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ABSTRACT

A computer-bssed system has been developed to mein-
tein the laterel position of a beem of protons to
within e fraction of s millimeter. Scintillation
counters, locsted close to the beam's horizontal
waist, semple about 0.1% of each side of the beem.
Their counts asre recorded in scelers which are interr-
ogeted frequently by a PDP-9 computer. If the asym-
metry in scaeler counts indicetes the besm is outside
the software-specified limits, the computer operstes
e stepping wotor to vary the current in s stieering
magnet situeted 3 meters upstreem of the scintille-
tion counters, If the total correction becomes too

. : . .
lerge, & teletype werning is given.

This system is used in the wire chawmber spectroweter
et the Manitoba cyclotron to control the horizontsl
position of & 42 Mev ribbon besm 2 mm wide and 50 mm
high hsving en intensity up to 5 nA. Tests have shown
that this control system csn meintain the leteral po-
sition of & symmetric ribbon beam st the scintillation
counters to within * 0,015 mm, provided that the shape
of the beam does not chenge with time. The present
meesurements are not extensive enough to permit con-
clusive statements on either the swmount of inherent
beem wandering or the effects of the control system
for spectrometer runs lasting longer then & few hours.
However, during two shorter runs the beam was found to
drift 0.75 mm laterelly during a 2 hour run taken with-
out control, end to be meinteined within % 0.085 mm of
its mesn leteral position during e 3 hour run taken
with control. :
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CHAPTER I

INTRODUCTION -~ THE NEED FOR REGULATION

The subject of this thesis is the control of the lateral
éosition of a ribbon beam of protons as it passes through a wire
chamber spectrometerl’z) used to study (p,2p) 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 threefold: ona gross scale
there is a need to prevent the beam from striking components of
the beam transport system or of the scattering chamber; on a fine
scale there is a need to minimize systematic errors in thg analy-
sis of the wire chamber data; and there is a need to ensure repro-
ducibility of experiment conditions from one run to the next.
These are discussed in more detail below.

Figure 1.1 shows the beam line layout at the Manitoba
cyclotron., The scattering chamber which containé the target gas
is shown in Figure 1.2. The beam at the centre of the chamber
typically has a width of 2 mm and & height of 50-mm. The length
of the beam visible to the wire chambers is about 25 cm. This
shape of the beam results from the focusing action of the quadru-
pole doublet Q5, Q6 about 4 m upstream of the scattering chamber
center, The object for these quédrupoles is a slit located 10 m
upstream of the scattering chamber center and typically 2% mm
wide and 13 mm high. There are no other.'slits downstream of this

object sliter This minimizes the neutron and gamma ray background




Fi e 1.1

Cyclotron and beam transport layout for the 30° Left line. Pro-
tons produced by the cyclotron are focused to a horizontal waist
at the slits Sl by the quadrupole doublet Ql, Q2. The beam that
passes through these slits (typically 2.5 mm wide and 13 mm high)
is focused by Q4 and SW onto slits S2 of similar dimensions. The
energy of the beam is determined by NMR techniques from the mag-
netic flux across the poles of SW. Quadrupoles Q5 and Q6 are used
to produce the ribbon-shaped beam in the scattering chamber. SM3
is the steering magnet that is used to regulate the lateral posi-
tion of the beam inside the scattering chamber. The Faraday Cup
is used to measure beam current passing through the scattering
chamber. -
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radiation in the Spéctrometer scintillation counters and eliminates
the neutron and proton flux through the wire chambers that would
arise from slits inside the scattefingvchamber. However, thé'en-
trance port of the scattering chambér is only 181mm wide and the
exit port is only 33 mm wide. These caﬁnot-be made wider without
increasing the thickness of the Havar windows on the vacuum pipes.
Hence some method is needed to keep the beam from accidently
striking the sides of the ports while obtaining data.

To understand the need to control the beam position on a
fine scale, it is necessary to consider the means by which the
(p,2p) reaction data are gathered and analyzed.l-h)

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

(an eveﬁt) in their respective scintillation counters and the
wire chamber data sent to a PDP-9 computer. If the event data

are sufficient to define particle pathé through each hodoscope,
the computer tries to discriminate '"real" events from random
coincidences by determiriing whether or not the paths meet at a
common origin or vertex. This is done by computing the h&rizontal
and vertical coordinates of the intersection of each path with the
assumed "beam plane", i.,e, a vertical plane containing the longi-
tudinal axis of the spectrometer. If the horizontal or vertical
separation of the points of intersection exceeds the maximum
spread anticipated due to the finite angular resolution of the
spectrometer, the event 1s considered a random coincidence and is

discarded,




If the beam wanders during an experimental run a systematic
error is introduced into the .analysis which causes the loss of some
valid data. This occurs because the event origin or vertex no
longer lies on the assumed beam plane. This has no effect on the
vertical separation between the points of intersection of each
path, but strongly influences the difference in the horizontal co-
ordinates of the intersections - see Figure 1l.3. The resultant
error depends on the angle which the particle path makes with the
beam plane, but is always at least twice the beam displacement from
the assumed beam position, In the case of 12.5°-12.5° scattering
the error is 9 times as large as the displacement. For this reason
some means of maintaining the position of the beam in the'scat—
tering chamber is required to prevent the loss of valid data while
rejecting most random évents.

This system to control the lateral position of the beam was
built for a wire chamber spectrometer experiment to measure the
very smll cross section of proton-proton bremsstrahlung. To
obtain results with small statistical errors requires many cyclo=-
tron runs over an extended period of time. Reproducibility of
the beam position is necessary to ensure compatibility of the data

from different runs,



Figure 1.2

Scale drawing of the scattering chamber and wire chambers. Entering
from the left, the beam passes through two Havar foils of 6 n total
thickness plus a 2.6 cm air gap at the entrance to the scatiering
chamber which is filled with hydrogen gas. The longitudinal extent
of the beam seen by the four wire chambers is defined by two pairs
of vertical baffles., Scattering angles accepted are in the range
12.5° to 44.7°. '

Beam positioning counters located near the chamber exit are used to
sense the lateral position of the beam. Protons scattered from

a 0.15 mm thick CDp target at the upstream end of the reaction
volume and 45°-45° elastic scattering from hydrogen gas at the
downstream end were used to test the beam control system. A screen
(1ines of zinc sulfide on an aluminium plate) can be moved into the
path of the beam to examine the cross-section of the beam inside
the scattering chamber,
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Figure 1.3

Systematic vertex errors caused by beam wandering., A scattering
event (at angles 67 and 85) is shown whose origin is displaced a
lateral distance A from the spectrometer axis. This introduces

a bias of A(cot 97 4 cot 82) into the longitudinal separation be-
tween the points of intersection of the projected tracks with the
spectrometer vertical/longitudinal plane of symmetry (assuming

infinite angular resolution) and may cause the event to be rejec-
ted by the vertex analysis rcutines of the wire chamber software.
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CHAPTER II1

THE CONTROL SYSTEM

Any'beam control system may have to contend with three main types
of unwanted beam motion: (a) sideways displacements, (b) "steering"
or turning aside, and (c) pivotingfe about a beam waist - see Figure
2,1, 1In general, féur separate position sensor/control magnet sys-
tems are required to regulate the beamts position and direction of
flight both horizontally’and vertically. This thesis considers one
such sensor/magnet system for the regulation of the lateral position
of a ribbon beam in a reaction volume 20 cm long.

Near~p;rallel sideways displacements are usually a mild form
of or a2 combination of the cther two cases,
stream" (in the direction of flight of the charged particles), one
sees the control steering magnet followed by a thin solid target
followed.by the beam position sensor, then aligning the beam at the
position sensor.will improve the beam's position at the target but
will change the beam direction somewhat.

Similarly this magnet-target-sensor arrangement will reduce
beam wandering éaused by "“steering" provided there.are no beam
focusing elements between the source of the steering and the sen-
sor. When such a focusing element (quadrupole) is present (as it
is for this wire chamber spectrometer - see Figure 1.1) the
steering causes the beam to pivot about the beam waist and makes

¥pivoting about a beam waist location implies that the beam
pitches in a vertical plane or yaws in a horizontal plane.



correction much more difficult. If the waist and sensor locations
coincide, the motion is not even detected. If the waist and target
coincide, the motion is detected by a sensor downstream but the cor=-
rection makes matters worse at the tafgét position. In our exgeri-
ment the target is a 20 cm long volume ofvhydrogegkgas. As long as
the beam waist lies upstream of the reaction volume or downstream
of the sensor the lateral position control presented here does re-
duce the steering-pivot effects. This will be explained more fully
in the discussion of the test results in Chapter 6.4.

Several methods of monitoring or controlling the position of
charged particle beams are discussed in the literature. The prin-
cipal methods used to detect undesirable beam motion are sehsing
coils,s’é) split Faraday Cupé,7’8) and ion chambers.g’lo) For the-
most part these are used in closed-1dop analog systems that are in-
dependent of the main experiment. The beam sensors are usually de-

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

target at which control is desired.

The method of lateral position control presented here uses
scintillation counters to sample a fraction of each side of the rib-
bon beam inside the scattering chamber just in front of the exit
pipe. This is as close as any sensor can be placed to the reaction
volume and yet, because of the small fraction (£ 0.1%) of the beam
intercepted, it does not produce background radiation in the large
scintillation counters of the spectrometer. A digital system was
chosen partly because of the availability of some of the hardware

and partly because of the ease of incorporating the beam position



Figure 2.1

Three types of undesirable beam motion are shown by the solid arrows.
The dashed arrows show the effect of the control system,

(a)

()

The beam passes the control magnet, target and position
sensor parallel to the required axis but displaced from
it, The control system improves the position but alters
the direction,

Somewhere upstream of the control magnet the beam has
been turned away from the desired direction. Again the
control system improves the position of the beam at the
target.

A steered beam as in (b) has been turned back toward the
axis by a focusing quadrupole doublet. As the steering
changes the beam will pivot about the beam waist. If the
walst is at the sensor, this motion will not be detected.
If the waist is at the thin target as shown, the position
control will move the beam further off axis at the target.
I1f the waist is upstream of the target or downstream of
the sensor, some improvement can be achieved in the beam
position at the target,
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control into the real-time operation of the spectrometer. The re=-
sponse of the computer-oriented system is easier to modify (by soft-
ware) than the response of analog syStéms (by hardware), In normal
~operation the digital system is quite‘sénsitive yéﬁ stable, |

A block diagram of the system used here to ;ontrol the posi-
tion of the proton beam is shown in Figure 2.2. Thé a&erage beam
current was less than 5 nA in 5 nsec bursts spaced 35.1 nsec apart.
The scintillation counters were positioned so that their pulse rates
were in the range 1 -~ 3 x lO6 per nA. Thus it was expected that, on
average, each scintillator would detect one proton from at most every
second beam burst. The fast electronics were arranged so that pro-

tons detected on successive beam bursts would be counted separately.

nals "piled-up" and they were counted as one proton. As this should
happen equally often on each side no problems were anticipated.
After each event in the spectrometér was detected (approxi-
mately 50/sec), the totals of the pulses collected from each scin-
tillation counter between events were interpreted by the PDP-9 pro-
gram to determine the lateral position of the beam., If the beam at
the scintillation counters was on the vertical/longitudinal plane
of symmetry of the spectrometer, no further action was taken. If
the beam was off-axis, as indicated by an asymmetry in the counts
from the left and right scintillation counters, the program drove
a stepping motor to change the steering magnet current to bring the
beam back on-axis. A small deviation (usually 1 l%%) in the left/

right ratio of scintillation counts was permitted in the on-axis
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case to allow for statistical fluctuations of the data.

Two techniQues were used to prevent the system from oscillating
about the specified ratio. The allowed deviation, within which the
ratio of left/right scintillation counts indicated én on-axis beam, was
chosen to be greater than the expected statistical spread in the ratio
of the counts. In addition, the change iﬁ the steering magnet current
caused by one motor step was chosen to change the left/right ratio
of the count rates by iess than the deviation allowed by the pro-
gram, Even if some particular data rates or beam conditions did
lead to oscillation, the experimeter would see this from the indi-
cator lamps on the motor drive or from the computer output at the
end of a run., He could then overcome this by instructing the com-
puter to average data from successive events, to change the al-
lowed deviation of the ratio, or to look for trends in the beam
motion before taking action.

In this design two assumptions are made about the horizontal
intensity "profile" (cross-section) of the beam: (a) that it remains
constant as time passes, and (b) that it decreases monotonicaliy away
from the centroid. In practice these conditions were usually sat-
isfied. Occasionally the profile was a bit skewed but this was
compensated for in the calibration of the ratio of the count rates
as a function of lateral beam position.

One useful model for discussion ascribes to the beam a uni-
form vertical intensity profile and a Gaussian lateral intensity
profile. As shown in Appendix A this leads to the prediction that
the log (left count rate/right count rate) will be an approximately

linear function of the lateral beam displacement. -
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Figure 2.2

Block diagram of the beam position control system. Having passed
through the quadrupole doublet Q5, Q6 and the steering magnet SM3
(Figure 1.1), the beam enters the scattering chamber. Scintil-
lation counters located near the chamber exit (Figure 1.2) sample
about 0.1% of each side of the beam., Fast electronics modules
amplify, shape and pre-scale the phototube pulses for input to 18-
bit scalers on the PDP-9 comnuter. Sofftware criferia are applied
after each spectrometer event to decide if the beam position needs
to be corrected, If it does, the computer changes the steering
magnet current appropriately by stepping the helipot current con-
trol on the bipolar power supply.
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CHAPTER III

DESIGN OF THE SYSTEM COMPONENTS'

This chapter presents the desigﬁ of the scintillation counters,
the fast electronics, the PDP-9 scalers, the steering magnet drive,

and the software used with these components.

3.1 scintillation Counters

The sensors used to sample each side of the ribbon beam were
scintillation counters mide from pieces of NE 102 plastic scintil-
latorll) glued to perspex lightpipes by NE 580 optical cement.;l) The
lightpipes were mounted by means of General Electric RTV-615A potting
compound upon end-window phototubes of two-inch diameter.

The appearance of the scintillators and lightpipes to an
observer looking downstream is shown in Figure 3.1. Three separate
scintillators are use& in each counterr-to sample the beam over a
height of 38 mm to keep the pulse rate tolerably low. Fach scintil-
lator is 3.2 mm wide, 1.6 mm high and long enough (23 mm) to stop
50 Mev protons. The shape of the lightpipe is complex beqause the
2-inch diameter phototubes must sit on the chamber floor below the
beam while the scintillators must lie close to the beam yet not
obstruct protons on their way to the wire chambers, Both scintil-
lator/lightpipe assemblies were painted to keep ambient room light
out of the phototube. NE 560 diffusely reflecting paintll) was
used for the first several coats and then several coats of interior

- flat white latex paint were applied. The right-hand counter also
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had one coat of blackboard paint appiied between the NE 560 and latex
paint layers. .
RCA-66554 phototubes were used because they were available
from a previous experiment and had suiﬁébie chara@teristics: |
gain = 1.6 x 108 at 1,000 volts

anode pulse rise time = 3.1 nsec at 1,250 volts

average arode current & 0,75 mA (maximum)
The high gain was important since the light pulses would be atten-
uvated by the small, intricate lightpipes. Some of these light pulses
would already be degraded because some protons would enter a scintil-
lator obliquely and not lose their full energy in it. To be sure of
counting all intercepted protons the gain must be high enough to sat-
urate the amplifiers in the fast electronics. Fast pulse response
was neceSsary because the pulses can come as close together as 35
nsec, Since the counting rate can be as high as 15 x 10~ pulses
per second, the high anode current rating was also necessary.

The phototube base circuit is shown in Figure 3.2. Since
both counters are connected to the same power supply a distribu-
tion box is used to provide isolation between the counters and to
allow small voltage adjustments so that pulse heights from the two
counters can be approximately matched, The current in the resistor
chain was made large to provide maximum voltage stability on the
phototube dynodes. This and the requirement that the base circuit
occupy only a small volume were attained by the use of 8,200 ohm,
0.5 watt, 14 precision, depoéited-carbon resistors, In addition,

2,000 pf temperature-independent ceramic capacitors were used in
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Figure 1.1) removed. The rewovable slignment plete (dotted line)
is shown coplsner with the verticsl plene of symmetry of the »
spectrometer, The lightpipe is shsped to collect es rmuch light
from the scintilletors ss is possible without intercepting too
much of the beem.
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. Figure 3.1b

Photograph of the right scintilletion counter in position, tsken
with the top of the scettering chember removed. The right-hand
downstream ("reer") baffle is in place.
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Figure 3.2

Photomultiplier base circuit and high voltage supply. The distri-

bution box allows & single hign current, high voltage supply to be

used for both tubes. The need for a high voltage decoupling canac-
itor at the output is avoided by the use of a negative supply volt-
age on the cathode. This necessitates wrapping the mu-metal tube

shield with insulating tape but keeps the anode signal line at a
safe voltage,
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parallel with.the resistors of dynodes D9 and D10 to further smooth the
high voltage on these dynodes,

The counter positions are calibrated by holdigg an aluminium plate
‘parallel to the vertical plane of symmetry:bf'the scattering chambef.
Each movable base plate on which a phototube is npunﬁéd is then set to
the position at which the scintiliators should touch this plate and the
counters moved by hand until they do. The calibrated scale and vernier
‘thumbwheel on the base plate are then used to move the counters to the

desired separation between them,

3.2 Fast Electronics

The electronic components which amplify and shape the pulses must
be capable of high frequency operation (ﬁence nfasth® electronics). Under
typical conditions the probability of detecting a pulse from any partic-
ular beam.bufst is about 10% while the probability of detecting a pulse
from each of two successive beam bursts (35.1 nsec apart) is about 1%.

A block diagram of the fast electronics is shown in Figure 3.3.
Some of the modules were constructed in the Physics Department Electronics
Shop and some were purchased from EG&G Incorporated.lz) The pulses from
the phototube were usually shortened by a clipping-stub (66 cﬁ.of RG58U
shorted at its free end) at the input to the first amplifier. This en-
sured that the TR104S/N integral discriminator would produce only one out-
%put pulse for each input pulse, even when used at a threshold sensitivity
of 100 mV. On some occasions, satiéfactory operation was achieved without -
using the clipping-stub. The first amplifier then raised the scintilla-

tion counter pulses well above the noise caused by pickup of the cyclotron
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radio—frequency_on the 75 m coaxial cable from the Experimental Room
to the Control Room. The second amplifier compensated for attenu-
ation in this cable and raised the signals above the threshold of
the integral discriminator. Every signal that remained above the
100 mvV threshold for at least 4 nsec but no more than 28 nsec

caused the discriminator to produce one logic pulse output. Tnese
pulses were prescaled by the EG&G divide-by-eight unit, S100/N. The
output of this unit alternates between -700 mV and ground, changing
state after every fourth pulse., A pulse converter circuit, designed
and constructed in the Physics Department Electronics Shop, pro-
duced a =2,5 volt, 60 nsec pulse for input to a PDP-9 scaler every
time the output of the S100/N changed from =700 mV to grouhd° The

schematics of the pulse converters are given in &ppendix B.

3.3 PDP~9 Scalers

To count the number of scintillation pulses detected between
events in the spectrometer, two 18-bit scalers were constructed and
interfaced to the PDP-9 computer - see Appendix C. A third scaler,
built as a spare, was sometimes used to measure charge collécted in
the Faraday Cup by counting the output pulses from a charge inte-
grator, |

A block diagram of one scaler is shown in Figure 3.4. Pulses
presented to the scaler input gate are passed to the flip-flop reg-
ister if the scaler is "enabled" but are blocked if the scaler is
"disabled" or is being read into the PDP-$., Those pulses that pass
through the gate are counted by incrementing the 18-bit flip-flop

register. The three low-order flip-flops are of a high-speed series
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Figure 3'. 3

Block diagram of the fast electronics. Typical pulses observed
in the control room are also shown. Phototube pulses observed
without the clipping-stub are shown in Figure 4.l.
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the 18-bit register of flip-flops. Data gates allow in-
put pulses to be counted or the scaler contents to be read by the
computer, An overflow indicator can signal the computer when the
count capacity of the scaler is exceeded. Command signals from
the computer can turn on, read, clear, turn off, etc. each scaler
separately. Complete schematics are shown in Appendix C.
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to allow fhe scaler to accept input pulses at a rate up to 10 MHz.
At any time the program can execute a "read" command which opens a
set of 18 data gates to strobe the contents of fﬁe scaler into the
accumulator of the computer., The scaler can also be cleared tol
zero at any time by computer command., (Cne precéétion must be taken;
any command to clear or to diséble a scaler must be.foilowed by a
command to reset the overflow indicator since this could be set by
the clearing of the high-order flip-flop.) If the number of pulses
counted after one clear commnd but before the next exceeds 262,1&3,
an overflow indicator is set and the scaler requests a Program Inter-
rupt for sefviceo Separate computer commands can test the condition
of this overflow indicator and can reset it,
Several commands to a scaler are often issued together by
using the "micro-coding" feature of the PDP-9 machine language.
Thus we have the following IOT (Input/Output Transfer) commands
for the various operations: (In all of these examples the func-
tions shown in parentheses are cérried out contemporaneously but
are incidental to the main purpose of the command. This is be-
cause for each scaler three commands perform seven functions -~ a
saving on the cost of hardware necessitates increased software
complexity. ):
- to clear and enable scaler #ZL}E
IOT 5104 fclear (disable)
IOT 5102 /enable; clear overflow (read)
- to read scaler #1
IOT 5113 /clear accumulator
¥The appropriate commands for the other scalers are obtained by

replacing "51n by w521 for scaler #2, or by replacing "51" by n53n
for scaler #3.
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/block input during read (test overflow)
/read (enable; clear overflow)
- to read and clear scaler # )
I0T 5117 /cléar accurilator
/block input during fééd (test overflow)
/réad (enable; clear ovérfiow)
/clear scaler (disable)
I0T 5102 /enable (read; clear overflow)
- to read, clear and disable scaler #1
I0T 5117 /description as for IOT 5117 above
IOT 5106 /clear overflow (read; enable)
/disable scaler (clear scaler)
- to test for overflow of scaler #1
JOT 5101 /skip next instruction if the scaler
has overflowed (block input for 2
microseconds)
- to clear the overflow indicator of scaler #1
IOT 5102 /clear overflow (read; enable)

The scaler will remain enabled unless this command
is immediately followed by IOT 5104 to disable it.,

These three scalers occupy three bins in the cabinet of the
PDP-9. A connector panel is provided (see Appendix ¢) for the in-
put BNC's and for several indicator lamps. Each scaler input is
wired to two parallel BNC's; the input cable is connected to one
BNC, the other is to be terminated by a resistor equal to the char-
acteristic impedance of the cable (here 50 ohms). Standard input
pulses are -2.5 volts of width 60 nsec at repetition rates up to 10

MHz. A lamp is provided which is ON when the scaler is enabled and
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OFF when it is disabled. Another lamp indicates when the scaler
has overflowed. A switch is provided to disconnect the overflow
indicator from the Program Interrupt facility. Nine other lamps
have been wired via a patch plug to indicate the §tatus of ce?éain
scaler flip-flops so that the operation of the sc;lers may be mon-
- itored visually. The output of a B-series oscillator (2 Mhz) is -

available from another BNC for general use or scaler testing.

3.4 Steering Magnet and Power Supply

The steering magnet used (see Figure 3.5) could provide both
horizontal and vertical steering but only the horizontal steering
was utilized here. Five amperes is the maximum current which its
coils can withstand but this was found to be sufficient to steer the
beam of 42 Mev protons by i 25 mm inside the scattering chamber -
more than enough for our needs.

Direct current to the steering magnet is provided by a bi-
polar power supply designed and built in the Physics Department
Electronics Shop. The current range is i 1.5 amperes, adjustable
by means of a 10=turn potentiometer driven by a 200-step-per-turn
Slo=8yn stepping motorolB) This range of operation was chosen
qualitatively to give a change in the ratio of counts of about 1%
per motor step at typical operating conditions. The stepping
motor can be driven manually or by step commands from the PDP-9,
Limit switches are provided (set at ? 300 mA after the effect.of
the steering magnet on the beam was measured) so that the beam
camnot be steered onto the scintillation counters accidentally.

The stepping motor is of the "bifilar" type containing two
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pairs of Qindings. One member of each pair must be energized at
all times. The motor is made to move one step by switching the
current from one member of a pair to the other mémber; the next
step is obtained by similar switching for the other pair. The
direction of motion is determined by the.sequenceuin which the

‘ windings are enefgized. A paif of flip-flops in thé sﬁepping motor
drive interface (schematic in Appendix D) provide the two-on, ﬁWOev
off states for the high-current transistor "switches® connected to
the windings. The motor is made to run by changing these states

in a forward or backward sequence by two appropriate commands (pulses)
from the PDP-9. Two lamps on the scaler connector panel indicate
the direction of motion of the motor while a third lamp blinks ON

each time a step is taken.

3.5 software

The computer systen?’h) used for this beam position control
system is a PDP-9 made by the Digital Equipment Corporation. It has
a memory of 8,192 words (18-bit), a fast Extended Arithmetic Element
‘and Automatic Priority Interrupt. Two teletypes, a high speed paper
tape reader, a paper tape punch, a calligraphic display with lightpen
and a Calcomp plotter are the main input/out devices, Programs or
data can be stored and recalled from two DECtape units. A data link
to the IBM 360/65 computer at the University Computer Centre was
used to carry out further analyses or parallel processing of data.

Three major PDP-9 programs were written for this control

system, All make use of a Symbolic Assembly Language Monitor (SALMON)



Figure 3.5

Cross-sectional view of the steering magnet, looking downstream. A
soft steel collar (diagenal shading) surrcunds the beam pipe {large
circle) along a length of about 15 cm. FEach bar of the collar is
wrapped with 1000 turns of #15 round wire (e.g. small circles). For
this control system the left- and right-hand coils were connected %o
make the top and bottom steel bars act as magnetic poles whose field
B steered the beam to the left or right.
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written by Mr. D. Reimerlh> for input/output to the computer periph-
erals, Commands from the experimenter to these programs proceed via
two-character codes on the teletype'of via the accumulator switches,

The vses and features of these bfograms wi}l now be descfibed
in turn. The program listirgs are in the appendiéés as noted,

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

consists of test routines ranging from the execution of single com=
mands to fairly complex procedure simulations. For a full listing
see Appendix E.

