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ISTBODUCÏIOH 

High-speed evltoheo have meay applloetl one in the 
Whirlwind computem. Äth reference to the Blool: Biasrana uf 
Vole. 6 and 6, and the SyetÄ Braeinge of Voi. 1R, fcrmn orauoli 
ewltohee will Be found In th® time-pul«® dlotrlBttoi) (Volt ïw> 

the operatlon-oontrol 4Vel.¾¾ P» 3V-) the atorage 
»election. Another application of awltoh techniques occurs in 
the connection Between the accumulator fllp-flopt and the carry 
flip-flops f«wr^o>. 8. yrHõftK JBe Project wort: on «witch®« vim 
«tarted By Davld R. Brown as da&rlbed In hia the ula and further 
developed under hie direction as reported In R-IBES By John A. 
O'Brien, which report descrlBo« a SB-position switch with a aet'-up 
time of 0.2 microaeconds. 

R. C. Mose« of Sylvnnia ha® conetructec a satisfactory 
8-channel time-pulse distributor Baaed on this evitch work But a 
report 1« not yet available. 
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A HIGH-SPSED MTilVi'C-POST.TIOS 
SLSCEvJHXG SWITCH 

I 

abstract 

Switches ara disicusBed which, hy mean a of an n-digit cods, 

ïMçrsait tho selection of any one of 2‘a load circuits. Sine© tho 

óhoaio is concerned with multi-position switches for a high-speed 

iligitrl computer* emphasis is on high-speed operation. 

The type of switch holievod to hs tho most promising is a 

Idgh-speed multi-position switch employing a matrix of crystal 

rectifiers* the crystal matrix switch* An analysis of tbs switch and 

ijhs establishment of a satisfactory design procedure are the 

objectives of the thesis. 

A alatic analysis of the crystal matrix switch is presented 

which, will permit tho calculation of the voltages at the switch 

terminalo for a general switch having^* terminals. A simpls a»* 

usofui äquivalent circuit is derived* 

Tho dynamic hehsivior, constder3.ng stray capacitances,, is 

thoroughly .discussed and en expression derived for tho maximum switch- 

ing time. The switching time is found to depend upon a single 

resistance in a leg of the matrix, H, and a shunt capacitance that can 

bo estimated to a satisfactory degree of accuracy* 



Ã ßfjslga procedure is dwelopeõ. using the results of the 

analysis. Bafore the design is started» five factors saust ‘be tecmu 

1. Htnusbar of digits in the code 
2* ji$axi»n»a switching time penalsaihlo 
?i„ input resístanse of the load circuit 
4, input capacitance of tho load circuit 
ño changa in voltage required to operate the 

load circuit 

lhe following are determined '\rj the designs 

1. value of the resistor to "be placed in the matrix 
2» plate-supply voltage 
3„ type of tuh© required to drive the s’ritch 

M eight-position mvitch and a thirty-two position switch, 

for a switching time of 0.5 nicroaeccnd» 'are designed to illustrate the 

design procedure and show hoir the tdze ahcl power rsquireicents of the 

switch increase as the number of terminals increasee» 

The eight-pool tien svrltch designed has bean constructed 

and oxperimonts aro clescrihad vrliich. vovlfy the analysis presented 

' earlier. The measured switching time for the eight-position switch 

is 0*55 microseconde Photographs of. waveformo. showing the 

operation of the switch are presented« 

: iÄiiä 'ú: : ; i : ife.'ir't i-i-f,:vl • > ..'-r’ ..-1 ^ 
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XMKQBUC'ÏION 

, Tm thesis ppohleia had its origin in Project WKïRL’rflIW)* 

Sonrssisshanisms Laboratory, î-ïaosachusetta Institute of Technology« 

Project li'HIP.LWïKO is engaged in the design and constntctioa 

of a large-scale electronic digital coarputer® (Shs computer uill use 

the 'binary xtamher system» the digit one "being represented by a 

. voltage pulos and the digit zero by the absence of a pulse« A 

parallel system will bo used in which an n»digit binary number is . 

transmitted simultaneously on a separate cables» She computer 

suist operate at a vary high speed; one number may follow another 
» 

after as short a - time as one micro second, The voltage prises will. 

"be nearly rectangular and ono-quart or microsecond in duration« 

Switches are needed which will permit the selection of 

one of a number of circuita. The thesis problem; is to find the 

practical limitations of one, type of switch that 'may be used, and 

to establish a satisfactory design procedure for that switch« The 

. type to b© considered is a high-speed multi-position electronic 

switch, using a matrix of crystal rectifiers. In the following 

pages» this type will be called the Mcrystal-matrix" switch, 

The switches needed in the•computer must operate in the 

following marners 

The switch is to permit the selection of on© 

of a number of circuits by means of a prearranged cods. 

She cods, or order, to set the switch will, consist of 



1iÉHfeltÉiÍMMSÉBIti«WÉ9ÍÉSÍ 

Tol1;age países represeatin^ the dibits of a hlnaïy auahero 
All voltage pulses vil! arrive at the same time and at 
separate input termínele. ïïpon. retisption of the oi'tlor, 
the switch mast operate tho circuit connected to the output 
torwinel correaponöine to the 'binary mtmher la the order« 
l'£ the order is an. u-digit jraamher; as many ao 2“‘ output 
terminale may h® Incorporated In the switch,. The voltag© at 
the selected output terminal mast he of sufficient amplitud© 
to operate tha circuit connected to that terminal and tho 
voltage at any other torminal must not 'bo df sufficient 
amplitude to operate the circuit connected to that terminal« 
The time required ly tho cuitch to operate the selected out¬ 
put circuit after reception of the order may be leso than on© 
micro second. In addition,, the switch, mast be capable of 
being reset tp the zero positions tho required reset time may 
bo loss then one microsecond« 

Before -the orystal-matrix switch iß treated in greater 

detailr com© varioue types of electronic switches v,dll bo discussed« 

Tiïics di ácueo ion will make possible a better understanding of the 

problem of high-speed multi-position switching« 

_._,___,_:_1_ __^_Ü 



HI0îî-3?aSD mTI-POSITIOS ELICTEOMC SWITCHES 

TIrie si-mplsst awi i-ch, the two-posltlou switeh, will '03 

deucriüoû .first» Tliaii,. some Tarions schemes of ^oing from tbs 

tt/o-poDitioa switch to a switch having more then two positions will 

he discuss3d« This presentation will show the logical development 

of the crystaX-oatris: swi tch and its advantages over other switch¬ 

ing schemes« * 

JM.k& 

A resistance-C'iuplsft multivibrator, or flip-flop, may be 

used as a tuc-position switch« The circuit diagram of a flip-flop 

is shown in Drawing .VS0520® The circuit has two stable states“ 

first, l’i conducting and ?2 non-conductiug; second, non-conducting 

and Yg conductlBg, The normal, or zero, state is ?1 conducting and 

Yg non-conducting, indicated by shading f., « iihen in the zero state, 

the plate of Yg is at a higher voltage than the plate of Y^« If a 

negative pulse is applied to the set terminal, it will pass thru the 

crystal rectifier and cutoff Yj, causing the flip-flop to transfer 

to the other, or one, state« When in the one state, the plate of 

lc at a higher voltage than the plate of Y » The flip-flop my he 
iC 

returned to the zero state by the application of a negative pulse to 

the reset terminal,. 

A load circuit may be connected to each of the plate 

terminals of the flip-flop- The load circuit is biased so that when 

.,-...,.:._•. 
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the flip-flop ie in the sero state, the loed circuit connected to 

the plate of V,, the X terminal, is inoperative and the load 

circuit connected to the plate of T-, tho O terminait is operative. 
/Ci 

When the flip-flop ie ln I he one state, the load clrealt connected 

to terminal 1 is operative end the load circuit connected to 

torminal O is Inoperative 

A convenient syxhol for a flip-flop Ie aleo tshown in 

Drawing A-80820. The eyirlol Indicates a four-terminal circuit 

having set, reset, 1 and <> terminals. 

Flip-flops hr/o been described extensively in the liter¬ 

ature and considerable i ork has been done in Project Wi'.IHLV/IKD to 

develop flip-flops euitible for use as two position switches.“ 

Tim load circuit most frequently used is a gate circuit. 

The circuit diagram of a /ate circuit is shown in Drawing A-80521. 

Bithsr the control grid j? the suppressor grid can cutoff plate 

current. Tho control grid is normally biased below cutoff and the 

input will be a train cf positive pulses. If the suppressor grid 

is connected to a non- lectad terminal of the switch* the 

suppressor grid will b below cutoff end the input pulses will not 

appear at the output .erminal. If the suppressor grid is connected 

to a selected toralrtl of the switch, the suppressor grid will be 

above cutoff and p'.ate current will flow when the control grid is 

driven above cutí If, permitting the Input pulses to appear at the 

output t erminal, 

'Brien, Johrd., Investigation of.?llp-Flo,r^_Qlr.gultn, Project 
WHIELWISP ihr.ort Ho, H-113, March 19, 1947, 

..-...1 r-i..,..1._Pjiiia_; ■ _ ,1' 



A symbol for a g'-te circuit is also shown in Drawing 

A»S0521. Tas symbol indicates a fchree-torminal circuit having input 

and output terminale ©ad a terminal which can bo connected to the 

switch* 

The characteristics of various types of gate circuits 

have been investigated la Project VfEIELWIND. 

A. two* position switch which controls two output channels 

is shown In Drawing A-30522. Here th® switch is used to select tho 

output terminal at which the input pulses are to appear,, The switch 

order is applied to the set terminal of the flip-flop. If the 

order is a zero, as indicated by the absence of a pulse, ths input 

pul gob will appear at output terminal 0» If the order is a one, 

as indicated by the presence of a puls®, the flip-flop will switch 

and the input pulses will appear at output terminal 1. A pulse 

applied to the reset terminal of the flip-flop will reset the evdteh 

to the zero position. 

g&te-Tabe tfhime-Trae Switch 

Two-channel switches of the type shown in Drawing A-30522 

may be cascaded to fora a multi-channel switch. Cascading the gate 

tubes gives the appearance of a whiffle tree as shown in Drawing 

A-50523. An eight-position whifflo-troe gate-tube switch is shown« 

Th© switch operates as. f0110¾as 

The order and output terminal« have been 
assigned binary numbers. A three-digit order is applied 

■ to the three order terminals. The output termine^ 

Brown, David E„, Gate Cíxoults. Project TOIHLVI1Ü), Report 
'No. P-103, December 17, 1946. 

ll.iij iii. )1. 
u 



corresponding to th® tsinaiy mint or of the order will 'bs 

sclsctsfto For uxamplet suppose* the binary ember of 
tbs orclor is 101. Voltage pulses are appliod to order 

terainals 1 and 100» switching the corresponding flip- 

flops. An inspection of Drawing A-30523 shows that the 
input pulses will appear at output terminal 101» A - 

pulsa applied to the reset terminal will reset the switch 

to the zero position. 

