7 COMPUTER MEMORIES

A lm‘:_-:u mathematical machine must be able to store information

and refer to it. This 1'1_-.n|n§n:;-m:nl has stimulated the evolution

of information-storage units based on wvarious physical effects

A{-nmlmting machine capable of

solving problems must possess a
A “memory” or, less poetically, an
“information-storage unit.” The recent
history of improvements in computing
machines has been largely a history of
improving memory devices. No ideal
system has yet been found, but there has
been a great deal of progress within the
past decade, and several promising new
(hﬂ.'r]nlnm-lltx are on the horizon,

When we speak of the “memony” of
a machine, we are using the term in a
rather different sense from the usual one
involving human mental activity, In a
computer the component labeled “mem-
ory serves the hunctions of storing in-
structions, data put into the machine and
results of computations which are held
until thq-_r are needed for successive op-
erations, To elarify what we mean by
the machine’s memory, let us compare
the machine with a human computer,
Say a4 man preparing his tax return.

His program of instructions is set forth
in the income tax form and amplified in
books prepared by professional tax ad-
visers. The “input data”™ are available in
certain  records:  income
him, the amount withheld for the Inter-
nal Revenue Service by his emplover,

|'|:|._1.'||:|l_'!|'|li ]

checkbook stubs testifving to his de-
ductible expenses and | contributions,
:||i|;|. SE8 LMD .i.Ill' t:l\ll-\.'.:'i'f"l E"F“ﬁ.'l”‘i“'\-l.'?l 1.|“':'¢1.'
data { performing addition, subtraction,
r||L|][iE'r|i¢,';|lic|I| and division ) i,||:'\v|"u||.||'l|:_’|
tio the program of instructions and enters
liu_' resulis as "l:|II1|:IIl! data’” on the ![l:ll'l:l'l.
During most of the work the man is not
1'1|'|.i‘.|fl.:|:l. ing his IMEeTory: he reads the in-
structions from the lorm or i book ;||||.|
the input clata From his records, and he
shores |‘.|:|I'ri:|| results of his caleulations
HT he :_'_tu':-: .'I:||:|I!'|;_’I |J_'. jiit[ill:_E l]||'||'| on i
hi'l':ltf']l-ET:if]. Almost the nr:||_'-. way his
memory comes into play is in his use of
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learned skills—adding, multiplying, read-
ing and writing.

In the case of the computing machine,
reading and writing are the province of
input and output devices rather than the
mermory, and the rules for multiplication
and addition are wired into the machine
at the time of its construction. Thus the
computer's memaory is used in a (quite

different way: it must hold the jottings
on the ~=-'.-L'.LIL+1-]:I.L:], the program of in-
structions set forth on the tax form (and,
il ['r-cl'-.'\.ihll;'_ thieir fuller I"l.i'!!..l.]l}l‘[l-lill'l h.'.' _[
K. Lasser), files of receipted bills and
canceled checks, information from the
looseleal notebook used to keep a budg-
at, and the lﬂx'q'.

We must therefore compare computer
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FERROELECTRIC-CRYSTAL MEMORY made at Bell Telephone Laboratories is built

around a thin eryvstal only a quarter of an inch square {(center). On one side of the crystal

iz o st of parallel electrodes; on the other =side i= 0 second set of electrodeos at right angles

1o the hirst, Whenr a corrent flows acros: the imtersection of two electrodes, information is

stored by o ehange in the electrieal properties of the erystal. This erystal stores 256 “hbits”
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memory  devices not with the IMENOrY

functions of the human brain, but rather
with the physical information-storage
devices used by men—the :-':'r:ut['h-r.ua{],
notebooks and other current records,
books and other permanent references,

'-'\‘.t-'ql_ we have to consider the form in
- which the information is stored, or,
to put it another way, the language of
the memory. Human 3;|.1l:_f|1|:|'!_f|:* is Com-
lm:u,--;[ af ]Ifl- digits (the decimal Hj.'.-n;lrm},
26 letters of the alphabet (in English)
and various punctuation marks and other
:-;:l.'mhul.lc, But in an electronic computer
it is essential to translate all information
into a simpler code, and the most con-
venient 15 the I}ill:il':'.' system, using il_l.li‘t
two symbaols: 0 and 1.

