i)

l*. ““Naflonal Li#brary - Biblioghéque nationale ! ' o e

, of Canada - - duCanada ‘ o S ‘
Canadién;’[hé%es_-Seryice‘ .Séere es théses canadienﬁes ‘ N
onaws canan L N "

: L A VLN - |

A . \\\ _ . . ,
' . w i “ ‘ \ _— glr
. ' LT . ) | o, - /
. . . & .. -
. '

\.‘ """"—W . ‘ - \f
. NOTICE . - N\ - . AVIS

The qualiity of this microform is-heavily dependentupon the - La-qualité de cette mz:rof%ﬂjadépend grandement de la

quality of the original thesis submitted for-microfilming.” Aqualité de la thése soumisé®au migrolilmage. Nogs avoris

Every effort hasibeen'made to ensure the highest quality of

tout fait pour assurer une qua{t‘é supérieure de reproduc- -

reproduction possible. N . tion. * : A !
if pages are missihy, contact the university which grhed S'il manque des pages; veuillez communiguer avec
the degree. © = - . : © . luniversite qui a conféré le grade. ‘ o
Some pages may have indistinct-print espetially if the ( La qualit¢ d'impression de cenaines pages peut laisser a
— original pages were typed with a%poor fypewriter ribbon or - désirer, surtout si les pages originales ont été dactylogra- -
if the university sent us an.inferior photocopy. . -phiées a I'aide d'un ruban usé ou si l'université nous a tait
; R ; S Nt . “parvenir une photocopie de qualité inférieure. i
Previously copyrighted materiald (journal- articles, pub-  Les documeénts qui font déja I'objet d'un droit dauteyr
- lished tests, ‘etc.) are not filmed. - . (articlés de revue, tests publiés, elc.) ne sont pas -
o T R ~ microfilmés. ' N ' 7
Reproduction in full or in part of this microform is governéd La reproduction, méme partielle, de celté microfor(pé est
by the Canadian Cepyright Act, R.S.C. 1970, g. C-30. - soumise a la Loi canagienne:sur le droit d'auteur, SRC
: -~ ’ ST 1970,¢.C-30. - S
: 2 v N . . . ,r,ﬁ
- ) B ’ . . ’ ’ - L - ¢
. , .
y -/ '
- ’ T ? . ¥
ﬁ/:

o*

b

Cwsgmsn e s ldlnada



THE UNIVERSITY OF A‘LBERTA ,

MONITORING SYSTEM AND CALI:BRATIBN

| OFA" . _
* 14QUID HYDROGEN P@ARIMETER |
\. ) ' e “ ‘ . . . ) o &
// R BY | A S
N *RYUICHI IGARA%HI —
T . B
. o ' o
. | ,
o A THESIS i |
SUBMITTED TO THE FACULTY-OF GRADUATE STUDIES AND.

RES EARCHIN PARTIAL FULFILLMENT OF TI—IE REQUIREMENTS k

o FOR THE DEGREE OF MASTER OF SCIENCE

<@

\

N |
- -NUCLEAR PHYSICS

* DEPARTMENT OF PHYSICS

N ~
e
| - EDMONTON, ALBERTA .
o I N R



- has reserved

I N

.'Permission has been granted
to the Natiopal Library of
Canada to microfilm this

thesis.and to lend or sell
copies. of the film. '

. The author (copyrig}i owner)

publication

_neither the thesis ’'nor

extensive .extracts from it°

may be printed or othérwise

reproduced, without his/her-

written permission.

.du  Canada de

other
rights, and

“L'autorisation ‘a &té& accordée

A la Bibliothéque nationale
microfilmer
gétte “thése et de préter ou
de vendre des exemplaires du

-fi%m. . : ~

L'auteur (titulaire du droit
d'auteur) se .réserve les

‘autres droits de publication;

ni 1la :thése ni . de 'longs
extraits de celle-ci ne
‘doivent - &tre .imprimés, ou

autrement reproduits sans| son .
auterisation. écrite.- :

ISBN 0-315-40914-2 ‘ -



¢

'I’HE UNIVERSI’I'Y OF ALBERTA
RELEASE FORM o '

* NAME OF AUTHOR RYUICHI IGARASHI

A

TITLE OF THESIS: 'MONITORING SYSTEM AND CALIBRATION OF .

A LIQUID HYDGROGEN POLARIJVIETER

»
k4

DEGREE: MASTER OF SCIENCE
YEAR THIS DEGREE GRANTED-987 __
EA ,:1 ' ' i

i

Pcrmlssxon is hereby granted to THE UNIVERSITY OF
' ALBERTA LIBRARY to rcproduce sin gle copxe@.thxs thesis and to lend-
. or sell'such copies for private, scholarly or sc1ent1ﬁc research purposes

®

only. - R { o '

\_ )
The author reserves other publication righ;s, and neither the thesis

. i \
nor extensive extracts from it may be printed or otherwise reproduced

~ without the author's written permissjon.

Permanent Address: 8005-154 S&eetl ‘

' Edﬁlonton, f;lberta
TSR 1S2 .

":" A » : | ‘w
. o

&



THE UNIVERSITY OF ALBERTA
FACULTY OF GRAQUATE§TUD1ES AND RESEARCH

The yndersigned certify that they have read, and tecommend to the -
Faculty of Graduate Studies and Research for acceptance, a thesis ‘entitled )
MONITOR SYSEM AND CALIBRA’I"TON~ OF A LIQUID HYD}(OGEN
ROL-ARIMETER subrﬁitted(?y Ryuichi IGAR;\SH'I in parﬁzil fulﬁllﬁxgnt of |
the requirements for the d'egree of MASTE'R OF SCIENCE.

(S,up'erviso.r)

...................................



To fpy mbther
Yuriko Kitamura-Igarashi,

who, like éll tnothers, has to put up
with a lot of nonsense from her children,
* but still cares a great dedl for them.

e



e L Abstract
&

- In an attempt to understand short range nucleon-nucleon ’

-

interactions, a polarimeter has been constructed to measure deuteron tensor
. polarizations frdm elccttoh-deuteron scattering. The polarimeter uses

deuteron-'protoﬁ elastic scattéring in liqixid hydrogen as the analyzing -

_interaction, This thesis describes the construction of the liquid hydrogen
, ;

target flask for the polarimeter, the design of the computer monitor system '
for the liquid hydrogen target system, and a vector polarization calibration
analysis after salibration experiments at the Laboratoire Nationale Saturne,

Saclay, France, usingithis polarimeter.
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- Alberta; the Bates Lmear Accelerator Center, Massachusetts USA the Laboratorre
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Chapter One. Introduction e _ - \-\

™~

The work for tlus*thesxs centereg on the Alberta High Effimency Analyzer for

Deuterons (AHEAD) polanmeter Tlus dev1¢e was éonstructed to measure, tensor f, '
polanzatlons of recoil deuterons from an electron-deuteron reacnon in an expenment to be
“~ L

carned out 1n the summer of 1987 at the Bates Lmear Accelerator Center n Boston This

expenment is aclarge 1ntemat1onal collaboratlon mvolvmg sctennsts from the Umver51ty of .

L4

'n

Nanonale Satume Saclay, France, and Syracuse University, New York. The work

N
descnbed 1n this; thesrs concentrates on the constructlon and cahbrauon of AHE.%D not
2!
[N
. : . . 1

“the actual expenmenL '

< 7 The purpo§e of the Bates expenment is to measure tensor polanzanons of
, " ,
" deuteroris, which can shed d light on the effects of various contnbutlons in electron-nucleon

and ngcleon nucleon mteracttons (ihe deuteron is of partlcular mterest in this because itis -

~the only relattvely stable 2-nucleon system known). The deferenual eross section for

A

unpol‘anzed_ electrons scattering off unpotanzed deuterons is

o= o[F +—§-bF gsz bO+b)F tan(—-)] D)

'
*

awhereb = q /4Md : . | -
q is the momentum tn!nsfer 1n the interaction, and FM, FC, FQ are the magnetic, electnc

monopole, and elecmc quadrupole form factors for the deuteron These quantlnes

’ represerlt their respecuve source dlstnbuttonsénd are essennally Founer transforms of

thetr assoctated potennals Here, Fpds easrly determmed by angular dlstnbutton of

B rccoﬂmg deuterons, but Fé’and FQ cannot be separated Measurements of polanzauons |

U
t20, ‘21‘ and t22 could solve tlus problem smce,

@)

I
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o SOty _n_.{2bF Eb'zF2+b“[l+2(1+b)].tan2i’-e-:)\Ij} (1-20)
P RSt 20 0 @R 02

3’/— A

This system can be solved to yleld all thfee form factors The: pnmary concern s for t20

- for wh1ch theones are uncertatn Some contnbutlons in question are meson exchange
) currents relativistic correcu&ts and six quark conmbunons (see figure I- l) A
~ AHEADisto be used to ‘measure these’ polanzatlons based on deuteron- proton
' (d p) elasnc scattenng The cross section, or equrvalently the number of counts, in the

scattermg frame for this reaction 1523 BN L S Lo\

N

o= 208 {+ - 2Ro(ity REGT; (&) + tzorzo(e) S
' / + 2Re(t21)Re(T 21(6)) + 2Re(t22)Re(T22(6))] T (- 3)

where Re(rt1 1) 1s/the vector polanzatron of the mcrdent deuteron, and ‘20' Re(tzl) and
Re(ty,) arye/ tensor po_larrzattons, and the TlJ -are their respective analyzmg powers

(which co/ in all the information about the scattering reaction). This is related to the

" inciden //fmme by N

-

' Re(it;;) = Re(it;;’ c‘“l’) L ‘ BN ; o _(I-da)
- m—mtz&'f- N
Re( ) =  Re( ple®) S M (Lac)
Re( ty) =Re(tyy' e‘2‘¢) . - - (1-4dy

where ¢ is the azimuthal angle the scattermg planemakes w1th the 1nc1dent x'-z' plane. -
By taking counts at vanous angles of ¢, itis somenmes possrble to use equanons I 3and \\
I-4 to solve for the tlJ , whrch are the observables desrred Generally, these solutions are |
mamfestauons of asymmetnes in the azrmuthal dlstnbutron of counts. For the Bates

A experiment, Re(rtu) will not bc produced hence—AHEAD will.not measure 1ts |

contnbunon But Re(rtl D was necessary for cahbratlon which i is drscussed later
‘ : L
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D-p elastic scattering was chosen for the magnitude (seé figure I-2) and small
energy dependence of its analyzmg powers. EquauonI -3 indicates that the count rate ata
| given point in space can-be affected by the magnitude of the polartzatton Butifthe

analyzmg power is msxgmﬁcant there would be no/way to observe these polarization (
effects. Energy dependences introduce sensmvxty 10 expenmental method For example, -
the target m AHEAD is over 25 cm long, subjecting the incoming beam to energy
degradation. Then the analyzmg power for each event may vary substantlally, making
computations dlfﬁcult. | )

‘In order to rehably measure these QUantmes, a polanmeter was needed that could
.make observauons at all azimuthal angles (¢) [Hence, AHEAUtook on a cyhndncal

geometry ThlS is also part of a precaution agalnst artificial asymmetnes by changmg or
rotatmg 'the mcrdent polarization and by correlatmg measurements, the detectors can be ‘

- . checked against each other for camsistency. “The polanmeter (see ﬁgure [-3) consnsted of .
a liquid hydrogen (LH,) target and support sys?em, 2 thin plastic sointillators in front of

~ thetarget for coi'ncidence triggering and timing, 2 X-y wire chambers in front of the target,
2 concentric cylmdncal wire chambers (self qpenchmg streamer chambers with 60 cells in”
the inner chamber and 120 cells in the outer), a hexagonal array of 6 thin plastic energy

~ loss scmullatorp and an array of 18 total energy calorimetry plastic scintillators. The ’

- front end wire chambers tracked mcommg deuterons and the cyhndncal chambers tracked R

outgomg parucles Particle ldentlﬁcatlon was by energy loss (AE), and by time- of-fh ghy

(T OF) from the front end chambers to the AE counter, both with respect to total energy

- (B ‘Data acquxsmon was performed byal l 1 STARBURST nucroprocessor through

| CAMAC and FASTBUS Data ‘was then transmttted toa DECLSI | 1 whlch stored iton
high density tapo{

There were at least two pecuhannes in. AHEAD thattomphcated mterpretanon of*
data. A minor one was that since the photomultlpher outputs and the wire chamber |
outputs came out of opposne ends of AHEAD the-numberir schemes for the two types _

;-

SN
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of detectors ran counter to each other Looking down the beam, the wire chambers were
numbered clockwrse ant\theE and AE counters were numbered counter clockwise, with /]
#1 stamng at the top
" The second pecuhanty was in the w1re chamber destgn Instead of endmg each '

wire at the opposrte end of the chamber, it wrapped around to a cell three posmons down .
and contmued back to the front of the detector (see figure I-4). Only three adjacent w1.res |
can wrap around thrs way, so all the wires m the detector are grouned in threes (sxx w1re
,ends) This econormzcd electmmcs but somewhat complicated mterpretatlon A .

drs&nctron betwe_en wires and wire efids must always be made. W1re ends are associated

w1th physical geornetry | The wires are signiﬁcant in software and analysis » Ahitonone

half of a w“me can be attnbuted to the nearest wire end and this gives azunuthal o
v‘ 1nformatron But a hit on one half will affect the othrer hal} as the signal moves to both

ends of the wire. So a h1t will be reglstered ata wire end three positions down. This

\ situation should be kept m mind whin lookmg at wire data, though it is sunple to decide

which end the h1t should be attnbuted' te since the srgnal atténuates with distance traveled
‘And there are times where both concepts merge (see Chap IV and Appendlx B). - /
" In order to be an effective detector, it was necessary to cahbrate AHEAD m |
incident deuterons of known polarization. This expenment was carrled out in the
summer of 1986 at the Laboratoire National Satume (LNS). AE and E counter hght
] pathlength attenuation cahbrauons were done during parasitic runs in the Radrography

¢
Hall in June.1986. Dunng the ﬁrst week of August, 170 MeV vector polanzed beams

" were used to calibrate a spm precessmg sglenoid. And the remammg time, to the énd of
that month was spent on the actual tensor calibfation runs,at several different 1nc1dent
deuteron energies. All the August runs were performed in the SPES I spectrometer hall.

~ In order to caltbrate the solehoid and to observe the progress of the experimeént, the LSI '

- *also dumped some data to LNS's re51den\€ata acqulsmon computer system, SAR

-

(Satellite d'Acquisition Rapide). ’ ' - | ' ’
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" The June run was to empirically as\cenain thq attenuation of light as it travelled and
reflected throu‘gh the scintillaior on the way to the photomultipliers. The funher down the
~ scintillator and the more reﬂcctxons the more the lightsignals are absorbed. This
" calibration was done 51mp1y by onentmg the detector array pcrpendlc,ular to the beam and
lowering or raising the dctectors so most of the beam passed through one E counter (and
th horizontally on the o‘t.her side of the array) at a time. After ::1_ half hour; there
w:::'::? caunts to make reliable calcu*latlons ) ‘ o
. The vector polanzadon calibration, as w111 be detalled in Chapter IV, was
ncéessary to ﬁnd a solepoid current that would rotate the beam polarization by 7/2. This
Jotation, in conjunction with a “spin precéssi:fg dipglev'magnct, was necessary to create |
tensor polaxji_zatiqns that the accelerator couid‘}flqt pr(;ducc. To find this Currér)t, ‘thc '
current was §teppcd from () to 240 A in éppmximately 50 A steps, keeping the bedm
energy at 170 MeV. Only E counters ES5, E6 E14, and E15 were in the trigger ¢figure
I-5) because vector polarization should only give left-right asymmetry.” Each step took
one to two hours, to acquire sufﬁcu:nt statistics. On line ana1y51s programs calculated
asymmetries for each step. A rough fit then 1nd1catcd a solenoid current at yvhlch the
vector asymmetry was zero. “ (

The tensor pdlarization runs involved tg\ldng data for several différgnt energies.
“Satume produced beams wﬁh‘ beam Apulses offour different polarization étates forthese %
-runs. This was again for instn_xmcﬁtal consistency check:. Thq tensor calibrations will
‘not bc.dis;usscd in this thesis. | | | |

Specifically, there were three projects for this thesis: 1) construction of the LH,

container, or flask; 2) prc;gramming a co,niput%r monifor system for the LH, target iy
system; 3) more rigorous vector polarization analysis. Chapter II explains how a LH2

target cell is constructed. This is of some interest considering the materidls used (plfisnc )
and steel), thc/tempcratur’es and pressumg itis subjgctcd to (20 - 300 K and 117 |

atmosphere absolute), and 'thevmaterial contained (H, cxpzinds 788 times in volume from



-

- liquid to gaseous state). Chapter III details the cc;mputer monitor system, particylarly its
. " . . N

a

W performance, and some

3 vation analysis. This analysis actually investigated asymmetry and did not involve

Ring po'l;arizations (or analyzing powers). Cbé:r V is a symmary of the targct and

{séggcs)ong on modification?or thé monitor.

44
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Chapter II. The AHHEAD Target Flask
K
The AHEAD polarimeter used a mylar target flask mounted ona stamless steel
basq fo contain the liquid hydrogen (LH2) Its desxgn, choice of materials, and tooling
© were completed before the‘author s involvement (that oemg the assembly of thejlask).
The plastic componeqt actually consmte({of threc parts: a flat front wmdow all
cm diameter cylinder, and a iorusphenc‘al end dome (see figure II 1). The front and end
windows we:':e made by sa.ﬁdwiching a mylar sheet between two ringlike plates wit; holes
. to accommodate a pluriger, heating the sandwich, and pushing a pluhger through, the
plunger ?avfn? the shaﬂe of the desired flask piece (see figure II-2). Though simple in ‘
principle, producing viable windows proved to be complicated, consuming three months
fo make three sets (i.e\. 3 flasks). The cylinder was made by wrapping a sheet around a
 cylindrical jig and gluing the seams. - L N
The end dome fitted onto the cylinder so it had a 10 cm diameter. The
' torusphencal shape is a rotated curve composed of two cmular arcs: the face has a radius
of curvature equal to the diameter of the cylmder (10 cm) and the edge has a radius of
curvaturc of 1/4 diameter of the cylinder (2.5 cm). This shape is ideal for the endcaps of -
pressure vessels The actual depth of the enddome piece was 4.3 cm, mcludmg lap joint.
The front window whs not connected to the cylinder but to the steel work. It had s
diameter of 10.7 cm-and deZth of 1.4 cm. The edges were rounded to_aocommodatg
some oulging due to internal flask pressure. A retaining ;ing was glued over the side of
the window to keep a tight seal. The same was dohe to the inside of the eylinoef at the its

lap joint (figure II-2).

12
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Figure II-1: AHEAD Target Flask and Components
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1. The Front Window ; : | |

Circular sheets were cut out of a roll of 0.25 mm mylar, approximately 21.5 cm
h ]

in diam::tcr. This was just slightly smaller than that required to keep clear of the holes {for
the clamping bolts on the sandwiéhing plates. This way the sheef could be roughly
centered by sighting down the bolt holes for protryding mylar.. While the oven w;xs
preheating to 140°C, the sheet was éivcn a methanol wash, without rubbing. "I'his was to
remove dirt and d_ust‘, attached by staticx that wouid gouge the mylar when the plunger is
pushed through. The rings and‘ plunger were made of anodized aluminium, and were also
cleaned. Before the mylar was placed in the rings, the lip of the lower ring was lubricated
with a thin film of silicone lubncant The lubricant was applied thcn wiped off to limit the
thickness of the film. If care is not taken with the lubricant, it tends to spread between the
mylar and the jig surfacc; allowing too much slippage and causing wrinkles.

. Once the mylar is placed between the piatcs and centered, the jig must be
nghtened Thls proved to be the major stumblmg block. Too tight and the mylar snappcd
during pressmg Too loose and not enough mylar was held back to allow uniform
stretching, causing wrinkles. Not uniform enough and stretching was uneven, again
causing wrinkles. :

The whole assembly was heated in the oven for 1-2 hours. ,Aty 140°C, the mylar
wa‘s'soft endugh to stretch without experiencing undue stress, but neither was it fluid. -

The next step had to be done aS quickly as possible to prevent loss of malleability
during pressing. The plunger was mounted on a press. The jig was centered roughly
under the. plméer, then the plunger was eased into the jig for final centering, and was
Lhen‘ p‘rcssed about 1.5 cm. The press was locked in this position for approximately one
hour whlle the whole asscmbly slowly and umformly cooled. . y

After cooling, the plastic a.nd plunger usually jammed in the jig. Thc only solution

was to remove the top plate, \ciut off the excess collar mylar as close to the plunger as



o

The rear domes were: more d1fﬁcult to deal wgth The pnmary problem was that

the dome having a greater surface area, requlred fnore plasttc to be pulled This tended to

=

aggravate the kind of problems encountered w1th the Front wmdow
Another difference, which caused some inconvenience, was that the jig for'the rear
- window ‘was made of brass “This jig was loaned to the 'AHEAD group by TRIUMF and
was used because the flask was based on dnnensrons of another target flask that already
existed.” Brass is substannally heav1er than alurmmum and takes longer to heat and cool. =
It also requlred frequent polishing. Heat transfer was the most notable d1fference (thou gh, |

the wetght was also a substant1a1 nuxsance) The j th had to be heated for at least two

'_ = hours, and cooled two'hohrs just tmbe.hot to. touch (about 50°C). . 2
One advantage of the TRIUMF jlg was that the plunger had coolmg tubes bored
mto it. Thts facﬂtty was not used 1mmed1ately after pressmg because the mylar tended to

tshrtnk with the plunger, makmg the piece too small and to. wnnkle due to

- mhomogenetty But at the removal stage, blowmg liquid mtrogen (Ny) through released

‘ the plunger (with the dome, 1f the top ring was removed) frorn the jig. Thrs reduced the

nsk of trauma to the dome.

v

3. The Cylin

Rectﬁngular sheets, 22.5cm x 32. 4cm were cut out ofa roll of mylar These
X

sheets were cut s0 that the curl of the tube went with the curl of the roll (ie. 22 5cm

by

across the roll 32 4cm mto) to ehmmate unnecessary stress. Great care was taken tocut
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as perfectly r_ectan‘gular sheets as possible, to maintain cylindrical symmetry during the

actu'al experiment. A scalpel was used to etch lines to cut. - One side was etched and cut at

a time, so that corrections, if possible, could be made to maintain symmetry at the next
cut.

—Since the target was constructed of various parts glued together, the glue joints

. had to be sandblasted to provrde adhesive surfaces Odenary sanding would have

introduced cuts which were potential rupture pomts (despite this, sanding was used for

i k4
-taperin . later). After some experimentation, it was found that sandblastin gata4s’ an gle

i glue Jomt sandblasted at the Physics Machine Shop

i

to te suefi - = with coarse sand,at low pressure provided the most satisfactory results.

~ Fine sandwas tried at first but it tended to embed into the plastic in copious amounts, and -

to dimple the reverse side. So all plastic parts were masked with masking tape and a lem

4

Another effort to mamtam symmetry of the target was to taper the o%rl?p Jomt of

the cylmder to try to mamtam an even th1c72ﬁ»f plastic thr%ghout the cylmder ThlS

. was done by hand, due to shortage. of mappower at the shops using a ;1g whrch tllted a-

sanding bar at the correct angle (see figure 1I-3). Medium, then fine grit emery paper was

‘used, and took 30-40 minutes for the two edges. The re(smt was not an even taper, put it

did reduce the thickness of plasue at the Jomt substanually

The tapered edges of the sheet were glued together to form the necessary cylmdcr

-usin_g an epoxy glue: ‘a. 1:1 mixture of Versam1d f40 and Epon 828 (or equivalént)and a
' small drop (literally) of Silane To avoid excessive amoums of glue, it was applied, "then

- wrped along the edge once, and then across the edge, the latter to provide a path for

trapped air bubblés to escape durmg clamping and settmg The remaining thin ﬁlm of *

. glue was usually sufficient to form a completely sealed Jomt. L >

To form a cylinder of correct dlmensxons, the sheet was wrapped around an
anodlzed solid alurmmum cylmder and clamped at the joint. Th1$ mandrel was cutto

match the inside dlameter of the flask to be. To avoid sticking to the cyllnder vanous

1 . . ¢
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anti-stick substances were tned eventually settling on a soft wax buffed onto the
mandrel P : ) - ' » |

It was found that simply clamping at the joint while'the ngue set was not sufficient.
" The mylar had a tendency to shift and twist, leavmg a misaligned Jomt or mxsshapen
cyhnder Soto keep the mylar firmly and tightly ‘on the man&el a smp of polyethylene

was placed over the Jomt side by srde, down the Jomt Another strip of polyethy‘leqe was
% @
placed over this, as a cushion against the lucrte and steel bar clamp

The glue took approxrmately 24 hours to set, after which the clamp and tape were
" removed. Despite the care to avoid snckmg with the clamping pressure involved, enough
anti-stick wax was squeezed out to cause stlckmge It was easily elrrrnnated by blowmg

<

compressed air | undemeath the mylar, but not directly at the Jomt (to avoid damage there).

After tlus, the cyhnder srmply slid off. | . ‘
r. ) ' ' | 3
4. Final Assembly 7 A
\

.All the plas } parts were glued with the same epoxy mix as the cylinder joint. ln .
order for‘sthe glug at the rear dome to be as thin ¥ possrble and to eliminate bubbles that
“Rause leaks, it was necessary to clamp the Jomt This was done by an expandable teflon
ring inserted inside th yhnder at the joint, and aPVC ring outside the dome, at.the
joint. The teflon ring was expanded by screwing two tapered caps together
Ther? remalned the matter of whether or not the flask cowld really w1thstand the'
: pressures and temperatures to be encountered during the experiment.’ Dunng normal
runmng, the internal pressure of the flask was to \{é.ry between 16 to 17 psia. Also it,
‘was predrcted that pressures as high as 2 atmospheres could be encountered dunng ﬁllmg
or emptying. A j Jlg that used the flask as a bell jar was made Four tests usmg bottled "
helium gas were performed “Three flasks were destroyed because they couldn’t be
~ clamped down hard enough to prevent them from blastmg themselves upwards, hke

)
. !
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rockets. It was found that the flasks wer capable of withstarnding over 2.5 atmospheres
~ atroom temperature. The pressure tests were positive and the final gssémbly was Carricd

out.

" The front window was glued onto one end of steelwork ‘\(\which <arried the H, -
feéd tubes and level sensors), and the cylinder (with rlomc) at the other. The gluc was
apphcd to both sides of &&e plasnp_ because steel retaining nngs were to be glued on, fo _
.maintain the seal The Front window was glued onto the steelwork first, then the ring, ‘on
the outside; both before the gluc set. In the case of the cylmder, the ring was glued in
ﬁr\st, then the cylinder to the stecl-work, again, before the Oglue set." Dcspite the care taken
in construction ‘th:e "olastic parts invitably ha‘xvc variations .I-‘Iencc before any gluing all

1 parts were dry fitted, and thc steel work given a final tummg to tailor fit the parts.

- A final pressure test of the whole assembly was made ‘'with liquid nitrogen (Ny) at
T_RIUM' Agaln, the flask passed with no problems, and was ready'for use in the

AHEAL poiarimeter. It nas survived at least fourtex;ieﬁmental rnns (cooldown, filling,

continuous running, and warm-up) for the Saclay calibration experiment, so this project

can be considered successful:



Chapter III. The Monitor System .
. ‘ | | I

The momtor system was des1gned to remotely monitor the functioning of the
AHEAD ﬁiz target system. The target system, schcmaucally represented in ﬁgure TI-1, .
consxsth of the target flask, cryogenic system, vacuum insulation gnd vacuu@xmp
systc'm, all of which had to me mdnitor(:d. Liquid level and pressure were mal cimcems
in the flask; the ;tcmpcrature and cbfnpressor status for the crysgenic_s; vacuum level at
various locatioﬁs in the;ins'ulation and in the vacuum system; the status 6f various valves
in the vacuum system. In all, 14 gauges and 48 switches or contacts had to be monitored
(see Table III-1). A computer ccmtrolled monitor system reduced the necessity to
physically inspect or read the devices being monitored, and could automzitically and

reliably- log information.

1. Re guircmits ' IR ‘ Y

| One of t;e most important requirements‘for this‘Mor'litor system was that it should
not require a program expé.(t.t Thatis, programs shouldfc easy to implément and modify '
by someo’é not very familiar with the system. A systcrr?cxpcrt will not always be A
avmlable and it may be necessary to make changes to the programs without h1m This
unmedlately ehmmatcs any system requmng machme languagc, or similar program ~
lahguagd. '
Sincc itis meant tobe a monitogr, the system_musi be able to acquix:c, pr’oéess and

output datajn a reasonable length of time. 1 Atthe :ime of this writing, thérc were >14.1
| analog and 48 digital data pomts to be momtorcd Asit turncd out, processing this
amount of data was a fairly lengthy task.” The target was controlled by an automatcd

mcchamcal control system, capable of handling alarm sitaations, but the momtor had, to be
A\ 1 > B .

able to react fast enough to record the alarms. This meant that scanning data for alarms

7 A
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" emphasis owdannrng for almgs‘ Altemanvely, use a dual processor system; one -
th

- f

took hrghest priority. There were two ways of domg this. Usd a fast pcrson}ﬂ compp@r

(PC) (ie.a 16-b1t computer) and devrse routines that handle processmg wrth high -

machine to acqurre and scan thd data for alarms, and transmits the data for the other to- _

process for dutput (see ﬁgure 1-2). The latter was chosen because thls scparatron of

tasks was convemcnt and easy to work with, and most importantly, because scanmng |

dca time would be low.

2. Th 'wo Compute

i

T}r: front-end which satisfied most of the rcqurrcmcnts was the Control

Mrcrosystcms Stand-Alone—Front “End 8000 (SAFE 8000) 2 Tt uses a 65C02 processor

L Wthh runs an cxtendcd version of BASIC The physical desrgn is based on NIM -type

crates. The computer resides on two cards on the gide of the 19" rack mount card cage.

There are 14 slots available for penphcral cards, which are automatically 1dcnt1ﬁed whcn

9

the computer is power&' up The acqursmon cards used for the AHEAD monitor are:

1- Modcl 8531A 16 channel programmablcﬁﬁ bit dlffercnﬁal Analog mulnplexcr 1-Model -

8551 12-bit ADC (Analog to Drgrtal Convertcr) 2 Modcl 8604A 32 chl(m;l drgrtal mput
1 16 channel drglta] output. . ," o7 ‘ v"
Periphcrals are controlled by concise commands in SAFE BASIC. These

commands rec> = very '*tle ini support programming, allow various options, and, as per

. high level lar:gua,- 1..imsogphy, are funbtion-identiﬁablc by' name. The primary features

used were: wir=. 80, pr: -y interrupts, multltas}dng, and timer delaycd 1ntcrrupts

Drrect I/O car. ve ca-ird our by commands as simple as AIN(c) (Analog INput channcl

#c), DIN(c) (Digital iivput channel #c), and DOUT c,b (Drgrtal OUTput on channel #c

bit #b), and were UScd to scan and acquire data. ,Pnonty méerrupts were used to handlc .

alarm srtuanonsm a hreiaarchlcal manner. Multnaskmg in thlS casc was not tmc

°

-
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nliultitas'king, but was similar to subroutines. It differs from subroutines in its flexibility.
Specific routines do not have to be called; the next routine in the tasking qu'eue is A
executed Theére can Be up to 32 tasks in a ;nultttaskmg queue. Asa result calls for
tasking can be placed anywhere w1thout concern for which task gets executed This also
facifitates scanni®¥ of different cards in an alternating fashton, as opposed to sequentially.
This allov:/s a certain degree ofa des‘irable'.simultaneity.in processing.3. :This feature was
particularly useful when operator input was.dernanded, during which several hundred ‘ '-‘
data points can be scanned. Timer delayed interrupts were used to determine "no
response" alarms, that is, alarms that have not been resolved within some duration.  *
These timers (numbering 128) v_borked in the b.ackground, hence hardly interfered v'vithﬁ
main routines. It is emphasized that each of the'above functions was typ\i'cally. |
implemerited by one command,ﬁl.e. peripheral management was built into the command. .

