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ABSTRACT

o .
The efficiency of a 4 inch hydrocyclone was studied using a suspension of

fine silica at pulp.densities of up to 50% solids by weight. The variables
manipulated were diameter of the vortex finder, flowrate, percent solids in
the feed andlcyclone length. Slurry temperature was also measured. ALl

measurements were made with the spigot adjusted to give the same degree of

roping at the underflow.

The product size distributions were analysed using an electronic particle
sizing instrument similar to the "Coulter Counter" but interfaced with a digi-
tal computer. An advantage of this method is the continuous curves produced

(154 data points per run).

N
Equations were developed by means of stepwise regression analyses to pre-
dict (1) separating size, (2) inlet pressure, (3) bypass ratio, (4) sharpness
“of classification, alpha, (5) zero classification size and (6) water recovery
in the underflow, as a function of hydrocyclone variables including temperature
of the feed slurry. Two forms of a roping comstraint equation were obtained.
One predicts the underflow percent solids at which roping occurs, whilst the

other gives the spigot size required to avoid roping.

The separating size was found to depend on several factors including the
temperature of the feed slurry. Moreover, the sharpness of classification,
alpha, was identified to be a variable parameter. This parameter was found to
be dependent on variables such as vortex finder diameter and the volume re-
covery of slurry to the overflow. The.variaéility of alpha has not been
widely recognized. Acceptance of this variability concept offers hope that
classification efficiencies may be improved by choosing the proper combination
of variablés in an operating emvironment. Interestingly, the zero classifica-
tion size was Judged to be a constant at the 0.05 level of significance. The
bypass ratio depended primarily on the water split, as expected, but was also

influenced by the cyclone feed percent solids.

It is suggested that this particular study advances the understanding of
sub-sieve sized particle behaviour in hydrocyclones fed with slurries contain-

ing a high proportion of solids.
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NOMENCLATURE
a = a_constant in Mular and Runnels' eguation

alpha,< = parameter in the Lynch equation related to the sharpness
" of separation '

B,bypass ‘= fraction of feed solids bypassing classification

b = a constant in Mular and Runnels' equation

d = diameter of particles (microns)

dD = diameter below which particles are not classified (microns)

d50 = diameter of particle_fcr which the classification
efficiency is 50% (microns)

Di = diameter of inlet or of circle with the same area as
the inlet (inches)

Do = vortex finder inside diameter (inches)

Du = gpigot (apex) orifice diameter (inches)

F = tons per hour of feed solids

FeSD = 50% passing size of the calculated feed

fx - = fraction of feed in narrow size fraction of mean size x

h = length of cyclone expressed as the "free vortex height",
“i.e. distance from bottom of vortex finder to top of
spigot constriction (inches)

H = inlet head in feet of slurry

n = a constant in Mular and Runnels' equation .

P = inlet pressure to hydrecyclone (P.5.I1.G.)

Q = hydrocyclone feed flourate (U.S.G.P.M.)

Rf = fractional recovery of water to the underflow

R, = fractional recovery of feed volume in the underflow

T = temperature (°C)

- vii ~



H

"

tons per hour of solids in underflow stream
gm per sec. of solids in underflow stream

fraction of underflow in marrow size fraction of mean
gize x

particle size

raw efficiency at size x
corrected efficiency at size x -
feed percent solids by weight
underflow percent solids by weight

volume fractien of solids in the feed
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INTRODUCT ION

In recent years there has been a renewed interest in the
hydrocyclone and a realization that this piece of equipment
holds the key to further improvements in the efficiency of
closed circuit grinding for flotation. Although the cyclone
literature is voluminous there is rather a wide gap between the
fundamental studies using dilute slurries in small cyclones
and the results obtained in industrial equipment on thick
non-Newtonian slurries. This gap has been bridged to a
certain extent by the use of semi-empirical methods of cyclone
modelling. As shown in subsequent sections, additional work
is necessary to reconcile several conflicting pieces of
evidence. This study contributes towards such a goal.

Objectives

The objectives of this study were:-

a) to establish a procedure for the measurement of cyclone
efficiency in a size range in which sizing could not
be performed using conventional sieving techniques.

b) to measure the spigot capacity at an incipient roping
condition in order to establish a typical relationship
which could be used as a constraint equation in cyclone
modelling, optimization or control under conditions
gimilar to those tested. ’

c) to fit a suitable equation to the efficiency curves and
then to determine how the parameters in this equation
vary with operating and design parameters.



d) from these results to draw conclusions which would be of
practical importance in mineral processing and which
would help to resolve some of the grey areas in our

’

understanding of the cyclone.

Definition of Cyclone Efficiency

A major stumbling block to progress has been the difficulty
and cost of obtaining accurate data for the efficiency of the
cyclone.

The hydrocyclone is usually a cylindrical vessel with a
conical bottom into which a slurry is injected tangentially in
order to throw the larger, denser particles towards the outside
wall for discharge through the 'spigot' (or apex). The lighter,
smaller particles stay closer to the axis of the cyclone and
overflow through the vortex finder. Fig. 1 shows a sketch of
a typical hydrocyclone.

- Please note that where the more general term, "cyclone",
is used in this work, it generally refers to the hydrocyclone.

whilst the cyclone has a variety of industrial applicatiaons,
its use as a size classifier will be studied.
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The efficiency of the cyclone is generally defined as the
fraction (or percentage) of the feed material of a given size
which is recovered in the underflow stream. Because this
efficiency is a function of particle size it is normal to
draw a "raw" efficiency curve showing the variation of
efficiency with particle size as in fig. 2(a).

The raw efficiency curve is displaced from the size axis
by a distance which varies with the fraction of the feed water
which is recovered in the underflow. This dispacement is explained
by considering that solids arrive in the underflow a) as a result
of a size separation due to the separating process and b) as a
result of short circuit flow.directly into.:the underflow.
For this reason it is common to construct a "corrected efficiency
curve" in which only particles arriving in the underflow as a result
of the classification process are considered.

Let B be the. fraction of the feed which bypasses
classification. Consider F tons/hour of feed with size
distribution such that a fraction Fx of the feed is in a narrow
size interval of mean size x. U and u are similarly defined
for the underflow. ch’is the corrected efficiency at size x and Vx
is the raw efficiency at size x. fo tons per hour of size x
enter the cyclone and foB tons/hour bypass the classification .
process.
TPH of narrow size fraction arriving in the U/F by classification

y
CX =

iPH of the same size fraction of the feed capable of being class.

Uu - FF B
X X

it

(1-B)fo

Uu
. —= - B

Ff
X

i
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What one does in effect is to subtract the bypass from the bottom

6f the raw efficiency curve y-axis and re-scale this-axis as in

fig. 2(b) to give corrected efficiency values which represent

the behaviour of that portion of the feed which entered the underflow
by this classification process. '

The reduced, corrected efficiency curve (fig. 2(c)) is a
corrected efficiency curve with the size axis plotted as a reduced
.8ize equal to the size in microns divided by the dSUC size in
microns.

Fig. 2(d) shows how the shape of the corrected efficiency
curve varies with the value of the parameter, alpha, which defines
the sharpness of classification in the equations which will-be
fitted to the efficiency curve. The most efficient separation
occurs when alpha is high (steep curve) and the bypass ratio
small.

The d. size is that size at which the efficiency is 50%.

There is, strictly speaking, a distinction between the d size

50

on the raw efficiency curve and the d size on the corrected

efficiency curve and they have differzgg numeric values. It is
comman, however, to call the dSDC size the "dee fifty size"

and so this rule is not always strictly adhered to. In this study
the term dSU is used as an abbreviated reference to d

except in this discusion aof fig. 2.

50C? ‘

Fig. 2(e) shows how the corrected efficiency curve is shifted
along the size axis as the dSUC size varies with alpha remaining
constant.



Literature Survey

Fﬁf the reader who is interested in the general devselapment
of hydrocyclaone theory the book by Bradley1 gives a good
summary of the history of the early development of the cyclone
in several industries. The bibliography herewith is essentially
concerned with recent studies of the efficiency of hydrocyclones
as classifiers in mineral prdcessing. Mention is also made aof
several papers which were not considered to be directly relevant
to this study but may be of use to the reader interested in a
more complete bibliography for detailed study of recent
developments in, say the use of the hydrocyclone in coal
processing.

a. Develaopments in the use of the Hydrocyclone

Most of the early research and develepment of the hydrocyclone
was related to its use in coal beneficiation in the Netherlands
in the 1940's. Since then it has found increasing use in coal
preparation and mineral processing. As a classifier the cyclone
has almost completely replaced the spiral classifier in wet
milling circuits. The advantages claimed for the hydrocyclone
include low capital cost, more compact design and eass mith
which it may be incorporated into the flowsheet. Hydrocyclone
classification is also generally more efficient and circulating
loads often lower. The chief disadvantage of the cyclone is
that it requires a slurry pump to feed it. With a coarse
cyclone feed the cost and inconvenience of pump maintenance
could be a disadvantage.

Dahlstrcmi2 and Kelsall and Hnlmes3 studied the use of
water 1njectinn as a means of reducing the bypass of fine
material to the cyclone underflow. This development has been
useful for the production of sandfill but is not extensively
used for claosed circuit grinding.



Kelsall et alh’5 developed the cyclosizer which has
since found wide application for.sizing submesh particles down
to about 10 microns (for quartz). More recently Kelsall et a16
has extended the range of the cyclosizer down to abaut 5 microns

(for quartz) by the addition of a decantation step.

b. Theqretical Studies of the Hydrocyclone

Much of the early work on cyclones centred around the
measurements of flow patterns by Yoshioka and Hotta (see ref.1)
and by Kelsall (see ref.1). Rietema (see ref.1) pointed out
that the residence times of particles in hydrocyclones is so
short that\acceleratinn effects are more important than terminal
" velocities. He used a cyclone number which should be minimised
to give a small dSUC size with a3 low pressure drop thrdugh
the cyclone. Bradley gives details of these early studies
together with some of his own results. He tabulates the 4
various relationships for dSDC and capacity. Lilge7 studied
flow patterns to give his "cone force equation”.

2,8 9

The semi-empirical studies of Dahlstrom , Fontein et al”,

de an1D, Chastonj1, Peachy12, Marais and an‘f‘man13 and Wagner and
Murphy1“; are amongst the more significant early studies of
cyclone behaviour.

Fablstrum15 developed his "crowding theory" based an
experimental and plant studies.’ ,

' Mizrahi16 has tried to unify the various theories and with
Cohen et al'’ has tried using residence time distribution to
predict cyclone performance. The superiority of Rietema's and
Mizrahi's non-equilibruim orbit theories has been supported by
measurements of the effect of solid particle injection pasition

on cyclone performance by Mackenzie and wbad18.
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Recently Bloor and Ingham have studied flow patterns

in hydroeyclones. Gupta and Groverzq and Gerrard and Lidd1925’26
have used Rietema's concept of the cyclone number to optimise the

design of cyclone circuits.

_ Unfortunately most of these studies were on small cyclones
operating with dilute feed pulps. They are therefore of limited
industrial utility.
Luckie and Austin?’
different equations used to describe classification efficiency

give details of no less than nine

‘curves. The most popular basic equations are those of Lynch

28 29

and Rao and the Rosin Rammler equation derived by Plitt and

ReidBU.

Mular and Runnels showed that these equations are related
through a common equation. They introduced the concept that there
was a finite size at which the reduced efficiency of a cyclone

was zero. Their equation is:-

Y

CX__ q 1

= -a+ b expkd™™ )

1 -V
cx

where a, b,‘k/and n are_constants and d is the particle diameter.

The recent program of semi-empirical modelling studies by
Lynch, Rao et al are summarised in Lynch's papersz. This work
has formed the baslis of most suﬁsequent studies into the

optimization and/or control of grinding circuits.

Their conclusion was that the shape of the reduced efficiency
curve was constant irrespective of changes in the hydrocyclene
diameter, vortex and spigot diasmeters, throughput, solids content
and fineness of the feed. The shape was considered to be
dependent on the nature of the particles such as their sspecific
gravity and shape. )

-~
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When they studied natural ores in producing plants they
found thaf the reduced efficiency curve was of a shape which
could be described by considering it to be the sum of the
efficiency curves of each of the component minerals. Each
cumpoﬁent has a different specific gravity and will, therefore,
have a different 9500 value. They found that the dg,. size
varied inversely with the density difference between solids
and water according to the turbulent rather than the Stoke's
law relationship most commonly found to be applicable in
small cyclones.

Plitt33 carried out a series of experiments with fine
silica in small cyclones and combined his data with that of
Lynch et al in aﬁ/attampt to derive a universally applicable
mathematical model of the hydrocyclone.

His conclusion was that the slope of the reduced
efficiency curve is not in fact constant and he claims to be
the first person to gquantitatively express the sharpness of
classification in terms of the operating and design variables.
This expression is:-

2 0.15
m = exp(0.58 - 1.58R ) (2E_T)
v Q
where Dc is the cyclone diameter in inches and m is the parameter
in Plitt's equation for the corrected efficiency curve which is

related tn?alpha by the approximate relation:-
04 = 103&"\ - 0;“7

This relationship is partially mechanistic in that it considers
the sharpness of separation to be a function of retention time in
the cyclone. Because the Rv term is mainly controlled by the ratio
of the spigot and vortex finder diameters it represents the fact
that the sharpness of classification is reduced as the spigot size
is increased relative to the vortex finder diameter.
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The multiple correlation coefficient for this equation of
only 0.75 indicated that more work was required in this area.

Plitt gives a good review of the numerous equations obtained
by various researchers for the d50C size, the flow split and
pressure drop.

Schubert and NésseBh studied turbulence in wet classification
and propose a pulp partition model for the cyclaone efficiency.
The usefulness of his approach has yet to be established.

A number of workers have used dimensional analysis for the

study of the hydrocyclone capacity aquation35'37.

c. Uses of the Hydrocyclone

_ The cyclone is a useful piece of equipment in many industries
where it has supplemented screens, thickeners and centrifuges

for the processing af starches, mineral particles, mixtures of
liquids and so forth. \

Cyclones have been used in the thickening and washing of
t:t:aal‘-‘l'é‘a’l'6 with the latest development being in the extensive
use of the water-only cyclone for cleaning fine coal. 0Outside
of the. ceal industry the major use of the cyclone would be as a
classifier in closed circuit grinding and the desliming of pulps
for flotation, tailings dam canstruction or underground sandfill.
In these aperations it is being used as a classifier.
Cyclones have also been used for the recovery of tinh7’h8,
diamondshg and clay 50. Papacharalambous and Sun51 showed the

usefulness of cyclones for the sizing of abrasive powders.

The putential of small cyclones used for the desanding of

industrial water was studied by Visman and anenhartsz.

whitcumb53 showed how calcium carbonate sludge from water

treatment could be purified in a cyclone prior to re-calcination.
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55 succeeded in

Plitt and Lilge®"® and Visman et al
classifying material which was flocculated. This was previously

considered to be impossible.

The use of a hydrocyclone for liquid/liquid extraction was

studied by Molyneux56 and Shastry et 8157, Heavy liquid

concentration using a cyclone has been cunaideredsa.

d. Hydrecyclone Design

Bradley59 found that the shape of the vortex finder outside

wall made-little difference to short circuit flow from the inlet
to the vortex. The length of the vortex finder is however
important.

Beverloa et alen

studied flow in a flat vortex hydrosifter
(a flat cylindrical cyclane). F'ounall61 describes cyclones made
from 40 gallon oil drums whilst Burtsz

low-cost cyclones without a conical section which were used for

gives details of small

cassiterite beneficiation.
Hukki63 describes a new classifier for coarse grinding in
closed circuit with a rod mill. The possibility of producing
a dry cyclone underflow was demonstrated by Vismansh in his
study of the "slugging" cyclone.
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e. Simulation, Optimization, On-stream Size Analysis and Control

The cyclone modelling mathodolagy prquSQd by lLynch and
Rao is also described by Mular and Bullss. This work has formed
the basis of much of the work. which has been done in recent
years on the simulation of cyclones in grinding circuits with a
view to optimization, control or prediction of product size

analysis,

The papers by Draper and Lynch66, Lynch and mhiteg-étfalsgiand
Draper, Dredge and Lynch68 show. how they used this methodology
to optimise the grinding circuits at Mount Isa Mine in Australia.
Pitts, et.a1®’
the Silver B&ll.

describe how they used a similar approach at

Lynch et 8170

cyclone modelling in an autogenous milling circuit treating
nickel ores.

have recently used this methodalogy for

Mular and Bates71

describe how they used this methodology
in the modelling of cyclaones in parallel at Strathceona. In the
study of the Gibraltar circuit by Allan, Mular. et al’Z the

modified equation of Mular and./Runnels was used.

