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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 spectrometer is 

demonstrated by measuring the lifetime of the o;( 4~u) metastable 

state which is found to consist of two main components: the 4~512 and 
4 ~_112 spin components having a long lifetime (-129 msec.) and the 
4 4 
~312 and ~112 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 picture 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 light 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 application of 

lasers, with their well known properties, one may produce extremely 

high resolution spectra (the discussion here being limited 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. 
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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 (like 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(!) and for years stood as the only 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( 2) along with laser light 

sources have been applied with gratifying success. About sixty ions 

have been studied with techniques which yield~d at least rotational 

resolution.( 2f} But this fact can be placed somewhat in perspective 

when one learns that to this date the structure of the common ion 
+ CH5 has not been spectroscopically determined and that the high 

+ resolution spectra of H3o was reported only very recently by 

Saykally et al.(J) 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. 
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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 ~Cl gas at room temperature. 

Suppose one fills some sample cell with 1 torr of HCl gas. With very 

little trouble, then, one has a sample density of -3 x 1o-16 

particles/cm3 of essentially one species, with a well defined thermal 

population distribution to accomplish one's measurements with. One may 

generate an absorption spectrum with ease. 

Now that one has the infrared spectrum of HCl neutral, it would be 

nice to have the spectrum of HCl+ say, to be able to make all the 

compar~sons 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 HCl+ from the neutral HCl 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 HCl 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 108 

from our 1 torr sample of HCl neutral. Of the HCl+ 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 HCl+ 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 proble~s? 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 
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sort of mass filter which allows only the ion 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 they 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" is written in large 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 suited as a detection technique under 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 
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containing 1016 photons (-1 mj/pulse at 3.5~). 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 originally. 

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 Woods( 4) yielding very high 

resolution spectra. While the source provided a greater-than-average 

ion density (-1o10 ion/cm3), the spectra of the ions were quite 

weak. Therefore use of sensitive modulation methods and computer 

signal averaging are required to make the measurements possible. More 

recently the technique of velocity-modulation absorption spectroscopy 

developed by Saykally et al. (5) 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( 2f) 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. 
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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 A+ 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 0, 

according to the following reaction: 
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+ A + B -/-/-+ ground state does not react 

+ +* A + hv -~ A absorption 
+* + A + B --~ C + 0 exited state reacts. 

Furthermore, suppose that in some way all the ions can be guided to a 

mass filter which transmits only species C+ to an ion detector having 

near unit counting efficiency. Now before the light pulse passes 

through the interaction region, all the A+ 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 passes through, 100 A ions are no 

longer in their ground state (using the same figures as before) and may 
+ now react with species B to form C and D. Now sending the ions 

forward through the mass filter would result in approximately 100 

counts being registered (100 C+ 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+ + B ---+ A + B+ 

(2) collision induced dissociation 

A+ + B ---~ C+ + D + B 

(3) proton transfer 

A + BH+ H + B --~ A + 
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and (4) other reactions where mass A ~ mass C 
+ + A +B-~C +D. 

The situation described above is of course the ideal case with no 

c+ being produced when the light is off and all c+ 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. 

Charge exchange was the detection scheme used by Wing et al. (6) 

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, N2, or H2) and the 

surviving HD+ exiting the target region was measured by a Faraday 

cup. Since 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 al.(?) 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 

H 0+ (2f) 
2 • 
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Photodetachment. 

Photodetachment is a technique applicable to negative ions.( 2e) 

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 

ion, thus creating a neutral species: 

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 th~ photodetachment process. This 

would be like detecting the decrease in the parent ion A+ rather 
+ than detecting the appearance of C product in the ideal chemical 

reaction technique considered earlier. 

Photofragmentation. 

Dunbar says in his review( 2b) "photodissociation spectroscopy 

relies on the truism that before an ion 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 

just 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 

ion-molecule reactions, now unwanted, from occurring. The success or 

failure of the photofragmentation detection method rest mainly in the 

properties of the ion 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 gas 

conditions are 

phase molecular ions both large and 

right, as for the 0+2 (4E- ~-- 4~ ) g u 

sma 11. When 

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, (B) and it can be operated 

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

performed on o;)( 9) yielding a remarkable quantity of detailed 

information on the a; quartet potentials. 
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Vibrational Predissociation. 

Vibrational predissociation has not been used as a detection scheme 

in molecular ion studies. This is simply because, unlike optical 

transitions which pump a considerable amount of energy into a molecule, 

vibrational transitions in infrared {400-4000 cm-1) typically do not 

have enough energy to initiate fragmentation. But there are 

exceptions. Some ions produced by electron impact ionization are 

highly vibrationally excited. To the extent that some levels populated 

are near a dissociative channel of the ion, absorption of an IR photon 

can induce fragmentation of the inn. 

Clusters, or van der Waals molecules, are chemical species which 

are held together by weak bonds; usually about one tenth the energy of 

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

vibrational predissociation has been observed and has been used a~ a 

spectroscopic tool to generate the spectra of molecular clusters:(lO) 

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, makes it possible to achieve high photon fluxes through the 

ion interaction region, thus helping to compensate for the low ion 

number densities one has 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 nvmerous 

factors which must be kept in mind in this regard. One simple feature 

which should not be overlooked in evaluating the effectiveness of the 

1 ight source is 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. For 

example, say the laser produces lots of IR photons (-1o16 per 

pulse), but that the spectral width of the pulse is -1 cm-1 while 

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

cm-1• 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 limits 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 techniqu~ 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 impractical 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 gi.ve 

the ability to observe the infrared absorption process directly with 

the required high sensitivity so necessary for success Well, 

vibrational predissociation is a likely candid~te, 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 

energy of an infrared photon {400-4,000 cm-1).( 12 ) Once we have 

formed this species, things are a snap. The selected complex 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 interaction region, the ions are 

bathed with a healthy pulse of IR photons. 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) + 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 would 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 theM ···x 
complex itself and about the M+ ion, if all worked out well. But, 

as hinted at above, barriers exist which might prevent our goal from 

being achieved. For one thing no proven source for generating lots of 
+ theM ···x complex exist. The end result may be that we will have 

very few complexes to work with-much less than typically found in ion 

spectroscopy. But it should be easier to generate ion clusters of the 

type {M)+ or the protonated (M) H+ species with ~hich ohe 
n n 

could perform vibrational predissociation' experiments H the cluster 

size is large enough: 

(10) + + 
(M)n + hv --+ (M)n_1• 

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

illuminated by a light beam with 1 cm2 cross section, crossing at 

ri~ht angles to the ion beam, would be quite a bit less than one. To 

help mitigate the problem of having extremely few ions, a coaxial 

light source, slow-ion-beam arrangement was decid_ed upon. Thus, in an 

ultra high vacuum environment, slowly moving ions travel through a 

long interaction region through which a light pulse propagates. 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 trap one need not worry about the time it 

takes for the vibrational predissociation event to take place. One 

just keeps the excited complex trapped until the bond rupture takes 

place, then feeds the products to the detector. Experience gained 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 possibly 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 11 chemical reaction 11 category 

discussed earlier. A machine in our group uses this 11 guided ion 
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technique .. to measure total cross sections in ion-molecule 
'c 

reactions.( 11 ) Having an RF ion t~~P for the interaction reginn is 

very convenient. 

Let us get back to the draw backs of using M+. • ·x complexes in 

our spectroscopy scheme. The spectrum we are after is that of the 

M+ ion, 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 scale for the 

predissociation. + However, the intent is to study the of M ion~ 

The situation here i~ not too bad. Although the rotatinnal structure 

of the transitions would be expected to be characteristic of the 

complex as a whole, the vibrational structure should be essentially 

that Of M+ alone. F th t t d b f h f d ur ermore, as s a e e ore, once one as oun 
. + 

the wavelength regions whpre the M ion absorbs by using the survey 

method, perhaps one can return to the problem with a high resolution 

technique, and acquire the rotational structure of the uncomplexed ion. 

Roundup. 

Here the essential. qualities of a spectrometer capable of 

acquiring the low resolution infrared spectrum of a molecular ion M+ 

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 ···x type 

van der Waals molecular ions. 

2) A mass filter 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 light source and should support slowly moving 

ions over a long straight path so that good spatial overlap between 

the ion beam and light beam can be achieved. The ion 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 ion 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 adequate ion-laser spatial overlap 

and to guide all ions to the detection stage. 

3) the infrared laser light source. 

If any of the three fails, then the spectrometer becomes just a 

run-of-the-mill tandem mass spectrometer capable of low resolution 

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 configuration 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 11 Why in the 

heck is the darn thing so big? 11 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 only con­

ventional ion sources, such as electron impact ionizers, 

duoplasmatrons, etc., but also the high pressure expansion beam source. 

The molecular beam source operates at about one atmosphere through a 

100 ~m diameter orifice creating a large demand on the system's pumping 

speed and throughput capabilities. The spectrometer must have 

sufficient differential pumping to maintain the interaction region at 

about 1o-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 oil, 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 back­

streaming of oil into the ion source region. Metal surfaces must be 

kept free of oil, so that surface charge build up will not be a 

problem. If t~e 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 which are necessary 

when the supersonic beam source is employed. 

Region II of the source (see Fig. 1) contains the lens system 

(Fig. 2) used to accelerate and focus the ions issuing from the ion 

source. Deflection plates steer the ion beam either to a quadrupole 

mass spectrometer for source optimization or to the sector magnet which 

selects the ion mass sent on ihto the interaction region. Region II 

is pumped by a liquid nitrogen trapped, si~ inch diffusion pump 

(Varian M-6). This region should have pressures below lo-5 torr 

when the supersonic source is being used. 

The supersonic ion beam source to be described is basically an 

atmospheric pressure ionizer(!) used in mass spectrometry, except 

that here the intent is to form clusters, or van der Waals complexes 

of some particular species M+. The working idea is to form a weak 

plasma at pressures of about one atmosphere by using the a-rays of 

some radioactive element, usually 63Ni or 3H. Because high 

temperature bakeouts are often needed to clean out 'the nozzle system, 
63Ni is perhaps the better choice, but we bought 3H 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 inlet 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 active 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 light plasma, formed within the nozzle by the a-particles 

acting on the gaseous species, gives rise to a complicated array of ion 

chemistry. One wants the a-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 a-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) 

( 2) 

+ a + Ar ---~ Ar + 2e 

* a + Ar ---~ Ar + e 
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(4) 

28 

+ + Ar + M ---~ M + Ar 

* + Ar + M -~ M + Ar + e 

Process (3) is simply a charge exchange reaction and process (4) is 

termed Penning ionization. Ideally these would be the only processes 

occurring within the plasma. The light plasma consisting of c~arged 

species M+, e, and Ar+ wou~d 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 

optmize the formation of the desired van der Waals ion, which might be 

M+ ••• Ar in this case. If enough of the complex is made, then the 

fun part begins •. What color light makes it fall apart again 

But things are so.mewhat more compicated than outlined above. The 

compli~atiort arises because ion-molecule reactions, as stated earlier, 

are very fast, and so the charge can be passed from one species to 

another. The positively charged speci~s found in the plasma, referred 

. to as the terminal ions, 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 H3o·(H 20)~. 
ions, where n range from zero to surprisingly large numbers. This 

distribution of water cluster i6ns depends nn the temperature, the 

water concentration, other species present, and the time given 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) 

( 6) 

(7) 

( 8) 

A*+ B ---+ (AB)+ + e 

* + A + B ---+ B + A + e 

A: + B ---~ A + B: 

A + B + e ---~ A- + B 

( 8a) AB + e ---+ A- + B 

( 9) 

(10) 

( 11) 

(12) 

(13) 

+ + 
A + BC ---~ A + B + C 

% % A + B + C ---~ AB + C 

MCl + 02 ---~ MO- + OCl 

associative ionization 

Penning ionization 

charge transfer 

electron attachment 

proton transfer 

deprotonation 

dissociative charge transfer 

clustering 

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 o2 (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) 

(15) 

(16) 

+ a + Ar ---~ Ar + 2e 

* a + Ar ---~ Ar + e 
+ + Ar + 2Ar ---~ Ar2 + Ar 
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(17) 
+ Ar + + 

02 --~ 02 + Ar 

(18) 
+ Ar + + 

H20 ---~ H20 + Ar 

(19) 
+ + + OH Ar + H2 --~ ArH 

(20) * + 
Ar + H20 --~ H20 + Ar + e 

(21) 
+ + 

H20 + 02 -~ 02 + H20 

(22) 
+ . + 

H20- +H2o---~ H30 + OH 

(23) H30 
+ 

+ H20 + Ar --~ H30 H20 
+ + Ar 

Reactions similar to (23) would lead to clusters of the type 
+ . H30·(H20)n w1t~ the distribution of n being highly dependent-

as noted before-on the temperature, the water concentration, other 

impurity species present, and the time given to react. Of course 

clustering of the ~arious species with each other will be taking place 

also~ not to menti~n the added complication of other impurity species 

found in the nozzle. 

The prototype nozzle shown in Fig. 3 was designed to discover the 

influence of gas flow, 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 carried 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 here, 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 flow 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 to 

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 residence time in the 

foil region would seem to be a definite disadvantage. Figure 6 shows 
+ that extra flow results in the disappearance of the Ar·H30(H20)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 II 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 accelerating electric field. This shift in cluster s.ize may 

be understood by recognizing that the acceleration takes place in a 

region of high pressure. ·Thus, the clusters may be fragmented by 

colliding with neutrals which are present in the beam. Another 

possibility is that ions are pulled away from the expansion zone where, 

via ·three b6dy collisions, the clusters are becoming larger. But one 

inust 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 field gradient is changed. 

Although the ion mass spectra seen so far were taken as a mixture 

of Ar/02 was fed into the source, one does not see any o; in 

Figs. 4, 5, 6 or 7. Figure 8 is included to show that with the 

addition of heat (nozzle tip 100°C) and extra flow one can produce the 
+ 02 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 
+ Ar·H3o . Figure 9 shows the ion spectrum generated from the 

Ar/02 gas mixture discussed before, but with various parameters 
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adjusted to optimize the generation of the Ar·H3o+ ion. If the 

spectrum shows all the masses being produced under the conditions, 

then the Ar·H3o+ 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 8 ~ + wou d have -1.2 x 10 ion sec of Ar·H3o . Assuming an 

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·H3o+ to work with. This is 

less than originally 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 a-particles 

that could be delivered per second into the ionization volume by the 

tritiated foil. Tritiated foils were chosen because they are 

available with higher activities than are the 63Ni foils. The error 

made was that the quoted activities of the various foils were 

converted directly to a-particles sec-1 without considering the 

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 

realized by using 63Ni foils which are bakeable and yield s 

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 schematically in 

Fig. 10, is maintained at 2xlo-8 torr by a liquid nitrogen baffled, 

4 inch diffusion pump (Varian VHS 4). Ions of differing masses travel 

together until encountering the magnetic field of the sector magnet. 

The magnetic field is arranged to be perpendicular tG the ion 

trajectories. Each ion type~ all having the same average kinetic 

energy, is forced t9 travel in a circular path by th~ influence of the 

magnetic field. The radius of the circular path followed by a 

particular ion is propbrtional to the momentum of the ion and thus to 

the square root of the ion's mass. Therefore, if only a limited range 

of curvatures are allowed to be transmitted (by using physical beam 

stops), one has a mass separator. In this case, since the energy and 

transmitted radius is fixed, one selects which ion mass gets passage 

by setting the value of the magnetic field. 

The magnet used is a 60• sector. It is situated so that the ions 

enter the sector region with trajectories perpendicular to 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 separator 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 would only add to the losses mentioned above unless the 

lens corrects for the lack 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 beam entering 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.( 2) It is enough to say here that the characteristics of the 
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lens are ideally suited 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 used at the entrance to 

transfonn the beam into a wedge and another used at the exit is to 

transform it back to a co 11 imated beam. One added feature of the QLP 

is that it can be operated with pole voltages offset symmetrically to 

act as beam deflectors without loss of focusing. This is quite 

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/6M = 150 with 

them on. The 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 leaving Region III the ions pass through a small tube which 

serves to limit conductance between Region III, which is held at 

-2x1o-8 torr, and Region IV, which is usually -2x1o-9 torr or less 

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

220 lsec-1 ion pump. It contains the ion-laser interaction region 

... 



37 

and the ion photofragment 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 to 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 the ion beam to be merged with a 

light beam without having holes in one or more of the electrodes. 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 hyperbolic 

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. The trajectories are those for an ideal quadrupole 

field with a sharp cut off fringe field. Figure 16 shows the lowest 

energy solution for which ions execute a gqo deflection. This 

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 the QFD on a narrow beam of ions which is not 

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 1.858, respectively), which 

have aberrations making them unsuitable for this application; besides, 

the ions would strike the pole piece unless it were modified to 

provide the necessary clearance. 

Slow them down. 

Following the QFD the ions enter a constant gradient 

decelerator( 5) which has an einzel lens as 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.( 6) In our spectrometer 

an RF ion guide developed by Teloy and Gerlich( 10) is used because 

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 octapole 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 11 capacitor 11 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 frequency 

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.(?) This is a must in applica-

tions using low energy charged particles. But if one must have an 

extensive lens system, the cost of using molybdenum can be sobering. 

Pollard(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 rods are shown for clarity. The ends of the rods are 

rounded to minimize the tendency for arcing under the influence of the 

RF field. The machinable cerami.c annulus, used for ~lectrical 

isolation, is kept well away from the ion beam by use of stainless 

ste~l spacers. The entrance (exit) lens element controls the flow of 

ions into (out of) the octapole ion guide. 

I . 

Trapped trajectories. 

Based on .Kapftza•s analysis bf classical mechanics in a fast 

oscillating field, {9) the average moti~n of a slow moving charged 

particle in an RF n-pole field is described by: 

{24} 

where 

{25} 
2 2 

v (r) - 9 E (r) + q~s(r) 
eff - 4mci 

and .q is the charge of the particle, 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 

• 

e 
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(26) 
vo 4 4 2 2 

~(t) =- (x + y - 6x y ) cos(wt + e) 
r 4 

0 

where any static component is neglected. This potential yields 

amplitudes for the E field components and E2(r) as follows: 

( 27) 
a~ 4v o 3 2 

E = --- = - ~ (x - 3xy ) x ax '+ 
ro 

(28) 
a~ 4Vo 3 2 

E = - -- = - 4 (y - 3yx ) 
Y ay r 

0 

(29) 
16v 2 16V 2 

2 2 2 o 2 23 o r 6 E = Ex + Ey = -...;;;8,.... (x + y ) = --,.;2:- (r ) 
r 

0 
r 

0 
o 

Thus, for an octapole field one has 

' 

where 

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

given by 

(31) 

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 11 trapping 11 ions. Figure 25 shows the 

trajectory (x-y coordinates) for a singly charged ion in an octapole 

ion guide with r
0 

= 0.64 em, w/2n = 7.5 MHz, and m = 32 amu. The 

trajectory is generat~d 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 ~sec. period given an 

initial radial energy (£
0

) of -1 eV. If this ion had a z-axis (the 

axis of the trap) energy of 0.65 eV, then it would take -250 ~sec. to 

traverse the length of the octapole (m/e = 32), and would 11 bounce 11 off 

the effective potential wall about 40 times during this time. 

Figure 26 shows the trajectories for singly charged ions with ~asses 

of 32 amu and 16 amu traveling with initial radial energies of 0.6 eV 

and 0.3 eV, respectively. The octapole field parameters are V
0 

= 

200V, w/2n = 15 MHz, and r
0 

= 0.48 em. The trajectory is carried 

out for 20 ~sec. for both ions. Figure 27 displays the probability of 

finding the ion of mass 32 at a reduced distance r/r
0 

from the 

center of the ion guide, while Fig. 28 gives the radial energy 

proability distribution of the ion (with £
0 

= 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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met.(lO) Also note that the effective potential is a function not 

only of the angular frequency, but also of the mass of the ion: ions 

of different mass coexisting 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) ' 

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 

measurement (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 occurs because the 

11 mirrors 11 are scattering the ions ·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 ions which have been stored in the trap for more than one 

millisecond become translationally very hot. This is a bad 

consequence in terms of the photofragment spectroscopy because of the 

large Doppler widths which result from it. 

Another problem associated with our octapole mirrors is ·that they 

leak ions out of the trap when they are not supposed to. The leaking 

ions are not escaping down the axis of the spectrometer since none 

reach the detector. They must be popping out to the sides or slamming 

into metal surfaces. It seems though, that only ions above some 
' 

critical kinetic energy leak out; for once these escape, the remainig 

ions are trapped efficiently. Figure 30 shows o; trapped out to 

100 msec. Note that almost all the ions which will escape have done 

so by 50 msec. of trapping time. Figure 31 shows the trapping 

efficiency out to 5 minutes. This figure clearly demonstrates that 

after 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 designing the mirrors at the ends of the 

• 
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octapole. These 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 all 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 settles 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 guide and focused into 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) 

detector or a Ceratron( 12 ) electron multiplier. The Ceratron, 

although having less gain then the Daly scheme, is convenient because 

both positive and negative ions 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 the spectrometer is based on a pulsed 

Nd:YAG (Quanta-Ray OCR) laser pump which produces up to 700 mj (10 

nsec. pulse duration) of 1.06 ~ radiation. This fundamental can be 

doubled, tripled, or. quadrupled with harmonic generating crystals. 

These harmonics are used either directly in the spectrometer or are 

used to pump a dye laser (Quanta-Ray POL.) to yield tunable visible 

radiation. In addition, the 1.06 ~ light can be sent into an optical 

parametric oscillator( 13 ) (OPO) thus producing tunable infrared 

(-1.S to 4.3~) light. 

H. Data Acquisiti~n and Control 

Many of the spectrometer functions are automated making long data 

taking runs requiri~g many changes in instrumental parameters possible 

without much per.sonal attention. A microcomputer (DEC LSI-11) performs 

the task of cont~olling these parameters and of collecting the data 

being generated. Convnunication between the computer and the 

spectrometer is accomplished via A2D and D2A converters in the. 

computer backplane, in addition to having a CA~C 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 , C6H6 and 

+ a2 were photofragmented. 

First consider the CH3I+ ion. This ion can dissociate 

yielding the CH+ ion( 14 ) if it absorbs a photon with sufficient 
3 

energy. Figure 33 shows the laser correlated M/e = 15 product_as a 

function of wavelength from 5aaa to 54aa~ sampled in a.96A steps. The 

structure seen is due to transitions to a bound upper state which 

subsequently leads to fragmentation.( 14a) As another trial, the 
+ photofragmentation of c6H6 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 daughter 
+ + fragments are produced, C3H3 and C4H4, as a result of a 

multiphoton absorption process.( 15 ) Finally, Fig. 35 shows the 

laser correlated product mass spectrum of a; being irradiated by 

51aaA light. In each of these cases, the photofragmentation events 

were trivial to observe. But of these trials, only the 

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

of the work on a; is the subject of Chapter III. 
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FIGURE CAPTIONS 

Fig. 1. General schematic of source regions. 

Fig. 2. The ion lens system following the ion source: (1) nozzle 

assembly, (2) skimmer, (3) accelerating and focusing 

elements, (4) and (S) ion beam deflectors. 

Fig. 3. Detail of the supersonic nozzle ion source. 

Fig. 4. Mass scans of ions produced by the nozzle source. The top 

scan is with a light extra flow of gas through the nozzle: 

the ethanol impurity peaks disappear with this extra flow. 

Fig. 5. Two mass scans of ions produced by the nozzle source. The 

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

flow. Impurities peaks disappear and water cluster 

distribution shifts downward with extra flow. 

Fig. 6. Extra flow through the nozzle can produce unwanted rsults. 

The top mass scan taken with extra flow has no 
+ Ar•(H20)nH clusters. 

Fig. 7. The cluster size distribution from the nozzle source shifts 

to smaller average size as the electric field between the 

nozzle and the skimmer is increased. 

Fig. 8. Illustration of the use of nozzle temperature and flow to 

enhance the quantity of o; produced. 

Fig. 9. M~ss scans of nozzle source with parameters set to optmize 

. f + the creat 1 on o Ar·H3o • 
Fig. 10. Schematic of Region III: the magnetic sector. 

.. 
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Fig. 11. The quadrupole lens pairs (QLP) transforms a rectangular beam 

into a wedge-shaped beam. 

Fig. 12. A comparison of mass spectra taken with the QLP on (top) and 

QLP off {bottom). 

Fig. 13. 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. 

Fig. 14. A closer view of the quadrupole field deflector. 

Fig. 15. Calculated equipotentials for the quadrupole field deflector. 

Fig. 16. Solution through the quadrupole field deflector with the 

least aberration: relative ion energy of 1.00. 

Fig. 17. A narrow beam of ions which is not monoenergetic deflected by 

the QFD. 

Fig. 18. A wide monoenergetic ion beam deflected by the QFD. 

Fig. 19. A converging monoenergetic beam deflected by the QFD. 

Fig. 20. A solution with a higher aberrations with a relative ion 

energy of 1.925. 

Fig. 21. A solution with higher aberrations with a relative ion energy 

of 1.858. 

Fig. 22. A cross section of the octapole trap: r
0 

is the radius of 

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. 

Fig. 23. A close up view of one end of the octapole assembly. 
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Fig. 24. Effective potentials for an octapole and a quadrupole with 

the same dimensions, applied voltages, and the same ion mass. 

·Fig. 25. The trajectory of an ion in an octapole (transverse 

coordinates). The dotted circle has radius r
0

• 

Fig. 26. A comparison of the trajectories of a 16 amu ion and a 32 amu 

ion with initial radial energies of a.3 eV and a.6 eV, 

respectively in an octapole; other parameters are the same in 

each case. 

Fig. 27. The relative prob ab il ity of finding the 32 amu ion in Fig. 

at position r/r
0

• 

Fig. 28. The relative probability .of finding the 32 amu ion in Fig. 

with energy £/£
0

• 

Fig. 29. The density of ions at the exit mirror of the octapole vs 

time when a sho~t pulse of ions is initially let into the 

trap .• 

Fig. 3a. The number of a; ions in the octapole trap as a function 

. of time in 1a msec steps out to 1aa msec. 

Fig. 31. The number of a; ions in the octapole trap as a function 

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

fig. 32. Block diagram of the computer and its accessories. 

Fig. 33. Photofragmentation of CH3I+ with detection of CHi as 

a function of wavelength. Signal is sampled every a.96A. 
+ Fig. 34. Laser correlated mass spectrum.of c6H6 photofragmented 

by s1aaA light. 

Fig. 35. Laser correlated mass spectrum of a; photofragmented by 

51aal\ light. 

26 

26 
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I I I. PHOTOFRAGMENTATION OF 0~: 
THE LIFETIME OF THE a 41Tu MEiASTABLE STATE 

A. Introduction 

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

many chemically important environments. Of interest is the fact thqt 

many of these environments 

In the gas phase one finds 

+ . are harsh enough to create the o2 1on. 

a; in flames (combustion), plasmas, 

electrical discharges, and by solar ionization, in the upper 

atmosphere. The ambition to better understand and predict the chemical 

evolution of these systems leads to the desire to know as much as 

possible about this important species. 
. + 

Because 02 has been the subject of much experimental and 

theoretic-al work, it is one of the most understood molecules. Its 

spectroscopy, in particular the b4t~ -~ a41ru Fi,rst Negative 

bahd, has been studied for many years by emission techniques. The high 

resolution emission work of this band by Nevin(!) in 1938 provided 

high quality information on the b4t~ and a41ru states. 

Figure 1 shows the pertinent potential curves for this discussion. 

More recently Vestal et al.( 2) using 6000A radiation observed 

photodissociation of a; a41ru created by electron impact 

ionization of o2• This led to much work on the ion using laser 

photofragment spectroscopy by observing the predissociation of a; 
b4r~ state resulting from transitions shown in Fig. 1 as type I.( 3) 

In this manner the b4r- ~-- 41T band was studied at very high g u 

resolution. In addition, the f41r
9 
~-- a41ru system was studied 
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using photofragment spectroscopy--this resulted in the only reported 

case of a 4w ~-- 4w system.( 2g, 2j) 
+ Numerous chemical studies have been done on 02• Here great 

advantage may be taken of the wealth of information available on the 

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

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

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

state responsible for the reaction and the photodissociation by 

visible light was identified as the a4wu state: Much of the 

reactivity of the o; ion is due to the a4wu metastable 

state.(S) Thus it is clear that the lifetime of this state is an 

important parameter in modelling studies. For example, A. Dalgarno 

et al.( 6) state that the composition of the ionosphere in theE- and 

F-regions may depend significantly on the o; a4wu state. In 

order to evaluate how strongly the a4w state will influence its 
u 

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; a4wu metastable state, 

since a direct measurement was lacking. The lifetime has been 

generally assumed to beT >1 msec(?) since its radiative relaxation 

to the x2wg state is spin forbidden. 

Our spectrometer is a low resolution instrument, being Doppler 

limited. The study of the b4r- ~-- a4w predissociation g u 

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 could generate the photofragment 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 lJfetime o.f the a41ru 

state-a measurement worth making. We recorded the photofragment 
. + 

spectrum of 02, generated by electron impact ionization of o2, 

at low resolution (-1 cm-1) as a function of time. This led us to 

discover that the decay of. the a41ru state is strongly dependent on 

its spin component identity. 

B. Experimental 
+ The o2 was P!"Oduced by electron impact ionization of o2 at 

5 x 10-5 torr. The electron energy was -so eV. This ionization 

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

electronic states: -30% in the a41ru metastable state and -70%. in 

the x21r ground state.( 4c,S) The ions thus produced were passed 
g 

through a sector magnet mass filter which allowed only a; 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. Ions were pulsed into the 

RF octapole trap. After a selected length of time the laser was fired, 

and then the product ions were sent t~rough 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 correlated 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 (Ox), 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 storage 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. In 
+ 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. 

The linewidth of the'pulsed dye laser was about 0.4 cm-1 and its 

pulse width was -8 nsec. The lifetime measurements were carried out 

using -0.003 watts of time averaged laser power. The repetition rate 

was 4.2 Hz and the beam diameter 0.4 em. 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 
+ o2 molecules were in the interaction region. Figure 5 shows the 

0+ photofragment signal as a function of laser pulse energy. 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-1• 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 producing wide kinetic energy distributions in each 

coordinate. For o; at -0.65 eV median energy, one might expect a 

Doppler width of -0.3 cm-1 at SOOOA. Our laser had a line width of 

-0.4 cm-1• Thus, the observed resolution of -1 cm-1 is in keeping 

with expectation. 

Before continuing, some elaboration is necessary concerning 

experimental difficulties encountered during the course of the 

measurements. The first problem, evident in Fig. 4, was the. escape of 

parent ion o; 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 min.imal after about 50 msec of trapping time. 
~, 

There was however~ a more bothersome consequence of the escaping 

0+ . 
2 parent 1ons. 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 0+ A portion of 

these collisionally produced 0+ 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 o; 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 o; and 0+ in 

the ion guide as a function of time. The times at which the traveling 

pulse of ions encounters a mirror are indicated by the arrows. {The 

vertical scale for each ion is different.) Note that the encounter 
+ causes a loss of o2 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 scanning the laser wavelength from 

4902 to 5025A in 0.48A 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 F2 and the F3 spin components 

of the a4wu state decay with a time constant of 6 msec, while the 

" " F1 and F4 components have a 129 msec time constant. 

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

these photofragment spectra. The upper b4L~ state, being a 

state, is a Hund•s case {b) state. Each rotational level is split 

into four components. These four components are labeled as follows: 
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I 

F 1 ' 
Jl = Nl + 3/2 

I 

F2 ,, Jl = Nl + 1/2 
I 

F 3 ' 
Jl = N I - 1/2 

I 

F4 ' 
Jl = Nl - 3/2 

where J 1 is the total angular momentum quantum number and N1 is the 

quantum number for the nuclear angular momentum apart from spin. 

The lower a4wu state is split into four sublevels by the 

spin-orbit interaction: the four levels are designated as above 
II 

(e.g., F1, J 11 = N11 + 3/2). The spin-orbit interaction constant 

for this state is negative,( 9) thus one has an inverted energy 

ordering of the F11 components. Using the 4wQ designation( 10) for 

pure Hund 1 S case (a) coupling, where,Q = A+ Land A and L are the 

projections of the orbital and spin angular momenta respectively, one 
• II • 4 II • 4 II assoc1ates F1 w1th w512 , F2 w1th w312 , F3 
4 II 4 with w112 , and F4 with the w_112 component. The order 

written is increasing in energy. 

Th 0+ 4 I ( ) f e 2 a wu state is characterized as Hund s case a or 

low J 11 values. But as the nuclear rotational velocity increases with 

increasing J 11
, the electron spin uncouples from the molecular axis 

until the state approaches a Hund 1 S case (b) description at high J" 

values. For most J 11 values an intennediate description must be used 

to correctly characterize the levels. Figure 10 shows the quartet 

splitting in the a4w state for sets of J" values. The first set 
u 

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 lowest level of the set equal to zero and the largest value 

equal to 1aa. The second set of values plotted has each J" value of 

the first set increased by 1a, and so forth. Four such sets of J" 

values are plotted. Note that for the low J" value set, the grouping 

is according to 0 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 angular 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 a4~u 

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

ca,( 11 ) where the dependence arises from different spin-orbit mixing 

of the A'~ and a3~ states. The A2 ~u state of a; is just 

above the a4 ~u state. If this A2 ~u state mixes with the 

a4 ~u metastable state via the spin-orbit interaction, then the 
4 x2 t · t · · 11 h 11 d h t a ~u --~ ~g rans1 1on w1 ave some a owe c arac er. 

Kovacs( 12 ) has shown how the spin-orbit mixing of a 4~u 

state and a 2~ state depends on the Hund's coupling case used to u 

describe the states. The A2 ~u state of a; is found to be a 

Hund's case (b) state.( 13 ) As discussed above, the a4wu 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 a4 ~u state is Hund's case (a) and 

the A2 ~u state is case (b), then only the nu = 3/2 and 1/2 spin 
4 II II 

components of the a ~u state, that is F2 and F3, will 
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II 

mix well with the A2wu state. Thus for low J" values, the F2 
II 2 

and F3 components have wu character and are able to relax 

faster to the X2wg state. For rotational levels with J" great 

enough, the a4wu state is Hund's case (b). In this case all the 

I" components of the a4wu state couple with the A2wu state, 

although the r" = 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 A2wu state. Kovacs• treatment suffices 

in giving a qualitative understanding of the origins of the spin 

component dependence of the lifetimes. 

The flV = 3 band of the b4r- ~- a4w system is fortuitously 
. g u 

II II 

placed so that the F1 and F4 components are fairly easily 
II II 

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

Fig. 3 where a hole is seen in the middle of the flV = 3 peak at 
II II 

t = 100 msec because of the absence of the F2 and F3 spin states. 

By using the spectra of the flV = 3 band taken at delayed times, two 

wavelengths were chosen at which to perform the lifetime measurements: 
II 

4947.0A, which contains mostly F1 intensity and 4967.2A which has 
II II + 

mostly F2 and F3 intensity. The 0 photofragment signal, which 

is proportional to the amount of a4wu accessed at the particular 

wavelength, versus time (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 f4wg state (type II transitions in 

Fig. 1). This signal also has a time dependence. 
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To get approximate values 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 (fU = 1 and 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 picture. 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 using 

with T1 = 130 msec and T2 = 7 msec. A1 and A2 are population 

factors. 

With the data we have, and using this simple approach, the 

following lifetimes were obtained: T1 = 130: 50 msec at 4967.2 A 

(the F2" and F3" spin components) and T 2 = 7 : 2 msec at 

4947.0 A (the F1" and F4" spin components). Keep in mind that 

these are average values. As illustrated by James for the Cameron 

b.and 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 

f h + b4 - 4 The laser photofragment spectrum o t e o2 Eg ~-- a nu 

system from 4902 to 5025A measured as a function of time indicates 
4 4 4 that the n

512 
and n_112 spin components of the a nu, 

metastable state radiatively decay to the x2wu ground state with a 

time constant of 130: 50 msec at 4967.2A; and similarly the 4w312 

and 4w112 spin components decay with a time constant of 7 : 2 msec 

at 4947.0A. This observation is qualitatively in keeping with the 

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

mixing of the a4wu state with the A2wu state. 
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FIGURE CAPTIONS 
+ Relevant potential energy curves of o2• 

Data collection timing sequence. 

The photodissociation spect~um of o; taken at trapping 

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

constant subtracted from it to remove signal from the direct 

dissociation process. 

The 0+ photofragmerit yield as a function of time. 

Power dependence of o; photofragmentation at 5320A. 
+ + The number of o2 ions decrease while the number of 0 

ions increase when an ion bunch collides with the octapole 

trap mirror. 

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

The photodissocation + spectrum of o2 (the 4V = 3 peak) 

taken at trapping. times of 0.1 msec and 100 msec. Again the 

data has a constant subtracted from it. 

Fig. 9. Computer simulation of the data in Fig. 8 calculated using a 

lifetime of 120 msec for the 4w512 and 4w_112 spin 
4 4 components and 6 msec for the w312 and w112 

components. 
4 + . Fig. 10. Correlation diagram for the wu state of o2 show1ng 

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

(b) desc ri pt ion. 
+ Fig. 11. The 0 photofragment yield as a function of time at 4947.0A 

and 4967.2A 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 (T1) of 130 msec for the F1 and F2 
spin components and a short decay constant (T2) of 7 msec 

" " for the F2 and F3 spin components. The upper and 

lower dotted curves use T1 = 180 msec, T 2 = 5 msec and 

T1 = 80 msec, T2 = 9 msec, respectively. 
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IV. APPENDIX: DATA ACQUISITION PROGRAM 

The program to be listed here 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 b~sically sound and is 

presented here for reference. 

