
. 
I 

• 

N° d'ordre 

·· THESE 

presentee 

A L'UNIVERSITE LOUIS PASTEUR DE STRASBOURG 

pour obtenir le grade de 

DOCTEUR DE L'UNIVERSITE LOUIS PASTEUR 

SECTION: SCIENCES 

par 

Frank BECK 

Membre Permanent du CERN 

CONCEPTION ET REALISATION DU CENTRE DE CONTR6LE 

POUR L'ACCELERATEUR SPS DU CERN 

Soutenue Ze 1? Juin 19?6 devant Za Commission d'examen: 

MM. A. GALL MANN President 

G. SUTTER 

I A. FRIDMAN Membres 
G . MONSON EGO 
D. LORD 



TilE DESIGN AND CONSTRUCTION OF A CONTROL CENTRE 
FOR TilE CERN SPS ACCELERATOR 

F. Beck 

"and what is the use of a book" thought Alice, 
"without pictures or conversations?" 

Lewis Carroll 
Alice in Wonde~land (1865) 

April 1976 







j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 



- v -

CONTENTS 

INTRODUCTION 

CHAPTER I : THE ENVIRONMENT OF THE PROBLEM 

l. THE COMPUTER USED 
2. THE MESSAGE- TRANSFER SYSTU1 
3. HARDWARE INTERFACES 
4. SOFTWARE AVAILABLE 
5. THE C0t·1PUTER BUILDING AND THE CONTROL 

CHAPTER II: BASIC DESIGN DECISIONS 

1. CONTROL DESKS, THEIR NUMBER AND SHAPE 
1 . 1 Computers 
1.2 Consoles 
1.3 Plan view of consoles 
1.4 Side view of consoles 
1.5 Dimensions 

2. REQUIREMENT FOR SPECIALIZED DEVICES 

3. PLAN OF THE GRAPHICS SYSTEM 

ROOt1 

3.1 Information involved in displays of various kinds 
3.2 Components of the display system 
3.3 Advantages gained by adopting a switched system 
3.4 Disadvantages suffered because of the adoption 

of the switched system 

4. SOFTWARE FOR GRAPHICS 
4.1 Display files 
4.2 Use of the interpreter 

CHAPTER I I I: THE GRAPHICS SYSTEM ( HARDI4ARE) 

1. CHARACTER GENERATORS AND COLOUR DISPLAYS 
1 . 1 The memory 
1.2 Control characters 
1.3 Producing the output 

2. DOT GENERATORS AND CURSOR GENERATORS 
2.1 Thedatadisk 
2.2 Scan-converter tubes 
2.3 Using the scan-converter 
2.4 Flyback writing 
2.5 Interfacing the scan-converter 

to the computer 
2.6 Requirement for a cursor 
2.7 Modes of the cursor 

Page 

1 

5 

5 

7 
7 
8 
9 

10 

10 
10 
10 
10 
ll 

ll 

ll 

13 
13 
14 
14 

14 

21 
21 
21 

22 

23 
23 
24 
24 

25 
26 
26 
28 
28 

29 
29 
30 



- v_i -

3. THE CHOICE OF MON !TORS AND SCREENS 
3. l The plasma panel 
3.2 Liquid crystal displays 
3.3 l·lhy cathode-ray tubes? 
3.4 The Tri nit ron 
3.5 Exotic cathode-ray tubes 
3.6 Conclusion 

4. THE PROBLEI•I OF LARGE HALL DISPLAYS 
4. l Possibilities 

5. PROJECTION OF GHAPHS AND CCTV PICTURES 

6. LIGHT-VALVES 

7. CONCLUSION 

CHAPTER IV: THE GHAPH !CS SYSTEM (SOFTWARE) 

l. THE USE OF THE INTERPRETER 

2. THE CONCEPT OF A MULTI-LEVEL 
SOFTWARE SYSTEM FOR GRAPHICS 

3. HIGH-LEVEL ROUTINES FOR GRAPHICS 

CHAPTER V: INTERACT! VE DEVICES FOR THE OPERATOR 

l. TOUCH-BUTTONS 
l.l Conventional buttons 
1.2 Touch-buttons 
l . 3 Physical principles for buttons 
l . 4 Conclusions 

2. THE KNOB AND THE BALL 
2. l Encoders 
2.2 Computer-controlled knob 
2.3 The track-ball 

3. THE HORD-STORE 
3.1 Introduction 
3.2 Description of the word-store 
3.3 Hmv to put information into the \VOrd-store 

4. THE ELECTRONIC THUMBWHEEL 
4.1 Introduction 
4.2 The electronic thumbwheel 
4.3 Operation 
4.4 Conclusion 

5. THE ALLOCATION SYSTEM FOR OPERATOR SCREENS, 
AND THE MEMORIES ASSOCIATED WITH THEM 
5. l Screens 
5.2 Memories 
5.3 Modifications to original scheme 
5.4 Conclusion 

30 
30 
31 
31 
32 
33 
33 

33 
33 

36 

37 

38 

39 

39 

41 

44 

45 

46 
46 
46 
47 
50 

50 
51 
52 
57 

58 
58 
58 
59 

60 
60 
61 
61 
62 

62 
62 
63 
63 
64 



- vii -

CHAPTER VI: SOME COMPLETE INTERACTIVE SYSTEf1S 

6.1 Control and monitoring of variables 
6.2 The function editor 
6.3 The alarm system 
6.4 The observation of analog waveforms 

CHAPTER VII: SOME SUGGESTIONS FOR FUTURE DEVELOPMENTS 

1. GRAPHICS 

2. CONTROL DEVICES 

3. SYSTEMS 

REFERENCES 

COMMERCIAL REFERENCES 

APPENDIX I: TECHNICAL SPECIFICATION FOR 
CHARACTER GRAPHICS CONTROLLERS 

APPENDIX II: TECHNICAL SPECIFICATION FOR CONSOLES 
FOR THE MAIN CONTROL R00f1 

APPENDIX I I I: TECHNICAL SUt~MARY OF t•10NITOR 

65 

65 
66 
69 
70 

73 

73 

74 

75 

77 

78 

81 

87 

94 





INTRODUCTION 

The following pages are intended to describe the conception and design of a control 
centre for the CERN Super Proton Synchrotron (SPS) accelerator'). This control centre, 
whilst based on ideas from a number of previous ones, embodies a new over-all concept in 
control centres, as well as numerous design details which have been conceived and developed 
especially for the purpose. 

The control centre is now substantially complete and is currently being used for the 
ruruling-in process of the accelerator; but the usage of its facilities is still developing, 
and, in the light of experience, details of its design will undoubtedly change. Indeed, the 
system already differs in small particulars from what is reported here: there is some 
difficulty in describing a complex which is now being adapted for day-to-day use by a 
variety of engineers and scientists. There is a strong temptation to abandon attempts at 
documentation in a fluid situation such as this, but what is described is substantially 
correct. 

The rest of this introduction gives briefly the historical background of the new control-
room concept, and then goes on to state what are the original elements of the new system. 

Chapter I is a very compact account of those parts of the accelerator control system 
which were external to the work subsequently described, but whose many original features 
made necessary -- and possible -- the kind of central control philosophy described later. 
This chapter has been entitled "The environment of the problem", and it has been made as 
brief as is compatible with the requirement of guiding the reader quickly from his general 
knowledge of the state of the art into a specialized understanding of this particular con-
trol system. 

Chapters II to V describe in turn the considerations which led up to design of the in-
dividual control-room components (consoles, graphics, and interactive devices), discussing 
in each case the alternatives offered by the availability of corrunercial components, the 
physical constraints, and the practicability of making needed devices specially for the 
project. This last is an important engineering constraint. The difficulties of making 
many commonly available devices (such as cathode-ray tubes and integrated circuits) to 
certain specifications are too great even for a large organization such as CERN, and in 
many cases a good idea must be abandoned on the grounds of unpracticability unless it can 
be implemented as a combination of commercially available components. 

Chapter VI is an attempt to show how the complex mentioned in the previous chapters 
is applied by software to make the sum of the individual elements, which have been ex-
plained throughout the document, into a control centre. This is really what the whole thing 
is about: it could be considered conversely that the previous chapters describe elements 
developed to make the contents of C'hapter VI possible. 

The seventh chapter is a brief excursion into the future of control rooms of this kind. 
It suggests some lines of development which could be pursued by anyone following the 
author's ideas • 

. Control rooms for accelerators 

The need for a control room for an accelerator has not always been obvious. When 
accelerators were smaller, it was quite feasible to walk round the machine switching on and 
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adjusting components, and remote instrumentation was only needed when there was a radiation 

risk for the operator. Personnel access and television monitoring were the chief purposes 

of a control desk-- if one was supplied at all. 

As machines became larger there arose a tendency for all the equipment to be brought 

into one room, except that actually involved in the acceleration of the particle beam. This 

enabled much of the equipment, for example the control units for power supplies or acceler­

ating cavities, to be controlled in a central situation by an operator who could at the same 

time watch the results of his manipulations on oscilloscopes connected to beam monitors. 

Such central complexes, whilst they were called control rooms, were actually equipment rooms, 

with the controls for each piece of equipment mounted on the front panel. 

Soon there arose an organizational need for something more elaborate than the direct 

control of individual power supplies. Stepping motors enabled various units to be controlled 

remotely, and groups of correcting elements could be ganged for sLmple control operations. 

Introduction of computers_ 

Initially, there was some reluctance to use computers. Early computers were expensive, 

on-line interfacing was tedious, and, in the absence of modern interrupt structures and 

other instruction refinements, slow. The unreliability of the earlier computers was accep­

table when they were being used for off-line batch calculation. In a real-time environment 

it was out of the question. 

Gradually, with the arrival of multiprogramming computers with real-time facilities 

and reasonable reliability, computers began to be seen near the equipment rooms. Initially 

they were used only to monitor information, not to perform control. Logs were printed, 

phase- space diagrams plotted, and emittance diagrams drmvn on screens. Eventually the 

temptation became too great as the simplicity of applying Fourier correction components to 

the magnet coils directly from the computed values was recognized. Computer control had 

arrived and the computer, although it was a weak link in the chain, was accepted as being 

part of the accelerator. With the introduction of integrated circujts and the trend to 

lower power consumption, reliability has risen to the point where non-computer equipment 

may be the biggest potential cause of faults. 

Control languages 

The ability to perform control from the computer was limited in its usefulness by the 

tedium of writing programs. Unlike a chemical plant or a power station, an accelerator is 

not subject to a fixed regimen which can be hand-wired or programmed once for all tilne. 

Any change in the layout or corillection of the control instrumentation gives rise to a re­

quirement to change the computer program. Since an accelerator is usually under develop­

ment even when it has reached the stage of being useful for experiments in physics, most 

of the large accelerators currently installed have a team of programmers permanently keeping 

the software up to date with the hardware. 

To minimize this difficulty, interpretive languages can be used. A successful applica­

tion of this technique was exhibited at the Rutherford Laboratory in England in 1971 in the 

control of a proton beam-line from the "Nimrod" accelerator
2
). An interpretive computer 

language differs from a compiled or assembled one in that is is decoded by an interpreter, 

which obeys each statement of the source text Lmmediately a.'1d not as a subsequent process. 
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Statements can initiate computing operations, or control and acquisition as a subsequent 

process. Interpreters are easy to write, can be made very powerful and sophisticated for 

a small expenditure of computer memory, and their one drawback, lack of execution speed, is 

not relevant in an application where the slowest link in the chain is the reaction time of 

a human operator. 

Central Control Philosophy 

Control languages are very flexible, but they can be rather tedious to use in the every­

day control of a large machine. The main ring of the National Accelerator Laboratory's 

proton synchrotron at Batavia, Illinois, was controlled by a system of this kind for the 

first part of its life, and the lack of conventional control facilities finally became 

evident. It is easier to push a button than to type in a request. It is easier to turn a 

knob than to type in a series of requests. An accelerator seems to require conventional 

controls in the form of a knob, buttons, and switches, as well as the flexibility of a 

control language. It is this d~1ble requirement which has prompted the approach used for 

the SPS control room. Conventional (and unconventional) control devices are used, but these 

are not dedicated to particular pieces of accelerator hardware. The links between the hard­

ware controlling an operation and that being controlled are entirely constructed out of in­
terpretive software, and the exact method of control being used can be changed at any time 
without the need for hardware changes, either to the accelerator or to the equipment on the 

control desk. 

This new approach to the design of a control centre turns out to have certain very 

important advantages. The fact that the operator is connected to a computer, and not directly 

to the hardware to be controlled, means that the controls can be modified to suit him physi­

cally, the software connection being modified to present an unchanged interface to the accel­

erator. This in turn means that the same control devices can be used on different occasions 

by there-configuration of existing material according to a new philosophy. 1~ile the prin­

ciples of good engineering dictated the use of reliable and tried components wherever possible, 

new hardware or software has been devised whenever a lack existed. 

The following features of the control system are the main ones which are either original, 

or were developed in the central controls section especially for this project: 

1. A centralized graphics system, with pooled resources for all users. 

2. The use of a two-level graphics system, giving high definition or colour character in-

formation, or both, at a reasonable price. 

3. The integration of closed-circuit TV pictures with a graphics system on the same screens. 

4. The building of a graphics language into the corpus of an interpretive control language. 

5. The use of a 'word-store" or macro facility, as a control device in conjunction with an 

interpretive control language. 

6. The development of a purely electronic touch-screen device and its use as a hierarchical 

selection device or as a set of computer-controlled buttons. 

7. The concept and implementation of a computer-controlled multipurpose knob as a control 

device. 

8. The integration of these and a number of more conventional devices into a general-purpose 

control complex for simulating various kinds of control panels. 
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3-l 0) Some of these ideas have been partially realized elsewhere , but the effect of in-
stalling and combining them here has been to make a control room whose major features are 
already being recognized as desirable by designers with similar problems elsewhere. 
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CHAPTER I 

THE ENVIRONMENT OF THE PROBLEM
1
1) 

1 . THE COMPUTER USED 

Computers were needed for various parts of the SPS control system. One of the basic 
decisions made was that all computers should be software-compatible, so that one software 
system could work in all computers and a maximum economy of programming effort be achieved. 
Preferably all computers should be identical. In any case, large and small computer configura-
tions would be necessary. 

Another important decision was to use an interpretive language for the control programs. 
It was thought that much of the arithmetic parsing process could be taken out of an existing 
interpreter if there was one for the computer chosen. 

Progrannning for minicomputers can be very tedious if only the real-time monitor is 
available w1der which the program will finally nm. It is a great help if the computer chosen, 
particularly in the larger configurations, will support a variety of editors, assemblers, 
compilers, and a system generation program. 

The computer had clearly to be fast, in order to perform some of the rather elaborate 
calculations needed for computing wavefonn corrections and other functions. In addition, 
there is a need for extreme speed to make up for the generally slow inherent speed of an 
interpreter. 

The computers needed were as follows: 

i) Six general-purpose computers, with mass storage, for control apparatus in six geo-
graphical areas of the accelerator. 

ii) A large computer with mass storage to control the power supplies for the magnets. 

iii) A computer with mass storage to control the radio-frequency acceleration system. 

iv) Five computers to control various aspects of the beam transport process (injection, 
extraction, and beam-line control for two experimental regions), 

v) Two computers for experimental area beam control and one for monitoring the injector 
accelerator (the CERN PS) . 

vi) A computer for handling files and archives, a large computer for services of all kinds, 
including lengthy computation and the handling of magnetic tape, a computer for collect-
ing and displaying alann messages, and a computer for creating displays. 
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vii) One computer for each console. As ,.,rill be explained in Chapter II, it was decided to 
have three of these. A computer dedicated to each console allows an operator to write 
on-line interpretive language programs of arbitrary power V.1ithout disturbing, or being 
disturbed by, other operators. 

Twenty-four computers were obtained for these purposes by means of a competitive bidding 
process which fm.md the cheapest of those computers that satisfied nearly all the require-
ments. The computer chosen was the NORI1-10 (Ref. Cl) which is a 16-bit machine having a micro-
programmed processor with 300 nsec basic in.struction t]Jne, a complete set of registers for 
each of 16 hardware interrupt levels, 256 software interrupts, floating-point hardware :in 
the standard version, a memory capability from 16K words in the smallest version to 256K in 
the largest, and a very flexible and easily interfaced I/0 system involving t\<JO data buses, 
each of them allowing fully interleaved direct memory access from a number of sources at up 
to 1 million words per second. 

Twenty-three of these computers were cormccted as shown in the diagram (Fig. I.l), and 
a twenty-fourth was used as a message··switching system, or telephone exchange, at the centre 
of a radial net. 

2. THE MESSAGE-TRANSFER SYSTEM 

The fact that the NORll-10 computer has such an excellent 1/0 system makes it very 
suitable for use in a store- and forward-message-switching system. The computer simply does 
the management of messages and storage buffers, and the processor is occupied with the 
messages themselves merely to the extent of starting autonomous transfers of infonnation in 
to and out of its memory. Tho message-transfer system was made as an attachment to a stan-
dard l\DRD-10 computer and programmed under contract by a Paris-based computer house (Ref. C2). 
This company also made serial data links of high speed and reliability for transmitting the 
signals between computers over the large distances involved, which in some cases can be 
severa.l kilometres. 

A short message (one buffer of 64 words) can be transmitted by this system from a 
buffer in one computer to a buffer in another \\1ithin 5 msec, even when other messages are 
being transmitted between other pairs of computers. 

3. HARDWARE INTERFACES 

It was decided quite early on in the project that the CAMA.C system -- an inten1ational 
standard -- should be used as the primary interface to the computer. A crate controller 
was ordered under contract from the computer manufacturer, which enables the external bus 
of the computer to be brought past each CJ\1>.11\.C crate and to give full computer communication 
to the controller of each crate. 

CAMAC is used directly for all high-speed functions and for specialized functions 
(such as display device control) for which 00-1/\.C plug-ins are available directly. 

For certain requirements, very nLUnerous in the control of our accelerator, CAMA.C is too 
expensive and not sufficiently robust or industrialized. It is also, in general, not 
sufficiently isolated to be used in equipnent rooms with heavy switchgear and large currents. 
A multiplexer was therefore built, driven from a group of c.A,li.·1AC plug-ins, and allowing equip-
ment to be interfaced by balanced, isolated lines to robust, cheap plug-ins in remote crates. 
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Ninety percent of all the equipment is interfaced through this multiplexer, rather than 
directly to CAMAC. 

In the case of the central control room, all interfacing was done either through this 
nrultiplexer or directly to CAMAC. No interface plug-ins were designed for the central con-
trol system. 

4. SOFTWARE AVAILABLE 

The computer specification called for a real-time operating system capable of supporting 
several tasks at different interrupt levels, and such a system was supplied with the computer. 
This system, called SINTRAN, was modified to allow interfacing with the data-Links and the 
message-transfer system, as well as to improve the scheduling algorithm. In this form the 
system is called SYNfRON, and it allows the usual monitor functions of handling peripherals, 
loading programs, scheduling tasks, and corrununicating with the operator. The data links are 
effectively high--speed peripherals, and communication with other computers :i.s therefore 
in all respects akin to vn'iting on a chosen churn or magnetic tape. 

