Lawrence Berkeley National Laboratory
LBL Dissertations

Title
Molecular lon Photofragment Spectroscopy

Permalink

bttgs:ggescholarshiQ.orgéucgitemgljg7z32d

Author
Bustamente, S.W.

Publication Date
1983-11-01

Thesis/dissertation

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/1jg7z32n
https://escholarship.org
http://www.cdlib.org/

LBL-16633

Lawrence Berkeley Laboratory
UNIVERSITY OF CALIFORNIA
4 - RECEIVED
Materials & Molecular ., awece
Research Division JAN 17 1984
DOCSS?S‘?; SAENCDTION
MOLECULAR ION PHOTOFRAGMENT SPECTROSCOPY
S.W. Bustamente
(Ph.D. Thesis)
November 1983 - ' w
ovember
TWO-WEEK LOAN COPY
This is a Library Circulating Copy
which may be borrowed for two weeks.
. , For a personal retention copy, call - \
= e Tech. Info. Division, Ext. 6782.
L. A
4 f#'\*tf v &‘ ﬁ&
_'." . o, ~
W
(\
\ ; [}
Rl : =~
- \ W
W

Prepared for the U.S. Department of Energy under Contract DE-AC03-76SF00098



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



MOLECULAR ION PHOTOFRAGMENT SPECTROSCOPY

Sanford Will Bustamente

Materials and Molecular Research Division
Department of Chemistry
Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

This work was supported by the Director, O0ffice of Energy Research,
Office of Basic Energy Science, Chemical Sciences Division of the U.S.
Department of Energy under Contract No. DE-AC03-76SF00098.



MOLECULAR ION PHOTOFRAGMENT SPECTROSCOPY
Materia1§ and Molecular Research Division
Department of Chemistry
Lawrence Berkeley Laboratory
University of California
Berkeley, CA 94720
Sanford Will Bustamente
ABSTRACT
A new molecular ion photofragment spectrometer is described which
features a supersonic molecular beam ion source and a radio frequency
octapole ion trap interaction region. This unique combination allows
several techniques to be applied to the problem of detecting a photon
absorption event of a molecular ion. In particular, it may be possible
to obtain low resolution survey spectra of exotic molecular ions by
using a direct vibrational predissociation process, or by using other
more indirect detection methods. The use of the spectrbmeter is
demonstrated by measuring the lifetime of the 0;(4nu) metastable
state which is found to consist of two main components: the 4n5/2 and

4«_1/2 spin components having a long lifetime (~129 msec.) and the

4n3/2 and 4w1/2 spin components having a short lifetime (~6 msec.).
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I. INTRODUCTION: CONSEQUENCE SPECTROSCOPY

Spectroscopy in the traditional sense is the measurement of those

wavelengths of the electromagnetic spectrum at which molecular or
atomic species will absorb or emit radiation. From detailed measure-
ments one can infer energy levels and from these one can obtain a
distinct pictgre of the potential energy surfaces influencing the
motions of the atoms within a molecular species and how these atoms are
arranged geometrically in space. For nonreactive neutral species,
spectroscopy can be just a matter of getting a sample of the species
in question, shining light through the sample and making one or both
'of two basic measurements: one can measure the amount of 1ight getting
through the sample as a function of wavelength (the absorption
spectrum) or'one can measure the fluorescence from the sample. These
measurements can be conducted with ease. By the astute app)ication of
lasers, with their well known properties, one may produce extremely
high resolution spectra (the discussion here being Timited to the gas
phase spectroscopy of molecular and atomic species). But when speaking
of the spectroscopy of molecular ions in this context, one finds that
even at the most basic level, spectral information is quite limited.
As for neutrals, knowing the spectroscopy of molecular ions would lead
to the characterization of the potential energy surfaces of the ion and
to its geometry. Knowing these facts about the ion can also lead to a
better understanding of the neutral species the ion is derived from,

as was the case in atomic spectroscopy.



The presence of gas phase ions in flames, plasmas, electrical
discharges, planetary atmospheres and interstellar clouds as well as
their more common existence in liquids and solids has made their
spectroscopy a valued resource to many scientists. With the spectra
of an ion known, its presence in outer space can be evaluated and its
influence in the chemistry of interstellar space and the atmospheres
of planets (1ike Earth) can be modelled more accurately. In the
laboratory, knowledge of the potential energy surfaces of ions in
experiments measuring ion-molecule reactions in a state-to-state
determination is, of course, vital.

The molecular ion CH+ was detected spectroscopically in space
- some forty years ago(l) and for years stood as the 6n1y known
absorption spectrum of a molecular ion. In the last ten years,
however, there has been a virtual revolution in the field of ion
spectroscopy. New'sensitive'techniques(z) along with laser light
sources have been applied with gratifying success. About sixty ions
have been studied with techniques which yielded at least rotational

(2f)

resolution. But this fact can be placed somewhat in perspective

when one learns that to this date the structure of the common ion
CH; has not been spectroscopically determined énd that the high
resolution spectra of H30+ was reported only very recently by |
Saykally et al.(3) With these facts in mind, we set out to build a
spectrometer which would help fill in the void found in gas phase

- molecular ion spectroscopy by using a technique which would be more

generally applicable than the methods used by existing instruments.



The difficulty.

Why is the gas phase spectroscopy of molecular ions so difficult?
Well, to put the relative difficulties somewhat in perspective, let us
consider taking the infrared spectrum of HC1 gas at room temperature.
Suppose one fills some sample cell with 1 torr of HC1 gas. With very

little trouble, then, one has a sample density of ~3 x 10"16

3 of essentié]]y one species, with a well defined thermal

particles/cm
population distribution to accomplish one's measurements with. One may
generate an absorption spectrum with ease.

Now that one has the infrared spéctrum of HC1 neutral, it would be
nice to have the spectrum of HC]+ say, to be able to make all the
comparisons one would like. Putting aside all the details of how the
following condition is actually arrived at, we now have a container
with electrons whizzing about creating HC1™ from the neutral HCI gas
originally in the container. But in addition to the two species above,
one also has other neutral and ionic species—a veritable zoo of
charged and uncharged species. So here at the start our spectroscopy
is complicated by the fact that we have a mixture in our container,
rather than just a single species as in the neutral case. This
condition is exacerbated by the fact that ion-molecule reactions are
among the fastest of chemical reactions. Thus, the HC]+ created tend
to be short lived because they recombine with electrons found in their
environment, react with other species present, or find their way to a
container surface and thereby annihilating themselves. This all leads

to ion densities in typical experimental arrangements of 104 to 108
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ions/cm3. Note that the best case here is down by a factor of lO8
from our 1 torr sample of HC1 neutral. Of the HC]+ that is created
in this hodgepodge one has to put up with an additional obstacle:
because their environment is generally hot, and because.of the
mechanism by which they are created, their population is partitioned
among a large number of translational, rotational, and vibrational
states, and perhaps even long lived electronic states. In short one
does not have a 1 Torr sample of He1t gas to work with. What one
does have is a sample so dilute and dirty that spectroscopy becomes a
very difficult, if not impossible, task.

The problems in trying to do spectroscopy on molecular ions in the
gas phase have been mentioned above. What course should be taken if
one wants to succeed in overcoming these problems? Many approaches
have been taken, several very similar to ours. The following discus-
sion will develop our approach to the problem of gas phase molecular
ion spectroscopy, with particular interest in the infrared region, and
concurrently will outline some detection techniques which have been
tried by us and others or that could possibly be used with some

success.

A pure sample.

The first problem to be taken care of is the "hodgepodge" which
exists in most ion sources. That is, we want only one molecular ion
species in our "sample bottle," i.e. our interaction region. Thus, no

matter what our source of ions is, the source must be followed by some



sort of mass filter which allows only the jon of interest through into
the interaction region. We then have a nice pure sample of a known
species to work with. How this situation is maintained will be
addressed later. ”

Once the ions are in the interaction region théy encounter a flux
of photons from a light source and if the energy of these photons is
equal to the spacing of some allowed transition in the ion, photon
absorption by the ions will take place. Here comes the part where
"technique" 1is written in ]arge'letters: How does one tell whether or
not the molecular ions have absorbed any of the incident photons?

Well, one searches for possible consequences of the adsorption process
and then chooses the one best'suﬁted as a detection technique'undef the
prevailing circumstances. At this point I wish to emphasize that the
following is not intended to be, by any means, a comprehensive review
of the techniques used in gas phase molecular ion spectroscopy.

Rather, it is just a bare bones sampling of the techniques, to somewhat
acquaint the reader with the field. Details may be gathered from the

references found at the end of this chapter.

Absorption and emission.

At the beginning of this chapter, two standard spectroscopic
techniques were mentioned: absorption and emission. Direct absorption
measurements are generally not practical in molecular ion spectroscopy.
For example, suppose one has 10,000 ions of species A+ in an inter-

action region through which is passed an infrared light pulse



containing 1016

photons (~1 mj/pulse at 3.5u). And suppose one ion

in 100 absorbs a photon, i.e. 100.photons were absorbed by the sample.
One can easily see that there is no way that this absorption loss will
be measured'in a photon pulse containing 1016 photons 6rigina11y.
However, although uncommon, there are experimental arrangements which
make the above technique possible. For example, in 1974, a direct
microwave measurement of CC+ through the plasma of a DC glow
discharge was accomplished by Dixon and W00d5(4) yielding very high
resolution spectra. While the source provided a greater-than-average

ion density (~10%0 3)

ion/cm”), the spectra of the ions were qUite

weak. Therefore use of sensitive modulation methods and computer
signal averaging are required to make thé measurements possible. More
recently the technique of velocity-modulation absorption spectfoscopy

developed by Saykally et a].(s)

has been successful in observing
the spectra of several ions with high resolution in the infrared.
Emission and fluorescence studies of molecular ions in the visible
and near ultraviolet parts of the spectrum is feasible, but difficult
because of low ion number density. Unfortunately, in the infrared
region of the spectrum, lack of detectors with extremely high
sensitivity, coupled with the long lifetimes of vibrationally excited
states, make this method impractical.

Laser magnetic resonance(Zf)

has also been successfully applied
to the study of molecular ions. However, since this technique, applies

only to paramagnetic species, it is not as general as one would like.

A



Also the spectroscopy is complicated by the required presence of a
magnetic field and by the fact the plasma source used in such
experiments usually produces a mixture of ions which is vibrationally
very hot. The technique does, however, yield nice high resolution

data.

Ions are charged.

Most of the methods described above do not make any use of the fact
that ions, by their defining characteristic, are charged species. The
charged quality is of course the root of the difficulty in attempting
their spectroscopy, but one may in turn use this apparently baneful
characteristic to great advantage and thus overcome some of the short-
comings involved. One attribute of ions is that they can be detected
with efficiencies close to unity. Thus if the "consequence" to be
measured pertained to ion counting, rather than photon counting as
above, one could possibly achieve the very high sensitivity necessary
to combat the problem of low ion density.

Consider again the 10,000 ions in an interaction region in their
ground state and call them species A+. Suppose that in the ground
state species AT will not react with the neutral background species
B, which is also in the interaction region, but if A" absorbs an IR
photon, it will then react with B to give products C+ and D,

according to the following reaction:



A+ + B -/-/> ground state does not react

AY+ hy —s A" absorption

+% + .
A +B - C +D exited state reacts.

Furthermore, suppose that in some way all the ions can be guided to a
mass filter which transmits only species ¢’ to an jon detector having
near unit counting efficiency. Now before the light pulse passes
through the interaction region, all the AT are in thejr ground state.
This implies there will be no;reaction, and thus no C* production.
If the ions were to be sent on towards the detector, no counts would
result. After the light pulse pésses through, 100 A" ions are no
longer in their ground state (using the same figures as before) and may
now react with épecies B to form C+ and D. Now sending the ions
forward through fhe mass filter would result in approximately 100
counts being registered (100 ¢t product). These 100 counts are
attributed to the absorption events. Here we have a case where by
using ion counting, one can detect virtually every absorption event
which took place in this very small sample of ions.

The types of reactions which may be used in schemes such as the
one above are:
(1) charge exchange

A* + 8-> A+B
(2) collision induced dissociation

AT+ B s C +D+B
(3) proton transfer

AR + B ——> A + BH'



and (4) other reactions where mass A # mass C

A+B—sC +D.

The situation described above is of course the ideal case with no
¢t being produced when the light is bff and all ¢* produced when
the light is on being caused by the absorption events. There are
numerous examples which approach this ideal. But more generally one
may expect that the lower state will have a reactive cross section
comparable to the upper state and of course the species A" in the
interaction region may well be spread over several states initially.
Thus, when the A absorbs photons, only a change in the amount of
C+ produced will be seen; but this percentage change is still very
much larger than the percentage of photons lost to the sample. Thus,
in most cases the detection process is more difficult than the ideal

flip-in experiment, but is still very doable.

(6)

Charge exchange was the detection scheme used by Wing et al.
who were the first to observe the infrared spectrum of a molecular ion,
specifically HD+. After the HD+ had interacted with a laser beam,
it was passed through a target gas (Ar, NZ’ or H2) and the
surviving HD' exiting the target region was measured by a Faraday
cup. Sinée the charge exchange process occurring in the target gas
region is a function of the vibrational state of the HD+, small
changes in the beam current (~3 ppm) were observed when on resonance.
Carrington et a].(7) also used the charge exchange technique to
detect electronic absorptions in the molecular ion CO+ and used the

reactive cross section method in observing a single rotational line of
+ (2f)
H20 .
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Photodetachment.

Photodetachment is a technique applicable to negative ions.(ze)
The technique hinges on the fact that absorption of a photon with
energy above some limit will cause the ejection of an electron from the

jon, thus creating a neutral species:
(5) A" + hv ———> A + e~

Here one monitors the decrease of the A~ parent ion as a function of
wavelength. This results in data with more noise than a flop-in
experiment since one is often times observing small changes in the
parent ion count rate caused by the photddetachment process. This
would be like detecting the decrease in the parent ion A" rather
than detécting the appearance of C+ product in the ideal chemical

reaction technique considered earlier.

Photofragmentation.

2b) "photodissociation spectroscopy

Dunbar says in his review(
relies on the truism that before an jon can dissociate, it must absorb
a photon." Photofragmentation is another one of the possible conse-
quences of an ion absorbing a photon, but it is a very important one
in the field of molecular ion spectroscopy. Photofragmentation offers

extremely high detection sensitivity because one detects the daughter

ion fragment formed in the process
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(6) A"+ hv ——>B" +¢C

Jjust as one would detect the C+ product ion in the chemical reaction
scheme discussed before. But in photofragmentation all one needs in
the interaction region is the species being studied. There is no need
for a neutral reaction partner. So one always has an "ideal" case as
long as the vacuum in the interaction region is good enough to prevent
jon-molecule reactions, now unwanted, from occurring. _The success or
failure of the photofragmentation detection methdd rest mainly in the
properties of the ijon under study. Are the potential energy surfaces
of the ion placed so that upon absorption of a photon of a particular
energy, fragmentation will occur?

Electronic transitions leading to direct dissociation or predis-
sociation have now been used extensively to obtain the photofragment
spectra of gaé phase molecular ions both large and small. When
conditions are-right, as for the 0; (42; ¢ 4nu) bands,
photofragment spectroscopy with fast ion beam techniques yield very
high resolution spectra which are unsurpassed by other techniques. The
photofragment spectrometer at SRI International is one of the most

sophisticated fast ion beam instruments,(s) and it can be operated

in several modes (e.g., optical-optical double reasonance has been
+

2
. . + .
information on the 02 quartet potentials.

performed on 0 )(9) yielding a remarkable quantity of detailed
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Vibrationé] Predissociation.

Vibrational predissociation has not been used as a detection scheme
in molecular ion studies. This is simply because, un]iké optical
transitions which pump a considerable amount of energy into a molecule,
vibrational transitions in infrared (400-4000 cm'l) typically do not
have enough energy to initiate fragmentation. But there are
"exceptions. Some ions produced by electron impact ionization are
highly vibrationally excifed. To the extent that some 1eveis populated
are near a dissociative channel of the ion, absorption of an IR photon
can induce fragmentation of the ion.

Clusters, or van der Waals molecules, are chemical species which
are held together by weak bonds; usually about one tenth the eneréy of

an IR photon. 1In the case of neutral van der Waals complexes,

vibrational predissociation has been observed and has been used as a

spectroscopic tool to generate the spectra of molecular c1usters:(10)
(7) (C6H6)2 + hy —— 206H6

(8) (HZO)n + hy ——— (H‘?O)n__1 + H20

Lasers.

Just as one may take advantage of the great sensitivity afforded
by ion detection schemes to help overcome the low number densities
typically found in gas phase ion spectroscopy, so has the advent of the
laser as a common spectroscopic light source been invaluable in the

study of molecular ions. The laser, with its well known beam
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qualities, makeé it possible to achieve high photon fluxes through the
ion interaction\region, thus helping to compensate for the low ion
number densities one hés to work with,

One should not take a cavalier attitude when it comes to the
design or selection of the laser light source. There are numerous
factors which must be kept in mind in this regard. One simple feature
~which should not be overlooked in evaluating the effectiveness of the
iight source fs its linewidth relative to_that of the molecular |
transition one is expecting to excite. Serious deviations in the
expected signal-to-noise can result if this is not considered. Fér
example, say the laser produces lots of IR photons (~1016 per

1

pU]se), but that the spectral width of the pulse is ~1 cm ~ while

the transition of the molecular ion has a total width of ~0.01

cm"l. In this case, because of the spectral width mismatch, only ~1
percent of the laser energy will be resonant with the transition. It
becomes obvious that one should tailor the laser's characteristics so

as to optimize the desired resolution and signal of the particular

measurement being made.

Design goals.

One desired condition in the spectroscopy of molecular ions is to
have a pure sample. Hence, it is desirable to use a mass filter
following the ion source. In addition several detection schemes have

been outlined. Before making any further statements about how the
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spectroscopy is to be accomplished, one should state what the desired
goals are for the spectrometer. These design goals should be within
the 1imits set by experimental practicability.

What is it that we want to accomplish in this field where
practically any piece of information is a new piece of information?
Our primary objective was to have a generally applicable technique able
to generate survey infrared spectra of gas phase molecular ions. High
resolution spectroscopy was relegated to subsequent investigations;
That is, once one has a low resolution spectra of an ion, then one can
go back and use techniques that yield higher resolution, but that
would have been 1mpr§ctica1 to use as a survey method.

Thus, our primary aim is to do survey (low resolution) infrared
spectroscopy of ions in a general fashion. Clearly, it would be nice
to have a sample of cold ions—ions in their ground electronic and
vibrational state. This would make the spectrum generated easier to
interpret and would give information concerning the lower levels of the
ground electronic state, information generally difficult to obtain for
ions. If one had enough resolution to resolve rotational structure,
then moments of inertia could be calculated, yielding structural
information. Of the techniques mentioned previously, which would give
the ability to observe the infrared absorption process directly with
the required high sensitivity so necessary for success Well,
vibrational predissociation is a likely candidate, but what about

having cold ions and the desired generality of the scheme
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The molecular beam mentality.

Our research group is heavily into molecular beams. As a
consequence, solutions to many problems are viewed with a certain
molecular beam mentality, which many times is quite fruitful. In this
case, the knowledge that with molecular beams one can easily make very
cold clusters of various compositions, made the idea of vibrational
predissociation of neutral and ionic van der Waals complexes a natural.

The idea goes like this. Suppose one wants to get the infrared
spectrum of the molecular ion M+. What one does is form the van der
Waals species M+"'X, where X = He or Ar. The binding energy of
this complex is bound to be quite low, undoubtedly much lower than the

'1).(12) 'Once we have

energy of an infrared photon (400-4,000 cm
formed this species, things are a énap. The selected cdmp]ex is
deposited into the interacton region, which is a region of ultra high
vacuum thus minimizing collisional dissociation of the weakly bond
complex by neutrals. While in the interactibn region, the ions are
bathed with a healthy pulse of IR photonﬁ. If the wavelength is
correct, the M+"‘X complex will absorb a photon. The energy

absorbed will rattle around the complex until enough is. transferred to

the weak bond to cause its rupture,
(9) M' *** X + hv —=> M + X (hv = IR).

So here we have a method which promises to be general (so long as the
complex can be made) and which uses vibrational predissociation to

directy view the absorption process. Very high sensitivity would be
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achieved by mass selective ion counting. A spectrum wou1d be generated
by counting the M product as a function of the infrared wavelength,

which is scanned. -

Drawbacks.

The scheme looks good. Much could be learned about the M+“'X
complex itself and about the M ion, if all worked out well. But,
‘as hinted ai abbve, barriers exist which\migﬁt prgvent.our goal from
being achieved. ‘Fbr one thing no proven source for generating lots of
‘the M ***X complex exist. The end result may be that we will have
very few comp]exes<tb’work with——much Tless than’typica]]y found in ion
spectfoscopy. But it should be easier to generate ion clusters of the
type (M); or the protonated (M)nH+ species with which one
cou]dﬁpe?form vibrational predissociatioh_experiments-ff the cluster
size is 1ar§e enough:

+

(10) (M)} + hv —> (M) ;.

The number of ion clusters may be so low that the number of ions

illuminated by a light beam with 1 cm?

cross section, crossing at
right angles to the ion beam, would be quite a bit less thén one. To
help mitigateAthe prbb]em of having extremely few ijons, a coaxial
light source, slow-ion-beam arrangement was decided upon. Thus, in an

ultra high vacuum environment, slowly moving ions travel through a

long interaction region through which a light pulse propogates. This
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configuration provides good spatial overlap of the ions with the light
source and increases the number of ions in the interaction region per
light pulse. |

| In addition to the need for a good ion beam-light beam overlap, one
also needs all ions (targets and fragments) to be guided to the
detector. A radio frequency (RF) ion guide can accomplish this task
quite efficiently. And as an added bonus, by placing ion mirrors at
either end of the ion guide, one can trap the ions within the guide.

Having an RF ion trap for an interaction region proves beneficial
in other respects. With the tfap one need not worry about the time it
takes for the vibrational predissociation event to take place. One
just keeps the excited comp]ex trapped until the bond rupture takes
place, then feeds the products to the detector. Experiencevgained from
the vibrational predissociation of neutrals indicates that these times
are short, and thus are of no practical concern.

If one is working with ions which are vibrationally or
electronically hot, one may use the trap as a cooling tank. Not only
could one poséib]y use this method to get the spectrum of the relaxed
ion, but one could also measure the radiative lifetimes of various
excited states. One excellent use of the ion trap is to guide reactant
ions and their products through a background gas and finally to the
detector in schemes which fall under the "chemical reaction" category

discussed earlier. A machine in our group uses this "guided ion
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technique" to measure total cross sections in ion-molecule
K

reactions,(ll) Having an RF ion trap for the interaction region is
very convenient. -

Let us get back to the draw backs of using MT e x complexes in
er spectroscopybscheme. The spectrum we are after is that. of the
M* jon, but what we are generating is the spectrum of the complex. -
Now this in itself is of interest, since it gives us structural
information of the complex and possibly the time sca]e'fqr the
predissociation. However, the intent is fo study the of M ion.
The situation here issnot too bad. Although the rotational structure
of the transitions would be expected to be. characteristic of the
compTeX'as‘a whole, the vibrational structure should be essentially
that_ova+ alone. Furthermore, as stated before, once one has found
the wa?elength regions where the M+ ion'ébsorbs by using the survey
method, perhaps one can return to the problem with a-high resolution

technique, and acquire the rotationé] structure of the uncomplexed ion.

Roundup.

Here the essentia1‘qualities of a spectrometer capable of
acquiring the low resolution infrared spectrum of a molecular ion Mt
by directly observing the vibrational predissociation products of the
related van der Waals ion.M+"‘X (X ; He, Ar), are stated. The
basic requirements are:

1) An ion source region with high pumping speed and high

throughput capability able to support the gas loads created by the
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supersonic molecular beam source used to form the cold M e X type
van der Waals molecular ions.

2) A mass fi]tér following the ion source so that one may select
the species placed into the interaction region. The filter should
provide good ion-beam quality and luminosity.

3) An ultra high vacuum interaction region should provide a clear
through shot for the Tight source and should support slowly moving
jons over a long straight path so that good spatial overlap between
the ion beam and 1ight beam can be achieved. The ijon optics here must
be able to guide all ions, parents and fragments, to the final
sections of the spectrometer.

4) After the interaction region comes a second mass filter which
allows one to select which mass the ion detector views. This gives
the high sensitivity, low background detection necessary for success.

5) One needs,an jon detector with low inherent dark count and
reasonably fast response time.

6) And finally, a necessary component which is physically
separate from the above, but is an integral part of the spectrometer
system, is the light source. Without the advantages rendered by a
good infrared laser light source, the project would be doomed. Lots
of photons are needed to help overcome the lack of ion density.

A functional block diagram of the spectrometer is shown in
- Fig. 1. The success of the instrument as an infrared molecular ion
spectrometer of general utility depends on the successful operation of

the following three components:
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1) the ion source producing M ***X complexes.
,2) the ion trap used to achieve adeqﬁate.ion-1aser spatial overlap
and to guide ;11 fons to the detection stage. |
3) the infrared laser 1ight sourceQ |
ff any of thevthfee fai]s, then the spectrometer becomes just a.
- run-of-the-mill tandem mass épectrometér capable df Tow keso]utfon

photofragment spectroscopy.
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FIGURE CAPTION
Fig. 1. A functional block diagram of the molecular ion photofragment
spectrometer using a tandem mass filter cbnfiguration and an

ion guide interaction region.
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II. THE SPECTROMETER

In Chapter I the general description of the spectrometer we wished
to construct was laid out. It was to be a low resolution infrared
photofragment spectrometer of general applicability. This chapter
will take a look at what was actually built in the attempt to reach

our design goals.

A. The Ion Source

On first seeing our spectrometer, one is apt to ask "why in the
heck is the darn thing so big?" The answer is two-fold. First, some
parts are large because they are just remakes of existing beam designs
found in our group or are‘surplus items, such as the large sector
magnet used as the first mass filter. Second, and more importantly,
the source region is large because it has to accommodate not oh]y con-
ventional ion sources, such as electron impact ionizérs,
duoplasmatrons, etc., but also the high pressure expansion beam source.
The molecular beam source operates at about one atmosphere through a
100 ym diameter orifice creating a large demand on the system's pumping
speed and throughput Eapabi]ities. The spectrometer must have
sufficient differential pumping to maintain the interaction region at

about 10'12

atmospheres when the nozzle is operating at 1 atmosphere.
The ion source is mounted in Region I of the spectrometer (see
Fig. 1). This region is pumped by a high speed 10 inch diffusion pump

(Varian VHS-10) charged with Convalex-10 pump o0il, as are the other
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two diffusion pumps used on the spectrometer. This pump is trapped by
a liquid nitrogen cooled chevron baffle in order to minimize the bétk-
streaming of 0il into the ion source region. Metal surfaces must be
kept free of 0il, so that surface charge build up will not be a
problem. ‘If the throughput from this region is large, the diffusion
pump is backed by a 150 lsec"1 Roots blower. This combination can-
maintain the high pumping speeds and throughputs whiéh are necessary
when the supersonic beam source ié emp]oyed; ”

Region Il of the source (see Fig. 1) contains the lens system
(Fig. 2) Usedlto accelerate and focus the ions issuing from the ion
source. Deflection plates steer the ion beam éiéher t6 a quadrubo1e
mass sbectrometer for source optimization or to the_sectoh magnet which .
selects the ion mass sent on into the interaction region. 'Region IT
is pumped by a liquid nitrogen trapped, six inch diffusion pump

5 torr

(Varién M-6). This region should have pressureé below 10~
when fhe superéonic source is being used.

The supersonic ion beam source to be described is basically an
atmospheric pressure ionizer(l) used in mass spectrometry, except
that here the intent is to form clusters, or van der Waals cbmp]exes
of some particular species M+. The working idea is to form a weak
plasma at pressures of about one atmosphere by using the g-rays of

63 34

some radioactive element, usually “°Ni or “H. Because high

temperature bakeouts are often needed to clean out 'the nozzle system,

63 3

Ni is perhaps the better choice, but we bought “H foils opting

for the higher activity available from tritiated foils. As Fig. 3
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shows, the radioactive foil, curled to form a cylinder, is placed in a
small tube so that it is near the nozzle orifice. The gas mixture to
be ionized is fed in through the in1et tube until it fills the nozzle
cavities. If the vent line of the nozzle is closed, the only flow of
gas is through the orifice placed near the foil's aétive region. If
the vent line is opened, one may have a controlled flow of gas above
that which flows out the orifice, so that one may dictate the amount
of time the volume of gas remains in the region of the radioactive
foil. This extra flow can mitigate the effects of unwanted side
reactions. |

The 1ight plasma, formed within the nozzle by the g-particles
acting on the gaseous species, gives rise to a complicated array of ion
chemistry. One wants the g-particles to interact with some carrier gas
directly, to form ions and excited states, and then subsequenty to have
these ions and/or metastable species interact more softly with the
species one really wants ionized, but not torn to bits. For example,
suppose one wants to ionize species M by using the above scheme. One
would whip up a mixture of say 99 percent argon and 1 percent species
M, and then send it down the tube to meet its foil. Within the foil's
volume, the g-particles would, by chance, interact with the argon atoms
directly, forming Ar" and Ar* (metastable state). These two
species would then interact with M via collisions within the light
plasma:
(1) B+ Ar ——> Are + 2e

(2) 8 + Ar —=> Ar + e
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- (3) Art + M s M" + Ar

(4) AT A M s M +Arte

Process (3) is simply a charge exchange reaction and process (4) is
térmed Penning iohization. Ideally these would be the oﬁ]y processes
~occurring within the plasma. The light plasma consisting of charged
Species M+, e, and Ar+ would expand into the vacuum along with the'
neutrals Ar and M to'form the. supersonic molecular beam. One would

{

then adjust parameters such as temperature and stagnation pressure to

6ptmjze the fbrmation'of the desired van der Waals ion,}which'might be
_ M - **Ar in this case. If énough of'the complex is made, then the
fun part begins. . What color 1ight_makes'it fa]].épart agaiﬁ

- But things are sdmewhat~m6re compicated than outlined above. The

-complication arises becéuse ion-molecule reactions, as stated earlier,
are very fast, and so the charge can be passed from one species to |
another. The positively charged species found in the plasma, referred
~to as the terminal ijons, are those which are the most stable. Water
seems to be present in any vacuum system, so given sufficient time,
one usually ends up with the terminal ions being H30°(H20);,
ions, where n range from zero to surprisingly large numbers. This
distribution of water c]ustér ions depends on the temperature, the
water concentration, other species present, énd_the time givgn to
react.(la) Thus, it becomes more clear why it is desirable to be
able to bake out the system, control the temperature, and by using the

extra flow via the vent tube, to control the residence time of the
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plasma in the foil region. The ion spectrum one gets in a particular
case is difficult to predict because of the wide variety of ionization

routes available. These can be characterized as follows:

( 5) AY + B ———> (AB)+ + e associative ionization

(6) A+ BB +A+e Penning ionization

(7) A* +B ——> A + B charge transfer

( 8) A+B+e—3 A" +8B electron attachment

( 8a) AB+e -—>A +B

(9) AHT + B ———> A + BH® proton transfer ’

(10) A" + BH ——> AH + B™ deprotonation

(11) AT +BC-—>A+B +C dissociative charge transfer
(12) A+BY+C—s B +C clustering

(13) MC1 + OE -—-3> MO™ + 0OC1 substitution

Let's consider again the action of this type of source on a gas
mixture composed of argon and the species M we wish to ionize. In
particular say the mixture is 95 percent Ar and 5 percent 02 (used
because it was on hand). Then a realistic scheme representing the
primary positive ion chemistry in the foil region of the nozzle would

be the following:

(14) 8 + Ar ——> Ar + 2e
(15) 8+ Ar ———> Ar + e
(16) Ar’ + 2Ar ——» Ar. + Ar

2
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(17) Ar+r+ 0, —=> O, + Ar |

(18) AT * Hy0 ——=> H)O' + Ar

(19) Art + Hy —-> Ak + OH

(20) Ar” 4 H,0 —-> H0" + Ar + e

(21) _Hzo‘ +0,) —> 0y * HyO

(22) H0" * Hy0 ———> Hy0" + OH

(23)  Hy0" + Hy0 + Ar ——> Hy0 Hy0" + Ar

Reactions simi]ar to (23) would lead to clusters of the type

' H30-(H20):‘with the distribution of n being highly dependent;-

as noted before—-on the temperature, the water concentration, oﬁher
impurity sDecies_present, and the time given’to feéct., Of course |
c]usteriﬁg of the'vérious species with each other will be taking'place
also, not to mention the-added complication of other impurity species
_found in the nozzle.

The prototype nozzle shown in Fig. 3 was designed tovdiscover the
influence of gas f]ow, nozzle aperture size, nozzle-skimmer accelera-
tion gradients, nozzle-skimmer distance, and gas mixture on the ion
spectrum produced by the nozzle. In addition we hoped to learn whether
the pumping capabilities met the demands of the source. The tests
which‘were cérried out using this nozzle were very preliminary in
nature—just to get an inkling of whether the idea would work and how
one might set up to study the nozzle more systematically.
Unfortunately, in the following years, the time was never found to

return to characterize the nozzle well. In short, the ion mass
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spectra presented hére, which display the effects of varying some of
the various parameters mentioned above, are not of good quality.
Nevertheless the spectra are presented to show that one does have some
control over the cluster types.and the cluster distribution produced
by this ion source, giving hope that one may be able to optimize the
production of a particular ion cluster.

The first ion mass spectra to be presented show how an extra flow
of gas (that is in addition to the flow of gas through-the nozzle
orifice) can change the product ion distributions. Figure 4 shows how
an additional flow can eliminate the production of ions derived from
an impurity. In this case the impurity is ethanol which was used as a
cleaning solvent. The f]ow is enough to remove the ethanol clusters
from the spectrum, but it changes the water cluster distribution
minimally. In Fig. 5 a more drastic flow is used and in addition te
suppressing the ethanol clusters, the water cluster distribution is
' radically altered. Sometimes extra flow through the foil region does
not bring a benefit. For example, if one were trying to produce the
van der Waals ion Ar°H3O+, then having less residehce time in the
foil region would seem to be a definite disadvantage. Figure 6 shows

that extra flow results in the disappearance of the AreH O(HZO)

+
3 n
type clusters from the mass spectrum.

One would like the ions which leave the nozzle to go through the
skimmer orifice and into Region Il of the source, but of course only a

fraction of the total ion flux makes it through. To increase the

number of ions which pass through this orifice, an electric field is
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established between the nozzle and the skimmer to accelerate the ions
towards the skimmer. But there are consequences to this procedure.
Figure 7 shows that there is a decrease in average cluster size with
increasing accélerating electric field. This shift in cluster size may
be understood by recognizing that the acceTerétion takes.b1ace in a
region of high pressu?e. Thus, the clusters may be fragmented by
cb]]iding with neutrals which are present in the beam. Another:
pOSSibiiity is that ions are pulled away from the expansion zone where,
via three body collisions, the clusteré are bécoming larger. But one
muSt\also add focusing effects ‘to the above. It may be that there is
a shift in ion mass transmission through the skimmer orifice as the
electric fie]dvgrédient is changed.

Although the ion mass spectra seen so far were taken as a mixture
of Ar/02 was fed into the source, one doés not see any 0; in
Figs. 4, 5, 6 or 7. Figure 8 is included to show that with the
| addition of heat (nozz]e tip 100°C) and éxtra flow one can produce‘the
0; ion. Thus, one may conclude that with a source of this type,
one does have a handle on what is produced by it. Hopefully, there is
enough control to generate the prerequisite quantity of the species

needed for spectroscopy.

A good case.
Suppose that the species that one is trying to create is

AreH.0". Figure 9 shows the ion spectrum generated from the

3
Ar/O2 gas mixture discussed before, but with various parameters
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adjusted to optimize the generation of the Ar'H30+ ion. If the
spectrum shows all the masses being produced under the conditions,
then the Ar-H30+ peak comprises about 25 percent of the total ion
flux. That is about as good as one might expect to achieve for the
production of a van der Waals ion. If the total ion flux from the
nozzle is 5 x 108 ion sec'1 (~50 mCi tritiated foil) then one

1 of Ar-H30+. Assuming an

would have ~1.2 x 10%ion sec”
efficiency of 10'5 (that is one ion in 105 survives the skimmer,
Region II collisions with neutrals, and all the ion optics), one gets
~1.2 x 103 ion sec'1 arriving at the interaction region. It takes
about 1 msec for the ions to traverse the interaction region, so at
any'given time one has about one Ar-H30+ to work with. This is

less than origina]ly expected and is unacceptable.

Ten to one hundred times this many ions are needed in the
interaction region to have a workable experiment. What went wrong
The original error was in over estimating the number of g-particles
that could be delivered per second into fhe ionization volume by the
tritiated foil. Tritiated foils were chosen because they afe

63

available with higher activities than are the ““Ni foils. The error

made was that the quoted activities of the various foils were

1 without considering the

converted directly to s-particles sec”
correction necessary for saturation due to self-absorption. This cost
about a factor of 20 in the ion flux estimates and may spell doom for
the experiment as presently configured. Some improvement may be

63

realized by using ~“Ni foils which are bakeable and yield 8

particles which are more energetic than those produced by 3H.
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B. The Sector Magnet: momentum analysis

The ions which are extracted from the source are accelerated to a
given potential, focused, and sent on to Region III by the action of -
the ion optics in Region II. Region III, shown sChemética]]y in

8 torr by a liquid nitrogen baffled,

Fig. 10, is maintained at 2x10°
4 inth dfffusion pump (Vafian VHS 4).. Ions of differing masses travel
together until encountefing the magnetic field of the sector magnet.
The magnetic field is arranged to be‘perpendicu1ar ta thé jon

. trajectories._'Each ion type; all having the same averagé.kinetic
energy, is forced tp.trével in a circular path by the influence of the
magnetic field. The radius of the circular path followed by a
particular ion is proportional to the momentUm of the ion and thus to
the square root of the ion's mass. 'Theréfore,'if.only'a limited range
of curvatures are allowed to be transmitted (by using physical beam
stops); one has a mass separator. th this case, since the energy and
transmitted radius is fixed, one selects which ion maés gets passage
by setting the value of the magnetic field.

The magnet used is a 60° sector. It is situated so that the ions
epter the sector region with trajéctbries perpendicular tb the pole
piece and exit with trajectories perpendicular to the exit pole
boundary if their radius of curvature is 8 in. while in the magnetic
field. Ions traveling through the magnetic sector in this fashion are
focused in the radial direction but experience no focusing in the_
direction parallel to the magnetic field. This poses a serious

problem, because if the ion beam approaches the mass filter with an
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expanding circular cross section, lack of z direction focusing in the
sector would result in a substantial loss of ions—something which
cannot be endured in the van der Waals ion experiment.

The sector magnet was chosen as a mass Sseparator in part for its
excellent beam quality, but to work well it must also exhibit adequate
resolution and high transmission. Usually, the resolution is obtained
by proper use of slits and lenses (other factors being constant).
However, this wouid only add to the losses mentioned above unless the
lens corrects for the 1ack of z focusing. One wants a method which
will satisfy the resolution requirements and at the same time,

increase, rather than decrease, ion transmission efficiencies.