For module-by-module checks using an oscilloscope, the pro=
gram can issue repetitively any of the 7 basic IOT (Input/Output
Transfer) commands to any scaler. Special sequences are included
to cycle the "read" and “enable/disable" components., Other tests
check for any change in the scaler contents caused by the read proc-
ess itself or for agreement between time intervals obtained from the
power line freguency and from the computer cycle time. An extensive
routine 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 is
tested by another routine which during a ten-second counting period
can read the‘scalers up to 250,000 times.

The basic motor commands are tested by dri?ing the motor at
a speed and direction determined by accumulator switch settings,
Backlash and reproducibility are checked by moving the motor a spe-
cified number of steps in a specified direction. The response char-

acteristics of the bipolar power supply are measured by stepping the
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motor a specified number of steps back and forth at a specified

rate.

(b) Beam observation program: Tais program is used either to

observe the behaviour of the bean withdﬁt'any beam.position'conﬁfol,
or to evaluate (using program (c)) the performancéxof the system
wﬁen the position control in ON. For a full listing see Appendix E

Since the accumulator switches are used to stop or hold a
run, to change data displays and to select printout options, a con-
venient teletype code is provided to have a description of the
switch functions printed on the teletype.

Observation runs comprising 1,792 timed samples of counts
from the left and right scintillation counters can be taken for run
times ranging from 0.2 seconds to over one hour, These runs can be
'taken without controlling the beam position or control may be applied
as necessary. The decision to move the motor one step or not after
each sample can be based on the ratio of counts from the left and
right scintillation counters from the present sample alone or from
an average of the most recent samples. To investigate the influence
of various cyclotron controls, the third scaler may be used to nor-
mlize the samplés to a specified amount of charge reaching the Far-
aday Cup by counting the output pulse of a charge integrator. The
tails of the beam seen by the scintillation counters may be examined
by a routine which sweeps the beam left and right at a rate specified
via the teletype and through a range controllable from the accumlator
switches.

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 the right) versus sample number. Segments of these data are
selected by teletype codes or accumulator switch settings for dis-
play on a 1024 x 1024 point screen. A lightpen is available to ex=-
amine the contents of particular channels or to integrate the counts
oﬁer some part of thé display. Usually the data from all runs are
stored on DECtape for later analysis or comparison. Specified parts
of the data, or the summary of motor steps taken in the control mode,
can be printed on the teletype. Routines are also available to form
the left/right ratio for all samples to evaluate the beam stability.
These ratios or other data may be scaled for plotting by another pro=
gram.available via the SALMON Monitor on the Calcomp plotter. In ad-
dition, runs taken with the control "enabled" have the details of the
‘motor movement coded into the lowest order bit of each data word
stored. 'This information can later be extracted and displayed or
plotted to investigate the sample-by-sample actions of the motor,

(c) On=line beam position control routines: These eleven rou-

tines are used by the beam observation program described earlier, by
programs used to check the operation of the wire chambers, and by the
programs used to take the data for the nuclear physics experiment.
The complete listing of these routines is found in'Appendix Go

The first routine is called at the start of a run to estabe
lish the initial conditions of the other routines. The next two
Menable" ("disable") the scalers at the start (end) of the run. The
fourth detects scaler "overflow" during a fun° When such are de=

tected the scalers are reset and the software logic modified to pre-
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vent analysis of the beam position data at the end of the sample in
which the "overflow" occurred.

The next routine reads the scalers into the computer when-
ever the wire chambers are sparked. If either scintillation coun-
ter produced less than 100 counts the position analysis is again
inhibited. These scaler readings can be used alone or can be aver-
aged with the previous 2, 4, 8 or 16 samples to determine the ratio
of (counts on the left) to (counts on the right). The left/right
ratio is then compared to thé acceptable upper and lower limits.

If it is outside these limits the appropriate "step left" or "step
right" routine is called to help correct the beam posiﬁion°

With these routines the stepping motor makes at most one
step per wife chamber event. During each run a record is kept of
the total number of times the motor was not stepped, was stepped
left, or was stepped right. Also recorded are the number of times
the scalers overflowed and the number of times there was iﬁsuffi—
cient data. In addition two histograms are made with the abscissa
specifying the number of steps the motor made to the left (right)
before reversing direction and the crdinate giving the number of

occurrences during the run.



CHAPTER IV

PERFORMANCE OF THE SYSTEM COMPONENTS

This chapter presents the results of tests on the components
of the beam position control system. Typical operational behaviour

is described and any special limitations are noted.

5,1 The Scintillation Counters

The right-hand scintillation counter was first exposed to the
cyclotron beam before any reflective paint'was applied to the scin-
tillators and lightpipe. The output pulses were amplified by a
factor of four and sent to the control room where their oscillo-
scope traces were photographed. The output pulses were similarly
measured after several coats of light-reflecting paint had been ap-
plied to the counter. The pulse heights from all three scintillators
on the counter were found to be nearly the same, and furthermore, were
nearly the same as the pulse height measufed prior to painting.

Ne phototube output pulses could be attributed to ambient light for
anode voltages up to 1100 volts. From this it can be concluded that
the white reflecting paint (as described in Chapter 3.1) is successful
in keeping ambient light out of the scintillation counters while not
affecting their output pulses.

Non-uniformity of the height of the phototube pulses has been
observed since the counters were completed. Pulses from the top scin-
tillators are now somewhat lower than from the middle scintillators,

which are somewhat lower than from the botiom.scintillators, This may
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be due to a combination of circumstances: ageing of the scintillators,
potting compound and phototube; degraded pulse heights due to mechanical
misalignment of the counter toward the beam; or alterations ofvthe NE
560 reflective paint by the outer‘layerS"of‘white latex paint aﬁd; for
the right counter, the one coat of blackboard_painti(not recommended
for future use) between the reflective and latex paints. Another pos-
sibility is radiation damage due to an abnormally high flux of protons
striking the scintillation counters. Such a flux could be caused by
mistuning of the beam, the use of a spot beam instead of a ribbon beam
for some measurements, and the scattering of protons from the beam by
‘a tantalum target 25 p thick used for the calibration of the 22.5 cm

15) (see Figure 1.1). Radia-

x 2.5 emx 2.5 cm scintillation counters

tion forms "colour centres" which reduce the transparency of @he scintile

lators and, more especially, &f the perspex lightpipes. It was antic-

ipated that such damage would not be significant in the first 500

hours of use of the beam positioning counters, but unusual conditions

may have shortened this time greatly. Annealing the counters at 60°

C may remove the colour centres but this has not been tried. The

pulses from all scintillators, however, remain sufficiently large

(after approximately 200 hours) to be acceptable to the fast electronics.
Typical output pulses are shown in Figure 4.1 for both low and

high count rates. These pulses were amplified by a factor of four in

the Experimental Room (without a clipping-stub) and observed across a

50 ohm terminator in the Control Room. The high-frequency ripple on

the traces is due to stray pickup of the cyclotron radio frequency.

Note that the puses immediately after the first one are larger because
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Figure L.l

Photomultiplier pulses measured across a 50 ohm terminator in the
Control Room for (a) low counting rates and (b) high counting rates.
Mia o cmbemdb a bl L2 Ll wemnT im0 wem e FINN we ) oo AT~ AT 2 e mdean cam sy e
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(see Figure 3.3 for that case) but the pulses were amplified by a
factor of four in the Experimental Room. Recent observations have
shown smaller pulses as well.
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they are "piled-up" on the tail of earlier pulses.

L.2 The Fast Electronics

It was necessary to adjust the phototube high voltage and to
use linear amplifiers in order to make the phototube pﬁlses large
enough to operate the EG&G TR104S/N discriminator/trigger module while
maintaining low average phototube currents. The 66 cm clipping-stub
at the input of the amplifier in the Experimental Room shortened the
pulses which were then individually resolved without causing unde-
sirable "extra" pulses due to multiple pulsing of the level-sensitive
trigger modules. Typical pulse traces for the fast electronics in
the Control Room were shown in Figure 3.3. |

The photomultiplier high voltage and the trigger threshold

These were obtained by using the Beam Observation Program to observe
the scintillator counts per nC of beam as the high voltage was varied
for a pafticular clipping-stub and the threshold combination. Three
criteria were applied: the voltage should be as low as possible to
keep the anode current low; the counts per nC should level off as the
voltage increases; and the ratio of the normalized counts should be
insensitive to changes in the high voltage. On the basis of these
results the normal operating conditions for a 5 nA beam through the
scattering chamber were chosen to be: trigger threshold = -100 mv,

66 cm clipping-stub at the input of the amplifier in the Experimental
Room, and phototube high voltage = =750 volts., These conditions also

provided reliable detection of protons in the beam tails without
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excessive anode current in the phototubes at a beam current of 1 nA.

L,.3 The PDP-9 Scalers

These scalers have been tested and found to have satisfacfbry
“accuracy, although some unusual characteristics were;noted.

Accuracy and reproductibility were cheéké& by allowing both
the "Left" and "Right!' scaler to count simultaneously the cycles of
~a one Megahertz sine wave from the transmitter of a nuclear magnetic

_resonance fluxmeter. For a sample time equal to 60 cycles of the
’icomputer clock (nominally one second) the two scalers agreed to with-
in 0.005% of each other. The scaler counts for a series of samples
lay within about } 0,15% of the average sample count. Much of this

»{Spread was due to fluctuations of the line frequency clock itself -
‘a later 10-second test was timed by counting the computer cycie fre-
Equency and in that test successive readings for each scaler lay with-
:in a range of one part in 106.
The use of B200 flip-flop modules fér the three low-order bits
Hallows the scalers to handle up to ten million pulses per second,
'However, if one of these modules fails, the input pulses can "feed
through" and produce scaler readings that are twice as large as they
should be. In addition, tests have shown that when the scaler con-
tents are read into the computer accumulator, the B200 flip»flops“
reset themselves to the "O" state. This can lead to errors if the
scalers are to be checked (without being cleared) while counting,
‘but caused no d%fficulty in this experiment.

One requirement is that every command to clear a scaler

“must be immediately followed (i.e. next instruction) by a command
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Figure 4.2

Determination of phototube high voltage and clipping-stub requirements.,
Four combinations were tried for the setting of the trigger threshold
(=100 and =200 mV) and the location of the 46 cm long clipping-stub
“(at the input of the amplifier in the Contrcl Room and in the Experi-
mental Room). The results shown here were obtained when the clipping-
stub was at the input of the amplifier in the Experimental Room. The
phototube high voltage was increased manually by 10 volts after each

4 nC of charge reached the Faraday Cup. The beam current was 5 nA and
the scintillator separation 12 mm,

Plots (a) and (b) show the normalized counts (arbitrary units) from the
left and right counters as a function of high voltage in the range 500
to 1000 volts. The thin line is for a threshold of -1C0 mv, the thick
line for -200 mV, '

Plots (c¢) and (d) show the ratios of the normalized counts as a funce
tion of high voltage in the range 500 to 1000 volts.,

The most satisfactory combination was found to be: high voltage = =750
volts, trigger threshold = -100 mV, and clipping-stub in the Experi-
mental Room.
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igure 4.3

Steering magnet current (o) and "sensing" voltage (x) as a function
of steps of the stepping motor. A 0.25 ohm sensing resistor in
series with the steering magnet provides the voltage for the power
supply feedback control and for the current-indicating meter, The
zero~-crossing distortion of the power supply is quite apparent ‘in
this calibration.
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to reset the scalerts "overflow" indicator., Otherwise, whenever a
scaler contained more than 131,071 counts, the clearing of the high-
est-order bit would set the overflow indicator and falsify the scaler

data.

L. The Steering Magnet Power Supply

The maximum stepping speed of the motor which adjusts the ste-
ering magnet current was found to be about 350 steps pér second,
This rate is 3 to 5 times the maximum average event rate expected.

The output characteristics of the bipolar power supply are
shown in Figure 4.3. Some non-linearity at the zero-crossing point -
is evident. In normal use the current was in the range j 300 mA
where the current changed about 1 mi per motor step. The movement
of the beam inside the scattering chamber was observed on a zinc
sulfide screen. FEach motor step moved the beam by 5 x 1073 mm,
Usually this rate ofAchange altered the ratio of scintillator counts
by more than the statistical uncertainty in the ratio, but by less
than the deviation allowed by the control program. However, if the
desired ratio required near-zero current in the steering magnet, the
supply sometimes exhibited "zero-crossing" distortion sufficient to
cause the system to oscillate. The resulting perturbation of the
beam was small and it was not worth trying to cure this occasional

misbehaviour.



CHAPTER V

OBSERVED BEHAVIOUR OF THE BEAM WITH NO CONTROL APPLIED -

This chapter presents the properties of the proton beam in the
scattering chamber and the effects of the beam transport components on

the ratio of the count rates from the scintillation counters.

5.1 Horizontal Intensity Profile

Most charged-particle beams are symmetric about a central peak
which slopes off into "tails" on either side. 1In this experiment
-gymmetry was achieved by taking care that the beam transport components
affect each side of the beam in a similar fashion. For the Havar foils
at the scattering chamber entrance, this impartiality is implicit,

Fér the quadrupole lenses (especially Q5 and Q6), the tuning of the
transport system was adjusted so that the beam was on the optic axis,
The tuning was normally adjusted such that the left and right halves of
slit Sl (see Figure 1.1) intercepted equal amounts of the cyclotron
beam and such that the left and right halves of slit $2 were illumi-
nated evenly by one momentum component of the beam.

(a) Profile measured at the upstream end of the reaction volume:

The lateral profile of the beam in the scattering chamber was examined
by counting protons scattered from a vertical stainless steel wire as
it was passed through the beam. For each position of the probe the
number of detected protons was normalized to a fixed amount of charge
reaching the faraday Cup. The amount of the beam intercepted or scat-

tered by the wire was never more than about 15 percent. No correction
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was made for this but its influence on the resulting profile was rela-
tively small and, therefore, unimportant for these measurements.

The results of a measurement in hydrogen gas at 8.9 cm upstream
of the centre of the scattering chamber are shown in Figure 5.1; ‘The
background counts on either side of the main profii; can be attributed
to several causes. The anomalous rise on the right-hand side was
caused by experimental conditions - the aluminum bracket which supported
the stainless steel wire began to move into the beam as the wire was
moving out. The dashed extension to the curve shows the profile without
this anomalous rise (assuming left-right symmetry). The background on
.the left-hand side was due partly to single scattering at 30° from the
hydrogen gas in the scattering chamber. There also seems to be a small,
broad (perhaps symmetric) rise residing under the main peak.

On other occasions beam profiles were obtained in vacuum, hydrogen,
helium, or air. The tuning of the cyclotron and the beam transport system
can have a large effect on the beam profile. Nonetheless, the profiles
in vacuum were generally the most narrow and stood out furthest from the
background. Almost all measured profiles appeared as in Figure 5.1
although some were a bit skewed because of poor beam tuning or beam move-—
ment during the measurement.

(b) Profile inferred at the scintillation counters: Although a

knowledge of the lateral beam profile at the scintillation counters is
vefy desirable, it was not feasible to actually measure the profile
there. However, a rough estimate of this profile was made on the basis
of two fairly reasonable assumptions, First, that the "shape" of the

profile was the same as in Figure 5.1, only the lateral scale changed.
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Second, tha£ the beam was 1.25 mm wide (FWHM) at the wire probe, narrowed
to zero width at the chamber screen (see Figure 1.2), and then broadened
as it approached the beam positioning counters. iﬁis implies that the
beam divergence was 11.5 mrad, which is in good agreement with thé
crudely measured value of 10 1 5 mrad, Simple geoﬁétric projection
(neglecting scattering by the hydrogen gas) indicateé that a 3.8 mm
wide slice of the beam (at the wire probe) broadened to span the 12.7

mm separation between the beam positioning counters. This is the

basis of the scale at the top of Figure 5.1 showing the inferred beam
profile ét the scintillation counters. The cross-hatched areas on
.Figure 5.1 indicate the portions of the inferred profile intercepted

by the counters. These areas each correspond to 0,004 of the total

beam, in good agreement with the measured fraction, 0.005.

5.2 Influence of the Steering Magnet

In addition to the beam profile shown in Figure 5.1, two others
were measured. To obtain them, the stepéing motor was moved 200 steps,
first to one side of its initial setting, and then the other, At the
time of these measurements each motor step changed the current through
the steering magnet by 1.4 mA. Thus the measured beam cent?oid movement,
7.5 x 10"3 mm per motor step, corresponded to 5 mm (i 15%) per ampere of
current in the steering magnet. This is in good agreement with the
earlier result of Chapter 4.4 (obtained by observing the deflection of

the beam on the screen inside the scattering chamber).

5.3 The Beam Tails as seen by the Scintillation Counters

The pulses produced by the scintillation counters come from

protons intercepted from the edges of the beam. The behaviour of the
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Figure 5.1

Horizontal intensity profile of a 43 Mev beam in the scattering cham-
ber. The horizontal width of the $2 slits was 2.5 mm and Qb6 was ad-
Jjusted to minimize the beam width on a zinc sulfide-coated screen 3.4
cm upstream of the centre of the scattering chamber (Figures 1.1, 1.2).

A 0.88 mm diameter stainless steel wire was mounted vertically on the
.motor-driven support for the screen inside the scattering chamber.
When the support was moved, the wire passed through the beam at a
point €.9 cm upstream of the centre of the scattering chamber. To
obtain the data shown on the curves, the wire was positioned laterally
(bottom scale) at intervals of 0.5 mm and, while 8 nC of charge was
being cecllected by the Faraday Cup, the protons scatbtered into & 3 cm
X 3 cm area of the spectrometer's right scintillation counter were
counted.,

At the wire probe the beam had a Full-fidth-at-Half-the-Maximum-height
(FWHM) of 1.25 mm. On the right side of .the curve is an extension
(dashed line) showing the beam tail expected on the basis of left-
right symmetry. The top scale of the graph is for the inferred pro-
file of the beam (FWHM = 4.1 mm) at the beam positioning counters,

The portion of the inferred prefile that is sampled by them is indi-
cated by the cross-hatching.
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ratio of these pulse rates as the beam was moved laterally is shown
in Pigure 5.2, These data were obtained by sweeping the beam back
and forth (by stepping the helipot of the power supply 30 times per
second) while recording the pulses from each scintillation counter,
For the typical beam sweep shown, the ratio (in the region of 1.00)
changed by about 1% for each motor step. This figure also shows some
crossover distortion in the bipolar power supply in the region of
zero current. A slight hysteresis effect in the magnet response near
zero current may be indicated by the small difference (1 a few percent)
in the count rate ratio corresponding to the ﬁwo occurrences of zero-
crossing distortion shown.,

An analysis of the expected behaviour of the scintillator count
rates as the beam is moved laterally is presented in Appendix A on the
assumption that the horizontal intensity profile is Gaussian. Using
the known counter separation of‘12.7 mn and the inferred FWHM of 4.1
mm (from Figure 5.1), this analysis predicts (see Figure A.2) that the
log of the count rate ratio should be a linear function of the beam
displacement, with an expected élope of 3.4 mm L.

The relation shown in Figure 5.2 is approximately linear but
the measured slope is 1.9 mm-l. The corresponding plots of log (count
rate) versus beam displacement were examined and found to have a some-
what positive second derivative rather than the slightly negative one
predicted by Figure A.l. This suggests that part of the background
near the beam profile (see Figure 5.1) may be due to a much smaller,
broader, symmetric distribution (which mey be approximately Gaussian)s

The source of this smaller distribution might be scattering of the beam
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from the Ha&ar entrance folls or from the hydrogen in the scattering
chamber.

Since the scintillation counters would seeqa mixture of these
two distributions, the FWHM of thé beam could not accurately predict
the slope of the curve in Figure 5.2. Indeed,rthevgresence of a
small. background distribution forces the measured slépe'to be lower
than would be the case if only the main profile were present, i.e.
when the beam is displaced to the left, the right counter intercepts
more protons from the background than from the main profile, thus
lowering the left/right ratio of counts. When the beam is to the
.right, the left counter intercepts more protons from the background
than from the main profile and causes the ratio to be higher than it
would be if only the main profile were present. These effects are likely
sufficient to account for the difference between the expected and the
meésured slopes.,

The desired ratio of the count rates for normal operation (dis-
cussed in detail in Chapter 6) was usually in the range 0.5 to 2, The
influence of the background distribution on the ratio would be negli-

gible under these conditions.

5.4 Spontaneous Instabilities in the Ratio of Count Rates

The stability of the beam inside the scattering chamber de-
pends upon the stable operaticn of the cyclotron ion source, magnet
and radio frequency voltage, as well as all of the focusing and
bending magnets of the beam transport. Any variation of these para-

meters can cause shifts in the beam position which will produce changes

in the ratio of count rates. Figure 5.3 shows an observation of such



Figure 5.2

Variations of the ratio of counts from the left and right scintil-
lation counters caused by sweeping the beam from side to side by step=
ping the steering magnet current. The current in SM3 was set to give
equal count rates in both scintillation counters and then the motor

was moved 210 steps to left (L/R > 1). Next, the motor was stepped

to the right at 30 steps per second while the PDP-9 recorded the counts
accumulated between steps. After 420 steps (L/R now < 1) the stepping
direction was reversed and another 420 steps taken as before., The
points were obtained in the order indicated by the arrows.
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Figure 5.3

An observation of the instability of the ratioc of counts from the
scintillation counters over a period of 60 seconds. The Beam QOb-
servation Program was used to record the accumulated counts from
the scintillation counters every 0.1 second. Control was not ap-
plied to the lateral position of the beam during these observations.,

(a) ratio = counts from left counter/counts from right counter

(b) counts per O.1 second from the right counter and from the
left counter.
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épontaneous changes as found by the Beam Observation Program operated
with no position control applied to the beam. The rapid fluctuations
(typically f %%) caused by the statistical nature of the observations
of the count rates is evident. The maximum excursions of the ratio
during this run were about i 15% which corresponds to a beam wandering
(at the scintillation counters) of about 3 0.1 mm during the observa-
tion period of 60 seconds. Over longer periods of time and for less

well behaved beam tuning conditions the excursions of the beam position

were larger than this.,

5.5 Effects of the Cyclotron and Beam Transport Components

Detailed observations were made of the influence of some of the
cyclotron and beam transport components on the beam in the écattering
chamber. The effects of changes in the components were measured vy
observing the nermalized scintillation count rates as some parameter
was systematically varied or by comparing beam profiles or tail sweeps
for several values of a particular parameter.

(a) Havar entrance foils: The influence of these foils (tctal

thickness 6 n) was studied by placing an extra 6 p foil between them.
The normalized count rates in the scintillation counters doubled.
However, the graphs showing the logarithms of the ratios of the count
rates for side-to-side sweeps of the beam with the extra foil in place
and with it removed were found to have the same slope (within the sta-
tistical errors)., This suggests that the shape of the beam pfofilé
in the region sampled by the scintillation counters did not change,
but that the density of the beam in this region was proportional to

the thickness of the Havar entrance foils.
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(b) Quadrupole Qb: This quadrupole focuses the beam to pro&ﬁce
a horizontal waist in the vicinity of the scattering chamber., A
change in the current through Q6 moves the waist position upstream or
downstream., The corresponding change in the normalized count réfe is
shown in Figure 5.4a., For the 43 Mev beam used, an& a certain partic-
ular setting of quadrupole Q5, the beam wi&th was a minimum on the
screen in the scattering chamber when the Q6 dial was set to 324. How=-
ever, the minimum count rate in the scintillation counters was obtained
when the waist was moved downstream by reducing the Q6 setting to 314.
This Figure also shows evidence of beam "steering", i.e. the vertical
plane of symmetry of the beam did not lie along the locus of the beam
Qaists. This is shown by the decrease in the (left/right) ratio as the
waist was moved downstream, i.e. the beam approached the vertical plane
of symmetry of the spectrometer from the right - see Figure 5.4b,
Unexpected results were obtained when a side-to-side sweep of
the beam was observed with the Q6 control'set at 314 and again at 324,
Tne left and right scintillator count rates were lower at Q6 = 314 (as
expected), but the slope of the graph of the logarithms of the ratios
was smaller as well. This does not agree with the hypothesis that
the beam at the scintillation counters is narrower when Qb = 3143
hence (by Figure A.2) the slope of log (L/R) should be greater for Qb
= 314, The most likely explanation is that when Q6 = 314 the beam pro-
file at the scintillation counters is similar to the measured profile
(at the wire probe) in Figure 5.1. This means that the lateral posi-
tion of the counters is well out on the smaller, broader background

_distribution,
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Figure 5.4

Effect of Q6 current on the normalized count rates from the scintil-
lation counters.,

(a) A Qb6 dial setting of 324 minimized the width of the rib-
bon beam on the screen 3.4 cm upstream of the centre of
the scattering chamber. The scintillator count rate was
minimized for Q6 = 31l

(b)- The horizontal beam waist moves downstream as the Q6 set-
ting is reduced. The fact that this led to a greater num-
ber of counts per nC from the right-hand counter than from
the left-hand counter indicates that the beam in the scat-
tering chamber was approaching the locus of the beam waists
from the right (shown exaggerated for clarity).
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(c) Horizontal slits: The influence of the S1 H (Horizontal)

and S2 H slits upon the beam in the scattering chamber was found to
be less reproducible than that of the Havar foiié. We might expect
the S1 H slits to affect only the beam ;"intensity but not its diétri-»
bution while the §2 H slits should influence bothwéince these slits
are the "line object" for the Q5, Q6 quadrupole doﬁbleﬁ, However,
the nature and extent of these influences seem to be inter-related
and affected by the beam tuning as well.,

When the beam was well tuned, the beam current through the scat-
tering chamber was proportional to the width (Qpening) of the slits,

The effect of the width of the $2 H slits on the FWHM of the
beam profile in hydrogen gas is shown in Figure 5.5a, The relation-
ship was approximately linear but the curve may have levelled off for
S2H < 5mm. In any event, there was a non-zero minimum for the at-
tainable FiHM inside the scattering chamber, This is partly a prop-
erty of all charged particle beams (point focus not attainable iﬁ
practice) and partly due to additional multiple scattering of the beam
by our Havar entrance foils, When the width of the $2 H slits was
2.5 mm, the FWHY of the profile as given by Figure 5.5a was 2,25 mm,
which differs from the 1.25 mm given by Figure 5.1. This may have
been due to different tuning conditions of the cyclotron beam for
these two measurements, or it could have been caused by the wire
probets being non-parallel to the plane of symmetry of the ribbon
beam during the measurement shown in Figure 5.5a,

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

showed that variations of the S1 H width over the range 2,5 mm to 7.5
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mm had no effect on the FWHM of the lateral beam profile inside the
scattering chamber,

The effect of the width of the S2 H slits on the normalized
count rates in the scintillation bountéré is shown:in Figure 5.5b,
The count rates increased approximately linearly aéathe 52 H slits
were opened from O.5 mm to 8.5 mm, For this measurement Q6 was ad-
justed fer minimum beam width on the screen inside the scattering
chamber. The scintillation counters were 10.7 mm apart and each
sampled a slice of the beam tail which contained 0.3% of the beam
current.,

Measurements of the scintillation counter pulse rates were
obtained as the beam was swept side~to-side with the S1 H slits
open about 3 mm and the S2 H slits open 1.25, 2.5 and 5.1 mm. There
were no significant differences among the slopes of the graphs of tﬁe
"log (left counts/right counts) versus motor steps", This suggests
that for small openings (£ 5 mm) of the S2 H slits, the inferred
width of the beam at the position of the scintillation counters is,
to first order, independent of the width of the $2 H slits,

(d) Cyclotron stripping foil and magnet: It was found that
4

© made the beam non-

changes in the angle of the stripping foil of %
parallel to the longitudinal/vertical plane of symmetry of the spectrom-
eter, i.e. the beam was steered and pivoted as in Figure 2.lc. This
behaviour was used in tests of the system performance. These will be
described in Chapter VI.

