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Operation of the Basic Circuits _
1. Flip-Flop BEAST

.The basic flip-flop circuit used in the WISC is shown in drawing
W=0215, 1~-03A. The clircuit has two siable states: either the right
hand triode 1s conducting and the left hand triode is not or vice=verse.
If the right hand tricde is conducting the potential et plate 2 (the
C's output plate) is nominally 55 volits. Conesequently, the potential
at pin 6 is approximately -30 volts (the left hand tube is biasad below
cut-off) and the potential at pin 1, ¢ 133 volts, is determined by the
voltage divider formed by the 10K and 82K resistors. The potential at

“pin 5 would be $?0 volts if it were not for the current into the

positive grid. This grid currsnt limits the positive grid excursion
to about 1.5 volts.

The two output terminals of the device thus will be ot $.33 .nd
55 wolts, or 55 and 133 volts respectively. By definition the #i
pin of a flip-flop circuit is defined as the "lfs" output. Likewlss,
the #2 pin of the 6J6 flip-flop*is the " 's" output. Also by definition
if the 1's output is at the '§130 volt level the flip-Tlop is said to
contein a 1. Conversely if the ones output is at 455 volts the flip-
flop containa a 0. It should be noted that the 1 lavel, #133 volts,

.is affected very little by variation in the characteristics of the vacuum

tube, while the ¢ level is very dependent upon the characteristic of
the tube.

The device will remain with the 1l's output high for 0's output
high) until a negative going pulse cccurs at the 0's input (or l's

_input). When this occurs the flip-flop will assume the other stable

state, The pulse that sets the flip~flop tc tho 9 state is often called
the "reset pulse" or "reset' while thé pulse which sets it to the 1

state is sometimes referred to as the "trigger pulse" or "trigger”,
Although the circuit responds more readily to negativé~go:.no waveforms
it can be triggered or reset by a positive going pulse of sufficient
-amplitude. However, in the WISC the pulse and coupling capacitors used
are guch that the circuit will respond only to the negative going portion
of a pulse,

The flip-flop is intended only for those applications where ths
trigger and the reset do not occur sivultansously, If such a condition
exists the circuit tends to change to the other state, that is, if the
flip-flop contains a 1 and receives a trigger and a reset simultaneously
it will prefer the reset or O state. This action is sometimes desired,
but it can be obtained more reliably (especially if the pulsez samw
at high repetition rates) from the stundard WISG counter circuit,

The logical biock diagram of the flip-flop shows that by convention
the upper input is the 1%s inpui, while the uopcr output terminal is %he
l's output. This convention is followed in logical drawings wharever
possible and any excepticns should be noted,

# In the case of 9 pir doudle iiindes the 46 pin is the oty oﬁtputo



2, Counter

The counter circuit is bapically the same as -thdt of the flip-flop
__the only difference béifig in the wmanner in which the input pulses are
"“coupled. In the counter circuit the two input capacitors are replaced
with two diodes and one CR differentiating circuit. The diodes are
sometimes called commutating diodes in that they alternately couple
the input pulses from’one grid to the other. An examination of the
potentials across each diode for sach of the stable states will
indicate how this is accomplished.

logically the counter is somewhat of a frustrated flip-flop:
given an input pulse it always changes to the state it wasn't in.
Consequently, it repeats itself every other time it receives an
input pulse. Thus it counts by a factor of two and if a number of these
counters are connected in series they count down by a factor of 2P where
n is the mumber of counterd in 3eries, The last stage of such a counter
chain changes from the 1 state to the 0 state only once for each 2B input
pulses
3. Qathods Follower

The schematic and logical diagrams of this circuit are shown in drawing
W=02,3L~024, As the 2ame jiplies the cathode or output terminal of this
device follows, or is approximately equal to, the input or grid potential.
The small signal gain of this circuit approaches unity within the limita-
t.ons of its frequency response, If the input potential at some instant
is Vy, the output potentlal is V,$AV where &V 1s the absolute value of
the grid to cathode bias, For instance, if the input terminal (say
pin 2) is connected directly to the plate of a flip-flop of counter the
output potential (at pin 3) will be approximately 133 4 4 volts or
55 4 10 volts depending upon which state the flip~-flop assumes, It
should be noticed that the blas at the 55 volt input level is larger
than that at the 133 volt input lever. From this it can be seen that
the large eignal gain in this case is approximately _}%ﬁ = 0.923,

