When the drive gears have been returned to 
their zero position the addition cycle is complete and 
the machine is ready for another addition. 
When it is desired to subtract a value from the ac 

cumulators, shaft 146 is retained in its normal position 
and shaft 147 is moved axially. This removes the gear 
teeth from stop 304, meshes with the teeth on drive gears 
130 and retains meshing operation with gear 134. Now, 
when the drive gears are turned by clutches 131 the ac 
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cumulator wheels are turned by means of both gears 
134 and 135 and therefore turn in a reversed direction. 
When the accumulator wheels 133, 136 are turned 

more than a complete revolution a small cam portion 
133A and 136A passes under the cam followers 305, 
313 moving it so that the end of the follower moves 
above a bent portion of leaf springs 307, 309 and closing 
contacts 308, 314 and opening contacts 310, 315. These 
same contacts are shown in the wiring diagram, Fig. 73. 
The formation of the switch leaf 307 includes an offset 
end which extends above the cam follower and is later 
engaged by a restoring bail 324. A similar bail 325 re 
stores the switch leaf 389 and permits cam follower 
313 to return. These bails are secured, respectively, to 
shafts 326 and 327 which are controlled by an arm 328 
(see Fig. 6) which bears on cam 150-2 and assures 
that the cam followers 305 and 313 are restored at the 
proper time in the operating cycle. One end of arm 328 
is pivotally attached to a rod 330 and another arm .33 
which rocks shaft 326. The circuit connections and the 
electrical operation of these components will be explained 
when a specific example is described. 
On each accumulator wheel 133 and 136 a conductive 

insert 332 and 333 is positioned near the periphery. 
They are indicated in Figs. 8A, B. C, and D, and 73. 
A series of contact arms 334 and 335 (Figs, 8 and 73) 
make contact with the inserts when the accumulator 
wheels are rotated to a contact making position. The 
contact arms are secured to a non-conductive Support 
336 and 337 which is supported by short arms which are 
secured to the accumulator shafts. When addition is 
being performed the supports are set so that contact 
is made between each of the arms and the conductive 
insert when the accumulator wheel is set at nine. When 
subtraction is being performed the supports 336, 337 
are moved one-half digit space and make double contact 
when the accumulator wheels are set at zero. Control 
of the supports is effected by two arms 338 and 340 
(Fig. 6) which are pivotally joined by an arm 341. The 
combination is rocked by lever 342, one end of which 
bears on a cam 150-2 fastened to gear 150. The other 
end of lever 342 is fastened to an arm 343 which is 
coupled to a pin 348 on short arm 340. The operation 
of lever 342 to change the contact positions of arms 334 
and 335 is a cyclic operation and occurs once during 
each cycle. 
The change of contact positions of arms 334 and 335 

to subtract during a subtraction or division calculation 
is performed by two levers shown in Fig. 7. The upper 
accumulator shaft acts as a pivot for a bell crank 344 
which is formed with a turned over piece 345. The 
lower end of crank 344 contains a hook portion which 
normally engages a turned over piece which is part of 
arm 346, secured to the lower accumulator shaft. When 
subtraction is to be performed, either by a subtraction 
operation or by a division operation, piece 345 is pressed 
downwardly by either extension 258 or 260 which are 
attached to key shanks under keys 225 (Fig. 20) and 
161 (also Figs. 3 and 23) unlocking arm 346. Both ac 
cumulator shafts (due to arm 34, Fig. 6) can now turn 
and place the contact arms 334 and 335 at the zero con 
tact position. At the end of a simple subtraction prob 
lem the cam secured to wheel 150 pushes both arms 340 
and 336 into their addition contact position. 
When a division problem is being solved and the ma 

chine is required to perform a series of repeated subtrac 
tions the divisor key is held down until the entire prob 
lem is completed. This retains bell crank 344 out of 
engagement with arm 346 and arm 346 is free to rotate: 
to the subtraction position. At the end of each machine. 
cycle when arm 343 is lowered, arms 340 and 336 can 
be moved by spring 347. 
When the accumulators are cleared it is the result of 
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ation is entirely automatic. The circuits for this oper 
ation will be described fully when a specific example is 
considered. When the Total key is depressed, all the 
drive gears 130 are magnetically connected to their 
clutches 131 because clear contacts 315 and 310 (Figs. 
73 and 77) have been closed. Also by means of the 
total relay contacts, shuttle magnet 152 is energized al 
lowing shaft 147 to be shifted by arm i48 and the set 
of minus gears 135, 134, and 133 (Fig. 8) are engaged. 
As the drive gears are turned, bail 322 is raised permit 
ting the ratchet pawl 32i to engage the teeth as they 
pass by. Printer gears 316 and 117 are also engaged and 
turning. As soon as the raised portion on cam 133 
makes contact with cam follower 305 switch 310 is 
opened and the clutches are released. There is no carry 
operation because the total key opened a switch 528 
which disabled the carry circuit. 
When all the drive gears have been stopped and the 

accumulator wheels returned to zero, the printer mecha 
nism prints the total on the paper 115 and gears 135 
are moved out of mesh with the drive gears. After this 
the ratchets are withdrawn by bail 322 operated by cam 
arm 361 (Fig. 6) actuated by a cam 150-3 secured to 
wheel 150. Then springs 30i return the drive gears to 
their zero position, zeroizing the printer wheels at the 
same time. 

Commutators 
To control the operations of the machine during Se 

quences which require a time delay or a sequential op 
eration a number of commutator contacts are employed. 
These are mounted on three shafts, designated the A, B, 
and C shafts. The A shaft contains rotating contacts 
which generally act to control circuits for adding, sub 
tracting, multiplication, and division. There are thirty 
five commutators on the A shaft and the shaft rotates 
one-half of a revolution for each cycle. Figs. 47 to 50, 
inclusive, show the details of the A, B and C shafts, 
while Figs. 81, 82, and 83 show the duration of the con 
tacts made by each commutator on these three shafts. 
The B shaft contains fourteen commutators, ten of which 
are for supplying the accumulator drive wheels with 
pulses which govern the digit value which is rolled into 
the accumulator wheels. The B shaft rotates one-fourth 
of a revolution for each cycle of addition, subtraction, 
and division. Because an extra cycle is consumed in add 
ing in the tens values of the partial products obtained 
during multiplication two cycles or one-half revolution of 
the B shaft are necessary for multiplication. One of 
the B commutators (B-1) sends supply current to the A 
shaft, the B-2 commutator connects a supply line to the 
storage block return relay during addition or subtraction. 
The B-3 commutator acts for a very short time and ac 
tuates the storage block return relay during the division 
cycle when a zero appears in the lowest order in the di 
visor. Commutators B-4 to B-12 control the digit enter 
ing circuits. Commutator B-13 starts the C shaft to 
print and B-14 provides a pulse which releases the deci 
mal point printing arm. 
The A-1 commutator is connected directly to the main 

supply line and takes over after the Start key has been 
depressed. The A-2 commutator energizes the storage 
block return relay during a multiplication calculation. 
This relay returns the storage block to its zero position 
after the end of a multiplication problem. The A-3 
commutator controls the releasing of the decimal point 
relay during a division calculation. The A-4 commu 
tator operates the units-tens transfer relay and is used 
only during the multiplication operation. The A-5 com 
mutator is also a multiplication control and determines 
the length of time the multiplier contacts are closed. 
Commutators A-6 to 14 are also used during the mul 
tiplication calculation and close connections to the stor 
age block input conductors. The A-15 commutator is 

a Total operation and for this reason the clearing oper- is a control of the shuttle magnets which hold the accumu 
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lator gears into engagement with the drive gears. 130. 
The A-16 commutator is also a shuttle coil control and 
supplements the A-15 commutator by providing current 
when the shuttle magnets are pulsed to release the shut 
tle gears from the accumulator gears. The A-17 com 
mutator controls the transfer from the upper accumula 
tor to the lower accumulator. The A-18 is the same 
as A-17 but operates when the transfer is made from 
the lower accumulator to the upper and allows the up 
per plus shuttle coil to be connected to the lower minus 
shuttle coil. The A-19 commutator controls the carry 
circuit and energizes the carry-over coil. The A-20 com 
mutator starts the B shaft. The A-21 commutator closes 
a circuit to control the A shaft so that it will operate 
only once during an ordinary listing. The A-22 com 
mutator starts the B shaft the second time during a mul 
tiplication or division operation. The A-23 commuta 
tor connects the keyboard storage block to the accumu 
lator controls and also energizes the times one relay. 
Commutators A-24 and A-25 control the escapement of 
the storage block, A-24 moving it to the right during 
a multiplication or division operation and A-25 moving 
it to the right in a division operation only. 
The A-26 commutator supplies the 16 order drive 

wheel with a one-value pulse. The A-27 commutator 
connects the storage block to the selected multiplier coil. 
The A-28 commutator connects the lower minus shuttle 
coil to engage the lower minus accumulator gears to the 
drive gears. The A-29 commutator connects the upper 
minus shuttle coil to engage the upper minus accumu 
lator gears to the drive gears. The A-28 and A-29 are 
connected for a count of nine only. 
The A-30 commutator connects positive potential to 

an automatic clearing relay when a circuit interruption 
occurs. The A-31 commutator energizes the total relay 
to take a total when the automatic clearing relay is 
closed. 
The A-32 commutator connects the positive line 

through holding contacts to the start set-up relay to 
insure the relay is locked in an operating position for a 
17 degree rotation. The A-33 commutator sends cur 
rent through the main latch coil 573 at the end of a 
calculation to unlatch the keyboard. The A-34 com 
mutator supplies a pulse to the minus shuttle magnets 
(through A-28 or A-29) to release after a nine count. 45 
The A-35 commutator opens the line, during a multi 

plication operation, between the multiplier circuit and 
the storage block. During this time the A-6 to A-14 
commutators are closed. 
The C commutator shaft contains only one commu- 50 

tator and is used only for printing. It turns only one 
eighth of a revolution for each cycle. 
The three commutator shafts are shown in detail in 

Figs. 47 to 50 and are also indicated in lesser detail in 
Figs. 2 and 4. The extent of the conducting sectors is 55 
listed and indicated in the combined wiring diagram 
(Figs. 72 to 79) and their action in connection with 
circuit operation will be described by means of the wiring 
diagram when specific problems are described. 
The A commutator shaft 120 (Figs. 47 to 50) includes 60 

a clutch assembly 380 which is similar to the clutches 
used to couple the drive gears to the rotating power shaft 
300. In addition, clutch 380 includes a contact arm 381 
which is operated by a magnet 382. The connections 
which start and stop the A shaft are shown in Figs. 75 65 
and 79 where one contact 383 of the start set-up relay 
closes a connection between the positive terminal and the 
contact arm magnet 382, the other side of which is con 
nected to the negative terminal. When this happens 
the magnet 382 pulls the arm 381 away from the clutch 70 
stop disk 387 and at the same time closing a contact 
384 which connects the clutch coil 385 through a start 
release relay contact 386 to the positive terminal. Cur 
rent through coil 385 couples clutch plate 389 to the 

10 

5 

20 

25 

30 

35 

40 

18 
A shaft turns, making contact with the various contact 
fingers 388 positioned on both sides of the contact com 
mutator sectors. In all operations the start set-up relay 
contacts 383 are opened (at 13°) before the A shaft 
has turned to its first stopping point. However, the 
shaft continues to rotate because contact arm 381 rides 
on the periphery of the clutch stop disk and keeps con 
tacts 384 closed. As soon as the next notch is encoun 
tered (at 37') armature 381 moves into the notch and 
contacts 384 are broken. This stops the clutch move 
ment. 
The B commutator shaft 124 contains fewer commu 

tators but includes a clutch 390, a clutch plate 391, a stop 
disk 399, a magnet 392 and its associated armature 393. 
The B contacts 394 are wired in a similar manner being 
connected in series with the start release relay contacts 
386 and the B clutch coil 395. The B shaft is started 
by the closure of a number of contacts, the simplest 
control being the closure of contacts 396 which form 
the A-20 commutator. Other combinations include 
closure of the A-22 contacts 397 with either the multi 
plier contacts 376 or divisor contacts 571. 
The C commutator shaft is controlled by a clutch 398 

having a clutch plate 400, a stop disk 409, and a magnet 
armature 401 controlled by magnet coil 402. The C 
shaft clutch includes an operating coil 403 which couples 
the plate 400 to the single commutator 377. The C 
shaft is started by the B-13 contacts 378. 

