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604 Electronic Calculating Punch



THE 604 is basically an extremely high speed adding
machine. Engineering design makes it possible for the
machine to subtract (by adding complements), to multi-
ply (by over and over adding), and to divide (by over
and over “subtraction”). These functions are accom-
plished with direct control panel wiring. The 604 cal-
culator is limited by the speed of the 521 punch which
runs at a constant speed of 100 cards a minute regardless
of the complexity of calculations being done. Problems
such as the following can easily be done at this speed:

45766 —349 + (413 X 72993) — (61347 ~ 1797) =>
86419

The machine will also accept and automatically keep
track of any negative figures involved in a calculation.

The 604 Electronic Calculator consists of two . units:
the 604 Electronics Frame, and the 521 Punch which
provides the input and output for the machine.

Due to the voltages involved care should be used
while learning and servicing this machine. The 604
combination must be connected to a single phase 60
cycle power source supplying from 190 to 230 volts. The
attachment cord has a regular electric range plug on the
free end. A separate wall outlet is not needed for the
521 since it receives its AC power from a socket provided
within the 604. In addition to the AC cord, a large multi-
conductor cable runs from the 604 and fits into a re-
ceptacle on the 521. It is through this cable that all
desired data, read from the card, is fed to the 604 and
all results from the calculator are fed back to the punch
unit.

The 521 Punch is very similar to the punching half
of the 514. Cards feed through the machine face down,
twelve edge first, with the characteristic intermittent
(geneva controlled) movement of IBM high speed
punches. The separation between cards is one-quarter
inch as in any fourteen cycle point machine. The one
major difference between the 521 and the punch side
of a 514 is the addition to the 521 of a full set of
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eighty reading brushes located exactly one machine
cycle ahead of the punches. This permits the card to be
read fully and then calculated before it moves under
the punching station.

The 604 system uses two control panels. One fits into
the 521 and, in general, permits selection of the card
columns to be read; determines into which electronic
area this data will be placed; and finally, determines
which part of the answers will be punched into selected
card columns. The second, and smaller, panel fits into
the 604 and controls electronic operations during the
calculation itself.

Any probilem presented to the 604 must be broken
down into a series of separate actions called program
steps. Each operation, even one involving nothing more
than moving a digit group from one area of the ma-
chine to another, takes one program step. These pro-
gram steps occur successively, and it is through them
that the calculation is completed. The control panel
effectively stores the necessary instructions and de-

termines what is to be done and in what order.

Performance of calculations with a minimum of pro-
gram steps often calls for a high degree of board wiring
ingenuity.

The 604 Manual of Operation. Form 22-5279, pro-
vides detailed data regarding control panels and ma-
chine operations. Figures 3 and 4 show the arrangement
of the panel hubs and the wiring needed to read infor-
mation from a card, add one group of figures to an-

other, subtract a third group, and punch out the result.

The right half of the 521 control panel is used pri-
marily for data wiring (what columns are read, where
the data is placed, where the answers will be found,
and where they will be punched). The left half is gen-

erally for control (what is done with the data as far as
getting it into and from the calculator).

The Storage Units are either three or five positions
wide as indicated by the panel hubs. The right-hand
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Figure 1. The 604 Electvonic Calculator with the 521 Punch




entry hub is the units position. The hub to the extreme
right of each storage entry and exit hub group, sepa-
rated from the group by the dotted line and with a
minus sign above it, is a special sign control item. This
will be discussed in detail in the circuits portion of the
manual. For ordinary use, an X punch over the units
position of a number read into a Storage Unit will cause
that number to be accepted by the machine as negative.
During punching, an X will be automatically punched
over the units position of any negative figures read out.
Special wiring and the use of the SIGN hubs permits this
convention to be modified as desired.

Punch Selectors (right panel) are five positions wide.
They transfer as soon as the PICK-UP hubs (left panel)
are impulsed, and hold until the end of that punch
cycle. Pilot selectors (points and pick-ups on left panel )
have two controlled positions. X’s or “12’s” into the X
PICK-UP hubs cause the points to transfer at the start of,
and hold throughout, the zext punch cycle. Any im-

Magazine Reading Brushes for

pulse into the DPU hub causes the same action. The
IMMEDIATE PU hubs transfer the selector as soon as
impulsed and cause it to hold throughout the remainder
of that cycle.

On the 604 panel, the main source of control is the
PROGRAM EXIT unit. Each of the program levels has
four hubs associated with it; three individual ExiT hubs
and one PROGRAM SUPPRESS hub to permit the program
action to be killed. The three separate EXIT hubs help
prevent back circuits and provide all the control im-
pulses generally needed for any program step. Gen-
erally, all the instructions needed by the machine for
any normal action are FROM what unit TO what unit
and what SPECIAL (if anything) must be done.

The labeling on the 604 panel is relatively simple
and generally descriptive of the action produced. The
Calculator Selectors, to the right of the panel, each have
five transfer points. The pick-up of these selectors is
controlled by wiring on the 521 panel. The 604 control
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panel wiring can be run through these selectors, and in
this way different cards passing through the 521 can
call for and get different processing actions.

The hubs in the bottom fourth of the 604 panel per-
mit certain special operations to be done and allow
limited decisions to be made at calculating speed. These
decisions can actually be used to alter what is done on
following program steps for that calculation. Use and
operation of these hubs will be fully covered in the cir-
cuits description. The READ UNITS INTO and READ
UNITS OUT OF hubs are column shift controls that allow
realignment of number groups within the 604. This is
more fully explained in the text discussing Figure 5.

Figure S shows the general design layout of the
604-521 combination. Used in conjunction with the con-

trol panel diagrams given in Figures 3 and 4, a good
understanding of the machine organization can be had.
All communication between the two machines is
through the multi-conductor cable which divides Figure
5 into two parts. All hubs located to the left of the
cable are located on the 521 punch, while those to the
right will be found on the 604 panel.

The 604 contains an electronic control unit, a Counter,
four Factor Storage units, four General Storage units, a
Multiplier-Quotient (MQ) unit, an Add-Subtract unit,
a Column Shift unit, and the interconnecting channel
circuits. All of the data-holding units (Storage, Counter,
and MQ) have their electronic outputs commoned in
parallel to an important group of wires called the Exit
Channels. These common Exit Channel leads terminate
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at the Column Shift Add-Subtract unit, which passes
the data through itself (modified if needed as to posi-
tion or form) to the Entry Channels. These Entry
Channels in turn feed to each of the data-holding units
of the machine in parallel. Data can thus be moved
around within the machine from any data holding unit
to any other data holding unit. Within the 604, this is
always done in exactly the same way: 1) from the send-
ing unit exit; 2) to the common exit channels; 3)
through the column shift; 4) through the Add-Subtract
unit; 5) to the common entry channels; 6) to the
receiving unit. Since the entry channels feed to i/ the
information storage units simultaneously, a method
must be provided to make sure that only the desired
storage unit receives the data. An electronic switch unit
within each storage unit (controlled by a wire from a
PROGRAM EXIT to the desired READ IN hub on the 604

The 604 Control Panel

control panel) provides this control. At the sending
end, only the unit told to Read Out will put data on
the exit channels. A control panel wire from a PRO-
GRAM STEP EXIT to a READ OUT hub of the desired unit
controls this. Both the unit told to Read Out and the
unit told to Read In must receive their control condi-
tion at the same time; that is, from the same program
step. Each program step has three EXIT hubs which are
active on the same cycle but which are not commoned
(in order to eliminate possible back circuits). The pro-
gram steps progress serially under control of the elec-
tronic pulse generator and timer, which in turn is per-
mitted to run only at the time dictated by the 521
Punch.

Factor Storage Units 1 and 3 and General Storage
units 1 and 3 are each capable of handling a three digit
maximum number group both electronically and from

BASIC DESIGN AND OPERATION n
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the punch. All the other Storage units, and the MQ
unit, have a five digit capacity. The Counter is a thirteen
digit unit.

For simplicity, only five exit and entry channels are
shown in Figure 5. The machine itself uses eight chan-
nels as well as a special thirteen channel arrangement
for the counter. The need and use for these channels
will be fully covered later in the text.

The Factor Storage units, General Storage units, and

the MQ unit are all designed to clear themselves (reset
to zero) whenever they are told to Read In. Thus, just
before the new data arrives at a Storage unit, any older
information is erased from it. This, plus the fact that
there are no carry circuits provided, prevents any arith-
metic from being done in Storage units. The Counter,
on the other hand, has carry circuits and does 7ot reset
unless told to do so on a Read Ot operation, i.e.,
“Counter Read Out and Reset” (CRO & R). Another
difference in the counter is the fact that it has two Read
In controls: Read In Plus for adding a figure, and Read
In Minus for subtracting a figure. The Add or Subtract
unit near the Column Shift actually provides the differ-
ence between the two operations by converting to
compliments the necessary numbers. All arithmetic
functions of the 604 Calculator must make use of the
Counter.

The Column Shift unit has as its function the chang-
ing of the alignment of data as it flows from the exit
to the entry channels. The digit appearing on exit
channel one can thus be made to appear on another
entry channel line with all other digits of the number
group similarly shifted. This greatly increases the flexi-
bility of the machine and makes practical the over and
over addition method of multiplication as well as the
over and over subtraction method of division. Without
the column shift, multiplying by 502 would require
502 addition cycles. With the column shift operating,
the process is completed in seven (5 + 0+ 2) cycles of
addition plus five cycles of control.

The 604 itself works at a constant electronic cycle
rate of one transfer of a number group, or one addition

or subtraction of a number group, every 480 micro-

seconds. Multiplication and division, being accom-
plished by repeated additions and subtractions, take
extra cycles. Despite this high speed, it is possible that
a problem will require more time than that allowed by
the punch as it runs at its constant 100 card per minute
speed. Under these circumstances, the card will pass
through the machine without being punched and the
incompleted answers erased from the machine to pre-

vent conflict with the card following. If desired, the
521 panel may be wired to stop the machine and turn
on the “Unfinished Program” indicator light under
these conditions. The few cards requiring more calcu-
lating time can easily be re-run through the 521 punch

no tlﬁe start an] cton buttone

while a]f—prnah:]w r]ph Stop duttons.

o l
WG alCilaticly CPiLSSig

This will cause the punch clutch to latch every other
cycle. Since the 604 calculates between cards and will

~ continue to calculate with the punch clutch latched this

manual procedure will provide all the calculating time
ever needed.

A few considerations dictate the total time normally
available for calculation as indicated in Figure 2. First,
the card must be fully read before calculations can start.
Since time is needed for resetting certain circuits, this
limits the calculate start to 13.0 at the earliest. Secondly,
the stopping point for calculating is dictated by the
time of the first hole to be punched that can be called
for by the 604. This is an X hole used to indicate any
negative answers. Since we must know our answers
before this point, 12.7 becomes a practical calculate
stop time. These timings are given to the 604 from
521 circuit breaker impulses sent through the multi-
conductor cable. The 521 holds the 604 in check until
calculate start time, releases it for calculating, and
clamps it off at calculate stop. During calculate time,
the 521 does not in any way interfere with the 604.

Generally, the 604 will complete its work well ahead
nF fhe r‘q}rnlahﬁ Stnn novnf anr‘ wl” havP to wait Fnr

the 521 to retake control.

The 521 can be used for a gang punching operation
even while doing a calculate job. Since there is no
calculating involved in a gang punch operation, all
holes, including twelves, can be punched.

The 521 portion of Figure 5 shows the first reading
station, the punch magnets, the second reading station,
the CARD CYCLEs hubs, and a representative calculator
controlling circuit breaker. The function of the 521 is
to permit data to be read from the desired card columns
and to permit the calculated answers to be punched
whenever wanted in the card. A study of the diagram
will show that not all the electronic units can accept
data from the 521, nor can all of them be used to
punch answers. General Storage Units can accept input
data and can also be used for output punching (though
they cannot do both on any one punch cycle). Factor
Storage Units and the MQ Unit can only accept input
data. The Counter, on the other hand, can only be used
to supply output data to the punch.

BASIC DESIGN AND OPERATION 13



Ready Light comes on when
the system is actively ready
to do the job called for by
board wiring. This light goes
out while the machine is
running.

A calculation too long to
have been completed in the

time allowed will turn on the '

Unfinished Program Light, but
only if the 521 Panel has
been wired to stop the mach-

Ten columns of Double Punch
and Blank Column Detection
are provided as standard.
These can be wired to stop
machine and turn on this light.

Within the 604 two numbers
can be compared for equality.
If they are not equal, the
Punch can be wired to stop
and turn on this light.

ine under this condition.
Regardless of wiring the card
is automatically left unpunch=~
ed.

Causes Punch to feed cards
if ready light was glowing.
If an error condition stopped
machine, this button is dead
until affer the Reset Button
is depressed.

It is possible to check the
number of digits in an answer
made available to the Punch.
If the number of digits exceeds
that expected, this light can
be wired to come on and stop
the machine.

Any error condition which
stopped the machine is reset
by this button to permit re-
starting the machine.

Stops machine manually.
Ready light should glow.

Figure 6. 521 Key Buttons and Indicator Lights

There are two general types of wires on the 521
panel; Data Wires and Control Wires. Both are needed
to accomplish most functions. The Data Wires are those
running from READING BRUSHES to ENTRY hubs, from
EXITS to PUNCH MAGNETS, etc., and which have to do
with the input and output of data. Control wires have as
their function the telling of units to accept and read in
the available data, or to punch it out, or to pick up a
selector, etc.

Merely making data information available at the
storage entry hubs is not enough to get this informa-
tion into the calculator. The Storage unit must also be
told to accept the available data. This is accomplished
by running a control wire from a soutce such as CARD
CYCLES to the desired storage READ IN CONTROL hub on
the 521 panel. The same thing is true of punching
from the Counter or a General Storage unit. Not only
must the data wires be in the control panel, but a con-
trol wire telling the desired unit to Read Out must also
have been wired from CARD CYCLEs.

Information is normally made available to the stor-
age ENTRY hubs from the first reading brushes. In this
way, the answer can be punched in the same card as it
moves under the punching station. The punch magnets
receive their data from the General Storage or Counter
EXIT hubs. The second reading brushes can be used to

14 IBM 604

read the problem a second time if desired. This will
allow it to be re-calculated and compared for accuracy
against the answer just punched and itself read from
second reading. The second reading brushes can also
be used to read the initial data, but the answer will
have to be punched in a card at least two cards further
back. Gang punching, too, is done through use of the
Second Reading brushes.

Both data wiring and control wiring are needed for
operation of most machines. Within the 604, however,
the data wiring is internally provided through the
common exit and entry channels. Since this variable
factor has been removed from consideration on 604
panels, it has been found very convenient to describe
604 panel wiring by means of a planning chart rather
than an actual wire for wire diagram such as is needed
to properly indicate card columns, etc., for the 521.
Figure 7 shows a planning chart filled out for the prob-
lem shown in wired form in Figures 3 and 4.

With simple problems such as this there is little to
choose between the two representations; but with more
complex problems, the planning chart becomes the
better means of describing the operations being per-
formed. It is much easier to follow; and in addition,
the numbers involved in a typical problem can be
entered in the spaces provided and traced through the
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Figure 7. A 604 Planning Chart

program steps. By using these exact figures punched in
a card read by the 521, the machine operation can be
tested on a step by step basis.

A neon indicator panel and a group of control but-
tons and indicator lights are located on the 604 directly
above the control panel cover. The neon panel allows
the factors in any portion of the machine to be de-
termined as well as what program step is occutring and
what the machine has been instructed to do on that
step. The 604 uses a binary coded numbering system
so that the digit in any storage position is the sum of
the values of the lighted neon bulbs in the column as
indicated by Figure 9.

The Counter neons are read similarly with one addi-
tional fact to be considered. Positive figures in the
Counter are stored there in nines complement form

while negative results ate in true form. Thus, if the
Counter minus light is on, the figure may be read off
directly; otherwise, the lighted neons will represent the
complement of the actual figure expected. Figures in
Storage units are always in true form regardless of sign.

With the calculator working at normal speeds, the
indicating lights are varying so quickly with the calcu-
lation that they cannot be visually read. To permit
slower speed checking, the buttons to the right of the
neon indicator panel have been provided (Figure 8).
Depressing the PROGRAM TEST button prevents the nor-
mal high speed progression of program steps and causes
the PROGRAM TEST indicator to light. If a single punch
cycle at a time is now taken by the 521, the information
will be read into the 604 but not automatically proc-
essed. Each manual depression of the bottom right
button Iabelied Program Advance will cause the machine

BASIC DESIGN AND OPERATION 15
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to go through one program step at a time. In this way,
the development of the calculation results can be traced
step by step and compared with the expectations on the
planning chart. The machine may be returned to nor-
mal operating condition at any time by again depressing

the PROGRAM TEST button

LT IR

Also shown in Figure 8 are the other 604 control

buttons and indicator lights. The CONTROL. PANEL .

light directly above the PROGRAM ADVANCE button
glows when the 604 is on, but there is no control panel
inserted. The top button to the left of the neon panel is
depressed to turn on the 604 main AC power. {There
is a separate main power switch on the 521 which must
also be turned on to allow cards to be fed.) While the
tubes are heating, the STARTING light will glow to indi-

Thermal Cutout Locations

Panel 1

Panel 3

Panel 5

6v AC Cables

Power Outlet
for 521 Punch

Multi-conductor

Attachment

cate that the machine is inoperative. After a two to
three minute warm-up, the STARTING light will go out
and the BLANK light will come on, indicating that the
machine is ready for calculating. Depressing the bottom
button w1ll remove AC power from the machine. It is

many times in one day since the repeated heating and
cooling of the tubes shortens their life. In general, if
the machine will be used again within two hours, it is
advised that the power be left on. For periods in ex-

cess of two hours, the power should be turned off.

Since the start of 604 production in 1948, there have
been a number of circuit revisions reflected in the wiring
of varying suffixes. Machines wired successively up
through the “G” suffix prints are all quite similar but

Panel 2

Caiculator
Selectors

— Panel 4

Control
Panel ] 8 16
17 24 25 3
+—Panel 6 :
tc.

Terminal Block e{c
Panel for EC !
(Muiti-Conductor) i
Cable. 145 152 l53 160

I,

T

Blower Unit
(one in each gate )

Air Filters
(Two per Gate)

NOTE: This is a wiring side view of the panel
sockets into which the pluggable units fit. All
inter-unit wiring is on these panels.

Interconnecting Cable ( EC Leads ) ’

Figure 10. 604G from the Wiring Side
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DC Fuses and
Distribution Panels

Panel 4

Pluggable Unit
Being Removed

Blower Unit & g

DC Meter

Thermal Contact Location
Control Switches and
icating Lights

GATE 1

Panel 1

Panel 3

Calculator
Control Panel

Machine
Serial Number

Panel 5

Blower Unit

Figure 11. GO4H from the Unit Side

with a gradual reduction in the number of calculating
tubes required. By the time the H suffix was released, it
was possible to eliminate an entire electronic panel
through widespread relocation of functional circuits
within the machine.

NoTE: In Figure 11 observe how the pluggable units
are held in place by removable retaining bars. Since this
is an H suffix machine, panel two is not needed. The
thermal overload contacts turn off the machine to prevent
permanent damage in case the gates get too hot due to
restricted air flow or other improper operating condi-
tions. The machine should not be run for any length of
time with any retaining bars removed; the air flow pro-
duced by the blowers will escape through the retaining
bar opening rather than proceding upward through the
gate. This can cause overheating and machine shut-off
due to the opening of a thermal contact. These thermal
contacts are self-resetting as the temperature returns to

18 IBM 604

safe limits.

Up through the “G” suffix, each machine was sent
to the field with a complete fan-fold wiring diagram
showing all electronic parts used in the machine. With
the "H” suffix, a change was made to a System Dia-
grams type of representation which traces information
flow through the machine but which does not show
individual parts. This made circuit tracing somewhat
easier for most examinations required in the field.
Despite these changes, all 604’s are completely com-
patible with regard to control panel wiring, operating
specifications, general construction, and speed.

Removal of the 604 covers reveals the general physi-
cal nature of the construction. Figures 10, 11, and 12
show a 604G and a 604H from several angles, while
Figure 13 shows a typical pluggable tube unit basket,
Some twelve hundred of these are used in a normal
machine.
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Cable From

Neorn Control Panel

Indicator

Column A~ -

Active Side
Filament Bus wi—yl
(év AC, High =
Current ) o

Ground Side
Filament Bus

Filament Bus
Guard (Keep ___
in place when
Power is On )

Outboard
Test
Panel

Operation -
Mode Switch

Multivibrator Interpanel Terminal
Frequency Control Test Probe Jack Hand Key Jack Blocks

NOTE: Observe the heavy tube heater supply bus bars. The guards over these must be kept in place. While supplying only
six volts, these bars can supply hundreds of amperes of steady current. Rings, screwdrivers, and other metal must be kept away
when power is on to prevent severe personal burns and machine damage. The horizontal supply wires which run from the bus
bars and supply heater power to each unit socket also have high current capabilities. USE EXTREME CAUTION WHILE
WORKING INSIDE THE MACHINE WITH POWER ON, High voltage and high current are present.

With 1200 pluggable tube units mounted in the machine, it becomes most important to be able to identify the location of each
one. This is done by means of a three character code such as 1-7K. The digit to the left of the hyphen represents the panel,
the number to the right of the hyphen represents the row in that panel, and the letter designates the column (rows run across,

and columns up and down). Notice that the letters | and O are not used as column designations to prevent confusion with the
numbers 1 and 0.

Ligure 12. A Closer View of the Wiring Side of Panel One, 604H



Unit Code

Tube Socket

Pin 1

Pluggable Unit
Base Pins

Figure 13. A Typical Pluggable Unii and Socket

NoTe: The readily replaceable units shown in Figure
13 come in a great many types to meet the requirements
of various circuits. All of the calculating tubes and most
of the electronic parts used in the circuits are mounted
within such units. The pluggable units all have nine pin
bases. The tubes themselves are either nine or seven pin
types. Notice the unit type code printed on the handle
and the covering of plastic insulating tubing. This tubing
helps prevent shocks as the units are removed from and
inserted in the machine.

The pluggable unit socket, as well as the tube socket,

have their pin contacts numbered clockwise from the
blank space while facing the bottom, wiring side, of the
socket. When used in conjunction with the unit location
code described in the note in Figure 12, it is possible to
identify any unit socket pin connection in the machine.
1-7K4, for example, translates into panel one, row
seven, column K, #7zit socket pin 4. Notice that the
socket connection for the tube itself is never included in
such a location code. Instead, such information must be
written out (if never needed) as “tube pin 6 of the unit
at 3-5W.”

Interpanel 3-Na

Terminal 5-Ka-b-c~d
Strips 3-Ke-f-g-h

PANEL 3

Figure 14. Terminal Strip Connections

NoTe: The terminal strip connections shown in
Figure 14 are used for wiring between panels. Any col-
umn in any panel may have a four connection terminal
block at the top or the bottom or both. The small letters,
“a, b, ¢, d” always identify top tie points, and the small
letters e, f, g, h”" the bottom. The absence of a terminal
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block at the top or bottom of a column does not alter
this convention. Thus, a combination such as 6Mh would
indicate a tie point on panel 6, column M, at the bottom
and fourth terminal over, regardless of whether there
was a terminal block mounted at the top of column M
or not,
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The following illustrations of the 521 punch show
the location of the components, terminal numbering
systems used, and general construction. Two styles of
521 punches have been used with 604 calculators. The
conventional oil bath geneva drive housing has usually
been supplied with machines prior to the 604H sufhix,
while a redesigned, smaller housing encasing only the
geneva mechanism has been extensively used for the
H suffix calculators. It is possible for either type of
punch to be used with any 604 suffix type, but in some
instances this will require some wiring changes in the
machines. Field Bills of Materials arc available to per-

Selenium Rectifier
48 Volt Supply

Filter Capacitors
48 Volt Supply

Filter Capacitors
65 Volt Supply

mit these changes where necessary, but in general, the
604 should be used only with the 521 shipped with it.
These paired 521's and 604’s do not usually have the
same serial numbers.

Chapters to follow will cover in detail the electrical,
mechanical, and electronic elements that make possible
the successful operation of the 604 calculator. More
detailed elements of control panel wiring will be ex-

plained at that time. If more information of an opera-
tional nature is required, the 604 Manual of O peration
should be consulted.

Selenium Rectifier
65 Volt Supply

Polarity Trap

Power Supply r

i
1
i
f

NOTE: The 48 volt supply provides power for the relays, running circuits, and contact
rolls. The 65 volt supply is used by the electronic control and punch-out circuits.

Fignre 18. The 48 Volt and 65 Volt Power Supplies of the 521
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THIS CHAPTER will cover the principles and opera-
tion of the basic 604 “electronic building blocks” and
will show how “freed” electronics is able to do already
familiar jobs.

Both G suffix and H suffix circuits are covered in this
and following chapters. I suffix circuits are similar to
the G, though unit locations may differ. Where the F
suffix circuit operation is much different, separate de-
scriptions are included.

All circuits are first covered in general form, and
then followed by a detailed description as it applies to
specific suffix machines. Each circuit description, while
dependent upon the objective introduction, is complete
in itself. Thus, in studying the H suffix machine, no
reading need be done in the sections labeled “G."” It is
suggested that only one machine type be studied at
one time.

Electrons have long helped IBM machines perform,
largely through electro-mechanical effects. Relays, me-
chanical counters, ciutches, and ratchet control mechan-
isms are all examples of mechanical devices controlled
by electron flow. In the 604 unit, IBM released a
machine which freed electron actions from mechanical
inertia. Electronic building blocks were developed to do
the jobs previously done by electro-mechanical means.

Instead of relays, electronic switches and triggers are
used; instead of counters, trigger combinations were
developed, etc. Only the work involved in reading and
punching IBM cards has remained mechanical. The
increase in calculating speed made possible by freeing
electronics from mechanics can be seen by a typical

1 Taer ~i~l-
COiMparison: a norimar Wile f¢iay Can nick in three mill

seconds (three thousandths of a second), and for good
design, five milliseconds minimum time must be al-
lowed. Its electronic counterpart, an elementary trigger,
will flip (or "pick”) in two microseconds (two mil-
lionths of a second), and five microseconds allows a
good margin of safety. Even with the conservative de-
sign of the 604, which allows a ten microsecond flip
time, this gives a five-hundred-fold speed gain.

e Miini-

Principles of Electronic Operation

BASIC CONCEPTS

THE BASIC CONCEPTS of practical electronics are quite
simple. Present theory is that all matter consists of
atoms having a central nucleus around which one or
more small particles called electrons spin rapidly. An
electron which has been pulled away from its nucleus is
called a free electron. Electrons each have a negative
charge and repel one another. A group of free electrons
in an area makes this area negative. Given a chance, this
accumulation of electrons will try to flow to any other
area that is less “crowded” (that is, less negative). An
area which has a shortage of electrons is called positive
and has a considerable attraction for free electrons.
Because of this, electrons always flow from negative
to positive. Any material capable of easily carrying a
flow of electrons is called a conductor. Any material
through which free electrons have difficulty passing is
called an insulator. Those materials in between these
extremes may resist the flow of electrons to one degree
or another and are called resistors. Some combinations
of materials will let electrons flow in one direction, but
not in the reverse. These are called semi-conductors
(half-way conductors) . One other important fact is that
it is quite possible for an electron to make its force
(or presence) felt through an insulator without itself
actually passing through the insulator.

The amount of force with which electrons are trying
to move from one place to another is measured in an
arbitrarily assigned value called a volt. Free electron
unbalance being a relative matter, voltage must always
be specified as between two areas. Throughout our cir-
cuit descriptions, the voltages given will be with respect
to the metal frame of the machine (which is called
ground). Any exceptions to this convention will be
clearly pointed out. Any point having an excess of free
electrons will have a negative potential and be noted
as a minus voltage, such as —100 volts. Such voltages
can be spoken of as “so many volts below ground.” As
the converse, any point having a shortage of electrons
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has a positive potential, and would be noted as a plus
voltage (such as +150) and spoken of as “volts above
ground.” Two points, one at —100 volts (with respect
to ground) and the other at +150 volts (again with
respect to ground) are actually 250 volts apart with re-
spect to each other.

The amount of opposition a circuit presents to the
flow of electrons is expressed in an established unit
called the ohm. The more resistance a circuit has, the
greater its ohmic value. Most of the resistances involved
in electronic circuits are in thousands of ohms. As a
shorthand notation, the symbol “k” is used to indicate
thousands. A 68,000 ohm resistor can thus be written
as 68k on diagrams, within text, etc. A convention
which has been adopted for the 604 is to leave off the
“k” on machine diagrams; all values being understood
as in thousands of ohms. 68 on a 604 machine print
means 68,000 ohms. A 470 ohm resistor 1s written as
.47. This IBM convention is applied generally to com-
ponents physically located within pluggable units; ex-
ternal components or components located within the
punch or references within the text will be found using
the “k” or with the full value written out.

Along the same lines, capacitor values in the 604 are
understood to be in micromicrofarads unless a symbol
is added to indicate otherwise.

The motion or flow of electrons past a given point
in a circuit is measured in an arbitrary unit called the
ampere (which represents an actual number of electrons
passing a given point in one second). This unit of
measurement is somewhat too large for most of our
calculating circuits, and as a result the term milliampere
(abbreviated, ma) will be used frequently. This is
simply one thousandth of an ampere.

With these few facts properly applied, any calculat-
ing circuit in the 604 can be explained on a practical
level. No attempt will be made to go into electronics in
depth,but enough explanation will be given to help
explain most conditions encountered in the trouble-
shooting or learning process.

The circuits in the 604 are designed to work from a
ten microsecond pulse of fifty or one hundred volts
amplitude. This means that the steady state voltage
(electron pressure) at a particular point is shifted either
upward or downward by fifty or one hundred volts for
a ten millionths of a second time period. This change
in voltage level can be passed on to other circuits to
cause certain actions. Some circuits will produce or use
shifts of longer duration. Where these shift durations
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exceed twenty microseconds in time they are referred
to as gates (since they are generally used to “open” a
circuit so a ten microsecond pulse or series of pulses
can pass through). It is the control and generation of
these pulses and gates that constitutes the whole of
604 circuitry.

A pulse or gate that is more positive (or less nega-
tive) during its active time than otherwise, is called a
“plus pulse or gate” even if the “up level” is still
negative with respect to ground. Similarly, a pulse or
gate that is negative (or less positive) during its active
time, is spoken of as a negative pulse or gate. For
example, a point which rests at plus 150 volts and
which drops to plus 50 volts for ten microseconds
during active time, is said to have a minus 100 volt
pulse available even though the signal did not go nega-
tive with respect to ground at any time.

BASIC ELECTRONIC CIRCUITS

Nort ALL of the basic circuits to be described in this
section are used in both the G suffix and H suffix ma-
chines. Following the headings for the various circuits,
the machine type or types using such circuits will be
indicated in parentheses.

Power Supply Notation (G and H)

There are five DC supply voltage levels used in the
604 (plus two in the 521 Punch). These five 604
power supplies are numbered in accordance with the
Electronic Industries Association coding as follows:

Plus 150 volts is supply number 2.
Plus 75 volts is supply number 3.
Minus 100 volts is supply number 5.
Minus 175 volts is supply number 6.
Minus 250 volts is supply number 7.

Whenever a point in a circuit requires one of these
potentials, that point on machine wiring diagrams will
be shown connected to a small square box identified
inside with the proper code number. The diagrams in
this manual will also make frequent use of this coding
though in addition the pc \‘/oltage equivalent will often
be written near the box to help develop familiarity with
the coding.

The Inverter {IN) Unit (G and H)

This is the basic electronic circuit from which most
others are derived. In its simplest form the circuit con-
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Figure 19. The Inverter

sists of a triode vacuum tube and one resistor arranged
as shown in Figure 19. A signal which is applied to the
input point goes through the circuit and comes out
inverted exactly as indicated by the illustration. Thus
the name “Inverter.” This inversion is a characteristic
of any vacuum tube circuit where the signal goes into
a grid and comes off the plate. However, in the 604
the term “Inverter” is applied only to a particular class
of pluggable units using triode tubes. These units are

HEATER + CATHODE —+ GRID +

- J \ J
—~—
EMITS CONTROLS
ELECTRONS ELECTRONS

all identified on the handle as “IN" (to designate the
general class) followed by a number (to identify the
variations within the class). IN-1, IN-2, IN-15, etc,,

are typical types.

An understanding of this circuit is most important.
The heart of it, of course, is the tube itself. This con-
sists of a length of heating wire folded or twisted inside
a cylinder called the cathode. Electrons are boiled off
the cathode surface when this assembly is heated by

Evacuated Glass Envelopm

> s

— =

PLATE = TRIODE

1

H__J

COLLECTS
ELECTRONS

Figure 20. Development of the Triode Tube
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passing a current through the heater wire. If a metallic
cylinder (called the plate or anode) is placed around
the cathode (but separated from it) and this entire
assembly sealed in an evacuated envelope, it will be
possible to make electrons travel from the cathode to
the plate. This is done by making the plate positive
with respect to the cathode. As the electrons are boiled
off the hot cathode, they tend to move toward a less
“crowded” area and thus find the plate very attractive.
Such a tube is called a diode (consisting as it does of
two basic elements, the heater-cathode combination and
the plate). This diode has one very important character-
istic that makes it of practical value in circuits actually
used in the 604H calculator: electrons are able to travel
from the cathode to the plate if the cathode is hot and
the plate has a positive potential with respect to the
cathode; but electrons cannot travel from the plate to
the cathode no matter what the relative voltages are.
This is because the plate is not heated and thus does
not "boil off” electrons. The diode thus becomes a
semi-conductor (a half-way conductor). Its practical
use and application will be described later.

The triode tube used in the inverter circuit is a three
clement tube consisting of a cathode and plate with a
grid inserted in the space between them. This grid con-
sists of a coil of fine wire with spacing between each
turn. Electrons can still pass between the grid turns and
flow to the plate under proper conditions. See Figure 20.

With the cathode heated and a positive voltage ap-
plied to the plate, clectrons boiled off the cathode will
be attracted to the plate, as with the simple diode,
except that they will now have to pass between the
turns of the grid wires. If a negative, repelling voltage

is applied to the grid with respect to the cathode, the
electrons emitted by the cathode will not feel the at-
traction of the plate as much as they did before. As a
result, the flow of electrons from cathode to plate will
be greatly reduced. If the grid voltage is made suffi-
ciently negative with respect to the cathode, it will be
so repellent to the electrons that none will reach the
plate. The negative grid voltage which will completely
stop current flow to the plate for any particular tube
and plate supply voltage is called the “cutoff” potential.
For the triode tubes and voltages used in the 604 this
value is ten volts negative or less. Once a tube has been
cut off by driving the grid sufficiently negative, driving
the grid still more negative has no further effect. From
these facts, the action of the basic inverter circuit can
be explained.

In Figure 21 a resting voltage of minus twenty with
respect to the cathode is applied to the grid. Because of
this, there is no electron flow through the tube (the tube
is cut off ). As a result, there is no electron flow through
the 20,000 ohm resistor between the plate of the tube
and the plus 150 volt supply. The output point is there-
fore at the same level as the supply voltage, 150 volts
positive with respect to ground.

By throwing the switch in Figure 21 from A to B,
the potential on the grid of the triode tube with respect
to the cathode will be changed from minus twenty volts
to zero. Electrons boiling off the cathode will now no
longer feel a repelling grid and will instead be strongly
attracted to the positive plate. As a result of this, elec-
trons will flow through the tube and through the
resistor in its plate circuit, causing a voltage change
from one end of the resistor to the other. With the tube
type used in the 604, at the supply voltage used (plus
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Figure 21. Basic Inverter Circuit
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150), and with a 20k plate load resistor, 5 milliamperes
of current will flow through the tube and resistor. By
Ohm’s law (E=IXR) this indicates that a one hundred
volt drop occurs across the plate load resistor. Since the
+150 volt supply end of the resistor is rigidly held at

150, this 100 volt change must occur at the plate end

of the resistor. This leaves +50 volts at the tube plate
and at the output point. Returning the switch to the
minus twenty grid volt position, A, will again cut off
the tube and restore the plate and output point to plus
150 volts.

Two items about this action should be noted. First,
during the active portion of this cycle, while the switch
was thrown to B, the grid signal was less negative and
thus more nearly positive than during its normal state.
In other words, a positive (going) signal was applied
to the grid. This, however, resulted in a lowering of
the positive level on the plate of the tube where the
output is taken. A negative (going) signal thus came
from the output point when a positive (going) signal
was applied to the grid. This is the inversion effect
mentioned earlier.

A second point to note is that though only a twenty
volt change was applied to the grid circuit of the tube,
a one hundred volt change resulted in the output. This
action of a triode, its ability to amplify an input signal,
is used only indirectly in the 604 calculating circuits.
The amplifying ability of a tube changes considerably

with the aging of the tube, and any computer making

OQ

Left Plate 0

much use of this factor would (unless constantly com-
pensated) be rather unstable with the passage of time.
The 604 generally uses tubes either in their full con-
duction state or cut off completely. While the total
amount of full conduction current may vaty through
he circuits are designed to work
well with any normal variation.

PRACTICAL INVERTER CIRCUITS (G AND H)

There are twenty-seven types of INverter units used
in the various 604 types. They all follow the theory
discussed above, but practical considerations have intro-
duced a number of variations. An IN type pluggable
unit contains two separate inverter units. The tubes
used for 604 inverter service are all dual triode types
with characteristics (though not construction) some-
what similar to the commercial 6J6. These tubes con-
tain two separate triode units sealed within the same
evacuated glass envelope. The two cathodes of the
separate sections are internally tied together electrically
and the heaters connected in series. This allows a
seven pin tube base to be used where ten pins would
otherwise be required. Such tubes are called the 6] type
class by IBM to identify directly interchangeable tubes
of various designs and manufacturers.

The 5965 is a heavier duty type of dual triode used
by IBM for occasional inverter service and for extensive
service in other types of circuits. This tube has a nine
pin base which allows separate connections to be made

(2)Right Plate

Cathode o Heater
Left Grid (6) (5)Right Grid
|
The Circuit I The Circuit
Using This Side | Using This Side
of the Tube is 6J Type Dual Triode of The Tube is

Denoted by IBM
as Section One

@-78;

For Example)
Figure 22.

Bottom View of Socket

Denoted by I1BM
as Section Two
4-7Ex &

For Example)

A 6] Type Dual Triode Pin Connection Diagram (Bottom View)
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to each cathode. A tap is also made to the heater wire
where it runs between the two tube units; this permits
a 12 volt series connection or a 6 volt parallel connec-
tion of the two unit heaters. The parallel arrangement
used by IBM for circuits using this tube type makes it
possible for one section of a 5965 to have an open
heater while the second section is heating correctly.
This is not true of the 6] type with their internal serzes
connection. The basing connections for these and other
tubes used in the 604 can be found in the Appendix of
this book.

Since two functionally separate triodes are available
in one glass bulb, a great saving is made in the number
of pluggable units required by the machine through
including the components for two separate circuits in
one unit basket. This does, however, require an addition
to the pluggable unit location code described in Chapter
One, Figure 12, in order to positively identify the par-
ticular circuit section of such a dual unit. A subscript
1 is added to the right of the location code (such as
4-7E,) to identify the circuits used with the left half
of the tube as drawn in the manufacturers’ tube basing
diagrams ( Figure 22 and in the Appendix). A subscript
2 is used to indicate the circuits for the right half of
the tube (such as 4-7E,).

Because almost all vacuum tubes have heaters and
their presence is so widely understood, it is common
practice to omit the symbol for the heater wire itself
when drawing a circuit diagram. This convention will
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be used throughout this manual. In certain tubes (used
in the 604 only in the power supply) the heater itself
is used as the electron emitter (cathode). No hollow
sleeve cathode is used. In such instances the heater is
called a filament and is always drawn on the diagram.

A typical and practical inverter circuit is shown in
Figure 23. Three resistors have been added to the grid
circuit of the theoretical stage discussed earlier. Inverter
units are always driven from some other electronic source
such as another inverter unit, power unit, trigger unit, etc.
These units generally have a plate output which varies
from about +140 volts with the tube cut off, down to
+50 volts with the tube conducting. As was discussed
earlier, the grid of an inverter must receive about 20 volts
negative to reliably cut it off and a zero or positive condi-
tion to cause heavy electron flow. In Figure 23, the 390k
and 470k resistors connected between the plate of the
driving stage and a source of —100 volts acts to con-
vert the driver plate voltage levels into a form usable
at the grid of the inverter stage under discussion. Be-
cause of the electron flow from the —100 volts up
through the 470k and 390k resistors and up through
the 20k plate load of the driving stage, the voltage at
the plate of the driving stage rests at about +140 volts
with the tube cut off rather than the +150 volt level
considered earlier. Point C, the connecting point of the
three grid circuit resistors, will be found to be at about
+30 volts if Ohm’s law is applied to the voltage divider
network. It would seem that the grid of the inverter

+150

20K

+150
O ’ l +50

|_'5_'|- 100

Figure 23. A Practical Inverter Crrcuit
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would also be at plus 30 volts, but such is not the
case 50 long as the cathode of the inverter tube is hot.
The inverter tube grid is very close physically to the
cathode. Whenever this grid goes positive with respect
to the cathode, it draws from the cathode electrons

which act to neutralize the expected plus potential. The
grid current drawn reflects itself at point C and keeps
that point also from reaching the expected +30 volts.
The 47k resistor in series with the grid, as well as the
high resistances of the other two grid circuit resistors,
helps limit the amount of grid current actually drawn.
This is important since too much grid cutrent could
melt the fine grid wires and destroy the tube. The cir-
cuits used within the 604 are so designed that no grid
will ever be driven more than about one volt positive
at the tube, regardless of the input signal applied to
the pluggable unit pins. This potential is enough to
make the tube pass the desired electrons from cathode
to plate and bring the plate output down to about plus
50 volts. This is the condition of the inverter in Figure
23 when the plate of the driving stage is at its high,
plus 140 volt point.

If the input to the driving stage is altered so that
tube draws heavy current, the plate of the driving stage
will drop to a voltage level near 40 or SO volts. The
resistance coupling network will now cause point C and
the grid of the inverter stage to be at about —20 volts,
cutting off current flow within the tube, and permitting
the inverter plate and output point to rise to +140 to
150 volts (depending on the citcuit connected to the
plate). It can be seen that by circuits such as this, one
tube can be used to control another. This method of
coupling between tubes is called straight resistance or
DC coupling and permits a direct current condition to
be passed and held between tubes. In the example given,
as long as the driving tube is conducting, the inverter
tube is cut off, and vice versa, regardless of the time
involved.

INVERTER CIRCUIT VARIATIONS (G AND H)

Certain variations of the basic inverter circuit will be
found in a number of the pluggable unit types. These
variations will be discussed separately, but they may be
used in any combinations within any pluggable unit
type. Each half of an IN unit may use different varia-
tions and units other than the IN type will use these
same principles. A study of the unit diagrams in the
Appendix will show the actual circuits used in any 604
pluggable.
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Figure 24. The Compensating Capacitor

The Compensating Capacitor. An understanding of
the need for the compensating capacitor, Cc in Figure
24, will require some discussion of the characteristics
of a capacitor. Any two conductors that are insulated
from one another form a capacitor, the symbol for
which is quite representative of its construction. The
closer these two conductors are to one another, and the
larger their surface area, the greater their capacitive
effect. A large number of free electrons can be trapped
on one or the other of these conductors or a large num-
ber of electrons can be removed from one of the con-
ductors and not permitted to return. In both of these
cases, the capacitor is called “charged” meaning the
electron distribution is unbalanced. Putting these elec-
trons on a capacitor or taking them off, takes an amount
of time which is directly proportional to the resistance
through which the electrons have to pass to get on
or off the capacitor. The actual electrical size of the
capacitance directly affects the voltage (electron
pressute) to which a capacitor will charge through a
given resistor in a given amount of time. The practical
effect of this is that a capacitor will not instantaneously
change the voltage across its conductors (which are
generally called plates). While acting as an open cir-
cuit for long term steady voltage conditions, the ca-
pacitor acts as a temporary short circuit for any changes
in the applied voltage.

The grid and cathode of a vacuum tube and the
wiring to it, being conductors insulated from one an-
other, constitute “invisible,” stray capacitance drawn in
as Cs in Figure 24. Before any change in voltage can
be produced between the grid and the cathode of the
tube, and thus affect the cathode to plate electron flow,
this capacitance must have its voltage balance altered.
Any signal voltage change applied to this capacitor
must come through the resistors R1 and R2. R2 is so
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Figure 25. Stray Capacitance

small in comparison with R1 that it may be neglected
in this phase of the circuit operation. The relevant parts
of the circuit, without the compensating capacitor, are
drawn in Figure 25.

A crisp input signal is rounded over and distorted
on the grid of the tube because the stray capacitance,
Cs, shorts out and delays the voltage changes. The ca-
pacitor cannot rapidly change its charge through the
series resistor R1. Reducing the resistance in R1 would
reduce this rounding but would also disturb the steady
state conditions of the circuit.

Figure 26. RC Circuit with Compeniating Capacitor

Placing the compensating capacitor, Cc, in parallel
with resistor R1 changes this action considerably. A
capacitor of the proper size, acting like a short circuit
to rapid voltage changes, can short these changes around
R1 and force the stray capacitance to respond instantly
so the voltage on the grid of the tube looks exactly like
the applied signal. For steady state conditions no change
is noticed by the circuit, the resistors alone providing
the needed actions. Any 604 circuit that must have a
fast response will be found to use a compensating
capacitor.

The Desensitizing Filter Capacitor. The sensitivity
of a circuit to short duration spikes, called noise, can
be greatly reduced by effectively increasing the stray
capacitance and eliminating the compensating capacitor.
Figure 27 shows an external capacitor, Cf, connected
between the grid circuit and ground. This filter or
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Figure 27. An External Capacitor Used to
Desensitize a Circuit

desensitizing capacitor shorts to ground any short, rapid
changes, and delays the circuit response to longer dura-
tion impulses. Both of these actions can be useful in
certain areas.

The Coupling Capacitor. Another use for a capacitor
is to eliminate the direct voltage coupling between two
stages while permitting any voltage changes or signals
to-pass through. A side result of this is that some signals
can be passed through a capacitor coupling network
substantially unaltered, while other signals of longer
duration are converted into pulses. Both of these effects
are applied in 604 circuitry.

-50 Volts With Low
Resistance to
Ground

Figure 28. The Coupling Capacitor

Figure 28 shows the basic capacitor coupling circuit
and its effect on typical input signals. The coupling
resistor has been removed and its place taken by a
capacitor. The effect of this change is always to sepa-
rate the DC levels of the two circuits. What it does to
the signals applied depends on the type of the signal
and the value of the capacitor and any resistance in
series with its charge path. With the values given in
the figure a voltage pulse of ten microseconds will pass
through the network with very little change, while a



gate of two hundred microseconds is considerably
altered. The important relationships are between the
time length of the signal and the time constant of the
resistance-capacitance network. The time constant can
be determined from a simple formula:

D
i—RCU

Time Constant (in microseconds) = Resistance (in
millions of ohms) times Capacitance (in micromicro-
farads).

If the duration of the applied pulse in microseconds
is one tenth or less of this RC product, that pulse will
be passed substantially unaltered. If the applied pulse
is five or more times as long as the RC product, the
signal will be peaked into a curved sawtooth-like pulse
with a practical width in time of about twice the RC
product. In-between relationships will produce inter-
mediate effects.

The circuit being investigated must at times be care-
fully studied to determine the value to use for the R
in the formula. In Figure 28, the value normally used
would be the 160k (.16 megohms) of R3. If the signal
drives the grid into the positive area where grid current
is drawn, however, the 47k resistor can be considered
as being in parallel with the 160k resistor. This is
because a tube, while drawing grid current, has a low
resistance effectively between the grid and the cathode
(on the order of one thousand ohms). It is thus pos-
sible for a circuit to have one time constant for a positive
going signal and a second for a negative going signal.

The Tapped Ourpar. In some instances the full one
hundred volt change normally produced at the plate of
a 604 circuit tube is more than required. Any desired
degree of signal output (generally about 2/5, or 40
volts change) can be obtained by taking the output not

+150

Figure 29. The Tapped Outpnut

from the plate, but instead from a tap on the plate
resistor or from a connection between two series plate
resistors. This is shown in Figure 29. The closer the
tap is (resistance-wise) to the plate, the greater will be
the output voltage change.
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signed to work only in parallel with other units, sharing
their components, and depending on the presence of
these other pluggable units for voltages, etc. These de-
pendent units have very few of their own components
and are called slave units. Figure 30 is typical.

2] +150

Figure 30. The Slave Unit

The plate load resistor, Ry, and the grid current
limiting resistor, Rg, may either or both be missing
within the slave unit itself, but when the complete cir-
cuit is traced through the units to which a slave is
connected, the expected components can be found.

To repeat an earlier statement about all the foregoing
cireuit arrangements, these principles and variations
will be found singly and in combination in all types of
units in many circuits throughout the 604.

USES OF THE INVERTER

There are seven general uses for inverters within
the 604:

1. inversion
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clipping and shaping
delay

isolation

OR circuit (mixing)
AND circuit (switching)

As was true with the circuit variations, these uses
may be applied singly or in combinations. No other
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Figure 31. Signal Inversion

type of unit is applied to so great a variety of different
jobs.

1. Signal Inversion (Figure 31). Particular types of
circuits require a particular direction of signal shift to
produce the desired action. A trigger may require a
negative pulse to cause it to flip at a time when only a
positive pulse is available. Running this pulse through
an inverter converts it to the desired polarity. Inversion
of a negative pulse or gate to a positive signal is also
easily accomplished.

2. Level Setting (Figure 32). A minus 25 volt to
plus 25 volt signal, for instance, can be converted to a
+150 volt to +50 volt plate output level. In this ex-
ample not only was the level changed, but the signal
was also inverted and amplified in the process. The
inversion can be overcome by running the new signal
through a second inverter. The amplification can be
neutralized by a tapped output. (If a second inverter
was used to restore the original signal polarity, the tap
would be on the output resistor of the second inverter.)

+25

A Typical Cathode Follower
Output Signal Level (c).
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Figure 32 shows a single, inverting level setter with
the optional tapped output shown in dotted lines. Also
in Figure 32 is introduced the signal level code used
in the 604. Signal levels are held to a small number
of possible variations which can be identified where
necessary by small, parenthetical letters. A “(c)" near
a wire indicates a signal level from minus 25 to plus
25, such as is obtained from the output of a Cathode
Follower (to be described later). A "(t)” indicates
the tapped plate output signal with a normal 50 volt
shift from about +150 to +100 volts. An unlabeled
line is the standard, full plate level shift of 100 volts.
There is also a level used to drive a triode switch and
called the triode switch level, identified as *'(s) ", which
runs from O to —40 volts. The triode switch uses IN
units but will be described in later pages.

3. Clipping and Shaping (Figures 33 and 34). It
takes sharp, flat, noise free signals to insure proper
operation of the 604. As pulses are run throughout the
machine, they may become distorted and “sloppy.” This

+150
-=q pm= == +150
- LJ Tapped Plate Output
_____ -( ) +100 Level (t)

Fignre 32. Level Setting

() +150
\ ’ Standard Plate Level
+50 Output (No Code)
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Figure 33. Clipping and Shaping

condition can be corrected by an inverter. Signals more
negative than the amount needed to cut off electron
flow within the tube are not reflected in the output of
an inverter. At the other end, signals which try to drive
the grid positive with respect to the cathode are
effectively swamped by the grid current which results;
the plate current levels off at a fixed point. This over-
driving of the units is engineered into the 604 and
clips off any roughness at the extremes of a signal. This
happens almost every time a normal signal is run
through a tube unit as shown in Figure 33. A similar
effect results when a signal with a sloping leading or
trailing edge overdrives an inverter, Figure 34. A high

i Response Region
of Inverter

-

.
.

| Plate
Output
Signal

Figure 34. Signal Reshaping

degree of improvement results in the rise time and fall
time since only a portion of the rise and fall time
produces any actively changing plate signal level. This
is a very important function of inverters since sloping
wave fronts will not properly operate triggers (which
are the sole memory devices used in the 604).

4. Delay (Figure 35). An inverter unit can be used
to introduce a slight amount of delay in the trans-
mission of a pulse from one circuit to another. This
delay is generally quite short, less than a microsecond,
but can help stabilize an occasional circuit. This delay
is a function of the coupling to the inverter unit. The
compensating capacitor is left out of the circuit, which
puts a slope on the leading edge of the signal. The time
it takes for the tube grid to rise from a point below cut
off to the point' where cathode to plate electron flow
begins gives the desired delay. The amount of delay
can be increased somewhat by adding a small shunt
capacitor, Cd in Figure 35. '

Note: 9
No Compensating 2
Capacitor 9

-100

Figure 35. Signal Delay

5. Isolation. Isolation is a very important use of a
tube unit. As previously mentioned, variations on the
grid of a tube are reflected in the plate circuit because
electrons flowing from the cathode to the plate must
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Figure 36. The OR Circuit Mixing Problem

pass through the grid. There is no electron flow from
plate to grid, however. Therefore, except for a small
capacitative effect between the plate and grid, the grid
is electrically independent of the plate. Variations on
the plate have practically no effect on the grid or circuits
connected to it. Some 604 circuits, such as triggers, can
be flipped by stray pulse pick-up (called cross talk or
noise) even when applied to their output points. To pre-
vent this effect, the output of a trigger, for instance, will
be run through a physically close inverter before a lead
of any great length (and therefore liable to stray pick-

[2:|+150

+150
+50 2KE R
Signal "S"

“——O Output

up) is run throughout the machine. A similar “back
circuit” elimination is used in the “OR circuit mixing”
to be described next.

6. The Inverter OR Circuit (Mixing) (Figures 36
and 37). The problem to be solved is represented by
Figure 36. Two separate signals, “S” and "“I”, which
do not necessarily occur coincidentally in time, are used
to separately control different circuits within the ma-
chine. One circuit, however, is to receive and be con-
trolled by BOTH these signals. Merely shorting to-
gether points A and B will provide the desired S and

IIS|I+IITII

+150 |-”-I+150
+50 +50

Signal "T"

AN

Positive Shifts.
[_J£|-loo

Both Tubes Cut Off Except During Active
Signal Times. Signals Applied Must be

=100

Figure 37. The Inverter OR Circuit ( Mixer)
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T signals to the desired circuit, but all the separate S
circuits will now also receive the T signal and vice versa.
A circuit is desired which will create an output whenever
one signal OR another signal is applied to it without
interaction between the input signals. Figure 37 shows
one solution through the use of two inverter circuits
with separate inputs but sharing a common plate load
resistor. The values of the components and the circuits
which feed this mixer {OR circuit) are chosen so both
triodes are normally resting below cutoff. When signal
S comes in to the left inverter, this inverter conducts
and the inverted signal is developed across the plate
load resistor, Rr. When signal T comes in to the right
inverter, the right inverter conducts and develops the
inverted signal across the same plate load resistor, Ry.
Both input signals thus affect the output, but there is
no effect upon signal S by signal T or vice versa, be-
cause signals on the plate of a tube are not reflected
back to the grid.

Almost any number of tubes can be connected to
share the same load resistor (so long as each of the
tubes is normally cut off) thus making multiple mixing
OR circuits possible. Such combinations are used in
the 604.