The tuning of the cyclotron magnet strongly affects the quan-

tity and quality of the beam in the scattering chamber. One measure-
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Figure 5.5

Effect of the horizontal width of the S2 H slits on the beam in the
scattering chamber.

(a)

(b)

Iateral beam profiles were measured by the method de-
scribed for figure 5,1, ‘The FWHM of these profiles is

"shown as a function of the width of the $2 H slits (the

Sl H slits were kept 2.5 mm wide). For $2 H < 5 mm it
is not certain whether the linear drop continued or wheth-
er the FWHM levelled off at about 2.2 mm (dashed line).

The normalized count rates from the scintillation counters
are shown as a function of S2 H while the 31 H slits were
kept 2.5 mm wide., These measurements were taken 22 months
after (a).
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Figure 5.6

Effect of the cyclotron magnet current on the scintillation counter
pulse rates,

(2) The counts from the left and right scintillation counters
as a2 function of time are shown. The cyclotron magnet
current was manually varied (non-uniformly) during the
run (34 seconds long) from which these data (covering 10
Becondi) are taken. The variation covered a range of
about - 200 mA around the optimum current. The curves
from the two counters are shown vertically displaced for
clarity,

(b) The ratio of the left counts/right counts from (a).

(¢) The steps taken by the motor on the bipolar power supply.
The control system was OFF for the first 4 seconds, then
ON for the next 6 seconds. At the end of the run the
motor was 12 steps to the left of its initial position,
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ment of this is given in Figure 5,6. It shows the variation of the
scintillation counter pulse rates during a 10-second interval as the
current in the cyclotron magnet was manually varied (non-uniformly)
over a range of about 200 mA.(i 0.01%) around the optimum current.
Initially the beam position control system was OFF and the
ratio of the count rates from the left and right scintillation coun-
ters was seen to vary within the range of 0,93 to 1.03 even though the
actual count rates did not change much (magnet current near resonance).,
Then, during the time that the beam position control was ON, the scin-
tillation counter rates changed markedly (magnet current off resonance),
but the control system maintained the beam position such that the ratio
of the count rates'generally stayed within 3 0,02 of the desired value.
At the end of this observation the stepping motor on the bipolar power
supply was 12 steps to the left of where it started. This corresponds

to a correction of the beam position of about 0,1 mm.



CHAPTER VI

PERFORMANCE OF THE CONTROL SYSTEM

This chapter presents the calibration of the position of the
proton beam as a function of the specified ratio of counts from the
scintillation counters. The influence of software parameters and the
stability of the beam under computer control are discussed. An ex-
ample i§ given to show the stability of the beam over a period of a

few hours,

6.1 Calibration of the Ratio Parameter

Ideally the vertical/longitudinal plane of symmetry of the
spectrometer coincides with that of the scattering chamber and the
beam sensing scintillation counters lie equidistant on either side
of it. 1In practice it is not pdssible to position the scintillation
counters (with respect to the scattering chamber) such that this
desired alignment is assured. The best procedure, therefore, is
first to mechanically position the‘bounters as well as possible,
and then to calibrate the ratio parameter by measuring the position
of the beam corresponding to various count rate ratios.

A piece of Dy-enriched polyethylene (35 mm x 50 mm x 0.15 mm)
was placed in the scattering chamber (see Figure 1.2) to intercept
the ribbon beam in order to generate events which trigger the‘wire
chamber spectrometer. 4 brass plate with a 2.5 cm diameter hole in it
was placed in the middle of the face of each of the 22.5 cm x 22,5 cm x

2.5 cm scintillation counters., Thus, all protons which scattered from the
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target and triggered the wire chambers had scattering angles equal to
28° f 1°, A PDP-9 program incorporating the "On-Line Control Rou-
tines" was used to examine the relatibn”between the beam's position
and the ratio of the pulse rates from ﬁﬁé left andfgight scintillation
counters, This programg) performed the vertéxﬁanalysis of the par-
ticle tracks and accumulated a histogram of the longitudinal disﬁance
(Z-error) between the points of interception of each track with the
assumed beam plane, The lateral position of the centroid of the beam

-was derived from the measured centroid of the Z-error histogram by a

method analogous to Figure 1.3, i.e.
beam centroid = (Z-error centroid)/(cot 8y + cot 65)

where 01 and 92 are the scattering angles from the target to the
holes in the brass plates over the spectrometer scintillation coun-
ters. In this case both ©; and O are equal to 28 degrees.

Examples of the Z-error histograms for several pulse rate ratios
are shown in Figure 6.la, The width of these curves was not partic-
ularly affected by the changes in ratio but the location of the cen-
troid clearly was affected. When the geometric corrections were made,
the (position) vs (log ratio) relation predicted by Figure A2,b was
found experimentally - see Figure 6.lb. These results show that the
beam centroid (at 9.2 cm upstream of the centre of the scattering
chamber) was on the vertical/longitudinal plane of symmetry of the
spectrometer when the ratio of the count rates from the left and

right scintillation counters was equal to 1.6.
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The success of the beam position control system in maintaining
the specified ratio of count rates from the two scintillation counters
was evaluated by observing the scintillation counter rates (for up to
5 minutesj with the control system OFF for a part of the time,

Qbservations of the short~term stability of the ratio of
counter rates were made at 6 and at 20 samples per second ~ see
Figure 6,2, The scintillation counters at that time were 1/ mm épart
and giving about 1.2 x 106 pulses per second, Thus, the expected
" statistical spreads in the ratios of the count rates were 4 0.2 and
i 0.4 percent, respectively, The Beam Observation Program allowed the
ratio to vary within limits of i 0,75 percent without taking corrective
action,

For each of these runs, Figure 6,2 shows the ratio of the count
rates from the left and right séintillation counters as well as a re=
cord of the steps made by the motor to alter the SM3 current, In all
cases the measured ratio was closer to the specified ratio (= 1,0)
while the control system was ONAand wandered much more while the con-
trol system was OFF, The observed spread in the ratio was larger and
the motor made more steps during the run having the higher number of
samples per second,

An example of how the beam position ccntrol system maintained
the ratio of the count rates from the scintillation counters while
the main magnét eurrent was changed has already been given in Figure

5.8,
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Figure 6.1

Determination of the relation between the lateral position of the
. beam and the ratio of the count rates from the left and right scin-
tillation counters,

(a) Histograms of the Z vertex error (defined in Figure 1.3)
for several ratios of the count rates specified in the
beam position control routines in the vertex analysis
program., The dashed lines show typical limits of accept-
ability applied by the vertex analysis and particle kine=-
matics programs. Vertices to the left (right) of the
beam plane have a positive (negative) error.

(b) Each point gives the lateral position of the centroid of
the Z-error histogram from a CD, target (9.2 cm upstream
of the centre of the scattering chamber) for one of sev-
eral count rate ratios. The solid line is a visual fit
to these points. The dashed line is the lateral position
of the beam centroid as a function of the ratio of the
count rates, derived geometrically by a method analogous
to Figure 1.3.
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Figure 6.2

Observation of the ratio of count rates and the steps of the SM3
current at two sampling rates. The scintillation counters were

14 mm apart and producing about 1.2 x 10° pulses per second each.
£

{a) samples per second

(b) 20 samples per second.
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6.3 Influence of Software Parameters

The most important parameters to be specified to the "On-line
Beam Position Control Routines'" are the desired ratio of the count
rates and the allowable limits on that ratio (within which no cor=-
rective action will be required). The method of choosing the proper
ratio was discussed in the previous section, while the choice of the
limits depends primarily on the statistical spread expected in the
data.

Figure 6.3 shows the results of measurements to test the re-
sponse of the coﬁtrol system to the statistical spread in the data.
In part (a) observations were taken for several different limit spec-
ifications while the beam position was being controlled. The sample
rate was 60 per second and the scintillation counter pulse rate was
lO6 per second, therefore, the statistical spread in the data was

3 0.75%. As expected, the motof made the fewest steps when the limits
were large. When they were comparable to the statistical spread in
the data, the motor was in almost constant motion.  In fact, when the
limits were 1 0.75%, the short £erm response appeared to be an oscil-
lation of about j 2 steps, This may have been caused by a slow re-
sponse time for SM3, or sluggishness on the part of the bipolar power
supply near zero current; in any case such harrow limits are never
used in practice.

Measurements were made at 30 samples per second to show the
effect of the limits of the ratio on the "motor step histogramst,
These histograms, accumulated over the length of an observation run,

show the number of times the motor made 1, 2, 3, .... steps to the



left (right) befére a step was made in the other direction. Figure
6.,3b shows the average of the left and right histograms for 1, 2, 3
and 4 unidirectional steps as a funcpion of the i percentage limits
on the ratio. At the lower percentage limits the number of occur-
rences of 3 or /4 unidirectional steps becomes greater.: This was com-
mented on above for the motor step record of the 2 0.75% limits case.

Two options are available in the “On-Line Beam Position Control
Routines" to modify the response of the control system. These are
ndata averaging" and "trend analysis", In the first, the decision to
step the motor is based on the ratio of the average of the data from
the latest 2, 4, 8 or 16 samples. In the second, the trend of the
data is utilized by requiring that the left (right) iimit on the ratic
be exceeded for n = 2, 3, ... consecutive samples before one corrective
motor step is made,

The data averaging Option-reduces the number of steps made by
the motor but, because of the time lag introduced by using old data,
caﬁ introduce émall oscillations into the ratio of the count rates
if more than 2 or 4 samples are averaged. The trend analysis tech-
nique can reduce the number of motor steps by up to 25% even when
n = 2, In one test at 60 samples per second with n = 2 the ratio
of count rates was maintained with no oscillations introduced and

without noticeably -increasing the statistical spread in the data.

6.4, Tests of the Beam Position Control System

The ability of the control system to regulate the lateral posi-
tion of the beam in the scattering chamber was tested by changing the

azimuthal angle of the cyclotron stripping foil by 3 £° from the opti-
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Figure 6.3

Influence of the ratio limits on the stepping motor movements.,
Tests were run for several values of the allowed "no ,correctiont
limits. The scintillation counter pulse rate was 10 per sec-
ond.

(a) The position of the stepping motor is indicated for 60
iample pex second rups with the ratio limits set at

0.75%, = l 5% and - 3.0%.

(b) Runs of 208, samples were taken at 30 samples per second
for several percentage limits on the ratio of scintil-
lation counter pulse rates. Records were kept of the

number of times the motor mace 1, 2, 3 or L steps to the
left (right) before a step was made in the opposite direc-
tion. The left and right data were averaged and shown
here as a function of the percentage limits on the ratio.



- Aman

Am e

OCCURRENCES

- 83 -

T 1 T T i T | T
0 2 4 6 8 10
TTUR {arn)
L85 \SaYy
(b)
. STEPS BEFORE REVERSAL
2004+ N0 o 1
. /ﬂ e .
%) ¥ g © X 2
= ] \X\\ % 3
: : L
2 1004+ \\\x o
w ,
& 1 X\&\ AN %
04 Te—ee %\me.\;\\ o
1 1] 1} 1 ]
0 1 2 3 4 >

RATIO LIMITS ( * %)



-8 -

‘mm (at least 5 times as large as the error that might occur in nor-
mal tuning). This caused the beam to "steer" in the scattering
chamber, i.e. to pivot laterally about the beam waist. Such a mo-
tion is the most difficult to compensate for with only one steering
magnet (SM3) - to do the job completely requires two pairs of scin-
tillation counters (one at the entrance and one at the exit of the
scattering chamber) plus two separate steering magnets to keep the
beam on-axis., |

Three locations of the beam waist were tried: upstream of,
inside of, and downstream of the reaction volume from which protons
are scattered through the wire chamber hodoscopes. The kinematics:
programg) was used to determine directly the lateral position (la-
belled "A" in Figure 1.3) of the vertices of spectrometer events
arising from protons scattered from the CD, target (upstream end
of the reaction volume) and from the hydrogen target gas (down-
stream end of the reaction volume) - see Figure 1.2. Figure 6.4
shows an example of the histograms that were used to determine the
lateral position of the centroid of the beam at these two points
(and hence the path of the beam through the scattering chamber)

for various run conditions,

For each location of the beam waist, the path of the beam

was found for these 5 cases:

Stripping Foil Angle SM3 Current Position Control
(1) for good tuning for ratio = 1 yes
(2) decreased from (1) as for (1) no
(3) decreased from (1) for ratio = 3 yes
(L) dincreased from (1) as for (3) no

(5) 4increased from (1) for ratio = 1 yes
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The results of these tests are shown in Figure 6.5, For all
locations of the beam waist the lateral position of the beam cen-
troid in the vicinity of the scintillation counters was maintained
(when controlled) to within i 0.2 mm., When the beam waist was inside
the reaction volume this contrcl system could not overcome the ste-
ering of the beam caused by the large changes in the stripping foil
angle - in fact the displacement of the beam was made worse. How-
ever, when the beam waist was upstream or downstream of the reaction
volume, the displacement of the beam at the centre of the scattering
chamber was reduced by at least half by the operation of the control
system. The lateral position of the beam (at the centre of the scat-
tering chamber) was maintained within about i 0.6 mm of the "good

tuning" case even under these extremely mistuned conditions.,

6.5 Long~term Performance

Spectrometer data from a 2.0 hour long proton-proton bfems—
strahluné run (carried out in May 1970 without using the beam posi=-
tion control system) was analyzed to show drifts in the position of
the centroid of the beam at the downsitream end (p-p elastic position)
of the reaction volume. The 49,452 events were divided into ten
groups and a histogram made for each group showing the number of real
elastic events having particular lateral positions. The centroid of
each of these histograms was found and plotted in Figure 6.6 to show
the variations of the lateral position of the beam. With no control
applied, the beam position was found to vary over a range of 0,75 mm

during the run,
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Figure 6.4

Histograms of the lateral position of the vertices of real Spece
trometer events coming from d(p, 2p)n reactions induced in a CD
target and from elastic scattering off the hydrogen gas in the
scattering chamber. These data belong to case (b.2) of Figure
6.5. The centroids were determined from the weighted arithmetic
means of the data. '

(2) from the CDp target 9.15 cm upstream of the centre of
the scattering chamber. : :

(b) from p-p elastic scattering from 9.9 cm downstream of
the centre of the scattering chanber,

The lateral position of the events are shown relative to the
vertical/longitudinal plane of symmetry of the spectrometer, not
relative to the position at which the ratio of the count rates is
equal to one, The FWHM's of these histograms are larger than the
FWHM's of the beam profiles taken with a wire probe because the

angular resolution of the wire chambers is not low enough to reselve

the beam width,
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Figure 6.5

Tests of the control system: correction of beam wandering caused by
severe mistuning of the cyclotron. For each test the path of the
beam was found from the lateral position of the beam centroid at the
CDp and p-p elastic targets (see Figure 1.2). The test conditions
were: (1) good tuning for scintillallon counter pulse rate ratio = 1;
(2) too small a stripping foil angle in the cyclotron with beam posi-
tion control OFF; (3) control ON; (4) too large an angle, control
OFF; (5) control ON. :

The paths of the beam for each test are shown for:

(a) Q6 = 315. The beam waist was about 25 cm upstream of
its location during test (b).

(b) Q6 = 307. The beam waist was inside the reaction volume.

(¢) Q6 = 300, The beam waist was about 20 cm downstream of
its location during test (b).

The error bars (typical) on the points for test (b.2) were obtained
from Figure 6.4.
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Figure 6.6

Variation of the beam centroid during experimental runs with and }
without control. The data from two runs of the wire chamber spec-
trometer were each split into sequential groups of 5000 events.

For each group a histogram similar to that of Figure 6.4 was made
of the lateral distribution of the vertices of the real p-p elastic
events. The centroid of each of these distributions was found and
& plot made of the location of the centroid throughout the run,

The statistical uncertainty in the position of each centroid is
smaller than the plotted symbol. The lines joining the data points
have no physical significance but merely serve to guide the eye,
The range over which the lateral position varied during each run

is shown on the right-hand side,

(a) without control.,
(b) with control. The dashed line indicates that the beam

was being moved from its initial to its controlled posi-
tion while the first 2500 events were collected.
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A similar 3.0 hour long run with 42,946 events was taken at

another time with control applied. Neglecting the first 2500 events

(during which the control system was moving the beam to the specified
ratic), the beam position was found to have an rms deviation of only

¥ 0,085 um from the meen position during the runs



CHAPTER VII

CONCLUSIONS AND SUGGESTIONS

7.1 Conclusions

This thesis has considered a computer-based system for the
control of the lateral position of a ribbon beam of protons. Scin-
tillation counters were developed which sampled each side of the
beam to detect unwanted lateral motion. Computer interfaces were
designed to count the scintillation counter pulses and to change
the current through a beam steering magnet, Computer programs were
developed to test the interfaces, to make observations of the scin;
tillation counter pulse rates, and to regulate the ratio of the
pulse rates from the two counters.

This control system can maintain the lateral position of a
symmetric ribbon beam at the scintillation counters to within j 0.015
mm, provided that the beam shape does not change with time. This is
also true of a slightly asymmetric beam (shape independent of time)
if a ratio calibration run was taken first. If the shape of the
beam is time dependent, the centroid of the beam could shift with-
out affecting the beam tails proportionately. It was qualitatively
estimated that, even in the "worst case™, such undetected wagdering
of the beam at the scintillation counters would not exceed j % to 1
mm, However, the FWHM of the beam at the scintillation counters is
about.h mm, therefore, even this range of motion would be acceptable

for reasonable operation of the control system.
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In the wire chamber spectrometer considered here, the re-
action volume is about 20 cm long. The beam positioning counters
control the lateral beam position only at a location 5 cm further
downstream. However, if the beam in wandering remains parallel to
the desired path, thisbcontrol system will maintain the lateral
beam position, over the entire reaction volume, within the same
range as at the counters. If the beam pivots about the waist in
the ribbon beam, the motion is too complex to be completely cor-
rected by a single steering magnet. Depending on the exact loca-
tion of the waist relative to the reaction volume and the scintil-
lation counters, this control system may improve the average posi-
tion of the beam or may make it worse.

In one experimental run, taken for about 2% hours without
control of the beam's position, the beam at the scintillation coun-
ters waﬁdered laterally over a range of 0.75 mm. In another run
of similar length taken a few weeks later, the beam ﬁosition con-
trol maintained the lateral position of the beam within * 0,085 um

of its mean position during the run,

7.2 Suggestions for Improvements to and Applications of the Systemn

In future use of this equipment, some means should be provided
to shield the scintillators and lightpipes when they are not being
used te control the beam. This would eliminate the possibility of
radiation damage to them while the beam is being used for tests,
calibrations; etc. To improve the operation of the system, new pro-

grams can be written to adjust the ratio and the ratio limits during
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2 run. For example, the ratio limits can be periodically updated

to equal twice the standard deviation of the latest 1000 values of
the ratio. Also, once a position vs ratio calibration has been done,
the kinematics data from p~p elastic scattering can be used to up-
date the ratio specification, e.g. after every 1000 elastic vertex
events, The first provision will ensure that the system makes a
correction only when the asymmetry in count rates is statistically
significant. The second will assist the system in following and
controlling any shifts of the beam centroid caused by changes in the
beam profile. |

These scintillation counters could be applied to an investiga~
tion of ﬁhe origin and nature of the beam tails and background. The
time structure of the beam could 2lgo be investigated, both as to
the expected Poisson distribution eof the time intervals between scine
tillator.pulses, and as to the ripple introduced into the beam by
components of the cyclotron and beam transport. somé qualitative
investigations were carried out along these lines but a detailed
study is beyond the scope of this thesis,

A beam position control system of the type described here
could easily be developed for use with spot beams py using four scin-
tillation counters to detect up-down as well as left-right motion.
Two separate systems could be built (with sensors both upstream of
and downstregm.of the reaction volume or target) to control a beam
that exhibits éteering and pivoting.

The Beam Observation Program developed for this system could

easily be adapted to take beam profiles semi-automatically by driving
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the wire probe with a bifilar stepping motor.

bAnother possible application would be stabilization of the
beam current through the scattering chamber by using the sum of the
scintillation counter pulse rates to control the width of the S2 H

slits,
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APPENDIX A

A MODEL OF THE LATERAL BEAM INTENSITY PROFILE

A uvseful model for discussion of the beam‘intensity profile
considers the beam to have a uniform.verticéirﬁrofile and a Gausw
sian horizontal profile, For this model the horizontal profile has
left-right symmetry and decreases monotonically away from the beam
centroid, This permits some predictions to be made about the oper-
ation of the control system.,

Figure A.l shows one-half of a normalized Gaussian curve
" together with a curve giving for any abscissa the integral of the
gaussian curve from that abscissa to infinity, i.e, the error func-
tion erfe(x), normalized to erfe(Q) = 0.5, This integral is the
area of the "taill of the Gaussian curve, Two measures of the
"width" of the Gaussian curve are available, The "FWHM" (Full-
Width-~at~Half-the-Maximum-height) is more convenient to measure
but the "standard deviation ¢" is easier to use in calculations
based on the error function, They are related by the following
equation: |

FWHM = 2(1.175)0”

If the separation of the counters and the position of the
beém centroid are measured in units of ¢ (see Figure A.2a) the
following approximate relationship can be deduced from a tabulation
of the error function:™

log = = ng

ool o
1

¥Computed in double precision at intervals of 6/100 on the IBM
360/65 at the University of Manitoba Computer Centre.
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Figure A.1l

The normalized Gaussian curve. These semi-log plots, based on tab-
ulation of the appropriate functions, show:
(a) The ordinate "y" of the Gaussian curve (right half)
versus an abscissa "x" mezsured in units of the stand-
ard deviation o, where

y = (27)72 exp(-x~/2)

&0 .
(b) The area of the tail of the Gaussian curve = 'Sydx
x
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Figure A.2

The Geussian model of the lateral intensity profile: relating the
ratio of the tail areas to the lateral displacement of the beam.

(a) The full Gaussian curve is shown on a linear scale,

(b)

(c)

normalized to area = 1,0, The separation between the
scintillation counters is 2s and the distance from
their midpoint to the beam centroid is d. The area
of the tails assumed here to be intercepted by the
scintillation counters, are shown shaded.

When d and s are measured in units of o the relation
between them is found numerically to be approximately
log(left tail area/right tail area) = m(s)d. This log
of the ratio of areas as a function of the beam dis-

placement is shown for several values of the separation
of the counters,

The constant of proportionality, m(s), is a function of
the separation of the counters. For a given s it was
found, from tabulated areas under the Gaussian curve,

to be a constant (within 1%) for displacements up to
d = ¢,
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where I, = area of the tail on the left of the centroid

R = area of the tail on the right of the centroid

d = distance (in units of &) from the centroid of
the beam to the midpoint of the separation be-
tween the two scintillation counters. (Ideally
this midpoint is on the vertical/longitudinal
plane of symmetry of the spectrometer.)

m = a function only of the separation (in unit of
¢) between the scintillation counters.

This means that, for any particular separation of the scintil-
lation counters, the log of the ratio of the counts on the left to the
counts on the right should vary linearly with the lateral position of
the beam. This is shown in Figure A.2b, The relationship between "mn
and the separation of the counters is shown in Figure A.2c. Calcula-

tions of "m" at s = 1, 2, 3, 4 (units of o) for several values of ndn

indicate that each m(s) is a constant to within 1%.



APPENDIX B

SCHEMATICS OF THE PULSE CONVERTERS FOR INPUTS TO THE PDP=9 SCALERS

Two pulse converters of the type shown in Fiéure B.1 were de-

signed and built by R. Hamel in the Physics Department Electronics

Shop. After every eighth pulse input to the EGXG S100/N Divide-by~8

Prescaler, its output makes a transition from -700 mV to ground,

The

converter senses this transition and produces a single output pulse

of - 2.5 volts for 60 nsec.

This pulse is suitable for input to the

B-Series modules used in the 18-bit scalers interfaced to the PDP-9

computer. This converter will operate at repetition rates up to 10MHz,

_ OUTPUT
& | | L
; 0
'\_:]\é“\ﬁﬁ N 120 %590 f:;» TER}?X.
INPUT 1.8k 2
L |
f e - 100 == =00
. |
! ,
001 t:mo 39 pf T
10 pf L
A | K" ~N >*__
820~ 2.7k
-4
% VOLTS
2N9E4 3-2N709 2N4288

!
4 l INPUT: 4 6 V, 4 psec, 0.1 psec rise
! 0

—

i

OUTPUT: -2,5 V, 60 nsec

Figure B.1

Schematic of circuit to convert output pulses from an S5100/N prescaler
for input to a DEC B104 module,

1
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One bulse converter of the type shown in Figure B.2 was also
designed and built by R. Hamel., It converts the output pulses of a
Brookhaven Instrument Corporation (B.I.C.) chargewintegrator (¢ 6V,
L psec pulses at up to 100 per seéond) iﬁto'—2.5 V, 60 nsec pulseé

suitable for input to a PDP-9 scaler.