It should be pointed out that the commutators on all 
three shafts, A, B, and C are simply a means of closing 
a circuit and cam-operated contacts would perform the 
same function. There are three other series of con 
tacts which are caused by a rotating shaft. These are 
the storage block cam contacts which are controlled 
by cams 404, 405, 406, and 407 (Figs. 40, 44, 45, and 
46). These cams turn in synchronism with the move 
ment of the storage block. The operation of this series 
of cams will also be considered when a specific example 
is described. 
A second series of cam operated contacts is controlled 

by the decimal point cams 408, 410, 411, and 412 (see 
Figs. 40 to 46, inclusive). These cams revolve as a 
single unit and are connected to the storage block to 
turn with it whenever it is desired to record the decimal 
point in problems involving multiplication, division, addi 
tion, and subtraction. 
One other cam, called the E cam 368 is a part of the 

storage block series. Its operation and use will be 
described later in division. It places the lowest order 
of the divisor in the 9th position. 
The Storage Block cams 404, 405, 406, and 407 are 

engaged by two clutches 266 and 293. Clutch 266 is 
adjacent to a power gear 113 which is turned all the 
time the motor is running. When current is applied to 
coil 265 it causes contact to be made between the clutch 
core 266 and the power gear 113, and gears 294 and 
114 together with cams 406, 494, 405, and 407 revolve 
in a clockwise direction. This action drives the storage 
block to the left through ider 115. When clutch 293 
is actuated, contact is made between power gear 413 
and clutch core 293 and the above mechanism is rotated 
in a counterclockwise direction driving the storage. block 
to the right. 
The D series of cams 408, 410, 411, and 412 are 

secured to a sleeve 415 (Fig. 44) which is fastened to 
a clutch 417. When this clutch is actuated it attracts 
gear 416 and the D series of cams moves with gear 416 
and the storage block. 
The E cam is driven by a shaft 418 which is secured 

to an electromagnetic clutch 420, which is adjacent to 
gear 416 on the side opposite to clutch 417. When this 
clutch is actuated the gear. 416 turns the E cam in syn 
chronism with the storage block movement. 
The above described cams are coupled to a constant 

power shaft and the entire array of commutators on the is ly rotating set of power gears by electromechanical means, 
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It is obvious that a mechanical coupling can be employed 
to obtain the same result by operating mechanical 
latches. 

Printer mechanism 

The printer mechanism is shown in detail in Figs. 69 
and 70 which have been drawn on an enlarged scale to 
show the details more clearly. Parts of the printer mech 
anism which include the ribbon advancing mechanism 
are indicated in Figs. 2, 4, and 7. The printer wheels 
117 together with the printer idler gear 316 and the 
detent arm 320 have already been generally described. 
Also parts of the ribbon feeding mechanism which in 
clude spools 116 and 127 and the ribbon itself 128 have 
been discussed previously. 
The printer mechanism is designed to print the total, 

sub-total, and the amount in the keyboard or the accumu 
lator when the operator desires such a figure. For many 
operations, especially during the multiplication calcula 
tion, the printer arms are held inactive and for this reason 
the ribbon advancing means operates only during a print 
operation. As has been described above the printer idler 
gear 316 is in mesh with the accumulator drive gears 130 
at all times except when the printing operation takes 
place. Therefore, when a number is entered into the 
accumulator during an addition or subtraction cycle the 
drive gears 130 are advanced an amount equivalent to 
the number entered into either one of the accumulator 
gears and the idler gear 316 and its associated printer 
wheel 117 are turned a like amount. When the B-13 
commutator 378 makes contact with its stationary contacts 
it completes a circuit which energizes magnet 402 and 
draws armature 401 from a slot in stop disk 409, closing 
the contacts 536 which energizes the clutch coil 403 and 
causing the C shaft to turn 45 degrees. This action lowers 
a bail 430 and permits the printer arm 317 to move to 
ward the rear of the machine causing an impact between 
printer wheel 117 and the ribbon 128, thereby printing 
a character on the paper 115 which has been wound 
around the platen 318. As the printer arms move away 
from their neutral positions the detent arms 320 slide 
away from the stop cams 297 and the other end of the 
detent arms move into the gear teeth of the printer wheels 
117 thereby retaining them in an accurate printing posi 
tion during the printing stroke and during the return to 
their neutral position. Just before the printer arms are 
fully returned by bail 430 the detent arms 320 are again 
removed from the gear teeth so that the printer wheels 
117 and the idler gears 316 are free to move with the 
drive gears 130 when they return to their neutral posi 
tion. The return of the printer arms 317 is caused by ro 
tation of shaft 431 which controls the movement of bail 
430. Shaft 431 is controlled by bell crank 442 and rod 
440 (Fig. 7) and is secured to a bell crank lever 434 which 
operates bail 430 on one leg and operates a rotatable 
paw 432 on the other leg (Fig. 70). This pawl engages 
ratchet teeth 433 which are secured to the platen and the 
intermittent movement of pawl 432 causes the platen to 
turn one tooth after each printer operation. The bell 
crank 434 is moved a sufficient amount to turn the platen 
more than two teeth but a stop 435 is provided which en 
gages the lower end of pawl 432 and permits it to pick 
up only one tooth on the ratchet 433 during normal list 
ing operations. When a total operation is called for the 
stop 435 is lowered a definite amount by means of a bell 
crank 436 which is operated by either one of the clear 
ing relays 140, 142 (Fig. 8); then when the bell crank 
434 is operated, pawl 432 picks up tWO teeth and moves 
the paper at an amount equivalent to a double space. 
This signifies that a total has been taken and a clearing 
operation has been done on one of the accumulators. 
The printer operation is controlled by the C com 

mutator shaft which also includes a mechanical camshaft 
437 (Figs. 7 and 4). Cam 437 comprises a series of cut 
out portions around its periphery and a pin 438 on arm 
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440 moves in and out of the cut-out portions under the 
resilient action of spring 441. This intermittent motion 
rocks bell crank 442 and moves ratchet arm 443 toward. 
the front of the machine to engage a tooth on ratchet 
wheel 444. Then as wheel 437 rotates the arm 443 is, 
moved to the rear of the machine and wheel 444 is 
turned a small amount. This wheel is secured to shaft 
445 on which are mounted ribbon spools 116 and 127. 
Shaft 445 is coupled to the upper ribbon spool. 116 by 
friction means and under normal conditions when the rib 
bon is moving in one direction the direction coupling is. 
sufficient to move the ribbon 128 from spool 127 and 
wind it on spool 116. When the ribbon is nearly un 
wound from spool 127 the ribbon makes contact with an 
arm 446 moving it to the left as viewed from the front. 
of the machine. This motion operates a set type switch 
447 (Fig. 7). The operation of this switch sends a cur 
rent through an electromagnetic clutch 448 mounted 
under spool 127. This clutch is formed in the same man 
ner as clutch 380 shown in Fig. 50 and when operated 
is strong enough to turn spools 127 and 116 in a re 
verse direction, overcoming the resistance of the fric 
tion disk mounted on spool. 116. As long as clutch 448 
operates the ribbon 128 is withdrawn from spool 116 and 
wound on spool 127 and this condition of operation con 
tinues until spool 116 is unwound. The exhaustion of 
spool. 116 causes the ribbon to make contact with an 
arm. 450 similar to arm 446 and actuates the set type 
switch 447 opening the contacts and releasing clutch 448. 
With this force released the friction disk on spool 116 
again winds the ribbon 128 from spool 127 to spool 116 
until the entire cycle is again repeated. 

Partial products relays 
During the multiplication operation partial products 

are derived from a system of relays and these partial 
products are successively run into the accumulator to 
produce the product of a multiplier and multiplicand. 
Figs. 51 to 68, inclusive, illustrate the structural details 
of the partial products relay while Figs. 71 and 78 ill 
lustrate the connections of the relay assembly as related 
to the remainder of the calculator elements. 
The relay assembly 114 is shown in Fig. 51 which is 

partly in section. There are nine relays which are con 
nected to produce the partial products of any two single 
digit factors and there is a switching relay called the 
units-tens transfer which is timed to switch from the 
units series of connections to the tens series at the proper 
interval so that both values may be entered into the 
accumulator in the proper denominational order. The 
magnet part of the relay unit comprises an iron cup with 
a central iron core 460. A coil 46 is positioned in the 
cup around the central core and produces the magnetic 
force which attracts an iron plate armature 462. The 
armature 462 carries contact members which slide on 
Small rods 463 and make electrical contact with other 
contact members which are secured to the relay base. 
There are eighteen rods positioned around the central 
magnet, one rod carrying the current for holding con 
tacts, the other seventeen for the seventeen digit values 
which are the necessary results obtained when multiply 
ing any two numbers from one to nine. 

Fig. 63 shows the X 4 relay and indicates how the 
different values are connected in order to obtain the 
products of four times all the other digits. The holding 
contacts 464 have no digit value and simply retain the 
relay in its actuated condition after the initial operating 
pulse has been applied. To the left of this position are 
two positions which give the tens and units value of four 
times two, these values being indicated by Zero and eight 
in the figures. Adjacent to these positions are the units 
and tens relay contacts which denote the product of four 
times three, and soon around the circle until contacts 
465 and 466 produce the units and tens value of four 
times nine, The contact 467 between the holding con 
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tact 464 and the contact 466 represents the value of four 
times one or four. The other nine relays have their 
partial product values arranged in a similar fashion. 
Whenever a zero occurs in the multiplication table the 
contacts are omitted. Fig. 56 is a plan view showing the 
arrangement of contacts in the times one relay and 
Figs. 52, 53, 54, and 64 show several view of the times 
three relay. Fig. 52 is a plan view of the armature as 
sembly which is moved by the attraction of the relay 
magnet. A central iron disk 462 is formed with a hole 
surrounding a supporting shaft 470 which holds the en 
tire array of ten relays together. The iron disk 462 is 
riveted to a non-conductive ring 471 which carries the 
movable contacts 472 (Fig. 54). These contacts are 
shown in greater detail in Fig. 68 and comprise a flat 
bottom piece with two bent up portions which are 
threaded through a small hole 473 (Fig. 66) in the non 
conductive ring 471. A coiled spring 474 holds the 
flat end pieces in resilient engagement with the stationary 
contacts 475 (Fig. 65) when the relay is actuated. 

