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CHAPTER I 

In t roduct ion 

I D an e lec t ronic coaputer being deiigned a t the 
1 

Massachusetts I n s t i t u t e of Technology, i t was decided to use the 

binary number system as the b a s i s of operation. The binary system 

i s p a r t i c u l a r l y adaptable to use In e l e c t r i c a l systems because the 

binary i n t e g e r s , zero and one, are eas i ly represented by e l ec t r i ca l 

signals of two values . In the pas t , the pr inc ipa l u s e of the binary 

number system has been in e l e c t r i c a l c i r c u i t s used t o count a ser ies 

of events . In t h i s app l i ca t ion , the problem of conver t ing the 

binary count of the c i r cu i t i n t o the equivalent decimal number I s 

present . With high-speed computers now being designed to U6e the 

binary system of ar i thmetic , t h e opposite problem of converting 

a decimal number to i t s binary equivalent a r i s e s when i t i s desired 

to feed da ta in to the machine. Thf object of t h i s t h e s i s was to 

create the necessary c i r c u i t s t o convert data from t h e decimal 

system to the binary system and to s tore the r e s u l t i n a binary 

r e g i s t e r . 

I t l a possible for a person to convert a decimal number Into 

the binary syctem by using a r i t h m e t i c methods., The r e s u l t 

1. Under the Division of I n d u s t r i a l Cooppration, P r o j e c t WHIRLWHD 

2. See Appendix, page 63. for descr ip t ion cf the binary number 
system. 
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could then he recorded on a binary rs_s;l6ter by pushing buttons t h s t 

would set up the stages of the r e g i s t e r in the correct fashion. 

Such a method i s unduly slow, and for use with a high-speed computer, 

i t i s des i rab le to uso a method tha i uses the fas tes t c a p a b i l i t i e s of 

a human opera tor . I t i s believed tha t a decimal keyboard of the 

ten-key type with associated c i r c u i t s to perform the decimal- to-binary 

conversion automat ica l ly i s a good approach to the problem. Because 

the problem has not ar isen in the pas t , the re iias been l i t t l e work 

performed towards the solution previous to t h i s i nves t iga t ion . 

This paper presen ts one of the many poss ib le systems that could be 

used to perform the autoaat ic conversion of a decimal number to the 

equivalent binary number. 
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CHAPTER I I 

The General System 

Basis of Operation 

Selection of a ten-key keyboard in preference to a 

mat r ix- type keyboard automat ica l ly determines a requirement of the 

dec imal - to - t ina ry conversion c i r c u i t . On a matrix-type keyboard 

(such as those on a Monroe, Marchant, or Friden c a l c u l a t o r ) , there 

a re ten keys for every d i g i t in the number to be recorded, t h e i r 

phys ica l placeraont i a d i c a t l n g the r e l a t i o n of each d ig i t to t h e 

decimal point . For the ten-key type of keyboard (such as the one 

used in a Sundstrand c a l c u l a t o r ) , the sequence in which the d i g i t s 

a r e recorded determines t h e i r placsraent with respect to the decimal 

polnt„ The d i g i t s of a number are normally read from l e f t t o r i g h t , 

the f i r s t d ig i t to be recorded aopsarins on the le f t in the r e 

corded r e s u l t , and t;ie l a s t d i g i t .appearing on the r i g h t . To 

accomplish t h i s opera t ion , each time a key i s depressed the 

previously-recorded d i g i t s are eac'i sh i f ted one place to tho l o f t 

and the new d ig i t entered in the un i t s column. Shift ing the d i g i t s 

one place to the lef-. in the decim;jl 3yntem i s the equivalent of 

mul t ip ly ing the number by t e n . Wc have therefore made the r e q u i r e 

ment tha t our conversion c i r c u i t s nust have some means for m u l t i 

p ly ing previously-recorded r e s u l t s by ten , each time a key l a 

depressed. 
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Another requirement of almost any decimal-to-binary con

vers ion system 1B t h a t some form of Mrif.ry r e g i s t e r i s neceosarv to 

etore the f ina l r e s u l t s . The exac, form of the reg i s te r i s deternlned 

by o ther considerat ions , such as the use of the regie tpr to perform 

opera t ions necessary in the coiver'jion process , but these requ i re 

ments v i l l be discussed l a t e r . 

If the previous requirements a re met, the ac tua l conversicn 

of a decimal number in to i t s blnar;' equivalent 1» simplif ied, 

because decimal-binary equivalents are required only for the ten 

decimal in tegers , zero through nin<5. These equivalents are a s 

fol lows: 

Decimal In teger Binary Equivalent 

0 

1 

2 

3 

k 

5 

6 

7 

8 

9 

0 

l 

10 

11 

100 

101 

110 

111 

1000 

1001 

Such a conversion may be accomplished by a r e l a t i v e l y 

simple, matrix-type of c i r c u i t . 
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We have now considered a l l t,he elements necessary for 

the complete decimal-tc— binary conversion system* a keyboard to 

en te r the decimal number, a binary r e g i s t e r for recording the f ina l 

r e s u l t , c i r c u i t s to mult iply the number in the r e g i s t e r by ten each 

time a key i s dPDre3sed, and a c i r cu i t to convert a decimal integer 

in to i t s binary equivalent . A simplified block diagram i s shown on 

A-30566, page 6. The sequence of operat ions i s s t ra lgh t forvard . 

Each time a key i s depressed, the number in the r e g i s t e r i s mul t i 

p l i ed by the binary equivalent of ten, and then the binary equivalent 

of the decimal Integer corresponding to the depressed key la entered 

into the r e g i s t e r . 

This system wil l only handle decimal numbers tha t have no 

d i g i t s to the r igh t of the decimal po in t . Digi ts that are to the 

r i gh t of the o in t , whether i n the decimal or binary system repre

sent f r ac t i ons . There I s no siaple means of convening numbers of 

t h i s nature from one number systpm to the o the r . 

System Deta i l s 

The Dush-button c i r c u i t s are arranged so that depressing 

any pu=h-button c rea tes a rails* to start; the timing c i r c u i t s . Each 

button i s also connected to a conversion matrix BO that the c i r c u i t s 

represent ing the binary component a of the decimal Integer a re turned 

on. When the timing c i r c u i t s puis? the conversion matrix, the binary 

number i s added in to the r e g i s t e r . 

Mul t ip l i ca t ion of a number in t h e binary system i s e n t i r e l y 

s imilar to the process used in the decimal system except tha t the 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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binary mul t ip l i ca t ion tablf; i e much smaller than the decimal multi

p l i c a t i o n t a b l e . Th.= binary mul t l -u lca t ion t a b l e i s a s follows! 

0 i 0 ' 0 1 x 0 - 0 

0 x 1 = 0 l x l - 1 

Consider the mul t ip l ica t ion of a binary number, 10111, for example, by 

the binary number 10L0 (decimal number ton) . 

10111 multiplicand 
1010 mul t ip l ie r 1 

101110 mul t in l ica ; ion by binary 10 or (2 ) 
101110 mul t ip l ica t ion by binary 1000 or (2"0 , , 

11100110 reBuLt-mul-.iolicati.on by binary 1010 or {23 ^ 2 ) 

Inspection of t h i s example r evea l s t h »t the desired mu l t ip l i ca t ion 

may be achieved by f i r s t sh i f t i ng the mult ipl icand one place to the 

l e f t (mul t ip l i ca t ion by 2 ) , This r e su l t shi f ted tv;o addi t ional olacea 

to the l e f t i s the multioHcand mul t ip l ied by 2 . Adding these two 

p a r t i a l products completes t h r mul t ip l i ca t ion . 

The binary resist<=>r and associated c i r c u i t s permit oper

a t ions that cannot be performed by an ordinary binary counter. The 

c i r c u i t s a re arranged so tha t a l l d i g i t s of a binary number may 

be added i n t o the r ' p l s t e r simultEneously. By me;ms of a pulse from 

the timing c i r c u i t s the number in the r e g i s t e r may be sh i f ted one 

binary pi ce to the l e f t , such a fh l f t being the equivalent of Multi

p ly ing the number by tvo . (This i e analogous to a sh i f t of a decimal 

number one place to the l e f t beinj; equivalent to mul t lDl ica t lon by ten).. 

Other c i r c u i t s connected to t h e r e g i s t e r permit the s tored number to 

be read from the r eg i s t e r i n the form of pulses without erasing the 

stored number. The combination oi" these f ea tu res permits the multl~ 

p l i ca t ion of a number in the r e g i s t e r by the binary number 1010 in 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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the manner jus t desc-ibed. The tl : i lng c i r c u i t s control the 

operat ional sequence 

In view of the d e t a i l s j u s t described, l e t us again review 

the sea.uence of operat ions t ha t occur when a koy i s depreseed. F i r s t , 

the push-button c i r c u i t c r e a t e s a t r igger tha t s t a r t s operation of 

the timing c i r c u i t s and t u r n s on t i e c i r c u i t s In the conversion 

matrix thai; represent the binary cjmponents of the decimal in teger . 

The t r i g g e r causes the number in the r e g i s t e r to sh i f t by one binary 

place. The number in the r e g i s t e r i s now road out . sh i f ted two 

binary p laces and rnt.urned to tho :*e»leter inhere i t i s added to the 

number already p resen t . The mul t ip l i ca t ion process having been com

ple ted , the c i r c u i t s of tho converiion matr ix are read and the binary 

equivalent of the decimal in teger is added to the count i n the 

r e g i s t e r . This en t i r e p rocess i s repeated :'or each d i g i t of the 

decimal number un t i l ' , a l l d i g i t s h w e been entered. At t h i s point , 

the binary number in she r e g i s t e r nay be recorded or entered Into 

the associa ted computer, and the bLniry r e g i s t e r may be c leared . 

Representation of Nonbere 

The binary system lends i t s e l f r e a d i l y to the reprpsenta t ion 

of numbers by e lec t r : .ca l moans because a zero may be represented by 

the ,absenca of a signal and a one \>y tho presence of a s igna l . In 

the c i r c u i t s used in t h i s t h e s i s , a p a r a l l e l method i s used to t r ane -

mit a number from ono place to another. Such a scheme i s shown in 

A-30569. page 9« A Jspaxate wire Is used for each d i g i t of the 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



» 
«» 

I 

WIRES OF 
DIG I I CABLE 

2 4 

WAVEF DF " '• 

1 
0 

G 

• 

»0 

TIVE 

TRANSK/ " . F THE 
NUME r ~ IOC ' 

i i 
l 

i 
U5FO IN n..i 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



-•JPW 

number and a l l digits; are t ransmit ted simultaneously, a pulse on a 

l i n e represent in," a one, and absence of a pu l se meaning a zero . 

10 
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CHAPTER III 

The Binary A g i s t e r Operation 

Introduction 

The primary purpose of the binary register la to store 

the final number until needed. If suitable c i rcu i t s were connected 

to a set of f l ip - f l ops (Eccles-Jordan trigger c i rcu i t s ) the 

f l ip- f lops could be used as the storage elements. In the practical 

case, however, the register i s used to perform functions other than 

storage and therefore must be equipped to accomplish these other 

duties As previously mentioned, the reg is ter must be capable cf 

receiving a l l d i g i t s of a binary number simultaneously and adding 

them to the number already stored. To perform the mult ipl ication 

process i t must be a'Dle to shift the stored number and also have 

c ircui t s to read the number out of the regis ter and add i t back in 

at a different posit ion, '̂ he following discussion wi l l show how 

th i s specialized binary reg i s ter i s evolved from the ordinary binary 

coulter. 

Components 

One of the most common forms cf high-speed binary counter 

u t i l i z e s f l i p - f l o p s ae the basic element of construction. Such a 

trigger c ircu i t (shown in A~30^7°, page 12) normally nan one tube 

conducting and the other tube biased below cut-off by the condition 

of the f i r s t tube. If a suitable trigger pulse (a pulse of short 

duration) of either pos i t ive or negative polarity i s a^olied to both 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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grids simultaneously,, me atat38 of the two tubes will be interchanged, 

the firot tube becorain.; cut off and th<» second tube ccinductinr-;. 

Another tripper will f l ip the circuit back to the original position. 

I t is thus seen that two triggers ^.re necessary to perform one com

plete cycle of operatio/i, the waveform on the plate or grid of one 

of tap tubes rising or falling only once for every two Input t r iggers . 

If the condition for tube A to be conducting i s considered 

the zero position of the circuit vhen used as a binary elenen;, then 

the f irs t trigger fed to the circuit will f l ip i t into the one 

position, with tube B conducting. The next trigger will f l ip the 

circuit back to the :;ero posit.on and will causf a sudden negative 

drop in the plate potential of tube A. If this wavefront i s fod into 

a circuit such as at fi-I»-C pea!:er , a trigger pulse will result that 

may be used to drive a succeeding flip-flop stage. Such a pulfie i s 

knovzi as a ca:-ry pulse and i s produced each time the fl ip-flop com-

p le t ' s a cycle. 

* r P B e t o r c l carta;; trigger i s one that i s applied to tae 

grid of tube A and serves to rnetore the flip-flop fron the one to the 

zero position. Such an operation produces an ordinary carry tr igger. 

Howeyer, if the flip-flop is originally in the zero position when t ie 

reset i s applied, i t will have no effect. By coupling a eerier, of 

flip-flops together through peiJcing c i rcui ts that produce one cutpu; 

triggpr for every complete flij>-flop cycle, a binary counter in forned. 

Such a counter i s shovn in block form in A-30571, page lU. 