An understanding of the problem solved by an OR
circuit mixer is quite important. The solution of the
problem is an important application of inverter (IN)
units, but other units such as diode types (DS), cathode
foliowers (CF), and pentagrid switches (PS) can solve
this same problem. These units will be described Ilater.

By definition, an OR circuit is 2 mixer which allows
two (or more) separate inputs, not necessarily coinci-

+150

dent in time, to be combined on a separate output with-
out interaction between the inputs. “This” OR “‘that”
will produce an effect.

7. The Inverter AND Circuit (Switch) (Figures 38
and 39). The control of electronic pulses (allowing a
pulse to reach a circuit at one time but not at another )
is one of the primary design elements in the 604. In
electrical IBM machines, seties strings of relay points
perform this control function; all relay points in the
string must be closed before the circuit is completed.
In the 604, electronic switches allow similar control.
The definition of a switch is an electronic circuit which
requires two coincident inputs to obiain an output. The
logical name “AND circuit” has been applied to such
a device because “this” condition AND “‘that” condi-
tion must be true at the same time to secure an effect.

Figure 38 shows the basic electronic problem. It is
desired to let only a particular negative pulse from
signal “K” get to a circuit and produce an effect. The
somewhat wider negative signal (a gate) shown as
“L” has a time coincidence with the desired “K” pulse,
but not with the undesirable pulses, and can thus be
used to make this particular pulse selection possible.
Figure 39 shows the Inverter Switch (AND circuit).
As with the OR circuit mixer, other types of units which
will be described later can also be used to accomplish
the same objective.

The circuit of the Inverter Switch is identical to the
Inverter Mixer. The only difference is that both sections
of the Inverter Switch are driven by 2 normal no-signal
+150 volt level and thus both triodes are conducting
during no-signal time (with the Inverter Mixer, both
triodes were normally cut off). We have discussed the

|

Input 1
Signal K :
(Negative Pulses) |
I

|

|

+150

Signal L
(Negative Gate)

+50

b
i |
{nput | :
!
| I
I I
OQutput Signal +150! |

(Inverted, Positive |
Pulse). | -

I-l~50

Only During This Time Area Are Both

/:\/ Input K and Input L Negative |
1 1

Ldvs0 4w ! ||

Control or Selection of a Pulse is a Problem for the "AND Circuit" Switch.
Waveshapes Drawn are Representative of an Inverter Switch.

Figure 38. Control or Selection of a Pulse
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NOTE: Both Tubes Conducting Normally. Both Tubes Must Be
Cut Off in Coincidence to Produce Large Output Pulse. Applied
Signals Must be Negative Shifts.

r_5-l-100

Figure 39. The Drverter AND Circuit (Switch)

fact that one inverter triode conducting through a nor-
mal 20k plate load will reduce the potential on the
plate down to about +50 volts. When a second inverter
triode is connected to share the same plate load and is
conditioned to conduct, a current sharing action takes
place. When the second triode is told to conduct while
the first triode is also conducting, only a plus 50 volt
potential is available on the second plate to attract elec-
trons. Electrons leaving the second triode cathode are
thus only mildly attracted to the plate, but a few do
make the trip and further lower the potential on the
tied together plates of both the tubes. This reduces
somcwhat the electron flow in the first tube. The net
effect is that the combined plates fall to about 40 volts
(a drop of only 10 additional volts), and the total
electron flow through the tupes divides about equally.
This is the heart of the Inverter Switch action: either
tube conducting alone will drop the combined plates
to +50 volts, while both tubes conducting together
cause only an additional ten volts of drop. This is shown
in Figure 38. Such a small (10 volt) change will have
no effect on following 604 circuits. When both triodes
in coincidence are cut off, the pléte output potential rises
to +150 volts. It thus takes two coincident negative
going input signals to produce any appreciable voltage
level change at the output.

Since the circuits of the Inverter Switch and the
Inverter Mixer are identical, examination of the pre-
ceding circuits must be made to determine the true
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action. This will be found true of any circuits in which
a load resistor is shared by two or more units. It should
be noted that the Inverter Switch is more frequently
used than the Inverter Mixer.

Power (PW) Units (G and H)

The inverter units previously discussed are designed
to work with tubes capable of passing safely a current
of about five milliamperes. The basic pulse amplitude
of the 604 is 100 volts; and if 5 ma of current is to
produce this much voltage drop, a 20k plate load re-
sistor is required. In some instances twenty thousand
ohms is more resistance than can be used for successful
circuit operation. For instance, in Chapter One, Figure
5, a general layout of the machine was given. A
number of entry channels were indicated as running
throughout the machine. These channels feed many
units in parallel, each loading the circuit to some
degree. Further, the long leads of these channels
have considerable capacitance between themselves and
ground, and other circuits. To prevent severe distortion
and delay of the voltage pulses, these conditions demand
a low resistance plate load to drain the capacitive charge
quickly at the end of the pulse, and a high current tube
to charge the capacitance and drive the receiving unit
grids sharply at the start of a pulse. A three thousand
ohm plate load is indicated, but a 6] type tube could
only produce a twenty to thirty volt shift across such a
resistor. It is possible to connect 6] type tubes in parallel
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Figure 40.. A Semi-Power Arrangement Using
Two Triodes in Parallel

to increase the current capacity, but this would require
an excessive number of units in some cases. It is done
occasionally with the two sides of one IN unit where
only a moderate power increase is needed. Figure 40
shows such an arrangement. This hook-up is called a
semi-power unit usage of an IN unit. Notice that both
grids and both plates are connected together. Other cir-
cuits, such as switches or mixers, connect EITHER the
grids OR the plates together, but these configurations
are not for semi-power reasons.

To achieve the power capabilities desired, using only
one pluggable unit, a larger and different tube is used
in Power Units (coded PW). One type of power unit,
the PW-12, uses a 5965, which is a heavy duty dual
triode. The two units are effectively in parallel as dis-
cussed above under the semi-power unit connection.

2 |+150

Suppressor

The use of the larger tube type in this circuit permits a
60 volt signal (from +150 to +90 volts) to be de-
veloped across a plate load of less than one thousand
ohms.

All other PW units in the 604 use a type 6AQS

peam PUV‘”‘" ""D"‘ ine 1,:' /' e tron ments which
make up the construction of this tube form the cathode
to plate electron flow into a heavy stream or beam. A
typical diagram for this power unit, showing the sym-
bol for the tube used, is given in Figure 41.

The larger physical size of the elements within the
6AQs5 tube and the addition of the screen grid between
the control grid and the plate both make this tube
capable of easily passing the 15 to 30 milliamperes
required by certain 604 circuits.

The screen grid in the 6AQ5 overcomes one of the
limitations of the triode. As a triode passes electrons to
the plate, the plus potential of the plate is somewhat
neutralized. The plate potential drops, and it is this drop
which constitutes the signal output. However, the lower
plate potential does not attract. electrons from the
cathode with as much force nor in as great a number
as would have been true had the plate volage not
dropped. In short, the plate potential muust drop to
produce a signal but it should zot drop if maximum
electron flow is to be obtained. These mutually incom-
patible requirements are resolved by the addition of
the screen grid between the grid and the plate.

The screen grid is connected through a 470 ohm
iimiting resistor to +150 volts. With such a low value
of series resistance, very little voltage variation is

Control Grid
(Pins 1 & 7 Internally Connected).

Cathode &
Suppressor

~ Heater

6AQS5 Bottom View

Figure 41. A Power Unit Using a 6AQ>
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noticed at the screen regardless of the current drawn
by it. Even 10 ma of screen current (which is excessive
for a 6AQ5) would lower the screen voltage only 4.7
volts to about +145. The screen potential thus remains
quite stable despite the amount of current flow through
the tube. Since the screen is located physically nearer
to the cathode than is the plate, the screen exercises a
greater attractive force for electrons boiled off the
cathode than does the plate. In fact, the potential on
the plate is practically unfelt at the cathode, due to the
screening action of the screen grid. When the control
grid permits them to do so, the electrons from the
cathode stream toward the attractiveness of the screen
grid. The screen grid is made of turns of fine wire with
wide spaces between the turns. By the time the electrons
get near the screen grid wires, they are traveling so fast
that they are unable to turn and actually land on the
wires. Instead, most of them pass right by the screen
and continue going until they strike the plate. These
electrons trying to flow through the 3,000 ohm plate
load resistor cause the plate potential to drop and thus
develop the output signal, but the lowered plate po-
tential does not reduce the number of electrons striking
the plate. The net result is that an output signal level
change from +150 to +40 volts is produced across a
3000 ohm plate resistor. This signal is too large for some
applications, and as a result some power units use a
plate resistor with an adjustable tap to permit any de-
sired signal amplitude to be obtained. This tap must be

Cathode

Control '
Grid

Screen

Grid

adjusted any time a tube is replaced in such a unit to
insure specified output (generally a fifty volt signal).
Figure 41 shows this tapped output in dotted lines.

The suppressor grid shown between the screen grid
and the plate of Figure 41 prevents electrons from
returning to the screen grid from the plate under certain
conditions of operation. With the power tube passing
a heavy electron flow, the positive potential on the plate
may only be thirty to forty volts due to the voltage drop
through the plate load resistor. As the electrons are
thrown at the plate by the action of the screen, a
chipping effect takes place. Secondary electrons are
knocked off the plate and could readily be attracted to
the screen grid, since under these conditions the screen
still has a plus potential of nearly 150 volts on it while
the plate is only at 30 volts or so.Any electron flow
from plate to screen would decrease the effective plate
current and increase the screen current; both effects are
undesirable. This is prevented by the suppressor which
is electrically connected to the cathode within the tube
and thus presents a repelling, negative barrier to any
slow moving electrons released by the plate. The higher
velocity electrons traveling from the cathode to the
plate are only sightly affected. Having five active ele-
ments within its glass envelope, such a tube is called
a pentode ( penta indicating five). With some types of
tube construction the suppressor grid is not physically
included, the effect being obtained from a repelling

Plate (anode)

| Beam-Confining
[\ Plate
||

S = |
= M'\
S S :
== ———— |
=5 N~ S }
=" =
NN
_ S
L Virtual
Suppressor

(Electron Cloud)

Figure 42. A Bean: Power Pentode
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cloud of electrons produced by the beaming of the
electrons toward the plate. Figure 42. In this case the
beam confining plates are the fifth tube element. They
are generally represented by the tube symbol in the
same way an actual suppressor grid would be drawn and
as indicated by Figure 41.

The pentode tubes used by the 604 require a potential
of nearly —20 volts on the control grid to cut off most
of the electron flow. This is twice or more than required
by the dual tricde 6] type. The values of the resistors
in the power unit grid circuit are different from those
generally found in inverter units in order to produce a
voltage swing from —32 to +14 at point C, Figure 41.
As with the inverter unit, if the tube cathode is hot, the
drawing of grid current will keep the plus level at
something less than +1 volt.

In summary, type PW units are high power inverter
units using pentode tubes or, in the PW 12, a heavy
duty dual triode. The PW units are used when a num-
ber of tubes are to be driven in parallel or when a
circuit wire must physically run for a considerable
distance.

Cathode Follower (CF) Units (H suffix only)

The Cathode Follower is a type of circuit which is
in certain ways even better than a Power Unit for
driving many parallel circuits or long lead length cir-
cuits. It is extensively used in the H suffix machine but
not at all in the G and earlier.

Throughout this discussion of the 604 electronic
circuits, the term “voltage on the grid with respect to
the cathode” has been frequently used. It is this dif-
ference of potential which controls the electron flow
within a tube. The voltage on the plate with respect to
the cathode also has an effect on the cathode to plate

Input Signal
With Respect
To Ground

[ 5|-100

12K €

electron flow, but a relatively weaker on. In circuits
discussed up to now the tubes had their cathodes con-
nected directly to ground and any change in voltage on
the grid was totally reflected as a change in grid to
cathode potential. In the cathode follower this is not
the case. Figure 43 shows that a resistor has been con-
nected between the cathode and a point with a potential
100 volts below ground (that is, 100 volts minus). The
plate of the tube is now connected directly to +150
volts. In effect, the plate load resistor of the inverter
type unit has been shifted down through the tube to
the cathode circuit. With this arrangement, any change
in electron flow through the tube directly affects the
potential on the cathode with respect to ground. It is
this change in cathode potential which constitutes the
output signal, just as the plate level change in inverters,
power units, etc., makes up thesr output. An important
result of this shifting cathode potential is that the grid
to cathode potential is changed every time the cathode
level shifts, and the cathode potential shifts every time
the grid potential is changed. This interacting effect is
the heart of cathode follower operations.

Unlike other unit types of the 604, cathode followers
are designed so they never cut off, nor are they driven
into the grid current region. Electron flow through the
tube is always present. As the grid moves toward a
more positive potential, the electron flow through the
tube increases, more electrons are removed from the
cathode

v,

and the cathode becomes less ve (more

negati
positive). If the grid is shifted in a negative direction,
the electron flow through the tube is reduced; this re-
duces the electron flow through the load resistor, Ry,
and as a result the cathode moves nearer to —100 volts.
That is, the cathode also shifts in a negative direction.

This means there is no inversion of the signal through

+150

26v

Qutput Signal
With Respect
To Ground

Figure 43. A Basic Cathode Follower Showing the Characteristic Absence of Signal Inversion
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a cathode follower. At times this is an advantage, at
other times not, but it is an invariable fact in any event.

A type 5965 tube is generally used in 604 cathode
follower units. This tube will cut off when the voltage
on the grid with respect to the cathode is more than
five volts negative, and it will draw grid current when-
ever the grid goes positive with respect to the cathode.
The normal signal applied to the grid itself of a 604
cathode follower is from —25 volts to +25 volts with
respect to ground, and yet the statement was made,
and 1is true, that the cathode follower tube is never
driven either to cut off nor into the region of grid
current flow. The answer to this seeming contradiction
lies in the fact that the cathode follows the grid, always
staying slightly more positive than the grid, and always
staying within zero to five volts of the grid potential.
This of course means the signal output voltage from
the cathode can never be greater than the signal applied
to the grid. There is actually a slight signal voltage loss
through a cathode follower, but thereis a power
(current) gain which makes the circuit useful.

The reason for the cathode’s staying within a few
volts of the grid can be seen by considering the circuit
of Figure 43. If the —25 volt signal on the grid of the
tube did manage to cut off cathode to plate electron flow,
there would be no electron flow through the load re-
sistor, Ry, and the potential on the cathode would then
drop to —100 voits (75 volts more negative than the
grid). Put another way, the gr7d would be 75 volts
more positive than the cathode. This would demand a
heavy electron flow through the tube and would cause
the cathode to move in a plus direction. But if the
cathode goes more than five volts positive with respect
to the grid. the tube electron flow will be cut off (since
this is the same to the tube as having its grid five volts
negative with respect to its cathode). If the electron
flow is stopped, we are back to the starting point of
our discussion. Neither of these extremes happens, of
course. Instead, for any given input signal the cathode
instantly shifts to a balance point that will make the
grid to cathode voltage remain within the operating
range of the tube.

In the cathode follower circuit a change in the
cathode potential has as much effect on the electron
flow through the tube as a change in grid potential.
This introduces the second important point about a
cathode follower, the “stiffness” of its output signal.
A cathode follower has a low output impedance, which
simply means that any stray signal which may happen
to be picked up by a circuit connected to the cathode
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output is effectively swamped or balanced out. This fact
made it possible in the 604H suffix to eliminate the
shielded cables found in earlier machine to prevent
trouble from stray pick-up (cross talk) on the long
entry and exit channels that run throughout the ma-
chine. Plain wires and cathode followers are used in
the H suffix where power units, inverters, and braid
shielded cables were formerly needed.

The reason for the output circuit “stiffness” of a
cathode follower can be seen by imagining a stray
picked up signal that tries to drive the cathode negative.
This has the same effect within the tube as making the
grid more positive. This increases electron flow through
the tube and tries to make the cathode go in a positive
direction, instantaneously neutralizing to a very large
degree the effect of the initial stray, negative signal
applied to the cathode. A stray positive signal produces
a similar effect in reverse. We have, in 2 manner of
speaking, provided electronic shielding to the output
circuits.

In summary, a cathode follower:
1. Does not invert the input signal.

2. Gives out slightly less signal voltage than is
applied to the grid.

3. Gives a gain in signal power through heavier
electron flow.

4. Has a stiff (low impedance) output.

CATHODE FOLLOWER SWITCHES AND MIXERS
( FIGURE 44)

As was true with two inverters sharing a common
load resistor, two cathode followers sharing a common
load resistor can be used either to combine signals (the
OR circuit mixer) or to control pulses (the AND cir-
cutt switch). Figure 44 shows the basic circuit for both
these logical functions. As was true- with the inverter
circuits, the polarity of the input signals makes the
difference. It is as a switch ( AND circuit) that the 604
generally uses this arrangement.

Whichever tube has the more positive signal input
to its grid controls the output at the cathodes. If the
no signal point of both grids is —25 volts, with respect
to ground, the combined cathode output will be near
—22 volts. If input A is shifted to +25 volts, the left
cathode will rise to about +26 volts and draw the right
cathode up with it. With the right cathode at this +26
volt level and the right grid still at —25 volts with
respect to ground, the right tube is completely cut off
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Figure 44. The Cathode Follower Switch Circuit

and no longer acting as a cathode follower. The left
tube s thus controlling the output since it has the more
positive grid. Returning input A to —25 volts and
raising input B to +25 volts produces the same type of’
action. A plus input on either grid will thus produce
an output. There is no interaction between input cir-

+150
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+100 |
|
|
|

Plate Cutput s

Grid Input

cuits, and thus the conditions required for an OR
circuit mixer have been met.

When used as an AND circuit switch, a resting no-
signal condition of +25 volts is on both grids. As long
as either grid is positive, there will be no output varia-
tion. Only when both grids go minus at the same time
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with respect to cathode) will, if cathode is hot, be
swamped due to grid current flow.

Figare 45. The Basic Triode Switch Unit
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will the cathode level drop and produce an output signal.
This meets the requirements of a switch, a device which
requires two coincident inputs to secure an output sig-
nal. In this case both the input signals and the resultant
output are negative shifts. These actions are summarized
in the chart of Figure 44.

The Triode Switch (H suffix only)

The Triode Switch uses an inverter, IN type unit,
but involves some of the principles discussed under the
cathode follower. A triode switch has a resistor in both
the cathode lead and the plate lead. Input signals are
applied to the grid and across the cathode resistor, with
the output taken from the plate of the tube, as shown
in Figure 45.

Once again it must be emphasized that it is the volt-
age on the grid wth respect to the cathode that controls
the electron flow through a tube. The grid of a triode
switch is driven over a range of —40 to 0 volts with
respect to ground. The cathode is driven from +25.to
—15 volts, again with respect to ground. Translating
these values into the important grid to cathode relation-
ship shows that the grid varies from —65 to +15 volts

Control Gate Signal
+150

Full Output
From Inverter
+ 50 /

390K

w5’
L
390K§

é-]m

GRID CIRCUIT DRIVER:

These Resistor Networks and the Cathode Follower
Covert a+50 to 4150 volt Gate Signal into the
Needed -40v to 0 volt Gate.

TRIODE SWITCH
"AND" CIRCUIT

with respect to the cathode. This is shown by the bottom

graph on Figure 45. Any time the grid is more than
five to ten volts negative with respect to the cathode,
the tube current is cut off. As a result, only when the
grid is at the zero volt level with respect to ground AND
the cathode is at the —15 volt level with respect to
ground, can cathode to plate electron flow take place.
Only at this time is the tube not cut off. We thus have
the requirement of a switch: it takes two coincident
inputs to secure an output shift. With the triode switch,
one plus shifting signal is used on the grid and one
negative shifting signal on the cathode to secure a 50
volt negative shift in plate output during coincident
time.

Both inputs to a triode switch generally come from
cathode followers. The grid signal level (from —40
to 0) is voltage-wise obtained most easily from a
cathode follower, and the cathode signal input (+25
to —15) must be from a stiff, low impedance soutce
ideally supplied by a cathode follower. The patticular
voltage levels needed are secured from the proper selec-
tion of resistor values in the cathode follower driver
circuits. A typical diagram is shown in Figure 46.

+150

+70

Data Signal

Tapped Output
From inverter

b ,
I I l +27 390K
-14

|

|

| [5]-100

| CATHODE CIRCUIT DRIVER:

I This Resistor Circuit and Cathode Follower

| Converts A +150 to +70 Volt Signal Pulse
into the Required =15 to +25 Volt Pulse

| (Actual -14 to +27 Given in Diagram).

Figure 46. The Practical Triode Swiich and Driver Circuits as Used in the 604H Column Shift Unit
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The illustration shows the actual components used in
the 604H Column Shift unit which makes the major
use of Triode Switches. The Control Gate Input at the
upper left of the diagram has its level changed by the
resistor net feeding the grid of the cathode follower
driver. A resistance network in the cathode circuit con-
verts the Control Gate into the necessary voltage levels
for application to the grid of the triode switch.

The Data or Information Signal entering at the
upper right of the diagram also has its voltage level
changed by a resistance circuit before being applied to
the grid of the cathode foliower driver. This tube drives
the cathode circuit of the triode switch and provides the
needed second input at the proper amplitude and level.

The Column Shift Unit of the 604H uses sixty-three
triode switches, but this does not mean that individual
driver tubes are needed for each switch tube. Figure 46
shows two leads, A and B, which each control five or
more separate triode switch tubes. The total number of
tubes is thus less than might at first glance be expected,
and since two triode switches are available in one
pluggable unit, the space required by the 604H Column
Shift circuits is comparatively small.

The Pentagrid Switch (PS) Unit (G and H)

The Pentagrid Switch unit uses a special, muiti-
element tube in a circuit specifically designed for switch-
ing applications. In machines prior to the H suffix, 63
of them were used in the column shift unit alone, as
well as for numerous applications in other areas. H
suffix machines use fewer of these units, but their ap-
plication is still extensive.

Figure 47 shows the basic elements of a Pentagrid
Switch unit. An electron leaving the cathode must pass
through two grids, one after the other, before reaching

input S
-250r +25

Input T
~25 or +25

the plate. Either one of these grids, if sufficiently nega-
tive, can repel the electrons and cut off the cathode to
plate electron flow. Both grids must be at their high,
or plus level at the same time to permit electrons to
reach the plate and produce a negative output signal
shift. It thus takes two coincident conditions to produce
an output shift, meeting the requirements of a switch
unit. As is true of tube circuits using grid input and
plate output, the signal is inverted in passing through
the unit.

wic Uil

Pentagrid switch units use the IBM type class 6B
tube; the commercial 6BEG was the basis for its design.
Special industrial tubes, such as the 1680 or 5915A, are
actually used in the 604. Different type numbers are
used from time to time as engineering designs or finds
improved performance possibilities. A —6 volt potential
on either control grid with respect to the cathode will
cut off electron flow to the plate.

Figure 48 shows an actual PS unit circuit and repre-
sents the 6B tube as it really is. There are not just two,
but five grids within the tube ( thus the name, pentagrid),
numbered from one to five as they are located in the elec-
tron stream from cathode to plate. Grids 1 and 3 are the
control grids. Grids 2 and 4, called screen grids, are
internally tied together and connected through an ex-
ternal 470 ohm resistor to +75 volts. These two grids
accelerate the electrons on their trip from cathode to
plate (which of necessity is somewhat longer than that
found in triode tubes). They also act as shield screens
to reduce interaction and cross talk between the control
grids and to make the cathode to plate electron flow
relatively independent of plate potential. Grid number
five is called the suppressor and is internally connected
to the cathode. Its function is to repel back to the plate
any slow-moving secondary electrons which are chipped
off the plate by the high velocity cathode to plate elec-

Cathode

First Control Grid

Second Control Grid
— Plate

r4

LR

Note: An Actual 6B Type
Contains Additional Grids.

(

Figure 47. The Basic Circuit of the Pentagrid Switch Unit and a Cutaway View of a Simplified Tube for Use in the Circuit
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trons, as was discussed under “Power Units.” The large
number of grids and the resultant close spacing between
the elements makes this tube more liable than other
types to develop internal shorts. For instance, the spac-
ing between the cathode and the number one control
grid is about .015 inch. A small flake of oxide material
from the cathode can cause intermittent or permanent
shorts between the cathode and this grid. Where a
number of these tubes are connected in parallel (as in
the G suffix column shift) such shorts can appear to be
trouble in units other than the one actually at fault;
knowing this can help trouble analysis.

In practice, the signals applied to the input points
of the unit shown in Figure 48 vary from a down level
of +40 volts to an up level of +140 volts. The resistors
in the grid circuits will convert these levels to about
—25 to +25 volts at the grids themselves. The drawing
of grid current will generally prevent the up level from
going much above +1 volt at the grids. However, if
grid number 1 has cut off electron flow through the
tube, there will be no electrons around for grid num-

Grid 3 390K
Input

Grid 1

Input 390K

|_..

430K§ ?430|<

ber three to draw. Under these conditions grid three
can go to 125 volts if its input signal is at the high
level. If the cut off voltage on the number one grid
should now be shifted and permit electrons to flow, the
number three grid would have electrons to draw and
would drop to the one volt point. The effect of this
24 volt change in grid number three potential can be
noticed on some scope pictures, especially where slave
units are involved. While this effect is considered in
machine design, the high values of the resistors used
in the grid circuit prevent most of this shift from being
reflected back to the input point and driving tube.

VARIATIONS IN PENTAGRID SWITCH UNIT CIRCUITS

There are thirty different types of PS units used in
the 604 series of machines. The basic variations to be
found in the plate circuit or in the grid circuits of PS
units are the same as those discussed under Inverter
Units:

1. The compensating capacitor to prevent signal
distortion.

Grids Grid 3 (Control)
284
(2)

(Screens)
0' \50 Grid 1 (Control)

@ (@ Cathode &
Plate ‘ Grid 5
@) ©), (Suppressor)
HEATER

Bottom View, 6B Type

+140

Grid 3 Input +40
+140
Grid 1 Input +40

: NOTE: This circuit requires two
i coincident positive signal inputs
I to preduce a negative shift from

Plate Output

the output.

Fignre 48. A Practical Pentagrid Switch Circuit Showing All Five Grids and the Base Connections for IBM 6B Class of Tubes
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2. The grid to ground shunt capacitor to desensitize
that input and swamp out noise.

3. The coupling capacitor to separate the AC com-
ponent from the pc and to convert long duration gates
into short peaked pulses.

4. The tapped output to reduce the amount
signal shift taken from the plate circuit.

5. The slave unit to work in conjunction with other
units to save components.

There is one unique variation for the PS unit; con-
necting the two control grids together produces a unit
having the ability to amplify rather greatly any varia-
tions in input level. Very small changes on the grid (s)
produce large changes in the output level. This principle
will be found used in the regulating portion of the
reset circuits to be described later.

In several instances in the 604, the PS unit wiil be
found used as an OR circuit mixer. In these cases the
normal resting point of the input signals will be at the
up level (+150 volts). The tube will normally be in
conduction. Dropping the signal level to one grid OR
the other will shut off cathode to plate electron flow
and produce a positive output shift from the plate. Such

Right
Plate
shiaia (8Y/ 7
2ntela 1
[
Left \

\/ Top Tube

usage is rare, but will be found (in the Column Shift
Control circuits, for instance). *

The Diode Switch (DS) Unit (H suffix only)

The simplest and smallest per circuit AND/OR
device used in the 604 is the DS unit using two GALS
dual diode tubes mounted in one pluggable unit. Figure
49 shows the small physical size of these tubes and the
small number of components needed. There are four
tube sections within such a pluggable unit. To permit
specific identification, this makes necessary the addition
to the panel location code of the letter “1” for top tube
and “B” for bottom tube. When used with the already
discussed subscript 1 for the left tube section and 2 for
the right, this will provide the needed exactness. 3-8Es,
would indicate a diode section in panel 3, row 8, col-
umn E, bottom tube, left half.

A diode will permit electrons to flow only from its
cathode to its plate. This electron flow will only take
place within the diode if the plate is more positive than
the cathode. The Diode Switch (which can also be used
as a mixer) makes use of this fact. When the diode is

, Bottom Tube

/

Right
/i\ Cathode
Left
Piate

Bottom View, Type 6AL5
Figure 49. A Diode Swiich Pluggable Unit and the Base Diagram for Type 6ALS Tubes
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passing electrons to th’e more positive plate, the tube
acts much like a short circuit (the actual conducting
resistance of a GALS is in the range of 200 to 1,000
ohms, depending on voltage conditions). The tube acts
like and is an open circuit when the plate is more nega-
tive than the cathode.

A cathode follower signal shift from —25 to +25
volts is generally used to drive a DS unit, though in-
verters, pentagrid switches, or power units can also pro-
vide the needed drive. There is no amplification of any
kind in a diode, and as a result it will load (draw elec-
trons) from any circuit feeding it. Because of the
sensitivity of trigger units to loading, they are not gen-
erally connected directly to Diode Switches. The opera-
tion of triggers will be covered later.

The input signals to a DS unit can be applied either
to the cathodes or the plates; these options will be dis-
cussed separately.

CATHODE INPUT

With the circuit of Figure 50, the two plates share
a common 68k load resistor which runs to the +150

+150v

68K

volt supply. Input signals are applied to the separate
cathodes. Whenever a cathode is more negative than
its plate, that diode will act as a very low resistance and
draw the plate down to within a volt or so of the
cathode level. The plate of the second diode (sharing
the same Jload resistor) will also be pulled to the same
lowered level. If this makes the second plate more nega-
tive than its associated cathode, electron flow through
the second diode will be stopped. Whichever cathode
is most negative will therefore control the output level
and stop electron flow in the other diode (or diodes if
more than two are sharing the same load resistor). If
the cathodes of the diodes have the exact same potential,
there will be a sharing of electron flow and the plates
will approach closely the cathode level. The chart in
Figure 50 shows all the conditions possible when
cathode level signals are used to feed such a circuit.
While OR circuit usage is possible, within the 604 this
circuit is used exclusively as an AND switch. The rest-
ing point for both cathodes is at —25 volts; both input
signals must shift to the +25 volt level to permit the
output point to rise (two coincident inputs to get an
output signal).

Output

Input
A
If Input And Input The Output Level
A s B is: Will Be About:
+25v +25v + 25.5v (Both Tubes Share)
—25v +25v | —24v (Left Tube Conducts)
+25v — 25v —24v (Right Tube Conducts)
—-25 v —725v — 24,5y (Both Tubes Share) |-a— AND Circuit Starting
Conditions

NOTE: The output level will be about equal to
the voltage at the most negative (or least positive)
cathode. This circuit is used in the 604H as an

AND circuit switch.

Figure 50. A Diode Switch with Cathode Input
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PLATE INPUT

With the plate input arrangement, the cathodes are
connected to share a common, 51k load resistor which
returns to the —100 volt supply. This introduces a form
of cathode follower action. The cathodes will try to rise
to the most positive plate. If one of the plates is more
positive than the other, this plate will draw both
cathodes up to within about a volt of itself. The second
cathode will thus be more positive than its, associated
plate and the electron flow through this second section
will cease. If both plates are at the same potential, each
tube will pass a share of the total electrons. This ar-
rangement is used in the 604 as an OR circuit mixer by
placing the diode plates at a no-signal level of —25
voits. The cathode output will rest at a slightly more
negative potential (near —25.5 volts). If one of the
plates should be raised to +25 volts, the cathode line
will be pulled up also. One input OR another input will
thus produce an output. Since electron flow through the
non-active diode(s) ceases, there is no interaction be
tween inputs. One application in the 604 H True-
Compliment Trigger Control circuit has five plate input
diodes sharing a common load resistor, making it a five

Input

channel mixer. The chart of Figure 51 shows the pos-
sible voltage output conditions when cathode level
inputs are applied to the plates.

Germanium crystal diodes and selenium rectifiers act
much-tike the tube diodes in-that they permit electrons
to flow readily in one direction but not in the other.
These semi-conductors have a very low forward resist-
ance, but unlike vacuum tube diodes they do leak elec-
rons in the back direction. This limits their use in
certain applications. Crystal diodes are very small, have
very little stray shunt capacitance, and require no
cathode heating. They can readily be used in switching
circuits, but the greater cost and the ease with which
they can be destroyed by even momentary overload has
limited their use in the 604 to a few applications where
space is a factor.

The construction of a typical germanium diode and
the diagram symbol for it is shown in Figure 52.
Electrons flow readily from the germanium block to
the metal “cat’s whisker”, but with great difficulty in

<a— OR Circuit Starting

Conditions

If Input If Input The Qutput Level

A is: B is: Will Be About:

—25v —25v —25.5 v(Both Tubes Share )

—25v +25 v +24 v (Right Tube Conducts)
+25v —25v +24 v (Left Tube Conducts)

+25v +25 v +24.5 v (Both Tubes Share)

NOTE: The most positive plate will set the output level.
This circuit is used in the 604H as an OR circuit mixer.

Figure 51. A Diode Unit with Plate Input
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Color Bands or +'s
On Cathode End

Glass

Cat's
Whisker (Anode)

Cathode Lead

////// >
r///////‘

e

Anode Lead

Glass Fused To Germanium
Metal Lead Crystal
(Cathode)

NOTE: The length of the plastic
sleeve is about 1/2", The arrow-
like symbol used on the wiring
diagrams is shown properly oriented
to the picture.

Plastic
Sleeve

Symbol: K
Cathode Anode

Electrons
Flow Easily

In This
Direction:

Figure 52. An Enlarged Diagram of a Germanium Diode Showing Construction

the reverse direction. The germanium thus acts like the
cathode and the “cat’s whisker” like the plate or anode.
Since the internal construction of a germanium diode is
most often not visible, an identifying band of color
(or a plus symbol) will be printed on the cathode end
of the case. Some diodes will instead have the diode
symbol imprinted on the case. Note particularly that
(except for leakage) electron flow through the diode is
opposite to the direction of the arrow symbol. This can
possibly be remembered more easily by visualizing the
arrow symbol to be as drawn in Figure 53.

Typical germanium diodes will have forward resist-
ances of from 50 to 500 ohms and back resistances of
from 100,000 to 1,000,000 ohms. These values vary
with the diode, the current, the temperature and the
applied voltage. Forward current ratings of small diodes
range near 25 to 50 milliamperes, and the maximum

L

Electrons

This Can Be Visualized
Symbol, Like This.

Figure 53. Derivation of the Symbol for
Solid State Diodes
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voltage across the diode in the reverse direction must be
limited to SO volts or less (100 volts with some types).
Diodes are easily ruined by excessive heat. For this rea-
son field replacement within units (where soldering is
required) is not advised. Replace the complete unit.

Selenium rectifiers have the same symbol and general
action as crystal diodes. They are physically larger
(being made up of stacks of steel plates coated with
alloys and selenium), have higher internal shunt ca-
pacitance, and have a higher resistance to the passage
of electrons in the forward direction. They are used
in the 604-521 as power rectifiers, arc suppressors, and
polarity traps, due to their availability in higher current
and reverse voltage breakdown ratings. They are less
susceptible to burnout from momentary current ovet-
load, which makes them useful in circuits with high
transient conditions. Some of the smaller selenium
rectifier diodes, such as are used in the wiring of the
604 electronic tube gate panels, are encased in small
cardboard tubes. The cathode end is identified the same
as germanium diodes.

Thyratron (TH) Units (G and H)

Filling the glass envelope of an electron tube with
a gas such as argon increases the current carrying capa-



bilities of the tube from two to ten times. Such a tube
is called a thyratron and is'an excellent high current,
low voltage control device. It also has certain other
characteristics which make it very useful whenever a
relay or a punch magnet coil must be energized under

M A IRUR R PR, DI |
electronic control, as when punching out calculated

answers. The industrial type 2D21 tube is used in all
thyratron units of the 604. This tube, about the physi-
cal size of the 6AQ5, is capable of passing the 80
milliamperes required by the usual relay coil and up
to the 400 milliamperes required for brief periods when
energizing a punch magnet coil. Figure 54 shows a
typical circuit and the basing diagram for the 2D21.
Notice the dot within the tube diagram which indicates
a gas filled envelope.

As with a vacuum tube, electron flow through a
thyratron tube can be held cut off by a negative potential
on the grid. Minus 5 volts is enough to hold a 2D21
non-conducting with 65 volts applied to the plate. If
the grid is driven to zero volts for several microseconds,
the electrons streaming toward the plate will strike and
break down into ions the gas molecules inside the tube.
This ionized gas blooms throughout the cathode to
plate area and conducts heavy current. Some of these
ions (which have a positive charge) are attracted to
the grid and neutralize any further electrons which may
flow to it from the external circuits. Because of this, it

is impossible to cut off a once fired thyratron by reapply-
ing a negative potential to the grid; the ionized gas

in the tube simply will not allow the grid to become

Input O

(Positive
Shift
Required

negative. A resistor in series with a thyratron grid is
mandatory to limit grid current and prevent tube
damage under these conditions. The only way to stop
current flow in a thyratron, once it is started, is to dis-
connect the plate potential long enough (fifty micro-
seconds or more) to allow all the gas molecules to
recombine and deionize. The grid can then go negative
and assume control again. This action provides an ex-
cellent way to convert a short electronic pulse into a
time duration long enough to cause a mechanical action.

Because of the gas in the tube, the voltage drop from
cathode to plate within a conducting thyratron will not
exceed 10 to 15 volts regardless of how much current
is passed through the tube. The circuits using thyratrons
must be designed to limit the current to a safe value for
the conducting time involved. This small voltage drop
through the tube permits the use of lower voltage power
supplies within the punch. These are safer and less
expensive.

The circuit shown in Figure 54 is typical of the
different TH unit types used in the 604. The magnet
coil to be energized is placed in the cathode circuit
simply to permit a common connection among the nega-
tive sides of all coils in the 521, as has been common
practice in IBM high speed punches. The circuit breaker
in the plate supply lead allows mechanical control of
the tube shut-off after sufficient energization time for
the coil has been allowed. The 25 micromicrofarad

capacitor between the tube grid an

+ is to buoass
cathode is to bypass

d
undesired transients that might be picked up and which

CB

‘_0_%0—(]-}65 valt

Supply in 521

Internally Connected
To Pin 5 and Screen

To Fire

Tube)

T Bottom View, 2D21
]
1

Figure 54. A Typical Thyratron Unit Circuit and the Base Diagram for the Type 2D21 Tube

PRINCIPLES OF ELECTRONIC OPERATION 51



could cause unwanted firing of the tube. The 4.7k
resistor in the cathode acts as a load resistor to keep the
cathode near ground potential should a magnet coil not
be wired to the tube (which is possible with control
panel wiring involving storage and counter read outs
to punch magnets, all of which do not have to be
wired). The 1k resistor in the grid lead limits grid
current to a safe value. The 1000k and 200k resistors
in the grid circuit provide a minus 17 volt bias potential
to keep the 2D21 from firing until a plus shift signal
is applied to the input.

Some TH units use a straight capacitive input while
others use a resistance connected input with compensat-
ing capacitor. This is indicated in Figure 54 by the
dotted resistor around the input capacitor. There is a
basic and important difference in the circuit action with
these two input variations. Imagine a positive potential
applied to the input point of a unit with CAPACITOR
input. At the instant this positive potential is applied,
a positive pulse will be applied to the grid of the tube.
A capacitor will couple only a change in potential, not
a steady state condition. If the circuit breaker in the
plate circuit of the thyratron is closed before the time
the voltage shift is applied to the input, the thyratron
will fire and then keep the coil energized until the
circuit breaker opens. Further closings of the plate
circuit breaker will NOT refire the thyratron unless
another positive shift.is applied to the grid input while
the circuit breaker is closed.

With the RESISTANCE COUPLING input, a posi-
tive level applied to the input will hold the grid at the
firing point for as long as the signal is present. When
the plate circuit breaker is closed, the thyratron will fire
and energize the coil for as long as the circuit breaker
remains closed. When the circuit breaker opens, con-

4 to 5 Volts

duction will stop; but, unlike the capacitor input type
unit, the tube will refire each time the circuit breaker
closes as long as the positive input level remains. It
takes both the closed plate circuit breaker and the posi-
tive grid input at the same time to start conduction
(though with the resistance coupled unit either condi-
tion may occur first). Conduction is terminated only by
opening the plate circuit breaker.

It is possible to fire a thyratron (when the plate cir-
cuit breaker is closed) by applying a sharp negative
potential to the cathode. Such negative spikes may
result from transformer-like coupling between punch
magnet coils or relay coils. Even with the plate circuit
breaker open, these spikes can be passed through the
25 micromicrofarad grid to cathode capacitor and be
fed back to circuits feeding the thyratron unit. For this
reason thyratrons do not provide-particularly good isola-
tion between the input and output circuits. To prevent
these effects, the selenium rectifier diode shown dotted
from the tube cathode line to ground in Figure 54 is used
in a number of applications. Due to their size these
selenium rectifiers are mounted behind the tube panels,
external to the pluggable units. Since a diode acts like
a short circuit to electrons flowing in a direction op-
posite to the arrow symbol, the stray negative signals
will be shunted to ground. This diode will also shunt
to ground and eliminate the negative spike from the
collapsing field of the coil being driven by the particu-
lar thyratron unit and in this way help eliminate a
source of stray pulses.

The selenium rectifiers provide still another ad-
vantage in the circuit. Some thyratron tubes have a
tendency to flutter the current flowing through them
(regardless of whether the load is inductive or re-
sistive ). It is possible for this flutter to be severe enough

Cathode to Plate

Supply Voitage

——————— ~— (+65 Volts)

Y Y Y YR Y YT
. \
—_—r L L] b am—+40 Volis

——
Unstable Frequency Period.

Thyratron Fired

Varies From 5 to 20 Microseconds

—_———— — — —a— 0 Volts

Figure 55. Thyratron Flutter or Oscillation
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to cause the gas to deionize during the brief periods
when the cathode to plate voltage is at its lowest.
Figure 55 shows a waveshape that might be seen across
the load of some thyratron units (particularly if the
selenium diode is omitted). The peaks of the oscilla-
tions reach to within four or five volts of the supply
potential, leaving only this small difference across the

tube to continue the gas ionization. If the gas deionizes

in a capacitor mput TH unit, the tube will then cease
to conduct until the next innut bulse is ap lied. This

LA 185 R F ¢ AIpPRL pRASt 25 220G, R4S

could result in dropped punches or relays. The external

stable operation.

Trigger (TR) Units (G and H)

Triggers are the memory units of the 604. They are
important and versatile building blocks which can gen-
erate timing pulses, create electronic control gates, con-
vert electrical impulses from the 521 into electronic
conditions, remember that a pulse has been applied,
count and store a number of pulses, and so on. Triggers

are functionally similar to a holding or latch type relay.
Just as a relay can be up or down, a trigger can be oN
or OFF, and it will stay that way until controlled other-
wise (or until power is turned off). All of the circuit
types discussed earlier will be found controlled by
triggers, and they will in turn control other triggers.
For all its importance, the trigger is a simple unit
consisting of one 6] type dual triode tube arranged in
what is fundamentally just two inverter circuits. The

+
Figure 56 shows one inverter feeding another

inverter, an arrangement similar to that found in a
trigger.

If the input “A” is connected to a plus 150 volt
point, the input resistance network will try to drive the
left tube grid to plus 25 volts (though the drawing of
grid current will limit this to about plus one volt). The
left tube will conduct and drop the left plate to a level
near plus 50 volts. The resistance network from this
plate to the grid of the right tube will convert this
plus 50 volt level to minus 25 volts at the right grid.
The right tube is thus cut off and its plate will be plus
150 volts. Because of the double inversion of this cir-

NOTE: The chart shows the voltage levels through the circuit for input signal.
levels of plus 150 volts and plus 50 volts. The output level in bofh cases is the

same as the input.

e

Output

Right Tube

If Input Then & Output
@ At: At: @ At: @ At: @ At:
+150 +25% -25 +150

(+1v)
+50 -25 (:]Zi’; +50

*These Points At These Times Try to Go to +25 Volts
But Grid Current Stops Them at About +1 volt.

Figure 56. The Development of a Trigger. One Inverier Feeding Another
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cuit the output, “E”, is the same as the input signal
applied to point "A”.

Placing input "A” at a level of only plus 50 volts
will cause the left grid to go to minus 25 volts and cut
off the tube. This will let the left plate rise toward
plus 150 volts (actually stopping at plus 138 volts due
to electron flow from the minus 100 volt supply up
through the resistance network). With the left plate at
this up level, the right grid is made positive and causes
the right tube to conduct. The right plate will thus
drop to about plus 50 volts. Again the double inversion
produced the same level at the output as at the input.

Notice that in both the cases given one tube or the
other is cut off and the remaining tube is conducting.
In both cases the input and output points are equal.
If these two points, "A” and "E”, are connected to-
gether, as shown by the dotted line, we will have a
basic, self-holding trigger unit. Notice the loop ar-
rangement of the circuit: as long as the right tube is
cut off, points “E” and A" are at the high level. As
long as they are at the high level, the left tube is con-
ducting. As long as the left tube is conducting, the
right tube is cut off. The circuit will stay in this con-
dition until some external control makes the right tube
conduct for a brief period. The drop in the voltage
level at the right plate will then be coupled to the left
tube and keep it cut off. This will in turn force the
right tube to stay conducting. The loop action will now
retain the new status. Note that a tube which is driven
beyond cutoff is in a rather stable, non-conducting

[ 2 [+150

-100 -100

Figure 57. A Trigger with Compensating Capacitors
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state; a tube driven into the grid current region is also
in a stable, but conducting, state. A condition where
both tubes are conducting is so highly unstable that it
will be found to exist only during a brief fraction of a
microsecond while the trigger is flipping from one
conducting status to the other.

COMPENSATING CAPACITORS

Figure 57 shows a typical basic trigger circuit as
normally drawn. Just as with inverter circuits, com-
pensating capacitors are used from each plate to the
grid being fed. These overcome the effects of stray
capacitance and more rapidly couple to each grid any
shift at the opposite plate. This speeds up considerably
the completion of the flipping action once it is started.
All trigger types except the TR-41 and TR-42 use
them. In these two cases a variation is used to deliber-
ately desensitize and slow down the triggering action.
In the circuit descriptions to follow the compensating
capacitors will be drawn in only where there is some
unusual feature to their overall action. Normally they
just speed up flipping and do not have to be considered
in a basic discussion. The valve is 100 micromicrofarads.

TRIGGER ON-OFF CONVENTION

A very important convention about triggers must be
understood. A trigger is said to be ON o7 OFF depend-
ing on which one of the sections in the dual triode
used is conducting. If the left triode (as drawn in cir-
cuit and tube base diagrams) is conducting, the trigger
is ON. If the right half is conducting, the trigger is OFF.
Left oN, right oFF. This convention is true regardless
of the type of the trigger, its use in the machine, or
the logic name given to it. This convention makes
discussing circuits much easier. It is shown in Figure 58.

TRIGGER RESET

Triggers are balanced circuits. The two plate resistors
within a trigger unit are matched to within 215 %, as
are the two plate to grid resistors and the two grid to
minus 100 volt resistors. This is done to insure that a

~ trigger will flip as readily in one direction as in the

other. A result of this balance, however, is that it is
not possible to predict which status a trigger will
assume. when power is first applied. Whichever triode
section heats up first, or has the greatest emission, or
first receives a random noise pulse will become the con-
ducting side. The setting of the trigger at the start of
a calculation cannot be left to chance if consistent



NOTE: The convention used for designating a trigger as ON or OFF:
left side conducting is ON; right side conducting is OFF.

2 |+150

Conducti i'ig

—
L

MT/

8

-100 .
Figure 58.

answers are to result. For this reason special resetting
circuits have been developed to insure that a trigger or
group of triggers is correctly set to start an operation.

Removing the minus 100 volts from the lower end
of one of the grid resistors (the right side in Figure 59)
will remove from that grid any negative going tendency.
The released grid will thus go positive, force conduc-
tion to take place in that side of the tube, and make

I%Hwo

2 [+150

Conducting

OFF

“Left ON, Right OFF"

the plate drop to about 5O volts. This will be reflected
at the other grid (which still has the minus 100 volt
supply attached to its grid resistor) as a minus 25 volt,
cutoff level. The trigger status is then set and will not
change when the removed minus 100 volt basis is

reapplied.

While Figure 59 shows the circuit to leave a trigger
in the OFF state after reset, triggers are just as easily

NOTE: Triggers can be reset under electronic control or from a
circvit breaker (or relay point). The minus 100 volts is removed
briefly from whichever side should be left in conduction. In

20K S 20K  this illustration, the trigger will be reset OFF.
A
—
N
2 -1 —r 200K Electronic
Reset
- Circuit
(604) -100
X 200K
200K _J_ To =100 v Which Can
= be Interrupted 9
OR
[£]-1
C.B. (521)
_ -100

Figure 59. Trigger Unit Reset

PRINCIPLES OF ELECTRONIC OPERATION 55



reset ON by interrupting the minus 100 volts from the
left side grid resistor. The "X’ under the right cathode
in Figure 59 is a symbol frequently used on wiring
diagrams (G suffix and earlier) to indicate the side of
the tube which will be conducting just after reset. On
the System (block) Diagrams (used for H suffix 604’s
and to be described later) the reset status is indicated by
the location of the “type of reset” box within the larger
box representing the trigger.

The method used to remove the minus 100 volts
varies with the particular application. Units can be
reset during a program step of a calculation by using
an Electronic Reset circuit which removes the minus
100 volts for 110 microseconds. This “ER" circuit will
be described separately later. A circuit breaker in the
521 can be used to temove the minus 100 volts from
desired triggers during punching time (Punch time
Reset, PR) or during calculating time (Calculate time
Reset, CR). Those triggers needed for calculating pur-
poses are properly reset during reading or punching
time by the “PR” circuit breaker. Those circuits needed
for punching and reading are reset during calculate
time by the “CR” circuit breaker. A few triggers in the
604H are reset at the end of punching time by a third
circuit breaker feeding the Unfinished program Reset,
UR, line.

The 604 Counter unit is usually reset electronically,
but in addition to this the minus 100 volts supplying
one side of each trigger in this unit goes through a
relay point. This relay is itself picked up by the minus
100 volt supply. When pC power is applied to the
machine, the time taken to pick the relay will give a
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delay of ten milliseconds or so before the minus 100
volts is applied to the relay controlled side of the
triggers. This causes them to reset to the desired status.

TRIGGER FLIPPING

Five circuit arrangements for flipping triggers are
used in the 604. One of these, removing the minus 100
volts from one side, has been described above and is
used exclusively for resetting. For high speed flipping
of triggers during reading, calculating, or punching,
one of the other four control methods will be used as
fits the application. The one point to remember about
triggers used in the 604 is that if external controls
make them assume a status for several microseconds or
more, the trigger will stay in that status when condi-
tions return to normal. There are three points in the
trigger circuit loop where this external control can
practically be applied: 1) The high level plate can be
pulled down, 2) the positive grid can be driven to
cutoff, or, 3) the cutoff side grid can be driven positive.
All of these are used in the 604.

Plate Pullover. Figure 60 shows the basic circuit for
what is called the plate pullover type of trigger control.
The control tube is one triode of an INverter unit
biased so it rests cut off, acting like an open circuit. A
positive pulse applied to the control tube grid will
make the tube conduct and pull the plate down to about
plus fifty volts. The control tube plate is directly tied
to the plate of the right side of the trigger and will pull
that plate down with it. This negative going shift is
coupled to the left trigger tube, cutting it off and
letting its plate go positive. This positive shift is coupled

200K

Trigger

Positive
Input
Pulse

Figure 60. The Basic Plate Pullover Circuit
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to the right trigger grid and will make the right tube
conduct. When the input pulse is removed and the
control tube again cuts off, the conducting right trigger
tube will hold its own plate at the low level. The trigger
is now OFF. Further impulsing of the control tube wiil
have no further flipping effect on the circuit because
the right trigger piate is aiready at its iow level. This
sharing of a common plate load resistor by two tubes
is sirnilar to that of the Iaverter Switch discussed eatlier
in this chapter.

With the circuit as drawn in Figure 60, the trigger
can only be flipped to the off position. To turn the
trigger on (make the left side conduct) a second con-
trol tube can be attached to the left plate; or the trigger
can be reset on; or one of the grid input arrangements
described below can be used. Like the resetting circuit,
plate pullover can be used with any general class of
triggers. The wiring within the pluggable unit must
provide a pin connection directly to the desired trigger
tube plate or plates, however. Since base pins are at a
premium in some trigger units, not all types have these
direct plate connections and therefore cannot use this
type of flipping control. Unlike other flipping methods,
an extra control triode must be used. This circuit is
used primarily to provide an extra, isolated input to a
trigger already being fed with another control method.

Direct Grid Input. This method of flipping a trigger
is applicable only to that class of triggers having direct
resistance connections to the tube grids. In the 604 this
Direct Coupled class of triggers contains four types
only, the TR-31, TR-32, TR-41, and TR-42. Figure 61

shows the basic circuit for this class. An 82k isolating,
current limiting resistor is run from each grid to the
input point connector. This is the only change in the
basic trigger circuit as discussed up to now.

If the trigger in Figure 61 is assumed to be oN (left
side conducting) there are two ways it can be flipped
OFF from a direct coupled grid input signal:

1. A negative potential of fifty volts or so can be
applied to the left input point, “A”, which will cut off
electron flow through the left tube. This will permit
the plate to shift toward plus 150 volts, force the right
tube to conduct, and flip the trigger.

2. The second way is to apply a plus fifty volt po-
tential to the right input point, “B”. This will force
the right tube to conduct and pull its plate down,
cutting off the left tube and completing the flipping
of the trigger. It is this second method that is used in
the 604. A plus fifty volt potential is applied to the
right input point to turn such a trigger OFF or to the left
input point to turn such a trigger ON.

This Direct Coupled class of triggers is used in the
604 primarily to convert electrical conditions from the
521 into electronic levels usable by the 604. The read-
ing brushes and circuit breakers which feed such
triggers supply the needed plus fifty volts. Brushes and
circuit breakers have been known to bounce while
making, even when in perfect condition. In relay cir-
cuits used in non-electronic machines this bounce, unless
too severe, does littie more than delay the pick of the
relay or magnet being controlled. Triggers, on the
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Figure 61. The Direct Coupled Trigger Input
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other hand, can change their status in two millionths of
a second. Such contact bouncing could produce noise
and spikes that would make the trigger flip several
times instead of once and make its final status a matter
of chance. To eliminate the effect of this bounce, re-
sistance-capacitance filters are used right at the input
to the trigger with types TR31 and 32. This is shown
in Figure 61. A .05 microfarad capacitor shunts to
ground any noise pulses. Until this capacitor has been
charged to the proper level through the 20k resistor,
the trigger will not flip. This will delay, by a millisec-
ond or so, the time at which the trigger will begin to
flip, but once the flipping begins it is completed very
rapidly (about two microseconds). The .05 capacitor
is physically too large to mount within the pluggable
unit. For this reason these resistance-capacitance filters
will be found wired in on the unit panels. Within the
units themselves additional 40 micromicrofarad capaci-
tors connected from each grid to ground work in con-
junction with the 82k input resistors to provide addi-
tional filtering. These capacitors are shown dotted in
Figure 60.

Trigger types TR-41 and TR-42 make use of a dif-
ferent type of filter to desensitize them to short noise
spikes and contact bounce. A 1000 micromicrofarad
capacitor (which is small enough to mount directly
within the pluggable unit) is connected between each

grid and the same side plate. Figure 62 shows the
circuit.