For reasons which will beoome cdovious when discussing the gate circuit
it is desirable that the high level output be maintained at 4133 volts.
Since the input terminals of a cathode follower are directly connected
to a flip-flop plate thay are often shunted by a 220 or 270K resistor
to reduce the l's level at the input terminals by about 4 volts. Thus
the output of the CF is 12944 = 133 volts when the ﬂ.ip-ﬂnp is in the
1 state.

The cathode follower cirouit possesses two featurees which make its
use desirable., First, it possesses a high input inpedance, and second
it has a low output impedance. It is used whe:ever a signal derived
from a flip-flop or counter must drive a number of other circuits or
- must be transmitted some distance. It acts as a buffer between the
signal source and the load hence it is sometimes referred to as a
buffer,

The above statement concerning input and output impedance must be
qualified somewhat. Obviously the triode will not conduct if the grid
is at a large negative potential. In such a case the output impedance
is 22K ohms. Again as the grid is driven positive a pouint will eventually
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be reached where the bl48 will become zero., For grid.potentials greater
than those producing zero bias grid current will be drawn and the device
no ionger has a high input impedance. When the circuit is used with
squ.re waves another complication arises., If the grid is driven from
the 1 level to the 0 level instantaneously, the tube will be cist off,
The cathode potential will fall only us fast as the shunt and stray
capacitances will discharge through the load and the cathode resistor,
A7 an example, assuwe that the effective cailiode to ground resistance is
20K and that the stray and shunt capacitance amount to 100 mic cro
farads, RC time constant under these conditions is (.020x10° ohms)
(100 x 10 ™ farads) = 2 misro-seconds, which is greater than the

RC time constant in the flip-flop plate circuit. Hence, for these
conditions the cathode is not following the grid and the fall time of
the output signal is not determined by the input signal but by the

RC time constant in the output circuit. The cathode follower circut,
then, has a low output impedance for positive going signals and may
have a low output impedance for negative going signals.

: Other triodes than the 12A47 may be used as cathode followers in
" the WISC and BEAST. The basic operation of the circuit remains the
same, and the grid to cathode bias at the 1 & 0 level will be only
slightly different.

Lo &ator

This circuit is alos shown in figure W-024S1-02A. The input to
this elrcuit should be of the same form as the output of flip-flops and
counters: 1.e., either at $133 volts or at 455 volts. For these
conditions the potential at the grid connection will be at 430 and
=30 volts respectively, if the triode is not in the circuit., With the
tube in the circuit the grid wilil be limited in its positive excursion
to about 41 volt. The potontial at the output terminals will be §55
volts if the input is $133 wolts and 130 volts if the input is at 55 volts,
Thus the circuit inverts or negates the input signal. The negator might
be desecribed as half a flip-flop, in fact a bi-stable circuit can be
constructed from two negators by connecting the output of the first
to the input of the second and vice-vers:.,

5. Pulsed Gates

The staciard pulsed gate circuits used in the WISC are shown in
figure W-02381~04A. - In all of these gates the cathodes are connected
to a pulse generator which pulses the cathodes down from 4150 wolts to
about :115 volts. The plate terminal is the output terminal and if a
signal appesrs at this point it is a fair reproduction of the cathode
pulse; i.e., the input and output pulses are about the sams shape and
magnitude, The pulse at the plate; however, is Biased at $275 volts
(the supply voltage). The grid, which controls the gate, is generally

connected to three 100K resivtors or their equivalent which are in
t comnected to flip-flop plates or their equivalent. Thus there are
or 8 possible conbinations of input conditions which can oceur,
However, there will only be four distinct potentials possible at the
control grid itself, .
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In the following diagram the different time varying waveforms
(A,B, and C) are connected to the three input control terminals,
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A pulse will be present at the output only if all three control
inputs are in the 1%s state and the cathode is pulsed. It cun be said
that the gate passes the pulse and that the three inputs enable a
pulse to be passed., Hence, the signals ~btained from flip-flop or
equivalent circuits are called "enables", The logical block diagram
for this circuit indicates the three mixing resistors by the small
circle about the point at which the three signals meet. The closed
arrow indicates enables or d.c. signals while the open arrows denote
pulse signals such as clock or jate pulses. It is possible to use these
gate clrcuits in an OR combination by connecting the plate temminals
in parallel. In this case thers should be only one plate resistor for
each such OR cowbination,

