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MNG TfI HSIEH Prelimnary Study of the Gowh of Mtallic Aerosols
under Reduced Pressure Environnent. (Under the direction of Dr.
PARKER C. REIST and Dr. PHIL ft. LAWESS)

The growth behavior of metallic aerosols under normal and
reduced pressure environnents was investigated. Particles grown at
both environments exhibit very irregular profiles. Particles' growh,
in general, can be categorized into three types in this study, they
are: cluster-cluster aggregation, particle-cluster aggregation, and
bal I'i stic aggregation

A descriptor, called fractal dinension, is applied to quanti
fying the effect of reducing the pressure on the growh of particles.
According to the measurenents of fractal dinension, at higher
pressure, 0.1 and |.Oatm, clustei—luster aggregation occurred at
the early stage of growth; while particle-cluster aggregation

occurred at the later stage of growth. Qpposite phenonenon was found

when pressure decreased to 0.01 atm
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. I ntroduction

Aerosol growth is an area of study nobst interesting to aerosol
t echnol ogi sts. For the past few decades much of research has been
concentrated on particle coagul ati on due to Browni an notion. Cl - 9]
However, al nbst all studi es considered the atnospheric pressure
paraneter as a constant having a val ue of one atnosphere, so that
t hese studies were only applicable to the atnosphere near the surface
of the earth. The pressure in the upper |level of the atnosphere is
less than 1 atm decreasing exponentially as the altitude increases.
Thus in the upper reaches of the atnosphere the gas nean free path is
r»o longer ttie sane as used in the traditional growmh nodel. In other
wor ds, to study aerosol growth in the upper atnosphere, it is
necessary to take into account the parameter of gas nean free path,

i.e. gas pressure.

One of the major goals of this report is to investigate the
growt h behavi or of netallic aerosols at several reduced pressure
environnents. To do this we have explored the use of a recently
devel oped descriptor to characterize the shape of grown aerosol s,

called the fractal dinension of the particle.

Traditionally, the term nbst often used in characteri zing
aerosols is aerodynanmic dianeter. |In nmany cases, however, aerodynanic
diameter is hard to describe the irregular aggregates very well and
cannot tell much characteristics of the irregular aggregates. It is

the fractal dinension that can describe certain rugged profiles.
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Fractal di nensions are nunbers between the cl assi cal whol e nunmber
dinensions of 1, 2, and 3. This termwas first introduced by
Mandel brot in 1977. Cl03 He suggested that the concept of dinension
can be extended frominteger values of 1, 2, and 3 by the addition of
a fractional value describing the space filling power of a boundary
or a surface. Thus a line of fractal dinension 1.4 would fill space
nore efficiently than an extrenely straight |ine, whose fracta

dinension is |.O even though both would be topol ogically of
dinmension 1. Simlarly, a rugged surface with fractal dinmension 2.4

would fill space nore than a surface of fractal dinension 2.0 or 2.2.

-1 Gowth of Metallic Aerosols

Metallic aerosols investigated in this report were generated
by the Exploding Wre Generator (EUG, which will be described
in Section Il. The first step of growh is the nucl eation of
aerosols fromthe vapor phase, the second step is the liquid
net al coagul ation, and the third step is the growth of solid
aerosol particles. The tinme needed for the first two steps to go
to conpletion is extrenely short, so that observation is very
difficult. Only the growh of solid aerosols could be "seen" via

filter sanpling at different tines (see el ectron nicrographs).

According to the literature, [11-223 formati on of aggregates

can be characterized in two categories: particle-cluster growh

nmodel , and cl uster-cluster growth nodel

For nore than two decades, conputer sinmulations have been
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applied to the formati on of aggregates in a vide variety of
systens. This approach has been particularly successful in
devel opi ng a better understandi ng of aggregati on phenonena. In
the 1960s, the earliest nodel for conputer sinulation of floe
formation in colloidal systens were carried out by Vol dC23, 24]
and Sutherland et al.[25,26] In these studies, particles were
added to growi ng clusters of particles via randonmy oriented
trajectories, without including the effects of Brownian notion

A reasonabl e nodel of cluster formation in the coll oi dal
systenms should include the effects of |ong- and short-range
interactions, particle size distribution and irregul ar shapes,

hydrodynam c interactions, clustering of clusters, etc.[12]
Recently, Wtten and 5ander[20] have introduced a particle-

cluster aggregation nodel where the effects of Brownian notion

wer e i ncl uded.

Wtten and Sander start with a single-seed particle at the
origin of a lattice. A second particle is added a | ong di stance
fromthe origin and undergoes a randomwal k on the lattice until
it reaches a site adjacent to the seed and becones part of the
growi ng cluster. Then, a third particle is introduced at a
random di st ant point and undergoes a random wal k until it also
becones part of the growing cluster. The procedure is repeated

until a cluster of sufficiently large size is forned.

As the case of particle-cluster aggregation, the earliest

nodel s for cluster-cluster aggregation were carried out al so
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using linear trajectories. In recent years, Paul Heakin has
explored a series of investigationstll-17] regarding the
diffusion-limted aggregation in two- and three-di nensi ona
simulations, in which both Iinear and random wal k ( Browni an)
trajectories are considered and in which both particle-cluster

growt h nodel and cluster-cluster growth nodel are taken into

consi der ati on.

In the original Wtten-Sander nodel, all growh originates
froma single imMmpbile growth site and only one particle is
allowed in the vicinity of the growing cluster at any tine.
These features are unrealistic for many real colloidal systens.
[14] In Heakin's nodel, clusters of particles, as well as
single particles, are allowed to diffuse; clusters of all sizes

stick together on contact.[ 14]

Meaki n uses two-di nensi onal sinmulations on a sinple square
lattice with periodic boundary conditions. At the start of the
simul ation, a fraction of the lattice sites are picked at random
and occupi ed (avoiding nultiple occupancy). Particles at nearest
nei ghbor positions are considered to belong to the same cluster.
Clusters, including single-particle clusters, are picked
randomy and noved with a probability proportional to their
nmobility by one lattice spacing in one of four equally probable
directions. If a cluster contacts other clusters, they are
merged to forma single cluster. In this nanner, the clusters

grow larger and larger until only one |arge cluster renains.
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1.2 Fractal D nension
Bef ore di scussing the fractal dinension, it is necessary to
know what "fractal s" are. Fractals are nathenatical entities
whi ch have been devel oped to describe the geonmetrical simla-
rities between irregular systens. This is a relatively new
branch of mathematics and is increasingly applied to the

probl ens dealing with irregul ar shapes.

According to Mandel brot CE7], fractals can be categorized
into two kinds: mathematical fractals and natural fractals, fin
i deal fractal mathematical curve has two i nportant properties.
First, it has an indeterm nate boundary nagnitude approaching
to infinity. Secondly, it is mathenmatically self-simlar at any
two different scales of scrutiny; in other words, the boundary
| ooks the sane whatever magnification is used in the
exam nati on of the structure of the curve, ft natural fractal is
a curve whose structure appears indeterm nate at a series of
resolutions but may ultinmately exhibit other significant geone-
trical behavior when neasured at a sufficiently high I evel

of resolution. Methodol ogy for neasuring the fractal dimension

will be discussed in Section II11.

An approach to the description of rugged profiles using the
concepts of fractal dinmension to describe irregular profile of a
fine particle has been wi dely devel oped by Brian H Kaye and co-

wor kers. CEB-33] The concept of the fractal dinmension of a non-

Eucl i dean boundary is introduced by Mandel brot.Cl0] The origin
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of "fractal" cones fromthe Latin adjective "fractus", neani ng
"irregular" or "fragnented". In his book Mandel brot descri bes
t he ruggedness of a line as its space filling ability and
assigns a di nensi on between one and two to the structure of a
line depending on its ability to fill space. 12.71 A sinple
exanple is a straight line of traditional Euclidean geonetry,
whi ch has a fractal dinension of 1; the trajectory of Brownian

motion on a flat plane has a fractal dinension of £.

Those studies dealing with conputer sinulations of growth
nodel s, as di scussed previously, also worked out the
nmeasurenents of fractal dinmension of correspondi ng growth nodel

Table 1.1 sunmmari zes these characteristic values of fractal

di mension for different growh nodels.
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Table 1.1 Fractal D nensions btai ned from Two- D nensi onal
Aggr egati on Model s
SBBSrrs8ss==—SS=SSI S==F SS=T=SSSS==S==f ==S=S====SS==SSSSSSS=SS:

NAASTc Al = 1 r——

Li near trajectory,

particle-cluster 1.95 £+ 0.002 [121
Brovni an trajectory,

particl e-cl uster 5/ 3 [ 20]
Browni an trajectory,

particle-cluster 1.73 = 0.06 [ 12, 13]
Li near trajectory,

cluster-cluster 1.50 = 0. 05 [ 15]
Brovni an trajectory,

cluster-cluster 1.44 t O0.02 [ 15]
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Il. Experinmental Apparatus

I1.1 Introduction to the Exploding Wre Generator

Metallic aerosols to be studied in this report are generated
by the Exploding Wre Generator (EW5. The principle of aerosol
generation is that the EWG supplies enough energy to vaporize a
pi ece of wire nounted on tvo electrodes. After the wire is
vaporized, i.e. exploded, condensation proceeds right avay, and

aerosol s are condensed fromthe vapor phase. Figure 2.1 shovs

t he basic schene of an EWG [ 34]

I II<
< {

N\ /\

T C Low i nduct ance capacitor
HV: Hi gh voltage pover supply
SI: Trigger switch
tf: Wre inside exploding chamber E
T. Timer for automatic dunping swtch
S2: Dunmpi ng svitch

Fig. 2.1 Basic Schene of An Exploding Wre Cenerator
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The physics of the exploding vire phenonena is veil
investigated in the literature.[34-37] In general, the previous
studi es indicated that aerosols generated by the EWs have the
foll owi ng characteristics:

1) The primary particles formchain-1ike structures of snooth
spherical particles, whose size distribution can be characte-
rized by a log nornmal distribution.

2) The nean di aneter of these primary particles are between
0.01 and 0.1 mcroneters in size, depending on the paraneters
used in their generation, such as electrical energy or dianeter
of wire.

3) The aerosols are reproducible if they are generated under

the same operating conditions.

