The First Magnetic Random-Access Memory

with Interchangeable Media

By George Comstock and Len Shustek, March 2015

John T. Potter, who founded Potter Instrument Company in 1942, was a prolific
inventor with over 80 US patents. On September 1, 1948 he applied for a patent
on a "Three-Dimensional Selector and Memory Device", and it was issued as
patent number 2,620,389 on December 2, 1952.

The invention was for a digital storage device that used steel wires strung on a set
of two-dimensional frames that were packed together in rows. The machine
would access one of the frames, then a particular wire in the frame, and then the
data recorded somewhere on the wire. It was three-dimensional memory.

In 1955 Potter negotiated a contract with the of the Univac military computer
division of Sperry Rand to develop and build three of the three-dimensional
memories. The Project Engineer was George Comstock, who began work on
January 2, 1956.

Just sixteen months later, in April 1957, the three working completed units were
delivered to Univac in St. Paul, Minnesota. But there were several significant
differences from the invention as disclosed in the patent:

1. Instead of wires, the storage medium was strips of the %" mylar-backed
magnetic tape that was commonly being used in reel-to-reel computer tape
drives.

2. Instead of using rotating shafts and electromagnets, the three-dimensional
positioning was done using hydraulic cylinders with binary-coded
displacements. This was a variation of a positioning system using binary-
coded rotating rings that Potter had filed a patent on in 1951.

3. The storage bin containing all the tapes could be taken out of the unit and
replaced with another, making the total amount of storage unlimited. This
interchangeable media provided true removable data storage. None of the
other random-access magnetic storage devices of the time, like IBM's
RAMAC disk drive, had removable media.



The detailed design

The 20" strips of tape were arranged in rectangular frames that each held 10
strips, with 10 blocks of data recorded on each. The frames were arranged 5 wide
and 50 deep in the storage bin. There were five read/write heads mounted on a
bar, separated by the width of the frame. (The stringing of the tape frames was
done by contracted labor that including mentally retarded individuals.)

Accessing a particular block of data required three linear motions:

e moving the read/write head bar forward or back to one of the 50 positions
for the correct frame

e moving the read/write head bar left or right to one of the 10 positions for
the correct tape in a frame

e pulling the frame up to one of the 10 positions for the correct data block on
the tape

The linear motion in each of the three directions was accomplished by a set of
hydraulic cylinders in series, each driven to one end or the other, with articulation
lengths that were powers of two. By using binary coding, any required extension
position could be reached. For the two 1-of-10 movements it took 4 cylinders in
series (1-2-4-8 lengths), and for the 1-of-50 movement to choose the frame it
took 6 cylinders (1-2-4-8-16-32 lengths)

After positioning in all three dimensions, each of the five heads was positioned
over a data block that could be read by "stroking" the head along the tape for a
distance of about 3/4". Each block represented the data from one punched card:
a header, 80 7-bit characters, and a single parity character to check the data.

Accompanying this document are two versions of a 4-minute video showing the

Potter tape storage device in action. The first is a digitized version of the original
Kodachrome film shot by George Comstock. The second is an edited version that
includes explanatory subtitles.



Design parameters

characters per block | 80

characters perinch | 128

block length, with header and parity | 0.75 inch

interblock gap | 0.75 inch

blocks per tape strip | 10

recorded length of tape strip | 15 inches

total length of tape strip | 20 inches

tapes per rectangular frame | 10

frames per bin | 250
(5 wide x 50 deep)

total storage, in characters | 250 x 10 x 10 x 80 =
2,000,000

Speed of operation

pneumatic/hydraulic selection time | 1.5 seconds

read/write head activation time | 3 msec

read/write head stroking speed | 60 inches/second

read/write time for one data block | 25 msec

maximum data block selection time | 3 seconds

minimum data block selection time | 28 msec




Conclusion

Although there is no data about reliability and error rates in the field, the three
units delivered to Univac worked.

Because the design was mechanically complex, it did not become a standard
Potter product, or the model for future removable random-access data storage.
But it pointed the way for later removable disk drives, the first of which was IBM's
1311 in 1962.

