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Jackson Heights, N.Y., assignors to Bell Teclephone
Laboratories, Incorporated, New York, N.Y,, a cor-
poration of New York

Filed Dec. 17, 1946, Ser. No. 716,680
12 Claims. (Cl. 235—162)

This invention relates to calculators and particularly
to electrical devices by which mathematical calculations
may be carried out by the movement of simple electro-
magnetic means without the use of gear trains, number
wheels and other mechanical elements such as.cams.

An object of the invention is to provide calculating
means which will perform long and complicated opera-
tions in a minimum of time and with a minimum of ap-
paratus.

The invention includes as one of its objects a short-

cut method of multiplication by iterative addition in
which the number of operations is measured by the num-
ber of digits rather than the sum of the digits of the
multiplier.
_ In mathematical parlance a function is a magnitude
which may be calculated from an argument. Thus the
surface and volume of a sphere are functions of its
radius which is the argument. Further a magnitude may
be a function of any number of arguments so that a
product is a function of the two arguments known as
the multiplicand and the multiplier.

The calculation of many functions from given argu-
ments is at times a long and arduous operation and is
always subject to human fall:bility so that in the past ex-
tensive calculations have been made, carefully checked
and the results tabulated and indexed by the arguments.
The simplest of such tables are the multiplication tables
drilled into the memory of every schoolboy. Others
are such tables as those used by the navigator and the
astronomer and recorded in great tomes. There is thus
avajlable to the mathematician a great mass of precal-
culated functions which is in constant use so that it is
common practice in solving many problems to “look
up” a function which may fit into as a part of such prob-
lem rather than to calculate it anew. An object of the
present invention is to adapt the use of massed infor-
mation to a calculator so that during the process of cal-
culation the calculator may automatically “look up” a
desired value and fit it into the calculation being made.

It has been found, however, that for automatic calcu-
lation it is more expedient to actually calculate a func-
tion rather than to store the vast amount of information
needed so that a compromise has been devised which re-
sults in the discovery by search of certain indices listed in
a table of arguments which indices applied to a calculating
device will control a calculating operation to derive the
wanted function. These indices are common to a plu-
rality of functions and hence may be smaller in number
than the total number of functions, the calculation of
a particular function being carried out by the combina-
tional use of a plurality of such indices.

In one specific example and as a means toward expla-
nation of further and more complicated operations the
means provided for carrying out multiplication of multi-
digit nombers by other multidigit numbers will be set
forth. There are provided a plurality of multiplication
index relays each of which indexes the multiplication of
a single digit by another single digit. Each such index
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relay when operated will control certain calculator opera-
tions leading to the finding of a product. For instance
if the number ’

5678

is to by multiplied by 9, the first operation is to operate
relays corresponding to the multiplicand digit 5 and the
multiplier d/git 9, whereupon the value 5 (the unit digit
of the product 45) will be registered in the augend reg-
ister of a summing device and the value 4 (the tens digit
of the product 45) will be registered in the addend regis-
ter of this summing device. In like manner the other
digits of this multiplicand will be multiplied simulta-
neously by nine and in each case the units digit of the
product will be registered in one place and the tens digit
in another place. Eventually the number 5432 will be
registered in the augend element and the number 4567
will be registered in the addend element of a summing
device. Since these numbers will be registered so -that
they are matched as follows
5 4 3 2
4 5 6 7

the derived sum 5 1 1 0 2 will represent the product
of 5678 x9.

If the multiplier also is to be a multidigit number, the
multiplication of the multiplicand by the first digit of the
multiplier is derived and stored before the multiplication
of the multplicand by the second digit is undertaken.
Assuming that the multiplier is 9876, the product of the
first multiplier digit 9 is derived as 51102 and stored and
then the product of 5678 X8 is likewise calculated as the
sumof R - . : o
0 8 6 4

5 6

45 4 2 4
and this product is then added to the first—as

5110 2
4 5 4 2 4

5 5 6 4 4 4

In like manner the products of 5678 ><7 and 5678%6
are derived and each in its turn is added to the previously
derived sum :

5 5 6 4 4 4
3 97 46
56 0 4186
5 004186
3 40 6 8
5 6 0759 2 8

Thus a problem in multiplication becomes an opera-
tion in iterative addition but unlike the old and well-
known iterative addition operation is performed under
control of these index relays and has many less steps
than were heretofore required, the number of steps now
being related to the number of digits in the multiplier
rather than the sum of the digits of the multiplier.

In accordance with this general method of multipli-
cation a feature of the invention resides in the provision
of a calculating unit consisting of four decimal code reg-
isters, one acting as the augend element of a summing
device, another acting as the addend element of the sum-
ming device and the two others acting as a first and a
second storing register each alternatively functioning as
a sum element of the summing device. In performing -
the multiplication of a multidigit multiplicand by a multi-
digit multiplier the units digits of the separate products



2,077,048

of a first multiplier digit by each of the digits of the
multiplicand are registered in the augend register (A)
while the tens digits thereof are registered in the addend
register (B). These two numbers properly related in
their columnar relationship are then summed and regis-
tered in the first storing register (C). A similar opera-

tion is then performed with relation to the next succeed-
ing multiplier digit and the derived sum is registered in -

the second storing register (D). Thereupon the two de-
rived sums are simultancously transferred, that in the first
storing register (C) to the augend element (A) and that
in the second storing register (D) to the addend element
(B) and another summing operation performed, register-
ing the derived sum in the first storing register (C).
~ Each additional muitiplier digit is treated like the sec-
ond, the units digits of the products being registered in
the augend element (A) and the tens digits in the addend

10

15

element (B) and the resulting derived sum in the sec- -

ond storing register (D) which is theretipon added to
the stored partial value in tHe first storing register (C)
and then registered again in this first storing register (C).
Thus the first storing reg'ster (C) becomes the reposi-
tory of the accumulating sums which finally represent the
product of the original multiplicand and the original
multiplier. )

Another feature of the invention is a means for simul-
taneously transferring two values held in two separate
registers to two other registers.
and should be particularly noted that generally the sepa-
rate operations in calculators are on a sequential basis
and while prior art methods might still be employed
herein an advantage in time is gained by carrying out
the transfer from (C) to (A) and from (D) to (B)
simultaneously as above described.

1t may further be noted that the registration of the
units digits of the separate products of the digits of the

It may be pointed ouf -

30

35

multiplicand by a single digit of the multiplier in the .

augend register (A) is carried out simultaneously with
the registration of the tens digits-of these products in
the addend register- (B). This simultaneous registra-
tion of values in the augend and addend elements of a

40

summing device is of importance in calculators where | .

the operation is automatic and
bers of operations.

Another feature of the invention is the use in this
combination of A, B, C and D registers of a progress
circuit - for sequentially. controlling the step-by-step
multiplication .of- a multiplicand by the. separate digits
of a multiplier and for coincidentally controlling the
proper entrly of values into the addend element in proper
columnar relation with the values in the augend element.

consists of great num-

45

Y

50 °

In this connection it should-be pointed out that when a .-
zero multiplier digit is encountered -the. usual summing ’

operation is omitted, since there will be nothing to add
to the accumulating subtotal in the first storing register,
and the progress circuit is merely advanced one step.

This is a feature whereby time is saved, and it thus con- .

stitutes an advantageous arrangement. .
Division, even by pencil and papsr, is a process of
trial and comparison culminating in the recording of
the quotient digits only after each comparison satisfies
certain given conditions. Division, as usually performed
in calculators, follows this routine without even the
help of a good guess to shorten the number of opera-
tions. One method which is known, wherein a summing
device is employed for calculation, is to successively try

55

60

65

larger and larger quotient digits until a negative number .
is achieved whereupon the quotient digit just previously

employed is recorded as the proper one.

Division in accordance with the present invention
combines  a certain amount of logic with the features
of the biquinary representation of digital values. Thus
“the first trial instead of being the usual 1 as the first
quotient digit, is 5, midway in the succession of the ten
patural numbers whereby the result will indicate

70

%

4 ¢
whether the first quotient digit is going to be over or
under five and by the same token whether such quotient
digit will be represented in biquinary code by the opera-
tion of the 5 or the 60 relay in the biquinary register
where it will be recorded. Therefore the divisor is
multiplied by 5 and transferred to a storing register.
When the dividend on another storing register is irans-
ferred to the augend register and the complement of 3§
times the divisor is transferred to the addend register
where the two may be summed, the result will be posi-
tive if the irial is insufficient and therefore the outgoing
carry 1 lead will be grounded or the result will be nega-
tive if the trial is (more than) sufficient and therefore
the outgoing carry 0 lead will be grounded.

If on this first trial the amount of 5 times the divisor
is insufficient it shows that the quotient digit is going fo
be 5 or more and since it is at once apparent that what-
ever the quotient digit proves to be it will be represented -
in biquinary code by the operation of the 5 relay, the §
relay of the first denominational order of the (Z) regis-
ter in which the quotient is to be recorded is at once
operated.

If on the other hand, the result of the trial of 5 as
a quotient digit is more than sufficient (to exhaust the

‘dividend) then the result will be a negative remainder and

the outgoing carry 0 lead will be grounded. Again since

it is now apparent that whatever the quotient digit will

ultimately prove to be, it will surely be less than 5, this
result is immediately translated into the operation of the

‘00 relay of the first denominational order of the (Z)

register in which the quotient is to be recorded:
Thus in the present arrangement the first trial not
only gives a general indication of the magnitude of the

‘quotient but it results in the operation of the binary

relay of the register in which this quotient digit will be
represented.

Thereafter a step-by-step operation will take place
starting with either 9 or 4 as a trial quotient digit pro-

‘ceeding downwardly in value until the more than suffi-

cient value resulting in a negative remainder signaled
by the grounding of the outgoing carry 0 lead changes
to a less than sufficient value resulting in a positive re-
mainder signaled by the grounding of the outgoing carry
1 lead. By moving in this direction it is known that the
trial quotient digit being uwsed when the sign changes
from minus to plus is the proper one so that no steps
have to be retraced, and hence such digit may be im-
mediately registered, by the operation of the appropri-
ate one of the quinary relays. )

The method may be stated in another way. ~Whereas
heretofore the discovery of the proper quotient digit had
to be done in a step-by-step manner by counting the
number of times the divisor is subtracted from the divi-

‘dend and thus discovering the value of this digit only

by making one more than necessary steps, the present
method employing as it does a step in multiplication
may avoid this overstepping operation by approaching
the desired point in the other direction. - Since we here
do not depend on accumulation but rather on independ-
ently calculated values at each step, we are enabled to
save time through the elimination of a false trial and
the consequent retracing of a step.

A feature of the invention is therefore a method of
division in which a first trial quotient digit of 5 is used

‘for the double purpose of saving time on the average in

determining the true value of the quotient digit and for
determining and registering one of the eiements of the
code which will represent such digit when it is finally
determined. '

Another feature of the invention may be stated as a
novel method of performing biquinary division which
consists in (1) determining the binary group in which a
quotient digit belongs, (2) registering the result of such
determination as one factor in the representation of the
quotient digit, (3) determining the quinary value of the
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said quotient digit, (4) registering the result of such
determination as a second factor in the representation
of the quotient digit, (5) determining the remainder
derived from the subtraction of the divisor multiplied
by the said determined quotient digit from the dividend
and registering the said remainder as a dividend for the
next operation and (6) repeating the said operations (1)
to (5), inclusive repeatedly to successively derive suc-
ceeding quotient digits.

Another feature of the invention is the provision for
performing certain short-cut calculations, where such
calculations are used repeatedly in the same form. For
example, for the purposes of interpolation it is neces-
sary to calculate four coefficients made up of various
combinations of factors (1+T), (T), (1—T) and
(2—T). Since the T in these factors is the fractional
component (195) of a number (such as 183.195) cal-
culation of these factors may be simplified as follows.
The factor (14-T) is produced without the indicated cal-
culation by automatically supplying 1 as a multiplier digit
followed by the successive reading of the values 1, 9
and 5 from the register in which the whole number
183195 is registered whereby the factor (1--T) is trans-
mitted as a multiplier, digit by digit as

1195
The factor T is similarly transmitted as
0195

- The factor (1—T), since T is fractional is simply read
off the register as a complement 805. However, since
inversion of the code produces the nines complement and
therefore this figure becomes 804 a pair of nines- are
automatically added to bring the value sufficiently near
its true value for practical' accuracy. Therefore the
value (1—T) is transmitted as

080499

Similarly, the factor (2—T) may be considered as 1
plus the complement of T and therefore as in the case
of the factor (14-T) a 1 is automatically supplied fol-
lowed by the reading off of the value 195 with its code
inverted and then followed by the automatic supply of
a pair of nines whereby (2—7T) becomes

180499
Thus the values .
(14-T)=119500
T=019500
(1—-T)=080499
(2—T)=180499
are transmitted from the register holding the value
183195 without actual calculation.
As a further step in what may thus be termed stream-
lined calculation the four coefficients (without regard
to sign)

Fl= T(I—Té 2-T)
pa=U=DE-TA+T)
F3— T(2—T2) a+7)
pa=TA=DIAET)

-may be calculated by a pattern of steps mvolvmg the
‘least. number. of operations . necessary to. arrive at these
four values, though the order in which each is deter-
.nined is not the regular order in which they are set down
‘above

Sy stno 5 (the recrprocal of ¥4) as a multlphcand
.the digits of the value (1+4T) are used as a multiplier
and the result 45 (1+-T) is temporarily stored.
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'is determined.

(2) Using the value just stored as a multiplicand the

digits of the value (2—T) are used as a multiplier and

the result 12 (1+T)(2—T) is temporarily stored.

(3) Using the value just stored as a multiplicand "the
digits of the value (1—T) are used as a multiplier and
the result

p=(=DE=-T)1+D)

is determined.

(4) Using the value stored as a result of the second
step as .a multiplicand the digits of the value (T) are
used as a multiplier and the result

_T@=T)(A+T)

F3 )

is determined.

(5) Using .16667 (the reciprocal of %) as a multi-
plicand, the digits of the value (T) are used as a multi-
plier and the result ¥% (T) is temporarily stored.

(6) Using the value just stored as a multiplicand the
digits of the value (1—T) are used as a multiplier and
the result %6 (T)(1—T) is temporarily stored.

(7) Using the value just stored as a multiplicand the
digits of the value (2—T) are used as a multiplier and
the result Fl=%(T)(1—-T)(2~—T) is determined.

(8) Using the value stored as a result of the sixth
step. as a multiplicand the digits of the value (14T) are
used as a multiplier and the result

F4'=%(T) (1.—T)(1+T).

Thus by eight simple steps of multiplication these
four values otherwise involving twelve steps of multi-
plication and division are determined with a consequent
great saving of time.

A feature of the invention may therefore be said to
be a method of calculation in which values are deter-
mined by simple multiplication using as multipliers vari-
ous combinations of digits automatically supplied com-
bined with a basic value or its complement taken from
a register in which such basic value is part of a number
stored therein.

Another feature of the invention resides in the means
for performing an involved calculation comprising a pat-
tern control for presenting to a multiplication circuit a
multiplicand and a multiplier, there being means re-
sponsive to said pattern control for automatically com-
bining different constants with a given basic value or its
complement to form a multiplier for each operauon
directed by said pattern control.

The device of the present invention will be more clearly
understood when it is realized that the entry of every
value into the calculator is by way of a problem in
multiplication. Addition is performed by entering an

‘augend as a multiplicand with the automatic use of the

digit one as a multiplier and thereafter entering one
or more addends in the same manner. . Subtraction is per-
formed in the same way as addition with the exception
that the sign of the addend (mow the subtrahend) is
changed. Division is performed by entering the dividend
in the same manner as an augend, that is entering the divi-
dend as a multiplicand with the automatic use of the
digit one as a multiplier. Thereafter the divisor is en-

‘tered as a multiplicand with the automatic use of differ-

ent trial quotient digits as’ multipliers, numerous- trials
of different digits being made automatically until certain
given conditions are satisfied.” It then bemg firmly estab-
lished that the entry of every problem is by way of an
exercise ‘in multlphcatlon, it is to be undérstood that
every calenlation- is- actually an operation in addition.
Multiplication, as stated elsewhere herein, consists in the
addition of the tens and units digits of the products of
the multiplicand digits by a single multiplier digit with



7
the registration of the sum in a storing register awaiting
accumulation with other such sums properly shifted.

A feature-of the invention then is a calculating device
in which every mathematical operation consists in the
entry of data into the calculating means in the form of
a problem in multiplication and in which the actual op-
eration consists after entry in a.summing operation.

Another feature of the invention is the elimination of
any counting means. The calculation may be termed
straightforward in that no counted trials are made. Thus
in multiplication if a multiplier digit of 5 is used the
process is not a five times counted repetition of the sum-
ming of the multiplicand but rather a single straight-
forward summing operation under a condition set by re-
lays representing the multiplier. digit 5. In division,
while repeated trials of different quotient digits are made
the trials are not counted but only the nature of the re-
sult is noted so that when the remainder (the divisor
‘times the quotient digit being used as a subtrahend and
the dividend being used as a minuend) changes from a
negative to a positive number the quotient digit used in
that trial is recorded. What might be termed the ap-
proach from above, meaning the successive trials of low-
er values as quotient digits, eliminates both counting
and recording of any information on unsuccessful trials.

Another feature of the invention is the use of decimal
code registers each having a set of biquinary relays per
decimal denominational order. A set of biquinary re-
lays consists of a binary subgroup of two relays desig-
nated 06 and 5 and a quinary subgroup of five relays
designated 0, 1,2, 3 and 4, respéctively. Any one
of the ten digits may be represented by the operation of
two of such relays, one from each group and the value
of the digit will be equal to the sum of the values by
which such relays are designated. Thus 3 is represented
by the operation of the 9@ relay of the binary subgroup
and the 3 relay of the quinary subgroup and the num-
ber 7 is represented by the operation of the 5 relay of
the binary subgroup and the 2 relay of the quinary sub-
group.

Each such register has a set of incoming and a set
of outgoing terminals either of which may be arranged
on a decimal or a biquinary basis. When the incom-
ing terminals are arranged on a decimal basis it is meant
that a set of ten conductors per denominational order
-is provided one for each of the ten digits and the elec-
trical characterization of any one of these ten conductors
will result in the operation of the corresponding two
biquinary relays one in each subgroup. Thus if the
conductor for 7 is electrically characterized a circuit
will be completed through one winding of the 2 relay
in the quinary subgroup and in series therewith the wind-
ing of the 5 relay in the binary subgroup. If the con-
ductor for 2 is electrically characterized a circuit will
be completed through another winding of the 2 relay in
the quinary subgroup and in series therewith the wind-
ing of 00 relay in the binary subgroup.

When the incoming terminals of a register are arranged
on a biquinary basis it is meant that a set of seven con-
ductors is provided one for each of the seven register
relays of the denominational order and these are elec-
trically characterized two at a time in the biquinary code.

When the outgoing terminals of a register are arranged
‘on a decimal or a biquinary basis it is meant that there
is.a set of ten or a set of seven conductors per denom-
inational order which are electrically characterized by
the register relays, one out of ten in the decimal code or
two out of seven in the biquinary code, respectively.

Each register is provided with only one type of incom-
ing terminals but may be provided with either or both
types of outgoing terminals as will more fully appear
‘hereinafter. _ _ ]
. The device of the present invention is known as a
tape -controlled calculator adapted to perform extensive
and complicated mathematical operations requiring such
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8 : S
an intricate pattern of operations that its manipulation
by hand in the manner of the old and familiar adding
machines and other mechanical computers is possible
but not practical. Hence the problems are planned and
tapes are prepared which when put in the device will
control the further automatic operation thereof for long
periods of time, the results being calculated and then
recorded in tabular form.

Operational .orders, indices of standard and known
information and problem data are recorded on various
tapes in the form of perforations arranged in the various
combinations of a permutation code similar to that em-
ployed in the printing telegraph art. Specifically, a five-
place code is employed though the invention is not lim-
ited to such an arrangement or even limited to the use
of a decimal code arrangement. The decimal code ar-
rangement used herein, however, has certain practical
advantages, among which the following features may be
mentioned.

Another feature of the invention is an arrangement of
codes which provides a checking means to guard against
wrong -operations. Using a five-place code which gives
thirty-two permutations, ten particular combinations ‘are
used having an invariable number of filled places so that it -
becomes a simple matter to test every code encountered
or transmitted to see that neither more nor less places
than such given number are filled. Every signal entered
into the device is thus placed on a digital or a decimal
number basis and every digital signal is tested.

In one case the indicia of the master index are in the
form of two-digit decimal number codes. The tens digit
of such numbers are recorded in three filled place codes
(commonly spoken of as three hole codes) and the units
digit of these numbers are recorded in two filled place
codes. No code having more or less than three filled
places will bring any response other than an alarm from
the device normally responsive to these tens digit codes
and no code having more or less than two filled places
will bring any response other than an alarm from the
device normally responsive to these units digit codes.
Thus even the two-digit decimal number code responsive
devices are set to guard against the wrong digit getting
into the tens or units device. )

In other cases where sufficient information may be ex
pressed by single digit decimal numbers the three filled
place codes are employed and the three and three only
check circuit is used to prove every coded operation.

A feature of the invention is a means for translating
a multicode master index indicium into the operation of
any desired one or more controlling devices. The cal-
culator includes a plurality of controlling relays each
responsible for a given calculator operation and which

‘must be sequentially operated in accordance with some

given pattern in order to carry out a calculation. The
pattern of operation is predetermined and is recorded
on a master index whereby these controlling relays are
operated in a predetermined sequence as the master in-
dex is scanned. k .

Another feature of the invention is the arrangement
for operating the functional or pattern controlling relays.
In prior calculating devices each such relay was made
responsive to a particular code and such relay was the
only one responding to such.particular code. In the pres-
ent arrangement any one code may operate a plurality
of such relays though no two codes operate the same
plurality of relays and any-one relay may respond to a
plurality of different codes.

Another feature of the invention is the arrangement
whereby the master tape issues general instructions and
other means then specifically supervise the operations

‘comprehended in such general instructions. By way of

example, there is a circuit known as the multiplying

"control circuit which upon instruction by the master

control will start- the multiplication of two numbefs and
when this has been successfully’ accomplished will report
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back to the master control circuit the fact that the pre-
viously issued instructions have been.successfully carried
out, whereupon the master iape will be advanced.
There are other cases where the master tape may

issue . instructions and then without waiting for such -

a report of successful completion may go on with other
instructions, - This is an arrangement for saving. time
since it is possible to have several operations under way
simultaneously providing they are . noninterfering, -but
even in such a case if such a previously given instruc-
tion has not been completed by the time the master
advances to a point where use must be made of the result
of such previous instructions the master will await a
satisfaction signal or what is termed herein an end func-
tion signal.

Generally, when the master issues an instruction which
may result in operations that can be carried out with-
out interfering with other subsequently issued master in-
-structions. the function will be completed before such
other operations subsequently signaled can be completed
so that if the master is held up due to the non-comple-
tion of the previously issued. instructions it means prac-
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tically that some trouble has developed in which case

a timing operation will take place and at the end of a
predetermined time if the master does not receive a
satisfaction signal a recycle operation will be performed.
This as will be more fully described hereinafter will re-
sult in the start of a new operation, perhaps even the
abandonment of the calculation under way and the start
of a new and unrelated calculation.

The drawings consist of 312 sheets having 327 figures,
as follows:

Fig. 0 is a perspective view of the apparatus cabinets
used for housing the relays, power apparatus and so
forth;

Fig. 1 is a similar perspective view of another computer
table, showing two ballistic tape transmitters, the master
tape transmitter and the back side of the signal and key
cabinet;

Fig. 2 is a perspective view of one of the computer
.tables, showing a printer, the problem data transmitter,
the interpolator tape transmitter, the transmitter of out-
going data, a reperforator and certain other auxiliary
apparatus;

Fig. 3 is a front view of an apparatus rack with its
cover removed, being in fact that part known as the cal-
culating frame number one, which is the first frame
counting from the left in Fig. 0;

Figs. 4 and 5, placed with Fig. 4 above Fig. 5 form
a flow chart which will show the general direction of
operations and will be of help in the following de-
scription;

Fig. 6 is a schematlc circuit diagram useful in ex-
plaining the fundamental conception of biquinary ad-
dition;

Fig. 7 is a similar schematic circuit diagram marked
to show the operation of the circuit when a specific
problem is posed;

Fig. 8 is a simplified schematic circuit diagram show-
ing the method of transmitting digital representations
from one register to another over a decimal transmission
circuit either straight or inverted to represent the nines
complements;

Fig. 9 is a similar simplified schematic circuit diagram
showing the method of transmitting digital representations
from one register to another over a biquinary transmis-
sion circuit either straight or inverted to represent the
nines complements;

“Fig. 10 is a combination block diagram, schematic
circuit and flow chart showing the fundamental concep-

‘tion of the multiplication of a single digit number by-

“another single digit number through the use of a summmg
device;

Fig. 11 is a similar d’agram used to explain the se-
quence of a plurality of operations similar, to that shown
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by Fig. 10 when a multidigit multiplicand is muitiphed
by a multidigit multipher, both of which are positive

quantities,

Fig. 12 is a similar-diagram showmg the multiplication
of a smgle digit nimber by a single digit number, one
of which is positive and the other negative;

Fig. 13 is a similar diagram showing the division
of a multidigit number by another multidigit number;

Fig. 14 on the sameé sheet with Fig. 18, is a flow chart
to explain the general operation of the multiplying relays;

Fig. 15 is a block diagram showing how Figs. 16 to
24, inclusive may be placed to form a detailed circuit
of the means for performing multiplication operations;

Fig. 16 shows the fixed multiplicand relays and a
typical arrangement of relays of a register used to store
a multiplicand;

Fig. 17 shows the fixed multiplier relays and the code
relays responsive to the values stored in a register used
to store a multiplier;

Figs. 18, 19 and 20 show the single set of multiplier
relays operated either by the fixed multiplier relays or
the code relays of Fig. 17;

Figs. 21 and 22 show partly in detail and partly by
indication the six decimal” denominational orders of the
multiplying relays;

Figs. 23 and 24 show in a similar manner- the relays
of the A (augend) and B (addend) registers of the
common adder;

Fig. 25, on the same sheet with Fig. 27, is a block
diagrarn showing how Figs. 26, 27 and 28 may be placed
to make a schematic circuit diagram illustrating the

‘scheme of shifting during a multiplying operation;.

