THE LITTLE BLUE CELLS

BY J. J. COUPLING

The most acute problem in the design of a robot, a

thinking machine, or any of the self-serving devices of -

science-fiction is memory. We can make the robot’s body,

its sensory equipment, its muscles and limbs. But thinking

requires association of remembered data; memory is the
essential key. So we present the Little Blue Cells!

Most of the robots I have met
‘have been either man-sized androids
‘with positronic ‘brains to match, or
‘huge block-square piles of assorted
-electrical junk. The small, self-
portable models I admire from a
-distance, but I feel no temptation to
speculate about their inner secrets.
The workings of the big thinking
machines have intrigued me, how-
ever. It used to be that I didn’t
know whether to believe in. them or
not. Now, the Bell Laboratories
relay computer, the various IBM
machines and the Eniac are actually
grinding through computations in a
manner at once superhuman and
subhuman. With the other readers
of Astounding I've had a sort of
conducted tour through the brain
cases of these monsters in “Modern
Computing Devices,” by E. L.
Locke. I'm pretty much convinced.
It’s beginning to look as if we’ll
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know the first robot well long before

‘he’s born.

Perhaps some readers of science
fiction can look back to the old, un-
enlightened days and remember a

prophetic story called, I believe,

“The Thinking Machine.,” The in-
ventor of that epoch had first to
devise an “‘electronic language” be-
fore he could build his electrical
cogitator. The modern thinking ma-
chine of the digital computer type
comes equipped with a special elec-
tronic alphabet and vocabulary if not
with a complete language. The al-
phabet has the characters off and on,

or O and 1, the digits of the binary

system of enumeration, and words
must certainly be of the form 1001-
110—and~so on. We may take it
from Mr. Locke that somewhere in
the works of our thinking machine
information will be transformed
into such a <eries of binary digits,
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whethet it be fed in on paper tape
. or picked up by an electronic eye or
ear. The machine’s most abstruse

thought, or its fondest recollection—..

if such machines eventually come to
have emotions—will be stored away
as off’s and on’s in the multitudinous
. blue cells of the device’s memory.

I’m sure that I’'m right in deserib-
ing the memory cells of the machine
as multitudinous and little—that is,
if it’s a machine of any capabilities
at all. To describe them as blue is
perhaps guessing against consider-
able odds, but there are reasons even
for this seemingly unlikely prognos-
tication.

The multitudinous part is, I think,

obvious. The more memory cells the -

machine has, the more the machine
can store away—learn—the more
tables and material it can have on
hand, ‘and the more complicated
routines it can remember and follow.
The human brain, for instance, has
around ten billion nerve cells. It
may be that each of these can do
more than store a single binary digit
—a single off or on, or O or 1. Even
if each nerve cell stored only one
digit, that would still make the brain

a lot bigger than any computing ma-

chine contemplated at present. Pres-
~ent plans for machines actually to
be built call for one hundred thou-
sand or so binary digits, or, for only
a hundred-thousandth as many stor-
age cells as the brain has nerve cells.
Mathematicians like to talk about
machines to store one to ten million
binary digits, which would still. fall
short of the least estimated size of
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the brain by a factor of one thousand
to ten thousand. But, if one hun-
dred thousand and ten million are
both small numbers as far as the
human brain is concerned, they’re
big numbers when it comes to build-
ing a machine, as wey can readily
see. It 1s because of the size of such
numbers that we know that the
memory cells of our thinking ma-
chine will have to be small, and, we
might add, cheap. "

For instcnce, some present-day
computers use relays as .memory
cells. Now, a good and reliable
relay, one good enough to avoid fre-
quent failure even when many thou-
sands of relays are used, costs per-
haps two dollars, If we wanted a
million cells, the cost of the relays
would thus be two million dollars,
and this is an unpleasant thought to
start with. Further, one would prob-
ably mount about a thousand relays
on one relay rack, and so there
would be a thousand relay  racks.
These could perhaps be packed into
a space of about six thousand square
feet—around eighty by eighty feet.
Then, there would have to be-quite

-a lot of associated equipment, for

more relays would+be needed to
make a connection to a given mem-
ory cell and to utilize the informa-
tion in it. This would increase the
cost and the space occupied a good
deal. The thing isn’t physically im-

‘possible, but it seems an unpromis-

ing start if we wish to advance fur-

ther, toward the at least ten thou-

sand-fold greater complexity of the
human brain. 5 :
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Figure 1.

