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STEPPING TUBES

COUNTING

The main purpose of stepping tubes
such as the types described is to indi-
cate the number of pulses occurring
at certain points in electronic circuits.
These pulses may be derived from
many sources: signals from a photocell
counting articles on a conveyor belt,
random signals from some nucleonic
process. or regular pulses such as from
AC mains. They may be widely
spaced (one or two a day) or so
closely spaced that the glow in the
‘units,” ‘tens,’ and ‘hundreds’ tubes will
be circulating so fast that it will appear
as a continuous ring.

Besides simple counting, there are two
more complex applications — both of
which, however, have counting as a
basis.

TIMING AND BATCHING

[f the input signals being counted are
the cycles of the 50 ¢/s mains, then,
when the counters read 5-0-0, ten
seconds will have passed. With suit-
able circuits, the tubes can in fact
be made to indicate the time of
day. A more important use of timing
is in the control of processes such as
heating or welding. If the circuit can
be arranged to take some action after
a particular number of input signals,
then all sorts of control systems can be
devised. Thus an RF heating process
can be switched off (or to some other
temperature) after exactly so many
cycles of the mains (representing, say,
five seconds). It is even possible to
control action which lasts as little as
one or two mains cycles. Thus a spot-
welder can be controlled to give, say,
two cycles of weld, three cycles of rest,
and another two cycles of weld.

If the input signals are provided by
the passage of articles in front of a
photocell, then some action can be
initiated when a certain number of
articles have passed. Thus a stream
of articles from a production unit can
be chopped into batches containing
any required number. It does not
matter if the articles are spaced
unevenly on the conveyor belt, so long
as there is a gap between each.

SELECTOR TUBE

How is the glow driven round the
stepping tube by the input signals?
And how, at any particular point, does
the tube initiate external action? The
best way to answer these questions is
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to consider the construction and opera-
tion of one type of stepping tube which
is know as a Selector.

The purpose of a tube such as the
Mullard Z5028 is to ‘select’ a parti-
cular input signal (say the 3rd, or the
29th) and to provide some external
action as soon as that signal has been
counted.

DRIVE

The tube contains a circular anode
surrounded by a ring of 30 identical
rods, which are ‘cold’ cathodes. The
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bulb contains a mixture of inert gases,
If a DC voltage, greater than a certain
value, is applied with positive to the
anode, current will flow, and a glow
will appear on the cathode. The prob-
lem now is to move this round the
circle of cathodes in ten distinct steps.
Every third rod is a ‘main’ cathode,
and those in between are ‘guides,’
first a guide ‘A’ and then a guide ‘B’
The cathodes (going clockwise) are
GDA,, GDB,, k,, GDA,, GDB,, k,,
and so on to GDB,, k,, GDA,, GDB,
and k,. (The diagram, for the sake of
simplicity, represents a Counter with
k, to k, taken to a common
connection. )

If any cathode is more negative than
any other cathode (that is, if its poten-
tial difference from the anode is the
greatest in the tube) rhis cathode will
be chosen by the glow. If, therefore,
the glow is at k., the obvious way of
shifting it to the next cathode (GDA,)

is to make GDA, more negative than
k.. Similar means can then shift the
glow to GDB..

In practice, two successive negative
pulses are applied, the first to the ‘A’
guide and the second to the ‘B’ guide.

These pulses are derived from the input
signal, Transfer from the ‘B’ guide to
the main cathode takes place at the
end of the second negative pulse, since
the guides, when unpulsed, are made
to sit at a positive voltage with respect
to the main cathodes and the glow will
then obviously prefer k, to GDB,,

It may seem that, as k, to k, are all
at the saume potential, the glow might
jump from GDB, to, say, k, or k,
instead ol to k.. However, k, has an
advantage: it is already in the ionised
region which is set up by the glow on
GDB, (it is ‘primed’), and for this
reason the ‘negativenmess’ which it re-
quires to attract the glow is less than
for any other main cathode.

ouUTPUT

When the glow has been driven to k,
(or, in the selector tube, to any chosen
cathode) an output signal must be
obtained. This is arranged by con-
necting a resistor in series with the
output cathode. When the glow reaches
this cathode (which has a fixed
negative bias) the consequent flow of
current generates a voltage pulse across
the resistor; and this pulse can be used
either to operate the next counter tube
or a relay or some other device. The
output signal must normally be ampli-
fied and shaped before it is suitable
for these purposes.