Although an eight-position switch is shown in Drawing 

Ar>30S33, a generalization to the 2tt-position switch can easily ho 

made. 

Th© switch requires a large number of gate tabes» 2n 

for a 2n.position switch. A more important disadwantase, howaror, 

is that the input pulses imst go through n gate tubes in serias, 

which will lengthen and delay th® pulses, 

Multi-Qrl d 

The wMffle-troa gate-toho switch usas gate tubes which 

have one control grid to which input pulses may be applied and one 

grid for switching. If a gate tube having n switching grids in¬ 

stead of one is available, the disadvantages of the whiffle-trse. * 

switch may be overcome. The diagram of a multi-grid gate-tube 

switch for an a of 3 is shown ia Drawing 30524. The operation 

is the same as for the whiffle-tree switch, The multi-grid gate» 

tuba switch has been studied by Bubinoff«* 

The disadvantage of the multi-grid gate-tube switch lo 

the difficulty of obtaining a gate tube having more then on© 

switching grid» 

Rublnoff, Morris, An Incut Device Using Multiple Qeteji, a paper 

presented at A Symposium of Large Scale Digital Calculating 

Machinery, Harvard University, January 10, 1947. 



Replafeüice-Matrlx Svitch 

A modification of tiio multi-grid gate~tu.be switch which 

eliminates the necessity of multi-grid got© tubes has been suggested 

end analyzed by Crawford.1 This modification introduces a matrix of 

resistors as shown in Drawing A-30525. Also, to drive the resistance 

matrix end Isolate it from the flip-flops, buffer amplifiers, symbol 

BA, are used. 

Crawford's analysis of the resistance-matrix switch ic 

summarised in the following two paragraphes 

Suppose that the plate voltage of an rioffa buffer 
emplifior is 100 volts and the plate voltage of en !,onn buffer 
amplifier is zero* If the binary number of the twitch order 
is 101, matrix terminal 101 will be 100 volts* Matrix 
terminals 1, 100, and 111* will be at 66-2/3 volts. Matrix 
terminale 0, il., and 110, will be at 33*1/3 volt®. The voltage 
of matrix terminal 10 will be zero* This assumes that the 
source resistance of the buffer amplifiers is very low com¬ 
pared to the resistance of the matrix as seen by the buffer 
amplifiers. Also, the circuit connected to the matrix terminal 
is assumed to have very high input resistance. If the switch 
is to select only ones of the circuits connected to the matrix 
terminals, the voltage necessary to operate the circuit must be 
greater than 66-2/3 volts and less than 100 volts® 

The distribution of voltages of the matrix terminals 
is given î^y the coefficients in the binomial expansion 
(1 o l)11.* if a ie two, and the some conditions are assumed, 
the voltage of one terminal will be 100 volts, two will ba at 
50 volts, and the voltage of one terminal will be zero. If 
n is four, one terminal will ba at 100 volts, four will be at 
75 volts, sise will be at 50 volts, four will be at 25 volts, 
and the voltage of one will be zero. 

lotice that although only on© switching grid is required in 

the gate tubes, only a fraction of the voltage change at the buffer 
.. ... .. .%.. ......^.mmmmmmm 

T Crawford, Perry o., Automatic Coslrol by_Arittaetlc.. Ppgratlaflg. 
Manter1'1 « Thee!.«, Physic« Dept.,. Mas?. Inst, of Tech, IS42. 

(1 , x,” s 1 ♦ n » , hïsi3i2=21 

:.-.1 

2 
•*> 0 « 0 



amplifier appears at tho matrix terminals as a useful switching 

voltage. If the chango in voltage at the buffer amplifier io 

8 w $ 

ÄE, the useful switching voltage ieÃfi /a. She useful 

switching voltage is defined as the minimum voltage difference 

■between the selected terminal and any non-eeloctod termínalo 

Crystal Matrix Switch 

A further modification has been suggested which will permit 

a larger useful switching voltage.^ Tha resistors of the resistance 

matrix are replaced by crystal rectifiers aß shown in Drawing 

A-30526. The advantage of the crystal matrix., switch over the 

resistance matrix switch is that nearly the full change in voltage 

at the plat© of a buffer amplifier is available at the terminals of 

the crystal matrix. The number of crystal rectifiers required io 

n2n„ 

Tho function of the crystal matrix can be seen more 

readily If^tho matrix is redrawn as in Drawing ¿-*20527, Plate 

current for the buffer amplifiorc must flow thru the resistors, R. 

The crystal matrix is connected so that current always flows 

through all but one of the resistors. The terminei associated with 

that resistor, being at a higher voltage than the other terminals, 

is the selected terminal. 

An analysis of the 2°-pt vltion switch of the typo shown in 

Drawing ¿»30527, and the establish! ont of a satisfactory design pro¬ 

cedura, are the objectives of this thesis, 

1 Tha writer became acquainted with this suggestion at a course on 
electronic digital computers given at the Moore School of 

Electrical Engineering, University of Pennsylvania, during the 

summer of 1946« 



Since the analysis and da sign of flip-flops and gate circuits 

well oetebliohsd, attention will he focused on the buffer 

amplifiers and the crystal matrix* 



ANALYSIS OF THS COTSTAL-MATRIX SWITCH 

Both tho static and tho dynamic hehavior will ho 

analysed; tho static analysis will he presented first. The method 

of first considering a switch with a small number of terminal», 

then a larger nuahcr, end progressing gradually to the general case 

will he followed. 

Static Analysis 

The static analysis will ho made only for tho case where 

the coro terminal is the selected terminal. The distribution of 

voltages at «ho matrix terminals for any other terminal as the 

selected torminal may ho inferred from the analysis to he 

presented. 

She circuit diagram of a four-position crystal-matrix 

switch is shown in Drawing JWI505 28« The analysis in complicated 

by the fact that the crystal rectifiers are non-linear elements* 

The voltage-current characteristic of a typical 1K34 germanium- 

crystal rectifier is shown in Drawing A-38201-Ö* In order to make 

a simple analysis possible,, the crystal-rsctifier will he assumed 

to have a forward resistance, Rp and a hack- resistance Rj,, which 

are Independent of the magnitude of the current through the 

rectifier. To determine whether a crystal rectifier may be 



represented 'by Rj or the polarity of the voltage across the 

rectifier must he .established. This can 'be dene by aa in¬ 

spection of the circuit. An *onM buffer amplifier may be 

represented by the static plate resistance of the tube, 3^; an 

"off" buffer amplifier, by an infinite resistance. If these 

equivalent resistances are used, the circuit diagram of 

Drawing /U*30628 become« the equivalent circuit of Drawing 

A-30529. If Rf ic assumed to be much smaller than B, the equiva¬ 

lent circuit becomes the simplified equivalent circuit of 

Drawing JU3Q529. Sinco Bf is the order of 100 ohms, this ic a 

reasonable assumption for on R greater than 1,000 ohms. 

The circuit diagram of an eight-position crystal-matrix 

% 
«witch is shotra in Drawing ÍU305S0, An equivalent circuit of the 

eight-position switch ia shown in Drawing JU30531o If R_ is 

assumed to be much smaller than R, the equivalent circuit becomee 

the simplified equivalent circuit of Drawing A-30531.. 

The circuit diagram of a sixteen-position switch is 

shown in Drawing A»30532. The equivalent circuit and simplified 

equivalent circuit are shown in Drawing .1-30533. 

Bote that the validity of the assumption that K? may 

be neglected if Rf is mch smaller than R is not affected as the 

number of termínale Increases. 

An inspection of the simplified equivalent circuite of 

the four, eight, and sixteen-position switches will permit the 

equivalent circuit of the general case to be established. The 

simplified equivalent circuit of the 2n-position switch is show 



-12- 

in Drawing JUS0534« ïhs useful avdtolling voltagSt«^ ®» ia the 

voltage differen.es between the selected and the non-solacted 

temin&la. The simplified equivalent circuit shows that A13 

will doorcase as a increases or*P.-0 decreases. Although % 

aay "bo much greater than R, it cannot ho neglected; it appears 

in the equivalent circuit divide A hy n(2K^-l}o The useful 

awitcîaiag voltage* A S, may be calculated from the equivalent 

circuit, 

lot* 

and, 

She circuit for calculât ion of AS, shown in Drawing A-30534, 

may ha obtained directly from the simplified equivalent circuit 

by uso of Thoverir. ' o Theoroai. Then, 

Bp(B V Rj » Eg) * nfii (R ■* Eg ) 

U 
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vlmre „ 
R » resi b Sanco from tho plate mxpply to a 

horizontal wire of the matrix 

% r forward resistance cf a. crystal rectifier 

3¾ » hack resistance of a crystal rectifier 

n s number of flip-flop® 

sbb “ plate-supply voltage 

% = R 
5^-3, 

■*f5=!r 
n(2 ■ -1) 

and 

% « 

toagAfi..áRal£aJLA 

-he objective of tho dynamic .analyois ie a quantitativo 

expression for the switching time, Tho four-position switch of 

Drawing A-30535 trill be cohsidored firste Before any attempt is 

made to represent the switching transients quantitatively,, th® 

operation of the witch must bo thoroughly understood« Such an 

understanding will permit a great simplification of an otherwise 

complicatod problem« 

'¿hen studying operation at terminal 0 as typical, six 

transitions are of interest in the four-position switch« 

..u.a.-iiLu'iiÊtí,:.... -M..i. !»!.'.(.iíi:.• .liiilü. 
u 



a« from terminal 0 to terminal 1 
/ lí» from terminal 1 to terminal 0 

Cm from terminal 0 to terminal 2 
d* from terminal 2 to terminal 0 
e. from terminal 0 to terminal S 
f. faxa terminal 3 to terminal 0 

3*0r transition (a) to take place* the 1 flip-flop must switch» 

cutting off V]_ and driving on Vg0 Since the wavefronts from 

the flip-flop have finite riso time* and V2 is initially biased 

well below cutoff» will cutoff before 1¾ v’ill '0O driven on0 

Let li and ¥g be represented by an R, in aeries with a switch as 

shown in Drawing 1-30536, Switch Si opens at time tj and switch 

Sg closes at time tg0 Sines the polarity of the voltage across 

some of the crystals will change during the switching process, a 

crystal rectifier cannot be represented by a resistance. For the 

dynamic analysis, assume that is zero and la infinite and 

let the crystal be represented by a switch. The assumption of 

ssro % Ima boon Justified previously. The assumption of an 

infinite % will lead to a moro conservative expression for the 

switching tin©, as trill bo coon later, and will help to simplify 

the problem. The switch ie opon if the voltage is in the back 

direction and closed if the voltage is in the forward direction. 