Stationary contact members 475 are secured to a non 
conducting disk 476 which is molded to the bottom of 
the magnet as shown in Figs. 51 and 54. Contact mem 
bers 475 are secured to disk 476 by crimping turned-over 
portions through holes and around the edge of the sup 
porting disk. 

All the multiplying relay, X 1 to X 9, inclusive, con 
tain contacts that are normally open and when the relay 
is actuated, all the contacts are closed. The Units-Tens 
transfer relay, however, contains nine normally closed 
contacts 477 (Figs. 71 and 55) and eight normally open 
contacts 478. When this relay is actuated connection is 
made to the contacts which produce the tens order digits 
of the partial products and when the relay is unactuated 
connection is made to the contacts which produce the 
units order digits of the partial products. In order to 
produce the make-break feature an extra non-conducting 
ring 480 is added to this relay (Figs. 51, 55, 60, and 62) 
and alternate portions are cut away from rings 479 and 
480 as illustrated in Figs. 59 and 62. 
The connections between contact points and the in 

coming and outgoing circuits are shown in Fig. 71. The 
multiplication relay is a circuit component connected be 
tween nine B commutators and the contacts of the multi 
plier storage block relay. When addition, subtraction, 
or division is being performed the Units-Tens transfer 
relay has contacts 477 in a closed position and the X 1 
relay is closed to provide conductance between input and 
output conductors having similar values. When the cal 
culator is multiplying, all the multiplicand digit switches 
in the keyboard are connected to the multiplier relay by 
the keyboard conductors and the multiplier relays are 
used, one at a time, to close all of the multiplier relay 
contacts. If an 8 multiplier is to be multiplied by a 7 
multiplicand, all the contacts in the X 8 relay are closed 
and the Units-Tens transfer relay is first actuated to 
close contacts 478 and a closed circuit is then produced 
between the 7 line to the keyboard, conductor 481, 
through contacts 478, over conductor 482, through the 
lower contacts 483 of the X 8 relay, to conductor 484, 
and thence to conductor 485 and the commutator on the 
B shaft which sends a pulse through the storage block 
switch winich has a time interval equal to a five count. 
This registers a '5' in the accumulator as the tens value 
of the product 7x8 =56. 
As soon as the 5 is registered, the storage block moves 

one space to the right, the Units-Tens transfer relay 
moves into its normal position and a circuit can then be 
traced from conductor 481 through one of the contacts 
of bank 477, over conductor 486, through one of the con 
tacts in bank 487, over conductor 488, to conductor 490 
and the commutator on the B shaft which sends a pulse 
through the storage block switch which has a time in 
terval equal to a six count. This registers a “6” in the 
accumulator as the units value of the product of 7x8 
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equals 56. Due to the storage block movement after the 
registration of the 5, the 6 is entered into the accumu 
lator one denominational order lower than the 5. Ad 
ditional features of the multiplier relays will be disclosed 
when an example is discussed in connection with a full 
multiplier calculation. 

Storage block mechanism 
The Storage Block has been described in part in cons. 

nection with the escapment and keyboard controls. It 
comprises 150 small switches which are closed by the 
manual operation of the digit keys in the keyboard. The 
switches have one terminal in sliding engagement with 
a series of ten rods. 156, each rod making contact with 
all the switches designating the same digit value. The 
switches have their second terminal in sliding engage 
ment with a series of 15 commutator buttons 269 (Fig. 
22). The entire block of switches moves on two rails. 
494 and 495 under control of two electromagnetic 
clutches 266 and 293 (Fig. 46). As the storage block. 
is moved by the escapement mechanism from one order 
to the next the sliding contacts below the block are ad 
vanced to the next commutator button 269. 

Rods. 156 are connected to the multiplier relays as 
shown by the wiring diagram (Figs. 78 and 74) through 
commutators A-6 to A-14. The commutator bars 493. 
(Fig. 38) are each connected to a similar bar 500 under 
a column selector block 501. Connection between the 
bars 500 and 493, to the main supply line 514 is as fol 
lows: Contacts 503, lugs 504, brush 505, brush 510, 
commutator A-27, commutator A-5, conductor 558, to 
contacts 557, to the main supply-conductor 514. 
When a multiplication calculation is called for the se 

quence of operations can be summarized as follows:. 
(1) the operator enters the multiplicand by depressing the 
required digit keys in sequence, (2) the (X) Times key. 
224 is depressed, (3) the multiplier is entered into the: 
keyboard by depressing the required digit keys in se 
quence, (4) the Start and Enter key is depressed. After 
this, the machine automatically multiplies each single digit 
in the multiplier by all the digits in the multiplicand, the 
partial products being entered in an additive manner 
into the upper (or lower) accumulator. After the finish 
of the multiplication if the product is in the upper ac 
cumulator it is made visible by dial wheels 132. If the 
operator desires to print this product the Sub-Total key 
is depressed. If it is desired to print the product and 
clear the accumulator the Total key is depressed. 

It should be pointed out that during the process of 
multiplication both the multiplicand and the multiplier 
are entered into the storage block adjoining each other 
with no separation except the depression of the (x) 
times key which causes no movement of the storage 
block but does engage a column selector block 
501 so that during the entering of the multiplier the 
storage block 55 and the column selector 50 move to 
gether. The column selector block includes a bracket 497 
which engages a multiplier selector block 496 which is 
resiliently engaged by a long spring 502. The multi 
plier selector block 496 is held against return by a pawl 
363 which engages teeth 498. 

Wiring diagrams, Figs. 73, 74, 77, and 76 show the 
electrical connections of the various bars and contacts. 
As the multiplicand digits and multiplier digits are 

being entered there are no circuit connections to the re 
mainder of the machine because the Start bar 195 has 
not been depressed and the A and B commutator shafts 
have not yet started to move. After the problem is set 
up, all the multiplicand digit switches are connected to 
commutator buttons 269 which will soon be connected to 
the clutch windings of drive gears 130 in the accumula 
tor assembly. The multiplier digit switches are con 
nected to contact lugs 493 and 500 on column selector 
block 501 (Fig. 38). In this position the highest digit 
switch in the multiplier is connected through the left hand 
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lug 500, through a movable contactor, to a terminal 503, 
to a second terminal 504, through a movable contactor 
505, contact 510, to conductor 506. 
When the Start and Enter key 187 is depressed one 

half cycle of multiplication is effected before the storage 
block moves. The tens values of the partial products 
(of the highest digit in the multiplier by all digits in 
the multiplicand) are entered into the accumulator. The 
details of this process will be explained when a specific 
example is considered. At the end of the first half cycle 
of multiplication the storage block is moved one space 
to the right and the column selector block 501 moves 
with it but the multiplier selector 496 remains in its left 
hand position held by pawl 363. After this movement 
the second highest storage block switch of the multi 
plier is in contact with the second lug 500 (and 493) 
which is now in contact with contactor 505. At this po 
sition the units values of the partial products are entered 
into the accumulator in their proper orders. During the 
escapement movement the Units-Tens transfer relay is 
normalized and changed from the tens contacts to the 
Units contacts thereby giving the units results of the 
partial products. 

With the storage block in the second position the trans 
fer relay is again actuated and changed from the units 
series of contacts to the tens series, thereby producing the 
tens results of the partial products circuit of the sec 
ond multiplier digit. Then the second escapement move 
ment occurs, the transfer relay is again normalized, and 
the units values of the second series of partial products 
are entered into the accumulator. This process is re 
peated until all the digits of the multiplicand have been 
multiplied by each digit of the multiplier. When this 
occurs a switch 285 is closed by the return of the col 
umn selector block and at the start of the next cycle, 
commutator contacts 286 are closed by the A shaft and 
the storage block return relay 288 is actuated, returning 
the storage block to its normal position and the calcula 
tion is complete. 

Shuttles 
In order to show the details of construction and op 

eration of the shuttle magnets, Figs. 9A, 9B, and 9C 
have been included. All four magnets 151, 152, 153, 
and 154 have the same construction. A coil 645 is sup 
ported on a bracket of iron which also supports an arma 
ture 646, hinged at one end. The shaft 145 which car 
ries the accumulator idler gears is movably supported 
in one of the side plates of the machine and normally is 
held in a disengaging position by a spring and the free 
end of armature 646. The end of the shaft contains a 
short portion having a smaller diameter and a disk por 
tion 647. 
When it is desired to engage the idler gears, current 

is first applied to the winding 645 drawing the armature 
into a horizontal position. Then, as described above, a 
lever is cammed to move the shaft 145 to its engaging 
position. At this point the assembly is arranged as shown 
in Fig. 9B. Next the current is cut off from the coil 
and the armature falls into place as indicated by Fig. 
9C. This locks shaft 145 in its engaging position and 
the idler wheels are in mesh with the accumulator wheels 
and the drive gears. 

Operation of addition 
In order to illustrate the operation of the calculator 

the number 456 will be entered into the keyboard and 
then transferred to the upper accumulator. The motor 
101 is started when the operator depresses any of the 
Start keys 109 which causes the machine to go through 
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a complete cycle actuating a timer mechanism and clos 
ing switch 507. Switch 507 connects the alternating 
current supply line to the motor 101, the transformer 
508 and the rectifier 509. The timer mechanism will 
be described later and operates to turn off the machine 5 

24 
after a predetermined time interval. 
key is depressed the timer is reset. 
The number 4 digit key is now depressed and the key 

rod 164 is released moving bail 171 to the right and op 
erating switch 172 (Fig. 16). This action energizes mag 
net 180 which lowers armature 182 and causes a power 
bail 185 to be lowered thereby depressing the fourth 
switch 174 in the first row in the storage block 155. 
This same action closes escapement contacts 264 and 
sends current through contacts 278 to the clutch coil-left 
265 to the negative or ground side of the supply line 
(Fig. 72). The actuation of the clutch coil attaches 
clutch 266 to gear 113, which is rotated continuously by 
a train of gears 413, 118, and a pinion 354 secured to 
the end of the motor shaft (Fig. 46). This action causes 
the storage block to move to the left until the next switch 
shank 174 engages projection 173 on key rod 164 (Fig. 
38) forcing it to the left and opening contacts 172 there 
by opening the circuit to the escapement coil and per 
mitting its armature 182 to move upwardly into the next 
notch in the storage block. This latter movement opens 
contacts 264 breaking the current to the clutch coil 265 
and stopping the motion of the storage block. The 
number four switch 174 is now depressed in the first 
denominational order and the storage block has been 
moved one place to the left. 