“Fig. 26 shows. two sets of biquinary register relays,
indicates the connections for transmitting from four more
sets of a register holding a multiplier, shows certain
fundamental connections within the steering circuit and
the multiplier relays to illustrate how the multiplier re-

‘lays are controlled to operate sequentially in accordance

with the various multiplier digits;

Fig. 27 shows the register containing a multiplicand,
the multiplying relays, the A (augend) and B (addend)
relays of the common adder, the switching relays to deter-
mine which of the two storage registers C or'D shall be
used as ia sum element and the relays of the C and D
registers;

Fig. 28 shows the seven. alternative ways in which
connections may be established between the D storage
register and the B (addend) register when in the course
of a multiplying operation the sum previously calculated
and stored in the D register is transferred as an addend
to the B register;

Fig. 29 on the same sheet with Fig. 32 is a block dia-
gram showing how Figs. 30 to 36, inclusive are placed
to form a schematic circuit diagram illustrating in more
detail than in the schematic of Figs. 26 to 28 the man-
ner of operating the relays of the B register from the
relays of the D register and the means for automatically
filling in zeros and nines under the various conditions
encountered in the shifting operations all under control of
the steering circuit;

Figs. 30, 31 and 32 show certain details of the steering
or progress. circuit to illustrate the various connections
sequentially established during the step-by-step operatlon
thereof;

Fig. 33 shows details of the U-set of biquinary relays
of the D register, and indicates similar details of the V
set thereof;

Fig. 34 1ndicat65 the connections from the W, X, Y and
Z sets of biquinary relays of the D register;

Fig. 35 shows certain details of the inverter relays and

the - biquinary relays of the U de01mal denommatlonal
“order of the B register and mdicates srmllar connectlons
“for the V order; and

Fig. 36 indicates similar connectlons for the W X, Y

Z and Zl orders of the B reglster,
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Fig. 37 on the same sheet with Fig. 38 is a block
‘diagram showing how Figs. 38 to 42, inclusive may be
placed to make a schematic circuit diagram showing in
some detail the manner in which the steering circuit
controls the transmission from a register into the R
multiple, leading to the multiplier relays;

Fig. 38 shows the six sets of biquinary relays of a
register and the two transmitting leads for each set as
connected by a cut-in relay to the multiple controlled by
the steering or progress relays;

Figs. 39 and 40 show the path of this multiple through
the start and end function retays; and .

Figs. 41 and 42 show the circuits for affecting this
multiple as controlled by the individual steering relays;

Fig. 43 is a schematic circuit diagram showing the basic

operation performed to set the steering circuit (SSC);
" Fig. 44 on the same sheet with Fig. 46 is a block
didgram showing how Figs. 45 and 46 are placed to form
_a schematic circuit diagram illustrating the basic opera-
tions in rendering a multiplier digit effective;

Fig. 45 indicates the master control connections for
setting the steering circuit which will respond to a master
code preceding one which determines where a multipli-
cand and a multiplier may be found and shows the path
of certain chain circuits for controlling the proper step-
by-step dependent operations;

Fig. 46 shows the chain circuits as controlled by the
steering circuit;

Fig. 47 is a schematic circuit diagram showing certain
details of the steering circuit and illustrating how this
‘steering circuit determines which of the two storage
registers shall be used as the depository of a sum of the
quantities expressed in the addend and augend registers;

Fig. 48 is a schematic circuit diagram showing the
essential elements used for carrying out the calculating
_cycle, which diagram may be used in conjunction with the
following figure to explain in detail the steps in a calculat-
ing cycle; )

Fig. 49 is a sequence chart showing the order in which
the various steps of the calculating cycle are performed
and is. placed on a time basis even though each operation
is in consequence of a previous operation and no time
elements other than the time which it takes a relay to
operate is involved;

Fig. 50 is a schematic circuit diagram showing the
fundamental conception of the means for producing a
recycle operation in the steering chain in a problem in
division;

Fig. 51 is a schematic circuit diagram used to explain
the general operations in the calculation of a quotient
digit;

Fig. 52 is a sequence chart showing the advance of the
steering chain relays during the calculation of a quotient
of 745930;

Fig. 53 is ablock diagram showing how Figs. 54 to 59,
inclusive may be placed to form a circuit diagram, in
which; :

Figs. 54 and 55 show certain circuit details of the steer-
ing chain used in every calculating operation and has in
addition a schematic representation of the master control
circuit from which an operation in division -is ordered
together with a schematic circuit representation of the Z
register in which the quotient digits are registered as they
are calculated;

Fig. 56 is a circuit diagram of the division steering
circuit which controls the application of the various
trial quotient digits;

Figs. 57 and 58 show certain circuit details of the divi-
sion auxiliary steering chain relay circuits;

Fig. 59 is a schematic circuit drawing showing the
various parts of the common calculator in order to explain
its operation during an operation in division under control
.of the circuits of Figs. 54 to 58;
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Fig. 60 is a schematic circuit diagram showing the_

gssential circuit details used in the operation of a cut-in’
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relay which connects the C multiple to a register so that
a number from some other source such as the C register
or a problem data tape may be registered;

Fig. 61 is a schematic circuit diagram showing how
one of the problem data tapes used to supply information
called for by routine orders, such as the interpolator or
one of the ballistic tapes, may be run at high speed from

‘block to block;

“'Fig. 62 is a block diagram showing how Figs. 63 to 72,

inclusive may be placed to provide a schematic circuit
diagram to explain the action of the three-digit adder
used to control the movement of the interpolator and
ballistic tapes, in which;

Fig. 63 shows the circuits of the problem data tape
transmitter which controls the setting of the three-digit
adder to a three-digit block number which must be
matched from another tape such as the interpolator
tape;

Fig. 64 shows similar circuits for the master control
circuit from which the routine operational orders are
issued;

Fig. 65 shows the addend (B) portion of the first or
U order of the said three-digit adders;

Fig. 66 shows the addend (B) portion of the second or
V order of the said three-digit adder;

Fig. 67 shows the addend (B) portion of the third or
W order of the said three-digit adder;

Fig. 68 shows the circuits of the interpolator tape
transmitter which must be run either forwardly or back-
wardly at high speed until a block number is found
which will match the block number set up on the addend
elements of the three-digit adder from the problem data
or argument tape;

Fig. 69 is a control circuit by which the various carry-
in leads to the three-digit adder may be controlled so

_that the block number in the interpolator tape will bear

a selected relation to the block number designated by the
problem data tape;

Fig. 70 shows the augend (A) portion of the first or U
order of the said three-digit adder;

Fig. 71 shows the augend (A) portion of the second or
V order of the said three-digit adder; and’

Fig. 72 shows the augend (A) portion of the third
or W order of the said three-digit adder;

Fig. 73 is a block diagram showing how Figs. 74 to 76,
inclusive may be placed to form a complete shorthand
schematic diagram of the calculating circuits of the three-
digit adder;

Fig. 74 shows the circuits which may be traced through
the contacts of the relays of the U or hundreds order
of the three-digit adder;

Fig. 75 shows the circuits which may be traced through
the contacts of the relays of the V or tens order of the
three-digit adder; and

Fig. 76 shows the circuits which may be traced through
the contacts of the relays of the W or units order of the
three-digit adder; .

Fig. 77, on the same sheet with Fig. 78, is a block dia-~
gram showing how Figs. 78 to 85, inclusive may be
placed to form a schematic circuit diagram showing the
mreans for synchronizing the tapes in preparation for and
during a calculating operation, in which

Figs. 78 and 80 show the circuits of the master con-
trol circuit and indicate the ballistic control circuit, the
printer control circuit, the calculator circuit and the
register circuits;

Fig. 78 in addition shows a schematic representation
of the master tape transmitter to explain how this device
may drive the tape either forwardly or backwardly;

Fig. 79 shows the tens and units relays operated by
the transmitter and indicates the code relays whereby
any one of one hundred code leads or sets of code leads
may be selected by a two-digit code; . .

Figs. 81, 82 and 83 represent the .interpolator control
circuit, Fig. 81 showing the transmitter and the trans-
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‘lator relays operated thereby, Flg 82 showing the cir-
cuits for controlling the movements of the said transmitter
and Fig. 83 indicating the steering chain for controlling
the distribution of data read off the interpolator. trams-
mitter tape; v

Figs. 84 and 85 represent the problem data control
circuit, Fig. 84 showing the transmitter magnets, the
translator relays and in general the control circuits
therefor and Fig. 85 indicating the steering chain for
controlling the distribution of data read off the problem
data tape; and

Fig. 86 illustrates a problem data tape such as one
that would be used in the problem data transmitter in
class 1 operations, or alternatively in the interpolator
transmitter in class 2 operations, by showing the manner
in which it is perforated, the meaning of the perforations
and the names of the symbols as used herein;

Fig. 87 is an abbreviated schematic circuit diagram
showing the essential elements of the printer control cir-
cuits whereby the calculated results are always printed
in their normal form even though the results as calcu-
lated are in the forms of complements and even though
the results in certain class operations may be calculated
with a reversed sign;

Fig. 88, on the same sheet with Fig. 87 is a block dia-
gram showing how Figs. 89 to 96, inclusive may be
placed to form a comprehensive circuit diagram, in
which:

Fig. 89 shows in part the T, Q and Z registers;

Fig. 90 shows the translator for translating numbers
from the biquinary code to the conventional printing
telegraph code, together with an inverter for changing
such numbers into their nines complements;

Fig. 91 shows certain function relays for transmiiting
function codes ‘o the printer, the class relays and certain
.of the starting control relays;

Fig. 92 shows the distributors for translating the selec-
tive characterization of five leads into the conventional
time spaced impulses for operating the printing tele-
graph apparatus including a conventional printer and
reperforator;

Fig. 93 shows certain details of the problem data con-
trol circuit;

Fig. 94 shows the steering chain for auccess1vely acti-
vating the various decimal denominational orders of the
various registers from which registered numbers may be
transferred, translated and transmitted to the printer and
also shows certain steering chain control relays selective-
1y responsive to routine orders issued by the master con-
trol circuit;

Fig. 95 shows certain details of the master control
circuit; and

Fig. 96 shows the relays dlrectly responsive to the
routine orders and which control the steering chain con-
trol relays of Fig. 10.

Fig. 97 is a master block diagram showing how Figs.
98, 99 and 100 may be placed to form a complete block
diagram showing in turn the placing of Figs. 101 to 327
to provide a complete circuit diagram of the electrical
connections in the device of the present invention and in
which:

Fig. 98 shows how Figs. 101 to 160 should be placed;

Fig. 99 shows how Figs. 161 to 265 should be placed;

Fig, 100 shows how Figs. 266 to 327 should be placed;

Figs. 101 to 105 as a group show the circuits of the
problem data transmitter control circuit, and individually;

Fig. 101 shows the selection circuit by means of
which the type of argument to be read off the tape is

noted so as to cause corresponding information to be.

selected from other tapes, particularly the tape in the
interpolator transmitter;

Fig. 102 labeled start control shows the relays which
are operated to start the problem data control circuit into
operation under various conditions; R
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Fig. 103 shows the problem data tape transmitter and
the five translator relays directly operated thereby; :

Fig. 104 shows the digital progress relays by which
the various digits of a number read off the problém data
tape are steered into the proper decimal denominational
orders of a register activated to receive them,;

Fig. 105 shows the various relays for controlling the
printer when a number is read off the problem data tape
for printing;

Figs. 106 to 119, inclusive, taken as a group, show the
circuits of the ballistic tape transmitters control circuit;

Figs. 106 to 111, inclusive, taken as a subgroup, show
the three-digit adder used as a means for determining
when the ballistic tape has been moved tc a particular
block, and individually;

- Fig. 106 shows the binary relays of the augend and
addend elements of the U order of the said three-digit
adder;

Fig. 107 shows the quinary relays of the augend and
addend elements of the U order of the said three digit
adder;

Fig. 108 shows the binary relays of the augend and
addend elements of the V order of the said three-digit
adder;

Fig. 109 shows the quinary relays of the augend and
addend elements of the V order of the said three-digit
adder;

Fig. 110 shows the binary relays of the augend and
addend elements of the W order of the sa1d three-digit
adder;

Fig. 111 shows the quinary relays of the augend and
addend elements of the W order of the said three-digit
adder;

Figs. 112 to 119 taken as a subgroup show the control
circuits of the ballistic tape transmitters and individually;

Fig. 112 shows the circuits for activating various regis-
ters for the purpose of reading out therefrom and placing
in the three-digit adder the block numbers used for control
purposes and shows the tape control circuits for the num-
ber one ballistic tape transmitter;

Fig. 113 shows the tape control circuits for the number
two ballistic tape transmitter; -

Fig. 114 shows the digital progress relays by which the
various digits of a number read off a ballistic tape are
steered into the proper decimal denommatlonal orders of
a register activated to receive them;

Fig. 115 shows a manual advance key used for testing
and maintenance purposes;

Fig, 116 shows the number one.ballistic tape trans-
mitter;

Fig. 117 shows the number two ballistic tape trans-
mitter;

Fig. 118 shows the translator whereby the printing tele-
graph codes punched in the tapes are translated into the
biquinary code for use in the calculator;

Fig. 119 shows the common start control for these two
ballistic transmitters;

Figs. 120 to 129, inclusive and Figs. 133 to 136, in-
clusive, taken as a group, show the circuits of the inter-
polator tape transmitter control circuit;

Figs. 120 to 125, inclusive, taken as a subgroup, show

‘the three-digit adder used as a means of determining when

the tape in the interpolator transmitter has been moved
to a particular block, and individually; :

Fig. 120 shows the binary relays of the augend and
addend elements of the U order of the said three-dlglt
adder;

Fig. 121 shows the guinary relays of the augend and
addend elements of the U ‘order of the said three dlgxt
adder;

Fig. 122 shows the binary relays of the augend and
addend elements of the V order of the said three-digit
adder;

Fig. 123 shows the qumary relays of the augend and
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addend elements or the V order of the said three-digit
adder; :

‘Fig. 124 shows the binary relays of the augend and
addend elements of the W order of the said three-digit
adder;

Fig. 125 shows the quinary relays of the augend and
addend eclements of the W order of the said three-digit
adder;

Figs. 126 to 129, inclusive and Figs. 133 to 136, in-
clusive, taken as a subgroup, show the control circuits of
the interpolator tape transmitter, and individually;

Figs. 126, 127 and 133 show the main elements of the
control circuit;

Fig. 128 shows the digital progress relays by which the
various digits of a number read off the tape are steered
into the proper decimal denominational orders of a regis-
ter activated to receive them;

Fig. 129 shows a manual advance key used for testing
and maintenance purposes;

Fig. 134 shows the interpolator tape transmitter;

Fig. 135 shows the translator whereby the printing tele-
graph codes punched in the tape are translated into the
biquinary code for use in the calculator;

Fig. 136 shows the various controls for starting the
operation of the tape transmitter under various condi-
tions;

Figs. 130 to 132, inclusive, Figs. 137 to 139, inclusive,
and Figs. 140 to 153, inclusive, taken as a group, show
the master control circuit;

Figs. 130, 137, 144 and 151 show the code distributing
relays by which the coded orders issued by the master or
routine tape are translated into the operation of various
relays each coded according to its function to start specific
operations of the device;

Figs. 131, 138, 139, 145 and 152 show only details of
the wiring between other figures. showing operating ap-
paratus;

Fig. 132 shows the class control relays;

Fig. 140 shows the alarm lamps associated with the
master control circuit by which the general location of a
trouble condition may be signaled;

Fig. 141 shows the master tape transmitter;

Fig. 142 shows the tape return relays which control
the return of the tape to its starting position under recycle
conditions;

Fig. 143 shows the tens translator relays whereby the
tens digit of a routine order perforated in printing tele-
graph code in the master tape is translated into the oper-
ation of a particular one of the code distributing relays
(Figs. 130, 137, 144 and 151); :

Fig. 147 shows the alarm circuits and the test set asso-
ciated with the master control circuit;

Fig. 148 shows the master start circuit which operates
to first cause the master tape to be returned to its starting
point and to then energize the other control circuits;

Fig. 149 shows the recycle control circuit;

Fig. 150 shows the unit translator relays whereby the
units digit of a routine order perforated in printing tele-

. graph code in the master tape is translated into the ener-
gization of a particular circuit controlled by an energized
one of the code distributing relays;

Figs. 146 and 153 show a cross-connecting field, which
although not part of the master control circuit is never-
theless so intimately associated with it as a link between
the output circuits of the code distributing relays and the
function circuits that it is here conveniently classed as
part of the master control;

Figs. 154 to 159, inclusive, taken as a group, show the
printer control circuit, and individually;

Figs. 154 and 155 show the master code coatrol relays

by which the printing control circuit is ordered to print
in certain manners and from certain sources;

Figs. 155 and 156 show the trapslator relays whereby
the biquinary representation of numbers and the other

representation of functions are translated into printing
telegraph codes for operating the printer;

“Fig. 155 shows the translation into one-hole codes;

_Fig. 156 showing the translation into two, three and
five-hole codes; :

Figs. 157 and 158 show the various register activate
relays used to transfer a registration to the printing cir-

~ cuit and additionally;
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Fig. 157 shows the digital progress relays by which the
various registered digits of a number are sequentially
transferred to the printing circuit;

Fig. 158 shows the function progress relays by which
various function codes may be transmitted to the printer;

Fig. 159 shows a printer, a reperforator, a transmitter

- distributor and a tape tramsmitter all of conventional

design;

Figs. 160, 163, 164, 168, 172, 176, 177, 181, 182, 186,
187, 191, 192, 196, 197, 201, 202, 206 and 207, taken
as a group, show the multiplication circuits;

Fig. 160 shows a plurality of single digit multiplier
relays which may be wired on a temporary basis to any
given digital value; )

Figs. 163 and 164 show a plurality of fixed multiplicand
and fixed multiplier relays; .

Fig. 163 also shows a sum display circuit by means of
which the sum of any quantities registered in the augend
and addend registers may be displayed for examination;

Figs. 168 and 172 show a ficld of cross-connecting keys
by which the output of the fixed multiplier relays may be
temporarily established in cooperation with the multiplier
leads; :

Figs. 172 and 176 show the terminations from the
cross-connecting fields, whereby access to the multiplier
leads is gained; :

Figs. 176 and 177 show the quinary multiplier relays;

Figs. 181 and 182 show the binary multiplier relays;

Figs. 186 and 187 show the multiplying relays for the
digits 8 and 9;

Figs. 191 and 192 show the multiplying relays for the

-digits 6 and 7;

Figs. 196 and 197 show the multiplying relays for the
digits 4 and 5;

Figs. 201 and 202 show the multiplying relays for the
digits 2 and 3;

Figs. 206 and 207 show the multiplying relays for the
digits 0 and 1; )

Figs. 161, 162, 165, 166, 169, 170, 173, 174, '178 and
179 taken as a group show the circuits of the Q register
and individually;

Fig. 161 shows the cut-in reiay for connecting the con-
ductors of the C multiple to the incoming leads of the
V order of the Q register, this relay connected in parallel
to other similarly shown cut-in relays for the other orders
of this register forming in effect a single multicontact
relay for subjecting this register to the C multiple for
receiving a registration thereover; this figure also shows
the binary register relays of the V order; i

Fig. 162 shows the quinary register relays of the V
order of the Q register; .

Fig. 165 shows the cut-in relay and the binary register
relays of the W order of the Q register; ’

Fig. 166 shows the quinary register relays of the W
order of the Q register;

Fig. 169 shows the cut-in relay and the binary register
relays of the X order of the Q register; ’

Fig. 170 shows the quinary register relays of the X
order of the Q register; '

Fig. 173 shows the cut-in relay and the binary register
relays of the Y order of the Q register;

Fig. 174 shows the quinary register relays of the Y
order of the Q register;’

Fig. 178 shows the cut-in relay and the binary register
relays of the Z order of the Q register. : -

Fig. 179 shows the quinary register relays of the Z
order of the Q register; -
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Figs. 167, 171, 175, 180, 185,.190, 195, 200, 205, 210,
222, 234, 246, 257, 262, 279 and 290, taken as a:group,
show various function control relays, and individually;

Fig. 167 shows the Q register activate relays for caus-
ing the registration of the Q register to be read out for
use as a multiplier;

Fig. 171 shows the ballistic and mterpolator multiplier
transfer relays;

Fig. 175 shows the Q register activate relays for causing
the registration of the Q register to be read out for use
as a multiplicand;

Figs. 175 and 180 show the interpolator function con-
trol relays;

Figs. 185, 190 and 195 show the Z register activate
relays for causing the registration of the Z reglster to be
read out for use as multipliers;

Figs. 200 and 205 show the Z regrster activate relays
for causing the registration of the Z register to be read
out for use as multiplicands;

Figs. 210 and 222 show the T register activate relays
for causing the registration of the T reglster to be read
out for use as multipliers;.

Figs. 234 and 246 show the T register interpolator
multiplier activate relays; :

Fig. 257 shows the T register activate relays for caus-
ing the registration of the T register to be read out for
use as multiplicands;

Flgs 268, 279 and 290 show the activate relays for
causing the registrations in certain registers to be read
out for use as multiplicands;

Fig. 268 showing the activate relays for the QQ and
QZ registers;

Fig. 279 showing the activate relays for the ZZ. and
F1 registers;

Fig. 290 showing the activate relays for the F2, F3 and
F4 registers;

Figs. 183, 184, 188, 189, 193, 194, 198, 199, 203 and
204, taken as a group, show the circuits of the Z register;
and individually;

Fig. 183 shows the cut-in relay for connecting - the
conductors of the C multiple to the incoming leads of
the Y order of the Z register, this relay connected in
parallel to other similarly shown cut-in relays for the
other orders of this register forming in effect a single
multicontact relay for subjecting this register to the C
multiple for receiving a registration thereover, this figure
also showing the binary register relays of the 'V order of
the Z register;

Fig. 184 shows the quinary register relays of the V
order of the Z register;

Fig. 188 shows the cut-in relay and the binary register
relays of the W order of the Z register;

Figs. 189 shows the quinary register relays of -the W
order of the Z register;

Fig. 193 shows the cut-in relay and the binary register
relays of the X order of the Z register;

Fig. 194 shows the quinary register relays of the X
order of the Z register;

Fig. 198 shows the cut-in relay and the binary register
relays of the Y order of the Z registers;

Fig. 199 shows the quinary register relays of the Y
order of the Z register;

Fig. 203 shows the cut-in relay and the bmary register
relays of the Z order of the Z register;

Fig. 204 shows the quinary register relays of -the Z
order of the Z register;

Figs. 208, 208, 220, 221, 232, 233, 244, 245, 255, 256,
266 and 267, taken as a group, shows the-circuits of the T
register, and individuaily;

Fig. 208 shows the cut-in relay for connecting the con-
ductors of the C multiple to the incoming leads of the U
order .of the T register, this relay connected in parallel
to other similarly shown cut-in relays:for the other orders
of this register forming in effect a single-multicontact
relay for subjecting this register to .the .C.multiple -for
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18 '
receiving a registration thereover, this figure also showing
the binary register relays of the U order of the T register;

Fig. 209 shows the quinary register relays of the U
order of the T register;

Fig. 220 shows the cut-in relay and the binary reglster
relays of the V order of the T register and in addition the
inverting relays whereby a registration in the T register
may be read out in either its true or its complemental
form:

Fig. 221 shows the quinary register relays of the V
order of the T register;

Fig. 232 shows the cut-in relay and the binary register
relays of the W order of the T register;

Fig. 233 shows the quinary register relays-of the W
order of the T register;.