Contact with the OUt;ide world was via one of two programmable RS232A‘\ ports.
Either one. can be chosen as the Master {or command) port and can be set to various’
conﬁguratlons and speeds, by hardware or software. The monltor was run and edtted
with the master port cod’ﬁgured at 1200 baud. Furthermore, the ports are buffered and
can be umed out. The former ensures no loss of incoming data, the latter prevents
prolonged commumcatlons hang—ups : .
Programmmg and))ata processmg was done on an Apple Ile equipped with Super

Senal card (RS232), Extended memory (total 128K)/80 column card, momtor 1 disk

_ dnve and 1 prmter Programs on the Apple were written in BI)\SIC (Applesoft). “This
part of the syste'n had almost all of the problems m?the system, primarily with the RS232,
the metnory, and even its ioftware/archltecture The Apple Super Serial Cgrd #vas not
buft'ered hence loss of data was a:seriou's threat To compound that problem, Xon/Xoff
(enable/disable traisnussxon) protocol was user software dependent. The ywo problems

resulted in frequent loss of the first character(s) after a carriage return (i.c. of every line).

This was in the Terminal mode of the Serial interface, which was u!ed to progranf the

.
v N
! U
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SAFE 8000 I the PC program, one is faced with having to make multitudes of
pcnphcral swnchmgs (usmg IN#n and PR#n BASIC DOS commands) because ﬂthc Apple
can mput/output to only one device at a time, Hence, the program is littered With these
pcnphcral access commands, slowing down the PC's response time. Thcse problems

had to be accounted for, corrected or circumvented mostly by the Apple program, though
" the SAFE program frequently had tou

e timing loops to account 3 delays in response

from Apple. To summarize, the Apple peripheral system was primitive.

The architecture of the Apple [I memory created other cumbersome problems (see

figure III-3). Whisn using BASIC, one has confrol ovet how memory is used,

and it was djscovgrcd that the PC program

on Pagc 32, whcrc 1 Page = 0.25K). Since the final PC program used l7+K and Hi
Res graphics were used in the momtoqhalf of the program was inevitably destroyed,
- Gausing a crash. Tht program was moved above Hj Res memory. This area contained
| 32K. Processed numerical data required 10K. Combined with the program, this left very
little room for data ;torage, and thc alphameric input buffer. The latter was a source of
substannal irritation. thnevcr any alphameric variable is inputted, it is allocated
. cumulatively at thc top of memory. Smce data was transmmcd as alphamerics, as a
measure against transmlssmn error hang- ups this qmckly filleHl a substantial part of
meélory. Thls had to be cleared after every transmission (FRE command), resulting in a
three to five second hang time, a fair wait. 4 | '

The data storage problem was solvcd by the extcnded (A‘uxlhary) memory. Smcc
this memory was uscful only for maclnne language prog;a.ms and data storage,’ it was
used heavily for the latter. 'I'h1$ was done b OKEmg data into the 8K dead space |
below Hi Res memory, where 1 xt could thcn transferred to the Auxiliafy mcmory In
8-bit machines like the Applc, POKEd data must be 8-bit (0-255) but Analog data ranged
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- from 0-4095, so had to bc converted to two 8-bit words. Digital data was 8-bit, so no

' convEf‘sion was necessary. Tl';e 8K space was also used to store the Hi Res characver set
" andghe gnly machine language subroutine written, for the system'- the datatransfer routine
"(sec program listing E.S, Appendix E). The latter incorporated a routine included in the
Extended memory card and was ihe only means to transfer data from main memoryto e
auxiliar; memory, and vice versa.® It also proved to be useful for Hi Res grabﬁics.«» Thf
gmphs in Hi Res had to be refreshed occasionally, and by stonng an empty graph in
Aux111ary memiory and calling the data transfer routine, the refreshmg could be done in a
small fracnon of the time it takes to totally redraw the graphs.» -

The monitor system funcuoned parasmcally with the target system control panel

Thé panel had overall eonmol of the target, including hard%red alaxm interlocks. From

.

N

this ‘pancl the monitor syﬁtcm was allotted panel outputs which it could read, and some
- control inputs with whlch the monitor could mﬂuence the control system by vetoing panel

- Y § N
outputs. ) TN

.
s

3-Emzxam_Qmil_s

Experience Las shown that modular program gpsign is best. This éllows a great
deal of flexibility in logic and ;n modification of programs. Each "module” represents a
general function of the monitor (see ﬁgﬁre 11-4), whichpomains. more det;ilcd .sets of )
instructions to make that component work. If a ;;rc;l;lem occurs, it is usuall): iselated in \
one "module”. Ar_\d if a)ctfange must be made, the others are not seriously affected (if at
all). Placement of the. "module” in the ovemll monitor algoﬁthm may also be casily
chan ged Wple as used as a basic philosophy for the momtor Modulamy
‘was easﬂy effected in the SAFE using its multltaskm g and interrupt system The Apple
had more complex tasks to perform and problems to overcome (requiring a great deal of
effort and program space), but they were also separable and modularized. . -

4 4
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- BASIC was.used because of a lack of highlevel langua.ges that could fulfill two S
criteria simultaneously' 1) high level 50 that reading the: program listing'should require a
’ mrmmum of decodtng, 2) quickly and easrly modlﬁable in the event that a modification i is .
' (, called for dunng arun. Just about any ‘high level language ¢ sansﬁes 1). But comptled -
' languages would have proven disastrously cumbersome: modification would require ‘
loadmg an assemblgym.ng the changes, comptlatxon then loadmg the modrﬁed code
BASIC is the most common language that satisfies 2). It is an "interpreted" language
The machme reads and executes the code, word by word, as it was programmed by the
. user. As a result, it is 1nefﬁcrent and slow But its v1rtue is that modtﬁcatton only
requrres the change to be made, then the program started unmedtately Actually, specd
was of little concem for SAFE BASIC. 'I'hts specialized version of BASIC was m’!uch
o more powerful and had much fewer (1f any) quirks than Apple BASIC, hence ran fast
Ol enough for momtonng purposes It took about one- second to cycle throu gh all 62 data
| pomts mputung, decodmg dtgttal data checkmg alarms and checkmg timers. - |
ﬁ ‘,: " The Apple presented a different snuatton It was bogged down by the volume of
processm g and by the conectlons and cucumvenuons resulting frorg,h%rdware and |
archttecture deﬁctenc1es There were many complamts (]usuﬁable) that the delay between
updates was too long, typlcally twelve seconds for a full scan, but little could be done to
_ allevxatc the problem short of wrmng in machme language or usmg a faster computer (e g.
~ 8800 or 68000 series processors)_. ' o | |
Cw , e

N

3a. S_AEEN o

| The SAFE pro'gram (See program listihg E.1, Appendlx‘E)‘ was separated' into ,' :
- three levels of éxecuuon Commumcauons, Alarms, and Scannmg Scanning sunply
mvolved 1nputt1ng each channel and companng 1t to preset alarm set pomts (see ﬁgure

IlI 5a), and checlcmg timers for overdue response from the control system ona prevrous

K
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B g i . N . ° 3 1
alarm (also an alarm condition)(see figure HI-Sb).”.’Ihese a@e in'three multitasked - -
loops. ‘One loop checks analog data (lines 61Q;700), the next checks digital (lines
710 1210), and the 3rd, timers (lines 480- 600); each loop. éxecutlng one cycle then

\ sw1tchmg to the next loop; the three 1od‘ps also belng looped, unless an 1nterrupt is

triggered. This simylates three srmultaneous independent loops. This independence —
allows each loop to be éxecuted at different paces and to have different lengths, yet to,be

executed almost simultaneously.

The algorithm for analog and digital scan is basically the same. The priority level

s cftecked first. If its value is greater than 23, then the alarm for that data point has been
'dlS&bled and a new TASK is called. Otherwise, the data pomt is compared to its set-

pomts If it passes, a new TASK is called. If it farls, an alaxm flag is checked to see 1f
.

the present: alarm ls CO! S‘chtlve to a past alarm. If not, the flag is set. If 50, this unphes

_ condmon which the timer routine handles Both cases are followed by
?

a prolonged al

.. placmg the alarm ona pnonty queue. The pnonty queue actually consists of a 24 x5

array. Thrs allots 5 mterrupts for each Of the 24 priorities. Each bin i in the array contains

. -the variable number of the problem data pomt, i.e.its ide . Then the prlority interrupt

is triggered. This is done by settmg a drgltal channel in slot 0 or 1 on.  These slots m
addmon to bemg aUe to do normal I/O are d1rectly connected to the interrupt system of.
SAFE. And smee SAFE is capable‘of setting digital input mtemally, the priority
interrupts are trigge_red. by' setting the corresponding digital:YChannel or bit on. Flnally, a
new TASK is called. , | o

The d1g1tal scanmn g routine differed shghtly from the others in that some data
pomts were treated more specrﬁcally Valves had two sets.of contacts: one when

ne when closed. ’I'his, was to ensure ihata valve was not left half open.

opened, an

Hence, scannin ' ese data pomts reqmred that both contacts be cross checked. ‘Since

- these valves had either 2 or3 data pornts assocrated w1th them, it was not possible to use -

a stratght loop Instead a subrounne was called, w1th the digital variable number as a

;i
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pararneter, for each valve (lines 840-930). This subroutine compases the 'open’ with the
‘closed' contact for'a half open valve. Then the ‘open’ contact is compared wnh a set
< i = ' ‘

~ point. The half open valve could be more serious than an improperly set ome, so it was

given higher prxonty ‘

Secondly, the alarms from the pressure gauges were not scan ed smce the analog
data from the gauges was being monitored. In fact, it was simpler to check for these 2
alarms at the PC. | | _ i |

Digital data needed a funher refinement in general. Thci&;iigital card reads eight
data points at once, COnsidering them as one 8-bit input, so that data from that card is in
8-bit words, each wogghcoming from achannel. The data point then had to be extracted
frorn the appropnate word. There are a few ways to do this. The one chosen was to
breakdown the variable number into the correspondmg channel number and bit number on

"the dxgltal card. The channel was read, then that word was EORed(Exclusxve ORed,a
bit- by-blt EOR included in SAFE BASIC) with, the bit pattem for the data pomt on'that ™~
channel. The normahzed result is then compared with a set point (e.g. lines 740-760).

Another departure from the standard alaxm scanmng routlne concerns the pnrkter

d\\{gp Smcc SAFE has timers whxch operate mdependently of programs, one was used

attimer delayed mterrupt to regulate printer dumps. A countdown timer is set to output
to an input channel in slot 0 (the interrupt slot) which has an interrupt routine specifically
for coding a print dump tngger message for Apple Pnonty level 1 (channel 0, bit 1) is
‘reserved for this interrupt. .

One interrupt which is global in effect is the emergency shutdown It has priority
level 23 (hlghest) and is tnggered not by setting it on, but resettmg it (i.e.sett0 0). It
does not have a any data pomts currently assoc1ated with it, but i it was envmoned that it -
would be attached to the data points assocxated ‘with the cryogenic systeml_ d electrical
power supplxes

3

~ An alarm condition that does not follow any of the mterrupt scheme istthe
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Autostart alarm. 'l'his is more an alarm than the print dump but less so than any of the
other alarms When SAFE is powered up, it outputs the usual system status, but it also
automatically commences program execution. This is convemént in mid-execution if
SAFE is inadvertently, or otherwise, shut down, then restarted. Normally, twhen the
system is‘started, up, SAFE is commanded to start e);ecution at line 50. If, in thecas_e of
an autostart, execntion starts at the ﬁrst line tllne 10), the command flag MC$ 1s setto
"E", as opposed to "M" for a nonnal start and bypasses some initial prograr‘n lines.
_SAFE program execuuon goes as normal until the command ﬂag is checked, which then/n
directs execuuon to the Autostart alarm routine. Duea to the low key nature of thrs alarm
and ‘the bre;lty of its treatmeqt, this routine remams at the scanning level and puts the )
followmg coded message on the output queue: 1) "I"(1nterru§t) + "E"(data type = |
Autostart alarm); 2) "SAFE AUTOSTART" 3) tlme, 4) date; 5) "$". Thls message is put
on the output queue, then it returns to main executxon This Autostartfeature also allows
Apple to continue with a minimum of drsruptlon which will be discussed in Sec 3.b.
The timers algorithm is the same for analog and digital dafa. The alarm flag is, o
checked and if not set, timers and second alarm flags turned off (or kept off it there was -/
no prev1ous alarm). If it was set, and the timer run down, a second alarm flag is set. In
any ease, at the end a ngw TASK is chlled. As noted previously, a complete e
uninterrupted sweep of data usually takes about 1second. i
If an alarm situation is detected .it is noted and an interrupt is triggered. There are
three reasons for tnggermg an interrypt and not treating the problem directly.
1) The mterrupt system easily orgamzes alarm treatment, facﬂrtates priority
changes, and is open to specialized or customized alarm tneatment without maJor. global
modifications to code There are *24 levels of mterrupts ‘Several alarms w1th common
- characteristics and alarm handhng can be grouped together in one pnorlty mterrupt level

. Vacuum pressure gauges were attached to levels 19 and 20; target temperature and

pressur'e were given higher priority, 21 (see Table ITI-3). These levels are assigned to

8
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each data point at the start of the program (lines 4340—4400) Since each of these levels
- are referred to by number changing priority for a data point is simply done by changmg a
number in the code, or by command during execuuon ;
2) Itis possible to dlrectly tngger alarms usmg a dlgxtal mput card in slot Oand 1,
so keeping this option open is desirable.
3) There is a short delay be/tween tr\gger and response about 0. 1 seconds “but
'long enough for 2 td 5 more data points to be scanned in case of a more critical problem
(and hence, more probably the’ cause) . _ |
When an alarm is tnggered itis handled by routines specified by its pnonty level.” &
While each data pomt may need special treatment the algonthm is always the same iD
~ the offe‘tfhng data point, perhaps treat the problem, code 1nformat10n for output, and Q
. place that information on an output queue (see ﬁgure - 5c) In reality, ID étarts at the
scan, where the problem dara pomt is put on a priority queue and the interrupt tri ggered
At the mterrupt level, these data pomts are triated one by one accordmg to the priority
mterrupt and the priority queue. SAFE always processes the current hi ghest priority first,
~ sometimes 11{terrupt1ng one 1nterrupt in favor of a h1gher pnonty one. The program then
calls a subroutine specrfically deﬁned for a certain mtenupt at the program start up (lmes
160-390) Then each bin of the priority queue for that level is checked for alarmsﬁand all
" alarms at one pnorlty‘ level are taken care of beforeexmng the subroutine. If an alarm i is
zfound, the offending data point can be identiﬁed by the contents of the bin, placed there
vby the scan routine. '
- Once the alarm 1s 1dent1ﬁed its dlgltal mterrupt bit in slot O or 1 is turned off. The
second alarm flagis checked to select an.interrupt code for transrmsswn "I" was used
for an ordinary mterrupt and "L" for second alarm. Next, the timer is checked lf it has

not run down, the interrupt transmission is cancelled because the proper interval for what

is considered a prolonged alarm has not yet explred This terv s set at the start of

the program, and-rs-modxﬁable, by command, d he run. If the timer has run down
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or it had not previously Béen started, in the case of a first alarm, thett the timer is
restarted, followed by the coding of information. o ’Q : o

The codmg is fomtatted as follows: 1) interrupt levcl ("I"/ "L" = first/second -
alarm) + data type ("A"/" D" = dnalog/dlgxtal), 2) data point name, 3) data point number,
- 4) datavalue or. message, 5) time, 6) data, 7)"$" terminator. The data point name mffy be
| altered. For example, vacuum ‘pressure gaugcs had set point alaxms bullt—m that could be
changcd w1thout the correspondmg change in SAFE. So an interrupt routmc (hncs
2280- 2530), specxﬁcally for the vacuum gauges, checked thc correspondmg dtgttal
(alarm) data point for an alarm. - If both, analog data and alarm, indicated an alarm,
condition, a normal alarm cwas transmitted. But if only analog data indicated an alarm
condition, the variabl_e‘ name was prefixed with "SUSP", tneaning a suspected alarm
condititm. ) ‘ d ‘ | 4 » N

| A message repl.:lccs data valut: in twolpossiblc cases. Each valve in the vacmtm
systcr_it had at least two'data potnts': A éet point alarm ttnd half open alarm. A simple code
could not be devised for the half open alarm soa rrex'éssagc, "Half—épen" waS useti (lines
2170- 2270) The other situation concerns data points dtrectly involved with the H, target

{
. cell. These are target pressure (THl) target temperature (TH2), vacuum (GP1), and gas

" monitor. Dxagnosuc logic (see ﬁgurc ITI-6) had already been devised around these data

pomts and since it yielded more mcamngful information, the logic was 1ncorporated into
a separate mtcrrupt routme for the target cell (lines 1930-2163). -

The information for each alarm must be put on an output queue sunply because the
Apple, uncq'uippcd with pen'phcral interrupts, will most certatnly be unready for
transmission. Hence, the final step .tnust.be.handled by‘ the Communications routine.

Communications (lirtes 1220-1540) also works on a priority interrupt basis,
‘having the highest pribrity levels, 24 and 25. Ths routine handles two functiorrs:
n'ansmitting"infonnatron to, and acccpting commands from the outside worlti. Both'

require a signal from the Apple to be sent, indicating that it is ready (see figure I1-4d).
‘ ) o _ ‘
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- used only if there is no user interaction involved. This is camed ou_t at the

37
The signal is a\oné' letter code (though more than one is technically feasible), eithera .
transmission request or a command code. ]‘his triggers a communicatians interrupt,
causing .thc program to go to the Communicatigps routine. Here .tl;e incoming code, held
in the bﬁ}fer, is read and decoded. The actual codes are detailed in Sec 3.b.

SAFE responds with a reques> "received” code ("Y") ora hcgative ("N")
depcndmg on whether or not the last signal was recogmzed and SAFE i is rcady to
: transmxt The only case in which SAFE would not bc ready to transmit is for normal
transmission if a nmer is not run down, in order to maintain some segblance of .
pcn\odlcnty If 1t is ready, then the alarm oufput queue is chccked Alarms are tmnsmxttéd
one for cvery transrmssmn request. If the queue is empty, then all jvgnal data is sent, and
| at the next transmission rcqucst_,‘ all tha analog data (hnes 1380-154'0); -

Data transmission is formatted® as follows: 1) interrupt code + data type; 2) data
word;... n-1) last data word; n) "$\" terminator. The interrupt codc'indiéatcs whettler the
following data is data, alarm, or special (see also Sec 3.a. and3.b.iv). Data type
indicates whether the data 1s from analpg or digital cards. Each of these twc;ﬁi)icccs of
information are represented by a'single letter code, and together form one "word". .Ti]is is
. the geaeral format of any transmission from SAFE to Apple (e.g. compare with Interrupt
codn:g)l Each data word is transmitted on one :nput line to av01d ﬁxcd-formattcd mputs
in the Apple program.. Also, due to the frequent loss of the first chgracter for every line. ™
input, data words wete padded with spaces. In the case of ﬂansquns of data on the
outpui queue, everythigg was stored in one character variable aad separated by ASVCEI
carria‘gexrctum codes-(CHR$(13)). When outputted, thc Apple sees this as thcﬁusual
series of separate line mputs of one word each.  ~ N : | ’
Commands from the Apple can be executed on two levels Immedlatc exccuuon is
g

Communications interrupt level, i.¢.’there are subroutines in the communications interrupt

]

subroutine to handle these commands. If, on the otherhand, the user must input data '

4

N
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(i.e. from the keyboard) directly to SAFE, cxecution occurs at the scanning level. That
is, because multitasking in this machine does not function in interrupt called routines, the

~

Commu cation mterrupt routuy! must be/cxttcd And whenever a user tnput is called for,
the scanmng continues during the waiting period, between keystrikes, through Col
multitasking. Data point parameter modification, clock reset, and manué.l digital control
are handled this way. - L .

— . N

3.b. Apple Il »

" The program for the PC end of the monitor system is divided according to the
.scrcen output forrnat, with alarm and other interrupt routines at higher levels (see program
listing E.2, Appendix E). Each screen has the same program structure: Check keyboard
" buffer for usor command check for "transmission f@juest received" signal from SAF
mput data, and output to screen. | |

- User commands are single character codes Wthh are defined for the scrccn in se.
A menu at the bogom of the screen lists the codes and corresponding function. With LE
exception of the command mode, these funotions are mostl')"for switching to another
display mode or to terminate the program(s) The modes are shown in ﬁgures 1-7.

If a command requu'cs that SAFE perform a function, or if there is no command a
command code, or transmission request signal ("S"), is sent to SAFE. A 'received code .
("Y") is expected and its absence vaids the subsequent tuncuon "In the case of thc :
command code, specific routines are run after the 'received’ cade. For ordinary data ,

transmission, after thcﬁreCcived' code, the input routine continues as usual.
" The data input routine is used as a subfoutine (lines 20-690), callable by any of the
routines handling th; rcmen modes. It uses the BASIC INPUT function to read data one
word at a time, for an unhrmted number of words This function always displays (,

inputted data on the screen so that despite closmg up the screen wmdow as much as
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possible, there is always a flickering at the top left hand corﬁcr of the screen. That is the
ichminggam as the INPUT fungtion réads them. This also means that line 1 cannotbe -

- used for display purposes,(cxccpt for graphics, which ovcrlay the text screen). The inpﬁt
routine is placed at the beginning of the program to ensure that the interpreter exécutes it
promptly, and is combined with the command routine. '

While the a}rlount of data proccssed.by the PC program was fixed, the amount

\ actually inputted is not limited. This program is more "customized" than the SAFE

program out of necessity. Some of the data points nccded specnal treatment in order to be ,
presentable as output. The free format of the input routine was necessary to avoid the
liability of hang ups due to RS232 misbeha\"ior (e.g. loss of data). Second, it allowed the
séme routine to be used for the different data types; digital transmissions contained eight
data words compared the analog's sixteen. Whi"le transmission faults would result in
erronéous data, it is believed that it wo(xld be obvious upon inspection because-it would ’
resulfin a discontinuity in data. ' , ’ _
' Ev’crything is inputted as Alphal?etic strings. This allows the same r;)udne to be
used for any kind of transmitted information ¢hence reducing response time to incoming |

- transmissions), and againctums fatal transmission errors into rionfatal data errors.” v
'Unfonunatcly, this creates a Wc volume of alpha data which must be cleared from the
alpha buffer. This takes three to five sccohds and is necessary to do atévery tansmission

Yy because the remainder of free mcmorﬁ,ns not large\cr;oug; to accommodate any more
mput than that from.one ti‘ansnnsﬁ;otvﬂ ' e .
A Oncc inputted, the data is ésdverted to numeric values. Analog data is placed in
temporary memory and also converted from a 12- blt word (0-4095) to two 8-bit- bytcs and
placed in, rhc’SK ‘dead' space for later transfer to Auxlllary memory (then to dxsk) It is
also plotted on graphs hidden in Hi Res memory. This is to maintain contmuxty of the

graphs, or alternatively, to keep screen change durations low. .

Digital datd is received as 8-bit words (each bit represents one digital data point) so
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it is not necessary to break it down for the 8K space, but for output purposes, it mustbe
broken d?wn into COnstix:nt bits and put in»tcmporary memory. This process would
have been trivial to perfarin as a Machine Language subroutinq, but it.was ihought that
this would infringe on the 'high level’ condition. Onge in temporary memory, the data 15"':"
ready {_or processing and}outpu“t. | | | |

The 8K 'dead’ space accommodates data for 40 full transmission cyclcs (i.e. 40

dlgltal bytes and 80 analog bytes). At certain mtervals (20 cyclcs), thc lower portion of
that memory is tm%nuﬁo Auxlhary memory (via a ma‘nc language subrounnc) \ -

Then the upper portioﬁ‘is shifted into the lower portion. This is to make room for new

data, and, at the same time allow cohtinuity from old data to new data gn data vs. time
_plots (i.e. crude scrolling). Tﬁc data in auxiliary memory accumulates untii a lﬁnit is

reached (six mgrﬁory transfcré, equivalent to ab&ut 2‘5\m'mutcs worth of data), and the

" contents transferred to disk, if enabled, or cleared.
3.b.i. Screens

. Screen outphE options are: Alphameric; graphs, horizontal bars, and raw data.

The alphamcril: screen converts data into phys(ical quantities (e.g. for bressurc
gauges, Volts to Torr), and is divided i{ltq four sections on the screen (see figure I11-7a).
The Top section contains general alarm statu;, ¢.§. power fa.ilh'rc.» gas failure. The-
sectio;l below it conmins information on the vacuum system outside the target system,
e.g. roughing pumps. The lower left section contains information on vacuum inside the
target systerﬁ (but outside the target cell). The lower right has information on the
cryogenics system. |

'Ihc 80 column mode of the cxtended memory card could not be used here or in
z;.ny text output screen. It required that a pcrxpheral slot be contmﬁbusly open. Since only ’
one peripheral slot could be opened at a time and at least one peripheral (the RS232) was

!

“,

N



Figure III-7a: Representaton of Alphaméric Screen. Valves and’
- other digital data point states are-highlighted (Reverse field).

COMMAND N NUMERIC @ QUIT

Figure [II-7b: Representation of Graph Screen
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repeatedly opened and closed, the 80 column mode could not be practlcally kept open ‘
The secondary reason was that 80 columns pushed the limit of resolutton on the momtor ‘
belng used (a somewhat,venerab_le device).

The graph screen displays 16 analog channels in graph form on one screen (see
’ ﬁ{ue III-7b). These are updated continuouslya, regardless of What screen is currently up ‘
| (i.€ in the background) The plot is. effectively channel vs. time, with fluctuations in time
because the timing is not metlculous Unfortunately, to save memory and processm g
~ time, it was necessary to put all 16 channels on one screen, so that each graph had 40 x
40 prxels available. Hence graduanons were left unlabelled due to poor reSolunon
(consrder that one resolvable character should take up 5 x 6 p1xels) Nete that thts also
means that the analog data was approxrmately mcremented by 100's, but at least there

were 40 measurements dlsplayed f_or one data pofnt - equwalent to ~50 minutes. On the

far right hand side are four clusters of horizontal line segments These indicate the status ©  °

of the digital channels in the two SAFE d1g1ta1 cards, but are pretty well useless unless
one can identify them These data points are 1dent1ﬁed in Table HI 1b

Honzontal bar d15plays analog data as horizontal lpars, with 30 increments full
scale (see figure III 7c) The graduétlons were labelled for this screen; and represented
_ physwal quantmes (e.g. Torr for the roughmg pumps)

‘The raw data screen dlsplays data in the form the SAFE 8000 received them (see
ﬁgure II1-7d). Thatis analog data was in voltages, dlgltal data as 0/1 (;off/on) Thts

screen is baswally for dlagnostlc purposes A partlcular situation in which it was of great f'l‘?f

help was in correlatmg channels wrth data pomts, and 1dent1fymg any faﬁlw linesor ﬂ.

connecuons It also alded in remotely cahbratmg the set pomts for the target temg:rature °
and pressure gavuges (as oppo;ed to going to: ahe target control panel standing ina .
radtaun%estnctcd area) 3 - ; "wi' 4‘ .

¢ . Coe :
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. 3.b.i. Processing
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‘Each screen has its own set of variables, particularly for data. This reduces

limitations on dataprocessing (e.g. cutoffs) by leaving original data intact for additional --

) . . I3 - * . o g ) - vc
processing (or carrying over to another screen). This translates to more flexibility

because data processing can be dOne in stage‘si Furthermore, this allows grouping of
common calculatlons instead of exphcrtly programming individual data point calculauons
thus reducing program memory consumptton

Most of the p‘rocessmg is either sxmple scahng or digital decodmg Applesoft
BASIC ORs are not bit-by-bit ORs (as they are in SAFE BASIC) sb it was of no use in

digital decodmg The digital decoding 1 would also have g implement in -

machine language, but to try to mamtam the * non-e ' sophy of the system, it
was done in BASIC by comparing against and owers of 2 (lines
410- 450) Once thlS was done, screen output w A m,atter of usmg IF statements

to set or reset an mdlcator In addition, if the data pomt represented an alarm, itwas a

: snnple matter to mcorporate somekmd of alarm (presently, a ﬂashmg mdxcator)

-

The graphic type outputs (e.g. graph and honzontal bar modes) involved scalmg

2

to the appropriate increments, i.e. : o ,

O/P (#full scale 1ncrements)xg1_ta | C (1)
4095 :

Analog 1nformat10n (O 1OV f.s.) was converted to 12- bit data (0-4095) by the SAFE'
ADC, hence the denommator is 4095. The full scale mcrements for Graph mode was 40

and for the Honzontal Bar ‘mode, 30. The nonlinear correspondence of the devxces to

‘ voltage was represented in the graduations.

There were two analog dewces that reqmred modlﬁcauons of the above
conversxon The H, pressure transducers, THI and TH2 control the refqgeratlon

system, and in doing so they have short periods (about one rmnute) and hrmted voltage 5
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variations. They never fall near zero either. Hence, to focus onl a more relevant range
cuts were placed. Old rc;ode did not have to be overhauled, only the msemon of the cut
'deﬁmtions was necessary. This illustrates the usefulness.of having mdependent screen
routines (thh their own vanablcs) (i.e. modular desxgn) \

. Alphameric analog outputs were complicated by the necessxty of rounding off
numbers, usually to three significant digits. BASIC does not support formatted output _

- statements, and neither does it have digit suppression. Hence, round off had to be done

- explicitty to the variable in question. The Aalgor'ithm used was:

V = [ INT(data x 10 +0.5 1x 10° B a2y
| 4095 |

ecimal places +1
: BASIC ﬂoatmg pomt to mteger conversmn function .

~ Where rouhding off was not necessary: - - )
 V=dua | - (I1-3)

4095
sufficed.

Pressure readings were always in‘s‘cientiﬁc nOtation because at first order, they are
logarithmic. "Here INT does not perform the desired function as it did for voltage .. ,.
conversions. What was needed was to 1solate the mantissa and exponent as two separate
: quantmes To this end the common LOG of thc fitted Pressure function was calculated:
the integer part of the result was the power of 10, the decimal- pad was LOG(mantlssa)
(e.g. lines 1620-1630). The remainder of computation was the same as ‘that for the

a

voltage. |

\V_/h
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1. K )

- - The pressure calculations on their own were not trivial, considering the Apple's . -

capacity. The fitted equations were originally of the form:

P =1g™ x 102V F MRV © o (Wr4a)
or ‘ ' . :
log(P) =m; + m,V + m3exp(m4\() ) : (II-4b)
where for GP1 and GP4, and for GP2,3,5,6,&7 |
ml =-6.941 ml = -2.827
m2= 0:536 . m2= 0.496
m3= 0393 = m3= 0.250
‘mé= 0510 . mé= 0.669

The extra exponential corresponded to a nonlinear drop at the lowest pressures that the
gauges measured. It was unfortunate that the rele\tant range-of 'pﬁssures covered both the

" linear and nonlinear régions. EXponentials take five to ten' tirnes longer to evaluate than
the four primary operators. This further lengthened the delay between input and output.

