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ABSTRACT 

Capillary Zone Electrophoresis (CZE) is an important analytical technique used to 

analyze the chemical makeup of small samples with volumes on the order of picoliters. 

However, in the quest for smaller sample volumes, smaller capillaries are used. This 

research has focussed on analyzing the optical properties of these small capillaries to 

determine if and how they affect the fluorescence spectrum of the molecules inside the 

capillary. 

In the course of this research we have determined that for fluorescent liquids, there 

is no evidence of angular dependencies in the fluorescent emissions for the total intensity 

or the linear polarization components of the total intensity. This angular isotropy does 

not show any noticeahle temperature dependence. 

We have also determined that the fluorescence spectrum from these molecules is not 

smooth. Even with weak reflections from the capillary inner walls, enough feedhack 

exists to superimpose resonances on the otherwise smooth spectrum. If the reflectivity 

is high enough, typically when the core index of refraction is higher than the capillary's 

index, it is possihle to cause some materials to lase. This lasing has heen shown in a 

variety of systems hy several researchers. However, total internal reflection is not 

required for resonances, although weak, to he present. 

Resonances hetween the cavity dimensions and the incident laser light are also 

responsihle for a nonlinearity in fluorescence intensity normalized to volume. This 

normalized intensity nonlinearity may also he due partially to photoinduced decay 
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processes that were observed. In any event, some care is required in the selection of 

capillary size for CZE in order to maximize fluorescence intensity per unit volume from 

the capillary. 

The use of small capillaries exposes the experimenter to a wide variety of physical 

phenomena which make their use and appropriate interpretation of the data somewhat 

complex, although manageable. 



13 

CHAPTER 1: INTRODUCTION 

1.1: Overview 

Systems of small particles have been studied by many researchers over the years. By 

studying the angular dependent scattering intensities and polarization properties, 

researchers in this and other laboratories have characterized surfaces, measured adhesion 

between particles, measured particle diameters, and detected surface contaminants. 

Cylindrical scattering systems are particularly advantageous because they are often easily 

obtainable commercially with very tight tolerances and high uniformity, i. e. they are 

nearly perfect particles and are abundant. They are therefore good standards to use to 

test experimental technique and theory. 

While several researchers have investigated various properties of cylindrical scatterers 

and even t1uorescence from cylindrical particles, particularly coated fibers and t1uorescing 

cylinders, the experimental investigation of the properties of a t1uorescent capillary has 

been limited. This work has been done by Sekarakl and Abromson2
,\ both of this 

laboratory, as well as more recent work by Knight et. al. in South Africa. 4 Sekarak and 

Abromson considered capillaries of various core sizes ranging from 5 mm to 18 JLm filled 

with a solution of Coumarin 7 in ethanol or ethylene glycol. This resulted in a system 

in which the core has a lower refractive index than the capillary. They reported a variety 

of phenomena, including spectral changes due to absorption and emission band overlap 

and spatial anisotropy. Knight et. al. considered a 50 JLm core capillary filled with 

Rhodamine 6G in a variety of solvents. Using solvents with a higher refractive index 
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than the capillary, they had created a cavity with good total internal reflection and 

whispering-gallery-modes were observed. However, they observed no modifications to 

the bulk spectrum for the ethanol solvent. 

1.2: Capillary Zone Electrophoresis 

The initial motivation for studying systems of capillaries is that these are the types of 

small "test tubes" which researchers who use Capillary Zone Electrophoresis (CZE) will 

use in their investigations. CZE is a widely-used analytical technique used to analyze the 

chemical constituents in a sample. The sample is drawn through a capillary by an applied 

voltage between the ends of the capillary. This is what is meant by electrophoresis. The 

various constituents in the sample are drawn through the capillary by the electric force, 

which is simply the negative of the potential gradient in the capillary. Their different 

masses and/or electronic configurations result in different migration speeds through the 

capillary for each constituent. Just as a pack of runners all start together but separate into 

distinct spatial groups with distinct speeds if the course is long enough, so the various 

chemicals are separated into distinct groups, or zones, as they are drawn through the 

capillary. These chemicals are then excited by a laser or other strong light source and 

caused to fluoresce. The fluorescence spectra, intensity, and length of the zones are then 

used to identify the constituents. The particular characteristics used depend on the details 

of the CZE technique employed.5 Clearly, then, accurate measurement and identification 

of fluorescence spectra is crucial to the CZE technique. 

The researchers tend look at these small capillaries as small test tubes, with little or 

no regard to their optical properties. The literature reports 12.7 /Lm6 capillaries and even 
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5 p.m7 capillaries being used with plans to go to sizes as small as one micron. 8 To 

understand the practical importance of CZE, consider an example: the 15 November 

1992 issue of Analytical Chemistry, which was pulled from the shelf at random, contained 

four articles dealing with CZE, representing about 10% of the material in the journal. 

Only one article dealt with optical issues, and it addressed only lensing effects in the 

capillary. Clearly CZE is an important topic. Understanding the optical properties and 

the role perturbations can play can have tremendous ramifications for interpretation and 

optimization of CZE data. 

As capillaries get smaller and smaller, eventually a size is reached where the 

macroscopic assumptions about the optical properties of the capillaries used by these 

researchers begin to break down. As will be discussed in the next section, we know that 

at least in the limit where the core radius becomes comparable to the wavelength of the 

light, changes in the fluorescence properties do occur. 

1.3: Quantum and Classical Cavity Effects 

The problem of the optical properties of a small, lossy, fluorescing capillary is also 

interesting from a "pure" physics point of view. In the language of Cavity Quantum 

Electrodynamics (Cavity QED), the problem of the lossy capillary is one of a low Q 

cavity as the cavity becomes small enough for the quantum corrections to the first-order 

classical result to become significant. 9 The literature describes certain phenomena that 

are expected: enhancements of certain resonant modes of the cavity, 10.11 emission of 

absorption frequency shifts for atoms or molecules near the cavity boundary, 10,12 and 

faster or slower transition rates, depending on the cavity tuning. 13
,14,15,16 These 
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phenomena have generally heen detected using high Q cavities, particularly those with 

metallic surfaces. The shift from the high Q metallic surface to a low Q dielectric system 

will tend to "soften" the houndary conditions. Intuitively then, one would expect features 

to hroaden or weaken, perhaps enough to disappear with respect to the first-order terms. 

Although the strength of the interactions may change, similar effects, such as cavity 

resonances, are expected or at least should not come as a great surprise if detected. 

Therefore the presence of these Cavity QED phenomena should not he a surprise, 

although hecause of the lossy nature of the cavity, we would not expect them to he 

dominant. The experimental results presented in chapter 4 provide the answer to the 

strength of these phenomena. 

An interesting feature of this experiment is that this is a capillary system in which the 

fluorescent material is enclosed, not simply a cylinder with one houndary. It is the fact 

that this capillary is formed hy a slightly higher index of refraction material which creates 

the low Q cavity that makes the experiment more challenging. In this low Q cavity the 

reflectivity at the core/capillary houndary is small, and the mechanism of total internal 

reflection is no longer availahle. This is easily seen hy considering Snell's law at the 

interface. The threshold condition for total internal refection is determined hy the critical 

angle at which the refracted ray propagates parallel to the interface, i. e. when 6r = 90. 



ni sinei = llr sine, 
for e, = 90° 

(1) 
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Clearly, then this equation can have a real solution for only the case of nr < nb which 

is not satisfied by the low Q cavity. However, as angles get shallower, approaching 

grazing incidence, substantial reflection can still occur at the interface. 

Experimenters have illuminated solid 

fibers coated with fluorescent dye and 

detected so called whispering-gallery-modes 

because of the high Q provided by the dye-

air interface. 17 Whispering-gallery-modes, 

named by analogy to Lord Rayleigh's 

explanation of the propagation of whispersFigure 1: Schematic cross-section of 
whispering gallery modes in a cylinder. The 

along the walls of St. Paul's Cathedral incross hatched region represents the area 
where the modes propagate. 

London, are modes where the light 

propagates azimuthally along the edges of the cylinder or sphere, being contained by 

either total internal reflection or grazing incidence reflection. Thus the majority of the 

electromagnetic energy is contined in an area very close to the cavity wall. 18 This is 

schematically illustrated in Figure 1, where the cross hatched region represents the high 

electric tields due to whispering-gallery-modes. A review of the Cavity QED literature 

indicates that only Knight et. al. 's limited work has considered a capillary in an 
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experimental study which was designed to explicitly search for whispering-gallery-modes. 

What is especially attractive about optical experiments with cylindrical particles is their 

symmetry, which makes them more amenable to exact analytic solution for the problem. 

Our work shows that even this simple system is not trivial and has many of interesting 

features, which will be discussed in chapter 4. 

1.4: Definition of the Problem 

This research investigates the optical phenomena that occur between two limits: one 

the case where the core radius is comparable to the wavelength of light and the other case 

where the core radius is much larger than the wavelength of light, i. e. the range between 

the macroscopic and microscopic limits will be investigated. 

We want to see how the small capillary affects the fluorescent emissions from the 

molecules inside. This is an important problem for several reasons. First, it could set 

limits on the validity of CZE assumptions. Second, it will help determine whether an 

optimal viewing angle exists. In the case of large capillaries, absorption of the laser light 

by the dye is significant enough to create a preferential viewing angle. And third, it 

could determine at what size the capillary begins to modify the fluorescence spectrum 

significantly. This, in tum, sets limits the validity of analyses of uncorrected spectra, 

especially when the constituents are identified by the relative strengths of spectral lines. 

Because of the practical importance of CZE, the answers to these questions have 

ramifications beyond the boundaries of "pure" physics. 

Based on the preliminary work done by Abromson, there was reason to believe that 

significant spatial anisotropy and spectral modifications could be observed in capillaries 
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with core sizes of 50 Jl.m and smaller. Because of the practical importance of this 

prohlem and the far reaching implications of the results for CZE, we decided to study 

these capillaries more carefully, to consider the variahles in a more systematic way, and 

to extend the range of the study to even smaller capillaries. The range of capillary inner 

diameters sizes used in this experiment would therefore encompass the capillaries 

currently in use as well as those contemplated for future CZE experiments. 

Therefore, the goal of this experiment was twofold. One goal was to determine what 

phenomena occur in small capillaries in conditions similar to the environment of a CZE 

experiment. The other goal was to push the experimental limits to a point where the 

origins of these phenomena could he determined. This goal was of great interest to the 

Instrument Division of the National Science Foundation, which funded this research. 
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CHAPTER 2: APPARATUS 

2. J: Overview 

The experimental apparatus was one of the most important aspects of the pn~ject. The 

design, construction, and testing of the experimental apparatus dedicated specifically for 

this study consumed more than six months. Considerable effort was made to ensure the 

reliability and robustness of the equipment so that accurate measurements could be made 

in which complete confidence could be placed. Our philosophy in this experiment was 

to move cautiously and steadily--to do it right--in the design and construction, to spend 

time where it was needed but move expeditiously. The design was evaluated and 

iteratively refined against the "good enough" criterion: is it good enough to provide the 

information needed to answer the question? Once that point was reached, no further 

improvements were needed. A great deal of effort was spent to make the instrument 

adaptable and amenable to modifications as the experiment progressed. This was done 

by providing extra mounting points so that additional hardware could be mounted without 

disassembling the apparatus. We expected some "unexpected twistli" in the course of the 

experiment; designing an adaptable instrument is the best insurance against a fatal twist. 

Some portions of the equipment were already available and working; other pieces had 

to be designed and built, including some machining; some pieces were purchased; and 

some pieces were taken from equipment no longer in service, so that unnecessary effort 

could be avoided. I was the primary designer, machinist, and manufacturer. 
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The final experimental apparatus has worked very well. Basically, the apparatus 

consisted of a He-Cd laser which had its output focussed onto an optical fiber. This 

optical fiber carried the light to a rotating platform. Through the optics on the platform 

a weakly focussed beam of laser light hit the sample. Because the sample and the laser 

light shared the same frame of reference, being mechanically fastened to each other, one 

could not drift with respect to the other and thus cause spurious angular fluctuations. The 

light was analyzed by a commercial spectrometer which used a classic slit-grating-slit 

arrangement. The signal from a photomultiplier tube was fed through electronics so that 

either a voltage proportional to the current or a pulse count rate was recorded by a 

computer. Generally, two types of measurements were made: intensity as a function of 

angle at a fixed wavelength or intensity as a function of wavelength at a fixed angle. 

These two basic measurements were all that were needed to probe all of the necessary 

aspects of the problem. Details follow in the next sections of this chapter. 

2.2: Laser 

The laser was a Helium-Cadmium model 456XM laser produced by Omnichrome of 

Chino, California. This was a multimode laser with a stated beam diameter of 1.2 mm 

and a guaranteed minimum output of 30 mW. The output intensity from this particular 

laser had been measured at 47 mW and 50 mW at the factory on separate occasions. The 

laser specifications are as follows. The primary lasing wavelength is 4416 A. The cavity 

longitudinal mode spacing is 268 MHz. The spectral bandwidth is 3 GHz which 

translates to a FWHM of 0.0195 A. The RMS noise ratings are < 2% in the 10 Hz to 

10 MHz range, except for near a resonance in the 240 kHz to 300 kHz region, where the 
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noise is rated at ::;; 4 %. The temporal intensity stability of the laser, after warm-up, is 

± 5%.19 

The output from the laser passed through a spatial filter composed of two reversed 

lOx microscope objectives and a 25 /Lm diameter precision pinhole. This provided a 

"clean," relatively uniform beam profile. About 50% of the energy incident on the 

pinhole passed through; the rest was scattered or reflected elsewhere. 

2.3: Optical Fiber 

In previous experiments, such as those carried out by Sekarak, an axicon optical 

arrangement was used. The axicon is a mechanical arrangement in which three mirrors 

and a rotating base are used. In the ax icon arrangement, light from the laser is directed 

onto a stationary mirror located above the axis of rotation. This stationary mirror is 

adjusted so that the laser beam is directed down onto the center of another mirror 

immediately below the stationary mirror. This second mirror, also on the axis of 

rotation, directs the laser light onto a third mirror which sends the laser light horizontally 

across the rotating platform onto the sample to be studied. The last two mirrors are 

attached to the rotating base so that they rotate with it. 20 

Because of the geometrical principles upon which the axicon design is based, any 

errors in aligning these mirrors will result in a beam which moves back and forth across 

the center of the table and therefore across the capillary placed there. For large 

capillaries, this drift may not be important. However, if the beam is focussed onto a 

small capillary, even a small movement could create an angular dependence in the 

fluorescence signal that would be instrument dependent. 
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Because the preliminary data reported in the NSF proposal indicated that angular 

variations would be present, it was important to ensure that no systematic errors could 

be introduced because of alignment difficulties. The mirrors required for the axicon 

arrangement also introduced a inherent vibration sensitivity and represented too many 

degrees of freedom for a robust design. 

Therefore, the axicon system was abandoned and an optical fiber was used to pipe the 

laser light from the spatial filter to the capillary. Although this arrangement sacrificed 

total light throughput, it effectively eliminated vibration sensitivity without requiring that 

the laser and rotating table be floated together on an optical table. It also reduced the 

number of degrees of freedom and the complexity of alignment. 

The optical fiber used to pipe the light to the capillary was a 5.75 m length of 

Newport Corporation F-SV non-polarization preserving, 4 /lm diameter core optical fiber. 

This fiber is designed for use at a wavelength of at 633 nm. The fiber has a glass core 

and an acrylate jacket. The acrylate is easily removed by immersion in methylene 

chloride.21 

The acrylate jacket must be removed before the optical tiber can be cleaved. In order 

to effectively couple light into and out of an optical tiber, the cleaved ends should be flat 

surfaces perpendicular to the fiber axis, which serve as optical quality windows on the 

ends. There are two common ways to achieve this surface quality. The first is to mount 

the tiber in a special mount and polish the surface flat. This is often done on fiber ends 

that are to be permanently connected. The second method is to cleave. In general, the 

surface quality of the cleave has been found to be as good as that created by polishing 
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and is much quicker to do. The only exception, explained in the next paragraph, to the 

surface quality was a small defect at the bottom of the cleave. 

In order to make a good cleave, the acrylate jacket is removed where the cleave is 

desired. Then a cleaving tool is used to create a very small surface defect in the glass. 

This is done by lightly touching the bared fiber with the cleaving tool and then bending 

the fiber. The bending was done by placing the fiber between fingers in each hand about 

one inch from the defect and bending the fiber to about 180
0

• The defect quickly became 

a fracture that propagated perpendicularly to the fiber axis and formed a cleaved surface. 

With a little practice, good, smooth cleaves were obtained. The cleaved end was then 

inspected under a microscope to verify the cleave quality. In every case, there was a 

small section at the bottom of the cleave where the fracture began to propagate 

longitudinally along the fiber axis, rounding one end and leaving a sharp spike on the 

other. Visual examination of the output beam from the fiber projected on a screen about 

2 m away revealed no intensity variations characteristic of a "dirty beam." Therefore, 

we concluded that this small defect introduced no beam aberrations and the smooth beam 

profile was not compromised. 

Although this fiber was not particularly well suited for the transmission of the 4416 A 

light, it was adequate. Because it was obvious that substantial loss of light was 

occurring, we decided to measure and quantify these losses. In order to determine the 

optical fiber loss rate, intensity measurements were made on the light transmitted through 

the fiber. Then half of the 11.5 m length of optical fiber originally used was removed. 

Then the intensity was remeasured. From these measurements, the tiber loss rate was 
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calculated to be 226 dB/km. For this particular experiment and the 5.75 m length of 

optical tiber that was used in the tinal apparatus, 74% of the light that was coupled into 

the optical fiber at one end exited the other end. The rest was lost and was visible to the 

eye when the room was darkened. To our advantage, these losses served as a convenient 

visual tool for tine a4justments in the fiber coupler. 

The photocell measurements of the laser light (proportional to the power levels) were 

7.2 rnA out of the laser, 4.1 rnA after the spatial filter, and 0.352 rnA out of the tiber 

(when the 43x microscope objective was used to couple light into the fiber). Converting 

these measurements to power shows that 50 mW exited the laser; 28.5 mW exited the 

spatial tilter, and 2.5 mW exited the optical tiber. Since the tiber propagation losses, 

discussed in the previous paragraph, have been determined, the other major loss source 

must be coupling into the fiber, a conclusion that was substantiated by visual inspection. 

Although a great deal of light is lost, enough was available to conduct the experiment. 

The light was coupled into the optical tiber (just after the spatial tilter) by using a 

Newport F-1015 Single Mode Fiber Coupler. The 43x microscope o~jective used in the 

coupler was chosen based on empirical coupling efficiencies into the tiber. These 

empirical efficiencies were determined by adjusting the coupler to maximize power 

throughput and comparing the maxima that were obtained with the lOx, 20x, and 43x 

input objectives. The most power possible was transmitted through the optical tiber, 

regardless of the imperfections or inefficiencies that existed in the real system. 

The light was coupled out of the optical fiber with a lOx objective, which resulted in 

a beam diameter of approximately 4 mm. The beam quality, when projected on a screen 



26 

several feet away, was uniform enough so that a second spatial filter after the optical 

tiher was not needed. This avoided the additional intensity losses. 

2.4: Table 

2.4.1: Overview 

One of the more important pieces of the experimental apparatus was the tahle and 

micro-positioning system used to translate and rotate capillaries in order to perform 

angular or wavelength scans. As mentioned hefore, the axicon design is very sensitive 

to slight alignment errors. Also, the system used for holding the capillaries in place was 

very small; although compact, it did not facilitate easy handling. To wit, a new system 

was designed to remedy these problems. This system consisted of a rotating platform 

upon which the optics needed to put a focussed beam of light on a capillary were 

mounted. Rotation and translation stages and various mounting hardware needed to 

position the sample on the platform axis of rotation were also mounted on the platform. 

2.4.2: Optics 

In order to avoid the vagaries of misalignment and vihration, an optical tiher was used 

to hring the light from the laser to the capillary. The divergent laser light emitted from 

the optical fiher was collected hy an lOx microscope o~jective, adjusted to give a 4 mm 

diameter heam of collimated laser light. This light was then focussed on to the capillary 

hya 150 mm focal length, 50 mm square plano-convex cylindrical lens purchased from 

Edmund Scientific. Assuming Gaussian optics, the heam waist exiting the cylindrical lens 

is given hy 
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4"-/ w = --, (2) 
rrwo 

where/is the focal length of the cylindrical focussing lens, It. is the wavelength, w is the 

output beam waist, and Wo is the input beam waist. 21 Clearly, then it is advantageous to 

have a large diameter input beam if a small diameter output beam is desired because of 

the inverse relationship between wand woo This is especially important when a small 

diameter output beam is desired and, as in this experiment, the wavelength is fixed and 

the physical dimensions of the platform limit the range of possible lens focal lengths. 

The lOx microscope objective worked best because it yielded the largest input beam 

waist. 

By focussing the wide laser beam onto the capillary, the energy density of the laser 

light on the capillary was increased. This increase compensated substantially for the 

losses incurred by the fiber optic coupling. The cylindrical lens focussed the laser light 

to a line and, compared to the focussed circular spot size from a spherical lens, the longer 

area of illumination yielded a substantial increase in fluorescent luminosity from a lower 

incident energy density on the dye. The focussed beam was a 4 mm x 300 Jlm oval with 

the m~jor axis parallel to the capillary axis. The average energy density was increased 

by a factor of 13.3. 

The fiber optics and focussing lens gave an average laser power density on the 

capillary of approximately 2,083 W/m2 whereas the average power density at the exit of 

the spatial filter, the input to the fiber optics, was 25,200 W/m2
• However, the average 

power density does not tell how much power was incident on the capillary, which is the 
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better comparison. Consider the total power incident on a capillary using the fiber optics 

and focussing lens arrangement and compare it to the spatial filter output. With the lens, 

the capillary occupies about 50% of the beam waist. Were the capillary illuminated by 

the spatial filter output beam, the capillary would occupy only 12.5% of the waist. The 

total power incident on the capillary for each case can be calculated. For simplicity we 

model the beam distribution as the product of independent Gaussian functions in the two 

orthogonal coordinates, i.e. the product G(r)G(z). Therefore, the total power incident 

upon an area is given by (adapted from reference)22 

2r2 2z2 

P =JrcapilJary 2Ptotal - w,2 d J +z - w/ d 
enclosed ere z. 

-r capillary '1t W 2 -z 
eft 

(3) 

Because the capillary is much longer than the beam in the z direction, losses in the z 

direction are minimal. Therefore upon integration, fG(z)dz is approximately 1. The r 

dimensions are limited by the capillary radius. The capillary diameter is approximately 

150 p.m, the beam waists are 300 p.m (fiber and lens) and 1.2 mm (spatial filter output 

beam), and the total powers in the beam are 2.5 mW (tiber and lens combination) and 

28.5 mW (spatial tilter output beam). Numerical integration shows that 1.4 mW is 

incident on the capillary when the tiber optics and focussing lens are used. Were the 

same capillary illuminated by the spatial tilter output beam, 4.5 mW would be impinge 

on the capillary. These numbers demonstrate that simple measures such as using a larger 

optical fiber to improve coupling and transmission efficiency could easily increase the 

power incident on the capillary. After all of the losses associated with the optical tiber, 
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the incident power was only down by a factor of three with only 9 % of the initial flux 

being transmitted through the optical fiber. Thus there is potentially a factor of 11 

increase in the incident power. 

2.4.3: Rotating Platform 

Figure 2: Photograph of rotating platform. 

The heart of the instrument was the rotating platform upon which the optical elements 

were mounted. This platform consisted of an 19 inch diameter aluminum plate which had 

been salvaged from an earlier axicon nephelometer system. The platform had a gear 

drive and rode on three pairs of bearings. The rotating platform is shown in Figure 2. 
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On one side of the platform the fiber optics and lenses were mounted on a small, 

adjustable height aluminum plate. The height of this plate was adjusted to align the 

optical axis with the center of the spectrometer entrance slits and parallel to the tloor. 

On the other side of the platform a wide L-shaped bracket supported a micrometer

driven z-adjustment translation stage. Attached to the z-translation stage was a rotation 

stage, whose angular rotation could be read to arcminutes. Two orthogonal 

micro-translation stages on top of this rotation stage provided the x- and y-translation 

needed to center the capillary on the axis of rotation. A J,4" steel rod extended downward 

from the center of the rotation stage through the plate. This rod was intended to provide 

the capability, if needed, to keep the capillary stationary while rotating the laser beam 

through 360
0

, instead of having them fixed with respect to one another. 

A removable kinematic mount for the samples sat on top of the two translation stages. 

This kinematic mount arrangement is shown in more detail in Figure 3. This mount 

consisted of a fixed base and a removable mating stage. The base consisted of the 

traditional hole, groove, and flat design. Its mating stage used three 80 thread per inch 

screws with ball bearings on their tips to provide sure contact with the base and tilt 

adjustment for the sample. 

The hase and mating stage were designed so that positioning was unique, making it 

possihle to have a fixed, accurate, and reproducible direction associated with the 

kinematic mount. This directionality was created by breaking the symmetry of the pattern 

of screw locations. Two screws were placed on a 2.75" diameter bolt circle and the third 

on a 3.50" diameter bolt circle creating an isosceles triangle could mate with the hole and 
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Figure 3: Close-up of kinematic mount assemhly. 

groove in only one way. The mating stage had a 0.750" diameter hole on its center into 

which the sample holder could he placed and securely mounted. 

The sample holders were 2- 1,4" X *" stock aluminum rods turned on the lathe to a 

diameter of 0.745". A sample holder is shown in more detail in Figure 4. One end of 

the rod had a 1" long hy 0.375" deep flat machined parallel to the rod's cylindrical axis. 

A lathe tool was sunk 0.005"-0.010" into the flat and drawn across flat along the 

cylindrical axis to make a groove. One half inch from the other end of the rod a 0.125" 

deep hy 0.500" long flat was milled for the set screw to hit. 

The capillaries to he tested were epoxied into the groove in the 1" long flat in a 

sample holder. The large sample holders permitted easy handling and manipulation of 
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Figure 4: Drawing of sample holders. 

the very small capillary samples. 

2.4.4: Stepper Motor 

The rotating platform and all of the optics were driven by a 1.8
0 

per full step stepper 

motor. It drove the rotating platform through a 22: 1 reduction gearbox and a 3: 1 

reduction gear set on the platform. The stepper motor driver could drive the motor in 

half steps. With this arrangement, 13,200 half-steps rotated the platform 180
0 

with an 

angular resolution of 0.0068
0

• Compare this with the 0.002
0 

to 0.06
0 

angle (depending 

upon slit width) created by the capillary-to-slit distance and the slit width. With sufficient 

illumination, the angular resolution of the rotating platform can be fully exploited. A slip 
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clutch placed between the gear box and the platform gears facilitated easy rotation of the 

platform without disconnecting the gears. The stepper motor driver was built by the 

University of Arizona Electronics Shop. 

2.5: Spectrometer 

2.5.1: Overview 

The spectrometer was one of the most crucial components of the apparatus. After the 

capillary had been positioned and illuminated, the spectrometer set the tinallimits on the 

precision and uncertainty in the experiment. The measured spectral resolution, ')../ A A, 

depends on the spectrometer slit widths, grating resolving power, grating tilling, and 

stray light. Stray light leakage, which can contaminate the signal at one wavelength with 

the signal from another wavelength was annoying but was identified and did not introduce 

erroneous interpretations. 

A very high quality spectrometer was used to give better resolution than could be 

obtained from a series of bandpass tilters, as had been done on the nephelometer used by 

Abromson. Because the wavelength and bandpass on the spectrometer were continuously 

adjustable, it was not necessary to use a series of bandpass tilters to select the 

wavelength and bandpass of interest. 

2.5.2: Spectrometer Specitications 

The spectrometer was a Jarrell-Ash I-meter 15° Robin Mount Vacuum UV Scanning 

spectrometer. The spectrometer system is shown schematically in Figure 5. Since the 

wavelength region we studied was in the visible, the spectrometer was operated at 

atmosphere. The spectrometer entrance slit~ were 87 cm from the sample under study. 
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Figure 5: Schematic diagram of spectrometer/nephelometer system designed for this 
experiment. 

