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ABSTRACT

A conputer-besed systen has been developed to mein-
tain the lateral positlon of a bearq of protons to
within a fraction of a rnilliroeter. Scintil.lation
counters¡ loceted cloge to the.beamrs horizontal
waist, semple about O.I% oî oach side of the beam.
Their counts Bre recorded in scalers which are interr-
ogeted frequently by a PDP-9 cornputer. If the asyur-
rnetry in scaler counts indicetes the been is outside
the software-specified liraltsr the computer operetos
a stepping rnotor to very the current in e steering
roagnet situated ) roeters upstream of the scintilla-
tion countersn If the total correcti-on becones too
lerge, e'r,eIet¡rpe iì'o:'ìlir,'g i,s given.

This system ls used in the v¡lre chamber spectro¡ceter
at the Þ'lanitoba cyclotron to control the horizontel
position of a 42 Mev ribbon beam 2 rarn wide and )o mro

high having an intensity up to 7 nA. lests have sbov¡n
that this control systea can ueiutatn the lateral po-
sltion of a symmetric ribbon beam at the scintill'ation
counters to v¡ithin 1 0.01) nrnr provided that the shape
of the beam does not chenge with time. The present
measurernente are not extensive enough to permit con-
clusive statenents on either the enount of inherent
beam wanderlng or the effects of the control system
for spectroroeter runs lasting longer than a few hours.
However¡ during tlo shorter runs the 'oeam was found to
drift 0.7) un laterally during a 2 hour run t,aken with-
out contro)., and to be rneinteined within ! 0.081 rorn of
its mean lateral position during a J hour run taken
with control.
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CHAPTER Ï

INTRODUCTION - T}IE NEED FOR REGULATION

the subjecL of this thesis is Lhe control- of the lateral

position of a ribbon beam of protons as it passes through a wire

chamber spectromeL""I'2) ,rsud. to study (pr2p) reactions. The

energy of the proton beams used was usually about 45 Mev with

intensities up to 5 nA.

the need for such control is ùhreefold: on',a gross scale

there is a need Lo prevent the beam from striking components of

the beam Lransport sysLem or of Lhe scattering'chamber; on a fine

scale Lhere is a need to mininrize systenetic errors in the analy-

sj-s of the wire chamber data; and Lhere is a need to ensure repro-

ducibil-ity of experimenL conditions from one run to the next.

lhese are discussed in more detail bel-ow.

Figure 1..1 shows the beam line layout at the Manj.toba

cycloLrono The scaLLering chamber which contains the target gas

is shov¡n in Figure 1.2. The beam at the centre of ùhe chanber

typically has a width of 2 mm and a height of 50 mm" Ihe length

of the beam visj-ble Lo the wire chambers is abouL 25 cm. this

shape of the beam resu-l-ts from Lhe focusing action of the quadru-

pole doublet Ql, Q6 about d m upsLream of the scaLlering chamber

center. the objecü for lhese quadrupoles is a slit locafed l-0 m

upstream of ùhe scaLlering chamber center and typicaÌIy 2i nun

wide and l-3 mm high. Ihere are no oLher, slits downsLream of this

object slit,çr. this rLinirnizes the neutron and gamnÊ ray background
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Figure I.l

Cyclotron and beam Lransport layout for Lhe 3Oo Lef¿ Iine. Pro-
tons produced by the cyclotron are focused to a horizontal waist
at the slits SI by the quaCrupole doubl-e'u QÌ, Q2. The beam Lhat
passes through Lhese sl-its (typical-ly 2.5 rrn wide and 13 mm high)
is focused by Q4 and 51¡{ onio sl-its 52 of similar dimensions. The
energJ oÍ the bearn is cÌeíermined by iti"n iechniques from ihe nag-
netic flux across the poles of S¡¡. quadrupoles Q5 and qó are used
1"o produce the ribbon-shaped bean in the scaltering chamber. Sì,í3

is the steering negneL lhat is used to regr:lale the lateral posi-
tion of the beam inside the scaLtering cha.r¡,ber. The Faraday Cup
is used Lo measure bean current passing through the scaLtering
chamber
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radiation in Lhe specLrometer scintillation counters and elirninaLes

the neutron and proton flux Lhrough the wire chambers lhat would

arise from sl-its insicie Lhe scattering chamber. However, Lhe en-

trance port of the scaLtering chamber is only l8-mm wide and the

exil pcrt is only 33 nrrtwid.e. these cannot be made wider wiLhout

increasing the Lhickness of the Havar windows on the vacuum pipes.

Hence some method is needed to keep the beam from accidenfly

strikJ-ng the sides of Lhe ports rvhile obtaining data.

To understand Lhe need Lo control Lhe beam position on a

fine scal-e, it is necessary to consider the means by which the

(pr2p) reaction daùa are gathered and analyzed.l-4)

A pair of wire chambers form a hodoscope on either side of

the bearin (Figure l.-2). the;' ¿.u tr:iggered b)' coincidenl counls

(an event) in their respective scinùillaLion counLers and 1,he

wire chamber data senL lo a PDP-9 computer. If the event daLa

are sufficienL Lo define particle paths through each hodoscope,

the compuLer Lries Lo discriminate rrreafrr evenLs from random

coincidences by deterraining whether or not the pabhs meet at a

conìrrþn origin or verLex. This is d.one by computing the horizontal

and vertical coordinaLes of the inLersection of each path with the

assumed trbeam planert, i.e. a vertical plane conLaining the longi-

tudinal- axis of the spectrometer. If Lhe horizontal or vertical

separaLion of Lhe points of inLersection exceeds the maximum

spread anLicipaled due to Lhe finiùe angular resol-ution of the

spectromeLer, the event is considered a randorn coincidence and is

discarded. _
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If the beam wanders during an experimental run a systenaLic

error is i¡lLroduced into the analysis which causes the l-oss of some

val-id data. ThÍs occurs because the evenL origin or vertex no

longer lies on the assumed beam plane, this has no effect on the

vertical separation between Lhe poinLs of intersection of each

paLh, but strongly influences fhe difference in the horizontal- co-

ordinates of the intersections - see Figure !.3. The resulüant

error depends on the angle which the particle paLh nal<es with the

beam pì-ane, but is always aL least twice the beam dj-splacement from

the assumed beam position. In Lhe case of Ì2.5o-IZ.50 scattering

ùhe error is 9 fimes as large as the displacemenL. For this reason

some means of naintaining the position of the bearn in ùhe scat-

tering chamber is required to prevent the l-oss of val-id data while

rejecLing mosL random evenl,s.

This sysüem to controf the l-ateral position of Lhe beam was

built for a wire chamber spectrometer experj-ment to measure the

very snrall- cross section of proton-prolon bremssLrahlung. Ib

obLain results with srnall slatistical- errors requires msny cyclo-

tron runs over an extended period of time. ReproducibiJ-ify of

the beam position is necessary to ensure compalibility of the daLa

from different runso
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Figure 1.2

Scal-e drawing of Lhe scattering chamber and wire chambers. Entering
from the left, the bearn passes through two Havar foil-s of 6,¡r total
ùhickness plus a 2.6 cm air qap at the enlrance lo the scatrering
chamber which is fllled with hydrogen gas. The longiÙudinal extent
of the beam seen by the four wire chanbers is defined by two pairs
of vertical baffles. Sc¿rtterj.ng angles accepLed are in Lhe range
Iz.jo Lo Ll+.?o,

Beam positioning counters l-ocated near the cha¡'rber exi-t are used to
sense the l-aleral positicn of the beam. Protons scaltered from
a 0.1-5 mni thick CD2 target at, the upsLrearn end of the reaction
volume and /+5o-45o elastic scaLLering from hydrogen gas at the
downsùream end were used to tesL the bearn control system. A screen
(lines of zinc sulfide on an aluninium plate) can be noved into the
path of the beam Lo exarnine the cross-secLion of the beam inside
the scaLtering chanber.
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Figure 1.3

Systen'atic vertex errors caused by beam wandering. A scalleri-ng
event (aL angles 01 and 02) is shown whose ori-gin is displaced a

la¿era1 distance A from the snecLromeier axis. This introciuces
a bias of A(coi e1 { cot 02) inLo the longitudinal separation be-
tween the poinLs of intersecLj.on of Lhe projected tracÌ<s with the
spectrometer vertical/l-ongì.tud.inal plane of symmetry (assuming
infinite:rngular resoluLion) and flÊy cause the event to be rejec-
ted by the verLex analysis rculines of the wire chamber sofLware.
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CHAPTER II

T1{E CONTROL SYSTN4

Any beam control system rnay have to contend with three n'eil types

of unwanted beam nptiont (.) sideways di-splacements, (b¡ ""¿u"ringtt

or turning aside, and (c) pivotingx aboul a beam waist - see Figure

2.L. ïn general, four separate position sensor/control ragnet sys-

tems are required Lo regulate lhe beamts posiiion and direction of

flight both horizontally and vertically. Ihis thesis considers one

such sensor/nagneL system for the regulaLion of Lhe l-ateraÌ posiLion

of a ribbon beam in a reaction volume 20 cm 1ong.

Near-parallel sideways displacements are usually a mild form

cf o:'a conùinalion of the clher twc cases" If, upon looking trrìnurn-

streamrr (in tfre direction of flighf of the charged parLicles), one

sees the conLrol sleering nragnet followed by a thin solid target

followed by fhe bearn posi-tion sensor, then aligning the beam at Lhe

position sensor-wiII improve the beamts posi.Lion at the targef but

wiIL change the beam direction somewhat.

Sirnilarly Lhis regnet-target-sensor arrangement wiÌI reduce

beam wandering caused by rrsteeringrt provided Lhere.are no beam

focusing el-enenLs between the source of the sLeering and the sen-

sor. When such a focusing element (quadrupole) is present (as it

is for thi-s l.¡ire charober spectrometer = see Flgure 1.1) the

sLeering causes the beam to pivot abouL the beam waist and makes

xpivoLing about a beam waisü l-ocation implies that the beam
pitches in a vertical plane or yaws in a horizontal plane'
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coruecLion mlch more difficult. If the waisL and sensor locations

coincide, the rnoLion is not even detected. If the waist and target

coinc5-de, the moLion is deLecùed by a sensor down'sùream but Lhe cor-

rection ¡rekes nntùers worse at the targeL Oositioll In our expefi-

ment the target is a 20 cm long volume of hydrogen gas. As long as

the beam waÍst lies upslream of the reaction volume or 'downstream

of the sensor the l-aLeral position control presented here does re-

duce the steering-pivot effects. This wi}l be explained more fully

in the discussion of the test results in Chapter 6.1¡.

Several methods of monitoring or conLrolling the position of

charged particle beams are discussed in the literabure. The prin-

cipal methods used to detect undesirable beam rption are sensing

coils ,5,6) split Faraday Cupsr?'8) an¿ ion chambutu.9'10) ror trre

most parl these are useo in closed-toop analog systems Lhal are in-

dependent of Lhe nu.in experimenL. The beam sensors are usually de-

signed for use with spoL beams and are often some distance from the

target at which conLrol is desired'

lhe meLhod. of lateral position control presenLed here used

scintillaLion counLers to sanple a fraction of each side of the rib-

bon beam inside the scaitering chanber just in front of the exit

pipe. Ttris is as cl-ose as any sensor can be pÌaced to lhe reacLion

vofume and. yet, because of the sr'ÊII fraciion (l O.Lff) of Lhe beam

inLercepted, it does not produce background radiation in the large

scintillaLion counters of the specLrometer, A digital system was

chosen partly because of the avail-ability of some of the hardware

and partly because of the ease of incorporating lhe beam position
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Figure 2.1-

Three types of undesirabl-e beam nrtion are shown by the solid aruows.
The dashed arrows show the effecL of the contro.l- system.

(a) fte beam passes Lhe control- n'agnet, target and position
sensor paralJ-ej- lo the required axis but displaced from
it. The conlrol system improves lhe position but al-Lers
ühe direcLi-on.

(b) So*"*here upstrean of ùhe conrrol magnet the beam has
been turned away from Lhe desired direclion. Again the
control sysLem improves the posiùion of ùhe beam at ühe
target,

(") I steered beam as in (b) has been turned back Loward the
axis by a focusing quadrupole doubl-et" As lhe steering
changes Lhe beam will pivot about the beam waist. If the
waist is ab lhe sensor, Lhis motion will not be detected.
If the waist is aL the lhln iarget as shown, the posibion
control will move Lhe beam further off axis at the target.
If the waisL is upstream of the LargeL or downstream of
the sensor, some irr'orovernent can be achieved in Lhe bean
posiùion aL the Larget.



:13-

STEBRTNG
M.{GNET: TÂRGET

BElll',f

POSITION
SENSOR

-------:?

QUADRUPOTE

(")
---------:- 

-



-14_

controJ into ttre real--time operaLion of the spectrometer. The're-

sponse of the computer-oriented sysLem is easier,to modify (by soft-

ware) than the resoonse of analog sysLems (by hardware). In norral

operation the d.igital system is quite sensiLive yet stable.

A block diagram of Lhe system used here to conLrol lhe posi-

tion of Lhe proton beam is shcwn in Figure 2.2. ïhe average beam

current was less than 5 nA j-n 5 nsec bursts spaced 35.1 nsec apart.

The scinLillalion counters were posi-tioned so that their pulse rates
I

were in the range I - 3 x lO' per nA. Thus it was expected that, on

average, each scintill-ator woul-d detect one proLon from at nxrst every

second beam burst, The fast efectronics were arranged so t'hat pro-

tons detected on successive beam bursts woul-d be counted separately.

IIowelrer, if no:'e than one p:'oton ar':'i'¡eC from one burst their sig-

nals rtpiled-up'r and ühey hrere counted as one proton. As this should

happen equally often on each sj-de no problems were antj-cipated.

After each evenL in the specLrometer v¡as detecLed (approxi-

nntej-y JO/sec), fhe Lotals of Lhe pulses coll-ected from each scin-

ùiÌlation counter beLween evenLs were interpreted by the PDP-9 pro-

gram to deLermine the laleral posiLion of Lhe beam. If the beam at

the scinLillation counters was on the veriical-/IongiLudinal plane

of symmeLry of the spectromeüer, no further action was taken. If

the beam was off-axis, as indicated by an asymmeLry in the counts

from the l-efL and right scinLillaLion cou¡ters, the program drove

a sùeppÍng noLor to change the steering n"agnet current to bring the

beam back on-axis, A snal-I deviation (usualt¡ ! ÈÐ in fhe LefL/

right raLio of scintillation counts was permitted in the on-axis
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case üo allow for staListical fluctuations of Lhe data"

T'r^ro techniques were used to prevent the system from oscitlating

abouL the specS-fi-ed raLio. The all-owed deviaLion, wj-thin which the

ratio of lefü/righf scintillation counts indicated an on-axis beam, was

chosen to be greater than the expected statistical spread in the ratio

of the counts. In addition, the change in the steering nagnet eurt'ent

caused by one motor sLep was chosen to change the lefL/right ratio

of the count rates by less than the deviation allowed by the pro-

gram. Even if some particular data rates or beam conditions did

Iead 1,o oscillaLion, Lhe experimeler would see this fron the indi-

cator Ìamps on the moLor drive or from the computer output at the

end of a run. He could then overcome lhis by instructing the com-

puLer Lo average daLa from successive events, to change the al-

l-owed deviation of the ratio, or to look for trends in the beam

motion before taking acLion.

fn this design Lrvo assumpLions are nade about the horizontal

intensity rrprofilerr (cross-section) of the bean: (a) that it rer¿i-ns

consùant as üj-me passes, and (b) that Ít decreases ¡rx¡notonically, away

from Lhe cenùroid. fn pract,i-ce Lhese conditions were usually sat-

isfied" Occasionally the profile was a bit skewed but this was

compensated for in the calibration of the ratio of Lhe count rates

as a function of lateral beam position.

One useful model for di-scussion ascríbes to lhe beam a uni-

form vertical intensiLy profile and a Gaussian lateral intensity

profile. As shown in Appendix A this l-eads to the prediction that

the log (Ieft, count rate/right count rate') wil-l be an approximately

Iinear function of the lateral beam displacenent.
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Figure 2.2

Block diagram of Lhe beam position control syslem. f{aving passed
through the quadrupcfe doubfeL q5, 86 and the steering negnel SMr3

(nigure f.I), lhe beam enLers uhe scaLtering chamber. Scintil-
lation counlers located near lne chamber exit, (Figure 1.2) sample
about O.Ifi of each si-de of the bearn. F¿¿sL eleclronics modules
amplify, shape and pre-scal-e Lhe pholoLube pulses for inpul t,o 18-
bit scalers on the PDP-9 ççr¡¡rrt,er. Soffrt'are c:'i t.eria ¿re annl-ied
after each speclrorneter event to Cecide if the beam position neeCs
to be corrected. f.f iL does, the computer changes lhe sLeering
nngneü currenL appropriately by stepping the helipoù current con-
trol on the bipolar poi^rer supply.
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CHAPTER II]

DIJSTGN OF TIIE STSTE}4 COì'ÍPONENTS'

This chapLer presenLs bhe design of the scinLiltation counLers,

the fasL electronics, the PDP-9 scalers, the steering nagneL drive,

and tLre sofLware used wilh these componenLs.

3.1 Scintillation CounLers

The sensors used Lo sample each side of lhe ribbon beam were

scintill-aLion counters ¡r'rd.e from pieces of NE 102 plastic scintil-

latorll) gtued Lo persnex lighlpipes by lüE 5tlO optical ""*unt.11) the

lightpipes were ncunLeci by means of General Electric RW-ó154 potfing

compound upon end-windol pholotubes of Lwo-inch diameter.

Ihe appearance of the scinLlllators and li.ghtpipes to an

observer tooking dcwns¿ream j.s shown in Figure 3.I. 'ihree separate

scinfillaLors are used in each counter,.Lo sampJ-e the beam over a

heighf of 38 mm Lo keep Lhe pulse rate Lol-erably ]ow. Each scintil-

lator is 3.2 mm wide, I.6 mrn high and long enough (23 mn) ùo stop

50 }(ev protons. The shape of the lightpipe is cornplex because Lhe

2-inch diameter phototubes must siL on Lhe chamber floor bel-ow the

bearn rvhil-e the scinlil-l-aLors musl lie close to the beam yet not

obsLruct protons on Lheir way to the wire chambers. Both scintil-

lator/lightpipe assemblies l{ere painled Lo keep ambient room light

out of the photoLube, NE 5óC diffusely reflecting p"i-ttlI) *o"

used for Lhe firsL several coaùs and Lhen several coaLs of inLerior

flaù white l-atex paint were applied. The righf-hand counter also
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had one "o.t of bl-ackboard painb applied. belween the NE 560 and latex

painü layers

RCA-ó6551 pfrotolubes were used because they were available

from a previous experiment and had suilable characLeristics:

gai¡ = 1.6 x l-06 at lr0OO volts

anode pulse rise Lime = 3.1 nsec aL 1-r25O volts

average anode currenL a 0.?5 mA (maxinnrn)

The high ¿¡ain was imporLanl since fhe lighù pulses would be aLLen-

uaLed by the sr¿11-, inLricate lightpipes. Some of these l.ight pulses

woul-d already be degraded because some prol,ons l^¡oul-d enter a scintil-

lator obU-que1y and nol l-ose their ful-I enerry in it. To be sure of

counting aII inLercepLed protons the gain rmst be high enough to sat-

ura'Le 'uhe an"plifrc:'s in fhe fast eLecli.onics. Fas¿ puJ-se response

was neceösary because the pulses can come as cl-ose LogeLher as 35
I

nsec. Since Lhe counting raLe can be as high as 15 x lOt pulses

per second, the high anode current rating v¡as also necessary.

Ihe photoLube base circuiL is shown in Figure J.2. Since

both counùers are comected to ùhe same potrer supply a distribu-

tion box is used to provide isol-aLion between the counters'and to

allow srell volLage ad,justments so that puì-se heighfs from the Lwo

counters can be approximaLely matched. fne current in the resistor

chain v.'as nade Ìarge Lo provide naxiniurn voltage süability on the

phototube dynodes. This and the requiremenL Lhat the base circuiL

occupy only a s¡ral--l- volume were attained by the use of 81200 ohm,

0.5 watt, lS precision, deposiLed-carbon resistors. In addiLion,

2r0OO pf ùemperaùure-independent ceramic capaci-tors were used in
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F'lFure 1.Ìa

PJane vlev¡ looklng downstreaa with the do'¡r:strearn baffles (see
Flgure 1.1) rerooved. The reroovable alignnent plete (aottea line)
ls sl'rovrn coplener r+ith the vertical plene of syunetry of the
spectrorneter. The lightpi¡re is shaped to collect es rouch light
fron the scintilletors es is possible r+ithout intercepting too
much of the beam.
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- Figufe 1.1b

Photogreph of the right scintilletion counter in
ulth the top of the scattering chember re¡noved.
downstream ( nreern) baffle is in place.

position, taken
The rleht-hand
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Figure 3.2

Photomultiplier base circuit and high voltage supply. lhe dlstri_
bution box al-lows a síngle high current, trign voitage supoJ-y to be
used for boLh tubes. The need for a high voltage dõcoupii"! cânac_
itor at the output is avoicied by the use of a nãgative äuppfy vort-
age on the cathode. fnis necessiLates wrapping the ¡ou-meiàt- tuUe
shield with insuLaLing tape but keeps the äñociã signaJ- line at a
safe voltage.
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parallel rsith the resistors of dynodes D9 and 010 to further srpoth the

high voltage on these dynodes. 
,

The counùer positions are calibrated by holdi:ng an alurninium plate

parallel to the vertical plane of symmetry'of the scattering chamber.

Each novable base p1aüe on which a phototube is nou¡ted is then set to

the position at which the scintillators shoul-d touch this plate and the

counters rx¡ved by hand until- they do. The calibrated scale and vernier

thunbwheel- on the base plate are then used to rnove the counters to the

desired separation between themo

3"2 Fast Electronj-cs

The electronic conponents which arplify and shape the pulses must

be capable of high frequency operation (hence rrfast¡t electronics). Under

¿*.:^^1 ^^-¡.iai^-- +l^^ --^L-1-¡t:¿-- ^fi ¡^+^^r:-- ¡ -..1 ^- 4*^- ---- -^-!: ^e¿i PLV@:L wv¡rq¿v+v¡¡Ð v¡r(' PI'Uudul.ravJ vL L¿ttUççvl.lr6 ê PUJ-Þt lL u¡¡l 4l¡J IJél-VJ-\r-

u.l,ar beam burst is about 10f whiJ-e the probabiJ-ity of d.etecting a pulse

from each of two successive beam bursts (35.t nsec apart) is about 1fi.

A block diagram of the fast electronics j.s shom in Figure 3"3.

Sone of the rcdules were constructed in the Physics Department Electronics

Shop and some were purchased fro¡a EC&G Incorporated.f2) ,nu pulses from

the phototube were usually shortened. by a clipping-stub (6ó cn of RG5BU

shorted at its free end) at the input to the first amplifier" This en-

sured that the TRLO4S/N i¡tegral discrirninator would produce only one out-

put pulse for each input pulse, even r.¿hen used. at a threshold sensitivity

of 1O0 mV. 0n sone occasions, sati-sfactory operation was achi-eved without

using tne cJ-ipping-slub. The first amplifier then raised the scinùilla-

tlon counter pulses well above the noise caused by pickup of the cyclotron
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radio-frequency on the 75 m coaxlal cable from the HperÍmental Room

to the Control Roono The second arnplifier compensated for atLenu-

aLion in this cable and raised Lhe signals above the threshold of

the integral discrirninator" Every signal that rene.ined above the

100 mV threshold for at least { nsec but. no npre than 28 nsec

caused the discriminator to procluce one rogic pulse output. rhese

pulses were prescaled by the EG&G divide-by-eight unit, S10O/N" The

output of this unit alternates between -700 mV and ground, changing

sùate after every fourth pulse" A purse converter circuit, designed

and constructed in the physics Department Xlectronics Shop¡ pro-

duced a -2ol volt, ó0 nsec pulse for input to a pDp-9 scaler every

time the ouLput of the sloo/l'l changed from -7oo mv Lo ground.o The

seheretics: of the pulse ccnver+-ers are gi-ven in ÁppenCji( B.

3.3 PDP-9 Scalers

Tb count the number of scintillation pulses detected betv¡een

evenùs in the spectrometer, two 18-bit scal-ers were consLructed and

interfaced to the PDP-9 computer - se€ Appendix C. A third scaler,

built as a spare, blas sometimes used to measrtre charge coll-ected j-n

the Faraday cup by counting the ouLpuù pulses from a charge inte-

grator.

A block diagram of one scaler is shown in Figure l.{. pulses

presented üo the scaler inpul gaùe are passed to the frip-frop reg-

ister if the scaler is rrenabred'r buü are bl-ocked if the scaler is
ttdisabfed¡t or is being read into the pDp-9. Those pulses that pass

through the gate are counted by incrementing the 18-bit flip-flop

register. The three lov¡-order ftip,fJ-ops are of a high-speed series
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Figure 3.3

Block diagram of the fast el-eclronics. Tfpical pulses observed
in lhe conlrol i'oom are al-so shor^¡n. Pho+"otube pul-ses observed
withouù the clipping-stub are shov¡n in Figure iç.1.
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Fi8ure 3"4

Blcck .Siagran of the PÐP-9 scalers" The ttp';lse ccuntcrrt cf cach
scal-er is the l-8-bit register of flip-fIops. lata gaLes al-Iow j-n-
puL pulses to be counted or the scaler contents Lo be read by the
compuler. An overfl-ow indicator can signaì- the computer when the
count capacity of the scaler is exceeded" Corrurand signaì-s from
the comprrter can lurn on, read, clear, turn off, etc" each scaler
separatel-y. Conplete schematics are shown il Appendix C.
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to allow the scaler to accept input puJ-ses at a rate up to 10 l"flz.

At any üirne Lhe program can execute a trreadrr com¡rÊnd which opens a

seL of 18 data gates to strobe the contents of the scaler into the

accu¡mrlator of the computer. the scal-er can also--be cleared to

zero at any time by computer cor¡mando (One nrecaution rmrsü be taken;

any comnand to clear or to disable a scaler nmsü be followed by a

comr¡and to reset the overflow indicator since this could be set by

the clearing of the high-crder flip-fIop") If the number of pulses

counted after one elear counand but before the next exceeds 262rLt+3,

an overfl-ow indicator is set and the scaler requests a program Inter-

rupt for serviceo Separate computer commands can test the condition

of this overflow indicator and can reset iù"

Several commands to a scal_er are often issueri together by

using the trmicro-coding" feature of Lhe pDp-9 ¡rschine ì-anguage.

Thus rve have the fotlowing IOT (Inpuü/Output Ttansfer) corrurends

for the various operations: (In aII of these examnles the func-

tions shown i-n parentheses are carried out conlemporaneously but

are ilcidental- to the main purpose of the comr¡end" This is be-

cause for each scal-er three comnand.s perform seven functions - a

saving on the cost of hardware necessitates i-ncreased software

coniplexi-ty. ):

- to clear and enabl-e scaler flx

I0T 5104 fclear (drsable)

I0T 5102 /enable; clear overflou (read)

- to read scaler ffI

I0T 5113 /clear accumulator

xÎne appropriate command.s for the other scalers are obt,ained by
replacing ttlltt by tr52tt for scaler ff2, or by replacing tt51tt by n53n
for scal-er il3,
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- to read and

r0T 5117

pì-ock input during read (test overflow)

/read (enable; clear overflow)

cl-ear scaler fl

/clear accumulator .,

þIock input during read (test overflow)

/read (enabte; clear overflow)

/clear scaler (disable)

I0T 5l-02 /enable (read; clear overflow)

- to read, clear and disable scal_er ffì_

ï0T 5117 /description as for IOT 5117 above

I0T 5t06 /clear overfl-ol (read; enable)

/disable scal-er (c1ear scaler)

- to test for

r0T 5101

overflow of scaler fI

/skip next inslnrcLion if the scaler
has overflowed (block input for 2
rnicroseconds )

- to clear the overfl-ow indicator of scaler fl
r0T 5102 /clear overfl-ow (read; enable)

The scaler will_ remain enabled un-l_ess thi_s comne.nd
ls immediately foll-owed by I0T 5104 to disable it"

These three scarers occupy three bins i¡ the cabinet of the

PDP-9. A connector panel is provided (see Appendix c ) for the in-
puf BNCts and for several i-ndicator J-anrps. Fêch scaler input is

wired to two paral-Iel BNC rs; the input cabre is connected to one

BNc, the oüher is to be terminated by a resistor equal to the char-

acteristic impedance of the cabLe (here JO ohns). standard input

pulses are -2.J volts of width 60 nsec aL repetition rates up to 10

lúlz" A l-anp is provided which is 0N when the scar-er is enablec and
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OFF when ít is disabled. Another lamp indicaLes when the scaler

has overflowed" A sv¡itch is provided to disconnect the overflow

indicator from the Prograrn InterrupL facility" Ñine other lamps

have been wired via a patch plug to indicate the status of certain

scal-er flip-flops so that the operaLion of the scalers may be mon-

ltored. visually. The output of a B-series oscill-ator (Z Unz) is

available fron another BNC for general use or scaler testing.

3.4 Steering l'{agneL and Power Supply

lhe steering nagneL used (see Figure 3,5) could provide both

horizontal- and verLi-ca} steering but only the horizontal steering

v¡as utilized here. Five amperes is the ¡raximum currenü which its

coils can withstand but this was found to be sufficient to steer the

beam of i+2 tttev protons 'ov ! Z¡ nun j-nsicie the scatteri-nA ciramber -
more than enough for our needs.

Direct cu¡renb to the steering nagnet is provided by a bi-

.polar power supply designed ancl buil-t in the physics Department

Electronics Shop" The current range i" j f.! amperes, adjustable

by means of a lO-turn potention"eter driven by a 200-st,ep-per-lurn

Slo-Syn sfepping motor"13) This range of operation was chosen

quali¿atively to give a change in ùhe ratio of counts of about lfi

per notor sLep at typical operating conditions. The stepping

motor can be driven n'ranually or by step comnrands from the pDp-9.

Lirlj-t, switches are provided (set at j 3OO rn4 after the effect of

the steeri-ng n-agnet on the beam was measured) so that, the beam

cannot be steered onto the sclntilÌation counters aecidentally.

lhe süepping mrrtor is of the t¡bifilart¡ t¡rye conlaining two
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pairs of roi.rAir,g". One nember of each pair nrusL be energized' aL

aII tirnes " The ¡¡x¡tor is made to npve one step by switching the

current from one member of a pair to the other member; the next
ì

step is obtaj-ned by sinilar switching for the othe_r pair. The

direction of rntion is deterrcined by the sequence in which the

windings are energized. A pair of ftip-flops in the stepping notor

d.rive interface (schen,atic in Appendjx D) provide the two-on, tu'o-

off stales for the high-current transj-sùor ttswitchesrt connecLed to

the windings. The moüor is nade to run by changing these stat'es

in a forward or backward sequence by two appropriate comrnands (pulses)

from the PÐP-9. T\^ro lanps on the scaler connector panel indicaüe

the direction of ¡notion of the nptor r.¡hile a ùhird lamp blinks 0N

each time a step is taken"

3.5 software

The compute" syst"J'4) use,i for this beam position control

sysLem is a PDP-9 made by the Digital Equipment CorporaLion. It has

a aerrþry of 811-92 words (18-bit), a fast Dçtended Arithmetic Element

and Autonp.tic Priority Interrupt. T\+o teletJæes, a high speed paper

tape reader, a paper tape punch, a call-igraphic display with tightpen

and a Calcomp plotter are the nrain input/out deviceso Prograns or

data can be stored and recal-led from two DECtape units. A data link

to the IBM 360/6! compuler at the University Computer Centre i{as

used to carry out further analyses or parallel processing of data"

Three najor PDP-9 programs were written for this control

system" 4.11 n.eke use of a ffmbotic Asserobly Language Monitor (Sny,OiV)
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Figure 3.5

Cross-secLional view of the steering magnet, l-ooking downstream. A

soft steef collar (diagonal shacling) su:'r'ounds lhe bcam pipc (largc
cÍrcJ-e) afong a lenglh of'about.l-5 cm. Each bar of the coll-ar is
wrapped with 1000 turns of ftl-5 r:ound wire (".g. smaU- circles). For
this controJ- sysùem lhe l-eft- and right-hand coils were connected to
make the top and bottom steel bar-s act as nuegnetic poles whose fie}1
B_ steered Lhe beam to the left or righf
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HriLten by l4r. D. Reimerl4) for input/output to Lhe compuler periph-

eralso Commands from the experimenter to these progranis proceed via

two-character codes on the teJ-et¡pe or via the accumulalor switches.
'' :

The uses and features of these prograns will novr be described.

in tu¡n. lhe program listi¡,gs are in the appendices as noted"

(a) Scaler and stepping rnolor interface tests: This program

consists of test routines ranging from the execution of si-ngle com-

rends to fairly complex procedure simu-l-ati-ons. For a full lisùing

see Appendj* E"

For npdule*by-module checks using an oscilloscope, the pro-

gram can issue repetitively any of the / basic IOT (Input/Output

T?ansfer) cornnands to any scalero Speciaì- sequences are included

lo cycle the rtreadrt and Itenabl-e/disabl-ett eomponen"s. Ofher tests

check foi any change in the scaler contents caused by lhe rearì. proc-

ess itself or for agreement between time intervals obtained from the

pohrer line frequency and from the computer cycle time. An extensive

rouLine tests the reliability of the scalers by taking repeated sam-

ples of the signal- from an external constant frequency pulse gener-

ator. The effect of blocking the input pulses during each'read j-s

tested by another routine which during a ùen-second cor¡nting period

can read the scalers up Lo 25O 1000 times.