Plitt's equation has been used to describe the afficiency
curve aof a complex ore in theg\fanalysis of a closed grinding
circuit73.

Mular et a17h give details of a method for the adjustment
of data for a modelling program which would use the eqﬁatiun of
Mular and Rumnels to describe the reduced efficliency curve.

Some workers have used a simple muitiple linear regression
equation to relate cyclone efficiency to water and solids flous
to the cyclomne. Brookes, et 3175 and Watson, Crompton and

Brookes’© have used this approach.
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Presgrav377 discusses the hardware used in the control of
cyclones. Bradburn. et a1’® concern themselves with some of the
more practical aépects of mill and cyclone control. Hamiltun79
propases the use of a grinding circuit with dual cyclone

classification.

The use of a particle size monitor (PS5M) in operating plants

is described by Wgbber and pi1az®? and Mokken. et a1®7.

f. Summary of the Literature Survey

The important points which emerged from the literature survey
were:- |
i) The theoretical studies of hydrocyclone efficiency are
not yet comprehensive enough to be applicable to all the
' practical applicatiens of the cyclone.

ii) Semi-empirical cyclone models and practical experience are
presently the basis of most cyclone specifications,
modelling, optimization and control.

iii) Pressure drop and dgge Size predibtion'equatidnsmane
numerous and relatively accurate but there is still very
little known about the maximum capacity'of the spigot or
the factors determining the sharpness of separation.
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EXPERIMENTAL APPARATUS AND PROCEDURE

Experimental Apparatus

The cyclone test rig is illustrated in fig. 3. It is also
shown schematically in fig. 4. Referring to fig. & solids and
water are kept suspended in the rubterlined 50 gallon pumpbox (1)
by means of a propeller type Chemineer mixer (2). The model
048 - 129 - 827 Krebs cyclone (3) is fed by a 1% x 2 inch
Galigher Vacseal pump (4) driven by a 3HP -motor through a
Woods MS - 77 variable speed pulley drive.

The pulp flowrate is measured by a 2 inch Foxboro magnetic
flowmeter (F). An Ohmart nuclear density gauge (D) and a
pressure gauge (P) are also installed in the cyclone feed line.

The two valves (6 and 7) and bypass line (8) allow the
pulp to be recirculated without flowing through the cyclone.
The whole test rig was supported en two frames which were
bolted together and fitted with castors.

Tﬁe sampling device (5) takes simultaneous cuts of the
ogverflow and underflow streams. A sectional sketch of this
device is shown in fig. 5. Referring to fig. 5 the underflow
sample container (6) fits into a frame (7) which slides on
guide rails (8) which are fixed to the pumpbax (1). When the
underflow sample cantainer is slid under the spigot a pushrod (9)
simultaneously moves.the flexible overflow pipe into such a
position that the overflow stream is diverted to the overflow
bucket (10) bQ the splitter (11). A splash guard (12) keeps
the guide rails clean.



Fig. 3 Photograph of Test Rig
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Fig. 4 Schematic of Test ng
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Fig. 5 Sketch of Sampling Device
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Procedure- for Acguisition of Data

a. Selection of the Test Material

Silica was chosen for this study because it is closest in
density to the gangue treated in most milling and tailings
classification operations. The size range used was finer than
that used by Lynch and Rao in most of their work and clase
to that used by Plitt. Some of the reasons for choesing a
fine size of silica were :-

a) Problems with segregation in the cyclone feed pumpbox
would be minimised.

b) Viscosity effects should be more significant with a
finer material.

c) Coarser feed would probably require the use of a
combination of two different metheods of size analysis.
This is a serious problem for many investigators,
especially when a complex ore is being treated.

d) In order to maintain geometric similarity it is
generally ﬁecessary to scale down all dimensions
proportionately.
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b. Construction of the Experimental Design

Preliminary tests were performed on the cyclone test rig to -
check the sampling and sizing techniques and to get a feel for
the best operating range for each of.the variables tested.

Because of the difficulty in obtaining results with
sufficient accuracy to detect changes in the sharpness of
classification it was decided to include a large number of
repeat runs into an experimental design.

A full two level factorial design, as described by Mular
and Bull65
all eight runs for the long cyclone plus one repeat on the

, was chosen with four centre point runs and repeats of

short cyclone. The order in which the runs were performed was
randomized, as much as possible consistent with the efficient
use of the time available.

The independent variables and their ranges were:-

a) Vortex finder diameter varied linearly from 0.75
inch to 1.25 inch diameter.

b) Flow rate varied from 7.2 U.S5.G.P.M. to 20 U.5.G.P.M.
with the centre point being the log mean value of
12 U.S5.G.P.M.

c) Feed percent solids varied linearly from 10% to 50%

" by weight. )

d) Length of the cylindrical section was varied linearly
over a limited range by removing one of the standard
sections to give a shorter cyclbne or replacing it
with a section of half the standard length.

The factorial design is shown in fig. 6. "+" indicates the
higher value and "-" the lower_value of each variable whilst
CP" represents the centre point.



21

_ Vortex Feed Cyclone
Run Numbers Finder Flow % Solids Length
21 - - - -
22 + - - -
23 - + - -
24 + +or - -
25 - - + -
26 + - + -
27, 47 - + + -
28 + + + -
1, 31 - - - +
12, 32 + - - +
13, 33 - + - +
14, 34 +o- + - +
15, 35 - - + +
16, 36 + - + +
17, 37 - + +
18, 38 + + +
19, 29 cP CP CP cP
39, k9_ CP cP ce cp

fig. 6 Design matrix for the experimental runs.
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Most researchers have considered the spigot diameter to
be an independent variable. Whilst this approach is not wrong
it often leads to analysis of cyclone performance under
conditions which would not be considered for normal operation.
In practice spigot diameters are usually ad justed, either
automatically or by selection of a fixed spigot, to give a
discharge which is not overloaded but neither is it flaring

excessively.

Fig. 7a shows a spigot which is overloaded and roping
badly. Fig. 7c shows a larger spigot with a "vortex" or
flaring discharge. The type of discharge shouwn in fig. 7b
is what was used to adjust the spigot diameter for each run.
Although this type of discharge may be a little too close
to the roping codition for, say, a closed circuit grinding
operation, it was a convenient point to adjust to as it
could easily be checked by observing the spigot discharge
when the flowrate was increased or decreased slightly.

(a) (b) (c)
Fig. 7 Types aof Spigot Discharge
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The only reference to this type of approach in the recent

literature appears to be in the work of Dréissen and FunteimBz
who adjusted the spigot to give a constant percent solids in

the underflow.

No literature references were found on the effect of
temperature on cyclone efficiency with high feed pulp densities.
Although tamperétu:e was not considered as a manipulable
independent variable, it did vary and so it was necessary to
" record it.

. Sampling

The pumpbox was filled with water and the pump used to
circulate water through the system.

The cyclone spigot was plugged with a small cork so that

" water only flowed out of the overflow pipe. The valve on the

pump discharge was closed with the pump still running tao check
the zero adjustment of the floumeter.

The valve was then opened and the pump speed adjusted to
give a flowmeter reading of 20 U.5.G.P.M. The sampling device
was used to collect the cyclone averflow (which will be the
same as the cyclone feed) ever a peried of one minute. The
water was collected in a drum and its volume measured with a
calibrated 'dipstick'. 1If the measured volume differed from
the instrument reading then the SPAN setting inside the
flowrate control panel was adjusted. This procedure was then
repeated for a flowrate of 7 U.S.G.P.M.

The zero reading on the gamma ray density gauge was
chacked with clear water in the pipe.

The cork was then removed from the cyclone spigot and
sufficient water and~'8upersil' silica added to give the required



24
percent solids in the feed. To adjust.the percent solids in.
the feed the flow through the cyclone was reduced to the peint
where discharge through the overflow just ceased. The underflow
was carefully collected in & density can to measure the percent
solids using a 'Marcy' pulp density scale. The reading on the
gamma ray density gauge was noted.

The slurry was recirculated for a sufficient length of time
to give complete dispersion.

Following the*installation of a vortex finder of the desired
~size, the flourate, as measured by the magnetic flowmeter, was
adjusted to'a predetermined value.

The slurry temperature was measured and recorded together
with the sump’ lewvel. The apex size was adjusted to the incipient
rope condition. The overflow sample bucket was lined with a
plastic bag to assist in the disposal of the overflow solids.

The tare weights of the overflow bucket and underflow container
were measured on a suitable balance.

The sampling device was then used to collect overflow and.
underflow samples over a carefully timed pericd. Re-weighing
gave the overflow and underflow pulp sample weights by difference.

Samples for size analysis and for percent solids determination
were collected from the overflow and underflow, in that order.
Splashed material waes wiped off the outside of the container
and the samples for percent solids ﬂetérminatinn were weighed
and dried in the oven to constant weight.

Samples for size analysis were then collected from the
overflow then underflow steams.
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Analysis of Samples

a) Pulp Density and Flows

Samples for pulp density determination were dried to
constant weight in the oven. The percent solids by weight
in the gverflow and underflow streams could thus be calculated:
with a high degree of accuracy. ’

The overflow and underflow flewrate sample weighté were
used, together with the percent solids in each stream, to
calculate the flowrates of solids and pulp in the various
streams.

b) Size Analyses

The samples for size analysis were reduced in bulk using
awet splitter which was carefully washed down with distilled
water after each pass. This ensured that coarse solids did
not remain in the splitter.

The ElectroZone Celloscope (fig.8) was chosen far size
analysis because:-

a) The size distribution produced ‘is almost continuous
on a log size scale, thus avoiding problems with
interpolatian. )

b) The data output is on paper tape and was therefore
suitable for input back into the main UBC computer system
for data analysis.

c) One method could be used for the complete size analysis.

d) Size analyses could be performed on wet samples.
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The disadvantages of this method included:-

a) The possibility of electronic noise influencing results
and the necessity to reduce the sample down to a
sufficiently small bulk for analysis.

b) The time taken for each analysis.

The principle on which the Celloscope operates is that
the sample to be tested is dispersed in an electrolyte and
sucked through a small orifice. The change in electrical
conductivity é% each particle passes the orifice is measured
to give the effective volume of the particle. The instrument
was calibrated using raguweed pollen and latex spheres. Pulses
from the passage of particles are analysed by a minicomputer to
give a size distribution for the particles which is essentially

continuous. Further details on the use of the Celloscope may
be found in appendix I.
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fig. 8 ElectroZoneR Celloscope - Computerized Particle Size
Analyzer

Computational Procedure

a. Size Analysis Data Files

The paper tapes for the size analysis of the cyclone overflow
and underflow streams were mounted on the high speed paper tape
reader and read into an MTS file. The program "CONVERT" was used
to write these numbers on a "Basic" language data file. The name
of the data file for the overflow size analysis from run #19 would
be "E190F" and the underflow size analysis called "E1SU".

For further details please see appendices III and IV.
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b. Program "CLTR2" to Calculate Efficiencies

These data files were then used together with the appropriate
data from the experimental run as input to the program “"CLTR2"
which was used to produce a data file called say "RUN1S@D" of
the raw and reduced efficiencies at each size in the selected
range. "CLTR2" also prints the total number of counts for each
of the data files. These numbers were used to check for errors
in the reading of the papertape. More information aof this program
may be found in appendix V.

c. Simplex Search Programs

The program "LYN" uses a simplex search method to give
constants for Lynch and Rao's equation for the efficiency curve.

The simplex search method is described by Mular and Bullﬁs;

Mular83 and Nelder and Meadah. An advantage of the simplex search
method is that it is a non-derivitive method (i.e. it is not

necessary to calculate partial derivities).

The simplex search method was used to minimise an objective
function which was equal to the sum of squares of the difference
between the calculated and predicted cyclone efficiencies at each
data point.

Fig. 9 gives the flow diagram of a simplex search. Initial
estimates of the variables searched for and starting step sizes
are used to set up a starting simplex. This simplex would be
triangular in a two-dimensional search. The simplex is reflected
towards the minimum of the objective function and is capable of
contraction and expansion.

The values of the dSDC size and alpha from "LYN" Qere added
to the end of the data file for the run as the best estimates to
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be used as starting values for the other simplex search programs.
Appendix VI gives more details of the program "LYN".

“GENWT" (see appendix VII) and "WTFILL" (see appendix VIII)
were used to calculate weighting factors from repeat runs.
"LYNWT" may be used with these weighting factors to giVe estimates
of dSUC and alpha obtained from statistically weighted data and
Lynch and Rao's equation. Appendix IX gives more information
on "LYNWTY. |

"MURU" calculates the constants of the cyclone efficiency
curve based on Mular and Runnels equation with allowance for the
bypass ratioc to be different from the water recovery in the
underflow. In order to ensure that negative dD values were not
allowed it was necessary to include a penalty function in the
objective function for "MURU". Please see appendix X for details
of "MURU".

d. Plotting Programs

For Calcomp plots of the efficienby curves a WATFIV program
was used to format data for tbe FORTRAN plotting program. These
programs are. listed in appendix XI.

e. Multiple Linear Regression of Parameters.

The data from the simplex search programs was analysed
using the new "UBC TRP" program which is a triangular regression
package for stepwise multiple linear regression. Various
transformation of the variap;es were used to study alternate
relatinnéhipé. Further details on the use of this computer
program package may be found in appendix XII.



31
RESULTS AND DISCUSSION

Table I gives a summary of the data from the experimental
runs. The actual sample weights and sampling time are not listed
here. A sample of the output from the program "CLTR2" which
gives this information may be found in the appendix. It will be
noted that the experimental design could not be followed exactly,
especially in the case of some of the flowrate settings ‘where
a fault developed in the flowmeter during a series of tests. The
wide variation in temperatures should be noted. ¢

Table II gives the best fit values of alpha and dSUC obtained
by the program "LYN",., This may be compared with the values of
alpha, dSDE’ dD
program "MURU".. These results may be found in Table III.

and the new bypass ratio obtained from the

The mean value of/alpha is higher with "LYN" than with
"MURU". This is explained by the fact that the curve calculated
from the results of "LYN" tends to be forced closer to the
steeper part of the curve near the dSDD size. A study of the
curves in appendix XIII will show how this results in a higher
value for alpha.