Depressing keys 5 and 6 repeat the above described 
action, the final result being switches 4, 5, and 6 in the 
first three denominational orders have been moved into 
their contact making position and the storage block has 
been moved three places to the left. 
When the storage block first moved to the left two 

contacts 512, and 295 were closed and contacts 511 
opened and the following circuits were established: Con 
tacts 511 connect the positive supply line to the main 
latch coil 513 through commutator A-33 (Fig. 72). The 
purpose of these contacts is to time the actuation of the 
main latch coil which releases the set-up bar 201. If 
contacts 511 are closed before commutator A-33 closes 
its circuit the set-up bar 201 is released when the com 
mutator makes contact. If, however, the commutator 
contacts are made and the storage block is not in its 
Zero position then the start set-up bar 201 cannot re 
turn until the storage block is returned to its zero posi 
tion, at which time the circuit will be completed and the 
set-up bar released. Contacts 512 connect the rectifier 
line to conductor 514. Contacts 295 connect the escape 
ment coil 180 to commutator contacts A-24 and A-25 
for a later operation. 
The start key is now depressed and contacts 55, 516, 

and 283 are operated (Figs. 72 and 76). Start contacts 
515 send current through the start set-up relay 57 and 
this relay closes eight contacts which set up the following 
circuits. Contacts 284 complete a circuit from the start 
contacts 283 to conductor 514 around several other con 
tacts. Contacts 518 establish a holding circuit for the 
relay which may be traced as follows; from the positive 
line 270 through start contacts 283, start contacts 284, 
conductor 520 through commutator contacts A-32, hold 
ing contacts 518 to the relay coil 517 and ground. Con 
tacts 383 (Fig. 79) complete a circuit from conductor 
514 to conductor 52 and the A shaft release coil 382 
(Fig. 75). Four other contacts are closed by the start 
set-up relay 517 but they complete no addition circuits 
and will not be considered at this time. 

Start key contacts 516 (Fig. 76) are used in division 
only. Start key contacts 283 connect the positive supply 
line 270 to conductor 514 through contacts 284 or the 
other contacts in parallel with it. 

Depressing the start key also completes a circuit to a 
holding coil 521. This circuit may be traced from con 
ductor 514 over conductor 520 to the holding coil 521 
and ground. Depressing the start key also energizes the 
upper plus shuttle coil 153 by completing a circuit which . 
may be traced from conductor 514 through two normally 

Each time the start 



2,951,686 
25 

closed contacts 565 and 566 (Fig. 79), through the con 
tacts of the A-15 commutator through three other nor 
mally closed contacts 550, 632 and 634 to coil 153 and 
ground. 
When the start key is depressed it mechanically moves 

Several arms which operate as follows. The set-up bar 
201 is moved to the right by the start key and is held in 
an operated condition by a holding coil. 521 until the 
end of the cycle. The start released bar 281 is placed 
under spring tension but is prevented from following the 
set-up bar by the depressed start key. As soon as the 
start key is released this bar moves to the right closing 
contact 280. The start key also moves a circuit interrupt 
bar 202 against the start key holding coil 521. This 
bar provides a signal when the current is interrupted 
during a calculation operation. If the current is inter 
rupted for a very small time interval during a machine 
cycle the bar will return to its normal position and will 
close contacts 522 thereby sending current through the 
coil of an automatic clearing relay 523 (Fig. 75) thereby 
returning the storage block to its normal position and 
clearing the accumulator. 
When the start key is released it removes the me 

chanical interference (bail 195) holding the start release 
bar and allows it to move to the right and close contacts 
280. This action closes the circuit between conductors 
514 and 520 and energizes the start release relay 524. 
When this coil is actuated five contacts are closed, only 
one of which effects the addition operation. This cir 
cuit may be traced from conductor 514 through contacts 
386 (Fig. 79) over conductor 525 through contacts 384, 
and the A shaft clutch winding 385 to ground. This con 
nects the A shaft to the motor drive and starts it to 
rotate. 
The A commutator shaft is now coupled to the motor 

drive and rotates for 37 degrees until the first notch is 
reached. During this rotation the following contacts are 
operated; between 0 and 10 degrees contacts A-2, A-4, 
A-6 to A-14, A-33, A-27, and A-30, are operated but 
are not used during the addition cycle. Also during 
this time a mechanical cam on cam wheel 150 has 
actuated cam follower 323 (Fig. 6) to move the proper 
shuttle shaft 146 into engagement with a shuttle armature 
which retains it in engagement and thereby moving idler 
gears 134 into mesh with the accumulator drive gears 130 
to move the accumulator wheels in an additive direction. 
At 18 degrees commutator A-15 opens and releases the 
armature of the plus shuttle coil which locks the shaft 
and its associated gears in its engaged position. At 18 
degrees rotation commutator A-23 makes contact and 
energizes the storage block accumulator coil 526 and the 
x 1 relay 527. These relays close the following circuits: 
from conductor 514 through contact 528 (Fig. 78), then 
through commutator contact A-23 over conductor 530 
to the storage block accumulator coil 526 and ground, 
also through contacts 531 (Fig. 74), the X 1 relay coil 
527 and ground. At 10 degrees the commutator A-1 
closes and connects its contacts in parallel with numerous 
contacts (Fig. 76) connecting conductors 270 and 514. 
When the A shaft has rotated 24 degrees the A-20 

commutator makes contact and completes a circuit to the 
B shaft release coil 392. This action pulls armature 393 
out of a notch in disk 399 and closes contacts 394 there 
by providing current for the B shaft clutch 395 and start 
ing the B shaft rotating. At 34 degrees the A-20 com 
mutator contacts 396 are opened but armature 393 rides 
on the surface of disk 399 and contacts 394 (Fig. 15) 
remain closed until the B shaft has rotated for 79 degrees. 
At 37 degrees the stop lug of armature 381 engages the 
first notch in disk 387. This opens contacts 394 and 
stops the rotation of the A shaft. 

During the rotation of the B shaft from 0 to 79 degrees 
current will flow through commutator disks B-7, B-8, 
and B-9 because these contacts are connected to the 
three storage block switches 4, 5, and 6 which were 
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manually depressed at the start of the calculation. The 
circuit which inserts the value of four may be traced as 
follows: from conductor 514 through contacts 532 of 
the storage block return relay, then through contacts 533 
of the quotient decimal point relay through commutator 
contacts B-7, through the multiplier circuit and through 
a closed contact in the multiplier storage block relay, to 
the number 4 switch in the storage block 177, then to the 
left through contacts 500 on the column selector block 
501 over conductor 534 (Fig. 73) through contacts 535 
of the storage block accumulator coil to clutch coil 
131-3 adjacent to the third drive gear 130. When coil 
131-3 is energized it picks up the drive gear and turns 
it along with accumulator drive gear 134 and accumulator 
wheel 133 to register a four in the third denominational 
order. The duration of the current in coil 131-3 is con 
trolled by commutator segment B-7 which sends current 
through this circuit long enough to turn the accumulator 
wheel so that a 4 is registered. In a similar manner cur 
rents through commutator segments B-8 and B-9 send 
current through storage block switches 5 and 6 to register 
these numbers in the accumulator wheel in the second 
and first denominational orders. The B shaft continues 
to rotate until it is stopped at 79 degrees but at 66 de 
grees commutator B-13 (Fig. 79) closes and sends cur 
rent to the C shaft release coil 402 to actuate its arma 
ture 401, close contacts 536, and send current through 
clutch coil 403 to turn the C shaft 45 degrees. During 
this rotation the numbers 4, 5, and 6 are printed on the 
platen 318 by the printer wheels 117. The printing ac 
tion has been described previously and is controlled by 
the removal of bail 430 (Figs. 8 and 69) from the lower 
part of printing levers 317 permitting the arm and the 
print wheels to snap against ribbon 128 and print on the 
paper 115 around the platen 318. The print arms 317 
are restored by the same bail 430 under control of shaft 
431 which is operated by arm 440 (Fig. 7) and cam 
wheel 437. 
At 72 degrees rotation of the B shaft the storage block 

return relay is actuated by a circuit through contacts 
588, 590,591, over conductor 287, relay 288, to ground. 
One of the relay contacts completes a circuit to the 
escapement coil 180. This circuit may be traced as 
follows: (Figs. 76 and 77) from conductor 514 through 
contacts 290 on the storage block return relay, through 
contacts 291 on the start release relay, then through 
contacts 295 on the storage block home contacts to 
escapement coil 180 and ground. Energizing coil 180 
moves armature 182 and closes escapement contacts 264, 
then through contacts 537 of the start release relay over 
conductor 538 to the storage block clutch coil-right 292. 
Energizing this clutch coil couples the storage block to 
the motor drive and returns it to its home or Zero posi 
tion. When the storage block is about one-half a space 
from its home position two contacts 512 and 295 are 
opened and one contact 511 is closed. One of these 
contacts 512 opens the line around the A-1 contacts 
which means that conductor 514 will be disconnected 
when the A-1 shaft has rotated 177 degrees. The Sec 
ond of these contacts 295 disconnects the escapement 
coil but its armature will not move because it is held 
down mechanically. When the storage block reaches 
its home position the armature 182 enters the stop rack 
268 (Fig. 10) and escapement contacts 264 are opened 
cutting off current from clutch coil 292 and stopping the 
storage block movement. The third contact 511 closes 
but completes no circuit. 

Another contact 532 on the storage block return relay 
288 opens, cutting off current to the counting commuta 
tors on the B shaft thereby preventing any further count 
ing for the duration of this cycle. 
At 32 degrees of the C shaft movement the A shaft 

was again set into motion to rotate from 37 to 67 de 
grees. This action is caused by a circuit through the 
C-1 contacts 377 (Fig. 75). During this rotation the 
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following actions occur: at 40 degrees contacts A-23 
open and normalize the Times One relay 527 and the 
Storage Block Accumulator Coil 526. At 50 degrees 
contacts A-19 close actuating Upper Carry Coil 141 by 
a circuit from conductor 514, through contacts 528, 
through Over-substraction relay contacts 543, through 
the A-19 contacts, through contacts 544 and 545, to 
the Upper Accumulator Carry Coil 141 and ground. 
At 54 degrees, contacts A-20 close and start the B com 
mutator shaft as before. At 64 degrees contacts A-20 
open as before at 34 degrees. 
comes to a stop. 
The B shaft is caused to rotate from 79 to 90 de 

grees to send a single-valued pulse to the accumulator 
assembly for purposes of carrying. The B shaft is re 
leased for rotation at 54 degrees of the A shaft. At 87 
degrees of the B shaft rotation the A shaft is released 
for rotation to move from 67 to 180 degrees. The cir 
cuit which starts the A shaft may be traced as follows 
(Figs. 75 and 79): from conductor 514 through contacts 
386 of the Start Released Relay, through contacts B-1, 
A-21, conductor 521, to release coil 382, and ground. 
This sets the A shaft in motion in the usual manner. 
The B shaft is stopped at 90 degrees by a slot in disk 
399 as described above. 
The A shaft in moving from 67 to 180 degrees op 

erates on several circuits. These may be described as 
follows: at 79 degrees the A-19 contacts upon the cir 