An interpreter was available soon after the start of the project. This interprcter
12

), 

written at C..ERN by G. She ring, was based less on the manufacturer 1 s standard software than 
was at first hoped. (The lack of a BASIC interpreter was one of the few defects in the 
definition of the computer. There was a compiler for BASIC.) The following are some basic 
facilities of the language, which was named t\ODAL (NOrD Accelerator Language): 

i) all standard arithmetic conunands; 

ii) internal subroutine definition and a large range of control comnands, including 
looping and transfer of control; 

iii) all input-output) including CAM.f.I.C; 

iv) real·-time scheduling facilities; 

v) data~l:i.nk control facilities (11perfonn paragraph :5 in computer 711
); 

vi) string--handling in the larger computers; 

vii) full access to the system control commands at interpretation time; 

viii) on-line editing and diagnostic facilities. 

In addition, the same language (NODAL), as well as the other system software, is 
available in fully compatible fonn on a large time-sharing NOIID-10 (later to be used in the 
network as the service computer). This facility allows many programs, not involving hard-
ware interfaces, to be developed off-line} and the developed programs to be transferred to 
the actual control system on paper tape. The t:iJne-sharing system is also used for system 
generation. 

A final and most important section of the software is the writing of the specialized 
input/output subroutines controlling individual groups of accelerator hard\>Jare. These 
routines, called DATA MJDULES, are called from NODAL and their existence reduces the control 
of hardware to a sJJnple software function. The data modules are wrJ tten in most cases by 
the builders of accelerator subsystems, and they contain the tables needed for hardware con-
tro.l, as well as many checking mechanisms. Thus, switch.ing on a pump or testing the status 
of a power supply :i.s a simple matter of calling a data module, The fact that the data-base 
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is distributed over data modules in the various computers and not kept in a library except 
for back-up, means that data-link traffic is kept lower than if all information were kept 
up to date centrally. 

5. THE COMPUTER BUILDING AND THE CONTROL ROOM 

The design of this building was not part of the task of building a control centre. 
Two large rooms (8 x 12 m each) were provided, double-height and air-conditioned. The con-
trol room is separated from the computer room by a fairly thin partition which can be cut 

for mounting displays, etc., but is nevertheless sound-proofed. Visitors can look in, with­

out disturbing the operators, through specially provided windows. 

The air-conditioning operates by excess pressure, and the plant is outside the building 

to avoid noise in the control room. Both rooms have standard suspended computer floors, 

allowing the concealment of cable ducts. 

Illumination was provided to specification. It was decided to have bright lights 
c~ 200 lux) for cleaning, installation, and maintenance, and a very low level for working, 

so that the displays would be clearly visible. It was subsequently discovered that no 
lighting is low enough to avoid reflections on the console screens, and a complete overhaul 

of the lighting had to be done after installation. Lighting has to be kept below table level 
if reflections are to be avoided, and such lighting is now installed. 

The rest of the computer building is not air-conditioned. It provides a few offices, 

a conference room, a kitchen for the accelerator operators, and sane workshops and a work­

room for visitors. 
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CHAPTER II 

BASIC DESIGN DECISIONS 

l. CONTROL DESKS, THEJR_NUMBER AND SHAPE 

.1\.n early conclusion \\1aS that if the control desks could be identical, then they would 
be much more proof against failure than :if reliance were placed upon the excellence of the 
equipment. A number of identical desks have the property that if one of them fails, the 
user can go to another. Differences in operation for control of different subsystems of the 
machine can always be obtained by making the consoles behave differently by means of soft-
Narc. 

l . l Computers 

Since an operator may want to monitor several functions simultaneously, he must have 
access to programs nt several interrupt levels. For instance, he may need to have a graph 
plotted eve1y acccle1'ator cycle, and while this graph is repeatedly appearing on one screen, 
he will \\1ant to pursue some other investigation manually on another. l-Ie llk'lY also have laW1d1ed 
a third program to keep a l\1atch on some other parameters in the meanwhile. It is clear that 
considerable adwmtage can be obtained if each console has an entire computer at its dis-
posal, and indeed this was aLlowed for in the original design. 

1.2 Consoles 

Civen the need for adequate back-up and the expense of a computer, interfacing, and a 
console full of equipment, the nwnber of consoles \Vas severely restricted. The number three 
1vas decided on as the minimtun which would give adequate back-up in the event of a failure. 
Throughout the project specious arguments have been used to introduce special equipment on 
one of the desks, but the attempt to keep them identical has been more or less successful. 

The desks themselves are dictated in shape and size by the equipment which is to be 
f:i tted :into them and the persons who are to operate them. The operator of a console will 
usually be sitting in front of it, though standing operation should not be precluded. 

With the operator sitting clown, he should be able to put his knees under the table top 
and to see over the consoles in order to see and speak to other operators and to view \Vall-
djsplays on the front wall of the room. At the same t:iJne, \>Jith only a J:imited aJllOWlt of 
stretching, he should be able to reach all the panels before h:iJll. 

l .3 Plan view of consoles ---·-
Operators often \vork in twos, and a number of interested persons should be able to 

stand beh.ind and \vatch or advise. The advisability of making the electronics fit into 
internationally standard 19-inch racks makes the maximLUn number of bays six (five would 
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have been closer to the desired shape from this point of view). Appendix II shows the plan 
view which is imposed by these considerations. 

1.4 Side view of consoles 

The side view is also severely restricted. The distance between the knees of a seated 
person and his eye-level gives the maxtmun1 usable console surface. Given a table top, a 
control surface, and a viewing surface, as in Fig. II.l, the only choice available is that 
of the depth of each of these three surfaces, Again considerations of what is corrunercially 
practicable took over. Television monitors which are available on the market were only ob-
tainable in a high enough quality if they were at least five international units of 44 nun 
height. 
thought 

Since the plan, as explained later, involved a lot of television monitors, it was 
advisable to make the viewing surface ten units high, and the control surface five 

units high. 

1.5 Dimensions 

For the precise values of the remaining parameters (height of table top, angles of sur-
faces, etc.), a literature search was made for guidance on the precise anthropometric prop-
ortions needed. Most of the infonnation available on this subject is published by the 
U.S. Goverrnnent in cmmection with their military program. A short list of references is 

. 13-17) g1ven . 

The rest of the console design is involved with the mounting of interface equipment 
with easy access, '"ith ventilation, cabling, and other details. Appendix II gives the 
actual specification which the author sent to manufacturers in a successful effort to ob-
tain a suitable console at the lowest price. 

Figure II. 2 shows the installations on the console as they were at some time near the 
end of 1975. 

2. REQUIREMENT FOR SPECIALIZED DEVICES 

In the last section we discussed the geometry of the operator interface without in any 
way specifying what the panels were to be used for. We finished up with six 11Viewing" 
panels 44 em high and six 11COntrolling11 panels 22 on high, disposed in a curve around the 
operator. This gives us a total of two square metres of interface, and it is clear that 
only the middle half of this is prime space. Therefore each square centimetre of the sur-
face must be made to count. 

Two approaches are possible: ultra-miniaturization, in order to pack as much material 
in as possible, or a small collection of devices so powerful and flexible that whatever 
operation the user wants to perfonn these few devices will do his work for him. An attempt 
at the first approach is a losing battle. Even if such miniaturization can he done success-
fully, each new control requirement needs more devices. The two square metres '"ill even-
tually run out. The second approach is unavoidable. 

Thus we are faced with the requirement to mount in our consoles only such devices as 
can be used for many purposes. The alphabetic keyboard, the television monitor, and the 
cathode-ray oscilloscope are three such devices. Others were developed and are described 
in later chapters. Even in the case of television monitors it is not tolerable to dedicate 
a particular screen to a single camera. Switching and sharing are needed to make each 
screen go a long way. As \<Jill be seen later, this principle was even extended to allow the 
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same screen to show graphics. However, at this stage it will suffice to point out that this 
requirement for multipurpose devices has excluded many useful and beautiful devices from 
consideration for use in the control room, because they were not suitable for use in a large 
variety of applications. 

3. PLAN OF THE GRAPHICS SYSTEM 

A full graphics system at the present state of the art would enable the operator to 
draw graphs on a screen in a variety of colours, and move these graphs around the screen at 
persistence-of-vision speeds by changing some manual control, such as a ball or knob. 

To realize such a system, even with one screen, is very expensive. The information 
flow-rate required to re-draw an elaborate picture 10 t.tmes a second is very large, especially 
when the picture is in three colours. The information transfer rates are such that the 
graphs would have to be drawn by the console computer itself, precluding the use of a graphics 
computer and requiring full-scale back-up of the graphics system on each console for security. 

It happens that accelerator control engineers have never had such comprehensive graphics 
facilities, and that they have usually performed their control and monitoring operations very 
satisfactorily with graphs on a storage oscilloscope. (The most popular storage oscilloscope 
allows the drawing of graphs on a 1024 x 1024 dot mesh and gives facilities only for a slow 
full-screen erase, with the additional option of a 'Write-through" mode allowing a marker to 
be moved over the screen without storage.) 

3.1 Information involved in displays of various kinds 

A study of the colour representation problem revealed the little-understood truth that 
1vhile ITn..ilticoloured graphs are very expensive to produce, alphabetic information may be re-
presented in colour very easily. Typical facts are sl!JfD11arized below: 

Additional 
Display type Dimensions Information (bits) infonnation for 

a three-colour 
picture 

Graph display 512 X 512 250,000 500,000 
dots 

Character display 24 X 64 9,000 2,000 
characters 

Thus purely from the point of view of information storage, a colour character display 
costs only 30% more than a black-and-white one, while coloured graphs are a luxury, with an 
information overhead of 200%. Luckily the lOOSt important use of colour in a control appli-
cation is for pointing out anomalies in tables of figures. Furthennore, character displays 
can be extended to be of "semi-graphic'' type, in which each of the character positions can 
be made to contain a limited m.unber of shapes in addition to the letters and nwnbers, and 
these shapes may be made to produce diagrams and histograms. 

Thus a system was arrived at which would enable the drawing of black-and-white graphs 
on a 512 x 512, or preferably 1024 x 1024 mesh, and also provide a separate facility for 
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coloured diagrams involving some 24 rO\\'S of about 64-80 elements. By supplying both types 
of graphics in the fonn of a TV signal, both facilities may appear on the same screen 
simultaneously, if necessary. In addition, a TV signal may be added in the fonn of a cursor, 
and this signal is the only one which is continuously driven from the console computer when-
ever the position of the cursor changes. The character and graph pictures are renewed when 
necessary, and preferably not more than once per accelerator cycle, from a specially dedi-
cated display COJ11j)Uter. 

We thus arrive at a system based on synchronized TV raster pictures (synchronization 
:is needed for addition of pictures) which aTe supplied from picture sources consisting of: 

Character generators 
Graph generators 
Cursor generators 
Synchronized CCIV pictures. 

The pictures can all be switched to a variety of black-and-white or colour monitors, 
and sunnning amplifiers are supplied on the inputs of these monitors, The S\\1itch is in the 
fonn o:f a rcctangulaJ' mesh or crossbar, and enables a cursor to be superimposed on a graph, 
or a character list to be superimposed on a TV picture, or even allows a graph picture to 
be swjtched to a colour input of a colour screen, giving the very expensive colour facility 
nKmtioned above if :it is needed, Of course three full graph facilities must be allocated 
temporarily, but it js possible. 

3.3 Advantages gained b~_adopting a switched system 

Advantages of this crossbar-switching system are that the picture-producing facilities 
can be used by anyone :i.n the system with suitable TV monitors. Pictures can be viewed on 
al.t or any desks, exported from the control room, or, as mentioned later, diverted to a 
printer. The advantages of the TV raster fon11 for pictures are many: each picture-generator 
has the rcsponsib:i Ety of maintaining the refresh of its ovm picture at 50 complete frames 
per second; thus relieving the dr:iv_ing computer of this responsib.ility. Monitors for TV arc 
cheap and s:implc, and the advantage of working in a field where advances are most likely is 
that the system wiJJ he Jble to make use of such future improvements as flat screens and 
flyhack-time information syste11ts, TV signal processors and other devices, when or if these 
become ava:i lable. Already several devices have been added to the system \-Jhich were not knoh'l1 
1d1em the system was first conceived. The TV nann which is used is the standard European one: 
625 lines, SO interlaced frames per second. Figures II.3 and II.4 show respectively the system 
layout and the actual facilities provided on the video-switch. The switch itself is fanned 
of modular plug- ins, containing mech<mical relays, and dr:i ven from the display computer by 
soft\,1are which \\1ill be described later on. 

3.4 

The disadvantages of using a TV nonn have become eviclent \Vith the progress of time. The 
resolution limit imposed by 625 horizontal lines is often a little coarse. The speed at 
,,•hich informution can change along a scan-line is as high as 6 Mllz, making the electronic 
lwndling of TV pictures rather tricky (though not usually impossible). TI1c high switching 
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speed makes it impossible to use a number of very attractive display systems \vhich would 
othen\'ise be available, and the 50-frame per second picture speed, while moderately free of 
flicker, cannot be slowed down further, as \-.rould be necessary for some colour schemes in-
val ving sequential presentation of different colour fields. Finally, there are a m..nnber of 
very nice systems for graphics presentahon which simply cannot be adapted to TV raster form. 
Such systems carmot be integrated into our crossbar. On balance, however, the advantages of 
standardization on a 625-line 50-frame per second TV picture are so great that they are worth 
making sacrifices for. Special oscilloscopes, hard-copy devices, microfiche readers, and 
many other devices can be bought straight off the shelf and installed without alteration. 
All pictures can be synchronized and added without conversion, and the prices of new com-
ponents are kept low by a very competitive market. 

4. SOFTWARE FOR GRAPHICS 

As has been mentioned earlier, the accelerator control is done through a language called 
1\DDAL. Facilities are available in this language to send both programs and data to other 
computers, and to ask another computer to perfonn a program and remit its results to the 
originating machine. It is quite clear from the start that these facilities will be needed 
for tho production of graphics, especially when those graphics arc to be requested at the 
console computer and actually produced at the display computer. 

4.1 Display files 

One way of building displays is for the interpreter in tho console computer to be used 
to create a display file, consisting of codes to be obeyed by the display computer. Such 
codes would consist of shorthand instructions for the drawing of vectors, dots, and charac-
ter strings, and also for usual combinations of these. Textbooks on computer graphics aboW1d 
with such codes. 

4.2 Use of the interpreter 

Another approach is made possible if the interpreter is also present in the display 
computer. This is to add simple graphics statements to the language. Thus the operation 
11draw vectoT11

, 
11draw circle11

, and so on become elements of the language, and use may be made 
of the fact that the language already contains most of the facilities needed in a display 
language, such as looping, conclitional flov..•, and arithmetic and trigonometric operations. 
The mechanism by which this language was implemented is discussed in detail in Chapter IV. 
It will suffice to mention here that by avoiding a special graphics language, and making 
the gTaphics part of the control language, much flexibility is gained. Programs for dra\\•ing 
pictures can be originated aJ1)'\Vhere in the system, even if most of the display facilities 
are only available on the display computer. 

The same thing is true of the video-switch. While the picture-stdtching hardware is 
all on the display computer, switching operations can be initiated from any computer in the 
system. 
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CHAPTER III 

THE GRAPHICS SYSTEM (HARDWARE) 

As discussed in the previous chapter, the problems of drawing graphics and those of 
tabulating alphanwneric data are distinct and in general incompatible. Alphanumeric data 
contain a reasonably manageable amount of infonnation and can be represented on a screen 
with high quality and even in colour, as will be shown later in this chapter. Many devices 
are on the market which try to apply the simplicity of such displays by reducing the com-
plexity of the picture to be drawn. Simple electrical diagrams or logical drawings of pipe-
work can often be made out of elements which form an extension to a character set. Thus 
the eleven supplementary characters: 

could suffice to draw sln1ple graphs of this kind: 

Swit ch ;-- A -

Transformer 
'-- B 

and for some applications such graphics are sufficient. The addition of a character com-
prising a solid rectangle enables histograms to be drawn also. 

Another way to keep the infonnation content of a graphical display low is to represent 
elements in memory by their parameters. Thus lines may be represented by the coordinates 
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of their end-points, and circles by their centres and radii. Again, such a representation 
makes certain simple graphs like 

(/} 

§ 
I 

>-

X- axis 

very easy, provided the curve is not required to be so smooth that the infonnation content 
gets out of hand. The requirement for a family of curves means that such representations 
become Wvracticable, and the representation of the picture by holding the black-or-white 
status of every identifiable dot becomes mandatory, 

All in all, then, it was decided to include a character display with limited graphical 
capability and to use it whenever possible, and to allow genuine, generalized graph-plotting 
by the use of specialized hardware whenever this should become necessary. 

1. CHARACTER GENERATORS AND COLOUR DISPLAYS 

Character generators which produce a black-and-white television picture from an input 
stream in ASCII or some other character representation are now corrnnonly available corrnner-
cially. Since such generators are at the base of much of the work which we have done, 
a typical unit of this kind will he described in some detail. 

1.1 The memory 

The centre of the unit is a memory, which is rando)llly addressable and which consists 
of some 64 x 24 = 1536 positions, each having sufficient binary digits to define the charac-
ter to appear at a particular position on the display screen. We thus have a relationship 
bet1.veen what is stored in the memory and what appears on the screen: 

oo11o1 TV screen 
(/} I \ :: e ' ' -.! ' N ' ' ' \ I 

384 bits or 64 characters/row 

The input to the device, which is typically a teletype interface, delivers groups of 
binary characters to the memory for storage. Two registers hold the X- and Y-positions of 
the memory into which the next character will be written. 

In the nonnal mode, whenever a character is written into memory, the X-register is 
incremented by one, with carry to the Y-register when appropriate, so that characters are 
written fron1 left to right in sequence, a new line beginning after the end of an old one. 
There is also a continuation from the bottom right to the top left of the memory page. 



- 24 -

l .2 Control characters --------·-
In addition to the sequential mode of writing, most such devices reserve special 

''characters'' from the input stream for command operations. These characters are not written 
into the memory and do not step on tl1e place at \dlich tho next character will go into the 
memory. Instead they cause various operations such as a reloading of the X- or ¥-registers, 
a zeroing or clearing of the memory, or an incrementation or decrementation of the X- or 
Y-registers by unity 1 so as to cause subsequent writing to begin elsewhere. 

In this way, an exact image of what is to appear on the screen may be built up by 

sending suitable /\SCJI and non-standard bit combinations to the input interface. 

l .3 Producing the output 

To produce a television picture from the contents of this memory, four principal digital 
clocks arc used: 

i) One clock gives the page repetition frequency of 20 msec, or 50 frames per second. 

ii) One clock gives the JJ.ne repetition frequency of 20/312.5 msec, or 312.5 lines per 
frame. This corresponds to a frequency of 15.625 kHz, re-synchronized each time the 
first clock signals a new page . 