The spectrometer was equipped with a 590 groove/mm grating, which could he 

scanned from 3000 A to 7200 A in the first order. The Rohin mount design uses a fixed 

angle between exit and entrance slits and a concave grating with a I m radius of 

curvature. Automatic focussing hy grating translation during rotation kept the focus 

accurate to ± 30 /tm. The 590 grove/mm grating had a 2400 A hlaze and inverse linear 

dispersion of 16.6 A/mm. The 80 mm x 40 mm grating gave the instrument an effective 

aperture of f/13.0. Both the entrance and exit slits were continuously and independently 

aqjustahle from 5 /tm to 400 jLm. This flexibility allowed more control over hoth signal 

intensity and resolution. 

The instrumental resolution using the full 80 mm grating width and 10 /tm slits was 

hetter than 0.30 A FWHM. Because of the geometry of the experimental arrangement, 
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the only way to till the grating is to use lenses to match the f/ # of the grating and the 

input optics. However, in order to exploit the angular resolution of the rotating platform, 

the angular subtense of light entering the spectrometer cannot be increased. Only a very 

restricted arrangement of lenses and slits would be able to match f/#'s as well as not 

change the angular sub tense of the light. Because there was no need to resolve very close 

wavelength peaks, the full spectral resolution was not required but good angular 

resolution was desired. Therefore, no input optics were used, which left the grating only 

partially filled. Consequently, the spectral resolution was lower than the factory 

specification. Also, the slit widths used were much wider than the 10 p,m used for the 

factory specifications. The wider slit widths increased the amount of light reaching the 

photomultiplier tube. The trade-off of spectral resolution for signal intensity and angular 

resolution was advantageous in this case. 

The wavelength was scanned via a synchronous motor that drove a linear sine bar 

drive with twelve speeds, ranging from 1 A/min to 5000 A/min. The inherent error in 

the drive readout is ± 2 A.23 

The instrument was calibrated in 1989 by Sekarak and the procedures and result<; are 

described in his thesis.! Only the slit<; needed to be aqjusted to set the indicator dial at 

o for the minimum slit width. 

Because the scattered He-Cd light was so much brighter than the fluorescence from 

the dye, it was necessary to limit the amount of laser light entering the spectrometer. In 

general, the scattered laser light was many orders of magnitude brighter than the 

fluorescence, swamping the fluorescence signal. The He-Cd laser light entering the 
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Figure 6: Transmission of the sharp cutoff filter. Data is for the lot of 00-455 glass 
used. Data supplied hy Melles-Oriot. 

spectrometer was reduced hy placing a wavelength cutoft' filter in front of the entrance 

slit. This filter was a 50 mm x 50 mm x 3 mm piece of Schott 00-455 glass purchased 

from Melles-Oriot. This yellow glass 4550 A cutoff filter passed 85-90% of the light 

ahove 4750 A and suppressed to less than I % the transmitted light helow 4450 A. Less 

than 0.1 % of the light helow 4350 A was transmitted through the tilter. 50 % of the light 

is transmitted at 4550 A ± 70 A. The transmission as a function of wavelength of the 

glass lot from which this filter was made is given in Figure 6. 24 The comhination of 

filter and grating provided suhstantially improved signal discrimination for the instrument 
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by reducing the amount of unwanted He-Cd laser light entering, and thus scattering 

inside, the spectrometer. This reduced scattering reduced the signal contamination due 

to elevated background and grating ghosts. 

2.5.3: Photomultiplier Tube 

The final photon detector used was an EMI 6256S photomultiplier tube with a 2" 

quartz window and a thirteen stage Venetian blind dynode construction. At its optimum 

operating voltage of 1200 VDC, the sensitivity was approximately 700 A/lumen. The 

quantum efficiency of this tube was 21 % at 4000 A, its peak sensitivity, 18 % at 4700 A, 

and 3 % at 6000 A. The photomultiplier tube gain was approximately 2.5 x 107
• This 

tube was designed to operated between 3250 A and 6500 A, which encompasses the 

fluorescence band of the Coumarin dye. 

The dark current in the tube was typically about 0.05 nA, which is very near the 

-lower sensitivity limit of the picoammeters. The speeds at which the spectrum was 

scanned (1-1000 A/min) were slow enough that the time response of the photomultiplier 

tube OFWHM) of approximately 20 nsec) did not cause line shape aberrations. The 

photomultiplier tube's maximum rated average anode current was 200 p.A, although 

limiting anode current to less than I p.A was recommended for optimum stability. 2S For 

all of our measurements, the DC signal levels were kept to 1 p.A or less. Relatively brief 

transients (when scanning across the laser line) were allowed to approach the maximum 

current limit. 
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2.6.1: Overview 
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The control electronics provided the interface between the photomultiplier tube and 

the computer. The electronics provided a means to route signals to the appropriate 

picoammeters or pulse counters. There were also circuits to provide trigger pulses and 

gate signals, to provide control interfaces to the experiment, and to provide an of the 

necessary wiring to match input and output specifications and connector types. Much of 

the interfacing circuitry was custom built. The control electronics, picoammeters, and 

pulse counting equipment will be described in the next sections. 

2.6.2: Electronic Control Panel 

The electronic control panel had two m~jor functions: signal routing and a control 

intertace. For signal routing, the photomultiplier tube output had to be routed via a 

switch to one of the two picoammeters or to the pulse amplifier. The picoammeter 

outputs were also routed through the same switch so that when the indicator was set to, 

e.g. linear current, the PMT signal went to the linear picoammeter and the linear 

picoammeter output was routed to the AID converter. This hard-wired routing 

arrangement prevented "accounting" mistakes caused by forgetting to change an of the 

connections at the same time. The pulse amplitier output was routed to a voltage divider 

to create a TTL logic level pulse signal and then sent to the counter board. The 

adjustment of the voltage divider was done sepll.rately for each coaxial cable used to make 

the connection to the computer since the cable resistance affected the balance in the 

voltage divider. 
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The other function of the panel was to provide a control interface. This control 

interface provided a means to convert digital liD signals from the AID hoard into actions 

as well as a means to generate trigger and gate pulses with the necessary electrical 

characteristics. 

The digital I/O signals from the AID hoard were connected to the electronic control 

panel via cahles with DB-37 connectors. The AID digital I/O lines settings were used 

to drive relays to run the spectrometer motor forward or hackward, to arm the 

spectrometer wavelength drive trigger circuit, to step the stepper motor, and to set the 

stepper motor controller to step forward or reverse. 

The relays for forwardlreverse motion received their input from a driver circuit that 

imposed certain constraints on the digital I/O signal received. The driver circuit 

contained a 74LS86 XOR chip and a 74LS08 AND chip functioning together as an either

or discriminator so that simultaneous forward and reverse signals could not he transmitted 

to the instrument and hurn out a motor or controller. This was important hecause the 

spectrometer wavelength drive was controlled hy the computer hy shorting 120 VAC to 

one side or the other of the synchronous motor. Without the either-or discriminator, it 

would he possihle to short across the forward and reverse windings and hurn out the 

motor. The scheme to control the stepper motor also relied on shorting across a switch 

so the same consideration applied. Unfortunately, when the spectrometer wavelength 

drive motor was started, voltage transients fired the trigger circuitli. 

Although these voltage transients made reliahle automated starting and trigger of the 

spectrometer wavelength drive difficult, this transient sensitivity was also exploited to our 
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advantage. When the data that show temporal stability of a signal or the magnitude of 

noise were collected, this "undesigned" feature was used to start the data acquisition by 

switching the spectrometer trigger circuit on or on. 

The other part of the circuit was designed to provide trigger pulses and gate signals. 

This circuit consisted of several component,,: a 74LSOO NAND chip, a 74123 

retriggerable monostable mutivibrator, a 74LS74 flip-flop, and a 74157 multiplexer. Half 

of the 74LSOO NAND chip functioned as a switch debouncing circuit to convert the 

output of the mechanical trigger switch on the rotating platform into a trigger pulse. 

This 74LSOO output and the trigger pulse from the spectrometer wavelength drive were 

fed to a 74123 retriggerable monostable multivibrator. The trigger pulse from the 

spectrometer wavelength drive came from a rotating chopper disk attached to ihe 

wavelength drive which chopped the light from an IR LED and thus provided a trigger 

pulse every 5 A.. The 74123 generated two complementary trigger pulses. The 

negative-going pulse triggered the AID board. The positive-going pulse went to a 

74LS74 flip-flop chip which generated a gate signal. This gate signal would go active 

(high) upon receipt of the trigger pulse and remain that way until manually reset. The 

manual reset was accomplished via shorting switches on the front panel. 

The 74LS74 also provided a complementary output that acted as a current sink to 

drive indicator LEDs to visually indicate that the trigger pulse had fired. The trigger 

pulse and gate signal outputs were routed to a 74157 2-line to I-line multiplexer. The 

74157 multiplexes based selector input logic level. These trigger and gate outputs were 

appropriately routed to the AID and counter boards, respectively. Other LED indicators 
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showed whether wavelength or angular signals were being routed to the data acquisition 

hardware. 

The multiplexer selector input could be controlled manually by a switch on the panel 

or could be computer driven via the digital I/O lines on the DT-2801A. 

As with the signal router, the use of the multiplexer and hard-wired connection was 

designed to minimize the likelihood of an incorrect or incomplete connection setup so that 

data taking runs would be successful. 

2.6.3: Current Measurement 

Current measurement was done using two Keithley picoammeters. One was a 

Keithley model 26000 logarithmic picoammeter, which generated an output voltage of one 

volt per decade. It had a range of eight decades, from 10-11 A to 10-3 A. 

The other picoammeter was a Keithley model 414S linear picoammeter. This 

instrument generated an output voltage of one volt full scale. The various settings gave 

full scale ranges from 10-10 A to 10-2 A. 

The output voltages from these picoammeters, proportional to the photomultiplier tube 

output current, were fed to the AID converter and digitized. 

2.6.4: Pulse Counting 

The pulse counting arrangement consisted of a Tennelec TC 214 linear amplifier and 

a Tennelec TC 555A pulse counter. The TC 214 was a linear amplifier and pulse shaper 

with provisions to set appropriate discriminator levels to discriminate against dark current 

pulses generated by cosmic rays, etc. and thus improve the signal to noise ratio. The 

TC 214 took the input pulse and created a 1 V to 10 V, 1 p,sec wide square output pulse. 
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The output pulse from the amplifier was fed to the pulse counter, which provided a 

visual readout of pulse rate without use of the computer. The amplifier output was also 

fed to the counter board in the computer. 

2. 7: Data Acquisition 

2.7.1: Overview 

The data acquisition system was the link between the experiment and the world of 

computerized data analysis. This system was used to avoid human intervention as long 

as possible and thus limit sources of error or unconscious bias when digitizing traces. 

The data acquisition system consisted of four components: a computer, an AID board, 

a pulse counting board, and appropriate software. The system is described in the 

following sections. 

2.7.2: Computer 

The computer was a 25 MHz Advanced Micro Devices 80386SX-based personal 

computer with an ISA bus, an American Megatrends BIOS, a 30 MB MFM hard disk, 

360 kB 5'A" and 1.44 MB 31h" floppy disk drives, and 3 MB of RAM to control the data 

acquisition peripherals and provide data storage and software for analysis. The operating 

system was MS-DOS 5.0, configured to provide base, upper, high, XMS, and LIM 4.0 

expanded memory as needed to support the software and utilities installed. 

2.7.3: Boards 

The data acquisition boards came in two varieties: an AID board and a multipurpose 

counter board. 
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The AID board was a Data Translation 2SOl-A board. It digitized the input voltage 

to twelve bit precision. It had been configured with differential, unipolar inputli. 

Configured this way, the common mode noise r~jection ratio was SO dB at 60 Hz when 

the gain was 1. The AID conversion time was 10 p.sec. The maximum throughput to 

system memory was 27,500 samples per second using a Direct Memory Access (DMA) 

channel. Two readings were required for each sample because the bus interface was only 

eight bits wide. The zeros, gain, and linearity were stable to less than 35 parts per 

million of full scale resolution per degree C temperature shift. The board also had 2 DI A 

channels and 16 LSTTL logic digital 1/0 lines. The I/O lines were used to control parts 

of the experiment and to sense gate and clock signals. These functions have already been 

discussed in § 2.6.2. The external trigger and clock circuitli were Schmitt trigger, edge 

sensitive devices, which were active on a falling edge. Both trigger and clock circuits 

required that an applied signal remain low or high for at least 200 nsec. The internal 

clock had a base frequency of SOO kHz.26 The board was programmed and read by 

addressing specified memory locations in the computer's memory. 

The AID board was connected to the outside world via a custom interface box, which 

provided the necessary ground connections; insulated BNC connectors for the AID inputli, 

DIA outputs, trigger, and external clock inputs; and two DB-37 female connectors for 

trigger and clock inputs as well as the 16 digital I/O lines. 

The counter board was a PC-CTR-20 board, purchased from Omega Engineering, Inc. 

of Stamford, Connecticut. The counter was an S bit board which provided the necessary 

circuitry to use four AMD 9513 general purpose counter chips. Each counter chip 
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contained five 16 bit counters, each of which could be addressed individually. The 

counters could be cascaded internally to form up to an 80 bit counter. With the 

appropriate external connections, up to a 240 bit counter could be constructed on this 

board. The system had a 1 MHz clock and was capable of counting rates of up to 7.1 

MHz. As with the DT2801-A, the data was read in 8 bit chunks and the board was 

controlled by reading and writing to specified memory locations. 27 

The counter board was connected to the outCiide world via 26 pin headers on the board 

which were connected to DB-25 female connectors on an interface panel (header pin 26 

is not used). This external interface allowed the user to connect inputs as count sources, 

gates, and read output states if desired in a more physically convenient manner. For this 

experiment only one chip was required. A single interface between the DB-25 and two 

insulated BNC connectors was constructed. This interface connected the incoming pulses 

to the counter 2 source input pin. Using a 7408 AND chip, the output of counter I, 

which was intended to act as the time base for pulse counting, and the incoming gate 

signal from the interface electronics were logically ANDed together. The result was 

passed as the gate signal for counter 2. The reason that the two signals were ANDed 

together was that, using the easiest hardware and software configuration, this prevented 

the counters from beginning to count pulses before the starting trigger pulse was issued. 

Counters 2 and 3 were cascaded to form a single 32-bit event counter for the pulses. 

2.7.4: Software 

Two types of data acquisition software were used. The first simply digitized the 

picoammeter output and provided no noise reduction. The second allowed the user to 
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determine a dwell time, either explicitly as an input in seconds or as a wavelength dwell 

range. Thus the output after the dwell time was a time-averaged value, which had a 

better signal to noise ratio. All of the data acquisition software presented in this section 

was custom written hy me for this experiment. It was written and compiled using 

Microsoft QuickBasic v. 4.5. Some of the code was hased on sample code supplied hy 

the hardware manufacturers. The data analysis was performed using Galactic Industries' 

Lah Calc program, which was designed to facilitate analysis and manipulation of 

spectrometer and chromatography traces, and a spreadsheet, Quattro Pro 3.01. 

The digitized picoammeter output (no averaging) was fed directly to the AID hoard. 

The AID conversion was set in hlock mode, where a fixed numher of ohservations would 

be read and placed in an array in memory. Since two hytes of data were read for each 

conversion, the array was hounded at 32,767 ohservations, the limit using Microsoft's 

huge memory model. The only information required by the program was starting and 

ending coordinates, scanning rate, and clock speed. After the data had been taken, the 

software calculated the appropriate x coordinate (angle or wavelength) hased upon the 

input parameters and corrections for lost data points due to clock synchronization 

requirements. This data was written as an x-y comma delimited ASCII tile for later 

import into Lah Calc. The data had to he output as single precision data hecause Lah 

Calc does not convert Microsoft's douhle precision notation correctly. This software is 

presented (Microsoft QuickBasic version 4.5 code) in Appendix A. It is ANGLE.EXE 

v. 1.02 and SPECTRA.EXE v. 1.03, which hoth utilize the DT2801-A. 



46 

In the case of wavelength scans, the internal clock could be set as fast as several 

kilohertz and the scanning speed anywhere desired, su~ject to the restriction that the data 

array is not too large. The internal clock could not be set to the full rated speed of 27 

kHz because that speed works only for DMA transfers, not standard bus transfers. In the 

case of angular scans, the basic AID data acquisition was driven by the clock output from 

the stepper motor controller. The stepper motor controller has to be set to less than 20 

Hz for this to work. Only an ending coordinate was required, because the trigger switch 

tired at 0
0 

and the AID board was synchronized with the stepper motor by the external 

clock input generated by the stepper motor controller. This synchronized clock input 

ensured that the data sampling frequency was always the same, one sample per step. 

However, since noise can wash out many features of a signal, in order to get better 

signal resolution, some sort of scheme was necessary to reduce noise. The classical 

approach is to resort to photon counting with longer dwell periods. This is precisely what 

has been implemented in the counting software (P-SPECT.EXE version 1.01 for spectral 

scans and P-ANGLES version 1.01 for angular scans, see Appendix A) using the PC

CTR-20 board. The board was set up to count for some specified period. The 

DT2801-A provided trigger detection and control to the interface electronics to command 

the stepper motor to step or to set the trigger and gate source. The number of counts was 

normalized to counts per second. The data and the associated coordinates were calculated 

and written to disk after each set had been calculated, just as was done by the other 

programs. Writing to the disk instead of memory alleviated memory based array-size 

restrictions. 
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The other approach is to reduce the noise in the digitized picoammeter output. To 

do this the AID board was instructed to read a block of data points. Instead of writing 

the data to a memory array, all of the data read in a block was averaged in a program 

loop. This average and the associated coordinates were then written to disk. This 

process was repeated for each data point. The AID board provided the necessary control 

signals to the interface electronics. 

In the case of a wavelength scan, the PC-CTR-20 board, running at 10kHz, kept a 

running count of the elapsed time in a 32-bit cascaded counter. The counter length and 

clock speed were chosen because the wavelength drive on the spectrometer cannot run 

long enough to roll the counter over to O. After the trigger pulse is received, the 

program interrogates the counters to find out what time it is when it starts averaging a 

data block and then what time it is when it finishes. The average of these two times is 

assigned as the time of the measurement. Using the beginning wavelength and scanning 

rate the appropriate wavelength value is calculated. The program stops when enough 

time has elapsed to put the spectrometer at or beyond the specified ending wavelength. 

The number of observations to average in a block is determined by a wavelength dwell 

value, which is converted to a time, and then to a number of observations based on the 

clock frequency. The clock frequency was 800/3 Hz, chosen because it is very near the 

maximum speed at which these operations could be performed and the data retrieved from 

the bus as it is ready. Running the clock faster put bytes out faster than they could be 

retrieved by the compiled program and resulted in garbage data. This is precisely what 
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has heen implemented in the averaging software (SPECTRUM.EXE version 2.01, see 

Appendix A). 
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Figure 7: Histogram of linear picoammeter output. 

The justification for a simple averaging procedure for the digitized picoammeter 

output was an analysis of the digitized output from the picoammeters. 997 ohservation 

samples of signal from the 50 JLm capillary fluorescence at 5000 A were taken with each 

picoammeter at a sampling rate of I kHz. Histograms of the resultli are presented in 

Figure 7 and Figure 8; the corresponding statistics are presented in Table 1. The fact 

that the AID hoard digitizes the output voltage to 12 bitli accounts for the large number 

of digitli in the data in Table 1. Although both distributions are skewed somewhat, the 
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Figure 8: Histogram of logarithmic picoammeter output. 

Comparison of Picoammeter Statistics 

Maximum Value: 
Minimum Value: 
Range: 
Mean: 
Median: 
Standard Deviation: 

Linear 
0.3494262 
0.1513671 
0.1980590 
0.2575034 
0.256347 
0.0409118 

Logarithmic 
2.1807861 
1.6094970 
0.5712890 
1.8512948 
1.8414306 
0.1087182 

Table 1: Comparison of statistics for linear and logarithmic picoammeters. 

49 

mean and the median are very close. This is the importance of the statistics. All of the 

other information is provided for completeness. Because the mean and median are so 
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close for both picoammeters, it was felt that calculating the mean, in both cases, would 

suppress noise and yield a value that fairly represented the data. 

In order to do the same thing when performing an angular scan, the software works 

essentially the same way, except the counters are not needed to keep a time base and the 

computer also has to issue step instructions to the stepper controller. As before, the 

number of steps and the gear ratio determine the position. This is what was done for the 

averaging AID angular scan program, ANGLES.EXE version 2.01, see Appendix A. 
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CHAPTER 3: SYSTEM 

3. J: Overview 

This experiment was designed to investigate the optical properties of CZE capillaries. 

These capillaries are a simple, well-defined system with practical ramifications. A 

capillary system is simply two concentric cylinders of different refractive indices 

immersed in another medium. The inner cylinder, or core, was a solution of Coumarin 

7 dye. The outer cylinder was either fused silica or a soda-lime glass. For the 

measurements in this experiment, the Coumarin 7 was dissolved in ethanol. This yielded 

a lossy, low Q system because the refractive index of the Coumarin 7/ethanol core, or 

inner cylinder, was lower than the outer cylinder refractive index. Since the 

manufacturing process generates capillaries with variable inner core diameters and a 

concentric outer core with dimensions constant to a few percent, as different capillaries 

are examined, the only variable is the inner core diameter. This allows a systematic 

study of the effect of core diameter on the fluorescent emissions. 

The choice of concentric cylinders had several advantages as compared to the 

spherical systems that have been studied by others. First, a cylinder is easily mounted, 

manipulated and stored. Second, there is one less degree of freedom which must be 

controlled due to the cylindrical symmetry about the z-axis. Third, it is not necessary to 

consider or deal with an ensemble of cylinders with unknown positions and orientations. 

And fourth, there are no synchronization requirements, as is necessary when a pulsed 

laser must illuminate a falling droplet. 
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To examine the system in more detail, consider the refractive indices of the materials 

used. The index of refraction of fused silica ranges from 1.46675 at 4358 A to 1.460l3 

at 5460 A.. The index of refraction of soda-lime glass is on the order of 1.5; glasses 

generally have a higher index of refraction than the fused silica. The index of refraction 

of air is 1.0002926 at 5893 A and Standard Temperature and Pressure. The index of 

refraction of ethanol is 1.359 at 5893 A and 25° C.28 

3.2: Capillaries 

The capillaries were obtained from Polymicro Technologies, Inc. of Phoenix, 

Arizona. These capillaries were chosen because they are commercially available and are 

precisely the ones used for CZE experiments. The outer diameter of the capillaries was 

nominally 150 p.m, while various inner diameters available ranged from 2 p.m to 50 p.m. 

For the tiber lots used, each lot indicated the inner and outer diameter measurements at 

the beginning and end of the roll. We have assumed that the capillaries vary smoothly 

and uniformly between these limits. Over a short interval, examination of a 2 p.m 

capillary has shown that the dimensions are essentially constant and that the capillaries 

are not detectably out of round. The data upon which these conclusions are based is 

presented in Appendix B. The capillary dimensional specifications and the average of the 

beginning and ending inner diameter values are given in Table 2. The average diameter 

is the diameter that will be used to identify a particular capillary throughout the remainder 

of this document. 

The capillaries had to be made into small "test tubes" for experimental study. To do 

this, a section of capillary two to three inches long was cut from the roll using a Newport 
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CAPILLARY DIMENSIONS 
Identification Code 
TSP002150 
TSP005150 
TSP010150 
TSP015150 
TSP015150 
TSP020150 
TSP025150 
TSP030l50 
TSP040150 
TSP050150 

Outer Dia. (p.m) 
149-151 
150.3-152.9 
145.3-146.7 
145.7-147.8 
144-142 
147.9-145.6 
145.0-146.3 
145-145 
148.3-150.5 
146.4-147.0 

Table 2: Dimensions of capillaries used. 

Inner Dia. (lJ.m) 
2-2 
5.4-4.7 
12.7-12.6 
14.6-15.4 
18-18 
20.1-20.4 
23.5-23.1 
29-29 
41.9-41.4 
49.6-50.0 

¥ 

Avg. ID (p.m) 
2 
5.05 
12.65 
15 
18 
20.25 
23.3 
29 
41.65 
49.8 
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tiher cleaving tool hy scrihing a line on the capillary and hending the capillary to hreak 

it. This procedure is similar to cleaving optical fihers. The capillaries were then filled 

with the dye solution using capillary action and then sealed hy quickly poking the ends 

into the light hlue section of an oxygen-gas torch flame. 

In later experiments, the capillary was tilled only after the coating had heen removed 

to avoid the possihility of heat-induced chemical changes in the solution during sample 

preparation. 

Each capillary had a dark hrown coating of polyimide ahout 10 J1.m thick. Since 

optically transparent capillaries were needed, this coating was removed. The 

manufacturer's recommended chemical method to remove the coating is to use hot 

sulfuric acid. Therefore, the capillary was placed in a heaker tilled with 20-30 ml of 

concentrated sulfuric acid. The acid hath was heated with a gas flame to a temperature 

of 125
0 ± 10

0 

C. At this temperature, the sulfuric acid hegins to release visihle vapors. 
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After a few minutes (less than five) in the acid, the polyimide would peel off the capillary 

by itself. The capiJ1aries were rinsed in tap water and allowed to air dry. 

Abromson and others removed the coating by placing the capillary in a wax candle 

flame. Using a flame to remove the coating embrittles the capillaries to the point that 

they are very delicate and causes an abundance of surface fractures and pits. This 

chemical method of polyimide removal is superior to scraping or burning in a flame since 

it does not embrittle the capillaries and only a very few (less than 10 over the length of 

the capillary) defeclli are noticeable under a 20x o~jective. 

3.3: Dye 

In order to study the effect of core diameter on fluorescence, something in the 

capillary inner core must fluoresce. In CZE experiments, materials pass through the 

capillary and fluoresce after being irradiated by the laser. In the most generic case, these 

materials mayor may not be organic molecules. In biochemical applications, for 

example, where blood or other biological materials may be analyzed, the fluorescence 

may be very weak. Since the purpose of this research was to analyze the effect of the 

capillary on the fluorescence, we were not interested in studying a particular material. 

Therefore there was no reason to use these weakly fluorescing materials which would 

have simply made things harder. Therefore, a laser dye, Coumarin 7, was chosen so that 

a strong fluorescence signal could be used. 

Coumarin 7 was a natural choice for this and previous experiments for several 

reasons: (1) it has a relatively high quantum efticiency of approximately 87%; (2) in dye 

laser applications it is reasonably stable under long term excitation; and (3) the Coumarin 
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7 absorption band maximum is at 4360 A, which is very close to the He-Cd lasing 

wavelength of 4416 A.29 The ethanol/Coumarin solution concentration for most 

experimentc; was 4x 10-4 M, the optimum concentration in ethanol for use in dye lasers30 

(referred to as the normal concentration). For some experimentc; with smaller bore 

diameters, a concentration of 4 x 10-3 M was used. 

Some overlap occurs between the Coumarin 7 absorption band and the fluorescence 

band. As shown by Sekarakl
, the effect of this overlap is noticeable only for large 

diameter capillaries, when the absorption band absorbs enough of the fluorescence to 

noticeably change the spectrum and induce angular dependencies. Because the capillaries 

used in this experiment were so small, this band overlap was not a difficulty. The 

fluorescence band ranges from approximately 4500 A to 5800 A, peaking in intensity in 

the 4800 A to 4900 A range. Coumarin has two absorption bands, a singlet and a triplet 

band. The triplet band absorption is fairly strong between 3500 A and 4800 A,31 which 

encompasses the He-Cd lasing wavelength of 4416 A. 

As mentioned above, the Coumarin 7 was chosen because it is reported to be more 

stable than many other dyes. Often, in laser applications, because the pump laser may 

be pulsed or because the dye is usually circulated through a cell, the dye is not su~jected 

to significant long term illumination. Therefore the individual dye molecules experience 

relatively short periods of illumination. In this experiment, the dye was sealed in a small 

cavity, with no forced circulation, and subjected to very long periods of CW illumination. 

Under these conditions, we found that the dye exhibitc; significant long term variability. 

Figure 9 shows the long term stability of the dye under the conditions of this experiment. 
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Figure 9: Laser dye stability under continuous illumination. 

In this figure an 18 /!m capillary filled with a lOx normal concentration dye solution was 

illuminated continuously for 4.5 days. The data shown in Figure 9 was taken at a 

wavelength of 4880 A.. During the interval of one minute, 16,000 observations were 

taken and averaged. These averaged data points are presented in Figure 9. The decay 

is irreversible. 