The EWG used for this study is a Tobe Deut schnmann
Laboratori es Model ESB-118 energy Storage System It is a self-
contai ned 9 kil ojoule system consisting of three main

assenbl i es: Capacitor Bank, Power and Relay Tank, and Control

Consol e.

This systemis designed around a 45 jxf, 20 KV capacitor and a

hi gh voltage trigger unit. The capacitor may be charged up to 25
KV as desired. A push-button switch is used to renotely trigger
the capacitor to discharge the stored energy through a wire
nmount ed across two el ectrodes. A dunmping switch can be used to
di scharge the capacitor w thout exploding the wire when the test

is to be aborted. Pushing the "Start Charge" button connects the
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hi gh vol tage power supply to the capacitor and starts the two-
mnute time delay automatic dunp circuit which is provided for
saf ety purposes. This assures that no charge will accidentally
be left on the Capacitor Bank. The circuit is designed so that
it allows 15 seconds for the operator to trigger the capacitor
for explosion before the systemautomatically dunps the charges

on the capacitor. After wire explosion, the circuit will automa-
tically dunp the residual charge left on the capacitor through
a grounded wire. The distance between two el ectrodes is adjust-
able; the mass of wire exploded may be altered by changing the
relative positions of electrodes, because sonetinmes it is
necessary to obtain higher mass concentration or nunber concen-

tration of particles.

Sanpl i ng Devi ces
Laser Aerosol Spectroneter

This is an optical particle counter nmanufactured by Particle
Measuring System Inc. It is used to nonitor particle size dis-
tribution and, roughly, number concentration. A size range of

0.09 to 3.0 mcroneters is covered by this counter

. 47-mm Fi |l ter Hol der

A 47-mm 0.05 microneter nuclepore filter is used to
collected particles for Scanning El ectron M croscope (SEM

anal yses, and then inmage anal yses on conputer

3. Main Chanber (Expl oding Chamber)

- 10
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This Is a large stainless steel pipe tee, anpbunted on the top
of the Exploding Wre Cenerator, with a volune of 74.6 liters.

Fig.2.2 shows a side-view of this chanber

No

To Pressure Sensor

Mai n Chanber To Sanpling Devices

Fig. 2.2 Side-View of the Miin Chanber

4. Extractive Sanpling Chanber
This is a snall chanmber, with a volune of 145 cc, |ocated
near the center of the exploding chanber (nmain chanber).
Extractive sanpling is used because of the difficulties of

collecting particles without disturbing the gas pressure in

expl odi ng chanmber. Particles captured in this chanber can be

qui ckly raised to atmospheric pressures and flushed through

11
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several sanpling devices described above.

In Situ Sanpl er

When the operating pressure is reduced to | ower val ues, the

probl em of particle settling would becone nore severe, and
extractive sanpling woul d become nore difficult also. Therefore
an in situ sanpler is designed to overcone this difficulty.

Thi s sanpl er has been added, but not been applied, to the bottom
of expl oding chanber to collect tinmed particles sanmpl es
directly on SEN substrates by settling. By this sanpler,

however, the tine resolution may not be so good as with other

sanplers. Fig. 2.3 shows the outline of this In situ sanpler.

Fig. 2.3 1In Situ Sanpler. <a> Qpened (b) d osed
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11.3

11.4

There are six positions, where SEM substrates are | ocated,
on the sanpler to collect settled particles, i.e. this sanpler
I's designed such that only six sanples can be obtained in an
experinment. Essentially, this sanpler consists of tvo round
pl ates; one of themhas one hole on it, and the other one has
si X. The one, having one hole, anounts atop the other one. Wen
sanple is to be taken, turn the plate on the top so that the
hol e on the top coincides one of six holes on the bottomplate;

otherwise, turn it to the "blind" area as illustrated in Fig.

2. 3.

Pumpi ng and Pressure Measuring System

The punpi ng and pressure nmeasuring systemare interfaced to
t he expl odi ng chanber through vacuumtight flanges on the arns
of this chamber. A mechanical vacuum punp, direct drive vacuum
punp, nmanufactured by Precision Scientific Goup, is applied to

provi de reduced pressure. This punp can provide an ultinate | ow

pressure dovn to 0.1 “m Hg absolute. System pressure is

nonitored by the Barocel Electronic Manoneter which can be

calibrated by a Hcl eod gauge if necessary.

O her Equi pnent
Faraday Cage Filter and El ectroneter

This assenbly was used in the early stage of experiment to
neasure total charges on aerosols. In practice, a netallic

aerosol which would have a | ow residual electrostatic charge is

desired.

- 13 -
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2. Video Capture System-- PC-EYE, Conputer Software

This system has been set up in order to analyze the fracta
di mensi ons of particles. It consists of a video canera, an image
anal yzer board and a software package for the IBMPC. A particle
i mge on an electron micrograph is digitized by this systemand
then stored as a file to the floppy disk for further analyses.
This video capture system called PC-EYE, is a conmerci al

product distributed by Chorus Data Systens, Inc.

5 System Assenbly
Figure 2.4 shows the assenbly of entire chanber and nonitoring

system (top view).

.6 Sanmpling Techni que

It was readily known that aerosols generated from EWG were
oxidized in normal air. In this study oxidized netallic aerosols
are not desired, so that pure nitrogen is used as the gas nedi um
to prevent netallic aerosols from being oxidized. Before the
wre is exploded, it is required to "clean" the exploding
chanber such that no particles other than expl oded aerosol s
exi st. This was done by evacuating the exploding chamber and
filling it with pure, filtered nitrogen at |east three times,

and then adjusting the pressure to the desired val ue.
After the wire has exploded, particles diffuse into the open

extractive sanpling chanber. After several seconds, which is

enough time for particles to enter this sanpling chanber, the

- 14
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FV:

47-mm Fi | t er Hol der

Four -way Val ve
Vacuun Gauge

Laser Spectroneter

Manonet er

Needl e Val ve

(7)Tol -1g) '

Q : Flow Meter

T : Toggl e Val ve
VP: Vacuum Punp

VT: Vacuum Tank

X : Extractive Sanpling Chanber

(I nside Mai n Chanber)

Fig 2.4 Assenbly of Experinmental Apparatus


NEATPAGEINFO:id=79CDA8C8-7496-4542-97DD-3694DC18E85A


chanber's door is closed, the pressure is raised vith nitrogen
gas, and then nitrogen flushes the particles out to the sanpling
devices, |aser spectrometer, and nuclepore filter. The nitrogen
flushing rate is 10 cc/sec, of which 1 cc/sec is applied to

| aser counter; the remaining 9 cc/sec of aerosol is collected

by the filter.

After all of the particles in the sanpling chanber have been
flushed out (this can be nonitored by the |aser counter), the
sanpling chamber is punped out to the pressure of main chamber.

Then sampling chanber's door is opened to receive particles

agai n.

16 -
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I11. Anal yses

111.1 Scanni ng El ectron M croscope

Every filter sanple is exam ned by scanni ng el ectron
m croscopy (SEM. On the SEMin use, the nmaxi mum nagnification
for a picture with good resolution is about £8,0i 30x. On certain
el ectron micrographs, the primary particles are hard to
identify, but appears to be about 0.04 - 0.05 mcroneter
spheres. Even so, this is not a magjor linmtation, because in
this study the neasurenent of size distribution of primary

particles is not crucial.

For each filter sanple, cut off about 1 square centineter of
this sanple. Stick it on a specinen stub with carbon substrate,

and then exanmine it by the scanning el ectron mcroneter.

111.2 Fractal Analysis

There are two ways applicable to fractal analysis: perineter
net hod (or conpass wal k net hod), and dil ation method (or
covering squares nethod).

1. Perineter (Conpass Wl k) Met hod

The basic concept of this nethod is to estinate the perineter
of a profile by drawi ng a pol ygon around this profile. If P
represents the estinmated perineter of the profile, i.e. exact
peri neter of correspondi ng polygon, and S represents the |l ength
of each side of polygon; the plot of In(P) versus In(S) would be

a straight line with a slope of m The fractal dinension of this
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profile is then cal cul ated by

To neasure it practically, take a drafting conpass and open it
to a stride length B. Starting at one end of Ferets dianeter

swing the legs of the conmpass fromthe outside inwards to neet
the profile, and then nmake repeated swi ngs, until the comnpass
returns to the starting point. There is a brief discussion of
alternate ways to swing the conpasses. IclBl It should be noted

however, that a consistent nethod nust be used throughout the

entire anal yses.

This anal ytical method seens easier than dilation nethod <to
be described in the next section), but is a tedious process and

wi ll consune nuch nore tine than the dil ati on net hod because it

can not be easily conputerized.

Dilati on (Covering Squares) Mt hod

Consider an arbitrary planar profile, as illustrated in Fig.
3.1 outlined by the heavy line. The figure is then covered with
a plane covering pattern of different scales, such as regul ar
triangl es, squares, pentagons, or hexagons (squares are usually
used), until the figure is either conpletely covered or one
pattern covers the figure exactly. The snmaller the covering cel
(triangle, square, etc.), the nore the nunber of cells wll be.
Simlar to perimeter method, the logarithmc plot of the nunber
required to cover versus the length of the covering cell wll

show a straight line, whose negative slope can be used to
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express the fractal dinmension. That is, the negative slope of

the line will be:

where N is the nunmber of covering squares, b is the length of

the side of the corresponding square, and Dw |l be terned as

the fractal dinension.

':*K>>f:i-si?wﬁ;iﬁ?ﬁ“r.f“:

N O4
Aot e § feu?
/\M\I N
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N
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Fig. 3.1 Shape Representing an Imge of a Particle

for Fractal Analysis

- 19 -


NEATPAGEINFO:id=62534EFE-069E-4EF5-80C8-352E2A9128DB


rr?E2i

ffl
(b) (c)

Fig. -3.2 Tiling of Shape by (a) Unit Square, (b) Squares of
Side 2, (c) Squares of Side 3
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Fig. 3.2 shows the processes for three sizes of squares. It is
possible for this method to be applied to conputer. But it was
found that a fractal analysis for a single picture would require
fflore than two hours on the conputer available. This |eads to the

consideration of applying another dilation method described

bel ow.