Three linearizations were used in an effort to find a fit to cahbrauon data for tHese

gaugcs At ﬁrst a hnear combination of exponentrals was tried using the Umversrty of

: Alberta MTS (Michigan Terminal System) version of BMDP 9 statistics software A
better ﬁt wggifound using the above equation. Unfortunately, it was carried out on the

- Apple, at Saclay, because of a lack of famlhanty with its resident mainframe. A linear
least squares ﬁtting program was used with estimated exponential parameters, i.e. it was
not highly optimized. The calibration run in 'August 1986 use this second fit. After
Areturmng to Alberta, a third fit (see figure III-8) was performed resultlng ina better fitand »’
the program has.been modxﬁed with it:

: log(P) =m, + myV + m,sin(m, V) L (L-5)
where for GP1 and GP4, and for GP23,5,6&7 -

m; = -6.941 m, =-2.827

™2 0.536 m2— 0.496

One other nonlrnear dcvrcc needed alphameric conversion. TH2 was used as a

thermometer. Being primarily a pressure gauge, a conversion from V. to pressure was



LogP (log Torr)

LogP (log mbar)

— FitLogP

-] Lc}gP

Figure III-8a; Log(pressure) vs. Gauge Voltage
for vacuum gauges GP1 and GP4
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@ LogP

| — FitLogP

Figure IT1I-8b: Log(pressure) vs. Gaugc.Voltagc o
- for vacuum gauges GP2, GP3, GPS, GP6,GP7
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ﬁcviously found, and was linear. The temperature dependence was not. A least squares

fit indicated that a function of the form:

T=mmyV-m)™s o (Il1-6)
where m, = 130.7 R |
2 =78
mjy = 0.073
, mj = 0.1657
o : n
to be highly satisfactory (lines 1450-1480).
x 3.b.iii. an_m__a_n_d_‘g‘ . : | .

Each scregr*has a short menu of commands that switch to other screens. This is at

| ge bottom of the screen because the Apple normally allots this space for text information.

As menuoned before, a smgle key code from the menu executes the indicated function.
The response 1s. not immediate due to the pnonty placed on data processing. Command \
requests are hahdled only when the input subroutine is called (lines 60-110), partly to

keep the program legible, but mostly becauée of memory-considerations. Obviously, the

B 'more decoding routines, the more space used. Unfortunately, since Apple BASIC does’

not have active input functions, another mean's to check the keyboard for command input

-

.was needed. It was found that this information was stored at a specific memory location

as a flag. 10 This locatlon was PEEKed and tested for input. If the flag was set then GET
was used to input the keyboard input. Otherwise, the program continued normally. ‘

There is another comphcauon A keyboard disable in memory could not be found

- so that during data transfer, data could be corrupted by keyboard input. A keyboard

disable/enable software switch would have been able to block keyboard mput. This

| problem could not be resolyed. The only alternative v\(/a"Sto use a'visual warning in the
form of an on-line/off-line wahﬁng irldicator, placed one line aboye the menu at._the the far
right hand side (lines 140 and 220). | " |

There are two commands common to all screens. "Q" (—Qult) shuts down both



- resets a flag which is checked at the begixlning of the printer routine. If resetto 0, the -

- | ' _ 50
monitor computers. This should be used sémc\yhat like a manual overriding shutdown. |
"X" (=¢Xit) shuts down the Apple only. A corhmand codé ("X") is sent to SAFE, which

then goes to the "all available alarms" toggle routine, described later in this section, 1o turn

alarms are all off SAFE can then continue to monitor process

off all alarms. When this routine is finished, it sends a "0" to Apple to indicatc that the
Ailc the Apple is taken

* off-line or out of the system. Both commands are followed by a request for confirmation

to avoid inadvertent Shgfdowns.

The Command s&één's main purpose is to allow the execution of special
opérations (séc Lfigurc II-7e)(lines 3140-3940). "M" (=Modify parameters) sends a
command code_("M") to SAFE that‘causes itto go toka routine that allows parameters to
be modified. Data point names, priorities, and set points can be changed without
stopping acquisition. As mcntié_ned before, since user input is necessary, this routine
mus; be run at the scanning level, so that multitasking can be implcmcnfed (scanning is
not disrupted). The reason that SAFE is handling this funiction, not the Apple, is to avoid
a po;entially cf)mplicatcd redundancy and because of limited program space. Puttm g this
routine in the Apple requires that all data boint parameter information that is changed in
SAFE must alsb be changed in the Apple. Most Qf this ianrmation would not otherwise
be needed by the Apple. Apd whether the information is built in with the prdgrzim, orifit

is transferred from SAFE or any data storage, this information must ultimately be stored

~ in active memory, of which there is little to spare.

"S" (=Set time and date) is a function very similar to "M"‘. it again sends a code
"SM)to SAfE togotoa rounnc to change the current time and date at scanning level.
This information is necessary for loggmg data and interrupts. Detalls of "S" and "M" are
discussed in-Section 3.c.

The monitor has facilities to periodically print out current data on paper and to

| store data on disk. The printer can be enabled and disabled at will u-siing "T". This sets or

°.
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routine is skipped over. Thc infcrval can also be changed using "I" (=Interval change).
:I'he timer is incremcr'itcd in0.25 n;inutcs and pcriod.s of days are possible, in principle.
'I‘lus latter function does not require information from SAFE hence the input part of the
algorithm is done at the Apple The time inputted i is in minutes but the interval rese: i
_ funcnon in SAFE must.use the number of 0.25 mmute intervals. So Apple must mulnply /
the user time by four (4). Once the new pcnod is mputtcd and confirmed, a command .
code ("'T") IS sent to SAFE whlch goes to a routine at the Commumcauon interrupt levcl
whereupon lhc new period is 1ncorporatcd in SAFE. SAFE then echoes the mputted
period to confirm the change which is displayed by Apple after the appropnate 8
convc:zsxon i " ~ : _/.};‘;5

Immediate printer dumps are also poss1ble by "P" but the time will more tha;l

likély be incorrect. This is because the time the Applc has is updated only on reception of 'V
an interrupt (one of which is the periodic printer dump), which carry time and date. This
function_is executed simply by‘execudng the printer dump routine in the Apple program
(but/Bypassing the flag check).

" The periodic disk dump enable can'also be toggled _by "D" (=Disk). Datais
~ dumped into rahdom access files on disk. It is possible to dump onto an existing open
file (as opposed to a locked one) or a new file instead. If there are no existing opert files,
a new ﬁlénamc is prompted for. If a file is open, the u_Scr is askcd' if further dumps are to
go to that file. If not, the file is LOCKed, as per ApgleDOS,‘ and a new filename is
requested. In the case of new filenames, the program checks for duplicate namesswhich
would result in a disk error. In actuality, the disk directory is not checked, but a directory
file created by the programis. This random access file keeps record of filename, lock
status, and the number of records in the data files. The latter is important in preventing |
disk overflows, a disk error. There wcré two data files kept simultaneously. One is the

main data file and the 6thcr is the interrupts, or alarm, file. The interrupts file uses the :

~ sarne name as the main daia .ﬁlc except it is appe-ndcd‘ with ".I", This differentiates the
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. 4 . .
' two data types by their different data formats yet makes their association .zwious. If there

is some questio_n as to existing files, "F" displays the true disk directory,

It is also possible to enable and disable all available alarms at onk keys
"A". This sends a command code ("A") to SAFE &h.ich hses a loop to taggle t e enable
bit in the interrupt pn'ority'codes for each data .'po'mt.' »After all alarms are toggled, SAFE.
sendsa "1" or "0" debending on whe:ther the alarms were turned on or off. This keeps
the Apple informed of the system alarm status. ~—- |

There is a fac1hty to manipulate selected switches using "O". A command code i
("O™") is sent to SAFE which executes another routme at the scanning level. The name
. and current value of each switch is pnnted out, and the usey' has the option of entenng a
new switch value (0/ 1) beside each one. A carriage retum is entered if no change is
desired fo; a switch. This protocol was inspired by SAR, the resident data acquxsmonl
computer system at Saturne, Saclay.

Finally, a triple beep accompanies the ‘second alarm'. If this beeping is annoying,
itcan be togg.‘led off (and béick on) by "B" (=Beep).

All the above functions are followed By a statement to indicate the status of
changes requested or made, for the purpose of confirmation. Also,{ the status of toggles

are indicated on the menu list.

8

3.b.iv. Interrupts

If the inputted transmission is from an alarm, an alarm flag is set. Immediately
after exiting the input subroutine, the screen routine goes to the interrupt routine. The
transmission is then decoded,_ processed, and s}ored. There was ‘not- enough program
memory to actually updaie the value seen on the screen w1th the alarm value, SO upon
exiting the interrupt routine, the scréen mode is automatically switched to Alphameric

mode. 'In refreshing the screen, the inost current data is displayed, with exception to the
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alarms that sent messages instead of a value. Also, the name, value (or message), time, |
an}datc were displayed at the bottom of the screen. This area, as previousiy mentioned
is an area allotted to text, and does not change much with the ‘screcn modes.

{ There were three other \typcs‘of interrupts: printout timer, system shutdown,
SAFE-Autostart alarm.’ Pcriodic p\rihtouts of pertinent variables were implemented by
- using a timer delayed interrupt in the SAFE 8000. The infcrrupt called roﬁtinc'in this case
| was an abbreviated form of the ordinary interrupt ro ' ti‘I‘;C. ‘The coritcnts of the coded
message, placed on the insgjrupt queuc was fixed: 1) "PP", 2)time, 3) date.. After
reception at the PC end the transmission goes to the mtcrrupt routine, is decoded, then
branches to the printout routine: This routine prints out the name, voltage, and physical
“value of analog Aam, and name and on/off for digital. The reason for outputting the
voltage is that the voltage was referred to more often for some data points. The fo'rmat is
fixed and somewhat customized:

The system shutdown mcssage is zictually a response frbm SAFE indicating that it
received a shutdown command from Apple or has undergone an emergency shutdown,
and has completed all shutdown operations except -program.temlination. After the
message is sent, SAFE shuts itself down, and the Apple decodes the message that shuts
itself down: 1) "QQ", 2) time, 3) date. -

Wﬁile the PC shutdown is quite inconsequential, the SAFE must ensure that the
acquisition system is cleared and, in an e;mcrgcncy shutdown, thiat the target is ‘left in as
safe a configuration as possiblé. This means that the target must be isolated and set to
shutdown configuration. All SAFE controllable valves are closed in case the cell has
* begun leaking. Roughing pump #2 is left on. And to prevenf pxplqsive evaporation of
the liquid H,, the cryogenic system is lefton. It should be  mentioned that the target
1solatlon is effecgcd by only two commands, net one device at a time.

" The SAFE Autostart alarm informs Apple that while the Applc has becn running,
SAFE suffered a power loss and had started itself up again. This is typically a nonfatal



event in that the target usually is not running or is running on manual, and that the
programs do not crash. Thvttcr is possible, even if SAFE has been down for an
extended pcﬁod and Apple was huhg up waiting for a response, because upon SAFE

_autostart a series of SAFE status lines are outputted. None of those lines, especially the

first few chagg:ers; qggtg,m the letter "Y" which is the "received” code that inidafcs data.
input. So Apple ignofes ﬁe iﬁcominé garbage and cycles to the next input"which would -
be the SAFE Autostart alarm. No t"urthcr action is taken.

There are two automated Apple progr;.m functions which interrupt the normal
— Afunction of the Apple: memory transfer and disk dump. Both are regulated by the input
subroutine in Apple, by means of counters. Since the graph mode can display 40
measurements in each graph, it was decided that when half that numbcr was inputted, the

data should be shifted over, This would make room for more data but still leave some

continuity in the

;l"hé old datz'l has to be stored so the data transfer routine is called
to move this bldck" surements from main memory to Auxiliary memory at Pages 96
to 122 (lines 370-690). .is done six times. |
f_\fter the sixth memory transfer, a subroutine to transfer data to disk is called
(lines 5240-5550). The data transfer routine tranéfcrs data, ggajg in blocks of 20, from
Auxiliary memory to the main memory. The memory locati/ems \cp_qtaihin g the oldest 20
sets of measurement are used as a buffer, and oldest to newest blocks in Auxiliary . . .
memory are transferred.~This way, the last block brought dd\?/h is identical io what was -
written over at the beginning of the routine, and no resetting is necessary. Presently only
 one set of measurements out of ten are stored on disk. The target is mostly a static device
and if there are any changes, they occur qﬁite slowly, so that a frequent sampling would |
bc'overly redundant and a waste of disk space. A one in ten sampling is equivalent to two
\ minute intervals (one cycle takes about twelve secqnds). | o '

The data files consist of 128 byte records. The format used in each record is:as

follows: 1) analog data #1;...16) analog data #16; 17) "-7" analog data terminator; 18)
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dx gital data #1;...25) dig,ital data #8; 26) "-8" digital data terminator. The first record of
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. edch data dump centains time and date gnly: )" 9" time record ﬂag, 2) time; 3) date.
¥ Alarms, if any, aré also stored on disk, but since few alarms are anticipated,
alarms are kept in mnain memory and dumped directly from there. Interrupt files have 32
byte records ahd are formatted as follows: 1) data type (O=digital, 1=analog)'; 2) data
number; 3) data value; 4) time; 5) date. . |

Finally, the directory file is updated. The key concern is for thc amount of space
left on the disk. If the disk becotnes full and‘a write is attempted, a-DOS error;results and
the program hajts. So the number of records is updated and the equival‘eh‘t disk‘volume ‘
calculated. Normally, an Apple II di_sk can hold a little over 130K or 520 blocks (of 256
bytes each). A warning is displayed if 490 blocks are calculated to be occ:pled.

Both interrupts are followed by refreshing the graph screen. An cropty graph is
brought down from Auxxhary memory and refilled w1th the most current data. Then

App,le returns to noxmal operation. . .

Ty o Eeo&use of,ﬂ’:?‘*shgftagc of B’ b:;&,(xc stamng at power up,

as oppoéedtto stop and star;t prégh

) \ 41;‘

;IQRAM, the cold

)vJ‘ »
N

SICprograg\ memorypo ntert

’ :ﬂue above I-h Res Then it automatlcally loads
b second program (HZ‘PC SET see program hstmg E.4, Appendix E). This program

2 - ates a Hl Res character set (smoe no Hi Res character set was available) using Hi Res
ty B
:?shapes ”, and stores 1t at Page 8 Next the machme language (ML) data transfer routine

"!L

A,

){ rs%tored af Page 12 The Graph mode layout is then drawn up and transferred to Page 64

,ioff Auxxhary memory from l-fi Res by the ML transfer routine. Fmally, it boots the main
gram The only nme these programs have to be used is if the computer has Just becn
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i

powered yp or memory has been corrupted.

At this point Apple defines and initializes its variables, then sends "R" to SAFEt0 5
4
query its execution status. If it is running, the SAFE communication interrupt routine ’

sends back "X" and places a print dump interrupt on the output queue. If itis not
running, SAFE will output garbage (actually a "syntax error” message) which does not ?
_contain the letter "X". In the former case, the "modify parameters” command is sent to

SAFE. If the latter is the case then a RUN 50 command is sent to SAFE o start it. Both

-
: (4

~ cases are followed by Applé passing control to SAFE.
When SAFE is startcd, arrays and variables are defined and initialized, system

timers are initiated, TASKs and interrupts are dct:mcd. Most of the variables are data

point parameters: data point name, priority, timer delay, and set points. The name is ;

important in identifying data points if thcy need changing. The interrupt priority has a

maximum value of 23, but the alarm cmble tbgglc is coded into bit-5 (=32 decimal).

Hence, any value greater thaf 31 ﬁcd -the alarm for that data point is disabled. ’1‘&9 @

*

is effected in the scan routines wh e priority is checked before processing that data

point any furthgr. If the value is not satisfactory, the data point is skipped and the next
TASK called. Furthermore, bit-6,7,8 are used to indicate zi%pcrmancntly disabled alarm.

Since this represented a value greater than 63 and is not alterable during execution, these

L]
T.
v

The timer delay refers,to the interval given before an alarm is considered to be

variables can not be accidengally toggled and are easily identifiable.

unrectified within'a rcasonable lcngth of time. The values are expressed in 1/10ths of
seconds and thc default is 10 seconds (100 umts) _ *
Set points are values for data points which are considered alarm conditions., For
digital alarms, they can only be on/off (soded 0/1 in SAFE). For-analog, the set points .
a}e expressed as 12-bit digitized voltages. This is bcéaufe the SAFE inputs the analog
{iata as 12’bit information. . | e |

The program then goes to the 'main’ routine, seven lines (lines 410-470) that
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check a ﬂag for commmds sent from Apple then TASKSs! “At start-up, t thls ﬂag is set to

"M" to execute the "modrfy parameters" routine. Tlus is tie same routine used for '

' ‘,‘/mrd-exccutlon parameter changes. A menu of three items is displayed.: list parameters,

-

change pMeters, or go to main program. Listing parameters is a‘ctua]ly"‘a"dump to
screen of all data point parameters, defined or unused. Unused parameters are most
read11y 1denuﬁab1e by a vanable name stamng wrth a Iﬁ@r "A" sufﬁxed w1th numbers

~ The routme to change a parameter hada comphcanon INPUT could not be used

" 1o input the necessary mforrnatlon because 1t would mterrupt data p int sc;annmg

F

| 4

Instead, the SAFE BASIC manual suggested using a GET (whrch can only input one
character at a tune) inaloop in seﬁes with a TASK. 12 The SAFE GET isan actlve One
in comrast to the Applesoft GET If itis called and there is no mput, it assigns a-null
character and passes execution to the next command (lines 3000-3030). Hence the loop
contmues 1indefinitely, callmg TASKs (hence scanmng) and concatenatmg eaoh mputted
character toa dumm; vanable untl a terrmnatmg character, a carriage retum);n this case,

is mputted The name of the vanable is mputted first. Then the program searches the

_name vanable arrayWa matchmg name. ,Smce digital and analog %ﬁrameters arein . ",

drfferent arrays the data type is deducxble here A drfferent menu dlsplays the type of

parametprs that can be changed The menu number d new v value for thc correspondmg .

parameter are e'\tered, upon whlch the appropngte routine makes the change
" When all changes are made the enable status of all alarms are transnntted to.

Apple. This is sOmewhat ves 1t whs once planned to dtsplay alarm status wrth data.

*

Since only the Raw Data mode has enough space for this, it is faxrly useless information.
On the other hand, at least the presencc of this information i in one screen mode meant for

diagnostics would sdve the trouble of hrttmg "M" disruptmg normal SAFE operatlon

and txme So 1t was left in..

B ConuoL;s-pass@ back to Apple whlch sends a time set command, the same one
e

used by the user command because the same rout:me is used. The commumcauons

Ty

< 7 o
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F interrupt routine sets a flag which is checked at the scanning level. Then the time set

routindis called. This is fairly straight forward except that INPUT statements were'us'ed o

instead qf the GET loops. AThis was mainly because time changes were not really

expected to be madefor long periods or during runs. It was even less expected that the

date would need alter‘ing‘,;so to avoid the hassle of answering. frequently useless prompts,

-

.

the date change prompt was called only if the time needed changing. The reasoning here

- was that if the time was wrong, it was only because of a power»failu‘re, hence the date
would be wrong also. Of course, this is not necessarily true, so in case only the date

- needed changmg, a null entry for new time allows the modification wrthout actually
altermg the time. Finally, program contrel is returned to Apple, which goes to the main |
program starting at the Alphameric screen mode. a._

©

o

3.d. Support Sofrwarg

Besrdes actlng as a dumb terminal for SAFE when programmrng it, the Apple
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-

- system was also\used to store the SAFE program on disk. SAFE had a battery backed up

. memory so that it could retain a program ‘when powered down But it d1d fot have any ’

other means of progmm sforage. For this purpose, programspwere wnttgn 10 store and

o
%,

reload SAFE programs

-

"LISTMAKER" was used to store SAFE programs ont&%lsk A maJor problem is .

that the first character e is occasronally missing at 300 baud, and frequently
missing at 1200 baud So this program should always be run at 300 baud. A "LIST"
command is sent to SAFE by LISTMAKER to start the dump Itis also possrble to store
pan ofa program by specrfymg a partlal listing (1nstead ofa full hstmg) whlch sends a

"hmlted LIST" command to SAFE Each hne is read, character by character into' Apple

#

B memory At the end of a line (i.e. at a carriage ‘return), an XOFF is sent to SAFE to

ia R B

‘ / pause thc dump then the line is reconstrtuted Th/érecpnsntumn rouune has to compare
. . . Lt < . %;.'_“ﬂ.
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the current line number with the pre?ious one to verify ascending line numbers. If there
is a missing digit, it is replaced and retested. When the line is in -satisfakctory’ condition,'it
S s .stored in memory XON is sent to SAFE to read the next line. This is done for 100
lines, after whlch those hnes in memory are dumped onto disk as records in a sequentlal
| file. The name of the ﬁlc can be user deﬁned so thdt any number of different SAFE ﬁles '
vcan be stored.on a dlsk (within disk capacnty) At the end, the number of inputted lines
and number of unreconsututable lines are dlsplatyed to assure a clean transfer
: "LOADER" is used to load SAFE W1th a progriﬁfr@m the Apple disk. ThlS
funetlon is not comphcated, owing to the reliability of the SAFE RS232, and can be used |
at 1200 baudy._ Tbe-same line fix' routine from "LISTMAKER" is included for »-
_redundancy. | ’ o / . , -
"PR[N'ITEXT "isa progrgm for reading and printing out the contents of the
q‘\SAFE BASIC program stored in the sequential fil€s on disk! °ThlS 1s far more convement,
due to speed, than getttng the file hstlng from SAFE at.300 baud The latter can be done |
usmg "PRINTOUT” which is basrcally the same program as "LISTMAKER" except the
v output device is a prmtcr instead of dlSk drive.’
Toaidin program development SAFE had a bullt-m program editor. The most

, commonly used features ‘were selecuve and global renumber scarch for smngs scan and

™ replace strings, line delete and automatic line numbennq . .' o b

(.

” a0



Table III-1. Locauon of Data Points on SAFE 8000 I/O Cards

-

o (

l 1 Analog Input (slot ch# 28,29)

3

ach# variable ach# ,vafiable %
‘0 TH1 (Target Pressure) . 8 TC2 (Thermocouple at flask)
1 TH2 (Target Temperature) 9 n/u N
2 VRS (Comparator) 10. GP2 (Pressure Gauge)
3 GPl 11 GP3 :
. 4 GP4 o 12 GP6
5 LSB (Level Sensor-Top) = 13 GP7
6 LST (Level Sensor - Bottom) 14 GPS )
7. TC! (Thermcpl at Cold Head) 15 n/u
1.2 Digital Input (ch# 4-11). - @ ey
var# dch# db# variable var# dch# db# variable 3 v
0 4 0 'RP1 Mantal 32 8 0 VPI3Manual #
1 1~ . PumpOn 33 1 - Open
2 2 RP2 Manual 34 2. Closed -
3 3 PumpOn 35 3 VP14 Open
4 4 COMPressor Manual 36 4 . Closed
5 5 On , 37 5 VP15 Open
6 6 FRIGe Manual - 38 6 Closed
7 7  On 39 7 VP16 Opeh
8 5 0 DIFF.Pump Manual 40 9 0 Cloked -
9 1 On 41 1 VP17 Manual .
10 2 . CUTout 42 C2 - Open
11 . 3 AIRLow . 43 3 ~ Closed
12 4. Ny Low ' 4 - 4 ‘VC4 (VHl) Manual
-13 7 -5 HOQD Off 45 - 5 - Open
14 - 6. GAS Monitor 46 - -6 - Closed
15, -7 GP7D Ok/Nok 47 7 VC’P(VPIZ) Manual

v 166+ 07115V : 48 10 0 . - ' Open’

s 17 - 1. +6V. 49 1, - Closed
.18 - 2 GP2D Ok/Nok 50 2 VC8 (VPll)Manual
19 "3 GP1D Ok/Nok 51 3. 75 Open -

20 4 GP3D Ok/Nok 52 . 4 ‘ " Closed
21 -5 GP4D Ok/Nok - 53 5 VC9 (VPIO) Manual
22 - - 6 GP5D Ok/Nok 54 6 7. Open
23 -7 GP6D Ok/Nok. 55 T .. Closed
24 7 0 LSB (Level sensor-bot) 56 11 0 VR5D Local

25 1 LST (Levelscnsor-top) 57 1 THI1D Control

26 2 njh ‘58 - 2 - Fridge COOLing

- 27 N3 n/u 59 3 . ByPaSs

28,7 €4 niu 60 4 SAFEOn . -~

29 )5—n/u . 61 5 ALARM

30, ~ 6 -nfu 62 -6 nfu -

31 7« 7 nfue -+ 63 -7 nju

' 60

i
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Table II1-2. Location of Control Points on Digital Qutput ( Card (slot ch# 22 23)
va.‘# dch# db# variable . '
0 22

B

oo

1

N v AW

[

0 RP2 |
1 COMPressor 9
2 ReFRIG‘erator‘ 10
3 DIFFusion Pump 11
4 VP12 . 12.
5 nu ' 13
6 VP10 ‘ 14
7

VP13 15

 Table IIl-3 List of Data Points by Priority Interrupt

prio# dch# db# variables

CONAUNARWN—OD

0

1, % V140, V150, VHI O, V120 -
. V .

2

2;
3:
4
e
6
P

2.
4

0:

o

1:
3:
5:
: 5
7.
0:
1
2.
3:
4:
- 5t
6:
T

B

reserved for print dump timeout

s

~

160, V7.0, V100
VI3O,VIIO | - -
COMP, FRIG .

AIR,N,, HOOB
VI§C,V17C,VHI C, VIO C,
V12CV11C

V13 C, V14C, V15 C

RP1, RP2, DIFF, CUT
LSB,LST . -

GP6, GP7, GPS

GP2, GP3, GP4

GAS, TH1, TH2, GP1 .
115V, 6V, SAFE, ALARM
(emcrgency shut down)

LS

0
1
2
3
4
5
6
7

var# dch# db# vanable
8 23 " VP16

VP17 -

VP11

. ALRM

SAFE
n/u
n/u
nfu -

4
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- Table III-4. Graph Screen Graduations
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) Iv. Asymmetry Analysis

The fmal contribution to the AHEAD polarimeter was a vector imlarization
anaiysis. ,Thc runs at Saelay, during the summer of 1986, Wcre meant to calibrate the A
'polarimet.er for tensor pol#rizations. Since Saturne was not set up to produc®one of these
polarizations, it was necessary to rotate the polarization axis of Synlrnetry. This was to be
done by a solenoid and a dip;)le magnci: The solenoid was to rotate the polarization |
preferably onto the plane of curvature of the dipole, actually a.spectrometer analyzing
magnet which then precessed the polanzatxon s that i it was not perpendicular to the
beam. "Preferably” because rotating onto the bending plane of the dlpO]C is a /2 rotation,
and would simplify later calculations of the required known tensor polarizations of the
mC1dcnt beam. But it was necessary to calibrate solenoid current to asymmetry (an
mdlcator of polarization axis' direction). Thls was somewhat crudely done on-line, . |
y1eld1ng anull Left—nght (L-R) asymmetry at a solcnmd current of 10—183 A. The work
described in this thesis is a more careful analysis of the asymmetry dependence on ‘

solenoid current to verify that this was the correct solenoid setting.

*

1. Theory !

For incident deutcrdns on an analyzer (such as liquid H,), the differential cross
seetion can be described in Cartesian coordinates by 2

o(8) = 5p(0)[ 1 + 3/2p A, (0) + 2/3p, A, : .
v + 1/6(Pex Py (Ars (0)-Ay (8)) + 1/2pquz<e)1 - av-n
or equlvalently, in the Madison convention (sphencal tensor notauon) o

o(@)=c,O)[ 1 + 2Re(1t11)Re(1T“_(9_)) + ‘20T20(e)..

+ 2Re(ty)Re(Ty;®) + Re(t)Re(Tyy®)]  (IV-2)

.where the p; (or tij) ere polarizétions of the ineoming beam and the A; (o_r,Tij) are the

N

s
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analyzing powers of the reaction. Polarizations ar'e analogous to e spin state of the

_incoming particles in the beam and analyzmg powers contain the physics of the reactron,

J
1,

~ particularly the effects of the potenual of the target pamclc on the incoming partlcles (seef :
Appendix A). ‘ ’
This is all in the reaction‘ plane. To relate trris back to the incorrdng spin symrrretry
frame, one consrders angles ¢, the angle the scattermg plane makes with the i mcommg |
x'-z' plane, and B, the angle that the axis of spin symmetry makes with the. mcommg z :
axis (see figure IV-1). ¢ can also be thought of as the anmuthal posmon of the detector 4\1
of interest. The polarizations along the spin symmetry axis are called 1, and 1, (i.e. |

| strictly vertical). As aresult the polarizations become

Re(it,) = T,osinpeose/ QY2 (IV-3a)
ho = (D tgGeos?-10 . (V-3

Re( ty) = (3/2)1"2 T, sinp cosP sind , | | av -3c5

Re( ty,) = ~ (3/8)12 0 sin2 cos2¢. - r (IV-3d)

“The beam from Saturne comes out with B—1t/2 i.e. vertically in the expenmental
frame. Accordmg to equations IV-3, thlS means that Re(t2l) =0. But Re(t,,) is needed
for the calibradon (and eXpen'ment), S0 to create this polarization in the beamn, a dipole
magnet is neede‘g, with 1ts ﬁeld perpendicular to the spin symmetry axis. This would
cause precessxon of thé spm axis perpendrcular to the ﬁeld resulting in B#r/2. But the
beam consxsted of deuteron ions whose paths would bend in a dipole field. Since the

 polarization was vertically-oriented, a beamline with verucal orientation would be needed,

jinless the initial polarization was rotated azimuthally before going into the dipole. This

av?\“
,( e

, 4§ notatxon on equations IV 3,a rotanon of ¢,=n/2 was decrded upon. But the solenoid

\g«’ks accomphshed usmg a solenoid. To simplify the relauons resulting from such a

‘current to ¢, relatlon was not known. To find the necessary current >Satume produced

. solely vector polarrzed deuteron beams for several data acquisition runs Equation IV- 2



y - detector . o z,2

Scattering
Plane

spin symmetry axis

beam -

Figure IV-1: Coordinate Systems for Polarizations

66



67

then becomes the well known

6(6,0) = 0®)[1 + ()12 7, Re(iT},(8)) sinf cosg] . (V-4)
Left and Right are ¢=0 anlr, respectively, and the polarization is rotated by ¢=¢,.

L = 0,0)(1 + (2)V/2 1, RE(T, ;(8)) sin cosd, ] (IV-54)

R = 0,(0)[1 - (2)12 7, Re(iT;(8)) sinp coso, ] | (IV-5b)
Then: : | ‘ A

(2)"72 119 Re(iT, (8)) sinf cost, = %%—% | )

There are still four unknowns, but T, is fixed by the machine, B depends Only on the

dxpole magnet field strength and the beam energy which were kept constant dunng the

vector polarization runs, and Re(iT, 1(9)) can be kept constant by analyzing data from'zr——"“

fixed angular range. Hence the ¢, dependence can bc found by a simple L-R asymmetry.
Equation IV-6 of course assumes an ideal experiment. In reality, there are bound
to be instrumental asymmetries‘which can systematically shift all polarizations and, in
case of this analysis, result in a@false current, ;. The main sources of concern are -
detector efficiencies; beam centering and consistent beam. With these in rr},{nd, a means
of calculating the asymmetry can be derived. We begin by defining
(2)12 %) Re(iT () sinp cosd, = Rv and
polup Ly=Kro (1 +R,p)  Rp=Kqop(l- R av-)
unpol Ly=Kqg0q RO = _KOaR |
poldn L, =Ko;(1-R,)) R =Kjog(1+R,))
"pol up" refers to the direction of the beam polarization, assuming that ‘tl'1e accelerator has
been set up for i)olarized beams. "Up" is the chosen "preferred” direction of the
polarization. This is relevant when the polarization is alternately flipped or turned off by
the accelerator. K refers to modifying factors common to'a pblan'zaiion state €.g. G,
iricident current. 0t refers to modifying factors common to each detector, i.e. efficiency.