The effect of this instability in the fluorescence depends on the time scale of the 

measurements. The angular scans that were taken required 15-20 minutes each. Since 

Figure 9 took 110 hours of data collection, the amount of time required for an angular 

scan is small enough that the fluorescence intensity can be considered effectively constant. 
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Also, since the data collection in this research focussed primarily on identifying changes, 

there was no need to normalize the data for comparison, so the absolute intensity of the 

fluorescence is important only as much as it affects how far the signal sits above the 

instrument noise. 

However, the effect of the dye stability on wavelength scans is not ignorable. In 

order to get the highest confidence and best sensitivity possible in the data, the averaged 

wavelength scans presented in this document required 25 hours to perform a 1500 A scan. 

Because of the long term fluctuations in the intensity, each scan had a slightly different 

core than the one that preceded it. Also, the nature of the dye instability is responsible 

for creating gross changes in the spectrum between successive runs. If any resonances 

are to be found, they must be identified in the fine structure of the fluorescence spectrum. 

Von Trebra studied the photochemistry of Coumarin 311, which is closely related to 

Coumarin 7, and determined that the Coumarin 311 is destroyed by illumination and that 

a variety of products are formed which interfere with emission and reduce power output. 

Several of these products are strongly absorbing at the Coumarin 311 's lasing 

wavelength. 32 Because of the similarities between Coumarins and laser dyes in general, 

it seems safe to assume that similar things happened during the long-term illumination 

experiment. 

Had this research been targeted at Cavity QED, for example, this instability would 

be a fatal problem. However, since the purpose of this research was to investigate the 

properties of CZE capillaries and the possible complications, this instability was both an 

inconvenience and an appropriate complication which allowed us to learn even more 
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about the mechanisms at work in the capillary. This instability was "appropriate" because 

it is precisely the kind of complication that could occur in CZE experiments, especially 

as one goes to smaller capillaries and the flow rate leaves the chemicals in the beam for 

a longer time. The decay rate is strongly affected by solvent. Therefore, "long" 

exposures can vary by many orders of magnitude. For example, with I-Bromonapthlene 

as the solvent, the Coumarin fluorescence is undetectable after about 20 minutes. Thus 

all of the effects we observed with the Coumarin are possible complications in a CZE 

experiment. 

This instability was an inconvenience because, since the sample material changed 

slightly during the data runs, reproducibility became a more difficult issue. This is 

another reason that the reliability of each datum had to be very high. 

This long-term instability was due to two interesting effects. As the photochemical 

degradation occurred, the chemical composition of the solution--and therefore the 

refractive index--changed. It is not particularly important whether the refractive index 

goes up or down, only that it changes. These refractive index changes affected the cavity 

tuning, allowing for different radial and azimuthal standing wave mode structures to exist 

in the cavity. Different mode structures can be expected to enhance or suppress the 

resonances at certain frequencies because of the various mode competition mechanisms,33 

such as saturation of the medium and spatial hole burning. The mode structures which 

yield the strongest output can be expected when the laser is tuned to a cavity resonance. 

Thus these refractive index changes affect the cavity tuning and therefore the fluorescence 
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emission intensity. The changes in the refractive index allowed the experiment to probe 

a wider range of cavity mode structures than would have been possible otherwise. 

Because of these considerations, the data presented in Figure 9 was interpreted as 

being a decay of the dye fluorescence with intensity fluctuations superimposed on the 

decay curve. We feel that the fluctuations are caused by the vaPjing refractive index of 

the core, which repeatedly tunes and detunes the capillary. The quasi-periodic structure 

on the decay curve is attributed to the varying decay rate of the dye, which then changes 

the rate at which the capillary is tuned and detuned. 
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CHAPTER 4: RESULTS 

4. J: Overview 

In order to know everything that is necessary to characterize the capillaries and the 

fluorescence, certain fundamental measurements are required. We need to measure the 

angular distrihution and spectrum of the light. With these measurements, we are 

prepared to answer the two hasic questions which need to he addressed: first, does the 

core diameter affect the spatial distrihution of the fluorescence (hasic scattering theory has 

already addressed the elastic scattering of the incident laser light), and second does the 

core diameter affect the wavelength distrihution? When these two questions have heen 

answered, then we are prepared to determine what distortions are created hy the capillary. 

These questions will he addressed in the following sections. 

4.2: Angular Dependencies 

It is important to determine whether there is any angular dependence of the 

fluorescence so that CZE experimenters will know where to hest position their detectors 

for optimal signal detection. The presence or ahsence of angular dependencies also 

indicates the spatial stahility of the fluorescing molecules. If the molecules are essentially 

motionless then angular structure is expected. If not, isotropic radiation is expected. 

4.2.1: Theory and Other Work 

There are two competing theories to explain the expected angular anisotropies in 

fluorescence from cylinders. The addition of the outer shell to form a capillary is not 

treated in either of these theories, so in the strictest sense, this study is not designed as 
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incoherently. 

Predicted spatial distributions for different polarizations if the dipoles add 
Figure from Chew et at. 34 Used by permission. 

an experimental test of these theoretical predictions. The first theory is the work of 

Chew et at. which assumes that for tluorescence and spontaneous Raman emission, the 

radiation must be added incoherently. 34 Chew assumes that the fields are well 

represented by radiating dipoles and that the dipoles' positions are fixed. The strength 

of the radiating dipole is determined by the intensity of the electric field from the exciting 

radiation. Chew performed numerical approximations of the analytical solutions to this 

problem and found that, given these assumptions, that there would be spatial anisotropy. 

Of course the details depend on sizes of the cylinders and the relative indices of refraction 

(cylinder compared to the surrounding medium), but in general, Chew found an effect 

for the component of the electric field perpendicular to the plane of scattering and an 

even more pronounced effect for the component parallel to the plane of scattering. Chew 
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considered cylinders with size parameters ranging from 1 to 30. Since the size parameter 

is given by 0l=27ra/i.. (Chew's notation; others call Ol ka), in this experiment this would 

correspond to core diameters of 0.14 ftm to 4.2 ftm. Clearly most of the capillaries in 

this study fall outside of this range, although the 2 ftm and 5.05 ftm core diameter 

capillaries, with size parameters of 14.2 and 35.9, are reasonable candidates to test 

whether this theory holds for this experimental system. An example of the dependencies 

predicted by Chew is presented as Figure 10, (their Figures 6 & 7) where II is the 

perpendicular polarization and 12 is the parallel polarization. 
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Figure 11: Mueller matrix elements for coherent fluorescent emissions from a tiber 
with diameter of 2').. Figure from Videen et al. 35 Used by permission. 

The other assumption is that the fluorescing dipoles, again caused by the intensity of 

the standing wave electric tield inside the cylinder, add coherently. In their paper, 

Videen et at. consider very small cylinders (not capillaries), generally with radii of up 
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to three times the incident wavelength. 3s For this experiment, that translates into bore 

diameters of less than 2.6 p.m. Assuming coherent superposition, the result is strong 

spatial anisotropy for the fluorescence in the total intensity curves and various polarization 

elements. In Figure 11, Figure 6 in their paper, we see the Mueller Matrix elements SIt, 

S12, S3h and S34 depicted. Fluorescence wavelengths of 1.2, 1.8, and 2.4 times the 

incident wavelength are represented by the symbols *, 0, and x, respectively. 

Although the total fluorescent emissions at 2 p.m are very small, the character of the 

predicted emissions in these two models is very different, which facilitates qualitative 

differentiation between the two when examining data. 

Two experimental studies have been conducted on capillaries to test for angular 

dependencies. The first study was done by Sekarak,1 who studied large capillaries with 

cores from 5 mm to 95 p.m in diameter. He found that spatial isotropy was destroyed by 

the absorption of the laser light passing through the larger capillaries. The second study 

was conducted by Abromson. 2 He used 50 p.m to 18 p'm diameter core capillaries. 

However, he reported a rather remarkable increase in fluorescent emissions, normalized 

to volume, in the backscatter emission. This increase got relatively stronger as the 

capillaries got smaller. This result is presented in Figure 12. 

Systems of small fluorescent spheres have also been studied. In these solid spheres 

the fluorescent molecules are held tixed with respect to each other. For these systems, 

the investigators have reported that there is an angular dependence qualitatively similar 

to the type predicted by Chew et. al. in the fluorescence from the spheres. 36,37 
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Figure 12: Fluorescent emissions for several capillaries, normalized to volume, as a 
function of angle. Figure from Abromson. 2 Used by permission. 

4.2.2: Total Intensity 
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The easiest measurement to make is the total intensity of the scattered and fluorescent 

light, or Mueller matrix element SI1. The capillaries were placed on the kinematic 

mount, adjusted to eliminate the tilt, and centered on the rotation stage axis of rotation. 

In order to get the capillary centered in the beam, its position was adjusted so that the 

diffraction pattern from the incident laser light was symmetric. To get the capillary 

centered on the axis of rotation, the process was repeated with the rotation stage turned 

by 90
0

• 

The data presented in Figure 13 through Figure 21 was taken by setting the entrance 

and exit slits at 100 11m, except for the 4416 A scans, where the slits were closed to 

10 11m, due to the higher intensity of the elastically scattered laser light. The other 

exception is the data taken on the 5 11m capillary, where the slits were set at 300 11m in 

order to get enough light to pull the fluorescence signal above the background noise level. 

The traces presented are digitized picoammeter traces, with no effort made to suppress 

the noise by averaging. This is because the dark current level could clearly be seen and 

there is no evidence of structure that needs further investigation. The wavelengths were 

chosen arbitrarily, but provided a check against uniformity only at some special 

wavelength. 
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Figure 13: Angular scans of a 49.8 Jtm diameter capillary at 4416 A (scattered), and 
5000 A (fluorescence). 
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Figure 14: Angular scans of a 41.65 Jtm diameter capillary at 4416 A (scattered), and 
4800 A, 5000 A, and 5200 A (fluorescence). 
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Figure 15: Angular scans of a 29 /tm diameter capillary at 4416 A (scattered), and 
4800 A, 5000 A, and 5200 A (tluorescence). 
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Figure 16: Angular scans of a 23.3 /tm diameter capillary at 4416 A (scattered), and 
4800 A, 5000 A, and 5200 A (fluorescence). 
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Figure 11: Angular scans of a 20.25 J.tm diameter capillary at 4416 A (scattered), and 
4800 A, 5000 A, and 5200 A (fluorescence). 
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Figure 18: Angular scans of an 18 J.tm diameter capillary at 4416 A (scattered), and 
4800 A, 5000 A, and 5200 A (fluorescence). 
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Figure 19: Angular scans of a 15 p.m diameter capillary at 4416 A (scattered), and 
4800 A, 5000 A, and 5200 A (fluorescence). 
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Figure 20: Angular scans of a 12.65 p.m diameter capillary at 4416 A (scattered), and 
4800 A, 5000 A, and 5200 A (fluorescence). 
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Figure 21: Angular scans of a 5.05 p.m diameter capillary at 4416 A (scattered) and 
5000 A (fluorescence). 

In every case, the leakage of the intense laser light past the filter and grating create 

artifacts by raising and lowering the DC bias level upon which the fluorescence signal is 

added. This is the origin of the fluorescence intensity variations in the forward scatter 

direction. These intensity fluctuations are noticeable as both oscillations with the same 

frequency as the 4416 A scatter as well as the "hills" in the forward and backscatter 

directions. When the 4416 A intensity drops below a certain intensity, the artifacts 

disappear. Because at these low 4416 A intensities the fluorescence is so much more 

intense, all of the oscillations in the 4416 A pattern are not visible at other wavelengths, 

as is easily seen in Figure 21. This is clearly something that might be suspected by 

comparing the 4416 A trace with the others, but was also confirmed during instrument 

construction. This pattern was present in the untiltered data, disappeared when the tilter 
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Figure 22: Comparison of wavelength scans on a 5 /-tm capillary at 15
0

, 90
0

, and 
165

0 

showing the signal bias level due to internal scattering. 

was added, and then reappeared when the cylindrical lens was added and increased the 

amount of light scattered by the capillary (as well as the fluorescence intensity). This 

hypothesis is substantiated by comparing wavelength scans near 15
0

, 90
0 

and 165
0 

on 

the 5 /-tm capillary, presented as Figure 22. Near 15
0 

the laser raises the bias so much 

that the fluorescence is swamped and the characteristic fluorescence spectrum is not 

visible. Near 90
0

, the fluorescence and laser signals are clearly separated. And near 

165
0 

the bias is raised, although not enough to mask the fluorescence signal. 
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The sudden drop in intensity near 170
0 

is due to the fiber optic and lens mounts 

blocking the capillary from the spectrometer's field of view. This provides a convenient 

comparison to the dark current level. In every case, the drop from signal to dark current 

is greater than the noise. 

The angular scans of the fluorescence total intensity generally substantiate the 

conclusion that the fluorescence from these dye-filled capillaries is isotropically emitted. 

This result is at variance with what might have been expected from theory as well as 

Abromson's experimental results. The only necessary qualifications are for the case of 

the 23.3 p.m capillary, Figure 16, where there appears to be a symmetric dip in intensity 

around 90
0 

that is not easily accounted for by the laser signal leakage and the 12.65 p.m 

capillary, Figure 20, where there seems to be a little more signal in the backscatter than 

can obviously be accounted for by leakage. However, since this pattern does not persist 

in the other capillaries, it does not affect the generalization that the fluorescence is 

isotropically emitted. 

4.2.3: Polarization Properties 

Clearly, one of the more sensitive tests of the theories proposed by Chew and Videen 

is the polarization dependencies. All that is necessary is to use a capillary with a size 

parameter in or near the range covered in their theories. Therefore, angular scans with 

a 5 p.m capillary were made to determine whether any spatial anisotropy could be found 

in the two linear polarization components of the total intensity. Scans were made with 

linearly polarized light incident on the fiber and looking at the parallel and perpendicular 

polarization components of the scattered and fluorescent light so that all four possible 
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Figure 23: Angular scans of scattered 4416 A laser light from a 5 p.m capillary for 
various combinations of vertical (V) and horizontal (H) input and output polarizers. 

crossed polarizer combinations were used. These scans are presented in Figure 23 and 

Figure 24. The scattered 4416 A laser light shows evidence of polarization dependent 

structure. The fluorescent emissions at 4900 A show no evidence of angular structure, 

except for bleed through of the 4416 A light when the polarizers are uncrossed. Angular 

scans at 4416 A and 4900 A were made with and unpolarized input and a linear polarizer 

in front of the spectrometer input slitl). These data were then combined to calculate the 

unnormalized Mueller matrix S12 element, Figure 25, which shows the intensity of the 

polarization components. Again allowing for the effects of the bleed through, the data 
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Figure 24: Angular scans of fluorescent 4900 A light from a 5 J.tm capillary for 
various combinations of vertical (V) and horizontal (H) input and output polarizers. 

show no evidence of angular structure in the S'2 element for the fluorescent emissions, 

although, as expected, they are clearly present for the scattered light. 

Therefore, we conclude that the angular anisotropy predictions of Chew and Videen 

for cylinders are not supported by the polarization data collected for these capillaries. 

4.2.4: Effect of Molecular Motion 

Just as important as the absence of spatial anisotropy is, is the question of why 

nothing is seen, even for small capillaries, such as the 5 J.tm one, where the standing 

waves in the capillary produce elastic scattering patterns that are clearly resolvable. One 
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Figure 25: Unnormalized S12 traces for the 5 /lm capillary at 4416 A and 4900 A. 

explanation lies in the critical assumption in hoth Chew's and Videen's work: the hright 

fluorescence centers in the dye, whether they add coherently or incoherently, stay in the 

same place. Both Chew and Videen assumed stationary, oriented radiating dipoles. 

Clearly, if the molecules rotate and translate rapidly, the bright spots in the dye will 

diffuse. If there is enough molecular motion, they will diffuse until the dye fluoresces 

uniformly. Assuming that the fluorescence process follows the input polarization, if there 

is enough molecular rotation, then one would not expect the fluorescence to he polarized, 

even if the input is polarized. 
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To test the effect of translation and rotation of the dye molecules, two experiments 

were conducted, one targeted at rotation and one targeted at thermal motion. To test the 

molecular rotation, a 5 /lm capillary was illuminated with linearly polarized light. A 

linear polarizer was placed between the focussing lens and the capillary, allowing the 

incident polarization to be known precisely. Then another linear polarizer was placed 

between the capillary and the spectrometer input slits and rotated at 10Hz, which yields 

a 20 Hz polarization modulation. If the molecular rotation is small, then the output 

polarization of the fluorescence should be very close to being 100% polarized in one 

direction. The greater the effect of rotation, the less polarized the output will appear. 

Knowing the amount of rotation, rate of polarization modulation, and the typical 

t1uorescence lifetime, the rotation rate can be estimated. For the Coumarin dyes, the 

t1uorescence lifetimes usually run from 0.5 nsec to 8 nsec, depending upon dye and 

solvent.38 

The results of this experiment are presented as Figure 26. Clearly, the 4416 A light 

is polarized and the 4900 A light does not appear to be polarized since there is no visible 

signal modulation. A Fourier analysis of these data show that the 4900 A light does not 

show the 20 Hz modulation that is indicative of a polarized or partially polarized input. 

The variability in the peak amplitude of the 4416 A signal is due to the raw noise in the 

scattered signal. 

Essentially the same thing was done again except there was no polarizer in the input 

beam. These results are presented as Figure 27. The same conclusions are reached. The 

polarization of the scattered light shows that the scattering process does tend to polarize 
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Figure 26: Scattered 4416 A and 4900 A tluorescent light passing through a rotating 
polarizer. The input beam was polarized. 

the scattered light. This polarization was substantiated by the S'2 measurements presented 

in Figure 25 as well as by theory. 

Therefore, we conclude that any rotation of the fluorescing dipoles is much faster than 

the relevant time scale for data collection from a weakly tluorescing CZE system. 

Furthermore, the polarization does not appear to carry any angular information in this 

lossy capillary. 

The second experiment was designed to test the effect of molecular translation 

primarily, although rotation was also reduced. It has been shown that dyes in solvent 



:>-. 
-+-> 
'0-4 
lfJ 

l=l 
(]) 

4416 A 

1 

~ .5· IIDOO A 
f-i 

O-L---------~----------~·----------~------···---J 

1000 2000 
Degrees 

3000 

5 lnlcron capillary 

78 

Figure 27: Scattered 4416 A and 4900 A fluorescent light passing through a rotating 
polarizer. The input beam was unpolarized. 

typically absorb a great deal of energy, typically on the order of 25 %; sometimes the 

local hot spots cause substantial optical distortions. 39 

Clearly, such high energy absorption rates can allow enough energy to be deposited 

in the solution that a great deal of motion may be expected. Therefore, for the purposes 

of the test, all that is required is to remove the heat at least as fast as it is deposited. 

To cool the capillary, a stream of cold (_60
0 

C ± 1 0 C) nitrogen gas blew on a 

capillary to cool it. This cold gas was produced by passing nitrogen gas through a copper 

coil immersed in liquid nitrogen. In order to minimize ice formation on the capillary, 
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the cold stream of nitrogen was surrounded by a 5-6 times larger diameter stream of 

uncooled nitrogen gas from the same source. Although this arrangement did not 

completely eliminate ice formation on the capillary surface, it greatly minimized it. The 

extra scattering of the 4416 A light did not stop it from entering the capillary and exciting 

the dye. The fluorescence from light scattered inside the capillary was visible with the 

naked eye, even though the scattering from the capillary visually swamped the 

fluorescence near the scattering plane. 

This cold gas provided a mechanism to remove the heat deposited from the laser as 

well as drop the temperature of the dye. For comparison, the freezing point of ethanol 

is -117.3
0 

C.40 The purpose of this experiment was to see if, at a reduced temperature 

and therefore with reduced thermal motion, tht angular dependencies predicted by Chew 

or Videen would be observed. This experiment was intended to be a rough experiment 

to quickly determine whether there was any evidence to conclude that the predicted 

features were evident and therefore whether more elaborate techniques were warranted. 

Again using a 5 p.m capillary, angular scans were made. The capillary was filled with 

a lOx normal concentration dye solution to get the greatest possible output. The input 

beam was unpolarized. Three scans were made: total intensity, vertical polarization, and 

horizontal polarization. 

The data are presented in Figure 28. In this figure there are a number of features of 

note. First, there is a dip near 90
0

• Second, the trace is relatively flat between 100
0 

and 

170 o. Third, all of the features of the total intensity trace cannot be accounted for by 

features in the polarization traces. And fourth, one trace does not dip more steeply 
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towards zero than another. These features force questions about whether the data is 

suffering from artifacts. 

Figure 29 shows repeat runs of the total intensity traces to determine repeatability. 

Examination of these traces leads to the conclusion that the bumps in the trace are most 

likely artifacts and are not repeatable under the conditions of this experiment. However, 

the dip near 90
0 

occurs both times. When the experiment was running, the cold nitrogen 

was oriented so that the gas would blow straight at the lens at 8 = 90
0

• The cold nitrogen 
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Figure 28: Angular scans of 5 /Lm cooled capillary showing total intensity, horizontal, 
and vertical polarization scans. 
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Figure 29: Angular scans of 5 JLm cooled capillary showing total intensity 
repeatability . 

mixed with air and created a translucent, turbulent cloud. Thus the dip at 90
0 

is easily 

understood in terms of a systematic intensity decrease in incident 4416 A light. The other 

intensity fluctuations in the traces are also understandable in terms of fluctuations in the 

incident 4416 A light due to the cloud turbulence. 

Thus we conclude that, even when the capillary is cooled and the thermal motion 

reduced, the data do not support the theories of Chew and Videen. For a capillary 

system like the one used in this research, the data support the conclusion that there is not 
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angular structure in the fluorescence, either for the total intensity or for the linear 

polarization components. 

4.3: Wavelength Dependencies 

4.3.1: Overview 

The other important question which needs to he addressed is whether the cavity 

modifies the fluorescence from the capillaries. When we consider a laser cavity, we see 

that the presence of the cavity can have a dramatic effect on the wavelength distrihution. 

The strength of this effect is a function of cavity Q (reflectivity). In fact, the lasing 

wavelength can he changed by the mirror reflectivity as natural transition wavelengths and 

cavity modes interact. This is referred to as mode pulling. When the cavity Q goes 

down, losses are great enough that lasing no longer occurs41 but enhancements are still 

there, although they are weak. Because the same basic cavity geometry is present, the 

analogy to the laser cavity is even stronger when one considers the disk-shaped 

whispering-gallery-mode lasers now availahle. 42 

For CZE experiments, modification of fluorescence spectra means that these spectra 

will need to he corrected to account for the effects of core diameter, refractive indices, 

etc. in order to yield accurate results. If the cavity induces selective enhancement or 

suppression of various wavelengths, then the fluorescence spectrum cannot be analyzed 

the same way as bulk spectra are. Ignorance of these effects essentially impugns the 

reliability of the CZE analysis. 

Of course, the presence of spectral modifications also has pure physics value. These 

modifications in the wavelength distrihution mean that classical and/or quantum cavity 
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effect'! are being seen. These modifications, which are dependent upon the cavity 

geometry, can be considered in a classical sense as resonances in a cylindrical oscillator 

cavity. These classical results are su~ject to certain quantum corrections. As has been 

discussed earlier in this work, based on the body of experiments with high Q cavities, 

quantum corrections are generally detectable, when the cavity dimensions are on the order 

of the wavelength or smaller. However, whatever the reason, the presence of resonances 

in the t1uorescence spectrum has important consequences for CZE and it is a imparts a 

great deal of information about the cavity mode structures and their relative strengths. 

4.3.2: Theory and Other Work 

At the most fundamental level, understanding any wavelength dependencies is simply 

the problem of calculating the resonance modes in the capillary system, given the various 

indices of refraction and physical dimensions. The index of refraction discontinuities at 

the interfaces determine the ret1ection and transmission coefficient'! and hence the finesse 

of the cavity. Analogous to calculation of the Airy function for a parallel plate Fabry

Perot, the variable mode enhancement in the capillary as a function of wavelength can 

be calculated. One would then expect that this cavity-dependent enhancement function 

would modulate the t1uorescence spectrum of the dye in the capillary. Thus a continuous 

t1uorescence spectrum would be modified to contain resonances, with the resonance 

intensity and sharpness determined by the cavity Q factor, properties of materials in the 

cavity, and the instrument used to observe the spectlUm. 

This is precisely the type of result that has been observed. Recently Lin et at. 

reported a study of small, t1uorescent spheres in air illuminated by a pulsed laser. Lin 



84 

reported seeing sharp resonances on top of the Rhodamine 6G fluorescence spectrum. 43 

Others have reported similar findings. 44 ,45,46,47 Although more closely related to the 

discussion of § 4.2.4, Arnold and Folan have reported that temperature-dependent effects 

can also mask the resonances in spheres.48 

Similar results have been reported for cylinders. Owen et ai. (1981) reported seeing 

whispering-gallery-mode resonances from a 9.8 f-tm diameter tiber dipped in laser dye. 17 

Chang et at. (1981) drew a 6 f-tm diameter tiber from a piece of V02-doped glass and 

also reported seeing these resonances on the fluorescent background.49 Resonance effects 

have been seen in other tibers where the exciting radiation was coupled into the tiber, 

rather than the scattering geometry llsed in this experiment and others. 50 Although all 

of these examples are for high Q cavities, it is very clear that the cavity is clearly capable 

of forcing selective enhancement of various modes under a wide variety of conditions. 

This is clearly an attribute of the cavity, not of some other external parameter. 

However, as the particles get smaller and smaller, a point is tinally reached where this 

classical explanation of the fluorescence resonances is no longer completely adequate. 

Although the vast m~jority of the physics is covered in the classical answer, in this 

limiting case the cavity begins to affect transition rates and electronic energy levels. Thus 

resonances shift and spectral distributions are modified. This effect is due to the electric 

tields in the cavity surface being able to perturb the atomic or molecular tields because 

of their close proximity. 9 These effects go by a variety of names, such as Purcell 

enhancement,51 but because the electric tields are stronger near metallic surfaces, it is 

at such high Q surfaces that these effects are most easily seen.52 The effect is substantial 
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for small cavities, because at that point a significant portion of the material is "close" to 

the cavity walls. Because so much of the active region in whispering-gallery-modes is 

close to the cavity wall, under appropriate circumstances, it would not come as a surprise 

to see QED enhancement for cavities larger than a wavelength. In fact, recent results 

have shown that the very small cavity (volume - )..3) is not essential. s3 

The magnitude of the mode enhancement is somewhat material dependent. The result 

calculated by Purcell was based on Fermi's Golden Rule and yields an enhancement 

factor 

Enhancement = P cavity 

Po 
(4) 

which considers the cavity (Pcavity) and free space (Pu) density of states. However, because 

of material properties, that result does not hold when the medium has a large Raman 

linewidth. The enhancement turns out to be 

11 v I 
Enhancement = r' 

(5) 

where A viis the spectral spacing between resonances of the same type and r is the 

Raman linewidth. Both A v 1 and r are given in units of wavenumbers, cm-l
• Thus for 

broad transition linewidths, which many fluorescence spectra display, there is little if any 

enhancement. 54 

4.3.3: Cavity Resonances 

Because there was reason to suspect that resonances, if present, would be weak, every 

possible effort was made to improve the signal-to-noise ratio so that weak changes could 
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be clearly identified. In order to do this, the data was taken using the averaging software 

described in § 2.7.4. The spectrometer was run at I .A/minute with 300 JLm entrance and 

exit slits, yielding an effective bandpass of 6.A. The wavelength dwell was set at 2 .A. 

In the two minute dwell period, the computer would average 32,000 observations for each 

of the 750 data points in each trace. This was done to reduce the uncertainty due to 

noise. 
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Figure 30: Comparison of raw signal and averaged signal. 

This reduction in noise uncertainty is best illustrated by Figure 30. The raw noise in 

the first two minutes is the digitized linear picoammeter output (31,998 pointli), 

approximately the amount of data averaged in each observation in the averaged noise 



# of Points: 
Maximum Value: 
Minimum Value: 
Range: 
Mean: 
Standard Deviation: 

Comparison of Noise Statistics 

Raw Data 
31,998 
1.07666 
0.2619164 
0.807496 
0.631583 
0.111304 

A veraged Data 
31 
0.668757 
0.624451 
0.044306 
0.645578 
0.0092344 

Table 3: Comparison of signal/noise statistics for raw and averaged data. 
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• 

curve, which gives one hour of data. The test sample was a 50 p.m diameter capillary. 

The nominal wavelength on the spectrometer was 5000 A. The statistics on this data are 

presented in Table 3. The averaging reduced the range of the noise by a factor of 18 and 

the standard deviation by a factor of 12. 