On average the values of alpha obtained tended to be marginélly
higher than those reported by Plit’cz9 ?rom Lynch's testwérk
using silica. This sharper classification may be due to the fact
that the teétwnrk reported here was all done at the near-rope

condition, but it could also be due to other factors.
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JABLE I
Summary of Experimental Results

RUN VORTEX SPIGOT CALC. FEED  LENGTH TEMP INLET  O/F u/F

NO. FLOW %SOLIDS o PRESS %SOLIDS %SOLIDS
inches inches USGPM by wt. inches “C psig by wk. by wt.
11 0.75 0.23 10.45 11.0 22 19 1.5 6.7  62.3
12 1.25 08.16 18.0 10.3 22 21 2.3 8.6 55.0
13 .75 0.38 31.65 10.0 22 25 16.0 b.6 66 .6
14 1.25 0.39 40.9 1.1 22 29 14.0 5.4 67.3
15 0.75 0.16 8.06 49.3 22 33 1.0 48.1 68.3
16 1.25 0.18 B8.23 49.3 22 31 0.6  4B.1  65.4
17. 0.75 0.28 18.5 u9.6 22 26 6.0 47.2 71.3
18 1.25 0.26 21.9. 49.8 22 28 5.0 4B.6 71.8
19 1.00 0.35 13.3 30.3  19.5 22 1.9 26.8 59.9
21 0.75 0.16 9.9  10.0 17 23 1.6 6.0 62.8
22 1.25 0.16 10.2 10.5 17 21 1.0 7.1 55.1
23 0.75 0.25 22.1 9.4 17 25 11.4 4.1 64.9
24 1.25 0.39 21.9 0.8 17 19 4.7 6.2  6h.b
25 0.7 0.12 7.8 s0.6 17 32 1.1 49,2 65.1
26 1.25 0.15 7.6 50.7 17 35 0.9 49.6 63.8
27 0.75 0.31 20.6 50.7 17 24 9.0 48.3 72 4
28 1.25 0.30 20.7 50.7 17 35 5.3 49.2 69.3
29 1.00 D0.35 12.9 30.9 19.5 23 1.9 26.7 68.5
31 0.75 0.23 10.9 18.9 22 20 1.5 6.7 62.6
32 1.25 0.19 17.5 1.5 22 24 2.3 7.8 66.1
33 0.75 0.38 28.2 9.8 22 27 16.0 4.b 66.1
34 1.25 0.39 41.4 11,1 22 31 13.9 5.3 67.5
35 0.75 0.16 8.0 49.2 22 34 1.0 48.0 67.6
36 1.25 0.18 8.0 49.3 22 32 0.6 48.1 65.6
37  0.75 0.28 18.2 49.4 22 27 6.0 47 .1 71.3
38 1.25 0.26 21.7 49.5 22 30 5.0 48.4  71.7
39 1.00 0.35 12.9  30.7 19.5 25 1.9 26.8 63.6
47 0.75 0.31 21.0 50.7 17 26 9.1 48.3 72.4

49 1.00 0.35 13.1 30,17 19.5 26 1.9 26.1 634




TABLE 11

Results of Regression Using "LYN"

RUN NO. ALPHA dsoc
" microns

11 6.25 28.9
12 7.25 43 .6
13 6.25 20.0
14 6.8 21.1
15 6.5 83.0
16 4.6 88.65
17 4.5 77.9
18 6.6 84 .1
19 6.1 58.5
21 7.3 28.3
22 7.0 36.0
23 6.7 16.5
24 9.2 28.9
25 5.3 89.2
26 5.8 95.0
27 5.0 76 .4
28 6.7 82.0
29 6.4 54,7
31 6.7 29.1
32 9.2 35.6
33 6obi. 17 .1
34 6.5 20.5
35 6.6 97.1
36 5.2 87.0
37 6.2 73 .1
38 8.0 87.0
39 6.2 53.4
47 6.1 76.8
49 6.6 54 .6

33



TABLE III |
Results Using "MURU" With Weighting Factars

RUN ALPHA- d5ng -dg BYPASS
' ' microns "' microns
11 4.1 27.2 5.1 0.039
12 7.4 43,6 - . 2.1 0.017
13 5.25 20.5 :0.0 0.021
14 5.95 21.3 O.b 0.035
15 5.3 84 .7 13.5 0.038
16 3.2 94 .4 9.1 . 0.036
17 4.55 79.15 0.9 D.066
18 5.2 86.6 3.9 0.026
19 6.0 58.9 1.1 0.070
21 5.3 27.1 2.3 . 0.031
22 7.4 35.8. 2.3 0.035
23 4.7 19.8 1.9 0.034
24 7.2 28.25 9.7 0.033
25 4.8 93.0 0.0 0.066
26 5.0 98.5 2.55 0.055
27 4.3 75.5 3.9 0.056
28 5.9 83.6 4.0 0.057
29 6.4 55.7 0.1 0.068
31 4.6 27.8 5.7 0.036
32 9.4 35.5 7.3 0.020
33 5.1 19.7 0.8 8.022
34 5.8 20.6 8.15 0.037
35 9.0 95.1 31.9 -~ 0.061
36 b 91.6 . .4 6.051
37 5.7 M6 6.5 0.069
38 6.8 88.55 1.9 0.034
39 6.0 54,0 . 3.2 0.064
47 4.3 79.6 0.0 0.061

49 6.3 55.0 0.02 0.063
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The predicting equations for the‘ﬁarametersnbtained fram
“MURU" were determined by the linear regression program to be:=

a) log d 1.358 + 0.191 Dn - 0.0064 Q + 0.0128 4 - 0.00505 T

s0c”
b) log P = 2.168 log Q - 0.95 log h + 0.39 4 - 0.624 log (ou2+onz)
- 0.913
c) B = 0.973 R_ + 0.00028 # + 0.00166 Fegy - 0.0405

d) log X =5.18 (1 =R ) + 0.0302 Fey + 0.1372 log @

50

I

e) log dD = 0.35
8.D9Du
f) log R = -0,933 + 0.688 log 6 - 0.703 log d t ——
f 50C
(1-g ) Q
v
a) ﬂu = 75,58 + 64.9 ﬂv + 6.47 log Ug - 18.6 log dSDC
B]) D =

0.0935 + 0.355 log Ug - 0.007 ﬁu

where logarithms are to the base 10.
Appendix XII gives full details of the various measures of
"goodhess of fit" together with a set of printer plots for each equation.
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Equation (a):=-

The d equation selected from those tested has the

50C

-game functional form as the equations used by Lync:h32 excegt that

an increase in the temperature of the slurry was found to have
significant effect in decreasing the dSDC size and the spigot

size was not found to be significant at the 0.05 significance

level. The standard error of the equation for log dSDC was

+ 0.04 and the value of R® was 0.98.

a

The effect of temperature on the viscosity of non-Newtonian

slurries is not fully understood85

concentrations viscosity will decrease with an increase in
temperature.

For Newtonian systems of low percent solids in sucrose

solutions it has been f’nund86 that:-

d

0.58
soc = MM

so log dSUC log K1 + 0.58 lﬂgfk

but for relatively low solids

where H1 is a constant representing the variables which are not

of interest in this cuntext’and}xis the viscosity of the aqueous

phase.

If for such a system the temperature is increased from 20°

to 30°C then the viscosity is reduced from 1.0 centipose to
0.8 centipoise. This corresponds to a reduction in log d
of 0.056.

50C

Most of the theories of cyclone operation for dilute,
Newtonian pulps predict that the dSDC size is proportional
to the square root of the viscosity. They would predict a
reduction of 0.048 in the value of lag dSUE as the temperature
increased from 20°C to 30°C.

C

was
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Thus the result of 0.051 predicted by the regression equation
obtained in this study is in good agreement with the theory and
practice applicable to Newtonian slurries.

In order to appreciate the magnitude of the temperature effect
it may be noted that conditions which give. a dSDC size of 50 microns
at 20°C will give a d5UE size of anly 44.5 microns at 30°C. Such
a difference is significant in cyclone testing and could be of
industrial importance when water temperatures fluctuate significantly.
An example of this might be when the source of cyclone feed water is
switched from a warm recycle supply to water from an almost frozen
lake.

The fact that the dSDC size was nat significantly influenced
by the spigot size would seem to support the experience of Jull87
who considers that the dSDC size is only decreased by a spigot

size in excess of the minimum size required to prevent roping.

Fig. 10 shows a plot of the predicted values of log dSDC

versus the measured values.

Equation’ (b):~-
The pressure relationship of the form used by Plittvuas
found to give accurate predictions of the cyclone inlet pressure,

the value of R2 for this regression being 0.987.

Equation (c):-

The accepted relationship for the bypass ratid is simply
to assume that it is constant and equal to the recovery of
water in the underflow. This assumption has, however, not
always been found to be accurate73. The predictlng equation
chosen for the fraction of the feed solids bypassing classification
indicated that as the cyclone becomes loaded with a less dilute

feed an increasing portion of the feed bypasses classification.
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The calculated 50% passing size of the feed was not deliberately
manipulated but it varied because of bag to bag variations in the
silica, attrition, some unavoidable segregation in the pumpbox
and experimenfal error. The equations indicated that this
vari;tiun in feed size did affect the bypass ratia. The value

of R

was 0.89 for this equation.

quuﬁtidﬁA(d):—

The empirical relation presented for alpha indicates that
it depends on the volume recovery factor (1-RV) (which is itself
a function of cyclone geometry), vortex finder size and the
coarseness of the feed. The feed percent solids term indicates
an increase in alpha with increase in feed percent solids - an
unexpected conclusion. Fahlstrnm15 concluded | . the oppositg
effect whilst Lynch32 and Plitt33 could detect no effect of feed
percent solids on the steepness of the efficiency curve. It has
previously been speculated that alpha may depend on feed size71.
Plitt's relationship was rejected at the 0.05 significance level.
The value of R2 was 0.80 for this expression. Fig. 11 shous
the predicted values of log alpha plotted against the measured

values,

Equation (g):-

The value of dD represents the point at which two almost
parallel lines intersect. It is therefore very sensitive to
the slightest change in data around this point. The log mean
value of dD was 2.2 microns with a standard deviation on log dg‘
of 0.72. This small value of dD may be an indication that dU
is a function of cyclone diameter.

Eguation (f):-

The equation for the water recovery in the underflow
contains a term with the spigot diameter in it. Because the
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spigot was small, made of rubber and not perfectly round, it
was difficult to measure accurately. This explains the R2 value
of 0.8 and standard error of 66 thousandths of an inch.

Bguations: (g) and (h):-

Two roping constraint equations were obtained. The first
gives the spigot size at which roping would occur. It is of the
same form as the graph given by Tarr88 for larger spigots.
Tarr's graph indidatas that finite flowrates are possible through
spigots of zero diameter. Obviously this results from unintentional
extrapolation of straight lines into an area uwhere there is
significant curvature. The reéﬁlts obtained in this work fall
into this area near the origin and cannot, therefore, be
meaningfully compared with his graphical estimates.

The second roping constraint studied was the underflow
percent solids. This would be expected to be a function of the
variables influencing the solids to slurry ratio of an underflow
which has rheological properties resulting in free discharge
from the spigot orifice. '

The value of R2 for these two eguations were 0.73 and 0.78
respectively. N ‘ '

The equations obtained in this study apply only within
the limits over which the variables were tested. Outside this
range the user should proceed with caution and may find Lynch's

thoughts on scale up32 of the hydrocyclone useful.
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CONCLUSIONS AND RECOMMENDATIONS

1. The dSDC size was found to decrease with an increase in
temperature according to the relationship predicted for Newtonian
flow with dilute slurries. The modern semi-empirical equations

for separation at .high feed percent solids ignore this temperature
effect. Further work should be carried.out to check the effect

of temperature on the dSDC size under an even wider range of

conditions.

2. When tests were performed with the spigot adjusted so that
roping is just avoided the dSDB size was found to be independent
of the spigot sizs. ‘

3. The best fit value of the bypass ratic was found to increase
slightly with an increase in the percent solids in the cyclone feed
and with the calculated value of the 50 percent passing size of the
‘feed.

L, The roping caonstraint equations obtained show how the point
at which a cyclone starts to rope may be defined mathematically.
This type of relationship would be useful in the optimization or
direct digital control of, say, a closed circuit grinding operation.

5. Contrary to evidence by other investigators, the parameter
alpha, which describes the steepness of the efficiency curve, was
found to be variable rather than constant. An equation which predicts
alpha as a function of:uperating variables was developed. By making
alpha as large as possible, classification efficiency increases.
Consequently a grinding circuit which incorporates hydrocyclones
would operate more efficiently to provide an economic benefit.
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APPENDIX I
DETAILS OF SIZE ANALYSIS PROCEDURE

Introduction

The size analyses represented a considerable portion of the
experimental effdrtvas it was necessary to learn to operate a
rather sophisticated piece of equipment and because size analyses
were rather time-consuming. Durihg the course of this work there
were a number of advances made which were useful both for this
research and for future work. Most of these advances centered
around the new '8K' program recently supplied for the mini-
computer system.

There are a number of limitations on the size range that the
Celloscope can span in any one "range". For thisreason it was
necessary to analyse over three ranges each of whick, in this
case, was associated with a different orifice size.

The computer reads the first range (range 3) into the raw
tata area until the maximum number of counts in any channel
- reaches a present value (in our case 2000 for ramge 3, 4000 for
ranges 4 and 5). The operateor then instructs the computer to
save these values in the normal data aresa and then clears the
‘raw data area. ' |

Raw data is then obtasined for the second range (range &) and
this is added to the data already in the normal data area by
scaling the data set to give a good match at the common point.

- Thisis illustrated in fig. 72.
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fig. 12 Blending of Data.

‘s Once all three ranges have been analysed the data in the
normal area is converted to a volume basis by multiplying each
number of counts by a factor which is proportional to the volume .
of a sphere of the size concerned. The fraction of the total
volume in any size "channel" equais the counts in that "channel®
divided by the total"counts" for all sizes. In the case of the
overflow size analysis it was necessary to use the Gaussian
extrapolation. feature to estimate counts for sizes below the

smallest size-maasured.

The Control Tape

A control tape was punched an papertape. The final version
is the most general -~ it is designed to be of use to future
users aof the system mhu may not require all the instrument ranges.

Whilst there are advantages teo learning how to use the
Celloscope without the use of a control tape, the use of this
control tape had a number of advantages:-

a) The operator is givén explicit instructions as to dial
settings, orifice sizes and dilutions to be used.
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b) The operator is prompted to remember to empty the liguid
trap uh the vacuum line and to adjust the "normalize”
potentiometer regularly.

c) All output has provision for typing the sampie number
and date and time in a regular format.

d) All samplés are analysed in the same way and the operator
does not have to .remember the order of computer
instrﬁctiuns. ’

e) The operator has more time to concentrate en éample

splitting, electrolyte filtration and other duties.

Blockage Detection

Because a blockage of the orifice would result in disruption
of the analysis or distortion of the size distribution, it is
necessary to keep a constant watch out for blockages. The latest
program had a blockage detection rautine which detected changes
in the particle count rate due to blnckages;' This feature did not
work successfully in the two coarse size ranges but it was very
useful for the small size range.

Procedure

The sample Mas dispersed in a sglution of 10% Calgon diluted
to 4% with distilled water. ODispersion was assisted by mixing in
a blender. Experience has shown that the mixing time in the

blender should be as short as possible to minimize sample
attrition.

A scoop was used to remove samples from the blender for
dilution with sodium chloride - sodium pyrophosphate electrolyte.

All solutions were previgusly filtered twice through a 0.45 micron
filter.
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For each range the correct orifice was fitted to the
apparatus and the current; gain, log and timer controls were
set to the values given by the control tape.via the teletype.
The stirrer was adjusted to its maximum speed then slowed down,
if necessary, to prevent air bubble formation. The solution
was emptied from the flask in the vacuum line. The function
knob was set to 3, and the normalizing control adjusted. The
coincidence count was then checked and the dilution adjusted
if necessary. The dilution used was low enough to ensure that
the probability of two particles going through the orifice
together was only about 1%. After rechecking the normalizing
setting the analysis was stérted.

With the smaller orifice sizes it was necessary to
carefully sieve out the very coarse material so as to reduce
the possibility of blockages occurring.

Care should be taken not te touch the sample container
during the size analysis as ths could result in one's body
acting as an antena for electronic noise.
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CONTROL TAPE DATED FRID. 26TH NOVEMBER, 1976

SAMPLE NUMBER: --
DATE AND TIME:--
PR 2000

NR

ER

MO NA

MO NB

NR
BA @

CHANGE TO 30¢ MICRON ORIFICE
LOG 6
1716
G2 1/8
6.5 SEC. :
EMPTY FLASK., FLUSH, NORMALISE.CHANGE TO FUNCTION 3 & DIL. TO 568 COUNTS

CHANGE TO FUNCTION |

CHECK CALIBRATION 3L 23 56149
3H 97 12550

cAa 3L
Ca 3H

RA
AN
**%SWITCH ON PUNCH***

ou
MS 8

NR ER
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RA
FU 3
RA
PR 40620
CHANGE TO 150 MICRON ORIFICE
LOG 8
1716
G4 174
1.8 SEC.