This alternative dilation nmethod was addressed by S. R
Forrest and T. A Wtten in 1979.[38] fi digitized electron
m crograph presents a matrix of "ones" and "zeros" (or
"blanks"), the "ones" ("zeros") corresponding to the presence
(absence) of one point of a particle. This digitized imge is
anal yzed by conputer (IBMPC); the computer programis witten
by BetterBOSIC, an inproved version of the BftSIC | anguage,
and is listed in the Appendi x. Wen anal yzing, a smallest box
was picked such that its geometric center is near the center
of mass of particle, then a series of nested squares of
different sizes was placed around it and the nunber of "ones"
in each square was counted. This analysis would yield a
power | aw rel ationship between the Iength B of the square and
the nunber of pixels Np withinit, i.e. Npoé% , Wwhere Dis
fractal dinension.[383 Forrest and Wtten also found that
results were nost reproduci bl e when squares were chosen whose

centers of mass coincided with their geonetric centers.

In order to verify the availability and accuracy of this

procedure, a Koch curve (see, e.g., Mandel brotE273) with known
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fractal dinension of 1.500 was anal yzed. A nean value for this
test was 1.509, within 1% of accuracy. There are two limitations
for this nethod, which were also stated by Forrest and U tten.
One is due to the finite total number of pixels in the inage
anal yzed, the other is due to the finite size of digitized
image. The first limtation will cause the exponent of the power
law, D (fractal dinension), approaching 0. The second limitation
results in the data span being linmted to a range of B. Despite
these two Iimtations, this approach spends much less tinme than

the one described at the beginning of this section

- £2 -
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V. Results

IV.1 Selection of Metallic Wre

The earliest experinments were engaged in the selection of
nmetallic wire. Two criteria are required: |low nelting point and
| ow residual charge on the particles generated fromw re
expl osion. The higher nelting point nmetals appear to becone
thermal |y ionized during the explosion, while the low nelting
point nmetals could be easily dispersed w thout ionization
Besides, it is also necessary to have a wire that | ow residual
el ectrostatic charges can be built up on the particles after
expl osi on, such that electrically dom nant forces woul d not
i nfluence the growth of particles. The charges on numerous neta
aerosols were neasured with a Faraday cage filter. After trying
Cu, Ag, Ho, and Al, Ag wire was chosen. Table 4.1 lists the

neasurements of the charge levels on different aerosols.

Table 4.1 Measurenents of the Charge Levels on Different Aerosols

Char ge/ Mass Space Charge
Mat er i al ( Cg) (Cn)
A 3.5 E-8 2. 9 E-9
A 3.9 E-a 2.1 E-9
Ag 1.1 E-8 7.5 E-10O
Cu 4. 3 E-9 1. 0 E- 9
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IV. 2 Electron M crographs Wade by SEM

Fig. 4.1 through 4.10 show the el ectron nicroscope (SEM
pi ctures of particles at different pressures and tinmes. Four
di fferent pressures were conducted: 1 atm 0.1 atm O0.01 atm
and 0.001 atm There is no problemto collecting particles by
usi ng extracti ve sanpler when the pressure was equal to or
hi gher than 0.01 atm although particles settled nore quickly at
the | ower pressures. Even with repeated attenpts, no particles
wer e observed at 0.001 atm Beside the pressure, other para-
meters were fixed. They are: wire material, Ag; wire dianeter,

0.012*; electric energy, 15 KV; distance between two el ectrodes,

3 cm

After realizing that no particles could be collected at the
pressure of 0.001 atm it was desired to know the lower limt
for particle formati on. Another two pressure settings were
performed, 0.004 atmand 0.002 atm In these two tests, it was
only desired to know the "threshol d* of pressure, and no
pi ctures were taken. The PMS counter did show the presence of
particles within one hour after wire explosion for these two

pr essures.

Fromthe el ectron mcroscope pictures (Fig. 4.1 to Fig. 4.10),
the primary particles reveal a dianeter of 0.04 - 0.05
mcroneter at all levels of pressure. It was al so seen that sone
primary particles remained nmolten | ong enough to coal esce into

| arger spheres at 0.01 atm (not shown in the figures).
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V.3 Fractal Analysis
Fig- 4-11 to Fig- 4.20 are the plots of fractal analysis for
the particles grown at different pressures (1-0 atm 0.1 atm
and 0.01 atn). The fractal dinmension revealed in the figures, as
determ ned by one of dilation nmethods, do show a pressure

dependent as well as tinme dependent tendencies.

For the particles grown at one atnosphere, the fractal
di rension in the range of 0.07 to 0.5 microneter is about 1.3
at short times after wire explosion, and increased to about 1.45
two hours | ater. The value of 1.45 is characteristic of clustei—
cluster aggloneration, cmi.e. the particle growth is due
largely to the coagul ati on of clusters of particles of com
parabl e sizes. Also in one atnosphere, particles grown above 0.5
m cronmeter have a fractal dinension of 1.7, which is close to

the val ue of 5/3 expected for particle-cluster aggloneration.

In 0.1 atnposphere, particles exhibited the sane general trend;
where the range of clustei—eluster growth was from0.08 to 0.3
m croneter, and the particle-cluster growth range was fromO0.5

m cronet er and hi gher.

In 0.01 at nosphere, however, there was an opposite trend. The
snmal l er size range (from0.07 to 0.5 microneter) showed a
fractal dinension in a range from1l.4 to alnost 1.7. While at

size of 0-5 microneter and up to about 1.0 mcroneter, the

fractal dinension was about 1.35. This will be discussed |ater.
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Fig. 4.1 Electron Mcrograph of Agglonerates, 1 atm
Sanpl e Taken at 37 sec. after Explosion. 20, 000x
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Fig. 4.2 Electron Mcrograph of Agglonerates, 1 atm
Sampl e Taken at 26.3 mn. after Explosion.
(a) 20,000x, (b). 2,000x
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Fig. A 3 Electron Mcrograph of Agglomerates, 1 atm
Sanpl e Taken at 129.5 min. after Explosion.
(a) 20,000x, (b) 2,000x

Fig. A A Electron Mcrograph of Agglonerates, 1 atm
Sanpl e Taken at 194.8 mn. after Explosion. 20, 000x
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Fig. 4.5 Electron M crographof Agglonerates, O atm
Sanpl e Taken at 30 sec. after Expl osion.
(a).(b) zO OO, (c) 4,000x
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Fig. 4.6 Electron Mcrograph of Agglonerates, 0.1 atm

Sanpl e Taken at 30 nln.

after Expl osion.

(a) 20,000x, (b),(c) A OO«
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Fig. 4.7 Electron Mcrograph of Agglonerates, 0.1 atm
Sanpl e Taken at 60 min. after Expl osion.
(a) 20,000x. (b) 4,000x, (c) 800x
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Fig, A 10 Electron Mcrograph of Agglonerates, 0.01 atm
Sampl e TAken ar (a) 26 sec, 20,000x, (b) 29.8 nin.,
12, 000x, after Expl osion.
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Fig. 4.11 Fractal Analysis for the Particle in Fig. 4.1
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Fig. 4.12 Fractal Analysis for the Particle in Fig. 4.2(a)
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Fig. 4.13 Fractal Analysis for the Particle in Fig. 4.3(a)
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Fig. 4.14 Fractal Analysis for the Particle in Fig. 4.5(b)
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Fig. 4.15 Fractal Analysis for the Particle in Fig. 4.6(a)
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Fig. A 16 Fractal Analysis for the Particle in Fig. 4.7(a)
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Fig. 4.17 Fractal Analysis for the Particle in Fig. 4.9(a)
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Fig. 4.18 Fractal Analysis for the Particle in Fig. 4.10(a)
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Fig. 4.19 Fractal Analysis for the Particle in Fig. 4.10(h)
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Fig. 4.20 Fractal Analysis for the Particle Taken at 66.7 mn.
after Explosion at 0.01 atm

42


NEATPAGEINFO:id=9BCC86A5-CF7C-4AB4-8418-63F6654CFC5C


V. Di scussi on

Fromthe electron mcrographs (Fig. 4.1 to Fig. 4.10), it is
seen that at norrmal pressure (1 atn) particles tend to forma pl ane,
chain-1i ke agglonerate (Fig.4.1 to Fig. 4.4). At short tine after
vire explosion, the agglonerates exhibit an outline of linear chain
(Fig. 4.1). At the later stage of growth, branched chai n aggl ornerates
appeared (Fig. 2 to Fig. 4). these branched chai n aggl oner at es,
obviously, are built up froma linear chain base. Besides, those
branches are not |ong conpared to their parent chain. Conparing these
chain-1ike agglomerates it is found that the chains formed at earlier
stage of growh are opened and snualler than those forned at | ater
stage of growth, in that closed chains were observed (Fig. 4.1 and

Fig. 4.2 versus Fig. 4.3 and Fig. 4.4).

As the pressure was reduced, distinct differences were observed.
At 0.1 atm(Fig. 4.5 to Fig. 4.9), agglonerates are still chain-1like.
Nont hel ess, t hese chai n-1i ke aggl onerates are nore conpact, or
at hi cker" (i.e. no longer in two di nensional pattern but three
di mensional), than those forned at 1 atm and the formati on of cl osed
chai n aggl onrerates seened to be earlier. As pressure went even | ower,
at 0.01 atm grown particles were still in the formof chain
however, they becane nore and nore conpact, 1i.e. space anpng
particles was | ess, than those grown at higher pressures (see Fig.
4.10). The reason is that the growh at |over pressure, say 0.01 atm
is due largely to ballistic collision of particles rather than

Browni an notion. This leads to the fact that either individua
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particles or clusters of particles are nore likely to penetrate
i nside a groving cluster of particles than to stick around it, such
that a very conpact structure of aggregate is forned. On the other
hand, at higher pressure, say 0.1 atmand 1.0 atm the interaction of
the gas nolecules vith the particles is essential in the aggregation
process in vhich particles are nore likely to stick around the
peri phery of a grow ng aggregate than to penetrate into it, such that

an open structured aggregate is forned.

Fromthe SEM mi crograghs, it is obvious that the major effect of
reduci ng gas pressure on particles' growh is that particles wll
grow i nto nore conpact structures. To quantify this effect, a

descri ptor named fractal dinmension is applied.

Bef ore nmeasuring fractal dinensions, it should be noted that
fractal dinension can be used to describe the ruggedness of an object
only when this object exhibits fractal characteristics. It is
necessary to realize whether or not the grown particles generated in

this study reveal fractal characteristics.