When taking spectra in this manner, there were often features which had the 

characteristics of a resonance. In order to better determine if resonances were indeed 

present, a 15 p.m core capillary was examined three times. The first time the spectrum 

was taken and the capillary removed from the kinematic mount (top curve). The second 

(middle curve) and third times (bottom curve) the capillary was placed in the mount and 

the spectra were taken in succession. No changes were made between the second and 

third runs, so exactly the same section of capillary was examined. This data is presented 

in Figure 31. Notice that in the 4500 A to 5000 A range, there are several features 

which look like resonances, especially on the top and bottom curves. There are also 

inflections on the middle curve that are also suggestive of some change. These features 

take on additional strength when considering the statistical probabilities of generating 
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Wavelength scans of 15 Inicron capillary 

Figure 31: Resonance structure repeatability experiment. 

these features randomly. These features are not due to additional emission lines from the 

laser (see Appendix C). 

Careful examination of Figure 31 also shows the effect of the gross spectral changes 

due to the photochemical decomposition of the dye. These gross changes and the process 

that they represent were the greatest difficulty in identifying resonances with certainty. 

Because of the nature of this research, what was required was to verify whether this effect 

could occur and to identify it. 

Further examination of Figure 31 in the region between 5400 A and 6000 A shows 

a striking correlation between the second and third runs. The only ditIerence between 
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Figure 32: Resonance structure repeatability experiment, exploded view. 
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these two runs was the passage of time. This region has been expanded to facilitate 

easier comparison of these two runs and is presented in Figure 32. The structure in these 

runs that may have been dismissed as noise without any other point of comparison is 

repeatable. Given the correlation between the two runs and the process used to generate 

these runs, it is clear that the structure in Figure 32 is real. For these wavelength scans, 

the constant is the cavity, and the structure is due to the cavity. The high degree of 

repeatability in these resonances demonstrates that the noise suppression in the software 

has reduced the noise to essentially undetectable levels. Therefore the structure on the 

curves in Figure 31 must be considered real. 
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The differences in the structure of the spectra is due to the gross changes due to the 

photochemical decomposition, which has a nonlinear suppression effect on different 

wavelengths. This nonlinearity may be either an intrinsic property of the decomposition 

products or due to a nonuniform decay rate (the spectral scans required a significant 

amount of time). It can also affect the resonance structure because of the time-dependent 

cavity tuning that simultaneously takes place. 

W A V E N U M B E R (cm·1) 
16.000 16.500 11.0UO 17.500 10.000 

I 

The resonances in Figure 32 do not show the type of periodicity usually found in 

parallel mirror cavities. Of course, the combined resonance spacing from different radial 

orders (n's) should show a more complex structure than the basic Fabry-Perot cavity as 

additional wavelengths (I's) are tit in the cavity. The structure and patterns are entirely 
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consistent with the experimental observations of Campillo et. ai. 55 who examined 14 /Lm 

spheres of fluorescing Rhodamine 6G. Because of the high reflectivity of these spheres, 

Campillo was also able to detect the onset of lasing. However, most importantly for this 

discussion, Campillo matched the resonance structure that was observed with theory to 

determine precisely which TE or TM mode was responsible for each resonance. Figure 1 

from their paper is presented as Figure 33. Note that the resonance structure of the 

14 /Lm spheres is very similar to that observed in the 15 /Lm capillary. 

Thus we conclude that resonances can be observed even in very lossy cavities, which, 

of course, do not have total internal reflection to create a strong feedback mechanism. 

Therefore, as long as some degree of reflection is present, we conclude that resonances 

can exist, although they may be undetectably weak. 

4.3.4: Absolute Intensity Changes 

Another important question is how the capillary size affects the fluorescence intensity . 

If the cavity has no effect, then the fluorescence intensity should scale linearly with 

volume. If the cavity induces any changes, then deviations will be seen. To determine 

what actually happens, all of the capillaries were mounted and the fluorescence intensity 

was measured at a single wavelength. The averaging software was used to generate a 

high precision number to characterize the fluorescence intensity. 

The results of this experiment are presented in Figure 34 and Figure 35. Note that 

the intensity does not scale with volume. In Figure 34 the parabola is the best parabolic 

fit to the data. The data is surrounded by repeatability limits, which show the worst case 

percentage precision errors expected in the data by allowing for repositioning variations. 
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Figure 34: Intensity as a function of size with repeatability limits and parabolic best 
fit. 

Even after allowing for repeatability, it is clear that the data do not tit a parabola. 

Figure 35 show the same information, except everything has been normalized to volume. 

It is obvious from the dye-stability problems that intensity comparisons between 

capillaries can easily lose meaning if conditions are not carefully controlled. All of the 

capillaries, except for the 50 p.m capillary, had been subjected to the same experimental 

course. Therefore, they had all been subjected to the same amount of time in the laser 

beam. Even with this uniformity of treatment, the intensity still does not scale with 

volume. 
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There are two reasons for this behavior, cavity resonances and decay rates, both of 

which are ultimately dependent on core diameter. Intensity variations as a function of 

size are due to matching the input wavelength to cavity resonances. This being the case, 

then the data is a coarse sampling of the size-dependent resonances expected at a single 

wavelength. Other experimenters have detected size dependencies in their data. For 

example, Lin et al. observed a size dependent variation of fluorescence intensity when 

the size of the droplets changed. 43 

To verify the presence of intensity variations because of matching cavity modes and 

the laser, a tapered cylinder was prepared and filled with the Coumarin/ethanol solution. 
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A Kimble 73811 hematocrit tube, made of soda-lime glass, was pulled to create the 

tapered cylinder. This pulling was done with a commercial instrument used to pull these 

tubes for biological applications. Because of the high melting point temperature of fused 

silica, it is very difficult to pull fused silica capillaries. 
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Figure 36: Fluorescence intensity variations in a tapered capillary. 

The tube tapered very quickly at first and then very slowly further on. The results 

of the z-translation scan, which allowed different core sizes to be probed, is given in 

Figure 36. The first part of the curve, where the trace is relatively flat, is the region of 

rapid tapering. In this region, the tube was wider than the focussed laser beam. The 

second part, upon which a reasonably regular oscillation is present, is the slowly tapering 
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region. In this region the tube inner diameter decreases from approximately 130 /-tm to 

53 /-tm over a distance of 1.5 cm; the tube was narrower than the laser beam. The 

sudden drop at the end of the trace is where the translation stage bottomed out and threw 

the tube mostly out of the beam. 

Each data point represents 12 seconds of data (3200 observations), which was useful 

for noise reduction. Even though the laser beam was still only focussed in one direction, 

as before, the translation still represents a scan across varying sizes. If there is no size 

dependence, then the variation should be smooth and there should be no peaks or valleys. 

The presence of the oscillations confirms the presence of intensity variations due to input 

resonances. These features are probably much sharper than shown, because the broad 

spatial extent of the laser on the tube yields a running average which tends to broaden and 

lower resonance features in the data. 

The magnitude of the intensity fluctuations is the same as is observed when the 

photochemical decomposition tunes and detunes the tube. However, the period of the 

oscillations is driven by the changing tube inner diameter. The fluctuation frequencies 

due to translation and decomposition are distinctly different. 

It is also possible that the photochemical decomposition of the dye is affected by the 

size of the capillary, thus exacerbating the effect. This may be due to restricted fluid 

flow, variations in the total amount of energy absorbed by the dye because of the 

Gaussian beam profile, or rate enhancement due to focussing of the laser beam into the 

cavity, yielding different laser light energy densities to drive the reaction. 



96 

Since all of these mechanisms could take place inside of a capillary during a CZE 

experiment, the important point is that the capillary size can strongly affect the 

fluorescence output intensity per unit volume in a non-uniform manner. 
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CHAPTER 5: CONCLUSIONS 

The goal of this research was to examine the optical properties of small capillaries of 

the type used for CZE to understand the fundamental physical constraints to their use. 

In order to accomplish this, small fused silica capillaries, which are commercially 

available, were filled with a fluorescent laser dye solution. The laser dye was used in 

order to get the strongest possible fluorescence so that the research could concentrate on 

the physics of the capillary, rather than extracting data from a weak signal. 

All of the necessary information to characterize the optical properties of the capillaries 

could be extracted from two types of intensity measurements: I(8)J.fixcd and I(i..)ofixcd made 

for capillaries with different core diameters. With the addition of linear polarizers on the 

input and output optics, some of the Mueller matrix elements could be measured to 

determine what information the elements may contain. 

Theory and preliminary experimental work by Abromson indicated that the 

fluorescence emitted from a small capillary should not be isotropic. However, after 

careful study of the angular structure of the fluorescence, we found it to be isotropic to 

within the sensitivity of the instruments. Because the theories of Chew and Videen 

assume small cylinders with diameters of roughly 10 wavelengths or less, experiments 

were run on a 5 p,m diameter capillaries to attempt to detect what was predicted. Not 

only was the total fluorescence intensity isotropic, but the linear polarization components 

of the fluorescence are also isotropic. 
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The most likely reason for the disagreement with theoretical angular predictions is 

molecular motion in the dye solution. Because the dye is so strongly absorbing, a great 

deal of heat builds up under CW illumination. This heat causes significant thermal 

motion which causes the dye to fluoresce uniformly, rather than to have bright spots, as 

required by theory. 

Even when the dye solution was cooled by 80
0 

C (although not frozen), no angular 

structure was detected. Therefore, isotropic fluorescent emissions are expected for CZE 

or other experiments with a liquid fluorescent core. 

For CZE experiments, the selection of an optimal viewing angle is dictated by two 

constraints: first, design constraints of the instrument; and second, an angle at which the 

elastic scattering from the capillary is small. Since the capillary itself is large enough to 

be considered a Mie particle, the drop off from forward scatter intensities is orders of 

magnitude. Therefore, it is best to place the detectors at an angle of approximately 80
0 

to 140
0 

away from the incident laser beam. 

The other facet of this research was the search for any spectral modifications that may 

be observed in the fluorescence spectrum. From the work of microcavity experimenters, 

we know that when conditions provide for total internal reflection, strong feedback exist ... 

and resonances are observed in spheres and in capillaries. Indeed, if the input intensity 

is high enough, nonlinear effects such as lasing can be observed. 

However, this research has demonstrated that total internal reflection and significant 

feedback are not necessary to create resonances superimposed on the fluorescence 

spectrum. Even with a lower index of refraction core, resonances can be detected, even 
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though they are weak. Thus we know that the only necessary mechanism for resonances 

is reflection to provide some feedback. 

The particulars of the resonance structure are affected by cavity dimensions, index of 

refraction, and core material. The core material, in particular, may be more susceptible 

to various line broadening mechanisms. 

When we consider the full spectrum of refractive index combinations possible for the 

core and the capillary walls, we have to allow ~ = n (core)/n (wall) to range from 0 to 00. 

When ~ = 1, the core and wall are index matched and the boundary disappears. 

Calculating the reflectivity at core-wall interface is equivalent to the quantum mechanics 

problem of calculating reflection coefficients at a finite-width potential discontinuity (not 

a o-function discontinuity). For ~ > I, the problem is equivalent to passing through a 

barrier; for ~ < 1, the problem is equivalent to passing through a well. Obviously, in the 

extreme cases of ~ =0 and ~ = 00, the presence of an infinite barrier or an infinite well 

precludes transmission and the reflectivity must be equal to 1. 

Thus basic considerations have shown that the reflectivity problem is symmetric in its 

limits. Figure 37 illustrates the reflectivity versus ~ for both normal and near tangential 

incidence. The analytical details are presented in Appendix D. The grazing incidence 

reflectivity is asymmetric about ~ = 1 because total internal reflection is a more efficient 

mechanism f()r smaller index discontinuities than grazing incidence. Thus the reflectivity 

increases more quickly in the total internal retlection regime, ~ > I. For the purposes of 

this discussion, the only relevant difference between the ~ > I and ~ < I cases is the 

strength of the reflectivity and hence the cavity feedback. 
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Figure 37: Reflectivity for various comhinations of core and capillary refractive 
indices for normal incidence (0°) and near tangential incidence (87°). 

Consider the nonlinear polarization of a material given hy 

(6) 

where we have ignored the mathematical details associated with the E-tield vectors and 

the susceptihility (X(i) tensors hecause they add nothing to this discussion. There are two 

important things to notice in this equation. First, the nonlinearities are driven hy the 

strength of the electric field in the medium. The electric tield strength in the cavity is 

also a function of the retlectivity of the core/wall interface. Therefore, higher reflectivity 

yields higher internal electric fields. Second, the various X(i) are material dependent. Of 
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course, there are many conditions that can strongly affect nonlinearities, such as phase 

matching conditions in the material. However, if the necessary conditions are met in the 

core, it does not matter whether ~ is greater than or less than one. The nonlinearities 

will still be present, although not with the same strength. However, if there are loss 

mechanisms in the medium, it is possible that an effect noticeable for ~ > 1 may not be 

present for ~ < 1. This is because with the lower reflectivity and hence electric field 

strength in the cavity, the losses may be greater than the gain and thus inhibit the onset 

of the effect. This is why Knight et. at. were not able to get the 50 J-tm diameter 

ethanol/dye solution-filled capillary to lase. 

We have also learned that selection of capillary size can be important. For a variety 

of reasons, the fluorescence intensity is strongly affected by capillary size and does not 

scale linearly with volume. This is due, at least in part, to resonances between the cavity 

and the incident laser beam. The work of Lin et at. as well as our experiments have 

shown that fluorescence intensity is strongly affected by cavity size. This nonlinear 

scaling may also be exacerbated by photoinduced decomposition of the fluorescent 

material. It is possible that effects such as lensing by the cavity or the actual photon flux 

through the core, both affected by cavity size, make the scaling even more nonlinear. 

Whatever the reasons, it is important for CZE experimenters to try several different 

capillary sizes if extremely weak signals must be analyzed. Otherwise, the output 

fluorescence intensity per unit volume may be unnecessarily low. Several sizes may need 

to be investigated because the optical properties, such as refractive index, of the 
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compounds in the capillary are material dependent and a suitable global optimization may 

be required to maximize the fluorescence intensity. 

The last significant contribution of this research was to point out the potentially 

disastrous consequences of photoinduced decomposition of the fluorescent material. Not 

only can this process decrease fluorescence intensity, but it can tune the cavity, further 

modulating the fluorescence intensity. The rate of this decay is strongly dependent on 

the solvent and can vary by many orders of magnitude. 

The use of small capillaries for CZE or similar experiments is a non-trivial problem 

as the capillaries get small. There are many problems which can lead to erroneous 

interpretation of the data if not understood or corrected. Dissemination of this knowledge 

to the community of experimenters using this technique will improve the reliability of 

CZE as well as our understanding of the fundamental physical processes at work. 

Fortunately, because of the symmetry between the ~ > 1 and ~ < 1 cases, the problems 

that may affect CZE are both understood and tractable. The body of knowledge and 

experiment done with droplets, etc. can be ported to understanding the microcavity effects 

which are changing the response of the material in the cavity. Because droplet studies, 

for example, are easier to perform, they are also an easier way to study the material 

properties when more detailed and exhaustive materials studies are conducted. 
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APPENDIX A: SOFTW ARE 

Angular Scan Program (ANGLE.BAS/EXE version 1.02) 
This version of the software does not average data; only simple AID conversions are 
done. The program is written for Microsoft Quickbasic v. 4.5. The source code follows. 

" This program assumes there is a DT2801-A installed at the 
" factory base address of &H2EC. 
" 
" The program assumes Differential, unipolar inputs. 
" The analog input signal is on channel O. 
" After the program determines all the parameters of the AID converter, 
" the user is asked for the gain, and number 
" of conversion values to be used for the AID operation. 
" 
" The "SET AID PARAMETERS" command is then issued, using the gain, 
" start channel, end channel and number of conversion value 
" parameters determined from user input. 
" 
" The user is asked to decide whether or not the EXTERNAL TRIGGER 
" and EXTERNAL CLOCK are to be used. 

" 
" The AID data values are converted to voltage and written 
" to a comma-delimited tile as a wavelength, voltage pair. 
" 

1993" 

COMMON ADLO, ADHO 
DEFINT A-Z 

SHELL "CLRERROR.EXE" 
CLS 
LOCATE 1, 1 
PRINT" 
PRINT" 
PRINT" 

PRINT" 
PRINT 

Spectrophotometer Angle Scan" 
Using DT2801 A" 

Written 8/18/92, v. 1.02 03/23/93, by Boyd V. Hunter, (c) 

Work Supported by the National Science Foundation" 

,,-----------------------------

--------" 
PRINT : PRINT : CLEAR , 25000 

" 



" 

VIEW PRINT 6 TO 25 
BASE. ADDRESS = &H2EC 
COMMAND. REGISTER = BASE.ADDRESS + 1 
STATUS. REGISTER = BASE. ADDRESS + 1 
DATA.REGISTER = BASE. ADDRESS 
COMMAND. WAIT = &H4 
WRITE.WAIT = &H2 
READ.WAIT = &H5 
CSTOP = &HF 
CCLEAR = &Hl 
CERROR = &H2 
CCLOCK = &H3 
CSAD = &HD 
CRAD = &HE 
EXT.CLOCK = &H40 
EXT. TRIGGER = &H80 
CDMA = &HlO 
DUMMY = 5 
BASE.FREQUENCYA# = 800000! 
MIN. TICKS# = &H3 
MAX.TICKS# = 65535! 
MIN.CONV = 3 
MAX.CONV = 32767 
STEP.DEGREE# = 0.9 
GEAR.RATIO = 66 
THETAO# = 0 
DIM ADL(l TO MAX.CONV), ADH(l TO MAX.CONV) 
REM $DYNAMIC 

" AID parameter constants. 
" 

" 

PGH(O) = 1: PGH(I) = 2: PGH(2) = 4: PGH(3) = 8 
SE.CHANNELS = 16: DI.CHANNELS = 8 
FACTOR# = 4096 
UNI.RANGE = 10: UNI.OFFSET = 0 
BIP.RANGE = 20: BIP.OFFSET = 10 
RANGE = UNI.RANGE: OFFSET = UNI.OFFSET 

" Set channel configuration. 
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NUMBER.CHANNELS = DI.CHANNELS " Differential number of channels. 
" 



" Check for legal Status Register. 
" 

STATUS = INP(STATUS.REGISTER) 
IF NOT «STATUS AND &H70) = 0) THEN GOTO 9800 

" 
" Stop and clear the DT2801. 
" 

OUT COMMAND. REGISTER, CSTOP 
TEMP = INP(DATA.REGISTER) 
WAIT STATUS. REGISTER, COMMAND.WAIT 
OUT COMMAND. REGISTER, CCLEAR 
FREQUENCY# = BASE.FREQUENCYA# 
GAIN(O) = PGH(O): GAIN(1) = PGH(1) 
GAIN(2) = PGH(2): GAIN(3) = PGH(3) 

4000 " 
4055 " Get AID gain. 

" 
PRINT 
PRINT " Set full scale range and number of data points. " 
PRINT" Input must be on differential channel 0." 
PRINT : PRINT " "; 
PRINT "Full scale range: 10 V (0), 5 V (1), 2.5 V (2), and 1.25 V (3)" 
INPUT" Select appropriate range (0-3)"; GAIN.CODE 

" 
IF GAIN.CODE = 0 OR GAIN.CODE = 1 OR GAIN.CODE = 2 OR 

GAIN.CODE = 3 THEN GOTO 4200 
PRINT: PRINT" Please use legal value." 
GOTO 4055 

4200 " 
" Set AID channel. 
" 

START. CHANNEL = 0 
END. CHANNEL = 0 

4250 " Determine whether the external clock will be used 
" PRINT: INPUT" Use External Clock (YIN)"; EXCLK$ 
" IF EXCLK$ = "Y" OR EXCLK$ = "y" THEN GOTO 4290 
" IF EXCLK$ = "N" OR EXCLK$ = "n" THEN GOTO 4300 
" GOSUB 8000: GOTO 4250 
EXCLK$ = "Y" 

4290 " Get external clock frequency. 
PRINT 
INPUT " Input External Clock Frequency (> 0 - 100 Hz)"; FREQ# 
IF FREQ# > 100 THEN GOTO 4290 
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IF FREQ# < = 0 THEN GOTO 4290 
TICKS# = MIN.TICKS# 
GOTO 4390 

4300 " Set Internal Clock Frequency 
" Get input in Hertz. 
" 

PRINT 
INPUT" Desired internal clock frequency (Hz)"; FREQ# 
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IF FREQ# > (BASE.FREQUENCYA# I MIN.TICKS#) THEN GOTO 4310 
IF FREQ# < (BASE.FREQUENCYA# I MAX.TICKS#) THEN GOTO 4310 
TICKS# = INT(BASE.FREQUENCYA# I FREQ# + .999999#) 
GOTO 4320 

4310 " 

" 

PRINT 
PRINT" 
PRINT 

Value out of legal range. Legal ranges are:" 

PRINT " Frequency = "; 
PRINT USING "######.##"; BASE.FREQUENCYA# I MAX.TICKS#; 
PRINT" to "; 
PRINT USING "######.##"; BASE.FREQUENCYA# I MIN.TICKS#; 
PRINT" Hertz" 
GOTO 4300 

4320 " 

" 

" 
4330 

4390 

4391 

FREQ# = BASE. FREQUENCY A# I TICKS# 

PRINT 
PRINT" Actual Clock Frequency (closest to desired): "; 
PRINT USING "######.##"; FREQ#; 
PRINT" Hz" 

INPUT " Is this value correct (YIN)"; Y$ 
IF Y$ = "Y" OR Y$ = "y" THEN GOTO 4390 
IF Y$ = "N" OR Y$ = "n" THEN GOTO 4300 
PRINT: PRINT" Please respond with 'V' or 'N' only." 
GOTO 4330 

PRINT 
INPUT" Enter Name of Output File (.PRN appended):"; FILENAME$ 
IF FILENAME$ = "" GOTO 4390 ELSE GOTO 4391 

" 
4400 " Get number of conversions to do. 

" 
PRINT : PRINT 



107 

INPUT" Enter ending scan angle (degrees)"; ANGLE# 
NUM.CONV = ANGLEU * GEAR.RATIO I STEP.DEGREEU 
IF (NUM.CONV > = MIN.CONV AND NUM.CONV < = MAX.CONV) 

THEN GOTO 4600 
PRINT 

" 

PRINT " The minimum angle is "; 
PRINT USING "UUU.UU"; MIN.CONV * STEP. DEGREE I GEAR.RATIO; 
PRINT " 0 ·the maximum is ". , , 
PRINT USING "UUU.UU"; MAX.CONV * STEP. DEGREE I GEAR.RATIO; 
PRINT" 0." 

GOTO 4400 
REDIM ADL(l TO NUM.CONV), ADH(l TO NUM.CONV) 

4600 " Set up the AID converter. 
" Write SET AID PARAMETERS command. 
" 

" 

WAIT STATUS.REGISTER, COMMAND.WAIT 
OUT COMMAND. REGISTER, CSAD 

" Write AID gain byte. 
" 

" 

WAIT STATUS. REGISTER, WRITE.WAIT, WRITE.WAIT 
OUT DATA. REGISTER, GAIN.CODE 

" Write AID start channel byte. 
" 

" 

WAIT STATUS. REGISTER, WRITE.WAIT, WRITE. WAIT 
OUT DATA. REGISTER, START.CHANNEL 

" Write AID end channel byte. 
" 

WAIT STATUS. REGISTER, WRITE.WAIT, WRITE. WAIT 
OUT DATA.REGISTER, END.CHANNEL 

" write high and low bytes of number of conversions 
NUMBERH = INT(NUM.CONV I 256) 
NUMBERL = NUM.CONV - NUMBERH * 256 

" 

WAIT STATUS. REGISTER, WRITE.WAIT, WRITE.WAIT 
OUT DATA.REGISTER, NUMBERL 
WAIT STATUS. REGISTER, WRITE.WAIT, WRITE. WAIT 
OUT DATA. REGISTER , NUMBERH 



" Write two bytes, dummy number of conversions. 
" 
" WAIT STATUS.REGISTER, WRITE.WAIT, WRITE.WAIT 
" OUT DATA. REGISTER, DUMMY 
" WAIT STATUS. REGISTER, WRITE.WAIT, WRITE.WAIT 
" OUT DATA.REGISTER, DUMMY 
" 
" Set internal clock rate. 

5000 " Write SET CLOCK RATE command. 
" 

" 

" 
5200 " 

WAIT STATUS.REGISTER, COMMAND.WAIT 
OUT COMMAND. REGISTER, CCLOCK 
TICKSH = INT(TICKS# 1256) 
TICKSL = TICKS# - TICKSH * 256# 
WAIT STATUS.REGISTER, WRITE.WAIT, WRITE. WAIT 
OUT DATA. REGISTER, TICKSL 
WAIT ST ATUS.REGISTER, WRITE. WAIT, WRITE. WAIT 
OUT DATA.REGISTER, TICKSH 

PRINT : PRINT 
PRINT" SET CLOCK Operation Complete" 

" Check for ERROR. 
" 

WAIT STATUS.REGISTER, COMMAND.WAIT 
STATUS = INP(STATUS.REGISTER) 
IF (STATUS AND &H80) THEN GOTO 9400 

5300 " Set External Clock bit if desired. 
COMMAND = 0 
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IF EXCLK$ = "Y" OR EXCLK$ = "y" THEN COMMAND = EXT. CLOCK 
5400 " 

PRINT 
" INPUT" Wait for External Trigger (YIN)"; TRIG$ 
" 
" IF TRIG$ = "Y" OR TRIG$ = "y" THEN COMMAND = COMMAND -\

EXT. TRIGGER 
" IF TRIG$ = "Y" OR TRIG$ = "y" THEN GOTO 5900 
" IF TRIG$ = "N" OR TRIG$ = "n" THEN GOTO 5900 
" 
" GOSUB 8000: GOTO 5400 
TRIG$ = "Y" 
COMMAND = COMMAND -\- EXT. TRIGGER 



5900 " 
6000 " 

" 

" 

PRINT : PRINT " Ready to Acquire Data. Estimated time "; 
PRINT USING "######.##"; (NUM.CONV I FREQ#); 
PRINT" seconds. ": PRINT 

IF TRIG$ = "N" OR TRIG$ = "n" THEN GOTO 6050 

PRINT : PRINT " Apply EXTERNAL TRIGGER, then wait." 
PRINT : GOTO 6100 

6050 " PRINT" Acquisition has started." 
6100" 
6115 WAIT STATUS.REGISTER, COMMAND.WAIT 
6116 OUT COMMAND. REGISTER, CRAD + COMMAND 

" 
FOR I = 1 TO NUM.CONV: WAIT STATUS.REGISTER, READ.WAIT 
ADL(I) = INP(DATA.REGISTER): WAIT STATUS.REGISTER, 

READ.WAIT 
ADH(I) = INP(DATA.REGISTER): NEXT I 

6120 " Check for ERROR. 
" 

6130 WAIT STATUS.REGISTER, COMMAND.WAIT 
STATUS = INP(STATUS.REGISTER) 
IF (STATUS AND &H80) THEN GOTO 9400 

6140 " 
" Calculate and print the AID readings in volts. 
" 
" NCHAN = END.CHANNEL - START. CHANNEL + 1 
" IF NCHAN < = 0 THEN NCHAN = NCHAN + NUMBER.CHANNELS 
" PRINT 
" 

6150 "DEF SEG = &HO 
PRINT " Data Acquisition complete. " 

6160 OPEN FILENAME$ + ".PRN" FOR OUTPUT AS #1 
" 

6170 PRINT" Transferring "; 
PRINT USING "######"; (NUM.CONV - 2); 
PRINT " Data Points to Disk File. " 

6180 FOR I = 3 TO NUM.CONV 
DATA. VALUE# = ADH(I) * 256# + ADL(I) 
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6184 IF DATA.VALUE# > 32767 THEN DATA.VALUE# = DATA.VALUE#-
65536! 



6185 VOLTS! = «RANGE * DATA.VALUE# / FACTOR#) - OFFSET) / 
GAIN(GAIN . CODE) 
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6186 IF TRIG$ = "Y" OR TRIG$ = "y" THEN THETA! = THETAO# + (I - 1) 
* STEP.DEGREE# / GEAR.RATIO ELSE THETA! = THETAO# + (I - 3) * 
STEP.DEGREE# / GEAR.RATIO 
6187 WRITE #1, THETA!, VOLTS! 
6188 NEXT I 
6190 CLOSE #1 
6900 GOTO 9998 
8000 " 

" Respond to query with 'Y' or 'N'. 
" 

9400 " 

PRINT : PRINT " 
RETURN 

Please respond with 'Y' or 'N' only." 