Fig. 244 shows the cut-in relay and the binary reglster
relays of the X order of the T register;

Fig. 245 shows the quinary register relays of the X
order of the T register; '

* Fig. 255 shows the cut-in relay and the binary register
relays of the Y order of the T register;

Fig. 256 shows the quinary register relays of the Y
order of the T register;

Fig. 266 shows the cut-in relay and the binary reglster
relays of the Z order of the T register;

Fig. 267 shows the quinary register relays of the Z order
of the T register;

Fig. 217 shows the quinary register relays thereof;

Fig. 218 shows the binary register relays of the 71
order of the A register;

Fig. 219 shows the quinary register relays thereof;

Figs. 223 and 231, inclusive, taken as a subgroup, show
the relays of the B register of the -calculator, and lIlleld-
ually;

Fig. 223 shows the binary register relays of the U
order of the B register together with certain aux1hary B
register relays;

‘Fig. 224 shows the quinary register relays of the U
order of the B register;

Fig. 225 shows the binary register relays of the V
order of the B register;

Fig. 226 shows the quinary register relays thereof;

Fig. 227 is an indication of the relays of the ‘W, X and
Y orders of the B register;

Figs. 211 to 219, inclusive, Figs. 223 to 231, inclusive,
Figs. 235 to 243, inclusive, Figs. 247 to 254, inclusive,
and Figs. 258 to 265, inclusive, taken as a group, show
the circuits for the adder; . s

Figs. 211 to 219, inclusive, taken as a subgroup, show
the relays of the A register thereof, and individually; -

Fig. 211 shows the binary register relays of the U
order of the A register;

Fig. 212 shows the quinary register relays thereof;

" Fig. 213 shows the binary reglster relays of the .V
order of the A register;

Fig. 214 shows the quinary register relays thereof;

Fig. 215 is an indication of the relays of the W, X and
Y orders of the A register;

Fig. 216 shows the binary register relays of the Z order
of the A register;

Fig. 228 shows the bmary register - relays of -the Z
order .of the B register;

Fig. 229 shows the quinary register relays of. the Z order
of the B register;

Fig. 230 shows the bmary reglster relays of the Zl
order of the B register;

Fig. 231 shows the quinary register relays of the Z1
order of the B register;

Figs. 235 to 243, inclusive, taken as a subgroup, show

#0 the circuits of the C regrster, and individually;

15

Fig. 235 shows the relay for connecting the summing
leads from the A and:B registers to the C relays and the
binary register relays of the U .order of the C register; )

Fig. 236 shows the calculator ground for the C register
and-the quinary relays.of the, U, order of the C register;
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Fig. 237 shows the relay for connecting the summing
leads from the A and B registers to the C relays and the
binary register relays of the V order of the C register;

Fig. 238 shows the quinary register relays of the V
order of the C register;

Fig. 239 is an indication of the W, X and Y orders of
the C register;

Fig. 240 shows the relay for connecting the summing
leads from the A and B registers to the C relays and the
binary register relays of the Z order of the C register;

Fig. 241 shows the quinary register relays of the Z
order of the C register;

Fig. 242 shows the relay for connecting the summing
leads from the A and B registers to the C relays and
the binary register relays of the Z1 order of the C register;
_ Fig. 243 shows the quinary register relays of the Z1
order of the C register;

- Figs. 247 to 254, inclusive, and Figs. 258 to 265, inclu-
sive, show the D register and the various switching relays
associated therewith, and individually;

Fig. 247 shows certain auxiliary relays associated with
the D register as a whole, and the inverter relays for the
U order of the D register;

Fig. 248 shows the decimal shift relays of the U order
of the D register;

Fig. 249 shows the inverter relays for the V order of
the D register;

Fig. 250 shows the decimal shift relays of the V order
of the D register;

Fig. 251 is an indication of the inverter relays and the
decimal shift relays for the W, X and Y orders of the
D register;

Fig. 252 shows the inverter relays for the Z order of
the D register;

Fig. 253 shows the decimal shift relays for the Z order
of the D register;

Fig. 254 shows the inverter relays for the transmission
of a value to the B register when the other orders of
the D register are transmitting into the B register;

Fig. 258 shows the relay for connecting the summing
leads from the A and B registers into the D relays and
the binary register relays of the U order of the D register;

Fig. 259 shows the quinary register relays of the U
order of the D register;

Fig. 260 shows the relay for connecting the summing
leads from the A and B registers to the D relays and the
binary register relays of the V order of the D register;

Fig. 261 shows the quinary register relays of the V
order of the D register;

Fig. 262 is an indication of the sum placing and bi-
quinary relays of the W, X and Y orders of the D register;

Fig. 263 shows the relay for connecting the summing
leads from the A and B registers to the D relays and the
binary register relays of the Z order of the D register;

Fig. 264 shows a relay connected in parallel with the
sum placing relays of the various orders of the D register
performing functions common to all these relays con-
stituting a multicontact relay and being shown herem as
separate relays for convenience;

Figs. 269 to 276, inclusive, Figs. 280 to 287, inclusive,
Figs. 291 to 298, inclusive, and Figs. 301 to 309, inclusive,
taken as a group, show the calculating cycle control circuit;

Figs. 269 to 298 of this group, taken as a subgroup,
show the multiplying steering circuit, and individually;

Fig. 269 shows the sign control relays;

Fig. 270 shows the end place master relay for use when
a single digit multiplier involving only a plus quantity
and no shift is to be used and a like relay to be used
when the result of the operations is to be halted after a
shift one place to the left;

Fig. 271 shows the end place master relay to be used
when the operations are to be halted after one involving
no decimal shift;

Fig. 272 shows the end place master relay to be used
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when the operations are to be halted after a shift one
place to the right;

Fig. 273 shows the end place master relay to be used
when the operations are to be halted after a Shlft two
places to the right;

Fig. 274 shows the end place master relay to be used
when the operations are to be halted after a shift three
places to the right;

Fig. 275 shows the end place master relay to be used
when the operations are to be halted after a shift four
places to the right;

Fig. 276 shows the end place master relay to be used
when the operations are to be halted after a shift five places
to the right; »

Fig. 280 shows the advance control relays which cause
the progress relays of the steermg chain to advance under
various conditions:

Fig. 281 shows the start place master relay for use
when a positive single digit multiplier is to be used and
no shift is involved and a start relay to be used when
the operations are to have a shift of one place to the left
at the beginning;

Fig. 282 shows a start relay for use when the opera-
tions are to be started without a shift;

Fig. 283 shows a start relay for use when the opera-
tions are to be started with a shift one place to the right;

Fig. 284 shows a start relay for use when the opera-
tions are to be started with a shift two places to the right;

Fig. 285 shows a start relay for use when the opera-
tions are to be started with a shift three places to the
right;

Fig. 286 shows a start relay for use when the operations
are to be started with a shift four places to the right and
the ground cut-off relays for the steering chain;

Fig. 287 shows the end relay which is operated at the
end of the last calculating cycle and shows also the one
hole code relay which plays an important role in the
operation of the steering chain;

Fig. 291 shows the register ground cut-off relay which
cuts off the ground forwarded to a register in response to

the proper operation of a multiplier relay;

Fig. 292 shows the single digit multiplier steering chain
relay and the group of three steering chain relays for
controlling a calculating cycle, the result of which will
be shifted one place to the left;

Fig. 293 shows the group of three steering chain relays
for controlling a calculating cycle, the result of which
will not be shifted;

Fig. 294 shows the group of three
for controlling a calculating cycle,
will be shifted one place to the right;

Fig. 295 shows the group of three
for controlling a calculating cycle,
will be shifted two places to the right;

Fig. 296 shows the group of three steering chain relays
for controlling a calculating cycle, the result of which-
will be shifted three places to the right;

Fig. 297 shows the group of three steering chain relays
for controlling a calculating cycle, the result of which
will be shifted four places to the right;

Fig. 298 shows the group of three steering chain relays
for controlling a calculating cycle, the result of which
will be shifted five places to the right;

Figs. 301 to 309 taken as a subgroup, show the division
steering circuit, and individually;

Fig. 301 shows the division control master relay and
the ground supply relays operated under orders from the
master control circuit to render the division steering cir-
cuit effective;

Fig. 302 shows the over or under five relays which
respond to the first operation in the determination of a
quotient digit and which control the selective operation
of the binary relays in the various orders of the quotient
digit storing register;

Fxg 303 shows the steering circuit employed -in. the

steering chain relays
the result of which

steering chain relays
the result of which
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" sticcessive trials in the determmatxon of the quinary ‘por-
tion of a quotient dxglt and which controls the selective
operation of the quinary relays in the various orders of
the quotient digit storing register;

Fig. 304 shows the division steering relay for con-
trolling the multiplying steering chain in the determina-
tion of the first quotient digit when there is no shift of
the divisor;

Fig. 305 shows the division steering relay for control-
ling the multiplying steering chain in the determination
of the second quotient digit when the divisor is shifted
one place to the right;

Fig. 306 shows the division steering relay for control-
ling the multiplying steering chain in the determination
of the third quotient digit when the divisor is shifted
two places to the right;

Fig. 307 shows the division steering relay for control-
ling the multiplying steering chain in the determination
of the fourth quotient digit when the dmsor is shifted
three places to the right;

Fig. 308 shows the division steering relay for control-
ling the multiplying steering chain in the determination
of the fifth quotient digit when the divisor is shifted four
places to the right;

Fig. 309 shows certain other division control relays
aside from those shown in Fig. 301, and the auxiliary
means for controlling the carry;

Figs. 277, 278, 288, 289, 299, 300, 310, 311, 312 and
313, taken as a group show the circuits of the QQ regis-
ter, and individually;

Fig. 277 shows the cut-in relay and the binary reglster
relays of the V order of the QQ register;

Fig. 278 shows the quinary register relays of the V
order of the QQ register;

Fig. 288 shows the cut-in relay and the binary register
relays of the W order of the QQ register;

Fig. 289 shows the quinary register relays of the W
order of the QQ register;

Fig. 299 shows the cut-in relay and the binary register
relays of the X order of the QQ register; )

Fig. 300 shows the quinary register relays of the X
order of the QQ register;

Fig. 310 shows the cut-in relay and the binary register
-relays of the Y order of the QQ register;

Fig. 311 shows the quinary register relays of the Y
-order of the QQ register;

Fig. 312 shows the cut-in relay and the binary register
relays of the Z order of the QQ register;

Fig. 313 shows the quinary register relays of the VA
worder of the QQ register;

Figs. 314 and 315, taken as a group, show an indica-
tion of the QZ, ZZ, F1, F2 and F3 registers, and in-
dividually;

Fig. 314 indicates the cut-in relays and -the binary
register relays of these five registers;

Fig. 315 indicates the quinary register relays of these
five registers;

Figs. 316 to 327 inclusive, taken as a group, shows the
circuits of the F4 register, and individually;

Fig. 316 shows the cut-in relay and the binary register
relays of the U order of the F4 register;

Fig. 317 shows -the quinary register relays of the U
order of the F4 register;

Fig. 318 shows the cut-in relay and the binary register
relays of the V order of the F4 register;

Fig. 319 shows the quinary register relays of :the V
order of the F4 register;

Fig. 320 shows the cut-in relay and the binary register
relays of the W order of the F4 register;

Fig. 321 shows the quinary register relays of the W
order of the F4 register;

Fig. 322 shows the cut-in relay and the binary register

relays of the X order of the F4 register;

Fig. 323 shows the quinary . register" relays of the X
-order of the ¥4 register;
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Fig. 324 shows the cut-in relay and the ‘binary regxster
relays of the Y order of the F4 register;

Fig. 325 shows the quinary register relays of the Y
order of the F4 register;

Fig. 326 shows the cut-in relay and the binary register
relays of the Z- order of the F4 register; and

Fig. 327 shows the quinary register relays of the Z
order of the F4 register.

In the following description the system of designat-
ing individual elements of the circuit is based primarily
on the engineering speclﬁcatlons for the device. In this
specification the various relays are designated by both
letters and numerals which have come to have certain
significance to the engineers. By way of example, the
computing relays are known as the A, B, C and D relays,
the A relays being the augend means, the B relays the
addend means and the C and D-relays those which are
used alternatively as sum means. In the present case
there are seven relays in each set, the two designated
A00 and A5 comprising the binary subgroup and the
five designated A0, Al, A2, A3 and A4 comprising the
quinary subgroup. Further where such a relay is desig-
nated A00-2 or A0J-3 it indicates that such a relay
is included in the second or the third decimal denomi-
national order respectively. Where conductors or -other
apparatus are designated by numerals, the number. used
will be a combination of the figure number with a two-
digit number individual to such figure. Thus, by way
of example, 123 will be found on Fig.- 1 and 2256 will
be found on Fig. 22. Where a conductor extends through
several figures it will be designated by a numeral which
will identify the figure from which the conductor was
initially traced. '

Use has been made in this specification of what might
be termed a shorthand schematic circuit ‘diagram since
some of the circuits are ‘so extensive that it would be

“confusing and laborious to try to trace them in the con-

ventional manner. In this type of schematic circuit dia-
gram where two lines cross each other and the crossing
point is encircled, the designation at such a point will
indicate a normally open contact which will be closed
by the operation of the relay bearing a like demgnatxon
Thus a small circle designated A00 at the crossing. point
of two wires, will indicate that upon the operation .of
relay A00 a connection will be established between such
two wires.

For obvious purposes in certain cases conductors will
bear the same designation as other apparatus, This is
not to be taken as a duplication of the designation but
will be readily understood that since such a conductor
bears an intimate relation to the other piece of appa-
ratus, the use of the same designation is a help rather
than a source of confusion.

Similar logical means for desxgnatmg various elements
of the circuits will be found in the drawings and are
used as an aid to the clear understanding of the present
arrangement,

THE APPARATUS

The apparatus used in constructing the device of the
present invention is mostly standard communication ap-
paratus, details of which may be found in the following
references.

1,156,671, E. B. Craft, October 12, 1915
1,633,576, C. H. Franks, June 28, 1927
1,652,489, E. D. Mead, December 13, 1927
1,652,490, D. D. Miller, December 13, 1927

1,652,491, D. D, Miller, December 13, 1927

2,178,656, P. W. Swenson, November 7, 1939
2,323,961, F. A. Zupa, July 13, 1943
2,169,551, C. I. Baker, August 15, 1939

The prmtmg telegraph receiver employed is of.a type

disclosed in ‘Patent 2,247,408 to A, H. Reiber, July 1,

1941, and described in -the Bell ‘Laboratories Record,
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volume 17, No. 2, pages 53-59, October 1938, and No. 8,
pages 257-259, April 1939.
Transmitter distributors are disclosed in

Patent 1,311,915, P. M. Rainey, August 5, 1919
Patent 2,055,567, E. F. Watson, September 29, 1936
Patent 2,154,952, E, F. Watson, April 18, 1939

and in the Bell Laboratories Record, volume 17, No. 2,
pages 53-59, October 1938.

A tape transmitter is shown in Patent 1,298,440, G. R.
Benjamin, March 25, 1919.

A tape perforator is shown in Patent 2,252,852, Hoover,
August 19, 1941.

. Other apparatus is of conventional design.

Reference is made to previously filed applications in
the name of George R. Stibitz, showing relay calculators
having certain generic aspects with regard to the present
invention.

Complex Computer, Ser. No. 564,853, filed November
23, 1944, now Patent 2,668,661, issued February 9,
1954,

Automatic Calculator, Ser. No. 569,867, filed December
26, 1944, now Patent 2,666,579, issued January 19,
1954.

Bi-quinary System Calculator, Ser. No. 619,395, filed
September 29, 1945, now Patent No. 2,486,809, issued
November 1, 1949, i

This application is one of a group of seven applications
all based on the same arrangement, the present applica-
tion being that in which a complete and unabbreviated
disclosure is made, the other six having abbreviated dis-
closures to cover specific details of the same device as
follows:

Applicant Serial No.| Filing Date Sutject
E.L, Vibbard ._.... 716,827 { Dec. 17,1946 { Control circuit.!
W. B. Strickler ... 716,783 |.---- [ 1 . Testing system.?
IR 214 1) A 716,793 |-cn-o {6 {s T Switching control
system.?
716,753 | o [« o JRR Automatic code trans-
lating system.*
716,762 |ooeuc L [+ SR Caleulator sign control
circuit.?
Cesareo-Strickler....| 716,754 |- [ T Automatic calculator.’

1 Patent No. 2,671,611, granted March 9, 1954,

2 Patent No. 2,602,728, granted Octoter 26, 1954,
3 Patent No. 2,666,578, granted January 19, 1954,
4 Patent No. 2,625,328, granted January 13, 1953,
8 Patent No. 2,679,977, granted June 1, 1954,

¢ Patent No. 2,692,082, granted Octoker 19, 1054,

Use of the calculator

In the control of the firing of anti-aircraft guns a “di-
rector” is employed under control of a “tracker.” The
tracker in general is a means whereby a telescopic device
trained on a target such as an enemy plane may under
continuous adjustment be made to accurately hold the
target in view., Means are provided to cbtain readings
at intervals of the slant range, elevation angle and azimuth
as determined by the tracker, these readings being referred
to hereinafter as the observed coordinates.

The tracker is electrically connected to the director so
that the director is continuously in possession of the values
of the observed coordinates and the director continuously
translates, by calculation, this information into what are
known as gun orders consisting of the values of the fuze
setting, the quadrant elevation and the angle of train,
which gun orders are transmiited to the gun and control
its action. If the director is in perfect working order
then the shells which are fired by the gun will burst
exactly at the target. If the director is not in such per-
fect working order then the shell burst will not coincide
with the position of the-target. The condition of the di-
rector may be calculated from known ballistic information
used in . conjunction with the readings taken from the
tracker and the gun orders produced by the director.

10

15

20

25

30

35

40

45

50

55

60

65

70

75

24

There are two common methods of calculating the error
and these for convenience and as practiced in the present
invention are arbitrarily denoted as class 1 and class 2.

Class 1 errors indicatling the amounts by which the gun
orders transmitted to the gun by the director are in error
are calculated in the following manner. - It is assumed
that a shell explodes directly on the target indicated by
the observed coordinates at a given time known as the
time of burst. From the values of the slant range and
angular height of the target taken from the observed co-
ordinates and from known ballistic information the
elapsed time of flight is calculated and this period of -
time subtracted from the time of burst gives the firing
time. Since the firing time generally includes a fractional
component it will not be possible to examine the recorded
values of gun orders and find a set exactly corresponding
to this firing time figure and hence actual gun orders will
have to be derived by interpolation and such gun orders
will be spoken of as interpolated gun orders. However
these may be in error and hence from the observed
coordinates and by the aid of known ballistic information
theoretically perfect gun orders are calculated. The dif-
ference between these calculated perfect gun orders and
the interpolated actual gun orders constitute the so-called
class 1 errors.

Class 2 errors indicating the amounts by which an
exploding shell misses the target are calculated in the fol-
lowing manner. It is assumed that the gun is fired in ac-
cordance with the gun orders transmitted by the director
at a given time known as the firing time. From the values
of the quadrant elevation and the fuze setting taken from
the recorded gun orders and from known ballistic informa-
tion, the elapsed time of flight is calculated and this period
of time added to the firing time gives the time of burst.
Since the time of burst generally includes a fractional
component it will not be possible to examine the values
of the observed coordinates and find a set exactly cor-
responding to this time of burst and hence observed
coordinates will have to be derived by interpolation and
such actually observed coordinates will be spoken of as
interpolated coordinates. However the gun orders may
be in error and hence from the possibly incorrect re-
corded gun orders and by the aid of known ballistic in-
formation correspondingly inaccurate observed coor-
dinates are calculated. The differences between these cal-
culated coordinates and the interpolated coordinates con-

’stitute the so-called class 2 errors.

The principal and specific use of the calculator of the
present invention is the calculation of such errors. Gen-
erally such a problem is presented in the form of a set
of figures for a “course” of one hundred points, that is
one hundred sets of figures taken one second apart, of
values of the observed coordinates and the gun orders.
The observed coordinates consist of (1) time, (2) angular
height of target, (3) slant range and (4) azimuth; and
the gun orders consists of (1) time, exactly duplicating
the figures in the set of observed coordinates, (2) quad-
rant elevation, (3) fuze setting and (4) angle of train.
The calculator is capable of calculating the errors for one
point in about two and « half minutes whereas it can be
done by hand in not much less than fifteen times this fig-
ure, or thirty-seven to thirty-eight minutes, Actually
when human frailties are taken into account, and it is
considered that the device will operate accurately, con-
tinuously, and unattended over the twenty-four hours of
the day the ratio becomes more nearly forty or fifty
to one.

Other mathematical calculations of a complicated
nature may be carried out after the pattern of the calcu-
lations has been determined and the various tapes have
been prepared in accordance therewith. The master
tape will bear the burden of steering the calculations,
the tapes which have herein been called the ballistic
tapes will contain a great amount of known informa-
tion tabulated by indices (which may be calculated and
recorded by this calculator), the problem data tape will
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contain the arguments of the problem or”problems to
be solved and the interpolator tape will contain ‘data cor-
related with the problem data.

Pattern of calculation

There are. seventeen: formulae employed-in the use
now being made of the present device for the calculation
of class 1 errors combined in a pattern of operations
which will now be outlined. The mathematical deriva-
tion and justification of these formulae will not be dis-
cussed as this is no part of the present invention, though
the validity of some of. these formulae will ‘be obvious.
Others whose derivation may be obscure must be recog-
nized as:valid. It will be apparent: that these formulae
have .been selected as adaptable .to.use in-a- calculating
device where .a large number of simple algebraic opera-
tions may be combined in a sequence of separate opera-
tions and .where all such algebraic operations may be
reduced to the form of summing operations whereby
partial results may be calculated, stored and reused in
further operations until a final result made up of a grad-
ual accumulation of values is produced.

One feature of the invention is the search for and the

use of known information, in this case: values from"
In accordance with the:
pattern of operations these values are combined with

tables of ballistic information.

the experimentally derived information known as the
problem data so that after a series of operations a desired
result is obtained. The class 1 errors indicate- how much
the gun .orders are in error and thus give an indication:
of the accuracy of operation of the gun director.

The basic formula .employed for computing the errors
may be stated in:this very general form

Error==(target position at time of burst)
— (gun orders at firing time)

In the-above, the gun orders are quadrant elevation,
fuze setting and angle of train and the respectively :cor-
responding terms- defining the. target position are:the
observed  coordinates, angular height,. slant  range and
azimuth. The time of flight is the elapsed time from the
firing time to the time of burst.

The solution of the first term of the above generally
stated. formula is obtained by the use of tablés of known
ballistic "information. The second term is :obtained by
cubic interpolation of the actual gun orders.

The following polynomial expressed in terms of an-
gular height and slant range is used to provide the solu-
tion to the first term when calculating the perfect value
for quadrant ‘elevation. In other words: from two -of
the  observed coordindtes and certain factors of .known
ballistic information a theoretically  perfect  gun order
may be calculated. '

Perfect value of quadrant elevation=Bgy-+ By X Z"’

—Byp X Q" -ByyXZ" ¥

+BuXQ"Z"+BypXQ"?

in which Q" is the fractional part of the angular height
and Z” is the fractional part of the slant range. The
integral parts Q’ and Z’ determine which "of -several
blocks of the B coefficients are to be used. These blocks
are known as ballistic blocks, each of which has four
to six groups -of coefficients, the last two being-used
optionally. These coefficients and their subscripts have
the following significance:

“A” coefficients used for solving time of flight
“B” coefficients used for solving perfect value of ‘quad-
rant elevation

“C” coefficients used .for solving perfect value of fuze
“D” coeflicients used for solving perfect value of drift
“E” coefficients used for sine of angular height of target
“G™ coefficients used for cosine of angular height of target
00 subscript identifies coefficient whichis added "

10 subscript identifies coefficient for use with Z"~
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, .. ... 2
01'subséript identifies coefficient for-use with Q"

20 subscript identifies coefficient for use with Z”'Z""
11 subscript identifies coefficient for use with Q"’Z"”
02 subscript identifies coefficient for use with Q”'Q"”

More detailed information is‘included in the expia-‘
nation accompanying the seventeen specific formulas used,
which are as follows:

(1)» 5 XE0=QS=QS'+QS"

E, the angular height of the target is multiplied by
an’arbitrary factor in order to facilitate segregating values.
of E; into ballistic ‘block sizes. It has been found con-
venient to divide the ballistic information into blocks
200 mils' wide. This means that the fractional part of
Ep may vary from 00.0 mil to 199.9 mils all of which
requires’ ‘several - calculating - operations. Suppose for
example that Ey=0336.8 mils. With a 200-mil block"
size this value would be in the second block and the
fractional value within the block would be 136.8
(336.8=2004136.8). However if the value 03368 is
first multiplied by five, a new number 16840 is obtained
which can no longer be the actual Eg, but is instead a
synthetic value.. The first digit “1” is the third digit
of the ballistic block number and hence no actual sub-
traction: has to be made but only a separation of the
digits of the value. This number is known as Q;’. The-
last four digits “6840” denote the fractional part of E,
without further computation. This number is known as
Q" and becomes the second term in the ballistic poly-
nomial mentioned above. ]

In class 1 operation the ballistic blocks are 1000 yards’
range each. Consequently when the slant range is ex-
pressed in terms of five digits, the first two digits will -
indicate the block number without the need of develop-
ing a synthetic value as in the case of E, above. These
two digits are known as Z;” and the last three digits of
the value of the slant range is the fractional part of the
block and is known as Z;"’.