.iii) One clock g:ives the .r::haracter repetition frequency of 64 per line or 1 Mllz, 

iv) One clock gives the dot_ repetition frequency of about six per character, and therefore 
TUllS at 6 ~-fi-jz , 

A television pi_ct.urc :is produced by a line sweeping from left to right every 64 ]Jsec, 
and producing a complete picture every Yso second. A process called interlacing c.lrops each 
second frmne by half the distance between the horizontal scan-Jines. In real television the 
even interlace frame can conta:in different infonnation from that in the odd interlace frame. 
In ch<uacter systems of thls kind the tvw successive frames contaln the same infonnation, 
hut the interlace system, by presenting the picture twice as often, reduces the visual flicker 
apparent to the observer. In addition, the retention of the interlace system enables genuine 
TV pictures to be added to graphics pictures of this kind, provided synchronizat:ion is 
attended to. 

Clmractcrs arc usually generated on a S x 7 matrix with one space to the right and 
three spaces below each character. The ex<:llllple below shows the letter ''A11

: ,,, f . .. ·:. .. : Line 1 01 110 

r · .. . .............. 
. 

~ Line 3 10001 

~7·.· 
: 

I . Line 5 1 11 1 1 , etc. 

r 
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In each interlace frame, the code representing this letter emerges from the memory ten 
times, once per horizontal scan-line (including three empty lines between the rows), and 
remains there for one microsecond each time. The line-count, the letter code, and counter of 
the 6 MHz clock are delivered to a read--only memory, which yields for this combination of in-
put a five-digit output representing the points to be illuminated on the screen. Thus, for 
example, when drawing the third line of the letter 11A'' above, the memory would be presented 
with the code for A (1)) the line munber (:5) and the next six ticks of the 6 \1Hz clocks will 
yield the digits 1, 0, 0, 0, l, 0. (The last zero is for the intercharacter space.) 

The actual character generator included in the control system used additional binary 
digits in the memory to specify the colour channe] to which the output is to be diverted 
for each character. Special characters were also specified giving lower case letters such 
as a b c, as well as upper case letters A B C, and also some characters were required 
allowing horizontal and vertical lines and boxes to be drawn. Such ttJrawingtt characters must 
cross into the nk'l.rgin positions and occupy the entire box, so that continuous lines may be 
drav.'I1 across the screen without gaps. 

Appendix II contains the specification which was sent to manufacturers in an effort to 
obtain controllers of this kind. 'IWenty of these generators were delivered (Ref, C3), six 
allowing output in colour, but otherwise identical in all respects. Later chapters describe 
the use of these generators, showing that they work satisfactorily. 

2. DOT GENERATORS AND CURSOR GENERATORS 

The ideal graphics generator for generalized graphics in monochrome is a semiconductor 
memory with 500 rows of 500 to l ,000 binary digits, each addressable individually by a 
mechanism which allows a one or a zero to be written at will into any Tandomly addressable 
position. A separate, fast read-out mechanism, with multiplexing to attain the necessary 
speed, produces a television picture with a bright-up for each digit in the memory, 
1,000 dots per line, 500 visible l_incs per picture: 

T !NPU 

MECH 
--·-·· 

SYNCHRON 

PULSES 

AN ISM 

IZATION 

ADDRESS SEMICONDUCTOR 

DECODING MEMORY 

TIME MEMORY 
BASE 

CLOCKS ADDRESSING 

TV SIGNAL OUT 

The main defect of such a system is :its cost. There are in fact several such arrange-
ments working, and at least one has been manufactured for sale 18

-
20

). In fact the system 
referred to has a 10\>Jer resolution than that specified above (256 x 384) and this lower 
resolution would not be adequate for fine curves, but its existence shows the technical 
feasibility of a totally digital solution. The requirement to store 500,000 dots for a 
s.ingle picture, and the fact that more than one such picture may require to be displayed 
concurrently, made the installation of digital memories of this kind quite impractical. 
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2.1 Thedatadisk 

Another way to store the necessary half-million dots per picture is by means of a mag-
netic disk. An American company (Ref. Crt) makes a complete package for sale, including a 
driver computer, interfaces , and software. 

A m.unber of interesting teclmical problems have been solved by this company. The speed 
of acquisition of data from the disk is about 500 kHz~ which is a very respectable rate for 
an input/output device, but nevertheless this is only one tenth of what :is required for 
drawing a TV picture in real time. The extra factor is won by reading from several tracks 
of the disk ~n parallel, and copying this info1111ation into a register, from which it is 
shifted out serially, giving the necessary increase in speed. 'The infonnation must be 
appropriately distributed on the tracks of the disk, and even such a simple operation as 
drawing a straight line between arbitrary points can require a rather elaborate data dis-
tribution process. It can readily be seen why a computer and special software are required. 

In spite of this disadvantage, however, the data disk might have been considered: after 
all, the software does exist, and the complicated problems of random access to a strictly 
organized structure have been solved. The thing which makes the data disk inacceptable in 
our system is the fact that the TV signals from it are necessarily in synchronism with the 
disk. This conflicts v.rith our requirement to add picture signals, unless all other picture 
sources are synchronized with the disk. Even then, the use of a second disk is excluded 
(a disk holds 20 black-and-white, or 6 coloured pictures, or a combination), on the grounds 
that the two must nm at identical speed. Lack of expansibility is a restriction we cannot 
live with. 

Synchronization of a disk is possible; that :i.s, the angular velocity w can be con-· 
strained and the disk can be made to pass a certa.i.n point at certain intervals equally 
spaced with time. Since such a system is stable, it is 1 ikely to oscillate, and it is very 
difficult to prevent systematic excursions in the time derivative w . Such excursions, 
of course, would cause jitter or at least distortion of the pictures. The unwillingness of 
the manufacturer to supply circuitry for external synchronization of the data disk confirmed 
our suspicion that the problem was an inadvisable one to tackle. 111c data disk was abandoned 
as being an attractive device but one unsuited to a system of the kind planned. 

2.2 Scan-converter tubes 

Luckily, a second solution is available. This is the storage or scan-converter tube. 
The storage tube is a cathode-ray tube of conventional design, except that instead of a 
phosphor on the front glass, a target electrode is placed in the line of the accelerated 
beam (shmm in Fig. lli..la). The picture is stored as electronic charges by secondary 
emission on a matrix of silicon dioxide squares deposited by integrated circuit techniques 
on a silicon substrate (Fig. III.lh). Each square carries a charge. Read-out is perfonned 
by changing the target voltage so that secondary emission no longer occurs, and the existing 
charge-patten1 modulates the scmming electron beam by repclJ.ing the electrons in it at 
places having high negative charge. Read-out is slightly destructive (pictures can be made 
to last as long as 20 minutes), but erasure can be performed hy yet a third voltage on the 
target which corresponds to a fully Jestn1ctive read-out. 

Tubes of this kind are now available from a number of companies in Europe and the 
United States. Since the target contains squares of silicon dioxide about 10 microns on a 
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Target electrode (see below) 
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side, resolutions are not limited by the granularity of the target, but only by the diameter 
and shape of the spot. By careful design of the focusing circuitry, resolutions of 500 line-
pairs and more are obta.inable. Curiously enough no European manufacturer at present 
markets a complete electronic package for deflecting and modulating the existing tubes. 
!lowevcr, two American manufacturers do so, and sell them under the name of 11Scan Converter 
~Iemory", Samples of both were pur·chased and tested. Both produced satisfactory television 
graphics, and the cheaper of the two was chosen for the system (Ref. CS). 

2.3 Using the scan-converter 

The wr:iting of dots into the scan-converter is done by moving the spot in the X andY 
direction \\•ith digital--to-analog converters, and producing a bright-up of the beam when the 
spot arrives in the chosen position. The speed at \·ihich dots arc written is limited by the 
settling-time of the digital-to-analog converters for adjacent dots, but for widely separated 
dots the settling-time of the deflection coils may be a more severe restriction. Half a 
million dots per second is quite practical, but it is possible to achieve such speeds only 
if the posit.ion of the dots .is calculated electronically, as by a vector generator. 

Since the S\''j tcb from reading to \\1r:i ting mode requires high voltages to be changed and 
takes time, it is not possible to view a picture which is being written. That :is, the scan-
converter cannot p-roduce a TV picture whilst .it is being written on. Since em elaborate 
picture can take em appreci.ab.Le t-ime to write (say one second) the operator is forced to 
v:iew a blank screen during this t:iJ11e. This was considered undesirable, and luckily it is 
avoidable. 1\ teJev.i.s:ion picture is drawn every 20 mscc, and the spot takes 19 of these 
milliseconds to travel on its zigzag path dmm the tube, and J msec to return: 

/--
19 rnsec 1 msec 

~ 

t t 
t 

• 
Picture- scan Flybock 

I:Uring this milhsecond the electron beam is not needed for drawing the picture, and 
:is used :instead to wr:ite i_nto the target. In practice th:is millisecond is adequate 

to switch from 11 read 11 to 11write1
'; 

to hTi tc about 300 dots; 
to swjtch back from ''write1

' to ''-read' 1
; 

to re-position the spot for the reading of a nCh' TV frame. 

i\ vector which crosses the entire picture can be wr:i tten in three frame times, or 60 msec. 
Quite c:laboratc pictures can be drawn in a fCh' seconds, and the operator can see the picture 
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"growing" before his eyes, just as if the writing were being done continuously. It has been 
found that a drawing time of even several seconds is quite allowable under these circum-
stances, whereas with a disappearing picture the operator feels lost after as little as 
half a second in front of a blank screen. 

Dot generators with suitable digital-to-analog converters are available commercially, 
as are vector generators which produce dot coordinates given the X and Y incremental 
addresses in binary digits. Both are made in CAMAC-compatible fonll by several manufacturers, 
and there was no need to build this equipment, though the dot-generator was modified to stop 
at the end of each flyback period as described in the previous paragraph. 

2.5 Interfacing the scan-converter 
to the computer 

The scan-converter memory was interfaced to a CAMA.C register, so that mode-switching 
could be conm1a11ded from the computer. The interface provides the necessary corrnnands for 
"read", "write'', "erase", and several other modes, and also allows for manual switching for 
test purposes. It contains special circuitry for the protection of the rather delicate 
scan-converter tube from over-current damage by a faulty voltage configuration on its elec-
trodes. Such faulty voltages could result either from an illegal combination of manual 
commands, or from a voltage transient during switch-on or switch-off of the mains supply. 

2.6 Requirement for a cursor 

An important requirement in any interactive system is for the operator to be able to 
point out to the computer some item or position on a screen. In the past, this has often 
been done with a light-pen. It was generally agreed, right from the start of the project, 
that while it might be suitable for experiments in computer graphics, a light-pen was un-
thinkable for the serious control of a large machine. The trailing cable, the exhausting 
position of the hand, the special constraints on the direction in which it TTIUst be pointed 
at the screen, all conspire to make a light-pen a rather inconvenient instrument, A cursor 
on the screen itself is more convenient. 

The llKlSt obvious way to produce a cursor is to dra\\1 it on the screen by the same 
mechanism as the graph or table with which it is to be used. 

Unfortunately, having drawn the cursor at some position on the screen, we wish to steer 
it around by computer or by a manual control. On a screen of the storage type (of which the 
scan-converter is an example) moving a cursor is effectively impossible. This is because 
the cursor covers some picture elements, which must be erased in order to re-write it in a 
new position. The part of the picture previously covered by the cursor must be re-written, 
and the information for doing,this is no longer available. 

The only way to produce a cursor for a storage display of this kind is therefore to 
produce a separate television signal with a picture of the cursor line or dot on it, and 
add this signal to that carrying the graph or table, before displaying the sum-signal on 
the screen. 

In this way we get the concept of a cursor as a separate picture-generator, producing 
a separate, synchronized TV picture just like the character generators and scan-converters, 
and able to be added to any screen which requires this facility by a summing amplifier at 
the input of the monitor. 
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The input to the cm'sor is a paiT of computer-interfaced registers, which hold the 
X and Y coordinates of the point at which the cursor is to be drawn. The X-register is 
copied every l:ine and the Y-registcr every frame into counters~ which arc counted down at 
line and dot frequencies, r·espectively. M1en both counters are zero simultaneously, we 
have arrived at the indicated part of the picture. The follOI\Ting sketch shows the principle: 

FROM 

2. 7 Modes of th" cursor 

In practice> the cursor bright-up "is more than a single dot. By means of 110ne-shots'' 
or delay circuits the bright-up can be expanded both in X andY to give a little square 
about a microsecond wide and three TV lines high. 
plied in various other forms 1 by br:i.ghting up for 
both. The fo1lov.'i.Jtg cursor modes can be set: 

For convenience, the cursor is also sup­

all X-values or for allY-values, or for 

sma.Ll square (described above) at (X, Y) 
crossed 1 incs at (X, Y) 
hor:LzontaJ hne at (Y) 

vertical l.Lnc at (X) • 

The cursor mode can also be set to make the signaJ flash on and off about twice a 
second, This mode is ava.ilahle \<Jith all. the four fo1111S described above, and is cqual1y 
annoyj_ng to watch .in all of them. We W.Juld not bother to make it available :if we were de-
signing the system agajn, 

3. THE CHOICE OF MONITORS AND SCREENS 
---·----·-----------·-··-~----· 

Pictures can he presented :in a var:iety of ways, but the cathode-ray tube is the only 
practical choice. A nwnbcr of exotic methods I<Jere considered originally 1 but most of them 
arc impracticable in our case. 

Plasma displays can be purchased, Hhich enable individual pockets of neon gas to be 
made to gl01v se1ect.i.vely. .r\ panel 30 em :--; :so em is obtainable commercially from an American 
company (Ref. Ch). The panel allows the presentation of an array of ~)12 x 512 perfectly 
circular dots, and graphs dTawn on it have a pleasing orange-red hue and very good sharpness. 
Unfortunately the plasma panel does not tic in very well Hith the concept of separating the 
problem of producing the picture and displaying it. Since the actual picture generation is 
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done on the screen itself, the picture carmot be produced elsewhere except by regenerating 
it on a plasma panel elsewhere or by closed-circuit TV. The only other way to use a plasma 
panel is to staticize the TV signal, split it into 512 x 512 dots, and drive the plasma 
panel with this infonnation. This is practical, but elaborate. It still does not allow 
the screen to show closed-circuit television pictures from cameras when this is required. 
The plasma panel is a two-level (light-dark) device. 

3.2 Liquid crystal displays 

Liquid crystal displays suffer from the same defects as plasma panels, as far as we 
are concerned. In addition, they are W1Stable and tend to be temperature sensitive. No 
liquid crystal display producing a matrix of dots is available commercially. Indeed the 
only liquid crystal displays of any kind available at the time of writing are numerical 
indicators, usually of the seven-segment type, or alphanumeric indicators of the starburst 
type. Both these arrangements will be explained under 11 large displaysn below, but it will 
suffice at this point to say that they are not suitable for the construction of general-
purpose screens. 

3.3 Why cathode-ray tubes? 

Of those devices currently available, the television monitor is the ideal one for 
display. This is not to say it will not be replaced by other devices in the next few years, 
but at the moment there is no other device which will display the necessary 250,000-500,000 
dots so cheaply and reliably, and with the additional availability of many grey levels and 
colours if necessary. 

The choice of black-and-white monitors is easy. Monitors of the highest "television 
studio11 quality are more linear than domestic TV sets, and have smaller spot size. They 
are very expensive and often quite bulky, and since the control room was to contain some 

30-40 monitor screens in all, it was decided to make do with monitors of moderate quality 
in most situations. Appendix II I gives the specification of the most connnonly used black-
and-white monitor screen in our control room. 

Colour screens are another matter. The connnonest device is the ''shadow-mask11 tube, 
in which the screen is covered in a regular pattern of dots of phosphor material glowing in 
three primary colours, R (red), G (green), B (blue): 

® ® ® 

® ® ® ® ® 

® ® ® ® ® 
® ® ® ® 
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and the tube has three electron guns instead of the usual one. Each gun carries the signal 
for its own colour, and a mask with a similar pattern of holes is situated just behind the 
fluorescent screen and so placed that the beam from each gun can under no circumstances 
reach the phosphor for either of the other two colours. 

The resolution of a shadow-mask monitor is limited, like that of all CRT devices, by 

spot size. However, a further limitation is the fineness of the shadow mask and its asso-
ciated phosphor-matrix. The most obvious assumption would be that the finer the mesh of 
dots, the better. In practice this is not so. An improvement in the fineness of the dot 
structure is only worth having if perfect precision is maintained, both initially and under 
different temperature conditions. Normal domestic television receivers give about 580 dot-
cycles across the screen, and by paying for a high-quality studio tube about 650 dots per 
line may be obtained. 

3.4 The Trinitron 

A disadvantage of the shadow mask monitor is the need to adjust the electron beams so 
that the shadow mask is correctly aligned for 11Convergence" of each of the three colours 
and the ability to produce a pure white image at all points of the screen. This process is 
very complicated and lengthy, because the controls are in the X andY directions, while the 
dots of the shadow mask are on lines at 120° to these axes, making the adjustments inter-
dependent. To avoid this, a Japanese company (Ref. C7) has made a tube called the Trinitron, 
in which the phosphor is in vertical stripes instead of a dot-pattern. The Trinitron is 
easy to adjust because the correction axes correspond to the deflection axes; it has only 
one electron gun and is much lighter and cheaper, and was therefore seriously considered 
for our control room. Unfortunately, being conceived for cheap television sets, the 
Trinitron tube has only 420 triplets of vertical stripes. 

The most extreme criterion of resolution on the face of a cathode-ray tube display is 
the requirement to represent 64 characters on a 
its width or 512 dot-representations per line. 
satisfy, as will be seen below. 

line, each character having some 8 dots in 
'l11is is a very difficult criterion to 

It should be noted that the resolution of a colour screen can equally be given (and 
often is) in megahertz. Since the drawing of a single horizontal scan-line takes about 
52 psec (with 12 lJSec for the flyback to the beginning of the next li.ne), and since by a 
sampling theorem of Nyquist the highest frequency representable is half the number of 
samples per unit time, we have the following bandwidths: 

11Trinitron" 
domestic shadow mask 
high-quality tube 
signal requirement 

4.04 MHz 
5.58 MHz 
6.25 MHz 
9.84 MHz 

Thus it can be seen that even the best monitor tube of this kind is not really perfect, 
and that nothing less than the best should really be considered. In practice, observers 
are so impressed by seeing pictures of this kind in colour, instead of the usual black-and-
white, that they usually forgive the slightly reduced quality. 
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3.5 Exotic cathode-ray tubes 

Unlimited resolution can be obtained by the use of special tubes. The penetration 
phosphor tube has red and green phosphor layers separated by a metallic layer a few atoms 
thick. The energy of the electron beam is used to detennine whether the second layer will 
glow, and therefore modifies the colour. This tube is extremely difficult to use, as the 
change of energy is accompanied by a change in the electrical characteristics of the tube, 
requi1'ing special circuitry, Thus in the end, the grain-· free structure of the picture is 
paid for by great complexity, In addition, the requirement for switching high-voltage cir-
cuits in order to change colour makes it impractical to perfo11n a colour change in less 
than 20 11sec. This renders the penetration tube unsuitable for television raster use. 
Another promising experimental tube exploits the physiological fact that a mixture of a 
green phosphor \Vith a saturating characteristic and a red phosphor with a quasi-linear 
characteristic will appear to change in colour from green to red as beam current is in-
creased. [This tube was described to the author, in a private corrnnw1ication, by a worker 
at the Royal. Radar Establishment at Great Malvern in England

21
) .] This saturation tube is 

easier to use than the penetration phosphor, and has promise; but it \\1as in no condition 
of development for inclusion in a working system, and in any case only promises red, green, 
and a questionable yellO\v colour. 