" Fatal board error. 
" 

PRINT 
PRINT "FATAL BOARD ERROR" 
PRINT "STATUS REGISTER VALUE IS "; HEX$(STATUS); " 

HEXIDECIMAL" 
PRINT : BEEP: BEEP: GOSUB 9600 
PRINT "ERROR REGISTER VALUES ARE:" 
PRINT" BYTE 1 - "; HEX$(ERRORl); " HEXIDECIMAL" 
PRINT" BYTE 2 - "; HEX$(ERROR2); " HEXIDECIMAL" 
PRINT : GOTO 9997 

9600 " 
" Read the Error Register. 
" 

" 

" 

OUT COMMAND. REGISTER, CSTOP: TEMP = INP(DATA.REGISTER) 

WAIT STATUS. REGISTER, COMMAND. WAIT 
OUT COMMAND. REGISTER, CERROR 

WAIT STATUS. REGISTER, READ.WAIT 
ERRORI = INP(DATA.REGISTER) 
WAIT STATUS.REGISTER, READ.WAIT 
ERROR2 = INP(DATA.REGISTER) 
RETURN 

9800 " 
" Illegal Status Register. 
" 

PRINT 



PRINT "FATAL ERROR - ILLEGAL STATUS REGISTER VALUE" 
PRINT "STATUS REGISTER VALUE IS "; HEX$(STATUS); " 

HEXIDECIMAL" 
BEEP: BEEP 

" 
9997 PRINT 

9998 

INPUT" Clear Error Register Now (YIN)"; Y$ 
IF Y$ = "Y" OR Y$ = "y" THEN SHELL "CLRERROR.EXE" 
IF Y$ = "N" OR Y$ = "n" THEN GOTO 9997 

10000 " 
INPUT " Run program again (YIN)"; Y$ 
IF Y$ = "Y" OR Y$ = "y" THEN GOTO 4000 
IF Y$ = "N" OR Y$ = "n" THEN GOTO 10100 

" 
PRINT : PRINT " 
GOTO 10000 

10100 END 

Please respond with 'V' or 'N'." 
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Wavelength Scan Program (SPECTRA.BAS/EXE version 1.03) 
This version of the software does not average data; only simple AID conversions are 
done. The program is written for Microsoft Quickbasic v. 4.5. The source code follows. 

" This program assumes there IS a DT280 1-A mstalled at the 
" factory base address of &H2EC. 
" 
" The program assumes Differential, unipolar inputs. 
" The analog input signal is on channel O. 
" After the program determines all the parameters of the AID converter, 
" the user is asked for the gain, and number 
" of conversion values to be used for the AID operation. 
" 
" The "SET AID PARAMETERS" command is then issued, using the gain, 
" start channel, end channel and number of conversion value 
" parameters determined from user input. 
" 
" The user is asked to decide whether or not the EXTERNAL TRIGGER 
" and EXTERNAL CLOCK are to be used. Then the "READ AID" 
" command is issued. 
" 
" 
" The AID data values are converted to voltage and written 
" to a comma-delimited file as a wavelength, voltage pair. 
" 

1993" 

COMMON ADLO, ADHO 
DEFINT A-Z 

SHELL "CLRERROR.EXE" 
CLS 
LOCATE 1, I 
PRINT" 
PRINT" 
PRINT" 

PRINT" 
PRINT 

Spectrophotometer Wavelength Scan" 
Using DT2801 A " 

Written 5/29/92, Ver. 1.03 3/23193 by Boyd V. Hunter, (c) 

Work Supported by the National Science Foundation" 

,,-----------------------------

--------" 

" 
PRINT : PRINT : CLEAR , 25000 

VIEW PRINT 6 TO 25 
BASE.ADDRESS = &H2EC 

.. 



" 

COMMAND. REGISTER = BASE. ADDRESS + 1 
STATUS. REGISTER = BASE. ADDRESS + 1 
DATA. REGISTER = BASE. ADDRESS 
COMMAND.WAIT = &H4 
WRITE. WAIT = &H2 
READ. WAIT = &H5 
CSTOP = &HF 
CCLEAR = &Hl 
CERROR = &H2 
CCLOCK = &H3 
CSAD = &HD 
CRAD = &HE 
EXT. CLOCK = &H40 
EXT. TRIGGER = &H80 
CDMA = &HIO 
DUMMY = 5 
BASE. FREQUENCY A# = 800000! 
MIN. TICKS# = &H3 
MAX. TICKS# = 65535f 
MIN.CONY = 3 
MAX.CONY = 32767 
DIM ADL(1 TO MAX.CONY), ADH(1 TO MAX.CONY) 
REM $DYNAMIC 

" AID parameter constants. 
" 

" 

PGH(O) = 1: PGH(l) = 2: PGH(2) = 4: PGH(3) = 8 
SE.CHANNELS = 16: DI.CHANNELS = 8 
FACTOR# = 4096 
UNI.RANGE = 10: UNI.OFFSET = 0 
HIP. RANGE = 20: BIP.OFFSET = 10 
RANGE = UNI.RANGE: OFFSET = UNI.OFFSET 

" Set channel configuration. 
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NUMBER. CHANNELS = DI.CHANNELS " Differential number of channels. 
" 
" Check for legal Status Register. 
" 

STATUS = INP(STATUS.REGISTER) 
IF NOT «STATUS AND &H70) = 0) THEN GOTO 9800 

" 
" Stop and clear the DT2801. 



" 
OUT COMMAND. REGISTER, CSTOP 
TEMP = INP(DATA.REGISTER) 
WAIT STATUS.REGISTER, COMMAND.WAIT 
OUT COMMAND. REGISTER, CCLEAR 
FREQUENCY# = BASE. FREQUENCY A# 
GAIN(O) = PGH(O): GAIN(I) = PGH(I) 
GAIN(2) = PGH(2): GAIN(3) = PGH(3) 
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4000 " 
4055 " Get AID gain. 

" 
PRINT 
PRINT" Set full scale range and number of data points." 
PRINT" Input must be on differential channel 0." 
PRINT : PRINT " "; 
PRINT "Full scale range: 10 V (0), 5 V (1), 2.5 V (2), and 1.25 V (3)" 
INPUT" Select appropriate range (0-3): "; GAIN. CODE 

" 
IF GAIN.CODE = 0 OR GAIN.CODE = 1 OR GAIN.CODE = 2 OR 

GAIN.CODE = 3 THEN GOTO 4200 
PRINT : PRINT " Please use legal value." 
GOTO 4055 

4200 " 
" Set AID channel. 
" 

START. CHANNEL = 0 
END. CHANNEL = 0 

4250 " Determine whether the external clock will be used 
PRINT: INPUT" Use External Clock (YIN)"; EXCLK$ 
IF EXCLK$ = "Y" OR EXCLK$ = "y" THEN GOTO 4290 
IF EXCLK$ = "N" OR EXCLK$ = "n" THEN GOTO 4300 
GOSUB 8000: GOTO 4250 

4290 " Get external clock frequency. 
PRINT 
INPUT" Input External Clock Frequency (>0 - 100 Hz): ", FREQ# 
IF FREQ# > 100 THEN GOTO 4290 
IF FREQ# < = 0 THEN GOTO 4290 
TICKS# = MIN.TICKS# 
GOTO 4390 

4300 " Set Internal Clock Frequency 
" Get input in Hertz. 
" 

PRINT 
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INPUT " Desired internal clock frequency (Hz)? ", FREQ# 
IF FREQ# > (BASE.FREQUENCYA# / MIN.TICKS#) THEN GOTO 4310 
IF FREQ# < (BASE.FREQUENCYA# / MAX.TICKS#) THEN GOTO 4310 
TICKS# = INT(BASE.FREQUENCY A# / FREQ# + .999999#) 
GOTO 4320 

4310 " 
PRINT 

" 

PRINT " Value out of legal range. Legal ranges are:" 
PRINT 

PRINT " Frequency = " ; 
PRINT USING "######.##"; BASE.FREQUENCYA# / MAX.TICKS#; 
PRINT" to "; 
PRINT USING "######.##"; BASE.FREQUENCYA# / MIN.TICKS#; 
PRINT" Hertz" 
GOTO 4300 

4320 " 

" 

" 
4330 

4390 

4391 
4392 

4393 

4394 

FREQ# = BASE.FREQUENCYA# / TICKS# 

PRINT 
PRINT " Actual Clock Frequency (closest to desired): "; 
PRINT USING "######.##"; FREQ#; 
PRINT" Hz" 

INPUT " Is this value correct (Y /N)"; Y$ 
IF Y$ = "Y" OR Y$ = "y" THEN OOTO 4390 
IF Y$ = "N" OR Y$ = "n" THEN OOTO 4300 
PRINT : PRINT " Please respond with 'V' or 'N' only." 
GOTO 4330 

PRINT 
INPUT" Enter Name of Output File (.PRN appended):"; FILENAME$ 
IF FILENAME$ = "" GOTO 4390 ELSE GOTO 4391 

" 
PRINT 

LAMBDAO# = 0 
INPUT" Enter Starting Wavelength (A):"; LAMBDAO# 
IF LAMBDAO# = 0 GOTO 4392 ELSE GOTO 4393 

PRINT 
SCAN# = 0 
INPUT" Enter Wavelength Scan Rate (A/min):"; SCAN# 
SCAN# = SCAN# /60 
IF SCAN# = 0 OOTO 4393 ELSE OOTO 4394 

PRINT 



PRINT " DATA POINTS WILL BE SPACED "; 
PRINT USING "#####.#####"; (SCAN# I FREQ#); 
PRINT" A APART." 

4400 " Get number of conversions to do. 
" 

PRINT : PRINT 
INPUT" Ending Wavelength"; LAMBDAF# 
NUM.CONV = (LAMBDAF# - LAMBDAOU) I (SCAN# I FREQ#) 
IF (NUM.CONV > = MIN.CONV AND NUM.CONV < = MAX.CONV) 

THEN GOTO 4600 
" 

PRINT 
PRINT " The minimum wavelength is "; 
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PRINT USING "####.##"; MIN.CONV * SCAN# I FREQ# + LAMBDAO#; 
PRINT "A . the maximum is ". , , 
PRINT USING "####.##"; MAX.CONV * SCAN# I FREQ# + LAMBDAO#; 
PRINT "A." 
GOTO 4400 
REDIM ADL(l TO NUM.CONV), ADH(1 TO NUM.CONV) 

4600 " Set up the AID converter. 
" Write SET AID PARAMETERS command. 
" 

" 

WAIT STATUS. REGISTER, COMMAND. WAIT 
OUT COMMAND.REGISTER, CSAD 

" Write AID gain byte. 
" 

" 

WAIT STATUS.REGISTER, WRITE.WAIT, WRITE. WAIT 
OUT DATA.REGISTER, GAIN.CODE 

" Write AID start channel byte. 
" 

" 

WAIT STATUS.REGISTER, WRITE.WAIT, WRITE.WAIT 
OUT DATA. REGISTER, START.CHANNEL 

" Write AID end channel byte. 
" 

WAIT STATUS.REGISTER, WRITE.WAIT, WRITE.WAIT 
OUT DATA.REGISTER, END. CHANNEL 

" write high and low bytes of number of conversions 
NUMBERH = INT(NUM.CONV I 256) 
NUMBERL = NUM.CONV - NUMBERH * 256 



" 

WAIT STATUS. REGISTER, WRITE.WAIT, WRITE. WAIT 
OUT DATA.REGISTER, NUMBERL 
WAIT STATUS. REGISTER, WRITE.WAIT, WRITE. WAIT 
OUT DATA.REGISTER, NUMBERH 

" Write two bytes, dummy number of conversions. 
" 
" WAIT STATUS.REGISTER, WRITE.WAIT, WRITE.WAIT 
" OUT DATA. REGISTER, DUMMY 
" WAIT STATUS.REGISTER, WRITE.WAIT, WRITE.WAIT 
" OUT DATA. REGISTER, DUMMY 
" 
" Set internal clock rate. 

5000 " Write SET CLOCK RATE command. 
" 

" 

5200 " 

WAIT STATUS. REGISTER, COMMAND.WAIT 
OUT COMMAND. REGISTER, CCLOCK 
TICKSH = INT(TICKSn I 256) 
TICKSL = TICKSn - TICKSH * 256# 
WAIT STATUS. REGISTER, WRITE. WAIT, WRITE.WAIT 
OUT DATA.REGISTER, TICKSL 
WAIT STATUS.REGISTER, WRITE.WAIT, WRITE.WAIT 
OUT DATA.REGISTER, TICKSH 

PRINT : PRINT 
PRINT" SET CLOCK Operation Complete" 

" Check for ERROR. 
" 

WAIT STATUS. REGISTER, COMMAND.WAIT 
STATUS = INP(STATUS.REGISTER) 
IF (STATUS AND &H80) THEN GOTO 9400 

5300 " Set External Clock bit if desired. 
COMMAND = 0 
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IF EXCLK$ = "Y" OR EXCLK$ = "y" THEN COMMAND = EXT.CLOCK 
5400 " 

PRINT 
INPUT" Wait for External Trigger (YIN)"; TRIG$ 

" 
IF TRIG$ = "Y" OR TRIG$ = "y" THEN COMMAND = COMMAND + 

EXT. TRIGGER 
IF TRIG$ = "Y" OR TRIG$ = "y" THEN GOTO 5900 



IF TRIG$ = "N" OR TRIG$ = "n" THEN GOTO 5900 
" 

GOSUB 8000: GOTO 5400 
5900 " 
6000 " 

PRINT : PRINT " Ready to Acquire Data. Estimated time "; 
PRINT USING "######.##"; (NUM.CONV I FREQ#); 
PRINT" seconds.": PRINT 

IF TRIG$ = "N" OR TRIG$ = "n" THEN GOTO 6050 
" 

PRINT : PRINT " Apply EXTERNAL TRIGGER, then wait. " 
PRINT : GOTO 6100 

6050 " PRINT II Acquisition has started. " 
6100" 
6115 WAIT STATUS.REGISTER, COMMAND.WAIT 
6116 OUT COMMAND.REGISTER, CRAD + COMMAND 

" 
FOR I = 1 TO NUM.CONV: WAIT STATUS.REGISTER, READ.WAIT 
ADL(I) = INP(DATA.REGISTER): WAIT STATUS.REGISTER, 

READ.WAIT 
ADH(I) = INP(DATA.REGISTER): NEXT I 

6120 " Check for ERROR. 
" 

6130 WAIT STATUS. REGISTER, COMMAND. WAIT 
STATUS = INP(STATUS.REGISTER) 
IF (STATUS AND &H80) THEN GOTO 9400 

6140 " 
" Calculate and print the AID readings in volts. 
" 
" NCHAN = END. CHANNEL - START.CHANNEL + 1 
" IF NCHAN < = 0 THEN NCHAN = NCHAN + NUMBER. CHANNELS 
" PRINT 
" 

6150 "DEF SEG = &HO 
PRINT " Data Acquisition complete. II 

6160 OPEN FILENAME$ + ".PRN" FOR OUTPUT AS #1 
" 

6170 PRINT" Transferring "; 
PRINT USING "######"; (NUM.CONV - 2); 
PRINT " Data Points to Disk File." 

" INPUT "BEGIN (YIN)"; START$ 
" IF START$ = "Y" OR START$ = "y" GOTO 6180 
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" IF START$ = "N" OR START$ = "n" GOTO 6170 
" GOSUB 8000: GOTO 6170 

6180 FOR I = 3 TO NUM.CONV 
DATA.VALUE# = ADH(I) * 256# + ADL(I) 
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6184 IF DATA.VALUE# > 32767 THEN DATA.VALUE# = DATA.VALUE#-
65536! 
6185 VOLTS! = «RANGE * DATA.VALUE# / FACTOR#) - OFFSET) / 
GAIN(GAIN.CODE) 
6186 IF TRIG$ = "Y" OR TRIG$ = "y" THEN LAMBDA! = LAMBDAO# + (I 
- 1) * (SCAN# / FREQ#) ELSE LAMBDA! = LAMBDAO# + (I - 3) * (SCAN# / 
FREQ#) 
6187 WRITE #1, LAMBDA!, VOLTS! 
6188 NEXT I 
6190 CLOSE #1 

GOTO 9998 
8000 " 

" Respond to query with 'Y' or 'N'. 
" 

9400 " 

PRINT: PRINT" 
RETURN 

Please respond with 'Y' or 'N' only." 

" Fatal hoard error. 
" 

PRINT 
PRINT "FATAL BOARD ERROR" 
PRINT "STATUS REGISTER VALUE IS "; HEX$(STATUS); " 

HEXIDECIMAL" 
PRINT : BEEP: BEEP: GOSUB 9600 
PRINT "ERROR REGISTER VALUES ARE:" 
PRINT" BYTE 1 - "; HEX$(ERRORI); " HEXIDECIMAL" 
PRINT" BYTE 2 - "; HEX$(ERROR2); " HEXIDECIMAL" 
PRINT : GOTO 9997 

9600 " 
" Read the Error Register. 
" 

" 

" 

OUT COMMAND. REGISTER, CSTOP: TEMP = INP(DATA.REGISTER) 

WAIT STATUS. REGISTER, COMMAND.WAIT 
OUT COMMAND.REGISTER, CERROR 

WAIT STATUS. REGISTER, READ. WAIT 
ERRORI = INP(DATA.REGISTER) 
WAIT STATUS.REGISTER, READ.WAIT 



9800 " 

ERROR2 = INP(DATA.REGISTER) 
RETURN 

" Illegal Status Register. 
" 

PRINT 
PRINT "FATAL ERROR - ILLEGAL STATUS REGISTER VALUE" 
PRINT "STATUS REGISTER VALUE IS "; HEX$(STATUS); " 

HEXIDECIMAL" 
BEEP: BEEP 

" 
9997 PRINT 

INPUT" Clear Error Register Now (YIN)"; Y$ 
IF Y$ = "Y" OR Y$ = "y" THEN SHELL "CLRERROR.EXE" 
IF Y$ = "N" OR Y$ = "n" THEN GOTO 9997 

9998 
10000 " 

INPUT " Run program again (YIN)"; Y$ 
IF Y$ = "Y" OR Y$ = "y" THEN GOTO 4000 
IF Y$ = "N" OR Y$ = "n" THEN GOTO 10100 

" 
PRINT : PRINT " 
GOTO 10000 

10100 END 

Please respond with 'V' or 'N'." 
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Clear Error Register Program (CLRERROR.BAS/EXE) 
This program, which is called as an executable file by angle.bas and spectra. bas, clears 
the DT-2801A error register. It also effectively acts as a good way to avoid error 
messages on startup because it makes sure that the board is in a ready state. This 
program was written by Data Translation and supplied with the DT-280IA. I made 
minor modifications to eliminate the loop back to the menu. The source code follows. 
100 "SPI40 Example Program 2 - CLEAR ERROR. 
110 "Version YOI-OO 8/24/83 Robert C. Pace. 
120 " 
130 "This program assumes there is a DT2801, DT2805, DT2801-A, DT280115716 
140 "DT2805/5716, DT2818, DT2808 or DT2808 with expander installed at the 
150 "factory base address of &H2EC. 
200 " 
210 "This program issues a board "STOP" command and then reads the board's 
220 "Data Out Register, which guarantees that the board will then be in 
230 "the READY condition. The program then issues the "CLEAR ERROR" 
command. 
800 " 
810 CLS : PRINT 
820 PRINT" SP140 Version YOl-OO" 
830 PRINT" Example Program 2 - CLEAR ERROR" 
840 PRINT : PRINT 
1000 " 
1010 DEFINT A-Z 
1020 BASE. ADDRESS = &H2EC 
1030 COMMAND. REGISTER = BASE. ADDRESS + 1 
1040 STATUS. REGISTER = BASE.ADDRESS + I 
1050 DATA.REGISTER = BASE.ADDRESS 
1060 COMMAND.WAIT = &H4 
1070 WRITE. WAIT = &H2 
1100 READ. WAIT = &H5 
1110 " 
1120 CCLEAR = &HI 
1130 CERROR = &H2 
1140 CSTOP = &HF 
1150 MENU$ = "EPOO.BAS" 
2000 " 
2010 " Check for legal Status Register. 
2020 " 
2030 STATUS = INP(STATUS.REGISTER) 
2040 IF NOT «STATUS AND &H70) = 0) THEN GOTO 9800 
2100 " 
2110 " Stop and clear DT280 I . 



2120 " 
2130 OUT COMMAND.REGISTER, CSTOP 
2140 TEMP = INP(DATA.REGISTER) 
2200 " 
2210 WAIT STATUS.REGISTER, COMMAND. WAIT 
2220 OUT COMMAND. REGISTER, CCLEAR 
3000 " 
3010 " Check for ERROR. 
3020 " 
3030 WAIT STATUS. REGISTER, COMMAND. WAIT 
3040 STATUS = INP(STATUS.REGISTER) 
3050 IF (STATUS AND &H80) THEN GOTO 9400 
3100" 
3110 PRINT 
3120 PRINT" CLEAR ERROR Operation Complete" 
3130 GOTO 9998 
9400 " 
9410 " Fatal board error. 
9420 " 
9430 PRINT 
9440 PRINT "FATAL BOARD ERROR" 
9450 PRINT "STATUS REGISTER VALUE IS "; HEX$(STATUS); " 
HEXIDECIMAL" 
9460 PRINT: BEEP: BEEP: GOSUB 9600 
9500 PRINT "ERROR REGISTER VALUES ARE:" 
9510 PRINT" BYTE I - "; HEX$(ERROR1); " HEXIDECIMAL" 
9520 PRINT" BYTE 2 - "; HEX$(ERROR2); " HEXIDECIMAL" 
9530 PRINT: GOTO 9998 
9600 " 
9610 " Read the Error Register. 
9620 " 
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9630 OUT COMMAND.REGISTER, CSTOP: TEMP = INP(DATA.REGISTER) 
9640 " 
9650 WAIT STATUS.REGISTER, COMMAND.WAIT 
9660 OUT COMMAND.REGISTER, CERROR 
9670 " 
9680 WAIT STATUS. REGISTER, READ.WAIT 
9700 ERRORI = INP(DAT A.REGISTER) 
9710 WAIT STATUS.REGISTER, READ.WAIT 
9720 ERROR2 = INP(DATA.REGISTER) 
9730 RETURN 
9800 " 
9810 " Illegal Status Register. 



9820 " 
9830 PRINT 
9840 PRINT "FATAL ERROR - ILLEGAL STATUS REGISTER VALUE" 
9850 PRINT "STATUS REGISTER VALUE IS "; HEX$(STATUS); " 
HEXIDECIMAL" 
9860 BEEP: BEEP 
9870 " 
9998 PRINT: PRINT 
10000 " 
10170 END 
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Averaging Data Acquisition Menu Program (DATA.BAS/EXE) 
This program provides a menu to select the particular data acquisition program to be run. 
lt presents four options: averaging AID data acquisition using the DT-2801A for 
wavelength (SPECTRUM.BAS/EXE) or angular (ANGLES.BAS/EXE) scans, or 
equivalent routines for data acquistion using the pulse counting abilities of the 
PC-CTR-20 board in the PC (P-SPECT.BAS/EXE and P-ANGLES.BAS/EXE). The 
program is written for Microsoft Quickbasic v. 4.5. The source code follows. 
9 CLS 

1993" 

LOCATE 1, 1 
PRINT" 
PRINT 
PRINT" 
PRINT" 
PRINT" 

PRINT 

Computerized Experiment Data Acquisition and Control" 

Measurement Type Selection Menu" 
Written lO/23/92 by Boyd V. Hunter" 

Work Supported by the National Science Foundation. (c) 

,,----------------------------

-------" 
PRINT 

lO INPUT "Measure (A)-D Current IDT2801AI or Count (P)ulses IPC-CTR-20J. 
Enter A or P"; MEASTYPE$ 
20 IF MEASTYPE$ = "A" OR MEASTYPE$ = "a" THEN GOTO 99 ELSE 
GOTO 30 
30 IF MEASTYPE$ = "P" OR MEASTYPE$ = "p" THEN GOTO 999 ELSE 
GOTO 40 
40 PRINT "Respond with A or P only.": GOTO 9 

99 CLS 

1993" 

LOCATE 1, 1 
PRINT" 
PRINT 
PRINT" 
PRINT" 
PRINT" 

PRINT 

Analog-Digital Data Acquisition with the DT2801A" 

Scan Selection Menu" 
Written lO/20/92 by Boyd V. Hunter" 

Work Supported by the National Science Foundation. (c) 

,,----------------------------

-------" 
PRINT 
PRINT "Make sure that the signal router is set to linear or logarithmic 

CURRENT" 
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PRINT "and that the signals, triggers, data, and control lines are connected. " 
PRINT 
PRINT 

100 INPUT "Perform an (A)ngular scan or a (W)avelength scan. Enter A or W"; 
SCANTYPE$ 
200 IF SCANTYPE$ = "A" OR SCANTYPE$ = "a" THEN CHAIN 
"ANOLES.EXE" ELSE OOTO 300 
300 IF SCANTYPE$ = "W" OR SCANTYPE$ = "w" THEN CHAIN 
"SPECTRUM.EXE" ELSE OOTO 400 
400 PRINT "Respond with A or W only. ": OOTO 99 
999 CLS 

1993" 

LOCATE 1, 1 
PRINT" 
PRINT 
PRINT" 
PRINT" 
PRINT" 

PRINT 

Pulse Counting with the PC-CTR-20" 

Scan Selection Menu" 
Written 10123/92 by Boyd V. Hunter" 

Work Supported by the National Science Foundation. (c) 

"----------------------------

-------" 
PRINT 
PRINT "Make sure that the signal router is set to PULSES" 
PRINT "and that the signals, triggers, data, and control lines are connected. " 
PRINT 
PRINT 

1000 INPUT "Perform an (A)ngular scan or a (W)avelength scan. Enter A or W"; 
SCANTYPE$ 
2000 IF SCANTYPE$ = "A" OR SCANTYPE$ = "a" THEN CHAIN 
"P-ANOLES.EXE" ELSE OOTO 3000 
3000 IF SCANTYPE$ = "W" OR SCANTYPE$ = "w" THEN CHAIN 
"P-SPECT.EXE" ELSE OOTO 4000 
4000 PRINT "Respond with A or W only. ": OOTO 999 
10000 END 
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Spectral Scan Program (SPECTRUM.BAS/EXE version 2.01) 
This software averages data. The conversion rate is set based on tests of the system to 
determine how quickly the compiled version can run without garbling the data. The 
program is written for Microsoft Quickbasic v. 4.5. The source code follows. 
DECLARE SUB SETUPAD (GAIN.CODE%, NUM.CONV%, PERIODU) 
DECLARE SUB TIME. VALUE (TIMEU) 
DECLARE SUB READINIT (DIO. DATA I %) 
DECLARE SUB READINI (DIO. DATA 1 %) 
DECLARE SUB READAD (DATUMU, NUM.CONV%) 
DECLARE SUB SETDIO 0 
DECLARE SUB WRITEO (WRITE. VALUE %) 
DECLARE SUB SETTIMER 0 
DECLARE SUB BOARDERR 0 
REM $INCLUDE: '9513decl.bas' 
REM Module spectrum. bas 

" This program assumes there is a DT2801-A installed at the 
" factory base address of &H2EC. 
" 
" The program assumes Differential, unipolar inputs. 
" The analog input signal is on channel O. 
" After the program determines all the parameters of the AID converter, 
" the user is asked for the gain, and number 
" of conversion values to be used for the AID operation. 
" 
" The "SET AID PARAMETERS" command is then issued, using the gain, 
" start channel, end channel and number of conversion value 
" parameters determined from user input. 
" 
" The AID data values are converted to voltage and written 
" to a comma-delimited file as a wavelength, voltage pair. 
" 

1993" 

CLS 
LOCATE 1, I 
PRINT" 
PRINT" 
PRINT" 

PRINT" 
PRINT 

Spectrophotometer Wavelength Scan" 
Using DT2801A" 

Written 5/29/92, Ver. 2.01 3/23193 by Boyd V. Hunter, (c) 

Work Supported by the National Science Foundation" 

,,----------------------------

-------" 
PRINT : PRINT : CLEAR , 25000 
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" 
REM $INCLUDE: '9513cmds.bas' 
REM $INCLUDE: '2801ADCL.bas' 

PERIOD# = 3000# 
VIEW PRINT 6 TO 25 
REM $DYNAMIC 

" 

REM These are the data values for the control lines to the experiment relevant to 
angular measures 

DIGITAL.CONFIG% = LAMBDA.FWD + LAMBDA.SELECT 
" 

4000 " 
4055 " Get A/D gain. 

