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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 ½" 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 binarycoded 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:
 moving the read/write head bar forward or back to one of the 50 positions
for the correct frame
 moving the read/write head bar left or right to one of the 10 positions for
the correct tape in a frame
 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
characters per inch
block length, with header and parity
interblock gap
blocks per tape strip
recorded length of tape strip
total length of tape strip
tapes per rectangular frame
frames per bin

80
128
0.75 inch
0.75 inch
10
15 inches
20 inches
10
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
read/write head activation time
read/write head stroking speed
read/write time for one data block
maximum data block selection time
minimum data block selection time

1.5 seconds
3 msec
60 inches/second
25 msec
3 seconds
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
2,620,389
2,674,728

2,650,830
2,862,389

Filed
Sept. 1,
1948
April 26,
1949

Issued
Dec. 2,
1952
April 6,
1954

Title
"Three-Dimensional Selector
and Memory Device"
"Three-Dimensional Memory
Device"

May 19,
1949
Nov. 24,
1951

Sept 1,
1953
Dec. 2,
1958

"Electronic Memory Device"
"Access Mechanism"

Notes
Frames of steel wires in
rectangular array
Frames of steel wires in
rectangular array; patent
continuation-in-part
Frames of steel wires in
cylindrical array
Binary-coded movement
articulator using rotating rings

2,620,380
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