EMPTY FLASK,FLUSH,NORMALI SE,CHANGE TO FUNCTION 3 & DIL. TO 228@ COU)

CHECK CALIBRATION 4L 17 1270
4H 118 5610

CA 4L
CA 4H

CHANGE TO FUNCTION 1

AN
**SVITCH ON PUNCH*%x%

ou

MS 8

RA

IF THIS IS THE FIRST RANGE 'ANALYSED, TYPE IN FUe4 AND USE 'FREE' ON
READER SWITCH TO SKIP TO NEXT LEADER ON PAPERTAPE--

BL 4

RA
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CHANGE TO 6¢ MICRON ORIFICE
LOG 8
174
G 6
l4.5 SEC.
EMPTY FLASK, FLUSH, NORMALISE, CHANGE TO FUNCTION 3 & DIL. TO 7808 COU

CHANGE BACK TO FUNCTION

CHECK CALIBRATION 5L 2@ 323
5H 117 12702

CA 5L
CA SH

BA 4095

IF BLOCKAGE DETECTION IS NOT WANTED TYPE '@' AFTER SWITCHING OFF READE]
THEN TYPE 'BA@ @@' AND RESTART READER :

SWITCH OFF TAPE READER DURING ANALYSI Sxkxx

AN

** START PUNCH**

0U
MS 8

IF THIS IS YOUR FIRST RANGE ,STOP READER AND MOVE ON TO NEXT LEADER
ON CONTROL TAPE BEFORE RESTARTING. TYPE 'e' TO FREE COMPUTER THEN
TYPE'FUeS"

TO CONTINUE NORMALLY SIMPLE PRESS'e' TO CONTINUE
N.B. '@' REFERS TO THE 'ALT. MODE' KEY
BL 5

IF YOU WANT RANGE 6 THEN PUT IT IN HERE BEFORE PROCEEDING
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MS 10
Co Vv

MAKE LEADER ON NEW PAPERTAPE, SWITCH OFF AGAIN THEN ON AGAIN AS
SOON AS COMPUTER HAS TYPED 'OUTPUT'

STOP PUNCH WHILST COMPUTER IS STILL PRODUCING TRAILER ON TAPE.
INCREASE TRAILER LENGTH MANUALLY.

ou

GAUSIAN EXTRAPOLATION TO BE DONE HERE BEFORE RESTARTING TAPE READER

MAKE LEADER ON NEV PAPERTAPE, SWITCH PUNCH OFF AGAIN THEN ON AGAIN
AS SOON AS COMPUTER HAS TYPED 'OUTPUT'. B
STOP PUNCH WHILST COMPUTER I5 STILL PRODUCING TRAILER ON TAPE.
INCREASE TRAILER LENGTH MANUALLY. .

-

ouU

CHARACTERISTICS OF CURVE FOLLOW IN THE ORDER- LOG MEAN, MODE, MEDIAN

CH

CUMULATIVE PERMIL. (I.E. %2 X 10) OVERSIZE FOLLOWS FOR VARIOUS MICRON
SIZES

CU 185D
CU 75D

CU 42.7D
CU 31.2D
CU 22.2D
CU 16.2D
CU 11.6D
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Cu 3.27D
CU 4.62D
CU 6.54D
CU 9.25D
CU 13.08D

. CU 18+6D

CU 26.16D
Cu 37.6D
CU 52.3D

- CU 74D

CU 104.6D

NR
PG

" NR

STOP READER, PRESS'ALT MODE® THEN RESTART READER FOR LONG ENOUGH
FOR IT TO PROMPT THE COMPUTER TO COMPLETE THE WORD. °*GRAPH®
FINALLY RESTART THE READER. : . ’ h

GR A

'STOP READER, PRESS °*ALT MODE' THEN RESTART FOR JUST LONG ENOUGH TO
PROMPT COMPUEER. TO COMPLETE THE WORD 'GRAPH', WAIT A FEW SECONDS
THEN RESTART READER :

GR C

TIME: ==~ .



APPENDIX II

DATA FILES & DATA FOR THE PROGRAM _"CLTR2"

What follows on the next 29 pages is a listing of the
data used as input to the program "CLTR2" with one page
devoted to the data associated with each experimental run.
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LISTING OF FILE R1 ' 04:07 P.M. FEB. 244+ 1977 I10=RALU

1 GET El1CFacC
2 1 3070!01000101111,111;1’3701|1v2'2t2p2'203v3|3947v304}4v595061697'718v6078
3 2 9910'11912013114115,16v17t75|19920122v23v25'27v29v3l,33136-95q39'41044-47
4 3 51:54'55'620660701119v75080y85190996v102v109'116712391300151.138.146.155
5 4 164'174v1341194920502110229v1q0024192551268'283v2989313'330l346'364'382
6 5 239,401,42114410463v485v5071531¢555l5819607'301,634cb61169016431690v739
7 6 7871834:582192803791973910159105611C95vll33v1171v121001250v1289|l323'477
8 1 135311379;1405114311146001490'15201l54671570w15970601916340167791718,1748
S 8 1768117&5v1803118211134lv1869v75611906o1944c197712003|2036y2087'2149,2202 )
10 9 222792227v952'2224,2245.22987237112437'2475'2482v2467'2450v2457v1199v2509'
il 10 2608,2734'2858’2964v3047,3114:31749323513299v1509v3370v344413521'3594
12 11 3657;37C6,37421377C;3793g3814’190013839,3871v3911(394903967v395813920
i3 12 386693810'3752o2392v3677'3566v3419v326103121,300272879.2722;2528'2311
i4 13 3012v2€949188511686v1492vl3llv1155olc351951;889.534:3791-7771718n665v627
i5 14 5991575,54915289525;49194773v4631470q452v4229401'399'406|365o3480318
i6 15 6009'2841252'226'206’186916711489130'113’9997565v90'85180'730b3!62'56050
i1 16 47,4019523p37y37v4Cy43943v37028v30942q45oll989n37v28'24v19'28v45v44043
i8 17 36v40'15093'43'46,49,26,CnO,C,OcC'Cy270033128
15 GET €11ial ‘
20 1 2391C'01C1010v10317|9v110301912v12112vl3rl4016'21028936742v379'45v47v48
<l 2 50,52.54156,58,59'60,477'61162'63,65067'69.71972'73.74;601'75.76.78v80-81
2 3 82083,85v88:90o75éy92’94'96o980lOCv102v104'10871120116'952'120v124'127
23 4 150113491401145.151l156,160y1199'163o1661171'176v183'139v1971205o2150224
24 5 1509;2329245'25Cp251,274929013089328,351,376|190094031431.463;5009544;599
25 [} 6641738-5211913'2392'1017111371127511427'15911176401947v214202548v2558
26 7'301292763'2953931277328413425;3546:3645:3723v3786'3845'3791y390113946
21 8 3967:3959;39261388313841.3801v376413727v4773v3680l3bl1v3516y340203282
28 9 316213037v2907v2779.266816009-257372489:2408'2327v223lv2112o1973'1824
25 10 168411569o7565o147971407yl329v1233v1127n101499111842o802v765u9523v726
30 11 67115&69487139893451315128092500241011989'244v230v164'83v56t81,86095v99
31 12 80415C93¢57+6192329435,27,Ce0+Ce 0y 0
32 GET CLIR2
33 1€6C DATA 11+ 0.755 'Ca22y 1455 22.6
34 17C DATA 280, 14747, 1237.7, 984, 771
35 16C FILE E110F -
36 160 FILE Ellu
31 168 FILZ RUM1]
38 157 B7=CMD{"IEMPTY4NC RUN113D"™)
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LISTING CF FILE R2 C4:07 PoeMo FEB. 24, 1977 ID=RALU
1 GET E12CFaC
2 1 2390200101919l olslolsls3001124292+21243903939303741444+415159546969707447+8
3 2 99991091191 2012923914915460017918915920922+230¢25427428+530¢75+32+34437+39
4 3 41+44147+50953956955959363+6TsTL 1754 75+84+89¢94+95411G,105,111,117,124
5 4 130913751459 15391€190i€9915191789187+9167+207+217+2284239+2514263+42764160
6 5 2891303,317+322+4347,363,379,356,413,4229239+450,470+450+510+5314553,576
1 € £G65,1623+648430106734665+1726+6674714+7619806,851+898,944+379,988,1026,1073
.8 7 1119,1:67,1222,124891274+1254+1312+477+13325+136541401+1436+1466+1489+1508
S 8 1521+15€2+1556+60101627+16504166741684,170741737,1770+1802,182641842,756
10 9 1857,1878+151041545,1986+2025+2060+12050+2114+2i34+952+2156+2189+2220,2268
il 10 2291+22674229442292+2307+23464115592412,24924256€64262442671,2723,2788
i2 11 285892521+¢2975+1506+302693082+3142+3197+3241+3275+3305,3337,33744+3418
13 12 1900+34744354793628,27C3,5376C+3768,3822+3836+3845+3853,2392,3872,3505
14 13 3944,36€7+396C+3527,32881+35866+3864+3623,3012,3905,3835,3738,32668,3626
15 14 3563,342G,3222,255142707+4379192583,2364+2163,1938,1742,1585,1441,1279
i6 15 110219361477318029697960815320471,419936312990235'185'6069vl53'131cll3
17 1€ S$898397C462+5594399397565937 933429425421 918016+11219+03¢9523484692+2¢2+346
i8 17 64743+41198590+4+9+10+5+0+C+040+G+15063+8+59540+0+0+04+0¢0+043C1904,29
i9 GET El2UaD
20 1 2354G90+Ce040019451041€9219301+24925926927+29431933¢35+37+¢35+379,42+42444
¢l 2 46448445451952953954,5,477155¢155156957158¢59161162,6340644601465,66,67+67,69
22 3 TCy 719722734754 756476978479,81482,84,86,88,906491,552,62,65,57,10C0,102,104
23 4 106410€+2224116,1165912C9124+1264912641214135,140,145,151,4157+15094+1624269
24 5 175418241899167,20542134222+4221,1900+242+256+4271+286+301+316+3314+248,267
2% € 38S+92392+414+9442,473,507+544+458746344686,744+812,3012,861,981,1080,1185
26 T 12684142041556,1707,1874,205242791+2235,2432+2630+2830+2027+32164+3362
21 8 2513,3651+43768,4773,3873+3927+395843967+3G47,3855,3835,3771,3713,36¢1
28 S €006,3601+435184924099325C+2174+3066+2957+428344265642547,7565,2408,2285
25 10 2160+203641915,1808,1707,1605,1506,1365,6523,1265,1135,1C18,529,833,707
30 11 556445Z2+413,357+111585¢37€4¢33342824221+172+138,124,106,113,122,15093,68
21 iz 105,75,40,C,0,(,0,0,0,15G65E5,16
32 GET CLTR2
33 16C DATA 12y 1425y C.1€y 2.3, 20.1
34 17C DATA 2950, 2351¢€, S12.6y 2023, 502.2
35 16C FILE E120F | 4
36 16C FILE El2u .
21 195 FILE RUN12
EX ] 167 B7=CMD("IEMPTYGNC RUN12aLC")
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LISTING CF FILE R3 : 04:07 P.Me FEB. 24, 1677 ID=RALU
1 GET E13CFaC :
2 1 30919191919l slv192929293792929393 939494959508 04T706979798¢9910+10,11,12,13
3 2 60915116917+¢19420922424926928+20975932+35+37+40+43+46¢504549584+62,95,66
4 3 71+76481+871531959910691134120+119+128+136¢145+154+164+1744185,156,208,221
5 4 1514234+24702€2+277+4295293C9+3269344,362,382,190,402,423,445,467+451.526
6 5 541+56715G65962241239965246824714¢7464+779+813+1848,885,9522+960+301,969,1040
7 6 1081,1C17+1111+1201+2277+1337+1385,1426+376+41463,15019154541557+1654+1711
8 T L7€E91816+9186691S18+477¢1573+92029+2C080+212002154+218702227022T76+2327,23277
9 8 601424224246492502+253442562+25884261G+2658,2704+27523¢756+,28CC+28%4%,2882
i0 S 2514+2536+26558+9258443025+3057+3172+552+3227+3243,3229,321443220,3289.,3374%
il 10 3448,3482,347591155,34759351C+23563,3701+3804+3887+3545+3568,3963,3941
12 11 1509+3611+387€43825,376743594,3616,3532,3439,3226,3155,150C+3045,2867
13 12 267342471+22€7+2061,18€6649169641564+41458,2392,1355,12384+1110,969,887,803
i4 12 725,656,591+52€+3012,463,408+364933€431943064290+265+232,203,2791,189
i5 14 1ES1E7917Ce142411841129124+1430+1539477341434118+91165¢5143341644,0,0
16 15 600590+C+0+0¢G9GCy0+0+0+0975654C9Cs09CoCy0s0+0+0¢C+9523+0+040+0+0+0¢0+0 O
i7 16 0411985404y C90+C30+0+0+Cs090915093,0+040409050,05C50,C0268716428
18 GET E1l2uaD
19 1 2364090909090+ 1+9499913+416+301417¢17+17417+18,20021922+24925¢379:27+29,31
20 2 329349354364281935+41 0477443446448 1501521549561957059+162160116446T796F9,71,72
21 3 73976+97%483,879756950+53+56+41C041C4913C74110+112,1164121,+952,+128,13%,138
22 4 1424148,156+1664176,:864,157+41199+1205+2249241+260¢284+3114343,378,420,468
23 5 1506+524,585+6519724,605+657,598,1107,1221,1336,1500,1449+1564+1585,5816
24 6 1952,20859222592363+2502926374¢2352927€142874,2581,+3083,3179+3266,3240
25 T 3424435C1935754323C12,3637,3686,3722,3752+3786+3829+3875¢3915+3942,355G
26 € 376193G€893561+262€4266193T78043707+2654,3614435764352544773¢2472,2402
21 9 331113195'3066'294192836v275692685:2607!6009q2508v239212268-2151;2045
28 10 194C,1E3C4171€,1612,151047565,14C441301,1194,1C86,982,895,844,793,7320
29 11 647,9522456295059472,4519414+36093174265+193+1344,11989,104,111, 120,112
3G 12 8€455936442+90957115C92452427929+64934490+0+0,0,0
31 CET CLTR2
32 16C CATA 13, 0.75, 0.38y 164y 10.0
33 17C DATA 280, 1S4%5C, 1835, 900.7, 1222
34 180 FILE E1:QF
35 160 FILE E13y
36 165 FILE RUN13
37 167 B7=CMC("ZEMPTYaNC RUN12a0%)
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LISTING OF FILE R4 €4:07 P.M. FEB. 24, 1677 I1D0=RALU .
1 GET E1l40FaD
2 1 1540409151919 10is19141, 2392121212929343934344930+1444+5015+6969 747 8+9+37,9
3 2 10,11, 14!13!14115!l6'17018147v1.9'21022!24v26128949v3103‘h35;6(:'38"#1 44
4 3 41,5GC, 53, 56,6C'é4768vIJv72.77v8;y86v92t97v.03y109v1150122v95o;29.l-6 144
5 4 152.161’170vl7911899199'2099119'220v232'244725792701283'29703121327o343
[ - 151136093771394'41304329451v47214931515v5371190'560158*16091635,6611658
7 € 11637449 T774980492359835,8664,859,9322,9¢6, 001’1037'107411111v1149-30101188
8 7 1227,126€,11104118891271+13534+1430+11502+1565+375,1633,1655,1766,1825,1886
9 8 1935119&112025'2C6612100v4770213272169'221292260'2306'2346v2‘84o 241942452
+0 S 2481+601+25C712529+2548+256892599,¢264842709,2766,2804%, 2822,756428293,2844
11 -1C 2877,2626,2982, 301813030-3036,306113110195213165032080323613263.3299
12 " 11 334043282+3621+345€43486,1296,3510,3522,35584359343623,3676,5721,3772
12 12 3825,387511509v3916v39#893967v3969v3934938810381403777v3éﬂ4 3523,16G¢C
14 12 3365;3159930029252402658|249572328v2154y1975v1735023920158201378'1197
i5 14 1059,9621383v801v704v600v50413012'434'397;378!345:29202191159'l33o137
1€ 15 149.37919147,127v101182'74771'65v52036;25v4773p23.32.46.55v51.36117v5c0
17 16 09€C05+C+0,05,04G1090+C+0+0¢75654C+0+G+0+C90+0+04040+5523430+04+0+0+0+0+0+0
i8 17 0405115855040+ C+0+Ce0sCr0s0y0+15C93,0+0+0,040,0,Cs04Cs0y286339,3C
19 GET El4tatC
éo .1 23590,0+C10+0+216+13,20924+301,26927+27928¢30532¢35437¢39+41+379:43+45,47
21 2 48v50151.52154155o57o477;58,60162v63v64v6506716907lv73v601v75'77078;80982
22 3 B85+E7185191193,75€69564554102,1064110,114,117+121,124+127+552+130,135,140
23 4 1461152o158ol63y168v176018601199v196920612150223’233v24712639283p3000334
24 s 15091369'411y45915121572n64ly72278l3'315v1023'19000113771258o1385ol518
25 6 16530179211937'2C90'225C02408123929255512689.2813'2934v3055g3l77'3297
€ 7 341013512r3599v3C12v366803723v3771v381703861|3899'393lv3954:3966v3967
21 8 37910395513941v3918'355603851n381613785v37501369213605;47739:497|3398
28 9 33271328313240'3181v3101-3013-2928.28550600902791'2724v2633v252872396
2% 10 2255v21211201271928!1861-756501794,1719,163211533'1419'1296,118391103
30 11 1035v977,9523)92598611791v731,6941648'572v47103870327111989'296v2881247
a1 12 182,15991714183,174416341504150924134,115,92+669C90+C90+Cr0+216820C,15
32 CET CLTRZ2
33 16C CATA 14, 1.254 0.39y 14, 5.7
34 17C DATA 3C0Cs 14334, 1454y 77647+ S77.9
35 18C FILE E14CF
36 160 FILE Fl4U
37 1SS FILE RUN14
38 167 B7=CMLC("ZEMPTYaNC RUN14aC")
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LiSTING GF FILE RS ! 5 04307 P.M. FEB. 24, 1577 ID=RALU
1 GET E18CFal
2 1 149040+6939313+12924494918+49415+59516096979708924+184999+10410,11,411412,13
3 2 14430414415416417, 15'1902012102314‘0037v25v27'281299 1¢2393442€+438,40,448
4 3 42944947+445+52954457+60, 634€66555469472176479+83.487191195410C,104,+75,109
5 4 1149119+124413Co136+142+148,154,161,95,168,1754182,15C¢198.206, 214,223
[ 5 2324241+11912514261+42714282+253930%¢3154327¢340,352¢151+365,379,393,407
7 6 42144361452 +467+9484,500+150451745359553+57145504+605+629+649,670,691,239
8 T 712+7344757+78C+€044+8284852,877+902+928+3014555,562+,1009,555,555,1006
9 8 1054,1C€2,1120,1173+37541233,1289,1340,41385+1429,1474+1515+1563,16064+1643
i0 9 4774168E91720+1741417504175441761,177€,18C6,18365,1873,6C1,1900,1921,1640
i1 1C 1656415980+2004+2031,2059,208C+2052,756+2100+2117+2150,2188,2218,2237
22 11 2255,2284+2324923€0,552423784237042346+233942362+24164,2479,2528,2556
13 12 257011199’2380'4588'260512651:2741128(’:‘#'2984|306 +31C2+3115,1509,3132¢
14 13 31764223¢€,325C+2323,3374+3242343474, 3212,43529+1500+3535,3550,3578,3607
L5 14 363143€58,2702+3761+3813,383$4236243635+3830+3824.3818,3811,3805,3802
ié 15 38C393E(893825,2012+38634391€+39€1+36¢8,3523,282693701,3556+,3435,3353
17 16 3761+2214+3287+223503162+2085,3041,3C27+3001+2516+277L+4773+2609,2483
18 17 242242418,2185+2178,21144199541870+1761+6009+1683+161441534,41437,1336
is 18 1247;11‘7 LJCECSCL186€+T564+1859717,645457644589423,352,285+225,178,6523
20 16 150413541164 86+52929+22+14+99 1Co11989711.112913'1‘9'160809' 9,20+10,15063,0
é1 2C 144154C4C9Cs0GyCy040,381432431.3
22 CET Eltuabd
Z3 1 23940+404+0+0,10+34+72,1164151,173,2014185,195,2064221+237+254,271.288,203
24 2 217+2764232+345936643829357+4C8+417+424343L+442047T7+456+474+492,5074517
ébs 2 521+5204951695149517+6019527+544+5€04572+575+4585+5554607¢617+621+47564618
26 4 614+61646324166296989T72447339729+728+552+74097€19T774476S9750473897464785
217 5 B83€6+880,11559505,516+527+%459570,996+102041041,2063,1089,1509,3116,1141
28 6 1161,1181+1205+124641288,1323,1348,13€6,1600,1388,1418,1455,1491,1521
2s T 1544415€€+4159741643,170C+2392+1754417S1+1812+1832+,1866+1618,1973,2021
30 8 2058+2054+3012,21374218742238+2278,2301,2311+2316+2340,2374,2413,3791
31 S 24474248142525+26004267842727+2718+2658+42591+2567+4772,2600,2€653,2672
32 10 2€4542€6G7,26C3,29C%92578,303593C81+6C09,3114+3153+3209+3284,3558,3408
33 11 3439,3471+2352642604+75€5+36G293787+3865,4031,416744275,4337,4363,4356
24 12 43229552344231+4C0854391043698,3456+131824289G+2626+237242107,11989,1801
35 13 1506,1248,107C, 9‘5.862.7‘2o621 50394C4+150534329,287+21341514+53,0,0.0,0
36 14 - 0,283855,16
37 CET1 CLTR2
38 160 CATA 15y 0.759y Celby 1e0, 21.3
5% 17C DATA 210, 147105 920.6, 7077, 628.3
40 180 FILE EL1E50F .
41 160 FILE FiSu h
42 1S5 FILE RLN15 :
43 1¢7