C. The Quadrupole Lens Pair

The focusing properties of an electrostatic quadrupole lens pair
(QLP) has these desired qualities. The QLP consists of a double set
of four rods each creating an electrostatic quadrupole field. The
orientation of one quadrupole field is rotated 90° from that of the
other. The QLP will transform a rectangular ion beamlentering it into
one which is parallel in one plane and is converging in the other,
thus focusing the ions onto a line (see Fig, 11). This result is
excellent because focusing to a line will enhance the mass separator's
resolution, and having a wedge-shaped beam means that no z direction
focusing is required; thus, losses in the sector magnet can be
reduced. The QLP's characteristics have been detailed by several

authors.(z) It is enough to say here that the characteristics of the
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lens are ideally suifed for use with magnetic mass separators.(3)

Our mass spectrometer uses no mechanical slits within Region III.
(The only apertures are those used to establish the differential
pumping regions.) Instead, one QLP is yﬁed at the entrance to
transform the beam into a wedge énd anothef used at the exit is to
‘transform it back to a collimated beam. One added feature of the qQLP
is that it can be operated with pole voltages offset symmetrically to
act as beamvdeflectors without Tloss of focusing. This is quifé 
convenient.

Figure 12 shows the improvement afforded by the QLP's action. .The
resolution goes from M/aM = 85 with the QLP's off to M/aM = 150 with
them 6n. Thé ion count rate is improved by 16 fold with the use of the
QLPs. These mass spectra were taken using an.ion energy of only 350
eV. The resolution at this energy is rather poor, but is typically
good enough for our purposes for M/e < 100. . The resolution can be
greatly improved by increasing the ion energy should the need arise.
The present condition is tolerated because (1) it is quite adequate
for experiments being done and (2) raising the ion energy would
require a slight modification of the quadrupole mass filter used down
stream of the interaction region.

When 1éaving Region III the ions pass through a small tube which
serves to limit conductance between Region III, which is held at

8 9

~2x10™" torr, and Region IV, which is usually ~2x10"° torr or less

under operating conditions. Region IV (see Fig. 13) is pumped by a

1

220 1sec™™ ion pump. It contains the ion-laser interaction region
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and the ion photofragmeht detection system. Both Regions III and IV
are designed to be bakeable.

The discussion in Chapter I pointed out that one of the design
objectives of the spectrometer was fo have a "clear through" shot for
the light beam. This would make alignment less of a problem,
especially when using infrared light. Because of our configuration,
reaching this objective necessitated bending the ion beam.
Electrostatic deflection was selected to accomplish this job since one
voltage setting would track all masses transmitted by the sector
magnet. There are several types of electrostatic deflectors in common
use, but most of them will not allow fhe ion beam to be merged with a
light beam without having holes in one or more of the eiectrodes; The
presence of these holes disturbs the electric field within the
deflector and thus its operating characteristics. If a wire mesh is
used over the hole to preserve the electric field, then the light beam

may produce'unwanted side affects when it strikes the mesh.

D. The Quadrupole Field Deflector

There is, however, a marvelous electrostatic deflector which is
simple to build, has excellent deflection properties and provides an
unobstructed merging path for the light and ion beams. The device is
a two dimensional electrostatic quadrupole field deflector (QFD) which
is detailed by Zeman.(4) If designed properly the QFD gives
excellent beam quality. In the present case its full abilities in

this regard were not needed and so a simplified design was used (see
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- Figs. 13 and 14).‘ Figure 15 shows the equipotentials calculated for
the simple QFD used here. The grounded elements are used to terminate
the fringing field extending from the electrodes. The hyperbo]ic
electrodes are approximated by circular ones.

The figures which are presented (Figs. 16-21) show ion
trajectories through a QFD and serve to display some of its
characteristics. Tﬁe trajectories are those for an.ideal quadrupo]e
field with a sharp cut off fringe field. Figure 16 shows the lowest
energy solution for which ions execute a 9Qf»def1ection. Thisk
'solution is also the one with the least aberrations. The energy of
the ions in this case is assigned the ;elative energy 1.00. Figure 17
shows the action of therFD on a'harrowkbeam of ions which is nqt
monoenergetic and Fig. 18 shows a monoenergetic wide beam entering the
deflector. Figure 19 has a converging monoenergetic beam entering the
QFD. Figures 20 and 21 show the trajectories of two higher order
solutions (with relative energy 1.925 and_l.858; respectively), which
have aberratfons making them unsuitable for this application;. besides,
the ions would strike the pole piece unless it were modified to

provide the necessary clearance.

Slow thém down.

Following the QFD the jons enter a constant gradient
dece]erator(s)‘which has an einzel lens és a last stage. The ions
are slowed down to about 5 eV and then focused into the octapole RF

trap with the einzel lens.
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E. The RF Octapole Trap

The octapole region is one of central importance to the
spectrometer. It must contain all ions, parents and offspring, and
deliver them to the final mass filter. In selecting an ion guide for
this purpose, one must be aware of its functional limitations. For
example, the most common ion guide used is the RF quadrupole. But
this ion guide has strict initial conditions which must be met by the.
ions for them to be contained by the guide.(s) In our spectrometer

(10) is used because

an RF ion guide developed by Teloy and Gerlich
it is felt that their octapole imposes initial condition requirements
which are less severe than those of the quadrupole guide. Thus, more
ions are confined in the oétapo]e guide. The octapole used consists

of eight parallel, 20 inch long, 1/8 inch diameter, molybdenum rods,
equally spaced about a circle of 1/2 inch diameter (see Fig. 22).
Alternate poles are connected to opposite ends of a coil so as to form
a resonant circuit; the parallel rods forming the "capacitor" of the
circuit. This parallel LC circuit is excited inductively by a single
loop of wire powered by an RF generator tuned to the resonant freguency
of the tank. Molybdenum is the material used for the rods and the
entrance and exit lenses of the octapole because of its ability to
maintain uniform surface potentials.(7) This is a must in applica-
tions using ]ow energy charged particles. But if one must have an
extensive lens system, the cost of using molybdenum can be sobering.

Pol]ard(B) describes the fabrication of a less expensive, but

completely satisfactory, lens system made of aluminum coated with
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molybdenum. For large systems this may be the preferred route to
take. A detailed drawing showing how the eight rods are held in place
at the ends of the guide is shown in Fig. 23. Only the topmost and
bottommost_fods are shown for clarity. The ends of the rods are
rounded to minimize the tendencyvfor arcing underithe inf]uencé of the
RF field. The machinable ceramic annulus, used fbr e]ectrica]v
isolation, is kepf well away from the ion beam by use of stainless
'stéé]lspacers. The entrance (exit) lens .element controls the flow of
ions into (out of) the octapole ion guide. - ”

.
Trapped tréjectories. _
| Based ohuKapftzais analysis of classical mechanics in a fast
osci]]ating-fie]d,(g) the average>motibn of a slow moving charged

vparticle_in an RF n-pole field is described by:

2-)

(24) mﬂ:?'_: = = Tgge(r)
where
282
(25) Voee(r) = 50 4 gg (r)

4mw”

and.q is the charge of thevparticle, E is the amplitude of the RF, w
is the angular frequency of the RF, r is the smoothed distance from
the axis of the trap to the ion, and ¢S is the electrostatic
potential (see Fig. 22). The potential for an ideal octapole

oscillatory field is given by
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')

(26) 6(t) = 2 (x¥ + v -~ 6x%y%) cos(ut + o)
r
0

where any static componént is neglected. This potential yields

amplitudes for the E field components and Ez(r) as follows:

4v :
(27) E, = -g—f --— (< - 3xy%)
r
0
4V
3 2
(28) E =__32=____0(y__3yx)
y ay r 4
0
2 2
16V 16V
(29) B2 . Exz + Eyz - 0 (XZ + y2)3 - 0 (E_ )6
r : r 2 0
0 o -

Thus, for an octapole field one has

r \6
Vope(r) = &(F2)°
o]
where
2, 2
qVv
K = o .
Mw ro

In a similar fashion the effective potential for a quadrupole field is

given by
r 2
(31) Vere(r) = K(7)
The effective potentials for an octapole and a quadrupole with the

same K value are shown in Fig. 24. It is immediately evident that the

octapole field provides an effective potential which has higher walls
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than does the quadrupole field. As stated before, we believe that the
octapole is better suited for "trapping" ions. Figure 25 shows the
trajectory (x-y coordinates) for a singly charged ion in an octapole
ion guide with ry = 0.64 cm, w/2r = 7.5 Mdz, and m = 32 amu. The
trajectory is generated by integrating out the equations of motion and
not by using any effective potential approximations. The trajectory
- shown follows the course of the ion over a 112 usec. period given an
initial radial energy (eo) of ~1 eV. If this fon had a z-axis (the
axis of the trap) eﬁergy of 0.65 eV, then it wou1d take ~250 uséc. to
traverse the length of the octapole (m/e = 32), and would "bounce" off
the effective potential wall about 40 times during this time.
Figure-26 éhows the trajectories for singly éhérged ions with masses
of 32 amu and 16 amu traveling with initial radia] energies of 0.6 eV
and 0;3 eV, respectively. The octapole field parameters are V0 =
200V, w/2£ =15 MHi, and ro = 0.48 cm. Tﬁe trajectory is carried
- out for 20 usec. for both ions. Figure 27 displays the probébi]ity of
finding the ion of mass 32 at a reduced distance r/ro from the
center of the ion guide, while Fig. 28 gives the radial energy
proability distribution of the 1oh (with €y = 100). Note that while
the most probable energy is the initial energy, the ion has radial
energies substantially below and above its initial value for very
significant amounts of time.

When using the octapole to confine ions one must always bear in
mind that the equation describing its effective potential (Eq. 30) is

valid only if the approximating conditions used in its derivation are
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(10) Also note that the effective potential is a function not

met.
only of the angular frequency, but also of the mass of the ion: ions
of different mass coexfsting in the ion guide will be governed by
different effective potentials. This means that an octapole guide
operating so as to guide a reactant ion, say H;, may fail to
effectively confine the product mass created within the guide if the

product is more massive than the reactant. For example, in the

following reaction

(32) H; +D, —> D2H+ +H

the product has greater mass than the reactant. One must ensure that
the ion guide is operating with its parameters set so it will confine
both species, or measurements made on the system will be misleading.
The octapole ion guide can also operate as an ion trap if ion
“mirrors" cap the ends of the guide. Such an arrangement is used in
our system. A neat way to observe the trapping effect is to lower the
potential of the entrance mirror for a short length of time and then
raise it again} This allows a bunch of ions into the trap. This
bunch of ions can now be made to "bounce" back and forth in the ion
guide by having the mirrors totally reflecting. But if no ions escape
to the detector, one observes nothing. Now if the exit mirror is made
partially transmitting, then every time the bunch of ions strikes it,
some ions will pass through to be detected and the rest will be
reflected back down the axis of the guide. The results of such a
measuremenf (ion counts vs time) are shown in Fig. 29. Note that at

the end of each round trip the transmitted peak becomes broader until
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a peak no longer exists and all one gets is a constant leakage of ions
from the trap. At this point there is no longer any bunching in the
trap: it is homogeneously filled with ions which have a broad kinetic
energy distribution. This loss of bunching oeCUrs because the
"mirrors" are scattering the iohs'back into the guide in a diffuse
manner. This transfers kinetic energy originally in the z coordinate
to the x and y coordinates until the energy is equally shared. This
means that iqns which have been stored in the trap for more than one
mi11isetond become translationally very hot. Thie is a bad
consequence in terms of the photofragment spectroscopy because of the
large Dopplervwidths which result from it. :

Another pkeblem associeted.wifh eur octapole mirrors is thafbthey
leak ions out of the frap when they are'not supposed to. The leaking
jons are not eSceping down the axis of fhe spectrometer since none
| reach the deteCtor.' They must be popbing'out to the sides er s1amﬁing
'ihto metal surfaces. It seems though, that oﬁ]y ions above some
critical kinetic energy leak out; for once these esCape,vthe remainig
jons are trapped efficiently. Figure 30 shows'OE trapped out to
100 msec. Note that almost all the ions which will escape.have done
S0 by Sormsec. of trapping t{me. Figure 31 shows the trapping
efficiency out to 5 minutes. This figure clearly demonstrates that
efter the initial loss of ions,}the remaining ions are trapped very
well indeed. Overall, the RF octapole ion guide works quite
satisfactorily. The use of the guide as an ion trap may be made more

efficient by carefully desighinglthe mirrors at the ends of the
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octapole. fhese mirrors must be able to reflect the ions well while
not disturbing the effective potential created by the RF field.

Aside from the obvious assets of large ion-laser overlap,
containment of.a1] product ions, and the use of the trap to allow the
relaxation of excited states, one may also use the trapping feature for
temporal discrimination. That is, if the firing of the light source
creates electronic noise or photon induced background in the detector,
one may confine the meaningful light correlated products in the ion
trap until the noise sétt]es down--then allow the products to pass on
to the detector. This capability is very advantageous to have since

its application can increase the signal-to-noise ratio significantly.

F. The QMF and Detector

After the octapole ion guide has done its thing with the ions, they
are extracted from the gufde and focused fnto a commercially produced
quadrupole mass filter (Extranuclear Laboratories, Inc.). The mass
filter is set to transmit the laser correlated products to the final
stage of the spectrometer in a typical flop-in type experiment. The

ions which exit the quadrupole are directed towards a Daly(ll)

(12) electron multiplier. The Ceratron,

detector or a Ceratron
although having less gain then the Daly scheme, is convenient because
both positive and negative jons can be detected by just changing the
polarity of the power supplies. Both detectors were configured for

pulse counting.
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G. The Light Source

The light source used with theﬂspectrometek is based on a'bu1sed'
Nd:YAG (Quanta-Ray DCR) laser pump which produces up to 700 mj (10
nsec. pulse duration) of 1.06'g radiation. This fundamental can be
doubled, tripled, or quadrupled with harmonic generating crystals.

- These harmonfcs are used either directly in the épectrometerlor are
"used to pump a dye laser (QQanta—Ray POL) to yield tunable visible

~ radiation. In addition, the 1.06 u light can be sent into an optical
parametric osci]]ator(l3)‘(OP0) thus-producing tunable infrared

(~1.5 to 4.3u) light. | |

H. Daté Acquisition;and,Contrd1

Many of the sbecfrometer functions are automated making long data
taking runs requirihg many changes in instrumental parameters possible
- without much personal attention. A microcompﬁtef (DEC LSI-ll) perfbrms

the task of éontro1]ing these parameters'and‘of collecting the data
being generated. Communication between the computer and the
spectrometer is accomplished via AZD'and D2A converters in the
¢omputer backp]ane; in addition to having a CAMAC crate interfaced to
the computer. A programmable clock controls the trapping time of the
octapole ion trap (see Fig. 32). Other accessories include a video
terminal, a plotter, a DMA driven display scope, a printer and a
floppy disk. The program used to operate the system is written in
assembly language (see Appendix). It allows one to operate the sector
magnet, the octapole ion trap, the quadrupole mass filter, and the

laser via computer command.
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I. Performance: Photofragmentation in the Visible

The performance of the spectrometer was evaluated by observing the
photofragmentation of some ions using visible light. This choice was
made because with visible light one does not need a very weak bond to
be present in the ion for photofragmentation to occur and so ions
created by an electron impact ionizer could be used. Using the Nd:YAG
pumped dye laser as the light source, CH3I+, C6Hg and
0; were photofragmented. .

I+

First consider the CH3 ion. This ion can dissociate

(14) if it absorbs a photon with sufficient

yielding the CH; jon
energy. Figure 33 shows the laser correlated M/e = 15 product as a
function of wavelength from 5000 to 54008 sampled in 0.96A steps. The
structure seen is due to fransitions to a bound upper state which

(14a) As another trial, the

subsequently leads to fragmentation.
photofragmentation of CGHE was observed. In this case the dye
laser was not frequency scanned; instead, the laser correlated mass
spectrum was generated at a single frequency. Figure 34 shows the
result. It is seen that at the laser intensity used, two daughtef
fragments are produced, C3H; and C4HZ, as a result of a

multiphoton absorption process.(ls) Finally, Fig. 35 shows the
laser correlated product mass spectrum of 0; being irradiated by
51008 1ight. In each of these cases, the photofragmentation events
were trivial to observe. But of thgse trials, only the

photofragmentation of 0; was studied in more detail; the results

of the work on o; is the subject of Chapter III.
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FIGURE CAPTIONS
General schematic of source regions.
The ion lens system following the ion source: (1) nozzle
assembly, (2) skimmer, (3) accelerating and focusing
e]eménts, (4) énd (5) ion beam deflectors.
Detail of the supersonic nozzle ion source. .
Mass scans of ions produced by the ndzzle source. The top
scan is Qith a light extra flow of gaé through the nozzle:
the ethanol impurity peaks disappear with this extra}f1ow;
Two mass scans of jons p}oduced by the nozzle source. The

bottom scan is with no extra flow; the top is with a heavy

~ flow. Impurities peaks diséppear and water cluster

Fig. 7.

Fig. 8.

Fig. 10.

distribution shifts downward with extra flow.

- Extra flow through the nozzle can hroduce unwanted rsults.

The top mass scan taken with extra flow has no

Ar-(HZO)nH+ clusters. | |

The cluster size distribution from the nozzle source shifts
to sma]]ér average size as the electric field between the
nozzle and the skimmer is increased.

ITlustration of the use of nozzle temperature and flow to

enhance the quantity of 0; produced.

. Mdss scans of nozzle source with parameters set to optmize

‘the creation of Ar-H3O+.

Schematic of Region IIl: the magnetic sector.
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The quadrupole lens pairs (QLP) transforms a rectangular beam
into a wedge-shaped beam.
A comparison of mass spectra taken with the QLP on (top) and

QLP off (bottom).

. Schematic of Region IV, the interaction region: (1) to

Region III, (2) to window, (3) to ion detector, (4) quadrupole
field deflector, (5) decelerator, (6) einzel lens (7)

octapole trap, (8) quadrupole mass filter,

. A closer view of the quadrupole field deflector.
. Calculated equipotentials for the quadrupole field deflector.

. Solution through the quadrupole field deflector with the

least aberration: relative ion energy of 1.00.

. A narrow beam of ions which is not monoenergetic deflected by

the QFD.

. A wide monoenergetic ion beam deflected by the QFD.
. A converging monoenergetic beam deflected by the QFD.

. A solution with a higher aberrations with a relative ion

energy of 1.925.
A solution with higher aberrations with a relative ion energy

of 1.858.

. A cross section of the octapole trap: r_ is the radius of

0
the circle inscribed within the rods and r is the distance of

the ion from the origin. Also shown schematically is the
tank coil and the exciter loop.

A close up view of one end of the octapole assembly.



Fig. 24.
- Fig. 25.

Fig. 26.

Fig. 27.
Fig. 28.

Fig. 29.

‘Fig. 30.
Fig. 31.

Fig. 32.
Fig. 33.

Fig. 34.

Fig. 35.
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Effective potentials for an 0ctapole#and.a-quadrupo]e with
the same dimensions, applied vo1tages, and the same ion mass.
The trajectdry of ‘an ion in_an octapole (transverse
coordinates). The dotted circle has radius o

A comparison.of the trajectories of a 16 amu fOn and a 32 amu
ion with initial radial energies of 0.3 eV and 0.6 eV,
réspective]y in an octapO]e;'other parameters are the same in
each case. v

The relative probability of finding the 32 amu ion in Fig. 26 -
at position r/r . ,

The re]atfve prqbabi1i£y,bf'finding.the 32 amu ion in Fig. 26
wifh‘energy e/eo; | | |

Thé density of‘ions at the exit mirror of the dctapole VS
time when a short pulse of ions is initially let into the
trap. o

The number of OZ'ions-in-the‘oétapole trap as a function

“of time in 10 msec steps out to 100 msec.

The number of 0; jons in‘the octapole trap as a function

of time in. 500 msec. steps out to 5 minutes.

Block diagram of the computer and its accessories.
Photofragmentation of CH3I+ with detection of CH; as
a function of wavelength. Signal is sampled every 0.96A.
Laser correlated mass spectrum .of C6Hg‘photofr;gmented

by 51004 1light.

Laser correlated mass spectrum of 0+

2 photofragmented by

5100A 1ight.
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III. PHOTOFRAGMENTATION OF 0%:
THE LIFETIME OF THE a 4w, METASTABLE STATE

A. Introduction

Molecular oxygen, an abundant and reactive species, is involved in

many chemically important environments. Of interest is the fact that.

many of these environments are harsh enough to create the 0; ion.

In the gas phasé one finds 0; in flames (combustion), plasmas,
'eléctrica1 discharges, and by solar ionization, in the upper
atmosphere. The ambition to better understand and predict the chemical
évo]ution of these systems leads to the desirevto know as much as
possible about this important spécies.

VBecduse Ogvhas been the subject 'of much experimental and
theoretical work, it is one of the most understood molecules. Its
spectroscopy, in particular the b4z; —> aénu‘First Negative
band, has been studied for maﬁy years by ehission techniques; The high -
reso]dtion ehission work of this band by Nevin(l) in 1938 provided
high quality information on the b4z; and aanu states.

Figure 1 shows the pertinent potential curves for this discussion.

More recently Vestal et al.(2) using 6000& radiation observed
photodissociation of O; a4nu created by electron impact

ionization of 02. This led to much work on the ion using laser
+

2
b4X; state resulting from transitions shown in Fig. 1 as type I.(3)

phdtofragment spectroscopy by observing the predissociation of 0

In this manner the b42° €« 4wu band was studied at very high

g
resolution. In addition, the f4ng <—- a4nu system was studied
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using photofragmeot spectroscopy--this resulted in the only reported
case of a 4n <— 4n system.(zg’ZJ)

Numerous chemical studies have been done on O;. Here great
advantage may be takén of the wealth of information available on the

potential energy surfaces for this ion. The reaction of 0; to

yield 0; first gave evidence that 0; was formed in a

metastable state by electron impact ionization.(4) The metastable

state responsible for the reaction and the photodissociation by

4

visible light was identified as the a L state: Much of the

reactivity of the 0; ion is due to the a4"u metastable

state.(s)

Thus it is clear that the lifetime of this state is an
imoortant parameter in modelling studies. For example, A. Da1garno
et a].(s) state that the composition of the ionosphere in the E- and
F-regions may depend significantly on the O; a4"u state. In
order to evaluate how strongly the a4nu state will influence its
chemical environment, its lifetime must be known. However, in many
studies, both chemical and spectroscopic, assumptions have had to be
made concerning the lifetime of the O; a4nu metastable state,
since a direct measurement was lacking. The lifetime has been
generally assumed to be T >l msect”) since its radiative relaxation
to the ing state is spin forbidden.

Our spectrometer is a low resolution instrument, being Doppler

limited. The study of the b?

Z; <« aanu predissociation
spectrum was not of interest to us for the sake of the spectroscopy

alone since it is already well known. However, because our
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. spectrometer cou]d generate the photdfragment spectrum as a function
of time, where the time could be varied from ~1 millisecond to 100's
of milliseconds, we could readily measure the ]jfetime of the a4nu
state—a measurement worth making. We recorded the phofofragment
spectfum of 0+, generéted by e]ec;rqn impact ionization of 02,

at Tow resolution (~1 Cm‘l) as a function of time. This led us to

4

discover that the decay of the a T, state is strongly dependent on

its spin component identity.

B. Experimental

+

2
5 x 10"5 torr. The electron energy was ~80 eV. This ionization

The 0, was produced by electron impact jonization of 0, at

. produces, after a few microseconds, 0; in essentially two

4

electronic states: =~30% in thé a'm, metastable state and ~70% in

(4c,8)

the xzng'ground state.” The ions thus-produced.Were passed

thrdugﬁ a sector magnet mass filter which allowed only O; to be
placed into the RF octapole interaction region. This region was
maintained at about 7 x 10‘10 torr during the photofragmentation
measurements.

The‘experiment was run in a pulsed mode. 1Ions were pulsed ihto the
RF octapole trap. After a selected length of time the laser was fired,
and then the product ions were sent through the final quadrupole mass
filter to be counted by the ion detection system. The counts from

this laser sequence were placed into a signal-plus-background (S + B)

buffer. This laser sequence was followed by an identical pulse
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sequence, except that the laser was not fired. The counts obtained
from this no-laser sequence were placed into a "background" (B)
buffer. The laser corre]ated signal was then taken to be (S + B) - B.
Figure 2 shows the details of the pulse sequence used in this data
collection cycle. The RF dumping pulse was used to pulse the RF
supplied to the octapole rods off for a short period of time, thus
ensuring that the ion trap was free of ions at the start of a new
pulse sequence. The data were collected in two modes. In the first
mode delay-x (Dx), the amount of time the ions remained in the trap
before the laser was fired, was held constant while the laser frequency
was varied: thus signal versus laser frequency was measured for a
given ion'stdrage time. In the second mode, the laser frequency was
held constant while delay-x was varied: photofragment yield as a
function of time for a given laser frequency was thus measured. 1In
each mode the 0" photofragment was detected. Figure 3 shows typical
results for a wavelength dependence scan and Figure 4 shows the 0"
yield as a function of time for the indicated wavelengths.

1 and its

The linewidth of the pulsed dye laser was about 0.4 cm™
pulse width was ~8 nsec. The lifetime measurements weré carried out
using ~0.003 watts of time averaged laser power. The repetition rate
was 4.2 Hz and the beam diameter 0.4 cm. The laser beam was carefully
aligned so that it passed through the spectrometer without striking
any metal surfaces: no laser correlated signal was observed when no
O; molecules were in the interaction region. Figure 5 shows the

o photofragment signal as a function of laser pulse ehergy. The

lifetime measurements were carried out using pulse energies of ~0.7 mj.
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The best resolution observed in the wavelength scans was ~1
cm’l. The average energy of the trapped ions was ~0.65 eV with a
spread'of about 0.3 eV. As discussed in the previous chapter, the
initial axial energy of the ions is distributed to the other
coordinates produéing wide kinetic energy distributions in each
coordinate. .For O; at ~0.65 eV median energy, one might expect a

Doppler width of ~0.3 em~L

1

at 50008. Our laser had a line width of

1 is in keeping

~0.4 cm ~. Thus, the observed resolution of ~1 cm~
with expectation. |
- Before continuing, some elaboration is necessary concerning
expérimenta] difficulties encountered du;ing the course of the
‘measurements; The fifst prdb]em, evident in Fig. 4, was the escape .of
parent ion 0; from the ion trap (see Chap. II). This problem was
not very serious since one could easily account for the loss of parent
ions when treating the data. Also, as mentioned before, the losses
were minimal after about 50 msec of trapping tiTe.
There was however, a more bothersome consequence of the escaping
Og parent ions. Some of these ions were being accelerated into
metal surfaces during their "escape", and the resulting ion-surface
collision fragmented some of the O; creating o', A portion of
these collisionally produced Ov+ ions recoiled back into the ion trap
region and were contained by the trap. This interaction was taking
place at the ends of the ion guide with the ion mirrors. This was
+

demonstrated by measuring the 02 loss and 0+ appearance as a

function of time while a pulse of ions was bouncing back and forth in
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the ion guide. Figure 6 shows the abundance of 0; and 0" in

the ion guide as a function of time. The times at which the traveling
pulse ofvions encounters a mirror are indicated by the arrows. (The
vertical scale for each ion is different.) Note that the encounter
causes a loss of O; and at the same time results in the increase

of 0" ions within the ion guide. This increase of 0" was

unexpected and produced signal-to-noise ratios which were much worse

than anticipated, especially for long trapping times. Figure 7 shows

how this 0+ background -increased with time.

C. Results and Discussion

Figure 8 shows the results of scénning the laser wavelength from
4902 to 50258 in 0.48% steps with ion trapping times held at 0.1 msec
and 100 msec. This wavelength region covers the left hand peak in
Fig. 3. Figure 9 shows spectral simulations of the same wavelength
region with the time equal to 0.1 msec and 100 msec. The spectra were
calculated assuming that the F"

2
of the a4nu state decay with a time constant of 6 msec, while the

and the F; spin components

F; and F4 components have a 129 msec time constant.

At this point I will briefly describe the two states involved in

g
state, is a Hund's case (b) state. Each rotational level is split

these photofragment spectra. The upper b4z state,vbeing a

into four components. These four components are labeled as follows:
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Fyo, 3 =N+ 32

Fé , J' = N+ 12
[}

F3 Iy J = N - 1/2

Fp » ' =N' - 3/2

where J' is the total angular momentum quantum number and N' is the
quantum number for the nuclear angular momentum apart from spin.
The lower a4nu'state is split into four sublevels by the

spin-orbit interaction: the four 1evels_are designated as above

(e.q., Fl’ J" = N" + 3/2). The spin-orbit interaction constant

for this state is negative,(g) thus one has an inverted energy

4 (10)
pure Hund's case (a) coupling, where.Q = A+ L and A and I are the

ordering of the F" components. Using the designation for
projections of the orbital and spin angular momenta'respectiVely, one
. n . 4 " . 4 []]
associates F1 with 52 F2 with 1329 F3
... 4 .o 4
-with " /2s and F4 with the T_1/2 component. The order
written is increasing in energy.
The 0; a4"u state is characterized as Hund's case(a) for
Tow J" values. But as the nuclear rotational velocity increases with
increasing J", the electron spin uncouples from the molecular axis
until the state approaches a Hund's case (b) description at high J"

values. For most J" values an intermediate description must be used

to correctly characterize the levels. Figure 10 shows the quartet

splitting in the a4"u state for sets of J" values. The first set

has J" = 3-1/2, 4-1/2, 5-1/2, 6-1/2, and 7-1/2. The figure is drawn
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with the iowest level of the set equal to zero and the largest value
equal to 100. The second set of values plotted has each J" value of
the first set increased by 10, and so forth. Four such sets of J"
values are plotted. Note that for the low J" value set, the grouping
is according to Q value (Hund's case (a) grouping), while the set with
the highest J" values is tending toward‘K value grouping (Hund's case
(b)), where K is the resultant angu1ar momentum quantum number formed
from A" and N". ‘Note that this figure indicates that .an intermediate
Hund's case description is certainly necessary from J" = 16-1/2 to

J" = 26-1/2.

The spin component dependence of the lifetime for the a4nu

state of 0; is similar to that found in the Cameron system of

CO,(ll) where the dependence arises from different spin-orbit mixing

3 2

of the A's and a“r states. The A

above the a4"u state. If this Aznu state mixes with the

+ .
Ly state of 02 is just

a4nu metastable state via the spin-orbit interaction, then the

a4nu —_—> ing transition will have some allowed character.
4

Kovacs(lz) has shown how the spin-orbit mixing of a L

state and a znu state depends on the Hund's coupling case used to

describe the states. The Azw state of 0; is found to be a

u
(13) As discussed above, the a4n state

Hund's case (b) state. "

is characterized as Hund's case (a) for low J", but transforms into a
Hund's case (b) for high J" values.
According to Kovacs, if the a4n

u
the Aznu state is case (b), then only the Q" = 3/2 and 1/2 spin

state is Hund's case (a) and

components of the a4"u state, that is F; and F;, will



96
mix well with the_Azﬁu state. Thus for low J" values, the F;

and F; components have Zﬂu character and are able to relax

faster to the ing state. For rotationél levels with J" great

4

enough, the a Ty state is Hund's case (b). 1In this case all the

" components of the a4"u state couple with the Azn state,

u
although the g" = 1/2 and -1/2 couple more strongly. Therefore in the

high J" limit all the spin components gain intensity through
spin-orbit mixing with the Aznu state. Kovacs' treatment suffices
in giving a qualitative understanding of the origins of the spin

component dependénte of the lifetimes.

4

The av = 3 band of the b4z; - a'm system is fortuitously

placed so that the FI and F; components are fairly easily

distinguished from the F2 and F3 components. This is seen in

Fig. 3 where a hole is‘seen in the middle of the av = 3 peak at

t = 100 msec because of the absence of the F; and F; spin states.
By using the spectra of the.Av = 3 band taken at delayed times, two

wavelengths were chosen at which to perform the lifetime measurements:

1
; and F; intensity. The 0" photofragment signal, which
4

is proportional to the amount of a L accessed at the particular

4947.0R, which contains mostly F, intensity and 4967.2A which has

mostly F

wavelength, versus timev(corrected for parent ion loss) is shown in
Fig. 11. The decay at each wavelength is characteristic of several
decay times. The data is complicated by the fact that at each
wavelength one produces 0+ signal via direct photodissociation to
the repulsive wall of the f4"g state (type II transitions in

Fig. 1). This signal also has a time dependence.
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To get approximate va]hes for the lifetimes of the F" = 2 and 3
and F* = 1 and 4 spin components, I used a very simple model. I
assumed that there were only two decay rates: one fast (F" = 2 and 3)
and one slow (F" =1 énd 4).' Added to this is the wavelength
independent (but time dependent) signal from the direct dissociation.
To get rid of this unwanted direct dissociation signal, the difference
of the two sets of data is taken. The direct dissociation signal,
being wavelength independent, vanishes from the picturé. A plot of
this difference will rise quickly due to the fast decay term and then
fall gradually because of the slow decay. Figure 12 is a plot of the
difference of the data shown on Fig. 11. The solid line is the curve

generated uéing

p(t) = Ale - A2 e

~with Ty = 130 msec and Ty = 7 msec. A1 and A2 are population
factors.

With the data we have, and using this simple approach, the
following lifetimes were obtained: Ty = 130 * 50 msec at 4967.2 A
(the F," and F3" spin components) and 1, = 7 + 2 msec at
4947.0 & (the Fi" and Fs" spin components). Keep in mind that
these are average values. As illustrated by James for the Cameron
band of CO, the lifetime within a given multiplet can vary by an order

of magnitude from low J to high J.
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D. Conclusion

The laser photofragment spectrum of the 0; b425 € a4"u

system from 4902 to 5025A measured as a function of time ihdicates

4

| 4 . 4
that the 512 and T_1/2 SPin components of the a T

2

metastable state radiatively decay to the X T, ground state with a

4
, "3/2
and 4n1/2 spin components decay with a time constant of 7 * 2 msec

time constant of 130 + 50 msec at 4967.2R; and similarly the

at 4947.0R. This observation is qualitatively .in keeping with_the

. interpretation that these lifetimes depend on the amount of'spin-orbit

mixing of the a4nu state with the Azwu state.



99

REFERENCES

1. (a) T. E. Nevin, Philos. Trans. R. Soc. London Ser. A 237, 471
(1938). |
(b)
(¢)
(1941).

T. E. Nevin, Proc. R. Soc. London Ser. A 174, 371 (1940).
T. E. Nevin and T. Murphy, Proc. R. Ir. Acad. Sect. A 46, 169

2. M. Vestal, G. Mauclaire and J. H. Futrell, 23. Annu. Conf. Mass
Spectrom., Houston, Texas (1975).

3. (a) A. Tabche-Fouhaille, J. Durup, J. T. Moseley, J.-B. Ozenne,
C. Pernot, and M. Tadjeddine, Chem. Phys. 17, 81 (1976).
(b) J. T. Moseley, M. Tadjeddine, T. Durup, J.-B. Ozenne, C.
Pernot, and A. Tabche-Fouhaille, Phys. Rev. Lett. 37, 891 (1976).
(c) M. Tadjeddine, R. Abouaf, P. C. Cosby, B. A. Huber, and J. T.
Moseley, J. Chem. Phys. 69, 710 (1978).
(d) J. T. Moseley, P. C. Cosby, J.-B. Ozenne, and J. Durup, J.
Chem. Phys. 70, 1474 (1979).
(e) C. Pernot, J. Durup, and J.-B. Ozenne, J. A. Beswick, P. C.
Cosby, and J. T. Moseley, J. Chem. Phys. 71, 2387 (1979).
(f) F. J. Grieman, J. T. Moseley, R. P. Saxon, and P. C. Cosby,
Chem. Phys. 51, 169 (1980).
(g) H. Helm, P. C. Cosby, and D. L. Huetis, J. Chem. Phys. 73,
2629 (1980).
(h) P. C. Cosby, J.-B. Ozenne, and J. T. Moseley, J. Mol. Spect.
79, 203 (1980).



100

(i) J. C..Hanson, M. M. Graff, and J. T. Moseley, J. Chem. Phys.
74, 2195 (1981).

(j) P. C. Cosby and H. Helm, J. Chem. Phys. 76, 4720 (1982).

(k) J. C. Hansen and J. T. Moseley, J. Chem. Phys. 77, 1206
(1982).

(1) J. C. Hansen, J. T. Moseley, and P, C. Cosby, J. Mol. Spect.
98, 48 (1983).

(m) M. Carre, M. Druetta, M. L. Gaillard, H. H. Bukow, M. Horani,
A. L. Roche, and M. Velghe, Mol. Phys. 40, 1453 (1980). |
(n) A. Carrington, P. G. Roberts, and P. J. Sarre, Mol. Phys. 34,
291 (1977). |

(o) A. Carriﬁgton,-P. G. Robérts, and P. J. Sarre, Mol. Phys. 35,

- 1523 (1978).

(p) D. C. McGilvery, J. D. Morrison and D. L. Smith, J. Chem.
Phys. 68, 4759 (1978).

(gq) D. C. McGilvery, J. D. Morrison, and D. L. Smith, J. Chem.
Phys. 70, 4761 (1979).

(r) R. Frey, R. Katoschke, K. Muller-Dethlefs, and E. W. Schlag,
Z. Phys. A-Atoms and Nuclei 307, 25 (1982).

(a) J. T. Herron and H. I. Schiff, Can. J. Chem. 36, 1159 (1959).
(b) R. K. Curran, J. Chem. Phys. 38, 2974 (1963).

. (a) K. M. Refaey and W. A. Chupka, J. Chem. Phys. 43, 2544 (1965).

(b) J. J. Leventhal and L. Friedman, J. Chem. Phys. 46, 997
(1966).
(c) K. R. Ryan, J. Chem. Phys. 51, 4136 (1969).



101

(d) J. M. Ajello, W. T Huntress, A. L. Lane, ﬁ. R. LeBreton,-and
A. D. Williamson, J. Chem. Phys. 60, 1211 (1974).
(e) J. M. Ajello, K. D. Pang, and K. M. Monahan, J. Chem. Phys.
61, 3152 (1974).
(f) J. M. Ajello and P. Rayermann, J. Chem. Phys. 62, 2917 (1975).
(g) P. M. Dehmer and W. A. Chupka, J. Chem. Phys. 62, 2228 (1975).
(h) J. M. Ajello, J. Chem. Phys. 63, 1863 (1975).

6. A. Dalgarno and M. B. McElroy, Planet. Space Sci. 13, 947 (1965).

7. D. W. Vance, Phys. Rev. 169, 263 (1968).

8. B. R. Turner, J. A. Rutherford, and D. M. J. Compton, J. Chem.
Phys. 48, 1602 (1968).

9. D. L. Albritton, A. L. Schmelitekopf, W. J. Harfop, R. N. Zare, and
J. Czarny, J. Mol. Spec. 67, 157 (1977).

10. Molecular Spectra and Molecular Structure: [. Spectra of Diatomic

Molecules, G. Herzberg, p. 214, Van Nostrand Reinhold, New York
(1950). |

11. T. C. James, J. Chem. Phys. 55, 4118 (1971).

12. (a) [I. Kovacs, Can. J. Phys. 36, 309 (1958).
(b) I. Kovacs, Can. J. Phys. 36, 329 (1958).

13. D. L. Albritton, W. J. Harrop, A. L. Schmeltekopf, and R. N Zare,
J. Mol. Spec. 46, 89 (1973).



Fig. 1.
Fig. 2.
Fig. 3.
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FIGURE CAPTIONS
Relevant potential energy curves of 0;.
Data collection timing sequence.

The photodissociation spectrum of 0; taken at trapping

- times of 0.1 msec and 100 msec. The data shown has had a

Fig. 5.
Fig. 6.

Fig. 7.
Fig. 8.

Fig. 10.

Fig. 11.

constant subtracted from it to remove signal from the direct
dissociation process.

The 0" photofragment yield as a function of time.

Power dependence of OZ photofragmentation at 5320R.