Potter nonetheless earned patent royalties from NCR for their CRAM (Card
Random Access Memory) storage system, and from RCA for their RACE (Random
Access Card Equipment) storage system used with Bendix G-20 computers, both
of which used similar mechanical configurations for magnetic storage of punched
card images.

Early Potter patents on mass storage memory

Number Filed Issued Title Notes

2,620,389 Sept. 1, Dec. 2, "Three-Dimensional Selector Frames of steel wires in
1948 1952 and Memory Device" rectangular array

2,674,728 April 26, April 6, "Three-Dimensional Memory Frames of steel wires in
1949 1954 Device" rectangular array; patent

continuation-in-part

2,650,830 May 19, Sept 1, "Electronic Memory Device" Frames of steel wires in
1949 1953 cylindrical array

2,862,389 Nov. 24, Dec. 2, "Access Mechanism" Binary-coded movement
1951 1958 articulator using rotating rings
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The present Invention concerns cataloging or
filing devices and, in particular, what may be des-
fgnated as a three dimensional electronic mem-
ory.

The filing and cataloging of a wide range of
{nformation {s a complex and growing problem.
A simple file consists In the indexing of a rela-
tively small amount of information under n fow
significant titles, A few dozen subjects may be
handled in this way and when any particular in-
formation ls desired It may be extracted man-
ually, Files set up according to this simple sys-
tem are cumbersome snd space consuming,

Information may be somewhat condensed by
the use of card files, Further condensation may
be nccomplished by photographing information
on a small photographic film. These methods
savo space but the derlvation of information from
such flles 15 still time consuming,

Punched card systems have been devised which
are partioularly useful where analysis or sorling
of Information into various classifications is im-
portant.

There Is still n large and growing need for a
catalog or flle system which will hold n large
number of fucts and especially one which will
yield desired facts quickly. The present Invention
concerns n system and dovices for storing a large
number of facts any one of which may be prac-
tionlly instantaneously selected and reproduced.
The unlqueness snd advanteges of the present
system and devices nocording to the present in-
vention Inherently derives from the fact that It
18 & three dimensional system as compared with
two dimensional systems hitherto avallable,

In its preferred form the present invention
conglsts In o large number of steel wires carrying
information recorded directly or in the form of
coded pulses. These wires are disposed In rows
and layers in which, for instance, 10,000 wires
are contained in 100 layern each layer compris-
ing a row of 100 wires, A two dimensionnl se-
leoting system permits practically instantancous
selection of any one of the 10,000 wires. Once
selected the desired Information la derived by »
third dimensional motion for reproducing or plek-
ing off the Information from the wire, The en-
tire process of seleeting any wire, reproducing the
information and restoring the device to its Initial
condition may be nccomplished In o time of the
order of one gecond,

One objeot of the present invention is to pro-
vide & method of and means for storing and rap-
{dly selocting and reproducing » large amount of
information,

10

20

o8

bl

a0

40

o

Another object s to provide a method of and
means for storing a great number of quickly de-
rivable facts In a small space,

Still another objeot Is to provide a method of
and means for storing a large number of facts
which may be practically instantaneously selected
by means of @ simple code as by means of two
numbers from 1 to 89 and a selecting mechanism
ag, for Instance, a dialing device,

An additional object 15 to store information in
o two dimensional system or device,

A further object 13 to store a large number of
facts In » two dimensional system and to utilize
o third dimension to derive or reproduce any of
the desired facts,

These and other objects will be apparent from
the detalled deseription of the invention given
in connection with the varfous flgures of the
drawing,

In the drawing:

Flg. 1 shows a perspective view of the essential
components of the preferred form of the present
invention,

Py, 2 o view of n frame carrying the recording
wires utilized In the form of the invention shown
in Flg. 1.

Flg. 3 shows an enlarged detall of a portion of
tho frame and wires,

Pig. 4 shows an enlarged detall of a portion of
the frames and the frame raising device,

Plg, 5 shows an enlarged view of one of the ge-
leoting devices for operation In one dimension,

Plg. 6 shows a top view of the wire pick-up de-
vice utilized In the form of Fig. 1,

Plg. 7 shows a side view of the plck-up device
of Figs, 1 and 6.