If the polarity across the crystal does not change, the crystal 

may be represented by a short circuit or an open circuit. For 

example. Crystal A of Drawing A-3Q53S will have a forward voltage 

across it during tho entire switching period and may be repre¬ 

sented by a short circuit ao shown in Drawing ¿»30536. Crystal B 



initially aas a forward voltage aeróse it tout the voltage acroB'i 

the crystal reverses in polarity as soon as TTVj "begins to conduct 

and drat* plate current through the H associated with terminal 0» 

Crystal ÏÏ is therefore reprasented as a switch which opens at 

time ig* 

The wavofoms at the'four terminais of the switch are 

shown, in Drawing *V3053Q and tho equivalent circuits for any 

particular time interval are shown In Drawing A-30537. Initially, 

terminal 0 is the selected terminal and terminals 1, 2» and S* 

are at some lower voltage. At time tp, opone and tho voltage 

at terminal 1 increases, Shunt capacitance will provent the 

voltage from changing instantaneously. Also at time t,,, tho 

voltage at terminals 2 and 3 trill increase, Thio nay he explained 

no follows. Initially* terminale 2 rand 3 are at the normal non-, 

selected voltage* 3(n„c), 

Jk 

R 

SR 

During the switching transition, until cone time after tg, termínalo 

2 and 3 will charge toward a temporary final value, greater 

than As may ho seer from the equivalent circuit. 



since 

B(tfv) 
Bp 

Bp * 5 
3 

Bp 
H * 
P 

B V £g_ 
P 3 

E(tfv) > E(n-!3) 

fh© voltage at terminale 2 and 3 may tend to increase 

more rapidly than the voltage at terminal 1« In this cnee* Sq. 

will remain closed until time tx vhen the voltage aero ta 

Crystal G- reversas» Until time tx, terminals 1» 2, and 3, will 

rise together. 

At time tg. Sg closes mid 3S open«, lowering tho voltage 

at terminal 0» At tima t„ the voltage at terminal 0 reaches the 
«í> 

voltage at terminale 2 and 3; Sg closes and ths voltage at 

terminals 0» 2, and 3„ returns to tho normal non-oelected voltage, 

lote tliat a transient would he observed at terminals 2 and 3 

even if Sj_ and Sp were switched simultaneously«. Terminal 1(. after 

tim© W, increases in voltage as the shunt capacitance is charged 

through the resistor» B, At the end of the transient when 

terminal 1 reaches its final value» at time t5, Sp closes. The 

switching time t4 - t]., is determined almost entirely oy the 
i 

length of time required to charge the shunt capacitance through the 

resistor H0 During moot of the switching transient» the shunt 

capacitance Is that associated with on© horizontal wire and on© 
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vertical wire of the matrix. In general, the terminal being 

«elected will hs the last terminal to arrive at Its final 

voltage. 

The dashed lineo on the waveforms indicate the effects 

of capacitance coupling beiweten parts of the switch and will he 

discussed later« 

A® yet only transition a, from terminal 0 to terminal 1 

has been discussed* The waveforms for transition b will ho the 

same a® those shown in Brewing A-50536 except that the waveforms 

at terminals 0 and 1 will he interchanged. Transition c will he 

the same except that tha waveforms at terminals 1 and 2 will he 

interchanged. The waveforms for transition d will he the Dane 

as those for transition c with the waveforms at terminals 0 and 

2 Interchanged. 

Transition e from terminal 0 to terminal 3, will ho 

different because both flip-flops will ho switched,, The equiva¬ 

lent circuit and the waveforms at the output terminals are shown 

in Drawing A»305fJ6. The equivalent circuit for any particular 

time interval may he found in Drawing JU30539. At time t^S^ end 

S3 open and the voltage of terminals 1, 2, and 3, increases. At 

timo tg„ ,¾ and 84 clone decreasing the voltage at terminal 0. At 

time tg, the voltage at terminal 0 reaches the voltage at terminals 

1, 2, and 3* Sq and S^< open end Sp and Sj¡¡ close. After time tg, 

the voltage of terminals 0* 1, and 2, returns to tha normal non- 

selocted voltage and the voltage of terminal 3 continus« to 
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increase. The voltage of terminal 3 increases as the shunt 

capacitance C, is charged through the resistor R. Again, the 

switching time io largely determined fcy tho time constant, RC. 

The capacitance» C, is that associated with on© horizontal wire 

of the matrix and two vertical wires, a larger ehont capacitance» 

than that charged in the transition from terminal 0 to terminal 1» 

In general, the transition which will require the longest switch¬ 

ing time occurs when all n flip-flops are switched. 

Thu waveforms for transition f, from terminal 3 to 

terminal 0» will he the earn® as those for transition e with the 

waveforms at terminale 0 and 3 interchanged. 

A similar analysis can he made of the eight-position 

switch. The fourteen possible transitions involving the terminal 0 

ares 

a. from terminal 

b. from terminal 
c. from terminal 
d. from terminal 

e. from terminal 

?„ from terminal 

g. from terminal 
h„ from terminal 

i. from terminal 

j. from terminal 
k. from terminal 

l. from terminal 
si. from terminal 

n. from terminal 

0 to terminal 1 

1 to terminal 0 
0 to tarainal 2 
5 to terminal Ö 

0 to terni ral 3 
3 to terminal 0 

0 to terminal 4 
4 to terminal 0 

0 to ternirai 5 

B to terminal 0 

0 to terminal 6 

6 to terminal 0 

0 to terminal 7 

7 to terminal 0 

These fourteen transitions reduce to three basic types; just as tho 

seven possible transitions for the four-position switch reduced the 

two basic types. The three typos of trenritions for the eight-position 

switch ares 

1 
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I, One flip-flop Ewltchodo 

?» Two flip-flop3 switched, 

S» Three flip-flops switched» 

Transitions a, l\ c, d, g, and ht. aro the first type. Transitions 

Of f, i, j, k, and 1, are the second type» Transitions in and n are 

the third typo. 

A circuit diagram of the eight-position switch appears 

in Drawing A-30540, The equivalent circuita and tho waveforms for 

the threo basic types,, transitions a, ©, and mr are shown in 

Drawiïigs J1->30541, .ÍU30542, A-30543, A-30544. A»30545, and 4-30546, 

The preceding analysis has neglected capacitance coupling 
t 

ha two on the various parts of the switch« The capacitance "between 

adjacent parts has "been assumed to he email compared to the 

capacitance to ground of any part. The effect of capacitance 

coupling would he in the direction Indicated hy the dashed curves 

on the waveforms. 

The analysis* although qualitative, yields com useful 

results. 

1. The longest transition occurs when all 

n flip-flops are switched, 

2. The terminal requiring the longest switching 

time is the terminal being selected, 

3. Tho long portion of the transient at the 

terminal being selected le a simple B»C 

transient having a time constant equal to the 

product of R and the shunt capacitance C. 

It iß not a function of 

4. Transients will he observed at non-selacted 

terminals. Tho amplitude of the transients 
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will depend upon which transition is 'being 
effected end on the daisy, - tp 

l 5. The trannient at a non-aelected terminal will 
cubaide at the same 'time that the terminal 
previously selected returns to the non-eelected 

■] voltage. 

í The switching time T, is defined ns the time required for 

the voltayo at the terminal to roach tea per cent ofÄ B of its 

final value. The longest twitching time will be at the terminal 

selected when all n flip-flops are switched» Since the longest 

switching time is the only important one, only the longest switch¬ 

ing tira© will be treated quantitatively» To be useful, the expression 

for ?m must be simple. 

As shown previously, the time constant of the longer 

portion of the transient at the terminal being selected ia BC, where 

C is the shunt capacitance. If the entire transient is assxuned to 

have a time constant, EC, a conservative figure for the switching 

time may bs obtained very easily. The voltage chango is E, The 

problem la to find C. 

A circuit diagram of the four-position twitch showing thé 

shunt capacitances is shown In Drawing .>1=30547. The parts of the 

matrix which increase in voltage an amount Zx E when both flip-flops 

are switched are indicated by heavy lines, la order to estimate 

the total ohuat capacitance, C, assume that the parts indicated are 

the only ones that change in voltage and consider all the other 

parta to be at ground potential. The capacitances indicated are them 

defined as follows? 



Interelectroûe capacitance oí' a crystal 

rectifier. 

Cg Capacitance to ground of a crystal 

rectifier, 

Cg Output capacitance of buffer amplifier 

plus the capacitance to ground of a 

vertical wire of the matrix» 

* 

Input capacitance of the load circuit plus 
the capacitance to ground of a horizontal 
wire of the matrix. 

For the four-position switch, 

C — 2C^ 4 2Cg 4 2C3 41 C4 

The circuit diagram of the eight-position, switch showing 

the shunt capadtaacce is shown In Drawing ¿*-30548. 

C n 9Cj -> 3Cg 4 3C3 4> O4 

The expression for C may now ho generali sod to the 5a - 

position switch, 

C " »{g0'"1-!) ■? niCg 4 O3) 4 C4 

The maximum switching tirco will be equal, to 2,3 time 

constante 
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DESIGN PROCEDURE 

In the previous oectioiit general ozpresaions wer® 

obtained for the ■useful switching voltage» ^2» and the 

maximum switching time» In this section» tho resulto of the 

previous soctlon 'will fco used to ostahlich a general design 

procedure» Several switches will be designed to illustrate the 

design procedure and the limitations of the owitche 

General De aim Pi-oco^m 

The following factors mot be known before the design 

is started* ^ 

1. n, number of flip-flops 

2» Tm, maxlœuia awltc.Mng time permissible 

be B-j, Input resistance of tho load circuit 

40 Cp input capacitance of the load circuit 

5, A B» ucoful switching voltage required 

The following are to b© determined by the deelgm 

X„ B^, valuó of the resistor to bo placed in 
the matrix 

2. Ew plate-supply voltage 

3« Tube Typo for buffer amplifier 

Th® first step in the design is to choose an and a 

tuba typo; this determines the output capacitance of tho buffer 
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Pip?, 1 

1 ■ 

ampllflen Th® samber of flip-flopa» n. is toowa» Make a aketçh 

of the phycical arraageraent of the matrix» Estimate the capacitance 

to ground of a vertical wire of the matrix and add it to the output 

capacitance of the huffer enrollfier to obtain Cg0 Estimate the 

capacitance to ground of a horicontal wire of the -.matrix and add 

it to the input capacitance of the load circuit to obtain C^«, Aloo* 

estimate the capacitance to ground of a crystal rectifier, She 

interelectrod® capacitance of a crystal rectifier, C^( ic known or 

may be measured, 

Now C may bo calculated, 

G ~ nCB31'1-!) C-L * n(Cg «■ C3) -> 0¾ 

The dynamic .malycio hao shown that 

Tm = 2.3RC 

Calculate E, 

2.3C 

Sow, E is simply -¾ end EL in parallel» Then, 

ER. 