A cross-section view of the selectron,

RINGS OF
SELECTRON

ACCELERATING
GRID

Information 1is

stored as a voltage on the inner side of the insulating storage sur-
face. The voltage is established by electron streams flowing through
the “windows” formed by the bars and rings of the selectron grid.
Such electron streams are also used in reading the information off.

Fortunately, at just the time it
was needed, something better than
the relay has come along. That
something, the possessor of the little
blue cells, is the selectron. It is a
vacuum tube which can serve in the
place of several thousand relays. It
promises to be reliable, small and,
eventually, at least, cheaper than re-
lays, and in addition it is very much
faster—perhaps a thousand-fold.
The selectron was invented by an
RCA engineer, Dr. Jan A. Rajch-
man—pronounced Rikeman—ior
the purpose of making an improved
computer, and so its appearance at
just the right time is, after all, no
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accident. Instead, it is a tribute to
Dr. Rajchman’s great inventive abil-
ity. Lots of people who worked on
computers knew what the problem
was, but only he thought of the se-
lectron, ‘
You might wonder how to go
about inventing just what is needed,
and 1f Dr. Rajchman’s career can
cast any light on this, it’s certainly
worth looking into. Did he, for
instance, think about computers
from his earliest technical infancy?
The answer 1s that he certainly
didn’t. I have a copy of his doctoral
thesis, “Le Courant Résiduel dans
Les Multiplicateurs  D’Electrons
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Figure 2.

showing the arrangement of bars

and rings forming the selectron
grid and its windows.

A perspective view

Electrostatiques,” which tells me that
he:was born in L.ondon in 1911, that
he took his degree at Le Ecole Poly-
technique Fédérale, at Zurich and
thereafter did research on a radically
new - type of electrically focused
photo-multiplier—see “Universes to
Order,” in Astounding for Febru-
ary, 1944, :I'am not sure how many
-different problems he has worked on
since, but during the war he did do
some very -high-powered theoretical
- work on the betatron, as well as
" some experimental work on the same
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device. It would seem that the best
preparation for inventing is just
to become thoroughly competent in
things allied to the field in which
something new is needed.

What was needed in connection
with computers was, as we have
said, a memory cell, or, rather, lots
of them., What do these cells have
to do? First of all, one must be able
to locate a given cell in the memory,
so as to put information into it or
take information out. Then, one
must be able to put into the cell
the equivalent of a 0 or a 1. One
must have'this stay there indefinitely,
until it is deliberately changed. Fi-
nally, one must be able to read off
what is stored in the cell; one must
be able to tell whether it signifies O
or 1 without altering what is in the
cell. The selectron has these fea-
tures. Lo
You might be interested in some
of the earlier suggestions for using
an electron tube as a ‘memory in a
computing machine. The electron

“beam of a cathode ray tube sounds

like just the thing for locating a
piece of information, for instance.
One has merely to deflect it the
right amount horizontally and ver-
tically to reach a given spot on the
screen of the tube. = One wishes,
however, to store a particular piece

. of information in a particular place

and then to find that same place

- again and retrieve that same piece of
information. - - This would mean re-

producing the exact voltages used
on the deflecting plates when the in-

~ formation was ‘stored;, and that is -
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by no- means easy.- Further, if the
accelerating -voltage -applied to the
tube changes, the deflecting voltage
needed to deflect the beam to a given
place changes, and this adds . diffi-
culty. \Vhen we realize further that
our, memory simply must not make
mistakes; we see that there are real
objections to locating and relocating
a given spot by simply deflectiffg
an electron beam to it. The selectron
has a.radically different means for
getting. electrons to a selected spot—
the selectron grid.