Fig, 8 shows the clroult of a selector sultable for
use in the present invention,

Flg. 9 shows a typlcal recorded waveform on n
small portion of the memory wire,

Plg. 10 shows a block dlagram of a completo
three dimensional memory system.

Mg, 1 shows the slotted frame plates | and 2
having longltudinal slots 3 holding a large num-
ber of frames 4, Frames 4 are free to slide up
and down in glots 3. Frames 4 are strung with
o large number of longltudinal parallel wires §,
A selected frame may be MNfted upward by jaws 7
pulled by rack (0 moved by pinion (| which in
turn 13 rotated by motor 13 mounted on base (2.
Motor 13 recelves power over leads (4—I18 and
I8 energized by closing o sultable switch, not
shown. A particular frame 8 is shown in a partly
rafsed position, As the frame Is raised the mag-
netle reproducing or pick-up head 8 generates
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two dimenslons, Each of tlese solenoids in one
of o group of ten representmble by o digit from
0 to 0 so that forty solencids representable by a
four digit number from 0000 to BOS0 permits any
ons of 10,000 wires grouped on 100 frames and100
wires to a frame.

The selector shown In Flg, & has ten seleotor
keys 63, 56, 59, 60, 63, 64, 65, 66, 67 and 68 carrying
designations 1, 2, 3, 4, 6, 6,7, 8, 0 and 0. Each
selector koy closes u olreult to ia four correspond=
ing solenolds, Which one of the four solenoids
& actuated s controlled by n secbor switch 88,
This sector switch is advanced a quarter turn by
ratohet motor 07—B80—89 ench time a selector
key is pressed activating the next group of sole-
falda.

Tracing & typlenl clrouit, assume key 83 (num-
ber 1) ls pressed closing comtacts B8—66, This
ecompletes o elroult over wire 88 to one side of all
the number 1 solenolds, 10, 12, 74 and 80 corre-
aponding to the number 1 solenoids 17, 20, 31 ete.
of Filgs. 1 and 5 The return clroults of these
golenolds T4, 13, 16 and 01 go to the sector swiloh
at 81, 94, 98 and 96 reapectively, Sector 81 Is of
eonducting material and clogses the olreult between
points 82 and 83 thereby completing the oiveulf of
solenold 10 through ratohet coll 88, lead 100, ener-
plzlng batlery 102, and lead 103 to conilact B8
Hence, when key B3 is pressed, solenoid 10 pulls
In and the ratchet mobor advanpes the com-
ducing sector 91 to the nexl quarter position in a
eounter-clockwise direction. I key B8 hod been
pressed instend of key 63, solenoid 84 in the sec-
ond group would have been agtuated. While only
the elght relays corresponding to the first two keys
are shown it will be understood that thirty-two
more solenoids are required In the system, The
way in which the solenolds operate selecting pina
through wire 16, 71, T8 eto. is shown in Fig. 5.

In the segond sector switeh the second relay in
euch group s sotuated upon prossing n selector
key and 50 on until the four selecting relays for
determining the selection of a partioular wire
have operated.

Flg. B shows o represuntotlon of typleal infor-
metblon recorded on a short section of one of the
memory wirea, Numbers from 0 to 8 and all let-
ters of the alphabet may be represented by a
number from 1 to 38, The representation shows
firat p negative priming pulse A, a group of three
positive pulses B, four positive pulses C spaosd
from B and an ending pulse D. This record rep-
resonts the number 34 which may be coded as the
24th letter In the alphabet X. One wire may
carry 50 to 100 or more groups of pulses coded
to designate 50 to 100 numbers and/or letters
spalling out pertain desired information.