3.6 Conclusion 

Taking all things into account, therefore, the decision was taken to use high-quality 
studio television monitors, having a 650-line shadow-mask tube, a circuit bandwidth of 
10 MHz, and correspondingly strict criteria on spot-size distortions omd linearity 
(Refs. Cll, C'l) . 

4. THE PROBLEf1 OF LARGE HALL DISPLAYS -----
In a control system of the kind being described, one is never far from a TV monitor, 

since it is the very essence of the system that all signals are in the standard fonn and 
are easily transportable on coaxial cables. However) it is of some advantage to have a 
large display on the front wall of the control room, which can be seen from all parts of 
the room and also by visitors looking at the control room from the observation gallery. 
Attempts have been ma.de to include such displays in our control room. 

As for the problem of nonnaJ. graphics, t.he production of large pictures can be divided 
into two classes, one for character infonnation and the other for more general patterns, 
and as in the other case, characters are easier to produce. 

4.1 Possibilities 

On a large display, characters are needed which are between 2 an and 10 an high. There 
are various methods of generating such letters: 

i) mechanical flap units, as used at airports; 

ii) other mechanical devices; 

iii) characters made of lamps or l:i.ght-emi tting diodes; 

iv) cathode-ray tube devices. 
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Mechanical flap w1its are used at most airports in the world to announce the time of 
arrival and departure of flights. For each character position to be displayed, a number of 
flaps, each printed with the top half of a letter or nwnber on the front, an.d the bottom 
half of another on the back, are connected radially to the outside of a cylinder: 

The top of one character is held by a small hool\, and when the cylinder is turned one step 
by a stepping motor, the next character drops i.nto place. A counter keeps pace with the 
muuber of pulses given to the stepping motor, and th:is counter is compared with the desired 
value of the character, enabling the device to be stopped when the right character is in 
place. Flap w1its arc a little noisy and unreliable, but they have the advantage over most 
other devices in that they improve with increase in amb-it:mt 1 ight, rather than becoming 
l(~Ss visible. 

Other mechanical dev:ices are available in wh:ich 
\\1hite f1 ags arc a1Tanged in a 
give an alphabet and nwnbcrs. 

:~s mechanical relays driving little 
driven by suitable electronics to 5 x 7 matrix which can be 

Such devices, in addition to being mechanical and therefore 
inherently unreliable, are very expensive, since 35 separate mechanisms arc needed per 
character. An English company (Ref. ClO) has reduced the expense of such a device by re-
presenting each relay by a small plastic flap with a piece of :iron embedded in it. A line 
of seven electroma&mets (representing a vertical colwnn of a character) travels on a carriage 
along the line of 1\Titing and sets the flaps to a black or white position. The flaps being 
cheap, and the carriage, which is the expensive element, being shared over a \\1hole line of 
the display, the advantages of a mechanical device can be obtained at a lmver cost. 

4. 1. 3 Elech~o1dc ,) x I dot devlceg 

Characters can be made of matrices of .)5 small lamps. This arrangement has a number of 
disadvantages: fairly large currents must be switched, making a transistor amplifier obli-
gatory for each dot and therefore raising the cost prohibitively, and also a current is 
needed to maintain the display. For a large panel this can require several hundreds or 
even thousands of '"atts, producing quite a lot of heat and making reliahility some\-!hat harder 
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to maintain. The discrete wiring made necessary by the use of the transistors makes the 
price of such an arrangement prohibitively high for most purposes; although a large panel 
of this kind was made for the Ol~npic Gmnes in Munich in 197222

), in a situation where 
money was effectively no object. Letters and drivers of this kind are available in totally 
integrated fonn, including light-emitting diodes. Such an arrangement could be considered 
in spite of the very high price, but the letters are mounted on dual in-line packages of 
standard type, and the minimum separation between the individual letters in a group or be-
tween groups on adjacent packages is too large for successful reading as text. They are 
useful only to represent rows of individual letters, not words. 

Liquid crystal displays are becoming very interesting in some fields 23
). Substances 

exist which when subjected to electrostatic fields can change from transparent to slightly 
reflective, or vice versa, or even change colour. Most of these devices are available only 
in the form of a seven-segment numeric display: 

~ 
~ 

~ ~ 
where selected bars change to or from the semi-reflective state, and by suitable illumina-
tion can be made bright on a dark background. 1fie seven-segment arrangement can be used 
only for representing the nwnbers from 0-9. To obtain the entire alphabet it is necessary 
to use the so-called 11Starburst" pattern: 

also called a 16-segment display. Very few suppliers produce a starburst liquid crystal 
display, and the one company which made an integrated circuit decoder-driver which might 
have made this arrangement feasible took it off the market again because of technical 
difficulties and a very small demand. The main reason for the small demand is that the 
starburst alphabet is rather ugly and hard to read 

R~CTIEF5HIJkLMNDPQR 
5TUVWXYZ123~S57zg 



A page of info111mtion in starburst patterns is really rather disturbing, and this r combined 
with the very high cost and tricky technology, caused us to abandon liquid crysta] displays 
after a few essays in the laboratory. This is not to say that when liquid crystal displays 
with 5 x 7 characters appear on the market in economic form this decision wi:Jl not be re·-
cons ide red. 

4.1. 4 The mt~l'tisoroeen method --------·---·---
In actual fact the only way to generate large, readable displays cheaply$ reJ iably > 

and easily is by the use of the cathode-ray tube, The cathode-ray tube mves its success 
to the fact that the c.lisplay surface itself is only a pO\\rder coating on glass and is there-
fore cheap, and that the expensive part (the electron gun, the focusing deflection, and 
modulation arrangement) is shared over all the display elements. 

We can make a few large characters on a cathode-ray tube by a simple modification of 
the character display described in Section 1 of this chapt.er. By grouping six monitors in 
a block> two horizontally and three vertically} a useful d:i splay about 1 metre square and 
having some 12 ro\vs of :52 characters can be produced. The characters are about 5 011 l1igh 
and are made by software. Since the information content of each monjtor is lmv) one 
character controller can be made to drive all six monitors. The software character driver 
economizes in character-width by making the \ddth of each charnctcr suitable: for example 
an J is narrow and an lv1 is wide. 

Mechanical details are that special monitors were eng.incered~ usj.ng cathodcwray tubes 
of the most rectangular form possible, and having the chassis behind the tube instead of 
below it as in the conventional monitor: 

Conventional monitor SpeCial arrangement 

The construction anJ delivery of a complete block of six monitors of tJJjs kind h1as 
entrusted to a company which supplied the entire unit ready to use. A sheet of lightly 
silvered clear plastic covers all six JTDnitors and conceals them. The silvering :is about 

micron thick and is effectively transparent to the ]etters, whjch glmv through it. 

The cost per character of the entire device is about 20% of the cost of an equivalent 
panel of airport flap units, \\1ith the additional advantage of electronic) and therefore 
reliable, Fast operation. Updating of parts of the disp:lay every accc1crato1' cycle (rcpe-· 
tition rate cv 5 sec) is quite feasible, as is the incJus:ion of a cJock changing every second, 

PROJECTION OF GRAPHS AND CCTV PICTURES 
·~----~-----~-~·····----.. " .. ···~·-----·--------·-

The multi-CHT panel, while it produces a very nice> large-character dispJay, does not 
present a general television image from any signal in the system. J.'or this purpose a munber 
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of large-scale display devices were considered: 

i) conventional projection TV 

ii) exotic projection TV devices 

iii) hard-copy on transparent material, projected with an overhead projector. 

Conventional projection 'IV works quite well. A special TV tube, about 8 em in diameter, 
and having a reinforced cathode and high operating val tage, gives a VCI)' bright picture, 
,.;hich is projected onto the wall by a large-aperture mirror. The curvature of the tube-
screen and the spherical aberration of the mirror are corrected by a lens between the 
mirror and the projection screen: 

( ------
for cooling . Cold air t,,, 

tube 

Spherical 
mirror 

Tube Correcting 
lens 

To viewing screen 

The brightness of such an arrangement is lower than that on the surface of the cathode-ray 
tube by a factor of 8 F2 f.l 2 , where F is the aperture and fl the magnification, and in practice 
this means that projection TV can only be observed in a fairly dark room (20 lux maximwn 
ambient illumination on the screen). Attempts to make the image brighter result in the 
production of excessive x-radiation from the high voltages employed and the shortening of 
the tube life below the acceptable SOD-hour level. 

6. LIGHT-VALVES 

Various attempts have been made to obtain brighter pictures by projection. If the 
cathode-ray beam can be used to switch an external source of light, this latter can be much 
brighter than the glow of a phosphor. Such a device is the Eidofors, a patented device in 
which the target inside the CRT is an oil-film. The electric charge built up by the beam 
distorts the oil-film locally, causing the picture to be built up as a relief-map on the 
oil. An ingenious optical system using the interference principle is used to form a pro-
jection of this relief in dark and light. The Eidofors works, and is available corrnnercially, 
even in a colour version. The price of a black-and-white version is about ten times that 
of projection TV, but this is not its greatest drawback. The fact that there is oil in the 
vacuwn chamber of the tube means that the cathode becomes poisoned by its vapour and ceases 
to emit electrons. The cathode is therefore demountable and the equipment includes a 
vacuwn system, rather like an electron microscope. A mechanic is needed on-site to service 
the Eidofors every few operational hours, and this renders its use quite impractical in a 
control room, where 24-hours-a-day service is required. 
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In an attempt to make light-valves by alternative methods, various ways of attacking 
the problem are being attempted. Certain crystals turn black on suffering elec~ron 
bombardment, and this phenomenon, known as 11cathodochromism11 , has been exploited in the so-
called 11black11 cathode-ray tubes. Erasure is obtained by heating the crystal, and the speed 
of erasure is limited by the thennal strength of the face-plate. The number of write-erase 
cycles the crystal \Vill accept is limited. Interest in cathodochromic devices was at a 

. 24-27) peak some years ago, and one or two references are g1ven . The author was advised by 

a research worker at one of the laboratories involved that they spent some years on catho-
dochromics research and finally abandoned it.. 

Hard-copy on a transparent (for instance, mylar) sheet can be projected in an overhead 
projector. We have done this, and it works. It involves a delay and will not be used in 
the control room. 

7. CONCLUSION 

On consideration of all the devices available for large-scale display, j t was finally 
decided to order a conventional TV projector. The six-screen device will probably be in-
stalled as a supplementary device, to show the salient accelerator parameters continuously. 
The TV projector will be available on the video-switch, with standby switching to extend 
the tube life. It will be operated in the back-projection mode. 
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CHAPTER IV 

THE GRAPHICS SYST£.f:1jSOFTWARE) 

In the previous chapters, we have discussed how a modular graphics system, based on 
picture generators and monitors and held together by a picture S\\'i tching and surrnnat ion 
system, will satisfy the display requirements in the control TOOlll. lt wi 11 only do this, 
of course, if steered by sui table software, an<l in this chapter we sha.l l d:i scuss some of 
the computer programs which have been written to this end. 

I. THE USE OF THE I_NTJ:RPRETER 

The constraints put on the design of a graphics progranmting system iJlCluded: 

- the distributed nature of the picture-generation equipment; 

- the existence of a special graphics computer, which was to reLieve the rest of the 
system of this responsibility; 

-the existence of the NODAL language, and its multicomputer and rcal-tlme abiLities. 

It ~o,~as very soon decided that all graphics equipment should be attached to the display 
computer, and that a considerable simplification would he possible j f on'!y this computer 
contained graphics software. A program to Jrm\1 (say) a graph, should be resident in the 
di ::play computer, and the data for drmving that graph can either be in the memory of that 
computer or can be demanded by it when it needs it: 

DISPLAY 

HARDWARE 

I 
CONSQI_E DISPLAY 

COMPUTER COMPU1EF1 

I I 

I MESSAGE:-· TRANSFlR SYSHcM ~ 
In the normal Hay, the request foT a graph to be Jrawn w:i 11. originate at the console. 

The gTaph-dTawing program \<I ill initially be resident i.n the console computer. lt h'i 1 J 

contain an initial part which amasses infon1mtion from the real h'Orld of the accelerator, 
perfonns calculations 1 rmd then dcpos its the coordj nates of points on the graph j n locaJ 

storage arrays. 
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The program \\1hich draws the graph is part of the coding in the console computer, but 
i.s never obeyed there. When the program is ready to draw a graph, it sends this graph-
plotting code, together with the arrays containing the data) to the display computer, where 
the graph-plotting process is perforrned. In this way it is not necessary for any computer, 
except the display computer) to understand display commands, and yet any computer can 
initiate graph-·plotting. 

The need to keep the load on the data links cmmecting the computer low, restricts the 
frequency with which g·raphs caJ.l be drawn in this way. In general, graphs \vill be re-·drawn 
at most once every accelerator cycle of S sec. The continuous motion of elements on the 
screen by re-drawing them at 100 msec intervals had already been precluded at tho design 
stage) and the software technique described here does not impose further restrictions. 

There is one exception to this: a cursor may be made to move on the screen by means 
of a track·Mball or knob. This cursor is) however, not drawn on the rest of the picture by 
the nonnal routo 1 but ls generated directly in the console computer and added to the graph 
at the monitor input. Thus the rapidly repeated conversations involved in re-drawing the 
cursor repeatedly as the hand moves the ball, involve only a conversation between the con-
sole computer and the cursor hardware: 

GRAPH DISPLAY 
DISF'LAY -· -

HARDWARE 

CURSOR 

~-~ON SOLE I COMPUTER 
1--

--
--- DISI0 LAY 

COMPUTER 

Another quite serious problem \\1?1ich had to be solved at the design stage is that of 
mapping. Initially, this looks very simple. Graphs can be dra\·m in a conventional X· Y 
space) with the axes at the bottom and left, and l\1ith some conventional coordinate system, 
such as 0-1000 in each direction: 

1000 
lll 

§ ~Graph 
I 

>-
-------M·-~· 

0 1000 
X-o.xis 

Such a naive approach immediately breaks down if an attempt is made to cover the whole 
screen, whose width is 4/3 of its height. Cj rcles will look ell:iptical. Thus e"i thcr the 
screen must be 1000 x 13:)3 or 750 x 1000 counts. 

A further complication arises when the character ··type of display :is considered. The 
character display consists of 24 rows of 64 characters, and convention decrees that :in this 
caseY be counted downwards: 
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Column count 

123---------63 64 

Just to make things even more difficult, it will be noticed that rows and coltnnns are 
usually counted in a system which starts with 1, while X x Y plots usually refer to origins 
at zero. 

It can be seen that the problem of designing a homogeneous mapping system which applies 
to character displays, graphics displays, and cursors is fonnidable, and may involve Q~ in 
a number of compromises. 

The solution which has been adopted is that the ball and cursor and the dot graphics 
system are all lnapped on the system with the origin in the bottom left-hand corner, and 
that people who wish to combine graphics with character pictures have usually to use a 
mapping formula. Even this manipulation can be avoided by the use of a special instruction, 
which says, in effect: 11 ! wish to write characters, starting at the point whose dot-
coordinates are X, Y". However, it seems to be unavoidable for a prograrruner who wants to 
use both graphics systems s:imultaneously to understand this problem. 

In all other respects~ it has proved possible to make the user software easy to use 
in the most obvious way possible. Figure IV.l shows the standard layout fonn used for 
planning pictures. 

2. THE CONCEPT OF A MULTI -LEVEL 
SOFTWARE SYSTEM FOR GRAPHICS 28

'
29

) 

The NODAL interpretive language used for the whole control system can also be used 
for graphics, provided certain statements are added to enable the graphs to be drawn. 

These statements can be of various types, from a simple one enabling a dot to be pro-
duced at a point (X, Y), to an elaborate process requiring the collecting of real-time in-
fonnation at fixed time intervals and the production at the end of a fixed period of a 
histogram marked with axes and descriptive text. 

There is always a problem here, in that there are various kinds of users -- the one 
who wishes to use the graphics systems for elaborate new investigations, and who is there-
fore willing to invest considerable time and study, and the physicist or engineer who has 
a problem in a completely different field and is therefore much more concerned with drawing 
the graph or diagram he needs than investigating the intimate details of computer science. 
This problem, like that of field mapping mentioned before, can only be solved by a com-
promise. 

The compromise, which corresponds nicely with the mode of solution of the problem, is 
to build a hierarchy of subroutines, in which each level of the hierarchy uses the routines 
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in the lower level as bricks. Thus the lowest level routines allow the following opera-
tions: 

First level 

l) Reserve graphics facilities and release them. 

2) COimect resenred facilities with screens. 

3) Clear the drawing field. 

4) Define the part of the screen on which drawing is to take place. 

5) Choose a writing position. 

6) Draw sbnple elements, like dots, vectors, circle segments, and text. 

Using these simple elements, a patient prograrrnner can construct most graphs. Since 
the dot memories have their own storage, the elements of a picture can be added one at a 
time, after an initial clearing of the screen. If necessary the picture can be built up 
as the data are acquired, points being added when their coordinates become available. 

Most progranuners do not \'iant to go to this kind of trouble, They would like to write 
a program to acquire their data~ store it into an array, and then call a plotting routine. 
Such a general-purpose plotting routine must be given only the minimal facts to be useful, 
and with this small m.unber of inputs it becomes inflexible. Thus some higher-level bricks 
have been designed which 

Second level 

l) accept the ranges of the variables and perfonn scaling; 

2) plot a histogram (vertical bars) ; 

3) plot a dot histogrrun (this is an unjoined graph of Y for equal increments in X); 

4) plot a graph for equal increments in X and Y; 

5) plot a scatter diagram from X, Y pairs; 

6) plot a joined graph from X, Y pairs; 

7) draw axes, complete with tick marks and annotations. 

Users of the accelerator who are doing experiments in machine physics will often work 
at this level. Half-a-dozen statements of the kind described above suffice to draw quite 
elaborate structures on the screen, and changes are easy to make. 

The next level of subroutine for graphics tends to concern interaction between a graph 
and an operator: a number is culled from the screen by pointing at :it with a cursor, for 
instance, or control :is given to a knob of a variable chosen in this way. Bricks belonging 
in this category are, for instance, as follm.,rs: 

Third level 

1) Use the track ball and cursor to choose an area of the screen to be enlarged, 
and then re-draw that part of the picture (this is the so-called 11 zoOm11 

facility), 
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2) G.ive knob control of a variable whose name is on the screen, and report back 
the real-time value of that variable. 

:5) Rotate or otherwise modify picture elements on demand. 