OUTPUT
1202 50 =
> - %90 é ]
090 ) ° 2: 1.8 _L
Camm [ g
INPUT o n 1% 500 pr yNLT l_m
.031—'11—'::1 00 ém” - '\{_?J
i 590 p .
T ] VOLTS
oNL2B8 oN42Th D-2NTO9 2N4258 2N709

1
mmw.-~-_i“~ | 0 OUTPUT: -2.5 V, 60 nsec
-

0 INPUT: <700 mV, erb. length

Figure B.2

Schemetic of circuit to convert output pulses from a B.I.C. charge
integrator for input to a DEC B104 module.
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SCHEMATICS OF THE PDP-9 SCALERS

Three 18-bit, 10 MHz scalers were designed'éﬁd built as input
devices for the PDP-9. The functions perférmé&rby the program com-
mands were presented in detail in Chapter 3.3. Two of these scalers
were used routinely to count the pulses from the left (#L) and right
(#2) scintillation counters. The third (#3) was sometimes used to
count the pulses produced by a charge integrator in order to normalize
the counts of the other two scalers to a specific amount of charge
.reaching the Faraday Cup.

The flow diagram of the scaler logic was presented in Figure
3.4 this Appendix presents iLhe details of the hardware design. ALl
of the synﬁols used here are standard types used by the Digital
Equipment Corporation (DEC) for their PDP-9 schematics. The plug
~in logic modules are DEC B-, R-, or w—séries. These are fully de-

scribed in the DEC Logic Handbook 1966/67." This boock also contains

(p. 101) the schematic of a high~speed counter which served as a model
for the three low-order bits of each of these scalers. All logic
elements on these drawings are identified both by DEC designations and
by their row and slot number in the 3 bins occupied in the PDP-9 cab-
inet by the scalers,

ITwelve indicator lamps are provided on the scaler connector/
indicator panel to monitor the operation of the scalers and motor

drive (Appendix D) via a patch plug connected to various logic modules.,
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The patch plug currently available for the indicators assigns them
(from left to right) to: Scaler 1 - bits O, 1, 2, 11; Scaler 2 - bits

0, 1, 2, 11; Scaler 3 - bit 11; Stepping Motor - step, left, right.
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APPENDIX D

SCHEMATIC OF THE STEPPING MOTOR DRIVE

The operation of this interface was described in Chapter 3.4.
The symbols are drawn according to DEC PDP-9 standards. The lamps
shown here are on the connector/indicator panel for the PDP-9 Scalers.

The motor drive modules occupy slots in the scaler module bins.
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APPENDIX E

PROGRAM FOR SCALER AND STEPPING MOTOR INTERFACE TESTS

The uses of this program were des;ribed in Cbapter 3.5a. Each
routine in the listing whose execution is initiated from the SALMON
Monitor or by a typed command is identified by a comment whose first
six characters are "/sooexx (slash plus 5 asterisks). The relation-
ships between the various routines in the program is shown in Figure

E.l. A description of each routine follows:

Functional Description of Test Routines:

Service usert!s Program Interrupts - called by SALMONA) o initiate
tne appropriate service routines when & scaler or a command on
the teletype causes a program interrupt.

Program setup - establishes initial conditions and sets up linkage to
SALMON Monitor,

Mnemonic code interpretation - two-letter mnemonics from the teletype
are decoded and the appropriate action initiated.

Device and IOT selection - code "S1, S2, S3 or MD" followed by "T1,
T2, T3, T4, T5, T6 or T7" - issues any of 7 I0T's to any scaler
or to the motor drive for hardware module tests using an oscil-
loscope.

Move the motor with variable speed and direction - "MV" - crude test
of the motor drive with speed and direction determined from
the accumulator switches.

Move the motor a specified number of steps left or right - "M -
upon teletype command moves the motor at 100 steps/second.

Oscillate motor back-and-forth - "SM" - for a specified number of
steps in each direction at a specified number of steps per
second. Checks smoothness of bipolar power supply response.

Turn program interrupt ON or OFF - "ON" or “OF" -

% -
Cycle through a scaler '"read" sequence - "PS" - for scope checks of

the timing of the scaler read operations,

¥411 scaler "cycle® or "test" routines are executed for the last
scaler specified via the "Device and IOT selection" routine.
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' Cycle through an "enable/disable" sequence = "RF" - for scope checks
of the timing of the scaler enable and disable operations,

Test effect of scaler "read" on the contents of the scaler = "RI" -
after a specified counting period, reads the scaler twice in
quick succession and then halts for a comparison of the two
readings,

Program interrupt service routine - can be used to check for inter-
rupt requests from the scalers.

Clear and disable the scalers - "55" -

Compare internal cycle time with 60 Hz line frequency - "IC" = counts
the number of PDP-9 clock signals that occur during 107 com-
puter cycles (10 seconds).

Test scaler precision - "SV" - take repeated 10-second samples of an
external pulse generator., For each sample, the scaler being
tested is read twice, 6 usec apart and both readings, plus
the elapsed PDP-9 clock counts, are printed on the teletype,

Test effect of "read" during sample time - "SD" - during a lO-second
sample, the scaler is read up to 25,000 times per second.
Each "read" blocks the input pulses for 2 usec and can clear
the P.I, request before it can be serviced. The scaler cone

tents, the elapsed clock counts and the interval between
successive readings of the scaler are printed on the teletype.
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Figure E.1

Flow diagram of the Program for Scaler and VMotor Drive Interface Tests.
Several tests of the scaler and motor drive functions are available,
All routines (except those that return to SALMON as shown) remain in
their test loop until the operator intervenes to return control to

the monitor. The Program Interrupt service routine for the scalers
can be activated by suitably modifying the first location of the
routine that sets up the program parameters. -
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CYCLE THROUGH
SCALER "READ®
SEQUENCE

CYCLE THROUGH
®ENABLE/DISABLE"
SEQUENCE

DOES SCALER
YREADY AFFECT
SCALER CONTENTS

TEST SCALER
PRECISION

—>

TEST EFFECT OF
SREADY DURING
_SAMPLE TIME

START
!
PROGRAM
SET UP
v
¥saLroN®
MONITOR
WAIT LOOP A /
v
SERVICE USER'S
PROGRAM
INTERRUPTS
L
SCALERS S>—> FLAG MESSAGE |
INTERPRET USER'S
TELETYPE S>>  TWO LETTER
MNEMONIC CODE
STOP ALL SCALER OR !
> SCALERS -3 ¥OTOR DRIVE |
!

' SCOPE CHECKS

PRCGRAM

INTERRUPT -

ON/OFF

TEST PDP-9
CYCLE TIME AND
CLOCK FREQUENCY

—3y

MOTOR TEST:
SWITCH=SELECTED
SPEED/DIRECTIC

POSITICN MOTOR
SPECIFIED STEPS
TO LEFT OR RIGET

OSCILLATE
MOTOR
BACK=AND-FCRTH
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//7SCALEr AND STEPFING MOIOK INTEAFACE TESTS ©07.8.79 DPesosssccesssecans
/T0 BE #JUN JVDEn CO«OL OF §HE "3ALMON' MONITOs

ZASSEMBLE wITH “50F/sALE DIAGNISIICS AND JIILITIES ©87.8.78 DP'
ZYLIGHT,EN SEAVICE, LJUQUl  @7.%.70 Dp*

/UARITHAMETIC CONMPAXI SIS #BT7e8.78"

ZUMONITOR 261 ADDRESDES Arn 18/63"

/

/F0 ISSUE IN A nEFETITIVE LOOF AJf COMBINATION OF 10r*S (MICAOCOLED
/ INIO ONE INSTAUCTIOND §) ANY OVE OF {HE 3 SCALEAS Ox THE SLO-syN
/ MOTOH» UNDEX KEr2JA#D SELECTIOV 8¢ 2~LETTER MNEULMONIC

ZIESTS “FAJSEY™, "ENALLE/UISAYLE, " EADIN"

/TESTS INVERNAL CLOCA, SCALEn vALILIiY, SCALEA DEADIIME LOSSES
/TESTS MOI0# AT VARILAULE SPEEDs DIRECTION

/

/SCALER 10T FUNCTIONS

/ 10T1-TEST FOu PHOGRAM INTEwRJFT FLAG
V PAJSE IN COUNIING 0 ALLOW 5CALER TO SETILE BEFOHE READ
Vs 1072-ENABLE SCALER
e READ SCALER -
Vs CLEAK #rIGRAM INTEARUPT FLAG
Vs 10T4-DISASLE SCALER
/ CLEAI SCALEs (SEIS Pele FLAG IF SCALER IS
s/ MOnE [HAN HALF FLLLIM)
/TO READ THE SCALEx 'ON [HE FL¢*, JSE 107 13 $O THAT ALL BIT CAHAIES
7 ARE COMPLEIED BEFOGE THE SCALER IS STROBED INTO THE ACCUMULAIOR
V4
Vi
7
/E%*4% PROGRAM SETUP . X
3800/ LAC (NOF 7T0 AVOLID FLAG MESSAGE, ELSE "JMP SCALPI"™
DAC rloEn2 .
LAC (X4 DAC PISEx2 2
LAC (JMP STMNEU DAC WEENT2 /ZEATEND CODE CHAIN
DM 2763 /DISABLE TELY ¢2
CLOF 71dnd CLOCK OFF
107 5104 Ui 5166
101 5204 101 S236
10F 5304 107 53936 .
NOP NO¥ NOP -
JMP HEENTR
. 20/
/
’
Zaekbs MIEMONIC CODE INIERPAETATION st¥sx
CODE, 5} Z4EMP STORAGE OF XNEUMONIC CODE
CODCNTS [2} /COLE-LOIKJr COUNIER
STMNEU, DAC CODE
LAM=15 1 DAC CODCNY /¢ OF CODES IN CODE TABLE
LAC (CODIBL-2 /CODE FABLE INITIAL ADDHESS-2
DAC 10
CDLOAD, 1sz 1o SKP JMS BrSER /BAFAKPOINT = ERROR
LAC I 10 /LOAD AC wlIH COUE FaOM TASLE
SAD CODbE /15 [HIS JHE MNEUMOJIC JUST TrPED [N
XCl 1 12 JYES = JUMP 1O SEaVICE aOUIINE
182 16 SKP JMS BPOER /8uEAKPOINT = ERROR
182 COLCNT  /NJ» BUT IS 1T LAST CODE 14 [ABLE
JMP CDLOAD /N0 - CHECA OIHEx CODES IN [ABLE
LAC CODE
dMP QidEr  /YES - LOOKL AT CODES OUTSIDE TABLE
NOp
NoP
CODTBL, 323261 J¥MF SCALER 10T S108 /S$)1=TEST SCALER #1}
323262 JMP SCALER 105 5280 /52=TEST SCALER #£2
323263 JMP SCALER 101 5383 /$3=FEST SCALEn 43
315394 JMP MO0t R 107 5424 /74L= TEST MOTOR DRIVE
324261 JME JO~ULSE /Ti=10[ 1
324262 JMP IOPULSE 2 712107 2
324263 JMP 10PULSE 3 /135107 1 AND 10T 2
324264 JMP 10FJLLE 4 /T4=10T 4
324265 JMP 10FULSE S /15=10T) AND 101 4
324266 - JMP 1O0HULSE 6 /16=10f2 AND 1072
324267 JMP IOPJULSE 7 /T7s10§ )} AID 10T 2 AND IOT &
332301 JMr CLEARAC /ZABZEAD ACCUMULATOK WIIH IOT
. 287

/
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7 . R
OTHEx, SAD (MY JMP MOTVAR /MVU=VAHIABLE SPEED/DIRECTION
SAD (MM IMP MOVMOT  /MOVE MOTOu SPECIFIED # STEFS LR
SAD (sM JMP RSPONS  /SM rOWER SUPFLY HESPONSE
SAD (317316 J4r #10V 70N=pPe1. ON -
SAD (317306 J¥Mr FIOFF  /0Fsiel. OFF
SAD (3203323 JiP PAW3ZE  /F5=TEST PAUSE-0N-HEADIN
SAD (322306 J¥r oJdNFLG /HF=TEST ENASLE/DISABLE
SAD (322311 JMP HEADIN {RADIN
SAD (55 JMP STOPSC 5+CLEAZ ALL
/ENASLE AVD P! FLACS
SAD (1C JMP INTCLK /CHECA INTR:vAL CLOCK
SAD (SV Jib SCAVAL /1@ SECOND COUNT
SaAD (sD JMP SCLKDT /194 SEC COUNT WITH HEADIN DEADTIME
JiS SOFBUG /DIAGNOS511C #dUTINES FOX SOFTLAHE BUGS
NOP NOw
JMP ERnOR  /UNAECOGNIZASLE CODE
4287
Vs
/ . . . - . . . Py
7
/xxexs SUSROUTINE FOR DEVICE SELECTION ¢#% TrPE "S1',"352%,%S53%, "MD" see
SCALER, LAC I 19 DAC SCL:k
LAC (J¥P SCLd DAC SCLr 2
JMP REENTiR
Vs
TENTO4s 23429 /18,809 C(DEC) .
MO TOxs LAC 1 1ip DAC SCLR
LAC (LAC TENTO4 DAC SCLR 2
JMP SCLr
/ LIMIT MOTOH TO 182 STEPS/SECOND
’
/e4xxxSUBRIUTING FOre 10T SFLECTION®e FYPE T N3 T2. T2 T4. TS, T6. T7 #
10PULSESs LAC 3CLx AND (727768
TAD I 10 DAC sCLa
AND (707761 NOP /COULD DAC INTO A
’ /SKIp-0N-FLAG nOUTINE
JMP SCLx
/ .
Z#%v+x ZERDO AC WIIH 10T #%% TYPE “ZA"™ #s#%x
CLEARACS LAC 5CL=x TAD (19 DAC 5CLx
JMP SCLR
V4
/
/10T LOOP ROUTINE
ACATPI, 2
SCLR» P94
oPx XX JMS MICSEC
JMP SCLR
NOP NOP NOP. Nop - '
7
7
/.
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/
sx%ess VARIABLE SPEED AND DIKRECTION [EST OF MOTOA «¢£2&«TYPE "MVY'" ssxs
- FACS1T UP = LEFT; DOWN = oIGHT

MV=2315326
MO TVA LAS . AND (1 TAD (725485
DAC .+ 1 XX . /M0 TOx DIKECTION FiuOM BIT 17
LAS JMS MICSEC /UFLAY BETWEEN STEPS (MIN=S4030 OCT)
/ APPROXs 358 STEPS/SEC
JMP MOTUAR
V4
’
V]
V
V
7 .
Zaktxs NOVE MOTOR SFECIFIED # OF STEPS L OH R #%%+ TYPE "MM" t&%%
MM=315315 .
STEPS, 2
MOVMOT, Ica DECNMB /¢STEPS
CHMA TAD (1 DAC STEPS
JMS 1842 GlC /DIKECTION L OR R
SAD (314 SKP JMP . 3
LAC (10T 5486 JMP . 5 /L
SAD (322 SKP JMP MOUMOT+5S
LAC (10T 5225 /R
pac o
JMS EiiMES  /MOTOR STEP INSTHUCTION
LAC (23420 /10308 (DEC) = 1¢d STEPS/SECOND
JMS MICSEC
1SZ STEPS  JMP .-4
JMP MOVMOT /REPEAT
’
Vs

/4&xx%x STEERING MAGNE! POVWEH SUPFLY RESFONSE *%%%+& S *kx

/CAUSE MOTOR IO OSCILLATE A SPECIFIED NUMBER OF STEPS IN EACH DIRECTION
/AT A SPECIFIED N ¢ OF STEr>/SECOND

/ SHUNT VOLTAGE CHANGE IS ABOUT ¢.25 MILLIVOLT PEd MOTOR STEP

’
SM = 323315
Vs
STPDIHs 2 /STEPS IN EACH DIRECTION
PERAOSC, g FMICHOSEC PEK STEF
ST, D) /STEP INDEA
s
Vs
RS5PONS, LAC ($S5M-1 TTEXT / STEPS/SEC
DECNMB DAC NOS }
LAC (SD¥M-1 TIEAT /STEPS. IN EACH DIRECTION
DECN¥B CcMA TAD (1 DAC STPDIR
’
LAC (4yli¢g  LMQ LAC (3 71 MILLION
CLL :
) DIV
NOS, xx LACR
DAC PEROSC
’
NLNR» LAC STPDIR DAC STPX
J¥S SLEFT /STEPS LEFT
ISZ SiP& JMP .~2
7
LAC STPDIK DAC STPX .
JMS SKIGHT /STEPS KIGHT
1SZ STPX JMP -2
/7 -
JMP NLN# /BEGIN NEXT CYCLE
’
7/ L.
SLEFT» [’ LAC PEROSC JMS MICSEC
10T 5486 JMP I SLEF1
/
 SRIGHI, 3 LAC PEXOSC JM> MICSEC
I0OT 5485 JMP 1 5rIGHT
v .
/" STEPS/SEC =
S5M, 240323 324305 326323
257323 305303 242275 LELL
/' FOB STEMS EACH DIRECTION =*
Sbd» 24249 306317 322240 323324
305320 323243 305301 303318 240384
311322 305303 324311 317316 248275
00300
’
<4207 )
’

/
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/742888 PROGIAM INTERAUPT ON/OFFxa¢ TYPE "ON'™ Ont “OF' se¢s

/

/
PI0ON,
PIOFF,
/

/
/

JMP REENTR-

10F

1
JMP AEENTR

/¥kser TEST PAUSE~ON~READIN #&sxt TYPE "PS™ stxssx

PAWSE,

PECD,

PAWSEN,

457

/

/

/7

/¥%kx% TEST
RUNFLG»

RUNEN»

RUNDI,

«+5/

7/

rd

/%%kxx TEST
CONINT,»
READIN,

‘HEAD2,

READEN»

READPS,

READP2,

«+10/
/
/7
/

ACSVYPI=2265
SCALPI.

SCL1s
SCL2.,
SCL3,
INTOUT,

7" FLAG*
SOF¥ES,

7/

/

/

Zrises STOP
$S = 323323
STOPSC,

LAC sCLn
TAD (l2
TAD (4
TAD (1}
XX

XX

XL

LAS

J¥NP PECD

ENABLE AND
LAC sCLr
TAD (2

TAD (2

XX

NOP

XX

XX

NOP

J¥P RUNEN

AND (707769 /KEEP ONLY “IOT+DEVICE #"
DAC PAWSEN

DAC PECD+1

DAC FECD

/PAUSE AND READ (10T XX17)

/CLEAi AND DISABLE SCALER (10T XX16)
JENABLE (107 £x12)

JMS MICSEC :

DISABLE #s%%% TYPE "“AF' sxxxx

AND (737760 /KEEF ONLY “IOT+DEVICE #"
DAC nUNEN

DAC ruNDI DAC «UNDI+1

/ZENABLE = 0T XX02

NOP NOP Nop
/DISABLE = 107 XX@4 :
/10T XX04

NOP

READIN&*% TYPE "RI™ %%«

2

LAC sCLr
TAD (2
TAD (1)
TAD (3

KX

XX

LAS

XX

oPn

LMu

KX

Orr

DAC CONTINT
XX

XX

LAC CONINT
XX

JYP READ2

cLAa

10T 5101
107 saul
10T 5301
JMP PISEA3
TAD (1

TAD (2

.'TAD (4

LMa
OCTPNT

YT

CAF

JMP DISMIS
NOP

NOP

NOP

JMNP PISEKR3

240306

AND (73776A /KEEP ONLY “IOT+DEVICE #"

DAC AFRADEN

DAC HEADPS DAC nEALP2

DAC READ2 DAC nEADLF2+3 N DAC HREADP2+4
/CLEAx PI AND SCALE:i; DISABLE SCALER (IOT XX 16)
SENAULE SCALEA AND CLEAn P.l. FLAG (107 XX 12)
JMS MICSEC /SLITCH SHLECTED CRUNTING SERIOD
/PAUSE AND gEADIN €107 XX 13)

/FIRST HEAD STORED IN Muy
/10T XX13 SECOND #EAD STORED IN AC

/I0T XX16 - DISABLE
10F XK16

/HALT TO SEE IF AC = MU ¢ COUNTS BETWEEN READS

SH%kre PROGRAM INTERRUPT SERVICE ROUTINE FOR SCALERS(NOT TOO USEFUL)

ZINMONITOx 241 AFA 106/768 DR

SHP JMP SCL1Y /TEST SCALER ¢1
SKP JMP SCL2 /7 €2
SKFP JMP SCL3 / #3

/TEST OTHER DEVICES
JYP INTOJT .

JMP INTOUT
TR ' LACu -
LAC (SOFMES-1 TTEXT /" FLAG"

LAC ACSVPI  OCTPNT

314321 387300

SCALEXS #exxs TYPE "S8" awkns . i

10T 5184
10T 5234
10T 5304
CLOF

JMP nEENIR
NO»

107 sigé6
10T 5286
10T 5306

NOP NoP
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/
/¥%% TEN~-SECOND DELAY SUBAROUTINE #x4%%
/ 18.820256 SECONDs5» INCLUDING CALL TO 'TENSEC' AND RETURN

SECXS, [<]
TENSEC, ]
LaM-~-62 1 /S3(DEC)
DAC SEHCAS
LAC (6365068 /200,000 MICROSEC
JMS MICSEC
1SZ SECAS JHP «-3
JMP 1 TENSEC /TEN SECONDS AHE UP
/
/
/
/x¥%xxx TEST OF PDP-9 INTEANAL CLOCK #%#£&[YPE "“IC" *%%% .
1C=311333
INTCLK, Dz 7 /ZEnO CLOCK
TCR
CLON /START CLOCK
JMS TENSEC /DELAY 18 3ECONDS
CLOF LAC 7 DECPNT /0UTPUT CLOCK (602°S) .
JMP INTCLK 2 . ¢
/
/
4

/x%%%% TEST OF SCALER VALIDITY FOR HEPEATED 1¢-SEC COUVT PEKIODS **"év"
/AFTER USING THIS dOUTINE *S85™ DOES NOT wORK UNLESS “ST 3098 USED FIRST

S¥=323326
svils 2] ' . .
5VLO, [} '
svLo2, 8
SCAVAL» 10T 5104 10T 5186 /RESET ALL SCALERS
10T 5224 10T 5206
10T 5364 10T 5376
LAaC sCLAR AND (707768 -
TAD (1 DAC PISEx2
TAD €1 DAC SUNABL /EVABLE
DAC FLGCLR /CLEAN PI FLAG
TADCT DAC sviakAb  /nEAD
DAC SviD2 :
TAD (3 DAC SVHLT1 DAC SVHLTI+1
/CLEAR+HALT=10T XX16 .
DAC SVHLT2 DAC SVHLT2+1 : : )
LAC C(JUdP SVPI DAC PISEn2+2 /SET UP
. /PHOGRAM INTERKUPT
SVHLT1, XX /CLEAit THE SCALER AND P!t FLAGS- IOT XX 16 .
XX
DZM SVHI DZM 7 DZM SVLO bzM SVLO2
CLON :
SVNABL, XX /ENABLE=10T XX 02 '
JMS TENSEC
CLOF
SVREAD, XX /READ LOW-0RDER COUNTS =10T XX 13
OPR /1IN CASE FLAG IS UP
DAC SVLO
SVRD2. XX /KEAD LOW ORDER COUNTS AGAIN = 10T XX 13 . : B
orn E
DAC SVLO2
SVHLT2, XX /STOP THE SCALER=IQOT XX 16 .
£X /T0 PREVENT EHRONEOUS P«l+ INTERRUPTS=10T XX 16
TCR
LAC SVLO LMQ
LAC SVHI
JMS DUBOUT /0UTPUT SCALER COUNTS
YT
LAC svLo2 LMQ . .
LAC Svil .
JMS DUBQUT /SECOND HEAD : . .
YT : /SHOULD = FIKST READ + COUNTS BETWEEN READS
LAC 7 DECPNT /OUTPUT INTERNAL CLOCK COUNTS
oPR JHLT : . ..
JMP SVHLT1 /HEPEAT TEST ’
SVPI, 182 SvHl ZINCHEMENT HIGH-ORDER COUNTS
OPR .
FLGCLR, XX /CLEAR Pl FLAG
JMP DISMIS
SVPTCH, %] /2BCDECILOCATIONS FOH PATCHES
o421/
4

S e L
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/3%x%% TEST OF SCALER DEADTIME DUHING TEN=-SECOND COUNT «*¢$%TYPE "SD"
/AC SWITCHES =¢ OF MICAOSEC BETWEEN PAUSE-ON-dEAD'S (MIN = 48 MICROSEC)
/AFTER USING THIS ROUTINE "S55 DOES NOT WOnK UNLESS *'ST 3008 USED FIRST

SD=323304

DTHI,
DILO»
CNTIME,
TIME2,
SCLRDT,

ACSDLY,

TIMECT,

DTHLTI,

DTNABL,

DTROF,

DTROF2,

DTHLT2,

DTPI,
DIFLG,
DTPTCH,
«+21/
/

V4

/
PAUSE

[}

[

4}

7]

10T 5te4a
10T S204
10T 5304
LAC SCLR
TAD (1
TAD (1}
DAC DTFLG
TAD (11

TAD (3

LAC (JMP DTPIL

LAS
AC.LT.