Flg, 10 shows In block disgram s complele alee-
tronle three dimensional memory system, Se-
lector 108 selects the wire exrrying the Informe-
tion required. Belector 108 Iz connected to the
thres dimensional memory unit (07 by sultable
gireuits (08, The pulses from the selected wire
in the memory unit may be utilized In any sult-
abla manner as by feeding an olectronle désade
pounter 110 over signel lead (08 and 109, Buil-
able degoding or other ullization means 112 18
coupled to counter 110 over clranita |11,

While only & single embodiment of the present
invention has been shown and described, many
modifieations will be apparent to those skilled in
the art within the spirit and scope of the lnvén-
tion aa set forth in the appended clnims,

‘What is clalmed is:

1. In o system for storing, selecting and re-

-

20

26

a6

40

4

]

af

]

6

produclng magnetieally recorded information, the
combination of, a great plurality of substantinily
equal length straight magnetls recording paths,
means for supporbing groups of sald paths in flat
ghest-like arrays, means for supporting a phi-
rality of sald arrays In parallel sandwich forma-
tlon, meats for reprodusing recordings earried by
aajd paths Ineoluding o magnetle reproducer,
means for selecting o predetermined array, menns
for selecting a predetermined path In sald se-
legted array and means for relatively moving
gnid reproducer and sald seleckted path along o
stralght line to reproduce the recording carried
by anld selected path,

2. In u coded pulse Information storing, select-
ing and reproducing system, means for supporting
snid frames In parallel sandwich formation, the
ecombinztion of, o plurality of rectangular frames,
atee] wire earrying magnetically recorded eoded
pulze Information mounted on each of sald frames
to form n great plueslity of parallel wire strands
in fat sheet=lke groups, and mesns for reprodue-
Ing eald information neluding o magnetic re-
producer, means for selecting a predetermined
one of said frames, means Tor selecting o prede-
fermined strand on said selected frome and means
for moving sald reproducer and sald predeter-
mined strand relatively along o atralght lne to
reproduce recording oarried by sald selected path,

3, In a system for storing, selecting and re-
producing megnetically recorded coded Informa-
don, the combination of at least several thousand
rectilinear magnette record tracks, means for
supporting sald tracks In coplanar relatlonship
to form a plurality of sheetg of tricks, menns for
gupporting at least twenty-five of sald sheots
In closaly spaced array to substantially ocoupy a
simple geomelrical three dimensional space, an
slectromagnetie reproducer, means for relatively
moving any givan track and sald reproducer to
cooperatively position sald track and safd re-
producer, and means for further relatively moving
egald track and said reproducer nlong o stradght
mkm reproduce the recording carrled by said

4, In a system for storing, selecting and re-
producing magnetioally recorded coded informa-
tion, the combination of, o great plurality of
rectilinear mognetie record trocks, means for
supporting snid trocks In o tiahtly packed thieo
dimensional array, & magnetie reproducer for re-
producing information recorded upon sald tracks,
means for relatively moving said reproducer and
a predetermined track along a predetarmined
path, means for relatively moving said reproducer
and sald predetermined track along asecond pre-
determined path intersecting the first sald path
b rlght angles, and meians for relatively moving
sald reproducer and sald predetermined track
along & third predetermined path Intersecting the
sald second path at right angles and continuing
in o stralght line along the last ssaid path to
reproduce recorded Informetion carried by sald
predetermined tracik.

5. In o system for storing, selecting and re-
producing magnetically recorded coded informa-
tlon, the comblnation of, a great plurality of
reotillnear magnetls record tracks, means for
supporting sald tracks in o tightly packed three
dimensionsl array, a magnetle reproducer for re-
producing information recorded upon sald tracks,
means for relatively moving sald reproducer and
& predetermined trock nlong & predetermined
path, means for relatlvely moving sald repro-
ducer and sald predetermined track olong a see-



to reproduce recorded information carrled
said predetermined track.

6. In = system for storing, selecting and re-
producing magnetically recorded coded informa-
tion, the combination of, a great plurality of rec-
tilinear magnetic record tracks, means for sup-

porting said tracks in sheet-like groups and in 1§

a tightly packed three dimensionzl array of said
groups, a magnetic reproducer for reproducing
information recorded upon said tracks, means

secting the first said path at right angles for gg

selecting said predetermined track within said
predetermined group and means for relatively
moving sald reproducer and said predetermined
track -along a third predetermined path inter-

secting the second said path at right angles to gp

reproduce recorded information carried by said
predetermined track.
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