It is sometiues desirable that the output pulse frou a gate be
blased at $150 volts so that it can be connected to the cathode of ‘
another gate. This is accomplished b, replacing the plate resistor by
a 4:1 step down pulse transformer and connecting the correct secondary
terminal to a $150 volt supply. It should be noted that the input
of this type gate is connected directly to a cathode follower,

4
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In soup applica.tiona the pulse transfomer uged has a 1.1 ratio
and is biased at =60 wolts. In such- applicatione the gate drives a
beam power t.ube such as the 6@-16 or 64AQ5,

‘C.Q g

The basic d.c, gates used in the WISC are shown in drawing W=023SL=-
05A. The diodes used at the present time are type 1N38 manufactured
by Radio Receptor Corporaticn and these seem to be quite reliable if
veasonable precautions are taken in soldering them into the circuits,.
Since they are 100 volt diodes the input potentials to these diodes
should be chosen sc that this peak inverse voltage is not excoeded.
In partioular, it is not wise to connect one of the inputs to a
diode gate to ground if the other ihputa may reach 4133 volts,

The lﬂOK resistors chosen in the first two ci rcuit.s represent a
compromise between output rige or fall time and minimum loading of the
eircuits oonnected to the input terminals. .Note ths 150K resistor
returned to $275 volts in the fourth circuits  An examination of the
currents and potentials existing in this circuit will show the reason
for this reher low resistance value,

Var:i.ouo ‘combinations of all of these circuits may be used provided

" that appropriate buffering or lsclation is used. In-all of thsse circuits

three :I.npnte are showrij however, more: than three way also be used safely.

'.._Wt

l‘w.l Section

Tho clock or tining sestion of the BEAST generates t.he tining or
gvnchron:l.zing voltages used throughoyt the BEAST and available on the.
front panel. . The one microsecond wide voltage waveforms used in the
WISC and the BEAST are called pulses while the waveforms of longer

‘duration or width are called @nables. The frequency of the clock

pulses generated in the BEAST is variable-and can be set by means of
the clock frequency switch to approximately 100KC, 10KC, or 1KC, The’

. -Manual utting of this switch can be used to generate one clock pulse
" ..at-a time.* As in the WISC there are three sets of families of these
clock pulses designated aso(,f and ¥ and separated in time from

each othn: b.y one t.hird of their common period,

¥

o

ﬂ—' ,, U 4. lj ) U +1S0
|
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Theee clock pulses, nominally 35 volts in magnitude and hiased at $150°
wolts, mlvaﬂahloatthobmjaokaonthefmntpmloftho

BiASTe

To sinulate the mjor and minor ¢, cle enablas available in the
WISC two five stage counters ire used (counters A and B) Counter
A, kA, receives clock pulses and therefors counts 25 or 32 clock pulses
- before it repeats or zerves itself. The ones output of the individual
stuges of oounter A are available and are cslled KAl, KA2, = -, KAS.
Counter B, KB, mbodrimwclockpulua, KA5, or soms other
waveforn sele opcrator. Hence it may repeat or gero itself
once for each t-o olock pulses, The ones output of the individual
cngoott.hia uomtor, KBl, KBZ,--, KBS, are also availabls on the

» The time at w chsuetthcoomursbeingusodaminthom
sbate 1s called bit time sero (a bit time being defined as the time
budf.oe(::f »). Sinoce these counters ars run at ol time the

: ocours at the time that the counters return to zero is
defined as0{,. As an @xample consider that counters KAl, KA2, and KA3
are béing used for sows parpose and that the repetition rate of counter
KA3 is the smallest repetition rate being used. Then the length of

(3 rqﬂaiosuttm»?houmingmdnwfomundettmo&tuaum
would be as followss n

o, & aly . oty o4 ofy o oh
T O e R na e
" ?71 ——4

! _ _yll'l
¥ T flllti‘%‘lr
KAL | .