DAC TIMECT
LAC (113200
LAC (46
CLL

bIv

XX

SZL

DAC TIME2
LACQ

DAC CNTIME
XX

XX

vzM 7

NOP

XX
LA=-13+1
TAD TIMECT
XX

OPR

ISZ CNTTHME

S JMP -6

oPR
LAM=-3+1
TAD TIreE2
XX

OPR

DAC DTLO
NOP

XX

XX

CLOF

Ter

LAC DILO
LAC DTHI
JrS DUBOUT

T

YT

LAC TIMECT
DECPNT

XX

JUYP ACSDLY
152 DTHI
oPR

AKX

JMP DISMIS
4]

I0T Sstee

10T 52086

10T 5306

AND (7037760

DAC PISEx2 /SETUP Pele.= 10T XK 81

DAC DTNABL /ENABLE = 10T XX B2
/CLEAR P«l. FLAG

DAC DTAOF /AEAD-ON FLY = 10T XX 13

DAC DT«OF2

DAC DIHLTI DAC DTHLTi+t

/READ, CLEAi, DISABLE = I0T XX16
DAC DTHL 2 DAC DTHLT2+1}

DAC PISEn2+2

/DELAY BETWEEN READS

50 LAC (52

/MIN = 5@ (0OCT) FOrR VALID DIV

/SET UP PI

LMQ
ZAC+MQ = 10 MILLION (DEC)

T /10 MILLION (DEC)=SAMPLE TIME IN MICSEC

JMS EHRMES /OVENFLOW
cMA TAD 1

/# OF READ-ON-FLY'S

/CLEAR AND DISABLE= I0T XX 16

/TO PREVENT EiaONEOUSP+I. INTEKRUPT
cLON D&M DIHI

NOP

JENAELE = IOT XA 92

/COARECT FOu«f TIME SFENT.IN THIS LOOP
JMS MICHEC

/READ=ON-FLY =10T XX 13

/IN CASE FLAG 1S uP

/NEC FOR TIMING

JMS MICSEC
/HEAD LOG OHDER = 10T XX 13

/STORE LOW-OrDER COUNTS

NOP

/DISABLE ~ 10T XX 16

/ TO PREVENT ERRONEQUS P.I. INTERRUPT =10T XX 16

LMQ
/0UTPUT SCALER COUNTS
LAC 7

DECPNT /0UTPUT INTERNAL

/CLOCK COUNTS

/7ACS= TIME BETWEEN READ-ON-FLY'S
/TO ALLOW TIME TO SET AC SWITCHES
/REPEAT TEST

/INCREMENT HIGH-ORDEHR COUNTS

/CLEAR PI FLAG

/RESERVED FOR PATCHES
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BEAM OBSERVATION PROGRAM

This program is used to take 1792 samples of the counts:from the
left and right scintillation counters as a functioﬁ~0f time or as a func-
tion of the counts in the third PDP-9 scalér:' The "On-Line Beam Position
Control Routines" are incorporated in this program and may be used to con-
trol the ratio of scintillation counter rates if desired. The data from the
samples may be displayed on the screen, printed on the teletype, or plotted,
A complete description of the uses of this program were given in Chapter 3.5b,

The program was written in the PDP-9 Rasic machine language. The
.listings (to follow) of the symbolic paper tapes of all of the various pro=-
gram routines are segmented into functional program blocks for ease of
understanding., Two unique character sequences have been incorporated in
the format of the program listings to identify these functional blocks.
First, the titles of all symbolic paper tapes begin with a double slash,
contain the date on which the tape was ma&e, and conclude with a series of
dots. Second, a distinctive comment is placed at the head of any program
block whose execution is initiated by the setting of an accgmulator switch.
or by the typing in of a two-letter command mnemonic, Such comments al-
ways begin with the 6 characters "/muon,

A brief description of the Beam Stability vs Time Routines (see

Figure F.1l) follows:

For Data Taking:

Slow Run - teletype mnemonic "SR" - takes 1792 timed samples of the left
(#1) and right (#2) scalers. The sample time is equal to an inte-
gral number of PDP-9 clock counts specified from the teletype, i.e.
units of 16.67 milliseconds, There is no position control or data
display during the run, '
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Fast Run - ®FR" - takes 1792 timed samples of the left and right

- " scalers. The sample time is equal tc an integral number of
microseconds specified from the teletvpe. There is no posi~-
tion control or data display during the run,

Control Beam position while accumulator switch 4 is up - "CB" ~ sets

B up position control (for SR or FR) based on .each separate sam-
ple. Motor step data is coded into the low-order bit of each
data word. "

control Average Beam position while accumulator switch [ is up - "AB" -
~ sets up position control (for Sk FR) based on the average of
the latest 2, 4, 8 or 16 samples (default = 8). Motor step data

is coded into the low-order bit of each data word.

scalers #1 and #2 VerSus #3 - "V3" - takes 1792 samples of the left and
right scalers. Each sample continues urtil a specified number
of counts has been collected in scaler #3.

Beam Sweep from side-to-side - "BS" - the initial displacement of the
motor (number of steps and direction I, or R) is specified from
the teletype. Then BS takes 1792 samples as per SR with 1 motor
step after each sample (left or right accordingly as accumulator
switch 17 is up or down).

Terminate Run - "TR' - disables the scalers and the PDP-9 clock. Nor-
mally used only to shut down after an interrupted run.

Move Motor - "MM" - for calibrating the bipolar power supply as to
mA/step and mV/step.

For Manipulation of Data Stored in the Computer:

Left/Right ratio - "IR" - this ratio is formed for each sample and
stored in place of the right scaler data,

LoGarithm - "LG" - takes base-10 logarithm of .each:data wordlin a
specified region of memory. Mantissa is four decimal digits
but the two low-order ones are not too reliable.

eXTract motor step information - "XT" - interprets the code from the
low-order bit of each data word. Determines for each sample
whether the position control was ON or OFF and whether the
motor stepped left, right or not at all. The sample-by-sample
motor step data is stored in place of the left scaler data.
The net number of steps (after each sample) is stored in place.
of the right scaler data,

Smooth Data - "SD" - smooths the data stored in the computer by pas-
sing a software "window" filter over it.
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Figure F.l

Flow diagram of the Beam Observation Program showing its linkage with
the resident monitor "SALMON". The function of these routines is (a) to
gather data from the PDP-9 scalers (beam positioning counters), (b) to
manipulate that data, or (c) to output data on the teletype or display.,

Unless otherwise shown, all routines return to the "SALMON" Monitor
upon completion. The dashed lines indicate that the routines to set
up the beam position control can be followed by a "slow' or a "fast"
run, '
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For Data Output:

APPENDIX F

select data region for display - "L1, 12, Rl, R2" - sets up the para=-
meters of the routine to display the first or second half of

the left or right data region,

Light Pen ihterrogation of display - "LP" - prints

numbers and contents of the last two points
were selected by the lightpen,

InteGrate a portion of the display - "IG* - prints
double-precision sum of the contents of all
cluding the endpoints) between two channels
lightpen.

out the channel
of the display that

on the teletype the
the channels (in-
selected by the

print Motor Step record - "Ms" - prints a summary of the actions of
the stepping motor on the helipot of the bipolar powsr supply.

pRInT data histogram - "RT" - prints the contents of every nth (n =1,

2, 3, «..) chamel of a histogram.

print summary of aécumulator_ggitch functions ~ "gWr -
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//BEAM STABILITY VS TIME 20+8+47¢ DP TAPE | OF fdcecescescesssennsces
/

¢INITIALIZATION, MNEMONIC CODES, Pe.Ie SERVICE, SLOW RUNs FAST RUN,
/RBEAD SCALERS.

-/ASSEMBLE WITH THESE SYMBOLIC TAPES:

/PBEAM STABILITY V3 TIAE 19.8.7¢ DP TAPE 2 OF 4" -
/VBEAM STABILITY VS TIME 19.8.73 DP TAPE 3 OF 4"

/VBEAM STABILITY VS TIME 19.8.73 DP TAPE 4 OF 4" . -—
ZYARITHMETIC COMPARISONS 07.8.70 Dp"

Z"ON-LINE BEAM POSITION CONTHOL HOUTINES 19.8.73 DP™
Z"LIGHTPEN SERVICE, *'DUBOUT $7.8.70 DP" Lo
Z/"SINGLE HIST DISPLs 87.8.70 DpP" . i
/"LOG SCALE OF DATA REGION 87.8.70 DpP" o
/"SOFTwARE DIAGNOSTICS AND UTILITIES ©67.8.780 DP"

/YMONITOR 2.1 ADDRESSES APR 10.68 Dr" :
/"CALCOMP PROGRAM 'CC"' MUST BE LOADED FROM THE 'SALMON" TAPE
/ WHEN PLOT OUTPUT IS5 DESIRED"

/SCALER #]1 = LEFT SCINTILLATION COUNTER
/SCALER #2 = RIGHI SCINTILLATION COUNTER
/SCALER #3 = COUNTS FrOM BHROOKHAVEN INSTRe CORP. INTEGRATOR

/SCALER I0T'S (COMMANDS TO DEVICE 51, 52 OR 53 ~

/ 10T I = TEST Pl FLAG

/7 = PAUSE BEFORE READ

/ I0T 2 = ENABLE SCALER

/ = READ SCALER .

/7 = CLEAR FP.I. FLAG

/ 10T 4 = CLEAR SCALER (WwILL SET P«.le. IF SCALER > 131871)

/ = DISABLE SCALER

/ 10T 18= CLEAR AC AT EVENT TIME |

/

/SLO-SYN STEPPING MOTOR I0T'S

/ 10T 5485 = MOVE MOTOR ONE STEP RIGHT

/ 10T 54086 = MOVE MOTOR ONE STEP LEFT

/ -

/ACCUMULATOR SWITCH FUNCTIONS

ACS1 = 200000 /TERMINATE RUN

ACS23 = 1400080 /ACS2,3 = 1,08 - DISPLAY LEFT REGION 41 . ) ’
7 1,1 = " " v g . .
4 8,06 - " RIGHT "ooft
2 Gri - *” - "of2

ACS2 = 100000

ACS3 = 48000

ACS4 = 20000 /UP=YES DURING *CONTHROL BEAM*®* RUN ('AB*' OR °*CB') .

ACSS = 10000 /HOLD RUN WHILE ACSS uPp

ACS6 = 4900 /PRINT SCALER HEADINGS FnOM EACH SAMPLE

ACS8 = 1004 /PRINT COUNT RATE (HZ) AFTEAR EACH SAMPLE

/ENTER TIME INTERVAL FHROM THE TELETYPE

/PROG. TAKES UP TO 1792 SAMFLES AND DISPLAYS THE

/ COUNTS FrOM SCALE:S #1 AND #2 ON THE SCOPE
/0PTIONAL OUTPUT ON TELETYPE OF COUNTS/SAMPLE AND/On COUNTS/SEC
/1IN DOUBLE PRECISION.

11000/
LEFTD, ) /PRIOA TO JULY 1978, THE DATA REGIONS WERE:
/LEFT €10000 - 13777)» &IGIT 14000 - 17777)
14400/ , o
RIGHTD, @
« 433717

/%%kek PROGRAM SETUP #%x

30808/
BSINIT, JMS ALLOFF /CLEAR AND DISABLE;} CLEAR Pele
. bDzZM 2763 /DISABLE TELY #¢2
DZM RUNFLG /NO RUN :
LAC (JMP SCLRPI DAC PISER2 /SET-UP Pl SERVICE
LAC (XX .DAC PISER2+2
LAC C(JMP BSMNEU DAC HEENTZ2 /EXTEND MN
LAC (JMP ACSOPT HEGMONTCS
DAC BPDSUB /DEFAULT = NO MOTOR MOVEMENT . . -
- LAC (ACS2 ' o

JMS DIsSp /SETUP DISPLAY = LEFT #1
LAC (ACS23 /SWITCHES USED TO MODIFY DISPLAY
JMS DISPLS  /DISPLAY
LAC (JMS CLKAPI DAC 51 /SET=UP CLOCK API
LAC (PENSER DAC 54 /SET-UP LIGHTPEN API1
NOP NOP
JMP REENTR

INPTCH, 0 i /ROOM FOR PATCHES

etlps
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/%%¢4s DESCRIBE AC SWITCHES #%4% TYPE “St'" s¢s#
S5¥ = 323327 .

ACSTEL, ICit LAC (ACSTEL+3 TTEXT
. JMP REENTR
361323 323215 21224p /ACS
261248 240240 248305 316384 /1 END RUN
240322 325316 215212
240262 254263 240304 7/ 2,3 DISPLAY REGION
311323 320314 381331
. 248322 3053087 311317
316215 212240 B
264240 240240 246303 7 4 CONTROL
317316 324322 317314
215212 240265 240240 /s HOLD RUN
240240 o
318317 314304 240322
325316 215212 .
240266 240240 2402408 /6 TYPE SAMPLE
324331 328305 248323 L
301315 320314 385215 o
212240 270249 240249 -/ 8 TYPE HZ
240324 331320 305240
310332 215212 :
246260 254271 255261 / ©,9-17 DISPLAY SCALE
267240 240304 -311323
3208314 301331 240323
383301 314305 2820020
; R
Vs
/MNEUMONIC CODES
SR = 323322 /STAHRT RUN
FR = 306322 /FAST HUN
TR = 324322 /TERMINATE RUN
LP = 314329 .
1G = 311307

/¥kx%% INTEAPRETATION OF MNEMONIC CODE FHOM TELETYPE

BSMNEU, JMS COUCHK /BEAM STABILITY VS TIME CODES
JMS SOFBUG /SOFTWARE DIAGNOSTIC UTILITY ROUTINES
NoP NOP NOP . .

JMP ERROR /NOT RECOGNIZED
/
/1F CODE 1S IN TABLE, CORRESPONDING ACTION IS TAKEN

MNEM, (4} /CODZ LOOKUP
CAX, 2 /CODE«ACTION INDEX
CAADDR» COEAT /CODE-ACTION TABLE (INITiAL ADDHESSS
CAP, 4 /CODE«ACTION POINTER
CODCHHA.» [} /MNEMONIC-CODE CHECK
DAC MNEM /SAVE 2 LETTEAR CODE
LAM-26-1 /(¢ OF COLES)
DAC Cax /SET UP TABLE INDEX
LAC CAADDR
DAC CAP /SET UP TABLE POINTER TO FIRST CODE
LAC I CaAP /BRING CODE INTO AC.
152 CAP /SHIFT POINTER TO "ACTION'
SAD MNEM /135 CODE = MNEMONIC
JMP FOUND /YES - TAKE ACTION
ISZ Cap /NO; SHIFT POINTER TO NEXT CODE
15z cAX /HAVE ALL CODES BEEN TESTED
JMP -6 /NO; TEST NEXT
LAC MNEM /YES3; MNEMONIC NOT IN TABLE
JMP 1 CODCHK /HRETURN TO CALLING PROGRAM
FOUND, XCT 1 cap /ACTION CAN BE JMPs JMS, OR ANY INSTR.
JMP REENTR - R

/TABLE OF MNEMONIC CODES AND COaKESPONDING ACTIONS

CODEAC, SR JMP SLORUN /STARTS SLOW RUN(34 SEC TO 12000 HR
Fr JMP FSTRAUN  /STAAT FAST RUN (@.2 - 550 SEC)

cB JMP NAVGBC /SETUP TO COVTROL BEAM POSITION (NOC AVERAGE)

AB : JMP AVGSC /SETUP TO COWIHOL MEAM AVERAGE POSITION

Vs JMP VERSUS /SLOW ®UN3 SCALER I AVD 2 VUS. ¢3

BS JMP SWEEP /UMATHSLOW UNS 1 STEP L OR R AFTER EACH SAMPLE
MM JMP RNMOT - /MOVE MOTOH # STEPS L Ok K (CALIBRATE PWR SPLY)
TR JMP TEAMAN /TERMINATE RrUN

Lt JMP DSPL1 /DISPLAY FIRST (SECOND) HALF OF LEFT (RIGHT)DAR
L2 JMP DSPL2

R1 T JMP DSPKI

R2 JMP DSPr2 -

Ms JMP STPHST /PRINT MOTOR STEP DATA

LR JMP LBYR /FQOxM RATIO L/R

LG ’ JMP LOGSCL /BASE-10 LOG ROUTINE

XT JMP XTHACT /EATHACT MOTOR STEP INFORMATION

PS JMP PLTSEG /PAErAE SEGMENT OF DATA FOR PLOT

RT JMP TTYRAT /0UTPUT DATA ON TELETYPE

Lp JMP LGPEN /PAINT LIGHTPEN LOC. AND CONTENTS

1G6 JMP INTEG ZINTEGHATE BETe LICHTPEN LOC'NS.

SD JMS AVGOLD /SMOOTH STORED DATA

Sw JMP ACSTEL /DESCHIBE FUNCTIION OF AC SW]TCHES

ACMORE, 4] /RO0M FOi MORE CODES

«t1p/
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/%%0%% Pelo SERVICE FOR SCALEH AND CLOCK OVE}(FLOUS

SCLRPI, 10T stol /TEST FOR SCALER ¢1
JHP S2PI /N0 .
CLA /YES3 1S RUNFLG > 8
SAD RUNFLG JMS ERRMES /ZEXRROR IN PI
15z LHI2 SKP JMS ERMMES /ERROR OVERFLOW
10T 5102 /CLEAR PI FLAG #1
JMP DISMIS
NOP NOP NOP
S2P1, 10T 5201 /SCALER ¢2
JMP S3PI /N0 . , -~
CLA /YES3 1S RUNFLG > @
SAD KUNFLG JMS ERRMES /ERROR IN PI
1Sz RHI2 SKP JMS ERRMES /ERHOR
10T 5202 /CLEAR Pl FLAG #2
JMP DISMIS
NOP NOP NOP
s3rl, 10T 5361 /SCALER 3
JMP CLCKPI  /NO
cLA /YES; IS fUNFLG > 0 .
SAD RUNFLG JMS ERRMES /ERROR IN PI :
1Sz HI32 SKP JUMS ERAMES /ERROR
10T 5302 /CLEAR PI FLAG #3
JMP DISMIS
Nop NOP NOP
CLCKPI, CLSF

JMP PISER3 /CHECK OTHER DEVICES

15Z CLKHI /INCe HI-OHRDE# CLOCK

SKP JMS ERRMES /ERROR . -
JMP DISMIS '

XX

/AP] CLOCK SERVICE
CLKAPI» 2 .
CLOF CLON : ~
NOP NOP .

DBR -

JMP I CLKAPI

/BEAM STABILITY VS TIME DATA .

RUNFLG., 2 /1=RUN; ©=NO KUN .
ADDrL» 4] /ADDKRESS OF LOC. INTO WHICH L(R)
ADDHR» o /COUNTER WILL BE PUT FUR DISPLAY
CLKLO, 0 /LOW-OKRDER CLOCK COUNTS
CLKHI, 2 /HI-ORDER COUNTS
LLO, ] /DOUBLE PRECISION STOHAGE . .
LHI» ° /OF LEFT,RIGHTs AND ¢3
RLO» 8 /VALUES AT END OF SAMPLE
RHI» 2
L03s [}
HI3, %]
LHIZ2, 9 /CURKENT VALUES OF LEFT,RIGHT» ¢3 HIGH-ORDER
RHIZ2, 0
HI32, )
SCHATCH» 2 /TEMP. STORAGE s
/#%&%x+ SLOW RUN €34 SEC TO 12080 HOUXS FOR 1792 SAMPLES) # TYPE "SR" %%
SLORUN» LAC (JHP INCLK DAC GORUN :
LAC (JMP SAMPLE DAC NXTOBS ’ :
NOP Nop NOP NOP . =
- JMP RUN : :
/%x%%%x FAST RUN (0.2 SEC TO 550 SEC FOR 1 92 SAMPLES) # TYPE "FR" #%
FSTRUNS LAC C(JMP FSTSPL DAC GORUN
LAC (JMP FSTRN DAC NXTOBS
Vs
RUN» JMS ALLOFF  /DISABLE SCALERS
cLL JMS$ CLEAK  /CLEAK SAMILE DATA
. ' JMS ZERDAT : :
. JMS BPINIT /ZINITIALIZE °*ON-LINE®* KOUTINES :
N /- . . .
© GORUNS XX /GO TO FAST OR SLOW RUN ("FSTSPL' OR '"INCLK'™)
ALLOFF» 2]
10T 5104 10T 5186 /CLEAR SCALERS AND DISABLE : e .
10T 5204 10T 5206
107 5304 10T 5396 . :
CLOF JMP I ALLOFF : e |
CLEAR» 2 |
DPZM LHI DzZM LLO
DzZM HHI DM KLO
DZM HI13 DZM LO3
DzM LHI2 - DzM RHIZ2 DZM HI32
NoP NOp
szuL JMP I CLEAR /CLEAR ONLY SCALER DATA

bzM CLKHI DZM CLKLO DM 7 .

Dz NEWCLK DzM OLDCLK

DZM SMPLNO DZM CHGTOT

NOP NOP JMP 1 CLEAR - . '



ZERDAT,

FTURNON,

a
LAC (LEFTD
LAC DATLEN
TAD DATLEN
cHA

TAD (1

pZM 1 SCRATC
{52 SCRATCH
Nop

JMP I ZERDAT

2

CLON
10T 5184
10T 5204
10T 5304
NOP

/INPUT CLOCK COUNTS PER

INCLK,

STPTCH,
o410/

YT :
DECNME
5NA

pZM OLDCLK
TCR2

JMP BSRUN

2
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DAC SCRATCH /HIST. START

DAC COUNTS /HIST. LENGTH

H /ZERO HIST -
ISZ COUNTS JMP -3
NOP NoP B

/START THE CLOCK (FOR SLO% KUN)>

I0OT s102 /START THE SCALERS
I0T 5202

10T 5382

NOP JMP I TURNON

SAMPLE (SLOV rUND
LAC (CCPS~1 TTEXT
DAC TIME
JMP INCLK

/ROOM FOR PATCHES

/”CLOCK COUNTS PER SAMPLE = **

CCPS,
385316
301315

303314
324323
320314

3173083 313240 303317
240320 305322 240323
385240 2752408 0000028

/BYUN FOR §1792 (DEC) SAMPLES

FMUL,
SMPLNO,
/

141520
]

/SETUP DlSpPLAY

BSHUN,

NSD, -l
Ea N A

SLOW1,

/
/"DISPLAY =
DM,

2756240

/

/END OF SLO
SAMPLE,

TIME,

NEWSAM,

15Z RUNFLG
TCH

LAC TIME

aAC LT

< 3
il <

JMP SLOWI1
LAC (OPx
DAC GODISP
LAV 257
LAC TIME
NOP

DAC DIV3
DECPNT
LAW 252
LAC DSPMUL
NOP -

DAC MUL3
DECPNT

TCR

JMP SAMPLE-1
LAC «(JMP GOD
DAC GODIsp
LAW 252
LAC DSpMUL
DECPNT
LAW 257
LAC TIME
DECPNT

DATA"
384311

3g4381

JMS TURNON

W SAMPLE YET
LAC 7

CLL

IDIV

XX

LACQ

SAD SMPLNO
DAC SMPLNO
TAD (LEFTD-1
TAD DATLEN
JMP READSC

/DISPLAY MULTIPLIER = S@K(FAST RUN)
/SAMPLE NUMBER

LAC (DDM-1 TTEXT /"DISPLAY = DATA"

suc

et no
Sl

/TIME/SAMPLE >=508 MILLISEC

JMS OTY /s

JMS OTY Vs Al

I1SP+14 /TIME/SAMPLE<50 MILLISEC

JMS OTY sreEn .
OPR DAC MUL1 -
JM3 0TY 70

oPR DAC DIVI

TCR . JMP SAMPLE-}

323320 314301 331240

324301 [} ’ -

/START CLOCK AND SCALERS -
(DISPLAY DURING RUN WOULD GIVE TIME JITTER)

/CLOCK COUNTS/SAMPLE

JMP SAMPLE /NO )
/YES
DAC ADDHL
DAC ADDRH  /SET-UP DISPLAY POINTERS
/READ SCALERS

NOP - NOP NOP
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/FAST SAMPLE (0.2-55¢ SEC FOR 2048 SAMPLES)

" APPENDIX F

CNTTME, [} /SAMPLE DELAY
CNTTM, 4 /SAMPLE LENGTH
FSTSPL, TCH LAC (MSECN-1 TTEXT
DECNMB
ACJLT. 145 LAC (145 /100 MICROSEC = MIN.
DAC CNTTM .
TAD (~144+1
DAC CNTTHE
15Z RUNFLG
/SETUP DISPLAY e
LAC (LEFTD-1} DAC ADDHL /SET-UP DISPLAY
LAC (RIGHTD-1 DAC ADDRR -
TCR LAC (DDM-1 TTEXT /"DISPLAY = DATA"
LAC CNTT™
ACSLT. 141520 JMP FASTI
LAC (OpPRr /TIME/SAMPLE >=5@ MILLISEC
DaC GODISP i
LAW 257 Jvs OTY VA 4n
LAC CNTTM
NOP
DAC DIV3 DECPNT
LAW 252 J4s 0TY At A
LAC FMUL /59:083(DEC)
NOP
DAC MUL3 DECPNT TCR
JMP FSTRN-1
FASTI» LAC (JMP GODISP+14 /TIME/SAMPLE<52 MILLISEC
DAC GODISP
LAV 252 J%s OTY S
LAC FMUL NOP DAC MULIL DECPNT
LAW 257 JMS 0OTY s
LAC CNTTM NOP DAC DIV1 DECPNT
TCR
JMS TURNON /TURN ON THE SCALERS AND CLOCK
FSTRN,» 15Z SMPLNO SKP JMS ERRMES /ERRON=MESSAGE
LAC CNTTME
JMS MICSEC /COUNTING PERIOD
152 aDbiL 18Z ADDam

JMP READSC /END OF FAST SAMPLE; HEAD SCALERS

«+10/ /RO0M FOR PATCHES

/"MICROSEC PER SAMPLE (MIN.=180) = *

MSECN, 315311 383322 317323 305303
240320 3085322 243323 321315
320314 305240 ’
240250 315311 316256 240275
2406261 260260 240251 2402175 240000
410/
/READ THE SCALERS AND CLOCK
READSC,» 10T 5113 DAC LLO 10T 5184 I0T 5102
10T 5213 DAC =nrLO I0T 5204 10T 5202
10T 5313 DAC LO3 10T 53084 I0T 5302
LAC NEWCLK DAC OLDCLK
LAC 7 DAC CLKLO DAC NEWCLK
LAC LHIZ2 DAC LHI ' DZM LHIZ2 /SAVE CURRENT VALUE
LAC RHIZ DAC nrHI DzM RH1Z2 .
LAC HI32 DAC HI3 DZM HI32
NOP NOP
NOP NOP
NOP NOP
OPR /DZM 7 FOR "1 AND 2 VERSUS 3"
BELL, SKP JMs OTY /LAV 207 ~BELL ('Vs'™)
GODISP, XX /"0PR" OR "JMP GODISP+14"
LAC LLO LM@ LAC LHI
JMS HIDISP
DAC 1 ADDAL
LAC RLO LMQ LAC RHI
JMS HIDISP
DAC I ADDRR
JMP BPDSUR
LAC LLO JMS LODISP DAC I ADDRL
LAC HLO JiS LODISP DAC 1 ADDHR

JMP BPDSUB

«+207
PAUSE

-
Y
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//BEAM STABILITY US TIME 198478 DP  TAPE 2 OF fececscccvccccsrccnce . .
/ .

/ADD DATA TO DISPLAY, BEAM SWEEP, ACS OPTIONS., DISPLAY SETUP

ZOUTPUT COWNTS» QUTPUT COudT HRATE,

ZTEAMINATE RUN» HOLD kuN

/

ZADD THE ‘NEJ DATA TO THE DISPLAY #%%x¥x .