- These two factors contain thesources of false asymmetries mentioned. It is then possible
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to remove these faults by T
L.R 1+R
170 vl
£, = = S (IV-8a)
T .RT L, 1- RvT .
resulting in ¥
- ')
€y - 1 o
R .= - (IV-8b)
Y e, +1 ' :
Similarly ~
RL 1+R
e vl )
€ = = (IV-9a)
! L L .RO 1 - Rv L ‘
resulting in
€ - 1
R L= _ (IV-9b)
T+l oo

Equations I'V-8b and 9b are usable if an unpalarized beam measurement has been done. But
in the case of the calibration runs at Saturne, there were no unpolarized beam runs. The

~ beam did flip polarization at every burst, though. To eliminate K and o we use

L R, (L+#R(+R )
£2=LTRL = RvT : Rvi ‘ (1V-10)
1Ry A=ROU-=RY)
Define Rv=(1/2)(RvT+Rvi) (IV-11a)
8=(12)R,1-R,) ~ (IV-11b)
and substitute into equation IV-10 ‘ ’ ,
, 1+2R +R’-% o
. €= g 2 =-(IV-12a) .
v o 1-2R +R'~9
Solve for R,
2 2 2,4 .2 V7]
) R =& +li[4e +0°(e .—Ze-fl)] (IV-12b)
-~ v 2 2
' e -1 € -1 :

Rejecting '+' sign solution to maintain proper sign convention and using a Taylor expansion

gives
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av-13)

If § is small, thcnR =g-1 . ‘ o (IV-14)
€+ 1 ' ) '

* .

" The uncertainty, to begin with, is 8. Simultaneously, it is the remainderaof the above series.

Solving for 8 and folding in the statistical upcertainty:

- A €).p2 . v-15)
RV (e +1)2 NI
where N = total counts from both detectors. . £
As it tums out, as long as N»1 and 8<0.1, this approximation-is very good. .’ T 2 g
k w'\'-‘ . W ~  o vt
v - - ’ ) . el e 3 - :pl
2. The Analysi . . » ‘P
‘ ) A y* P :

Now that the asymmetry can be expressed in terms of count$ in Land R d&té’ctors

<, ?
3

it becomes a matter of acquiring those counts. During the vector polanzauon cahbranon 3 L
runs, only E counters ES5, E6, E14, and E15 were in thc tngger along wuh tbe front cnd 1
counters (see figure} I-3 and I- 5) This made AHEAD cffecnvely a L—R df:.thtor System ,
(instead of the large acceptance system it really is). Because the: vector anaJ;z;ng }po»‘vcr '

iTy, is large at far forward lab angles (figure IV-2), the detector array wasmovcd

| upstream 30 cm from its normal position (see figure I-3). This gave AHﬁAD more '

o /or(vard angle acceptance. Measurements were taken for 170 MeV mcgdcnt dcutcrons

- with polanzatlon flipped for each bcam pulse, with solenoid currents steppcd from 0 o
240 A. Typically, one run filled half a tape with a few hundred thousand r_aw events. Of
that, pulsers accounted for ~2% and front end evenis for ~38% leavfng ~60% possible

real events (sec figure IV-3a). Of that 60%, approximately 30% lacked AE. information,
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. . omn
~13% lacked wire mfoxmatron completely, ~2% had inner wire mfor%uon only,and ,
~2% had outer wire mformatr,on but no pamng wis possrble (see ﬁgure IV-3b). This left
a total of about 30% possibly good events. ¢ U L : ‘ ?;fa*

The ﬁrst step in the analysrs was to identify elasttcally scattered deuterons
P;gtons weg nq;\ used because of te mulutude of scattermg channels possrble

v Deger uldﬁ himted to a very few channels, of whtch the desued elasttc scattertng
is predorrﬁhant at 170 MeV Smce 170 MeV deuterons that scatter forward and backward

L in the center of mass frarne (CM) scatter in forward angles EE‘: lab’frame, witha

maxnnum angle at 30 (ﬁgure IV-4) only the ﬁrst 20 of Al D data was used This -

%

was done bv decodmg outer wxre chamber data and dmppmg any events that htt outsxde
.the reqursue regton lengthw1se fOr the far end of AHEAD Track reconstruction was not
| performed because it was not hecessary. Only relanve changes fromrun to run were ‘
bemg spudied, not angular distributions: Oof course, the 6 equtvalence of these regtons (or
Q-cuts as the? we@ called) was necessary 1nformat10n to avord rmxtgn backscattered |
‘ and forward scattered deuterons near 30° (see figure IV-S). | ‘Also smce’iée energtes of ?
‘»’ forward and back scattered deuterons a} signlﬁcantly different at forward angles, they'

k ‘are easrly separated (ﬂgure IV- 4.

» 'Having done that, the data were screened for events ot strtkth g AE2, AE3 AE , .
or AE6 the AE counters assoctated with the ES, E6, E14 a}ld E15 respectlvely Smce U )
stray event can go through more than 2 E counters, an event in one E counter was

ﬂchecked agan:st a s;multaneous é’v?nt inits nearest netghbors Passgng that it ls possrble
“that sorneeventgmav be fahg‘pnes stnkmg wires that do not correspond to the
| appropr@t', °E countef“%hes‘b gvge generally large angle scattenngs that evaded the Q cut
¥ smcé these w ye w{
frsure tv 6.

; Next was the ttme-of ﬂlght (TOF) cut.. It was mtually thought that there was no

T r'gwousqu s@ened (the result of these cons1derauons is shown m

{

: TOF data on tape because ofa mix- up 1n data acqmsmon As it turned out, only 1of lO :

-



.ﬁ‘

2

Kinetic Energy

W

200
ot

160
140
120
106 |
a0
60

40

20

o
(5,1 S
o
-

| & 10 15
P "+ Lab Angle

\

Figure IV-4: Kinetic Energy vs. Lab Angle
_ of Elastically Scattered 170 MeV Deuteron

n

30

-

i
R



Lab angle

80 ¢

70

50

40

30

74

60 |~

,()“‘;‘? “ / .
- T HighQ :
X /position .
) C
.k 4 " \pt
¢ |
. g
i Y "‘ l’h'l
A% / 3 '
i
T R _LlowQ
- , . /, position
k3 / . r \
/
50 60 70 80 90 100
Q posi{ion

,/_\\

Figure IV-5: Lab Angle Envelopc for Q cuts, Q posmon is measured

from the downstrcam end of the outer wire chamber.
g, - ‘5,;\



75

N

9
L
- 3
£s
L2

.
sSixv
4 wo
%01133rove

[eds. bﬁ:na Cm S1J010-0

“JusaLINd PIOJU[OS WV G’ wa ,wccgmom )¢

. - T 19 pue 9gV 10) 10[d  'SA gV 3«.

R |

0..1\.....-0*.1!..
0— LISOPOOLEL 9899 —QOFGONHNPIOFD.FQH-H:-QNIH.—.&ONHQ
. L ZCYCSRSSESYECLYCLVSI6OIPLLaSRRIPZOIPLLISPLIZON

VLLZZEECECEECEZEZT LALLM Y

-

. MYy (313193024 LA

PLILIPSSTITOLILWRL
-hoh-‘.-rrthOFrmrrhn .h-hrhh-h.‘r.‘-hiu\.u

PAWNOLT
C9-ATAmBLY e

- . - [ .
° ocove o091l .0°0Z8L . O o%wL > orei o oozt o ose o o2L &.o (11 [ 124 oo’

D LT TR PR RRRE EE PR Rt TR PR SRR S i P R R aedicnaveresoproncannce .

- 4 - . . PO .+ 0°0

1 ' . —81N0 — 3 . 1 o' os

1 qumw‘ mw L . . T 1ro-oet T

1 - ' 3 i 3 & 1 o o8t

t ', . 1 T ' = et T 1 .0 00t

1 ? ' [ [T TR 1 ' [ - { o'08Z

1 3 [l 3 ' [ (Y . [ 4 BN ' {1 o oo0L”

ro [ (R 8 ' BRSSP Loyt LASRUTREE W V:ct 43 1.4 osC

1 () ' z ' 1 3 vz e [ 2K TR . (R T8 (XY TN X 4 1.0 0Q

1 [T (St ‘ z i1 e P20 - U A 4 SRR S I ™ 1 1 o' o¥y?

. i iz i s zz v ‘o opijeze VALt e Tt [y 14 + 0°00%

1 i Ligey € zt 1 Te .zz 1 1 v [T SRR E 1 N I LR S ]

FEY 11 £ 1eCy «.uu.n A Sy | T Ti [ e 1T 6009

1 | ICESESCLS €z ZL.B®  ‘ oziilL o TooAT Ty L T tE 1ttt LT T bbb 100

1 , 1 TZIPICEBTIVSIICTC E8T €L LT 1T FZ € ZIEL TZ [} hﬁv.. 3 %4 PZt TZiLLL 1 1 o0°

1 | IyRTSISTLEVIZZECIES TITIL BELZZZZIC CEC 1 ZHL ML [N S I 4 S S LotL tkbL 1070

i LEYraLYSE SUZYZZiv L TT EICIPILSCE  weZL  TICL 9l1 4 (Y c zv .LziL T 1vz 1o oo

' 41ice v yieEzsEoet £1ZTt 1€l LiizzZTZZY v izZseizfzl  MZET 4 BT T4 T 4 TZZHL 11 1 0 o8¢

1 L LZZLLCYFVEIYSIVEIPZZELEICITLYY CEIZSCICL Ty viLLTLYSS) CTTYITHLL  LTLZTL LL L LT e 1 o o0

1 ZEISYSSSTLZEL 1 1Z- L JLETSTESCCENIZOLLTIZTZISIORSIZET LY LieZZSTIPLCL L 1L £ 41 uiTsz I o oss ’ .

. [ 4 CZ IRV I NZLIC TTOVESCIYSCEISLOTLITZZETISIIILITLEZIEEL 9L CYRIZLSTLSEIZZ T 11 ZTIL TT s 070001

4 [ IsS EPCE ZiiCPiSSYFOROVIiSrSSPZIILIPZISENPEYCYESD QZYZCSITCIEIL 04121 12T 1zE 11z 1 © ot

1 ' Z2Z YELLIZZ 4 1]EVLVISO4HLEIYVPEPLTICCIYOIRRVESSICL SIvPUSCRLTSIELEVIECLITE L 1ZI LI bl 1 prooy

1 v L BYEC: LZUISEIAHTEHAINHNYSITL L EYZICSLETLIT IS YLZTYSPSTYLYZICELOLEZIZHIZE T E1 1Ly - Yo ostd

1 ' Zi9Z 1| 19890 IMNINNZORIRSEYSZETEZ 1999 L T8V IIICELYINSVILICITIVYL LTS 1TXT [ o oozl

1 R 11 ¢ k- FrdnenesIse LLYCCSSESICEYSZUOISTOVAVILVEDIPELOLYSLILSLIZE 1ZE v 1 O OSZI

1 _dxlﬁu (3] wizy L999804NLe s nl [ISSICEEIEZ 19CP! JUPSCLELICPCSPSCIZEZCEPLICHIPEPZ 2oLl . 1 O OOt

1 T Zv FECLEORVOSLIe+UNIAOVLIPEVCSTIIIZST vasy CosL 1ZEiasey SLZLEIZSCLIPIZEZL I o:08L

1 < L Z 12 [ZZOvRIIS+ONeInur4iRIQYIITLLILSTZLE 9962CL9Z SOICYIIZTIZLSLEVLYISLEILE ZL ¥ t o pov

t &4\..ﬁv‘.a . 2z tiz)] zescainmwedTdans PIvevSIFZ TZIYELSISCIZYLEZLSEIVELFERINISZISYISIVZIZ 1 O Ot

. . Lot 1 ZISZTIRINENNee P rNTYESILIVIBIZIIVZEL I LIvICIRIIELS ZESLYVTISIINYPESNCHL.,. & O OOSI

1 v [34 n.nnqunr-::;o;roasntnaqun LstSiEvqfizZizel CSeSCCOZEZ LIPITENCCLICELZL |1 Q 0SS .

1 ' Gz zhi 4 CASEONIMINGIIZIPCWASOE CLZCSZISY PCZi) ZYSTIS CVLD YOLIZOPSSIEILIC

] [ SRR NN (3} ST4OIANHArERSLELPTIITOVILJLUIEZ Z1vIZEL SICE-SICVICYZZIAVIILSIC

1 ; ' 1L JLSSLO0FINTY GsLYCLl TTSL-} \EZ 3 ZEIEZLLLENLIPELSVERTLYSS €I .

1 1 vd L CczzsgWSEndECrIRFIVYSECZICEE (gl C1Z IZZIC TZL TTL, EICIS ISELINE

1 1 T. YLYVVIREVITH LtELesSTICS Ci gt v 21 2z 1ZezizACIVETLT € SEC

1 1 1 iz 1czEzessasducasmedecivzzszic]’} LU 1ZIT EL-1IIETAIE ZTeLECY . N

1 ' c Z1 T LZCPTEVLVISEISECYLLIE £zg§ vizi UL LLIZTTIEL 1ZRTTITILL

1 3 T vYEeIILLLSIV Lyvitt u; ETL LUl 11 L1 v AZEZCLIEL LEZLIELE

. =1 .’ ' L T L escfve oyarszzl K2 T 2 L I 1 L ZZILILIETTT ST .
ot ¥ 1t L CisisvseseceRETYIYRICZ 21Nt [ [ A \ v i1tz

T * . zi ACzZsLZ TEZEsTeisEerc® Lol ; Zv 2 (S A € LTCTELTE

t - ' § 1 Z CLICCIOTIY SELIEECYL 1E1| rE o [N vz €1z 114222

1 £ ' . [N tr ¢ ozaTezEgsZLEiisitiicdE Titt T4 1T B CbbNEte z1 Ty

1 . . L} ,-——NN— VIEYTTYLZTCLE o 1 13 RSN ES R t

I L R zrrivzezrzievZzfy 4 4 [T S T A 232

1 ’ - 1 TIEYE TZLEZYEE vl F oz I N L

1 ¢ ' [ € gEuiziig [ 7% ER TS A T LI o z

1 ;o® i . ' 1 (% ) £ Jz! [ [N} 1z 14 (N3

P R R [ SRR R D e

PIPKRILOLPIISISSZOVI ISCILLTL1 0O
NO1 L2470 N4

‘e s 0. (N ]4 ° - nu“:n?::.»om\.
WAGWAN LO0Vd MILLVWIS --- ¥MOIY .-~




- vector polarization runs suffered from this (unfortunately, it was for R, nearest to IO)
De.uterons are slower than protons at the same energy, and at 170 MeV elasti¢ dehtcron
TOF and' proton TOF are dotlceably dlfferent So‘a linear TOF vs. E cut is made between

" the two (see ﬁ e IV-7). By the same reason, protbns have lower AE than deuterons, S0

7 \o )
that the TOF cut ehmmates lower AE events (compare ftgures V-6 and -8)s The actual

pendence of TOF with E is non linear and the dtfferences between the two kmds of

B TOF is small «at low energres But there shﬁ&d ‘be no low energy deuteron events

L)

Abecause in- principle, elastrcally backscattered deuterons would only have 20 MeV and :

- would be absorbed in the AE counters. The net effect was that protons ‘contaminated the
- low energy portion of the TOF cut. There were also what were behevtﬁ‘fo be elasncally

scattered d-Al cvents at h1gh energies. Bemg deuterons, the TOF cut could not ehrrunate

]

them. But they were qutte separable wrth resp_ect to energy. o

So an energy cut was used. AEvs.E for elastically scattered deuterons at 170. : &b.
A

MeV should be fairly locahzed for the small angular ranges used in this anajysis. But due
" to the angular variations, smdll angles agd the length of the t&rget the AEand E data g

tended to be spread out. For e’xamplei)r aQecut of O 15¢m, 9 ~6- 13’ " This o
. corresponded to equtvalent AE thlcknessis ~1.4-2.7cm (from 0. 32cm), equtvalent to

15 30 MeV energy loss for a d,eutcron entermg w1th 150 MeV. The len gth of the H,

target is about 30 cm, an eriergy loss of 25 MeV The alumu‘t\lum vacuum contamment

o5

v\ .. vessel (1 mm thlck) répresented a 10+ Mev loss dependmg on ex1t pomt Thts smearmg

} | made the E cuts dlfficult to place, mostly atth the low energy side. It was eventually found

that loosecuts and tight-ones d1d not mgmﬁcantly change asymmetry results So to- |
ehrmnate the low energy contammatton and the high energy d-Al events, at ght high a

o energycut and loose low energy cut wefe used itgghout the. analysrs_(see ﬁgure Iv-8). .

@

<

All cuts were unchanged from run to run te majntain consxstency in results

Though there were. varxattons in the w_tdth and ¢ centertng of the AE vs. E dlStI'lbuthﬂS the -
¢

abovo cuts accorrtmodated them w1thout any deletenous effects Con51stent pulser data

vri.
»
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from some of the runs also support this. .

After the data has passed all cuts. it can be used for asymmetry analysis. Since
Satume produced béams of altemanng, known polarization, it was possnble to separate
* events in each E counter into groups (or counters) for beam polarization up and
polanzauon down. With thlS information, equations IV- 10, IV- 14, and l\k15 can be
~ used to calculate the asymmetnes. Assuming that the angle of rotation, ops \vanes directly
with solen01d current, R,, should vary with solenoid current sinusoidally. Hence a zero

(or root) of a smusmdal ﬁt to Rv data should glve IO, the null asymmetry splenoid current
. : X W.b' ¢

&

£ o

- 3. Program Details ~ .
’ : N . : . RN AN Oy

» et
- “ o A

The analysis was done o the University of Alberta MTS (Michi gan Terminal
System) Amdahl The program use%was KIOWA 3 along~yvith other pre' written code.
Smce the }cod‘e was actually fqg%nother Asbect of the AHEAD calibration analysis, it was

% necessary to modlfy and augment | thls version of the code. The INPUT routines were

modifi routme to read and store the polanzauon state as grven by Saturne s control
systeﬁ A. xtra subroutine, ALLDONE, was wntten for tb’ purpose of calculating
asymmetry at the end of an analysis replay from data stored by the main routine. -,,
The analys1s algorithm starts at INPUT Here the data on tape was read ar{d |
desired data de;g:oded. There were fo_ur types ol" data blocks on the tape. The first block

}' of eVery bu'rst (scaler block) contained scalers for'the data to follow The polarization

was the 18th and 19th word i in tlus block In pr1nc1ple, the scalers were. supposed to to be™

; . cleared at each burst:\us was not the. case during the vector polanzanon runs; they ~
v
‘ accumulated. Hence some decodm g Was necessary ‘before beam state could be stored in

a COMMON block.

The second type were front-end events. ThlS data is hrmted to the front end wire

“

chambers and counters, and was ignored, save to count how many there were. ,

he
s L e

s
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The third type were pulser events. It was necessary to ensure consistent operatio_n

of AHEAD, so pulsers for all detectors were fired at regular interval throughout a run.
The replay of pulser data gave well defined peaks in the detectors' raw hlstograms, that
did not change posmon From this information, thresholds, gains, and pedestals were
attained that were used in subsequent data. The results were consistent enough that one
set of the lattewata was used for all. tapes. Pu.lser bursts shut out data from real events,
SO during normal analysis pulser bursts were also ignored.

' The fourth type of data block was the real evcnt, triple coincidence events. Not all
data was decoded, just AE, E, ETOF, AETOF and inner and outer wire charr;ber data.
Inner wlre data wis not necessary, but its decodmg routines were already in place and
rather than spend the many hours to dlsentangle and remove it, 1t was left in. Dunng
decodm g, if data was missing or undecodable, the appropriate counter was updated and
thc whole event rejgctcd The values,of the counters were outputted at the end of the

) 7 replay as event statrstlcs shown i in ﬁgure IV 3
h The MﬁZﬁ&nber data had an éxtra complication. Wires were arranged togo

from the front end of the chamber to the other wrap ‘around, and back to the front end, 3
posmons over, in groups of 3 wires (see ﬁgure I-4). A good wire eventhneeds both v\frre
ends to ﬁre, so an event at one wire end is checked with its other end. If there are not 2
hits, then the wire data, not the event, is rejected.

ﬁ
Wire data is ADC data r'epresentir'rg charge received by converters. A charged

particle ionizes some gas mofecules in tll;e chamber, and the ions deposit chakge on a wire. ©

- This ch’arge' ﬂowstothe wire ends Xand corwe}ei)ﬂt the charge amplitude is

1

attenuated due to the Tesistance 6F the wire. This gives s6me idea of the distance that the
A
' charge had to travel; the further away an event % from the wire end, lhe lower the charge

of course, as the distance from one end i mcreases the distanee.to the other end decreases

Hepce, for a good event 1t is 1mp0551b1e for the sum of charge from’ both ends to have low -

output. If this does happen, which was fairly fyequent, there has been a misfiring. The

-

PR L Y



check for this is a QSUM cut; if the sum of charges of thc paued wu-e cnds Was lesa than
a defined number (250 for this analysis) it was rejected ,

If the event‘wgeégccessfully deooded, tlten a posnt_lon cut was made. This is the
previously mentioned position cut (Q-cut) to, limit data to fonﬁard lab angle scattering.

Then control is given back to the main program..

»

'

ey 4
The main program as far as this analysxs was concemcd executed commands
from a control file. It perfoxmed the rest of the analysxs as outlmed prewously A AE

. 'was identified, and the E assocxated with it. Then the nearest netghbors were chccked

b

At this point, a user defined functlon, USR, was called. It checked the wxre toE

correspondencc and if successful, makes corrections to E and "AE data due to photon

pathlength attenuatlon (not to be confused with deuteron pa‘fhlé”ngth) : 9 “;»’ .
After exiting USR, raw AE vs. Eand ETOF vs. E scatterplots were updatdﬂ

Subsequent scatterplots could then‘be cortlpared to thetn @Scattcrplots and hlstograms

t 1«
L

were also defined in the conol file. - :
A\ A S
TOF and E cuts were made. Counters for L, RT, and scatterplots for afew -
different test combmatlons were updated TOF and AE vs. E scatterplots and countcrs for
events-succeedlng and failing TOF and E cuts; gounter for events passing E cuts withjgo -
“TOF cuts, to compare W1th on- hne nsults, counters for events Passmg all cuts but' with
AE—too low. Of the latter, there were very few, but they showed polarization similay to
" ‘the normal deuterons. It is suspected that thesg are protons from backscattered deiitdrons
that gnuck past the admittedly crude identifi uon algonthm. . “ |
The above al@mlﬁvas followed one eVent ata umc Counters for falhng and/or ‘

‘

\i

countefs of ES, E6 E14 and E15. \"4., o v:}.;., »“

AN
E ' ‘,}»1 ;\ <’

-
Data acqumed for 6 dlffcre,nt sbldnoxd ¢urrents were ‘used for the vector

LNt N *
kg . . R i
-~ ' ~
3 ’ ’



R =

polanzanon analysis, ¥ smudotdal functron wa’s thcn fit to the resulting fmal 6R,. The

program used " B f A MTS versron of BMDP statistical package thh auser -, '

defmed funcnon A ) 1 sm(pzl + m/2). T'he funi:tton was o__gmally R, =p, sm(pzl +
p3) + Pg» but f‘ ' al reasons was reduced toa2 parameter fit. p, was introduced due
toa susplcio dpresence ‘:f a systematlc R, shift upon inspection of on-line and 0-15
cm position’Sults The 200 and 240 A data points seemed too low While there are
possible sott;ces for systemanc error, the idea was dropped wheny the 15 30 cm position
cut results showed no such problem

"The phase shift was fixed at —1t/2 because there were not enough data points to
reasona_bly fit the funCtron. Fits with a free phase shift tended to have unrealistically
- -displaced maximum R, implying that the polanzation coming out of the accelerator was
not consistently veruqal in the 1ab frame, or that the dipole was affectmg the vertical .
component of polanzanon . ‘ e

/A sine function was‘used‘instead of cosine because y sin_evfunction had simpler
denvanves (n@eganve srgns to account for) and zero for a root, the former necessary
tor the BMDP function definition. The ,fesence of negative signs and non-trivial roots |
could have caused some: problems in debuggmg ’

Three sets of asymmetnes were calculated a replay set with Q cut of 0- 5 cm, a
- replay set of 1§-30cm; and a recalculated set from on- hne data for comparison (Table
V-1, ﬁgure IV 9). Three fits were,made and 3 IO calculated from the fits, shown on
Table Iv-2. ’The August esurnate ‘was very close to the value-,from a fit of the'same data.
The 0-15 cm data does not conform as well to a sme fit and this i is reﬂected inthe
mcer}axnty bf its current The value from a Q-cut of 15 -30 cm is the lowest ‘of all, .but its
fit ¥s good rts uncertamty is low, and it is within error Of the caleﬁlateé*values @'he
werghted average of the results of this analysrs is consrstent with th\on-lme results. -

Hence the basic L, used durin g subsequentruns was probably adequate enough to assume

that the{spin axis of symmetry was rotated onto the bendmg plane of the dlpole magnet.
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Table I'V-1: Asymmetries for different Solenoid currents and different analyses.

Run - Solenoi& - Ry w/Q-cut R, w/Q-cut
No, Current On-lineR, (%)  of0-15¢m (%)  of 15-30 cm (%)

L

1 0.0A —‘13.469:t 1.234 ~15.780:t 1.243 ° -15.540+£0.791

-

3 475A 1197311032 -16170% 1344 -13.240£0.845.
S 985A  -9.007+1.078 -10.162+ 1016  -10.230 +0.644
6 148.8A —4.588+1.134  -3805% 1841  —4.452+1220 '
§ 199.1A  2.812+1.013. 350111876 43761 1.181
9 2405A  6.182% 1.;365 4500+ 1.706 7.487 £ 1.076
R % .
Table IV-2: Null Asymmetry Solenoid Currentand Parameters o
from sine fits from different analyses of vector polarization data.
‘. Fit Parameters o . ©
Analysis m (%) - m0YA) v ’
~ Aug '86 _, - ’ 183 A |
RecalcOnline 13414041 86400141 1818+35A
- 0-15cm . 1584+088. 8399+0366 187.0:!58.1 A
15-30cm 7 15314045  8.839£0.198  177.7+40A -
Weighted average " . o
of this analysis : 1795} 36A

e . ‘ R
J | ‘ | o
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Figure IV-9a: On-line Asymfnetry (Rv) vs. Solenoid Current
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“d-p elastic scattering at 170 MeV. Fit curve is a BMDPfit. ‘
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V. Monitor ang Target Performauce ‘

Y

_ ' . ~
l..Tr' t Cryo {ni P’rf rmanc
| ' ¢ | . .

There were essentially three.eonditieris in which the AHEAD target functioned:
cool down,_udrrnal run, warm up. Of the three, the cooldowu is of the most interest,
since one would iike to know'when the target will be ready to run. The vacuum system is |
mostly static. Iti is the cryogenics that is dynarmc and so is unportant .

There are two stages in lhlS process H2 gasin the condenser and flask must be
cooleu tQ,,hquefacuon temperature then the flask fills. The pressﬂre is held relauvely
eonstant and H, gas allowed to enter freely. _Te_mperature in the condenser and at the top. "
(LST) and bottom (LSB).level Sensors are monitorecfz The eéndenser tem‘perature comes

" from 1H2 avapor pressure bulb. "The vapor pressure was found to be linear with |
temperature, but the pressure varied as a ranonal power of voltage The result is
sometlung resemblmg an exponenually decreasmg T vs. tcurve. Atthe llquefacuon
temperature Tl’ TH2 plateaus |

The level sensors were resistors whose voltages changed with temperature. ﬁey
were originallyvmean‘t to register liquid at their positions when theirfyolltageaypassed. their .
set points. But as seen in ﬁgﬁe V-1, the status of cooldown can bé inferred from the
le{rel.,seusors, as well as from TH2. LSB will cool almost in unison with THZ.sinc‘e
comact b_etween‘tr,xe coudenéer and flask is through the bottom feeding tube. Hence it

'-plateaus Wim TH2.: Assunﬁrig a simple reciprocal relation, LSB also shows an
exponential relation and a plateau. | ' !

Siﬁce. the flask is an iuaulated container, except at the feeding tube', LST does not

-_chan ge as LSB or TH2. It lags (in ternperature) but it does show a shallo»\};er-.expouemial

* increase until liquefaction begins. ?._(t/tlﬁs-poin't, instead of plateauing‘,y it alowly linearly

“increases until the H, level reaches it, Whereuppri its voltage shoots straight up. If one
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Figure V-la: Target Sensors during Preligefaction Cooldown of Target.
. TH2 is the ¥Yapour Pressure temperature sensor, LSB is the Bottom
. Level Sensor, and LST is the Top Level Sensor : .

t (hours)

)

’ £

T

Figure V.-l‘b: Target Sensors during Full Cooldown of Target.
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-assumes that—l:l-lz is supphed ata constant rate fmm ‘the condenser, then LST can casrly
be used to mdtcate the volume of liquid and the level during ﬁllmg
o ’I'he datain figure V-1 is a comprlanon of 2 out of 4 different cooldown runs. taken
| from 3 prmtouts and 2 disk ﬁles, taken on 4, ll 18~25 Aug., 1986. There was some
difficulty in combrmng the data. The first step was to fit polynomials to each datamt. .

“For the cooldown, the htghest orders used ‘were 5 for TH2 and 4 for level sensors.

- Exponentials were'not used simply because they did not grve good fits and exponenttal

_ senes ‘would be difficult to correlate. The latter objecuon became u'relevant when the

-~ polynomial series tumed out to be drfﬁcult to correlate

[

. t
The mam concern was to be able to comprle a farrly accurate record of the target s

ume dependent thermodynamtcs ) that future runs with the target can be compared with

some standard. This requtred_ eorrelaung the times of the data sets. For data recorded on

the printer, this was thought to be simple enough yet highly consistent results were not _
possible. Disk data was comphcated by the lack of regular timing when recorded, so\_n
additional unknown due to the uncertarnty of the mtervals was mtroduced To make
,matters worse, disk data was-Tiot complete because at the time the disk routine was not
® completely developed. ‘ -
When exponennal fits failed to work on the prellquefacnon data, the only
- alternative was to use polynormal fits. The ﬁtung was simple and yielded exact values if
the least squares method was used. A program which compiled the appropriate matrix
‘ elements and then row rteduced the matrix was written on a Commodore 64. 'l'hen

various fits were attempted; the orde\rof\the\polynomral was altered, various data points -

wer@ved or replaced, werghts were changed End points were most Subject to

. -removal due to their proximity to drsconunumes in thermodynarmcs. Wetghts were

varied for the same reason. Fits were made on LSB, LST, and TH1 data for consistency '

of the correlauon pammeters between them 1)

At first, the fits were voltage vs. trme‘ and anon hnear correlatron was madc by

N ) ,f'
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. varying multiplicative gnd additive paraneters for time. This was also a leasr squares: t};ﬁe

fit, wnh the parameters mcremented according to their respective devxatlons (iterafd |

increment "halving"). Thrs was of course the hard way. It was then realized that a tirhe
vs. voltage fit would simplifly matters. This way voltage, which does not suffer frnom a

' variable reference point, fro an'y data set will yield time frogh a s,tandardizéd' frame. The

scalculated new time was the lmearly compared with the orrglnal nme for that setof .

