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26,10,1966
SPECIPICATION TOR A REAL-TIIME COMPUTER FOR USE WITH THE \\\

CER 2METRE~LIQUID HYDROGEN BUBBLE CHAMNBER AND ASSOCIATED PARTTICLE BEAM

PREANELE, :

A small Tast digital computer or automator is required to act as a data
logging and process control device for the CERN 2m bubble chamber and associated

particle bean.

The tenderer is requested to tabulate his repliesor corments to the
clauses of the specification given below and should supnply a complete set of
reference manuals if he has not already done so.

The tenderer Dhould pqy Dur sicular attention to the input multiplexing

o

gystern and analogue to digital conversion, A full description of the input-outputb
capabilities of the computer is required giving all details of the signal dialogue
between the computer and any external device e.g. special operator consolc,

Minimum requirenents for the computing system

1.1 The computer shall be a stored programme, general purpose binary computer.
It rust be capable of continuous reliable operation for 6 week periods
with a few days betwcen these periods for checksond maintenance, The
computer will be situated in the bubble chamber control room and should
be well shielded against electrical disturbences and must operate in
anbient temperatures ot least between 10 and 40°C, All equipment rust
operate from a main suoply of 50 c/s 220 V (or 380 V 3 phases)., Please
gstate total power load,

1.2 A directly addressable core memory of capacity equivalent to 8 k is
required expandable in modules(if possible). Please quote price of
additional modules ygjj;jg011¢1arleu. The minirum word length should

be 18 bits., If extra parity bit is an option, please cuote vprice, The
core cycle should not be longer then about 2 us,

1.3 The central processor should have a smoll but powerful order code, and
facilities including:

1.,3.1, Automatic priority interrupt system allowing

=~ Direct Memory Access

- Data Channel requests

- A Multilevel priority interrupt under DTO gramme control,
3.2, Indexing register and indirect addressing p seibilities.
o243, Arithnmetic element

— IMixed point addition and subtraction ,

- Multiply, divide, normalize - ond logical operations,

Flease guote price of theeguipment if additional.

1,3.4, Input/output focilities,
5

. An operator/" ) console with o display of internal registers
and with facilities for monual progrunue intervention, including
sense switches.

1.3.6. Real-time clock necessoary Tor ct
logs.
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1. 4 Peripheral equipment, .
This squipment, for which details as well as the name of the menufacturer

should he given iz +the followi

1.4.1. I Lput/ou tput typewriter for cormmunication with the central unLt

1.4.2, Output typewriter for data logging purposes, this tyvewritoer w1l¢
also be used for alar ( ritten in o different colour)

1.4.3. A paper tape rsader-punch combinetion (please give full details
of the code),

1.4.4, Analogue velues input systen including

~ Amplifiers for low level signals (e.g. thermo—-couple differential
voltage) ‘

- Multiplexer for cbout 150 values

- A/D converter, Give cormoh mode rejection performonce for DC and
AC of 21l froquencies up o 10K o/s. ‘

1.4,5, Special onerator pancl
The tenderer should comment on-the possible incorporation: of &
control pancl which would permit process operators, non-spe01aleed
in compﬁter‘techmique, to carry out certain operations without
recourgse to the nnin control console e.g.

Denand for chamber log,

" " beanm i
Change of certain paremeters, temporarily storing previous value
Chonge of some alorm limits, " " i i
Command X-Y recorder,

- An indication of price should be given.

2. Functions of the Computer

2,1 lModes of Operation : .

Chanmber Cooldown
Chamber Warmup

Chamber Stendby (Cold)
Chamber Operating
Bean Monitoring .

Bean Tuning.

2.2 Routines

2¢241s During chamber cooldown and warrup nmodes (see fig. 1) - tlv computer
will measure tenperatures of chember optical component ( some 30
p01nts) every 30 minutes, as detailed in-the following tuble.

PS/5687/ 3¢



I ~ 4369/TC , . CERN/TC/200. . 66-2

-7 -
¢ No, of : Values : . .. ¢ Alarm iScan N
: Nbf oL Descriptions ¢ Precision: : :Remarks
¢ points: : —— : ! Level :Frequency:
i 2 x 2 §{ Reference {3000K-25C°K i .Anal, : 1o/o i ieach :Thermocouples
: i Tenp. S41nV to H : : 30 min, i
: : (5,2 mV : : : : :0u/Congtanton
P 2x8 ¢ Diff.Temp. :,01nV to ¢ Anol, i 40o/o i AT > leach gThermooouplo“
: : . . : : : : : . : x nles
: i Flash side :0.65mV : : i 209K :30 min,
: - fnn : 3 : i : “in
P2 x5 ! Diff.,Temp, .01V to § Ansl, 4 ofo i AT feach P i
H s A . ° - H - . H . s . o a1rs
: ! Canere side},65mV : : i 20°K (30 min,
. , .
: It must be pogsible to commnnd the reading and recording of
, the above values by externcl signal,
2.2,2, Chamber Standby (Cold)
Chamber Body ! It must be possible to print out
. { . .
Cooling Loops » . on demand temperatures indicated
Liquifier B by up to 40 Copper-Constentan thermocouples
. during the chanmber modes: Cooldown, Werm up, Standby (Cola),

These values are availcoble as analogue volteges.
2.2.3. Chamber Operating
(a) Control: : ’

Timing of chamber cxpansions,

The bubble chamber operates in conjunction with the CERN proton
synchrotron which nrovides o burst of high energy particles
every TwWo seconds, Durins this burst the bubble chamber will
be operated up to 3 times by o temporary’pressure drop, The

tining dicgran (Figs. 2 and 3) gives quantitative information

[l

regarding this cycle,
The computer rust find the time of the minimum of each pressure
drop and check that this tine is midway between the beam pulses
and the flash pulses (within linits of approximately 100 ps).
The pressure drop is mensured by a transducer with a frequency
response extonding to 10 ko/s. The pressure signel has some

100 pV noise at 100 ko/s superinposed.