/1.0%W NUMBEH OF COWTS/SAMPLE

LODISP, 2 i
. CLL MuL i
MUL1, xx /3 OR 58808(DEC) A
cLL DIV
DIVI, XX /"TIME"™ OR “CNTTME" :
5zZL JMS ENRMES /OVERFLOW=MESSAGE
LACG
NOP
JMP 1 LODISP .
a®20/

Z/LARGE NUMBER OF COUNTS/SAMPLE

HIDISP, 9] -
CLL DIV
Div3, XX /" TIME"=CLOCK COUNTS 0.1 “CNTTME"=MICROSECONDS *
SZL JMS ERRMES /ERHOR=MESSAGE
LACG
CLL MUL
MUL3., XX /3 OR S58880(¢(DEC)Y = 141520(0CT)
SZA JMS ERRMES /ERHOR=MESSAGE
LACQ ‘
NOP

JMP 1 HIDISP

BFDSUB, XX /'JMP ACSOPT' BY 'BSINIT®
/'NOP* BY "3S" FOr SWEEP (1 STEF PER SAMPLE)
. /*J¥rP BPSYS' BY “AB®™ Oh ''CB'™ FORr CONTROL
Las AND (1 /CHECK BIT 17 FOuit DIRECTION
sz JUP 2 +3
JMS MRIGHT JMF ACSOPT /@=RIGHT
JMS MLEFT JMP ACSOPT /1=LEFT

s%xsees BEAM SWEEP ROUTINE #*##%x TYPE "BS" #%% -
BS = 302323
SWEEP, LAC «(NOP DAC BPDSUB /SETUP SWEEP

JMS NMOT /POSITION MOTO# (BEAM) INITIALLY

JMP SLORUN /START SLORUN

/CHECK ACCUMULATOR SWITCH OPTIONS #%xx¥

ACSO0PT, NOP 7,/ . .
LAS AND (ACS23 szaA JMS DISPA o
LAS AND (ACS6E SZA JMS SMPLTT
LAS AND (ACS8 SZA JMS CNTRAT
LAS AND (ACSS SZA JMS HL DRUN
LAS AND (ACsSI SZAa JMP TERMRARN . : -
NOP ’ R
ENDANS LAC SMPLNO
AC«GTe. 3377 JMP TERMRN /END OF RUN
OPR /DZM SMPLNO = CONTINUOUS RUN
. NXTOBS, %X /CONTINUE TILL 1792 SAMPLES DONE
/VJMP SAMPLE™ OR ''JMP FSTRN'™
ACSPTH, 7] /R00M FOR PATCHES R
«t10/
/%%%%% SET UP DISPLAY OF LEFT AND RIGHT LOW-OHDER (VIA TELY OR AC
/- SWITCHES)
/ COWTS FOR 1792 (DEC) EVENTS
DISPA, [ /1S REGION TO BE CHANGED
J¥S DISP

LAC (ACS23 /CODE
JMS PISFLS /CHANGE PARAMETERS : -
JMP I DISPA oo : .

L1 = 314261 ' . ' E
L2 = 314262 . . . .o -
R1 = 322261
R2 = 322262 : ) ¢

DSPL1, LAC (ACS2 JMS DISPA JMP HEENTR
DSPL2, LAC (ACS23 JMP DsPLI+1 .

DSPils CLA JMP DSpLI+l .

p5Pi2,s LAC (ACS3 - uMP DSPLI+I1 .
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v

/CODE FOR WHICH OF 4 HEGIONS DISPLAYED

D10Fa, e
DISPAD, RIGHTD~1 /ACS23 = 80
RIGHTD+1600~1 / = 91
LEFTD~1 ) / a 1p
LEFTD+1600~1 / = 1)
pISP, ) SAD DIGF4  JUMP 1 DISP /SAME REGION
DAC DIOF4  /NEV HEGION
CLL LAS*+16 . -
TAD (LAC DISPAD DAC .+1 '
Xxx DAC PARMDS+1
REGSIZ, LAM=1600+1 DAGC PARMDS+2
JMP I DISP
Y-V
Z#¥%ke QUTPUT COUNTS FROM SCALERS AND CLOCK FOR EACH SAMPLE +% ACS6 UPx
TSP = JMS 1042 /TYPE A SPACE (SALMON APR 18/68 DR)
COUNTS, 14 .
SMPLTT, 2
LAC (CLKLO DAC SCRATCH
LAM=3 DAC COUNTS /3 READINGS (MAKE = 4 IF
/5CALEK 43 1S USED)
TR
SCLOUT, LAC I SCRATCH LMQ /LOW-ORDER IN M@
152 SCRATCH /HIGH-OKDER IN AC
LAC I SCHATCH 1SZ SCHATCH - .
J%S DUBOUT /DOUBLE PRECISION OUTPUT
TSP TSP

152 COUNTS /OUTPUT LEFTsRIGHT, #3s TIME YET
«JMP SCLOUT /NO

CNTSDN, JMP I SMPLTT /YES (OR MODIFIED 10 'NOP' BY ‘'US')
FYT DECNMB /ENTER ORDINATE .
CLL JMS CLEAR /ZERO SCALEr DATA .

JMS TURNON  /TUHN SCALERS ON
AP ] SYPLTT
s+1@/ . ’ ) . -

/¥¥%%%x OUTPUT COUNT RATE (SLOW RUN ONLY) #*%%% ACS8 UP #+

" OLDCLKs ) ’ . .
NEYCLK, 2
RSHIFT; 2 ARe3HIFT3 FOR VALID DIVISIONS
CNIRAT, [4
LAC (LLO DAC SCRATCH
LaM-2 | DAC COUNTS /LEFT,RIGHT COUNT RATE -
LAC OLDCLK ¢~A TAD NEWCLK DAC PERYD3
TFAD (1} DAC PEAYD4
TCR TSP TSP
RATOUT, DZM RSHIFT
: LAC ] sCurATCH LM 1SZ SCRATCH
LAC | SCRATCH 152 SCRATCH
JYP PENYD3-1
H1GH, cLL LRSS+ /DIVIDE BY 2 %
1SZ RSHIFT SKP ' JMS ERRMES /COUNT SHIFTS: ERROR -
PERYD3=.+1 AC.GT. XX JMP HIGH
- CLL
PERYD4= 42} DIV XX
szL JMS ERRMES /OVENRFLOW : -
LAC (LLS TAD RSHIFT DAC SCALEM /RESTORE FACTORS OF 2 :
LACQ MUL 74
SCALEM, %X /SCALE FOR CORRECT HI-ORDER TERM
J¥S DUBOUT /0UTPUT FOR HIGH RATES
ALLOUT, Tsp TSP
. ISZ COUNTS JMP KATOUT /MORE RATES R
JMP I CNTRAT /ALL HATES QUTPUT
et10/
kst TERMINATE RUN #sxsx TYPE "TR"™ sk%x
TEAMRNs, . JMS ALLOFF /CLEAR AND DISABLE, CLEAK PI. FLAG.
. . DZM RUNFLG .
TCR .JMS5 SMPLTT /OUTPUT DATA FROM LAST EVENT . .- . ..
“Lac(FMP AcscPT DAC BPOSUB /DEFAULT = NC METOR o
FChR2 JMP REENTR-~1
e 420/ . .
fuekex HOLD HUN (CLOCK KEEPS COUNTING) ews#x ACSS UP %#xkx
HLDRUN, [}
JMS DISPL1
LAS AND (ACS23 SzZA JMS DISPA
LAS AND (ACSS sza JMP HLDRUN+}
TCR . .
ST JMS CLEAR  /CLEAR ONLY SCALER DATA .
NOP Nop

JMP 1 HLDRUN
PAUSE
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7/ /BEAM STABILITY VS TIME 19.8.78 DP TAPE 3 OF 4 Geecsosossccesrssoevan

/AUTOMATIC BEAM CONTHOL
/TYPE “AB"™ OR "CB'" FOLLOWED BY '*SR™ OR “FR"
/ .

/*%tsex NON-AVERAGING SETUP (JMS NAUGBC) #x TYPE “CB"™ %ue
CB = 30333302

NAVGBC» JMS BPINIT ZINITIALIZE “ON-LINE" ROUTINES ..
LAC (NOP DAC BPCSYS 4
LAC (JMP BPCSYS DAC BPDSUB
NOpP NOP NOP
JMP SAUMOT

/#%%kes AVERAGING SETUP  (JMS AUGBC) %% TYPE "AB" ¢#%% .
AB = 381382 T

AVGBEC» JMS BPINIT /INITIALIZE “ON-LINE" ROUTINE :
LAC (J45 AVEHAG DAC BPCSYS+4 :
LAC (JMP BPCSYS DAC BPDSUB' :
NOP NOP . Nop :
/SAVE MOTOAR STEP INFOKMATION IN LOW OHDER BITS OF DATA WORDS
SAVMOT, LAC (J¥P NOMOU DAC RLEFT-1 /INSIDE LIMITS
LAC (NP ¥OVL DAC RLEFT+1 /LEFT
LAC (J¥P 0VA DAC RAIGHTH /KICGHT
LAC (J¥P OFFBAD DAC KBDBEL+2 /BAD RATIO
JMP REENTR
/TRANSFER LEFT/RIGHT DATA F0M "B.S" TO “ON-LINE"
BPCSYS, LAS avp(acsa :
sNA JMP OFFBAD  /ACS4 DOWN = NO CONTHOL

LAC I ADDRL DAC BpDL

LAC I ADDRR DAC BPDk

JMS ERRMES  /"NOF'™ OR "JMS AVERAG"

JMS BPCRAT /TAKE (L/R) xATIO

JNS BMPOS /1 MOTOR STEP IF RATIO OUTSIDE LIMITS

JMP NOMOV
/
NMOV, 4] /CLEAR LOW 0RDER BITS
’ LAC I ADDRL AND €777776 DAC I ADDAL
LAC 1 ADD:#st AND (777776 DAC 1 ALDAR
JMP 1 NMOV
/
NOMOV, JMS NMOV JMP ACSOPT /NO MOVE
MOVL, JMS NMOV 152 I ADDAL JMP ACSOPT /LEFT
MOVit, JMS NMOV ' ISZ I ADDxR JMP ACSOPT /RIGHT
OFFBAD» JMS NMOV
ISz 1 ADDuL ISZ I appay
JMP ACSOPT /CONTAOL OFF OR BAD RATIO
/

/xkdak MOVE MO TOx SPECIFIED # OF STEPS L OR R ##%%%x TYPE RS AN S 23
/CALL BY *J4s NMOT* OH "™JMP NMOT+1"

MM = 315315

/

RNMOT, JME NMOT JMP .- /REPEATED MOVE MOTOR CALLS

/
STEPSs [} /¢ OF STEPS TO TAXE
NMOT» [}
TCit DECNMB /¢ STEPS
cra TAD 1 DAC STEFS
TSP GiC /DIRECTION L OR R
SAD (314 SKP JMP . 3
LAC (10T 5406 JME . 5 /L :
SAD (322 SKP JMP NMOT 6 :
LAC (10T 5405 /R
DAC « 1

JMS ERRMES /MOTOR STEP
LAC (23420 /180GB(DEC) = 148 STEPS/SEC
J4S MICSEC

15Z STEPS  JuP -4 JUP I NMOT

Zukeke SMOOTH DATA TAKEN PrREVIOUSLY WITHOUT AVERAGING %% TYPE *"SD" %%
. SD = 323384

LX, ) /LEFT INDEX
RXs <}
LRNUM» [} /SAMPLE INDEX
AV GOLD, 2
JMS BPINIT
LAC (LEFTD DAC LX LAC (RIGHTD DAC RX

LAM=34608 1 DAC LrNUM
LAC I LX DAC BPDL LAC I RX DAC BPDR

JMS AVERAG

NOP /"JMS BPCRAT" TO TAKE KRATIO

NOP /UJMP s 4" TO STORE AVG RATIO IN 14908~17777
LAC BPDL DAC 1 LX '

LAC BrDH DAC I HK

IsZ Lx I1SZ RX

I5Z LhNuM JMP AVUGOLD 18
JMP I AVGOLD .
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/¥e%s 81 AND 42 VUS. #3 s%exx TYPE "VS" wx#

/1 NC = S50 COUNTS FrOM BiOOKHAVEN INSTi! CO INTEGHATOR (2 NA SCALE)
/T0 USEs CALL "VS" e« DESTAUCTIVE “ODIFICATION OF

/ *SLOW RUN® PORTION OF *BEAM STABILITY VS TIME®

/USES *SLOW RUN'. SET CLOCK COUNTS/SAMPLE ABOUT 69

/ GIVING ABOUT 18 NC AT 1 JA
CHGTOT, 2 /TEMP. STOHE ¢3 COUNTS
/CHECK FOR OPTIONS
YES, 331 /Y . . -
NO, 316 /N ‘
ysS = 326323
VERSUS, TYT
LAC (JMP KLOAD /MODIFY SLOW RUN AND FAST RUN
DAC CODEAC 1 DAC CODEAC 3
LAC (BELLM-1 TTEXT /UBELL (Y,N> "
G1C .
SAD YES JMP .46
SAD NO SKP
JMP VERSUS -
LAC (SXP SKP )
LAV 207 DAC BELL ~
LAC (CHDM-1 TTEXT /" ORDINATES (Y,N> *
GiC
SAD YES JMP <46
SAD NO SKP
JMP =7
LAC (JMP I SMPLTT SKP
LAC (NOP DAC CNTSDN /MODIFY SMPLTT
LAM=-100+] DAC REGSIZ /DISPLAY = 64 (DEC)> LOCATIONS
J¥S SET123 :
JMP SLORUN /BEGIN A *SLOW RUN'®
/YBELL (Y,N) * .
BELLM, 3082365 314314 277250 331254
316251 2439909
/' ORDINATES (Y, "
O KDM, 240249 317322 304311 316301
324305 323277 250331 254316 251240
PGP0 .
RLOAD, LAC (nL¥-1 TTEXT J¥P REENTR
/PRELOAD PHE Guamt
RLM» 240322 305314 317301 3064240
328322 317307 322301 315000
SET123, [’ .
LAC (SETM~-1 TTEXT /" &3 COUNTS/SAMPLE =, ™
DECNMB SNA JMP -4
TAD (LAM DAC CPERS
LAC ¢(JMP ONE23 DAC SAMPLE /CHARGE, NOT TIME
LAC (LAM-4 | /0UTPUT TIME + 3 SCALERS
DAC SMPLTT 3 DAC CNTRAT 3
LAC-C(LAC CHGTOT DAC HEADSC+10
/MODIFY SCALER READ
LAC (DZM CHGTOT DAC READSC+12
DZM CHGTOT

JMP I SET123

/" #3 COUNTS/SAMPLE =

SETM, 215212 243263 2408303 317325
316324 323257 323301 315320 314385
2408275 240000
ONE23, IOT S313 /READ (CLEARS LOW ORDER BITS)
OPH.
TAD CHGTOT DAC CHGTOT /ACCUMULATE #3
10T 5324 10T 5302 /RESET AND RESTART
.LAC CHGTOT
AC.GT.
CPERS, 62-1 /#3 COUNTS PER SAMPLE (DEFAULT = 58)
JMP EOFSAY i
LAC (1750 JMS MICSEC /1B0@TIMES PER SECOND
JUP ONE23
EOFSAM, 15z SMPLNO

LAC SHMPLNO JMP NEWSAM |

Z¥kkes PRINT MOTOR STEP DATA #%%%% TYPE "MS'" #xsx
MS = 315323
STPHST, LAC (NOP DAC WrRITTT+3
LAC (DECPNT DAC PuMOD
LAC (CLL DAC DECPNT=-JAS+1
LAC (LSTEP! DAC DUMPA . : : .
LAC (NODATT DAC DumMpi .
TCR
JUP TTYDMP+4

PAUSE
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//BEAM STABILITY VS TIME 19.8.78 DP TAPE 4 OF 4 tevcecccsseasecencssens

/ . .
ZUSES DATA TO FORM A LEFT/RIGHT KATIO SUITABLE FOR CALCOMP OUTPUT

/ALSO MODIFIES DATA TO FIT PLOT RAVGE AND CAN DUMP SUBSETS

/0F THE DATA ON THE TELETYPE

JEEERERK
/FORM HATIO OF (LEFT/RIGHT#10A00) AND STORE IN PLACE OF °*RIGHT®
LR=314322
LBYR» LAC (LEFTD
baCc L /LEFT START ADDRESS
LAC (RIGHTD
DAC R ..
NOP NOP
LOVERR, CcLL
LAC I R DAC + 5 /DENOMINATOR .
LAC I L . MUL 23420 /TIMES 1900Q0@(DEC)
DIV XX /FOKM RATIO -
LACQ N S
SZL cLa /L=1=0VERFLOW
pac 1 R °
1sZ L ISz R
LAC L SAD (RIGHTD JMP REENTR
JMP LOVERR
Ls . 5} -
Roa 7]
/ : -
/¥%%4% EXTRACT MOTOR STEP INFORMATION #%% TYPE "XT" #k#%
/
XT = 338324 - ’ .
STPREC, 4] /MOTOR STEP DISPLACEMENT i .
DATLEN, 3400 /EACH DATA HEGION 1S5 34080C0CT>
/
/LOW=0ORDER BITS L,R = 1,1 CONTROL OFF ORr BAD RATIO
7 = 0,0 CONTHOL ON; NO MOVE
7/ = 1,0 CONTAOL ON; MOVE LEFT
/ = Qs CONTHROL ON; MOVE RIGHT -
/
XSINST, LAC (144 /NO MOTION
LAC (143 /MOVE RIGHT
LAC (145 /MOVE LEFT
cLa /CONTROL OFF OR BAD RATIO
cLA
LAaM /MOVE RIGHT
LAC (1 /MOVE LEFT
CLA I .
7/ : -
7/
XTRACT» LAC (LEFTD .
DAC L TAD DATLEN DAC R /ADDRESSES .
LAC (310 DAC STPREC /INITIAL DISPLACEMENT 290 STEPS '
/
XTLOOP, LAC I L RCL DAC 1 L /LEFT
- LAC I & RAR CLAYHAL /RIGHT
TAD I L AND (3 YCODE IN BITS 16,17
- TAD (XCT XSINST . DAC «+3
) TAD ¢4 DAC ++3 -
/
XX pac 1 L /INDIVIDUAL STEPS IN LEFT REGION
T XX TAD STPREC /STEP DISPLACEMENT IN RIGHT REGION
/
DAC I R DAC STPREC
1sZ L IsZ R
LaC L SAD (RIGHTD JMP REENTR /DONE
JMP XTLOOP /MORE .
/
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/
/%#xss ADJUST RATIOS TO LET PHOGRAM “CC* PLOT A SEGMENT OF THE GRAPH
P5=320323 . -
PLTSEG, TCR
. JMS FROMTO /HEGION START AND END
. DAC R LACU DAC L
LAC (MINM~] TTEXT DEC\VMB DAC MIN
cHA TAD (1 DAC CMPMIN
LAC (MAXM~1 TTEXT
DECNMB TAD MIN DAC MAX

/CHECK FOR VALUES ABOVE THE REQUESTED MAXIMUM

LAC I R
AC+GT. /15 AC>A4AX
MAX» XX LAC MAX /YES
/N0
AC.LT. /15 AC<MIN .
MIN, XX LAC MIN /YES
TAD CMPMIN /NO; SUBTRACT MIN FROM ALL CHANNELS
DAC I R ¢
LAC R SAD L JMP REENTH
152 R JMP MAX-2
Nop NOP
CMPMIN, 8
MINM, 24p240 315311 316256 240275 8e0

MARM, 240240 315321 330256 240275 o0

/%%kk%k TELETYPE DUMP OF RATIOS (OR OTHEK DATA) #%%% TYPE "AT"™ #%#%

TSP = JMS 1042 . ' .
RT = 322324

TIYHAT, LAM-68 1 DAC LINES
. LAM-5 1 DAC COLS
L4
JMS FROMTO DAC R /START
LACQ DAC SSRAT+6 ZEND
LAC (CHANM-1 TTEAT /' CHANNEL INCAEMENTS®
DECNMB DAC DCHAN .
LAC (CLL DAC DECFNT~JMS+1 /ALL OUTPUT POSITIVE
DZM CHAN  TCk2
TCR . LAC CHAN  DECPNT /TYPE CHANNEL NUMBER
SSHAT, TSP TSP
LAC I R DECPNT - 7 .
LAC R AC+GT» XX /END OF QUTPUT YET :

JMP RSTMON /END. RESTORE MONITOR FORMATS
TAD DCHAN DAC «

LAC CHAN TAD DCHAN DAC CHAN "
Isz coLs JUP SSRAT /END OF LINE YET

LAM~5 1 DAC COLS /YES

ISZ LINES JIMP SSKAT-3 /END OF PAGE YET

LaM-79 1 DAC LINES /YES

JMP SSRAT-4

LINES, 2

COLS» 9.

CHAN, 4]

DCHAN, 1 /CHANNEL NUMBER INCREMENTS

/"  CHANNEL INCAEMENTSa" .

CHANM, T 240240 303319 391316

316395 314240 311316 33322 . . . : :
305315 385316 324323 275080 . . ..

PAUSE

cw

et e,
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//ARITHMETIC COMPARISONS 07.8.70 DPecesscsccesnecananes

/

/ROUTINES TO TEST IF THE NUMBE{ IN THE ACCUMULATOR IS > OR <

/ A SPECIFIED CaITExION (FOR 18-BIT POSITIVE NUMBERS ONLY)

/THE NUMBER IN THE AC AFTER CALLING THESE KOUTINES IS THE SAME AS
4 THE NUMBER IN THE AC BEFOHE THE caLL

/%%%k% AC GHEATER THAN CRITEKION - CALLING SEQUENCE
e LAC NUMBER

/. AC.GT. CRITERION JMP YES
/ JMP NO
GTSTOR» [2]
AC«GTe = UMS
ACGT, [4]
DAC GTSTOR
CMAlCLL TAD (1 TAD 1 ACGT b
152 ACGT OPR
SZL 18Z Acet OPR
LAC GTSTOR
JMP 1 ACGT

/%%%%% AC LESS THAN CRITERION - CALLING SEGUENCE

/ LAC NU¥BER
/ ACeLT. CRITERION JMP YES
7 JMP NO
LTSTOn, 5]
ACeLTe = JMS o
ACLT, 2
DAC LTSTOR
DAC . §
LAC I ACLT
152 ACLT QPR
AC«GT XX SKp

15z ACLT OFk

LAC L1iST0R

JMP I ACLT
PAUSE
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//LIGHIPEN SERVICEs *DUBOUT"™ 87+8+70 DPesvaseeenenennnnenns
/ADAPTION OF EAMLIER ROUTINES WRITTEN BY Be KING

XADK1, %) /ADDRESS OF LAST POINT SELECTED
YADRL, 2 /CONTENTS OF LAST FIINT SELECTED
XADK2, ] /ADDRESS OF FIAST POINT SELECTED
YADAR2, 2 /CONTENTS OF FIRST POINT SELECTED
HIGHNO, 2 #HIGH=-0ADER PAXT OF SUMMATION
1L,0wNO, %} /LO%-OXDER PART OF SUMMATION
SAVAC2, 2 /TEMP. SAVE AC

S5AVAQ2, 2 /TEMP« SAVE M4

FLAGL, 9 /152 THIS LOC. FOR 3/4 SECOND

/ DELAY IN PENSER

/¥¥k%% TYPE LOC. AND CONTENTS OF LAST TwO POINTS SELECTED BY LIGHTPEN
L GPEN, cr
LAC PARMDS |
cMA
TAD XADi1
DECPNT /0UTPYT CH. NO. OF LAST POINT SELECTED
LAY 254
JdMS 0Oy
LAC YAD:}
DECPNT /OUTPUT CONTENTS OF LAST POINT SELECTED
TCu
LAC PARMDS i
cMA
TAD XADn2
DECPNT Z/0UTPUT CH. NO. OF FIRST POINT SELECTED
LAY 254
1S o1y
LAC vAabu2
DECPNT /OUTPUT CONTENTS OF FIRST POINT SELECTED
oMP HEENTR /RETURN TO MONITOR FOR NEXT COMMAND

S EEkER INTEGHATE BETWEEN LAST Tw0 POINTS SELECTED BY LIGHTPEN
/ SELECT RIGHT-HAND POINT, THEN LEFT-HAND POINT
INTEG, DZt HIGHMO0
LAC XxaADii)
FAD (=~} 1
PAC 14 /SUMMATION BEGINS AT XADRI
CLA
cLL . .
TAD I 14 . L
szL. : o
152 HIGHNO
DAC LOWNO#
LAC 14 ' .
SAD XADR2  /SUMMATION ENDS AT XADk2
JMP . 3 :
LAC LOWNO
JMP ,-11
F19.3
LAC LOWNO#

LAG HIGHNO

JMS DUBOUT

JMP HEENTR- /RETURN TO MONITOR
B P '

o

RERY

S VN
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/x¥kx DOUSLE PHECISION DECIMAL TELETYPE OUTPUT
/CALLING SEWUENCE : ’

/
/
/

LAC LOWORDER LMQ
LAC HIGHORDER !
JMS DUBOUT

/THE MAXIMUM NUMBER WHICH THIS ROUTINE CAN OUTPUT IS ABOUT 25 BILLION

DUBA,
puBs,
pyUBC,
DYBSAV,
PUBOUT,

/xkEX¥% SERVI
/PROGRAM INI
7/
/
PENSER=JMS

LAC DUBB
JMP 1331
LAC 2401

4]

[

CLL

DIV

303240

DAC DJUBSAV
LACQ
DECPNT

LAC DUBA
LAC DUBSAV
DECPNT

LAC DUBC
DAC 1276
JMP 1 DUBOUT

/CONTAINS "SZA"

/1880600 IN DECIMAL
/0UTPUT HIGH-ORDER PORTION
DAC 1276 /¥ODIFICATION TO DECPNT

/0UTPUT LOW-ORDER PORTION
/RETURN TO CALLING PHOGRAM

CE fAOUTINE FOR Ae«Pel. INTERRUPTS FROM THE LIGHTPEN
TIALIZATION MJST INCLUDE

LAC (PENSE:R

DAC" 54

Dag /A02  ATEMP. ST0aEZ AC

LAC@

DAC sAVMG2 /TEMP. STORE MQ

LAC XADR1#

DAC XAD:A2# /REFPLACE XADi2 BY XADR1

LAC YADutls

DAC YAD:t24 /HZEFLACE YADRZ2 BY YADHI1

LAC 14

DAC XADR1 /ADDRESS OF LOC. BEING DISPLAYED AT TIME
/ OF INTERAUPT

LAC I XADR1

DAC YADi! /CONTENTS OF LOC. BEING DISFLAYED AT TIME
/ OF INTERRUPT

LAC SAVHG2#

LMg /RESTORE M@

LAC SAVAC2¢ /RESTORE AC

15Z FLAGlZ#

JMP .-1 /WAIT 374 SECOND

DBR - .