ABBREVIATED MIPDS COMMAND LIST 

AB ACTIVE CHANNEL BRIGHTNESS 

AC ACCUMJLATE DATA 

AS ABSOLUTE SCALING 

CL CLEAR DATA BUFFER 

cu CLOCK UNITS 

cs CHANNEL SCALE 

DC DYE LASER CALIBRATION 

DI DISPLAY 

BA BACKGROUND 

DA DATA 

EX EXPAND 

PA PARAMETERS 

PN POWER NORMAL! ZE 
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PO POWER BUFFER 

RE REVERSE 

SB SIGNAL + BACKGROUND BUFFER 

SI SIGNAL ( SB-BA} 

ER ENTER RUN NUMBER 

EX EXIT PROGRAM 

GA GAIN OF A2D CONVERTER 

LO LOW 

ME MEDIUM 

HI HIGH 

HA HALT DATA ACCUMULATION 

HE HEADER 

IW INTEGRATE WINDOW 

KM KEY MODE INTERRUPT 

. LA LASER 

LOCK LOCK PROGRAM CONDITIONS 

MA MAGNET 

MC MCS UNIT 

BA PLACE DATA IN BACKGROUND BUFFER 

HA HALT DATA COLLECTION 

IN INITIALIZE 

OF OFF 

SB PLACE DATA IN SIGNAL+BACK BUFFER 

ST START DATA COLLECTION 

zz RELOAD COUNTERS 
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NC NUMBER OF DATA CYCLES 

NO NEW DATE 

NO NUMBER OF CHANNELS 

NS NUMBER OF SCANS {SWEEPS) .. 

PR PRINTER COM.MANDS 

DA DATA 

HE HEADER 

FU · FULL INFO. 

ST STATUS 

PB PLOT BOX 

PC PLOT CHANNEL NUMBERS 

PH PLOT HORIZONTAL LINE 

PL PLOT FULL FIGURE 

PM PLOT MOVE 

pp PLOT POINTS 

PV PLOT VERTICAL LINE 

QU QUADRUPOLE 

QP QUADRUPOLE PEAKS OPTION 

RE RESET DEVICE 

RD READ DISK 

RR RECALL RUN NUMBER 

RT RE~TAKE MODE/ACCUME MODE 

SA SCALE ADVANCE 

sc SCAN DEVICE 

LA LASER 
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MA MAGNET 

MC MCS UNIT 

NO 11 NOTHING 11 

QU QUADRUPOLE 

TR TRAP 

so SCALE DOWN 

SE SET DEVICE 

LA LASER 
. 

MA MAGNET 

QU QUADRUPOLE 

TR TRAP 

SF SCROLL FASTER 

SL SCROLL LEFT 

SM SMOOTH DISPLAYED DATA 

SP SCANNING PROCEDURE 

BI BI DIRECTIONAL 

UN UNIDIRECTIONAL 

SR SCROLL RIGHT 

ss SCROLL SLOWER 

ST START (PERFORMS HA, RE, CL, AC SEQUENCE) 

sz SET ZERO FOR DISPLAY 

TR TRAP 

TY TYPE TO CONSOLE DEVICE 

DA DATA 

HE HEADER 
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ST STATUS 

UP UPDATE DISPLAY 

us UPDATE SET {CHANNELS BETWEEN UPDATES) 

WA WINDOW APERTURE 

WB WINDOW BRIGHTNESS 

WD WRITE TO DISK 

WI WINDOW INITIAL CHANNEL 

WL WINDOW. LEFT 

WR WINDOW RIGHT 

WB WINDOW SCALE 
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.TITLE HACHINE PROURAH 
; 
fTH~ TANDEH HASS SPECTROHETER 

• 
f 
f SYSTEH HACROS 

.HCALL .TTYOUTr.TTYINr.TTINRr.PRINTr.DATEr.INlEN 

GLOLIB LIBRARY GLOBALS 
; 

.GLOBL 

.GLOBL 

.GLOBL 

.GLOSL 

.GLOBL 

.GLOBL 

REAUrASCBINrBlNASCrDP&ASCr~ECOUlrDCOUT2 

LPOUTrLPRINTrLPCRLFrLPDC02rLPDECO 
REGSAVrREGRESrDYECALrDYELASrDYESET 
HOTUR1rHOTOR2rCRLFrQUADrWRDIS~rREDISK 
LOWORDrHIWORDrA2DAHPrA2DGNSrMAGNETrPLUTTR 

GLOBALS 

GLOBAL LABELS DEFINED IN THIS HODULE 

.GLOBL 

.GLOBL 

.GLOBL 

.GLOBL 

.GLOBL 

.GLOBL 

.GLOBL 
; 
KWCSR=170420 
KWBPR=170422 
KWVEC=350 
HDAC•170440 
HADAC=170442 
XDAC=170444 
YDAC=170-446 
ADCSR=170450 
XYBUF=170452 
DI1APCR=170-454 
DHACAR=170-456 
DI1AVEC=310 
DATAL0=166000 
DATAHI=166002 
LAHL0=166004 
LAI1HI•166006 
STATU1=166010 
STATU2•166012 
SCAL0•1670-40 
SCAL1•1670-42 
SCAL2= 16 7044 
SCALJ•1670-46 
A2DCON•167100 
A2DVEC=510 

LISTrARG1rARG2rRESULTriOBUFr~AT&UFr~ATALO 
SCCODErLONWAVrSHOWAVrSETWAVrWAVINCrCALWAV 
NSTEPrNCHANri1DACrHDAClrHRESrMDAC2ri1ASBUF 
SCFUNCrUPrCLEARrBUFINIT 
11ADACrHADAC1rHADAC2rHARES•DlCHNSrDISlRT 
STCHAN•PLCTRLrPLHOVrPLLINErPLCHARrHCHSUB 
RUNrYHAXrUPDATE 

fCONTROL STATUS REGISTER FOR KWVll 
;CLOCK BUFFER/PRE~ET R~U!STER<~WV11> 
JCLOCK INTERRUPT VECTOR 
JAAV11 FOUR CHANNEL A/D CONV~RTER 

fA/D CONTRlL-STAlUS REUISTER<bT2771> 
;x;y BUFFER 
JDHA POINT COUNT REGISTER 
fDHA CURRENT ADDRESS REGISTER 
fDHA INTERRUPT V~CTOR 
;cAHAC CONTROLLER ADDRESSES 

fSCALER 0 <BlN 17> 
fSCALr::R 1 
fSCALER 2 
;SCALER 3 
fA/D CONVERTER <BIN 18) 
fA/D CONVERTER INTERRUPT VECTOR 



DHAPRI=O 
HCSA0=167200 
HCSA1=167202 
HCSA2=167204 
HCSA3=167206 
HCSA4=167210 
HCSA5=167212 
HCSA6=167214 
HCSNVC=520 
JSW=44 

HCHSUB: HOV 
HciV 
HOV 
110V 
HOV. 
HOV 
HOV 
HOV 
HOV 
HOV 
HOV 
HOV 
HOV 
HOV 
HOV 
HOV 
110V 
HOV 
HOV 
HOV 
HOV 
110V 
HOV 
HOV 
110V 
HOV 
HOV 
110V 
HOV 
MOV 
110V 
HOV 
HOV 
HOV 
110V 
HOV 
HOV 
110V 
HOV 
HOV 

tDATAIN,A2DVEC 
t200rA2DVEC+2 
tCLKINT,KWVEC 
t200rKWVEC+2 
tDHAINTrDHAVEC 
t200rDHAVEC+2 
tHCSIHTrHCSNVC 

.t2c>Ori1CSNVC+2 
tl.rHSCAN+2 
tSO.rUPOATE+2 
tlrHARES 
t1 rHARES+2 
t340.rHADAC1 
tlO. ri1ADAC1+2 
t340. 'HA[tAC 
t20.ri1ADAC2 
tlrHRES 
tlrHRES+2 
t40.ri1DAC1 
t2ri1DAC1+2 
t40.ri1I.IAC 
t4ri10AC2 
t1 rNSTEP 
tlrDACYCL 
t1, DACYCL+2 
tl, DELINC 
tl, DEL OFF 
t-lrKWBPR 
t200.tNCHAN 
t"UNrSCTYPE 
tNOtSCFUNC 
t • NO' SCf:ODE 
tSirDIFUNC 
tSirDIFUHC+2 
t"SirDICODE 
t"SirDICODE+2 
t"LOtA2DGNS 
tOrDISFLG 
tO,FLGDIS 
tO,ZERFLG 
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fHCS CRATE LOCATIONS 

iJOJ:I SlATUS WORD 

;sET VF.CTORS 

iCLOCK VE'ClOR 

; POINT F'LOTTE.R VECTOR 

iHCS VECTOR 

; DEFAULT VA.LUE 
;UPDATE PERIOD 
fDEFAliL T STEP SIZE FI•R HAGNET 
;coPY 
iDEFAULl LOW CURRENT FOR MAGNET 
;coPY 
iSET HAGNET LOW CURRENT 
;DEFAULT HIOH CURRET VALUE 
; DEFAULT s·1 EP SIZE FOR QIJ(.I[a 
; CtlPY 
;DEFAULT LOW HASS FltR QLIAD 
;coPY 
fSET QUAD LOW HASS 
; DEFAUL. T HWH MSS FOR t.WAD 
fDEFAULT STEP SIZE FOR LAS~R 
fOHE DATA CYCLE PER CHANNEL 
fSAVE A COPY 
ilHSEC DELAY INCREMENT 
ilHSEC DELAY OFFSET 
fLOAD CLOCK BUFFER/RESET REG. 
f200 CHANNELS BY DEFAULT 
fUNIDIRECtiONAL SCANNING 
f"NOTHING"FUNCTION ~FING SCANNED 
f"NOTHING• CO»E WORD 
fSIGHAL BfiNG DJS~LAYED 
JSAVE CODE 
fLOAD DISPLAY CODE 
fSAVE DICODE 
fA2I.I CONVERTER GAIN LOW<Xl) 
JAUTO-Sf:ALE 
fNORHAL--NOT POWER NORH. 
iZf.RO SHIFT 



; 
DISPLA: 

ss: 

CLR 
CLR 
I10V 
110V 
CLR 
CLR 
CLR 
110V 
110V 
110V 
CLR 
CLR 
CLR 
CLR 
MDV 
CLR 
MDV 
ADD 
HOV 
CALL 
CALL 
HOV 
.TTYOUT 

SCHODE 
RETAKE 
t4tACTIVE 
t4tACTIVE+2 
SLRFLG 
YHIN 
YHIN+2 
t4096.,SCROLL 
t2048.rYSCALE 
11 • RUNFLG 
RUN 
RUN+2 
WINBRT 
WINFLG 
110., WINSIZ 
ADCSR 
tDATSUFtRl 
1100. rRl 
t200r<R1> 
BUFINIT 
CLEAR 
t'>rRO 

ENABLE CAHAC INTERRUPTS 

BIC 
BIS 
HOVB 

.DATE 
HOV 
CALL 

TST 
BNE 
HOV 
HOV 
CALL 
HOV 
BIT 
BNE 
CALL 
.PRINT 
HOV 
CALL 
HOV 
.TTYOUT 
BIS 
BR 

t70,STATU1 
t301rSTATU1 
126.tA2DCDN 

t201o\Oti<WCSR 

ROrOATE 
DATES 

UPDATE 
St 
DICODE+2•DICODE 
DIFUNC+2, ItiFUNC 
DISCAL 
UPDATE+2rUPOATE 
11 •RUNFLG 
lOt 
CRLF 
IH23A 
ttt23tRO 
LPRINT 
t'>•RO 

t1 tRUNFLG 
TTIN 
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;EXT. INTERF<UPT HilDE 
iACCUHULATE HODE 
JACTIVE CHANNEL BRIGH1NESS 
JACTIVE CHANN~L BRIGHTN~SS 

fNO SCROLLlNG 

ISCROLL SPEED 
JSCALE FOR Y-AXIS 
fRUN COHPLETEn FLAG 
iHO RUNS COMPLETED 

iDISPLAY WINDOW NUT BR16HT 
iCLEAR WINDOW FLAG 
iDEFAULT WJNUOW SIZE 
iCLEAR AD CONTROL STATUS REG. 
fDATA BUFFER SlAf<liND LOCATION 10 Rl 
iPOINT TO FIRST HEADER LOCATION 
IFILL WITH TERMINATION SYH~OL 

IGENERATE BUFFER POJNrERS 
fCLEAR ItATA BUFFER 
iPROHPT CHARACTER 

ICLEAR NnE.tNXEti 
JSET INErREIN,OII 
iENABLE A2D CONVERTER 

fSET CLOCK CONTROL STATUS R~GlSlER 

IGET S\'STE11 DATE 
JSAVE 
iDECODE 

;uPDATE? 
iBRANCH JF NOT EQ TO ZERO 
IGET RID OF •stt• IF THERE 
iR~STORE FUNCTION CODE 
;IF ZERO UPDATE DISPLAY ~IJFFER 

JRf:FRESH UPttATE 
;RUN C011PLE1ElJ~ 

iTYPE CARRIAGE RE.TURN-LlNE FEED 

fBEEP 

HYPE "> • 



10t: CI1P 
BNE 
BIT 
BGT 
BIT 
BGT 
BIT 
BGT 
BF: 

CNTOVF: .PRINT 
BIC 
BR 

RAHOVF: .PRINT 
BIC 
BR 

ENDRUN: BIC 
BIC 
INC 
110V 
BR 

TTIN: HOV 
1 
20t: .TTINR 

BCS 
HOVB 
CHPB 
BNE 
CHP 
BPL 
CALL 

t•Hc,sccoDE 
TTIN 
t1,0V.F 
CNTOV.F 
t2,0V.F 
RAHOVF 
t~•OVF 
ENDRUN 
TTIN 
tHB2 
t1 .ovF 
DISPLA 
tH83 
t2;0VF 
DISPLA 
t4 ,.QVF 
t1 rRUNFLG 
RU.N 
RliNrRUN+2 
DISPLA 
tiOBUF,R1 

DISPLA 
ROr <R1 >+ 
t12•RO 
20t 
DICHNS, t 11. 
OPTION 
DISHLT 
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J IS HCS ACTIVE? 

fCOUNTER OVER FLOW 

;RAH OVER FLOW 

fRUN CCIHPLETED 
fGENERATE HESSAGE 
IRUNS FOR THE DAY 
;SIWE CIJPY 

fSTARTING AI.IIJkESS OF I/0 BUFFER IN R 

JIS THERE A CHARACTER? 
;BRANCH TO DISPLA IF NONE 
;PLACE CHARACTER IN I/0 BUFFER 
;WAS [T A LIHE FE£D? 
;IF NOrGET HORE' 
;HALT DHA IF TIJO F£~ CHANNELS 

.THIS OPTION SEARCHES FOR THE DESIRED OPTION BY COHPAk I NG THE 
;COHHAND ENTERED WITH TH~ OPTION LlST 

OPTION: CHP t•Ac,IOBUF ;ACCUHULAl"E DATA 
BNE 1t 
HOV t1•ACCFLG 
BIS t2,RUNFLG JRUN IN PROGRESS 
JHP OPT OUT ;LEAVE 

u: CI1P t•DCriOBUF ;DYE CALII:IRAliON 
BNE 2t 
CHP LOCKEY' LOCKEY+2 ;ARE PROGRAH VARlAI:ILES LOCKED? 
BEQ lOOU ;BRANCH lF UNLOCKED 
JHP OPTLOC fLOCKED! LEAVE Wil H Hl-.SSAC:iE 

100U: CALL DYE CAL 
JHP OPT OUT ILEAVE 

2t: CI1P t•DI .XOBUF ;DISPLAY OPTION 
BNE 3t 
CALL DISOPT 
JHP OPTOUT fLEAVE 

:u: CI1P t•LA•IOBUF JDYE LASER 
BNE ~· CHP LOCKEY,LOCKEY+2 fARE PkOGRAH VARIAI:ILES LOCKED? 
BEQ 1003t J8RANCH IF UNI.OCKED 

.. 
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JHP OPTLOC ;LOCKEIJ! LEAVE WITH HESSAGE 
1003S: CALL DISHLT ;HALT DISF'LA 

CALL DYELAS 
CHP t'LArSCCODE HS IT BEING SCANNEll? 
BNE 1004t 
CALL BUFINIT 
CALL CLEAR ;CLEAR DATA BUFFER 
CLR UPDATE 

1004S: JHP OPT OUT ;LEAVE 
4t: CHP t"EXriOBUF ;EXIT HACRO PROGRAH 

BNE ss 
.PRINT 11171 ; EXIT PF<CJGRAH! ! 
.PRINT tH48 ;A~E YOU SURE? 
CALL READ fYES OR NO 
CHPB t'YriOBUF 
BEQ 1006S 
JHP OPTOUT 

1006S: JHP EXIT fRETURN TO FOR"fRAN CALLER 
ss: HOV tSArYFUNC ;sCALE UP 

CHP t"SAriOBUF 
BEll 100:5t 
CHP t'SUriOBUF 
BEQ 100SS 
HOV tSDrYFUNC ;SCALE DOWN 
CHP t"SDriOBUF 
BEQ 1005S 
HOV tASrYFUNC ;AUTO-SCALE 
CHP t"ASriOBUF 
BEQ 1005S 
HOV tCSrYFUNC ;cHANNEL SCALE 
CHP t"CSriOBUF 
BEQ 100:5t 
HOV tWS.r YFUNC ;wiNDOW SCALE 
CHP t'WSriOBUF 
BEQ 100SS 
BR 6t 

1005S: CALL YAXIS H-AXIS SCALING 
JHP OPT OUT ;LEAVE 

6S: CHP t"HAriOBUF ;HALT DATA TAKING 
BNE 7S 
CLR ACCFLG 
JHP OPT OUT ;LEAVE 

7S: CHP t"HA,IOBUF ;scAN THE SECTOR HAG NET 
BNE as 
CALL DISHLT IHALT DISPLA 
CALL HAGNET 
JHP OPT OUT I LEAVE 

as: CHP t"NSriOBUF ;NUHBER OF SCANS OES£t<ED 
BNE 9S 
CALL NOSCNS fSET NUHBER OF SCANS TO liE HADE 
JHP OPT OUT ;LEAVE 

9S: CHP t'IWriOBUF fiNTEGRATE WINDOW? 
BNE lOS 
CALL IW 
JHP OPT OUT 



lOt: CI1P 
BNE 
CI1P 
BEQ 
JI1P 

1010t: CALL 
CALL 
JI1P 

11t: CI1P 
BNE 
CHP 
BEQ 
JHP 

1011t: CALL 
JHP 

12t: CI1P 
BNE 
CALL 
JHP 

1Jt: CI1P 
BNE 
CI1P 
BEQ 
Jt1P 

101Jt: CALL 
JHP 

14S: CHP 
BNE 
CMP 
BEQ 
JHP 

1014t: CAL.L 
JHP 

1:5t: CHP 
BNE 
CHP 
BEQ 
JHP 

1015t: CALL 
JHP 

16t: CHP 
BNE 
CALL 
JHP 

17t: CMP 
BNE 
CALL 
CLR 
JHP 

1St: CHP 
BNE 
CHP 
BEQ 
JHP 

1018t: CALL 

t"QU,IOBUF 
1U 
LOCKEY•LOCKEY+2 
1010t 
OPTLOC 
DISHLT 
QUAD 
OPTOUT 
t"RD,IOBUF 
12t 
LOCKEY•L0CKEY+2 
1011t 
OPTLOC 

.RDISK 
OPTOUT 
t"RE•IOBUF 
llt 
RESQUE 
OPTOUT · 
t"SC•IOBUF 
14t 
LOCKEY•LOCKEY+2 
101Jt 
OPTLOC 
sc 
OPT OUT 
t"GA riOBUF 
1:5t 
LOCKEY•LOCKEYf2 
1014$ 
OPTLOC 
A2DAMP 
OPT OUT 
t"TRriOBUF 
16t. 
LOCKEY,LOCKEY+2 
1015t 
OPTLOC 
TRAP 
OPT OUT 
t"WDriOBUF 
17t 
WDISK 
OPTOUT 
t"CLriOBUF 
18t 
CLRQUE 
UPDATE 
Q.PTOUT 
t"SP,IOBUF 
19t 
LOCKEY,LOCKEY+2 
1018t 
OPTLOC 
SCNPRO 
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;QUADRUPOLE 

;ARE PROGRAH VARIABLES LOCKED1 
; BRANCH lF UNLOCKEit 
;LOCKED! LEAVE WITH 11ESSAGE 
;HALl" DISPLA 

;LEAVE 
;READ THE DISK 

;ARE PROGRAM VARIA~LES LUCKED1 
;BRANC~ IF UNLOCKED 
;LOCKED! LEAVE WITH HESSAGE 
;READ A DATA FILE 
;LEAVE 
;RESET THE DEVICE ~EIHG SCANNED 

;LEAVE 
;sCAN DEVICE 

;ARE PROGRAH VARlA~LES LOCKED1 
JBRANCH lF UNlOCKED 
;LOCKED! LEAVE WlTH HfSSAGE 

I LEAVE 
iSET GAIN OF A2D CONVERTER1 

;ARE PROGRAM VARIABLES LOCKEU? 
;BRANCH [F UNLOCKED 
;LOCKED! LEAVE WlTH MESSAGE 

;LEAVE 
iSC TRAP 

;ARE PROGRAH VARIABLES LOCKED? 
iBRANCH IF UNLOCKED 
;LOCKED! LEAVE WITH MESSAGE 

;LEAVE 
fWRITE TO DISK 

fLEAVE 
f CLEAR ••• IN IT 

;LEAVE 
iCHANGE METHOD OF SCANNING? 

fARE PkOGRAH VARIABLES LOCKED1 
;BRANCH £F UNLOCKED 
;LOCKED! LEAVE WITH HESYAGE 



191: 

20t: 

2U: 

221: 

10221: 

10231: 
241: 

10241: 

251: 

261: 

271: 

281: 

301: 

JHF' 
CHP 
BNE 
CLR 
JHF' 
CHP 
BNE 
CALL 
JHP 
CHP 
BNE 
HOV 
CALL 
JHP 
CHP 
BNE 
HOV 
CALL 
JHP 
CI'IP 
BNE 
CHP 
BEQ 
JHP 
CALL 
CALL 
JHP 
CHP 
BNE 
.PRINT 
• PRINT 
CALL 
CHPB 
BEQ 
JHP 
HOV 
CALL 
JHP 
CI1P 
BNE 
CALL 
JHP 
CI1P 
BNE 
CALL 
JHP 
CHP 
BNE 
CALL 
JHP 
CHP 
BNE 
CALL 
JHP 
CHP 

OPT OUT 
t"UPriOBUF 
201 
UPIIATE 
OPT OUT 
t"SH•IIlBUF 
2U 
SMOOTH 
OPT OUT 
t"SR,IOBUF 
221 
t1, SLRFLG 
SLR 
OPTOUT 
t"SL,IOBUF 
231 
t-1JSLRFLG 
SLR 
OF' TOUT 
t"NO•IOBUF 
24S 
LOCKEY, L0Ct<EY+2 
10221 
OPTLOC 
DISHLT 
NOTHIN 
OPT OUT 
t"IHriOBUF 
251 
tHSS 
tt148 
READ 
t'YriOBUF 
10241 
OPT OUT 
t1 •Rl 
110TOR2 
OPI"OUT 
t"PR,IOBUF 
261 
PR 
OPT OUT 
t"SF•IOBUF 
271 
SF 
OPT OUT 
t"SSriOBUF 
281 
ss 
OPT OUT 
t"TYriOBUF 
301 
TY 
OPT OUT 
t"NC.IOBUF 
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;LEAVE 
;uPDATE? 

;LEAVE 
;sttOOTH DISPLAYED OATA? 

;GET INPUT 
;u::AVE 
;scROLL WXNDOW RIGHT? 

;sCROLL WINDOW LEFT? 

fCHANGE SCANNIN~ CONDITION? 

;ARE PRO~RAH VARIABLES LOCKED? 
;BRANCH IF UNLOCKED 
fLOCKED! LEAVE WlTH MESSAGE 
;HALT [IISPLA 

;LEAVE 
fSTART PULSE SEQUENCE? 

;PULSE SEQUENCE INIT • 
;ARE YUU SURE? 
HES OR NO 

fSEND ONE PULSE 
JLEAVE 
; PRINT OPTIONS 

;LEAVE 
;sCROLL FASTER 

;sCROLL SLOWER 

;TYPE TO CONSOLE 

;LEAVE 
;sET NUMBER OF DATA CYCLES PER CHANN 



EL? 

1030t: 

3U: 

32t: 

33t: 

34t: 

35t: 

36t: 

360t: 

37t: 

BNE 
CMP 
BEQ 
JMP 
CALL 
JMP 
CHP 
BNE 
CHP 
BNE 
.PRINT 
JHP 
CHP 
BNE 
CHP 
BNE 
MOV 
.PRINT 
JMP 
CHP 
BNE 
HOV 
.PRINT 
JMP 
CHP 
BNE 
CALL 
JHP 
CMP 
BNE 
CHPB 
BNE 
MOV 
CALL 
CALL 
JMP 
CHP 
BNE 
CHP 
BEQ 
JHP 
CALL 
JHP 
HOV 
CHP 
BEQ 
HOV 
CHP 
BEQ 
HOV 
CHP 
BEQ 
MOV 
CMP 

31$ 
LOCKEYrLOCKEY+2 
1030$ 
OPTLOC 
NOCYCL 
OPT OUT 
t"FUriOBUF 
32$ 
t"CKriOBUF+2 
32$ 
tM44 
OPT OUT 
t"LO,IOBUF 
33t 
t"CK•IOBUF+2 
33$ 
tO,LOCKEY 
1M 52 
Of' TOUT 
LOCKEY+2riOBUF 
34$ 
IOBUF,LOCKEY 
tl153 
OPT OUT 
t"HEriOBUF 
35t 
HEADER 
OPT OUT 
t "UP ri OBUF 
36$ 
t'Qi.SCCODE 
36$ 
t'QPrSCCODE 
DISHLT 
QUAD 
OPTOUT 
t"HCriOBUF 
37$ 
LOCKEY,LOCKEY+2 
360$ 
OPTLOC 
MCS 
OPT OUT 
tWLrDISCOH 
t"WL,IOBUF 
38$ 
IWR,DISCOH 
t"WRriOBUF 
38t 
tWirDISCOM 
t"WlriOBUF 
38$ 
tWArDISCOH 
t'WA•IOBUF 
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fARE PROGRAM VARIABLES LOCKED? 
;BRANCH [f UNLOCKED 
fLOCKED! LEAVE WlTH MESSAGE 

fLEAVE 
JFOUL LANGUAGE USAGE? 

fWATCH YOUR LANGUAGE!! 
;LEAVE 
fLOCK HACHINE CON~ITION? 

fLOCK IT! 
;'LOCKED' HESSAGE 
fLEAVE 
JUNLOCK PROGRAM VARIABLES? 

fENTE:R KEY 
;•uNLOCKED" MESSAGE 
I LEAVE 
;ENTER HEA))£R? 

;LEAVE 
; SCAN FRflM PEAK ro PEAK? 

fiS THE FlRST LETTER A "R"? 
;.BRAHCH lF NO 
fCODE FOR PEAK TO PEAK SCANNING 
;HAI.T DISPLAY 

fMCS UNIT 

fARE PROGRAM VARIABLES LOCKED? 
;BRANCH [F UNLUCKED 
fLOCK£~! L£AVE WITH MESSAGE 

;LEAVE 
;ENTER COMMAHD CODE 
fSHIFT WJN~OW LEFT? 

fWINDOW SHIFT RlGHT 

IDEFINE INITIAL WJN~OW CHAN. 

;DEFINE WlNIIOW APERTURE 
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BEQ 38$ 
HOV tW£l,DISCOH 
CHP t•we,IOBUF ;wiNDOW BRIGHTNESS 
BEQ 38$ 
HOV tAElrDISCOH ;ACTIVE CHAN. Bf.:T. 
CHP t'AB,IOBUF 
BNE 39$ 

38S: CALL DlSDAT 
JHP OPT OUT 

39t: CHP t'[IHr IOBUF ;DISPLAY<DHA> HALT? 
BNE 40$ 
CALL DISHLT 
JHP OP"fOUT 

40t: CHP t'PL,IOBUF ;FULL PLOT? 
BEQ 41$ 
CHP t•pp,IQBUF ;PLOT f'Ol NTS ONLY? 
BNE 42$ 

41t: CALL PLOT 
JHP OPTOUT 

42t: CHP t•pc,IOBUF ;PLOT CHANNELS ONLY? 
BNE 43$ 
CALL PLOT PC 
JHP OPT OUT 

43S: CHP t'PH,IOBUF ;HOVE PLOT 
BNE 44$ 
CALL PLOT PH 
JHP OPTOUT 

44t: CHP t'PHriOBUF ;PLOT HORIZONTAL LINE? 
BNE 45$ 
CALL PLOT PH 
JHP OPT OUT 

4St: CHP t 'PV, I.OBUF ;PLOT VERTICAL LINE? 
BNE 46$ 
CALL PLOTPV 
JHP OPTOUT 

46S: CHP t'PB•IOBUF ;DRAW BOX ONLY 
BNE 47$ 
CALL PLOT IT 
Jt1P OPTOUT 

47t: CHP t'ND,IOBUF ;NEW DATE? 
BNE 48$ 
.DATE 
110V RO,DATE ;SAVE 
CALL DATES iDECODE 
Jt1P OPTOUT 

48t: CHP t'ER,IOBUF ;SET RUN NIJHBER? 
BNE 49$ 
CALL ER 
JHP OPT OUT 

49t: CHP t'RR•IOBUF ;RECALL PRESENT RUN t 
BNE SOt 
HOV RUN+2,RUN 
JHP OPT OUT 

sos: CHP • I us ,z OBUF ;UPDATE SCALE 
BNE 51$ 
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CALL us 
JHP OPT OUT 

su: CHF' t•sz,IOBUF ;SHIFT ZERO? 
BNE S2t 
CALL sz ;sHIFT ZE:RO OF DISPLAY 
JHP OPT OUT 

S2t: CHP t"ST,IOBUF ;AUTO RESTART 
BNE S4t 
CHF' LOCKEY,LOCKEY+2 ;LOCKED? 
BEQ S3t 
JHP OPTLOC ;LOCKED! 

S3t: CLR ACCFLG ;HALT 
CALL RESET 
CALL CLEAR 
CLR UPDATE 
HOV t1, ACCFLG ;START ACCUH. 
JHP OPT OUT 

s4s: CHP t•cu,IOBUF ;cLOCK UNITS 
BNE SSt .. 
CALL cu 

~ '' JHP OPT OUT 
sss: CHP t"RT,IOBUF ;RE-TAKE HilDE? 

BNE S6t 
CHP LOCKEY,LOCKEY+2 ;LOCKED? 
BEQ ssos 
JHP OPTLOC ; OPTION LOCKED! 

5SOt: TST RETAKE 
B.EQ ssss 
CLR RE:rAKE 
• PRINT tH77 ;ACCUH • HODE 
JHP OPTOUT 

ssss: I.NC RETAKE 
.PRINT tH76 fRE-TAKE HUDE HSG. 
JHP OPT OUT 

S6S: CHP t"KH,IOBUF ;KEY HODE 
BNE S9S 
CALL KH 
JHP OPT OUT 

S9t: CHP t"SE,IOBUF ;sET DEVICE 
BNE 60S 
CHP LOCKEY,LOCKEY+2 ;ARE P~OGRAH VARIABLES LOCKED? 
BEQ 590t ;BRANCH lF UNLOCKED 
JHP OPTLOC fLOCKED! LE.AVE WITH HES~AGE 

S90t: CALL SE 
JHP OPTOUT fLEAVE 

6os: .PRINT tHSl ;NONEXISTENT OPTION 
JHP OPTOUT fLEAVE 

OPTLOC: .PRINT tHSO ;OPTION LOCKED MESSAGE 
OPTOUT: CALL CRLF 

HOV t'>rRO 
.TTYOUT 
JHP DISPLA . 
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THIS IS THE INTERRUPT SERVICE ROUTINE SECliON 

; 
DATAIN: HOV 

HOV 
CI1P 
BEll 
JI1P 

U: HOVB 
BIT 
BNE 
JI1P 

St: CHP 
BLE 
DEC 
110VB 
JHP 

8t: 110V 
TST 
BEQ 
DEC 

9S: HOV 
ADD 
110VB 
110VB 
ADD 
ADC 
ADD 
110V 
ADD 
HOVB 
110VB 
ADD 
ADC 
ADD 
HOV 
ADD 
110VB 
ADD 
ADC 
CI1P 
BNE 
CI1P 
BNE 
C11P 
BNE 
110V 
JI1P 

lOt: CLR 

ETEDD 

CLR 
CLR 
INC 

CHP 
BtU 

RltRlilATA 
R4tR4DATA 
tltACCFLG 
u 
DATOUT 
tl '@t166040 
t1 'DATALO 
ss 
DATOUT 
OACYCLttl 
BS 
DACYCL 
tOtA2DCON 
CYCOUT 
DACYCL+2tDACYCL 
UPDATE 
9S 
UPDATE 
SBBUFrR4 
BUFOFFtR4 
tOtSCALO 
t2tSCALO 
DATAL0t(R4>+ 
<R4> 
DATAHir<R4> 
BABUFtR4 
BUFOFFtR4 
tOrSCAL2 
t2rSCAL2 
DATALOr <R4>+ 
<R4> 
DATAHir<R4> 
POBUFrR4 
BUFOFFtR4 
t0rA2DCON 
OATALOr<R4>+ 
<R4> 
DIRFLGttl 
30S 
LCHANtBUFOFF 
20S 
t•az,SCTYPE 
lOS 
t-lrDIRFLG 
CYCOUT 
DIRFLG 
BUFOFF 
UPDATE 
NSCAN 

NSCANrNSCAN+2 
1St 

;sAVE Rl 
;:& R4 
;ACCUMULATE'n 
JBRANCH IF YES 
;DQN'T ACCUMULATE!!! 
JREAD MOTOR1 STATUS WORD 
JIS HOTORl LAM SET? 
JBRANCH IF NOT BUSY 
JBUSY--BRANCH OUT 
JCYCLE COUNTDOWN OVER? 
JBRANCH IF YES 
JDECREHENT CYCLE COUNTER 
fSET LAH DOWN 
JHO DATA READ 
fRE-LOAD CYCLE COUNTER 
JIF NOT ZEROtDfC. UPDATE 

JS+B BUFFER POINTER TO R4 
JADD OFFSET TO THE POINTER 
;READ SCALER ZERO 

;ADD DATA VALUE 

JPLACE BAC-GRO POINTER INTO R4 
JADD [N BUFFER OFFSET 
JREAD SCALER TWO 

;ADD VALUE TO DATA 

;PLACE POWER BIJF. POINTER IN R4 
JADD BUFFER OFFSET 
JREAD A-2-D CONVERTER,CLEAR L~M 

JADD VALUE TO BUFFER 

;SCANNING WHICH WAY? 