. The ; features of the selectron
which Dr, Rajchman holds in his
hand—page.  163—are  illustrated
simply in Figure 1. There is a
central cathode and around it a con-
centric accelerating grid. When this
grid is made positive with respect to
the cathode, a stream of electrons
floods the.entire. selectron grid, the
next element beyond the accele:ratmg
grid. . The, selectran grid, is made up
of @_m;gmhgr_of thin bars lacated in a
cireular array, pointing radially out-
watd;:and a number of thin. rings,
spaced the same distance apart as are
the bars.. Figure 2 shows a portion
of the selectron grid formed by the
rings and bars.. The rings and bars
together . form a number_ of . little
rectangular ‘openings or windows.

Now, in operation each bar and
ring of the selectron grid is held
either several hundred volts positive
with. respect to the cathode, or else
a little negative with respect to the
cathode After a Cefinite pattern of
voltages has been estabhshgd on the
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- ative,

selectron grid, the accelerating grid
1s made positive and the selectron
grid is flooded with electrons. What
happens? Let us consider first the
bars of the selectron grid.. Figure
3 tells the story.  If two neighboring
bars are negative, the approaching
electrons are simply repelled and
turned back. If an electron enters
the space between a positive bar and
a negative bar, it is so strongly at-
tracted toward the positive bar that
it strikes it and is lost. Only if
the bars on both sides of the space
which the electron enters .are posi-
tive does the electron get through
At the rings, the stc;ry is the same;
an electron can pass. betwé&m"twoz
rings only if both are posuwe 1t 1§
stopped if either one or both are neg-
Thus we concIude that elec-
trons can pass through a little
window formed by two bars and
two rings only if both bars and both
rings are positive. If both bars and
both rmgs forming a window are

)
t
-+

Fi, gure 3. Efectrons can pass be-
tween two bars or rings only 11"
both are positive. If both are
negative, the e]ectron is turned
back. If. one is negat:ve, the :
e]ectron is deflected and lost on
_the positive bar or ring.



held positive, the wmdow_ is open;
if one or more of the bars or rings
‘are ‘negative, the window is cl,osed
Thus, we have a means for’ letting
“electrons through one window at a
fime.

In the early model selectrons there
were sixty-four apertures between

bars around the tube, and sixty-four
apertures lengthwise, giving four

thousand ninety-six windows in all,
and any one of these could be se-
lected for the passage of electrons
- by applying preper voltages to the
bars and . rings.. Does this mean
that,, we must ‘have one “hundred
; twgnty-e;ght leads into the tube for
.this alone, one .for each bar and one
foreach ring? The tube would
_certainly work if it had one hundred
twenty-eight leads to the selectron
grid, but Dr. Rajchman’s ingenuity
has cut this down instead to thirty-
two, a saving by a factor of four.
How is this done? The table of
Figure 4 tells the story. Here we
have in:the top row the numbers
of the bars, in order, sixty-four in
all. These bars are connected to two
sets of eight leads. The second and

third rows show to which lead of a-

given set a bar is connected. Thus,
Bar 1 is connected to Lead 1 of Set 1.
Bar 2 is connected to L.ead 1 of Set
II, while Bar 64 is connected to
Tead 8 of Set Il. To save space,
some of the bars have been omitted
from the table,

You will observe that if we make
Tead 7 of Set I positive, and all
the rest of the leads of Set I nega-
tivey Bars 73, 29, 45 and 61 will be
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positive. Then, if we make. Lead
2 of Set Il positive and all the
other leads of Set IT negative, Bars

4, 8, 12 and 16 will be positive. All
" the "bars ‘which- do not appear in

either- of the above listings will be
negative. Now, the orily adjacent
bars listed are 72 andr3, which have
been written in italics. - Hence, when
Lead 7 of Set I and TLead 2 of Set
IT are made positive and all the other
leads negative, electrons can pass
between the two adjacent positive
bars 12 and 13, but not between any
other bars. Thus, by selecting one
lead from Set I and one lead. from

- Set II, we can select any of the

sixty-four spaces between bars,
The thoughtful reader will have

-noticed, by the way, that there are

only sixty-three spaces between
sixty-four bars. This, however,
omits the space out to infinity from
Bar 1 and back from infinity to Bar
64. We can 1in effect shorten this
space by adding an extra bar beyond
the sixty-fourth and connecting it
to Bar 1.