The number of O; jons decrease while the number of 0+

jons increase whén an ion bunch collides with the octapole
tfap mirror;.

The 0" background in the ion trap as a function of time.

The photodissocation spectrum of 0; (the av = 3'peak)

taken at trapping.timeé.of 0.1 msec and 100 msec. Again the
data has a constant subtracted from it.

Computer simulation of the data in Fig. 8 calculated using a

lifetime of 120 msec for the 4w5/2 and 4n_1/2 spin

4 4

components and 6 msec for the 3/2 and /2

components.

Correlation diagram for the 4nu state of 0; showing

the transition from a Hund's case (a) to nearly a Hund's case
(b) description.

The 0' photofragment yield as a function of time at 4947.0A

and 4967.2R corrected for parent ion leakage from the trap.
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Fig. 12. This figure shows the difference of the data shown in Fig. 11.
The solid curve represents a fit to the data with a long
decay constant (rl) of 130 msec for the F; and F;
spin componentsvand a short decay constant (TZ) of 7 msec
for the F; and F; spin components. The upper and
lower dotted curves use T = 180 msec, Top = 5 msec and

11 = 80 msec, Ty = 9 msec, respectively.
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IV. APPENDIX: DATA ACQUISITION PROGRAM

The programvto'be listed hefe is a first version data

acquisition/data Management program written for the molecular ion

spectrometer. It is to be considered in the developmental stage. The

program contains oddities, inconsistencies, and some bugs (harmless

bugs in the display routine and some timing constraints in the data

collection cycles). But I think the program is basically sound and is

presented here for reference.

AB
~AC
AS
CL
Cu
CS
.DC
DI

BA
DA
EX
PA
PN

ABBREVIATED MIPDS COMMAND LIST

ACTIVE CHANNEL BRIGHTNESS
ACCUMILATE DATA

ABSOLUTE SCALING

CLEAR DATA BUFFER

CLOCK UNITS

CHANNEL SCALE

DYE LASER CALIBRATION
DISPLAY

BACKGROUND

DATA

EXPAND

PARAMETERS

POWER NORMALIZE



ER
EX
GA

HA
HE
IW
KM
LA
LOCK

MC

PO
RE
S8
SI

LO
ME
HI

BA
HA
IN
OF
SB
ST
21
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POWER BUFFER

REVERSE

SIGNAL + BACKGROUND BUFFER
SIGNAL (SB-BA)

ENTER RUN NUMBER

EXIT PROGRAM

GAIN OF A2D CONVERTER
LOW

MEDIUM

HIGH

HALT DATA ACCUMULATION

HEADER

INTEGRATE WINDOW

KEY MODE INTERRUPT

LASER

LOCK PROGRAM CONDITIONS

MAGNET

MCS UNIT

PLACE DATA IN BACKGROUND BUFFER
HALT DATA COLLECTION

INITIALIZE

OFF

PLACE DATA IN SIGNAL*+BACK BUFFER
START DATA COLLECTION

RELOAD COUNTERS



NC
ND
NO
NS

PR-

PB
pe
PH
PL
PM
PP

PV
QU

QP
RE
RD
RR
RT
SA
SC

DA
HE

FU -

ST

LA
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NUMBER. OF DATA CYCLES
NEW DATE

'NUMBER OF CHANNELS
NUMBER OF SCANS {SWEEPS)

PRINTER COMMANDS
DATA

HEADER
FULL‘INFO;
STATUS"

- PLOT BOX

PLOT CHANNEL NUMBERS

'PLOT HORIZONTAL LINE
PLOT FULL FIGURE

PLOT ‘MOVE
PLOT POINTS

'PLOT VERTICAL LINE

QUADRUPOLE
QUADRUPOLE PEAKS OPTION
RESET DEVICE

READ DISK

RECALL RUN NUMBER
RE-TAKE MODE/ACCUME MODE
SCALE ADVANCE

SCAN DEVICE

LASER



SD
SE

SF
SL
SM
SP

SR
SS

ST

SZ
TR
TY

MA
MC
NO
Qu
TR

LA

Qu
TR

BI
UN

DA
HE
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MAGNET
MCS UNIT

“NOTHING"

QUADRUPOLE

TRAP

SCALE DOMWN

SET DEVICE

LASER

MAGNET

QUADRUPOLE

TRAP

SCROLL FASTER

SCROLL LEFT

SMOOTH DISPLAYED DATA
SCANNING PROCEDURE
BIDIRECTIONAL
UNIDIRECTIONAL

SCROLL RIGHT

SCROLL SLOMWER

START (PERFORMS HA, RE, CL, AC SEQUENCE)
SET ZERO FOR DISPLAY
TRAP

TYPE TO CONSOLE DEVICE
DATA

HEADER



up
usS
WA
WB

WD

WI
WL

WR

WB

ST
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STATUS
UPDATE DISPLAY
UPDATE SET (CHANNELS BETWEEN UPDATES)

" WINDOW APERTURE

WINDOW BRIGHTNESS
WRITE TO DISK

- WINDOW INITIAL CHANNEL

WINDOW LEFT
WINDOW RIGHT

WINDOW SCALE



+TITLE

- e W we ‘e

+MCALL

GLOLIB

- e e

+GLOBL
+GLOBL
+GLOBL
+GLOSBL
«GLOBL

SYSTEM

- e we

+GLOBL

GLOBAL

- s we wr

+GLOBL
+GLOBL
+GLOBL
+GLOBL
+GLOBL
+GLOBL
+GLOBL
i
KWCSR=170420
KWBPR=170422
KWVEC=3350
MDAC=170440
MADAC=170442
XDAC=170444
YDAC=170444
ADCSR=170450
XYBUF=170452
DMAPCR=170454
DMACAR=170456
DMAVEC=310
DATALO=166000
DATAHI=166002
LAMLO=1466004
LAMHI=166006
STATU1=1646010
STATU2=1646012
SCALO0=167040
SCAL1=167042
SCAL2=1467044
SCAL3I=167046
A2DCON=1467100
A2DVEC=510
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MACHINE PROGRAM

THE. TANDEM MASS SPECTROMETER

SYSTEM MACROS

«TTYOUT» TTYINs» . TTINRy .PRINTy» .DATEs . INTEN
LIBRARY GLOBALS

REALsASCBIN» BINASC»DPBASC,DECOUT»ICOUT2
LPOUTLPRINT»LPCRLF,LPDCO2,LPDECO
REGSAVIREGRES»DYECAL»DYELAS,DYESET

MOTOR1 s MOTOR2,CRLF»QUAD/WRDISK,REDISK
LOWORDsHIWORD»A2DAMP y AZDGNS + MAGNET»PLOTTR

GLOBALS

JMUL » JDIV» JCHPIRSOASC

LABELS DEFINED IN THXS MODULE

LIST+ARG1»ARG2yRESULT» IQBUF » BATBUF » DATALO
SCCODELONWAV s SHOWAV»SETWAV,WAVINCsCALUAY
NSTEP»NCHAN»MDACs MDAC1» MRES»MDAC2» MASBUF
SCFUNC,QPsCLEARBUFINIT

MADAC» MADAC1 9+ MADAC2» MARES»DICHNS»DISTRT
STCHAN»PLCTRL sPLMOV,PLLINE/PLCHARs MCHSUR
RUN» YMAXsUPDATE :

$CONTROL STATUS REGISTER FOR KWV11
#CLOCK BUFFER/PRESET REGISTER(KWV11)
$CLOCK INTERRUPT VECTOR

$AAV11 FOUR CHANNEL A/t CUNVERTER

$A/D CONTR1IL-STATUS REGISTER(I2771)
iX/Y BUFFER

$DMA PUINT COUNT REGISTER

$DMA CURRENT ADDRESS REGISTER

$DMA INVERRUPY VECTOR

iCAMAC CONTROLLER ADDRESSES

$SCALER 0 (BIN 17}

$SCALER 1

$SCALER 2

$SCALER 3

$A/D CONVERYER (BIN 18)

jA/D CONVERTER INTERRUPT VECTOR



DMAPRI=O
MCSA0=167200
MCSA1=167202
MCSA2=167204
MCSA3=167206
MCSA4=167210
MCSAS=167212
MCSA6=167214
MCSNVC=520
JSW=44

.
’

y
;
y
;
HCHSUB: MOV
- MOV

MoY

MoV

MOV,

MOV

MOV

MOV

MOV

MOV

MOV

MOV

- MOV

MOV

MOV

MOV

MOV

MOV

MOV

MoV

MOV

MOV

MOV

MoV

MOV

HOV

MoV

MOV

MOV

MOV

MOV

MOV

MOV

MoV

MOV

MoV

MoV

MoV

Mov

MoV

$DATAINY»A2DVEC
$200,A2DVECH2
$CLKINT,KWVEC

$200,KWVECH2

$DMAINT»DMAVEC
$200s DMAVEC+2
#MCSINTYHCSNVC
#2009 MCSNVC+2

#1.,9NSCAN+2"

#50.sUPDATE+2

#1MARES
$1,MARES+2
$340.MADACH

$10.sMADACL+2

$340.MADAC
$20.,MADAC2
#1yMRES
#1,MRES+2
$40.,»MDACI
$2+,MDACL1+2
#40.9sMDAC
$4,M0AC2
#1HNSTEP
#1,DACYCL

"#1,DBACYCL+2

#1,DELINC
$1,DELOFF
#-1,KWBPR
#200. » NCHAN
$°UN»SCTYPE
$NOs» SCFUNC
$°NO,SCLODE
$#SIsDIFUNC
$SI+DIFUNC+2
$°SI»DICODE

$°S1,DICODE+2

#°L0»A2DGNS
$0,DISFLG
#0,FLGDIS
$0,ZERFLG
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$MCS CRATE LOCATIONS

$JOB STATUS WURD

$SET VECTORS

$CLOCK VECTOR

$POINT PLOTTER VECTOR
iMCS VECTOR

§DEFAULT VALUE

JUPDATE PERIOIv

$DEFAULT STEP SIZE FUR MAGNET
iCorPY

- $DEFAULT LOW CURRENT Fﬂk MAGNET

JCUPY

FSET MAGNET LOW CURRENT
sDEFAULT HIGH CURRET VALUE
sDEFAULT STEP SIZE FUOR QuUAL
$CUPY

sDEFAULT LOW MASS FUR QUAD
iCOPY

$SET QUAD LOGW MnSS

$DEFAULT HIGH MASS FIR QUAD
$DEFAULT STEF SI2E FUOR LASER
$OME DATA CYULE PER CHANMEL
$iSAVE A COFPY

$}1MSEC DELAY INCREMENT
#1MSEC DELAY OFFSET

$LOAD CLOCK BUFFER/RESET REG.
200 CHANNELS BY DEFAULT
JUNIDIRECTIUNAL SCANNING

$ *NOTHING*FUNCTION BEING SCANNED
J*NOTHING* CODE WORD

$SIGNAL BEING DISPLAYED
}SAVE CUODE .

$LOAD DISPLAY COLE .

$SAVE DICODE

$A21 CONVERTER GAIN LOW(X1)
}AUTO-SCALE

INORMAL~--NOT PUOWER NORM.
$ZERQ SHIFTY



- W ws

-

- -

I e -

ISPLAS

CLR
CLR
MOV
MOV
CLR
CLR
CLR
MoV
MOV
MOV
CLR
CLR
CLR
CLR
MOV
CLR
MOV
ADD
MoV
CALL
CALL
MOV
STTYOUT

SCMODE
RETAKE
$4,ACTIVE
$4,ACTIVE+2
SLRFLG

YMIN

YMIN+2
$4096 .9SCROLL
$2048.,YSCALE
#1,RUNFLG
RUN

RUN+2
WINBRT
WINFLG
$10.9MINSIZ
ADCSR
$DATBUF»R1
$100.,7R1
$200:(R1)
BUFINIT
CLEAR
$'>9RO

ENABLE CAMAC INTERRUPTS

BIC
BIS
MOVB

MOV

+DATE
MOV
CAaLL

TS8T
BNE
MoV
MOV
CALL
MoV
BIT
BNE
CALL
+PRINT
MaV
CALL
MoV
+TTYOUT
BIS

BR

$70,STATUL
$301,STATUL
$26.»A2DCON

#201409KNCSR

ROy DATE
DATES

UPDATE

S
DICODE+2,BICODE
DIFUNC+2,DIFUNC
DISCAL
UPDATE+2,UPDATE
$1»RUNFLG

10¢

CRLF

$M23A

$M239R0O

LPRINT

#'>»R0O

#1/RUNFLG
TTIN

123

$EXT. INTERRUFT MODE

s ACCUMULATE MODDE

$ACTIVE CHANNEL BRIGHTNESS
$ACTIVE CHANNEL BRIGHTNESS
$NO SCROLLING

iSCROLL SPEED
#SCALE FOR Y-AXIS
$RUN COMPLETED FLAG
#NO RUNS COMFLETED

JDISPLAY WINDOGW NOT BRIGHT
iCILEAR WINDOW FLAG

+DEFAULT WINDOW SYZE

$CLEAR AD CONTROL STATUS REG.
$DATA BUFFER STARTING
$POINT 70 FIRST HEAVER LOCATION
FFILL WITH TERMINATION SYMKOL
FGENERATE BUFFER FUINTERS
$CLEAR DATA RUFFER

iPRUMPT CHARACTER

$CLEAR NREINXE»I
§SET INESREIN,OII
#ENABLE A2D CONVERTER

$SET CLOCK CONTROL STATUS REGISTER

§iGEY SYSTEM DATE
} SAVE

+ DECODE

iUPDATE?

#BRANCH [F NOT EQ YO0 ZERO

JGET RID OF °*SM* IF THERE
#RESTORE FUNCTIOUN CODE

iIF ZERO UPDBATE DXSFLAY RUFFER
JREFRESH UPUATE

#RUN COMPLETED?

iTYPE CARRIAGE RETURN-LINE FEED
i BEEP

ITYPE *>°

LOCATION 70 Rt
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108 CMP . #°HMC»SCCODE $IS MCS ACTIVE?
BNE TTIN
BIT #1,0VF
BGT CNTOVF
BIT #250VF
BGT RAMOVF
BIT $4,0VF
BGT ENDRUN
BR TTIN .
CNTOVF: PRINT #M82 ‘ $COUNTER OVER FLOW
BIC $1,0VF :
- BR DISPLA S
RAMOVF: .PRINT - $M83 iRAM OVER FL.OW
BIC #250VF
v BR DISPLA ‘
ENDRUN: BIC $4,0VF : iRUN COMPLETED
. BIC #1/,RUNFLG . 5GENERATE MESSAGE
INC RUN v ‘ JRUNS FOR THE DAY
MOV RUNSRUN#2 $SAVE COPY
. BR DISPLA - . .
TTIN: MOV #I0BUF»R1 $STARTING ADURESS OF I/0 BUFFER IN R
1 - .
208 +TTINR : ‘ 315 THERE A CHARACTER?
BCS DISPLA ; '$BRANCH TO DISPLA IF NONE
MOVB  RO»(R1)+ 3PLACE CHARACTER IN I/0 BUFFER
CHPB $125R0 JWAS LT A LINE FEED?
BNE 208 5IF NG»GET MORE:
cHp DICHNS, #11. JHALT DMA IF TOOQ FEW CHANNELS
BPL OPTION : 4

CALL  DISHLT -

iTHIS OPTION SEARCHES FOR THE DESIRED OPTION BY CUHPARING THE
COMMAND ENTERED WITH THE OPTION LIST

- we W wr wh

OFPTION: CMP $#°AC>I0BUF SACCUHULATE-DATA
BNE 1
MoV #1,ACCFLG
BIS #2)RUNFLG ' $RUN IN PRUGRESS
: JHP oPTOUT : i LEAVE
1%: CHP $°0DC,s I0BUF $DYE CALIBRATION
BNE 2 , :
CMP LOCKEY »LOCKEY+2 $ARE PROGRAM VAR1ABLES LOCKEDR?
BEQ 1001$ i BRANCH IF UNLDCKED
' JHP QPTLOC $LOCKED! LEAVE WITH MESSAGE
10018 CALL DYECAL ' ' - -
JHP oPTOUT $LEAVE
2% cHP #°'DI,I0BUF $DISPLAY OPTION
: BNE {1
CALL pIsorT
JHP OPTOUT $LEAVE
3s: cHP #°LA»10BUF IDYE LASER
BNE as
cHP LOCKEYs»LOCKEY+2 $}ARE PRUOGRAM VARIAKBLES LOCKED?

BEQ 1003 $BRANCH IF UNLOCKED



1003¢:

10048
433

10068
Ss

1005¢:

2

8s:

Jup
CALL
CALL
CMP
BNE
CALL
CALL
CLR
JHP
CMP
BNE
+FRINT
+PRINT
CALL
CMPB
BEQ
JHP
JHP
MOV
CHP
BEQ
cMP
BEQ
MOV
1,14
BEQ
MOV
CHMP
BEQG
MOV
CHMP
BEQ
MOV
CMP
BEQ
BR
CALL
Jup
CHP
BNE
CLR
JMP
cHpP
BNE
CALL
CALL
JNP
chp
BNE
CALL
JMP
CHP
BNE
CALL
JMP

‘oPTLOC

DISHLT
DYELAS
$°LA»SCCODE
1004s
BUFINIT
CLEAR
UPDATE
OPTOUT
$°EXsIUBUF
Ss

71

#M48

READ

$/Ys 10BUF
10064
OPTOUT
EXIT
#SA s YFUNC
#'SAs I0BUF
1005s
$°SU, IOBUF
1005$

#SD» YFUNC
$°SD, IORUF
1005s

$AS» YFUNC
$'ASs IOBUF
1005¢

#CS» YFUNC
$°CS/s I0BUF
1005$

#4Ss YFUNC
$°WS» I0BUF
1005$

b

YaxIs
OPTOUT
#°HA» IOBUF
7

ACCFLG
OPTOUT
#°MA» 10BUF
8

DISHLT
MAGNET
0PTOUT
#°NS, IOBUF
9

NOSCNS
OPTOUT
$°IWs IOBUF
10

IW

OPTOUT

125

FLOCKED! LEAVE WITH MESSAGE
FHALT DISPLA

#+1S IT BREING SCANNELT

iCLEAR DAYA BUFFER

sLEAVE
$EXIT MACRO PROGRAM

$EXIT PROGRAM!!

FARE YU SURE?
iYES OR NGO

$RETURN TUO FORTRAN CALLER
$SCAILE UP

#SCALE DOWN
iAUTO-SCALE

i CHANNEL SCALE

$WINDOW SCALE

§Y-AXIS SCALING
sLEAVE
iHALT DATA TAKING

SLEAVE
iSCAN THE SECTOR MAGNET
FHALT DISFLA

ILEAVE
iNUMBER OF SCANS DESIRED

$SET NUMBER OF SCANS TGO BE MADE

iLEAVE
$ INTEGRATE WINDOW?



10s:

1010s:

1182

10118

1382

1013%:

- 1480

1014s:

13s:

1015¢:

168

17¢:
182

1018s¢:

CHP
BNE
CHP
BEQ
JHP
CALL
CALL
JMP
CuP
BRNE
CupP
BEQ
JMP

CALL

JNP
CMP
BNE

‘CALL

JMP
CMP
BNE
CHP
BEQ
JMP

CALL

JHP
CHP
BNE
CHP
BEQ

JHP
CALL

JMP
CMpP
BNE
CHP

- JMP

CALL
JHP
CHP
BNE

CALL

JMP

CMP .

BNE
CALL
CLR
JIMP
CnpP
BNE
CMP
BEQ
JNP
CaLL

- #*QU» IOBUF

i1s
LOCKEY» LOCKEY+2
10108
oPTLOC
DISHLT
QUAD .
oPTOUT
$*RDs IOBUF
123

LOCKEYoLOCKEY+2v

1011
oPTLOC

"RDISK

oPTOUT
#°RE,I0BUF

13¢

RESQUE

OPTOUT =

$°SC/s I0BUF

143
LOCKEY,»LOCKEY+2

©1013%

oPTLOC
sSC L

- OPTOUT

#°GA» IOBUF
158

LOCKEYsLOCKEY+2

1014
oPTLOC

- A2DANP

OPTOUT
#°*TR»I0BUF
148

. LOCKEYs»LOCKEY+2

1015s
OPTLOC
TRAP
OPTOUT
#°WD,I0BUF

"17%

WDISK
oPTOUT

$°CL» IOBUF

18%

CLRQUE

UPDATE

oPTOUT

$°SP, I0BUF

19
LOCKEY,LOCKEY+2
1018%

oPTLOC

SCNPRO
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i QUADRUFOLE

$ARE PROGRAM VARIABRLES LOCKED?
§BRANCH TF UNLOCKED

$LOCKED! LEAVE WITH MESSAGE
sHALT DISPLA

iLEAVE .
iREAD THE DISK

3 ARE PROGRAN UARIABLES LU(RED’
s BRANCH [F UNLOCKED

sLOCKED! LEAVE WITH MESSAGE
IREAD A DATA FILE .

s LEAVE

#RESET THE DEVICE. BEING SCANNED

iLEAVE

‘ascnuvnsvrce

iARE PKOGRAM VARIABLES LOCKED?
$BRANCH IF UNLOCKED

_vLOCKED! LEAVE WITH MESSAGE

JLEAVE . |
SSET GAIN OF A2DL CONVERTER?

§ARE PRUGRAM VARIARLES LOCKEDL?

"3 BRANCH [F UMLOCKED

$LOCKED! LEAVE W1TH MESSAGE

SLEAVE .
3SC TRAP

FARE PRUGRAH VARIABLES LOCKED’
FBRANCH IF UNLOCKED
iLOCKED! LEAVE WITH MESSAGE

$ LEAVE
$WRITE TO DISK

ILEAVE
JCLEAR. . . INIT

i LEAVE
§CHANGE METHUD OF SCANNING?

$ARE PROGRAM VARIABLES LOCKED?
$BRANLH (F UNLDCKED
$LOCKED! LEAVE MWITH MESSAGE



19¢:

208

2188

1022s¢

10238
248

10244

25¢¢

27%2

28s¢¢

308

JMF
ChHP

CLR
JMF
CHpP
ENE
CAaLL
JMP
CHP
BNE
MOV
caLl
JNP
CHpP
BNE
MOV
CALL
JMP
(o, 14
BNE
CMP
BEQ

CAaLL
CALL
Jup
CMP
BNE
+PRINT
+PRINT
CALL
CHPB
BEG
Jnp
Hov
CaLL
JMP
crue
BNE
CAaLL
JMP
CHMP
BNE
CALL
JMP
CHpP
BNE
CAaLL
JMP
cnp
BNE
CAaLL
JHP
Cnp

OFTOUT
$°UPy I0RUF
208

UPDATE
oPTOUT
$°SMs I0BUF
21

SMOOTH
OPTOUT
$°SRyIO0OBUF
22¢ ’
#1,SLRFLG
SLK

gPTOUT
$°SLyI0BUF
23s
$-1»SLRFLG
SLR

OFTOUT
#°'NOs IQBUF
24
LOCKEYsLOCKEY+2
1022s
gPTLOC
DISHLT
NOTHIN
OPTOUT
$°INsIOBUF
25s

#45S

$#M48

READ
#'Y,I0BUF
1024
OPTOUT
$15R1
MOTOR2
oPYOUT
$°FR» I0BUF
268

PR

oPTOUT
$°SF»I0BUF
27s

SF

OPTOUT
$°SS»I0BUF
28

3]

OPTOUT
$°TYy»10BUF
30

TY

OPTOUT
#°NC, IOBUF

iLEAVE
FUPDATE?

iLEAVE
$SMOOTH DISPLAYED OATA?

$GET INPUT
FLEAVE
FSCROLL WINDOW RIGHT?

sSCROLL WINDOW LEFT?

$CHANGE SCANNING CONDITION?
iARE PRUGRAM UARI%BLES LOCKED?
# BRANCH TF UNLOCKED :
sLOCKED! LEAVE WITH MESSAGE
iHALT DISPLA

#LEAVE
$START PULSE SEQUENCE?

$PULSE SEQUENCE INIT.
FARE YUU SURE?
iYES OR NO

$SENDR ONE PULSE
iLEAVE
$PRINT OPTIONS

iLEAVE .
#SCROLL FASTER

iSCROLL SLOWER

$TYPE TO CONSOLE

i LEAVE

#SET NUMBER OF DATA CYCLES PER CHANN



EL?

1030¢:

3182

32s:

338

348

352

36¢¢

3508

37%:

BNE
CHP
BEQ
JMP
CALL
JHP
CMP
BNE

.CHP

BNE
+PRINT
JMFP
CHP
BNE
CMP
BNE
MOV
+PRINT
JMP -
CMP

BNE

MOV

+PRINT

JMupP
cMpP

~ BNE-

CALL
JMP
CMP

.BNE

CMPB

-BNE

MOV
CcaLL
CALL
JHP
CHP
BNE
CHP
BEQ

- JNP

CALL
JHp
MOV
CMP
BEQ
MOV
cHpP
BEQ
MoV
CMP
BEQ
MOV
CHMF

128

318
LOCKEY»LOCKEY+2
1030%

OPTLOC
NOCYCL
oPTOUT

#°FUs INBUF
32
#°CK,I0BUF+2
323

$M44

oPTOUT

#°L0y IOBUF
33

$°CK+ IOBUF+2
33
$0sLOCKEY
#NS52

- . OFTOUT

LOCKEY+2
348
10BUF » LOCKEY
$MS3

OPTOUT

$°HE, 10BUF
3s5¢

HEADER
OPTOUT

$*0P, I0BUF
368
$/Q>SCCODE

'IOBUF

36

#'GP’SCCODE
DISHLT
QuUAD
OFPTOUT
#°MC» IOBUF
37s
LOCKEY»LOCKEY+2
34608
oPTLOC

MCS

OPTOUT
SULsDISCOM
#°MWLyI0BUF
38s :
$WR,DISCOM
$°WR,» IOBUF
38s
$WI»DISCOM
#°Wl,IOBUF
3gs
$WA»DISCOM
$°WA» IOBUF

SLEAVE

1ARE PROGRAM VARIAELES LOCKED?
# BRANCH (F UNLOCKED
iLOCKED! LEAVE WITH MESSAGE

$LEAVE
FFOUL. LANGUAGE USAGE?

SWATCH YOUR LANGUAGE!!
iLEAVE _
iLOCK MACHINE CONDITION?

iLOCK IT!
# "LOCKED"*
iLEAVE

§UNLOCK PROGRAM VARIABLES?

MESSAGE

FENTER KEY :
# "UNLOCKED* MESSAGE

JENTER HEANER?

iLEAVE

$SCAN FROM PEAK TO PEAK?
IS THE FIRST LETTER A *Q*7
#BRANCH 1(F NO

$CODE FUR PEAK TO FEAh SCANNING
+HALT DISPLAY

iMCS UNIT

}ARE FRUGRAM VARIABLES LUCKED?
s BRANCH [F UNLDCKED

iLOCKED! LEAVE WITH MESSAGE
iLEAVE

$ENTER COMMAMD CODE
$SHIFT WINDOW LEFT?

$WINDOW SHIFT RIGHT

$DEFINE INITIAL WINDOW CHAN.,

sDEFINE WINDNOW AFERTURE



3gs?

398

40%:

4182

42¢ 2

43¢

44%;

45¢:

46%:

47¢:

48¢:

49%:

S50s:

BEQ
MOV
CMP
BEQ
MoV
cHpP
BNE
CAaLL
JHP
CMP
BNE
CALL
JMP
CHP
BEQ
CMP
BNE
CALL
JMP
CMP
BNE
CALL
JMP
CHMP
BNE
CALL
JMP
4,1
BNE
caLL
JMP
CMFP
BNE
CALL
JMP
CHP
BNE
CALL
JMP
cHP
BNE
+DATE
MoV
caLL
JMP
cHP
BNE
CAaLL
JMP
CMP
BNE
MoV
JHP
CHP
BNE

Jgs
$WR,DISCON
$°WB» IOBUF
38s
$AB»DISCONM
#*ABs IOBUF
39%

DISDAT
OPTOUT
#°LH, IOBUF
403

DISHLTY
OPTOUT
$#°FL,»IO0OBUF
41

$#°FPs IOBUF
42%

PLOT
OPTOUT

$°PC»I0BUF

43¢

PLOTFC
OFTOUT
$°PMy» IOBUF
44%

PLOTPM
OPTOUT
#°PH» IOBUF
45

PLOTPH
OPTOUT
$°PV,s I0OBUF
4468

PLOTPV
OPTOUT
#°PB» IOBUF
47%

PLOTIT
OPTOUT
#°NDs IOBUF
48¢

RO»DATE
DATES
OPTOUT
$°ER, IOBUF
49

ER

OPTOUT
$°RR» IOBUF
S0¢
RUN+2»RUN
OPTOUT
$°US»I0BUF
S1s
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FWINDOW BRIGHTNESS

JACTIVE CHAN. ERT.,

iDISPLAY(DMA) HALT?

sFULL

$PLOT

iPLOT

iMOVE

iPLOT

iPLOT

i DRAW

FLOY?

FPOINTS ONLY?

CHANNELS ONLY?

PLOT

HOR1ZONTAL LINE?

VERTICAL LINE?

ROX ONLY

iNEW DATE?

$SAVE

# DECODE

$SET RUN NUMBER?

iRECALL PRESENT RUN #

+UPDATE SCALE



Sis:

S2s¢

S3s:

548

558¢

598

59083
6083

gPTLOC?
OPTOUT

- wr we

CAaLL
JMP
CHF
BNE
CALL
JMP

- CHP
" BNE

CHF
BEQ
JNP
CLR
CALL
CALL
CLR
MOV
JHP
CHP
BNE
CALL
JHP
CHP
BNE
CMP
BEQ
JMP
TST
FEQ
CLR
.PRINT
JMP
INC
PRINT
JMP

CHP

BNE
CALL
JMP
cHP
BNE
CMP
BEQ
JMP
CALL
JHP
+PRINT
JUP
+PRINT
CALL
MOV .
LTTYOUT
JMP
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us
OFTOUT

'4°SZyI0BUF

524
52

oPTOUT
$°ST,I0BUF

548
LOCKEY»LOCKEY+2
53

oPTLOC

ACCFLG

RESET

CLEAR

UPDATE
$1,ACCFLG
OPTOUT

$°CU» I0BUF

SS5$

cu

- OPTOUT

$°RT, I0BUF
54
LOCKEY»LOCKEY+2
5508

oPTLOC

RETAKE

-, 555

RETAKE
77
OPTOUT

. RETAKE

76
OPTOUT
#°KMs IOBUF
59%

KM

OPTOUT
$°SE» I0BUF
60%

LOCKEY »LOCKEY+2
590%
oPTLOC

SE

OPTOUT
#MS1
OPTOUT"
#450

CRLF
$/>sR0

DISPLA

$}SHIFT ZERO?
$SHIFT ZERD OF D1SFLAY

$AUTO RESTART

$LOCKED?

iLOCKED!
JHALT

iSTART ACCUM.

$CLOCK UNITS

iRE-TAKE MODE?

#LOCKED?

5OPTION LOCKED!

5ACCUM. MODE

IRE-TAKE MODE MSG.

$KEY MODE

$SET DEVICE

$ARE PROGRAM VARI1ARLES LOCKED?
$BRANCH YF UNLOCKED
$LOCKED! LEAVE WITH MESSAGE

iLEAVE .

i NONEXISTEMT OPTION
$LEAVE

#OPTION LOCKED MESSAGE
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i THIS IS THE INTERRUFT SERVICE ROUTINE StCTION
L]
’
DATAIN? MOV R1sR1DATA iSAVE R1
MoV R4sR4DATA 72 R4
CMP $#1»ACCFLG $ ACCUMULATE??
BEQ 1s #BRANCH IF YES
JMP DATOUT : SUON'T ACCUMULATE!! !
1¢: - MOVB #1,08166040 iREAD MOTOR1 STATUS WORD
BIT $1»DATALD #IS MOTORL LaAM SET?
BNE Ss #BRANCH IF NOT BUSY
. JHP DATOUT iBUSY--BRANCH 0OUT
Ss¢ CHP OACYCL s #1 iCYCI.LE COUNTDOWN OVER?
BLE gs $ BRANCH IF YES
DEC DACYCL s DECRENMENT CYCLE COUNTER
MOVE $0,A2DCON . $SET LAM DOWN
JMpP CYCOUT #NO DATA READ
8¢ MoV ~DACYCL+2»DACYCL $RE-LOAD CYCLE COUNTER
18T UPDATE #IF NOT ZERO.DEC. UPNATE
BEQ 9%
. DEC UPDATE
¢ Hov SEBUFyR4 #+S+R BUFFER POINTER TQ R4
ADD BUFOFF sR4 #ADD OFFSET TO THE POINTER
MOVE #0+,SCALO iREAD SCALER ZERO
MOVB $2,SCALO
ADD DATALOY (R4)+ iADD DATA VALUE
ADC {R4)
ADID DATAHI» (R4)
MOV BABUF s R4 ) - $FPLACE BAC-GRD POINTER INTO R4
ADD BUFOFFsR4 ' 3ADD [N BUFFER OFFSET
MOVB #0ySCAL2 $iREAD SCALER TWO
MOVB #2»SCAL2
ADD DATALOs(R4) ¢+ $ADD VALUE TO DATA
ADC (R4) -
ADD DATAHI» (R4)
MOV PORUF»R4 iPLACE POWER BUF., POINTER IN R4
ADD BUFOFF R4 #AND BUFFER OFFSET
MOVB #0,A2DCON IREAD A-2-D CONVERTER:CLEAR LAM
ADD OATALOs (RA) 4+ FADD VALUE 10 BUFFER
ADC (R4)
CMP DIRFLG»#1 #SCANNING WHICH wWAY?
BNE 30%
CMP LCHAN» BUFOFF $AT LAST CHANNEL YET?
BNE 20s #BRANCH [F NO -
CMP $*BI,SCTYPE JBIDIRECTIONAL SCANNING??
BNE 10s yBRANCH (F NO
Mav #-1»DIRFLG
JMP cYcour $LEAVE
10s: CLR DIRFLG
CLR BUFOFF $SET BUFFER OFFSEY TO ZERO
CLR UPDATE #UFNATE DISPLAY
INC NSCAN sKEEP TRACK OFf NUMEER OF SCANS COMFL
ETEDD
CNP  NSCAN»NSCAN+2 FFINISHED YET?

BMI 15 $BRANCH [F NO



CLR
CLR
INC
MOV
CALL
JMP
ADD
CALL
JMP
CHP
BNE
"CLR
INC
CMP
BMI
CLR
CLR
INC
MOV
MOV
JMP
SUB
CALL
BR

1582

208

308¢¢

35¢:

408

508

DATOUT: MOVR
.- MOVB
MOVE
BIS
MoV
MoV

" BIT
BNE
RTI

0s: RETURN

cYCOuUT:

1
i
iD
i
i
D

Hav
MoV
MOV
- MOV
+INTEN
MoV
MoV
MOV
MOV
TST
BEQ
DEC
BGE
DEC
BGE
MoV

MAINT:
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ACCFLG
RUNFLG
RUN
RUNsRUN+2
@SCFUNC
cycouT
$4,BUFOFF
@SCFUNC
CYCOUT
BUFOFF 40
408
UPDATE
NSCAN
NSCAN s NSCAN+2
3ss
ACCFLG
RUNFLG
RUN
RUN»RUN+2
#1,DIRFLG
CYCOUT
$4,yBUFOFF
@SCFUNC

‘cYCOUT

$9.»5CALO
#9.,5CAL2
$#0,A2DCON
$300,STATUL
R1DATArR1
R4DATArR4

41, SCMODE

10s

SPLAY DHMA INTERRUPT SERVICE ROUTINE

RO»RODMA
R1,R1DNMA -
R2>R2DMA
R3»R3DMA
DMAPRI
RODMA»RO
R1DMAsR1
R2DMAR2
R3DMAIRI
EXPFLG
10s
WINFLG
10¢
ACTIVE
20s .
DIRUF, DHACAR

iSTOP ACCUMULATING DATA

I MESSAGE FLAG

INUMBER OF RUNS FOR THE DAY
iCOPY

iCALL SCAN FLUNCTION

iLEAVE

FBUF OFFSET TO NEXT CHANNEL

vFIRST DATA CHANNEL7
FRRANCH [F NO

JUFPDATE DISHLAY

s INCREMENT. SCAN COUNTER
i TAKE MORE SCANS?

" $RRANCH XF .NO

iSTOF ACCUMULATING DATA!
#RUN COMPLETED MESSAGE FLAG
iNUMBER "OF RUNS COMPLEIFD

iGO FORWARD NOUW
JLEAVE

iG0 TO FUNCTION
SCLEAR SCALER ZERO

}CLEAR SCALER TWO
iLAM DOWN

$SET IME AND REIN

$UNSAVE R1
it R4 ‘
JWHICH MODE®

JRETURN FROM INTERRUFT
#SUBROUTINE RETURN

#SAVE REGS

$UNSAVE

iEXPAND
§ RRANCH
FWINDOW
$ BRANCH IXF
$ACTIVE

DISFLAY?
IF YES
BRIGHTNESS
YES

CHAN. BR’TNESS

iLOAD DMA REGISTERS



MOV
NEG
MOV
MOV

10s: MOV
MOV

208 Mav
ADD
MOV
308 NEG
DMAOUT: TST
BNE
CLR
RTS
10¢: BIS
BIS
RTS

) e w w

LKINT? BIS
: RTI

iMCS INTERRUPT SERVICE ROUTINE

4

MCSINT: MOV
MOV
BIC
MOV
BIT
BEQ
JMP

1s: MOV
MOV

28 ADD
ADC
SOR
CLK
BIS
MOVB
INC
MoV

3s: SOB
BIT
BNE
MOVB

MCSOUT: MOV
MOV
BIS
BIT
BNE
RTI

NCHAN s DMAFCK
DMAPCR

ACTIVE+2/ACTIVE

WINBRTYWINFLG
DMAOUT
DISWINyY DMACAR
WINSIZ,»DMAPCR
Jos
BUFOFF » DMACAR
DIRUF s DMACAR
#1,DHAPCR
DMAPCR

DMAHLT

-10¢

ADCSR

PC
$102,ADCSK
#1,ADCSR
FC

$20000sKWNCSR

R1sR1DATA
R4yRADATA
$1,STATUL
MCSA2,0VF
#3,0VF

1s

MCSOuT
MCSBUF sR1
4377sR4
2EMCSAO» (R4
(R1)+

RA» 28
UFDATE
$1,STATUL
$#9.»MCSAQ
NSCAN
$100.9R4
R4,33
$4,0VF
MCSOUT
#26.1HCSAS
R1DATAsR1
RADATA'R4
$300+STATUL
#1,SCNODE
10s
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$2’S COMPLEMENT
$ACTIVE CHAN. RRT.

sDISFLAY WINDOW VALUES
$ACTIVE CHAN. POSITION

32S COMPLEMENT
FHALL I OMA7?
iBR IF NO

FRETURN FROM INTERRUPT
FSTART 0NA

fRETURN FROUM INTERRUPT

"$RETUKRN FROM INTERRUPT

iSAVE REGS
sCLEAR D11 RIT

iREAD OVUFL AND STOFRUN
iCHECK FOR OVFL

#255 CANNELS

} TRANSFER DATA TO LSI[-11 DATA BUFFER

3UPDATE DRISFLAY
$SET DII RBIT

iF?A0 CLEAR RAM

i NUMBER 0OF ‘"SWEEPS®*

SWAIT LOOP FOR RAM CLEAR

#i? IS RUN FINISHED
P YESy THEN RETURN
iNOs» SET ACCUMULATE

$SET INE,REIN
SWHICH MODE?