B7=CMC("ZEMPTYJINC RUN1SaD")



LISTING

GF
GET

66

FILE Ré6 . 04:07 P.Ve FEB. 24, 1577 ID=RALU

E1&4CFaD
371001'lrlvlo111'1v2121471292v3'393v4'415'596v60v7171819' 10411412413, 14

16¢75+41742.9920922924+27929432034+37195+4L 144+48+52+56460465,71476+82,119
8E+S5,1C2+9110+118412791264146+156916T41514379+15142C402184232,247+2634280
2689317,150,23€43574378+4C19424+449+474+5011529,558+229+588,620,652,686
121975747959833,6744915,301+4957,1001,1046,1053,1140,118%,1225,1290,1343
1366937591451 415C€91715+1715+117189073841773,1814.1846,1861,477,1866,1876
1900,1940+1687,2C25,2062,205342125+2178+16C1+223342286+2327+2358+2385,2415
245592507+257042€35,756+26894272742755,2802,2864+253142685,3022¢3G57,2103
652+31609321272247+3266+328543323,3381+2444+3504+3579+0199+3690,3825,3934
36€67+3616+381443705,2626435554247241505,2323,3100,2832,2571,2360,22G7
2C061415€1,1912,1877+,1500+1503,1978,2C58,2097,2072,1555,1898,1818,1776
1772,2252,1788,1802+1814+264C,1865,1634,1566+1576,1652,2019,3012 2048
206342056,203C+1985+1941+1905+1910,1528+1627,3791,1889,1831,1791,1783
L1763, 116€y1776,1735,16E6241€3144773,1600+159841613+1616,1586,1521,1439
136C,12589124646006+1203+1152+1052,1C34,584,547+5S1C+8704+826,779,7565,731
682,y621+5539452+436+380+333,298+255+$5239212+179+1434+121,100+85,80+61,26
0911585+090+0sG90vCrCrCy0s0s250934C9CoCr04s0+050405050,32C079,27

Elé6LaD
151+C+0+G+0sC1CyCy0+0+1+1S0s1alololslolele202029235+243¢3,304540495,5,501
3015495+524945€9524+5204515+511+507+505+508+379+512+518+526+535,544,555
2649E74458%445924477455716C016069619464146€5,6864655¢7C79T11+6C1+7134714
71249743, 7€8+7539€12+182748414857+756+874+8E54858,512+,531+948+959,970,988
1017,952+1047,106441067,1068,10765105C+109641083,10544¢1135,1155,1134+116%
1222+1155912084124141261+127541285,1257+150941311+1331,1354,1380,1401
1422,1446,147651511+1544+150042575,1600+1625,164541679+1714+1748,1779
18C64182242362,1660,1885,1503+1916,1932,1961,2012,2080,215C422G3,2012
222542220+221042215+2243+12264+233242365¢24454,25C4+37914+2555,2590,2607
261342€23,2652,2708,2776+2838,2883,44773,2904+2851,3119,3C23,3114,3171
31€2+21564318143232,6005+3300+33€69+341643440,3448,3453,3461,3461+¢3456
346597565, 2502925¢6936€6592785,28E3,354€+3667+3565,3549,3619,9523,3836
3710+355243402+226503144+3010,2854+2645,23%7+115E5,1952,1675,1462,1346
1261411764663+ 71595€7¢547415C93,5219418+299+2804300,2769147+52,040
20€043,21

CLTR2

DATA 1€y 1425y 0.1Ey 0.6y 2845,

DATA 270, 19942y 13296.2y 9605, $13

FILE EL€CF

FILE Eléu

FILE RULN16

B7=CMC("ZEMPTYaNC RUN1&a0")
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LISTING GF FILE R7 04:07 P.M. FEB. 24+ 1977 I1D=RALU
1 GET E1l7UaD
2 1 379Co09Ce09091lslolololod7olelololels202920212960039343+393049%94¢5¢5475+5
3 2 696979 718981999910965y11911+12¢0i3914+15+115+16917919411Ge2C0214224124+25,27
4 3 2843093229339151935937039+42+49+47+4G452155+582190+61+64:68,714975,75+482,87
5 4 92,G6€523G591C1,1CE411191179123412541354141+14841554301+162+17041784+2134229
6 5 24692639280429€+2139379+93294342+354+4265+377535044C2+9415+425+43744774451
1 6 46794829462 +1%5815049514+526+5294551+6CL1+5639575+5884+601+6151628,640,648
8 1 6561667,7564,68243700+7189724,43750,767+7834757+8C8,821:+552+840,867+355:915
9 8 S27993795559984+1017+1043,1196,1057,1C632,1071+,1086,1116,1148,1181,121%
10 S 124991262915C06,1212,1336,1365,1405,1446,41486,1523,1558,1593,1625,1900
il 10 16€8,17C7,1746,1785,1824,18661,1868,1638,1691,2055,2392,2120,2167,2192
i2 11 2204,2222¢2255423GC 12353 4241442484+3012+25599263C+2682,2713,2731+274S
13 12 27€442837,28G542941,3751+2667+2560+2653,3007+3022,3042+3081,2147,3240
i4 13 3350,4772,3465,3558,43551,3545,3441433369y3295+334C+3438,3541,6005,3602
15 14 3€1493617+365542753,38¢€79364593G96893633,3872+7565+¢382443791,3757,3685
i6 S 3563433639y 215242G81,4277442582+1652342402+2214+2001+1774+1560,1372,1226
i1 16 1088+651984%4¢1158G6,740+616+485+4375,306,265+2321,2C09,+1834174,15063,140,1C0
18 17 80,57,3C»0,04C4CH0 -
19 CET E17CFaC
<0 1 309Cs09Co050901 01 0l9dls1937919191+2029292920303+04792¢3049491495¢51606E97460,+7
21 2 B9S9G91Cel11912913914915975+16917918415+21422924926+27429+55¢21154+36,38
22 3 4144494€¢49953956+9119960063967+72+7€¢E1985+9314664102,15141084114+1214127
23 - 4 13591425150015S9167+4176916091E6915642069217+2284240925242654276+252+226
i4 5 3071322933 7+353+9270+38794C5:5129535,43543019477+5C44535457646244674,721
28 € 1€6€,807,849,37G,E894+532,976,1C24+1072,1121,1171+1218,1260,120C+477+1343
26 T 1362514449 1453,153491565¢1587416029161641629+4601+164141655,1671,267641660
21 8 1646491627416254,1640491656,7564167041675,167G,1€56417214+1750+1774+1788,1794
28 S 1765,952,18C5,1823,1882,193741979,2006,2031,2058,208242091,1199,2091,2123
29 10 2263,22E6642337+2560,2650+,2734+27424+2761+150642806,2876+2653,3027,3086
30 11 3123,3141,323153,2172,2203,150C0,32484+3207+433784+3454,3518,3558,2573,3585
31 12 3€1593€€€423G2,272C43753,3758,375543771+3818+3884+3941,2668,3958,5012
32 13 2623,387643830,42796492768,3812,38€2+3503,3895,383€43761,373342613,32500C
332 14 3413,33€9432714+238G433€9,3275+3142+4773,3001+2874+274742613,2492,2408
34 15 234842274421 €Cy201€+60CS¢1864+4171791581914544132E84120541C72,1943,825,737
3¢ 1€ 756596724611 454294€8+3G3432381297126592233+19548522416341544157+151,14¢
36 17 138,414E4148,1254105,1158S91049111,134,1444120452+59+42:68,72,15093,78
317 18 111,85+2240,0,0+C+0+0,341043,28 -
38 GET CLTR2
29 16C DATA 17y 0.75y Ce28y 64y 11.5
40 170 DATA 280, 175432, 1€94, 8283, 135¢C
41 18C FILE EL170F :
42 160 FILE E17U
43 165 FILE RULNL17
44 167

BT=CMC("$EMPTYGNC RUN17a0")
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LISTING GF FILE RS8 C4:07 P.M. FEB. 244 1977 ID=RALU