Consi der, for exanple. Fig. 4.6. Fig. 4.6(a) is a nmagnified
picture of the particle laid on the left side of Fig. 4,6(b). Conpare
these two pictures, it is found that the structure of the particle
shown on Fig. 4.6(a) is simlar to that of the particle laid on right
side of Fig. 4.6(b). They are constructed by the base of closed-chain
structure. If we take a closer look at this particle, however, the

fundanental structure of this particle would be changed. It wll be
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found that this agglonmerate is added up with spherical prinary
particles even though the resolution gets higher and higher. Beyond
this magnification, probably 25,000x or nore, the boundary of the
aggl onerat e becones a smooth finite profile and exhibits Euclidean
structure rather than fractal structure, since spheres are Euclidean
objects. By definition (see Section I) particles exhibiting the above

descri bed behavior are characterized as natural fractals, provided

they al so exhibit scale invariance of some properties.

50
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Fig. 5.1 Fractal Dinension Measured by Conpass Wl k Het hod
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If ve use conpass val k techni que (perinmeter nethod) to neasure
the fractal dinension of a natural fractal, the plot on | og-l1og scale
woul d shov tvo linear regions (e.g. see Fig. 5.1). The linear region
at higher resolution describes the general structure of the profile,
the other region at |ower resolution describes the packing texture of
the Bubunits (i.e. primary particles). Kaye suggests the fornmer be
descri bed as structural fractal and the |latter as textural fractal.
1281 Furthernore, the break-point between these two |inear regions
shoul d be theoretically at the dinension of the discernible subunit.

[ 301

The nmethod used to neasure fractal dinension in this study is
dilation nethod which is described in Section IIl1.2. Fig. 4.11
through Fig. 4.20 are log-log plots derived fromthe analysis of the
digitized i mages of 5EH m crographs. Unlike the plot shown in Fig.
5.1 which is obtained fromthe anal ysis using conpass wal k net hod,

t hese plots show positive slopes. This is true because they are based

on the relation described in Section Ill. 2: Np"t"B ¢ Mre actually,

this relation can be witten into

where His the nass enclosed within a sphere of radius R In this

relation it assunmes that the center of nmass of the particle be the

center of the circle.

According to the experience derived from anal yzi ng those
digitized inmages, there are sone problens to which one has to pay

attention. First and the nost inportant, the boxes enclosing the
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obj ect shoul d be expanded around the center of mass of the object.
This requires at |east an evaluation of the center of mass. Secondly,
the slope of the plot is very sensitive to the initial |ocation of
the snallest box. In other words, small changes in the |ocation of
the smallest box will result in fluctuating slopes. This occurs even
t hough the | argest boxes contain the whole inmmge; in that case the
total nunber of pixels (which are coded "1") is the sane. To overcone
t hese probl enms, an averagi ng techni que has been applied. Several
expansi on centers were chosen in order to derive an averaged plot.

That is to say. Fig. 4.11 to Fig. 4.20 are all averaged plots.

Table 5.1 Fractal Di nensions Deternined by Dilation Mthod

1. O at rm O. L at rm O. OL1L at Mm

TiI me™> D Ti Nme D " Ti e D

0.6 1.267 (0.07-0.5)«» 0.5 1.227 (0.08-0.3) 0.5 1.425 (0.07-0. 2)

1.713 ( > O.5) 1.469 ( > 0.3) 1.167 ( > 0.2)
26.3 1.370 30 1.414 (0.08-0.2) 30 1.492 (0.1-0.5)
129.5 1.451 1.706 ( > 0.2) 1.264 ( > 0.5)

60 1,392 (0.06-0.5) 67 1.699 (0.1-0.4)
1.628 ( > 0.5) 1.389 ( > 0. 4)
180 1.617 (0. 3-0.9)

1.882 ( > 0.9)

e Time is counted after wire explosion and is in a unit of nminute

e Unit in the parentheses is in mcroneters.
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Table 5.1 lists the neasures of fractal dinmensions determ ned by
the dilation nethod. In this table, nost of the values of fractal
di mensi ons exhibit two regions. There is no evidence show ng that,
li ke the plot of conpass wal k nethod, the break point is near the
size of primary particles. However, this can be described as two
stages of growh. For exanple, let us take a | ook at the fractal
di nension of a grown particle at 30 minutes after explosion under 0.1
at nrosphere of pressure, fit the early stage of growth (growing from
0.08 to O.£ mcroneters), the fractal dinension of 1.414 manifests a
clustei —cluster aggregation. Wile at the later stage of growth
(growing fromO.£ mcroneters and |arger), the fractal dimension of
1.717 reveals that particle growing at this stage is in particle-

cluster aggregation.

For the particles grown at one atnobsphere, at short tinme after
explosion, the fractal dinension in the range of 0.07 to about 0.5
mcroneter is about 1.3, and is about 1.7 for the range above 0.5
mcrometers. Two hours later, it increases to about 1.45 which is a
characteristic value of clustei—luster aggregation (see Table 1.1).
The value of 1.7 is close to the value of 5/3 which is an anticipated
value for particle-cluster aggregation (see also Table 1.1). The
trend of growh at this pressure manifests that clustei—luster

aggl omeration will be donminated for |ong-term coagul ation

fit 0.1 atmosphere, particles' growth reveals sinlar features as
they grow at one atnosphere. The data presented in Table 5.1 show

that thereis atransition to particle-cluster aggregation during the
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coagul ation tinmes. The cluster-cluster aggregation occurs for the
size ranging fromO0.08 to 0.3 micronmeters, and fromO0.5 mcroneters

and | arger reveals particle-cluster aggregation.

Unlike 0.1 and 1 atnosphere, particles grown at 0.01 atnosphere
exhi bit another character. For the size ranging fromO0.07 to 0.5
mcroneters the fractal dinension is from11.43 to 1.70, and is from
1.2 to 1.4 for the size of 0.5 mcroneters and larger. This tells us
that at the early stages of growth cluster-cluster aggregation is
dom nated within 30 mnutes after wire explosion; and particle-
cluster aggregati on begi ns dominating at one hour after explosion and
later. At the later stages of growh, the growh will approach to
cluster-cluster aggregation with | onger coagulation time, say, one

hour after expl osion.

The reason that growh switches fromcluster-cluster aggregation
to particle-cluster aggregati on can be described as follows. As the
size of cluster increases, its Brownian notion will becone sl ow
because this cluster is | arge enough that the bonbardnents of gas
nmol ecul es on it could not affect its notion; that is to say, this
cluster is "stable". In that case, the notion of this cluster is nuch
| ess than the background particles or small clusters of nuch snmaller
si ze. Therefore those background particles and small clusters are
nore likely to collide with the relatively large clusters rather than

stick thenselves. This is the characteristics of particle-cluster

aggregati on.
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fls gas density is low, for exanple, 0.01 atnosphere, the fracta
di mension for early stage of growh is larger than that for |ater
stage of growh for the entire sanpling tine. The m crographs of the
particles grown at 0.01 atnosphere (Fig. 4.10) can denonstrate these
measurenments. In the figures, the structure of the particles shows
that it becones nore conpact and solid as | ooking fromthe periphery
i nward. From anot her point of view, particles collide together by
cluster-cluster aggregation at the early stage of growh; since the
gas density is low these clusters of particles can contact one
anot her tightly, such that a conpact structure fornms. In the limt of

purely ballistic aggregation, a nearly solid structure will have a

fractal dinension of 2.0.

The nmethod used to measure fractal dinension in this study is
deal ing with two-di nensi onal projecting shapes which are el ectron
m crographs of the particles generated. However, the real particles
are three-di mensional, which is apparent in | ow angle m crographs or
stereo-pairs. However, in the literature reported by Wits and
Huang, £403 it was denonstrated that as long as the particles are
sparse enough, the two di mensi onal projection of a three-dinensiona
particle will have the sane fractal characteristics as the particle

itself. Therefore, it is unnecessary to do a three-dinmensiona

anal ysis, except perhaps in the ballistic limt.
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VI . Summary

In this report, the growth behavior of netallic aerosols under
normal and reduced pressure environments was investigated. Particles
grown at both environments exhibit very irregular outlines, as shown
in the electron nmicroscope pictures fromFig. 4.1 to Fig. 4.10. It
vas found that the basic structure of agglonerates in all three
pressure conditions perforned is a chain with sone branches. At
normal pressure, the agglonerates | ook |ike several branched chains
stuck together end to end and, constructing an open-chain
aggl omerate. As pressure decreases, particles' profile is changing
from open-chain to closed-chain and their structure becones nore

conpact and solid.

The growh of particles is characterized into three types in
this study, they are: cluster-cluster aggregation, particle-cluster

aggregation, and ballistic aggregation, according to the neasured

fractal di nensions.

According to the observations in this study, the aggl onerates
under normal and reduced pressure exhibit fractal characteristics,

and can be categorized as natural fractals.

A descriptor, called fractal dinension which is used to describe
a fractal object, is applied to quantifying the effect of reducing
the pressure on the growh of particles. The neasures of fractal

di nensions of experinentally generated and grown particles are


NEATPAGEINFO:id=ED74C68F-6E23-4441-8A3C-DCBC9A142597


summari zed in Table 5. 1.

Particles grown at 1.0 atnosphere exhibit cluster-cluster aggre-
gation in the early stage of growth, and particle-cluster aggregation
for the later stage of growth at short time after wire expl osion.

Then the growth tends to be a cluster-cluster aggregation

At 0. 1 atnosphere, like at one atnosphere, the growth is
attributed to formng small clusters of particles initially. After
that, these small clusters of particles aggregate one another by
cluster-cluster aggregation to forma larger cluster with a charac-
teristic fractal dimension of about 1.4. The later stage of growth is

domi nated by particle-cluster aggregation and is characterized by a

fractal di mension of about 1.7.

At even | ower pressure, 0.01 atnosphere, the initial growth is
changing fromcluster-cluster aggregation to particle-cluster aggre-
gation. Wiile the later stage of growh will approach to a cluster-

cluster aggregation, but will presumably change to particle-cluster

aggregation at |onger tines.