4. 4
S t

ginear least squares rnethod 'I‘he resulting parameters were time correlation

iy ‘ * . . . -‘ » » by ) . .
r§~the mult1phcat1ve\ . ,; SRR e#ling factor more unport t for disk data, and

the addmve bemg the reference um a3 1ft'
: L x
Uncertamty was not a great concern bccause thrs analysis was mamly for

~

L4

approximate. predrctrons As long as the correlauon parameters were consistent there was -
‘no problem in takmg a welghted average of the parameters Some parameters were. |
completely m_compatrblc, due mostl‘to a low degree of fneedom_ of data, and were |
reJected In some cases the magnitudes vaned substannally but their weights were low.
With thrs mformatron the data from the-three prmtouts could be combined into a more o
_ detailed data. set." It should be noted that because AC) power at Saclay was at 50Hz, the
cryostat\‘éompressor will work faster at Bates, so that the time scale in ﬁgure V-1 should
be compressed bya factor of 5/6 when runnmg at Bates. This factor was noted durmg

.‘tests at Saclay when compared to previous cooldown tests at the U of A Nuclear Research

Centre.! o : /\/
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2. Possible.improvements on Monitor ‘ ' '
" The monitor system was_used in the August 1986 cahbrauon nIns without
31gn1ﬁcant problems. The most commonly used facilities were the Alphamcnc screen nnd
© the pnntout. By cross-referencing with previous printouts it'waswssiblc to ascertain the
status of the target system.
" The biggest complaint voiced for this system was the speed. Ten to twelve

12

seconds per cycle seemed interminable. The cause of this problém is from the data
tran%missio‘d

dccoding; and computétions (most of the 'Apple program). Upon
reflection, it would seem that the "high level" rule was apphcd too ﬁn'nly Machine
language (ML) subroutines at strateglc locations (pcrhaps wuh labcllmg or .
. documentauon) wofild have increased speed significantly. Qng notes that the tran#fcr of
8K of _thc Hi Rcs screen from Auxiliary to Mam memory took a fraction of a second,
compared to the ~1 second that a BASIC routine took to shift the 5K of the temporary
data ‘stora‘ge : . S

The data i mput was hrmted by some madequacy of the Apple RS232 and by thc
‘character string buffer‘ An ML lnput routine would be fast enough to capture all
. incoming data ﬂawleSSly and to buffer that data efﬁc1cntly s p~ro'v1ded that the loss of first
. characters is not a hardware problem. Coénceming the latter, it is curious that the built-in

dumb terminal pro’gram also displays this problem, indicating ing problem. The data C

-‘ loss problem, howcver 1?aathcr minor for the momtormg aspcct of :;nc ys‘tcm (solved by
~ padding th'e begmmng of dgta hnes with spaces). The data buffcr would  essential.

The 'use of thc string data buffcr costs the system 2-3 seconds due tp clcarmg If.a fixed
locanon was uscd there would be little need to use gle FRE function to clear the buffer.
Data can thcn be reconstltuted without resorting to st"mg vanables A simple and fast
 clear routine could be used: snnple btcausc there would be no need to be selective and the

| area'would be unchanged, fast because only a $m1 agmount of memory would me needed
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. (¢.8.,256 or 512 bytes) is routine would replace the input'loop-coritaining the. * |/ .
INPUT and the X FF commands, - cot e

It has been notcd that dngrtal data could be decoded more efﬁctently mML Thc

suggestion is s }y;ly urged here. Such a ‘Toutine would cut cycle time by about 25%

. and wOuld reduce program sxzc.. It is doubtful that arjalog data can be further treated in :

i ML ng so would duplicate the functlons already existing in BASIC. The data in LT
tcgtporary storage In the 8K '3 i space’ could be shifted by ML much faster than the |
looped POKE- PEEK foutine currently in the program Itis suggested, however, that the -
1bcatlon of the affefted memory be parameters alterable in BASIC because the temporary
storagc may increase if more data po.uus/ are added to the system. This is how the

Auxiliary-Main data tran routine is dtrected.
o y-urged is to stmﬁl screen formats in Auxiliary memory

- Angtherjdea s
then transfer h’tem from there whenever a screen needs refreshing. This method was
tested with the Hi Res screen. The screen format was created and stored in the boot
program, 'I‘hisareduced program size and increased speed. The "test" was to assure that
the memory contents did not suffer corruption during a typical num due to softwa‘re‘or
hardware bugs. No problcms occurred in this.aspect, so it has been deemed safe practice.

" Machine language rogtines can be called in two ways. The CALL X goes dtrectly
to the memory location X, whexe the routine is, and executes it. The dxsadvantage wnh
CALL is that the function it executes is not recogntzable. Only with documentation, on‘
| paper or in the program, would it be possible for its true function be apparent. Also, 1f |
the routine requires-parameters from the prograrxt, then ﬂtoae paranteters have to be
POKEd into tlte appropriate memory loeations before the CALL. If the routine is to )
compute some re-su’it or requires a single numerical parameter inputted or both, the
USR(X) function may be r;om practical. It is treated in BASIC as another mathematical

function, where X is the value or variable that is to be operated on, and when control is

returned to BASIC, USR returns the computed valué. Again, this suffers from a lack of



T ' - 9S
recognition. But it can be assigned to a user defined function (by the DEF FN command) R
. which can be'latpcllcd so that objection can be eliminated. Mehoq pointers also have to x\/\ ,
be set-to direct USR to the desired ML routm’ by POKEing, and if the ML routine \\
requires two or more parameters, they also have to be POKEd into memory
There is a possibility that the vacuum gauge conversions can be done n\ore/quu *kly
' (and more accurately) using a polynomxal fit (see figure V-2). Tyge' key would be to
express-powers in terms of iterated products instead of usmg the BASIC powers '
.funcnon, A, Multlphcatlon is about ten nmes faster than the powérs funcuon so that the -
"W highest order of the polynomial ﬁ} should not exceed 3. Int )t light, line 1620 should be

AN

changed to P
\ | XP-DA(M)/409 5MN-=. 7137"'XP 2. 75}4 0723*XP*XP+. 0049"'XP"'XP*XP
and line 1650:should be. changed to N
XP=DA(M)/409.5:MN=. 8761*XP 6.9928-.0727*XP*XP+.00337*XP*XP*X P
The corresponding ‘lines in the printout routine (4740 anfl 4770) shauld also be changed. -
There are some suggestion§ which are not relhted to- §peed. ' Flrst the bdi_ gital - i
: -alarms (e.g. for the valves), presently are ihdicated by ﬂaéhing the data point on the
screen. A beep could be attached to this by concatenating variable G$ to the PRINT
statements in question. This reduces the need for someone to check the screen

P

mtermmemly. Another suggestion is to tmj‘smxt nme information to Apple with data and

L4

- .storing it with the data. The extra amount ¢f data memory needed would be negh gible
compared to what is avallable (see figure I1I-1). This would keep the screeh txme more ‘up
to date and solve a small problem. Presently, the disk data suffers from a lack of definite
and aceurate timing. By including the time of transmission in stored data, amore accurate
log can-be kept on disk. This was not done earlier because .of speed and memory
con51derat10ns But thh the above changes both considerations should be bearable.

‘\ A final note. There are two bugs.in the SAFE program. The IF statemem in line

660 skips over an identification statement. That IF stazemem in line 6§0 should be .

Iyl
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deleted. The second bug.has not been rcsochdt thnévér the target system is inl
cooldown or warm-up, its conﬁguratic;n and data paints do not conform with normal
running. Hc_ncc a fair numbetof a;arms arc triggc;'cd if they were not thméd off (e.g. by
. "A" in command mode). In the cnsui‘n'g cascade of interrupt dumps it is next to

impossible te g€t command "A" to be recognized to shut down the alarms, since alarms

imrﬁediatcly call the Alphameric screen. The only suggestion at this timme is to put *A" in

‘ i

the Alphameri7nodc command menu.

© [
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Appendlx A: Polanzatlon and Cross Section
Y,

- A
'

" There are two conventions currently in use for des'cribin g polarization states:

L

Carte51an and Madison (sphencal tensor). The Cartesian form is ' more convement for

descnbmg vector polanzanons and for demvm g higher order polanzatxon states The '
'Madxson convennon is convenient for hlgher order polarizations because 1ts close analogy
“ to sphencal harmonics facilitates transformations in-much the same way as rotatmg a
-frame of reference Though the derivations of. spm 1 polanzatlon states are well

\
documented (Ohlsen, Haeberli, and Darden)!:23, a qu1ck review is 1ncluded here.

-
[y

In scattering theory, the dlfferennal cross sectlon, with respect to outgoing

momentum kand scattermg angle 6 may be expressed in terms of a scattering amplttude

fke)yt S I
dg _1f(k.8) 12 v o o
~dQ 4m | ' , ‘ - (AD
Yr g . ¥ olane wave T f(k, 0) \Psphencal <« - (A2

which is a solunon of the Schrodmger equanon mcludmg the mte{tacuon lt follows that
| f(k Q) can be expressed in Dirac notation as l o ) A
- uf(ke)-(‘I‘fIVl‘l’) e (A-3).
where V is the potential in the scattenng This quantity is also elluxvalent to an element Ty
of a tnatrix M called the scattering matrix. Furthermore, it is customary to include a

density of ',states, P, in equation A‘-l so that it looks llke '

dsz ﬂfﬂ 12 p | (A4
. Equwalently, L : _ ) _
v I¥e)=MIY¥,) o . | (A-5)
and defining injtial and 'final densities of state (density matrices) |
-~|‘P)(‘I’I - K (A-6)
B pf_l\yf)(wfl_le)<\P|M*-Mp,M* = '-{'L'(A-7),.
101
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o products That is, instead of the normal row-column scalar product they are column- ‘ow

~

Then Tr pg is also the differeritial cross section. Note that these products'are tensor . -

) producté resultmg in matrices. Itis in the expressxon of the density matrices that the

vector and tensor polarization appear, as coefﬁcxents of spin operators in the expansion of
“the density matrix.
Vector polanzanon is simple and easy to work w1th pamp}rlarly since there are at

most three observables todeal with: Px+Pys Pz In the case of spin-1 physics, there are

T

L

102

nine additional cartesxan observables corresponding to the prqduct of spin operators, S;S i

N\
- These are the tensor states. But in expandmg

£

S = (1/2)(S S + S S) + (1‘/2)(SiSj -

-

§;S))

the an_tisy'mmemc,,pan is the well known commutation for iS. 'I_‘o'separate out the vector

“(A8)

term and to ensure thiat the spin matrix has a zero trace, the tensor polarization is defined -

as 3

]

pij= (312)(SS; +S5; ;.3 2

. (A_g)t

__ él‘he number of observables is now reduced to 51x observables, and all six appear in th‘e

) / : - ' . )
cross section. But this system is still overspecified. It was then realized that if the

Cartesian components of spin were treated as Cartesian coordinates, then the six Cartesian

tensors could be collected in three SphencaI tensors in the formi of sphencal harmonics, . -. R

Y That is, if S, = smG cosd, S = sin@ s1n¢, and §, = cose and knowing that -

Yy o< 3cos2 - 1, Y:,_ﬂ o< CcosO sin@ eti9, Y2t2 % 5in20 €229, constructinig the

spherical tensor polarizations is quite straight forward:6.7

s

g =(N2)p,, |
o =+(-1"3) (p, £ ip,)
taag = (1293) (B = pyyﬁ: 2ip,)

And S1m11ar1y for the vector polarization:

H

§

0

; t10_= \/(3/2)3132 o

-

LN

\

(A-102)

(A-10b)
(A-10c)

(A-11a)

(A-11b)
L

v
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Note that to reﬂect th1s analogy, the labellmg of the Madison formahsm (as it has come to

be called) is the same as that for the harmonics. Taking parity mm ccmsxderauon, the
e
U

sphencal tensors satmfy - - _
o = (- 1)l+m tlm ' ‘ f\- , (A-12)

‘*

So the observables in a scattering experiment are t,, and the m_a_gam of itl 1» g, and ty,.

Ttshould be noted that this use of sphencal harmomcs is applicable only to the

S conversion of Cartesian and Madmon formahsms and that it is only an analogy.

Subsequcnt derivations of angular dependences are due to rotation properties of these

harmonits, and should not be.confused with a reapplication of another Sphorical

. S
harmonics analogy, regardless of the similarity of form.
Deﬁmng Clm as the spherical analog of the cartesian Spm operators. h
lz Um Clm _ | ’ %b ‘(A-'13)

Norc that parity consrderauon _ _

Gy = (150 G - . (A-14)
rcsults in 4 ysable operators corresponding to lhe‘rcmaining polaﬁzhdons: yp and'real
parts of iy, Ly, G . |

Usmg equanon A 13in equatmn -7, the differential cross section becomes

-

R

G=00(1+l§ntlmTl{n) ] ‘#‘- N '“ ‘a: ‘
=0 [ 1+2Re(it; ) Re(T;)) + tys T20~ LR 2
| +.2Re

| 5 ) Re(T,)+ 2Re(n22) Re(T22)] (A-15)
where g = Tr(MM) B ‘
G Ty = TrM Gy M

and the parity relations equation A-12 and;equation A-14 have been used.
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‘Appendix B: Wire-E Counter CoFrespondence

It-was necessary to match wire chamber events against corresponding E counter
events. There were a small but notheable nurnber of events from backscattered protons,
and other events recorded sitnultaneously with the desiredqever:t\ that were not caught by
previous cuts; To do' this matching it was necessary to know which wires could be hit
and result in a valid E counter event. . The obvious procedure was to do mn some replgys
that ignored all events except the ortes that fired a chosen detector. Thts was done fo
each of the four E counters. It was annclpated that twelve wire ends would display a hi gh
number .of counts. Thxsuwas not clearly the case in the vector polanzatxon runs. Insome
cases, there were only ten This was not senou,s except that if some of the replays
actually reverted back to 12 wire ends some useful data would be lost. It was then -
reaIxzed that th\éjnumber of "12" was divined from analysrs of. con‘espondences with E
counters from the rruddle sectors of the arrays. This was. qurte a djti'ferentsttua;tovn from |
the present analysxs which looked at the end sectors. The question was which wire ends
. should bc added to the shorthanded sets "An attempt to ascertatn thls information by )

: mspectton of nearest wire end data proved unreliable. Then the geometry of the situation
was investigated, thus illuminating the problem the beam for the vector polarization runs
was made narrower than the subséquent Tensor runs. In fact, according to the wire .
mfonnatlon, it was esnmated that the beam spot was approximately Scm in dtameter |

M

Front end wire chamber data venfied this.” ’ '

"1

\ " 'The mvestlgatton was sunple, and two idealized approaches were used a straight

, for:vard dlagrammancal one, and geometnc calculations. Since this was not a critical .
pr'oblem uncertainties were 1gnored It was assumed that the target was centered in the

detector array, that the E countq;s were about 20 5 crg from the center of the array

. (records are not clear on this, nor is it easy to assess thls due to an uncertain amount of

material used to optically isolate the AE and E scintillators). Lookmg at E counter E15

Y
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(figure B-1), call SC the line from the 's;ectqr joint betwcegE’l 5» and E16 and "passirig |

' th'rbugh the éc,ritcr C, and AC, the line from the hexagonal joint to C; define angle P.as

the ahgle subtended from SC to line S:B (the kine from $ to the nearest tangent point on the

beamn spot with radius r), and & as the angle subtended from AC to line’AD (the liné from ’

A to the nearest tangent pbint on the beari\spot). Since the E counter array is hexagO(ml

in cross section, .
. sm@ﬂ , g ‘ (B-1) :

sinf = (r / 20.5) cos arctan( 1/(3«73) ) v | , B 2)
What i§ of real interest are thc angles, o' and B' ,\subtcnded by hnes from,.C to the

mterscctxon point of the wire radu (17 62 cm) and lines AD and SE. (These can bc derived

by the sme.rule . : > - ’
' sing _ Y3sin(oi+ o) v o LB |
1762~ a4t ,_ | -
sinf — n(1/3Y3)) 1sin(B+8) By
17.62 20.5 o -

F\or a beamspot dlameter of 5 cm (see figure B- 2a) the addmonal apparent angles that the ®

" wire chambcr must cover are Q. -2.1 and [3-1.3‘. qu the end (_ietectors s'uch asE15 -
ha:'c an angular width of . o | v | )

/6 — arctan( 1/(3*/3) )=19.1 | |

This corresponds to 7 wire ends, #24 - #3'0, with overlaps onto E14 and E16, due to the -
size of the cell which the wire occupies. Note .Lhat wire end #24 wraps around to #21 t
wﬁich_ will receivé counts due to #24 despite its not be%ng in the "hit zone™ At the A
hexagonal joint, if one assumes that wire end #30 sits right at the joint, the overlap is
1.5'. At the sector joint, the overlap would then be 04 With these in r)nind, qf |
repre:se'nts two additional wire end firing (#31 and #34 - the two-ends of one wire of

~ which only #31 éets a direct hit) and ' represcnts ahothcr two (#23 and #20) for a totals
of 12 wire ends firing (remcmbenng wire ends are paired). For El4 the situation is ,‘

shghtly dlffcrent because wire end #30 wraps around to #27, but thc net result is the same

\
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because there is no equivalent of #24 at the sector joint. Wire ends #29 - #36, #26, #27,

#37, #40, for a total of 12 wire ends. This was notthe case in the replay.
~ If the wire.end #30 was offset from the joint by 0.5 towards E14, this would
eliminate »'virc end #31 (and #34) at the hexagonal joint with wire end #23 at the sector
J:oinf?w';ufdl still able to covcn? the ad&itioﬁal angle. This totals 10 wire ends for E15, and
. 12 forE14, which tvas what :vas fourfd in the wire corrcspondcﬁcé replays.
For‘no‘m_lal runs, where the beam spot is cxpccte;:l to be a;s near to the size of the
target cell as possible (see figure B-2b), a’=4.3° and B'=.i.6°. This represents t»‘Zg wire ’
ends at the hexagonal joint and two,Wirc ends at the sector joint for a total of 12 wire ends
firing, but no qfféét can reduce this. The important point here is thé’t when faced with
. having. to decide which wire 10 add to the set .of wires corresponding to a certain E
counter, it should be the one adjacent to thc'last wire at the hexagonal joint (e.g. in this
case, \;/ire ends #31 and ;#34). Secondly, it will always be.the wires at the hexagonal
joint that reveals this angular varation due the beam spot variations. /
It was also of some interest as to see how the midd1€" sectors looked in similar
circumstances. Geometrically, the calculation is id:entical to the B' calculations (due to the
smhem about line SC). So for a diameter of 5 cm, the additional angles on gither side
of the E counter is 2.1°. The angular width of this detector is
2 arctan( 1/(3V3) ) = 21.8°
Assumi“r{g the wire array is offset by 0.5, this can be (;overcd by 8 wire cnd; an oycrllap
9f 2°. With the additional;a.rlgles, there would be-10 wire ends directly hit be events.
‘Thi‘s is all irrelevant when one considers the pairing of wirg ends (see Fi'gure B-3). One
group of.6 paired ends starts at the middle ‘of the sector fully covering half of the detector. )
Another gfoup of 6 covers thc‘ other half. The two gmul‘)si alwa\ys pmyldc more than full

coverage, so 12 wire ends always fire. ' : : .

: | ‘ | 4
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Appendix C: The Least Sqirar,es.Algorithm

‘
¢

To corrglate target data from dlfferent runs, da.ta from each run and from three ’

&

dewces were ﬁt to polynomlal and nonhnear functJons In netther case were the fits - ‘

- considered goo¢ but they. were adequate for their purpose. The blggest problem lay i in
‘ the degrees of freedom avarlable the level sensor data consisted of 6—8 usable pomts So '
| the number of pammeters had to be limited to a maximum of 4. ' |

_The basw idea is to minimize the ch1 squared of the test functlon to the data The

ut
chr squared is - ' ¢ -
: L0

. - o - , N
2 N (1)) B CT ‘
=== R
1 O. . St )
. . 1
. where ,’Ei’ y; are the ith data point S
> ~ 1/62 is the weight of the ith datapoint >

‘ a,...,an are the parametgrs of the fit o

f(x ’) f(x ay,..,8p) is the function to be ﬁtted to the data

"\ J

2<y —f(x) ) f(x)
o X :
< - ® Co o /w{g . 5

To mrmtmze x one must redude r to zero. For a funcuon linear w1th respect to 1ts

Defme the residue of the _]th parameter asr:: - ' - —“ ,

3

€2

parameters, this is easﬂy done by settmg T to zero and solvmg the system. If a computer _

“is avarlable,‘ a matrix approaeh to the solutron is 1deal. For example,-a polynomral fit was
§*‘f‘$5°d:'_ R o | | R

| f(xl, al, ,an) ao + alx +asX; + +anx n | _ (C-3§ "

The denvatrve component of the residue is sunply one term: s o
of(x;) - xJ G " ().
og; - ! ' o , o '

Then the system to solve can be expressed asa matnx whose elements con51st of the

~ sums and products of powers of. x and yl

RIV <



‘ \\\J, .v o -. t

Zw(y K- a X)) | :
' J
0 H'n t ‘xi ;

Z(yx’ axJ axr'— n)&?*“-)

= (C-5)
P Gt"
- ("; . ‘ - . - ‘,» . -.T
#e » Zl[oiz Zx?/cxi2 Z)‘/i/o'?
V o 2 e, 2 2l
Sl 2x/o; ... Xx, /o] Xyx/o; | )
'%) N v X E .
z . o=] . | o (C6)
2 n, 2 2 r
: | Tx/o, ..‘.;Z X /0] Zyix?/oi. -’

By row reducing thusay *rix, the parameters aJ can be read directly from the last column. '

.~ For funci.ons s+ dnear in its parameters (e g exponennal) there is no exact
systemanc way. of obtaining exact values fOr its parameters. What i is done mstead isto
increment the parameters so that the residue zeros in on a zero value. How. this - \
" [ '

- incrementation is perfonned isa problem Since the re51due i$ an indication of how close S

- the chl-squared is to,mmunum, the increment shoulq depend on it. By dxfferennaq(\)n one

: ,vﬁnd's that :
(N
g .
where
: , ' ’ 92 Y
P SR P oy (I ©®
i i b] ) :

" Butdue to the instability of ¢ convergence, a convergence speed factor ¢ rust be
introduced. The opnmum value of this coefﬁaent is 2 (hence the. tcnn mcrement

halvmg", 1t is'suspected), but for more gradual convergence larger values can be used.
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- This is particularly helpful when fair initial estimates of parameters are not available

because-itprevents-overflows and 6ti1¢r problems related to large incrcf,mentations.' So the -

final incrementis - a , O

Aa = ' (C-9)

J

R o .
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“‘Appendix D: Monitor Instructions
| » | - - ‘ )
How te Use the SAFE 8000/Apple Ile Target Monitor (V1.0 18 May, l987) :

Vo .
1 Powering up: Tl‘urn on the Apple therl the SAFE 8000. The printer must al‘wa;s‘be
| . turned on after the Apple because it has, on occasion, rendered the Apple DOS
°1noperable Mal(e sure Caps Lock is on, on the Apple | , h
2, Startmg Up the Momtor
A. Insert the program disk into the dlSk drive.
B. If the SAFE 8000 does not contam its monitor program see 4.E (Trouble)
_.C. Enter: RUN H2 PC BOOT
I w1ll take a couple of minutes to run through the start-up r&mnes
D. "Parameters menu" R, -
" ") LIST PARAMETERS?"
Causes a dump, to screen, of parmr(etcr semngs <CTRL-S> pauses the '
dump, <CTRL-Q> contmues The format is as follows

- Digital:s ‘name, pnonty, timer, set point
N

Analog: name, ority, timer, low set pomt hrgh set pomt

7
e alarm is enabled at thatpno‘ty. nghest priority

If .priority is< o\i’ - 23,
. is 23. Ifitis <64 but >23 then it is disabled subject to user ‘changevs (eee
Zl) 2 below). Subtract 32 fro its displayed priority value to find the .
alarm prlorlty If drsplayed pnonty 1s > or = 64 then its alarm is |
permanently dlsabled o v ‘
Timer is the time delay @in1/ lOths of seconds) beforc gorng to the “
. second alarm ductoa prolonged and unrectified alaxm (
Set pomts for drgltal,,is the value (0/1 = off/on) that.causes ‘an

alarm and for analog, are thc values (converted from voltages to 12 blt
1 ; : ]
s
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o
L  where full scale = 4095\) for the lowest and highest acceptable voltages from
| , analog devices. . s o |
"2) CHANGE PARAMETERS?" ;
o Brirxgs up z; mt‘:nu to make changes to the above mentioned parameters. The
format of mstmcuons is 'menu #, new value'. In the case of "NO '
CHANGE" and "GO TO MAIN PROGRAM", note that the ",0" for a new
value is nccessary aftcr the menu#. , =
"3 ) GOTO MAIN PROGRAM"
At this stagc, this actually goes to "TIME OK”" below
: - There will be a delay while information is U'ansferrcd to Apple.
E. "TIME OK?" S "
| l"N"' -1t wiﬂ ask for the correct time and also,)a cia}e. - >
' "Y" - Goes cﬁrectly to 2F below. | _
- If you only want to change date, answer "N" to time, then hit <RETURN>
when it ask- ‘or the time; Thir. Will not affect the clock. . )
"F. You w111 finaiy oe prompted to insert a data disk, This must havc been Apple
DOS formatted, but no special files are needed
3 System Running )

. §
A. "Numeric" mode (display) is the first screen up. Also, when an alarm is

triggered, the display goes automatically to "Numeric". ‘
B. Every mode has a menu at thcvbottc-)’m of the sc‘ree‘n: When the infiicator atthe
~ bottom, right-hapd corner pf th;;cmen Iis li_t,)pressirrg any of the indicated keys |
causes the rl\pple to go to the indir:ated mode, of pcrforrythe indicated function.
‘There usually a dclay (about 4 s), but if the md1cator turns off and there is still
. no rcsponse, the program has becn corruptcd At this time, hitting
<CTRL- RESET> seems to be the only way out, but glve it a chance (1f you

5y

have the nme)
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C, Brief description of Screen Modes

I) N - Numeric: Displays data in text form.

) G ‘Graph: Dlsplays analog datain x - y graphs, 4x4 #ith 40 4 40 pnxel

resolutlon o

9

II) H - Horizontal Bar GraphS' analog data with resolution of 30 increments.

IV) R- Raw Data: Outputs data as voltage and dlgltal on/off (1/0) data as ‘
measured atthe input cards. - . 4 ¢ {2) .
V) C- Corr;mand Besides accessmg other modes: _ -
M - brings up the parameter modrfy routine (see 2. D) .
S - Sets time and/or date (see 2. E) |
P - Pérforms one data dump to printer
T - Toggles periodjc printer dump enable (s'ee also "I")
" R Set§"prihtcr dump interval | |
F -Lists t%les on disk - o | | .
D - Toggles periodic disk dump enable
CA - To'ggies a11 available alarms in one stroke -
| O - Allows cont:ro‘l of selected switches (c.g. valves)
B - Toggles the audlble alarm (i.e. the "beeping") - B
D. X - shuts down the a?plé program but leave the SAFE 8000 runmné in manual
mode. This, facilitates program changes tQ the Apple program. To restait the
Apple, enter: RUN .

L

E. Q - Shuts down the whole monitor system but thc control panel should stﬂl be

able to go to AUTO " .

-

4. Trouble . o B ' -
Definition: CRASH: A (question mark) follbwed by a flashing box in the upper
left comer of the sbreen; screen has not updated for af least 2 minutes (use a

. timer); the classic screen garbled or continuous output of garbage data\. '

\ | .. oo E 3 d
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'A th <CTRL-RESET>. This stops the Apple program dead '

B Enter RUN. 'Since this resets the Apple program driver, it means that you loose
all data since the last dlSk dump The system should go to 2.D. above.

C. If it doesnt h1t <CTRL RESET> then go directly to SAFE (see 4.E.) and hit ,
"Q" then "S". If it doesn't respond with adata dump followed by "OK", then -
hit <CTRL C>. In that case, it should respond with "BREAK AT S and/or

o "OK" Return to Apple and RUN. " ' -

D If thmgs still don't work, restart the whole system by hitting <EMPTY
APPLE- C'I'RL-RESET> which- boots Apple DOS, and then go t0.2.C. (or
4.E., if necessary) ' )

E The SAFE 8000\@13 a battery backed memory, SO its monitor program should
always be in memory, even when powered down. But if it has been found that
the SAFE 8({)0 does not contain its momtor program euter
RUN SAFE LOADER-

It will ask which file irs to be dumped 4_to SAFE. Respond with

H2 SAFE. TEXT

'

Tewill take a few minutes. Beware Gf line noise. If the SAFE program crashes
after loading, Gheck the program hstmg and make correctmns, or try loading
_agam : _ ' ' o

: To'co_mmunicate with SAFE directly (i.e. Apple as dumb terminal), enter

IN#2 (RETURN)

<CTRL-A><T><RETURN> . - SR b

- The programm SAFE can be edltcd in this mode (see SAFE BASIC manual)
To leave (or reset the Super Serial Card) enter
<CTRL-A><R><RETURN>
(Note: Athe last two items here assumes the Apple is using an Apple Super Serial -

Bl

Card) o ' .

N
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-+, To leave but keep the card acuve (m case it has been neconﬁgured by softwanc.
as opposed by hardware swuches) enter.
<CTRL-A><Q><RETURN> L _
q F. For further details ontbe’S AFE 8000, mﬁthe SAFE BASIC Syntax and
: User's Manual. For further details on App
* ILSuper Serial Card User's M . ]

5. "On the disk..." » . - "

L

g

. [ J -
erminal settings, refer to the Apple

©

A, Cunenﬂy, there is no extemal permanent memory for the SAFE 8000. .
_ 'I'herefore, programs written in the SAFE 8000 must be sent to the Apple, w?uch
copies to dlSk Unfortunately, a program in Apple is necessaxy to transfer to

-disk, and mB"ASIC this is slow. To save to disk, enter , ' ‘

RUN SAFE LIST(WAKER '
Itis necessary to use port#2 at 300 baud on the SAFE, though changing the .
(\ 0 program to use port#l is possible (requu'es that port#l be set to 300 baud first -
in terminal mode enter OPEN COM#1, 0 to set to 3QQ baud, and OPEN ‘
*COM#1,2 to set to 1200 baud). Note that both machines must be set at 300
baud (the Apple is changed by <€TRL-A><6B><RETURN> to set to 360
} baud and <CTRL- A><8B><RETURN> to set to‘1‘200 baud. Note also -
that the drsk copy is a text file. ) . e
" B. Theuse of "SAFE LOADER" has been outlmedm 4. E i S
C There is currently no way of directly printing out SAFE 8000 programs from |

memory via Apple Henee a program is needed Enter -

RUN SAFE PR™ | 'i.X 9
to prmt out the - - .:ex “'e - disk, or
RUN SAFE PmT(mT

to print out the progiws . sAFE memory. For this facility, it is also necessary
 tosetthe speed to 300 baud first (see 5.A). . Y

L)



Appendix E: Program Listings

_ E.1: H2 SAFE (SAFE 8000 monitor program listing) ~

10 CLR:MC$="E" . :SAFE AUTOSTART )
20 GOTO 4242 ° o

30. REM REVISED 10/07/86 : ' \

40 OPEN COM#2,0:STOP .

50 REM START UP SR " ;GO TO NORMAL START UP
60 GOTO 4240 '
70 REM START UP CONTD

80 SETTASK 490, 1:SETTASK 620, 2:SETTASK 720, 3

- 90 GAIN 0,28,0 ‘ .
100 INTERVAL 123,10:I1=1 . : ) ~ ;SET T{MER INTERVALS '
110 INTERVAL 126,150:12=60 3

120 SETTIMER 123,11 . .
130, TIMEOUT 0,1, 126,2 - . '
140" ON COM#1 GOSUB 1230 ;SET COMMUNICATION ROUTINE LOC.
144 ON ERR GOSUB 2670 ' '
150 TURNON 2,7 o :
160 ON IRQ-23 GOSUB ‘2650 ~ ;SET INTERRUPT ROUTINE LOCS

' 170 ON IRQ 22 GOSUB 1560 » ~ ° : ’
180 ON IRQ21 GOSUB 1570 . -
190 ON IRQ 20 GOSUB 1580 : _
200 ON IRQ 19 GOSUB 1590 .
210 ON IRQ 18 GOSUB 1600 ‘ . ot

’ 220 ON IRQ 17:GOSUB 1610 - : '

230 ON IRQ 16 GOSUB 1620 )
240 ON IRQ 15 GOSUB 1630 ° :
250 ON 'IRQ 14 GOSUB. 1640 . A
260 ON IRQ 13 GOSUB 1650 ' .
270 ON IRQ 12 GOSUB 1660 :
240 ON IRQ 11 GOSUB 1670

&

°° 290 ON IRQ 10 GOSUB 1680 . ‘ . . .
" 300 ON IRQ 9 GOSUB 1690 . 4
310 ON IRQ 8 GOSUB 1700 - .
320 ON IRQ 7 GOSUB 1710 ) ‘ "
330 ON IRQ 6 GOSUB 1720
340 ON IRQ 5 GOSUB 1730 v ' .
350 ON IRQ 4 GOSUB 1740 . . o,
. 360 ON IRQ 3 GOSUB 1750 ' : '
370 ON IRQ 2 GOSUB 1760 : .
380 ON IRQ 1 GOSUB 2610 , ' .