COUNTER TUBE

If a stepping tube is required only for
counting, it will have to provide an out-
put signal only once for every revolu-
tion of the glow. When the ‘units’ tube
has reached ten it must pass on a signal
to the ‘tens’ tube — which will then
indicate ‘1", while the units tube will go
ontocount ‘1, 2, 3, .. ." all over again,

No action is required from any tube
anywhere but at its tenth position. Thus
the main cathodes ‘1" to "9’ can all be
brought out to a single pin, The tenth
cathode must still have its own connec-
tion. The internal structure is the same
as that of the Selector. The Mullard
Z303C is a counter tube of this kind.



INDICATOR TUBE

The indicator tube, such as the Mullard
Z503M, is a simpler device. It has only
to show what is happening in a counter
circuit which otherwise would not have
a visual indication. The tube contains
an anode and ten cathodes. Each
cathode is taken to the appropriate
point in the counter, and a glow
appears when that particular point is
reached by the counting process. The
indicator tube can be thought of as ten
separate ‘neons’ in one bulb, The
information is visually presented in just
the same way as by the counter tubes
which may be in the same installation,

DRIVE CIRCUITS

Both the Z303C counter and the
25025 selector need a drive circuit
which, from the incoming signal, will
produce two successive negative pulses
for the guides. Two possible drive cir-
cuits are shown.

+25V
475 Loy

Input

&
+AVEI0%
2

press torese!
to:zero

L
Sine wave drive

SINE WAVE DRIVE

In this circuit the ‘negative pulses’ are
the negative half-cycle of the mains and
a delayed version of it, the delay being
produced by a suitable network. This
kind of drive is limited to certain appli-
cations. If it is used for counter chains,
there is a frequency limit below which
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operation may be unsatisfactory; for,
since each stage in a decade chain
divides the frequency by ten, the steep-
ness of the leading edge of the input
signal is deecrcased and becomes un-
satisfactory for use as a triggering pulse.

INTEGRATOR PULSE DRIVE

The double triode Vla/b, with the
diode V2a, amplifies and shapes the
input pulse. Its output is fed via C4 to
the integrator network R12 C5, which
delays the pulse for the "B’ guides.
Diode V2b prevents overswing of the
guide voltages when the circuit is
returning to its standby condition.

DIRECTION OF ROTATION

There is no reason at all why stepping
tubes should not be driven counter-
clockwise if this is desired. Guide ‘B’
is then pulsed negative prior to guide
gt

COUPLING CIRCUITS FOR
COUNTERS

When it is desired to count to more
than ten, it is necessary to use a chain
of counter tubes. The output pulse
from a Z303C counter tube is the
wrong polarity and, besides, its ampli-
tude is too small to drive the next tube.
It is therefore necessary to amplify and
invert the pulse before it is applied to
the integrator network of the next
counter.

A suitable circuit is shown. V1 is one
counter tube. When the glow in this
tube arrives at k,, a pulse is generated
across R1. This pulse is amplified and
inverted by V2. and is then fed via Cl
to the integrator network R3 R4 R6 C2
and thus to the next counter tube V3.
This integrator network must operate
under different conditions from those
discussed earlier. Whereas the drive
circuit for the first counter receives
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input signals of definite length, the
input circuit to the second counter has
to accept the output signal as supplied
by the first counter. If the glow in VI
is stationary at k,, V2 will be switched

into continuous conduction.  The
integrator network is designed to
facilitate this condition.
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RESETTING
When starting a count, or any other

stepping tube operation, it is obviously
desirable to reset the glow in the tubes
to zero. This can be done either by the
push-button S1 shown in the drive and
coupling circuits, or by a pulse, In
both methods the zero cathode k, is
taken more negative than any other
electrode, and it is held negative until
the glow steps to this position. The
negative voltage must be greater than
used in normal transfer. since k, will
not necessarily be primed (the glow
might be at k. on the other side of the
tube). An unprimed electrode always
needs a greater potential difference
from the anode before it will start to
conduct.

