CCUNTERS In all computing machines there is a ecounter of seme sort
whish represents or remembers mambers by virtus of the varions statss which
its parts may assume. In this machine the role of counter is played by a
set of elsctrical condensers, esach of which corresponds to one place in

a pnurber Lo the binary or base-2 system. The berm counter will be extended
to includs such a seb of condensers.

Tha two digibts, 1 and O, of the base-2 systen are represented respscbively
by nzgative and posibive charges on the coenbtachs sornected to bhe condensers
of a coutter. Referring to Fiz. 1, the condnesers 1 are mounted on the
interior of a cylinder 2 made of insuliting maberial, with their inner ends
connected in common 3 and bxt*:nught. cub to aﬁlip ring L, and their oiter ends
connected to individual eontechs 5 which probude throogh the walls of the
cylindsr. The cylinder is arranged to be rotated at constant gpead past
a pair of brushes 6, 7 (Fiz. 2) which are spaced half the distanee between
contacts, The first brush 6 to touch a given contact is called a "reading®
brush, and Lhe second T is ealled a "charging” brush. Figz. 6 gives an
assesbly view of Lhe entire set of brushes for the cemputing ecounter and
Filg. 5 gives the assembly view of the holdsr-shifter counter (defined later),
A vertion 8 (FPig. 1) of the periphery of a counter is left free of cenbacts
in order that durinz the period of a comnlets revelubion of a counber there
will be a. cerbtain anount of bLime a*.'.‘z;ilr.r.hle for resetting varicus parts of
the maghins, )

Counters are used for two main purposes in this machine--thes first,
meraly be hold a number as long as desired so that it may be used cver and
orer agziin in a commbation; and the second, to retain instantaneous resultis

of commtotion (this pight be called an aceusmlator). For cerbain operations
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it is necessery to shift the number on the first type of counter along the
cundenserﬁ, i.e., shift the decimal point. Hence this counter will be
called the holder-shifter counter (abbreviation HS counter) and the secend
type of counber will be called the compubing counter.

Vlhen & number of counters zre to be used in cne machins, it is convenient
to arranze them in one large cylinder (Fig. 3).

A sizple type of counter (Fig. 7)using only one condenser 9 is used for
"remerbering"” carryover from one place in a number Lo the next place. A
carryover counter with two eontects such as the one showm is geared to
nake one=hall a revolution during the time a counter rotates the distance
betveen two adjacent contacts. Brush 10 is used for reading and brush 11
for charging, ‘

COMFUTER CIRCUTT In order to add or subbract numbers whieh are on a pair

of counters an electron-tubs cireuit, called a cemputer, is used., COnly cne
computer is nseded for any number of places on the counters sinee it computes
for each place in turn as the counters rotzte past thelr brushes,

The compuber is a device which obeys the rules of addition and subbracticn
in the base-2 system. These rules are sumarized in the following table.
It will be ochserved that the only difference bebtween addiblon and subbtraction

is In the carryover.



Table I
Possible Conbinations

Humber 6] 0 0 0 1 b A p &
Number added or subtracted 0 1 8] 1 4] 1 0 i
Carryvover from previous place 0 8] : 1 8] o i 1
43 - (Result in this place 0 1 1 0 1 0 O -
A (Carryover to next place 0 0 0 1 0 1 1 1

(Result in this place 0 1 1 0 1 0 O 3
subb. (Carryover to next place O 1 I 5 0 0 0 1

Table I1
Plate of
tube Pogsible Combinations

A L ¥  F - z H i 3 H

B___H H H H L L R

C L H L H L H L H

D L L H H L L H H

B H H H L H L L L

F I L L i H H L

G L H 1 H L L L H

H H L L H L H H L




Fig. 10 is a diagram of a circuit which mechiziczes the above table. All
of the tubss operate in either one of twoe possible stabes--with the grid so
far negative that the tube is blocked, or with a =zero or slightly peoaitive
potential on the grid so that a substantial plate current flows, Thus the
plate potential of each tube is either high or low depending upon the
potential of the grid; if the grid iIs high the plate is low, and if the erid
is low the plate is high,