JAT LAST CHANNEL YET? 
JBRANCH !F NO 
;BIDIRECTIONAL SCANNING?? 
;BRANCH [F NO 

JLEAVE 

JSET BUFFEk OFFSET TO ZERO 
JUPOATE DI!iPI.AY 
JKEEP TRACK Of NliH[<ER OF SCANS COMPL 

JFINISHED YET? 
URANCH [F NO 



CLR 
CLR 
INC 
MOV 

1St: CALL 
JMP 

20$: A[ID 
CALL 
JMP 

30$: CHP 
BNE 
CLR 
INC 
CMP 
BHI 
CLR 
CLR 
INC 
MOV 

35$: HOV 
JMP 

40$: SUB 
50S: CALL 

BR 
; 
DATOUT: HOVB 

MOVB 
HOVB 

CYCOUT: BIS 
MOV 
HOV 
BIT 
BNE 
RTI 

lOt: RETURN 

ACCFLG 
RUNFLG 
RUN 
RUNrRUN+2 
@SCFUNC 
CYCOUT 
t4tBUFOFF 
@SCFUNC 
CYCOUT 
BUFOFF,tO 
40$ 
UPD~TE 
NSCAN 
NSCANtNSCAN+2 
35$ 
ACCFLG 
RUNFLG 
RUN 
RUNrRUN+2 
t1 'DIRFLG 
CYCOUT 
t4,BUFOFF 
@SCFUNC 

·cvcoUT 

t9.,SCALO 
t9.,SCAL2 
tOtA2DCON 
t3oo.stATUt 
RlDATAtRl 
R4DATArR4 
t1 tSCHODE 
10$ 
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;DISPLAY DHA INTERRUPT SERVICE ROUTINE 

; 
DHAINT: HOV 

110V 
110V 
HOV 
.INTEN 
HOV 
HOV 
HOV 
110V 
TST 
BED 
DEC 
BGE 
DEC 
BGE 
HOV 

ROtRODHA 
Rl,RlDHA · 
R2tR2DHA 
R3rR3DI1A 
DHAPRI 
RODHAtRO 
R1DHArR1 
R2DHA;R2 
R3DHArR3 
EXPFLG 
10$ 
WINFLG 
10$ 
ACTIVE 
20$ 
DIBUFtDHACAR 

iSTOP ACCUMULATING DATA 
;MESSAGE FLAG 
iNUHBER OF RUNS FOR THf DAY 
;coPY 
iCALL SCAN FUNCTION 
;LEAVE 
JBUF OFFSET TO ~EXT CHANNEL 

iFIRST DATA CHANNEL? 
HtRANCH [F NO 
;uPDATE [tJSfo'LAY 
;INCREMENT- SCAN COUNTER 
;TAKE HORE. SCANS? 
;BRANCH IF NO 
iSTOP ACCUMULATING DATA' 
;RUN COMPLETED MESSA~E FLAG 
;NUHB£R OF RUNS COHPLE1FD 

iGO FORWARD NOW 
JLEAVE 

; GO TO FUNCTION 

;CLEAR SCALER Z£RO 
iCLEAR SCAL£R TWO 
;LAM DOWN 
;SET INE AND REIN 
iUNSAVE Rl 
;~ R4 
iWHICH HODE? 

iRETURN FROM INTERRUPT 
;sUBROUTINE RETURN 

;sAVE REGS 

;uNSAVE 

iEXPAND DISPLAY? 
IBIMNCH IF YES 
JWINDOW B~IGHlNESS 
19RANCH IF 'fES 
fACTIVE CHAN. BR'TNfSS 

JLOAD DHA REGISlERS 



HOV 
NEG 
HOV 
HOV 
(If< 

lOS: HOV 
HOV 
BR 

20S: HOV 
ADD 
HOV 

30S: NEG 
DHAOUT: TST 

BNE 
CLR 
RTS 

lOS: US 

; 

BIS 
RTS 

CLKINT: BIS 
RTI 

NCHAN, DHAF·CR 
DMAF'CR 
ACTIIJE+2, ACTIVE 
WINBRTrWINFLG 
DHAOUT 
DISWINrDHACAR 
WINSIZrDHAPCR 
30$ 
BUFOFF,DHACAR 
DI8UF, DHACAR 
t1 'DHAPCR 
DHAPCR 
DHAHLT 
lOS 
ADCSR 
PC 
tl02,A£lCSR 
t1 •ADCSR 
PC 

t20000•KWCSR 

;HCS INTERRUPT SERVICE ROUTINE 

HCSINT:. HOV 
HOV 
BIC 
HOV 
BIT 
BEQ 
JHP 

U: HOV 
HOV 

2S: ADD 
ADC 
SOB 
CLR 
BIS 
HOVB 
INC 
HOV 

3S: SOB 
BIT 
BNE 
HOVB 

HCSOUT: HOV 
HOV 
BIS 
BIT 
BNE 
RTI 

Rl,RlDATA 
R4,R4DATA 
t1 ,STATUl 
HCSA2rOVF 
tJrOVF 
u 
HCSOUT 
HCSBUF,Rl 
t377,R4 
~tHCSAOr<Rl>+ 

< Rl >+ 
R4•2S 
UPDATE 
u.srATUl 
t9.,HCSAO 
NSCAN 
tlOO,, R4 
R4•3S 
to4,0VF 
HCSOUT 
t26.,HCSA6 
RlDATA•Rl 
R4DATA•Ro4 
t300,STATU1 
t1 rSCHODE 
10$ 
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;2'S CllHPLEHENT 
;ACTIVE CH~N. BRT, 

iDISPLAY WINDOW VALUES 

iACTIVE CHAN, POSITION 

; 2' S COHPLE~IENT 
iHALf OHA? 
;(IR IF NO 

iRETURN FROH INTERRUPT 
;sTART OHA 

;RETURN FROH INTERRUPT 

iRETU~N FROH INTERRUPT 

iSAVE REGS 

;CLEAR [11 I Bl T 
;READ OVFL AND STOPRUN 
iCHECI\ FOR OVFL 

;255 CANNELS 
ITRANSF~R DATA TO LS£-11 DATA BUFFER 

;uPDATE DISf'LAY 
iSET Dti BIT 
iF9AO CLEAR RI\H 
;NUHBER OF "SWEEPS" 
;wAIT LOOP FOR RAM CL.E.AR 

;? IS RUN FlNISHED 
;YES• THEN R~TURN 
;NO• SET ACCUMULATE 

ISET INE,RUN 
;wHICH HOllE? 

iRETUkN FkOH INTERRUPT 
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lOS: RETURN ;SUBROUTINE RETURN 

;HERE ARE ALL THE FUNCTIONS FOR A2DCON INTERRUPT 
; 
LA: 

lOt: 

20t: 

; 
HA: 

lOS: 

20t: 

; 
au: 

lOS: 

20t: 

TR: 

HOV 
CMP 
BNE 
CALL 
ADD 
ADC 

. ADD 
RETURN 
CHP 
BEQ 
NEG 
CALL 
SUB 
SBC 
SUB 
RETURN 
HOV 
HOV 
CALL 
HOV 
RETURN 

CHP 
BNE 
ADD 
RETURN 
CHP 
BEQ 
SUB 
RETURN 
HOV 
HOV 
RETURN 

CHP 
BNE 
ADD 
RETURN 
CHP 
BEQ 
SUB 
RETURN 
HOV 
HOV 
RETURN 

CHP 
BNE 

NSTEP,Rl 
DII<FLGttl 
lOS 
HOTORl 
WAIJ INC, SETWAV 
SETWAV+2 
WAVINC+2•SETW~V+2 

DIRFLG•IO 
20S 
Rl 
HOTORl 
WAVINC.SETWAV 
SETWAV+2 
WAV1NC+2•SETWAV+2 

SHOWAV,RESULT 
SHOWAV+2•R£SULT+2 
DYE SET 
t1, [IIRFLG 

DIRFLG• t1 
lOS 
HARES•HADAC 

DIRFLG•tO 
20S 
HARES•HADAC 

HADACl•HADAC 
tl, DIRFLG 

DIRFLGttl 
lOS 
HRES•HDAC 

DIRFLG•tO 
20S 
l'tRES,I1DAC 

HDACl•HDAC 
tltDIRFLG 

DIRFLG•tl 
lOS 

;STEP THE DYE LASER MOTOR 
;oEfE~HIHE WHICH WAY 

;cLOCKWISE 
;NEW WAVELENGTH SETTING 

;RESET TH£ DYE LASER? 

;COUNTER CLOCKWISE 
iNEW WAVELENGTH SETTING 

ISECTOR HAGNET--SCANNINU WHlCH WAY? 

; SCAN FORWAR[I 

;RESET THE HAGNET? 

;SCAN BACKWARIJS 

; RESET HAC; NET 

;QUADRUPOLE--SLANNING WHICH WAY? 

JSCAN FORWAR[I 

;RESEt THE QUAIJRUPOLE? 

;SCAN BACKWARlJS 

; RESET QUA[I 

JSCAN ION TRAP 



lOt: 

20t: 

; 
NO: 

lOt: 

20t: 

; 
QP: 

lOt: 

20t: 

; 
; 

ADD 
110V 
NEG 
RETURN 
CI1P 
BEQ 
sus 
110V 
NEG 
RETURN 
110V 
110V 
NEG 
110V 
RETURN 

CHP 
BNE 
RETURN 
CHP 
BEQ 
RETURN 
110V 
RETURN 

HOV 
ASR 
ADD 
CHP 
BNE 
HOV 
RETURN 
CHP 
BEQ 
HOV 
RETURN 
HOV 
HOV 
RETURN 

;END PAGE ONE 

DEL INC, I•EL TOT 
DELTOTrKWBPR 
KWBPR 

DIRFLGrtO 
20t 
DELINCrDELTOT 
DELTOTrKWBPR 
KWBPR 

DELOFFrDELTOT 
DELTQT,KWBPR 
KWSPR 
tlrDIRFLG 

DIRFLG•tl 
lOt 

t1 •DIRFLG 

BUFOFF,R4 
R4 
tHASBUF,R4 
DIRFLG•tl 
lOt 
<R4>rHDAC 

DIRFLG,tO 
20t 
<R4>•11DAC 

<R4 hHDAC 
tl•DIRFLG 
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iRESET THE ION TRAP? 

iBACKWARDS 

;RESET 

;SET FOR FORWARD SCANNING 

iNO Of'ERATION!! 
iSCt'\N FORWARD 

;RESET THE. Se"AN POINTERS? 

; SET SCAN Dl RE.CT ICIN FLAB: FORWARI• 

;BUFFER OFFSET TO R4 
fOIVIDE BY TWO 
fR4 HAS HASS POINTER 
;QUADRUPOLE--SCANNING WHICH WAY? 

fSET QUADRUPOLE TO HASS PEAK 

fRESET THE QUADRUPOLE? 

iSET QUADRUPOLE TO HASS PEAK 

;RESET QLIAD 



fPAGE TWO 
; 
; 
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fSUBROUTINE TO HALT DMA DRIVEN DISPLAY 
; 
DISHL T: CLR 
lOt: BIT 

BNE 
RETURN 

DMAHLT 
UOOrADCSR 
lOt 

;HALT DMA 
;HALTED? 
; LOOP TILL YES 

;SUBROUTINE "BUFINIT" GENERATES D~TA BUFFER ADDRESSES GIVfN THE 
;NUHBER OF DATA CHANNELS IN USE. 

BUFINIT:MOV 
MOV 
MOV 
MOV 
CMP 
BPL 
MDV 

lOt: ASH 

NEL 

R2 

BUF. 

R 

SUB 
MDV 

MDV 

ADD 
HOV 

ADD 
ADD 
HOV 
ADD 
MOV 
ADD 

HOV 
HOV 
MDV 
ADD 
MDV 
HOV 
MDV 
CLR 
CALL 
CLR 
BIC 
HOV 
MOV 
RETURN 

RltRUUF 
R:2rR2BUF 
NCHANtR1 
NCHANrDICHNS 
NCHAN,WINSIZ 

. lOS 
NCHANtWINSIZ 
t2tR1 
t-4tR1 
RltLCHAN 

tDATBUFtR2 

tlOOO.tR2 
R2rSBBUF 

t4tR1 
R1rR2 
R2•BABUF 
R1•R2 
R2,POBUF 
R1•R2 

R2•DIBUF 
R2•DISTRT 
R2•DISWIN 
Rl •R2 
R2•DISI'IAX 
tlrEXPFLG 
tlrDIRFLG 
BUFOFF 
X JUMP 
UPDATE 
t2.• RUNFLG 
R18UF•Rl 
R2BUF,R2 

fSAVE REGlSlERS 

fR1 GETS t OF CHANNELS 
fNUHBER OF DISPLAYED CHANNELS 
; WINDOW TOO LARU,E'? 

fHAX WINDOW SIZE 
fHULTIPLY BY FOUR 

It OF ADDR~SS LOCATIONS TU LAST CHAN 

fSTARTINI:l ADDRESS OF DATA BIIFFEFI: IN 

;500 HfADER WORnS 
fSTARTIHG LOC. FOR SI6NAL+BACKGROUND 

ft OF ADDRESSES IN Rl 
fSTARTING LOC. FOR BACKGROUND BlJFFER 
fLO~D BACKGROUN~ BUFFEFI: PlllNTf~ 
JSTARTING LOCATION FOR POWER BUFFER 
;LOAD POWER BUFFER POJNTER 
fSTARTING LOCATION FOR DISPLAY BUFFE 

;LOAD DISF-'LAY BIJFFER POINTER 
fSTARTING LOCATioN FOR DISPLAY 
;WINDOW POINTER 

fDISPLAY BIIFFER LAST AliDRESS +2 
JDON'T EXPAHD DISPLAY 
;SCAN FORWARD FIR~T 

;cLEAR BUFFtR OFFSET 
;CALCULATE X.liJKP 
fUPDATE DISPLAY 
fRUN NOT IN P~OGRESS 
;UNSAVE REGISTERS 

fRETURN TO CALLER 
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;THIS SUBROUTINE LOADS •DIFUNC• AND •nlCOIJE• WHICH AkE WORDS THAl DJRECT 
~THE MAIN PROGRAM HODULE DISPLAY ROUTINE, 
~ 
DISOPT: HOV 

CMPB 
BEQ 

ND 

u: 

St: 

6t: 

Bt: 

u: 

lOt: 

1St: 

20t: 

Jot: 

-40t: 

sot: 

60t: 

BR 
.PRINT 
CALL 
110V 
CI1P 
BEQ 
CI1P 
BEQ 
CI1P 
BEQ 
CI1P 
BEQ 
CHPB 
BEQ 
HOV 
CHP 
BNE 
CALL 
BR 
CHP 
BNE 
CALL 
BR 
C11P 
BNE 
CALL 
BR 
CHP 
BNE 
CALL 
BR 
CHP 
BNE 
CALL 
BR 
HOV 
BR 
HOV 
BR 
HOV 
BR 
HOV 
BR 
.PRINT 
,PRINT 
CALL 
JHP 
HOV 

IOBUF+2riOBUF 
IOBUFrtlS 
u 

St 
tMlO 
READ 
IOBUFrDICODE 
t•SBriOBUF 
1St 
t•SirlOBUF 
20t 
t•BA•IOBUF 
JOt 
t•f>OriOBUF 
40t 
t'?,IOBUF 
SOt 
DICODE+2•DICODE 
t• DAriOBUF 
6t 
TYDATE 
DISOUT 
t•PAriOBUF 
at 
DP 
DISOUT 
t•EXriOBUF 
9t 
DE 
DISOUT 
t • PN riOBUF 
10t 
PN 
DISOUT 
t•REriOBUF 
DISOUT 
RE 
DISOUT 
tSBrDIFUNC 
60S 
tSirDIFUNC 
60t 
tBA,OIFUNC 
60t 
tPOrDIFUNC 
60t 
tH7 
tH11 
CRLF 
u 
DIFUNC,DIFUNC+2 

fi10VE IN SECOND CUHMANIJ IF ANY 
~IS IT A CARRIAGE RETURN? 
~IF YESrASK FOR SECOND PART OF COI111A 

;GO CHECK THE CO~HAND 
;WHICH OPTION'? 

;STORE RESPONSE IN IliSF-'LI'lY COllE 
IDISPLAY SIONAI.+BACKGRU,? 
I BRANCH IF YES 
JDISPLAY SIGNAL BUFFER'? 
JBRANCH IF YES 
;DISPLAY THE BACKGRD. BUFFER? 
;BRANCH IF YES 
JDISPLAY THE POWER BUFFER'? 
;BRANCH IF YES 
~PRINT OPTIONS'? 
~BRANCH IF YES 
JINSF.RT OLD CODE 
;DISPLAY DATE? 

fDISPLAY PARAI1~TERS'? 

;EXPAND DJS~LAY'? 

;POWER NORMALIZE'? 

IDISPLAY REVERSE? 

JLOAD FUNCTION COllE WORD 
;on OUT 

;GET OLIT 

IGET OLIT 

fGET OUT 
;PRINT OPTIONS 

fTRY AUAIN 
JSAVE FUNCTION CODE 



HOV DICODEtDICODE+2 
CLR UPDATE 

DISOUT: RETURN 
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fSAVE NEW DISPLAY CODE 
IUPDATE DISPLAY 
;RETURN TO CALLER 

ISUBROUTINE 'DISCAL' SCALES THE NUHBERS IN THE DISPLAY ~UFFEk SO 
ITHAT THE LARGEST VALUE ~ESULTS IN FULL SCALE DEFLECTION (JF THE 
IDISPLAY SCOPE 
; 
DISCAL: CALL 

HOV 
HOV 
HOV 
HOV 
HOV 
HOV 
CHP 
BLE 
ADD 

lOt: HOV 
JHP 

DISHLT 
Rl•RlDIS 
R2tR2DIS 
RJ,R1DIS 
R4rR4DIS 
RS,R:lDIS 
IUDIBUFtRl 
FLI3DlSrt1 
lOt 
LCHANrRl 
NCHANrR4 
IDIFUNC 

IDISPLAY SIGNAL---S+B BUFFER HlNUS· B 
SI: HOV ttBABUF,RJ 

HOV US.BBUF r R2 
HOV itPOBUFrRO 
BIT tl•FLGDIS 
BNE JOt 
BIT t2tFLGDIS 
BNE 20t 

lOt: HOV <R2>+•<R1) 
HOV <R2>+r2(R1> 
SUB <RJ>+r <Rl >+ 
SBC <R1> 
SUB <R3>+r <Rl >+ 
SOB R4t10t 
JHP ttS•:ALE 

20t: HOV <R2>+•<R1> 
MOV <R2>+r2<R1> 
SUB <RJHtCR1> 
SBC 2<R1> 
SUB <R3>+•2<R1> 
SUB t4,R1 
SOB R4t20t 
JHP USCALE 

JOt: HOV R1rRSSI10 
MOV NCHANrSMOPTR 
HOV ltPOBUFrR1 
CALL HAXFND 
HOV ltARG2tltPOWHAX 
HOV ltARG2+2•itPOWHAX+2 
TST ltPOW!1AX 
BNE 3St 
HOV tlrltPOWMAX 

3St: HOV RSSHOtRl 

IHALT DISPLAY 
ISAVE THE REGISTERS 

ISTARTING Alli.IF<ESS Of' BUFFER IN Rl 
; FORWAIHI OR ~EVERSE? 

;DISPLAY BUFFER HAXIHUH 
;NUMBER OF CHANNELS IN R4 
IGO TO DISPLAY FUNCTION 

BliFFER=SIGNAL BUFFER 
;ADDRESS OF BACKG~D. BUFFER 
; ADDRESS OF SHe BUFFER 
fADDRESS Of POWER 8UF. 
; POWER NCIRH. 1 

fFORWARD OR REVERSE 

fHOVE DOU~LE WORD 

JDO SIJTRAC:TlON 

;oo THEH ALL 

fPOWER BUFFER AnUkESS 

; IS IT ZERO? 

IRESTORE DJBUF AD~RESS IN Rl 
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HOV @tBABUFrR3 ;ADDRESS OF BACKGRD. £11JFFER 
HOV @tSBBUFrR2 ;ADDRESS OF S+B BUFFER 
HOV @tPOBUFrRO ;ADDRESS UF POWtR lWF. 
HOV NCHANrR4 

40t: HOV <R2>+r@tARG1 
HOV <R2>+riiARG1+2 
SUB <RJ)h@tARGl 
SBC @tARG1+2 
SUB <R3>+r1UARG1+2 
HOV @tPOWHAX' @IARG2 
HOV @tPOWHAX+2r@tARG2+2 
HOV <RO>+r@IPOVALU 
HOV <RO>+r@tPOVALU+2 
HOV tliST,R5 ;ARG. LIST 
HOV ROrROSHO ;sAVE 
HOV R1,R1SI10 ;sAVE 
HOV R2rR2SHO ;sAVE 
HOV R3rR3SI10 ;SAVE 
HOV R4rR4SHO ;sAVE 
CALL JHUL 
CHP Ro.t-2 ;oVERFLOW? 
BNE SOt 
.PRINT tl168 ; OV FLO!! 

sos: HOV itRESULTr@tARG1 
HOV @tRESULT+2•@tARG1+2 
HOV @tPOVALUr@tARG2 
HOV @tPOVALU+2r@tARG2+2 
TST @tARG2 ;zERO? 
BNE 53$ 
110V t1 r@tARG2 

53t: 110V tliST,RS 
CALL JDIV 
HOV R4SI10rR4 ;UNSAVE 
HOV R3SHQ,R3 
HOV R2SI10rR2 
HOV RlSHOrRl 
MOV ROSHOrRO 
MOV @IRESUL Tr <Rl >+ ;LOAD DIBUF 
HOV @tRESUL T+2, < Rl > + 
BIT t2rFLGDIS ;FOR. Of< REV.? 
BEQ 5St 
SUB t8., Rl 

sss: DEC R4 ;LOOP COUNTER 
BED 60S 
JHP 40$ 

60S: JMP @tSCALE 
; 
fDISPLAY SIGNAL+BACKGROUND BUFFER 
SB: HOV @tSSBUFrR2 fADDRESS OF S+B BUFFER 

BR HW 
; 
fDISPLAY THE POWER BUFFER 
PO: HOV @tPOBUFrR2 ;ADDRESS OF POW~R BUFFER 

BR HW 
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fDISPLAY THE BACKGROUND BUFFER 
BA: MOV lt8ABUF,R2 

BR MW 
• fDISPLAY THE SMOOTHED BUFFER<I.E. DON'T 
SM: JMP @tSCAOUT 
; 

' MW: BIT t2tFLGDIS 
BEQ HOVDAT 
BR DATMOV 

HOVD.AT: MOV <R2HdR1H 
HOV <R2>+•<R1H 
SOB R4•HOVDAT 
JHP @tSl:ALE 

; 
; 
DATHOV: MOV <R2HdR1) 

HOV <R2>+•2<Rl> 
SUB t4tR1 
SOB R4,DATHOV 
JHP It SCALE 

HINFND: HOV t177777tltARG2 
HOV t77777•IIARG2+2 

lOt: HOV <Rl>+,ltARGl 
MOV <R1H,@tARG1+2 
HOV tLIST•R5 
HOV Rl,@tR1SHO 
CALL JCMP 
MOV @tR1SMO,R1 
CMP t-l,RO 
BNE 15S 
HOV ltARG1•1tARG2 
HOV ltARG1+2•1tARG2+2 

15t: DEC ltSHOPTR 
BNE lOS 
RETURN 

I 
.HAXFND: HOV tO,ItARG2 

HOV tOr@tARG2+2 
tot: MOV <Rl >+•ltARBl 

HOV < Rl >+, ltARG1+2 
BGE 20S 
COH lltARG1+2 
COM ltARGl 
ADD t1 rltAROl 
ADC ltARG1+2 

20t: HOV tLISTtR5 
HOV RlrltR1SHO 
CALL JCMP 

;ADDRESS OF BACKGROUND BUFFER 

SCALE AND DON'T UPDATE> 
;NO SCALING --GET OUT 

;WHICH WAY? 
;F"ORWARD 
;REVERSE 

;FORWARD 

;TRANSFER UNTIL DONE 

I REVERSE 

fTRANSFER UNTIL DONE 

;SEARCH FOR THE SMALLEST 
;VALUE IN THE ARRAY. 

;SYSF4 AkO. LIST 
; SAIJE Rl 

IUNSAVE Rl 

;DEC. LOOP COUNTER 

;SEARCH FOR THE LARGEST 
JABSOLUTE VALUE IN THE ARRAY 

I 

ISYSF4 AkG. LIST 
iSAVE Rl 



25t: 

; 

HOV 
CHP 
BNE 
HOV 
HOV 
DEC 
BNE 
RETURN 

;DISPLAY BUFFER 
SCALE: TST 

BEQ 
CALL 

u: CHP 
BLT 
BGT 
HOV 
HOV 
CALL 
HOV 
HOV 

20t: HOV 
110V 
HOV 
HOV 

25t: SUB 
SBC 
SUB 
SOB 

MAXIE: 110V 
CHP 
BEQ 
BLT 
CHP 
BNE 
ADD 
HOV 
HOV 
BR 

4t: 110V 
BR 

6S: HOV 
110V 

as: CALL 
HOV 
HOV 

JOt: HOV 
HOV 
CLR 
CHP 
BNE 
HOV 

Jss: CHP 
BNE 

UR1SI10rR1 
tlrRO 
25$ 
@tAR01rUARG2 
@tARG1+2r@tARG2+2 
IUSHOPTR 
10$ 
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HAS BEEN LOADED--NOW 
RETAKE 
1$ 
CLEAR 
t1 rZERFLG 
20$ 
HAXIE 
UDISTRTtR1 
@tDICHNSr@tSHOPTR 
HINFND 
itAR02r@tYt1IN 
@tARG2+2ritYHINt2 
@tYI1INrR3 
ltY11IN+2•R2 
@tDIBIJFrRl 
NCHANrR4 
R3r(R1>+ 
<Rl> 
R2r < Rl >+ 
R4r25t 
@t0IBUFrR1 
DISFLGrtl 
6$ ... 
DISFLGrt2 
JOt 
CSCHANrRl 
<Rl >+rYHAX 
<R1)rYHAX+2 
JOt 
UNCHAN, ltSI10PTR 
St 
DISWINtRl 
WINSIZrSHOPTR 
11AXFND 
@tARG2r@IYHAX 
@tARG2+2,@tYHAX+2 
@tYHAXrR3 
@tYHAX+2rR2 
@tSHIFT 
tOrR2 
JSt 
US. ritSHIFT 
tOrRJ 
J7t 

;uNSAVE Rl 

iDEC. LOOP COUNTER 

SCALE THEH FOR OUTPUT. 
iACCIJHULATING? 

;CLEAR DATA 
;wHICH ZERO? 
fYHIN = "ENTE~E~ VALUE" 
Ht11N = 0 
;DISPLAY START 

;FIND HlNIHliH 
;HQIJE BUFHIN 

iADDRESS Of DlSPLAY BUFFER 
JAUTO-SCALE OR WINDOW SCALE? 

;CHANNEL 0~ A~SOLUTE SCALING? 

fCHANNEL SCALE 

JAUTO SCALE 

fWINDOW SCALE 

fGET HAX. OF ARRAY 
JI10'JE BUFI1AX 

iLOW WORD ZERO? 
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HOV tlrR3 
HOV t30,,@tSHIFT 
BR 40$ 

37t: SWAB R3 
BNE 3Bt 
HOV t2J,,@tSHIFT 

3Bt: SWAB R3 
40t: ASHC @tSHIFT,R2 

BIT t40000rR2 
BNE 43$' 
HOV @tYHAXrR3 
HOV @tYHAX+2•R2 
INC @tSHIFT 
BR 40$ 

43t: HOV ·R3r @tARGl 
HOV R2,1!tARG1+2 
HOV @tYSCALErARG2 
CLR @tARG2+2 
HOV tLISTrRS 
CALL JDIV 
HOV @tRESULTrl!tARG2 
HOV &•RESULT+2f@tARG2+2 
HOV ~tDIHTRT,Rl 

HOV @tDICHNS,@tSHOPTR 
4St: HOV <R1>+;R3 

HOV <Rl>+rR2 
ASHC @tSHIFTrR2 
BVS 47t ;SIGN CHANGE'? 
HOV R3r@tARG1 
HOV R2,@tARG1+2 
HOV tLISTrRS 
HOV Rl,@tRlSHO ;SAVE Rl 
CALL .JDIV 
HOV @tR1SHO,R1 ;UNSAVE Rl 
ADD t3777r@tRESULT 
CHP t7777,@tRESULT 
BPL so·s 

47t: HOV t7777,@tRESULT 
sot: HOV @tRESUI.Tr-2<R1 > 

DEC SHOPTR ;nEe. LOOP COUNTER 
BNE 4St 

SCAOUT: CALL XLOAD ;LOAD X-VALUES 
HOV @tR1D1SrR1 ;UNSAVE THE REGISfERS 
HOV @tR2DISrR2 
HOV @tR3DISrR3 
HOV @tR4DIS•R4 
HOV @tRSDISrRS 
HOV tl,DHAHLT ;DHA GO 
HOV D1BUF,DHACAR ;LOAD DHA REGISTERS 
HOV NCHAN,DHAPCR 
NEG DHAPCR ;2'S COHPLEMENT 
BIS t102•ADCSR ;ENABtE DHA INT 
BIS tl•ADCSR ;sTART DHA 
RETURN ;RETURN TO CALLER 

; 
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; 
;THIS SUBROUTINE DEFINES AND LOADS CODE VALUES INTO THE WOFU1S 
;•scTYPE" AND •sCFUNC•. SCTYPE DETERMINES THE 'SCAN TYPE' TO 
iBE PERFORMED DURING DATA TAKING--BIDIRECTIONAL OR UNIDIRECTIONAL. 
;sCFUNC DETERMINES THE 'SCAN FUNCTION' ;THAT IS •WHI•:H DEVICE IS 
ITO BE SCANNED--THE DYE LASER,THE OPO•ETC •• 

' sc: 

ND 

u: 

ss: 

lOt: 

20t: 

30t: 

40S: 

5os: 

CALL 
110V 
110V 
CHPB 
BEQ 

BR 
.PRINT 
CALL 
110V 
CMP 
BEQ 
CHP 
BEQ 
CHP 
BEQ 
CHP 
BEQ 
CHP 
BEQ 
CHP 
BEQ 
CI1PB 
BEQ 

.PRINT 
BR 
HOV 
CALL 
CALL 
CALL 
JMP 
110V 
CALL 
CALL 
CALL 
JHP 
110V 
CALL 
JHP 
l'tOV 
CALL 
CALL 
CALL 
JI'IP 
.PRINT 
.PRINT 

DISHLT 
U •DIRFLG 
IOBUF+2•IOBUF 
IOBUF•tlS 
1S 

5t 
tHS 
READ 
IOBIJF,SCCODE 
t•LA•IOBUF 
lOS 
t•QU,IOBUF 
20S 
t•TR•IOBUF 
30$ 
t•HA,IOBUF 
40$ 
t•f1C,IOBUF 
50S 
t•NO•IOBUF 
60S 
t''h IOBUF 
scos 

tH4 
u 
tLA•SCFUNC 
DYELAS 
BUFINIT 
CLEAR 
SCOUT 
tQU,SCFUNC 
QUAD 
BUFINIT 
CLEAR 
SCOUT 
tTR•SCFUNC 
TRAP 
SCOUT 
tJ1A,SCFUNC 
MAGNET 
BUFINIT 
CLEAR 
SCOUT 
tl198 
11148 

;HALT DISPLAY 
;sCAN DIRECTION FLAG 
iHOV IN SECOND COI111ANDoiF ANY 
;IS IT A CARRIAGE RETURN? 
;IF YES,ASK FOR SECOND PART OF COMMA 

fWHAT COI111AND IS IT? 

fSCAN THE LASER? 

;SCAN THE QUADRUPOLE? 

;SCAN THE ION TRAP? 

;scAN THE MAGNET? 

fTHE HCS UNIT? 

fSCAN NOTHING? 

iPRINT OPTIONS AVAILA~LE? 

;DYE LASER SUBROUTINE 
iGENERATE NEW BUFFER POINTERS 
fCLEAR DATA BIIFFER 

iCALL QUADRUPOLE SUBROUTINE 
JGENERATE HEW BUFFER POINTERS 
;CLEAR DATA BUFFER 

fLEAVE 
iSCAN SECTOR l'tAGNET 
iCALL MAGNET SUBROUTINE 
;GENERATE NEW BUFFER POINTERS 
fCLEAR DATA BUFFER 

iACTIVATE HCS UNIT? 
JARE YOU SURE? 



60t: 

TURN 

CALL 
CHPB 
BNE 
HOV 
CALL 
CALL 
.PRINT 
HOVB 
CLR 
HOV 
CALL 
JI1P 
110V 
110VB 

NOTHIN: 110VB 
110VB 
CI1PB 
BEG 
BR 

lOt: .PRINT 
CALL 

20t: CALL 
BCC 
.PRINT 
BR 

47t: TST 
BEQ 
BGT 
NEG 

SOt: CI1P 
BI1I 
110V 
CALL 
CALL 
JI1P 

S5t: .PRINT 
BR 

SC05: .PRINT 
.PRINT 
JHP 

SCOUT: CLR 
RETURN 

J 

READ 
I'Y•IOBUF 
SCOUT 
1377,NCHAN 
BUFINIT 
CLEAR 
11185 
124.,A2DCON 
ACTIVE+2 
SBBUF,HCSBUF 
HCSIN 
SCOUT 
INOtSCFUNC 
us, IOBUF+2 

I'OtiOBUF 
I'O,IOBUF+l 
us, IOBUF+2 
lOt 
20$ 
1116 
READ 
ASCBIN 
47t 
1114 
10$ 
Rl 
SSt 
50t 
Rl 
uooo.,Rt 
SSt 
Rl,NCHAN 
BUFINIT 
CLEAR 
SCOUT 
1114 
lOt 
tl17 
1118 
sc 
UPDATE 

JSUBROUTINE TO "SET" A DEVICE 
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JGET RESPONSE 
f IS IT YES? 
JIF NOtGET OUT 
;255, CHANNELS 

;11CS ACTIVE 11ESSAGE 
;DISABLE A2DCUN INTERRUPT 
;No ACTIVE CHANNEL BRT. 
;DATA INTO S+B BUFFER <DEFAULT> 

;"NOTHIN" LOOKS FOR THIS CARRIAGE RE 

JZERO TO THE FIRST TWO BYTES 

tA CARRIAGE RETURN? 
JBRANCH IF 'fES 
JCONVERT TO BlNARY IF NO 

fBRANCH IF NO ERROR 
JPRINT ERROR HESSAGE 
ITRY AGAIN 
;GT ZERO LE 1000. ? 

fi1AKE POSITIVE IF IT WAS NEGATIVE 

;uPDATE DlSf'LAY 
;RETURN TO CALLER 

;LOADS "ROUTINE" WITH THE ADDRESS OF SUBROUTINE TO BE EXECUTED 
J 
SE: 

ND 

2t: 

Jt: 

110V 
CHPB 
BEQ 

BR 
.PRINT 
CALL 
CI1P 

IOBUFt2tiOBUF 
IOBUF•tlS 
2t 

3$ 
1115 
READ 
SCCODEtiOBUF 

;HOV IN SECOND COHHANDtlF ANY 
PXS IrA CAkRIAUE RETUkN? 
;IF YES,ASK FOR SfCDND PART OF COMMA 

;wHAT CUI111AND IS IT? 

;IS THE DEVICE BEING 'SCANNED'? 



5t: 

lOt: 

20t: 

JOt: 

40t: 

SEOUT: 

BNE 
.PRINT 
RETURN 
CHP 
BNE 
HOV 
JHP 
CHP 
BNE 
HOV 
JHP 
CHP 
BNE 
HOV 
JHP 
CHP 
BNE 
HOV 
JHP 
.PRINT 
RETURN 
.PRINT 
CALL 
RETURN 

5t 
tl191 

t'LA,IOBUF 
lOt 
tLA,ROUTINE 
SEOUT 
t'QU,IOBUF 
20t 
tGU,ROUTINE 
SEOUT 
t'TR,IOBUF 
JOt 
tTR,ROUTINE 
SEOUT 
t'HA.IOBUF 
40t 
ti1A,ROUTINE 
SEOUT 
tl151 

tl196 
KEYHOL 
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;sET THE LASER? 

fGO CALL THE ROUTINE 
;SET THE QUADRUPOLE? 

fGO CALL THE ROUliNE 
iSET THE ION TRAP? 

iGO CALL THE ROUTINE 
iSET THE HAuNtT? 

;sECTOR HAG'NET 
iOO CALL THE ROUTINE 
;NONEXISTENT OPliON 

iKEY 110DE REAIJY 

;SUBROUTINE TO IMPLEMENT 'KEY-110DE' OPERATION. 

KEYHOU BIS 
lOt: .TTINR 

BCS 
CHPB 
BNE 
HOV 
BR 

1St: CI1PB 
BNE 
110V 

20t: CALL 
BR 

25t: CI1PB 
BEQ 

JOt: TST 
BNE 
110V 
MOV 
CALL 
MOV 
BR 

J5t: • TTINR 
BCC 
BIC 
CALL 
RETURN 

tlOOOO,JSW 

JOt 
t',,Ro 
15S 
t-l,DIRFLG 
20t 
• I.' RO 
25t 
tl,OIRFLG 
@ROUTINE 
JOt 
t'S,RO 
J5S 
UPDATE 
lOt 
DICODE+2,DICODE 
DIFUNC+2,DIFUNC 
DISCAL 
UPDATE+2,UPDATE 
lOt 

JSS 
UOOOO ,JSW 
CRLF 

fSPECIAL TTY MllDECNO CR/LF> 
iCHARACTER INPUT? 
iBRANCH IF NO 
I DECREASE? 

fSET DIRECTION FlAG 

fiNCREASE? 

;CALL THE ROUTINE 

fSTOP COHHAND? 

iUPDATE WlLL OCCUR 

;GET RID OF POSSI~LE 'SM' 
; RE-:STORE FUNCTION CODE 
I UPDATE 

fEAT ALL OTHER CHARACTERS 

fRETURN TTY TO NORMAL HODE 
HYPE CR-LF 
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;SUBROUTINE TO SET THE SCANNING PROCE~URE 
; 
SCNPRO: HOV 

C11PB 
BEQ 

NO 
BR 

lOt: .PRINT 
CALL 

20S: CI1P 
BEQ 
CHf' 
BEQ 
.PRINT 
CALL 
BR 

1010s: HOV 
SCNOUT: RETURN 

, 

IOBUF+2•IOBUF 
IOBUF•t1S 
lOt 

20t. 
I.H9 
READ 
I'BI•IOBUF 
1010t 
t"UN,IOBUF 
1010S 
IH4 
CRLF 
lOt 
IOBUF,SCTYPE 

IHOV IN SECOND CDHHAN~•IF ANY 
;xs IT A CARRIAGE R£TUt<N? 
;IF YES,ASK Fll~ SECON~ PART OF COMMA 

JWHAT COHHAND lB IT? 
JTYf'E OF SCANNING? 

;BIDIRECTIONAL? 

JUNIOIRECTIONAL? 

IRETURN TO CALLER 

iSUBROUTINE. TO CLEAR DATA BUFFER AND .RE-INIT , 
CLRQUE: 

CLEAR: 

lOt: 

CLROUT! 

.PRINT 

.PRINT 
CALL 
CHPB 
BNE 
CLR 
HOV 
HUL 
110V 
110V 
SOB 
110V 
RETURN 

tl149 
tl148 
READ 
t' Y riOBUF 
CLROUT 
NSCAN 
NCHAN•Rl 
t6. 'R 1 
SBBUF,R2 
to, <R2>+ 
Rlt lOt 
DACYCL+2•DACYCL 

;CLEAR MESSAGE 
;ARE YOU SUR~ 11£88AGE 
IGET RESPONSE 
; IS IT YES? 
INO•GET OliT 
ICLEAR SCAN COUNTER 
INOW.CLEAR BUFFER 

JDATA BUFFER POINTER 

JUPDATE CYCLE COUNT 
;t<ETU~N TO CALLER 

ITHIS SUBROUTINE SETS THE DEVICE BfiNG SCANNED TO ITS STARTING 
IPOINT•RESETS THE BUFFER OFFSET FLAG AND THE SCAN DIRECTION FLAG. 