The binary system is peculiarly ap-
propriate to the nature of an electronic
machine; if it had not existed, computer
designers would have had to invent it.
Its two symbols can be expressed :q'mpl:.'
by the “on” and “off” states of a vacuum
tubse {or its ]:-I:I:L'nﬂ:i;ﬂ n*|:l|:wvr|11'1|t~ the
transistor), In the logical circuits of a
madern  computer  the Memory  units

commonly consist of pairs of vacuum
tubes connected in a circuit which is
called a "I!n_c_r,:._{lr" hecaunse of its :m-.L]nLr,:l.'
with a toggle switch. Once turned on, a
tug,_{L{E:* rémains on until an rxpl:iu'iT action
is taken to turn it off. The toggle circuit
i5 50 connected that when one tube of the
|.1.'Ii|:' 15 I':Irl':'."illll_" current, the other cannot
carry current, L pon receiving an appro-
priate signal voltage, the toggle reverses;
the tube Formerly carrving current is ab-
|'||F|t|:'.' cut off. a:-nl IIH'-t'I.IEh' I'u:rl'm-:ri_\' nok
carrying current now passes a large cur-
rent, A toggle is either on or off; it has
no other stable states, It ean switch brom
on to off or vice versa in -:."nu.'i:i-.!rr:l'hhf
less than a millionth of a second.

These two states, then, can represent
the binary symbals, and a combination
of those symbols in tum can represent a
character ol a richer ,-ﬂp-l‘:u.-tlwt, Thus
numbers or words of {ml:ilr.tr:,.r English
text can be stored in the machine s mem-
ory as sequences ol on-or-off signals, It
takes five binary symbols to express a
r.l':ug,ﬂl' letter of the an_']ixh :1||1-I|;|'|:uc-t.

A hi;: :1:i+ﬁc-n|ty lies, of course, in the
fact that the language of men must be

AN PANF PN VANT VAVE TN W AN VAN W VaN "W A
IXR DR IXR DR IXE IXE IXE IXE TXE IXE IX

translated into this 1:l.|t'-_f.u.u_11' of the ma-
chines. At the output end the machine
H_rwll' oo prrfm'm the translation, but on
the input side men usually have to do
the translating to the machine. More-
over., there 18 3 serious :Ii-«;q-r:-pnm-y be-
tween men and machines in operating
speed. Even the primitive machines we
now know how to build can perform
any umnit .J:II‘.ll'I';,l.I:il:'lll between a thousand
andd a million times faster than a human
being could. It the machines are to be
very useful in doing man's clerical work,
some way must be found to match the
speed of input to the speed of the ma-
chine’s operation, A straightforward so-
lution would be to let tens or even hun-
dreds of human ki'}'-pmwh operators
provide a single machine with its input
data. This also suggests how the prob-
lem of translation can be ;I|]|!|Tlr:11"]||'1,|,

The single operation of pressing a key

labeled A could cause the machine to
type the letter A on a page, select the
malrix necessary to cast an A in a lino-
type slug, punch the binary representa-
tion of the letter A in a paper tape, punch
the holes representing that letter in a

- < DXL DXE DXE R T X DAL DAL
XE JXB JXE JXE JdXB JXE JXE 2 XE JIXE IXE X

L DXL T I DXL BSERA X DXE TXE I

Xh G DG DA DXL X D XE DB IXE IX
L DXL D IE DXE DEEIREDCE DX P DS

mlm&m?m-&m'm@ﬁﬁmimim-.;ﬂ
L DA AR ISERNREEBC TSP TE Ik
Sttt s X D8 SXi o Xk X
e X LARTDCE DRIl X DL DXL A S
A S A A At 2 ole >
iMiMiBiﬂﬂmtm#ﬂﬂﬁﬁﬁtﬂtb
X etlan gl X0 IXE IXE I A INAL Xk