Tubss A, C, D are input tubes which connect to reading brushes; connecting
respectively to the computing counter, the HS counter, and the carryover
counter., These grids have small condensers 12 connected to ground so that
nhargen_plaﬂed on then are retained between reading periocds. Tubes E, F, H
are output or charging tubes the plates of which are connected to the charging
brushes, A relay 13 ecnnects E when adding or F when subtrzeting to the charging
brush of the carryover counter, Tube } cennectz to the computing counter
charging brush., Tube B inverts the output of tube A, and tuke G inverts the
output of tube F; i.e,, when A passes currant B is blocksd, and when 4 is
blocked B passes ocurrent,

Tubes B, F, H each have three coupling resistors of ecual size connected
to their grids, and a fourth resistor connected tc a source of negative bias,
The other ends of the coupling resisters are connected to the plates of 4, C,
D; B, €, D; 4, B, G respectively. The coupling resistors are high encugh in
resistance so that they have negligible effzct upon the nlate circuits to vhich
they are connected. The bias resistors of B, F; H have .‘Ju.!:h values that if
any two or all of the controlling plates arc at their low potential, the

controlled tube will not pass current because it will be blocked. The



operabion of the cireaib of Fig. 10 is sumnarized in babel II, where H

stands for high and L for low., Comparison with tatde T shows that the circuit
rsaponds properly to each ol the possible inpub combimabiona.

BOOSTER Since tha counter condensers mush be charged eiiher posibively

or negablvely with respect to ground, it is necessary to connect thelr common
point albernately to ground during a reading period, and to & fixed potential
midway between the hizh and low pobentlals of the charging platss durdng
a charging peried. This is done with a commtator 61 in Fig. ]_1; which is
synchronized with the rotation of the counbers. 4 counter is cleared b}rﬁ"“’u\
removing the boosting veltage for one revolution (switch 62 of Fig. 1%&}. 7
This places a positive charge, corresponding to a gero number, on each
condensar,

HOLDING AND SHIFTING CELCULT An electron-tube eireuit is used in

eonjune t.iﬁn with the HS eounter to rebain any nuaber onece it is put on the
counter, that is, to pravent the coundensers from losing their ordiginal
polarity of charge. Pig. Ei is a eirenit diagram. Two reading brushes 14,
15 (Figz, 4) are used on the H3 counter, spaced one contact apart, The
charging brush 16 is spaced half the distance between contacts from brush
15. The read:llng brushes 1L, 15 connact respectively Lo the grids of {ubes
W, V (Figz, 21), which have small condensers connected to ground. Relay 17
connecks the plate circuibt of V toa supply volizge and ﬁhat of W to ground,
or vice versa. Tube U is the condanser-charging tube, and is conbrulied

by tubes V, W through the coupling resistors 18. The bias resister 19 has
such a 1.;&1115 that both control plates (V, W) must ke at low potential before
tube 11 13 bBlocked. |

The action of the ecircuit in helding s nimber 38 as follows. For



holding, relay 17 supplies tube W with plate voltage. OSuppose a ceunter
condenser having the digit 1 appears at the first reading brush 14, This places
a negative charge on the grid of tube V, but since this tube has no plate
volbage, nobhing happens. However, when the condenser appears at the second
reading brush 15 a negative cha?ga is placed on the grid of tube W, bloeking

the tube. This causes the pobential at the grid of tube U to rise zo that

plate current flows and the plate of U is at a low potential. The eireuit

ia held in this state even after the reading contact is broken, beecause of

the retenlion of a negative eharge by the prid condenser of V. When Lhe

counter condenser has moved to the charging brush the booster has acted to
raise the potential of til'm cbher side of the condenser so that the plate

of the U charges the condenser negatively, Thia is the charge that was arlginally
on th: condenser.