4) Plot a repetitive graph in real-time, with its history in colour. Thus the 
cuxTent graph might always be drawn in green, the previous graph appears in 
red) the previous one to that in blue, and all older graphs are lost. 

Structures like these can be constn1cted by hand from second-level subroutines, and 
indeed the third--level routines available are constructed in this way, but the amount of 
thought :ccquired is quite large, and once the job is done, it is an advantage to have it 
on file, It should be noted, however, that a user for whom the definition of a third-order 
subrout:i.ne is slightly wrong has the alternatives of building something for himself out of 
second---onleY subroutines, or he can modify a sui table existing routine. This latter pro-
cedure i~~ usually easy> as all routines above the first order are written in the higher-
level (intc:Tpret.Lt./e) language. 

3. HIGH-LEVEL ROUTINES FOR GRAPHICS 

The: fou:cth and last level of graphics software is that which is actually used for the 
process of control , Such programs are those for 

1) emittance plots, 

Zj bemn position diagrams, 

3) phase···space Jiagrams, 

:1) vacuum status histograms, 

~)) synopt:ic diagrams for servjces, 

6) t:imc···plots of variables, 

m1d so on. Such progrwns are used for one purpose only -- that for which they are designed. 
They w:i.LJ ncvc:r be called as subroutines by people other than the author, and they may 
therefore: disobey all the rules of good planning and. good programming. Indeed good desi&m 
may mt.il<e fauli>find.i.ng and maintenance easier, but the main criterion for such programs is 
that they satisfy a physical purpose efficiently. The approach we have been using for the 
production of such fourlh·~order programs is that specialists in the various fields are pre-
sentc.d \\i:i.th vve.iJ--debu.gged routines of the first three orders and given advice on how to use 
them to solve their problem, be it in accelerator physics, vacuwn teclmology, power en-
ginccl'ing) or any other speciality. In this way the techniques of progrannning can be 
separated fJ."om those o.f accelerator physics, just as in earlier chapters we saw that the 
colJlputcr interface enables hwnan interfacing to be separated from accelerator control. 
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CHAPTER V 

INTERACTIVE DEVICES FOR THE OPERATOR 

In the previous chapters we have discussed methods of presenting visual infonnation, 
mainly in the fonn of tables of figures, but also as histograms, graphs, diagrams, and TV 
pictures from cameras. 

In this chapter we shall discuss the methods by which the operator closes the loop, 
that is, the devices which the operator uses to infonn the system of his decision. Up to 
now, this would have been an easier task. Control devices were mostly one-way arrange-
ments, the lmob and the push-button being typical. Some of the devices described here 
break new (or fairly new) ground by being two-way devices which both feed the computer and 
are fed by it. 

Most of the earlier applications of computers fought shy of computer control of the 
machine elements. Observation was penni tted, because it \<Jas felt that computer errors 
entering into an observation process could only spoil a display, and not the behaviour of 
the equipment. 'Illis attitude was justified in part by the fact that the reliability of a 
computer complex was usually lower than that of the equipment it was replacing. 

With modern technology the computer may well be more reliable than any other method 
of infonnation collection, if indeed any other method exists. The multiplexing of a large 
munber of signals and their transmission and eventual decoding and display, if done by 
special-purpose electronic hardware, may well involve more equipment than the computer which 
would do the same job. Furthennore the computers, being off-the-shelf devices, may be 
easier to maintain and repair, and thus lead to a higher load-factor than is obtainable 
from a special-purpose system. 

It is, however, not the reliability question 'vhich has forced computers on the accel-
erator control community. The fact is that computers have become necessary in view of their 
ability to collect, organize, compute, and display; and that once they found their way 
into the control system, it was only a matter of time before they would be used to control 
as well as display. Thus in the SPS control system, while there are less control signals 
than monitoring signals, yet control through the computer system is nmv a nonnal part of 
the scheme. 

Some control is done directly from the computer. In this type of control, called 
11Closed-loop control", the computer collects data from the equipment, and uses them as a 
basis for some corrective operation. Such closed-loop sequences are used in the accelerator, 
for example to correct the wavefonn of the main power supply from magnetic field infonnation, 



in order to keep the magnetic field close to the necessary theoretical curve. For speed, 
and in order to keep the load on the data links low, such loops are usually confined to 
one computer and its associated equipment; but on an experimental basis, or temporarily, 
the console computer and the entire system may be involved. Closed-loop control is only 
possible if a practical algorithm exists and can be computed in an available time and amount 
of computer memory. For cases where this is impossible, operator or 11open-loop" control 
must be resorted to. The expression 11open-loop11 is really a misnomer, since the loop is 
actually closed by the eyes, mind, and hand of the operator. 

1 . TOUCH-BUTTONS 

1.1 Conventional buttons 

For simple selection between a number of different choices, buttons may be used. Con-
ventional control rooms use large nwnbers of such buttons. They usually drive relay-latches 
and thence change the state of the equipment, but some of the buttons are t\\10-state devices. 
In the case of computer-controlled equipment the difference disappears. All buttons cause 
a machine interrupt whose source the computer can identify, and the action to be taken is 
a separate, computer-driven process. 

The labelling of conventional buttons presents a problem. The purpose of the button 
is usually written on or above the button itself, and this serves to identify its function. 
ln the case of a two-state button, the surface of the button is often illwninated, or a 
lamp adjacent to the but.ton is used for this effect. 

In all these arrangements, there is one button per f-unction to be controlled. This 
seemingly obvious arrangement has two big disadvantages: first of all, the nwnber of 
buttons for an elaborate st1ucture such as an accelerator can reach well into the thousands; 
and secondly, many buttons may have to be installed for expansion or for rare use and then 
clutter up the paneb without perfonning any usefuJ funcbon for most of their lives. 

1. 2 Touch-buttons 

To overcome these disadvantages, buttons have been devised with progranm1able legends. 
Such buttons effectively disappear when not in use, and the computer program can create 
the buttons it needs for the particular operation currently being perfonned. 

1\ considerable advantage of the progra111mable button concept is that the arrangement 
has the aspect of a teaching machine. The user chooses from a nwnber of possibilities, 
which in our case is 16, and having made this choice he sees the button he touched dis-
appear, as well as those for the 15 choices he did not make. The computer now makes avail-
able to the user up to 16 ne\\' choices, which are all relevant to his current situation, 
and so on. At no point in the process is the user confronted with irrelevant buttons. In 
practice there is rarely any need for all 16 buttons to be active at once, and so the user 
can glance over the legends rather than hav-ing to read them all. 

The way in which the buttons have been implemented, at CER.l\1 and elsewhere, often leads 
people to think of an X-Y digitizing device. The sjJnilarity is misleading. Touch-buttons 
are a quant:Lun or digital, not tm analog device, and the family resemblance is to a button, 
not to a joysLick. 
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1.3 Physical principles for buttons 

'l11ere seem to be two distinct principles on which buttons with prograrmnable legends 
can be implemented: 

1) A physical button is supplied with legend facilities. 

2) The buttons are drawn on a monitor screen, and some method is used for detec-
ting the presence and whereabouts of the button the operator wishes to identify. 

Method 1 has been implemented. The Goddard Space Centre at Houston, Texas, USA, uses 
commercially available push-buttons with 16 miniature projectors in each. A small piece 
of microfilm has 16 button-legends on it, and switching on 1 of 16 miniature lamps makes 
the appropriate legend appear on the face of the button: 

Rear projection screen -
-· z .. ~--~ ( ~ ' _, ' \ ) :t Ta ' -.. _ -.-- ---/)<' __ y--\---~A:- \ ' ~L£ .. , .• ' 

\ I 'v ~ ' : 

~ c;;:1)> 
I ~ Body of push-button 

\ . 
o/ C>C> --16 projection lenses 

ble top 

o( C>C> 
- Diapositive with 16 button legends 

0 00 ·-- 16 condensing lenses 

$ 
f-..--.__ Lamps (1 out of 16 illumina ted) 

t 
SWITCH (/ MECHA-
NISM 

As could be expected, this kind of button is fantastically expensive. Only the space-
program could contemplate many panels full of them. However, the interest lies in the fact 
that this was probably the earliest solution of the problem. 

All other buttons are of type 2, in that the legends are conveniently written on the 
face of a cathode-ray tube, an.d used as buttons in some way or other. The earliest method 
of choosing such a legend was by a light-pen. This was used at the Los Alamos Meson Physics 
Facility in this context and then abandoned. It is often used for non-control applications, 
as a tool in computer graphics processes. For completeness the light-pen will be described 
briefly beloH, 

The tip of the pen contains a small photocell, which is cormected to the electronics 
through an amplifier and a cable. A small button on the pen serves to connect it tem-
porarily. The pen is pointed at the CRT phosphor and the button is pressed. A pulse is 
sent to the computer when the spot on the screen next finds itself under the light-pen. 
Since the instantaneous position of the spot is either available in X andY registers (in 
a random display), or can be kept in a pair of X and Y counters (in a television raster 
display), this position can be read into the computer and used: 
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x ANDy COUNTS 

TO COMPUTER 

Light-pens work. The main reason for not using them is that the cable gets in the way, 
pointing them accurately is an acquired art (they ,must be held perpendicularly with respect 
to the screen), and that they usually cover the very feature it is wanted to indicate at 
the very moment the operator wants to see it. Pushing the button is an additional operation 
while the pointing is being done correctly. A light-pen might be useful in some contexts, 
though it is usually better Teplaced by a ball and cursor. It is certainly not a satis-
factory substitute for u button. 

The best light-pen :is certainly a finger, which the operator a1ways has by him, and 
several arrangements based on finger-detection have been tried, as follm\'S: 

1) The interruption of light-beams with the finger. The light-beams originate from 
lamps and arc detected with phototrans:Lstors. This device has been used for data 
collection on a beam line at the Rutherford Laboratory in England. It is not cheap 
to r.lo properly> and it suffers from the disadvantage of being a little bulky physi-

2) 

so) cally . 

") Acoustic waves are mar.le to travel across a panel of glass . 'l11e wave is stopped 
at the point where a finger touches the glass, and this is used to identify the 
location of the fingertip on the panel. This method also is fairly elaborate and 
bulky. It has also been abandoned by its originators in favour of another device 
(No. 3 below). 

3) A mesh of wires is suspended above a mutually perpendicular set. The pressure of 
a finger brings one wire from each set into physical contact. The wires and supports 
can be made so thin and delicate that they are inconspicuous. The whole is pro-
tected by a plastic sheet. This method, although presumably having the unreliabi-
lity of a home-made switch, has been used in air traffic control and at the 
Stanford Linear Accelerator. The author was told by the Stanford team in a private 
connnunication that wires do break in use, but not often enough to render the device 
unusable. 
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4) An arrangement can be made which works by picking up the general 50 Hz electrical 
hum in the room from the tip of the finger. Using a field-effect transistor per 
button this method can be made to work. However, there may be problems in con-
structing a transparent panel with sensitive points, sensitive in spite of wear 
and dirt. 

5) A fifth method is available which had not been described before. The author 
suggested it in a paper on the touch-buttons: mechanical buttons, made of trans-
parent material, are placed over the screen of the tube; each is coJlliected to a 
switch mechanism beside the button, so that the writing on the face of the tube 
can be seen through the transparent material: 

<=>S=I:J=tll=ll 
Transparent /. .....____ Switch 
button mechanism 

The only drm<~back from which this arrangement suffers is that the mechanism of the 
buttons obscures parts of the screen, which can therefore not be used for any other 
purpose. For this reason mechanical buttons were not used in this project. How-
ever, this idea was held in reserve and would have been used if the method des-
cribed next had given trouble. 

6) A set of capacitors is made on the surface of a sheet of glass by printed-circuit 
techniques. Each capacitor looks in principle like this: 

and the structure, being some 50% transparent, is barely visible. Printed lines, 
80 )ll11 thick and apart, are used. The capacitors are protected from actual contact 
with the finger by a thin film of varnish. The proximity of a finger increases 
the capacity sufficiently for detection. Since the capacitor has con.c;:iderably 
more capacity than the leads to the circuit, touching the leads can be made to in-
crease the capacity by an insignificant amount. In practice, by intelligent de-
sign of the printed-circuit layout, touching the buttons can give a 10% increase 
in capacity, while touching the leads or an adjacent button gives less than 1%. 
The difference is not difficult to discriminate. The actual detection is done by 
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means of a phase-locked loop circuit per button, with a master oscillator for all 
the buttons: 

REF. 

MASTER PHASE LOW-PASS o.c -- VOLTAGE OUTP UT 
- --

osc ILL A TOR COMPARE FILTER AMPLIFIER COMPARE TO 
INPUT COM PUTER 

VOLTAGE 
'-----·--roN TROLLED ----

DSCILLATOR 

I I 

4--tJ- TOUCH 
CAPACITOR 

The oscillator, 1unning at 120 kHz, locks in frequency to the master oscillator, 
and a change in capacity causes the phase, but not the frequency, to alter. A 
change in the error-correcting vol tagc is detected by d:iscr:imination against a 
reference voltage. This method, working as it does at con.stant frequency and 
amplitude at the sensitive point, is completely irrnnune to all kinds of inter-
ference effects. 

1.4 Conclusions 

Method 6, the capacitive method described above, has been successfully instal led. 
Simpler methods of Uetcction for the change in capacity have subsequently been tried both 
at CEHN and elsewhere, but no published record of reJiable success yet exists. The screens 
are now being marketed in Denmark by one company (Ref. C3), and a complete copy of the 
device :i.s being prepared for marketing by another (Ref. Cll) . See also Refs. 32 ancl 33. 

2. THE KNOB AND THE BALL 

Operator input of quantities to the computer system and thence to the accelerator can 
be by a nwnber of methods: 

i) by typing from a keyboard, 

ii) by setting values on thumbwheels, 

iii) by turning a lmob, 

iv) by steering a ball 01' joystick. 

The first two methods have limited utility. When the value to he set is precisely 
known) there is usually some reason for this: either the value results from a computation 
or it is obtained from a book or table. In the first case, the computer program which com-
putes the value may also perfonn the work of setting it in the hardware via the computer 
system, rendering manual input wmeccssary. In the second case) either typing or the 
setting of a thumbwheel Hill do, but typing is often quicker and easier. The electronic 
thumbwheel, which does carrying of the tens automatically both on incremcntation and de-
crementation, is often quite convenient; but for continuous control of a variable, where 
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in any case some output is being watched on a screen or other indicator, the knob or track-
ball is the device of choice. 

2. l Encoders 

To read into the computer the degree of rotation of a spindle being turned by the hand, 
an encoder is needed. nvo basic methods exist: a variable resistor followed hy a digital-
to-analog converter, or an optical encoder. The resistor is simple and fairly cheap, but 
results obligatorily in an absolute encoder. This can be difficult for the software to use. 
A.s will be seen below, the optical type of encoder can also be made absolute, but the re-
lative kind is always more convenient except when the encoder is being used for precision 
measurement, in other applications than this one. 

An optical encoder consists essentially of a light-source and a light-detector, 
separated by a transparent disk on which patterns are printed in black. As the disk rotates, 
the patterns interrupt the light arriving at the detector, and a series of pulses is emitted 
which informs the computer through suitable circuitry, of the direction and amount of rota-
tion. 

Absolute detectors can be made by having light-sources and detectors at various radial 
distances on the disk, and disposing binary patterns around it: 

Detectors for bits 
24 23 22 21 20 

The disadvantage of a normal binary code in a case like this is that if the detectors 
have any non-radial alignment, the transition from one value to another, for instance from 
31 to 0 in the case above, can be indetenninate. To coW1ter this, the order of the binary 
m.nnbers is scrambled in a systematic way, such that any two adjacent m.nnbers differ only 
by the addition or subtraction of a single binary digit. The following pattern, which is 
encoded in a so-called "Gray code11

, satisfies the requirement, and is usually used: 
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This kind of encoder Ls often used for the precise measurement of angles in a single 
revolution. As mentioned before, it is absolute, and therefore the measurement of the angle 
between tl>JO positions requires a subtraction, which may cause difficulties if a complete 
turn has been exceeded. 

A relative encoder shifts this problem to a counter, or even to the computer. A large-
capacity register can be supplied, which can accOJmnodate the counts from many turns of the 
spindle. The encoder disk is printed with equally spaced radial lines, and two pairs of 
lights and detectors are used, so that each may emit a square wave lvith a fixed number of 
pulses per revolution. Relative encoders can also use mechanical, magnetic, or capacitive 
methods to emit the necessary pulses. The two detectors arc so arranged that they emit 
pulse trains separated in phase by 90°. 

Figure V .1 shows how these pulse trains are detected and counted. Effectively, one 
wave is delayed by ~)0° ::md compared \\'ith the other. The one \\1hi.ch gives coincidence is that 
\•.'hich was originally 90° ahead in phase, and the pulses from this one are counted. In 
practice, the 90° phase shift is obtained by multiplying the frequency of each square wave 
hy 4 and giving a digital delay of one pulse. Thus the counter is incremented or decremented 
by :four times the pulse rate given by the printing on the wheel. 

2.2 Computer-controlled knob 

An encoder as described above can be mounted on a panel, connected to the computer 
through aJl interface, and used as a control device. Encoders of this kind arc available 
commerc1ally 1 as are up-down circuits with sign detection, 

The knob \oJh:i.ch is described here, however, does more than this: it can be commanded 
by the computer to behave in a nl.llnbcr of diffe·rent ways so as to simulate various control 
devices usually rotated by hand. The three modes of operation in the original model were 
the following: 
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A 

B 

a) Pulses from encoder when the spindle is turned in the positive 
direction (A leads B by 90°) 

A 

B 

b) Pulses from encoder when the spindle is turned in the negative 
direction (B leads A by 90°) 

DELAY 
ONE 
COUNT 

c) Method of counting direction and magnitude of rotation 

Fig. V. l 
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1) A knob V.'ith programmable resistance to turning, all the way from free movement to 
complete locking. Th:is is useful both for giving the operator 11fee1" of the opera-
tions he is controlling, and also for limiting his act:ions, when necessary. 

2) A knob with spring-return to zero, with a small triangular pointer, apparently 
attached to the knob, This can be used for controlling the velocity of a variable, 
rather than its position. 

3) A multi-position switch, with detents and visual indication of the currently 
selected position. The number of positions per revolution has been set at 16 so 
that each index position of the switch shall cause the counter to increment by an 
exactly integral number (512/16 = 32), making the switch suitable for use in 
manually controlled selection processes. 

2, 2, 1 lio1,> the knob IJOPks 

Figure V.2a shows how the lmob is arr<mged to be both an input and output device for 
the computer. Figure V.2h shows the mechanical arrangement. The encoder is permanently 
attached to the operator knob through a gear train. Other devices are attached through gear 
trains containing electromagnetic clutches. The energizing of a clutch causes a particular 
device to he attached to the otherwise freely moving knob, thus restricting its movement in 
a suitable way. Figures V.3a, b, c, and d show these phases diagrarrnnatically. 