N NT UM N/ 4 N 7 Nl

MAGNETIC-CORE MEMORY consists of tiny rings or cores of
magnetic material threaded by wires. In thiz small section of o
e ory TR T ]l:t-' the International Buasiness Machines l:l:l:l'|1l:|rull'u||
each core is penetrated by four wires. If a current simultaneously

paEses IJ:|rn|:|R|| two of the wires, the core is :|:||._|p|n:|i:.l:r|| in onE

www.thecorememory.com

il1|': al -1'l'ul14‘| CUrrent l|||lrlcl|e:|| the samie bwo wires, whick ;:iuw

direction, representing 1. The number may later be “read™ by poss-

:I':i"‘l"

to o current on a third wire. The second eorrent also magnetizes
the core in the oppozite direction, representing 0, The fourth wire

is used o imhibit magnetization Tor specinl problems of storage.
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CATHODE-RAY-TUBE MEMDREY uzes an electron heam 1o store
infarmation as -|'|I.-|:I'Hl'-d EpolE on I;I‘Il' face of the tube. The sppols are

read by seanning them with the beam. This tube was made by IBM.

business-machine card, and so on. Thus
the operation would simultancously pro-
duce two kinds of copy, one legible to
human beings, the other to the machine.
(In fact, the teletype page printer al-
H'.II.I:\. does this: it 1.'. pes copy i l':rl:_:l.i"\-.ll
text and ad I:h-e' wame Hme |'|-e"||ur'._|l|.'~: il
paper tape which can be read by a ma-
chine. )

Onee a given set of data has been re-
corded in machine lanpuage, no human
|.IE‘:-|'|:|r|r| should evier again have to per-
fiaiim 1]'||' H ) RES LJ_'_'. |'|1|r|4']| |:lE‘a-|_'|:||:|E||||_ IH_'-
canse machines could u|'|1..|:|.:-. :1,'1‘.11-:|1!||:|:'4_'
the data from the l:l'.-:ll'-\.-rliE'!-r. All informa-
tion needed for reference should be pre-
gerved in machine-readable orm,

"l"'lll se, then, are the requirements and

:_':1'|||'|:|! ||||a-h||'|rn 1T 1]1'\i-_|:|||'|||{ M-
chine memories, Now let us look at the'
MEmory devices themselves, It is II'\iI_.-'Fl:ll
to distinguish three elasses of memories,
The first is the inner or high-speed mem-
ory of the machine. This is the machine’s
analogue to the serateh-pad; it 8 used
to store the data and instructions in cur-
rent use. There are two important re-

l.|l||i|-.'||l|'||.l*~ ol ﬂll' INAET MEemaary : at-must
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]‘.ll'l':_|'|:i[ r.|I‘.-i|:] access to its data and il
minst |:|ne'_ erasable. Becanse the elements
af a !'.L'l‘.l:i-:! ArCEss 'b._‘. shem are 1'l.l:~|:iz'.'_ thie
INNEr Mmemaory of a machine It:-l].l.”:'.' 15
small. with a |'.|.]‘.|:||:'i|::-.' of some 1.3 to
6,500 words, [ We shall
words instead of “bits —binary digits—

English nse
as the measure of memory capacities in
this article.) It must therefore be sup-
['I-I.L'II'H'II[I'I:! \-.irh an |5||r|'|r|||'-:!i:4h,' S o
METTOrY —the :|I|;|]:|_ul|1' to a hiuman com-
I.'I-I:l|l:'!|'Ih notebooks and “!L'h il 1!-:I-:'IIIrI-!':IIr'-i.
This MEMOTY M) take as much as a
thousand times longer than the fast in-
ner memory to look up an item of infor-
mation, but it can transfer a large block
of data at once. Its total storage capacity
ig l:l.']iiq'._|'|'|_1.' in the range from 10,000 to
1[”]._':”]“ |:'tI|:i_'||I:.~\.|‘| 'ﬂ.'ll:ﬁ]'-.. I_.'iki' [hq' l'llrl-w
memory, it must be erasable, The third
class of machine memory corresponds to
books and similar large repositorics of
the know Ii'l.l'_r\.l' of mankind. Such a mem-
ory is required in any application where
the machine is to L‘rl.'E'I: ]:ll':’_fe' files: for in-
shance, ‘”l.l.' h!ll:lhl"l'.':‘!'!l!il.lll and E‘.-rrnlrll‘.i-:ln
lists of a2 mass-circulation magazine,
which mav eall for the storage of an
famount of information t'fluiv,ah'ul ta 1IHD

it

e B

: %
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MEMORY mognetized spots on the wape. In
this gection of a lape made by the Havtheon Manofacturing Com-
pany the spots are made visible by dusting them with powdered iron.