E, -E 

The static analysis has shown that 

a = 
Rp (R ❖ R]_ ■(h Ep) -'h nE^ (E ♦ Eg) 

where E*i " _JL 

% “ 

2a ™ 1 

_ \ and 
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S 

W 

Solve for 

0 . «R, fH (S' - 1) " :i] 
K = _4 

II ■* Kj ■* Bg 

lbs equivalent circuit of Drawing; A-30534 will permit an exprès cion 

to "be obtained for the equivalent load re ai stance seen by the 

buffer amplifier, %(©q)* 

Ri ■L(8q.) = 
nB^(B * ®p) 

R * ■> Rg 

Using the tube characteristics for th© tube typo selected, draw a 

line of slope - 1/¾ ©q) passing through and a lino of 

elope l/R passing through, the origin. The intersection of the two 

lines determines the operating peint of an "on* buffer amplifier. 

If this point does not lío In a satisfactory T*i»0ion on the tube 

characteristics» a different tube must be selected and the design 

repeated. 

ÿ&sXm al as Sight^ojltloa JMisà 

Tb.© known factors ares 

1„ a = S 

2e Tp. t O.SitB 

3. % “ 100(,000 obitic 

4. C1 r 4.3 (tfi 

5. A S r SO volta 
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¿iret try aa 3^^ of 100 volts end a 2051 troff©r amplifier. The out¬ 

put capacitance of a 2C51 is 2.2pp. f. 

The matrix vae constructed and mounted on a cutaway panel 

so that the other capacitances could he measured. .Photograph P55 

illustrates the construction of the matrix« The r»er jurements ver© 

ma.de juot before the crystaln were placed in the matrix« The 

capacitance of a vertical *rirc of the matrix plus the wire to the 

tube, socket, with all other wires of the matrix grounded« measured 

é.dfò&f., The capacitance of a horizontal wire of the matrix plus the 

wire to the tube socket, with all other wires of the matrix grounded« 

measured 3.« Also, the interelectrodo capacitance of tha 11134 

crystal rectifier was measured and fornd to be approximately f„ 

The capacitance to ground of a crystal rectifier v/as estimated to 

be 0„5#«^s. Í, Then, 

C, C O.S/A/if 

°2S 0.5 

03 = B. 7fifi» f 

C4 = 7,,0/^.1 f 

Calculating C, 
I 

C I n(2n~1~l)Cl * n(C2 * C3) -v C4 

“ 9(0.5} •> 3(7.2} 4, 7„6 

s 33.7fiji Î 
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■»£6 

»heu» ß “ III!..™ 
2.3C 

* jqæ51u,q£) 
(So3) (33.7) 

s 6,500 ohms 

and, 

= (6.500) (100.OOP) 
100,000 » 6,500 

s 7,000 ohms 

ïf the naareet ten per cent rasietor Is used,, 

s: 6,800 olmo 

As may 'bo seen from Drawing A~38201~0, e reasonable value for 1¾ 

is 200,000 otiBSo Then, 

B, « F. 
1 i5"„ x' 

7 

s 930 ohms 

= Rb 
n(2n - 1) 

* 

- SQÛjJIQÛ 
* 9 

22,200 olms 



"H ,tr 
r O S’ÏL. 

= m. 
20 

Giving, r = "iCVÎ - H 
R A * Rg 

HJ 

.'AL l32SÚJLiZí*2MlS£L:--&,.w2 
6,500 A 930 a 22,200 

« 7,750 obma 

ands, %(0i) = ^(B : V 
P. ♦ Ex Eg 

6,500 * 930 4 22,200 

= 2,700 oMb 

The plate characteristic of the 2C51 is shown in Drawing A-38202-Oo 

Th© operating point is shown, at the intersection of the two lines 

datanalned by Ep, 2^(0¾) and r>^0„ The operating point is seen to lio 

below both the maximura-plate-dissipatlon curvo, 0»75 watt, and the 

maxi muH-, catho da- current line, 18 tnilliataperes* The curves also show 

that the grid of the buffer amplifier must be driven to about +0..5 

volt* 

# 

lote that the plate dissipation of an "on” buffer 

I 

:! 



amplifier in the eight-pooltion switch just deaigaod is about 0,75 
i 

watt, lest, a thirty-two position switch will be designed to th® 

Bam® specifications. She following design will show that trans¬ 

mitting tubes are necessary to achieve the sano performance in a 

thirty-two position switch. 

Saslra pll a '£ Si-iiMl 

The known factors ars« 

1. n » 5 

S. = 0.5^0 

3. » 100,000 ohms 

4. G, s® 4,S^f 

5. Ä B « 20 volts 

Try an of 100 volta and an 829-B buffer’ amplifier with a screen 

voltage of 200 volts. The output capacitance of an 829-B is 7 f„ 

Estimates of th© shunt capacitances may be based upon the measurement 

nade on the eight-position matrix, giving 

Cj_ w 0.5^'i-f 

Cn « 

Cg ~ 25^ f 

c4 5* 

Calculating 0, 

C « Cx ♦ n(Cg * C3) * C4 

= 75(0,5) -, 5(25.5) 4. 9,3 

s m.s^f 
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Than, H .Vffl... 
S.3C 

JÆnSX.ClûÎL 
(2,3) (174,,3) 

1,250 oha3 

ER. 

~ R 

100,000 - 1,250 

1,270 ote: 

As in the preceding design, will ha t*fcftn ps 700,000 oh" 

% = R 
on ., i i4> ««■ 

IWV 

iiÄ’ü'L. 
31 

40^4 ohms 

s? = Ju_ 

» SßSbvQfiÖ 
75 

n 2,670 otes 

s = Ah 
SB 

JkQ& 
20 



Giving* H 
P 

R -ij- Rj_ Rg 

1,250 V 40„ 4 <,- 2,670 

478 obiao 

s 

1,250 4» 40.4 2.o7G 

«ï 198 obno 

The operating point, as dotenained froTi tho published character— 

i etica for the 822-3 is at tho point where 

Ik. ' a 72 volte 

1¾ a 150 ma- 

®cl ” “2 volte 

The plato dissipation of an Mon‘' buffer amplifier le then 10.6 

watts.. The rated plata dissipation for the 829-3 it 15 watts. 

The foregoing two doelgas illustrate the large increase 

in the power required to drive a matrix at) the number of termínala 

ia increased, Tho power required gooa up/for two reasons5 *irot, 

the matrix becomes larger incree sing the stent capacitance; second, 

the equivalent load resistance for the buffer amplifiers gcas down 

beoauae the tubes srast draw current thru more P.'1 s in parallel. 
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EXPBHIMJSHTAL VERIFICATION OF THE ANALYSIS 

TLo eight-position switch designed in the previous oectioa 

was constructed and ite performance determined experimentally« Th© 

experiments will "be deocrihed In this section. 

The crystal rectifiers were soldered into the matrix ee 

shown in Photograph F55. Safore tha huffer amplifiers wer® 

connected to the matrix, the equivalent load resistance for the 

huff er amplifiers, wao dotormined using the circuit of 

Drawing /^30549« 

The resistance %(9ll) ’-’aß found to vary from 2,880 ohms at an S of 

5 volte to 2,770 ohms at an B of 23 volts. This checke well with 

the calculated valu© of 2,700 cfcns. The measured rosi stance Is 

higher because the forward resistance of the rectifiers was 

neglected in the calculation of %(0q)ï and, tho measured résistance 

decreases with increasing voltage because the resistance of the 

rectifiers decreases with increasing forward current. 

The 2C51 buffer amplifiers wore connected to the matrix 

as shown In Drawing A-30550. Tho gride of throe of the buffer 

amplifiers wer« connected to the cathodes and the other three gride 

were connected to a voltage far below cutoff. Tho voltages at the 

plates of the buffer amplifiers and tho terminals of the matrix ar© 



indicated on tfco drrvrla^. Tko Toltage of tha selected terminal 

is -2.7 volts. The voltage of tbs non-selected terminals ranges 

fron -2/-:.5 to “24.8 volte. ïhervAS ie 22 volts, which chocks 

well with the calculated value of 20 volts. Tha difference may he 

explained by the fact that the actual static plate resistance for 

the 20611o is lower than that determined from the published 

characteristics. 

The previous two experiments verify the static analysis. 

The next step is to examine the dynamic analysis. 

Drawing 1--20551 shows the circuit used to chock the 

dynamic behavior. The buffer amplifiers are connected so that tha 

application of a positive rectangular pulse and a negativ« 

rectangular pulse at the indicated terminals will produce the same 

effect as setting all three flip-flops at the beginning of the 

puloa and resetting all the flip-flops at the end of the pulso. 

The advantage of using a pulse generator rather than using throe 

flip-flops is that much faster rise and fall times may be obtained 

from a gas-tube puls© generator; the buffer amplifiers may b© 

assumed to switch on or off instantaneously and simultaneously. 

Tha block diagram of tha completo experiment is shown in 

Drawing ÍU30552. The Model 5 Synchroscope deliver® trigger pulsos 

to the pulse generator at a. 1000-cp3 pulse-repetition frequency. 

Photographs of the negative and positivo pulset; produced by the pul 

generator are shown in Drawing JU30553. The waveforms at all eight 

termínalo are also shown. Initially* terminal 0 is the selected 
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taralnsl» During th© ptlsa,, tenaiual 7 is aoloctei und th® TOltc.g© 

at terminal 0 drops to the normal non»»selected voltegs® Aftar the 

pulse» terminal 0 raturno to th© ealactsd voltage and torminal 7 

drope to the non.*»seleeted vol tage o The E is 20 volta» or 4,,3 

divisions. The pulse is one microsecond long, or 12 divisions. The 

voltage at torminal 0 reaches 10 per cent of A® of its final value 

in about 0,1 microsecond. The transients at the non-selected termi¬ 

nals subside at the same time. At terminal 7, the terminal being 

selected» the voltage reaches 10 per coat of ¿^3 of its llnal value 

in 0.65¿as£. a fair check with the calculated % of G.ö^So However, 

the long portion of the transient at terminal 7 indicates a time 

consistent of 0.. SB^i-o, measured graphically, or. an effective shunt 

capacitance of This must he compared with the estimated 

shunt capacitance» 33,7^i».f. The difference may bo attributed to 

the following factors? error in the graphical measurement» experi¬ 

mental factors such es the additional capacitance added by the de¬ 

flection plate©« and en evrpr in the original estimate of the shunt 

capacitance. The last factor Is believed to be the moot important. 

The discrepancy is not believed to be the fault of tho dynamic onaly- 

sis because the perfonaanco of the switch checks in other respects 

very well with that erpocted. The assumption importent to the con¬ 

cept of a shunt capacitance, that the other parts of the switch bo 
» 

considered at a fixed potential, iß seen to be valid; the experi¬ 

mental waveforms show no change in volte-go of the other parts of 

tile switch during the long portion of the transient at terrains! /» 
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Flip-flops were designed and added to the matrix so that 

it could be operated as a tria switch» the circuit diagram of on© 

of the flip-flops Is shown In Drawing ÍUS0554. The drawing also 

shows the method of coupling the flip-flop to the buffer amplifiera«. 