Throughout this report, it is obvious that gas nean free path is
an inportant factor to the growth of particles. Al though the pressure
does not decrease to very low value, it seens clear that the aggrega-
tion of particles will tend toward formng nore conpact structures
with fractal dimensions approaching to a limt value of 2. The nost

i mportant point in this report is the concept and application of

- 52
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fractal dinension. The fractal analysis is able to interpret the

structural infornmations of agglonerates about their growh history.
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COVPUTER PROGRAM

SOURCE

PRECI SI ON 6

PROCS=44

BYTE ARRAY(16384): Ba/ X

BYTE ARRAY(320,200): A/ X

| NTEGER ARRAY(100): XI, X2, X3, X4, YI, Y2, Y3, Y4
| NTEGER ARRAY(100): W

REAL ARRAY(100); P

BYTE: | nc, Boxnum

| NTEGER: Rb, Lb, U, Li

PROCEDURE: Acqpi c
END PROCEDURE

PROCEDURE: Shri nk
END PROCEDURE

PROCEDURE: Set W dt h
END PROCEDURE

PROCEDURE: Anykey
END PROCEDURE

PROCEDURE: Showpi c
END PROCEDURE

PROCEDURE: Counti ng
END PROCEDURE

PROCEDURE: Defi nevi ndov
END PROCEDURE

PROCEDURE: PI ot
END PROCEDURE

PROCEDURE: Set bound
END PROCEDURE

PROCEDURE: Messagel
END PROCEDURE

PROCEDURE: Resul
END PROCEDURE

PROCEDURE: Acqpi ¢

EXTERNAL: Ba, Anykey
| NTEGER: |

STRING Fil e$[ 161

PROCEDURE: Hes
END PROCEDURE

PROCEDURE: Mes
EXTERNAL: Fil eS, Anykey
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COVPUTER PROGRAM

10 CLS
20 SET CURSOR 10,25:INPUT "Picture file name ? ";File$
30 CLS

40 SET CURSOR 2,19:PRINT "For picture to appear it needs 22

seconds. *

50 SET CURSOR 5, 27: COLOR LTGREEN: PRI NT "When picture appears

60 SET CURSCR 6, 13: COLOR YELLOW PRI NT "Use arrow keys and
hit certain keys to set boundaries”
70 SET CURSOR 9, 25: COLOR LTGREENt PRI NT "After setting
boundaries ..... "
80 SET CURSOR 10, 17: COLOR YELLOW PRINT "The picture wll
then be stored into an array."
90 SET CURSOR 11, 28: COLOR YELLOW PRINT "(It needs a few
m nutes)"”
100 SET CURSCR 14, 19: COLOR LTCYAN: PRINT "Hit the foll ow ng
keys to set boundaries."
110 SET CURSOR 16, 13: COLOR YELLOW

120 PRINT "'L" : Left boundary";SPC(15) "'R : Ri ght
boundary"
130 SET CURSOR 17, 13: COLOR YELLOW
140 PRINT ""U : Upper boundary";SPC(14) "'D : Lower
boundary"”

142 SET CURSCR 18, 29: COLOR YELLOW
144 PRI NT "<ESC> : Finish setting"
150 SET CURSOR 21, 2a: QOLOR LTRED: PRINT "Type anykey to
conti nue.";
150 Anykey
170 SET CURSOR 21, 28: COLOR LTRED: PRINT "Acquiring Picture

END PROCEDURE
10 Hes
30 OPEN Files AS 1 LEN 16384
40 READ RECORD *1, 1, Ba
50 CLCSE 1
60 FOR | = 4 TO 16003 : Bad) = Ba(l*252) : NEXT
70 Ba(0)=128: Ba( 1) =2: Ba( 2) =200: Ba( 3) =0

END PROCEDURE

PROCEDURE: Shri nk

EXTERNAL: A U, LI, Rob, Lb, Defi newi ndow, Anykey
I NTEGER: 1,J

PROCEDURE: Mbodi fy
END PROCEDURE

PROCEDURE: Mes
END PROCEDURE

PROCEDURE: Modi fy
EXTERNAL: Rb, Lb
10 |F Ro MOD 2=1 THEN Rb=Rb*I
20 I F Lb MOD 2=1 THEN Lb=Lb-1
END PROCEDURE
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COVMPUTER PROGRAM

PROCEDURE: Mes
EXTERNAL: Defi newi ndov, Anykey
10 Defi nevi ndov
20 SET CURSOR 10, 14: PRINT "The picture has been stored into
a 320 X 200 array."
30 SET CURSOR 12,12: PRINT "Next step is to set vidth and
nunber of counting boxes?
40 SET CURSOR 15, 27: COLOR LTRED: PRI NT "Type any key to
conti nue. "
50 Anykey
END PROCEDURE
10 Modify
20 CLEAR(A)
30 FOR J = U TO LI
40 FOR | = Lb TO Rb
50 A(1/2,3) = PONT(I,J) * POINT(I*1,J)
50 NEXT
70 NEXT
80 SOUND 1000, 2
90 Mes
END PROCEDURE

PROCEDURE: Set W dt h
| NTEGER: X, Y
BYTE ARRAY(5): Ptr
EXTERNAL: W XI, X2, X3, X4, Y, Y2

EXTERNAL: Y3, Y4, Showpic, Inc, Def inew ndow, Boxnuiii, Anykey
STRI NG K$[ 5]
EXTERNAL: Ba

PROCEDURE: I nit
END PROCEDURE

PROCEDURE: MovePtr
END PROCEDURE

PROCEDURE: Boxi nit
END PROCEDURE

PROCEDURE: Box
END PROCEDURE

PROCEDURE: Mes
END PROCEDURE

PROCEDURE: Val r eset
END PROCEDURE

PROCEDURE: Hesl
END PROCEDURE

PROCEDURE: | nit
EXTERNAL; Ptr
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COVPUTER PROGRAM

10 PSET( 10, 10), 1
20 GET(10, 10)- (10, 10), Ptr
30 PRESET( 10, 10)

END PROCEDURE

PROCEDURE: MovePtr
STRING K$[ 5], R15], Lt SI, UL5], DCS]
EXTERNAL: X, Y, Ptr, Showpi c
EXTERNAL: Boxinit,Init

10 Shovpic
20 Init

30 R=CHRS$( 0) * CHR$( 77) : L=CHR$( 0) * CHR$( 75) :

U=CHR$( 0) +CHRS$( 72) : D=CHR$( 0) * CHR$( 80)

40 X = 300 : Y = 50

50 PUT(X, Y),Ptr, XOR

60 DO

70 K$=I NKEy$: | F K$=«" THEN GOTO 70
80 I F K$ = CHR$(27> THEN Boxi ni t
90 IF K$ =" « THEN EXIT

100 IF K$ = R THEN PUT(X, Y), Ptr, XOR

PUT(X, Y),Ptr, XOR

110 IF K$ = L THEN PUT(X, Y), Ptr, XOR

PUT(X, Y), Ptr, XOR

120 IF K$ = U THEN PUT(X Y), Ptr, XOR

PUT(X, y),Ptr, XOR

130 IF KS = D THEN PUT(X, Y), Ptr, XOR

PUT(X, Y),Ptr, XOR
140 REPEAT
END PROCEDURE

PROCEDURE: Boxi ni t
EXTERNAL: X, Y, Xl, X2, X3,X4,Y1, Y2
EXTERNAL: Y3, Y4
STRING K$[ 5]

10 K$=INKEY$ : IF K$ = «" THEN GOTO 10
20 IF KS = "1* THEN X1(0) = X : Y1(0) =
30 IF K$ = '2" THEN X2(0) = X : Y2(0) =
40 IF K$ = '3 THEN X3(0) = X : Y3(0) =
50 IF K$ = M THEN X4(0) = X : Y4(0) =

END PROCEDURE

PROCEDURE: Box
EXTERNAL: W X, X2, X3, X4, Yl , Y2, Y3
EXTERNAL: Y4, | nc, Boxnum
| NTEGER: |
10 CLS
20 WO0) =Y2(0)-Y1(0)
30 X3(0)=X1(0) +2»W0) : Y3(0)=Y2(0)
40 X4(0)=X3(0) : Y4(0)=Y1(0)
50 FOR 1| = 0 TO Boxnum

60 Xl <I*1)=Xl(1)-2»Inc : YL(1*1)=Y1(l)-Inc
70 X2(1*1)=X2(1)-2»Inc : Y2(1*1)=Y2(1)*Inc
80 X3(1+l)=X3(1)*2»Inc : Y3(1*1)=Y3(l)+lnc
90 X4<l +l)=X4(1)*2»Inc : Y4(1*1)=Y4(l)-1nc

< < < <
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COVPUTER PROGRAM

100 W) =Y2(1)-Y1(l)
110 LIKE(XL(1), YL(1))-(X3(1),Y3(1)),1, B
120 NEXT

END PROCEDURE

PROCEDURE: Mes
EXTERNAL: | nc, Boxnum
STRI NG K$[ 5]
10 CLS : COLOR YELLOW
20 SET CURSOR 8, 12: PRINT "Hit <CR> to choose number of boxes

and i ncrenent val ue. *

30 SET CURSCOR 9, 23: PRINT "Qt her keys will use default

val ues"”
40 SET CURSOR 13, 19:PRINT "Default values are: Nunber of
boxes = 20"

50 SET CURSOR 14, 19: PRI NT " Box

i ncrenent =4"
60 SET CURSOR 18, 24: COLOR LTGREEN: PRI NT »<ESC> wi || use
earlier values.*
70 K$=I NKEY$: I F K$ = "" THEN GOTO 70
80 DO | F K$=CHR$( 13)
90 CLS : COLOR YELLOW
100 SET CURSCR 9, 16: I NPUT "Number of boxes wanted ?";Boxnum

110 SET CURSCR 11, 16: I NPUT "Box increment ? ";lnc
120 END DO

130 DO | F K$<>CHR$(13) AND K$<>CHR$(27)
140 Boxnum = 20 : Inc =4
150 END DO

END PROCEDURE

PROCEDURE: Val r eset

EXTERNAL: | nc, Boxnum Def i newi ndow

STRI NG K$[ 5]
10 Defi newi ndow
20 SET CURSCR 10, 8
30 PRINT "Want to reset nunber of boxes and box increnent

values ? (Y/N)"

40 K$=I NKEY$: | F K$="" THEN GOTO 40
50 DO I F K$="y" OR K$="Y"
60 CcLS
70 SET CURSCR 9, 29: I NPUT "Nunber of boxes ?";Boxnum

80 SET CURSOR 11, 29:1NPUT "Box increnent ?";Inc
90 END DO

END PROCEDURE

PROCEDURE: Mesl

EXTERNAL: Anykey
10 CLS : COLOR YELLOW
20 SET CURSOR 3, 24:PRINT "Use arrow keys to nove pointer."
30 SET CURSOR 5, 15: PRINT "The pointer should be moved to the
position where"
40 SET CURSOR 6, 15: PRINT "is one of the four corners of the

nost i nner box."