JRETUKN FROM INTERRUPT
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108 RETURN # SUBRRQUTIME RETUKRN
i
#HERE ARE ALL THE FUNCTIONS FOR AZDCON INTERRUFPT

LA Mov NSTEFsR1 ISTEP THE DYE LASER MOYOR

CHP DIRFLGs#1 $DETERKINE WHICH WAY
BNE 10s : :
CALL MOTOR1 $CLOCKWISE
ADD WAUINCsSETWAY ' $NEW WAVELENGTH SETTING
ADC SETWAV+2 .
" ADD WAVINC+2/,SETUAVH2
: RETURN
108 CMP DIRFLG»#$0 $RESET THE DYE LASER?
BEQ 208
NEG R1 '
CALL MOTOR1 o #COUNTER CLOCKWISE
SUB WAVINCsSETWAY $NEW WAVELENGTH SETTING
SBC SETWAV+2
‘SUB WAVINC+2,SETWAVH2
RETURN ' ‘
20 MOV SHOWAV RESULT
MoV SHOWAV+2»RESULT+2
CALL DYESET
MOV " #1»DIRFLG
-RETURN '
;
14 .
MA: CHP .DIRFLGs #1 §SECTOR MAGNET--SCANNING WHICH WAY?
BNE 108 o :
, ADD MARES s MADAC $SCAN FORWARD'
. RETURN o '
108 CHP DIRFLG: #0 $RESET THE MAGNET?
BEQ 20
SUE ‘MARES » MADAC #+SCAN BACKWARUS
RETURN : :
208 MoV MADAC1»MADAC JRESET MAGNET
MoV $1,DIRFLG -
RETURN '
3 S
’
au: cHpP DIRFLG #1 ' _ i QUADRUFOLE--SLCANNING WHICH waY?
BNE 10%
ADD MRES»MDAC : $SCAN FORWARD
RETURN ,
1083 CHP DIRFLG»#$0 {RESET THE QUALRUFOLE?
BEQ 20s '
SUB MRESs»MDAC $SCAN BACKWARUS
RETURN
20%: KoV MDAC1 s MDAC $RESET QUAD
MOV #1sDIRFLG »
RETURN
H
3
TR CMP DIRFLGr#1 $SCAN 10N TRAF

BNE 10s



1082

208

Z . -
[=]
-®

10¢¢

208

- W w

ADD
MoV
NEG
RETURN
CHP
BEG
SUB
MoV
NEG
RETURN
MOV
Mov
NEG
MoV
RETURN

CHP
BNE
RETURN
cHP
BEQ
RETURN
L
RETURN

MoV
ASR
ADD
CMP
BNE
KOV
RETURN
CHP
BEQ
Mov
RETURN
MoV
MoV
RETURN

PAGE ONE
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DELINC,DELTOT
DELTOT»KWEPR
KWBPR

DIRFLG,#0

20s
DELINC,DELTOT
RELTOT,KWBPR
KWBPR

DELOFF»DELTOT
DELTDT,KWBFR
KWBPR
#1,DIRFLG

DIRFLGr»#1
10s

DIRFLG»#0
20¢

#1yDIRFLG

BUFOFF »RA4
R4

$#MASBUF +R4
DIRFLGr#1
10s
(R4) 1 MDAC

DIRFLGy#0
20s
(R4)MDAC

(R4)MDAC
#1>DIRFLG

$RESET THE ION TRAF?

y BACKWARDS

iRESET

$1SET FOR FORWARD SCUANNING

iNO OFERATION!!
$ SCAN FORUWARD

JRESET THE SCAN POINTERS?

$SET SCAN DIRECTIUN FLAG:IFORWARD

$BUFFER OFFSEY TO R4

f0IVIDE 8Y TUWO .

$R4 HAS MASS POLNTER

$ QUADRUPOLE~-~-SCANNING WHICH WAY?
iSET QUADRUPOLE T MASS PEAK
$RESET THE QUADRUPOLE?

$SET QUADRUPOLE TO MASS PEAK

JRESET auaAD
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$PAGE TWO

i

i

$SUBROUTINE TO HALT DMA DRIVEN DISPLAY

i

DISHLT: CLR DMAHLT iHALT DHMA

1082 BIT #100,ADCSK ) FHALTED?
BNE 108 iLOOF TILL YES
RETURN '

- W we

i SUBROUTINE °BUFINIT® GENERATES DATA BUFFER ADDRESSES GIVEN THE
#NUMBER OF DATA CHANNELS IN USE.

?

BUFINIT MOV
MOV
MoV
MoV
CNP
BPL
MOV

108 ASH

SUB

v MOV

NEL ‘
MOV

ADD

‘ MOV
BUF, :
ADD
ADD
MOV
ADD
MOV

MOV
MoV
MOV
ADD
MoV
MOV
MOV
CLR
CALL
CLR
BIC
MOV
MOV

RETURN

- W -

aDD

R1sR1BUF
R2+R2BUF

‘NCHANyR1

NCHAN s DICHNS
NCHAN > WINSIZ

"10¢

NCHAN»WINSIZ
$25R1

$49R1
R1sLCHAN

$DATBUFR2

$1000.yR2
R2sSBBUF

$4,R1
R1sR2
R2yBARUF
R1sR2
R2,POBUF
R1sR2

R2»DIBUF
R2sDISTRT
R2»DISNIN
R1sR2
R2»DISMAX
$1+EXPFLG
#1»DIRFLG
BUFOQFF
XJUMpP
UPDATE
$#2sRUNFLG
R1BUFsR1
R2BUF»R2 .

$SAVE REG1STERS

$R1 GETS #.0F CHANNELS
INUNBER OF DISPLAYED CHANNELS
SWINDOW TOO LARGE?

$MAX WINDON SIZE

JMULTIPLY BY FOUR
$# OF ADDRESS LOCATIONS TO LAST CHAN
$STARTING ANDRESS OF DATA BUFFER IN

$500 HEADER WORDS
$STARTIMG LOC. FOR SIGNAL+BACKGROUND

8% OF ADDRESSES IN R1

$STARTING LOC. FOR BACKGROUND BUFFER
#LOAD BACKGROUND BUFFER POINTER
SSTARTING LOCATION FUOR PUOWER BUFFER
+LOAD FOWER BUFFER POINTER

$STARTING LOCATION FOR DISPLAY BUFFE

5LOAD DISFLAY BUFFER FOINYER
5STARTING LOCATION FOR DISFLAY
SWINDOW PUINTER

sDISPLAY BUFFER LAST AUDRESS +2
JDON'T EXFAND DISFLAY

iSCAN FORMWARD FIRST'

JCLEAR BUFFER OFFSET

iCALCULATE XJUMP

JUPDATE DISPLAY

$RUN NOT IN PROGRESS

FUNSAVE REGISTERS

$RETURN TO CALLER



i THIS SUBROUTINE LOADS °*DIFUNC®
#THE MAIN PROGRAM MODULE DISPLAY ROUTINE.

’
DISOPT: MOV

ND
1s!

582

g8s:

9

10¢¢
15¢¢
2082
308
40%:

S50

6082

CMPB
BEG

BR
+PRINT
CALL
MOV
CHMP
BEQ
CMP
BEQ
CHP
BEQ
CMP
BEQ
CMPB
BEQ
MOV
cMP
BNE
CALL
BR
CHP
BNE
CALL
BR
CMP
BNE
CAaLL
BR
Cup
BNE
CALL
BR
CHP
BNE
CALL
BR
MoV
BR
nov
BR
MOV
BR
MoV
BR
+«PRINT
+PRINT
CaLL
Jup
MOV

I0OBUF+2y IOBUF

"INBUF,$15

1s

3

$M10

READ
I0BRUF»DICODE
#°SBr IOBUF
15s
#°SIsI0BUF
20¢

#"BA» IOBUF
30s

$°P0, IOBUF
40¢
$’?7,10BUF
S0s
DICODE+2,DICODE
#°'DAy IORUF
6%

TYDATE
DISOUT
#°PA,» ICBUF
8

ppP

DISOUT
$°EX» IORUF
9s '
DE

DISOUT
#"PNyIOBUF
10s

PN

DISOUT
$*RE»10BUF
DISOUT

RE

DISOUT
#SR+DIFUNC
40s
#SIs»DIFUNC
60¢ '
#BA»OIFUNC
408
#P0»DIFUNC
60s

M7

K11

CRLF

1s
DIFUNC,»DIFUNC+2

‘DICOVE* WHICH ARE WORDS THAT DJIRECT

iMOVE IN SECOND COMMANDL IF ANY
iI5 IT A CARRIAGE RETURN?
ilF YESvASK FOR SECOND FART OF CUMMA

GO0 CHECK THE CUMMAND
FWHILH OPTIOM?

$STORE RESPONSE IN DISFLAY COUE
iDISPLAY SIGNAL+BACKGRD.?

i BRANCH IF YES

$DISPLAY SIGNAL BUFFER?

s BRANCH IF YES

sDISPLAY THE BACKGRLI', BUFFER?
i BRANCH IF YES

sDISPLAY THE POWER BUFFERT?
$BRANCH IF YES

iPRINT OPTIONS?

i BRANCH IF YES

# INSERT OLD CODE

$DISPLAY DATE?

$DISPLAY PARAMETERS?

{EXPAND DISFLAY?

;POMER NORMALIZE?

$DISPLAY REVERSE?

iLOAD FUNCTION CONE WORD
#GET 0UT

$GET ouT
$GET ourt
$GET 0OUT
#PRINT OPTIONS

$TRY AGAIN
#SAVE FUNCTION CODE
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MoV DICODE,DICODE+2
CLR UPDATE
DISOUT: RETURN
¥
i
$SUBROUTINE °*DISCAL® SCALES THE NUMBERS

§THAT THE LARGEST VALUE RESULTS IN FULL
iDISPLAY SCOPE

¥
DISCAL: CALL

DISHLT
MOV R1sR1DIS
MoV R2sR201S
MOV 'R3,R3IDIS
MOV R4,RADIS
MoV RSsRSDIS
MOV @4DIBUF,R1
CHP FLGDTSs#1
BLE 104
ADD LCHAN»R1
108: MOV NCHAN R4
: JNP @DIFUNC
H4 - ’
iDISPLAY SIGNAL---S+B BUFFER MINUS B BUFFER=SIGNAL BUFFER
SI: MOV ©  @#BABUF,R3
MOV @4#SBBUF »R2
MOV @4POBUF ,RO
BIT $1,FLGDIS
BNE 308
BIT $2,FLGDIS
BNE 204
10s: MOV (R2) 4 (R1)
MOV (R2)4+2(R1)
SUB (R3)+» (R1)+
SBC (R1)
SUB (R3)+1(R1)+
SOB R4,108
_ Jup @4SLALE
208 MOV (R2) 4 (R1)
MOV (R2)4s2(R1)
SUB (R3) 41 (R1)
SBC 2(R1)
SUB (R3) 49 2(R1)
SUB $4,R1
SoB R4,208
JNP @4#SCALE
308 nov R1+RSSMO
MOV NCHAN; SHOPTR
MOV @4POBUF »R1
CALL MAXFND
MOV @4ARG2, @$PONMAX
MOV @4ARG2+2/, 2¢POUNAX +2
TST Q4POWHAX
BNE 3ss
MOV #1,24POWMAX
358 MoV RSSMOsR1

$SAVE NEW DISFLAY CODE
$UPDATE DISPLAY
JRETURN TO CALLER

IN THE DISFPLAY BUFFER S0
SCALE DEFLECTIUN OF THE .

iHALT DBISFLAY
$SAVE THE REGISTERS

iSTARTING ANDRESS OF BUFFER IN R1
i FORWARD R REVERSE?

$DISFLAY BUFFER -MAXIMUM
5NUMEER (OF CHANNELS [N R4

G0 TO DISPLAY FUNCTION

$ADDRESS UF BACKGRD. HUFFER
$ADDRESS OF S+kK BUFFER
JADDRESS 0OF POWER BUF.
$POWER NORM.?

$FORWARD OUR REVERSE

$MOVE DOUKLE WORD

$D0 SUTRACTION

iDO THEM ALL

§POWER BUFFER ADNDKRESS

$1S IT ZERQ?

$RESTORE DTBUF ANIRESS IN R
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MoV @%#BARUF sR3
MoV @4SBBUFsR2
MoV 2#POBUF JRO
MOV NCHANsR4

4082 MOV (R2) +,2#ARG1
MOV (R2)++@%ARG1 +2
SUB (R3) ++,2%ARG1
SBC @$ARG1+2
SuB (R3)+,2%ARG1+2
MOV 24#FPONMAX»@$ARG2
MoV @#POUMAX+2,»2#ARG2+2
MOV (RO)+,@4POVALU
MOV (RO)+,@8FOVALUL2
MOV $LISTHRS
MOV RO»ROSMO
MOV R1,R1SMO
MOV R2/,R2SMD
MoV R3sR3ISMO
MOV R4,R4SNMO
CALL JHUL
CupP RO»$-2
BNE S0
+PRINT #Mé8

So0s: MOV @#RESULT»2$ARG1
MoV @#4RESULT+2,@%ARG1+2
MoV @$POVALU,23ARG2
MoV #POVALU+2,24ARG2+2
TST 2%#ARG2 :
BNE 53
MOV $1,03%ARG2

938 MoV #LIST,»RS
CALL JDIV
MQv RASMO» R4
MoV R3SMOsR3
Mov R2SMOsR2
MoV R1SMOsR1
MoV ROSMO»RO
MoV @FRESULT»(R1)+
MOV @#RESULT+2,(R1)+
BIT $2,FLGDIS
BEQ SSs
SuB $8.1R1

558 DEC R4
BEQ 60¢
Jup 40¢

608 JMP @#SCALE

i
$DISPLAY SIGNAL+BACKGROUND BUFFER
SB? MOV @3%SBBUF sR2
BR L1
’
$DISPLAY THE POWER BUFFER
PO MOV @4POBUF»R2
BR 1]

.
’

§ADDRESS OF BACKGRD.

BUFFER

JADDRESS OF S+BR BRUFFER
$ADDRESS OF POWER BUF.

#ARG. LIST
FSAVE
$ SAVE
i SAVE
i SAVE
$ SAVE
$OVERFLONW?

igy FFO!!

$ ZERO?
$UNSAVE
$LOAD DIBUF

#FOR., OK REV.?

iLOGP COUNTER

$ADDRESS OF S+B BUFFER

$ADDRESS OF POWER BUFFER
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"$DISPLAY THE BACKGROUND BUFFER

BA: MOV @4BARUF »R2 ;ADDRESS OF BACKGROUND RUFFER
BR M - |
} .
iDISPLAY THE SMOOTHED BUFFER(I.E. DUN‘T SCALE AND DON’T UPDATE)
SM$ Jup @#SCAOUT $NO SLCALING -=GET 0UT
’
; .
HW? BIT $2,FLGDIS SUHICH WAY?
BEQ MOVDAT © 3FORWARD
. BR DATHOV ' $REVERSE
)
y
HOVDAT: MOV (R2)4» (R1)+ ; FORMARD
HOV (R2)+9(R1)+ ,
SOB R4, MOVDAT s TRANSFER UNTIL DONE
JMP @4SCALE . ’
;
14
DATHMOV: MOV (R2)+1 (R1) $ REVERSE
MOV (R2)+s2(R1) :
SUB $4sR1
SOR R4,DATHOV } TRANSFER UNTIL DONE
JHP @4SCALE
;
s
MINFND: HOV $177777+@4ARG2 $SEARCH FOR THE SMALLEST
- MOV 8777771 @4ARG2+2 JUALUE IN THE ARRAY .
108} HOY (R1)+s@4ARG1
MOV (R1)+,@#ARG1+2
MOV SLISTIRS ' $SYSF4 ARG. L1ST
MOV . R1,@4R1SMO }SAVE R1
CALL Joup
MOV @4R1SHO»R1 JUNSAVE R1
CMP #-1,R0
BNE 15%
MOV @4ARG1 s @#ARG2
MOV @$ARG1+2+@4ARG2+2
1582 DEC 24SMOPTR ;DEC. LOODP COUNTER
BNE 10
RETURN
;
;
 MAXFND: MOV $0,@9ARG2 $SEARCH FOR THE LARGEST
MOV 20,24ARG242 $ABSOLUTE VALUE IN THE ARRAY
108 Hov (R1)++24ARB1 _
MoV (R1)+s@24ARG1+2
BGE 20¢
coM @4ARG1 +2
coM 24ARG1
ADD $1,23AR01
ADC @4ARG1+2 ,
208: MOV SLISTIRS ISYSF4 AKRG. L1ST
MOV R1s@4R1SMO }SAVE R1

CALL JCHP
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Mav @#R1SMO,R1 : FUNSAVE R1
CMP $1/RO
BNE 25s
MOV @4ARG1 s 2#ARG2
Mav @¢ARG1+2,24ARG2+2
25¢¢ DEC @$#SMOPTR $DEC. LOOP COUNTER
BNE 10¢ '
RETURN

- e

iDISPLAY BUFFER HAS BEEN LOADED--NOW SCALE THEM FOR OUTPUT.

SCALE? TST RETAKE FACCUMULATING?
BEQ is
CAaLL CLEAR iCLEAR DATA
18¢ CHP $1,ZERFLG FWHICH ZERO7?
BLT 20¢ $YMIN = °*ENTEREDIN VALUE"®
BGT MAXIE PYMIN = O
MoV @4DISTRTR1 iDISPLAY START
MOV @4DICHNS»2$SMOPTR
CALL MINFND ' $FIND MINIMUNM
MOV @#ARG2,BS$YMIN i MOVE BUFMIN
MOV @$ARG2+2,@4YMINT2
208 MOV CHYMINIRI
MOV @#YMIN+2HR2
MOV @#DIBUF,R1
MOV NCHANs R4
205%2 SuUB R3s»(R1)+
SBC (R1)
SUB R2s(R1)+
SaB R4,258
MAXIE: MOV @$#DIBUFyR1Y iADDRESS OF DISPLAY BUFFER
CHP DISFLGs#1 #AUTO-SCALE OR WINDNDUW SCALE?
BEQ 6%
BLT 43
CHP BISFLG»$2 iCHANNEL OR ARSOLUTE SCALING?
BNE 309 '
ADD CSCHAN»R1 $ CHANNEL SCALE
MoV (R1) +rYMAX
MoV (R1) 2 YHAX+2
BR 308
4% KoV @#NCHAN» @$SMOPTR $AUTO SCALE
BR 8s
6% MoV DISWINsR1 $WINDOW SCALE
Mov WINSIZsSMOPTR
gs: CAaLL MAXFND $GET MAX. OF ARRAY
MOV 23ARG2,@4YMAX $MOVE BUFMAX
Mov @9ARG2+2,@8YMAX+2
3083 MoV 234YMAX»R3
MoV PEYNAX+29R2
CLR @ISHIFT
CHP $09R2
BNE 3Ss
MoV $#15.988SHIFT
35s¢ (o, ] 4 $0+R3 iLOW WORD ZERO?

BNE 37%



37¢:

38¢:
40¢:

43¢

458 ¢

47%:
5082

SCAQUT?

MOV
MOV
BR
SWAB
BNE
MOV
SWAB
ASHC
BIT
BNE
MOV
MOV
INC
BR
MO
MOV
Moy
CLR
MOV
CALL
MOV
MoV
MOV
Hov
MOV
MOV
ASHC
BUS
MOV
MOV
MOV
MOV
CALL
MoV
ADD
CMP
BPL
MOV

-MoV

BEC
BNE
CALL
MOV
MoV
MOV
MOV
MOV
MOV
MOV
MOV
NEG
BIS
BIS
RETURN

$1,R3
$30.»@4SHIFT
40%

R3

I8¢
$23.9@3SHIFT
R3I
@#SHIFT,R2
$40000sR2
43¢ . _
PFYMAXIR3

C @EYMAX+29R2

@$SHIFT
40% '

R3,23ARG1

R2,@#ARG1+2

@#YSCALE»ARG2

@4ARG2+2
$LIST/RS
JDIV

@FDISTRT IR
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- @$RESULT»2#ARG2 -
@4RESULT+2s@#ARG2+2

@$DICHNS »@#SHMOPTR

(R1)44R3
(R1)+sR2
@4SHIFTsIR2
47s
R3s@$ARG1
R2)@4ARG1+2
$LISTsRS
R1,@4R1SHO
DIV

@24R1SMOYR1
#3777 04RESULT

$7777»@04RESULT
S0s
$7777+@8%RESULT
@S$RESULLTy-2(R1)
SMOPTR

45s

XLOAD
P#R1DIS,RL
@$#R2DISIR2
@4R3IDIS,R3
@4R4ADISIR4
@$RSDISIRS
#1DMAKLT
DIBUF y DMACAR
NCHAN » DMAPCR
DMAPCR
$102,ADCSR
#1,ADCSR

#SIGN CHANGE?

iSAVE R1

$ UNSAVE Rt

+DEC. LOOFP COUNTER

3LOAD X-VALUES
FUNSAVE THE REGISTERS

iDMA GO
iLOAD DMA REGISTERS

$27S COMPLEMENT

fENABLE DMA INT
iSTART DNMA
FRETURN TO CALLER
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-y -y

§THIS SUBROUTINE DEFINES AND LOADS CODE VALUES INTO THE WORLS
$°SCTYPE® AND *SCFUNC*®, SCTYPE DETERMINES THE ‘SCAN TYPE’ TO

iBE PERFORMED DURING DaTA TAKING--BIDIRECTIONAL OR UNILIRECTICONAL.
§SCFUNC DETERMINES THE “SCAN FUNCTION’;THAT XS »WHICH DEVICE IS
$TO BE SCANNED--THE DRYE LASERsTHE OFOsEVC..

4

sC: CALL DISHLT FHALT DISFLAY
MOV #1,DIRFLG $SCAN DIRECTION FLAG
MoV IOBUF+2, IOBUF $MOV IN SECOND COMMAND,IF ANY
CMFPB IOBUF » #15 IS IT A CARRIAGE RETURN?
BEQ 1s $IF YESsASK FOR SECOND FART OF COMMA
ND
BR S $NHAT COMMAND IS IT?
1 +PRINT #M5 '
cALL READ
Se3 MOV I0BUF »SCCODE
CMP $°LA» IOBUF $SCAN THE LASER?
BEQ 10¢ ‘
CHP #°QU» IOBUF +SCAN THE QUADRUPOLE?
BEQ 20%
CMP #°*TR» IOBUF $SCAN THE ION TRAP?
BEG 30¢
CMP $°'MA» IORUF $SCAN THE MAGNET?
BEG 40%
CNP $°MCy» IOBUF $THE MCS UNIT?
BEQ 50 4
CNP $°NO+ 10BUF §SCAN NOTHING?
BEQ 60
CNPB #’7,10BUF $PRINT OPTIONS AVAILABLE?
BEOQ SCOS
+PRINT #M4
BR 1
1082 MoV $LA»SCFUNC
caLL DYELAS $DYE LASER SUBROUTINE
caLL BUFINIT $}GENERATE NEW BUFFER POINTERS
catL CLEAR $CLEAR DATA RUFFER
JHpP scouT :
208 MgV $QU»s SCFUNC
caLL QUAD ;CALL GUADRUPOLE SUBROUTINE
CALL BUFINIT }GENERATE NEW RUFFER POINTERS
CcAaLL CLEAR $CLEAR DATA BUFFER
JHpP scouT
308 MOV $TR»SCFUNC
CALL TRAP
JMp scouTt $LEAVE
40¢: MoV #MA»SCFUNC $SCAN SECTOR MAGNET
caLL MAGNET $CALL MAGNEY SUBRQUTINE
catt BUFINIT GENERATE NEW BUFFER POINTERS
CALL CLEAR $ICLEAR DATA BUFFER
JHP SCouUT
50%: +PRINT #M98 SACTIVATE MCS UNIT?

+PRINT #M48 $ARE YOU SURE?
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CALL READ iGET RESFONSE
CMPB #/YsI0BUF ‘ $1S IT YES?

BNE scouT $IF NO»GET OUT
Mov #3775 NCHAN $§255. CHANNELS

CALL BUFINIT
CALL - CLEAR '
+FPRINT #M8S o $MCS ACTIVE MESSAGE

MOVB $24.,A2DCON _ sDISABLE A2DCUN INTERRUPT
CLR ACTIVE+2 $NO ACTIVE CHANNEL EKT.
MOV SBBUF s MCSBUF iDATA INTO S+B BUFFER (DEFAULT)
CALL MCSIN _ ' '
JHP - scouT
60%: MoV #NO»SCFUNC : _
MOVB 415,10BUF+2 5 *NOTHIN' LOOKS FOR THIS CARRIAGE RE
TURN S : v
NOTHIN: MOVB 40y 10BUF $ZERO TO THE FIRST TMO BYTES
MOVB $/0,I0BUF+1
CMPB $15, I0BUF+2 #A CARRIAGE RETURN?
BEQ 10s $BRANCH IF YES
BR 208 $CONVERT TO BINARY IF NO
108: JPRINT  #M6 , .
CALL READ
2082 CALL - ASCBIN _
BCC . 47% $BRANCH IF NO ERROR
JPRINT #Ma }PRINT ERROR MESSAGE
BR 10 - $TRY AGAIN
472 TST ~ R1 _ iGT ZERO LE 1000, ?
BEQ s5s e '
BGT S0s _ : .
NEG R1 $MAKE PUSITIVE IF IT WAS NEGAVIVE
508t - CMP $1000. sR1
BMI ~ SS$ .
MOV R1+NCHAN
CALL BUFINIT
CALL  CLEAR
JHP scouT
558 JPRINT #M4
~ BR 108

SCOS: +PRINT #M7
+PRINT #M8

Jnp sc _
SCOUT:  CLR UPDATE 5UPDATE DISPLAY
RETURN FRETURN TO CALLER

3

#SUBROUTINE TO *SET' A DEVICE

iLOADS °‘ROUTINE® WITH THE ADDRESS OF SUBROUTINE TO BE EXECUTED
}

SE? nov I0BUF+2, I0BUF iMOV IN SECOND COMMAND»1F ANY

CHPB IOBUF s #15 #XS Il A CAKRIAGE RETURN?

BEQ 2s i IF YES»ASK FOR SECOND FART OF COMMA
ND . ‘

BR I FMHAT CUMMAND IS IT?
ri M +PRINT #MS

CALL READ . '
Js: ChpP SCCODEs IOBUF #1S THE DEVICE BEING ‘SCANNED‘?



10¢¢

30¢:

40%¢:

SEOQUT?

BNE
+PRINT
RETURN
CuP
BNE
MoV
JupP
CHP
BNE
MOV
JMP
CMP
BNE
MoV
JMP
CMP
BNE
MOV
JMP
+PRINT
RETURN
+PRINT
CALL
RETURN

#SUBROUTINE TO

’
KEYHOL:
108

15¢¢

20s:
25s:

3083

358

BIS
+TTINR
BCS
CMPB
BNE
MOV

BR
CHPB
BNE
MOV
CALL
BR
CHPB
BEQ
18T
BNE
MoV
MOV
CALL
MoV

BR
+TTINR
BCC
BIC
CaLL
RETURN

5%
$M91

$#°LA» ICBUF
10s
#LASROUTINE
SEOUT

$'QU, I0OBUF
208
#QUSROUTINE
SEOUT

$°TRs IDBUF
30¢
#$TRYROUTINE
SEOQUT

$*MAy IOBUF
408
#MAYROUTINE
SEOQUT

#4511

#1964
KEYHOL

$10000y JSW

30¢

#/99RO

1Ss

#-1sDIRFLG

20%¢

$’'.9R0

25

#1,DIRFLG
@ROUTINE

308

$#’'SH»RO

35s

UPDBATE

10¢
DICODE+2,DICODE
DIFUNC+2sDIFUNC
DISCAL
UPDATE+2,UPDATE
10¢

35
$10000,JSHW
CRLF
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#SET THE LASER?

360 CALL THE ROUTINE
$SET THE QUADRUPULE?

THE ROUTINE
10N TRAP?

$GO CALL
$SET THE

#G0 CALL THE ROUTINE
$SET THE MAGNET?
$SECTOR MAGNET

#0630 CALL THE ROUTINE
iNONEXISTENT OFTION

iKEY MUDE READY

IMPLEMENT ‘KEY-MODE’ OPERATION.

§SFECIAL TTY MODE(NO CR/LF)
$ CHARACTER INPUT?

i BRANCH IF NO

$ DECREASE®?

$SET DIRECTION FiAG

# INCREASE?

$CALL THE RUOUYINE

iSTOP COUMMAND?

$UPDATE WILL CCCUR

$GET R1D OF POSSIHBLE °*SM°
FRESTORE FUNCTION CODE
$UPDATE

JEAT ALL OTHER CHARACTERS

SRETURN TTY TO NORMAL MODE
yTYPE CR-LF
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#SUBROUTINE TO

Hov
CHNPB
BEQ

1
SCNPRO?

ND
BR
+PRINT
CALL
CHP

- BEQ
CMP:
BEQ
+PRINT
CALL
BR
MOV
RETURN

10¢:

208

10108
SCNOUT:
3
3
$SUBROUTINE. TO
;
CLRQUE: .PRINT
+PRINT
caLL
CHPB
BNE
CLR
MoV
nuL
MOV
MOV
SOB
MOV .
RETURN

CLEAR?
10¢:

CLROUT:

- .
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SET THE SCANNING PROCELURE

IOBUF+2, I0RUF MOV IN SECONDR COMMANDS IF ANY

I0BUF s 415 3XS IT A CARRIAGE RETIIKN?
10 $IF YESsASK FOR SECOND FARY OF COMMA
20 $WHAT CUMMAND 18 IT?
M9 $TYPE OF SCANNING?
READ
#°'BI,I0BUF s BIDIRECTIUNAL?
1010%
#°UN» IOBUF JUNIDIRECTIONAL?
1010$
M4
~ CRLF
108

IOBUF,»SCTYPE .
’ ) JRETURN TQ CALLER

CLEAR DATA BUFFER AND RE-INIT

*H49 ;CLEAR MESSAGE

$M48 FARE YU SURE MESSAGE

READ $GET RESFPONSE

$’'YsIU0BUF # 18 IT YES?

CLROUT INO»GET QUT

NSCAN $CLEAR SCAN COUNTER

NCHAN)»R1 iNOW CLEAR RUFFER

#6.+R1

SBBUF s»R2 iDATA BUFFER POINTER.

#0, (R2)+ S

R1:10¢

DACYCL+2sDACYCL iUPDATE CYCLE COUNT
FRETURN TO CALLER

sTHIS SUBROUTINE SETS THE DEVICE BEING SCANNED TO IVS STARTING

#POINT,RESETS THE BUFFER OFFSET FLAG AND THE SCAN DIRECTION FLAG.

14
RESQUE: .PRINT
" +PRINT
CALL
CHPB
BNE
RESET?

$RESET THE DEVICE?

M4

$M48 $ARE YOU SURE?

READ §iGET REPLY

$’'Y,I0BUF iYES OR NO

RESOUT #NOs»LEAVE

#'LA»SCCODE #DYE LASER

10s

#°QU,»SCCODE i QUADRUPOLE

20

$°TR+SCCODE $ION TRAP

30s

$°QGP»SCCODE $QUAD SCANNING FEAK FPOSITION
"~ 408

$°MA»SCCODE $SECTOR MAGNET?
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BEG S0s
CMP #°NC,SCCODE $ *NOTHING®
BEQ 60s
BR RESOUT
10s¢: MOV SHOWAV,RESULT
MOV SHOWAV+2»RESULT+2
CALL DYESET
BR 60%
20s: MOV MDAC1,MDAC
BR 60s
30¢: MoV DELOFF,DELTOT
MOV DELTOT»KWEPR
NEG KWBPR '
BR 60¢
40¢: MOV MASEUF s MDAC
BR 60¢
S0s: MQV MADAC1MADAC
60¢: MoV #1+DIRFLG
CLR BUFOFF
RIC #2)»RUNFLG ' $RUN NOT IN PROGRESS

RESOUT: RETURN SRETURN TO LALLER

THIS SUBROUTINE CREATES AND WRITES A DATA FIlLE

- W W W

WDISK: MOV R2sR2DSK §SAVE R2
MOV #$DATBUF sR2 $STARTING LOCATION OF DATA BUFFER
MoV NCHAN» (R2) + $STORE PROGRAM VARIABLES
MoV NCHAN+2, (R2) ¢+
Mov SHOWAV» (R2) +
MOV SHOWAV+2s (R2) +
MoV LONWAV (R2)+
MOV LONWAV+2» (R2) ¢
MOV WAVINC, (R2)+
MoV WAVINC+2,(R2) ¢
MOV SETWAV, (R2)+
MoV SETWAV+2,(R2) +
MOV CALWAV» (R2) ¢
MOV CALWAV+2(R2) +
MOV MDAC1+2,(R2) ¢
MOV _MDAC2y(R2)+
MoV MRES+2,(R2)+
MOV NSTEPs (R2) ¢+
MoV DELINC,»(R2)+
MOV DELOFF,»(R2)+
MoV LASHOTS»(R2)+
MOV LASHOTS+2/s(R2) +
MOV SCCODE» (R2) +
MoV SCFUNCy (R2) +
MOV NSCAN» (R2)+
MOV NSCAN+2,(R2)+
KoV A2DGNS» (R2)+
Mov DACYCL+2»(R2)+
MoV BUFOFFs(R2)+

MOV MADAC1+2»(R2)+ $SECROUR MAGNRT



148

MOV MADAC2, (R2) +

MoV MARES+2y (R2)+

MoV DATEs (R2) #

MOV RUN» (R2)+ $RUN NUMBER OF DATE
MOV SCTYPEs(R2)+ " $SCANNING FROCEDURE
MOV  TRGBIN»(R2)+

CALL WRDISK JWRITE THE DATA FILE
MOV R2DSK»R2 }RESTORE R2

RETURN SRETURN TO CALLER

I

’ .
$SUBROUTINE TO READ A DATA FILE OFF THE DISK.

RDISK: .PRINT #M47 ~ #READ THE DISK?
LPRINT #M48  SARE YNU SURE?
CALL - READ $GET REPLY
CMPB #'Y,I0BUF IYES?

BNE RDIOUT iNOSGET OUT
CALL DISHLT SHALT DISPLAY

CALL CRLF , -

CLR ACCFLG $STOP TAKING DATA
MoV R2sR2DSK = }SAVE R2

CALL REDISK ' $READ THE FILE .
MOV $DATBUF yR2 iSTARTING LOCATION OF DATA BUFFER
MOV (R2)+» NCHAN JRESTORE PRUGRAM VARIABLES
Moy (R2)+sNCHAN+2 _
MOV (R2)+sSHOWAV

MOV (R2) ++SHOWAV+2

MOV  (R2)+)LONWAY

MOV (R2)+sLONWAV+2

MOV (R2)+5WAVINC

MOV (R2) + 1 WAVINC+2

MoV (R2)+,SETWAY

MOV (R2)+,SETWAV+2

MOV (R2)+sCALMAY -

MOV (R2)+,CALWAV42

MOV (R2)+»MDAC142

MOV (R2)+,HDAC2

MoV (R2)+,MRES+2

MOV (R2)+sNSTEP

MOV (R2)+»BELINC

MoV (R2) ++DELOFF

MOV (R2)+sLASHOTS

MoV (R2)+sLASHOTS#2

MOV (R2)+»SCCODE

MoV (R2)+»SCFUNC

Mo (R2)++NSCAN

MOV (R2) +/NSCAN+2

MOV (R2)+»A2DGNS

MoV (R2)+,DACYCL+2

MoV (R2)+» BUFOFF

MOV (R2)+/MADAC1+2

MOV (R2)+»MADAC2

MoV (R2) +/MARES+2

MOV (R2)+sDATE iFILE DATE

MOV (R2)4sRUN $FILE RUN NUMBER
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MoV ~ (R2)+sSCTYPE

MoV (R2)++TRGBIN -

MoV BUFOFF sR2 i SAVE

CaLL "BUFINIT

MOV . R2»BUFOFF

CALL DATES

MoV A2DGNS»<IOBUF+2>

CALL A2DANMNP #SET GAIN SETTING

CHpP $°UN,SCTYPE iMISSING CQRE?

BEQ 10s

CNP $*BIsSCTYPE

BEQ 10¢

caLL TYSTAT iTYPE STATUS

+PRINT $#M74 SWARNING TO USER
10s: MoV R2DSKsR2 $RESTORE R2

RDIOUT: RETURN
;.

Y

$SETS NUMBER OF SCANS TO BE MADE
i

NOSCNS: MOV R1»R1INOS $§SAVE R1
MoV $°00,I0BUF $PLACE ZEROES IN THE FIRST WORD
CNPB #15, I0BUF+2 $IS IT A CARRIAGE RETURN?
BEQR = 10s v $BRANCH IF YES
BR 15 $CONVERT TO BINARY IF NO
108 +PRINT #M14 $ASK FOR NUMBER 0OF SCANS TO 8E MADE
CALL READ iREAD ENTRY
15¢: CALL ASCBIN $CONVERT TO BINARY NUMBER
BCC 20% : - $ERROR?
+PRINT M4 . $BAD ENTRY MESSAGE
BR 10¢ . $ TRY AGAIN
208 MOV R1,NSCAN+2 #STORE ENTRY
MoV R1INOS,R1 iRESTORE R1
NOSOUT:! RETURN FRETURN TO CALLER

#SUBROUTINE TO SET THE NUMBER OF DATA CYCLES PER CHANNEL.

14
NOCYCL: MOV R1»R1INOCC $SAVE R1
MOV $"00s I0BUF JPLACE ZERDES IN THE FIRST WORD
CHPB #15, 10BUF+2 $IS IT A CARRIAGE RETURN?
BEQ 10% i BRANCH IF YES
BR 15¢ $CONVERT TO BINARY IF NO
1088 +PRINT #M4AL $ASK FOR CYCLES
CALL READ $GET THE REPLY
15s¢ CALL ASCBIN $CONVERT 10 BINARY
BCC 20s $BRANCH IF OK
+PRINT $M4 iBAD ENTRY MESSAGE
BR 10s $TRY AGAIN
2082 MoV R1+DACYCL+2 ISAVE 1T
MOV R1,DACYCL $LOAD CYCLE COUNTER
MOV R1INOCsR1 $RESTORE R1

NOCOUT? RETURN $RETURN TO CALLER
i
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1

SMOOTH: MOV
MOV
MOV
MOV
MoV
MoV
MoV
MOV
MOV

108 CMPB

BNE -

cAaLL
BCC
BR
159 MOV
BR
208 CHPB
BNE
MOVB
CALL
BCC

25¢¢ +PRINT

BR
308 MOV
. MOV
3583 CMPB
: BEQ
MOVB
: BR
4082 MOVEB
CALL
BCC
458 MOV
BR
508: MoV
6083 CALL
DEC
BNE
SMOOT: MOV
MOV
MOV
MOV
MOV

"RETURN

SMUZ? CHP
BGE
CHP
BGT
MoV
MoV
MOV
TST

R1»R1SMO
R2,R2SMO
R3IsR3ISHO
R4,RASMO
RSHYRSSMO
£5M» DIFUNC
$°SM,DICODE
$I0BUF »RO
$°00, (RO +
#15, (RO)
20s
ASCERIN

15s

25
R1sNPTAVG
45¢
$’Xs(ROY+
10¢ .
$15,~1(RO)
ASCBIN -
308

M4 .
SMOOT
R1NPTAVG
$I0ORUF RO
$15s (RO)
40

409 (RO)+
35s
$°0»(RO)
ASCBIN
508
#1,TIMES
0%
R1,»TIMES
SMUZ

" TIMES

608

R1SMOsR1
R2SMOsR2
R3SMOsR3
R4SMNOsR4
RSSMOsRS

$1,NPTAVG
SMOUT
NPTAVG s NCHAN
SHOUT
NPTAVG»R1
NCHAN R4
DIBUF »RS
(RS) +
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" #D0 NOT AVERAGE IF ONE

iSUBROUTINE TO SMOOTH DATA IN THE DISFLAY BUFFER
$SAVE REGISTERS

iSMOOTH FUNCTION CODE FOR DISPLAY
5 °SMOOTH® BEING NISPLAYED

iBUFFER POINTER
$ZERQES IN FIRST WORD

$iCR?

iX?