By way of example let us assume that the following
values -(which. will be taken from the problem data
tape—in this class 1 operation, the target position or
observed - coordinates) - become the arguments of the
problem

Toy=186 seconds
Ey=0386.5 mils
Dy=02809 yards
AZy=5077.2 mils

Ty=time of burst
E,=target elevation
Dy=target distance
AZy—target azimuth

then by Formula 1 above »
' 0386.5x.005=1.9325

the decimal point is moved about for convenience so that
this synthetic value will appear as

Oy +0,"'=1+4.9325

- If the target distance D, is now considered in the same
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way it will appear that ’
ZS-ZS =02--.809
wherefrom the block number is derived from
Z and Q5 as 021

Other terms for use in the ballistic polynomial may
then be calculated from the following formulae:

(2) 0" X0s"=00
(3) 0,"XZ,"=0Z
(4) Z)'XZ'=ZZ

or by way of example

(2). .9325%.9325=.8695=00
3) 9325%.809=.7534=0Z
4) 809 X.809=.6544=22"
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We now have the five values which will-be used re-
peatedly, and which are therefore registered permanently
during this one cycle of operations.

Z;'=.809
0.'=.9325
ZZ=.6544 .
QZ=.7534
00=.8695 °

Other terms used in conjunction with these values are 10. (9)

known information, recorded in the ballistic tape. The
blocks number (021) having been determined the ballistic
tape is moved uatil this block is identified whereupon the
following values become available for use in the calcula-
tions. These values are here tabulated along with certain
explanations, but in the tape they are recorded serially
and in the order in which they will be read off in use.

5

15
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milliseconds and are used later to complete the interpola-
tion coefficients. .

_ T (L— T 2—T")
) Fl=— : 5

A+7HA-1"12—~T")
2

® F2=+

F3=-+

T'I(I_I__ TII) (2___ T’I)
2

Tlr(l - TII) (1 _|_ T”)
6
From the standpoint of mathematics, interpolation of

values between two known values is based on a considera-
tion of the differences between successive values. If the

(16) F4=—

Data in Ballistic Block 021 Coeflicient Subseript
Unit of Meas-
Coeffi- urement
Function cient 00 10 1) 20 11 02
_ Letter
Time of flight______._ A —02.566 [ —0.278 —0.004 | --0.005 | Seconds.
Gun elevation B +4-218.39 | -+-19.81 —000.11 —~0). 13 | Mils,
i o] —041.1 | --000.4 -+-0000 | —001.1 0.
D 402,477 | -+0.2f1 --001.8 [ —0.027 | Seconds.
E +4-.19509 | . 19822 | ...} — 00FG8 |oeciceoofaniiaaaaa
G . 08079 | —. 03849 |._oooo] —. 01842 foo e

Other recorded information which is in the tape in the
interpolator transmitter and which will be used here by
way of example is as follows:

GUN ORDER DATA FOR TIME BLOCKS 182, 183, 184 AND 185

Quadrant | Angle of | Fuze Set-
Firing Time (In seconds) Elevation | Train (in ting (in -
(in mils) mils) seconds)
0426.9 4977.5 02.720
04417 4998. 7 02, 850
0460. 1 5009.9 02. 980
04877 5021. 3 03.030

The time of flight may now be calculated by means of
the ballistic polynomial .

(5) Ti=dAot-ApXZ +AnX Qs +AXZZ
+ A1 XQZ+ApX Q0

All of the factors entering into this- formula being at
hand, the value of Ty may be calculated, Ty is the time of
flight based on the angular height and slant range of the
target. The time is compuLed to the nearest millisecond.
Since the value of Ty is to be subtracted from the time of
burst it will be computed as a negative value.

Accumulating

sub-total

Ao —02.5661  =—002.5660=—002.5660
Am><7”——0 278%.809 =—000.2249=—002.7909
AnX Q" =-+0.008X.9325=-4000.0074=—002.7835
X £ Z=—0.035% 6544 =—000.0229= —0(2.8064
Au { QZ=—0.004X 7534=—000.0030=—002.8094
ApX QQ -+0.005X .8695=-+-000.0043= —002.8051

Now T,, the time of burst was originally read off the
problem data tape as the time of the observed coordi-
nates, as 186 o
(6)
Thus

To—Te=Ty=T"+T"

186.000~02.805=183.195=1834-.195

The original value of time is considered as the time of
burst, Ty, and the firing time Ty, is obtained by subtracting
the time of flight from T,. The first three digits of T, are
designated T’ and are the whole number of seconds and
are used by the interpolator -data circuit which starts
hunting for the gun order information sent to the guns
at the firing time. The last three digits, T’’, are the
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through such values.

nth differences of a series of numbers are constant, then
it is known that the series can be represented by an
algebraic_power series with rational coefficients and this
algebraic expression will define the nature of a line drawn
It will be realized that if in fact
such a line is straight, then the first differences will be
constant and the power series réduces to a very simple
linear expressxon Where the curve drawn through such
values is other than a straight line but is very simple in
nature it may be found that the second differences become
constant. “In this case interpolation between any two suc-
cessive values becomes fairly. simple as the terms for
fourth, sixth, eighth, etc. differences in known interpola-
tion formulae disappear.

It has been found that for the types of problems to
be specifically handled by the calculator of the present
invention the third differences become sufficiently con-
stant to provide practical accuracy. Accordingly, the pat-
tern of calculation is based on Everett’s central-difference
interpolation formula (stated in “Tracts for Computers,
No. V, Table of the Coefficients of Everett’s Central Dif-
ference Interpolation Formula,” Second Edition, edited
by E. S. Pearson, D, Sc. and published by the Cambridge
University Press, Fetter Lane, E.C.4, London, England,
1943, and which is a more recent publication of matter
stated in “Tables for Statisticians and Biometricians,”
Part 1, Second Edition, edited by Karl Pearson, F.R.S.,
published by the Biometric Laboratory, University Col-
lege, London, and printed by the Cambndge University
Press, London, England, 1924,

ua—+tI>u +q>(<1> 1)‘2 @(@2_1;@2_4)5‘% ce

51

where ug, u; are two values of -a function which corre--
spond to two consecutive values of the argument X,
X;, and between which an interpolate is required; ¢ and $
are two fractions, measured respectively from X, and
X,, into which the unit of argument interval, X;—Xj, is.
divided, and are such that 64-®=1; and 8%, o4 . . .
and &%y, 8%y, . . . are the central differences of even
order .of the .entries %y and u,, respectively. The func-
tion is assumed to be tabulated at equal mtervals of the
argument X. )
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Now .since;. as: above:stated, the: thll‘d dxﬁerences be-

come sufficiently constant in the -specific- problem“, with.

which this calculator will deal, the terms for the higher
differences will disappear and hence the formula may be
reduced to-

D 52, ( 1)

o2y

up= -+ Puy+0u;- ¢(¢3

in whxch only the terms for the second central dlfferences
are included. -
However, since
Sutg==u_y—2u9+y
and: )
8y =ug—2ui-uz
and since @—(1-—0), thlS formula may be algebralcally
transformed to

6(1 —49()}(2—0)1‘_1

L (1—6)(1+6)(2—6)
T 2 “o

Up==

, 0(146) (2—0)u 0(1—6) (14-6)
T 2 1 6 Uz
or
Upr=F1Xu_y+F2Xug+F3Xu;+F4Xuz .
in which the coefficients F1, etc. in which T?/ is substi-
tuted -for.6 become .
Tll(l — TII) (2_ TII~)’ V

Fl=m al
r2=+{= T"5<1:4-2T") @—1").
pa= 4 TAFTHE=T)
ra=—T"0= T’e:)(1+ 77y

The coeﬁicxents F1 to F4 may now be computed as:
follows:

1477 35(1-+.165) =0.59720 -
12=.195) (.59750)

1%QA+-T")
G- TIXUA+T) =1.07848
A—TXE~T"XA+T")  (1=.1955(1.07848) =0, 86817 °
T";<(2—T")X%(1+T") (oo =0.2103
X.195 . =0.03250..
(1 T”)(%T") {1="195)(.08250) =0.02616
(24— TA=-T") (36T . (2=.105)(.02616)... =0.04721..
Q3T A=T")ETY) (14-.195)(.02616): . -=0. 03128. -
and the values. o
F1=0.04721
F2=0.86817:
F3=0.21030"
F4=0.03126-

are stored for future use.

10

- 15

30

for quadrant elevatlon we will multiply. the values of‘.
this- function at times 182, 183, 184 and 185 by the: above.
calculated, cocfficients-for F1, F2, F3 and F4 respectively..
When these products are added, taking due .. consider-
ation of the algebraic sxgns, the result is the final inter-
polated value.

Since: it is-obvious that:an -appreciable time is required
to-compute: the: . F1;- F2; F3. and F4, and since they. are:
used three times, a considerable -saving-in -over-all .com--
puting timeis: obtained by-providing registers -for. storing
these values after they are first computed.

There are two minor. deviations from the general out-
line given above.: ‘One is in regard to the algebraic signs
and the other pertains to the handling of negative values
of T”. 'In the above:formulae F1 and F4 are negative
and F2 and F3 are positive.- Sincé-F2 and F3 together
are:always: larger than F1'and-F4, the interpolated value
is:always positive. - However, since"the computer com--

- - pares the-interpolated value with. another value- derived
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- Epis the “quadrant elevation for time of T’ etc:
50

from the: observed coordinates and the ballistic table in--
formation; it is: necessary ‘to -make-the-interpolated value
negative. " F2 and F3 -are, therefore considered "as nega-
tive: and: F1: and 'F4 as positive. - Furthermore, since
it is:easier to. handle negative numbers through the mul-
tiplier than through the multiplicand; all of the F values
will be stored on their respective registers as positive num-
bers:. The- ‘mu’ltiplier’ ‘will - be ‘made negative, when re-
quired, by the code in the master control tape.

It will be noted.in the above.formulae for F1, etc.
that a negative. value of T” is frequently used. Several
extra relays would be required to provide a time nega-
tive value based.on subtracting T” from 1.000”’. These
extra relays. are unnecessary if the negative value is ob-
tained by.subtracting. from .999 instead of 1.000. This
difference sometimes produces a difference of 3 or 4 in
the right-hand column of figures but since such an error
is-tolerable the expense of providing for complete ac-
curacy is not justified.

The mterpolatxon coefficients having been derived and
stored the error in the quadrant elevatxon is calculated by
the following formula:

(11). +Boo+BloXZs'~'+Bo1XQs"
4-ByyXZZ+B1y X QZ+ By X 00
+FIXEp )+ F2XEp-+F3XE(p41)
—I—F4XE(T+2)—-EE

Eg is the error in quadrant elevation. - E(p_1y is the
quadrant elevation :sent to -the guns for time of T’—1;
The
four values of E are combined with the four values of
F to produce a cubic-interpolation of quadrant elevation
sent to the guns at.the exact firing time, which it is re-
called, is computed to the nearest millisecond. The six

- values of B are the 7th to 12th numbers from the bal-

55

As-.a_matter.of  interest: from-a mathema‘tical_k stand-.

point, it may ‘be -noted that the sum.of these coefficients

when supplied: w1h their proper signs should be equal to

unity, thus.
—0.04721
-+-0.86817
+0.21030
—0.03126

-+1.00000

When-the calculator has determined the values:of these
coefficients and-stored them in the proper registers, they

are available: for ‘use in deriving interpolated values of:

quadrant - elevation, angle’ of ‘train, fuze and so forth,
when these values for T'_y, Ty, Ty’ and Ty" are known.
We have calculated the firing time as T,=183.195 and
hence if we want the interpolated value of the gun order

[=]
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listic blocks.

The first four terms represent the actual value of
quadrant elevation sent to the guns. The last six items
represent the perfect value of gun orders required for
a shell to make a perfect hit. The last six terms are
made negative and consequently the above formula rep-
resents the difference between two values of quadrant
elevation, first an. interpolated actual value and second
a calculated perfect value. If the result is a positive
value, the QE sent from the director to the guns was
too high, if it is negative, QE was too low.

Substituting our given and derived values in this for~
mula, we accumulate the following result.

Accdmulating

sub-total
B - =-}.218.39X1 =4-00218.39=-1-00218.39
BoXZ"” = 41981 X.809 =-4-00016.02=-4-00234.41
BuX0.” =4-109.27%X.9325=-4-00185.81=-100420.22
BaX7Z7 = J00.36%.6544=400070.23=4-00420.45
BiuX0QZ  =.=00:.11X. = —00100.03=-+00120.37
BeX0OQ = 0213 =—00N50.11=--00420.26

X
FiX Fepay =--.04721X426.9=-4-00120.15=--00440.41
F2X Firy - =— .8RR17X441.7=—00383.47 =-}-00059.94
F3X By ==—.21030X 46, 1= --0000R,75= —00039.81
F4X Erigy=-.03126X487.7=--00015.24 = ~00024.57
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_ The final quantity in the column of accumulating sub-
totals is Eg, the error in quadrant elevation. Im class 1
operation the errors calculated are reversed in sign and
so as will appear hereinafter the sign will be reversed
in printing and will appear as-

-00024.57

In this case the result is positive, which indicates that
the quadrant elevation calculated by the director and
sent to the guns was too high.

Following this the error in the angle of train is calcu-
lated by the formula

(12) AZ4-Coo+-CroX Zs" +Coi X @5”

: +CXZZ+C11 X QZ+Coax 00
+-FlxA TT_1+F2XATT+F3 XATT+1
+F4X AT 7yo=Ear

Eay is the error in angle of train. AZ is the azimuth
of the target. The four values of AT are the angle of
train for the times T—1, T, etc. The six values of C
are the 13th to 18th numbers from the ballistic block.
The six terms involving these values of C are the cor-
rections for drift which when combined with AZ become
the perfect value of angle of train. The last four values
represent the interpolated value of angle of train sent
to the guns at the firing time. )

The target azimuth listed hereinbefore is 5077.2.

The calculation of the correct drift and the interpolated
value of angle train are as follows:

Cuo = —041.1X1. =--00M41.10=—00041.10
CuX Z." = 4-000.4X.809 =+00000.32=-00040.78
CouX Q" = —005.8X.9325 =--00095.40=—00046.1%
CuXZZ = —000.9X.6544 =-00000,58=—00046.78
CnX0QZ = 40000 X.753¢ =-+00000.00=—00046.76
CuXQQ = = —001.1X.8605 =—00000.95=~00047.71

FIXA Tor-n=-+.04721X4977.5=-00234.98=-00187.27
FIXATm  =—.8R17X490R.7=—04330.72= —04152.45
F3XA Terey =—.21030X5109.0= —01153.58 = —05206.03
FiXA Teriny=-+.03126X5021.3=-+-00156.96=—05049.07 .
Add the target azimuth=-4-05077.20=-00028.13 and
change the sign to make 4Tg=-—00028.13.

This is the error in the angle of train and the negative
sign indicates that the guns were not trained far enough
ahead of the target. .

Following this the value of the fuze sent to the guns
at the firing time may be calculated by cubic interpola-
tion by the formula ) :

(13) FI1XZq_»n+F2XZmy :
FF3IXZrony+FAXZ (14y=Z¢
and the error in the fuse may be calculated by combin-

ing this with the perfect value of fuze, calculated as
follows:

(14) Zy+Dy+DroX Zs" 4+ Doy X 05
4Dy XZZ+D 1 XQZ+Doe X Q0=E7

The calculation under Formula 13 is as follows:

Accumulating
sub-total -
F1X Zer-ny =--.04721X02.720=--0000.128=-+0700.128
F2X Zm —.86817X02.8 0002.474 =-0002.346

F3X Zieren =— 21030 X02.680= - 0000.626=—002.972
T4X Zran ==-.03126X03.030=-4-0000.054= ~0002.878
Zg thercfore =-0002.878

The calculation under Formula 14 is as follows:

Zg =- = —(0002.878=—0002.878
D =-+02.477X1.00 =--0002.477=—0000.401
DuXZ"= +0.261X.8090=--0000.211=

DorX Q"= 40.007X.9525=--0000.008=
DX ZZ= +001.0X.6544=+0000.55
DuX Q2 = +001.8%.7534=--0001.35
DX QQ== —0.027X.8¢85=~0000.023=-+-0001.804
change sign to make Fz=—0001.804

indicating that the fuze setting was too small. )

There are certain optional calcuiations that may be
made. For instance the altitude of the target may be
obtained from the formula

(15) Dy X [Eg+EwXZs"+EXZZ)=AL

AL is the altitude of the target. The bracketed terms
represent the sine of the angular height of the target.

The three valnes of E are the 25th to 27th numbers from
the ballistic block. Using the values given above, the
calculation is as follows:: : g

Accumulating

5 sub-total -,
Ew =4-,195r0% 1 =-4-00.19509=-}-00.19509
FEuX 7, =+4+.10322%X.908 =-400.17544=-+"0.37053
FuXZZ =-4-00858%.6544 =—00.00365=--00.36688
DoXsin Eo= 2809X.306A86=-1-01030.56 -
10 Similarly the horizontal range of the target may be
calculated by the formula R
(16) DX [Goo+G1oXZs' " +GaX ZZ1=HR
HR is the horizontal range of the target. The brack-
15 eted terms represent the cosine of the angular height of
the target. The three G terms are the 28th to 30th num-
bers from the ballistic block. Using the values given
above, the calculation is as follows:
Accumulating
20 ) sub-total
; Guo =4 93070 X1 =4-00.98079=-1-00.98079
GuX 2, =—.03349X.908 =—00.03494=-}-00.94585
CuXZZ =-—.01942X.6544 =—00.01205=-+-00.93330
DoXcos Ey= 2809¢.93380=-+-02623.04
Lastly the percent error in the fuze setting set to the
95 guns may be calculated from the formula
- (17) E%z=(Zg—2Z)/Z
Using the values above
Accumnlating (sub-total)
30 Zg =—0002.878 =-—0002.878
: VA =--0002.809 =—0000.069
(Zg——Z)Z=-—-0000.069/0002.809=-——0.024564
This percent error being negative. indicates that the
g5 director sent a too small value of fuze setting to the
guns. i
_FUNCTIONS OF CONTROL RELAYS AND CON-
TROL LEADS
40 The control leads and relays or codes are designated
in gencral by the function they perform and are ex-
plained in the following table.
The following codes provide multiplier digits when a
multiplying operation is being performed in the calcula-
45 tor. Under the control of a progress circuit the multi-
plier digits are entered into the multiplier relays of the
calculator one at a time.
+
50 Code Funetion Remarks

QRW..... Associates Q register with R Ground%nccossivolysup—
mitiple. to transmit 4 Jirits plied to the W, X, Y
in the W, X, Y and Z orlers and Z orders to trans-
az muitiplier dieits.  Value mit like values into R
19325 registered 9325 used as multiple.

55 multipter.  In certain. uses
of the ealenlator the value in
the V order is used as a sizn
indicator, 0 being positive and
9 being negative, Thus 09325
means = +9325- while 93325
means —4325.
QRV...... Assocdates Q- register with ‘R | Ground suecessively ap-
60 multiple to transmit 5 digits pifeit to V, W, X,'Y
inthe V. W, X, Y and Z andd' 7 orders to trans.
orders as muitipiier digits. mi: like values Into R
multiple.

ZRX...... Assoctates 7 recister with R | Ground surcessively ap-
mualtiple to transn.it 3 dieits pifed to the X, Y and
in the X, Y and Z orders as Z orders to transmit

65 multiplier dizits. Value 02500 like values into R
registored and 809 uced as multipie.
muttiplier. [n certaln uses of
the calealator the valne in the
V order is used as a sign indi-
cator, .
ZRV...... Ascocfates 7 regicter with R | Ground snecessively ap-
muitiple to transmit § dizits lied to the V, W, X,
70 in the V, W, X, Y and Z " ated 7 orders : to
orders as multiplier digits. transmit  jike - values
. . into R muitiple.
TRU...... Associates T register with R | Groun:d sucressively ap-
: multiple to transmit 6 digits plied to the U, V. W,
inthe U, V, W, X, Yanit Z X. Y and Z orders to
orders as multiplier dioits. transmit llke values
75 Valne 186000 rezisiered and into R multiple.

186000 used as multiplier.




33

2,077,048

34

Function

Remarks

Function

Remarks

TRIX.__..

TRX9...

TR1X99..

¢ A

Associates T register with R
multiple to transmit 3 digits in
the X, Y and Z orders as
mul’, 1plier digits. Value 183195
registered, and 195 used as
multiplier,

Associates T register with R
multiple to transmit a four
digit multiplier consisting of
8 1 automatically supplied
followed by the values in the

Y and Z orders. Thus
With 183195 registered, the use

- of this code will transmit 1195
as a multiplier, which consti-
tutes (1+47") where T/ is
that portion of the value 183195
registered in the X,
orders. The effect of thlS
code in causing 2 1 to be auto-
matically transmitted into
the R multiple may be com-
bined with some other code
which will thereupon end the
further functions of this code
whereby this code can ke used
to supply 1 as a multiplier.

Associates T register with R
multiple to transmit § digits,
three derived as the comple-
ments from the X, Y and Z
orders and two more nines
automatically added. Thus
with the wvalue 183195 reg-
istered the value 80499 will be
transmitted as & multiplier.
This is approximately (1—-7")
where T/ is that portion of
the 183195 registered in the X,
Y and Z orders.

Associates T rogister thh R
multiple to transmit 6 digits,
consisting of a 1 followed by
the complements of the values
in the X, Y and Z orders
which in turn are followed by
two nines. Thus with the
value 183195 registered the

value 180499 will be ftrans-.

mitted as a2 multiplier. This
isapproximately (2— T")where
Tis that portion of the 183195
registered in the X, Y and Z
orders. The effect of this code
in causing a 1 to be auto-
matically transmitted into the
R multiple may be combined
with some other code which
will thereupon end the further
functions of this code, where-
by this code can be used to
supply 1 as a multiplier.

Orne digit multiplier using 1 as
multiplier digit.

One digit multiplier using 2 as
multiplier digit.

One digit multiplier using 3 as
multiplier digit.

One digit multiplier using 4 as
multiplier digit.

One digit multiplier using 5 as
multiplier digit.

Enables ballistic data control
circuit to transmit into R mul-
tiple from ballistic tape.

| Enables interpolator data con-

trol circuit to transmit into R
multiple values of a given gun
order (in class 1 calculation)
from group preceding that
denoted by the whole number
of seconds of the firing time.
Where the value 183195 is
registered in T register the gun
order recorded in the 182 group
is used as multiplier.

.Enables interpolator data con-

trol elrcuit fo transmit into
the R mutiple from the 183
group,

Ground successively ap-
plied to X, Y and Z
orders to transmit like
values into R multiple.

Value 1 automatically
transmitted followed
by ground successively
applied to the X, Y
and Z orders to trans-
mit like values into the
R muitiple.

Ground successively ap-
plied t0.X, Y and Z
orders to transmit com-
plements into R mul-
tiple. Thereafter two
nines are automatically
transmitted.

Value 1 automatically
transmitted followed
by ground suceessively
applied to X, Y and
Z orders to transmit
complements ‘into R
multiple. = Thereafter
two nines are auto-
matically transmitted.,

Supplies ground to oper-
ate fixed multiplier
digit relay 1. This code
may be used when
number on any register

" is to be added to any
subtotal accumulated
on the C register or
when 2 number on any
register is to be trans-
ferred to the C register.

Supplies ground to oper-
ate fixed multiplier
digit relay 2.

Supplies ground to oper-
ate fixed multiplier
digit relay 3.

Supplies ground-to oper-
ate fixed multiplier
digit relay 4. -

Supplies ground to oper-
ate fixed . multiplier
digit relay 5.

Supplies ground to oper-
ate the multiplier re-
lays from tape indicia.

Causes interpolator

transmitter to move .|

tape to block preceding
that identified by the
values in the U, V and
W orders of the T
register.

o~

Causes interpolator trans-
mitter to move tape to
hlock identified .by the
values in the U, V and

15

CRA.....
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W orders -of the T
75

ragister.

Enables interpolator data con-
trol circuit to transmit into
the R multiple from the 184
group,

Enables interpolator data con-
trol circuit to transmit into
the R multiple from the 185
group.

Enables interpolator data con-
trol circuit to transmit into R
multiple values of the quad-
rant elevation (class i) of the
selected time block as multi-
plier.

Enables interpolator data con-
trol circuit to transmit into R
multiple values of slant range
(class 1) or fuze setting (class 2)
of the selected time block as
multiplier.

Enables interpolator data con-
trol circuit to transmit into R
multiple values of azimuth
(class 1) or angle of train (class
2) of the selected time block as
multiplier.

Enabhles speecial multiplier- digit
values to be fransmitted into
R multiple.” Relays connected
to cross-connecting deviee to

- set up special conditions and
may be used with T, Q and Z
registers.

Enables interpolator data con-
trol circuit for special problems
using numbers on tape for
multipliers up to 6 digits.
Used in conjunction with cods
SPBK.

Causes interpolator trans-
mitter to move tape to
hloek next beyond that
identified by the valucs
in the U, V and W
orders of the T register.