ïhe basic rnotor commands are tested by driving Lhe nx¡tor at

a speed and direction determined by accumul-aLor switch settings.

Backl-ash and reproducibility are checked by noving the motor a spe-

cified nu¡ber of sLeps in a specified di¡ection. The response char-

acterisbics of the bipolar power suppì.y are measu-red by st,epping lhe
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rÐLor a specified nu:nber of steps back and forth at a specified

rate"

(bl Bea¡n observation program: Trris program is used either to

observe the behaviour of the bean without any beam position control,

or to evaluate (using program (c)) the perfornance of the systen

when the position conùrol- in ON. For a full- l-isting see Appendi:c F.

Since the accunulator swj-tches are used to stop or hold a

run, to change data displays and üo selecL printout options, a con-

venient t,eJ-etype code is provided to have a description of the

switch functions pri-nted on the teletype.

Observation runs comprising L1792 tin"ed sancfes of counüs

from lhe l-eft and righL scintiflation counters can be taken for run

times ranging from 0.2 seeon'Ls to o'r¡er one ho':¡. These runs can be

taken withouL controlling the beam position or control n'ny be applied

as necessary. The decision to move the notor cne step or not after.

each sarnol-e can be based on Lhe ratio of counLs from bhe left and

right scinLil-lation counters fro¡n the presenL saqgle al-one or from

an average of the most recent sanmles. Tb investigate the influence

of various cycJ-otron controls, the third scaler may be used to nor-

Iralize the samples to a specified anount of charge reaching the Far-

aday Cup by counting lhe ou-upuü puì-se of a charge inlegrator. The

tails of the beam seen by the scintillation counters nay be examj-ned

by a routine rr'hich sl,^Ieeps the beam l-efL and right at a raùe specified

via the LeleLype and through a range control-Iable from the accumulator

srvitches.

The data from each sample are gathered in double precision and
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scaled to fit into single precision arrays of counts (on the left

and on ùhe right) versus sample nunber. Segments of these data are

seleeted by leletype cod.es or accumu-l-ator switch settings for dis-

pJ-ay on a IO2l+ x IO24 point screen. A Iightpen is available to ex-

amine the contents of particular channels or to integrate the counts

over some part of the display. Usually the data from all- runs are

stored on DECtape for later analysis or comparj-son. Specified parts

of ühe data, or the sumnery of motor steps taken in the control node,

can be printed on Lhe leletype. Routines are al-so available to form

the left/right ratio for al-l- samples to evaluaLe the beam stabitity.

these ratios or other data rnay be scaled for plotting by another pro-

gram avail-able via the SALÌ4ON Monitor on the Calcomp plotter. In ad-

dition-. runs taken with the control rrs¡¿þf sdrr have the detail s of the

motor movement coded into the lov¡esL order bit of each data word

stored." This infornp.bion can later be extract,ed and di.splayed or

plot,bed 1,o investlgate the sample-by-sampl-e actions of the motoro

(c) On-l-ine beam posj-tion control routi¡es: These eleven r:ou-

tines are used by the beam observation program described earlier, b¡r

prograns used to check the operation of the wire chanbers, and by bhe

programs used to üake Lhe data for the nuclear physics experiment.

The complete listing of these routines is found in Appendix G,

The first routine is called at the start of a run to estab-

lish the initial conditions of the other routines. The next two

ilenabletr ('tdisablett) t,he scal-ers at the start (end) of the run. The

fourth detects scaler rroverfl-owrt during a runo hrhen such are de-

tecLed Lhe scal-ers are leset and the softi.¡are logic modified to pre-
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vent analysis of the beam position data at the end of ùhe sarryle il

t¡hich Lhe ttoverflow't occurred.

The next routine read.s the scalers i¡Lo the conpul,er when-

ever the wire chanrbers are sparked. If either scintill-ation coun-

ter produced less than 100 counts the position analysis is again

inhibited. These scaler readings can be used alone or can be aver-

a.ged with the previous 2e l+¡ I or l-6 samples to determine the ratio

of (counts on the left') to (counts on the right). The ).efL/ri*e;hL

ratio is then compared to the acceptable upper ênd lower l-in-its.

If it is ouLside Lhese linlifs the appropriate rrstep leftrt or nstep

righLrr routine is called to help correct the beam position.

!ùith these routines the stepping motor makes aù mosL one

s'r,ep per wire chaniber= everl'r,. Dur:i-rtg each run a reco¡'d is kepi; oí

the tota] number of times the motor was noù stepped, vras stepped

lefL, or Ì{as stepped right. AIso recorded are the number of times

the scalers overflol',ed and the nur,ber of times there was insuffi-

cient data. In addition two L¡istograms are rade with the abscissa

specifying the number of steps the n"otor rÊde to ùhe left (rieht)

before reversing direction and the crCinate giving the nunber of

occurrences during the run.
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CTIAPTER IV

PER}'OR}HNCE OF TTIE SYSTEI"I COÌ"POIiIENTS

This chapùer presents the resul-ts of tests on the components

the beam position conLrol. system. Ifpi'cal operaLional behaviour

described and any special limitations are noted.

4"1 _þ Scintil-Iation Counters

The right-hand scintil-l-ation counter v¡as firsL exposed Lo the

cycl-oLron beam before any reflective paint rvas applied to Lhe scin-

tillators and lightpipe. Jhe outpuL pulses were ampl-ified by a

factor of four and sent to the control- room where their oscillo-

scope traces ',rere photogi'aphed. fce oulpul pulses wei'e sir'iJ-ai'1-y

measured after several- coaLs of light-refLecùing paint had been ap-

plied to Lhe counter. The pulse heiglits from all three scinbillalors

on Lhe counter were found Lo be nearJ-y Lhe same, and furtherrcre, were

nearly Lhe same as the pulse height measured prior to painting.

No phototube output pulses could be attribuLed to ambieni. light for

anode volt,ages up to 1100 volt,s. From this iü can be concl-uded that

the white refl-ecLj¡rg paint, (as described in Chapter 3.1) is successful-

in keeping ambienL light out of Lhe scinLill-alion counle:'s while not

affecLing Lhei-r ouLput puì-ses.

Non-unifornr-it¡' of tire height of the phototube pulses has been

observed since the counters were con'pleted. Pulses from the top scin-

Lillators are now somewhat lower Lhan from the nriddÌe scintillators,

which are somehihat l-ower than from the boütoni scintill-ators. This n-øy
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be due to a combinalion of circumstances: ageing of Lhe scintil-lators,

potting compound and phototube; degraded pulse height,s due Lo nechanical

mlsalignment of the counler toward the beam; ot tit"t.lions of the NE

560 refl-ective painL by bhe outer l-ayers of vrhite latex paint and, for

the right counüer, the one coat of bl-ackbcard paint'(noL reconrnended

for fuLure use) between the reflective and latex paints. Another pos-

sibility is radiation danage due to an abnorn'B1ly high flux of protons

striking the scintillaLion ccunters. Such a flux coul-d be caused by

mistuning of Lhe beam, Lhe use of a spot beam instead of a ribbon beam

for some measuremenLs, and tire scattering of protons from the beam by

a tantalurn target 2J ¡t Linick used for the calibration of Lhe 22"5 cm

x 22"5 cm x 2.J cm scintlllaiion count"""l5) 1u"" Figure 1.1). Radia-

tion forms trcolour centrestt which reduce the transparency of the scintil-

lators and., more especially, öf the perspex lighüpipes. It was antic-

ipated thaü such danage woul-d not be significanù in lhe first 500

hours of use of the beam posiLioning counters, but unusual- conCitions

nay have shortened lhis ti¡ne greatly. Á.n:-realing the counters at óOo

C nray rennve the colour cenLres buü this has not been tried. The

pulses from all- scintillators, hoi*ever, reipin sufficientl¡' 1or*u

(after approximaüely 2OO hours) to be acceptable to the fast elecLronics.

ffpical outpul pulses are shown in Figure 4.1- for boLh lorr¡ and

high counL rates. These pulses v¡ere arr¡clified by a factor of four in

the Experimenlal- Room (withou¿ a ctipping-stub) and observed across a

50 ohm ler¡ninator in the Ccntrol lioom. The high-frequency ripple on

ùhe traces is due to stray pickup of Lhe cyclotron radio frequency.

Note that the puses immedj-aLely after t,he first one are larger because
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Figure 4.I

Photonuftiplier puJ,ses measured. across a 50 ohm terminator in the
ConLrol- Room for (a) ì,ow counting rates and (b) high counting rateso
d-- 

-L-!-!--L- 
L: -L --^1 r^ ^ ñ^^ --^ì!^ ir^ ^l:-*:-- -¿!.ì.^ -.-^^ -.^-l

i¡lg pt-lourJtrúùy ft*6rl vu¿r/Õ5e ftéÞ lvv yuruÞ. l{iJ uJ-JPPJ-ll6-uvuv Èeo ueçu
(see Figure 3.3 for that case) buü the pulses were amplified by a

factor of four in the ExperimentaÌ Roon" Recent observations have
shown smaller pulses as wello
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they are ttplled-uprt on the taiJ- of earli_er pulses.

4.2 The Fast Electroni-cs

It was necessary to adJust the phototube high voltage and to

use linear anplifiers j-n order to nake the phototube pulses large

enough to operate the EC&G TR104S/ÌU aiscrinrinabor /trigger rno.dule rçhile

naintainj-ng Ìow average phototube curuents. The 66 cm clipping-stub

at the input of ùhe amplifier in the Experinental Room shortened. the

pulses which were then indlvidually resolved without causing unde-

sirable neYtratt pulses due to mrJ-tiple pulsing of the level-sensiülve

trlgger modul-es" Tfpical pulse traces for the fast electronics Ín

the Conürol Room v¡ere shovm in Figure J"J.

fne photonmrtipller high vortage and Lhe trigger threshord

ievel- were determined from the exper.iment-.a-l r"esul-ts of Figure L"z

These were obtained by usi-ng the Bean Obseryation program to observe

the scinti"tlator counts per nC of beam as the high volbage hras varied

for a particular clipping-stub and the threshold combination" Three

criterla were appJ-ied: ùhe voltage shouLd be as low as possible to

keep the anode current low; the counts per nc should revel off as the

voltage increases; and the raLio of t,he normarized counts shourd be

insensitive üo changes in the high voltage. On the basis of these

results ühe nornlal operating conditions for a 5 nA beam through the

scattering chanber were chosen to be: trigger threshold : -lo0 mv,

66 cn clipping-stub at the lnput of the arnplifier in the E<perlmental

Rooul, and phototube high voltage = -Tjo volts. These conditions also

provided reriable detectÍon of protons in the bean t,aj-ls r+ithouL
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exeessive anode current ln the phototubes at a beam cunenü of 1 n.4."

4.3 The PDP-9 Scal-ers

These scalers have been tested and found to have satisfactory

accuracy, although some unusual characteristics were noted.

Accuracy and reproducùibiliLy were checked by al-lowing both

ühe "Leftrr and trRightrt scaler to count sirn-rlLaneously Lhe cycles of

a one MegaherLz sine wave from the Lransmitter of a nuclear magneti-c

resonance fluxmeter. For a sample time equal to ó0 cycles of the

computer clock (nonúnali-y one second) the two scalers agreed to wiLh-

ín 0.0057 of each other. The scal-er counLs for a series of samples

lay wiühin about ! O.l5f. of the average san"ple count. Much of this

spread rrras due lo fluctua.tions of the line frequency cl-ock ifself -
IJd. Id uel' J-v-ÞeUOllu uct' l, WdS t/Lllreu Oy L:OUf iUII16 Ufre UOItl'ÐUueJ' Uy UIC l- I-e-

quency and in thaL test successive readings for each scaler lay with-
Ain a range of one part in 10".

Tne use of B2OO flip-fIop modul-es for lhe three low-order bits

allows the scal-ers to handl-e up tc ten million pulses per second.

Holever, if one of these modul-es fails, the inpul pulses can ttfeed

throughrt and procluce scaler readings that are twice as J-arge as ùhey

should be. In addition, tests have shown thal when the scaler con-

tents are read into the conputer accumul-ator, the 8200 flip-flops

reset themselves to the rr0rr state. This can lead to eryors if the

scal-ers are to be checked (without being cleared) r+hil-e counting,

buù caused no di-fficulty in this experiment.

Qne requirernent is tirab every con'¡and, to clear a scaler

rusb be immediately followed (i.eo nexù i-nstrucùion) by a comnand
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Figure 4.2

Deterrnination of photo';ube high voltage and clipping-stub requirements.
Four combinations v¡ere Lried for the setLing of bhe lrigger threshold
(-fOO and -2OO rnV) and the l-ocation of lhe ó6 cm J-ong cJ-inping-stub
(at the inpuL of the anpJ-ifier in the ConLrol- Room and in the Hperi-
mental Room)" The resul-ls shown here were obtained when tÌre clipping-
stub was at the inpuf of Lhe am,olifier in the Experimental Roorn. The
phototr:be high vollage was increased nanuafly b,v 10 vol-ts after each
4 nC oí chai-ge reached ihe Faraclay Cup. Tne beanr curr'ent r+as 5 nA ancl
the scinLillat,or seoaralion 12 mm"

Pl-oLs (a) and (U) strow tÌie normal-ized counts (arbitrary units) from the
lefl and right counters as a funcLion of high vol-tage in ihe range 100
to 1000 vo1t.s. The thin line is for a lhreshol-d of -ICO rn\r¡ the thiclr
line for -200 niV.

Plots (c) and (a) shovr Lhe ralios of lhe norûÊlj-zed counts as a func-
tion of high voJ-tage in t,he range 500 to I-OCC volts.

The ¡rost sati.sfactory combination was found Lo be: high voJ-tage = -750
volts, Lrigger threshol-d = -l-00 mV, and cl-ippi-ng-stub in the Experi-
menLa1 Room.



C)
Ê
Ø
F{z
oc)

-l+7-

8910
VOLTAGE (roov)

678910
HrGH votr¡sn (tcov)

67
HIGH

Ø
t'l
F{

Ë
Ê{2
oÞ
Ê.o
oH
F{

É

1.0

,67
HIGH VOLTAGE

B9
(rco v¡

,67
HIGH VOLTAGE

B9lo
(too v)

10



-qteering magnet current (o ) and
of sùeps of t,ire stepping rßrËoro
series with the steering magnet
supply feedback control and for
zero-crossing dist,orLion of the
this caLibraùion"

-48-

Fi$¿re 4.3

tlqanqìnctl vnlt.¡oa lvl ¡q ¡ frrnn'Finn

A O"25 ohn sensing resistor in
provides the voltage for the power
Lhe currenü-indicating meter. The
power srrppl-y is quite apparenL in
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to reset ùhe scaler rs rtoverfl-owrt indicator. Otherwise, whenever a

scaler conLained ¡nore than I3ITOTL counls, the clearing of the high-

est-order biü would set the overfl-orr' indicator and falsify the scaler

daLa.

/+.lL the Steerinq !Íagnet Porver Supply

The maxirmrm stepping speed of the moLor which adjusts the ste-

erirrg ragneL currenù nas fo'¡nd to be about ]JO steps per second.

This rate is I to 5 times the maxi¡eum average event rate expected.

The output characLeristics of Lhe bipolar poÌ{er supply are

shovrn in !'igure {.1. Some non-linearity at Lhe zero-crossing point

is evident. In norral use Lhe current was i-n the range 1 ¡OO *n

where the current changeci about 1 mÂ per motor sLep. The movemenl

of the beam inside the scattering chamber was observed on a zinc

sulfide screen. Each r¡rtor süep rnoved Lhe bean by 5 x l-O-3 mm.

UsuaJ-Iy this rate of change al-t,ered- the ratio of scintillaLor counts

by more than the sùaListical- uncertainLy in Lhe ratio, but by less

than the deviation al-Iowed by t,he control program. Ilowever, if the

desired raLio required near-zero currenL in the steering magnet, the

supply sometimes exhibiLed rrzero-erossingrt disfor"tion sufficient to

cause the system Lo oscj-l-Iate. The resuJ-ting perturbation of the

beam v,'as small and it was not worLh Lr.ying to cure this occasional

¡ni-sbehaviour"



CHAPTER V

OBSERVED BEHAVIOUR OF lfIE BEAIV1 'IIT'IJ I{O CONTROL APPLIED

This chapter presenfs the properLies of the proton beam in the

scattering chanber and the effects of Lhe beam transporb components on

the raLio of the counù raLes from the scintillaLion counters.

5.1 Horizontal fntensiùy Profil-e

Most charged-particle beams are synmeLric abouù a central peak

which sì-opes off inLo ttf¿iJ-5tt on eiLher side. In this experiment

'synuneLry was achieved by taking care thaL Lhe beam Lransport cornponents

affecù each side of bhe beam j-n a similar fashion. For btre Havar foil_s

at the scattering chamber enlrance, this impartiality is inplicit.

For the quädrupole lenses (especially Q5 and q6), tlre tuning of the

transporl system was adjusted so that the beam r"ras on the optic axis"

The tuning was nornålly adjusted such thaù the left and right Ìralves of

sl-it S1 (see Figure 1.L) intercepted equa] amounts of the cyclolron

beam and such Lhat the left and right halves of slit 52 were ill_unú-

nated evenly by one momenLum component of the beam.

(a) profile rneasured aL the uostream end of the reaction volume:

the lateral profile of Lhe beam in the scaLterinp¡ chamber was exarn-lned

by counting proLons scatlered from a verLical- stainJ-ess steel wire as

it was passed through the beam. For each position of the probe the

number of detected protons l{as normalized lo a fixed amount of charge

reaching the Faraday Cup. The amount of Lhe beam intercepted or scal,-

tered by the wire was never more than abouL IJ percenL. No correction
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Has nade foi this but iüs influence on the resulLing profile was rela-

tively sna1l and, therefore, unirporùant for these rneasurements.

the resul-ts of a measurement in hydrogen gas at 8.9 cm upstream

of the centre of Lhe scatLering chamber are shown i-n Figure !.1. 'The

background coun|s on either side of the nain profile can be atLributed

üo several causes. The anonialous rise on the righL-hand side was

caused by experimental- conditions - the aluminum bracket which supported

the stainl-ess sLeel wire began to move into Lhe beam as ühe wire .was

moving out. The dashed exLension to the curve shows the profite withouL

this anomalous rise (assuming leff-right syn"rneLry). The background on

the leff-hand side was due parlly to single scatLering aL lOo from Lhe

hydrogen gas in the scattering chamber. Ihere also seems Lo be a small,

broad (perhaps symmetric) rise residing under Lhe nein peak.

0n other occasions beam profiles were obtained in vacuum, hyd.rogen,

helium, or air. The tuni-ng of the cyclotron and the beam transport system

can have a J-a:'ge effecL on ùLre beam profile. NoneLhe1ess, ti're profÍJes

in vacuum were generally the nxrsù narrow and sLood out furthest from Lhe

background. AlmosL al-I measurecl profiles appearecl as in Figure 5.1

although some were a bit skewed because of poor beam tuning or beam move-

ment during fhe rneasurement.

(b) Profile inferred aL Lhe scj.nlillation coun¿ers: Although a

knowledge of the l-aLeral beam profile at tiie scintillation counl,ers is

very desi-rable, it rvas not feasibre to actually measure the profile

Ùhere. However' a rough estin¿te of this profile was nade on the basis

of two fairly reasonabl-e assumptions. First, that Lhe trshape'r of the

profile v¡as Lhe same as i-n Figure 5.1, only the l-ateral- scale changed.



*53*

Second, that the beam was l_25 rm wide (F'rrHM) at the wire probe, narrowed.

Lo zero widfh at the chanrber screen (see Figure I.2), and then broadened

as iL approached the beam positioning counlers. This implies Lhat the
i

beam divergence vlas Ì1.5 mrad, which is in good agreement with the

crudely measured value of 10 j 5 nrad. Simple geomeLric projection

(negtecting scaLl,ering by the hydrogen gas) indicates tlrat a 1.8 mm

wide sl-ice of the beam (at the vrire probe) broadened to span the 12.f

rTìn separation between the beam posilioning counters. This is the

basis of the scal-e aL the top of Figure 5.1 shor,¡i-ng the inferred beam

profile at the scintillation counters. The cross-hatched areas on

Figure 5.1- indicate the portions of Lhe inferreC profiJ-e intercepted

by the counters. These areas each coruespond to 0.004 of Lhe lotal

beam, in good agreement, v¡it,h the measured fracLion, 0.005.

5.2 Influence of the Steering Magnel

In addilion to the beam profile sliown in Figure 5.1., ùwo oühers

were measured. To obtain ühem, ùhe stepping roLor was mcved 200 steps,

first to one side of its initial setting, and then Lhe other. At the

time of these measurements each moLor sLep changed the currenL ùhrough

the sùeering nugnet, by I.4 nA. Thus the measured beam centroid movement,

-2 .-3
'1.5 x l-0-' mm per motor step, corresponded to 5 t* (- I5%) per ampere of

current in the steering nragnet. ftis is in good agreement with lhe

earlier resulL of Chapter l+.1+ (oblained by observing the defl-ection of

lhe beam on Lhe screen inside the scaltering chanber).

5.3 The Beam Tails as seen by the Scintil-lation Counters

the pulses produced by fhe scinLillation counters come from

proüons intercepted from the edges of ùhe beam. The behaviour of the



*51+-

Fígure 5.1

Horizontar inLensily profite of a L3 Mev beam in the scattering cham-
ber. The horizontar width of the s2 sliüs was 2.5 nln and Qó was ad-
justed to ¡ninirnize Lhe beam l^¡idth on a zinc sul-fide-coated screen l,/¡
cm upsLream of the cenLre of the scatLering chamber (Figures 1.1, 1.2).

A 0.88 rnm diameler stainl-ess steel wire v¡as mounted vertical-ly on the
moùor-driven support for the screen insice Lhe scat,'t,ering chamber.
vühen the supporl lr¡as mo.¿ed, the wire passed through the beam aL a
point 8.9 cm upstream of Lhe centre of lhe scattering chamber. Tb
obtain the data shown on the curves, the wire was posii,ioned laterally
(boftom scale) at inte¡'vals of 0.5 mm and, while I nC of charse was
lreino an] -l o¡l-.1 h.' tha Ìf¡--nr" ^*- *L^ *-^+ ^^¡¿ ---- -r i.-r --Y-¡¡Ò Uqlrt v¡lç !I lruuLÐ öUduUËI ç(l jLlltru c1 J CIil,
x 3 cm area of the spectromeLLrrs-righL àcintillation counter were
counLed.

{t tn9 wire probe the beam had a Full-Viidth-af-ila1f-the-Maxirnum-height
(F!\IHI'l) of r.2J mrn. on the right side of .the curve j-s an exLension
(dashecl tine) shorving f-he bean tail- expecLed on Lhe basis of 1eft-
right, syn-,rnelry. Tne top scal-e of the graph is for lho inferred oro-
fil-e of the beam (nwu¡¿ = 4.1 mm) af the bãarn positj-oning counters.
The porLion of lhe infemed prcfil-e that, is samplecl by them is indi-
cated by lhe cross-halching.
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TaLLo of Lhese pulse rales as Lhe beam was moved laterally is shor*m

in Figure 5.2, Tnese data were oblained by sweeping the beam back

and forth (by stepping the helipot of the power suppry lo Limes per

second) while recording Lhe puJ-ses from each scintillation counter.

For the typical beam sweep shown, the ratio (in trre region of l.oo)

changed by abouf Lfi for each rnotor step, This f-igure al-so shows some

crossover clist,ortion in the bipolar power supply in the region of

zero currenL. A sllght, hysteresis effect in the magnel response near

zero current nny be indicated by the snall- differencu (1 r few percent)

Ín Lhe counl raLe ratio corresponding ùo Lhe two occurïences of zero-

crossing distorüion shown.

An analysis of the expected behaviour of the scintifl-aLor count

rates as the beam is moved laterally is presented in Appendix A on the

assumpLion ühat Lhe horizontal inLensiLy profile is Gaussian. Using

ühe known counLer separation of 7.2.7 mm and the inferred Fyrryl,l of 4.1

mm (from Figure 5,L), this analy'sis predicLs (see Figure A.2) that the

1og of the counL rale ratio shoul-d be a linear function of the beam

displacement, with an expecùed slope of 3,L mm-l.

The relai,ion shown in Figure 5.2 is approximateJ-y rinear but

Lhe measured slope is f.9 ,n*-f. The corresponding plots of 1og (count

rate) versus beam displ-acernenL were examined and found to have a some-

what posiLive second derivative rather than the slightly negative one

predÍcted by Figure 4.1. This suggests that, parL of the background

near Lhe beam profile (see Figure 5.I) nay be due to a rm¡ch smaller,

broader, s)rmmeLric dislribut,ion (which ne-y be approxinntely Çausslan)o

the source of this snal-ler distribution might be scattering of the beam
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from the Havar enLrance foils or from the hydrogen in the scatterÍng

chamber.

Since the scint,illation counters would see a rnixture of these

two distributions, the FWHM of the beam could not accurately predict

the slope of the curve in Figure 1.2. Indeed, the presence of a

s¡TÊl-I background dist,ribution forces the measured slope Lo be l-ower

than woul-d be the case if onl;,'the nain profile were present, i.e.

when the beam is displaced Lo the left, the right counùer intercepts

more protons from the backgro'rnd than from the rnain profile, lhus

lowering the lef+,/rlght ratio of counts. 'yihen Lhe beam is to the

. right, ùhe left counter interceots more protons from bhe background

than from the nnin profile anC causes Lhe ratio to be higher lhan it,

woul-d be if onJ-.y l,he main profile were present. These effects are likely

sufficient to accounL for the difference between the expected and Lhe

measured slopes.

The desired ratio of the count rates for normal- operaLion (ais-

cussed in detail- in Chapler 6) was usualJ-y in the range O.J Lo 2. The

influence of the background distribution on the ratio would be negli-

gible under these conditions.

5.4 Spontaneous fnstabil-ities in the Ratio of Count Rateg

lhe stability of the beam inside the scattering chamber de-

pends upon the stabl-e operaLion of the cyclotron ion source, magnet

and radio frequency voltage, as weII as all of the focusi-ng and

bending magnets of the beam Lransport. Any variation of these para-

meters can cause shifts in ihe bean posílion r.¡hich will produce changes

in the raLio of count raLes. Figure 5.3 shor.¡s an observation of such
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' Fíg::.re 5,2

VariatÍons of the raüio cf counts from LLre reft and right scinLil-
lation counters caused by sweeping the beam from sicle Lo slde by sùep-
ping the sLeering n'agneL current. The currenL in SM3 was set to give
equal count raLes in both scintillation counLers a.nd then the motor
was moved 2J-0 steps üo left (t/n > l), Nexù, the motor was steoÐed
to Ùhe right aL 30 sLeps per second white the PÐP-9 recorded the counts
accunru]-aLedbelweensteps.After420steps(L/Rnor+<
<iii'ect,ion was reversed ancl ano'r,he¡. a20 st,eos taken as before. The
poinbs were obtained in the order indicaled by the arrowso
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Figure 5.3

An observaLion of the instability of i,he ratio of counts from the
scintillation counLers cver a perioC of 60 seconds. The Beam Ob-
servation Program was used Lo record the accumulated counts from
the scintill-a|ion counters every 0.1 second. Control was not ap-
plied to the l-ateral- posiLion of Lhe beam during these observaLions.

(a) ratio = counLs fron l-eft count er/counts from right counter

(b) counts pel'O.l- second. fr=orn Lhc rigir'r, cou¡rLer and fr'oni iÌre
left counter"
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sponLaneous changes as found by the Bean Observaüion Program operated

wiLh no posilion conLrol applied lo the beamu The rapid fluctuations

(typical-I" ! Ml caused by the staListical natu¡e of the observations

of ühe counL rates is evident. The maximum excursions of the ratio

during Lhis run were abouL ! L5l- which corresponds to a beam wandering

(at ùhe scintillation counters) of about j O.t mn during the observa-

tÍon period of ó0 seconcìs. Qver longer periods of time and for less

well behaved beam tuning ccndiLj-ons the excursions of the beam position

were larger Lhan this.

5,5 Ef-f e.cLs of the C.ycl-otron and Beam TranspcrL Components

Detailed observations were rnade of lhe ir'fl-uence of some of the

c)'cloLron and beam t::ansport components on the beam Ín the sc.attering

ciralnber. The efÍecLs of cÌranges in i,ire cornporretr'úS wei'e irLeasured by

observing Lhe ncrnulized scinLill-aLion count raies as so¡ne parameter

vras systenaLical-ly varied or by cornparing beam orofíles or tail st^reeps

for several val-ues of a particular parameter.

(a) ¡¡avar enlr¿rnce foifs: The influence of these foil-s (tctal

thickness 6 ¡) was studi-ecL by placing an extr" ó ), foil- between thern.

The normalized count rates in fhe scintil-laùion counters doubl-ed.

tiowever, Lhe graphs shor+ing the logarifhms of the ratios of the count

rates for side-to-side sweeps of the beam nith ihe extra foil- in place

and with it removed were fcund to have Lhe same sJ-ope (within the sta-

tisfical errors). this suggests that the shape of the beam profiì-e

1n the region sarapled by the scinüilfation counters did noü change,

but that the density of the bearn in this region was proportional to

the thickness of the Havar entrance foils.
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(b) Quadrupole Q6: This quadrupole focuses Lhe beam to produce

a horizontar waist in the vici-nity of the scattering charrber. d

change ln the current through qó :roves the waist positi-on upstream or

downstrean. The correspondi-ng change in the normalized count rate ls

shown in Flgure 5.4a. For the 43 Uev beam used, and a certaj.n partic-

ular seüting of quadrupole Q5, the beam width was a ninimun on the

screen in the scattering chamber vrhen the q6 dial was set Lo 32L. How-

everr the rainirnum count rate in the scintillation counüers was obtained

when the waisL was moved downstream by reducing the q6 setting to 314.

This Figure aLso shorvs evidence of beam rrsteering", i.e. the vertical
plane of syrmnetry of the beam did. not lie along the locus of the beam

waj-sts" This is shown by the decrease in the (teft/right) ratio as the

waist was noved downstream, i,e. the bearo approached the vertical plane

of symmetry of the spectrometer from the right - s€e Figure 5.1+b"

unexpected results were obtained when a sice-to-side sweep of

the beam was observed with the Q6 control set at 3r4 and again at jZla.

The left and right scintillator count rates r.¡ere lower at Q6 = 314 (as

expected), but the slope of the graph of the logarithns of the ratios

vras s¡rsIIer as well. This does not agree wit,h the hypofhesis ùhat

the bean at the scint,illation counters is narrower when qó = 3f.l+;

hence (by Figure A.2) the slope of 1og (r/n) shoul-d be greater for q6

= 3I4. the n¡cst like1y expì_anation is that when Q6 = 314 the bearn pro-

file at ùhe scintillation counters 1s simifar to the measured. profile
(at, the wire probe) in Figure 5,1. This means that the lateral posi-

tion of the counters is weLr out on the snarrer, broader background

distribution"
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Figure 5.4

Effect of Qó current on the nornal-ized counL raies from the scintll--
Iation counLers.

(.) I Q6 dial- setting oi 32t+ minimized ihe width of ùhe rib-
bon beam on Lhe screen 3.1, cm upslrean of the cenlre of
the scaLLerinq chamber. The scintilralor counL rate was
minimizecl for Qó = 3l-4"

(b) fhe horizontal- beam waisr- moves downsLrea¡n as the qó set-
t,ing is reduced. The faci that bhis }ed to a greater num-
ber of counts per nc Írom lhe righl-hand counter +,han from
the left-hand counier indicates ihat t,he beam in the scat-
tering chamber v¡as approaching the l-ocus of the beam waists
from the right (shown exaggerated for cJ-arity).
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(c) Horizontal slits: The influence of the sr H (Horizontal)

and s2 H srits upon the beam in the scatteri:rg chamber was found to

be l,ess reproducible than that of the Havar foils. We night e¡pect

the SL H slits to affect on]-y the beam intensity but not its distri-
bution v¡hile the 52 H slits should influence both since these slits
are the ttline objeclrr for the Q5, e6 quadrupole doubLeto However,

the nature and exbent of these influences seem to be inter-relaùed

and affected by the beam tuning as v,¡el_l.

l,lhen the beasr v¡as welÌ tuned, the bean current through the scat-

üering chanber was proportional to the ',¡idth (opening) of the slits,
lhe effect of the width of the 52 H st:-ts on the Fri¡HM of the

beana profjLe in hydrogen gas is shov¡n in Figure 5.5a. ?ne relation-
ship v¡as approxinntely linear but the curve u.ay have l-evel-led- off for

52 H < J rm. In any event, there llas a non-zero ¡rini¡nun for the at-

tai¡able F¡{HM inside the scatùeri-ng chanber. rhis is partly a prop-

erty of all eharged particle beams (point focus not attai¡abIe in
practice) and partly due to additional rnultiple scattering of the beam

by our Havar entrance foilso .ríhen the v¡idth of the s2 H srits was

2"J mm, the FhlHl{ of the profiJ-e as given by Figure J,Ja was 2.2J mm,

which differs from the 1.25 r,n given by Figure 5"I. This may have

been due to different tuning conditions of the cyclotron beam for
these two measurements, or it courd have been caused. by the wj.re

probets being non-pararlel to ùhe plane of symnetry of the ribbon

bean during the measurement shov¡n in Figure 5.5a.