The same sort of connection used
with the bars is made to the rings,
so that by selecting and making posi-
tive one lead each in two sets of
eight leads we can select any of the
sixty-four spaces between rings.
Thus, in the end we have four sets
of eight leads each, two sets for
the bars and two for the rings. We
make positive one wire in each set
at a time. The number of possible
combinations we can get this way
is four thousand ninety-six, and
each allows electrons to go through
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FJgn_re 4. The sxxty-four bars are connected to two sets of exgbt _
deads in the fashion shown. ' By making one lead of each set positive

and the others negative, it is possible to make any pair of adjacent
bars positive and at the same time have no other ad]acent pazr
positive.

just one window out of the four
thousand ninety-six formed by the
bars and rings of the selectron grid.
“The action is entirely positive. A
given window is physically located
in a given place. Small fluctuations
in the voltages applied to the bars
and rings will not interfere with the
desired operation. ~ This" is a lot
different from trying to locate a
given spot by waving an electron
beam: around

- The selectron grid and its action
are, of course, only a part of the
mysteries of the selectron. They
provide a means for directing a
stream of electrons through one of
several thousand little apertures at
will. But, how can this stream of
electrons be used in storing a signal
and then in reading it off again?
Part of the answer is not new. For
some time electronic experts have
been thinking of storing a signal on
an insulating surface as an electric
charge deposited on the surface by
means of an electron stream. Thus,
by putting electrons on a* sheet of
mica, for,instance, we can make the
surface negative, and by taking them
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off we can make it positive. It is
easy enough to do either of these
things, as we shall se€ in a moment.

There are two very serious diffi-
culties with such'a scheme, however.
First, how shall we keep'the positive

. @

or negative charge on 'the’ Insulating.

surface indefinitely 7 It will inevi-
tably tend to leak off. ‘Second, how

" can we determine whether the sur-

face is charged -positively or nega-
tively without disturbing the charge ?

The logical exploring tool is an elec-

tron beam, but won’t the beam drain
the charge off in the very act 6f ex-
ploration? Both of these difficulties
are overcome in the selectron. To
understand how, we must know a
little about secondary emission.
Beyond the accelerating and se-
lectron grids of the selectron, as
shown in Figure 1, there is a sheet
of mica indicated as “storage sur-

face.” This has a conducting back-
ing. We are interested in what
happens when electrons pass

through an open window in the se-
lectron grid—one made up of four
positive bars and rings—and strike
the mica. The essential ingredients
of the situation are illustrated in the
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simplified drawing of Figure 5.

Here 'the accelerating grid and the
selectron grid are lumped together
and shown as positive with respect
-to the cathode. Electrons are ac-
celerated from the cathode, pass
through the accelerating grid and the

.open window of the selectron grid,,

~and shoot toward the mica storage
surface. What happens? That de-
pends on the potential of the storage
surface with respect to the cathode.

In Figure 6 the current. reaching
the part of the storage surface be-
hind an open window is plotted vs.
the potential 'of that part of the
storage surface with respect to the
cathode Potential is negative with
respect to- the cathode to the left
of the vertical axis and positive with

respect to the cathode to the right -

of the vertical axis. Current to the
storage surface is mnegative—elec-
- trons reaching the surface and stick-
ing—below, the horizontal axis and
positive—more electrons leaving the
surface than reaching it—above the
horizontal axis. The curve shows
how current to the surface varies

as the potential of the surface is -

varied. | |

If the surface is negative with re-
spect to the cathode, the electrons
shot toward it are turned back
before they reach it and the current
to the surface is zero. If the sur-
face is just a little positive, the elec-
trons shot toward it are slowed down
by the retarding field between the
very.positive selectron grid and the
much less positive storage surface,

and they strike the surface feebly
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and ' stick, constituting a negative
current flow ‘to -the surface, and
tending to make the surface more
negative. If the potential of. the
storage surface is a little more posi-
tive with respect to.the cathode, the
electrons -reach it with ‘enough
energy to knock a few electrons out
of it. These are whisked away to
the more positive  selectron grid.
These negative electrons leaving the
surface are equivalenti to a positive
current to the surface. There are