Causes interpolator trans-
mitter to move tape to
second block beyond
that identified .by the
values in the U, V and
W orders of the T
register,

Causes interpolator trans-
mitter to move to loca-
tion of quadrant eleva-
tion indicia in selected
time block.

Causes interpolator trans-
mitter to move to loca-
tion of slant range
indicia in selected time
block,

Causes interpolator trans-
mitter to move to loca-
tion of azimuth indicia
in selected time- block.

Supplies ground to opere
ate multiplier relays
from indicia on tape.

The following codes provide multiplicand digits from
any-of the 10 regzsters when a multlplymg operanon is
being performed in the calculator:

multiple to operate the multi-
plying relays of the corre-
sponding orders, 5 digits from
the V, W, X, Y and Z orders.

Code Function Remarks

QMV...._. Associates Q register with the | Suppliesground tosimuls
M maultiple to operate the taneously transmit
multiplying relays of the cor- from the V, W, X,
responding orders, 5 digits and Z orders of the Q
from the V,W, X, Y and Z register.
orders.

QMW.__._. Associates Q register with- the Supplies -ground to -si-
M multiple to operate the multaneously transmit
multiplying relays of the cor- from the W, X, Y and
responding - orders, 4 digits 7 orders of the Q
from the W, X, Y and Z orders. register.

ZMX. ... Assoclates Z register with the | Supplies ground to si-
M multiple to operate themul-| multaneously transmit
tiplying relays of the -corre- from the X, Y and Z
sponding orders, 3 digits from orders of the Z register,
the X, Y and Z orders. .

ZMV._._._ Associates Z register with the | Supplies ground to si-
M multiple to operate the multaneously transmit
multiplying relays of the cor- from the V, W, X, ¥
responding orders, 5 digits and Z orders of the Z
from the V, W, X, Y and Z register.
orders. -

TMU..__. Associates T register with the | Supplies ground to si-
M multiple to operate the multaneously transmit
multiplying relays of the cor- from the U, V, W, X,
responding orders, 6 digits Y and Z orders of theé
from the U, V, W, X, Yand Z T register.
orders. .

PMIX___ | Associates T register with the | Supplies ground to si-
M multiple to operate the multaneously transmit
multiplying relays of the cor- from the X, Y and Z
responding orders by a value orders of the T register.
made up of 1 plus the values This code also causes
in the X, Y and Z orders. the U, V and W orders
Thus with the value 183195 of the multiplying re-
registered in the T register a lays to be set auto-
value 001195 will be trans- matically to represent
mitted as a multiplicand. the values 001, with the
This value represents (1+77) values taken from the
where T7 is the value stored Y and Z orders
in the X, Y, and Z orders of | foflowing this synthetic
the T register. value.

QQMV.___| Associates QQ register with M | Supplies ground to si-
multiple to operate the multi- multaneously transmlt
plying relays of the corre- from the V, W, X,
sponding orders, 5 digits from and Z orders of the QQ
the V, W, X, Y and Z orders. register.

QZMV....| Assoclates QZ register with M | Supplies ground to si-

multaneously transmit
from the V, W, X,
and Z ordex's of'the’ QZ
register,
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Code

Funetion

Remarks

Function

Rermarks

ZZMV....

FiMV___._

F4MU.. ..

8PM?Y,
8pPM2,
8PMS3.

Assoclates ZZ register with M
multiple to operate the multi-
plying relays of the corre-
sponding orders, 5 digits from
the V, W, X, Y and Z orders.

Associates T1 register with M
multiple to operate the multi-
plying relays of the corre-
sponding orders, 5 digits from
the V, W, X, Y and Z orders.

Assoclates F2 register with M
multiple to operate the multi-
plying relays of the corre-
sponding orders, 5 digits from
the V, W, X, Y and Z orders.

Associates F3 register with M
multiple.to operate the multi-
plying relays of the corre-
sponding orders, 5 digits {rom
the V, W, X, Y and Z orders.

Associates F4 register with M
multiple to operate the multi-
plying relays of the corre-
sponding orders, 6 digits from
the U, V, W, X, Y and 2
orders.

Operates the multiplying relays
to represent the multiplicand
010000. :

Operates the multiplyine relays
to represent the multiplicand
016667.

Specinl code relars whese con-
tacts may be connected
through the cross-connecting
grid to set numbers from any
desired orders of any register
through the M multiple to the
multiplying relays.

Supplies ground to si-
multaneously transmit
{from the V, W, X,
and Z orders of the ZZ
register.

Supplies ground to si-
multaneously transmit
from the V, W, X, Y
and Z orders of the F1
register.

Supplies ground to si-
multaneously transinit
from the V, W, X,
and Z orders of the F2
register.

Supplies ground to si-
multaneously transmit
from the V, W, X, Y
and Z orders of the I'3
register.

Supplies °ground to si-
multaneously transmif
fromthe U, V,W, X, Y
and Z orders of the I'4
register.

Supplies ground to oper-
ate M1 relay of the V
digit and to operate
the MO relays of all
other digits. Thismul-
tiplicand is used when
it is desired to add the
multiplier to the
register. This code can
be used when it is
necessary to add the
number on the Q, T
or Z register to fthe
value on the C register.

Supplies rround to oper-
ate multiplyving relays
(UMO), (VM1), (WMS6),
(XM6), (YM6) and
(ZMT7).

Can be nsed with the T,
and Z registers.
When the ground sup-
ply contacts of these
relays are connected to
the register the proper
multiplying relays will
be operated.

The following codes provide for the setting of the start
and end functions of the calculator:

Function

Remarks

Sets steering circuit to register
result of first multiplying op-
eration in the C register.

Sets steering circuit to shift the
product of a multiplication
one place to the left.

Sets steering circuit to register
product of multiplicand by
the first multiplier digit on the
D cegister in corresponding
orders.

Can only be used when
there is no shift in
decimal point: the
product will be a
positive number and
the first digit of multi-
plier is not zero. Since
shifting and inversion
to complements is car-
ried out during the
transfer of values from
the D to the B register
this code can be used

- only when no shifting
or inversion will be
required.

Each subtotal represent-
ing the product of the
multiplicand by one of
the multiplier digits is
shifted one place to the
left in combination
with the shift to the
right In accordance
with the position of
the multiplier digit so
that the final product
is shifted one place to
the left. Shifting oe-
curs during transfer of
subtotal from D to B
register.

This ende may be used
under most conditions
since the shifting from
a first zero multiplier
digit’ or inversion for
complements oceurs
during transfer of sub-
total from the D to the
B register.

10

20

25

30

36

40

45

50

55

60

65

70

75

E-1, B-2,
E-3, E-
4, E-5.

Sets steering elrcuit to shift the
product of a multiplication as
many places to the right as
indicated by the number part
of the code.

Causes steering circuit to end
the process of multiplication
after the first summing opera-
tion in which the product of a
multiplicand and a one digit
multiplier is registered on the
C register.

Causes steering circuit to end
multiplication when the last
multiplier digit has used the
1-8 shift relay.

Causes steering circult to end
multiplication when the last
multiplier digit has used the
S-0-shift relay.

Causes steering circuit to end
multiplication when the last
multiplier digit has used the
shift relay having a corre-
sponding number.

This code may be used
under most conditions
as the subtofal from
the multiplication of
themultiplicand by the
first multiplier digit
will be registered on
the D register.

This end function can
only be used if there is
but one digit in_the
multiplier and no shift-
ing or inversion Is
involved.

The following codes provide for setting of sign indica-

tions:

Code

Funection

Remarks

Sets steering circuit to register
the next digit received in the
multiplier to determine the
positive or negative nature of

~ such multiplier.

Sets steering cireait to indicate
that the next multiplier is
positive.

Sets steering circuit to indicate
that the next multiplier is
negative and the final accumu-
Iation in the C register will be
th% complement of the prod-
uct.

If the (0) relay of ths
quinary group of the
next digit received is
operated a positive
number is indicated
and-if the (4) relay of
the quinary group is
operated a mnegative
number i3 indicated.

With a positive indica-
tion the (NO) (normal)
switching relay econe
trolling the transmis-
sion between the D
register and the B
register is operated.

With a negative indica-
tion the (CO) (comple-
ment) switching relay
controlling the trans-
mission between the D
register and the B
register is operated.

The following codes provide for control of the C regis-
ter of the calculator:

Code.

Function

Remarks

CRZ~C...

NCR-C..

Releases the C register so as to
wipe out any registration
therein. This is an independ-
ent master code operation.

Releases the C register and then
resets it with zero in each
denominational order. Thisis
an independent master code
operation.

Same as CRA except that it is
combined with and functions
as part of another master code.

Same as CRZ-A except that it is
combined with and functions
as part of another master code,

Sets the steering circuit to add
the product of & current multi-
plieation to a number previ-
ously accumulated and now
registered in the C register.

The S-S starting fune-
tion is always asso-
ciated with this opera-
tion.

This operation will be
signalled without a
code when making
calculations using the
L. RA and AZ
relays.

The following codes provide for transferring num-
bers registered on the C register to the different storing
It will be noted that these codes are always in
pairs indicating an A lead and a B lead, this being one
of the provisions in the device of the present inveation
whereby no single trouble can produce an error in cal-
By providing two leads for each of these
transferring operations, a dependent operation is provided

registers.

culation.
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‘whéreby the A lead causes a partidl operation and the
B lead completes the operation only if and when the
operation caused by the A lead is complete.

Code

Function

Remarks

CTA,
CTB.

CQA,
%QB.

CcQzA
CQZB.

CZZA,
CZZB.

CF1A,
CF1B.

CF24,
OF

CF3A,
CF3B.

CT4A,
CF4B.

Releases the T register to wipe
out any value  registered
therein and connects it-to the
C multiple to be reset in ac-
cordance with.the values now
registered in the C register,

Releases the Q register to wipe
out any -value registered
therein and-connects it to the
C multiple to be reset in ac-
cordance with the values-now
registered in the C register.

out any- value .registered
therein and connects it-to the
C ‘multiple to be reset in ac-
cordance with the values now
registered in the-C register.
Releases the QQ register to wipe
out any -value registered
therein and-connects it-to the
C multiple to be reset-in ac-
cordance with the values now
registered-in the C register.
Reletases the QZ register to wipe
oul
therein and connects it to-the
C mutltiple to be reset in-ac-
cordance with the values now
registered in the O register. -
Releases the ZZ register to wipe
out any value registered
therein and connects it to the
C multiple-to be reset in ac-
cordance with the values now
registered in the C register,
Releases the F1 register to wipe
out any value . registered
therein and connects it to the
C-multiple to be reset in ac-
cordance with the values now
registered in the C register.
Releases the F2 register to wipe
out any value registered
therein and connects it to-the
C multiple to be reset in ac-
cordance with the values now
registered in the C register.
Releases the F3 register to wipe
out any value registered there-
in -and connects it to the C
multiple to be reset in accord-
ance with the values now
registered in the C register,
Releases the ¥4 register to wipe
out any value registered there-
in and connects it to the C
multiple to be reset in aecord-
ance with the wvalues now
registered in the C register.

TReleases the Z register to-wipe-

any -value registered:

Transfers 6 dlgits from
the U, V, W, X, Y and
Z orders of ‘the O
register to correspond-
ing orders -of -the T
register.

Transiers 5 digits from
the V, W, X, Y,and Z
orders of the C register
tocorresponding orders
of the Q register.

'Transfers 5 diglts from

the V, W, X, Y, and Z
orders of the G register
to corresponding orders
-of the-Z register.

Transfers 5 digitsr from
the V, W, 5 -ant

15

Z 20

orders of the C register

{0 corresponding orders
of the QQ register.

Transfers b6 digits from
the V, W, X, Y, and Z
-orders of the C register
to corresponding orders
of the QZ register.

Transfers 5 digits from
the V, W, I
orders of the G register
to corresponding orders
of the ZZ register.

Transfers & digits from
the V, W, X, Y, and Z

---orders of the.C register
to corresponding orders
of the F1register.

Transfers. 5 digits from
the V, W, X, Y, and 2
orders of the C register
to corresponding orders
of the F2 register.

Transfers & digits from
the V, W, X, Y, and Z
orders of the. C register
to corresponding orders
of the F3 register,

Transfers 6 digits from
the U, V, W, X, Y, and
Z orders of the C
register to correspond-
ing orders of the F4
register.

The fo

the calculating device:

llowing codes provide for printing operations in

Code

Function

Remarks

PTV+_ .

Associates the Q register with
the printer control circuit so
that registered value may be
printed.

Associates the T register with
the printer control circuit so
that registered value may be
printed.

Associates the T register with
the printer control circuit so
that sign and registered value
raay be printed.

Associates .the T register with
‘the printer control circuit so
that the first three.digits of the

‘printed.

registered value may be | .

Five-digit number on Q
register V to Z .orders
printed.

Six-digit number on T
register U to Z orders
printed.

‘Five-digit number on T

‘register V to Z orders
printed. - Registration
in U -order scanned to
determine sign. — is
printed if 00 relay of
U digit is operated
-and - is printed if the
5 relay
under class 1 operation.
Under class 2 operation
thesesignsarereversed.
When the number in
the T register is nega-
tive it will be registered
a8 a complement but
the code will be in-
verted ‘in transmission
to the printer control
circuit ‘so that it will
be printed in‘true form.
Three-digit number on
T register U, V and W
orders printed.

is operated -
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Funetion

Remarks
PZV...__. Associates the Z regxster with Flve-digit number -on .Z
the printer control circuit so register V to Z orders
that registered value may be printed.
printed.
PCR...... A signal to pnnter for carriage | Causes printer to start a
return and lme feed. new line on the printed
page.
PCRLucanefoenin do. Causes -printer to start a

new line on printed
page. three spaces in
from the normal left-
-hand _starting point.
May be used to give
greater left-hand mar-
gin when matter to be
printed per line allows.

The following codes provide for particular operations
in the calculator:

Code

Function

Remerks

PDTQZ..

PDTV....

PDTU....

1DA,
1DB.

1ID-BK...

Successively associates the T,
and Z registers with the
multiple so that these registers
may be set from the problem
data tape.

Assoclates the T register with
the C multiple so that it may
}})e set from -the problem data

ape.

Associates the T register with -
the C multiple so that it may
tI;)e set from the problem data

ape.

Signal to the ballistic control
circuit to start the hunt for a
given ballistic block.

Signal to the interpolator con-
trol circuit to start the hunt
for the time block T-;. Where
the firing time becomes regis-
tered as 183.195 the time
block 182 will be sought.

Signal to Lnterpolator control
cireuit to step to (T-1) position
of tape when it is resetting on
T) position of tape,

In the T register a three-
digit number is regis-
tered in the U, V and
W orders, the remaining
orders being automati-
cally set to zero. In
the Q register a five-
digit number is regis-
tered in the V, W, X,
Y and Z orders. In
the Z register a five-
digit number is regis-
tered in the V, W, X,
Y and Z orders. Under
some conditions, a four-
-digit number is regis-
tered in the V, W, X
and Y orders and the
Zorder isautomatically
set to zero.

This code will control the
registration of a five-
digit number in the V
to Z orders of the T
register, automatically
placing & zero in the U
order. If the tape also
holds a number ear-
marked for the Q
register or the Q and
Z registers these regis-
ters will be set accord-
ingly under this code.

This code will control
the registration of a
six-digit number in the
U to Z orders of the
T register. Like the
previous code this may
be used to also set the
Q or the Q and Z
- registers if there are
numbers on the -prob-
lem- data tfape ear-
marked for these regis-

ters. .

As soon as the Q and Z
registers have -been
reset with those syn-
thetic values from
which the block ntim-
ber is derived, this
code is used to move
the ballistic transmit-
ter into association
with this block..

‘The special adder - of
three” denominational
orders (U, V and W)
is now set to the same
value as the :corre-
sponding three orders
of the T register (the B
relays thereof are set to
represent 183). By
grounding the T-; lead
of this adder the tape
will- be moved until
the A relays of ‘this
adder are set to the
nines complement of
182 so that the sum
holds three _ zeros,
whereupon the hunt.
ing - operation stops
with the tape set at
the time block 182.

For use in saving time in
the calculation,
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Code Function Remarks Control Lead or Relay Operated
Code Leads ™
. Code Number
RTN..... Operates RTN relay in master | This code should be re-
control circuit whereby master corded in the master A B C
tape will be returned to start- tape at its midjpoint
ing point in a forward direc- so as to cause this tape
tion. With relay RTN not to return on a recycle
operated movement of tape operation in the short.
will be in a reverse direction. est direction.
A+B...... Causes the master control ecir- | The master control cir-
cuit to cease operation and to cuit blocked by this
display the number at that code will be advanced -
time on the C register on the from its blocked posi-
C lamps. Display will be- tion by release of the
come visible if the A+B key A+B key or by the
is operated. momentary operation
' and release of the
ﬁlaster control ADV
cy.

DIV...... Sets the calenlator for a dividing | The starting function for

operation, division must be S-0
and the negative relay
of the calrulator must
be operated.

CLI1A, Class of problem code CLI1 | CL1A tead operates relay
CL1B, indicates class 1 operation in in printer control in
CL1C. computing director errors. It order to reverse sign

may be used for other class indication + and -

distinctions. received from T regis-
ter., CLIB lead oper-
ates relay in Ballistie
Control to allow num-
ber in Z register to
form the first digit of
block number. CL1C
lead operates a relay in
master control circuit
which allows for chang-
ing code information
between class 1 and
class 2 operation.

CL2A, Class of problem code. CL2 | CL2A lead operates a
CL2B, indicates class 2 operation in relay in printer control
CL2C. computing director errors. It in order to close circuit

may be used for other class for sign 4+ and — as

distinetions. received from the T
register. CL2B lead
operates relay in Bal-
listic Control to add &
to number in Z register
to form the first digit of
block number. CL2C
lead operates a relay in
master control circuit
which allows for chang-
ing code information
between class 1 and
class 2 operation.

CL3.cceaeee Class of problem ¢ode.aa cuae-- For use with printer

control in perforating
data tapes.

SPBX....| Signals to interpolator control | Used with codes SPLR

circuit to hunt for a particular
time block.

when using the inter-
polator data for single
time points.

CODE ASSIGNMENTS

To compute the director errors herein set forth and a
-number of special problems, a set of code assignments
have been devised as shown by the table below. These
assignments are typical and are given by way of example.
1t should be noted that other arrangements may be made.

Code Number

Control Leézd or Relay Operated

ode Leads

60

65

76

1 Numbers refer to verticals on grid cross-connecting field.
2 Indicates lead not available.

3 Effective when CL~1C relay is operated.

+ Effective when CL~2C relay is operated.

Typical problem of computing director errors

The problem described in the following table is an
explanation of the various operations directed by the
master or routine tape. The first column headed “Oper-
ation” is a short description of the function to be per-
formed. The second column marked “Operation No.”
is a convenient serial numbering of the operations. The
third column is a list of the codes punched in the master

‘control tape and the last three columns are lists of the

code leads which are activated as the result of the re-
ceipt in the master control circuit of these master codes,




8,077,048

Control Relays or Leads Grounded by Master Code
Oper. | Master | Code Lead | Code Lead { Code Lead
No. | Code A l B C
Operation: : "
Priming. 1 *
Operate class relays. ccavaocnes 2 88
Read problem tape... - 2 05
Return printer car. .. - 4 95
Print time of burst. ceaceeenna- 5 55
Print Eqy 6 35
880 (set steering ckt) . ..oo.-__ 7 84
Cal. synthetic Eg_.____ - 8 51
Store synthetic Eq.__ — 9 19
Start ballistichunt_..._....._. 10 31
Print Do 1 45
8SC 12 17
Cal. Q7X@ 13 71
Transfer to QQ reg. 14 39
88C 15 37
Cal. Q"X Z," . 16 81
Store QZ- . - 17 49
C 18 56
Cal. Ze" X Z e aeccmcnaan 19 91
Store ZZ. 20 59
Calculate time of flight:
88C 21 36
1X Ao 22 02
S8C 23 14
24 22
25 87
26 12
27 77
28 52
29 87
30 42
31 87
32 32
33 66 :
34 62 !
35 09
Start int. hunt___.. e 36 01
Print firing time.__.__..__.___. 7 75
Calculate interpolation coefficients . I
F2 and F3: ’ g
BSC. e iceceiaan 38 94 POS.
yx(T"+1)< - R 39 58 CRZ-C.
Transfer to F4.__oooanooo 40 99 .
41 86 POS. .
(2— T”) [ (T 1)].- 42 44 CRZ-C.
Transfer to F4.__. 43 99
44 26 POSs.
45 54 TRXQQ. -..| CRZ-C.
46 79 CF2-B__._
.
88C. e iiimmas 47 56 | 8-0..___._ B2 .. POS. . .
T [V (2—T7) (14-T7)]. 48 64 | FAMU_...] TRX. ... CRZ-C.
Transfer to F3 49 89 | OF3-A....! CF3-B__..
Calculate Interpolatlon Coeffi- i
cients F1 and 4: .
SSC 50 37| 8-t B3 ... POS,
51 48 | BMV__.._ X.. CRZ-C.
52 99 | CF4A____. CT4B._.... .
53 86 | S-l.oo.—__. E-5 ... POS.
54 54 | FMMU._..] TRX99_._| CRZ-C.
55 99 | CF4A..___ CF4B____. .
56 06 POS.
(2—T") (1~T7 T7/6.. ) 57 44 CRZ-C.
‘Storeon Fl.ooo. i ... e 58, 69:

........................... 59 68 POS.
(1+T") 1~-77) T"[6-..- 60 34 CRZ-C.
Storeon F4_ el 61 99 | CF4A
Reverse return to normal._.._. 62 21

Calcsuslzge correct QE:
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Control Relays or Leads Grounded by Master Code
Oper. | Master | Code Lead | Code Lead | Code Lead
No. | Code A B C
Calculate QE sent to guns—Con
Transfer error to T’ 83 09| CTA CTB

[S15] 0 J—— 102 9 | 8-1__.....
AT for T=T" . e cacesamcanann 103 53| FaMV_...
3 104 e8] 81 _.....

AT for T=T"+2u comaaaceeee 105 63 | F3MV....

S8 106 861 S-1.

AT for T=T"42 107 73| FAMU__..
108 11
109 66
110
111 [114]

Print error.... 112 65

Extra )llne feed (on 40 mm.

only).
Compute correct fuze setting:

88C vaen R 13 86
114 02
115 17 .
116 22 NCR-O.
117 08 .
118 12 NRC-C.
119 97 .
120 52
121 08
122 42
123 08 .
124 32 NCR-O

Director:

125 57
126 82
327 67
128 92
129 687
130 83
131 67| 5-2.__.... .| POS.
132 93 | FAMU....| T2,

Transfer error. .. 133 09f CTA ...

Print error. ... - 134 65§ PTVL -

Extra line feed (on 135 85| PCRuuac)omnvnciaann]

The tapes—preparation

The following table gives the code used in the prepara-
tion of various tapes. In the master tape where two -
code indicia are used for the master codes the tens
digits will invariably be three-hole codes and the units
digits will invariably be two-hole codes.
tapes all number codes will be of the three-hole variety
so that by this means every number transmitted from a
tape may be tested to make sure it is a number, and
in the master or routine tape to make sure that the

In all other 60

55 One-, two-, four- and five-hole codes are used for other

signaling purposes as noted below.

A specially arranged keyboard is employed for pre-
paring these tapes but since there is no other cooperative
relationship between the calculator and this keyboard, it
will not be described. In appearance it is like that shown
in the Bell Laboratories Record hereinbefore referred to
except that the designations on the keys are different
and the codes have been rearranged as in the following

numbers follow each other in the prescribed sequence. 65 table:

Code Places
Designations Use
AIB|CID|E
Red background upper row of keys:
[1] oo Used for perforating units digits of master codes in
%..--.. b 0 the master or routine tape.
[ 0
S [} [}
Ko mamcccenanc e anm—
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Code Places
:Designations - Use
AIB|Ci{D|E
Red background upper row of keys—
- Continued
B e 0 [
6 0 0
7 R olo
8 0 [\
Qe ccccmc e ammm— e o]o
ojolo Used for perforating numbers in all tapes including
___________________________________ [ ] 0 the tens digits of the master codes in the master
......................... 001 - 0 or routine tape.
0 0}0 -The key designated 2 (code holes punched in the
0 ['} )] A, B:and E places) is also used for the RTN
0 o[-0 | signalin the master tape.
ofofo
ofo -0
ol fofo
ejojo
BI, (blank) Blank used In master tape.
4 (plus) ofojo. Sign indicator on ballistic tape.
PN (problem number) __...o..o_. 0 Symbol for problem numniber, used on interpolator
‘data and problem-data. tapes.
B (elevation)u .o oooeocacamcccoen 0 Symbol for angular height or quadrant elevation,
gsed .on ballistie, interpolator and problem data
apes.
R (TANEE) ee et eemme e mmeie o | Symbol for range or fuze setting. Used on inter
polator and problem data tapes.
A (azimuth) 0 Symbol - for,azimuth or angle of train. - Used.on
: interpolator and problem data tapes.
ID (identification data)..ccooc .. o Symbol for start of identification data. Used on-
' : : ballistic, interpolator and problem data tapes. |
— (IINUSY o cermm e e o | o-| o [ Sign indicator on ballistic tape.
ER (Erases)eececencmmcoaoccccaaaean of{ojo]o|o]| Symbol for data point or block number or an
. : A eraser used on ballistic, interpolator or problem
data. tapes. Used as an end of cycle point on
master tape.
/U ojoflofo Symbol for use in the block to denote beginning
.and end of problem for use on interpolator and
problem data tape.
- Large single key -below keyboard o Space symbol for setting off identification numbers.
spacer, ' P’sed on ballistic, interpolator and problem data
apes,

Master control tapes

Master control or routine tapes are punched with three-
hole codes followed -by two-hole codes, .a master -code
or indicium thus consisting of a two-code or two-number
punching. Two steps are required to complete one func-
tion directed by the .master control circuit and these two
steps comprise the response to the transmission of the
two-digit master control code, the tens digit of which is
invariably represented by a three-hole code -and-the units
digit of -which is invariably represented by a two-hole
code. The master control circuit is so arranged that
should any other code be received at the time a three-hole
or a two-hole code is expected, the circuit will be blocked
and an alarm or recycle operation .will .take place.