RESQUE: .PRINT tH-46 fRESET THE DEVICE? 
.PRINT tH-48 IAI<E YOU SIJRE? 
CALL READ IGET Rt.PLY 
CI1PB t' Y .ZOBUF iYES OR NO 
BNE RESOUT INO•LEAVE 

RESET: CHP t'LA•SCCODE IOYE LASER 
BEQ lOt 
CHP t•au.sccooE I QUADRUPOLE 
BEQ 20t 
CHP t'TRrSCCODE liON TRAP 
BEQ JOt 
CHP t'OPtSCCODE IQUAD SCANNING PEAK POSITION 
BEQ 40t 
C11P t'HArSCCODE JSECTOR HAGNEl? 
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BEQ 50$ 
CHP t"NO,SCCODE ;•NOTHING" 
BEQ 60$ 
BR RESOUT 

lOS: HOV SHOWAV,RESULT 
HOV SHOWAV+2•RESULT+2 

• CALL DYE SET 
BR 60S 

20t: HOV HDACl•HDAC 
BR 60S 

JOt: HOV DELOFF,OELTOT 
HOV DELTOT,KWBPR 
NEG KW8PR 
BR 60$ 

40S: HOV HASBUF,HDAC 
BR 60$ 

sos: HOV HADACl•HADAC 
60S: HOV tl•DIRFLG 

CLR BUFOFF 
BIC t2,RUNFLG ;RUN NOT IN PROGRESS 

RESOUT: RETURN ;RETURN TO CALLER 

; THIS SUBROUTINE CREATES AND WRITES A DATA FlLE 
; 
WDISK: HOV R2•R2DSK JSAVE R2 

HOV tDATBUF,R2 ;STARTING LOCATIOt4 OF DATA BUFFER 
HOV NCHAN•<R2>+ fSTORE PROGRAM VARIA~LES 
I'IOV NCHAIH2, < R2 > + 
HOV SHOWAV•<R2>+ 
I'IOV SHOWAV+2•<R2l+ 
I'IOV LONWAVtCR2>+ 
HOV LONWAV+:l•<R2>+ 
HOV WAVINC,<R2>+ 
HOV WAVINC+2•<R2>+ 
I'IOV SETWAV,<R2>+ 
110V SETWAV+2•<R2>+ 
110V CALWAV•<R2>+ 
HOV CALWAV+2•<R2>+ 
110V I'IDAC 1+2, < R2 >+ 
110V HDAC2•<R2>+ 
HOV 11RES+2•<R2>+ 
I'IOV NSTEP' < R2 >+ 
I'IOV DELI NC .C R2 >+ 
110V DELOFF,<R2>+ 
110V LASHOTS,<R2>+ 
110V LASHOTS+2•<R2>+ 
110V SCCODE,<R2l+ 
110V SCFUNC•<R2>+ 
110V NSCAN•<R2>+ 
HOV NSCAN+2,(R2>+ 
HOV A2DGNS, < R2 >+ 
110V DACYCL+2•<R2>+ 
110V BUFOFFrCR2>+ 
110V HADAC1+2r <R2>+ ;SECROR 11AGNRT 



11DV 
110V 
110V 
110V 
11DV 
110V 
CALL 
11DV 
RETURN 

HADAC2r<R2>+ 
HARES+2r <R2>+ 
DATEd R2 >t 
RUN'< R2 >+ 
SCTYPEr<R2>+ 
TRGBINr <R2>+ 
WRDISK 
R2DSKrR2 
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;RUN NUHBER OF DATE 
fSCANNING PROCEUURE 

;WRITE THE DAlA FILE 
iRESTORE R2 
JRETURN TO CALLER 

JSUBROUTINE TO READ A DATA FILE OFF THE DISK. 

RDISK: .PRINT 
.PRINT 
CALL 
CHPB 
BNE 
CALL 
CALL 
CLR 
110V 
CALL 
110V 
110V 
11D.V . 
11ov· 
11DV 
HOV 
HOV 
110V 
HOV 
110V 
11DV 
110V 
HOV 
110V 
110V 
110V 
HOV 
110V 
HOV 
110V 
110V 
HOV 
110V 
110V 
110V 
HOV 
HDV 
HOV 
HOV 
HOV 
HOV 
HOV 
HOV 

tH47 
11148 
READ 
t'YriDBUF 
RDIOUT 
DISHLT 
CRLF 
ACCFLG 
R2rR:.!DSK 
REDISK 
tDATBUFrR2 
<R2>+rNCHAN 
<R2>+rNCHAN+2 
CR2>+rSHOWAV 
<R2>+rSHOWAV+2 
<R2>+rLONWAV 
<R2>+rLONWAV+2 
<.R2>+rWAVINC 
<R2>+rWAVINC+2 
<R2>+rSETWAV 
<R2>+rSETWAV+2 
( R2) h CALWAV 
<R2>+rCALWAV+2 
< R2 > + '11DAC1+2 
CR2>+rHDAC2 
<R2>+ri1RES+2 
< R2 >+, NSTEP 
CR2>+rDELINC 
<R2>+rDELOFF 
CR2>+rLASHOTS 
C R2 >+ r LASHO TS+2 
< R2 >+' SCCODE 
CR2>+rSCFUNC 
< R2 >+, NSCAN 
C R2 > +, NSCAIH2 
CR2>+rA2DGNS 
CR2>+rDACYCL+2 
< R2 >+' BUFOFF 
< R2 >+, 11ADAC 1 +2 
<R2>+ri1ADAC2 
CR2>+rHARES+2 
<R2>+rDATE 
CR2>+rRUN 

JREAD THE DISK? 
JARE YOU SIJRE? 
JGET REPLY 
fYES? 
JNOrGET OUT . 
;HALT DISPLAY 

JSTOP TAKING DATA 
;s~WE R2 
f READ THE Fl LE 
iSTARTING LOCATION OF DATA 
fRESTOR£ ~~UGRAI1 VARIABLES 

;FILE DATE 
;FILE RIJN NliHBER 

• 

BUFFER 



110V 
110V 
110V 
CALL 
110V 
CALL 
110V 
CALL 
CI1P 
BEQ 
CI1P 
BEQ 
CALL 
.PRINT 

lOt: 110V 
RDIOUT: RETURN 

; 
;sETS NUMBER OF 
; 
NOSCNS: 110V 

110V 
CI1PB 
BEQ 
BR 

lOt: .PRINT 

< R2 > h SCTYPE 
<R2>+rTROBIN 
BUFOFF,R2 

· BUFINIT 
R2•BUFOFF 
DATES 
A2DGNSr<IOBUFt2> 
A2DAI1P 
t"UNrSCTYPE 
lOt 
t"BI,SCTYPE 
lOt 
TYSTAT 
tl174 
R2DSK,R2 

SCANS TO BE HADE 

R1tR1NOS 
t"OOriOBUF 
t1StiOBUFt2 
lOt 
1St 
tl114 
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I SAVE 

iS£T GAIN SETTING 
111ISSING CCIDE'? 

HYPE STATUS 
JWARNING TO USER 
tRESTORE R2 

tSAVE R1 
JPLACE ZEROES IN THE FIRHT WORD 
liS IT A CARRIAGE RfTURN? 
JBRANCH IF YES 
fCONVERT TO BINARY IF NO 

CALL READ 
JASK FOR NUMBER UF SCANS TO 8E HADE 
fREAD ENTRY 

ist: CALL 
BCC 
.PRINT 
BR 

20t: HOV 
110V 

NOSOUT: RETURN 

; SUBROUTINE TO 

NOCYCL: 110V 
110V 
CI1PB 
BEQ 
BR 

lOt: .PRINT 
CALL 

1St: CALL 
BCC 
.PRINT 
BR 

20t: HOV 
110V 
HOV 

NOCOUT: RETURN 

ASCBIN 
20t 
tl14 
lOt 
R1rNSCAN+2 
R1NOS,R1 

SET THE NUMBER OF DATA 

R1•R1NOC 
t"OOriOBUF 
us, IOBUF+2 
lOt 
1St 
tH41 
READ 
ASCBIN 
20t 
tl14 
lOt 
R1rDACYCL+2 
R1•DACYCL 
R1NOCrR1 

;CONVERT TO BINARY NUHBER 
fERROR1 
IBAD ENTRY MESSAGE 
HRY AC:iAIN 
JSTORE ENTRY 
iRESTORE R1 
JRETURN TO CALLER 

CYCLES PER CHANNEL. 

fSAVE R1 
JPLACE ZEROES IN THE FIRST 
fiS IT A CARRIAGE RETURN'? 
f8RANl:H IF YES 
fCONVERT TO BlNARY IF NO 
J ASK FOR CYCI.ES 
J GET THE R~"PL Y 
I CONVERT fO BINARY 
tBRANCH If" OK 
;BAD ENTRY 11ESSAGE 
HRY AOAIN 
JSAVE IT 
fLOAD CYCLE COUNTlR 
JRESTORE Rl 
tRETURN TO CALLER 

WORD 
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ISUBROUTINE TO SHOOTH DATA IN THE DISPLAY BUFFER 

SHOllTH: HOV 
HOV 
HOV 
HOV 
HOV 
HOV 
HOV 
HOV 
HOV 

lOt: CHPB 
BNE 
CALL 
BCC 
BR 

1St: HOV 
BR 

20t: CHPB 
BNE 
HOVB 
CALL 
BCC 

25t: .PRINT 
BR 

JOt: HOV 
. HOV 

3St: CHPB 
BEQ 
HOVB 
BR 

40t: HOVB 
CALL 
BCC 

45S: HOV 
BR 

50S: HOV 
60S: CALL 

DEC 
BNE 

SHOOT: HOV 
HOV 
HOV 
HOV 
HOV 
RETURN 

SHUZ: CHP 
BGE 
CHP 
BGT 
HOV 
HOV 
HOV 
TST 

RlrRlSHO 
R2rR2SI10 
RJrRJSHO 
R4rR4SHO 
RSrRSSHO 
tSH•DIFUNC 
t"SHrDICODE 
tiOBUF, RO 
t ··oo, < RO >+ 
tlS•<RO> 
20S 
ASCBIN 
1St 
25t 
RlrNPTAVG 
4St 
t' X'< RO >+ 
lOS 
tlSr.-1 <RO> 
ASCBIN 
JOt 
tl14 
SHOOT 
RlrNPTAVG 
tiOBUFrRO 
tlSr<RO) 
40t 
t'Or<RO>+· 
J:SS 
t'Or<RO> 
ASCBIN 
:SOt 
tlrTIHES 
60t 
R1rTIHES 
SHUZ 
TIHES 
60t 
RlSHOrRl 
R2SHOrR2 
R3SHOrR3 
R4SHO•R4 
RSSHOrRS 

t1 rNPTAVG 
SHOUT 
NPTAVGrNCHAN 
SHOUT 
NPTAVG,Rl 
NCHANrR4 
DIBUFrRS 
<RS>+ 

;SAVE REGIS,.ERS 

;sMOOTH FUNCTION CO~E FOR DISPLAY 
;•sHOO,.H" BEING DISPLAYED 
;suFFER POINTER 
IZEROES !N FIRST WORD 
;cR? 

fREPLACE X WlTH CR 
I CONVERT 
fERROR? 
fiNVALID ENTRY 

;NUH. OF POINTS TO 8[ AVE~AGED 

IFILL WlTH ZERO 

IREPLACE C~ WJTH ZERO 
;cONVERT 

fNUH. OF TIHES TO SHOOTH 
;sHOOTH DATA 

IUNSAVE REGISTERS 

;DO NOT AVERAGE IF ONE 
I LEAVE 
;HUST BE LEHS THAN HUH. OF CHANNELS 

;PLACE t OF POINT SMOOTH IN Rl 
fDIVIDE DATA BY NPTAVG 
fSTARTING LOCATION OF DATA 
fDATA AS XrY PAIRS 

• 



2St: 

JOt: 

40t: 

sos: 

sst: 

60t: 

130t: 

HOV 
SUB 
CLR 
DIV 
HOV 
TST 
SOB 
BIT 
8EQ 
SUB 
HOV 
1'10V 
SUB 
ASH 
SUB 
HOV 
CLR 
HOV 
TST 
HOV 
CLR 
ADD 
ADD 
TST 
SOB 
ADD 
HOV 
TST 
ADD 
HOV 
CHP 
BEQ 
ADD 
BR 
HOV 
HOV 
TST 
ADD 
ADD 
HOV 
TST 
SOB 
HOV 
1'10V 
TST 
ADD 
HOV 
ADD 
ADD 
TST 
TST 
ASR 
HOV 
TST 
TST 

<RS> rRJ 
t3777tR3 
R2 
NPTAVGrR2 
R2t<RS>+ 
<RS>+ 
R4t2St 
lltRl 
30t 
t1 tRl 
RltOFFSET 
NCHAN,R2 
RltR2 
12tR2 
t4tR2 
R2tLCHN 
SHOPTR 
DIBUFtR2 
<R2>+ 
NPTAVGtR4 
Rl 
S110PTRtR2 
<R2HtR1 
<R2>+ 
R4tSOt 
t3777tR1 
DIBUFtR2 
<R2>+ 
S110PTRtR2 
Rl.CR2> 
LCHNtSHOPTR 
SSt 
t4tSHOPTR 
40t 
OFFSETtRl 
DIBIJFtR2 
<R2>+ 
LCHNtR2 
t4tR2 
t3777, < R2 >+ 
<R2>+ 
Rlt60t 
OFFSETtRl 
DIBUFtR2 
<R2>+ 
LCHNtR2 
R2tR3 
RltR3 
RltR3 
<R2>+ 
<RJ>+ 
Rl 
-<R2>,-<RJ> 
-<R2> 
-<RJ> 
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; GET A NUHBER 
;REMOVE D/A BIAS 
fCLEAR HTGH WORD 
JDIVIDE BY NPTAVG 
fPLACE RESULT IN BUFFER 

;DIVIDE THEI1 Al.L 
;IS THE NUHBF.R ODD? 
IBRANCH IF NO 
;HAKE F.:VEN 
fBUFFER OFFSET VALUE 
fNUHBER OF CHANNELS TO R2 
fCALCULATE LAST CHANNEL 

;LAST CHANNEL 
;cLEAR SHOOTH-POINTER 
;DISPLAY BUFFER STARTING A~DRESS 

JNO. OF POlNTS TO R4 
;SIJH REGISrER 
fPOINT TO CHANNEL 
;ADD CHANNELS 

;GET "NPTAVG" OF THEH 
;ADD D/A BtAS 
IRE-INIT 

fADD POINTER 
;PLACE SUH IN THE DATA BUFFER 
fDONE YE'H 
;BRANCH IF YES 
JINCREASE POINTER--CONTINUE 
fDO HO~E 
JRE-INIT 

ITHIS ZEROES UNUSED DATA CHANNELS 

;sHIFT THE DATA IN THE BUFFER 
JDISPLAY BUF LOCATION 

fPOINT TO LAST SHOTHED DATA CHANNEL 

ISHIFT BY OFFSET 

fDIVIDE OFFSET BY TWO 
JSHIFT!! 



140t: 

SHOUT: 

SUB 
BNE 
TST 
HOV 
TST 
SOB 
RETURN 

t4rLCHN 
130$ 
-<R2> 
t3777r <R2>+ 
<R2>+ 
Rl, 140t 

152 

;SHIFT THEH ALL 

fZERO THE FIRST OFFSET/2 CHANN~LS 

fRETURN TO CALLER 

;su~ROUTINE TO SET •ION TRAP• PARAMETERS 
; 
TRAP: 
lOt: 

20t: 

30t: 

35t: 

40t: 

sot: 

60t: 

6St: 
TRAOUT: 

HOV 
.PRINT 
HOV 
CALL 
110V 
• TTYOUT 
CALL 
CHPB 
BEQ 
CALL 
BCC 
.PRINT 
BR 
TST 
BLT 
HOV 
NEG 
HOV 
CHP 
BNE 
.PRINT 
HOV 
CALL 
HOV 
.TTYOUT 
CALL 
CHPB 
BEQ 
CALL 
BCC 
.PRINT 
BR 
TST 
BLT 
HOV 
HOV 
HOV 
RETURN 

;END OF PAGE TWO 

R1rR1TRA 
11117 
DELOFFrRl 
DECOUT 
t' .Ro 

READ 
t15r IOBUF 
35t 
ASCBIN 
30$ 
tH4 
lOt 
Rl 
20t 
ru, DEL OFF 
Rl 
Rl,KWBPR 
SCCODErt'TR 
TRAOUT 
11118 
DELINC, Rl 
DECOUT 
t' ,Ro 

READ 
t15•IOBUF 
65$ 
ASCBIN 
60t 
tl14 
40t 
Rl 
SOt 
Rl, DELINC 
DELOFF,DELTOT 
R1TRArR1 

;sAVE REGISTER ONE 
;ASK FOR DELAY OFFSET 
;PRINT EXlSTJNG VALUE 

; TYPE A SI-'ACE 

;READ IT IN 
-HS IT A CR? 

;CONVERT TO BINARY 
;ALL OK? 
fPRINT HESSACE IF NOT OK 
HRY IT AGAIN 
;NO NEGATIVES 
;BAD ENTRY--00 BACK 
;sTORE VALUE. 
fTWO'S COMPLEMENT 
;HOVE TO BUFFER/PRESET REGISTER 
;[S THE TRAP BEING SCANN~D? 
fBRANCH OUT IF NOT 
;ASK FOR DELAY INCREMENT 
JTYPE VALUE 

fTHE SPACE 

fGET IT 
fCR? 

fCDNVERT IT 
fERRilR? 
fPRINT E~ROR H[SSAGE 
HRY AGAIN 
fNO NEGATIVES 
fOO BACK IF NEGATIVE 
;sTORE ENTRY IN DELINC 
;RESET TOTAL DELAY WORD 
;RESTORE Rl 
;RETURN TO CALLER • 



JPAGE THREE 
; 
CU: HOV R1rR1SAV 

CLR KWCSR 
HOV t"OOriOBUF 
CHPB t1SriOBUF+2 
BEQ lOt 
BR 1St 

lOt: .PRINT tH7S 
CALL READ 

1St: CALL ASCBIN 
BCC 20t 
.PRINT tH4 
BR lOt 

20t: CHP R1rt4 
BGE CUOUT 
ASH tlrR1 
ADD t8264.rR1 
HOV RlrKWCSR 

CUOUT: HOV R1SAVrR1 
RETURN 

;SUBROUTINE TO SET "RUN" NUMBER 
; 
ER: 

lOt: 

1St: 

20t: 

; 

HOV R1rR1SAV 
HOV t"OOriOBUF 
CHPB t1SriOBUF+2 
BEQ lOt 
BR 15t 
.PRINT tH67 
CALL READ 
CALL ASCBIN 
BCC 20t 
.PRINT tH4 
BR lOt 
HOV R1rRUN 
HOV R1rRUN+2 
RETURN 
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;sUBROUTINE TO SET "UPDATE" NUMBER 
; 
us: 

lOt: 

1St: 

20t: 

lOt: 

HOV R1rR1SAV 
HOV t"OOriOBUF 
CHPB t15riOBUF+2 
BEQ 10t 
BR 15t 
.PRINT tH72 
CALL READ 
CALL ASCBIN 
BCC lOt 
.PRINT tH4 
BR lOt 
TST R1 
BLE 20t 

;sAVE R1 
fDISABLE CLOCK INTERRUPT 
;PLACE A ZE.RO IN THE FIRST WORD 
JIS IT A CARRIAGE RETURN? 
JBRANCH IF YES . 
JCONVERT ro BINARY IF NO 
JASK FOR CLOCK UNITS 
JREAD ENTRY 
;CONVERT TO BINARY NUHBER 
JERROR? 
fBAD ENTRY HESSAG~ 
HRY AGAIN 
fLESS THAN 4? 
JLEAVE IF NOT 
fHUL BY ElGHT 

fCLOCK CONTROL STATUS ~fGISTER 
;usA•JE R1 

fSAVE R1 
JPLACE A ZERO IN THE FIRST WORD 
JIS IT A CARRIAGE R~TURN? 
;BRANCH IF YES 
;coNVERT TO BINARY IF NO 
;ASK FUR RUN NUMBER 
JREAD ENTRY 
JCONVERT TO BINARY NUHBER 
;ERROR? 
fBAD ENTRY HESSAGE 
JTRY AGAIN 
JSAVE ENTRY 
fCOPY 

;sAVE R1 
;PLACE A ZERO (N THE FIRST WORD 
liS IT A CARRIAGE RfTURN? 
;BRANCH lF YES 
fCONVERT TO BJNARY If NO 
JASK FUR UPDATE NUHBER 
tREAD ENTRY 
fCONVERT TO BINARY NUMBER 
tERROR? 
JBAD ENTRY MESSAGE 
ITRY AOAIN 
tNEG OR ZERO? 



HOV RltUPDATE 
HOV RlrUPDATE+2 
RETURN 

f 
fPRINT OUT <LP> ROUTINE 
f 
PR: 

lOt: 

20t: 

JOt: 

40t: 

sos: 
; 
TY_: 

lOt: 

20t: 

JOt: 

40t: 
; 
; 

HOV 
CHPB 
BNE 
.PRINT 
CALL 
CHP 
BNE 
CALL 
BR 
CHP 
BNE 
CALL 
BR 
CHP 
BNE 
CALL 
BR 
CHP 
BNE 
CALL 
RETURN 

HOV 
CHPB 
BNE 
.PRINT 
CALL 
CHP 
BNE 
CALL 
BR 
CHP 
BNE 
CALL 
BR 
CHP 
BNE 
CALL 
RETURN 

IOBUF+2tiOBUF 
IOBUFrtlS 
10$ 
tHlO 
READ 
t'HE.XOBUF 
20t 
PRHEDR 
SO$· 
t'FUriOBUF 
30$ 
PRFULL 
50$ 
t'DA;IOBUF 
40t 
PRDATA 
50$ 
t'STtiOBUF 
sot 
PRSTAT 

IOBUF+2riOBUF 
IOBIJFrtlS 
10$ 
tH10 
READ 
t'HE.XOBUF 
20$ 
TYHEDR 
40$ 
t'STriOBUF 
30$ 
TYSTAT 
40$ 
t'DA.XOBUF 
40t 
TYDATA 
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;sAVE ENTRY 
;copy 

;oPTION TO FIRST WORD 
;cR'r 

fOPTIONT 

;PRINT HEADER? 

fPRINT FULL INFO? 

fPRINT DATA 

fPRINl STATUS? 

;oPTION TO FIRST WORD 
iCR1 

;oPTION? 

;PRINT HEADER? 

iPRINT FULL INFO? 

. fPRINT DATA 

iSU~ROUTINE TO ENTER THE HEADER TO DATA BUFFER. 

HEADER: HOV 
HOV 

St: .PRINT 
CALL 
CHPB 

RltR1HEA 
R2rR2HEA 
tHS4 
READ 
• I y .XOBUF 

iSAVE REGISTERS R1rR2 

fNEW HEADER? 
i n:s OR NO 
fLOOt< FOR Y 



lOt: 

1St: 

20t: 

JOt: 

40t: 

sot: 
HEAOUT: 

BEQ 
BR 
HOV 
ADD 
HOV 
CLR 
SOB 
HOV 
ADD 
.PRINT 
HOV 
.TTYOUT 
HOV 
.TTYIN 
CHPB 
BEQ 
DEC 
BEQ 
HOVB 
BR 
• TTY IN 
CHPB 
BNE 
.PRINT 
BR 
.TTYIN 
CHP 
BNE 
HOV 
HOV 
HOV 
RETURN 

-lOt 
HEAOUT 
tDATBUt=rR2 
1100. rR2 
1450. rR1 
<R2>+ 
R1r1St 
tDATBUFrR2 
1100. rR2 
tt156 
t'>rRO 

t448.rR1 

•·-,Ro 
40t 
R1 
JOt 
ROr <R2>+ 
20t 

t12 r RO 
30t 
tt1S7 
50S 

112' RO 
40S 
t200r<R2> 
R1HEArR1 
R2HEArR2 

; SUBROUTINE PRINT OUTPUTS 
; 
PRFULL: HOV R1rR1PRI 

HOV R2rR2PRI 
HOV R3rR3PRI 
HOV R4rR4PRI 
HOV RSrR5PRI 
HOV t14rRO 
CALL LPOUT 
CALL PRHEDR 
CALL LPCRLF 
CALL PRSTAT 
CALL LPCRLF 
BR PRINT 

PRDATA: HOV R1rR1PRI 
HOV R2rR2PRI 
HOV R3rR3PRI 
HOV R4rR4PRI 
HOV R5rRSPRI 
HOV 114, RO 
CALL LPOUT 
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DATA TO THE 

;BRANCH IF YES 
;LEAVE OTHE'RWISE 
;DATA BUFFER STARTING LOCAriON 
;START OF HEADER S~CTION 
;HAX. LENGTH OF HESSAGE 
fCLEAR HEADER SF.CTION 

;sTARTING LOCATION 
iSTART OF HEADER 
;ENTER HEADER HESSAGE 
iPRINT PROHPT CHARACTER 

fNUHBER OF CHARACTERS P~RHITTED 
;READ IN THE HEADER 
;CHECK FUR HEAnER TERHINATER 
fBRANCH tF AT THE END 
;COUNT DOWN SPAC:E L~FT 

;BRANCH IF NO SPACE LEFT 
fPLACE CHARACTER lNTO BUFFER 
;oa GF.T HtlRE 
fEAT THE LEFT OVERS 
HHRU EAHNG? 
;IF NO GET HllRE 
;TRUNCATION MESSAGE 
;cONTINUE 
fEAT CR-LF 
;HAVE LINE FEED YF.T? 
iNU? WELL GO GF.f IT 
;HEADER TERHINATER SYH~OL 
;RESTORE RlrR2 

fRETURN TO CALLER 

LINE PRINTER 

;sAVE THE REGISTERS 

fFORH FEED TO LP 

;PRINT THE HEAUER 
;sKIP A LINE 
IPRINT THE STAlUS 
;sKIP A LINE 
;GO PRINT DATA 
;sAVE THE REGISTERS 

; FORH FEE II TO LP 



PRINT: BIS 

FER 

lOt: 

JOt.: 

HOV 
CALL 
CALL 
HOV 
SUB 
HOV 
ADD 
HOV 
ADD 
HOV 

ADD 
ADD 
ASH 
HOV 
CALL 
HOV 
CALL 
HOV 
HOV 
CALL 
HOV 
CALL 
HOV 
HOV 
CALL 
HOV 
CALL 
HOV 
HOV 
SUB 
SBC 
SUB 
CALL 
HOV 
CALL 
HOV 
HOV 
CALL 
CALL 
DEC 
BEQ 
INC 
• TTINR 
BCS 
CHPB 
BNE 
• TTINR 
BCC 
BIC 
HOV 
HOV 
HOV 
HOV 

UOOOO.JSW 
tH21rRO 
LPRINT 
LPCRLF 
DISTRTrRl 
DIBUFrRl 
SBBUFrR2 
R1rR2 
BABUFrR3 
RlrR3 
POBUFrR4 . 

RlrR4 
t4rR1 
t-'2rR1 
DICHNSrRS 
LPDECO 
tH22rRO 
LPRINT 
<R2>rLOWORD 
2<R2>rHIWORD 
LPDC02 
tH22 r.RO 
LPRINT 
<R3>rLOWORD 
2<R3>~HIWORD 
LPDC02 
tH22 rRO· 
LPRINT 
< R2 >+, LOWORD 
<R2>+rHIWORD 
<RJ>+rLOWORD 
HIWIJRD 
tR3>+rHIWORD 
LPDC02 
tH22rRO 
LPRINT 
< R4 >+, LOWORD 
<R4>+rHIWORD 
LPDC02 
LPCRLF 
R5 
JOt 
Rl 

lOt 
t'SrRO 
lOt 

JOt 
tlOOOOrJSW 
RSPRirR5 
R4PRirR4 
R3PRirR3 
R2PRirR2 
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fSPECIAL TTY HUDE 
fADDRESS OF ASCII STRING 
fOUTPUT TO LINf PklNTER 
fCARRIAGE RETURN-LINE FEED 
~CHANNEL COUNTER · 

fSTARTING ADl.IRESS OF S+B BUFFER 

;~TARTING Al.IDRESS OF BACKGRD.BUF'FER 

fSTARTING Al.ll.IRESS Of' LASER POWER l<IIF 

fSTARTING CHANNEL NUH~ER 

fNUHBER OF DATA CHANNELS 
fPRINT THE CHANNEL NUHBER<IN Rl> 
fASCII Sl'RJNG 
fPRINT THE SPACES 
fLOAD SIG.t~ACK. FOR OUTPUT .. 
fPRINl THE NUHaER 
fPRINT. THE SPACES 

fLOAD BACKGROUND 

fPRINT IT 
JPRINT THE SPACES 

fCALCULATE THE SlGNAL 
ISUBTRACT BACKGROUND FRUH SIG.+BACK. 

JPRINT THE SIGNAL 
fPRINT THE SPACES 

; LOAD LASE·R-POWH FOR OUTPUT 

fPRINT IT! 
fCARRIAUE RETURN-LINE FEED 
fCOUNT THE LOOPS 
fBRANCH OUT LF DONE 
fiNCREHENT CHANNEL Ntl11l!ER 
JCHECK FOR "STOP" COHHAND 
f NONE--GO AHf:AD 
I"S" IS THE STOP COHHAND 
fCONTINUE IF NOT •s• 
fEAT OTHER CHARACTERS 

fNORHAL Tl'Y HUDE 
fRESTDRE THE REGISTERS 
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MOV RlPRirRl 
PRIOUT: RETURN fRETURN TO CALLER 
f 

fTHIS SUBROUTINE OUTPUTS THE 'STATUS' OF THE SPECTROMETEk TO THE LINE PkiNlE 
R • 

• PRSTAT: MOV 
CALL 
MOV 
CALL 
MOV 
BIT 
BEQ 
INC 

U: CALL 
CALL 
CI1P 
BEQ 
CHP 
BEQ 
CHP 
BEQ 
CHP 
BEQ 
CHP 
BNE 
JHP 

Jt: CHP 
BNE 
JHP 

St: JMP 

• • lOt: HOV 
CALL 
HOV 
CALL 
HOV 
MOV 
CALL 
CALL 
HOV 
CALL 
110V 
110V 
CALL 
CALL 
MOV 
CALL 
110V 
110V 
CALL 
CALL 
110V 

R1,R1PRS 
PRDATE 
tM67rRO 
LPRINT 
RUN,R1 
t2rRUNFLG 
u 
Rl 
LPDECO 
LPCRLF 
t'LArSCCODE 
lOt 
t'QUrSCCODE 
20t 
t'TRrSCCODE 
JOt 
t'MArSCCODE 
40t 
t'QP,SCCODE 
Jt 
SOt 
t'HCrSCCODE 
5t 
:SSt 
60t 

tM24,RO 
LPRINT 
tM2S,RO 
LPRINT 
SHOWAVrLOWORD 
SHOWAV+2rHIWORD 
LPDC02 
LPCRLF 
ti126,RO 
LPRINT 
LONWAV•LDWORD 
LONWAV+2rHIWORD 
LPDC02 
LPCRLF 
tM27rRO 
LPRINT 
WAVINC,LOWORD 
WAVINC+2rHIWORD 
LPDC02 
LPCRLF 
tl128rRO 

JSAVE R1 
JPRINT THE DATE 
fRUN NUMBER 

fRUN IN PROGRESS? 

tiS THE LASER BEING SCANNE~? 
fBRANCH [F YES 
;IS THE QUADRUPOLE B~ING SCANNED? 
JBRANCH IF YES 
fiS THE ION TRAP BEING SCANNED? 
JBRANCH IF YES 
fSECTOR HA(jNET? 

fQUAD:PEAKS OPTION? 

JHCS UNIT? 

fNO DEVICE IS BEING SCANNED • 

;11ESSAGE STRlNG TO RO 
;oUTPUT l"ll LP 
fi1ESSAGE SlRING 
;OUTPUT MESSAGE 
;LOAD LOW WORD 
fLOAD HIOH WORD 
JSEND NUM&ER TD LP 
JCARRIAGE RETURN 
fMESSAGE STIUNG 
f SEH.O IT 
fPRINT OUT LONG WAVELENGTH 

f SEND IT TO LP 
JCARRIAGE RETURN 
fHESSAGE STRING 
JSEND TO LP 
JOUTPUT WAVELENGTH INCREMENT 

fPRINT IT 
; CARRIAGE RETURN 
fHESSAGE STRING 



• ; 
20S: 

; 
; 
30S: 

; 
; 
40S: 

CALL 
MOV 
CALL 
CALL 
JHP 

MOV 
CALL 
MOV 
CALL 
MOV 
CALL 
CALL 
MDV 
CALL 
MDV 

·CALL 
CALL 
MDV 
CALL 
MDV 
CALL 
CALL 
JMP 

MDV 
·CALL 

MDV 
CALL 
MOV 
CALL 
CALL 
JMP 

MDV 
CALL 
MDV 
CALL 
MDV 
CALL 
MOV 
CALL 
MOV 
CALL 
MOV 
CALL 
MOV 
CALL 
CALL 
BR 

LPRINT 
NSTEP,R1 
LPDECO 
LPCRLF 
70S 

IM30tRO 
LPRINT 
IM31•RO 
LPRINT 
MDAC1+2•R1 
LPDECO 
LPCRLF 
IMJ2,RO 
LPRINT 
MDAC2,R1 
LPDECO 
LPCRLF 
11119,RO 
LPRINT 
11RES+2,R1 
LPOECO 
LPCRLF 
70S 

11129,RO 
LPRINT 
11142tRO 
LPRINT 

'DELINCrR1 
LPDECO 
LPCRLF 
70t 

IM12•RO 
LPRINT 
1111J,RO 
LPRINT 
MADAC1+2•R1 
LPDECO 
IM15rRO 
LPRINT 
HADAC2,R1 
LPOECO 
IM19•RO 
LPRINT 
MARES+2•R1 
LPDECO 
LPCRLF 
70S 
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iSENll IT!! 
;sEND NUH~ER OF HOTOR STE~S 

HO THE LP 
;cARRIAGE RETURN 
fKEEP GOING 

fHESSAGE 'QUAD. SCANNING' 
iSEHD.TO LP 
JI1ESSAGE s·1 R 1 NG 
;ro LP 
fLOW MASS 
;ouTPUT fO LP 
fCARRIAGE RETURN 
ii1ESSAHE STRlNG 
;sEND TO LP 
iHifJH HASS 
HO THE LP! 
fCARRIAGE RETURN 
; HESSAG.E s·rRING 
fSEND TO LP 
fl OF CHANNELS PER UNlT HASS 
J SEND IT 
fCARRIAGE RETURN 
;uu ON 

iiON TRAP MESSAGE 
;sEND MESSAGE TO LP 
;DELINC HESSAUE 
fSEND IT 
fLOAD THE VALUE 
fPRINT NU118ER 
fCARRIAGE RETURN 
fCONTINUE 

ISECTOR HAGNET 

fLOW CURRENT SFTliNG 

fHIGH CURRENT 

JCHANNELS/UNIT 
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sos: HOV tH20rRO fOUAD PEAKS O~TION 
CALL LPRINT 
CALL LPCRLF 
BR 70S 

sss: HOV tH8SrRO ;HCS UNIT 
CALL LPRINT 
HOV tH97,RO ;TRIGGER COUNT= 
CALL LPRINT 
HOV TRGBINrRl ;TRIGGER COUNT 
CALL LPDECO 
CALL LPCRLF ;cR-LF OUTPUT 
BR 70S 

60S; HOV tHJ4,RO JNO DEVICE SCANNING!! 
CALL LPRINT ;sEND HESSAGE 

7os: HOV tH4J,RO fDELOFF HESSAGE 
CALL LPRINT ;sEHO IT 
HOV DELOFF,Rl fLOAD VALUE 
CALL· LPDECO ;PRINT IT 
CALL LPCRLF JCARRIAGE RETURN 
HOV tHJS,RO JLASER SETTING HESSAGE 
CALL LPRINT JSEND IT 
HOV SETWAV•LOWORD JLOAD THE NUHBER 
HOV SETWAV+2rHIWORD 
CALL LPDC02 ;PRINT IT 
CALL LPCRLF JCARRIAGE RETURN 
HOV tHJ6,RO fNUH~~? OF CHANNELS HESSAGE 
CALL LPRINT fSEN' 
HOV NCHAN•Rl fLOAL ALUE 
CALL LPDECO ; SEND IT OUT! 
HOV tH41•RO fCYCL£S MESSAGE 
CALL LPRINT f SEND IT 
HOV DACYt;L+2•Rl fLOAD VALUE 
CALL LPDECO fSEND THE NUHNER 
CALL LPCRLF fCARRIAGE RETURN 
HOV tH37•RO JNUHBER OF SCANS HESSAuE 
CALL LPRINT JSENO IT 
HOV NSCANrRl JLOAD THE NUHBER 
CALL LPDECO ;PRINT IT 
CALL LPCRLF JCARRIAGE RETURN 
HOV tHJS,RO JCHANNEL NUHB~R MESSAGE 
CALL LPRINT JSEND THE MESSAGE 
HOV BUFOFF•Rl JLOAD Rl 
ASH t-2,R1 fDIVIDE BY FOUR 
ADD tl•Rl JADD l<ZERO=CHANNEL ONE> 
CALL LPDECO fPRINT THE NUHNER 
HOV tH4S,RO JA2D GAIN SETTING MESSAGE 
CALL LPRINT JSEND IT 
HOVB A2DGNS•RO fGET THE CHARACTER 
CALL LPOUT JSEND TO LP 
HOVB <A2DGNS+ 1>, RO JGET THE OTHER ONE 
CALL LPOUT JSEND IT 



HOV 
CALL 
HOVB 
CALL 
HOVB 
CALL 
CALL 
MDV 

PRSOUT: RETURN 

; 

tMJ9rRO 
LPRINT 
SCTYF'ErRO 
LPOUT 
<SCTYPE+l> rRO 
LPOUT 
LPCRLF 
R1PRSrR1 
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JSCANNING PROCEDURE MESSAGE 
;sEND TO LP 
JGET THE FIRST CHARACrER 
;sEND TO LP 
JGET THE NEXT CHARACTER 
; SEND IT 
;LP CARRIAGE RETURN-LINEFEED 
;RESTORE Rl 
JRETURN TO CALLER 

;SUBROUTINE TO SEND MACHINE STATUS TO THE CONSOLE 
; 
TYSTATt MOV 

CALL 
.PRINT 
HOV 
BIT 
BEQ 
INC 

Ut CALL 
CALL 
CHP 
BEQ 
CHP 
BEQ 
CHP 
BEQ 
CHP 
BEQ 
CHP 
BNE 
JMP 

Jtt CHP 
BNE 
JHP 

St: JHP 

; 
15t: .PRINT 

.PRINT 
HOV 
HOV 
CALL 
CALL 
.PRINT 
HOV 
HOV 
CALL 
CALL 
.PRINT 
HOV 
HOV 
CALL 
CALL 

Rl,RlTYS 
TYDATE 
11167 
RUN•Rl 
12•RUNFLG 
u 
R1 
DEC OUT 
CRLF 
I"LA•SCCDDE 
1~· 
I • QU • S.CCOIJE 
20t 
t"TR,SCCODE 
JOt 
t"HA•SCCODE 
40t 
t•Qp,sCCDDE 
Jt 
50S 
t"HC,SCCODE 
5t 
55t 
60t 

11124 
11125 
SHOWAV,LOWORD 
SHOWAV+2rHIWORD 
DCOUT2 
CRLF 
11126 . 
LONWAVrLOWORD 
LONWAV+2•HIWORD 
DCOUT2 
CRLF 
tH27 
WAVINC,LOWORD 
WAVINC+2rHIWORD 
DCOUT2 
CRLF 

fSAVE R1 
fSEND THE DATE 
;RUN NUMBER 

;RUN IN PROGRESS? 

