





UNCLASSIFIED

ORNL-2290
Physics and Mathematics
TID-4500 (13th ed. Rev.)

Contract No. W-7405-eng-26

INSTRUMENTATION AND CONTROLS DIVISION

ORACLE PHOTOGRAPHIC CURVE PLOTTER AND DIGITAL-OUTPUT DEVICE

R, J. Klein
C. H. Schalbe

DATE ISSUED

NOV 251957

OAK RIDGE NATIONAL LABORATORY
Operated by
UNION CARBIDE NUCLEAR COMPANY
Division of Unlon Carbide Corporation
Post Office Box X
Oak Ridge, Tennesse

UNCLASSIFIED

MARIET STEMS LIBRARIES

R

3 Y456 D3bLL122 3




UNCLASSIFIED

INTERNAL DISTRIBUTION

Ih:oimx’x?r—<>f_x’o‘—<‘—h§O'UOimmsﬁh:o

. Bell

. Borkow

Hurst

. Keim
. Susano

. Skinner

Auxier

. Abele

ORNL-2290
Physics and Mathematics
TID-4500 (13th ed. Rev.)

ski

. Livingston
. Fairstein
. Sheppa
. Stone

rd

. Reyling
. Williams

. Francis
. Fisher
. Struxness

. McNally, Jr.
. Gabbard

. Charpie

. Blosse

. Olson

r

. Tallackson
. Banta
. Burdette
. Dickison
. Klein

. Schalbe
RNL Y-12 Technical Library,

Document Reference Section

1. C. E. Center 43.
2. Biology Library 44,
. 3. Health Physics Library 45.
M-& Central Research Library 46.
7. Reactor Experimental 47.
Engineering Library 48.
8-19. Laboratory Records Department 49.
20. Laboratory Records, ORNL R.C. 50.
21. A. M. Weinberg 51.
22. L. B. Emlet (K-25) 52.
23. J. P. Murray (Y-12) 53,
24. J. A. Swartout 54.
25. E. H. Taylor 55.
26. G. E. Boyd 56.
27. E. D. Shipley 57.
28. C. S. Harrill 58.
29. M. L. Nelson 59.
30. W. H. Jordan 60.
31. S. C. Lind 61.
32. F. L. Culler 62.
33. A. H. Snell 63.
34. A. Hollaender 64.
35. M. T. Kelley 65.
36. K. Z. Morgan 66.
37. T. A. Lincoln 67.
38. A. S. Householder 68.
39. C. E. Winters 69-72.
40. D. W. Cardwell 73-76.
41. D. Phillips 77.
42. W. J. Ladniak
EXTERNAL DISTRIBUTION
78. W. Gersch, New York University, AEC Computing Facility, 25 Waverly Place, New York 3,
New York
79. D. Jacobsohn, Argonne National Laboratory, Lemont, lllinois
80. E. C. Canty, Research Consultant, ACF Industries, Inc., 11 Park Place, Paramus, New Jersey
81. R. F. Bacher, California Institute of Technology
82. Division of Research and Development, AEC, ORO
83-637.

Given distribution as shown in TID-4500 (13th ed. Rev.) under Physics and Mathematics

category (75 copies ~ OTS)

UNCLASSIFIED



ORACLE PHOTOGRAPHIC CURVE PLOTTER AND DIGITAL-OUTPUT DEVICE
R. J. Klein C. H. Schalbe

INTRODUCTION

The curve plotter serves as both an output device and as a monitor. As an output
device, it can be used to obtain permanent records, in the form of photographs, of curves,
data, or stored infoimation all tabulated, labeled, and identified in accordance with the
user's desires.

Photographs are taken automatically at a rate determined by the amount of information
displayed and by the film-advance mechanism. A maximum of 200 photographs can be
made before the camera has to be reloaded.

The monitor or slave scope can be used as a rapid visual check on problem progress,
parameter selection, and validity of computations.

The curve plotter produces, simultaneously, displays on both cathode-ray tubes by
brightening up discrete spots, whose coordinates are determined by information stored in
its X and Y coordinate registers. This is true of both the curve tracing and the digital
plotting facilities. The latter facility enables the trace to be stepped automatically over
predetermined rectangles; the bright-ups occur within these rectangles in accordance with
selected code words.

There are 1024 possible bright-up points in both the X and Y directions. However,
the cathode-ray-tube resolution is such that only approximately 200 spots in any one row
or column are discernible.

Trace width and intensity can be controlled to a limited extent by proper selection of

spot spacing and by multiple plotting of individual spots.

GENERAL DESCRIPTION

The curve plotter, shown in Figs. 1-4, is housed entirely in one unit, except for some
of the power supplies. The only independent supplies are those which provide voltages
available from the Oracle; these are obtained from cabinets 2N and 3N.