1. The operation of an R-h-C peaicer i s explained more fully on pag? 2'c. 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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This ordinary type of counter may be used a? a binary 

storage r e g i s t e r , each succeeding Stage re or a sending the next higher 

power of t ' O . To aid a m t h e r binary nvunbe- to a number already 

s tored lr. the r e g i s t e r introduces complications i f an attempt i a 

made to introduce "11 d i g i t s of the nev nunber simultaneously i.ato 

t h e i r r espec t ive binary s t ages . The a ' d l i l o n of the nev'number may 

generate carry pulses .••hlch would in t e r f e re with the d i g i t s belag 

introduced. Therefore, some modification of the counter I s neces

sary i f I t i s desired tc add a l l d i g i t s simultaneously. 

The in t roduct ion of delay (stages overcomes the d i f f i cu l t y 

in a manner *.h .: i s described in the next sec t ion . When a delay st ge 

receives a t r i g g e r pulse, I t s to res I t for a flxtsd period of time 

before de l ive r ing the pulse a t i t s output t e rmina l s . 

l o read a number oi-.t of the r e g i s t e r , a form of coincidence 

mixer, Os gate c i r c u i t , i s used* When pulsed, such a reading stagr 

wi l l produce an output pulse only i f the f l i p - f l o p i s in the one 

Dosi t ion. 

OperE/.lons 

1 . Adcitlou 

The f l i p - f l o p s , peakers and delay s tages connected to fowi 

the binary r e g i s t e r are shown in block form in A.-30572, page l 6 . 

When a number, In the form of pulses, ia added in to the r e g i s t e r , i t 

I s temporarily stored in the delay stages u n t i l the set of input 

pulses represent ing th .t number have subsided. The delayed pulses 

are then applied to the f l i p - f l o p s . If a carry pulse I s produced by 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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a flip-flop and i t s peaker, i t passes through a delay stage befo;:*. 

reaching the next, fl ip-flop. In th is manner, a carry being produced 

by a flip-flop cannot be interrupted by the Input of a o-xr.f pul ue 

from a previous flip-flop stage. In other uordp, a f l ip-flap f. i ays 

has a chance to reach equilibrium after receiving a pulse bef03 e i t 

receives another pulse. 

Z. Shifting 

If a clearing pulse is simultaneously apolied to aX'. the 

flii^-flops in the register, a l l the flip-fLope will be restomd to 

their zero posit ions. All f l ip-flops that were originally in the one 

position generate carry pulses when they are restored. These 

carry pulses therefore represent the number that v s stored lr the 

register before i t vv.s cleared. The carry nulfee are stored in the 

delay circui ts unt i l after the clearing pu2.se has subsided. Wl: m 

thesr carries are delivered, the original position of each f l i >-flop 

in the regis ter i s transmitted to each adjoining flip-flop, or, \he 

number has been shifted fcjr otu pltM* 

3. Heading 

In the multiplication process previously lescribed, af M 

the number in the register has been shifted It la ihen necessary to 

read the number out of the register without disturbing the sot lings 

of the register fllp-flopa. T0 accomplish th is result , each 

flip-flop except the f i rs t one in the register has a redding circuit 

( E»» page 16) connected to i t . The'first flip-flop is always in the 

zero position after a shift so It needs no reading c i rcui t . The 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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arrangement of thes<- reading circuits with rer.pect to the register 

stages i s shown in block form in A=30573, page 19~ Bach reading 

stag' is connected so thv.t i t s output i s fed to the delay input of a 

flip-flop two st iges removed fromtbi? input of the reading stage.. 

>t. Multiplication 

Let us review the multiplication process now that soma of 

the details of the binary register have bean deoclitad. T'.ie correct 

sequence of pulses to control the raultlpllcation t l supplied by ;he 

timing circuits that will be described in detail after their r e t i r e 

ments have been discusser!. F i rs t , a clearing pulee a-oplied to all 

the register flip-flops whifts the number over one place to the Left. 

(Multiplication by 2^). When the shift has been completed, a 

rpading puls» energises the reading circui ts , obtaining pul jee 

representing the original number multiplied times 2 . The wiring of 

the outputs of the reading stages shifts th i s nuclei' t to additional 

places to the l e f t . The number that le added back into the- register 

by the reading ci rcui ts i s therefore (2 x 2 ) or t ' times the 

original number stored in the regis ter . When thie pai t ia l product i s 

added into the register (which s t i l l contains the original number 

times 2 ), the net result is (2 1 -f-2-̂ ) times the original Timber. 
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cupm iv 
The Binary Register Circuits 

In the previous chapter \:e considered the functions of the 

binary register and the requirements of the individual component a of 

the regis ter . We will nov consider the details of the circuits used. 

Flip-flop 

The schematic diagram of a flip-flop stag" of the reg:.ster 

i- shown in A-3057^> pafle 21. A positive Tiulse at the trigger in >ut 

will cause th< circuit to f l ip over from itn original s tate . All 

three germanium-crystal diodes are used as deccwollng elements. 

The diodes connected to the trigger input prevent coupling 

Between the tvo grid c i rcui ts , and the diodo ir. (he clear input prevents 

interaction from the other flin-flops on the clearinr-pulee bus. 

The neon bulb glows to indicate the flio-flop i s in the c-a«» -position, 

when tube B i s conducting. The small condensers tend to compensate 

the plate-to-grid voltage divider for the input capacitance of tho 

tube. Both the clear and trigger input eourcec are biased below 

approximately eight volts so they do not interfere vith the flip-^lop 

operation. 

The flip-flop stage will orierat" at a tr igger repetition 

rate up to anproximatrly 1.5 megacycles. When ueed in this 

decimal-binary conversion circuit the trigger repetit ion rate n»v3r 

exceeds O.67 megacycles, so there i s a margin to aMow for variation 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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in circuit parameters. The relatively hi";h speed of operation i'j 

not es entlal to the basic principles of the ccnvorter when the con* 

verter is working from a push-button input. However, the hi-hspood 

makes the delay circuits more compact and provides for the possibility 

that the circuit might be used with high-speed electronic input. 

O^te-peaker Circuit 

The functions of a oeaker circuit to produce a carry pulee 

from a flip-flop output, and a reading circuit to determine the 

position of the flip-flop have been combined ir, a oie-tube circuit 

shown in A-30575. page 23. I t u t i l izes a Type 6AS5 ppntode. This 

tube i s especially designed for gating applications, having 

suppressor-grid characteristics eimilar to those of i t s sharp-cutoff 

control grid. 

Let us f i rs t consider the operation of the peaker circui t . 

When the circuit i s acting as a peaker, the pltite i.-irrent Is cut off 

by a negative bias on the suppressor grid, and the plate circuit does 

not enter into the operation. The control grid of the 6AS6 ie 

connected through a secies resistor to the grid of the associated 

fl ip-flop. The grid of the flip-flop is normally at a positive 

potential of about 1.6 volts when the flip-flop is in the oni> position, 

so the series resistor i s necessary to prevent the 6AS6 grid currant 

from loading the fl ip-flop. 

The screen grid of the 6AS6 IS connected to I t s positive 

supply voltage through an inductor. When the flip-flop connected to 

the peaker inout is in the one position, the control grid of the 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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6AS6 ie sl ightly positive with respect to the oat hod* and a cu' rpnt 

is built up through the screen-grid t l reul t Inductor* When tlif 

flio-floT) i s triggered to thp zoro •position, the rcreen-grid -ufrent 

of the 6AS6 i s suddenly cut off. The internntioi. cf screen-grJd 

current causes an oscillatory transient to appear at the screec grid, 

the inductance resonating '1th the str.ny capa:itei ce. If tliere i "re 

no load connected to the screen-grid circui t , the ve.vefora would e 

an exponentially dfdnped sinusoidal oscil lat ioi with the ini t ia l 

half-cycle posit ive. 

The out nut of the screen grid is capacitively coupled ' o a 

damping res i s tor th^t is in series with a genaani.m diode. The 

polarity of the diode connection Is such that there is practically 

no damping for the ini t ia l positive swing, but the resistance damps 

out the oscil lat ion on the negative part of the cycle. The value >x 

thp resistance is approximately that recuired for c r i t i c a . dampi'.g so 

that the transient i s damped out in the shortest ^ossiblf time without 

a positive overshoot. The output of thf oeaker circuit i a r j s l t ive 

pulse vh t renr-sents a carry. 

When the flip-flop is returned to the one poaii Inn, the 

control-grid -ootential of the 6AS6 is made positive, causin, a negative 

pulse at the screen grid. This negative -raise i s overdamped \v the 

tube resistance and the damping ci rcui t , however, and has no ef.'.ict on 

succeeding c i r cu i t s . 

Placing the damping circuit after the coupling uapacltor hs.s 

advantages over the more common method of having thr daw>iag circuit 
i 
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directly across the inductor. With the la t ter met aod, an erXri-

resistor is required as the d-c return for the coupling capacitor. 

The extra resis tor reduces the nositive-pulse amplitude by introducing 

extra damping. If the resistor has a high value e> ihat i t doe; not 

appreciably da*m the oulse, then there is danger of building up a 

bias on the caaacitor vhen the next stag;' dravs grid current. Such 

a condition is usually undesirable, particularly wien the random 

repetition rate of the nulses would make the bias variable. Usinp 

the damping circuit as the d-c return for the capacitor eliminates 

both troubles. The resistance for the positive-pulse voltage Is high, 

and the resistance for negative voltages is low, preventing a build-up 

of bias. 

To read the position of the flip-floo, i t i s desired to 

obtain a mlse from the 6AS6 plate circuit if the control-grid voltage 

of the 6A.S6 is positive. The plate circuit i s aiirilar to the 

screen-grid circui t , having an inductor, couplinp, capacitor, and 

damping ci rcui t , if the plate current io allowed to build up through 

i t s inductor, and is suddenly cut off, the derired positive pulss i s 

produced in thr same manner »i thp oulses of the ecreen-grld circuit . 

Certain precautions must be taken, hovover. The plate 

current has a direct effect uoon the screen-grid current, SJI increase 

In the plate current causing a decrease in tho screen current. If 

-.he plate current is abruptly increased, the sudc.tn decrease in 

screen-grid current causes an undesired -oositivo tu l se from the 

screen-grid c i rcui t . If the olate current 13 incJp- sed at S. rate that 
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i s slow compared to the period of the o s c i l l a t o r y t r a n s i e n t , the slow 

decrease in the screen-grid current cinnot produce a nulse. 

The correct r e s u l t i 3 obtained by dr iv ing ihe suppressor 

grid with a sawtooth waveform. This vol tage, known ao the reading 

pulse, slowly increases the p l a t e current ( i f the : .ssociated f l i p - f l o p 

i s in the one oos i t ion) ana then abruptly cuts i t off . A pos i t ive 

pulse i s produced at the p l a t e t h i t represents the d ig i t stored in the 

f l i p - f lop an'! i s cal led an adding rmlse. A small negat ive pulse i s 

produced at the screen gr id vhich does no harm. 

Delay Sta^e 

The delay stages u6ed in the binary ref i s t e r had to meet two 

main requirements. The f i r s t has already been described, naaely, the 

c i r c u i t should be able to rece ive a sulse at I t s ir out, s tore i t a 

def in i te period of time, and then del iver a pulse a t i t s outout. The 

nature of the p a r t i c u l a r carry c i r c u i t s used In t h i s r e g i s t e r imposes 

the second, requirement. The delay Btage must be able to receive an 

Input nulse at the s.'-jne time i t i s de l ive r ing a pvJ se at i t s output . 

This 6econd requirement e l imina tes from considerat ion ordinary 

mul i i -v lb r i to r -peaker combinations, although speciiJ. c i r c u i t s could 

probably be designed. I t was a l so desired to keep the number of tuber par 

b ina ry - r eg i s t e r stage down to a minimum. 

Commercial, continuous-wound delay l i r . t s seemed to offer a 

good so lu t ion . These l i nns come in a va r i e ty of l<ngthe and Impedances, 

and are r e l a t ive ly , convenient to use . A photograri of t>o of these l i n o s 

i s on page 27. The delay l i n e could have been usee" in a st i 'algbtforwrjd 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



>-
8 
- i 
o 
z 1 ^ 

tf« 
"g 
u-2 
O o 

m 
111 < 

3 * . 
H * 

P^ 
uiz 
Z < 
— X 

HI U i > 

. 

J 
u 

j 

s 

</> K . 
3 « o 
1 z2 
2 «*! 
i/k a 

•< 
z 

C> 
<c m 
o 
«n i 
< 

i 

j 
a 

< 

u 

Q 

1000-OHM DELAY LINES 

J 
in o 
(0 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



. 

28 

circuit where the nulse is fed in at one end of the l ine and recr?:.ved 

at the other. The characteristics of the twin-triode fli-o-flops 

were such that i t wa= felt a delay of at le is t one fllcrosecond wan 

necessary, more di»lay being desirable. A one-microsecond delay l ine 

i s about twenty-two inches long, and euch a l i r e in each register stags 

would cauae considerable contructional d i f f icul t ies . 

More delay per unit length was achi»ve:l by taking 

advantage of reflections. A single-reflection scheme, whereby a 

pulse of one polarity applied to a lino is reflect.!! at a ohort-cLrcult 

at the far end and returned as a pulse of opposite molarity, could not 

be used bncause the input and output circuits of the delay atnge had 

to be independent. Drawing A-3O576. page 29. ihowl the circuit U3ed. 

The tube i s normally biased below cutoff by tae g r i i c i rcui t . Th-? 

grid receives positive nulses from a diodp nlxer that serves to 

isolate the t> o or three c i rcui ts that may feed th>; grid. 