The resistance to movement of the knob may be controlled by energizing an electro-
mechanical !wake with a current supplied from a digital-to-analog converter whose digital 
input i~ supplied from the computer. A digital vnlue from 0 to 255 gives a proportional 
current, and this ra.nge of cmTents allows the knob to 1un frceJy at zero current and to be 
locked completely for max:iJ11Wn current. The brake used appears to introduce smooth propor-
tional resistance at intermediate currents. 

The knob may he turned into a switch by energizing a clutch and thus attaching an 
:indexer. The indexer consists of a spring-loaded hall numing on a whee] with 16 detents, 

The spring-return-to-zero motion is obtained by energizing yet another clutch, and 
attaching a device using a cam and two springs, to obtain the necessary progressive return 
force as the knob i5 moved away from the home position. 

Visual indication of the behaviour of the knoh is obtained by lamps. One of these is 
:in the centre of the knob, and shows when controlled ''feel 11 is available. The others shine 
through the translucent front panel and arc only visible when energized. They are on anns 
mounted concentrically with the knob and are driven by gear tra:ins through the appropriate 
clutches so that each lamp only moves and shines when it i.s necdccL TllC gearing :is such 
that the indicator appears to he rigidly attached to the knob. 

The entire device is encased in a cylindrical body, 287 llllll long and 146 nnn in diameter. 
'll1ree Jmobs can just fit side by side in a 19-inch rack, though in actual fact one knoh per 
console is thought to be sufficient. 

An interpretive connnand 11.1KNCJB (a,b) sets the mode of the knob • 

a ... I , b 0 gives an .i ndcxcd sw.i tch 
a .. , b II t~ivc.s :.1 spr j ng·- return knob 
a . :) ' b ' g,.ivcs (] knob \\'ith res-istance N (II N 255). 
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ENCODER 

INTERFAC!' 

CLUTCH 1 
(knob witl1 indexed switch) 

D---------l 
CLUTCH 2 
(lq10b l.'ith spring-return) 

VARIABLE !.\RAKE 
(knob with resistance N, 0 ·: N :0: 255) 

'-------' 

CAJ>1AC 

a) Over-all connections of the computer-controlled knob 

COMPUTER 

b) Computer-controlled knob (housing and translucent front panel not shown) 

Fig. V. 2 
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Fig. V.3 

Encoder !~ 

a) No clutches or bral <es energized 

Encoder 
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I 

b) Indexed knob 

c) Spring-return knob 

Encoder lu 
I 

d) Knob with computer-controlled 
resistance 
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In the third mode, the brake can be used to give the impression of end-stops. The 
command SKNOB (a,b) allows the knob to be rotated only between the limits a and b. Attempts 
to exceed them cause the knob to lock, but a turn back into the permitted range (allowed 
because there is a small degree of backlash in the gears) releases the knob, In practice 
the knob feels as though it is moving between hard metal stops. 

Read-out from the knob is done by the interpretive command: 

SET X = KNOB 

The knob coLmter-register can be preset before the operator turns it hy the connnand: 

SET KNOB = Y 

TI1is capability gives the relative facility mentioned at the begirming of the discussion 
on decoders. 

2.2.3 Conclusion 

The lmob works and is begiMing to be considered by applications programmers as a 
usef-ul day-to-day tool for input of infonnation to the computer, and thence to the control 
system. 

2.3 The track-ball 

To steer the cursor around the screen a manual steering device is needed. If two-
dimensional control is needed, we can use two knobs, a joystick, or a track-ball. The track-
ball was chosen arbitrarily as being convenient and pleasant to use. It is a continuous 
incremental device for the control of position (unlike the joystick, which is usually used 
for the control of velocity). 

The ball is embedded in the table top. 1\<o encoders are made to roll on its under-
side. Each encoder is interfaced to the computer separately, and in the same way as those 
for the knob. Thus relative measurements of the X and Y components of the operator's hand-
guiding motion are availahle. While the ball may be used as an input device for variables, 
it is most useful as a steering device for the cursor, in which the relative components of 
cursor motion can be directly read into the computer. 

The figure below shows the ball arrangement: 

Second 
wheel and o ecoor- Encoder 

Ball 

Table 
top 
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A rather pleasant and efficient ball of this kind, about 10 an in diameter, was made 
at CERt\J and is installed in the consoles. No great superiority is claimed over coJTrrnercial 
models, but the ability to use the standard encoders and interfaces makes the ball effec-
tively appear to the computer as two lmobs, and this is a great convenience for software. 
The ball is bigger and more pleasant to use than many others. ..A..n interrupt button is sup-
plied beside it and is useful in many applications where the operator wishes to indicate 
the position of a point on a screen to the computer. 

3. THE WORD-STORE 

3.1 Introduction 

Touch-buttons are a comprehensive and useful control device. Tile ability to launch 
an operation or make a choice by simply pushing a button covers all control requirements 
except those involving control with visual feedback, which in general are best perfonned 
with knobs and balls. 

The touch·· button scheme has one basic drawback in a situation which is constantly 
changing. It is not trivial, even in an interactive interpretive program, to add new 
elements to the touch-button tree. The logical structure of the tree is fixed from day to 
clay, and the variety of control available is drawn from the actual operation of the buttons. 

It was suggested in the early days of the project that if any flexibility was required 
beyond that available with touch-buttons, it could be obtained by directly typing i.n state-
ments in NODAL. This has indeed proved to be the case. A useful program written and 
tested on-line can be stored in a file, and the statement, e.g. 

RUN ;1YFILE 

causes this program to be run every time it is needed. The word-store described here re-
duces even this simple operation to the push of a button, as well as facilitating various 
operations occurring in program development. 

'I11e hardware of the word-store consists of a plasma display panel allowing the repre-
sentation of 8 rows of 32 characters. A rmv of eight buttons identifies the individual 
rows of characters. Two additional buttons complete the hardware, which is interfaced with 
the computer in the usual way through CAMAC. Thus any roH of characters can be wr:i tten 
from the computer and any one of the 10 buttons can cause an identifiable interrupt: 

() 

TYPE VACUUM (3) 

TYPE 10.274 • (Vh SIN (VAL(2,1)) .. 

·V1•COS (VAL(2,1))) 
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In use, messages displayed on the word-store can be emitted by pushing the appropriate 
identifying button, provided the word-store is in its standard condition. Thus if, as in 
the diagram above, the third row of the word-store has the legend ''1YPE VAClnlM (3) 11 the 
depression of the button to the left of this legend causes the NODAL statement TYPE VAQJUM (3) , 
followed by a new-line character, to be input to the interpreter just as though this string 
of characters had been typed. This has the effect of replacing the typing of a string by 
the pushing of a button. Since in practice the typing of the string may require some thought 
in its preparation, the ability to do it once only and to repeat it at '"ill ,\'J.thout further 
thought can be useful. Clearly up to eight statements can be emitted at the push of a 
button at any time. 

3.3 How to put information into the word-store 

The IN button is depressed. This button lights up, showing that the word-store is in 
a non-standard condition. h~1ilst the IN button is illl..U11inated, words displayed on the word-
store carmot be sent to the computer. 

The operator now decides which row of the word-store is to be replaced from the type-
writer keyboard. He pushes the appropriate identifying button and the old message dis-
appears from view. (This old message is not pennanently lost, and can subsequently be re-
trieved by the use of the ROLL button, which will be described below.) 

Simultaneously with the disappearance of a row of text, a flashing cursor (part of the 
standard plasma display hardware) appears in the first character position of the row of 
blanks produced. Depression of subsequent buttons causes other rows to disappear, the 
cursor always moving to the beginning of the row most recently selected. 

At this point, anything typed on the keyboard will be sent into the empty row with 
the identifying cursor, and will appear visibly on the plasma panel. The IN light goes 
out, showing that the word-store is now :i.n standard condition. The transfer is not per-
formed until the receipt of the 11new-line" character, and the message to be put into the 
word-store can therefore be edited and refined on the on-line screen by use of the normal 
editing facilities available in NODAL. 

The "new line" character is transferred to the word-store with the rest of the line, 
and though it is invisible in the display, it will be emitted with the rest of the line 
whenever the identifying button is pushed. The storage of the "new line" character can 
be avoided if necessary (for instance when the text represents only the first half of a 
program line), by tenninating the type-in with three consecutive dots prior to the new-
line symbol. The word-store progr::un recognizes three consecutive dots as a valid termina-
tor, and stores them visibly at the end of a message, but omits to send them to the computer 
when the identifying button is pushed. Rows 5 and 6 in the diagram above show how, by 
pushing tvm buttons, a long message may he simulated, with a single "new line" symbol at 
the end of the entire message. 

The light under the IN button is extinguished whenever typing is complete. The word-
store is then in its standard condition and ready to emit its messages. 

~1essages which arc caused to disappear when a rm>J is selected are not lost. The pre-
vious eight rows rejected in this way can be retrieved successively by the use of the ROLL 
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button. Each depression of the ROLL button causes a pointer to move cyclically round the 
stack into which discarded messages have been pushed. 111e message opposite the pointer is 
displayed. Since the stack is only eight words deep (an arbitrary restriction imposed by 

storage limitations), the retrievability of discarded messages is limited. The ninth-
oldest message is lost. Nevertheless, the availability of a stack enables the word-store 
to hold 16 messages, 8 of which are visible and instantly available. 

When the IN button is un.lit, messages can be issued interchangeably by the keyboard 
and the word-store, which have exactly equivalent status: 

COMPUTER COMPUTER 

I I 

I INPUT BUFFER I INPUT BUFFER 

I t 
KEYBOARD _,._ WORD STffiE KEYBOARD WORD STORE 

"IN " BUTTON LIT "IN" BUTTON UNLIT 

Since the messages in both cases go through the input buffer of the software teletype 
handler, mixtures of messages can be issued. Thus data can be added from the keyboard 
while standard parts of the message are issued from the \vord-store. ~~lessages can be taken 
out of the word-store, edited from the keyboard, and then replaced in the word-store. To 
facilitate this operation, a % sign can be typed on the keyboard, which in NODAL convention 
causes all material following it to be treated as conunentary and ignored. In this way 
material can be moved from the word-store into the teletype buffer :for editing without 
being executed. 

4. THE ELECTRONIC THUMB~JHEEL 

4.1 Introduction 

ThLUnbwheels are used for setting up parameters in a number of situations in conventional 
control rooms. Such a thumbwheel nonnally has a series of indicators, each showing a digit 
and each having a serrated wheel for setting. In addition, a zero-set button is also usually 
supplied: 

/ / 

~~0 rnt_rnlrnl_~ 
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Thumbwheels of this kind are nowadays supplied with integrated circuitry allowing direct 
read-out in BCD code, and therefore suitable for direct computer input. \~en a delay or other 
parameter is to be set to a value which is known numerically, this kind of device is ideal. 
Setting up is simple, and a visual read-out of the value currently set is constantly at 
hand. 

In many situations, however, the conventional thwnbwheel has a number of drawhacks. 
It is not quite so easy to increment the set value by a given number of cmmts, as there 
may be a carry to perfonn manually. The addition or subtraction of a specific percentage 
requires a calculation follo,ved by a re-set. Finally, in situations where incrementation 
is to be continuous while a display is watched -- quickly while the output is very wrong 
and slowly when the desired output is approached -·- the traditional thumbwheel is totally 
unsuitable. 

4.2 The electronic thumbwheel 

The electronic thwnbwheel looks similar to a conventional mechanical one, but is in 
fact quite different and has none of the disadvantages of the latter. The m.nnber-wheel 
is replaced by a light-emitting diode display, and the actual thumbwhcels by rocker 
switches. The zero-set is omitted: 

4.3 Operation 

D~~BLTI 
DD-D--D--D-

LEOs 

Rockers 

In operation, each rocker-switch has the ability to increment or decrement its own 
decade. 

l\n instantaneous push on the top of any rocker-switch causes the value of the digit 
above it to be incremented by 1. Holding the top of the switch down causes continuous in-
crementation at a speed of about five counts a second. The bottom of each rocker-switch 
causes decrementation in the same way. All incrementation and decrementation is with auto-
matic carry. Thus the nwnber shown on the indicators can easily be set to any arbitrary 
value, and can also be incremented or decremented hy units, tens, hundreds, etc. 

The display reads out continuously from a BCD counter, which is incremented or decre-
mented by an oscillator controlled by the switches. This counter is interfaced in both direc-
tions to the computer, so that it can be both read out of and written into. 'The counter 
goes from zero to 16383, and negat:i.ve values are forhidden. Any attempt to set values 
below zero or above 16383 results in a zeroing of the entire register, which explains why 
no special zero button is necessary. A moment's push on the most significant rocker-switch 
sets the indicated number to zero. 
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Not only can the BCD register be incremented by unity at a rate of five times a second, 
but it can be incremented with a range of higher frequencies by a frequency-controlled 
oscillator controlled by a word used for this purpose. 
be loaded from the computer, and the number in the main 
shrinking continuously all the tiJne this register has a 
the register contents can be obtained by a knob used as 
traducing excessive computer traffic. 

111is incrementation register can 
display register is growing or 
non-zero content. Thus control of 
a velocity control, without in-

Finally, the read-out of the register is done through a BCD-hinary encoder, so that 
no computer conversion of the reading is necessary. 

SINGLE 
PULSE 

5Hz 
OSCIL­
LA TOR 

4.4 Conclusion 

BINARY REGISTER 

BCD- BINARY CONVERSION 

LED DISPLAY 

COMPUTER 

SPEED 
REGISTER 

The electron.ic thumbwheel has been bui1t cmd used. It is etrrrently being employed on 
the console for the dedicatccl purpose of setting triggering delays for oscilloscope time-
bases. Harry of the advanced features, such as the auto-incrementation described above, 
are not yet in use. 

5. THE ALLOCATION SY_S.lEM FOR OPERATOR SCREEN_?_, 

AND THE MEMORIES ASSOCIATED WITH THEM 

5. 1 Screens 

Throughout the entire design process of the central control system, the principle was 
adopted that the operator should not he burdened by having to understand the precise struc-
ture of the graphics system. Tltus rather than mnnbering the TV screens, it is preferable 
to equip each one with an identifying button. The computer can then ask the question 
"M1ich screen?" and the operator r s answcl' :is to push the identifying button, answering, in 
effect, "That one11

, Even in the case 1vhere the screen in question is out of roach (as in 
the case of the wnll display, or a screen on another console), it is still possible to use 
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a dedicated touch-button marked 11wall display~~ or push a touch-button marked 11console 211
, 

followed by a push on the equivalent screen on one's own console. 

Thus in practice, it is quite possible to make a program to clear, move, or copy any 
picture within the system, s:imply by asking, by touch-button selection, for the appropriate 
operation, followed by parameters given from the identifying buttons on screens. 

The process for moving a picture from one screen to another, for example, involves 
calling a touch-button page called "video-switching11 which looks like this: 

On pushing the button marked ~~nove11 , a message appears which says 11Which screen is 
source?", and on identifying the screen carrying the picture to be moved the operator is 
asked "What destination?11 • When the destination is identified by pushing its button, the 
viJeo-sHitch program automatically connects to the destination screen all signals which 
originally went to the source screen. Since this is a ,move,, not a "copy", this operation 
is followed by a discom1ection of the signals originally connected to the source screen. 
In the case of a ncopy'', the disconnecr phase is omitted, while of course in the case of 
a 11clcar" only the discom1ect phase is perfonned. 

To perfonn these operations in every case, it is necessary for the program to have at 
its disposal the complete state of all the current connections in tl1c video-switch. 'This 
is in fact available, as the software controlling each physical switch carries the updated 
state of that switch at all times. 

5.2 Memories 

The memories, as was mentioned in an earlier chapter, are a shared resource. In this 
way they can be compared to tracks on a computer disk, which are all allke, and are alloca-
ted by a program requiring them and returned to a pool ·hrhen they are released or when the 
reserving program i.s aborted. The user program simply reserves a dot memory, or character 
mem01y, or a cursor (or all three), cmd w1·ites into them with nonnal graphics statements. 
These memories arc subsequently rcJ.c:ascd by the p:icturc-clcar mechanism described above. 

5.3 Modifications to original scheme 

It was originally intended to include the colour memories :in the S\<Ji tching scheme, but 
this \\1as partially abandoned. In the most recent version of the system, a colour memory 
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is pennanently attached to each colour screen, saving considerable complications for the 
connnonest applications. It is still possible to add dot~pictures to the individual colour 
channels, and the picture can be exported to black-and-white screens by the method described 
above. 

Another place where the original scheme has had to be modified for simplicity of pro-
grannning is the allocation of memories during programming. The original idea was for 
the program to ask '1'/here would you like the picture to appear? 11 , and for the operator to 
reply by pointing to a screen. 'I11is was abandoned in favour of an arrangement where the 
screens are numbered (from 1 to 11 on each con..sole), and a screen-assign statement in the 
program follows the statement(s) reserving the picture memory. In this way a program can 
run and produce a picture on a preselected screen ,.;i thout operator intervention. The pic-
ture can always be moved subsequently by the 1 ~noven or 11copy11 procedure described above, 
and the software is clever enough to disconnect all screens when it gets an instruction to 
11clear11 a picture~ even when what is identi:f:i.ecl is not the originaJ or parent picture. 

5.4 Conclusion 

This picture-allocation arrangement is not ideal, but it gives access to all the equip-
ment at all the desks. The hard-copy process will in due course he added to the facilities 
in the video-switching program. This is the obvious place for it to be introduced. 

Some operations are not possible; for instance, moving the colour picture, which :is 
not feasible since one carulot discormect the hard-wired lines to its colour memory (copying 
of the picture is possible, because it does not involve breaking a connection). When an 
impossible operation is demanded, the program has been arranged to ignore the instn1ction. 
Knowledgeable operators soon realize their mistake, and the ones who do not tmderstand the 
limitations o:f the system simply give up. TI1is arrangement seems to be quite satisfactory. 
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CHAPTER VI 

SOME COMPLETE INTERACTIVE SYSTEMS 

Whilst it is not intended at this point to start a complete discussion on how an 
accelerator will be controlled with the equipment described in the previous chapters, the 
intention here is to give brief outlines of some interactive processes which are typical 
of those that will control and monitor the various subsystems making up the accelerator. 
111ese processes are nonnally prograniDled, in the NODAL interpretive language, by the experts 
in charge of the various subsystems, but it was necessary to provide some specimen programs 
to show the capabilities of an interactive system of this kind. The first example was made 
by the author, the second with a collahorator, the third with the author's advice and help, 
and the last two entirely by independent workers who had mastered the system. It is thought 
that there will be dozens or hundreds of such programs in due course, hut it is difficult 
to conceive of principles not included in these few first ones. 

6.1 Control and monitoring of variables 

The touch-button tree is used to choose a page of variables for control. The names of 
these variables are displayed in the left-hand colt.nnn, and each variable is followed by in-
fonnation about it, in columns representing nnominal value11

, actual "read-hack value11 ob-
tained from reading the accelerator hardware, and a 11setting value". 

A cursor, in the fOnll of a horizontal line, is under the control of the track-hall. 
By rolling the cursor up and down, a variable can be chosen, and pushing the hutton next 
to the track-ball selects this variable. The program responds by changing the colour of 
this row of writing to show it has been selected. 