50 SET CURSOR 7, 15: PRINT "The corners can be set by doing
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COVPUTER PROGRAM

the foll ow ng way"

60 SET CURSOR 9, 12: PRINT "Hit <ESC> and 1 to set the upper
| eft corner of that box."

70 SET CURSCR 10,12:PRINT "Hit <ESC> and 2 to set the | ower
|l eft corner of that box."

80 SET CURSOR 12, 15: PRI NT "The upper and | ower left corners
shoul d be set " -

90 SET CURSOR 13, 15: PRI NT "before viewi ng the boxes. After
setting these”

100 SET CURSOR 14, 15:PRINT "corners, hit SPACE bar to view

how t hose boxes"

110 SET CURSOR 15, 15: PRINT "l ook li ke and how do you Iike

them You coul d"

120 SET CURSOR 16, 15: PRI NT "either reset box nunber and box
i ncrenment val ues”

130 SET CURSOR 17, 15: PRINT "or renmin these val ues but change
t he positions”

140 SET CURSOR 18, 15: PRI NT "of those boxes."

150 SET CURSOR 21, 27: COLOR LTRED: PRI NT "Type any key to
conti nue.";

160 Anykey

END PROCEDURE

10
20
30
40
50
60
70
60

90
100

Mes
CLS: COLOR YELLOW

SET CURSOR 10, 27: PRINT "Need instructions ? (Y/N"
K$=1 NKEY$: | F K$="» THEN GOTO 40

I F K$="y" OR K$="Y" THEN Mesl
MovePt r

Box

PUT(0, 0),Ba, XOR

LOCATE 24, 65:PRINT "OK ? (Y/' N
K$=I NKEY$: | F K$="" THEN GOTO 100

110 | F K$<>"Y" AND K$<>"y" THEN Valreset : GOTO 60
120 LOCATE 24, 65: PRI NT "Conputing__ ";

END PROCEDURE

PROCEDURE: Anykey

STRI NG SC5]
10 S = INKEY$ : IF S ="" THEN GOTO 10

END PROCEDURE

PROCEDURE: Showpi ¢

EXTERNAL: Ba

10
15
20

SCREEN 2
" LI NE( 2, 0) - (639, 191) , 1, BF
PUT( 0, 0), Ba, XOR

END PROCEDURE

PROCEDURE: Counti ng

EXTERNAL: A X, X2, X3, X4, Y, Y2, P
EXTERNAL: Boxnum

INTEGER: |,J,K

PROCEDURE: Modi fy
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COVPUTER PROGRAM

END PROCEDURE

PROCEDURE: Modi fy
| NTEGER: |
EXTERNAL; Xl , X2, X3, X4, Boxnum
10 DO I F X1(0> HOD 2 >« 1

20 FOR | = 0 TO Boxnum|
30 X (1) = XKI) - 1
40 xX2(1) = X2(1> - 1
5« X3(1) * X3(1) - 1
60 X4(1) - X4(l) - 1
70 NEXT
80 END DO
END PROCEDURE
10 Modify

20 CLEAR(P)

30 FOR J = Y1(0) TO Y2(0)-1

40 FOR I = XI(0)/2 TO X4(0)/ 2-1
50 P(0) = P(0) [OA(I,Jd)

60 NEXT

70 NEXT

80 SOUND 1000, 0.5

90 FOR K = 1 TO Boxnum |

100 P(K> = O

110 FOR J = YKK) TO Y1(K-1)-1

120 FOR | = XI<K)/2 TO X4(K)/2-1
130 P(K) = P(K) + A(l,J)
140 NEXT

150 NEXT
160 FOR J = Y2{K-1) TO Y2(K)-1

170 FOR | = Xl (K)/2 TO X4<K)/ 2- |
180 P(K) = P(K) OAd,J)
190 NEXT

200 NEXT
210 FOR J = YI(K-1) TO Y2(K-1)-1

220 FOR 1 = X (K)/2 TO Xl (K-1)/2-1
230 P{K) = P(K) DA(I,J)
240 NEXT

250 NEXT
260 FOR J = YI(K-1) TO Y2<K-1)-1

270 FOR | = X4(K-1>/2 TO X4(K)/2-1
280 P(K) = P(K) DOA(I,J)
290 NEXT

300 NEXT

310 P(K) = P(K) + P(K-1)
320 SOUND 1000, 0. 5

330 NEXT

340 SCOUND 1000, 0. 5
END PROCEDURE

PROCEDURE: Defi newi ndow
10 CLS : SCREEN 0 : STATUSLI NE OFF

20 DEFINE WNDOW 1,0, 0, 23,79, YELLOW ON BLUE
30 FRAME W NDOW 1, 10
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COVPUTER PROGRAM

40 COLOR BORDER RED
END PROCEDURE

PROCEDURE: Pl ot

EXTERNAL: W P, Anykey, Boxnum Defi nevi ndov
| NTEGER L, Vc, He, Pmin

PROCEDURE: Coord
END PROCEDURE

PROCEDURE: Scal e
END PROCEDURE

PROCEDURE: Regressi on
END PROCEDURE

PROCEDURE: Pl ot 4x3
END PROCEDURE

PROCEDURE: Pl ot 3x3
END PROCEDURE

PROCEDURE: Pl ot 3x2
END PROCEDURE

PROCEDURE: Pl ot 2x2
END PROCEDURE

PROCEDURE: Pl ot 2x3
END PROCEDURE

PROCEDURE: Coord
EXTERNAL: He, Vc

PROCEDURE: Four xThr ee
END PROCEDURE

PROCEDURE: Thr eexThr ee
END PROCEDURE

PROCEDURE: Thr eexTvo
END PROCEDURE

PROCEDURE: TwoxTvo
END PROCEDURE

PROCEDURE: TwoxThr ee
END PROCEDURE

PROCEDURE: Four xThr ee
I NTECER: |, J
10 LI NE(170, 0)-(470,180),1,B
20 FOR1 =0 TO 1
30 LINE(270+100«l,0)-(270+100»1,4),1
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40 LI NE(270*100»|, 176) - (270* 100« , 180), 1
50 NEXT

60 FOR 1 = 0 TO 2
70 LINE(170,135-45»1)-(177,135-45«l), 1
80 LINE(463, 135-45»1)-(470, 135-45»1),1

90 NEXT
100 FOR J = 2 TO 5 STEP 3
110 FOR 1 = 0 TO 2

120 LI NE(170*100»(1*LOXJ)/2.3), 0)-
(170M00s (1 +LOX J) /2. 3),4),1
130 LI NE(170*100»(1*LOX J)/2.3), 176)-
(170*100* (1 *LOG(J >/ 2. 3),180), 1
140 NEXT
150 FORI = 0 TO 3
160 LI NE( 170, 180- 45* (1 +LOG(J)/ 2. 3) >- (177, 180-
45»(1+L0G(J)/2.3)), 1
170 LI NE(463, 180-45»(1*LOX J)/2.3))- (470, 180-
45«(1*L0G(J)/2.3)), 1
180 NEXT
190 NEXT
END PROCEDURE

PROCEDURE: Thr eexThree
I NTEGER: 1,J
10 LI NE<125,0)- (515, 180), 1, B
20 FORI =0 TO 1
30 LI NE(255+130»|,0)-(255*130»|,4), 1

40 LI NE(255*130»1, 176) - <255+130»1, 180), |
50 NEXT

60 FOR1 =0 TO 1
70 LI NE( 125, 60*60»1) - (132, 60+60«l ), 1
80 LI NE(508, 60*60»!)- (515, 60*60»l), 1

90 NEXT
100 FOR J = 2 TO 5 STEP 3
110 FOR I = 0 TO 2

120 LI NE(125+130* (1 +LOXJ)/ 2. 3), 0) -
(125+130¢ (1 *LOX(J) /2. 3),4),1
130 LI NE(125+130«(1*LOG(J>/2.3), 176) -

(125+130«(1*LOX J)/ 2. 3), 180), 1
140 NEXT

150 FOR I = 0 TO 2
160 LI NE( 125, 180- 60»( | +LOX J>/ 2. 3)) - (132, 160-
60»(1*LO3(J)/2.3)), 1
170 LI NE<508, 180- 60»<I| *LOX J)/ 2. 3) >- (515, 180-
60»(1*LO3(J)/2.3)), 1
180 NEXT
190 NEXT
END PROCEDURE

PROCEDURE: Thr eexTwo
I NTECER: 1,J
10 LI NE(190, 0) - <450, 180), 1, B
20 LI NE(320,0)-(320,4),1
30 LI NE(320, 176)- (320, 180), 1
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40 FOR'1 =0 TO 1
50 LIKE(190, 120-60»l)- (197, 120-60»I), 1
60 LI NE(443, 120- 60»| ) - (450, 120- 60»1), 1

70 NEXT
60 FORJ * 2 TO5 STEP 3
90 FOR I =0 TO1

100 LI NE(190*130»(1*LOXJ)/ 2. 3), OF
(190M30s (1 0OG<J) /2. 3),4),1
110 LI NE(190+130»(1*LOXJ)/2.3), 176) -

(19030 (1 0OX(J)/ 2. 3),180), 1
120 NEXT

130 FOR I = 0 TO 2
140 LINE( 190, 180-60* (1i-LOG J)/2. 3)) - (197, 180-
60»(1*LOX J)/2.3)), 1
150 LI NE( 443, 180- 60«( 1 *LOJ)/ 2. 3))- (450, 180-
60»(1*LO J)/2.3>), 1
160 NEXT
170 NEXT
END PROCEDURE