‘now as many electrons striking as

before, but there are also some leav-
ing, and there is"less net negative
current to the surface. Finally, at
some potential labeled V, in Figure
6, one secondary electron is driven
from the surface for each primary
electron which strikes it, and the net
current to the surface is zero. If the
potential of the storage surface is
higher than V,, each prlmary elec-

tron releases more than one second-

ary and there is a net flaw of
electrons away from the surface
equwalent to a positive Gurrent to
the surface. This tends to make the
storage surface more positive,

As the potential of -the storage
surface rises further above V,, the
current for a time becomes more and
more positive, Then, abruptly in
the neighborhood of the potential Vg
of the selectron grid itself, the .cur-
rent becomes  negative again and
stays negative. . Why is this? The
primary electrons . still strike. the
storage <urface energetically - and
drive out more than one electron
each. -The fact is that these sec-

ASTOUNDING SCIENCE-FICTIIDH



ondary electrons leave the surface
with very little speed. When the
storage surface is more positive than
the selectron grid, there is a retard-
ing field at the storage surface which
tends to turn the secondaries back
toward the storage surface. Hence,
there 1s still a flow of primaries—a
negative current—to the surface, but
the secondaries are turned back be-
fore reaching the selectron grid and
fall on the storage surface again.

Thus, the current to the storage sur- .
face is again negative.

Our mechanism for holding the
storage surface positive or negative
is immediately apparent from F1g—
ure 6. If the surface is more pos1-
tive than V,, the current to it is
negative and its potential will tend
to fall. If the surface has a potential
between V, and Vg, the current to
it is positive and its potential will
tend to rise. Hence, if the storage

ACCELERATING AND
SELECTRON GRIDS

INSULATING STORAGE
SURFAC_E

< CONDUCTING BACKING.

vﬁ%i

CATHODE\‘

|-|-|-|.|.|.|,L|;|:I

TG

Figure 5. When a window in‘the selectron grid is open—the bars
. and rings on all sides pos:twe———electrons shoot through it toward
- the storage surface. W hat happens to the electrons depends on the
" potential of ‘the storage surface with respect to the cathode.” THhe
- potential of the storage surface is controlled both by the flow of

eIectrons to and from 1t and by the potential of the cond’uctmg o

backing plate.
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CURRENT TO | SURFACE

-
POTENTIAL OF SURFACE

Figure 6. If the storage surface is negative with respect to the

cathode, no electrons .reach 1t—O0 current.
electrons reach it but few leave—negative current,

If it is a little positive,
If it is more

positive, secondary electrons leave, and if it is more positive than
some potential V,, more secondaries leave than primaries strike—
positive current. If the storage surface is at a higher potential than
V., the potential of the selectron grid, the secondaries which leave
are turned back—negative current to the storage surface.

surface initially has any potential
higher than V,, current will flow to
it in such a way as to tend to make
its potential Vj, the potential of the
selectron grid. If, on the other
hand, the potential is between O and
Vo, the current to the surface will
be negative and the potential of the
surface will tend to fall to O. If
the potential of the surface is nega-
tive with respect to the cathode—
less than O—there 1s no current to
it from the electron stream and
hence no tendency for the potential
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to rise and fall, Actually, some
leakage would probably result in a
very slight tendency for the poten-
tial to rise.

We see, then, that when it is
bombarded by electrons, a part of
the storage surface tends naturally -
to assume one of two potentials, V
or O, If it has initially any other
potential, it tends to come back to
one of these. Which potential it
assumes is determined by whether
the initial potential is greater or less
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than V,. Thus, if we store informa-
tion on the part of the storage sur-
- face behind a particular window by
making this area have a potential V
with respect to the cathode—mean-
ing, say, l—or O—meaning, O—
and if this potential changes a little
through electrical leakage, perhaps
to adjacent portions at a different
potential, we can recover or regen-
erate the original potential merely
by opening the window of the se-
lectron grid and flooding the area
with electrons. In fact, we can peri-
odically regenerate the potentials
behind all windows by opening all
windows at once and flooding ‘the
whole surface with electrons. This
is what is done in the operation of
the selectron, and this regenerative
feature, which makes it possible to
retain the stored information in-
definitely despite electrical leakage,
is one of the most ingenious and
important features of the gelectron.
How do we get the information on
the portions of the storage surface
behind the various windows? That
is, how do we initially bring some

