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Introduction.

Tn comnection vith high speed -.omputing devices it is semsiimes
necessary to have precise informzbion bout the pesitiom of a retating
shaft apd to have this information com inuously avwziiavle in the form
of a pulse wave-form aumber, The shaf mey be required to turn in
eitﬁer directicn a§ irregular interval: end speeds,

The vosition of e sha’t having unidirecticmel moilon frequently
nas been indicated by the use of a conventicnal zcaling {or counting)
circuit. & sloited dise isoattached ?o the shalt and an opticel system
uged %o produce light pulses sn a phototube whon the shels roiates,

The resulting électrical pulass are then counted orn the scaling sircult.
The number of counts so recorded is a measure of the total amgular
' motion of the shaft from an initial zero position,

The same type of approach can be mede to %he scluticn of the
oresent problem. The requirements in block diegram Torm are as
shown in Figure 1, Two phototubes zrs necessary in order to aliow the
sysiem to rocognizs direction of shaft rotation, The pulse gemerater
produces forward {or 2dding pulses for forward rotation of the shaft

and backwerd {or subtracting) pulses for backward rotaticn of the shaft,
One pulse is to be produced per disc zlot and the zhape of the pulse

is to be independent of the speed of rotation (up to a meximum of

60,000 pulses per second), The reversible counter differs from an
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sheft position with respect Lo an indtial zoro position. The coumier
must alsc conbrol z reeding circuly, The reoder receives "elock" pulcoes
from the synchronizing aystem of the computer {at perhaps micro-zezond
intorvals} =nd muet produce a coded pulse weve-form number corregponding
vo tho Indicaticn of the countor, Tho wave-form awmber is racelvsd by

the storage system of the compubter and is replaced whenever the

counter Ilndication changes,

Hechonicalenntical syshom,

Informabion with rospoet to direchion offrotation of the shefd

ig cbiained by phasiog ths clit openings of the two vhototnbas with

]

espech to sach other as shownachematically in Figurs 2. At the instanmt
indiceted in the flgure, phoiotube & is in tramsition frzy non-1illumin-
i;'?.ox.\: Yo illumination Tor cloelwise rotation of the dise, and photoltube

B is dark., With this cordition the pulse generater prsduc:a & forverd
pulse. Witk countercloclwise rototicn A changes from lighi bo dark,

B dark, znd a backward pulee Is produced, The pulse gensrator gives

no pulses for 4 tubs tronsitioms cccuring ot the wpp ™ edge of the slobs
because the illuminotion of B 3% these positions recsul: . '‘n Hlunking
the oubput,

For experimental tost pumoces for this resesrch the arve
Leboratory has constructezd a smel}(éisc with 150 sloic mounted on a
sheft which cen be turned meanzlly, together with heusings for two
931 phototubes, BMr, C, E. Ricer is investigating the possitiity cf
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¢l produeing suitslle Felobs® and Weoth? pholegroohically. The dogres
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cf angulnrr su 2iblo depsnds oo the clocenmess withk vhilch

pre :'cﬂ lines cen be pleced, the sesocioted lmertin of the dise syalenm,

end the cecelerchion to which i% muct respond. Possibly 500 %o 1000

lines per inch can be obbteined by the use of soumd track techniques.,

»

.,

o lavesvigation tecn azde as Yo whethor the sensitiviiy of the

1 will be sufficlont for such errangements,

2ulse Genarator.

The esseniticl features of a satisfactory pulse gencrzior are
shom in Figure 3, A ccaplcie schemetic (differing slightly from
Figure 3} is given by R.L. DWG. NO. D-14-A., VI, 72 comstitute a
direct coupled m*ltivibratozj{ihe:t is stable only wken one tube is
completely cub off. The circuil constants have bedn chossn so that
tihe high trapsition (V1 changing suddenly from non~-conducting to cone-
Ancting) cccurs as the potentisl of Gl increases above 60 volts, while
the low trensition (V1 changing suddenly from conducti ing *o zon~cen-
ducting) occurs as the potentiol of Gl decreases below 50 volis, The
oudden rise of plate potential of V1 at the low traasition {phototube
A derk to 1ight) couses az positive pulse on the grid of V5, which {if
3 is dark) produces a positive pulse in the "forward" 70 cbm line
ovtput, A eimilier rise of the plate potential of V2 at the high
transition causes a positive pulse on the grid of V6 end (for B dark)
a positive pulse In the "backwazrd" 70 ohm lime output. Phototube B
controls a multivibrator V3-V4 identical to Vi-V2 , V5 and V6