When a -oositive pulse i s Bal lad to the ^rid, the l ine 

temporarily aopears as i t s characterist ic impedance (1,000 ohms), and 

a negative pulse is generated across the l ine. The negative pul3e 

travels down the line and after the one-way delay ,ime of the l ins 

(0.5 microsecond) i t aipears^at the far end. This emi of tho l i n s Is 

terminated in a germanium diode in parallel with the characteristic 

impedance of the l ine. The polarity of the diode i s arranged so that 

i t a-pears as a low resistance (approximately 100 ohms) for a negative 

pulse and a high resistance (greater than 0,1 negohm) for a positive 

pulse. 
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Because the l ine appears to bo eernins^ed In much le3S than 

I t s characterist ic impedance, the negative pul.se Is returned to the 

tube as a pos i t ive pulse. When the pos i t i ve pule: reaches the Md of 

the l i n e I t la ref lected without change of polarity, becauco tha tube 

I s cut off and appears as an open c i r c u i t . The r f leeted posi t ive 

pulBe travels through the l ine and appears across the terminating 

re s i s tor at the output. As In the damping olroul t for the peakara, 

coupling the terminating res i s tor through a oiipncitor possesses ad

vantages. The to ta l delay between input and out; i pulses I s e^oal to 

three ttr.ea .heone-way delay of the l i n e , 

A single stage of the register la showi in B-30577, page 31, 

to I l l u s t r a t e the methods used to couple the stages together. Ssrmanium 

diodes form mixers wherever I t I s necessary to fesd several Inputs 

into one point . They serve to I so la te the stages. Such a need ar ises 

at the Input to some of the delay ot;i£es, where It Is neoetiary to 

feed carry pulses from the preceding stage, addlr* pulses from another 

stage and d ig i t pulses (to be described later) frcm the conversion 

matrix. Direct coupling Is used betweoa the f l ip- f lop and the 

peaker stage because the time between suoceesf^ve operations may be 

measured in microseconds or hours. Capacitlvn corpling i s uoed to 

pass the pulses because they are approximately 0,2 5 microsecond wide 

and the repet i t ion period I s never l e s s then 1.5 microseconds. 

A complete atage of the rogiater requires three triodesand 

a pentode, or two and one-half tube envelopes If twin t r i o c i s ere uspd„ 
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CHAPTER V 

Thp timing and Convorsion Circuits 

Timing-Circuit Requirements 

The d e t a i l s of the binary reg is ter autometically doternlne 

most of thp reoulrrment9 of the timing c i rcu i t s - The Important • 

waveforms arc 6hovn on A—30578, page 33. The operations, broken up 

into units of time (eachunit 1.5 microseconds Ions;), are as follows* 

1 . Clearing pulse in i t ia ted by push-button c ircuit which c lears 

reg is ter f l i p - f l o c s and genera te carries . C-rries stored In 

the delay stages. 

2 ; carries delivered from delay stages to th;; f l i p - f l o p s , com

plet ing the shift of the number in the r e s i s t o r . 

3 . End of reading pulse causes reading c i rcu i t s to read tne 

number out of register and add these adding pulses , shifted 

over by tv-o places, into the delay stages. 

h. Delay stages del iver the adding pulses to the f l ip - f l ops , 

completing the mult io l lcat ion. End of di?it pulse reads the 

binary d ig i t s of the decimal Integer from the conversion 

c ircuit into the delay stagen of the r e g i s t e r . 

5. Binary d ig i t s delivered from the d=lay stages to tho f l i o - f l o p s . 

Action of the c i rcu i t s are complete exop-t for any carries 

that might propagate throughout the reg i s ter . 

The above sequence reouires throe waveforas from the ti l l ing 

c i rcu i t s , thp clearing pulse, the rpa<ling oulse, ^nd the dlp'.t pulse. 
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Because the d i g i t pulse energizes c i r c u i t s in the 3onversior. matrix 

that are Bimllar to the reading c i r c u i t s of the r e s i s t o r , i t can be 

of the sain* shape ao the reading milee. 

Push-Button Trigger Clrdui t 

Because a nush-but*,on tyoe of switch does not mike a 

def in i te contact vhen i t i s depressed, a c i r c u i t must he used to 

insure that only one t r i g g e r i s produced for each )ush-button opera t ion . 

The f i r s t scheme attempted was the u-e of a f l i p - f .op tha t was connected 

to the switch con tac t s . The diTgram i s shown in .V-30579. page 35* 

With the c i r c u i t at r e e t , the normally closed cont .cts of the switch 

apply a -oosltive ao ten t i a l to tube A of the f l ip-f ! .op, insur ing I t s 

conduction and therefore keeping tube B cut off . ..f the button i s 

pushed, the normally closed contact of the svi tch is opened, having 

no e f fec . on the f l i o - f lop . V/hen the but ton reaches the bo:tom of i t s 

t r a v e l , the oth< r contact i s closed, aoplying a pos i t ive po';enti£.l 

to tube B of the f l i p - f l o p , e.-vusing the c i r c u i t to f l i p to I t s other 

s table s . a t e . Once the condit ion has been es tabl i shed , the circv.it 

remains in tha t s t a t e r ega rd l e s s of breaks in the switch contact . 

When the ->u6h-t>ution i s re leased, the o the r contac . i s again c lc ied , 

r e s to r ing the f l i p - f l o p to i t s o r ig ina l condi t ion . 

This scheme r e q u i r e s a f l i o - f l o p for each push-button, the 

gr id? of the f l i p - f l o p s being connected through a diode mixer to an 

P~L-C pe:iker s t age . The connections a re arranged so tha t -lushliig an;r 

button cuts off the R-L-C peaker, producing a posi ,ive pu l se , 'ihe 

other set of f l i p - f l o p g r ids ire connected to the :onversion matl ix 

to set u.p the binary d i g i t s of the decimal in teger i„ 
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Besides requiring many tube3 arid c i r ;u i t components, the 

flip-flop stages vore not alvaye stable under tlia severe operating 

conditions. The bade resistance of the germanluia-dic de mixer circuits 

produced a heavy load on the flip-flon tfrid c i r c i i t s . This loading, 

plus the long length of grid leads that were nec93saiy, mads the 

flip-flop operation er ra t ic . 

The flip-flop c i rcui ts connected to the rush-button vere 

discarded in favor of a simpler circuit composed of two gas-filled 

thyratons shown in B-3O58O, page 37. One side of al l the normally 

open contacts of the push-buttons is connected to a positive potential 

of about twenty vol ts . The other terminals of the contacts are' 

connected through a diode mixer to the ,?rid of g»s tube VI, Thare 

i t also a parallel set of connections to these tsrmir.als that goes 

to diode mixers in th' conversion matrix. These coMiecLions to the 

matrix normally provide a negative bias of about thir ty volts, 30 

(AM the gas-tube grid voltage is below firing potential . A. negative 

bias on the ehield grid makes the firing poirt of the cont r lgr ld e. ' 

positive potential of about eighteen volts. The ao really closed 

contacts of the push-buttons are connected in a series circuit that 

pernlts the charging of a 0-01 microfarad capacitor 1.0 a positive 

ootentlal of lej0 volts . 

Pushing any button breaks the chexging c.rcuit, temporarily 

leaving the c-ioacitor with a net charge. When the bottom contact of 

tho switch I s closed, the control grid of the gas tu'ie i s connectec1 

to a positive, twenty volt potential, and the tube f i res , discharging 
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the capac i to r . The discharge produces a ooe i t lvp waveform across the 

cathode r e s i s t o r that has a sharply r i s i n g front; aid an exponential 

t r a i l - o f f . When the condenser voltage drops below a c r i t i c a l po in t , 

the tube Roes ou t . The c i r c u i t canno'; be operated again u n t i l t h e 

push-button i s r e l e sed and th r condenser has v,f.Ef to rechar,;e, there-' 

fore only one pulse may be produced for each push of & but ton. 

The output pulse of t h e f l r s t gas tube does not have the 

correct amplitude or waveshape to act as a c lear ing nulee for the 

r e g i s t e r f l i p - f l o p s . I t serves t o f i r e the second thyi>utrcm which 

has a milse-forming network in l t s p l a t f - c i r c u i t . The netv-o'rk con

s i s t s of a small capaci tor , an inductor, and the s t ray p la te- to-ground 

capacitance of the tube . Such a p i - type network my be fonsidersd as 

a section of an a r t i f i c i a l transmission l i n e . I t i s normall: ' charged 

up through a r e s i s t o r to the 150-volt sup-oly p o t e n t i a l . When the 

wavefront from the f i r s t gas tube f i r e s the second tube, thf network 

in discharged, producing a s ing le pos i t ive oulse across the jathode 

i eeli.-tor. The pulse i s about 0.2'j> mlnrosecondn wide a t the base, and 

the amplitude of the outnut may be adjusted by means of the 

CLEAR-PULSE AMPLITUDE potentiometer. This second ?;a8 tube c i r c u i t 

could not be operated d i r e c t l y from t h e cush-buttoDs because the 

storage capac i tors are so small they i>ould losn t h e i r etored charge 

through s t ray leakage during the time of ouBh-button t r a v e l . The 

cathode r e s i s t o r i s returned to a negative biao so tha t the output 

may be d i r e c t l y coupled to the r e g i s t e r f l l o - f l o p e t rge s . 
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Conversion Matrix 

The conversion circui ts to change the decimal Integers Into 

their binary components are also shown la B-3C58O, pace 37i and con

sis t of four diode mixers to prevent Interaction betvoen the 

push-button c i rcu i t s , and four gate tubes (coincidence mixers) to 

act as reading c i r cu i t s . Each gate tube represents a binary digit 

and the output of each stage is connected to the delay input of the 

flip-flop in the regis ter representing the particular" binary digi t . 

The normally open contact of each push-but.on is connected 

through geraaniia diodes to the grid clrcuito of the gate tubes repre

senting the binary components of the particuler decini-1 integer. 

For example, the number seven push-button is connected to the 2 , 

2 1 , and 2 s gate tube grid circuits (7 = 2° + 21 + 22), 

1 When a button is depressed, t.'ie grids Df tl e associated 

gate tubes are turned on by the positive potential supplies through 

the wish-button contacts. After three time units (k.h microseconds), 

the gate tubes that have their control grids positive, transmit their 

digi ts into the regis ter when the digit }»uloe eudlenl; cute off the 

plate current by means of the suppressor grid. 

The potential applied to the control grldo cf the gate tubes 

i s connected through series resis tors so that grid current prevents 

the grids from being driven appreciably posit ive. The grid-return 

resis tors are connected to a source of m'̂ nus th i r ty vei ls bias to 

keep the tubee normally cut off. The grid-return resis tors hav-j a 

low value so that when adjacent gate tubi;s are turned on, the back 
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ras i s t ance of the diodes in the mixer c i r c u i t e w i l l r : t r a i s e the bias 

of a non-energized stage above cut-off =, 

I t i s e s sen t i a l tha t the corroct gate tubei have t h e i r gr id 

voltages pos i t ive U.5 microseconds a f t e r the push-button f i r e s the 

g-ao tube that generates the c lear ing puloe. If no precaution wore 

taken, i t I s poss ib le for the push-button t o ,nak« an In termi t tent 

contact th-tt would f i r e the gas tube, yet permit the s a t e tube f-rids 

to be biased off h.5 microseconds l a t e r vihen the d i g i t pu is* i s 

supposed to read the d i g i t s from the ga te tub«3. To overcome t h i s 

d i f f i cu l ty , a capacitor i s connected from each ouiih-button contect 

to ground, and the f i r i n g point of the gr.s tubs purposely adjusted so 

that i t i s about eighteen vo l t s p o s i t i v e . The punh-tfUton contect nust 

be made long enough (about twenty microseconds) to charge the oapasi tor 

up to the f i r i n g vol tage of the gas tube . Even If tha contacts open 

at the ins t an t the tubs f i r e s , the time constant of tii3 condenser 

discharge la la rge enough so that the p o t e n t i a l of the condenser wi l l 

s t i l l be pos i t i ve H.5 microseconds l a t e r . 

Reading-pulne Generation 

The waveshape requirement on the reading pulse i s that i t 

should r i s e slowly and have an abrupt drop. The r i s e nay s t a r t at any 

time af ter the c lea r ing pulse and the drop should occu:- two time u n i t s 

(3«0 microseconds) a f t e r the clearing pu l se . The c i r c u i t to generate 

thiB pulse i s shown in block form in A-3O5SI, page Ul, and In de t a i l In 

B-30582, page h2. i t cons i s t s of a f l i p - f l o p end dela;- stage that In 

used to generate a g.--te three microseconds long, a sav/1 ooth generator 

control led by the gate , and a cathode fol lovor output utage. 
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The flip-flop, v/hich 1B nora&lly in the tero position, 1B 

triggered Into the one position by the cl^arinp pulte. The clearing 

pulse i» also applied to a dolay stage. After three microseconds, the 

delayed clearing pulte 1B delivered to the oppo3itf side of the 

fl ip-flop, reset t ing the flip-flop to ;he zero position. Tho whole 

operation produces a negative, threo-mlcrc second gfte that 1;; applied 

to the sawtooth generator. 

The sawtooth generator i3 a triode with i hif,h value of 

resistance in series with the plate, "he tube i s ncrmally conducting 

unti l the gate from the flip-flop cuts i t off. Wbtn this occurs, the 

stray plate-to-ground capacitance in charged by current from ?.he plate 

res is tor . The platr voltage therefore r ises towards the supply voltage 

exponentially, Beforp i t r ises by nor.; than about forty y i l t s , the 

throe-microsecond gate ceases and the .ow reels;anc; of the tube dis

charges the stray capacitance quickly, causing .in r.trupt fa l l in the 

plate voltage. The amplitude of the sawtooth t.'iai is produced is con

trolled by resistance of the SAWTOOTH AMPLITUDE rheostat which varies 

the time constant of the exponential r i se . 