The action when a zerc numbar (positive charge) is presented is similar,
Viken the reading brush 15 is contacted the positive charge on the counler
condenser is drained off through the grid of tube W until the grid is nearly
al ground potentisl, Under this condition tube ¥ passes currenl and its plate
potential is low, causing tube U to be blocked and its plate to be high.

This condition persists after the reading period and through the charging Qeriﬂd,
when the eountar condenser receives a new positiwe charge,

For shifting a nuaber, relay 17 is thrown so that tube V receives plate
voltaze and tube W none. Because ¢f the spacing of brushes 14 and 16 the
charge which is on the first counter condens=sr» is nol renlaced on any condenser:
in other words it is shifted past the end plsce in the counter., The chargs

vhich i=s on the second condenser is placed on the first, that on the third is



placed on the sscond; ete.. Thus after one complste revolution of the counter,
the nuwber on it has bsen shifted baek one place.

In this mechine negative numbers are represented by their complemsnbs;
fer inst-ahce, =10 (n=zabtive two) is represented by e.ﬁlllD, vhere the arrow
indicates that the "ones" conbinue out to the end place in the counter. In
order that negabive mubers may be shifted withoub shifting zeros on to the
end places it 1s necessary to have an extra contact 20 (Pilz. &) on the HS
counter, which is comnected bo the adjacent conbact 21. Thus, in effect,
the end place in the number is not shifted, but recharges itself, A vosibive
namber large enough to occupy the end place in the ecunter cannob be shifted
properly, of course, bubl such numbers w?ll ba avolded in using the machine,

INPUT DISCTARGING Although the circuits will perform as described,

tolerances ean be inereased by discharging all pgrid condenssrs during the time
betwsen the end of one charging pericd and the beginning of the next reading
pericd, Fig. 22 shows the methad of discharging, which discharges any number
of input condensars with only one commutabtor 22, A neon tube 23 and series
resistor 2 are conmecied between the grid condenser 12 and the commatator,
Then the commutabor 1s elessd the neen tube ionizes and passes current. This
places a slightly positive charge on the condenser, which is quickly dralned
off by the grid of the input bube when the commitator opena. The inmub

grid 18 thus left at asproximately zero potential for the beginning of the
next reading period.

COMVERTER AHD RASE-20 CARD HEADER In order to ubilize data cards munched

on a standard card-punching device a mechanism for automatic canversion
from base-10 to bossw? within the machine is used. The mechanized cenversion

table (Figz. 8) is a matal aylinder 25 with insulating supports 26, carrying



gcontacts 27 each row of which represents the base-2 equivalent of a base-10
number, The contasts have the same angular spacing as the counter contacts,

i,

and the convérsion drum is »obated on tha sams ahaft as the counbers, The

numbers represented on' the converter ave 1, 2, 3, ... 10, 20, 20, ,.. 100,
ED’.'.;, 300, «s. ete. up to 7 x 10 (for a machine with 50 base~2 places).

Since mulbiplicabion by 2 in the bnse-2 system merdly shifts the decimal
point one place to the right, considerible saving in the slze of the converter
is accomplished by using the sam sel of contacls for mmbers which are
mitiples of two of the same pumber. This is done by using several sets of
brushes 28, spaced angularly the sams amount as the conbtacts, on certain rows.
- Thus 1, 2, 4, 8 are all represented by one raw,-and the same for 5, 10, 20,
40, B0 ete.. Likewlse 3 and 6, 30 and EG, ete. require only one row per pair,
The sevens and ninss, howsver, require individual rows,