" 
PRINT 
PRINT "Set full scale range." 
PRINT "Input must be on differential channel O. " 
PRINT : PRINT " "; 
PRINT "Full scale range: 10 V (0), 5 V (1), 2.5 V (2), and 1.25 V (3)" 
INPUT" Select appropriate range (0-3)"; GAIN.CODE 

" 
IF GAIN.CODE = 0 OR GAIN.CODE = 1 OR GAIN.CODE = 2 OR 

GAIN.CODE = 3 THEN GOTO 4390 
PRINT: PRINT" Please use legal value." 
GOTO 4055 

4390 PRINT 
INPUT" Enter Name of Output File (.PRN appended):"; FILENAME$ 
IF FILENAME$ = "" GOTO 4390 ELSE GOTO 4391 

4391 " 
" Get number of conversions to do. 

4392 PRINT 
INPUT" Enter Starting Wavelength (A):"; LAMBDAO# 
PRINT 
INPUT" Enter Ending Wavelength (A):"; LAMBDAF# 
IF LAMBDAO# < 0 OR LAMBDAF# < 0 THEN GOTO 4392 

4393 PRINT 
SCAN# = 0 
INPUT" Enter Wavelength Scan Rate (A/min):"; SCAN# 
IF SCAN# < 1# GOTO 4393 
SCAN# = SCAN# /60 
PRINT 



4394 INPUT" Enter Desired Resolution (A)"; SPACING# 
DWELL# = SPACING# / SCAN# 
NUM.CONV = DWELL# * (FREQUENCY# / PERIOD#) 
IF NUM.CONV < MIN.CONV THEN NUM.CONV = MIN.CONV: 

DWELL# = MIN .CONV / (FREQUENCY# / PERIOD#) 
4400 " Determine duration of experiment. 

DIRECTION = 1 
TIME# = (LAMBDAF# - LAMBDAO#) / SCAN# 
IF TIME# < 0 THEN TIME# = -TIME#: DIRECTION = -1: 

DIGITAL.CONFIG% = LAMBDA.REV + LAMBDA. SELECT 
" Set up Digital I/O 
CALL SETDIO 

4600 "Set up the A/D converter. 
CALL SETUPAD(GAIN.CODE, NUM.CONV, PERIOD#) 

REM Set up the timebase on the PC-CTR-20 card. Use chip 0 
REM Activate Timebase 

CALL SETTIMER 

CLS 2 
VIEW PRINT 
LOCATE 7, 1: PRINT "Output File: "; 
PRINT USING "&"; FILENAME$ + ".PRN"; 
LOCATE 7, 45: PRINT "Estimated Time: "; TIME#; " seconds" 
LOCATE 8, 1: PRINT "Full-Scale Range: "; 10 / GAIN(GAIN.CODE); 

"Volts"; 
LOCATE 8, 35: PRINT "Spectral Dwell: "; DWELL# * SCAN#; "A" 
LOCATE 8, 60: PRINT "Samples: "; NUM.CONV 
LOCATE 9, 1: PRINT "Starting Wavelength: "; LAMBDAO#; "A" 
LOCATE 9,45: PRINT "Ending Wavelength: "; LAMBDAF#; "A" 
LOCATE 10, 1: PRINT 
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,,---------------------------

-------" 

5200 " 

LOCATE 12,1: PRINT "Wavelength", , "Average Voltage", "Elapsed Time" 
VIEW PRINT 14 TO 25 

" Check for ERROR. 
CALL BOARDERR 
OPEN FILENAME$ + ".PRN" FOR OUTPUT AS #1 

REM Start the experiment 
CALL WRITEO(DIGITAL.CONFIG% + LAMBDA.TRIGGER) 

REM Wait for the trigger pulse AND 
REM Verify that the gate has also gone high--insurance against 



REM a spurious trigger pulse when starting the synchronous motor--allows a 
manual 
REM reset through startup if needed 

DIO.DATAl = 0: CALL READIN1T(DIO.DATAI) 
IF (DIO.DATAl AND 1) < > 1 THEN GOTO 6000 ELSE GOTO 6100 

6000 DIO.DATAl = 0: CALL READIN1(DIO.DATAl) 
IF (DIO.DATAl AND 1) < > 1 THEN GOTO 6000 ELSE GOTO 6100 

6100 PRINT "Trigger Received. Starting Counters and AID Converter." 
REM Start Counters 
OUT COMMAND. PORTO, ARM + S2 + S3 
CALL WRITEO(DIGITAL.CONFIG%) 
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6180 REM DO UNTIL ENOUGH TIME HAS ELAPSED TO SCAN THE GIVEN 
RANGE 
REM Get the starting time 

TIMEV AL# = 0: CALL TIME. V ALUE(TIMEV AL#) 
START. TIME# = TIMEV AL# 
IF START.TIME# > TIME# THEN GOTO 6190 

REM Acquire data, set datum#=O for each iteration 
DATUM# = 0 
CALL READAD(DATUM#, NUM.CONV) 

REM Get the i1nishing time 
TIMEV AL# = 0: CALL TIME. V ALUE(TIMEV AL#) 
END. TIME# = TIMEV AL# 

6185 VOLTS! = {(RANGE * DATUM# I FACTOR#) - OFFSET) I 
GAIN(GAIN.CODE) 
6186 LAMBDA! = LAMBDAO# + SCAN# * DIRECTION * (START.TIME# + 
END.TIME#) I 2 
6187 WRITE #1, LAMBDA!, VOLTS! 

PRINT LAMBDA!; TAB(28); VOLTS!; TAB(56); END.TIME# 
6188 GOTO 6180 
6190 CLOSE #1 
6900 GOTO 9998 
8000 " 

" Respond to query with 'Y' or 'N'. 
" 

PRINT : PRINT " 
RETURN 

9998 'Turn experiment off 
CALL WRITEO(O) 

10000 " 

Please respond with 'Y' or 'N' only." 

INPUT " Run program again (YIN)"; Y$ 
IF Y$ = "Y" OR Y$ = "y" THEN GOTO 4000 



IF Y$ = "N" OR Y$ = "n" THEN GOTO 10100 
" 

PRINT : PRINT " 
GOTO 10000 

10100 END 

Please respond with 'Y' or 'N'." 
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Angular Scan Program (ANGLES.BAS/EXE version 2.01) 
This software averages data. The conversion rate is set based on tests of the system to 
determine how quickly the compiled version can run without garbling the data. The 
program is written for Microsoft Quickbasic v. 4.5. The source code follows. 
DECLARE SUB READIN1 (DIO.DATA1 %) 
DECLARE SUB READAD (DATUM#, NUM.CONV%) 
DECLARE SUB STEPTBL (DIGITAL.CONFIG%) 
DECLARE SUB SETDIO 0 
DECLARE SUB BOARDERR 0 
DECLARE SUB SETUPAD (GAIN.CODE%, NUM.CONV%, PERIOD#) 
DECLARE SUB WRITEO (WRITE. VALUE %) 
REM Module angles. bas 

" This program assumes there is a DT2801-A installed at the 
" factory base address of &H2EC. 
" 
" The program assumes Differential, unipolar inputs. 
" The analog input signal is on channel O. 
" After the program determines all the parameters of the AID converter, 
" the user is asked for the gain, and number 
" of conversion values to be used for the AID operation. 
" 
" The "SET AID PARAMETERS" command is then issued, using the gain, 
" start channel, end channel and number of conversion value 
" parameters determined from user input. 
" 
" The AID data values are converted to voltage and written 
" to a comma-delimited file as a wavelength, voltage pair. 

1993" 

SHELL "CLRERROR.EXE" 
CLS 
LOCATE 1, 1 
PRINT" 
PRINT" 
PRINT" 

PRINT" 
PRINT 

Spectrophotometer Angle Scan" 
Using DT2801 A" 

Written 8/18/92, v. 2.01, 5127/93, by Boyd V. Hunter, (c) 

Work Supported by the National Science Foundation" 

,,----------------------------

-------" 
PRINT : PRINT : CLEAR , 25000 

REM $INCLUDE: '2801ADCL.BAS' 
PERIOD# = 3000# 
VIEW PRINT 6 TO 25 



STEP.DEGREE# = 1.8# 
GEAR.RATIO = 66 
THETAO# = 0 
REM $DYNAMIC 

REM Set the base experiment configuration for the data control lines 
DIGITAL.CONFIG% = THETA.FWD + THETA. SELECT 

4000 " 
4055 " Get AID gain. 

" 
PRINT 
PRINT " Set full scale range." 
PRINT" Input must be on differential channel 0." 
PRINT : PRINT " "; 
PRINT" Full scale range: 10 V (0), 5 V (1), 2.5 V (2), and 1.25 V 

(3)" 
INPUT" Select appropriate range (0-3)"; GAIN.CODE 

" 
IF GAIN .CODE = 0 OR GAIN .CODE = 1 OR GAIN .CODE = 2 OR 

GAIN.CODE = 3 THEN GOTO 4390 
PRINT : PRINT " Please use legal value." 
GOTO 4055 

4390 PRINT 
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INPUT" Enter Name of Output File (.PRN appended):"; FILENAME$ 
IF FILENAME$ = '"' GOTO 4390 ELSE GOTO 4391 

4391 INPUT" Enter Dwell Period (seconds)"; DWELL# 
NUM.CONV = DWELL# '" (FREQUENCY# I PERIOD#) 
IF NUM.CONV < MIN.CONV THEN NUM.CONV = MIN.CONV: 

DWELL# = MIN.CONV I (FREQUENCY# I PERIOD#) 
PRINT "STOP! Reset gates now. Otherwise AID will start early." 

4400 " Get number of conversions to do. 
" 

PRINT : PRINT " Starting angle is 0 degrees. " 
INPUT" Enter ending scan angle (degrees)"; ANGLE# 
ITERATIONS& = ANGLE# * GEAR.RATIO I STEP.DEGREE# 
" Set up Digital I/O 
CALL SETDIO 

4600 "Set up the AID converter. 
CALL SETUPAD(GAIN.CODE, NUM.CONV, PERIOD#) 
CLS 2 
VIEW PRINT 
LOCATE 7, 1: PRINT "Output File: "; FILENAME$; ".PRN" 



LOCATE 8, 1: PRINT "Full Scale Range: "; 10 I GAIN(GAIN.CODE); " 
Volts"; 

LOCATE 8,40: PRINT "Dwell Period: "; DWELL#; 
LOCATE 8, 60: PRINT "seconds" 
LOCATE 9, 1: PRINT "Starting Angle: 0 0,,; 
LOCATE 9, 40: PRINT "Ending Angle: "; ANGLE#; "0,, 
LOCATE 10, 1: PRINT 
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,,--------------------------

-------" 
LOCATE 12, 1: PRINT "Angle", , "Volts" 
VIEW PRINT 14 TO 25 

5200 " 
" Check for ERROR. 

CALL BOARDERR 
OPEN FILENAME$ + ".PRN" FOR OUTPUT AS #1 
CALL WRITEO(DIGITAL.CONFIG%) 

REM Step table to Theta=O, i.e. until the gate goes high 
6000 DIO.DATAI = 0: CALL READINl(DIO.DATAl) 

IF (DIO.DATAI AND 1) < > 1 THEN CALL 
STEPTBL(DIGITAL.CONFIG%): GOTO 6000 ELSE GOTO 6100 
6100 PRINT "Trigger Received. Starting AID Converter." 
6180 FOR 1& = 0 TO ITERATIONS& 

DATUM# = 0 
CALL READAD(DATUM#, NUM.CONV) 

6185 VOLTS! = «RANGE * DATUM# I FACTOR#) - OFFSET) I 
GAIN(GAIN.CODE) 
6186 THETA! = THETAO# + 1& * STEP.DEGREE# I GEAR.RATIO 
6187 WRITE #1, THETA!, VOLTS! 

PRINT THETA!; TAB(28); VOLTS! 
CALL STEPTBL(DIGITAL.CONFIG%) 

6188 NEXT 1& 
6190 CLOSE #1 
6900 GOTO 9998 
8000 " 

" Respond to query with 'Y' or 'N'. 
" 

PRINT : PRINT " 
RETURN 

9998 'Stop experiment 
CALL WRITEO(O) 

10000 " 

Please respond with 'V' or 'N' only." 

INPUT" Run program again (YIN)"; Y$ 



IF Y$ = "Y" OR Y$ = "y" THEN OOTO 4000 
IF Y$ = "N" OR Y$ = "n" THEN OOTO 10100 

" 
PRINT : PRINT " 
OOTO 10000 

10100 END 

Please respond with 'Y' or 'N'." 
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These are the subroutines and declaration files called by spectrum. bas and angles. bas. 
280IADCL.BAS 

These are the commands and varible settings used to run the DT-2S01A. Numbers are 
equated to varibles with more obvious names. The purpose of this exercise is to make 
the command strings easier to read and define these variables in one place. They are 
called by different programs and subroutines so this makes the editing easier. 

DEFINT A-Z 
BASE.ADDRESS.2S01a = &H2EC 
COMMAND.REGISTER = BASE.ADDRESS.2S01a + 1 
STATUS. REGISTER = BASE.ADDRESS.2S01a + 1 
DATA.REGISTER = BASE.ADDRESS.2S01a 
MIN.CONV = 3 
MAX.CONV = 5000 
COMMAND.WAIT = &H4 
WRITE. WAIT = &H2 
READ.WAIT = &H5 
CSTOP = &HF 
CRESET = &HO 
CCLEAR = &Hl 
CERROR = &H2 
CCLOCK = &H3 
CSAD = &HD 
CRAD = &HE 
EXT.CLOCK = &H40 
EXT.TRIGGER = &HSO 
CDMA = &HlO 
DUMMY = 5 
CSOUT = &H5 
CDIOOUT = &H7 
CSIN = &H4 
CDIOIN = &H6 
DIOINPORT = 1 
DIOOUTPORT = 0 

" Detine DMA constants for DMA channell. 
" 
" The DMAMODE value is set to program DMA channel 1 
" for single byte transfer memory write. 
" 
" The memory to be used for DMA start4i at memory address &HFSOO 
" on memory page O. 
" 

DMACHANNEL = 1 



" 

DMAMODE = &H45 
BASEREG = 2 
COUNTREG = 3 
PAGEREG = &H83 
DMABASEL = 0 
DMABASEH = &HF8 
DMAPAGE = 0 

" AID parameter constants. 
" 

" 

" 

SE.CHANNELS = 16: DI.CHANNELS = 8 
FACTOR# = 4096 
UNI.RANGE = 10: UNI.OFFSET = 0 
BIP.RANGE = 20: BIP.OFFSET = 10 
RANGE = UNI.RANGE: OFFSET = UNI.OFFSET 
BASE. FREQUENCY A# = 800000! 
PERIOD.DT2801A# = 1600 'This set~ the clock to 500 Hz 
DIM GAIN(O TO 3) 
GAIN(O) = 1 
GAIN(l) = 2 
GAIN(2) = 4 
GAIN(3) = 8 

FREQUENCY# = BASE.FREQUENCYA# 

" Set channel configuration. 
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NUMBER.CHANNELS = DI.CHANNELS " Differential number of channels. 
START.CHANNEL = 0: END.CHANNEL = 0 

REM Definition of Port 0 commands for experiment contro] 
THETA.FWD = 4 
THETA.REV = 8 
THETA.STEP = 16 
THETA.SELECT = 64 
LAMBDA. FWD = ] 
LAMBDA.REV = 2 
LAMBDA. TRIGGER = 32 
LAMBDA.SELECT = 0 
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DIO.BAS 
These are the subroutines to control digital input and output through the DT-280lA 
digital I/O ports. 
DECLARE SUB STEPTBL (DIGITAL.CONFIG%) 
DECLARE SUB BOARDERR 0 
DECLARE SUB STAT ERR 0 
DECLARE SUB WRITEO (WRITE. VALUE %) 
REM Module contains functions readinl and readinl t, which read 
REM Port I wlo & wi a trigger pulse 
REM Additional Subroutines are steptbl, which steps the table and 
REM writeO which writes a value to Port 0 to control the expo 

SUB READINI (DIO.DATAI %) 
REM $INCLUDE: '280IADCL.bas' 

" Check for legal Status Register. 

CALL STATERR 
" 
" Stop and clear the DT280 I . 
" 

" 

" 

OUT COMMAND.REGISTER, CSTOP 
TEMP = INP(DATA.REGISTER) 
WAIT STATUS.REGISTER, COMMAND.WAIT 
OUT COMMAND. REGISTER, CCLEAR 

" Write READ DIGITAL INPUT IMMEDIATE command. 
" 

" 

WAIT STATUS.REGISTER, COMMAND.WAIT 
OUT COMMAND. REGISTER, CD lOIN 

" Write DIGITAL PORT SELECT byte. 
" 

" 

WAIT STATUS.REGISTER, WRITE. WAIT, WRITE.WAIT 
OUT DATA. REGISTER, DIOINPORT 

" Read first data byte. 
" 

" 

WAIT STATUS.REGISTER, READ.WAIT 
DIO. DATA I % = INP(DATA.REGISTER) 

" Check for ERROR. 



" 
CALL BOARDERR 

END SUB 

DEFSNG A-Z 
SUB READINIT (DIO.DATAI %) 
REM $INCLUDE: '2801ADCL.bas' 

" Check for legal Status Register. 

CALL ST ATERR 
" 
" Stop and clear the DT280 I . 
" 

" 

" 

OUT COMMAND.REGISTER, CSTOP 
TEMP = INP(DATA.REGISTER) 
WAIT STATUS. REGISTER, COMMAND.WAIT 
OUT COMMAND.REGISTER, CCLEAR 

" Write READ DIGITAL INPUT IMMEDIATE command. 
" 

WAIT STATUS. REGISTER, COMMAND. WAIT 
OUT COMMAND. REGISTER, CDIOIN + EXT.TRIGGER 

" 
" Write DIGITAL PORT SELECT byte. 
" 

" 

WAIT STATUS.REGISTER, WRITE. WAIT, WRITE.WAIT 
OUT DATA.REGISTER, DIOINPORT 

" Read first data byte. 
" 

" 

WAIT STATUS.REGISTER, READ.WAIT 
DIO.DATAI = INP(DATA.REGISTER) 

" Check for ERROR. 
" 

CALL BOARDERR 
END SUB 

DEFSNG A-Z 
SUB SETDIO 
" Set digital input (I) and output (0) ports 
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REM $INCLUDE: '2801ADCL.bas' 
CALL STATERR 

" Stop and clear the DT280 I . 
" 

OUT COMMAND. REGISTER, CSTOP 
TEMP = INP(DATA.REGISTER) 
WAIT STATUS.REGISTER, COMMAND.WAIT 
OUT COMMAND.REGISTER, CCLEAR 

" Write SET DIGITAL PORT FOR OUTPUT command. 
" 

" 

WAIT STATUS. REGISTER, COMMAND.WAIT 
OUT COMMAND.REGISTER, CSOUT 

" Write DIGITAL PORT SELECT byte. 
" 

" 

WAIT STATUS. REGISTER, WRITE.WAIT, WRITE.WAIT 
OUT DATA.REGISTER, DIOOUTPORT 

CALL BOARDERR 

PRINT" SET DIO FOR OUTPUT, Port 0, Operation Complete" 

" Write SET DIGITAL PORT FOR INPUT command. 
" 

" 

WAIT STATUS. REGISTER, COMMAND.WAIT 
OUT COMMAND.REGISTER, CSIN 

" Write DIGITAL PORT SELECT byte. 
" 

" 

WAIT STATUS.REGISTER, WRITE.WAIT, WRITE.WAIT 
OUT DATA.REGISTER, DIOINPORT 

" Check for ERROR. 
" 

CALL BOARDERR 
PRINT" SET DIO FOR INPUT, Port 1, Operation Complete" 

END SUB 

DEFSNG A-Z 
SUB STEPTBL (DIGITAL.CONFIG%) 
REM Step the table by I 
REM $INCLUDE: '2801ADCL.bas' 
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CALL WRITEO(DIGITAL.CONFIG% + THETA. STEP) 
CALL WRITEO(DIGITAL.CONFIG%) 

END SUB 

DEFSNG A-Z 
SUB WRITEO (WRITE.VALUE%) 
REM $INCLUDE: '2801ADCL.bas' 

CALL STATERR 
" Stop and clear the DT2801. 
" 

" 

OUT COMMAND. REGISTER, CSTOP 
TEMP = INP(DAT A.REGISTER) 
WAIT STATUS. REGISTER, COMMAND. WAIT 
OUT COMMAND. REGISTER, CCLEAR 

DIOOUTPORT = 0 
" Write WRITE DIGITAL OUTPUT IMMEDIATE. 
" 

WAIT STATUS.REGISTER, COMMAND. WAIT 
OUT COMMAND. REGISTER, CDIOOUT + COMMAND 

" 
" Write DIGITAL PORT SELECT byte. 
" 

" 

WAIT STATUS.REGISTER, WRITE.WAIT, WRITE.WAIT 
OUT DATA. REGISTER, DIOOUTPORT 

" Write the data byte. 
" 

WAIT STATUS.REGISTER, WRITE.WAIT, WRITE.WAIT 
OUT DATA.REGISTER, WRITE.VALUE% 
CALL BOARDERR 

END SUB 
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SETUPAD.BAS 
These are the subroutines to setup the AID conversions on the DT-2801A. 
DECLARE SUB STATERR 0 
REM Module Setupad.bas 
REM The subroutine setupad is here, passes gain.code as a parameter 

DEFINT A-Z 
SUB SETUPAD (GAIN.CODE, NUM.CONV, PERIOD#) 
REM $INCLUDE: '2801ADCL.bas' 

CALL ST ATERR 
" 
" Stop and clear the DT2801. 
" 

" 

OUT COMMAND.REGISTER, CSTOP 
TEMP = INP(DATA.REGISTER) 
WAIT STATUS. REGISTER, COMMAND.WAIT 
OUT COMMAND.REGISTER, CCLEAR 

" Set up the AID converter. 
" Write SET AID PARAMETERS command. 
" 

" 

WAIT STATUS.REGISTER, COMMAND.WAIT 
OUT COMMAND. REGISTER, CSAD 

" Write AID gain byte. 
" 

" 

WAIT STATUS. REGISTER, WRITE. WAIT, WRITE.WAIT 
OUT DATA.REGISTER, GAIN.CODE 

" Write AID start channel byte. 
" 

" 

WAIT STATUS.REGISTER, WRITE.WAIT, WRITE.WAIT 
OUT DATA. REGISTER, START.CHANNEL 

" Write AID end channel byte. 
" 

" 

WAIT STATUS.REGISTER, WRITE. WAIT, WRITE.WAIT 
OUT DATA. REGISTER, END.CHANNEL 

" Write high and low bytes of NCONVERSIONS#. 
" 

NUMBERH = INT(NUM.CONV I 256) 
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" 

NUMBERL = NUM.CONV - NUMBERH * 256 
WAIT STATUS.REGISTER, WRITE.WAIT, WRITE.WAIT 
OUT DATA.REGISTER, NUMBERL 
WAIT STATUS. REGISTER, WRITE.WAIT, WRITE. WAIT 
OUT DATA.REGISTER, NUMBERH 

" Set internal clock rate. 
" Write SET CLOCK PERIOD command. 
" 

" 

WAIT STATUS. REGISTER, COMMAND. WAIT 
OUT COMMAND. REGISTER, CCLOCK 

" Write high and low hytes of PERIOD#. 
" 

PERIODH = INT(PERIOD# 1256) 
PERIODL = PERIOD# - PERIODH * 256 
WAIT STATUS. REGISTER, WRITE.WAIT, WRITE.WAIT 
OUT DATA. REGISTER , PERIODL 
WAIT STATUS. REGISTER, WRITE. WAIT, WRITE. WAIT 
OUT DATA.REGISTER, PERIODH 
PRINT "AID Parameters Set up" 

END SUB 
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READAD.BAS 
These are the subroutines to perform the AID conversions and average them (for noise 
reduction) on the DT-2801A. 
REM $INCLUDE: '2801adcl.bas' 

SUB READAD (DATUM#, NUM.CONV) 
REM $INCLUDE: 'c:\hunter\280ladcl.bas' 
REM Dimension arrays to hold high and low bytes of AID Data. 

DIM ADL(1 TO NUM.CONV), ADH(l TO NUM.CONV) 

WAIT STATUS.REGISTER, COMMAND. WAIT 
OUT COMMAND.REGISTER, CRAD 
CUMULATIVE# = DATUM# 
FOR i = 1 TO NUM.CONV 
WAIT STATUS.REGISTER, READ.WAIT 
ADL(i) = lNP(DATA.REGlSTER) 
WAIT STATUS.REGISTER, READ.WAIT 
ADH(i) = INP(DATA.REGISTER) 
DATA. VALUE# = ADH(i) * 256# + ADL(i) 
IF DATA.VALUE# > 32767 THEN DATA.VALUE# = DATA.VALUE#-

65536! 
CUMULATIVE# = CUMULATlVE# + DATA.VALUE# 
NEXT i 
DATUM# = CUMULATIVE# I NUM.CONV 

END SUB 
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ERRORS. BAS 
These are the subroutines to check the DT-2S01A for error flags. 
REM $INCLUDE: '280lADCL.bas' 

SUB BOARD ERR 
REM $INCLUDE: '2S01adcl.bas' 

" Check for legal Status Register. 
" 

STATUS = INP(STATUS.REGISTER) 
IF NOT «STATUS AND &HSO) = 0) THEN GOTO 9400 ELSE GOTO 

10003 
9400 " 

" Fatal board error. 
" 

PRINT 
PRINT "FATAL BOARD ERROR" 
PRINT "STATUS REGISTER VALUE IS "; HEX$(STATUS); " 

HEXIDECIMAL" 
PRINT : BEEP: BEEP: GOSUB 9600 
PRINT "ERROR REGISTER VALUES ARE:" 
PRINT" BYTE 1 - "; HEX$(ERRORl); " HEXIDECIMAL" 
PRINT" BYTE 2 - "; HEX$(ERROR2); " HEXIDECIMAL" 
GOTO 10001 

9600 " 
" Read the Error Register. 
" 

" 

" 

OUT COMMAND. REGISTER, CSTOP: TEMP = INP(DATA.REGISTER) 

WAIT STATUS. REGISTER, COMMAND.WAIT 
OUT COMMAND.REGISTER, CERROR 

WAIT STATUS.REGISTER, READ.WAIT 
ERROR1 = INP(DATA.REGISTER) 
WAIT STATUS. REGISTER, READ.WAIT 
ERROR2 = INP(DATA.REGISTER) 
RETURN 

10001 PRINT 
INPUT " Clear Error Register Now (YIN)"; Y$ 
IF Y$ = "Y" OR Y$ = "y" THEN SHELL "CLRERROR.EXE" 
IF Y$ = "N" OR Y$ = "n" THEN GOTO 10001 

10002 " 
CHAIN "FINISH" 

10003 



END SUB 

SUB STATERR 
REM $INCLUDE: '2801adcl.bas' 

" Check for legal Status Register. 
" 

STATUS = INP(STATUS.REGISTER) 
IF NOT «STATUS AND &H70) = 0) THEN GOTO 9800 ELSE OOTO 

10000 
9800 " 

" Illegal Status Register. 
" 

PRINT 
PRINT "FATAL ERROR - ILLEGAL STATUS REGISTER VALUE" 
PRINT "STATUS REGISTER VALUE IS It; HEX$(STATUS); " 

HEXIDECIMAL" 
BEEP: BEEP 

9997 PRINT 

9998 

INPUT" Clear Error Register Now (YIN)"; Y$ 
IF Y$ = "Y" OR Y$ = "y" THEN SHELL "CLRERROR.EXE" 
IF Y$ = "N" OR Y$ = "n" THEN OOTO 9997 

" 
CHAIN "FINISH" 

10000 

END SUB 
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9513DECL.BAS 
These are the declarations for the subroutines to run an AMD9513 chip. 
DECLARE FUNCTION COMMAND.PORT% (CHIP%) 
DECLARE FUNCTION DATA.PORT% (CHIP%) 
DECLARE FUNCTION HOLD.INCREMENT% (COUNTER%) 
DECLARE FUNCTION HOLD.REG% (COUNTER%) 
DECLARE FUNCTION LOAD.REG% (COUNTER %) 
DECLARE FUNCTION MODE.REG% (COUNTER%) 
DECLARE FUNCTION SET. TOGGLE % (COUNTER%) 
DECLARE FUNCTION CLEAR. TOGGLE% (COUNTER %) 
DECLARE FUNCTION STEP.COUNTER% (COUNTER%) 
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9513CMDS.BAS 
These are the commands to run an AMD9513 chip with the numbers equated to varibles 
with more obvious names. The purpose of this exercise is to make the command strings 
easier to read. 