The sawtooth is capacitively coupled to t. triode-oonnected 

&AQ5 cathode folio vnr» This relatively high-per/narce tube WF.S 

necesnary to feed the combined peralle* lead of a 1,000-ohm i.elay line, 

a 1,000-ohm outout cable for a -ooesibli additional chassis, fwid the 

supreosor ftrlds of al l the gf.tr tubes. Because thr suppresses grid; 

are diriven positive, they form an appreciable Load. 
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When the CLEAH push-button i s depressed, compllcations a r iee , 

because the CLEAR button grounds the c lear lng-pulsa bus. The operation 

leaves the gate-gene ra t ing f l i p - f l op in the one pos i t ion unlssa a rese t 

method i s provided. To perform the r e se t , the normally closed contacts 

of the CLKAfi button are wired BO tha t they produce i p o s i t i v e pulns 

when the button i s released, which i s applied to t h ; f l i p - f l o p . 

Digi t -pulse Circuit 

The digi t pulse to read the ga te tubes of the conversion matrix 

has no requirement on shape except th«.t i t must suddenly cut off the 

suppressor g r ids one t ime-unit (1 .5 microseconds) r . ' t e r the end of the 

reading pu lse . For convenience, the d ig i t pulee i s formed by deifying the 

reading puis'- through 1.5 microseconds of delay l i n e terminated Ji 

I t s c h a r a c t e r i s t i c impedance. No simple me&ns of using delay-l int ' 

r e f l ec t i ons to shorten the required l i n e being ava i l ab le , the 

t h i r t y - fou r Inches of delay l i n e were used directly. , 
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CHAPTER VI 

Construction and Operation 

The Completed Unit 

The block diagram of the whole unit i s e'low. in C-303081 

page 1+6, and shows how the basic parts of thn convex-tor are inter

connected. The complete schematic diagram shown in E- O5S3, page ^7, 

has the c ircu i t s placed in approximately ohe same arrangement as the 

block diagram. Five complete reg is ter stages wore "suiit, plus a 

sixth f l ip - f l op that had no associated gaie-peaker jtafe. 

The entire unit , exclusive of power supplier., was built on 

a 13 by 17-lnch chass is . Photographs are shown on -jages Ug through 

53- The chassis contains a set of input push-buttons, complete 

c ircuits to perform the declmal-to-binary conversion, neon bulbs to 

Indicate the converted number, coaxial output Jack3 foi connections 

to a chassis containing additional reg is ter stages, and a plug to 

oonnect a remote keyboard and neon-light un i t . Th<i ccrxial outputs 

are designed for use with type BG-65/U, 1,000-ohm cabli that may be 

terminated In i t s character is t ic impediinca when connected to an 

additional register chassis . 

The elimination of the f l i p - f l o p s associated with the 

push-button In favor of the gas-tube c i r c u i t s accounts for the ten 

empty tube sockets on the chassis . At sone future date some of these 

f l ip- f lops may be converted into additional reg is ter stages, so 

they vere l e f t intact . 
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No special precautions were ta'cen In wiring: of the chassis* 

In general, a l l circuit components except series grid res is tors and 

delay l ines were mounted on terminal boards and leads loanected 

from the boards to the tube sockets. The germanium crystal diodes vere 

mounted as far as possible from power-dissipating res i s tors , and care 

was used in soldering to preveat damage to these unit B by overheating. 

In i t i a l Adjustment and Testing 

Before the chassis i s i n i t i a l l y put into op< ration, there 

are certain adjustments that mu9t be made. These are Bade by means 

of screwdriver controls that generally require l i t t l e j.tlention after 

the In i t ia l se t t ings unless supply voltages fluctuate or tubes are 

changed. Simple checks, described later , may easi ly be made to 

determine i f the c ircu i t s are functioning correctly. 

Three d-c power supply voltages are neceseiry to supply the 

chassis, 

+150 vo l t s at 275 mllliaaperes 

+ 50 vo l t s at 100 milliamperes 

-l^O vo l t s at 100 milliamperes 

from regulated supplies. An a-c supply of 6.3 vo l t s e\ about 7.2 amperes 

ia required for the tube heaters. The power connections are made 

through a plug on the chassis . Other equlpmont desirc.ble for i n i t i a l 

test ing should include a synchroscope, d-c voltmeter, tnd a pulse 

source. The pulse source i s used to f ire the pulse-forming gas tube 

at a continuous rate for convenience in observing sfcef.cy-state 

c ircuit operation. The requirements on such a pulse ;curce are not 
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•very rigid, almost a n y shape of p o s i t i v e pu lse that i s not t o o long 

•with respect to t h e repet i t ion period and has a repet i t ion frequency 

o f less than about t w o thousand cycles p e r second is l u f f i e l a n t . 

One of t h e f i rs t adjustments t o be made Is the GAS TUBE 

BIAS control. T h i s adjustment detenolnoa the firing p o t e n t i a l of the 

f i r s t gas tube and should be adjustod BO t h a t ohe f i r ing p o i n t of the 

t u b e is as high a a poas ib le . One of t h e bes t Methods of making the 

adjustment makes u s e of the osci l loscope by connecting I t noroea ';ne 

cathode resistor o f VI to observe any t r i g g e r produced. S t a r t v i th 

maximum bias and r e p e a t e d l y depress pu . s i -bu t ton number one. Keep 

decreasing the b i a a un t i l the t r i gge r i e observed on the osc i l loscope 

when the button i s depressed. Repeat t h i s operation *5 t,h t h e nino 

o t h e r integer push-fcut tone, continuously decreasing the ">ias i f a 

push-button f a l l s t o in i t ia te a t r i g g e r . The biaa i s nov ad jus t ed 

correctly and need o n l y be readjusted f o r gae-tubo replacement . 

The FLIP-FLOP BIAS con t ro l s t h e bias of the . r i g g e r s aoplltd 

t o the fl ip-flops, a n d therefore i s an i n d i r e c t control on t h e 

effective t r igger ampl i tude . I t normal ly should be sat N t h a t the 

h i a e is -7-5 v o l t s . 

The - 6 VOLT BIAS controls t h e b ias on the d?:.ay s t ages and 

i s therefore the m o s t direct control on t h e trigger anpl. t u d e e . I t 

i e normally a d j u s t e d for a voltage of - 6 , 6 ' v o l t s , however, s l i g h t 

deviations in t ube charac ter i s t ics may r e q u i r e a slight 1 djustment of 

t h i s voltage for b e a t operation. 
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The remaining adjustment e and checking are simplif iod by 

using the puis? source so that the actions of the circuits mey be 

observed on the synchroscope. The pulse source BhoxLd be connected 

to the grid circuit of gas tube 72 In some manner so th.it the gaa tube 

I s f i r e d at a continuous rate . The eract connection depends eo tauch 

upon the source Impedance and the puloe amplitude, no standard may be 

M t . 

Vfhen the gas tube Is f ir ing correctly, ihe GLEBING PULSE 

AMPLITUDE control should be adjusted so that tht ol.aarlng pulse r i s e s 

one or two volts pofiltlve with respect to ground.. If the 

gate-gentratlng f l i p - f l o p , V9, l e operating correctly, It should oe 

poss ib l e to observe the sawtooth shape of the reading pulse at the 

suppressor terminal of any of the gato-peaker stages, 

A convenient check may be nade at t h i s point to determine 

If the whole chassis I s working correctly. Puukln<! any one of ths 

Integer push-buttons while the gas tube circuits, are being pulsed 

at a continuous rate g i v e s the sane ef fect as pv.shiig the button 

many times with the c i r c u i t working normally. This corresponds to 

entering a decimal number that has al l d i g i t s a l ike Booauee the 

l a s t n d ig i t s of a decimal cumber determine the last n d ig i t s of ;he 

equivalent binary number, pushing a singlo integer button s ix timoa 

w i l l set up a pattern on the s ix l i gh t s that wi l l -amain the same 

regardless of hj* any more times the same button .a depressed. 

The came pattern i s obtained If the buttor i s pushed while the gas 

I 
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tube i s being f i r ed by the puis source. The coivect p a t t e r n s ere 

as follows* 

Integ3r P a t t e r n 

0 00OO00 

1 000M1 

2 001110 

3 010:01 

U 011100 

5 . lOOoii 

6 101010 

7 l i c o o i 

8 1 1 : OOO 

9 m i l l , 

Tf t h e c i r c u i t does not produce the s."'ive p a t t e r n s ex the 

giren d ig i t button la pus'aed, i t wil l be neceseaiy to adJuBt the 

SAWTOOTH AMPLITUDE and -6 VOLT BIAS controls tq g»;t the t r i gge r s at 

the correct amplitude to operate the f l i p - f l o p s . :.'ae SAWTOOTH 

AMPLITUDE control i s used to adjust the adding pu l i e s from the p l a t e 

c i r c u i t s of the gato-peakor s tages to the same size is tha carry-

pulses from the screen c i r c u i t s of thsse s t r e s s . 9 he -6 VOLT BIAS 

control changes the amplitude of a l l t r i g g e r s coming from a delay 

s tage. 

If the c i r c u i t s did not produce t h e 00 -rect p a t t e r n s on the 

i n i t i a l attempt, i t i s best to concentrate on one p a r t i c u l a r pa t t e rn 

for adjust ing purooees. I t i s then poss ib le t o ch<<ek pulse amplitudes 
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and f l ip - f lop operation to determine tho maladjustment. In observing 

f l ip - f l op operation, It la usually best to put a imall capacitor of 

about f ive micromicrofarads in serieB with the osci l loscope prote 

to prevent disturbance of the circuit operation. However, when the 

c i rcu i t s have been correctly adjusted, a probe of twelve micro-

microfarads capacitance usually produces no i l l e f fects on the 

operation. 

Drawing A-3O581*, page 59 • shove the wweforms that exc pro

duced at the p lates of the f l ip - f lops and their trigger input 

terminals when the number one button i s depressed. Unless there la a 

defective circuit component, an adjustment of the SAWTOOTH AMPLITUDE 

control to equalise the s izes of the adding end carry pulses , ard 

the -6 VOLT BIAS control to make them the correcV. amplitude, w i l l 

•eke a l l the f l ip - f l ops operate correctly. Similar waveforms mty be 

figured out for the other fixed patterns, but when the adjustments 

have been made so that the circuit works correctly for one pattnrn, 

i t usually operates sa t i s fac tor i ly for the others. 

When the c i r c u i t s appear to work correctly while being 

continuously pulsed, the f inal check i s made br disconnecting the 

TJUISP source and pushing the buttons. ?ho correct; pattern should be 

formed after juahing a button s ix times and should not change by 

additional pushing. If t h i s t e s t checks correctly for a l l the 

Integer puah-buttona, then the entire c i r c u i t i s working sa t i s fac tor i l y . 
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CHAPTEB VII 

Summary of Results 

The completed unit demonstrates that the principle of 

operation of t h i s type of decimal-to-binary converter i s sound. 

The system makes use of a ten-key type of keyboard which inherently 

has a higher speed of operation than the a i tr ir - type of keyboard. 

The keyboard wiring i s simple, making i t possible to add contact 3 to 

a standard adding-machine keyboard so that the input numbers could be 

recorded. The length of a connecting eable i s no, c r i t i c a l , per

mitting the keyboard to be operated from a location separated fr>>m the 

conversion unit . 

Although relay c ircu i t s could be d€siloed to perform the 

operations required In th i s type of conversion system, e lectronic 

c i r c u i t s Possess advantages. With the particular c i r c u i t s thai were 

designed, the time of operation of the c ircuite i s neg l ig ib le when 

compared to the possible time of operation of the ceyboard. The 

type of carry system that was used required ar. additional unit o:f time 

for the circuit to complete i t s operation for each addition blnaiT 

d i g i t . With these electronic c i rcu i t s , several thousand binary 

d i g i t s could be used before the time of c ircuit operation would begin 

to become comparable with keyboard operation time. If re lays ware 

used, a high-speed tjnoe of carry system would be necessary for the 

system to possess any prac t i caUlHy. Th* o".scfcrj nlO e lroul ta ^r« 
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eas i ly adaptable to use with an inmit data system ;hat possesses a 

very much higher operating speed than a keyboard. In i t s present 

form, the unit requires nine tubes in the in l t ia t i ' ig and conversion 

c ircui t s , and two and one-half tubes (uBlnt; twin d i o d e s ) for each 

binary digit in the register stage. It i s doubtful i f relay c ircui ts 

could be built to occupy l e s s space. 

It was known from the start of thle project that thin 

particular system would not handle the conversion >f any s o b e r s 

that had d i g i t s to the right of the decimal point. It was f e l t that 

If numbers of such a nature had to be used, they aould be multiplied 

by appropriate powers of ten used as scale factors to shift a l l d ig i t s 

to the l e f t of the decimal point. 

Although the c ircui t s that were desipiod for the unit work 

sat i s factor i ly , they do not necessari ly represent ;he ultimata in 

design. They do demonstrate that the detailed block diagram of the 

system i s sat i s factory . Most of the t e s t ing was done using 

e lectronical ly regulated power supplies as power sources. Testa 

using unregulated supplies were not sat isfactory because the fluctu

ations of the partlcualr supply vol tages used wera Independent of 

each other. It i s believed that the c i rcu i t s can *)e made to 

operate from unregulated supplies i f changes in tho a-c l ine voltage 

produce proportional changes in each of iho three <l-c supply voltages. 