1 GET RUNLl8aL

2 GET E180FaC

3 1 1593093193293492592€92844C941442919+145+4T7949951453¢55457159162164+23,67

4 2 €S972¢75478+80,+84+87950,9939350497+101+4104,108,+1124116,120,125+129,134%44237

5 3 1391143914911:41159'1631'7C"lﬁvLEZv1889470195v2010d08'2759272’229v2 &

6 4 2444252+260,605268,277+28542%4, 303,313y322v332'342v352;75o363y374:385'396

7 5 40794199431 +344+14564469:95948244G655059523+538¢552+567+5829598+613,119

8 € E2G96464+6E206TCS 9657 9yT1497329750,769,7889151,807,826,846,8€6,887,5C7,528

9 1 65049729554416C,1C1¢,1038,1061,1085,41108,1132,1156,1181,1206,1231,239
i0 8 1256,1282,1308+913234,1361+1387+1414,1442,146%9,1467+301,1525,1554+1582,1611
il G 164C,167C041£559172%5+1755+178G+37941772+1935,1906,1900,1917,1953,1598,2040
i2 10 2070y 2C874477920S€4+2106421279216192204+2240+224842217+21544+20894+601,2059
13- 11 2C8442142+,217C42243+1223592225+227592376+2501+75642558+20641+2636,2567
14 . 12 25432,2455924764251792€05+2734,5952,285092922+2942+2521,2886+2865,2877
15 13 2929y3014+309791199+3127,331€4+3324+43245,3144+30€4,2585,3199,3115,3057
1€ 14 1506,3C46+¢306S42053+3066+3C82+3073+3095+3156+3249+3349,1900,3430,3471
i? 15 3472,3461924€443458,35€0,263€,2716+43791,2392,3848,3870,384G,3807,2780
i8 16 3792,3840,388793908439C6+3012+5904+3920+394643561,3650,392C,3887,3862
19 17 2832937€€43751,364443480,332793236,322443258+3281+3249,3152+3009,4773
20 18 2862,274242642+42515,23189205€4+176541763,1656,1€15,60C5+41596,1554,1450
21 15 1418,1351+128€4121541127+10224519+175¢5+4834+7769724+663+5894515+450,391
22 20 327,2568,55234153+9137+519¢54+¢35927+2045+42¢0+11985,40+0+C+050+0+0,0,+0,0
23 21 15C93,0,0,0+0,0+0+0+0+0,0,445416,31
24 GET E18Lal
25 1 474C904Cy0904035G+0+050¢60+0919139191913L9lsls1+75+1429292+242+39343+3+55+4
26 2 49494959546 969697911697+899+9410910411+4129139144151914+15+16418413,20.21
27 3 22924+254919C127+29930+32+34+36+38+405439459239+48951953+564160+462,66,70
8 4 13041369301 101439145917792501247+245+245+246324G+252+379¢2550260426342¢67
2% 5 27Cy273,277+281 92854287 +477+289+254+4301+307+4315+,320+326¢3344¢3424349,601
30 6 255,360+2669575928893G654410,4181424+426€4175694254425+4310443+44604477+462
51 7 504'51215!8'992'-26'54095560571 580+58€4557y615:632+¢€370116G,E314£668,640
32 8 £€546G1,70697164728474547€3,1505,7784764,812+835,860,884+,502+916+452G4+G44
33 9 1900,964,588,101€,1C42,1063,1076,1056,1120,1152,1185,2392,1211,1225,123}
34 16 1241912€6551307,1358,1406,1438,14524+3C12+11455+1462+1475,1496,1522,1550
35 11 1577+16C3916234166G437S1,+170841740417544174G,173841735,1764,1805,1837
36 12 1843,4773,1823,1994,1978,15864+2007,2032+2056+2086+2119,2147,6CC9,2170
37 13 2186+22C142207+¢222092245,228542332+23814243747564+2519,2634427824+2947
38 14 3115422874256742648,28C9,3 926;9523139681392513807 363943442,32244,2966
39 18 26744236792102411986,1895,1£99,:478+1232,9904825, 73916960642-577915093
40 16 522,484,4364351921591344107+435840+09216790425.8 .
41 GET CLTR2 ’
42 16C DATA 18y 14259 C.269 5.0, 11.8 - '
43 170 -CATA 210, 22445, 1176.5, 10914, 844.E€
44 180 FILE E1l80F
45 190 FILE ElEU
46 165 FILE RUN1S
41 167 B7=CMC("IEMPTYGaNC RUN1BaC"}
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LISTING OF FILE RS9 . 04:07 P.M. FEB. 24, 1977 ID=RALU
1 CET ElS0Fal _
2 1 1G9090+4Cs090+090291v19)19239191¢lvloln292¢29202+309213130302044494+4954+374+5
3 2 9616979798989 391004791C911912912+12014415916+17¢18,60419¢20+22,23,24,26
4 3 274929921433, 75935937939+41943+946+48+951+54+57965+460+163467,70,74+78,482,86
s 4 S1955911G+1C09105+11Cs1164122+128+134+140014791544151,1624169,1774185,19%
) 5 20392129222+231+2429150425292€2+275+4266+2G6G+311+324+3384351,366,239,381
7 6 39644124428 1444+462+479+467+516+5353301+9555+4575+565+618¢64006624685,7CS
8 7 133475€4379,4783,8C9458691000+1013+41025+1039+1054,1070+1084,477,10974111%
9 8 112641142411594+1178,1201,1225+1248412€65460141290,1317,1353,1392,1426,1451
10 S 14669147E91492913512+7564153641574+1613,1653+1690+1724+1754,1781,1800,1813
11 10 952,1829+185741902+155%+2020,20859212842171+2170+2153,1169,2154,2195
12 11 2256+923C84+2324+2323,2331+2360+2399,243291509,24554249C+2535,2592,264%4
i3 12 2€677142663,2714427€2,2843,1600,2935,3015+3075+3122+3165,3209,3255,3306
14 . 12 338092467,2392+35614362743678,3685,3652,3742,+3841,3540,3667,3893,3012
15 14 3755,3628,3€60343654,3742+3818,3865,3890+3893,3864437G61+3807,3752,3732
16 S 3742+27244+3648,345593189,262292714+4773+1257042456+2362+,2236,2272,217%
17 16 2119418664167541462,6009+1245+10564888,74541621+515+433+437043164264,7565
18 1T 2174175916454912C+1054102969¢959549594+45523 479954941935 ¢37+40,54458,37,40
19 18 11989+¢57962+433+135,75+811€594€950954415093,57+61965¢71475+4404+43,0,0,0
20 1S 314C38,2C
21 GET E1SUa0
22 1 7540409090+ 0+091919191955+14191919292921292939116320243+4+4¢515+5+6464151
23 2 7.898.9,10110';1’121L31141190v15-17'18v19'21v22'24v25|27'29'239.31o34'36
¢4 3 38+41944+47+50953957,2011€14641659739789839884+53+59+1C5+4379,111,116,170
25 4 1734177,180+,181,182,1854189+477+152,1564201+¢203+207+210+2169220422%44225
26 5 60142279231+2371244+251425549258525942604+2614756+1264+270+4278+,283.283,282
27 6 28442954+211+328+9524329,343,341,3404341+3484357,3€7+379,388,1199,395,392
28 T 276126214495 +41G+445+43544334436915009+442+452446T44844501,5164529, 543,560
9 8 581y19C0,603,61C5¢€25+€6370651+16764706473447554770+2362,786,8044825,847,871
30 9 S014936+574+1014,105593C12+1009,1148,1201+1256,1307+1345,1383,1415,1449
31 7 1C 14504 3751,1541,1€60€,1663,17383+18644+1536+4200542074+214142210,4772,229S
32 11 242192567,2712+2849,2952+93154+333093456+3634+6C06+3747,3843,3620,3967
33 12 36€5,3S08492807,26854356043434,756593304+3170+303452858¢2765+262342478
34 13 2317+21326+1948+9523,17¢8,1600,1453,1332,1240,1155,1044+903,770+,663,11939
35 14 5924527,4709426+372+29€+193,13341265118y15093,105¢77+62:89+95477+27+C+0"
36 15 0,180S€E,24 '
37 GET CLTR2
38 . 16GC DATA 1S, 1y 0.35, 1.9, 17.5
39 17C DATA 3C0, 16168, 1871.7y 4341.2, 1121.7
40 180 FILE E1SCF
41 16C FILE ©16GU
42 165 FILE RUN19

43 167 B7=CMC("ZEMPTYZNC RUN1SQL")
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LISTING OF FILE R1¢ 04:07 P.M. FEB. 24, 1577 I1D=RALYU

1 GET EZ1QFap
2 1 19¢0509090+090909191919239291 929101929292+ 2+2930+3+43+3,344941445+515:3746
3 "2 €9797989599,10911 012957912413 0141154116+189+19920+21423,50425926+284 30,32
4 3 34436938441,43 ’11'46'49 5295595G4€2416€4T70+¢74979¢95+82+88¢63,99,104,13:0
5 4 1164123,129, l36v119v14*1151115971680177'186 165+2C5,21642269181+2284249
6 S 261927442879301+2159329+434543€04160+3771+3%9444114429+448+467+487+,508,529
7 € 551+1239,573+596+620+645+:67C+656,723,750,778,807,301,837,€¢7,858,881,923
8 1 $6641011,1053,1C92,1130,379,1171,1219,1274+1330+1378+1417+144G,1478,1506
9 8 1531+477+1552+156541572+1581+1555,163C+1673,1718,1751,1768,601,1774,1783
i0 9 1803,1826,1838+1837,1840,1868¢1921,1982+756+2027+2052+2064+2074+2C8%,2098
11 10 211892145921€S42184455292152422019221342217+220592203,52227+2302, 2413
12 ©11 2520,115G+2585,26224265C+2704+427832,2865,2531+2981+3031,3C88,1509+45146
13 12 32C4+3247+32276,3312,336193436,435323,3632,3706+160C+3747+375C+37464+37¢5
14 . 13 382043856,3557+39¢7,3613,38044+2362 1467Jv3551v3457'3?6973239o3023'¢774
L5 14 2390,20809183093012416364147641324,1168,10104864,74G,6694612+558,3791
1€ 15 5CC4y43%59385433E€+300427€+26¢€,125592384169,4773,152,118,1074110,113,59.5G
i7 16 7448198196009, 75+68+6195595C143+36452¢29+28+7565428425420418+18,18,17,12
i8 17 6959652249 ,1C+S599914314,13,8, 6!611198916.7'203’3'49475' 6369¢15093,0+C+0,0
L9 18 0,0,0,C,C4042€6545GC,30 :
20 CET E21lUuaC .
21 1 239940+90¢Cy0+093+7+12918+219301423+2%4926928930+32924936+38+40+379+42 144446
22 2 484459519524 53955456047 7958955461 962+63164+1664684370+71¢601472473+744+75,75
23 . 3 78180+82+85487,756+89991+93,95,67,100,102+105+108,110+552+112+2144117.,121
24 4 125,129,133,413741414145,119G,1484152,157+163,170,177,185,152+200,209, 15909
25 5 21992299240+ 25092€19274+2514310+332,356+19000382+411+445¢4851+534,593,665
26 S 153,858,681 ,236241119,1273241441,1621,1813,2012,2214, 2413+426064,2783+3C12 .
21 7 297493148433134245G4358C93673+3744,3768,3638B,5867+37G1,5862,3919,3947
28 " 8 39674366713544+35064385543795,3731,477343680,3654,3640+3609+3542,3445
<9 S 2238+3237493157+32C97+160065+3046+258C+28E0,2749+2622+2518+2436+2346,2226
30 10 2085475€6591961,i875,183691814+177:+1683,1568414233,41314,1215,9523,1143
31 11 1077+956+4907+,817+,720461545024383+282+1198%9233,25042B844304+271+213,145
32 12 89,71+765150G63,E2+88,62+33,40,0,0+0,0,0
33 GET CLTR2
34 16C DATA 21y 0.75y Caléy 1.6y 24,8
35 17C DATA 30C, 15337, 1157.4y S18.3, 727.4
36 180 FILE EZ21CF
31 16C FILE =21)V
38 165 FILF RUN21
EY] 167 B7=CMO({"EEMPTYGNC RUN21aLC")



LISTING QF FILE R11 04:07 P.M. FEB. 24, 1977 10=RALU
1 CET E22CFal
2 1 199090+0+0+0+05091420292391010141919292¢2921293002¢343121414+44495+5+3746
3 2 €9 797989819910+ 109s11+47912913+14¢15+¢16917918519420+22460923+25427+28430
4 3 32134936+39941175144+4694G9524551 599620664709 T74+95+473482487+92+67,103,108
5 4 1144120912791 154124914191489156,1€4+4172,181+150,2C0+42104151,220,231,242
6 5 253,265,278426192044318+333,150+343:3€3+379+396+413+431+449+468,488,508
7 "6 23G+52G9+5509572+5959618,€42+6679652,7184745+30147724800+829,744,802,857
8 7 6114966,1023,1C77+375,1124+116841213+1261+130541341+1369,1396,1429, 1465
9 8 47741457,1518,1523,1554,1586,1637,1¢687,1732,1771,1802,601,1823,1832,18325
10 G 1838491845+1855,186591882,1910+1945,75641979,2010,2044,2086+2121+217C,2202
11 10 2232+922€7423C4,455242332,233G54232742306492299423184235G+2402+2432,2446
i2 11 1199,246C+248642535,2593+265542717+277642832,2888,2951+1506,3025,3108
i3 12 31939227C932338424CC434599351843579+3€636+1900+36619372443732,3723,3722
14 - 13 3747438C1+386893G26+3G604229243G€79355592633,3914,2904,2601,3896,3885
i5 14 3861438C6+3012+,2656,3531,334593181,305242526+2758425332,2284+2056,37651
16 15 1873,1717,154€,4133€,1106+,514+78L,700,6404+57544773,503,433,+,377+336,316
i?7 16 310,9304922€42C19178,€6005+162+1509151+147+142+135,128,122,1174113,7565
18 17 108410395955 1559-C18348CoT8+17B19523472964956¢45+135+28+:36+32+427+415411989
19 18 18419,1851C+59C+1+1+2+2+15063+C+C+Ce0s0+40+0+4040+C+302860,+30
20 GET £22UaD :
21 1 236409CeCy0909297912+17¢2C+3014¢22+24+25927+29+31+33+435437439,3799414+43,45
22 2 4644894G9511952953954947 7956957158460+ €11621649¢65985¢664601467+163170472+74
23 3 9597717898048l 9756983 +9849E6988+91+193965+97+99+1014952,1044107+4110,111.113
<l 4 114,116,119,1244125,1165,134,1328,1414+145,.50,155,162,168,174,179,1509,1835
25 5 1929200,208921692249233+4244:258,4275,1500,288,+303,318+233,249,2365,384,406
26 6 432,461492392+4%24524+56C46C44657+718,785+857+938,1034,3012,1745,1271+1415
21 1 157641756,1652,2158,2372,2595,2831,3761+3074+2307+3513+43676+3795,42874
28 B 362193G43436524295G 477342967 +39069394193885+38C64371C+3604+3492,3385
29 € 3301960C9+3251922134215G+205642901+2726+2570+245842288,2330+7565,2262
30 10 2172,2066+1954,1825,165111546,1428,132354127$+9523,1214,1116,1005,38632,796
31 11 7289657+572+4559442911685+440€+43621295+21649160+1524163,131,70425,150632,27
32 12 28421,C404Cy04Cy0,0 . .
33 GET CLTR2 .
34 160 DATA 22, 1l.25y Q.16 1y 23.4
35 170 CATA 3C0, 15044, 112647y 1072.5, 621
36 18C FILE £220F
37 190 FILE ®22U
58 165 FILE RULNZ22
36 1¢7

B7=CMO("ZEMPTYAINC RUN22al")



LiSTING OF FILE R12 . 04:07 P.M. FEB. 24, 1977 ID=RALUY
v CET E23CFal
2 1 309Cs0+Ce0y1vlols2slsls379192+292+313931%1404147051616¢7¢7+8+19,10,11,12
3 2 60912915¢169189315921923425427+20075+32+55+38441+45+149,52+57+62467 4 95,72
4 3 78+84+GC+57+1045112,1204129,128,119,148, 15691709182+ 164+207422142236,4251
5 4 2679151+2849302922193414361,383,%05,429,454,480,190, 506+53445644594,625
6 5 €584692,727+7€4+4601,239,+840,880, 922+9€4+1008,1054+1100+1148,1197,1247,301
1 €& 1258,135C+14049125591495,1582,1652,1712,1770+1834,4375,1502,1974,2C47,2116
8 T 218112242+2302+23€6492642€6492477+477+2510+25304255C+2588,26532,2738,2822,2836
9 8 292142926+6C1+2650,29804+3027+308243137,3186,323643279+3317+3353,756.3289
10 S 342€934€443500+353793582+3€45,3730+38204+3895,952,3939,3953,3941,3%913,3912
il 10 3935,2668,3562,3903+3827+1195+3791,281C+3850,3865,3859,3833,3801,3756
i2 11 268443574+1506+24234323443017,2790,2567+2353,2146+1543,1747+1568,1900
13 12 1413,12€7y118551101+1024+945487247579752+687+22924661+645,627+602,572
14 - 12 54€45274512+455,472+3012+446+4254415,415,418,416,401,371,331,292,3791
15 14 26092364226+220+217+2119198+17S+161+146+14773+127+104487+83,92,102,102,90
ié 15 7245646009949, 48+464142+4193693593493293197565+29928+259244923422916¢14,11
17 16 12,49523,17, 1491095459646 97+0+40+11989,0,0:0,0, Qy 09090!0'0015093’000 0,0
18 17 0,4C»0,Cy0yC
+9 GET E23ual
20 1 23S4Cv0+0+04+1+6913+22+28+309201,30+130931923,36+39¢41+4%4+47+65+379+52,55
21 2 57160962+6516716G9 7197494774 76+80483¢65,88,900929554595102,6012,105,107
22 3 110,113,117,121+126+231412€6+141+7569145,150,155+1€04166+s172¢179¢186,16%
i3 4 204+5520214912244235+24642€04277+256+316+336+35841199,383,414,4514496,550
24 S €6159693,784,9890+1010011505+1145,129641457+1622,1787¢1552+212C+2286,2447
2& € 25%891GCC+12737+2€65+92585+2096593209,3320+3429+3521,3618,3681,2292,2718
26 T 373343747¢3774+2816,43852,386743861+3855,2887,3012,3935,3967,3550,2882
217 8 380093744+37268+32733,3725+2689,379143645,3616+3€01,+3566,34G8,3403,3316
28 S 22594321€+31€4+477393057+30234294642B70+1278412695+2616+2551,2489,2415
<9 10 6005+2330+2245+21889214642106+2052+1557+1838,41722+1625,7565,1549,1482
30 11 1416,1356, 1291712067llll0103499731934'93731885v818,743'651'060'6129)49
31 12 4651%139386,11‘89;3531300v237y2091208o189'1d9v98'127 136,415093,97,52,27
32 12 29,C,0+Cy040, O
33 GET CLTR2
34 160 DATA 23, 0.75, 0.25, 11-4.11.6
35 17C DATA 280, 15648: 1489, 637.9, 956.8
36 18C FILE EZ20F
37 160 FILE E2:U
38 165 FILE RUN23