At this point the knob becomes available. The light on it comes on to show it is alive 
(and also to show its mode) and turning it causes the 11setting value~~ to change. The set-
ting can now be controlled to have any desired value, and the operator then pushes the but-
ton next to the knob. 

The nsetting value11 nm-.r changes colour, to show that it is being sent to the hardware, 
and that a read-back from the equipment is being done. When enough time has been allowed 
for the setting operation to be perfonned in a remote computer, a read-back is requested. 
If the read-back is sufficiently close to the desired value, the colours in the rm-.r go back 
to nonnal and the ball-cursor operation can be repeated to select a new variable for con-
trol. 

If for some reason the setting value cannot be achieved by the hardware, the read-back 
figure will change to a distinctive colour. The same occurs if the setting was never even 
attempted, having been observed by the remote computer to be out of the pennitted range. 



- 66 -

This rather simple program could be the basis of most control and interaction, but 
more specialized systems are being introduced by some users, in which the infonnation, in-
stead of being in rows, is distributed over a mimic diagram. A two-dimensional cursor 
(crossed lines) is used, but the principle is othenvise the same. 

6.2 The function editor 

First version -·------

The voltage waveforms of an accelerator cycle, which are used for powering correcting 
elements around the ring and for other purposes, are generated by electronic hardware from 
a series of time vectors, each vector giving a time period in milliseconds and a voltage 
slope in volts per millisecond. A series of 64 of these number-pairs defines the voltage 
at every moment of the accelerator cycle. The 64 straight lines can be made to approximate 
to any chosen continuous curve. The hardware is limited as to the time duration of any 
particular vector or the maximum slope attainable, and the sofbvare computing the vectors 
is expected not to produce vectors which are impossible to realize. 

The function editor is a program which allows an operator to construct an arbitrary 
function of this kind) and subsequently to edit details of it. It is also to perfonn checks 
and refuse to send the edited data to the hardware if they fail. 

1\vo initial design decisions were made for this program: one was to compensate for 
the limited quality of a scan-converter picture by allowing the operator to "zoom" any 
chosen part of the picture to arbitrary size, and the other was to avoid the choice between 
a large nwnber of mathematical function.s :from buttons by allowing such functions to be typed 
in from a keyboard in interpretive language. 

The function is constrained to he defined by up to 64 pairs of munbers in two arrays 
called X(!) and Y(l), where I has values from l toN (No 64). 

The function :is displayed as a graph on a black-ancl-\vhite screen, and a cross-shaped 
cursor under the control of a track-hall is superimposed. 

A screenful of touch-buttons with legends like this is available to the operator: 

ZOOM 

LOWER LH 

STORE 

FUN CT. l""cm I 

CREATE DELETE 

POINT POINT 

RETRIEVE 

FUNCT. 
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The function of 11zooming11 on part of the picture is perfonned by pointing at the bottom 
left-hand corner of the area to be zoomed and touching the 11 zoom" button, when the legends 
on the screen disappear and a single button marked: 

ZOOM 
UPPER RH 

appears. At the same time a pair of lines is drawn \<Jhere the cursor was, and the cursor is 
free to be moved by a ball to show the upper right-hand corner of the area to be enlarged. 
When the right point has been chosen, the single touch-button is chosen, and the touch-
screen returns to the original condition. 111e picture is TI0\\1 shown in the "zoomed11 con-
dition, and a cursor on it allows further zooming to be done again if desired. The axes 
are re-drawn and labelled with the correct coordinates for the enlarged portion of the 
picture. The following three drawings show the sequence for a typical zooming operation 
(the cursor is drawn in lightly to distingu.ish it from the curve). 

2 3 4 5 6 5 

Choose lower LH corner 
4 
3 
2 

2 3 4 5 6 

Choose upper RH corner 

4 

Zoomed picture 
(Can be zoomed ag01n) 

The "unzoom' 1 button restores the original picture, however many zooming operations have 
been nested. (It \</auld be very attractive to restore the previous picture each time the 
unzoom button was pressed, and this would indeed be easy to :implement, but the 128 words of 
computer storage needed at each stage seemed a trifle extravagant for this feature.) 

For the 11Create pointn and 11delete pointtl features, only the vertical line of the cur-
sor is used. The pushing of the appropriate button causes the nearest point to the current 
horizontal cursor position to have a nev.' point interpolated linearly to its right or an ex-
isting point removed. The curve is innnediately re-drawn after this operation. 
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All the hJne a curve is shown) the coordinates of the point on the curve which .is on 
the vertical cursor are shmm on a plasma panel, as is its ordinal mnnber: for instance 

14 2.746 3.124 

means that the cursor is currently pointing at point nwnber 14, whose coordinates are 
X= 2.746, Y = 3.124. '01is allows the curve to be investigated with a far greater prc·-
cision than inspection of the graph would allow. 

All changes to the cunre save for the insertion and deletion of points are implemented 
by means of the 11 type" button. On touching this, control is passed to the keyboard, and 
a statement may be typed in in the interpretive language. For instance, 

FOR I = 10, 20: SET Y(l) = Y(I)•·l.01 

will raise the part of the graph between the lOth and 20th points by 1%, while 

SET X(17) = X(17) + 0.03 

will move the 17th point slightly to the right. In this way arbitrary control can be ob-
tained over any point or points of the curve, including any arbitrary algebraic operation. 
These expressions may also include the variable N, being the number of point-pairs in the 
curve, and the index NX, which is the ordinal mnnber of the point nearest the cursor posi-
tion when the 11 type 11 button was touched. 

Thus, for example, the 

SET Y(NX) "Y(NX),l.01 

will increase the point unJer the cursor hy 1% every time it is perfo11ned, and this opera-
tion can be repeated at the touch of a button by putting it (or any other statement like 
it) into the word·-store. 

The 11VaU.date 11 button gives control to a function which tests the whole function for 
realizability, aml the 11Store 11 and 11retrieve 0 buttons lead to touch-button trees l'>'hich move 
the completed data to and from the individuaJ computers \\1hich are to use them for genera-
ting the necessary wavefcn1ns. 

An improvement to this program for a particular ptnvose was devised by S. Van der Hecr, 
who needed a fixed munber of X-values and did not require complicated fLmctional relation-
ships. l-Ie allows both the X and Y cursors to control the 11Create 11 function, and produces 
an arbitrary point at any fixed X-value by simply pointing at it. The original curve is 
drawn in green, and the changed part of the curve is irrnnediately overpr:inted in red (two 

scan-converters are used). Thus two curves are seen at any moment. The orig:inal in green, 
and the modified one in red. At the touch of a 0 set 11 button the new curve changes to green 
and the red curve disappears. 

The -.t,equirement for a fixed number of points makes the 11dclcte11 operation unnecessary 
in this case, and the precision is attained simply by the ability to zoom arhitrariJy. 

This version of the program is far less powerful hut is adequate for its purpose 
(editing the starting fWlctions for the main magnet power supplies, which are i.n any case 
subsequently re-calculated at each cycle hy closed-loop control in a local computer) . It 
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has the advantage over the original, more flexible editor of being simpler and easier to 
use, and this description of :it was included to show hmJ a user could modify the ideas to 
suit a specialized purpose. 

6.3 The alarm system 

The alarm system uses a computer with a mass memocy (drwn store) to ahsorb coded alann 
messages and present them in plain text on an operator screen. This problem is complicated 
by the fact that at certain tiJlles the number of alarm messages may be very high. 

Attempts will be made in clue course to reduce the need to display a very large mnnber 
of alarm messages, but for some time into the foreseeable future the list of alarm messages 
is expected at any time to be longer than can be presented on a single display screen. 

The alann system therefore consists not only of a colour screen, but also of an an-
cillary black-and-white screen and a set of touch-buttons for manipulating the large amoWlt 
of infonnation which is hidden on the drum-store and making chosen parts of it appear on 
the screens for examination. 

Since the alan11 system must be always available, none of this hardware is shared with 
any part of the graphics system. Both screens and the touch-button device are dedicated 
peripherals of the Alann computer, and indeed the touch-buttons have so few different legends 
that the display under them has been dispensed with. The 16 legends are pennanently affixed, 
and a series of 16 lights under them is substituted for the cathode-ray tube, each light 
being switched on by computer control when the appropriate button is in usc by the program. 

In use, the Alann computer shows a list of alarm messages on the large colour screen. 
The newest message is at the bottom of the screen, and the messages roll up the screen as 
newer ones arrive. 

At the touch of an 11examine11 button, this 11new alaX1U11 display moves to the small black-
and-white screen, and examination of those alanns which have rolled off the top of the 
screen can proceed on the large colour screen. This arrangement ensures that, even when 
hidden parts of the alann list are being examined by the operator, new alanns are still 
visible as they arrive at the bottom of the black-and-white screen. 

Fresh alarm messages are presented in black writing on a red background, and are there-
fore very visible. The operator can acknowledge any message, to show that he has noticed 
it, and such an acknowledged message changes to red writing on a dark background, which 
reduces its visibility and makes the unacknowledged messages show up brightly by comparison. 
Alanns can also be cancelled, and both operations are perfonned by specialized touch-buttons, 
which are alive during the 11examine11 phase of the program. 

Since the alann system, for simplicity and cheapness, has no cursor ~1d ball, the 
message to be operated upon by these 11cancel 11 and 11acknowledgen instructions, as 'vell as by 
11roll up11 and 11roll down 11 instructions used for examining hidden parts of the list, is always 
the line of writing in the middle of the screen. A pennanent cursor (in the fonn of a star 
of distinctive colour) is drawn to mark this line, and to cancel any particular line of 
writing the 11roll up 11 or 11roll down11 button is touched repeatedly until that line is in the 
middle of the screen. Touching the 0 cancel 11 or 11acknowledge11 button at this point perfonns 
the appropriate operation on the chosen message. Extra buttons marked 11move to top11 and 
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"move to bottom11 are supplied to roll the infonnation by half a screen .for convenience, and 
these, together with an 11automatic operation11 hutt.on, chnnging back to the mode in which 
the latest message is on the colour screen, fonn the f-ull complement of alann controls. 

The rest of the alann system, which changes the colours of displayed messages automa-
tically when new alarms come in showing that previously defective conditions have been re-
paired, and which cancels messages which have been seen by the operator and are now obsolete, 
is very elaborate, especially in view of the fact that the infor111ation is drum·~hased and 
only the displayed infon11ation is in the core of the computer at any time, l-!0\vevcr, the 
simple display scheme described is all the operator sees of the alann system. 

6.4 The observation of analog waveforms 

Analog signals for the main control room arrive in a distribution rack in the cent.ral 
computer room. These signals come, in the main, along the 100 kHz twisted pairs in special 
cables (as used in cable television and in the data links for the message-handling system) . 
The signals may originate from the six auxiliary buildings or from the injection and extrac-
tion systems and their respective beam lines. 

Considerable multiplexing may already have been done on these signals befoTe they reach 
the control centre, but in the control room there remains the problem of how to present these 
signals on oscilloscope screen for observation and comparison. 

6'.1.} 'l'he instr>wilen1;s -----------

Each console has two oscilloscopes, which are absolutely standard lahorator)' irLstrwnents 
of the modular plug-:in type. Each oscilloscope has three plug-ins; a time-base and t\\'0 
chopping amplifiers, Thus each oscilloscope coulcl run .from a different time-base and display 
up to four wavcfo·nns h'ith the f11ll bandwidth of the cables bringing the infonnation. The 
oscilloscopes have the ability to store wavefonllS as pictures of variable persistence though 
tho storage feature can be sw.itched off. 

In practice, only three of the four possible waveforms are shmvn on each screen, to 
avoid presenting too confused a picture. 

All analog signals which arrive in the control centre are ava·i lahle on a ''cross-bar'' 
S\\'itch driven by the display computer through its (_J\,\{1\C and multiplex interfaces. The com-
ponents of this switch arc identical Hith those used for the TV picture-switch mentioned 
earlier. Thus by issuing suitable computer instructions, any signa.! can he connected to 
any trace on any oscilloscope. To economize on switching equipment, a number of restrictions 
are :Unposed, such as some signals being available on only two desks, and no signal being 
available more than once on the same display. 

A plasma panel dedicated to analog signals is supplied on each console, and this is 
mounted below the oscilloscopes. The panel Gln display up to eight lines of alphamuneric 
information, and the top six of these are used to show the operator the name of the signal 
currently connected to a particular oscilloscope trace, as well as calibration factors and 
units for this signal. Each line of text has an associated !!identify11 button next to it. 
The identify button is used to specify its s.i.gnal as the subject of a connect, calibrate or 
disconnect operation. 
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6.4.4 Signal selection 

Signal selection is perfonned by a dedicated touch-screen. Control is given to th:is 
touch-screen from the main operator position, and the console is then temporarily available 
for signal selection. The analog switching touch-screen is prograrrnned as a hierarchical 
ntree" in the usual way, meaning that choices are offered successively of subsystem, loca-
tion, and signal, with a separate hard-wired backspace button so that the operator can flick 
through a series of related signals without following the entire hierarchy each time. 111e 
appropriate assign button is then used to cmmect the chosen signal to an oscilloscope trace 
and write its name and parameters on the appropriate line of the plasma panel. For economy, 
certain groups of signals available from auxiliary buildings share cables. A demand for 
a signal, when another is using the cable needed for conveying it, cannot he met successfully. 
The operator must either release the line by discmmecting the offending signal or abandon 
his attempt, and both possibilities must be allowed for. 

The method which has been adopted is to supply a 11release11 button, whose depression, 
followed by the touch of an "identify11 button, releases a line and its associated signal and 
text. This release procedure is perfonned by an interrupt program of fairly high priority, 
so tl1at the releasing of a line can be done without disturbing other work. 

Any signal on the oscilloscope screen can be temporarily replaced by a calibration 
signal (square wave, 1 V peak to peak) from the same geographical source. This operation is 
perfonned by the program when a 11calibrate11 button is pushed, followed by the appropriate 
11identify11

, The name of the signal is temporarily replaced by the word CALIBRATE. The 
D1;atus quo is restored by pushing the ''identify11 button once more, when the signal and its 
name reappear. 

The calibrate and release buttons are the "identify" buttons of the bottom two rows of 
the plasma panel, there being eight rows available, only six of which are needed for signals. 

6.4.5 Synchronization 

The tr)ggering line of each oscilloscope is hard-wired to a programmed timing unit which 
gives an accelerator datum time delayed by a progranunahle delay. The datum line is the in-
jection time of the accelerator beam, 
(described in Chapter V, Section 4) . 

and the delay is set by an electronic thumbwheel 
A real-time 

the thumbwheel moves and updates the delay in the 
thumbwheels on each desk: one for the triggering 

program receives an interrupt every time 
timing unit. There are two electronic 
of each oscilloscope. The thumbwheel gives 

the munber of milliseconds between injection and the triggering of its oscilloscope. 

6.4.6' Other' adJustmen·ts 

The controls on the plug-ins of the oscilloscope are all available to the operator. 
He can adjust any of them, but must leave (or replace) the Y-amplifier gain to a standard 
position if the calibration factor, written on the plasma panel next to the signal name, is 
to have any meaning. 

6.4.? Conclusion 

The switching system described gives direct viewing of most analog signals in the con-
trol room \<.'ithout a proliferation of patch-boards and oscilloscopes for dedicated purposes. 
The system described does not present signals of high frequency, and for this purpose 
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specially connected high-speed instn.unents are still necessary. However the number of such 
signals is very small (mainly for a wide-band pickup in the beam and for the RF system) . 
Other high-speed signals are converted to TV signals locally and then piped in via the video-
switch, again avoiding the need for special display equipment in the control room. 

Figure VI .1 shows the panel layout of the analog ohservat.ion system. 

0 
0 
0 
() 
0 • = CJ 

'====""" """"" ====-"---~~---"·" __ _ 

ITflJJ • DODO • 00000 • DODO • • OIIJJ • RELEASE--- DODO /00000 • CALIBRATE-• 
J ~ DODD D 

Delay set \ 
Signal labels J Back and indicator ; 

(electronic thumbwheel) 
; on plasma I button 

ldent1ty panel Touch-panel 
buttons for signal 

selection 

Fig. Vl.l Analog observation -- panel hardware 
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CHAPTER VII 

SOME SUGGESTIONS FOR FUTURE DEVELOPMENTS 

l. GRAPHICS 

The speed of drawing on the scan-converters is limited to the speed of computation of 
the individual points of a graph by the vector generator. Very much faster vectors can be 
drawn by directly applying analog voltages to t.he -'mput of the scan converter. This is 
done by generating Lissajous figures with suitable sine waves, and modulating the bright-
ness inversely from the traversal speed of the beam so that all vectors will have the same 
brightness, independent of their length. Thus the relations: 

X 1 cos 8 cos (wt) 

Y 1 sin 8 cos (wt) 

I 1 sin (wt) 

give the coordinates and brightness of a vector from the origin at an ;mgle 0 at any time, 
and suitable d.c. shifts of the voltage allow such a vector to be drawn anywhere on the 
screen. Similarly, the relations 

X R cos wt 

Y R sin wt 

I R 

allow a circle to be drawn in the same time as a vector. 

Since drawing is only to be done during the TV flyback time, a test has to be done to 
ensure that the entire vector or circle can he drawn before picture-scarming recommences 
for the next frame. In practice this means that all drawing must cease during the last 5% 
of the 1 msec flyback time. 

It appears from experiments already performed that very perfect circles and vectors can 
be produced at 20 kHz, and this represents a gain of about 100 on the process of producing 
vectors by digital means. In addition, a simple clocking arrangement enables the circle to 
be preferentially blanked, so that the generator can be made to produce not only circles 
but also individual octants, which are usefuJ for drawing characters. For example, the 
m.unber 6 can be drnwn with a complete circJe, a straight line, and two additional quadrants: 

(\ 
I 
V\ 
\.___) 
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A character generator of this kind, written in software, is already used for the scan-
converter memory, but is very slow. The proposed method would make it much more useful. 

Even better quality graphics could be produced on a TV raster by a completely digital 
method. Semiconductor memories big enough to hold an entire dot-picture are rather ex-
pensive, but prices are dropping to the point where such systems are already being sold for 
reduced definitions. A complicating factor is that the drawing of vectors in random-access 
memory requires in general the re···calculation of each point in real-time, and this certainly 
requires a dedicated microcomputer. The speed of the analog method described above could 
never be approached, hut the very high quality and stability of a digital picture might 
make the slowness and expense palatable. Certainly digital systeiTLc; are available corrnner-
cially, but none of them (except the data disk) are of a high enough definition to draw 
smooth curves with no apparent steps. 

The character controller built for this project has proved to have several drawbacks: 
the lower-case alphabet, whose realization caused many design constraints, turns out to be 
difficult to program and not very much used. On the other hand, the four colours supplied 
are minilnal, and an eight-colour system would be preferable. The graphics symbols supplied 
with the character generator are rather limited, and techniques are now available for re-
placing the progrannnable read-only memory which was used for these symbols by a read-mostly 
memory. With suitable software of considerable complexity such a system might come nearer 
to a useful composite graphics arrangement for graphics and characters. The size of the 
software might well be unacceptable and a microcomputer per memory might he needed here 
also. 