The- reset terminals of the three flip-flops were tied to a common 

point so that all three flip-flops could he reset hy a single pulsen 

lot® that the flip-flop holds the grid of an ''on” buffer amplifier 

0»5-volt positive with respect to the cathode. The selected terminal 

in this case 1® at -4.0 volte and the voltage of the non-selected 

termínala ranges from -30.3 to -30.8 volts, giving a AS of 28» 3 

volte. The switch tested la shown In Photographs F5G and F63. 

The block schematic for testing the eight-position switch 

is show. In Drawing A-30555» The arrangement for testing the switch 

la also shown in Photograph Ï58. As before, the Model 5 Synchroscope 

is cynchronized at a 1000-cpa pulse-repetition frequency. Pulses 

from the synchroscope trigger the gas-tube pulse generator which 

produces negative pulsee 0. S-mi erosecond long and 50-volts amplitude. 

The pulses are attenuated to 8 volts amplitude by the attenuator, 

show in the foreground of Photograph F28, The attenuated pulses are 

used to sot the flip--flops. The «»ding switches, immediately above 

the attenuator in the photograph, permit the selection of rny 

terminal. Tha attenuated pulsos, delayed one microsecond by a delay 

line, also reset the switch to the zero position. 

The waveforae at the zero terminal, a non-aelected terminal, 

and the selected terminal aro shown for the three basic types of 



transitions In Drawing A-3Q556«, îhe di ff© rance 8 'oetweaa the was-a- 

foms of Drawing A-30553 and Drawing JU50556 are due to the switching 

time of the flip-flopOi corresponding to the time interval t^ - t^» 

The waveform® have the characteristics predicted hy the analysis* 

For eraaplet, the temporary final value to which the non-eelected 

teminale charge is a fraction of ÄB for the first type of 

transition, a larger fraction of ZVE for the second type of tran¬ 

sition, and the entire for the third type of transition,, The 

voltage and time scales are the earn® as before, 0*48 volts per 

division and 0*12 microsecond per division* 
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WAVEFORMS OBTAINED TO CHECK THE DYNAMIC ANALYSIS 
USED IN D R B, THESIS 
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latrodttcitioK 

■4 »!■ 

ïhis papar ropo rte devaloomeat of s, thirty«tiic 
position elactronio switch, A coapiate switch baa Loen built enâ 
te otad in the Laboratory, and, although hhs doaiga of the switch 
haa aot reached perfection, the switch operates aomewiiat better 
than had been anticipated, being able to" switch to a selected lino 
in slightly leas than 0,2 BJicrosecond, 

A five-digit binary nuatber, reoraaeated by pulsea 
on fly© input liaos, determines the output line selection. Each 
of these pulses is used to «¡b a flip-flop, Tho ton outputs of the 
flue flip-flops are tgplied, through driver tubes to & laatris inode 
u.p of tea vertical, aud thrlty-two horizontal linos connected at 
proper oroos points by genaanitoa oryatsl rectifiera, ïïhe crystals 
.are so connected that for any sotting of the m-p-flojis >rJ.y one of 
tho thirty-two linos has no voltage an it, fhers are thirty-two 
poosiblo combinations of the five input poises; thus, the switch 
can be used to select any ons of. thd thirty-two output linea, 

9xiEiiisã^Msâm, 

Th© original dosign of the thirby-two pcaition 
switch was developed by D, R, Brown, (Sens Eaferenoe), '.Shat decign 
required that transmitting-typo tubes, such as the 839 o:: S330, be 
UBod to drlvo the crystal matrix, and that 12ÍX^obm load reslntcra 
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■feo UBSÖ. !;o tomiaat© the matrix outpaft llftsts* totr^olatlng írom 
the work dona on m eight-position aw!ltoh5 the mxw¿lni$ ■o-œo o¿ 
the thi3ftv«two -ooaitioa ßwltcsh was estimated to h© one-liaif 
micro second. Brewing »-306V3 shotta the aiyaplified circuit soa&matlo 
oi* the final apposition switch. îhls oi.rouit is sir.iílar to -eh© 
original d®eign with the exception of the cathode ioiiowsrso 

Kasv&sâk &.ssââã£Jàfei2M 

ït was decided that the switch bs constructad to moant 
on a standard relay rack. %is would faollltate testing end be 
more in lias with the probable final design. Ähe rertical panel 
aarrangoiaoat would also make for batter cooling of the tubas by 
convection. A rear view of the switch rack is shown ta 
Drawing A-=3Q596o 

Ao can bo seen from the photogr^h®, Drawings ^306½ 
asid jV-20695, the crystal matrix is mounted in a rigid framework of 
oneself inch laminated phsnollo. Bids was done to provido a 

i|J demountable rigid «alt to faoilitato plaoement and testing of the 
crystal s«. ïho dlmonalon» of the matrix wer© detormined by the 
siso of the panel sad the else of the Input and output tube 
cookots. ’JJho stray ©apeoitanoe between the wires of the matrix 
was also considerad, and estimates using the xwolt® of the eight- 
position switch Indicated that a matrix large enough to satisfy 
the tubo spacing would not give too much stray oepacltaaceo 

She overall dlmenoioaa of the matrix frame are fourteen 
inchas wide by thirty-two aid threes-fourths Inches high (S2~3/4l,)o 
îîi© wires in the matrix ere bare» fiftesa-gauge tinned copper« 
flio horisontal wires are om inch apart which 3.a «lust about 
minimum soaoing that can b© allowed for the tube sockets of the 
output amplifiers. The wires of the vertical pairs are one inch 
apart and” the pairs are spaced two and three fourths inches 
(3-3/4”) between centers.’ She circuit sohematio of the final 
matrix is shown in Drawing A-306Ÿ8. 

'fh® matrix drivers aro mounted directly b&!.ow the matrix 
on the panel, as Is shown 1¾ Drawing ^-30693¾ ¡Shá9 tubos £S*o usad 
for the" drivers and ®ino® the plate connections of this tub® ccmo 
out of the top of the tube, holes wore cut in the panol through 
which the plato leads could b© counaot-ad. to the matrix inputs. 

Below the drr/era end on a separate peael, the switching 
flip-flop Pi were mounted. These aro shown in Drawing A-30C93. 
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ï» the typo of cojujfccuotioa xiaod, wtovove? parßllil®^ 
v2.r5.ng appearo on tho front of tha panel ^here it i® easily 
acaoôsíbloc 

StAtlo .ttoaongamsnfea of Matriz: 

Before insert2.ng the oryotols in the natrix, oeopaeitissioa 
meaffurcraont® were made, with input wir®» connootod to 3Ï39 platoo 
and output wire» connected, to tuheleen aookote« Cgpaiity neaanrod 
was that hetween on© wire and ground with ©11 other wires grouadod«, 
ïho cepacitanoe of a vertical wire 1« twonty«four micro»Lovofara&s 
end of o horizontal wire, nine mioromlorofaradoc Iron thea© teste, 
it was found that the input wires should heve »lout half mVinoh of 
clear once where they pats a through tho panol 0 Thoa© capacltencea 
aro somewhat higher than had hssn eatimated, trat thoy could ho 
reduced by using smeller wire. mû. cutting out tho portion of ti.w» 
paaol bshind tho raut-rixo 

•_ 

Propor operation of the oryatel matrir. is depeadont cpoa 
tho forward and back reoistanoee of the o systole usado tho de si ge 
of the matrix specified a forward rosist«aco of loss thaa 100 ohms 
and a back resiotanoe of mr® than 100,000 ohms« 2n nvdar to 
maintain these specification« „ oil cry stale were tested and only 
those surpassing the ¡apeclfi.oatioaß were used* Sylvenia typo lh'34 
crystals wore used, and tho details of tho oharcctori sties of 
those crystals ero given in tho rofereac© rsporfe, R-10ß„ 

After the ©ryotals had boon insertad in th® matrix, static 
tests were mudo on tho matrix to determine th® potential diff©ronceo 
to be expected between colacted and unselected linos and to find 
£>oy crystals that sight bo bad« ïheee tests were medo by terminating 
tho output lines with 1200 ohms to ground' and thon applying s. oosaaon 
negative voltage to one side of each pair of input lines« Xa this 
test, various voltages were used, but the volt afee expected in tho 
final switch was to bo about 23 volts, so most of the teat« wore 
run using a 24-volt storage battery sourco» Drawing 4-3)678 shows 
tho matrix connections used in this test« By srppXying a -24o3 volt 
supply voltage to different sidos of the input pairs, the «olootod 
terminal was found to haw e, voltage of about «3,8 volts and th© 
unoeleoted tormino! had a voltage of about «33«5 volts« Whie 
varied from «23«0 volt® at terminal ïïo, 2 to «33«9 volto at 
tQíTíinal Ho, 33„ ■ ■ 

•h> 

.If tho crystals in the matrix had an infinite oacic 
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rsßiatanco, than the voltada on tha soleo tad fcasnaináü. 'f>nUd l>® 
a«roo Tho finite hack real stance of the crjratalc allows bojr© 
cuyyont to flow frore the aclooted output lina to ths un-sn.Grglzod 
input linos and than through, tho hack realotance of the cry et at a 
connected to tho unseXectod output Unes?, thus soute voltage 
appears on the selected outputs» If any one of the crystals in 
the matrix has a low hack rosi atanco, thon any output; lino 
connected through crystals to the same input line as the bad 
crystal will have a voltage larger than minus four volt 3 appearing 
on it when oaleotodc There arc sixteen cry»talo cosnected to each 
input lino; thus the had crystal will cause an incorrect selected 
voltage oa fifteen linee » When the fifteen incox-reot outputs are 
found, inspection of the matrix schematic will show tho had 
crystal0 

In tho case observed, line«* No, 18 to Ho, 33 showed a 
selected voltage of »5»5 volta whereas ail others wore --3,8 volts. 
This indicated a had crystal between output No, X? and one side 
of th© ïïo» 5 input 

In the case of an open-circuit crystal, the lina to vbXoh 
it is connected will appear aa a eeloctod lino when it should not, 
Tho open-circuit crystal if. the one connected to that Isput line 
which is not connected through cryotalo to both the tru® eel«cted 
output and tho false nßlsßtod output» 

MaMz-itelSÄE . 