At 67 degrees the A shaft 
10 

5 

20 

25 

cuit which energized the carry coil 141; also contacts 
A-16 close which again attracts the armature of shuttle 
coil 153, releasing the shuttle shaft and disconnecting 
the drive gears from the accumulator wheels. At 95 de 
grees the contacts A-16 release the shuttle coil arma 
ture. At 100 degrees the shaft 146 is again operated to 
cause the idler gears to engage with the, now returned, 
drive gears. The A-23 contacts close at 111 degrees 
and actuate the Storage Block Accumulator Coil 526 and 
the times (X 1) relay 527. At 130 degrees contacts 
A-23 open cutting off the current from the Storage 
Block Accumulator, and the times one (X 1) relay. At 
141 degrees contacts A-19 close and again open at 160 
degrees cutting off current from the carry coil 141. At 
177 degrees contacts A-1 open, separating conductor 
514 from the positive supply line 270 (provided the 
Storage Block is in its normal position) and the operat 
ing system is substantially dead. If the Storage Block 
177 is not in its normal or zero position when contacts 
A-1 are opened then conductor 514 is connected to the 
positive supply line by contacts 512 until the Storage 
Block is fully returned. W 
At 177 degrees the A-21 contacts disconnect the A 

shaft Release coil 362 from its supply circuit which ran 
from conductor 514 through contacts 386 (Fig. 79), over 
conductor 525 to the A-21 contacts, then over conductor 
521 to coil 382, and ground. The armature 381 can 
now fall into the notch at 180 degrees on disk 387. 
Also, at 177 degrees, the latch coil 513 is energized by 
a circuit which may be traced from the positive supply 
line 270, through the contacts made by the A-33 com 
mutator then through contacts 546, 511, 547, 548, to the 
latch winding 513 and ground. This action permits the 
set-up bar 201 to return to its normal position, unlock 
ing the keyboard for the next entry. Also, at this time 
contacts A-32 close setting up the start circuit for the 
next entry. 
At 180 degrees the A shaft armature 381 falls into 

the 180 degree notch on disk 387 and the A shaft stops, 
ending the cycle, and bringing the machine to a com 
plete stop. 
Any additional numbers added to the machine will go 

through the same system of operation as described above 
except when one or more accumulator wheels are turned 
from nine to zero and a carry operation is to be per 
formed. Then contact arm 307 (Figs. 8 and 73) has 
been tripped by the end of cam follower 305 and a circuit 
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is made from conductor 514, over conductors 553 and 
554, to contact arm. 307 and contact point 308, then 
through contacts 555 which are closed by the Upper Ac 
cumulator Carry Coil 141, through the clutch coil 131-2 
in the second order to ground. This action enters a 
one in the next higher order and the carry is made. 
The Carry Coil 141 is controlled by commutator con 
tacts A-19 (Fig. 78) which are connected twice during 
each cycle for about 20 degrees or just enough time for 
the drive gears to enter a one in the accumulator wheels. 

In cases where a carry is made in one order and a 
nine is already in the next higher order the two carrys 
are made at the same time. The circuit for this opera 
tion is the same as the one described above except con 
tact wheel 133-2 will be in a position where the conduct 
ing segment 332-2 bridges the two contact brushes and 
then a circuit is completed from contact arm. 307, con 
tact 308, rush 344-2, carry contacts 556, clutch coil 
131-2, and ground. It will be obvious that if a plu 
rality of nines are in the accumulator wheels and a one 
is added to the lowest accumulator all the carries will 
be made during a single carry period and all the ac 
cumulator wheels will be turned together, an amount 
equivalent to a unit digit. 

Subtraction operation 
The subtraction operation is the same as addition 

except when a number is to be subtracted the minus key 
225 is depressed and several minus contacts are trans 
ferred from the plus to the minus circuit position. One 
of these contacts 550 transfers the line 514 from the 
A-15 commutator to the minus line. A second minus 
contact 551 is connected to the A-17 commutator and 
a third transfer contact 552 is connected to the A-18 
contacts. The only purpose of these contacts is to insure 
that one of the two minus shuttle coils 152 or 154 is 
energized when a subtraction is to be made. The flow 
of current through these coils is controlled by the same 
commutators and at the same time as the plus shuttle 
coils. 

Also, during a subtraction or division calculation 
brushes 334 on rods 336 and 337 are rotated one 
twentieth of a circumference so that a simultaneous minus 
carry circuit is set up when the accumulator wheels are 
at Zero instead of nine. 

Multiplication operation 
The steps used to multiply may be summarized as 

follows: (1) the multiplicand is entered into the Storage 
Block; (2) the Times (X) key is depressed; (3) the 
multiplier is entered into the Storage Block adjacent to 
the multiplicand; and (4) the Start and Enter key is 
depressed. After this the machine automatically does 
the multiplication, showing the product in the visible 
indicator wheels 132. This product may be printed on 
the tape by depressing the Total key 192 or the Sub-Total 
key 191. 
When the multiplicand is entered into the Storage 

Block the operation is the same as entering a number 
in addition. This has been explained in detail above. 
When the times (X) key 224 is depressed it locks the 
Storage Block to the column selector block 501 and the 
two move together. The column selector block 501 
engages the multiplier selector 496 (Figs. 38 and 78) 

65 . - 
to receive multiplier digits. 
and moves it to the left as the Storage Block continues 

When the Start and Enter key 187 is depressed a 
circuit is completed to operate one of the multiplier 

This circuit may be traced from 
conductor 514, through contacts 557 made by depress 
ing the (x) times key 224, over conductor 558, through 
contacts made by accumulators A-5 and A-27, over 
conductor 506, brushes 510 and 505, one of commutator 

75 
bars 493, one of the lugs 500, through the selected 
multiplier switch in the Storage Block to one of the 

2. 



contacts operated by commutators A-6 to A-14, to the 
Selected multiplier relay coil 560. These coils operate 
the contacts shown in detail in Fig. 71 and in addition 
each has a holding contact 561 which retains the relay 
armature in its actuated condition until one of the series 
contacts in the supply line is broken. At the same time 
Multiplication Relay 541 (Fig. 74) is actuated by cur 
rent from conductor 540. As long as the operator holds 
the Start and Enter key down nothing further happens. 
The multiplier storage block relay contacts 635 are open 
when commutator contacts A-6 to A-14 are closed. 
These contacts are controlled by relay coil 636 which in 
turn is controlled by commutator A-35. 
As soon as the Start and Enter key is released the 

Start Released Relay 524 is actuated (Fig. 72) by the 
closing of contacts 280, controlled by bar 281. The 
Start Released Relay 524 closes contacts 386 (Fig. 79) 
which completes a circuit from conductor 514, through 
contacts 386, over conductor 525, through contacts 384, 
to clutch coil 385, and ground. Contacts 384 had been 
made by the Start and Enter key when contacts 383 
were closed sending current through coil 382. 
The calculator will now make a complete cycle for 

each digit in the multiplier plus an automatic extra cycle 
for clearing the storage block. The sequence is as fol 
lows: during the first half-cycle the number is run from 
the multiplicand section of the Storage Block into the 
accumulator by way of the Multiplier Relay contacts. 
This first enters the tens digits, then a short interval for 
carrying if necessary; then before the second half-cycle 
the storage block is moved one space to the right and 
the units digits are entered; after another short interval 
for carry, the second cycle is started and the second 
multiplier digit in the storage block actuates the selected 
relay 560 and the process is repeated. 

During the multiplication cycle the A shaft rotates 
from 0 to 37 degrees, starting the B shaft at 24 degrees. 
Then the B shaft rotates to 79 degrees entering the tens 
digit values into the accumulator and starting the A shaft 
at 66 degrees. The A shaft rotates from 37 degrees to 
67 degrees, starting the B shaft, then rotates from 79 
degrees to 90 degrees controlling the carry circuit and 
starts the A shaft at 87 degrees through the B-1 com 
mutator. The A shaft now rotates from 67 degrees to 
127 degrees starting the B shaft again at 114 degrees. 
The B shaft now starts from 0 again and rotates to 79 
degrees on its second units. count, starting shaft A at 
66 degrees as before. The A shaft then rotates from 
127 degrees to 157 degrees, starting the B shaft again at 
144 degrees. The B shaft rotates from 79 degrees to 90 
degrees, controlling the second carry operation, and 
starting the A shaft again at 87 degrees as before. Then 
the A shaft rotates from 157 degrees to 180 degrees end 
ing the first full cycle. 

During the above sequence the C shaft does not move 
since printing is not done during the multiplying cal 
culation. The C shaft is cut off by transfer contact 562 
(Fig. 79) which is operated by the (X) times relay 541 
and the current which would normally set the C shaft 
into motion, as is done in addition and subtraction, is 
shunted through three closed contacts 563, 637, and 638 
back to conductor 521 to start the A shaft instead. 
The above description relates to the multiplication 

operation when the values are deposited into the upper 
plus accumulator. It should be pointed out that by 
depressing the Lower Register key 218 the same opera 
tion will be effected but the values will be deposited in 
the lower accumulator. It is also possible to multiply 
when the minus key is depressed, then the partial prod 
ucts and totals will be run into either one of the accu 
mulators in a negative direction and the result is a com 
plementary number which can then be added to another 
number in order to give the difference between the two 
numbers. 
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Since the process of multiplication is a process of 
adding partial products to an accumulator it makes no 
difference if there is a number already in the accumu 
lator or not. If the calculation includes the result of 
A-BXC then A may be entered into the upper accumu 
lator and B and C multiplied together in the same accu 
mulator giving the correct result when the multiplication 
is finished. 

Division operation 
The Division operation may be summarized as follows: 

(1) The Dividend key 160 is depressed (it stays down 
until the Divisor key is depressed), (2) the Dividend 
digits are entered into the Storage Block by depressing 
the keys 112 in proper sequence, (3) Depress Start and 
Enter key 187, (4) The Storage Block then moves so 
as to position the highest digit of the Dividend in the 
15th denominational order. The digit values are entered 
into the accumulator and the Storage Block is returned 
to its normal position and is cleared, (5) The Divisor 
key 161 is depressed, operating the divisor contacts 550 
and engaging the minus idler gears. This key remains 
in its latched position until the problem is completed, 
(6) The Divisor digits are entered into the storage block, 
one digit at a time, in sequence, (7) The Start and Enter 
key is depressed, (8) The Storage Block again moves to 
the left to place the highest digit in the divisor in the 15th 
order, (9) The machine now proceeds to subtract the 
divisor from the dividend. Each time an over-subtrac 
tion occurs, printing is done by the 16th wheel only, the 
others being blocked, (10) At the end of the subtraction 
process the remainder is printed by an automatic total 
cycle. 
The first entering of the Dividend digits in the storage 

block is the same as described under Addition. When 
the Start and Enter key is depressed the storage block 
moves to the left due to the following circuit: From the 
positive supply line 270, through contacts 271 (now mak 
ing contact with the lower point due to depression of 
Dividend key), contacts 612, through contacts 564 of 
Storage Block Cam 406 (Fig. 76), contacts 276 and 
277, coil 180 (closing contacts 264) and ground. When 
contacts 264 are closed a circuit is completed from sup 
ply line 270, through contacts 264, through contacts 278, 
to clutch coil 265, and ground. This starts the storage 
block moving to the left and continues the motion until 
the clutch circuit is broken by the opening of contacts 
564 which are controlled by a notch on cam 406 posi 
tioned as to always stop the movement of the storage 
block at the 15th order. When the Start and Enter key 
is released the digit values of the dividend are entered 
into the accumulator in the same manner as in addition. 
The operation of entering the Divisor into the storage 

block and then placing the block at the 15th position 
is the same as for the Dividend but when the Start and 
Enter key is released the digit values are subtracted from 
the amount in the accumulator because the upper minus 
shuttle coil is energized by a circuit which may be traced 
from conductor 514, through contacts 565 and 566 (Fig. 
79), through the commutator contacts A-15, contacts 
550 (now on the right side), to contacts 567 (Fig. 75), to 
the upper minus shuttle coil 152 and ground. 