PROCEDURE: TwoxTwo
I NTEGER: |, J

10 LI NE(120, 0)-(520, ia0),!,B

20 LI NE(320,0)-(320,4),1

30 LINE(320, 176)-(320, 180),1

40 LI NE(120, 90)-(127,90), 1

50 LI NE(513, 90)- (520, 90), 1

60 FORJ = 2 TOS5 STEP 3

70 FOR1I =0 TO 1
80 LI NE(120-200*(1*LOXJ)/2.3), 0)-
(120200 (1 *LOG(J)/ 2. 3), 4), |
90 LI NE(120+200»(1*LOXJ)/2.3), 176) -

(120%200»( 1 *LOG(J)/ 2. 3), 180), 1
100 NEXT

110 FOR I =0 TO 1
120 LI NE( 120, 180- 90* (1 *LOG(J)/ 2. 3)) - (127, 180-
90»(1 *LOxJ)/2.3)), 1
130 LI NE(513, 180- 90»( 1 *LOX J)/ 2. 3)) - (520, 180-
90* (1 +LOX(J)/2.3)), 1
140 NEXT
150 NEXT
END PROCEDURE

PROCEDURE: TwoxThr ee
I NTEGER: 1,J
10 LI NE<20, 0) - (620, 180),1, B
20 FOR'1 = 0 TO 1
30 LI NE(220*200«l , 0)-(220+200»I , 4), |
40 LI NE(220+200«l , 176) - (220+200»! , 180), 1
50 NEXT
60 LI NE(20,90)-(27,90),1
70 LI NE{613, 90)- (620, 90), 1
80 FORJ = 2 TO 5 STEP 3
90 FOR I = 0 TO 2
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100 LI NE<20+200»( | *LOG<J>/2. ~), 0) -
(20200e (1 +LOB(J)/ 2.3), 4), |
110 LI NE(20*200«(1 + LOXJ)/2.3), 176)-
(20+200»(1*LOGJ)/2.3), 180),1
120 NEXT
130 FOR I =0 TO 1
140 LI NE( 20, 180- 90* (1 +LOXJ)/2. 3))-(27, 180-
90«(1+L0xJ)/2.3)),1
150 LI NE(613, 180-90»(1*L0OG<J)/2.3))- (620, 180-
90«(1*L0O¥J)/2.3)),1
160 NEXT
170 NEXT
END PROCEDURE
10 DO I F Vc=4 AND Hc=3
20 Four xThr ee
30 END DO
40 DO I F Vc=3 AND Hc=3
50 ThreexThree
60 END DO
70 DO I F Vc=3 AND Hc=2
80 ThreexTuo
90 END DO
100 DO I F vVc=2 AND Hc=2
110 TwoxTwo
120 END DO
130 DO I F vVc=2 AND Hc=3
140 TwoxThr ee
150 END DO
END PROCEDURE

PROCEDURE: Scal e
EXTERNAL: Vc, He, WPnm n

PROCEDURE: Four xThr ee
END PROCEDURE

PROCEDURE: Thr eexThr ee
END PROCEDURE

PROCEDURE: Thr eexTwo
END PROCEDURE

PROCEDURE: TwoxTwo
END PROCEDURE

PROCEDURE: TwoxThr ee
END PROCEDURE

PROCEDURE: Four xThr ee
EXTERNAL: Pnin
10 DO IF INT(LOE Pnin)/2.3) =1
20 LOCATE 1, 14: PRI NT "100, 000";
30 LOCCATE 6, 15: PRI NT " 10, 000";
40 LOCATE 12, 16: PRINT "1, 000";
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COVPUTER PROGRAM

50 LOCATE 17,18:PRINT "I BO®';

60 LOCATE 23, 19: PRI NT "10";
70 END DO

80 DO I F INT(LOG(Pniin)/2. 3)=0
90 LOCATE 1, 15: PRI NT210, 000»;
100 LOCCATE 6, 16: PRINT "I, Gogo',
110 LOCATE 12, 18:PRINT "100«)
120 LOCATE 17,19:PRINT "l ©';
130 LOCATE 23, 20: PRINT "1";

140 END DO

150 LOCATE 24, 22: PRINT "1";

160 LOCATE 24, 34: PRI NT " 10»;

170 LOCATE 24, 46: PRI NT "100";

180 LOCATE 24, 58: PRI NT21000";
END PROCEDURE

PROCEDURE: Thr eexThr ee
EXTERNAL: Pm n
10 DO I F INT(LOG Pinin)/2.3)=2
20 LOCCATE 1, 9: PRI NT «100, 000";
30 LOCCATE 8, 10: PRI NT " 10, 000";
40 LOCATE 16, 11: PRI NT "1, 000";

50 LOCATE 23, 13: PRI NT "100";
60 END DO

70 DO | F | NT(LOG(Pnin)/2.3)=1

80 LOCATE 1, 10: PRI NT "10, 000" ;
90 LOCATE 8, 11: PRINT "1, 000";
100 LOCATE 16, 13: PRI NT "100";
110 LOCATE 23, 14: PRI NT "10";

120 END DO

130 LOCATE 24, 16:PRINT "1";
140 LOCATE 24, 32: PRINT "10";
150 LOCATE 24, 48: PRI NT "100";

160 LOCATE 24, 63: PRINT "1, 000";
END PROCEDURE

PROCEDURE: Thr eexTwo
EXTERNAL: W Pmi n
10 DO I F I NT(LOG<Pniin)/2. 3)=2
20 LOCCATE 1, 17: PRI NT "100, 000";
30 LOCATE 8, 16: PRI NT "10, 000";
40 LOCATE 16, 19: PRINT "1, 000";

50 LOCATE 23, 21: PRI NT "100";
60 END DO

70 DO | F I NT(LOG(Pniin)/2.3)=1

80 LOCATE 1, 18: PRI NT "10, 000";
90 LOCATE 8, 19: PRI NT "1, 000";
100 LOCATE 16, 21: PRI NT "100";

110 LOCATE 23, 22: PRINT "10";
120 END DO

130 DO | F | NT(LOG<W0))/ 2. 3) =1
140 LOCATE 24, 24: PRI NT "10";
150 LOCATE 24, 40: PRI NT "100";
160 LOCATE 24,55: PRINT "1, 000";
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170 END DO
180 DO | F | KT( LOG( W 0) >/ 2. 3) =0
190 LOCATE 24, 25: PRINT "1";

200 LOCATE 24, 41: PRI NT "10%*;

210 LOCATE 24, 57: PRI NT2100";
220 END DO

END PROCEDURE

PROCEDURE: TwoxTwo
EXTERNAL: W Pm n

10 DO | F I NT(LOG( Pnin)/ 2. 3) =3
20 LOCATE 1, 8:PRINT 100, 000";
30 LOCATE 12, 9:PRINT "10, €BO';
40 LOCATE 23, 10: PRI NT <1, 000»;
50 END DO

60 DO | F | NT(LOG(Pnii n>/2.3)=2

70 LOCATE 1, 9:PRINT "10, 000";
80 LOCATE 12,10: PRINT "I, €O ;
90  LOCATE 23, 12: PRINT «100";
100 END DO

110 DO | F | NT(LOG<W0))/2.3) =1
120 LOCATE 24, 15: PRI NT "10";
130 LOCATE 24, 39: PRI NT "100";
140 LOCATE 24, 63: PRINT "1, 000";
150 END DO

160 DO | F | NT(LOG(WO0))/ 2. 3)=0
170 LOCATE 24, 16: PRINT "1";

180  LOCATE 24, 40:PRINT "10";

190 LOCATE 24, 65: PRI NT "100";
200 END DO

END PROCEDURE

PROCE

DURE: TwoxThr ee

EXTERNAL: Pnin

END P
10
20
30
40
50
60
70
80
90

10 DO | F I NT(LOG(Pni n)/ 2. 3) =3

20 LOCATE 12, 5: PRI NT "10, 000";
30 END DO

40 DO | F I NT(LOG(Pniin)/2.3)=2

50 LOCATE 12, 5:PRINT "1, 000";
60 END DO

70 LOCATE 24, 3:PRINT "1";

80 LOCATE 24, 27: PRINT "10";

90 LOCATE 24, 52: PRI NT "100";

100 LOCATE 24, 75: PRINT "1, 000";
ROCEDURE

DO I F Vc=4 AND Hc=3
Four xThr ee

END DO

DO I F Vc=3 AND Hc=3
Thr eexThr ee

END DO

DO I F Vc=3 AND Hc=2
Thr eexTwo

END DO

A - 13
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100
110
120
130
140
150

COVPUTER PROGRAM

DO I F Vc=2 AND Hc=2
Twox Two

END DO

DO I F Vc=2 AND Hc=3
TwoxThr ee

END DO

END PROCEDURE

PROCEDURE: Regressi on
EXTERNAL: W P, Boxnum
| NTEGER: |
REAL ARRAY(100): RegX, RegY
REAL: XBum Ysum U, Xysum X2BUi n

REAL.:

Y2sum Nuner, Denom R, B

10 CLEAR (RegX, RegY, U, Xsum Ysum Xysutn, X2suni, Y2suin)

20
30
40
50
60
70
80
90
100
110

130

140
150

160
170

180

FOR I = 0 TO Boxnum1

DOIF WI) >0 AND P(1) >0

RegX(1) = LOGWI))/2.3 : RegY(l) = LOGP(1))/2.3

END DO

Xsum = Xsum [RegX(1) : Ysum = Ysum [RegY(I)

U = RegX(l)«RegY(l) : Xysum = Xysum [U

U= RegX(l)'"2 : X28um = X2sum U

U= RegY(l)*2 : Y2sum = Y2sum [U
NEXT
Nurmer = Xysum - XsumpYsuni Boxnum

120 Denom = (SQR( X2sum Xsunt 2/ Boxnum) ) * ( SOR( Y2sum
Ysunt 2/ Boxnuny)

R = Nuner/ Denom

B = (Xysum Xsum»Ysum Boxnum) / ( X2sum Xsuni ' 2/ Boxnum

DO | F ABS(R) > 0.98
LOCATE 21, 42: PRINT "Slope =»;:PRINT USI NG "#. ##+; B
LOCATE 22, 42:PRINT « R =« :PRINT USING "#. ####": R

END DO

END PROCEDURE

PROCEDURE: Pl ot 4x3
EXTERNAL: WP, L, Pmin

10

30
40

50

60

DO | F I NT(LOG(Pmin)/2.3)=1
20 I RCLE(170+1005LOG(W L))/ 2. 3, 180- 45»(LOX P(L))/ 2. 3-
1)),2,1
END DO
DO | F I NT(LOG Prmin)/2.3)=0
Cl RCLE(170+100»LOGW L) ) / 2. 3, 180- 455LOG P(L))/ 2. 3), 2, 1