>

If, however, KA5 were used there would be 2° = 32 bit times per
major qycle and the o¢pulsss would be numbered O(, t,oa(n,
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2, Enable Generators E, EB’ or Bpe

These circuits (Drawing W-OO21~04A) are used to generate enables
of variable repetition rates and widths, Actua.dy each of these
goneretors produces soveral enables: for lnstance, the E ﬁ generator
produces E,, 5,, BAJ.’ 42° E _, and EM° Hence the term L generator is

somewhut misleading., A more proper term might be "the A enable generatory
but for the sake of brevity the tem E, generator indicates the circuitry

which produces E, apd its related family.

: Bachofthcprimaryombha(E,nfan ) assumes the 1
state at the time that a selected 9 goes tg the gero state,

For instance if the E, trigger selsctor switch set on the "KB3"
position and the reset or width selsctor switch is set at "3" enable
B, goes from the 0 siate to the 1 state at the time that KB3 goes
tmmlmutothoomto. 'K, then remaines in the 1 state for
thmbitum.(mthommphonpage\i).

mnutboountoumsto{uncEAisalwawaalfmoc to o¢
where n is the width selected. E,, E,, B, andE“moachattﬂc
1 level for 2/3 of a bit tdue such that they are sampleable atoc,

Fn? py adchy y ) Tespectively,

A block diagrem of the E pneratoriashomonpaao& The fore-.
 going comments and the diagrefls pertaining to B, also are valid to Ky,
%Miﬂﬁt&mpﬁmt&tﬁ.@uﬂb@p&r&t&mw

first three enables (for example, Eqy Eg, and Egy).

3. Jxror Detecting Cipouite

The error detecting cirouits W=002L-024 are provided so that two
enables may be compared to determine that they are identical (at least
at the sampling time). For instancs, the correct operatiom of counters
A and B axy be checked by connecting KAs to the A coincidence input
and KBS to the B coincidence input and sampling at @ (orY) time by
. conneoting TIME AB tos (o7¥) pulses. If the two enables are not
identical (both 1 or hoth 0) & ,c(cm)’)um,thoonablenrrorm
will be generated and a neon light on panel J will be turned on.

Lthroeposiuon switch, alsolocatedonpanel.l, can be used ‘o
disable these circuits, reset the Error flip-flop, or allow the
- operation described above, This switch also controls the C and D
-error detecting circuits which are similar to the A and B circuits,

mmlErmrABugeneratod(ifthemuhhmm'WM”
position) if (s& ) 4 (B2 ) m'1 at the AB sampling time, Similu.rily
Emncinsmeratodit(c“)+{e4,}D)-1att.hoGDnnplinam.o.
elther of thess two enables are present the ERROR enable is guneirsted
-ﬁu&m:x}. This enable (:RROR) is Used in the startestop control
where it may cause the counters KA and KB to stop.



b Bupeftop Coptrol
The run-stop control, drawing W-002-03A, has two functions: First,
it oontrols or gates the RA pulses which run the A counter. The switch
on has three settings: Run, Internal, and External control,
In the Run position counter A receives RA pulses continually while in
the Internal position RA pulses are present only if R(RUN) is present,
In the third or External position the counter is under. the control of
~“uilktever ensbls is

i

vided on the banana jack provided,

The enabls R is produced by mamentarily setting the lower switch
WRKS} , Uhen this sdtch is mementarily set o
STOP® R will dissapear.(become a 0), or if the enable E, error,
should become a 1 while the switoh is in the "HUN" position.

. .-— The second function of the run-stop control ¢ircuits is to syn-
chronise counters A and B when they are run at the same frequency (see
note on drewing W-0021~05A). If counters A and B are in synchronism
KA5 and KBS will be identical and the expression (KB5 4 KA5) should
. oqual 1o In this case the pulses B will be present continually. If,

howsver, these two counters are not in synchronism (KB5 4 KAS) f.l
and oounter B will receive fewer pulses (HB) m-'wwAmuM

¥

:
E
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