in order to explain the Division operation in detail 
let it be assumed that 65 is to be divided by 27. The 65 
is entered as described above and is run into the accumu 
lator in the 15th and 14th denominational orders. Then 
the 27 value is set in the storage block as described 
above and the storage block is automatically moved to 
the left of the machine until the 27 values are aligned 
with the 65 values. Now the first cycle of subtraction 
is effected by the above described circuit and the 65 is re 
duced by 27 leaving 38. A second subtraction is then 
made because a circuit is now completed from contacts 
397, to the A-22 commutator, and through contacts 571 
which were closed by the Divisor relay 572 (Fig. 72). 
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The second subtraction leaves 11 in the accumulator. A 
third subtraction cycle is started, leaving the value 84 
in the accumulator but setting up a carry circuit in both 
orders because both accumulator wheels have been run 
past the zero position. The carry circuit includes con 
ductors 514, and 553, contacts 307-15 which are now 
in the lower position because of the action of cam fol 
lower 305 (Fig. 8), then to contacts 573 (closed) undel 
the Divisor key, over conductor 574 to coil 575 of the 
Over-Subtraction Relay, and ground. 
The Over-Subtraction Relay makes a number of con 

tacts and, in addition, mechanically blocks the printing 
of all but the 16th printing arm. The blocking is done 
by an armature 576 (Figs. 8 and 69) of Relay 575. 
When the C shaft does cause a printing cycle and the 

16th arm prints a 2 on the left side of the paper, the 
number printed being the number of subtractions that 
have taken place before over-subtraction. 
cause of a circuit which may be traced from the Supply 
conductor 553, over conductor 554, through contacts 
578 of commutator A-26, then through contacts 580 
to contacts 581 controlled by the Over-Subtraction Relay 
575, then to the clutch coil of the 16th drive gear, and 
ground. 
The Over-Subtraction Relay causes the shuttle gears 

on all the 15 orders to remain in contact so that the 
amount which has been subtracted from the accumulator 
wheels is run back. The final result is the same as the 
value before the operation. The above action takes place 
in one complete cycle. The pulses which actuate the 16th 
clutch winding are timed to arrive late by commutator 
A-26 and the clutch windings are actuated for a pro 
longed time interval to permit the pawl 321 to move out 
and into engagement. In this manner the quotient counts 
from succeeding cycles are added together. The action 
is controlled by cam 150-3. 
When the over-subtraction relay 575 is actuated, con 

tacts 581 (Fig. 78) and contacts 637 (Fig. 79) are 
opened and contacts 597 are closed. This action occurs 
sometime during the 1 to 9 count, before 66 degrees ro 
tation of the B shaft. The B-13 commutator contacts 
378 are closed at 66 degrees and then a circuit may be 
traced from conductor 514 through closed contacts 386, 
conductor 525, B-13 contacts 378, contacts 597, con 
tacts 598 (Fig. 75) the C shaft release coil 402 and 
ground. This starts the C shaft and a printing operation 
is effected. Only one printing wheel, the 16th, is actu 
ated to print because the over-subtraction relay armature 
576 (Figs, 8 and 69) when actuated, moves under an 
end portion of the other printing levers 317 and prevents 
their movement. The 16th printing wheel is not engaged 
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by armature 576 and prints a 2 on the paper. This action 
occurs between the first subtraction operation and the 
carry operation. When the C shaft has moved 32 de 
grees it starts the A shaft to rotate from 37 to 67 de 
grees, the set-up rotation for carry. However, when 
over-subtraction takes place there is no carry necessary 
and contacts 543 are opened and carry is prevented. 
An escapement of the storage block to the right is 

now effected by the following circuit: Contacts 621 are 
closed by the over-subtraction relay completing a circuit 
through the A-24 commutator contacts 623, contacts 
29, and 295, escapement coil 180 and ground. This 
causes contacts 264 to close and sends current through 
contacts 537, conductor 538, to the storage block clutch 
coil-right 292, to ground. This escapement motion 
occurs during the first half-cycle; if it had occurred dur 
ing the second half-cycle the circuit would have been the 
same except commutator A-25 is used instead of A-24. 
The storage block now aligns 27 with 110 in the accu 

mulator and another series of subtractions takes place 
similar to the operations described above but this time 
4 subtractions are necessary to reduce the 110 value to 
2, a value less than 27. The next subtraction actuates 

, the Over-Subtraction relay as before and the amount 
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over-subtracted is added back to the accumulator. 
Then, after printing a 4, the escapement mechanism 
moves the storage block one space to the right, as before, 
placing the 27 digits under a 20 in the accumulator. 
The next subtraction operation results in an over 

subtraction at once and a zero is printed on the paper. 
Then the storage block is again moved one space to the 
right and the 27 digits are below the last two orders of 
the number 200. Now the machine makes seven sub 
tractions before the 200 is reduced to an 11, and, after 
the usual over-subtraction and printing operation, the 
storage block is again moved one space to align the 27 
with 110. This is a repetition of the condition which 
existed after the first series of subtractions and it is now 
evident that the digits 407 will repeat in sequence in the 
quotient for the capacity of the machine. 

Fig. 85 illustrates the process of division by repeated 
subtraction when there is no decimal point indication 
and both dividend and divisor have been shifted to the 
15th order in the calculating machine. If the machine 
is permitted to run until the problem is completed the 
quotient will contain 14 digits with a remainder of 2. 

Decimal positioning 
The calculator contains a Decimal Point key and other 

means in the structure and circuits to position the deci 
mal point, both when entering numbers from the storage 
block into the accumulator, and also when printing an 
answer which may be the result of either addition, sub 
traction, multiplication, or division. The entire struc 
ture for accomplishing the above results has already 
been described in connection with the other processes 
of calculation and for that reason several problems show 
ing the operation of the decimal point structure will now 
be described. 

In order to make the decimal point positioning more 
useful, a roll of paper 115 is provided with a red line 
running down its center, positioned mid-way between 
the eighth and ninth denominational orders. The deci 
mal point position is controlled by the position of the 
cam faces on cams 408, 410, 411, 412, 404, 368, 405, 
406, and 407. It should be remembered that it is not 
necessary to use the decimal point structure and all the 
calculating operations may be made in the usual manner 
as described above without using the decimal point key. 
Whenever it is desired to make use of the decimal point 
structure, the number is entered into the storage block 
with a depression of the demical key 223 in its proper 
position. The depression of the decimal point key does 
not cause the escapement mechanism to move the stor 
age block but it does switch in several control circuits 
associated with the “D,” “E,” and "SB,” cams which 
control the movement of the storage block during the 
calculation. 
When numbers are being added or subtracted the deci 

mal point is positioned at the start of the problem before 
the number is transferred from the storage block to the 
accumulator and then the answer will obviously appear 
in correct alignment. The storage block is positioned 
as follows. During the entering of a number by man 
ual depression of the keyboard all digits to the left of 
the decimal point are entered when the D clutch 417 is 
in its unactuated condition. When the decimal point 
key is depressed sixteen contacts are operated, ten being 
closed by the decimal relay, three being depressed by 
the decimal rider 242 and three being depressed by the 
shank under the decimal point key 223. This action 
sends current through clutch coil 417 and locks the D 
cams to the storage block so that as the digits to the 
right of the decimal point are entered the D cams will 
turn as the storage block moves to the left. Then when 
the D-1 cam 408 is moved to the 8th position the Stor 
age Block stops and the number is entered. 

75 
Let is be assumed that it is desired to multiply 2.3 

by 4.5. First the 2 digit key is depressed and the stor 
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age block moves one space to the left moving all the, 
storage block cams 404, 405, 406, and 407 with it. 
Then the decimal point key 223 is depressed, locking 
the D cams to the storage block gear train. Next the 
3 digit key. is depressed, entering a 3 into the storage 
block and moving the storage block another place: to 
the left and, in addition, turning the D cams: 408, 410, 
411, and 412 the: equivalent of one space. 

(Figs. 76, and 45). 

the storage block, 155. The operation of the times. (X) 
key unlatches the decimal point, key and disengages. 
clutch. 417. So that the next, whole. number entered does 
not turn the D cams: 
Now the multiplier is entered into the storage block. 

by first depressing the 4 digit key, then the decimal point 
key, and then the 5 digit key. At this point, the stor 
age block cams have been rotated an amount equivalent. 
to four spaces and the D cams an amount equivalent of 
two spaces. 
The problem has now been set up and all that is nec 

essary for the operator to do is to depress the start and 
enter key i87 and the multiplication will be done auto 
matically. When the start and enter key is depressed 
a circuit is completed from the rectifier line 270 through. 
dividend contacts 271, decimal contacts. 272 and 273, 
dividen contact. 274, contacts 275 on D cam 408, Start 
contacts 276, contacts 277 on storage block cam 404, 
to the escapement coil 180, and ground. This action 
closes contacts: 264 by actuating armature 182 and an: 
escapement circuit is closed from the positive line 270, 
through contacts 264, through contacts 278 to the stor 
age block clutch coil-left 265, to ground. The bail 282. 
on armature. 182 prevents the start bar 281 from clos 
ing contacts 279. These contacts control the actuation 
of relay 524. As the circuit is now set up contacts 
275 on the D cam 408 are in series: with the escapement 
coil 180. The D-1 cam now has six spaces to turn 
before the contacts will fall into the depression on the 
D cam and open. This means that the storage block. 
is moved so that the 2 is... in the 10th order and the 4 is 
in the 8th order. 

moving so as to release the start bar 281 and permit the 
machine to start multiplying. 
The process of multiplying 2.3 by 4.5 is similar to the 

multiplication process already described and is indicated 
graphically in Fig. 84. The tens value of the product of 
4x2 is zero and no action occurs in the 10th order. 
The tens value of the product of 4x3 is a 1 and this is 

Then an escapement of one: 
place is made and the units values of 4X2 and 4X3 are: 
entered into the 9th order. 

entered into the 9th and 8th orders. At this point the 
total is 9.2 and no carry operation is necessary. Next the 
tens values of the products of 5X2 and 5X3 are entered 
into the 9th and 8th orders, resulting at this time in a 
carry operation. A storage block escapement of one 
space again occurs and the units values 0 and 5 are en 
tered into the 8th and 7th orders making a total of 10.35 
for the product. A third machine cycle returns the stor 
age block to its home position. 
The storage block escapement at the end of each first 

half cycle is controlled by the A-24 commutator 623 since 
contacts 279 are closed and contacts 641 are open. The 
final escapement movement which sends the storage block 
to its home position occurs at the start of the third cycle 
due to contacts 285 which were closed at the middle of the 
second cycle when the column selector block 501 is moved 
to its normal position. The escapement action does not 
start until the third cycle when the A-2 communtator 286 
makes contact and completes a circuit through contacts 
279; contacts. 285 (Fig. 77), contacts. 286 on the A-2 
commutator, to coil 288 of the storage block return relay, 

Then the. 
times (x) key, 224 is depressed closing contacts 582 

As described above, the depression 
of this key also locks the column selector block 501 to: 

When the D contacts. 275 are opened 
the escapement armature 182 is released, one part mov 
ing into the storage block depression and the other part 
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and ground. When this: i.elay is operated the relay con 
tacts 290 are closed which provides a circuit from conduc 
tor 514 through these contacts, contacts 291, contacts 295, 
to the escapement coil 180 and ground. This closes con 
tacts 264 and sends' current through contacts 537, over 
conductor 538; through the storage block clutch coil-right 
292 and takes the storage block to its home position. At 
one-half space away from the home position the storage 
block normal contacts 295 are opened, thereby releasing 
the escapement coil. 
The number 1035 is now in the accumulator in the 10th, 

9th, 8th and 7th denominational orders. Depressing the 
total key will print this number with the 10 to the left of 
the red line and the 35 to the right of the red line on 
the paper. 

if more than eight: decimal digits are entered into the 
storage block the cut-off camportion on the cam face 468 
Will have moved past the contact finger which holds con 
tacts 275. Then when the storage block clutch is actuated 
it will be driven all the way to the left side of the machine. 
This action opens contacts 277 and a circuit is completed 
through contacts 583 (Fig. 72) and the storage block is 
returned to its home position and cleared without having 
transferred its value to the accumulator. 