JUP 1 PENSER-JMS /CONTINUE INTERRUPTED PROGRAM

PAUSE
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//SINGLE HIST DISPLAY 07.8.70 DPoesessscessscavenanee -
/
/ADAPTION OF EAULIER HOUTINE WrITTEN BY D. oEIMER
/70 BE ASSEMBLED WITH USER'S S5YMBOLIC TAPES AS NEEDED.
#3 INSTNe CALLING SEQUENCE FOR DISPLAY PAHAMETER INITIALIZATION =
ZY%JMS* TO USEr (EGION srLECIION
/"LAC™ *TOTAL VALUE® OF AC SWITCHES USED TO SELECT DISPLAY REGION
/9CLA" IF NO SWITCHES USED
79JMS DISPLS™ TO CHANGE DISPLAY HOUTINE PARAMETERS i -
/
/ACS® AND ACS9-17 USED FOR SCALING DISPLAY
7ACS1-8 AVAILABLE FOR OTHER USES

AUTO14=14
DMK. 490777
PARMDS>» 1 /DEVICE DONE -~ ALUATYS

[4] /STARTING ADDRESS~1

7] /WORD COUNT 2°'S COMP -
ACSMODs» 2 /AC SWITCHES TO BE CHECKED TO SEE IF DISPLAY

/REGION 15 TO BE CHANGED

ACSTMP» 4 /TEMP. STORE OF ACS CODE SWITCHES
CALLDS.» 4 /ADDRESS-2 OF CALL TO DISFLS
DISPLS» /CALLED BY EXTE{NAL PrOGeAMS ONLY

o) .
JMS DSPLS /CHANGED PAHAMELERS
JMP 1 DISPLS

.

sx%kx% CALL TO SET UP PHOGAAM PARAMETEUS
/CALLED FROM THIS ROUTINE ONLY

DSPLS» ]
DAC ACSMOD /ACS TO BE CHECKED [0 CAUSE REGION MODIFICATION
LAC AUTENY
SZA JMpP . 3 .
LAC (PARMDS . i
INITAL LAC PARMDS+1 ~

DAC Al43V# /5TART ADDRESS ’
LAC PaaMDs+2 . , . -
DAC WC145V# /OCTAL yvORD COUNT

CLL1CMA DAC «+3 .
LAC (2008 /MAX SCOPE SIZE

IDIV %X : '
Laco EREY

TAD (1 /X STEP > 0

DAC AXSTEPZ# /DISTANCE BETWEEN POINTS DISPLAYED
LAC (JMS DISPLI

DAC SYSHOD . .
J¥P I DSPLS

7%%%4% CALL TO MAKE ONE DISPLAY SWEEP OF THE DATA
DISPL1, o LAC WC14SV
DAG WCl4f  LAC Alasy
DAC AUTO14 /SETUP ADDRESS & 40
D cow
bac AuUTOl4 RD COUNT OF DATA
LAS 7
AND ACSMOD /TEST FOR REGION MODI ’
. ; FICATION Fa
SAD ACSTMP JMP SAMEDI /SAME DISPLAY ot ACs
DAC ACSTMP /NEW DISpLay
;Am—afl TAD DISPLS '
AC CALLDS /ADDmESS OF LAST CALL SE; -
ALLD: " BY USER TO DISPLS -
LAC ACSitiP /GIVE .-ACS CODE T3 USER PrOGAAM °

XCT I CALLDS /"JMS™ TO Ci

Tor tactos CHANGE DISPLQY REGION

XCT I CALLDS /"LAC" AC S%

i - SYITCH DISFLAY CODE
JMS DSPLS /CHANGE DISPLAY HOUTINE PAHAMETEAS ’
SéHLDI: LéS AND DMK /SCALING USES ONLY ACSP AND ACS9-17

2%: : JMP DISPL2 /AC SWITCHES = @

) J¥P DISPL3  /AC Swl ICHES
X0R! (ACT sSNA RS > 8

JIP DISPFL2 DAC DISPLS+}
LAC (1DIV JMpP DISPL4

DISPL2, LAC (JMP DISPLS+2 '
: JiMP DISPLA4 ’ S
DISPL3, DAC DISPLS5+1
. LAC 4L ’ '
DISPL4s DAC DISFLS l .

LAC XDIRCZ TAD XSTEPZ
DAC XDIuCZ D<L

. cLL LAC I AUTO14
) L¥Q
DISPLS, xx : ZMULL IDIV, P 43
/DIVISOH OR MULTIPLIER
LAV 3 LB ZINTENSIT - i
LAv e 1Tt DISPLAY :

152 UWCl4a JMP DISPL4+
JMp 1 DISPL) °

PAUSE
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4

//L0Ge SCALE OF DATA REGION 07¢8+70 DPvevesssrcccesssancss
sxxe4+¥ CONVERT ©0-18 BIT DATA WOHDS TO BASE~1p LOGS

/
LG = 314307

ABEGIN, ] /START ADDRESS
AEND, 4] /END ADDgESS
/
LOGSCL, JMS FrOMTO
DAC ABEGIN /START ADDRESS
LACQ DAC AEND /END ADDHESS
/
LOGLOP, LAC 1 ABEGIN
Jis LOGCAL  /10-BIT BASE-2 LOG
NOP

JMS BETTER /BASE-10 LOGC X 10002)

DAC 1 ABEGIN

LAC ABEGIN SAD AEND JHP REENTR /DONE

157 ABEGIN JMP LOGLOP /¥MORE TO DO

/

7 .

/*FAST LOGARITHMIC CONVEKSION - DECUSCOFE VOL 7, NO 3, PAGE 13

4 .

/ *GENEHATES A CHARACTEHISTIC BY FINDING THE MOST SIGNIFICANT
/BIT AND TACKING ON THE SIX NEXY MOST SICGIIFICANT BITS FO:x USE
/IN LIEU OF A TRUE MANTISSA. [HE KOUTINE PLOTS JUMBERS 212 02
/LESS ON IHE BASE LINZ AND PLOTS 2t18-1 AT FULL SCALE ON A TEN
/BIT DISPLAY«es+THE SUBKOUTINE IS5 ENTExED WITH THE NUM4BEA TO BE
/CONVERTED IN THE ACCUMULATOR AND RETUsNS WITH THE LOGARITHM
/PoOPERLY SCALED (FOu DISPLAY)eoos*

’
LOGCAL, 2}
SPAICLL JMP . 1) /JMP FOR AC > 131,072
CLGINORM-25
ARTL LMQ /SAVE ALL BITS < HIGH-ORDER
LACS
sSNAalCcMA
SKPICLA .
LLS 6
J¥MP 1 LOGCAL
LRSS 13 TaD (166®  JriP 1 LOGCAL
Vs
/
BETS» ? /TEMP STOKAGE
BETTER, 5] /1¥PROVE MANTISSA BY "TABLE LOOK-UP
AND €1777
sza TAD (200 /RESTORE FACTOR OF 4 HEMOVED BY
/YLOGCAL" FOx DISPLAY
DAC BETS /STORE BASE-2 TARUNCATED LOG
LAC& SPA 152 BEIS
LAC BETS /1#OUNDED BASE-2 LOG
CLL LiRS+6 /MANTISSA IN MQ
RTL
RTL
RTL
DAC BETS /STORE CHARACTEHISTICS
/
cLA LLS+6 TAD (LAC CO&MAN
DAC «+1} :
XX /BRING CORHECTED MANTISSA INTO AC
TAD BETS
CLL MUL 57
LACQ /AC CONTAINS BASE-10 LOGC X 180800)
/ o .
JMP 1 BETTER
/
/TABLE OF ACCUKATE MANTI SSAE
COMAN, [°] 1 3 4
6 7 10 12
13 . - 14 1S 17
20 . 21 22 23
- 25 N 26 27 30
31 32 . 33 34
35 36 37 Y]
42 43 a3 a4
45 46 47 5@
51 52 53 549
55 56 57 57
60 61 62 63
64 64 65 66
67 79 70 71 .
72 73 . 14 T 74
15 76 77 77

PAUSE
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//SO0FTWARE DIACNOSTICS AVD UTILITIES 07.8.70 DPescecnecnsvenacnnnce -

/FOR USE WITH THE De REIMER PDP-9 MONITOR “SALMON™ g .
’
/CALLING SEUUENCES
’ SAD (Jv JMP SUBEX  /EAEC SUBR.; RETURN TO SALMON
’ SAD (BP JIMP BiiPNT  /INSERT BAEAKPOINT
’ SAD ¢BC JMP BEKCNT  /INSEaT *BKEAK-AND-CONTINUE®
’ SAD (ARG JYP RMPGEN  /GENERATE HAMP HISTOGHAMS B
’ SAD <z JMP ZEMAMEM  /ZEAO MEMOKY HEGION
’ SAD (Fu JMP FNDWiD  /FIND WOMD IN MEMOKY =
/ SAD ¢TD JMP TTYDEC /DECIMAL TELETYEE DUMP
’ SAD (¢TO JMP TTYOCT /OCTAL TELETYPE DUMP
’ SAD (v JMP RSTMON  /HESTORE MONITOH OUTPUT FOMMAT
’ 5AD (40 JMP MOVEDA /MOVE A DATA REGION IN MEMO:Y
’ $SAD (0D JMP OCTDEC  /OCT~TO-DEC (iEAD.CONVEATs PRINT)
’ SAD DO JMP DECOCT  /DEC-TO-0CT (itEAD. CONVERT. PRINT)
’ sab ¢co JMP COMMNT  /PUT COMMENT ONTO PAGE
’
Vi LAC DELAY  UMS MICSEC /LAIT FOR “DELAY"™ MICHOSECONDS
Y sNA JMS ERRMES  /CEAAMPLE) AC=0 == Ennoi MESSAGE -
’ JMS FROMTO /REQUEST INITIAL AND FINAL ADDHESS
’ JMP HSTMON /RESTOHE *SALMON®™ MONITOH OUTPUT FORMATS
’
/*¥+%% OR THIS SUBROUTINE MAY BE CALLED TO CHECK MVEMONIC CODES
s
SOFBUG, 8 _ :
SAD (JM JMP SUBEX .
SAD (BP JMP BRKPNT
SAD (BC JMP BRXKCNT
SAD €iG JMP HMPGEN
SAD (zM JMP ZE2MEM
SAD C(F¥ MR FND4iD
SAD (TD JMP TTYDEC
SAD ¢TO JMP TTYOCT ) .
SAD (R JUP HSTMON ;
SAD (0 JMP MOVEDA
. SAD (OD JMP OCTDEC : "
SAD (DO JMP DECOCT .
SAD (CO JMP COMMNT
NOP NOP .
NOP NOP : : .
JMP 1 SOFBUG :
’
e

/*%%%%x EXECUTE SUBROUTINE AND RETURN TO MONITOR #%%%x% TYPE VUMY ke aokk
JM = 312315 :
7/

'SUBAC» 2]
SUBMG, 2}
SUBEX» LAC €JM5M-1 TTEXT

0CTNiMB TAD (JMs DAC « 5

LAC suBMu  LMa /COULD BE “LAS" TO LOAD Ma

OPRH /COULD BE "HLT" T0 CHANGE AC SWITCHES

LAC SUBAC  /COULD BE “LAg"

XX JMP HEENTH
"5 TO * . . / B .
JMSM, 323240 324317 240060 <
7/
Vs
/kxkkk BHEAKPOINT INSERT #%*%% TYPE *Bp™ EA R L1 3 . N
BP=302320 . - - :
BPJMS, JMS BPSER : - 2
BPADDA» 5
BRKPNT, LAC (BPIN-1 TTEXT

OCTNMB DAC BPADDR /BP WHERE

LAC C(HEPL-1 TTEXT
LAC 1 BrADDR

OCTPNT /CONTENTS OF LOC+ WHEKE BP INSEHTED
LAC BPUHS DAC 1 BPADDR /AT BP» JMS BP SERVICE
JMP REENTR .
7/ .
/d%%a% *BREAK-AND~CONTINUE® INSEKT %tkt# TYPE “BC"™ #k&kk
BC=302303 o .
BCJMS, - - JMS BCSER
BCFLAG, 4] /72=NO BREAXK IN USE; LAM = BHEAK IN USE
BCADDit, [} /ADDRESS AT WHICH 10 INSERT "BREAK~AND-CONTINUE® )
BCINST, 4 ’ 7/ INSTRUCTION HEFLACED BY *“JMS BCSER"
/
BRKCNT, LAC BCFLAG sNA /SK1P IF BREAK IN USE .
JMP BCIN / BREAK NOT IN USE AL&EADY
LAC BCIN5T .
DAC 1 BCaDDu /REPLACE OLD “BC" BY OHIGs INSTN
/ .
BCIN, LAC (BPIN~1 TTEXT /°*BC IN" . .
0CTNUB DAC BCADDH sLOCATION OF BC
LAC C(REPL=1 TIEXT /" REPLACES®:
LAC 1 BCADDa DAC BCINST /INSTRUCTION
OCTPNT
LAC BCuvs DAC 1 BCADDA °
LAM DAC BCFLAG /AT BREAK, *J4S BCSER"™
JMP REENTH . :



DAC I BPADDR

JMP REENTR
/
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7/

/3s&s% BREAKPOINT SERVICE ROJTINE #%k&&

BPLINK, 14 /CONTENTS OF LINK AT BHEAK

BPAC, 2 /CONTENTS OF AC AT BHFEAK

BPMQ, ] /CONTENTS OF MW AT BoEAK

/

BPSERs [ DAC BPAC
GLK DAC BPLINK
LACW DAC BPMQ

/
NOP /SET = "IQN' FOR USE OF P.l.
LAM TAD BPSER AND 17777 DAC BPADDR
LAC (302320 DAC BFrOM DAC KEPLAC 1 /"'BP FROM"
JMS BLACME /0UTPUT BP ADDHESS, LINKL, AC, MQ
JMS BRKRST /CHECK WHAT TO DO VITH BAEAKPOINT
SzZA /LEAVE BREAKPOINT IN -

/REPLACE BREAXPOINT FROM TELY

/¥kktk BREAK~AND-CONTINUE SERVICE *%#%%x%

TSP = JMS 1042
/

BCSER» 2 DAC BPAC
GLK DAC BPLINK
LACQ DAC BPMQ
NOP /SET = “I10N" FOR USE OF P.l.
LAM TAD BCSEr  AND (17777 DAC BPADDR
LAC (302383 DAC BFiOM  DAC REPLAC 1 /"BC FROM"
JMS BLACMG /0UTFUT BC ADDRESS, LINKs ACs MU
JMS BRK&ST /WHAT TO DO WITH BREAKPOINT
sza JMP BCREPL
REGRST, LAC BPMU LM@
LAC BCSER  HAL
LAC BPAC /RESTORED MQ, LINK, AC
XCT BCINST /EXEC. INSTRUCTION, LEAVE SREAK IN, CONTINUE
JMP 1 BCSER
BCREPL, DAC I BPADDK /REPLACE BREAK FAOM TELY
DZM BCFLAG /BAEAX NO LONGER IN USE
" JMP REGHST /BREAK HEMOVED, EXECUTE INSTRUCTION, CONTINUE
Vg
Z¥%%%x EHROR MESSAGE SERVICE #k%xk
ERAMES. @
DAC BPAC
GLK DAC BPLINK
LACR DAC BPYE
LAC ¢3085383 DAC RF20M  /"EC FHOM +.." MESSAGE
LAM TAD ERHMES AND ¢17777
DAC BPADDR /LOCATION OF EHROR
JMS BLACMQ /0UTPUT. MESSAGE + LINK» ACs MQ
LAC BriQ LMu
LAC EXRHMES =HAL /RESTORE LINK
LAC BPAC
LAC (47040 J¥S MICSEC /LET TELETYPE SETTLE
JMP I ERAMES /PROCESSING CONTINUES DESPITE ERROR
/
/
Vg

/%% QUTPUT PROGRAM BHEAK MESSAGE + L., AC, MQ %*xx%x

TDIGIT = JMS 1026
/

BLACMQ, [
TCR2
LAC (BFROM-1 TTEXT
LAC BPADDR OCTPNT /L0C. OF BP
/
LAC (LACMOGM-1 TTEXT
LAC BPLINK TIDIGIT TSP /LINK
LAC BPAC OCTPNT TSP /AC OUTPUT
LAC BPMQ OCTPNT - /MQ OUTPUT
JdP 1 BLACMQ ’ :
/
/

/%% WHAT TO DO WITH "BP"

 BRKRST,. 0

LAC (REPLAC-~

OCTNMB

JMP I BRKRST

, .
/"BP IN " Or "BC IN "

AND *'BC" BREAKPOINTS #x*k%x%

1 ‘TTEXT
/RESTORE BREAK IF NON-ZERO
/RETURN TO SERVICE ROUTINE

" APPENDIX F

BPIN, 240311 3162482 Q000022

/% REPLACES *

REPL.» 24p322 305329 314301 303365
323249 e300

/*BP FROM " Oa "BC FHOM ' 01 “EC FHROM "

BF 1i0M» XK 240306 322317 315248
¥00000

7 L, AC, Mu = **

LACMGNM, 240240 249314 254249 301333 254240
315321 24082175 240000

/"¢ BP & * 0O "o BC =~ "

REPLAC, 256240 XX 240337 240009

/
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Ze¥esd RAMP GENERATOH s#%%s TYPE "RG™ #e*xis

/ T+Es INSERT INTO SPECIFIED LOCATIOVS A NUMBER
/EQUAL TO THE OCTAL ADDx£ESS OF EACH LOCATION -
RG = 322307

RMPCOY, 8 /CONSTANT ADDEND TO ALL RAMF NU4BERS 1,
RMPADD, @ .
RMPEND, e AR :
RMPGEN, LAC (LAC RMPADD DAC DEP

JMS FROMTO DAC RMPADD /INITIAL ADDRESS

LACQ DAC AMPEND /FINAL ADDIRESS
DEPs XX TAD RMPCON DAC 1 :#MPADD /RAMP
- LAC RMPADD SAD HMPEND JMP 2EENTK /END OF RAMP
152 RMPADD JMP DEP /CONTINUE HAMP GENERATION ,
/
, -

/#%%%%x ZERO OUT A MEMORY HEGION #%#%% TYPE "ZM" s&k#%
ZM = 332315
ZEHMEM, LAC (CLA DAC DEP /"RMPCON'™ MUST BE 9

JMP RMPGEN+2 /0THERWISE REGION == RMPCON

NNN

SEEEEK  Akkk¥ TYPE YEY' skknxk
/SEARCH SPECIFIED ¥EMOH{Y FOR WHOLE WORDS OR ADDRESSES ONLY

/
SRCHAA, ¢
S5:CHA, X
SuCHB., []
FINDU, 2] .
F¥=306327 .
’
FNDUWRD» J¥%S FROMTO
DAC SACHAA /INITIAL ADDRESS )
Lacae :
DAC SACHB  /FINAL ADDHESS . : o,
CRFINDs TCh2
LAC SHCHAA DAC SKCHA
LAC ¢(FIND-1 TTEXT
OCINMB DAC FINDU /0CTAL NUMBE: SOUGHT
7
/7
AND (760208 5zA JMP INSTARY
s . : :
/FIND ALL WORDS IN THIS nEGION CONTAINING THE SOUGHT ADDEESS
LOCONY, LAC I S5xrCHA
CMA
XOR FINDW
AND (17777 SAD €17777 SKP JMP ENDCHK
LAC SACHA  SAD (OCINMB+23-JMS JMP EVDCHX
SAD (FINDW JMP ENDCHK
TCR
LAC sncCHA ;2’/
OCTPNT /LOCATION CONTAINING SOUGHT ADDRESS
YT LAC I SKCHA
OCTPNT /WHOLE WORD .
ENDCHK» LAC SACHA  SAD SiCHB  /END OF AREGION YET . -
JMP CRFIND /YES : . B
152 SRCHA  NOP /NO MATCH OF ADDRESS
JMP LOCONY /NO
NOP
’
/FIND ALL WORDS IN THE KEGION IDENTICAL WITH THE WHOLE WORD SOUGHT
INSTHN, LAC I SRCHA CHA XOR FINDW .
5AD (LA SKP JMP ENDCK2
TCR
LAC SRCHA  SAD (OCTNMB+23-JMS JMP ENDCK2
SAD C(FINDw JiP ENDCK2
- OCTPNT /LOCATION OF SOUGHT WORD : .
" ENDCK2, LAC 3#CHA  SAD SRCHB  /END OF REGION YET
’ . JiP CoFIND /YES . .
152 SRCHA  NOP /NO MATCH OF LHOLE WORD .o . T -
JMP INSTRN  /NO : :
Nop
/
/" FIND © : -
FIND, 240306 311316 304240 200000
/

/
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/*‘t*** **‘**#
/MICROSECOND DELAY ROUTINE~CALL BY "JMS MICSEC"
/MINe = 32 MICHOSECe; MAX. = 262 MILLISEC.

/
MICCNT,» 2] /4-M1CROSECOND-DFLAY~LOOP COUNTER
MICLOC, MICCNT
MICSEC, [ /DELAY = CONTENTS OF ACCUMULATOR AT TIME
/0F CALLING THIS oQUTINE, IN MICROSECONDS
/ = TIME TO ELECUTE "Jm$ MICSEC”
/PLUS THE MICSEC nOUTINE INCLUDING "J¥MP I MICSEC
CLL LRS 2 /DIVISION BY 4
cMA TAD ¢1 7 SMA LAM
DAC MICCNT /NG« OF LQOOPS REQUIHED
/
CLA LLS 2
CcMA TAD (1
TAD (J¥P LOOP4 DAC « 1
XX -
oPR OFR OPR /1-3 MICROSEC DELAY
/
LOOP4, ISZ 1 MICLOC JMP =1 /4 MICROSEC LOOP
oPR -
JMP I MICSEC /RETURN TO CALLING PROGRAM
/

/*%kkk REQUEST INITIAL AND FINAL ADDRESS FROM TELY *x%*%
/RETURN TO CALLIJG PHRIGRAM WITH INIIUIAL ADDRESS IN AC, FINAL IN MQ

/
FFROM» 240306 322317 315240 ] /" FrOM *
TTOM, 240240 324317 240000 /" T0”
FT, 2
/
FROMTO» [4]
LAC (FFu0d~1 TTEAT /" FROM *
OCTNMB DAC FT ZINITIAL ADDRESS
LAC (TTOM=1 TTEXT /" TO "
OCTNM3 LMQ /FINAL ADDRESS
LAC FT
JAP I FROMTO . /RETURN
/ B

/%*x%+4 TELETYPE DUMP ROUTINES ##%%«
/1@ SEC PER LINE = 1.25 SSCONDS PER “ORD DUMPED

’
/xxexx DECIXMAL DUNE 4444+ TVPT TD" #x%3t
TD=3243064
TTYDEC, LAC (DECM-1 TTEXT
LAC (NOP DAC WRITTT 3 /DEFEAT OCTAL DEFAULT
LAC (DECPNT DAC P&MOD /DECIMAL
LAC (CLL DAC DECPNT=-JMS 1 /POSITIVE NUMBEARS ONLY
JMP TTYDUP
srECh
DECM, 395303 220
/
/kxxkk OCTAL DUMP ktxx% TYPE '"TO'" %x%**
T0=324317 }
TTYOCT, LAC COCTM~1 TTEXT
LAC (OCTPNT DAC PAMOD
JMP TTYDH4P
/lVCTlI
oCT, 383324 [%14]¢]
/
/
/FINAL ADDHRESS MUST BE >= INITIAL ADDRESS FOR THE DUMP
PRMOD = 2011 /PRINT MODE SPECIFICATION IN"MONITOR 17,MARCH 68"
DUMPA, [} /1INITIAL ADDRESS L
DUMPB» %} /FINAL ADDRESS
’/ : .
TTYDMP, JMS FROMTO 'DAC DUMPA /INITIAL ADDRESS
’ LACQ DAC DUMPB /FINAL ADDHESS
/ : : .
LAM=10 1 DAC WRITTT S /1G¢0OCT) WORDS/LINE
LAM-2+1 DAC TYT-JMS 1 /2 SPACES BETWEEN WORDS
LAC (TCR2 DAC wiITTT 7 /DOUBLE SPACE
LAC DUMPB cMA TAD DUMPA .
NOP DAC PARMWK 2 /DUMP HOW MANY
LAM TAD DUMPA DAC PAHRMWK+1 o /START DWMP
/WHERE
JMS WRITTT /DUMP
TTYRST» TCR JMP RSTMON /RESTORE MONITOR
/
/
Jxsat« RESTORE MONITOR OUTPUT FOUMAT #¥%%% TYPE "RM" ¥&x% .
KM = 322315 f
RSTMON, LAM-4 1 DAC WRITTT S /4 WORDS PER LINE
LAM=-6 | DAC TYT-JMS 1 /6 SPACES PER TAB
LAC (TCR DAC WRITTT 7 /SINGLE SPACE LINES
LAC ¢CLLISMA DAC DECPNT=JMS 1
/HESTORE NEGe OUTPUT FEATURE TO DECPNT ROUTINE
LAC (DAC PRMOD DAC WRITTI 3
/HESTORE OCTAL MODE DEFAULT
Nop NOP NOP

JMP REENTR . . /HETURN TO MONITOR

.,
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4

s%wskd MOVE A DATA AREGION IN MEMORY =% TYPE “MOD™ #*

/COP1ES THE DATA FuOM ONE HLEGION 10 THE NEXT WITHOUT ALTERING THE FIRST
/ REGION .

/SECOND REGION MUST YOT OVExLAP FIRST HEGION FROM ABOVET!!