One of tho chief causes of unsatisfactory operation before 

correct adjustment was due to the fact that the f l .p-flop stageo are 

sensit ive to tr igger amplitude. This I s not a new problem in their 
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design and a satisfactory solution la s t i l l beLii^ sought by several 

other groups working In the field of electronic cc puters. One 

fiolution is to use an additional stage of amplL'ic; tlon for the 

triggers that would have a limiting effect ani would tend to keep 

the trigger output a constant amplitude. Such a, rrlutlon requires 

additional components for each stage in the register and the added 

complexity Is not Just if iable. The author bellover that additional 

experimentation with the flip-flop parameters i/ill provide a sat is

factory solution for this particular amplication. 

Although this theels presents a possible solution to the 

problem of converting decimal numbers containing vhole digits (no 

digits to right of decimal point) to their equivalent binary 

number, work s t i l l remaint to design a system the-t will handle sny 

kind of a decimal number. In addition, there it 111 is the problem 

of designing a satisfactory system to convert binary numbers 

(Including those with digi ts to the right of tin >:'nary point) Into 

their decimal equivalents. 
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APrEMDIX 

Representation of numbers 

The decimal system u t l l i z e e ten as the number .base find 

therefore has ten d i g i t s (0 , 1, . . . 9 ) . Each placo in a deci\nal 

number represents a power of ten ; the d ig i t In a p a r t i c u l a r plfit.u 

t e l l e how many of that p a r t i c u l a r power of ten are present.. For 

example: 

kZO.jk • kxlO2
 T 2X101 + 0x10° * jixlO" • 4 UxlO-2 

The binary system la used in a alraila' manner, except 

two I s the number base, requi r ing only two d i g i t s 0, 1 ) . For 

example! 

Binary 101.11 S l x 2 2 f 0x2X 4 1x2° + 1x2** { lx2~ 2 

Decimal to 31nary Conversion 

One of the moat obvious methodr. of converting a decimal 

number to i t s binary equivalent i s to extract pow' "8 of two from 

the number, therefore f inding the binary components. For example* 

Decimal number SU 

ex t rac t 2 b 

ex t rac t 2^ 

ex t rac t 2 2 

6U 

-fr 
• 4 

u 
o ' 

Therefore, Sk • 2 b
T 2% 2 2 , and the binary equlvaj >nt i s 1010100. 
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A simpler system starts by dividing ti:e decimal numbsr by 

two and noting i f there i s a remainder. If a remainder i s 'present, 

i t Indic.iteD that there i s a 2 component Ln the number (the nu. .:r 

i s odd). I f such i s the case, a 1 la written &e . ie right-hand 

digit of the equivalent binary number. Ths dividend of the f ir3t 

operation i s divided by two and the remainder cf ;.lis division 

(0 or l ) I s used as the next binary digi t . This second division i s 

the equivalent of dividing the original number by 2 , and a re

mainder of 1 indicates that there i s a 2 component ln the numbs:'. 

By continuing the process, that i e , dividing the -esult of each 

previous divis ion by 2 and noting the remainders, the complete 

binary equivalent of the decimal number cai be found. Here i s a i 

example of the method, 

Div i s ions Remainders 

0 

0 

1 

0 

1 

0 

2) 1_ 1 

0 

As before, the binary equivalent of iA is 1010100. 

2) 

2) 

2) 

2) 

2) 

2) 

Sk 

U2 

21 

10 

5 

2 
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Addition 

The process of addi t ion in the binary system 1B ill r 

to th t used in the decimal system, that I s , when the sum of two 

d i g i t s I s g rea t e r than the l a r g e s t in teger , a carry i s added to the 

nert column. For example; 

Binary Addition Table 

0 ) 0 = 0 n o ; i 

0 + 1 : 1 l f i - i o 

Sample Addition 

Decimal Binary 

CarrleB 11 11111 11 

• 
Addend 886 = 1101110110 
Addend 7^3 = 1011100111 
Sam lb2§ = 11001011101 

The same type of reasoning may be aopllod to the processes 

oi' multiplication and division In the binary fiystoa. In each cass 

;he actuaj. process being a simpler operation In the binary systen 

then the decimal system. 
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AHSTRf.CT 

Thin paoer ou t l ines nvnral methods th.^t can be used to convert 
shaft r o t a t i o n a l r-opitiion t>> b inr ry nunbor,, Since aconoiy of equionent 
renuires th." t one conversion ur.it 3arvi> for several shaf t s , s e l e c i i v e 
e lec t ron ic switching la nec-jasary,. Several of the suggested conroonsnte 
are dencribed in some detail . „ A a»tho<. by which shaft ro ta t ion i s neacu^'od 
in torite of the freoueady o:" a va r l ab l ' o s c i l l a t o r s w e a r s to bn tho nest 
promising a w r o a c h . 

Some considerat ion i r given t l so to tho converse ^robl^m of 
converting r- b ine ry nuaber \o ea e l e c t r i c a l magnitude,, 

IKJSOJXTCTICH 

The Whirlwind d i g i t a l comnut; r must receive Input informs ; ion 
from the ro t e t l onp l poait ior . of mechanical s h a f t s . The ana:fts can ">e grouped 
for convenience into two tyres accordir<: to th? degree of subdivision required 
of the assoc ia ted information. The f i re -subdiv is ion tyne requ i res output 
numbers that a re smooth to ] pa r t in 1C00 to 5000, whila th> conraa-oub-
div is ion type requi res a ma? iium subdivision of 1 pa r t in 100 to 500,. The 
f ine-subdiv is ion shafts a re subject to high v e l o c i t i a e and acce l e ra t ion ; the 
coarse-subdivis ion shaf t s a i e moved r e l ! t lve ly slowly. Tne fine-3ul>diviiion 
type can t o l e r a t e some dr i f t in zero pos i t ion and ca l ib ra t ion alone whi 
s t ab le c a l i b r a t i o n maybe dtsir.'i'ole :"or the coarse-subdivIs .on type Th:.s 
c l a s s i f i c a t i o n i s somev/hat e i t l f i c i a l t u t i s useful in any oonaider-i.tion of 
poss ib le methods. There may be a t o t a l of some 48 diff<?ren; coarse-subdf.Ti lor, 
shafts and 8 f ine-3ubdivls ien shafts.. 

The parameters aaeoci.'.ted with the shafts nust be furnishnd to the 
computer in b inary number fcrm„ Thie r snor t i s concerned ch ie f ly vi th 
devices tha t can convert shaft o03ltion into binary number 

In view of the la rge number of shafts involved I t i s des i rab le that 
many shafts share the same conversion BB.it on the bas i s of Mequonce or other 
su i tab le con t ro l l ed switching., The mir ier of conversion uni te required and 
the maximum time that can be a l l o t t e d for a conversion nuiit bo such tha t oack 
parameter can be road every l /20 second.- If there ie to be j u a t ODJI coar? ' 
subdivision u n i t , the maximum time nor conversion should not exceed 1 mill!-, 
second,, 2„5 mil l iseconds has bien chop an t e n t a t i v e l y a;j ;hc corresponds 
time for a f ine-subdiv is ion con-rersion . One sec t ion of th le report considers 
the p o s s i b l l i t " of much highsr oonveraion speeds . 

The "orlmnry Information sources considered Include mechanical ^wite'i 
contac ts , a va r i ab le frequensy s ignal and d-c p o t e n t i a l s . I'reblema associated 
with mult iple-speed data a r e a l "0 Inves t iga ted , The punx>sr of the r/noort 1 | 
to make a pre l iminary study of iheae dl Ti'eren t pos«ibl« conversion nethocUi.. 
The study ou t l i ne s and describes design reouirMMBta and rurvnats ncsaiblo 
solu t ions for the assoc ia ted conponents> Ideao tha t mlfht t o s a i b l e orove 
useful hr.ve been included ev:»n though th ry do not appear to be immediately 
awl icable- - The l a s t sect ion mnlcea apeoific suggostlonr foi the next a^erca 
In the necessary develooraent, r,he outp'it conversion prcblenia a re c lose ly 
s imi lar to the Input requirements and o:ie sect ion of t h i s repor t la concerned 
with the t r a n s i t i o n fro^i binary number .0 e l e c t r i c a l magnitude. 

J:age 
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itscHAHiCAi cotmra 

This proposal in-olves ';hc use of brush contacts or cam- >t>era ted 
l*af swi tches . I t i s a m i cable only to coarse-rm't'divlsio'-t shaf t s and 
should not be extended to (Iv'e numbers grea ter ther. 128 or ?56 a t ;ha very 
most. The maximum annec o: the cont ro l s must be sria.ll and changes infre-
nuent. 

One such arrange: ents in shewn echomatlcf.lly l a f igure 1 ; Sight 
binary d i g i t s (0 to 268) aj e nrovided by eight cam-onera ted switchos. The 
cam discs a re mounted in se ts of four on two sha f t s . (Those disci ' are 
shown above the urmer carr j -over 'oinion in Figure 1- The nwitches have 
been omitted froii the drawing),, The f i r s t shaft acvancei the switches 16 
d i g i t s T>er revolution* The second shaft I s couolec to the f i r s t by a 
mechanical carry-over olnicn aid adranoes l / l 6 t h tvrn each revolut ion of 
the f i r s t s h a f t . ''Tille thf se;ond shaft Is in motion i t moves a t <he same 
soeed an the f i r s t shaf t . 

The c i r c u i t lOhoHttlO i s ehovn in Figure 2« The outwit i.ides of 
corresponding d i g i t switch*s of d i f f e ren t oarimetere a re connected to a 
common d i g i t l i ne which lea i s so a ga t j tube.. The inout s ides of s l l d i g i t 
switches for one parameter i r e connected together to » l i n e from ar e lec 
t ronic s e l ec t i on switch- I i order to :oad a number, the e lec t ronic switch 
lg set to the desired Daran ate:;, a g a t i oulse i s a-^olied simultanecusly to 
a l l d i g i t switches for th is na-ameter, and a clock nulse, t ranrmi t tnd through 
the gate t ubes , then reads the nurber '.nto the bus . 

Actual ly , to avo i i ambiguity a t the t r ans i t i on edges, twr sets of 
switches a re needed. In Fi :uro 1 theso are denoted Set A aid Set I , Set B 
dupl icates switches 2* to 2 7 inc lus ive of Set A; th<? 2° siwl tch i s ro t dur>-
l lca ted . All ctms B are ili,<;ned with each oth»r ^nd dis~ laced one d ig i t 
In ohase from the corresPon lln;: cams Of A„ All cams A 2^ to 2 ' a re al iened with 
each o ther . Cam 2° i s dlsn.acfid one-h;.lf d i g i t fron the other cams of Set A. 
This ohaelnr i s shown in Fl ;urf 3 (camn 2" to 27 omnitted) ,. The mechanic.:, 
carry-over for B switches 2 to 27 raus', a l so be dlaolaced 1 d i g i t in nhase 
The schematic for the coma :tlc>ns for each wramete- i s ?hown in f igure 4„ 
In t h i s vay, the numbers ad -anc e only f t the t r ans i t i ons of the 2° switch. 

Mo readings are T)>ss!bl" during the fljr-oror tlm" of switch 2 ° . 
If the t o t a l f ly-over time -eoresents fny s igni f icant f rac t ion of the to t a l 
operation t ime, t h i s switch shculd be f f l i n - f lop control led by a brush 
contac t , or e l s e o t h T n)»th'ds should ba used. 

The method has thf ac'vantager of T>prmanen<:y of c a l i b r a t i o n , l i n e a r i t y ; 
ease of t e s t i n g and, ->ospib y nost lrapcrtant of a l l p o t e n t i a l l y hi ;h reading 
speed. The u n i t nrobaTily c< ulc be designed quite compactly,, T>artlc i l a r ly i f 
brush contac ts were usod. "he disadvartages consls ;of the l im i t a t i ons already 
mentioned, and present uncer ta in ty wlt'r reapect to fiwltch l i f e and rel ia 'ol l i t j r , 
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Here shaft -oosltLon con t ro l - the freouen:y of a v a r i a b l e -
freouency o s c i l l a t o r 0 The conversion u n i t cons is t? of switching arrange
ments, • fixed c rys ta l o s c i l l a t o r , nul =e-forming c i r c u i t s , and two 
counters . One counter receives varirl>le-freouency pulses corresponding 
to a v r t i c u l a r shaft nos i i i on ; the o ,her counter receives the f ixed-
ireauency c rys ta l o sc i l l n t> r pulr.es. The w-raupti>'* i s re"^ In to the corn-
outer bus fron one of the :ouriters. 

There are four d i f fe ren t arrangements f o - obta in ing the number . 
These well be ca l led A, B, C, and D. Methods A end B time a fixed number 
of variable-frequency p u l s i s , the oarr meter beinf -ead from the clock oulse 
counter . Methods C and D :ount the miKbar of var iable-frequency pulses in 
a fixed time i n t e r v a l , the oarameter ihen being read from ohe va r i ab le -
frecuency counter,. In met lods A and I) the rjaramet»r numbpr decreases with 
increasing numbers of counts* In methods B and C ;he parameter nunber 
Increases with increasing lumbers of counts^ Thesis four arrangements have 
d i f ferent l i n e a r i t y , s tab l . l t y , and time charac te r . s t l c so Methods A and B 
reouire a clock m l s e ra te which is h igher in frequency than the var iable 
frequency, while with methids C and Dt the var iab le frequency i s higher-
The r e l a t i o n s between the leveral v a r i a b l e s lnvolvod are der ived l a the 
following s ec t i on . 

la Fundamental relations 

Method A 

Let r = number of va r iab le nul«e In te rna l s being timed - a constant-

f = vnriab e •oulsa frfouency. 

fc
 B clock mlse freou?ncy. 

n = t o t a l i.umber of clock TJUISOS counted. 

n0 - maxlmu.1 number of clock oulseo counted. 