DIRECT COUPLING

A recently developed counter,
Z302C, operates in chains without
interstage amplifiers. It has the advan-
tages of circuit simplification and low
equipment cost. However, these advan-
tages are gained at the expense of the
maximum counting speed, which is
1000 pulses per second instead of the
4000 PPS possible with the Z303C
and Z5028.

CIRCUIT DESIGN

All the tubes discussed require careful
circuit design. In particular, the pulse
amplitudes and durations must be
within the limits given in the data
sheets, otherwise the glow may not be
transferred at all, may step in the
wrong direction or, alternatively, the
required counting speed may not be
attainable. It is important to use the
correct voltages, since potential differ-
ences underline every aspect of circuit
operation.

the
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Chapter 3

COUNTING and NUMBER systems

Counting and scaling — two general types of counting

circuitry — the gos-filled counter tube — the vacuum
counter tube or "trochotron™ — numerical netation systems
the Binary system — BCD codes — fixed and wariable

weighting — the reflected binary code — redundancy and
érror detection.

In a greal many applicatdons of digital
lechnaques, circwitry js required 1o per-
form the aperation of counting—usually,
counting a  sericg of ebectrical  pulses.
The pulses may be ocourming randomly
25 in cazes where they originate from a
racliption detesior such ag a Geiger-Mul-
ler fube or whers they correspond Lo
physical articles on & convevor beh in-
1eTrupting a light beam; or. aliernatively,
they may be ocourring periodicaliy, as
from an elecironic or other oscillator,

The operation “eounting”™ sy used in
clectronicd should be carefully differsn-
tinded  froom “addition,”  although quile
often in digital equipment the circuitry
uxed fo perforen these two gperationc
may be somewhzl simdlar.

Whereas coontlng iz the aperation of
responding Lo no oseries of pulsss  and
T{!g.lfl:l:r'ir'lg the number of these received,
wildition iz the aperation where the digi-
1al representations of fwg numbers are
sged Lo produce the repressntation of
their arithmetical sem. Addivdon & one
of = number of digitl operations nor
mally ‘called “arithmetic,” and sz such
is rather gutside the scope of the pre-
sanl sefies of arlicles,

JAnother operation. which should be
differenttated from counting ag such as

il

“ecaling.” Here the conneclion bsiweep
the lwo is much closer tham beiween
counting and addition, because in gen-
eral GH.&:{:I:I\' the same circwilry s wxed
for scaling as for counting.  The dil-
ference betwoen scaling and counding is
i:_l terms of the inierpretation placed on
circuig CRETALR.

In counting, the “ouiput” of the gir-
cuitry g undesstood te b continususly
availlable as g registration of the num-
Ber aof input pulss which have occurred
up to the time concermed.  In scaling,
the circuifry is arranged to deliver an
cutput pulse only after cach sisccessive
OCLUTENEE of a given numhber of input
pulees; it may be arranged fo deliver an
cutput pules for every 3 inpul pulses.
eviry 16 inpul pulses, or so on,

Where the input pulses are derived
from &n oscillator and pre periodic in
nalure.  scaling  amounts  too frequency
divldion hecause the oulpat of the scaler
will alex be periodic and will have a
period corresponding o the designated
number af impul periods Thus  for
periodic signals a scale-of-16 scaler be-
cames a ¥ 16 frequency divider, elc.
I"['hn,- many applications of counling
circuilry s such include digital-analog
and analog-digital  information conver-

sion, sequentiol contoed of digital com.
pubsr gperaibong as direcied by o ‘pro-
grany,” and such digital instruments 54
woltmeters, frequency- and time pericd-
melers, thesrmomelers  and  freguenoy
symlhesisers.  Same of these may be
discusasd in g Latér arlicle of this series.