JIS THE LASER BEING SCANNED? 
IBRANI:H IF 'fES 
; IS THE QUAlli'<IJf'OLE Bf:"INC:i SCANNED? 
J8RANCH IF YES 
JIS THE ION TRAP BflNG SCANNED? 
fBRANCH tF YES 
;sECTOR 11AGNET 

fQUAD:PEAKS O~TION 

fi1CS UNIT? 

IHO DEVICE IS BF.ING SCANNED. 

JLASER SCANNING MESSAGE 
JSHORT WAVELENGTH= 
fLOAD LOW WORD 
JLOAD HIGH WORD 
JSEND NUH~ER TO TT 
JCARRIAOE RF.TURN 
;LONG WAVELfNGTH = 
IPRINT OUT LONG WAVEL~NGTH 

; SEND IT TO TT 
;CARRIAGE RHURN 
fWAVELENGTH INCREMENT = 
IOUTPUT WAVELENGTH INCREMENT 

fPRINT IT 
JCARRIUE RETURN 
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.PRINT IM28 ;NUMBER OF MOTOR STEPS = 
MOV NSTEPrRl ;SEND NUHBER OF HOTUR STEPS 
CALL DECOUT ITO THE TT 
CALL CRLF JCARRIAUE RETURN 
JMP 70S ;KEEP GOING 

; 
; 
20S: .PRINT IM30 ;HESSAGE 'QUAI.I. SCANNING' 

.PRINT IM31 ;LOW MASS = 
MOV t1DAC1+2tR1 ;LOW MASS 
CALL DECOUT ;oUTPUT TO TT 
CALL CRLF ; CARR I AGE R~·TURN 

.PRINT IM32 IHIGH MASS = 
MOV HDAC2rR1 fHIGH MASS 
CALL DEC OUT HO THE TT! 
CALL CRLF fCARRIAGE RE:TliRN 
.PRINT tM19 JTYPE HESSAGE 
MOV HRES+2rR1 It OF STEPS PER CHANNEL 
CALL DEC OUT fSEHO IT 
CALL CRLF fCARRIAGE RETURN 
JMP 70S ;uo oN 

J 
JOt: .PRINT tH29 ;ION T~AP HESSAGE 

.PRINT IM42 ; DELINC MESSAGE 
HOV DELINC, Rl fLOAD THE VALUE 
CALL DEC OUT ;PRINT NUHBER 
CALL CRLF fCARRIAGE RfTliRN 
JHP 70S fCONTINUE 

; 
40t: .PRINT tH12 fSECTOR MAGNET 

.PRINT tM13 JLUW CURRENT 
HOV MADAC1+2' Rl 
CALL OECOUT 
.PRINT IM1S fHIGH CURRENT 
HOV HADAC2rR1 
CALL DECOUT 
.PRINT tH19 ;CHANNELS/UNIT 
HOV HARF::S+2rR1 
CALL DEC OUT 
CALL CRLF 
BR 70S 

; 
sos: .PRINT IM20 fQUAD:PEAKS OPTION 

CALL CRLF 
BR 70S 

; 
sss: .PRINT tHS:S fHCS UNIT 

.PRINT tM97 ;TRIGGER COUNT= 
HOV TRGBINtR1 HRIGGER COUNT 
CALL DEC OUT fDECIHAL OUTPUT 

·CALL CRLF 



; 
60t: 
70S: 

TYSOUT: 
; 
; 

BR 70S 

.PRINT 

.PRINT 
HOV 
CALL 
CALL 
.PRINT 
HOV 
HOV 
CALL 
CALL 
.PRINT 
MDV 
CALL 
.f)RINT 
HOV 
CALL 
CALL 
.PRINT 
MOV 
.CALL 
CALL 
.PRINT 
MOV 
ASH 
ADD 
CALL 
.PRINT 
MOVB 
.TTYOUT 
MOVB 
.TTYOUT 
.PRINT 
MOVB 
.TTYOUT 
HOVB 
.TTYOUT 
.PRINT 
MOVB 
• TTYOUT 
HOVB 
.TTYOUT 
CALL 
MOV 
RETURN 

11134 
tH43 
DELOFFtRl 
DEC OUT 
CRLF 
tMJ5 
SETWAVtLOWORD 
SETWAV+2tHIWORD 
DCOUT2 
CRLF 
tHJ6 
NCHAN•R1 
DECOUT. 
tM41 
DACYCL+2•R1 
OECOUT 
CRLF 
tHJ7 
NSCAN,R1 
DECOUT 
CRLF 
tHJ8 
BUFOFFtRl 
t-.2,R1 
11 •Rl 
DECOUT 
tH45 
A2DGNS•RO 

<A2DGNS+1 > 'RO 

tMJ9 
SCTYPEtRO 

<SCTYPE+1>, RO 

<DICODE+1>•RO 

CRLF 
RlTYStRl 
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fNO DEVICE SCANNING 
; OELOf"F MESSAGE 
JLOAD VALUE 
;PRINT IT 
fCARRIAC:iE Rf:TURN 
;LASER SETTING MESSAGE 
;LOAD THE NUHliER 

;PRINl IT 
;CARRIAGE RETURN 
;NUHBER OF CHANNELS HESSAC:iE 
;LOAD VALUE 
f SEND IT OUl! 
;DATA CYCLES MESSAGE 
ILOAD THE NUHIIE.R 
;TYPE IT TO CONSOLE 
fCARRIAGE RETURN 
;NUMBER OF .CANS HESSAGE 
f LOAD THE NltHIIER 
fPRlNT IT 
JCARRIAGE RETURN 

. fCHANNEL NUHB~R HESSAGE 
fLOAD Rl 
;DIVIDE BY FOUR 
fBUFOFF=O IS CHANNEL ONE 
JPRINT THE NUMaER 
JA2D GAIN SETTING HESSAOE 
JGET CHARACTER 
HYPE IT 
;GET THE OTHER ONE 
HYPE IT 
;SCANNING PROCEDURE MESSAGE 
JGET THE FIRST CHARACTER 
JSEND TO CONSOLE 
fGET THE N£XT ONE 
;SEND IT 
;WHICH DATA BUFFEk UISPLAYED 
JGE:T CHARACTER 
JSEND TO CON!;OLE 
IGET THE OTHER ONE 
fSEND IT 
JCARRIAGE RETURN-liNEFEED 
fRESTORE Rl 
JRETURN· TO CALLER 

;sUBROUTINE TYDATA SENDS DISPLAYED DATA CHANNELS TO THE CONSOLE 
f 
TYDATA: HOV 

HOV 
HOV 

RltRlPRI 
R2,R2PRI 
RJ,RJPRI 

fSAVE THE RfC:iiSTERS 
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HOV 
HOV 
BIS 
HOV 
SUB 
HOV 
ADD 
110V 
ADD 
HOV 

ADD 
110V 
.PRINT 
CALL 
ADD 
ASH 

10$: CALL 
.PRINT 
110V 
110V 
CALL 
.PRINT 
HOV 
110V 
CALL 
.PRINT 
110V 
110V 
SUB 
SBC 
SUB 
CALL 
.PRINT 
110V 
110V 
CALL 
CALL 
DEC 
BEQ 
INC 
• TTINR 
BCS 
C11PB 
BNE 

30$: , TTINR 
BCC 
BIC 
110V 
110V 
110V 
110V 
110V 

TYDOUT: RETURN 
J 

R4,R4PRI 
RS,RSPRI 
t10000,JSW 
DISTRT•R1 
DIBUF,R1 
SBBUF•R2 
R1rR2 
BABIJF,RJ 
R1rR3 
POBUFrR4 

R1rR4 
DICHNSrRS 
tl121 
CRLF 
I4•R1 
l-2rR1 
DEC OUT 
11122 
<R2>rLOWORD 
2<R2>•HIWORD 
DCOUT2 
11122 
<RJ>rLOWORD 
2<R3>rHIWORD 
DCOUT2 
11122 
<R2>+rLOWORD 
< R2 >+'HI WORD 
< RJ >+, LOWORD 
HI WORD 
<RJ>+rHIWORD 
DCOUT2 
11122 
<R<4>+rLOWORD 
<R<4>+,HIWORD 
DCDUT2 
CRLF 
RS 
JOt 
R1 

10$ 
I'S•RO 
10$ 

30$ 
UOOOOrJSW 
RSPRirRS 
R<4PRI•R<4 
RJPRI,RJ 
R2PRI,R2 
R1PRJ:,R1 
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!SPECIAL TlY HO~E 
fSTART OF DISPLAY B8FFER 
IRl=BUFFER OFFSET 
JSTARTING ADDRESS OF StB BUFFER 
JADD OFFSET 
JSTARTIHG ADDRESS UF 8ACKGRD.BUFFER 

JSTARTING Al.ll.lr<ESS OF LASER f'OW~R BIIF 

INU11BER Of WINDOW CHANNELS 
JTY~E HEADER 
ICARRIAGE R~TURN-LINE FEED 
ISTARTIHG CHANNEL NU11BER 

JTYPE THE CHANNEL NUI1N~R<IN Rl> 
I SPACES 
ILOAD SIG.+aACK. FOR OUTPUT 

"iTYPE THE NUHBER 
JSPACES 
ILOAD BACKGROUND 

HYPE IT 
I SPACES 
!CALCULATE THE SlGNAL 
ISUBTRACT BACKGROUND FROH SIG.tBACK. 

HYPE THE S r GNAL 
I SPACES 
JLOAD LASER-POWER FOr.: OUTPUT 

JTYPE IT! 
ICARRIAOE RETURN-LINE FEED 
ICOUNT THE LOOPS 
JBRANCH OUT IF DONE 
JINCRE11ENT CHANNEL NUHRER 
JCHECK FOR "STOP" COHHAND 
INONE--GO AHEAD 
J"S• IS THE STOP COI1HAND 
ICONTINUE IF NOT •s• 
fEAT OTHER CHARACTERS 

J NORHAL HY 111ll.tE 
JRESTORE THE REGISTERS 

JRETURN TO CALLER 
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I SUBROUTINE TO OUTPUT THE "HEADER" io THE LINE PRINTER 
; 
PRHEDR! HOV R1rR1PRH fSAVE R1 

HOV tDATBUFrRl fPOINT TO DATA BUFFER 
ADD t100.rR1 fPOINT TO ~EAUER 

lOt: HOVB <Rl>trRO fGET A CHARACTER 
CHPB 1200,RO ;Is IT THE TERMINATOR? 
BEQ 20t ;~RANCH IF YES 
CALL LPOUT fSEND CHARACTER TO LINE PRINTER 
BR lOt ;GET HORE. 

20t: CALL LPCRLF ;RETURN CARRIAGE 
110V R1PRHrR1 fRESTlJRE R1 

PRHOUT! RETURN fRETURN TO CALLER 

;SUBROUTINE TO OUTPUT THE HEADER TO THE CONSOLE 

TYHEDR: HOV RlrRlTYH . ; SAVE Rl 
HOV IDAUIJFrRl fPOINT TO DATA BUFFER 
ADD 1100 • 'Rl ;POINT TO HEADE~ 

lOt: HOVB <Rl>trRO ;uH CHARACrER 
CHPB t200rRO ;TERMINATOR? 
BEQ 20t fBRANCH IF YES 
• TTYOUT . ; CHARACTER. OUT 
BR lOt ;GET HORE 

20t: CALL CRLF fSKIP A LlNE 
HOV RlTYHrRl ;RESTORE Rl 

TYHOUT! RETURN fRETURN TO CALLER 

;SUBROUTINE TO SEND DATE TO CONSOLE 
; 
TYDATE: CALL CRLF ;sKIP LINE 

CHPB I'NrDAY ;IS THERE A DATE? 
BEQ lOt 
HOV DAYrRl 
CALL DEC OUT 
HOV j' rRO 
• TTYOUT 
• TTYOUT 
.PRINT 11166 ;sEND HONTH 
HOV YEARrRl 
ADD t1900.rR1 
CALL DECOUT 
BR 20t 

lOt: .PRINT 11164 fNO DArE MESSAGE 
20t: CALL CRLF 

RETURN 
f 
f 
f SUBROUTINE TO SEND DATE TO PRINTER 
f 
PRDATE: CALL LPCRLF fSKIP LlNE 
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CHPB t 1 NrDAY iNO DATE7 
BEQ 10$ 
HOV tH6SrRO 
CALL LF'RINT fBACK SPACES 
HOV DAYrRl 
CALL LPDECO 
HOV 1 1 -rRO 
CALL LPOUT 
HOV tt166,RO ;HQNTH 
CALL LPRINT 
HOV 1 1 -,RO 
CALL LPOUT 
HOV tt16S,RO ;BACK Sf'ACES 
CALL LPRINT 
HOV YEARrRl 
CALL LPOECO 
BR 20$ 

lOt: HOV tH64rRO HW DATE MESSAGE 
CALL LPRINT 

20$: CALL LPCRLF 
RETURN 

; 
;ENJl OF PAGE THREE. 
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IPAGE FOUR. 

;SUBROUTINE TO DECODE SYSTEM DATE WURb <R~TURNED BY .DATE> AND TO LOAD 
IVALUE INTO "DAYrMONTHrAHD YEAR".(HODIFIED "DE!:' PROGRAH--VOLJ PG 2-48> 
; 
DATES: 

lOt: 
20t: 

; 
I DISPLAY 
; 
XLOAII: 

XLOOP: 

; 

' XJUHP: 

; 

• 

MDV 
MDV 
BEQ 
BIC 
ADD 
l'tOV 
ASH 
MOV 
SWAB 
BIC 
ASH 
BIC 
HOV 
SUB 
ASL 
ADD 
MOV 
MOV 
CALL 
BR 
HOVB 
RETURN 

DATEtRO 
ROrR2 
lOt 
t-c37rR2 
t72.,R2 
R2tYEAR 
t-2,RO 
RO,Rl 
Rl 
•-cJ7,Rl 
.t•J; RO 
•-cJ?rRO 
ROrDAY 
tl,Rl 
Rl 
tRSOSTRtRl 
<Rl>rHONTH 
tDATLSTrRS 
RSOASC 
20t 
t'NrDAY 

SUBROUTINES 

HOV DISTRTrRl 
HOV I•ICHNSt R2 
HOV XJHP,RJ 
NEG RJ 
ADD XJMP,RJ 
MOV R3r<IU >+ 
TST <Rl> + 
SOB R2rXLOOP 
RETURN 

HOV t4096., Rl 
ASH t2rR1 
CLR RO 
DIV DICHHSrRO 
ASH t-2,RO 
MOV RO,XJHP 
RETURN 

fDISPLAY CONTROL SUBROUTINE 

' DISDAT: CALL DISHLT 

;COPY DATE WORD 

JBR IF NO DATE 
;ISOLATE YEAR 
fADD BIAS 

ICOPY THE DArE 
IHOHTH IN LOW BYTE 
f ISOLArE HONlH 

JISOI:.ATE DAY 

fHONTH STRING OFFSET 

UtONTH POINTER 
fARGUHENT LIST t-'UR I;ALL 
ILOAD "MONTH" WlTH ASCII 

fNO DATE FLAG 

JHALT DISf'LAY 



lOS: 

1St: 

20S: 

2St: 
; 
; 
WL: 

lOt: 
; 
; 
WR: 

lOt: 

; 
WI: 

lOt: 

DWCHK: 

HOV 
CHPB 
BEQ 
BR 
.PRINT 
CALL 
CALL 
BCC 
.PRINT 
BR 
ASH 
HOV 
SUB 
TST 
BPL 
HOV 
JHP 

SUB 
CHP 
BPL 
HOV 
CHP 
BEQ 
NEG 
BR 

ADD 
HOV 
ASH 
ADD 
CHP 
BPL 
SUB 
CHP 
BEQ 
NEG 
BR 

ADD 
CHP 
BPL 
HOV 
HOV 
BR 

ADD 
HOV 
ASH 
HOV 
HOV 

t"OOriOBUF 
US' IOBUF+2 
lOS 
1St 
tHSS 
READ 
ASCBIN 
20f 
1114 
lOS 
t2tR1 
RltDISNUH 
t4tDISNUH 
DISNUI1 
2Sf 
to, DlSNUH 
IDISCOH 

RltDISWIN 
DISWINtDIBUF 
lOt 
DIBUFtDISWIN 
tOtSLRFLG 
lOS 
SLRFLG 
DWCHK 

RltDISWIN 
WINSIZ•R2 
t2tR2 
DISWIN•R2 
DISHAXtR2 
lOS 
RltDISWIN 
tO,SLRFLG 
lOt 
SLRFLG 
DWCHK 

DIBUF•DISNUH 
OISI1AX•D.lSNUI1 
lOt 
DISHAX,DISNUI1 
DISNUH,DISWIN 
DWCHK 

t4tDISNUH 
DISNUH•Rl 
t-2,R1 
Rl,WINSIZ 
DISHAXtRl 
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JPLACE ZEROES lN FIR~T WORD 
;CARIAGE RnURN? 

;ASK FOR VALUE 
iREAD RF.:PLY 
JCONVERT TO BIN~RY 

fERROR HESSA!iE 

HIHES FOUR 
iSAVE DISPLAY MUI18ER 
;oFFSET 
; POSITIVE? 

;GO Tll COHHAND 

iSHIFT WlNDOW LEFT 
;wiTHIN BOIJNllS? 

I SCROLLING? 

fSCROLL RIGHT 

;sCROLLING? 

JSCROLL LF.FT 
fCHECK WINDOW SIZE 

iHEHORY POlNTER 
JTOO LARGE? 

fSTARTING ADDRESS 
fCHECK WINDOW SIZE 

fSELECT WINDOW SIZE 

fNEW WINDOW SlZE 
fCHECK WINDilW SIZE COHPATABILITY 



SUB 
ASH 
CHP 
BPL 
HOV 

30S: CHP 
BNE 
HOV 

; 
; 
DE: CALL 

TST 
BEQ 
CLR 
HOV 
HOV 
CALL 
CALL 
BR 

20s: HOV 
HOV 
HOV 
CALL 
CALL 
BR 

; 
we: ASH 

TST 
BGE 
CLR 

lOS: HOV 
BR 

; 
AB: ASH 

TST 
BGE 
CLR 

lOS: HOV 
BR 

; 
DICOUT: HOV 

HOV 
HOV 
NEG 
BIS 
BIS 
RETURN 

f 

DISWIN,Rl 
t-2rR1 
Rl,WINSIZ 
JOt 
Rl•WINSIZ 
tO,EXPFLG 
DICOUT 
tl•EXPFLG 

DISHLT 
EXPFLG 
20S 
EXPFLG 
WINSIZrDICHNS 
DISWIN•DISlRT 
XJUHP 
XLOAD 
DICOUT 
tl, EXF'FLG 
NCHANrDICHNS 
DIBUFrDISTRT 
XJUI'tP 
XLOAD 
DICOUT 

t-2,R1 
Rl 
lOS 
Rl 
Rl,WINBRT 
DICOUT 

t-2,R1 
R1 
lOS 
Rl 
Rl,ACTIVE+2 
DJ:COUT 

tl,DHAHLT 
DISTRTrDHACAR 
DICHNS,DI'tAPCR 
Dl'tAPCR 
t102rADCSR 
t1 ,ADCSR 

;SUBROUTINE TO SCROLL WINDOW 
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I DISPLAY CONTRACT En? 

fHALT DISf'LAY 
;EXPAND OR CONTRACT? 

;EXPAND 

~ 

;cONTRACT 

fDISPLAY aRIGHTNESS 

fACTIVE DlS~LAY B~IuHlNESS 

;DHA GO 
;LOAD DHA REGISTERS 

f2'S COHPLEI'tENT 
;ENABLE DHA INT 
JSTART DHA 



• 

' SLR: 

u: 
~t: 

lOt: 

20t: 

; 

HOV 
CALL 
CHP 
BEQ 
CALL 
BR 
CALL 
HOV 
SOB 
BIS 
• TTINR 
BCS 
CHPB 
BNE 
• TTINR 
BCC 
BIC 
RETURN 

.i' 

t4,R1 
DISHLT 
t1, SLRFLG 
u 
WL 
St 
WR 
SCROLL•Rl 
R1,10t 
uoooo,Jsw 

SLR 
t'S•RO 
SLR 

20t 
tlOOOO,JSW 
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;SCROLL LEFT 
;sTOP DHA 
;SCROLL RJGHT'? 

;SHIFT DlSPLAY LEFT 

fSHIFT DISPLAY RIGHT 
; WAIT LIJOP 

;SPECIAL TTY HOllE 
JCHECK FOR "STOP" COHHAND 
JNONE--GO AHEAD 
;•s• IS THE STOP CUHHAND 
fCONTINUE IF NOT •s• 
JEAT THE OTHER CHARACTERS 

;NORHAL TlY HOllE 

;YAXIS PACKAGE SETS Y-AXIS SCALING OF DISPLAYED DATA. 
; 
YAXIS: JHP @YFUNC ;Go TO SCALIN6 FUNCTION 
J 

• JSUBROUTINE TO SET AUTO-SCALING OF DISPLAY OR ABSOLUTE SCAL.ING. 
; 
AS: 

lOt: 

12t: 

1St: 

20t: 

2St: 

JOt: 

ws: 

HOV 
CHPB 
BEQ 
CHP 
BEQ 
BR 
.PRINT 
CALL 
Cf'tP 
BEQ 
CALL 
BCC 
.PRINT 
BR 
TST 
BLT 
HOV 
f'tOV 
HOV 
f'tOV 
CLR 
RETURN 
HOV 
BR 

HOV 
HOV 

t"OOriOBUF 
US riOBUF+2 
lOt 
t"AS,IOBUF+2 
JOt 
12t 
tf1S9 
READ 
t"ASriOBUF 
JOt 
ASCBIN 
20t 
tH4 
lOt 
R2 
l~t 
Rl,YHAX 
R2•YHAX+2 
tJ,DISFLG 
t2048.,YSCALE 
UPDATE 

tOrDISFLG 
2SS 

u,DISFLG 
t204B.rYSCALE 

;lEROES FIRST WORD 
JCR'? 

fAUTO-SCALE'? 

JY-HAX 

fAUTO SGALE? 

fBAD ENTRY 

flOW WORD 
JHIGH WORD 
;SCALING FLAG 

; W 1 NliOW SCALING 
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CLR UPDATE 
RETURN 
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fSCALE DOWN DISPLAY BY 1/2 
; 
SD: 

SEX: 

; 

ASR 
BNE 
110V 
.PRINT 
110V 
CALL 
CALL 
CLR 
RETURN 

YSCALE 
SEX 
t1, YSCALE 
11160 
YSCALE•Rl 
DECOUT 
CRLF 
UPLlATE 

fSCALE UP DISPLAY BY 2 

• SA: 

J 

ASL 
BPL 
HOV 
BR 

YSCALE 
SEX 
t32767.,YSCALE 
SEX 

~YSCALE: 

fSCALE DISPLAY SO SPECIFIED CHANNEL=lOO. 
; 
CS: HOV t•oo,IOBUF. 

CHPB t1SriOBUF+2 
BEQ lOt 
BR 12t 

lOt: .PRINT tH61 
CALL READ 

12t: CALL ASCBIN 
BCC 201 

1St: .PRINT tH4 
BR lOS 

201: CHP R1rt1 
BLT lSI 
CHP NCHANrR1 
BLT lSI 
DEC R1 
ASH t2rR1 
HOV R1,CSCHAN 
CLR UPDATE 
HOV t204S.,YSCALE 
HOV t2rDISFLG 
RETURN 

JTYPE DISPLAY PARAMETERS 
; 
DP: .PRINT 

HOV 
HOV 
CALL 
CALL 
.PRINT 
HOV 

tHS9 
YHAXrLOWORD 
YHAX+2•HIWORD 
DCI)IJT2 
CRLF 
tH73 
YHINrLOWORD 

;zEROES IN FIRST WORD 
;CR1 

fCHANNEL: 

fBR IF OK 
iBAD ENTRY 

fADDRESS OFFSET 

f'fHAX: 

·· IYHIN: 
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MOV YMIN+2•HIWORD 
CALL DCJlUT2 
CALL CRLF 
.PRINT tl162 ;WINDOW SILL 
HOV DISWINrRl 
SUB DIBUF,Rl ;FIND CHANNEL NLIHSER 
ADD t4rR1 
ASH t-2,Rl .. CALL DECOUT 
CALL CRLF 
.PRINT tl163 ;wiNDOW SIZE 
HOV WINSIZ•Rl 
CALL DEC OUT 
CALL CRLF 
.PRINT tH60 ;YSCALE 
110V YSt;ALErRl 
CALL DEC OUT 
CALL CRLF 
BIT t2rFLGDIS ;REVERSED DIS~LAY? 
BEQ lOt 
.PRINT tl178 ;DISPLAY REVERSED 
BR 20t 

lOt: .PRINT tH79 ;DISPLAY NOI'<HAL 
20t: BIT tlrFLGDIS ;POWER NORMALIZED? 

BEQ JOt 
.PRINT tl180 fYES 
BR 40t 

JOt: .PRINT tl181 fNO 
40t: RETURN 
; 
; 
RE: BIT t2rFLGDIS fDIPLAY FORWARD OR RE.VERSE? 

BEQ lOt ;cHANGE IT 
BIC t2rFLGDIS fGO FORWARD 
.PRINT tH79 
CLR UPDATE fCAUSE DlSPLAY UPDATE 
RETURN 

lOt: BIS t2rFLGDIS ;Go •BACKWARDS• 
.PRINT tl178 
CLR UPDATE 
RETURN 

' ' PN: BIT UrFLGDIS fPOWER NORMALIZE 
BEQ lOt f PRESEN.fL Y? 
BIC tlrFLGDIS ;oo NOT PUWfR NORM. 
.PRINT tl181 
CLR UPDATE ;cAUSE DISPLAY UPIJATE 
RETURN 

lOt: BIS UrFLGDIS fPOWER NORM • 
• PRINT tHSO 
CLR UPDATE 
RETURN 

; 
; 
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;SUBROUTINE TO SET "KEY" INTERRUPT HODE 
. ; 

KH: 

; 

BIS 
HOV 
HOV 
HOVB 
.PRINT 
.PRINT 
HOV 
CALL 
BIC 
HOVB 
HOV 
.PRINT 
RETURN 

tlrSCHODE 
ACCFLGrROSHO 
tl•ACCFLG 
t24.rA2DCON 
tH92 
tH96 
tDATAINrROUTINE 
KEYHOL 
tl•SCHODE 
t26.rA2UCON 
ROSHO,ACCFLG 
tH9J 

fKEY-INl. HllDE 
fSAVE ACCUH. CODE 
fSET TO ACUHE HOllE 
JDISABL.E A2D CONVERTER 
fKEY INT. HODE 
iKEY HOnE REA[IY 
fSUBROUTINE LOCAliON 
iACTIVATE "KEYS" 
f EXT. INT • HODE 
iENABLE A2D CONVERTER 
fRESTORE ACCUHE FLAG 

;INITIALIZE TO CALL FORTRAN PLOTTR SUBROUTINE 
; 
PLOTPH: HOV 

HOV 
BR 

PLOTPV: HOV 
HOV 
BR 

PLOTPC: HOV 
BR 

PLOTPH: HOV 
BR 

; 
PLOTIT: HOV 

CHPB 
BEQ 
HOV 
HOV 

lOt: HOVB 
CHPB 
BNE 

1St: CALL 
BCC 
BR 

20t: HOV 
BR 

JOt: CHPB 
BEQ 
TSTB 
BR 

40t: HOVB 

PLOT: 

HOVB 
BR 

HOV 
CLR 
CLR 
CLR 

tO,PLHOV 
t'JrPLLINE 
PLOT IT 
tOrPLHOV 
t';rPLLINE 
PLOT IT 
t12.rPLHOV 
PLOT IT 
ttO;rPLHOV 
PLOT IT 

IOBUFrPLCTRL 
t15r<IOBUF+2> 
PLOTEX 
UOBUF,RJ 
t<IOBUF+2>rRO 
<RO),(RJ> 
tlSr<RJ> 
JOt 
ASCBIN 
20t 
PLOTEX 
RlrPLHOV 
PLOTEX 
tS4•<RO>+ 
40t 
<RJ>+ 
10t 
<RO>rPLLINE 
t15r(RJ) 
15t 

IOBUFtPLCTRL 
PLHOV 
PLCHAR 
PLLINE 

fDEFAULT VALUES 
iSOLlD LINE 

iX-COORD.<CHANNEL> 
iSOLID LlNE 

iY-COORD. 

fY-COORD. 

fCONTROL WORD 
;t:R? 

I POINTERS 

I SHIFT 
;t;R? 

fCONVERT TO BlNARY 
;BR lF OK 
fDEFAULT 
JENTERED VALUE 

fCOHHA? 

I CONTINUE 
fENTERED VALUE 

JPLOTTR CONTROL 

.. 
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CHPB IOBUF+2,US ;cR? 
BEQ lOt HF YESrDEFAULT 
HOVB IOBUF+2,PLCHAR fPLOT CHAF<ACTER 
CHPB IOBUF+J,US ;r;tn 
BEQ 20t fYES-THEN DEFAULT 
HOVB IOBUF+3rPLLINE JLIHE TYPE 
BR PLOT EX 

• lOt: HOV t'f•PLCHAR ;DEFAULTS 
20t: HOV t'OrPLLINE 
PLOTEX: CALL DISHLT ;HALT DHA 

HOV DISTRTrRl ;sTARTING-CHANNEL NUH.BER 
SUB DIBUF,Rl 
ADD t4rR1 
ASH t-2,R1 
HOV RlrSTCHAN 
HOV tPLLISTrR5 fARGUHENT LIST FOR CALL 
CALL PLOTTR 
HOV U •DHAHLT ;ALLOW DH~ TO START 
BIS U03rADCSR fSTART DMA DISPLAY DRIVER 
RETURN 

; 
; 
fSUBROUTINE TO FIND THE INTEGRAL OF WINDOWED CHANNELS. 

' IW: HOV DISWIN,Rl fPOINl" TO FIRST CHANNEL 
SUB DIBUFrRl 
CLR LOWORD 
CLR HI WORD 
HOV WINSIZ •R4 fWINDOW SIZE 
CHP t•SirDICODE ;SIGNAL DISPLAYED? 
BEQ lOt 
CHP t•SBrDICODE fSIG.+RAK.? 
BEQ 20t 
CI1P t•BArDICODE fBAK.? 
BEQ JOt 
CHP , t•POrDICODE ;powER? 
BEQ 40t 
J11P IWOUT 

lOt: HOV 8ABUFrR2 
ADD RlrR2 
ADD SBBUFrRl 

1St: ADD <Rl>+•LOWORD 
ADC HI WORD 
BVS 60t fOVERFLOW? 
ADD <Rl>+•HIWORD 
BVS 60t fOVERFLOW? 
SUB <R2>+rLOWORD 
SBC HI WORD 
BVS 60S fOVERfLOW? 
SUB <R2HrHIWORD 
BVS 60t JOVERFLOW? 
SOB R4r1St 
BR SOt 

20t: ADD SBBUFrRl 
25t: ADD < Rl > +. LOWORD 
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ADC HI WORD 
BVS 60$ ;oVERFLOW'? 
ADD < R1 >+,HI WORD 
BVS 60$ fOVERFLOW'!' 
SOB R4r25t 
BR 50S 

JOt: ADD BABIJFrR1 
35t: ADD <R1>+•LOWORD • 

ADC HI WORD 
BVS 60S f0VERFLOW1 
ADD < R1 >+ rHIWORD 
BVS 60S ;OVERFLOW? 
SOB R4,JSS 
BR SOt 

40t: ADD POBUFrR1 
45t: ADD < R1 >+' LOWORD 

ADC HI WORD 
BVS 60S f0VERFLOW1 
ADD < R1 >+•HIWORD 
BVS 60S ;oVERFLOW1 
SOB R4,45t 
BR SOt 

sot: .PRINT tH69 fiNTEGf<AL= 
CALL DCOUT2 
CALL CRLF 
BR IWOUT 

60t: .PRINT tft68 ;OVERFLOW 
IWOUT: RETURN 
; 
;SCROLL SPEED UP BY 2 
; 
SF: ASR SCROLL 

BNE SEXY 
HOV t1,SCROLL 

SEXY: .PRINT tH70 I SCROLL: 
HOV SCROLL•R1 
CALL OECOUT 
CALL CRLF 
RETURN 

f 
fSCROLL SPEED DOWN BY 1/2 
; 
ss: ASL SCROLL 

BPL SEXY 
HOV t32767.rSCROLL 
BR SEXY 

f 

• fSUBROUTINE TO SUBTRACT A CONSTANT FROH DATA 

' sz: CHPB us, IOBUF+2 fCR? 
BED 20t 
HOV t•oo.XOBUF fZEROES IN FIRST WORD 
HOV t<IOBUF+2>rRO ;POINrER 

u: CHPB t'-r<RO> ;HI NUS? 



5t: 

as: 

lOt: 

20t: 

JOt: 
SZOUT: 

; 

BNE 
HOVB 
HOVB 
BR 
CHPB 
BNE 
CALL 
BCC 
.PRINT 
BR 
HOV 
HOV 
HOV 
BR 
TST 
BEQ 
CLR 
CLR 
CLR 
BR 
HOV 
CLR 
RETURN 

5t 
<RO>,IOBUF 
t'O•<RO> 
as 
U5,<RO>+ 
u 
ASCBIN 
lOt 
tH4 
SZOUT 
Rl•YHIN 
R2•YHIN+2 
t2•ZERFLG 
SZOUT 
ZERFLG 
30$ 
ZERFLG 
YHIN 
YHIN+2 
SZOUT 
t1 ,zERFLG 
UPDATE 

fHULTICHANNEL SCALER SUBROUTINE 

HCS: 

u: 

Jt: 

5t: 

lOt: 

15t: 

20t: 

25t: 

JOt: 

CHP 
BEQ 
.PRINT 
RETURN 
HOV 
CHPB 
BEQ 
BR 
.PRINT" 
CALL 
CHP 
BNE 
JHP 
CHP 
BNE 
JHP 
CHP 
BNE 
JHP 
CHP 
BNE 
JHP 
CHP 
BNE 
JHP 
CHP 
BNE 
JHP 

t"HC,SCCODE 
u 
tHa4 

IOBUF+2,IOBUF 
IOBUFit15 
3t 
5$ 
tHlO 
READ 
t"IN,IOBUF 
10$ 
HCSIN 
t"ST•IOBUF 
15$ 
HCSST 
t•zz,IOBUF 
20$ 
HCSZZ 
t"HA•IOBUF 
2:5t 
HCSHA 
t"HS,IOBUF 
JOt 
HCSI1S 
t"OF,IOBUF 
35t 
11CSOF 
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fHOVE TO FRONT 
;REPLACE WITH ZERO 

fCR? 

fCONVERT TO BINARY 
HJK? 
fBAD ENTRY 

fLOW WORD 
;HI(;H WORD 
fSHIFl FLAG = 2 

ISHIFT FLAG = 0 

fSHIFT FLAG = 1 
fUPDATE DISPLAY 

fiS HCS Al:TlVE? 

fDEVICE IS HOT ACTIVE 

fHOVE IN SfCONO COHHAND 
;A CR? 

fREQUE.ST Of'TION 
J GE-:T RESPUHSE 
fiN IT? 

fSTART? 