These triggers are designed to work from plus fifty
volt impulses from the 521. Assume the trigger of
Figure 62 is OFF. The left tube will then be cut off
and its grid at minus 25 volts. If a short duration posi-
tive spike is applied to the input point “A”, the grid
will try to rise. At some point electrons will begin to
flow through the tube and start to make the left plate
go in a negative direction. This negative plate shift will
be coupled back to the same side grid through the 1000
micromicrofarad capacitor. This will in large measure
neutralize the input pulse and prevent further lowering
of the plate potential, thus suspending the flipping of
the trigger. If the input pulse lasts long enough (two
milliseconds or longer), the plate to grid capacitor will
charge fully and become an open circuit incapable of
further oppositional feedback. At this point, the trigger
will start to flip. This type of trigger is rather slow to
complete its flipping operation: seven or eight micro-
seconds are required, whereas other trigger types flip
in two.

Notice that the cathodes of this type of unit are not
grounded but are instead returned to minus 100 volts
through.a common 20k resistor. This cathode coupling
circuit reduces the sensitivity of such a unit to variations
in supply voltages (plus 150 and minus 100 volts).
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Figure 62. Desensitized Triggers, Types TR41 and TR42
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Capacitive Grid Input. Capacitive Input triggers are
a second class type used in the 604. Inputs to the grids
of the tubes in these units must pass through 40 micro-
microfarad capacitors. This is an important change
since now only sharp, fast-changing voltage shifts ap-
plied to the inputs can cause the trigger to flip; capaci-
tors only couple to the grids changes in voltage, not
steady states or direct current. While triggers of this
type can be designed-to have various characteristics,
those

w10 Wic OV il QI onig e

used in the 604 will only respond to negative
shifts of more than four microseconds duration and
more than twenty volts amplitude. Circuits which are
to flip these triggers normally provide a minimum of
ten microseconds and forty volts. Positive shifts will
not affect this class of 604 triggers regardless of the
duration of the shift, unless the amplitude is quite
large (80 to 100 volts, or more). These characteristics
are deliberately built into these triggers to simplify
overall machine design. These triggers are extensively
used in the electronic controlling circuits of the ma-
chine. A typical, basic Capacitive Input trigger circuit
is shown in Figure 63. The compensating capacitors
are shown in this illustration because they have a
special action in reducing trigger sensitivity to positive

input shifts.

As a starting point for discussion, assume the trigger
is OFF (right side conducting). This will mean that
the left grid is negative (about minus 25 volts) and
cutting off electron flow through the left tube. Apply-
ing negative shifts to the left side input point "A™ will

20K

therefore have no effect on the circuit since they will
only drive the grid more negative. Since the left tube
is cut off already, this can produce no change in the
potential at the left plate (a necessary action if the
trigger is to flip). A negative shift applied to the rzght
grid input point, “B”, however, can produce a plate
action and cause flipping. The right grid rests at about
plus one volt when the trigger is in the OFF state. Heavy

electron flow-is occurring through the right tube. The

right plate is therefore at a low level near plus fifty

volts. A negative shift applied to the right input point,
“B”, will couple through the 40 micromicrofarad ca-
pacitor and drive the left grid negative. If the amount
of the shift is great enough (twenty volts or more, to
allow for losses through the capacitor), the right grid
will be driven beyond the tube cutoff point of minus
eight volts. The right plate will shift instantly to its up
level near plus 138 volts. This shift will couple to the
left grid and force the left tube into conduction. The
lowered potential resulting at the left plate will couple
back to the right grid and keep the right tube cut off
even after the original input shift is no longer being
coupled through the input capacitor. The input shift will
disappear at the grid either because the input signal is
removed or because the capacitor became charged and
no longer coupled what had become to it a steady state
condition. This total action from the start of the input
shift until the trigger is self-held in the flipped status
takes from two to four microseconds. In summary, a
twenty volt negative shift applied to the conducting
side input will flip a trigger such as this.
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NOTE: Capacitive input triggers in the 604 respond only to negative shifts.

Figure 63. A Capacitive Input Trigger
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At first thought it would seem that a positive shift
of fifty or sixty volts applied to the non-conducting
side input would be able to flip such a trigger, just as
was true with the Direct Coupled class described earlier.
Such is not the case due to a combination of reasons.
For example, the cut off side grid is held by the unit
resistors at a point almost twenty volts lower than the
cutoff point of the tube. If the full amplitude of the
input shift reached the grid, it would probably cause
triggering, but there is a shift loss through the 40
micromicrofarad input capacitor. This capacitor is in
series with the 100 micromicrofarad compensating ca-
pacitor. Together these capacitors form a voltage divider
for input shifts. As a result, about two thirds of the
signal is lost across the input capacitor. Even a fifty or
sixty volt positive shift will therefore not drive the
grid to the conduction point. A second factor working
against the flipping of a trigger from a positive shift
involves grid current. If the plus shift does drive the
grid positive, the drawing of grid current will quickly
charge the input capacitor and convert it into an effective
open circuit before the trigger has a chance to complete
its flipping cycle.

Positive pulses applied to the conducting side of the
unit have no appreciable effect on the already conducting
tube, and are furthermore swamped by the drawing of
grid current. In summary, 604 capacitive input triggers
will not respond to normal amplitude positive shifts.

Binary (commoned input) Triggers. A Binary Con-
nected trigger has both grids fed in parallel from one
common input point. It is designed to respond to nega-
tive shifts only, and will change its status, whether ON
or OFF, each time a negative shift is received. Every
second pulse will return the trigger to its original posi-
tion. Thus the term bizary (meaning by two's). All
binary connected triggers are capacitive input. The
capacitive input triggers discussed above can be and
frequently are externally wired to convert them into
the binary acting circuit to be discussed here. There is,
however, a third, Binary Connected class of triggers
used in the 604 in which the common input connection
is made internally. Whether internally or externally
connected, the operation is the same. Their use is very
important in the storage and counter units of the 604.

A comparison of the binary trigger circuit of Figure
64 with the capacitive input trigger of Figure 63 will
reveal the great similarity. The two 40 micromicrofarad
input capacitors have been tied together at the input
point. The 100 micromicrofarad compensating capaci-
tors paralleling the resistors from each plate to the
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Figure 64. A Binary. Commoned Input Trigger

Input Point

opposite grid have also been shown in this circuit; in
the binary connected trigger their inclusion is most
important if a change of trigger status is to be obtained
from a pulse applied to the common input point.

Assume that the binary connected trigger of Figure
64 is in the OFF status (right side conducting). A nega-
tive shift of twenty volts or more applied to the com-
mon input point will go to both grids. Since the left
grid is already below cutoff, the input pulse merely
drives it further negative and has no other effect on
the tube. The shift felt at the right grid, however,
quickly changes the status of the right tube from con-
duction to cutoff. For an instant neither tube is con-
ducting. Then the plus shift of the right plate due to
that tube’s being cut off, couples to the left grid and
forces the left tube into conduction. The resulting drop
in potential at the left plate couples to the right grid
and holds the right tube cut off, completing the fllipping
action.

The action of the compensating capacitors in making
this circuit flip from a pulse applied to the common
input point can be seen from a slow motion analysis.
Notice that the compensating capacitors have two and
one-half times the capacity (100 mmf) of the input
capacitors (40 mmf). The length of time a capacitor
will continue to couple a pulse or gate signal from one
point to another depends on the capacitance and the
resistance in the circuit. This is called the Time Con-
stant of the circuit and was discussed earlier in this
chapter under “Practical Inverter Circuits, the Coupling
Capacitor.” The input circuit of these triggers will
couple a shift to the grids for about four microseconds.
The compensating capacitor circuit, on the other hand,



will continue to couple a shift for about ten micro-

seconds.

Assume again that the trigger in Figure 64 is OFF
(conducting on the right). When the negative input

51gnal is apphed to the common

Pr‘I 1

that tube was already cut off. The right (formerly con-

ducting side) plate is released, however, and goes posi-

tive. This positive shift will continue to be fed through
the compensating capacitor to the left grid for about

mPut pomt both tubes ten microseconds. The input signal cutting off both

r,

re cut off. There is no change at the left plate because tubes will cease to be felt after only four microseconds.
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The longer lasting, compensating capacitor fed shift
will thus assume command at some point and force the
left tube to conduct and flip the trigger. Because the
shift at the right plate is much larger than the input
signal (100 volt plate shift as against a normal 40 volt
input signal shift), the compensating capacitor fed shift
will assume command and flip the trigger even before
the input capacitors stop coupling their signal. The
usual binary coupled trigger used in the 604 will flip
in about three microseconds.

Without the compensating capacitors in this example
the action is different. The input shift will drive both
grids downward by the same amount from their start-
ing points. Without the compensating capacitor to act
as capacitive voltage dividers, practically the full amount
of the input shift will be felt at the grids. With a 40
volt input signal the left (cut off) grid will be shifted
downward (from its minus 25 volt starting point) to a
level of about minus 65, a forty volt drop. The right,
conducting side grid will also be shifted downward

Uppermost Grid Level Set By Resistance Values in Grid Circuit.

O = Time Constant
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forty volts (from its starting point of plus one volt) to
about minus 39 volts. This will cut off the right tube;
but without the compensating capacitor to.quickly by-
pass it, the plate to grid resistor will itself absotb the
resultant plate shift. As the 40 mmf input capacitors
gradually become charged, these grid voltages will
follow a charging curve aiming toward plus 19 volts
(the value the grids would try to assume due to the
voltage divider action of the circuit resistors alone).
The right grid, being less negative to begin with, will
reach the conduction point before the left grid. The
right tube will thus go into conduction first, assume
control, and return the trigger to its former OFF status
without flipping. The binary connection thus makes
compensating capacitors of the correct size a necessity
if flipping is to occur. The two patts of Figure 65 show
in simplified graphic form the timings involved both
without and with compensating capacitors.

TRIGGER UNIT CIRCUIT VARIATIONS (G AND H)

As with other types of units, there are certain special
items found in trigger unit circuits: 1) A 1000 ohm
resistor is directly in series with each tube grid. This
would appear to be a grid current limiting resistor but
is actually included to suppress parasitics (erratic volt-
age fluctuations which triggers can produce due to the
speed with which they flip). 2) Some trigger units
have a small, 10 mmf capacitor connected from grid
to grid. This acts to slightly desensitize the trigger to
short noise pulses and delays just a bit the start of the
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flipping action on a normal pulse. 3) Triggers are gen-
erally driven by 40 or 50 volt shifts since they are most
reliable in this area. When triggers are used to drive
other triggers directly, a tapped output must be pro-
vided on one or both of the plate load resistors to
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shift. 4) A few trigger types (604H only) have a
built-in germanium diode to help provide a needed

“tens limiting action” when these triggers are used in
counter and storage circuits. This will be discussed in
the next chapter.
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Properly designed triggers such as used in the 604
are reliable storage devices with a high degree of sta-
bility and lack of sensitivity to supply voltage varia-
tions. Varying either the plus 150 or the minus 100
volt supplies over a range of plus or minus 10 percent
will not upset normal operations.

The Multivibrator (G and H)

A trigger was shown to be simply two resistance
coupled inverters that would hold themselves in one
status or another when once set. A multivibrator is
similar to a trigger except for the substitution of plate
to grid capacitors for the plate to grid resistors of a
trigger. Since a capacitor is incapable of passing and
holding a steady state condition, the multivibrator re-
peatedly and automatically changes from one status to
the other, producing a desirable, pulse-like waveshape
output. The circuit for a basic multivibrator is shown
in Figure 66. Notice that the grid resistors are returned

Grid Current Drawn

Typical Multivibrator Waveshapes

Figure 66. The Basic Multivibrator and Typical W aveshapes
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to the same potential as the cathode (ground in the
illustration) rather than the minus 100 volts used in
the trigger. The one and only multivibrator used in
the 604 is the source of the basic timing pulses for the
machine. It is externally wited using an IN type unit
as its basis.

No two tubes are ever exactly matched. When power
is first applied to a multivibrator, one of the tubes will
conduct first or more heavily. Let us assume this is the
left tube. The left tube plate will drop in potential
first or more rapidly. This negative shift will couple
through the capacitor C2 to the right grid and hold
the right tube cut off. The left plate will continue to
drop until the left tube is passing maximum current
and can lower its plate potential no further. All this
while the right tube is being held cut off through the
coupling action of the capacitor C2. When the circuit
settles with the left tube conducting and the right tube
cut off, the capacitor C2 will gradually become an open
circuit and permit the grid of the right tube to move
toward zero volts. When the right tube cutoff point is
reached, a few electrons will begin to flow through the
right tube. This will lower the potential at the right
plate. This negative shift at the right plate will couple
through capacitor C1 and cause the left grid to move
negatively. Electron flow through the left tube will be
reduced and the left plate will start to shift positively.

20K

This positive shift will couple through the capacitor C2
and cause the right grid to move upward even more
quickly. The right plate potential drops even further,
which further cuts off the left tube. In a fraction of a
microsecond this feedback-loop action is completed and
stops when the left tube is cut off and the right tube
saturated. The left grid now begins to move toward
zero volts. When the left tube cutoff point is reached,
the few electrons that trickle through the tube as a
result start the entire flipping action in reverse, ending
with the left tube conducting and the right cut off.
This back and forth action will continue as long as
power is applied. How long it takes on either half of
the cycle for the cutoff tube to start passing electrons
depends upon electrical size of the coupling capacitors
and the resistance value in series with them (in this
case primarily the grid to ground resistors). The larger
the capacitance and the resistance values are, the longer
the RC time constant, and the longer each half cycle
will take. If each half cycle is to be the same (as is
desired in the 604), the coupling capacitors and grid
resistors for each side of the circuit must be equal.

Figure 67 shows a typical multivibrator circuit as
used in the 604. It is frequently desirable to be able to
vary the frequency of the multivibrator (and thus ex-
amine the circuits under abnormal conditions as an aid
to analysis). The resistors in each grid circuit are made
variable and ganged together for this reason. The
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frequency range of the circuit is from about 5,000 cycles
per second to 100,000. The normal working frequency
1s 50,000 CPs.

Machines wired to the “G” and earlie X prin
also have a special control switch setting h places
larger (.05 mfd) capacitors in ;ara”e} with the 80

mmf coupling capacitors. This “L0” setting is used only
for testing and changes the multivibrator frequency
range to between 1 cycle per second and 100. At this
very low frequency it is possible to watch data flow
through the machine.

The signal output from a multivibrator can be taken
either from a grid or from a plate. The design of dif-
ferent circuits using the output of the multivibrator may
find one or the other more desirable. In the 604H an
output is taken from each plate. In the earlier 604’s the
normal high speed setting output was taken from the
right grid and the low speed setting from the right plate.

To produce the square wave signal most desirable
for timing control of the 604, the output of the multi-
vibrator is run through one or more shaping tube units.
These units are driven into the cutoff and the grid cur-
rent regions as discussed earlier in this chapter under
“Inverter Units, Clipping and Shaping.” The peaks of
the normal multivibrator output are leveled off in this
way. In the G04H, as indicated by Figure 67, the
cathode and grids of the multivibrator are returned to
minus 100 volts rather than ground. With the plus 150
still used as the plate supply, this connection gives a
total of 250 volts across the multivibrator. The resultant
output signal shifts from plus 145 to minus 30 volts,
a shift of 175 volts. This is almost twice the signal
available from 604G and earlier citcuits and is much
more easily clipped and shaped, allowing the use of
fewer shaping tubes by the H suffix machine. Figure 68
shows a good square wave signal such as produced and
used by 604’s.

Neon Indicators (G and H)

It is frequently desirable to be able to tell the status
of a trigger or a control line while checking the opera-
tion of the machine. This could be done in some cases
with a voltmeter or an oscilloscope, but in many in-
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Figure 68. A Square Wave Produced by Clippin g and
Shaping the Output of a Multivibrator

stances the mere act of attaching the instrument to the
trigger would be enough to flip it. Customers checking
program layouts step by step like to trace information
flow and development throughout the machine. Using
a voltmeter would be tedious and impractical for such

an application. Fortunately the small and inexpensive

type NE-2 baseless neon bulb lends itself ideally to 604
indicating purposes. This tube will start to glow when-
ever 90 volts or more is applied across its terminals and
will extinguish when there is less than 60 volts. A one
million ohm series resistor limits the current drawn by
these bulbs to a very low level and prevents circuit load-
ing and interaction. The bulb and resistor units are
generally connected to glow when the particular trigger
is ON or when a control line is high. They are wired
directly in behind the unit sockets where their indica-
tion will aid Customer Engineering analysis. A second
set, primarily for customer use but also valuable to a
Customer Engineer, is compactly arranged in an indicat-
ing panel located directly above the 604 Control Panel.
These bulb and resistor units have the resistor directly
connected to the desired active point in the circuit. A
lead runs from the resistor to the bulb. The other side
of the bulb is connected to a voltage source (obtained
in some cases from a resistor voltage divider) such that
the difference of potential across the bulb and resistor
will be above 90 volts to glow or less than 60 volts to
be dark.

Figure 69 shows two alternate ways of connecting a
neon indicator to a trigger so the bulb will glow when
the trigger is ON. Both systems are in use on different
604 triggers depending on convenience of wiring. Bulb
“A”, in parallel with the left plate load resistor, will
glow when the trigger is ON because at this time there
is a 100 volt drop across the load resistor. This reduces
to about 12 volts when the trigger is OFF. The bulb
“B” connection is between the right plate and ground.
When the trigger is ON, the right plate rises to plus
138 volts and makes the bulb glow. When the trigger
is OFF, the right plate drops to plus 50 volts, which is
not enough to cause a glow. Similar circuits can be used
with Inverters, Power Units, Pentagrid Switches, etc.,
to indicate the cutoff or conducting status. Other ar-
rangements (used primarily on the 604H) will be
found on System Diagrams page 0-0005.

NSO

Charts showing the location of the neon bulbs behind
the tube panels, and their indication, for both the H and
G suffix machines, are in the Appendix. These charts
are important because the operation of the machine is
revealed by its neons.
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Figure 69. Neon Indicator Bulb Circuits for Triggers

The Electronic Reset Circuit (G and H)

In the discussion of triggers it was shown that a
trigger can be reset to a desired status by momentarily
removing the minus 100 volt bias supplied to one or
the other of the grid resistors. Cams or relay points are
practical for slow speed resetting under control of the
521. Resetting during electronic calculating needs a
faster, smoother, and electronically controllable device.
Through the use of the Electronic Reset circuit a group
of triggers can be reliably reset in 110 microseconds

or less.

Plus Reset
Reset Control
Gate Inverter
oot (6J Type)
Reference Regulator
100+ Voltage Amplifier

(6B Type)

Due to voltage loss through the reset control tubes,
the source of power for the minus 100 volt Reset Lines
is the minus 175 volt supply. Except while actually re-
setting, the voltages supplied to each side of a trigger
should be closely balanced. A standard testing pro-
cedure used with the 604 entails varying the output of
the minus 100 volt supply, plus and minus ten percent
while calculating. The regulating portion of the reset
circuit keeps the Reset Lines within a fraction of a volt
of the bias supply output at these altered levels. Aging
reset circuit tubes and varying circuit loads are also
compensated.

Sensing Voltage

—@ -100 v Reset Line Output

\ Power Tube
/ (6AQ5)

|:6]-175

Figure 70. Basic Workings of the Reset Regulator
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A logic diagram of the reset regulator is shown in
Figure 70. A voltage divider between ground and minus
175 volts provides the desired minus 100 volt electronic
reset output. One of the “resistors” in this voltage
divider is actually a 6AQ5 power tube. The cathode
to plate resistance of this tube is variable over a wide
range by changing the potential of the 6AQ5S grid with
respect to its cathode. If the grid is made more negative
with respect to the cathode, the effective resistance of
the tube is increased and the Reset Line will move
nearer to the zero volts of ground (and vice versa).
The grid to cathode potential of the 6AQS tube is con-
trolled by the Regulator Amplifier tube. This uses the
minus 100 volt supply as a reference source against
which the Reset Line is compared. Any difference be-
tween the minus 100v bias supply and the Reset Line
is sensed and the proper correction applied to the
6AQ5 grid to restore equality by shifting the Reset Line.
When reset of the triggers is desired, a plus shift or gate
is fed into the Control Inverter tube. The end result of
this is electron cutoff in the GAQS5 power tube, making
it effectively an open circuit that lets the reset line shift
upward to ground or zero potential.

Figure 71 shows the reset circuit used in 604 ma-
chines. One such circuit is provided for each General
Storage Unit, each Factor Storage Unit, the MQ Unit,
and the Counter (a total of ten). When studying this
circuit it is important to recall that the absolute voltages

Reset requires approx 70-75 micro-sec
Each trigger requires 1/2 ma from the

with respect to ground do not have much effect on
vacuum tube actions. It is the voltage on one tube
element with respect to another that is important. For
instance, the 6AQ5 power tube has no positive potential
on its plate. The cathode is at minus 175 volts, however,
and to electrons there the plate seems positive and
attractive. By putting the proper potential on the grid
of the power tube with respect to this minus 175 volt
cathode, exactly 75 volts can be dropped through the
tube, leaving minus 100 volts for the reset line. The
potential on the 6AQS5 grid is determined by the re-
sistors making up the voltage divider in its grid circuit.
This voltage divider consists of a 207k, an 820k and
a 100k resistor in series running from minus 250 volts
up to plus 150 volts. The plates of the 6B Amplifier
and the 6] Control Inverter tubes are connected to
the lower end of the 100k resistor. Drawing current
through either of these tubes can vary the voltage drop
across the 100k resistor. Any change there will be re-
flected at the grid of the 6AQS, altering the voltage
drop through it. The 100 mmf capacitor in parallel
with the 820k resistor is a compensating capacitor that
speeds up the response of the circuit. The grid circuit
of the 6] Reset Control Inverter puts a minus 37 volt
potential on the grid of this tube with respect to its
cathode and keeps it cut off except during reset time.
During reset time a positive input gate signal couples
through the 1000 mmf capacitor and forces this tube to

—100v Reset Line
| 6AQS5 will pass 30-40 ma S

-100v Max foad is in 13 pos Ctr A
Ll
(110 micro-sec = | Y i
duration) i ]
' [2]+150 |
I R I $eax !
T I
1000 mmfd —371/2 — - AN k

4 ype —100,

R:s::'pe (Amplifier) ‘L ¢ ) @ ~100v
naneS Lanne ~ Reset
.:Suus goaw\ Controi Line

Inverter

270K§

6AQS5
(Power Tube)

7 =250

-100v [5] E’—US

Figure 71. Schematic Diagram of the 604 Reset Circuit
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conduct heavily. The plate of the 6] type tube will then
drop to about minus 150 volts. This action shifts the
grid potential of the 6AQS5 to minus 225 volts with
respect to ground (50 volts more negative than its
cathode) and cuts off electron flow through the tube.
At such time the reset line will shift rapidly upward
to zero and reset any triggers connected to it. In the
604H a 68k resistor is connected between the reset
line and plus 150 volts as shown in the dotted box in
Figure 71. This addition makes the reset line rise more
rapidly and settle at plus ten volts (with normal load-
ing from the triggers being controlled). While any
individual trigger can be reset in five to ten micro-
seconds, a group of coupled triggers being reset can
produce a “ripple” of instability that might last for
70 microseconds. 110 microseconds allows a good
safety factor. The 1000 mmf input capacitor to the
6] tube will couple an entire 110 microsecond reset
gate. If a long duration gate is applied to this capacitor
(such as a CB impulse from the 521), it will couple
the shift for about 200 microseconds. This fact is used
when reading into storage units from the 521: an
electronic type of reset occurs under 521 control panel
direction to clear the unit before the card holes are
read.

The regulating action of the Amplifier tube is similar
to that of the Control Inverter, but not as drastic; it
will merely alter electron flow through the 6AQS5, not
cut it off. Both control grids of the 6B tube are con-
nected to the minus 100 volt power supply through
1000 ohm parasitic suppressor resistors. The 6B tube
becomes a high gain amplifier with a fixed grid refer-
ence point. The screen grids are connected to a point
between the Reset Line and ground that will make
them about 50 volts positive with respect to the cathode.

The variable signal is applied to the cathode of this
tube from the arm of a 1000 ohm potentiometer fed
by the reset line. A screwdriver adjustment of the
potentiometer arm permits manually setting the cathode
potential. This in turn can set the normal level of the
reset line to exactly match the minus 100 volt supply.
Any variation of the 100 volt reset line from other
influences will also be passed on to the cathode of the
6B -Amplifier. Several examples will show how the
circuit responds to these influences. The 6] Control
Inverter is cut off and need not be considered in these
descriptions.

If the Reset Line tends to become less negative (move
toward zero volts), as might result from extra loading
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or from the weakening of the emission from the 6AQ5
cathode, the voltage at the arm of the 1000 ohm poten-
tiometer will also become less negative. This makes the
cathode of the 6B Amplifier move in a positive direc-
tion which has the same effect on the cathode to plate
electron flow as making the grid more negative. That
is, the 6B tube electron flow is reduced. The plate thus
moves in a positive direction. This in turn couples to
the 6AQ5 grid and makes it move in a positive direc-
tion. Electron flow through the 6AQS5 increases, making
the plate (and the Reset Line attached to it) move
negatively, balancing out almost completely the original
change. The same type of control would occur for an
attempted negative shift on the Reset Line, though the
potential shift at each point in the loop would be in
the opposite direction.

As a second example assume the reset line is found
to be two volts more negative than the minus 100 volt
power supply. This can be corrected by an adjustment
of the potentiometer. A greater voltage drop through
the 6AQS power tube is needed to let the Reset Line
shift two volts positively. This will require a more nega-
tive GAQ5 grid. A more negative potential at the grid
can be obtained by increasing the electron flow through
the 6B Amplifier tube (which will lower the potential
at its plate). To increase the electron flow through the
6B Amplifier tube, the cathode will have to be made
more negative by shifting the potentiometer arm down-
ward (on Figure 71}, nearer to the GAQS5 plate. (When
actually done in practice, a voltmeter is connected be-
tween the Reset Line and the minus 100 volt power
supply. The 1000 ohm potentiometer is simply turned
until the instrument reads zero, indicating balance.)

As a final example assume that the minus 100 volt
power supply is shifted to minus 90 volts for testing
purposes. The two control grids of the 6B Amplifier
will also shift to minus 90 volts, a ten volt change in
the positive direction. Electron flow through the 6B
Amplifier will increase and the plate potential will
drop. This negative shift at the plate will couple to the
6AQS grid and reduce electron flow through it, in-
creasing its effective resistance, and letting the plate go
nearer ground level. When the plate (and the Reset
Line) gets near minus 90 volts, balance in the circuit
is restored. Both the Reset Line and the altered.output
of the minus 100 volt supply are again nearly matched.



WIRING, SYSTEM, AND BLOCK
DIAGRAM CONVENTIONS (G AND H)

Wiring Diagrams
A complete “fan fold” type wiring diagram is sup-

plied with each 604 wired to the G suffix and earlier.
All wiring behind the panels-as well as within the units
is shown on these diagrams. The location of the units
on the wiring diagrams matches their physical location
on the tube panels. )

System Diagrams

The 604H uses a System Diagram type of wiring
representation. Each pluggable unit (or separate section
of most IN and DS units) is represented by a block.
No wiring within a pluggable unit is shown on the
System pages. Only the signal input and output wires
are represented. To aid servicing, the unit pin numbers
to which these leads connect are indicated inside the
blocks. Pluggable units are grouped on Systen: pages in
logical arrangement (not by physical arrangement as
mounted in the machine). Each logical operation is
drawn on a separate page. Pages are individually re-
placeable in the System Diagrams books supplied with
machines. Engineering Changes are easily reflected as
installed by replacement of the proper pages. Each page
contains a name, a logic page number, an IBM Part
Number, and an Engineering Change (EC level) num-
ber, ail of which are listed in the System Diagrams
Table of Contents. Every time a change is to be made
in the machine, a new logic page representing the new
wiring will be supplied. The EC number of the new
page will be changed though the name, page number,
and IBM Part Number remain the same. A new, cor-
rected Table of Contents will also be supplied with
each new logic page. This will list the correct EC
numbers of the replaced pages. An important point is
that the Tabie of Contents has its own EC number
which is also changed each time a System page is
changed. To determine the Engineering Change level
of a particular machine, it is therefore only necessary
to look at the EC number of the Table of Contents. If
a replacement logic page is ordered, both the IBM
Part Number of the page AND the EC number must
be given since the Part Number does not change with
EC changes.

The importance of being familiar with the Sysem

Diagram type of circuit representation cannot be over-
emphasized. Most illustrations in the following pages

of this manual will use the System Diagrams conven-
tions. The Appendix to this manual contains diagrams
of the wiring within each type of 604 pluggable unit.
604H System Diagrams books supplied with field ma-
chines also contain similar diagrams, though only for
those units used in the H suffix machines. Once the
operation of the individual units is understood it is
possible to represent the unit by a simple block. Three

- sizes of blocks are used. The largest represents a full

pluggable unit of any type. The middle size trepresents
half of a pluggable unit (such as one triode section of
an IN unit or CF unit, or one whole dual diode of a
DS unit). The smallest block represents a quarter of a
pluggable unit (a single diode section of a DS unit).

The type number of a pluggable unit is indicated
inside the upper half of the block (such as PS12 ). The
location of the unit in the tube panels is given inside
the lower half of the block. The number in front of
the hyphen indicates the panel. The number following
the hyphen indicates the row. The letter indicates the
column. If necessary, a subscript letter B or T will
indicate the Bottom or the Top tube in a diode unit.
A subscript 1 or 2 is used as needed to indicate the left
or the right half of a tube. On System Diagrams pages
the number preceding the hyphen and the hyphen itself
are omitted since all units on a logic page generally
will be in the same panel. If one page does contain units
from two or more panels, this will be indicated by
dashed lines separating those units located in one panel
from those in another.

Wiring on System Diagrams is shown point to point
as the information actually flows, therefore no unit may
be shown more than once. Entries to a page come in at
the top and left side. Exits leave by the bottom and
right side. All components external to the pluggable
units will be drawn on a System page or represented in
a chart.

The remaining conventions used in the System Dia-

grams are best discussed under separate headings: Input,
Reset, Output, and Voltage conventions.

~—— Type of Unit
PS-12 IN-5 |. Ds-5

Location (Panel Part of

4-7F 4—7E] E)-acB Designation May be
2| ~<«——Onmitted on System
Full Unit Half Quarter Diagram Pages).

Unit Unit
Figure 72. The Basic Blocks Used in S ystem Diagrams
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INPUT CONVENTIONS

Inputs to a block are identified by a small arrowhead
pointing toward that block. A grid generally comes in
below the middle of the left or right side of the block.
A plate input (as with a Diode Switch) come in to the
top of the block. A cathode input (as with a Triode or

NOTE: # indicates where unit pin numbers are printed.

PS Grid #3

Input Point —aml# )

Grid Input —ai# #|-— Input to Right
(Only Grid or Grid (If Any)

Left Grid)
Grid Input Points

Cathode Input Conventions

#

Left Cathode 5

#
t Right Cathode

Only Cathode or Two
Cathodes Internally Tied

o B

TR-

—_—] ———

Trigger Grids Internally
Binary Cennected. Input
Arrow Can Come to Either
Side.

PP T
R

TRIGGER PLATE PULLOVER
(Arrow To Left Side of
Block For Left Plate, And
Right Side For Right Plate)

Diode Switch) comes in to the bottom of the block.

A capacitor coupled input will show a small capacitor
symbol inside the block at the entry point. A tube
biased at cutoff will have a minus sign near the capaci-
tor; a tube normally conducting will have a plus symbol
near the capacitor. Since most triggers are capacitor

Only Plate In Unit Or
Two Plates Internaliy Tied

Left Plafe_} l F—Righf -Plate
#

# #

Plate Input Conventions

o

Capacitor Input

{Symbol Not Used With Triggers.
All TR Units Capacity Coupled
Except TR-31, 32, 41, 42)

#

A

Internal Solid State
Diode to Filter the Input.
Plate Input Shown Above.

IN-35
or

IN-36

—|

Two Grids Internally Tied

Fignre 73. Input Conventions
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input, it was decided to omit the capacitor symbol from
trigger blocks. The trigger types TR 31, 32, 41, and
42, however, are direct or resistance input types. These
exceptions will just have to be remembered. A help is
that most direct input triggers have external resistors

connected to their inputs. These will be drawn on the

System pages and call attention to the special cases. A
trigger which is 7nternally connected in binary form

(TR 6 or TR 21) has a dotted liné across the block =

symbol at the grid input level.
¥ g

Where an input is made to the plate of a trigger to
cause flipping (Plate Pullover), an arrowhead will
point inward to the plate pin of the block and the
letters “PP”" will generally be added outside the block.

An input to a unit through an internal solid state
diode will show the diode inside the block at the input
point. The diode will be drawn with correct cathode-
anode orientation.

Where two grids of an inverter unit are internally
connected together, the large block symbol will be used
and a solid line will be drawn across the block at the
grid level (IN 35 and IN 36).

RESET CONVENTIONS

The status in which a trigger is left after a reset opera-
tion is indicated by a small square in one of the bottom
corners of the block. The reset box is drawn in the
corner of whichever side is left in the conducting state
by the reset action (Lefs ON, Right OFF). The type of
reset is indicated by the letters inside the corner box:
CR for Calculate time Reset, PR for Punch time Reset,
UR for Unfinished program Reset, and ER for Electronic
controlled Reset.

r ER = Electronic Reset.
CR = Calic Time Reset
PR = Punch Time Reset
UR = Unfin Pgm Reset

[ER] [ER]

Reset ON Reset OFF

Figure 74. Trz'gger Reset Conventions

OUTPUT CONVENTION

Plate outputs come from the top area of the block
with definite placements to indicate particular condi-
tions of: 1) full plate output, 2) tapped plate output,
and 3) direct plate connection to a unit not having an
internal plate load resistor. The full plate output point
is from the side of the block, somewhat lower than the
tapped output. A small line cutting the side of the block

above or below the output lead keys the location and
prevents misinterpretation. If there is no indicating
line, the output is assumed to be full. The direct plate
connection to a unit not having a built-in load resistor
is directly from the top of the block. A unit having two
plates internally connected (the IN-2) uses the large
block symbol and has a solid line across the block at the
full plate output level.

- Cathode outputs come from the lower area of the
block. Units having built-in cathode Ioad resistors have
the output point on the side of the block. A direct con-
nection to the cathode of a unit not having a built-in
load resistor is indicated by a line directly from the
bottom of the block. Thyratron units (TH) have their
output taken from the bottom of the block.

Outputs taken from a unit through an internal solid
state diode will show the diode inside the block at the
output point. The diode will be drawn with correct sym- -
bolic orientation. k

Outputs which are taken from the input network of
a “master” unit to control separate “slave” units are
drawn directly below the “master” input point. An
arrowhead pointing away from the “master” block on
such 2 line is occasionally used for clarity. Such arrow-
heads can be used on any output line where better under-
standing of the action will result.

VOLTAGE CONVENTIONS

Wherever a s/

Wh ! voltage level may be of interest
small code letter in parentheses such as (c), (t), or (s
is placed alongside the line. The levels indicated by

these letters are as follows:

, a

No indication generaily means a fuli, plate level out-
put shift within the plus 150 volt to plus 50 volt range.

(t) indicates a tapped plate level output in the plus
150 volt to plus 100 volt range.

() indicates a cathode follower output in the plus
25 to minus 25 volt range.

(s) indicates a triode switch input level in the 0 volt
to minus 40 volt range.

Special levels may be indicated by numbers of volts
in parentheses.

A plus in front of the parentheses indicates the active
signal is a plus shift. A minus in front of the parentheses
indicates the active signal is a minus shift. These letter
codes can be seen in Figure 75.

Tubes require power to function. A 6 volt Ac filament
lead and a ground return runs to each unit and is there-
fore not shown on System Diagrams. Negative DC po-
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Full Plate
Output Point

Tapped Plate
Output Point

Left Plate From Left Side, Right Plate From Right Side (Triggers)

Only Plate Or
Two Plates Internally Tied

Left Plate <a— T I-——Righf Plate

# & &

Plate Output Points.
No Internal Plate Load.

Cathode Outputs, NO Internal Load

# & #

Right Cathode
Only Cathode Or Two

Left Cafhode<—|

® Also TH Units.

Cathodes Internally Tied

#}—=(c)

Cathode Output With
Internal Load
Resistor

—“——

Output Through Internal
Solid State Diode. Plate
Level Shown Above.

Slave Control Outputs Come
From Directly Below Master
Input Arrow. PS Unit With Two
Slave Outputs [llustrated Above.

Figure 75. Outpui Conventions

tentials are not shown either since most units are supplied
with minus 100 volts. The pluggable unit wiring dia-
grams show the connecting pins for the application of the
minus 100 volts as well as the few units which use the
minus 175 volts and minus 250 volts. Any external re-
sistor or other circuit connecting to a voltage source
will show that connection. A small square box with a
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number inside represents a connection to a power supply.
The power supply code numbers are given near the start
of this chapter and in the Appendix. The plus 75 volts
applied to Pentagrid Switch tubes is understood and not
shown. The same is true of the plus 150 applied to the
screen grid of 6AQS5 tubes. PS-41 and PW-1 units used
only in the Electronic Reset circuit are exceptions to



The Plate Load

of This Unit is
Supplied With

+ 150 Volts.
"Boxed Two"

Not Used With . .
Triggers and
Cathode Followers
Since They ali
Get+150v.

Output (Full
Shown, Could
Also be Tapped)
From Unit
Having internal
Not Supplied
with+150v.

Direct Plate
Connection
to Unit Not
Having Built
In Load
150v.+
Plate Connec-
tion to This
Unit.

Fignre 76. Unit Voltage Conventions

ON RI

1000 100

these screen supply levels and are so indicated in the
unit wiring diagrams.

Plus 150 volts is applied to all Trigger units and
Cathode Follower units and is therefore not shown.
Other types of units will not always be directly con-
nected to plus 150 volts. Slave units, inverter switches,
power units, etc., can share a common plate load with
another unit and get their plate potential through it.

“This is an” impottant factor when troublé shooting. A

< b tmAiptn tlan PR |
convention has been adopted to indicate the actual

wiring. Except for Triggers and Cathode Followers,
units with plate loads supplied directly from the plus

IN-28
100

pAConCl o
< ‘, >
: 3302 3

AAA
VW
A
VVV-
[#~3
w
o

AA

% (=175v)

O—&
-250)

+ ON
Punch R!
+(3A-88) G
ON
ELECTRONIC
Rl
9
IN-28
+ ON PUNCH 3j1—
—t1F
2]+
ps-413
8
4
w
C o |
[ER][ER | 604H I
| Only i
| |
88K
3 4 } W :
PW-1
| |
7 N 1
| S |

Figure 77. The Wiring Diagram Form and the System Diagrams Form of the Electronic
Reset Circuit Shown Eariier in Schematic Form
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te

150 volt power supply will have a "2 code located
within a small square in the upper left hand corner of
the unit block.

Figure 77 shows in two additional forms the same
Electronic Reset circuit discussed earlier. The Wiring
Diagram shows all the components arranged within the
pluggable units and the numbering of the unit pins.
This representation is similar to that used on the G
suffix fan-fold print. For comparison the same circuit
is also shown in System Diagram form such as used for
the H suffix machines.

Block Diagrams

Block Diagrams were used to explain 604 circuits
before the 604H System Diagram conventions were de-

Grid lnput\Ej/
Grid Inpuf@

Inverte!

veloped from them. Since Block Diagrams are a less
rigidly conventionalized form of circuit representation,
less circuit information is available from them. Such
things as pin numbers, trigger resets, capacitor inputs,
etc.,, are not always indicated. However, the flow of
data and general circuit operation 7s indicated by Block
Diagrams, and a number of 604 overall illustrations
have been drawn in this form. The basic conventions
and symbols used in Block Diagrams are shown in
Figure 78.

This manual contains a few illustrations in a modified
block diagram form using some of the system diagram
elements which have proved valuable (such as power
supply connection indications, the addition of pin num-
bers near the input and output points, etc).

Output
Output

Thyratron

Grid Input

r

Tapped Output
Full Output

Power Tube

Grid 3 Input__ |
O

Output

Grid 1 Input
Switch
Output  Section 1 Output  Section 2
s
Resistance-coupled ° Resistance-coupled
Input (for CB operation only) |° 2 °T" Input (for CB operation only)
Capacity-coupled Trigger\Capacity-coupled

Input to Section 1
Grid ("on" side)

Input to Section 2
Grid ("off" side)

NOTE: Unit Pin Connection Numbers are Frequently Indicated
Just Outside of Block Near Lead Drawn to Pin.

Figure 78. Block Diagram Symbols
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THIS CHAPTER explains the use of the electronic
building blocks discussed in the preceding chapter. The
circuits needed to accept a number group from a
punched card, move that number from place to place
within the calculator, add it, subtract it, and punch out
a result will be covered here. The following chapter
will discuss the extra circuits of multiplication, division,
and special operations. Both G and H suffix circuits are
covered in detail with special reference to F suffix dif-
ferences where the variation is large. An over-all dis-
cussion of objectives for each function precedes the cir-
cuit details.

ELECTRONIC STORAGE (G & H)

A NUMBER can be represented by a handful of pebbles,
some graphite marks on paper, a hole in a card, or the
rotational position of a counter wheel. Each of these
methods has particular characteristics which make it
useful in a particular application. The workings of the
604 demand still another, electronic form of number
representation. The basic requirement of any number-
ing system is that each digit to be represented must have
a unique factor not duplicated by any other digit. In an
electronic system we could, for example,- have nine
trigger units arranged in a row. If the first trigger only
were ON, the number 1 would be represented. The
second trigger only would be ON to represent a 2, and
so on. A zero would be represented by having no triggers
ON. Such a system is practical but uneconomical. The
604 uses only four trigger units to represent any single
digit, zero through nine. This means that some digits
will be represented by two or more triggers in the ON
position, but this is no disadvantage in 604 usage.

The 604 is a pulse machine, and numbers are entered
into storage units as groups of pulses. The number five
can be represented by five pulses or by the action pro-
duced by these five pulses. The digit storage assembly
is therefore designed as a pulse counter.

Figure 79 shows four binary coupled counters ar-
ranged in series. Input pulses are applied to the first
trigger oniy. Each time a trigger fiips, 100 volt shifts

Calculating Circuits

occur at its plates. A tapped load resistor on the right
plate allows 40 volts of this shift to be fed to the next
stage. A negative shift from a right plate (produced
when a trigger goes OFF) will cause the next stage
trigger to flip, whereas (due to 604 trigger design) a
positive shift of 40 volts amplitude has no effect. Every
second negative shift applied to a trigger unit will re-
turn it to its original status. With the four trigger storage
assembly now being discussed there are sixteen unique
trigger status combinations that can be obtained. It will
take sixteen pulses to run the assembly through its com-
binations and back to its starting point.

The triggers are all Electronic Reset OFF before a
pulse group is applied to the input point. The leading
edge of the first negative input pulse will turn the first
trigger on. The second negative pulse will turn the first
trigger off, producing a negative shift at the right plate
which couples to the second trigger and turns it on.

The third negative pulse applied to the input point
turns the first trigger ON again. The fourth negative in-
put pulse will turn off the first trigger and produce a nega-
tive shift output from its right plate. This negative shift
couples to the second trigger and flips it from ON to OFF,
producing a negative shift at the right plate of the sec-
ond trigger. This negative shift from the second trigger
feeds to the third trigger and turns it ON. A fifth nega-
tive pulse applied to the input point will turn the num-
ber one trigger ON again, etc. After the fifteenth input
pulse all four triggers will be ON. The sixteenth pulse
will turn off the first trigger, which will turn off the
second trigger, which will turn off the third trigger,
which will turn off the fourth trigger, returning the
assembly to zero. The graphs and the chart of Figure 79
show the status of each trigger in the assembly after
each input pulse has had its effect. Notice that if we
assign digit values of one, two, four and eight to the
successive triggers (each value twice the one before it},
the sum of these digit values will always equal the num-
ber of pulses applied. This one, two, four and eight
value designation also provides an excellent way of
identifying the triggers in the assembly (rather than
the first trigger, second trigger, third trigger, and fourth
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Figure 79. Operation of the Binary Storage Assembly

trigger). This identification of triggers by value will
generally be used throughout the remainder of this
manual when referring to storage assemblies.

To simplify the design of other circuits in the ma-
chine, it is desirable that a storage assembly have only
ten unique states rather than the sixteen of the preced-
ing circuit. That is, input pulses should progress the
assembly step by step from zero to nine and then return
it to zero with the tenth pulse. This corresponds to the
decimal system used in manual computations and simpli-
fies 604 read in, read out, counter, and carry circuits.
A modification of the basic binary counter just discussed
converts it to a ten state base. This ten base assembly is
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the type actually used in the 604 to store digits.

Two forms of Modified Binary Assemblies have been
used in the 604. The H suffix machine uses a solid state
diode in a tens limiting arrangement while machines of
the G suffix and earlier type use a blocking tube (one
triode of an Inverter unit).

These circuits will be discussed separately, but their
objectives are identical:

1. When the value one and eight triggers are both on
(storing a nine) the next pulse must turn them both off.

2. The value two trigger must be prevented from
flipping on when the value one trigger goes off at this
time.



THE MODIFIED BINARY ASSEMBLY USING A
SOLID STATE DIODE (H SUFFIX)

Figure 80 shows the H suffix type of storage assembly
in block diagram and in circuit diagram form. Graphs
and a chart of the pulse by pulse operation are also in-
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cluded to aid understanding this important circuit.

The first modification objective (turning off the one
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Figure 80. The Modified Binary Pulse Storage Assembly Using a Solid State Diode
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output of the right plate of the value one trigger. When-
ever the value one trigger goes off, a negative shift is
sent to the value eight trigger to turn it off. If the value
eight trigger is already OFF (as it is except when a digit
eight or nine is stored), the shifts on its left grid have
no effect.

The second objective is to prevent the value two
trigger from coming on when the tenth input pulse
turns off the value one and eight triggers. The circuit
diagram shows more clearly than the block diagram
how this is accomplished. The key items are the action
of the solid state diode in series with pin six of the value
one trigger and the 47,000 ohm resistor in series with
pin 8 of the value eight trigger. This circuit provides a
feedback voltage level from the value eight trigger to
the value one diode. As long as the value eight trigger
is OFF, the 47,000 ohm resistor within it will be receiv-
ing a potential of about plus 145 volts from the junction
of the two 10,000 ohm left plate load resistors. This
potential is felt at the anode of the diode (pin 6 of the
value one trigger) and makes it act as a virtual short
circuit. The negative shifts from the right plate of the
value one trigger (whenever it goes off) are thus felt
at pin six and the input of the value two trigger so long
as the value eight trigger is OFF. The Modified Binary
assembly up through the eighth input pulse works just
like the sixteens base assembly previously discussed,
except that shifts sent to the value two trigger pass
through a diode. When the eighth input pulse turns on
the value eight trigger, an important action results. The
value eight left plate is now at only plus 45 (or less)
volts, and the mid-point of the two 10,000 ohm resistors
is near 98 volts rather than the former 145 volts. When-
ever the cathode of the diode in the value one trigger
goes more positive than this 98 volt potential applied
to its anode, the diode becomes an effective open circuit.
This happens when the ninth input pulse turns on the
value one trigger. The right plate rises to plus 145 volts,
and the cathode of the diode rises to approximately the
same value. The diode anode, having only plus 98 volts
available from the feedback line, DOES NOT FOL-
LOW THIS PLUS SHIFT; and since it does not follow
the plus shift up, it cannot pass the negative shift down
that results when the tenth pulse turns off the value one
trigger. The tenth input pulse is thus not felt at the
value two trigger, which stays OFF, accomplishing our
objective.

Two side effects are worth examining once the basic
operation is understood. Several microseconds after the
tenth pulse has turned off the value one trigger and fed
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a negative shift to the value eight trigger, the value eight
trigger will have finished its flipping action to the oFF
position. This makes the right end of the 47,000 ohm
resistor (Figure 80) return to plus 145 volts. The feed-
back line tries at this time to go to plus 145 volts also,
but the diode cathode at the now OFF value one trigger
is at plus 105 volts (a more negative level) and emits
electrons to hold the line at this lower level. The 47,000
ohm resistor is necessary in such instances to act as a
cushion or buffer. The second side effect to note occurs
with the eighth input pulse and concerns a lowering of
the level of the feedback line to plus 98 volts. This is
shown on the graph of the diode anode and feedback
line, Figure 80. Between the seventh and eighth pulses
the storage assembly is setting at seven with the value
one, two, and four triggers ON. The eighth input pulse
turns off the value one trigger, dropping the voltage
level at pins 8 and 6 to plus 105 volts. This shift turns
off the value two trigger, dropping its pin 8 to plus 105
volts. This shift in turn flips off the value four trigger,
dropping its pin 8 to plus 105 volts, which in turn flips
on the value eight trigger. The mid-point of the two
10,000 ohm left plate load resistors drops to plus 98
volts. This is a less positive level than that at the diode
cathode, so the diode becomes an open circuit and per-
mits the feedback line to drop to plus 98 volts. This
7 volt further negative shift is felt at the input of the
value two trigger but has no effect; the amplitude is too
small (and follows too closely the initial shift applied
to the value two trigger) to cause further action.

THE MODIFIED BINARY ASSEMBLY USING A BLOCKING
TUBE (G SUFFIX AND EARLIER)

Figure 81 shows in block diagram and circuit diagram
form the blocking tube type of Modified Binary Storage
Assembly. To permit the value eight trigger to be turned
off with the tenth input pulse, a changed, non-binary
connection is made in its circuits. Notice that whenever
the number one trigger goes off, the negative shift at
its right plate is directed to the left grid of the value
eight trigger. If this trigger is OFF (as it is except with
an eight or a nine stored), these shifts on the left grid
have no effect, but when the value eight trigger is oN
the negative shift w7l turn it off. With a nine in the
storage assembly the value one and value eight triggers
will be ON. The tenth pulse then will turn off the value
one trigger which will feed a negative shift to the value
eight trigger to turn it off. The assembly will be restored
to zero through this action if a means can be devised to
keep the value two trigger from coming on as it usually
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Figure 81. The Modified Pulse Storage Assembly Using a Blocking Tube

does when the value one trigger goes off. The blocking
tube provides this second action.

The blocking tube is half of an IN unit. It has a
capacitor input. The values of the grid circuit resistors
rest the grid at minus 7.5 volts, just below cutoff. Its
plate is connected directly to the right plate of the value
two trigger, exactly as was discussed in the Plate Pull-
over method of flipping a trigger in the preceding chap-

ter. As will be seen, in this case the action can best be
called “plate holddown.” The blocking tube is cut off
and has no effect until the tenth input pulse. The value
one and eight triggers are ON after the ninth input pulse.
The tenth pulse will flip off the value one trigger. The
resulting negative shift at the tapped output of the right
plate will feed to both the value two and the value eight
triggers. The value two trigger will #ry to flip on, and
the value eight trigger will flip off. The value eight
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trigger, not being binary connected, is much more re-
sponsive and swift, and therefore flips several micro-
seconds before the value two trigger could. As soon as
the value eight trigger flips off, the resulting postive
shift at its left plate couples through the input capacitor
to the blocking tube and forces the tube to conduct
heavily. This electron flow through the blocking tube
will hold the right plate of the value two trigger down,
and unless that plate does rise, the trigger cannot flip.
By the time the 25 mmf blocking tube input capacitor
has stopped coupling the positive shift at its input and
permitted the tube to return to cutoff (about 7 micro-
seconds ), the value two trigger input capacitors will have
stopped coupling their inputs and the trigger will no
longer be trying to flip. The storage assembly thus re-
turns to zero on the tenth input pulse.

The circuit diagram and the graphs of Figure 81
explain the action of this important assembly on a pulse
by pulse basis.

Uses for the Modified Binary Storage
Assemblies (G & H)

The storage assembly just discussed is capable of re-
taining only one digit value at a time. If a three digit
number group is to be stored, three such assemblies

Storage Entry
Hubs

“side by side” will be needed. Five digit Storage Units
use five such assemblies each, and the thirteen position
Counter uses thirteen of them. An important point to
note about these assemblies is that an output shift is
obtainable whenever the assembly rolls from nine back
to zero. With an assembly already holding a digit, the
number of input pulses that must be applied to get the
output shift will depend on the original digit stored.
This is a method used by the machine to determine the
original stored number. Along this same line, note that
sending ten input pulses to any storage assembly will
roll it around and back to its original position. Except
in the Counter, there is no carrying into the next order
storage assembly when the lower order assembly goes
from nine to zero. Carry in the counter is controllable;
we do carry when adding or subtracting, but not when
reading out. More detailed discussions of these opera-
tions will appear on following pages, but it should be
remembered that the Modified Binary Storage Assembly
makes up the backbone of the digital circuits within the
604. An understanding of their operation is therefore
important. The physical location of the pluggable units
making up these storage assemblies can be seen in the
Appendix on the Neon Location Chart for the proper
(G or H) machine.
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CARD TO STORAGE READ-IN (G & H)

GETTING THE DIGITS punched in a card into an elec-
tronic storage assembly is primarily a problem of con-
version or translation. The physical hole in the card is
read by a brush and converted into an electrical impulse.
The time at which this impuise is avaiiable varies, de-
pending upon the digit represented by the location of
the hole. This time variation must be converted-into an
electronic condition where enough pulses are applied
to a storage assembly to advance it to the desired digit
as dictated by the original card hole. Each desired card
brush must control one individual storage assembly.

Two approaches have been used to provide the
needed conversion: the burst system and the pulse per
point system. The H suffix machines use a pulse gen-
erator that provides a high speed burst of pulses for
each machine reading cycle point. The number of pulses
in each burst corresponds to the digital value of any
holes read at that time. A five pulse burst occurs at five
reading time, an eight pulse burst at eight time, etc.
The total time taken for even a nine pulse burst at nine
time is only 720 microseconds, whereas the CB impulse
through the card hole lasts for ionger than 8,000 micro-
seconds (8 milliseconds). As can be seen, these timings
are not at all close or critical. One electronic switch per

These Triggers Turned On At 3 Teeth

digit storage assembly with one input fed from the burst
generator and the other input fed from the card brush,
permits only the one, correct burst to reach the storage
assembly. Figure 82 gives the basic logic layout for the
Burst System.
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to the G sufhx print and earlier. One single pulse is gen-

erated midway through each cycle point, starting at five

teeth after zero on the 521 index. These pulses are al-
lowed to reach the storage assembly until a hole is read
from the card column wired to that particular position
entry. This card impulse, at the line of index, flips a
trigger controlling an electronic switch and prevents any
further half-time impulses from reaching the storage
position. Since the cards are read tweive edge first, this
system works quite directly. As an example we can take
a three hole in the card. At “half after zero” (5 teeth
past zero) the first pulse enters. At half after one the
second pulse enters. At half after two the third pulse
enters. At three time the Read-In Control Trigger for
this position is flipped by the hole impulse. The com-
mon pulses generated at half after three, half after four,
etc., through half after nine, are not allowed to reach
this particular storage assembly position. The result is
that for the three, or any other number, a number of
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pulses corresponding to the hole in the card is per-
mitted to enter the storage position. A zero hole flips
off the Read-In Control Trigger before any half-after
pulses have been generated. A blank column on the
other hand, does not flip off the Read-In Control trig-
ger; this permits the full ten “half-after” pulses to spin
the storage assembly clear around and back to zero. A
logic diagram for this Pulse Per Point System is shown
in Figure 83.