Another measurement, on the same date as that of Figure 5.5a,

showed that variations of the sr H width over the range 2"5 mn, to ?.5
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mn had no effect on Lhe F¡rrFIM of the lateral bean profile inside the

scattering chamber.

Ihe effect of t,he widùh of the 52 H sl-if s on the normali zed.

counL rates in the scinlíllation counters is shown,in Figure 5.5b.

the count rates increased approxinately linearly as the 52 H slits

were opened from 0.5 mm to 8.! mm" For this measurement, Q6 was ad-

justed fcr rnininmm beam width on the screen inside the scaLtering

chamber. The scintillation counters rvere l-0.7 mm apart and each

sampled a sl-ice of the beam taÍl which contained O.)fi of the beam

current.

Mreâsur€menLs of bhe scj-nLil-l-ation counter pulse raLes rvere

obt,ained as the beam was swept side-üo-sicie with the Sl H sl-its

open about 3 rnm and Lhe 52 I{ slits open a.25, 2.5 and 5.f mm. There

were no si.gnificant di.fferences arnong the slopes of Ì;he graphs of the

'tl-og (Ieft counts/right counts) versus motor sLepsr. this suggesLs

that for sna,l-l openings (S S mn) of t,he 52 H slits, the j-nferred.

width of the beam aL the position of the scinti-l-lation counters is,

üo first order, independent of the r¡-idth of the 52 H slits.

(4) Cycfotron sLripping foil and nragnet: It was found that

changes in fhe angle of f,he sfripping foil of I ¡o n*au the beam non-

parallel to the ì-ongiüudinal/verLical plane of symmetry of lhe spectrom-

eter, i.e. the bearn was steered and pivoted as in Figure Z.Ic, This

behaviour r.'as used in tests of the system perfornance. These ¡¡i]l be

described i¡ Chapter VI.

The tuning of the cyclotron magnet sLrongly affects the quan-

tity and quality of the bearn in the scaLtering chamber. One measure-
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Figure 5.5

Effect of the Ìrorizonlal v¡idth of the 52 H slits on Lhe beam in the
scaùtering chamber.

(a) tateral- bearn profiles wel"e measured 'oy the methcd de-
scribeci for l.'igure 5.1. 'Ihe ¡Wllivl or ¿hese profrles is

'shown as a funct,ion of the width of fhe 52 H slits (the
Sl H slits were kepf 2.5 mmwide). For 52 H < 5 nm it
is not cerLain whether the l-inear droo conLinued or wheLh-
er the FTTJHM levelled off at abouL 2,2 mm (dashed line).

(b) ïhe nornal-ized count rates from the scintillation counters
are shoi.rn as a funcLion of 52 II while the SI H slits were
kept 2.5 mm wide. These measurements were Laken 22 months
afüer (a).
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Figure 5.6

Effecf of the cycJ-otron magnet current on the scj¡rtillation counter
pulse raLes,

(e) the counts fron the left and right, scintilration counters
as a functlon of time are sho-r¡n. The cyclotron nagnet
-.-..---_! -_-_ . fsur¡'errü was üÉnuåJ_i-y varr-eo (non-unifornl-y) durinp the

. run (34."u"onds long) from uhich these aal,á (coveiing lO
oecond¡)_are taken, The variation covered, a .rngu oi
about : 2OO mA around the opùirr:m current. The ãurves
fro¡n the Lrr¡o counLers are shown verticarly d-isnraced for
clarity.

(U) fne ¡:at,io of the lefü counls/rígtt counts fron (a).

(c) the steps taken by ùhe motor on the bipolar power supply.
the control sysLem was OFF for the firlt, /¡. sãconds, lñ",
0N for the next ó seconds" At the end. of the run ihe
læfor was 12 steps to the lef! of its initiar position.
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menL of this is given in Figure J,6, rL shows the variation of the

scinti]lation counter pulse raLes during a l-O-second interval as the

cu¡'rent in the cycJ-otron magnet was manually varied (non-uniformly)

over a range of about 2oo nA 11 o.org¡ around. the opLinum curuento

Inl!Íally the beam posiLion control system was OFF and the

rabio of the count rates from Lhe teft and right scintillaLion coun-

ters was seen to varyvrithin fhe range of 0.93 Lo l.Ol even though the

actua.Ì count raLes did not change much (r,"agneL current near resonance).

fhen, durj¡g the time fhat fhe beam posiLion conLrol rvas OIrl, the scin-

tillation counter rates changed markedly (rnagnet, cument off resonance),

but ühe conÙrol system npj-nl,ained the beam position such thaf the ratio
of ùhe count, rai,es generarly stayed wj.Lhin ! o.oz- of the desired varue.

At the end of this observaticn the süeoping motor on i.he bipolar power

supply was l-2 sùeps Lo Lhe left of whrere il startecl" This corresponds

ùo a correcùion of the beam position cf abouù O.l- mmo



CHAPTEA, VI

PERFORMANCE OF TITE CON1-ROL SYSTEM

This chapter presents the cafibration of the position of the

proLon beam as a funcLion of the specified ratio of counts from the

scinbillation counlers. The infl-uence of softv¡are pararneters and the

stabilify of the beam under compuùer control are discussed. An ex-

ampre is given to show the sbabirity of Lhe beam over a period of a

few hours.

ó.1 calibration of Lhe Ratio parameter

fdeally the vertical/longiLudinal plane of symmeLry of the

spectromeLer coj-ncides with that of Lhe scattering chamber and the

beam sensing scintitia¿ion ccunLers l1e equidistant on eithe¡ sicle

of if. fn pract,ice it is not possible to position the scintiftation

counters (with respect to the scattering chamber) such that, this

desired alignment is assured. tle.besL procedure, Lherefore, is
first to mechanicalry posiiion the cpunters as welr as possible,

and then to calibrate the ratio parameLer 'L'y measuring the position

of Lhe beam corresponding to various count rate ratios.

A piece of Da-enriched poJ_yethylene (3j nrn x'50 mm x 0.I5 mr)

was placed in Lhe scattering chamber (see Figure r.2) Lo intercepü

the ribbon beam i¡r ord.er to generate evenLs v¡hich trigger the i.¡ire

chamber spectrometer. I brass plaüe with a 2.5 cm cliameLer hole in it
r'ras placed 1n the ¡Tiddle of the face of each of Lhe 22.5 cm x 22"5 cm x

2.5 cm scintillation counters. Thus, aIL protons ,¡rhlch scaLtered from the
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target 
"na t"iggered the wire chambers had scattering angles equal to

28o 3 1o. A PDP-9 progran incorporating the nQn-ï,ine Control- Rou-

tinesrrwas used to examine the relalion between the bearnrs posiLion

and the ratio of the pulse raLes from Lhe left and ¡ight scinLillation

counters. lnis p.og".#) ¡erformed the vertex analysis of Lhe par-

ticle tracks and accum:laùed a histogram of the longiùudinal distance

(Z-error) between tlie points of interception of each track with the

assumed beam plane. The }ateral position of the cenlroid of the beam

was derj-ved from the measurecì centroid of Lhe Z-ercor histogram by a

method analogous to Figure 1.1, i.e.

beam centroid = (Z-error cenlroid)/(coL 01 { cot 02)

where Ol_ and 82_ are Lhe scaccering angles froro ùhe targei to Läe

holes in the brass plates over the spectrometer scintillation coun-

ters. fn this case both 01 and 82 are equal to 28 degrees.

Exailpfes of the Z-error histogra.ms for several pulse raLe ratios

are shown in Figure ó,Ia. The r*.idth of lhese curves was not part,ic-

ularly affected by lhe changes in ratio buf 1,he location of the cen-

troj-d clearly was affecled. l,rhen Lhe geometric correcùions Ïrere rnade,

the (position) vs (1oS ratio) relation predicted by Figure A2.b r*as

found experimentally - see Figure 6.Ib. These results show that the

bean cenLroid (aL 9.2 cm upsir-eam of lhe centre of the scaltering

charnber) v¿as on the verLicaì/tongitudinaÌ plane of symmetr.y of the

spectrometer nhen the raLio of the counL rates fron the ]eft and

right scintillaLion counters uas e,qual t,o 1.6.
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lhe sucçess of lhe beam position conlrol system in rnintainlng

the specified ralio of cgunt raLes from the two sci¡rtill-ation counters

l/as evaluated by observing the scintillation counter rates (for up to

5 rnlnutes) with Lhe control- system OFF for a part of Nhe time.

0þser.vations of the short*Lerm slabll iLy of bhe ratio of

gounùer rates were made a! ó and at 20 gan,ples per second - see

Fi-gure ó,2, The scintll-Iatlon counLers at that Lirne were L4 run apart
A

and glving aþout L,2 x 10" pul-ses per second, Tnus, the expected

ntetisllcar Epreads in the rati-os of the count raLes,uu." Í 0,2 a.nd

-t.l 0'4 percenL, r'espeQtively, The Beam obse¡"vation program alrowed the

r,êt1o to var¡, v¡tthin limii;s of 10,75 perceni, withouf taking corr.eetive

P.gt,lon,

J'or eaclr of these runs, Figure ó.2 shov¡s the ¡.atio of Lhe count

fêteg frorn the left and r"ight selnt,illallon counters as well as â r€-

ÇOrd of the sLeps r'É:de by the l¡otor to alter the Sl43 currento In all_

Çêseg ùhe measured ratio ivas cfoser Lo the speclfied raLio (= 1,0)

whil-e Lhe controÌ sysùern was ON and wandered much more r*hllle the con-

tfOl gyStem hlas OFF, fne obServed gpread in the ratio was lArger and

ühe mot,sr Jnade more steps cluring the run having t,he hlgher number of

sanples per second,

An example of þow the beam posl-t,j.op centror systen maintained

the ¡'atio of the corinl rates from Lhe scintil.lation counte¡:s while

Lhe malrl np.gne! eurrenL nas changed has already begn given 1n Figure

ã. B.
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[ggre .6+

Deüermlnation of the relaLion between the lateral position of the
beam and the ratio of the count rates from the left and rlght scln-
tillation counterso

(a) tlistograßs of the Z verLex errör (defined in Figure I.l)
for several" ratios of the count T'af-.e-s specified in t-he
beam gcsii;ion coni;roi rouiines in the veriex anaiysis

' program, The dashed Lines show typical limits of accept-
abiLity applied by bhe verLex analysis and parùic1e kine-
matj-cs prograas. Vertices Lo the tefL (right) of the
beam plane have a positive (negative) error"

(b) Each point gives the late::al positlon of the cenLroid of
the Z-ercor histogram from a CDr target (9"2 cn uÞst,ream
of the centre of the scatLering-chan',ber) for one of sev-
eral count rate ratios. The solid line is a visuaL fit
to these points " Ihe dashed line is Lhe lateral position
of the beam cenLroid as a function of the ratio of the
count rates, derived geonetrically by a method analogous
to Figure 1.1.
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Figure ó.2

observation of the ralio of count raLes and the sLeps of the sM3current at üwo sanpling rates. The scinli_Lì-ation counters r^¡ere
14 mm aparl, and producing about, r,2 x 10o pulses per second each.

l^\ L ^Ã-.-f\o,/ v ùdltrl_Ì-LUÞ IJgt- sjtÌCOnU.

(b) 20 sanples per second.
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ó"3 Infllrence of Sof¿r^/¿ìre ParameLers

The most important parameters t,o be specified to the ttQn-Ìine

Beam PosiLj-on Control RouLinesrr are the desired ratio of the count

rates and the allowable limits on that ratio (within which no cor-

rective action wiÌl- be required ) " The method of choosing the proper

ratio was discussed in the previous section, whiÌe the choice of the

limits depends prin'arily on the statistical spread expected in the

data.

Figure ó.3 shovrs the results of measurements to test the re-

sponse of the control system to the statisüical spread in the clata.

In part (a) observations were taken for several different limit, spec-

ifications whil-e the beam position was being conlrolled. The sample

raLe was 60 per second and the scintitlaLi.on counter pulse rate was

I
lou per second, therefore, the statistical spread in the data was

J: O.75%, As expected, Lhe motor nnde the fewest steps when Lhe fimits

were Iarge. When they were comparable to Lhe staListical spread in

the data, the motor was in almosL constant motion. In fact, v¡hen the
+timits v¡ere.l O,75/", the short term response appeared to be an oscil-

laLion of about 1 Z ut"p". this nay have been caused by a slow re-

sponse 1,ime for Slu13, or sluggishness on the part of ihe bipoJ-ar power

supply near zero currenL; in any case such narrow fimi-¿s are never

used in pract,ice.

Measurements were made aü l0 samples per second Lo shor^¡ the

eff ecL of the linLits of the ratio on the rrrÐtor step hislograrst¡ o

These histograms, accumulateci over the Ìength of an observatj-on run,

show the number of Li:nes the moLor made J-, 2, 3, . o o o sLeps to the
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left (right) before a step rvas rLade in the other dj.rection. Figure

6.3b shows the average of the left and right histograms for L, 2t 3

.l
and 4 unidirectional- steps as a funcLion of the i percentage U-nLits

on the ratj-o. At the lorver percentage limits the number of occur-

rences of J or 4 unidirectional steps becones greater"' This was com-

+
nrented on above for the motor step record of the - O,75% l-imits casec

TWo options are available in the ttgn-Line Beam Position Gontrol

Routinesrr to modify the response of the control system. These are

rrdata averagingn and tttrend anal-ysisrr. In the first, the decision to

sbep the motor is based on the ralio of the average of the data from

the lates! 2, l+, I or 16 samples. In the secondr' the trend of the

data is utilized by requiring that the l-eft (right) linit on the ratio

be exceeded for n = 2s 3, ... consecutive samples before one corrective

motor step is nÊde.

The data averaging opLion. red.uces the number of sieps nrade by

the motor but, because of the time lag introduced by using old data,

can introduce snÊIl oscillations into the ratio of the count rates

if n'ore than 2 or /¡ samples are averaged. Ihe trend analysis tech-

nique can reduce the number of motor steps by up Lo zJfr even r,¡hen

n = 2. In one test at ó0 sanples per second with n = 2 the ratio

of count rates was n¿intained with no oscillations introduced and

v¡ithout noliceabl-y.increasing the statistical spread in the data.

the ability of the control system to regulate the lateral posi-

tj-on of the beam in the scat,tering chamber was tested by changing the

azinn-rühal- angle of the cyc.l-otron st,rippi:rg foil by 1 ¿o f"o* the opti-
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Figure 6.3

rnfluence of the ratio linits cn the stepping notor m.ovements.
Tests r..rere .run for several- vaLues of the alloryed rino,correctionn
limits" The scint,jrlation counter pulse rate v,,as loo per sec-
ond.

(a) The posirion ot ¿he srepping notor is indicated for ó0
gample pe5 seccncl ru4s rvith the ratio tinits seü at! o',75%', ! t.Sfr and J 3,0,Á.

(U) nuns of 2084 samples were taken at lO samples per second
for several percentage li¡its on the ratiò of ècintil-
lation counter pulse rabes. Records r{ere kept of the
number oí times Lhe rnoLcr made l-, 2, 3 or d steps to lhe
lefù (right) before a sle-.p was nede in the oppoãite direc-
tion. îne left and right d.rta rr'ere avera"6¡ed and shown
here as a funcLion of the percentage l-imifs on the ratio.
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nm (at least I tirnes as J-arge as the error that night occur in nor-

nal tuning). This caused the beam to tsteerrr 1n the scattering

chamber, ioen to pivot laterall-y about the bea¡n waist. Such a trc-

tion is the most difficult to compensate for with only one steering

magnet (Sfl¡) - to do the job completely requires two pairs of scin-

ti-Llafion counters (one at the enbrance änd one at the exit of the

scattering chanber) prus two separate steering nragnets to keep the

beari on-axis"

Ttrree Ìocations of the bearn waist were tried: upstream of,

inside of, and downstream of Lþe reaction volume from v¡hich protons

are scattered through the wire chamber hodoscopêso fhe kinematics
2)program-/ was used to delerr¡-ine directly the l_aberar position (1a-

bel-led rrAtr in Flgure 1"1) of the vertices of spectrometer events

arÍsing fron protons scaLtered from the CD2 target (upstream end

of the reaction volume) and fron the hydrogen target gas (down-

stream end of the reaction volume) - see Figure 1"2" Figure 6.1¡

shows an example of ùhe histograras that were used. to deternúne the

lateral position of the centroid of the beam at these two poi_nts

(and hence the path of the beam ùhrough Lhe scattering chamber)

for various run condiLions.

For each location of the bean waist, the path of the bean

l¡as found for these I cases:

Stripping Foil

for good tuning
decreased fron
decreased from
increased from
increased from

(1)
(2)
(3)
(4)
(5)

Angle

(1)
(r)
(1)
(1)

SIE Current

for ratio =
as for (I)
for ratio g

as for (l)
for rati-o =

Position Control

yes
no

yee
no

yes

1

I
I
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The results of these tests are shor.m in Figure ó.!. For all
l-ocations of the bean walst the l-ateral position of the beam cen-

trold in the vicinity of the scintillaùion counters was nai¡Èained

(when controlled) to wlthin 1 0.2 nm. When the beam y¡aist was inside

the reactÍon volume this control- system could not overcome the ste-

ering of the beam caused by the large changes in the stripplng foiJ-

angle - 1n fact the dispì-acement of the beam v¡as nad.e worse. How-

everr when the beam ¡¡aist r.¡as upsLream or downstream of the reactlon

volume, the displacemenù of the beam at the centre of the scatterlng

charnber was reduced by at least half by the operation of the control

system. rhe laterar position of the beam (at, the centre of the scat,-

tering chanber) was ¡nalntained within about i o.ó ¡nm of ¿¡* rrgood

tuningtt case even under these extrenery ¡ristuned condiLlons,

6.5 Long-term perfornance.

spectrorneter daba from a 2.0 hour long proton-proton brens-

strahlung run (caruied ouL in ¡1ay 19f0 without using the beam posi-

tion control systen) rvas analyzed. to show drifts in the position of

the centroid of the beam at the downs.,ream end (p-p elastic posÍtion)

of the reaction volume. It e l+g ot+52 events were divj-ded into ten

groups and a histogran nade for each group showing'the numl¡er of real
el-astlc events having particuJ-ar lat,erar positions. the centroj-d of
each of these histograms was found and plotted in Figure 6.6 to shor+

the variat,ions of the lateral- position of the beam. Þlith no con!¡o.l

appliedr the beam position v¡as found to vary over a range or o.l) nrû.

during the run.
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Figure 6.4

Histograms of the lateral position of ùhe vertices of reaL spec-
trometer events cgnring from d(p, 2p)n reactions induced in a- ç¡,
target and fron erastic scatteri-¡rg off the hydrogen gas in the
scatüering chamber. These iata belong to case (b -Z) of Figr¡¡q6.5. The centroids were determined fron the weightá¿ aritñrnet,ic
neans of the daba"

(a) fron the CD2 target, 9.15 cm upstream of ùhe centre of. the scatterixg charnber

(b) from p-p erasùi-c scatterlng from 9.9 cm d.ownstream of
the centre of the scattering charnber.

the lateral position of the events are shorsn rerative to the
verticar/longitudiaar plane of symrnetry of the spectrometer, not
relative to the position at which the ratio of the count rales is
equar to one. fne F¡iHMts of these histograms are rarger than the
Fh¡HMrs of the beam profiles taken with a r¡i-re probp because the
angular resolution of the v¡ire chambers is not low enough to resolve
the bea¡r width.
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Fl&ure é,:2

Tests of the control system: correctic¡n of bean wandering caused by
severe nistunlng of the cycloLron. For each test the path of the
beam was found from the lateral" position of the beam centroid at Lhe

-9D? 
un9"R-l :lt:ttc targets (see Figure I"2)" The test conditions

were: (i) goorì Luriiirg Íor scintiii¿rli<;¡¡ cou¡rier puise ¡aLe raLio = ì;
(2 ) t,oo small a stripping fol'ì. angle ln the cyclotrron with beam posi-
tion control OFF; (3) control 0N; (4) too large an angle, control
OFF; (5) control ON.

the paths of the beam for each test are shown fors

(a) q6 = jL5. The beam waist was about 25 cm upstream of
lts location during test (b).

(b) a6 = 3O7. The beam rr¡aist was insid.e Lhe reacti-on volume.

(c) q6 a JOO. the beam v¡aist was about 2Q em downstream of
its l-ocation during test (b).

The error bars (typical) on the polnts for test (b.2) were obtained
froro Figure ó.4.
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Figure ó.ó

variation of the beam centroid during experimentar runs with and
wÍthout conürol. The data from tv¡o runs of the wlre chanber spec-
trometer r+ere each sprit into sequentiar groups of 5oo0 events.
For each group a histogram similar to that of Figure 6"d was rr:ceof the LaLeral dfstribulion of the vertÍces of tñe real p-p elasticevents. The centroid of each of these d-istritrut.ions r.{as fäund and
a *ì4{- 

-^J- -4 rL - ì -, --rJ- ^ 
¡ r,q pruv ¡rÍÁu.Ë. ur. urr.É rocar/¿on o! Ëtle cenûroic, LnroughouL the run.

The sùat,isticaL uncertai-nty in the position of eaõh cenLroid is
snarler ühan the protted symbol. The lines joining the data points
have no physical significance but mereÌ¡¡ u"rru to luiae the eye.
The range over which fhe lateral position varled dùring each runj-s shov¡n on the right-hand side,

(a) without control.

(b) wit,h conLrol. The dashed line i-ndicates that the bean
was being moved from its initiar to its controlled posi-
tion while the first 25OO events were col_Iected.
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A s'irnilar J"0 hour long run wj.th lQr9t+6 events was taken at

another tlne witll_ co4t,rql applied. Negrecting the first 2500 events

(duri-ng which the controJ- syst,en was rnoving the beam to the specified

ratio), ttre beam position was found to have an rns deviation of only

I 0.08, mm fron the mean posltlon during the run.



CHAPTER VÏI

COI\CLUSIONS ÅND SUGGESTÏONS

7.f Concl.usions

this thesis has considered a coryuter-based systen for the

conLrol of bhe lateral position of a ribbon beam of orotons. Scin-

tillation counters were developed which sanpled each side of the

bean to detect unwanted lateral r¡oLion. Computer interfaces were

designed to count rhe sci-ntiJ-lation counter pulses and to change

the current through a beam sLeering nagneb. Computer programs were

developed bo test the interfaces, to nrake observations of the scin-

tillation co'unter pulse rates, and to regulate the ratio of the

pulse rates frorn ùhe tr+o counters"

This control sysLem can ¡raintain the lateral position of a

s¡rn:meLric ribbon beare at the sci¡Lillation counters to within j O.Ol5

run, provlded that the beam shape does not change with tirne. This ls

also true of a slightly asynmetric beam (shape independent of tirne)

if a ratio cal-ibration run was taken first. Tf the shape of the

bearn is tinne dependent, the centroid of the beam could shift with-

out affecLing the bearn tails proportionately" It was qualiiati-vely

esti¡rated that, even in the rrworst casert, such undetected wanCering

of the beam at the scinti]-lation counters v¡oul-d not exceea I å to f
Ittto However, the FWHI1 of the beam at the scintillation counters is

about l¿ nun, therefore, even this range of notion r+ould be acceptable

for reasonable operation of the control system.
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In the wire char¡ber spectroneter considered here, the re-

action volume is about 20 c¡n long. The beam posifioning counters

control- the lateral- bearn posiLion only at a locatlon 5 cm further

downstream. However, if the beam in wandering remai-ns parallel to
the desired path, this control system wirl ¡¡aintain the lateral-

beam position, over the entire reaction volume, wiùhin the same

range as at the counters. ff the beam pivots about the rvaisù j-n

the ribbon beam, the motion is too complex to be cornpletely cor-

rected by a single sùeering nagnet. Dependlng on the exact loca-

tion of the waist reÌalive to the reacbion vol-ume and the scintil-
lation count'ers, this conbrol system may imorove the average posi-

tlon of the beam or may make it ¡¡orsec

rn one experlrnental run, taken for about 2$ hou-rs !rithor:t-.

control of the beamts position, ùhe beam at the scintillation coun-

t,ers wandered laterally over a range of O. J) rnn. ïn another run

of similar length taken a few weeks later, the beam positi-on con-

tror ¡eintained the lateral position of the beam within j o"oB) nn

of its uean posltion during the run,

rn fuLure use of t,his equipment, some means should be provided

to shield the scintlll-at,ors and rightpipes r+hen they are not being

used to control the beam, Thls would etiniinat,e the possibility of

radiation daa'nge to them rc'hil-e the beam is being used for tests,

calibrations, eLc. To inprove the operatlon of the systen, new pro-

grams can be written to adjusl the ratio and the ratio l1¡nits durÍ-ng

estions for verLents t.o and Applications of the Systero



-95-

& rune For example, the ratio ri-rnits can be periodicarly upd.ated

to egual twice the standard deviation of the latest 1O0O values of

the ratio. Also, once a positlon vs ratio callbration has been done,

the kinenatics data from p-p elastic scattering can be used to up-

daüe the ratlo specifi-cation, e.g. after every 10oo etastic vertex

evenbs' The first provislon v¡ilI ensure that the system rnakes a

correctfon only when the asyrnmetry in count raùes is sùatistically

ofgnificant. The second will assist the systen in followlng and.

controlling any shifts of the beam centrold caused. by changes fn the

beam profile.

Írese scint,illation counters courd be applied to an investiga-

tlon of the origln and nature of the beam tairs and background. fne

líme structure of the bean coulc alsc be investlgaLed, both as ,,,o

the expected Poisson distribution of the tine intervals betv¡een scin-

tf]lator pulses, and as to the rippre introduced into the bean by

components of Lhe cyclotron and beam transport. Some qualitative

fnvestigations were carrled out arong these lines but a detailed

study' fs beyond the scope of t,his thesis.

A beam position control systen of the type d.escri-bed here

could easily be developed for use r+'ith spot beans by using four scj-n-

fil"labion counLers to detecû up-down as weII as left-right notion.

Two separate systems could be built (with sensors both upstream of

and downstream of bhe reaction voLume or ùarget) to contror a beam

that exhibits steering and pivoting.

The Bean Observation Program devel-oped for this system could

easlly be adapted to take beam profj-les seni-auto¡nat,ically by driving
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the v¡ire probe urith a bifilar stepping ¡rctor,

Another possibre apprication wourd be stabillzation of the

beam currenù through the scattering chanber by using the sunr of the

scÍntillation eounLer pulse rates to control ùhe widüh of the s2 H

sllts.



B]BLIOGR.4PHY

J. L"G. Greeniaus, J.v. Jovanovich, J. McKeown, T.!.tr. tli]_rar, D.G.Peterson, J.C. Thompson and D. Rej_mer, uVlirá Chanber Speátromet,erfor the Study of Reactions rvith Three Bociy Fina1 Stateå r,r pro_
ceedings of the fnternabional Symposium on triuclear Electrcnicsat Versailles, Sopt., 1968, VoI, J, p. 5ó_I (1969).

2" J. l.{cKeotvn. "Design and Performance of a T,¡o Arm Wire Chanber
SpecLromele:' for Use at the lrran:-loba 50 lileV Cyclolron." Ur,_published Doctor.ar- disserùatj-on, The universily of Manitoba,
Winnipeg, I97O.

3, L:w. Funk, Jov. Jovanovich, R. Kawchuk, R. King, J. McKeown, c.A.Mi}ler, D.G. Pelerson and D. Reimer, "ihe pDp-Þ-Sys¿em ai t,he
Uni'¡ersity cf l(anitoba Cj-clotronr'r Digital EquipmLnt Compuüer.
Userrs Society, FalI gymposium, fg7 (f967).

h" D" Reirner¡ J.Vo Jovanovich, J" ÞícKeor^ln and J.C. Thompson, rThe
On-Line Use of PDp-9 and j6O/65 in a proton-proton BremsÁtrahlung' Hperintent using V/ire Chanbersrrr Digital Equipment Computer UserrsSociety, Spring Symposium, L7 (Lg6B).

' 5" K. Johnson, T. Kli-pperl and I¡1.J. Raml_er, nA Non-j_ntercepting
Ácceieracor Beam Posillon ,sensor.r' Nluel . Tnst-- anrJ Marh rI ,r25 (lgór).

.6, L" Dorikens-l,ranpraet, K. van camp, M. Dcrikens and D. Çal-l.ebaut,trAn Improvecl Non-intercepting AcceJ-erator Beam posiüion Sensor, rr

Nucl. fnstr. and Ìr'reih" 42, 58 (f967)

7, f" Kumabe¡ rrpeam Posil:.on fndicator and Stabilize¡ in a Scat,_tering Çhamberrr' llucl. Instr. anC Meth " Lþ, L77 eg6l),
8, H. Fauska and c.P. 1,./il-liamson, 'A Beanr centering Device for Nu_cl-ear ÁcceleraLorsril llucl_. Instr. and Meùh. 5Or-9I (1967).

9, D.T, I'iason, "Split Ion Chan:berr" 915 Ri.dge National laboratory,pri_vate communicaLion, (February l9óg).

10. A.J. Metheringham and T.R,. r¡r'j-l-1itts, rr,q galanced fonization cham-ber for Accurate Beam Locationr" NuóI. Instr. and l4eùh. L5, ?-g7(re'z).

ll-' Nuclear Enüerprises rnc., 935 Terminal_ 'rlaxr san carÌos, Çalifornia,
9l+o7o.

12, Nuclear fnstrumentation Division, EC&G Inc., 35 Congress St.,Salem, Ì,Íassachusettsn OISZ0" - ---a-



-98-

L3. The Ânerican $uperior Electric Co, Ltd., J8 Terlake Cres., TorontoÌ8, Ontario.

14. D" Reimer, ¡{asterrs thesis i-n preparation, lhe university of
!,fanitoba, tüinnipeg.

15' ?.w. Millar. rtDesign and perforrrìânce of Large Ärea scinüillation
Counters v¡ith Good Energy Resolution.t' Unpublished Mrasterrsthesis, Ihe University of Manitoba, Wiruripág, 19ó9"



APPENDIX A

A- y:qpEl o-T .IT{E LATER+1, BEAM TUENSTTY PROFJLE 
,t.

A usefur model for discussion of the beam inLensity profile

considers Lhe beam to have a uniform verLical profiì-e and a Gaus-

sfan horizonLaL profile. Por bhis model Èhe horizonbal proflle has

1efü-right syrnmetry and decreases monotonícarIy away from the beam

centroÍd, This pernLits some predicfions to be nade abouü Lhe oper-

ation of the control system.

Fígure A.I shows one-half of a nornelizecl Gaussian curve

togeLher wiùh a curve giving for any abscissa ühe integral of the

gaussi.an curve from Lhal abscissa to infinib.y, i.e. bhe error func-

tíon erfc(x,), norrral-ized t,o e:'fc(O) = 0.5, This inlegral is the

area of Lhe rrLai-lrr of fhe Gaussi-an curveo TWo measures of the

ttryidþþtt of the Gaussian curve are avail-abre, The "Ft¡JHMrr (Furr-

wtdth-at,-Half-the-Maximum-height) is more convenient to measure

but, Lhe 'tsbandard deviation d, is easier ùo use in calcul_aLions

based on the error function. They are related by the following

eguaüion:

MHM = 2(L,l-75)ú

rf the separation of the counters and the posÍLion of the

bea¡n se¡¿roid are ¡neasured in units of ø (see Figure A.2a) bhe

followlng approxinrale relationship can be deduced from a tabulabion

of ühe error funcLion:x

log

. xcomputed j.n doubre precision aù intervars of 6/]100 on the rBM
360/65 at the university of l,íani.loba çe¡npuLer cenLre.

!=ro
T7
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Figure A.l

The norralized Gaussian curve. These semi-log p]ots, based on tab-
ulaLion of the appropriate funcLions, show:

(a) fh.e ordinaLe rryrr sf the Gaussian curve (right, half )
versus an abscissa- rrxrr neasured in uni ts of the stand-
arci cieviaùion o, where

y = (21f)-å 
"*p(-*2/z) r*(b) The area of the tail of the Gaussian crirve = \yùx)
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Figure 4.2

The Gaussian model of Lhe l-ateral intensity profile: relating the
ral,io of the tail- areas Lo Lhe laùerar di-splacement of the beam.

(a) the full Gaussian curve is shown on a 1inear scale,
nornnl-ized Lo area = 1.0" The separaLion beLween Lhe
scintillalion counlers is 2s and lhe distance from
Lheir midpoint to lhe beam centroid is d. The area
of the taiJ_s, assumecL here lo be inNercepted by t,he
scinùil-lation cou-nLers, are shown shaded.