Counting circuils con be divided coi-
weniently into 1wo general types: those
whose operation iz based upon the wse
of circuit elements of a bi-stable nature,
such pg valve or transistor “Rip-Rops”
and those whose opesation is nof hased
upen sach ¢lemenis,  The Iatter type of
counling @Ircuitry 1% usually arranged 1o
count directly in familinr decimal nom-
eral motetion, whereas special  arranges
mends are aflen required if the former
type i 1o count B this fashios. Usu-
ally it ie arranped to pecform the basic
conling operation in binary  potstion,
as will be discussed Iater in this article
and in the fellowing arficle.

Twn examples of counting circuitry
which do nod depend  upon  hi-slable
cereinl  elemnenis will mow be discussed,
These are the circuits associaled with
the multi-cathede gas-lilled counter fube
or “Dekoptron™ (this woerd s actually &
regisbered trade-mark of Ericsson Tele-
phicnes Limifed, but iz commonly used
b describe any tube of this  general
typel  amd  those awsocialed with  the
vacuum-ype counler tube or frochodron,

Cins-flled coumter ke wsoally have
a construclion =s shown jp Rgure |, A
central disc anode ks surrgunded by some
30 rod elecirodes  spaced  eguidistantly
around its periphery,  Every third rod
slecirode iz tesmed a Ccathodde" ard nll
but ape of Lhese cathades are conmected
together (K.<). The remaining cathode is
browght ot [ & separale electrode (K.

GAS-FILLED
COUNTER TUEBE

HORRAAL DIRECTICM
OF DISCHARGE
COMMUTATION

Fig. |

The larger of the fwo "Debarron” gas-filed fubes shown

af feft i a cownter pube; the smealler s a selecior {ube,

(Bork courrery Ducor  Divisten, Plestey Componernts
Granp. “Dekairen” i o regisiered frade wiark.)

DIGITAL ELECTRONICS



In iz chapler the puthor intreduces the  basic
cotcems of conntlng and nmumber svaremd, and dis-
cusres decimal stepping febes, The discession is con-
tnwed in chaprer 4, which looks ai cournting feck-
rigues employing bi-stable cirenit elements. Many
of the conceprs tnvolved in connting are iluztraled
by the author's digital demonsirafor wnit, shown
fere parily comiplete. The wnit in deseribed in derail
in chaptery {2 ard 13,

The rod elecirodes immediately clock.
wise from each aof the cathodes are gl
connecied  fogether, being  called  the
“first guide electrodes™ (Gl Similarly,
the pemaining elecirodes are connected
togeiher fo form the “second guide ¢lec-
irodes”™ (G2), The complete elscirode
assembly is mounted in 3 neoa-filled
glass bulh which ig arronged so that any
discharge betwesn the anode and olher
elecirgdes may be observed wvisually,

The operation OF {hS tulbe as a counicr
mpy be cxplained by reference 10 Agure
T The ancde 15 connected (o a positive
supply voltage Vhb (usually abowt J00%)
wia a load resistor RO, whike the cath-
oifzs are laken o earth—via o narmally
closed push buften dn the case of K.,
amd ecither directly of via a small resis-
tor im the case of K.,

The puide electrodes G1 amd G2 are
connecled to o =ource of pasitive voltage
Wi fusnally aboun 40%) g0 ensure that
under  sleady-state conditions  they E:In
nag agd @5 enthodes,  They ore alwe dn-
ter-connegicd and  AC coupled do the
input  lerminal—G 1 direcely via a DO
blocking  capacitor only, and G2 via
an inlepraling  network formed by re-
sistor Boand capacitor C.

When waltags is applied b the circuil,
pushing the resst boen  discopnects
cothodes 1-% from carth, leaving Ks as
[he most negative of oll the red ebee-
trovies. A discharge thus oocurs between
This cathoade and the anode, the corrent
drawn Bowering the anede voltape 1o a
vl determined by the maindwining
vollage of the dischargs, Ax ihis 15
lower than the igallien voltige of the
remainng cathodes, the hation may then
ke rebeased without transferring the dis-
chirge away from K,
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1M PER A MEMT—=—
BAAGNET
[FIELD: AT
OF PAPER)