These two systems will be discussed separately in the
paragraphs to follow.

Burst System Read-In (H Suffix)

This system requires three areas of function as indi-
cated on Figure 84: 1) A single “burst generator” is
needed for the machine to supply groups of high speed
pulses whose number corresponds to the hole being
read. This “burst generator” is called the Punch Read-
In Timer. 2) A Punch Read-In Control is needed for
each Storage Unit (FS 4, GS 3, etc.) a5 a #nit. The
Read-In Control Trigger and Inverter Switch allows
the read-in fanction of a storage unit to be controlled
by one wire on the 521 control panel. This also causes
the Storage Unit to reset to zero before the digits are
read into it 3) Each digit position within a Storage
Unit must have its own brush entry control switch to
allow any desired card column to be stored in any stor-
age assembly position.

PUNCH READ-IN TIMER (BURST GENERATOR)

The punch read-in timer contains a modified binary
assembly similar to those in any 604 storage unit. Spe-
cial reset controls are added, however. As can be seen
in Figure 84, the read-in timer triggers are Calculate
time Reset OFF. At five teeth before each 521 index line,
1 through 9, certain triggers are CB reset ON so the
value in the assembly is the tens compliment of the
number to be read in at the next line of index. That is,
by removing minus 100 volts from pin 5 of the par-
ticular triggers the assembly is reset to 9 at five teeth
before 1, reset to 8 at five teeth before 2, etc. Electronic
pulses at the rate of 12,500 per second are fed to the
input of the read-in timer triggers and to the line feed-
ing each Storage Unit Punch Read-In Control Switch
in the machine. When the read-in timer goes from 9 to
0, the resultant output shift flips the A pulse Control
Trigger and cuts off further pulses to the timer and
Storage Units. Thus by resetting the timer to 8 prior to
reading any value 2 holes in the card it will take two high

82 IBM 604

speed pulses to advance the timer to zero and stop further
pulses within that burst. The same type of operation
occurs for any digit. The burst is controlled by the Read-
In Timer Control Trigger to start at 1 tooth past the
line of index, thus giving the reading brushes sufficient
opportunity to properly condition the number three grid
of the Punch Read-In Pentagrid Switches. Brush im-
pulses last from the line of index to 3 teeth past.

The composite and actual circuit for punch read-in
to FS-4 is shown in Figure 84. The punch read-in timer
will also be found on System Diagram page 1-0401, and
Factor Storage 4 on page 3-0102.

The 604 multivibrator normally supplies “A” pulses
at 50,000 per second (50 kc) as long as power is on.
The frequency divider triggers reduce this to 12.5 kc
for use by the circuit solely to increase circuit reliability.
The constant 50 kc "A” pulses are applied to grid 3 of
the "A" pulse mixer. Grid 1 controls whether these
pulses get through the switch to drive the timer, and
grid 1 in turn is controlled by the Read-In Timer Con-
trol Trigger (a type TR-31 which responds to positive
input shifts). 521 CB'’s turn this trigger on at one tooth
past each index 1 through 9, and reset it off five teeth
later. 521 CB’s are not synchronized with the 604 multi-
vibrator and “A” pulses. If the output of the “A™ pulse
control trigger were used directly to drive the Read-In
Timer Triggers and the Storage Units, there would re-
main the possibility of read-in errors. If the 521 CB’s
should turn on the RI Timer Trigger part way through
an "A” pulse, this shortened pulse might advance the
RI Timer Triggers but not the Storage Units, or vice
versa, causing a count difference. The frequency divider
triggers provide a buffer; any short pulse either will or
will not advance the divider a step, but no read-in
failures result in either event because only the output
of the second divider trigger is used. Four input pulses
are necessary to get a useful shift from this second di-
vider trigger.

OBJECTIVE: Supply the correct number of high-speed pulses, 7

at 7 time on the punch index. These pulses are fed to the Storage
Units for punch read-in operations. Refer to Figure 84.

. Reset timer to 3 by P47 and P51 at 6.5 time.

. RI timer control trigger turned on by P28 at 7.1.

. The A pulse control trigger is turned on at 7.1.

. Grid 1 of the A pulse mixer is conditioned positive.
+A (c) pulses fed to grid 2 of A pulse mixer.

. 6T turned on by first A pulse through 3Z.

. 6T turned off by second A pulse through 3Z.

. ST turned on when 6T turns off.

. Positive output of 5T through 6S to Storage Units (first pulse).
. 6T turned on by third A pulse.

. 6T turned off by fourth A pulse.

—
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12. ST turned off when 6T turns off.

13. Negative output from 5T advances timer to 4.

14. Every second A pulse will turn 6T from on to off.

15. When 6T flips from on to off, 5T will flip.

16. Each time 5T turns on, a pulse is fed to the Storage Units.
17. Each time 5T turns off, 2 pulse is fed to the read-in timer.

18. When the timer has advanced to 9, the Storage Unit will have
received six read-in pulses.

19. The seventh time 5T turns on, the seventh read-in pulse will
feed to the Storage Units.

20. The seventh time 5T turns off the.timer will advance from
9 to 0.

21. The A pulse control trigger will turn off by negative output
from 3W.

22. The A pulse mixer cannot conduct any more A pulses.
23, RI timer control trigger reset by P54 at 7.6.

PUNCH READ-IN CONTROL OF STORAGE UNIT

The bursts of pulses generated by the Read-In Timer
must only be allowed to reach the Punch Read-In
Switches of Storage Units being told to read-in on any
particular card cycle. A means must also be provided to
erase or reset any figures stored within a unit prior to
reading in any new figures. The Read-In Control trigger
drives an inverter switch which feeds number one grids
of the Punch RI PS Units. An output from the Read-In
control trigger of any Storage Unit also feeds its own
particular Electronic Reset circuit (page 3-0301 for
Factor Storage Resets, page 3-0302 for General Storage
Resets, or page 5-0201 for MQ Unit Reset).

OBJECTIVE: Reset Storage Unit.

1. RI control trigger turned on at 12.9 through P70, the control
panel wire, and R24.

2. Plus shift from pin 7 of RI control trigger feeds to Electronic
Reset Circuit, page 3-0301 for FS4. Capacitor input at 7Z. couples
resetting condition for 200 microseconds. All storage assemblies in
the Storage Unit reset to zero.

An X impulse can be used instead of the Card Cycles
impulse to control a Storage Unit Read-In. A 12 punch
must not be used even though it can get through the
XR relay. 12 time is still within calculating time, and will
cause premature resetting.

STORAGE POSITIONAL READ-IN CONTROL

As previously explained, punch read-in is controlled
by punch control panel wiring. Note in Figure 84 that
the punch read-in switches and the electronic read-in
switches are in parallel to feed each storage position.
Therefore, the two switches must share a load resistor
to send a tapped negative signal to the first stage trigger
of each storage position. The resistor is physically located
in the electronic read-in switch. It is necessary to show
these switches even though they are not an integral part
of punch read-in operations.
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The inverter located at 4T is part of the Storage Unit
circuit. There is one IN-13 unit in each panel of storage
to feed read-in pulses to the four Storage Units located
in that panel. There is a functionally similar unit to feed
the MQ Unit.

OBJECTIVE: Store the value of the punched hole in the Storage
Unit.

1. Minus level from pin 8 of the oN RI control trigger (Figure
84) holds 4Z, half of Inverter Switch cut off.

2. One tooth after each index point, 1 through 9, positive output
pulse bursts will flow from Read-In Timer cathode follower, 6S;.

3. The panel driver inverter feeds these as negative pulse bursts
to the other grid of the Inverter Switch, 4Z,.

4. The positive pulse bursts from the inverter switch are fed to
the number 1 grids of the punch read-in switches. SU is the master
PS unit; 5V, W, X, and Y are grid 1 slaves.

5. The grid 3 of a punch read-in switch will be positive from a
line of index to three teeth after when the brush feeding it reads a
card hole.

6. The negative pulse burst from the punch read-in switch while
a hole is read will advance the storage assembly. The resulting value
in the assembly will correspond to the value of the card hole.

STORAGE UNIT, SIGN READ-IN

An X or 12 punch over the units card column, or any
punch impulse 12 through 9 into the storage entry minus
hub, informs the 604 that the number group is to be
considered as negative.

OBJECTIVE: (Page 3-0102.) To turn on the sign trigger of FS4
when the figure punched in the card is negative.

1. Punch RI control trigger on as above.

2. Punch sign entry trigger on from X or 12 punch over units
position or any punch from sign entry through EC-64.

3. Positive output from inverter switch at 3R conditions pin 9
of 5Z.

4. +(c) at 9.5 from 3-0101 to pin 6 causes SZ to conduct.
5. Sign trigger at 11T turned on by plate pull over.

Pulse Per Point Read-In (G Suffix)

Figure 85 is a block diagram of the circuits needed
to punch read-in to Factor Storage 4 by the “pulse per
point” system used with G suffix and earlier machines.
Three functions must be performed by this system: 1)
A single read-in pulse per point generator is needed.
One serves the entire machine. 2) A punch read-in and
reset control is needed for each Storage Unit (FS4, GS3,
etc.) as a anit. A single wire on the 521 control panel
to the storage RI hub thus resets the Storage Unit and
prepares the read-in circuits to accept data from the
card. 3) Each digit position within the Storage Unit must
have a separate entry control. These are the Read-In
Triggers. A card hole impulse sent to a Storage Entry
hub will flip its read-in trigger and prevent further read-
in pulses from reaching that position’s storage assembly.
These three functional areas are labeled on Figure 85.



Figure 85. Pulse Per Point Read-In to FS-4 (G Suffix)
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PULSE PER POINT GENERATOR

The single trigger, 8F, and the power unit at 9L, gen-
erate the necessary single pulse at five teeth past zero
through nine (a total of ten pulses). A trigger circuit is
used rather than a direct CB impulse in order to generate
the extremely sharp, rapid shift needed by other elec-
tronic circuits. A TR-32 unit is used and responds to
the positive impulses supplied to it from the 521.

OBJECTIVE: One plus pluse at ST past each index point 0 through
9.

1. At 0 line of index TR-32 at 1-8F is turned on by plus 48 volt
impulse to its left grid from Punch cams 7, 8, and 9. The resulting
plus shift from the right plate feeds to the power unit at 1-9L but
causes no action because its grid is already plus.

2. At 5T past zero the read-in pulse trigger is turned off by plus
48 volt impulse to its right grid from P cams 12, 13, and 66.

3. Negative shift from right plate of trigger feeds to capacitor
input power unit 9L. The tube is cut off for about 50 microseconds.
A positive pulse of this duration appears at its ouput and is fed to
each Punch Entry Switch in the 604.

4. Each following cycle point (index 1 through 9) this action is
repeated.

STORAGE UNIT PUNCH READ-IN CONTROL

A Storage Unit must be reset to zero before any card
data is read into it. Only those storage units controlled
to Read-In must be affected by card brush data. A 521
control panel wire from CARD CYCLES to a,FS4 RI hub
supplies a P cam 70 impulse at 12.9 through the XR re-
lay point and EC connector 58. This impulse turns on
the TR-32 Punch RI Reset Trigger at 4-1T and also feeds
to each of the TR-41 Read-In triggers to turn them on
(they had been Calculate time Reset OFF to prevent any
action from card brush impulses reaching a Storage Unit
not controlled to read-in on any particular cycle). The
TR-32 has an external noise and contact bounce filter;
TR-41’s are internally desensitized.

OBJECTIVE: Reset all storage assemblies in FS4.

1. When the Punch RI trigger at 4-1T goes on at 12.9, the result-
ing plus shift from the right plate feeds to the Electronic Reset input
mverter.

2. As discussed under the Electronic Reset circuit, this shift is
coupled to the inverter SZ and causes the reset power tube 7Z to cut
off for about 200 microseconds The ER line shifts from minus 100
to 0 and resets all storage assemblies in FS4 to zero.

STORAGE POSITIONAL READ-IN CONTROL

Each storage assembly is fed by a Punch Entry Penta-
grid Switch which in turn is controlled by a Read-In
Trigger The roll-out switches shown in Figure 85 are
not active in the present punch read-in operation, but
they supply plate voltage to, and share plate loads with,
the Punch Entry switches. For these reasons, the roll-out
switches are included on the figure.
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As long as a read-in trigger is ON, the plus level at
its right plate will keep the number 3 grid of its Punch
Entry PS unit at the conduction point. The switch unit
is thus primed to pass any plus pulses applied to its
number one grid (which is biased beyond cutoff ). These
plus pulses are fed to the “grid number one master” PS
unit at 4-2Y from the pulse per point power unit, 1-9L,
discussed above. The slave units are fed in turn from
4-2Y.

OBJECTIVE: To supply the proper number of pulses to a storage
assembly. A four hole in the card column controlling the units posi-
tion will be used as our example.

1. At 12.9 the Card Cycles Impulse turns on the Read-In triggers.

2. At 0.5 the Read-In Pulse Power Unit supplies a plus pulse to
number one grids of all Punch Entry Switch PS units. Negative pulse
from tapped plate output, pin 4 of 2Y, advances units storage as-
sembly from 0 to 1.

3. This pulsing action is repeated at 1.5, 2.5, and 3.5, advancing
the storage assembly to 4.

4. At 4.0 the plus 48 volt card brush impulse wired to the FS4
units entry hub. passes through R23-4 N/C to right grid of Read-In
Trigger, 1Y. Trigger flips off, conditioning grid three of Punch
Entry Switch 2Y negative.

5. Further half-time read-in pulses have no effect at the plate of
2Y, leaving storage assembly at 4. This is value of hole read.

The 2.5k resistors from P-9 and P-66 to ground and
the 4.7k resistors from EC-59 through EC-63 to ground
serve two purposes. Inter-wire noise and line floating
are reduced. Just as important is the extra current drawn
by these resistors to create a very slight arc at the CB’s
and keep a thin, non-conducting oxide film from form-
ing on the contact points.

An X impulse instead of the Card Cycles impulse can
be used to control a Storage Unit READ-IN hub. A 12
impulse will get through the XR relay, but must not be
used since calculating is still going on at 12 time. The
reset which would occur at 12 time could upset elec-
tronic calculations using the Storage Unit. If an X im-
pulse is being used rather than Card Cycles to impulse
a Storage Unit Read-In control hub, no X’s must be al-
lowed to reach any of the storage unit data entry hubs
(except the units position when negative entries are
desired) An X impulse into the Read-In Control hub
will condition the left grids of the Read-In Triggers
positive for the same time that the card brush X impulse
is conditioning the right grids positive The trigger is
thus being told to turn on and off at the same time.
Under such conditions a trigger can become self-flipping
(like a multivibrator). Since both the control input X
and data input X impulses cease at the same instant, the
final position of the Read-In Trigger will be largely a
matter of chance. This trouble does not develop when a
Card Cycles control impulse is used because of its longer
duration through the XR relay point; the Read-In Trig-



gers may oscillate during X time, but their final position
will be established by the later removal of the Card
Cycles impulse (at 11.7 when the XR relay opens).

STORAGE UNIT PUNCH SIGN READ-IN

An X or 12 impuise read into the units position entry
of a Storage Unit conditions the machine to treat the
figure group as negative. The separate minus hub will
accept any impulse, 12 through 9, to indicate negative
data. The fact that a negative figure group has been read
into a Storage Unit is indicated by the ON condition of
the Sign Storage trigger. For FS4 this unit is located
at 4-T7 and is drawn in the lower right of Figure 85.
With a negative punch entry this trigger will be turned
on at 9.5 by 2 CB controlled, trigger generated pulse.

OBJECTIVE: To turn on Sign Sforage Trigger 4-77T if FS4 is being
read into and if a negative entry is being made. (Figure 85.) :

1. The Punch RI Reset and Sign RI Control Trigger, 4-1T, is
turned on when FS4 RI is impulsed (12.9 from Card Cycles).

2. Negative shift at left plate feeds to inverter switch at 4-3Z,
cutting off right side of tube. Left half is controlled by Punch Sign
Entry Trigger, 4-1Z.

3. An X impulse into units position of Storage Entry passes
through normally open point of R23 (xR relay) and through EC 64
to turn on Punch Sign Entry trigger.

4. Negative shift from left plate of sign entry trigger cuts off
4-3Z Jeft tube.

5. Tied plates of 4-3Z go positive and raise level of grid 3 of
PS unit at 4-27Z.

6. A plus pulse at 9.5 to grid 1 of PS unit makes unit conduct.
Negative output to right grid of Sign Storage trigger turn it on,
indicating negative.

ELECTRONIC TIMING (G & H)

ONCE information has been entered into the 604, calcu-
lations can begin at electronic speed. Electronic calcula-
tions demand electronic timing controls. The 604 timing
controls are based on an arrangement of triggers in a
sequential circuit referred to at times as an Overbeck
ring.

The Basic Ring Circuit (G & H)

A ring circuit consists’of a series of trigger stages that
operate successively as input pulses are applied to a
common input line. Figure 86 shows such a ring circuit
in wiring diagram and block diagram form. It should
be noted that the triggers are NOT binary connected.
All triggers are reset off except the first position, which
is reset on. With only the first position trigger oN and
all other positions OFF, a negative input pulse to the
common input line which is connected to all the left
side grids, can affect only the first position trigger. The
first position trigger wiil be turned off by the input

pulse. That is, the left side tube conduction is stopped,
forcing the right side tube into conduction. The result-
ing negative shift from the right side tapped output of
the first position trigger is fed to the right side grid of
step 2. This negative shift stops conduction through the
step 2 trigger right side tube and forces the left side
tube to conduct. Thus, the second step trigger is turned
on by the action of the first position trigger’s going off.
The next input pulse on the common line will turn the
step 2 trigger off, and the negative shift from its right
anode will turn on step 3. Through similar actions each
incoming pulse will advance the ring one step.

If the dotted line (Figure 86) is connected from the
last stage output to the right grid of the first stage, the
assembly becomes a closed ring of the type used for the
604 Primary Timer. The going off of the last trigger
will turn on the first stage trigger and the stepping pro-
cess will continue around again. If the output of the
last stage is not wired back, the ring will finish its
stepping action when the last trigger goes off, which
leaves all the ring triggers in the OFF status. This is
known as an open ring and is used in the 604 as the
Program Exit Control Ring.

Control Organization (G & H)

604 Calculations are done at high speed under gen-
eral control of the Primary Timing Ring which is driven
by the multivibrator pulse generator. The 604 is an “in
step” calculator; the actions of all its units are timed
and kept in step by the master Primary Timer (Primary
Ring). The Primary Timer Ring can be thought of as
an electronic index, but an index which itself controls
machine operations rather than merely reflecting timings
as most mechanical indexes do.

The operational control of most units is through con-
trol panel wiring. Control panel instructions are accepted
by the machine step by step, and these steps are under
control of the Program unit Ring. The Program Ring
takes its step advance signal from the basically important
Primary Timer. Figure 87 gives a picture of these con-
trol timing relationships. It will be helpful also to refer
to Figure 5 in the first chapter for an overall picture of
the flow of DATA in the 604. This flow of data is con-
trolled pulse by pulse from the Primary Ring.

The multivibrator normally generates pulses continu-
ously at 50,000 cycles per second These pulses drive the
Primary Ring, but (as indicated by Figure 87) they first
must pass through the Calculate Start Stop controls. If
the start-stop circuits do not allow the multivibrator
pulses to pass through, the Primary Ring will stop ad-
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vancing and all calculating will be suspended. This
happens, for example, during reading and punching
time. CB’s in the 521 condition the start-stop circuit to
block the multivibrator pulses. The Primary Timer thus
stays as it was reset (trigger 1 ON) until the start-stop
control is released by the 521 at 13.0 index time.

The Primary Timer Ring consists of 24 (H suffix) or
25 (G suffix) triggers arranged in a closed loop. These
triggers are numbered 1 through 23 with one or two
delay steps between number two and three. The Pro-
gram Ring is advanced when the number two Primary
Timer trigger goes on, and the first calculating action
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of any program step occurs at Primary Timer trigger 3
time. The one or two steps of delay give the control
panel wires, and the circuits they are controlling, time
at each program step to overcome the effects of stray
capacitance. This allows the circuits to assume a proper
conditioning level before the start of active calculation.
The Primary Timer is Punch time Reset so the number
one trigger is ON and the others OFF. The very first pulse
allowed through the start-stop controls will thus turn
on the number two trigger, and this will in turn cause
the immediate advance of the Program Ring from Home
(its Punch time Reset position) to step one. Further



pulses fed to the Primary Timer will make each of its
triggers be ON in turn, one at a time, in a continuous
progression. Except during a multiply or divide opera-
tion the Program Ring will be advanced one step each
time the number 2 Primary Ring tngger comes on.

The basic 604 contains 20 program step exit controlling
triggers and a starting point Home Position trigger. The
home trigger is Punch time Reset ON and the other trig-
gers are reset OFF. The program ring may be extended
to 40 or 60 ex1t steps on customer order, but only one
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All 604 operations except multiply and divide can
be completed by one revolution of the Primary Ring.
To hold the machine in the same program step long
enough to complete a multiply or divide operation, a
Program Advance Delay circuit is incorporated. This
circuit prevents the Primary Timer trigger 2 shifts from
being fed to or advancing the Program Ring until the
multiplication or division has been completed.

The circuits involved in these operations will be
covered shortly, but first it will be advantageous to
understand the pulse numbering and notation system
used for the 604 system.

Pulse and Gate Notation (G & H)

The generation of well-shaped pulses is the job done
by the multivibrator and its associated clippers. The mul-
tivibrator conducts alternately through one tube section
and then the other. A full cycle consists of paired, alter-
nate conductions. A cycle thus has two clearly definable
halves. The half when the left multivibrator triode is
conducting is called “A" time; the half when the right
triode conducts is called “B” time. Whenever the multi-
vibrator is working, it is generating alternate A and B
pulses. Both of these output times are shaped and
clipped and are made available to the machine. Through
the use of inverters both plus and minus A time pulses
can be obtained as well as plus and minus B time pulses.
It is the time relationship, not polarity, which is denoted
by A and B.

It is the leading edge of the A pulses that advances
the Primary Timer during calculating. Each trigger of
the Primary Timer is thus ON for the duration of the
A pulse and the immediately following B pulse. When
the Primary Timer is latched, all we have are continu-
ous A and B pulses; but when the Primary Timer is
running, we can speak of specific numbered pulses. T har
particular A and #hat particular B pulse generated when
Primary Timer trigger 2 is ON can be identified as the
2A and the 2B pulses, similarly for 3A and 3B, 4A and
4B, and so on up through 23A and 23B and back to 1.
This is illustrated by the upper portion of Figure 88.
The lower half of this chart shows certain very im-
portant gates and groups of pulses which will be dis-
cussed throughout this manual. For the moment we will
be concerned only with the written form of pulse nota-
tion used to identify these signals.

604 Signals are either pulses or gates. Figure 89
shows representatives samples with their written nota-
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tion equivalent. A pulse is a voltage shift lasting for
ten microseconds at normal calculating speed. It may
be a shift to a more positive (or less negative) level
during active time, called a plus or positive pulse; or it
may be a shift to a more negative (or less positive) level
during active time, called a minus or negative pulse. If
the pulse is controlled from the Primary Timer, it will
be identified with the number of the timer trigger oN
at the time of the pulse. The designation A or B is added
to identify the first half or the secondhalf of the trigger
ON cycle (A pulse time or B pulse time). Examples are
plus 3B, minus 3A, plus 10A, etc. A group of consecu-
tive pulses is written as minus (2A-SA) P, plus (11A-
20A) P, etc., the parenthetical notation indicating the
first and the last of the string of pulses. The “P”’ must
be included to denote pulses as distinct from a gate
signal.

A gate signal is a shift lasting twenty microseconds
or more (at normal calculating speed). It may be de-
noted as plus or minus exactly as with pulses. The lead-
ing edge and the trailing edge are identified in paren-
theses followed by the letter G, such as plus (2A-5A) G,
minus (3A-8B) G, etc. The timings given within the
parentheses are the times at which the gate actually
shifts, corresponding to the leading edge time of any
pulse having the same timing designation. Thus a 5A
pulse will NOT get through a (2A-5A) Gate, nor will
8B time be included within a (3A-8B) G. See Figure 89.

The output shift produced by a Primary Ring Trig-
ger is a special item. Such a shift lasts for 20 microsec-
onds and could be identified as a gate, for example,
(4A-5A) G (this could be either plus or minus, depend-
ing on which trigger plate supplied the output, what
inverters had been passed through, etc.). For conveni-
ence, however, the convention has been adopted to
identify Primary Timer stage outputs as "AB” pulses,
4AB in the example given. This indicates a 20 micro-
second shift (lasting for both A time and B time)
wholly within the time duration of oze of the Primary
Timer triggers.

Any of the foregoing pulse or gate notions can be
followed in separate parentheses by a signal level code
as discussed in the Principles of Electronic Operation
chapter and as listed in the Appendix. For example, plus
(20B-1A) G (c) indicates a cathode level upward shift
(from minus 25 to plus 25 volts) starting at the lead-
ing edge of 20B and ending with the leading edge of
1A.
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TIMING CIRCUITS (G & H)

THE GENERAL organization of the timing circuits was
discussed earlier and illustrated by Figure 87. The spe-
cific circuits for these separate functions will now be
described.

Multivibrator (G & H)

The 604 multivibrator is designed to work over a
variable frequency range from about 10,000 to 100,000
cycles per second. In addition, the 604G and earlier
machines have a second, switch selected range of from
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1 to 100 cycles per second. These variations are pro-
vided primarily as a service aid. The operating frequency
is 50,000 cycles per second. With a properly working
machine any pulse rate from as slow as desired up
through about 70,000 cycles per second will not affect
calculation results. Above 70kc the pulses are so short-
ened and come so quickly that certain functions (such
as counter carry) do not have enough time to be prop-
erly completed, resulting in incorrect answers. At the
slower rates the punch will have to be stopped between
cards to allow enough time to complete many calcula-
tions.



Pulse Generation and Calculate
Start-Stop Controls

The H suffix and G suffix machine circuits differ in
certain details and will therefore be treated spearately.

The cathode of the multivibrator is connected to
—100v and the plate loads to +150v. The feed-back

capacity from the grid of one tube of the multivibrator

to the anode of the other is 80 mmf, and the grid re-
sistance to —100v depends on the potentiometer setting.
To change the frequency of the muitivibrator the re-
sistance between each grid and —100v is altered by the
dual 500,000 ohm potentiometer. The grid resistance
may be varied from 500k to about 7.5k. With the
potentiometer at one extreme, the 7.5k resistors are
effectively not in the circuit. With the potentiometer at
the other extreme, the 7.5k resistors are shunted by the
500k resistors, but the 500k resistors obviously change
the 7.5k value only slightly. This change in grid resist-
ance from 500k to 7.5k produces a change in frequency
from about 15kc to 100kc.

The output of the right half of the multivibrator
(3A.) is fed to the B pulse clipper through section A3
of the dial switch. The output of the left half of the
multivibrator (3A,) is fed to the A pulse clipper
through section A1 of the switch.

The capacitor input clippers are normally conducting
and are cut off by negative pulses. The positive pulses at
the output are fed to cathode followers. The positive A
and B pulses at the output of each cathode follower are
fed to numerous circuits on and from page 1-0201. In
addition, the plus A (c) pulses are fed to grid 2 of the
Calculate Switch. At 13.0 of the punch index P68 sig-
nals the start of calculate time by feeding plus 48 volts
through EC1, manual program test switch B, calculate
start push switch N/c, and the 20k resistor, to turn on
the Calculate Start trigger. The negative shift from the
output of the Calculate Start trigger is fed through sec-
tion A2 of the dial switch and the 1000 mmf capacitor
to turn on the Calculate trigger. As long as the calculate
trigger is on, the plus output from the right anode con-
ditions the calculate switch to pass the A pulses from
the cathode follower. The negative A pulses from the
calculate switch are inverted and fed to a PW-12 unit.
The full output of this type of unit is a shift from plus
150 to plus 90 volts. These negative A pulses drive the
Primary Timer shown on System page 1-0201.

The Primary Timer stops when the calculate trigger

is turned off. Normally the trigger is turned off at the end
of programming by the negative 1B pulse from the
program end trigger page 2-0201. This pulse is fed to
the left grid of the calculate trigger (page 1-0101),
turning it off, and stopping the Primary Timer in step 1.

If a series of calculations takes longer than the time
allowed by the 521, a pulse from the unfinished program
stop switch will turn off the calculate trigger. This
switch conducts on the first 1B pulse after an unfinished
program is recognized. The Primary Timer stops with

“the number 1 trigger ON.

G SUFFIX CIRCUITS ( FIGURE.90)

The cathode of this multivibrator is grounded and
the plate load resistors connected to plus 150 volts. With
the dial switch set in the high speed position as shown
in Figure 90, the multivibrator will operate over a
frequency range of about 5,000 to 100,000 cycles per
second. At the HI setting, the feedback capacitors from
the plates to the opposite tube grids are 80 mmf values.
The frequency of the multivibrator is changed by alter-
ing the resistance between each grid and ground by
means of the dual 500,000 ohm potentiometer. The
7500 ohm resistors connected between the grids and
the movable arms of the potentiometer serve to limit
the minimum grid desistance to ground. Thus, the grid
resistance to ground may be varied from 500k ohms to
about 7.5k ohms. With the potentiometer arms all the
way up (Figure 90), the 7.5k resistors are effectively
not in the circuit. With the potentiometer arms all the
way down, the 7.5k resistors are shunted by the 500k
resistors, but the 500k resistors change the 7.5k value
very little. This change in grid resistance from 500k to
7.5k produces a change in frequency from approxi-
mately Skc to 100kc. The multivibrator ceases to func-
tion in the neighborhood of Skc.

When the dial switch is set to low speed, the effective
feedback capacity between the grids and anodes of the
muitivibrator is changed, by means of the B section of
the dial switch, from 80 mmf to 0.5 mfd. With feed-
back capacitors of 0.5 mfd, the frequency of the muiti-
vibrator may be varied from approximately 1 to 100
cycles per second by means of the dual potentiometer.

By experiment it was found that the best output wave-
shape at the HI setting was available at the multivibrator
grids. At the LO setting the plates provided the more
desirable output. Dial switch section C selects the better
output in each instance and feeds it to the first clipper.
At either setting, when the left tube is conducting a
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Left Tube Conducting = A Time

Muitivibrator

Right Tube Conducting = B Time
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IALL UNITS IN PANEL 1 UNLESS NOTED I

Figure 90. Pulse Generation and Calculate Start-Stop Controls (G Suffix)
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“down level” signal is fed to the first clipper and cuts
it off. The plus output from the first clipper feeds to
the second clipper and causes it to conduct. The result-
ing negative output pulses feed to a capacitor input
PW?7 unit normally biased at the conduction level. The
negative pulse inputs produce plus pulses at the output.
These pulses are called the A time pulses and are used
throughout the machine.

B time pulses must be timed to fit between the A
pulses. In the G suthix and earlier machines this objec-
tive is accomplished by an inversion process. At A time
the input to the A pulse power unit is negative. Between
the A pulse times the input to the A pulse power unit
is positive. It is this positive level that is used to cause
conduction in the IN-36 inverter at 1-5G. The resulting
negative output time of this inverter is actually B time,
and is used to cut off the normally conduction-biased
B pulse power unit at 1-5H producing plus B pulses
which are used throughout the machine.

The primary timer is advanced during calculations
by minus A pulses from the ring drive power unit at
1-5]. Whether or not A pulses reach this unit to drive

it depends on the grid 1 condition of the start-stop

pentagrid switch at 1-SL. Grid 3 of this unit is fed
constant plus A pulses. When grid 1 is positive, these
pulses get through. When grid 1 is negative, the pulses
are blocked and calculation stops. Grid 1 is controlled by
the right plate of the calculate start-stop trigger. When

this trigger is ON, the Primary Timer receives driving

pulses and calculation can proceed. The calculate start-
stop trigger is turned on by a negative shift to pin 3
(the right grid). This shift comes through dial switch
section A and a 1000 mmf capacitor from the left plate
of the compute start trigger. The compute start trigger
is 2 TR-31 type unit which is normally turned on by a
plus 48 volt CB impulse from the 521 at 13.0. The
turn-off time for this trigger is 1 tooth before eleven.
The normal operation of the compute start trigger can
be altered for testing purposes by the CALC START button
and the PROGRAM TEST switch which are in its input
circuits. These will be discussed later under “Test Panel
Circuits.”

Returning to the Calculate start-stop trigger, SM, we
find that after the calculate start shift at 13.0 the trigger
will stay on until a negative shift is applied to pin 6.
Under normal operation this is a 1B pulse from the
program end switch at 2-9] which has its grid 3 con-
ditioned positive when the last Program Ring trigger
goes off. The Primary Timer thus stops with trigger 1
ON. The unfinished calculation switch, 2-10] will flip
the start-stop trigger and stop the Primary Timer if a
series of calculations takes longer than the time allowed
by the 521.

Grid 3 of 2-10] is controlied from the 521 to go pius
at 12.7, the end of the allowed calculate time. The next
+1B pulse to feed the number 1 grid will cause the
calculate start-stop trigger to flip off (stop position)

b M ce 3y
and leave the Dﬂmary Timer “latched” in sten 1

14 C]ve 20 T xlaia FRSibiutd s P oL

-2AB eTH 4 +3A8B -5AB -7AB +BAB  -9AB +10AB +11A8 +124A8
t M 2 PR?
J -
2 D1 3 J 4 _f 1 J 12
g 8] & 8+ [ 8] ]
7 T T T T
TR-3 TR-3 TR-4 TR-3 TRe4 TR-d
6 3 b & 3 6 3~ 6 3 Py 3 5 3
3A[PR 3B[FR l‘ 3C[FR] 3D[PR] 3L{PR] ]_ 3M[P
1 23 22 J 21 J 16 13
; 81 1, 8% 8 84 84 3 8
T 1 T T 71 r 2 DA e
®-3 - - -3 -4 I »
b2 6TR 3, : 3, 2 6TR sl TR-4
' PR]4A T 48 PR, AC[FR 40 [PR| 4 [PR]
~1AB -23A8B -20AB -19A8 +18AB +17A8 +16AB  -15AB +13AB
-A(F) Pulses During Calculate (From 1-54, Figure 90)

Figure 91. Primary Timer Ring (G Suffix)
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The Primary Timer (G & H)

The Primary Timer is a straightforward circuit. For
the H suffix machines see Systems page 1-0201. For the
G suffix see Figure 91. Except for the physical location
of the units within the panels, both circuits are so similar
that they may be discussed together. Notice that the
common input line feeds pin six of all units. All units
except trigger 1 are Punch time Reset OFF, trigger 1 is
reset ON. Output timing leads are taken from many of
the triggers. Where plus AB timing outputs are desired,
they are taken from right plates; minus AB timings are
taken from left plates. In most cases these outputs
are fed to cathode follower or inverter units located
physically near the triggers. This isolates the triggers
from noise pickup and cross talk which could otherwise
cause erratic operation of the Primary Ring.

In the 604H the Primary Timer is physically arranged
in one long row across the top of panel 3. (System Dia-
grams are not drawn to reflect physical arrangement;
the location code for each unit must be consulted for
this.) As a result, several feet separate trigger 23 from
trigger 1. The inverter at 1-2Y. provides a better trigger
isolating condition for bridging this gap than would a
direct wire. Since G suffix and earlier machines have the
triggers physically arranged to double back, such an
isolating inverter is not needed because there is no large
gap between any two triggers.

Gate Generation and Pulse or Pulse Group
Selection (G & H)

Many specific gates must be generated within the
604. A number of the more important ones are shown
in Figure 88. The principles used to create all these
gates are similar. A separate trigger is controlled from
the Primary Timer to come on and go off at the desired
time. The output from this gate trigger is then used to
feed inverters, cathode followers, or power units for
use throughout the machine. If the gate is to rise and
fall at A time, the gate trigger can be fed through a
simple inverter or cathode follower (for isolation) di-
rectly from the proper Primary Timer triggers (since
these flip at A time). Figure 92 shows a typical circuit
for generatinga (3A-9A) G.

If one or the other or both of the gate edges is at
B time, extra circuits are needed. The B timings cannot
be obtained directly from the Primary Timer triggers.
Instead, the prinicple is to have a particular Primary
Timer trigger control one input to a switch unit. The
other unit is fed constant B pulses. The result is that
a particular timed B pulse is available to control the
gate trigger. Figure 93 shows a circuit such as is used
to generate the (3A-8B) Gate used for Electronic Reset.

Due to the several microseconds taken to flip a trig-
ger, the edges of gates are slightly later than the lead-

(3A-9A) G Trigger
On-3A, Off-9A

- 1 2 [ 2 1
Pri T +3AB 2l 77 8 B 31—t (3A-94) G
Timer IN-4 TR-2 PW=3
o B Y Coc b
- 1 -scfp 388 () -
-9AB (t
-9AB ®
£ P 2] .1 [2] ¢
7 Timer PW-3 IN-4
Stage 9 8 1
1-3J 1-6J -6C,

+9AB

Other Circuits

Figure 92. Plus (3A-9A) Gate Generation (G Suffix Circuit and Location)
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Figure 93. Plus (3A-8B) Reset Gate Generation (G Suffix Circuit and Location )

ing edge of a pulse carrying the same timing designa-
tion. What this means in practical terms is that an “A
edge” of a gate must not be used to control an A pulse,
nor a "B edge” to control a B pulse. This fact explains
what might otherwise seem to be extra circuitry used
to select a particular pulse. For example, 2 10A pulse
is an important one to the 604 (it controls whether an
addition or a subtraction wiil be made in the Counter).
To extract this particular pulse, and not chop off part
of it or let part of another pulse sneak through, it is
necessary to use a 9B-10B Gate trigger. This gate con-
trols one grid of a switch unit fed at the other grid with
continuous A pulses. The complete 10A pulse (but
nothing else) gets through the switch. Figure 94 shows
the G suffix version of this circuit. The timing chart
included has been purposely exaggerated to show the
trigger flipping delays that make it impossible to simply
feed one grid of a switch unit from the 10AB Primary
Timer stage and the other grid from A pulses.

The selection of a group of pulses, such as (11A-
20A) P for unit roll out or (11B-19B) P for electronic
read-in, differs from the selection of a particular single
pulse only in that the pulse group selection gate has a
longer duration. The (11A-20A) P circuit uses a (10B-
20B) Gate trigger while the (11B-19B) P circuit uses
an (11A-20A) Gate trigger. Once the principles are
understood, the operation of any gate generator or pulse
selector can be analyzed readily.

Program Advance Control (G & H)

The Program Ring must advance one step each time
the Primary Timer step 2 trigger comes on unless a
multiply or divide operation is called for by control
panel wiring. This control of the 2AB program ad-
vance pulse is accompanied by a switch unit.

H SUFFIX CIRCUIT (SYSTEM PAGE 1-0201)

The negative 2AB output from pin 7 of the Primary
Timer stage 2 trigger is fed to pin 5 of an inverter
switch unit, 2E,. Except on multiply and divide, the
second half of this inverter switch unit, 2E., is cut off.
With 2E. cut off a plus 2AB pulse will appear each
primary cycle at the inverter plates and drive the cathode
follower at 2H,. The plus output from this cathode
follower passes through the normally closed program
lock toggle switch on page 1-0101 and then to the Pro-
gram Ring driver tube, 1-10A, on page 2-0101. Ma-
chines having more than twenty program steps have an
additional driver tube for each additional twenty pro-
gram group, pages 2-0103 and 2-0105.

Returning to page 1-0201, the program advance 2AB
pulse can be swamped by making the right side of the
inverter switch, 2E,, conduct. The pin 3 input to this
unit is “plus (c) during multiply or divide” from page
7-0101. Here a CF-10 cathode follower oR circuit
(mixer) at SE; and ., mixes for the output line the plus
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level multiply or divide condition. During multiply SE,
is fed a plus input from the CF-11 unit at 5D which in
turn is fed a plus level from the right plate of the multi-
ply trigger. This trigger turns on at 4A whenever a
multiply operation is programmed. During divide, SE.
is fed a plus level from the CF-5 unit at 6C,, page
7-0201. 6C, is fed a positive level from pin 7 of the
divide trigger at 6B. The divide trigger comes on at 4A
of any programmed divide operation.

Note that the 4A turn-on time of the multiply and
the divide triggers does not interfere with the 2AB
pulse which causes the initial advance into the program
step calling for the multiplication or division. It is only
the following 2AB program advance pulses which are
swamped. The multiply and the divide triggers are
turned off during the last cycle of their operations. This

98 IBM 604

allows following 2AB program advance pulses to re-
sume driving the Program Ring.

G SUFFIX CIRCUIT (FIGURE 95)

The program advance control switch is at 2-7H. 2AB
pulses from the Primary Timer are fed to the number 3
grid of this PS unit from the semi-power unit (two in-
verters in parallel) at 1-6B. As long as the number one
grid (pin 9 entry) of the program advance control
switch, 2-7H, is high, minus 2AB pulses will appear on
its plate. These pulses are inverted by the semi-power
unit at 2-6H. The resultant plus 2AB pulses feed the
ring drive power unit at 2-5H. If the machine has more
than 20 programs, an extra ring drive power unit is
added for each extra 20 program group.
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The program advance control switch 2-7H has its
number one grid controlled by the program advance
suppress trigger at 2-8H; the number 1 grid is positive
except when the trigger is ON. 2-8H is turned on by 2
shift from the multiply-divide trigger, 1-7V, at 9A of
the first cycle of any multiply or divide operation. Both
these triggers stay on until the end of the operation

(which is signaled by the turning off of the tertiary
timer column shift one trigger, 5-9H).

The multiply-divide trigger is fed a 9AB turn-on
pulse through either the multiply switch or the divide
switch. Each of these PS units is controlled (through an
inverter) by its particular first cycle trigger. Figure 95
shows this.
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Program Unit (G & H)

Calculation answers are developed step by step. Each
step is controlled by instructions stored on the control
panel. The Program Unit insures that the program steps
are taken one at a time and in order. The basic 604 is
supplied with 20 program steps. 40 and 60 step ma-
chines are available where desired by the customer. Ex-
cept for multiply and divide, each program step takes
one revolution of the Primary Timer. Each program step
has three exit hubs which become active at the same
time but which are not electrically tied together. Each
program step also has a SUPPRESS hub entry. These hubs
can be wired from certain control exits provided and
will eliminate any output shift from the three PROGRAM
EXIT hubs of the particular step. Since the suppression
operation is electronic, it is possible to use this feature
to change program operations during a calculation.

The Program Ring is the step memory device of the
604. It is an open string of trigger units advanced by
minus 2AB pulses from a ring drive power unit. With
a 40 or 60 program machine a separate power unit pro-
vides the minus 2AB pulses for each group of twenty
triggers, though the step triggers are still arranged in
one long string as far as trigger to trigger, right plate
to right grid coupling is concerned.

The Program Unit, regardless of size, has one Home
Position trigger ahead of step one. All step triggers
except Home are Punch time Reset OFF. The home posi-
tion trigger provides the very necessary (for ring opera-
tion) initial ON trigger and prevents the program step 1
exits from being active until the Primary Timer starts
its first revolution.

The Program Unit of the H suffix machine will be
found on System pages 2-0101 through 2-0106. An
abridged G suffix circuit is provided by Figure 96. The
circuits are basically similar. Each program step has a
trigger unit, an inverter switch for step suppression and
trigger isolation, and three exit driver tubes (cathode
followers in the H suffix, inverters in the G and earlier
machines ). Notice that the exit units do not have built
in load resistors. The load resistor in any instance is
provided by the controlled entry hub to which the exit
is wired. Unused exit hubs merely float (voltage read-
ings taken from these hubs whilé testing the machine
are invalid unless an external load is provided by wiring
to some functional entry hub). In the 604H a program
hub wired to some function will rest at about —25 volts
and shift upward to +25 volts when the program step
becomes active. With the 604G and earlier machines
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the resting level is plus 150 volts, dropping to less than
+50 volts when the program step is in use.

If the calculations called for are too long to be com-
pleted in the time allowed, the incomplete answers must
be prevented from punching. The Unfinished Program
circuit recognizes this condition, stops the Primary
Timer, kills the punch-out circuits, and activates the
UNFINISHED PROGRAM hubs on the 521 control panel.
The circuit is designated to cause these unfinished pro-
gram actions to take place unless the last program step
trigger in the machine (20, 40, or 60) has come on
and been turned off prior to 521 index 12.7 time. This
action causes the program end trigger to come on to
indicate that the last program step has been completed.
If this trigger is on at the 12.7 testing time, it is all right
to punch. Otherwise, the unfinished program actions
occur.

With some control panels a number of unused pro-
gram steps may have to be stepped through to turn on
the program end trigger and kill the unfinished pro-
gram actions, but this seldom causes any practical diffi-
culty. Any program step, used or unused, (except one
calling for a multiplication or division) takes only one
Primary Timer cycle, about 500 microseconds. About
240 Primary Timer cycles can thus be completed in the
.116 second avaliable during calculate time (13.0 to 12.7
on the 521 index).

Specific items concerning the operation of the H and
G suffix Program Unit circuits will be discussed sepa-
rately.

H SUFFIX PROGRAM UNIT CIRCUITS

Program Stepping.

OBJECTIVE: Advance the program unit, one step at a time, through
all programs. Signal program end upon completion (page 2-0101).
This example assumes a 20 program machine.

1. The +2AB from page 1-0101 is inverted at the PW-12 unit,
10A, and fed to the left side grids of the ring and home position
triggers.

2. Home position trigger turns off, trigger 1 turns on.

3. The negative output from trigger 1 is inverted and fed to the
grids of the cathode followers 1F and 1G1.

4. The positive output of the cathode followers is available at
the PROGRAM EXIT 1 control panel hubs. The output level when in
use shifts from -25 to +25 volts.

5. Each successive +2AB pulse from 1-0101 advances the pro-
gram ring.

6. During program 20, trigger 20, 10C, page 2-0102, is ON.

7. The next +2AB from 1-0101 turns off trigger 20.

8. The negative output from trigger 20 is fed to a cathode
follower, page 2-0106.

9. The - (¢) output 1-11G, page 2-0106, is fed through the OFF
side of program repeat switch, page 1-0101, to the OFF side grid of
the program end trigger, page 2-0201, turning that trigger on.
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Figure 96a. Chart of Program Unit Locations

10. The positive output of the program end trigger conditions one
grid of the switch 11F; the other grid is conditioned by +1B (c)
pulses.

11. The output of the switch 11F (-1B when the program end
trigger is ON) turns off the calculate trigger, page 1-0101.

12. Turmning off calculate trigger stops the primary timer at 1B.

NOTE: The output of the PW-12 unit 104, page 2-0101, is shown
as a full output. However, because of the plate load resistor used,
and the fact that the unit is cathode-follower fed, the voltage levels
are +150v to +90v and the output is so labeled.

Program Suppress. Any program step can be sup-
pressed by wiring a plus voltage into the corresponding
suppress hub. This may be obtained from the SUPPRESS

WITHOUT BALANCE TEST hubs, the SUPPRESS ON PLUS
BALANCE hubs, or the SUPPRESS ON MINUS BALANCE
hubs. At appropriate times these hubs provide an output
potential of about plus 25 volts (System page 8-0201).
When a program step is suppressed, the program exits
for that step are inactive (do not shift level), but the
machine Primary Timer still goes through a revolution
for that step.

OsJECTIVE: To suppress program step 1. To prevent program !
exits from becoming active (page 2-0101).
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1. Control Panel wire from SUPPRESS ON "MINUS BALANCE to
SUPPRESS hub, PROGRAM 1.

2. Plus voltage at the grid of one half of an inverter switch
(IE; and 1Dy) results in a negative output from the switch, regardless
of the condition of the grid of the other half.

3. The negative output from the inverter switch is fed to pro-
gram exit 1 cathode followers (1F and 1G,) preventing their outputs
from going positive (becoming active).

Unfinished Program. Unfinished Program operation
centers around the unfinished program switch 1-11E,
page 2-0201. If a program”end has not been signaled

~h

her 19 7 #3101 ot b~ +]o

a
Uy L4,/ Llllle, ail

punch to pick the unfinished program relay, R32.

-3 4-1.'51—.0,1 e e

. 1
N0isaea prograin Sigﬁﬁx iS 5€iit 1O tie

NORMAL OPERATION
OB JECTIVE: (Page 2-0201). Complete calculation and signal pro-
gram end before 12.7 time to disable the unfinished program switch
and stop the primary timer.
1. Program end trigger 11H turns on by — {c) on last program
step-off from 1-0101.
2. Plus output conditions PS-5 unit 11F.
3. Plus 1B condicts through 11F to turn off calculate trigger
(page 1-0101).
4. Negative output from 11H disables unfinished program switch.
5. No unfinished program signal.

UNFINISHED PROGRAM

OBJECTIVE: Energize R32, unfinished program relay in the punch
and stop the primary timer when 12.7 punch time occurs before
program end.

1. Positive output pin 8 of 11H conditions pin 9 of unfinished
program switch 11E.

2. Unfinished program test trigger 11D turns off at 12.7 from
EC22.

3. Positive output through CF-5 unit, 11G; {+ (c¢) on unfinished
program test} causes 11E to conduct.

4. The + (c) on unfinished program test signal is sent to 1-0101
to turn off calculate trigger.

5. Negative output from 11E is inverted to fire unfinished pro-
gram thyratron. :

6. R32 is energized through ECG5.

7. R32-4, 5 and 6 points open {521 print, section 1B) and re-
move the plus 65 volt impulses normally supplied to the punch out
thryratrons in the 604. Calculate punching only is de-activated. (Any
gang punching operations are not affected.)

8. R34-1 point closes (521 print, section 4A) to activate UN-
FINISHED PROGRAM hubs. These can be wired to MACHINE STOP hubs
if it is desired to stop the punch for immediate attention whenever an
unfinished program occurs.

G SUFFIX PROGRAM UNIT CIRCUITS
Program Stepping.

OBJECTIVE: Advance the Program Unit one step at a time through
all programs. Signal program end upon completion {Figure 96).
1. A plus 2AB pulse drives the ring drive power units each
Primary Timer cycle (except multiply or divide). Power unit at 2H
feeds negative 2AB to triggers Home through 20.

2. Home trigger turns off at 2A, turning trigger 1 on.

3. Negative output from trigger 1 pin 7 is inverted by 1B, and
fed to program exit drivers, 1C, and 1A ; ana ».

4. Program 1 exit drivers primed to conduct and cause 100 volt
drop across load resistor supplied by any function control ENTRY hub
to which exit wired. The level at the wired hubs will shift from
about +150 to +50 volts or less. Unwired exits float.

5. Each successive 2AB pulse from Figure 95 advances Program
Ring and activates another set of EXIT hubs.

6. Pin 3 of program end trigger at 8] is wired to pin 8 of the
last program step trigger in the machine (20, 40, or 60). At 2A
following completion of the last program step the last stage trigger
returns to OFF. The resulting negative shift from its right plate, pin 8,
turns on the program end trigger.

7. When program end trigger goes on, 2 plus output from right
plate, pin 7, is fed to PS unit at 2-9], Figure 90. This conditions
switch unit grid 3, pin 6, plus.

B, instantly turn

AR iime. +1B pulse to PS
AD {ime, T 1D pulse 1o FS

ng off cal-

8. Primary timer rotates around to 1
unit 2-9] leaves from plate as a minus 1
culate start-stop trigger 1-5M.

9. No further A pulses are able to reach Primary Timer; so it
latches up at position 1.

av

Program Suppress. Any program step can be sup-
pressed by wiring a plus potential into the corresponding
SUPPRESS hub. When a program step is suppressed, the
PROGRAM EXITS for that step are inactive (do not pro-
duce any shift), but the Primary Timer still goes through
a revolution for that step. Plus 150 volt potentials for
wiring to SUPPRESS hubs are available at appropriate
times from: 1) the SUPPRESS WITHOUT BALANCE TEST
hubs, 2) the SUPPRESS ON PLUS BALANCE hubs, or 3)
the SUPPRESS ON MINUS BALANCE hubs.

OBJECTIVE: To suppress a program step and prevent shift to active
level of PROGRAM EXIT hubs. Step 2 used as example.

1. A plus 150 volt potential into SUPPRESS 2 hub causes tube
1D; to conduct.

2. Pin 7 of 1D, will be at low level and keep program exit driver
tubes cut off regardless of status of isolation inverter at 1D.. No out-
put shift is available from program step 2 exits.

Unfinished Program (Figure 97). The test for un-
finished programs is made at 12.7, the end of calculate
time. The key operational units are the unfinished pro-
gram test trigger at 2-5] and the unfinished program
switch at 2-6]. T}

Sy alla

12.7 of each cycle, and the switch controls it.

1e test trigger generates a plus shift at

Each punch cycle at 9.5, five teeth before calculate
start, the unfinished program test trigger is reset ON. A
CB impulse then turns the trigger off at 12.7, producing
a plus shift at the left plate. This shift is fed to grid 1
of the unfinished program switch, 6J, and the number 3
grid of the unfinished calculate stop switch, 10].

NORMAL OPERATION
OsJEeCTIVES: Kill actions from 12.7 test shift. Stop Primary Timer

in position 1 when programs ended.

1. If the programs are all completed before 12.7 time, the pro-
gram end trigger will be ON. This makes grid three of the unfinished
program switch negative. The plus pulse on grid 1 at 12.7 (note
capacitor input) will produce no change at the output. The unfinished
program thyratron will not be fired.

2. When the program end trigger goes on, grid 3 of the program
end stop switch at 9] is made positive. This occurs at some 2A time.
The next 1B pulse applied to grid 1 of the switch will appear at the
plate as a negative pulse to turn off the calculate start-stop trigger,
1-5SM. The Primary Timer stops in position 1. (Figure 90 for
Primary Timer controls.)

UNFINISHED PROGRAM OPERATION

OBJECTIVES: Pick relay 32 at 12.7. Kill 604 Punch-out. Activate
521 UNFIN PGM hubs. Stop Primary Timer in position 1.

1. If program steps are still being taken at 12.7, the number 3
grid of the unfinished program switch will be positive because the
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Figure 97. Unfinished Program Circuit (G Suffix)

program end trigger is still OFF. At 12.7 the unfinished program
test trigger sends a plus shift to the grid 1 input of the switch. The
input capacitor converts this to a plus pulse on the grid at 12.7. The
pulse appears at the plate of the unfinished program switch as a
minus. This is inverted by 4]. and fed to the grid of the unfinished
program thyratron, 3J. The thyratron fires at 12.7, picks, and holds
relay 32 until the plus 65 volt potential is removed from the plate
at 9.4.

2. The R32-4, 5, and 6 points (521 print, section 1B) open and
kill the plus 65 volt impulses normally supplied to the 604 punch-
out thyratrons. Calculate punching only is de-activated (any gang
punching operations are not affected).

3. The R-32-1 point closes (521 print, section 4A) to activate
the UNFINISHED PROGRAM hubs. These can be wired to MACHINE
sTop hubs if it is desired to stop the punch for immediate attention
whenever an unfinished program occurs.

4. At 12.7 the plus shift from the test trigger, 5], is also fed
to condition the number 3 grid of the unfinished calculate stop
switch, 10]J. This can occur at any step in the Primary Timer cycle,
but we must wait until the next 1B pulse feeds through the switch
tube and turns off the calculate start-stop trigger to stop the Primary
Timer in step 1.