portions of the surface to the poten-

tial V; and others to the potential
V,o? In this process of writing in-
“formation into the tube, we first
open the particular one of the
four thousand ninety-six windows
- behind which we wish to store a
particular piece of information, thus
flooding a little portion of the sur-
face with electrons, Then, to the
terminals T of Figure 5, between the
cathode and the conducting backing
of the storage surface, we apply a
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very sharply rising positive pulse,
shown as the dashed line 6f Figure
/. Because of the capacitance be-
tween this backing plate and the
front of the storage surface, where
the electrons fall, this drives the
front of the storage surface positive.
Then the pulse applied to the con-
ducting backing falls slowly to zero,
as shown. However, the action of
the electrons falling on the surface
tends to make 1t assume the potential
Vs, and so if the pulse {falls off
slowly enough the portion of the

surface on which electrons fall is

left at the potential Vg, as shown by
the solid line of Figure 7. Applica-
tion of the pulse will leave the por-
tion of the stqrage surface behind
the open window at the potential V,
regardless of whether its initial po-
tential 1s Vg or O, and the pulse
will not affect portions of the sur-
face behind closed windows, because
no electrons reach them,

- This tells us how we can bring any

selected area of the storage surface

to the potential V. which, we can
say, cbrresponds to writing 1 in a
particular cell of this memory tube.
By flooding a given area or cell with -
electrons and applying a sharply fall-
ing, negative pulse, which rises again
gradually toward O-—the dashed
pulse of Figure 7 upside down—we
can bring any selected area of the
storage surface to O potential, and
thus write O in any selected cell of
the memory.

Thus, each little area of the stor-
age surface behind each window of
the selectron grid is a cell of our
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memory, By opening a particular
window—through making one lead
‘of each of the four sets of eight
selectron - grid leads positive—and
pulsing the conducting backing posi-
tive or negative, we can make the
little area of the storage surface be-
hind that window assume a potential
V; or a potential O, and so can, in
effect, write 1 or O in that particular
memory cell. By opening all win-
dows periodically and flooding all
areas with electrons, we can peri-
odically bring all little areas back to
their proper potentials, either Vy or
O, despite leakage of electrons to
or away from the little areas. We
can, that is, put thousands of pieces
of information into the selectron and
keep them there. What about read-
ing? How can we get this informa-
tion out?

Imagine that the entire inner stor-
age surface is covered with a phos-
phor or fluorescent material like that
used on cathode-ray tube screens
or inside of fluorescent lights. Now,
suppose we open one window of the
selectron, shooting electrons at a
particular area of the surface. If
that area has a potential O, the elec-
trons will be repelled from it. But,
if that area has a potential V, cor-
responding to 1, the electrons will
strike the fluorescent surface vig-
orously, emitting a glow of blu¢

light. Suppose we let this light fall\

on a photo-multiplier, of the type
Dr. Rajchman worked on earlier
in his career. Then, when we open
a given window of the selectron, if
the potential of the surface behind
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‘of the multiplier.

the window is O, we get nothing out
But, if the po-
tential 1s Vg, there is a flash of light,
and a pulse of current from the
multiplier, And so, we can not only
write a O or a 1 in each little
memory cell of the selectron, we can
not only keep this information there
indefinitely, but we can also read it
off at will.

Dr. Rajchman has devised other
ways for reading the stored infor-
mation in the selectron, but the use
of a phosphor-coated storage surface
together with a photo-multiplier has
been one of the preferred methods.
I have spoken of the phosphor as
one giving blue light. This is be-
cause the photo-multiplier is more
sensitive to blue light than to other
colors. And so, I predicted that the
memory cells of the thinking ma-
chines will be not only multitudinous
and small, but also blue.