;LOAD A6AlH? 

fHALT 11CS? 

fi10RE SWEEPS? 

fHCS UNIT "OFF"? 



3St: 

40t: 

4St: 

4SOt: 
sot: 
; 
HCSIN: 

u: 

; 
HCSZZ: 

CHP 
BNE 
HOV 
RETURN 
CHP 
BNE 
HOV 
RETURN 
CHP 
BNE 
.PRINT 
.PRINT 
CALL 
CHPB 
BEQ 
RETURN 
JHP 
JHP 

HOVB 
HOV 
SOB 
HOVB 
.PRINT 
CALL 
HOV 
HOV 
HOVB 
HOV 
.PRINT 
CALL 
HOV 
110V 
HOVB 
HOV 
.PRINT 
CALL 
HOV 
110V 
CLR 
HOVB 
HOV 
BIS 
HOVB 
BIC 
CHP 
BNE 
CLR 
BIS 
HOVB 
RETURN 

HOV 

t"SB•IOBUF 
40t 
SBBUF,HCSBUF 

t"BA,IOBUF 
4St 
BABUF•HCSBUF 

t"CLtiOBUF 
SOt 
tH99 
tH48 
READ 
t'Y,IOBUF 
450$ 

11CSCL 
Jt 

19. ,HCSAO 
uoo •• Ro 
RO,lt 
t26.,HCSAO 
tH87 
HCSINP 
BCD•DWLBCD 
DWLBCD,DATALO 
t18. •HCSAO 
BIN•DWLBIN 
tH88 
HCSINP 
BCD•TRGBCD 
TRGBCD,DATALO 
t18. •HCSA2 
BIN•TRGBIN 
11189 
HCSINP 
BCD•SWPBCD 
BIN•SWPBIH 
DATALO 
t18. 'HCSAl 
SWPBCD,DATALO 
t1, STATUl 
tl8. •HCSA3 
tl,STATUl 
HCSAJ,SWPBCD 
Jt 
NSCAN 
tl,STATUl 
t18. •HCSA4 

DWLBCD,DATALO 
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fPLACE D~TA IN S+~ BUFFER? 

;LOAD BUFFER LOCATION 

;PLACE DATA IN BACK. G~'D. ~EFFE~? 

ILOAD HCSNUF PUIN1ER 

;CLEAR HCS RI\H? 

fCLEAR RAH? 
;ARE YOU SURE? 
IGET REPLY 
HES? 

IGO DO IT 
JTRY ANOTHER COHHAND 

HILL CLEAR 
IWAXT FOR HEHORY CLEAR 

;DWELL TlHE 

ILOAD DWELL TlHE 

; TRIGGER COUNT 

ILOAD TRIGGER COUNT 

;sWEEP COUNT 

;LOAD INITIAL AnDkESS 
JLOAD SWEEP COUNfER 

ILOAD SWEEP COUNT 
JCLR DII FUR COMPARE 

ICLEAR SCAN COUNTER 

ISET INTERNAL ~WEl.L CLOCK 

JTRY LOADING AGAIN 

• 



ss: 

EARING 

J 
; 
11CSST: 

11CSI1S: 

Jt: 

LEARING 

; 
11CSHA: 

J 
; 
11CSCL: 

; 
11CSOF: 

110VB 
110V 
HOVB 
110V 
BIS 

110VB 
BIC 
CI'IP 
BNE 
BIS 
RETURN 

110VB 
HOVB 
BIS 
RETURN 

.PRINT 
110VB 
CALL 
110V 
110V 
110V 
BIS 

110VB 
BIC 
CI1P 
BNE 
BIS 
110VB 
RETURN 

HOVB 
RETURN 

HOVB 
HOVB 
RETURN 

HOVB 
110VB 
110V 
110V 
110V 
,PRINT 
RETURN 

t18,,11CSAO 
TRGBCDrDATALO 
US, rHCSA2 
SWPBCDrDArALO 
tlrSTATU1 

t18,,HCSA3 
t1rSTATU1 
HCSAJrSWPBCD 
ss 
t1rSTATU1 

t26.r11CSA1 
t26.r11CSA6 
t301rSTATU1 

tH90 
t26.ri1CSAO 
ttCSINP 
BCDrSWPBCD 
BINrSWPBIN 
SWPBCDrDATALO 
t1rSTATU1 

t18, ri'ICSAJ 
tlrS"fATUl 
11CSA3rSWPBCD 
3t 
t1 'STATUl 
t26.ri1CSA6 

t26.r11CSAO 

t26or11CSAO 
t9.ri1CSAO 

t26.ri1CSAO 
t26.rA2DCQN 
t4rACTIVE+2 
t'NilrSCCODE 
tNOrSCFUNC 
ti19S 
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JLOAD £•WELL 

;LOAD TRIGGER 

;sET ~Jl BIT AFOk LUUP B~CK AFT~R CL 

;F18A3 LOAD SWEEP COUNTER 
;CLEAR DII B£T FOR CI'IF' OPERATION 
;FOA3 COHPARE SWEEP COUNTER 
;RELOAD UNTIL €QUAL 
;RESET DII 

IF26A1• ENABLE LAI'I 
IF26A6• SET ACCUMULATE 
JSET REINriNE;DII 

IADDITIONAL SWEEPS 

JSET DJI Bll FOR KLOOP B~CK AFTREk C 

IF18A3 LOAD SWEEP COIJNTER 
JCLEAR D!I FUR CI'IP OPERATION 
JFOAJ COMPARE SWEEP COUNTER 
JCHECK FUR EQUALITYr RfLOAD !F NOT 
IRESET DII BIT 
JSt:T ACCUI1 

fHALT ttCS 

JHALT HCS--~LOCK Tkl&GERS 
JCLEAR RAtt 11EI'I110RY 

IHALT HCS UNIT 
JEN~BLE A2D INTERRUPT 
JACTIVE CHANNEL BR'TNESS 
JRETURNS lN 'NOTHING' I'IODE 
f'NOTHING' FUNCTION 
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fHCS INPUT SUBROUTINE 
; 
HCSINP: CLR NEGA 

CLR FLN 
CLR BC[I 
CLR Rl 
CLR CNT 

u: • TTY IN 
CHP RO•t56 
BNE 2t ·"' INC FLN 
BR u 

2t: CHP RO,t55 
BNE Jt 
INC NEGA 
BR u 

Jt: CHP ROttlS 
BED 4t 
CHP RO•t60 
BLT u 
CHP ROtt71 
BGT u 
INC CNT 
CHP tStCNT 
BLE u 
HOV BCDrR2 
ASH t4•R2 
SUB t60rRO 
ADD ROrR2 
HOV R2,BCD 
HUL t12tR1 
ADD ROrR1 
BR u 

4t: • TTY IN 
MOV RlrBIN 
RETURN 

EXIT: CLR DHAHLT ;HALT DHA 
lOt: BIT tlOOrADCSR ;HAL n::D? 

BNE lOt ;WAIT TILL YES 
CLR KWCSR HIIABLE KWV11-A 
BIS t4tSTATU1 ;CAMAC·Z-CYCLE 
RETURN 

THIS SECTION CONTAINS THIS MODULE'S HfSSAGES TO THE USER 

H1: .ASCII<15><12>1LOW HASS = 1<200> 
H2: .ASCII<1S><12>1HIUH HASS = 1<200> I 

H3: .ASCII<1S><12>1CHANNELS PER MASS UNIT = 1<200> 
H4: .ASCIZ<15><12>1INVALID ENTRY!! TRY AGAIN./ 



H5: 
Ho: 
H7: 
HS: 
Gl 
H9: 
HlO: 
H11: 
H12: 
H13: 
H14: 
H15: 
H16: 
H17: 
H1a: 
H19: 
H20: 
H21: 
POWER/ 
H22: 
H23: 
H23A: 
H24: 
H25: 
H2o: 
H27: 
H28: 
H29: 
HJO: 
H31: 
H32: 
H34: 
H35: 
H36: 
H37: 
HJS: 
H39: 
H40: 
H41: 
H42: 
H43: 
H44: 
H45: 
H46: 
H47: 
H48: 
H49: 
H50: 
H51: 
H52: 
H53: • H54: 
H55: 
H5o: 
H57: 
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.ASCII<15><12>1WHICH DFVICE? 1<200> 

.ASCII<1S><12>1NUHBER OF DATA CHANNELS = 1<200> 

.ASC~Z<15><12>1YOUR CURRENT O~TIONS AkE THE FOLLOWING:/ 

.ASCIZ<1S><12)/LASERr TRAPr QUADRUPOLE• MAGNET• MCS UN!Tr AND NOTHIN 

.ASCII<1S><12>1BIDIRECTIONAL OR UNIDIRECTIONAL SCANNING? 1<200> 

.ASCII<15><12>1 OPTION: /(200> 

.ASCIZ<15><12>1SIGNALr BACKGROUND• SB CSIG.+ BAK.>• POWER/ 

.ASCIZ<15><12)/ SECTOR HAGNF.T HASS 1<15><12> 

.ASCII<1S><12>1LOW CURRENT FACTOR: 1<200> 

.ASCII<15><12>1NUMBER OF SCANS = 1<200> 

.ASCII<1S><12>1HIGH CURRENT FACTOR: 1<200> 

.ASCII<1S><12)/NUHBER OF PO~NTS TO BE AVERAGED = /(200> 

.ASCII<1S><12>1TRAP DELAY OFFSET =1<200> 

.ASCII<15><12>1TRAP DELAY INCREMENT =1<200> 

.ASCII<1S><12)/STEPS PER CHANNEL: 1<200> 

.ASCIZ<1S><12)/ QUA»: PEAKS OPTION/<15><12> 

.ASCIZ/CHANNEL SIG.+BACK. BACKGROUN~ SIGNAL LASER 

.ASCII I 1<200> 

.ASCII<7><200> 

.ASCIZ<1S><12>1tttt RUN COMPLETE~ tttt/<15><12> 

.ASCIZ<1S><12>1 DYE LASER FREQUENCY/(15><12> 

.ASCII /THE SCAN STARTS AT WAVEL~~GTH: 1<200> 

.ASCII /THE SCAN ENDS AT WAVELENGTH: 1<200> 

.ASCII /WAVELENGTH INCREMENT PER CHANNEL!/<200> 

.ASCII /NUHBER OF HOTUR STEPS PER INCREHENTI 1<200> 

.ASCIZ<1S><12>1 ION TRAP SlOkAuE TIHE/ 

.ASCIZ<15><12>1 QUAD. HASS SPEC./<15><12> 

.ASCII /SCAN STARTS AT ABOUT HASS:/<200> 

.ASCII /SCAN EN»S AT ABOUT HASS: 1<200> 

.ASCIZ<15><12>1 NO DEVICE/<15><12> 

.ASCII /LASER WAVELENGTH SETTING:/<200> 

.ASCII /NUHBER OF DATA CHANNELS: /(200> 

.ASCII /NUHBER OF SCAHS COHPLETED:I<?.OO> 

.ASCII /PRESENT CHANNEL NUHBER: 1<200> 

.ASCII<15><12)/jCANNING PROCEDURE: /(200> 

.ASCII<1S><12>1DISPLAY BUFFER: 1<200> 
~ASCII<15><12>1DATA CYCLES PER CHANNEL: /(200> 
.ASCII<1S><12>1ION TRAP DELAY INCREMENT: 1<200> 
.ASCII<1S><12>1ION TRAP DELAY OFFSET: 1<200> 
.ASCIZ<1S><12>1************ WATCH YOUR LANGUA~E! I! ttlttl*ll***' 
.ASCII<15><12>1A2D CONVERTER GAIN SETT!NO: /(200> 
.ASCII<1S><12>1RESET DEVICE! 1<200> 
.ASCII<1S><12>1READ THE DISK: 1<200> 
.ASCII /ARE YOU SURE? 1<200> 
.ASCII<1S><12>1CLEAR DATA BUFFER: 1<200> 
.ASCIZ<1S><12>1THIS OPTION IS 'LOCKED'./ 
oASCIZ<1S><12>1NONEXISTENT OPTION./ 
.ASCIZ<1S><12>1 *** LOCKED ttt/ 
oASCIZ<1S><12>1 *** UNLOCKED ***I 
.ASCII<1S><12>/DO YOU WISH TO ENTER A HEA~ER MESSAuE? 1<200> 
.ASCII<1S><12>/PULSE SEQUENCE INIT.: 1<200> 
oASCIZ<1S><12>1ENTER HEADER H~SSAOE./ 
.ASCIZ<1S><12)/"ESSAGE TOO LOHG--HESSAOE WAS TRUNCATED./ 
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HSS: .ASCII<15><12>1ENTER REQUIRED NUMBER: 1<200> 
H59: .ASCII<15><12>1YMAX: 1<200> 
H60: .ASCII<1~><12>/YSCALE: 1<200> 
H61: .ASCII<1S><12>1CHANNEL: 1<200> 
H62: .ASCII<15><12>1WINDOW START: /(200> 
H63: .ASCII<15><12>1WINDUW SIZE: 1<200> 
H64: .ASCII/ NO DATE/<200> 
H651 .ASCII <10><10><10><10><200> 
H66! .BYTE o,o,Or200 
H67! .ASCII I RUN NUMBER: 1<200> 
H68! .ASCIZ<1S><12>IOVERFLOW! !/<15><12> 
H69! .ASCII<15><12)/ WINDOW INTEGRAL=/<200> 
H701 .ASCII<15><12>1SCROLL: 1<200> 
H71: .ASCII<1S><12>/EXIT PROGRAM!!? 1<200> 
H72! .ASCII I ENTER NUMBER OF CHANNELS BF.TWEEN UPDATE: 1<200> 
H7J: · .ASCII<1S><12>1YHIN! 1<200> 
H74: .ASCIZ<1S><12>1*** WARNING!! ***---SCANNING PROCEDURE CllDf HISSING 
!!I 
H7S: .ASCII I ENTER CLOC~ UNITS <0•1•2•0R 3>: 1<200> 
H76: .ASCIZ<15><12>1 *** RE-TAXE MODE ***I 
H77: .ASCIZ<1S><12>1 *** ACCUHE HODE ***I 
M78: .ASCIZ<1S><12>1 DISPLAY REVERSED/ 
H79: .ASCIZ<15><12>1 DISPLAY NORMAL/ 
HSO: .ASCIZ<15><12>1 "SIGNAL" IS POWER NORMALIZED./ 
H81: .ASCIZ<1S><12>1 "SIGNAL" IS NOT POWER NORMALIZED./ 
H82: .ASCtZ<1S><12>1COUNT OVERFLOW I 
H831 .ASCIZ<15><12>1RAH OVERFLOW I 
H84: .ASCIZ<1~><12>1DEVICE IS NdT ACTIVE/ 
Has: ,ASCIZ<15><12>1 HCS UNIT ACTIVE/ 
H861 .ASCIZ<1S><12>1SYNTAX ERROR/ 
H87! .ASCII<1S)<12)/ DWELL TIHE=/<200> 
Has: .ASCII<1S><12>1 TRIGGER COUNT=/<200> 
H89! .ASCII<15><12>/ SWEEP COUNT=I<200> 
H90! .ASCII<1S><12>1 NUHBER OF ADDITIONAL SWEEPS = 1<200> 
H911 .ASCIZ<15><12>1*** DEVICE ALREADY ACTIVE ***' 
H921 .ASCIZ<15><12>1*** KEY-INT. HOO£ ***I 
H93! .ASCIZ<15><12>1*** EXT. INT. MODE *t*l 
H941 .ASCIZ<1S><12>1*** KEY-INT. MODE IS ACTIVE ***' 
H9S! .ASCIZ<1S><12>1*** A2D CONVERTER ENABLED ***I 
H961 .ASCII<1S><12)/KEY HOOE READY! 1<200> 
H97! .ASCII<1S><12)/TRIGGERS PER SCAN: 1<200> 
M9a: .ASCII<15><12>1ACTIVATE MCS UNIT: 1<200> 
H99! .ASCII<15><12>1CLEAR HCS RAH: 1<200> 

.EVEN 

ACCFLG: 
ACTIVE: 
ARG1: 
ARG2: 
BABUF: 

LABEL DEFINITIONS 

.WORD 

.BLKW 

.BLKW 

.BLKW 

.WORD 

2 
2 
2 

fACCUHULATE FlAG 
fACTIVE CHAN. BR'TNESS 
;SYSF4 ARGUMENT ONE 
JSYSF4 ARGUH~NT TWO 
IBACKGROUND BUFFER POINTER 



e 

BCD: 
BIN: 
BUFOFF: 
CALWAV: 
CNT: 
CSCHAN: 
DACYCL: 
NNEL 

.WORD 

.WORD 

.WORD 

.BLKW 

.WORD 

.WORD 

.BLKW 

DATE: .WORD 
DATLST: .WORD 

,WORD 
.WORD 
.WORD 
.WORD 

DAY: .WORD 
DELINC: .WORD 
DEL OFF: • WORD 
DEL TOT: • WORD 
DIBUF: .WORD 
DICHNS: .WORD 
DIFUNC: .BLKW 
DIRFLG: .WORD. 
DICODE: .BLKW 
DISCOH: .WORD 
DISFLG! , WORD 
DISHAX: .WORD 
DISNUH: .WORD 
DISTRT: .WORD 
DISWIH: .WORD 
DHAHLT: .WORD 
DWLBCD: , WORD 
DWLBIN: .WORD 
EXPFLG: .WORD 
FLGDIS: .WORD 
FLN: , WORD 
LASHOTS:.BLKW 
LCHAN: • WORD 
LCHN: .WORD 
LIST: .WORD 

LONWAV: 
HASBUF: 
HADACl: 
HADAC2: 
HARES: 
HCSBUF: 
HDACl: 
HDAC2: 
HONTH: 
HRES: 
NCHAN! 

.WORD 

.WORD 

.WORD 

.BLKW 

.BLKW 

.BLKW 

.WORD 

.BLKW 2 

.WORD 

.BLKW 

.WORD 

.WORD 

.BLKW 2 

.BLKW 
NEGA: , WORD 
NPTAVO: • WORD 

2 

2 

J 
<DATLST+S.> 
HfJNTH 
H66 
3 

2 

2 

2 

3 
ARGl 
ARG2 
RESULT 
2 
100. 
2 

2 

2 
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; HCS UNIT 
IHCS UNIT 
IDATA BUFFER OFFSET 
;CALIBRATION WAVELENGTH 
fHJ;S UNIT 
; SCALING CHANNEL 
;woROS FOR NUMBER OF DATA CYCLES/CHA 

fPROGRAH DATE WORD 
ILIST FOR "R50ASC" SYSF4 CALL 

IDAY OF THE HONTHCDATEl 

liON STORAGE TIHE OFFSET 
ITOTAL (ON STORA~E TIHE 
IDISPLAY BUFFER POINTER 

IDISPLAY FUNCTION WORD 
JSCAN DIRECTION FLAG 
IDISPLAY CODE WORD 
IDISPLAY COHHAHD WORD 
fDISPLAY YAXIS St:ALE FLAG 
JDISPLAY BUFFER HAX 
IDISPLAY COHHAN~ NUH&ER 
JDISPLAY START-FOR XLOAD 
IDISPLAY WINDOW SlARTING ADDRESS 
;DHA "HALf" WORD 

IHCS UNIT 
IDISPLAY EXPAHD FLAG 
fSECOND DJSPLAY FLAG. 
IHCS UNIT 
fNUHBER OF LASER SHOTS 
ft OF ADDRESSES TO LASr CHANNEL 
ILAST AVERAGED DATA CHANNEL 
fARGUHENT LIST FOR SYSF4 CALLS 

fLONG WAVE'LENGTH 
fBUFFER FUR HASS PEAKS 
fLOW VALUE FOR SECTOR H~HNET 
f Hlf.lH VALUE FOR SECTOR MuNET 
fSECTOR HAGNET RESOLUTION WIIR[I 
fHCS UNIT »ATA BUFFER POINTER 
ILOW HASS FOR QUADRUPOLE 
fHIUH HASS FOR QUADRUPOLE 
;HONTHCDATEl 
fQUAD. RESOLUTION WORD 
INUH&ER OF DATA CHANNELS 
JHCS IJNIT 
INUHBER OF POINTS AVERAGED 



NSTEP: 
XJMP: 
NSCAN: 
OFFSET: 
OVF: 
PLCHAR: 
PLCTRL: 
PLMOV: 
PLLINE: 
PLLIST: 

.WORD 

.BLtr\W 

.BLKW 

.WORD 

.WORD 

.WORD 

.WORD 

.WORD 

.WORD 
,WORD 
.WORD 
.WORD 
.WORD 
.WORD 
.WORD 
.WORD 
.WORD 
.WORD 

POBUF: , WORD 
POVALU: .BLKW 
POWMAX: , BLKW 
RESULT: .BLKW 
RETAKE: ,WORD 
ROUTINE:, WORD 
OL' 
Ru~:. 
RUNFLG: 
RlDATA: 
R4DATA: 
RODHA: 
R1DMA: 
R2DMA: 
R3DMA: 
RlBUF: 
R2BUF: 
R2DSK: 
RlHEA: 
R2HE.A: 
RlEXP: 
R1HD: 
R1NOC: 
R1NOS: 
R1PRI: 
R2PRI: 
R3PRI: 
R4PR I: 
RSPRI: 
RlPRH: 
R1PRS: 
RlSAV: 
ROSHO: 
RlSHO: 
R2SHO: 
R3SMO: 
R4SHO: 

.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 

2 
2 

a. 
PLCTRL 
PLCHAR 
PLLINE 
DISTRT 
[IICHNS 
STCHAN 
PLHOV 
YHAX 

2 
2 
2 

2 

182 

;NUHBI::R I)F HOTOR STEPS 
;X-AXIS INCREMENT VALUE 
;NUMBER OF DATA SCANS 
fOFFSET IN SUBROUTINE SHOOTH 
;HCS UNIT 
;PLOT CHARACTER 
fPLOTTER CONTRI)L WORD 
;PLOT MOVEMENT 
;PLOT LIHE TYPE 
JARG. LIST FOR Pl.OTTER CALL 

IPOWER BUFFER POINTER 
;POWI::R CHANNEL VALUE 
;POWER BUFFER HAX. 
JSYSF4 RESULT WORDS 
;RETAKE MODE FLAG 
;CONTAINS SIJB-RTN LOCATION FIJR 'KEYH 

fRUN NUM~ER WORD 
;RUN COMPLET~D FLAG 
ISAVE WORDS FOR 'DATAIN' 

;SAVE WORUS FOR 'DHAINT' 

;REGISTER SAVE SUBROUTINE BIIFlNIT 

IREG. SAVE FOR DJSK INPUT/OUTPUT 
;REG. SAVE SURUUTIHE 'HEAOER' 

IREGISTER SAVE SUBROUTINE 'EXPAND' 
IREGISTER SAVE 'MD' SUBROUTINE 
;REG. SAVE SUBROUTINE 'NOCYCL' 
f REG. SA'JE SUBRI)Ul"INE • NOSCN • 
JREG. SAVE SUBROUTINE 'PRINT' 
JAND SUBROUTIHE 'TYOATA' 

IREG. SAVE FOR SU~ROUTINE P~TITL 
JREG. SAVE FUR SUBROUTIHE PRSTAT 
IREG. SAVE GENERAL USE 
JREG. SAVE SUBROUTINE 'SMOOTH' 



• 

) 

) 

_) 

RSSttO: 
R1UPD: 
RlDIS: 
R2DIS: 
R3DIS: 
R4DIS: 
RSDIS: 
RlTRA: 
RlTYH: 
RlTYS: 
SBBUF: 
·SCCODE: 
SCFUNC: 
SCI10DE: 
SCROLL: 
SCTYPE: 
SETWAV: 
SHIFT: 
SHOWAV: 
SLRFLG: 
SI10PTR: 
STCHAN: 
SWPBCD: 
SWPBIN: 
THIES: 
TRGBCD: 
TRGBIN: 
UPDATE: 
WINBRT: 
WINFLG: 
WINSIZ: 
WAVINC: 
YEAR: 
YFUNC: 
YI1AX: 
YI1IN: 
YSCALE: 
ZERFLG: 
; 

.WORD 

.WORD 

.WORD 

.WORD 

.WORD 

.WORD 

.WORD 

.WORD 

.WORD 

.WORD 

.WORD 

.WORD 

.WORD 

.WORD 

.WORD 

.WORD 

.BLKW 

.WORD 
oBLKW 
.WORD 
.WORD 
.WORD 
.WORD 
,WORD 
.WORD 
.WORD 
.WORD 
,BLKW 
.WORD 
.WORD 
.WORD 
.BLKW 
.WORD 
.WORD 
.BLKW 
.BLKW 
.WORD 
.woRD 

2 

2 

2 

2 

2 
2 

LOCKEY: .ASCII /~%~%/ 
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;REG. SfiVE StiBROUliNE 'UF'DAT' 
;REGISTER SAVE SUBROUTINE DISCAL 

JREGISTER SAVE 'TRAP' SU~kOUTINE 
;R~G. SAVE FOR SUBROUTIHE TYHEDR 
;REG. SAVE FOR SUBROUTINE TYSTAT 
;s+B BUFFF.R POINTER 
fDEVICE SCAN CODE 
;SCAN FUNCTION WORD 
fSCAN INTERRUPT 110DE 
;wiNDOW SCROLL SUBROUTINE 
;SCAN HETHOD 
;THE WAVELENGTH SET PRESENTLY 
;ASHC FAC, IN SCAL.ING ROUTINE 
;THE SHORT WACVELENGTH OF SCAN 
; L -R SCROLL FLAG 
;sttOOTH-POlNTER 
JSTARTINO-CHANNEL OF DISPLAY 
fi1CS UNIT 
;ttCS UNIT 
;t OF TOHES TO 'SI100TH' 
H1CS UNIT 
;ttCS UNIT 
;DISPLAY UPDATE COUNT£R 
IDISPLAY WINDOW BRIGHTNESS 
;FLAG TO DISPLAY WINDOW 
;DISPLAY WINDOW SlZE 
;wAVELENGTH STEP SIZE 
;YEAR< DATE> 
JFUNCTION WORD FOR YAXlS SCALING 
;Y-AXIS VALUE FOR 'FULL SCALE' 
;Y-AXIS SUBTRACTION 
;Y-AXIS EXTRA SCALE FACTOR 
;zERO SHIFT 

fKEY TO UNLOCK PROGRAI1 VARIA~LES 

;DATA STRING FOR 'DATES' SUBROUTINE 

RSOSTR: .RADSO /JANFEB11ARAPRHAYJUNJULAUGSEPOCTNOVDEC/ 
; 

' 
IOBUF: 
DATBUF: 

' ' ' ... , .. .. 

INPUT/OUTPUT AND 
.BLKB 100. 
.BLKW 10000. 

.END 11CHSUB 

DATA BUFFER DFFINITIONS 
IINPUT/OUTPUT BUFFER 
;DATA/DISPLAY BUFFER 
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, Tll LE A~l•AMF' 
;sUBROUTINE TO SET THE GAIN UF TH~ 3~53-ZlA ANALOG-TO-DIGITAL COVERTER'S 
;AMPLIFIER. WHEN UUERIF::D ONE REPLIES 'LOW' FOR A GAIN OF 'l'r'MEUUM' FOR 
;A GAIN OF '10'rAND 'HIGH' FUk A GAlN U~ '100', GLOBAL IO~UF 
;MUST BE DEFINED BY THE CALLING PROGRAM, fH1S ROUf!NE IS US~D BY A 
;•CALL A2DAMP' INbTRUCTlON. 

SYSTEM 
.MCALL 

GLOLI 8 
.GLOBL 

GLOBAL 
.GLOBL 

GLOBAL 
.GLllBL 

A2liCON=167100 
A2DA11f> :. i10VB 

MDV 
CHPB 
BEQ 

ES 
BR 

lOS: ,PRINT 
.CALL 

15$! MOV 
CMP 
BEQ 
CMP 
BEQ 
CHP 
BEQ 
,f'RINT 
,PRINT 
BR 

20$! MOVB 
BR 

30$! HOVEl 
BR 

40$! HOVB 
sos: MOV 
60S: DEC 

BNE 
MOVB 
MOVl! 
RETURN 

MACRO 
.PRINT 

GLOBAL LIBRARY 
RE:AD 

DEFINED IN MAIN 
IfJBUF 

I•EFINED l<Y THIS 
A2DA11P, A~l.lUNS 

t24.rA2DCON 
IOBUF+2' IOBUF 
!OBUFrt15 
10$ 

15$ 
tl11 
READ 
!OBUf'rA2DGNS 
t'LO.IO!<UF 
20$ 
t'ME,IOBUF 
.301 . 
t'HirlCIBUF 
40S 
1M2 
tl13 
10$ 
t2S,,<A2DCUNt2> 
50$ 
t2:5. '<A2r•CUN+4> 
SO$ 
t:c.?::i.r<A2UCON+6> 
t20000.,DELAY 
})~LAY 

60$ 
tOrA20CON 
t26.rA2DCCIN 

Ruu·r 1 NE 

PROGRAM 

MODULE 

;A2U CONVERTER <~IN 1~> 
;!)!SABLE fHE LAM REUUEST 
;GEl S~CUN~ CUHHAND If' ANY 
;IS IT A CARRIAUE RETURN? 
;ASK FUR SECOND PART OF CUHHANDriF Y 

;uu DECODE COMMAND 
;wHAT SEff!NG IS WANfED? 
; READ THE RH·L Y 
;sAVE THE DESIM~D GAlN S~TfiNG 
; A G A I N 0 F I 1 I -~ 

;YES.SET UAIN TU 1. 
;A UAIN UF '](1'7 

;!F Y~SrSEf UAIN TfJ 10. 
;A GAIN UF '100'? 
;rF Y~S,SET GAIN fU 100, 
;INUALlP RESPONSE--TELL US~R 

;oo l<ACK--TRY AHAIN 
;sELF::CT GAIN OF 1. 
;GO WAH 
;sEL~CT GAIN Uf' 10. 
H:iO WAIT 
;sEL~CT GAIN UF 100. 
;LOAD DELAY WORD 
H1ELAY LIJtJP 
;wAIT FUR CONVH:TION ·ro FINISH 
;r;EAR THE LAM 
;ENABLE TH~ LAH REQUEST 
IR~fURN TU CALLER 

• 

( 
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A2DGNS: , WORD 
[•ELAY: , WORD 

;WORU FOR GAIN SfTTlNG 
;wokD FOR DELAY LOUP 

; 
Mll .AStii<1S><12>1WHAT GAlN SkYllNG DO YOU WANl? I 

, BYTE 200 
.ASCIZ<1S><12>1ILLEGAL COMMANU--Pl~ASE USE "LO<WJ,M~<D>,UR HI<GHl"/ 
.ASCIZ<15><12>1 LO ~ Xl HE ~ XlO HI = XlOO/ 

.EVEN 
• EN II 
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• TITLE ASCIIIN 
;SUBROUTINE TO CONVERT ASCII CHARACTERS lN 1/tl BUFFER( HllHif > TO 
;A 8IHARY NUHBER IN Rt <LOW WORD> AND R2 <HIGH WORD>. 
;IOBUF IS NOT CHANGED· 

ASCBIN! 

lOt: 

20t: 

JOt:. 

40S: 

50S: 

60t: 

130S: 

ASCOUT: 

.OLOBL lOBUFrASCBINrJHUL 

.GLOBL REGSAVrREGR~S 

HOV R5rR5ASC 
CLR R2 
HOV tLIST, RS 
HOV tiOBIJFrRl 
HOV t1 rNEGFLG 
Ct1PB t'-r<Rl> 
BNE lOt 
CLR NEGFLG 
110VB t'Or<Rl> 
BR 20t 
CHPB t'+r<Rl> 
BNE 20$ 
t10VB t'Or(Rl> 
HOV tOrRF::SULT 
HOV tOrRE.SULT+2 
HOV 110.rAf<G2 
t10V tOrAIW2+2 
110V RESULlrAR61 
HOV RESULf+2rAR61+2 
HOV~ <Rl>+rR2 
Ct1P8 t15rR2 
BEQ 60S 
Ct1PB t60rR2 
BGT 40S 
CHP8 t71rR2 
BGE 50S 
SEC 
BR ASCOUT 
SUB t60rR2 
CALL REGSAV 
CALL JHUL 
CALL REURES 
CHP t-2rf<O 
BEQ 40S 
ADD R2rRESULT 
ADC RESULT+2 
BR 30$ 
CHP tOrNEGFLG 
BNE 130$ 
COH RESULT 
COH RESUL T+2 
ADD t1 rRESUL T 
ADC RESULT+2 
110V RESULTrf<l 
HOV RESULT+2rR2 
CLC 
HOV RSASCrRS 
RETURN 

;SAVE f.:EGJSTE::R 
;cLR CHARACTER REGISTER 
;TO USE SYSF4 JMUL 
;sTARriNG ADDRESS IN Rl 
;NEGATlVE-VALUE FLAG UP 
;IS FlR!:if CARACTfR A HINUS? 
;BRANCH IF.NO 
;NEUATlVE-VALIJE FLAG DOWN 
;YESrf<EPLACE IT WJlH Z~RO 

;Is FlRST CHAf<AClER A PLUH? 
JBRANCH IF NO 
;YESrf<E::PLACE IT WITH A Zff<O 
;cLt::AR RESULT 

;PLACE lEN lN A~6UHENT TWO 

;AF<Gl 10 Bf. 111Jl.TIPL If.D BY lEN 

;HOVE CHARAClFR TO F<2 
;IS IT A CRRlAOE RETURN? 
; BRANCH lF n:s 
;CHECK FUR LETTERSrETC 
;IF ANY FOUNUrSET CARRY BIT 

;ERROR: SfT CARRY Nil 
;uo TO CALI.F::R 
;SUBtRACT ASCli NIAS 
;sAVE REGISTERS Rl-RS 
; ~YSf'4 HilL Tif'LlCATlON 
;RESTORE R£0ISTERS Rl-RS 
;cHECK Ef<ROF< COllE 
;BRANCH IF YES <OVERFLOW!) 
;ADll lll RESULT 

;Go ~ACK FOR HORE 
fWAS IT NEUATIVE? 
;NO SKlP Nf6AlJON 

;ANSWER IN Rl 
;AHU R2 
fCLEAR CARRY: NO ERRORS 
fUN~AVE REUISTER 
fRETURN TO !:ALLER 



LIST: 

ARGl! 
ARG2! 
RESULT! 
NEGFLG: 
R:SASC: 

.WORD 

.WORD 

.WOkD 

.WORD 

.BLKW 

.BLKW 

.BLKW 

.WORD 

.WORD 

.END 

3 
ARGl 
ARG2 
RESULT 
2 
2 
2 
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; JHUL SYS. 6L.llfiAL AR!HIHI:NT LJST 
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.TITLE BINASC SUBROUTINE 
JSUBROUTIHE "BINASC" 15 A ROUTINE TO CUNV~RT A SIGN~D BINARY NUHSER 
fiN Rl TO AN ASCII ~YTE ST~ING WITH STARliNG LUCAliON "IOBUF", THE 
JASCII CODED STRING CONSIST UF SIX CHARACTERS. A HINIJS SIGN FOR 
;NEGATIVES WITH LEAVING ZE~OES SU~PR~SS~V;TH~ HINIJS STUN lS PLACED 
;JUST BEFORE THE FIRST NONZERO DIGH. USE WI l"H "CALL l:liNASC". rHE 
;BUFFER "IOBUF" HUST BE DEFINEV AS A GL.O~AL IN THE CALLING ~ROGkAK • 

• GLOBL IOBUFrBLNASC 
BINASC! HOV RlrRl~IN 

HOV R2•R2l.HN 
l'tOV R3' R31HN 
HOV R4•R4BIN 
HOV tiO~UFr~4 
TST Rl 
BPL lOt 
NEG R1 
HOV~ t'-,(R4>+ 
BR 15t 

lOt: HOVB t' •<R4>+ 
1St: HOV tBIN1•R2 

HOV tSr~3 
20t: CLR RO 

DIV <R2>+tRO 
ADD t60,RO 
HOVB ~Or<~4>+ 

SOB RJr20t 
;NOW REPLACE LEAVING ZEROES 

HOV tiUI:lUF•R4 
HOVB IOBUFrR1 
CLR R3 

30t: INCB R4 
INCB R3 
CHPB tSrR3 
BEll 40t 
CHPB t'Or<R4> 
BNE 40t 
HOVB R1.<R4> 
HOVB t' r-1<R4> 
BR 30t 

40t: HOV R4B1NrR4 
l'tOV R3BINrFC3 
HOV R2BINrR2 
HOV RlBINrRl 
RETURN 

BINl: .WORD 
RlBIN! .WORD 
R2BIN: 
R3BIN! 
R4BIN! 