14
M0 = 315317

Vi
MO VEA> 0 FPRESENT 1NITIAL ADDRESS
MOVEB, 2 /NEW INITIAL ADDAESS -
HOVEX, 2 71NDEX
MOVEDA, LAC (MOVEM-1 . TTEXT -~ /MESSAGE
DECNM3
cMA TAD €} DAC MOVEX
ICR
LAC (CHANGM-1 TTEXT /GET ADDRESSES
JIMS FROMTO ]
DAC MOVEA  /PRESENT INITHAL ADDHESS
LACu DAC MOVEB  /NEV INITIAL ADDHESS
/
LAC I MOVEA DAC 1 MOVEB
1Sz MDVEA 152 MOVEB
ISZ MOVEX  JMP <=5
Vs
JMP REENTR
Vs
/"VE A DATA REGION OF LENGTHC(DEC) ="
MO VEM, 326305 240301 240384 391324
381240 322395 327311 317316 240317
306240 314385 316307 324310 250304
3085323 251240 2759930
7
/" CHANGE FIxST ADDRESS *
CHANGM, 240240 243303 318381 316307
395240 306311 322323 324240 301304
384322 385323 323020 :
/ .
s

rd

VATII T A 22T 2]
*/0CTAL=TO~DECIMAL AND DECIMAL-TO-OCTAL CONVERSION
/SAVES TABLE LOOK-UP

/

0D = 317304

ODSAVE, 4

OCTDEC, TCR 0CTNMB DAC ODSAVE TYT
LAC DODSAVE DIZCPNT JUP «=6

/ . :

DO = 304317

DECOCT,» TCh DECNMB DAC ODSAVE TY¥T
LAC ODSAVE DOCTPNT JMP <=6

/

/

/

/

Zdnkkdk TNSERT COMMENTS ONTO PRINTOUT #*#%k% TYPE "'CO™ seskkskx
7 SAVES GOING INTO *LOCAL® MODE OF TELYTYPE
/ IDENTIFIES COMMENTS DISTINCILY ON THE PRINTOUT

/ . .
CO = 303317 ] -
COMMNTS LAC (COMM~1 TTEXT T TSP TSP SKP
ICk :
LAC (STARM-1 ’ TTEXT SRR
GicC . /PICK UP DIE CHARACTEX FaOM TELY
NOoP
SAD (RETUxN J4P COMMNT 5 /NEXT LINE
SAD (SEMCOL SKP /SEMICOLON 1S5 TERMINATOR OF COMMENT
JMP TOMMNT 10 7CONTINUE FOr NEXT CHARACTER
TCH2 JiP REENTR
4
RETURN = 215
SEMCOL = 273
/
7UMMENT3 ="
CoMM, 315315 305316 324272 255000
p .
FALTT R . N i
STARM, 252252 . 252240 240000
/ .
/ . : .
PAUSE

-

v e -

yomeen s
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ON-LINE BEAM POSITION CONTROL ROUTINES

These routines were written to accept data from the PDP-9 scalers,
to interpreﬁ the asymmetry in scaler counts as an indication of the lat-
eral position of the proton beam, and to change the current through the
steering magnet as necessary. A description of the uses of these rou-
tines was given in Chapter 3.5c.

These routines are used in the Ream Observation Program (Appendix
F) and in the on-line programs that analyze data from the wire chamber
spectrometer.z) The functional relationship between these routines and
the wire chamber spectrometer programs are shown in Figure G.1l. In the

program listing which follows the descriptions given below, the begining

of each routine is marked by a comment whose first 6 characters are " /xsooex!,

Functional Description of Control Routines:

Set up the constants in the beam position control routines - subrou-
tine "BPINIT" - called before a data run to set all parameters
and control data to their initial values. Does not establish
any linkage to the scaler Program Interrupt (P.I.) service
routine,

Turn beam position control ON - "BPCON" -~ resets and enables the
scalers, Sets up linkage from SALMON Monitor to the scaler
P.I. service routine.,

Turn beam position control OFF - "BPCOFF" - resets and disables
scalers. Removes linkage from SALMON Monitor to P.I. service
routine for the scalers.

Service program interrupts from the scalers - “BPCPI" - when a
scaler overflow is detected, both scalers are reset and a
software flag set to prevent any position control based on
the current sample.,

Read the scalers (after each spectrometer event) - "BPCSRD" - if the
scalers overflowed during this sample, resets them but does
not read them. Otherwise reads and stores the data from the
left (#1) and right (#2) scalers before resetting them.
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Average the data from the last 2, 4, 8 or 16 samples - MAVERAG" - the
arithmetic mean of the data from the last 2, 4, 8 or 16 samples
replaces the most recent data from the scalers. Also used by
the Beam Observation Program to smooth stored data from 1792
successive samples,

Take the ratio left counts/right counts - "BPCRAT" - for good data,
forms the ratio of the counts from the left and right scalers
(normalized to 1:1 = 1000). No ratio is formed if either
scaler counted less than 100 counts or counted more than
262,143 counts during the sample time,

Compares the measured ratio to the allowed upper and lower limits -
"BMPOS" -~ if the measured ratio is above/within/or below the
limits, the motor on the steering magnet power supply is step-
ped to the right/ not at all/ or to the left. No action is
taken if the scalers had too many or too few counts (see rou-
tine above). If the ratio is extremely large or small the tele-
type bell is sounded. 1If the motor makes more than 200 steps
(net displacement) away from its initial position, a teletype
message is printed and the program enters a "wait loop". Nore
mal execution resumes after any accumulator switch is changed.

Move the motor one step to the left - "MLEFT" - called by BMPOS to
move the motor and to update the current motor direction vari-
able, the net number of motor steps and the total number of
steps to the left. A single parameter can easily be modified
such that the motor moves only once for every n consecutive
calls (n =1, 2, ...; default = 1),

Move the motor one step to the right - "MRIGHT" - similar to the rou-
tine above,

Store information on the behaviour of the control system - “REVCHK" -
forms 2 histograms of (the number of occurrences during a run)
as a function of (the number of consecutive motor steps taken
toward the left (right) before the motor changed direction),
Useful in evaluating system performance,
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Figure G.1

The linkage of the beam position control routines with the wire cham-
ber spectrometer programs. The double-ended arrows indicate that,
upon completion, each of lhe beam position control routines returns
to the part of the main program (dashed lines) which called .it.
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//0N-LINE BEAM POSITION CONTAOL HOUTINES 19:8¢70 DP seececasccacscanssn

/

/SINGLE PRECISION SUBHOUTINES TO HEAD AND COMPARE SCALERS
/ AFTER READING MAGVETIC COES OF WIAE CHAMHERS
4 AND TO INIVIATE CORKECTIVE ACTION IF NECESSARY
/

ZUSES SUBROUTINES "ARITHMETIC COMPARISONS 07.8.78 DP" AND
/"SOFTWARE DIAGNOSTICS AND UTILITIES 07.8.70 bp"

/

/

/THIS PROGRAM TAPE CONTAINS THE FOLLOWING SUBKOUTINES:

/ JMS BPINIT ZINITIALIZE THE BEAM PUSITION CONTROL
. ZHROUTINES PulOf 70O A DATA RUN
/ JMS BPCON /TUnN BEAM POSITION CONTHOL SYSTEM ON*
/ JMS BECOFF /7 1TUnd BEAM POSITION CONTAOL SYSTEM “OFF™
/ JMS BPCPI /CHECK FOi Pele FiidM SCALERS: HESET SCALERS
/ JMS BPCSAD  /nEAD SCALEN #1 (LEFT) AND #2 (RICHT)
/ JMS AVERAG /5MO0TH QUI DATA BY AVEHAGING 2, 4,8 OR 16 SAMFE
/ JMS BPCRAT /TAKE sATIO RpDL/BPDA; TTY BYELL IF RATIO TOO BG
/ JMS BMPO S /COMPARE HATIO IO CrITEAIAs; MOVE MOIOn AS NEC.
/ JMS MLEFT /MOTIR ! STEP LEFT; KEEP THACK OF NET STEPS,
/ CURKENT STEP, CHANGE OF DIRECTION
/ JMS MRIGHT ZAS ABOVE, HIGHT
/ JMS REVCHK /HIST. "STEPS BEFOHE DIRECTION REVERSALY
/ JMS BPCSRD UMS BPCHAT JMS BMPOS /30 AVERAGING SEWUENCE
/ JMS BPCSAD  JMS AVERAG JMS BPCHAT JMS BMPOS /AVERAGING
/ . .
7/
/
/¥xxxx BEAM POSITION CONTROL INITIALIZATION #%%x«
/
TEMPLI T, 4] /TEMPOKARY STORAGE
ZINDEX» [} /SCRATCH INDEX
/
BPINIT, [} ZINITIALIZATION KOUTINE
LAC RATNOKM DAC NOuMC /NOHMALIZATION CONSTANT
DZM CUASTP IS2 CuxSTr 74 OF MOTO4 3TEPS IN CUHRENT DIR.
DZM LSTEP PZM LsTEPL ZE2FAL SVEFS LEFT (LOSHID
' DZM RSTEP NZM ASTEPL  /TOTAL STFES RTGHT
DZM NETSTP /JET 4 OF #0T0r STEFS FnOM STAXT OF HUN
DZM BADPI /RESET SCALEX-OVERFLOW CHECK FLAG
7/
LAC 17 DAC TEMPI'7 /SAVE 17
LAC (5T0REV-] DAC 17
LAM~-60+1 DAC ZINDEX
DZM 1 17 /ZERD “STEPS-TO-REVEASAL™ HISTOGRAM
1S2 ZINDEX JMP .-2
DZM REVBY2 /# OF TIMES oEVERSAL HIST SCALED DOWN BY X(2)
/ .
LAC (DATAVG-1 bAC 17
LaM-4¢ ) DAC ZINDEX
bzM 1 17 /ZERD LEFT AND RIGHT DATA FOR AVERAGING
1SZ ZINDEX UMP »-2
/7
DzM ELMENT VZITEM ¢ OF L,K DATA FOR AVERAGING
DZM TOTL Dz TOTLI /L DATA SUM
pZM TOTR DZM4 TOTRI /R DATA SuM
LAC NJUMELM CMA . TAD (1 .
DAC ELMX I5Z ELvx /ELEMENTS IN FIRST AVERAGE
LAC NKSHFT TAD (LRS /SET-UP AVEHRAGE-BY-SHIFTING -
DAC AVUGDAT S DAC AVGDAT 14
LAM DAC FULELM /INITIALLY NOT NOUGH DATA TO AVG.
/
DZM CALLL DZM CALLR /RESET CALLS~LEFT AND CALLS~RIGHT
DzZM NCALL1 DZM NeaLL /74 OF TIMES NO MOVE-MOT0# CaLLS NEC
Dzt BADAT] /4 OF TIMES DATA IGNU~ED BECAUSE OF
DZM BADDAT  /P] IN{ERSRUPT FROM SCALEx OVEKFLOW
DZM NODATI /¢ OF TIMES DATA [ GNO:: BECAUSE
DZ¥ NODAT /HPDL OH BFDX < 126 (DLEC)
Vd .
LAC TEMPI7 DAC 17 /HESTORE 17
/7 .
NOP NOoP B NOP
NopP NOP NOP
/
JMP I BPINIT
/
/
/7 »
V4 .
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/

/

/

/E¥ ek TURN BEAM POSITION CONTROL SYSTEM *'ON' ¥ x4kr%

/DONE IN 1071=PAIRS TO PHEVENT PDP-9 FrOM SEEING THE P.ls FLAG
/THAT MAY HAVE BEEN SEf BY THE SCALER CLEAR 10T

BPCON, [/]
10T 5104 10T s1p2 /CLEAR SCALENS+ Pl; ENABLE SCALERS
10T 5204 10T s2u2 :
LAC (uMs BPCPI /SET-UP Pl SERVICE IN MONITOR
DAC pPISER2 :
NOP NOP
JMP 1 BPCON
/ 7
/
/.
/ktxxs TURN BEAM POSITION CONTHOL SYSTEM *QFF"
/
BPCOFF, a
10T 5104 10T S196
I0T 5284 I0T 5206
LAC (yop DAC PISER2 /RESTORE MONITOR
NOP NOP
: JMP 1 BPCOFF ~
/
/
/
/x¥¥xk HOUTINE TO CALL TO CHECK FOR P»1. FHOM BsPsCs» SCALERS
/
BPCPL, [}
10T 5101 SKP JMP RSTSCL /RESET SCALERS
10T 520} SKP JMP RSTSCL  /RESET SCALExS
JMP I BFCPI
RBTSCLy JMS BPCON ' .
152 BApPI OPR ZINHIBIT POSITIOY COYTROL FO=r
/CURKENT SAMPLE :
“-NOpP NOP
P PISMIS
/
/
/
/EEErk ROUTINE TO BEAD SCALEAS #éiéx
rd
/
BPCSRD, [} .
cLA SAD BADPI JMP GOODRD
1SZ BADDAT SXP : 132 BADATI
JMS BPCON /RESET SCALEKS
JMP ] BPCSKD /IGNORE THIS DATA
GIODRD, 107 5113 DAC BPDL I0T 5104 10T 5102
: 10T 5213 DAC BFDR 10T 5204 10T 5202
NOP NOP
JMP I BPCSRHD
/
PAT2 /] /ROOM FOR PATCHES
» O/ )

-




/
JExkx% TAKE
/

/ .
TOILL,
TOTL,
TOTRL,
TOTRH,

7/
ELMENT,
ELMADL.
ELMADH,
/

/
FULELM,
ELMX,

/
DATAVG,
« 37/

FULL,

/
/
SUBDAT»

LDUBL,

RSING,

HDUBL,

4

ADDDAT,

/
AVGDAT,
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AVERAGE OF DATA FROM LAST 2,48 OR 16 SAMPLES

[} /TOTAL COUNTS ON LEFT IN SAMPLE POPULATION

[}

[4 /TOTAL ON RIGHT (HI, LO)

s .

[4 /DATA POPULATION INDEX

2 /ABSOLUTE DATA POP. ADDHRESS ON LEFT

[ .

LAM /"LAM" == NOT ENOUGH DATA YET; "@" == ENOUGH

4 /INDEX

e /UP TO 32 (DEC) SAMPLES IN POPULATION

4} /TAKE AVERAGE OF DATA

LAM TAD NUMELM AND ELMENT /RELATIVE L,R ADDRESS
/MODULO 2,458 Or 16

TAD (DATAVG DAC ELMADL /ABSOLUTE LEFT ADDRESS

TAD (29 DAC ELMADR /ABSQOLUTE RIGHT ADDRESS

1SZ ELMENT OPR

CLA SAD FULELM JMP FULL

JMS ADDDAT /ADD THIS DATA TO POPULATION; NOT ENOUGH TO AVG.

152 ELMX

JMP 1 AVERAG /NEXT SAMPLE WON'T BE ENOUGH TO AVG

DZM FULELM

JMP 1 AVERAG . /NEXT SAMPLE WILL BE ENOUGH

JMS SJUBDAT /RE[MOVE OLDEST DATA SAMPLES FrOM TOTALS
JMS ADDDAT /ADD NEWEST DATA SAMPLES TO TOTALS
JMS AVGDAT /TAKE THE AVERAGES; STORE IN BrFDL AND BPDR

JMP 1 AVERAG /AVERAGEING COMPLETE
) /REMOVE OLDEST DATA Fa0M TOTALS

LAC TOTL1

SZA J¥P LDUBL  /DOUBLE PKHECISION

LAC I ELMALL . cMA TAD ¢1 /SINGLE
TAD TOIL DAC TOTL

JMP RSING o

LAC I ELMADL SNA JUMP RSING
cMA TAD (1 /2'S COMP. OF ELEMENT
STL /SET LINK FOR LATER OVERFLOW TEST
TAD TOTL DAC TCTL

SNL JLINK = | IF TOTL WAS < OLD DATA

JMP RSING /JLINK = ¢ IF TOTL WAS > OLD DATA
/SUBTRACTION COMPLETE .

TAD (LAM TAD (1} . /TOTL NOW NEG.3; BORROW 2%%18
/AND ADD TO MAXKE LOW-ORDER POSITIVE

DAC TOTL /STORE CORKRECT "POSITIVE"™ TOTL

LAM TAD TOTL1 DAC TOTL!Y /LOAN 2%*18 FROM HI-ORR

LAC TOTH!

5ZA JiP nDUBL /DOUBLE PHECISION

LAC I ELMADR CcMA TAD 1

- TAD TOTK DAC TOTR

JMP 1 SUBDAT

LAC I ELMADH SNA JMP I SUBDAT -

cMa TAD (1

STL :

TAD TOTR DAC TOTR

SNL JMP I SUBDAT g

TAD (LAM 7aD (1} DAC TOTR

LAM TAD TOTRI DAC TOTRI

JMP I SUBDAT

‘e /ADD NEWEST DATA T0 TOTALS

LAC BPDL DAC 1 ELMADL

CLL TAD TOTL SZL 1sZ TOTLI

DAC TOTL

LAC BPDR DAC I ELMADR

CcLL TAD TOTR SZL 152 TOTR!

DAC TOTH

JMP I ADDDAT

%] /TAKE THE AVEHRAGES

cLL LAC TOTL LMW LAC TOTLI1

XX /DIVIDE BY 2,458,516

LACQ DAC BPIDL

CLL LAC TOTR LMQ LAC TOTRI

XX

SZA JMS ERKMES /EHHOR MESSAGE

LACQ DAC BPDR

JMP I AVGDAT
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/ . . :
/##8xx ROUTINE TO TAKE (LEFT/RIGHT) RATIO #ssxx i '
TSP = 161042 : -
BPCRAT, [ .
LAC BADPI
sza R
JMP 1 BPCRAT /RETURN; SCALERS OVEXFLOWED
. LAC BPDR DAC NORMC+2
/ -—
[ AC.LT. 144 15z NODATT . /< 1B@8(DEC) COUNTS ’
LAC BPDL ’ .
AC.LT. 144 15Z NODATT 3
cLa SAD NODATT JMP » 5 ’ s
182 NODAT SKP 152 NODAT} )
JMP 1 BPCRAT /RETURNS NOT ENOUGH DATA
/ .
CLL LaC BPDL /MULTIPLICAND = COUNTS ON LEFT ,
: MUL
NOMC, XX /RATIO NOAMALIZATION (DEFAULT = 1,000 DEC.)
DIV J LL/RD *
XX /DIV1SOR = COUNTS ON RIGHT
Laca /RATIO IN AC
DAC HATIO :
NOP NOP Nop : *

JMP 1 BPCRAT
/
/¥¥¥x¥ COMPARE RATIO TO CRITERIAZ MOVE MOTOR AS REWQWUIRED *%%%x* -
/IF MOYTO& MOVES MOsE THAN 200 STEFS FROM ITS INITIAL POSITION, A TELY
/MESSAGE IS GIVEN AND THE PrOGRAM "LAITS'" UNTIL ANY AC SWITCH IS

/ CHANGED
/
BMFPOS, 8
/
LAC BADPI
sNa GMP .43
DzM BADPI
JMP KBDBEL+2 /RETURNS PI O'FLO ) -
/
LAC NODATT : . .
SNA JUP a3 : C, ’
DZM NODATT ) .
JMP KBDBEL#2 /RETUINS NOT ENOUGH COWNTS .
SZL JMP KBDBEL /(uATI0>262) = BILL .
LAC RATIO .
AC.LT. 5 JMP KBDBEL /(RATIO<1/25@8)=BELL
-*
Nog -
/
LAC NETSTP AND (377777 /MESSAGE IF NETSTP > 280 (DEC)
ACsGF» 307 JiS STPFAR
LAC RATIO .
t  AC.GT. 1767 JMP RRIGHT /1.5% HIGH
1 AC.LT. 1731 JMP HLEFT  /1.5% LOW
1Sz NCALL  SKP 152 NCALL1
NOP NOP NOP .-
JMP 1 BMPOS /HATIO WITHIN THE 1.5% LIMITS .
/
HLEFT» JMS MLEFT  JMP ] BMPOS /MOVE MOTOR ONE STEP LEFT
RRIGHT, JMS MRIGHT JMP I BMPOS ] "
KBDBEL» LAV 207 J¥S 0TY JMP 1 BMPOS /RATIO ERROR ==  BELL ' B
/
/25
STPFAR» o /STEP OVER 286 FROM START
TCR2 LAC NETSTP DECPNT
LAC (FARM~}1 TTEXT TCA2
OPR NOP. - /JMS BPCOFF .
LAS DAC SALAC  /SAVE AC SWITCHES :
LAS X0it SALAC  /COMPARE PRESENT ACS TO OLD
sNA JMP s -3 /STAY TILL ANY ACS CHANGED

DZM NETSTP JMP I STPFAR
L /M MOTOR STEPS!I™

FARM, . 2072406 315317 324317 322240 s
i ‘323324 305320 323241 241000 E :
5ALAC, % /STORE AC SWITCHES - . . - . ..
y . R
-~ -
." .
h.
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/xkxs® ROUTINE TO MOVE MOTOR LEFT #x##x ) i
LL=314 .
RR=322 .
/ . .
Z/UPDATE NET~STEP COUNTER
MLEFT, 1]

DiM CALLR 15Z CALLL LAC CALLL SAD CALLM SKP .

JMP I MLEFT _

LaM TAD CALLL DAC CaLLL ‘ .

152 LSTEP SKp ISZ LSTEPl /TOTAL 7 STEPS LEFT

LAC NETSTP

S5NA SKP JMP . 4

) TAD (XCT 1 DAC NETSTP JMP MOTL /FIRST STEP LEFT

SkA SKpP JIP o« 4 :

TAD (~1 1 DAC NETSTP JMP MOTL /NET. STEP IS RIGHT

15Z NETSTP /NET STEP IS LEFT
MOTL, I0T s406 /MOVE MOTOR ONE STEP LEFT . ?

LAC «LL JMS REVCHK /1S THIS REVERSE OF PREVIOUS MOTION

Nop NOP . ..
MLRBET, JMP 1 MLEFT
/
/
/*%%4% ROUTINE TO MOVE MOTOR RIGHT #%%*%
MRIGHT. 1]

DzZM CALLL 1Sz CALLR )
LAC CALLR = SAD CALLX  SKP JMP I MRIGHT -

LaM TAD CALL#  DAC CALLR .
’ .
/UPDATE NET~STEP COUNTER :

152 RSTEP  SKP 1SZ HSTEP1 /TOTAL STEPS RIGHT

LAC NETSTP

SNA JMP ++5 .

SAD (XCT SKP :

JMP .44 DZM NETSTP

15z NETSTP JMP MOTR /FIXST STEP RIGHT

sMa JMP 4-3 /POS = NET STEP HIGHT R

TAD (‘11, 1 DAC NETSTP /NET STEP LEFT

MOTR» 10T 5485 /ONE STEP RIGHT .
) LAC (iR JM5 REVCHK /IS THIS HEVERSE OF PHREVIOUS MOTION .
. NOP NOp ‘ .

MRRET,» JMP 1 MRIGHT

/

e

7 .

, N

/*%xkx HISTOGRAM OF *MOTOR STEPS BEFORE DIRECTION REVERSAL" #*x%%x

/

/IF THIS DIRECTION NOT A REVENSAL, INCHEMENT °'CUKSTP®

/1F THIS DIRECTION IS A REVERSAL, ADD TO REVERSAL HIST: ZERO CURSTP
p . .

TADL, TAD ¢(STOREV-1 30 /LEFT STEP AFTER REVERSE MEANS
' /ADD TO RIGHT HIST.
TADR, TAD (STOREV-1
/
REVCHK, 2 . . .
SAD DIRMOT SKP JMP . 4
I15Z CUsSTP OPR JMP 1 REVCHK
DAC DIRMOT /STORE NEW DIRECTION
SAD (LL LAC TADL
SAD (RR LAC TADR -
DAC REVHST /SETUP BASE ADDRESS ADDITION -
’
LAC CURSTP
AC.GT. 30 LAC (38
REVHST, XX DAC CURSTP | . - e
: I1SZ I CURSTP SKP JMS REVSCL T , L . ) : -
DZM CURSTP 1SZ CURSTP _ : } ) ’ . -
JMP 1 REVCHK : - . : .
/ o -
/WHEN AN ELEMENT OF THE HIST EXCEEDS 18 BITS, SCALE HIST DOWN BY FACT.2
REVSCL., [}
LAC (STOREV DAC TEMP17
LAM-60 1 DAC ZINDEX
LAC I TEMP17 ’ ; . .
RCR DAC 1 TEMPLI7 ) *
182 TEMP17

152 ZINDEX JMP +-5 o .
152 REUBY2 OPH /7é OF TIMES SCALING APPLIED :
JMP I KEVSCL , : .
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« 6/
7 .
DIRMOT, 314 /314 = LEFT; 322 = RIGHT MOTOit DIHECTION
LSTEPS, [} /TOTAL LEFT AND RIGHT STEPS (HI, L@)
LSTEP, [}
RSTEP, [
RSTEP, 2
NCALL1, @ /¢ OF TIMES NO MOVE-MOTOR CALL MADE
NCALL, %]
BADATL, [%} /¢ OF TIMES DATA [GNORED BECAUSE OF
BADDAT, [2} /PI INTEHRRUPT FuOM SCALER OVELFLOW
NODAT1, [2} /¢ OF TIMES DATA 1GNUXED BECAUSE
NODAT, %] /BPDL OR BPDx < 100 (DEC) COUNTS
/
NETSTP, [} /NET ¢ OF MOTOR STEPS; INITIALLY @

/SIGN AND MAGNITUDE (-~ = L; + = R)
CURSTP, 2 /¢ OF MOTOR STEPS SINCE LAST DIARECTION HEVERSAL
’
CALLM. 1 /# OF UNIDIRECTIONAL CALLS TO A MOVE-MOTOR

/ROUTINE BEFORE SUCH ACTION TAKES PLACE
CALLL, [} /INDEX FOu CALLM OF STEPS TO LEFT
CALLR, [} /INDEKL FOR CALLM OF STEPS TO RIGHT
’
REVBY2, [%} /# OF TIMES REVERSAL HIST SCALED DOWN BY X(2)
STOREV, [} /TW0 HISTOGRAMS, 24 (DEC) WwWOXDS5 EACH

/$STEPS LEFT BEFOxE aLVEnszuG LXxLLTIOV

/3 STEPS RIGHT *
. S/
NUMELM, e /DEFAULT = 8 (DEC) SAMPLES IN EACH AVERAGE
NASHF T, 3 /== DIVISION BY 8
BPDL» [} /COUNTS IN LEFT SCALER
BPDR, 2 /COUNTS IN KHCGHT SCALER
RATI0, [} /CCOUNTS LEFT/COUNTS RIGHT)
RATNOwM, 1750 /NORMALIZATION CONSTANT; DEFAULT = 1P06(¢DECY
BADPI, 2} /0 == GOOD DATA; >0 == TOO MAHY COUNTS
NODATT, [} /0 == GOOD DATA; >@ == NOT ENCUGH COUNTS
P :
/
PAUSE

ALY
L]
1]
- .
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