The eard reader, Fig, 9, consists of an insulating plate 29 which contains
elactrical contacts 30 spacad the same as the holes in 2 eard. These contacts
are each connected to the corresponding brushess which bear on the converter,
i.e., 1 to1l, 2 to 2, ete.. A carrisge 31 ghove this plate carries & row
of ten brushes 32, DMNine ¢f these are used for the digits 1 threugh 9, and the
tenth for sensing a special punching in the 2¢ro column vhich indicates
the sizn of the nuster, The carrdaze is equipped with a magnelically
operated ratehet that it may be mr:-fErd. ahead one place during the resstiing
pericd of the machine., During a reading peried the brushes ryemain over one
row, and if there is a hole in that row the correspending brush drops through
and touches ths contact below,

The nine brushes used for s nsing numbers are connscted together

electrically, and when 2 number Is being read into the machine they are



connected to the gfid of tube € of a compuber, A brush 33 and elip ring 34
(Fig. 8) mainbain the converter cuntactslab negabive potentlal with respect
to ground, so that the grid of tube U recelves a sequence of negabtive Impulses.
corresponding to the pumber punched in the place being read oo the card.

The operation in reading a nucber is zs follows. Suppose the mumber §52
is punched on a card. The carriage moves along one step per revolntion of
the machine, taking the steps during the resetting perdied, When the hundreds
row is reached the nrine brush drops through. This allows Lhe converter to putb
the series of immulses representing 900 on the camyutipg eounter through the
eccmputing eireuit. After cne revolukbion, the carriage drops baek to the
tens row and the number five brush contacts, A 50 is added to the 900
already on the counﬁar, through the action of the computer, DPuring the nexi
revolution the brushes are over the units row, ‘and a 2 is added to the 950
on the counter,

i Hegative numbers are read in by sublracting from zero. Cn the.card, the
zero spob in the first place read is punched o indicate thé number is
negative. Brush 25 touches contact 36, closing relay 37 (Fiz. 1lla). OCnce
this relay is closed, it holds itself closed by means. of contacts 38, and alse
closed conbacts 39 which contrel the add-subbtracht relay 13 in the cemputer,
throwing this relay to subbract. Relay 37 remains closed until the carriage
has moved to the end of its travel, when it epans contacts LO.

BLiSE~2 Cards Means for high-szpeed punching and resding of ecards in the
base-2 syatem are included in the machins, Fig. 12 shows the typa of mechanism
ugsd for both punching and reading, A set of rolls L) pearsed to the main

ghaft mulls cards at constant spesd through electrodes L2 whieh punch or read

the cards with electrical discharges. 4 gavid ypusher 43 Iceds the cards inte
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the rolls; this ousher is actusted by & cem 44 which moves a lever sysbem

45. A lateh 46 on the cam follewer prevents the pusher from operating until

the lateh has b&en-relﬁased by electreragnet 47, and after one e¢ycle of operstion
the lateh automatieally leocks,

Fig. 13 i; a circuit for securing ;igh—voltage wnching innulzes. Tube
H.is a eontrol tube for tube H, which is a gas-fliled tricde, The low-veltage
winding of a step-up trensformer L2 Js comnected in the plate circuit fo tube
H. The alternating supply voltage aplied to termipals 49 has the same fre-
quency as the computing frequency, that is, the frequency of conbact of the
counter brushes. The grid of tube M receives impulses from the plate of tube
H in & compuber, such tint when a "one" is on a counter condenser tube i is
blocked and tube N pasces current. The phase of the elternabing supply voltage
is such that at this instant the plate potentizl of tube M is starting its
positive swing. A high induced voltege thus appears at the secondary of the
transformer, and thiz is applied to the punching electredes 42, producing n
hole in the ecard. The punching electrodes are preferrsbly poinbted. Synchro-
nization of the machine shafts and the alternating supcly voltzge is best
obtained by driving the machire by a synchroneus motor through suitable gear
reduction.