390 ON IRQ O GOSUB 1810
400 TURNON 23,4 > o .
410 REM MAIN ROUTINE ’ ‘ .
420 IF MCS$="M"THEN SETTIMER 125,3:GOTO 2770 ; SCANNING LEVEL COMMANDS
430 IF MC$="T"THEN SETTIMER 125,3:GOTO 3640 ;MC$=COMMAND CODE FROM COMM
™ 440 IF MC$~"O"THEN SETTIMER 125, 3:GOTO 4054 :
, 442 IF MC$="E"THEN 4222 . .
" 450 IF MC$<>"Q"THEN 470
460 UNTIL IT=0:REPEAT:END

“ 470 TASK:GOTO 420 . . .
480 'REM* TIMER TASK ; TIMERS ‘SCAN TASK .
490 T=0 T '
500 IF DA(T)=0 THEN 530 \\ o
" 510 IF TIMER(T)=0 THEN LD(T)=1le "/ ;LD=DIG LATE RESP ALARM FLAG

520 GOTO 540 : - ' .
<

120 - I
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530
540
550
560
570
580
590
600
610
620
639
640
650
660
670
680
690

) 700

710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910

920.

930
940
950
960
970

- 980

-990
1000
1010

1020

1030
1040

‘1050

1060
1070
1080
109

1100

1110
-

SETTIMER T,0:LD(T) =0 ¢ \\_
IF T>16 THEN 590

IF AA(T)=0 THEN 580 .
IF TIMER(T+64)<15% THEN LA(T)=1 : i LA=ANAL LATE RESP ALARM FLAG

GOTO 590 * ‘ e .
SETTIMER T+64,0:LA(T)=C :
TASK - r

T=T+d:IF T>64 THEN 490:ELSE GOTO 500 / ' »

REM AIN TASK : ;ANALOG SCAN TASK K
A=0 \ : » o '

IF AP(A)>23 THEN 690 & - ; AP=ANALOG PRIORITY LEVEL .
AD(A) =AIN(A) $AD=ANAL DATA :
IF AD(A) >AL (A) AND AD(A)<AU(A)THEN AR () =0:GOTO 690 ' ;AL&AU=LOGHI ANAL SET p1Ts
GR=AP (A) : IF AA(A)THEN 680 , i AA=ANAL ALARM FLAG

AA(A) =1:GC (GR) =GC (GR) +1 _ ' ; GC=INTERRUPT (LEVEL) CQUNTER
IG(GR,GC (GR) ) =A: TURNON AC(A),AB(A) "; IG=INTERRUPT VARIABLE TAG
TASK ' ' )

A=A+1:IF A<16 THEN 630:ELSE GOTO 620 g o
REM DIN®TASK , ;:DIGITAL SCAN TASK

D=0 . _ : -

IF DP(D)>23 THEN 800 ~ ;DR=DIGITAL PRIO LEVEL

DS=INT (D/8) :DG=BT {D-DS*8) 1 ' :DS=DIG SLOTH,DG=DIG BITH

DD (D) =(DIN(DS+4) AND DG) /DG ' ;DD=DLG DATA

IF DD(D)EOR DI (D)THEN DA(D)=0:GOTO 800 ;DI=DIG-SET PT

GR=DP (D) : IF DA (D) THEN 790 :DA=DIG ALARM FLAG

DA (D) =1:GCi{GR) =GC (GR) # 1 » S

IG(GR,GC (GR) ) =D: TURNON DC (D), DB(D)

TASK:D=D+1 ' \

IF D<18 THEN 730 ’ ) s .

D=24:GOSUR 990: TASK

"D=25:GOSUB 9§b:TAS?

D=33:GOSUB 1070: TASK

D=35:GOSUB 1070:TASK - -

D=37:GOSUB 1070:TASK

D=39:GOSUB 1070:TASK y

D=42:GOSUB 1070:TAK '

D=45:GOSUB 107 :TASK

D=48:GOSUB 1070:TASK - "
D=51:GOSUB 1070:TASK . v

D=54:GOSUB 1070:TASK : -
D=58:GOSUB 1070:TASKy - . \B L
D=60:GOSUB 99Q:TASK - |,

D=61:GOSUB 990:TASK : .

'I? DIN(22)AND DIN(23)OR(AMS="M") THEN 980

IG(0,1)=64:DA(64)=1:TURNON 0, 0:TASK J.

GOTO 720 T :

If DP(D)>23 . THEN 1060 ‘ -

DS=INT (D/8) :DG=BT (D-DS*8) : s

DD (P) =(DIN(DS+4)AND DG) /DG, ° ”

IF DD(D)EOR DI (D) THEN DA(D)=0:GOTO 1060

GR=DP (D) : IF DA (D) THEN 1050 01

DA (D) =1:GC (GR) =GE (GR) +1 .,

IG(GR, GC (GR) ) =D: TURNON DC(D},DB(D) . : .

RETURN _ £ - W

DS=INT #/8) :DG=BT (D-DS*8) ) ;VALVE MONITORING ROUTINE /7

DD (D) =(DIN (DS+4) AND DG) /DG 7 5 2
=INT((D+1)/8) :DG=BT(D+1-DS*8} . _—

DD(D+1)=(DIN(DS+4)AND DG} /DG \ ‘ }

IF DP(D+1)>23 THEN 1160

L L
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1120 IF DD(D)EOR DD (D+1) THEN DA(D#I)-O QOTO 1160
1130 GR=DP (D+1) : IF DA(D+1)TgEN 1150 .

1140 DA(D+1)=1:GC (GR) «GC (GR) +1 .

1150 1G(GR,GC(GR))=D+1:TURNON DC(D+1),DB(D+1) v

1160 IF DP(D)>23 THEN 1210 \ ' Fins'
1170"TF DD (D)EOR DI (D) THEN DA'(D) =0:GOTO 1210 o SR
1180 GR=DP (D} :IF DA (D} THEN 1200 .

1190 DA(D)=1: cé(cR)-cc(cR)ol )
1200 1G(GR, GC (GR)} =D: TURNON DC (D), DB (D} 'y
1210 RETURN .

1220 REM COM INTERRUPT
1230 SETTIMER 124,10
1240 GET HCS$ . ; INPUT READY OR COMMAND CODE
1250 IF TIMER(124)>0 AND(HCS$<™A"OR HC$>"2") THEN 1240  ; FROM APPLE II
1260 IF HCS="Q"THEW 2670 ' '
1270 IF HCS="X"THEN 1350
. 1280 IF HC$="R"THEN 1360
. 1290 IF HCS="I“THEN 3970 .
1300 [F HCS="A"THEN 3820 _ 3 . ' :
1310 IF HC$S="M"OR HC$="T"THEN 1370 -
#3020 IF HCS="O"THEN 1370 {i '
1330 IF HCS="S"THEN 1380 .
1340 GET GR$:GET GRS:PRINT®:.. N":RETURN
. 1350 IT=0:AM=1:GOTO 3820 .
1360 HC$="":GET GR$:PRINT" X" i \
1362 ITS(IT) =" PP"+CRS+TIS+CRS+DAS+CRS+"$" :IT=IT+1:RETURN
1370 MC$=HCS:IRQ OFF 24:RETURN . )
1380 IF IT=0 THEN 1440 ’ : ;ANY INTERRUPTS?  ~ -
1390 PRINT"  Y":HCS="":GET GRS -
1400 FOR G=0 TO “100:NEXT. \?k ' !
1410 PRINT IT$(CI):CI=CI+1 $=INTERRUPT MESSAGES
1420 IF CI>=IT THEN £;=o:c1=o ’
1430 HCS="":RETURN ‘ ' )
1440 IF TIMER(123)<>0 THEN PRINT"  N":RETURN ;DATA TRANSMISSIONS -
1450 GET GRS:GET GRS . ' ¢
1460 PRINT™  Y":HCS$=""
1470 IF C>0 THEN C=0:GOTO 1510 : .
1480 SRINT"  DD";CRS)DIN (4) ; CRS: DIN(S{ CRS;DIN (6} ; CRS; DIN (7) : CRS ;
1496 PRINT DIN (8) ;CRS$;DIN (9) ; CRS; DIN(10) ;CRS$;DIN(11) ;CRS; "§"
1500° G=C+1:SETTIMER 123,1:HC$="":RETURN .
1510 PRINT" DA";CRS; :FOR CA=0 TO 15
1520 PRINT AIN(CA);CRS; ‘ : .
1530 NEXT CA:PRINT"  $":SETTIMER 123,I1 '
1540 HCj="":RETURN 3
1550 REM SPECIAL INTERRGbT ROUTINES ¢ : -
1560 N=32: 1770 ;DIRECT TO SPECIFIC
1570 I=T18721,4):G0TO 1934 . - - FINTERRUPT ROUTINES .
1580 N=20:GOT ’
1590 N*19:GOTO 2290 .
1600 N=18:;GOTO 1770 ' _ -~ i
1610 N=17:GOTO 1770 . oo
1620 N=16:GOTO 1770 - s
"1630 N=15:GOTO 2180 v o
1640 N=14:GOTO 2180
1650 N=13:GOTO 2180 ' . ;
1660 N=12:GOTO 1770 - . ‘ i
——1670"N=T1:GOTO 1770 :
1680 N=10:GOTO 1770 °
1630 N=9:GOTO 1770
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1700 N=8:GOTO 1770 o ' ) -
1710 N=7:60TO 1770 ' . ’
1720 N=6:GOTO 1770 '
1730 N=5:G®TO 1770 ‘ ' - )
1740 N<44:GOTO 1770 . ' ( . .
1750 N=3:GOTO 1770 . M
1760 N=2:GOTO 1770 . ; - :
1770 X=1:UNTIL K>GC(N) : I=IG (N, K) ;1D INTERRUPT DATA PT
1780 IF I>15 THEN 1800
1790 IF AA(I)THEN 2450 a .
1800 IF DA(I)THEN 1840:ELSE RETURN
1510 I=1G(0,1) :IF I<>64 THEN RETURN:ELSE GOTO 2550 ,
1820 REM INTERRUPT ROUTINES : ° .
1830 REM DIGITAL . ;GENERAL DIG INTPTS
1840 TURNOFF DC(I),DB(I) '
1850 IF “LD(I) THEN IC$="  L":ELSE ICS$=""' I¢ ;ICS=INTPT CODE
1860 IF TIMER(I)>0 THEN 1970 *w\ :
187Q SETTIMER I,TL(I) !
1880 IT$(IT)= IC$+"D"¢CR$+DNS(I)+CR$+STRS(I)+CRS ;COMPILE & QUEUE INTPT MESSAGE
1890 ITS(IT)~IT$(IT)+STR$(DI(I))*CRS*TIME$+CR$+DATES+CR$+"$"- ; N
1900 IT=JIT+1 el -
1910 K=K+1
1920 REPEAT:GC (N)=0:RETURN
1930 REM CRYO INTERRUPT ;CRYOSENICS INTPTS
934 K=1:UNTIL K>GC(21):I=IG(21,K) ) ' )
1940 TURNOFF 2,5:IF I=14 THEN 2020 )
1950 IF LA(O) THEN IC$="  L":ELSE IC$=" I" ' )
1960 IF TIMER(64)>0 THEN 2162
1970 IF AIN(Q)>2764 THEN 2090 ‘ . "N
1980 IF AIN(1)<844 THEN 2080 . ‘

1990 IF DIN(19)THEN 2070

2000 IF DIN(14)THEN 2020 .
2010 ITS(IT)=CR$+"SUSP H2 LEAK"+CRS$+"0"+CR$+"0":GOTO 2150 ‘

2020 IF LD(14)THEN IC$="  L":ELSE IC$=" I . N
2030 IF TIMER({14)>0 THEN 2162 L
2040 IT$S(IT)=IC$+"D"+CRS+"H2 LEAK"+CR$+"14"+CRS+"1" .
2050 ITS(IT)=IT$(IT)+CRS+TIS+CRS+DAS+CRE+"S" '
20%0- SETTIMER 14,TL(14) :IT=IT+1:GOTO 2162

2070 ITS$(IT)=CR$+"HZ' IN VAC"+CRS$+"3"+CRS+STRS (AIN(3)) :GOTO 2150
2080 IT$(IT)=CR$+"TH1 LO"+CR$+"0"+CRS+STRS (AIN(0)) :GOTO 2350

,2090 IF AIN(0)<AU(O) THEN 2162 .

'2100 IF AIN(1)<922 THEN 2140

2110 IF DIN(19)THEN 2130

2120 IT$(IT)=CRS+"TH1&TH2 HI"+CR$+"0"+CRS$+STRS (AIN(0)) :GOTO 2150 N

2130 ITS(IT)=CR$+"TH14TH2 HI GP1 BAD"+CRS+"0"+CRS+STRS (AIN(0)) :GOTO 2150

2140 IT$(IT)=CR$+"FILL PRES HI"+CR$+"1"+CRS+STRS(AIN(1))

2150 ITS(IT)=ICS+"A"+ITS(IT)+CRS+TIS+CRS+DAS+CRS+"S§" : t o
2160 SETTIMER 64,TL{(64) :IT=IT+1 ’ '

2162 K=K+1

21631 REPEAT:GC(21) =0 :RETURN )

2170 REM VALVE HALF OPEN ;HALF~OPEN VALVE INTPTS

2180 K=1:UNTIL K>GC (N) :J=IG(N,K) - .

2190 TURNOFF DC(J), BB (J) .
2200 IF LD(J)THEN ICS$="  L":ELSE IC$="  I" :
2210 IF TIMER(J)>0 THEN 2260 . ’
2220 SETTIMER J, TL(J) ' '

2230 IT$(IT)=ICS+"D"+CRS+DNS(J)+" HALF OPEN"+CR$+STRS (8) ;

2240 ITS(IT)—ITS(IT)+CR$+"—1“+CR$+TIS+CR$+DA$+CR$+"$" : . SN
2250 IT=IT+1 B ’

%
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2260 KeK+l ’ ’ N
2270 REPEAT:GC (N)=0:RETURY
2280 REM PRESS GAUGES . ;PRESSURE GAUGE INTPTS
2290 K=1:UNTLL K>GC(N):I=IG{N,K) ) ~
2300 TURNOFF AC(I),AB(Ig

2310 IF LA(IL) THENaLES=" L":ELSE ICS=" e

2320 [F TIMER( *64,50 THEN 2420

2330 SETTIMER [+64, TL(I+64):J=15

2340 IF(LEFTS(DN$(J),3) <>ANS () )OR(J>23) THEN J=J+1:GOTO 2340

2350 IF J=24 THEN 2370:ELSE DS=INT(D/8) /< !

2352 DG=BT(D-DS*8) :DD (D)= (DN (DS+4) AND DG) /DC Mera - -

2360 IF INT{(DD(D))=DT(J)THEN 2390 ‘ ,

2370 ITS(IT)=~ICS+"A"+CR$+"SUSP "+ANS (L) +CRS+STRS (I) +CRS

2380 GOTO 2400 4 ¢

2390 ITS(IT)~ICS+"A"+CRS+ANS (I) +CRS+STRS (1) +CRS . )‘J
2400 ITS$(IT)=ITS(IT) +STR$ (AD(I)}+CRS+TIS+CRS+DAS+CRS+"S" ®

2410 IT=IT+1 L
2420 K=K+1 : e
2430 REPEAT:GC(N)=0:RETURN . . .

2440 REM ANALOG o ;ANALOG INTPTS

2450 TURNOFF AC(I),AB(I) , ‘

2460 IF LA(I)THEN ICS=Y% L":ELSE IC$=" " " : '\

2470 IF TIMER(I+64)>0 THEN 2520 .

2480 SETTIMER 1464, TL(¥+64) N : -

2480 ITS(IT)=ICS+"A"+CRS+ANS (I) +CRS+STRS (I) +CRS

2500 ITS$(IT)=ITS(IT)+STRS (AD(I)) +CRS+TIMES+CRS+DATES+CRS+5"
2510 IT=IT+1 .

2520 K=K+l I .
2530 REPEAT:GC(N)=0:RETURN

2540 REM MANUAL TRIPPED . ,
2550 IG(0,1)=0:TURNOFF 0,0 N
2560 IF TIMER(80)>0 THEN RETURN:ELSE SETTIMER 80, 300

2570 ITS(IT!="ID"+CRS+"AUTO NO LONGER ON"4+CRS+"64"

2580 ITS(IT)=IT$(IT)+CRS+"0"+CRS+TI$+CRS+DASTCRS+"S"

2590 IT=IT+1:RETURN

2600 REM DUMP -TEMEOUT o

2610 TIMEOUT 0,1,126,12 . ‘ -
2620 ITS(IT)=" PP"+CR$+TIMES+CRS$+DATES+CRS+"S" :
2630 IT=IT+1:TURNOFF 0, 1:RETURN

2640 REM SHUT DOWN ' .

2650 DOUT 22,7:DOUT 23,0 . .
2660 FOR I=0 TO 23:IRQ OFF I:NEXT '

2670 FOR 1=0 TO 16:LA(I)=0:LD(I)=0:NEXT

2680 FOR I=17 TO 64:LD{(I)=0:NEXT

2690 TURNOFF 23,4 , '
2700 DOUT 0,0:DOUT 1,0:DOUT 2,128 A\t)
2710 FOR T=0 TO 80:SETTIMER T,0:NEXT .T -/

2720 SETTIMER 126,0:SETTIMER 123,0 L
2730 ITS(IT)=" QQ"+CRS+TIMES+CRS+DATES+CRS+"5

2740 MC$="Q":IT=IT+1:RETURN \\\\s i
2750 END ‘ “~ o

2760 REM PARAM CHNG REQ \\\\n~_4’ ; PARAMETER CHANGE ROUTINE
2770 TASK:IF TIMER(125)>0 THEN 2770 . ’

2780 IRQ OFF 24 .

2790 PRINT TS$:TASK:PRINT CR$

2800 PRINT:PRINT"WOULD YOU LIKE TO:*"

2810 PRINT"1) LIST PARAMETER SETTINGS?"
2820 PRINT"2) CHANGE A PARAMETER?"
2830 PRINT"3) GO TO MAIN PROGRAM?"

)
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: 125,
2840 GET PS:IF P$a""THEN TASK:GOTO 2840 A \\\\,
2850 PRINT™  ";P$:PRINT g .
2860 PC4VAL(P$):ON PC GOTO 2680,2990, 3480 - *
2870 GOTO 2800 .
2880 PRINT"CTRL-S PAUSES) CTRL-Q CONT":PRINT
2890 PRINT"NAME, PRIO, TIMER, SET oT"
2900 FOR }ﬁs TO 63:PRINT DNS$(I);DP(I);TL(1);DIL (1) v
2910 NEXT I\PRINT"NAME,PRIO, TIMER, LONERGUPPER SET PT" \\\
2920 FOR I=0 TO 15 .
2§30’PRINTfANstl),AP(I).T&(I»IG),AL(I),AU(I).NFXT t
2940 GOTO 2800
2950 PRINT"WOULD -YOU LIKE TO CHANGE ANY OF" .
2960 PRINT"THE BARAMETERS? (Y/N)*  °
2970 GET YN$:IF YNS="N"THEN 3480 .
2980 IF YN5<>"Y"Tgi;/;AsK:GOTo 2970 -
2990 CN$="":PBS=""4PRINT"WHICH ONE>" : 5
3000 GET P$:IF BS<>""THEN 3020 ‘ . iGET-TASK COMAINATION TO®
Y 3010 TASK:GOTO ‘3000 - " : + REPLACE INPUT FUNCTION *
3020 PRINT P$;:IF PS$=CHRS$(13) THEN 3040 v ' '
3030 CN$=CN$+P$:GOTO 3000 :
3040 I=0 . g '
3050 'TF DNS$(I)=CN$ “THEN AT=0:GOTO 3110 A
3060 IF I<64 THEN I=I+1:GOTO 3050 , -
3070 I=0 : . ' )
3080 "IF ANS(I)=CN$ THEN AT=1:GQTO 3120 ‘ég
3090 IF I<16 THEN I=I+1:GOTO 3080
3100 PRINT"I CAN'T FIND ";CN$;". NONETHELESS,":GOTO ‘2950
3110 PRINT"DIGITAL: *;DNS$(I):DP(I);TL(I);DI({):PRINT;GOTO 3130
3120 PRINT"ANALOG: "##NS(I):AP(I);TL(I+16);AL(1);AU(I):PRINT
3130 PRINT"I) NAME (ANY - SHORT AS POSS.)"
3140 PRINT"2) ENABLE. (O=OFF, 1=ON)" o .
3150 PRINT"3) TIMER LENGTH (<256)" !
3160 PRINT"4) DIGITAL INTERRUPT VARUE (0/1)"
3170 PRINT"S) UPPER SET PT (0-4096)"
. 3180 PRINT"6) LOWER SET PT (0-4096)" S ' . ‘
3190 PRINT"7) NO. CHANGE (7,0)"
3209 PRINT"8) GO TO MAIN PROGRAM (8,0)" - o
’/;2{9 PRINT"ENTER CHOICE AND: VALUE (EG. S, 300)"
3220 GET P$:IF PS<>""THEN PRINT PS$;:GOTO 3200 ¢
3230 TASK:GOTO 3220
3240 IF P$=CHR${13) THEN PV=VAL(PBS) :GOTO "3270
3250 IF.P$=", "THEN PC=VAL(PBS) :PB$="":GOTO 3220
*3260 PB$S=PBS+P$:GOTO 3220
3270 ON PC GOTO 3340,3360, 3300, 3310,3320, 3330, 2800, 3480
3280 PRINT"I THINK ¥OU MADE A MISTAKE.":PB§=""
3290 PRINT"PLEASE TRY.AGAIN.":PRINT:GOTO 3130

3300 TL(I+AT*16)=PV:GOTO 3410 ' P .
3310 DI(I)=PV:GOTO 3410 L j{\
3320 AU(I)=PV:GOTO 3410 : B

3330 AL(I)=PV:GOTO 3410 ‘ -9

3340 IF AT=1 THEN ANS$(I)=PVS$S:ELSE DN$(I)=PV$

3350 GOTO 3410

3360 IF AT=1 THEN 3390

3370 DP(I)=(DP(I)OR 32)EOR(32*PV):IF PV>23 THEN 3420
3380 DC(I)=INT(DP(I)/8) :DB(I)=DP (I)AND 7:GOTO 3420
3390 AP(I)=(AP(I)OR 32)EOR(32*PV):IF PV>23 THEN 3430 ~
3400 AC(I)=INT(AP(I)/8) :AB(I)=AP(I)AND 7 . ’ : ///
3410 IF AT=1 THEN 3430 ’ » , -
3420 PRINT DN$(I);DP(I);TL(I);DI(I):GOTO 3450 0

~ )" N\



3970 I2§=""

13430 PRINT ANS(I);AP(I);TL(I+16); AL(I),AU(I) oo
3440 GOTO 2800,
" 3450 BRINT"ANOTHER PARAMETER? ey
3460 GET YN$:IF YNS="Y"THEN 2800
3470 IF YN$<>"N“THEN TA§K:GOTO 3460
3480 PRINT R$:SETTIMER 125,5
3490 TASK:IF FIMER(125/>0 THEN 34¢0
3500.PRINT* / CONT"
3510 REM SUB: DUMP ENABLES (1=ot) , R
3520 SETTIMER.125,5 . ' . R '
3530 TASK: IF TIMER(125)>0 THEN 3530
3540 FOR I=0 TO 63

3550 IF DP(I)>23 THEN BRINT" . d:7EEéE PRINT" 1"
3560. NEXT: PRINT"'H $":EOK 1=0 TO 15

3570 IF AP (1)>23 THEN PRINT" ~ 0":ELSE PRINT® 1"
3580 NEXT:PRINT" ‘§% : '

3590 TASK:MCS$="":TASK:ON COM#1 GOSUB 1230

3600 SETTIMER 125,10

3610 TASK:IF TIMER(125)>0 THEN 3610.

13620 'GOTO 470

3630.REM TIME CHANGE REQ

3640 TASK:IF TIMER(125)>0 THEN 3640 o

'3650 IRQ OFF 24 = ’ s

4660 PRINT T$:TASK:PRINT CRS ’ . :

367 d\E&;:;H}éFTS(TIMES . 2)+" 1 "+MIDS (TIMES, 3, 2)%" “+RIGHT9(TIME$ 2)
3680 PRINFIS THIS TIME OK? (Y/N)" y

T g

3690 GET.YN$:IF YN$S="Y"THEN 3780 o R

3700 IF YN$<>"N"THEN TASK:GOTO 3690 '

"3710 INPUT"WHAT TIME IS IT2. (HHMMSS) ", TIMES

3729 PRINT RIGHT$ (DATES, 3)+“/"+MID$(DATE$ 3,2) +7/"+LEFTS (DATES, 2)
©3730 PRINT"IS. THIS DATE OK? (Y/N)" . .

3740 GET YN§:IF YNS="Y"THEN 3670

- 3750 IF YN$<S"N"THEN TASK:GOTO 3740 ‘
/3760 INPUT"WHAT IS THE DATE? (YYMMDD)".DATES
3770 GOTO 3720° . o
3780 _PRINT R$:PRINT" CONT"

3790 TASK:MCS="":ON COM#1 GOSUB 1230

3800. GOTO 0

3810 REM/ALP ALARM TOGGLE

3820 AM=AM EOR 1

3830 FOR T=0 TO 63: DP(I)=(DP(I)OR 32)EOR(32*AM)
3840..TF DP(I)>23 THEN 3860 ‘

'3850 DC (1) =INT(DP(I)/8) :DB(I)=DP (I)AND 7
3860 DA(I)=0:NEXT:FOR.I=0 TO i5:AA (I}=0
3870 AP(I)=(AP(I) QR '32) EOR (32*AM)
3880-IF AP (T)>23.THEN 3900
3890 AC(I)-INT(AP(I)/S) SAB(I)=AB(I)AND 7
3900 NEXT = - & Y _ '

3910 FOR 'T=8. TO 23:GC(I)=0:NEXT : » .
3920 IF AM=1 THEN 3940:ELSE PRINT" = O : B
73930 DOUT ©,0:DOUT 1,0: DOYT 2,128: RETURN
3940 PRINT" 1" _ _

3950 RETURN R .
3960 REM CHANGE PRINT DUMP LINTVD

3980 GET GRS:IF GRS<™ "THEN 3980
3990 IF GR$="S$"THEN 4010
4000’ IZ$=I2$+GR$ GOTO 3980

. 4010 I2=VAL(I2$) :HCS=""



.4020
‘4030
4040
4050

- 4052,

4054
4055
4056
4057
4060
4070
4080
4090
4100
4101
4102
4110
4120
4130
4140
4150
‘4160

4161

4162
4170
4189
4190
4192
4193
4194

4195
4200

4210,

4220
4222
4223
4230
4240
4242
4250

4260

4270
4280
4290
14300
4310
4320
4330

4340,

4350
4360
4370
.4380
4390
4400
4410

4420

4430
4440

GET GR$:GET GRS
PRINT" =~ ":I2:
TIMEOUT 0,1, 126, I2
RETURN * )

'REM DIGITAL CONTROL

TASK: IF TIMER(125)>0 THEN 4054 : . : .
IRQ OFF 24 . ' ’

PRINT T$:TASK:PRINT CRS

GET GRS$:GET GR$:GET GRS B

PRINT"CONTROL SWITCHES'"'PRINT“PRESS 0=OFF,1=ON, <RETURN>=SKIP"

PRINT :PC=0 - .
IF PC>7 THEN 4130 ﬁ g ’
PRINT OPS (PC);"="; (DIN(22) AND BT (PC)) /BT (PC);":";:TASK

GET P$:IF PS=""THEN TASK:GOTO 4100

PV=VAL(P$) : PRINT P$ , v

IF P$=CHR$ (13)OR PS<"O"OR PV>1 THEN TASK:GOTO 4120 ' ' -
DOUT 22, (DIN(22)AND' NOT BT(PC))OR BT (PC) *PV
PG=PC+1:GOTO 4080

PC=0 “

IF PC>7 THEN 4190

PRINT OP$ (PC+8) ;"="; (DIN(23) AND BT(PC))/BT(PC)'" i; :TASK
GET PS$S:IF PS=""THEN TASK:GOTO 4160 ‘

PV=VAL(PS) : PRINT P$

IF P$=CHRS$(13)OR P$<"O"OR PV>1 THEN TASK:GOTO 4180

DOUT 23, (DIN(23)AND NOT BT (PC))OR BT (PC) *PV

PC=PC+1: :GATO 4140

SETTIMER 125,5 ' .

GET GR$:TASK:IF TIMER(125)>0. THEN 4192

PRINT RS$:SETTIMER 125,5°

TASK:IF TIMER(125)>0 THEN 4194

PRINT" °~  CONT"

TASK:MCS="":ON COM#1 GOSUB 1230 <
GOTO 470 ‘ e
RETURN

ITS(IT)=" ., IE"+CRS$S+"SAFE AUTOSTART“+CR$+TI$+CR$+DA$+CR$+"$"

IT=IT+1:MC$="":GOTO 470

REM START UP o S’ .
CLR:MC$="M"

CR$=CHRS (13) +" ‘ o
A=0:D=0:T=0:GR=0:I=0:J=0:K=0

DIM DD(64),AA(16) :

DIM DI(64),AU(16),AL(16),AC(16),AB(16) R )

DIM AD(16),LA(16),1G(23,5),GC(23) , : -

DIM DNS$ (64),ANS (16),DP (64) /AP (16) , TL(80) - » ’ '

DIM DA(64),DC(64),DB(64),LD(64)

DIM IT$(80),0P$(16) o .