The unit can be divided into the following general divisions: control system, register
and deflection system, display system, and power supply system. The control system is
composed of both electronic and mechanical devices. It integrates the curve plotter with
the Oracle proper and enables selection of desired curve-plotter functions. In general,
the control circuitry controls the deflection system, the cathode-ray-tube unblanking
circuitry, and the camera control system and acts as an interlock between the Oracle and
the curve plotter.

The X and Y coordinate registers consist of ten toggles each. Certain of these stages
have a circuit added which provides them with a counting facility. All are tied to an
analog-to-digital converter circuit, which is in the form of a current adder. The current

from each toggle is weighted according to its significance, and the current adder circuits















provide the cathode-ray-tube deflection voltages which position the electron beam so as
to produce a bright spot on the tube face at the desired point.

The camera, a Shackman MK Il Auto-cameraq, is mounted in front of a 3-in. cathode-ray
tube. Its shutter is fixed in the open position and set at F 2.8. Film exposure is therefore
determined by the length of time that the cathode-ray-tube electron beam is turned on.
Kodak 35-mm Linograph Ortho film is used and must be loaded into special magazines or
cassettes.

The film is advanced at the user's discretion by electromagnetic control of a spring-
driven mechanism. Two hundred exposures are possible before reloading is necessary,
but the spring must be rewound after each 100 exposures. An interlock circuit holds up

the machine when the film magazine is empty or when the spring becomes unwound.

LOGICAL DESCRIPTION

Except for the film-advance order, each order associated with the curve plotter gates
its own address into the appropriate coordinate register. The curve-plotter start signal
initiates a group of pulses which control and sequence its operation. In the point-plotting
function this consists of clearing the Y register and gating into it (Cl order), clearing the
X register, gating into it, and, after a 5-usec delay, turning the beam on (C2 order).
Character-plotting operations (C3 orders) utilize the same procedures except that there is
no beam bright-up following the X register gating. Instead, the control is prepared to
step the beam over a small rectangle, and bright-up occurs in accordance with a code word
previously inserted in the Oracle Q register,

After all curve-plotter orders, control is immediately returned to the Oracle, which
continues to operate according to its program. Inherent delays in the system make it
unnecessary to hold up successive curve-plotter orders to complete previous orders ex-
cept in the case of a film advance (C8). When the latter is ordered, a new curve-piotter
order cannot be initiated, and the computer waits until the film has stopped moving. The
film advance requires approximately 250 msec.

In the character-plotting function the beam is forced by the control circuitry to sweep
in 39 steps through a 5 x 8 rectangle for each character. The character plot order (C3)
sets the X coordinate of the left side of each character, and the Oracle dynamic pro-
grammer then steps the beam. As the beam is stepped, the code word previously inserted
in the Q register is shifted 39 times by a multiply order (38). After each shift the beam
is turned on if the digit that went from Q,, to Q;, was a 1. The last shift of the multi-
ply order resets the operation of the C3 order.

All the X coordinate toggles except X° and X' have both counting and information
storage facilities; only Y2, Y3, and Y4 have both. The other toggles are used only for
information storage. Thus, in the point-plotting function all toggles are used and it is

possible to brighten up any of the possible spot locations.




CHARACTER- AND POINT-PLOTTING PROCEDURE

Inthe character-plotting mode of operation, dot-move pulses are coupled to the counting
toggles of the Y register (Y2, Y3,Y4), and carry-out from Y4 is coupled to the counting
toggles of the X register (X2=X%). This arrangement causes both registers to step by
four divisions at a time. A series of seven dot-move pulses therefore moves the beam
vertically up over 28 possible spot locations; the eighth dot-move pulse returns the beam
to its original Y coordinate but shifts it one step or four spot locations in the X direction.
A series of 39 pulses then will cause the beam to sweep over a 5 x 8 rectangle (Fig. 5),
leaving the beam at the original Y coordinate but shifted by 5 steps or 20 spot locations
in the X direction.

An example of the above mode of plotting is given for K. The code word for K is

0100 0010 0010 0100 0001 1000 0111 1110 0000 0000 or 42241 87E00 .

To plot the letter K at location (152, 280) the following procedure would be followed.
A Cl 280 would be executed directing the beam to line Y = 280. The code word for

the letter K is placed in the Q register and then a C3 152 is executed. This will set the

X coordinate at 152 and prepare the control for the character-plotting function. Execution

of a multiply order (38) will then:

1. shift code word in Q 39 places to right,

2. shift beam each time Q is shifted,

3. turn beam on after each shift if digit that went from Q38 to Q39 was a 1,

A diagram of the plotting area on the cathode-ray-tube face is given in Fig. 6. To
plot the point (X, Y) = (2C0, 340) a Cl 340 is executed first. This moves the beam to the
line Y = 340. Next, a C2 2C0 is executed. The beam moves along line Y = 340 until
X = 2C0, where beam bright-up occurs. The plotting of one point in this manner requires
approximately two add times, If a C2 12B were executed next, the point (12B, 340) would
have been plotted, since the Y register would not have been changed.