2. CONTROL DEVICES 

While the touch·· buttons work very well, the mechanical buttons discussed in Chapter V .1 
should probably be developed for use in other than central locations, as they use a simpler 
interface. 

A nm.; computer-controlled b10b is currently being built, which instead of having spring 
and detent mechanisms can simulate these and many other operator feedback motions. 

The new knob contains a silent, high-torque motor, and three clutches, which are driven 
hy digital-to-analog converters and drive amplifiers. By energizing one or other of these 
clutches the knob may be driven or pushed in either direction, or coJU1ected to a brake. By 
suitable progranm1ing, any relation between force and angle, or even between force and rate 
of change of angle, can be obtained. The prototype for this device has provision :for the 
possible insertion of a microcomputer to control such fLUlctions, should computer I/0 loading 
be a problem. 

In addition, the kn.ob has two concentric circles in the front, each having 64 light-
ami tting diodes which are individually progranunahle. These can be i llwninated selectively 
to give patterns like this: 



- 75 -

~ • • • • • 
• ~ • 
• • 
• • 
• • • • • 

and thus show the currently available operating mode of the knob. 

3. SYSTEMS 

A new piece of hardware is available on the market (Ref. Cl2), which fits exactly into 
our system, thanks to its being based on TV norms. This is a microfiche reader, with TV 
read-out and automatic seeking of any page of information by computer control. 

The microfiche reader contains some 750 microfiches (10 x 15 em) each capable of hold-
ing 96 photographic copies of A4 pages of information. A ·rv image of any half-page is 
available within at most 5 seconds of giving its address, and this TV image can of course 
be seen at any console. 

This device was, originally, conceived as an information retrieval system, but in the 
SPS control room it could be much more than this. Not only could it be linked to the alarm 
system, to give an appropriate page of information at any desk on request, describing faulty 
equipment in detail when its defectiveness is reported, but it could be used to give further 
infonnation on subroutines which the user wishes to incorporate into on-line interactively 
written programs, such as functions and data-modules. 

The most exciting application of a programmable microfiche reader of this kind, how-
ever, is in combination with the touch-buttons. By allowing the operator a number of choices 
after reading each displayed page, a logical tree of selections on the display screen may be 
combined with a logical tree of choices on the touch-button screen. In this way a true 
teaching program may be written for training accelerator operators. This is a purely or-
ganizational and software project whose potentialities in terms of the application of new 
ideas are very great. 

Finally, there is what might be termed the ultimate integrated control device. This 
arrangement was not made for the SPS accelerator since the latter is a slow-cycling device 
with a period of 5-10 seconds and with no major use for a fast 11hand and eye" feedback de-
vice. The integrated control device works as follows. 

A gear-wheel made of clear plastic is held above and parallel to the face of a display 
tube, and supported at its periphery in such a way that it can rotate. Such rotation can 
be effected by means of a knob glued to the centre of its upper surface. The gear-wheel 
is coupled to another having the usual encoder on its spindle: 



Transparent 
gear-wheel 
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\second 
gear-wheel 

Encoder 

If the display is driven with suitable graphics hardware (including a radial cursor) a 
correctly calibrated scale can be drawn on it by the computer, and the various parameters 
of desired variable, set variable, actual reading, and pennitted limits can all be displayed 
on this scale. 

The replacement of the simple encoder shown by the computer-controlled knob described 
previously enables the device to be used also for the selection of variables and programs. 
This integrated control device (together with a single button) enables the whole gamut of 
other control devices, including touch-buttons, to be dispensed with. A simpler machine 
than a large accelerator could be controlled entirely with the integrated control device, 
by using it successively to choose programs and input parameters to them. 
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l. !NTROJJUCTION 

The control room of the 300 GcV proton-synchrotron being built 
on the Swiss-French border by CERN wiU have a unified display system 
based on 625-line raster pictures. 

This system will use conventional RGB monitors \.,rhich are out-
side the scope of this description, Displays will he generated by 
various methods, one of which is the subject of this invitation to 
tender, The units required are stand-alone, rack-mounted generators 
for three-colour graphics signals in TV raster fonn. The environ-
ment of the unit is shown in Figure 1. 

2, SCOPE 

This spcc:i fication covers the requirements for design and 
manufacture of a colour character subsystem. This subsystem will 
accept individual Hl-bit characters for display and control on a 
parallel interface. lt will store characters in its own internal 
memory, and from this memory it will continuously regenerate three, 
625-1 ine, 50-frame-per-second signals, which will consti tutc the 
output of the unit. 

The system \,rill comprise 

(a) Memory with refresh circuitry 

(b) Clocks, timing signals and control logic 

(c) Input and output interfaces 

(d) Any necessary power supplies 

'1\vo types of controller are specified. Colour, and blackh.rhite. 
'l11e two types are to be completely compatible, the black/white con-
troller being a simplified version of the colour one. 

four co]our controllers and eight black-and-white contro1.1ers 
are required. Additional units of either kind may be required sub-
sequently. 

3. SPEC!FICATION OF TilE COLOUR CONTROLLERS 

The purpose of the unit is to represent the 800 characters 
currently in its memory continuously on a 625-line, 50-frame-per-
second teJev-i.sion raster, using a character generator in the form of 
a suitable read-only memory. Seven of the ten bits in each character 
will be used to specify the character itself, by means of a slightly 
modified ve1·sion of the ASCII representation. Two additional bits 
arc used to specify the colour (by diverting the output on to one 
or more selected output channels) and the final bit is used to reverse 
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the role of background and character, Lc. to g:ivc hl.ack characters 
on a background of the chosen colour. 

The unit allows chosen items in the memory to be replaced from 
an input line. 

3.1 Memory 

The unit supplieJ should have a memory capable of holding 
800 characters of ten binary digits each. Read-write circuitry 
should be supplied, capable of reading out the entire contents of 
the memory every 20 milliseconds, and of replacing randomly-
chosen individual characters at a rate of at least 1000 per sec-
ond. 

3.2 Character Generator 

The character generator should handle 96 different charac-
ters. Fifty-six of these should comprise all the characters in 
the ASClf set, except for eight of the teletype control charac-
ters. Forty additional characters \.;ill he defined by CERN, which 
undertakes to supply the contractor with a precise list of these 
within one month of award of the contract. 

The character generator will produce characters in a matrix 
with 10 dots on each or 12 co,nsecutive 'JV scan lines, Each 
character from the A.SC II set is to use a 7 x 8 box in the corner 
of this matrix, but the special characters may fill the matrix. 

3.3 Control Circuitry 

Sufficient control circuitry must be suppbed to produce a 
raster signal from the infonnation in the memory, testing the 
character generator for translation. The picture generated will 
display the 800 characters in the memory in 20 rows of 40 charac-
ters each. 

Write circuitry must be supplied, to enable any character in 
the memory to be replaced, while read-out is taking place, with 
only temprorary loss of the output signal. The position in memory 
where writing is to take place is marked by a 11Cursor11

, which is a 
signal not stored in the memory, but added in a suitable form to 
the video output. The current time-position of the cursor is to 
be controllable both by relative and absolute conunands in the 
character stream input to the device. Relative COJ1Ullands move the 
cursor one position in any of four directions. The absolute 
command allo\6 the cursor to be re-positioned to an arbitrary 
locaU.on. 

The clock driving the device must be capable of being syn-
chronised from an external source, or alternatively, it should 
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be possible to replace the clock function h'om such input, 
Synchronisation pulses for both frame and line must be generated 
for addition to the output, 

3,4 Inputs 

Input to the device is to be on a 10-bit parallel interface 
with a separate 11busy 11 line. 'JTL levels are preferred. Input 
data will consist either of control signals for positioning the 
cursor, or of characters to be written into memory. 

Additional inputs are a 75-ohm line for the external syn-
chronisation mentioned in 3,3 above, and an input socket for the 
attachment of a local keyboard for test input, 

3,5 Outputs 

Five outputs arc required from the device, Each should 
appear on a 75H BNC coaxial connector. Signals should be 1 volt, 
positive-going and synch, where included, should follow CCJJl. 
conventions. 

3,S~l 11R11 output containing red signal + cursor signal 

3.5.2 ''G" output containing green signal + cursor signal + composite 
synch. 

3.5.3 "B" output containing blue signal +red signal 

3,5,,1 "\V11 output containing red, blue and green sign;ds, as well 
as cursor and composite.synch. 

3,5,5 11S'' output containing composite synch only. 

3, 6 Power Supplies 

The controller must supply all its OM1 power requirements 
from a nominal 220V 50Hz single phase supply and the chassis and 
working components must be isolated from this supply by a trans-
fanner. Due to other equipment on the same supply, the voltage 
could vary in the following marmer :-

Total variations ( > 5 seconds) + 10% 

cyclic variations (order of 5 seconds) + 5% 
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fast transients (milliseconds) + 10'1. 

The frequency may vary by + 11-iz and hannonics introduced 
by rectifier equipment on the smile supply may have a Rl'-lS ampli-
tude of up to 10% of the supply voltage. 

The equipment must satisfy the safety requirements of the 
IEC reconunendations. 

3.7 Ambient Characteristics 

The equipment must operate satisfactorily with an air temp-
erature between +lOo C and +350 C and a relative hwnidity up to 
ss~o. The equipment must not be damaged by storage at a tempera-
ture of between -15° C and +50° C. 

3.8 Mechanical Construction 

The controller should be in a fonn suitable for mounting in 
a 19-inch rack, and should have an integral power-supply unit and 
any necessary cooling fans. The unit should have an on-off switch 
and indicator and fyse, all the input and output cormections 
mentioned in the specifications above, and enough test-points to 
enable the correct functioning of the unit to be confinned with-
out dismantling it. 

CERN prefers the use of its mechanical standards, and a 
choice of plugs anJ sockets from a standard range. Details of 
these standards are given in Appendix l. 

3.9 Docwnentation 

Accurate and sufficient docwnentation must be supplied with 
the controUers. Two complete sets of documentation are required 
for each type of controller, and this must include circuit dia-
grams and anotated mechanical layouts of the circuit cards. The 
documentation must contain sufficient information for the main-
tenance and modification of equipment. 

4. SPECIFICATION OF TilE BLACK-AND-II~i!TE CONTROLLER 

The black-and-white controller is a simplified version of 
the colour controller described above, It differs from it only 
in having less memory, and in producing only one output stream, 
which allows the omission of some switching circuitry. It should 
accept the same signals on the Hl-bit input interface, and with 
identical effect, except that the t\<JO colour bits will be ignored. 
Of the five outputs mentioned in 3.5 above, the black-and-Hhite 
controller will produce only the 11 \11 11 output and the 11S' 1 output. 
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Fig. 1. Environment of colour character unit. 
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APPENDIX II 

TECHNICAL SPECIFICATION FOR TilE 

CONSOLES USED IN TiiE CONTROL CENTRE 

1. Introduction 

Four consoles are required for the main control room of the proton 

synchrotron to be built by CERN on the Swiss-Jo~rench border near Prevessin 

(AIN). These consoles will be used to hold that electronic equipment 

which is directly concerned with operator interaction. Three of the 

consoles are used by operators for control and monitoring, and are 

identical. The fourth is used for the control of personnel access 

and differs in some respects. Additional electronic equipment will 

be installed in a computer room nearby, in racks which are not the 

subject of this specification. 

2. Shape and Dimensions 

The over-all shape of the consoles is shown in Figs. 1 and 2. All 

electronic elements are mounted in standard 19 inch racks, with the 

possibility of extra support, such as glides, for units which are deep 

and heavy. These racks and supports are part of the consoles. 

Each unit of each console has three surfaces in which 19 inch 

electronic chassis can be mounted: a viewing surface, 10 electronic 

* units high , a controlling or touch surface, 5 electronic units high and, 

in the case of the three operator consoles, an electronics area, accessible 

from the back of the console, which is about 22 units high. The table-

top is used for the mounting of a small number of control devices which 

must be kept horizontal. It should be strong enough to be sat on with-

out suffering damage yet not more than about 3 em thick. The table-top 

should be precisely 710 mm from the floor, and 350 mm deep. The 5-unit 

touch-surface should be at 20° to the horizontal and the 10-unit viewing 

* an electronic unit is 1 3/ 4 inches or 41~, 4 mm. See standards 6-C-l, Dl 
attached 



- 88 -

surface at 10° to the vertical. The wall under the table is constrained 
to be perpendicular to the touch-surface, and the top of the console is 
perpendicular to the viewing surface. If these dimensions are observed, 
male operators in the normal range of size will be able to sit with their 
knees under the table-top and look horizontally over the top of the con-
sole. 

The back of the console will probably be vertical, though a slight 
inward-downward slope for aesthetic purposes is acceptable. In any case 
the vertical rails for electronics will be mounted at least 12 em incide the 
back covers, to allow clearance for plugs and cables. 

'l'he individual 19-inch sections of the three operator consoles are 

15° apart in plan view, and as close together as possible where the touch-
surfaces meet the back of the table-top. The operator consoles each have 
five, 19-inch sections. The personnel access console has four, 19-inch 
sections and they are in a straight line. Figs. 3 and 4 give the major 
dimensions for the two types of console. 

All panels covering the console, other than 19-inch ones carrying 
equipment, should be instantly removable, yet sufficiently well attached not 
to come off by accident. Magnetic fastenings for example, might be suitable. 
'l'he means for opening should be invisible or at least inconspicuous. 

2.1 VEN1'ILATION 

The console also act as a duct for cold air escaping to the under-
floor space from the room, which is under slight pressure. The wedge-shaped 
volumes between the 19-inch sections of each console act as ducts with 
triangular cross-section. They extend from floor level (holes are cut in 
the floor-tiles for this purpose) to within about 30 em of the inside top 
of the console, and their faces are removable just like the outside panels, 
so that maintenance personnel can crawl into the wedge-space and have access 
to the back of the electronic equipment. (see Fig. 5). 

The air enters the consoles by grilles cut into the bottom of the 
five back panels covering the electronic equipment. These grilles should 
allow air to enter through at least 50% of the bottom 15 em of each of these 
panels. Similar grilles should be provided in the back panels of the per-
sonnel access console. 

In the case of the personnel access consoJ.e, which has no wedge-shaped 
ventilation ducts, louvres should be provided near the front of the 

... / ... 
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top panels for the flow of air. 

3. MATERIAL AND CONSTRUCTION 

The consoles may be either of steel or aluminium alloy. The sup-
porting frame must be sufficiently rigid for the 19-inch mountings to 
carry heavy, deep electronic chassis without deformation, although slides 
will be mounted for extremely heavy and deep chassis, and back-supports 
for such slides should be provided. (See drawings). 

'rhe frame must be so designed that it will not get in the way of 

electronic units inside, nor impede personnel crawling inside to service 
equipment in the console. The weight should be well-spread, as the con-
soles will be placed on a normal suspended computer floor. 

The panels must be thick enough to be rigid, and should be covered 
in a durable finish whose colour can be chosen by CERN. Those parts of 
the frame which are visible must also have a suitable finish. The table-
top should preferably be of wood covered with Formica, though other 
finishes would be considered. 
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Fig. 1: Over-all view of operator console 

Fig. 2: Over-all view of personnel access console 



- 91 -

19 INCH 
DISPLAY SUPPOfHS 

19" CHASSIS SUPPORT 
(SEE STANDARDS ATTACHED) 

Fig. 3: Major dimensions of operator console 
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!---------'--·-·----- .. 

830 

Fig. 4: Major dimensions of personnel access console 

Fig. 5: Plan view of operator console showing wedge-shaped ventilation ducts 
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Fig. 6: 19-inch rack dimensions 
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APPENDIX III 

CONRAC II, MODEL ENA MONITOR 

The FNA monitor i~ a trarHistorizcd, compact, 
economy video monittlt, dc~igncd for contirltHlll.'i 
opcrati<;n in a wide variety of dosed-circuit Hnd video 

display applications. It is a wmplcte, self-wntained 
unit which i~ operated (rom composite video. 

TECHNICAL SUMMARY 
ElECTRICAl SPECIFICATIONS 

Input Powor: 

Video Signal: 

Video Input Range: 

Video Input 
Impedance: 

Video Response: 

Video Input 
Connectors: 

Differential Gain: 

Pulse Rise Time: 

DC Restoration: 

Resolution: 

linearity: 

Ultor Voltage: 

External Sync: 

Kinescope: 

Environment: 

15 watts under normal viewing conditions at 120/240 voiB, 60Hz (525/M U.S.) or 
50 Hz (625/SO f:CIR). All pcrformanc(~ specifications ate met while the line \'O!tagc 
varies from lOS to no or 210 to 260 \'O!ts A,C. A three wire !inc cord 6 feet long 
is provided, 

Primary Fuse: % Ampere, Slo-Bio ( 120-\•o!t operation) 
% Ampere~ Slo-B!o ( 240-volt operation) 

Power Connector: Tower # H-1069-1 G 

0.35 volt peak-to-peak minimum for 50 volts at kine~cope, .~ync negative at input. 

0.35 volt peak-to-peak, 2 volt peak-to-peak compo;;ite. 

Hi~h impedance IHidging whkh t·an be terminated hy <Hl internal 75 ohm ± 5t;lr 
resistor through a ~witch located on rear apron. Heturn \o~s i~ greater than 35 dB. 

I;Jat within_', dB from 100Hz to 10 MHz. 

Type BNC 

/ 5(::-(, for 40 volts of kincst·opc driv('. 

,',0 Yo/t rise in less than 50 nanoseconds. 

The hlark level is constant within 7r .. j. from HY'/,. to 90~/r APL 

650 T.V. lines at CHT center, 500 T.V. line~ at CRT corners. 

\Vithin 2('/r· of picture height when 11Wa~ured nn the wrtkal axi~ and within zr:.-;. of 
picture height of acti\'e ~can area on the horizontal axis u~ing thl' FIA B:ill Chart. 

12KV nominal. 

External sync operation i.~ an option. 

ENA9- 2WMB{ ENA 12- ST1500t\. All luhe\ arc supplied with ;t T-hand for im-
p!osi(Hl protection. 

50"C !ll;tximum. 

MECHANICAL SPECIFICATIONS (Dimensions do not include connectors and shafts.) 

Mod~l Width lkighl l~nglh 

FNA(J/C (Cahinet) 9-7/10" 9-l/10" 9-1/1" 

ENA9/N (Chassis) H-11/10" H-5/10" H-5/R" 

ENA9/2R (Du;ll Hark) 19" H-1 1/10" •!•H-1 S/16" 

*Mca~ured from MountinR Surface (Add 5/l(l" for (her-:\!! Length) 
KINESCOPE: z:'Wi\tBtf ((J") orST:fSOO (12") 
CHASSIS FINISH: (;old, lrriditc 1\lwninum 

N!!t Wt %ipping Wt 

12.7 Lbs. I 5.7 Lhs. 

().5 Lh~. I 2.S Lbs. 

29.0 LIK 32.-i Lbs. 
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