The sequence of the master code number punchings on
the tape is as follows. The beginning of a routine cycle
is marked by a five-hole code (ER) followed by a blank
space (BL) as the second step of the master control func-
tion. A five-hole. code is -also-placed .at the .end of .the
cycle and mid-way between the beginning and the end
the RTN code is inserted in the tape, this being used for
saving time in the master control circuit by returning the
tape to the beginning over the shortest route when a
recycle occurs. In order to reduce wear on the tape,
a number of cycles may be placed on the tape and for
certain practical considerations -this number may be five
or a multiple thereof so that as an aid in grouping the
printed record produced into groups of five lines a master
code PCRI followed by PCR may be inserted, to cause
‘a double line feed operation of the printer. Other than
these special functional codes the routine tape contains
only a long succession of two-number codes which are
properly identified through the three-hole and two-hole
succession hereinbefore set forth.

It will be understood that while in this specific em-
bodiment of the invention two-code indicia are used, the
“invention is not limited to this narrow field but contem-
plates multidigit indicia. Using two decimal code in-
dicia the number of master codes is limited to one hun-

40

45

50

-55

60

65

70

75

dred. This number may be increased by using more
than two codes for each indicium or by abandoning the
advantages - of using .the codes having .an invariable

-number- of filled places and using the full number of

permutations provided by the code system employed. In
a. five-place -permutation code system there are thirty-
two possible different codes and this number is doubled
each time another place is added.

Ballistic -tapes

The ballistic -tapes- are- essentially- problem data tapes
since they -contain items of data used in solving the
problems steered or-routined-by the routine tape. These
tapes contain known information and are herein specifical-
ly termed ‘ballistic tapes- because-in: the specific use of the
calculator hereinbefore described they are prepared-from
ballistic tables. -Such tapes may. be-more generally de-
scribed as table tapes since their function is to make
available to the calculator when needed a fund of in-
formation of the nature generally recorded for use by
the mathematician in the form of tables.

In the specific embodiment of the invention herein
set forth there will be two ballistic transmitters and two
tapes for class 1 and class 2 operations for each table
of ballistics to be used. However, ballistic information
for both class 1 and class 2 operations involving the same
gun (or the same table) may be combined in the same
tape if desired thus reducing the tapes from two.to one
for any one problem. The use of two ballistic trans-
mitters, however, provides a means for shortening the
block hunting time since approximately half of the bal-
listic data appears on each table.

The ballistic tapes will have information grouped in
blocks, with the block numbers assigned consisting .of
three digits. The first two digits of a block number are
derived from the V and W digits in the Z register and
the. third digit is derived from the V digit in the Q reg-
ister. The significance of this division will be explained
hereinafter, '



2,077,048

. 47

For class 1 operation, block numbers from 000 to 499
are available and for class 2 operation the numbers from
500 to 989 are available, this last range being limited
for practical conmsiderations since certain numbers be-
tween 900 and 999 are used for special purposes as will
appear hereinafter. By using different series of block
numbers for class 1 and class 2 operation, a check is pro-
vided to insure that the correct ballistic tapes are being

used. For class 1 operation the lowest block number.

needed is 000 and the highest is 117 (even though more
are available) and for class 2 the lowest and highest
numbers practically needed are 500 and 667, respec-
tively. In each case block numbers will appear in their
numerical sequence even though there are some gaps
between them. Unused blocks will also be assigned for
special purposes.

The ballistic blocks described above are divided ap-
proximately equally on each of two tapes and are fed
into the No. 1 and No. 2 reversible tape transmitters.
Block numbers whose third digits are 0 to 4 are punched
on tape No. 1 and block numbers whose. third digits are
5to 9 are punched on tape No. 2.

To insure that the ballistic hunting circuit will not dis-
charge all of the tape from the transmitter, in case too
large a block number is recorded in error, the block
number 999 should appear at the end of the tape. This
guard will restrict the actual numbering of blocks to
000 to 989.

It will also be desirable to visually identify class 1
and class 2 data on the same tape by introducing 20 to
30 or more “blanks” between the two classes of data, if
they are combined on the same tape. ’

The block numbers made up from the numbers in the
“7» and “Q” registers will represent data of variable
dimensions depending upon the synthetic values stored in
“7” and “Q” as shown by the following table.

«z» REGISTER, “V"” AND “W"” DIGITS

Dimensions of Block
Multiplying Factor

Class 1 Class 2

Range, Fuze,

yards see.
None. - 1,000 10.00
2 [ 500 or 5, 000 5. 00
350 LU RN 333 or 3,333 3.30
4 250 or 2, 500 2.50
5 PR - 200 or 2,000 2.00
6. - _.| 166o0r 1,666 1.66
7 - .| 1420r1,428 1.42
8umen 125 or 1,250 1,25
OO 111 or 1,111 1.11

“Q” REGISTER, “V”” DIGIT

Dimensions of
Block
Multiplying Factor
Angular | Quadrant
Height, | Eleva-

mils tion, mils
500 500
333 . 333
250 250
200 200
166 166

For one arrangement of the computer the block in-
formation was grouped in multiples of 200 mils in quad-
rant elevation and 2.0 seconds in fuze setting, and 1,000
yards in range and the ballistic tables are arranged ac-
cordingly. ) o

The total number of blocks required for class 1 op-
. eration for a range of 0 to 12,000 yards and angular
. height of 0 to 1,600 mils is 96; and the total number of
blocks required for class 2 operation for a fuze value of
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0 to 32.5 seconds and quadrant elevation of 0 to 1,600
mils is 136. Since the last digit of the block is the first
digit of the product obtained by multiplying the quadrant
elevation or angular height (maximum 1,600 mils) by 5,
the digits 8 and 9 will not appear as the third digit of
a block number; consequently there will be no block
numbers with 8 or 9 as the last digit except those required
for special conditions. L
Each block will have printed code characters punched
out in the following sequence:

(1) Block number symbols

(2) Block number

(3) Data for determining time of flight

(4) Data for determining quadrant elevation or angu-
" lar height

(5) Data for determining drift .

(6) Data for determining range or fuze

Some ballistic data numbers are prefixed with a plus
or minus symbol where the number may be either posi-
tive or negative depending upon the block. In addition,
each data number is preceded by the symbol E (Printer
Code A) which is used initially to synchronize the Bal-
listic Control Circuit and later to indicate to the Calcu-
lator Circuit that all of the digits comprising the num-
ber in question have been transmitted. The symbol “E”
is not required at the end of the last number in block.
Likewise each data number is followed by a one-hole
code which acts to check the number of digits therein
since these numbers are generally used as multipliers.

When computing director errors, the class 1 input in-
formation consists of

Ey=Angular height
Hy=Altitude
Ag=Azimuth

Before any computations can be made, it will be neces-
sary to obtain slant range. This will be done by direct-
ing the ballistic hunting circuit to special ballistic block
numbers containing sine and cosine information corre-
sponding to the angular height of the input data. These

ballistic block assignments will be as follows:
By in Mils Block No.

000 £0 0199.9 o oo o mm e s mmmm e 088
200 to 0399.9 .- 078
400 £0 05090 o e mmmmem e 068
600 to 0799.9 - . 058
800 to 0999.9. . - : 048
1,000 to 1,109.0. C  emmaieemnenan 038
1,200 £0 1,399.9_  mzemee-- - - 028
10400 £0 1,598.9- oo oeceemasenanmmmmanann - 018

Size of numbers and sign indicators

The number of digits between each symbol “E” may
vary from one to six, and may be either positive or nega-
tive depending upon the method used in making up the
ballistic tables. The following three conditions must be
met:

(1) All coefficients of the same name must have the
same number of digits in each block.

(2) Sign information must check with the correspond-
ing start, end and sign of the master control code.
(3) In the interest of keeping length of tape at a mini-
mum, it is advisable to set up -+ sign on master con-
trol code where the coefficient is positive in all blocks.

Tn the typical problem shown hereinbefore the size of

. the numbers for the various coefficients are iHustrated

75

by the following table:
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BALLISTIC TABLE FOR 90-MM. GUN

Class 1 . - Class 2
Deci- - | Deci-
Coefficient Num- | mal Num- | mal
ber of | Point Sign ber of | Point Sign
Digits | Be- .| Digits | Be-
tween tween
Digits Digits
Time of flight:
A00 5 2-3 | Minus_._ 5 2-3 | Plus.
4 1-2 |.._do._.__ 4 1-2 Do.
3 0-1 | Either__ 2 ) Either.
3 0-1 | Minus.._ 2 {1) Do.
3 0-1 | Either__ 2 ) Do.
3 0-1 f...do...__ 2 O] Do.
6 4-5 | Plus.___ 5 4-5 Do.
C 4 2-3 |._..do.__.. 3 2-3 Do.
5 3-4 |___do..... 4 34 Do.
3 1-2 |.__do.____ 2{ 12| Do.
2 1-2 | Either.. 2 2-3 Do.
3. 1-2 |.._do.... 4 3-4 Do.
3 1-2 f . do.a_c 3 1-2 Do.
3 1-2 |.._do.___. "3 1-2 Do.
2 0-1 i ..do___._ 3 1-2 Do.
2 0-1|...do._.._ 3 1-2 Do.
2 0-1 |-._do._._. 2 1-2 Do.
2 0-1{._.do_..._ 3 1-2 Do.
5 2-3 | Plus.___ 6 5-6 | Plus,
4 1-2 |___do..... 51 " 45 Do.
3 0-1 Elther_ - 4 3-4 | Either.
3 0-1 | Plus._._ 4 3-4 Do.
3 0-1 | Either.. 3 2-3 Do.
3 0-1 |___.do..._. 3 2-3 Do.

1 Deciinal point appears between 0 and 1 digit on basis of three-digit
number. Only two digits are used.

Interpolator and problem data tapes

These two tapes are made up exactly alike with the
exception that the number of digits in the number for
fuze is four and for range it is five. Both are problem
data tapes, the information on one being related to-the
information on the other. One is called the problem
data tape because it is placed in the problem data trans-
mitter from which the information it contains is read
off item by item successively. The other is called the
interpolator tape because it is placed in the reversible
interpolator transmitter from which the information it
contains is read off on selective demand. The tape in
the problem data transmitter is the true argument tape
since the information it contains is used as the argu-
ments of the problems, each block. containing one argu-
ment or the arguments for one coordinate in time. The
tape in the interpolator transmitter is a secondary or
correlated problem data tape containing needed data but
not of the primary importance given to arguments.
two ‘tapes as stated above are alike and either may be
used in either tramsmitter. Thus in class 1 operations
that tape having the observed coordinates is placed in
the problem data transmitter while that having the gun
orders is placed in the interpolator transmitter. In class
2 operations the two tapes are .interchanged in these
two transmitters.

Data for one or more problems may be placed on a
single tape. However, the data for each problem is
placed on the tape in separate sections, with each section
separated from the other by distinctive tape symbols so
that the problem data control circuit and the interpolator

data control circuit will remain synchronized at all times.

Each problem will have a number together with. any
other identification required; the problem numbers will
appear consecutively on the tape.

The tape perforations in the order given for start of
tape or each new problem are as follows:

(1) A minimum of four ER symbols. ‘It is recommended
that ten of these symbols be used in order to vrsually
identify the start of a new problem.

(2) 999 (a recycle code for the interpolator data cir-
cuit).
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-(3) “Z” symbol (a recycle code for problem data. cir-

cuit).

(4) “PN” symbol (problem number steering code)

(5) Two “ER” symbols (synchromzmg and steermg
code).

(6) “PN” symbol (problem number steering code).

(7) Three digit problem numbers (these numbers: are
restricted, for circuit reasons, from 010 to 989 but
it is recommended that numbers 100 to 900 be used).

(8) “Z” symbol (a recycle code for problem data cir-
cuit).

(9) Several ID symbols (codes for start of identification
data).

(10) - A maximum of 30 characters mcludmg spaces rep-
resenting identification data can be used .before the
timing circuit of the master control circuit will op-
erate. Should additional identification information be
required, it can be obtained by using one .or more
sets of “A” and several “ID” symbols.

(11) Two “ER” symbols . (synchronizing and steermg
code) mdrcatmg the end of identification information.

Three d1g1t numbers representing time data points or
blocks will appear on the tape. These time blocks are
restricted to times of 035 to 965 seconds. Each time data
block will have printer code characters perforated in the

~ following sequence.

(1) Time data code (counter time).
(2) Symbol “E” (quadrant elevation or angular height
symbol).

(3) “QE” or “AH” (quadrant elevation or angular height

data).
(4) Symbol “R” (fuze or range symbol).
(5) Fuze or Range (fuze or range data).
(6) Symbol “A” (azimuth or angle of train symbol).
(7) “AT” or “AZ” (azimuth or angle of train data).
(8) Two “ER” symbols indicating the end of time data
block.

Where data for intermediate time data blocks are lack-
ing within the same problem number, the following se-

. quence should be provided:

45

50

These -

(1) Time data block (counter time). -

(2) Symbol “Z” recycle code for problem data
(3) Two “ID” symbols. - i
(4) Two “ER” symbols.. -

In order to prevent an indefinite number of recycling
operations, when the tapes advance to their end position,
an “end of tape” identification symbol group is used.
This consists of a minimum of ten ER symbols following
the angle of train or azimuth-data. These symbols are
followed by the numerals 00. Only two ER symbols

" are required for satisfactory circuit operation but ten
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are provided to facilitate splicing of tapes.

Identification or numbering
Identification data will use only numerals and spaces.
It is expected that this is sufficient to record a problem
number, data, director number. or any other information
that can be expressed in numerals. By confining ‘these
data to numerals and spaces, the special key designations

-on the perforator as described hereinbefore can be used

Size of numbers and sign indications
The number of digits for the various functions to be
placed between the “E ? “R” and “A” symbols are as
follows:

Problem Nos, ______ e 3 digits,
Quadrant elev.* ... 5- digits.
Range -5 digits (class 1 operatlon)
Fuze o2 5 digits (class 2 operatlon)

Angle of train? 5 digits.

1'Where the target has described a course starting from
the fourth gquadrant and gassmg through zero, it will be
%Jeciessgr%r to add 640° ‘or 360°.to. the azimuth or angle .of
rain data.
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Since all values are positive, no sign indications will
be necessary.
Erasures

Perforation errors of a tape may be removed by back
spacing to the previous ER symbol and superimposing
the ER perforation on all succeeding perforations. Data
for the time point block or identification data must then
‘be completely reperforated.

Checking

The data punched on the interpolator and problem data
tapes may be checked from printed records, by running
the tape through the TD-transmitter -distributor -and print-
ing the results in tabular form.

The symbol “E” (Printer Code A) uszd between num-
bers for quadrant elevation will print a period. - Symbol
“R” (Printer Code “E”) used between numbers for range
or fuze will priat one-half of a quotation mark, ie., “and
symbol “A” (Printer Code C) used beiween numbers for
angle of train or azimuth, provides a space in the printed
record. This provides a ready means of checking prob-
lem or interpolator data tapes for the proper symbols
between numbers.

In checking the identification data and the proper se-
quence of codes at the beginning and ending of the tape
the irregularities of the printing will indicate errors. In
this connection the following must be considered in the
action-of the printer:

Letters provide carriage return and line feed.

ID symbol provides line feed (advance paper ome line).
PN symbol provides carriage return. . )

Space Bar provides space between characters.

Sign indication

The positive or negative mature of a number is indi-
cated in the device of the present invention in either of
two ways, by looking at the extreme left-hand digit or
by looking at the carry out from that place when the

number is produced. Suppose, by way of example, that

we have the figure 12345, from which we propose to sub-
tract the larger figure 12346. This may be done in a
calculator by adding to the first the complement of the
second, thus

: 12345
87654

099999
and the suim obviously represents a negative number
—00001

Now the negative nature of this number 099999 is repre-
sented by the fact that the carry out from the extreme
left-hand decimal denominational order of the addend
and augend is a zero and also by the fact that the sum
digit of this extreme left-hand decimal demominational
order is a nine.

Now let us further suppose that from the number 12345
we propose to subtract the amount 12344 which will ob-
viously leave a positive remainder. This as before may
be done in a calculator by adding to the first the com-
plement of the second, thus

12345
87656

100001

and the sum obviously represents the positive number
--00001
or simply
+1
The positive nature of this number
100001
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is represented by the fact that the carry out from the ex-
treme left-hand decimal denominational order of the
addend and the angend is one and also by the fact that
the sum digit of this extreme left-hand decimal denomi-
national order is a zero.

in a calculator where the nature of the numbers is of
interest only when the nature is about to change from
positive to negative or from negative to positive these
considerations are valid and both of these methods are
used herein.

The use of 0 to represent a positive number and 9 to
represent a negative number is used wherever an actual
sign indication is needed and this becomes arbitrary in
certain instances where the 0 or 9 is placed so that it
appears to be the first digit of a number but actually has
no relation to the following digits outside of its function
of sign indication. The use of carry 0 to répresent a
negative number and carry 1 to represent a positive num-
ber is used in the process of division, the carry 0 and
carry 1 leads outgoing from the extreme left-hand de-
nominational order of the adder being used to control
the registration of the binary representation of the quo-
tient digit and to stop the calculation when the true quo-
tient digit has bzen found on the change from a negative
to a positive remainder.

Physical embodiment

The device of the present invention is embodied in a
line of apparatus racks and several desks on which certain
pieces of apparatus are mounted shown in their outward
appearance in Figs. 0, 1 and 2.

The power cabinet, designated 1 in Fig. 0, provides
mounting and switching control for two regulated tube
rectifiers designed to operate from a commercial source
of 60-cycle alternating current to supply the calculator
equipment with a source of 50 volts direct current. Cer-
tain other sources of different voltages are supplied for
special purposes such as the operation of signal lamps
and the timer all of which will be more fully described
hereinafter. '

There are next five relay racks designated 2, 3, 4, 5
and &, respectively, shown here each enclosed in its dust-
proof cover.

The first rack, here designated 2, is known as calculator
frame number 1 and contains generally the following
equipment.

“A” and “B” registers each having seven decimal de-
nominational orders (U, V, W, X, Y, Z and Z1) and
constituting the augend and the addend-elements, respec-
tively, of the common adder.

“C” register having seven decimal denominational or-
ders and constituting the first storage register for co-
operative association with the A and B registers as a sum
element. This is used for storing intermediate subtotals
and the final calculated value of a calculation. Numbers
stored in this register can be transferred to any of the
other ten registers of the calculator and to the “A” reg-
ister of the adder.

“D” register having six decimal denominational orders
(U, V, W, X, Y and Z) and constituting the second stor-
age register for cooperative association with the A and B
registers as a sum element. This register is used omly
for the temporary storage of intermediate subtotals.
MNumbers stored in this register can be transferred to the
“B” register of the adder either to corresponding decimal
denominational orders or in shifted relation or as the
complement of the number.

The second rack, here designated 3, is known as cal-
culator frame number 2 and contains generally the fol-
lowing equipment.

The steering or progress circuit for controlling the start-
ing, the step-by-step progress and the ending functions
of a multiplication operation.

The division steering or progress ciicuit for like pur-
poses in a division operation.
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The multiplying circuit of the calculator comprising
six denominational orders of (multicontact) multiplying
relays which may be set in accordance with-a multipli-
cand and a single set of multiplier relays which may be
set in accordance with a single digit of a multiplier at a
time,

The third rack, here designated 4, is known as the mas-
ter control frame and contains generally the following
equipment.

The interpolator data control circuit which controls
the movement of the interpolator data reversible trans-
mitter to supply input data to the calculator by selection
of the desired block in a function tape.

The cut-in relay circuit of the calculator which controls
the operations to be performed in the calculator by di-
rection of the master control circuit to connect various
registers to the multiplicand and multiplier circuits.

The master control circuit which controls the order of
all operations in the calculator under direction of the
codes punched in the master control tape.

The fourth rack, here designated 5, is known as the
register frame number 1 and contains generally the fol-

- lowing equipment.

“Q” register, having five decimal denominational orders
(V, W, X, Y and Z) and constituting a storage means
during one cycle of operations of data for the first of three
observed coordinates such as quadrant elevation read from
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the problem data tape. This register may also be set by

the calculator circuits and is accessible to the printer.
The first digit (V denominational order) of this register
forms the third digit of the Ballistic Block number.

“Z” register, having five decimal denominational orders
(V, W, X, Y and Z) and constituting- a storage means
during one cycie of operations of data for the second of
three observed coordinates such as range or as the storage
means for the true quotient digits as they are calculated
in a problem in division. This register is accessible to the
printer. The first two digits (V and W denominational
orders) of this register form the first two digits of the
Ballistic Block number,

“T” register, having six decimal denominational orders
(U, V, W, X, Y and Z) and constituting a storage means
during one cycle of operations of data such as time read
from the problem data tape. This register may also be
set by the calculator circuits and is accessible to the
printer. The first three digits (U, V and W denomina-
tional orders) of this register are associated. with the
interpolator control circuit to supply it with information
as to the desired block number.

The problem data control circuit which controls the
setting of the “Q,” “Z” and “T” registers from the prob-
lem data tape. At the beginning of a calculation this cir-
cuit causes any special identification to be diverted to the
printer control circuit,

The printer control circuit controls all printing opera-
tions. .

The ballistic control circuit which controls the move-
ment of the (two) ballistic reversible tape transmitters
to supply data to the calculator. The data is divided into
three-digit block numbers 000 to 499 for class 1 operation
and 500 to 989 for class 2 cperation. Block numbers
whose last (third) digit is 0 to 4 will appear on tape No.
1 and those with 5 to 9 will appear on tape No. 2.

The fifth rack, here designated 6, is known as register
frame number 2 and contains generally the following
equipment.

Seven registers in all, each of which is a storing regis-
ter having no facilities for association with the problem
data or printer control circuits, and comprising the:

Fi, F2, and F3 registers each having five decimal
denominational -orders (V, W, X, Y and Z) and the F4
register having six decimal denominational orders (U,
"V, W, X, Y and Z) used for storing calculated inter-
polation coefficients during each cycle of operations; and

QQ, QZ and ZZ registers each having five decimal
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denominational orders (V, W, X, Y and Z) used for
storing products (indicated by their designations) during
each cycle of operations.

At the right-hand end of the view in Fig. 0 and in de-
tail in Fig. 1 there is shown computer table No. 1. On
the table 7, there is mounted a key and lamp panel 8,
used in connection with mainteniance and operation of the
calculator. The various keys and lamps mounted in
this panel are shown in detail in the circuits which will be
described hereinafter,

Mounted on the table and shown more clearly in Fig. 1
are two baliistic reversible tape transmitters 101 and
102 and a similar device 103 known as the master con-
trol transmitter. In this view the cabinet doors of the
desk are shown opened to expose to view the master con-
rol tape 104 loosely confined behind a window 165.

Within this table compartment may be seen the print-
ing distributor 186 which may be used either in associa-
tion with the printer or with the reperforator under
control of a key PP-PR mounted in a remote control
cabinet on the computer table No, 2. The output data
of the calculator will be printed. with this key in its
normal position or the output data will be perforated on
tape with the key in its alternate position. o

Fig. 2 shows what is termed the remote control equip-
ment which may be located at a distance from the ap-
paratus shown in Figs. 0 and 1. This equipment com-
prises in general computer table No. 2 here designated
201 and the printer table 202. Mounted on table 201,
there is the problem data transmitter 283, a transmitter-
distributor 204 used with the reperforator 206 and the
interpolator tape transmitter 265. The transmitter-dis-
tributor 284, hereinafter designated TD may be used with
the printer or the reperforator. The distributor is under
control of the PP-PR key in the cabinet 207. With key
PP-PR in its normal position the TD distributor is con-
nected to the printer and can be used for checking data
on tapes. If the key is thrown to the PR position the
distributor is connected to the reperforator 206.

The cabinet 207 is known as the remote control key
and lamp panel and it provides mounting for various
lamps and keys required for the remote control operation.

_ A telephone set 208 is mounted on the side of the
table 201 to provide a means of communication between
frames or computer tables when located at distant
places but this is not otherwise cooperatively associated
with the calculator.