.WORD 

.WORD 

.WORD 

.END 

; SAV~ f<EIHST ERS 

fBUFF~R STARTING LUCAliON 
;-.:s 1T NEUATIIJE? 
;No 
;YESrrAKE ABS. VALUE 
;PLACE HINUS SIGN IN BUFFER 
; 130 TU CONVf:R r liiN SE:CTI ON 
;PLACE A SPACE IN l:lUFFE~ 

;POINTER TO DlVISUR TAI:lLE 
;nv~ lHVISORS 
;cLt::AR HIGH WORD 
;FIS DIVIDE 
JADD ASCU BIAS 
;PLACE FCESULT IN l:lllfFER 
;no IT FIVE TIHES 

WITH SPAC~S AND HOVE TH~ "SIGN" ACCORDINGLY. 
;aUFF~R STARTING ADUR~SS 
;PLACE SIGN IN Rl 
iCLEAR LUUP COUNrER 
;GEl NEXT aYT~ LUCAliON 
;INCREH~NT LOOP COUNTER 
;Is Il TH~ FifTH 1111~? 
HF YESr~:<IT 
liS TH~ CHARACl~k A Z~kO? 
;NUrC:XIT ROUTINE 
;YES!R~PLACE lT WITH SIGN 
iR~PLACE FIRST SIGN WITH SPACE 
;LOOK FOf< 110~~ ZEROES 
;tJN!;AVt:: RE::GlSTEi<S 

iRETURN TO CALLING PROOkAH 
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.TITLE BCDI.iiN 
;BCDBIN SUBROU.fiN~ CONVERTS BCD NUHBER 
;IN Rl TO A ~INARY NUMBER lN Rl 

.GLOBL BCD\:"IIN 
BCDBIN: HOV R2rR2~CD 

MDV RJ,R3BCD 
MDV R4, R4BCI• 
MOV R5,R:::itcCD 
MOV Rl,R5 ;COPY INTO R5 
MOV tASHIFf,R2 ;INIT. 

BCDl! 

MOV tAMULrR3 
CLR BIN 
MOV t4rR4 
MOV R5,R1 
ASH <R2>+rR1 
BIC t177760,R1 
MUL <R3>+,R1 
ADI1 Rl•BIN 
SOlt R4•BCD1 
MOV BINrRl 
MOV R2BCDrR2 
MOV R3BCl:I•R3 
MOV R4BCLI,R4 
MOV R5BCl.l' R5 
RTS PC 

;FOUR Of' lHtM 
;GET THE NUMBER 
;MASK "JHI::: BilS 

;MULTIPLY BY POWER OF TEN 

;FOUR TIMES 
;PLACE BINARY XN Rl 

;RETURN 
ASHIFT: .WORD -12.,-8.,-4,0 
AMUL: 
BIN: 

.WORD lOOO.,lOO.rlO.rl 

.WLlRD 
R2BC11: • WORD 
R3BCD: • WORD 
R4'BCD: • WORD 
R5BCD: • WORD 

.END 
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.TITLE DECOUT SUBROUTINE 
;DECOUT SUBROUTINE OUTPUTS TH£ BINARY NUMBER CONTAlN~D IN Rl 
;IN DECIMAL FORMAT TO THE CONSOLE DEVICE. SIX CHARACl.EkS ARE 
iOUTPUT; A MINUS SIGN IF fHE NUMBER IS NEGATIVE AND WITH ANY 
iLEADING ZEROES REPLACED BY SPACES. THE MINUS SIGN A~PEARS 
;NEXT TO THE FIRST NONZERO DIGIT. 

• MCALL • TTY OUT 
• GLOBL DECOUT, IHNASC riUBUF 

DECOUT: MOV Rl•RlUEC fSAVE REGISTERS 

lOt: 

MOV R2,R2DEC 
CALL BlNASC 
HOV t6rR1 
"OV tiOBUFrR2 
MOV8 <R2>+rRO 
.TTYOUT 
SOB 
MOV 
MOV 
RETURN 

R1,10$ 
R2DECrR2 
R1DECrR1 

RlDEC: .WORD 
R2IJEC: • WOR[t 

.END 

fCONVERT k1 TO ASCII STkiNG 
iSIX CHARACfERS OUfPUT 
;BUFFER STARTING ADDRESS 
iOUfPUT CHARACf~RS ONE BY ONE 

fUNSAUE REGISTERS 

fRETURN TU CALLING PkOUkAM 

\ 
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.TITLE DCOUT2 SUFROUTINE 
; DCOUT2 SUBROUTINE OU ft>Ul!:l THE BINA~Y NUMBE~ CONTAlNEI) IN WOIUIS 
ILOWORD AND HlWORD IN DECIMAL FORMAT TO THE CONSOLE DEVICE. lEN CHARAClfRS 
IARE UUTPUTI A MINUS SIUN IF THE NUMBE~ IS NEUAfiVE AND W!TH ANY 
ILEADING ZEROES REPLACED ~y SPACES. lHE MlNUS SIGN APPEARS 
INEXT TO THE FIRST NONZERO DIGIT, 

, MCALL , TTY OUT 
.GLOBL DCOUf2rDP8ASCriOBUF 

DCOUT2: MOV RlrRlDEC ISAVE REGISTERS 

lOS: 

MOV R2,R2'0EC 
CALL liPFASC 
MOV tll. rRl 
~OV tiO~UFrR2 

MOVF <R2>trRO 
.TTYOUT 
SOB 
MOV 
MOV 
RETURN 

Rl r1 OS 
R2DECrR2 
RlDEI.:rRl 

RHIEC: ,WORD 
R2[1EC: ,WORD 

.EN[I 

; CONVERT • WORDS • TO ASC 11 
II:::LEVt::N CHAI<ACff::~S OUTPUT 
IFUFFER STARTING ADDRESS 
IOUTPUT CHARACfERS ONE BY 

IUNSAVE REGISTERS 

; RETURN TO CALLING Pf<O~AM 

STRrNU 

ONE 
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,TITLE lH~KlO lNPlll-OIJTPlJ"I TO THE IHSK 

HHIS MODULE CONTAINS SUIH<llliHN~~ TO WRJl E. MHt Rf:AJ) WITH ·r HI= IHSK, 
J "WRDISK" WRHES N WOkOS Til THE DISK, N/1.! I~ I"'LACF-:IJ UHO THF:: Fli<ST 
;LOCATION OF "llATBUF" THE BUFFER WHICH HAH TH~ N WOf.:rt~ 10 BE Bf.f.!T. 
JTHE FIRST SO WORDS AkE R~~EkVfD FOR "VAkiAl:lLES" AND TH~ MEXT 
J450 WORDS ARE FOR A HEADER lF PfSlRE.D. 
; "REDISK" READS N WORUS FIWH THE SPEC!FltD FlLE <N IS TH~ F"(kST 
JWORD OF THE DATA FILE> AND PLACES IT INTO "OAl~UF", 

; 

SYSTEM MACROES 

.HCALL .TTYlN,,lTYOUT,,PRINT,.CLUSf.,,CSI6EN 

.HCALL .WRITW,.READW 

HAIN PROGRAM DEFINED GLU~ALS 

.GLOBL NCHAN,DATBLIF,IOBUF 

GLOLIB GLOBAL SUBROUTINE 

.GLOI:lL Rt:.AD 

GLO~AL ENTRY POINlS 0~ lHXS HOPULE 

.GLOBL WRDlSK,REDl~K 

;•wRDISI<" WRITES DAlBUF TO THE DISK 
WRDISK: HOV 

HOV 
ss: .PRINT 

CALL 
CHF'B 
BECl 
CMPB 
BEll 
BR 

lOt: MOV 
MOV 
ADlJ 
MOV 

1St: CLR 
SOB 
MOV 
ADD 
.PRINT 
MDV 
• TTYOUT 
HOV 

20t: .TTYIN 

RliiUSAV 
R2,R2SAV 
tHB 
REAll 
l'YdOl:lUF 
lOS 
t'NrlUBUF 
SOt 
St 
t[tAll:CUF, R~ 
NCHAN,<R2> 
uoo.,R2 
t450.,Rl 
<R2>+ 
Rl.!St 
tltAl BliF .F<2 
tlOO. •R2 
tH6 
t'>rRO 

t44a •• Rl 

;sAVE Rt::u!Sr~:R 1 
ISAVE RFUISTEk TWO 
fNf:W HEAJ:t~:R'? 

; YES OR NO'r 
;n:s? 
ll:CRANCH IF YES 
;No? 
HH<ANCH IF NO 
;Husr ANSWER YES OR NO 
HlA·r A Btl~ H::k S fAkTitW UJCtHTON 
; S fORt: NUI'ii:!Ek 01-· CHAHMi::LS 
HW TO HEMt~.k SECTiON 
;MAX, Ht::ADEk LENnrH 
H~LEAk HEAftl::.k SECTlllN 

;~nARTlNB LOCATION IN k:! 
JSfART U~ H~AD~R SECTION 
IEN1Ek H~Art~k MESSAGE 
;PRINT PROHPf CHARACTER 

INUM~lR OF CHAkAlfk~ PFkMllTED 
;READ IN fHE HEAD~R 



30t: 

40t: 

sot: 

60t: 

130t: 

140t: 

1SOt: 

CMP~ 
8EQ 
DEC 
8EQ 
MOV8 
BR 
.TTYIN 
CMPS 
BNE 
.PRINf 
BR 
• TTYIN 
CMP 
8NE 
MOV 
.PRINT 
MOV 
.CSIGEN 
MOV 
MOV 
11UL 
ADD 
.WRITW 
BCS 
CMP 
BEQ 
.PRINT 
C11P8 
BNE 
.PRINT 
BR 
C11PB 
BNE 
.PRINT 
BR 
CMPB 
BNE 
.PRINT 
.CLOSE 
.PRINT 
MOV 
MOV 
RETURN 

t'~,Ro 

40t 
R1 
JOt 
ROr<R2>+ 
20t 

t12 rRO 
30t 
tM3 
SOt 

U2rRO 
40t 
t200r<R2> 
tH7 
SPrSPSAV 
tUEVSPCrtDEFEXfrtO 
SPSAVrSP 
NCHANrR1 
t6rR1 
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t502.rR1 
tWAREArtOrtPATBUFrRlrtO 
60t 
R1rRO 
150t 
tHS 
tOrllt52 
130t 
tHO 
1SOt 
t1rU52 
140t 
tl11 
lSOt 
t2rllt52 
lSOt 
tH2 
to 
tM4 
R1SAVrR1 
R2SAVrl'<2 

fCH~CK FOk ~ND UF H~AD~R 

Hll<t'lNCH lF" AT tH£1 
fCUUNT DOWN SPACE 
; l:ct<ANCH l F NU SPACt: I.£FT 
fPLACI:. CHARACHk INTO ttlli'FER 
; IHl 13£T MilkE 
fEAT THE LEFT UV~I'<S! 

HHIW EATING? 
H:iEl HOkE "Ill EAT IF NOT 
HELL USER l"kUNt;AT10N HAS OCCIJkkED 
fCONTINliE 
;EAf CR-LF 
fHAVE L.F IN HOIHWr 
;noun II"!! 
fHE::ADEI'< lfkMINATUk SYMl!UL 
JAHK FUR FILE 9PE::ClFlCATIUNS 
HiAVE:: lHE-. STACK f-'OJNl E::R 
fCOMI1AND SI"RING u~N£kATOR 
fRESTORE:: Sf' 
;cALCULATE NUHS~k OF WOkDS 
fTU Sf li'<AHSFEREU 

fWlTE THI'<U CHANNEL Zfi':U 
;BRANCH IF HARDWARE ERkOR 
; CORI'<ECl NtJtHtt-:R OF WORI)S WRHH.IH 
JBRANr:H IF YES 
JPRINT ERROl'< HESSA6E 
;cHECK FOR THE ERROR 

JREAI) HESHA!iES 

;cLOSE:: CHANNEL 
;succEss 

fRESTORE:: 1'<2 
JRETURN TO CALLER 

JTHIS SUBROUTINE READS lHE DATA FI'<UH THE DISK 

REDISK: 110V 
.PRINT 
110V 
.CSIGEN 
110V 
.READW 
BCS 
CI1P 

R1rR1SAV 
tl17 
SPrSf'SAV 
tOEVSPCrtDEFEXI"rtO 
SPSAVrSP 
tWAREArtJrtUAIBUFrtSrtO 
20t 
ROrtS 

fSAVE:: 1'<1 
;WHICH FILE? 
JSAVE THE STACK POJNTER 
;OET COMMAND STRINu liEN. 
fRESlllRE Sf' 

fHARDWAkE EkRUR? 
;cHECK NUMBER OF WORDS READ 



lOt 
ti'IS 
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!IECI 
.PRINT 
BR 20t ;WHlt:H ~Rf<llR? 

lOt: HOV 
HOV 
HUL 
ADD 
.READW 
BCS 
CMP 
BEQ 
.PRINT 
CHPlt 
BNE 
.PRINT 
BR 
CHPI:I 
BNE 
.PRINl 
BR 
CI'IPB 
BNE 
.PRINT 
.CLOSE 
HOV 
RETURN 

DATBUF,Nt:HAN ;FIRST WORD= t OF DATA t:HANN~LS 

NCHAN•Rl 
t6.1U ;HOW HANY WORDS IN ALL'~ 

t50~.,R1 

tWAREArt3rtnATBUFrRl•t0 
20$ 
RO•Rl 
SOt 
tHS 

20t: tOr~tS2 ;cH~CK THE ~RROf< t:ODfS 

30t: 

40t: 

JOt 
tHO 
SOt 
t1 r@tS2 
40t 
tHl 
SOt 
t2r@tS2 
50$ 
tH2 

sot: t3 ; CLO!:\E. CHANNE 3 

RlSAV: 
R2SAV: 
SPSAV: 

.WORD 

.WORD 

.WORLI 

RlSAVrRl 

0 

0 

DEFEXT: .RADSO /DAl/ 
.RAD50 /DATI 
.WOf<IJ 0 
.WORD 0 

WARE A: • BLI\W 5 
DEVSPC: .WORLI 0 

;RETURN TO t:ALL~R 

HO: .ASCIZ /ATTEHPl~D TO Wf<ITE<f<lAP> PAST ~NO-Of-FILE./ 
111: .ASCIZ /HARDWAR~ ERROR/ 
112: .ASCIZ /CHANNEL WAS NOT OPEN/ 
H3: .ASCIZ /MESSAGE TOO LUNU--rRUNCAT~D:NOr FArAL CONT~NIJE/ 
H4: .ASCIZ ILlATA TRANSF~R SUCCESSFUL/ 
HS: .ASCIZ /IHPROP~R NUHBER UF WORDS WRITr~N<READ>I 
H6: .ASCIZ /lYPE lN HEADER HESSA~E/ 
H7: .ASCIZ /GIVE FILE SPECIFlCATlONS/ 
HS: .ASCII<15><12>1DO YOU WISH TO ENTER A NEW HEAIJE.R HF!:'!:'AOE? I 

.BYTE 200 

.EVEN 

.END 
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.TITLE D~~ASC SUBROUTINE 
; DOU~LE PRECISION INTEGER ASCll DEClHAL Olll'PU'I f'f<Olif.!AH-WILL f-'U1CE INTO A 
;SPECIFIED BYTE STRING 10 ASCII NUHtRALS ANO A SiliN IF N~liATIV£, L~ADlNG 
;zEROES ARE SUPRESSED ANO THE SlGN IS PLACE~ IHHEDIATELY BEFORE THE 

-IFIRST NON-ZERO DIGIT OF THE NUHB~R· 
ITO ENTER: 
; 1. HOVE HIGH ORDER PART OF Wllkll TO BE OUTPUT TO HJWOkl' 

2, HOVE LOW ORDER PART OF WORD TO BE OUTPUT 1'0 LUWURD 
J,CALLING PROGRAH HUST DEFINE "IO~UF" AS GLO~AL 
4.CALLING PROGRAH HUST DEFINE LOWORD AND HIWORO AS ULUBALS 
S.USE ROUTINE WITH "CALL D~BASC" 

IROUTINE WRITTEN BY SPARKSr HODIFIED OY BUSTAHENrE. 

.GLOBL 
[IPBASC: 110V 

110V 
HOV 
CLR 
CLF: 
110V 
TST 
BHI 

POSOUT: HOV 
HORYET: INC 

SUB 
SBC 
SUB 
BPL 
ADD 
ADC 
ADD 
ADD 
JSR 
HOV 
CI1P 
BLT 
HOV 
INC 
JSR 
HOV 
HOV 
RTS 

NEGSET: BIS 
SUB 

ER 
SBC 
COI1 
COH 
JHP 

ASCOUT: C11P 
BEQ 
BIS 

LZSDN: ADD 
BIT 
BGT 

IOBUFrDPBASCrLOWOkDrHlWORD 
RlrR3DPB ISAVE REGISTERS 
RStRSDPB 
tiOBUFrR3 
NEGFLG 
LZSFU:i 
t-1 rCIHR 
HI WORD 
NEGSET 
tDIG9tRS 
CNTR 
2<RS>tLOWORI.t 
HI WORD 
< RS hHIWORD 
110RYET 
2<RS>rLUWORD 
HI WORD 
<RS>tHIWORD 
t4,RS 
PCrASCOUT 
t-1,CNTR 
RSrt<DIG1+4> 
HORYET 
LOWORDrCNTR 
RS 
PCrASCOUT 
R3DPBtR3 
RSDPBrRS 
PC 
t1 tNtGFLG 
U rLOWORD 

HI WORD 
HI WORD 
LOWORD 
F'OSOUT 
CNTRrtO 
LZS 
U rLZSFLG 
t60tCNTR 
t2 'Nt!iFLG 
CHROUT 

IBUFFER AllDkESS IN k3 
ICL£AR NtGATIVE t FLAG 
fCL~Ak LEADING ZERO Sllf-'PRESS FLAG 
I INIT lALil.E SUBTRAC r LOOP COUNTER 
liS INTEGER NEuAliVE 
IYtSr THEN CONVERT IT 
ILOAll BfGlNHIH6 A~Df<ESS OF 10~N LIST 
; COUIH t SUBTRAC r ION LOOPS 
ITHREE STEP DOUBLE Pl':t:.C. SUBTRACT 

fSUBTRACT A6AIN IF STILL POSITIVE 
IKILL LAST SUBTRACTION IF Nt:::OATIVE 

IREADY FOk 10-N-1 
IOUTPUT THE CHARACTER 
IRESET LOOP COUNTER 
J? LAST DIGIT YET 
INOt DO ANOTH~R 
IYI:::Hr SEND [1' OUT 
ITRAC~R FOk LAST OI61T 

fUNSAVE RfGISl~RS 

JRETURN TO CALLING Pk013RAI1 
I SET FLAG FOR 111 NUS S I I;N OUTPUT 
14 STEP CONVERSION TO f'OSJTIVE INTEG 

IDECODE TO ASCII 
;? GilT A ZERO 
fYESr SfE IF NEEOS Sllf'PRfSS~D 
INOr PREVENT FURTHER SUPPRESSION 
;ADD ASCII BIAS 
fiS SIUN OR SPACE ALR~AOY PRINTED? 
IYES, JIISl SfND CHARACl~R 
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BIT U •NEGFLG ;No, DO WE NEF::II A MINUS SIGN? 
BOT HINOUT ;YES, IJO IT 
110VB t4o, <RJ>+ ;No, SEND A SPACE 
HOVB CNTR,<R3>+ ;THEN SENlt CHARACTER 
BIS t2,NEGFLG iNO HORE SPACES 
RTS PC ;BACK TO CALLER 

MINOUT: MOVB t:5S,<R3>+ ; SEtHI HI NUS SIGN 
HOVJ:j CNTR,(R3>+ ;SEND CHARACTER 
BIC t1, NEGFLG iHINUS SIGN DONE 
BIS t2,NEGFLG ;No SPACE.S WANTE[t 
RTS PC 

Lzs: TST LZSFLG ;LEADINU ZEf..:OES OVER WITH? 
BGT LZSDN iYES, DON'T SUPPRF::SS 
CMP R5, t<ltiG1+4> ;LA!H DIGIT YET? 
BGT LZSDN ; vc:s, THEN PRINT EVEN IF ZERO 
MOVB t40• <R3>+ ;No, SlNlt A Sf' ACE 
RTS PC 

CHROUT: HOVB CNTR, <R3>+ ;sE.ND CHARACTER 
RTS PC 

CNTR: .WORD 
NEGFLG: .WORD 
HI WORD: .WORD 
LOWORD: , WOR[t 
LZSFLG: .WORD 
[11 09: .WORD 35632•145000 
DIGS: .WORD 2765.160400 
DIG7: .WORD 230,113200 
[I I G6: .WORD 1lr41100 
[II 05: .WORD 1•103240 
DIG4: .WORD 0•23420 
DIG3: .WORD 0•1750 
DIG2: .WORD 0•144 
DIG1: .WORD Or12 
R3DPB: , WORit 
R5DPB: .WORD 

.END 
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.TI"ILE Cf<LF 
iCRLF SUBROUTINE INITIALIZ~S CONSUL~ DEVJC~ CARRIAGE 

• MCALL • T J"YOUT 
CRLF:: MOV t15,RO iPRINT CR 

• TTYUUT-
HOV t12,RO iPRINT LF 
.TTYUUT 
RTS PC iRETURN · 
.END 
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.TITLE PRINTER SUBROUTINES 
; 
LPRCSR=176SOO 
LPRBUF=176502 
Lf'XCSR=176504 
LPXBUF=176506 
; 

;su~ROUTINE LPOUT 
; 
iLPOUT SUBROUTINE PklNTS CHARACTERS OUT ON THE LINE PRINTER 
;cHARACTER TO BE PRINTED IS IN ~0. USE WITH "CALL LPUllf" • 

; 
LPOUT: 

101: 

20t: 

; 

• GLOBL Lf'OUT 

BIT 
BED 
BIT 
BEQ 
HOVB 
BIC 
CHPB 
BEQ 
CHPB 
BNE 
BIT 
BEQ 
BR 
NOP 
HOVB 
RETURN 

t200•LPXCSR 
LPOUT 
t200rLPRCSR 
20$ 
LPRBUFrLPIN 
t200rLPIN 
t21,LPIN 
20t 
t23rLPIN 
20t 
t200•LPRCSR 
lOt 
ss 

RO,LPXBUF 

;sUBROUTINE LPRINT· 

;READY TO PklNT? 
iNO 
;cHARACTER RECEIVED? 
i8R IF NO 
iHOVE IN CHARACTER 
;cLEAR PARITY 8IT 
HRANSHIT? 
iBR IF YES 
iSTOP TRANSMISSION? 

iWAlT FOR "RESUME" 

; CONTlNliE 
JYES,PRINT IT 
iRETURN TU CALLIN6 PRU6kAH 

;SUBROUTINE LPRINT EMULATES THE MONITOR .PkiNl REQUEST I:I!Jl SF-NUS 
;oUTPUT TO THE PRINTER. IT IS ACCESSED BY PLACINU THE SIGINHING 
iADURESS OF THE BYTE BY BYTE ASCII STR1N6 TO BE OUTPUT IN RO 
iFOLLOWED BY THE INSTRUCTION "CALL LPRINT". CARRIAUE RETURN AND 
iLINE FEED HANDLING AkE THE SAHE A~ THE HUNlTOR .PRINT kfGUEST 
;sUBROUTINE BY R.K.SPARKS HODIFIEit BY s.W.BllSTAHENfE 

.GLOBL LPRINT 
; 
LPRINT: CHPB 

BEQ 
CHPB 
BEQ 

lt: BIT 
BEQ 
BIT 
BEQ 

St: HOVB 
BIC 
CMPB 

<RO),t200 
21 
<RO),tO 
OUT 
t200•LPXCSR 
1$ 
t200, LF'RCSR 
201 
LF'RBUF, LP IN 
t200,LPIN 
t:!l,LPIN 

;?TERMINATOR FOk NO CRLF 
;yES,THEN ARE FINISHED 
I? TERMINATOR FUR CRLF 
iYESrTHEN OUTPUT LF 
;READY FUR N~W CHARACTER? 
iNOrTHF.:N LOOP 
;CHARACTER RECEIVED? 
i8R IF NO 
iMOVE IN CHARACTER 
iCLEAR PARITY BIT 
HRANSMIT? 



10$! 

2$! 
OUT! 

5S! 

lOS! 

20S! 

BEQ 
CHF'B 
BNE 
BIT 
BEQ 
BR 
NOP 
I'IOVB 
feR 
RETURN 
BIT 
BEQ 
BIT 
BEQ 
I'IOVB 
BIC 
CHPB 
BEQ 
CMF'B 
BNE 
BIT 
BEQ 
BR 
NOP 
MOVB 
RETURN 
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20$ 
t23,LF'IN 
20$ 
t200,LPRCSR 
10S 
5$ 

<RO>+rLPXBUF 
LPRINT 

t200,LPXCSR 
OUT 
t200,LPRCSR 
20$ 
LF'RBUF,LPIN 
t200rLPIN 
t21,LPIN 
20$ 
t23,LPIN 
20$ 
t200,LPRCSR 
lOS 
5$ 

;sUBROUTINE LPCRLF 

iBR IF YES 
;sTOP TRANSMlSSION? 

;wAIT FOR 'RESUME' 

iCONTINUE 
;sEND CHAR~CTER 
;oo FOR ANOTHER 
;RETURN WifH NO CRLF 
;RE~liY? 

iNO,LOOP 
;cHARACTER RECEIVEll? 
HtR IF NO 
iMOVE IN CHARAClER 
iCLEAR PARITY BIT 
HRAN8MIT? 
;BR IF YES 
;sTOP TRANSMlS~lON? 

;wAIT FOR "RESUME' 

;cONTlNUE 
;sEND LFrGET AUTO CR 
;RETURN TO CALLER 

;THlS SUBROUTINE CAUSES THE LlNE PRINTER TO EXECUlE A 
iliNEFEED-CA~RIAuE RETURN SEUUtNCE WHEN CALLEU. USE 
;WilH 'CALL LPCRLF" • 

• GLOBL LPCRLF 

LF'CRLF! BIT t200rLPXCSR ;REAllY? 
BEQ LPCRLF ;NOr LOOP 
BIT t200,LPRCSR ;cHARACTER RE(.;EIVED? 
BEQ 20S HIR IF NO 

5S: HOVB LPRBUF,LPIN ;MOVE IN CHARACTER 
BIC t200rLPIN ;cLEAR PARITY BIT 
CHPB t21,LPIN ;TRANSMIT? 
BEQ 20$ ifiR IF YES 
CHP8 t23,LPIN ;sTOP TRANSMISSlON? 
BNE 20$ 

lOS! BIT t200,LPRCSR ;wAIT FOR "RESUME' 
BEQ 10$ 
BR ss 

::!0$! NOP ;coNTlNUE 
MOVB t12rLPXBUF iSEND LFrG~T AUTO CR 
RETURN ;RETURN TO CALLER 
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;suBROUTINE LPDECO 

;LPDECO SUBROUTINE OUTPUTS THE BIN~RY NUMBER CONTAINED IN Rl 
;IN DECIMAL FORMAT fO THE LINE PRINTER. SIX CHARACTERS ARE 
;QUlPUT; A MINUS SIGN IF THE NUMBER IS NEGATIVE AND WITH ANY 
;LEADING ZEROI:":S REPLACED flY SPACF.S. THE HINlJS SIGN APPEARS 
fNEXT TO THE ~RST NONZERO DIGIT • 

• GLOBL LPDECO•BINASC,IOBUF,LPOUT 

LPDECO: MOV 
HOV 
CALL 
MOV 
MOV 

lOS: MOVE! 
CALL 
SOil 
MOV 
MOV 
RETURN 

RltRlDEC 
R2 r R;.~l•EC 
BINASC 
t6rR1 
tiOBUFrR2 
< R2 >+ r RO 
LF'OUT 
R1r10S 
R2DECoR2 
f<1.CII:":CrR1 

iSUBROUTINE LPDC02 

fSAVE RE.GISTEF<S 

fCONVERT Rl TO ASCII STRING 
;SIX CHARACTERS OUTPUT 
;BUFFER STAF<TINO AODRESS 
fOUTPUT CHARACTERS ONE BY ONE 

fUNSAVE REGISTERS 

fRETUk~l TO CALLING PRlluR~}1 

;LPDC02 SUBROUTINE OUTPUTS THE BlNARY NUMBER CONTAINED IN WORDS 
;LOWORD AND HIWORD IN DECIMAL FORMAT TO THE CONSOLE DEVICE. ELEVEN CHARACTER 
s 
;ARf OUTPUT; A MINUS SIGN IF THE NUMBER IS N£GATIVE ANO WITH ANY 
;LEADING ZEROt:S REF'LACI:":D BY SI"ACES, TH~ MINUS SIBN M'f't:ARS 
iNEXT TO THE FIRST NONZERO DIGIT • 

• GLOBL LPDC02 r DPltASC' lllf!UF, LF'CJUT 

LF'DC02: MDV 
MOV 
CALL 
MOV 
MOV 

lOS: HOVE! 
CALL 
SOB 
MOV 
HOV 
RETURN 

RHEC: .WORD 
R2DEC: .WORD 
LPIN: .WORD 

.END 

RlrRlDEC 
R2rR2DEC 
DF'BASC 
t11.rR1 
tiOBUF rR2 
<R2>+rRO 
LPOUT 
Rl,10S 
R2DECrR2 
R10£CrR1 

fSAVE REGISTERS 

;CONVERT "WORDS' TO A~CII STRING 
fELEVI::N CHARACTERS OUTPUT 
fBUFFER STARTING ADDRE.SS 
fOUTPUT CHARACTERS ONE BY ONE 

fUNSAVE REGlSTEkS 

;RETURN TO CALLING PRliOF<AH 
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.TITLE LASER CONTROL GLO~AL RUUTlNES 

ITHIS "LASER" MODULE CONTAINS GLO~AL SUBROUTlNlS WHlCH ARE US~D 10 
IOPERATE THE QUANTA RAY DYE LASER AND THE UPO. 

SYSTEM MACROS 

.MCALL ,PRINTo.TTYIN 

SYSF4 LIBRARY GLO~ALS 

GLOLIB LIBRARY GLOBALS 

MAIN PROGRAM DEFINED GLO~AL LA~ELS 

.GLOBL 

.GLOBL 

.GLOBL 

.GLOBL 

SCCODEoNSTEPoNCHANoiOBUF 
LISToARG1rARG2rRE~ULT 
SHOWAVoLONWAVoSETWAVoCALWAVoWAVlNC 
DATALO 

GLOBAL ENTRY POINTS OF lHlS SUBkOUTINE 

·"DYELAS" SUBROUTINE ALLOWS ONE TO SET THE DYE LAS~R TU A GIVEN WAV~LENOlH 
lOR TO SET PARAMETERS OF THE CALLING PROGRAM WHICH RESULT IN THE LASER BEING 
ISCANNED FROM WAVELENGTH ONE TU WAVELENOTH TWO WITH THE DfSlRE" GRlD SlZE. 

DYELAS: HOV RSoRSDL I SAVE RS 
MOV Rl•RlDL l:iA'JE Rl 
CMP SCCOOEot"LA ;rs THE LASER Br. I NG. SCANN£11? 
BEQ 5$ 
.PRINT tl11 
CALL REWAVE I READ IN WAVF£LI: NGTH 
CALL DYI::SET I~ET THE UI<A TI NG 
110V RSDLoRS I REGISTER UNSAVE 
RETURN ;~ETURN TO CALLER 

ss: .PRINT ti11S ;AUTO SE.T'n 
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CALL READ ;cHECK FIJR • SI\I ~· • WORD 
CMPB t'YdOBUf" ;sK:IP THIS Pf':lf.:l'? 
BEQ lOt j[l0 NOT SI<!P lF NIJT I:::UUAL 
.IMP 210$ ; SK IF' IF EQUAL 

10$! .PRINT tM2 Hi£T SHORT WAVELENl.HH 
CALL REWAVE 
MOV RESULTrSHOWAV 
MOV RESULT+2rSHOWA~+2 

30$: .PRINT tM3 iASK FIJR LONG WAVfLt::NGTH 
CALL REWAVE 
MDV RESULTrL!JNWAV 
MOV RESULT+2rLONWAV+2 
MOV RESULTrARG2 ;COMF'nRE SHllf.:T Tll LO~H.i WAVELFNtn H 
MOV RESULT +2, ARl3:2 +2 
MOV SHOWAVrARGl 
MOV SHOWAV+2rARG1+2 
MOV tLISTrR5 
CALL JCHP 
CMP t-lrRO 
BEQ 40$ 
.PRINT ti'16 
BR 30$ 

40$! .PRINT tM4 ;GET STEf' SIZE 
CALL REWAVE 
MOV RESULTrARGl 
MOV RESULT+2rARG1+2 
MOV t4B.rARG2 ;oNE STE"F'=4~ UNITS 
MOV t0rARG2+2 
MOt..' tLISTrR5 
CALL .JDIV 
CMF' tlrRO ;ANY NEGATIVES Of.: ZEROES? 
BEQ 50$ 
,PF:INT tl15 ;MESSAGE 
.PRINT tl116 
BR 40$ HRY AGAIN 

sos: MOV RESIJLTrARGl 
MOV RESUL T+2rARG1+2 
HOV t32767.rARG2 
MOV tLISTrR5 
CALL JCMP 
TST RO 
BLE 160$ 
.PRINT tl17 ;sTEF' SIZE. TCJCI LARGE 
JMP 40$ 

160$! MOV ARGlrNSTEP ;NUMBER OF STEf'S F'f:R CHANNEL 
MOV t48.rARG2 ; MAKE WAIJINC=4~*HSI"EP 
MOV tOrARG2+2 
MOV tLISTrR5 
CALL JHUL 
MOV R!::SULTrWAVINC 
110V RESULT+2rWAVINC+2 
MOV LONWAVrARGl 
HOV LONWAV+2rARG1+2 
SUB SHOWAVrARGl 
SBC ARG1+2 
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SUB SHOI.IAV+:2,ARH1T2 
HOV WAVINC,ARG2 
HOV I.IAVINC+2,AR(;:2T2 
MOV tLIST,R5 
CALL .HI IV 
TST RESUL T+2 
BEQ 180$ 

170$! .PRINT tl18 H:ESUL TS IN IHf-'ROF'ER t OF CHANNHS 
liF: 40$ HiET NEW S T t::f' S!ZE 

180$! CHF' t1 000, 'RESULT ;ovER 1000. CHANNELS? 
BGE 190$ 
BR 170$ 

190$! CHP RESULT,tO ;zERO CHANNELS? 
BGT :200$ 
BR 170$ 

200$! 110V RESULT,NCHAN 
AD[I tl•NCHAN ;NUHI:IE:R 01' CHANNELS 
HOV SHOWAV,RESULT ;Now 1101)E THE L"SF::R GRATING! ! 
MOV SHOWAV+2,RESULT+2 . 
CALL DYE SET 
BR 230$ 

210$! .PRINT tl19 ;ENTER NtiHf!ER OF MOl OR STEPS 
CALL READ 
CALL ASCBIN ;CONVERT 10 i:llNARY NUMBER 
BCC '.!12$ ; BRI'H~CH 1F NO Eki':OR 
,F'RINT tM12 ;PRINT ERROR MES~AGE 

BR 210$ HiET NEI..I NSTEP 
212t! TST Rl 

BGE 215$ 
.PRINT tl15 
BR 210$ 

215$! CMP t20800.,R1 ;LESS THAN 2(1~00.? 

BF'L 220$ ; YES r fiR"NI:H AWAY 
.PRINT tl17 ;NO! PRlNT HESSAGE 
BR 210$ ;oo BACK 

220$! MOV Rl•NSTEP 
MOV Rl,ARGl ;wAVINC~NSTEP*18 

MDV t0rAkGU2 
HDV t48.rAR&2 
MOV tO•ARG2T2 
MDV tLISTrR5 
CALL JMUL 
MDV RESULTrWAVINC 
MDV RESULT+2rWAVINCT2 
MDV SETWAVrSHDWAV ;ASSUHE:S Sl:lWAV IS STAF\llNG F'OlNT 
MDV SETWAV+2rSHOWAV+2 
MDV RESULTrARG1 ;LONWAV~NCHAN*WAVINC 
MOV RESULTT2rARG1+2 
MOV NCHANrARG2 
HOV tOrARG2+2 
MOV tLISTrRS 
CALL .JHUL 
HOV RESULTrLONWAV 
MOV RESULTT2rLONW"V+2 

230$! HOV R5DlrRS ;UNSAVE RE&lSlER 
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MOV RlDL,Rl 
DLOUT: RETURN ;RETURN TO tALLER 
; 

; DYf:SET SUEIROUTINE SETS THE DYE LIHiE::R GRATING 'TO THE G1 VE.N VALUE::, 1"HE 
; VALUE IS PASSE[t TO D'fE:5H THROUGH RESUL r <LOW WORD) AND l<tSUL T+2 <THE 
;HIGH WQR[t). 