$REPLACE X W1TH CR

§CONVERT
$ERROR?

P INVALID ENTRY

iNUM. OF POINTS TO BE AVERAGEDR

iCR?

JFILL WITH ZERO

$REPLACE CR WITH ZERO
$ CONVERT

#NUM. OF TIMES TO SMUGOTH

1SMOO0TH DATA

$UNSAVE REGISTERS

iLEAVE

FMUST BE LESS THAN NUNM.

O)F CHANNELS

sPLACE & OF FOINT SMOOTH IN R}

iDIVIDE DATA BY NPTAVG

$STARTING LOCATION OF DATA

IDATA AS XrY PAIRS



25¢:

308

4092

S0s:

3582

6082

130s:

MoV
SUB
CLR
DIV
MOV
TST
SOB
BIT

SuUB
MOV
MOV
SUB
ASH
SUB
MoV
CLR
MoV
TST
MOV
CLR
ADD
ADD
TST
SOB
ADD
MoV
ST
ADD
MoV
CMP
BEQ
ADD

MoV
MoV

. TST

ADD
ADD
nov
TST
SOB
MOV
MOV
78T
ADD
MoV
ADD
ADD
TST
TST
ASR
MoV
TST
T8T

(RS)»R3
$3777+R3
R2
NFTAVGsR2

- R2y(RS)+

(RS)+
R4,25%¢
$1sR1

308 -
$1sR1
R10OFFSET
NCHAN»R2
R1s»R2
$2+R2
$4+R2
R2sLCHN
SHMOPTR
DIBUFsR2
(R2)+
NPTAVGsRA
R1
SMOPTRsR2
(R2)+sR1
(R2)+ -
R4y50%
$3777sR1
DIBUF»R2
(R2)+
SMOPTRYR2
R1s(R2)
LCHN»SMOPTR
5Ss
#4,SMHOPTR
40¢
OFFSETsRY
DIBUFsR2
(R2)+
LCHNsR2
$4,R2
#3777, (R2)+
(R2)+

- R1+60%

OFFSETsR1
DIBUF»R2
(R2)+
LCHN»R2
R2sR3
R1sR3
R1sR3
(R2)+
(RI>+

R1
=(R2)»~(RY)
-{(R2)
-(RY)
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+GET A NUMBER

}REMOVE D/A BIAS

$CLEAR HIGH WQORD
§DIVIDE RY NPYAVG
$PLACE RESULT IN BUFFER

iDIVIDE THEM ALL

$IS THE NUMBER 0DD?
§RRANCH IF NO

#MAKE FVEN

$RUFFER OFFSET VALUE
#NUMBER UF CHANNELS 10 R2
$CALCULATE LASYT CHANNEL

iLAST CHANNEL
$CLEAR SMOOTH-POINTER
#DISPLAY BUFFER STARTING AIDRRESS

iNO., OF PQLINTS TO R4
#iSUM REGISTER

§POINT TO CHANNEL
#ADD CHANNELS

$GET "NPTAVG® OF THEM
$ADD D/A BTAS
$RE-INIT

$ADD FPOINTER

$PLACE SUM IN THE DATA RUFFER
$DONE YET?

#BRANCH IF YES

# INCREASE FOINTER~--CONTINUE
DO MORE

iRE-INIT

iTHIS ZEROES UNUSED DATA CHANNELS

$SHIFT THE DATA IN THE BUFFER
$DISPLAY BUF LOCATION

$POINT TO LAST SMOTHED DATA CHANNEL

$SHIFT BY OFFSET

$DIVIDE OFFSET BY TWO
§SHIFTH!



140¢:

SMOUT?

Ty

$ ‘
$SURROUTINE TO SET °*ION TRAF*® PARAMETERS

i
TRAP?
108

358

408

S0s:
408

45¢:
TRAOUT?

SUB’
BNE
TST
MoV
TST -
SOB
RETURN

WOV -
+PRINT
MOV
CAaLL
MoV
+TTYOUT
caLL
CMPB
BEQ
CALL

CMPB
BEQ
CALL
BCC
PRINT
BR
TST
BLT

MOV

MOV
Kov
RETURN

END OF PAGE TWO

$4,LCHN
1308

-(R2)

#3777 (R2)+
(R2) +
R1,140%

R1»R1TRA
#M17
DELOFFsR1
DECOUT

$#’ sRO

READ

$15, 10BUF
3ss
ASCBIN
308

M4

10

R1

20%
R1sDELOFF
R1

R1SKWBFR .
" SCCODEs#°*TR

TRAQUT
$M18 :
DELINC,R1
DECOUT
#’ RO

READ
#15, IOBUF

653

ASCBIN

60s

M4

40s

R1

50

R1,DELINC
DELOFF ,DELTOT
R1TRAsR1

FSHIFT THEM ALL
$ZERO THE FIRST OFFSEY/2 CHANNELS

SRETURN TO CALLER

s SAVE REGISTER ONE
;ASK FOR DELAY OFFSET
iPRINT EX1STING VALUE
iTYPE A SPACE

SREAD IT IN

X8 IT A CR?

§ CONVERT TO BINARY

FALL OK? o
IPRINT MESSAGE IF NOT OK
§TRY XT AGAIN '

iNO NEGATIVES

$BAD ENTRY--U0 BACK

#STORE VALUE. , :

$TWO0’'S COMPLEMENT .

iMOVE TO BUFFER/PRESET REGISTER
#$[S THE TRAP BEING SCANNED?
iBRANCH OUT IF NOT

$ASK FOR DELAY INCREMENT
$TYPE VALUE

i THE SPACE

$GET IT
$CR?

#CONVERT IT

$ERRUR? '

$PRINT ERROR MESSAGE
iTRY AGAIN

iNO NEGATIVES

#1350 BACK IF NEGATIVE
$STORE ENTRY IN DELINC
JRESET TOTAL DELAY WORD
$RESTORE R1 '

sRETURN TO CALLER
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iPAGE THREE

¥y :
cu: MoV R1sR1SAV $SAVE R1
CLR . KWCSR $DISABLE CLOLCK INTERRUFT
MOV #°00,IOBUF iPLACE A ZERO IN THE F1RST WORD
CMPB $15,I0BUF+2 $IS IT A CARRIAGE RETURN?T
BEQ 10s # BRANCH IF YES .
BR 15 sCONVERT 10 BINARY IF NO

108 +PRINT #M75 ) $ASK FOR CLOCK UNITS

CALL READ iREAD ENTRY
- 1583 CALL ASCBIN $CONVERT TO BINARY NUMBER
BCC 20s FERROR?
+PRINT #M4 $BAD ENTRY MESSAGE
BR 10¢ 3TRY AGAIN
20%: cup R1, %4 $LESS THAN 47
BGE cuouT $LEAVE IF NOT
ASH $3+R1 $MUL BY EI1GHT
ADD $8264.7R1
Mov R1sKWCSR $CLOCK CONTROL STATUS REGISTER
cuouT: MOV R15AVsR1 $USAVE R1
RETURN
’
FSUBROUTINE TO SET °“RUN®" NUMBER
’
ER? Mov R1sR1SAV $SAVE Rt . .
MoV #°00, JIOBUF $PLALE A ZERO IN THE FIRST WORD
CMPB #15,I0BUF+2 #IS IT A CARRIAGE RETURN?
BEQ 109 ‘ }BRANCH IF YES
BR. 15¢ iCONVERT TO BINARY IF NO
1082 +PRINT #M67 §ASK FOR RUN NUMBER
CALL READ iREAD ENTRY
1582 CALL ASCBIN $CONVERT TO BINARY NUMBER
BCC 20s $ERROR?
+PRINT $M4 $BAD ENTRY MESSAGE
BR 10s $TRY AGAIN
2082 - MOV R1sRUN " #SAVE ENTRY
MOV R1,RUN+2 $COPY
RETURN
H
y .
$SUBROUTINE TO SET °*UPDATE®" NUMBER
’
us: MoV R1sR1SAV $SAVE R1
nov $°00,I0BUF §PLACE A ZERO [N THE FIRST WORD
CMPB $15, IOBUF+2 $iIS IT A CARRIAGE RETURN?
BEQ 10s # BRANCH TF YES
BR 15¢ $CONVERT TO BINARY It NO
108 +PRINT #M72 §ASK - FOR UPDATE NUNBER
CALL READ SREAD ENTRY
15¢¢ caLL ASCBIN $CONVERT TO BINARY NUMBER
BCC 30 $ ERROR?
20¢: +PRINT #M4 $BAD ENTRY MESSAGE
BR 108 $TRY AGAIN
J0s: TST R1 INEG UOR ZERO?
BLE 208
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P
R

..

10s:

2082

J0s:

4082

Sos:

TYS

10s¢:
20s:

30s:

40¢:
i

i

#SURROUTINE TO ENTER THE HEADER TO DATA

MOV
MoV
RETURN

RINT OUT (LP)

MOV
CHPB
BNE
+PRINT
CALL
CHP
BNE
CALL
BR

CHP
BNE
CALL
BR

cHP
BNE
CALL
BR
cHP.

-BNE

CALL
RETURN

MOV
CMPB
BNE
+PRINT
CALL
cHP
BNE
CALL
BR
CHP
BNE
CALL
BR

-CMP
‘BNE

CALL
RETURN

' -
HEADER?! MOV

S5¢°

MOV
+PRINT
CALL

- CMPB
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R1»UFDATE
R1,UPDATE+2

ROUTINE

I0BUF+2y IORUF
IOBUFs#135

10s

#$410

READ

- #*HE» IOBUF

20%
PRHEDR

- 508 -

$°FU>»IORUF
30s

PRFULL

Sos
$°DA» IOBUF
40%

"PRDATA

S0s

$£°STy IOBUF
50 '
PRSTAT

I0BUF 2+ IOBUF
IOBUF s #15
108

410

READ

#°HE» IOBUF
203

TYHEDR

408

$°ST, I0BUF
308

TYSTAT

408 ‘
$°DA» I0BUF
40¢

TYDATA

R1s»R1HEA

"R2sR2HEA

$#$M54
READ
$’Yy»I0BUF

$SAVE ENTRY
JCOPY

JOPTION TO FIRST WORD
iCR7? :

;OPTION?
$PRINT HEADER?
$PRINT FULL INFO?

FFRINT DATA -

IPRINT STATUS?

$OPTION TO FIRST WORD
iCR? '

$OPTION?

$PRINT HEADER?

IPRINT FULL INFO7?

"$PRINT DATA

BUFFER.
iSAVE REGISTERS R1sR2
INEW HEADER?

iYES OUR NO
iLOOK FOR Y



10s:

15¢:

308

408

S0¢¢
HEAQUT?

- .

BEQ
BR

- MOV

ARD
MOV

- CLR

SOB
KoV
ADD
+PRINT
MOV
»TTYOUT
MoV
+TTYIN
CMPB
BEG
DEC
BEQ
MOVB
BR
+TTYIN
CMPB
BNE
+PRINT
BR ‘
+TTYIN
CHP
BNE

MoV

MoV
MOV
RETURN

-10%

HEACUT
#$DATBUF »R2
$100.9R2
$450.sR1
(R2)+
R1,15s
$DATRUF»R2
$100.,sR2
$MS6
$'>1R0

$448.sR1

$'"9RO
40s

R1

308
RO»(R2)+
208

$12+/RO
30s
$MS57
50s

$#125RO

408 .
#2009+ (R2)
R1HEAsR1
R2HEA»R2
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i BRANCH IF YES
$LEAVE OTHERWISE

$DATA BUFFER SYARTING LOCATfION

#START OF HEADLER SECTION
iMAX. LENGTH 0F MESSAGE
iCLEAR HEADER SECTION

#STARTING LOCATION
#START OF HEADER :
{ENTER HEADER MESSAGE
FPRINT PROMPT CHARACTER

$NUMBER OF CHARACTERS FRRMITTED

iREAD IN THE HEADNER

iCHECK FUR HEADER TERMINATER

§BRANCH TF AT THE END
$COUNT DOMWN SPACE LEFT
iBRANCH [F NOQ SPACE LEFT

$PLACE CHARACTER 1NYO BRUFFER

750 GET MORE

SEAT THE LEFT QVERS
i THRU EATING?

#IF NO GET MORE

# TRUNCATIUN MESSAGE
iCONTINUE

JEAT CR-LF

$HAVE LINE FEED YET?
#NO? WELL GO GEV IT
iHEADER TERMINATER SYMROL
IRESTORE K1,R2

FRETURN TO CALLER

#SUBROUTINE PRINT QUTPUTS DATA TO THE LINE PRINTER

PRFULL?

PRDATA:?

Mov
MoV
MOV
MOV
MOV
MoV
CALL
CALL
CALL
CaLL
CALL
BR
MoV
MOV
MOV
MoV
Mov
MoV
CALL

R1»R1PRI
R2sR2PRI
R3I»RIPRI
R4,RAPRI
RS +RSPRI
$145R0O
LPOUT
PRHEDR
LPCRLF
PRSTAT
LPCRLF
PRINT
R1,R1PRI
R2y»R2PRI"

‘R3I+RIPRI

R4»RAPRI
RS+R3PRI
#14>R0
LPOUT

$SAVE THE REGISTERS

#FORM FEED TO LP

$PRINT THE HEAUER
iSKIP A LINE

§PRINT THE STATUS
#SKIP A LINE

G0 PRINT DavTA
$SAVE THE REGISTERS

'

$FORM FEED TO LP



PRINT?

FER

108

30s:

BIS
MOV
CALL
CALL
MOV
SUB
Hov
ADD
MOV
ADD
MoV
ADD - -

ADD
ASH

MOV

CALL
MOV
CALL
MoV
MoV
CALL

caLL
MOV
MoV
cAaLL
MOV
CALL
MoV
MOV
SUE
SBC
SUB
catl
MOV
caLl
MOV
MoV
caLL
cAaLL
DEC
BEQ
INC
+TTINR

CMPB
BNE
+TTINR
BCC
BIC
MOV
MoV
MOV
MQv
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$#10000, JSW
$421 9RO
LPRINT
LPCRLF
DISTRTsR1
DIBUFsR1
SBBUFyR2
R1sR2

" BABUF»R3

R1sR3
POBUFsR4 -

R1sR4

$45R1

$~-2sR1
DICHNS YRS
LPRECO
$4229RO
LPRINT
(R2)»LOWORD
2(R2) yHIWORD
LPDCO2-
$M225R0
LPRINT N
(R3)»LOWORD
2(R3I)+sHIWORD
LPDCO2
$M229RO
LPRINT
(R2)++LOWORD
(R2) +yHIWORD
(R3)+»LONORD
HIWORD
(R3)4+sHINWORD
LPOCO2

“#M229RO

LPRINT
(R4)+sLONORD
(R4)+sHIWORD
LPDCO2

LPCRLF

RS

30¢

R1

10s
$’SsRO
10¢

30¢
#10000,y JSW
RSPRI/RS
RAPRIsR4
R3IPRIsR3

. R2PRIR2

- $SUBTRACT BACKGROUND

$SPECIAL TYY MUDE

$ADDRESS UF ASCII STRING
OUTPUT TO LINE FRINTER
yCARRIAGE RETURN-LINE FEED

$CHANNEL COUNTER -

$STARTING ADﬁRESS OF S+B RUFFER
iSTARTING ADDRESS OF BACKGRD.RUFFER

$STARTING ALURESS OF LASER FOWER EUF

$STARTING CHANNEL NUMBER

$NUMBER OF DATA CHANNELS
$PRINT THE CHANNEL NUMBERCIN K1)
$ASCII STRING

" $PRINT THE SPACES

$L0AD SIG.+RACK. FOR QUTPUT

JPRINT THE NUMBER
sPRINT THE SPACES

$LOAD BACKGROUND

.#PRINT 1T

SPRINT THE SPACES

iCALCULATE THE SIGNAL :
FRUM-SIG.+EACK,

$PRINT THE S1GNAL
iPRINT THE SPACES

5LOAD LASER-POWER FOR OUTPUT

iPRINT IT!

iCARRIAGE RETURN-LINE FEED
#COUNT THE LOUOPS

$BRANCH OUTY [F DONE

$ INCREMENT CHANNEL NUMBER
$CHECK FOR *STOP*® COMMAND
i NONE-~GO AREAD

$°S* [S THE STOP COMMAND
$CONTINUE IF NOT °s*

$EAT OTHER CHARACTERS

§NORMAL TTY MODE
iRESTORE THE REGISTERS



MOV RiPRIsR1
PRIOUT: RETURN
3 .

-

R.

L

PRSTAT: MOV R1»R1PRS
CALL PRDATE
MoV 4M679RO
CALL LPRINT
MOV RUN>sR1
BIT #2)RUNFLG
BEQ is
INC R1

1$: CALL LPDECG
CaLL LPCRLF
CHP #'LA»SCCODE
BEQ 10s
cue #°QU,SCCODE
BEQ 20%
CnP #°TR»SCCODE
BEQ 30s
CHP $°HMA»SCCODE
BEQ 40 :
CMP $°QP,»SCCODE
BNE 3s
Jup S0s

I cup #°MC»SCCODE
BNE S
JMP S5

51 JMP 60s

}

4

1082 MoV #M24»RO
CaLL LPRINT
MoV #$M255R0
CALL LPRINT
MoV SHOWAV»LOWORD
MoV SHOWAV+2,HIWORD

CALL LPDBCO2
CaLlL LPCRLF

MoV $M26 9RO

CaLL LPRINT

MoV LONWAV, LOWORD
MOV LONWAV+2sHIWORD

CAaLL LPDCO2
CALL LPCRLF

MoV #$M27,R0

CALL LPRINT

MOV WAVINCsLOWORD
MOV WAVINC+2sHIWORD

CALL LPBCO2
CAaLL LPCRLF
MOV $1289RO
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$RETURN TO CALLER

i
JTHIS SUBROUTINE OUTPUTS THE °*STATUS® OF THE SFECTROMETER TG TYHE LINE PRINTE

$SAVE R1
iPRINT THE DATE
#RUN NUMBER

$RUN IN PROGRESS?

$1S THE LASER BEING SCANNEL?

$ BRANCH [F YES

#+1S THE QUADRUFOLE BEING SCANNED?
i BRANCH IF YES

IS THE IOGN TRAP BEING SUCANNED?
#BRANCH IF YES

$SECTOR MAGNET?

$QUADIPEAKS OPTION?

$MCS UNIT?

iNO- DEVICE IS BEING SCANNED.

#}MESSAGE STRING TO RO
#OUTPUT TO LP
$MESSAGE STRING
$OUTPUT MESSAGE

iLOAD LOW WORD

$LOAD HIGH WORD

$SEND NUMBER TO LP
ICARRIAGE RETURN
$MESSAGE STRING

$SEND IT

FPRINT OUY LONG WAVELENGTH

$JSEND IY TO LP

$CARRIAGE RETURN

$MESSAGE STRING

$SEND TO LP

$0UTPUT WAVELENGTH INCREMENT

$PRINT 1T
#CARRIAGE RETURN
$MESSAGE STRING



B . e

Ol - -

»H w e

(23

L 23

CALL
MOV
CALL
CALL
JHP

MoV
calL
MoV
CALL
MOV
CaLL
CALL
MOV

CALL -

MOV

- CALL

caLL
MoV
caLL
MGV
CaLL

- CALL

JMP

MoV
-CALL

MoV

CALL

MOV
caLL
caLL
JMP

Mov
CALL
MoV
CALL
MoV
CaLL
MOV
CALL
MOV
CALL
MoV
CALL
MOV
CALL
CALL
BR
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LPRINT
NSTEP»R1
LPDECO
LPCRLF
70¢

#$M30sRO
LPRINT
#$M319RO
LPRINT
MDAC1+2»R1
LPDECO
LPCRLF
#M32,R0
LPRINT
MDAC2,R1
LPDECO
LPCRLF
$M19,RO -
LPRINT
MRES+2,R1
LPOECO
LPCRLF
70%

$M299+R0O
LPRINT
$M42:RO
LPRINT

"DELINCyR1

LPDECO
LPCRLF
70%

$M12»R0
LPRINT
#M135R0O
LPRINT
MADAC1+29R1
LPDECO

- $M155R0

LPRINT
HADAC2,R1
LPOECO
#$M19)RO
LPRINT

" MARES+2sR1

LPDECO
LPCRLF
708

#SEND IT!H!

$SEND NUMBER OF MOTOR STEFS
iTO THE LP

iCARRIAGE RETURN

sXEEP GUING

$MESSAGE *QUAD.
FSEND TO LP
$MESSAGE STRING
$iT0 LP

$LOW MASS
$OUTPUT TO LP

$ CARRIAGE RETURN
FMESSAGE STRING
$SEND TO LP
JHIGH MASS

#TO THE LP!
$CARRIAGE RETURN
IMESSAGE STRING
§SEND TO LP

1% OF CHANNELS PER UN1T MHASS
SSEND IT

SCANNING®

$CARRIAGE RETURN

$G0 ON

$ ION TRAP MESSAGE
$SEND MESSAGE TO LP
$DELINC MESSAGE
$}SEMD IT

" $LOAD THE VALUE

IPRINT NUMBER
$ CARRIAGE RETURN
$CONTINUE

SSECTOR MAGNET

iLOW CURRENT SETTING

JHIGH CURRENT

$ CHANNELS/UNIT

4



S0

6083

70¢:

MOV

CALL
CAaLL
BR

MoV

CALL
MoV
caLL
Mav
CALL
CaLL
BR

MoV
CALL
MoV
CaLL
MOV

CALL

CALL
MOV
CaLL
MOV
MoV
CALL
CALL
MOV
CALL
MoV
CAaLL
MoV
CaLL
MoV
CALL
CALL
MoV
CALL
MOV
CALL
CalLt
MoV
CALL
Mov
ASH
ADD
CALL
Mov
CALL
Maove
CALL
MOVB
caLL
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$M20+RO
LPRINT
LPCRLF
70%

#MBS»RO
LPRINT
#$M979RO
LPRINT
TRGBIN»R1
LPDECO
LPCRLF
70%

#$M34RO
LPRINT
#M435RO
LPRINT
DELOFFsR1
LPDECO
LPCRLF
$MISIRO
LPRINT
SETWAV,LOWORD
SETWAV+2yHINORD
LPDCO2 .
LPCRLF
#MI6RO
LPRINT
NCHANsR1
LPDECO
$M4A1,RO
LPRINT
DACYLL+2sR1
LPDECO
LPCRLF
$M379+RO
LPRINT
NSCAN»R1
LPDECO
LPCRLF
$M3I8sRO
LPRINT
BUFOFFsR1
$-25R1

_#1sR1

LPDECO
$M45/RO
LPRINT
A2DGNSsRO
LPOUT
<A2BGNS+1>+R0O
LPOUT

~§QUAD FEAKS OFTION

iMCS: UNIT
s TRIGGER COUNT=
FTRIGGER COUNT

iCR-LF OUTPUT

#NO DEVICE SCANNING!!
$SEND MESSAGE

$DELOFF MESSAGE

$SEMD IT

$LOAD VALUE

§PRINT IT

$CARRIAGE RETURN
JLASER SETTING MESSAGE
$SEND IT

3LOAD THE NUMBER

SPRINT IT
$CARRIAGE RETURN

}NUMES™ OF CHANNELS MESSAGE
JSENT -

JLOAL  aLUE

$SEND IT QUT!

}CYCLES MESSAGE

JSEND IT

sLOAD VALUE

$SEND THE NUHRER

$ CARRIAGE REYURN

iNUMBER OF SCUANS MESSAGE
ISEND IT

$LOAD THE NUMBER

SPRINT IT

$CARRIAGE RETURN

sCHANNEL NUMBER MESSAGE
JSEND THE MESSAGE

}LOAD R1

$DIVIDE BY FOUR

1ADD 1 (ZERO=CHANNEL ONME)
$PRINT THE NUMRER

3A2D GAIN SETTING MESSAGE
$SEND IT

}GET THE CHARACTER

JSEND TG LP

3GET THE OTHER ONE

$SEND IT



PRSOUT:

TYSTAT?

18

.o

MOV
CALL
MOVB
CALL
MOVB
CALL
CALL
MOV
RETURN

MOV
cALL
«PRINT
MOV
BIT
BEQ
INC
CALL
CALL
cHP
BEQ
CHP
BEQ

‘CMP

BEQ
cupP
BEQ
CHP
BNE
JMP
crup
BNE
Jup
JMP

+PRINT
+PRINT
MoV
MOV
CALL
CALL
+PRINT
MOV
MOV
CALL
CALL
+PRINT
MOV
MoV
CALL
CALL

#M399RO
LPRINT
SCTYPEsRO
LPOUT
<SCTYPE+1>sRO
LPOUT

LPCRLF
R1PRS»R1

R1sR1TYS
TYDATE

#$M67

RUNsR1
#2,RUNFLG
1s

R1

DECOUT

CRLF
$°LAsSCCODE
15%
#°0U»SCCODE
20 '
#°TRySCCODE
308
#°HA»SCCODE
408 . ‘
$°0P,SCCODE
3s

- 50%

$°MC,»SCCODE
S

sS$

608 .

#$M24

#4235

SHOWAV» LOWORD
SHOWAV+2HIWORD
pcouTt2

CRLF

$M26
LONWAV s LOWORD
LONWAV+2»HIWORD
pCouUT2

CRLF

#$M27
WAVINC)LOWORD
WAVINC+2»HIWORD
pcouTt2

CRLF
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i SCANNING PROCEDURE MESSAGE
$SEND TO LP '

+GET THE FIRST CHARACTER
$SEND TO LP

sGET THE NEXT CHARACTER
iSEND IT

iLP CARRIAGE RETURN-LINEFEED
FRESTORE R1 ’
fRETURN TO CALLER

§SUBROUTINE TO SEND ‘MACHINE STATUS TO THE CONSOLE

§SAVE R1
$ SEND THE DATE
#RUN NUMBER

+RUN IN PROGRESS?

$IS THE LASER BEING SCANNED?

$ BRANCH IF YES

+1S THE QUANRUFOLE BFING SCANNED?
i BRANCH IF YES '

1S THE ION TRAP BEING SCANNEDR?
$BRANCH [F YES :

§SECTOR MAGNET

QUAD:PEAKS GFTION

$MCS UNIT?

"#NO DEVICE IS BEING SCANNED.

tLASER SCANNING MESSAGE
FSHORT WAVELENGTH=

$LOAD LOW WURD

#LOAD HIGH WORD

$SEND NUMBER TO TT
$CARRIAE RETURN

iLONG WAVELENGTH =

IPRINT (QUT LONG WAVELENGTH

$SEND IT TO TT

$CARRIAGE RETURN

SWAVELENGTH INCREMENT =
$0UTPUT WAVELENGTH INCREMENT

$PRINT IT
$CARRIGE RETURN
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+PRINT
MoV
CALL
CaLL
JNP

+PRINT
+PRINT
MoV
CALL
CAaLL
+PRINT
MoV
caLL
CAalLL
+PRINT
Mav
CALL
CAaLL
JMP

+PRINT
«PRINT
MoV
CALL
CALL
JMP

+PRINT
+PRINT
MOV
CALL
+PRINT
MoV
CALL
+PRINT
MOV
CaLlL
CALL
BR

+PRINT
CALL
BR

+PRINT

+PRINT
MOV
CALL

~ CALL
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$M28
NSTEFsR1
DECOUT
CRLF

708

#4130

#M31
MDAC1+2sR1
DECOUT
CRLF

432
KDAC2sR1
DECOUT
CRLF

M19
MRES+2»R1
DECOUT
CRLF

708

129

$#M42
DELINC»R1
DECOUT
CRLF

708

#$Mi2

$M13
MADAC1+2yR1
DECOUT
#4155
MADAC2,yR1
DECOUT
$M19
MARES+2sR1
DECOUT '
CRLF

70%

420
CRLF
708

#4885

#$M97
TRGBIN»sR1
DECOUT
CRLF

iNUMBER OF MOTOR STEFS =

i SEND NUNRER DF MOTUOR STEPS
$iTO THE TT

$CARRIAGE RETURN

iKEEP GOING

iMESSAGE °QUAL.,
iLOW MASS =

$LOW MASS
FOUTPUT Y0 TT
$CARRIAGE RETURN
IHIGH MASS =
PHIGH MASS

70 THE TT!

$ CARRIAGE RETURN
$TYPE MESSAGE

i$ OF STEPS PER CHANNEL
$SEND IT

$ CARRIAGE RETURN

iGO ON

SCANNING®

$ION TRAP MESSAGE

$DELINC MESSAGE

$LOAD THE VALUE
yPRINT NUMBER
$CARRIAGE RETURN
$CONTINUE

$SECTOR MAGNET
iLOW CURRENT

$HIGH CURRENT

$ CHANNELS/UNIT

§QUADIFEAKS OFTION

$MCS UNIT

i TRIGGER COUNT=
§ TRIGGER COUNT
$DECIMAL OUTPUT



BR

+PRINT
+PRINT
MOV
CALL
CALL
+PRINT
MOV
MOV
CALL
CALL
+PRINT
MOV
CALL
JPRINT
MOV
CALL
CALL
+PRINT
MOV
CALL
CALL
+PRINT
MOV
ASH
ADD
caLL
JPRINT
MOVB
.TTYOUT
MOVB
.TTYOUT
+PRINT
MOVB
.TTYOUT
MOVB
.TTYOUT
+PRINT
NOVB
LTTYOUT
MOVB
JTTYOUT
caLL
MOV
RETURN

N O W e
o O
> o
*e o6

TYSOUT?

- W e
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708

#M34

M43
DELOFFR1
DECOUT
CRLF

- #M35

SETWAVLOWORD

. SETWAV+2/,HINORD

pcout2
CRLF
#1346 :
NCHANsR1
DECOUT .
L LD

‘BACYCL+25R1

DECOUT

‘CRLF

#8437
NSCANsR1
DECOUT
CRLF
#4438

BUFOFFR1

#-2,R1
#1,R1
DECOUT
$HAS
A2DGNS s RO

<A2DGNS+1>sRO

#M39
SCTYPEsRO

<SCTYPE+1>sRO

M40
DICOOE,RO

<DICODE+1>sRO

CRLF
R1TYS,R1

$NO DEVICE SCANNING
$DELOFF MESSAGE

iL0AD VALUE

sPRINT IT

1CARRIAGE RETURN
iLASER SETTING MESSAGE
iLOAD THE NUMEER

iPRINT IT

#CARRIAGE RETURN

iNUMBER OF CHANNELS MESSAGE
$LOAD VALUE
$SEND IT OUY!

- 1DATA CYCLES MESSAGE

$LOAD THE NUMBER
3TYPE IT TO CONSOLE -
$CARRIAGE RETURN

iNUMBER OF SCANS MESSAGE
$LOAD THE NUMBER

JPRINT IT

$CARRIAGE RETURN

" $CHANNEL NUMBER MESSAGE

$LOAD R1

#DIVIDE BY FOUR
$BUFOFF=0 IS CHANNEL ONE
$PRINT THE NUMBER

"$A2D GAIN SETTING MESSAGE

3GET CHARACTER

STYPE IT

$GET THE OTHER ONE

STYPE IT _

i SCANNING PRUCEDURE MESSAGE
$GET THE F1RST CHARACTER
$SEND T0O CONSOLE

$GET THE NEXT ONE

$SEND IT -

$WHICH DATA BUFFER BISPLAYED
$GET CHARACTER

$SEND TO CONSOLE

$GET THE OTHER ONE

$SEND IT

}CARRIAGE RETURN-LINEFEED

"$RESTORE R1

JRETURN TO CALLER

iSUBROUTINE TYDATA SENDS DISPLAYED DATA CHANNELS TUO THE CONSOLE

]
TYDATA?! MOV
MoV

MoV

R1,R1IPRI
R2,R2PRI
R3sRIPRI

$SAVE THE REGISTERS
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MoV R4/R4PRI
MOV RS»RSPRI
BIS $10000,JSW . ISPECIAL T1Y MODE
nov DISTRT,R1 iSTART OF DISPLAY BUFFER
SUB DIBUF,R1 iR1=BUFFER OFFSET _
MOV SBBUF »R2 3STARTING ADDRESS UF S+B BUFFER
ADD R1sR2 $ADD OFFSET . :
MOV BABUF sR3 }STARTING ADDRESS NF BACKGRD.BUFFER
ADD R1,R3
MoV POBUF » R4 ISTARTING ADDRESS OF LASER FOMER EUF
FER :
ADD R1sR4 v
nov DICHNS s RS iNUMBER OF WINDON CHANNELS
+PRINT #M21 JTYPE HEADER
CcaLL CRLF $CARRIAGE RETURN-LINE FEED
ADD $4,R1 s STARTING CHANNEL NUMBER
ASH $-2+R1
108 CALL DECOUT JTYPE THE CHANNEL NUMBER(IN R1)
SPRINT #M22 }SPACES
MOV (R2) » LOWORD $LOAD SIG.+BACK. FOR OUTPUT
MOV 2(R2) yHIWORD
cALL DCOUT2 STYPE THE NUMBER
JPRINT  #M22 $SPACES
MOV (R3) s LOWORD $LOAD BACKGROUND
MoV 2(R3) sHIWORD _
CALL DCOUT2 _ STYPE IT
JPRINT  $M22 $SPACES
nov (R2) 4, LOWORD JCALCULATE THE S1GNAL
MoV (R2)+,HIWORD $SUBTRACT BACKGROUMD FROM SIG.+BACK.
SUB (R3)+,LOWORD
SBC HIWORD
SUB (R3)+,HIWORD , ,
CALL DCOUT2 ‘ $TYPE THE SYGNAL
LPRINT 422 } SPACES :
Hov (R4)+>LOWORD }LOAD LASER-POWER FOK OUTPUT
MOV (RA) +5 HINORD
CALL DCOUT2 PTYPE IT}
CALL CRLF $CARRIAGE RETURN-LINE FEED
DEC RS $COUNT THE LOUPS
BEQ 308 }BRANCH OUT IF DONE
INC R1 } INCREMENT CHANNEL NUMRER
.TTINR JCHECK FOR *STOP* COMMAND
8CS 108 INONE--GO AHEAD
CHPB $’SIRO )°S* IS THE STUP COMMAND
BNE 108 SCONTINUE IF NOT °S°
308 .TTINR JEAT OTHER CHARACTERS
BCC 304
BIC $10000, JSH INORMAL TTY MODE
MOV RSPRIsRS JIRESTORE THE REGISTERS
MoV RAPRI)»R4 o
MOV R3PRI,R3
nov R2PRI,R2
MoV R1PRIsR1

TYDOUT! RETURN SRETURN TO CALLER
i
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$SUBROUTINE TO OUTPUT THE °*HEADER® TU THE LINE PRINTER

t4
PRHEDR: MOV
MOV
: ADD
108 MOVB
CMPB
_BEQ
CALL
. BR
208 CALL
MOV
PRHOUT: RETURN
’

i SUBROGUTINE TO OUTPUT THE HEADER TQ THE

?
TYHEDR: MOV
MOV
~ ADD
108 MOUB
CMPB
BEQ
LTTYOUT
BR
208 CALL
' MOV
TYHOUT: RETURN

- e

iSUBROUTINE TO SEND DATE T

i

TYDATE: CALL
CMPB

BEQ

MOV
CALL
MOV
JTTYOUT
. TTYOUT
+PRINT
MOV
ADD
CALL
BR

108 +PRINT

208 CALL
RETURN

’

;

$SUBROUTINE TO SEND DATE TO PRINTER

]
. PRDATE: CALL

R1,»R1PRH
$DATBUF rR1
#100.1R1
(R1)+sRO
$#200,RO
20

LPOUT

10s

LPCRLF
R1PRH/sR1

R1SRITYH
$DATBUF yR1
$100,,R1
(R1)++RO
$200,R0
208

10s¢
CRLF

R1TYHsR1

CRLF
$’NsDAY
108

" DAYsR1

DECOUT
+’ 2RO

$M66

YEARsR1

$1900.sR1
DECOUT
20s

$M64

CRLF

LPCRLF

0 CONSOLE

$SAVE R1

sPOINT TO DATA BUFFER

$POINT TO HEALDER

1GET A CHARACTER

#1S IT THE TERMINATOR?

3RRANCH IF YES _

$ SEND CHARACTER TQ LINE PRINTER

$GET MORE

$RETURN CARRIAGE
$RESTORE R1
$RETURN TO CALLER

CONSOLE

-$SAVE R1

sPOINT TO DATA BUFFER
$POINT TO HEAUER

jGET CHARACTER
$TERMINATOR?

iBRANCH IF YES

"$ CHARACTER, OUT

$GET MORE

}SKIP A LINE
}RESTORE R1 :
SRETURN TO CALLER

$SKIP LINE
;IS THERE A DATE?

SEND MONTH

iNO DAYTE MESSAGE

§SKIF L1INE



1

0s:

20s¢:

CMPB
BEQ
MoV
CAaLL
MOV
CAaLL
MOV
CALL
MOV
CALL
MOV
CALL
MOV
CALL
MOV
CALL
BR
MOV
CALL
CALL

RETURN

$/Nr DAY
10s
$MES5 /RO
LFRINT
DAYsR1
LPDECO
$’-rRO
LPOUT
$M669RO
LPRINT
$/'-3RO
LPOUT
$M6S59RO
LPRINT
YEAR»R1
LPOECD
20%
#M64RO
LPRINT
LPCRLF

OF PAGE THREE.
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iNO DATET

$ KACK SPACES

iMONTH

i BACK SPACES

iNO DATE MESSAGE



iPAGE FOUR.

i

i SUBROUTINE

JVALUE INTO

i

DATES: MOV
MOV
BEQ
BIC
ADD

MOV. .