(b) tdhen d and s are measured in unils of o- the refalion
between then is found numer-ical-ty to be approxinately
log(left, tail area /rig,hL üail area) = *(")ã. This Ìôg
of ùhe ratio of areas as a function of the beam dis-
placement is shov¡n for several values of lhe separation
of the counLerso

(c) fne constan',, of prooortionaliLy, rn(s), is a function of
the separaLi_on of the counters. For a given s it, was
found, from tabulated areas under lhe Gaussian curve,
to be a constant (within I%) tor d.isplacemenüs up to
d=d.
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where L ; area of the fail on the l-eft of the centroid

R = area of the tail on the right of the centroid

d = disLance (in units of f) fro¡n Lhe centroid of
ùhe beam to Lhe midpoinl of Lhe separaLion be-
Lween the Lwo scintillaLion counters. (Ideally
this midpoinl is on the vertical/longitudinal
plane of s¡rmmetry of the spectromeLer. )

m = a function only of the s'eparation (in unj-t of
d) between the scintiltalion counters.

This means l,hat, for any particular separation of Lhe scintil-

lal,ion counlers, the log of the raLio of the counLs on lhe left bo the

corurts on the righü shoul-d vary linearly with the lateral position of

the bean" This is shown in Figure A"zb, The relationship between .rrlnlt

and the separalion of the counLers is shown in Figure A,2c" Calcu-la-

tions of I'rnrr aL s = 1, 2, l, le (unlts of cr) for several values of ltdrt

indicate thaL each m(s) is a consùant to v¡ithin Lfi.



APPE¡IDIX B

SCHEMATICS OF 1Tü PIITSE CONV'ERTERS FOR ]NPUTS TO TT{$ PDP-g SCAT.NRS

n nigure 8.1 r.¡ere de-

signed and builb by R. Fia¡rel in the physics Department Electronics

shop. After every eÍghth puJ-se input to the EC/rG sloc/N Divide-by-g

Prescal-er, its outpuL rskes a Lransition from -ZOO mv üo ground. The

converüei' senses Lhis transition and produces a single ouLput pulse

of - 2.5 votts for &J nsec. This pulse is suiLable for input to the

B-series modul-es used in the l-8-bit scalers interfaced to the pDp-9

computer. This converter will operate at, r'epelition rates up to 10l'Íl{2,

TNPUT

.001 19 pt

2.7x

^1tflDt 
rfn

pf
Il-

I0

2N964

lr-----r__J L__

fo
I

1-àr709

INPUTT*6v,4

OUTPUT r -2") !,

2N4288

¡sec, 0.1 ¡sec rise

60 nsec

Sch emaùic
for input

of
fo

Figure 8.1

ci-rcuit lo convert ouLput pulses
a DEC Bl-0/+ n"odul-e.

i
,o

TER,\,f .

from an S100/N prescaler
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Qne pulse converter of the Lype shown in Figure 8.2 r.¡as al_so

desÍ.gned anrl built by R. Hamel. rt converts the output pulses of a

Brookhaven rnstrument Ço¡poraLion (g.r.c.) charge integrator (+.6 v,

4¡sec pulses at up to lOO per second) into -2.5 yt¡ óO nsec pulses

suitable for input to a PDP-9 scaler.

OUTPUI

i r-----o
I r--.- o
L_-J

2N42>B 2N427h 2-2N109

INPUT I

OUTPUT ¡

2N,42r8

-lO0 mV¡

-2.7 t{,

2r¡709

arb. length

60 nsec

Schen'ef,ic of circuit
inLegrator for inpuL

Fj-g-ure 8.2

converL output puJ-ses from
a DEC BI04 ¡nodule.

to
to

I 1ôOINPUT I --
.rl_.

,001+ -;100

a B.I"C. charge



APPEMJIX C

SCIfrHATICS OF THE PDP-g SC.A,IERS 
Ì

Three 18-bit, l-o }ftlz scalers were designed and built as input

devices for the PDP-9. The functions performed by the program com-

nands l.¿ere pl'esenLed in detajl- in chapter 3.3. T\.¡o of these scal_ers

were used rouùinely tc count the pulses from the left (ffr) ana right
(f2) scíntill-at,ion counters. The third (#3) w¿s sometimes used to

count Lhe pulses produced by a charge integraLor in order to nornpl-ize

the counls of the other two scal-ers to a specific amounù of charge

reaching the Faraday Cup.

The fl-ow diagram of the scaler J-ogic r.Ia.s presented j-n Figure
2 l. rL j- ,.-,----1:--).+i ulr-Þ ¡IplJcliu-rÅ pI'eserlLS LIle o.eLa-r l5 ol. tne naro\^,ral'e oesl-gn. AI1

of the syrù¡ols used here are standard types used by Lhe Digit,ar

Eo,uipment corporation (lnc) for their pDp-g sche¡natics. The ptug

-in Ìogic npdul-es are DEC B-, R-, or i^I-series. These are fully de-

scribed j¡r +-he DEC Logic H.andbook l_9ó6167"' This book also contains

(p. 10I) the schemaLic of a high-speed count,er r+hich served,as a model

for the three l-oi"r-order bifs of each of these scal_ers. AII rogic

el-ements on lhese drar+ings are Ídentified both by DEC designat:-ons and

by their row and slot number i-n the 3 bins occupied in the pDp-9 cab-

inet by Lhe scal-ers,

1't ¡e1ve indicator lam¡rs are provided on the scaler connector/

ÍndicaLor panel Lo monitor the operation of the scarers and motor

drive (Appendix D) via a pat,ch plug connected Lo various logic nodules.
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The patch plug cumentry availabre for the indicaLors assigns them

(from left bo right) to: Scal-er 1- bits O, l, 2, II; Scal-er 2 - bits

0, 1, 2, l-l-; Scel"er I - bit 1I; Stepping I'fotor - step, left, right.
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APPBND]X D

SCHEMATIC OI.' THE STEPPING I4OTOR DRIVE

The operation of Lhis inLerface was described in Chapter 3.4"

the synrbol-s are drawn according to DEC PDP-9 standards. The lamps

shown here are on the connecLor/inclicator panel for the PDP-9 gcalers.

The motor drive modules occupy sloüs in the scaler nodule bins.
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APPENDIX E

PRORAI{ FON. SCALER A}ID STEPPTNG I,IOIOR INTERFACE TESTS

The uses of this program were described in Chapter 3"5a. Each

routine in the Ìisùing whose execution is initiated from t,he SALÞíON

Monitor or by a typed commancì is identified by a comment whose first

sjx characters are rrþocrxx (slash pJ-us I aslerisks). The relation-

ships betv¡een Lhe various rou¿ines in Lhe program is shorr'n in Figure

8.1. A description of each routine follorvs:

FuncLj-onaÌ DescrinLion of Tesl Roritines:

Service user ts Program Inlerrupts - called b¡r g¡¡1,'6tÈl*) to
the appropriate service routines when a sealer or a
the telelJæe causes a program i_nLerrupt.

program setup - eslablishes initial conditions and seLs up
SALI'ÍON Mionitor.

initiate
conrnand on

linkage to

Mnemonic code interpretation - Lwo-letter mnemonics from the üelebype
are decoded and lhe appropriate action iniLialed.

Device and r0T selecLion - code ilsJ-, s2t s3 or lDt folrowed by rTl,
T2, T3t T4, T5, T6 or T7n - issues any of 7 loTts to any scaler
or to the notor drive for hardware moduf-e LesLs using an oscil-
los cope.

Move the motor with variable speed. and direction - trlvflrrr - crucìe test
of Lhe motor drive rvith speed and direction determined from
the accumul_ator swilches.

Move the nxrtor a specified nuräber of steos left or right - rrlvlMr -
upon teletype comnranci r_roves the moùor at 100 steps/second.

Oscil-l-ale motor back-and-forth - rrsl'rit - for a soecified. number of
sLeps in each direction at a specified number of steps per
second. checks smoothness of bipolar power suppry responsec

Turn program interrupt Olri or QFF - troNrr or ilOFtt -

Cycl-e tìrrough a scal-erx rr¡s¿drr sequence - Itpsrr - for scope checks of
the timing of the scaler reacl operations.

xAI] scaterrtcycle* or ttest'r routines are executed for the l-asü
scal-er specified via t,he tDevice and r0T sel-ecLionrr routine.
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Cycle through an ttenable/disabler sequence - ilRFr - for scope checks
of the timing of the scaler enabre and disable operaiionso

Test effect of scarer rrreadr on the contents of the scal_er - rrRrrr -after a specified counting period, read.s the scarer twice ln
quick succession and then hafts for a comparison of the two
readings.

Program interrupt service routine - cêrl be used to check for inter-
rupL requests from the scalers,

Clear and disable the scalers - ¡rSSn -

Conpare inüernal cycle tire with 60 t:z line frequency - ilrcn 3 counts
the nu¡nber of pDp-9 crock signa]-s Lhat occur âuring l0'/ com-
puter cycles (10 seconds);

Test scal-er precision - tsv* - Lake repeated. 1O-second sempres of an
external pulse generatoro For each sample, the scaler being
tesùed is read tivice, ó usec aparù and bot,h readings, plus
the elapsed pDp-9 cl-ock counts, are printed on Lhe tãtètype"

Test effecL of rtreadil during sarnple tine - nsDil - d.uring a lO-second
sampre, the scarer is read up Lo z'-rooo ùirnes per second..
Each ttreadtt blocks the input pulses for z usec and can clearf,he P.I" request, befcre 1È can bo se¡viced.. The scaler con_tents, the el-apsed clock counts and the interval between
successive readings of ùhe scal-er are printed. on the belet¡re.
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Figu-re E.l-

Flow cliagram of lhe progra¡n for 5caler and Motor Drive lnterface TesÈs.
Several tesLs of the sc¿tl.er ancl motoi'drive -funclions are available.
Al-1 routines (excepL Lhose that reiurn to SALì,íOIü as shown) rernain intheir tesL loop unfil the operaLor inte¡'venes to r.eLurn contror Lo{.h- -^--i +^- rr.Lrry rruiiiürJi'. tìle p¡sg¡an iniet'tupi, SerViCe rou*-ine íor ùhe sCaierS
can bc aclj.vaLeci by suifably rodifying the first locafion of theroutine LhaL sets up lhe program parameùers.
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START

PROGRAM

SET UP

Es¿Ll,roNu

MO}JITOR

l.l.AII LOOP

SERVTCE USERI S

PROGR.åI'I

ÏNTERRUPTS

SCÄLERS

lELETYPE

FLÂG MBSS.AGE

INTERPRET USERI
T.{O LETTER

MI.IA].IONIC CODE
---J

SCALER OIE

I'IOTOR DRIVE
I SCOPE OHECKS

PRCGRÀ}{

TNTERRUPÎ
oN/oFF

l'1CT0tì ltlSl:
SiY lTCH-SELNCTÐD
SPEËD/DT RÉC'I]C:i

OSCTLI,ÁTJI
I'fOTCIR

BACK-AND-FCRÎii

POSÏTIOI'I I':OTER
SPECÏFTED SÎEFS

I,EFT CF. R.T3:_:?

S'IOP .ALL

SCALERS

OYCLE THROUGH

SCÄLER lIREÁDä

SEQUONCB

CYCTB THRCUGH
€rNealn/nIsAB!,Et

sE?uEtlcE

DOBS SCALER
TTREADH ÂFFEcT

SCALER CCNÎENTS

ÎEST SCÄLBR
FREC]STON

TEST EFFECT OF
€RBADN DURTNG

SAI"IPLE TIME
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.¡

//SCALEt| A.'rD SIEPt-¡.VG fCIOii INTE¡iACE IESTS ø7.a.7çt Dp.....
/TO ð¿ ¡rJ.V rJ.,JDL¡r Cd,Jl¡r0[- Of ¡Hr- ',srrLf ù.t,. .yC).I¡ IOd
/45sÈi{¿ìLL ¿lfH "¡Clr1,ì.(! DIAû.!35ff C¡ rìND Jf¡L¡.¡.1É.S ø7.g.7ø Dp,./"LI0dl/1..J SE¡TVICE¡ LJrtOiJ I ø7.4..tø Dp'.
/"Ar{I Id:fEl IC C0YrÂ¡rl )J.,r) irZ.g.ZØ
/"JlONI IOf( 2. t ADDr!.)ri) ¡\rr ltò/68,,

/r0 lSsuE lN A ^âPÞrIrIvt Loop A.Jr coxrJINAiloN oF ror.s (Mrc,ìocoL.ED
/ I:'¡rO O.!E I.'JSI¡rUCitJ_\,t) i) A..¡f C{E OF tdE 3 SCALL¡ìS O¡ì fHÈ: SLO_SyN/ ¡,lOIOtt' U:,JÐErt K!-ljJA¡.iD Si:LËCÍf O{ t}/ 2-L¿| Íl,¡t M)JÈU}tO:.JIC/¡85¡S "PAJsE",,'i.:.litirLË,/¡Jt >AcL!.,,¡ ",rErìl.JI.'J,'
/1ESf5 ¡iJ¡ErlVAL CLilCl, sCâLL¡ vALt!t ¡y, sCALEri DËA¡JtIME LOS5¡:s/TESTS MtlC¡t AT VA,rtÂllLE SPEED, DIñEC¡tON

/SCALEd ¡O f FU.,ICttorrs
/ l0f l- fÈ5I FC:r PirOGiÌA-y t),lItì¡riirjpf FLAG
/ ¿AJsg I rJ ccJ,! i I JG ¡.0 ALL0ì, jcALE¡r To SETTLE ts¡:FoHE ,IEAD/ IOI2.E..JA¡LE sCÂLL:{
/ ' ¡tEAD SCALL',ì
/ CLEA!( ;,dJGrìAt ¡.\¡ ¡f:r(xupT FLAG
, | 0 14- DI SAsLri sCÂLE¡i
/ cLt-A¡r SCAL!:¡f (s!¡5 ¡a.t. rLÂG tts scALr;R ISt 140¡ril [;JA)J i{ALÍ' f LLL I I )
/TO rìEAD T¡{E SCALËii rù.! I.{E'¡Lt., rJÈ fOr ¡3 So IrJAT ALL BrT Crr;ìiti:S/ A¡(E collPLr:rED dErJ¡rÉj 'ri'rE rcAL!:¡( ¡ s sr'ro¡ì¡jD ¡!¡0 TiJE Accu:rlJLÁIorì

/ ++ * t + P¡tO G¡tA:f Sl)f elp
3øOø/ LAC (.V¡P /t0 ÂVOID ¡'LAG ùIESSAGE, LLSFi ".JTp SCALPI'.

DÂC i,I ¡Êrt2
LAC <.{,^ DAC pISEãA 2
LAC (.r:lP ST)i:ieU ÐAC ¡ìEL{ f2 /¿/.TE:!D CCDtr CHAI.lJ
D¿,xt 2? 63 /¡rl5A3LE I¿Lt t2
CLO¡' .z ì tj¡r.i CLJL;I 0i ¡
¡ri¡ 5¡ri4 iù¡ 5irró
t0I 52{)4 tJi silltó
to t 5304 IOi' 53C6
.'IJP .VOP NOP
JYP IIETJN'I¡{

. 2ø//
/ * + + * + M.,J¿Y0 lJl C CO IJä ¡.! f E.-lp¡.lt) ¡Â1. t O.,J . r + i.
CODE, ø /lc:ti,StO¡ÂGlt O¡ )t.vEUyONIC CODE
CODC.\,¡, ø /CODI:-[,,JC¡(U! COU.iiEn
5rM.Vt:ù, DAC C0 D¿

CDLOAD,

LAr\|- l5 ¡ DÂC CODCII l' /t OF COIJES I N CCDE TABLE
LAC (CODTljL-2 /OODE rAi]LE ¡\II I¡¡1L ADTJ:IESs.2
DAC IO
l5Z lø S'(P JMS BfSEd /¡r.,.F:A(i)OtNT E ËfiAOiì
LAC ¡ I O /LOAD AC v t I ll CO LF: F¡rO¡f i^¡lL E
sAD COll: /¡> IHls titÈ v\¡!:u)rJ.JIc,ju5f TfpED ¡.v
XCT ¡ Iø /YEs - JUiIi, ]O SENVICT- JÍOUI¡NE
lS¿ lA si{P Ji'iS IJpsElr /¡l¡rtiAi{t,otNT Ë É:itrioiì
¡s¿ c0Ðcll¡ /NJ¡ itúf Is tl LA>r C¡JDr"- L.J IALì!_E
JMP CIILOAIJ ./:$O - Crf ECr( 0 ¡ l{Erf C0D!-S ¡ N fA¿ jLt:
LAC CC DF:

JllP O¡rl¿.1 /{ES - L00.{ Ar CODES 0U1S¡DE TAtsLE
N0i,
NOP
323261 JYP SCALEii ¡O¡ Stoø /StBT¿ST SCALE¡ì rt
JllP 5CAL!:¡i ¡OI 59øO /S2. ftSI SCALE;{ ,2
J)lP 5C¡LU¡í ¡0 I 53;)A /S3= IEST SCALË¡I ¿3
JÍÍ, ilJ ic¡r l0 r 54¿4 /:4DÊ rË.5.¡ l,lO1'o¡t Dhf VE
J:ti,¡o/u!-rE I / t¡;¡o¡ ¡
JxP ¡oPJLS9 2 / i2=¡Or a
J.,{P lCi,vl-st:3 /t3eIOf I Â)lD roT 2J:lir lo;Ji.rÈ 4 /1.4.t0I 4
J.YP Iù.;vi-sri 5 /¡5.¡OT! ANÍJ tCt 4
J:1P lrJi,JI-s9 6 /16=¡O¡A AVD ¡OI1r
J)fP l0tJLSE ? /1'I-tJt t A.lD ¡o¡ 2 /lND IOT 4
Jn¡, CLUÂ¡iAC l¿A¿¿LàJ ACCIiIULAîOH i.¡ I.Lf IOI

CO DIAL¡
323262
323263
3 t5304
32¿t261
3¿426?
324?63
32A',¿.64
324265
324266
324¿6't
33233t
. 2ø/
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/
OTHE¡t, sAD (l"f9 JMP ¡IOTVA¡i ./:tV=UAiiIAE!-E SPEF-D/DLIIECTION

sAD (MV JMP MOvùiO î /NJVE :'CI.C¡i SP!]CI FI ËD I STEPs L,a
SAD ( SM JYP ¡tsPOr'rS /S:l rJlfr srJP;,Lf hESPONSE
SAIJ (31?31ó J:'Íi ;lO', /O'l=P.I. OV

5AD (3173J6 JVr ¡-lJil. /01-=i..I. Ot-F-
SAD (32ø323 J.IP PA;5i /¡-S=T9ST PAU5!:-OJ-JIEADIN
SAD. ( 3223Oó J.Yt, ¡(.J:.Ji-LG /¡f F= IESf r-)lA-!J!-E./DI SAilLE
SAD ( 32231 I Jl'lP rrËAljl )',1 /r{I = ¡EST ¡llAl¡l.V
sAD ( 55 JYP 5 TÙPsC /SlJP SCN-'i¡,,5+CLâA:ì ALL

/E.{AiLE A',1lJ ¡,I FLTTCS
SAD (lC JllP IN.ICLK /Ci'tËC4. tJIÞ-riJÀL CLOC{
SAÐ ( SU J.rlP SCAVAL /l Ér st:Cù.{D COU',J r
SAD (SD .J.'11, SCLTIDT /l$ s¿C C0UrJr Ll r3 ¡iEADIN DEADIII'4E
¡Ji4S 50FÉ,JC /DIAG.{O5¡¡C ¡fJiirt.,JÈ5 FCil S0FT'.r38 tsUG5
NOP NûP
.J.{Ír EHnCrl /U:'JdÊCCGNI ZABLE C0DE

. +2ø/
/
lt'

/+1+t+ siJ3nouTINe FOR DEUICË SLLECT¡0)J .*+ T/i'E',S¡.".,S2..,..S3..¡.,rD.. +++
SCALE¡Ì, LAC I lØ DAC SCL¡i

LAC (JfP SCL¡I DAC SCLX 2
J}f P .I-IEEN Tit

TE.',¡fO4¡ 2342'ô /lø'øOâ (DEC,
MÐTOd, LAC ¡ 1ø tlAC SCI-R

LAC ( LAC TÊ.! rO4 DAC SCLIì 2
JrlP SCLd
t LtMtr Mcfofi Tc !0c 5TEP5/5ECo.;D

,/rtrrÈSUlldO(lllrtÉì FOr( ICf tìFt.lCll.t!ÊÉ lfpE Tl ô,t T2. .!.3_. .1.4r TS-. T6.. T? ¿

TOPdLSE, LAC SCL¡t A]JD <7'¿776ø
IAU I I (, IJAC 5CL¡ì
A.VIJ ( ?IJ776I .V3P /COULD ÞAC T Nf O A

/5{I ¡--O {- f LAG ¡rCU Il.\E' .rMP SCLrr/
/t+tr* ZEHo AC LIlH IOI +++ Tf?E .'¿A'. +r+*
CLEA¡IAC¡ LAC SCLd lAD (lO ¡iAC sCLd

J.YP sCL¡l

/
/IOT LOOP }IOUT¡.VE
ACAÎPI ¡ ø
5CL¡1, i<,<

OP¡t XX .rtls M¡ CSEC
.JMP SCLN
NOP NOP NOP NOP
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/+t+it VAIIIAALE SPEEII AXD DIHgC¡¡0N IEST OF i'loT0¡r *rå+{1fpE,.MV., râ*t
' /ACSI7 UP s Lr-F Ii LlCt .V È dl Gl r

MV-31532ó
ttO IVA¡I¡ LAS AIJD ( I lAD ( ?C54ø5

DAC . I XX /È10tOs DIITECIION F¡iOM AIT l?
. LAS JMS MICSEC /D!'.LAí llETlEuri STEPS (MIN-54$Ø OCT>

/ APPÂCX. 35ø SIEPS/SËC
!,MP MÛ TVAÍì

/
,/
/*++r+ MOVÈ: M0TO¡t SIjEClF¡ED t 0F SlllPS L O.t ti +{++* TyPE "MY" ++**
¡,rM=315315
S TÉ:Ps, ø
¡lOUfOT¡ fC¡ì DECNYA /tSTEPs

CMA TAO ( I DAC STEPS
JMS 1042 GtC ./DIdUC[Io! L 0t H
SAD (3I4 SKP JYP . 3
LAC (IO¡ 5/iO6 J¡jP . 5 /L
sAD (322 si,(P JYP HOVMOT+s
LAC (lOT 54¿5 /tt
DAC.I
Jys Ei(¡(yEs ,/v010H sTEp INSliiuclIo.\¡
L^C (23420 /tødøø (IjEC) = tø3 SIEPS/SI:COND
Jì¡S MI CSriC
l5z sTE'S JYP .-4
¡JYP MO \,¡)r0 f /.iEPtÁ t

/++**1 STEEtI_\lG llAGNEf PO'rEti 5Ui.i-l,l ¡lESpû.VSE **+¡r S¡'1 *+t
/CA!,SË MOTO¡t TO SSCILI.ATE A SPECIFIUD NUY3i:}i OF STEPS IN EÁCH DI¡IECTION
/A'f A SPECI FI !-D :'JJ):¡iIr( CF S lEr),/S!.CO.VD
/SHUNT VOLIACE CïÀ¡iGE I S AtsCJ r Ø.25 y'lLLML r PU¡t :1OT0lr SIEP/
5M 5 323315

STPDId, ø /STEPS tN EACII D!¡ìECTION
PE¡iOSCr ø / ùlI C¡iOSEC PÈif SÎ¿F' SlP¡it ø /SÍEP ilinü^

ÈsPoNSr LAC (Ss)f-t TTEXT / SIEPS/SEC
DËCN:{IJ DAC ..J05
LAC (SDV-t TrE,{r /St'f.,'s. lN L'ACi{ DtÍIECIION
DEC.\¡i'f3 C).fA TAD ( ¡ DAC 51'PDI ¡I

LAC <C{|tf, Lrlü LAC (5 /¡ ùtrLLroN
CLL
DIV

NOS, XX LACq
DAC PE¡(OSC

NLNiì, LAC S TPDI H DAC STP¡(
JMs SL¡:il /S.TEPS LEFT
lsit st'P^ ¿HP.-2

LAC STPI)TR DAC STPX
JMs SN¡ G'IT /5TE¡,5 IiI G:-IÎ
IS¿ STPX JYP.-2

JMP NLNÁ /AEGIN NEXI' CYCLE

/
SLEF T, ø LAC P!:¡iOSC J)ls rll CSEC

IOl 5406 J}'P I sLLFI

SItIGìl¡, ø LAC PE.aosC JÈts irítCSEC
¡oI 54ø5 rJyP t 5d¡C..l1.,

/û S'iEqS/SEC =.'. s -sr't, 24O323 32tt3ø5 32Ø323
257323 3ø53ø3 24î275 ør¿ø;)Øø

t'Or'l STt-P5 EACi{ Irt}ìECTIC,J ="
sD¡4, 24î24:t 3O6J I ? 322240 32332a
3tr5320 323?-4ø 30530 t 3ø33 r ø ?.4Ø3"14
311322 31153ø3 3243tt 3l?3t6 24ø2't5
?,otJ,Jç,Ø/
.+2t /

.t
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/t4441 P.roG$È1 I.',ltEdíUPI 0!/OFF*ââ TfpE..0N.. ort -0F.. *.+

P I ON¡ JMP NEETIÍ¡I,. ¡
PIOFF¡ IOF JYP iEE]¡TR/-
/
/++t.1 TESl PAUSE-O!-aSADIN *4*r+ fypE .'ps,. f¡¡rr
PAUSE¡ LAC SCL¡ AND ('tA??6Ø /tEtip O.{Lr..tOT+DEV!CE r'.

TAD (¡2 DAC PAUSEN
lAD (4
TAD (T

PECD, XX
xx

DAC PÉ:CI;+ I
DAC i-r_CD
/PAUSE AND iìEAD (IOT XXI?)
/CLEAtl AtD ÐISAùLE SCALEi (I01 XXt6)

PAIJSE-\¡' X,<. ./E!ALìLE (IOf /(Xt2)
LAs J:'lS MI CSEC
r,}'P PECD

.+5f

/++*t+ TE51 E.lAilLE ANÐ DISABLE *+r{r llpE..¡{F.. r*+**
&UNFLG, LAC SCLn A-!D (?0276ø ,/KEEP ONLr .,IOT+'EVICE r,.

TAD (2 DAC ¡.rJ)JE.,J
TAD (2 DAC ¡ìUNbI DAC dUlDIr¡

RUNE.Y, XI, /E.'IAbLE = ¡oI X;fJ2
NOP NOP .vOp r'¡Op

¡Ìù.VDL XX /DI SABLE = tO1 X,1,ø4
xx ltoT xx64
-!oP .\¡CP
JYP larrNEN

. +5/

/*ù*** TEST READIN+r+ TlpE .';tt., +*+
CON1 NT, ø
READ¡.{, LAC SCLd A:tD (-tø7?6ø /i{EEp O-!Lf ..¡Ol.+DEVICË¡r.,

iAD (2 DAC ¡t¡tADEl'l
lAD ( t t DAC r{t:AÐpS DAC ñÊAt p2
lAD (3 DAC ¡lE¡1D2 I)AC ÃE:AJrpZ+3 DAC ¡t¡:ADpZ+AdEAD2, I,x ./CLEAI FI AlD sc.1L¡j,(; Dr sA¡jLE ScAT-Fj¡: ( I ÛT X,Y 16)fiEADEN, X,{ /EVÅjLS sc,tl-!ìd A.vt) Cl-!:AÃ f.t. FI-AG (!O! -{j{ !?)LAS J.YS MI CSTC ,/-sr.I iC:{ St-ì.r:C rF:r) C:lLr:J¡Iì,¡G pElì!O!

XEADPS, XX /PAIJSE AND TIEADIN ( II]J' XJ{ 13)
O :-.a
LMü .¿F¡ tisl dSAD S rùdED I N y¡.,ì

A,EADPa' X/i /tOT xxt3 SECO.VD,(EAD STOaED ¡N AC
O P¡l
IJAC CC N TN T
xx /to7- XX,t6 _ DI SA5LE
xx /IOt xtl6
LAC CONINT
X.X /íALI TO SEE lF AC ¡ i{u + COUNTS AET,"EEN RËAD5
J.YP HEAD2

-+lø//

l+**+t PitOGìaY ¡NTEÉjru?r sfiilvlcE iiourlvE Fo¡r scALEiìs(Nor roo usEFL[-)ACSVPI=2265 /¡N.YONI IO¡r 2. t Ap.t tO/69 Dlt
SCALPI, CLA

_ loT sløt si(p JVp SCLI /TEST SCALr:iì,1
. ¡oT 520t sKP JlrP scL2 / (2

¡o1 53øl SrF J.'r¡, scL3 / 13
irMP PI5E.Ì3 /TEST O¡¡tEÀ DEVICES

SO.I, TAD (T JVP INTOJT
5CL2, TAD <2 JYP INToUT
SCL3, TAD (4
I N IOUT, LMrl TCtl LACI¡

OCTP.IT LAC ( S'ìF}IES. t TTEXT /,, FLAGI'
- ÍfT LAC ACSVP¡ OCTPN¡

CAÉ'
J)lP Dt S)1¡ S .