SPECIAL PRIMARY TIMER, PROGRAM
RING, AND COUNTER RESET (G & H)

WHEN THE DC voltages are first applied, it is possible
for any or all of the Primary Timer, Program Ring, and
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Counter triggers to come on in random order. The
Counter is not automatically reset on a read-in operation
as Storage Units are, and any figures left in it at random
by the application of the DC, or developed in it by partial
programming during the punch run-in cycle, could pro-
duce wrong answers in the first card punched (or with
some programming, several cards). To prevent this pos-
sibility of error, a special circuit has been included for
the Primary Timer, Program Ring, and all other triggers
that are wired to Punch time, Calculate time, or Un-
finished program time Reset lines. These triggers are
reset to their proper positions by a relay delay circuit
whenever DC power is re-applied after having been off
for any reason. The circuit for this will be found on
page 0-0802 (the same general circuit is used for both
the Hand G suffix machine power supplies) . The “minus
100 volt C” line feeds to EC 34 which in turn feeds all
the PR, CR and UR CB’s in the 521. The minus 100v C
line is fed through a relay 4B point. This relay coil is
picked by the minus 100 volt supply. The minus 100v C



line thus gets its voltage some 5 to 10 milliseconds ( relay
pick time) later than the other minus 100 volt lines,
and this causes proper resetting of the triggers.

The Counter is reset by a separate but similar circuit.
Relay 5, across the —175v supply, has its SA point in
series with the —175v supplied to the Counter Electronic
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L

Reset Unit. With no —175 supply to the unit, the reset
line stays near zero volts for about the 10 milliseconds
taken to pick relay 5. This resets the Counter to the
necessary all nines that represent a zero balance in
the 604.

MACHINE TESTING CIRCUITS (G & H)

CERTAIN CIRCUITS have been included in the 604 pri-
marily as an aid to servicing. Most of these circuits pass
through and are centered around the outboard test panel
mounted in the lower left corner of panel 1. There are
a few differences in the items supplied by the H suffix
test panel and those of the G suffix and earlier machines,
though their basic objectives are identical. Figures 98
and 99 show both types of test panels.

Hand Key Socket

¥ 5

Test Probe Jac

Fignre 98. The H Suffix Outbhoard Test Panel

The Test Probe Jack accepts a “banana plug” on the
end of a test probe lead. A capacitor is connected from
the jack to ground, providing a means for temporarily
storing a potential or creating an “"Ac ground” while
testing. Through its use, triggers can be manually flipped,
pulses swamped, etc.

A Manual Test Key cable plugs into the three termi-
nal Jones socket and allows remote control of the elec-
tronic circuits through the test panel.

Most of the test panel circuits make use of the fact
that calculations demand pulses. If the basic pulses can
be controlled, the stepping of the entite machine can
be controlled. These controls, used with a knowledge of
the neon indicator bulbs located as shown by the charts

Test Probe Jack

Key Trigger Neon

Figure 99. The G Suffix Ontboard Test Panel

in the Appendix, provide a powerful servicing aid to
the Customer Engineer.

The controls will be discussed as they are mounted
on the test panel, left to right. Following each general
discussion of the item, the H and G suffix circuits will
be discussed separately. H suffix circuits are given by
Systems page 1-0101. G suffix circuits are on Figure 90.

Calculate Start Push Button

While held depressed this switch prevents the start
of any calculations called for by the 521. Whenever the
button is released, a calculate start impulse is generated.
Holding this button depressed while running the punch

e cycle at a time allows the figures read into the 604
to be visually checked.

on
Uli

H SUFFIX CIRCUIT (1-0101)

While depressed, this switch prevents the TR-31 calc
start trigger, 4A, from being turned on by a plus 48 volt
CB impulse from the 521. This impulse comes in
through EC-1 at 13.0 and normally reaches pin 6 of the
trigger unit. With the switch transferred, not only is the
calc start impulse from the 521 prevented from reaching
4A pin 6, but pin 3 is conditioned with a plus potential
to make sure the trigger is OFF. This potential reaches
pin 3 through the lower section of the depressed caic
START push switch, a 4.7k resistor, the SC tie point on
the dial switch, and over to the plus 150 volt supply.

When the punch clutch is latched, the EC-1 calc start
line is fed a constant plus 48 volts. Releasing the cALC
START button can apply this voltage to 4A pin 6, turn-
ing the calc start trigger on, which will turn on the calc
trigger 3G and allow driving pulses to reach the Pri-
mary Timer (as discussed earlier in this chapter).

CALCULATING CIRCUITS 105



G SUFFIX CIRCUIT ( FIGURE 90)

While depressed, the CALC START button prevents the
TR-31 compute start trigger, 1-10E, from being turned
on by a plus 48 volt CB impulse from the 521. This
impulse comes in through EC-1 at 13.0 and normally
reaches pin 6 of the trigger unit. With the switch trans-
ferred, not only is the calc start impulse from the 521
prevented from reaching 1-10E6, but a plus 150 volt
potential is applied to pin 3 through the other half of
the switch (and a 4.7k resistor) to make s#re the trigger
is OFF.

When the punch clutch is latched, the EC-1 calc start
line is fed a constant plus 48 volts. Releasing the CALC
START button applies this voltage to pin 3 of the com-
pute start trigger and turns it on. The resulting nega-
tive shift at pin 8 feeds to the calculate start-stop trigger,
SM, turns it on, and permits A pulses to drive the
primary timer as discussed earlier in this chapter.

Program Lock Switch (H Only)

This is a single pole toggle switch (page 1-0101).
When thrown to the ON position this switch opens the
2AB Program Ring drive circuit from the Primary
Timer. This prevents any further advance of the Pro-
gram Ring and enables the Customer Engineer to repeat
a specific program as often as desired. In practice the
desired program is reached by using the “Single Cycle”
testing feature before the PROGRAM LOCK switch is
thrown oN.

G suffix machine note: There is no program lock
switch supplied with this machine. The same effect can
be obtained by pulling the interpanel lead from 2Hh
after “single cycling” to the desired program step. Or
the program advance suppress trigger, 2-8H, (Figure
95) may be turned on by manually touching the test
probe to its pin 8 (discharge the probe capacitor first
by grounding it briefly to the machine frame).

Operation Control Dial Switch

In the HI position machine operation is normal, pro-
ceeding through the complete calculations as called for
by the control panel and in step with the multivibrator.
The LO setting is available on the G suffix only and
merely slows the multivibrator down to from 1 to 100
pulses per second. These circuits have been covered
earlier in this chapter under the multivibrator.

In “sc” (Single Cycle) position of the OPERATION
taken by a hand key actuated trigger. When the hand
key is depressed, an A pulse is generated; when the
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hand key is released, a B pulse is generated. This per-
mits a pulse by pulse evaluation of circuit actions and
a clear observation of the indicating neons.

Figure 100 compares the pulse generation at the H,
the LO, and the KEY settings.

In “sc” (Single Cycle) position of the OPERATION
CONTROL dial switch the hand key becomes a cycle con-
troller rather than a pulse generator. Each depression of
the hand key results in one complete revolution of the
Primary Timer at normal multivibrator controlled speed,
regardless of the machine operations called for by pro-
gramming. The Primary Timer always latches up in the
trigger 1 position. This setting thus allows machine
operation to be examined after each timer cycle, even
during multiplication and division. (Except during
multiply and divide, one cycle is also one full program.)
Since the multivibrator is running at high speed on single
cycle operation, machine troubles that occur only at high
speed can still be analyzed cycle by cycle.

H SUFFIX CIRCUITS (1-0101)

KEY Sesting. Turning the dial switch to KEY causes
the A and B pulse clippers to be fed from the Key
Trigger rather than the multivibrator. The left grid of
the key trigger is connected to plus 150 volts through
the 330k resistor, switch section B3 and the N/c point
of the manual pulse key. Operating the manual pulse
key alternately applies +150v through the two 330k
grid resistors to the key trigger, causing the trigger to
turn on and then off. The two outputs of the Key Trig-
ger are fed to the A and B pulse clippers through switch
sections Al and A3. Note the capacitor inputs to these
clippers. These capacitors convert the long shift condi-
tions produced by the key trigger into the pulses useful
to the machine.

The compute start-stop circuit controls KEY operation
in exactly the same way as for normal high speed opera-
tions.

The read-in timer used for the “‘burst system”” read-in
used in the 604H requires A pulses at each cycle point.
Therefore, when the dial switch is set to KEY, punch
read-in will not normally occur. (It is possible to dis-
connect the motor plug of the 521 and turn it through
by hand, stopping at 2 teeth past each line of index
while the key trigger is repeatedly depressed and re-
leased. In this way a pulse by pulse observation can be
made of read-in at each cycle point. )

Single Cycle Setting. With the dial switch set for sc,
the multivibrator operates at high speed and the clippers
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Figure 100. Pulse Outputs at HI, LO, and KEY

are fed high-speed pulses. Depressing and releasing the
manual pulse key alternately applies +150v to the two
grids of the key trigger through the sc taps of sections
B1 and B3 of the dial switch. When the manual pulse
switch is depressed, the +150v is removed from the
right grid and applied to the left grid. The key trigger
turns on. The positive output from the right anode feeds
through the 1000 mmf capacitor, section C1, and is
inverted at 7D, to turn on the calculate trigger by plate
pullover.

The primary timer advances with A pulses until the
calculate trigger is turned off by the single cycle stop
switch. At the completion of every electronic cycle, a
+1B pulse is fed to grid 1 of the single cycle stop
switch. Grid 3 is connected to +150v through B. and
the zero check stop switches, resulting in a negative
output to turn off the calculate trigger.

Note that the calculate start trigger does not turn
from OFF to ON for a single-cycle operation. During
Single Cycle the calculate trigger is turned on by plate

pullover. For KEY operation, however, the trigger must
turn from OFF to ON to turn on the calculate trigger by
grid impulsing. It is possible that, after single-cycling
several programs, it would be helpful to perform a pro-
gram by key. The calculate start trigger had been turned
on at 13.0 by P68. The calculate trigger cannot be turned
on now unless the calculate start trigger is turned off
and then on. The CALCULATE START push button switch
accomplishes this. Depressing the CALCULATE START
switch opens the N/C point and removes +48v from the
punch to the ON side grid of the calculate start trigger.
The N /0 points of this switch apply +150v to the right
side grid through a 4.7k resistor to turn the trigger off.
Releasing the CALCULATE START push switch turns the
calculate start trigger back on by removing the +150v
from the right side grid input and applying +48v
through the 20k resistor to the left side grid input.
When the calculate start trigger turns on, the negative
output turns on the calculate trigger. Key pulses can
now advance the primary timer.
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G SUFFIX CIRCUITS ( FIGURE 90)

KEY Setting. Turning the dial switch to KEY kills the
multivibrator and changes the input to the clipper cir-
cuit from the multivibrator to the key trigger. The multi-
vibrator is killed by applying minus 100 volts to the left
grid through section B, of the dial switch. The input to
the first clipper, 5C, is connected to the left plate of the
key trigger through section C, of the dial switch. The
key trigger 1s controlled by the hand pulse key. With
the key at the released position, plus 150 volts is applied
to the right grid through a 390k resistor, and the
trigger is held OFF. When the hand key is depressed,
this plus 150 volts is applied to the left grid instead,
and the trigger is forced ON. The resulting down level
at the left plate appears at the input to the A pulse
power unit (after passing through the two clippers),
still as a down level. The leading edge of this shift
couples through the input capacitor in the A pulse
power unit momentarily cutting it off and producing a
plus A pulse output. When the hand key is released,
the resulting up level at the left plate of the key trigger
is felt at the input to the B pulse power unit as 2 down
level. Here, too, the input capacitor couples only the
change, momentarily cutting off the power tube and
producing a plus B pulse output.

The compute start-stop controls are the same for KEY
operation as for normal operation. The “pulse per point”
read-in system used by the G suffix and earlier machines
is independent of the pulse generation circuits and
works normally regardless of the setting of the dial
switch.

Single Cycle Setting. With the SINGLE CYCLE setting
of the OPERATION CONTROL dial switch the multivi-
brator and pulse generation circuits are identical to those
of normal, high speed operation. (See switch sections B,,
B,, and C,.) The changes involve section A; and A, of
the switch. Section A, connects the output of the key
trigger to the pin 3 input of the calculate start-stop
trigger, SM. Depressing the hand pulse key turns on
the key trigger which now causes the calculate start stop
trigger to come on, “A” pulses will reach the primary
timer. Section A; of the dial switch conditions positive
grid three of the single cycle stop switch, SA. Each 1B
pulse can now get through this switch unit and turn
off the calculate start-stop trigger after one primary
timer revolution, latching it up in step 1.

It is quite all right to switch from SINGLE CYCLE to
KEY at any point in an investigation. After switching
from sc to KEY, however, it will be necessary to depress

108 IBM 604

and release the CALCULATE START button in order to
turn on the calculate start-stop trigger. (The normal
circuit using section A, of the dial switch controls this.)
The 1000 mmf capacitors and 2,700k resistors associ-
ated with switch section A2 are included to provide
circuit isolation and to prevent voltage build-ups on
the lines. These conditions could cause random flipping
of the start-stop trigger while rotating the switch from
one position to another.

The Multivibrator Frequency Control (G & H)

The dual potentiometer multivibrator frequency con-
troller has been discussed earlier in this chapter under
the “Multivibrator” heading. The 604H multivibrator
works over a range from about 15 kc to 100 kc. The G
suffix multivibrator will oscillate from about S kc to
100 kc on Hi and 1 to 100 cycles per second on LO.

The Punch Start and the Punch Stop
Buttons (G & H)

These buttons allow control of the 521 punch from
a location generally more convenient for servicing than
the normal punch controls. These remote controls differ
from the 521 key buttons in one respect. The test panel
punch start button will permit running the punch with-
out fitst depressing the 521 RESET key when error con-
ditions are indicated by the 521 lights.

The circuits are as given on System page 0-0700. Ex-
cept for one detail, the H and the G suffix circuits are
identical. On G suffix machines the remote PUNCH
START button leads run through interpanel connectors
1Hg and 1Gg rather than the 1Cg and 1Ch terminals
given on page 0-0700. The EC connectors are not
changed. In tracing circuits on page 0-0700 (or on Sec-
tions 1 and 2 of the 521 print) the objective is to pick
relay 3 which will cause the punch to run. The follow-
ing three facts will also be helpful:

1) The CALC ON hubs are jackplugged when the 604
is being used. (If the 521 is being used as a simple gang
punch, the CALC OFF hubs are jackplugged to remove
the 604 interlocks from the circuit.) 2) Relays 1, 3, 4,
5, and 6 in the 604 are power supply output sensing
relays. When the 604 is ready to calculate and all five
power supplies are delivering output, these relays will
all be picked. 3) Relay 13 picks on any punch detected
error condition and holds until the 521 RESET key is
depressed.



Program Repeat and Non-Zero
Stop Toggle Switch

This switch is available only on the 604H test panel,
but methods will be given below for accomplishing the
same objectives on G suffix machines. The toggle switch
is a double pole unit. When thrown to the TEST posi-
tion, one half of the switch converts the normally open
program ring intoa closed ring. Whenrthe tast programr

step in the machine (20, 40, or An) is comnleted. the
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activity returns to step 1 and steps down through again
and again indefinitely. This is useful for servicing.
Program layouts are available (CE Test Panels) that
do many calculations and finally reproduce as last step
answers (unless the machine is failing) the same figures
fed in at the start. Such programs can be repeated in-
definitely with a definite pattern observable on the
indicating neons. As soon as even an intermittent error
occurs, the lights change permanently to call attention
to the fact. This is particularly helpful when applying
the bias test to the machine during PM and trouble
analysis.

The second half of the toggle switch activates cir-
cuits to cause the primary timer to latch up at the next
zero check program after an error has occurred, further
localizing the trouble. This zero check is a control panel
pluggable feature useful to customers as well as
Customer Engineers. Through these circuits the Counter
can be tested to see if it has a zero balance or not at any
program step where such a condition has significance.
The normal output point of the circuit is a group of
hubs (labeled zERO CHECK) on the 521 panel, which
emits if a non-zero condition is found.

If it is desired to operate the 604H in the locked ring
condition without using the zero stop feature controlled
by the same switch, zero check wires are simply omitted
or removed from the control panel wiring.

Program Repeat Circuit (H Suffix ). The program re-
peat section of the switch when on TEST, makes the
calculator go into a locked ring operation, i.e., the pro-
gram unit advances from program one through program
twenty (standard machine), starts over at program one
and continues this operation indefinitely. The circuit
operates as follows: With the program repeat switch
ON, the pulse from 2-0106, — (c) on last program step
OFF, cannot get through the OFF side of the switch to
turn on the program end trigger (page 2-0201). In-
stead, the pulse from 2-0106 goes through the oN side
of the switch to turn on the home trigger (page
2-0101). The next 2AB pulse turns off the home trig-

ger, which turns on program step one, and the process
repeats itself.

Locked Ring Operation (G Sufiix). With G sufix
machines locked ring operation can be secured with a
simple external jumper. Run this jumper from pin 7 of
the iast program trigger in the machine to pin 7 of the
home position trigger, 2-1F. Pull interpanel connector
2Lh to prevent turn-off of the calculate start-stop trigger
when the last program trigger goes off. A

Non-zero Stop Circuit (H Suffix ). The non-zero stop
section of the switch, at the TEST setting, will cause any
program wired to ZERO CHECK to stop the primary timer
at 1B of that program if the Counter contains a non-
zero condition. Values in the storage units can then be
visually checked by neon indications to determine the
machine failure.

On a zero check program if the counter is at non-zero,
a T1AB pulse from 8-0203 feeds through the test side
of the zero check stop switch to one grid of the single-
cycle stop switch. The other grid of the sc stop switch
receives a t1B pulse every cycle from 1-0201. The
negative output of the switch turn off the calculate trig-
ger, stopping the primary timer at 1B.

Non-zero Stopping (G Suffix). Jumper pin 6 of the
unit at 1-5S, to pin 6 of the single cycle stop switch at
1-5A (Figure 90). The inverter at 1-5S. emits a plus
1AB whenever a non-zero is found in the Counter on a
zero check program. With the jumper in place this pulse
reaches the number 3 grid of the single cycle stop switch,
1-5A, which receives all plus 1B pulses on its number 1
grid. The minus 1B ouput from the switch tube on non-
zero conditions turns off the calculate start stop trigger
and latches the Primary Timer in step one at the end of
the zero check program step.

Closing the Tube Gates

All settings on the Test Panel should be checked for
their normal operating settings whenever closing the
tube panel gates preparatory to replacing the covers.
Check also that all jumpers have been removed, inter-
panel leads replaced, and so forth. Making this a habit
can save embarrassing call backs.

Program Test (G & H)

A PROGRAM TEST key is mounted just to the right of
the external neon indicating panel. This is a latch type
of switch. Depressing this PROGRAM TEST switch button
once sets the machine to complete one fxll program step
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(including multiply or divide) with each depression of
the PROGRAM ADVANCE key button. Depressing the PRO-
GRAM TEST key a second time restores the machine to
normal operating conditions. While included primarily
for the convenience of the customer, this provision will
be found quite useful for servicing as well. The test
panel dial switch must be set to HI to secure normal
operation when using Program Test.

H SUFFIX CIRCUIT (1-0101)

The program test switch has two sections. When pro-
gram testing, section B opens the calc start line from
the 521 so the calc start trigger, 4A, will not be turned
on at 13.0. This places even the first program step under
control of the PROGRAM ADVANCE button. Section A of
the program test switch supplies DC power to the other-
wise dead program test trigger (and also to the program
test indicating light). Running the punch one cycle to
read in the card resets the program test trigger OFF.
From this point on there are two objectives to the cir-
cuit: 1) Turn on the calculate trigger with each de-
pression of the PROGRAM ADVANCE key (this will allow
driving pulses to reach the primary timer). 2) Turn off
the calculate trigger at 1B at the end of each program.
Except for multiply and divide programs, only one pri-
mary timer cycle is necessary to complete one program
step. During multiply or divide the program test trigger,
4E, blocks the 1B turn-off pulse to the calculate trigger
until the multiplication or division is finished.

The calculate trigger, 3G, is turned on with each de-
pression of the PROGRAM ADVANCE key by plate pullover
from the inverter at 7D,. The inverter receives its input
through a 1000 mmf capacitor, dial switch section C,,
to the right through a second 1000 mmf capacitor, to
switch A3 as a binder, and back to pin 7 of the key
trigger, 4B. The key trigger is controlled by the PRoO-
GRAM ADVANCE key button. Depressing the key button
turns on the key trigger by transferring plus 150 volts
from the right side grid circuit to the left. The pin 7
output of the trigger goes positive which makes the
7D, capacitor input inverter conduct briefly and turn on
the calculate trigger.

The calculate trigger is turned off at 1B through the
single cycle stop switch, 4C. Except on multiply and
divide, pin 9 of this switch is fed a plus potential through
the closed (normal) non-zero stop switch and dial switch
section B2 from pin 8 of the program test trigger, 4E.
The primary timer thus takes one revolution and is
stopped. For any multiply or divide operation the test
trigger is turned on at the start and turned off at the
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end. While the test trigger is ON, grid 3 of the single
cycle stop switch, 4C, is negative and blocks the 1B turn-
off pulses to the calculate trigger 3-G6. In this way the
complete multiplication or division is finished before
the primary timer is stopped.

The 1000 mmf capacitors and the 2,700k resistors
found around dial switch section C1 and the input to
the inverter 7D, are to provide isolation and to prevent
a voltage charge build-up in the circuits. This could cause
erratic flipping of the calculate trigger when the dial
switch was operated. Section C2 of the dial switch is
used only to supply tie points for the test probe jack
.Smfd capacitor and 390 ohm limiting resistor.

G SUFFIX CIRCUIT ( FIGURE 90)

The program test switch has two sections. When pro-
gram testing, section B opens to prevent the compute
start trigger, 10E, from being turned on by the 521
impulse through EC 1 at 13.0. This places even the first
program step under control of the Program Advance
button. Section A of the Program Test switch applies
pC power to the otherwise dead program test trigger
1-9M, the program test light, and the PROGRAM AD-
VANCE key switch. Running the punch one cycle to read
the card causes the program test trigger to be reset OFF
and this is the starting point for our circuit description.
There are two objectives to be met. 1) The calculate
start-stop trigger, 1-SM, must be turned on with each
depression of the PROGRAM ADVANCE key button. This
will allow A pulses to drive the primary timer. 2) The
calculate start-stop trigger must be turned off at the end
of the program step. Except for a multiplication or di-
vision, this will be after only one revolution of the
primary timer.

Turning on the calculate start-stop trigger from each
PROGRAM ADVANCE key button depression is accom-
plished by a plate pullover operation. When the key
button is depressed, the program advance trigger, 1-8M,
is forced ON. The plus shift at the right plate causes a
momentary conduction through the capacitor input in-
verter unit, 1-7M, plate pulling the start-stop trigger
oN. Calculations thus begin.

During program testing the single cycle stop switch
1-5A provides the 1B turn off pulse to the calculate
start-stop trigger. 1-5A6, the grid three input, is plus
as long as the program trigger is OFF. The 1B pulse that
occurs at the end of the first Primary Timer revolution
can thus normally get through the single cycle stop
switch and turn off the start-stop trigger, stopping the
primary timer in step 1. During multiply and divide,



however, more primary timer revolutions are needed to
finish the figuring. The program test trigger is turned
on at the start and off at the end of any multiply or
divide program. As long as the trigger is ON, the single
cycle stop switch grid 3 is low, preventing the 1B
turn-off pulses from reaching the start-stop trigger.
The next 1B after multiply or divide end does turn off
the start-stop trigger and stop. the primary timer in the
expected step 1. B S -

ELECTRONIC TRANSFER (G & H)

THE ABILITY of the 604 to move a number group from
one unit to another is the basis for all its calculation
capabilities. These circuits are the rnost'important in the
entire machine for providing an understanding of 604
operations. Practically every step in every calculation
will make use of the transfer principle.

The preceding sections described timing and con-
trol. It is the data flow controlled and timed by these
circuits that will concern us now. Once again reference
should be made to the general layout of the data flow
circuits found in Figure 5.

The most basic type of transfer is from one Storage
Unit to another. Numbers are stored in the 604 as com-
binations of ON and OFF triggers. The problem is to
make the receiving unit duplicate the on-off trigger

combinations of the sending unit and to do it in the

most economical and flexible way possible. In the 604
there are three phases to such an operation.

1. The trigger status of the sending unit must be
translated to a form acceptable by the exit channel lines.
Only the Storage Unit being actively read out must be
allowed to feed information to the exit channels. The
electronic read-out circuits do this.

2. It so happens with the 604 design that the elec-
tronic form of the digits fed down the exit channels is
not suitable for direct use by the receiving unit. There-
fore, the second step in the transfer operation is to trans-
late the electronic form of the exit channel digits into
another, more directly usable entry channel form. The
add-subtract unit performs this function.

3. The third and final step is to make only the de-
sired receiving unit accept the entry channel informa-
tion and convert it back into trigger status form. The
electronic read-in circuits control this step.

These three phases of the transfer operation and the
circuits connected with them will be discussed sepa-
rately. An overali, semi-detailed view of circuits in-

volved is given by Figure 113 for the H-and Figure 114
for the G suffix and earlier machines.

The column shift unit is operationally important but
is not basic to the transferring of a digit. The same is
true of the ability of the add-subtract unit to convert to

complement form any number passing through it. The

details of both these matters will be covered later, after

_the basic transfer principles are understood.

Eiectronic Read-Out (G & H)

Our problem is to electronically sense the digit value
in each storage assembly in a Storage Unit. This is
done by sending ten pulses to the input point of each
storage assembly in the particular Storage Unit being
read out. By sensing how long (how many pulses) it
takes to turn the value 8 trigger back off (as the posi-
tion steps from nine to zero) the original stored digit
can be determined. Since there is no interpositional
carty in storage units (and in the Counter it is crippled
during read-out), sending in ten pulses will roll each
position around and back to its starting value, giving
the machine a non-destructive read-out system.

The ten roll out pulses used are the 11A to 20A
group. An electronic switch circuit activated by con-
trol panel wiring permits these pulses to reach only
the particular Storage Unit desired. Figure 101 illus-
trates the essential tube units of a five position Storage
Unit. The 11A-20A roll-out pulses are applied to and
“roll around” each of the five columns of storage as-
semblies. When a position goes from 9 to 0, its value
eight trigger goes off, producing a plus shift at its left
plate. This full output level plus shift is fed to a
capacitor input exit channel driver where the input
capacitor converts the “gate-like” output from the value
8 trigger into a short pulse. The exit channel drivers
also provide isolation between the triggers and the exit
channels. G suffix and earlier machines use inverter
units to feed shielded channel wires. The H suffix ma-
chines use cathode followers to eliminate the need for
shielding, as discussed in Chapter Two. Functionally
they all serve the same purposes.

As seen from Figure 101, each digit position in the
Storage Unit drives a separate exit channel line. Since
all Storage Units share these common channels, it is
important to read out of only one Storage Unit at a
time. There are eight channels in the machine, making
it possible to transfer up to eight digits “in parallel” on
the same program step. (The equivalent of an eight
position Storage Unit can be obtained by using the
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Figure 101. A Five Position Storage Unit, Illustrating the Principles of Read-Out

storage assignment relays and coupling a three position
to a five position Storage Unit. )

It is important to note that it is the t/me of the
spiked pulse on any exit channel which distinguishes
the value of the digit being transferred down that
channel. For example, if the units position of the
Storage Unit is storing a nine, the first roll-out pulse,
at 11A, will turn off the value eight trigger and pro-
duce a pulse on the number 1 exit channel. For a
stored eight, it would be the 12A pulse that produced
the output shift, etc. Figure 101 shows the timings
and approximate pulse shapes for the transfer of a
three. Exit channel pulses have a different, RC curve,
type of shape than a normal timing pulse. Furthermore,
due to trigger flipping delays, these exit channel pulses
will be several microseconds later in time than the
leading edge of any 11A-20A roll-out pulse. Despite

112 IBM 604

these differences, the term “exit channel A pulse” is
commonly used. “Reconstructed A pulse” is more ac-
curately descriptive.

The G and H suffix circuits differ only in details,
not in overall operation. These circuits will be dis-
cussed separately.

H SUFFIX CIRCUITS

The H suffix machine uses a single PS unit and a
series of inverter mixers to apply the 11A to 20A
pulses to the assembly positions of the Storage Unit
reading out. The storage assemblies making up the
Storage Units are the type using a solid state diode for
the tens limiting action. The exit channel drivers are
capacitor input cathode followers.

Figure 102 shows the read-out circuit details for
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General Storage 2. All other General Storage units,
Factor Storage Units, and the MQ Unit use the same
type of circuit; only the unit locations differ. Once the
circuit of Figure 102 is understood, the System Dia-
grams pages for each of the storing units should be
examined to obtain familiarity with actual unit loca-
tions. The 11A-20A pulse circuit is on page 1-0201.

The read-out switch is the key control unit for the
circuit. Plus 11A-20A pulses are fed each cycle to its
number three grid. The number 1 grid is conditioned
positive only when the particular Storage Unit is to
read out. With Factor Storage Units, and the MQ Unit,
this number 1 grid for each switch is run directly to a
604 control panel read-in hub. The hub is control panel
wired to any desired program exit hub. Control panel
program exit hubs rest at minus 25 volts until the
particular program is active. A plus 25 volt level dur-
ing the active time of the program step conditions the
read-out switch to pass the 11A-20A pulses. The nega-
tive pulses from the PS unit plate are inverted by the
following tube and applied to the roll-out pulse mixers.
The resistor network in the master unit sets the level
of the signal for its own grid and for the grids of the
slave units fed by it. The roll-out pulse mixers have
no internal plate load or plus 150 supply. These are
obtained from the entry channel PS units. Minus 11A-
20A tapped output level pulses are finally fed to each
of the columns of storage assembly triggers to roll them
around and back to their starting value. Each exit
channel driver feeds the properly timed, reconstructed
plus A pulse to the proper exit channel along which
the pulse will travel to the column shift-add-subtract
unit.

General Storage Units only can be controlled to both
punch read out and electronic read out. Therefore only
General Storage Units will have the cathode follower
electronic and punch read-out OR circuit mixer shown
at 1-F in Figure 102. A positive input level to either
grid (pin 5 or 8) will produce a positive level from
the common cathode output (pin 3), which feeds the
number 1 control grid of the read-out PS unit. From
this point on, circuit action is identical to that described
above.

G SUFFIX CIRCUITS

The G suffix machine uses a separate pentagrid switch
unit to control and supply 11A-20A roll out pulses to
each storage assembly position in the Storage Unit. The
storage assemblies are tens limited by blocking tubes;
the left half of the blocking tube, IN unit is used as
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an inverter type of exit channel driver. Figure 103
shows the circuit details.

11A-20A pulses are applied each cycle to the num-
ber one grids of the roll-out PS units. One master unit
sets the pulse level for its own number 1 grid and sup-
plies the same level to the slave unit number 1 grids.
Grid three of each roll-out switch is conditioned posi-
tive only when the unit is controlled to read out. As
with the number 1 grid circuit, one of the PS units acts
as a grid 3 master supplying the proper level to grid 3
slaves. On a roll-out operation the roll-out switches
supply tapped level minus 11A-20A pulses to roll the
trigger assemblies around and back to their starting
values. The plus shift when each position goes from
9 to zero makes the exit channel drivers conduct. The
exit channel drivers thus feed a properly timed, re-
constructed minus A pulse to each exit channel. The
pulse then travels along its exit channel to reach the
column shift-add-subtract unit.

The circuits to supply the “Plus on Unit Roll Out”
line are shown better in wiring diagram than block
diagram form. The Factor Storage Units and MQ Unit
can be controlled to read out only at electronic speed
from the 604 control panel, while General Storage
Units are also able to read out to punch under control
of the 521 panel. Figure 104 shows the two control
circuits. The Factor Storage type of control circuit is
the simpler since no mixing action is involved. The
IN-24 unit is simply an inverter arranged to supply
also the plate load resistor for the program exit tubes
(which are “open ended” unless wired to a function
hub). The grid circuit resistances are such that the con-
trol tube is normally conducting, producing a plus 50
volt level at its plate. When the controlling program
step becomes active, the program exit tube draws
current through the program exit load 20k resistor.
This drops the potential on the grid of the IN-24 unit
far enough to cut off its electron flow. The resulting
plus 150 volt level at the plate feeds to and activates
the Storage Unit roll-out PS units.

The circuit to contro] the roll-out switches for Gen-
eral Storage Units (also shown in Figure 104) is
identical to that of Factor Storage Units except for the
addition of a second inverter tube sharing the 20k pro-
gram exit load resistor. When the right hand half of
the IN-33 unit is made to conduct by the application
of the plus 48 volt CARD CYCLES impulse (note: CARD
CYCLES, with its long duration, must be used to control
punch read-out), the voltage at the left tube grid drops
below cutoff. This produces the necessary plus 150 volt
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level from the left plate which feeds to and activates
the roll-out switches. The end result is the same as the
control from a PROGRAM EXIT, but lasts for a longer,
punch cycle duration.

The Add-Subtract Unit (G & H)

Storage assemblies are essentially pulse counters. If
we want to store a five, five separate pulses must be
entered into the storage assembly position. As has been
shown, only a single pulse is sent down any exit chan-
nel; the time of the pulse indicates the value of the
digit. It is the function of the Add-Subtract Unit to
convert this single, time variable pulse into a group of
separate pulses that can advance the receiving unit to
the proper position.

Each exit channel pulse passes through the column
shift unit and is applied as a negative 40 volt spiked
pulse to a particular add-subtract assembly in the Add-
Subtract Unit. There are actually thirteen add-subtract
assemblies in the Add-Subtract Unit, one for each of
the eight exit and entry channels plus five more to
handle the thirteen position Counter when necessary.
This is represented by Figure 105.

The Column Shift Unit 1s simply a ganged, thirteen
pole electronic switch unit that feeds the spiked exit
channel pulses, with their varying times, to the thirteen
individual add-subtract assemblies. For our present
discussion, only this ability to feed pulses to the add-
subtract assemblies is important. Figure 105 gives an
accurate functional representation of the data flow
through the shift unit when in its normal position for
a storage to storage transfer. Exit channel 1 feeds
through the column shift switches to add-subtract as-
sembly 1 and out, in translated form, to entry channel 1.
Entry channel 1 connects to the units position of all
data units in the machine. Both the H suffix and the
G and earlier types of column shift circuits supply
minus 40 volt pulses to the add-subtract assemblies.
Similarly, the add-subtract assemblies of all 604 types
supply plus pulses to the entry channels. The H suffix
Column Shift Add-Subtract Unit is in Panel 3. With
G and earlier machines the circuits are in Panel 5.

The circuit for an H suffix add-subtract assembly is
given by Figure 106 and for the G suffix machines by
Figure 107. Each add-subtract assembly consists of a
binary connected trigger which receives the time vari-
able, minus input pulse from the shift unit. The trigger
in turn controls one input of a switch unit that receives
11B-19B pulses at its other grid. The specific number
of the 11B-19B pulses which appears at the output of
the switch unit will vary as the time of the trigger
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flipping varies, The time variation of the exit channel
pulse can thus be translated into a pulse count variation,
which is our goal. The output of the switch unit is fed
to an entry channel driver that sends the plus pulses
down the entry channel.

H SUFFIX CIRCUITS ( FIGURE 106)

The internally binary connected add-subtract trigger
for each assembly has its starting position (OFF) set at
8AB by plate pullover. Internal solid state diodes pro-
vide isolation between positions. The full output from
the left plate of the trigger controls half of an inverter
type add-subtract switch. Minus 11B-19B pulses are
applied to, and cut off the right half of the switch.
When the add-subtract trigger is ON, the left half of
the switch is also cut off. Therefore, when the trigger
is ON, plus output pulses can appear at the combined
plates of the switch. The cathode follower entry channel
driver changes these pulses from plate level to cathode
level. The still plus pulses are then fed to the entry
channel.

Once the general operation of the circuit is under-
stood, the very important timing conditions involved
can be discussed. At 8AB time of each cycle the add-
subtract trigger is plate pulled OFF. Since we are dis-
cussing a storage to storage transfer, the 10A pulse
(which can be noted on Figure 106) is not applied.
The trigger will therefore stay OFF until fed a grid
input pulse as the sending unit rolls from 9 to 0 at
some A time between 11A and 20A. For example, if
the sending unit held a nine, the first roll-out pulse, at
11A, would advance the unit from 9 to 0 and send a
reconstructed pulse down the exit channel slightly after
the start of 11A time. The add-subtract trigger would
thus be turned on near 11A time, conditioning the
add-subtract switch to pass later B pulses. In our ex-
ample (the transfer of a nine), the 11B, 12B, 13B,
etc., through 19B pulses (a total of nine) would be
applied to the entry channel. A receiving unit will thus
be advanced by nine, the value of the original sending
unit digit. The True Transfer portion of the timing
chart in Figure 106 shows the operation for the trans-
fer of a three. (The Complement Transfer Timings
will be discussed later.)

While the receiving position is advancing to the
proper value, the sending unit position continues to
step back to its original setting. This produces no
further action on its exit channel. The add-subtract
trigger stays ON and the entry channel B pulses thus
continue until the last at 19B.
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The transfer of a zero results in no entry channel
pulse at all. It is 20A before the sending unit rolls from
9 10 0 to flip the add-subtract trigger. This is after the
last read-in pulse, at 19B. Since Storage Units are auto-
matically reset before read-in, the receiving position
simply stays at zero, which is our objective.

The 8AB timing used to turn OFF the add-subtract
triggers each cycle was not a chance selection. Receiving
Storage Units are reset from 3A to 8B. (NoTk: This
is a gate and therefore does not include 8B time.) The
flipping of the receiving unit triggers during this reset
time sends random pulses down the common exit
channels. By pulling the add-subtract triggers to the
proper, OFF position during 8AB time, after these stray
pulses have disappeared, a reliable starting position for
the add-subtract triggers is obtained.

G SUFFIX CIRCUITS (FIGURE 107)

The right plate of the add-subtract trigger controls
the number 1 grid of the add-subtract switch. While the
trigger is ON, the switch is primed to pass the plus 11B-
19B applied to its number three grid each cycle. The
resulting negative output pulses are inverted and fed
to the entry channel by the power unit driver. The add-
subtract trigger which controls the switch is binary
connected. The trigger itself can be controlled from
three sources: the two controlling inverters which plate
pull the trigger to a proper starting position, and the
grid input which flips it at the proper time. The trigger
is plate pulled and held OFF each cycle from 3A until
9A to give the circuit a reliable starting status. Note
that this controlling gate is ten microseconds longer
than the 3A-8B gate which is used to reset the receiving
Storage Unit. The resetting of the receiving unit sends
random pulses down the common exit channels and
to the add-subtract trigger grid inputs. By “'plate hold-
ing” the add-subtract trigger OFF until the stray pulses
have disappeared, reliable circuit operation is obtained.

The left plate can be controlled to pull the trigger
to an ON status for what is known as a complement
transfer (which will be discussed later). For the storage

is not applied. The add-subtract trigger therefore stays
OFF until a grid input pulse is applied to it. This will
occur when the sending unit rolls from 9 to 0 at some
A time between 11 and 20. For example, if the sending
unit held a nine the first roll-out pulse, at 11A, would
advance the unit from 9 to 0 and send a reconstructed
pulse down the exit channel slightly after the start of
11A time. This pulse will turn on the add-subtract

trigger and condition the add-subtract switch to pass
all following B pulses in the 11B-19B group. In this
instance, all nine B pulses will pass through and appear
on the entry channel. Any receiving unit will thus be
advanced by nine, the value of the original sending
unit digit. The true transfer portion of the timing chart
in Figure 107 shows this operation for the transfer of
a three. (The complement transfer timing will be dis-
cussed later.) The sending unit position continues to

roll back to its original setting withou

-

producing

The transfer of a zero results in no entry channel
pulse at-all. It is 20A before the sending unit rolls from
9 10 0 to flip the add-subtract trigger. This is after the
last read-in pulse at 19B. Since Storage Units are auto-
matically reset before read-in, the receiving position
simply stays at zero, which is our objective.

Complement Transfer (G & H)

The timing charts of Figures 106 and 107 show the
timings involved for the transfer of a three. A transfer
from storage to storage is always a true transfer, and
this is what has been discussed up to now. It is pos-
sible, however, to convert to nines complement form
any number group passing through the Add-Subtract
Unit. The only circuit difference is the application of
a 10A pulse to all the add-subtract triggers to plate
pull them ON at 10A time. This conditions the add-
subtract switches to pass the 11B-19B pulses UNTIL
sending unit exit channel pulses are received by and turn
OFF the add-subtract triggers. (On a true transfer, B
pulses pass through an add-subtract switch AFTER an
exit channel pulse reaches its add-subtract trigger.) An
examination of the Complement Action timing charts
will show that the entry channel will receive a number
of pulses equal to the nines complement of any digit
being transferred.

This “complementing” action is used under only
two conditions:

1. When 2 plus entry is being made to the Counter.
In the 604 Counter all plus entries are made as com-

lements; minus entries as true figures.
b

2. When a plus (and therefore complement) figure
in the Counter is to be transferred to a Storage Unit.
(In the 604 all Storage Unit figures, whether plus or
minus, are in true form.) In this case taking the com-
plement of the complement number in the Counter will
reconvert the digits to true form as they pass through
the Add-Subtract Unit.
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It is the true-complement trigger which internally
controls the important 10A pulse. The TC trigger
circuits will be discussed in connection with the Counter.
At the moment it is important to note only the Add-
Subtract Unit action produced by the 10A pulse.

Electronic Read-In (G & H)

With the Add-Subtract Unit supplying each entry
channel with a number of plus pulses corresponding
to the digit being transferred, the only problem re-
maining is to control a particular receiving unit to ac-
cept these pulses. It will also be necessaty to cause an
automatic reset of the receiving Storage Unit before
the read-in pulses arrive. Figures 108 and 109 show
the H and G suffix circuits. Both circuits use individual
pentagrid switch units to control the passage of the
entry channel pulses to the individual storage assemblies
in the receiving unit. The few differences between the
circuits stem largely from the fact that the H suffix
machine produces a shift from its program exits of from
minus 25 volts resting to plus 25 volts active where
G and earlier machines go from plus 150 resting to
plus 50 active.

Plus Pulses From Entry Channels:

H SUFFIX CIRCUITS (FIGURE 108)

The program exit level directly controls the number
1 grids of all the electronic read-in PS units through
control panel wiring to the unit read-in hub. When the
program exit is resting at minus 25 volts, the tubes are
cut off. During active program time a plus 25 volts
level on the number 1 grids primes the tubes to pass
any entry channel plus pulses applied to any grid 3.
Tapped outputs supply minus 40 volt pulses to the
storage assemblies. Note that two other tube units are
connected to each storage assembly input line for other
operations. This fact may be important when analyzing
certain troubles.

The automatic reset of the Storage Unit when told
to read in results from the circuits at the bottom of
Figure 108. The reset control PS unit is fed directly
from the unit read-in hub on the 604 panel. A plus
(3A-8B) Gate applied to grid 3 each cycle appears at
the plate as a2 minus gate whenever a read-in operation
is called for by control panel wiring. This is inverted
and fed to the Electronic Reset circuit. This standard
assembly is shown in Figure 77 and on System pages
3-0301 and 3-0302. Storage Units are reset to all zeros.
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Figure 108. Read-In and Reset Control Circuits (H Suffix)
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Plus Pulses From Entry Channels:
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Figure 109. Read-In and Reset Control Circuits (G Suffix)

channel pulses applied to their number 1 grids. The
grid 1 input capacitors provide DC isolation and have
no other effect. Minus 40 volt, tapped output level
pulses are fed to the storage assembly triggers. Note

G SUFFIX CIRCUITS (FIGURE 109)

A control panel wire runs from the desired program
exit to the desired unit read-in hub. The read-in control

inverter normally conducts and produces a level of
about plus 50 volts on its plate. This feeds to the elec-
tronic read-in master PS unit. A resistor network within
this unit converts the plus 50 volt level to a minus 25
volts which is fed to the number 3 grids of the elec-
tronic read-in PS units within the Storage Unit. The
tubes are thus cut off. When the program step becomes
active, the input level at the read-in control inverter
drops to 50 volts or less, cutting the inverter off. The
resultant plus 150 volt plate potential conditions all
the electronic read-in switches to pass any pius entry

that each read-in switch gets its plate potential, and
part of its plate load resistor, from the roll-out switch
connected to each storage assembly input line. Punch
entry switches are also connected to these lines.

The reset control inverter switch at the bottom of
Figure 109 allows a 3A to 8B gate to be applied to the
Electronic Reset circuit input automatically when the
Storage Unit is told to read in. The right grid of the
IN-35 unit is fed from the unit read-in hub through
an internal connection to the left grid. The program
step, when active, cuts off the tube. The IN-36 unit,
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which makes up the second half of the inverter switch,
is cut off from 3A to 8B. The combined plates can thus
go plus from 3A to 8B of any read-in program. This
gate, fed to the Electronic Reset circuit (Figure 77)
causes the receiving Storage Unit to reset to all zero’s.

Sign Transfer Channel Circuits (G & H)

The 604 is designed to accept and handle negative
figures. This was discussed earlier under “Punch Read-
In.” Each Storage Unit has a sign storage trigger. A
negative figure in the unit is indicated by the ON status
of this trigger. When a transfer is programmed from

one Storage Unit to another, the sign status must also
be automatically transferred with the digits. A separate
pair of sign transfer exit and entry channels has been
included in the machine to make this possible. The
general logic layout of the sign channel circuits is given
by Figure 110. The sign channel does not pass through
and is in no way controlled by the column shift, add-
subtract unit.

If a unit is reading out, and if the sign storage trigger
for that unit is ON, the common sign exit channel will
be fed a shifted level from the unit sign exit switch.
This shifted level will remain throughout the program
step, and will condition the sign entry channel control
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Figure 110. Logic Diagram of Sign Transfer Circuits (G and H)
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switch circuits to pass a 9AB pulse to the sign entry
channel driver. As a result, a plus 9AB pulse will be
fed to the common sign entry channel whenever a
negative figure is being transferred. This pulse feeds
but is passed on

n storage trigger of only the storing unit
being controlled to read-in. The sign storage trigger of
the receiving unit is reset OFF by the same 3A-8B gate
that resets the storage unit to zero. A 9AB pulse applied
to the sign storage trigger will thus turn it on to indi-
cate the negative nature of the received digits. There
are differences of detail between th H and the G suffix
machine circuits, therefore they will be discussed sepa-
rately.

H SUFFIX CIRCUITS

OBJECTIVE:. (Page 3-0201.) Shift sign exit channel to a plus level
and transfer the negative sign when GS1 is programmed to RO and
GS2 is programmed to RI. GS1 sign trigger 6E is assumed to be
ON, indicating a negative stored figure.

1. 7E. is conditioned by sign trigger.
2. 7E, is conditioned by GS1 RO control panel wiring.

3. 7E output is fed through CF6 unit to sign exit channel and
to sign control circuit, page 8-0103.

4. (Page 8-0103.) One grid of PS12 unit, 10M, conditioned by
negative sign signal; 2 +9AB pulse conditions the other grid.

5. Negative output of 10M inverted and fed through a CF5 unit
to the sign entry channel which feeds all units.

6. Plus 9AB from 3-11K feeds to all sign entry switches.
GS2 RI control panel wiring; the other grid receives +9AB pulse
from sign entry channel.

7. Negative output of SF turns on GS2 sign trigger F.

G SUFFIX CIRCUITS

OBJECTIVE: (Figure 111.) Transfer negative negative sign when
FS2 is programmed to RO and GS2 is programmed RI. FS2 sign
trigger 4-7F is assumed to be ON, indicating a negative stored figure.

1. 4-8F. is cut off from low output of left plate of sign trigger,
4-7F.

2. 4-8F: is cut off when FS2 RO programmed by control panel
wiring.

3. Combined plates of 4-8F shift positive. Channel driver in-
verter 4-9M. conducts. Plate load and supply voltage for all sign
exit channel drivers from IN-5 at 3-11J.. Sign exit shifts negatively,
to plus 50 volts.

4. Inverter at 3-11J; cut off, feeding positive output level to
entry channel control switch 3-11L,

5. At 9AB 3-111L conducts, sending negative 9AB pulse to sign
entry channel driver power unit 3-11K.

6. Plus 9AB from 3-11K, feeds to all sign entry switches.
7. GS2 sign read-in switch, 6-6F, conditioned positive on grid 3

by control panel programming. Plus 9AB on grid 1 causes minus
9AB output pulse.

8. Minus 9AB from 6-GF feeds right grid of GS2 sign storage
trigger 6-7F, turning it on to indicate negative sign.

F SUFFIX AND EARLIER NOTE

Machines prior to the G suffix have a separate 9AB
switch for each storing unit. The sign exit channel

therefore receives a minus 9AB pulse rather than a
shifted level whenever a negative figure is being trans-
ferred. The sign entry channel receives this as a plus
9AB, just as with the G and H machines.

Provision has been made to allow coupling two 3
position Storage Units to form a sigale 6 position unit,
or to couple a 3 to a 5 position Storage Unit to form
an 8 position unit. To do this, certain changes have to
be made between the high order coupled storage unit
and the exit and entry channels to which it is con-
nected. The 5 position storage units are invariably
connected to the first five channel positions. The 3
position storage units normally are connected to the
first three channel positions, 1, 2 and 3, but can be
connected to channels 4, 5, and 6, or to channels 6, 7,
and 8 (abbreviated 4-6 assignment or 6-8 assignment).
These changed connections are made by the four-
position wire contact relays mounted within 604 panels
4 and 6 but controlled by hubs on the 521 control
panel. Jackplugging the ASSIGNMENT hubs on the
punch control panel allows the plus 48 volt punch
power supply to pick the desired assignment relays.
CALCULATE ON must be wired. The 1-3 ASSIGNMENT
hubs are dummies. The assignment cannot be altered
during a calculation. Tt is furthermore not possible to
alter the assignment from card to card within a run
through the use of selectors, rather than jackplugs, to
the assignment hubs. All 521 Punch and Pilot selectors
drop out at 13.0, the start of calculate time.

Figure 112 shows the relay circuits involved. If two
three position storage units are to be coupled to make
a 6 position unit, it doesn’t make any practical differ-
ence which one is used for the high order. So, to save
relays, only FS1 and GS1 are made assignable to the
4-6 channels. FS1 or GS1 will therefore be shifted
whenever a 6 position storage unit is required. A// the
3 position storage units caz be assigned to the 6-8
channels, however. This allows four 8-position storage
units to be created if desired.

When a three position storage unit is assigned away
from its normal 1-3 channel connections, it is neces-
sary to kill the sign exit and entry circuits for that unit
(the low order storage unit to which it is coupled will
retain the sign control function). A point on the as-
signment relays does this by opening and grounding
the necessary sign circuit leads, as shown in Figure 112.
In the 604H the electronic sign entry switch of the
assigned unit is returned not to ground but to a minus
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126 IBM 604



30 volt cutoff “sign clamp” potential. For the 604H
the circuits can be traced on Systems pages 3-0101
through 3-0202. For the G suffix machine Figure 111
or the fan-fold machine print will provide additional
details
Note

+1

that picking the assignment relays only changes

circuits are not modified in any way. Another very im-
portant point to note is that the UNIT CONTROL READ-IN
hubs and READ-OUT hubs, both on the 604 and the 521
panels, are NOT automatlcally joined; the control hubs

the connections between the storage unit and the com- the same
mon channels. The punch read-in and punch read-out thing at the same time.
Common Entry Channels
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Figure 112. Storage Assignment Relays (G and H )
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The Column Shift Unit (G & H)

The Column Shift Unit permits a shift in the place-
ment of a number group as it transfers from one ‘unit
to another. For example, what reads out of the units
position of the sending unit can end up in the second
order (tens) position of the receiving unit (or the
third or fourth or fifth or sixth order position, if de-
sired). The shift unit is made up of 63 separate elec-
tronic switches electronically controlled to become ef-
fectively a thirteen pole, six-position switch. This is
shown functionally by Figure 105. Unless controlled
otherwise the switch is in its normal status, as drawn.
The switch then passes exit channel 1 information to
entry channel 1, exit channel 2 to entry channel 2, etc.
In order to save tubes, the design of the shift unit only
allows shifting digits to higher order entry channels.
As drawn in Figure 105, the “ganged movable arms”
of the switch can only be shifted to the right. However,
an interesting arrangement of the Counter connections
to the Column Shift Unit permits a shift in the other
direction to be obtained by programming transfers
through the Counter on two successive program steps.
Note on Figure 105 that the 13th order counter exit
position feeds common exit channel 8, the 12th order
feeds channel 7, etc. The five low order positions of
the Counter feed to separate switch “poles” not con-
nected to any of the eight common exit channels. The
common entry channels, on the other hand, feed to
the Counter positions of the same order as the Storage
Units. Five separate add-subtract assemblies are included
which feed only the five highest order positions of the
Counter. Figures 113 and 114 show larger overall
views of this arrangement. Unless controlled otherwise,
the column shift switch automatically shifts over to its
extreme, CS 6 position (to the right in Figure 105)
whenever a Counter Roll Out operation is programmed.
In this way the units position of the Counter sends its in-
formation down entry channel 1, tens position down
entry channel 2, etc. By 604 control panel wiring to
the CS control hubs the column shift switch can be
stopped at some intermediate position on a Counter
Roll Out operation. For example if the CS unit is only
allowed to shift over one position from normal (to
CS2) on a Counter Roll Out, the fifth order counter
digit will appear on entry channel 1 and the four low
order positions will be sent into nothing. By reading
into the Counter “straight through” on one program
step and reading out of it with proper CS control wiring
on the next, a “down shift” to a lower order position
in the receiving unit can be obtained.
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Once the functions and possibilities of the Column
Shift Unit are understood, the switching circuits and
the controlling circuits can be readily seen. The terms
Column Shift position 1, CS 2, CS 3, etc., are used by
Customer Engineering to denote the switch “position,”
but do not appear in that form on the 604 control panel.
The control panel hubs are labeled to aid customers,
who wire by function. The control panel terms relate
to Counter operations. A translation table follows:

POSITION OF SHIFT CONTROL PANEL

UNIT TERMINOLOGY
Read Units Into: Read Units Out of::
CS1 (Normal, No Hub) 6th
CS2 2nd Sth
CS3 3rd 4th
CS4 4th 3rd
CSs 5th 2nd
CS6 6th (Normal Ctr

RO, No Hub)

Norte: Control Panel Hubs producing the same CS
position (such as RUI 2nd and RUO 5th) are simply
commoned behind the fixed control panel.

During multiplication and division, internal circuits
assume control of the Column Shift Unit. Therefore no
external column shift control wiring is permitted on
the control panel from any program step used for
multiply or divide.

The circuit arrangement of the 63 electronic switch
tubes that make up the Column Shift can be seen on
System page 6-0101 for the H suffix machine or on
Figure 114 for the G and earlier machines. The ar-
rangement of the units on both page 6-0101 and on
Figure 114 is similar to the physical arrangement of
the units in the specific machines. The H suffix column
shift is in panel 3; exit channel data flows in at the
top and down to the Add-Subtract Unit at the bottom.
The G suffix column shift is in panel 5; its exit channel
inputs come in at the bottom and flow upward to the
Add-Subtract Unit at the top. The H suffix machine
uses triode switches; the G suffix uses pentagrid
switches.