BEAR S'WITCHES TO & TARGET
WHEN SPADE WOLTAGE 15 ALTERED
T DISTORT ELECTRIC FIELD
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Consider now
what happens when
4 mepalive - poing
pulss ix np]:l.i:;:! (1H]
the  mpual  teremanal,
with _an amplitude
aufficient {0 tempos.
artlly  caocel the
pasitive bias on the
Gl electrodes  amd
drive them negative
wilh Fespct Lo
earth, Whes this
oocurs  the  AGI
winllape wall ap-
proach the ipnilion
voltage; and ns the
Gl oelectrode pAoar- 8 "
cal Ka iz in & regian : TR
which is parially lonised, il5  Ignilion
fevel will be least negalive wilh respect
to the anode.  Thus, os soon as this
valiage is reached the fube discharge
will transfer from K o this G1 elec.
trade.

Mow the input pulie Lasls [or oly a
sharl bime, and when il ecases the Gl
electrades selurm o e pasifive polén-
al Ve If thers were no G elec-
trodes the discharge would simply re-
turn io Ky when this cccurred. E[IJ'-'rE.\'EI.'.
there are G2 electrodes, and the inte.
grating circuil formed by B and © has
the effect of supplving these electrodes
with a delayed version of the input pluse,

The integrating constamizs B and C
are, in facl, =0 arranged that, at the
vary instant thay the 1 elecirodes re-
tirn 1o the positive bias woltnge, the G2
electrades have just reached the veltage
whereg the G2 glazimds nearest the con-
dueting G elecirode s 8t it iEniion
voltage. Again, this G2 electrode will
have the feast negative ignition of al] G2

e

Sl e BE wi, Be @

5

SHIELDS

Q00 GRIDS

T EWEM GRIDG

The rwbe at righr iz a trochoiron high-speed vacuem counl-
ing fehe, capable of operating at counilng speeds up 10
IMHz. (Courtesy  Mullard-Aunsiralin Lid )
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eleclrades because it 15 in n region of
partial ionisation.  Thus, (he discharge
will not relurn o Ke bul will Cransier
from Gl oo I,

When, in o, the pulse on the G2
electrodes decavs, the discharge cannol
return ta the Gl electrode from whence
il came becasss this has relurned to
the pocitive wvoltpge Vo, Instead. it
transfers bo the mosl negative electrode
in the vicinity, which i aleo the elec-
irode with the Beast nepative  gailion
wollape—E.. And it will remain on this
cathode wntil another pulse appears al
l:hl.'I pul e amiteate a. secomd  transfer
cycle.

It may be seen that the single nepa-
uve input pulse has resulled in & siable
transfer of the tube discharge from one
calhade to the next, In identiczl fashion,
further inpul puelses will transfer the
discharge orownd to the other cathodes
i lurm,

The tenth pulse will refurm the dis-
charige 1o K amd il 2 resistor (shawn
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dashed) is fitted in serics with this cathe
ade a pasitive pulse wil be gecerated for
nossible use in beeding a “tens’' counting
circuit. . Ag for ps thizs stape is cone
cerned, bowever, the discharge will con-
linue g commudats from one cathade 1o
anaher for ench successbve inpur pulse.

Fead-gut of Lhe counl regislered by
the wbe may be performed ot aoy tiome
simply by looking isbe the lube fo ses
which cathode & currently  associabed
with the discharge—or, at least, this
cap ke done when the tube is counting
fairly slowly. When rapid couniing is
geourring i may not be poasible o see
which cathode 1 associated with the
dischatge glow.

And althgugh the  gas-filled counter
tube is mol capabls of counting ot par-
ticularly high  speeds, the maximum
specd g5 onhowt Z0KHz—rather 1oo high
for wisunl rexd-out while in operation!
Ad with all counters, however, the read-
out may be made whentver the ipput
pulses slow down or cease ftemporarily,

The gas-lilled counter 1wbe may e
used far scaling, as aoe might imagine.
Ewen the ubs shown in figures 1 and
Z may ke used in this fashion, as the
resister frem K, 1o earth provides an
output for every 10 inpur pabses. Howe
over, fof saling purposes b ds usual
1o employ a wariation of the hosic tube
disipn in which otleer cathodes besides
ko mre broupght out fo separate connec-
fioms. Inosomg casee all 10 of the cath-
UL"L:S- ure: given separiale. conneslions, in
which case the lube i3 ealled 2 “seles-
lor” b,