N • Tjarame er number. 

f = time r> auired for the count - f. v a r i a b l e . 

r n Then N • n 0 - n no a con-^tint, n n d ' T - 7 = '— f t^ 

Let k = tuning range f a c t o r , i . o , , fnB:: • k f m j . a . Sumose a lso 
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thet r v?riaT)lfi cycles can lie timed to a precision of r̂ where fe In a 

fmot ion of a va r iab le cyclic If the -.aximuri uncer tPlnty in aiming i s 

to be no g rea te r than l / 2 i. clock pu l t a interval ( i c e „ 1/2 d ig i t ) >hen 

But 

% - i -
f m i n ~ 2 f c 

f min " 

"n:o : 

W 

teffl 

rf 
c 

' mln 

max 

-

f 
c ( 1 

r f , . 

'mix 

1, 

Also r - >f f_,_ 
'max win 

"' (i - h 
fnin 

ing tne seme, ant 

The results listed In colum A of Table 1 follow directly from 

these relatione* 

Method B 

In this case n0 = the nlnlmurj number of clock Dulses counted, nil 

the other diflnitlons being the same, and 

N • n 

The r e s u l t s a re s imi lar (or I d e n t i c a l ) to thp orevious case and ar« l i s t e d 

In colunn B of Table 1. 

Method C 

For t h l e casr- l e t 

r = the number of clock pu lses used for timing - a cons tan t . 

n - number of variable rrulseo counted 

n 0 - minimum number of vpriabli? pulses counted. 

n a n - n0 pammeter numbev 

* - time of counting, c o n i t a ' i t . 
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Suppose ao bei'ore th^t r clock cycles can be timed to a precision 

of j where € lo a fraction of i clock nulse cycle.. If the maximum uncer-

tainty Introduced by the timing is 1/2 digit, then 

1 . -I 
^c ^max 

or fc = 2 f ^ also r • f f c 

and N , ^ * T f ^ (1 - jL) 

These relations lead to the values listed In columr. C of Table 1. 

Method D 

Hpre n0
 = the maximum number of varlablr Tmlses counted and 

I = nQ - n - no(l - J ). 

The results are listed in column Dc 

Reasonable values for K and € appear to te fc a 2, £ '•' l/lO (36 degree 

Comparison of methods 

Which of the four methods Is preferpble depends to some extent on the 

-liability characteristics of the oscillators. Assiminr; that all the oscillators 

associated with a single conversion unit are Identical and that uncertainty in 

frequency is due to a fix°d uncertainty dC in capacity. Method A la besto For 

1 
H = 0, dC causes "•> tines the percentage uncertainty in frequency that the 

same dC causes at. N = Nmax» Thus referring to tabls 1, column A, (dN)jj - Q 

1 . , 
- — (dN) , a reasonable result,. Each of tha other methods is less 

* H * Hmax 

favorable, D being worst, 
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On the other hand, i f ^£ i s constant ovor the tuning rpn£e, 
f 

methods B and C are ^ re fe rab le to A, B has tho r.dvj ntngo (ovor C) of having 

lower va r i ab l e frequencies,, for which $£• may ba nxm cted to have lower con3tnnt 

va lues . Actua l ly , however, — i s not l i k e l y to be s t r i c t l y constant over the 

tuning range, and Method C has tho advantage t h r t J'min l e a s soc ia ted with 

H - 0 where the uncer ta in ty dN should be small„ 

If a single conversion un i t has aesoc ia t rd with i t a fev t iarai^ters 

reouir ing l a rge Nnax end many -nararaeters requi r ing epor°ciftbly smaller N n a x t 

Method C has some advantages. Thud dC may be arvirojimately constant for any 

one o s c i l l a t o r but the dC for the small N ^ ^ o s c i l l a t o r s may be l a rge r than 

for the l a rge IWx o s c i l l a t o r s . 

S t a b i l i t y t e s t s of ac tua l o s c i l l a t o r s car. best decide the choice. 

From the po in t of view of the Tmlse-forming c i r c u i t s . I t awe-ears advantageous 

to have the va r i ab le iiulse ra te lower than the constant clock nulse rate.. 

There i s l i t t l e to choose between the four methods with r e spec t to the counting 

and reading problems, or l i n e a r i t y . 

Oneconsideration can be mentioned which r l aces an atmarent r e s t r i c t i o n 

on the minimum size of f_ ln< If a control I s changed very r a p i d l y , undesirable 

t r ans i en t s may be set un. Suunose a shaft i s turned through the whole tuning 

range in time t . Assuming that the ra te of chnnge of frequency Is constant , 

i t i s r ead i ly shown that the maximum f r ac t iona l chan?e In frequency In the tlw? 
(k-1) 

of one cycle Is . To r.vold transients this quantity should be much 
' fmln * 

smaller than i. of the oscillator* If t is of the jrder of 1/5 sec and fnln i9 

in kilocycles this requirement Is well fulfilled. 
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2 . Numrrlcal examolps 

Fine subdivis ion. Method A. 

SuTvnose 

> M = 5000 

Tmax 3 2 0 0 ° « 0 0 

I 5 MC nulse r a t e 

• 1 MC oul9e r a t e 

Pace 8 

Then 

mln 

f max = 2 MC 

r ~ 2000 

Train = lOCOM^ec. 

For H = 0 and dN = l / 2 

Allowable d r i f t 

Allowable f rac t iona l d r i f t 

For H = 5000 and dN • 1 

Allowable d r i f t 

k = 2 

C = 0 .1 

a 50 cycles 
1 

20000 

400 cycles 

Allowable f r ac t iona l d r i f t s 5000 

In order that the timing process sha l l no ; introduce an v-ncertiinty 

g rea te r than 1/2 d i g i t , counting gates accura te to l ' l O ^ s e c a re required* 

The clock counter must oo»rate with an innut milae r a t e of 5 MC The uncer

t a in ty of end-carry delay of the var iab le rmlse coun.er must be leas than l / lO 

,U_sec. The l ine between the control o s c i l l a t o r s and the converter must carry 

s inusoidal freauenclee between 1 and 2 MC, 
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Coaree subdivision Method A 

Take 

Uaax = 400 

= 400yu.Bec. 

Then 

fc = 2 MC pulse rate 

fata = 400 KC 

fnax = 800 KC 

r * 160 

Tmin • 200^860. 

For N = 0 and dK = l/2 

Allowable drift 

Allowable fractional drift 

dK For H = 400 and 

Allowable drift = 

Allowable fractional drift 

£ : t.l 

* J 50 cycles 

_ 1 
1600 ' 

- c000 cycles 

1 

~400" 

The timing process should not Introduce mcertaintles greater than 

1/4 >/sec 

Very coarse subdlv la lon High Speed - Method A 

Suppose 

NBBOt = 64 k = I 

^max " 2 6 ^ . s e c € = C , l 

Then 

fc • 

fmln = 

fmax = 

r « 

5 MC 

1 MC 

2 MC 

26 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



6345 
Report R-129 Page 10 

r B i n • W > * M C 

For N = 0 dN « l / 2 

Allowable dr i f t 

Allowable fractional dr i f t 

For H = 45 dN = 1/2 

Allowable dr i f t 

Allowable fractional dr i f t 

3.9 KC 

1 
25 6 

' 15.6 KC 
1_ 

128 

Timing must be accurate to l/lO > a o c 

Maximum over-all time ^ SO/^secs. 

Very coarse subdivision Small tuning range. Metnod A 

Suopose 

Nnax = 64 k = l.i 

** • 45>i.sec £ = 0,1 

Then 

*0 

^min 

'max 

r 

5 = 0 

• 

= 

= 

= 

5 MC 

1 MC 

1 . 4 MC 

45 

dN = 1/2 

Allowable drift 

Allowable fractional drift 

For N = 32 dN = l/2 

Allowable drift 

Allowable fractional drift 

= 2 . 3 KC 

1 
450 

A. l KC 

320 

The two very-coarse-subdivlsion examples ire useful in considering 

the p o s s i b i l i t i e s of multiple-speed data discussed l i another section 
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r min = U > * 9 e c 

For H = 0 dH « 1/2 

Allowable d r i f t - 3.9 KC 

1 Allowable f r ac t iona l d r i f t 

For N = 45 dH = l / 2 

356 

Allowable d r i f t = 1 5 . 6 KC 
1 

Allowable f r ac t i ona l d r i f t - — 

Timing must be accura te to 1/10 > s e c . 

Maximum over-al l time ^ SO^eecs . 

Very coarse subdivision Small tuning range . Hetiod A 

Svcopose 

*aax = 64 k « 1.4 

45 _n.eec £ - 0,1 

Then 

For 

u -
fmln = 

'max = 

r s 

K = 0 

Allowable 

Allowable 

5 MC 

1 MC 

1.4 MC 

45 

dH = 1/3 

drift 

fractional drift 

= 2.2 KC 

_ _ 1 _ 

450 

For H = 32 dH = l / 2 

Allowable d r i f t = A.\ KC 

1 
Allowable f r a c t i o n a l d r i f t 

323 

The two Tery-coarse-subdlvls lon examples \ re useful in considering 

the p o s s i b i l i t i e s of mult iple-speed data discussed l i anothnr section* 
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The odd values for r in these examples represent only typical 

minimums. Larger r values require highpr values fo - e i t h e r ffflin
 a n ^ ' c 

or for Tjauc. 

3o Block diagrams 

Figure 5 shows a block diagram of a complete f ine-subdiv is ion uni t 

assuming the constants of the f i r s t example and with switching provided for 

8 separate i n p u t s . 

Assume tha t I n i t i a l l y FF1, FF2, FF3 are a l l a t z e ro , so that CT2 

i s open hut GT1, GT3, and GT4 are c losed . Counter No„ 2 rends 96, the r e se t 

va lue , and Counter No« 2 has accumulated a value for N„ A read-out oulse i s 

rece ived. This t r i g g e r s FF No. 1, opening GT1. The next clock milse passes 

through GT1 and GT2, r e s e t s FF1, and reads N into th<» bus . After delay through 

DE3, counter No. 2 i s r e se t by the same t>ulse, 

Heceipt of N Is followed by an order s e t t i n g the se lec t ion switch 

to the next parameter to be read. The read- in tmlse from the bus se t s FF2-

The next var iable pulse r e se t s FF2, s e t t i n g Ttt and mening both GTS and GT4. 

Thus timing always s t a r t s a t a de f in i t e (and very small) time a f t e r a var iable 

t>ul=e. ^ 3 i s r e s e t , stoTming the count, by the fas t end-carry pulse from 

Counter 1 , 

CT2 and DE2 insure that Counter 2 i s not -ead u n t i l GT4 i s closed 

and complete carry-over has taken -nlace. If the scheduling of read-out nulses 

I s such that ample time i s always allowed for the count, FF1 and GT1 and GT2 

can be omitted or arranged instead to ooprate the alarm in case of incorrect 

timings 

DE5 must be su f f i c i en t ly long to allow fof switching t r a n s i e n t s . 
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Change of pulse rate may csuse a change In d-c rest"ring level: In the 

variable-freouency pulse sharing c i r c u i t s , and a consequent s l ight change 

in phase of the pulse with resoect to the pulse c y c l e , Investigation should 

he made tn see whether this phase change i s apnrecif ble and how rapidly i t 

becomes s tab i l i zed . If the required Xtt i s long, i'; nay he preferable to 

order the next se lect ion switch se t t ing before reading out the accumulated 

H. 

Figure 6 i s a block diagram of the fixed-frequency counter 2„ Unless 

the program scheduling requires groat economy cf t i n e , high-speed carry-over ia 

not necessary- The output gates are arranged to rend the complement number 

into the bu9 and switches are provided by which the i n i t i a l reset reading can 

be choaon, 

Although counter 2 may receive as many a:j 10,000 -nulses during a 

measuring period (where S • 0),o>-1y i» etSAMT 1 t in k\ vtaces a*'c rtsqui''eC,, l i the 

time required for end-carry through counter 1 i s 2/.">juaec (iaeladin*; any 

difference between the setting and reset t ing times of FP3 and thp associated 

gates ) , the correct In i t i a l reading for counter 2 la the binary equivalent of 

6381 % If H i s 1000 the counter receives 9002 w i s e s increment and thus reads 

6381 plus 9002 l e s s 8192 not Indicated, or 7191 * T.\e 9 's complement of this 

number Is 1000, which i s read Into the bus. The 81)2 not indicated doee not 

lead to ambiguity because the minimum reading at tha end of an accumulf.tion i s 

6381 * 5000(Nmax) f 2 = 11383, and i s thus alw.iys over 8192„ 

Figure 7 Is a corresponding diagram for counter 3 . High-speed 

end-carry Is e s s e n t i a l , Switches which control the reset value are con

venient in an cxnerlmental model but could be omitt»d from the f ina l deeign. 

The block diagrams for a coarse-subdivision unit would differ from 

Figs . 1, 2, and 3 only In the number of inputs to bs switched and in the numbers 

of stages ot the counters. 
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4„ Oaclllator 

Clearly the success of the method depends primarily on the design 

of the o s c i l l a t o r , The allowable drift requirements of the fine-subdivision 

example given in section 2 are very d i f f i cu l t to meet over long -periods of 

time. However, the flne-subdlvlslon control w i l l have the necessary smoothness 

provided the Instantaneous rate of change of N due to random frequency shifts 

does not exceed l / 2 d ig i t per l/20th-second reading interval, or 2 digltn oer 

second averaged over a second. The s tab i l i ty of calibration probably would 

be sat isfactory with a steady dr i f t rate of 25 d ig i t s per hour ( a t a l l positions 

of the control) Provided this Is periodic with time of day or temperature. 