In reading base-2 cards the card is fed through a set of flattensd electrodes,
Because of the gearing and cam arrangement, the holes cn ths card are presented
to the electrodes in phase with the counter contacts. The circuit for obtainirg
reading Lmoulses is shown in Fig. 14; in this the cubpub of a high-velinge
transformer 50 is rectified by a tube 51 and ths resulbing volbtage appsars
acrogs resibtor 52. The frequency of this veltage iﬁ tha same as that of the

panching volbzgs, Cne electrode 53 is conrected through resisbors 55 and 56
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to the lower ::-:n.d of resistor 52. The wvoltege developed across resistor 52
is low enough so bthat it earmob puncture the card. However, at a point where
a hole has been made by the punching deviee the reading woltags forces a
current flow. The resulting voltage drop acress resistor 56 canses the neon
tube 57 to ionize and transmit a negative charge to the grid o the input
tube C.

COMINATION OF FLEMENTS FCR ECUATICN SOLVIHG The devices just described

from the besis of a machine for solving linear similianecus alpsbraie
equations, For solving n equations in n unknowns, there are required n + 1
computer eircuils, n + 1 cempuling counters, and n ¢ 1 HS counters., The
base-2 card machanisms have n + 1 sets of elecirodes and there are n ¢+ 1
panching eircuits. The machine being described is deslgned for 29 equalicns
in 29 unknowns, thuc requiring 30 complete computing cirouits.

The method of sclution employed is that of successive elimination between
pairs of equations. FEliminaticns are accomplished by a combination of linear
operations—-term-by-tern aﬁditinn,.termbhyhterm subtraction, and division of
the coefficients of ene eguation by two (shifting). The method is semewhst like
synthetiec division and strict zccuracy is not obtsined becsuge of Lhe digits
shifted off the end of the counter, but if the original cosfficients are
made lavee by multiplying the equaticns by scome large mumber, resulbs as .
acourale as the original dsta can be obtained. The equations must be adjusted
befnrﬁ‘cach eliminaticn so that the coelficients of the terms to be eliminated
are positive. The mathematics of the method will be described first, then
the machine details,

The ceefficients of one equation are put on the H3 counters and those of

the other zre pul on the compubing counters, The machine begins by subtracling
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gach number on the 45 ccunbers from Lke corresponding ene on the computing
counters, It continues subbtractions until the number cn the firat compubing
count.er becomes negative (assuming the first coefficient is the dne being
eleiminated). The machine then shifts Lhe numbers on the HS counters ons place
end hegins a%ding. Addition continmes until the number on the first compubing
counter beccmes pesitive, whereupon the shift again operates and the machine
changes to subbract, After a sufficient number of such operations the mumber
ot the first commting counter hecomes gero. The remainder of the numbers
on the ecompubing ecunters are the ceefficients of o new egquation with one
less unknovin than the original, These coefficients are punchad on & base-2
card and reteined for further vse in a subsequent elimipnatlen. By continuing
elirdnations in the usual manner an equalion with only one unknown is obtained,
Then, working backwards, ‘all ether unknowns are found.

A simple exanmple shows the ssguence of bperations pore clsarly., Suppoze
X is to be elimirated from these two equations:

6 - 10T 4 22 50
6T =36 =0

The ceoefficients are punched on base-10 ecards and converted bty the machire
to base-2 numbers, the first three computing counters receiving 6, =10,
422 respectively, and the first thres HS counters receiving L, 6, -36. The

following toble shows the operations’ performed by the machirs,



X ¥ 4

Criginal nunbers - comnpe 110 & 1110110 10100
Original numbers -~ HS (=) 100 110 & 111021100
Result on eomp,. 10 & 1110000 000111000
H5 (=) 100 110 & 111011100

Result on comp, & 11110 &« 1111010 £ 1111011100
HS shifts (#) 10 11 “ 11101110
000000 £~ 1111101 0011001010

The astion of the shift and the change from add to subbract and vice
versa bake place whensver the X ceoeflficlent on the compubtine counter chanzes
sign, Vhen this hapoens there is a carryover from the last place on the X
counter, and this impulse is talwan off through a commbator and used Lo
control the shifting elrcuit and add-subbracl relays,