Following those testa, the 3B.39 tubos wore wirsd to 
drive the mstrix, and an attempt was roed® to teat, the «/stem by 
allowing one-helf of occh tube to conduct and biasing off tho 
other half» However, no selected line indications could be found 
and it was discovered that the system was oscillating.. The 
oac ill atiene wer© prevented by inserting a 100-oto r<; sister in 
each control-grid lead of the 335291 s. With the; cathodes cf the 
drivera connected to a oupply of «150 volts, one aid© of each 
driver biased to cutoff and the other side at saro bias, the 
voltage on & selected lino wae measured at minus four volts and th« 
uneelected lines measured between minus twesity-tiu.*®© and miau« 
twenty^four volta. These roeaeureroents confirmed the origins!, 
estimates of the operating points» 

Tho driver tubos operate with, a plato to out hod© and a 
screen to cathode voltage of ISO volts» When tbs tuba is conducting 
with zero 'oiaa, the plats current is approximately 120 raa, with a 
plate voltage of 3.33 volta, and the soroca current it? about 13 ma» 
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Under feheao condlttoae thü plat,a dissipation la 3.5 ueU« trai tiw 
screen dissipation U 3« 7 watt a«. ^ inaixuiaoturers do «ou give 
the naturtíL-ei^coolod diaelpation ratißga for oontînomxe 
operation of this tube, but the lateralUoat operation ratings 
are 40 watte and 6 wat to for plate and ocrsen dicfr-pG.Uonra 
reepeotlvely for the two sectionb of the tuoa toga¿hero in. «no 
eleotronic Bwitoh, only one section of the tube operate« at ono 
time, and it would mm that the 15 watts and 3,,7 wat va are no¿ 
excessive,, ïto eff active plato load of the driver mboo is 200 
ohms, and the “outoff’ bias required is about 20 wits. 

ïests were then made using positive end. negative pulse» 
to determine the switching time of tho matrixo Positive pulses 
woro applied to the grids cf tho “off” drivero, and negativo 
pxxisQß vers Eppliod to the grids of tho ''od.’* driverse -he rasolva 
of these tests" showed a switching time of well over ono microsecond, 
but tho shape of the pulses available for this teov was poor, so 
little weight wan given to these resulte. Since at this point the 
construction of the switching flip^flcpc wao very nearly comploted, 
the pule© baste were dropped, end attention turned to completing 
the flip-flopßo 

Switching nir^icvM 

She circuit echematio for the witching flip-flopo is 
Bhown in Drawing .^39337-2, IMs flip-flop Is 00sent!ally the 
otsao as the standard circuit except that the trigfesrîng tuba i® 
hiacsd below cutoff by a portion of tho volteg» screes -üi» cathode 
reel ator of the flip-flops. ïhe voltage ^spoaring betv/osB. 
cathode end ground la about thirty-two volts and eleven volts ol 
this is used*to bias the triggering tuba. 9hia bias inwsw 
against small trlggero -revereing the flip-flop* plate aigaeJ. 
8t;te¿3 of tho flip-flap is about twenty-seven volta. 

In bhe aotup used, the Eoclce'&s for ell oa. ohc 
flip-flops ware mounted oa one panel and the fileaoats and ground 
losdß connectedo ®ho components for the individual .flip-flops 
were mounted on separate spécial torrai cal board® and thon bolted 
down over the tube sockets and connected. -hie method '.<&? used to 
facilitate replacement of the flip-flops, but ifc requireß about 
axi honv to chOTgf) on0P 00 tii8 ro^thod x ® Mt r o (i o jk. . öu > A 0 

ha better to mount tho tube sockets on the component panel •and 
thus only seven connections would hava to h© brokou and remade io.. 
b roplao emento 3?haso ex© supply voltage, gronad, set, re sot, 
restorer, and the two output loads. 
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Tks fiip-'jflops Moi'« oonstsuotßii and to et s ’.ore i.’im ou 
thQtt to obfjorvs tfee ?,*estoring operation« ïn tto rastoring 
operation,, the flij^ílcy is triggared tvloe in quick so.cooaflioa 
(on© jaiorofiocond) th»® ceusiïy; it to rover©© it soif end then 
return, or to flip to it® other position aaO. re turn o iho purpoa® 
of tha restoring operation is to allow a~o coupling from tha 
flip-flops to ßuocooding ©tage8« At tho platea of 1;;:ïo flip-flop 
a pulso capeara whose length apprordmatoa tho length of tiia 
restoring Intervalo 1'he polarity of thisj pal so dcpojjdg upon 
which position tho flip-flop was in boforo the trlggar© as’rlvod« 
These pulsee can be transmitted through an 0=0 coupling ciroalt 
to a olaroping circuit« During tills tout, tho flip-flop© wor© 
found to he somowhat imsafcistfeotorjr In tSiat, in spite of their 
cupposadly Identical construction, on® of the flip-.flop3 tended 
to'ofioillato and was not vary atabla0 Shia was found to ho 
caused by a wry alight tmb©l.anoo in grid rotuni real ©tors end 
was aggravated by unmatched tubea« Shis difficulty xm corrected 
by «tailoring* ths individaal flip-flop a« 

It le desired that any flip-flop ß usod in a el rouit of 
this typo b© of such dosiga that any flip-flop ooaatruofcotl of 
standard parts, will operato in tho seise manner an all others 
based on tho asms doaiga« ïhe fact that any flip-flop muuS bo 
individually adjusted indicates that the 4©oiga is oowawhnt on.- 
stable« A .not; flip-flop has bean designed ainco, and. given 
Drawing Ho» ÖB-39373-3 not shown In this report« Taott on tho 
now flip-flop are not oomplote» 

ÈráLS&ssMm 

ïha flip-flop a sre sr-o coaled to th© drivers through a 
olaKpiag olroult#'Drawing A-SOSôŸ» Tho olsBçtiag circuit consist« 
of a Vß^mioromlorofcrad coupling condesa ser fron tho flip-älop 
plate to th® driver grid, end a XH34 cry at si from drivar grid to 
cathode» She circuit ia connected to clamp on tho positivo' sido 
of tho driver grid waveform, thus the grid roceivlng a poßS.tlve 
pulsa during tho rsetor&tioa is ^cutoffu for the rtist of the ayclo, 
'¿ad the other ©ids of that driver, recoiviag asgatlv© pulso«, In 
condactiag during ths rest of tho cycle « Asaumirg tJto flip-flop 
to be in the "aoro15 or :!cleared!l position, thon a 15set0 pvlao will 
invert tho output waveform® of tho flip-flop and uhan raverse tho 
operation of tho corraspooling driver tuba; this eoattitutca a 
switching oporatlon» A rasot pulse applied to the flip-flop® will 
return the oyatom to its original condition» Sho velus of 100 
adoromicrofarade originally used in tho coupling circuit vns found 
te b© too small to hold tha driver out off for the full ten- 
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aleroßsooaä. oostplossat periodo A 660 r&oxw.ujvo?. oícíá oí^u^itoy. 
wao add«d to the ooupllrig olrcuJ.t sad this prov ' '-.«d uatiRectory 
oporatloBc This gavo a total velufs of TOO mioroialaroirradfl la 
the coi^liKíí oi remit« 

fe 

o 

She hlook oohsmatlo oí tíio fcoat ßQtup used in toetlng 
the oomploto eifltoh la «howa in Braalng Ä-SOÖV^’XoIn the fi.rnÿ 
•teet» no to^L®»(S»ltoh storage ma uaod and the follower® :>.n the 
driver oivcult® heA not îjeosi dovoioped.® ^he isethod usrd in 
testing the switch was ac follow®! A on.® megaoyol® deck vm 
used to generate pulsea at a P«ß»3’» oí one raegao^ls; the a© wore 
divided to 100 fcBo0 by a dooedo count ur» Prom the dec ad« oonntor 
the pulse® were sent throngii a eii8pe2,*-*an.d«peskQr circuito 
Drawing A-30457, which put out 0»35 aicrosecond posi tire pídaos 
which wore invortod by a pulse traasfonter« TJiscc wire led in</0 
g, restorer pula© generator» Drawing ¿r>39&j¡7»S, vhioh produced two 
pooitiva pulsao, ono miorosecond aps^ft» fro© aaoh input pulBOo 
ïhese double pulsos were then applied, to the rester or t ©ruinai a of 
the switching flip-flops.» %U0, the roatoring operation took 
piaos onoe every ten sdorocacoudo« 

Tho output of the first dec fide counter va«' also applied 
to the Input of a second decade count or whose output was a 
positive pulse with a P0Hc3?0 of 10 Shoe© pula©® t.«ro applied 
to the input© of two gata-aad^del^yod^triggor g^noratoi's^ which 
produced positive gatos of voriable ridth® . The gato pulsos vor© 
difforontiatsd and clipped, Drawing 30674» to obtain nagatlvo 
pulsea occurring at the tima of fall of ths gnt©« --.7 varj/ing jhe 
width of the gatos, the timing of ths negative triggers can b® 
varisd with respect to th® raster-,rr pulses and with rospaat. to om 
anothsn’o On© of th© aogativ© pul sea via® applied to the resot 
terminals of ell lUp-flopn and th© other negativ« puls?« -«m 
comise tad to a coding box containing five switch© s» Dewing 
^30674, by jasan.® oí which th© pulse could be sppllad to any or 
0X2. oí th© sot termínala of thaflip~flop®* A'F this ^aene, ¡»ho 
flip-flop b may b© Bseta one® for every ten rs storing oporationa 
and ar® always rscet ones in the sajas periodo fhS.ß gi%ßö 
period oí 100 microaeconds to tha test cyclôc 1'hc output oí ta© 
second counter lo oí the proper frequency to »yachronla© a 
oynohroieop©, but tha additional load, oa that oowntor output U 
onough to esu.so t-ho gata—and-dol.'íyed«trigger ganoi'auorj: vo otoo^ 
operating» ^or this roason a third counter was uoed to divide the 
output of tho firet-counter for nao in synchroniaing the Model 5 

* 
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cã saris1» 
Sï^ÆtJSÂÂÂ «Âi «r; 
auumtoi c^ïsoltmcoo n.o at 
number of tul)OB la the driver otage are tu*nod on , tU..-.. g 
the volic-go on oil uiwolootoa Unos» «HO to.V.eío tlvcp .5 
oweoMlvaly oouplod W «“ oolsotod U» • - 

‘to 

momo of jSSoSSSolTKlii 
SOCnand EOO-Hdoroheary choteb we-® trica on oa« 1.---9 ¢-- ' 
thS’thay heXpsd a little, lm.t when 20(Kmloronea.ry ohc,»5 voa« 
ooonaotod to áU of the lino,, T«T V«f «to-ïSÎt 
itticroheary ohokoa ware coaneoí¡oa on ai.i o* ^ -o. ■ 
any ringing;, hat the dacreas® in ¡switching tlMa *i*H >««,. tilg = 

She faults In tha operation of the switch, ffifido it m^dZ 
that cos»© sort of push-poll operation might he employee. ->0 owvcom« 
the effects of the capcjoltively coupled voitags drop» m- ^ toe 
oaL tL provide a ¿tor rise on the ^looted 
voltage to which the selected line was rluina* ^ *W ^ f 
It selected line only ror,3 to a voltage of minus *ouyoAU, ana Xv 
would be much better if it would rise to sew poteuouil, 0, ^.mXo 

The Cat^de,JhllgH^ 

Shorn ta ftrwtlX! A-30667 1. %m aotomoilo of the =a«>«te 
follower circuit hui« tu order to oTweoae «a. oa®» <* l'‘" 
switching time mentioned previouslyo 