ASH
MoV

SWAB

BIC
ASH

BIC
MOV -

SuB
ASL
. ADD
MOV
MOV

CALL

BR

- W W ) s
(= 2]
e
oo oo

MOVB
‘RETURN

DATE»RO"
ROsSR2
10s
$"C37sR2
$72.9R2
R22YEAR
$-29RO
ROsR1

R1
$#"C37»R1

$=3iR0

$°C37+R0

- RO»DAY

$1sR1

R1
#$RSOSTRsR1
(R1)MONTH
$DATLSTsRS
R50ASC

208
#/N»DAY

$DISPLAY SURROUTINES

i
XLOAD: MOV
MOV
MOV
NEG
XLOOP: ADD
' Mov
TST
saB

RETURN

i
XJuMp: MOV
' ASH
CLR

DIV

ASH

MOV

RETURN

H
L

DISTRTsRY
DICHNSsR2
XJMPsR3
R3
XJMPIR3
R3s(R1)+
(R1)+
R2,XLOOP

$4096.9R1
$2sR1

RO
DICHNS RO
$-2»RO

RO » XJMP

sDISPLAY CONTROL SUBROUTINE

H

DISDAT: CALL

DISHLT

166

TO DECODE SYSTEM DATE WORD (RETURNED BY
*DAYMONTHsAND YEAR®.(MODIFIED °*DE(C' PROGRAM--VOL3 PG 2-48)

$COPY DATE WORD

$BR IF NO DATE

i ISOLATE YEAR
JADD BIAS

$COPY THE DAVE .
JMONTH IN LOW BYTE
$ISOLATE MONTH

$ ISOLATE DAY

- $MONTH STRING OFFSET

iMONTH POINTER
§ARGUMENT LIST FUR CALL:
$LOAD *MONTH® W1TH ASCII

$NO DATE FLAG

$HALT DISFLAY

+DATE) AND TO LOAL
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DMWCHK

MOV
CMPB
BEQ

+PRINT
CAaLL
CALL
BCC
+PRINT

ASH
Mov
SUB
TST
BPL
MoV
JHP

SUB
1]
BPL
KoV
CMP
BEG
NEG
BR

ADD
1Y
ASH
ADD
CHP
BPL
SUB
cCMP
BEQ
NEG
BR

ADD
14,14
BPL
MoV
MOV
BR

ADD
MoV
ASH
MOV
MoV

$°00,IOBUF
#15, ICBUF+2
10¢

15s

158

READ

ASCBIN

208

$M4

10s

#2)R1

R1,DISNUM
$4,DISNUM
DISNUN
25% ‘
$0 5 DISNUM
@DISCOM

R1,»DISWIN
DISWINs» DIBUF
108
DIBUF»DISWIN
#0+SLRFLG
10

SLRFLG

DWCHK

R1»DISWIN
WINSIZ,R2
$25R2
DISWINSR2
DISMAXIR2
10s
R1»DISWIN
$0ySLRFLG
10s
SLRFLG
DWCHK

DIBUF»DISNUNM

DISMAXs»DISNUM

10s

DISMAX s DISNUM
DISNUM,DISHWIN

DWCHK

$49yDISNUM
DISNUMsR1
$-2»R1

R1,WINSIZ
DISMAXsR1

167

JPLACE ZEROES

IN FIRST WORD

iCARIAGE RETURN?

$ASK FOR VALUE

iREAD REPLY

$CONVERT TO BINARY

$ERROR MESSAGE

iTIMES FOUR

$SAVE DISPLAY NUMBER

#OFFSET
iPOSITIVE?

GO0 TQ COMMAND

iSHIFT W1INDOW

LEFT

FWITHIN BOUNUS?

$SCROLLING?
$SCROLL RIGHT

FSCROLLING?

$SCROLL LEFT

JCHECK WINDOW SIZE

i MEMORY POINTER

$iTOO LARGE?

§STARTING ADDRESS
$CHECK WINDOW SIZE

JSELECT WINDOW SIZE

SNEW WINDOW S12E

$CHECK WINDOW SIZE COMPATABILITY
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SUB DISWINyR1
ASH $-2sK1
CHP R1>WINSIZ
BPL 308
MOV R1»WINSIZ
0s: CHP #0,EXPFLG
' BNE pIcour
MoV #1,EXPFLG
caLL DISHLT
TST EXPFLG
BEQ 209
CLR - EXPFLG
MOV WINSIZsDICHNS
MoV DISWINsDISIRT
caLl XJUNP
CALL XLOAD
BR DICOUT
0s: MoV $1,EXFFLG
MOV NCHANs DICHNS
MOV DIBUF,DISTRT
CALL XJUNP
CALL XLOAD
BR DICOUT
B ASH $-2»R1
TST R1
BGE 10s
CLR . R1
0s: MoV R1sWINBRT
BR BICOUT
B? ASH $-29R1
187 R1
BGE 10s
CLR R1
0s: MgV R1>ACTIVE+2
BR pICOUT
ICouT: MOV #1»DMAHLT
MoV DISTRT»DMACAR
MOV DICHNS» DMAPCR
NEG DMAPCR
BIS #102,ADCSR
BIS #1,ADCSR
RETURN

SUBROUTINE TO SCROLL WINDOW

$DISPLAY CONTRACTEDN?

$HALT DISFPLAY
$EXPAND OR CUNTRACT?

$EXPAND

<

i CONTRACT

$BDISPLAY BRIGHTNESS

$ACTIVE DISFLAY BRRIGHINESS

iDMA GO
sLOAD DMA REGISTERS

$2’S COMPLEMENT
FENABLE DMA INT
$START DMA



SLR?:

1s:
S8
108

2083

D wr e W W =€ e W W W

*
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10s¢:

12¢:
158

208

25%:

308

AXIS?

MoV
CALL
CHP
BEQ
CALL
BR
CAaLL
MOV
SOB
BIS
+TTINR
BCS
CHPB
BNE
+TTINR
BCC
BIC
RETURN

YAXIS PACKAGE

JMP

SUBROUTINE 70
]

MOV
CHPB
BEQ
CMP
BEQ

BR
+PRINT
CaLL
CHP
BEQ
CALL
BCC
+PRINT
BR

TST
BLT
#ov
KoV
MOV
MOV
CLR
RETURN
MOV

BR

MoV
MOV

$#4,R1
DISHLT
$1»SLRFLG
1t

NL

Ss

WR
SCROLLsR1
R1,10s
$#10000»JSW

SLR
#/S'RO
SLR

20s
$10000,JSW

@YFUNC

#°00,I0BUF
$15,10BUF$2
10s

$'AS»I0BUF+2

308
123

159

READ

$°AS»> I0BUF
30%
ASCBIN
20

"4

108

R2

158

R1) YMAX
R2» YMAX+2
#3,DISFLG

#2048, YSCALE

UPDATE

$0»DISFLG
25s

#1,DISFLG

42048, YSCALE
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$SCROLL LEFT
3STOP LiMA
$SCROLL RIGHT?

§SHIFT DISPLAY LEFT

$SHIFT DISPLAY RIGHT
FWAIT LOOP

$SPECIAL TTY MOLE

§CHECK FOR *STOP® COMMAND
#NONE--G0O AHEAD

$°S°® IS THE STNP CUMMAND
$CONTINUE IF NOT °*S°

$EAT THE OTHER CHARACTERS

$NORMAL T1Y MODE

SETS Y-AXIS SCALING OF D1SPLAYED DATA.

$60 TO SCALING FUNCTION

SET AUTO-SCALING OF D1ISPLAY OR'ABSOLUTE SUCAL ING.

$ZEROES FIRST WORD
$LCR?

$AUTO-SCALE?

FY-MAX

$AUTO SCALE?

§ RAD ENTRY

$LOW WORD
JHIGH WURD
$SCALING FLAG

#WINDOW SCALING



i
H

CLR
RETURN
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UPDATE

#SCALE DOWN DISPLAY BY 1/2

H]
§D?

SEX?3

$SCALE

H
SA:l

ASR
BNE
MOV
+PRINT
MOV
CaLL
caLlL
CLR
RETURN

ASL
BPL
MoV
BR

YSCALE

SEX

#1,YSCALE

#M60 # YSCALE?
YSCALEsR1

DECOUT

CRLF

UPDATE

UP DISPLAY RY 2

YSCALE

SEX
#32767.9YSCALE
SEX

$SCALE DISPLAY SO SPECIFIED CHANNEL=100.

’ .
cs:

10s¢:
1292
152

208

MoV
CMPB
BEQ

BR
+PRINT
CALL
€aLL
BCC
+PRINT
BR

CMP
BLT
CHP
BLT
DEC
ASH
MOV
CLR
MOV
MoV
RETURN

$°00y I0RUF - $ZEROES IN FI1RST WORD
$159y I0BUF +2 iCR?

10¢

12¢

$Mé1 $ CHANNEL ¢

READ

ASCBIN

20s $BR IF 0K

M4 $BAD ENTRY

10s

R1s%1

15¢

NCHAN»R1

15

R1 $ADDRESS OFFSET
$29R1

R1»CSCHAN

UPDATE

$2048.,»YSCALE _

#2)DISFLG

iTYPE DISPLAY PARAMETERS .

$
DP3

JPRINT
MOV

- MoV

CALL
CALL
+PRINT
MOV

#M59 pYMax:
YMAX»LOWORD

YHAX+2+HIWORD

DCOUT2

CRLF

473 "IYMINS
YMINsLOWORD
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1082

PN?

108

Mov
CAaLlLl
CALL
+PRINT
MOV
suB
ADD
ASH
cAallL
CALL
+PRINT
Mov
CALL
CALL
+PRINT
MOV
CALL
CALL
BIT
BEQ
+PRINT
BR
+PRINT
BIT
BEQ
+PRINT
BR
+PRINT
RETURN

BIT
BEQ
BIC
+PRINT
CLR
RETURN
BIS
JPRINT
CLR
RETURN

BIT
BEQ
BIC
+PRINT
CLR
RETURN
BIS
+PRINT
CLR
RETURN
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YMIN+2yHIWORD
DCOUT2
CRLF

62
DISWINIR1
DIBUFsR1
$4sR1
$-2+R1
DECOUT
CRLF

#$M63
WINSIZsR1
DECOUT
CRLF

$Mé60
YSLCALEsR1
RECOUT
CRLF
$2,FLGDIS
10s

478

20s

#$H79
$#1/sFLGDIS
308

#1480

40

#¥M81

$2,FLGDIS
10s
#2,FLGDIS
$M79
UPDATE

#2,FLGDIS
#4478
UPDATE

$1,FLGDIS
10s
#1»FLGDIS
3M81
UPDATE

#1,FLGDIS
$M80
UPDATE

FWINLOW SILL

FFIND CHANNEL NUMBER

iWINDOW STZE
i YSCALE

IREVERSED DISPLAY?
iDISPLAY REVERSED

SDISPLAY NORMAL
FPUMER NORMALIZED?

$YES

INO

$DIPLAY FORWARD OR REVERSE?

$CHANGE IT
#G0 FURWARD

§CAUSE DISPLAY UPDBATE

#G0 °*BACKWARDS®

#PONER NORMALIZE
$PRESENTLY?

iD0 NOT POWER NORM.
+CAUSE DI1SPLAY UPDATE

$POWER NORM.



iSUBROUTINE TO

H
KM

- .

BIS
MOV
MOV
MOVB
+PRINT
+PRINT
MoV
CALL
BIC
MOVB
MOV
+PRINT
RETURN

$INITIALIZE TO

PLOTPHS
PLOTPV?

PLOTPC?

PLOTPM!

y
PLOTIT?

10s¢:
15s!

20s:

30¢:

40s8:

PLOT?

Mov
MOV
BR

MoV
MOV

MoV
CLR
CLR
CLR
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SET °*KEY® INTERRUFT MOUDE

#1,SCMODE
ACCFLG/ROSMO
$1,ACCFLG ’
#24.A2DCON
$#$M92

NP6
$BATAIN»ROUTINE
KEYHOL
$1,SCMODE
#26.9A20CON
ROSMO»ACCFLG
493

$0PLMOV
#/3sPLLINE
PLOTIT
$0,PLMOV
#/5sPLLINE
PLOTIT
#12.9PLMOV
PLOTIT
$10.sPLMOV
PLOTIT

IOBUF»PLCTRL
#15,<IOBUF +2>
PLOTEX :
#I0BUF»R3
$<I0BUF+2>»RO
(RO)» (R3)
#1535+ (R3)

308

ASCBIN

20¢

PLOTEX
R1s,PLNMNOV
PLOTEX

#3545 (RO) ¢

40%

(R3)+

10¢
(RO) s PLLINE
#1559 (R3)

15s

IOBUF»PLCTRL
PLMOV

PLCHAR
PLLINE

JKEY-INT. MODE

i SAVE ACCUM, CODE
$SET TO ACUME MOLE

i DISABLE A2D CUNVERTER
$KEY INT. MODE

§KEY MOME READY

i SUBROUTINE LOCATION
$ACTIVATE *KEYS®
$EXT. INT. MODE
$ENABLE A2D CONVERTER
$RESTORE ACCUME FLAG

CALL FORTRAN PLOYTR SUBROUTINE

sDEFAULT VALUES
$SOLID LINE

i X-COORD. (CHANNEL)
ySOLID LINE

#Y-COORD.,
$Y-COORD.,
$CONTROL WORD
FCR?
#POINTERS

ISHIFT
JLR?

iCONVERT TO BLNARY
iBR [F OK

$DEFAULT

JENTERED VALUE

$COMMAT

-#CONTINUE

$ENTERED VALUE

$PLOTTR COUNTROL
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10¢:
2082
PLOTEX?
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1083

1582

2092
25¢:

CHPR
BEQ
MOVB
CHPB
BEQ
MOVB
BR

MOV
MOV
CALL
MOV
SUB
ADD
ASH
MOV
MOV
CALL
MOV
BIS
RETURN

Mav
SUB
CLR
CLR
MoV
CHP
BEQ
CHP
BEQ
cHp
BEQ
CMP
BEQ
JMP
MOV
ADD
ADD
ADD
ADC
BVS
ADD
BVS
SuUB
SBC
BVS
SUB
BVS
sSoB
BR

ADD
ADD

I0OBUF+2, %15
10¢

I0OBUF+2PLCHAR

IOBUF+3,#15
20

IOBUF+3yPLLINE

PLOTEX
$’3isPLCHAR
$'0sPLLINE
DISHLT
DISTRTsR1
DIBUF»R1
$4sR1
$-29R1 .
R1,STCHAN
#PLLISTRS
PLOTTR
$1,DMAHLT
$103,ADCSR

DISWIN,R1
DIBUFsR1
LOWORD
HIWORD
WINSIZyR4
$°SI»DICODE
10s

.#°SB»DICOBDE

20s
#°BA»DICODE
30¢

. #*P0,DICODE

40%

IWouT

BABUF »R2
R1sR2

SBBUF rR1
(R1)+»LONORD
HIWORD

608
(R1)+,HINORD
608
(R2)+sLOWORD
HIWORD

40
(R2)+,HIWORD
60%

R4,15¢

S0s

SBBUF »R1
(R1)+»LONORD

$CR?

$IF YES»DEFAULT
$PLOT CHAKRALTER
FCR?

s YES-THEN DEFAULT
SLINE TYPE

$DEFAULTS

FHALT DMA
§STARTING-CHANNEL NUMBER

$ ARGUMENT LIST FOR CALL

FALLOW DMA. TO START
$START DA DISPLAY DRIVER

UBROUTINE TO FIND THE INTEGRAL OF WINDOWED CHANNELS.

$POINY TO FIRST CHANNEL

FWINDOW SIZE
iSIGNAL DISPLAYED?

$SIG.+RAK.?
iBAK.?

iPOWER?

$OVERFLOW?

$CVERFLOW?

$OVERFLOW?

$OVERFLON?



308
35¢¢

408
45¢ ¢

504

608
IWouT:
¥

#SCROLL

i
SF?

SEXY?

i ]
iSCROLL
H
88

ADC
BYS
ADD
BVS
SOB

BR

ADD
ADD
ADC
BVS
ADD
BVS
SOB

BR

ADD
ADD
ADC
BVS
ADD
BVS
SOB

BR
+PRINT
CALL
CALL
BR
+PRINT
RETURN
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HIWORD

60¢
(R1)+sHIWORD
60¢

R4+25¢

50¢

BABUFsR1
(R1)+»LOWORD
HIWORD

608
(R1)+sHIMNORD
608

R4,35¢

S0s

POBUF sR1
(R1)++LOWNORD
HIWORD

608
(R1)+,HIWORD
608

R4,y4ASS

S0s

69

DCOUT2

CRLF

IW0UT

$Mé68

SPEED UP BY 2

ASR
BNE
MOV

PRINT

MOV
CALL
CALL
RETURN

SCROLL
SEXY
#1,SCROLL
#$M70
SCROLLsR1
DECOUT
CRLF

SPEED DOWN BY 1/2

ASL
BPL
MoV
BR

SCROLL

SEXY
#32767.»SCROLL
SEXY

i OVERFLOW?
§OVERFLOW?

$OVERFLOW?

iOVERFLOMW?

$OVERFLOW?
$OVERFLOW?

#$ INTEGRAL=

$ OVERFLOW

$SCRULL

$SUBROUTINE TO SUBTRACT A CONSTANT FRUM DATA

$
sZ:

18

CHPB
BEQ
MOV
MOV
CHPB

#15, I0BUF+2
20s
$°00,10BUF
#$<I0OBUF+2>sRO
$'-5»(RO)

$CR?

$ZEROES IN FIRST WORD
JPOINTER
iMINUS?



g8s!

108

208

308
SZouT:

CS:

10¢:

15s:

20

2582

30¢:

BNE
MOVB
MOVB
BR
CMPB
BNE
CaLL
BCC
+PRINT
BR
MoV
MOV
MOV
BR
18T
BEQ
CLR
CLR
CLR
BR
MoV
CLR
RETURN

CHP #"MC»SCCODE
BEQ 1s

+PRINT $M84
RETURN

MoV I0BUF+2,» IQBUF
CMPB I0OBUF s #15
BEQ 38

BR S

+PRINT #M10

CALL READ

CHP #°IN» IOBUF
BNE 10s

JMP MCSIN

CcHP $°ST» I0BUF
BNE 15¢

JMP MCSST

CHP #°2ZZ» I0OBUF
BNE 20s

JMP MCS22Z

cup #°*HAY IOBUF
BNE 25s

JMP MCSHA

9,14 $°MS» IOBUF
BNE 309

JMP MCSMS

CHP #°0F» IOBUF
BNE 35S

JHP

Ss
(RO) » ICBUF
$°0s(RO)
as
$#155(RO) ¢
13

ASCBIN
10¢

$H4

SZOuT
R1sYMIN
R2,YMIN+2
$2,ZERFLG
sSZouT -
ZERFLG
30s
ZERFLG
YMIN
YMIN$2
SZOouT
#1+ZERFLG
UPDATE

i

; v
$MULTICHANNEL SCALER SUBROUTINE
i

M

MCSOF

IMOVE TO FRONT
FREPLACE WITH ZERO

iCR?

§CONVERT TO BINARY
$OK?

$BAD ENTRY

;LOW WORD

$HIGH WORD

$SHIFT FLAG = 2
=0

§SHIFT FLAG

$SHIFT FLAG = 1
JUPDATE DISPLAY

$IS MCS ACT1VE?

iDEVICE IS NOT ACTIVE
iMOVE IN SECOND CUMMAND
tA ER?

IREQUEST OQFTION
}GET RESPONSE
FINIT?

$START?

iLOAD AGAIN?
FHALT MCS?
iMORE SMWEEPS?

iMCS UNIT °UFF"7?



352
40¢:

45¢:

4508
S0s:
i

H
MCSIN?

1se:

38

- -

MCSZZ:

CHP
BNE
MOV
RETURN
CHP
BNE
MoV
RETURN
CHP
BNE
+PRINT
+PRINT
CALL
CMPB
BEQ
RETURN
JIMP
JMP

MOVB
MOV
SOB
MOVE
+PRINT
CALL
Mov
MOV
MOVB
MoV
+PRINT
CALL
MoV
MoV
MOVB
MOV
+PRINT
CALL
MOV
MOV
CLR
MOVE
MoV
BIS
MOVB
BIC
CMP
BNE
CLR
BIS
MOVB
RETURN

MoV

#°SB» IOBUF
403
SBBUF » MCSBUF

#°BA» IOBUF
45
BABUF » MCSBUF

$°CL»s IOBUF
S0s

#1499

#M48

READ

'Y+ I0BUF
450¢

MCSCL
3s

$9.,MCSAO
#100.,RO
RO»1$
#26./MCSAQ
#M87

MCSINP
BCD»DWNLBCD
BWLBCD,DATALOD
$18.,HCSA0
BINsDWLBIN
#M88

MCSINP

BCD» TRGBCD
TRGBCDsDATALO
#18.,MCSA2
BINsTRGBIN
4489

MCSINP

BCDs» SWPBCD
BINsSWPBIN
DATALO
#18.MCSAL
SWPBCDsDATALD
$1,STATUL
$18.1MCSA3
#$1,STATUL
MCSA3,»SWPBCD
RS

NSCAN
$1,STATUL
#18.sMCSA4

DWLBCD»DATALO

176

;PLACE DATA IN S+B BUFFER?
iLOAD BUFFER LOCATION
$PLACE DATA IN BACK.
iLOAD MCSRUF PQINTER

$CLEAR MCS RAM?

$CLEAR RAM?
$ARE YOU SURE?
$GET REPLY
IVES?

$iGC pO IT

$TRY ANOTHER COMMAND

$ALL CLEAR

GR‘D.

#WAXT FUR MEMORY CLEAR

iDWELL TI1ME

sLOAD DWELL TI1ME

$ TRIGGER COUUNT

$LOAD TRIGGER CUUNT

$SWEEF COUNT

fLOAD INITIAL ADURESS
1LOAD SWEEFP COUNYER

$LOAD SWEEF COUNT
JCLR DII FOR COMPARE

$CLEAR SCAN COUNTER

$SET INTERNAL DNELL CLOCK

FTRY LUADING AGAIN

BEFFER?



Ss¢

EARING

i

i
MCSST?

X e -

CSHS:

Js:

LEARING

i
H
MCSHA?

MCSCL?

4
i
MCSOF:

MOVB
MOV
MOVB
MOV
BIS

MOQVB
BIC
CMP
BNE
BIS
RETURN

MOVB
MOVB
BIS
RETURN

+PRINT
MOVB
CALL
MOV
MOV
MoV
BIS

MOVB
BIC
CHMP
BNE
BIS
MOVB
RETURN

MOVB
RETURN

MOVB

-MOVB

RETURN

move
MOVB
MOV
MOV
MOV
+PRINT
RETURN

177

#18,,MCSAQ
TRGBCD»DATALD
$#18.,MCSA2
SWPBLCD,DATALD
#1,STATUL

$18.sMCSA3
$1,STATUL
MCSA3»SWPERCD
Ss

#1,STATUL

$26 .9 MCSAL
$26./MCSAS
$301,STATU1L

#1490

$26. /NLSAO
MCSINP
BCD,SWPBCD
BIN/SWPBIN
SWPBCD,DATALO
#1,STATUL

#18,,MCSA3
#1,STATUL.
MCSA3»SWPBCD
3

$1,STATUL
$#26 .1 MCSAS

'#26., s MCSAO

#26,+MCSA0
$9.,MCSAO

$26.,HCSAO
$26.,A2DCON
#4,ACTIVE+2
#°NO,SCCODE
#NO»SCFUNC
$N9S

sLOAD DWELL

#L0AD TRIGGER

$SET DBY1 BIT AFOR LOOP BACK AFTER CL

iF18A3 LOAD SWEEP COUNTER
FCLEAR DII BIT FUOR CMF OPERATION
iFOAT CUMPARE SWEEF COUNTER

JREI.LOAD UNTIL EQUAL
$RESET DII

1F26A1» ENARLE LAM
JF26n6s SET ACCUMULAT
$SET REIN»INESDII

$ADDITIUNAL SWEEPS

$SET DfI BRI1 FOR KLOOP BRACK AFTREK C

E

iFlBAB LOAD SWEEP COUNTER

$CLEAR DII FOR CHP OF

ERATION

$FOA3 CUMPARE SWEEP CUUNTER

$CHECK FOR EQUALITY,
$RESET DII BIT
#SET ACCUM

THALT M(S

RELOAD IF NOT

FHALT MCS--BLOCK TKIGGERS

$CLEAR RAM MEMMORY

$HALT MCS UNIT
$ENABLE A2D INTERRUPT

§ACTIVE CHANNEL BR’TNESS

SRETURNS [N °*NOTHING®
$*NOTHING® FUNCTION

MOLE
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iMCS INPUT SURROUTINE

?
MCSINP! CLK NEGA
CLR FLN
CLR BCD
CLR R1
CLR CNT
18 +TTYIN
CHP RO+ #56
BNE 2%
INC FLN
BR 1
28 cHp RO»#55
BNE 3s
INC NEGA
BR 1s
3s: CHP ROs#1
BEQ As
CMP RO+ #60
BLT 1s
CHP RO»#71
BGT 13
INC CNT
cHP #59CNT
BLE 1s
MoV BCDsR2
ASH $4)R2
SUB $60 9RO
ADD ROsR2
MOV R2sRCD
MUL #12)R1
ADD ROsR1
CBR 1%
as: JTTYIN
MOV R1+BIN
RETURN
i
3
EXIT:  CLK DMAHLT FHALT DMA
108 BIT $100,ADCSR SHALTED?
BNE 108 JWAIT TILL YES
CLR KWCSR 5DIABLE KWV11-A
BIS $4,STATUL $CAMAC " Z-CYCLE
RETURN
;
;
;
y
i THIS SECTION CONTAINS THIS MOUDULE’S MESSAGES TO THE USER
’
;
M1 +ASCII<15><12>/L0W MASS = /<200>
M2: JASCIIC15><12>/HIGH MASS = /<200>
M3: +ASCII<15><12>/CHANNELS PER MASS UNIT = /<200>
M4 +ASCIZ<15><12>/INVALID ENTRY!! TRY AGAIN./



M3
LY
M7
M8
G/
M9
M10:
M11:
Mi22
4132
M14:
M1S52
M163
M17:
M182
M19:2
M20:
M21:
POWER/
M22:
M232
M23A:
M24:
M252
LPL R
N27¢
M28:
M29:
M30:
M31¢
M32:
M34:
M35:
M362
M37:
M38:
M39:
M40
M41:
M42:
LIRE
LET R
M45:
LEY-3
Ma7:
Ha8:
M4a9:
M50
MS1:
HMS2:
MS33
NS4
M55¢
M36¢
M37:

179

+ASCII<15><12>/WHICH DEVICE? /<200>
+ASCIIKIS><K12>/NUMBER OF DATA CHANNELS = /<200>
+ASCIZ<15><12>/Y0UR CURRENT OFTIONS ARE THE FOLLOWING:/
+ASCIZ<15><12>/LASER, TRAP, QUADRUPOLE, MAGNET» MCS UNIT, AND NOTHIN

+ASCII<15><12>/BIDIRECTIONAL OR UNIDIRECTIONAL SCANNING? /<2007
cASCII<1S><12>/ OPTION: /<200>

+ASCIZ<15><12>/SIGNALy BACKGROUND» SB (SIG.+ BAK.)s POWER/
+ASCIZ<15><12>/ SECTUR MAGNET MASS /<13><12>
«ASCII<15><12>/L0W CURRENT FACTOR: /<200>
+ASCII<1IS><12>/NUMBER OF SCANS = /<200>

+ASCII<15><12>/HIGH CURRENT FACTOR: /<200>
+ASCIIK15><12>/NUNBER OF POINTS TO BE AVERAGED = /<200:>
+ASCIIKIS><12>/TRAP DELAY OFFSET =/<200>

+ASCII<15><12>/TRAP DELAY INCREMENT =/<200:
+ASCII<155<12>/STEPS PER CHANNEL:? /7<200>

+ASCIZ<K15><12>/ QUAN: PEAKS OPTION/<13><12>

+ASCIZ/CHANNEL SIG.+BACK., BACKGROUND SIGNAL LASER

+ASCII / /7<200>

+ASCIIK7><200>

+ASCIZ<155<12>/%xxxXx RUN COMPLETED x¥x%k/<135><12>
+ASCIZA135<12>/ DYE LASER FREQUENCY/<1S><125
+ASCII /THE SCAN STARTS AV WAVELENGTH: /7<200>
+ASCII /THE SCAN ENDS AT WAVELENGTH! /<200
+ASCII /WAVELENGTH INCREMENT PER CHANNEL:/<200>
+ASCII /NUMBER OF MOTUR STEPS PER INCREMENT: /<2003
+ASCIZ<15><12>/ ION TRAP STORAGE TIME/
+ASCIZ<15><12>/ QUAD. MASS SPEC./<1S5><12>

+ASCI1 /SCAN STARTS AT ABOUT MASS:/<200>

+ASCII /SCAN ENDS AT ABOMNT MASS: /<200>
+ASCIZ<15><12>/ NO DEVICE/<15><12>

+ASCII /LASER WAVELENGTH SETTING:/<200>

+ASCII /NUMBER OF DATA CHANNELS: /<200>

+ASCII /NUMBER OF SCAMNS COMPLETED!/<200>

+ASCII /PRESENT CHANNEL NUMBER? /<200>
+ASCII<13><12>/SCANNING PROCEDURE: /<200>
+ASCIIC15><12>/DISPLAY BUFFER: /<200

+ASCIIKIS><12>/DATA CYCLES PER CHANNEL: /<200>

+ASCIIC15><12>/I0N TRAP DELAY INCREMENT: /<200>
+ASCII<15><12>/10N TRAP DELAY OFFSET: /200>
¢ASCIZK15><125/78%2X2XXk2X2E WATCH YOUR LANGUAGE!!! EXXXXAXXKKXX/
+ASCII<15><12>/A2D CONVERTER GAIN SETTINGS /<200
+ASCII<15><12>/RESET DEVICE: /<200>

+ASCIIK13><12>/READ THE DISK: /<200>

+ASCII /ARE YOU SURE? /<200>

+ASCII<15><12>/CLEAR DATA BUFFER:! /<200>
+ASCIZ<15><12>/THIS OPTION IS °*LOCKED®./
+ASCIZ<15><12>/NONEXISTENT OPTION./

+ASCIZ<15><12>/ %22 LOCKED x%%/

+ASCIZ<15><12>/ X%3 UNLOCKED x3xx/

+ASCII<15><12>/D0 YOU WISH TO ENTER A HEALER MESSAGE? /<2002
+ASCII<15><12>/PULSE SEQUENCE INIT.: /<200>
+ASCIZ<15><12>/ENTER HEADER MESSAGE./

+ASCIZ<15><12>/HESSAGE TOO LONG--MESSAGBE WAS TRUNCAVED./
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M58 +ASCII<15><12>/ENTER REQUIRED NUMBER: /<2003
M59:¢ +ASCIIC1S><12>/YMAXS /<200>
M&0: +ASCIIK1IS><12>/YSCALE?! /<200>
M613 +ASCIIC1IS><12>/CHANNEL?! /<200
M2 +ASCIICIS><12>/WINDOM START? /<200
M63: +ASCIICIS><12>/WINDDW SIZE: /<2002
Mé4: +ASCI1/ NO DATE/<200>
M65: +ASCII <10><10><10:><103><200>
M&6 1 +BYTE 0+0+,0,200
M&7 2 +ASCII / RUN NUMBER:S: /<200>
Mé68°¢ +ASCIZ<15><12>/0VERFLOW! 1 /<15><12>
M9 +ASCII<1S><12>/ WINDOW INTEGRAL=/<200>
M70: +ASCII<155><12>/SCROLL: /<200>
M718 +ASCII<155><12>/EXIT PROGRAM!!? /<200
M72¢ +ASCII 7 ENTER NUMBER OF CHANNELS BETWEEN UPLATE! /<200>
M73: " +ASCIIK1S><12>/YNINS /<200
M742 +ASCIZL15><12>/%%% WARNING!! Xxx --- SCANNING PROCEDURE COUDE MISSING
v/
M75: +ASCII / ENTER CLOCK UNITS (0»352s0R 3)! /<200>
M76: +ASCIZK15x<12>/ %3 RE-TAKE MODE xx%x%/
M77: +ASCIZ<15><12>/ %% ACCUME MODE xx%/
M78: +ASCIZ<15><12>/ DISPLAY REVERSED/
M792 +ASCIZ<155><12>/ DISPLAY NORMAL/
M80: +ASCIZL15><12>/ *SIGNAL®* IS POWER NORMALIZED./
N81: +ASCIZ<15><12>/ *SIGNAL® IS NOT PGWER NORMALIZED./
M82°¢ +ASCIZ<15><12>/COINT OYERFLOMW /
MB83: +ASCIZ<155><12>/RAM OVERFLOW /
MB4: +ASCIZ<15><12>/DEVICE IS NiIT ACTIVE/
M85 +ASCIZ2<15><12>/ MCS UNIT ACTIVE/
MB86: «ASCIZ<15><12>/SYNTAX ERROR/
M87: +ASCIIK155><12>/ DWELL TIME=/<200>
M88: +JASCIICIS><12>/ TRIGGER COUNT=/<200>
M89: +ASCII<1S><12>/ SWEEP COUNT=/<200>
M0 +ASCII<K1S><12>/ NUMBER OF ADDITIONAL SWEEFS = /<200>
M1 +ASCIZ<15><12>/%%x DEVICE ALREADY ACTIVE Xxxx%/
M92: +ASCIZ<15><12>/%2% KEY-INT. MODE %xX%/
M3 +ASCIZ<155><12>/%xxx EXT. INT. MQDE x%xtx/
M24: +ASCIZ<15><12>/%xx%x KEY-INT. MODE IS ACTIVE xXxxx/
M9S5S +ASCIZ<155<12>/%xx A2D CONVERTER ENABLED xxx/
M6 +ASCII<K1S><12>/KEY MOOE READY: /<200>
M97: +ASCII<K15><12>/TRIGGERS PER SCAN: /200>
M98: +ASCIIKIS><12>/ACTIVATE MCS UNITS /<200>
M99 +ASCIIC15><12>/CLEAR MCS RAM: /<200>
+EVEN

LABEL DEFINITIONS

- Ws wr wr W ws

ACCFLG: .WORD $ACCUMULATE FLAG

ACTIVE: .BLKW JACTIVE CHAN. BR’TNESS
ARG1: +«BLKW iSYSF4 ARGUMENT ONE

ARG2: «BLKUW #SYSF4 ARGUMENT THWO

BABUF? .WORD #+ BACKGROUND BUFFER POINTER

[ S SN ]
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BCD: +«WORD FMCS UNIT )
BIN: +WORD iMCS UNIT :
BUFOFF: .WORD - iDATA BUFFER OFFSE
CALWAV: ,BLKW ~ 2 sCALIBRATION WAVELENGTH
CNT! +WORD . IMCS UNIT
CSCHAN: .WORD iSCALING CHANNEL
DACYCL: .BLKW 2 1WOR0S FOR NUMBER OF DATA CYCLES/CHA
NNEL
DATE? +WORD $PROGRAM DATE WORD
DATLST:! +WORD 3 SLIST FOR °"RS0ASC® SYSF4 CALL
+WORD <DATLST+8.> .
+WORD MONTH
+WORD Héé
+WORD 3
DAY +NORD . $DAY OF THE MONTH(DATE)
DELINC: .WORD
DELOFF! .MORD $I0ON STORAGE TIME OFFSET
DELTOT: .WORD iTOTAL [ON STORAGE TIME
DIBUF: .WORD iDISPLAY BUFFER POINTER
DICHNS: .WORD
DIFUNC: .BLKW 2 iDISPLAY FUNCTION WORD
DIRFLG: .WORD . $SCAN DIRECTIUN FLAG
DICODE: .BLKMW 2 iDISPLAY CODE WORD
DISCOM: .WORD $DISPLAY COMMAND WORD
DISFLG?! .WORD i $BISPLAY YAXIS SCALE FLAG
DISMAX: .WORD ' $DISPLAY BUFFER MAX
DISNUM: .WORD $DISPLAY COUMMAND NUMBER
DISTRT! .WORD IDISPLAY START-FOR XLUOAD
DISWINS: +WORD $DISPLAY WINDOW STARTING ADDRESS
DMAHLT?! .MORD . iDMA *HALT® WORD :
DWLBCD! .WORD :
DWLBIN: .WORD $MCS UNIT
EXPFLG: +WORD $DISPLAY EXPAMD FLAG
FLGDIS! .WORD $SECOND DISPLAY FLAG.
FLN? +WORD $MCS UNIT
LASHOTS: ,BLKW 2 $NUMBER OF LASER SHOTS
LCHAN: . WORD % OF ADDRESSES TO LASI CHANNEL
LCHN? +WORD iLAST AVERAGED DATA CHANNEL
LIST: +WORD 3 $ ARGUMENT LIST FOR SYSF4 LALLS
+WORD ARG1
+WORD ARG2
+WORD RESULT
LONWAY? .BLKW 2 $LONG WAVELENGTH
MASBUF:{ .BLKW 100, $BUFFER FOR MASS PEAKS
MADAC1: .BLKW 2 $LOW VALUE FOR SECTOR MAGKET
MADAC2: .WORD $HIGH VALUE FOR SECTOR MAGNET
MARES: .BLKW 2 $SECTOR MAGNET RESOLUTION WORD
MCSBUF: .WORD INECS UNIT DAYTA BUFFER POINTER
HDAC1: . BLKW 2 }LOW MASS FOR QUADRUPOLE
MDAC2: . WORD JHIGH MASS FUR QUADRUPOLE
MONTH? L WORD i MONTH(DATE)
MRES? +BLKW 2 $QUAD. RESOLUTION WORD
NCHAN: .BLKW 2 INUMBER OF DATA CHANNELS
NEGA: +WORD . IMCS UNIT

NPTAVG: .WORD : iNUMBER OF POINTS AVERAGED



NSTEP:
XJIMP 2

NSCAN:
OFFSET!?
QVF:

PLCHAR?
PLCTRL
PLMOV?
PLLINE?
PLLIST?

POBUF ¢
POVALUS
POWMAX ¢
RESULT:
RETAKE
ROUTINE
oL*
RUNS
RUNFLG
R1DATAS
RADATAS
RODMA?
R1DMA:
R2DMA?
R3IDMA:
R1BUF:
R2BUF
R2DSK:
R1HEAS
R2HEAS
R1EXP:
R1ND:
R1NOC$
R1NOS$
R1PRI:
R2PRI:
R3PRI:
RAPRI:
RSPRI:
R1PRH:
R1PRS:
R1SAV:
ROSMO
R1SMO:
R2SMO:
R3SHO:
RASNO

+WORD
+BLKW
+BLKUW
+WORD
+WORD
+WORD
+WORD
+NORD
+WOKRD
+WORD
+WORD
+WORD
+WORD
+WORD
+«WORD
+WORD
« WORD
+WORD
+WORD
+BLKW
+BLKW
+BLKW
+HORD
+«WORD

+BLKW
»WORD
+WORD
+WORD

+WORD -

+«WORD
+WORD
+.WORD
+WORD
+WORD
+WORD
+WORD
+WORD
+WORD
+WORD
+WORD
+WORD
+WORD
+WORD
+WORD
+WORD
+WORD
+WORD
+WORD
+WORD
+WORD
+WORD
+WORD
+WORD
+WORD

PLCTRL
PLCHAR
PLLINE
DISTRT
DICHNS
STCHAN
PLMOV
YMAX

S SIS
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iNUMBER DF MOTOR STEPS
$X-AXIS INCREMENT VALUE
iNUMBER OF DATA SLANS
$OFFSET IN SUBROUTINE SMOOTH
iMCS UNIT

sFLOT CHARACTER

$PLOTTER CONTROL WORD

PPLOT MOVEMENT

$PLOT LIMNE TYPE

$ARG. LISY FOUR PLOTTER CALL

$POWER BUFFER POINTER

iPOWER CHANNEL VALUE

iPOWER BUFFER MAX.

¥SYSF4 RESULT WORIDS

sRETAKE MUDRE FLAG

sCONTAINS sSHB-RTN LOCATION FUR *KEYH

§RUN NUMBER WORD
iRUN COMPLETED FLAG
1SAVE WORDS FOR *DATAIN®

$SAVE WORLS FOR °DMAINT®

+REGISTER SAVE SUBROUTINE BUFINIT

$REG. SAVE FOR DISK IRPUT/OQUTPUT
$REG. SAVE SURDUYIME °*HEAQER®

SREGISTER SAVE SUBROUTINE *EXPAND®
}REGISTER SAVE °*MD* SUBROUTINE
iREG. SAVE SUBRROUTINE °*NOCYCL®
$REG., SAUE SUBRIDUTINE °*NOSLCN®
$REG. SAVE SUBROUTINE °*PRINT®

$AMD SUBROUTIME °*TYOATA'

$REG, SAVE FOR SUBROUTINE PRTITL
iREG. SAVE FOR SUBROUTINE PRSTAT
$REG. SAVE GENERAL USE

$REG. SAVE SUBROUTINE *SMOOTH®

PN
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RSSHO:
RI1UPD:
R1DIS?
R2DIS?
R3DIS:
RADIS?
R5DIS:
R1TRAZ
RITYH?
R1TYS?
SBBUF$

‘SCCODE:

SCFUNC:
SCHMODE:
SCROLL:
SCTYPE
SETHWAV?
SHIFT?
SHOWAV:
SLRFLG?
SMOPTR:
STCHAN:
SWPBCD:
SWPBIN?
TIMES:
TRGBCD?
TRGBIN:?
UPDATE?
WINBRT:
WINFLG?
WINSIZ:
WAVINC:
YEAR?
YFUNC?
YMAX?
YMIN?
YSCALE:®
ZERFLG:

’
LOCKEY:?