Figs, 11a, 11b, 1lc together are = the:rr'.at.i-:'; disgram of the machine
seb up for seolving equations in the mannsr described sbove. The squars boxes
marked a, b, ¢==h, 1 are respectively a commter, an HS circuil, a base-2
circuit, a base-2 -unchiang elrcuit, the zutocmatic add-subtract control, the
nefative-nunber indicator, the shift control, one-cyele relays, and the
divisicn control. These dizzrams merely show the interconnectlon of these
unibts; their details are shewn in other diagrams. Units a, b, ¢, d are
duplicated 30 times; ths other units serve for the whole machine, The
nabered terminals correspond to the numbers on the detall diagrams,

Iﬁ Fig. 11b, 58 and 59 are respectively the comouting counter and the
HS ecounter, and 62 and 63 are the c¢lzaring switches for theze counters, The
booster comutater 61 connects to the counter slip rings through the clsaring
switches, and also directly to the carvyover counters 60. Switch 68 is a

30-pols doubla-throw switeh {orly onz pole is shown) which enables the C inputs
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of the commubing units to be switched to the card devices or Lo the ocuboub

oft the H3 uﬁlha. Switch 90 is a single-pole double-threw swibtch which connscls
the add-subbtract relays of all the computer units to relay 39 for readiﬁg
base~10 cards or to terminal 37 of the add-sublract eontrol device for computing.
Switch 70 is a selsebor which determines into which counter a base-10 card

will be read.

A commutator 65 provides discharging immulses for all the inmut discharpginge
eircuits 64. Switeh 69 is a 30-pols double-throw switeh whish connects the
charging brashes of the HS counters to the nhargin; brushes ef the computing
counters in order to transfer mumbers, or to the charging oulpub af'hhé
HS circuits when numbsrs are to be retainsd or shifted on the HS counters.
Contactors 74 through &3 are uszd to provide cnébrul impﬁlaaa durinz the blank
part of the cyele, Fig, 20 is 2 biming diagram for the machins shuwing_hha
inberrelaticn of these contactors. '

Jacks 66 and 67 are connecbed respectively to the carryover charging and
the condenser charging cuboubs of the computer unilbs, One plug 72 goes with
the set of 30 Jacks 60 and ancther plug 73 goes with the sst of jJacks 67,

Plug 72 selscis on which compuber the coefficlent 1s golng to bs reduced to
zero. GContactor 74 connscts plug 72 to the add-subtract control e during

the last earryover charging peried in a eyele of oparation, and contactor

77 counects plug 72 to the shift eontrol at the same time. Plug 73 is used

in conjunction with contactor 76 an; negative-number indieator £ for determing
the sign of the number on any comuling counter,

Units 2, b, ¢, d have slready been considered in detall in the foregzoing.

The contrel units will now be describad Tully.



ADD-SUETRACT CONTRCIL Uni% e is the device for subamaticslly controlling

addition and sublracbion during the elimination of a coefficlent. PFiz, 15

is a cirveuit diagram of this device. Tho grid of btube 91 receives impulses
through conbactor T4; the impulses are negative when thers is a carryover
past the end of ﬁﬁa compubing counter and positive when there is no carryover.
Condenser 96 holds the charge for a short itme, but resistor 97 causes the
charge to l=ak away in less than one cyele of the machine. These impulses
are amplified by tube 91 end applied through coupling condensers to the

grids of gaseous triodes 92 snd 93. These tubes are arranged in a trigger
eircuit such that only one ean fire at a time. Condenser 98 is a commubating
condenser. Relay 99 is closed by tube 92, and contrdls the add-subtract
relays in the computers, The oparation of the cireuit is as follows: A
positive impulse on the grid of tube 91 has no effect, sinee it is trans-
formad Lo a negzative impulse on the outpul of tube 9l. A negative impulse,
however, which oceurs when a carryover past the end place in the counter
takes placs, is transmitted to the grids of 92 and 93 as a positive dmpulse,
Ons of these tubss is noraslly conducting, and the positive impulse has no
effect upon it. Howaver, the obher tube is fired by the immulse, and the
sudden drop in potential &\ ibs plate is transferred to the plate of the
obher tube by the commutating condenser 98, extinguishing that tube. The
cireunit thus triggers back and forth with every negative impulse, the tubes
condueting 2l ternately and thus epening and elosing relay 99 altermately.
Contacts e, and s, of this relay go to indicating 1lights, and e, controls the
add-sublract relays in tha compuber cireuits when switeh 90 is deown.