39 167 B7=CMO("ZEMPTYaANC RUN2za0"}
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LISTING OF FILE R13 04:07 P.M. FEB. 24, 1977 ID=RALU
1 CET E24CFaC
2 1 301010111191!1'1vl1101037v212v2129293v3'393'4v4704'5p5'5a606v7c81899'60
3 2 109109120129 13914+15)17+18919+7512102212%4426928+30+32+34+36+39+55,42445
4 2 484511564+5896246647CeT5111997998499C955,10190107¢114+121912891260151, 144
5 4 1524161+,170,18Cy15C,200921142234235,1500247+260427%, 288+303,+319,535,351
6 5 3659387+1239+4064+425,445+4664488,5101523,557,582,6C7+301+6323,660+688.672
1 6 715,762+81298€34512+56C+37941006,1051+1094+1133,1170,1205,1240,1272,1300
8 7 1326’477'1357'139491432014679149511519115439157201605v1640|60101670'1696
9 8 1724!17‘8.1792;18199133811856v1879v19‘10756v1952v200112051,4098;4133v2160
10 9 21754921E€+22079225145524231742392,245C, 2476+2475+247692506425654261T7+2626
il 1¢ 11997259492565’2582v2654v2755y28:9|296093060o3157 3242+1505,3309,3363
12 11 3415+1247493541+361243675+3717+4373244374%91500,3771+3827+3897,3949,3968
i3 12 3G€143653+395643G€2,2G41,42362,3869,374243565¢3344,3051+2825,2566,2316
14 " 12 ¢06801817v3012y*577v1368v1196v1048'908 T15¢65€+556+472440693791, 255,328
i5 14 304,27¢,240, 16G915€49115+8496844773 465477 979467+44920+590,040,6005,0,0
ié6 15 040+0+G+0+0+09C97565+GC10+0+0+090+090+090+9523,090sC+0+0+0+0+,0,04+0
17 16 115€64C+CyC09CeCe09Cy090+yG6y150934090+C90+40850+0+C+Cy0
18 GET E24U30
i9 1 2394+0404C40, 01114,7 10+,12+301013+14515516917+18+15420522+234379:24+25+26
20 2 27128925430+ 30931+932+477433+434935+369¢36937+38+38+39441+601+42+43444+45,45
21 3 46447,48+949950+756+951152952154155¢57959961162+64+552+65467¢70+73+75477.78
22 4 80+82+8441155+8795195691014106+112+1184124+129+135,11505,140,1464+15%,163
23 5 1744185,165,2064215+2334150042505267+286+3091336+265+411+462,523,596,2592
24 6 681+782+899,103241181,1348,1528,1714+1502+2088+3012+2270C+2444+2604,27553
25 7 28544303393168+329493402+348893791+355%,3602,3642+,3684,373643799, 3865
26 8 2621 +3656+3G68+94773+355543940,251C¢387345829,3783¢3723,3672+3596,3510
21 S 600G43426+334743263,3155+303842914+2803,2704+2605+24G52,7565,2363,2224
28 10 20815155€41862,1785,1721+164741554,1447+9523,1324,1154,1103,1062,1064%
29 11 1049.9651811:631,496v119899435o4;4s406'396'382v3410243v156183'59 15063
30 12 64934,436404C,04C»0, 000
31 GET CLTR2
32 16C DATA 244 1425y 0439y 4.7y 10.5
33 17C DATA 28C, 14333, 1231.2s 89C.3y 752.6
34 180 FILE EZ4CF
35 160 FILE £24U
36 168 FILEZ RUN24
37 187 B7=CMD{"ZEMPTYANC RUNZ24aC")
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LISTING OF FILE Rl4 04:07 P.M. FEB. 24, 1977 ID=RALU

1 GET E220FaC ' ) :
2 1 lgtooovovovlvlolvlvlv1v231111'lv19212v20212o3'30'3v303'4'4c4,4v5o5v6p37p6
3 2 617,7'8’8y9110110911147012v13'14014y15016117;19;2Cv21160t22.24.25027v29
4 E] 30.32.34136v38v75'41v43,45v48v51v54-57160v63v67-95v70'74v78182087191,96
5 4 1019107c112'119p1180124'130p137'l43’1501158'1651173.182015101900199v208
[} € 218!228-238:2499260.2721234-190¢2960309o3221336!350v365a3809396-412o429
7 6 2391446’4637482v500952095591560y5811602’6251301c647n671'694|5990645o693
8 7 7411787v8291865v379v909o959v1003v105191094'113101165o1197v123001261r477
9 8 128911313113361l359vl386;141911455-1491g152191546v60101568:159201619.1644
10 9 1666;1689;171901753cl799v1832’756y1854y1872v1900'19479200802066,210492120
11 10 212512137195212169,222302287o2345v2388o2416124301243802451'2483-1199
i2 11 2537)26G5v267Cv272712783v284502926v3011v3094.316511509;3213.3235v324l
13 12 325113278,3320v3366o340803446'348301900v3518v354903571035861359973617
14 13 3647136551372103747,239293765'3783v3801'3813o3821v3829o3839-3852v3868
i5 14 3591130120392113950939680396413925v3845o3739,3648;3609;3623v3791'3649
16 15 3645!36CC;3541’3497v346313413,3328,3223-3128!477313052:29840291602843
17 16 2751v2609v2403v2168'1964’183316009v176491710.1636:15337141901310y1220
i8 17 ll42v1064’976175651873v76396691594,5361485,43103750314v241v9523'1770130
16 18 110,106'100'76'61157144!28111989'30'21123924013'1490'0'0’0
20 1s 15093|0'0'010,'C1090y0'010
21 CET E25UaD
22 1 231010v101v11lvlvlllv1’30v1,19212921272'29313'370313v4v4'4'4v595-6-6;47'6
23 2 7|71818'9v9110111!11!60912113v14115115116'17019'20121075v22123-25126128
24 3 29031,33,35-57;95,39y41143'45'48150'53'56o591620119'65g68972v76180y84-88
¢5 4 921971101915lp106011291171122v1281134|l4l0147v154-l6loi90p168'l76al349192
26 5 200'209'2181228p237v243v23912584269|280y291'3037316-3289341.355.369'3C1
27 6 283'398.413.397'428,459.490.519.547.572.379,595.616.639'662,686,709.730
<8 7 75017671783,47718019821yE42v861o879v899'919'938'954997l'601'990c1008'1020
26 8 10281153611C#9v10679108411099711151756o1134v115711179.11940120111202v1204
30 g9 1209'122301247o952v1282v1319v1348y13600l358¢1352|1355¢1374y1408v144301199
~31 - 10 l483nl507'153011561v1600,1641116781l7l4v1756'150411509v185§'1905-195t
32 11 2007'2C5212087’El131213év2166v2210v1900'2267-233312398o2455v2500.2535
33 12 2573;2619126811275702392y283412901Q2952-2995;3039.3088'31330316513178
34 12 318413C12'320513255v3333.3416:348713544v35900363C'3665v36981379193730
35 14 3749v373913706'3685v37lbv3780o3834y3836v3801o4773v3785'3828v3909v3967
‘36 15 3954,3863|373813637,3601,3616,6009,3642'3643,362693606v36049360813599
31 1¢ 3571'35241346797565o3410'3350v32701318003124-3095:30851305912995;2876
58 17 9523v27C412482!227592102;1948;1791yléOZv1428'1293v121091198911108'941
39 18 744;566’441q41314431440|363v272115093:208,178vl43c5110t070,070.0
40 GET CLTRZ2 ’ ) . . .
43 160 DATA 25, 0.754 Cel2s 1.1, 26
42 17C DATA 30C, 17062, 16G7, 8411, 1046
- 43 18C FILE EZEOF
44 190 FILE g25U
45 16 FILE RULN2S
46 167

B7=CMC("ITMPTYENC RUN2SaD")
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LISTING OF FILE R15 C4:07 P.M. FEB. 244 1577 ID=RALU
1 GET E2¢CFal
2 1 16909191919l elydsle291923+21292929292+3430213930049494+5+545+64647+733748
3 2 89999910911 911912513014947015916017018+419+20021+22024¢26¢60427+429,+31,33
4 3 24,3603G+481943,4€9T75948951954957960063067 9709 T4978495482487+51,964201,106
5 4 112,117,1234129,119,1264142+149,156+1€44+,172,180,188,157,2C64+1514215,225
6 5 23592469257 +2€642809252¢5044317+190+320+344+355+373¢32388,404+420,437,454
7 € 472923944509 50G9528+5484568415891611962396554679+43CLsT02¢T727¢752+66%,713
8 7 165,814+860,503,945,379,985,1026,10€67,1108,1147,1181,1210,1235,1271,1305
9 8 4774134141373,1404+1424,1464+1454,151541538+1553,1568,601,1588,1617,16£53
10 S 16S141727,1763,1801,183791864,1880,756+1888,1900+1923,1955,1988,2011,2026
‘11 10 2045,209192151195212208’224412261v227702305v2344v2356024229244612456
12 11 119G9245342457+2477+25174¢2572+2634426G62+2741+2785,2836,1505,2500,2974
13- 12 3043,3055+3130,2155,3182+3215+43266+3214,1600+3257,3395,3433,34764+352¢
i4 . 12 35E84+364€+370C+373E43757+2362+37684378493814,3853,3885,3696,3891,3888
i5 14 350443527, 2012,29€4+3G€8+3944,36C643E67+3535+3831+438474+3876,3906,3751
i6 15 2926+43S54643648,43G15,3829,4373443616434784+229€6,3C07C+4773,2840,2670.,2562
17 16 2582025799253312437,2320v2208:21C2q6009o1994'1886.1792'17l5v164lvi557
i8 17 1449,1227,12C3,41087,7365+95834882,784+656,6279577¢521+445,370,302,+9522
i9 18 251+20S5+173+91449125¢102+76454¢48+41+11989944935438927+29,15416436,38,20
20 19 15063+,2240+0+sCyCeCr»0404+0,0
21 GET E26LaC
22 1 3000+40+4C90+Cy090905 19103731 0lslololedlele2e202¢47421222+39393+404+4+4+60,5
23 2 516,6'717.8y8,9;10:75,10,11,12,13014-15916v17y18v19-95-20v22;23v25v26128
24 3 2C922+24+364115128941943946445951155958+61+65+151+69¢73+477+81+36+431456
25 4 101+42074112+19Gy131B89125+s12191284146915341614169917841874239,:.96,206,216
26 5 22642374249+260,273+2854259,301+312+326+341+365,422,448,473,497:520,545
27 € 37S+5T7045G74623,€647+6654687¢7CLy 7149728474944 774773+757+815,828,837,850
28 7 8684888,9908+1921+€01+530,+539,9529973,1001,1029,1054,1C71,1081,1087.756
29 8 1066+1112141134,1161,1187,1212+1238+1262,1287+1303+952,1214+1331,+1362,1405
30 9 1445+1471+1482,14504150C41510+119541521,153991570416144+16624+2705,1746
31 10 1790+1840,1892/,1509,1940+,1685,2027,2C67+2102+2125,217C+2212,2263,23156
32 11 1S00+2275+12425+,24714251742571426354270642775+2835,2888,2392,2938,2985
23 12 302643057+208592123,2177+324C0+2267+23240+3012+3371,3361,3400,3408,3432
34 12 3481+35434+3537,3635,367543791+3734,3E609+13880,+,3527+43929,3615,3867,3831
35 14 3841,38%6,477343955,3G¢€7+3518,382543719,3618,3531,3469,3441,3448,6009
36 15 3473,3493434591+1346742432434064+3353,3402+3415+3432,7565,3438,3430,3402
31 1¢ 336153300.3232.3174'3143,3129'3108,9523.3074'3034.2971.2862.2696.2510
38 17 2341,21i544207G,1G27,11685,172S+249241257,1086+584+931+,885,786,648,556
39 18 1506344661452+ 2704294+G68,0,0,0,0,0
40 GET CLTRZ2 :
41 16C DATA 264 1425y 0e15r 09y 24.5
42 17C DATA 3CC. 15812,y 1269, 7844, 810.2
43 180 FILE EZ2é0F
44 160 FILE E26U
45 19% FILE RUNZ26
46 167

B7=CMC("2CMPTYaNC RUN26aD™")
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LISTING OF FILE R1l6 04207 P.M. FEB. 24, 1677 1D=RALU
1 GET E270FaD
2 1 23'010'clovov0!010,1»113001vl'1vlvlv152'292v2v3712'39373v314v41405v5v4706
3 2 617179808v9110'11111160v12'13'14o15,17'18'19v20o22123v75-25127:29931,33
4 .3 35'3794C043,45y§5148v52'55p58162v66970'741797841119:89c940100y105c112|1l8
5 4 12591321139,14711511155'164y173,182,19202021213r224v235o247v190-260.273
6 5 28693009315733@0346'362v379v397y2397415'434s454v414v4950516o539v562v429
7- [ 52713011584v618v651p692v737v7819821o859’900y944v379'98701027v106291093
8 7 1122;115091180.1213:124791278v47711302v132191339013630139101420-1447v1471
S 8 1493v1513v6010153411557'1581v1602716171162511623'163211645v1670’756'1705
i0 9 17419176991789'1803v1820|1851'189911958'20121952'2044v205302047'2046o2062
i1 1C 2C9412128|2147,2143v212601199'2116p21339217802244v2315.238412449p2512
12 11 2575’2638915091270192763v2826v2891129560301g'3076'3132'5191v3256v1900
13 12 332913407’348913568.3638;369Bv3754:3811;3869;3921.2392.3959o396703926
i4 " 13 3824;3680'3545.347003467,3498v35€3y301213455,3378.330893260'3218v3l76-
15 14 31491315793187:3192;37911312412986;2540.2758v2761f2805-2826-2798v2736
16 15 267104773;2622v2598p2598v2594'25431242212248v2067'1916'1799y6009'1697
17 1€ 1592'148101369'12589114801040v9351837,744:7565165105680498c42793557297
i8 17 25802261194;15519523;136113971351114081.61-46.40'43746v11989149v39v56-75
i9 18 €5452437+4C+42145+15093949+75484+6Ce0+0¢050+0,0
0 CET E27UcD ) -
21 1 751010,0'010109011v1,1095vlvlvl'lv212p212v293v119p3a3;31404151516;6,71151
22 .2 7,898,9110v15917'18119|200190121v25v2993l034937140143'47v5l-239v54v58o63
23 3 69,73,76;83190.971102-301'1091117’12511350142'151v162-l70v15201950379y204
24 4 21912321246.25§:2749328v337o3461355v97713649373’3531393'Q03v4131422o430
25 5 439v450o601y4617471o478-485v4€4v505:5179529,5417555v756o568v579o586v592
26 o 6001613v632v65106679679'9520693o70917261742'7571773-790-807;3240340v1199
27 1 8549564c569v8731581.595y9137931y948'9é4g1509y933'1008v1037'1066y1093v1118
28 8 1143,1171712011123211900-1263912940l330vl371v1415-l45501497'1534o1572
29 S 161292392v1655117le1746'l78901825’185601885o191791959v201403012vZCSS
30 10 217112245'2306y2344’2336'2454v2543'2642'2705'3791o2725v2720v272292753
31 11 280902671'292192955o297492978v477302950o3000v3055v3l497324913332v3388
32- 712 3429'3467'35C606CC§0354003565v35860359703607'3623’36547369213730v3768
33 13 7565!3827'3903'3964139681391603837!3758'368103558‘3383v952313153'2897
34 14 2643|23E7'2136:1893y1654v152111377|1258v11989v1174’1071’947v815v705062@
35 .15 56395065444+4114+15093,4404472+3554228,6190+GC+0,40,0
36 CET CLTR2 :
37 1€6C DATA 27:04754Ca3149S,412
38 170 DATA 290, 20475, 2257.3, $8B&, 1663.5
3S 180 FILE E£270F
40 160 FILE E27U
41 185 FILE RUN27
42 147 B7=CMD("IEMPTYaANC RUN27aC")
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LISTINé OF FILE R17 04207 P.M. FEB. 24, 1977 ID=RALU