Except for the inverted physical arrangement of one
circuit, both the H and G column shifts have the same
general data flow wiring arrangement. This is more
clearly shown by the G suffix drawing, Figure 114, and
for this reason the G circuit will be used for our gen-
eral discussion. Peculiarities of the H circuit will be
discussed later.

As shown by Figure 114, there are six horizontal
rows of switch tubes. Each of these rows is supplied
by a separate horizontal column shift control line. On
any one primary timer cycle only one of these rows is
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primed grid 3 plus to pass grid 1 plus pulses. Notice
how the exit channel information is fed to the switch
tubes in separate vertical columns. It is the diagonal
lines that feed the output of the switch tubes to the
add-subtract triggers. On any one cycle the pulse from
any one exit channel will be able to pass through only
one switch tube and appear on only one diagonal output
line to control only one add-subtract trigger. The di-
agonal line on which an exit channel ‘pﬁlévénévvill appear
depends upon which of the six horizontal rows of
switch tubes is primed grid 3 plus by a horizontal con-
trol Iine. For example, let’s take common exit channel
1 which passes through the column shift input inverter
11T, and feeds plus pulses to the six switch tubes in
column S. If we are in CS 1, only switch tube 108 will
pass the pulse to its plate. The pulse (now negative)
will move along the diagonal and flip the A/S trigger
4M which controls entry channel 1. If we are in CS 2,
switch tube 9S only will pass the exit channel 1 pulse
to its plate. The pulse will now flow along the diagonal
to the A/S trigger 4N which controls entry channel 2.
And so on for the remaining four column shift control
positions. For any column shift control position each
of the other exit channels is simultaneously shifted in
parallel with exit channel 1. Referring again to Figure
105 for the functional objective of the circuit may be
helpful at this time.

Except for the use of triode switches rather than
pentagrid switches and the fact that data flows from
top to bottom, the principles of the 604H circuit, y5-
tem page 6-0101, are identical.

G SUFFIX CIRCUIT NOTES

To maintain greatest layout clarity the block diagram
of Figure 114 has been simplified in a few areas. An
examination of the machine fan-fold print will reveal
extensive use of slave units for both PS unit grids and
for the plate circuit. .

This specific wiring has not been shown:

1. The plate supply and plate load return resistor
for any diagonal line is in the PS units at SM through
5Z. Pulling any one of these units will kill an entire
diagonal.

2. In any vertical column the column shift input
inverter feeds a type 4-200 (PS-14) grid 1 master unit.
The 4-200 unit feeds the shifted signal level to all
other (slave) units in that column. The location of
these master units varies slightly in some columns, but
can be obtained from the actual print or from Figure

114. Pulling one of these master units will kill an
entire column.

3. In any horizontal row there will be found two
type 4-300 (PS-4) grid 3 master units which feed col-
umn shift control levels to the grid 3 slaves to the right
of the master. {The tubes at 5M, 6N, 7P, 8Q, 9R and
10S are grid 3 slaves which are exceptions to this. They
ate located alongside.of and to the Jeft of their masters.
Pulling one of the master units will kill part of an
entire row.)

4. The foregoing notes can facilitate circuit trouble
diagnosis. If any master unit is pulled, an area of the
circuit is killed. By pulling just the tube from the unit
(leaving the unit in the machine) a specific switch can
be killed even if it is a master. Interelement tube shorts
can affect an entire column, row, or diagonal and may
even appear as a failure only in a position NOT con-
taining the short. A Dc oscilloscope that will check
pulse shapes and steady line levels is very helpful with
this type of trouble. A constant awareness of the num-
ber of interconnected units should be maintained when
working in the column shift area. A failure can fre-
quently be localized to a particular row, column or
diagonal by programming a number group transfer in
various shift control settings. Replacing individual tubes
one at a time will then pin point the trouble.

H SUFFIX CIRCUITS (6-0101)

The triode switches used in the 604H column shift
were discussed in the electronics chapter of this book.
To obtain an output shift from the plate, a plus level
must be on the grid input and a minus level on the
cathode input. As shown on System page 6-0101 the
column shift control voltage is applied to the grids of
the horizontal rows. The exit channel pulses are ap-
plied as negative pulses to vertical columns of cathodes.
The diagonal lines connecting the plate supply minus
pulses to the add-subtract triggers.

The plus pulses from the exit channels are inverted
by the column shift inverters and fed to the column
shift input cathode followers. The cathode followers
supply sufficient power to drive the triode switches and
also set the signal level to the plus 25 to minus 15 volt
shift required by the cathode input of a triode switch.

The “plus on CS 1 through 6” lines come into the
page from 6-0201 at the cathode level. The line being
used will be at about plus 25 volts; all the other input
lines will be at minus 25 volts. Note that each of these
input lines feeds to an IN-18 grid master before being
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applied to the rest of the switch tubes in the horizontal
row. Circuits within the master unit convert the cathode
level input to the switch level (0 volts active, minus
40 volts for cut off) required on triode switch grids for
proper operation. If a master (IN-18) unit is removed
from the circuit during trouble analysis, one entire row
of switches will be killed. If only the dual triode tube
is removed from the unit, leaving the unit in the ma-

chine, only two positions in the same column will be
killed.

* Each diagonal plate line that feeds an add-subtract
trigger has its plate supply and plate load resistor in
only one IN-16 plate circuit master unit per line. If
this master unit is removed from the machine, an entire
diagonal circuit will be killed. Removing just the tube
from the unit will kill only two positions in the same
column. Except for the units at 6P, and 6Q;, all the
plate circuit master units are in row 8 from M
through Z.

Within the Column Shift Unit an interelement tube
short can affect an entire row or column or diagonal.
The trouble may even show only in a position not con-
taining the short. Using the oscilloscope and trying a re-
peated transfer of a large number group while in vari-
ous column shift settings will frequently isolate the
trouble to a common line. After that, one by one re-
placement of each tube or unit along this line will
pin point the failure.

Column Shift Control (G & H)

The Column Shift Control circuit sets the voltage
levels applied to the horizontal rows of switch tubes in
the Column Shift Unit. The requirements of this con-
trol circuit are as follows:

1. Unless controlled otherwise, the unit must always
activate the CS 1 position.

2. The unit must be able to shift to CS6 and there-
fore deactivate CS1 whenever a Counter Roll Out op-
eration is programmed.

3. Control panel wiring must be able to take prece-
dence over the preceding conditions, suppressing any
internally called for shift and activating any desired
shift (only one shift line must be active at a time).

4. During multiply and divide, internal electronic
circuits (the tertiary timer) must be able to control the
Column Shift Control Unit. (Column shifts must not
be control panel wired on a multiply or divide program

step. )
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The circuits for obtaining these identical objectives
are different from the H suffix and the G suffix ma-
chines. They will therefore be discussed separately. A
brief discussion of the F suffix and earlier variations
is also included.

H SUFFIX CIRCUITS (PAGE 6-0201)

All the controls affecting the shift unit are shown
on page 6-0201. The tertiary timer also controls the
shift unit during multiply and divide operations, and
is shown on the same page. The tertiary timer provides
automatic shifting during multiplication or division
only; it is not used at any other time and all the ring
triggers of the tertiary timer are normally oFF. Column
shift must not be wired during a multiply or divide
program.

NorMAL OPERATION, CS1

OBJECTIVE: (Page 6-0101.) Develop a "+(c) on CS1” voltage
to be fed to page 6-0101 when no column shift is wired and there
is no Counter RO.

1. 4N: grid negative, no CS2 wired.

. 5N, grid negative, no CS3 wired.

. 4N, grid negative, no CS4 wired.

. SN. grid negative, no CS wired.

. 4M and 5M grids 1 positive.

. 6L, conducts, no -(c) on CTR RO or CTR RO and R.
. 4M cannot conduct.

N W b W

W~

. 11L. grid negative, no CS6 wired.
. 5M conducts from 7 and 8 above.

10. Negative output of 5M inverted and fed through a CF5 unit
to 6-0101 as +(c) on CS1 voltage.

o

CouNTER RO, CS CONTROLS

OBJECTIVE: (Page 6-0201.) During counter read-out operations
prevent CS1 signal and develop "+(c¢) on CS6” voltage with no
shift wired.

1. -(¢) on CTR RO or CTR RO and R from the counter,
page 4-0101, is inverted and conditions grid 2 of 4M.

2. 4M grid 1 is positive if no shifts are wired; therefore 4M
conducts.

3. Negative signal from 4M is inverted and fed through a CF5
unit to 6-0101 as “'+(c) on CS6” voltage.

4. 4M conducting conditions SM grid 2 negative to prevent a
“+(c) on CS1” voltage.

PANEL CONTROLS FOR CS2-CS5

OBJECTIVE: (Page 6-0201.) When a shift is wired, to signal a
corresponding CS voltage to the column shift unit, page 6-0101,
and prevent the CS1 signal.

1. A +CS voltage is fed to column shift unit from control panel
hub when CS2, CS3, CS4 or CS5 is wired.

2. 4N,, 4N:, 5N; or 5N: conducts and cuts off 4M and SM.
3. Positive input from SM prevents CS1 signal.
4. Positive output from 4M prevents CS6 signal.

5. NoTe: Turning on a tertiary timer CS5 through CS2 trigger
will produce the same effect as a corresponding program control
entry. This allows tertiary timer to assume CS control during multi-
ply or divide.



PANEL CONTROLS FOR CS6 G SUFFIX CIRCUITS (FIGURE 115)

OBJECTIVE: (Page 6-0201.) Signal “+(c) on CS6” to the col-

umin shift unit and prevent CS1 sianal. .All the controls affectmig the s}'nft unit are shown on
1. 11L. conducts when CS6 is wired. Figure 115. The tertiary timer triggers control the unit
2. SM cuts off to prevent CS1 signal. ‘ during multiply and divide operations but are not used
o oL hife ?fa nsa;)'éf’(\flmcls.é signal is fed through CF5 unit at any other time. All the triggers are therefore nos-
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s 3 2 ! 5 (To 5-10M,)
Cs3

7 +on CS3(TT)
TR-4
— on CS2
5-7K
+on C54 (pgm)
7 s o 71 [2] 3:' +on CS2
Rl 2nd IN-1 IN-1 Pw-3 flo fia 34
RO 5th © 3 5 To and
€s2) 1.52, 5-10P, 5-10P; 59Q 1 5-10M;  From
sz 5-5L +on CS1
_ (To Fig 54)
7 +on CS2(TT) I
TR-4 + Only on CRO
Without RO éth Wiring — onCS6
5-8K CS6 &CS2,3,4,5

Mixer
- o ﬂ
w46 PS-2

ROGth ©) o

sy

LY

—on Cir. RO

Cs52,3,4,5,6

—On CS 2,3,4,5

g ]
7 7 _] €S2,3,4,5
6 Mixer
IN-1 IN-1
5 3
511y l 511Q2

+on CS2 +on CS3 +on CS4 +on CS5
(From 5-9Q) (From 5-8P) {From 5-7N) (From: 5-6M)

Figure 115. Column Shift Controls (G Suffix)
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mally oFF and do not affect the controls. The triggers
are shown merely to indicate their tie-in to the circuit.
Column shift control panel hubs must not be wired on
any step used for multiply or divide.

PANEL CONTROLS FOR CS2, 3, 4, OR 5

OBJECTIVE: Activate the desired CS line; kill the CS1 line.
1. A minus shift from PROGRAM EXIT into CS2, 3, 4, or 5 hub
cuts off program entry inverter 5-5Y1, 5Ys, 5Zi, or 5Z..

2. Plus output from inverter makes left half of corresponding
“pgm or tert timer mixer” conduct.

3. Negative output from combined mixer plates cuts off cor-
responding column shift control power unit, producing plus output
which feeds to number 3 grids of corresponding row of CS unit
pentagrid switch tubes.

4. To KILL CS1 LINE the plus on the particular column shift
level is fed to corresponding tube in the "CS2, 3. 4, 5" mixer
5-10M;, 10M., 11Q, or 11Q..

5. Minus output from combined mixer plate line cuts off PS
unit at 5-11R.

6. Plus output from 5-11R makes 5-10R conduct, dropping level
of CS1 line and deactivating column shift switch tubes in that row.

7. NoTE: In step 2, turning on a Tertiary timer trigger will
produce the same effect at combined plates of “pgm or tert timer

mixer’ as a progtam entry. This allows tertiary timer to assume
column shift control during multiplication and division.

NorMAL PosITION IN CS1

OBJECTIVE: Leave "Plus on CS1” line high when no other con-
trols are active.

1. To get desired plus on CS1 level, 5-10R must be cut off.

2. To cut off 5-10R, 5-11R must conduct. Both 5-11R grids
must therefore be plus.

3. Grid 1 of 5-11R is plus because none of the “CS2, 3, 4, 5
mixers” are conducting (no CS controls are activated).

4. Grid 3 of 5-11R is plus because both 5-1IN and 5-1V, (at
the top of the illustration) are cut off.

5. 5-11N is cut off because its grid 3 is minus due to conduc-
tion through 5-10N. (5-10N. is only cut off on a CRO operation).

6. 5-1V; is cut off because RI Gth is not wired. 1-5X, therefore
conducts and cuts off 5-1V,.

AuTtoMmaTIiC CS6 oN CTR RO
OBJECTIVE: Activate CS6 on CRO. Kill CSI1.

1. To get plus on CS6, 5-5L must be cut off. Minus input to
grid from 5-11N which is conducting.

2. 5-11N conducting because both grids are positive. Grid 1
positive because no tube in "CS2, 3, 4, 5 mixer” is conducting
(no other controls wired). NOTE: If other controls wired on a
CRO, CS6 will be killed. 5-11N will be cut off because of con-
duction through “CS2, 3, 4, 5 mixer” or because of conduction
through 5-10N. if RO 6th wired.

3. Grid 3 of 5-11N positive because 5-10N,; and 5-10N. are cut
off. Combined plates go plus.

4. 5-10N: cut off from minus on Ctr RO level from 1-8U..

5. 5-10N: cut off because RO 6th not wired. Minus output from
1-5X. therefore cuts off 5-10N..

6. 1O KILL CSI the tube at 5-10R must conduct. This requires
that 5-11R be cut off.

7. 5-11R cut off from minus input to grid 3 from 5-11N, which
is conductiag (from step 2 above).

8. Notk: If RO 6th (CS1) wired on a CRO program, machine
will stay in CS1. Panel wiring will cut off 1-5X. which will make
5-10N. conduct and cut off 5-11N. Plus output from plate of 5-11N
to grid of 5-5L will make 5-5L conduct and hold CS6 line down.
CS1 line will stay plus because 5-10R cut off. 5-11R conducts to do
this because both grids are plus.
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PANEL CONTROLS FOR CS6 (RI 6th)

OBJECTIVE: Activate CS6 line. Kill CS1 line.
1. 5-5L cut off to raise CS6 line level. 5-5L cut off because
5-1V; conducts.

2. 5-1V; conducts because of plus input from 1-5X, which is
cut off by negative input from wired active program.

3. To kill CS1 the minus level from 5-1V, is fed down to
5-11R. This cuts off 5-11R, producing plus output at plate.

4. Plus 5-11R plate makes 5-10R conduct, dropping CS1 line
and killing that row of column shift switch tubes.

F AND EARLIER SUFFIX CIRCUIT NOTES

Figure 116 shows the circuit used for the Column
Shift Control on machines earlier than the G suffix. The
objectives are identical to the previously discussed cir-
cuits. The “CS2, 3, 4, 5 mixer’ uses pentagrid switch
units rather than inverters. As with the preceding cir-
cuits, it is the suppression of the CS1 line during any
controlled shift that provides the interesting elements
of the circuit. The tube at 5-11R is the key in this
objective. A negative potential on either grid will sup-
press CS1. The second circuit of interest is the auto-
shift to CS6 on a CRO which can be suppressed by
control panel wiring. The key tube in this operation is
5-11N. 5-11N can only conduct on a CRO operation
(due to its grid 3 input) but this conduction can be
eliminated by any plugged CS control (which will cause
a minus grid 1 on 5-11N).

THE COUNTER AND ITS CONTROL (G & H)

THE COUNTER is fundamentally a thirteen position
storage unit with added carry circuits. Because only the
Counter has carry circuits it is the only accumulating
device in the 604. By proper internal controls of the
Add-Subtract Unit from the True Complement circuit,
both additions and subtractions can be done. The only
difference between a Counter position ‘‘storage as-
sembly”’ and that of a Storage Unit is a change in the
type of unit used for the value 8 trigger. A tapped
output is needed from the right side of the value 8
Counter triggers to drive the carry circuit triggers; this
is not required by Storage Unit circuits.

To make accumulation possible, the Counter does not
automatically reset on a read-in operation as Storage
Units do. Instead the reset has been made optional,
under control of board wiring, after a read-out has been
programmed. On both the 604 and 521 control panels
two sets of Counter read-out control hubs have been
provided. The groups of hubs labeled simply COUNTER
READ OUT cause the counter to read out but to retain
its original number group. The groups of hubs labeled
COUNTER READ OUT AND RESET, on both the 604 and



Pgm Or Tertiary (&)
Timer Control Power
Mixers Units
— e ~———
-on CS6 (To and From 5-11R Grid 3)

+ on CS6
~— on CS5
+ on CS5 (CP), (to 5.90)
TERTIARY TIMER + on CS5
RING TRIGGERS €S5
(Automatic Column -
Shift Contro! Rl 5th 1-5Y;  57m {° 5-6M
for Multiply-Divide) RO 2nd
) — on CS4
css | 2150 + on CS5 (T.T.) (to 5-91)
o o +'on CS4
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RI 4th 1-5Y, 5-8M |° 5-7N
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CS4 | 2150 + on CS4 (T.T.) (to 5-11P)
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5-6K Ccs3
Rl 3rd 1-5Z, 5.9pP|° 5.8p
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5o — on CS2
cs3 [2-150 + on CS3 (T.T))
o o + on C$2
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Rl 2nd 1-5Z; 3-10p 15 5-9Q
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: |
o - )
cs2 | 2-150 + on CS2 (T.T.)
o o
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From 5-7L5) CS 2,3,4,5 Mixer.
T If This Mixer
— on CS6 ‘Cuf-'sz, (]
CS 2,3,4,5 Mixer is Kille
e — 4 on CS1
+Cs2, 3 lel  °F 3
- r © 101 5.201
— on CS2 ) 6 7 5 8
(from 5-10P) —do 511R  5-10R
—on CS3 f———to e101| | €523, 4,5
{from 5.9P) 511P :
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(from 5-7M) 5-9L
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— on CS1 to CS5 Counter RO I™ — on Counter RO
- ] except CS 1.5
7 6 /
]
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Causes a Shift To %4101 | 6101
CSé on CRO Pgm, lo —+o =10
5-1IN 5-8L, 5-8L;
Shift to CS6 is
Suppressed if a \
CS2,3,40r5is + on CS1(CP)
Wired or if a cs1
CS1 is Wired. ©
(RO éth) 1-5X,

Figure 116

. Column Shift Controls (F Suffix and Earlier)
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the 521 panels, cause the Counter to read out and then
to reset from 3A to 8B of the next electronic (Primary
Timer) cycle.

Hubs to cause electronic read-in (plus and minus)
and electronic read-out of the Counter are provided on
the 604 control panel. Information can also be punched
out of the Counter. A large calculation result in the
Counter can thus be converted directly to punched card
form. Read-in from the punch directly to the Counter
is not possible. Circuits to permit reading directly into
the Counter from the punch (both plus and minus)
would be somewhat complex. Furthermore, the pro-
vision would not be too generally useful since there
are just 8 electronic transfer channels available in the
604. This puts a limit on the size of a number group
which can readily be manipulated by the machine.
(Coupled Storage Units can be used for accepting
number groups up to the 8 digit size.) All read-outs
from the Counter, both punch and electronic, end up
in true form despite the fact that plus results are held
in the 604 Counter in complement form.

Compared to other IBM machines, the entering of
plus figures in complement form to the 604 Counter
is unusual. In our tabulating machines, for instance,
all positive entries are in true form while negative
entries are made as complements. The 604 method
does however, solve without extra circuits some trouble-

Problem: + 24 - 12=12, 12-12=0

Manual Operation

+24 +24
+1
-12 999987
999902

i

111
+12 - First Step Answers - 000012
+1
~12 999987
00 999990
Wi

11111
00 - Final Answers - 000000

Note:

10's Complement System

some zero balance sign details inherent in other sys-
tems. The chart of Figure 117 compares the 10’s com-
plement system used in 405's to the 9's complement,
carry back system used in 402’s and 407’s.

In the 10’s complement system an “elusive one” is
entered into the counter units position on all comple-
ment (minus) entries. This gives consistent sign results
but makes for more complicated circuits.

The popular 9's complement, carry-back system is
more direct in its circuit design but introduces a sign
problem on zero balances. It is a-high order nine which
tells the tabulators that a result is a complement (and
therefore minus) figure that must be converted. A
zero balance in the 9’s complement system results in
all 9’s in the counter. The high order nine therefore
controls the conversion circuits to cause the nines to
print out as all zero’s (or blanks); but they are indi-
cated as a negative balance because of the conversion
step, i.e., all negative entries are complements, there-
fore any figure that requires conversion must be nega-
tive. In the 407, extra circuits are included to over-
come this “negative zero” indication. The 604 design
approach eliminates this “'negative zero” trouble without
extra circuits. The reasoning behind the design runs
about as follows: a) It is desirable to use the 9’s com-
plement system for its simpler circuits. b) In the 9’s
complement system a zero balance is indicated as all

9's Complement System

+24

(elusive 1)
999987
999901

il///#:)

000012

-Carry=- (Carry Back)

(elusive 1)

999987
999999

-Carry-
999999

This Illustration Shows Arithmetic Principles Only. It Does Not Consider 604 Operation

Where Plus Entries Are Complements and Minus Entries Are in True Form.

Figure 117. General Principles of Connter Operation
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9’s, which is the complement of zero’s. ¢) We want
zero balances to be considered as positive, and we wish
to be consistent for all numbers. d) If zero’s are to be
plus, then (to be consistent) all other plus numbers
must also be in complement form just as zero’s are.
e) Since plus numbers are in complement form, minus
figures must be in true form to maintain a distinction
and to provide proper counter accumulating action.
An additional advan
ith

its inherent all 9's standing for a zero bal-

sign (with its inherent
ance) is the ease with which the circuit can be elec-
tronically tested for a zero balance. A single pulse is
entered into the low order end of the Counter. Only
if the Counter is at zero (and therefore standing with
9’s) will the pulse successively carry through all the
positions and produce a shift out of the high order
assembly.

To determine whether a figure in the Counter is in
true (minus) or complement (plus result) form, the
machine must sense the highest order position of the
Counter for the presence of a 9. A 9 indicates a com-
plement plus result, while no 9 indicates a true, nega-
tive result. Thus when the Counter is positive and
stands at 999—9264, it reads out as a positive number
000—0735. When the Counter stands at 999—9999,
it reads out as a positive number 000—0000. When
the counter is negative and stands at 000—0735, it
reads out as a negative number 000—0735. To permit
customer utilization of the full 13 positions of the
Counter, a simplified, non-accumulating 14th position
trigger has been added. This 14th position trigger keeps
track of the Counter plus or minus status and sets a
9-No 9 memory trigger accordingly. It is the 9-No 9
trigger to which the machine refers whenever the
Counter sign is important.

Whenever the 604 Counter is reset, it is reset to all
9’s. The left side grid return resistors of all the Counter
value 1 and value 8 triggers ate run to the minus 100
volt Counter Electronic Reset Line, as are the right side
resistors of the value 2 and 4 triggers. A reset opera-
tion thus turns on the 1 and 8 triggers while turning
off the 2 and 4. The result is a 9 in each of the thirteen
Counter positions. The 14th position trigger and the
9-No 9 trigger are also reset by the same line to their
9 indication (ON) status.

An example of 604 Counter numerical operations is
given by Figure 118. A counter of only six positions
has been assumed in this example.

Entries to the electronic Counter are accomplished,
as in Storage Units, by feeding successive pulses to the

tage of the 9's ‘complement de-

To enter +24 in the counter, it must be entered as 999975.
This is accomplished as follows:

999999 —Normal reset position of counter
1999975

888864

Carry ( l 1 H l 1 Carry-back

999975 — Read out as 4000024

To enter — 24 in the counter, it must be entered as 000024.
""This is accomplished as follows:

999999 —Normal reset position of counter
- 24
0

Carry /]]1]]] Carry-back

000024 —Read out as — 000024

When adding and subtracting with a zero balance
the operation of the counter is as follows:

Counter operation

999999 —Normal reset position

+24 999975
—~12 888864
—-12 117178
111111 —Carry
00 ———
999975
12
999987
12

999999 —Zero Balance —Read
out as 000000

Fignure 118. 604 Counter Numerical Operations

Counter, the number of pulses to each position depend-
ing on the value of the digit to be entered. Each time
a position of the Counter goes from 9 to 0, a catry
must result (it is necessary to add 1 to the next higher
order position). A counter position may, with different
figures involved, go from 9 to O at any point in the
11B through 19B entry portion of the electronic cycle.
To prevent interference between the carry and the
digital pulse entries, all catry entries are delayed until
after the digital entry portion of the electronic cycle.
The carry gate time is from 20B to 1A. The notes on
Figure 88 show the primary cycle timing relationships
for the reset, entry, and carry operations.

To provide the uniform carry time, two carry circuit
tubes are used for each counter position; these are a
trigger to remember, and a switch to control. When-
ever a counter position advances from 9 to 0, the catry
trigger for that position is turned on. The trigger re-
mains ON (and conditions its carry switch tube) until
after the 20B to 1A carry portion of the cycle. While
all the carry switches receive the 20B to 1A carry gate,
only those switches conditioned by an ON carry memory
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Read Out CB's

+65v Impulses 1T Before
to 3t After 11 through ¢

MIT Before Index
B3T After Index

PUNCH THYRATRON
PLATE IMPULSES

— L L
2] §T 2| g 7 [2] 3
Counter IN-33 IN-5 IN-5 PW-3
RO@———7 3 5 o
(Electronic) 1-10Z 1-10Y, 1-|0Y1 1-10X
+On Any Ctr RO
(Internal) >
2 ' t———3» To Other Circuits
Counter gc gy | IN-33
RO 3,
Punch) Cable L1022
ROLL Connector
out -——
CONTROLS s
ros -8
Reset 71-HZ] E
(Electronic) +(3A-88) Reset
(Internal) Gate After Ctr For
RO & R or ZC only Cte
T - I 1 o
L el B z g 7 v 3
Counter .. o IN-33 pPs-3 TR-2 IN-5 IN-5 IN-28 PW-1
Read-out >2_ 3 9 6 3 3 5 ] k=, 3
and Reset® 2> 01-11Z5) 1-11Y 1-11X 1-11Wo) 1-1iw| 3-5L2 3-7L
(Punch) Cable
Connector 18 on Zere Check e
+1AB _3, cRO ~11AB on Zero Checl —(3A-88)G
(208-1A)G
Trigger Roll Out Carry Suppress Switch >
CARRY 7T o 2 2] T B, +(20B-1A)G Except on Ctr RO
GATE TR-2 | IN-7 IN-7 6 PS-2 PW-3
L 1-7€ 51-581 3 1-58; 9 1-10v 8 1-10U
(+20B-1A)G
—
—9AB Power Unit
a
PW-6
+9AB (From 1-6J) |9, ,_
}_——
B i.IT1OK
CARRY
TRIGGER
RESET
ZJ . Carry Trigger Reset (—9AB During Calc; — After lnv RO Burst On Punch Roll-Out)
From Inversion RO
Trigger 3-18 (Fig 130) |, PW-6
(+When Trigger Boc
OFF After
Mid-Index)
—
A
| +Index Time Punch RO Pulses 5'N'5
¢ (From 1-9F 8, Fig 27) 3-3¢ +On Any
Ctr RO
COUNTER |+ inv RO A Pulses (From 3-3Cs8, Fig 130_| 4
PS-2
out ‘\ + On No 9 (From 3-4F3, Fig 122) 9
PULSES ¢ 3-4¢ 20K
Roll Out Pulses,+(11A-20A)P On Elecironic
(10B~20B)G Trigger (11A-20A)P Rol! Out; CB & Inv On Ctr Punch Roll Out. o
Cir L Ctr RO o——
Switch Switch
—+ o 12 -
T i 8 2l )
TR-2 IN-5 I o P52 IN-3 Ps-2
1-7G 51-8G, 9 3-3D —173-10N; ? 3-10
+A Pulses
From 1-9U (Ctr Read-In Controls On Fig 121) f———m —

Figure 119. Counter Control Circuits (G Sufpx)
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PANEL 3

EC 130 + 65v CB Impulses For Punch Thyratrons
g Carry Back Control Switch
Divide Elusive 1 Sw ' T l
41 ] (1! 7 2T 1
BN 6__ 5__] To 14th Position
+ On Divide s PS-36 IN-4 l;o:e IN-1 IN-1 Trigger, Zero
s Fig 145 v ivi
Fie 14l 5 D) s 3y, [_.3 31 o Check & Dvide
L 13th Order Corry
+10A on
CA (Fig 124) 1 — T
T 1
5 5 PUNCH
Tri-4 TH-4 THYRATRONS
7=
i 1Y a )]_Z |
COUNTER PUNCH
gL "t N B EXIT HUBS (On 521)
tr 12 1
AL ) S
T " Minus T— - = - T READ OUT SWITCHES
I i T T ”(‘:"5195 ! = il = T Note: Plate Load Resistors and Flate
o4l e Lolumn oAl o od] Voltage Supply for ALL Exit Chan-
l—.‘é L6 L ps-22 Shift Unit 6 ps-22 L6 Ps-22 nel Drivers Except Those Connected
= 2M 2N re 2P | ledt =2y =2z to Common Channels 2 and 3 Are In
7 7 7 Positions (Exif| 7 7 The Counter Read Out Switch Units.
(ihannelsl) " Voltage and Loads for Channels 2
¥ 2081 AG ’ 1 lald 1€ ] and 3 (Fed From Ctr. RO Switches
(Except On at 2T and 2U) Are In MQ Units ot
Cir RO) l 21 T z] 4] l ﬂ 41 2] A‘> g ] 5-11D and 5-11C.
LIl Ps-3 LIl ps-a Ll g3 Ll Ps L L ps-2 CARRY SWITCHES
=9 3Mm 419 3N polo 3¢ p>{o 3Y 9 3z
7 7] 7 7 A IGGERS
TR-1 3 TR-1 3 TR-1 TR-1 TR-1 |- CARRY TR
3 3
fé AM[ER] fé ANEE-._ i——é 4P [ER] r—é—wm r’é AZ (BRI
|
| L 1 . |
Carry Trigger {
Reset (~9AB [ [ L \ { ;
During Calc) 8 9 8 1 9 v 8
IN-34 IN-34 IN-34 IN-34 ‘ IN-34 BLOCKING INV
50 smy %, e 552, i,
| | | | |
Units ‘ Tens Hund 12th ’
41 84— LT 84— 4+ 84— 4 84— l_:
7 TR-3 |7-1R-3 7 -3 7 1R-3
[ER] 6m [ER] 6N [ER] 6P [ER] 6Y
: : i ‘ !
7M [ER 7N[ER 7 i 7Y'
: - : COUNTER
ASSEMBLIES
8M[eR] 8N [ER ¢ 8P [ER] 8Y [ER]
T T T T T
i H H i i
o TH R4 TR-4 TR-4 TR-4 :
e o— 6 6 s 3
[ER] om N B ™ ey 3 iR 9z 3]
= On Carry Back
N
Externai 10K — b
Resistor [ [ [ |
o L7 3 17 173
IN-3 IN-17 IN-17 IN-17 IN-17 RO INVERTERS
310N 5 10p 4 10P 510z 4102
2 1 2 1 2
[—— ! I’—-— [_- r-
+ RO Pulses l l l _2 M l I
A . y ¢
(+11A-20A)
On EI i
3 1 | 4 43
Roll Out) 4 4 3
PS-264J_‘ Ps-203 ps-203 ps-203 ps-20 3 Rl SWITCHES
+0On : 6 3 6 6
Ctr Ri =11M =1IN =11P =11y =11Z
(From 1-9U, == 7 F e = FHE
Fig 121) |
=) From 11U3}-
—To 11U9
A A [ond 12
1 2 3 13

Plus Pulses From Add Subtract Unit Positions (Entry Channels)

Figure 120. The G Suffix Counter Circuits
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trigger will pass the gate shift to the next higher order
counter position.

If a counter position is standing at 9 just before
carry gate time, any entered carry shift will itself ad-
vance the position to 0 and turn on the carry trigger.
This will condition the corresponding carry switch and
send a carry to the next higher order position. All the
carry entries are not exactly simultaneous under these
conditions. Since there are 13 counter positions, it is
possible to have 12 “successive” carry operations past
9’s. For example in the normal reset position the
Counter stands at 9999999999999. If a pulse is entered,
for instance, to only the units counter position, only this
one position will go immediately from 9 to 0; but this
will necessitate a carry ultimately to all positions. In this
case only the first carry trigger will be ON when the carry
gate starts at 20B. The shift will pass the first carry
switch and add 1 to the second counter position. This
will advance the second position from 9 to 0, turn on the
carry trigger, and condition the second position switch
to generate a shift. This shift will pass on to the third
position where the operation is repeated, and so on
through all the positions, terminating with the carry
back to the first position. Sufficient time must be pro-
vided to complete this “rippling” operation, which re-
quires about 40 microseconds. To provide a safety
factor, 70 microseconds are allowed by the 20B to 1A
gate at the normal 50 kc operating frequency.

Physical Locations (G & H)

The physical arrangements of Counter units in the
604H 1s very similar to that used for Storage units. That
is, the units position column is on the right (from the
wired side of the panel) and the high order on the
left. The storage assembly triggers of the Counter read
1, 2, 4, and 8 from top to bottom. The Counter Unit
is in panel 5. The circuit given on System page 4-0101
is representative of the physical arrangement.

In G suffix and earlier 604’s the Counter is in panel
3 and has been rotated 180 degrees as compared to any
Storage Unit. This was done to facilitate wiring and
reduce cross talk. As a result, the G and earlier suffix
machines have the units position of the Counter on the
left and the trigger values run 1, 2, 4, and 8 from
bottom to top. Figure 120 gives a representative circuit
of the G suffix Counter and is drawn with the physical
arrangement found in the machine.
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Counter Read-in (G & H)

Whether the Counter receives pulses equivalent to
the true digits being sent from the sending unit (as on
a minus entry) or pulses equivalent to the complement
of the sending unit digits (as with a plus entry) is a
function of the add-subtract unit control to be de-
scribed later. At the moment we are concerned with
making the Counter able to accept whatever form of
information is available from the entry channels. The
Read-In switches provide this control.

H SUFFIX CIRCUITS

On any Counter Read-In operation, the number 1
grids of all the read-in pentagrid switches, 1M through
1Z, (page 4-0101) are conditioned plus cathode level
from the read-in control circuits on page 4-0401. Plus
entry channel pulses applied to the individual read-in
switch number 3 grids can thus pass through and ad-
vance the counter position triggers.

The read-in control circuit on page 4-0401 com-
bines the many conditions which must prime the
Counter to accept entry channel information. The
COUNTER READ-IN PLUS and COUNTER READ-IN MINUS
control panel hubs concern us now, but the Counter
must also be automatically controlled to accept data on
Multiply, Zero Check, Divide, and on Half Adjust
programs. The circuit is designed so any of these six
conditions will produce a minus input to pin 5 of the
inverter unit at 2J,. The resulting plus level from the
plate of 2], feeds the CF-11 unit at 3] which provides
the necessary plus cathode level used to control the
Counter read-in switches.

The circuit feeding the grid of 2J, is effectively a
six entry OR circuit mixer. On page 4-0401, 2J. con-
ducts on divide; 2H. conducts on control panel CRI
plus, 2H, conducts on control panel CRI minus, and
3H. conducts on half adjust. These are all in panel 5.
In addition, 3-11], (page 8-0203) conducts on zero
check, and a PS unit at 3-11F (page 7-0101) conducts
during the counter entry cycles of a multiply program.
All of these units get their plate voltage from and have
their plate load resistor in 5-2H, (page 4-0401).

G SUFFIX CIRCUITS

On any Counter Read-In operation the number 3
grids of the pentagrid read-in switches, 11M through



11Z (Figure 120) ate conditioned plus. The units at
11M and 11T are grid 3 masters controlling grid 3
slaves to their right. Plus entry channel pulses applied
to the individual number 1 grids of the read-in switches

available.

The “plus on Ctr RI” voltage comes from the circuit
shown by Figure 121. Besides being primed to accept
entry channel data when the control panel COUNTER
READ-IN PLUS and the COUNTER READ-IN MINUS hubs
are energized, the Counter must also be automatically
controlled to accept data on Multiply, Divide, Zero
Check, and Half Adjust programs. The read-in control
circuit combines these conditions.

The power unit at 1-9U will supply a “plus on Ctr
RI” voltage whenever its grid is pulled minus (beyond
cutoff) by conduction through any of the five tubes
feeding its grid circuit. These grid circuit tubes consti-
tute a five input mixer (OR circuit). For example, a
minus active program signal into the COUNTER READ-IN
PLUS hub will cause 1-9Z, to cut off. The plus output
causes 1-9X, to conduct cutting off 1-9U and produc-
ing the “plus on Ctr RI” output. 1-9X, conducts on
CRI plus; 1-9X; conducts on both CRI minus and Zero
Check (the mixing for these two conditions takes place
in 1-6Q; ana2); 1-9T, conducts on Half Adjust; 1-9V,
conducts during divide; and 3-10B conducts (except
during certain cycles) while multiplying. The plate
voltage and plate load for each of the 5 mixer tubes
is in the unit at 1-9T..

2T 3 g
5T IN-3
Counter IN-24
oun
Read In (O) 31-52, 319,
Plus
7~ ﬂ 1
(Note: Active Program IN "1 -
Inputs Are Minus Shifts - +
From 4150To 450 31-9Y, 74— +On Cir RI
Volts) 4 IN-5 Plus Or Minus
CRl 4+ An " {Control Panel)
CRI- &ZC I P 1-9T, Or Zero Check.
Mixer 5 (To TC Control,
Figure 124)
IN-1
CRI - 5 1-
and - 1-9¥
ZC Mixer
2 1 [2] L 2] 4 '8
74 é 7
IN-3
Counter IN-24 IN-1 IN-5
Read In @——6 1-92, 31-6q, 5 1-5p, 7 1-9%; .
Minus +On Cir RI Minus Or
Zero Check Only.
I (To TC Control,
[2] L 7 Figure 124)
7
z IN-35 IN-1
ero I s
(:)——5 1-6S 151-6Q L
Check 2 1 = +0On Any
Counter Read-In
2] 6:- 2] s Condition.
IN-35 INo5. {To Figure 120)
Half 5 3
Adjust e 1-7U, 1-9T,)
— On
I Any CRI
7 (To Figure 122)
IN-1
T +On Divide 5 1-9v,
~ For Cycle
After Secondary 4
< Timer Carry (Test Cycle) |, PS-2
s
B 4
* +On Multiply 3-108
Add Cycles

Only. (— On Test Cycles)

Figure 121. The Counter Read-1n Control Circuits (G Suffix)
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Carry (G & H)

The general elements of the carry operation have
been discussed earlier. We will now discuss the circuits.

H SUFFIX CIRCUITS

Normal Carry. When a counter position goes from
9 to 0, the corresponding carry trigger, 8M through
8Z, page 4-0101, will turn on. A plus potential will be
applied to grid 1 of the corresponding carry switch,
7M through 7Z. From 20B to 1A of each cycle ('except
Counter roll out) grid 3 of each carry switch is posi-
tive. A negative shift will result from the plate of any
carry switch fed from an ON carry trigger. The carry
switches have their plate loads and source of plus 150
volts in the read-in switch for the next higher order
position (the position immediately to the left). There-
fore, if a carry switch conducts during carry gate time,
a negative shift from the tapped output of the read-in
switch feeds to the trigger assembly and advances the
position by 1.

Carry Back. The “carry back” from the high order
carry switch, 7M, is used by the 14th position trigger
circuits, the zero check circuits, and the divide circuits.
During divide the carry back to the units position is
suppressed by circuits on page 7-0201. To reach the
units position of the Counter the carry back pulse “—on
13th order carry” must pass through the inverter
switch at 5-1K,ana» (page 7-0201). If 5-1K., is con-
ducting, as it does only on divide, the combined plates
of the inverter switch will stay low and not reflect the
minus carry input pulse at 5-1K,. At all other times,
however, the minus carry back pulse is inverted through
5-1K; and is reinverted to a negative pulse again by
5-2K.. The output from 5-2K. feeds directly to the
input of the first order counter trigger assembly, 3Z
on page 4-0101. This advances the position by 1 on a
carry back.

Carry Gate. The carry gate feeding the carry switches
must be suppressed whenever the Counter is controlled
to read-out. If this is not done, each position of the
Counter will be advanced by one carry after each roll
out. (The ten 11A through 20A roll out pulses roll
each position full around and turn on all carry triggers.)
The circuits for this control of the carry gate are on
page 4-0301. The key unit is the switch at SH. Each
cycle grid 3 of SH receives the carry gate which is con-
trolled by the 20B to 1A gate trigger (page 1-0201).
Grid 1 of SH is normally plus. On a Counter-roll-out
operation 3H, is made to conduct. This produces a
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negative output that cuts off SH. Suppressing the carry
gate in this way kills Counter carry regardless of the
status of any carry triggers.

Carry Trigger Reset. The carry triggers must all be
OFF before the start of any Counter entry cycle. To
insure this status, a minus 9AB pulse is directed each
cycle to the left grid of each carry trigger. The 9AB
pulse terminates after the 3A to 8B reset gate is applied
(as programmed) to the counter triggers. Any ripple
produced by resetting the Counter will thus not affect
the final OFF setting of the carry triggers.

G SUFFIX CIRCUITS

Normal Carry. When a counter position goes from
9 to 0, the corresponding carry trigger, 4M through
47, Figure 120, will turn on. A plus potential will be
applied to grid 1 of the corresponding carry switch,
7M through 7Z. From 20B to 1A of each cycle( except
a Counter read out) grid 3 of each carry switch is posi-
tive. A tapped level negative shift will result from the
plate circuit of any carry switch fed from an oN carry
trigger. The negative carry shift feeds to the input of
the counter trigger assembly for the next higher order
(the position immediately to the right), advancing it
by the 1 carry.

Carry Back. The carry back from the high order
carry switch, 3Z, to the units position trigger assembly
passes through a control switch, 3], and an inverter,
3L.. Carry back is suppressed during division. A plus
on divide input to 3], makes this tube conduct. This
swamps in the plate circuit the effects of the cut off of
3]. which occurs whenever a carry occurs from the 13th
order of the Counter. With 3], cut off, as it is except on
divide, a negative carry back shift into 3]. appears on
the plate as positive. This is reinverted to minus by 3L.
and applied to the units position to advance it by 1.

The minus shift on 13th order carry is also directly
used by the 14th position trigger, the zero check, and
the division circuits.

Carry Gate. The carry gate feeding the carry switches
must be suppressed whenever the Counter is controlled
to read out. If this is not done, each position of the
Counter will be advanced by one carry after each roll
out. All the carry triggers will be turned on as the ten
11A through 20A roll-out pulses spin each position full
around. By suppressing the 20B to 1A carry gate, all
counter carry is killed regardless of the status of the
carry triggers. The circuit both to generate and control
the carry gate is given by Figure 119. The carry gate



comes from the 20B-1A gate trigger. The plus gate
appears on grid 3 of the pentagrid switch control unit
at 1-10V. The gate normally gets through this switch;
but if a.Counter Read Out is programmed a minus
potential is applied to grid 1 from 1-10Y,. The carry

ogate thus gets no further on a CRO

Carry Trigger Reset. The carry triggers must all be
OFF before the start of any Counter entry cycle. To
insure this status, a minus 9AB pulse is directed each
cycle to the left grid of each carry trigger. The 9AB
pulse terminates after the 3A to 8B reset gate is ap-
plied, as programmed, to the Counter triggers. Any
ripple produced by resetting the Counter will thus not
affect the final OFF setting of the carry triggers.

Counter Read-Out (G & H)

In the counter circuits a separate read-out switch is
used at each position to isolate the exit channels from
the Counter except during a Counter read-out. These are
the units at 9M through 9Z on page 4-0101 and 2M
through 2Z on Figure 120. Since the Counter is used
for accumulation, any position might roll from 9 to 0
at any point within the 11B through 19B portion of
a read-in cycle. Without the isolating read-out switches,
these 9 to O shifts could appear on the Counter exit
channels, flow through the column shift, flip the add-
subtract triggers, and produce wrong results Referring
to the data flow wiring given by Figure 113 or 114
will show how the interaction could arise. Such isolat-
ing switches are not required in Storage Units because
Storage Units are always reset to zero before any read-
in to them. A 9 to 0 shift therefore cannot occur since
9 read-in pulses (11B through 19B) are the maximum
that can reach any position.

On a Counter read-out operation the exit channel
read-out switches are activated from the control circuits.
Also, just as was true with Storage Units, 11A through
20A roll-out pulses are applied to each position. These
pulses are applied through roll-out inverters on the H
and G suffix machines and through roll-out switches
on F suffix and earlier designs. ( The Counter illustrated
by Figure 114 is arranged according to the F and
earlier design.) The suppression of carty on a Counter
read-out was covered earlier under “"Carry.”

H SUFFIX CIRCUITS

The 11A through 20A roll-out pulses are applied to
each position through a roll-out inverter, 27T, through
2Z,, page 4-0101. Each roll-out inverter section obtains

its plate load and plate voltage from the read-in switch
of the corresponding position, 1M through 1Z. Minus,
tapped level pulses are fed to the counter trigger as-
semblies whenever plus 11A through 20A pulses are
fed to the common input line for the roll-out inverters.
These pulses advance each assembly around and back
to its starting value. On a punch read-out operation, CB
controlled pulses (and inversion read out pulse bursts
if the Counter is minus) will enter through the same
path.

The roll out pulses come from the circuit shown on
page 1-0501. This output is from the CF-5 unit at 1C,.
(1C, on the same line mixes in the inversion read out
pulses only as needed on a ‘punch out operation.) The
PS-12 unit at 1G controls the 11A-20A pulses so they
only feed to the Counter on a read-out operation. The
pulses are fed each cycle to grid 1 of 1G from a CF-5
unit at 3-5P, on page 1-0201. Only if grid 3 of the unit
at 1G (page 1-0501) is positive will the roll-out pulses
be passed on to the Counter. This plus conditioning of
Ctr RO or Ctr RO and R comes through page 4-0301
from page 4-0402. The Counter read-out control cir-
cuits on page 4-0402 mix the four Counter read-out
controls (with or without reset, 604 panel or 521
panel). Making either 4H, or 4H, conduct produces
the desired plus on Counter read-out level. The unit at
4] is the 604-521 “‘read-out without reset mixer.” The
unit at 5] is the 604-521 “'read-out with reset mixer.”
The line running from the cathodes of the 4H tubes
to page 8-0103 merely feeds one unit thete and returns
to page 4-0402 as the input of 10R.. After inversion
and passing through the CF-11 unit at 10S we have a
minus on Ctr RO or RO and R which is used by the
exit channel isolation read out switches to be discussed
next.

The exit channel isolation read-out switches are of
the inverter type located from 9M through 9Z on page
4-0101. The IN-2 units have internally commoned
plates. The left tube of these inverter switches is only
cut off on Counter Read Out (or Counter Read Out
and Reset) by the output of the CF-11 unit at 5-10S
(preceding paragraph). The right grid input receives
a negative shift whenever the corresponding carry trig-
ger comes ON as the position rolls from 9 to 0 at some
approximate A time. The input capacitors convert these
shifts into “reconstructed A pulses.” These appear as
plus pulses on the tied plates of each inverter unit and
feed to the exit channels through the cathode follower
drivers, 10T, through 10Z,. The Column Shift Add-
Subtract Unit takes over from there.
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G SUFFIX CIRCUITS

The 11A through 20A roll-out pulses are applied
to each position through a roll-out inverter, 10N,
through 10Z,, Figure 120. Each section of the roll-out
inverter unit obtains its plate load and plate voltage
from the read-in switch of the corresponding position,
11M through 11Z. Minus, tapped level pulses are fed
to the counter trigger assemblies whenever plus 11A
through 20A pulses are fed to the common input line
for the inverters. These pulses advance each assembly
around and back to its starting vaiue. On a panch read-
out operation, CB controlled pulses (and inversion read-
out pulse bursts if the Counter is minus) will enter
through the same path.

The roll-out pulses come from the circuit drawn on
Figure 119. Only the portion of this illustration labelled
“Counter Roll Out Pulses” concerns us at the moment.
The plus 11A-20A pulses come from the power unit
at 3-10M. The input to this power unit is controlled
by the pentagrid switch unit at 3-10], which has its
number 1 grid primed positive only during any Counter
Roll Out operation. This fact controls the passage of
the plus 11A-20A pulses applied each cycle to grid 3
from 3-10N,. The three tubes driving the grid of
3-10N, provide the particular pulses needed at one
time or another to read out of the Counter. The 11A-
20A group of pulses needed for the electronic read-out
presently being discussed is provided each Primary
Timer cycle by the switch unit at 3-3D. The 10-B-20B
Gate trigger controls grid 3 so only the 11 through
20 group of the steady A pulses applied to grid 1 is
able to pass through the switch. 3-3C; provides the
necessary index time pulses when reading out of the
Counter to the 521 punch. (The switch at 3-4C supplies
inversion read out pulse bursts which are needed when
the Counter has a true [minus} figure stored and a
punch read-out is instructed. The “plus on No 9" input
to 3-4C is high only when a true figure is in the
Counter.)

The exit channel isolation read-out switches are of
the pentagrid type, located from 2M through 2Z,
Figure 120. Information from the Counter will appear
on the exit channels (for passage through the Column
Shift Add Subtract Unit and on to the receiving unit)
only when the number three grids are fed an up-level
from the “plus on any Ctr RO” line. It is important
to note that the plate loads and the plate voltage supply
for each of the exit channels, and all the Storage Unit
inverter drivers connected to these exit channels, are
located in the Counter read-out switches. Removing one
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of the units 3-2M through 3-2Z will kill an entire exit
channel. Exit channels 2 and 3, fed by Counter read-out
units 3-2T and 3-2U, are exceptions. Plate loads and
voltage for these channel units are in the units at 5-11C
and 5-11D (the MQ Storage Unit).

The “plus on any Ctr RO” line comes from the roll-
out control circuit portion of Figure 119. Cutting off
the power unit at’” 1-10X produces the plus output
needed on any Counter read-out operation. The input
circuit to this unit mixes the four possible read-out
controls (with or without reset, 604 or 521 panel).
Three inverter OR circuit mixers are used. The unit at
1-10Z; ana » mixes the 521 and 604 control panel read-
out without reset instructions. The unit at 1-117Z; ana »
mixes the 521 and 604 read-out with reset instructions.
The unit at 1-10Y; anq» mixes the with and without
reset combinations.

F SUFFIX AND EARLIER NOTES

In machines prior to the G suffix a separate roll out
control pentagrid switch was used for each roll out
inverter section shown by Figure 120. These switches
received plus 11A-20A pulses each cycle on their num-
ber 1 grids. The “plus on any Ctr RO” voltage con-
trolled the number 3 grids. The pre-G Counter circuit
has been left in Figure 114 to illustrate this earlier
arrangement.

Counter Resetting (G & H)

The Counter is reset to all 9’s. The same reset unit
also simultaneously sets the 14th position trigger and
the 9-No 9 trigger to their 9" statuses.

Awutomatic Counter Reset by DC On (G & H). The
Counter is reset whenever DC is reapplied after having
been off (such as when replacing the 604 control
panel). The 10 milliseconds or so taken to pick relay
5 from the minus 100 volt supply causes this reset by
delaying minus 175 volts to the Counter Electronic
Reset circuit. This was discussed in detail eariler in
this chapter under “Special Primary Timer, Program
Ring, and Counter Reset.”

Controlled Counter Reset (G & H.) The Counter can
be controlled to read out and then reset, or to read out
without reset both electronic and punch. When the
Counter is wired to read out and reset, the reading out
must precede the reset to prevent loss of data. Since
the only time really available for resetting data circuits
is from 3A to 8B, the net effect is that any Counter
reset must occur on the next electronic cycle after the



CRO and R instruction. A counter reset trigger pro-
vides the memory for this action.

H SUFFIX CIRCUITS (PAGE 4-0201)

7K, and 7K, form an inverter switch. 7K. is cut off
from each cycie from 3 A to 8B. If 7K, is aiso cut off, the
Electronic Reset circuit will be gated and the Counter
reset -ine- will shift from minus 100-to-plus 10 volts
from 3A to 8B. 7K, and the counter reset trigger, 6], are
the key items in the circuit. If the trigger is oN, 7K, is
cut off and resetting will occur. The trigger gets an
11AB turn-off pulse each cycle on pin 6. The trigger
can be turned on by plate pullover from either of two
units:

1. 604 Control Panel Reser Wiring. Either a Counter
Read Out and Reset or a Zero Check Instruction de-
mands next cycle counter reset. Pin 3 of the PS unit at
6K is plus during either instruction. At 23AB, near
the end of the program step, grid 1 will also go posi-
tive, producing a negative plate output to pull the reset
trigger ON. The trigger stays on until 11A of the next
cycle, long enough to allow passage of the 3A to 8B
gate through the inverter switch.

2. 521 Control Panel Reset Wiring. When the
COUNTER READ OUT AND RESET hub on the punch con-
trol panel is impulsed, grid 3 of the PS unit at 7H will
go positive. Since the Primary Timer is “latched up”
in step 1, during punching grid one of the unit at 7H
is also plus. The counter reset trigger is thus pulled on
immediately and stays on until 11A of the first elec-
tronic cycle of the following calculations. The result
is the reset of the Counter from 3A to 8B of the first
Primary Timer revolution following punching and
reading.

G SUFFIX CIRCUITS (FIGURE 119)

Only the portion of Figure 119 labeled “Roll Out
Circuits” is involved in this discussion.-Our objective
is to send a plus 3A to 8B gate to the Counter Elec-
tronic Reset circuit only when a Counter Reset has
been instructed. The two halves of 1-11W form an
inverter switch. 1-11W, is cut off each cycle from 3A
to 8B. If 1-11W, is also cut off, the tied plates can
rise and cause the 3A to 8B reset. The control of
1-11W, becomes the key to circuit operation. This tube
will be cut off and therefore permit counter reset when-
ever the counter reset trigger, 1-11X, is ON. Whenever
this trigger is turned on it will stay on until the 11AB
pulse reaches its left grid.

There are three conditions which will turn on the
counter reset trigger:

1. If the 604 Counter Read Out and Reset hub is
impulsed, the unit at 1-11Z, will be cut off by the nega-
tive program input shift. The resulting plus output

pentagrid switch at 1-11Y. At 1AB, the very end of

. the program step, 1-11Y will receive a plus pulse on

its number 1 grid, conduct, and turn the reset trigger
on by plate pullover. Since the trigger stays ON until
11A, the 3A to 8B reset gate can reach the ER circuit
and cause counter reset in the following cycle.