Let it now be assumed that 6.5 is to be divided by 2.7. 
First the dividend key is depressed. This action closes 
contacts 271, 274, 583 and 375 and completes a circuit 
which maybe traced from conductor 270 through contacts 
271, decimal contacts 584, divisor contacts 585, start key 
contacts. 516, start released relay contacts 586 to the D 
clutch: coil. 417 and ground. Then the number 6 key in 
the keyboard is depressed which enters a 6 in the storage 
block and operates: the escapement circuit to move the 
storage block one space to the left. When the storage 
block moves one space: to the left, the "D' cams are 
moved the equivalent of one space in a counterclockwise. 

Then the decimal key is depressed and the direction: 
above described circuit is broken by the transfer of con 
tacts 584. The decimal key also closes contacts: 612 to 
Set up a circuit which will be completed when the start 
key is: depressed. Next the: 5 digit key is depressed, en 
tering a 5 in the storage block and causing the storage 
block to be moved one space: to the left. The storage 
block cams are now two spacepositions from normal and 
the D cams one space from normal. Now the enter and 
Start key 187 is depressed to enter the 65 in the accumula 
tor in the 9th and 8th orders. This-action closes contacts 
276 and completes a circuit from contacts 587 through 
the escapement coil as before to move the storage block 
the seven remaining spaces to the left until the cam 405 
Open, contacts 587. This records the 6 value in the 9th 
accumulator position. The storage block is now returned 
to its home position by a circuit which may be traced 
through contacts 588, 590, contacts 591 on the B-2 com 
mutator, over conductor 287, to the storage block return 
relay 288, and ground. 
The divisor key 161 is now depressed. Since the num 

ber to be entered as the divisor is 2.7 the 2 digit key is 
next depressed and the 2 value is entered into the storage 
block with the usual escapement. Next the decimal key 
is depressed which closes a circuit which may be traced 
from the positive supply conductor 270 through contacts 
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271 which have been transferred to their lower position, 
contacts 584, contacts 585, start contacts 516, start con 
tacts 586, to the D clutch coil 417. The number 7 digit 
key is now depressed. This moves the storage block one 
space and moves the D cams with it one space for a total 
of two spaces. Now the start and enter key is depressed 
a second time to start the problem of division. This ac 
tion completes a circuit through the contacts 366 on the 
“E” cam 368, then through contacts 592, start contacts 
276, cam contacts 277, to the escapement coil 180, and 
ground. At this time another circuit is established 
through the "E" clutch coil 593 through the divisor con 
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tacts 594, divisor contacts 535, through start contacts 596 
and coil 593. The storage block now moves to the 9th 
position controlled by the “E” cam 368 and contacts 366. 
The digits 2.7 are in the storage block in the 10th and 

9th positions and the Start Released bar moves to the 
right when the Start and Enter key is released. This ac 
tion starts the problems in division. The 27 is subtracted 
from the 06 once and the over-subtraction relay is ac 
tuated as described above and the carry latch 307-9 is 
tripped thereby establishing a circuit from conductor 553 
to contacts 397-9, over the simultaneous carry Systein 
332-14 to contacts 573, conductor 574 and the over 
subtraction relay coil 575. As previously described un 
der the division chapter, the accumulator idler wheels 135 
remain in mesh when the drive gears 130 are returned to 
their normal or zero position, thereby running back into 
the accumulator the value which has been subtracted dur 
ing the first subtraction. 
When the divisor key 16 is depressed, divisor contacts 

589 (Fig. 77) are shifted so that the sixteenth wheel and 
its clutch are alive and are disconnected from the other 
accumulator wheels. Each subtraction pulse travels from 
conductor 554 through contacts 578, 580, and 581 to 
move the sixteenth wheel one digit position for each of 
the three subtractions. The pulses which actuate the six 
teenth wheel come through contacts 578 of commutator 
A-26 and arrive later than the usual action. 
At the end of the above described action commutator 

B-13 closes a circuit which may be traced from con 
ductor 514, through contacts 386 (Fig. 79), over con 
ductor 525, through the B-13 contacts, then through con 
tacts 597 through contacts 598 to the C shaft release 
coil 402 to start the C shaft and print the result. The 
storage block is now moved one space to the right under 
control of the A-25 commutator. During this motion 
the D cams are also moved the equivalent of one space 
to the right and are now one space from their normal position. 
The 2 digit is now at the 8th accumulator position and 

the subtraction cycle is again started but an over-subtrac 
tion is at once sensed and the value in the accumulator 
(which is now 0) is not changed. The escapement mech 
anism again moves the storage block and D cams one 
place to the right and the D cams are now in their nor 
mal position and the D-3 cam 411 has made a momen 
tary closure of contacts 615. Contacts 615 make a cir 
cuit through the Quotient Decimal Relay Coil 616 which 
actuates it and causes it to be locked in its operated con 
dition, timed by the A-3 cam. The contacts operated by 
the relay open the line to the counting circuits by open 
ing contacts 533, thereby preventing counting while the 
decimal point is being printed. Contacts 617 are closed 
and complete a circuit through the B-14 commutator 
to the decimal magnet 618, rotating it an amount which 
will unlock the arm and prepares it for printing. Con 
tacts 620 (Fig. 79) are also closed which starts the “C” 
shaft on another cycle and a decimal point arm controlled 
by bail 430 is actuated and a decimal point is printed on 
the paper in approximate alignment with the 3 and the 0. 
The machine continues to go through its division cycles 

because there might be some digits in the accumulator in 
the lower orders. However, since the third subtraction 
of the 2 reduced the accumulator value to zero, the re 
sult of the remaining cycles will be a line of zeroes. If 
the operator realizes that nothing but zeroes will be 
printed or if the operator is not interested in all the 
decimal values beyond a certain point, the machine 
may be stopped by depressing the clear keyboard key 
188. This action completes a circuit, with the next es 
capement pulse, which may be traced from conductor 514 
through contacts 621, either of contacts 622 or 623, Di 
visor contacts 624, Clear Keyboard 625, over conductor 
287, to coil 288, and ground. This returns the storage 
block to its normal position and clears the accumulator, 
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printing the remainder, if any. Chart shown in Fig. 86. 
illustrates the above described action. 

Upper to lower and lower to upper 
When a number in the upper accumulator is to be. 

transferred to the lower accumulator key Upper to Lower 
193 is depressed. This action closes a total contact 620 
and contact 627 (Fig. 79) which actuates the upper to 
lower relay 616, which in turn operates a number of 
relay contacts including contacts 621 and 622 in Fig. 74, 
contacts 623, 624, 618, and 625 in Fig. 75, and contacts 
626 in Fig. 79. The same action opens contacts 628 and 
545 in Fig. 74 and contacts 630 in Fig. 75. 
The result of this switching action completes a circuit 

from conductor 514 (Figs. 78 and 74) through the T-3 
contacts 620 to the total relay coil 617 firing the relay 
and locking it into its actuated condition through T-4 
contacts 631. The T-6 contacts 632 are operated and a 
circuit is completed from conductor 514 through closed 
contacts 565, 566, commutator A-15, contacts 550, 632 
(right), 567, 633, 624 (left), commutator A-29, to the 
upper minus shuttle coil 152. A second circuit is com 
pleted from contacts 624 (left), commutator A-7, con 
tacts 551 and 625 to the lower plus shuttle coil 151. 
The actuation of these shuttle coils places the accumula 
tors in a condition to clear the number from the upper 
accumulator and enter it into the lower accumulator. If 
there is no number in the lower set of wheels at the start 
of the operation the result is a simple transfer. However, 
if a number is in the lower accumulator the transfer will 
add a set of digit values which may result in a carry 
operation. The carry operation is automatic for the lower 
accumulator but if a carry is made there and the upper 
accumulator wheels are still in mesh the carry will be 
made there also. For this reason commutator A-34 (Fig. 
79) makes contact (at 40) to actuate the upper minus 
shuttle coil and disengage the upper accumulator wheels 
just prior to the carry operation. 

After the carry operation in the lower accumulator the 
lower plus shuttle coil 151 is energized to release shaft 
145 and disengage idler gear 137. The circuit which 
causes this action may be traced from conductor 54 
(Figs. 79 and 75) through contacts 565, 566, and 640, 
through the A-16 commutator, contacts 550, 632 (right), 
567, 633, 624 (left), commutator A-17, contacts 551, 625, 
and the lower plus shuttle coil 15, and ground. 

Protective circuits 
The calculator above described contains a motor which 

is started by the first actuation of any of the start keys 
109 and thereafter the motor runs continuously as long 
as the machine is in constant use. In order to insure 
that the operator will not leave the machine and permit 
the motor to run indefinitely, a timing system has been 
built into the machine to turn off the motor after a pre 
determined time interval. The time interval may be set 
at five minutes and the arrangement is such that each 
time the start release bar is depressed the timing mecha 
nism is restarted from its zero position. The details of 
this mechanism are illustrated in Figs. 40 to 45, inclu 
sive, and comprise two ratchet wheels 600 and 60, each 
ratchet wheel being engaged by two pawls, a stationary 
pawl 692 and a moveable pawl 603 actuating wheel 60. 
Ratchet wheel 600 is actuated by moveable pawl 604 and 
held by a stationary pawl 605. It should be remembered 
that gear wheel 113 is turning whenever the motor shaft is 
turning. Secured to the face of wheel 113 is a snail 
cam 606 which is engaged by an arm 697 which moves 
the moveable pawl 604. The ratchet wheel 600 is there 
by turned one notch for each revolution of the snail cam 
696 and completes a full revolution in about one minute. 
Wheel 600 also contains a snail cam 608 and this snail 
cam actuates lever 610 to move the moveable pawl 603. 
Wheel 601 contains a bent-over portion 611 and when 
the wheel has moved through an arc of about 30 degrees 
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this portion will make contact with an insulator secured 
to two switch contacts (see 507 Fig. 72) thereby breaking. 
the contacts and stopping the machine. The start bail 
195 actuates a shaft 197 on which is secured an arm 613. 
This arm moves on each actuation to make contact with 
parts of pawls 603 and 602, lifting the pawls from the 
teeth and permitting wheel 601 to be returned to its origi 
nal position by means of spring 614. 
Another protective feature: includes a circuit interrupt. 

bar 202 shown in Figs. 20 and 21 (also, in Fig. 75). 
When the machine is started by any of the start keys 
109 bail. 195 is depressed and bail, 198; is moved to the 
right by bell crank 196. This forces bars 201 and 202 
to the right causing: a fiat armature, portion 643 to make: 
contact with magnet 521. Current for winding. 521 is: 
supplied by a circuit from the main line." 514; over con 
ductor 520, coil. 521, to ground and as long as this cir 
cuit carries current the arm 202 will remain in its oper 
ated condition and contacts 522 will be open. 