DEFINT A-z 
BASE. ADDRESS = &H300 
COMMAND.PORTO = BASE. ADDRESS + 1 
DATA.PORTO = BASE.ADDRESS 

REM THE VARIABLE CHIP RANGES FROM 0 TO 3, TO SPAN THE FOUR 
AMD9513A'S ON THE BOARD 
REM THE FUNCTIONS DATA.PORT(CHIP) AND COMMAND.PORT(CHIP) 
ALLOW EASY DETERMINATION 
REM OF THE ADDRESSES OF THE COMMAND AND DATA PORTS FOR 
EACH AMD9513. 
REM COMMANDS TO BE ISSUED TO THE COMMAND PORT 

MASTER. RESET = &HFF 
LOAD.ALL = &H5F 
SAVE. ALL = &HBF 
ARM.ALL = &H3F 
LOAD.ARM.ALL = &H7F 
FOUT.ON = &HE6 
FOUT.OFF = &HEE 
SEQUENCE.ON = &HEO 
SEQUENCE.OFF = &HE8 
PREFETCH.ON = &HF8 
PREFETCH.OFF = &HF9 

REM THESE COMMANDS REQUIRE THAT THE APPROPRIATE S(i) BE 
ADDED TO THEM 

ARM = &H20 
LOAD = &H40 
LOAD.ARM = &H60 
DISARM = &HCO 
SAVE = &HAO 
DISARM .SA VE = &H80 
S1 = &HI 
S2 = &H2 
S3 = &H4 
S4 = &H8 
S5 = &HlO 

REM THE SET.TOGGLE(COUNTER), CLEAR.TOGGLE(COUNTER), & 
STEP .COUNTER(COUNTER) 
REM COMMANDS ARE DEFINED AS FUNCTIONS 



REM THESE ARE THE LOAD DATA POINTER OPTIONS 
ALARM.REG 1 = &H7 
ALARM.REG2 = &HF 
MASTER. MODE = &H17 
STATUS.REG = &HIF 

REM THE LOAD DATA POINTER OPTIONS MODE.REG(COUNTER), 
LOAD.REG(COUNTER), 
REM HOLD.REG(COUNTER), & HOLD.INCREMENT(COUNTER) ARE 
DEFINED AS FUNCTIONS 
REM THESE ARE THE OPTIONS FOR THE MASTER MODE REGISTER 
REM LOW BYTE 
REM TIME-OF-DA Y OPTION 

TOD.OFF = &HO 
TOD.50HZ = &Hl 
TOD.60HZ = &H2 
TOD.100HZ = &H3 

REM COMPARATORS (NOTHING=OFF) 
COMPARE1.ENABLE = &H4 
COMPARE2.ENABLE = &H8 

REM FOUT SOURCE SELECTION 
FOUTSRC.El = &HO 
FOUTSRC.SRCI = &HlO 
FOUTSRC. SRC2 = &H20 
FOUTSRC.SRC3 = &H30 
FOUTSRC.SRC4 = &H40 
FOUTSRC.SRC5 = &H50 
FOUTSRC.GATE1 = &H60 

. FOUTSRC.GATE2 = &H70 
FOUTSRC.GATE3 = &H80 
FOUTSRC.GATE4 = &H90 
FOUTSRC.GATE5 = &HAO 
FOUTSRC.Fl = &HBO 
FOUTSRC.F2 = &HCO 
FOUTSRC.F3 = &HDO 
FOUTSRC.F4 = &HEO 
FOUTSRC.F5 = &HFO 

REM HIGH BYTE 
REM FOUT DIVISION FACTOR 

FOUT.1 = &Hl 
FOUT.2 = &H2 
FOUT.3 = &H3 
FOUTA = &H4 
FOUT.5 = &H5 
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FOUT.6 = &H6 
FOUT.7 = &H7 
FOUT.S = &HS 
FOUT.9 = &H9 
FOUT.tO = &HA 
FOUT.ll = &HB 
FOUT.12 = &HC 
FOUT.13 = &HD 
FOUT.14 = &HE 
FOUT.15 = &HF 
FOUT.16 = &HO 

REM ALTHOUGH FOUT GATING CAN BE CONTROLLED WITH THE 
MASTER MODE REGISTER, 
REM I WILL CONTROL IT WITH COMMANDS TO THE COMMAND PORT. 
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REM THE PHYSICAL CONTRAINTS REQUIRE THAT THE DATA BUS BE 
LEFT AT S BITS. 
REM ENABLE DATA POINTER SEQUENCING 

POINTER. DISABLE = &H40 
REM SELECT BINARY OR BCD SCALING 

SCALE. BINARY = &HO 
SCALE.BCD = &HSO 

REM COUNTER MODE REGISTER OPTIONS 
REM LOW BYTE 

SPECIAL.GATE = &HSO 
REM SOURCE FOR RELOADS 

RELOAD.LOAD = &HO 
RELOAD.HOLD.LOAD = &H40 

REM COUNT TO TC ONCE OR REPETITIVELY 
COUNT.ONCE = &HO 
COUNT.MULTIPLE = &H20 

REM TYPE OF COUNTING 
COUNT. BINARY = &HO 
COUNT. BCD = &HtO 

REM COUNT UP OR DOWN 
COUNT. UP = &HS 
COUNT. DOWN = &HO 

REM OUTPUT CONTROL OPTIONS 
INACTIVE.LOW = &HO 
ACTIVE.HIGHTC = &HI 
TC.TOGGLED = &H2 
INACTIVE. HIGH = &H4 
ACTIVE.LOWTC = &H5 



REM HIGH BYTE 
REM GATING CONTROL 

GATING.OFF = &HO 
HIGH.TCNMI = &H20 
HIGHLEVEL.GATENPI = &H40 
HIGHLEVEL.GATENMI = &H60 
HIGHLEVEL. GATEN = &H80 
LOWLEVEL.GATEN = &HAO 
HIGHEDGE.GATEN = &HCO 
LOWEDGE.GATEN = &HEO 

REM SOURCE EDGE SELECTION 
RISING. EDGE = &HO 
FALLING.EDGE = &HlO 

REM COUNT SOURCE SELECTION 
COUNT.TCNMI = &HO 
COUNT.SRCI = &Hl 
COUNT .SRC2 = &H2 
COUNT.SRC3 = &H3 
COUNT.SRC4 = &H4 
COUNT.SRC5 = &H5 
COUNT.GATEl = &H6 
COUNT.GATE2 = &H7 
COUNT.GATE3 = &H8 
COUNT.GATE4 = &H9 
COUNT.GATE5 = &HA 
COUNT.Fl = &HB 
COUNT.F2 = &HC 
COUNT. F3 = &HD 
COUNT.F4 = &HE 
COUNT.F5 = &HF 
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9513SUBS.BAS 
These are more commands to run an AMD9513 chip with the numhers equated to varihles 
with more ohvious names. The purpose of this exercise is to make the command strings 
easier to read. The difference hetween these commands and those in 9513CMDS.BAS 
is that these these numhers change depending upon which counter is being addressed. 
Hence the commands must he written as functions. 
DECLARE FUNCTION DATA.PORT% (CHIP%) 
DECLARE FUNCTION COMMAND.PORT% (CHIP%) 
DECLARE FUNCTION HOLD.INCREMENT% (COUNTER %) 
DECLARE FUNCTION HOLD.REG% (COUNTER%) 
DECLARE FUNCTION LOAD. REG % (COUNTER %) 
DECLARE FUNCTION MODE.REG% (COUNTER %) 
DECLARE FUNCTION SET.TOGGLE% (COUNTER%) 
DECLARE FUNCTION CLEAR.TOGGLE% (COUNTER%) 
DECLARE FUNCTION STEP.COUNTER% (COUNTER%) 
COMMON SHARED COMMAND. PORTO, DATA.PORTO, BASE.ADDRESS 
REM $INCLUDE: '9513cmds.bas' 

FUNCTION CLEAR. TOGGLE (COUNTER) 
CLEAR.TOGGLE = &HEO + COUNTER 

END FUNCTION 

FUNCTION COMMAND.PORT (CHIP) 
SHARED BASE. ADDRESS 
COMMAND.PORT = BASE.ADDRESS + 1 + 2 * CHIP 

END FUNCTION 

FUNCTION DATA.PORT (CHIP) 
SHARED BASE. ADDRESS 
DATA.PORT = BASE.ADDRESS + 2 * CHIP 

END FUNCTION 

FUNCTION HOLD. INCREMENT (COUNTER) 
HOLD.INCREMENT = &H18 + COUNTER 

END FUNCTION 

FUNCTION HOLD. REG (COUNTER) 
HOLD.REG = &HIO + COUNTER 

END FUNCTION 

FUNCTION LOAD.REG (COUNTER) 
LOAD.REG = &H8 + COUNTER 

END FUNCTION 



FUNCTION MODE. REG (COUNTER) 
MODE.REG = &HO + COUNTER 

END FUNCTION 

FUNCTION SET. TOGGLE (COUNTER) 
SET. TOGGLE = &HE8 + COUNTER 

END FUNCTION 

FUNCTION STEP. COUNTER (COUNTER) 
STEP. COUNTER = &HFO + COUNTER 

END FUNCTION 
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TIMEBASE. BAS 
These are the subroutines to setup the AMD9513 to act as a precision timehase and to 
interrogate the counters to determine the current (elapsed) time. This time is used to 
calculate the average wavelength of a data point. 
DECLARE FUNCTION DATA. PORT % (CHIP%) 
DECLARE FUNCTION COMMAND.PORT% (CHIP%) 
DECLARE FUNCTION HOLD.INCREMENT% (COUNTER%) 
DECLARE FUNCTION HOLD.REG% (COUNTER%) 
DECLARE FUNCTION LOAD.REG% (COUNTER%) 
DECLARE FUNCTION MODE.REG% (COUNTER%) 
DECLARE FUNCTION SET. TOGGLE % (COUNTER %) 
DECLARE FUNCTION CLEAR.TOGGLE% (COUNTER%) 
DECLARE FUNCTION STEP.COUNTER% (COUNTER%) 
REM Module Timebase. has 
REM $INCLUDE: '9513cmds.has' 

DEFSNG A-Z 
SUB SETTIMER 
REM $INCLUDE: '9513cmds.has' 

PRINT "Initializing Chip ° Counters" 
REM INITIALIZE CHIP ° 

OUT COMMAND.PORTO, MASTER. RESET 
OUT COMMAND.PORTO, DISARM + SI + S2 + S3 + S4 + S5 
PRINT "Configuring Master Mode Register" 

REM CONFIGURING MASTER MODE REGISTER 
REM SET LOAD DATA POINTER 

OUT COMMAND. PORTO, MASTER.MODE 

MMLOW = TOD.OFF + FOUTSRC.F3 
MMHIGH = FOUT.1O + SCALE. BCD 
OUT DATA.PORTO, MMLOW 
OUT DATA.PORTO, MMHIGH 

REM SET DATA POINTER TO COUNTER 1 MODE REGISTER. FROM 
MASTER.RESET, POINTER 
REM WILL AUTOMATICALLY INCREMENT MODE, LOAD, HOLD THEN 
UP A COUNTER. 

OUT COMMAND.PORTO, MODE.REG(l) 
PRINT "Configuring Mode & Load Registers" 

REM CONFIGURING MODE AND LOAD REGISTERS 
REM CONFIGURE COUNTER 1 MODE REGISTER TO BE INACTIVE HIGH 
REM SO THAT THE AND GATE FOR GATE 2 GOES HIGH WITH THE 
GATE PULSE 



MILOW = INACTIVE. HIGH 
MIHIGH = ° 
OUT DATA.PORTO, MILOW 
OUT DATA.PORTO, MIHIGH 
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REM CASCADE COUNTERS 2 & 3. COUNTER 2 IN MODE D, COUNTER 3 
IN MODE A (TO AVOID THE POSSIBILITY OF COUNTING PAST 32 BITS) 
REM COUNTER 2 

MODE2LOW = RELOAD.LOAD + COUNT.MULTIPLE + 
COUNT. BINARY + COUNT.UP + ACTIVE.HIGHTC 

MODE3LOW = RELOAD.LOAD + COUNT.ONCE + COUNT. BINARY + 
COUNT.UP + INACTIVE. LOW 

MODE2HIGH = FALLING. EDGE + COUNT.F3 
MODE3HIGH = FALLING. EDGE + COUNT.TCNMI 

OUT COMMAND.PORTO, MODE.REG(2) 
OUT DATA.PORTO, MODE2LOW 
OUT DATA.PORTO, MODE2HIGH 

REM COUNTER 3 
OUT COMMAND.PORTO, MODE.REG(3) 
OUT DATA.PORTO, MODE3LOW 
OUT DATA.PORTO, MODE3HIGH 

REM LOADING ENTERED DATA VALUES INTO COUNTERS 
OUT COMMAND.PORTO, LOAD + Sl + S2 + S3 

END SUB 

SUB TIME. VALUE (TIME#) 
REM $INCLUDE: '9513cmds.bas' 

CLOCK# = 10000# 
DIM DATAL(l TO 2), DATAH(l TO 2) 

REM Copy counters' current values to hold registers 
OUT COMMAND. PORTO, SAVE + S2 + S3 

REM Point to hold registers 
REM WAIT COMMAND.PORTO, 1, 1 'wait for byte toggle 

OUT COMMAND.PORTO, HOLD.INCREMENT(2) 
FOR COUNTER = 1 TO 2 
DATAL(COUNTER) = INP(DATA.PORTO) 
DATAH(COUNTER) = INP(DATA.PORTO) 
NEXT COUNTER 
TIME# = DATAL(l) + DATAH(l) * 256# + (DATAL(2) + DATAH(2) * 

256#) * 65536# 
TIME# = TIME# / CLOCK# 



155 

END SUB 
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Spectral Scan Program (P-SPECT.BAS/EXE version 1.01) 
This software counts pulses. The dwell time is variable. The program is also configured 
to issue control instructions through the AID board. The program is written for 
Microsoft Quickbasic v. 4.5. The source code follows. 
DECLARE SUB READ32 (COUNTS#) 
DECLARE SUB READINI (DIO.DATAI %) 
DECLARE SUB READINIT (DIO. DATA I %) 
DECLARE SUB COUNT.MANY (PERIODH%, PERIODL%) 
DECLARE SUB SETDIO 0 
DECLARE SUB WRITEO (WRITE.VALUE%) 
DECLARE SUB BOARDERR 0 
REM $INCLUDE: '9513decl.bas' 
REM Module p-spect.bas 

" This program assumes there is a DT2801-A installed at the factory base 
" address of &H2EC and a PC-CTR-20 at the base address of &H300. 
" 
" The program assumes pulses, gate, and control signals (with DT2801A). 
" 
" The data values are normalized to count\) per second and written 
" to a comma-delimited file as a wavelength, counts pair. 
" 

1993" 

CLS 
LOCATE I, 1 
PRINT" 
PRINT" 
PRINT" 

PRINT" 
PRINT 

Spectrophotometer Wavelength Scan" 
Using PC-CTR-20" 

Written 10127/92, Ver. 1.01 4117/93 by Boyd V. Hunter, (c) 

Work Supported by the National Science Foundation" 

,,----------------------------

-------" 
PRINT : PRINT : CLEAR, 25000 

" 
REM $INCLUDE: '280IADCL.bas' 
REM $INCLUDE: '9513cmds.bas' 

VIEW PRINT 6 TO 25 
REM $DYNAMIC 

" 

REM These are the data values for the control lines to the experiment relevant to 
angular measures 

DIGITAL.CONFIG% = LAMBDA.FWD + LAMBDA.SELECT 
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" 

4000 " 
4390 PRINT 

INPUT" Enter Name of Output File (.PRN appended):"; FILENAME$ 
IF FILENAME$ = "" GOTO 4390 

" Get numher of conversions to do. 
4392 PRINT 

INPUT" Enter Starting Wavelength (A):"; LAMBDAO# 
PRINT 
INPUT" Enter Ending Wavelength (A):"; LAMBDAF# 
IF LAMBDAO# < 0 OR LAMBDAF# < 0 THEN GOTO 4392 

4393 PRINT 
SCAN# = 0 
INPUT" Enter Wavelength Scan Rate (A/min):"; SCAN# 
IF SCAN# < 1# GOTO 4393 
SCAN# = SCAN# / 60 

REM Get Dwell period. 
PRINT 

4394 INPUT" Enter desired data spacing (A)"; SPACING# 
DWELL# = SPACING# / SCAN# 
MAX.PERIOD# = 655.36 
IF DWELL# > MAX.PERIOD# THEN PRINT "Calculated Period exceeds 

maximum of "; MAX.PERIOD#; " seconds. ": GOTO 4394 
PERIOD& = DWELL# * 100 
IF PERIOD& < = 1 THEN PERIOD& = 2 'KEEP PERIOD IN 

ACCEPTABLE RANGE 
REM ACTUAL DATA COLLECTION PERIOD IS PERIOD&-1 COUNTS 

PERIODH = INT(PERIOD& / 256) 
PERIODL = PERIOD& - PERIODH * 256# 
PERIOD = PERIOD& 

4400 " Determine duration of experiment. 
TIME# = (LAMBDAF# - LAMBDAO#) / SCAN#: DIRECTION = I 
IF TIME# < 0 THEN TIME# = -TIME#: DIRECTION = -1: 

DIGITAL.CONFIG% = LAMBDA.REV + LAMBDA.SELECT 
REM Determine the numher of iterations required 

ITERATIONS& = TIME# / (PERIOD& / 100) 
" Set up Digital I/O 
CALL SETDIO 

REM Set up the PC-CTR-20 card. Use chip 0 
CALL COUNT.MANY(PERIODH, PERIODL) 
CLS 2 
VIEW PRINT 



LOCATE 7, I: PRINT "Output File: "; 
PRINT USING "&"; FILENAME$ + ".PRN" 
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LOCATE 8, I: PRINT "Counting Dwell Period: "; (PERIOD& - 1) / 100#; 
"seconds" 

LOCATE 8, 40: PRINT "Estimated Time: "; TIME#; " seconds" 
LOCATE 9, 1: PRINT "Starting Wavelength: "; LAMBDAO#; "A" 
LOCATE 9,40: PRINT "Ending Wavelength: "; LAMBDAF#; "A" 
LOCATE 10, I: PRINT 

,,---------------------------

-------" 

5200 " 

LOCATE 12, 1: PRINT "Wavelength", , "Counts per Second" 
VIEW PRINT 14 TO 25 

OPEN FILENAME$ + ".PRN" FOR OUTPUT AS #1 
REM Start the experiment 

CALL WRITEO(DIGITAL.CONFIG% + LAMBDA.TRIGGER) 
REM Wait for the trigger pulse AND 
REM Verify that the gate has also gone high--insurance against 
REM a spurious trigger pulse when starting the synchronous motor--allows a 
manual 
REM reset through startup if needed 

DIO.DATAl = 0: CALL READINIT(DIO.DATAI) 
IF (DIO.DATAI AND 1) < > 1 THEN OOTO 6000 ELSE OOTO 6100 

6000 DIO.DATAI = 0: CALL READIN1(DIO.DATA1) 
IF (DIO.DATA1 AND 1) < > 1 THEN GOTO 6000 ELSE GOTO 6100 

6100 CALL WRITEO(DIGITAL.CONFIO%) 
PRINT "Trigger Received. Starting Counters." 

6180 REM DO UNTIL ENOUGH TIME HAS ELAPSED TO SCAN THE GIVEN 
RANGE 

FOR i& = 1 TO ITERATIONS& 
COUNTS# = 0: CALL READ32(COUNTS#) 

6185 COUNTS! = COUNTS# * 100/ (PERIOD - l!) 
6186 LAMBDA! = LAMBDAO# + SCAN# * DIRECTION * PERIOD& / 100 * 
(i& - .5#) 
6187 WRITE #1, LAMBDA!, COUNTS! 

PRINT LAMBDA!; TAB(28); COUNTS! 
6188 NEXT i& 
6190 CLOSE #1 
6900 GOTO 9998 
8000 " 

" Respond to query with 'V' or 'N'. 
" 



PRINT : PRINT " 
RETURN 

9998 'Turn experiment off 
CALL WRITEO(O) 

10000 " 

Please respond with 'V' or 'N' only. " 

INPUT" Run program again (YIN)"; Y$ 
IF Y$ = "Y" OR Y$ = "y" THEN GOTO 4000 
IF Y$ = "N" OR Y$ = "n" THEN GOTO 10100 

" 
PRINT : PRINT " 
GOTO 10000 

10100 END 

Please respond with 'V' or 'N'." 
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Angular Scan Program (P-ANGLES.BAS/EXE version 1.01) 
This software counts pulses. The dwell time is variable. The program is also configured 
to issue control instructions through the AID board. The program is written for 
Microsoft Quickbasic v. 4.5. The source code follows. 
DECLARE SUB READ32 (COUNTSH) 
DECLARE SUB READINI (DIO. DATA I %) 
DECLARE SUB COUNT.SINGLE (PERIODH%, PERIODL%) 
DECLARE SUB STEPTBL (DIGITAL.CONFIG%) 
DECLARE SUB SETDIO 0 
DECLARE SUB BOARDERR 0 
DECLARE SUB WRITEO (WRITE. VALUE %) 
REM $INCLUDE: '9513decl.bas' 
REM Module p-angles.bas 

" This program assumes there is a DT280l-A installed at the 
" factory base address of &H2EC and a PC-CTR-20 at &h300. 
" 
" The data values are normalized to counts per second and written 
" to a comma-delimited file as a wavelength, counts pair. 
" 

CLS 
LOCATE 1, 1 
PRINT" 
PRINT" 
PRINT" 

(c) 1993" 
PRINT" 
PRINT 

Spectrophotometer Angle Scan" 
Using PC-CTR-20" 

Written 10/27/92,5/27/93 v. 1.01, by Boyd V. Hunter, 

Work Supported by the National Science Foundation" 

,,----------------------------

-------" 
PRINT : PRINT : CLEAR , 25000 

REM $INCLUDE: '2801ADCL.BAS' 
REM $INCLUDE: '9513CMDS.BAS' 

VIEW PRINT 6 TO 25 
STEP.DEGREE# = 1.8# 
GEAR. RATIO = 66 
THETAO# = 0 
REM $DYNAMIC 

REM Set the base experiment configuration for the data control lines 
DIGITAL.CONFIG% = THETA.FWD + THETA.SELECT 

4000 " 



INPUT" Enter Desired Dwell Period (seconds)"; DWELL# 
MAX.PERIOD# = 655.35 
IF DWELL# > MAX.PERIOD# THEN PRINT "Dwell Period exceeds 

maximum of "; MAX.PERIOD#; " seconds. ": GOTO 4000 
PERIOD& = INT(DWELL# * 100) + 1 
IF PERIOD& < = 1 THEN PERIOD& = 2 'KEEP PERIOD IN 

ACCEPTABLE RANGE 
REM ACTUAL DATA COLLECTION PERIOD IS PERIOD&-l COUNTS 

PERIODH = INT(PERIOD& / 256) 
PERIODL = PERIOD& - PERIODH * 256# 
PERIOD = PERIOD& 

4390 PRINT 
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INPUT" Enter Name of Output File (.PRN appended):"; FILENAME$ 
IF FILENAME$ = "" GOTO 4390 ELSE GOTO 4391 

4391 PRINT "STOP! Manually reset gates now. Otherwise, counting will start 
early. " 
4400 " Get numher of conversions to do. 

" 
PRINT: PRINT" Starting angle is 0 degrees." 
INPUT" Enter ending scan angle (degrees)"; ANGLE# 
ITERATIONS& = ANGLE# * GEAR.RATIO / STEP.DEGREE# 

REM Set up PC-CTR-20 
CALL COUNT.SINGLE(PERIODH, PERIODL) 
" Set up Digital I/O 
CALL SETDIO 
CLS 2 
VIEW PRINT 
LOCATE 7,1: PRINT "Output File: "; FILENAME$; ".PRN" 
LOCATE 8, I: PRINT "Dwell Period: "; (PERIOD& - 1) / 100; " Seconds" 
LOCATE 9, 1: PRINT "Starting Angle: 0 0,,; 
LOCATE 9, 40: PRINT "Ending Angle: "; ANGLE#; "0,, 
LOCATE 10, 1: PRINT 

,,---------------------------

-------" 

5200 " 

LOCATE 12, 1: PRINT "Angle", , "Counts per Second" 
VIEW PRINT 14 TO 25 

" Check for ERROR. 
CALL BOARD ERR 
OPEN FILENAME$ + ".PRN" FOR OUTPUT AS #1 
CALL WRITEO(DIGITAL.CONFIG%) 

REM Step tahle to Theta=O, i.e. until the gate goes high 



6000 DIO.DATAI = 0: CALL READINl(DIO.DATAl) 
IF (DIO.DATAI AND 1) < > 1 THEN CALL 

STEPTBL(DIGITAL.CONFIG%): GOTO 6000 ELSE GOTO 6100 
6100 REM arm counters 

PRINT "Trigger Received. Starting Counters. " 
OUT COMMAND. PORTO, LOAD. ARM + SI + S2 + S3 

6180 FOR 1& = 0 TO ITERATIONS& 
REM (re)arm and load timebase 

OUT COMMAND.PORTO, LOAD.ARM + SI 
COUNTS# = 0: CALL READ32(COUNTS#) 

6185 COUNTS! = COUNTS# * 100# I (PERIOD - I!) 
6186 THETA! = THETAO# + 1& * STEP.DEGREE# I GEAR. RATIO 
6187 WRITE #1, THETA!, COUNTS! 

PRINT THETA!; TAB(28); COUNTS! 
CALL STEPTBL(DIGITAL.CONFIG%) 

6188 NEXT 1& 
6190 CLOSE #1 
6900 GOTO 9998 
8000 " 

" Respond to query with 'V' or 'N'. 
" 

PRINT : PRINT " 
RETURN 

9998 'Stop experiment 
CALL WRITEO(O) 

Please respond with 'V' or 'N' only." 

OUT COMMAND.PORTO, DISARM + S] + S2 + S3 
10000 " 

INPUT" Run program again (YIN)"; Y$ 
IF Y$ = "Y" OR Y$ = "y" THEN OOTO 4000 
IF Y$ = "N" OR Y$ = "n" THEN OOTO 10100 

" 
PRINT : PRINT " 
OOTO ]0000 

10100 END 

Please respond with 'V' or 'N'." 

]62 
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COUNT.BAS 
These are the additional subroutines needed to instruct the counter board to count pulses 
and return a value to be recorded later. The variable dwell time is the mechanism used 
to reduce the noise. 

REM $INCLUDE: '9513decl.bas' 
REM AMD9513 Setup Program, v 1.01, (c) 1992. Boyd V. Hunter 
REM $INCLUDE: '9513cmds.bas' 

SUB COUNT. MANY (PERIODH%, PERIODL%) 
REM $INCLUDE: '9513cmds.bas' 

PRINT "INITIALIZING COUNTER CHIPS" 
REM INITIALIZE CHIP ° 

OUT COMMAND.PORTO, MASTER. RESET 
OUT COMMAND.PORTO, DISARM + SI + S2 + S3 + S4 + S5 

PRINT "CONFIGURING MASTER MODE REGISTER" 
REM SET LOAD DATA POINTER FOR CONTROL GROUP CYCLE 
BEGINNING WITH ALARM REGISTER 1 

OUT COMMAND.PORTO, MASTER.MODE 
MMLOW = TOD.OFF + FOUTSRC.F3 
MMHIGH = FOUT.lO + SCALE. BCD 
OUT DATA.PORTO, MMLOW 
OUT DATA. PORTO, MMHIGH 

REM SET DATA POINTER TO COUNTER 1 MODE REGISTER. FROM 
MASTER. RESET, POINTER 
REM WILL AUTOMATICALLY INCREMENT MODE, LOAD, HOLD THEN 
UP A COUNTER. 