END DO

END PROCEDURE

PROCEDURE: PI ot 3x3
EXTERNAL: WP, L, Pmn

10

30

DO | F | NT(LOG( Pmi n)/ 2. 3) =2

20 C RCLE(125*130»LOG(W L))/ 2. 3, 180- 60* (LOG P(L))/ 2. 3-
2)),2,1
END DO

40 DO | F | NT(LOG(Pnin)/2.3)=1

50 ClRCLE(125-'-130tLOG(WL))/2. 3, 180-60»(LOG(P(L))/2. 3-

14
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1)),2.1
60 END DO

END PROCEDURE

PROCEDURE: PI ot 3x2
EXTERNAL: WP, L, Pnin
10 DO | F I NT(LOG({Pnin)/2.3>=1 AND I NT(LOG(W0))/2.3)=1
20 Ol RCLE(190*130»(LOGWL))/2.3-1), 180-60¢ (LOG P(L))/ 2. 3-

1)), 2,1
30 END DO
40 DO | F INT(LOG(Pnin)/2.3)=1 AND | NT(LOG(WO0))/2.3)=
50 Cl RCLE( 190* 130»LOG W L))/ 2. 3, 180-60*(LOJ P(L
1)),2,1
60 END DO
70 DO [ F INT(LOG PTnin)/2. 3)=2 AND I NT(LOGWO) )/2. 3)=1
80  CIRCLE(190+130»(LOGIWL))/2. 3-1),180-60»(LOG P(L))/2. 3-
2)),2,1
90 END DO
100 DO | F I NT(LOG( Pni £n)/2. 3>=2 AND | NT(LOGWO0) )/2.3)=0
110 Ol RCLE( 190* 130»LOG W L) )/ 2. 3, 180- 60* (LOG( P(L))/ 2. 3-
2)),2,1
120 END DO
END PROCEU3URE

0
))12.

w
1

PROCEDURE: Pl ot 2x2
EXTERNAL: WP, L,Pinin
10 DO I F I NT(LOG(Pnin)/2.3)=2 AND I NT(LOGWO0))/2.3)=1
20 Cl RCLE( 120* 200»( LOG( WL))/ 2. 3-1), 180- 90»( LOG( P(L))/ 2. 3-
2
30 END DO ))Y ok
40 DO I F INT(LO6(Pinin)/2. 3)=2 AND I NT(LOG(WO) )/2. 3)=0
50 Cl RCLE<120t 200»LOGWL))/2. 3, 180-90¢(LOG P<L))/2. -
2)), 2,1

>

60 END DO
70 DO | F I NT(LO6(Pmin)/2.3)=3 AND | NT(LOG(WO0))/ 2. 3)=0

80 Cl RCLE(120* 200»LOG(WL))/ 2. 3, 180- 90«( LO P(L))/ 2. 3-
3)),2,1

w

90 END DO
100 DO | F | NT(LOG(Prin)/2.3)=3 AND | NT(LOG(WO0))/2.3)=1
110 C RCLE(120+200»(LOG(WL))/2.3-1), 180- 90»(LOX P(L))/2. 3-
3)),2,1
120 END DO
END PROCEDURE

PROCEDURE: Pl ot 2x3
EXTERNAL: WP, L, Pmin
10 DO I F INT(LOG Pinin)/2.3)=2
20 Cl RCLE( 20+200»LOG{ W L))/ 2. 3, 180- 90»( LO P(L))/ 2. 3-
2)),2,1
30 END DO
40 DO I F I NT<LOGE Pniin)/2.3)=3
50 Cl RCLE( 20+200«LOG(WL))/2. 3, 180-90*(LOGP(L))/2. 3-
3)),2,1
60 END DO

15
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END PROCEDURE
10 FOR L = 0 TO Boxnuro-1
20 DOIF P(L) >0

30 Ve = | KT(LOG P<Boxnum 1))/ 2 3)-INT(LOG(P(L>)/2.3)*I
40 Pmin = P(L) : EXIT 2 LEVELS

50 END DO

60 NEXT

70 He = | NT(LOG W Boxnuni-1))/2.3) INT(LOX(W0))/2.3) 1
80 CLS : SCREEN 2

90 Coord

100 Scal e
110 DO I F Vc=4 AND Hc=3
120 FOR L = 0 TO Boxnunmt |

130 DO I F P(L) >0
140 Pi ot 4x3
150 END DO

160 NEXT

170 END DO
1B0 DO I F Vc=3 AND Hc=3
190 FOR L = 0 TO Boxnuml

200 DO I F P(L) >0
210 Pl ot 3x3
220 END DO

230 NEXT

240 END DO

250 DO I F Vc=3 AND Hc=2
260 FOR L = 0 TO Boxnuntl

270 DO I F P(L) >0
280 Pi ot 3x2
290 END DO

300 NEXT

310 END DO

320 DO I F vc=2 AND Hc=2
330 FOR L = 0 TO Boxnum|

340 DO | F P(L)>0
350 Pl ot 2x2
360 END DO

370 NEXT

380 END DO

390 DO I F vc=2 AND Hc=3
400 FOR L = 0 TO Boxnuntl

410 DO | F P(L)>0
420 Pl ot 2x3
430 END DO

440 NEXT
450 END DO
460 Regression
470 Anykey
480 Defi newi ndow
END PROCEDURE

PROCEDURE: Set bound

BYTE ARRAY(200): B, C
EXTERNAL: Rb, Lb, U, Li
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PROCEDURE: | nit
END PROCEDURE

PROCEDURE: Leftright
END PROCEDURE

PROCEDURE: Updown
END PROCEDURE

PROCEDURE: | nit
EXTERNAL: B, C
10 LINE(0, 25)-(0,175),1 : GET(0, 25)-(0, 175), B
20 LINE(O, 25)-(0, 175), 0
30 LINE(170,0)-(470,0),1 : GET(170, 0>-(470,0),C
40 LI NE(170, 0)-(470,0),0
END PROCEDURE

PROCEDURE: Leftright

EXTERNAL: B, Rb, Lb

STRING RCS}, L[ 5], AC5]

I NTECER: X
10 R=CHR$(0) +CHR$(77) : L=CHR$(0) +CHR$(75)
20 X=50
30 PUT(X, 25),B, XOR
40 DO
50 A=l NKEy$: | F A="" THEN GOTO 50

60 |F A=CHR$(27) THEN PUT(X, 25), B, XOR : EXIT

70 IF A=R THEN PUT(X, 25), B, XOR :

PUT(X, 25), B, XOR

80 IF A=L THEN PUT(X 25), B, XCR :

PUT(X, 25),B, XOR
90 IF A="R' THEN Rb=X
100 |F A="L" THEN Lb=X
110 REPEAT
END PROCEDURE

PROCEDURE: Updown

EXTERNAL: C, U, LI

STRING U 5], Dit5}, At5]

I NTEGER Y
10 U=CHR$(0) *CHR$(72) : D=CHR$<0) CHR$( 80)
20 Y=0
30 PUT(170, Y),C XOR
40 DO
50 A=INKEY$: I F A="" THEN GOTO 50

60 |F A=CHR$<27) THEN PUT(170,Y),C XOR : EXIT
70

|F A=D THEN PUT(170,Y), C XOR :

PUT(170, Y),C, XOR

80 |F A=U THEN PUT(170,Y), C XOR :

PUT(170, Y),C, XOR
90 IF A="U' THEN Ul=Y
100 IF A="D' THEN L1=Y
110 REPEAT
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END PROCEDURE
10 Inlt
20 Leftright

30 Updovn
END PROCEDURE

PROCEDURE: Hessagel
EXTERNAL: Defi nevi ndov

STRING K$[ 5]

PROCEDURE: Directory
END PROCEDURE

PROCEDURE: Directory
STRING K$I 53

10 CLS
20 PRINT "Wich dirve ? (A/B)";SPC(20) "Ht <CR>to
conti nue”
30 K$=I NKEYS$: | F K$="" THEN GOTO 30
40 | F K$=CHRS(13) THEN EXI T
50 | F K$<>"A" AND K$<>"a" AND K$<>"B" AND K$<>"b" THEN GOTO
10
60 | F K$="A" OR K$="a" THEN FI LES"a: «. «" ELSE FILES"b: ». »»
70 PRINT : PRINT : PRINT "Once Again ? (Y/N)"
80 K$=I NKEYS$: | F K$="" THEN GOTO 80
90 IF K$="Y" OR K$="y" THEN GOTO 10
END PROCEDURE
10 Defi newi ndo*

20 SET CURSOR 10, 14:PRINT "Hit "d' for directory, any other
keys to continue"
30 K$=I NKEY$: | F K$="" THEN GOTO 30

40 1F K$="D" OR K$="d" THEN Directory
END PROCEDURE

PROCEDURE: Resul
EXTERNAL: Definew ndow, Anykey, P, W Boxnum
| NTEGER: |
STRING K$t 51
10 Defi newi ndov

20 SET CURSOR 9, 2e: PRINT "Counting has conpleted.”

30 SET CURSOR 11, 26: COLOR LTRED: PRINT "Type any key to see
result.”

40 SET CURSOR 18, 25: COLOR LT6REEN:. PRINT "<ESC> will bypass to

the plot.";
50 K$=I NKEY$: | F K$="" THEN GOTO 50
60 | F K$=CHR$(27) THEN EXI T
70 CLS : COLOR YELLOW

60 FOR | = 0 TO Boxnum 1

90  PRINT SPC(24) "W";1;" ) =";W1),"PC';1;" ) =2;P(I)

100 NEXT

110 SET CURSOR 21, 27: COLOR LTRED: PRINT "Type any key to see
pl ot &;

120 Anykey

END PROCEDURE

18
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" MAI'N Program

10 "»eee This is a Dilation Fractal Analysis. »eee
20 Messagel

30 Acqgpic

40 Shovpic

50 Set bound

60 Shri nk

70 SetWdth

80 Counti ng
90 Resul

100 Pl ot
110 GOTO 70

ENDFI LE

19


NEATPAGEINFO:id=4BB891B1-9D1D-4A1A-8E26-1990EA842EDB