NOP
NOP
NOP
J):P Pt 5E¡i3

/" FLAG"
5oF}ÍES, 24Ø3ø6/
f

3¡433t 3ø7 ôøø

/+++4t STOP SCALEi{S +qir.TfpE .'SS.' +i+++
55.323323
STOPSC, ¡OI 5rø4 IOt 5¡c6

¡o t 5¿ø4 ¡Ot 52Aó
¡o1 5304 tOt 53Có
CLO F

tJ.Yi, NEEN IH
NOP .VOP NOP
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./r*+ lEN-SECO)¡D DELAY SLiii¡tCùTt$E r**fù
/ 

'ø.øøø256 
SECO.VDs, ¡¡¡CLUD¡NG CALL IO 'TÊNsEC' AND ¡IETU}ÐJ

5RCf5¡ tt
IENSËCr o

LAY-62 ¡ /50( DEC)
DAC SUC,(s
LAC ( 60651rø /2øø, øØt t4I C¡ìOSEC
!,MS !l I CSEC
I S¿ SÊCÁs J;.lP . - 3
JMP I 1'E.V5EC /TEN SECO],'DS A'IE UP

/+*+++ TESI OF pDp-9 ¡NIE¡-rNAL CLOCK *++++tlpE ,,Ic.' **+i
I C=31 I333
I NTCLK, DZ:4 ? /ZÊ,ttO CLOCI{,

T C¡r
cLoN /5TAÍìT CLoC¡{
J}IS TE.VSEC /DFJ.Aí ¡O JECONDS
CLOF LAC 7 D¡:CPNI /OUIFUT CLOCK (60ø'5)
JMP ¡NTCLK 2

/*4++* TEST OF 5CALE.ì VALIDt Iy Fù¡t rìFIpEATED f rr-SEC COUVI pE)(tODS +*,'SV..
/AFIErt U5¡.vG T1-ll S ¡ltlUf LV,i "Ss" DCES N3T '*OiìK U:.¡Lr:SS .'ST 3Ø1tø,' USED FIÂST
s tÞ323326
SV¡tl, ø
SVLO, ø
svLo2, .ø
SCAVAL¡ lO.t 5104 IOT 5lø6 /tlESEf ALL SCALETìS

¡ o't 52ø4 I01 5206
¡0T 53ø4 ¡0T 53í16

' LAC SCL¡ì AIJD (7ø'l? 6ø
I.AD (I DÂC PI5Ex2
lAO ( I DAC SVNABL ,/ËVABLE
DAC r-LCCLil /CLLArt PI FLAG
fAu(Ii I¡AU )V:Í¡-AU /tt¿Aù
DÂC SVrtDa
TAD (3 DAC SV;íLrt DAC SV;tL1.t+t

./cLr:Art+itALT. I 0T ;(X I 6
DAC SV:{LT2 þAC SV¡.lL T2+ I
LAC ( J}f P SVP¡ DAC PI SE¡T2+2 /SET UP

svi{Lrr, xx /cLEAtt,u,, ,éll3T"il"'lit;JXËl: ror xK r6
vv

D¿}I sVi{I DZT4 7 D¿U SVLO D¿H SVLO2
cL0.v

SV.tIAaLr X,( /ETJABLE=IOI XX Ø2
JMS TENSEC
CLO F

SV¡IEAD¡ XJ< /IiEAD LOIC-O:ìÍJEH COU.!Ts =¡OT X,X t3
OPÀ /¡N CAsg ¡'LAG 15 UP
DAC SVLO

SV¡ÌD2¡ xX /ITEAD LOb 0¡t.ÞEt1 CCUNIS AGA¡N - tOT XX t3
OPH' DrtC 5VLO2

SVHLT2¡ XX /SIOP tHr: SCALERáIOI xX t6
¿<X /TO P¡ìEUE)JT EdRONEOUS P.I. INTEÂi|UPTS=IOT XX 16
TC¡t
LAC SVLO LMO
LfrC SVtll
r,MS IJUEOUT /OU.iPUl SCAI.EH COU:!T5
TYT

. LAC SVLOz LÈ10
LAC Svi{I
ltVS DIJBOùT /SriCO.!D HEÁD
1ÍT /S:ÍoULD a F¡HST iiEAD + COUNTS aETUEL! RÊ:AD5' LAC 7 DF:CPNr /OU]'PUt tNfE¡tNAL CLOCt COU.Vi5
O P.l /HLT
JMP SVHLlI /iiEPFJAl TEST

SvPI¡ Isz svl.ll ,/I),¡citi:MErJr HICH-OtrDEd COUNTS
oPh

fLGCL;ì, XX /CLFJAJi P¡ FLAG
JYP DISX¡5

SVPTCH, ø / 2ø( T)EC )LOCAT¡ O:.Js FOi{ PATCHES
.+21/

/
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t
f*T4*+ TESI OF 5CAI.,E't DEADTIME DU¡iING TE:\¡-STJCO.VD COUTT T*r**TYPE ''SD"/Ac 5'"ttl'cHEs =, oF ir4lcrtosEc IJETt EEN pAUsE-oN-riEAD.s (¡1IN E 4o ¡:¡ci.aosEc)
/AFfE¡ì USl.NC t'HIS R0ùt¡NE "5S.'DCES.\t0T râ0di{ uNLE55 "51 3øøø" usED FI¡tSI
5 tÞ3233rJ4
DTHI, ø
DTLO, ø
CNÎIME¡ ø
T tv,Ez, ø
SCLIiDT, I0T 5l ¿t4 IOT 5 tø6

to'r 52ø4 rol s206
¡0r 53ø4 ror s3ø6
LAC SCLrì AND (7ø776ø

' lAD (t DAC P¡Sr:r2 /SETUP p.r.= l0T xX øt
TAD ( I DAC DT.\¡ABL /E.\IABLË = IOT Xx ø2
DAC DI'¡LG /CLEA.'I P.I . FI-AG
TAD (tl DâC DÎ¡iCF /riEAD-oN FLy = I0T XX t3

DAC DT¡(0F'2
TAD (3 DAC DTi(LIT DAC DTIILTI+T

/HÊ:AD, CLEAJT, DISAIJLE = ¡O'T XXI6
DAC DTHL T2 DâC U-fHLl'z+ I

LAC (J}IP DTPI DAC PI5É;i2+2 /SET UP PI
ACSDLY, LAS /IìELA,( B¡JT;ËEV i(¡]AI.)S

AC.L¡. 5ø LAC <5ø
/MIN r sø (OCI) Foil UALID DIV

DAC TIì,1ECf
LAC (It32fiø LMa
LAC <!t6 /AC+!4.'J = lø ÍILLION (DS;C)
CLL
Dtv

TIMECT¡ xX /lø tl¡LL¡ON (DEC)=SÀYPLE lIril: tN MICSEC
SZL JMS E!(;ilÍ¡:S ,zoVr-¡rFLCt¡
DAC 1t )l r:2

. LACO CMA TAD ( I
DAC CNTllrE /t OF itt'{t)-or¡-t'Ly.s

DTHLTI¡ XX /CLEAÍ A.\¡D I)I JÄ3LE= IOT XX ¡ 6
XX /TO PfrEVËNT E¡(dO.!IiOUSF.I . INTEiiiìUPT
D¿II 7 CLON D¿}í I)lH ¡
NOP NOP

Dl NAtlL¡ XX, ,/ENAELE = rCI t^ øe
LA¡.1- I3+ I /CO¡IHECI FO¡{ TI ¡II; SFFNT IN TI.II S LOOP
TAD TII-JECl JY5 ]II C5EC

DTROF¡ X:1 ./iiEAD-CN-¡LY =lOT XX t3
OPR ./IN CASE T'LAG I S UP
I5¿ CNTT:IE
J:tP .-ó
OP'ì /NEC FCN TIi'f¡NG
LAV- 3+ I
TAD TIif E2 JIS ¡II CSEC

DT¡tOijz, XX /rtEAD LoL OlrDnit Ê ¡ OT XX ¡ 3.
oP.it
DAC DTLO /51O¡ìE L0U-OnIrEiì COU.\ITS
NOP NOP

DTHLT2¡ XX /DI SAilt,E - t 01 X;< 16
XX / 10 P¡ìEVE.IT EIììÌONEOUS P.I. INTERRUPT Èf 0T XX t6
CLOF

. TC¡t
LAC DTLO LMQ' LAC DTHI
JMS DUSOUT /OU1PúT SCALE'r COUNÍS

TTT LAC ? DËCPN'T /OUTPUI INTERNAL. /cLocK couNTs
lYT
LAC TIMECT
DECPNT /ACS= TI¡r!l IIEIt{EtiN f.EAD-0}J-FLy.S
XK /TO ALLO'Ù T'I.Y' TO SEr AC SU¡TCHES
tJì4P ACSDLY /IìEPEA'¡' I'851

DTPI, TS¿ DTI-II /INC'ILYENT HIGi.I-OJTDE¡r COUNTS
0Prì

DIFLG¡ :4.X /CLEAR pI FLAG
JltP DI 5}II S

DTPTCH, ø /IÂE5HiìUED FOR PA'fCHE5
. +2t.t//
PAUsE
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BEAM OBSBRVATION PROGRAM

This progran is used. to Lake lT92 sarnples of the counts irom t,he

left and ri.Eht scintillation counters as a function of tirne or as a func-
tion of the counls in the third PDP-9 scal-er. The 'ton-Line Beam position

Control Routinesrr are incorporaLed i-n this program and nay be used to con-

troÌ Lhe ratio of scintill_ation counter raLes if desired. The data froni the

santples may be displayed on Lhe screen, prinLed on the teletype, or plotted.
A complete description of the uses of this program were given in chapLer j.Jb,

The program was rr'ritten in i;he pDp-9 Easic macÌli_ne ranguage. rhe

listings (to follow) of the syrnbolJ-c paper t,apes of aII of Lhe various pro*
gram routines are segmented into functional program blocks for ease of
uucìersianciing. Two unique characùer sequences have been lncorporated in
the forn'ai of the program listings üo identify these functional blocks.

FirsL, the titfes of al-I sYmbolic paper tapes begin wifh a double slash,

contain Lhe dat,e on vrhich Lhe t,ape rvas made, and conclude v¿ith a serj-es of
dots. Second, a distinctive comment is placed at lhe head of any program

bl-ock whose execution is initiat,ed by ùhe seLting of an accumul-aüor switch

or by the byping in of a tr,¿o-letter command mnencnic. Such comments al_

ways begin rvith the 6 characters rr/xxxxxrr.

A brief description of Lhe Beam Stability vs Time Roulines (see

Figure F.1) foll-ows:

Tor Daöa lÞ-king:

$ow eu1 -.teletype mnenronic rrsRrr - takes l-792 Lined sampl_es of lhe left(f,f) and right (//2) scarers. The sampre tine is ãq'aI to an inLe-gral number of PDP-9 clock counts 
"p"liri"a.from Lhe Le1etype, i.eouniLs of l-6.67 nLiltiseconcs. There is no position conLrol or datadispÌay during the run.
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Fast, Run - irFRrr - takes 1792 Lineci sanpres of Lhe left and right
scalers. Tne sampJ_e ti¡ne is equal to an .inLegr.al number of
rnicroseconds specified from Lhe Leletvpe. There is no posi-
tion conLr.ol or data display during the run.

Control Bearn position r¡hile accumul-alor switch lr is up - 'ìCBrr - sets
up position control (for SR or FR) baseci on,eaôh separate éam-
ple. MoLor step data is coded into the low-ord.er bit of each
daLa word

control- Average Beam position r..'hife accumulator switch 4 is up - rtÂBrr -
sets up posi'l,ion control (for SR FR) based on the average of
the fatesL 2, !+, I or 1ó sanples (Oeta'rti = B). Motor step data
is coded into the Iov¡-order bil of each cìata word.

scalers ll and ff2 Ier,Sus /l - ttt¡5tt - takes 1792 samples of the ]eft and
right scaìers. Each sampl-e continues urri.il- a. specified number
of counts has been colleet,ed. in scaler ffl "

Beam gdeep from side-to-side - tBSr - lhe inifial_ displacement of Lhe
motor (number of steps and direcrion L or R) iå specified from
the Lelelype. Then BS takes Ug2 samples as per bR with I motor
sLep after each sar¡inle (teft or right accordingly as accur¡rul-ator
switch f7 is up or down),

Terrn-inaie Run - rrTTiri - ciisabtes the scarers ancl the pDp-9 cìock. \lor"-
malJ-y used only to shut down after an inr-errupted. run.

Move ljotor - rrN4Mrr - for cafibrating the biporar poþrer suppry as to
rnA/step and mV/step.

For I'Janj-pulation of DaNa Stored in ihe Comnuter:

Left/&ighü ratio - rrllìrr - this ratio is forned for each sample and
stored in pJ_ace of the right scal_er data.

LocariLhm - rrlGrr - takes base-lO logarithm of .each, data word in a
specified region of rnemory. Ilantissa is four decinal digils
bul, lhe two low-order ones are not loo reliab1e.

eXTract moLor step inforrnation - rxT' - inLerprets Lhe code from the
l-ow-ordei' bit, of each data word. Deternines for each sample
v¡hether Lhe position conLrol was OhJ or OFF and whether the
r¡obor stepped J_eft, right or not at all. The sampl_e_by_sarnple
moLor. step data is stored in nlace of the l_eft scaler dala"
TLre net number of sLeps (after each sample) is stored in place.
of the righf scaler daLa.

smooth qa¿a - trsDrr - srnooths the data stored in the computer by pas-
sing a sofLware rwindowrr fifùer over it.
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Ilg.=__t¿

Flow diagram of the Eeam ObservaLion Program showing its l.inkage with
the resident rnonitor rtSALÌ4ONr'. The function of these rouLines is (a) to
gather data from the PDp-9 scalers (beam positioning counLers), (b) to
manipulaLe lhat data, or (c) to out,put data on the telet¡'pe or di_splay.

Unless otherwise shown, a1t routines relui"n Lo the rrS4¡¡rg¡Jrr Monitor
upon compl-e1,ion. The dashed l-ines indicate ùhat the routines t,o set
up the beam posiLiotr control- can be foll-owed by a rlsfown e¡ ¿ rrf¿sfrr
run"
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4¿!'II¿é Ú¡I
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TC LISE ,AVERAGE

OF RECA}¡T DAT3
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DURÏifG SI,O|{ RTN
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STEP Ï¡iFORiiAlTCN

FRO}.,I RAI{ D,ATA

SI.IOOTH STOREÐ
RAÞI DAT.4

Ií0DI FY ¡Tr.JÌ4ARI C.AL

RÂI'.TGE CF DÀTA
BEFORE PLOTTTNG

TÌ'T'IAGIìATB DAT/\
BETI{EBI.I PCI}ITS
CI{OSE¡] BY LIPE}I

RÏÌ'IT }.IOTOR SÎEP
RECORD ON TIIE

lELIlYFE

PRI}IT SPÎ¿OIFTSD
DATÂ IITSTETRÂ}.I

TNT SUTIfi"ARY OF
.4CCI.N.IULATOR

i{TlCI{ FUNCTIONS

SA}.1PLE SCAI,DRS

$l aNo #2 ./lS .{
FtrlrcTI0lr aF ll)

TERilTl';/rTE RUI{ -
DÏ S,A ]I,E SC,ALL'RS
AI{D PDP-9 CLOCK

I.JIlASURN BIPOI,AR
PCIJER SUPPLY

¡../STEPP mV./STEP



For Data guLput:

sel-ect data regicn for display - "Lr, Lz, Rr, R2r - sets up the para-
meters of the rouLine t,o display fhe firsL o" s"conà harf of
ühe leff or right daLa region.

light, Pen interrogation of display - rlp* - prinùs out the
numbers and contents of the l_ast Lwo poinl,s of the

tL32¡.,

wer€ selected by the lighLpen.

fnteGrate a portion of the disptay - nl$u - pri-nls
double-precisj_on sum of the content,s of alf
cluding the endpoints ) betleen two channel_s
light pen.

APPENDIX F

channel-
display fhat

on the teleùype the
the channel-s ( in-
sel-ected by the

prinù !!o-tor step record - rrMstr - prints a surrniarv of the actions ofthe stepping nrotor on Lhe heripot of ùhe Lipofar pord-5r suppry.

p[inT daüa hisLogram - rtRrl'it - prints the contents of every nth (n = f,2, 3, .. o ) channel of a histogram"

prinù sunrnrary of accumul-alor Slnlil,ch functions - ilSh¡il -
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IAPE I OF 4......//BEAII STASILTI'Y V5 TIù18 2ø,A.7ø DP

/INtllALtZATl0N, MNEMoNIC C0DES, P.I. SERV¡CE, SLOU RUN¡ FASI r(UN¡
/ltUAD SCALE8S.

/ASSEMBLE UITH THESE STMAOLIC TAPEST
/I'TJEÀn STAts¡LI ¡Y VS TI:4U 19.8.7ø DP TAPE 2 OF 4''
/.'I]T:/TY STAdIL¡TY VS TIME 19.8.7I] DP ÎAPE 3 OF 4"
/.,BEAlr STAU¡LI ff VS lIllÉ: 19.A.7',¿ þP TAPE 4 0F 4"
/"AHI TH--lÉ:I¡ C CorpArlI SdNS ø?.tJ. ?(, DP"
/"0.\¡-Ll.\t: AEAY POSI TIÙN CoNTr(OL IIOU TINES 19.8.7ø DP"
/I'L¡GHTPEN SL]iìVICÊ, ø7.A.?O DP"
/"st.\¡GLE HtST DIsPL. ø7.A.7Ø DP"
/..LOG SCALE OF DAfA itEGIOIJ t¿7.A..1Ø Dp"
/rfSOFTt AttE DIAG)JOSfICS ANtJ U'IILI f f ES ø7.A.7ø DP"
/r'MO.\¡¡TO¡t 2.1 AllD¡rÊ55i:S AP¡ì lO.óg Dd"
/.'CALCOYP P¡IOG.TA}I tsE LOADED FiiOY THE I'SALFIOII' TAPE
/ LIHEN PLo T otJ IPUT ¡ 5 DE5I;tED"

/SCALER
/SCALEH
/SCALErt

/SCALER

/sLO-SrN

/ACCU¡'ÍULATOR Sl'/¡ TCH FUNCTI ONs
ACSI - 2øøØøø /TEIIYiNATE lìU.V
ACS23 - laøøøø /AQS2¡3 - l'ø - DISPLAI LEFT

/ ltl -
/ Ø'Ø - .I B¡GHÎ
i ø,i -

AC52 = løøøøø
ACS3 = 4øøøo
ACSA - 2øOøø
ACS5 = løoøø
AC56 = 4øøø
ACSS E tøorò

t t . LEFT SCI N rI LLATI ON C0U:.J rErt
t2 - RlGi{f 5CINTILLATIO.! COIJ$TErt
,3 = COU,\,lTS ¡'ltO¡l BdOOKHAVEN ¡ NsTR. CORP. ¡NTEGTÙATO¡I

I0TrS (COMi'IANDS TO DEVICE 5l¡ 52 OR 53)
I0T I . TEST PI ILAG

= PAUSE BEFONE ¡IEAD
IOT2=ENABLESCALETI

E SEAD SCALEùi
È CLËAH P.I. F'LAG

tOT 4 = CLËAIì SCALEi (''lLL SET P.I. lF SCALER > l3lø?l)
. DI SAtsLE SCftLEiI

¡OT tø= CLEAA AC AT rìvENt TIME I

STEPPING MOTOiI IOT'S
¡OT 54ø5 = ì40VE MOTOTI ONE SIEP ¡lI GHT
¡O't 54ø6 r MOVE llOTOrr ONE STEP LEFT

RÊ:G¡ON 
'I,¡ t2

,. ,l

/ENTEiI TIHE INTERVAI. F:tO}l THE TELETYPE
/PllOG. TAIES UP 10 I't92 SA.yPLES A.vD DI SpLAyS Ir{E, C0 UN fS ¡-ìiOM SCALE¡rS r t AND ,A ON THE SCOPE/0PTIo-\¡AL ourPUf o.v rELEtypE oF cou.vrs/sAypLE A\¡Dlor{ couNTs/sEc/¡N DOUBLE PNEC¡5¡ON.

t I øøø/
LEFTD, ø

I 44øø/
R¡ GHTD, ø
.+3377/

/***** PdoGit{¡l SETUP ++*

NOP
.,MP ¡IEENTN

ø

/UP-YES DUdING rCoNTnoL AE{Y. d,UN
/HOLD 

'TUN 
'¿IJILE AC55 tJP

/PRI NT SCALE¡t ¡{!:ADI N GS FdC.Y SACH SAMpLE
/P¡tINT COUNT ¡ìAfE (il¿) AFTETT EACH SA.TPLE

/PnI 0¡ì TO J'JLY l9?ø, THE DATA REGIONS t,/EnE!
/LEFI <løøøø - l3,t??t, irlGr{T ( t4øøØ - t?777'

ñ0P

/ROOM FOI¡ PATCHES

3øøø/
BS¡NIÎ, JMS ALLOFF /CLEAR AND DISABLE, CLEAR P.T._ Dzt't 27 63 /DI SAALE TELÍ ,2

DZM ¡tU.VFLc /.vo llu.v
LAC (.JI,IP SCLHPI ÐAC PTSEIì2 /SEI-UP Pt SERVTCELAC (XX DAC PISEiì2+2' LAC (..r,'rp B5ú.IEU DAC ¡rEE\¡Tz /EXTE.VD MNEuiïON¡csLAC ( Jì4P ACSOP.I
DAC BptrSUB /DEFAULI , NO MOTOiT MOVLyENT- LAC (ACs2
JllS DlSp /SETUP D¡SpLAy . LEFT ,t
LAC (ACS23 /SITITCHES USED TO MODIFY DTSPLAY
rJMS DIsPL5 /DISPLAY

, LAC (JMS CLKAP¡ DAC 5t /SET.UP CLOCK AP¡LAC (PE.\5E;I DAC 54 /SË,T-IJP L¡ GHI'PEÑ AP¡

¡ NPTCH,
.+lø/
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AC SIJITCHES aû{+ TYPE "SL" eç**

LAC (ACSTEL+3 TTEJ(T

¿.PPBNDIX F
/4+.*q DESCd¡BE
SU = 32332?
ACS¡EL, IC¡t

3øl 3ø3
26 t24ø
24ø322
24ø262
31t323
24ø322
3¡ó2t5
26tt24g
317 3t 6
el52t2
24ø249
3 lø3 t?
32s3 r 6
24ø266
324 33 r
3ø¡3r5
2r224ø
24ø324
3l cì332
24ø260
26?24ø
32ø31 4
3ø33øl

JMP JìEEN TR
3232 I 5 2122qø
24ø24ø ?.4ø3Ð5
3253 I 6 2t52t2
254¿63 ¿4tt3ø4
32ø3t4 3ø¡33t
3ø53ø7 3tt3r7
2t2240
24ø?4C' 24ø3ø3
324322 3¡ ?3 I 4
24ø265 24ø24ø

3t43ø4 24ø322
215212
24ø24ø 24ø24ø
32Ø3ø5 24Ø323
320314 3ø52t5
27 ø24ø 24ø24'ò
33132ø 3t¿524ø
2t52t2
254¿7t 25526t
24ø3ø4 -31 I 323
3øl 33t 24A323
3¡ 43ø5 øøøøøø

/AC S

3ló3ø4 / I ENDRUN

/ 2t3 D¡SPLAY ItEc¡ON

/MNEL,:IIONI C CODES
SR Þ 323322
FR = 3ø6322
ltl = 324322
LP - 3t432ø
¡G = 3l¡3ø7

/ 4 CONTROL

/ 5 HOLD RUN

l

/ 6 TTPE SAMPLE

/ 8 TYPE HZ

/ ø,9-17 DISPLAY SCALE

/STA;{1 RUN
/FAST ¡.TUN

/ÎEä¡YI NATE ÂUN

COä¡ìESPO.!DI.!G ACT¡ ON I S ÎAKÊV
/CCD¿ LOOIU?
tçvUL.AWL¡U.V ¡;Y!ú
tvsDL.hw ¡¡v.l ¡60L¿ \¡.v¡ ¡1HL Áùù¡itsss)
/CODE. ACTI O,\.l POI.VTE¡I
./M:'J'.YONI C- CCD¡: CHECK
/SAVE 2 LE ITE.. COIJE
/<. OF CCDES)
/SET iJP TABLE ¡.\¡DEX

/581 UP ÎABLE POINTEH TO FIIìST CODE
/ts¡I¡NG CODE INTO AC,
/sÅtîr P0I),ltElì T0 "ACTION..
/IS CODE = r::'IE.Yo..JIC
/YES - TAKE ÂCTION
/NOi SHI FT POI',¡ ¡'E:ì TO NE.(T CODE
/i{AVE ALL CODES tsEEN TESTED
/N0; TtisT Nrx r
/YESJ M.VE¡IONIC NOT IN TABLE

/¡TETU¡IN TO CALL¡NG PNOGNAH

/**+*I ¡.!ÍEdPJiETATION OF H}JExoN¡ c coDE F;roM T¡LETYPE
BSYNEÍJ, .JI'l5 COIJCHK /T}EAY S'fABIL¡ TY V5 'f IME CODES

JMS SOFtsUG /SCFTLAñE DIAG)¡OsTTc UTILITY RoUT¡NEs
NOP ]JOP NOF
.JMP E¡IJIO¡r /NCT ¡iL:COGNIZED

/IF CODE 15 IN TA8LE,
MNU*4, ø
cAx, ø

VU ÆHU
CAP¡ ø
coDcHi{, ø

DAC MNET
LAY-26- I
DAC CAX
LAC CAADDR
DAC CA¡J
LAC I CAP
¡ sz cAP
sAD MNE:M

A'MP FOIJ.VD
¡52 CAP
lsz cAx
.J.rP . - ó
LAC MNEl'l
JMP I CODCHK

FOUÑD, XCT I CAP /AC¡ION CAN BE ¡Ji'tP¡ J.{S¡ O¡t A.\.ly INSTR.
J.VP NEENTÀ

/TABLE 0F M¡¡EIfONIC C0DES AND CO¡tiìESpONDINc ACTTO:,JS

coDEAC¡ sR J-ìtP st-o¡ìu,\¡ /srARTs sLord BUN( 34 sEc ro rzøøø HtFR JnP FSTdU)¡ ,/STA¡ÌT FASI RU\'t (6.A - 550 SEC)
CB .JFIP NAUGBC /SETJ? TO CO\JT¡iOL BEAY pOSt TION (NO AVErlAcE)
AB .J.{p AVGSC /SE f Up TO COi,J ¡dOL }JF,AJ4 AVE.ìAGE POSI T¡ ON
VS .JMP VERSUS ./SI,OL ¡rUNj sCALErr t A\rD Z VS. ,3
BS J-rlP SUEEP /"1'1.'1"+SLOtj ¡(UN; I STEP L OH ¡ì AFTEIì EACi{ SA}rpLEMM J¡IP RN)íOT - /Mcv¡ I'IoI.oII , STEPS L o:{ P. ( CALI B*ATE PI,¡I SPLY)Trl üdlP Terìilkt ./f EHitlNA f E lru.,l
LT .JrlP DSPLT ./DI5PLAY FIRSÎ (SECOND) HALF OF LEFÎ (RIGHT)DA8
L2 J}IP DSPL2

't 
¡ .J.YP DSPH I

AA .¡ùfp Dsp.r2
MS JllP STPHsT ,/p¡.tINT MOTO¡| STEP DATA
LR JrtP LBYR /Forr:'l IìATIO L/H
LG rJVP LOGSCL /i]ASE- t ø LOG iIOUTt NE
XT JMP XTj(ACT /E,(T¡IACT MOIOA STEP t NFOAIIATI ON
PS Jf P PLTST:G /PAEP(\!íE 5¡:6}IT:\¡ T OF DAÎA FOH PLOT
RT JMP TTYIIAT /Oú í'f ¿T DA TA O..J lEL E f YPE
LP JMP L6PEN /P¡I!:,J'T LI GI{'[PIÌ\T LOC. AND CONTENTS
tC lrMP ¡NTEc ,ztNii:G¡iAtit Hr.I. LIct{TpE}¡ LOC.NS.
SD .JMS AVGOLD /SYOOTH Si.odED DA TA
SU .JMP ACSTTL /DESCitt tlE FU,VC il O.\r OF AC Str¡ TCHESAO'10rì8, ø /JrOO¡t FO¡r MORE COD!:S
.+lø/
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/a1t.4 P.l. SERVtcE FoH SCALEfa A.VD CLoCK OVEiiFLOIdS

SÇLrlFlr l0T 5løl /TEST FOIì SCALES t¡
r,MP SzPI /NO

. CLA /YEs' 15 HUNFLG > ø
SAD ¡TUNFLG J}'S ERRXES ./Ë3i{O¡I I.! P¡
ISZ LHlz SKP JrlS ErlÈYÊS /ERdOft OVE¡ÌFLOI,/

'OT.5Iø2 
/CLEAII PI FLAG 

'I!'HP D¡ S.Y I S
NOP NOP NOP

S?Plt l0T 52øl /SCALE|T ,2
!,MP 53PI /NO
CLA /YES' 15 IìUNFLG > ø
SAD rlUNF'LG JMS EIIRMES /EJIIICIì IN PI
¡ sz ;tHf 2 sKP JMS En¡rrìlES ,/Etr¡¿OR
IOT 52ø2 /CLEA¡I P¡ FLAG 

'2J}TP D¡ SMI S
NOP NOP NOP

53Plr IOT 53øl /SCALEIi ,3
iJMP CLCKPI /NO
CLA /YES; IS TIUNFLG > ø
sAD ¡ìUNFLG JYS E¡titi'IEs /ENHOit I.N PI
ISZ HT32 SKP J.YS EniùYES /EH¡ìO}ì
IOT 53ø2 /CLEAII PI FLAG 

'3JMP D¡5MI5
NOP NOP NOP

CLCKPI' CLSF
.JllP PI SE,l3 /CiIî.CK OTHER DEVI CEs
l5¿ CLKIII /INC. i{I -0¡ìDE¡r CL0CK
SKP JMS ERRMES ,/EITiIOR
.r."tP DI SH I S

xx

/AP' CLOCI< SERVICE
CLKAPI¿ o

cLoF CLo.V
NOP NOP
DAR
JMP I CLKAPI

/BEAM STAAILITY VS ÎIME DATÂ
8U.\¡FLG, ø /l=ÌtUN; ø=NO HUN
ADDrrLr ø /ADDI{ESS OÉ' L,JC. I-\Jlù LHf CH L( H)
ADDrI¡Ì, ø / COUN f Etì hI LL ilE PrJl l u¡( ui sfLAr
cu(Lo, ø /Lolr-oHDE't CLOCK CoU),r 15
CLKHI' ø ,/Hl -OrrDÐ¡ì COIJ.! f S
LLO, ø / DOUtsLE F¡tECI SI Or.J SIOiIAGE
LHt, ø / 0F Ll:F f , i{I Gi{T, AND ,3
RLO, ø /VALÙES AT END OF 5AMPLE
Ri{I ¡ ø
Lo3, ø
Hl3¡ ø
LHÍZ' Iò / CURÉTE\Î VALUES OF LEFT, }II G!IT, 

'3 
HT CH-OlDEit

RHT?' ø
Hl32t ø
SC¡IATCi{, ø lTtrYP. STOIIAG' 

-,.
/***++ sl.o !J fruN ( 34 5EC rO tz,øçt' HOU;l5 FOtì t 792 SAivtpLES) * TypE ..5i1,' **
SLOdU.lr LAC ( Ji4P I ì{CLK DAC GO¡ìU.V

LAC (JMP SA,TPLE DAC NXI'OT]S
NOP NOP NOP NOP
JNIP HUN

/*+*t* FAsT HùN (ø.2 SEC T0 55ø SEC Fo¡t I 92 SAMPLI:S) + TypE.'F.ì.. *r¡
FSTHUN, LAC ( Jùf P FSTSPL DAC GOiiU.V

LAC (JMP FSliiN DAC NXTOBS/
RUN¡ J:ilS ALL0FF /DISALìLE SCALE¡IS

CLL JMS CLÉ-A¡í /CLEArl SA.Y!-LE DATp.
.JMs ¿E IDAT 

èrulrL¿ u6 ¡¿

JMS BPINI T /TNITIALIZE 'O.!-LINE' hOUl'INE5/
GOAUN, J(X /GO TO FAST OR SLOU IIUN ('IFsTsPL" OR "¡NCLK'')

ALLOFF, ø
. ¡0T 5lø4 IOl 5løó /CLÊAR SCALE¡ìS A.\¡D D¡SABLE

loT 52Ø4 IOT 52ø6
l0T 53ø4 ¡Or s3ø6. 
CLO F JMP T ALLOFF

CLEART ø
. DZM LHI D¿M LLO

DzM ¡tHI DZY ¡tLO
DZM H¡3 DZM LO3
DZI4 LHI? D¿Ì1 i]JÅ12 D¿M HI32
NOP NOP
SZL JMP ¡ CLEAR /CLEAR ONLY SCALEA DAÎA
DZM CLI(HI D¿}1 CLi<LO D¿í 7
DZM .\¡E!CLK tj¿}l OL DCLK
DZÌ'I síPLNO D¿:'I CHGTO T

NOP NOP !F4P I CLEâ}I
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&Þ¡lÞnÎ, ø
LAC (LE¡'TD DAC SCRATCH /HIST. 51AR1
LAC DATLE.\'
lAD DATLEN
CMA
lAD (t DAC CoUNTS /HIST. LL\IGTH
PZM ¡ SC¡rATClt /ZE¡10 HIST' l5¿ SCiiATCH ISZ CoUNTS .JllP .-3
¡\ùOP NOP .!Op
ÁrMP I ZEHDAT

îuilrfgN, ø
CLON /START THE CLOCK (FOH SLOI¡ i{UN)
IOT 5lø4 IOT 5lø2 /5TA¡iT THE SCALÞ:ÌiS
,QT 52ø4 tOT 52Ø2
101 53ø4 I0T 53ø2
NOP NoP JMP I TUIùvoN

/¡lqPUT CLOq( COtJ.! IS PER SAilPLE ( SLOt¡j ¡tUN)
fl9ÇLtl, 1r'r LAC (CCPS-¡ T1EXT

DECNME DAC 1'I i'lE
sNA JMP INCLK
DZM OLDCLK
TCtta
![''P B5¡tUN

51PîCH, ø /ROOM FOR PATCHES
o+lØ/

/DçLQçlt COUNTS PER SAMPLE = "
9çPS, 3t¿3314 3l?3ø3 3t 324ø gø3317
925316 324323 24ø32ø 3ø5922 24ø323
3ø1315 32Ø314 3ø524Ø 27524ø øøØøøø

/ltuil FoR t792 (Dt:C) SA,YPLES
ll,iQL¡ 14L52ø /DISpLAy MULTIPLIER = 5øK(FAST RUN)
S¡ÍPLNO, ø /SA.YPLE NUMAE¡ì/
/þETUP D¡SPLAY
FSllUll¡ I sz HUNFLG

ÎC¡i LAC (DDM-I TTE-XT /i.DISpLAy ! DATA'.
t Áê 11vL-

ÐSPlt,-4-e.+! .¿rC.!-1 . :J .'..sLO,,,1 liul,t.. Ð! SiLAy i:ULT: jri.¡Etì
.J.YP SLO r! I

' LAC (OPn /TIME/SAMPLE >=5Ø üILLISEC
DAC GODI SP
LAU 257 Jiits OTY
LAC TIME
NOP
DAC DTV3
D¡'CP.\¡T. LAV 252 JI4S OTY
LAC D5PMUL
NOP'
DAC ¡íiJL3
DECP.\¡T - -/
TCI¡
lr¡f P sAt'IPLE- I

5L0l¡t¡ LAC (Jr¡P GOD¡SP+14 /T¡ME/SA,rrpLE<5ø MILLISEC
DAC GODISP
LAr¿ 252 ü,"rs oTY
LAC DSPMUL OPR DAC MULI
DECPNT
LAti 257 .rlts oTY /t../,ú
LAC TIME OPII DAc D¡vI

. DECP.\¡Î lCR JMP SA.I,ÍPLE- r

/
/ilDl5PLAY E DATA"
DIrYr 3ø43t t 3233¿ø 3t43øt 33124øe752Aø 3ø43øt 3243øt ø/ . .JMs TUIù\¡ON /STAJìT CLOCK A.!D SCALEItS
/END OF 5L0!r SAMPLE YEl' (DfSPLAY DUHING HUN I¡OULD GIlrE TIME JTTTER)
SAì7PLE, LAC 7

CLL
tDtv

îl|1E¡ xx /CLOCK COUNTS/SAüPLE
LACO
sAD SHPLNO JMP SAYPLE /.VO

NEltSAll¡ DAC SIIPLNO /YÊ,5
TAD (LEFTD-I DAC ADDHL
TAD DATLEN DAC ADD}TH /sET-UP DISPLAY POINTERS
JMP HEADSC /HEAD SCALEiIS

NOP NOP NOP

;

I



-r37-

/FA51 S^¡rpLE (ø.2-55ø SEC FOR 2048 SATPLES)
CNTTME, ø /SAíPLE D&AY
CNTTTf, ø /SAYPLE LE}JGTH
FSTSPL, TCR LAC (MsECN-I TTEXT

DECNI"fB
AC.LÎ. t45 LAC (t45 ltøø ITICROSEC . MIN.. DAC CÑTTM
TAD (-¡/¡4+l
DAC CNlliIE

ISZ RUNFLG 
.

lse¡up D¡sPLAY
LAC (LEFTD-I DAC ADDHL /SET-UP DTSPLAY
LAC ( ItI GH TD- I I]AC ADDRiI
TC¡t LAC ( Dù!- I TTE.{T /.'D¡ SPLAY 

" 
DATA,.