#DATA STRING FOR °*BATES® SUBROUTINE

+WORD
JWORD
+WORD
+WORD
+WORD
+WORD
+WORD
+WORD
+WORD
+NORD
. WORD
+WORD
+WORD
+WORD
+WORD
+WORD
+BLKW
+WORD
+BLKW
+WORD
~WORD
+WORD
+WORD
+WORD
+WORD
+WORD
+WORD
+BLKW
+WORD
+WORD
+WORD
+BLKW
+WORD
+WORD
+BLKW
+BLKW
+WORD
+WORD

+ASCII

L8]

/°%"%/
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SREG. SAVE SURROUTINE °*UFDAT®
yREGISTER SAYE SUBROUTINE DISCAL

$REGISTER SAVE °‘TRAP® SUBROUTINE
$REG., SAVE FOR SUBROUTIME TYHEDR
JREG. SAVE FOR SUBROUTINE TYSTAT
$S+B BUFFER POINTER

SDEVICE SCAN COLE

iSCAN FUNCTION WORD

$SCAN INTERRUPT MODE

;WINDOW SCROLL SUBROUTINE

$SCAN METHOD

i THE WAVELENGTH SET PRESENTLY
;ASHC FAC. IN SCALING ROUTINE
$THE SHORT WACVELENGTH DF SCAN
$L-R SCROLL FLAG

?SMOOTH-POINTER
ISTARTING-CHANNEL OF D1SPLAY
}MLS UNIT

}MCS UNIT

3% OF TOMES TO °*SMOOTH®

$MCS UNIT

$MCS UNIT

iDISPLAY UPDATE COUNTER

}DISPLAY WINDOUW BRIGHTNESS

$FLAG TO DISPLAY WINLOW

}DISPLAY WINDOW SIZE

iWAVELENGYH STEP SIZE

i YEAR(DATE)

$FUNCTION WORLU FOR YAX1S SCALING
5Y-AXIS YALUE FOR °*FULL SCALE®
5Y~AXIS SUBTRACTION

3Y-AXIS EXTRA SCALE FACTOR

$ZERO SHIFT

$KEY TO UNLOCK PROGRAM VARIAKLES

’
RS0STR: .RADSO /JANFEBMARAPRMAYJUNJULAUGSEPOCTNOVDEC/

INPUT/0UTPUT AND DATA

+«BLKB
+BLKW

100.
10000,

+END MCHSUB

BUFFER

DEFINITIONS
$ INPUT/0UTPUT BUFFER
iDATA/DISPLAY BUFFER



+T1ILE

ALLIAMP
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5SUBROUTINE TO SET THE GAIN OF THE 3%53-Z1A ANALOG-TO-LIGITAL COVERTEK’S

JAMPLIFIER. WHEN QUERIED ONE KEFPLIES
5A GAIN OF *10°,AND °*HIGH®* FOK A GALIN Ut
iMUST BE DEFINED BY THE CALLING PRUGRANM.
INSTRUCY1ON.

i *CALL A2DANMP®

- e e

+MCALL

- -

GLOLIR
+GLOBL

- -

+GLOBL

- e

.GLOBL

- e e es

A2LCON=167100

A2DANP: MOVE
MOV
CNPR
REQ

BR
10s: WPRINT
CALL
15s: MOV
CMFP
BEQ
CMP
BEG
CMF
BEQ
+FRINT
+PRINT
ER
208 MOVB

30s: MOVE
40¢: MOVER

S0s: MOV
608 DEC

-

GLOBAL DEFINED

GLORAL DEFINED

SYSTEM MACRO

+PRINT

GLOBAL LIBRARY ROUTINE

READ
IOBUF

A2LAMF » AZLIGNS

$24.,A2UCON
IORUF+2, IGBUF
IOBUF s #15

10s

1Ss

M1

READ
IORUF » A2LUGNS
$°L0U»I0BUF

20%

#°ME, 10BUF

308 -

$°HI» 1URUF

40%

M2

$M3

10¢

$29, s CAQDCON$2>
504

$25,. »<A2LICON+4>
S0s
$25., 5 CA2DCON+6>
420000, LELAY
DELAY

508

$0,A20CON
$26.+A2ZDCON

IN MAIN PROGRAM

kY TH1S MODULE

"LUW® FOR A GAILN OF ®1°,"MEDIUM® FOK

*100°*. GLUBAL IORUF
YHES ROUTINE IS USED BY A

FA20 CONVERTER (RIN 18)
$DISABLE THE LAM REQUEST
#GE1 SECOUND COMMANL IF ANY
1S 1T A CARRIAGE RETUKRN?

FASK FOR SECUNL PART OF COMMAND:-IF Y

36U LECOLE COMMAND

FWHAT SETTING YIS WANTED?
$READ THE REFLY

FSAVE THE DESIKED GAIN SETTING
A GAIN OF "1°*~

FYESsSET GAIN Y0 1.

FA GAIN QOF *10°7

iLF YES,SEl GAIN T 10.

1A GAIN OF *100°7?

i IF YES,SET GAIN TO 100,

$ INVALIN RESFONSE--TELL USER

iG0 BACK--TRY AGAIN
FSELECT GAIN OF 1.

GO WAlLT

FSELECT GAIN OF 10.

iGO WAIT

FSELECT GAIN 0OF 100.
iLOAD DELAY WORD

FDELAY LOOF

FWAIT FUOR CONVERTION TO FINISH
JCEAR THE LANM

$ENABLE THE LAM REQUEST
JRETURN 10 CALLER

o~
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A2DGNS? JWORD FWMORL FOR GAIN SETTING
LGELAY?: LWORD FWORD FOR DELAY LOUP

i

3 .

Lh ASCIICIS:C125/7WHAT GAIN SEVTING DO YOU WANTT /

+BYTE 200

M2: ¢ASCIZ{19><125/TLLEGAL COMMANL-~-FLEASE USE *LO(W)HE(D)»UOR HY(GH) "/
M3: +ASCIZL13-<125/ LO = X1 ME = X10 HI. = X100/
H
4
+EVEN

+END



+TITLE

ASCRIN
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FSUBROUTINE TO CONVERT ASCII CHARACTERS 1IN 1/0 BUFFER(YORUF) TO

#A BINARY NUMBER IN Rl (LOK WORD) AND R2

§ IORUF IS NOT CHANGED.

+GLOBL
«GLOBL

14
ASCBIN: MOV
CLR
MoV
"oV
MoV
CMPB
BNE
CLR
MovB
BR
10s: CHPB
BNE
MOVB
208: MOV
MoV
MOV
MOV
3082 MoV
MOV
MOVE
- CMPB
BEQ
CMPB
BGT
CMPB
BGE
40%: SEC
BR
30%: SusB
CALL
CALL
CALL
CcMP
BEG
ADD
ADC
BR
608 CuP
BNE
CcoM
CoM
ADD
ADC
130¢: nav
MOV
CLC
ASCOUT: MOV
RETURN

IOBRUF1ASCBINy JNUL

REGSAVYREGRES

RS»RSASC
R2
$LISTIRS
$I0BUFsR1
#1,NEGFLG
$'-5(R1)
10s
NEGFLG
$/0»(R1)

208

$'+s(R1)
20¢
$/0+(R1)
$0YyRESULT
$0YRESULT+2
$10,9AKG2
$0yARG2+2
RESULY»ARGL
RESULT+25sARG1+2
(R1)+9R2
$15,R2

608

$609+R2

40s

$71,R2

30s

ASCOUT
$609R2
REGSAV
JMUL
REGRES
$-2,R0

409
R2yRESULT
RESULT+2
30¢
$0NEGFLG
130¢
RESULT
RESULT+2
#1/RESULT
RESULT+2
RESULT»R1
RESULT+2sR2

RSASCsRS

(HIGH WORD) .

#SAVE REGTISTER

#CLLR CHARACTER REGISTER

iTO USE SYSF4 JuUL
FSTARTING ADDRESS IN R1
$NEGATIVE-VALUE FLAG UP

IS FIRSYT CARACTER A MINUS?
$ BRANCH IF.NO
INEGATIVE-VALUE FLAG DOWN
$YESsREFPLACE IT MWYTH ZERO

IS FIRST CHARALTER A FLUS?
$ BRANCH XF NO
$YES+REFLACE IT WITH A ZERU
fCLEAR RESULT

FPLACE TEN 1IN ARGUMENT TWO
$ARGL1 TO BE MULTIPLIED BY YEN

$MOVE CHARACTER TO R2

#1S IT A CRRIAGE RETHURN?
iBRANCH 1¥ YES

$CHECK FNR LETTERS,ETC

$IF ANY FOUNUSSET CARRY BIT

$ERKROR: SET CARRY RIT
$6G0 TO CALLER

_#SUBTRACT ASC1lI RIAS

#SAYE REGISTERS R1-RS
15YSF4 MULTIFLICATION
{RESTORE REGISTERS R1-RS
iCHECK ERROR COLE

i BRANCH IF YES (QUVERFLOW!)
FADBR TO RESULT

GO0 BACK FOR MORE
1WAS IT NEGATIVE?
$NO SK1P NEGATION

$ANSHWER IN R1
FAND R2

iCLEAR CARRY?
FUNSAVE REGISTER
FRETURN TO CALLER

N ERRORS

e~



ARG1:
ARG2:
RESULT:
NEGFLG?
RSASC:

- -

+WORD
+WORD
+WOKD
+WORD
+BLKW
+BLKW
+BLKW
+WORD
+WORD

+END

ARG1
ARG2
RESULT
-

NN

187

FJMUL SYS.

GLOBAL ARGUMENT LYSY
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+TITLE RINASC SUBRUUTINE
#SUBROUTINE °*BINASC® IS A ROUTINE 7O UCONVERT A SIGNED BINARY NUMBER
$IN R1L TO AN ASCII BYTE STYRING WITH STARTING LOCATION °*YOBUF®. THE
#ASCII CODED STRING CONSIST 0OF SIX CHARACYERS. A MINUS SIGN FOR
FNEGATIVES WITH LEAUING 2EROES SUPPRESSELFTHE MINUS STGN 1S PLACED
#JUST BEFORE THE FIRST NONZERO DIGIT. USE WIVH °*CALL BINASC®'. VHE
FBUFFER *"IQOBUF* MUST BE DEFINED AS A GLOBAL IN THE CALLING FROGRAM.

+GLOBL IOBUFsBINASC

BINASC: MOV R1sR1KIN $SAVE KREGISTERS
MOV R2,R2BIN
MOV R3I»R3IBIN
MOV R4sRABIN
MOV #I0KUF R4 JRUFFER STARTING LOCATION
TST R1 $YS 1T NEGATIVE?
BPL 10s iNO
NEG R1 $YES, TAKE ABS. VALUE
MOVE $’-»(R4A+ FPLACE MINUS SIGN IN BUFFER
BR 15s $6G0 70 CONVERTIUN SECTION
1082 MovB $#’ +(RA)+ iFLACE A SPACE IN RUFFER
15¢¢ MOV $BIN1sR2 $POINTER 70 DIVISHR TARBLE
MoV $59R3 iF1VE DIVISORS
208 CLR RO $CLEAR HIGH WORD
DIV (R2)+sRO iFIS NIVIDE
ADD $#40,R0O #ADD ASCII BIAS
MOVB KOs (R4 + FPLACE RESULT IN BRUFFER
SOB R3r208 iNO. IT FIVE TIMES

#NOW REPLACE

LEADING ZEROES WITH SFACES AND MUOUE THE °*SIGN® ACCORDINGLY.

MoV $IUBUF /R4 FBUFFER STARTIMG ADDRESS
MOVB IORUFIRL sPLACE SIGN IN R1
CLR R3 sCLEAR LOOP CUOUNYER
30%: INCB R4 FGET NEXY RYTE LOCATI1ON
INCE R3 # INCREMENT LOUOP COUNYER
CMPB #5+R3 $1S I1 THE FIFTH TIME?
BEQ 40¢ #IF YES,EXIT
CMPB $'0y(R4) $I8 THE CHARACTER A 2ER0?
BNE 40¢ FNOJEXIT ROUTINE
Mavs R1,(R4) FYESIREPLACE 1T WITH SIGN
Move ¥’ 1-1(R4) iREPLACE FIRST SI{GN WITH SPACE
BR 30s iLOOK FOR MOKE 2ERUES
409 MOV RABINIR4 $UNSAVE REGISTERS
MOV R3IB1NYKR3
MOV R2BIN»R2
MOV R1BIN»R1
RETURN FRETURN TQ CALLING FROGKRAM
BINL: +WORD 10000.91000.9100.510.»1
R1BIN: .WORD
R2BIN: JMWORD
R3IBIN?! LWORD
R4BIN! JWORD
+END

®
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+T1TLE RBCDBIN
§RCORIN SUBROUTINE CONVERYTS BCD NUMERER
iIN R1 TO A RINARY NUMEBRER 1N R1

+GLOBL BCIRBIN

BCOBING: MOV R2yR2ECD
MoV R3IsREBCD
MOV R4sRA4KCD
MOV RSsROBCD
MOV R1sRS +COFY INTO RS

MOV #ASHIFTsR2 HFINIXT.
MOV #AMULIR3

CLR BIN
MOV #4,R4 5FOUR OF THEM
BCD1: MOV R%sR1 5GET THE NUMBER
ASH (R2)+:R1 sMASK THE BITS
BIC #177760,R1
MUL (R3)+sR1 ~ $MULTIPLY BY POUMER OF TEN
ADD R1sBIN
SOE R4sBCD1 iFOUR TIMES
MOV BINsR1 sPLACE BINARY IN K1
MOV ' R2BCIHR2
MOV RIBCLR3
MOV R4BCI,R4
MOV RSECDsRS ,
RTS FC $ RETURN

ASHIFT: JUWORDN -12.,-8,7-450
AMUL ¢ +WORD 1000.9100.,910.»1
BRIN: + WURD

R2BCh: LUWORD

R3ECD! JWORD

R4BCD? WORD

RSECD: LJWORD

+END
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+TITLE DECOUT SUBROUTINE
DECOUT SUBROUTINE OUTPUTS THE BINARY NUMERER CUNTAINED IN Rt
#IN DECIMAL FORMAT TO THE COUNSOLE DEVI(CE. SIX CHARACTERS ARE
FOUTPUTS A MINUS SIGN IF THE NUMBER IS NEGATIVYE AND MITH ANY
iLEADING ZEROES REFLACED BY SPACES. THE MINUS SIGN AFPFPEARS
FNEXT TO THE FIRST NUNZERO DIGIT.

+MCALL .TTYOQUT

+GLOBRL DECOUTsRINASC,IORUF

DECOUT: MOV R1sR1LEC $SAVE REGISTERS
MOV R2yKR2DEC
CALL E1NASC $CONVERT K1 TO ASCII STRING
MOV $69KR1 5SIX CHARACTERS OUTPUT
MoV $I0KUF,R2 s BUFFER STARTING ANDRESS
1083 MOVE (R2)+9RO 50UTFUT CHARACTERS ONE HY ONE
LTTYOUT
SOB R1,10%
MOV R2DEC)R2 $UNSAVE REGISTERS
MOV R1LECsR1 *
RETURN SRETURN TO CALLING PROGRAM

R1DEC: (WORD
R2DEC: LWORD
+END
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+TITLE DCOUYT2 SUBRROUTINE :
FDCOUT2 SUBROUTINE GUTPUYTS THE BINARY NUMBER CONTAINED} IN WORDS
+LOWORD AND HIWORD IN DECIMAL FURMAT TO THE CONSOLE LEVICE. TER CHARACTERS
FARE OQUTFUTS A MINUS SIGN XIF THE NUMBER IS NEGAVIVE AND WITH ANY
iLEADING ZEROES REPLACEL BY SFACES. THE MINUS SIGN AFFEARS
FNEXT TO THE FIRST NONZERD DIGIT.
+MCALL .TTYOUT
+GLOBL DCOUT2,DPBASCs IOBUF

DCOUT2: MOV R1,RILEC +SAVE REGISTERS
MOV R2,R2UVEC
CALL uPRASC # CONVERT *WORDS®" 10 ASCl1 STRING
MOV $11,9R1 FELEVEN CHARACTERS OUTPUT
MoV $I0BUFRZ FBUFFER STARTING ADURESS
1082 MOVE (K2)++RO $0UTPUT CHARACTERS UNE BY UONE
+TTYOUT '
SOB R1,10%
MOV R2DEC»RZ $UNSAVE REGISTERS
MOV R1DECsR1
RETURN FRETURN TO CALLING PROGRAM

" R1IDEC?! JWORD
R2DEC: LWORD'
SEND
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+TITLE DISKIO INPUT-0OUTPUT TO THE NBISK

- -

$THIS MODULE CONTAINS SURROUTINES TO WRITE AND READ WXITH THF NISK, .
$*WRDISK® WRITES N WORUS TO YHE DISK. N/6 (S PLACEDL INTQ THE FIRST

FLOCATION OF °*DhATEBUF®* THE BUFFER WHICH HAS THE N WORDS TO RE SENT.

$THE FIRST S50 WORNS AKE RESERVED FOR "VARIABLES® AMI THE MEXT

$450 WORDS ARE FOR A HEADER IF DNESIRED. .
F§*REDISK® REALS N WORUS FRUOM THE SPECIFIED FILE (N X§ THE FUKRST

FWORD OF THE DATA FILE) AND PLACES IT INTO "DATBUF®.

SYSTEM MACROES

- W w w

MCALL  TIYINs o 1TYOUY» «PRINT» CLOSE» JCSYGEN
+MCALL . WRITW,.READUW

MAIN PRUGRAM DEFINED GLURALS

- W w

+GLOBL NCHAN>DATBUF» IORUF

GLOLIB GLOBAL SUBROUTINE

+GLOBL READ

GLOBAL ENTRY FUIN1S QF THIE MODULE

| wr ws W

.GLOBL WKDISK,RED1SK

- e

7*WRDISK* WRITES DATBUF TO THE DISK

WRDISK: MOV R1,R1SAV iSAVE REGISTER 1
MOV R2»R2SAV iSAVE RFGISTER THOQ
S «PRINT $M8 INEW HEARNER? ) -
caLL READ iYES UR NOT
CHFB 'Yy LOBRUF JYES?
REQ 10s i BRANCH IF YES
CHrl # /Ny IOBUF iNO?
BEG SOs PBRANCH IF NO
BR Ss §iUST ANSWER YES OR NO
10s: MOV $DATRUF»R2Z PDATA BUFFER STARTING LOCATION
MoV NCHAN» (R2) FSTURE NUMBER OF UCHAMMELS
abl #100.9K2 GO T0 HEADER SECTLON
M0V $#450.R1 iMaX, HEADEKR LEMGIH
15¢2 CLR (R2)+ $CLEAR HEAIER SECTLI0N
SOB R1,15s
MOV $UATBUF K2 ISTARTING LOCATION IN K2 7 .
ADD $100.,R2 iSTART UF HEARDER SECTION
+PRINT #M6 FENTER HEANEK MESSAGE
MOV $'>2'RO FPRINT FRUMPY CHARACTER
+TTYQUT -
MOV $448.9R1 INUMBER OF CHARATERS PFRMI(TED

208 «TTYIN ] FREAD IN [HE HEANER



CHPR
BEQ
DEC
BEQ
MOVE
BR
3083 JTTYIN
CHPB
BNE
PRINT
BR
408: JITYIN
CMP
BNE
5083 MOV
PRINT
MOV
-CSIGEN
MOV
MOV
MUL
ADD
JWRITW
BCS
CHP
BEQ
PRINT
60s:  CHPB
BNE
PRINT
BR
130¢:  CMPB
BNE
PRINT
BR
140%:  CMPB
BNE
JPRINT
150%:  .CLOSE
+PRINT
MOV
MOV
RETURN

- W wr W

REDISK: MOV
+PRINT
MoV
+CSIGEN
Mav
+READW
BCS
CMP

THIS SUBROUTINE READS THE DATA FROM
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$° 7RO
408

R1

308

ROy (R2)+
209

$12/RO
30s
M3
Sos

$124R0

403

$2009 (R2)

M7

SP»SPSAY

$VEVSPC, $UEFEXT»$0
SPSAV, &P

NCHANsR1

#69R1

$502.sR1
SWAREA»$0> $NATBUF »R1+ 40
608

R1sRO

1508

#HS

$0,0452

1308

Mo

1508

$1,0852

1408

i1 .
150%

$2,0452

1508

"2

#0

M4

R1SAV»R1

R2SAV,K2

$DEVSPC,#DEFEXT »#0
SPSAVSP
$WARFAY3S5/SDATBUF » 5,80
208

RO» 45

FCHECK FOR EHD' OF HEAUER
FRRANCH (F AT END

FCOUNT DOWN SPaCE

FHRANCH IF NU SPACE LEFT
iPLACE CHARACTER INTQ BUFFER
G0 GBET MORE '

FEAT THE LEFT QVERS!

i THRU EATING?

FGET MOKE 10 EAT YF NOT
FTELL USER VYRUNCAYION HAS OCCURKED
i CONTINUE

JEAT LR~-LF

FHAVE LF IN MOUTHT

$GO0 GEY XVid

IHEADER TERMINATOR SYMBOL
FASK FOR FIILE SPECIFICATIONS
iSAVE THE STACK FOINIER
FCOMMAND STRING GENERATOR
{RESTUORE SP

FCALCULAYE NUMBFR 00F WORDS
$TUO Bt TRANSFEREL

FWITE THKU CHANNEL 2tKk0

FBRANCH 1(F HARDWARE ERKOR
$CORRECT NUMBER OF WORNS WRITTENT
$BRANICH TF YES

$PRINY ERROR MESSAGE

$CHELK  FOR THE ERKROR

}READ MESSAGES

iCLOSE CHANNEL

$ SUCLESS

IRESTURE R2
FRETURN Y0 CALLER

THE DISK
R1yR1S5AV $SAVE K1
M7 FWHICH FILE?
SPySFSAV iSAVE THE STACK POYNTER

FGET CUMMAND STRING GEN.
IRESTURE SP

$HARDWARE ERRUOR?
JCHECK NUMBER 0OF WORLDS READ



10s¢:

20%¢
30¢:

408
5082

§
R1sAV?
R2SAV:
SPSAV!?
i

-

DEFEXT:

WAREA?
DEVSPC?
MO
M13
M2:2
M3
M4
MS:
M6
M72
M8:
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REQ 108

+PRINT  #MS

BR 208 SWHICH ERKOK?

MOV DATBUF s NCHAN JFIRST WORN= # OF DATA CHANNELS

MOV NCHANyR1 ‘ .
HUL $6,K1 $HOW MANY WORDS IN ALLY

ADD $502. 1K1 .
JREADW #WAREA»#3s $DATEUF »R1+#0

BCS 20% _ .
CMP ROsR1

BEQ 50

+PRINT #M5

CHPH $0,0852 JCHECK THE EKKOR COUES

BNE 308

+PRINT #40

BR S0

CHPB $1,0852

BNE 40%

+PRINT #M1

BR 508

CMPB 42,0452

BNE 508 -
LPRINT #M2

+CLOSE 43 5CLOSE CHANNE 3

MOV R15AVsR1

RETURN FRETURN TO CALLER

+NORD 0

+WORD

JWORD 0

+RADS0 /DAT/
«RADSO /DAT/

«WOKD 0
+WORD 0
+«BLKUW S -
+WORL 0

+ASCIZ /ATTEMPIED TO WRITE(REAN) PAST END-OF-FILE/
+ASCIZ /HARDWARE ERROR/

+ASCIZ /CHANNEL WAS NUT OPEN/

+ASCIZ /MESSAGE TOU LONG--VRUNCATELINOT FAVAL LONTINUE/
+ASCIZ /UATA TRANSFER SUCCESSFUL/

+ASCIZ /IWMPROPER NUMBER OF WORNS WRITVEN(REAL)/

+ASCIZ /TYPE IN HEADER MESSAGE/

+ASCIZ /GIVE FILE SPECIFICATIUNS/:

+ASCII<K15><12>/D0 YOU WISH TO ENTER A NEW HEALER MESSAGE? /
+BYTE 200

+EVEN

+END



+TITLE

DFBASC SURROUTINE

s DOUBLE PRECISION INTEGER ASCI1 DECIMAL OUTPUT PROGRAM=-WILL FLACE 1KRTO A
iSPECIFIED BYTE STRING 10 ASCI{ NUMERALS AND A SIGN IF NEGATIVE., LEANING
1 ZERDES ARE SUPRESSED AND THE SIGN IS PLACED IMMEDIATELY REFOURE THE

—§#FIRST NON-ZERO DIGIT OF THE NUMBER.

iTO ENTER?
1., MOVE HIGH ORDER PART OF WOKD TO BE OUTPUT TO HIWOKD
2, MOVE LOW ORDER PARY OF WORD TO BE OUTPUT 710 LOWORD

i

- W wr W W

OPBASC:

POSOUT:
MORYET:

NEGSET:

ER

ASCOUT:

LZSDN?

3.CALLING PROGRAM MUSY DEFINE

PROGRAM MUST DEFINE LOWORD AND HIWORD AS GLORBALS
*CALL DFRASC® :

MODIFIED DY BUSTAMENTE.

4.CALLING
S.USE ROUTINE WITH
ROUTINE WRITTEN BY SPARKSy

+GLOBL
MOV
MOV
MOV
CLR
CLR
MOV
TST
BMI
MOV
INC
SUB
SBC
SUR
BFL
ADD
ADC
ADD
ADD
JSR
MOV
CHP
BLT
MOV -
INC
JSR
#av
MOV
RTS
BIS
SUR

SBC
CoM
coM
JHP
CHP
REQ
RIS
ADD
BIT
BGT

*I0OBUF* A& GLOKRAL

I0OBUF» IFKRASC, LOWOKII»HIWORD

k3rRIDFE
RS»RSDFE
$I0RUF+R3
NEGFLG
LZSFLG
#-1+sCNTR
HIWORD
NEGSET
#DIG9RS
CNTR
2(RS5)»LOWORL
HIWORD
(RS)»HIWORD
MORYET
2(RS)LOWORD
HIWORD
(RS)»HIWORD
$#4,RS
PCsASCOUT
$-1+CNTK

RS+ #<DIGL+4>
MORYET
LOWORDSCNTR
RS

PCyASCOUT
kR3IDPBsR3
RSDPRsRS

PC

$#1s,NEGFLG
$1,L0WORD

HIWORD
HIWORD
LOWORD
FOSOUT
CNTR» $0
LZsS
$1,LZSFLG
$602CNTR
$2/NEGFLG
CHROUT

$SAVE REGISTERS

i BUFFER ADDRESS IN K3

iCLEAR NEGATIVE # FLAG

$CLEAR LEADING ZERU SUFFPRESS FLAG
FINITIALIZE SUBTRACT LOUP COUNTER
iIS INTEGER NEGATIVE

FYES, THEN CONVERT IT

iLOAD BEGINNING ANDRESS OF 10N LISY
i COUNT & SUBTRACTION LOOPS

$ THREE STEP DOUBLE PREC. SUBTRACT

iSUBTRACY AGAIN 1F STILL POS1TIVE
iKILL LAST SUBTRACTIUN IF NEGATIVE

#READY FOR 107N-1
§OUTPUT THE CHARALTER
FRESET LOQP COUNTER

i? LAST DIGIT YET

iNO+ DO ANOTHER

iYES, SEND [T OUT

i TRACER FOR LAST DIGLT

$UNSAVE REGISTERS

JRETURN TUO CALLING PRUOGRAM
iSET FLAG FOR MINUS SIfGN QUTPUT
$4 STEP COUNVERSION Y0 POSITIVE INTEG

‘

#+DECODE TU ASCII

3? GOT A ZERO i

JYESs SEE IF NEEDS SUFPRESSED

#NOy» PREVENT FURTHER SUPPRESSION
$ADD ASCII BIAS

$IS SIGN OR SPALE ALREADY PRINTED?
FYESy JUST SEND CHARACTER



MINOUT?

LZS:

CHROUT!

CNTR?
NEGFLG:
HIWORD?
LOWORD?
LZSFLG?
DIGY:
0168
nIG7:
DIGé6:
DIGS:
nIGa::
nIG3:
nIG2:
DIG1:
R3IDFB:
RESDPR:

RIT
BGT
MOVER
MOVB
RIS
RTS
MOVE
MOVE
EIC
RIS
RTS
TST
BGT
CMP
BGT
MOVR
RTS
MOVE
RTS
+WORD
+WORD
+ WORD
+WORD
+WORD
+WORD
+WORD
+WORD
+WORD

+WORD

+WORD
+WORD
+WORD
+WORD
+WORD
+WORD
JEND
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$#1yNEGFLG
MINOUT
$40, (R3O +
CNTR» (R3)+
$2)NEGFLG
PC

$ST, (R +
CNTR» (R3)+
¥1sNEGFLG
#2yNEGFLG
PC

LZSFLG
LZSDN

RO »#<DIGL1+4>
LZSDN
$40y(R3)+
PC

CNTR» (R3) +
PC

354329145000
27659160400
2305113200
17541100
1103240
0023420
0+17%0

01144

0,12

iNOs DO WE NEED A MINUS SIGN?
s YES, DO IY

#iNOy SEMD A SPACE

$ THEN SENL CHARACTER

iNO MURE SPALES

$BACK TO CALLER

F§SEND MINUS SIGN

$SEND CHARACTER

#MINUS SIGN DONE

NG SPACES WANTED

SLEADING ZERUES OVER WITH?
FYESy DON’T SUPPRESS

iLAST DIGYY YET?

FYESs THEN PRINT EVEN IF YERO
iNO» SEND A SPACE

$SEND CHARACTER
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+TITLE CRLF
sCRLF SURROUVINE INITIALIZES CONSOLE DEVICE CARRIAGE
+MCALL TIYOUT

CRLF:: MOV #155K0 iPRINT CR
+TTYOUT — ,
MOV #12,R0 sPRINT LF
+TTYOQUT
RTS PC SRETURN -

+END
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+TITLE PRINTER SUBROUTINES

-

i
LFRCSR=176500
LPRBUF=176502
LFXCSR=176504
LPXBUF=176506

-r W .

i SUBRROUTINE LPOUT
H

iLFOUT SUBRROUTINE FRINTS CHARACTERS OUT ON THE LINE PRINTER
$CHARACTER TO BE PRINTED IS IN RO. USE WITH "CALL LPOUT®,
+GLOBRL LFPOUT

’
LPOUT?: BIT

£200,LPXCSR JREADY TOU PRINT?
BEQ LFPOUT iNO _
BIT $200,LFRCSR $ CHARACTER RECEIVED?
REQ 208 JBR IF NO
Ss: MOVE LPRBUFLPIN $MOVE IN CHARACYER
BIC #200/LPIN JCLEAR PARITY BIT
CMPB $21,LPIN s TRANSMIT?
BEQ 20% sBR IF YES
CMPB $23,LPIN iSTOP TRANSMISS1ON?
ENE ~20%
108: BIT $200,LPRCSR SWALT FOR *RESUME®
BEQ 10%
ER S
208 NOP i CONT1NUE
MOVE RO s LPXBUF 5YESsPRINT IT
RETURN fRETURN TO CALLING PROGKAM

DT T TR TR 1Y

SURROUTINE LFRINT

iSUBROUTINE LPRINT EMULATES THE MONITOR .FPRINT REQUEST RUYT SENUS

FQUTPUT TO THE FPRINTER.

IT IS ACCESSED BY PLACING THE BIGINNING

sADIDRESS OF THE BYTE BY BYTE ASCII SYRING TO BE OUTFUYT IN RO

sFOLLOWED RY THE INSTRUCTIUON

*CALL LPRINT®., CARRIAGE RETURN AND

FLINE FEED HANDLING ARE THE SAME AS THE MONITUR .PRINT REQUEST
#SUBROUTINE BY R.K.SPARKS MODIFIED' BY S,W.RUSTAMENTE

+GLOBL

y
LPRINT: CMPB

LPRINT

(RO)»#200

$?PTERMINATOR FOR NO CRLF

BEQ 23 FYES,THEN ARE FINISHED
CMPB (RO)+#0 37 TERMINATOR FOUR CRLF
BEQ ouT FYES» THEN OQUTPUT LF

1¢: RIT $2002LFPXCSR IREADY FUR NEW CHARACTER?
REQ 1¢ iNGO s THEN LLOOP
RIT $#200sLFRCSR +CHARACTER RECEIVED?
BEQ 20¢ s8R TIF NO

5S¢ MOVER LERRUF»LPIN iMOVE IN CHARACTER
BIC $200,LFIN sCLEAR PARITY RIT
CMPR $21HLPIN FTRANSMIT?
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REQ - 208 s8R IF YES
CMFR $23sLFIN $STOF TRANSM1SSIONT
ENE 20% ) '
108 RIT $200»LPRCER SWAIT FOR °*RESUME®
REQ 10%
ER Ss
20¢3 NOP - FCONTINUE
MOVE (RO)+LPXBUF °~ §iSEND CHARACTER
ER LFRINT iGO FOR ANGYHER
2% RETURN FRETURN WITH NO CRLF
ourt: BIT $#200,LFXCSR iREALY®?
REQ ouT ' iNOsLOOP
RIT $#200»LFRCSR sCHARACTER RECEIVEDT
REQ 20% iRR YIF NO
F2 X MOVE LFRBUFsLPIN #MOVE IN CHARACTER
RIC $200sLPIN $CLEAR PARITY RIT
CMFPE $#21LFIN s TRANSMIT?
REQ 20¢ s8R [F YES
CMFB $23,LPIN +STOP TRANSM1SS1O0ONT
. BNE 208
10%. RIT $#200»LPRCSR FWAIT FOR °*RESUME®
REQ 10s
BR Ss
2082 NOP FCONTINUE
MOVE $12,LPXBUF i SEND LFsGET AUTTO CR

RETURN JIRETURN TOQ CALLER

SUBRQUTINE LFCRLF

DT T TR P Ty

+TH1S SUEROUTINE CAUSES THE L1INE PRINTER TO EXECUTE A
sLINEFEED-CARRIAGE RETURN SEUUENCE WHEN CALLEU, USE
sWITH °*CALL LPCRLF"®.

+GLOEKL LFCRLF

LFCRLF: BIT $200LPXCSR 1REALY?
KEQ LPCRLF iNOyLOOP
RIT $2009LPRCSR iCHARACTER RECEIVED?
EREQ 20s iRR IF NO
5¢3 MOVE LPRBUF»LFIN iMOVE IN CHARACTER
RIC $20041.PIN JCLEAR PARITY BIT
CMPB $21HLPIN i TRANSHIT?
BEQ 20¢ ' iBR IF YES
CMFPB $23H»LPIN $STOP TRANSMISS1UN?
ENE 20s
108 BRIT $200+,LPRCSR IWAIT FOR °*RESUME"®
. _BEQ 10s ‘
BR Ss !
20%: NOP $CONTINUE
MOVE $12,LPXBUF §SEND LFsGET AUTO CR

RETURN sRETURN TUO CALLER

- e
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’
i SUBROUTINE LPDECO
5 .
sLPDECO SUBROUTINE OUTPUTS THE ERINARY NUMBER COUNTAINED IN Ri
#IN DECIMAL FORMAT TO THE LINE PRINTER., SIX CHARACTERS ARE
FOUTFUTS A MINUS SIGN IF THE NUMBER IS NEGATIVE AND WITH ANY
FLEADING ZEROES REFPLACED BY SPACES. THE MINUS SIGN APPEARS
iNEXT TO THE EIRST NONZERGQ DI1GIT.

+GLORL LPDECOsBINASC,IOBUF,LPOUT

LPRECO: MOV R1sRIOEC $SAVE REG1STVERS
MOV R2sR2DEC
caLL RINASC iCONVERT R1 70O ASCII STRING
MoV #6+R1 FSIX CHARACTERS OUTPUT
MOV $I0RUF,R2 JBUFFER STARTLING ADDRESS
1082 MOVE (R2)+sRO $OUTPUT CHARACTERS ONE BY ONE
catL LFQUT
SOk R1,10%
MOV R2DECsR2 $UNSAVE REGISTERS
MOV R10QECsR1
RETURN SRETURN TO CALLING PRUGRAM

- wr es

' SURRGUTINE LPDCO2
H

yLPDCO2 SUBRROUTINE OUTPUTS THE RINARY NUMBER CONTALINED IN WQORDS
iLOWORD AND HIWORD IN DECIMAL FORMAT TO THE CONSOLE DEVICE. ELEYEN CHARACTER
S .
FARE OQUTFUTS A MINUS SIGN IF THE NUMERER IS NEGATIVE AND WITH ARY
iLEADING ZEROES REFLACED BRY SPALES., THE MINUS SIGN AFFEARS
{NEXT TO THE FIRST NONZERGC [D1GIT.
H
.GLOBL LPDCOZsDFBASC, 10RUFHLFOUT

P

LFOCO2: nOV R1»RIDEC $SAVE REGISTERS
MOV R2sR2DEC
CAaLL IFRASC i CONVERT °*WORDS® TO ASCII STRING
MOV $11./R1 FELEVEN CHARACTERS OUTPUT
MOV $I0RUFR2 §BUFFER STARTING AUDRESS
108 MOVE (R2)+5RO FOUTPUT CHARACTERS UONE BY UNE
catL LPOUT
SO0B R1,10%
Moy R2DEC,»R2 FUNSAVE REG1STEKS
MOV R1DEC,R1
RETURN FRETURN TU CALLING PROGRAM

R1DEC?: LMWORD
R2DECS: WORD
LPING +WORD

+END
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+TITLE LASER COUNTROL GLOBAL ROUTINES

YRS

$THIS °*LASER® MOURULE COMTAINS GLOBAL SURROUTINES WHICH ARE USED 710
OFPERATE THE QUANTA RAY DYE LASER AN THE OFO.