BT(0) =17BT(1)=2:BT(2)=4: BT (3) =8 ‘ ;BT=DIG BIT-FOR CONVERSIONS
BT(4) =16:BT (5)=32:BT(6) =64:BI(7)=128 o : i
FOR I=0 TO ‘63 ;

READ DN$(I),DP{(I),TL(I),DI(I). _ - '
IF DP(I) <24%'THEN DC(I)=INT (DP(I)/8) :DB(1)=DP (I)AND 7 ;DC¢DB=DIG INT CH¢BIT -
NEXT I:FOR I=0 TO 15 v '

READ ANS (I),AP(I),TL(I+64),EL(T),AU(I)

IF AP(Iy<24 THEN 4 (I) INT (AP (I) /8) :AB(I) =AP (I) AND 7 ;AC&AB=ANAL "'INT CH&BIT
NEXT I - ‘ ; '

FOR ‘I=0. TO 15

READ OP$(I) :NEXT

LOGIC 22,0:4,3:L0GIC 22,1:4,5 , _ .
LOGIC 22,2:4,7:L0GIC 22,3:5,1 : s

. _ ‘ 127



4450
4460
4470
4480
4490
4500
4510
4520
4530
4540
4550
4560
4570
4580
4590
. 4600
4610
4620
4630
4640
4650
4660
4670
4680
4690
4700
4710
4720
4730
4740
4750
4760

4770

4780
4790

©- 4800

4810

4820

4830
4840
" 4850
4860
4870
4880
4890
4300
410
20
4930
4940
4950
. 4960
4970
4980
4990
5000
5010
5020
5030

LOGIC

LOGIC
LOGIC
LOGIC
LOGIC
LOGIC

22,4
22,5

23,0

23,3

:10,0 BAND NOT 10,1 BAND 10,0 :
:10,3 BAND -NOT 10,4 BAND 10,3 .
22,6:

128

10,6 BAND NOT 10,7 BAND 10,6

:8,7 BAND NOT 9,0 BAND 8,7 ©
23,1:
: 11,5
T$=CHRS (20) :R$=CHRS (18) ' c

9% 2 BAND NOT 9,3 BAND,9,¥

DOUT 22,255:DOUT 23,251

GOTO

REM 'BARAMETER LIST : ' «
REM DIGITAL LIST . ‘ : R

80

REM NAME, PRIO, TIMER LENGTH, INT'PT VAL , . .
DATA D1,64,100,1,RP1,48,100,0 . . : e
DATA D3, 64,100,1,RP2,48,100,0 ‘ o -

D5, 64,10Q, 1,COMP, 43,100,0 o

DATA D7,64,100,1,FRIG,43,100,0 . °

DATA D9, 64,100,1,DIFF, 48,100,0

DATA. CUT, 48, 100, 0, AIR, 44,100, 1"

DATA N2,44,100,1,HOOD, 64,100, 1

DATA

DATA GAs, 53,100,1,GP7D, 64,100,0

DATA

DATA D27, 64,100, 1,D28,64,100,1
DATA D29, 64,100, 1,D30, 64,100,1

115v,54,100,0,6V,54,100,0
DATA GP2D.64,10Q,0,GPlD,64,10q,0
DATA GP3D,64,100,0,GP4D,64,102,0
DATA GP5D, 64,100,0,GP6D, 64,10
DATA LSB, 49,100,0,LST,49,100,0

DATA D31, 64,100,1,D32,64,100,1 . -
DATA D33, 64,100, 1,V130, 42,100, 1 ‘ a

DATA V13C,47,100,1,V140,40,100,0, LS

DATA V14C,47,100,1,V150,40,100,1 :

DATA V15C,47,100,1,V160,41,100,0 - L,
DATA V16C, 45,100,1,D42, 64,100, 1 : ‘

DATA V170,41,100,0,V17C,45,100,1

DATA D45, 64,100,1,VH10,40,100,1

DATA VHLC, 45,100,1,D48, 64,100, 1 B A
DATA V120,40,100,0,V12C, 46,100,1 :
DATA DS1, 64,100,1,V110, 42,100, 1

Y

DATA V11C, 46,100,1,D54,64,100,1

‘DATA V100,41,100,0,V10C, 45,100, 1
DATA vr5d, 64,100,1,thld, 64,100,1

DATA COOL, 64,100, 1, BPS, 64,100, 1 , S

DATA SAFE 64, 100 0.ALARM, 54,100,1

DATA D63, 64,100, 1,D¢4, 64,100,1
REM ANALOG LIST - .

REM NAME, PRIO, TIMER, LOWER & UPPER VALUE

TH1, 53,100, 2858, 3080

TH2,53,100. -1, 983

VRS, 64, 100, 0, 4096

GPl, 53,100, -1,2048

GP4,52,100,-1,2048

LSB, 64,100, -1,5000 - , ' ‘ ,
LsT, 64, 10¢, -1, 5000 : ' ‘ ’
TCl, 64, 100, -1, 5000

TC2,64,100,-1,5000

Al0, 64,100, -1, 5000 _ R
GP2,52,100,-1,4910 = - S .
GP3,52,100,-1,410 : s -

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

GP6, 51, 100, -1, 410



5040
- 5050
5060
5070
5080
5090
5100
5110
6000

DATA GP7,51,100,-1,410 : b
DATA GPS, 51,100, ~1,5000 '

DATA .A16, 64,100,0,4096

DATA RP2,COMP,FRIG,DIFF,VP12,N/U, VP10, VP13
DATA VP16,VP17,VP11,ALRM,SAFE,N/U,N/U, N/U
REM H2 SAFE DATA ACQ.

REM WRITTEN BY RU IGARASHI
REM REVISED 21/08/86 -

. . h.J
STQP : END o ;

S



o , 130
E.2: H2 PC (Apple Ile monitor program listing)

N
°

10 GOTO6 . X N : GOTO START- UP ROUTINE
20 REM ZEE;UT.ROUTINE - ; INPUT ROUTINE

30 CCS=""1M=0

40 PRINT CRﬁ:PRINT DS:"IN#2"

£l

50 VTABL . ‘ . : : o
60 IF M>STHEN130 . ;CHECK FOR USER COMMAND
70 IF. PEEK(- 16384)<127THENM=M+& GOTO60 ' fCC$=USER COMMAND CODE

80 GETCCS:POKE-16368,0 S
90 IF CC$="X"THEN6160 o ' ‘
100 4F (CC$="Q"THEN6223
110 RETURN °  °
130 M=0:L=1 *
132 POKE-16368,128 ‘ :
140. VTAB23 JHTAB38:PRINT" ":VTABL -
© 150 PRINT CR$:PRINT D$;"PR#2"
160 PRINT CRS$:PRINT D$;'IN#2"

v

170 PRINT"S":PRINT D$;"PR#0O" ) ; TELL SA?E THAT AII %EADY
180 INPUTHCS:IF HCS$="N"THEN30 ) ; CHECK ACKNOWLEDGEMENT

190 INPUTDTS (b) :IF DTS (L)="S$"THEN210 . . .+ INPUT DATA, DTS$=DATA WO?D
200 L=L+1:GOTO190° : . F) '

210 DTS(IY-RIGHTS(DTSOI),Z):IC$=LEFTS(DT$(1).i):TP$=RIGHT$(DT$(1),1)
220 VTABZ3:HTABJB:INVERSE:PRJNTtx":NORMAL

‘

222 POKE-16368,0 : : :

230 IF IC$="P"THEN3960 , ‘- ;CHECK FOR INTERRUPT

240 IF IC$="Q"THEN3960 ' ' ; IC$=INTPT CODE

250 IF ICS$<>"D"THENRETURN - S -

260 IF TPS="D"THEN370 ;TPS=DATA TYBE CODE.  4°

270 P=MA+Sg32 _ 7 , .

280 FOR M=2RJO L-1:C=M-2 . ;DECODT AND STORE DATA :
290 DA(C)=VAMDTS (M)) - . ;DA=ANALOG DATA - t

300 POKEP+C*2+1, INT (DA (C) /256)

310 POKEP+C*2, DA (C) -INT (DA(C) /256) *256'

320 NEXT:P=0 ' .

330 FOR C=2 TO 15:Y0=1+INT(C/4) :X0=(C+4-YO*4) *60 .;FLOT ANALOG DATA

340 ‘XN=X0+30+S:YN=(Y0-DA(C) /4095) *40 _ * ;%0,Y0=LAST COORDS
350 HPLOT XN, YO0*40 TO XN, YN:NEXT ) : ; XN, YN=NEW COORDS
360 FR=FRE{0) :RETURN )

370 S=S+1:IF S>19THENGOSUB470 ;MOVE DATA?
380 p=MD+$*8 ' ‘ :
390 FOR M=2 TO L-1:C=M-2 '
400 DD (C) =VAL (DT$ (M) ) : POKEP+C, DD (C) :NEXT - ;DD=DIGITAL RAW DATA
410 FOR M=0 TO 7:B=256

420 FOR P=0 TO 7:B=BY2:C=M*8+7-P

430 IF DD(M)-B<OTHEND(C)=0:GOT0450

- 440 D{C)=1:DD(M)=DD (M)
450 NEXTP:NEXT

.460 RETURN -
470 'FOR P=MA-640 TO MA-1 \ ;SHIFT DATA
480 POKEP,PEEK(P+640):NEXT\\ ’ : ; _ -
490 FOR P=MD-160 TO MD-1
500 POKEP, PEEK(P+160) :NEXT
510 POKE3073,MA- INT(MA/ZSG)‘ZSG : POKE3074, INT (MA/256) .
520 P=MA+6397POKE3075,P~ INT(P/ZSG)*ZSG POKE3076, INT (P/256) .
530 P=24576/0X*850:POKE3078, INT (P/256) : POKE3077, P~INT(P/256) *256
540 POKE30/9,0:CALL3082 : ;COPY DATA TO AUX MEMORY
550 POKE3$73,MD-INT (MD/256) *256:POKE3074, INT(MD/256)
560 P=MD+159:POKE3075,P-INT (P/256) *256:POKE3076, INT (P/256)

F

;D=DIGITAL DATA ) .

\




570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760

770

780
rd

790

800

810

820
830
840
850

860"

870
880
890
900
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030

. 1040

1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
"1150

: - o8 ) : 131
P~25216+0X*850:POKE3077, P~-INT (P/256) *256: POKE3078, INT (P/256) .
POKE3079, 0:CALL3082: OX=0X +1

IF OX>STHENOX=0:IF TD=1THENGOSUBS5250 ;DISK DUMP?

POKE3073, 00:POKE3074, 64

POKE3075, 255: POKE3076, 95

POKE3077, 00:POKE3078, 32

POKE3079, 1:CALL3082 .

FOR C=2 TO 15:Y0=1+INT(C/4) :X0={(C+4-Y0*4) *60 A

FOR M=-20 TO -1:FR=MA+M*32+C*2 . _ ‘

DA (C) =PEEK (FR) +PEEK (FR+1) *256

XN= x0v30+M 1YN='(YO-DA (C) /4095) *40

HPLOT\XN YO*40 TO XN, YN:NEXTM:NEXT

S$=0:RETURN’

REM GRAPH DISPLAY:SET UP . &

TEXT:HOME :MO$="G" : HCOLOR=7 : : ,
POKE~-16304, 0:POKE-16297,0 » "
POKE35, 1: TP$="":VTAB22 © ! B

INVERSE rPRINT"GRAPH" : NORMAL : VBAB24

PRINT"X-EXIT PC C~COMMAND N-NUMERIC Q-QUIT".

FOR M=-20 TO S-1:FR=MA+M*32 - .

]

DA (0) =PEEK (FR) +PEEK (FR+1) *256 - . s .
DA (1) =PEEK (FR+2) +PEEK (FR+3) *256 »

DA (0) = (DA {0} -2457) /. 3: DA (1) =2*DA(1) . - '

IF DA(O)<OTHENDA(Q)=0 - : * '

IF DA(0)>4095THENDA(0)=4095 . ‘

IF DA(1)>4095THENDA(1)=4095 — ) : ¢ e
XN=30+M:YN=(1-DA(0)/4095) *40 . . . ,
_HPLOT XN, 40 FO XN, YN ' .

“XN=90+M: YN= (£ ~DA (1) /4095) *40 oo . .

HPLOT XN, 40/TO XN, YN:NEXT

DA (0)=0:DA (1) =0:RETURN v _

REM GRAPH DISPLAY . ”i ;GRAPH SCREEN

GOSUB710 "

IF TP$="D"THEN1000 S ' }

DA (0) = (DA (0)~2457) /. 3:1IF DA(O)<0THENDA(O)
IF DA(0)>4095THENDA (0)=4095
DA(1)=2*DA(1) :IF DA(1)>4095THENDA(1)=4095
XN=30+S:YN=(1-DA{0) /4095) *40

HPLOT XN,40 TO XN, YN
XN=90+S:YN=(1-DA(1)/4095) *40

HPLOT XN, 40 TO XN, YN

IF IC$="I"ORCC$="G"THEN1010
GOT01110 ’

IF S=0THENGOSUB760

FOR M=0 TO 15:HCOLOR=7*D (M) .
HPLOT 248, 3+M*4 TO 252, 3+M*4
NEXT:FOR M=0 TO 15:HCOLOR=7*D (M+16)
HPLOT 268, 3+M*4 TO 272,3+M*4

NEXT o

FOR M=16 TO.31:HCOLOR=7*D (M+16)
HPLOT 248, k9+M*4 TO 252, 19+M*4
NEXT:FOR M=16 TO 31:HCOLOR=7#D (M+32)
HPLOT 268,19+M*4 TO 272, 19+M*4

NEXT: HCOLOR=7 ¢
GOSUB30

IF IC$<>"D"THEN3960 '

IF CCS=""THENJ00

IF CCS$="N"THEN1180

IF- CC$="C"THEN3150



1160

1170

4180

1190

1200
1210
.1220
1230
1240

© 1250

1260
<1270
1280
1290
1300
1310
1320
1330
1340
1350
11360
1370
1380
1390
1400
1410
1420
1430

1440 .

1450
1460
1470
1480
1494
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610

. 1620

1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740

GOTO11T0
REM ALPHAMERIC DISPLAY
TEXT:HOME : POKE3S, 11 MO$="N" *
HOME : POKE35, 1 : MOS="N" -
VTAB22 : INVERSE : RRINT"NUMERIC" : NORMAL
VTAB24:PRINT"X-EXIT PC C-CMD G-GRAPH H-H.BAR Q- QUIT"
VTAB4 ¢ INVERSE : PRINTSPC (40)
VTAB10:PRINTSPC (40)

FOR M=11 TO 21:VTABM:HTAB20

g

‘PRINT", " :NEXT: NORMAL

VIAB2: HTAB1O: PRINT"N2";SPC(18) ; "115V"
VTAB3:HTAB10:PRINT"AIR":HTAB31:PRINT"+6V"

VTABS :PRINT"RP1  GP6 VP16 VP13 VP14"
VTAB6:HTAB22 :PRINT"VP15" : i
VIABS;PRINT"RP2 GP7 VP17 VP12 VpI1"
VTAB11:PRINT"DIFF VP10 VH1"

HTAB21:PRINT"FRIG COMP"

VTAB13;HTAB21:PRINT"VRS" »
VTREI:?ﬁE}NT"GP3 Gpar . .
VTAB15:HTAB21:PRINTYTH1 ° (TGT) "
VTAB16:PRINT"GP2 GP1"

HTAB21:PRINT"TH2 (vB) » u
VTAB17:HTAB24:PRINT"TCL (CH) " - °

VTAB18:HTAB24: PRINT"TC2(FL) "

VTAB19:PRINT"GP5" : HTAB21: PRINT"LST" ’ :
VTAB20:HTAB21:PRINT"LSB"

Tps=u® e .

IF TP$="D"THEN1680

VTAB15:HTAB25: PRINTINT (DA (0) /4.095+. 5)/100 ny
VTAB16: HT&BZS MN=7.8* (DA(1)/409. s-Jova)

IF MN<OTHENMN=0:GOTO1480 -
MN=INT (130.7* (MN*0.1657)+.5) /10

PRINTMN;" K "

VTAB17:HTAB11:M=3:GOSUB1650: PRINTMN; “E" ;XP; *T *
VTAB15: HTAB11:M=4 : GOSUB1650: PRINTMN; "E" ;XP; "T *
VTAB20:HTAB28:PRINTINT (DA (5§/4.085+.5) /100; "V *
VTAB19: HTAR28: PRINTINT (DA (6) /4.095+.5) /100; "V "
VTAB17:HTABA2:PRINTINT{DA (7) /4.095+.5) /100; "V "
VTAB18:HTAB32:PRINTINT (DA (8) /4.095+.5) /100;"V *
VTAB17:M=10:GOSUB1620 : PRINTMN; "E" ; XP; "MB "
VTAB1S:M=11:GOSUB1620 :PRINTMN; "E";XP; "MB "

VTAB6: HTAB6:M=12:GOSUB1620:PRINTMN; "E"; XP; "MB ",
VTAB9:HTAB6:M=13:GOSUB1620: PRINTMN; "E"; XP; "MB "
VTAB20:M=14 :GOSUB1 620 : PRINTMN; "E"; XP; "MB "

IF CC$="N"ORIC$="I"ORIC$="A"THEN1680

GOTO2410 . .
MN=.496* (DA (M) /409.5) —2.82%7~.25*SIN (. 669*DA (M) /409.5)
XP=INT (MN) :MN=INT (10~ (MN- XP)*BO)/IOO

RETURN

MN=.536* (DA (M) /409,5) -6.941-.393*SIN(.510*DA (M) /409.5)—
XP=INT (MN) :MN=INT (10~ (MN-XP) *80) /100

RETURN

IF_D(61) ~0THENFLASH

VTAB2:PRINT"ALARM" : NORMAL : VTAB3

IF D(14) =OTHENPRINT"GAS OK":GOTO1720

FLASH:PRINT"H2 LEAK";GS;G$;GS:NORMAL

VTAB6:HTABL 7 :M=39: GOSUB1820 '
VTAB9:HTAB18:M=42:GOSUB1820
VTAB7:HTAB23:M=37:GOSUB1820

«

aF

I ;ALPHAMERIC .SCREEN

;MO$=SCREEN MODE CODE

132

\ |



- 1759
1760
1770
1780
1790
1800

1810
1820°

1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
{980
1990
2000
2010
2030
2040
2050
2060
2070

-2080
2084
2090
2100
2110
2120
2160
2170
2180
2190
2200
2210

2220
2230
2240
2250
2260
2270
2280
2290
2300

2310

2320

2330

2340
2350

2360

VTAB6:HTAB30:M=33:GOSUR1820 ./ * '
HTAB35:Mp#5:GOSUB1820 ’ i R o
VTAB9:HTAB30:M=48:GOSUB1820 R ,
HTAB36:M=51:GOSUB182Q - -
VTAB12: HTAB11:M=54 : SOSUB1820 b
HTAB16:M=45:GO8UB1820 v . ‘
GOTO1850 N ‘ BN

IF D (M) =D (M¢1) THENFLASH: PRINT"O C":NORMALRETURN 5 .
IF D(M)=1THENINVERSE:PRINT"O"; :NORMAL:PRINT"  C":RETURN ’
PRINT&Q}"::INVERSB:PRINT“C":NORMAL:REfURN S ®
VTAB2:HMAB14:M=12:GOSUB1880 )f

"VTAB3:HTAB14:M=11:GOSUBY880

GOT01900 - Y

IF D(M)-QTHENPRI&T"OK“:RETU&N b -

FLASH:PRINT"LO" :NORMAL:RETURN ‘ .
VTABS:HTAB10:M=23:GOSUB1980 *
VTAB8:HTAB10:M=15:GOSUB1980 ’ ’ .
VTAB16:HTAB15:M=19:GOSUB1980. _ ' ‘
HTABS:M=18:GOSUB1980 K
VTAB14 :HTABS5:M=20:GOSUB1980 '
HTAB15:M=21:GOSUB1980 *
VTAB19:HTABS:M=22:GOSUB1980 e
GOT02000 . ’

IF D{(M)=0THENPRINT"OK":RETURN

FLASH: PRINT"NO" :NORMAL:RETURN »,

VTAB2: HTAB35:M=16:GOSUB2110 ‘

.

"VTAB3:HTAB35:M=17:GOSUB2110

HTAB20:M=13:REMGOSUB2110

VTAB6:HTAB3:M=1:GOSUB2110

VTAB9:HTAB3:M=3:GOSUB2110

VTAB12 : HTAB3:M=9:GOSUB2110 » o
HTAB23:M=7:GOSUB2110 . 7 :
HTAB29:M=5GOSUB2116 .
VTAB19:HTAB25:M=25:GOSUB2110

VTAB20 : HTAB25:M=24:GOSUB2110

GOT02160 . ;

IF b(M)?ITHENPRINT"ON":BETURN

FLASH:PRINT"NO" :NORMAL:RETUR

VTAB6:M=0:GOSUB2280 ,

HTAB28:M=32:G0SUB2280

VTABY:M=2:GOSUB2280

HTAB16:M=41:G0OSUB2280

HTAB28 :M=47:GOSUB2280 R
HTAB34:M=50:G0S(yB2280 o .
VTAB12:M=8:GOSUB2280 ’ . A N,
HTAB10:M=53:GOSUB2280 '
HTAB15:M=44:GOSUB2280

HTAB21:M=6:GOSUB2280

HTAB27:M=4 : GOSUB2280

GOTO02300 ’ :

IF D(M)=0THENPRINT"A'":RETURN

INVERSE : PRINT"M" : NORMAL : RETURN
VTAB12:HTAB6:PRINT" " .

IF D(10)=1THENHTAB6:PRINT"CUT"

VTAB11:HTAB33:IF D(58)<>D(59) THEN2340
FLASH:PRINT"COOL" :VTAB12:ETAB33:PRINT"BYPASS” :NORMAL:GOT02370
IF D(58)=1THENPRINT"COOL" : INVERSE:GOTCZ360

INVERSE : PRINT"COOL" : NORMAL :
VTAB12:HTAB33:PRINT"BYPASS™ :NCRMAL



ya

.

2370 VTAB13:HTAB26:1F D(56)-1THENINVERSE .

2380 PRINT"LOCAL":NORMAL . -

2390 HTAB33:IF D{(57)®0THENPRINT"TH1,"; ;:INVERSE:PRENT"TH2":NORMAL : GOTO2
2400 INVERSE:PRINT"TH1";:NORMAL:PRINT™, TH2"

2410 GOSUB30 . .

2420 IF ICS<>}'D"THEN3960 - : : - !

2430 IF CC$=""THEN1430 - .

‘2440 1F ccs="G"THENB9O ,, '

2450 IF CCS-"C"THENJISO : o : -
2460 IF CCS$="N"THEN2490

2470 GOTO2410 | .
2480 REM HORIZONTAL BAR , HORIZONTAL BAR SCREEN

2490 TEXT:HOME:POKE35, 1:MOS$="H"

2%00 VTAB24 :PRINT"X-EXIT PC C-COMMAND N-NUMERIC Q-QUIT" .

2510 VTAB3: PRINTNAS(U) VTAB4 : HTAB9 . *

2520 PRIRT"” 15.5~ ~16 ~17 PSIA" 'y ' .

© 2530 VTABS:PRINTNAS (1) :VIAB6:HTAB9

2540 PRINT" 715 ~18 20 ~22 23 K",

2550 VTAB7:PRINTNAS$ (5) :VTABB:PRINTNAS (6)
~

2560 VTAB9:HTAB9 .. , v w0
2570 PRINT"OV";SPC(12);""5V";SPC{12);"10V" . BT
'2580 VTABJO:PRINTNAS (7) :VTABL1:PRINTNAS(8) » :

2590 VTAB12:HTABY

2600 PRINT"OV™;SPC(12);"~5V¥";SPC(12);"10V" ] .
2610 VTABL3:PRINTNAS(3) :VTABL4:PRINTNAS(4)

2620 VTABLS

‘2630 PRINT" 10E ~~7 ~-6 -5 -4 =3 T

2640 VTAB16:PRINTNAS(10) :VTAB17:PRINTNAS (11) ’

2650 VTAB1S A ’
2660 PRINT" 10E -3~ ~=-2. ~-1 ~0 ~1 ~3n

2670 VTAB19:PRINTNAS (12) :VTAB20: PRINTNA$(13)

,2680 VTAB21:PRINTNAS (14)

2690 TPS=""

2700 IF TPS$="D"THEN2870

2710 DA(0)=(DA(0)-2457)/.3 ) ‘
2720 DA(1)=2*DA(1)} ' :
2730 FOR P=0 TO 15

2740 HH(P)=INT(DA(P)/4095%30+.5) :NEXT
2750 IF HH(0)>30THENHH (0)=30 . : a
2760 IF HH(0)<OTHBNHH(0)=0

'2770 IF HH(1)>30THENHH (1) =30

. 2780 VTAB3:P=0:GOSUB2850:VTABS:P=1: GOSUBZBSO

¥

2800 VTAB10:P=7:GOSUB2850:VTAB11:P=8:GOSUB2850

2810 VTAB13:P=3:GOSUB2850:VTAB14:P=4:G0SUB2850

2820 VTAB16:P=10:GOSUB2850:VTABL7:P=11:GOSUB2850

2830 VTAB19: E=12:GOSUB2850: VTABZO P=13:G0SUB2850

2840 VTAB21:P=14: GOSUB285Q GOT02870 * B )

2850 HTABY:INVERSE:PRINTSPC (HH(P)) ; ‘ ¢
2860 NORMAL:PRINTSPC (30-HH (P)) :RETURN ‘ )
2870 GOSUB30:IF IC$<>"D"THEN3960 . T ToTTL -

2790“VTAB? : P=5:GOSUB2850: VTABS : P=6:GOSUB2850 '

2880 IF CC$=""THEN2700 o o

2890 IF CC3="C"THEN3150 ' : ¢
2900 IF CC$="N"THEN1180 _ .

2910 GOT02870 - o

2920 REM RAW DBTA MPDE ;RAW DATA SCREENY
2930 TEXT:HOME :POKE35, 1:MOS="R"

2940 VTAB22:INVERSE:PRINT"RAW DATA":NORMAL

2950 VTAB24:PRINT"X-EXIT C-CMD N-NUMERIC H-H.BAR Q-QUIT"
N | Lo ] . - . ¥
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;HH=H. BAR DUMMY DATA VARIABLE



2960
2970
2980
2990
3000
3010
3020
3030
3040

13050
3060
<3070

"~ 3080

3090
3100
3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
3210
3220
3230
3240
3250
3254
3260
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360
3370
3380
3390
3400
3402

3410

3420
3430
3440
3450
3460

3470
3480
3490
3500
3510
3520

TPS§="n f
IF TP$="D"THEN3030
FOR M=0 TO 15:VTAB(3+M)

PRINTNAS (M) ;"= ";INT(DA(M)/4.095+,5)/100;" V";

IF AES (M) ="O"THENPRINT"D ";

PRINT :NEXT

IF CC$<>"R"ANDICS <>"f“THEN3070 ,
"FOR M=Q TO 63:VTABIAM-INT (M/16)*16¢"
'HTAB14+INT(M/16) *6: PRINTNDS (M) ;

PRINTD (M) ;: IF DES(M)="0"THENPRINT"D"
NEXT Lol

GOSUB30

IF IC$<>"D"THEN3960

IF CC$=""THEN2970 .

IF CC$=“C"THEN3%§0-\’; ’
IF CC$="N"THEN1180 e

IF CC$="H"THEN2490 o .
GOTO3070 N :

‘REM COMMAND MODE

TEXT : HOME :MO$="C" ;

PQKE35, 21 :HOME : VTAB22 '

INVERSE : PRINT"COMMAND" : NORMAL : VTAB2
PRIVNT"X-EXIT PC, LEAVE SAFE RUNNING"
PRINT"G-GRAPHICS" : PRINT"N-NUMERIC"
PRINT"H-HORIZ. BAR GRAPH":PRINT"R-RAW DATA"

;COMMAND SCREEN

PRINT"M-MODIFY PARAMETER" :PRINT"S-SET TIME&/DATE"

PRINT"Q-QUIT":PRINT"P-PRINT DUMP"
PRINT"T-TOGGLE PRINTER ENABLE (FROM ";PT;")"
PRINT"I-SET PRINTER DUMP INTERVAL®
PRINT"D-TOGGLE DATA DISK (FROM ";TD;")"
PRINT"F-DISK FILE DIRECTORY"

PRINT"A~TOGGLE ALL AVAILABLE ALARMS (FROM "IAM; )"

PRINT"O-DIGITAL OUTPUT CONTROL"
PRINT"B~TOGGLE 'BEEP' (FROM ";ASC(GS)/7:")"
POKE35, 1 ‘
GOSUB30, v

IF  IC$<>"D"THEN3960

IF CC$=""THEN3300

IF CC$="G"THENB90 .

IF CC$="N"THEN1180

IF CC$="H"THEN2490 e

IF CC$="R"THEN2930 i

IF CC$="M"THEN3470

IF CC$="P"THENGOSUB4430

IF CC$="T"THEN3690

IF CC$="D"THENS5570

IF CC$="F"THENS5552 ”

IF CC$="A"THEN3740 »

IF CC$="B"THEN3800

IF CC$="I"THEN3840

IF CC$="S"THEN3590

IF CC$="O"THEN3640
GOTO3300

POKE35, 21 :HOME

PRINT CR$:PRINT DS;"PR#2"
PRINT CRS$:PRINT DS;"IN#2"
PRINT"M"; :PRINT CR$:PRINT DS} “PR#Q":STOP
GOSUB3520:GOTO3160
P=0:HOME : POKE35, 1 : VTAB1

!
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3530 INPUTDES (P) :IF DES (P) ="S"THENPZ0:G0T03I550 ;DES=DIG ALARM ENABLE STATUS
3540 P=P+1:GOTO3530
3550 INPUTAES (P) :IF AES (P)="S"THEN3570 ;AES$=ANAL ALARM INABLE STATUS

1560 P=P+1¢GOTO3550 '
1570 PRINY CR$:PRINT DS;"INKO"
1580 RETYRN

3590 POWE35, 21:HOME

PRINT CR$:!PRINT D$;“PR#2”
INT CRS$:PRINT DS$;"INK2" . . .
RINT"T"; :PRINT CRS:PRINT DS$;"PR#0":STOP . 5
GOT03150 '

3640 POKE35, 24 : HGME

3650 .PRINT CR$:PRINT DS$;"PR#2" .

3660 PRINT CR$:PRINT DS;"INK2" ‘ ZA

1670 PRINT"O"\(iRINT CRS$:PRINT DS; "PR#0": STO

. . N

3680 GOTO3150

3690 IF PT=1THENPT=0:GOT03730

3700 PT=1:VTABI )

3710 PRINT CRS:PRINT D$;"PREL"

3720 PRINTES;"J, 60, 960, $": PRINT DS;"PR#0"
3730 VTAB23:PRINT"PRINTER ENABLE TOGGLED TO *;PT;BLS:GOTO3160

3740 IF AM=1THENAM=0:GOTO3760

3750 AM=1 .

3760 PRINT CR$:PRINT DS;"PR#2":PRINT"A"

3770 PRINT CR$:PRINT D$;"PR#O":PRINT CRS

3780 PRINT DS$;“IN#2%:INPUTAMS: AM=VAL (AMS)

3790 VTAB23:PRINT"ALL ALARMS SET TGO ";AM;BLS:GOTO3160 .

3800 VTAB23:PRINT"'BEEP' ENABLE TOGGLED ";

Y810 IF G$=""THENG$=CHRS (7) ;:PRINT"ON" : GOTO3830

3820 G$="":PRINT"OFF";BL$ .

3830 GOTO3160 o -
3840 POKE34,18:POKE35,20:HOME '
3850 INPUT"PRINTER DUMP INTERVAL = ? (MIN) ";NI
3860 PRINT"DUMP EVERY ";NI;"MIN ? (Y/N)" o

3870 GETYNS:PRINTYNS:IF YN$="N"THEN3850

3880 IF YNS<>"Y"THEN3870.

3890 PRINT CR$:PRINT DS;"PR#2":PRINT"I"

3900 PRINTINT (NI*4);"s"” -

3310 PRINT CR$:PRINT DS$;"PR#O™:PRINT CR$

3920 PRINT D$;"IN#27:INPUTNI:VTAB23 - W

3930 PRINT"SAFE 8000 HAS SET TO ";NI/4;"MIN";BLS

3940 POKE34,0:GOT03160 : »
3950 REM  INTERRUPT ROUTINE ¢ INTERRUPT SCREEN

3960 N=L-2:M=L-»:Cc=0 Ty i
3970 DY$=RIGHTS (DT$ (M), 2) +™/"+MIDS (DTS (M) , 3, 244" /*4+LEFTS (DTS (M) , 2) ;DY$=DATE
3980 TMSALEFTS$ (DT$(N), )+":“+MID$(DT$(N),3,é)tF%R+R§GHTS(DTS(N).Z)‘, +; TM$=T IME
3990 IF ICS="P"THEN43? iﬁ«y;g

4000 IF IC$="Q"THEN6230°' ‘J‘/‘

4002 IF TP$="E"THEN4352 y '

4010 NM$=DT$ (2) :C=VAL(DTS (3)) : INS (I) =NM$ ) }

4020 IF TD=OTHEN4070 “ , ¥ e
4030 ID(I,1)=C:ID(I,2)=VAL(DI$44)) , }ID=INTPT DATA STOAGE FOR R
4040 ID(I,3)=VAL(DTS (N)) : ID'|{I, 4) =VAL(DT$ (M)) ; DISK DUMP ‘
4050 ID(I,0)=0:IF TPS$="A"THENID (I, 0)=1

4060 I=I+1

4070 VTAB23:PRINTBLS;BLS:VTAB22 .

4080 HTAB20:PRINTTMS;" ";DYS:VTAB23 - s

- 4090 IF TP$="D"THEN4230 -
4100 DA(C)=VAL(DTS$(4))



\ o .