Harmal selection ef add or sublract is accomnlished by push-butten switeh



16

8, (Fig. 11b) which throys a positive impalse into the plate of tube 9l.
Tube 94 of Fig. 15 is used to actusts the tripping magnel for bhe

base-10 card reader., In r;ading a card into the machins, push bBulton

switeh 85 is pressed, This eloses relay 100, which helds itsell clesed

through contacts 101 and contacts 42 on the card reader until the carrlage

of bthe reader raaches the end of its travel. Contactor 75 fires bube 94

for a short length of tims each revolution, moving the carriage ahead one

step ab a time. The grid of tube 94 also receives impulses from tube 91

in conjunction with the reading cub of mubers; this will be described later,

HEGATIVE NUMBER INDICATCR In some uses of the machine it 1s necessary

to debermine the sign of a pumber which is on ane of the counters, Unit [
(Fig. 16) is used for this purpese, In this, the grid of tube 105 receives
through centactor 76 the charging impulse of thg last condenser: in a cycle.
The counter being tested is chosen by placing plug 73 in the proper jack

67. Condenser 103 is kepl negetively charged, blosking tube 105 and thus
causing relay 104 to be open. A positive number maintains a positive charge
on condenser 103, causing plate current to flow in the tube and closing
relsy 104. Thirs relay contrels indlecabtor lights 106,

SHIFT CONTRCL Pig, 17 is & eircuit of the shift control z which causes

all bthe nurbers on the HS counters to be sghifted cne place each time thers
is a carryover past the end pla:e_?n the counter carryingz the cgefficlent
to be eliminated, The grid of tube 108 receives the last carryover impmilse
(from the same source as the add-subbract control) threugh commubabor 77,
Condenser 107 holds the charge on this prid for one reveluticn of the

ccunbers. The plate current of tube 108 cohbrcls relay 109, which in turn
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ccntrola the plate volbtage of the V.and W tubes in the HS circuits,
Tube 1058 blooks when there is to be a shift, opening the realsy and applying
plate veoltags bhrongh conbact Gj to the V tubes.

CHE=CYCIE RELAYS In Fig. 18.the details of unit h are shown. The

purpose of this set of relays is to provide an interlocked eontrol system so
that the operstor ean push eertain econtrel swilehes at any mart of the eyele,
yet the machine will net respond wobil the px'op:gr peint in the eyele is reached,

Aelay 112 is normally held closed by its owm ¢;;tauts 117 and push-bubton
switch €8, This switeh is pushed when it is desired te punch a base-2 card,
opening relay 113, and ei osing contacts 116; however, nothipg happens until
that part of the cycle when contactor 7€ ¢loaa;, at which tire relsy 110
closes. This relay holds itself aloaedlthrough its own conbacts 120, and
also closes 121, 122, 123, Of thess, 122 auppliﬂs biss through h8 to the
pinching eircuits, making them operative, and 123 operates thes electrumagnetic
lateh, 45 and 47, which allows a ecard to be fed in. & eireuit for reclosing
113 is set up by contacts 121, After ore revolubion contactor 79 closes,
and this threuzgh zentacts 121 of reley 110 causes relay 113 to ﬂlﬂﬁg and
held iteelf elosed, The elosing of Malay 113 ‘opens relay 110 and the
system is in its orizina) state,