SYSTEM MACROS

- ar wr es

+MCALL +PRINT».TVYIN

SYSF4 LIBRRARY GLOBALS

- wr wr wr we

+GLOEL  JBIV,y JCHMPy JMUL

"GLOLIER LIBRARY GLOERALS

- e wr a4 W

+GLUBRL REALYASCEIN»MOTOR1»REGSAV»KEGRES

MAIN PROGRAM DEFINED GLOKAL LARELS

- ws W ar W

+GLOERL SCCOLEsNSYEF»NCHAN, IOBUF

+GLOEBL LISTs»ARGl1+sARG2,RESULT

+GLOBL SHOWAV,LONWAV,SETWAV,CALWAV»WAVINC
.GLOBRL DATALO

GLOERAL ENTRY FPOLINYS OF THIS SUBROUTINE

- e W e

+GLUBL DYESET,»DYECALsREWAVE s IYELAS

2 s wr wr wr we

"DYELAS" SUBROUTINE ALLOWS ONE TO SET THE DYE LASER TQ A GIVEN WAVLELENGIH
#OR TO SET FARAMETERS 0F THE CALLING FPROGRAM WHICH RESULT IN THE LASER BEING
FSCANNED FROM WAVELENGTH ONE TO WAVELENGYH TWO WITH THE DESIRED GR1D S1ZE,

’
DYELAS: MOV RS»RSDL iSAVE RS
MOV R1sR1DL iSAVE R1
CHMF SCCODE#°LA $IS THE LASER BEING SCANNED?
REQ 33
+PRINT #M1
CALL REWAVE FREAD IN WAVELENGTH
CALL DYESET #SET THE GRATING
MOV RSDLRS JREGISTER UNSAVE
RETURN . FRETURN TO CALLER

583 +PRINT $M15 $AUTO SET??
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308

40¢%:

160s:

CaLL
CMFPER
REQ
JMFP
+FRINT
CAaLL
MOV
MOV _
+FRINT
CaLL
MOV
MOV
MOV
MOV
MoV
MOV
MOV
caLL
CMP
REQ
+FRINT
ER
+FRINT
caLl
MOV
MOV
MOV
MOV
MoV
CaLlL
CHF
REG
+FPRINT
+PRINT
ER

MOV
MOV
MOV
MoV
CALL
18T
BLE
+PRINT
JMP
MoV
MOV
MOV
MoV
CAatL
MOV
MoV
MOV
MoV
SuB
SBC

READ

$'Ys IORUF

10

210%

M2

REWAVE
RESULT s SHOWAY
RESULT+2»SHOWAV4?2
#M3

REWAVE
RESULTsLONWAVY
RESULT+2/LONWAY4+2
RESULT»ARG2
RESULT+2sARG2+2
SHOWAV,»ARG1
SHOWAV+2sARGL+2
#LIST RS

JCHF

$-19R0O

40¢

$M6

30%

tMa

REWAVE
RESULT»ARG1
RESULT+2sARG142
$48.5ARG?
$01ARG242
$LIST»RS

JOIy

41RO

50s

$MS

$M16

40%

RESULT»ARG1L
RESULT+25ARG142
$327467.9ARG2
$LISTHRS

JUMP

RO

160

M7

408

ARG1/NSTEP

#48. rARG2
$0,ARG2+2
$LISTIRS

JMUL
RESULT,»WAVINC
RESULT+2yWAVINC+2
LONWAV ARG
LONWAV+27ARG1+42
SHOWAVARG1
ARG1+42

202

FCHELCK FUR °*SKIF® WORD
iSKIF TH1S PART?

$00 NOT SKIF IF NOT EQUA
$SKIF IF EQUAL :
FGET SHURT WAVELEMGTH

FASK FOR LOMG WAVELEMGTH

$COMFARE SHUORY YO LONG WAVELENGTH

$GET STEF S1ZE

$ONE STEF=48 UNITS

;ANY NEGATIVES OR ZERUES?
i MESSAGE

$iTRY AGAIN

§STEP SI1ZE TOO LAKRGE

iNUMBER OF SYEFS PER CHANNEL
FMAKE WAYINC=48%kNSTEP



170%.

180¢°

23082

SUR
MOV
MOV
MOV
CALL
TST
REQ
+FRINT
kR
CMF
BGE
ER
CHF
BGT
kR
MOV
ADD
MOV
MOV
CaLL
ER
+PRINT
CALL
caLt
BCC
+PRINT
BR
TST
BGE
+PRINT
BR
CHP
BFL
+PRINT
BR
MOV
MOV
MoV
MoV
MoV
MOV
CALL
MOV
MOV
MOV
MoV
MOV
MoV
MoV
MOV
MoV
CALL
MoV
MOV
HOV

SHOWAV+2,ARG1+2
WAVINC»ARG2
WAVINC+2,ARG242
$LISTHRS

JOIV

RESULT+2

130¢

+HE

40%
$1000.RESULT
190¢

170s¢

RESULT, %20

200s

170¢
RESUL T NCHAN

#1 +NCHAN
SHOWAVIRESULT
SHOWAV+2»RESULT+2
DYESET

230%

M9

READ

ASCRIN

212s

#4412

210

R1

215%

$#M5

2109

$20800.5R1

2209

7

2103

R1sNSTEF
R1sARG1
$0sAKGL1+2
$48.,1ARG2
$05ARG2+2
$LISTHRS

JMUL
RESULT»WAVINC
RESULT+2,WAVINC+H2
SETWAV»SHOWAV
SETWAV+2,SHOWAV+2
RESULTsARG1
RESULT+2sARG1+2
NCHANYARG2
$0r7ARG2+2
$LISTHIRS

JMUL
RESULTLONNAY
RESULT#+2,L0NWAV+2
RSOL SRS

203

FRESULTS IN IMFROFER # OF CHANNELS

FGET NEW STEF SIZE
#OVER 1000. CHANNELS?

+ZERO CHANNELS?

iNUMEER OF CHANNELS
INOW MOVE THE LASER GRATING!!

SENTER NUMKER OF

MOT0R STEFS

iCONVERY 10 BINARY NUMERER
FBRANCH TF NO ERKOR
$PRINT ERROR MESKSAGE

FGET NEW NSTEP

sLESS THAN 20800,

$YESsBRANIH AUWAY
iNO!
G0 BACK

FWAVINC=NSTEFXA8

$ASSUMES SETWAV IS8 STARTING POINT

?

PRINT MESSAGE

FLONWAV=NCHANXHAVINC

yUNSAVE REGISIER
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MOV  R1DLsR1
DLOUT: RETURN SRETURN TO CALLER

wr wr ws er me

sOYESET SUBROUTINE SETS THE DYE LASER GRATING‘TO THE GIVEN VALUE. THE
#VALUE IS PASSED 70 OYESET THROUUH RESULT(LOW WORL) AND RESULT+2 (THE
JHIGH WORIDD « -

’
DYESET: MOV R1,R1DS . $SAVE REGISTERS
MOV R2sR2DS
MOV R3,R30S
MOV RASRADS
MOV RS»RSDS
MOV RESULTsR1
MOV RESULT+2»R2
. SUR SETWAVSRESULT
SEC = RESULT+2
SUR SETWAV+2sRESULT+2 o :
Mou R1sSETWAV $NEW SET VALUE
MOV R2sSETUAV+2 ‘
MOV RESULT»ARG1L
MOV RESULT+2,ARG1+2
MOV -$48,»ARG2
MOV $0,ARG24$2
MoV $LISTHRS
caLL Joiv
MOV RO NEGFLG
CMPF  #=~14RO
ENE - 108
cCOoM " RESULT+2
coM RESULT
ADD $1,RESULT
ALIC RESULT+2
10%: MOV $32747.7ARG1
Moy $0,ARG1+2
20%¢ Moy RESULT»ARG2
MOV RESULT+2yARG2+2
MOV $LISTIRS
© CALL JCMP
TST RO
EGT 309
MOV #327467.9R1
MUL NEGFLGsR1
CALL MOTORL
SUE " #32767.9RESULT
SEC RESULT+2
R 20%
30%: MOV RESULTsR1
MUL NEGFLGYR1
CALL MOTORL
MOV RSDS»RS

MOV R4DSsR4



Mav R3DS»R3

MoV R20SsR2

MoV R10SyR1
DSOUT: RETURN

. s ws we

IRETURN TO CALLER:

+SUKROUTINE REWAVE READS ASCII COLED NUMBER INTO SYSTEM. A DECIMAL

#MAY BE USED.

FOR EXAMPLE 4567.234 WILL BE READ CUORRECTLY# BUT NO

i MORE THAN THREE PLACES PAST THE LECIMAL ARE ALLOMWEL., THE ENYRIES
$456754567.14567.0+45467.0094567.,000 ARE ALL READ CORRECYILY. NUMHERS

}FRUM 0.000 TO 7200 ARE READ.

LARGER NUMBERS AKE VOIDED,

sBINARY NUMBER IS RETURNED (N RESULT(LOW WORD) AND RESULT+2(HIGH WOKD).

’
REWAVE: MOV

10s:

30s:

408

50s¢:

6082

1308

R1»R1REW
MoV R2sR2REW
MOV R3»RIFEW
MOV R4sRAREUW
MoV kS y»RSREW
CLR R1
MOV $IOBUFsR2
MOV $MULFAC»R4
CLR R3
+TTYIN
CMFB $12,R0
REQ 608
CHP R1+%8.
BNE 30¢
+FRINT #$M10
+TTYIN
CMPE $125R0
ENE 25s
ER 10s
CMPER $’.9RO
BNE 40%
MOV #1»R3
BR 20s
CHP #1,R3
BNE Sos
cmp $#159,KR0
BEQ S50
TST (R4)+
MOVEB ROs (R2) ¢+
INC R1
BR 208
CALL ASCRIN
BCC 130
+FRINT $#M12
BR 108
MOV R1sARG1
MOV R2yARG1+2
MoV (R4)»ARG2
MOV $01ARG2+2

MOV $LISTIRS

#SAVE REGLISTERS

§ CHARACTER CUUNTER

#1/0 BUFFER POINTER IN R2
IMULTIPLICAYION FACTORS
iDECIMAL POINT FLAG

$GET CHARACTER

#1S IT A LINE FEED?

+IF YES»LEAVE

3ONLY EIGHT (CHARACTERS PASS

sTOU0 MANY CHARACTERS!!!

s SWALLOW OTHER CARACTERS
§BRANCH TO START

iLOUK FOR DECIMAL

$DECIMAL FLAG UP

iHAS THERE BEEN A DECIMALT
iSKIP THE CARRIAGE RETURN
$GET DIFFERENY MULYIFLIER
iPLACE CHARACTER INTO BUFFER
# INCREMENT CHARACTER COUNTER
iGET MORE

$CONVERT TO 32 B1T1 BINARY N(.
$}BRANCH IF NO ERRORS

$TRY AGAIN



CAalL
CALL
CaLL
CMFP
BNE
+PRINT
+PRINT
BR
MoV
MOV
MOV
MOV
CALL
CALL
CALL
CMP
BEQ.
+PRINT
BR
MOV
MOV
MOV

- MOV
MOV
RETURN

135¢:

140¢°¢

RWOUT:

- wr we wr W

206

" REGSAV

JMUL

REGRES

$-2sRO

135s

$M17

$M11

108

RESULT»ARG1
RESULT+2sARG1+2
$#0»ARG2

#1605 ARG242

REGSAV
JCHP
REGRES
$#-1+R0
140s
$M11

10s
RSREWsRS
R4REWIR4
R3IREWsR3
R2REWR2:
R1REW,R1

THIS SUBRROUTINE ALLOUWS ONE TO

*‘CALIEBRATE®

1SAVE REGISTERS R1-KS

$RESTORE REGISTERS R1-RS
iWAS THERE AN OVERFLOW?
# IF NUsBRANCH

F$FPRINY OVERFLOW MESSAGE
FSTART OVER

#1585 THE RESULT TOU LARGE?

$7300.000 MAX1MUM
iSAVE  R1-RS

iRESTURE R1-RS

#STARYT COVER. T0Q LARGE!

_?UNSAVE REGISTERS

$RETURN TO CALLER

THE DYE LASER

#BY SETTING THE GRATING TO A GIVEN POSITION AMD A&bULIAfING a
yuAUELENGTH WITH THE FPOSITION.

nvsan: MOV
+PRINT
CALL
CMPB -
"BEQ
CMFB
BEQ
JPRINT
BR
+PRINT
CALL
MoV
MOV
MOV
MOU
JPRINT
+PRINT
MoV
RETURN

208

308

BCouT:

- e e

R1yR1DC
$M13

READ

$’Y, 10BUF

308

$/N» 10BUF

pCcouT

413

208

tM14

REWAVE
RESULTSETWAY
RESULT/CALWAY
RESULT42,SETWAV42
RESULT+2/,CALWAV+2
#4118

$M19

R1DCsR1

$SAVE R1 _
INEW CAL WAVELENGTH??

$YES OR NO

$GET NEW WAVELENGTH -

$RETURN TO CALLER
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’
; MESSAGE SECTION
’
"1 +ASCII<15><12>/DESIRED WAVELENGYH = /
.BYTE 200
M2: +ASCII<155<12>/SHORT WAVELENGTH = /
.BYTE 200
H3: +ASCII<15><12>/LONG WAVELENGTH = /
.BYTE 200
Ma: \ASCII<15><12>/STEF S1ZE = /
LBYTE 200
S JASCIZ<155<12>/PLEASE! NU NEGAYIVES!/
M6 1 +ASCIZ<135<12>/1.0NG WAVELENGTH MUST BE GREATER THAN SHORT WAVELENGTH
’
M73 LASCIZ<15><12>/STEP S1ZE TOO LARGE!! ENTEK SMALLER VALUE/
ne: +ASCIZ<15><12>/VALUES ENTERED RESULT IN IMPROPER NO. OF DATA CHANNEL
5/ l
N9 ! .ASCII<15><12>/NUMBER OF MOTOR STEPS = /
.BYTE 200
M10¢ \ASCII<15><12>/T00 MANY CHARACTERS. TRY AGAIN: /
.BYTE 200 '
M11! \ASCII<15><12>/WAVELENGTH TUO LONG. TRY AGAIN: /
.BYTE 200
mi2: \ASCII<15><12>/PLEASE ENTER A NUMRER! TRY AGAIN: /
.BYTE 200
M13¢ LASCII<15><12>/D0 YOU W1SH TO CHANGE THE CALIBRATIOUN WAVELENGTH? /
.BYTE 200
M14¢ +ASCII<157<12>/ENTER CALIBRATION WAVELENGTH! /
_ JBYTE 200
M1S: .ASCII<15><12>/AUTO SET? /
.BYTE 200 -
M16: \ASCIZ<15><12>/PLEASE!! NG ZERGES!!/
H17: JASCIZ<1S><12>/MULTIPLICATION OVERFLOW !!!/
M18: \ASCIZ<15><12>/SET THE DYE LASER DLIAL TU READ/
M19: <ASCIZ<15><12>/FIVE TINES THE CALIBRATION WAVELENGTH./
.EVEN

LABEL DEFINITIONS

> we ws ws we

14

R1DC? +WORD
R1DL: +WORD
RSDL: +WORD
R1DS? +WORD
R2DS? +WORD
k3DS? +HWORD
R4DS? +WORD
RSDS? +WORD
R1REW: .WORD
R2REW! .WORD
R3IREW: .WORD
R4REW: .WORD
RSREW! .WORD
NEGFLG: .WORD
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MULFAC? JWORD 1000,2100.910.»1

-r wr ar

+END
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+TITLE MAGNET

.. e

FSURROUTINE TO CONTROL THE MAGNET1IC SECTUR MASS SPECTROMETER UNDNER SCAN MODE

SYSTEM MACROS

- e W s @

+MCALL PRINT».TTYOUT

GLOLIBR LIBRARY GLOBALS

- as wr

+GLOBL REALYASCHIN,DECOUT»BUFINIY»CLEAR

GLOBALS DEFINED IN CALLING PROGRAM

- e e ws

+GLOBL SCCODEsNSTEP»NCHANyMADAC»MALALT »MANACZ » MARES
+GLOBI. SCFUNC,IOBUF,UPDATE

- . -

THIS IS GLOEBAL ROUTINE °MAGNEY®
+GLOBL MAGNET

14
y
MAGNET: MOV R1»R1MAG $SAVE REGISTEKRS
MoV R2sR2MAG
MOV R3)R3INAG
MOV R4yR4MAG
MOV RS+ RSMAG
CMP $°MA»SCCODE $IS THE MAGNET BFING SCANNED?
REQ 43
+FRINT  $#M6 $DEVICE NQY ACTIVE
CLR UPDATE JLAUSE DISPLAY UPDATE
JMP MAGOUT
a8 JPRINT  #M1
MOV MADAC1+2,R1 3TYPE PRESENT VALUE
CALL - DECOUT _
MoV $’ *KO iTYPE A SPACE
L TTYOUT
CALL READ
CMPR  #15+I0BUF A CR?
BEQ 15s
CALL  ASCBIN SREPLY 1IN K1
BCC Ss
+PRINT $M4
BR as
Ss: TST R1
BMI 10
CMP $99.,R1
EPL 15
108 +PRINT $M4
BR 43 $TRY AGAIN
158 MOV R1yMADAC1+2 FSAVE LOW VALUE

18¢°¢ +PRINT #M2



60¢:
MAINIT?S

MAGOUT?

MOV
CALL
MOV

~.TTYOUT

CaLL
CMFER
BEQ
caLL
BCC
+PRINT
BR

CHF
BLE
CHMF
BFL
+PRINT
BR

MOV
MOV

. MuL

MOV
MOV

- MOV

SUB
JPRINT
MOV
CALL
MOV
+TTYOUT

.CALL

CMFE

" BEQG

CAaLL
BCC
oF‘RINT
BR

- TST

ELE
CHP
BFL
+PRINT
BR

MOV
MoV
MUL
CLR
DIV
CMP
BGE
+PRINT
BR .
MoV
CALL
CALL
M0V

210

MADAC2yR1
DECOUT
$’ »RO

READ

#1595 IOBUF
20%
ASCRIN
208

$M4

18¢
R1sMADACL+2
25s
$100.R1
308

M4

i8s

R1,MADAC2

MADAC1+2sR1 -
$34./R1

"R1sMADAC

R1sMADACI
MADAC2,R3
MADAC1+2sR3
M3
MARES+2sR1
DECOUT -

" #/ RO

READ

415, I0BUF
553 C
ASCBIN
408 -

$M4

35

R1

45¢
$35.sR1
S0s

M4

IS

R1 s MARES+2
R1,MARES
’34'IR3
R2

MARES sR2
#1000.,R2
608

$MS

3Ss

R2 s NCHAN
BUFINIT
CLEAK
RSHMAGRYD

F#SET A=2-D 10

$TYFE FRESENT VALUE

iTYPE A SPACE

iA CR

$HI1GH VALUE IN K1

$HIGH VALUE>LOW VALUE?

#HIGH VALUE<1007

$TRY AGAIN

$ SAVE HIGH VALUE

$MULY., RY 34.,%

$344. #’S PER UNIT

LUW CURRENT
$SAVE COPY
$H1GH CURRENT
$CURRENT SPAN

VALUE T0 R3 .

$TYPE PRESENT VALUE

iTYPE A SFACE

iA CR?

SREPLY IN K1(BTNARY)

$MUST KE GREAVER THAN ZERU
JAMD LESS THAN 35.

iTRY AGAIN

$SAVE ENTERED VALUE

s INCREMENY VALUE

#R3 CUNTAINS MASS SFAN

$IS IV LESS THAN 1000.7
I BRANCH IF YES

$GENERATE PROFER BUFFER FPOINTERS

fCLEAR )DATA BUFFERS
JRESTURE REGISTERS
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MoV RANMAG s R4
Mav R3IMAGIR3
MoV R2MAGIR2
MoV R1MAGsR1
RETURN

H

’

’ LABELS

RiMAG: JWORD
R2MAG: LWORD
R3IMAG: +WORD
RaMAG: WORD
RSMAG: +WORD
H

§

M13 +ASCIIZ15><12>/L0W VALUE(0-100) =/<200>

M2 +ASCIIC13><12>/HIGH VALUE =/<200>
M3 +ASCIIC19><12>/STEPS PER CHANNEL=/<200>
Ma: ¢ASCIZI15><125/INVALID REPLY!! TRY AGAIN./
MSS +ASCIZ<10><12>/RESULTS IN TOO MANY CHANNELSS ONLY 1000 ARE ALLOWEL./
M6 +ASCIZ<15><12>/DEVICE (S NOT ACTIVE/
: +EVEN

H
;

+END



" #MOYOR SUBROUTINE SENDS

+TL1TLE

MOTOR1

IRII

212

FULSES T0 STEFFING MOTOR.

FPOSITIVE NUMEBER FOR CLUCKWISE KOVATION AMO A NEGATIVE
INUMBER FOR COUNTERCLOCKWISE ROVYATION. USE WITH A
#*CALL MOTORL® :

+MCALL
+GLOBL

DATALO=164000

MOTOR1:

10

308

408
M1

STATEMENT.

+FPRINT
MO TOR1

$1,04166040

MOVE

RIT $1,0ATALD
REQ MOTOR1
BIT $2,DAYALD
KEQ 10

JPRINT #M1

BIT 4, DATALO
BEQ 20%

JFRINT  #M2

TST R1

EGE 30s

NEG R1

EIS $100000sR1
BEQ 404 ;
MOV R1,@#166040
RETURN :

+EVEN

¢ASCIZA15><12>/WARNING! !

JEVEN -
VEND

+ASCIZ< 15x<1’>/UhRN1NG"

$REAL MOTUOR STATUS WORL
yIS LAM SET?

FNUPWALT

#1858 CCWL SET?

iNO

FYES-PRINT WARNING

iIS Cut. SET?

# NO '

FYES-PRINY WARNING

IS R1 NEBATIUE?

iNO
" FYES~-MAKE PUSITIVE

SSIGN BIT = 1

iD0 NOT LOAD A ZERO
iLUAD COUNTER |
CCW LIMIT OF MOTOR 1 REACHED!/

CW LIMIT OF MOTOR 1 REACHEN!/



+TITLE MOTOR2
iMOTOR SUBROUTINE SENDS

213

*R1* PULSES TO STEFFING MOTOK.

§POSITIVE NUMBER FUOR CLOCKWISE ROUTATIUN AND A NEGATIVE
i NUMRER FOR COUNTERCLOCKWISE ROTATION. USE WITH A

i "CALL MOTOR2°STATEMENT.

+MCALL .PRINT
.GLOBL MOTOR2
DATALO=166000 -
MOTOR2! MOVE $1,04166040
BIT $20,DATALO
REQ MOTOR2
BIT $40,DATALD
BEQG . 10$
JPRINT #M1
108 RIT $100,DATALD
BEQ 208
JPRINT #M2
208 TST R1
BGE 308
NEG R1
BIS $100000sR1
308 BEG 40s
MOV R1,@4166042
40%: RETURN
M1t VASCIZ<15><12>/HARNING! ¢
+EVEN
M2t VASCIZ<15><12>/WARNING! !
+EVEN

e END

fREAL MOYOR STATUS WORD
FIS LAM SET?

INOsWALT

IS CCWL SET?

iNO

FYES-PRINT WARNING

$IS CWL SET?

iNO

I YES-PR1INT WARNING

i1S R1 NEGATIVE?

iNO
iYES-MAKE POSITIVE
$SIGN RIT = 1

#0200 NOT LOAD A ZERO
iLOAD COUNTER

CCW LIMIT OF MOQTOR 2 REACHED!/

CW LIMIT OF MOTOR 2 REACHED!/
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+TITLE QUAD

SUBROUTINE TOU CONTRUL THE QUAURUFOLE MASS SFECTROMETER UNNER SCAN MOUE,

SYSTEM MACROS
JMCALL  JPRINT».1TYOUT

GLOLIF LIBRARY GLUHA[S’

.GLOKL ~READsASCEIN» DECOUT» RUFINIT»CLEAR

GLOEALS DEFINED IN CALLING PROGRAM

.GLOBL SCCOUE,NSTEP»NGHAN» MDACs KDACT » MDAC2 s HKES

,GLOBL MASBUFsSCFUNCsUP,»IUBUFsUFDATE

THIS GLOBAL ROUTINE °*QUAL®

+GLOBL  QUAD

MOV - R1sR1QUA _ $SAVE REGISTERS

MOV R2sR20UA :

MOV R3sR3UUA ‘
- MQV K4sRAQUA

MoV RS»RSUUA : - o
.CHP $°QUsSCCODE - $15 THE QUAD. BEING SCANNED?
REQ 4s o : _ . I .
CMF - $°QF»SCCOBE $SCAN PEAK 10 FEAK?

BNE 1

MOV - $GP»SCFUNC

JnpP QuUFKS _ _

LPRINT  #M9 JBEVICE NOT ACTIVE

CLR UPDATE © JCAUSE A DISPLAY UPNATE
JMHP - . QUAOUT '

JPRINT  #M1

MoV MUACL1+29R1 FPRINT EXXSTYNG VALUE
CALL DECOUT .

Y $#’ RO $TYPE A SPALE

LTIYOUT

caLlL READ

CMPE #15y IORUF $IS 1T A CR?

BEQ 18 $IF YES GO TO NEXT QUESTION
CALL .. ASCBIN FREPLY IN K1

BCC L1 ] :

+FRINT #M4

BR qs

TST R1

BM1 10

CHF #200.sR1

BFL 15$

+PRINT $M4



15¢:2
18¢:

3588

408

S0s:
55¢%

608

BR

MOV
+FRINT
MOV
CALL
MOV
+TTYOUT
CaLl
CHFE
BEQ
CALL
BCC
+PRINT
RR

CHF
BLE
CMF
BPL
+PRINT
BR

MOV
MOV
MUL
MOV
MoV
MoV
SUR
+FPRINT
MOV
CALL
MQV
+TTYOUT
CaLL
CMPER
REQ
CALL
BCC
+PRINT
BR

TST
BLE
cMP
BPL
+PRINT
BR

MOV
MOV
MUL
CLR
DIV
CMP
BGE
+FRINT
RR

Hav

43
K1s,MDACL+2
#$M2
MOAC2sR1
DECOUT

¥’ »RO

READ

#15, I0BUF
20¢

ASCRIN

20%

+M4

18%
R1yMDACL+2
25%
$200.R1
309

M4

18%
R1sMDAC?2
MDAC1+24R1
$20.9R1
R1syMDAC
R1sMDAC1
MDACZsR3
MDAC1+2,R3
+M3
MRES+2sR1
DECOUT

$’ »RO

READ

$15, IGBUF
SSs
ASCBRIN
408

#M4

359

R1

45
$21.sR1
S0s

M4

35s
R1,MRES+2
R1sMRES
$20.sR3
R2
MRESsR2
$1000.sR2
60s

#M5

358
R2sNCHAN

215

iTRY AGAILIN
FSAVE LOW MASS VALUE

FPRINT EXISTING vaLUE

sTYFE A SFALE

iA CR?

FHIGH MASS IN K1

IHIGH MASS>LOW MnSS?

FHIGH MASS<2007

iTRY AGAIN

FSAVE HIGH MASS ValLUE
iMUL BY 20.

520, #’'S PER UNIT MASS
iSET A-2-D Y0 LOW MaSS
*SAVE COPY

FHIGH VALUE T0 R3
iMASS SPAN

FEXISTING VALUE

STYPE A SFACE

1A CR?

$REPLY IN R1(RINARY)

iMUSY BE GREATER THAN ZERO
FAND LESS THAN 21,

$TRY AGAIN

$SAVE ENTERED MRES VALUE
F INCREMENT VALUE
FR3=MASS SFANX20,

318 1T LESS THAN 1000.7
$HRANCH IF YES



QUINIT?

QuUAdUT?

- .

QUFKS?:

18

10¢2

CALL
CALL
MOV
MOV
MOV
MOV
MOV
RETURN

VPRINT
caLL O
CALL
BCC
JPRINT
BR

TST

BEQ

MOV

CLK

MOV

MOV
JPRINT
MOV
CALL
MOV
LTTYOUT
MOV
LTTYOUT
MOV
JTTYOUT
CALL
CALL
BCC
JPRINT
BR

TST
BEQ
SUR
MUL
ADD
MOV
JFRINT
caLL
CALL
BCC
JPRINT
BR

TST
BEQ
MOV
ADD
INC
CMP
BPL

BUFINIT

-CLEAR

RSQUAYRS
R4QUAsR4
R3QUAPRI
R2QUAsR2
R1QUA»R1L

M6

READ
ASCRIN

S

$M4

QUPKS

R1

i

R1+RS
NCHAN
$1>R4
EMASBUF »R3
M7 '
R4sR1
RECOUT

%/ IR0

‘=yRO
$’ »KO

READ

. ASCRIN

15s.
M4

108

R1

128
$1)R1
MRESsR1
MDAC1,sR1
R1s (R3)+
M8
READ'
ASCRIN
23s

44

20

R1

22

-2(R3)s(R3)

-MRES»(R3) ¢

NCHAN
#100. 9 NCHAN
J0s

216

# GENERATE FROUFEKR BUFFER PUOINTERS
FCLEAR LAYA RUFFEKS :
$RESTORE REG1STEKRS

#ASK FOR NUMBER OF SEGMENTS
FGET RESPONSE -
i CONVERT T0 BINARY

FRRANCH [F NO ERROR

$ ZERO?

$LOUOFP CUUNTER

FCLEAR CHANNEL COUNTER

ISEGMENT COUNYER .
iMASS BUFFER STARTIMNG LOCATION
1ASK FUR STARTING CHANNEL NUMBRERS

iTYPE A SFACE
$TYPE =
sTYPE ANOTHER SKFALE

$GET REPLY
FCONVERT TQ BINARY
s BRANCH IF NO ERROR

$TRY AGAIN
}ZERO? :

sCHANNEL 1 = ZERO OFFSET
F°MRES® UNIYS PER UHANNEL
$STARTING A-2-1 VALUE

iPLACE IN MASS BUFFER

iNUMBER OF CHANNELS IN SEGMENT?
iGET KREPLY

§CONVERY T0O BINARY(REFLY IN R1)
iBRANCH ' IF NO ERRUOR

i TRY AGAIN ' -
# ZERQ?

iCREATE SCAN ARRAY
sCOUNT NUMBER (F CHANNELS
FALLOW ONLY 100 CHANNELS
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ER 308

308 SOF R1,25¢ i00 ALL CHANNELS
INC R4 § SEGMENT COUNYER
DEC RS iDU ALL SEGMENYS
BEQ 3Ss

) JMP 10¢ $G0 DO 'EM

3082 MOV MASBUF s HDIAC $SET QUADRUPOLE YO FIRST MASS
JNP QUINIT iLEAVE

y

H

’

i LARELS

R1QUA! .WORD
R2QUA: LWORD
RIGUA: .WORD
R4AQUA: .WORL
RSGUA: JWORD

?
M1t +ASCII<15><12>/L0W MASS =/<200> -
M2 +ASCIIC1S><12>/HIGH MASS =/<200>
M3 +ASCII<155412%/STEPS PER CHANNEL=/<200>
LEM +ASCIZ<15><12>/INVALID REPLY!! TRY AGAIN./ .
MS¢ ¢+ASCIZC15><12>/RESULTS 1IN TOO MANY CHANNELS! ONLY 1000 ARE ALLUMWED./
Mé: +ASCIIC<1IS><12/NUMBER NF MASS SEGMENTS = /<200
M7 +ASCII<15212>/STARTING CHANNEL NUMBER UF SEGMENT/<200>
M8: +ASCIIK15:<12>/NUMBER OF CHANNELS IN THE SEGMENT = /<200>
M9 +ASCIZ<15>{12>/DEVICE IS NOY ACTIVE/
+EVEN

+END



+TITLE

READ

$READ SUBROUTINE REAI'S
+LOADS BUFFER STARTING AT LOCATION *IOBUF®

READ?

10s¢:

208

RE2?

R1REA:
R2REAS

+END

+MCALL. LTVYIN
+GLOBL READ,IORUF
MOV R2s»R2REA
MOV R1sR1REA
MoV $I0BUF yR2
CLR R1

JTTYIN

CHP - $100.9R1
BEQ 204

CMPR $12,R0
BEG RE2
MOUVB ROs (R2)+
‘BR 10
JTTYIN .
CNPB $12,RO
REQ RE2

ER. 20

MOV R2REAsRZ
MOV RIREAsR1
RTS PC

+WORD

+HORD

218

CHARACTERS ON CONSOLE DEVICE

$LOOP COUNTER

SONLY 100, CHARACTERS ARE ALLOWED
5YF YES,EXIT :

FEAT THE RESTY

SUNSAVE REGISTERS
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SUBROUTINE PLOTTR(PLCTRLsFLCHARSPLLINES>DISIRTsNICHNSySTCHANPL MOV,
1YNAX)

INTEGER PLCTRLIDISTRT»DICHNS»STCHAN

INTEGER PLLINESPLCHAR,PLMOV/,CTRLC,PILMOVE

EXTERNAL RUN

INTEGERX4 YMAX

REALX8 DJFLT

DIMENSION ITOCK(9)

C
c
c DEFINE SFPECIAL CHARACTERS
CTRLC=3
c
c
G
¢ TURN PLOTTER ON.
CaLL oN
CALL ONMODE
caLL XONOFF
c
C
c
c INITIALIZE,
TYFPE 100
100 FORMAT (7 IN#PU3IP704+1B50+10306581085")
IF(PLCTRL .EQ. ‘PP’ .OR. PLCTKL .EU. ‘PM’) GO TO 850
IF(PLCTRL .EQ., ‘PC‘) GO TO 1510
IF(PLCTRL .EQ. ‘PH’) GO 70 2110
IF(PLCTRL .EQ. “PV‘) GO TO 2200
IF(FLCTRL .EQ. "PB‘) GO YO 2300
c
c
c
c DRAW THE BROX.
TYPE 200
200 FORMAT (’ VS10+PA10306+81033PDs )
TYFE 250 .
250 FORMAT (' PA10306911359704,1135,704581035,10306:81033FUFVSH ")
c
c
c
c CHANGE SCALE--ULRAW THE Y-AXIS T1CKS.
TYPE 300
300 FORMAT (’ SC0»101,09105iPA0s=-103TL1»03 ")
TYPE 3509CTRLC
350 FORMAT (’ YTIiCP-3.S59-,25iLE-10"1A1)
360 Do 50051=0,100510
TYPE 450, 1,I»CTRLC
450 FORMAT (' PAOs ' » I3y ' 5YTHICP-3.59~,2453LB ' s13,5A1)
500 CONTINUE
TYPE 550
550 FORMAT (7 TLOs13 %)
- DO 600I=-105100+10
TYFE 5751

w
~
(4]

FORMAT (' PA101,'»I35’3YTi")



OO0 o

700

DO oOOoOO®
o
(=]

a
o .

" 1000

1100

1400
14350
1500

~OO0OO

S10

220

CONTINUE

LAREL THE AXES.

TYPE 7005CTRLC

FORMAT (“ SCiSI.25,.5iPA4275,5835 LBCHANNEL NUMBEK‘sAl)
TYPE 800sCTKRLC
FORMAT (7 DI0»103PA232,»37335LBCOUNTS/CHANNEL “»ALy "LI13 )

FLOT THE DATA

PLMOVE=FLMOVX20+PLMOV/2

TYPE 900,FLLINEsPLCHAR
FORMAT - (7 LT/ sAls 3SM"»A1'3 ")
TYPE 1000 DICHNS +1

FORMAT (/ SCOs’»I3y s0»215038135°)
JADDR=DISTRT+2

Do 1500 I=1,DICHNS

TYPE 1100+ £» CIPEEK(JANDR) ~2047)+PLMOVE
FORMAT  (’ PA“ 913079 9149737 )
JADDR=JADDR+4

IF(1 .NE. 1) GO TO 1500

IF(FLLINE .EQ. 32) GO 10 1400

TYFE 1200
FORMAT (‘ PO} )
GO 10 1500

TYPE 1450
FORMAT (‘ PU3 ‘)
CONTINUE

IF(FLCTRL .EQ. ‘PP’ JUR. PLCTRL .EG. ‘PM’) GO TQ 9999

MAKE THE X-TICKS

ITICK=DICHNS
ITICK=ITICK/10

1o 1520 I=1,5
ITOCK(I$+2)=I%5
CONTINUE
ITOCK(1)=1
ITOCK(2)=
ITOCK(8)=50
ITOCK(9)=100

Lo 1590 I=0,50

Do 1350 J=1,9

IF(ITICK .EQ. ITOCK(J)) GO TO 1600
CONTINUE

ITICK=ITICK+1

CONTINUE
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FLOT THE X-AXIS TICKS ANDN CHANNEL NUMEKERS

TYPE 1700

FORMAT (7 PUSHILTHITLL1.6505 )
TYPE 1750, DICHNS+1

FORMAT (’ SCOr’»I3s’»0,105#515")
IR=0

Is=0

ID=5

IL=LICHNS-1

IF(ITICK.LT.S)YID=ITICK

ISAVU=MOD(STCHAN,ID)

IF(ITICK-ISAV.GE.ITICK/2)G0 O 1760

IS=ITICK

IR=ISAV

IL=1IL+4ITICK

no 1900 IX=XSsIL,»ITICK

TYPE 1800y IX-IR+1»PLMOV-12,STCHAN+1X-1RsCTRLC
FORMAT (/ PA'+I3¢/' 9’913 3XTiCP-29s-13LB’'s13%5A1)
IR=[(SAV

CONTINUE

IX=IX-ITICK

IF(BICHNS-IX+IR-1.LT, ITICK/")GU TO 1950
IX=DICHNS+IR-1

TYPE 1800sIX-IR+1,PLMOV- 12;S1CHAN+IX IR!L\RLC
IF(PLCTRL .EQ. ‘PC’) 60 TO 9999

TYPE 2000

FORMAT (' TLOrs1.657)

no 2100, IX=0yDICHNS-1+ITICK

TYFE 20509 IX+1

FORMAT (“ PA“»I39’»105iXT3’)

CONTINUE

TYFE 3000, DJFLT(YMAX) » CTRL.C )
FORMAT (‘' PA1s-17iCPOs-2.0iLB"sF11.,0,° FULL SCALE’sAl)
TYPE J0S0» IPEERK(IADDR(RUNY) »CTRLC

FORMAT (’ CP#CPSs0iLB’»I5,’., RUN NUMBER’sAl)
GO TO 9999

MAKE HORIZONTAL LINES

TYFPE 2150,PLMOVYFPLLINE

FORMAT (’ SCO0s10190+1053PA0y ' I3s LT sAly iPU")
TYFE 217S,PLMOV

FORMAT - (’ PAR101s's13s'5’)

GO T0 9999

MAKE VERTICAL LINES.

TYPE 2250 sDICHNS+1,PLLINEsFPLMOV

FORMAT (’ SCOy»’+I3+’90+105iLT sALy ' iPA’'sI3s y0iPts’)
TYFE 2240,PLHOV

FORMAT (’ PA’sI3¢s 91013 )

GO TO 9999
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SUBROUTINE OM
INTEGER ESCAFE

ESCAFE=27

EMPTY KING
ICHAR=ITTINR(1)

IF(ICHAR .GT. 0) GO YO 10
TYPE 20+ESCAFE

FORMAT  (1H sAls’.Y")
RETURN

END

SURROUTINE OFF

INTEGER ESCAFE

EECAFE=27

SEND *ESC.L' BUFFER SIZE?

FLOTTER RESFONDS WHEN ITS BUFFER IS EMFTY,

TYFE - 10,ESCAPE

FORMAT (1H sAls’.L*)
ICHAR=ITTINR(1) ,
IF(ICHAR .LT. 0) GO TO 20
ICHAR=ITTINR(1) -
IF(ICHAR .GT. 0) GO TO 25

. SEND' -*ESC.Z" PLOTTER OFF COMMAND

TYPE 30+ESCAFE

FORMAT (1H 9’3’ 9A19'.2")
RETURN

END

SUBROUTINE XONOFF
INTEGER ESCAPE
ESCAPE=27
TYPE 20,ESCAPE

FORMAT (1H »A1,’,120033173°)

TYPE 40y ESCAPE :
FORMAT (1H A1y’ .NO319:°)
RETURN :
END

SUBROUTINE OHMOLE
INTEGER ESCAPE
ESCAFPE=27

"TYPE-  20,ESCAPE

FORMAT (1H »Al1,’.@32%7)
RETURN

END



223

C DRAW ROX ONLY

c

2300 TYFE 2310

2310 FORMAT (’ VS103FA10306,81035FDs ")
TYPE 2315

2315 FORMAT (‘' PA10306»1850,70451850+704,8103510306,81035FU3 ")
GO TO 9999

c

C

c EXIT THE PROGRAM

c

9999 TYFE 10010 .

10010 FORMAT (7 FU3SM3SC0»,101+50,1013S13FA101,1013 ")
CALL OFF
RETURN

END
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