Of course the selectron provides
only a part of the thinking machine
—that is, the memory. Associated
with it there must be circuits in

“tubes to seek out stored information,

to make use of it to obtain new in-
formation, to write in that new in-
formation, and to make use of the
new information in turn. All this
is a field apart. Still, there 1s one
wrinkle which is so intimately con-
nected with the use of the selectron
that it deserves mention here. I
have referred to the O or 1 which
a cell of the selectron can store as
a binary digit or, alternately, as a

letter of ‘the electronic alphabet
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which *the machine -understands.
Now, usually we don’t want to store
1solated digits or letters ; we want to
store complete numbers or words—
combinations of 1 and O, as, 10011,
This is 19 in binary notation, and
might in some instance stand for the
nineteenth word in ‘a dictionary.
When we look up a number or a
word, we want it all at once, not
piecemeal. ' - -
‘When we want to write many
multi-digit' numbers in a book, as,

b STt

—
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in ‘a table of logarithms, for: im-
stance, we usually assign a vertical
column. for each digit to be stored,
and write each digit of a given num-
ber in a different column, along the
same row. Thus, entries in a log table
appear. as in Figure 8. Suppose
that in using the selectron we assign
a different tube to each binary digit
of the numbers to be stored. If
we wish to store twenty-digit num-
bers, we will need twenty tubes.
Each tube will, in effect, be a given

Figure 7. To make an element of the storage surface assume a
potential V., its window is opened, it is flooded with electrons, and
a sharp pulse is applied to the conducting backing. This drives the
surface positive through capacitive coupling. The pulse is allowed
to fall gradually to 0—dashed curve. The surface at first falls with
the pulse, but the action of the electron stream tends to hold it at a
potential V,. A sharp negative pulse will leave the surface at 0
et A " potential, : ' 5 4
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cotumn of our storage space. The
different cells in a tube will repre-

sent different rows. Thus, Cell 1

of Tube 1 will be Row 1 Column 1,

Cell 1 of Tube 2 will be Row 1 Col-

amn 2, while Cell 10 of Tube 1
will be Row 10 Column 1, et cetera.

We want to look up all the digits

in a given row at once. This means

that we want to open corresponding
windows in all the tubes at once,
and so we can connect the corre-
sponding selectron grid leads of all

4 COLUMNS -
— N —
afo[ofle[o[2]o[s
dloli [[eé[ol3]1[a
ROWSSIaTolz 6 ol 23
alo|3][elo|7]4l6

Figure 8. In storing multi-digit
numbers Iin a table, we write the
different digits of a given num-
ber in different columns, so that
all of a given number will lie
along a single horizontal row, as
in the log table above.
ing binary digits of multi-digit
binary numbers using electrons,
a separate selectron is provided
to represent each column. The
rows are represented by the dif-
ferent windows. Thus, the first
window of the first selectron is
Row 1 Column 1, while the first
window of the second selectron
is Row 1 Column 2, et cetera.
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In stor-

twenty tubes together. Thus, if we
want to store a number in Row 1,
we apply voltages to the selectron
grid leads which will open Window
1 in all tubes. We are then ready
to read the number in Row 1 or to
write a new number in. The twenty

-photo-multipliers which read the

twenty selectrons are not connected

in parallel, but are connected sepa-
- rately to carry off the twenty digits
of the number in Row 1 to their
proper destinations. Perhaps these

twenty leads from the twenty photo-
multipliers may go to the twenty
backing plates of another twenty
selectrons to which it is desired to
transfer the number, We see, thus,
how a whole table of numbers can
be stored in twenty selectrons. The
windows 1, 2, 3 et cetera, can repre- -
sent, for instance, the angle of which
we want the sine. The first selectron
can store the first digits of all the
sines, the second selectron can store
all the second digits, et cetera,
The twenty digits of the sine of any
angle—any window number—can be
read off simultaneously from the
photo-multipliers of the twenty se-
lectrons.

The selectron isn’t perfect by any
means. Perhaps it’s not even the
final answer. At the moment, in its
early form, it may be almost as
expensive as relays, but that’s partly
because it's new. It's certainly a
great deal more compact than re-
lays, a very great deal faster, and
probably more reliable as well. It
represents a first huge stride in the
electronics of the thinking machine.
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Just how far it takes us is up to a Dr. Jan A. Rajchman and RCA,
lot of mathematicians, a lot of cir- to whom we must look for smaller,
cuit gadgeteers, and, especially, to cheaper and better selectromns,

THE END

Dr. Jan A. Rajchman of RCA holding the selectron, the
“little blue cell” with an electronic memory—a possible

answer to the most desperate problem of the electronic
calculating machines: number storage.
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