LAC CNTTM
AC.LT. IAI52ø J.)1P FASTT
LAC (OI,H /TlnÈ,/SAt4PLE >.5ø MILLISEC
ÞAC GùDISP
LAU 257 JxS OTi
LAC CNlTM
NOP
DAC DIU3 DECPNT
L^t¿ 252 J:rS OTY /,tt+.t
LAC FMJL ,/5ø, øøø<DEC>
NOP
DAC MUL3 DECP.VI TCN
J.}IP FSTHN- I

FASTI¡ LAC (J.YP GCD¡SP+I4 /TTYE/SAIIPLE<5Ø MILLISEC
DAC GODI SP
LAU 232 J¡lS 0Tl t/tt+n
LAC F¡TUL NOP DAC MULT DECPNT
LAW 257 J)1S 01f
LAC C.ITTM NOP DAC DIVI DECPNT
TCR

rrf S lddNON /TiJRN ON TilE SCALEriS AVD CLOCK
FSTÂN, I SZ S}IPLNO SKP JYS E¡til)lES ./ËHROI(=ùiESSAGE

LAC qNTT.YE

JMS MICSEC /CJU].I1!.!G PDC!OD
! s3 ¡.D:-ì.:lL ! S1 êDUì:.t::

MP HEADSC ,/END OF FAST SA}lPLÉ:' ¡TEAD SCALERS

.+Iø/ /ROOM FOR PATCHES

/"MlCiÌOSEC PER SAYPL¡: (YIN.-lØØ, = "
ÞrsEc.\¡, 3t531I 3ø3322 3t?323 3ø53ø3
24ø32ø 3Ø5322 240323 3ør 3l s
32ø314. 3ø524ø
24ø25ø 3t53t r 316256 24ø¿75
24ø26t 26ø26ø 24ø25t 24ø275 24øØøø
.+løl

/RÊAD THE SCALE¡IS AND CLOCK
READSC, tOI 5tl3 DAC LLO toT srø4 t9-r 5tø2

I O T 5213 DAC r,¡O IOT 5?-Ø4 IOT 5Zøz
IOT 53t3 DAC L03 IOT 53ø4 ¡OT 53ø2
LAC NET¿CLK DAC OLDCLK
LAC 'I DAC CLKLO DAC NET./CLK

LAC LHI2 DAC LH¡ DZI4 LI]12 /SAVE CURRâ\'T V.ALUE
LAC RI(I2 DAC ¡lHI DZyt HJILP
LAC H¡32 DAC i{¡3 DZY HI32

NOP NOP
NOP NOP
NOP NOP
OPR /DZI4 ? FOR "t AND 2 VERSUS 3"

BELL¡ sKP ct:'fs OTY /LAu 2ø? -8!tLL

GODISP¡ XX /-OPR* O¡r "JMP GODISP+IAI'
LAC LLO LMO LAC LH¡
JìIS H¡ DI SP
DAC ¡ ADDiìL
LAC ¡ILO LMA LAC ¡ì}II
!'MS TII DI SP
DAC ¡ ÂDDfilt
i,UP APDSUN
LAC LLO J}IS LODISP DAC I ADDRL
LAC }iLO Ji'IS LOD¡ sP DAc I ADD}ra
r,MP A¡'DSUB

. +2ø/
PAUSE

APPBNDTX F

t
I
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ltBÊ Y STAts¡LITY VS TIME 19.8,7Ø DP TAPE 2 0F 4.../
/ADD DAIA T0 trlSPLAÍ, B¡lA}l SUEtlP¡ ACS OPTTONS¡ DISPLAI SETUP
/OUIPU I C0 u!f S, Où ii'U ¡ CCu.'Jf ¡(A IÊ¡
/TETIMINATE HUN¡ HOLD nùN

,ADD TIIE.NSJ DATA TO THE D¡SPLAY I*ÛÛ*

/LOU NUMtsE}I OF CO;J'JTS/SAÍPLE

LODISP¡ ø '
. CLL T'IUL

ftvLt, xx lg oi7 søøøø(DEc> ' '.
CLL DI V

Dl9!r XX /"TI!ÍEú OA "CNTTTIE"
5ZL r'TiS EIiRMES /OUERFLO!-¡:ESSAGE
LACG
NOP
JMP I LODISP

.+2ø/

/LAR6E NtJ}lBEd OF COU.VTS/5A}ÍPLE

I|IDISP¡ ø
CLL DI V

DlV3t XX /"II¡'IE"=CL0CK COUNTS O:ì "CNTTMEI'=MIC¡IOSECONDS
SZL !'i',S EII'IYES /EHìTOH=VESSAGE
LACG
CLL MUL

Í1UL3' Xx /3 Ort, 5øøøø< DUC) = t4t52O(0CT)
SZA .J-YS EilHi'lÐS /Eìix0;ì=yESSAGE
LACú
NOP
!ß'4P ¡ H¡DI5P

BPDSUB, XX /'\,}IP ACSOPT. BY IBSIN¡T.
,/ rNOP ' Af "ils" FOr{ SçEEP ( ¡ STEP PErì SAYPLE)

LAs í.:i'i,""t"',,ålr.l';,?",;'?;,,'3i^:3Ìiåît
SZL -r:lP .+3
J.YS MRI GHT JYP ACSoPT /Ø=!1lGtlT

' .rMS i{LEl- f JYP ACSOPT / L-LEFT

/4++** BEAY Sl,iEEp iìOU1¡NE r++r* TypE "Bs.'+**
As = 302323
SIJEEP¡ LAC (NOP DAC SFDSiJA /SETUP SLEEP

JMS NMOI /POSITION MOTO¡i (LIEA.Y) rN¡TfALLY
!Ã'1P SLO,IUN /STA¡i1 SLO¡IUN

/çHECK ACCUitULATO¡r SrJI ICiJ 0plIONS +*+rt
ACSAPTT NOP ./

LAS AND (AC523 5¿A .'}f5 DISPA 'I
LAS A.\ID (ACSó SZÃ JYS SMPLTT
LAS AND (AC58 SZA JMS CNI}IAT

LAS AND (4C55 SZA JùIs HLDITUN
LAS AN D ( ACs I SZA iJMP TE'ì}I¡ìN
NOP

ENDNN, LAC S}'PLNO
AC. GÎ. 3377 JMP TEITMHN /E]'D OF A,UN
OPH /DZM SMPLNo = CoNTI\¡UoUS RUN

ÑXTOBS¡ XX ./CONTINUE IILL 1792 SAì.IPLES DO.!E
1"r,ì4P SAHPLE FSTH)',"

ACSPTH, ø /AOOH FOR PATCHES
-+tø/

/****3 SEl UP DISPLAY OF LEFT A.!D SIGHT LOK-OHDER (UTA TE.Y OR AC
f. 5IJ¡TCHE5)
/ COLTJTS FOR I?92 (DEC) EVENTS

DIsPA, ø /IS HEG¡ON 1O BE CHAÑGED
JMS DtSP
LAC (ACS23 /CODE
J}|5 DI SPLS /C¡{ANGE PABAYETEiIS
.ÞlP I DI sPA

Lt . 3t¿¡2ól
L2 . 31a262
Rl - 32226t
R2 . 322262

DSPLI r LAC ( ÀC,52 JxS Dt SPA .rMP IrEE!TIr
DSPL?T LAC ( ACS23 JMP DSPL I + I
DSP¡{I¡ CLA rJxP Dst,Ll+¡
DSPI|ZI LAC (4C53 .tifP DSPL¡+l

I
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Y.HICH OF { ¡iEG¡ONS Dt SPLAYET)
ø

¡_tI 04¡ Þ. ! / ACs23 - øotilcHTD+t6øo:t / - øt
IEFTD:I / - tø
çFFTD+16øØ:| t s tt
þ 

'AD 
DIOFA JXP I DISP /SAME AEGTONpAq p¡gFA /.VErr dEGr O.!

çt,!. Lds+ 16
TâIi (LAç D¡5PAD DAC .+I
xx DAC PAltl'f Ds+ t
LA"Y: I 6øø+ I DAc PA¡TMDS+ 2
JMP ¡ PISP

APPENDIX F

/CODE FOB
P ! QF¡r.
Þl SPePr

PI SPr

8ES5l 4r

r| !ø/

¡ +?Ø/

/4ç*ù* HOLD
H I, D1IUN,

/*++++ 9UTF!'T COU¡ITS F¡ìOM SCALEIìS AND CLOCK FO}ì EACH SAYPLE ** ACS6 UP*TsP F ¡,H5 Iø.I2 /TYPE A SPACE (sALMo.v APiì Iø168 DR)

Ç Q !¡lf TSr ø
5{P!TT, ø

L4ç (çL[(LO DAC SCÌìATCH
tff¡l=3 ! DAC CorJNfs /3 dEADTNGS (MAKE = 4 rF

/SCALEH 
'3 

¡S U.SED)
Tçi¿

SÇI.QUI, !.AC ¡ SCÌIATCH LMQ /Lorr-OrìDE,ì IN Mo
I5Z SCTIAICH /Ht cfi-OirDER ¡ N AC
I,Aç I 5C¡iATCH t sz sc¡(ATCH
JÞTS PUBOUÎ /DOUBLE PNECISIOTJ OUTPUT
TsP TSP
IS¿ çOUNTS /OU'TPUT LEFl, NI Gi{T, ,3, TI¡íE YET
¡JMP SCLOU T /.\'O

çNTSpN, CMP I SMPLTI /yES (Oil toDrFrED t.O .NOp. By rvs,)
TyI DEC-\ttrË| ./E,.ù f E¡t OdDINA IE
CL!- Jt45 CLEA,T /Z Er1O SCALÊrr TJATA
¡Jü$ TUHNCN / f UdN SCALERS O.V
JYP ¡ Sr4PLÎT

.+ lø/

/*r*+* ovIP(rT çoufl tiArE (sLOU RUN ONLY) ***** AC58 Up **
OLDCLK. ø
NEç,'O-{, ø,

P<!tqr. ¡l.r_¡:¡r rui v¡l¡-¡u uivtJ¡.JN5
9¡Jf dAIr ø

LAC (LLO DAC SCÍTATCi{
LAY!-? I DAC COJN1S /LEFT,iitGÈtT COUNI RATE
LAC oLDCLK CYA 1AD NE|ICLK Dê.C pF.¡.ayD3
TAD (I DAC PE¡IID/¡
TCfi TSP lSPtlATouT, p¡t't lrsi{r FI

' LAç ¡ SCr{AICil L.na t SZ SC¡IATCH
LAC I SCdAICit I S¿ SC¡TATCH
d,YP PErrrD3- I

H¡çH, çLL LiìS+t /D¡VIDE By 2ISZ ¡ISHJFT SKP IJMS ERRVES /COU}J'T S;.IIFTS: E}I:ìOIiPÞÌYÞ3¡.II AC.GT. XX JrfP HIGH
CLL

PE¡IYD4= r +I Dt V xX
S¿L \rMS E¡ìR¡4ES /OVEiTFLO!¡
¡.AC (LI,S TAD ftSHtFT DAC SCALEÍ ,/IìESTORE FACTORS OF 2LACO MUL 7A

SCALEM, xx /scALE FOl{ COHIìECT HI-O,|DER TE¡LY
.JilS DUBOUT /OUTPIJT FOR HIGi{ ¡tATEs

A!.!.QUT, lSP TsP
T 5Z COIJNTS JMP ITAI.OUT ./MoRE ¡ìATES
+,.\'P ¡ CN'¡'¡iAT /ALL ITATES OUTPUT

e+ lø/

/***+r TERHINATE ituN *4rûr TypE..Tiì'. â**ù
18,ù\rlìN, IJHS ALLOFF /CLE'.AÈ A.VD D¡ SAtsLE, CLEA8 pI . FLAG.

Þ¿M ¡tiJNFLG

Tç8 - JT,'s SIIPLTT /OUTPUT DATA FROM LAST EVENT
\!ç(ßP ^<scPf ,DAc BposrrB /øtli.utr ? Nc À1ú1-cRTçRe Jtf P ,¡IEEN IÌt- I

¡ru.v (cLocK KEEPS COUNI'INc) û*û+* ACs5 Up +û**
ø

r¡i"f s DI sPL I
LAS AND (ACS23 SZA JiiIS D¡SPA
I.AS AND (Acs5 5¿A JMP HLD]tuN+t
TCR
FlL \,M5 CLEAR /CLEAR O}JLY 5CALFJR DATA
NOP NOP
¡,MP ¡ HLD¡TUN

PAUSE
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"BEA.\ 
STABIL¡TY VS Ttl4E I9.8.?ø DP TAPE 3 OF 4 ..

/AUTOYATI C AËA.Y C0NT¡{OL
/TypE -AA'. 0tì '.cB'. FoLLOLED Ay ..s,ì-

/*+1.t.!or¡-AuEÍìAGING sETUp (Jys NAvoûc) ** TypE..cËì,, úúÊCB E 3(t3302
NAVGEC, JVS BPt.!IT /INITIALIzE,.o.\¡-LINE,. JIouT¡NEs

LAC (NOP DAC 3PCsYS 4
LAC (JMP I]PCsYS DAC BPDSUA
NOP NOP NOP
JYP SAUMOT

/+}*TT AVEIAGING SETUP (JIfs AUGBC) *** flPE "AB" **++AB È 3ø¡ 3rl2
AVGAC, JlrS APINT T /INf T¡ALIZE

/TRANSFE¡ì LEFT/Rr GIJT IjATA F4Oy ..8. s.. To .,oN_Lt NE..APCSYS, LAs A!D(ACS4
SNA JII? .OFFtsAD /Acs4 Do,Ff.¡ - NO CONT¡IOLLAC I ADD]ìL ÐAC B?DL
LAC I ADDtìiì DAC BpD¡(
JMS ¡:HP}IES OH "JYs AUE;IAG',
JltS BPC.iAT /tAlE (L/!1, aATtO
Jìfs BXPoS /l )r0To¡ì sTÈp ¡F ¡lA1.IO OUTSIDE L¡ltlT5
rJMP NOMO U

LAC ( J:rS AUE¡rAG
LAC ( JIVIP APCSYS
NOP NOP

/SAUE MO TO,t STEP I NFOì{YAII O.! I \¡
SAUMO r, LAC ( JMP NOi':O U

LAC (.JMP MOVL
LAC (JYP MOV¡i
LAC (JYP OFFRAD
JMP iiEENT¡T

NMOV.

NOMOU,
MOVL,
M0V¡i.,
OFFAAD,

MM = 315315

RNMOL TÃfs N¡,toT J:,fP .-t

STEPS, ø /' OF STEPSNMOT, ø
TCir DAC.IMA
CMA TAD ( ¡
TSP GI C
sAD (3¡4 sj(P
LAC (¡O1 540ó
sAD ( 322 si(P. LAC (toT 54øs

DAC.t
JùlS EÂ¡IMES /ilOTOll STEP
LAC <2342Ø /tøØøø<,DEC>
.¡,'f s MI CSEC
¡ s¿ slEFS it'lP . -4

ø /CLEAR LOr OSDE!ì tsI,¡.S
LAC I ADDfTL ÃND <'T77776 IJAC I ADD:],L
LAC I ADDrùt A:tD (?7't.Ì76 DAC I ADD¡ilr
J}fP I NMOV

J¡rs NMOU JlfP AcsoPT /NO )íOuE
JYS NMOV I5z I ADDñL JMP AcsoPT /LEFT
JliS N):Ov ¡ s¿ t AÐD..Lrt Jlf p AcsopT ./itl GilT
JMs N)jOU
I SZ I A¿)t)rr-L I SZ I ADD:ìY
J.YP ACSOPT /CONTIOL OFF OR, BAD AAT¡O

"O{-LINE" ROUTINES
DAC APCSyS+4
DAC APDSUB
!oP

LOtt OitDEa B¡ TS OF DATA i(ORÐS
DAC NLUFT-¡ /I)JSIDE LIMITS
DAC RLËFT+I /LEFT
DAC RRtêür+t /ÀIcíl
DAC KBDtsEL+2 /AAD RATIO

/¡ìEFEATED M0VE M0T0A CALLS

TO ÎAj{E

/¿ STEPS
DAC STEPS
/DI¡ìECTION L OIì R
.JMP . 3
J¡Yl'j . 5 /L
J}IP NÍOT 6
/t]

â lt¿ø s'tEPs/rsÐc

.'MP I.!MOT

)***** yOVÊ tOTO¡{ SpECtFtEiJ , OF STEPS L OR iì rr***/CALL BY ..Ji.lS .\fMOt.. Oit "Jyp .\¡¡tOT+ 1,,

LX,
8X¡
LRNUMT

AV GOLD¡

/**ùr* Sll0OTH ÐATA TAKEN pdEV¡OUSLY ktTHOUI.AVEAAGI.Vc ** TypE,.SD,. *i+SD . 3233øa
ø /LEFT ¡.!DEX
ø
ø /SAYPLE INDÊT

ø
JMS BPINIT
LÁC (LEFTD DAC LX LAC
LAt't-34øØ I DAC L.i.vUM

LAC ¡ LX DAC BF'DL LAC

úYS AVEAAG
NoP /'i.Jfs APCIIAT..
NOP /.'¿r1p . 4ú TO
LAC BPDL DAC ¡ LX
LAC tsPDlt DAC ¡ ir,(
ls¿ Lx tsz lix
ISZ LIINUH JifP AVGOLD tø
A,MP I AVGOLD

(HIGHTD DAC BX

¡ fiX DAC BPDß

TO lAXÉ: IrATI O

STOHE AVG HAT¡O tN 
'4øøø-I77?7
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/r,û*++ 4¡ AND t2 V5. t3 åûûû* TYPE -VS'. ***

/l NÇ,.51, C0UNTS F¡t0M EitoOKHÂvEN INSTiI CO lNrr:G;(AT0R (2 NA SCALE)
/TO IJSEI CN-L "VS" .. . D!:S f ¡(UCl t vE i4Ol)r Ft CATt Or,l OF

SLOITI HUNI POí(lION OF ''I]EAT,Í STABILIlY VS TIÈIE"

/USES ISLO IJ iIUi'J I. SET CLOCK COUITS/SA}IPLE AEOUT 6ø
/ 6¡VING A80Uf Iø NC AT t :,¡A

CHGTOl¡ ø /l'ÈYP. STO¡(E ,3 COUNTS

/çilECK FOir 0PrtONS
YES¡ 33t /Y
NO¡ 316 /N
VS - 326323
VEITsUs, TYT

LAC (.JMP RLOAD /MOD¡FY sLO!'l RUN AND FAST RUN
DAC CODÊAC I DAC CODEAC 3
LAC (BELLll-¡ ITEXT /"BE-L (Y,N)
Glc
SAD YEs JMP .+6
SAD NO SKP
rrlfP uEitsuS
LAC ( SIP SKP
LAIi 2Ø7 DAC BEI.L '

LAC (CJiDY-t TTEXT
Glc
sAD YES JMP .+6
sAD NO SKP
üdlP '-?
LAC ( JYP I S.YPL TT SKP
LAC (NOP DAC CNTSDN ./ ODIFY SYPLTT
LAM-lø0+l DAC ¡ìEGS¡Z /DISPLAY = 64 (DÊC) LOCAT¡ONs
JYs SETI 23
¡JMP SLO¡ìUN /BEGI N A I SLO t? IIUN '

/.'BELL (Y,N) 'I
8ELLM, 3ø23ç15 3143¡4 27725ø 33t254
316251 241ìØø
/" OrtDI Nflf ES ( Y¡.tl ) "
ortD.T, 24)24ø 317322 3ø43t I 3t ó3øt
3249ø5 3232't7 25ø33t 2543t6 25t24ø
øøøøøo

¡ìLOAD, LAC ( ¡ili4- ¡ TT¡IXT JMP ¡ìI:ENTR
/ ".aLt!lru rriu u:l.al:
ilLr'l, 24ø322 3053i4 3r730t 3ø424ø
32ø322 3173ø7 322301 3t5(tøø

sE tr 23, ø
LAC (SEIi'i-I ITEXT /" ,3 COUNTS/SAÍPLE -, "
DEC.\¡YB sNA J}f P . .4
TAD (LAY DAC CPERS
LAC (J¡lP 0NE23 DAC SA¡1PLE /CHAIìGE, NOT TIME

, LAC (LAY-4 I /OUTPUT TIME + 3 SCALEIiS
DAC SM',LTT 3 DAC CNT¡lAT 3
LAC.(LAC CHGTOI DAC ilEADSC+IO

/MODIFY SCALEIt READ
LAC (D¿}f CHGTOT DAC READSC+I2 /
DZM CHGTOT ..7
.Jl'fP I SETt23

SETrrr, 2152t2 243263 2Aø3Ø3 3l?325
3t6324 323237 3233ø1 31532ø 314305
24Ø275 24øøøØ

ONr:23, I0T 53t3 /READ (CLEA¡IS LOu OtlDEil ËìITS)
oPlr.

. TAD CHG'TOT DAC C{GIOT /fICC(JMULATE 
'3roT 53ø4 roT 53ø2 /¡.ÌESET AND 

'lES 
tAíT

,LAC C{GTOT
AC. GT.

CPEitS, 62'l /r3 COUNIS PEfl SAMPLE (DEFAULT q 5ø)
ltìlP E0 FsA:'f' LAC ( r 75o !'i'rs Ml CSEC / tøøøTltlES PE8 SECOND
Ji'fP ONE23

EOFSAM, ¡SZ SMPLNO
LAC S:TPLNO .J.YP NEIISA}Í I

/ù*+++ PnIÑ1 MOTO¡ì SIEP DATA *f*tÊ TIPE "Y5" *ttr
ÞtS . 315323
STPHST¡ LAC (NOP DAC UITI T11+3 i

LAC ( DI:CPNT DAC P¡rYoD
LAC ( CLL DAC I)EC PN T- J.'I S+ I :
LAC (LSTEPt DAC DiJYPA
LAC ( NO DA [ ¡' DAC IJUI'IPI-J

Tcil Ì
Jù'P ÎTYDYP+A

I

PI}U5E
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flBEàÍ STABTLITf V5 T¡ME 19.A.7ø DP TAPE 4 OF 4,
/usEs DATA To Foäv A LEFT/iiIcHr r{ATto sulTABLE Fo,r cALco:rp ourpur/ALSO MODIFIUs DAI'A 10 FTT PLOT I.IAVGE AND CAN DUMP SUtsSETS/OF'THE DATA O.ìJ THE lTLEÎIPE

zÈoau ¡rnrto oF (LEFTI¡ì¡ Gi{T+tofìøø) AND sTojlE rN pLAcE oF .RI GHT.L¡t=3t 4322

LBYR, LAC (LEFID
DAC L /LEFT STA.!ìT ADD¡ìESS
LAC (RI Gi{TD
DAC ¡ì

NOP NOP

L 0 VErì]ì, CLL
LAC ¡ R DAC. 5 /DEIO},INATOA

. LAC I L . MUL 23420 /TIrfES tøøøØ(DEc)
DI V xx ./For{u irATI O
LACQ
szL cLA /L=l.ovERFLOtd
DACIA
lsz L ¡sz R
LAC L sAD (iìr GI{TD J}IP }ìEENT¡I
JMP LOVERA

L' ø
a,ø/
/+***+ Ej(T¡ìACT lfoToa sTEp INFoSMATION +rr TypE "xT., **+*/
XT . 33ø324
STPREC, ø
DATLEN, 34ØE

/LOU-OtlDEn BITS L,n = t,t CONTnCL OFF Od IJAD RATIO/ = ØtØ coNI¡rcL oN; NO ¡fOvE
/ - l¡Ø CO..,t f¡rOL ON; MOVE LEFTI - Øt I CONTj{OL O.!; }lOvE iìI Gt{T

xs¡NSL LAC ( t44 /NO i,tOTIO,.,¡
LAC ( I 43 /MOUE lìI 6H t
LAC ( ¡45 ,/ùÍOVE LEFT

. CLA /cO.vTrIoL oFF oR aAD RAT¡o
CLA
LAI /MOUI] JrI GiI T
LAC (¡ /MOVÐ LEFÎ
CLA

XT¡ìACT¡ LAC (LEFTD
DAC L TAD DATLEN DAC R /A DDIIESSES

/MOTOR STEP DISPLACEME.VT
/EACH DATA HEGION IS 34øØ(OCT)

LAC (3tø DAC STPIiEC

XTLOOP, LACIL iICL
LAC I A RAR
TAD I L A\¡D (3

- TAD (XCT XSINST

/INITIAI. DISPLACLYE\JT 2øø STEPS

DAC I L /LEFT
CLA ! t{AL ./tìI GH T
/CODE IN BITS t6, t?
DAC.+3

DAC.+3

DAC I L /INDTVTDU/IL STEPS IN LEFT NEG¡ON
TAD STPiìEC - /STEP DTSPLACEML\¡T T.V f{IGHT iiEGION

DAC STPiIEC
ISZ ¡ì
sAD (NIGHTD JMP IìEENTA /DONE

JMP XI'LOOP /ITORE

¡AÐ (4

XX
xx

DAC¡H
lsz L
LAC L

I
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/*T*+* ADJUST IIA'[¡o5 TO LET PIiOG}ìAM ftCC'PLOT A SEG}IL\¡T OF THE GRAPH

P 5.32øs23

PLTSEG, Tcll
JMS F¡tOMlO /ITEG¡ ON 5ÎART AND ¡:ND

. DAC Jì LAC{J DAC L
LAC (MINM-I TTEXT DECvyB DAC M¡N
CMA TAD (¡ DAC CMPMIN
LAC (MAXM-I TTEXl
DEC.\'MB TAD .YIN DAC MAX

/CHECII FOR VAI-UES ABOVIì THE JìEOUESTED MAX¡MUi,I

LACIR
AC.GT. /tS AC>;4A{

llÀXt llÉ LhC tlAX /yES
/NO

AC,LT. /Ts A?<P1'N
ÌlI N¡ )<x LAC ¡lr N /yES

lAD CMP.YIN ,/.!O' SUBTiìACÎ MIN F.'IOM ALL CiJANNLI.SDAC¡3
LAC H sAD L JMP AEENTR

. ,Sz H .t':4P MAx-z

NOP NOP

CHPMTN¡ ø
MINM, 24ø24ø 3t53t t 3¡625ó 24ø275 øøøItF''tt4, 24ø24ø 3153ø1 33ø256 24ø275 øØø

/***+* Tr:LEjTypE DuMp oF ¡ìATI0S (Oft OlHEti DATA) **** TypF.,iì.¡.,, ****
. TSp e ,Jr4S.løae

8T - 322324

lTYilATt LAY,-6ø I DAC LINr:s
, LAY.S I DAC COLS

' .rllS FH0MTO DAC A ./STAJTT
LACA DAC SSIiAr+ 6 /ENI)
LAC (CHANM-t TrÉ-{I /I' CHANNEL ¡NCiE},IE:NT59
DECN}IB DAC DCIJA-\¡. LAC (CLL DAC DECI:NT-JYS+! /ALL OUTPUT POSITIVT:
DZM Ci]A,! TÇHz

lCR LAC CHAN DECP:JT /TYPE CHA.\¡NEL NUiYBEiI
S S¡iAT¡ TSP TSP

LAC r ¡t DECPN1 . _/LAC N AC. GT. X:( /E\¡D OF OUTPUT YET
JMP RST}'ON /I:ND. HESTOiiE }fCN¡TOH FOdMATS
lAD DCHAN DAC ¡t
LAC CHAN TAD DCi{AN DAC Ci{AN
ISZ COLS .'r4P 5S'IAT /E]¡D OF L¡NE YET
LA.Y-s I DAC COLS /YES
I5Z LINES JIIP SSJTAT-3 ,/END OF PAGE YET
LAÙ4-7ø t DAC LINES /YES
rrMP S58AT-4

LIÑES, ø
coLS, Ø

CHÂN¡ ø
DCHAN, | /CHANNEL NUMBER ¡NCJiFlri\¡TS
/n CHANNEL t¡JC¡tEitENTSo,'
CHANM¿ 24ø24Ø 3øg3tø gØL316
3163ø5 314?.4ø 3tl3tó 3øs322
3ø5315 3øs3ló 324323 2?5øøø

. PAUSE

;

I

I
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ì

//ARIÎHMET¡C CoItpAlì¡so.vs ø7.n.7ø Dp..

./¡roUTlNEsTo1EsTIF'tlENUi'lBEjlINT|{¡:AccL¡.fULATo¡tI5>oR<'
/ A SP!:CIFIED C.tI t'E:irON (t-Olt t;r-r]tT pO-\t IIvE :,JUVB¡:ltS CNLy)/THE NUllËì!-¡( I.V IHI: AC AFt'E;.1 C^LLINc frfnSE-¡rOUr¡.rlES IS THE SAi,lE As/ THE NUt,fBErì ¡N .fHE AC r]ËFOtiE TitE CALL

,*+*** AC GIIEA]'EH TIJA-V CriI TEHION . CALLING sEOUL\¡CE/ LAC NUTIJÐII
/. Ac. GT. cHI TERIoN üfp yEs
/ .,YP No

G1510R, ø
AC.GT. = ltMS.
ACGI, Ø

DAC GTSTOA
CMAICLL TAD (t TAD t ACGTIS¿ ACGT OPR
SZL ¡SZ AC6T OpR
LAC GTSTOR
JMP I ACGT

a+*+** AC LESS IHAN C¡ttTEnION - CALLING SEuUENCE/ LAC Nu:,1tsË¡.t
/ AC.LT. C1ì¡TE;ìION Jj,4p yEs/ J.YP No

LTSlOrl, ø
AC.LT. - J¡tS.
ACLTI ø

DAC LT5'TOR
DAC.5. LAC I ACLT
¡ s¿ HCL]. Opd
AC.GÌ. .(,1 SKPIS¿ ACLT ÕF¡r
LAC LlSTOrt
rJYP ¡ ACLl'

PAUSE
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/ /\lçHIPE\I sERur cÐ, .rDùBOiJr"
/Ap4PIl0ì' QF !.A;rLr Eiì rioulr.vEs

ÀADjr L ç)

YAItiì I ¡ ø
ÍADltzt ØyôÐ;_t2, øHf.Gt{Nor ø
LOHNO, ø
SAVAC2, ø
.sAV;f 02, ø
FLAG¡¿ ø

Ø7.a.7Ø DP.....
i,;iìI11EN BY A. K¡:,JG

./ADDTIESS OF LAST POINT SELECTED
/C0.\,T8.\r1S OF LAST FtiNI SÐLECTT:D
/ADl)¡ìE5S 0F F I.iST pCt:.JT SELEC tED
/co.vTr:\{Îs oF FritsT pctNT SFl.EClED
/HIGtJ-O.ìDE,ì pAhT OF SLry)fAtf O.!
,/L0rt-OcD¡i;t pA:ìI CF SUHyAT¡ ON/TEYP. 5AVE AC
/TEÍP. SAVE YJ
/IS¿ THIS L0C. FO¡t 3/4 SECOND/ DELAY ¡N PENSEiì

/!t*** TYPE tQÇ' AND ccNÎE.vrs oF LAsr rr4o polNTs SELECTED ay LIGHTPEN!.GP.E.ìJ, Tçx
lAC PAAYDS ¡
cvA.ÎAD XAD¡rl
PECPì.JT /OÚÎP,JT CH. .VO. OF LAST POI NT SELECTEDLAV 254
et)¡5 0 ¡.Y
LAC YAD:ìtpÞ-CpNT /OUTPUT CONIENTS OF LAST potNT SELECTET)fc¡(
!..4V ¡-r{¡fr¡ u5 I
C{A' î40 XAD¡12
PECPNT /Oü.TPUI CH. NO. OF FI¡IsT PO¡NT SELECTEDLAU 254
c)fs oiY
IAC yADrt2
PECPNT . /OUTPUI CONTENTS OF FIRST PO¡NT 5¡LECTEI)

. CIYP I{¡:ENT¡{ ./lrEI'u¡rN To .yo¡JI Torl Fo¡r NEXT co}:xA.vt)

/***+t ¡.VTEG¡UìIE BEIUEEV LAST TUO pOI:,¡ïS SLL¿CTED By L t GHTPE.V/ ._pF!,EçT ÊrG!.rr-IJAVD pcrNr, r.HE:,J r_uri_gÃ:¡ó por¡rr¡NIEC, DZII HIGIIJO
LêC ì(ADiu
lAD (-r r
PAç ¡1| /5UMi4AT¡oN BEGI.VS AT XAD¡I¡ctAp!L
lÊo ¡ to
Þz!-
¡ 52 Ht Gl{.vc
PAC LO t¡'NO r
LAC t4
sAD XADR2 /SUMI'IAÎIoN ENDS AT xADIrz
¡rMP . 3' !'Ac Lo'iNo
rrr-'tP ,-l I
Tç,,I
lAC LO !/NO,
L$a
tAe Ht6HNo
JMS DUBOUT
¡,,YP 

'IEENTR. 
I /aETUIì.v ro voN¡1oR/

I

t
,,
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/*T*++ DOL[.]LE PITECISION DECII'IAL TELETIPE OUTPUT
/CALLING SEUUENCE
/ LAC LO IJ]OiìD¿ll LMO .