Finally, it iy be rided that the gos-
filledd Wibe may be mode (o count in ne-
verse simply by atlerchonging the con-
nections 10 the Gl and GZ electrodes,
The major disadvaniage of (he pas-
filled - counter tube iz thai §is counting
specd is limiled.  Where counting must
be performed st speeds  higher  han
aboul MKHz the de-ionisntion time of
[Tf gas filling makes aperalion unreli-
ubbe;

A vatutm-lype counter fube which i
chpable of aperating o about 2MHz i
the drochatrom, alse called the “beam-
swilching lube™ ar the “beam-X swiich.”
Although this tube s somewhar diferent
from amd more complex in its operalian
than the gas-filled  counter tube, there
are cortian sirmlarities which should he-
caime apparent. from e followineg  de-
sCTintien,

Fipure 3 shows the constrisclion of a
Lypical trachotrom,  In fn evacualed an-
velope which s sorrounded by an arnu.
laar permdinenl magned §prg ten  ovlind -
val jron electrodes which zct bolh s
gialss for the mngnetic - fzld  and  ax
"-:EIIHL"!_ electrades,  The macnenc field
within® the tube may he visualised as
parallel to the axis of the tube  and
ererging perpendictlary from the plane
of the dingram. g some versions of the
trgchalron There is oo externn] mainer,
bust The 1srgeyp elecirodes are themselves
FIEHENCTS ]

A this comtre of the Libe
conventienal heated cathode. Inlerposed
Pelween this cathods amd cacli  WEnee
elegirade” are ften "I -shaces]  elecirodes
Lepimead” “spardes.” omd D pdincent ta the
socrdes wire eleciomles fevined Ermla
Finally o set of =L7-shaped clecirles
e inchled hetween the fargets Lo ot
se-clevtncal shields,

Fhse shield electrades wre ol connected
tispethers while ulterfisle erids dide ot
nectel Lpclher do Torm wo groups of
live tadiowon s open ol solil circles on
(he -L|-.|'.I.||I'|I |'-;!_r ol 1eimbed - e
“hE” “eawn o prds S | BN HTH T
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DQPERATION OF GAS-FILLID COUMTER TUBE

The basic circwit aof @ prlse-counring sage using ¢ pas-filled counting rube
af the rype Sown on page 4490 By feeding eack inpet pulse sequeniisily

ter Mg Pwor gride elecirade svsienris,

the cathede discharge s swiched.
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QFFRATICN OF THE TROCHOTAON

The basic circpir of @ conming siege REing the rrocharran vacinm
couniing fafe, fapied pealves initinte negaiive-geing palses alternatively o
the Yever' and Codd” prad elecirodes, switching e electronr beam

and 1argets are given individual connes-
lians.

I aperation the shield slectroedes are
connected 1o a positive vollage supply
lesunlly abowt WOV  The largets are
gonnecicd 1o the same sepply vig low-
walte resistors, while the spades also
connect o Lhe supply win high=vale
resistops,  The cnthode  is - carthed,
and the grd sysiems conneclsd 1o oa
posilive bins supply {aboug 30V)  win
suftable resstors. Figure 4 shows e
general cireuif configuration.

The ube s arranged so thal wih Lthe
corpect opsrafing voliages applied to the
elecirodes  al  swilch-om, e nyagneise
and electric fekls adincen: o the cothode
are such that on keavieg  the  cothode
electrons do nol move fa any af the
persitive  electrodes kag spiral grouand che
cathode in paths - corresponding o the
mathemaiecal irochaid curve.

They o nof procecd fo the posilive
electiodes bocntise  the Duter are alf ol
1he .1:|:|tr:_m|l:|;i.-.. resuliing i|-._:| COMTy-
pletely uniform rasddal clecire field: the
elecirong  wre “lrapped™  mlo rolpting
aroumd 1he cathode under the inflisence
of the maerelic field, oscilliting awany
from and tosard the cathade under the
combined indeenoe of holh felils.