The table 282 js designated as portable equipment
since all electrical connections are by cords and plugs
and the table may be moved as desired. The main ap-
paratus mounted on this table is the printer 269. )

Also included in the portable equipment and mounted
on another small table is a perforator which is not shown
bere since it has no -cooperative relationship with the
calculator but is of use in the preparation of the tapes.

It may be mnoted that most of the apparatus is pro-
vided with covers provided with gaskets to exclude dust.
The large covers which fit over the apparatus mounted
on the two computer tables are not shown but the gaskets
for the cabinet doors of the computer table are indicated
in Fig. 1.

In Fig. 0 and at the extreme left end there is a cabinet
9 which contains a grid type cross-connection field which
may be used for setting up special master control codes
as required for special problems and which will be more
fully described hereinafter.

Fig. 3 is a front perspective view of calculator frame
No. 1 designated 2 in Fig. 0, with the cover removed
to give a general picture of the manner in which the ap-
paratus is mounted. At the top there are shown three
mounting plates 39%, 362 and 363 on which relays are
mounted. The plate 304 is used mainly for mounting
contact protection networks 305. Similar apparatus is
mounted on other plates. In the base of the device
there may be seen a terminal strip 306, a fuze panel 307,
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and a strip of test lamps and jacks 308. This cabinet
may be sealed through the soft rubber gasket 36% when
the cover is secured in place by the fasteners 315 to 313,
inclusive.

COOPERATIVE RELATIONSHIP
OF THE APPARATUS

Figs. 4 and 5 when placed with Fig. 4 above Fig. 5
provide a diagram in the form of a flow chart from
which the varicus operations may be followed. Fig. 4
contains the five tape transmitters, the various conirol
circuits, the printer, the reperforator and the calculator
circuit, and Fig. 5 contains the ten registers and their
cut-in relays.

Primarily, the device as a whole consists of a plurality
of entry means in the form of tape transmitters, & com-
mon calculator, a plurality of storing registers all inter-
connected by several tramsmission paths known as the
“C” multiple, the “M” multiple and the “R” multiple,
and a control means for cooperatively interconmecting
the tape output circuits, the registers and the calculator
in accordance with a pattern recorded in the master
control or routine tape.

The master control tape tramsmitter 481 will “read
off” a code and transmit it to the master control circuit
466 which in turn will exercise control over the printer
control circuit 487, the master contro} distributing relays
408, the interpolator control circuit 469, the ballistic
data control circuit 41§ or the problem data control cir-
cuit 413 in accordance with the code transmitted. The
master control tape is commoniy referred to as a routine
tape since it contains operational orders for carrying
out the routine operations repeated for each argument
entered from the problem data tape.

The printer control circuit 467 will cause certain in-
formation coming from various circuits to pass through
the transmitter-distributor 412 and either be printed by
the printer 413 or perforated in a tape by the reperfora-
tor 414. The control between the master control circuit
406 and the printer control circuit is a two-way control,
that is, the printer control circuit 407 may also exercise
some control over the master control circuit 406. This
is in general true of all circuits since after the master
control issues an order it cannot advance to further
operations until it receives a satisfaction signal, that is, a
return signal from the circuit to which it issues an order
signifying that the order has been carried out satisfactorily.

The master control distributing relays 488 will trans-
late certain two-digit codes into a plurality of outgoing
‘controls which will be described more in detail presently.

The control exercised by the master control circuit 466
over the interpolator control circuit 489 is one way and
is designed to reader the latter effective so that the inter-
polator tape transmitter will be set to a given position
and then read off certain values over the “R” muliiple
415 into the calculator gemerally designated 416.

The control exercised by the master control circuit
406 over the ballistic data control circuit 410 is two-way
by which is meant that the ballistic data control circuit
410 has some conirol over the master control circuit 406.
The ballistic data conirol circuit 418 like the interpolator
control circuit 403 will transmit information over the R
multiple 415 to the calculator 416, A control lead 524
coming out of the Q register 582 and the Z register 504
and leading into the ballistic data control circuit 410
indicates the means for setting either one of the ballistic
data tape transmitiers to a given “block,” the number
of the block consisting of the first two digits registered
in the Z register and the first digit in the Q register. It
may here be noted that the number of the plock also
determines which of the two transmitters 403 or 484
will be enabled and consequently which of the switching
means 418 or 419 will be operated.

The control between the master control circuit 406
and the problem data control circuit 411 is likewise two-
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way. - The transmission path 521 coming from the Q,
7 and T registers leads through Fig. 4 and indicates that
values transmitted thereover will enter the printer con-
trol -circuit 497 for printing and through a control exer-
cised thereover by the problem data control circuit 411
to the “C” multiple 417. ‘

Now the master control code distributing relays 448
are used for the main control of the pattern of calcula-
tion since these relays respond to the various indices of
the master tape and set up the needed connections. Read-
ing the controls coming out of this block 483 at its right
from the bottom upward it will be noted that two leads
go into the printer control circuit 467, one for the pur-
pose of control and the other for extension to the prob-
lem data control circuit 411, Thus a given code will give
the order to print and may also give an order to the
problem data conirol to read out certain data which will
be printed as it is simultaneously registered. The next
control, shown as a heavy line, leads.into the calcula-
tor 416 where it will enable the cut-in relays 428 for
bringing the multiplying steering or progress circuit 423
into control or the division steering circuit 422 into con-
trol. Maitiplication is performed when the multiplying
steering circuit 421 is enabled over control 423 and divi-
sion is performed when the division steering circuit 422
is additonally enabled over control 424. Since the divi-
sion calculation cycle is a modification of the fundamen-
tal multiplication cycle, the coutrol of the calculator by
the division steering circuit is shown as by way of the
multiplying steering circuit 421 as well as the conirol
434, The cut-in relays 428 function to comnect the
steering circuit 423 to any one of the T, Q or Z registers
whereby one decimal denominational order is activated
at a time to transmit multiplier digits over the R multiple
415 to the multiplier reiays 433.

The master control code distributing relays 468 also
control the “C” register 425 of the calculator in certain
operations.

The next control and by far the most extensive is that
shown by the heavy line 426 leading to the ten registers
of Fig. 5. Vithin this path there will be a separate con-
trol for each of the registers and their cut-in relays 531
to 520, inclusive. When the cut-in relays are enabled,
then the corresponding register may be set over the “C”
multiple 417. When the register is controlled, as for
instance; when the QQ register is controlled over lead
522, then the value stored therein is transmitted out over
the “M” multipie 522 to the multiplying or multiplicand

Certain of the registers,
the Q, Z and T registers may also be caused to transmit
into the “R” multiple 415 and the Q and Z registers as
hereinbefore mentioned will transmit part of their regis-
trations into the block number channel 524. The Q, Z
and T registers are provided with a plurality of activate
leads whereby numbers registered thersin may be read
out either in whole or in part.

Lastly, the master control code distributing relays 408
may be set to enable the interpolator control circuit
4989 or the ballistic data control circuit 418, this control
being entirely one-way.

The calculator, here generally designated 416, is a
combination of elements which may be listed as an augend
element A, 428, zn addend element B, 429, a first storage
register C, 425 and a second storage register D, 4360.
Entries into the A and B registers of the adder are made
through the contacts of the multiplying relays 427 in
accordance with the setting of the muitiplier relays 433.
When some multidigit number is transmitted over the
“M” multiple 523 the multiplying relays 427 are se-
lectively operated and then, under control of some single
digit number which actuates the multiplier relays 433,
the units digits of the products are registered in the
augend element A and the tems digits thereof are reg-
istered in the addend element B. The summing of these
two registrations might be said to flow from the B register
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429 through the A register 428 through the switching

relays 431 to either the C register 425 or the D register

430. If the C register is helding a number the sum will
be registered in the D register but otherwise will be placed
in the C register.

It has before been pointed out that closely associated
with this common adder and which may be considered a
part of the calculator is the multiplying steering circuit
421, the division steering circuit 422 and the cut-in re-
lays 426.

While both the “C” and the “D” registers are set in
accordance with the sum of numbers in the “A” and “B”
registers, the values in the “C” register may only be re-
turned to the “A” register (or out on the “C” multiple)
and the values in the “D” register may only be returned
to the “B” register.

It may be noted that an inverter 432 is placed between
the “D” register and the “B” register for producing the
complement of a number and it ‘may also be noted at
this time that only in transmission through this circuit
may column shifting be practiced.

One more point to be noted in connection with this
flow chart is that all registers are what may be termed
decimal code registers, each having a plurality of decimal
denominational orders in which a digital value is ex-
pressed in the biquinary code. A register may be set
over a decimal multiple having ten conductors for each
decimal denominational order (such as the “M” multiple
or the paths from the multiplying relays 427 to the A
register 428 or the B register 428) or over a biquinary
multiple having seven conductors for each decimal de-
nominational order (such as the “C” multiple) but not in
both ways. Also a register may transmit its stored values
out over either a decimal multiple or a biquinary multiple
or over both as will appear more fuily hereinafter. It
should also be noted that each register has a number of
decimal denominational orders designated U, V, W, X and
so forth, and that all calculations are based on the loca-
tion of the decimal point between the U and V orders,
or where no U order is provided, before the V order,

It will appear hereinafter that all calculations are
made on the basis of a multiplication of a multidigit
multiplicand by a single digit multiplier and this in turn
is reduced to a simple summing operation.

The steering circuit 421 is a circuit-arrangement which
controls each calculation cycle by which the operation,
presented as a problem in multiplication is broken down
into a plurality of steps by which the actual calculation
is accomplished by summation and column shifting.
When a problem in division is presented the division
steering circuit 422 is additionally enabled since the cal-
culation of each quotient digit may entail several trials,
the division steering circuit being arranged to control
the multiplier relays 433. When a single digit multiplier
thus supplied produces through the division which op-
erates the multiplying relays 427 a satisfactory product
then that digit is transmitted out over the C multiple
417 to be registered as a quotient digit. The repeated
trials of different quotient digits, as will be fully explained
hereinafter, require internal recycling of the steering cir-
cuit 421 and this function is controlled by the circuit 422.

Fig. 6 is a theoretical schematic circuit diagram by
means of which the fundamental operations in biquinary
addition may be explained. There are two sets of relays
provided, the A relays representing the augend, the B
relays representing the addend and a set of outgoing leads
which may be connected to some register which there-
upon represents the sum. In this showing each sum lead
goes to a rectangle representing a C relay which may rep-
resent the relays of any register in which a sum is to be

placed. Otherwise none of the relays are shown in this

diagram but only an indication of the armatures and
contacts thereof. Where two lines cross each other and
the crossing point is encircled, the designation at such
a point will indicate a normally open contact which will

5

10

15

20

25

30

35

40

45

50

65

60

65

70

75

58

be closed by the operation of the relay bearing a like
designation. Thus a small circle at the crossing point
of two wires designated AC$® will indicate that upon the
operation of relay A@0 a connection will be established
between two such wires.

A summing -arrangement constitutes essentlally an
augend register having a plurality of decimal denomina-
tional orders, an addend register having a like number of
orders and a set of sum leads outgoing therefrom. There
must be carry leads between the decimal orders since even
though the values within the orders are expressed in
code, the carry between orders is 'on a decimal basis. .In
Fig. 6 the wiring controlled by the augend and addend
relays of a single decimal denominational order is shown.

FEach set of relays is divided into two subgroups, one
known as the binary subgroup and the other known as the
quinary subgroup. The binary subgroup consists of two
relays such as A0 and AS having an arithmetical weight
of 0-and 5 respectively. Similarly, the quinary subgroup
comnsists of five relays such as A8, AL, A2, A3 and A4,
having the arithmetical weights 0, 1, 2, 3 and 4, respec-
tively. Operation of one relay in each said subgroup
will represent the digital values 0 to 9 as follows:

Binary |Quinary| Digital
Relay Relay | Value
00 0 0
00 1 1
00 2 2
00 3 3
00 4 4
5 1} 5
5 1 6
5 2 7
5 3 8
5 4 9

* Biquinary addition, considering a single .decimal de-
nominational -order, consists of the summing of an
augend, an addend, and an incoming decimal carry from
a preceding decimal denominational order to find a sum
expressed as a digital value and a decimal carry to a
succeeding decimal denominational order. - Only digital
values are expressed by the coded operation of the sum
relays and hence if the sum of the incoming carry, the
augend and the addend exceeds 9, the sum relays will ex-
press only the units digit of such sumn while the tens digit
thereof is expressed as an outgoing carry. By way of
example the following combinations (out of the two
hundred possible combinations) w111 illustrate the sum-
ming pattern employed:

Incoming+ Augend + Addend = Outgoing+ Sum
Carr; Carry

bk ek ek e D DS O
(o) SX-F ST Y )
CONTIDNND -
D et Ot D P D
SR O N

Further, to explain the matter of biquinary addition,
there is what might be termed an 1ntersubgroup carry.
‘Whenever the sum expressed by the sum relays is 0 to 4
there will be an intersubgroup carry of 0 and whenever
such sum is 5 to 9 there will be an intersubgroup carry
of 1.

The intersubgroup carry of 0 may result in the opera-
tion of either the binary relay (C08) weighted 0 or the
binary relay (C5) weighted 5, and likewise the intersub-
group carry 1 may result in the operation of either (C00)
or (C5). This statement may be easily checked in the
next table wherein the operated augend relays (A), the
operated addend relays (B), and the intersubgroup carries
(listed as “binary carry”) are shown.
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SCHEMATIC OF BIQUINARY ADDITION

Addend Augend Sum
Carry . Carry
in Represented Represented Value Digits Represented out
Value | by operation | ¥alue | by operation |Binary by operation
of relays of relays Carry of relays
T U
3| B0 B3 1] AQ0 Al [0 18 [ 41 Co0 C4 0
6| B5 Bi1 6| A5 Al 0 1 2| Coo C2 1
41 Boo B4 2| A0GD A2 b N R, 6] C5 C1 0
9 Bs B4 21 AQ0 A2 1 1 14 Coo C1 1
21 BOO B2 6| A5 1 {118 PO 91 Cs C4 0
6| B5 B1 7| Ab A2 0 1 4| Cno C4 1
21 BOO B2 21 A0O A2 R PR 5, Cs Co 0
&1 B5 B3 81 A5 A3 1 1 7] Cs c2 1

In this figure the incoming carries are shown as the
carry 1 and carry O leads coming in from the right, the
outgoing carries are shown as the carry ! and carry 0
leads going out at the left and the intersubgroup carries
are shown as carry 1 (F) and carry 0 (G) leads in the
center of the diagram. When any A or B relay is op-
erated a connection will be made at the cross-point indi-
cated by a circle drawn at the crossing of two conductors
and labelled with the designation of the relay. Thus
following the carry C lead in from the right and then in a
downwardly direction this conductor first crosses am-
other vertically downward extending conductor at a point
denoted by a small circle marked B&. This is an indica-
tion that when the relay B is operated a connection will
be made by an armature and contact of this relay between
these two conductors shown crossing each other at this
point.

As an example, let us take the first addition listed in
the table above. With an incoming carry ¢ and with
relays B0, B3, AS8, and Al listed as operated the
following circuits will be established. First a circuit from
the incoming carry O lead through closed contacts of re-
iays B3 and Al to the winding of relay C4, second, from
the incoming carry 0 lead through the conductor extend-
ing upwardly and then to the left, closed coatacts of
relays B3 and Al conductor G which constitutes the inter-
subgroup carry 0 lead, thence through the closed con-
tacts of relays B80 and A86 to the winding of relay CO8
and third, from the local ground (cemter) toward the
extreme left and through the closed contacts of relays
B0 and A8 to the outgoing carry @ lead. Thus relays
C8% and C4 are operated to express the digital vatue 4
and the outgoing carry 0 lead is electrically characterized
to carry O into the next decimal denominational order.

As another example, and to point out a different type
or pattern of comnections, let us take the last addition
listed in the above table. With an incoming carry 1
and with relays B3, B3, AS and A3 listed as operated
the following circuits will be established. First a circuit
from the incoming carry 1 lead through closed contacts
of relays B3 and A3 to the winding of relay C2, second
from the local ground through closed contacts of relays
B3 and A3, conductor F (constituting the intersubgroup
carry 1 lead) through the closed contacts of relays BS and
AS to the winding of relay CS and third from the local
ground toward the extreme left and through the closed
contacts of relays B5 and AS to the outgoing carry 1
lead. Thus relays C3 and C2Z are operated o express
the digital value 7 and the outgoing carry 1 lead is elec-
tricaily characterized to carry 1 into the next decimal de-
nominational order.

It will thus be seen that in some cases the grouand for
operating the relay C88 or relay C5 comes from the in-
coming carry lead and in other cases from a local ground.
An sxamination of this figure will show a certain regu-
larity in pattern which will render the tracing of circuits
therethrough a very simple matter. The remaining ex-
amples of addition in the above table may be readily
checked. It will also be noted that the examples of
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addition given therein are selected with a view toward
showing all the various combinations of the three carries,
i.e., the incoming carry, the intersubgroup carry and the
outgoing carry.

Fig. 7 is a schematic circuit diagram with exactly the
same fundamental pattern as Fig. 6 but with some of the
conductors drawn in heavy lines and others drawn with
double lines to show the conditions which exist when, by
way of example,, the augend relays are energized to rep-
resent the digital value 3 (relays A00 and A3 are oper-
ated) and the addend relays are energized to represent the
digital value 6 (relays B5 and Bl are operated). This
will make it abundantly clear that the operation of the
augend and addend relays in any given pattern will estab-
lish two completely independent circuits from the two in-
coming carry leads which will exist side by side as long as
the augend and addend relays remain operated in that
pattern but that only one of these will become effective in
accordance with which one of the two carry leads incom-
ing to this decimal denominational order is grounded.
This effect is particularly striking in this case where the
addition of the incoming carry 1 makes the difference be-
tween a one-digit (9) or two-digit (10) sum. In other
cases where the local ground supplies the connections for
the operation of relays C80 and C5 and the outgoing
carry, the effect is the same regarding the quinary sub-
group of sum relays.

Inversion of code for complements

When it is desired to transmit from one register to an-
other the complement of the number stored in the first,
the code is inverted. Since transmission from one regis-
ter to another is in some instances on a decimal basis and
in others on a biquinary code basis, both methods of in-
version are shown, the decimal transmission in Fig. 8 and
the biguinary transmission in Fig. 9.

Fig. 8 is a schematic circuit diagram showing the man-
ner in which the operation of the coded relays for rep-
resenting a digital value is inverted to represent the com-
plement of a number. As pointed out hereinbefore a set
of these relays consists of seven, divided into a binary
subgroup of two and a quinary subgroup -of five. Any
one of the ten digits may be expressed by the operation
of a single relay from each subgroup and the nine’s com-
plement of such a digit may be expressed by what is
termed the inverted operation of a single relay from each
subgroup. Thus the relays 68 and 5 form the binary sub-
group and the relays 6 to 4 form the quinary subgroup.
In this diagram there are ten conductors leading from
contacts of relays marked D%¢, D§, D1, D2, D23, D4 and
DS5. These conductors are shown as horizontal lines
crossing an equal number of vertical lines each represent-
ing a terminal for the operation of a pair of the relays
RB90, B6, B1, B2, B3, B4 and BS. Where certain of these
lines cross, there is a small circle representing a pair of
contacts which may be clesed to make a conasction be-
tween the circuits crossing each other at such a point by a
relay whose designation is placed adjacent thereto. It
will now be seen that there are two such relays involved,
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one marked NO (for normal) and the other marked CO
(for complement) and which are employed for connecting
the horizontal leads to the vertical relay terminations.
When the number to be expressed is in its ordinary form,

the NO relay will be operated so that the D relays 00, 5, -

0, 1, 2, 3 and 4 will operate correspondingly designated B
relays.. When the complement of the number is to be
expressed the CO relay will be operated, whereupon in
the binary group the conductors § to 9 will be connected
to conductors 9 to 8, respectively, thus causing the com-
plement (nine’s) of the number expressed on the D relays
to be registered on the B relays.

Fig. 9 shows a like inversion during transmission, only
in this instance the transmission circuit is termed bi-
quinary instead of decimal since it consists of seven con-
ductors (designated 69, 0, 1, 2, 3, 4 and 5, respectively)
instead of the ten conductors used in the decimal trans-
mission of Fig. 8. Here a relay PL (positive) connects
the horizontal wires to like designated vertical wires while
relay NG (negative) inverts the order of these connec-
tions. Thus with the relay NG operated the value 3 rep-
resented by the operation of relays TU¢$ and TU3 will
be registered at the distant end of this transmission path
by the operation of relays PS5 and P1 (representing the
value 6, or the nine’s complement of 3).

It may also be conveniently noted at this point that
whereas the register invariably has a biquinary set of
relays for each decimal denominational order, the trans-
mission between registers or into or out of a register may
be on either a decimal or biquinary basis, that is the
electrical characterization of ome out of ten conductors

or the coded electrical characterization of two out of

seven conductors. A set of seven incoming leads is con-
nected to seven correspondingly designated relays as
shown in Fig. 9 where the vertical leads 6, 9, 1, 2, 3, 4
and 5 are connected respectively to relays P80, PO, P1,
P2, P3, P4 and P5. When however the transmission is
on a decimal basis as in Fig. 8, the seven relays of the
register are operated over the ten conductors as shown by
the pattern of connections of the vertical leads to the B
relays.  Thus the § conductor extends through one wind-
ing of the BO relay and in series therewith the winding of
relay B0 so that when this conductor is grounded these
two relays will be concurrently operated. The other
coded operation of the biquinary relays will be readily
apparent.

Similar arrangements for the outgoing leads are pro-
vided.  Thus in Fig. 9 the pattern of operation whereby
each of the TU relays grounds one of the outgoing code
conductors is shown, while in Fig. 8 the combinational
circuits through the contacts of the D relays will result in
the electrical characterization of a selected single one of
the ten conductors. '

Fundamentals of multiplication

Fig. 10 is a combination block, flow and schematic cir-
cuit diagram showing the method of multiplication.
Near the bottom of the figure there are five rectangles
designated 1061 to 1605 respectively, which represent var-
jous decimal code registers, the vertical broken lines run-
ning through all five indicating the columns formed by
the corresponding decimal denominational orders of suc
registers.

A convention used in some of the following figures isa

- zero which is smaller in size in some of the denomina-

tional orders than the other figures in other of the denom-
inational orders. A full sized zero represents a value
entered in the usual manner as by the result of a calcula-
tion whereas a small zero represents a value entered auto-
matically since there is no calculated value of any kind
offered for entry here. The register designated 1691 rep-
resents a source from which a multiplicand may be secured
such as any one of the ten registers of the device shown
hereinbefore in Fig. 5 the value stored in which is to be
used as a multiplicand. Likewise the register 1602 here

10

15

20

25

30

35

40

45

50

55

60

65

70

75

62

represents a source from which a multiplier digit may be
taken such as the value stored in some other of the regis-
ters arranged to transmit over the R multiple or a value
taken directly from a tape. For a simple illustration it
is assumed that the value 8 is stored in the register 1661
containing the multiplicand and the value 7 is stored in
the register 1682 containing the multiplier. When these
two values are to be multiplied together the value 8 stored
in the register 1601 is transmitted over a path 1086 to
operate a corresponding one of the ten relays indicated
within the broken line rectangle 1807, namely relay 1808.
The relays in the box 1007 are herein generally referred
to as multiplying relays but may as well be called mulii-
plicand relays and in fact both terms are used in the
following description. At the same time the value 7
stored in the register 1802 is transmitted over the path
1098 to operate a pair of the biquinary multiplier relays
in the broken line rectangle 1016, namely the relay in the
upper group 1611 operated over the 5 biquinary lead and
that relay in the lower group which would be operated
over the biquinary lead 2 (not shown). This latter relay
would ground two leads which would be extended by
corresponding armatures of relay 1011 and then further
extended by two corresponding armatures of the multiply-
ing relay 1008. From the corresponding armature con-

tacts of relay 1008 one lead will extend through the A

group 1012 to the A register 1063 to set the correspond-
ing decimal denominational order thereof to the value 6,
the units digit of the product of 8 times 7. At the same
time another lead from the contacts of the multiplying
relay 1008 will extend through the B group 1613 to set the
next higher decimal denominational order of the B regis-
ter 1004 to the value 5, the tens digit of the product of
8 times 7. Thereafter the values stored in the A and B
registers of the adder are summed so that the value regis-
tered in the C register 1005 will be 56, the preduct of 8
times 7. .

There is a means, which will be more fully described
hereinafter for automatically setting the code relays of
otherwise unused decimal denominational orders of the
various registers with zeros.

In Fig. 11 the same operation as that just described is
ilustrated in connection with a multidigit multiplicand
and a multidigit multiplier.” In this instance the A, B, C
and D registers are shown several times each and it is
not to be taken that these are separate registers but only
new uses of the same registers. It should also be noted
that the seven decimal denominational orders denoted
U, V,W, X, Y, Z and Z1 are indicated as being present in
each of the registers even though they are not practically
provided in every case. It may be noted that the Z1
denominational order is provided only in the A, B and C
registers and the U denominational order may or may not
be provided in the registers from which the multiplicand
and the multiplier are taken.