/ L/lC HI ciloi.DEit '
/ JYS DUEIOU'¡

/THE llAX¡}:UM NLj-fÐElt l¡HICi.l THIS RoUTI)JE CAN oUTPUT IS ABOUT A5 BILLION
ÞuùA, LAC DUAIJ
ÞuBB, JvP t33r
ÐuBc, LAC 24øt /CONTAI.VS..S¿A.'
ÞuBsAV, ø
DUBOUT, ø

CLL
Dtv

. 3ø324ø /løøøøo ¡.v DECIIIAL
DAC DJTJSAV
LACQ
DECPNT /OIJTPUT HI G{.O.:IDEIì POJìTI ON
LAC DUBA DAC 1276 ./}1ODI FI CAT¡ O.V TO DECPNT
LAC DUI3SAU
DECPNT /OúT'tuT L0Li-oirDE;ì poRTtOll
LAC DUBU
DAC t276
JMP I DUBCUT /R,ETUITN TO CALLING PiiOGHAM

/***+* 5E¡ìVICE ¡ÌOUTINE FO.ì A.P.I. INTE:ìIìUPTS FiìOM T3E LIGIITPEN
/P;ì0G8A.Y IN¡ f IALIZATI0:{ )IJST INCLUDE
./ LAC ( PE.\JSEì(
/ DAC 54
PENSEiI=J.Ys.

ø
tvo I þ¿
Dp.c sêuÂcê /îi:íF. 3:0:ì: rrc
LACO' DAC SAVùÍ ri2 / rEYP. SToIìE MQ
LAC XAD¡TI 

'DAC XAD:ì2¡ /?.î,FLACE XADX2 Bl XAtJ¡it
LAC YAD¡LI,
DAC YAD¡IE' /?.E?LACE YADRz BY YADHI
LAC 14
DAC XADS¡ /ADDdESS OF LOC. 6:-¡NG DISPLAYED AT TIME

/ OF I-\,lTUit¡iUPf
LAC I XAD'I I
DAC yADNI /CONiENTS OF LOC. BEING DISI'LAYED AT TI}fE

/ OF I NTE]ì.HUPT
LAC SAV:'1G2t
LM6 /HEsTOñE MO

LAC SAVAC2d /i,.¡5ICiìE AC
IS¿ FLAGI T
ü'lP .-¡ ltup.lT 3/4 SECOND
DB¡t
ü.IP I PE.!SEii-JMS /CO.\¡TINUE tNTENIìUPTED PROG¡IAY

PAUSE
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//StÑGLE H¡5T D¡sPLAY Ø7'8'7ø DP....'

/ADAPTION .OF EA¡tLt H¡t it0UTINE L'rtt tTE:'l hlY ti' ¡(EInEiì
7ió ¡E A55J:íi:]LED T¡TII USUJT.S'5YYI]OLtC TAPEs A5 NEEDED'

I3tNsTN.cALLING:jI.,uUE.vcEF.olrDISPLAYP¡l¡{A.t1l-'fF-l(tNI1.lAl-l¿ATI0N.
/tel,'lS" fO .J5É¡r ;illGlO:l 5itECIIO'l
/-LAC-.TOrAL VALJ|:'or nc SLITCilUS USED To sFrEcT DTSPLAY llEGIoN

I F NO S',rl1C'{ES tJsED
/'JMS DISPLS" TO Ci{ANGtl DIsPLAY iiOUTINE PAIIA::ETERS

/
/ACsø AND AC59-17
,AÇSI-A AVAILAtsLE

AUTOIa=la

DMK¡ 4øø777
PARMDS¡ I

ø
ø

ACSMOD, ø

ACSTMP¡
CAI-L DS,
DI SPLS¡

./+**** CALL
DsPL5,

/++*** cÁd-L
DI5',L I ,

5AïEIDI ¡

USED FOjT SCALING DISPLAY
FOIì OT:lE¡l USEs

/DEVICE DONT: -- ALTAIS
/STA¡ITING ADDi{ESS. I
/L'oAD COUNT 2'S CO|'IP

/AC St{rTCH!;S TO BE CIIECKED TO SEE IF DISPLAY
/iìEGI OTJ I S IO ßE CiIA.:'IGED

ø /TEiiP. 5To3r: oF Acs coDE sLI TCI{ES

ø /ADD¡ìESS-2 OF CALL 10 DISFLS
ø /CALLED 3Y ËXfÈr{NAL PiOG¡tAvS ONLY

JM5 DSPLS /CHA.V6ED PAITAYS.I E¡ìS

JùIP ¡ DI SPLS

1O 5ET UP Pt(OG.rAf PArtÀàlETE¡lS
ø /CALLED Fr{OY 1Ht5 ¡iOUTI)IE ONLY

DAC ACSMOD /ACS TO A!: CHECKED IO CAUSE REGION MODIFICATION

LAC AIJÎEN ¡'

5ZA JÍP . 3
LAC ( PAIiIf D5
IN¡TAL LAC PA:IMDS+I
DAC A l4SVt /5 l Ar{T AÐDr(!ì5S
LAC PA¡IMDS+2
DAC UCl45V, /OC'L'N- VoÌìD COUNT

CLLICMA DAC.+3
LAC <2CøØ /MAX 5C0PE SI¿E
IDIV fX
LACO s¡JA
TAD (I /X STEP > ø

DAC XSTEPZT /D¡STANCE aETI'EEN P0INTS D¡SPLAIED
LAC (J)Is D!5PL¡
DAC SYSi'fOD
JYP I DSPLS

TO MAKE ONE DISPLAY sIA'EEP OF THE DATA
ø LAC tÀC l45V
DAC IiCI4' LAC At 4SV
ÐAC AUÎOI4 ./SETUP ADDdESS C çOHD COUNT OF DATA
Dzt4 xDtiic¿ t
LAS
AND ACSiltOD ,/TEST Folr REG¡ON MODIFICAlION F.IOM ACs
sAD ACST}IP JIP SAYTJDI /sAYE DI SPLAY
DAC ACSIMP /]J!:L. DISPLAY
L/IY-3+I TAD DTSPLS
DAC CALLDS /ADDNESS OF LAST CALL BY U5Ei.I TO DISPLS
LAC ACS'Ii'lP /cI VE ACS COIrE r'J U5E.-r pnOG¡ìAt¡î
XCT ¡ CALLDS TO CilANGE DISPLAY iiEG¡ON
ISZ CALLDS
XCf I CALLDS
rrlls DSPLS /CHANGE DtSpLAy i(OUTINE pA¡têìtf ETE¡ÌS

LAS
S:\¡A
5MA
xon (xcT
J:IP DI SPL2
LAC (IDIU

LAC (Jì4P DISPL5+2
Ji'f P DI SPL4

DAC D¡ SPL5+ t
LAC ( :I JL
DAC DIS'L5
LAC XDIIICZ TÂD XSTEP¿
DAC XDI ¡iCZ D.(L
CLL LAC I AUTOT  L}IQ
XX /yuLtio¡v,¡rp..r
XX /DI VI SOil Oit if ULTI PLI EÂ
LAU 3 D{-B ,rI IITE.IS¡ Tl DI S¡rLAy
LACO DIS
l5Z, UCl{ JYP DISPL4+t
JIIP I D¡sPLt

AND D.YK /SCALING USES ONLY ACsø A.\D .qCSg- t?
J}IP DISPL2 /AC 5\I1C11L:S = ø
J.Yi, DI SPL 3 ./AC 5 þI t CI{ES > ø
5.!A
DAC DI sPL5+ I
JMP D¡SPL4

DlSPL.2,

DI SPL3,

Dt 5PL4,

DI SPL5,

PAUSE
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//LOG. SCALE OF DATA TIEGION Ø7.8.7ø DP....,
/**+++ c0NVF:RT O-18 UIT DAIA lro¡tDs TO tsAS¡;-lø L0GS

LG . 3la3ø?
AIJEGI N, ø / START ADr,itESs
AEND, ø /END ADD¡IESS

LOGSCL¡ JitlS F¡lO;'fTO
DAC AISEGI.! /START ADD¡ìESS
LACO DAC AE.\¡D /A!D ADD}rESS,

LOGLOP, LAC I ABE:GI N

JI4S LOGCAL /Iø.AIT BASE-2 LOG
. NOP

JMS BETTETì /tsÂSE-lO LOc< X, tØt¿øø'
DAC ¡ ABEG¡N
LAC ABEGI N SAD AEI'Jt) lrilP lit:EllTR /DONE
I SZ AEEGI N J:'IP LOGLOP /:'f OIiE TO DO

/
/.'FAsT LOGA¡IIfI{YIC CONVs¿SION - DT:CUSCOPE VOL ?, NO 3, PAGE I3/
/'GÉ:NEiTATES A Ci{ArlACTl.:iiISTIC aY FINDING THE M0ST SIGNIF¡CANI
/BII AND fACKIIJG 0.\, 1'3E JIX rJEi(I MCST SIGIJIFICA).JT uIT5 FOri USE
/IN L¡EU 0F A l,iUE MANIISS-c. IãE lroUfI,.lE iTLCTS.'Jd)l:rErrS 2r2 0rt
/L855 O.! fHE BrlSE LI.rl:l A:Jl) PLOfS 2r ltJ-l AT iULL SCALE 0N A TtN
/BIT DI5PLAY....'lHE 5U3¡(OJfINE I5 E:iTE¡rElJ r¿I.ifl T:lE !U.4!lEr TO tsE
Tco.vvtiÈTED IN Ti-tE Accùij.jLAl0d A.\¡D ,{gTi.1:ts ;I i't{ Ti{r: L0GA,TITHi't
/P¡rOPEiU-Y SCALED ( FO.( DI 5PLAf) . .. . '

L O GCA!-, ø
SPAICLL JMP . ¡l lJrlP FOlt AC > l3l¡Ø72
CL0l NO¿til-25
¡ìTL LllO /SAVE ALL Bl TS < rll GJI-O;ìD!:jì
LACS
S.\¡A I Ci'lA
SKP I CLA
LLS 6
.J}IP I LO 6CAL
L¡iS ¡3 iAD (ióÈtø r'ciP i LûûCAL

BETSr ø /TE)IP STOi(AGE
BlìTTEll¡ ø /II4PHOVE MANTISSA AY TABLE LOOK-UP

AND (I???
szA TAD (200 /iìESÎo;tE FACTOn OF 4 SEMoVED 8y

./I'LO GCAL" F'O,i{ DI SPLAY
DAC BETS /STOÉIE BASE-2 T,IUNCATED LOG
LACA SPA I SZ BE LS
LAC BETS /¡rOdr'¡DED BASE-2 LOG
cLL LitS+6 /MA\¡TISSA lN ìlO
}ìTL
RTL
RTL
DAC AETS /STO¡ìE CHANACTEI{ISTICS

CLA LL5+6 TAD (LAC COii,YAN
DAC '+t. XX /AAt NG COiìIIECTED i'f A\JTT SSA ¡ NTO AC
TAD BETS
CLL MUL 57
LACO /AC CO.VTAINS BASE-1o LOc( X tøøøø'/
JMP I BEÎTEÂ/

/TABLE OF ACCU¡IATE MANT¡SSAE
co¡¡YAN, ø I 3 4
67tøt2
13- t4 t5 l7
2ø 2t 22 23
25;26273ø
31 32 33 34
35 36 37 4ø
42 43 43 44
45 46 47 5ø
51 52 s3 54
55 5ó 57 57
6ø 61 62 63
64 6¿t 65 ó6
67 7ø 7ø 7l
72 73 74 74
?s 76 77 7?
PAUsE

APPENDIX F
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//soFTLAlì¡: DIACNOSITCS A!D ul.tLtTtr.s ø7.8.7ç' Dp...../F0tt usE !/ttH THE D. ;ìEIÍEi.r pr)p-9 ¡lor¡ ión-isru_uov.
/CALL¡.\¡G SEUUENCES

sAD ( J.Y JVp SUBEX ,/E,{EC Sutr}t.; }lETU,tN TO SALMONsAD ( 3P JMp I jr;(p\,n /I NsElll. s,ieÃxpo¡ vrsAD (BC Jltp Bal(cNT,/I.J5r::rT .8li!:AK_Aril)_colrTINUEr
SAD (jlc J:IP IT¡ÍPGEN /GE:JF:.rATU i.ÀYP N¡ STOGI'A:J S. sAD (¿u J:tp ¿Eñ¡tu,l ,/zF:,ro Ir;:to,;t'-iircI oNSAD ( Fw JÍp F.VDl"¡iU /FI ND ,rO j(Ð i r,¡ nurO,,rSAD (¡D JÞ:P TTf DEC /DI:CI\AL r¡:ir-rY¡,r: OUUPSAD ( T0 J:l p TTYOCT /O}TAL rrr-niip¡,: nu.vpSAD (.-LY J)1p -ÌsTyoN ./¡lES1.o¡{E ¡ovi¡o¡i oUIpUT Fo jtyAT
sAD (i40 JMP MovEDA ./f ovE A DATA ¡ìEGI o)J I N yEyo:iy
5AD (OD JÍp oc.rDEc /oc1_tc_D¡ic <i,r-an.cc:,lue..-(T.Fiì¡.vT)5AD (DO JHp Dr:COct. /DEc_10_oci <,,eno.co,¡vn:tT.piuNT)sAD (c0 JMp COIIMNT /puT coxllENl O.VTO pno¡

LAC DELAY JYS MICSEC ./UAI T FOH "DELA'í " I,IICftOSECONDSsNA JMS En.i(.yES /(EtÊ\\,.pLE, Àõ=Ø == Er.lit,llr M¡:SSAGEJltS F}iOMTO /iiE/iUESI INI TIAL A:,tD FINAL ADD¡IESSJ¡lP ¡(S IMo.V /¡tEST0¡iE ..SALMO.!.. yO.\¡I TOir OUTpUT FOtllê.TS

'*+*** 
OiI îHIS SUBIìOUTTNE MAY Ar: CALLED TO Ci{ECK }INÈYONIC CODES

SOFBUG, ø
sAD (TJV JMP 5U3EX
SAD (BP JI,fP BIL{PNT
SAD (BC JVP B¡I..(CNT
sAD (ITG JjlP .YüPGEN
sAD (zlf rJVP ZE:ìi,tE)t
SAD ( F'J rJ.yp FtIDr,{Ð
SAD (TD J}1P TTYDEC
sAl) (TO JMP I¡YOCÎ
SAD (¿Y Jìlp ¡TSTMON
SAD (MO JMP ^YOVTJDASAD (OD !,YP OCTDUC
SAD (DO J¡,fP DECOCT
sAD (C0 .JyP CO}íYNT
NOP NOP

. NoP NOp
JMP ¡ 5OFBUG/

/***** ExECurE su.ScoulINE AND I'ETurr.'' To :'¡cN¡ ro¡ì +*++* lfp' .,Jr., +****atM . 3123¡5
./sUAAC, ø
5 UT]MC, ø
sutsEx, LAC (Jysi{-¡ TTEXT
. ocTNilts lAD ( !,ù15 DAC . 5LAC SUtsMü L.YO /COu-D AE "LAs" TO LOAD ,YO. oPfi /couLD IJE ,,HLT.. .¡o C¡IA\¡GE Ac SI.TTcHE¡.LAC SUBAC /CCULD E5 "LAS"XX JMP I.EENTII/..5 T0
.JMS¡,, 32324ø 3243t7 24øøøø // --
/
/****+ Bi'rEA]{PotNT ItJsEiìT **+** l.ypE ..8p,. *+***
BP=3Ø232Ø
BPJi'fS¡ JMS APSER
APADD¡i¡ O
Bi*(PNT¡ LAC (API!-I 1TÐ(T

ocTNllB DAC IIPADDIi /BP L]{ERE
LAC (¡tEpL-t TTEXI
LAC I ðFADDiI
OCTPNT /CONIEN.t.S OF LOC. t,HE¡rE Bp ¡NSEITTEDLAC SPJ:IS DAC ¡ BPADD:I /AT BP, TJMS BP SERUICE. \,MP HEE.VT¡t

/*+**+ .BdEAK-AND-CONt¡rtuEr INSEI{T +++r*
BC=3ø23ø3
BCüJIS, iJMS BCSEN
BCFLAG, ø
BCâDDII¿ ø
EC¡ñST, ø

/ø'NO BREAi< IN USE' LAy , BrIEA¡( tN USE
/ADD:aESS At t¡i{ICi{ 1.O INSE¡.tT,u;tF:AK-AVI)-CONTINUEI
/ lNST¡IUCTION ¡(EpLACTD Ay .'JMS BCSE¡t..

sNA /SK¡ P t F A'ìEAK ¡.\I USE/ BHEAI< NOT ltJ USE AL¡rEADy

TYPE "8C.. +*+**

Bru{C.\¡T,

BCIN,

LAC tsCFLAG
J.IIP BCI N

LAC UCIN5T
DAC I BCADDII /¡T¡:PLACE OLD "AC'I BI OH¡ G. ¡NSTN.
LAC (TJP¡-1¡- I TTE:{T /..8C IN"
ocl.'Jiltl DAC ACADD;i /LOCAI.¡ oN OF BCLAC (iaEPL-l lfli{f /..hr.:pLAcFs,.
LAC ¡ tsCADDra DAC ÍJCINST /INSTÂUCTION
OCTP¡J f
LAC T]CUYs DAC T BCAÍJDiI
LA.Y DAC IJCFLAG /AT I]iIËAK, "Ji.f S BCSER'!¡rtP dEENllr
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/44+è4 BREAKPo I..Jf SE¡rU¡CE HoJtINS **r4r
EPLINK¡ ø /COrlIE'¡fS OF LlNr( Al Bi(EAK
BPAC¡ ø /CO!T!:.VTS OF AC AT ßlilìAK
BPMGI¡ ø /CONTT:NTS OF M0 AT B¡tEAf(

BPSE¡ì¡ ø DAC BPAC
GLK DAC BPLINK
LACU DAC BP}IG

NOP ./SET . "ION" Foil USE OF P.I .
LflúY TAD BPSE¡i AND ( t 7??7 DAC BPADDII
LAC ( 3CJ2320 DAC BF-lroH t)AC iiE;,LAC I /
.r}f S ÉìLAC'IQ /OUTPTJl F-rP At)D¡(l:5S, Ll:Jl, AC, MO

.J!fS BRK¡ìSt /CuaCK L-¡lAT T0 DO UI l¡"1 3¡TEAKPOINT
SZA /LEAVE AdEAKPOINT IN
DAC I tsPADDil /¡tL?LACE II¡tEAKPOINT FRO)1 TELY
JMP ¡tE¡':.! f ¡ì/

/**++* 8IìEAK-AND-CoNtlrJUE SE|ìVI CE *****
TSP = JilS lO42/ '-
BCS¡:R¡ ø DAC BPAC

GLK DAC APL I Ni{
LACO DAC AP}IQ
NoP /SET = "ION" FOr't UsE oF P.I.
LAM TAIJ BCSEK AND ( 17777 DAC APADDI ,, .

LAC ( 3ø23ø3 IJAC 8F¡(OM DAC jiEPLAC | / "BC F¡10!1"
JMS ALACI'Iú /OtJlPJr BC ADD¡rE55¡ LINK¡ AC¡ x0
JMS BltK¡(ST /14'rlAl TO DO kf Ti{ BREAKPOTNT ' , ,

SZA JMP BC¡ìEPL .l

¡lEGiìST¡ LAC AP|'1O LMO 
' l

LAC BCSER ¡tAL
LAC BPAC /RESTORED MAT LINK' AC

XCT BCINS ¡ /EXEC. I.VS-räiJCTION, LEAVE S:(EAK IN, C0NTINUE
Jif P I I]CSE¡ì

BCIIEPL¡ DAC I SPADDx /IiEPLACE tslrEAK FrtOM TELY
DZM ACFLAG /IlitEA:{ NO LO.'JGEn I.\, USE
.JllP HEGIIST /BltEAK I(EIOVED, ExECUI¡: INSTIIUCTION¡ CONT¡NUE/

/*+*++ r:lliìoÀ MESSAGF: SEiìVICE *****
ER¡ùYES¡ Ø

DAC BPAC
GLK DAC BPL¡NK
LÂCti i,¡rÇ ;i?'iir
LAC ( 3ø53t 3 DAC l-ìF:lO:r /"EC F¡10¡1 . .. " MESSAGE
LAM lAD EiI;iMEs AND ( I ??77
DAC APAI)Dfl /L0CATI ON OF ¡-¡iflOH
JMS ALACIIO /OiJlPUI.MESSAGE + LLNK, AC¡ MG

LAC BPi4A LÈIA
LAC Eiìrr:lË:S ¡tAL /¡ìESTOIIE L I NK
LAC BPAC. LAC (4?ø4ø JYS MICSEC /LET TELETYPE SETTLE
!,MP I EdA}185 /PIìOCESSING CONII.VUES DESPITE EHROH

/** OUTPUT PiìOGiìAM BIIEAK MESSAGE + L, AC¡ i,f 8 ***** -,/
TDI G¡ T = JMS I ø26 .'//.
BLACMO, ø

TCR2 
.,LAC (I]FHOII-I TTEXÎ. LAC BPADD..I OCTPNÎ /LOC. OF AP \]i t

t '.:
LAC (LACM(JU-I TTEXT
LAC BPLINi{ IDIGI T TSP /LINK
LAC BPAC OCTPNT TsP /AC OUTPUT
LAC BPifO OCT?N'[ /M8 OUTPUT
J:,fP I BLACMO//

/*,t tiHAT TO DO tr¡ TH "BP" AND ¡BC" Ë]REAKPO¡ NTS *****
B¡tK¡tST¡. lò

LAC (}IEPLAC- I TTEXT
0CTNi'14 /IIESTO¡tE B¡ìEAK ¡ F N0ñ-¿EttO
ü'IP ¡ AiIKRST /HETUIIN 10 SEiiVt CE ¡ìOUTTNE/

/..AP ¡N
BPIN¡ 24ø3! | 31624ø øø(¿øøø
/.. HEPLACES
ttEPL¡ 240322 3ø532çt 3t 43ø¡ 3ø33ø5

32324'¿ øøøøt¿Ø
/hAP F¡ÌOM " O¡t "8C FltOM " O¡t "EC FllOll "
tsF¡lOM¡ x^ 24t¿3tò6 322317 31524ø

øøøøoø

LAÇMQtl¡ 24tt2qø 24ø314 25424ø 3øt 3ø3 25424ø
3 I 532 I ¿4ø275 24øøøø

t.'. BP - ù olt ,.. DC - .'
ÍIEPLAC¡ 25624tr\ XX 24ø337 24øøøø/
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/*a++t IIAYP GENE¡tATO¡,t û+*+r TypE..RGr. ¡+**.
/ I.E. INsE.ìT tNTO SPECIFIED LOCAl¡O.JS A NUMSER
/EOUAL 10 lHE OCIAL ÂDD:(9SS OF EACi{ LOCAIION
BG ê 32?.357
RMPCO\¡, ø / CONSTÂIT ADDEND TO Al.L f,A}1P NU:4AE}IS
R,YPADD, I'
RMPEND, O

RMPGIIN¡ LAC (LAC lt:1I)ADD DAC DEp
.JI'Is FHOìI1'O DAC NilPADD /I¡JI1'IAL ADDíìESS
LAC0 DAC ri:'1i,E.rJD /FI,\tAL AI)DtrESS

DÐ.P, XX TAD RT.IPCCN DAC I ¡ri{iJADD /RAi,rp. LAC JLYI,ADD 5AD:i:{P!:]JD J):P:-IE5N1¡( /END OF P.ATIP
l52 }tltPADD JMP DEP /CC\ rI NUE irAyp cE.vE¡rArI ON ,

/++*+* ZEfio oUI A MEyo¡tT.{EGION +*+** l.fpE,,2H,, ++***
z¡{ = 3323¡5
ZE'ùYEM, LAC (CLA DAc DEP /.I'.IYPCoIJ.. ¡fUsT tsE ø;

.JMP itMPcËN+Z /OTHErt¡SE JìEGION == ÂMpCON

/*++** ****+ lyps ,'Fü., **+**
/SEA¡ÌCH SPECIFTED :tEYO.liy FOiì L;IOLE UOHTJS O¡t ADDíESSES ONLY

SRCHAA, ø
SjìC¡{A¡ .Ø

Sltci{3, ø
F I ND!,, ø
Fa=3ø6327/
FNDll¡lD, JríS F.lOlrTO

DAC S¡IC!{ê.A /I NI TI AL ADDIìES5
LACG
DAC S¡ICHB /F¡NAL ADD¡IESS

C¡tFI ND, T9i:rz
LAC SiICHAA DAC SIiCi{A
LAC (FIND-I TTE::T
0CI.!)lA DAC F INt)u /OCTÂ! !nvcF-) cnrrnul

AtlD <?6øøøø 5ZA Jtp ¡NST,IN/
/FIND ALL kOitDS IN THI5 *EGIoN CCNTAÌT¡M ¡ilE SCUCHT ADDaES5
LOCONY, LAC I S¡ÌCHA

cfA
XO R FI ND'ì
AND ( I ???7 SAD ( I ???? 5{P .'MP ENDCi{K
LAC S¡iCi-lA sAD (0CIN:tts+Z3-JHS Jyp EIDCäÍ

sAD ( FI.\¡D'Y' JMP ENÞCHK
lCil
LAC SllCi{A
OCTPNT /LOCATIONCONTAINI]JGSOUGHTADD¡ìESs
TYT LÂC I STiCHA
OCTPNT /L;IOLE LOiìD

ENDCHK, LAC s.'ìCHA SÂD S¡iCHiJ /E\¡D OF dEG¡ON yET
. JMP C¡tFI ND /YEs

¡SZ SdCi{A NOP /NO MATCH OF ADDiiESS. 
JMP LOCONY ./NO
NOP

/FTND ALL I{O¡ìDs IN THE ¡TEGIO],¡ TDEVT¡CAL lltTi{ THE I(HOLE I.OJiD SOUGHTINSTi"rNr LAC I SiìCi{A CitA r( on FI NDL
SAD (LA.ì1 sKP rji'lP ENÐCK2
TCd

, LAC S}ìCHA SAD ( OCTNÍ B+23-rJM5 JitlP LNDCKz

ocrpNr ii3.åiiJT'.r soucHr uo*D'irP 
ENDcKa

EtlDCK2¡ LAC s¡aci{A sAD SITCHA /ENÐ OF ÌùEG¡ON yET
. lri.lP C¡rf I.VD ,/YEs

. ¡52 SttCi.tA NOF /N0 MATCH OF LHOLE t¿o,ìD
A,MP ¡ NST¡ìN /NO
NOP

/'r F¡{D.,
FlrlD¡ 2aø3ø6 3¡ 1316 3ø424ø øøøøøø,/

.ÀPPENDTX F

//
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/+t**t **+t*
/!f ICrìOSECOND DÉ:LAY IIOU TINE-CALL AY "JMS MI CSÉ:C"
/MtN. E 32 MlCrrOsEC.; vAX. . 262 MILLISEC.

MICCNT, ø /A-MI CROSECOND-DFIAY.LOOP COUNTEiI
MICLoC¡ MI CCN r
MTCSEC¡ ø /D!:LAY a COITENTS OF ACCUMULATO;ì AT TIME

/0F CALL¡NG Tl1I5 r<úUIlNE, lN ilIC:l05ECCND5
/ ''¡IME'10 E.ff:CU'IE "JMS )llCSEC"
/PLU5 THE MICSEC ìIOU1.I:'JE I.VCLtJDI.VG',.JùlP I M¡CSEC

CLL LRS 2 /DIVISION BY 4
CMA 'TAD (I 7 SMA LAi'I
DAC MICCNI ,/NO. 0F LOOPS ¡TEOUIiiFiD

/
CLA LLS 2
CMA TAD ( I
TAD (JfP LOOP¿¡ DAC . I
XX
OP¡ì OPR OPR /I-3 MICTìOSEC DELAY

/
L00p4¡ Isz I MIcLoc JMP .-¡ /4 MlclìosEc LooP

0P.t
JiIP I MICSEC /P.81'U}¡N TO CALLING P'IOG'IAM

/**+** ¡tEoUEST INIfIAL AND FINAL.ADD¡aESS F¡-to:: rELY +**++
/RETUiIN TO CALLI,'¡G PiìOGßAM UITt{ INI IIAL ADD¡ì855 IN AC, FINAL IN MA

FFI{OM¡ 24ø3ø6 322317 31524ø ø /
ÎÎOM¡ 24ø¿4ø 324317 24ØØøø
FT¡ ø

FiìO]lTO¡ Ø

LAC (FF¡r0:'1-l 1'Ir:,{I
0C1'.V¡18 DAC FT ,/Ir..ll'lAL ADD|IF:SS
LAC (TÎOÍ.I TTEXT /II TO II

OCÎNY3 LMO /FINAL ADDiìESS
LAC Ff
J:4P I Flìoì,í T9 /iìETU,+{

/
/+**++ TELETfPE DUHP 

'ìCUTINSS 
***È+

/ lø SÈC PEn Lt NË : r.25 S3CC.VDS PE.t r"CitD DUYPED
/
/+++v+ î¡î,Ciiii¿ tui:;j i+iÀ;'¡ïP¿ "TD" *r++--
TD-3243Ø1
TTYDEC¡ LAC (DEC,Í-l IT!::(T

LAC ( NOP DAC iiRI Tî'f 3 / DEF'EAT OCTAL DEFAI'I-T' LAC ( DECP'IT DAC Pri:4OD /DECI MAL
LAC (CLL DAC DECPNI-JYS T /POSITIVE NU}1BE¡ìS ONLY

J.YP TTID:IP
/,,rjc"
DEC,Y, 3ø53ø3 øøø

/***+i ocreu oul¡p ***** TY?E r'TOÍ **t*+
TO=324317
TTY0CT, LAC ( 0CTùl- I 'tT¡l{T

LAC (OC'TPNT DAC PJI)4OD
rJ}lP TTYDI,IP

ocTY, 3Ø3324 øøø

/F¡NAL ADDiIESS MUST BE >= INITIAL ADD¡TEsS FO;ì THE DLIÍP
PdYOD = 2(rlt /Pì'{tNl'MODE SPECIFICAII0N I.{"ì'lONITOil l?,MArlCH 68"
DUMPA¡ ø /INI'IIAL ADD:IESS
DUlPts, ø /FINAL ADD;IESS
/
ITYDMP, JMS FROMTO DAC DUTIPA /¡NITIAL ADDiìESS

LACO DAC DU)IPA /FI NAL ADDJT¡:SS

/ 'LAM-tø t DAC UIIITTT 5 /tø(OCT) l4OiìDS/LINE
LAY-2+ t DAC TYT-JYs I /2 SPACES IJËTIJEEN T.IORDS

LAC ('TCIì2 DAC 'IIT¡ TTT 7 /DOUBLE SPACE
LAC DU}íP8 CMA TAD DUMPA

. NOP DAC PARYII:{ 2 /DUMP HOI{ MA$Y
LAM TAD DUMPA DAC PA;{MçK+ I /START DI..¡dIP

/Ui.IEHE
.JMS UAT TTT /DIJI4P

TTÍBST¡ TCn JMP iìSTMON /¡ÌESTOiìE MONIîOS

/*+4+* ÍtEST0¡tE MoNIToR OUTPUI F0l(MAT ***3* TYPE I'HM" ***
rtM . 3223t5
RSTMoN¡ LAY-4 I DAC l¡rtlTTT 5 /4 LoRDS PER LINE

LAÞf-ó I DAC I'YÎ-JYs I /ó SPACES PER TA9
LAC (ÎCR DAC trll¡ fTI ? /SL\¡GLE SPACE LINES
LÍIC ( CLL I SFIA DAC D!:CP.\T T'J,Y S I

. / I(TJSIOTIE NEG. OU1'PU]' FEATU¡IE TO DECPNT ROUTI ]¡E
LAC ( I]AC Piì¡4OD DAC LiII T'f f 3

/ltES10rrE 0C f AL !iODE Dt:t'AULT
NOP NOP NOP
JMP }tT:ENTR /¡IETUIìN TO MONI TOH

-/ '/



_L53_

/****+ ilouE A DAÎA cEclo! IN MEMoI{Y +* TYPE -:lo- **
/COP¡ES TIIE DATA F¡IùM ONE ¡iF:GION 1'O ÎHE.{TJ(T LlTHOUT ALÍEI'ING THE FIRST
/ lrÐGION
/.5ECOND NEGI ON MU51 .\¡CT OVE.TLÁP FI iIST }IE6I ']N F]IOM ABOUET ! I

tl0 - 3153.1?/
HOVEA¡ ø /PF.:SENT 1NIT1AL ADDaESS
MOUEaT ø /NEï TNITIAL ADDTiESS

FIOVEX, ø /I ]JDEX
HOVEDA, LAC (yCVEy- I TTEXÎ /íEssAGE

.D.ECNMts

CMA TAI] (I DAC MOVTI<

lCA
LAC (C:IA:.JG}l-¡ TTEXT /ET ADDAESSES

JMS f iì011T0
DAC MOV¡:A /P|ìE5ENT ¡ 1'rI TIIAL ADDiìESS
LACú DAC MO VEts /N EU I ì'-¡ TI A! ADD¡iESS

LâC I MOUÐA DAC I YOVEA
¡52 }íOUEA I5:: MOVEB
¡5.z MOUEX JYP .-5

.JMP REENTR

/-VE A DAIA REGION 0F LErlcfil(DEC) ="
MOVEM¡ 3263ø5 ?4]3t)l 24ø3ø4 3Ø1324
3øt24çt 3223ø5 3173ll 317316 24031'l
3ø624ø 3143ø5 3163ø7 32431ø 25(,3t¿4
3ø5393 25t24lJ 275øøø

CHANGY, 24A24l, 24ír3C3 3lø3øl 3163ø7
3ø524ø 3063 I r 322323 32424ø 3ø13ø4
3ø4322 3Ø5323 323'Jø6/

/r+**** ***+*
'/OCTAL-TO-DECtMAL AND ÐECITAL-IO-OCTAL CCIUE¡ìSIO\l
/sAvus TASLË LOO;(- Uir

OD = 3113ø4
0 I¡SAVE¡ Ø

OCTDEC, TCR OCT\¡YB DAC ODSAI/E TYT
]-AC OD.SAVE DICPNT J¡:P .-6

/
DO = 3øa3l?
DECOCÎ¡ ÎC¡T ¡¿CNYts DAC ODSAVE TÍT

LAC ODSAUE CCÎPNT JMP ..6

/
/
/++4+* I:,¡SE)(T CO:1)i!:N¡S O.VTC pit¡NTOUT *+**+ TypE dC0r *****
/ sÁvEs GOI:'iG 1!TO'LOCA!-':40I)E cF lELYllP!ì
/ ¡DENT¡FIT:5 CO}'ì''ÍENTS DISTI !CTLY ON THE PNINTOUT
/
C0 = 3033¡?
COMYNT¡ LAC (COYY-I TTEXT TSP TSP SflP

¡C¡¡
rAc (sTAi:l- ¡ mEXT /"*+*
G¡C lPlCK UP OSE CiIAiIADTT:I FifOI',: ÎELY

. NOP
SêD (PllU¡(),J J'4P CO)ívNT 5 '/NE-XT LINE
SAD (SÐÍCOL S;(P /sEI4ICOLO:{ ¡S TÉâVINATOiì OF COYYENT

J)1P COYj'1Nt lø /co.\lli\ruÉ: FOtl NEXT Ci{A¡IACTE¡(
' TCH? Ji'l? IIEE.\¡TR'/

I|ETURN - 215
sEÌaCoL - 27 3

/-MHr:NTr -"
EOy¡Y¡ 3153¡5 305316 32a212 255øøø
/'
f .t*+a ¡

5TAlll't¡ 252252 25224ø 24'òøøø
//
PAU5E
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ON-Ï,IÌ'JE BEAI'f POSITION CONTROL ROUTÏNBS

These rouLines were writüen to accept data from the PDP-9 scalers,

to interpret the asynmetry in scaler counLs as an indication of the lat-

eraÌ position of the proton beam, and tc change the current through the

steering n-agnet as necessaryo A descripùion of 1,he uses of these rou-

tines vras given in Chapùer ),Jc.