If now a current interruption occurs during a machine. 
operation, the magnet. 521 releases the arm 202 which 
moves to the left of the machine and closes contacts 
522 thereby sending current through a circuit which runs 
from conductor. 514, over conductor 644 (Figs. 79 and 
75) to the A-30 commutator, contacts 522, automatic 
clearing relay 523. The energizing of this relay com 
pletes a holding circuit from line, 514, through T-8 
contacts automatic holding contacts 645, to the relay 
winding 523. This holding circuit remains until the 
start of the next machine cycle at which time contacts 
646, through A-31, energize the total relay 617. This 
causes a total operation, clearing the accumulator with 
out.printing (because of open contacts 598) and return 
ing the storage block to its home position. 
A third protective circuit includes a coil 513 and its 

armature 647. When the bars 201 and 202 are first 
moved to the right, current is supplied to winding 513 
and armature 647 is pulled out of the path of the bars. 
This supply circuit may be traced from conductor 270, 
through contacts on the A-33 commutator, contacts 546, 
511, 547, 548, through winding 513 to ground. After 3 
degrees of rotation of the A shaft. the above circuit is 
broken and armature 647 is released blocking the return 
of the set-up bar 201. As long as bar 201 is in its 
actuated position the keys 112 are locked because a por 
tion 648 enters the ball lock. 
Armature 647 will remain. in its latching position 

until the end of a machine cycle (at 177 degrees of A 
shaft. rotation) and until the storage block has returned 
to its home position closing contacts 511. A current 
interruption which occurs before this time will not 
release bar 201 and free the keyboard. 
While there have been described and illustrated 

specific embodiments of the invention, it will be obvious 
that various changes and modifications can be made there 
in without departing from the field of the invention 
which should be limited only, by the scope of the 
appended claims. 

I claim: 
1. A control system for a calculator containing a 

plurality of accumulators comprising; a series of accu 
mulator gears, one for each denominational order, in each 
of said accumulators; a drive gear for each accumulator 
gear, said drive gears controlled by a series of electromag 
netic clutches to turn an angular amount and then return 
to their normal position by a series of springs; cam oper 
ated means which couples any one of the accumulator 
gears to its associated drive gear; control means operated 
by a manually-operable key which couples all the gears 
of two accumulators to all the drive gears; power means 
which turns the accumulator gears in a first accumulator 
to zero at the same time the accumulator digit values are 
transferred to a second accumulator in an additive or Sub 
tractive manner. 

2. A control system for entering a number into an 
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accumulator comprising; an accumulator containing one 
accumulator counting gear for each denominational 
order; a drive gear for each accumulator gear; an elec 
tromagnetic clutch for each drive gear, said clutches 
secured to a shaft which is revolving during the calculat 
ing interval; said drive gears axially aligned with said 
shaft and resiliently stressed to return to their zero posi 
tions by a series of springs; a series of ten commutators 
for sending electrical pulses to the clutches, said pulses 
timed to correspond to digit. values from one to nine; a 
storage block for storing digit: values in the form of 
actuated switches; and connecting means for completing 
a circuit, which includes a. source of potential, the actu 
ated switches in the storage. block, the clutches, and the 
commutator. 

3. A control system in a calculator for printing a num 
ber in a storage block independently of the setting of 
one or more, accumulators comprising; a Series of 
switches in said storage block which are: actuated by a 
keyboard entering system to designate digit values; a. 
drive gear for each denominational order; a printing 
system which includes a printing wheel coupled to each. 
drive gear; an electromagnetic clutch positioned adjacent 
to each drive gear and axially aligned therewith, said 
clutches secured to a driver rotating shaft and adapted to 
cause rotation of the drive gears when actuated by an 
electric current; and a manually operated, control key 
which actuates the clutches for, a time interval propor 
tional to the digit values stored in the storage block, 
said control key closing a circuit which causes the print 
ing system to print the digit values transferred from 
the storage block to the print wheels by the drive gears. 

4. A control system in a calculator for converting a 
printing program sequence into a non-printing program 
comprising; a first commutator for controlling the opera 
tions of the calculator exclusive of printing; a second 
commutator for controlling the printing of a number on 
a platen; a first circuit means connected to the first com 
mutator for starting the second commutator; a second 
circuit means connected to the second commutator for 
starting the first commutator; and switching means con 
trolled by a manually operable key for disabling the 
first circuit means and omitting the operation of the 
second commutator and the printing operation. 

5. A control system. in a calculator for converting a 
printing program sequence into a non-printing program 
comprising; a first rotary commutator for controlling the 
operations of the calculator exclusive of printing; a second 
rotary commutator for controlling the printing of a num 
ber on a platen; a first circuit means connected to the 
first commutator for starting the rotation of the second 
commutator during a time interval, when the first com 
mutator stops rotating; a second circuit means connected 
to the second commutator for starting the rotation of the 
first commutator during a time. interval when the second. 
commutator stops rotation; and switching means con 
trolled by a manually operable key for disabling the first 
circuit means and omitting the operation of the second 
commutator and the printing operation. 

6. A control system in a calculator for converting a 
printing program sequence into a non-printing program 
comprising; one or more rotary commutators which con 
trol Switching means and the operations of the calculator 
exclusive of printing; an additional rotary commutator 
which controls the printing of a number existing in an 
accumulator in the calculator; a first circuit means con 
nected to one of said first mentioned rotary commutators 
for starting the rotation of the additional rotary commu 
tator during a time interval when the first commutator 
stops rotating; a second circuit means connected to the 
additional commutator for starting one of the first men 
tioned commutators during a time interval when the 
additional commutator stops rotation; and Switching 
means controlled by a manually operable key for dis 
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abling the first circuit means and omitting the operation 
of the additional commutator and the printing operation. 

7. In a calculator for receiving, storing, and processing 
digital values, the combination of; a plurality of accu 
mulators, each including a plurality of denominational 
order gears; rotatable driving means controlled by a key 
board for turning an amount proportional to digit values; 
a plurality of idler gears adapted to be moved in an axial 
direction to engage or disengage the order gears with 
the driving means; means for moving the idler gears into 
mesh with the accumulator gears, said means comprising 
a plurality of shafts, one for each set of idler gears, re 
siliently stressed to remain in their unmeshed position, a 
cam which engages all of said resilient means to move 
selected shafts into a meshed position; and a set of 
mechanical latches controlled by electromagnetic means 
for retaining said shafts and said idler gears in a meshed 
or unmeshed position during an accumulator operation. 

8. The combination as set forth in claim 7 wherein at 
least one set of idler gears is meshed with the order gears 
to add digital values to the accumulators when the driv 
ing means are actuated. 

9. The combination as set forth in claim 7 wherein at 
least one set of idler gears is meshed with the order gears 
to subtract digital values to the accumulators when the 
driving means are actuated. 

10. The combination as set forth in claim 7 wherein 
one set of idler gears is meshed with the order gears to 
add digital values to one accumulator at the same time 
another set of idler gears is meshed with the order gears 
to Subtract the same digital values from a second accu 
mulator. 

i11. The combination as set forth in claim 7 wherein all 
of said sets of idler gears are respectively meshed with 
a locking pawl secured to a portion of the calculator 
frame when the idler gears are in their non-actuated 
position. 

12. In a calculator for receiving, storing, and processing 
digital values, the combination of; a plurality of accu 
mulators, each including a plurality of denominational 
order gears; rotatable driving means controlled by a key 
board for turning an amount proportional to digit values; 
a plurality of idler gear shafts, each containing at least 
one idler gear for each denominational order, said shafts 
adapted to be moved in an axial direction to engage or 
disengage the order gears with the driving means; said 
shafts each resiliently stressed by a spring to remain in 
its unmeshed position and each shaft including an an 
nular grove at one end thereof; a mechanical latch for 
each of Said shafts for engagement with said groove to 
retain the shaft in its meshed or unmeshed position, said 
latches controlled by electromagnetic means and an elec 
tric circuit which includes a rotatable contact means; 
and a cam which engages all of said springs to move un 
latched shafts into a gear meshing position. 

13. A control System for a calculator containing two 
accurnulators comprising; a series of drive gears, one 
for each denominational order; said drive gears respec 
tively positioned adjacent to a series of axially aligned 
rotating power electromagnets with electrical circuit 
means for coupling said electromagnets to said drive 
gears; gear means for coupling both of the accumulators 
to the drive gears in an additive or subtractive manner; 
a manually operable key with control means which cou 
ples said two accumulators to the drive gears and clears 
a first accumulator while transferring the digit value in 
that accumulator to the second accumulator in an additive 
or Subtractive manner; said control means including a 
cam wheel secured to each of said first accumulator gears 
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and electric contacts operated by said cam wheels for 
opening the circuit leading to said electromagnets when 
said first accumulator gears reach their zero position. 

14. A control System for a calculator containing two 
accumulators comprising; a series of drive gears, one for 
each denominational order; each of said accumulators in 
cluding a gear for each denominational order; a set of two 
idler gears for each accumulator gear, said idler gears 
normally coupled to the accumulator gears but not meshed 
with said drive gears; and a cam operated shifting lever 
which is controlled to mesh all of said idler gears with 
the drive gears during a first machine operation by the 
axial movement of the idler gears, and a series of four 
mechanical latches which are controlled by electromag 
netic means to retain selected idler gears in their meshed 
position during a second machine operation. 

15. A control system as set forth in claim 14 wherein, 
a printing mechanism having printing wheels is coupled 
to the drive gears and adapted to print digit values on a 
platen; and key operated control means including means 
for operating said cam to engage the accumulator gears 
with the drive gears, turn the accumulator gears to their 
Zero position, print the corresponding digits from said 
printing wheels, and then return the drive gears and the 
accumulator gears to their original positions. 

16. A control system as set forth in claim 14 wherein, 
a printing mechanism having printing wheels is coupled 
to the drive gears and adapted to print digit values on a 
platen; and key operated control means including means 
for operating said cam to engage the accumulator gears 
with the drive gears, turn the accumulator gears to their 
Zero position, print the corresponding digits from said 
printing wheels, disengage the accumulator gears from the 
drive gears, and then return the drive gears to their 
original position. 
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