can trensmit pulses only if V-l is mon-cconducting.
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_ Tho differenticl of 1C volts Bsiwoen the bigh and low

trensitvicon points izz/am*e?s that the multivibratsrs remain' stable sven

the dlsc jitlers acrocs a tramsition polmt, DIC coupilng is requived
between ’ch:_s phototubss znd (1, G3, in ordexr to take care of very slow
spesd disc motion. 55 volls is a convenleat DC level for the 931 pla‘taa.
Their Berd voltage must bée sbove 65 volts and their "light® voltages below
45 wolts, V

‘?z’he-n the disc turns at constant gpesed the voliages applied

tec gride Gl and G3 will very epproximsiely sinuscidally about 55 volia.
For forwsrd "c;uati on the Gl veltsge leads the §3 voltage by about
S0 deg'*aes , while for backward rotation the Gl voltegs lags G3 by about
90 degrees., Tpe pulse generator has been tested by applying sinuscidel
voltages form en oscilletor to Gl end G3 with eppropriate pkese
difference. Setisfactory operation was cbserved at 60 cycles and &t
250 kilocycles, as well as for DC transitiozs. The upper fraqusncy
1limit cen be extended if necessary. The generator has not yet bhesn
tested with phototu'ées end a rotating disc. Appreximately 15 vold
pulses of 0.7 mécro-seconds duration sre cbtained in the 70 obm line

autputa .

Reveraible Counter,

 Figure 4 shows the design of a reversible binary counter. Two
stages only have bemn drawn, In each stage s 8 and b tubes are direct
coupled multivibrator components similar to those of a conventional /‘
scaling circuit. Each stage is designed to respond to negative pulses
and the seme pulse is applied to both g and b grids. Conduction by an.

& tube, non-conduction by a b tube represents & zero for the corresponding

binary digit. During addition & carry-over pulse to the next stage occurs
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witisn i conducting to aon-condusting (2 So U, Thls
roduee a positive pulse‘c: tha gedd of the ¢ tute and 2 nsgsiive pulse
oa the g and k zrids of the next alage. Juring ecdi
are incetivated by resscm of the positive square -wave applied teo the
grid of BA. OCn the other hend, for subtraction a carry-ovsr pulse

ocours op the trancition g comductirg to nea-conducting (0 to 1) by

meane of the ¢ tube. During subtraction e positive square-wave is applied

S0 the grid of DS and all g tubes incciivated,

The tmo aiero-cecend doizr muliivibrators {of 2 self-restoring
t7zo) cre nececsery to sllow Yime for “he edd or subtract gotes 3¢ be

sd2justed preperly tefore the counting pulss is received., Since nocossary
. eerry-over-for all gtages must take place in the time intorval tetwsen
pulses 1t is desirable that successive triggering oceur repidly, The

5 micro~secord durstion imdicatad for the edd ornd subiract zates

nrobably will be sufficient for & 14 stage counter.

Circuit constants for the couatef have been determined end two
stagos constructed end operated {with only g, b, ¢ tubes active). It
responds satisfactorily to pulses at 2.5 micro-second interwvals and the
speed of respense aan be increased if necessary. Carry-over time for
two stagess is of the order of 0.1 micro-second. A few more bread board
steges are being acsembled and tested before specifications are drawm wp
for a 14 stage system. The latter must alsc await finel design of the

reader,

Resder.
A tentative design of the reader has been drawn up but no
circuit constents have been decided and no tests yet meds,
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V. B, Elgctre-Mechanical Computers.
Vo Staff: Mr. R. M. Redheffar

Degign of an electro-machanical computer for solving certain types
of integral squations appearing in antenna radiation pattern problems has
been ccmpieteda This wark was started in Group 54 of the Radlation Laboratory.
Mr. Kylin, now with the Naval Research Laboratory Field Station, is responsidle
for the mechanical design, and a con@utér probably w‘ill be conatructed by
the Naval Research Laboratory.

A tentative deelgn of a device for following an unprepared curve, with
a method of removing dlscontinuitiaes in the error voltage, has been made.
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