The ‘operaticn of relay pairs }lh, 111 and 115, 112 is exactly ths same,
Relay 111 contrcls through contzcts 125 the electrnﬁagﬁﬂtic lateh, L6 and
47, and-thrﬁugh contacts 124, makss the sourds of base-2 resding voltzze
cperabive,

Relsy 112 is used to contrel the beginning of & ¢o:a_:mtati{:n,,- in

conJuncticn with the division conbrol device i, which will be descriled next.



p LS

DIVISION CONTROL Tha eireuit of the division control deviee i is shown
in Fig, 19. -The grid of tube 127 is connected bto plug 73 and receives impulses
from the plate elreoult of the commiter handling the eoefficient which is
being elimigabed. The purpese of the division control i= to supply a bias
voltage once a complate cyele of the machine hes occured without an impulse
having been received by tube 127, since Lthis moans that Lhe nucher has been
roduced to zero. . .

The details of everation are as fbll::-rm: te bE:g.‘_:.n compubation, switeh
86 is opened for an ionstant. This causes ralsy 112 to be closed for one
gycle of the machine as explaired mreviously. Contacts 124 supply a volbzge
to 18 causing relay 131 to ¢lose. This reley lolds itself closed through
contacts 132 and alsc closes contacts 133 which supply bias to b7, starting
the conpubation.

Contactors 80 and Bl elose in segnence during the resetting perdiod, E1
wlosing firet and B0 closing after Bl has opened. If during H.:iﬂ praceding
cyels at least one negative impulse has come into the grid of tube 127
raelay 128 will be open at the end of the ecyele. Thus when €1 elcses
contzeta 120 will be open and relay 131 will remain eleosed, allowing
computation during the next eyele, Contacteor BO ecleses zafter 81, reclesing
relay 128,

At the end of a eycle during which no negative impulses have entered
the grid of tube 127 rella;lr 128 will be holding contactes 130 closed, and
the ¢lesing of contzctor Bl short-circuits relsy 131 tlrough contects 130
causing ﬁl&y 171 to open, thus sbopping commbtation.

Fig. 20 is & timing diagram of the enbtire machine, showing Lhe relstive

closing times of all contactors.
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MISCELTANEOUS DETATLS Contnctor B2 is ussd for disabling the inmut

discharging circuits of the HS units during the last discharging pericd
of a tyele in order that the shift may take place groperly.

Contgetor 83 is used for discharging the carryover counters by
removing their booster ;ﬂlt&gﬁ during one charging period in the resebbing
period, Thiz prevents the possibility of a carryover from the last place
in the number back to the first.

READILG CUT BASF-10 NULRZRS Heans for converting any base-2 mumber in

the machine bo a bLase-10 number cn a sel of dials are included. The process
merely consists in using the econverter and the powers-of-ten row on the
base-)0 card mechanism, and dividing out powers of 10. The number to be
read g selected by means of plug 72. "Switch 71 is opened, disconnecting
all but the powers-cf-ten brush on the card reader. Switch 856 is used to
stert comutation, the machine having first been set to subtract (assuming
a positive mumber is beins read out) by means of switeh 8. The base-10
number 1014 is subtrected until the mumber on the counter goes negative,
vhereupon the mechine automatieally ehanges to add and the carriaéa af

the card mechanism is moved one step, The machine adds 1013 until the n
nurber on the counter becrmes positive, when the ecarriages drops back to
1012 and the machine begins to subtract again. This process continues
autoratically until a)l powers cof "ten have been used. A set of dial
counters corresponding bo the powers of ten record the number of revolutions
of the miching made bebween eich steon of the carfiage. The counters which
count during sublractions record one less bthan the number of subtractions,

and ths counters which count during additicns record 10 minus the npumber
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of pdditions in each place. The resulting mumber on the base~10 disls is .
the base-10 sguivalent of Lhe base number on the commuting counter.
In ecase & negative number is to be read ocut the procedure is exactly

the same, excopt that the machine is set to add initially.