OUT COMMAND. PORTO, MODE.REG(l) 

PRINT "CONFIGURING MODE AND LOAD REGISTERS" 
REM CONFIGURE COUNTER 1 MODE REGISTER TO USE GATEI (ACTIVE 
HIGH), F5 (MODE E--FOR SPECTRA) 

MILOW = RELOAD.LOAD + COUNT.MULTIPLE + COUNT. BINARY + 
COUNT. DOWN + ACTIVE.LOWTC 

MIHIGH = HIGHLEVEL.GATEN + FALLING.EDGE + COUNT.F5 
OUT DATA.PORTO, MILOW 
OUT DATA.PORTO, MIHIGH 

REM PUT THE PERIOD IN THE COUNTER 1 LOAD REGISTER 
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OUT DATA. PORTO, PERIODL % 

OUT DATA.PORTO, PERIODH% 
REM CASCADE COUNTERS 2 & 3. COUNTER 2 IN MODE Q, COUNTER 3 
IN MODE N (TO AVOID THE POSSIBILITY OF COUNTING PAST 32 BITS) 
REM COUNTER 2 

MODE2LOW = SPECIAL.GATE + RELOAD.LOAD + 
COUNT.MULTIPLE + COUNT. BINARY + COUNT.UP + ACTIVE.HIGHTC 

MODE3LOW = SPECIAL.GATE + RELOAD.LOAD + COUNT. ONCE + 
COUNT. BINARY + COUNT. UP + INACTIVE. LOW 

MODE2HIGH = HIGHLEVEL.GATEN + FALLING.EDGE + 
COUNT.SRC2 

MODE3HIGH = HIGHLEVEL.GATENM1 + FALLING.EDGE + 
COUNT.TCNMI 

OUT COMMAND.PORTO, MODE.REG(2) 
OUT DATA.PORTO, MODE2LOW 
OUT DATA.PORTO, MODE2HIGH 

REM COUNTER 3 
OUT COMMAND.PORTO, MODE.REG(3) 
OUT DATA.PORTO, MODE3LOW 
OUT DATA. PORTO, MODE3HIGH 

REM AFTER ISSUING AN ARM COMMAND TO THE REGISTERS, THEY 
WILL BE ACTIVE AS LONG 
REM AS A HIGH SIGNAL IS APPLIED. THEY WILL RETRIGGER ON A 
LOW ACTIVE PULSE. 
REM LOADING ENTERED DATA VALUES INTO COUNTERS 

PRINT "LOADING AND ARMING COUNTERS 1-3, CHIP 0" 
OUT COMMAND.PORTO, LOAD.ARM + S1 + S2 + S3 

END SUB 

SUB COUNT.SINGLE (PERIODH%, PERIODL%) 
REM $INCLUDE: '9513cmds.bas' 

PRINT "INITIALIZING COUNTER CHIPS" 
REM INITIALIZE CHIP ° 

OUT COMMAND.PORTO, MASTER.RESET 
OUT COMMAND.PORTO, DISARM + SI + S2 + S3 + S4 + S5 

PRINT "CONFIGURING MASTER MODE REGISTER" 



REM SET LOAD DATA POINTER FOR CONTROL GROUP CYCLE 
BEGINNING WITH ALARM REGISTER 1 

OUT COMMAND.PORTO, MASTER. MODE 
MMLOW = TOD.OFF + FOUTSRC.F3 
MMHIGH = FOUT.tO + SCALE.BCD 
OUT DATA.PORTO, MMLOW 
OUT DATA.PORTO, MMHIGH 

REM SET DATA POINTER TO COUNTER 1 MODE REGISTER. FROM 
MASTER. RESET, POINTER 
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REM WILL AUTOMATICALLY INCREMENT MODE, LOAD, HOLD THEN 
UP A COUNTER. 

OUT COMMAND. PORTO, MODE.REG(1) 

PRINT "CONFIGURING MODE AND LOAD REGISTERS" 
REM CONFIGURE COUNTER 1 MODE REGISTER TO USE GATEI (ACTIVE 
HIGH), F5 (MODE B--FOR ANGLES) 
REM This setup counts only once without another load and arm command. 
REM The gate enables counting, but does not trigger. This is another safeguard 
REM against system malfunctions. 

MILOW = RELOAD.LOAD + COUNT. ONCE + COUNT.BINARY + 
COUNT. DOWN + ACTIVE.LOWTC 

MIHIGH = HIGHLEVEL.GATEN + FALLING. EDGE + COUNT.F5 
OUT DATA.PORTO, MILOW 
OUT DATA.PORTO, MIHIGH 

REM PUT THE PERIOD IN THE COUNTER I LOAD REGISTER 
OUT DATA.PORTO, PERIODL% 
OUT DATA.PORTO, PERIODH% 

REM CASCADE COUNTERS 2 & 3. COUNTER 2 IN MODE Q, COUNTER 3 
IN MODE N (TO AVOID THE POSSIBILITY OF COUNTING PAST 32 BITS) 
REM COUNTER 2 

MODE2LOW = SPECIAL.GATE + RELOAD.LOAD + 
COUNT.MULTIPLE + COUNT. BINARY + COUNT.UP + ACTIVE.HIGHTC 

MODE3LOW = SPECIAL.GATE + RELOAD.LOAD + COUNT.ONCE + 
COUNT. BINARY + COUNT. UP + INACTIVE.LOW 

MODE2HIGH = HIGHLEVEL.GATEN + FALLING.EDGE + 
COUNT.SRC2 

MODE3HIGH = HIGHLEVEL.GATENMI + FALLING.EDGE + 
COUNT.TCNMI 

OUT COMMAND.PORTO, MODE.REG(2) 
OUT DATA. PORTO, MODE2LOW 
OUT DATA.PORTO, MODE2HIGH 



REM COUNTER 3 
OUT COMMAND.PORTO, MODE.REG(3) 
OUT DATA.PORTO, MODE3LOW 
OUT DATA.PORTO, MODE3HIGH 

REM AFTER ISSUING AN ARM COMMAND TO THE REGISTERS, THEY 
WILL BE ACTIVE AS LONG 
REM AS A HIGH SIGNAL IS APPLIED. 
END SUB 

SUB READ32 (COUNTS#) 
REM $INCLUDE: '9513cmds.bas' 

WAIT COMMAND.PORTO, 2, 2 
WAIT COMMAND.PORTO, 2 

TC: hold register has data) 

'wait for counter 1 to go low (TC) 
'wait for counter 1 to go high (out of 

DIM DATAL(I TO 2), DATAH(I TO 2) 
OUT COMMAND.PORTO, HOLD.INCREMENT(2) 
FOR COUNTER = 1 TO 2 
DATAL(COUNTER) = INP(DATA.PORTO) 
DATAH(COUNTER) = INP(DATA.PORTO) 
NEXT COUNTER 
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COUNTS# = DATAL(1) + DATAH(1) * 256# + (DATAL(2) + DATAH(2) 
* 256#) * 65536# 
END SUB 
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APPENDIX B: CAPILLARY UNIFORMITY 

The following text is adapted from a report prepared by Jason Corley, whose independent 

studies project was to examine the uniformity of the capillaries used in this research. 

PURPOSE: To confirm the uniformity of optical capillaries u:,ed in other experiments. 

PROCEDURE: A platform for the capillary was constructed. A laser was fired at the 

capillary and the diffraction pattern noted. The capillary was rotated, and the diffraction 

pattern noted again. Then it was translated vertically and the diffraction pattern again 

noted. 

SETUP: The laser beam propagated horizontally. The capillary was perpendicular to 

the laser beam and the capillary axis was vertical. The capillary's nominal dimensions 

were 150 ILm (outer diameter) and 2 ILm (inner diameter). The capillary was about 11/2" 

long, which is typical of the lengths used for the dissertation studies. In order to 

maintain an appropriate angle between the capillary and the laser, the platform included 

a tilt stage. The first detector used to tind the diffraction pattern was a photoelectric cell 

positioned at the end of a fixed arm. This was replaced by a large flat surface, to which 

a paper was affixed and the entire pattern traced. Finally, photographic paper and a 

shutter on the laser were used to make a more exact record of the pattern. The surface 

was 84-88 centimeters from the capillary, as shown in Figure 38. The layout is a classic 
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Figure 38: Diagram of the experimental setup to determine capillary uniformity. 

single slit diffraction geometry. 

RESULTS: 

A) As noted above, the first detector used was a photoelectric cell which would find 

the intensity of the diffraction pattern at a specific point (as opposed to examining the 

entire pattern). The purpose in using a photoelectric cell was to determine if the 

procedure was feasible, and would produce reasonable results. It recorded almost exactly 

the same amount of light regardless of the rotation or vertical translation of the capillary , 

consistent with what would be expected with a uniform capillary. 
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B) The next procedure was to examine a large section of a pattern by manually 

tracing the diffraction pattern on a piece of paper set on a flat surface. By keeping the 

surface constant and moving the piece of paper, several sets of data could be taken and 

compared easily. They also showed almost exactly the same diffraction pattern regardless 

of the rotation or vertical translation of the capillary, which implied uniformity . 

• ~' .......... .+10:- •••••• . ..... ,oMO( ••• A4+fo ..... ...o+t9' •..•• , •• 
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Figure 39: Diffraction patterns for 2 p.m core capillary rotated 0
0

, 90
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, 215
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and 240
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(top to bottom). 
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Figure 40: Diffraction patterns for 2 p.m core capillary translated from the top to IA 
down, % down, and near the bottom of the capillary (top to bottom). 

C) Finally, in order to remove almost all possibility of human error from the 

procedure, the paper was replaced with red-sensitive photographic paper. The result~ of 

this procedure are consistent with earlier data sets. A reproduction of the diffraction 

patterns for rotation is presented as Figure 39, and for translation of the capillary as 

Figure 40. 
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There are three features that can be easily distinguished on these images. 

The first feature is the large dark blur approximately in the center of the pattern. 

This is the overexposed place where the laser directly strikes the photographic paper. 

The second feature is the short dark streaks interspersed with short light streaks. This 

is the diffraction caused by the external surface of the capillary. 

The third feature is the long periods of generally darker streaks, interspersed with 

equally long periods of generally lighter streaks. These more general features are caused 

by the diffraction due to the internal surface of the capillary. 

The second and third features should remain constant despite rotation and vertical 

translation if the capillary is uniform, and this is in fact the case. The first is expected 

to vary slightly with slight adjustments of the capillary in the beam of the laser necessary 

to maintain the same approximate angle with respect to the paper. 

Measurement of the linear distances from the central maximum to the first or second 

order maximum from the diffraction from the inner diameter was used as a gauge of the 

uniformity of the capillary. Even though the diffraction from the transparent capillary 

is more complex than single slit diffraction because of the complex phase and amplitude 

of the wavefront exiting the capillary, to qualitatively interpret the data, consider single 

slit diffraction: 

m').. = d sine. (7) 

Using the small angle approximation, upon rearrangement we see that the spacing 

between the maxima is inversely proportional to the slit width, 



nz')" = 6. 
d 
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(8) 

Therefore, the uniformity in the diffraction angle is an inverse of the capillary diameter 

uniformity. Measurements of the positions of the first order maxima were made for a 

Rotation Translation 

6 10.6 

6.1 10 

6.2 10.3 

6.1 10.6 

6.2 

Average 6.12 10.375 

Standard Deviation 0.074833 0.248747 

Coefficient of Variation 0.012228 0.023976 

Table 4: Uniformity measuremenl~ on a 2 /lm core capillary. 

capillary rotated 0
0

, 90
0

, 180
0

, 215
0

, and 240
0

• Similar measurements of the second 

order maxima were made for the same capillary translated up along its axis. For the 

translation, measurements were made near the top, IA down, * down, and near the 

bottom. The results of these two sets of measurements are presented as Table 4. We see 

that the angles are stable to within a few percent. Since these deviations are very small 
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percentages, to first order, the percentage uncertainties in the angles are also the 

uncertainties in d, the slit width. In any event, the capillaries are quite uniform. 

CONCLUSION: To the degree of accuracy of this apparatus, the capillaries used are 

uniform to within about 2.5 %. The degree of accuracy of this apparatus is fairly high, 

as three different types of light detectors (the photoelectric cell, the eye, and the 

photographic paper) all came up with identical, consistent results. 
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APPENDIX C: He-Cd EMISSION SPECTRUM 

= 

Figure 41: He-Cd laser emission spectrum. 
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APPENDIX D: CAPILLARY REFLECTIVITY 

The actual reflectivity from the capillary walls is analytically calculable. For the 

reflectivity at a dielectric interface for an arbitrary angle of incidence, the reflection 

coefficient~ are given by the Fresnel formulae for TE and TM modes56
•
57

: 

TE n1cos(6t ) - n2cos(62) 
(9) '12 = 

n1cos(61) + n2cos(62) 

and 

TM 1l2cos(6\) - 1l1cos(62) 
(10) '12 = 

1l2cos(61) + 1l1cos(62) 

The cos(62) dependence can be eliminated by rewriting Snell's law in the form 

(11) 

Defining the quantity ~ =n(core)/n(wall)=nin2, and remembering that the reflectivity, 

R, is the square of the reflection coetlicient, (9) and (10) become 

and 

RTE = (~COS(6) - Jl - ~2Sin2(6»)2 
~cos(6) + b - ~2sin2(6) 

(12) 
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RTM = [COS(6) - ~V1 - ~2Sin2(6)12. 
cos(6) + ~ V1 ~2Sin2(6) 

(13) 

The suhscript on 6( = 6corc = 6 has heen dropped hecause the only angle of interest is the 

angle of incidence of the ray propagating along in the capillary. The form of (12) and 

(13) is valid for all values of ~ until total internal retlection sets in. At that point, R= 1 

and does not change for all larger values of ~, i. e. , 

1 
R == 1 for ~ ~ --. 

sin(6) 
(14) 

All that is necessary to evaluate the retlectivity of the interface is to specify the angle 

of incidence. Because cavity modes represent a quantization of optical paths and hence 

incidence angles, certain discrete choices are availahle. If we treat the light as rays 

propagating along the inside of the capillary, then allowing an integer numher of 

retlections going around the capillary, we can then fit an integer numher of identical 

isosceles triangles inside of the capillary. Each triangle will suhtend 360 a /1 of the 

capilJary, where I is the integer numher of retlections inside the capilJary. Therefore, hy 

elementary geometry, the hase angles of the triangle, which are the desired angle of 

incidence, are given hy 
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1800 

6 = 900 
- --, 1 = 2 ... 00. 

1 
(15) 

When 1=2, we have normal incidence. The maximum value of 1 is determined hy the 

capillary geometry. 

The optical path length traced out by the rays is given hy 

. (3600

) OPL = 2ncore lrelf sm 2z . (16) 

Because of the Goos-Winchen effect, the effective radius of the capillary is larger than 

the actual radius hecause of the penetration of the light a finite distance into the walls 

hefore retlection. This penetration is responsihle for hoth spatial translation of the 

retlection point as well as the ohserved phase shifts upon retlection.58 Written in terms 

of the variahles used so far, the effective radius is given hy 

r = r + Ar elf copillary , (17) 

where 

ArTE = A 

. 2(6) 1 
(18) 

21t llcore sm --
~2 

and 
A 1 ArTM = 

. 2(6" 1 
(~2 + l)sin2(6) _ 1 (19) 

21t n core sm r-
~2 
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In the wave picture of light, the largest possible optical path, allowing for an integer 

number of wavelengths, is given by 

OPL = 21t ncore r nwrk = 11l A, 11l = 1 ... 00, 

m_ = Intege{ 2" n,,,~r'''''''/a'''). (20) 

For the 15 /lm diameter capillary used for the resonance experiment, with n= 1.38, 

we find that mmax= 130. Putting this value into (20), equating (20) and (16), and solving 

for I yields a maximum value for I of 58. This highest order whispering-gallery-mode 

is plotted versus ~ as well as the normal incidence case in Figure 37. 
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APPENDIX E: PERMISSIONS 
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THE UNIVERSITY Of 

ARIZONA Department of Physics 
College of Arts &: SCIences 
Faculty of SCIence 

TUCSON ARIZONA 
1118 E. 4th Street 
Tucson. Arizona 85721 
1602) 621·6820 

American Physical Society 
Office of Rights and Permissions 
500 Sunnyside Blvd. 
Woodbury, New York 11797 

Gentlemen: 

December 17, 1992 

AI'S WOOOBfJly 

DEC?l "!I1r~~~~_ 

I am in the process of writing my dissertation about fluorescence from small capillaries. As I 
discuss the theories that have been advanced to explain what is expected and why, I have 
determined that any verbal description of these theories would be greatly improved by a 
representative figure. 

Therefore, I would like to request written permission to include in my dissertation Figure 6 from 
"Coherent Fluorescent Emission and Scattering from a Uniform Cylinder," by Videen, Bickel, and 
Boyer, which appeared on page 5662 of the 15 May 1991 issue of Physical Review A, volume 
43, Number 10. This figure will be duly credited to the article and indicate that it is used by 
permission. 

Thank you for you assistance. 

Sincerely, 

~7t! 
Permission granted provided you 
obtain tha .cons:"t of ';1e 3lJ:hor (s) 

"nrl ,. ." , :?:r crC(.lii t.1G ong .. Bi p'JurCi;:lon (s) 
.~ 
/~I/' .' ;C t lit'(. ',,)h __ / /37/93 

B. t",o,"~~:5:1i mO .. :!;1 " (by i year 
~.~. : .. ~ p, .... ",,·1 ,- , 
" .... r ..... ';. ", _ .;_ ,:,o::.::ly 

C,-:,: .,c; .: .. I r~~,.::.:.t 

: ,;.~ ;.J 
~ ,1_ "'i·./~··~~51 
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JUN-l0-93 THU 13:16 U of AZ PHYSICS DEPT. FAX NO. 6026214721 P. 02 

THE UNIVERSITY Of 

~partm.nt of Physics 
College of Arts c!c SciencM 
FiCulty of Science 

ARIzONA 
TucsoN ARIzONA 

1118 E. 4th Street 
Tucson, Arizona 85721 
(602) 621·6820 

American Physical Society 
ATIN: B. Maddaloni 
Office of Rights and Permissicns 
One Research Road 
Box. 1000 
Ridge, New York 11961 

Dear Ms. Maddaloni: 

10 June 1993 

As we discussed on the telephone this morning, on 27 January 1993 you, acting in behalf of the 
American Physical Society, granted me permission to use in my dissertation Figure 6 from 
"Coherent Fluorescent Emission and Scattering from a Uniform Cylinder, ~ by G. Videen, W. 
Bickel, and J. Boyer, which appeared in Physical Review A, 43 (10), p. 5662, 1991. The 
figure, of course, will be credited to the sources and indicate that it is used by permission. 
However, I failed to specifically include, even though it is understood, that this permission also 
extends to microfilming and publication by University Microfilms, Inc. and that you are aware 
that UMI may sell, on demand, single copies of the dissertation, including this copyrighted 
figure, for scholarly purposes. 

Please indicate below that the American Physical Society also extends this permission to UMI 
as described above. Also, please respond as soon as possible by FAX 10 (602) 621-4721. 

Thank you for your assistance. 

Sincerely, 

ie 
Permission grantod provided you 
obtain the consent of tile author (s) 

It the original publication (s) 
. 
~11/1t2-

. Ma • month i ("by j rear 
American Physicol Sc::;icty 

One Reseaich p.oc:d 
Box 1000 

Ridge, NY 11961 

-1 
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THE UNIVERSITY Of 

Department of PhysIcs 
College of Arts & Sciences 
Faculty of Science 

ARIzONA 
TUCSON ARIZONA 

1118 E. 4th Street 
Tucson. Arizona 85121 
(602) 621·b820 

Gordon Videen, Ph.D. 
Dalhousie University 
Halifax, Nova Scotia B3H 3J5 
Canada 

Dear Gordon: 

9 February 1993 

As I mentioned during your visit, I would like to incorporate a representative figure from your 
work into my dissertation to illustrate what your work predicts. To this end, I would like your 
permission to use Figure 6 from ·Coherent Fluorescent Emission and Scattering from a Uniform 
Cylinder," (Phys. Rev. A 43 (10), p. 5662, 1991) by you, Dr. Bickel, and Dr. Boyer. Of 
course, the figure will be duly credited. The permission on the American Physical Society has 
already been received. 

Although I suppose that you realize that this is the case, I need to make sure that this permiSSion 
also extends to microfilming and publication by University Microfilms, Inc. and that you are 
aware that UMI may sell, on demand, single copies of the dissertation, including these 
copyrighted figure, for scholarly purposes. 

Thank you for your assistance. 

Sincerely, 

~r-
My signature below mdicates that I grant to BOyd V. Hunter permISSion to use the figure 
referenced above in his dissertation and that this permission also extends to UMI as described 
above. 

Gordon Videen, Ph.D. 
Principal Author 

William S. Bickel, Ph.D. 
Co-Author 
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THE UNIVERSITY Of 

Department of PhySIcs 
College of Arts &< SCiences 
Faculty of Science 

ARIZONA 
TUCSON AruZONA 

1118 E. 4th Street 
Tucson. Anzona 8572 I 
(602) 621·6820 

Optical Society of America 
A TIN: Permissions 
2010 Massachusetts Avenue, N.W. 
Washington, D.C. 20036 

Gentlemen: 

December 17, 1992 

I am in the process of writing my dissertation about fluorescence from small capillaries. As I 
discuss the theories that have been advanced to explain what is expected and why and relevant 
experimental efforts, I have determined that any verbal description of this work would be greatly 
improved by a representative figure. 

Therefore, I would like to request written permission to include in my dissertation Figure 6 and 
7 from "Raman and Fluorescent Scattering by Molecules Embedded in Dielectric Cylinders," by 
Chew, Cooke, and Kerker, which appeared on page 50 of the I January 1980 issue of Applied 
Optics, volume 19, Number 1. I would also like permission to use Figure 2 from "Fluorescent 
Angular Scattering Emissions from Dye-Filled Fibers," by Abromson and Bickel, which appeared 
on page 2981 of the 20 July 1991 issue of Applied Optics, volume 30, number 20. All three 
figures show angular intensity plots. These figures will be duly credited to the articles and 
indicate that they are used by permission. 

Thank you for you assistance. 

Sincerely, 

~f:: 



The Optical society of America is the copyright owner of the 
material you have cited herein. Permission is granted to 
reproduce said material as described, provided permission is 
also obtained from one of the original authors, if 
reasonably practicable, and provided a proper citation is 
included. A proper citation consists of author(s), journal, 
volume, page, and year. 

l. ~u.:. 1,;./.u{Q;r-
Janice L. Fleming 
Director of PUblica 

Date 
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THE UNIVERSITY OF 

Department of Physics 
College of Arts & SCIences 
Faculty of SCIence 

ARIzONA 
TUCSON ARIZONA 

1118 E. 4th Street 
Tucson. Anlona 85121 
(602) 621·6820 

Optical Society of America 
A TIN: Permissions 
2010 Massachusetts Avenue, N.W. 
Washington, D.C. 20036 

Gentlemen: 

9 February 1993 

On December 23, 1992 you granted me permission to use Figures 6 & 7 from "Raman and 
Fluorescent Scattering by Molecules Embedded in Dielectric Cylinders," (Applied Optics 19 (1), 
p. SO, 1980) and "Fluorescent Angular Scattering Emissions from Dye-Filled Fibers," (Applied 
Optics 30 (20), p. 2891, 1991) in my dissertation. - ~CM' 1 c~ .~ 6.e c'Kcf 

. / I . 

I should have been more specific, and I suppose that you realized that this was the case, but I 
need to make sure that this permission also extends to microfilming and publication by University 
Microfilms, Inc. and that you are aware that UMI may seU, on demand, single copies of the 
dissertation, including these copyrighted figures, for scholarly purposes. 

I would appreciate your written response indicating that the permiSSion you granted extends to 
include the situation described above. 

Thank you for your assistance. 

Sincerely, 

A~ 
Boyd V. Hunter 
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THE UNIVERSITY OF 

Department of PhySIcs 
College of Arts & Sciences 
FJculty of SCIence 

ARIZONA 
TUCSON ARIZONA 

1118 E. 4th Street 
Tucson. Arizona 85i21 
(602) 621·6820 

January 21, 1993 

MEMORANDUM TO: Mr. Boyd V. Hunter 

FROM: 

REFERENCE: 

.IV-?'//~ 
R. L. Thews, Acting Head, Physics '-j,/L ~UJ1-

Use of dissertation material 

Your letter requesting permission to use a figure from the dissertation of 
David Abromson in your own dissertation manuscript has been received. It 
was not clear whether or not you have asked Dr. Abromson's permission 
already. Although this is probably not technically required, you should do so 
as a matter of courtesy before proceeding further. Assuming Dr. Abromson 
has no objections, I will extend the approval of the Department of Physics. I 
believe you should also check with the Graduate College for any policy which 
might exist at that level. 

:DTE: Dr .. \bromson's Dissertation is not copyrighted. 
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THE UNIVERSITY Of 

Department of Physics 
College of Arts & Sciences 
Faculty of Science 

ARIzONA 
TUCSON ARIzONA 

1118 E. 4th Street 
Tucson. Arizona 85721 
(602) 621·6820 

26 April 1993 

A.J. Campillo, Ph.D. 
Naval Research Laboratory, Laser Physics Branch 
Code 6546 
Washington, D.C. 20375 

Dear Dr. Campillo: 

Let me thank you once again for the reprints of the work done by your group that you sent to 
me. As I finish the preparation of my dissertation manuscript, I have decided that some of your 
work done in identifying the modes causing resonances in small droplets is entirely a propos to 
my purposes. I would therefore like to include a figure from one of your papers in my 
manuscript. That figure bo-..tter illustrates my point and facilitates the comparison far better than 
I could ever do with words alone. To wit, I would like your permission to use Figure 1 from 
"Cavity Quantum Electrodynamic Enhancement of Stimulated Emission in Microdroplets, " (phys. 
Rev. Let. 67 (4), p. 438, 22 July 1991) which was written by you, J.D. Eversole, and H-B. Lin. 
The figure will indicate the source and that it is used by permission. The permission of the 
American Physical Society has not been requested as it is unnecessary since that article is not 
subject to U.S. Copyright. 

Although I suppose that you realize that this is the case, I need to malce sure that this permission 
also extends to microfilming and publication by University Microfilms, Inc. and that you are 
aware that UMI may sell, on demand, single copies of the dissertation, including this copyrighted 
figure, for scholarly purposes. 

Thank you for your assistance. 

Sincerely, 

fd~7i1 
Boyd VI. Hunter 
My Signature below mdicates that I grant to BOyd V. Hunter penrusslon to use the figure 
referenced above in his dissertation and that this permission also extends to UMI as described 
above. 
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THE UNIVERSITY Of 

Department of PhySIcs 
Cllllege of Arts &. SCiences 
Faculty of SCience 

ARIzONA 
TUCSON ARIZONA 

1118 E. 4th Street 
Tucson. Artzona 85121 
1602) 621·6820 

15 February 1993 

To Whom it May Concern: 

I. Boyd Vern Hunter. do give permIssIon to William S. Bickel. Ph.D. to use the material 
contained in my dissertation. "Geometry Induced Fluorescence Modifications: An Experimental 
Study of Cylindrical Particles," 0 1993 as he deems necessary to further scholarly pursuits. In 
so doing I have full faith that he will actively protect my interests with the same vigor that he 
would protect his own in ensuring that the use of this permission is reasonable and prudent. 
Subject to this constraint, he may use these materials himself in proposals, teaching materials. 
scholarly articles, and other scholarly publications. He may also grant permission to his students 
to do the same. This permission includes excerpts from the telCt, figures, data, and software code. 
In the interest of scholarship and expeditious use of scholars' time, he may also grant permission 
to other scholars for limited use of these materials; limited use is restricted to two or fewer 
figures or tables or quotations of less than 500 words, but does not extend to software code. In 
this instance (permission to other scholars). permission to use to software code must be obtained 
directly from the author. All materials must be duly credited to the original source. If this 
material is to be used in an article. book, or other form that is to be copyrighted, the permission 
to use these specific pieces of my dissertation is also extended to the publisher of these materials. 
so that they can be published. However, should the publisher receive a request for permission 
to use this material elsewhere (other than copies of the article), permission may only be granted 
by me. the copyright holder. or Dr. Bickel. within the limits of use specified above. This 
permission remains in effect unless rescinded in writing. 

BOYfi!ft.:.!r 

Notary ;>
State of Arizona 
County of Pima /. 

.1;, ~ I / ;1. 11 9.J My license expires: __ " __ ~~~ __ ~j~' __ _ 
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