T cause the tube Lo repister 07 the
electron henm minst he pumlsd IRl o=
il'll.',, i I.-.r;;,-| F.. Thi< i% dine by ;|Fg1|:,'.-

R n negalive-gaing pulss fo the '_'rul.'L"
termingl in figure 4, the puolse having an
amplitude of approximately 33V. {ne
of the effects of this 15 wo apply the puals:
L Abe 07" spade elecirode, femporarily
lowering the woltage on this electrods
1o earth polenteal or beyvomd.

With spade “0" at earth polential the
ebeclres  Fiebd  withim  MRe  Tube 02 dis-
torled in such o way thap the electron
beam is deflected from dts circular path
1o plance pasl spade O and be collecled
by target T., Alhough most of the
elecirons are. oollecied by T., sufficien
are eollecizd by spade b ra maintain
the pow wollape on this electrode due
to voltage drop i the supply resisior,
When e resel pulse ends, the heam
thus reqmans in B8 pow :'".'H-'.Iil.u;. wirlus
ally “lockinge™ afself fo T by mambnn-
ing the low voliape on spads 1

To expliin how fhe Aube  perfornes
colnting, referende must be mabe Lo ihe
Mipdlaop unil shown crpacilmwely  coapled
1o the twg prid systems o conmeecisl
10 e resed berminil

The flip-Tlop will ke Jdiscossed in scome
ezl Cim othe next article Eno Lhis serics
ard 11 s mal proposced bl oxplain ils op-
eralion hers, Fog the presand, it will b
spifficiem) 1o regand r s a0 ddvese which
renpnds o milses applied 20 the npu
terminal by providing  negative  polees
iliernngevedy o oasmilpidgs A Giea] H Thaee
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application of the peset pulse 1o the flip-
flop "B terminal can be visualsed as
adjusting it =0 that the st inpul pulse
will result in & negative pulse appearing

ul A,
When the fimt input pelse occurs,
then, & nepative pulse will be applied

Vvia II1= approprete i:v::-'up!mp; capacilar
to the trochoton “sven” grids.  As one
of these is immediately adjpcent oo the
slectron Beam currently switched 1o far-
pet T, (s will chuase the beam (o be
repelled from T and the tube Eeometry
and fields are so arranged thot it is in
fact deflected toward spade 1 and target
Ts, As soon os some: of the elecirons
are  eollecied by spade I, it voltage
falls, and the beam is I[‘IEHI:E Iocked o
targed Ty in the same manner 25 before.

Wwhen the second input pulse arrives
it causes a nepalive pulse o be produced
by the flip-flog, not ot A but at B—and
theace bt 1he teochotron “odd" prids
Apd sinog one of these is adjncent to
the beam in it new podition, the beam
will apain be repelled and directed 10
H:la.d: 2 and largel Te Fairly obwiouwsly,
cnch inpul pulse will cause the beam o
[ransfer to o npew spade and largel,
while between pulses §t will  remain
statly associated with e lay spads and
larger 1o which it was switched.

And bechuge the gwitching is being
performed by 3 beam of electrons mov-
mE in a vacuum, the counding c¢an oecur
at quite high speeds—up o akout 2MHE,
as renlaoned 'b-efun:,

Mare that there is no provisien for
diregt visual read-aur of the count; how.
ever, the iargeis are all brought oui
separats connections o allow use o be
made of the fact that there will Te a
wiltnge drop across ihe load resisior of
the inrget currenily asseciated  with the
glectron beam. By suitable circuitry
cannected o the targets, the voltage
drgp &t this lagget can be made 1o pro-
duce an indication,

ften a cold-cathode numerical indi
cntor fabe i psed  for this  purpose;
details of such indication devices will be
piven im a later chapier,

The fact ihat all 10 fargets are
brought out separately also makes the
lrochotron highly switable for scaling.
Hewewer, note that, due o the geomesiry
of the twbe and o the fixed magmetic
field, it can switch only In one diree-
tign. 0i canmol be wmed for  reverse
counting and s, therefore, Bt 8 dizads
ul;-uage compared With  the  gas-fillad
b,

As mentioned earlier, the other main
type of counting circudtry is that which
1% based upon brstable cirguit c;l:mt;mu,
Mowadays this type of circuliry is actu-
tually in far more comman wuse than
the 1vpe which we have just been dis.
cussing: nccordingly it will be discusyad
At somewhal greater length.