2. If the 521 Punch Ctr RO and R hub is impuised.
the plus 48 volt CB impulse into 1-11Z. causes this
tube to conduct. This will result in the cut off of 1-11Z,
and a positive grid 3 at the switch unit 1-11Y. Since
the Primary Timer is “latched up” in step 1 during
punching, grid 1 of 1-11Y is already plus. The counter
reset trigger therefore comes on immediately and stays
ON until 11A of the first Primary Timer cycle following
punching-reading. Counter resetting can thus occur on
the first electronic cycle following the punch control
cycle.

3. Ona Zero Check step from the 604 control panel
the counter reset trigger is turned ON at 1B by a right
grid input. This zero check reset control pulse comes
from a unit at 1-9W. The zero check circuits will be
discussed in later pages.

Counter Balance Sensing (G & H)

The counter balance circuits indicate whether the
number group in the Counter is positive (complement
form) or negative (true form). It is common practice
with IBM mechanical counters handling plus and minus
figures to restrict the use of the highest order position
to a simple indication of the need for conversion. No
digital entries are allowed to the highest order position.
All it receives is a "hot 9" and/or a carry impulse to
keep track of the counter status. Using only this input
information the position will, after any cycle, hold
either 2 9 to indicate a complement counter resuit or
a 0 to indicate a true result.

The 604 counter balance sensing circuits work in the
same general way. To permit the full 13 digit capacity
of the Counter to be used, a limited capacity 14th order
position has been added. Since this position need only
indicate either one of two possibilities (a 9 condition
or 2 0 condition), only a single 14th position trigger
need be used rather than a full, four trigger digital
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storage assembly. Since no digital entries are ever made
to the 14th position trigger, only 13 add-subtract unit
positions and a maximum of 13 column shift data lines
need be supplied. Thus the simplified 14th position de-
sign used in the 604 saves quite a few tube units and
associated wiring.

At 1AB, the end of each machine cycle, the 14th
position trigger sends its 9 or O status to the 9-No 9
memory trigger. The 9-No 9 is set and holds the 9 or 0
status until near the end (23AB) of the following
cycle. It is the 9-No 9 trigger to which the machine
circuits refer as necessary to discover the type of figure
that was in the Counter at the end of the previous cycle.

The G suffix circuit for balance sensing is given by
Figure 122. The circuit for the H suffix machine (Sys-
tem page 8-0101) differs in only two ways: 1) the
location and exact type of the units, and 2) the use of
cathode followers instead of power units to feed the
“plus on 9" and “plus on No 9" lines. Figure 122 will
be used for the circuit description.

Note that the 14th position trigger is binary con-
nected; the 9-No 9 trigger is not. Both triggers are
reset to their 9" status (ON) whenever the Counter
is reset. There are two objectives to the complete cir-
cuit. One is to set the 9-No 9 trigger to the same status
at the 14th position trigger at the end of each electronic
cycle. The second objective is to make the 14th position

14th POSITION TRIGGER CONTROL

trigger cotrectly continue to reflect the type of figure
in the Counter.

The setting of the 9-No 9 trigger each cycle is con-
trolled by the 14th position test switch. Only if the
14th position trigger is ON, indicating a 9, will the
switch tube be primed to pass the plus 1AB pulse ap-
plied each cycle to its number 3 grid. The 9-No 9 trig-
ger is turned off (to its O status) at 23AB of each cycle.
It will stay OFF unless turned on by a “1AB pulse on
9 only” from the 14th position trigger controlled test
switch. This “turn off - test - and set” action occurs
each cycle whether the Counter is in use or not.

The 14th position trigger is only acted upon if the
Counter is in active use. One of the two possible inputs
to the binary connected grids of the trigger is a carry
back from 13th order of the Counter. This can occur
only if the Counter is being read into (carry is sup-
pressed on a read-out) and then only if certain types
of plus and minus figures are involved. The second
possible 14th position trigger input is an 11AB pulse.
This input is only applied when a-complement entry
is made to the Counter. Two switches are needed to
control this 11AB pulse properly. The IN-1 type switch
will pass the minus 11AB pulse (applied each cycle to
its section 2 grid) only when a Counter read-in action
is called for. This read-in can be due to instructions
calling for RI plus, RI minus, Multiply, Divide, Zero
Check, or Half Adjust. The plus 11AB output from

9-NO 9 SETTING AND OUTPUT

A A
r N N
[2]
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Fiaure 153) Cycle (From —On9
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Trigger Trigger
(On= 9 14th Position (On=9
Carry Shift Off= 0) Test Switch Off=0)
From 13th Order 2 ¢+ 2] 73+ [2] 4] 1  -—onNoo
Of Counter. 7 T ps3 | 8 71
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the inverter switch (on any Ctr RI) passes to grid 1
of the pentagrid switch unit. Grid 3 of this unit is plus
whenever a complementing action is occurring as digits
pass through the Add-Subtract Unit. The output of the
PS unit is the desired minus 11AB tapped level pulse
nlvy when slement entrv (additian) iz keing
Liry VELCAL kUlLli}l\,lll\.llL \.1.[!.1}4 l\nu.u-uuu; L) U\,llis
made to the Counter. As will be seen in a moment, it
is possible for one or both or neither of these inputs

to occur on a Counter read-in. Due to the bmary con-

nection of the 14th position trigger, every second pulse
returns it to its starting position.

It remains now to show that if the 14th position
trigger is properly reset to 9" (which it is whenever
the Counter is similarly reset), the 11AB pulse on
LU"'iJ ement As’_]d ;'.ud H"c '»"-y b’f’"‘.!( ‘h.'..'.'. w.'.u:ﬁ one
occurs) will serve to keep the 14th tngger indicating
properly through all types of Counter entries. There
are only six possible Counter actions that can result

14th POSITION TRIGGER ACTION
604
L Comp Add Carry Back Is Final
OPERATION Lo | Position | (11AB Pulse)? |(20B-1A Shift)?| Status Status
xample A : Changed At End
Start Status After: |Status After: From Start?
999 On Yes Yes No On
Ctr Plus or Zero.Plus Figure 994 © ©
Added.Ctr Becomes More Plus. &
No Sign Change (Still Plus) m
(0 45 = +5) (i Off On
994 © )
Ctr Plus. Smaller Figure 994 On Neo No No On
Subtracted.Cir Becomes Less 003 @) 9
Plus But No Sign Change (Still Plus) 997
(+5-3=42) 81)1 (09;1
997 On No Yes Yes Off
Ctr Plus. Larger Figure 26 ®) ©
Subtracted. Ctr Becomes 993
Negative. Sign Changes (1 o
(+2 -6z —4 004 8;1 (0)
Ctr Negative. Another 004 Off No No No Off
Figure Subtracted. Ctr 903 © 0
Becomes More Negative 007
Ne Sign Chenge. Off (Off)
(=4 =32-=7) (0) (0)
Ctr Negative.Smaller %Z 8? Yes Yes No Off
Figure Added.Counter —_ ©)
Less Negative But No 991
Sign Change. Nl On ©ff)
Ctr Negative. Larger 002 Off Yes No Yes On
Figure Added. Ctr becomes 995 (0) ©
Plus (or zero). .Sign Change 997
—2 44 =42 (On) On
® ®

Summary: Only a Complement Add Alone Or A Carry
Alone Will Change Final Status of 14th

Position Trigger.

Figure 123. Counter and 14th Position Trigger Action
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from any combination of entries. The Counter can start
plus and then go: 1) more plus, 2) less plus, or 3)
negative. The Counter can also start minus (from a
previous entry) and then go: 4) more minus, 5) less
minus, or 6) plus. The chart of Figure 123 assumes
a simple three position 604 type counter doing each of
these six actions. The step by step action of the 14th
position trigger is listed. A careful examination of the
results will show that at the end of any cycle the 14th
position trigger indicates correctly. There are only two
conditions that call for a different 14th position trigger
status at the end than existed at the start of the cycle.
These are: 1) when the Counter is plus and has a large
negative entry made to it (carry back pulse only), or
2) when the Counter is minus and has a larger plus
entry made to it (complement add 11AB pulse only).
The circuit action summary is that a complement add
without a carry back or a carry back on a true add will
change the status of the trigger. just as it must for proper
operation.

Counter Sign Channel Control on Read-Out

One use of the 9-No 9 trigger is to control the Sign
Exit channel whenever a Counter Read Out is pro-
grammed. The H suffix circuit is on the lower right of
System page 8-0103. The G suffix circuit is shown in
the lower left of Figure 111.

H SUFFIX CIRCUIT (PAGE 8-0103)

OB JECTIVE: Shift sign exit channel level to plus when a negative
(true, No 9) figure group is read from Counter.
1. Pin 9 of PS-12 at 10N plus on any Ctr RO or CRO and R.
2. Pin 7 of PS-12 plus whenever 9-No 9 trigger (5-2S, page
8-0101) is ofFF, making plus on No 9 line high.
3. (Page 8-0101) 5-10N conducts; plate level drops.
4. IN-5 at 10P: cut off. Plate level rises. CF-5 at 10T; shifts
sign exit channel to plus (c¢) level.

5. Grid of Ctr Sign Punch Thyratron, 10L, primed to fire tube
and energize punch magnet if this is a2 punch controlled Counter
read-out.

G SUFFIX CIRCUIT (FIGURE 111)

OBJECTIVE: Shift sign exit channel to low (plus 50 volt) level
when a negative (true, No 9) figure is read from Counter.

1. Tube at 3-9L; cut off on any Counter Read Out.

2. Tube at 3-10L, cut off whenever “plus on 9” level drops
(minus on No 9). This occurs whenever 9-No 9 trigger is OFF,
making power unit at 3-4E conduct (Figure 122).

3. (Figure 111.) Input to 3-11J. shifts plus, making tube con-
duct, and dropping sign exit channel level to plus 50 volts or less.
4. Plus output of combined plates of 3-9L. and 3-10L. on a Ctr
RO of a minus (No 9) figure primes Sign Punch Thyratron to fire

and energize punch magnet if this is a punch controlled Counter
read-out.
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THE TRUE-COMPLEMENT CIRCUIT
(G & H)

As A NUMBER GROUP passes through the Add Subtract
Unit, it can be converted to complement form if re-
quired by the machine for proper end results. This is
accomplished simply by applying a 10A pulse to the
add-subtract triggers to turn them all ON prior to the
start of the data flow through the unit. This was fully
discussed under the “Add Subtract Unit” and “Com-
plement Transfer” earlier in this chapter. These sec-
tion should be reviewed at this time if the functions
of the Add Subtract Unit are not clearly understood.
The circuit we are going to discuss now has as its sole
objective the control of the “10A for Complementing
Action” pulse.

The 604 was designed to do algebraic problems as
well as business calculations. Both plus and minus
figures can be entered into the machine from the punch.
The sign of the operation for Counter entries can be
either plus or minus, and the sign of a multiplication
operation can be controlled to be either plus or minus.
A division operation is always plus but the factors in-
volved in the division may result in a negative answer.
The following facts must be properly handled by the
True Complement Unit:

1. Figures going to Storage Units must always ar-
rive there in true form regardless of how they started
out.

2. Plus entries go into the Counter in complement
form, minus entries in true form.

3. Subtracting (Ctr Read In Minus) a minus stored
figure into the Counter calls for the figure to be entered
into the Counter in complement form. (Algebraic law:
to subtract a negative figure, change the sign of the
figure and add.)

4. When multiplying, the product will be positive
or negative depending upon a combination of the signs
of the multiplier, multiplicand, and the operation.
Algebraic rules call for the following results:

MULT. + (+A) X (+B) = +P

MULT. + (+A) X (—B) = —P
MULT. + (—A) X (+B) =—P
MULT. + (—A) X (—B) = +P
MULT. — (+A) X (+B) =—P
MULT. — (+A) X (—B) = +P
MULT. — (—A) X (+B) = +P
MULT. — (—A) X (—B) =—P
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5. When dividing, if both the divisor and the divi-
dent are plus, the result (quotient) is plus. If one or
the other is negative, the result is negative. If both the
divisor and dividend are negative, the result is positive.

The key to the proper final results is the control and
setting of the true-complement trigger. In the 604H
this trigger is located at 3-9] and its circuits will be
found on page 8-0102. In the 604G and earlier ma-
chines this trigger is located at 5-6] and its circuit will
be found on Figure 124. As can be seen, the trigger
is controlled from many sources. Notice that the trigger
is binary connected. The final status of the TC trigger
on any cycle will depend on how many input pulses it
receives. Since the TC trigger has as its function the
control of the 10A Add-Subtract trigger control pulse,
the final status of the TC trigger for any given cycle
must be determined prior to 10A. SAB, 7AB, and
9AB input pulses are therefore used to determine the
setting.

The layout of the TC controls for the 604H on the
System Diagrams is somewhat more difficult to see than
it is on Figure 124 for the G suffix. For this reason
Figure 125 has been included showing the logical con-
trols of the 604H TC trigger. This illustration is only
valid for the H suffix. It should not be interpreted as
an actual wiring diagram.

Because the status of the TC trigger may have to be
set differently from cycle to cycle, it is necessary to turn
it off at the start of each program This gives a known
starting status. Because of the binary connection of the
TC trigger grids, a plate pullover starting status input
is used. With the 604H a 3AB pulse plate pulls the
trigger OFF each cycle except during division. With the
G and earlier machines a 1AB pulse pulls the trigger
off each cycle except during multiplication and division.

When the TC trigger is OFF, a positive output from
its left plate is taken, inverted twice, and applied to
one grid of a PS unit which receives a plus 10A each
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Figure 125. Logic Diagram of 6G04H TC Trigger Controls
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cycle on its other grid. Therefore with the TC trigger in
its OFF (complement action) status, the 10A pulse gets
through the switch to turn on the add-subtract triggers.
When the TC trigger is ON (its true transfer status),
the 10A pulse is blocked at the switch. The outputs of
the two inverters between the TC trigger and the 10A
switch are also used to provide “plus on CA” and “plus
on TA” conditioning voltages for use where needed
within-other 604 circuits. SRR
The operation and control of the TC trigger durin

multiplication and division will be discussed under
those headings in the next chapter. For our present,
introductory discussion we will cover the control during
transfers between Storage Units and into and out of
the Counter.

Storage to Storage Transfer (G & H)

Storage Units always hold true form figures, regard-
less of the sign of the figure. Only if the Counter is
involved will any complementing action ever be re-
quired. If the Counter is not in some way a part of the
program step action, the machine assumes that a true
transfer is called for (the TC trigger is thus set to true
even on blank program steps). To retain the true form
as a number group passes through the Add-Subtract
Unit in moving from one Storage Unit to another, the
10A Complementing Action pulse must be blocked.
The True-Complement trigger must be in its true ( ON)
status by 10A. Since the TC trigger is plate pulled OFF
early in each cycle, a pulse must be applied to turn it
ON for a storage to storage transfer.

H SUFFIX CIRCUIT

OBJECTIVE: (Page 8-0102.) Turn on the TC trigger for storage-
to-storage transfer.

1. TC trigger plate pulled off at 3AB through PS-27 at 9H
(division is not programmed).

2. No CTR RO or CTR RO and R signal from 4-0301 at 8AT.
3. No +(c) on CTR RI + or RI - from 4-0401 to 8 AT.
4. No +(c) on M-D from 7-0101 on 8AB..

5. Negative output of 8AT and 8AB, inverted and fed through
cathode follower, 6C..

6. +(c) on storage-to-storage transfer conditions diode switch,
8Cr.

7. Switch 8D conducts at 7AB to turn on TC trigger.

G SUFFIX CIRCUIT

OBJECTIVE: . (Transfer Controls portion of Figure 124.) Permit
7AB pulse to turn True-Complement trigger to true (ON).

1. At 1AB the TC trigger is plate pulled off through pentagrid
switch unit at 5-7] (multiplication or division not programmed).

2. Unit at 5-3H, cut off because no Counter Read-In action is
involved.

3. Unit at 5-3H. cut off because no Counter Read-Out action s
involved.

4. Unit at 5-4]: cut off because no multiplication is involved.

5. Combined plate line of the 3 input mixer goes plus, making
grid 3 of 5-5H go plus.

6. Plus 7AB pulse makes 5-SH conduct, sending minus 7AB
tapped level pulse to TC trigger, 5-6], to turn it ON (True transfer
status). NOTE: Plate voltage and plate load for all seven tubes
feeding TC trigger is within the unit 5-5H. All TC controis will
be killed if this unit is pulled. (Tube alone may be removed for
analysis, if desired, without killing all other inputs.)

- 7.-Minus.output -from -left plate of TC -trigger appears; after
double inversion, as a minus grid 1 at 5-3K. 10A pulse blocked at
5-3K switch. True transfer will result.

afue o

TC Control During Counter Read-In
Operations (G & H)

Counter Read-In Plus or Minus can be programmed
and the sending unit itself can have a plus or minus
figure stored. Each of the four possible combinations
must properly set the TC trigger according to algebraic
laws.

Counter Read-In Plus of a Plus Figure. This com-
bination requires an addition (complement entry) to
the Counter. The TC trigger is pulled off (complement
status) at the start of a cycle. All possible TC trigger
flipping pulses are blocked, leaving it in the comple-
ment transfer status.

For THE H SUFFIX MACHINE an examination of
Figure 125 will show that the SAB, 7AB and 9AB
switches 8G, 8D, and 7] are blocked. The conditioning
levels can be similarly found on System page 8-0102.

For THE G SUFFIX MACHINES an examination of
the Transfer Controls section of Figure 124 will show
that neither 5-5H nor 5-4G. will send any pulses to
the TC trigger. 5-SH is killed because the Counter is
being used. 5-1] is blocked because we are considering
a read-in plus (not minus). 5-2J is inactive because
there is no negative sending unit sign. 5-3] is inactive
because we are involved with a read-in (not roll out).

Counter Read-In Plus of a Minus Figure. This opera-
tion requires a true (subtracting) entry to the Counter.
A single (9AB) pulse will be allowed to reach the
TC trigger and turn it to true (ON).

FOorR H SUFFIX MACHINES all conditions are as in
the first example except one. Now the sign exit channel
is high because of the negative figure being read out of
the sending unit. On page 8-0102 the PS-11 unit at 7]
will pass the 9AB pulse because its grid three will be
plus. Both Cathodes of the diode switch unit at 7HT will
be plus. Pin 4 of the DS unit is plus because of the
negative sign. Pin 6 is plus because of the “plus on Ctr
RI” level through 7HB. and 8F..
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For G SUFFIX MACHINES the conditions are the
same as in the first example except for the 9AB action
through 5-2J (Figure 124). Grid 3 of the pentagrid
switch unit at 5-2] is plus because this is a read-in
operation. Grid 1 receives a plus 9AB pulse from the
sign entry channel because a negative figure is being
read out from the sending unit. The minus 9AB output
is double inverted through 5-4]. and 5-4G. and ap-
pears as a minus 9AB (t) to flip the TC trigger to true.

Counter Read-In Minus of a Plus Figure. This opera-
tion requires a true (subtracting) entry to the Counter.
A single (7AB) pulse will be allowed to reach the
TC trigger to turn it to true (ON).

For H SUFFIX MACHINES all conditions are as in
the first example except for the action through the 7AB
switch at 8D (page 8-0102). Grid three (pin 7) of
the PS-11 unit is plus because of the “plus on Ctr RI
Minus” level through the DS-5 section at 8AB,. The
—7AB (t) output from 8D will flip the TC trigger to
true (from its plate pulled OFF status).

For G SUFFIX MACHINES all conditions are as in
the first example except for the 7AB action through the
switch unit at 5-1J (Figure 124). Grid three of this
pentagrid switch unit is plus because of the “plus on
Ctr RI Minus” (from 1-5P,). The plus 7AB pulse on
its grid 1 will cause a minus 7AB output. The minus
7AB output is double inverted through 5-4], and 5-4G,
and appears as a minus 7AB (t) pulse to turn the TC
trigger on (to true).

Counter Read-In Minus of a Minus Figure. By
algebraic law this requires a complement (plus or
addition) entry to the Counter. Two pulses will reach
the TC trigger, the 7AB Counter Read-In Minus pulse
discussed in example three above and the 9AB Minus
Sending Unit Pulse discussed in example two above. The
two circuits are exactly the same as discussed above and
will not be repeated. The TC action history is as fol-
lows: At 3AB (1AB for G and earlier suffix machines)
the TC trigger is plate pulled to complement (OFF).
At 7AB the TC trigger is flipped to true (ON) by the
RI Minus operation. At 9AB the TC trigger is flipped
back to complement (OFF) by the minus sign of the
sending unit. The plus output from the left plate of
the TC trigger is double inverted and conditions plus
the grid of the 10A pentagrid switch which lets the
10A pulse through. A complementing action through
the A/S Unit results.
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READ-OUT TO PUNCH

RESULTS CAN BE punched into cards from the General
Storage Units and from the Counter. Results in the card
must be punched in true form in all cases. Since the
General Storage Units always contain true figures, a
non-varying form of read-out can be used for them.
The Counter, on the other hand, can hold either a true
or a complement figure at punching time. This requires
a controllable type of read-out circuit for the Counter.
There are thus two types of read-out used by the 604,
Inversion Read Out and Straight Read Out. Inversion
Read Out is used whenever there is a true figure in the
electronic unit that is punching (always with General
Storage Units, and with the Counter whenever a minus
balance is held). Straight Read Out is only used for the
Counter when the Counter has a plus (complement)
figure held at punching time. Inversion Read Out is
the more frequently used circuit, but Straight Read Out
is the simpler and will be discussed first to introduce
the general principles of converting a stored electronic
trigger assembly condition into a punched card hole.

Each punch exit hub on the 521 control panel is fed
from the cathode of a separate punch thyratron. These
thyratrons are supplied with plus 65 volt circuit breaker
controled impulses from 1 tooth before to 3 teeth after
each line of index 11 through 9. (The punch sign
exit thyratrons are supplied from line of index to 3
teeth after.) If a positive pulse is sent to the grid of
a thyratron having potential applied to its plate, the
thyratron will fire. If a punch magnet coil is wired to
the cathode exit hub, that magnet will be energized
and a hole will be punched in the card. The punch out
problem resolves itself down to simply supplying a
positive shift to the thyratron grid at the proper line
of index to cause the desired digit to punch.

Positive Counter Balance Read Out to Punch

With a complement figure in the Counter (plus
figure), Straight Read Out can be used. With this sys-
tem a single pulse is entered at each line of index 0
through 9 into each trigger assembly reading out. Carry
is suppressed on read-out since the Primary Timer is
not running. The ten CB controlled pulses roll each
position around and back to zero, just as with an elec-
tronic roll out (though at a much slower stepping rate).
At some line of index each position will individually
go from 9 to 0 and turn on its carry trigger. The result-
ing plus shift from the right plate of the carry trigger



COUNTER READ OUT POSITIVE BALANCE (4-123456789)

CB CB
TIME PULSES
12.7 (End of Calc) 9
0.0 1 0
1.0 1 1
2.0 1 2
3.0 1 3
4.0 1 4
5.0 1 5
6.0 1 6
7.0 1 7
8.0 1 9
9.0 1 9
TOTAL F <

COUNTER
(* Indicates punching occurs)
2 9 987 65 43210
*0*0*0*9 8 7 6 5 4 3 2 1
1 11 09 8 7 6 5 4 3 2
2 2 2 1 0*9 8 7 6 5 4 3
3332109 87 65 4
4 4 43 21 09 87 6 5
555 432109 87 6
4 3 21 09 8.7
543 21 09 8
6 5 4 3 21 0%9
7 6 54 3 21 0%

Counter restored to original value.

Figure Punched 0000123456789

Figure 126. Counter Operation for Punch Read-Out of a Plus Figuve (Straight Read-Out )

is fed to the Thyratron grid, causing it to fire and
energize the punch magnet. With the cards feeding
12 edge first (as they do) and with a complement
figure in the Counter, the correct hole is punched with
no further complications. The chart of Figure 126
shows the Counter step by step action as each of the
index time pulses is applied: Note that after the ten
index time pulses have been applied, the Counter is
back to its original starting value. This non-destructive
punch read-out allows running totals to be accumulated,
if desired.

The index time pulses are controlled by 521 circuit
breakers. To prevent troubles due to contact bounce,
the CB inmpulses are used to control a trigger. The
output of the trigger is then shaped to create an elec-
tronic type, CB timed pulse.

H SUFFIX CIRCUITS

OBJECTIVES: To advance each position of the Counter at index
time and to energize the punch magnets. COUNTER READ-OUT or
COUNTER READ-OUT AND RESET must be wired. (Pages 1-0501,
4-0101, and Figure 126.)

1. CB RO trigger (page 1-0501) turns on each index point
and off each mid-index point from 0 through 9.5.

2. Output is fed through CF unit, 4Z.. to condition PS-12, 1G.

3. PS-12 unit conducts 10 CB RO pulses when Counter is
wired to read out or read out and reset.

4. CB RO pulses are fed to Counter_ circuit. 4-0101 through
inverter 1J. and CF-5 unit, 1C,. '

5. The 10 CB RO pulses are fed through the Counter read-out
inverters to advance each Counter position ten times.
6. When a counter position goes from 9 to 0, the carry trigger

- A s ki bz e
for that position turns on.

7. The positive output from the carry trigger causes the thyratron
in the position to conduct. Conduction takes place as long as plate
voltage is applied through EC130.

8. Load of thyratron is a punch magnet, and the punch magnet
is energized through control panel wiring when thyratron conducts.

G SUFFIX CIRCUITS

OBJECTIVE: To advance each position of the Counter at index
time and to energize the punch magnets. COUNTER READ OUT or
COUNTER READ OUT AND RESET must be wired. (Figures 119, 120,
and 127.)

1. (Figure 127.) RO CB pulse trigger is turned on at each
index time and off at five teeth past each index, 0 through 9.

2. Minus shift when trigger comes on feeds through input
capacitor to grid of 1-9F, which is biased for normal conduction.
Plus pulse spike from plate of 1-9F; each index time O through 9
feeds to grid of 3-3C,. (Figure 119.) (Plus pulses to grid of 1-9F,,
when trigger goes off have no effect.)

3. Index time plus pulses pass through 3-3C, and 3-10N.- to
appear as plus index time pulses on grid 3 of 3-10].

4. If Ctr RO or Ctr RO and R is impulsed from CARD CYCLEsS
hub on punch contro! panel. grid 1 of 3-10] will be positive and
permit minus index pulses to appear on plate.

5. 3-10M sends plus index time pulses to roll-out inverters,
advancing each counter position by one each index time (Figure
120).

6. As each position steps from 9 to 0, the corresponding carry
trigger comes on. The right plate sends a plus shift to the capacitor
input punch thyratrons, 1M through 1Z.
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Calculator
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Figure 127. Punch Roll-Out Pulse Generation and Distribution

7. Each thyratron, as fired, conducts until three teeth after line of
index when plus 65 volt anode potential through EC130 is re-
moved.

8. Punch magnets wired to thyratron cathode Punch Exit hubs
will be energized and cause punching as illustrated by Figure 126.

9. Carry triggers are reset at 5 teeth past each index (approxi-
mately) by pulse through 3-1C (Figure 119).

F SUFFIX NOTE

In F and earlier machines an inverter tube isolates
each carry trigger from its thyratron unit. Input to the
inverter 1s taken from the LEFT plate of the carry
triggers to secure needed plus shift to thyratron grid
as trigger comes on.

The F suffix and earlier circuit for carry trigger reset
during punch out is also different. A trigger at 1-8K
is CB controlled to come on at 2 teeth before the line
of index and go off 2 teeth after the line of index. The
plus shift from the right plate of 1-8K at 2 teeth before
the line of index is fed to the unit at 1-9K. The power
unit at 1-9K peaks, inverts, and supplies a tapped output
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level pulse which is applied to the left grid of each of
the carry triggers to turn them off prior to each line of
index CB RO pulse.

Inversion Read Out Operation (G & H)

Using the Straight Read Out system just described
it was seen that a complement result in the Counter
punched out as a true figure in the card. Had we started
with a true figure, the same punch out system would
have punched a complement figure in the card. Since
all results in the General Storage Units, as well as
minus answers in the Counter, are in true form, it be-
comes important to be able to punch out true figures as
true results in the card. The Inversion Read Out circuit
serves this function.

With the Straight Read Out method we rolled the
Counter forward by one at each cycle point to cause

a complement figure to punch out as true. It would
seem logical then that, if we start with a true figure, a



true answer will punch if we can roll the Counter back-
ward by one at each cycle point. Since electronic digital
storage assemblies don’t roll backward directly, the
same effect is obtained by entering 9 pulses at each
cycle point. With carry suppressed in the Counter, and
no carty available in Storage Units, each position will
end up one shy of its original starting point after each
9 pulse entry.

The 9 pulse entty process introduces a second prob-
lem. The point for punching to occur is sensed from
the output shift obtained when each digital storage
assembly jumps from 9 to 0. If 9 pulses are added at
each cycle point, almost all positions will go from 9 to
0 at each cycle point from some one of these pulses. A
badly laced card would resuit. To solve this problem the
9 pulses are entered as two groups. An 8 pulse high speed
burst is entered at mid-index time plus one pulse at
index time. At mid-index time there is no plate voltage
supplied to the punch thyratrons. Any position which
goes from 9 to 0 at mid-index will send a plus pulse
to the thyratron grid through the input capacitor, but
the pulse will have no effect. In the case of the Counter,

the carry triggers will be turned on as the positions go
from 9 to 0 at mid-index, but a reset pulse right after
will turn them off again to prepare for the desired index
time action. The rule to remember for punching out is
this: when a position goes from 9 to 0 at the line of

Figure 128 illustrates the step by step action of In-
version Read Out from a General Storage Unit (ot from
the Counter if it contains a true, minus figure). There
are several points to note on this illustration. First is
the 9 (not just 8) pulse burst entered at 5 teeth before
zero. This 9 pulse burst primes the positions so zero's
can be punched (any zeros will go to 9 at 5 teeth before
0 and then go from 9 to zero at the 0.0 line of index).
The second item is the burst of 9 pulses at 5 teeth past
9, after all punching is completed. These 9 pulses bring
the total pulse count applied to each position to an
even 100 which restores the original digit value held
before punch-out. This non-destructive punch-out is
helpful in some customer applications.

Circuitwise the Inversion Read-Out problem resolves
itself mainly to creating mid-index time bursts of 8 high
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Figure 128. Principles of Inversion Read-Out (G and H)
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speed pulses which can be mixed with the index time
pulses already discussed under Straight Read-Out. The
circuit must also be able to provide the 9 pulse bursts
at 5 teeth before 0 and at 5 teeth after 9. This applica-
tion of the inversion pulse bursts to the Counter must
be controllable. This will depend upon the true or
complement nature of the figure in the Counter at
punching time. (The 9-No 9 trigger supplies this
needed information.) A means of resetting the Counter
carry triggers after each pulse burst is also needed.

The high speed pulses used during inversion read
out are bursts of “A” pulses. “A” pulses are constantly
being generated as long as power is on. Since these
pulses come at a frequency of 50 k¢, the time required
for an 8 or 9 pulse burst is insignificant for a punch
controlled operation. The objective of the inversion
read-out timer is to gate an A" pulse switch tube so
only the desired 8 or 9 “A” pulses will pass through
in any one burst. The gate to the switch tube must start
and end at a B time to prevent partial “A” pulses from
slipping through the switch tube and causing unreliable
roll-out operation. Since the Primary Timer is not

running during punching time, the circuit must be self-
timing.

Before proceeding to the actual circuits, the simplified
circuit operation diagram of Figure 129 should be
understood. The actions should be gone through in the
order indicated by the circled numbers. A key item is
the “A” pulse control trigger which comes on and goes
off at “B” time to generate the gate needed to select
the proper number of “A” pulses for the burst. A sec-
ond key item is the Inversion Roll Out Timer. This is
a special arrangement of four triggers which normally
gives a carry pulse after 8 input pulses but which can
be pre-set at any desired time to require 9 input pulses
to secure a carry.

H SUFFIX CIRCUITS

PuNcH INDEX TIME 11.5

OBJECTIVE: (Page 1-0501.) To provide nine high-speed pulses
to advance the General Storage Units and/or the Counter.

1. Inversion RO control trigger turns on at mid-index time to
turn on B pulse control trigger.

2. The PS-5 unit, 2F, conducts next B pulse after 11.5 to turn
on A pulse control trigger.
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Figure 129. Inversion Roll-Out Circuit Operation Flow Diagram (G and H Suffix)



3. The A pulse mixer conducts A pulses while A pulse control
trigger is ON.

4. Output of 2] is inverted and feeds high-speed inversion read-
out pulses through CF unit 6S. to supply high-speed inversion read-
out pulses to the Storage Units, 3-0101.

5. Output of 2] is fed through a CF switch 1E: {1E. if Counter
is wired to read out and has a negative balance).

6. Output of 2] is also inverted twice at 1J; and 1K: to feed
inversion read-out timer.

7. After seven A pulses, Storage Units and Counter have ad-
vanced seven times and inversion RO timer contains 7.

8. Eighth A pulse through 2] advanceés Storage Units, and timer
contains 8.

9. Ninth A puise through 2] advances Storage Units and Counter,
turns on first position of timer, and turns off eighth position of timer.

10. Output of eighth position trigger turns off B pulse control
trigger.

11. The PS-5 unit, 2E, conducts next B pulse to turn off A pulse
control trigger.

12. No high-speed inversion read-out A pulses can feed Storage
Units, Counter or timer when A puise control trigger is OFF.

13. Positive output of A pulse control trigger is fed through CF
unit 2H; to carry trigger reset circuit (Page 4-0301).

Thus the Storage Units and Counter receive nine high-speed pulses
at 11.5 index time, the inversion read-out timer is left with the
first position ON, and the carry triggers are reset OFF. It must be re-
membered that CB pulses are also occurring on the line of index to
cause punching.

PUNCH INDEX TIME 12.9 THROUGH 8.9

Thyratron anode voltage is available from one tooth before each
line of index until three teeth after each line of index for all digit
value, X through nine. A 65v plate potential is applied when con-
tacts P18-P19 in parallel and P20-P21 in parallel are closed.

PuNcH INDEX TIME (.0. THROUGH 9.0

OBJECTIVE: To advance each position of the Counter or General
Storage at index time and energize the punch magnets when the
Counter is wired to read out, or read out and reset, or when a Gen-
eral Storage Unit is wired to read out (pages 1-0501, 3-0201, or
3-0202, and 4-0101).

1. CB RO trigger 4Y turns on at index time and off at mid-
index time from 0.0 through 9.5 time.

2. Trigger output is fed through CF-1 unit, 4Z, to PS-12 unit,
1G. Negative CB pulse is inverted at 1J., through CF switch, 1C,
to feed CB pulse to the Counter.

3. The output from 4Z; is also fed through CF-10 unit, 3W,
to 7-0101, and then to the Storage Units.

PUNCH INDEX TIME 0.5 THROUGH 8.5
OBJECTIVE: (Page 1-0501.) To provide eight high-speed pulses
to advance the General Storage Units and Counter. The RO timer
position 1 is on since last mid-index time.

1. Steps 1 through 6 are the same as 11.5 punch index time
described above.

7. After seven high-speed pulses, Storage Units and Counter
have advanced seven times and timer contains 8.

8. Eighth high-speed inversion read-out pulse through 2J ad-
vances Storage Units, Counter, and timer.

9. First position of timer turns on and eighth position turns off.

10-13. Steps 10 through 12 are the same as 11.5 punch index time
described above. At each mid-index point from 0.5 through 8.5,

eight inversion read-out A pulses are fed to the Storage Units and
Counter.

PUNCH INDEX TIME 9.5

OBJECTIVE: (Page 1-0501.) To feed nine high-speed pulses to
the Storage Units and Counter to advance the units to their original
value.

1. Inversion read-out timer reset trigger, 1M, turns on at 9.0
and off at 9.5 time.

2. Output at 9.0 time is inverted and fed through two inverters
1L; and 1L..

3. Output of 1L. turns off first position trigger of inversion
read-out timer.

4. Output of 1L, prevents the second position trigger from turn-
ing on when the first position trigger turns off.

5. Operation of inversion read-out circuit is now same as steps
i through 13 at 11.5 time.

G SUFFIX CIRCUITS

PuNcH INDEX TIME 11.5
OsyECTIvE: (Figure 130.) “To provide nine high-speed pulses to
advance the General Storage Units and/or the Counter.

1. Inversion RO control trigger turns on at mid-index time to
turn on B pulse control trigger.

2. The PS-3 unit at 3-1D conducts with the next B pulse after
11.5 to turn on the A pulse control trigger.

3. The A pulse PS unit at 3-2A starts feeding minus A pulses
to inversion RO timer. The A pulse inverter switch (3-9F, and
3-3C,) sends plus A time pulses to Ctr and GS unit control circuits.

4. Counter inversion RO control, Figure 119. PS unit at 3-4C
will only pass inversion RO pulses if Ctr in true form (No 9).
PS unit at 3-10] will only pass pulses if Ctr RO called for.

5. General Storage RO pulses pass through IN unit at 3-3G,
(Figure 127) and PW unit at 3-3H which supplies common pulses
to all GS units. (Typical GS unit, Figure 103, and GS RO control,
Figure 104.)

6. (Figure 130.) Minus A pulses from PS unit at 3-2A feed to
Inv. RO Timer.

7. After seven A pulses the GS units and Ctr reading out have
advanced by seven and Inv RO timer is standing at seven (3-2B, 2C,
and 2D oN).

8. Eighth A pulse advances rolling out units and sends Inv RO
Timer to 8.

9. Ninth A pulse advances rolling out units and causes follow-
ing actions in Inv RO Timer: First position trigger, 3-2B, comes on
and last position trigger, 3-3A, goes off, sending minus shift from
right plate to left input of B pulse control trigger.

10. B pulse control trigger turns off.

11. The PS-3 unit at 3-1H conducts on next B pulse and turns
off A pulse control trigger.

12. Inversion RO pulses (to Ctr and GS units through A pulse
inverter switch and to Inv RO timer through A pulse PS unit) are
stopped. Note that first position trigger of Inv RO Timer has been
left oN. On the next burst cycle it will only require 8 input pulses
to get carry from Timer.

13. When A pulse control trigger goes off, the plus shift from
left plate is sent to Counter carry trigger reset power unit 3-1C,
(Figure 119) to set all carry triggers back to OFF.

The Storage Units reading out and the Counter if reading out
and minus receive nine high-speed pulses at 11.5 time. It must be
remembered that CB pulses are being generated at the line of index
to cause punching. Carry triggers have been reset. Inversion RO
Timer is left so only 8 pulses will pass at next cycle point.

PUNCH INDEX TIME 12.9 THROUGH 8.9
Thyratron plate voltage is available from 1 tooth before each line

of index until 3 teeth after for X through 9 from 521 circuit breakers.
A plus 65 volt potential is applied when contacts close.

PUNCH INDEX TIME 0.0 THROUGH 9.0
OBJECTIVE: To advance each position of the Counter or General

Storage at index time and energize the punch magnets. Ctr RO or
Ctr RO and R must be wired; or a2 GS unit must be wired to read
out.

1. Figure 127. RO CB pulse trigger, 1-8F, turns on at index
time and off at mid-index time from 0.0 to 9.5.

2. Trigger output is peaked and inverted through capacitor input
IN unit 1-9F;. Plus pulses feed to 3-3C, (Figure 119) for Counter
index time advance.

3. (Figure 127.) Plus pulse output from 1-9F, feeds to IN-5
tat 3-3Gy and through PW-3 unit at 3-3H. Plus index time puises
from 3-3H are made available at each GS roll out switch grid 1.
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Figure 130. Inversion Read-Out Pulse Generation Circuit (G Suffix)

PuNcH INDEX TIME 0.5 THROUGH 8.5

OBJECcTIVE: (Figure 130.) To provide 8 high-speed pulses to
advance the units punching out. (The first stage of the Inv RO
Timer is ON from action at 11.5.)

1-6. Steps 1 through 6 are the same at 11.5 index time de-
scribed above.

7. After 7 high speed pulses (which have advanced positions
punching out) the Inv RO Timer will stand at 8 (3-3A ON).

8. Eighth A pulse goes to positions punching out and also turns
on first position of Inv RO Timer while turning OFF last position,
3-3A.

9. Minus shift from right plate of 3-3A turns off B pulse con-
trol trigger, 3-2E.

10. Actions to follow are identical to steps 11 through 13 of
description above for 11.5 time.

PUNCH INDEX TIME 9.5

OBJECTIVE: To feed 9 high speed pulses to positions punching
out at 9.5 to restore positions to original digit value. This is ac- »
complished by turning oFF ALL Inv RO Timer triggers at 9.0.
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1. (Figure 130.) The nine pulse reset control trigger, 3-2G,
comes on under CB control at 9.0. It will turn off at 9.5.

2. Plus output at 9.0 from right plate causes conduction through
IN-30 unit 3-3E; ana 2. Capacitor input causes pulsed output.

3. 3-3E; plate pulls Inv RO Timer trigger 1 OFF.

4. 3-3E; plate holds Inv RO Timer trigger 2 OFF so shift from
trigger 1 will not turn it on.

5. Operation of circuit is now the same as discussed above for
11.5 time.

F SUFFIX NOTES

The inversion read out objectives for machines wired
to the F suffix and earlier are identical to those discussed
above, but the burst timer circuit is considerably dif-
ferent. It is given in block diagram form by Figure 131.



The pulse counter in this circuit is a three stage binary
trigger arrangement that always gives a carry after 8
input pulses to it. The ninth pulse at 11.5 and at 9.5 is
obtained by allowing one pulse (the first of the burst)
to reach the units punching out, but not reach the 8
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trolling circuit provides this action.

Figure 131 breaks into two separate areas which

+A Pulses

should be studied individually first. The Inversion Roll
Out Timer portion of the circuit has as its sole objective
the generation of a GATE (not pulses) which will
allow the desired 8 or 9 pulses to pass through separate
Counter and General Storage “A” pulse control switches.
‘These switches are iocated within the compiete roii out
pulse control circuits portion of the diagram. It is the
inverter unit at 3-3B; (controlled by the A pulse con-
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Figure 131. Block Diagram of Inversion Read-Out Circuits (F Suffix and Earlier )
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trol trigger) that supplies the gate to the separate cit-
cuits for the Counter and the General Storage Units.
It is the A pulse control trigger that is the key item
in the circuit.

A summary of circuit operation follows:

O peration at 11.5 on the Punch Index

1. Punch interlock trigger 3-2F goes oN and flips
gate control trigger 3-2E ON.

2. First =B pulses after 3-2E goes oN flips the gate
trigger 3-1B ON. '

3. First +A pulse after 3-1B goes ON feeds to all
positions being read out and also flips the pulse delay
control trigger 3-1F ON.

4. Next +B pulse turns the pulse delay trigger 3-1C
ON.

5. +A pulses continue feeding to all positions being
read out and start feeding to the binary group (3-2B,
2C, 2D).

6. After eight “A” pulses have fed to the binary
group (9 to all positions being read out), the gate con-
trol trigger 3-2E is turned OFF.

7. The next +B pulse turns the gate trigger 3-1B
OFF preventing any further A pulses to the unit being
read out and to the binary group.

At O on the punch index the punch interlock trigger
3-2F is restored to its OFF status, and a CB RO pulse
feeds to all positions being read out.

Operation at 0.5 on the Punch Index

1. Punch interlock trigger 3-2F goes oN and flips
gate control trigger 3-2E ON.

2. First +B pulse flips gate trigger 3-1B oN.

3. +A pulses start feeding to all positions being read
out and to the binary group (3-2B, 2C, 2D).

4. After 8A pulses to the binary group and to all
positions being read out, gate control trigger 3-2E is
turned OFF.

5. The next +B pulse turns the gate trigger 3-1B
OFF and terminates the inversion RO operation at this
point.
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At 1 on the punch index the punch interlock trigger
3-2F is turned OFF, and a CB RO pulse feeds to all
positions being read out.

The above inversion RO operation repeats at each
mid-index point through 8.5, and at 9 the delay reset
trigger, 3-2G, turns ON in addition to the normal opera-
tion. The pulse delay triggers 3-1F and 3-1C are turned
OFF to restore the inversions RO circuits to the same
status as at the beginning of read-out. Then the in-
version RO operation at 9.5 is exactly the same as
at 11.5.

Sign Punch Out Circuits (G & H)

The sign punch circuit operation is illustrated on
Figure 111 and has been discussed earlier. The follow-
ing comments are appropriate at this time:

When a General Storage Unit or the Counter is
punching out, the status of its sign storage trigger is
sensed. In the case of the Counter the “sign storage
trigger” is the 9-No 9 trigger. If the sign storage trigger
is ON, (9-No 9 trigger is OFF) a negative result is indi-
cated and a plus input will be supplied to the corre-
sponding sign punch thyratron continuously throughout
the punching cycle. The sign punch thyratron units do
not have capacitor inputs. Their grids are thus kept
primed to fire throughout the cycle. Plus 65 volt im-
pulses from line of index to 3 teeth after, from 11
through 9, are supplied to the sign punch thyratron
plates. The thyratron will conduct each cycle point, 11
through 9 to indicate a negative result. Any punch mag-
net wired directly to the corresponding SIGN EXIT hub
will pick and cause a punch each cycle point, 11 through
9. The card will be laced, except for the 12 hole. Digit
selectors or other controls are normally used to select a
particular hole to be punched.

It must be noted that a relay point in the 521 punch
connects the sign punch thyratron output to the units
position punch exit of the corresponding GS or Counter
Unit during eleven (X) time. Unless eliminated by
extra board wiring, any negative figure punched out
will be automatically identified by an X punch over
the units position.



THIS CHAPTER contains descriptions of the 604 cir-
cuits designed to perform a specialized function. Multi-
plication, Division, Electronic Digit Emitters, Zero
Check, Balance Test for Step Suppression, Balance Test
for Select Pickup, and Half Adjust are in this category.
Extensive use will be made here of the basic operations
discussed in the preceding chapters.

The G and H suffix circuit details should be studied
separately, particularly for multiplication and division.
After one set of details is understood, the remaining
one can be learned with less risk of confusing the two.

MULTIPLICATION

MULTIPLICATION is performed in this machine by a
repeated entry of the multiplicand factor into the
Counter. The multiplier must be in the MQ Unit, but
the multiplicand can be in a7y other Storage Unit. The
product will be developed in the Counter. Since there
is no automatic reset of the Counter from a multiplica-
tion instruction, the product can, if desired, be de-
veloped on top of any figure already in the Counter
from previous programs. The Counter must otherwise
be reset by a Ctr RO and R instruction on a program
preceding the multiplication.

The over and over Counter entry process used for
604 multiplication is internally controlled. The values
of the multiplier digits determine the number of times
that the multiplicand is to be entered into the Counter.
The order of each multiplier digit (i.e., units, tens, etc.)
determines which positions of the Counter will receive
the multiplicand. The MQ Uait, which holds the multi-
plier, has a five digit maximum capacity. With coupled
Storage Units, up to an eight digit capacity is available
for the multiplicand. The largest product that can result
from such a combination is thirteen digits. It is for this
reason that the Counter was designed as a thirteen posi-
tion unit.

It is possible to use a multiplier larger than 5 digits
or a multiplicand larger than 8 digits or both. The prob-

lem is solved by control panel wiring and uses two or
more program steps. The larger factors are split into
parts within the capacity of the machine. These are then
handled separately to develop partial products which
are finally combined. The 604 Manual of Operation
provides the wiring details.

Principle of Multiplication

An example of multiplication by repeated addition
is shown in Figure 132. This method of multiplication
is the simplest. It is not feasible for mechanical ma-
chines because the time required for a multiplication
would be too great. Electronic addition, however, is
so rapid that it permits use of this simple method.

Observe from Figure 132 that shifting is in the re-
verse order to that customarily done when multiplying
manually. The order of shifting makes no difference
when multiplying but must be from the highest order
to the lowest when dividing. To simplify machine de-
sign the shift unit is therefore arranged to operate auto-
matically from CS5 to CS1 for both multiplying and
dividing.

Figure 132 indicates that a zero in any position
causes column shifting only; no addition occurs in the
Counter as a result of a 0 in the multiplier.

The machine determines the value of the multiplier
digits by means of the secondary timer and associated
circuits. The secondary timer consists of one position of
a storage counter. The multiplier digits transfer one at
a time into the secondafy timer. These cycles, when a
digit is transferred into the secondary timer, are called
test cycles. The number transferred to the secondary
timer determines how many times the multiplicand is
to be transferred to the Counter. Multiplication Counter
entry cycles are called adding cycles regardless of the
sign of the entry. :

A test cycle is taken for each multiplier digit during
which the 9's complement of the multiplier digit is
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PROBLEM: 12 x-144 = -1728 NOTE: Minus Multiplicand used in this
Multiplier (12) in MQ example so a true figure will
Multiplicand (-144) in GS 4 develop in counter. This is somewhat
easier to follow numerically.
‘ CYCLE | CYCLE 2 | CYCLE 3 [ CYCLE 4 § CYCLE5 CYCLE 6 CYCLE7 CYCLE 8
| Test Test : Test ! Test ' Adding Test Adding Adding
Cycle Cycle | Cycle T Cycle | Cycle Cycle Cycle Cycle
i
| ! |
| Shift to CS5 Transfer 9 to Transfer 9 to | Transfer 8 to \ Transfer 144 to Transfer 7 to Transfer 144 to Transfer 144 to
. When Multiply Secondary Timer Secondary Timer ! Secondary Timer i Counter in CS2 Secondary Timer Counter in CS1 Cow..ln.fer in CS1
i P d from MQ. Add 1 From MQ. Add 1 ‘ from MQ. Add 1 ] Position. Add 1to from MQ. Add 1 Position. Add 1to Position. Afld 1to
| rogrfumr;e y at 1A. Secondary at 1A, Secondary ‘ at 1A, Secondary '{ Secondary Timer at 1A, Secondary Secondary Timer, Secondary Timer,
l Trans :r f.?. Timer goes to 0. Timer goes to 0. | Timer goes to 9. | at 1A. Secondary Timer goes to 8. Which Goes to 9. which goes to 0.
l Secondary Xg:"l Shift fo CS3. Shift to CS2. | ‘ Timer goes fo 0. Tertiory Timer CS1
i from MQ. 1 | Shift to CST. Trigger Goes
| e | i Off fo Signal End
| imer goes s O | | | of Multiplication,
" Column Shift to CS4. : l |
SEC.
CYCLE | TIME OPERATICN s | AiMer COUNTER
1 8A(H) 0 999999999999¢9
'| Tertiary Timer to CS 5 5
9A(G) | Test MQ in CS 5 s
1A | CS on Secondary Timer output | 4 0
2 Test MQ in CS 4 9 - or
1A ?S o:l‘ée?onzqsr); Timer output i : ;A:'I':'El:‘:;gs By
3 est in . Iy.
1A | CS on Secondary Timer output | 2 | © Column Shift Only
Test MQ_in CS 2 |78
4 |BA | Counter Read In Contiol
1A Advance Secondary Timer 9 9999999999999
5 Counter Read In - CS 2 0000000001440
1A CS on Secondary Timer output 1 0
é Test MQ in CS'1 7
23A | Counter Read In Control
1A Advance Secondary Timer 8
7 Counter Read In -CS 1 0000000001584
1A Advance Secondary Timer 9
8 Counter Read In -CS 1 0000000001728
1A End multiply on Secondary 0
Timer output in CS'1

Figure 132. A Cycle by Cycle Example of 604 Multiplication by Over and Over Addition

transferred to the secondary timer. A single 1AB pulse
is added at the end of each Primary Timer revolution:
The number of additional 1AB pulses required to bring
the secondary timer to O indicates the value of the
multiplier digit. Hence the secondary timer will reach
0 after the proper number of adding cycles have been
taken. As an example, a 2 in the MQ Unit transfers as
a 7 to the secondary timer and then advances to 8 at
the end (1AB) of the test transfer cycle. Two more
cycles are required to advance the timer to 0. These
two cycles are adding cycles. The number of adding
cycles thus equals the value of the particular MQ Unit
digit transferred to the secondary timer on the test cycle.

After completing multiplication by one digit, the
shift unit is automatically shifted and the operation re-
peated. When multiplying, automatic column shifting
is performed by the tertiary timer. The tertiary timer
consists of a S-stage open ring circuit which goes into
operation when multiplication is programmed. The
tertiary timer ring triggers control the shift unit in the
manner shown on page 6-0201 and Figure 115.
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Figure 133 shows a block diagram of the timers used
in multiplication. The primary timer is running con-
stantly as long as calculation is in process. The program
unit normally advances one step each cycle of the pri-
mary timer. When multiplication is programmed, how-
ever, the program unit does not advance and the sec-
ondary and tertiary timers are placed in operation.

The tertiary timer starts in the CSS5 position. Oniy
five positions of the CS unit are required for multi-
plication because there are only five positions in the
MQ Unit, which contains the multiplier.

During the first cycle of multiplication the comple-
ment of the digit in the Sth position of the MQ Unit
is transferred to the secondary timer. Actually, the 9’s
complement of the digit is transferred to the timer,
then a 1AB pulse from the primary timer makes it
effectively the 10’s complement. At the very end of the
first cycle the 10’s complement of the multiplier digit
is therefore standing in the secondary timer. Since the
secondary timer continues to receive a 1AB pulse each
cycle throughout the multiplying process, this timer will
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Figure 133. Logic Diagram of Multiplication Controls

advance by one each cycle after receiving the multi-
plier digit.

When the secondary timer goes from 9 to 0 at some
1AB time, an output pulse is fed to a control trigger
which advances the tertiary timer one step to CS4. Then
the preceding operations are repeated. The shifting
continues until the tertiary timer moves out of the CS1
position. When the tertiary timer moves out of the CS1
position, it is a sign that multiplication is complete, and
the end-of-multiplication pulse feeds to the multiply
circuits and restores them, allowing the program unit
to advance.

The general sequence of operations for multiplication
is shown for a complete problem in Figure 132. Ob-
serve that one test cycle is taken for each position of
the MQ Unit, during which the value of the multiplier
digit is determined. If the digit is 0, the column shift
changes at 1AB of the test cycle and another test cycle

immediately follows. When a digit other than 0 is
transferred to the secondary timer, a number of adding
cycles equal to the value of the digit will follow the
test cycle.

From the above description it is apparent that multi-
plication is nothing more than a series of automatically
controlled transfers from a Storage Unit to the Counter.

Control Voltages for Multiplication

When multiplication is programmed, the PROGRAM
EXIT hubs are wired to either MULTIPLY PLUS or MULTI-
PLY MINUS and to the READ-OUT hub of the Storage
Unit containing the multiplicand. The multiplicand is
rolled out of the Storage Unit every cycle during multi-
plication. However, no entry to the Counter is permitted
during the test cycle so that a transfer of the multipli-
cand to the Counter occurs only during adding cycles
of the multiplying process.
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Wiring to either the MULIPLY PLUS of MULTIPLY
MINUS hub produces several control voltages which
make automatic multiplication possible. The circuits
that produce these control voltages are shown on page
7-0101 for the H suffix and Figure 134 for the G
suffix. The multiplying control circuit operations are
identical for either multiply plus or minus. The only
difference is in the setting of the TC trigger which
controls the form of the entries to the Counter. Assum-
ing positive factors only, a multiply plus operation re-
quires that a positive product (complement entries) be
developed while a multiply minus operation requires
that a negative product (true entries) be developed.