The o s c i l l a t o r of any good communications receiver or signal generator meets 

these relaxed requirements provided that there are no sudden changes of 

supply voltages and provided that It le not subjected to mechanical vibration, 

Figure 8a shows the schematic of a simple type of o s c i l l a t o r with 

the requis i te short-time s t a b i l i t y (, This Is a modification of a c ircui t by 

K, A. Pullen , The modification consists of Increasing the cathode resistor 

from 600 ohms to 6K and In operating the grids at a d-c potential of about 

22 vo l t s rather than at ground., This change resul ts in s t r i c t l y class-A 

operation and a high impedance across the tuned c i r c u i t . The s t a t i c char* 

a c t e r l s t l c giving the re lat ion between ê ^ and e 0 (see Figure 8b) i s shown in 

Figure 9 for two different p late supply potentials-. The characterist ic i s 

suitably bent to produce amplitude s ta b i l i t y without drawing current froti 

e ither gr id . The very s l i g h t change resulting from a 30$ increase in plate 

voltage le a l so notable, 

1 . K. A. Pullen - The Cathode-Coupled Amplifier, 1*1.1. ?A, P 402, 194c. 
This reference was ca l led to my attention by Mr, B. J, Crawford 
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Changes of n i tch of the order of 100 cycles or more are nroduced by shunting 

capacitances across the 92-ohm termination, although no quantitative mei sure-

meats have been n»de. The mechanical r ig idi ty of the chassis was not sufficient 

to T)f>nnlt a good test of the e f f ec t of changing tubes* Change of n few Jcilo-

cyclee/sec (10 to 20 d ig i t s ) seems l ikely» 

The following BodlficationB are desirable? A co i l having an 

appreciably higher 0. should he used. Possibly the fixed wiring l o s s e s ere 

euch that a somewhat higher I would give a hotter compromise between hlfh 

over-all Q and high C, A. temperature- compensated LC i s desirable* Coil 

manufacturers should he consulted for suggestions. The biasing arrangement 

shown in Figure 6 i s poor because the f i l t e r condenser C3 becomes part cf the 

o s c i l l a t i n g c ircuit* The best Q i s obtained i f the low side of the tuning 

condenser i s placed at the DC bias potential by connecting I t d i rec t ly to tha 

low side of L If this i s mechanically inconvenient, another o o e s i b l l l t y i s to 

place both L and CI at DC ground potential and connect -their high s ides to the 

grid through a blocking condenser- The DC bias would then be supplied to the 

grid through a one-megohm r e s i s t o r , 

Ka approximate analyt ica l investigation could be made of the ohase 

shift of the feecback'voltage I t nay prove preferable to provide feedback 

through a 100-Amf blocking condenser and a res i s tor connected e i ther to the 

plate of 71B or to some point nearer Bf. 

An Inherently poor feature of the design i s that i t places th9 

cathodes i" r e l a t i v e l y high RF and DC potentials? An a result the heaters may 

cause some 60-cycle frequency modulation. Although the audible heterodyie notes 

which were observed were very c lear , this i s not a very adequate tes te A test 

for 60-cycle modulation could bo made eas i ly , when a complete counting system 

i s assembled, by starting the timing interval at different oointe of the 60-cyCie 

oeriod„ Changes j f the heater by-pasn condensers oroduce changes of frequency 
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A euitaole transformer should he used tc drive the output line 

rather than a cathode follower, Th* transformer mvst not discriminate hetweer-

1 MC and 2 MC, hut it need not reproduce a elnusoical waveform, and somo 

peaking is tolerable. 

By far the greatest difficulty is likely to he emerienced w:\th the 

mechanical design of the tuning arrangements and chassis^ In order to have 

frequency smoothness, great rigidity,, excellent hearings, and freedom from 

vibration are necessary„ General Hadio or Cardwell might be consulted ';o 

advantage. 

The oscillator requirements for the coarse suhdivision units are 

much less stringent. Possibly an output transformer can he used as part of 

the plate load and an outnut tuhe avoided. An electron coupled miniature 

pentode oscillator with a compact LC is another design possibility,! A Vien 

bridge oscillator (if the frequency is sufficiently low) would have the 

advantage of giving a linear i. with a linear-C variable condenser. This 

results in a linear N (Method A or B)„ Even with th<? coarse-subdivision 

requirements, some noticahle drift and change of calihration with tubes is 

likely « particularly if the unit is reduced in size and compromises are made 

in its design, 

5. Switching 

Figure 11 shows a gating method for 8 intrutso This circuit has 

not heen tested (even statically), and the constants are tentative. Each 

6AS6 is Intended to receive signp.ls of -5 to 1.5 volts HMS, The gate selection 

square wave drivas the suppressor to zero hiaso It must have a duration of 

about 2.5 millisec. The screen-dropping resistor is introduced to limit the 

•creen dissipation when the tuhe is cut off. The 3creen potential has a time 
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constant of about 1 s ec . (during i t s r i s e ) . 

There are many other ga t ing methods ooss ib le which a re more 

expensive with r e j e c t to "ower or tubes• 

I f there a re as many a9 48 inputs to be se l ec t ed , these can be 

grouped in 6 s e t s of e i g h t , v,ach s e t of e ight has a common T>late r e s i s t o r and 

drives a second mixer tube» The s i x secnnd-mixer tubes in tu rn have a common 

p la t* r e s i s tor • 

The pulse shaping c i r c u i t s present no unusual problem except that 

they must be preceded by one or two s tages of video ampl i f ica t ions 

C i rcu i t s have already been designed for c r y s t a l - c o n t r o l l e d oulse 

generator*„ 
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D-C POIBHTIAL-DIVIOTR l-rrTBDO 

The s impl ic i ty and l i n e a r i t y of po ten t ione te r s meke them a t t r a c t i v e 
as control e lements . These fea tures mpy be -par t icular ly important for tome of 
the coarse-subdivis ion parameters . 

A d-c vol tage can be converted to a time i n t e r v a l . I f a counter 
receives Pulses a t a constant r a t e during the i n t e r v a l , an appronri' ' ' te binary 
number i s produced. A block diagram with suggested constants Is shown in 
Figure 12„ 

D--C Source and Switching 

Figure 13 shows arrangements a t the cont ro l s t a t i o n e d Figure 14 
the assoc ia ted se l ec t ion method. All cathode follower g r ids except the selected 
one are kept below ground p o t e n t i a l by the clamping t r i o d e s . The input l ine to 
the conversion un i t has a maximum time constant of ".jusec. After FOJJLBPC the 
output voltage across the common cathode r e s i s t o r w i l l be within 0 . l £ of i t s 
f i n a l va lue . 

Figure 15 gives measured depar tures from l i n e a r i t y between di7isionn 
of a control potentiometer and the output cathode v r l t a g e . The potentiometer 
was a f inely divided leer 's and Northrup 22K e l ide w i r e . The departures indicated 
are comparable to the uncer ta in ty In the readings . Varia t ions of 10 vo l ; s In 
the sero reading and 1 or 25? in slope may be expected for d i f fe ren t tube3 . With 
regulated hea te r vo l t age , longe-time s t a b i l i t y and e v e r - a l l l i n e a r i t y wi ;hin 
i~l/Sfla seems f e a s i b l e . With a smaller number of i n r u t s , a higher cathode 
r e s i s t o r and a lower transconductance tube can be u r e d . 

Higher-speed switch arrangements a r e shown in Figures 16A and B„ 
They are n a t u r a l l y more expensive of power, and the ext ra cathode follower of 
Figure 16B lntrod-jcae addi t iona l u n c e r t a i n t y . 

Applicat ion of negative feedback could be appl ied more r s ad i ly to 
the se lec t ion switching if an a-c ca r r i - r were employed. However, unleos the 
feedback can be re turned to the vol tage d iv ider l t s s l f , the loss uncer ta in t i e s 
In the l ine ( a t the necessary high frequency) would r e s u l t in decreased over-a l l 
precision, , 

Timing Ci rcu i t s 

The delay mul t iv ibra tor can be a low-precis ion s e l f - r e s t o r i n g type. 
Since the read- in pulse to the se l ec t ion switch may je too short to produce 
proper t r i gge r ing , TT1 may be necessary . This i s conveniently a 6AC7 with 
I t s p l a t e connected to the normally high p l a t e of t h • mul t iv ibra tor„ 

Figures 17 and 18 show c i r c u i t s f o r the s-reep generator and airolitude 
comparator. Except for the s l i g h t modification of t'/o time cons tan t s , those 
c i r c u i t s are the same as those given by Chance*, I t may be necessary to tako 

• B. Chance. Rev. Sci„ I n s t . 17p p . 400 and p . 403, 1946. See a l s o 
Radiation Laboratory Series Vol. 19, Chape. 6. 7, 13; Vol. 20, Chap.5 
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the sweep output from the cnthode of V2B rather thar from the grid in order 
to hare suf f ic ient ly low impedance to drive the pic*-off c i r c u i t . In th.ls 
case, some ta i lor ing of the l ineari ty provision will bp necessary. 
Linearity of about l / lO# i s possible* The s tabi l i ty should be sat isfactory 
If the pick-off diode i s op«rated with a regulated beater supply. 

The counter must be reset to a value belcw zero determined by the 
time required for the sweep to reach the zero—->olnt voltage. 

Several other timing c ircu i t s are possible alternatives,, (Seo the 
references c i ted above). In particular, a phantastron might be more economical 
of tubes and possibly more accurate. I t s delay valva i s not quite as conven
ient ly controlled, since a current rather than a voltage i s required. 

MDLTIPLE-SP̂ BD DATA 

Fairly precise information can be obtained by properly combining 
two or three sets of re lat ive ly conrse weighted date. For example, If a 
unit dial gives a number accurate to 1 part In 32 and a sixteens dial (driven 
at l / l 6 the speed) gives a number to the same accuracy, the combined information 
i s accurate to 1 part in 512. The reading device mvst have proper rules for 
interpreting the data. Two such processes are discvssed here. 

"Saw-tooth" data 

Suppose that each diAl has a strict liner r saw-tooth output of 
information which after appropriate conversion appears as counter readings. 
For illustration, consider first a decimal system. The units readings progress 
uniformly 0, 1 „9, 0, 1....9 with continuous rotation of the control. The 
tens readings are given to tenths of a tens digit, although they are not 
necessarily correct to better than £ 4/lOth of a tens digit* The fractions 
are for correct rounding off only,, The tens Information is staggered 5 units 
(.5 tens) with respect to the units information. 

With the control at zero position the units dial reads 0, the tens 
dial -0.5 (I 0.4). When the cortrol is advanced a true Increment of 27 units 
the units deal reads 7, the tens dial 2.2 (£ .4). Suppose the apparent tens 
reading Is 1.9. To obtain the correct tens digit the rule iss add to tha tens 
dial a number of tenths equal tc the tens complement of the unit reading and 
then discard the fraction. Thus 1„9 -f (10 - 7) x 0„1 gives 2 for the corroc, 
tens reading or 27 for the answer. On the other hc.nd, if the apparent tens 
reading is 2.S then 2.6 -f (10 - 7) x 0,1 still gives 2 or 27 for the answer., 

This procedure is easily carried out with binary counters. As ono 
possibility, consider the following speed allocatioj s. 

Control Knob 64 digits per revolution (8 rev .for 512 total) 1* 
Units dial information 32 digits per revolution gx 
Sixteens dial information 512 digits per 288° of revolution or l/lOx 
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The ratio of the units snd slxteens speeds 1B 20 rather than 16 because the 
slxteens Information does not extend over a complete revolution. 

Figure 19 shove the counter arrangements In the conversion unit* 
The slxteens counter contains 7 stages so that I t re f i s tere slxteene and alghthi; 
of a eixteenedigit Consequently the slxteens Information must he correct to 
I 3/8th8 of a s ixteen digit; that i s , the information conversion error must 
never he greater than 1 part In 43 of the ful l scale value,, The sequence of 
operations i s a s follows: 

1 . Read into both counters simultaneously througl GT1 and GT2, which 
are controlled by the associated information 

2 . Read into the units register from the units counter. 

3 . A round-off pulse sets FF3 and ovens GT3. Clock rrulses are added 
simultaneously to the units counter and to thr s lxteens counter, 
the l a t t e r Dulses being reduced by a factor of 4 by FF10 and FF11. 

4 . 173 i s rese t and GTS closed by the end carry i rom the units counter. 

5o A read-out pulse reads the nos l t lons of FFOO through FF08 into the bus, 

6. The counters and registers are cleared., 

»Hlll-and-dale" data 

Here, the units data uniformly increase v l th rotation and then 
uniformly decrease at the same rate . Two sets of si ch units data, displaced 
in phase, are necessary. This i s i l lus tra ted in Fi/ure 20 for a 32 scale? 
The two sets of units data are denoted A and 5 . 360 degrees of rotation 
correspond to one complete up-and-down cycle, and A and B are displaced 90° 
in phase. The s lxteens data are given by C„ The vt.lue of N represented by 
the ABC data i s given in the figure below Co The zeros of A occur for H -
-17, 47, 1 1 1 . . . . The seros of B occur for N • - 1 , 63, 127 . , . . . , the zero of 
C for H s 7. The rules for confuting H from the ABO date are a l so given in 
the figure. Hotice that, as before, the C reading (the slxteens d ig i t ) can 
be in error by a s much as £ 7/16 of a sixteen dig i t without changing the 
computed answer-> Actually the A and B l ines may be rounded or Interrupted at 
the ton and bottom of their cycle so that the allowable C error may be some
what l e s s than 1 7/16 of a sixteen d i g i t . 