These routines are used in the Eeam Observaùion Program (Appendix

F) and in the on-l-ine prograrrs that anaf yze daLa from the wire chamber

"\spectrometer.'' Th" functi-onal relaLionship between these routines and

the wire chamber speclrometer prograrns are shown in FJ-gure G.l. In the

program ì-isting r^¡hich foll-ows the descriptions given belovr, fhe begining

oi each rouùine is markeci by a corønent whose firs¿ 6 charact,ers are tt/y,Nrrrl.rto

Funcüional Description of Controf Routines:

SeL up Lhe constants in t he beam posiLion control routines - subrou-
tinerrBPfNITrr - called before a data run l,o set all. paranreters
and conLro] data to their initial val-ues. Does not esùabfish
any linkerge Lo the scaler Program InterrupL (p.f.) service
routine.

T\rrn beam posil,ion conLro] 0N - I'BPCOIirr - resets and enables the
scalers. Sets up linkage from SALI'ION Nlonitor to the scal_er
P .I. service rouli-ne.

Turn beam posiLion control OFF - TTBPCOFFT! - resets an¿ ¿isa¡t"s
scalers. Removes linkage from SALMON I'ionitor to P.I. service
routine for lhe scalers.

Service program inùerrupts from the scal-ers - ttBPCPIrr - when a
scaler overfl-ow is de+.ected, bobh scalers are resei, and a
sofLware flag set to pr.errent any position control based on
the current sample.

Read the scalers (after each spectromeler evenL) - "¡pCSRDu - if t,he
scalers overfl-owed during Lhis sampJ-e, reseLs Lhem but does
not read them. Othenvise reads and stores the dala from the
left (lf) and righù (/12) scalers before resetLing them.
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Average the data from the last 2, 4, I or J-ó samples -TTAVERAGn - the
arithmetic mean of Lhe daLa froln the last 2, l+, B or 1ó samples
repÌaces the most recent datq from the scal-ers. Also used by
Lhe Beam 0bservation program to smooth stored data from 1792

. successive samples.

Take the ratio left counts/right counts - 'IBPCRATTI - for good data,
forms the ratio of ùhe counls from the ]eft and righb scalers
(nornalized Lo l:1 = 10OO)" No raLio is formed if either
scaler counLed less LÌran 100 counts or counled more than
262rl[3 counts during the sample timeo

Compares the measured ratio Lo the alloived upper and lower liniits -
rrBMPOSrr - if the measured ratio is above/within/or belorv the
Iimits, the notor on Lhe steering rnagneü power suppl¡r is step-
ped to the right/ not aL aLI/ or to the teft. No action is
Laken if the scalers had too mny or too few counts (see rou-
tine above). If the ratio is extreniely large or srsl-l- t,he tel-e-
type be1] is sounded. If the moLor makes niore ùhan 2C0 steps
(net ciisplacement) a'^ray from its initial position, a LeleLype
message is printed and the program enlers a rrv¡ait looprr o Nor*
mal execution resurnes after any accumul-alor switch is changed"

Move Lhe motor cne sÙep to the leff - rrNlT,EÉrfrr - called by BI'POS to
move the motor and to upclate the current moLor direction I'ari-
able, the net number: of motor steps ancl- t.he.Lota-l nunber of
sLeps üo the l-eft. A single parameter can easil-y be modified
such that the moLor moves only once for every n consecutive
calls (n = l-, 2, ,..t default = I).

Move the motor one step to tile right - I'MìIGfTtt - sj-nrilar Lo the rou-
tine above"

Sbore inforrultion on the behaviour of the control sysLern - "RFVCHK'I -forms 2 histograms of (fhe nu;rber of occurrences during a run)
as a function of (the n'.rmber of consecutive moLcr steps taken
torvard the l-eft (right) before the moLor changecr direcrion).
Useful in evalu¿ting system performance.
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FiÉ{ure G.I

?he linkage of the beam posiLion control- rouüi-nes wifh the wire cham-
ber sÞecürometer prograns. Tne doub].e-encj,ecl aruor^¡s indicate that-

r^¿:--- ,¡ rr- ' . : . --- ---.:---- -"*-tupon coinpie¿itf,Ìrr eacil oi- Lile ¡rearí posi-i;ion conbroi rouùines returns
to the part of the nrain program (dashed lines) which call_ed it.
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//ON-LINE IJEA|'J POSI.II0N CONTrrt)L iiOUTlNES 19.A.7ø DP.... ......r..
f
/5¡NGLE Piì!:CISION tUtìrtOi.iTlNlìS IO ¡t!-Âl) AN¡) COTPAaE 5CALrjrtS
f AF lti¡l ¡iii^Dl NG :44G.'Ji: f I C CJ,r¡is 0¡' Iå I.{r: CHÂfi¡tEHS
/ AND 10 I.\,1ItA'IE COii¡lFìCIIUE ÂC] ¡ON I!- .lEc!:SSAitY

/USES SUBiiOiJ¡I.Vt:5 "A¡rl 1'rlrETI C COMPAiTI SOlS 07.s. ?ø lJIr.' ANI)
/f'S0FfçArt¡; Þ¡AG.!0SII05 ANIJ UftLI tlL-.5 Ø7.t3.7tò ÐP"

/îHI5 P,TOGIì.AV TAPË CONiAINS TiIE T-OLLOUTNG SUBiI,OUT¡NF]5'
/ Ji{s uplN¡-r /l:'il rIALt¿E ¡HE lJÍ:A:r pJstTtC.V CONTHOL

/it0U f L!ES P¡tl O¡l 10 A ltil l A l{U),J
JMS IIPCON /'IUrl.! b!.A.T ijoSI iI0.! C,i)i Ì:lOL SyS-¡ ii).| ..ON..
lrMS fJIjCOl-F /lU¡¡r,t lJllAi'l tsOSI ItON CO!fiOL Sf STE:l .'CFF',
JllS IJPCPI /CtlECK FO,i ir.l . F¡i0M SCÞ.L!lttSt l{}-SET 5CALËHS
IJMS EPCSrlD ,/t¿AD SCAI-E|i rl (Ll:Fl') ¡1.!l) t2 (ril CllT)
lrM5 AV¡ilrAG /5:4CJtH ouI DAIA Ut AUrrtAct)J6 2,4,ð Oi1 16 SAi,:pE
Jl'lS tlPCltAT /T AKE ¡rAllO f\'rDL/RpDitt TTy IJTjLL I F l.tATI O TOO ¡16
JHS ¡lMP05 /C0yiAriE ¡tAl'lC IO C:rI i5¡ilAt ¡lCVI MOIOTT AS IJEC.
di'tS HLfi¡ I /M0 f ùrt I sTEP LEFT, KÈrr, I¡rACK OF :'JE r 5TEPS,

CU¡lriEN I S1!:P, C:lANOiì CF D¡ dECTI O.v
rrllS Mitl GHT /45 AIJOV!l¡ ¡iI Gil I
!,1'f5 ¡ìtivøtK /i{¡5T. "S1'EpS TJUFOnE DI.lECTION REUEiSAL..

iJMS BPCSitD J:Is BPC'iAT JM5 B;IPOS ,/ì.JO AUSHAGING SEUUENCE
rJMS BPCS¡ìll JlfS AuE,ìAG JllS IJ;rCiiAr JMs BMPOS /AUEi.i-AG¡NG

POSIT¡ON CON'T¡IOL TNtT¡ALIZATIO."I t*+**

APPENDIX G

/*+ù*ù BEAÍ

TEMPT 7, ø
zlvoíax, ø

BPTNI T,

/TEYPOIiA¡tY STOiìAGE
/SCÃAîCi"l ¡NDEx

ø / INT ¡IAL¡ZA'TIÐ.\,' hOUTIJ¡E
LAC ¡{A'T.VOIIV DAC NO¡¡YC ,/],JC;f:IALI ZATI O.V CO:JSTA.VT
D¿¡l çUnST.P I5Z Cij¡rSTp ./, OF )iCTO.-i STËpS I lt CUit;ìË:)rT Dt;ì.
D¿M LSltìP l)¿:'r Lst¡jPl /tlt.tL 5i¡.i_i LU¡-T (Lo,HI)
!)zM llSTEP DZ:4 isTFìpl / tÕ'tAt.. _si t--ç iìT c:{T
D¿M ,V¡j15TP /:JEl , 0¡ :1ù fo¡t S IEpS F:Olt SfAnt ot- ¡UN
D¿ì4 BADPT /¡tE)ËI SCALET-0Ur:¡,,¡LO; Ci-tECK FLAc

LAC 17 DAC rgfPtT /sAvî t7
Lê.C (510iìr:v-I ÐAC l?
LA.Y.60+ I DAC :iINDEX
DZM ¡ I7 /ZE4,C "S¡EPS-TO-iiEUE¡SAL" HISTOGJìAY
¡S¿ Z¡NDEX JMP .-2

D3M flEVllY2 /, Of' L-IfrF:5 ,tEUtitSAL ltI ST SCALED DOrr.N At X( 2 )

LAC ( DAlAVG- I DAC I7
L^1- 4(,t I DAC ¿ t.VDEX
DZl4 I 17 /Zl:¡iC LEI.'T AND Ht Gi{ r DATA FOH AVE.{qG!NG
t5Z ¿lNrrE:( J¡rP .-2

DZM EL}f ËNT /11'ET| 
' OF L, ¡I DATA FOFr AUT:JìAGING

DZM 1'O L D¿i!4 TO TL I ./L I)A ¡A 5ÙI1
D¿M TO TR D¿Jl TOTitI /H DAiA SiJY
LAC NUi'ÍEL}I CMA , TAD ( I
DAC ELI,IX I S¿ ¿LYX /!:L¡-}IEN TS I N FI Iì5T AVI:}IAGE
LAC NllSlfFI fAD (Liì5 /Sr:t-U¡j AVi:rrAGF:-By-SHIFTLVG
DAC /IUGDAT 5 DAC AVGDAT T4
LAM DAC FLJLULM /INl 1¡ ALLT .vOT e:.JOUOil DATA TO AVG.

D¿ú CALLL D3M CALLiì /¡TESET CALLS-LEFT ANI) CALLS-RIGHT
D¿M NCALL¡ D¿H.'JCÂLL ,/, OI''fI}iJS.,JO MOUE-MO1,O,i CALLS.\IEC
D¿M !]AD,11t /T OÍ' TI}IT:5 DATA I6NOT.JD IJECAUSE OF
D¿M fjn¡JDAl /pl tt i t-ri:lupT Fd()M sc.ql-5.a ovr:i{FLotr,
DZ14 N0lrÂÍl /, oÞ- 1t:4r-5 DAIA I6.iJJ:r:_D iJEìCAiJSE
D¿Fl NODAT /IJPDL Oil BPIJ:i < I òt¿ (þ¿C)

LAC TEI4Pt'I DAC I7 /HUSTORE I 7

NOP .VOP ÑOP
NOP NOP NOP

J¡,fP I EPINt T
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/:+t*ù TU,r),I BrjAr'f pOSIffON CO:,JTrrOL SySTrjy,.oN,, f,**r*
/ÞANE ¡N l0 l=PAl iì5 Ip pirF-UE.!.f pDp-9 FrtOr s¡jEI NG Tl-lE }r, I. FLÂc
{.itlll HAr rlAvE ll!:E.v 5}:I lrY'fHE scAr-Eì( cLEAd roTFPCQNT Ø

lor 5lØ4 toT 5tø?, /cLr-.Ait ScALE¡ts+ pJ; ENALìLE SCALE¡IStg r 52øA roT s2Ø2
LAç (J¡ls TIPCPI /sET-Up pI SE.RVTCE IN trONIro¡ì
DÂÇ PIsE¡z, I\,OP NOP
dllP I ¡rPÇoN/

/*tt*t TUIIN EEAitr pOSI f f ON CoNJ¡toL SySIrrï ,,oFF,,

BPCOFFT ø
l8T 5lØA I0r srøó
I8T 52Ø1t IOT 52ø6
LAC (¡ioP pAC pr sER2 /AEsTo;ìE Mo:,JI TOlì- ,ï0P rYop
t,,YP I FPCOFF

/,3*t** ,r0i,,TINE T0 e/ìLL Te ÇrlEÇK Fon p, L F.r(ov B,p.C, Sc.ALEiìS

BPÇPII ø
¡0T 5lø! $xP J.yp ¡ìsl'sçL /nr:sET SçALE¡S
¡ 0I 52ø t si{p .Jì4p }tsTscL /^!:sE1 SCALEd5
J.YP I iJiCPI

i1515ÊLr ¡J.'4s ltroN
l5¿ SApp! gps ,/rNilrsrl.postl.Io., ç9:TIROL;On

/CUÌTHLVT SAMPLÊ
NOP NOP
JXP PI SXJ S .

/++++t,y0uTINr: Jc ¡tÐAÐ SCAl.EriS +¿+++

BPÇSitDr ø
CLA sAD tsÀDPI JMP GocDi.tD
¡S¿ FADPAT SKP I5¿ EAIJATI
JllS RPCoN /irESET SCALEiTs
JMP I uI,CSi-tD ,/I G.\,Oilrj .lHI S DATA

@0Ð¡ìÐr I0T 5ll3 DÂC aPDL IOT 5104 lO1.Slîr2
l0T 5?l íì DAC tspDir tor. 52Ø4 IQT 52ø2
NOP NoP
JMP I ¡rPgSrrt)

PAT?I ø /HOCM FO.1 pATCHES
o ltò//
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,+4+** TA(!; AVEIIAGE 0F- DA1A FROi'f LAST 2,q,6 OR ¡ó SAMPLES

T01Lt, ø
TO'IL, ø
T0T,ì1, ø
TOTH, ø

ELMENT, ø
ELMADL, ø
ELMADII, ø

/TOTAL COU.\'TS ON LEF ¡ N 5Ai'IPLE POPULATT ON

/TOTpú.. ON RIGHT (HI, LO)

/DATA POPULAT¡ON TNDEX
/AASOLUlE DA'I'A POP. ADDiIESS ON LEFT

FULELM, LAM /"LAt4,, == NOT ENOUGH DATA yET, ,'Ø- == ENOUGH
E-IIX, ø /INDEX

DATAVG, ø /UP TO 32 (DEC) SAMPLES rN POPULAI'IO.\¡
. 37/

/'

AVE]iAG, ø / TAKE AVEHAGE OF' DATA
LAY TAD .\JUYELM ANÐ ELi4ENT ,/RELATI VE L,It ADDRESS

/MODiJLO 2' 4' I Ort l6
TAD (DATAVG DAC ELÍADL /ABSOLUTE LEF'T ADD}ìESS
îAD <2Ø DAC ELMADIì /ABSOLUIE RIGHT ADDIìESS
¡SZ ELilENT OPR/"
CLA SAD FULELM J¡lP FULL
rJMS ADI)DAT /ADD 'THIS DATA TO POPULAT¡ON' NOT ENOUGH TO AVG
I SZ ELMX
JMP ¡ AVEITAG /NEXT SAYPLE q.oN. T BE L\JoUG!{ To AVG
DZM F LJL ELif
JMP ¡ AVEiTAG /NTXT SAUPL¡J I'ILL BE ENOUGI{

FULL, JMS 5Ji]DAT /aEi'lOvE oLI]EsT DAI.A SAìIPLES FnoY ToTALS. 
JMs ADDDA'| /ADD NE'dES'f DATA SA}ItsLES TO'r,]lALS
.JMS AVGIJAT /TA(t TrlE AUI:hAGES; Sf Oi.lE I N UpiJL AND tspDlt
JMP I AVE¡(AG ./AVE¡ìAGEI N G COMPL E.IE//

SUBDAT, ø /¡ìEl'tOVE oLDEST DAI'A F¡ìO)1 TOTALS
LAC-rO1LI
SZA JVP LDUI]L ./DOUBLE P¡{ECI 5I ON
LAC I EL:4AIJL CMA TAD ( I /SI NGLE

. TAD 'I'Ù IL T,AC TO fL
JMP RSI.VG

LDUAL, LAC I ELMADL 'SNA UVP ¡TS¡UC
CMA TAD ( I /2'S CO}IP. OF ËJLEMENT
STL /SET LIì'JK FOit LAIER OVE,IFLOII 1'EST
TAD 'TO]'L DAC ÎC TI-
SNL /L¡NK = I tF TOTL tdAS < OLD DATA
JMP hSING /LINK = l) IF IO]L,;AS > OLD D^TA

/5Ui]T'tACTI ON CO:IPLETE
TAD (LA,Y lAD ( I / lO tL NoU NEc. r BOi.i¡tOU A*+ lB

/AND ADD TO llAlE LOtr-OiiDf-r{ POSI TI VE
DAC TOTL /5r0il8 C0Á¡(EC.t ,'¡jOsI TI VU', t0TL
LA}I TAD 'fOTLT DAC lOI'Lt /LOAN 2** 18 FIìOM H¡-ORE

RSING, LAC TOT}II
SZA Ji4P dDUBL /DOUtsL¡: P}ÌECISIO.\I
LAC I ELi{ADi{ CMA TAD ( T

. TAD TOTi{ DAC TOTR
JMP t SUBDAT

trDUBL, LAC I ELMAIJ¡r Spn JMp I SUBDAT
. CMA TAD (I

STL
TAD TOTiI DAC TO rt
sNL JIIP I SUI]DAT.I'AD (LAM TAD ( t DAC TOTR
LA¡Y TAD 10 f ¡r t DAC tO TA t. .JÌ'lP I SUBDAT

1
ADDDAT¡ .Ø 

/ADD NEHEST DATA 1'O TOTALS. LAC tsPDL DÂC ¡ ELi'1AIJL
. CLL TAD TOÎL SZL rS¿ TOTL¡

DAC TOTL
LAC TJPD:T DAC I ELMADiI
CLL TAD TOT¡I 

'ZL 
¡SZ TOTRI

DAC TOTit
JMP ¡ ADDDAT/

AVGDAT, ø lTAKE lHE Ni¡UHNCUS
CLL LAC TOTL L}1O LAC TOTLT
xx /Dtvt DE BY 2, 4, ó, | 6
LACê DAC APDL

' CLL LAC ÎOÎR LMO LAC TOTR!
XX
sz{ .rMs EHITYES /t:lilOtì MESSAGE
LACO DAC I]PDH/
JMP I AVGI)AT
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/ttlt* ROUf INE T0 lAt{E (L¡:FTI.R.I c}{T) }rAT¡O +***+
T.SP F lttltòqz
FPÇ.BnIr ø

I.AC EADPI
s¿A
JMP ¡ APCIiAT ,/)lûTUlLVi SCALERS OVE'ìFLO trEt)
.LAc tsPDR ÐAC NORMC+2

! AC.LT. !A4 I5Z NODATI /< tøçr(DEc) couNTs
.LAC tsPDL
êc.LT. !44 ¡52 NODATT
,CLA .SAD ùJODATT JÌ4P . 5
{S¿ NO.DAT SKP 15¿ NODAI'I
JMP ¡ ]JPCIIA:¡ /¡rÐIUII.V; .VOT ENOUGH DATA/
CLL !4c BPDL /MIrLIIPLICAND = COUNTS oN LÈF
MUL

N91.¡YÇr XX / rrAIlO NO¡ìMALI ¿ATI O.\¡ ( D!:FALTL T = L ØøØ DEC. )
Ð¡v / <L/\)
.xx ,/-DJV.ISOTI = COU.IIS ON ¡r¡GHT
LACO /jtallo I.\¡ AC
DAC .¡rA].I Q
NOP NOp ¡NOp
.JMP ¡ FPC¡.ÙAT

/++*** CùMPAXE RATIO TO Ci.iITERIAj MOVE iTOTOH AS iìEeU¡¡tED *+*+*
/¡F.l'foIC{ M0VES ilorE'lilAN 20Ø Sl..ÐPS Fno}l ¡T5 t.\ITIAL FOSIjION, A TU-y

. /J-'í¡ìssAGE IS GM.\, A.!D Ii{r: PxOG¡tA¡1 '.!¡AI 15,.iJNi¡L ANy AC S¡ITCH IS
/çHêNç.ED

F!'lP95r ø

LAC BADP¡
sNA .JMP -+3
PZM BADPT
¡JHP XAD¡-}EL+2 / |4ETUIL\J' PI o . FLo

.LAC NOIJATT
. sNA ¡Ji'fP .+3

_ Þztl NoDATT
JMP ¡([JIJSEL+2 /itETUilNt NOT ENoUC;I COUNTS
Þ¿L JMP Kiriij¿L /íitìtTi.O>262t = BiILL

. LAC HATIO
AC.LT, 5 *.,MP KBDËìEL /(IÌATI O< \,/ZSø)=BELL

. Noe
LAC NETSTP AND <37'17'17 /IIESSAGE tr- NETSTP > 2ØØ (DEC)
AC, G T. 3ø? Jif 5 STPF-Aii
LAC ¡(ATI O

FPÇU-L¡' I AC.GT. 1.167 JMP HI.IIGHT ./I.5r HI G{
BPCL,L--' I AC.L]'. t 731 ¡JMp HLE!- r / I .sz LO\.

ISZ NCALL sKP ¡52 NCALLI' .\ùoP .\ro P NO P
. lrMP f l3Ì4P0S /)IATIO tTITHIN fijE t.5r L¡MtTs

llLEFTr JMS MLEFT J)'lP I IIMFOS /MOUE MOTOIì ONE STEP LEFT
,ì,tf Gtll' JMS Miì I GH T JMP I UMPO'
,lt.¡piJEL, LAU 2ø7 4JMS OI Y JMP I BMPOS /¡iATI O E.ìfr.O¡r == AELL//' 51PF48, ø /STEP OVER 2øø FROIf START

TCRz LAC NET5ÎP DECPNT
LAC ( l'A¡'lM- l 'l- l'EX I TCit2
OPR NOP. ' /,J:45 BPCOFF
LAs DAC SALAC /'AVE AC SIiITCI{ES
LAS XO¡( SALAC /COii:PA.tE pitEsE:,rl ACS TO OLt)

. sNA JMP ¡-3 /S'|AY TILL ANY ACS C¡IANGED
DZM NEl'sTP JMP I STPFAN

. /rt'. MoToH STEPS! !..
' Fêl-r|-{, 2Ø724ø 3153t? 3el-3t7 32¿24ø' '323324 3øs32ø 323241 241øøø

iAL^Ç' ø /STO¡IE Aç SrrlTclfEs/

APPENDIX G

ì
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/**4+þ HoUÎINE TO MOVE MOTOH LEFT +****
LL.3 I a
RR- 322

/UPDATE NET'5IEP COUNlEìI
MLUFT¡ ø

PZII çALL}I ¡SZ CALLL LAC CALLL
.JMP I MLET'T
1-AÈ1 l'AD CALLL DAC CALLL

SAD CALLM sKP

"7. 
LSTEP SKP ¡SZ LSfEP¡ /TOTAL , STEPS LEFT

I-AC NE:f5TP
silA sKP JMP . 4. 
'AD 

(X,CT 
' 

DAC NE-TS'rP JYP MOTL /FI ,IST STEP LEFT
sMA sKP JilP . 4.TAÐ (-1 I DAC ],JE'|STP JMP MOTL /NEÎ STEP 15 }tI GHT
,52 NETsl'P /NUI' 5TEP IS LHFT

tlOT!-t 7Qf 54ø6 /i'tOVE ì,10T0¡. OIJE SrËp LEFT
LAC (LL ¡,{'IS I.IEVCHK /IS ÎH¡S HEUEHSE OF PHEVIOUS MOT¡ON
NOP NOP

I4LBET¡ JMp I l4LE¡'1/
/***** lìouTlNE T0 MOVE MOTOï. nIGHT +****
MRT GHT, Ø

DZI'I çN'LL I5z CALLR
LAC CALLJì sAD CALL}í SKP
LAM TAÐ CALL¡T DAC CALLf,

JMP I M}:¡ GHT

/UPDATE NET-sTEP COUNTE;ì
15¿ I{STEP st(p tsz HSTEpt /IOTpJ- STEps RIGHT
LAC NT]TSl'P
sNA 

'JMP '+5
sAD (xg't si{P
'JYIP '+4 D¿¡1 NETSTP
l5Z rVElSTp Jitp ;lO I¡{ /F.IaSf STEP RI GHT
StlA JMp .-3 /pOS = NET STEP ¡rrGHT
lAD <.'. 

' 
DAC NEIS'IP /NE]' ST¡]P LEFT

MoTR, IOT 5AØ5 /O.VE STEF ¡iI GH f
LAC (iijì J¡{5 iìEvcHK ./Is TH¡s TTEUERSE OF p¡TEVIOUS MOT¡ON
NOP NOP

MRIIET¡ JMP I !lÀ¡ GH'I

/
/***** HISl0C'iA¡t 0F "MOTOR StEpS BÊFORE DIHECTION nEVE;tSAL., *****
/lF'fHIS DIAEC'I¡0.\l .riOT A H¡-vE¡iSAL, INC¡TEVENT ,CUirSTp.
/IF -t{ls DInEcfIoN I5 A ilEvEnsAL, ADD To rìEvERsAL Hrsri zERo curìsrp/
TADL, TAD (sTONEV.I 3ø /LEFT STEP AFIE}I iìEVEiìSE MEANS

/ADD TO RIGHT HISl.
lADit, TAD ( sTo)rEV- ¡/
,i.rEucHK, ø

sAD DIiÙrOT sKP JMP . 4
I5Z Ç.UttSTP ojrj-ì J:,fp I IIEVCHK
DAç DI}ùYOT /S1'OIIE NEI{ DIiìECTION
SAD (LL LAC -I.ADL

sAD ( 
'rIì 

LAC I'AD¡I
DAC NEUHST /SETUP tsASE ADDÌIESS ADDITION

LAC CUIìsTP
AC,CT. 3ø LAC (3ø

REYHST, XX DAC CUHSTP
ISZ I CU}ìSTP SKP .JMS REVSCL
DZI4 CUHSTP I5Z CUHSTP
JMP I ITEUCHK/

/LTHEN AN ELEìIENT oF TtlE HIsr LxcEEDs rg B¡Ts, scALE Htsr DouN By FAcr.zIIEVSCL, ø
LAC (STOIIEV DAC TEMP¡7

. LAþ1.6ø I DAC ZTNDE'(' LAç t ÎÈMP¡ 7
,}Iç¡t DAC I TEMP ¡ ?

' I5z 1Et4Pl7
tsz ztNDEr, J}lP .-s

'S?. 
I]EVBTZ OPH /, OF TIMI:S SCALING APPL¡ED

.JMP t UEVSCL

'APPEND]X G



.6/

D I ltM0 T¡
LSTEPI ¡
L 5 TEP,
¡I5TEPI,
RST¡:P,
NCALLI,
NCJTLL,
BADrtl ¡,
BADDAT,
NODAT I ¡
NODAT,

N ETS TP,

C URS ÎP¡

CALLH,

CÂLLL,
CALL¡t,

n F:ullY2,
s T0lìr:v,

. 5?/
NUMELM,
NiSHFT,
BPDLT
FDÈ,
¡ìAT ¡ O,
RAl NO¿d'r,
DADPI,
NODAT T,

PAUSE

314
ø
ø
?t

ø
(a

Ø

ø
ø
ø
ø

ø

¡

ø
ø

ø
ø

lø
J

ø
ø
Ø

t75Ø
ø
ø
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/314 = LEFI't 322. li¡Gr{T MOTO¡( Dtiir:CTION
/TOTN- LEtT /ìND ltlCHl'STF_'}'5 (ïtt, Lø'

/, OF TII4I:S NO MOVE-MOTO}t CALL :IADE

/I OT TTI,IES DÂ1'A I GNOit¡:D t]I:CAUSE OF
/P¡ INT!:ltiìUPI F¡tOY 5Cr\Lritr OV¡ir:FLOr,,
/t OF 'l'Ilr'¿ES DATA I CNO;ìriD iJUCAUSE
/tsPlJL oit lt|'Dtt < ,Øø ( DEC) COUIJfS

/NE1' 
' 

Of' MOTOR STEPS; INITIALLY ø
/5¡ G.V 

^ND 
i'fAGNI TUDI.: ( - = L; + = R)

/' OF MOTO}ì SlEPs SI.!CE LAST DI:IÊCTION JTEVEIìSAL

/, OF UNI I)I iìECTI ONAL CALLS TO A YOVE-!íOTOIÌ
/,IOUTINE I}EFOJ{E SUCH ACTION 1Al{gS PLACE
/INDEX FOr{ CALL:4 OF SIUPS TO i-:-i-t
/¡NDr:,( F08 CnLLy Ot sTEps 1.o iI cH l-

/, OF TIi4ES }ìF]VEdSAL HI S'r SCALËD DOUN tsY X( 2)
/.TlJO lll S IOG¡iAYS¡ 24 (DLC) LOTDS EAC¡{
/3 STEPS L!]F1' BEF'O¡Ê iìEVEiISI ]JG DI;ìECTI ON
/, STEPS ¡iI GAT

/DEFAULT = I (DEC) SAMPLES I.\t EACH AUEiIAGE
/c= DM5l0:{ IJY I
/COUN I5 I N LÊ¡-'[ SCALËJI
/c0uN ts IN ,r:tGlT scAL¡_-il
/( COUNTS LEFT/COUNTS 3.I Grf 'T)

/N0,i:,fAL¡¿AfI0:,1 CONSfANT; tJEFAUt-T = tøøø(D:ËC)
/6 == GOOU DAIAi >f, == TdO i,l;\iil COU.\,,tTS
/Ø == GOOD DAt'Ai >ø == NOt LVOUGH COUNTS

I