million English words. To achieve this
vast increase in sborame |'.|l"‘.-:|l'i1_'.' at redq-
sonable r|||:-r|-e':'. E0sE Wi st |!|.|:-. the
price of slower access to the stored in
tormation, sacrifice of !.q:ﬂ':! :-r.n:ﬂa:’lit}'
or some combination of the twao,

Up to the present time most of the
attention of desieners has been focused
on the hiﬂh \.|!||'4'-:|. imneT mi mory ot com-
puting machines, Several different forms
have been developed. One device is the
vacuum-tube toggele circnit already men
tioned. This was used for the inner mem-
ory of the Exiac, the first of the maod-
ern high-speed computers, Since vacu-
um-tube circuits are complicated and
expensive, the Exlac memory was very
small ||_'. |'|11_""\-I'II-’ standards: its |:'._|_]:-;|4,'j|_:l.'
WS !'ll'lll-".'.l.]r!lr to rllli_l. ﬁT 'I."al"l':?"'\- i) | |':r|_1_;-
lish text,

The expense of a vacuum-tube togele
as a memory element made it evident
that an entirely different memon svstem
would be required if large storage was to
be achieved., Designers turned to the
idea of storing information in a clelay
tank of MErcury, where the information
is cycled in the form of ultrasonic sound
waves, The electrical I'!l1|t"\.1"‘\. rep I'x|,'|i1'i||'_';
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information “bits” are converted by crys-
tals to sound waves, which travel so
much slower than electricity or light that
a given length of path can hold a vastly
areater amount of information. A mer-
cury tl-.-|:i_'. tank with a two-foot sound
path permits the storage of about 400
p|:|~:r~c_ or bits, '\.'|‘.l.||.'-e'|:|. one microsecond
:||_'r.|.'|'|:. -”‘ll:' E'I-n]\il:'*i are .Lz'l'l.i‘.i!ifil.'\-r:l .'l:1'|:|:| =
|.'i|'|:_'|:].|.1n:'|] rI..-.:;.:_:I. [h:' 1.|l||~: l‘l,']‘.u,'i:[q,'l:_l]_'.'.

A number of |'||':|1'1i-|".|| E'-!ll'l'l]‘.nl!!hl::_f' =
L']li!ll_'i 1|\.i||'_‘_ rI.i-. |_'.|'|1' af l||'-'_r|'||.-.=i|_'|{'|;'|,.|
MEmory have been built, The best known
is Uxivac, whose inner Memaory has 100
F1-:|I':|Hl.'| acoustic l:'llitll‘l'li'l‘i .'ill.l!l H .'-.ll':l]'::!__:l'
capacity of 2 800 Eneglish words,

The chief objection to the acoustic-
delay memory is its rather long access
time., While signals are traveling through
the mercury as sound pulses, they are
unavailable to the computer, To reter to
items of the stored information, the ma-
chine must wait until the wanted in-
formation reaches the receiving l_'r_'-.'xl.t|
and is turned back into electrical pulses.
Un the averare this entails a 1!!.'].!::'.' ol
one half the total |]1'|:|_'. introduced ||_'.
the MErcur tank. or about 200 micro-
ceconds in a typical case. This is a long
time compared to a modern computer’s
speed of caleulation.

The next idea developed was an elee-
trostalic memory svstem using a cathode-
riny tuhe in J::||'|:|1'i|'||1_' like a television
picture tube, Information is recorded as
patterns of charge (“dots” or "dashes™)
procluced by an electron beam at spots
on the sereen, The information stored in
a given spot can be read by directing a
beam of electrons to the chosen spot;
electron emission produces output sig-
mals i1]-e'l|rl-|::'.'illu_‘_'| the stored information.
A typical electrostatic memory has 40
storafe “:I]"H."«i_ each with a ]!l:l.!!l.'l'!ll of 32
by 32 storage positions on its face; this
corresponds  to  storage  sufficient  for
about 1,350 English words, It takes only
about 12 to 20 microseconds to deliver
an information “bit” from its memory.
The main virtue of the electrostatic
Memory is that the electron beam can
very quickly pick out any part of the
stored information. But its big drawback
is that it almost doesn’t work; the system
is so delicate and so subject to external
interferences that it is I"'-.|H.'Illl'l|_'|-' difficult
to maintain accurate operation.