4110 PRINTNMS; "="; INT (DA (C) /,4095+.5) /1000;
4120 INS="V *SET PT EXCEEDED=*"
4130 15‘1%5<>"L"THEN4160 \
4140 IN$="V *2ND ALARM*" FLASH -
4150 FOR K=1 TO 3:PRINTGS; :NEXTK
4160 PRINTINS;BLS :
4170 NORMAL:IF PT=0THEN4210
4180 VTABL:PRINT CR$:PRINT D$;“PR#1":POKE33, 33
4190 PRINTTMS;" ";DY$;" ";NMS;"=";DA(C)/409.5; INS
200 POKE33,40:PRINT D$;"PR#O"

10 IF MO§="N"THENICSE"D":GOTO2410
4220 POKE35,21:G0OT01190
4230 M=INT(C/8) :P=C~M*8:DD (M) ~VAL(DTS (4))
4240 D(C)=INT(DD(M)/2"P) :D(C)=D(C) ~2*INT(D(C) /2)
4250 PRINT"SWITCH:";NMS; :
4260 INS=" ALARM":IF ICS<>"L"THEN4290

'4270 INS=" *2ND ALARM*":FLASH

4280, FOR K=1 TO 3:PRINTGS; :NEXTK

4290 PRINTINS;BLS:NORMAL

4300 IF PT=0THEN4340 X

4310 VIABL1:PRINT CR$:PRINT- D$;"PR#1":POKE33, 33

4320 PRINTTMS;% ";DYS$;" ";NMS$;"=";D(C);INS

4330 POKE33,40:PRINT DS;"PR#O"

4340 IF MOS="N"THENICS="D":GOT02410
4350 POKE33,21:GOTO1190

4351 REM SAFE AUTOSTART O/P  »

4352 VTAB22:HTAB20:PRINTTMS;™ ";DYS$:VTAB23
4353 FLASH:PRINTDTS (2) :NORMAL:VTAB1-
4354 RETURN , *

4360 REM PRINT DUMP

4370 VTAB22:HTAB20:PRINTTMS;" ";DY5..

4380 VTAB23:INVERSE:PRINT"PRINT DUMP IN PROGRESS™
4390 NORMAL:VTABI

4400 REM IF TD=1 THEN GOSUB 4950
4410 FR=FRE(0)

4420 IF PT=0THENS200

4430 PRINT CR$:PRINT D$;"PR#1" <
4440 PRINTES$;"F, 360, 660, 900, $"

/450 POKE33,33:PRINTTMS,DYS

5460 M=0:GOSUB4720:PRINTIS;

4470 PRINT" *;IS;

4480 M=7:GOSUB4720:PRINTIS;

4490 M=6:GOSUB4720:IF D(25)=OTHENPRINT"OFF" GOTO4510
4500 PRINT"ON"

4510 M=1:GOSUB4720: MN=7 8% (DA(1)/409.5-.073)

4520 IF MN<OTHENMN=0

4530 PRINT”=";INT(130.7*(MN~0.1657)+.5)/10;"K";1$;
4540 M=8:GOSUB4720:PRINTIS;

4550 M=5:GOSUB4720:IF D(24) =GTHENPRINT"OFF":GOTG4570
4560 PRINT"ON"

4570 M=3:GOSUB4720:GOSUB4770

4580 M=19:GOSUB4800:PRINTIS;

4590 M=10:GOSUB4720:G0SUB4740

<4600 M=18:GOSUB4800:PRINT

4610 M=4:Gosuaquo:cosusqé7q
4620 M=21:GOSUB4800:PRINTIS;
4630 M=11:GOSUB4720:GOSUB4740
4640 M%20:GOSUB4800:PRINT
4650 M=12:GOSUB4720:GOSUB4740

sOUTPUT TO PRINTER?
[

;PRINTER DUMP OF DATA



4660
4670
4680
4690
4700
4710
4720
4730
4740

¢ 4750
4760
471179
4780
4790

© 4800
4810
4820
4830
4840
4850

" 4860
4870,
4880
4890
4900
4910
4920
4930
4940
4950
4960
4970
4980
4990°
5000
5010

. 5140
5150
5160
5170
5180
5190
5200
5210
5220
5230
5240.
~IN5242
_igﬁgso
5260
5270
5280
5790
5300
5310
5330
5330
’5340
5350

~
M=23:GOSUB4800:PRINTIS; ,
M=13:G85UB4720:6050B4 740
M=15:GOSUB4800 :PRINT
M=14:G0OSUB4720:GOSUB4 740 -
M=22:GOSUB4B800 :PRINT
GOT04820

4

PRINTNAS(M):"-";INT(DA(h)/4.095*.5)/100;"V "

RETURN

MN=.4088*DA (M) /409,5~2,428~.96*EXP (~5*DA(M)/409.5)

XP=INT (MN) :MN=INT (10~ (MN~XP) *80) /100
PRINT"=";MN;"E";XP;"MBAR "; :RETURN

MN-.435'DA(M)/409.5-6.259-.75'EXP(—DA(M)/1.18/409.5) ‘

XP=INT (MN) :MN=INT (10~ (MN~XP) *80) /100
PRINT"=";MN;"E";XP;"TORR '; :RETURN
IF D (M) THENPRINT"NO"; :RETURN"
PRINT"OK"; : RETURN .

*
PRINTES;"F,160,260,360,460, 560, 660, 760, 860, 5"

PRINT"RPL-"; :M=1:GOSUB5180,g
PRINT"VP16-"; :M=39:GOSUBS150
PRINT"VP15-"; :M=37:GOSUBS150
PRINT"VP13-*; :M=33:GOSUBS5150
PRINT"VP14~"; :M=35:GOSUBS150
PRINT"DIFF-"; :M=9:GOSUB5180
PRINT"VP10~"; : M=54 :GOSUBS150: PRINT
pRI&RM-"; :M=3:GOSUBS180
PRINW®vp17-1; :M=42:6050B5150
PRINTIS;"VP12-"; :M=48:GOSUBS150
PRINT"VP11~"; :M=51:GOSUB5150

IF D(10)=1THENPRINTIS;:GOTO4960
PRINT"CUTOUT"; I5;

PRINT"VH1-"; :M=45:G0SUB5150: PRINT
PRINT"FRIG-"; :M=7:GOSUB5180
PRINT"COMP~"; :M=5:GOSUB5180

IF D(57) THENPRINT"THL™; : GOTOS010
PRINT"TH2";

PRINT"CONTROL"

PRINT:GOT05200

IF D(M) =D (M+1) TRENPRINT"T"; I$; : RETURN
IF D(M) THENPRINT"O";IS;: RETURN
PRINT"C";IS;:RETURN *

IF D{(M) THENPRINT"ON"; I$; :RETURN .
PRINT"CFF";I1$; {RETURN -

PRINT DS$;"PREO" ’
VTAB23:PRINTSPC(22) : POKE33, 40
ICS="":IF CC$<>"P"THENIO

CC$="*: RETURN

REM SAVE DATA ON DISK

)

;:DISK DUMP OF DATA

VTAB23:INVERSE:PRINT"DISK DUMP IN PROGRESS":NORMAL:VTABl

PRINT DS§;"OPEN ";DR$;", 128"
DC=DC+1:PRINT D$; "WRITE ";DRS;",R";DC
BRINT-9;CRS$;TMS$;CRS$;DYS:DC=DC+1

FOR C=0 TO OX-1:P=24576+C*850

POKE3073,P~INT (P/256) *256 :POKE3074, INT (P/256)

;DR$=DATA FILENAME

;DC=FILE DATA COUNTER

!
]
i

P=P+799:POKE3075, P-INT(P/256) *256:POKE3076, INT (P/256)
POKE3077,MA-INT (MA/256) *256: POKE3078, INT (MA/256)

POKE3079,1:CALL3082

FOR M=0 TO 1 .
PRINT D$;"WRITE ";DR$;",R";DC+M
FOR P=0 TO 15:FR=MA+M*10*32+P*2

‘

138
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.

5360 PRINTPEEK (FR) *PEEK (FR+1) *256 . :
5370 NEXTP:PRINT-7 : ’
5380 FOR p=0 TO 7 '
5390 PRINTPEEK (MD-160+M*10%8+P)
5400 NEXTP:PRINT-8:NEXTM

410 DC=DC+M-1:NEXTC:0X=0: TB=0 , -

20 PRINT D$;"OPEN ";IRS;", L32" _ ; IR$=INTERRUPT FILENAME
5430 FOR M=0 I-1 1Y
5440 PRINT D ITE “; IRS;",R"; [C+M 4 . ;1C=INTPT COUNTER &L R
5450 FOR P=0JTO ay t
5460 PRINTID (M/P) :NEXTP:PRINTINS (M) : NEXTM -7 ' ,/»3"‘
5470 PRINT DY;"CLOSE ":IC=IC+1 " ;Q,'\yy' ;

5480 p=2:PRINT D$;"OPEN DIR,LSO" , ; UPDATE DIRECTORY’P3tE§~‘ T e
5490 PRINT D$;"READ DIR,R";P R

5500 INPUTDFS$,FR, IR:TB=TB+FR/2+IR/8+2.2 * ¢

502 IF DFS<>DRSTHENP=P+1:GOTO5490 s

5510 INPUTOC,NT$

5520 PRINT D$;"WRITE DIR,R";P .

5530 PRINTDRS:PRINTDC:PRINTIC:PRINTOC:PRINTNTS ;DR$=DATA FILENAME, DC=#RECORDS
5540 PRINT DS;"CLQSE" . s IC=#INTPS,0C=0OPEN/CI.OSE

5542 IF TB<490THENS5550

5543 VTAB23:FLASH:PRINT"DISK NEARLY FULL":NORMAL:VTAB1 .
5544 PRINTGS;GS;GS$:TD=0 b} J
5550 5=0:I1=0:RETURN o
5552 POKE3S, 21:HOME .

5553 PRINT:PRINT DS;"CATALOG" :PRINT"HIT ANY KEY TO RETURN TO MENU"

5554 GETYNS:GOTO3160 . . g
5560 REM TOGGLE DATA DISK ;TOGGLE DISK DUMP ROUTINE . P
5570 IF TD=1THENTD=0:GOT06100 L

5590 OX=0:PRINT CR$ -

5580 TD=1:POKE34,18:POKE35,21: HOME ’Q ~ : ‘

5600 PRINT D$;"OPEN DIR,LS50":M=1 : e
ONERRGOTC6130 ) ’ '

5620 PRINT D$;"READ DIR,RO"

5630 INPUTDRS:IF DR$="L50"THEN5690 ;NEW DISK?

5640 PRINT D$;"WRITE DIR,RO":PRINT"LSO"

5650 PRINT D$;"WRITE DIR,R1” )
5660 PRINT"DIR":PRINTO:PRINTO:PRINT1:PRINT"DIRECTORY"
5670 PRINT D$;"WRITE DIR,R2":PRINT"S$"

5680 GOTO5610

5690 POKE216,0

5700 PRINT D$;"READ DIR,R";M : ®

5710 INPUTDRS:IF DRS="$"THENS840 ; INPUT DIRECTORY ENTRY

5720 INPUTDC,IC,OC, NT$:PRINTDS

5730 IF OC=1THENM=M+1:GOTO5690 <

5740 PRINT"DUMP DATA TO DISK FILE ";DRS
5753 PRINT"OK? ";:GETYNS:PRINTYNS )
5760 IF YN$="Y"THEN5980

5770 IF YNS<>"N"THEN6090 -
5780 PRINT D$;"WRITE DIR,R";M
5790 PRINTDRS:PRINTDC:PRINTIC:PRINT1:PRINTINTS

5800 M=M+1:PRINT D$;"WRITE DIR,R";M

5810 PRINT"S" " :

5820 PRINT D$;"LOCK ";DR$:PRINT D$;"LOCK ";DR$+".I" ;LOCK OLD FILES
5830 GOTO5690

5840 PRINT"NO OLD FILES OPEN."
5850 PRINTDS

5860 INPUT"NAME OF NEW FILE? ";DR$ -
' 5867, IF DRS=CRSTHEN6090 ‘

.

.



wa

5870
5680
5890
5900
5910
5920
5930
5940
5950
5960
5970
5972

' .5980

5990
6000
6002
6004
6010
6020
6040
6050
6060
6070
6080
6090
6100
6110

6120
6130

6140
6150
6160
6170
6180
6190°

. 6200
6210

6220
6223
6224

6225

6226

6227

6228
6229
6230
6240

. 6250

6260
6270 R
6280
6290
6300
6310
6320
6330 D
£340

,6350
»6366

' N

PRINT"DUMP DATA TO DISK-FILE ";DRS$
PRINT"OK? "; :GETYNS$:PRINTYNS

IF YN$="N"THENS850 _ : - o
IF YNS<>“"Y"THEN6090 e '

p=1 : ‘ L

IF P>=MTHENPRINTD$ GOTO5970

PRINT D$;"READ DIR,R";P o .

INPUTDFS : IF ‘DF$<>DRSTHENP=P+1: GOT05920

PRINT"THERE®IS A PREVIOUS FILE CALLED ";DRS$:GOTO5850

PRINT:PRININTS = - - '

INPUT"ENTER NOTE FOR THIS FILE: ";NT$ >

DC=0:1IC=0 . | ‘ - .
IRS$=DR$+".I% . Y ﬁ r T T

PRINT D$;"WRITE DIR,R";M ..
PRINTDRS : PRINTDC : PRINTIC:PRINTO: PRINTNTS
PRINT D$;"WRITE DIR,R";M+1

PRINT"S$" ° s

PRINT D$;"CLOSE"

PRI -DS; "OPEN ";DRS$;", L128"

PRINT DS;"WRITE *;DR$; ™, RO"

PRINT"L128 DELIM=-% 1ST. REC-TIME&DATE"'DRINT"S“

3

;OPEN NEW DATA FILE

.

PRINT D$;"CLOSE"

PRINT D$ fOPEN ";IRS;", L32"
PRINT DS;"WRITE ";IRS;",RO": PRINT"L32" PRINT"S"

; OPEN' NEW INTPT FILE

140 -

PRINT D$;"CLOSE" .
YTAB23:PRINT"DISK DRIVE TOGGLED TO ";TD;BL$ . _
POKE34, 0:GOTO3160 - . ;

REM. RESET ERR AFTER HEW DISK
POKE216, O:PRINT D$;"OPEN DIR, L50"
PRINT D$;“WRITE DIR,RO":PRINT“S"
PRINT D$;“READ DIR,RO":RESUME
PRINT CRS:PRINT .DS:"PR#2":PRINT CRS:PRINT D$,"IN#2"
PRINT"X":PRINT D$;"PRO" .
INPUTHCS : IF HCS$>"0"THEN6160 S //f
POKE3S,24:TEXT
PRINT"PC SHUTDOWN, SAFE 8000 RUN ON MANUAL"
PRINT D$;"IN#ON:+IF TD=1THENGOSUBS5250
END -~ .
POKE34, 18:POKE3S, 21 : VIAB21 . H . o
PRINT"ARE YOU SURE You WANT TO SHUT"'PRINT“EVERYTH#NG oowwv"‘
GETYNS:IF YNS=“N"THEN6229 o L
IF YN$<>"Y'THEN6225 2 ’
PRINT 'CRS:PRINT DS$;"PR#2"
PRINT"Q":PRINT D$;"PR#O" - y
POKE34, 0:POKE35, 1:VTABL ; CC$="N"'RETURN .
TEXT:VTAB24 : PRINT"SYSTEM SHUTDOWN AT ";TMS;" ";DT$
IF JD=1TH NGOSUBS250 ,
END w'
REM.H2 PC
EM. *SAFE 8000 DATA: ACQ(SYS
REM *WRITTEN BY RU IGARASHI
REM-REVISED 28/07/86
REM  START UP - o
PRINTFRE (0) : HOME \
L=0:M=0:P=0:C=0:B=0 i
DS=CHRS$(4) : CRS=GRRS (13) :GSSCHRS (7) ‘ o i .
DIMD (64 (403, DT (16) , DA(16), DD(16),NA$(16) , ) “
DIMHH(I‘WE(IS) DE$(64),AE$(16),ND$(64) Lo e - '

DIMID(20,3), INS(20) ~ ° IR A .




.

6370 BL§="  "iHCS="" v

6380 S=0:I=0:IC$="I":TPS$="D"

6390 MN=0:XP=0

6400 XN=0:YN=0:

X0=0:Y0=0

6410 MA=6784 :MD=7584:0X=0
6420 DR$="DATA":IR$=DRS$+".I":DC=0:IC=0
6430 FOR P=0 TO 63:READNDS (P) :NEXT

6440 FOR P=0 TO 15:READNAS (P) :NEXT
6450 E$=CHRS (27) : I$=CHRS$ (9)
‘ éaeo AMS="M" + FR= FRE (0)

;DIG DATA PT NAMES
;ANAL DATA PT NAMES

6470 PRINT CRS$S:PRINT DS,"PR*2"'PRINT CRS PRINT DS;"IN#2"
6480 PRINT"R"‘PRINT DS$; "PR#O"
6490 INPUTHCS:IF HCS$<>"X"THEN6520 .
6500 PRINT GRS:PRINT D$,"PR#2"'PRINT“M"’PRINT D$ “PREO" ; COMMAND MODIFY PARAM .

6510 "GOTO6530

.

>
; SAFE RUNNING OR NOT?

6520 PRINT CR$:PRINT DS;"PR#2":PRINT"RUN SQ":PRINT DS, “PREQ"

6530 PRINT CRS$
6540 .GOSUB3520

-6550 PRINT CRS
6560 PRINT CRS'
6570 POKE3S, 24

:{%i:z DS;"IN#Z":INPUTYNS:STOP
:PRI DS$;"PR#Z" ’
sPRINT D$;"“IN#2" '
:VTABS

6580 PRINT"T":PRINT D$;"PR#0":STOP

6590 PRINT CR$:

PRINT DS;"INgO"

6600 FOR I=1 TP 46 READM: POKE3081+I MINEXT

6610 I=0

6620 POKE3073, 00 POKE3074, 64
6630 POKE3075,255:POKE3076,95
6€40 POKE3077,00:POKE3078, 32 !

6650 POKE3079,1:CALL3082

@

6660 PRINT"PUT DATA DISK INTO DISK DRIVE"
6670 PRINT:PRINT"READY FOR MAIN PROGRAM? (Y/N)'"
6680 GETYN$:IF YNS="Y"THEN1180

. 6690 GOTO6680

6700 DATA 1-,2-,3-,4-,5-,6-,7-,8-
6710 “DATA-}-,10~,11-,12~, 13-, 24~,15~, 16~

6720 DAT _17—,18-,19—:20-,i§:;§g;,23—,24<
6730 DATA 25-,26-,27-,28-,2 0-,31~-,32-

6740 DATA 1-,2-,

3-,4-,5-,6-,7-,8~-

6750 DATA 9-,10-,11-,12-,13-,14-,15-,16-
6760 DATA 17-,18-,19-,20-,21~,22-,23-,24~
6770 DATA 25-,26-,27-,28-,29~,30,31-,32-
6780 DATA TH1,TH2,VRS,GP1,GP4,LSB, LST, TC1
6790 DATA TC2,N/U,GP2,GP3,GP6,GP7,GP5,N/U
6800 DATA 173,1,12,133,60,173,2,12

6810 DATA 133,61,173,3,12,133,62,173 °

6820 DATA 4,12,

133,63,173,5,12,133

6830 DATA 66,173,6,12,133,67,173,7
6840 DATA 12,201,1,240,4,56,76,52
6850 DATA 12,24,32,17,195,96

o

;COMMAND TIME CHANGE

:STORE DATA TRANSF ROUTINE

.

RES

e
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E.3: H2 PC BOOT (Apple Ile monitor boot program listing)

90
97

98

100
107
110
150
200

Ed4: H2 PC SET (Apple Ile monitor sef—up program listing - called by H2 PC BOOT)

© 90
100
110
180
190
200
210
220
300
310
" 320
330
600
610
620
630
930
1000
1010
1020
1190

.1200,

1210
1220
1230
1240
1250
1260
1270
1280

1290
1300
1310
1320

1340
1350
1360
1370
1380
1390
1400
1403
1410
1411

D$-CHR$(4) d

REM SET BOTTOM-OF-BASIC poxuwsﬂv

REM 103=LO BYTE, 104=HI BYTE

POKE 103, 1:POKE 104, 64

REM FIRST, LOCATION MUST ALWAYS BE 0
BOKE 16384,0 . °
PRINTDS; "RON H2 PC SET"

END

REM STORE CHARACTER SET IN' MEMORY
FT=2048 .

RP=142:I=0. .
HI=INT(FT/256) ;LO=FT-HI*256
POKE 232, LO:POKE 233,HI
READNC ‘

POKE FT,NC?POKE FT+1,0

.GOSUB600

READCH: IFCH<OTHEN1000

POKE. FT+RP,CH :RP=RP+1
IFCH=OTHENGOSUB6GO0 ‘.

GOT0300 Lo CoR
HI=INT (RP/256) :LO=RP-HI*256 ’
I=I+1:0P=FT+I*2

POKE OP, LO.:POKE OP+1,HI

RETURN

REM PUT DATA TRANSFER ROUTINE IN MEMORY

'FOR I=1 TO 46 :READM

POKE 3081+I,M:NEXT . .

FOR I=6144 TO 7744:POKE I,0:NEXT

REM DRAW UP AND STORE EMPTY GRAPH SCREEN
HGR:TEXT: HCOLOR=7

HPLOT 0,0 TO 0,159:HPLOT TO 279,159

HPLOT 0,4070240,40:HPLOT 0,80 TO 240, 80

HPLOT 0,120 TO 240,120

#PLOT440,0 TO 10, 159:HPLOT 60,0 TO 60,159
HPLOT 70,0 TO 70, 159:HPLOT 120,0 TO 120,15%
HPLOT 130,0 TO 130,159:HPLOT 180,0 TO 180,159
HPLOT 190, 0 TO 190,159:HPLOT 240,0 TO 240,159
FOR I'=0 TO 15:Y0=3+I*4

HPLOT 245.Y0 TO 255,Y0:HPLOT 265,Y0 TO 275, Y0
NEXT:FOR T=0 TO 15:YO=83+I*4

APLOT 245, Y0 TO 255, Y0:HPLOT 265,Y0 TO 275, Y0

NEXT
1330°

SCALE=1 .

FOR J=0 TO 15:Y0=INT (J/4)

XO=J-Y0*4

READNM$:FOR I=1 TO 3 '

NM=ASC (MID$(NM$, I,1))-31

DRAW NM AT XO*60+2,YO*40+I%8 - -
NEXTI :NEXTJ ‘
C=0:YNw,25GOSUB1470: YN~ 33: GOSUB1470
YN=.47:6QSYB1 470 ' :
C=1:YN=,0%:GOSUB1470: YN=.19}30SUB1470
YN, 26:GOSUB1470

? 1413@2?3 .35:G0SUBL470: YN=.47: GOSUB1470

v

;LINES FOR.

;DEF START OF CHAR SET

. +NUMBER OF CHAR?

;END OF CHAR DEFS

;CHAR DEF ENDS WITH ZERO

i

;TITLE FOR EACH GRAPH

. ;GRADUATIONS FOR EACH GRAPH

142

;ENTER POS OF NEXT CHAR IN DIR
. ; o

£



4 3

. o
1413 YN=,6:GOSUB1470:YN=,77:GOSUB1470 . Py
1430 FOR C=3 TO 4:¥N=.13:GOSUB1470 . \‘} ’
14‘3'2 YN=,28:GOSUB1470: YN=,52:GOSUB1470 . : . '
1433 YN=.79: GOSUB1470:NEXT ' ‘e ’

1440 FOR C=10 TO 14:YN=.11: cosu5147&

1442 YN=.35:GOSUB1470:YN=.59:GOSUB1470

1443 YN=,83:GOSUB1470:NEXT

1445 FOR C=5 TO 8:FOR M=2 TO 8STEP2 ¢
1446 YN=M/10:GOSUB1470 :NEXTM:NEXT

1460 GOTO1500

1470 YO=1+INT(C/4)

1472 X0=(C+4-YO*4) *60+8:XN=X0+4

1473 YN=(YO~YN) *40 :HPLOT XO,YN TO XN, YN:RETURN S
1500 POKE 3073, 00:POKE 3074, 32 : . ;TRANSFER TO AUX MEMORY
1510 POKE 3075, 255:POKE 3076, 63 '
1520 POKE 3077, 00:POKE 3078, 64
11530 POKE 3079, 0:CALL3082

4900 END . o .
4910 PRINTCHRS(q);"RUN 42 pcn ; LOAD AND START MAIN PROGRAM
5000 DATA 70 ' :
6390 REM SPECIAL CHAR
6400 DATA 73,73,0 ‘;
6420 DATA '73,73,0 : _
6440 DATA 73,73,0 o

6460 DATA 73,73,0 ‘ . *
6480 DATA 72,73,28,28,28,28,12,21 ‘
. 6490 DATA 30,30,118,101,12,149, 2 q :
6500 DATA 73,73,0 T
6520 DATA 73,73,0

6540 DATA 73,73,0 . R .
6560 DATA-72,9,28,36,100,141,146,18,0 . g !
6580 DATA 72,12,36,228,77,145,146,2,0 o .
6600 DATA 8,12,12,28,28,77,241,22,14,21,0 c

6620 DATA 72,33,36,228,147,42,45,173,18,0

6640 DATA 73,12,100,145,2,0 C R

6660, DATA 8,24,8,45,45,149,2,0

6680 DATA 72,105,17,0 o
6700 DATA 8,12,12,12,12,149,146,0 C e
6710 REM NUMBERS 0-9 :

6720 DATA 72,45,12, 36, 228, 63,23, 54

6730 DATA 46,12,12,150,74,0

6740 DATA 72,37,36,36,23,173,146,78,0 »
6760 DATA 8,12,12,12,228,191,150,42,45,173,0
6780 DATA 8,112,45,12,228,43,228,27

6790 DATA 45,45,149,146,2,0 B

6800 DATA '72,33,60,39,12,12,149,42,149,2,0

6§20 DATA 8;112,45.12,228,63,39,44
. 6830 DATA 45,173,146,18,0

6840 DATA 72,45,12,228,247,30,36,100

6850 DATA 45,141,146,18,0

6860 DATA 72,33,100,12,220,27,45, 45" U
6870 DATA .149,146,2,0
. 6880 DATA 72,45,220,35,12,28,12,45

6890 DATA 21,222,173,182,1,0 :
6900 DATA 72,45,12,36, 228, 63,30, 118, 45, 173 18,0 c :
6910 REM SPECIAL CHAR B

6920 DATA 8,72,4,24,8,77,146,18,0 ‘ , o '

6940 DATA 9,12, 36,24,8,77,146,18,0 L
" 6960 DATA 72,9,28,28,12,12,141,146,2,0

'




Y

6980 DATA 8,40,45,37,24,216,43,45,173,146,2,0
7000 DATA 72,12,12,28,28,77,145,146,0 '
7020 DATA 72,33,32,12,12,28,63,30,150,146,73,9,0 ‘
7G40 DATA 73,73,0 - . - i

b ~

7050 REM ALPHABET A-J “

7060
Foso
7100
7120
7140
Moo

© 7180

7190
7200
7220
7240

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

8, 36, 100, 12, 14,14, 222,43,45,54,44,0 L
8,36,36,44,45,21,30,63,150,45,12,172,18,0
8,32,36,12,45,14,150,222,43,109,2,0 s
72,9,63,39,36,36,45,141,54,182,1,0
8,36,36,44,45,181,59,1683,42,45,21,0
8,36,36,44,45,181,59,183,82,73,0
72,45,12,60,247,35,36,12 -

45,21, 142,146,0 ;
8,36,36,172,42,45,36,150,54,14,0
72,37,36,228,45,150,18,141,0
8,112,101,36,228,45,149,146,2,0

7250 REM ALPHABET K-T S

1260
7280

DATA
DATA

7300 DATA
7320 DATA
1340

1360

DATA
DATA

7380 DATA
7400, 0ATA

7420 DATA’

7440 DATA
7450 REM ALPHABET U-2

1460
7480
7500
1520
7540
1560

7510 REM SPECIAL CRHAR T

DATA
DATA
DATA
DATA
DATA
DATA

7‘MJDA’I‘A
%

7600

1620

71640
1660
1680

. 1700

1720
7740
1760
1780
7990
8000
8010
'8020
8030
8040
8050

4200

8210

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

8,36,36,108,241,30,14,14,14,21,0
8,36,36,172,146,42,45,21,0
8,36,36,12,149,100,21,54,54,14,0
8,36,36,172,14,14,12¥36,54, 54,118, 0 -
72,45,12,36,228,63,30,54,182,73,9,0
8,36,36,44,45,21, 246, 63, 150,73,1,0
72,73,28,28,22,231,36,100,45,21,54,142,2,0 .
8,36, 36,44,45,21, 246,27, 45,118,14,0
8,112,45,12,28,28,231,12,45,14,142,146,0
72,33,36,228,%3,45,173,146,19,0 "

8,32,36,172,146,42,101,36,36,149,146,2,0
72,225,28,36,108,9,54,246,86,1,0
72,28,36,36,141,18,148,12,36,36,149, 146, 2, 0
8,100,12,28,28,77,241,22,14,118,0
72,33,36,231,108;9,2€é,150,74,0
8,100,12,12,220,43,4%5,181,59,191,50,45,45,21,0

73,73,0
73,73,0 e : —_
13,7300 - & , :

73,73,0

45,45,45,29,0 N ‘
73,36,36,36,172,146,146,9,0 .
30,30,77,225,28,54,54,54,6,0

73,73,0 :

73,73,0 T

73,73,0 ¢

-1

REM A<->M'MEM TRANSFER ML PROG

DATA
DATA
DATA
DATA
DATA
DATA
DATA

DATA

173,1,12,133,60,173,2,12
133,61,173,3,12,133,62,173

'4,12,133,63,173,5,12,133, o
'66,173,6,12,133,67,173,7 .

12,201,1,240,4,56,76,52
12,24,32,17,195,96

‘TH1, TH2,VRS,GP1,GPY, LB, LST, TC1

TC2,N/U,GP2,GP3,GP6, GP7, GP5,N/U

10000 DATA -1 . . S

- i

144



E.5: Data Transfer Subroutine

‘Memory

3082-84
3085-86
3087-89
3090-91
3092-94

3095-96

3097-99
3100-01
3102-04
3105-06

3107-09

3110-11
3112-14
3115-16

3117-18

- 3119

. 3120-22
3123 .
3124-26
3127

Decimal

173
133
173

133

173
133
173
133
173
133
173

133

173
201
240
56
76
24
32
96

01
60
02
61
03
62
04

63

05

66.

06
67
07
01
04

52

17

12

12

12°

12
12
12

12

12

195

ERERBEBERERE

4

e}
@
Ex

01 OC
3C
02 0OcC
3D
03 0C
3E
04 OC
3F
05 OC

06 0C
85 43

'AD 07 0OC

C9 01
FO 04

4C 34 0OC

20 11 C3

Hex
Lac,
COA
COD
COF
Cl2
Cl4

- COD

COF
Cl2

ClE .

c21
Cc23

. C26

c28
C2B
C2D

C2F

C30
C33
C34
Cc37

145

" Assembly ‘
Language .
LDA COl1 ;3082-3111
STA 3C ;stores
LDA C02 ;required
STA 3D ;locations
LDA CO03 ;for
STA 3E ;firmware.
LDA C04 : ‘
STA 3F -
LDA CO05
STA 42
LDA CO6

- STA 43
LDA C07 ;determine
CMP #1 ;direction
BEQ 04 _:of transfer
SEC ’
JMP C34

- CLC
JSR C311 ;call
RTS 7 ifirmware