Typical output photographs of digital data and curves are shown in Figs. 7 and 8.

CIRCUIT DESCRIPTION
In the following discussion only deviations from standard d-c coupled computer

circuits will be described; however, a complete set of circuit diagrams is included.

Control Circuitry
The control is composed of the logical blocks in the top half of Fig. 9. The circuits
for these blocks are shown in Figs. 10 and 11, The gating and driving circuits are con-
ventional and follow the logic with the possible exception of the camera interlock relay.
This relay is actuated by contacts within the camera which close when the film-advance
solenoid is actuated and which reopen when the new frame of film has moved into place.

A further delay is provided to ensure that the film is at complete rest before plotting is
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Fig. 5. Dot Pattern of a 5 X 8 Rectangle Demonstrating Character-Plotting Function.
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begun on the new frame. If for some reason the new frame does not advance to its proper
place, the internal contacts do not reopen and a warning light and buzzer are actuated.
Timing diagrams of the control pulses for each of the orders concerning the curve plotter
are shown in Figs. 12-164.

The functions of the tubes are given below:

Tube No. Function
Chassis | (Fig. 10)
22,12, 11, 23, 13 Film-advance and interlock circuit
49, 29, 28, 18 Beam bright-up delay and driver for cathode-ray tubes
17, 25, 26, 27 Clear-pulse former and driver for X register
1A X gate pulse former and driver

Chassis Il (Fig. 11)

61, 62, 63, 64 Starting gates and drivers and partial order decoding
55, 51 Partial order decoding for C1 orders

54 Y gate pulse former and driver

44, 43, 42, 41 Clear-pulse former and driver

52, 65, 64, 56 Partial order decoding for C2 and C3 orders

57, 58, 59, 69, 6A Sequence control for plotting with C3 orders

Registers and Digital-to-Analog Converter Circuits

Both the X and Y coordinate registers are composed of d-c coupled toggles of standard
design, with the possible exception of the coupling between the Y, Y3, Yy, and X=X
stages. This coupling aliows the toggles to be used not only as temporary storage regis-
ters for holding the coordinate information during plotting, but also to generate part of the
address, when desired, by counting shifting pulses from the arithmetic unit. The type of
coupling used between stages may seem overly complicated at first glance. To be of
value, this counting circuit must fulfill two conditions: the interstage carry must be
completed fast enough to allow address generation and beam bright-up on each shift
{about 10 to 14 usec), and the toggle grids must swing from some negative voltage greater
than -20 v up to ground and remain clamped at the ground level during plotting for proper
operation of the digital-to-analog converter,

The digital-to-analog converter is a current-summing device in which each of the
coordinate toggles operates a switch whose current is weighted according to the toggle's
significance. The output of these switches is then summed in a common register to
produce a deflection voltage proportional to the value of the number in the coordinate

register.

14
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The tube functions are given below:

Tube No.

61 through 6A
51 through 5A
31 through 3A
41 through 48

11 through 1A
21 through 2A
31 through 3A
46 through 48

require no explanation,

Function
Chassis | (Figs. 17 and 18)
Input gates to X register toggles and interstage drivers
X register toggles
Digital-to-analog converter, current-switching tubes for X address

X-register taggle clamps

Chassis Il (Figs. 19 and 20)
Input gates to Y register toggles
Y register toggles
Digital-to-analog converter, current-switching tubes for Y address

Y-register toggle clamps

Cathode-Ray-Tube Chassis (Figs 21)

Digital-to-analog converter, current-summing tube for Y address

Digital-to-analog converter, current-summing tube for X address

Cathode-Ray-Tube Circuits

Both the plotting and monitor cathode-ray-tube circuits are of conventional design and

A diode clamp is used on the beam bright-up pulse to ensure

constant brightness, and cathode followers isolate the monitor tube capacity from the

critical deflection voltages.

The tube functions are given below:

Va Vg

6571
6ABP7

18

Tube No.

Function

Cathode-Ray-Tube Chassis (Fig. 21)

Monitor tube deflection drives
Bright-up pulse clamp
Plotting cathode-ray tube

Monitor cathode-ray tube
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Power Supply Circuits
The three voltages required for curve-plotter operation which are not available from
the main Oracle power supplies are =510 v, well regulated, for the digital-to-analog con-
verter; =2720 v, also well regulated, for the cathode-ray tubes; and 24 v, for the camera
film-advance solenoid and film frame counter. The ~510-v supply is used as a reference
in the ~2720-v regulator so that the effect of changes in the ~510-v supply will be partially
corrected for in the plotting tube.

The tube functions are given below:

Tube No. Function
Power Supply Chossis (Fig. 22)
V1 Rectifier for =510-v supply
V2, V3, Vg V5 Series regulator for —510-v supply
High-Voltage Supply Chassis (Fig. 23)
V] Rectifier for =2720-v supply

V2, Va3, A\ Series regulator for —2720-v supply

24
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