‘\ Inn- promising than any of the fore-
. going is a new type of memory just
recently developed. It depends on mag-
netic effects. The units in the system are
tiny rings of magnetic material, called
“cores” [see photograph on page 93]. In.
formation is stored in a core by applying

www.thecorememory.com

MERCURY-DEEAY LINE stores ultrasonic pulses which oscillate in a tank of mercury.

This apyargtus made by Bemington Rand Ine. i now being supplanted by magnetic cores.

MAGNETIC DRUM places magnetized spots on the surface of a rotating drom. In thiz ap-

paralus miade |r} IBM the edge of the drom is visible ag I'|11.' smmialler of the two metal r:ir||_.'.-.
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a magnetic field: when it is |J1;L;_!1|E=tiﬂ':|
in one direction, its state represents the
digit 1; in the opposite direction, it rep-
resents 0. The core is a permanent mag-
net which “remembers” its magnetic
state after the applied magnetic field is
turned off; thus the core can store infor-
mation as long as may be desired. Now
when a magnetie field is applied again,
the behavier of the core will depend on
its magnetic state, If, for example, a field
is applied to urge the core in the mag-
netic direction signifying 1, and the
stored magnetism in the core happens to
be in the direction signifying 0, the field
will change the core’s magnetic state.
This change produces a signal current
in a wire threading the core, Thus the
generation of the current shows that the
core was storing a 0. On the other hand,
if the core happened to be storing the
digit 1, the same applied held would
produce no change in its magnetic state,
and there would be no signal; the ab-
sence of a signal would show that the
stored information was the rll';_{it 1.
The system uses an array of cores ar-
ranged in rows and columns [see photo-
graph]. The magnetic field is applied by
means of two current-carrying  wires
passing through each core at right angles
to each other, The system exploits a pe-
culiar property of the new magnetic ma-
terials called ferrites: mamely, the fact
that some cling to their magnetic state
and cannot be changed from it by an

opposing magnetic field until the feld is
stronger than a certain threshold value.
In the scheme shown in the diagram on
this page, the magnetic field produced
by a current in a single wire, say Y,, is
not sufficient to change a core’s magnetic
state; only when two currents are added
together at an intersection, as at Y,-X,,
does the magnetic field become strong
enough to reverse the core's state. In this
manner it is possible to read the infor-
mation stored in any individual core.
The information is read as a signal on
another wire winding which can link all
the cores in the array, since only one core
15 consulted at a time in reading,

The magnetic-core memory produces
stronger signals than an electrostatic
memory, is relatively immune to un-
wanted electrical disturbances and uses
simpler circuitry.

Another promising type of high-speed
memory is in laboratory development. It
involves the use of a ferroelectric rn.'u-
terial, which has the property of °
me II:'I.IIHZ'TI!I:I._l thl!" l.I'IH"Lt'I"II [?I HAr l']l'li."tl']l.'
EI!‘I!! .I]'.I]'ﬂl{'ll to it TI'I!:‘i- !H ]l..l'l. i0r 15 ©x-
actly analogous to that of the magnetic
COTCES jll!‘it {]l'.'-it.‘fllllil[?“[]! t]'l.{" COrcs I'l."l]'l‘l.']'l'll'l'l.'r
their magnetic history, while the ferro-
electric erystal remembers its electrie
history, The main practical difference
between the two svstems s that the
ferroelectric memory requires much less
electric power. The material used in the
experimental ferroelectric memory sys-

Ky

Yz

DDUBLE-SIDED MAGNETIC-CORE MEMORY made by the Intermational Telemeter
'I'.n-r]mru'l:i:l:rll iz unfolded in this ||i|tp:rulll. Here there are two sets of X wires and one set of ¥
wires. Each core may be energized by a current pazsing through both an X and a Y wire.
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| tems is barium titanate. A single small
crvstal of this material can store 256
“bits™ or eight English words.

F‘ur the larger, intermediate-speed

memory of a computer the favorite
device at present is the magnetic drum.
The drum’s outer surface is coated with
a f:.':l'rtl1||:l.:_{ru'li{' material like that nsed
in magnetic tape recorders. On this sur-
face, which can be rotated at high speed,
information is recorded in the form of
magnetized areas “written” in circular
tracks as the drum rotates. The writing

marion electrical instrument co.