The scheme of the unit is that U «hould put out a 
uocltlve pulse on the lines connected to t.ao platos^oi vio cutor 

a>. ïha ««me time that the unwanted, capacitave.iy ooaplea d*op 
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oocuriio The poaltlTa signal was avnilablo in the xi-se of voltage on 
the grid of th® opposite half of the 3E290 All that v?aa aeedod vrp.is 
to differentiate and delejf that riso aJid apply It to the grid of the» 
cathode followerc The 7M tubes would operate at sero Mae and 
therefore would draw a small amount of sex-o fslgnpl current » Xt was 
hoped that this current would aid in rat sing the final value of th® 
selected line voltage to aero by cancelling out the stray currentb 
flowing through the selected line leed mai store 

Operation of the Complete Switch 

In SigOo £^143--1 to S».14.>18 of Drawings A-30S6B to 1--30673. 
are shown the wave forna taken, at various pointa of the switch with th® 
7F8 cathode followers In operation,) and an output iaad0 eimulatlng 
toggle-»awltch storage, connected to the first four output linos of 
the switch» The completo block diagram of the setup usad ir. thlisi 
teat la shown in Drawing B*3Q677; a simplified schematic of th« 
Supposition switch 1« shown la Drawing D-30673B the detailed oohomatlo 
of the switch output amplifier and storage input amplifier are shown 
la Drawing A»30673„ and the schematic of the dead storage toggle switch 
bank la shown In Drawing iW-3Q675o 

The FigHc, Ï-143-»! to 3^143=-16 Inclusive have a horlaontal 
scale of 0»5 microacccmd per {small division and ¢. vertical seal® of 
6o3 volta par cmaD. division» Figs» 3^143-16 to F-»X43«X8 have a 
horizontal scale of 0ol microsocond per ranall division» Drawing 
A-3Û695 shows the complete 33-posltlon switch and the test equipment» 

SIg» tv»l43»l shows tixo restorer pulseo applied to the 
rectorar terminals of ©11 of the switching flip-flop« from the 
restorer pulso generator® These pulses ar® approximately 0C35 micro¬ 
second vide and 35 volt® la amplitude» Shs second pulse i« smaller 
then th® first because of attenuation in the delay line on th© Input 
of th® restorer puls® generator«. 

Pigs» £-143-2 and F-143-3 show the set and ras«t pulsee 
respoctlvoly«, The reason for the pool- shape of these pulses is that 
they are driving the flip-flops direct from the differentiating 
network without intermediate amplifications however, they give satis™ 
factory operation» 

SIg» £-143-4 shows th® waveform on the left grid of th® 
driver V1.08» This waveform in the «ame a® that of the plate of th© 
"zero8 sido of the first, flip-flop» The figure shows that th© left 
section of 7105 la cut ‘’off1’ following the set pulse and Is turned 
“on8 again by th® reset pula©» Also, that section of the driver la 

..,.i m-tfüatà ¿«& 
U 

..iw. ¿ ,v,v, 

I 

AZ:, 
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tm’nod ’’off1’ during tho r©;storlng periodo 

ïlg0 3?«l43-.ß shows the waveform at the grid of the left 
seotion of V104, the V?® that aid® tho driver V105o ÏM0 vavofoxa 
le obtained from the right grid of V1Q5, whose xoItago is the 
invero© of the waveform shown in 2$.g» F«143«4«. The sloping top 
of the puisa ira due to di «tributad cspaciteuce of the matrix being 
charged through the cathode followers and the charging slope 1b 
coupled to the grid through the grld^to-cathado coadenser«: 

S'lgc 1-143-9 shows th® p3.at© of the left section of VX05 
which le Biso tho loft cathod® of: V104» Initially„ the pula© risen 
up to a peak, but it ia pulled down by stray coupling to pinto linos 
that ar© dropping. Without the VITO circuit this drop would continuo 
to slightly below the base 11a« bofor® rloing again» With tho left 
«action of 7105 cutoffc, the current drawn by the left aeotloa of 
7104 must paco through the diodes i.a tho beck direction* iacraaclng 
tho cathode to ground resistance of th® 778, The sloping top oc th© 
pulseis ia Jiga P-143-9 is due to tho distributad c^pocitaacc of th® • 
matrix being charged through the oafthod« foUoi^rs» 

Fig» $-143-8 Is the waveform at the plato oí tho right 
section of 7105* This waveform is opposite In polarity to that of 
Hg* 1-143-9 and tho elope of matrix charging curve f@ clearly shorn» 

2ig0 $-143-6 «hows th® wnveforia at output terminal No» 32 
whan it is tho selected terminale Tho riac time of the torminal is 
longer thon that of any of th© other torminal« cinc© th® mnsimuia 
amount of change has to taka place in order to switch from terminal 
No» 1 to 33» In SIg» 3)-143-6, the heavy horiBcrntnl grid line 
representa aero veil tag® and the picture shows that th® waveform is 
clipped above «ero» This waveform is a clipped ver«ion of Fig» 
SKI 43-9 » 

r 

Burlng th® restoring period tho switch. 1®. switched from 
Uno No» 1 to Lin© No» 32?, tta«* line No® 33 become« a «sl&otod line 
for th© duration of tho restoring period» A positive pulse should 
appear on line 33» and & negative puls® oa line 1 during the 
restoring period, but no change should occur on any of the other 
lines » yhea the flip-flops are triggered on the cat hada as with the 
restorer pulses» both tubes are turned "off“ for the duration of th® 
trigger before they “flip18» This mesne thsfc th® r,o£i!1 driver tub® 
is now turnad "on15 before the "oa** tuba ia turned "offu» Consequently, 
the 7F8 cathode follower® are pulsed too soon and their offset Is 
not felt on th© plate of tho drivers because th© drivers are still 
conducting«, When tho propor driver tubes ere cutoff, the eeleoted 
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lino (line Io» 33) rises in voltage at the rat© deterwlned tîm 
tima constant of tho clrmlt unaided 'by the pulsed '1J« ., K'vis 
effect 1 b shown in Hgo 1^143-6, where the right-hand pulse shows 
the line being aoleotcd during the restoring période % raduolng 
the nroplltudo of the restorer pulsea to the minlmuva amplitude pro¬ 
viding satisfactory operation, the flip-flop witching tima is 
increased arid the restoring period pulco on Un® 32 can 1® ?na<i0 so 
have a fast riso and a flat top. On all output lines azeept 
lTo0°e 1 and 32, mall positiv® transient pul see appear at the 
boginning and end of the restoring période 'fhiU is shorn in wave¬ 
forms yigflb 1-143-7 and 1-143-.10 0 

FJo-o S«143»7 ahoifo the waveform at output Hu© Ho™ 31 
during the time'line So. 32 is selected. ïhis waveform «hows the 
positive peaks that appear on unoelected line« due to the faßt «uat 
the 'W drivers are slweya turned "off'* slightly Wore the "off 
drivers aro turned "on" whem the flip-flops aro triggered on tno 
grids» This delay iß caused by rise time of the driver grid signal 
in tho region where tho tube la cutoff. 

Fig» F-143-10 ahoitffJ tho aeleotion of lina íío. 4. Only 
two flip-flops have to bo awitohed to select this line, aad^therafero 
the switching time is slightly Iocs than for lino Ho. 33. FigSc, 
F-143-16 and F-143-17 show empandad views of the selection of Xinso 
loa. 32 and 4 respectively. 

Fig» SU143-11 shown the output of No. 4 output amplifier. 
V604 durlng the time No. 4 lino is selected. The aelaction of an 
output turn® "on" tho associated output amplifier thus producing 
a negativa pulso for the duration of tho ßolectlo».. 

fh© const motion of the switch re qui ras thuû lino ho. 1 
normally b® seleotoà except during a reatoring operation or during 
the period in which tho switch is usod to momentarily select another 
lina, This moans that the Ko. 1 output amplifier opérât®a "on« most 
of tho tiraoo In the tost setup,, all output, amplifiers are idantical, 
usün" sor son dropping resistors and screau by-pan« condensers, and 
therefor®, th© Ho. 1 ampllfior operator with & lower average persea . 
voltage, and outs out much smaller amplitude pulses, -a ths^iiaal 
switch do siga tho Ho, 1 amplifier will have to bo deal good to oporaf-© 
continuously si id give an output equal, in amplitude to the o^hor 
amplifiera. 

Fig. F-143-I2 show» tho output of th® Ho. 1. output 
amplifier during the selection of line Ho. 4. l\;u'ing the sdiection^ 
of Ho. 4 and during the restoring operation, line No. 1 becomes 
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tmGßlöctod. tonca the negatriv© vori;agac 
iloofä indicating non-sol©otiono 

Indicating ®ol©otlont 

jS^ld'3-13 nhovm the voltage wavefomn at the Impat to 
toggle” switch otorsge regietar No.» 4 dux'ing tha cel cation, of ¡switch 
out-out iso. 4c This i® also the output of the storage Input 
amplifier, Drawing A»306?3e Dead storage in thio tost vrao «Imulatßd 
hy only fotus l&»digit registers mad® up of toggle switches aitd 
cryatala as Is shown in Drawing A»:OT50 The cause of the ringing 
appearing in Slg. 5-143-13 was Iftter f ound to ho due to a poor 
ground connection botwaan the storage par>oJ, and the synchroscop®« 

ïlgc 5-143-14 show® the voltage wavofona at the output of 
on© digit, colman of the storage rogi store during the seleotion of 
Register No« 4 and with all storage ewit.ohaa In th© '’on^ poaitioa, 
W eapomdoxl view of this wavofona is shown in Hg» E-143«13« ïhio 
waveform dees not have tha a'aplitmlo of th« waveform of itg» 5-143-13 
hecauso tho portion halow ground to® fcesn clipped oí ¿o 0 arai ul 
design of tho storage input amplifiers to maks tha lower level of 
the plate voltage »ero* and a clasping circuit in the grid to clamp 
tho top of the input waveform at cathode potential of the amplifier 
will give a larger storage output pulse« 

Pig0 3iU143»15 shows the output of th® aamo digit oolnm 
as in Hg« 1^143-16, out with the toggle ¡witch representing that 
digit in Begister No« 4 turned off,» swd ¢13. other etorego Pitches 
closed» She email pulse that la present is due to tha input pulse 
vo register No« 4 passing through all of the closed digit switches 
to tho digit output columns» fhen, passing through th© hack 
real at anca of the i isolating crystal© to tha input, terminal a of tho 
other registers* th© pula© appcaiwi on the digit column being ohaorvod» 