However, in order that the reader may
be helped o & greater undersiznding
than otherwise of the principles invoived
i such eircuitry, it will be worthwhile
at this paint Lo re-eXamine gop concepts
of digital nformation  and - AEmesicl
nolaticn,

Thus far dn the discossion of dizital
circuilry given in these artlcles we have
regarded the digital information nre-
ceased by the circuitry from a logical
¥igwpaint—ie., a3 gatements which may
take either of the two values “rue" (1)
or “fakse™ [0k And thiz relatively simple
comception of dighial information is, in
weneral, quile adequate for a conzidera-
tion of the bagic lopical circuit func-
150mns,

However, it becomes nacessary o ana-
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The ABACUS:

Deimel "B

Although o very anciend IMvenbion, the

Dwrimel 3B

an early BCD counter
SEEss

) Dedimal ~ 1

Deeimnad " THE"

“abcus” or bead connler ds

sl very widely and efectively wred for raphd eddiiion ard sabiraction.

A gppical abacus employs

“Bfegueinary™

moranon, o syvstent e Wik

each decade is coupted in (wo proups of five. The dingrams above

showld kelp in woderitanding  how

Tyse amd expand tkiz comcept if ame is
b understand fully the operation of the
digital circuilry mtnl\'ﬁl in storige of
information, counting, ard “arithmetic.”
I the prescnt chapler we will be concer-
ned with the concepts involved in couni-
ing and information swerage, whils some
of the concepts involved o “arithmetic”
will be discussed in chapler L1,

In maost cases the content of digpal
information statements is numerical: ie.

MEEELINEE SRR R AR i

e aldcus  operaled.

the infarmation is in the farm of numers
ienl statemenis or numbers, And for a
digital systerm having only [wo possible
value-states 10 easily hamdle such state-
meents, they should ideally be in the form
af dvadic or “two-valued" numerical no-
tntion—nhinary nombers.

In order to be reasonably clear in
ane's conception of digital counting and
storage it i=, therefare, necessary to he-
come familiar with the gencral concepls

e T (AR LLIPELIS IR R) PIREISaR LA}

GLOSSARY OF IMPORTANT TERMS

Addifion: A digieal arithmctie opeeation i which the electricn] represen-

faleons of two (usaally binary) nombers arg
their arithmerie  sum.

representalion of

uszed tn prodiucs the
Circult configeralions in-

wilviggl i Tadditlon ang discussed in chapler 11,

Bnse or Badix; That perameter of 2 numerical notation svstem which
describes dhe number of wvalues which mmy be laken in any given

digital posilion. The hase of

the decimal systern is 10, while that

of the binary system used by most compulers is 2

BCIY Codes: Momerical codes which employ the two banary digit values

1. and O In arkilrary

combinaliens W oregresent the fep decimil

digits. Theoretieally there are more than seven million such binary-
coded-decimal codes, bl not all are ased.

Bl A convenent contraction of “binary digit,”

Having enly two possible

values (1 or [, a single Bt meay be regarded as the smallest pos-

sible guantem of nformation.

Counting: A _digi[u] opertlion in which a configoraticn of circult ele-
ments s arranged (oo produce an elecirical representation of the

number of pulses 1|1[:|I1Hl o their npist.

Counting plays an impor-

Lant parl in the eperation of mest digilal nstruments,

Redundoncy: An isformaticn theory parameler describing the eficiency
of 4 symbddic imformalion fransfer system. Defined ps the ratin of
the unussd information potential of (he symbols being used o the
infermation capacity actually being wtilised,

Sealing: An o
o op

ralwn in which o group of circuit :Itn'u:nl;s are arranged
2 N oufpue palse after ¢ach sootessive occurrence of a

g:l.'-'\vl:rt nurnber of nput pulses. YWhen the inpui pulsss are pariodi
in nudure, scaling becomes frequency divislon,
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