4ls Congl 54, Manchaiter, W.H. . U5, A

Manufecturers of Repggedized asd *“Begulor™ |
Fasal lailfementi ord Relared Producrs.

cearrirhy 1asE M_E.1, Co.

Why TWO metals
instead of ONE?

and reading are done by electromagnet
“heads” mounted close to the recording
surface, The tracks, in present practice,
are laid down about a tenth of an inch
apart and can ftore about 80 digits per
inch, Thus a drum four inches in diame-
ter and 12 inches long can store some

4 OM) |;:||_Lr|1i.lih words, Larger drums,
storing up to 100,000 English words,
have been built.

From the standpoint of access to the
stored information the magnetic drum
| suffers from the same kind of limitation
as the ultrasonic delay tank, The com-
puter must wait until the desired infor-
mation on the drum comes under the
r-,-;u.;lq'nf_{ head, Even on the Fastest-rotat-
ing drums this waiting time may be 10 to
20 thousandths of a second. Moreover,
the magnetic-drum memory  requires

Becawse many clad micials do jobs
that mo single melal can de!

For example—silver - clad phosphar hronze
combines  high elecirical cenduoctivity and
sprimg propertbes [or wse in current carrying
springs—or nitkel clad steel replaces scarce,
costlly salid nickel in radio cathode paris.
ASC eomposites include combinations of—
® Ferrous to non-ferrous
& Precicus | [i] nrln-ffrrnuj,
® Precious to ferroos
® Thicknesara down to I
® Overlays as thin as 00005~ -
¥ Tolerances a5 close as == 0001™

Clad metals con new offer new, mere compact desipan |
AN pradacrion savlage! Fell 5 whae you'd Mke fe #es |

CoRpnd e : T 5 g L T '..- £ F i
mplishi we'll be piad 19 Wake our recommendatianr. | gyhetantial vacuum-tube circuitry, and

henee is not particularly economical.
Magnetic-core arrayvs may provide an
answer to the ilIt{'rl1li‘*{]llattt‘-:-i|:}l'!"i]. LT -
ory pmh!t*m as ﬂ'ni.':..' have tor computers’
inner memories, At present only their

A Industrial Metals Division

o1,

=% AMERICAN SILVER COMPANY. Inc.
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cost stands in the way of their use for
this larger memory, and they may soon
be fully competitive with the magnetic
drum, even in the largest practicable
sizes—around 200,000 I'Irig!i::h words,

C;u far comparatively little work has
LY been done on the third type of
memory reguired by computers—the
large-capacity storage of information
corresponding to the human library of
printed books. Many electronic com-
puters still are tied to punched cards,
which at present computer operating
speeds are an anachronism, The inner
memary of a computer can be read at
six million English words per minute.
The intermediate-speed memory can be
read at the rate of 400000 words per
minute per reading head, and informa-
tion is often read from several heads in
But
punched cards at best can be read no

TLlT:'lI]l'l to  increase  this  rate.

faster than 20,000 words per minute. In
addition, the sheer physical bulk of a
large file of punched cards makes access
to an item of stored information slow
and difficult. We must search through
the many drawers of cards, choose the
drawer containing the entry of interest,
CAITY the cards in that drawer to the
reader and read through the deck until
we have found what we want. This may
take minutes.

Most designers of the newer com-
puters have adopted the magnetic tape
as the best available improvement over
lnmrhu':[ cards for large storage capacity.
By paralleling several channels on a sin-
gle tape, by using several tapes in paral-
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Yes, | did

“Being chief engineer on one of these red hot
prejects ain't hay and the big gripe is that ne matter
what goes wrong | can’t fix it. That's why at the start

when the confusion is still gently confined to the breadboard
you should call in Sigma. Confusion is an old story to

those hbfi L actuel vaselicited festimonial by L M. A. Ape, 5¢. 0.,
chisf angiseer, Simion Produchs Company, Kive Heights, Africa.