The computed H i s easy to obtain from binary counters. Three 
counters are used. (Two or one can actual ly be used provided time Is not 
a consideration),; The A and B counters are always reset to -1 ( l l l l l ) . The 
three sets of data are converted simultaneously; tho A counter reads ( A - l ) , 
the B counter reads ( B - l ) , the C counter reads C. Gates associated with the 
f i r s t two stages of the C counter determine how the f inal reading Is to be 
obtained. For example, i f C = 3 the bus receives the A counter reading and 
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the C reading. If C • 4 the B counter reading ie substituted for the A 
reading. If C * 1 , a s ingle Dulse i s added to the A counter; the DUB 
then receives the C reading and the 9"' R complement of the A counter reading. 
Similarly for C = 2, a pulee Is f i r s t added to the B counter, and the B 
complement i s then read out to the bus. By this choice of phasing for the 
or ig ina l data no carry-over between A (or B) and C i s needed. 

Appropriate Sources 

Unfortunately, 360° saw-tooth data are d i f f i cu l t to generate vith 
mechanical motion, particularly i f r e v e r s i b i l i t y i s necessary. Ideally, the 
discontinuity should require lnf initess lmal motion, or neg l ig ib le time for the 
t rans i t i ons . Four potentiometer arrangements meet t i i s rec.ulrement with 
varying success» 

1 . Two ordinary potentiometers (for example SB S14A 10K) can he f i t ted with 
bridges for 360° rotat ion, mounted back to back, and staggered In nht ae 
by about 70°, so that one contact arm or the oth=r ,1s always on a winding-
Thls Is represented schematically In Figure 21A* Small res i s tors V fjid W 
keep the two contact arms at the same potential while they are simultaneously 
on their respective windings, except during a 10° over-lap section where 
the T contact i s a t the high and the X contact at the low end., SI in 
closed exceot a t and near this high-low over-Ian. S2 f l i p s over In the 
middle of the high-low over-lap to create the saw-tooth discontinuity* 
SI and S2 are cam-operated micro switches . This arrangement Is eas iest 
to set up with standard equipment.. Faulty results are obtained If the 
control i s read during the f l lo-over time of S2. This time Is of the order 
of 6 nUl l - s econds , and i f the control has very adequate subdivision 
(1 part in 500) for the parameter represented, this may be unimportant 

2 . Higher transit ion speed i s obtained with the arrangement of Figure 2XB. 
The potentiometer windings are arranged to have only about 3 degrees of 
high-low overlap. SI i s a s l iding contact driven by the potentiomet»r 
shaft and i s c losed except for 5 degrees including the high-low overlap. 
In this case the discontinuity (during decay) has the time constant of the 
l ine through about 12K or perhaps 6>c/sec<, Slightly over 1 time constant 
w i l l take the voltage below the rero point , say 30 v o l t s . The rise time 
i s much more rapid, ^hls method broadens the zero posit ion of the pot
entiometer to some 5 degree*, which Is not serious for l - l n - 3 2 units dat*. 

3 . A special potentiometer can be constructed with a very small gap betveen 
the high and low ends. The contact arm shorts the high and low ends 
during transit ion, and a switch s imi lar to SI opens the supply voltage 
at and near the cross-over. This has the advantage of requlrln Just one 
po.tentiometer for the unit data. The transition times are slmil lar to 
those of arrangement 2 . 

4 . A special ste-> attenuator can be constructed with perhaps 64 steps , '''hie 
Is shown in Figure 21C (with 8 s teps) • The contact arm muet short adjacent 
contacts during a transi t ion. 

Hill aad-dale data can be obtained .from • continuously wound 
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potentiometer tapped Just 180° apart. I t can also bs obtained from a Helipot 
with high and low taps placod alternately and uniformly along the winding" 

A rotating condenser with symmetrical plateB provides hlll-and-dale 
data which can he used for frequency control . The requisite l inear i ty for 32 
subdivisions should he poss ible , part icularly i f the tuning range i s small 

Application to Fine-Subdivision Information 

If d i f f i c u l t y i s experienced with the s tab i l i ty of the f ine-
subdivision osc i l la tor when i t s turning condenser i s subject to mechanical vlbrati m 
some consideration may he given to the value of multiple-speed data, particularly 
i f applied to Just a few of the shafts . Unfortunately there Is not much advantage 
to he gained unless the data of each of the two speeds are given to about the earn* 
precis ion. (Tor example 128 "units" given to a precision of 1 part in 128 and 
64 "tens" given to a precis ion of + 0 , 4 of a "tens" d i g i t ) . This leads to un
favorable speed ratios unless a servo i s available to drive the units shaft. 
There might be some value in using a condenser with a many-vaned rotor and 
correspondingly divided etator. This i s l i k e l y to lead to a lew tuning ratic 
i f the required l inear i ty (for the tens) i s maintained. Another poss ib i l i ty le 
to use 3 shafts at 3 different speeds, with precision,, sayr of 1 in 32 for each. 
This would require N ^ . 64. The l a s t two numerical frequency examples (see -cage 
7, 10) , with It s 2 or 1 ,4 , are applicablo here, A single parameter in this vay 
requires 5 separate o s c i l l a t o r s and a corresponding number of switching arrange
ments, a high price to pay for a possible gain in smoothness and speed. While 
potentiometers are simpler than o s c i l l a t o r s , they cannot be driven at high velocity 
by a servo-motor. 

HIGH-SPEED POSSIBILITIES 

It would be convenient to have the, conversion time from electrical 
magnitude to binary number so short that the computer, af ter requesting a 
particular reading, could wait for the answer before continuing other operations. 
Unfortunately the required time appears to be prohibitively long unless a 
separate counter i s associated continuously with each shaft . 

The mechanical counter described at the beginning of this report has 
adequate soeed provided low-impedance video cable i s used for a l l the multiple 
gate leads . A single f l i p - f l o o and two associated pate tubes could replace the 
mechanical two-way switch shown in F ig . 4 . 

The direct ion-sensi t ive pulse generator and reversible counter describe! 
In BIX Report Ho. 3 could be applied to e i ther flno or coarse-subdivision shafts, 
The reversible counter c ircu i t should be modified by applying the high-speed carry 
method to progression in either direct ion. Engraved l i n e s , 200 to the inch, on a 
l i gh t aluminum disc could serve as the primary information source. This method 
Is too expensive to apply except under unusual circumstances„ but i t has the 
requisite speed for immediate reading.-. 

The variable-frequency method and the d~c sweep method both Involve 
the accumulation of N by counters receiving successive unit increments. If the 
maximum rel iable counting rate i s 5 MC/sac (possibly this Is too conservative) 
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Nmax 
the time for a reading can never be l e s s than 5 HgTB0Ca If ^mx i e l a r 6«» *n 9 

time can be reduced by multiple-speed data. With ths number of counts ae small 
ae 32 (as in the hi l l -and-dale d-c method) and the switching time (at considerable 
expense) reduced to S/tsac, some lO^teec would s t i l l be required for an answer 
(The Interval between readings r l s o must be suff ic ient to allow the sweep c i r 
cu i t s to recover). 

D-C 3tep-CoBparison Hethod 

An alternative d-c conversion scheme may income more at tract ive as 
development proceeds. This i s shown in Figure 22 , Tt makes use of the c ircui ts 
used to generate a d-c deflection voltage for the storage tubes*. At present,, 
the maximum degree of subdivision for these voltages i s 1 part in 32. This unit 
i s cal led the d-c generator in the f igure. I t s output voltage depends on the 
readings of the 5 f l i p - f l o p s . Assume that a parameter reference voltage has been 
selected and made available to the amplitude comparator. With a l l the f l ip - f lopt 
off, the pulse distributor opens &T04 and GT14 and sends an add puis* to FF04. 
The d-c generator sets up a voltage of 16 units ( i n :.ess than 2 u s e e ) , If 16 
un i t s exceeds the parameter voltage by as much as 1/3 uni t , a pulse appears from 
the comparator which resets FF04, returning the d-c generator to zero. If 16 i s 
l e e s than the parameter voltage, 7704 remains s e t . 'he pulse distr ibutor next 
opens GTQ2 and GT13 and sets 7703. The generator se i s up 8 units (or 24 i f 
7704 i s s t i l l on), and the amplitude comparator responds with a subtrast pulse i f 
th i s t r i a l value i s again too large . This process i.i repeated unt i l a l l 5 f l i p -
f lops have been explored. The f inal binary number aroeara on the f l ip - f lops and 
nay be read out to the bus through gate tubes not shown. The amplitude comparator 
can be of the same type as that given in Figure 22 provided i t s recovery time i s 
made suf f i c ient ly short. A high-voltage crystal should replace the 6H6 comparison 
diode. 

Tne time required for a step comparison o:' th i s type i s l i k e l y to be 
about 2 i*ec ner binary stage, or 10/ 'sec for subdivision to 1 in 32, This time 
i s comparable to the d-c sweep method. If the d-c generator can be extended to 
give finer subdivisions, step comparison becomes increasingly advantageous. The 
comparator probably can be made to operate rel iably v i th a discrimination of 1/2 
v o l t ; thus the upper l imi t for subdivisions cannot bo made very large, even If 
otherwise poss ib le . 

OUTPUT DEVICES 

This section considers, quite br ie f ly , some of the related output 
problems. 

The output of the computer must control the readings of many meters and 
several servos. Most of the meters provide readings to an accuracy of lf> or less 
and presumably can be actuated by d-c voltages . Data switching i s again desirable 

•John 0 . Ely. Engineering Notes Ho. E-31 
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Both the d-o sweep method and the d-c step-comparison irathod are 
quasi-reversible, while the variable-frequency method apparently cannot be 
directly applied to the output problem. Figure 23 indicates how a d-c sweep 
method can be used to convert a binary number to a d-c voltage. This should te 
compared with Figure 12 . The c ircu i t operates as follows» 

1 . Assume a l l outnut switches are open, the counter cleared., 
2 . Set the selection switch. 
3 . Read the binary number Into the counter register,, 
4 . The read-In pulse a f ter DEI closes the selected normally 

open output switch by means of I t s associated f l i p - f l o p . 
6. CI now can discharge through the lov impedance of the • 

sweep amplifier, C2 does not fo l lov the discharge of CI 
very rapidly because of II CI i s considerably larger than 
C2„ 

6. After DS2, FF1 Is s e t . This starts the sween, and simultaneously 
the counter receives clock pulses . CI r i ses In potential with 
the sweep. 

7. The fast end-carry from the counter f i r s t opens the output 
switch, Isolating CI, and then stopt the saw-tooth sweep. 

8 . C2 charges from CI, and the vacuum-tube voltmeter reads the out
put voltage unti l the next time Information i s available.. 

Two changes would be des irable . The sweep properly should bo 
interrupted, and the maximum voltage held on the sveep condenser (rather than 
being discharged) while the output switch Is s t i l l open, in order to allow CI 
to reach equilibrium. Probably a way can be found to do this which s t i l l doer 
not Interfere with the s t r i c t l inear i ty of the sweep. Properly R should be re
placed by a normally closed switch that i s opened curing the r i se of the sweep 
and then closed again at the top. This adds considerable expense, however, 
and suitable compromises of time constant may be poss ib le . Some manner of 
retaining the Intermittent Information other than en condensers would certainly 
be desirable. 

Figure 24 gives an output switch suggestion. This has a long closing 
time but a short opening time. Figure 25 shows an almost conventional swoep 
amplifier. The cathode follower supply for the screen of VI may not be warranted. 
in view of other uncertainties In the method. 

With careful development, th i s method Probably can give accuracies of 
the order of 1$. The time required for the conversion i s comparable to that re
quired for the Input conversion. A step d-c generator l ike those used for the 
deflect'.on c i r c u i t s of the storage tubes Is to be rreferred to a sveep, Provided 
the necessary subdivision Is poss ib le . 

For readings that must be given to an accuracy of better the.n V?-, 
multiple weighted data should be used. The probleit then becomes one of designing 
meters and servos which operate with multiple data and which properly intemn t 
the weighting. 

In some cases the expense of a separate binary register which i s alwayt 
associated with a particular servo-driven output shaft may be warranted. The 
servo must be able to interpret the counter as well as to make ohanges in the res* 
ing as the error i s reduced. The methods described in RLE Report Ho. 3 are 
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expensive, but are applicable to such a problem. 

DBVBLOFMEHT SUGGESTIONS 

The variable-frequency method appear* to be the moot promising as an 
input device . Development should start with the design and t e s t i n g of a f ine-
subdivision osc i l la tor and also a coarse-subdivision osc i l la tor , with some 
attempt to simulate actual cockpit mechanical requirements. Construction of a 
fa ir ly complete fine-subdivision unit i s warranted unless meanwhile a s t i l l wore 
promising approach i s formulated,. 

If manpower i s available, the system of Figure 12 would be infterettlng 
to study,sine* * Helipot i s to be preferred to an osc i l la tor i f i t can serve 
adequately Some preliminary experimental work could be done on potentiometer 
sources for multiple data. 

If the programming of the computer would be s ign i f i cant ly easier with 
conversion times of 6>t sec or under for most of the coarse-subdivision informa
t ion, then dome investigation of switch contact* and cabling might be undertaken 
In connection with the mechanical counter proposal. 

HPS/og H. P. Stabler 
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