DYESET: 110V Rl,RlDS iSAVE RE::GISTERS 
110V R2, R2[tS 
HOV R3,R3DS 
MOV R-1 ~ R4[tS 
MOV RS•RSDS 
110V RESUL.T•Rl 
MOV RESUL T+2,R2 
SU£1 SETWAV•RESULT 
SEIC RESUL T+2 
SUB SETWAV+2•RtSULT+2 
MOV Rl,SETWAV iNEW SET VALUE 
MOV R2, SE TI~AV+2 
110V RESULT,ARGl 
MOV RESUL T+2 'Af<G 1 +2 
MOV t4S.,ARG2 
MOV tOrARu2+2 
MOV tLIST,RS 
CALL .JOIV 
MOV RO,NEGFLG 
CMF' t-l,RO 
BNE 10$ 
COM RESULT+2 
COM RESULT 
ADD tl,RESULT 
Al:tC RESULT+2 

10$: HOV t32767.,ARG1 
MOV to, Af.:G1+2 

20$: MOV RESULT•ARG2 
MOV RESULT+2rARG2+2 
110V tLIST,RS 
CALL JCI1P 
TST RO 
BGT 30t 
MOV t32767.,Rl 
MUL NEGFLGrRl 
CALL MtHORl 
SUB t32767.tRESULT 
SBC RESUL T+2 
BR 20$ 

30$: MOV RESUU 'Rl 
MUL NEGFLI':i• Rl 
CALL 11tJTOR1 
MOV RSDStRS 
MOV R4DS,R4 
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MOV R3DS,R3 
MOV R2(•S, R2 
MOV Rl[IS,Rl 

DSOUT: RETURN ; RETURN TO CALLER, 

iSU~ROUTINE REWAVE READS ASCII CODED NUMSER INTO SYSTEM. A DECIMAL 
;MAY BE USED, FOR EXAMPLE 4~67.234 WILL BE READ CORRECTLY; aur NO 
;MORE THAN THREE PLACES PAST THE DECIMAL A~E ALLOWED. THE ENTRIES 
;4567,4567.,4567.0,4567.00•4567.000 ARE ALL READ CORRECTI.Y. NUMBERS 
;FRUM 0.000 TO 7200 ARE READ. LARGER NUM~E~S ARE VOIDED, 
;BINARY NUMBER IS RETURNED [N RESULT<LOW WORD> AND RESULf+2CHIBH WORD>, 

REI.IAVE: MDV 
MDV 
MDV 
MDV 
MOV 

lOS: CLR 
MDV 
110V 
CLR 

20s: .TTYIN 
CMt='B 
BEG 
CMP 
BNE 
.PRINT 

2SS: .TTYIN 
CI1P~ 

BNE 
SR 

30S: CMPB 
BNE 
MOV 
BR 

40S: C11P 
BNE 
CHP 
BEQ 
TST 

SO$: MOVB 
INC 
BR 

60S: CALL 
BCC 
.PIUNT 
BR 

130$: MDV 
110V 
MOV 
MOV 
MOV 

Rl•RlREW 
R2•R2REW 
R3, R3F:EW 
R4•R4REW 
RS,RSREW 
Rl 
tiOBUF,R2 
tHULFAC•R4 
R3 

t12, RO 
60$ 
RlrtB. 
30$ 
tHlO 

t12, RO 
25$ 
10$ 
t' , , RO 
40$ 
t1 •R3 
20$ 
tl•R3 
SO$ 
tlS,RO 
~o• 
<R4>+ 
RO.CR2>+ 
Rl 
20$ 
ASCBIN 
130$ 
tM12 
10$ 
Rl•ARGl 
R2rARG1+2 
<R4>rARG2 
tO•ARG2+2 
tLISlrRS 

;SAVE REGlSTEF\S 

;CHARACTEk COUNTER 
ii/0 BUFFER POINTER IN R2 
;MUL TIPLIC:AliON FACTOkS 
iDECIHAL POINT FLAG 
;GET CHARACTER 
;rs lT A LINE FEED1 
;IF YES,LEAVE 
;ONLY EIGHT CHARACTERS PASS 

HOO MANY C:HAkAClERS!!! 
;SWALLOW OTH~R CARACfERS 

iBRANCH TO STAI-.:T 
iLOUK FUR DECIMAL 

;DECIMAL FLAB UP 

iHAS THERE ~tEN A Df.CIMAL? 

;SKIP THE CARklABE RETURN 

; GET D 1 FFE'I<tN1' MIJL.TI F'l I ER 
;PLACE CHARACTER INTO BUFFER 
;INCREMENT CHARACTER COUNTER 
iUET MORE 
f CONVERT TO 32 811 &INAI'<Y NO, 
fBRANCH tF NO ERRORS 



206 

CALL REGSAV ; SAVE RHHSTEF<S R:t-kS 
CALL JI1UL 
CALL REGRES iRESTORE RtGISlEf<S R:l-RS 
CHP t-2,RO iWAS THERE AN OVERFLOW? 
BNE 135t ;IF NOr BRANCH 
.PRINT tH17 
.PRINT tHll if'RlNT OVERFLOW MESSAGE 
BR 10$ 7S1"ART OVER 

13St: HOV RESULTrARGl iiS TH~ RE.SLILT TOO LARGE.? 
110V FiESUL r+:-~' ARG1+2 
HOV tOrARG2 
HOV t160rARG2+2 i7300.000 HAXlHLIH 
CALL REt3SAV iSrWE Rl-RS 
CALL JCHP 
CALL REGRES iRESTORE R1-f<5 
CMP 1-lrRO 
BEQ 140$ 
.PRINT 11111 
BR lOt ; STAR1" OVER. TOll LARGE! 

140t: MOV RSREWrRS ;uNSAVE REGISTERS 
HOV R4REWrR4 
MDV R3Rt::WrR3 
MOV R2REWrR2 
MDV RlREW,Rl 

RWOUT: RETURN iRE TURN 10 CALLER 

THI$ SUBROUTINE ALLOWS ONE. Tll 'CALI~RATE' THE DYE LASER 
iBY SETTING THE GRATING TO A GIVEN POSITION ~ND ASSOCIATING A 
iWAVELENGTH WITH THE POSITION. 

DYECAL: MOV RlrRlDC iSAVE Rl 
.PRINT tM13 iNEW CAL WAVELENGTH?? 

20t: CALL READ 
CMPB I'YriOBUF iYES Of< NO 

·BEQ JOt 
CHF'B I'NrlOBUF 
BEQ OCIJUT 
.PRINT 11113 
BR 20$ 

Jot: .PRINT 11114 fGET NEW W~VELENGTH 
CALL REWAVE 
HOV RESULTrSETWAV 
HOV RESULTrCALWAV 
HOV RESULTt2rSETWAV+a 
HOV RESULT+2rCALWAV+2 
.PRINT tl118 
.PRINT tM19 

DCOUT: HOV RlDCrRl 
RETURN iRETURN TO CALLER 

,, 
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MESSAGE SECTION 
; 
111: .ASCII<1S><12>1DESIRED WAVELEN~TH = I 

, BYTE 200 
112: .ASCII<1S><12>1SHORT WAVELEN6TH = I 

.BYTE 200 
113: .ASCII<1S><12>/LONG WAVELENGTH = I 

.BYTE 200 
114: .ASCII<1S><12>1STEP SlZE = I 

,BYTE 200 
115: ,ASCIZ<1S><12>1PLEASE! NO NEGATIVES!/ 
116: ,ASCIZ<1S><12>1LONG WAVELENGTH HUST ~E GREATER THAN SHORT WAVELENGTH 
I 
117: .ASCIZ<1S><12>1STEP SlZE TOO LAk6E!! ENTE~ SI1ALLE~ VALUE/ 
118: .ASCIZ<1S><t2>1VALU~S ENTEREU RESULT IN IMPROPER NO. OF DATA CHANNEL 
S/ 
119: .ASCII<1S><12>1NUMBER OF MOTOR STEPS = I 

.BYTE 200 
1110: .ASCII<1S><12>1TOO MANY CHARACTERS. TRY A~AIN: I 

• BYTE 200 
1111: .ASCII<1S><12>1WAVELENGTH TOO LON6. TkY A6AIN: I 

.BYTE 200 
1112: .ASCII<1S><12>1PLEASE ENTER A Nll11~ER! TRY AGAIN: I 

• BYTE 200 
1113: .ASCII<1S><12>1DO YOU WISH TO CHANGE THf CALIBRATION WAVELENUlH? I 

.BYTE 200 
1114: .ASCII<1S><12>1ENTER CALIB~ATION WAVELENGTH: I 

.BYTE 200 
HiS: .ASCII<15><12)/AUTO SET? I 

• BYTE 200 
1116: .ASCIZ<1S><12>1PLEASE!! NU ZEROES!!/ 
1117t .ASCIZ<1S><12>111ULT!PLICATION OV~RFLOW ! ! !/ 
1118: .ASCIZ<1S><12>1SET lHE DYE LASER DJAL TO READ/ 
1119: .ASCIZ<1S><12>1FIVE TIMES THE CALIBRATION WAVELENUTH./ 

.EVEN 

LABEL DEFINITIONS 

R1DC: .WORD 
R1DL: .WORD 
RSDL: .WORD 
R1DSt .WORD 
R2DS: .WORD 
R3DSt .WORD 
R4I:IS: .WORD 
RSDS: .WORD 
RlRFWt .WORD 
R2REWt .WORD 
R3REW: .WORD 
R4REW: .WORD 
RSREW: .WORD 
NEGFLGt .WORD 
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MULFAC: .WORD 1000 •• 100.,10.,1 

.END 

• 
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, TI"ILE MAGNET 

;su~ROUTINE TO CONTROL THE MAUNETlC ~~CTDR 11A~S SPlCTRUHETfk UNOER SCAN MODE 

MAGNET: 

4$! 

5S: 

lOt: 

1~$! 

18$! 

SYSTEM MACROS 

.MCALL .PRINTt.TTYUUT 

GLOLIB LIBRARY GLO~ALS 

.GLOBL klAUtA~C~INtDECOUltBUFINlTtCLfAR 

GLOBALS DEFINED IN CALLING PROGRAM 

.GLO~L SI:CODEtNSTEPtNCHANti1ADACti1ADAClti1AllAC2ti1ARlS 

.GLOBl SCFUNCriOBUFrUPDATE 

THIS IS 
.GLOBL 

110V 
110V 
MOV 
110V 
110V 
CMP 
BEQ 
.F'RlNT 
CLR 
JI'IP 
.PRINT 
110V 
CALL 
110V 
• TTYOUT 
CALL 
CMPB 
BEQ 
CALL 
BCC 
.PRINT 
BR 
TST Rl 
£411 I 
CI'IP 
BPL 15$ 
.PRINT 
BR 
110V 
.PRINT 

GLOBAL ROUTINE 
MAGNET 

RltR111AG 
R2 rR~!MAG 
R3tR311AG 
R4rR411AG 
R~,R~MAG 
t•MAtSCCODE 
4$ 
tl16 
UPDATE 
MAG OUT 
tl11 
11ADAC1t2,R1 
DECOUT 
t' tf<O 

READ 
t15•IOBUF 
15$ 
A~CBIN 

~· tl1-4 
4S 

lOS 
t99.tR1 

tl14 
4$ 
Rl r11ADAC1+2 
tl12 

•MAGNET• 

;SAVE RI:.GISTEf<S 

; IS THE MAGNET BfiNG ~CANNED? 

;DEVICE NUT ACTIVE 
i~AUSE DISPLAY UPDATE 

;TYPE PRESENT VALUE 

; TYPE A SPACE 

;A CR? 

;REPLY lN kl 

HRY AIMIN 
; ~AtJE LOW VALUE 



20$: 

25S: 

30t: 

35t: 

40t: 

45t: 

sos: 
55t: 

60t: 
HAINIT: 

HAGOUT: 

HOV 
CALL 
HOV 
.TTYOUT 
CALL 
CHPB 
BEQ 
CALL 
BCC 
.PRINT 
BR 
CHP 
BLE 
CHP 
BPL 
.PRINT 
BR 
HOV 
HOV 
MUL 
HOV 
HOV 
HOV 
SUB 
.PRINT 
HOV 
CALL 
HOV 
• TrYOUT 
CALL 
CHPB 
BEQ 
CALL 
BCC 
• F'RINT 
BR 
TST 
BLE 
CHP 
BPL 
.PRINT 
BR 
HOV 
HOV 
HUL 
CLR 
DIV 
CHP 
BGE 
.PRINT 
BR 
HOV 
CALL 
CALL 
HOV 

HADAC2rR1 
O~CUUT 
t I , RO 

READ 
t15riOBUF 
20$ 
ASCBIN 
20$ 
tH4 
18$ 
R1rHADAC1+2 
2St 
t100.rR1 
30$ 
tH4 
1St 
RlrHAOAC2 
HADAC1+2rR1 
t.34.rR1 
RlrHADAC 
R1rHAUAC1 
MADAC2rR3 
HAOACl+~!rR3 
tl13 
HARES+2rR1 
I•ECUUT · 
t' 'RO 

READ 
tlSr IOBUF 

A!:>CBlN 
40$ 
tl14 
JSt 
Rl 
45$ 
135. rRl 
50$ 
tl'l4 
35$ 
RlrHARESt2 
RlrHARES 
t34. r R3 
R2 
HARESrR2 
t1000.rR2 
60$ 
tHS 
35$ 
R2rNCHAN 
BUFINIT 
CLEAR 
RSHAGrR5 

210 

;TYPE PRESENT VALUE 

;TYPE A SPACE 

IHlGH VALUE IN Rl 

;HIGH VALUE>LUW VALUE? 

;HIGH VALUE<100? 

HRY AGAIN 
iSAVE HIGH VALUE 
; HUL T • ~y 34 ;• 
i34. t'S PER UNIT 
;sET A-2-D TO LOW CURRENT 
iSAIJE COPY 
JHlGH CURRENT VALUE TO R3 
iCURREH"f ~PAN 

iTYPE PkESENT VALUE 

; TYPE A Sf'ACE 

iA CR? 

iREPLY lN Rl(BJNARY> 

IHUST BE GREATE~ THAN Z~RU 
iAHD LESS rHAN 3S, 

iTRY AGAIN 
iSAUE ENTERED VALUE 
IINCREHENT VALUE 
iR3 CONTAINS HA~S ~PAN 

fiS IT LESS THAN 1000,? 
; BRANCH IF n::s 

;GENERATE PROPER BUFFER POINTERS 
iCL£AR »ATA BUFFERS 
;RESTORE REGIS1ERS 

·~-



MDV R 111M3, R 4 
ttOV R311AG•R3 
MDV R2MAl3,R2 
MDV R111AG•Rl 
RETURN 

LABELS 
R111AG: .WORD 
R2MAG: , WORD 
R3MAG: .WORD 
R 4 MAl~ : , W 0 R D 
R51'1AG: .WORD 

; 

211 

111: .ASCII<1S><12>1LOW VALUE<0-100) =1<200> 
112: .ASCII<lS><12>1Hil3H VALUE =/(200> 
113: .ASCII<1S><12>1STEPS PER CHANNEL=/<200> 
114: .ASCIZ<15><12>1INVALID REPLY!! TRY AGAIN,/ 
MS: .ASCIZ<1S><12)/RESULTS IN TOU MANY CHANNELS: ONLY 1000 ARE ALLOWED,/ 
116: .ASCIZ<1S><12>IOEVICE [5 NOT ACTIVE/ 

, EV~'N 

, EN[I 
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• T 1"1 LE:: MOTOR 1 
;MOTOR SUBROUTINE SENDS 'Rl' f-'ULSES Tll STE.f-'f-•ING MOTOR. 
;poSITIVE NUMBER FOR CLOCKWISE ROfAT£0N AND A NEGATIVE 
;NUMBER FOR COUNTERCLOCKWISE ROlAliON. US~ WITH A 
;•CALL MOTOR1'STATEHE::NT • 

• MCALL .PRINT 
.GLOBL HOI"llR1 

DATAL0=166000 
MOTOR1: MOVB 

BIT 
BEG 
BIT. 

lOS: 

20f: 

30$: 

40$: 

BEG 
.PRINT 
BIT 
BEG 
.PRINT 
TST 
BGE 
NEG 
BIS 
BEG 
HOV 
RETURN 

t1,@t166040 
tl,DATALO 
MOTOR1 
t2rDAI"ALO 
10$ 

tMl 
t4,[1ATALO 
20$ 
tM2 
R1 
30$ 
R1 
tlOOOOO,Rl 
40$ 
R 1, £lt166040 

;REAU MUlUR SlATU~ 
;rs LAH SET? 
;No, WAlT 
; lS CC\4L SET? 
;No 
;YES-PRINT WARNING 
;IS CWL. SET? 
;No 
;YES-PRINT WARNING 
'IS Rl NEGATIIJE? 
;No 
;YE::S-HAKE POSITIVE 
;SIGN BIT = 1 
;no NUT LOAD A ZERO 
; LOAll COUNTER 

WO!Ut 

Ml: .ASCIZ<1S><12>1WARN1NG!! CCW LIMIT llf MOTOR 1 REACHE::D!/ 

M ~· .... .EVEN 
.ASCIZ<1S><12)/WARN1NG!! CW LIMIT OF MUlOR 1 REACHE::D!/ 
.EVEN 
.END 
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.TITLE HOTOR2 
; HOT OR SUBROUTINE SENDS "R 1" PULSES TO STEF-f' INii HOTOF<. 
;POSITIVE NUMBER FOR CLOCKWlSE ROTATION AND A N~uAl'!VE 
;NUHBER FOR COUNTERCLOCKWISE ROTATION. USE ~ITH A 
;•cALL HOTOR2"STATEH£NT • 

• HCALL .PRINT 
.GL08L HOTOR2 

DATAL0=166000 
HOTOR2: HOVB 

BIT 
BEQ 
BIT 
BEQ 
.PRINT 

lOt: 

20t: 

30t: 

BIT 
BEQ 
.PRINT 
TST 
BGE 
NEG 
BIS 
BEG 
HOV 

t1,@t166040 
t20,DATALO 
HOTOR2 
t40,DATALO 
10$ 

tl'tl 
t100,DATALO 
20t 
tl12 
R1 
30$ 
Rl 
tlOOOOOrRi 
40t 
R1,@t166042 

40t: 
H1! 

RETURN 
.ASCIZ<1S><12>1WARNING!! 
.EVEN 

H.., • .... 

.!.· .. 
.ASCIZ<1S><12)/WARNING!! 
.EVEN 
.END 

fREA~ HOTOR SlATUS WORD 
;rs LAH SET? 
fNO,WAIT 
; IS CCWL SET? -
;NO 
;YES-PRINT WARNING 
; IS CWL Sf. r? 
HIO 
fYES-PF<lNl' WAF<NlNG 
il~ R1 NEUATIVE? 
;No 
iY~S-HAKE POSITIVE 
fSIGN BIT = 1 
iUO NOT LOAD A ZERO 
;LOAIJ CllliNTER 

CCW LlHIT OF HlllOR 2 REACHED!/ 

CW LlHlT Of HUTOR 2 REACHED!/ 
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• Tl TLE. QUA[t 

; SUBROUTINE TCJ CONTROL THE QUAltRUF'OLE HAS!:\ sn:CTROHI::TH.: UNDER SCAN MOllE:: • 

QUAD! 

1$: 

4S: 

St: 

lOt: 

SY'STEM MACROS 

.MCALL .PRINl,.lTYOUT 

GLOLIB LIBRARY GLU~ALS 

.GLUBL REAU,ASC~lN,UECOUT•BUFINil•CLE::AR 

GLOBALS DEFINED lN CALLlN~ PRO~RAM 

.GLOBL SCCODE,NSiEP•NCHAN•MPAC,HDACl•HPAC2,H~ES 

.GLOBL HASBUF,SCFUNC,uP,IOBUf,UPDAfE 

THIS GLOBAL ROUTINE "UUAD" 
• GLOBL UUAit 

MOV Rl•RWUA 
MOV R2•R:!UUA 
MOV R3•R3UUA 
MOV t<4•R4UUA 
MOV RS,RSUUA 

.CMP t•au.sccCJllE 
BEQ 4$ 
CMF' t • QP, SCCOitE 
BNE 1$ 
MOV tQP,SCFUNC 
JI'IP UIJPKS 
.PRINT tH9 
CLR UPllATE 
JMP QUAOUT 
.PRINI" tl'll 
MOV l'lltAC1+2•Rl 
CALL DECUUT 
MOV t' .Ro 
.TrYOUT 
CALL READ 
CMPB tlS,IOBUF 
BEQ 18$ 
CALL ASC'I:IlN 
BCC St 
.PRINT tH4 
BR 4t 
TST Rl 
Bl'll lOt 
CI'IF' t200.,R1 
BF'L 1St 
.PRINT tl'l4 

;SAVE REGISTE~S 

;Is THE:: QUAD. BFING SCANNE::D? 

;sCAN PEAK TO ~EAK? 

HtEVlCE NOT ACTIVE 
;cAUSE A DISPLAY UPDATE 

;PRINT EXIHlJNG VALUE 

;TYPE A SPACE 

;IS lT A Ck? 
)IF Y~S GO TO NEXT QUESfiON 
;REPLY IN 1\1 
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BR 4$ HRY AGAIN 
15$! MDV IU ri1DAC1+2 ; SAIJE LOW HAHS VALUE 
18$! .PRINT 1112 

HOV HDAC2rR1 ;PRINT E>:l STING VALUE 
CALL Dt;COUT 
HOV I' rRO ;TYPE A SPACE 
• TTYOUT 
CALL READ 
CMF'I:i USriOBUF ;A CR? 
BEQ 20$ 
CALL ASCBIN ;HIGH MASS IN f.:1 
BCC 20$ 
.PRINT 1114 
BR 18$ 

20$! CMF' R1ri1DAC1+2 ;HIGH HASS>LOW H(ISS? 
BLE 25$ 
CHP t200.rR1 ;HIGH 11ASS<200? 
BPL .30$ 

25•: .PRINT 1114 
BR 18$ HRY AGAIN 

30$! HOV IU rH[IAC2 ; SAIJE HIBH MASS VALUE 
MDV 11DAC1+2, R1 ;HUL BY 20. 
HUL t20.rR1 ;2o. t'S PER UNIT MASS 
MDV R1ri1DAC ;sET A-~~-)) TO LOW HA!::iS 
HQIJ R1rMilAC1 ;SAVE COPY 
HOV HDAC2rR3 ;HIGH VALliE 10 R3 
SUB tHIAC 1+'2, R3 ;HAS!l HPAN 

351: .PRINT tH3 
MOV 11RES+2rR1 ; EX I S ·r I N G VALUE 
CALL DEC OUT 
HOV •• rRO ; lYPE A SPACE 
• TTYOUT 
CALL READ 
CMPB USriOBUF ;A CR? 
BEQ 55$ 
CALL ASCBIN ;REPLY IN f.:1 OliNARY> 
BCC 40$ 
.PRINT tH4 
BR JSt 

40$! TST R1 
BLE 45$ ;MUST BE. GI':E.ATER TH(IN ZERO 
CMP t21.rR1 ;AND LEHH I" HAN ~!1. 

BPL SOt 
4St: .PRINT tH4 

BR 351 nRY AGAIN 
sos: MDV R1rHRES+2 ; SAIJE ENTERF::D MRES VALUE 
sss: HOV R1rHRES ;INCREMeNT VALUE 

HUL 120. , R3 ;RJ=HASS SPAN*20. 
CLR R2 
DIV HRESrR2 
CMP 11000. rR2 ;rs lT LESS THAN 1(100.? 
BGE 60S iBRANt:H IF n:s 
.F'RINT tHS 
BR JSS 

60S: MOV R2rNCHAN 



OUINIT: CALL 
CALL 

OUAOUT: MOV 
MOV 
MOV 
MOV 
MOV 
RETURN 

BUFINIT 
CLEAR 
R5QUArR5 
R4GUArR4 
R3QUArR3 
R2QUArR2 
RlQUArRl 

QUPKS: .PRINT tH6 
CALL 'READ 
CALL AStliiN 
BCC 5$ 

lS: .PRINT 11'14 
BR UIJPKS 

St: TST Rl 
BEQ 1$ 
MOV R1 rRS 
CLR NllHAN 
MOV tlrR4 
MOV tMAS8UFrR3 

lOt: ,PRINT 11'17 
MOV R4rR1 
CALL DECOUT 
MOV . t' , RO 
, TTY OUT 
MOV l'=rRO 
• TTYOUT 
110V t' , kO 
• TTYOUT 
CALL READ 
CALL ASCBIN 
BCC 15$. 

12$: ,PRINT tM4 
BR 10$ 

lSS: TST R1 
BEG 12$ 
SUB tlrRl 
MUL HRESrRl 
ADD MDAC1rR1 
l'tOV Rtr<R3>+ 

20t: .PRINT tMS 
CALL READ' 
CALL ASCBIN 
BCC 23$ 

22s: .PRINT IH4 
BR 20$ 

23$: TST Rl 
BEQ 22$ 

25S: MOV -2<R3>r<R3> 
ADD HRESr<R3>+ 
INC NCHAN 
CMP llOO.rNCHAN 
BPL 30$ 
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;GENERATE PROPER IHJFFER POINTERS 
;CLEAR DAfA BUFFERS 
;RESTORE REGISTERS 

;A~K FOR NUM~ER OF SfGHENTS 
;r;e:T Rt:SPfJHSE 
iCONVERl 10 BINARY 
;BRANCH IF NO ERROR 

;zERO? 

fLOUP COUNTER 
iCLt:AR CHANNEL COUNfER 
;SEGMENT COUNTER 
;MASS SUFFER STARTING LOCATION 
iASK FUR STARTING CHANNEL NIJMllERS 

iTYPE A SPACE 

;TYPE = 

;TYPE ANOTHER S~ACE 

;uET REPLY 
;coNVERT TO BINARY 
;BRANCH IF NO EF<RUR 

; TRY AlMIN 
;nxo? 

iCHANNEL 1 = ZfRU OFFSET 
;•ttRES• UNITS PI'::R CHA.HN.EL 
;STARTING A-2-U VALUE 
iPLACE IN MASS BUFFER 
iNUMBER OF CHANNELS IN SEGMENT? 
iGH REPLY 
; CONVERT TO I:! I NARY< Rl::f.'L Y IN Rl> 
;BRANCH IF NO ERROR 

;TRY AGAIN 
i"ZER01 

; CREATE SC.AN ARRAY 
iCOUNT NUMBER fJF CHANNELS 
;ALLOW ONLY 100 CHANNELS 



30S: 

3~t: 

RlQUA: 
R2QUA: 
R3QUA: 
R4QUA: 
RSQUA: 

fiR 
SOB 
INC 
DEC 
BEG 
JHP 
HOV 
JHP 

LA8ELS 
.WORD 
.WORD 
.WORD 
.WORir 
.WORD 

3~$ 

Rlr2~$ 

R4 
RS 
35$ 
10$ 
HASSUF, HirAC 
QUI NIT 
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;Do ALL CHANNELS 
;sEGHENT COUNTER 
;Du ALL Sf.!iHENTS 

;~,;u 1,1() 'EI1 
iSET QUADRUPOLE 
;LEAVE 

111: .ASCII<1S><12>1LOW HASS =1<200> · 
112: .ASCII<lS><12>1HI!iH HASS =1<200> 
H3: .ASCII<15><12>1STEPS PER CHANNEL=/<200> 
H4: .ASCIZ<15><12>1INVALI» REPLY!! TRY AGAIN./ 

ru FI~ST HASS 

HS: .ASCIZ<1S><12>1RESULTS lN TOO 11ANY CHANNEt.S: ONLY 1000 AkE Al.LOWED./ 
H6: .ASCII<1S><12>1NUH8ER OF HASS SEGMENTS = /(200> 
117: .ASCII<1S><12>1STARTING CHANNEL NIJHBER OF SEGI1ENTI<200> 
HS: .ASCII<1S><12>1NUHBER OF CHANNELS IN THE SEGHEHT = 1<200> 
H9: .ASCIZ<1S><12>1DEVICE IS NOT ACTIVE/ 

.EVEN 

.END 
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• TITLE REAU 
;READ SUBROUTINE READS CHARACTERS ON CONSOLE .UEV1CE 
; LOADS BUFFER START~ING AT LOGATI ON "I OBUF • 

READ: 

lOt: 

20t: 

• HCALL. • TTY IN 
.GLOBL READri08UF 
HOV R2,R2REA 
HOV RlrRlREA 
HOV tiOBUF,R2 
CLR Rl 
.TTYIN 
CHP 
BEll 
CHPB 
BEQ 
HOVB 
BR 
.TTYIN 
CHP8 
BEQ 
BR 

uoo.,R1 
20S 
t12•RO 
RE2 
RO, <R2>+ 
lOS 

t12rRO 
RE2 · 

RE2: HOV 
110V 
RTS 

RlREA: .WORD 
R2REA: • WORD 

20S 
R2REA,R2 
·RlREArRl 
PC 

.END 

;LOOf' COUNTER 

;oNLY 100. CHARACTERS ARE:. ALLOWf.lJ 
;'[F Y£S,EXIT 

;EAT THE F<f.ST 

;uNSAVE R~61STERS 



... c 
c 
c 

c 
c 
c 
(: 

c 
c 
c 
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SU~ROUTINE PLOTTR<PLCTRL•PLCHAR,PLLINE,DISlRl,DICHNS,~TCHANrPL.H!JV, 

1YI1AX> 
INTEGER PLCTRL,DlSTRT,DICHNS•STCHAN 
I IHEGER PLL I NE, PLCHAR, PLHOV 'CTRLC, PLI10VE 
EXTERNAL RUN 
INTEGER*4 YHAX 
REAL*8 DJFLT 
DIHENSION ITOCK<9> 

DEFINE SPECIAL CHARACTERS 
CTRLC=3 

TURN 
CALL 
CALL 
CALL 

PLOTTER ON. 
ON 
ONHODE 
XONOFF 

C INITIALIZE. 
TYPE 100 

100 FORMAT (' IN;Pu;IP704•18SO,l0306•YlO~;') 

c 
c 
c 

IF<PLCTRL .EU. 'PP' .OR. PLCTRL .F::U. 'PH'> UtJ TO 850 
IF<PLCTRL .E.Q, 'PC'> GO TO 1510 
IF<PLCTRL ,EQ, 'PH') ~0 TO 2110. 
IF<PLCTRL .EQ, 'PV') GO TO 2200 
IF<PLCTRL .EO, 'P8'> UO TO 2300 

C DRAW THE BOX, 
TYPE 200 

200 FORMAT (' VS10;PA10306,8103;PD;') 
TYPE 250 

250 FORMAT (' PA10306•1135•704•1135•704•810~'10306r8l03;PU;US;') 
c 
c 
c 
C CHANGE SCALE--DRAW THE Y-AXIS TICKS, 

TYPE 300 
300 FORMAT (' SC0,101•0•105;PAO•-lO;TLl•O;') 

TYPE 3SD,CTRLC 
350 FORHAT (' YT;CP-3.s,-.2S;L~-10',Al> 
360 oo soo,r~o.loo.to 

TYPE 450ri•I•CTRLC 
450 FORMAT (' PAO•'•IJ,';yy;cp-3,S,-.25;LB'•I3,Al> 
500 CONTINUE 

TYPE 550 
550 FORMAT <' TLO•li') 

DO 600!=-10,100•10 
TYPE. 575•1 

575 FORHAT (' PA101•'•I3,';YT;') 
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600 CONTINUE 
c 
c 
c 
C LABEL THE AXES. 
c 

700 

800 
c 
c 
c 

TYPE 
FORMAT 
TYPE 
FORMAT 

700,CTRLC 
( , s c ; s I • 2 5 , • !H p A 4 2 i' 5 , 5 B 3 ; UfC H ANN E. L N lJ tl BE k I ' A 1 ) 
soo,crRLC 
<' DI0,10;PA232,3733;LBCOUNTS/CHANNEL'•A1•'Dl;') 

C PLOT THE DATA 
c 
850 

900 

1000 

1100 

1200 

1400 
1450 
1500 

c 
c 
c 
c 
c 
1510 

1520 

1550 

1590 
c 

PLMOVE~PLMOV*20+PLMOV/2 
TYPE 900,PLL1NE•PLCHAR 
FORMAT <' LT'tAl•';SM'•A1';') 
TYPE 1000tDICHNS+1 
FORMAT <' SCO,',I3,'•0•2150;sl;') 
JADDR:-:DISTRTt2 
DO 1500 I=1,DICHNS 
TYP~ 1100•~•<IPEEK<JADDR>-2047>+PLMOVE 
FORMAT (' PA',I3•'•'•l4•';') 
JADIIR=JADDR+4 
IF<l .NE. 1> GO TO 1500 
IFCPLLINE .EG. 32> GO ·ro 1400 
TYPE 1200 
FORMAT (' p(l;') 
GO 10 1500 
TYPE 1450 
FORMAT <' PU; ') 
CONTINUE 

. IF<PLCTRL .Ell. 'PP' .OR. PLCTRL .E.G. 'PH'> GCI TO '-1'-19'1 

HAKE THE ~-TICKS 

ITICK=DICHNS 
ITICK=ITICK/10 
DO 1520 I=1•5 
ITOCK<I+2>=I*S 
CONTINUE 
ITOt;K<1>=1 
ITOCK<2>=2 
ITOCK<S>=50 
ITOCK<9>=100 
Do 1s9o I=o,so 
DO 1550 J=1•9 
IF<ITICK .EQ. ITOCK<J>> GO TO 1600 
CONTINUE 
ITICK=ITICI\+1 
CONT!NUE 



c 
c 
c 
1600 
1700 

1750 

1760 

1800 

1900 

1950 

2000 

2050 
2100 

3000 

3050 

c 
c 
c 
2110 
2150 

2175 

c 
c 
c 
2200 
2250 

2260 

c 
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PLOT THE X-AXIS TICKS AND CHANNE.L NUH~ERS 

TYPE 1700 
FORMAT C' PUJSM;LT;TL1.6rOJ'> 
TYPE 1750rDICHNS+1 
FORMAT C' SCOr'ri3r'r0r105JSI;') 
IR=O 
IS=O 
IIr=5 
I L=lr I CHNS-1 
IF<ITICK.LT.5>ID=ITICK 
ISAV=HOD<STCHANriD> 
IFCITICK-ISAU.GE.ITICKI2>GO TO 1760 
IS=ITICK 
IR=ISAI.' 
IL=lL+ITICK 
DO 1900 IX=ISriLriTICK 
TYPE 1800riX-IR+1r~LMUV-12rSTCHAN+lX-lkrCTRLC 

FORMAT C' PA'riJr'r'riJr';XT;CP-2r-1JLB'ri3rA1> 
IR=CSAV 
CONTINUE 
IX=IX-ITICK 
IFCUICHNS-IX+IR-1.LT.ITICK/2)G0 TO 1950 
IX=DICHNS+IR-1 
TYPE 1800riX-IR+1rPLMOV-12rSTCHAN+IX-IRrCTRLC 
IF<PLCTRL .Ea. 'PC'> GO TO 9999 
TYPE 2000 
FORMAT C' TL0r1.6J'> 
DO 2100riX=OrDICHNS-lrlliCK 
TYPE 2050riX+1 
FORMAT (' PA'd3r'd05;XH'> 
CONTINUE 
TYPE 3000rDJFLTCYHAX>rCTRL.C 
FORMAT C' PA1r-17jCPOr-2.0;LS'r~11.0r' FULL SCALE'rA1> 
TYPE 3050riPEEK<IADDR<RUN>>rCTRLC 
FORMAT (' CP;CP5rO;LB'rlSr'• RUN NUMBER'rA1> 
GO TCI 9999 

HAKE HORIZONTAL LINES 

TYPE 2150rPLHCIVrPLLINE 
FORMAT (' SCOr101rOr105;PAOr'IJr';LT'rAlr';pu;') 
TYPE 2175rPLHCIV 
FORMAT· C' PA101r'riJr';') 
GO TO 9999 

HAKE VERTICAL LINES. 

TYPE 2250rDICHNS+lrPLLINErPLHOV 
FORMAT (' SCOr'riJr'rOrlOS;LT'rAlr';PA'riJr'rO;PD;') 
TYPE 2260rPLHOV 
FORMAT <' PA'ri3r'r10l;') 
GO TO 9999 



c 

c 
10 

20 

c 
c 
c 

SUBROUTINE ON 
INTEGER ESCAPE 
ESCAF'E=27 
EMPTY RING 
ICHAR=ITTHm< 1) 
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IF<ICHAR .GT. O> GO TO 10 
TYPE 20tESCAF'E 
FORMAT <tH •Al•'•Y') 
F:ETURN 
END 

SUBf.:OUT I NE OFF 
INTEGER ESCAPE 
E.SCAF'E=27 

C SEND "ESC.L" BUFFER SIZE? 
C PLOTTER RESPONDS WHEN IlS BUFFER I~ EHPlY. 

TYPE lO,ESCAP£ 
10 FORMAT <1H tAlt'.L') 
20 ICHAR=ITTINR<l> 

IF<ICHAR .LT. O> GO TO 20 
25 ICHAR=ITTINR<l> 

IF<ICHAR .GT. 0) GO TU 25 
c . SEtHI .• ESC. z I PLOTTI-::R OFF COMMAIHI 

TYPE 30rE~CAPE 
30 FORMAT <1H ,';',Alr'.Z'> 

RETURN 

c 
c 
c 

END 

SUBROUTINE XONUFF 
INTEGt:::R ESCAPE 
ESCAPE=27 
TYPE 20,ESCAPE 

20 FORMAT <1K tA1t'.I200;;17:'> 
TYPE 40rt:::SCAPE 

40 FORMAT <1H tA1t'.N0;19:'> 
RETURN 

c 
c 
c 

END 

SUBROUTINE OHMODE 
INTEGt:::R ESCAPE 
ESCAP£=27 
TYPE 20•ESCAPE 

20 FORMAT <lH rAlt'.@;2:'> 
RE TUF:N 
EN(I 

.. 



c 
c 
2300 
2310 

2315 

~ c 
c 
c 
c 
9999 
10010 
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DF:AW BOX ONLY 

TYPE 2310 
FORMAT <' VS10;PA10306,8103;P[I;') 
TYPE 2315 
FORMAT (' PA10306•1850,704•1850•704,8103,10306,8103iPU;') 
GO TO 9999 

EXIT THE PROGRAM 

TYPE 
FORMAT 
CALL 
RETURN 
END 

10010 
(' PU;sH;SC0,101•0•101;SI;PA101,101;') 
OFF 
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