In the H suffix machines the TC trigger is set to
either the TRUE or the COMPLEMENT setting during
each cycle of the multiplication. Since the TC trigger
is reset OFF (to complement) at 3AB of each cycle it
must therefore be turned on again each cycle if the
multiplication requires true (minus) entries to the
Counter.

With the G and earlier machines the TC trigger is
set to the proper status during the first multiply cycle
only and then not allowed to change. The TC trigger
reset pulse at 1AB is blocked after the first multiply
cycle (as are all other possible inputs). This leaves the
TC trigger unaltered and in its correct setting.

The objectives of the multiplication control circuits
are as follows:

. Place the TC trigger under multiplication control.
. Stop the Program Unit from advancing.
Condition the tertiary timer to go to CS5.

OO w

. Place the MQ Unit under control of multiplica-
tion.

E. Condition the secondary timer circuits.

F. Allow tertiary timer to advance after multiplica-
tion by each MQ digit.

H SUFFIX CIRCUITS

OBJECTIVE A: TC trigger conditioned for multiplication control.

1. The “+(c) on mult + or mult -,” through the DS-5 mixer
at SAT (page 7-0101), conditions PS-5 unit, 5B.

2. The mult trigger, 5C, turns on by 2 +4AB through the PS-5
unit, 5SB.

3. The multiply trigger output is sent through CF units SD
and SE; to condition “+(c) on M or D” line.

4. Qutput to page 8-0102 makes DS5 unit 8AB; apply positive
input to IN unit 8B.. Minus output from 8B, passes through CF-5
at 6C. and DS-5 at 8CT: to cut off PS-11 unit at 8D. 7AB storage
to storage transfer pulse to TC is blocked.

OBJECTIVE: B: Suppress program advance.
5. Page 7-0101, Output from SE, also moves to left, around.
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and out to page 1-0201 where 2E. half of inverter switch is made
to conduct and block 2AB program advance pulses.

OBJECTIVE C: Turn on CS-5 tertiary timer trigger.

6. Page 7-0101. Output from S5E: also conditions PS-11 at SF.
M-D trigger at 5G is turned on by 8AB pulse.

7. The positive output from the M-D trigger is inverted by 9E:
and sent to 6-0201 and 1-0101.

8. Page 6-0201. CS-5 trigger at 10K is flipped oN by input to
pin 3.
OBJECTIVE: Program Testing Provisions.

9. Page 7-0101. The output from 9E; to page 1-0101 turns on
the program test trigger if the program test switch is ON. This
allows one complete multiply operation for each depression of the
PROGRAM ADVANCE switch.

OsjecTvES D and E: MQ and secondary timer control.

10. Page 7-0101. The multiply trigger output from the CF-11
unit at 5D is a "+ (c) on multiply” line. It conditions the following:

a) PS-6 at 10H to send (11A-20A) P to MQ Unit through
7-0201 on test cycles (only) during multiply.

b) PS-11 unit at 10B to send 1AB pulse to secondary timer.

c) PS-11 unit at 11A to send 23AB pulse to turn on test cycle
trigger.

d) PS-11 unit at 11E to turn on secondary timer control trigger
by an MQ carry pulse.

OBJECTIVE F: Tertiary timer advance.

© 11. (Page 7-0101.) The “+(c) on mpy” line (near PS-6 at 10H)
to page 6-0201 condition PS-22 unit at 10G there to advance tertiary
timer after secondary timer carry.

OBJECTIVE: Control of TC trigger in case of negative multiplier.

12. Page 7-0101. The “+(c) on mult” line which runs to page
8-0103 conditions a DS-3 unit there at 10GT ultimately permits an
extra (7AB) pulse to the TC trigger each cycle in the case of a nega-
tive multiplier.

The sequence of operation and the circuit for multi-
ply minus is the same as for multiply plus except for
the operation of the TC trigger.

The "=+ (c) on mpy —" signal from the control panel
hub, page 7-0101, is also fed through diode 8EB,, page
8-0102, to condition the PS-11 unit, 8G. During each
multiply minus cycle this switch conducts at SAB and
flips the TC trigger to TRUE (it is reset to COMP at
3AB of each cycle).

G SUFFIX CIRCUITS (FIGURE 134)

OBJECTIVE A: Place the TC trigger under control of multiplica-
tion.

1. The minus program input shift to Mult Plus or Mult Minus
through 1-6Z: or 1-8W, produces plus input to 1-6X; or 1-6X. (a
mixer). Minus output from plate of 1-6X cuts off 1-7X, producing
high level of “plus on multiply” line.

2. First Cycle Multiply Control trigger, 1-4X, comes on at 3A
from output of 1-4Y.

3. First Cycle Multiply trigger, 1-6W, comes on at 3A from
shift action when control trigger flipped. This trigger will stay oN
until 11A of the first cycle to control proper initial multiply set-ups.

4. The Multply-Divide trigger, 1-7V comes on at 9A of first
cycle from output of switch at 1-6V. Grid 3 is plus on first cycle
from output of 1-4V, under control of first cyc mult.trigger, 1-6W.

5. The turn-on of the Mult-Div trigger at 9A, through the minus
full output of the power unit at 1-8V, blocks the normal 1AB re-
storing pulse to the TC trigger through 5-7J. (See Figure 124 for
tie-in to TC circuits.)

6. The 7AB pulse applied to the TC trigger each cycle except
when the Counter is being used must be blocked during multiply
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even on test cycles (when the Counter is not actually in use). The
“plus on multiplication”” input to 5-4J: does this by making the tube
conduct. (See unit at 5-5H, Figure 124, for tie-in to TC circuits.)

OBJECTIVE B: Suppress program advance.

7. The tapped output of 1-8V turns on the program advance
suppress trigger, 2-8H, to keep machine in same program until
multiplication is completed. (See Figure 95 for details of tie-in to
Program Unit.)

OBJECTIVE C: Set tertiary timer to CS5.

8. The tapped output of 1-8V also turns on the CS5 TT trigger,
5-5K, to place machine in the proper column shift to start multi-
plication. (See Figure 115 for tie-in to column shift unit.)

OBJECTIVE D: MQ Unit control.

9. To transfer a digit from the MQ Unit to the secondary timer,
the MQ must receive 11A-20A pulses. Switch unit at 3-10F supplies
these pulses each multiply cycle under control of “plus on multiply”
line. (MQ Unit position rolls each cycle, though data is only used
on test cycles.)

OBJECTIVE E: Secondary Timer control.

10. The pulse when the MQ Unit goes from 9 to 0 must be able
to control the test cycle 11B-19B input pulses to the secondary
timer (a process similar to a normal storage to storage transfer
through the Add-Subtract Unit). The 3-10L; portion of the MQ
output switch (at the top of Figure 134) is cut off by “minus on
multiply” output from 3-8]. so MQ 9 to 0 pulse can pass through
3-9L..

11. 3-10C supplies 11B-19B secondary timer read-in pulses dur-
ing multiply.

12. 3-9E supplies the 1AB secondary timer advance pulse at the
end of each primary timer cycle during multiply. (This 1AB pulse
is frequently referred to as a “low speed” input because of its 20
microsecond width.)

13. 3-11C controls a 23AB pulse applied to turn on the test cycle
trigger each multiply cycle. (The test cycle trigger is OFF for test
cycle, oN during adding cycles.)

OBJECTIVE F: Tertiary Timer advance.

14. 5-11L activates circuits to advance the tertiary timer when-
ever the repetitive Counter entries for any particular multiplier digit
are completed (as indicated by a secondary timer carry at 1AB).

On a multiply minus operation the same steps out-
lined above will occur but with one additional action:
on the first multiply cycle a SAB pulse is allowed to
reach the TC trigger through the switch at 1-8X (Fig-
ure 134). Both halves of the inverter switch at 1-11V
are cut off from 3A to 11A of the first cycle of a multi-
ply minus only. The resulting plus 3A to 11A gate from
the combined plates feeds to grid 3 of 1-8X and per-
mits the tube to conduct when grid 1 goes plus at SAB.
The minus SAB from the plate of 1-8X will turn ON
(to TRUE) the TC trigger.

The case for a negative multiplier in the MQ Unit
in volves a 7AB pulse to the TC trigger. This is covered
below.

Sign Circuit Control of TC Trigger
While Multiplying (G & H)

When multiplying, the MQ Unit must contain the
multiplier. This figure may be either plus or minus. A
Storage Unit must contain the multiplicand. This figure
may also be either plus or minus. Furthermore, as dis-
cussed earlier, the control panel permits a multiply plus
or minus operation to be called for (to facilitate alge-
braic computations). These sign items must all be con-
sidered to insure the proper type of entries to the
Counter. A minus multiplier in the MQ Unit causes a
7AB pulse to reach the TC trigger. A minus multipli-

OPERATION T.C. HISTORY

Mult Type MQ Store Ctr Start After 5AB | After 7AB | After 9AB (Final)
1. MULT. +|(4A) X | (+8) = 4P OFF OFF OFF OFF (comp)
2. MULT. +1(+4) X! (—8 | =—p OFF OFF OFF ON (true)
3. MULT, +|(—A) X| (4B | =—P OFF OFF ON ON {true)
4, MULT. +|(—=A) X| (—B) | =+P OFF OFF ON OFF (comp)
5. MULT. —|(4+A) X | (48 | =—P OFF ON ON ON (true)
6. MULT. —|(+A X | (—~8) [ =+P OFF ON ON OFF {comp)
7. MULT. —{(—A) X | (+8) = 4P OFF ON OFF OFF {comp)
8. MULT. —|(=A) X| (—B) | =—P OFF ON OFF ON (true)

Note: H suffix TC trigger set up each cycle.

G suffix and earlier TC trigger set up on first cycle only and then held in that status.

Figure 135. Multiplication Possibilities and TC Triggering
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cand in the Storage Unit causes a 9AB sign channel pulse
to reach the TC trigger. A minus multiplication opera-
tion programming causes a SAB pulse to reach the TC
trigger. The chart of Figure 135 shows these combina-
tions and the triggering history of the TC trigger.

Of the eight possible combinations, four produce a
positive product while the other four produce a nega-
tive product. The overall steps of the multiplication
are the same for any combination. Only the TC status
and the type of the entries to the Counter vary. The
sign of the product developed in multiplying depends
entirely on the status of the TC trigger. Therefore the
sign control for multiplying entails controlling TC

trigger entries.

H SUFFIX CIRCUITS

MuLrTiPLY PLUS

OBJECTIVE: (Pages 8-0103 and 8-0102.) To impulse the TC
trigger when the multiplier is negative and multiply plus is pro-
grammed.

1. MQ sign trigger output conditions DS-3 unit at 10GT (AND
switch).

: 2. "(+) on mply” from 7-0101 through DS unit sends *'(+)
on neg mpl” output through CF-10 unit 11F2 to 8-0102.

3. DS-5 unit 8CT (8-0102) conducts to condition PS-11 unit,
8D.

4. PS-11 unit, 8D, conducts each cycle of multiplication at 7AB
time to turn on TC trigger.

5. The TC trigger is reset OFF, with a 3AB pulse, each cycle of
multiplication through PS-27 unit 9H.

When the multiplicand is negative, the TC trigger
also receives a 9AB pulse through the PS-11 unit at
7j. The sign exit channel is high, making pin 4 of
7HT plus. Pin 6 of 7HT is plus during maltiply. Pin 7
therefore goes plus and conditions pin 7 of 7] plus.

MurTiPLY MINUS

OBJECTIVE: (Page 8-0102.) To control the TC trigger when the
multiplicand is negative.

1. One-half of the DS-3 unit, 7HT conditioned by a negative
sign read-out signal.

2. The other half of DS3 unit is conditioned by a plus on
multiply signal.

3, PS-11 unit, 7], is conditioned to conduct a 9AB pulse on
multiplication when the multiplicand is negative.

4. PS-11 output flips the TC trigger at 9AB time.

Thus the status of the TC trigger is changed at 7AB
time if the multiplier (MQ) is negative and again at
9AB if the multiplicand is negative.

If “multiply ‘minus is programmed, the TC trigger
receives a SAB pulse as previously explained in “Con-
trol Voltages for Multiplication.”

The multiply sign control circuits are only part of
the controls operating on the TC trigger. Page 8-0102
should be reviewed to see how the multiply sign con-
trols tie-in with the other TC trigger controls.

G SUFFIX CIRCUITS

OBJECTIVES: To set the TC trigger to the status as indicated in
the chart of Figure 135. The TC trigger for the G and earlier ma-
chines is set during the first multiply cycle and does not change
until multiplication 1s completed. Controlling units are in the Multi-
plication Controls area of Figure 124.

1. The 5AB pulse for any multiply minus instruction passes

L L oxl . DG 2o 1 oW a1 oo T I P N
tarough the PS unit at 1-8X on the first muitiply cycie only., Grid 3

control is from 1-11V of Figure 134.

2. The 7AB pulse for a negative multiplier in the MQ Unit
passes through the PS unit at 5-10G on the first multiply cycle only.
Control of grid 3 of this unit is by inverter switch 5-8Gj anaz 00
Figure 136. If the MQ sign storage trigger is ON (minus indica-
tion), 5-8G: is cut off. 5-8G; is cut off from 3A to 11A of the first
multiply cycle by the output of1-4Vi, Figure 134.

3. The 9AB pulse for a negative multiplicand being rolled from
a Storage Unit passes through 3-10K on the first cycle of multiply
only. Grid 3 of 3-10K is plus from 3A to 11A of the first cycle
from 1-4V., Figure 134. Grid 1 of 3-10K is connected to the sign
entry channel (Figure 111) which has a 9AB pulse on negative
sign RO.

4. These pulses can be applied to the TC trigger in any com-
bination as indicated by Figure 135.

MQ Unit

The MQ Unit, page 5-0101 (H) and Figure 137
(G), must contain the multiplier factor because it is
equipped with the special circuits necessary to transfer
the multiplier digits one at a time to the secondary
timer. The MQ Unit is a S-position storage unit ar-
ranged for punch read-in, electronic read-in, electronic
read-out, quotient development, and for handling the
multiplier factor during multiplication. The special cir-
cuits in the MQ Unit to perform the multiplication and
division operations permit one digital column at a time
to be roiied out under control of the column shift unit.
Each position has a separate “Multiplier roll-out-quoti-
ent read-in switch.”

H SUFFIX CIRCUITS (PAGE 5-0101)

In the 604H a triode switch is used for each of the
five digital storage positions. These are located from
5-4C; to 5-4E.. The grids are conditioned by a +(s)
voltage under control of the tertiary timer and from the
column shift unit, page 6-0101. The cathodes are fed
negative pulses from the circuit on page 7-0201. All of
the cathodes of the triode switches are commoned; only
one switch, however, can conduct at a time because of
the grid voltage from the column shift unit. The nega-
tive pulses to the cathodes of the triode switches cause
one switch to conduct and the negative pulses at the
output advance that position of the MQ Unit.

The — (11A-20A) P on multiply test cycles from
page 7-0201 advances one position of the MQ Unit
ten times. That position of the MQ Unit advances
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through 0 and returns to its original value. When the
position of the MQ Unit goes from 9 to 0, the output
is fed to two cathode-follower units. The output of the
MQ position through the CF-1 unit to the exit channel
has no effect during multiply test cycles because no
Storage Unit or Counter is conditioned to read in.

The CF-1 unit in parallel with the MQ exit channel
cathode follower also conducts when the MQ position
goes from 9 to 0, and the output of this CF-1 unit is

Pulses From Entry Channels

fed to the secondary timer, page 7-0101. Thus if a 2 is
in the high order of the MQ Unit, 11A, conducts at
18A time and signals an MQ carry. The MQ carry
pulse is used to control the secondary timer input.

G SUFFIX CIRCUITS (FIGURE 137)

In the G suffix and earlier machines a separate penta-
grid switch is used for each of the five digital positions
in the MQ Unit. These are located from 5-4A through
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5-4E, Figure 137. Grid 1 of these switches receives plus
11A-20A pulses during each multiply cycle from
3-11G, (Figure 134). Each of the number 3 grids is
controlled by a separate “'plus on CS” line which per-
mits only one of the switches to pass minus 11A-20A
pulses to its storage assembly triggers. The particular
MQ position will advance by ten pulses and return to
its original digit. When the position goes from 9 to 0,
a plus shift from the left plate of the value 8 trigger is
fed to the corresponding MQ output inverter, 5-10A,
through 5-10E,. These five unit sections make up a five
input mixer circuit. The capacitive input for each in-
verter converts any 9 to O positional shift into a pulse
which in turn controls the secondary timer input.

The electronic read-out switches, 5-11A through
5-11E, also receive any 9 to O shifts from the MQ Unit
storage assembly positions. These switches are not
primed to pass pulses during a multiply operation, how-
ever, and they therefore isolate the exit channels from

the MQ Unit activity.

The CS Unit shifts to CS5 on the first multiply cycle.
If a 2 is in the high order of the MQ Unit, the 18A
input pulse will roll the position from 9 to 0 and send
a pulse to the secondary timer input control circuits at
about 18A time (there is a slight delay due to trigger-
ing actions).

MQ Sign Control

The MQ Unit is used as a S-position storage unit
during transfer programs and the MQ sign trigger must
operate as any other storage unit sign trigger. During
division the MQ sign trigger may have to be impulsed
and flipped more than once to cause a proper final
setting; therefore a binary connected trigger must be
used. The controlling circuit is shown on page 8-0103
for the H suffix and on Figure 136 for the G suffix.
The sign trigger is reset OFF (from 3A to 8B) when-
ever the MQ Unit is reset. The turn-on flipping of the
trigger is similar to other storage units except for the
two-flip possibility during divide. An extra circuit has
also been included to permit MQ Unit sign sensing
at 7AB as required by the multiplication operation. The
normal 9AB storage to storage transfer sign control
provision is also included for use when needed.

Secondary Timer Control (G & H)

The secondary timer consists of one position of a
modified binary storage assembly of the same type used
in the Storage Units. The secondary timer resets to zero
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and returns to zero when ten pulses are fed to it; the
general operation is the same as described in the section
devoted to electronic transfer (preceding chapter).

The secondary timer provides a maximum of ten
cycles for multiplication by each digit. The first cycle
is always a test cycle to determine the value of the multi-
plier.digit. An 0 in the MQ Unit requires only one
electronic (test) cycle, while a 9 in the MQ Unit re-
quires the maximum ten cycles, one for the test cycle
and nine for transferring the multiplicand to the
counter.

During the test cycle, the roll-out pulses + (11A-
20A) are fed to the multiplier switch for the MQ posi-
tion corresponding to the CS unit position, page 5-0101
(H) and Figure 137 (G). These pulses roll the cor-
responding MQ position and return it to its original
value, producing an output pulse from the CF unit at
some point between 11A and 20A. Thus, for a 2 in
the MQ position being rolled, the output pulse will be
at 18A. Feeding the Secondary Timer is a unit similar
to a single position Add-Subtract Unit position. The
secondary timer control trigger and the switch it con-
trols convert a time differing A pulse into a particular
number of B pulses. The number of B pulses corre-
sponds to the 9’s complement value of the digit being
rolled out of the MQ Unit position. The operation is
much the same as a complement transfer from a Storage
Unit position to the Counter.

H Suffix Description (Page 7-0101)

The secondary timer control trigger, 3-11D, is elec-
tronically reset to its off position from the MQ Unit
reset circuit and is off at the start of a multiplication.
Therefore, the pulse from the MQ Unit turns this
trigger on.

The PS-11 unit at 11E (Page 7-0101) permits the
MQ carry pulse to reach the secondary timer control
trigger during multiplication.

As long as the secondary timer control trigger is off,
the PS-1 unit at 10A is conditioned to pass the 11B-19B
pulses. Thus, a 2 in the multiplier causes the control
trigger to go on at 18A after seven B pulses, 11B
through 17B, have passed through the switch and fed
to the secondary timer. The secondary timer will be
advanced to 7, the 9's complement of the 2.

The PS-11 unit, 10B, feeds a 1AB pulse to the
secondary timer each cycle of multiply. At the end of
any test cycle the secondary timer therefore contains
the tens complement of the MQ position that was



tested. The secondary timer control trigger remains ON
until the secondary timer goes from 9 to 0. When the
timer advances from 9 to 0, the multiplication is com-
pleted for that one digit. The tertiary timer is then ad-
vanced by the plus shift from the left side of the sec-
ondary timer control trigger when it turns off. The
above operations are then repeated in the next shift
position.

H SUFFIX CIRCUIT FOR MULTIPLICATION

OBJECTIVE: (Page 7-0101 and Figure 132.) Multiply 12 X 144.
The MQ Unit contains the multiplier (12). Any storage unit can
contain the multiplicand; this illustration uses GS4. The product is
developéd in the Counter. Multiply + and GS4 RO are wired from
separate hubs of the same program step.

1. Control voltages for multiplication have been previously de-
scribed and are not repeated here.

2. Page 7-0101. The +(c) (11A-20A) P from circuit on page
1-0501 pass through 11G when the test cycle trigger is OFF and are
sent through page 7-0201 to MQ Unit, page 5-0101.

3. Fifth position of MQ Unit goes from 9 to 0 at 20A and
turns on secondary timer control trigger.

4. All + (11B-19B) P feed into the secondary timer.

5. Test cycle trigger turns on at 23AB.

6. Secondary timer goes from 9 to 0 at 1AB time.

7. Secondary timer output turns off secondary timer control
trigger and test cycle trigger.

8. Secondary timer control trigger, turning off, advances tertiary
timer to next column shift (CS4), page 6-0201.

9. First cycle of multiply is completed. Cycles 2 and 3% are
identical sequences because multiplier in three high-order positions
of MQ Unit is 0.

10. Fourth cycle; test MQ Unit in CS2.

11. Same as step 2.

12. Second position of MQ Unit goes from 9 to 0 at 19A time
and turns on secondary timer control trigger.

13. PS-1 unit, 10A, cannot conduct any + (11B-19B) P when
secondary timer control trigger is ON.

14. Eight pulses (11B through 18B) were fed through PS-1
unit to secondary timer.

15. Test cycle trigger turns on at 23AB.

16. Counter R1 voltage to circuit on page 8-0203 when test cycle
trigger and secondary timer control trigger are ON.

17. Secondary timer advances from 8 to 9 at 1AB.

18. End of fourth cycle; test cycle in CS2.

19. RO of GS4 read in to Counter in CS2.

20. 1AB advances secondary timer from 9 to 0.

21. Secondary timer output turns off secondary timer control
trigger and test cycle trigger.

22. Secondary timer control trigger, turning off, advances tertiary
timer to next CS (CS1), page 6-0201.

23. During the fifth cycle the GS4 Unit read into the Counter
in CS2.

24. The sixth cycle will be a test cycle because of actions in
step 21.

25. Units position of MQ Unit receives (11A-20A) P as in step 2
above.

26. Units position of MQ Unit goes from 9 to 0 at 18A time
and turns on secondary timer control trigger.

27. PS-1 Unit, 10A, cannot conduct any + (11B-19B) P when
secondary timer control trigger is ON.

28. Seven pulses (11B through 17B) were fed through PS-1
unit to secondary timer.

29. Test cycle trigger turns on at 23AB time.

30. Counter RI voltage to page 8-0203 when test cycle trigger
and secondary timer control trigger are ON.

31. Secondary timer advances from 7 to 8 at 1AB of this 6th
cycle.

32. The 6th cycle was a test cycle which left machine prepared
for an adding cycle to follow.

33. RO GS4, read in to Counter in CS1.

34. Secondary timer advances from 8 to 9 at 1AB time.

35. Since the secondary timer did not go from 9 to 0 at the end
of the 7th cycle, the machine is left in adding cycle condition for

8th cycle.

36. RO GS4; RI Counter in CS1.

37. Secondary timer advances from 9 to 0 at 1AB time.

38. Secondary timer output turns off secondary timer control
trigger and test cycle trigger.

39. Secondary timer control trigger, mrning off, sends a signal
to tertiary timer, page 6-0201.

40. Page 6-0201. CS1 trigger (6K) of tertiary timer, turning off
by the signal from step 39 above, feeds a “—(t) at the end M-D”
through page 7-0201 to page 7-0101.

41. Page 7-0101; the “— at end of M-D” signal turns off M-D
trigger and multiply trigger; thus restoring all circuits to their
original status and ending multiply operation.

G Suffix Description (Figure 134)

The secondary timer input control trigger, 3-11D, is
electronically reset OFF from the MQ reset circuit on
any MQ read-in. It is therefore OFF at the start of any
multiplication. Grid 1 of the input control switch,
3-10D, is thus conditioned positive. Grid 3 of the
switch receives plus 11B-19B pulses only during multi-
plication under control of the switch at 3-10C. The
turn-on pulse to the right grid of the secondary timer
input control trigger, 3-11D, occurs when the rolling
position of the MQ Unit goes from 9 to 0. This turn-on
pulse comes from the “five input mixer” MQ output
inverters, 5-10A, through 5-10E,, Figure 137. The in-
verter switch, 3-10L, with 3-9L,, is conditioned to pass
MQ pulses only during multiply.

The 9 to 0 MQ pulse will reach the secondary timer
input control trigger, 3-11D, at some 11A through 20A
time and turn the trigger on. Until that time the 11B-
19B pulses are able to pass through the 3-10D switch
and advance the secondary timer. 3-11D will stay oN
and block further 11B-19B pulses until a secondary
timer carry occurs.

At 1AB of each multiply cycle the secondary timer
test pulse advances the secondary timer by one. When
the timer advances from 9 to 0, the multiplication is
completed for that one digit. The secondaty timer 9 to
O shift: 1) advances the tertiary timer ring (Figure
138) to prepare for the multiplication by a new multi-
plier digit, 2) turns off the test cycle trigger (3-11B,
Figure 134) to kill Counter entries during the test cycle,
and 3) turns off the secondary timer input control
trigger, 3-11D, to prepare the control switch, 3-10D,
to pass secondary timer roll-in B pulses for the new
digit. The operations above are then repeated for the
new digit.
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G SUFFIX CIRCUITS FOR MULTIPLICATION

OBJECTIVE: (Figures 134 and 132.) Multiply 12 X 144. The
MQ Unit contains the multiplier (12). Any Storage Unit can con-
tain the multiplicand; this illustration uses GS4. The product is
developed in the Counter. Multiply plus and GS4 RO are wired
from separate hubs of the same program step.

1. The control voltages are set up as described earlier.

1 1 M o Ay TTass
2. The 11A-20A roll-out pulses are applied to the MQ Unit

from 3-11G..

3. Fifth position of the MQ Unit receives the roll-out pulses.
Since this position contains a zero it goes from 9 to 0 at 20A and
turhs o the secondary et ifpit control triggeés, 3-T1D"

4. All nine 11B-19B pulses reached the secondary timer, ad-
vancing it to 9.

5. Test cycle trigger, 3-11B, turns on at 23AB.

6. Secondary timer receives 1AR pulse through 3-11E and goes
from 9 to 0.

7. Secondary- timer output at 1AB through 3-8E: turns off sec-
ondary timer input control trigger, 3-11D, and the test cycle trigger,
3-11B.

8. The tertiary timer ring, Figure 138, is also advanced to the
next column shift (CS4) at 1AB by the secondary timer output
from 3-9F.

9. The first cycle of multiply-is completed. It was a test cycle.
Cycles 2 and 3 are identical sequences because the three high order
multiplier digit in the MQ Unit are zeros.

10. Fourth cycle is a test cycle in CS2. MQ Unit contains a 1 in
this position.

11. MQ Unit second order position receives 11A through 20A
roll-out pulses as in step 2, above.

12. Second position of MQ Unit goes from 9 to 0 at 19A time.
Qutput pulse turns on secondary timer input control trigger, 3-11D.

13. Input control switch, 3-10D, stops passing B pulses to sec-
ondary timer when 3-11D turns on at 19A. The 19B pulse thus
does not reach the secondary timer.

14. The eight B pulses from 11B through 18B did reach the
secondary timer and advanced it to 8.

15. Test cycle trigger, 3-11B, turns on at 23AB.

16. With both the test cycle trigger and the secondary timer input
control trigger ON, the switch at 3-10B conducts and makes the
“plus on Counter RI line” go high. This conditions Counter read-in
switches (Figure 120) to pass entry channel information.

17. 1AB pulse advances secondary timer from 8 to 9.

18. This completes the fourth cycle which was a ¥ést cycle in CS2.

19. During the fifth multiply cycle the roll-out of GS4 is ac-
cepted by and entered into the Counter.

20. At 1AB, the end of the 5th cycle, the secondary timer ad-
vances from 9 to 0.

21. Secondary timer 9 to O output shift from 3-8E, turns off sec-
ondary timer input control trigger and test cycle trigger to prepare
for a test cycle next cycle.

22. Secondary timer 9 to O shift from 3-9F, advances tertiary
timer ring to next (CS1) position, Figute 138. Note that tertiary
timer CS1 trigger does not supply any conditioning voltage to the
CS control unit. The CS unit will be in CS1 uniess controiled
otherwise. The Ter Time CS1 trigger is used only to provide a
multiply end signal at the proper time.

23. Summarizing the fifth cycle, the multiplicand from GS4 read
into the Counter in CS2, the secondary timer went from 9 to 0 at
1AB, and the circuits were prepared for the test cycle to follow by
the actions in step 21 above.

24. The units position of the MQ Unit receives the 11A-20A roll-
out pulses as in step 2 above.

25. The units position of the MQ Unit contains a 2 in this ex-
ample and goes from 9 to 0 at 18A time.

26. Secondery timer input control trigger comes on at 18A time
and kills the input control switch, 3-10D.

27. The 18B and 19B pulses are prevented from reaching the
secondary timer.

28. The 11B through 17B pulses did reach the secondary timer
and advanced it to 7.

29. Test cycle trigger turns on at 23AB time.

30. With the secondary timer input control trigger and the test
cycle trigger both ON, the “plus on Counter read-in”’ line supplies an
up level to the Counter read-in switches, Figure 120.

31. At the end of this sixth cycle a 1AB pulse advances the sec-
ondary timer from 7 to 8.

32. The sixth cycle was thus a test cycle which left the machine
prepared for an adding cycle to follow.

33, The multiplicand in GS4 is read into the Counter in CS1
during the seventh cycle.

34. The secondary timer advances from 8 to 9 at 1AB time.

35. Since the secondary timer did not go from 9 to 0 at the end
of the seventh cycle, the machine is left in the adding cycle con-
dition for ‘the éighth cycle. .

36. The multiplicand in GS4 is read into the Counter again in
CS1 during the eighth cycie.

37. The secondary timer goes from 9 to 0 at 1AB time of the
eighth cycle.

38. Secondaty timer output shift at 1AB through 3-8E; turns off
the secondary timer input control trigger and the test cycle trigger.

39. The secondary timer output shift through 3-9F; at 1A time
is sent to the tertiary timer ring, Figure 138. (Input capacitor in
5-11L converts shift to pulse.)

40. The 1A time pulse turns off of the CS1 tertiary timer trigger,
5-9K (Figure 138), sending a plus shift to the capacitor input
power unit at 5-10K.

41. The minus, tapped level output pulse from 5-10K signals the
end of multiply and turns off the first cycle multiply control trigger,
1-4X; the multiply-divide trigger, 1-7V; and the program advance
suppress trigger, 2-8H. This restores all circuits to their original
status and ends the multiply operation. These triggers are drawn in
Figures 138 and 134 and should be observed on both illustrations
at this time.

42. Note in Figure 134 that the secondary timer was left in the
zero status; the test cycle trigger, 3-11B, was left OFF; and the sec-
ondary timer input control trigger, 3-11D, was also left OFF. These
are the necessary starting conditions for any possible following
multiplication programs.

F SUFFIX NOTES

F and earlier suffix machine operations during multi-
ply is basically the same as for the G suffix, but there
are a few items which are different and which cause
different neon bulb indications during analysis. These
differences have been indicated on the multiply circuits
of Figure 139.

1. The switch unit at 5-4H is in the TC control cit-
cuits and blocks pulses thought to be possible to the TC
trigger during multiply or divide. When the multiply-
divide trigger is ON, the PS unit at 5-4H is cut off.
In some of the earlier suffix machines the line running
in Figure 124 from pin 9 of 5-3H. to pin 7 of 5-4],
runs instead to the grid 3 input of 5-4H. The lead con-
necting the plates of 5-3H, and 5-4], is not present.

ply and divide, a plus output from the plate of 5-4H
caused 5-4], to conduct and in turn cut off 5-SH. The
7AB pulse attempting to pass through 5-SH was thus
blocked during multiply and divide operations. The
simplier circuit used on later machines, and as drawn in
Figure 124, produces equally correct results and elimi-
nates the need for 5-4H. (The action supplied by 5-4H
on these earlier suffixes for blocking the 7AB pulse
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through 5-5H during division as well as multiplica-
tion, are not needed. The Counter reads in each cycle
during divide and conduction through 5-3H,, Figure
124, therefore keeps 5-SH cut off, blocking the 7AB
storage to storage transfer pulse. During multiplication
test cycles, when the Counter is not being used for read-
in, the simple triode at 5-4], continues to conduct in
the later suffixes and keeps 5-5H cut off.)

2. The circuit for 1-7W and 1-6V (Figure 139)
which control the multiply-divide trigger turn-on is
different as indicated. On machines earlier than the F
suffix, pulse times other than 9AB (such as 6AB) have
been used to feed grid 1 of 1-6V. The machine print
should be checked for the earlier machines.

3. The pulse to grid 1 of 1-4Y is at 4AB on F and
earlier machines rather than the 3A-8B gate used in
the G suffix. As a result, the first cycle of multiply trig-
ger, 1-6W, comes on at 4A rather than 3A.

4. The circuit controlling grid 1 of 3-10F prevents
the MQ Unit position being rolled out from being
rolled around except on test cycles. The tubes at 3-8F
and 3-9F. were eliminated in the G suffix because it
was found that 9 to 0 pulses from a rolling MQ posi-
tion during adding cycles could do no more than try
to turn on 3-11D, which was already oN from the test
cycle. In the F suffix and earlier machines, then, the
MQ position will only be seen to roll during test cycles.
This is similar to the H suffix operation where the
elimination of MQ Unit exit channel isolation switches
made it necessary to prevent MQ roll around on adding
cycles. Any 9 to 0 shifts in the H suffix MQ Unit dur-
ing adding cycles would cause erratic entries to the
Counter.

Summary of Multiplication (All Suffixes)

1. Multiplication causes a starting shift to CSS.
2. The first cycle of each column shift is a test cycle.

3. At 1AB (the end of the test cycle) the secondary
timer is tested for a 9 to 0 shift.

A

4. If the secondary timer does not go from 9 to 0,
the next cycle will be a read-in to the Counter (adding
cycle).

5. A 1AB pulse is added to the secondary timer at
the end of each Counter read-in (adding) cycle also.

6. When the secondary timer goes from 9 to 0, a
column shift results.

7. The above sequence repeats until the tertiary timer
CS1 trigger goes off to signal the end of multiply.

DIVISION

DivisioN, like multiplication, consists of a series of
automatically controlled entries into the Counter from
a Storage Unit. Division, also like multiplication, re-
quires a number of Primary Timer cycles with program
advancing suppressed. With 604 division, the dividend
is first loaded into the Counter from an eatlier program
step. Then, during the division program, the machine
finds out how many times the divisor in a Storage Unit
can be “subtracted” from the Counter before the
Counter changes its sign. The answer is developed in
the MQ Unit one pulse per cycle and is equal to the
number of successful (non-sign changing) “‘subtrac-
tion” cycles that were taken. For example, 2 can be
subtracted from 8 four times, which is the same answer
obtained by more conventionally dividing 8 by 2. Con-
trol panel wiring for division consists of two wires
from separate hubs of the same program step. One wire
runs to the DIVIDE hub and the other to the READ ouUT
hub of the Storage Unit holding the divisor.

When the 604 starts its “division by subtraction,” it
doesn’t know when to stop until it has gone too far,
overdrawn, and actually changed the sign of the
Counter. To correct for its having gone too far, the
machine takes an extra correction cycle after each over-
draw. This correction cycle adds back the overdrawn
amount and returns the Counter to the balance it held
just before the overdraw cycle. There are, therefore,
three types of division cycles: 1) REDUCTION CYCLES
where an entry made to the Counter does not change
the Counter sign. A pulse is entered into the MQ Unit
at the very end of each reduction cycle only. 2) OVER-
DRAW CYCLES where the entry to the Counter does
change the sign. 3) CORRECTION CYCLES where an
entry is made back into the Counter to overcome the
effects of the overdraw.

Division always starts in CSS under control of the
tertiary timer. After every correction cycle the tertiary
timer shifts to its next lower position, and the reduc-
tion process is started on the lower order digits of the
dividend amount still remaining in the Counter. The
process continues until the tertiary timer steps out of
the CS1 position. The “pulse each reduction cycle”
entries into the MQ Unit go into the MQ position
which is also dictated by the column shift setting of the
particular cycle.

Figure 140 gives a cycle by cycle examination of a
division problem and indicates the actions involved.

The divisor (abbreviated DS) can be up to 8 digits
in size and is held in any Storage Unit or pair of coupled
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DIVISOR = DS
(In Storage)
12
Example: 44 T7728
ACTION ARITHMETIC
1728
Subtract DS in CS positior —1440000 }
—1438272
Add DS in CS5 +1440000 }
1728
Shift to CS4 and subtract DS —144000
—142272
Add DS in CS4 4144000 }
1728
Shift to CS3 and subtract DS — 14400 }
— 12672
Add DS in CS3 + 14400 }
1728
Shiff to CS2 and subtract DS — 1440 }
288
Subtract DS in CS2 again - 1440 }
- 1152
Add DS in CS2 + 1440 }
288
Shift to CS1 and Subtract DS -_ 144 }
144
Subtract DS in CS1 again — 144 }
000
Subtract DS in CS1 again - 144 }
— 144
Add DS in CS1 + 144 }
000

Remainder e c e e e e e e e

QUOTIENT (Developed In MQ)

DIVIDEND = DD
I (In Counter)

-
T

NOTES
DD in Counter
Ctr changes sign ~ OVERDRAW

QUOTIENT

Ctr returned to former balance - CORRECTION

Ctr changes sign ~ OVERDRAW

Ctr returned to former balance - CORRECTION
Ctr changes sign - OVERDRAWN

Ctr returned to former balance - CORRECTION

No Ctr sign change REDUCTION
(Entry to MQ in 2nd Order)

Ctr changes sign - OVERDRAW

» 00010

Ctr returned to former balance - CORRECTION
No Ctr sign change - REDUCTION
(Entry to MQ in 1st Order)

No Ctr sign change - REDUCTION
(Entry to MQ in Ist order)

Ctr changes sign ~ OVERDRAW

= 00011

» 00012

Ctr returned to former balance - CORRECTION
Answer (Quotient) 0001 2

Note: |f figures used should not divide evenly, any remainder will be left in the Counter for use as desired.

This illustration is to show step by step principles only and does not consider the fact that a plus figure in the 604 Counter is actually

in complement form.

Figure 140. Principles of 604 Division by Repeated Subtractions

Units. The dividend (abbreviated DD) must be in the
Counter and can be up to twelve digits long. The
twelve digit dividend limitation (rather than the full
13 digit Counter capacity) results because the quotient,
which is developed in the MQ Unit, must be limited
to 5 digits. Dividing a 13 digit figure by an 8 digit
figure would give a six digit answer. Whatever their
individual lengths, the combination of divisor and
dividend figures must not tend to produce any quotient
answer larger than 5 digits or the machine will activate
special “division by zero” circuits and reject the cal-
culation. Quotients larger than 5 digits long can be
developed in parts by control panel wiring using ad-
ditional program steps. This “quotient expansion”
process is explained in the 604 Manual of O peration.

Division Operation (G & H)

Division is nothing more than a series of auto-
matically controlled transfers. The block diagram in
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Figure 141 shows the basic controls used in division.
The Storage Unit containing the divisor (FS2 in the
illustration) is fed the + (11A-20A) roll-out pulses
in every cycle during division. The Counter read-in
switches are conditioned to accept pulses from the
entry channel throughout the division process. There-
fore the divisor is transferred to the Counter once each
cycle throughout the dividing process. The transfer may
be in any position of the shift unit from CS5 to CS1
and may be either true or complement, depending on
the settings of the CS circuit and the A-S circuit.

The tertiary timer automatically controls the column
shift unit as described in the section titled “Multiplica-
tion.” In a division operation the tertiary timer is auto-
matically set to its CSS5 position at the start of the
process, then it advances successively to the lower order
positions under control of the TC trigger. The TC
trigger in turn is controlled by the sign of the counter
balance. The general sequence of operations when
dividing is as follows:



Divisor

Dividend

Es 2 Cs A-S

Unit Unit
e

Counter

!

Roll-out Pulses
Each Cycle of
Division

Counter
Balance
Sensing

Pulse after each
Correction Cycle

Controis Puise if no
Sign Change

in Counter
{on Reduction)

Tertiary? M-Q
Timer Unit

Column Quotient

Shift Control

Figure 141. Logic Diagram of 604 Division

The divisor starts transferring to the Counter sub-
tractively in the CSS5 position and continues until the
counter balance changes. The status of the TC trigger
is then reversed so that the next transfer of the divisor
to the Counter will be additive.

The TC trigger returns to its previous status after
one add cycle and signals the tertiary timer to move to
the next column shift.

The divisor then starts transferring to the Counter
subtractively in the CS4 position, and the process re-
peats as above until the tertiary timer moves out of the
CS1 position to indicate “end of divide.”

Entries to the MQ Unit (quotient) when dividing
are under control of the division counter balance-indi-
cating circuits. If the counter balance does not change
in sign when the divisor is subtractively transferred to
the counter, a 1 is entered into the MQ Unit. The
position of the MQ Unit receiving the 1 is determined
by the status of the tertiary timer.

Selection of Dividing Process

In the preceding discussion of the principles of di-
vision by repeated subtraction, only the arithmetical
principles were discussed. No attempt was made to
show the actual Counter operation. In this machine a
positive number appears in the Counter as a comple-
ment. Therefore, a positive dividend is in the Counter
in complement form originally This means that any
counter balance reducing transfers of the divisor must
enter the Counter in true form, while additive trans-
fers require that the divisor enter the Counter in com-
plement form.

While there 1s no “divide minus’ hub on the control
panel, the machine is arranged to handle equations in
which negative divisor or dividend factors (or both)
may be found. Consequently it is possible to start a di-
vision program with a negative factor as the dividend.
In such a case the dividend is in the Counter in true
form and entries made to reduce the Counter. to zero
must be made as complement transfer. Correction cycle
entries must be made as frue transfers. This is just the
reverse of the process used with a positive (comple-
ment) dividend in the Counter.

To set up different operations required by the two
divide process possibilities a pair of control voltages
are developed. These are “plus on positive DD" and
“plus on negative DD lines. The voltage produced at
the start of the division determines which line is high
and which process will be used.

MQ Reset Controls (G & H)

The MQ Unit is reset at the start of a division so any
figures left there from any earlier operations will be
cleared. This permits a correct quotient to be developed
in the MQ Unit.

The H suffix MQ Reset Circuit is given by page
5-0201 of the System Diagrams. The reset gate for
divide is applied to pin 6 of 5-5L, from 4A to 8A of
the first cycle of divide only.

The G sufix MQ Reset Circuit is given by Figure
142. The reset gate is generated only on the first cycle
of division from the output of the inverter switch
1-5Vianas. The reset gate output starts at about 3A
(due to flip time of 1-5W) and lasts until 8B.
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Punch Entry

Control Trigger |
7+ i
TR-32 IN-28 Punch RI
|3 Reset
1
5-1G 5-4F2
Switch
MQ 2] -1 2] T 2 oI 7 8
RI IN-24 IN-5 IN=5 IN-5 IN-28 Electronic Rl
6 Reset
o Ll L] ] L
(Electronic) 1-8Z; 1-8Y, 1-8Y, 1-8U7 5-4F;
—-(3A—8B) G
Switch
L 2 1 2] |
1 7 67 Divide
TR-2 IN-5 IN-5 Reset
5 3
1-5W 1-4W, l—5V2
1st Cycle g
Divide Trigger — (3A—88)G
(On 3A Electronic ﬁ 3
fo 20.A Reset Gate 4:'__0 ." 100V Reset Line
First Div. PS-41 PW-1 (To MQ Unit Triggers
Cycle Only) L and Secondary Timer
[ | .
nput Control Trigger,
5-6F 5-7F 3-11D)
Reset Reset Voltage
Voltage Power Unit
Regulator

Figure 142. MQ Unit Reset Controls (G Suffix)

Division Counter Balance Indicating
Circuit (G & H)

The changing of the sign of the balance in the
Counter is a most important item in the 604 division
operation. It controls whether the following cycle will
be a correction or another attempted reduction (which
may turn out to be an overdraw). Because of some
special requirements, the division circuits do not use
the 9-No 9 trigger circuit output to sense the Counter
balance (except at the start of the division operation to
set up initial conditions). Instead, a separate division
circuit senses the presence or absence of a 13th order
carry-out and relates this to whether the cycle was a
TA or CA operation. From these facts it is discovered
whether a successful reduction was accomplished or
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whether an overdraw occurred. The examples of Figure
143 illustrate the possibilities.

If the dividend is positive (complement form) at
the start, attempted reduction cycles entail True-entry
Actions to the Counter. If no 13th order carry out occurs
on a true entry, the reduction was successful. If there
is a carry out, the cycle was an overdraw that changed
the sign of the Counter; a correction cycle must then
be set up to follow.

If the dividend is negative (true form) at the start,
attempted reduction cycles require Complement-entry
Actions to the Counter. In this case the presence of a
13th order carry-out indicates a successful reduction.
NO carry-out indicates an overdraw that changed the
sign of the Counter. A correction cycle is then set up
to follow.



Plus {Comp) Dividend At Start
1 (With Remainder Of 2)

Example: 3 ;5
9994
Cycle 0003 - - -True "Add" Reduction
Cyel
! 9997 - - - No Carry Out yee
0003- - - True "Add"
Cycle 9990 With High Order Overdraw
2 ~2—1111---Carry Out Cycle
l\ 0001
9996~ - - Comp Add
Cycle Correction
3 9997~ - - No Carry Out Cycle

TA & No Carry = Reduction
TA 4 Carry = Overdraw

CA & No Carry = Correction

Negative (True) Dividend At Start

—1 (With Remainder of 2)

Example: 3 5—-5

nAA

0605

9996~~~ Comp Add

Cycle 9991 With High Order Reduction
1 <—]111---Carry Out Cycle
1 I
L 0002 J
Cycle 9996~ -~ Comp Add ] Overdraw
2 Cycle
9998~~~ No Carry Out
0003 True "Add" ]
Cycle 9991 With High Order Correction
3 -«—]1111--~Carry Out Cycle
0002

CA 4 Carry = Reduction
CA & No Carry = Overdraw

TA 4 Carry = Correction

Note: This example illustrates principles of determining effect of entry on Counter sign by evaluating type of entry (TA or CA)

and 13th order carry out or lack of carry out.

This example does NOT take into account the 10's com

omplement arithmetic system used for division only.

Figure 143. Division Cycle Balance Sensing

A successful reduction cycle is thus either a True-
entry Action to the Counter with NO carry out (posi-
tive dividend) or a Complement-entry Action WITH
a carry out {negative dividend).

Ten's Complement Division Arithmetic (G & H)

The 604 arithmetic circuits normally use the 9’s
complement carry back system described in the preced-
ing chapter. An interesting problem developed in the
division operation that was most easily solved by alter-
ing the circuits to provide a 10’s complement system
for division. The problem arose only with a negative
dividend and a divisor which divided into it evenly
(no remainder). Before showing an example of the
problem a few facts should be recalled.

1. Normally a zero balance in the 604 is plus (all
9’s in the Counter).

2. When a division starts with a negative dividend
in the Counter, any cycle in which the Counter goes
plus is considered an overdraw that permits no MQ
entry.

3. If the figures divide evenly, the last cycle would
(with normal operation) reduce the Counter to zero
(a positive figure). With a negative dividend this would
force the last cycle to be considered as an overdraw. The
quotient would therefore be one low.

Example: (Hlustrating 9’s Comp. & Carry Back)
-2
3) -6
0006 Neg DD in Ctr.
9996 Comp Add the 3.
9992 Balance before carry.
Clills Carry & Carry back.
0003 Ctr still negative. R'd'n cyc. Add 1 to MQ*.
9996 CA the 3 again.
9999 Note that Ctr goes plus and there is no carry back.

This is the overdraw cycle action. NO MQ ENTRY.
Quotient will be one low.

#*Neg. DD Reduction Cycle action = CA + carry out of high order.
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As will be seen in the next example, the 10's com-
plement system eliminates this problem. During di-
vision, the 13th order carry out is available, but it
is blocked from reaching the units position of the
Counter. By itself such an action would cause the
units position of the Counter to be low under some
circumstances. To compensate for this possibility a so-
called “elusive 1" is entered into the units position of
the Counter (during division), as required, to make
up for loss of carry back. It works out that this extra
pulse is needed whenever a complement entry is made
to the Counter. The same "10A on Complement
Action” pulse which sets the Add-Subtract Unit trig-
gers is used during division as the “elusive 1" entry to
the units position of the Counter. This adds the “elusive
1" at 10A time, before the 11B through 19B digital
entries begin to arrive.

The following example shows the same problem as
above, but with the modified, 10’s complement arrange-
ment used during division.

Example 1: (Illustrating 10’s complement)
_ 2
3) -6
0006 Neg. DD in Ctr.
0001 Elusive 1, 10A on Comp Add.
0007 Ctr just after 10A.
9996 Comp. Add the 3.
9993 Balance before carry.
111 Carry and carry out but no carry back.
0003 Ctr still negative. R’d’'n cyc. Add 1 to MQ*.
0001 Elusive 1 at 10A on Comp Add.
0004 Ctr just after 10A.
9996 Comp Add the 3 again.
9990 Balance before carry.
111 Carry and carry out, but no carry back.
0000 Ctr still negative. R’'d'n cyc. Add 1 to MQ*.

*Neg. DD Reduction Cycle action = CA + carry out.

No difficulties are produced in any other areas of
division by this system. The Counter will stand at all
zero's following any negative dividend division which
does not have a remainder.

This is the only time all the Counter indicating
neons should ever be dark. (Such an “all zero” zero bal-
ance cannot be Zero Checked by the normal 604 Zero
Check cizcuit to be discussed later. )

Operation Sequence, Positive Dividend (G & H)

The actual Counter operation starting with a posi-
tive dividend in the Counter is shown by Figure 144.
A negative divisor in the Storage Unit will not affect
this charting of Counter actions in any way. The only
difference will be that an extra sign pulse will reach the
MQ Unit sign trigger to turn it ON (negative).
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For sake of identification, the various cycles are
named according to the general function performed
in that cycle. Thus, a cycle in which the divisor is
subtractively transferred to the Counter, without a
change in the sign of the counter balance, is called a
reduction cycle. A cycle in which the divisor is sub-
tractively transférred to the Counter, and the sign of
the counter balance changes, is called an overdraw
cycle to indicate the reduction has been too great. A~
cycle in which the divisor is additively transferred to
the Counter to compensate for an overdraw is termed
a correction cycle. A reduction cycle and an overdraw
cycle start out exactly the same. It is only the counter
balance at the end and the carry out result that makes
the difference. A quotient entry is signaled only on
reduction cycles.

The following rules should be remembered for
easier understanding of the dividing process:

1. The first cycle of divide is an attempted reduction
cycle in CS5.

2. The reduction process continues until there is an
overdraw cycle.

3. After each overdraw cycle there is a correction
cycle.

4. After each correction cycle there is a column shift
and return to reduction cycles.

5. The sequence of 2, 3, and 4 are repeated in each
column shift.

6. At the end of cycles in which the Counter sign
does not change (reduction cycles) a 1 is entered into
the MQ Unit under control of the tertiary timer.

The problem of Figure 144 is analyzed cycle by
cycle below. Knowledge of the general sequence of
operations presented below is essential to an under-
standing of the circuit explanation which will follow.
It will be seen that division is simply a sequence of
continuous Counter entry cycles. The heart of the process
is the control of the TC trigger to give the proper type
of entry each cycle and to advance the tertiary timer
when required.

Cycle 1. The division controls go into operation and
signal a positive dividend. Also, the tertiary timer is
placed in operation in its CSS position and the TC
trigger is set to TA. The divisor in FS2 is then trans-
ferred to the Counter in true form and the Counter
goes negative, indicating an overdraw.

Cyele 2. The negative counter balance causes the TC
trigger to go to CA, so that the divisor can be trans-



1728 © - DD In Cir
PROBLEM: 44,7 12 = DS Assumed To Be in FS2
CYCLE OPERATICN COUNTER CTR M - Q UNIT
(Dividend) BALANCE (Quotient)
1. |Transfer DS fo Ctrin CS 5
9999999928271 Positive 00000
TAinCS5 1.4 4-
) B o o e 2999990338271
Carry Time (13th Order Carry Out U S N T T S
TA & CARRY - OVERDRAW 0000001438274 Negative 00000
2. | Transfer DS to Ctr in CS 5° ! LRt T
Elusive 1 - 10A on CA . S SRR W
CAinCS5 2999998559999,
9999999987161
Carry Time (No 13th Order Carry Out) 1111
CA & NO CARRY - CORRECTION 9999999998271 Positive 00000
3. | Transter DS to Ctr in CS 4
TAinCS 4 144
) 9999999032271
Carry Time (13th Order Carry Out) \l 111111171
TA & CARRY - OVERDRAW 0000000142271 Negative 00000
4. !Transfer DS to Cirin CS 4
Elusive 1 - 10A on CA 1
CAinCS 4 999999985599¢9
9999999997161
Carry Time (No 13th Order Carry Out) 111
CA & NO CARRY - CORRECTION 9999999998271 Positive 00000
5. |Transfer DS to Cir in CS 3
TAinCS3 1 4 4
9999999902671
Carry Time (13th Order Carry Out) \] 11111111
TA & CARRY - OVERDRAW 000000001 671 Negative 00000
6. |Transfer DS to Ctr in CS 3
Elusive 1 - 10A on CA 1
CAinCS3 99999999855 9¢9
9999999997161
Carry Time (No 13th Order Carry Out) 111
CA & NO CARRY - CORRECTION 9999999998271 Positive 00000
7. | Transfer DS to Ctr in CS 2
TAinCS 2 144
9999999999611
Carry Time (No 13th Order Carry Out) 1
TA & NO CARRY - REDUCTION 9999999999711 Positive 00010
g, |Transfer DS to Cir in CS 2
TAinCS 2 1 4 4
9999999990151
Carry Time (13th Order Carry Out) \1 1111111111
TA & CARRY - OVERDRAW 0000000001151 Negative 00010
9. |Transfer DS to Ctr in CS 2
Elusive 1 - 10A on CA 1
CAin CS 2 9999999998559
9999999999601
Carry Time (No 13th Order Carry Out) 11
CA & NO CARRY - CORRECTION 9999999999711 Positive o001 O0
10. |Transfer DS to Ctr in CS 1
TAinCS1 1 4
No Carry
TA & NO CARRY - REDUCTION 999999999985 °5 Positive 00011
11. |Transfer DS to Ctr in CS 1
TAinCS1 1 4 4
No Carry
TA & NO CARRY - REDUCTION 999999999 999¢9 Positive o001 