In the example of multiplication given in this figure the
multiplicand 87123 is multiplied by the multiplier 29018.
The true product of these two multidigit numbers is
2528135214 whereas the product derived by this calculat-
ing operation is 2528134 the first six significant figures of
which correspond exactly with the first six significant fig-
ures of the true procuct. - This is sufficiently accurate for
the purposes for which the calculator is employed and it
will be readily apparent that absolute accuracy could be
obtained by providing at least three more denominational
orders to the right in the A, B and C registers.

The first operation is that in which the values in the
various decimal denominational orders of the register 1161
in which the mnultiplicand 87123 is stored operate the
relays in the corresponding denominational groups of the
multiplying relays 1382. At the same time and under
the supervision of the progress circuit the first digit 2 of
the value-stored in the register 1163 operates the relays
of the multiplier relay group 1184. Thereupon over the
path 1184 the units digits of the products of the multi-



2,077,048

63

plicand digits by this first multiplier digit are registered
in the corresponding decimal denominational orders of the
A register 1106 and the tens digits thereof are registered
in the next higher corresponding orders of the B register
1197. The sum thereof is registered in the C register
1108.

The next operation is one in which the second multi-
plier digit 9 is used and the units digits of the products of
the multiplicand digits by this multiplier digit are trans-
mitted over the path 1193 to the A register 1110 and the
B register 1111 and the sum thereof is registered in the D
register 1112, The A register 1119 is the same piece of
apparatus as the A register 1166 but is shown in this
manner to make its new use more clear. It may also be
noted that since during this operation the C register is in
use this second sum of the units and tens digits of the
products of the second multiplier digit is now registered
in the D register 1112.

Now that both the C and D registers are in use, the
next operation consists in the transfer of the value in the
C register 1108 over the path 1113 to the A register 1114
and simultaneously the transfer of the value in the D
register 1112 over the path 1115 to the B register 1116.
Since this latter value is derived from a multiplier digit
one place to the right of the first multiplier digit the whole
value in the D register will be shifted one place to the
right. -The sum of these values will then be registered in
the C register 1117 and the D register will be cleared.
It may be noted that as soon as the values in the Cand D
registers are transferred to the A and B registers respec-
tively the C and D registers are cleared so that the sum
of these transferred values in the A and B registers may
be placed in the C register.

The next multiplier digit is zero and since nothing can
be added to the subtotal being accumulated in the C
register this will simply be passed over and the progress
circuit will be advanced so that the next multiplier digit 1
may be used.

The multipticand 87123 multiplied by 1 results in the
iransmission of values over the path 1118 to register
37123 in the A register 111% and a string of zeros in the
B register 1126 which are now summed and registered in
the D register 1121.

Again since both the C and D registers are full a trans-
fer is made, from the C register 1117 over the path 1122
to the A register 1123 and from the D register 1121 over
the path 1124 to the B register 1125. 1In this case the
multiplier digit 1 being three places to the right of the
first multiplier digit 2 the whole value in the D register is
shifted during transmission three places to the right. The
last two digits 23 are lost since there are in the B register
no more denominational orders to the right of the 21
order. The sum is now registered in the C register 1126.

The following operation is one in which the product
of the multiplicand by the last multiplier digit 8 is trans-
mitted over the path 1127, the units digits being regis-
tered in the A register 1128 and the tens digits in the B
register 1129. The summing of these values and the
registration of the sum in the D register 1130 again fills
both the C and D registers. Therefore the value in the
C register 1126 is now transferred over the path 1131 to
the A register 1132 and the value in the D register is
transferred over the path 1133 to the B register 1134,
n this instance the multiplier digit 8 being four places to
the right of the first multiplier digit the sum in the D
register 1139 is shifted during transmission four places.to
the right for registration in the B register 13134, The
sum of these values now registered in the C register 1135
being the final total constitutes the product of 87123 by
29018. Since in the transfer of the value in the D register
1130 to the B register 1134 results in the loss of the last
three right-hand digits, the final sum is not absolutely ac-
curate but is sufficiently accurate for the purposes desired
as hereinabove stated.

The above description of Fig. 11 shows a typical ex-
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ample of the multiplication of a positive number by an-
other positive number. An example of the multiplica-
tion wherein one of the factors is negative will now be
given.

Fig. 12 shows the manner in which this is done by
means of a diagram similar to the diagram of Fig. 11.
The register 1261 from which the multiplicand may be
taken may be any one of the ten storing registers shown
in Fig. 5§ which are capable of transmitting over the M
multiple (decimal) and the register 1202 from which the
multiplier may be taken may be any one of those which
are capable of transmitting over the R multiple (bi-
quinary). The first operation and which is responsive to
the sign (one of the factors being minus)- is that the
C register 1293 is automatically set to zero. Then when
the progress circuit is started the next operation is the
setting of the multiplying relays 1284 by the multiplicand
digits and the multiplier relays 1205 by the first digit in
the register 1202 containing the multiplier. As a result
of this, values are transmitted over the path 1206 to set
the corresponding denominational orders of the A register
1267 in accordance with the units digits of the products
and the next higher corresponding denominational orders
of the B register in accordance with the tens digits of these
products. These values are then summed and registered
in the D register 1209. :

The C and D registers now both being filled the next
operation is the transfer over the path 1210 of the value
stored in the C register 1203 to the A register 1211 (phys-
ically the same register as that above denoted at 1207).
Simultaneously the value stored in the D register 1209
is transferred over the path 1212 and through the in-
verter 1213 to the B register 1214 whereby the com-
plement of the mumber in the D register 1209 is reg-
istered in the B register 1214. The values in the A and B
registers are summed and registered in the C register
1215,

Upon the following advance of the progress circuit
the multiplier relays 1205 are operated in accordance
with the second multiplier digit 9 and consequently there
is transmitted over the path 1216, and into the corre-
sponding denominational orders of the A register 1217,
the units digits of the resulting products and into the
next higher corresponding denominational orders of the
B register 1218 the tens digits of these products. These
values are now summed and registered in the D register
1218.

Again the C and D registers both being filled a trans-
fer of values will take place. The value held in the C
register 2215 will be transferred over path 1220 to
the A register 1321 and the value held in the D
register- 1219 will be transferred over the path 1222
through the inverter 1223 to the B register 1224 where-
by the complement of the number in the D register will
be registered in the B register. Here again it should
be noted that this multiplier digit 9 being one place to
the right of the first multiplier digit the whole number
transferred is displaced ome place to the right and the
first or U denominatioral order is automatically filled
with a 9. These values are now summed and registered
in the C register 1225.

Upon the completion of this operation the progress
circnit encountering a zero as a multiplier digit is simply
advanced.

Thereupon the multiplier relays 1285 are set in accord-
ance with the mext multiplier digit 1 and consequently
there is transmitted over the path values resulting in
the registration in the corresponding denominational
orders of the A register 1227 of the units digits of the
products of the multiplicand digits by this multiplier
digit 1 and in the next higher denominational orders of
the B register 1228 the tens digits of these products
(which are all zeros since the multiplier is 1). These
values are now summed and registered in the D register
1229, :
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.-The C and D registers now being filled the next oper--
ation is a transfer from the C register 1225 over the path.

1238 of the value stored therein to the A register 1231.
Simuitaneously the value stored in the D register is trans-
mitted over the path 1232, inverted in the device 1233
and the complement thereof registered in the B reg-
ister 1234, Since this multiplier digit 1 is three- places
to the right of the first multiplier digit 2 the complement
of the mumber in the D register 1229 will be displaced
‘three places to the right in the B register 1234 and the
first three orders (U, V and W) will bz automatically

filled with nines. The complement of 87123 is 12877 and

since this complement has been displaczd three places
the last two digits 77 are discarded since there are no de-
mnominational orders provided for their registration.
The following operation is that involving the last
muliiplier digit 8. The multiplier relays 1205 being set

in accordance therewith, there is transmitted over the -

path 1236 values whereby there is registered in the
corresponding denominational orders of the A register
1237 the units digits of the products of the multiplicand
digits and in the next higher denominational orders of
the B register 1238 the tens digits of these products.
These values are now summed and registered in the D
register 1239.

The C and D registers now being both filled a transfer
of the value in the C register 1235 will be made over
the path 1240 to the A register 1241, Simultaneously
the value in the D register 1239 will be transferred over
the path 1242 inverted in the device 1243 and the com-
plement thereof registered in the B register 1244. Here
the multiplier digit 8 being four places to the right of
the first multiplier digit 2 the complement is shifted four
places to the right and the first four denomina-
tional orders (U, V, W and X) of the B register 1244
are automatically filled with nines. . The last three digits

016 of the complemsnt are discarded. These values are

summed and registered in the C register 1245. The num-
ber 7471864 is the complement of the product of 87123
by 29018 (ome of which factors is megative). Again it
will be noted that the first six significant figures corre-
spond exactly with the first six significant figures of
7471854786 so that practical accuracy is achieved.

It may be noted in the operations following the
X9, X1 and X8 operations that a carry 1 which would
have been registered in a denominational order to the
left of the U order is discarded. This is a conventional
operation in calculators when dealing with complements,
This 1 which is discarded is what has been termed the
fugitive one since it may be considered that one which
must be added to the extreme right-hand order to con-
vert the nine’s complement to the conventional tens
complement. For further mathematical discussion of this
conception reference is made to the British Patent 525,-
330 to Kozma, page 5 lines 5 to 16.

"Fig. 13 is a similar exposition of the method of bi-
quinary division but in which only the calculation of a
single true digit quotient digit is made, the further opera-
tions necessary to the calculation of other quotient digits
being a repetition of the steps shown.

~In the first place a dividend is registered in the C
register. This may be done by transmitting a number
over the M multiple from some other register and then
multiplying it by 1 whereupon it will be registered proper-
ly in this C register 1301 or it may be left there as the
result of some previous calculation. As illustrated here
the dividend 2528134 may be considered to have been
the result of the calculation described in connection with
Fig. 11.

The first operation under the control of the division
steering or progress circuit after the connection of the
register 1362 containing the divisor to the M multiple
is to operate the multiplier relays 1304 in accordance
with the first trial quotient 5 from the progress circuit
1305. ‘This is shown here in a manner similar to a
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register mostly in order. to show the correspondence of
the denominational orders. The multiplying relays 1363
having been operated in accordance with the divisor
digits values will be transmitted over the path 1306 to
register in the corresponding denominational orders of
the A register 1307 the units digits of the products of
the divisor. digits by the trial quotient digit 5, and in
the next higher denominational orders of the B register
1308 the tens digits thercof. These values are summed
and registered in the D register 1309.

The C and D registers now both being filled a trans-
fer of values is made, the value in the C register 1301
being transmitted (without release from the C register)
over the path 1310 to the corresponding denominational
orders of the A register 1311, and the value in the D
register 1389 ‘is transmitted over the path 1312, in-
verted by the device 1313 and the complement thereof
will be registered in the B register 13i4. The block
1315 is not a register but is inserted at this point to
represent the sum of the values now held in the A
and B registers and particularly to show the value of
the carry-out of the extreme left-hand or U denomi-
national order of the adder. It will be realized that
a carry 1 will represent the fact that the sum of the
dividend and the complement of 5 times the divisor has
produced a positive number. That is 5 times the di-’
visor subtracted from the dividend has left a remainder,
but since we do not know yet whether this remainder
is less than the divisor the conclusion can only be that
the true quotient digit is five or greater, that is that it
is within the group 5 to 9 inclusive. However, since
it is definitely established that it is in that biquinary
group characterized by the operation of the binary re-
lay designated 5, such a relay in the first denomina-
tional order of the quotient digit register may be op-
erated. This is here indicated by the carry path 1316
leading to the block 1317 holding a relay which will
differentiate between a carry 0 and a carry 1. There-
upon the 3 relay in the first decimal denominational
order 1318 of the quotient digit register will be op-
efated as pictured, and the A, B and D registers will be
released. i

The next operation is to set the multiplier relays
1304 from the progress circuit'1319 over the path 1320.
The multiplying relays 1303 being operated in accord-
ance with the divisor digits values will be transmitted
over the path 1321 to register in the corresponding de-
nominational orders of the A register 1322 the units
digits of the products of the divisor digits by the trial
quotient digit 9 and to register in the next higher cor-
responding denominational orders of the B register 1323
the tens digits thereof.

These values are summed and registered in the D
register 1324. Now the C and D registers both being
filied a transfer of values will take place. The value
in the C register 1301 will be transmitted (without re-
lease from the C register) over the path 1310 into the
corresponding denominational orders of the A register
1325, Simuitaneously the value in the D register 1324
is transmitted over tne path 1326, inverted in the de-
vice 1327 and the complement thereof registered in the
B register. 1328, Again a box 1329 is shown with the
sum of the values in the A and B registers but this sum
is not actually registered unless the outgoing carry from
the extreme left-hand denominational order U fuifills
certain conditions. In this case the sum of the values
in the A and B registers proves to be 9916514 which

_is a negative number being the complement of —0083488.

5

In other words the subtraction of 261162 from the divi~
dend 2528134 produces this negative remainder, that is
9 times the divisor 29018 is too much. Hence as shown
in the box 1329 the carry-out is zero and this transmitted
over the path 1330 to the steering circuit 1331 causes the
steering circuit to recycle and make another trial,
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The trial quotient digit 9 having proved to be too large
the trial quotient digit 8 is now employed as indicated
by the box 1332. The value 8 is now transmitted from
the progress circuit (represented by the box 1332) over
the path 1333 to operate the multiplier relays 1364. The
multiplying relays 1363 having been operated in accord-
ance with the values registered in the corresponding de-
nominational values of the register 1302, values are now
transmitted over the path 1334 to set the A register 1335
and the B register 1336 in accordance with the units and
tens digits respectively of the products of the digits of
the divisor and the trial quotient digit 8. The values
so registered are now summed and registered in the D
register 1337.

The C and D registers now both being filled a transfer
of values takes place. The value in the C register 1381
is transmitted over the path 1319 into the corresponding
denominationa! orders of the A register 1338. Simul-
taneously the value in the D register is transmitted over
path 1339, inverted in the device 1348 and its complement
registered in the corresponding denominational orders of
the B register 1341.

Again a box 1342 is shown to illustrate the fact that
before any other change is made the outgoing carry from
the last left-hand denominational order of the adder is
examined. This time the sum of the values in the A
and B registers produces a positive number, that is the
product of 8 times the divisor 29018 is now smaller than
the dividend so that a positive remainder is produced.
. This positive remainder, in this case 0206694 is less than
the divisor 0290180 and therefore the true quotient digit
has been discovered. The positive remainder is signaled
by the electrical characterization of the carry 1 lead out-
going from the U denominational order of the adder and
this operating through path 1343 affects the steering cir-
cuit 1344 and causes the operation of the quinary relay
3 in the first denominational order of the register 1345
(the same as 1318) in which the true quotient digit is
being registered. It will now be moted that in this reg-
ister 1345 the binary relay 5 and the quinary relay 3 are
pictured as having been operated whereby the true
quotient digit 8 has been registered.

Under control of the steering or progress circuit, the
discovery and registration of the first true quotient digit
results in the release of the value held in the C register
1301 and the entry therein of the sum of the values in
the A and B registers 1338 and 1341 as shown in the C
register 1346. The remainder produced by the subtrac-
tion from the dividend of the product of the divisor and
the true quotient digit now becomes the dividend for the
next operation which will be started by the transmission
of the value 5 from the progress circuit 1347 over the
path 1348 to the multiplier relays 1304. Thus new op-
erations, under contro! of the progress circuit are started
which will be a repetition in pattern of those just de-
scribed and which will result in the successive registration
in the true quotient digit register of as many such true
quotient digits as are required, limited only by the capacity
of the register used for this purpose. .

It may be noted at this point that if the first trial
quotient digit 5 produced a negative number, that is a
carry 0, then that will be an indication that the true
quotient digit will prove to be some number less than 5.
Therefore upon the operation of the 00 relay in the
quotient digit register and the release of the A, Band D
registers the next trial quotient digit' will be 4 (instead
of 9 as shown in the progress circuit 1319) and succes-
sively lower numbers will be used until a positive re-
mainder is produced.

The fugitive one

1t would be appropriate at this point to describe the
mathematical conception known as the fugitive ome.
While this is more a fantasy than a reality it still leads-to

certain definite provisions in a calculator. so. that. the
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means necessary to deal with it are real. Actually when
a complement of 2 number is taken in order to avoid the:
use of some provisions such as the carry 0 and carry 1
leads in reverse, the number whose complement is being:
taken is subtracted from a string of nines and then to
make up the deficiency a single one is added to the extreme
right-hand order when this nines complement is added
to some other number. Let us look ageain at Fig. 12.
The number in the D register 1269 is shown as

174246

and this is shown as being transferred through the inverter
1213 and registered in the B register as

8257540
Actually the inverter would cause the registration of
8257539
since the subtraction of
174246
ifrom
959999
produces
825753

and any unfilled places to the right are then automatically
filled with nines. However, the action of the inverter
causes a carry 1 lead incoming to the extreme right-hand
order to be effective so that the sum actually becomes

0000000
8257539
1

8257540

as shown in the C register 1215,

Again the sum taken lower down in this figure involv-
ing the A, B, and C registers 1221, 1224, and 1225
actually should be

8257540
9215892
1

7473433
Going one step further the sum of

8257540
9215892

17473432

actually has a 1 in a decimal denominational order (which
does not exist) to the extreme left. It may be fancifully
considered that this is a one which has become fugitive
from its proper place and must be returned, thus

7473432
1

7473433

At any rate a definite means in the form of a pair of
carry-in leads to the extreme right-hand denominational
orders of the A and B register combination exists to
automatically add in this fugitive one when the addend is
a complement.

The mathematical movement of the fugitive ome is
shown in different form in the British patent to Kozma,
page 5, lines 5 to 16.

Fig. 14 is a flow chart to show what might be termed
the movement of information during a multipyling oper-
ation. The six rectangles 1481 to 14€6 marked U, V,
W, X, Y and Z respectively, represent the register relays
of the six decimal denominational orders of a register.
These relays may be operated, that is, a number may be
stored in this register over the C multiple 1407. When
this number is to be used as a multiplicand the corre-
sponding multiplying relays represented by the rectangles
1408 to 1413 are operated over the M or multiplying
multiple 1414 in accordance. with the number stored in
the multiplicand register. The- multiplier-.relays affect.



2,977,048

the value but not the path or direction of flow from the
multiplying relays and hence .are not indicated herein.

From each of the multiplying relays of the V to Z orders .

the relays of the corresponding orders of the A (augend)
register are set in accordance with the units digit of the
product of the multiplier digit and the multiplicand digit
in the corresponding order of the multiplicand register,
and the relays of the next higher corresponding orders
of the B (addend) register are set in accordance with the
tens digits of such products, Thus the digit stored in
the multiplicand register order 1402 operates the multi-
plying relays 1409. The multiplier digit affects the
<circuits through these multiplying relays and the units
digit of this product of a single digit by another single
digit is registered in the V order 1415 of the A register
and the tens digit thereof is registered in the U order
1416 of the B register.

It may be noted that since there is no order in the B
register to the left of the U order there is no place in
which to register the tens digit of a product coming from

the U order multiplying relays 1408. This means that

from a practical standpoint the U order .of a register is
generally employed to store a significant figure, derived by
calculation and not as an original entry. It has herein-
before been pointed out that the decimal point is con-
sidered to be between the U and V orders.

It may also be noted that the Z order 1417 of the B
register will not be set by the multiplying relays in the
usual sense since there is no multiplying relay to the right
of the Z order multiplying relays 1413. However, this
order of the B register must be filled with some digit and

hence a path 1418 is provided leading from the Z multi-
plying relays 1413 to the Z order 1417 of the B register -

to automatically fill this place with a zero or a nine.
Further it should be noted that both the A and the B

registers have an additional right-hand order denoted Z1°

necessary in calculation when shifts to the right are made.
Consequently a path 1419 between the Y order multiply-
ing relays 1412 and the Z1 order 1421 of the A register
and a similar path 1420 from the W order multiplying
relays 1410 to the Z1 order 1422 of the B register is pro-
vided to automatically fill these register orders with
Zeros or nines, )

In the schematic consisting of Figs. 16 to 24 ‘inclusive,
the connections of the multiplying and multiplier relays
are shown. In Fig. 17 at the bottom there is a broken
line rectangle 1700 labeled “Register Circuit Containing
Multiplier” in which a single set of biquinary relays 00,
5, 0, 1, 2, 3 and 4 are indicated. These are shown
as leading into the R multiple shown as a heavy broken
line 1701 and which leads in turn to the multiplier relays
enclosed in the broken line rectangle 1702 extending
through Figs. 17, 18, 19 and 20. Through means which
will be more fully explained hereinafter the seven bi-
quinary leads from each decimal denominational order
of the register containing the multiplier will be connected
to the R multiple one set at a time to operate the multi-
plier relays.

In the upper part of Fig. 17 there is shown a broken
line rectangle 1703 labeled “Fixed Digit Multiplier Re-
lays and Cross Connector” by means of which the multi-
plier relays may be operated to express any one fixed
digit at.a time. The grid of crossed horizontal and ver-
tical wires represents a conventional cross-connecting de-
vice by means of which any horizontal conductor may
be connected (on a permanent or semipermanent basis)
to any vertical conductor. There are a number of relays
each of which has two armatures by means of which
two of the horizontal conductors of the cross-connecting
device may be electrically characterized by ground con-
nections. Thus upon the operation of any one of these
relays, say, relay 1704, two wires of the R multiple will
be grounded, let us say, the wire 00 and the wire 4,
to operate the multiplying relays to represent the muiti-
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plier digit 4. Thus the multiplier relays may be operated
over the R multiple in any one of several ways.

Let us say that the wires 00 and 4 of the R multiple
have become grounded. This will result in the operation

- of relays 1801, 1802, 1803 and 1900 in parallel. These

relays function as one large multicontact relay but are

actually used in this manner for engineering reasons and

are shown here in the form in which they are used.
The ground on conductor 4 of the R multiple will ex-

‘tend through the windings of the 4Q and 4’Q relays 1798 -

and 1706 respectively and cause their operation. Re-
lay 1705 will ground conductor 1707 which extends to
the multiplying relays of the W, X, Y and Z orders to
automatically fill certain places in the A and B reg-
isters with zero over the paths 1420, 1419 and 1418 as -
explained in connection with the flow chart, Fig. 14. :
Relay 4'Q is provided with eleven armatures (of which :
only two are shown) by means of which it may ground
eleven conductors in the trunk 1708 and which are now
‘connected through the eleven armatures of -relay 1900
to a particular eleven conductors leading to the arma-
tures of the multiplying relays. For purposes of iden-
tification these eleven conductors are designated U, .
Vb v4” bwis WA’: X!s X{’s Yis Y('s Zdr and Z&'9 and ex- .
tend to correspondingly numbered armatures of the mul-
tiplying relays in the corresponding decimal denomina-
tional orders. - Assuming that a multiplicand 0123 4 5
is being used then as will presently be explained the U,,
Vi, Wy, X3, Y4 and Z; multiplying relays will be op-
erated. Therefore, by way of example the number 1
armature of relay 1900 will ground conductor U, in -
bundle 2001 leading to-the number 4 armatures of ‘each
of the U multiplying relays and now since relay U, is
operated grounding the 0 conductor in the UA bundle
2100. = This will extend through the lower winding of
relay 2300 and the winding of relay 2301 and cause .
the operation of these two- relays which are the 00
and the 0 relays of the U order of the A (augend) regis-
ter, thus setting this order of the A register to represent,
the digit 0, the units digit of the product of 4 (the multi-
plier digit) by 0 (the multiplicand digit). .

Similarly through the relay 1900 the conductors W,
and W, will be grounded and these grounds will be
extended through the corresponding armatures of the
W relay 2200. Thus the conductor W, will be extended
through armature 4 of relay W, to ground conductor
2201, which is numbered 8 in the WA bundle 2202,
leading through the upper winding of relay 2400 and the
winding of relay 2401 to operate these relays. These
two relays are the 3 and 5 relays of the W order of the
A register and through their operation will register the
value 8 in this W order of the A register as the units
digit of the product of 4 (the multiplier digit) by 2 (the -
multiplicand digit). The conductor W, will be ex-
tended through armature 14 of relay 2200 to the 0.
wire 2203 in the WB bundle 2204 leading through the
lower winding of relay 2302 and the winding of relay
2303 to operate these relays. These two. relays are the
0 and 00 relays of the V order of the B (addend) regis- -
ter and through their operation will register the value 0
in this V order of the B register as the tens digit of the
product of 4 (the multiplier digit) by 2 (the multipli-
cand digit).

The ground on conductor 1707 will be extended by the
0 armature of relay 2200 to conductor 2205, through
the lower winding of relay 2402 and the winding of relay
2403 thus operating these relays. These two relays are

"~ the 0 and 00 relays of the Z1 order of the B register
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and thus the value 0 is registered automatically in this Z1
order of the B register. It is now believed to be ap-
parent how each of the orders of the A and B registers
are set when the multiplier and multiplicand relays are
operated. -
Fig. 16 shows the manner in which the multiplying re- °

Jays may be operated. The six heavy broken line cop- -