(b) Honitoring of various chonber parcneters,
We noy divide chomber paraneters into two sroups:
Group I: ‘

These para&efers rust be scanned at each cycle of
chanber operation ond the latest value stored. '
Group II: ’ ‘ o

Group IT woters must be sconned at longer intervals
(about 1 mimute) and the latest values stored. ‘
The computer will store high ond low limits for most parancters
in both groups cnd should any poarcmeter not be within its limits
the computer must print out its velue in red (aﬂd give an Alarm
Signel). For details see the following list (poge 4).

(c) \t fixed intervals (4 hours or moro) or-on demand-the latest values
of all these paraneters rust be printed out as a process log.
Ps/5687/3c
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2,244, Bean Monitoring

Beam paremeters to be monitored can also be divided into two groups:

. T : . AT e

é GROUPg g2£§;s§ Pesofiption éVulue 'é Form §Preulsloné ii;g? g Eizguency
: f 5  iDrive and Refersnce : 2 D i 1o/o ihigh + low each cycle
é I g 5 gRF Separator 2 phases ~3 § g BCD §4 deoadesghigh + lowg each cycle
: : ;powers : : : : :

: i 3 iParticle Counters : ! BCD 4 decadesi low : each cycle
: : : : : : H :

: ¢ 30 sMagnets and Quadrupoles :800mV ¢ BCD :4 decades: -1 o/o : ch
pomroi : : 20,1 0/0)F G,

: . : : : : N ¢ mnuce

: ° 3 iSeparator Voltage 100V § BCD i 1 o/o i =5 0/0 i

: i 3 iSeparator Tlashover Counter iMumeri-i BCD $4 decodesi - I

: : : ical : : :

: ¢ 10 '{or1z0ﬂt°l Collimato : P BCD i3 decodesi :

{Pogition

é g 10 gVerbﬂoﬁ1 Collinator é § BCD 23 decades g g o be
:Other ;Position ; : : : tprinted at
:Infor-: iCounters : : : ¢ ¥i each
imation: g8  ilMonitor : ! D i4 decadesi ' ! Bean Log

: . 8  iBurst Nunmber : i D i4 deccdesi ior

: i 8 iNo.of particles : : D i4 dccodesi : on demond
H i 8 iHorizontal Position : i D i3 decades’ :

: ! 8 iVerticel Position : $ D i3 decades: :

: i° 2 iTerperature of cable between} iAnal, § : J ¢

: g i cavities : : : : :

It is also proposed that the computer should print out a histogran

showing the variation of intensity throughout the beam pulse,

The parameters of a tuned bean will be recorded on punched tape o
facilitate subsequent setting-up of o similar beam,

3¢ Further desirable information

The tenderer should give information on the following items, stating whether
the features mnentioned are standerd or optional:

341 Parity checking and what happens in cose of parity erwor,

3.2 Is sorie sort of memory protection avoileble or necessary.

3.3 Any additional feature of the computer which the tendercr feels is worthy
of special consideration,
3.4 Consequences of corputer power supply failure.

3.5 Price and delivery delay of further ovailoble peripheral equipment,

4, Prograrming

4,1 An adequate compiler prograrme for symbolic assembly rust be provided,
The tenderer should state what assistance he is prepared to offer in setting
up, and in instructing CERN personnel in the use of the computer.

P3/5687/5¢
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4,2 The proposal should include & comprehensive software description
including the assembly progromme compiler, librory routines and
equipnent diagnostic routines. _ _

Final programming nonuals, assenbly drawings, flow charts and
debugged prograrmmes shall be delivered with the computer.

4,% A complete set of circuit schematics, logic diagrams and other
engineering information for servicing ond modifying the equipnent
must also be provided, '

GENE

NER S
The tenderer should indicote what assistance he will give in installing
and commigioning the equiprnent at CERN, and what additional cheorges if any would
arise in the event of prolonged difficulties in cormisioning.

\@e

The tendercr should state clearly the oxtent and terns of the guarantee
that he will furnish Tor the raterial, The guarantec period shall stort frow the
date of acceptrnce of the matericl by CERN, This dote will be cgreed rutuclly
by CERN and the supplier.

CERN would expect delivery 4 nonths after the placing of o firn order
or letvter of intent. 4 shorter deloy would be a favourcble factor in the choice
of o supplier,

The tenderer should indicote clearly tho terms ond conditions for
nointenance of the equipnent after the expiry of the initial guorontee, and
indicate the location of the nearest noin service depot, with comprchensive
spare parts service and engineering aseictance, The proéeduro for reguesting
urgent engineering assistrnce in event of equipment fﬂilure should bhe gpecified,
together with on indication of delay,

The tenderer should give o conmplote breakdown of the totol price, This
should include the option~l extras as well as all standard itens, ond cny special
equipnent, a

P3/5687/ jc