O, now that you've had the hard-sell, we do have a relay that we'd like to wlk
about. It does some dithcult jobs very wiell, Here are the basic specibcations

SIGMA SERIES T2

Miniature (nod pub-minloiurel geneitive double pale ieniahve raloy.
Excglleni combinaglion of imall ix2e and hagh peErformonca

KM SEngaivelby . EFDTy 20 milliweies le.g., Shock ond Acfcelaration . .. WD g
with BD00 ghe eail, apsrobe 1.6 =) nan-cperaling
CFEDT: 40 milliwats [e,g., with SO0 5 g apedating weik addidosol
ghm ooil, cperate 2.3 So.) margin
Contact Batiag ... 7 amp’, 15 ¥ AC af Sige . . . I8N 1" sguare x 1K high
8 ¥ DC, 100,000 speraitams SIEIT FIEMG 1" sauare x 37 high
Vikralsaa . . - 10 g from B-2000 cpi Wakght . .. I guscer mox

If you are interested, we'll be glad to send you a bulletin sheet
on the Serics 12, or a complete catalog 3t you preder

SIGMA

TIRIZ SICMA INSTRUMENTS, 1ML

§0 Prarl 5t.. 5. Braintree, Boston A5, Mass.

i TR

WuTa
LR ¥

www.thecorememory.com

lel andd l|:-1, using greal II'II.::_‘:”I:"\. ol tape,
information storage of almost anv de-
siver] total l:':||'|.u:':i1_'. can be realized. But
tape has several serions drawbacks, Ae-
cess o items on the E:l['H' 1% :-.!u'-.'.': the
tnme 15 !'!Itl.l'l:ll.l'ltl-l.lllill to the ||'Il:,’_’||||. af the
I:.||'|1', ]'.;EI' T 'i1||]‘.l|.l!||.'t|l! iz the tl:i”il.'ll]l_‘.'
il |||:||v.i||'_': corrections or additions to the
information stored. To add a new entry
L ain ordered Hll' we must either have
|||||'u'i|]¢':| emply spaces between  each
two orizinal entries in the file, or else we
must rewrite the entive [i]-:', I"II:I11i|I'_' the
new entry in its correct location, Neither
of these possibilities is attractive, Leav
i!l:_'h blank :\!!l.ll'l\."‘i in the (rl'juiﬁluil file
means that we are I.|".i||::'_’| the store in a
|:i:_'|!||.:l. weastefl way, with no Tugrantee
that oor hlank Fpaces will he ['rlui‘:-n!_x
.i||:._|,1|'_{|:'|| for the additions we shall later
have to make. Rewriting the whole file
to make additions and changes is |'-'|x|:|_1.
anel lends itself to the commission of
CTTOrs,

Two millennia ago human beings had
just the same difficulties with serolls—
the ancients” counterpart of hooks, The
seroll form was dictated by the need for
protecting  the edges of their brittle
[Papvris; the seroll left lll||:'. bwi edoes
I:'.‘-.|1-:r'-:|.'~|.|. Shortlv after the Il:|||::’_:||.l.'l.' ]7:||'l.'|:|-
et was int |'1:-|]I1-:'|'11_ the book torm was
ilq".1'1||:1.'-li. either in Greece or in Asia
Minor, Called the ecodex, it was arig
inated primarily for law codes, so that
pages conld be removed or added as
statutes changed.

Reels of magnetic tape are the scroll
stafe m the history of compubing  mi-
chimes, It remains for someone to invent
the machine s analoroe of the codex, A

| promising beginning has been made by
{ Gilbert W, King, He has undertaken to

exploit the great density of information
storaee that s EH:H‘.ﬂhEL" through the use
of high-resolution photographic emul-
sions. With his “photoscopic™ technigue
information can be stored at densities
more than a hundred times as great as
those '|:ll.l:-=il|:||1' in magnetic media, This
i'l-l'l'r||i1x nat |:II||:l. a4 more compact storage
svstem—on a dlisk the size of a 12-inch
I&Fu:rl::ugl'.nlal1 record more than half a mil

liom words can be stored—but also Easter

reading rates per reading station, more
information accessible to a single read-
ing station for a given access lime, anl
other ad antafes,

The first practical applications of pho-
toscopic storage are just beginning. It
is too soon to say how important this

| WV ll."‘i.']lllll|lH' Iy ILI||iII1"'|.1'I|_'| Praye 1]

be, There are indications that we shall
now be able to give the computing ma-
celaimi siornge svstem !|.|';|':||'_[ 11||' 1':|E'r..-:'-

]1". .ill-l,l ||1"u,i]:-i||r5-, III ] .IiIII:II:ﬁ I'II .Iillllll."h,