]furtu©r Work to ha Dcmg^on, the Bgitoh 

Tho present model of tho 32’••position ©loetronío switolj 
has proved that such a switch is feasible and can he. .inado so t<orK 
with a switching time of lacia then two tenths of a microsecond* 
The remainder of the work to be don© or. the switch consists mainly 
in modifications and refinements of the present circuite for more 
efficient operation. $hs components aoodlng Investigation and 
modification aro th® 71¾ cathode, follower circuitfj. tha output 
amplifiera» and tho storage input amplifiers. Those three circuits 
•were not designed for efficient operation, out msrely to test tha 
effects of such circuits» She circuits apparently perform their 
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asBígaed fuaotlons and tiiaraforo wai'raat moro dotcilíd study0 

The 7Ï8 circuito hr,ve_ Uto functions m praviouoly 
mentionid, to canool the stray bapacitiveiy couplad voltagen aad 
to provido a higher voltage to off act the vim of fchs aoleotod 
tarmlaalo % removing the 7^09 is entirely from the circuit and 
connecting 47K resist or a from ‘flEO volts to tho plato a of all 
driver tubes, tho risa time of the îiwitcidJiy; signal ia conaidorábly 
inoreased, hut the drop occurring'after tho initial rice is enough 

' to bring tho voltage hack davn to the unseloatod lovai hofore 
riaing again:, The switching timo with aucîi a circuit is 0„5 Tnioro- 
second m comparad to the original one microsecond» I'M a indicat®® 
that the 7ÏB*s actually do oppose, the unwanted drop« '-ho photo- 
graphs ahov; that the grid of the 71¾ never goes positive with 
respect to the cathode; therefore, the 7TB tubes do not draw mor# 
than the zero Mais current of about rat 11 lamp era so This is a 
plate dissipation of about 108 watt® whereas the tub® la rated at 
lo?6 watts per oeotion« In the final design, all‘tubea should 

i '4.> operate at half rating and this will require that a largor tub® than 
I tho 7Ï8 be uaeö.» However, the zero grid current of such a tube must 
I bo about that of the 7F9, or during tho period for which tho driver 
I in off tho voltage may riß» high enough to exceed tho back voltage 
|| of the crystalß0 With the ?F8 circuit it is estimatad from 
I Fj.go F«143«8 that the m'aadwusa back voltage occurring acromo tía© 
I oryetals Is about 30 volts« 



. i . 

íiS-iS 
lleoort Noc E*--I33 

Braving Nog 

D»30673 

A-30696 

¿•r-30696 

A-30694 

A-’30676 

A»30693 

A-30678 

A=39337-3 

A-3(166? 

B-3(1677-.1 

.^3C467 

An 39 847-3 

An 30674 

.A-30673 

An'0675 

V-30668) 
A-30669) 
A-30670) 
¿V'30671) 

APPMBIX 

Lblo 

Tho 33-Poaitlon -'Isebronic Svltoh 

Roai’ Vitsv of tho 33-Poeiltloa Switch Rack 

Laboratory Setup toi' Testing tha 33- 
Poeitíon Switch 

Oryßtsl Matrix asd (Üogglo Saitoh Storage 
Used in tho 3A-Po»ition Switch 

33-Poeition Matrik 

Jilip-Plopn end. Drivers of the 33-Position 
Switch 

Crystal Matriz Static Taet Setup . 

Swltchlng ílip-PXopa 
» 

Driver» sad SbXlovexs for 33-Boaition Svit&h 

So si; Setup for 32-Pa eltion Switch 

Palco ShsMrpener 

Beetorer Paisa Generator 

Differentiator and Slipper„ a»Ä Toggle**- 
Switch Coder 

32-í'ositioa Switch Output Ajaplâfler» 
* 

Toggls-Switch Storag© 

Figures S®143—1 to P—143-18 
^ inclusive^ Waveforn of the 32-Posltiot 
^ Switch. 

Ü
É

iM
Ë

IM
M

lÜ
É

tiÉ
aM

M
iÉ

ai
iÉ

iÉ
iM

B
i 



h1' 
-vvv-viJ_L/~ 

-"vJJÜL.r 
•Vv\A- 

V V*-“ 

'• —•AA.'-'JUAr 

' —'A/ A- 

vA/'V'- 

■vVA~ -vfiJUy— 

—JJJLy— 

--/a/-•\jum~ 
AvV-JUlîy-* 

-JJÜLr- 

—%AAA- 

-VaJLU- 
“.JUULa* 

—Vv'nA— -\JUJLr- 

"V’/A   ■ " -OLÜ. A* 

-AV-vJUULr 

—VAA-—-vJLgJty" 

—AAA— 

. —vVsA*~ -Am>- 

“WV“- 
-'.JÜUU“ 

V.. N, 
1 
’S 

1 X. s 
*s •V s s s, 

V V, 1 'S s s 1 i N, s. . s,_ s 
V. V N, s s, 

V. . V, s. s, 
V. N' N s s 

S N ’S s s, 
V. Aw.. s s s 

>v. 'S s, ’S 
V A V s s, 

A. N s s s 
A- V . ■’S, s s 

V ■s 
1 
s s 

V v„ "S, s s_ 
V V, S, s 'S 

1 *s V •V s, 
V *s N 'S K 

N V. s s 
s N ’S [S S- 

k . s s. s 
K s s s 

■V- *s s, s s 
V, ’S s s 

V A._ s, s 
V V. s s, s, 

V. V, s. s, s, 
V, N s. s, s 

V k, s, s 

s N !S- s 
V. s, s, ÜS 

S, K ’S s s, 

i r 
11 i 

1 
Il 12 .sa ! 

i r 
1 1 ri ! 

L-1 

X 
£ 
Æ 
S 

2 

M 1^ 

I 
1 
1 S 
I < 
I w 

I 2 

h—i I- 

I I 
I I 
1 , . . I 

I 3 

fcX íiiJ Üf iilJ 

aciaaoBD» 

> 
o in 

V?; A 
ÎRÏ°- 

IP Q. 
9 
U. i 
CL 

0 
Z 
I 

9 
? tn 

r.'. ¡ ■ ’• '•■ .i• i i 



A
 3

0€
)9

<ô
 

REAR VIEW OF THE 32-POSITION SWITCH RACK 

USED isi 6345 REPORT R-\23 



A
*3

0
<

à
9

5
 

D. I. C. NO. 

6345 
DR. 

ENG. , App- 

A . 8 I . 

CK. 

A-Soões 

laboratory sbt up for testing 
THE 32 POSmON SWITCH 

0S8O m 63A5 R8PORT R-\23 



k-
-*

>
0
<

õ
3
S

 

Il.I.I".. 

■ 

^MH!!ÏÎÎŒÂEÎvHN0L0GY 

D. 1 C. NO. 

6345 
ENG. 

DR. C,[' 

^ A- 30694. 

CRYSTAL MATRÍX AND TOGGLE 
U5E0 in THE 32 POSITION SWITCH 

ÜSE-D REPORT RT23 



M R i X i N V J T' PA î A‘ 

5 - pó s i T i c- n; îvi a:t ro \ ^ y î < ! A- 

M
A
T
R
I
X
 



A
,-
S

O
G

S
"

 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
SERVOMECHANISMS LABORATORY 

D. 1. C. NO. 

6345 
DR. CK. 

ENG. 

J.A.O'B 
APP A-30693 

FLIP-FLOPS AND DRIVERS OF THE 
32 POSITION SWITCH 

USED IN G345 REPORT R-123 

,: 



a) 
N 
vÔ 
O 
rO 

\ 



0
-H

5
0
V

 

c 
i 
r- 
fi) 
<XJ 
6) 



C\
—^

bC
>(

b>
Cc

>~
l 

from flip-flop plates 

DRIVERS AND FOLLOWERS 
FOR 32.“ POSITION SWITCH 

USED IN &S4-5 REPORT RHSi 
.... ... ..** y-M 



-
3
0

f
e
n

-
 



h- 

U
S

t-
D
 

íN
 

IR
æ

P
O

F
’Ç

'T
S
 '

R
 

l’
S.

O
 



A
-3

3
£
¿

V
7
- 

rn 

& 

2 

... 



TOGGLE SW\TCH CODEE 



4-150 V 
N 
s • 
tif a'} 

■ ^ rr 

. M 
\-r- h ‘J 

. >4 • 
i •'* i . . '>4 '*• r 

•; ■■ 

iî / , , 
U’ 

o^D 

^ » 
$ ' ;î ^ ’. 

-1-/4 
; lÿ ic; 

! ~ 
I COAXIAL CRBLE 

J 

> 

TOGGLE -SWITCH ‘5T0RRGE INPUT AMPLIFIER 

32.-POS ITIOW SNWVTCH OUTPUT AMPLIFIERS 

USED IN G34-5 REPORT R-1E3 





RESTORER PULSES 

SET PULSE 

F-143-2 

RESET PULSE 

LEFT GRID OF VJ05 (3E29) 

F-143-4 

LEFT GRID OF V-104 (7F 3) 

F-143-5 

LEFT PLATE OF V-105 

F-143-9 

32-POSITION SWITCH WAVEFORMS 
HORIZONTAL SCALE 0.5 MICROSECONDS/SMALL DIVISION 

VERTICAL SCALE 6.2 VOLTS/SMALL DIVISION 

USED IN REPORT R-S23 
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RIGHT PLATE OF V-105 

LINE #32 DURING SELECTION 

LINE#31 DURING SELECTION OF LINE #32 

LINE #4 DURING SELECTION 

PLATE OF #4 OUTPUT AMPLIFIER V-604 

DURING SELECTION 

PLATE OF #1 OUTPUT AMPLIFIER V-60I 
DURING SELECTION OF LINE^4 

F-I43-I2 

32- POSITION SWITCH WAVEFORMS 
HORIZONTAL SCALE 0.5 MICROSECONDS/SMAlL DIVISION 

VERTICAL SCALE 6.2 VOLTS/SMALL DIVISION 
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F-I43-I4 

INPUT TO STORAGE REGISTER ^4 
DURING SELECTION 

OUTPUT OF AN "ON" DIGIT OF STORAGE 
REGISTER *4 DURING SELECTION 
ALL STORAGE DIGIT SWITCHES ON 

OUTPUT OF AN "OFF" DIGIT OF STORAGE 
REGISTER ^4 DURING SELECTION 
ALL OTHER STORAGE DIGIT SWITCHES ON 
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32-POSITION SWITCH WAVEFORMS 

HORIZONTAL SCALE 0.5 MICROSECONDS/SMALL DIVISION 
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LINE #32 DURING SELECTION 
SAME WAVE FORM AS F-143-6 

F-I43-I6 

LINE #:4 DURING SELECTION 
SAME WAVE FORM ASF-143-10 

F-I43-I7 

OUTPUT OF AN "ON" DIGIT OF STORAGE 
REGISTER # 4 DURING SELECTION 
SAME WAVE FORM AS F-I43-I4 

F-I43-I8 

3 2- POSITION SWITCH WAVEFORMS 

HORIZONTAL SCALE OF O.l MICROSECONDS/SMALL DIVISION 

VERTICAL SCALE OF 6.2 VOLTS PER SMALL DIVISION 
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