1 CET E£28CFaC
2 1 15¢C90+C+0+0+0+40+091 91919919l s)lslolslnlsle2s29230292¢2+131203+3¢3+4+14+30+4
3 2 S9595969€9 7379898937959 5+020011911902013+14915916447+17418,419+20421423424
4 . 3 25427429+60930932934,36493E+40942+45947¢50975953956959,462+1€5466972+75,80
5 "4 B4955985+53+98,+103+1084114+116,225,131,138,119,144,151,158,166,173,181
6 5 190+198,207+217,15192264226+247+257+268+280+252+3C4+316+330,190,343,357
1 € 371+38€4+4C1,4171943344504467+948592394503+4521454145€60+,580+6C1+6224¢64%,666
8 7 68G4301,713,73€47619€59,7C7+756+805+855,9C4+953,+3794959,1042,1081,1117
g 8 1151,1185,1220,1256,1292,1324,477,1350,1371,1392,1418,1446,1472,1466+1518
10 9 1543+1572+6C1916C44163591663,1682+1693,1703,1725+41768,182641879,756,1509
il 10 1912,1602,1901,1620,1953,1986,4,20C7+2C16,2042,+9524+2089+2155,2219,2260,2274
12 11 2274,2278+2267+232642351,119G92360,2380+42371+24121247842554926244+2686
13 12 2752,2813,150%+28€892G512+2947+2578+3015,3060+3107+3147+2178,3210,1900
14 . 13 3252+3201+334€,237€433266+3415+344193480+3530+3584,2362¢3€3143661+3672
15 14 36719367Cy368C43700+371893714+3682+3012+3640+3621+3647.3723,382643922
i6 15 3G68,3536,38264+366443761,3495,2363,32664329743226,3265,3338,3249,2122
17 16 2996,4773,28744+27374257092395,2270+2237,2270,207€4+2057+1581,60065,1378
18 17 17764 1682,1585,14720,1370,1263,1164,1071,974+75€54863+74941644+548,460.374
i9 18 2854214+1166,141995234123+56+63,41+21+23+25+18+5+5+11989,+21,23+25+27+414+0
20 19 1€+18+918+2G+15C934214923+25+40+040+0+0+0,0,350778,31
21 CET E28UaD .
22 1 15)090+0+0+040+C90909191992919lelsloleledleslsle23+12+2+212+2+2+243+243,30.,3
23 2 394949494959595954379€069 7975 7+898+699410+47,10411411412,13,13,14.15,.16
24 3 17+60917+18+1992C121922+24+925+26927+75129+30+32+33435¢36+38+40+42+44,95
25 4 46,4895095345595806C1639669699119972975¢78+829850€89953+574+41C1+105+1514109
26 5 11441184123, 12E93124+412G5+145915C+156415041629169+175,182,1893296,204,2%1
27 6 21992289239423649245¢92549263,2729282+4262+3C2+213+3244+301,325,+246,305,321
28 7 236,257,381 +4C2+421+438+37G+457+47844G8+5124529,4545,560,577+598,618,4177
29 8 £22:6464661,679,702,72T7 974627644772+ 7E246C1,754+808+820+829,833,843,+854%
30 G E63,8664+867,756,873488645C3,917,+928,924,945,G665+555,41C24+552,1C41,1C47
31 10 1048,1C6Gy1082y11C7+1129+114€+41170,1201+119941228+1244,2253+.264,.284
32 11 1310,1336,136291392,142191506,1453+1450015064152€41542+1555+41574,1602
- 33 12 1€47,16$8+190041746+178641818+1846+1872,1901+163%,1587,2022,2073,2392
34 12 2132+2176+22054224G922664233292353,2262+2375+2412+301242481+2566+26453
35 14 266G,2741,2775+2811+2847+28664287243791,2873+2885,2518,2658,3027,3065C
36 15 3155,3205,3235,2231,47739321€+3221+3257+3299+3324+42325+33254+3348,+2494
37 16 3534,60C9,3545,3543,3527,252192528,354643572+4361.2+3661+437074+47565,3745
38 17 3782,381€,383G,3858938392+293G+3968+3531,3806+9523+358643315,3023,2757
39 18 253€,23749220591966,1741+41472,1168541242+1078+555+855+7534684+601+503
40 19 388,277,15093,223,212+199+152,6540,0+0+0,0,322547,31
41 GET CLTR2
42 16C CATA 28, 1.25y 0+3 4 543, 10.6
43 17C -DATA 210, 18641, 1547, 9168.5, 1072.4
44 180 FILE EZBOF
45 190 FILE E28U
46 165 FILE RUNZ28
‘47 157 B7=CMC("ZEMPTYaNC RUN28aD")
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LISTING OF FILE R18 04:07 P.M. FEB. 24y 1677 ID=RALU
1. GET E2S0Fal :
2 1 1690500090929 101539301923910192302+2921202¢2913930+393121494+4+41545+603T46
3 2 €979798+899+10+110911947912912413+14915¢16917418915420+60922+22+25,26,28
4 3 299319324354379754325941+,43440448151954457+60+63+495,67+70¢74+78+182¢864651
5 4 S54100+1059119+111+1169122+126+134914G+114741544162,166,15:,177,185,164
6 5 2034212+221023142414252+2634150427%+2864298,211,4324+337,351,365,380.365
7 € 23594114427 +44294€1+478+9456951595344554,574,3C1+565+616+638,661,684,707
8 7 731+756,781,807,275,987,1001,1015,1031,1047,1C6G,1073,1088,1110,1138.,477
S 8 116841166910222,1245412€4+1282,13004132141343,13634601,1387,1413,14%6,1486
10 9 1527,15€1,1578,1587+1€605,1646+756+1704,1756,1784,1796,1818,1872,1952,2035
il 1€ 2€95,2125,55242128492117,211342136,2161+2266+234C42401424568,2516,1166
12 11 2574,2562y2555,26C242672426271262642€65042670,2674+1509+2667+266% 42667
i3 12 2687,2722+2766+28254288142527925€61,1500+2590+3022,306693120+3183,3248
14 - 13 3312932€8+2413+3443+23S2+346043475+3503,3544+3585,3620,3656,3699,3738
15 14 376043012,2773,3801,385892352143G€61+3S€7+3556+3652+3939,3899,3791,3335
16 12 37€€4378543795,373G6,35€5+333843156+3C80,3053,477292665+277S+2522,2267
17 16 204€41845916459144E41261,1086+16005+919,760,6219509+416+339,269,215,572
i8 17 144,75€59117952+71953,40+35437+3092191796523,18,1%,145154164840,0,10422
19 1€ 11589024113114'C|010'0101010vl509390v0v0v01000v010.0109322093v30
20 CET Et2sual
21 1 23640+045923+5C+874+10€64+135,1239,4135,201,133,132,124,135,137,137,136,125
2 Z 135913643795, 138,142+1444147+414941509152,153,156,158,4T7+161+164+168,17%
23 3 175+176+183,1851195,200+6014202+203+2C492C7+212+219,226+232+2264236,756
24 4 24192439244924749252+2609270327942884253+952+295+255¢258+306+320+337,349
25 5 2544353,356,1165+366,3834401+414,415,4454673+4480+450+458,1509+5073,+507,5:2
26 6 51G45274535,5424553,5694589,1600+6081622,634+647,6056+685+714,739,755,779
27 T 23S24€0C+827+ECE+185C95169532+441,4552,574,1006,3012,1047,1082,1109,112¢8
8 8 11469117C+1207+1264+1342,1441,379191541+41623,1681,1723,1765,1812,1355
29 S 185991G€67+42085,47732,42260,0246642672428€5,3043,321643404,3560,3752,3863
30 1C 6009435169 2542+265€939€843662+5G19+385384372643558+3470:7565+3354,3245
31 11 3130,2G5€7+42806+261092424,2266421424202G+9523,1856,1725,1510,1286,1100
52 12 9€348S51+82E,75(+1658+11689+581+45354483,409+335,2764222+174,153,145,15C63
33 2 15641464157,1689254412C+459,0,0,0,181241,16
34 GET CLTR2
35 16C CATA 2S5, 1y 0.35, 1.5, 18.2
36 17C CATA 3C0, 16505, 1867, 4401, 127S.8
31 18C FILE E2¢SQOF
38 190 FILE EZSU
39 165 FILE RUNZ29
40 167

B7=CMC("ZEMPTYZNC RUN2SAC")
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LISTING OF FILE R19 04207 Po¥M. FEB. 24y 15177 I1D=RALU
1 GET E31CFacC
2 1 30909011'101'111'10111'3712v2|212031313!314,4'47v4'5-506060717!8.9v10q60
3 2,10'11712v13914115v16'18'19121175922924126028,30v32v34o36.39042c95'45o48
4 2 51,54158q62166|70|75980,119,85,90»96v152'1089115v122-129.137'145'1511153
5 4 1621172,152919272029214122502381250o19012640278y2921307'323o339'356v374
6 5 393741292391431v4521473'495v518-5421566'591y617o644'30106711700v729'680
1 6 7311783’833085C1928,978'37911C27’1072'1113’11520119101231,1272'1312'1350
8. 1 1384)47711416,1447.1480v1512,1539vl56lvl58201606v163501663vbOl'1687o1730
S 8 17399177791823!1868v19030193011955,1985175602020v2055;2032v2097;2107v2127
1C S 2166v2224t2236v23340952’235792365v237912418'2487v2577n2668'2735v2756v2727
11 10 1199126781266072717v2844v299313114131929324633303v3376,150913458'3535
12 11 3603v3669'373303790033291384393342v3840y1900v3855v3889'39301395993967
13, 12 39620395413940;3901v3812v239213667v3487v3309'3155v3019.2875y2702vZSOl
i4 . 12 223802081'301271889’170711532vl3719123901140v1057v9680863;754,37911665
15- 14 6110586757115421493.4381398v379;370:4773o36[13540360v374'37l'3280250-169
16 15 113189y6009183p81o75966157150v44139034v2897565v24121017114112912-9v8v7yé
17 16 ?52312'2'515'5'31010'09011198910v090'0!09010'000’0!150939010’0’015!0:0,0
18 17 0,0,27C3229,28 h .
16 CET E31lUaDd
20 i 23970!090'00000!216’10v140301y17'19021122023;24v26128.291311379:32v34v35
21 2 37v38,4C,41,42y43'451477146'47948749950’52'53054v55:571601-59160062v64'65
22 3 66,68,69y70|71;756,73975178181.83’84v56-89192v94'952v97c99’10191041107
23 4 llolll3|115v1181122111991127v132'135v14301501158v1661174-1821190715091200
24 5 21112249238!252'267128213010323135101900'382y4l5o452v493'543;602:672-750
2% 6 8367934'2392flC46'1173v1316'1473'16430182112003'2184'2363v2539v3012'2714
26 1 28811303703178133071343Cv3543v3639v37100376003791o3798.383693876v3908
217 3 392713940,3955v396793954,3900;4773'3813)373303688v3673v3639v354103372
28 9 317Cv3CCC'289696C09v2845v2802v2732'26311251602403'2311'2237'2174v2101
c9 10'7565v199811874917431161701511.1421cl33701268,1212v1149'952311063,944|811
3¢ 11 705,636,61276031578v5221429111939v32112541256;291q275'197'126|113|97v77
31 12 15093955189095068;0909C10,010v137462ylg
32 CET CLYR2
33 16C DATA 31y 0.75s Cu23y 1.5 20
34 17C CATA 280, 132644, 11i3, 910, €96.°%
35 18C FILE E31QF
- 36 160 FILE E21U
37 1S5 FILE RUN31
58 1S7 B7=CMD("ZEMFTYGANC RUN31aC")
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LISTING OF FILE R2C 04:07 P.M., FEB. 24, 1577 ID=RALU
1 CET E32CFa0 .
2 1 169Cs0sCrCrCe090+1925192391 92909l elsls2+12+212¢309213+3+393144414954543755
3 2 E9byTyT189899+110910947931912913¢24915916417918415420,60422+22+25+26,284+30
4 3 22434436+38975940942+45448951454+157+619644684G95,72+476+180+4E5+48%5¢5%+5G5,105
5 4 1111llév119v123y1297136v1439150,15811667174v183'192vL51v202'211v222v232
6 5 2439255+267+2759252¢30591509319+3323,+348,363+379+365,412,42G94447+466,239
7 6 485,505952595%96+4568,590461296369660406854501+4710¢72647630746+752,837,878
8 7 S13+548,583,375,1020,1056,1090,1124+1161,1200,1236,1270,1293,1309,477
S 8 1325,1350,1385,1427,12467+14579151491523915254155$+601+1593,1627+1649,1663
10 S 16804171141755,1795,1831,1852,756,1870,1860,1912,1932,1G648,1962,1578,2003
il 10 2037,2C72,952+2C91,208142050+2C02692034+2079+2136+2182:2213,2243,1199
12 11 22889235C9242312497 42565 4262892690+42752,2814+2872+150902G626+2574+3C18
13 12 3056,30899212193153+316092235432864+1500+433414+3391,3435,3476,3524,3565
14~ 13 3651-370313724v371512392v3697o369613735'3813:3905v3967o3966-3900.3797
15 14 3680,3C12+35464338¢€+3150+9258€+2805+2642+2460+2224419384+1641,43791,1374
16 15 1153,572,81i6967E8155594509367+9212+28394772+4265+247+2204186+159+137,126
17 16 123412C+11146CCS956+82,70+159+50+43+37930+2392047565918¢1701%4+10+846+7+5
18 17 2429952344421 G9C93169793949¢4911569+0+040+¢64636s7+0+0+0+15093,0,0,0,0,0,0
1S 18 C+0,40,0,275114,30
20 GEY £22yaDd
21 1 23G40409Cy0+09192949556+3C1+61618+10914917020921421+22+375+23424+25+25+26
22 2 27427428+29+309477930931432932933534935¢135+36+364601+37438+29,39,40,41942
23 "3 4314394497569 4574€498T7404894595C951952953959995245545795F061162464465,67,65
4 4 1191199473, 76478981985¢88+,91+54+97,101+1509+105¢1C9+114,115,224,12G,135
Z5 5 141+14841564190C+1€3,1719179,185+199+211+225424C+256+273+235242924+315.343
26 € 3779415+4704523,60646G4,762,2C12+506,1037,1186,1352,1532,1722,1922,2:28
27 7 23344253€437919273142518,305693262+3413+3547+43665,3767,3850,43911,4773
28 8 2946,3C€6436¢€793653,3527,3889,383843762+3659+3532,6005,3400,3288,32200
29 9 3112+2651+2831+2€57+4250292374+22654756592171+2061+2020,1937,1814,1663
30 1C 1503,13€€+4126191173+6523,+1086+9889886+781+1684+5G€,527+487+4T4+47C511689
31 11 44943654432892€8+223291529144+11C9S4+76915093454,5843140,0+0+0+0,0,0
52 12 155674,16 . .
33 GET CLTR2 -
34 160 CATA 32, 1.25y 0.19y 2.2y 11.5
35 17C CATA 300, 12798, 862.7y $97.1ly 570
36 18C FILE E220F
37 160 FILE c32u
58 165 FILE RUN32
39

1¢7

B7=CMO("2EMPTYGaNC RUN32a0")
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LISTING OF FILE R21 C4:07 P.Me FEB. 244 1977 ID=RALU
1 SAVE RUN32aD
2 LIST RUN3ZaD
3 GET &32CFaC )
4 1 379Cy0sCe090slolslslelodTosle2e292931393+%41495+60,5+697+47+8+49,10:11512,414
5 2 T2415+017+18+20522925+27+430+932¢35+455435442+46+50,455+59+65,70+76¢32,129,89
6 3 97’104'1139122’1317142115201640176)151'1891203021E'233'250'2670285v304
1 4 325934€4915013€54352+5417+443+4701459+¢529,5609592+626:1239,661,698,736,776
8 5 £8169859,603,548,59591043+301,1092,1142,1156+,1127+120641290,1373,1455,1537
9 6 161E+376,1658,177641850419209198742057+2134+2212+2285¢2244,477+236G4424%0
10 T 24519254892611426744273192778+2614+2844+1601+2872+2901+293442972,3021,2079
11 8 31414+3167+3243,3283,756,3321,32258,3395,3454,3530,2618,3695,3739,3749,2746
12 G ©5243752,3782+3830+2885+3534+3563+3567+3952,39264+3883,1199,3810,3698,2566
13 10 344492353,32266,32€093225+43185431C9+41505,2597+2857,27084+256542428,2252
i4. 11 2152,2011,+1868,+1720,1900,15624139741242,1117+103C+575+932,885,828,76¢
15 12 2392y 71196€€4€30555545554513+4754448+433+418+3012¢39343574217,285,264
16 13 247,232+2214217+220+3791422€4225+22642154154516£,136411G9,1C9,4106,4773
i7 - 14 10591044101+93,80164150+143+41941+60059438934931927+25+23+20,19,17+15.7565
48 15 169179164154 14+42:2984891291015523 97974891 2414+1041C+11+646¢11989,7+7+8,0
19 16 0+0+40+0+0+0+1509340+0+0+C4y0+C40,C9090+262363,27
2C GET E33uaD
21 1 23G64050+1C90909125510,16+2C9301+21+21421922423125+26+28+30432+9279934,3£,38
22 2 4C142+144140949951 9534947 795495695846016234664684970973475+601+78+81484,86,488
23 3 S1+55+1CCy1C491CT7+7564+111+115,12C41i2642334140+4147+4153,160,166+952,174,185
24 4 194,207+220+923642559277+3039322,119593263+395443C+470:517+572,638,713,797
25 S ESCe15C6+585,1C53,1202,1316+1434+155641684,1816,1553,2093,1900,2223,2370
26 6 25034263292763,2593,3018+3124,3237y3327+2362+3406,3485,3573,3653,3732
21 7 37854+381843850,32386113932,3012+39532413948+393342G9324394€935€4,3G¢67,2657
28 8 32941,3G92€437G61+3G12,3E9C13857+3815+57€%+3702+364343564,3555,2511,4772
29 S 344293348,324G,2161,2084+29G61,2866+2721+2585424764+6006,2381+2277+2160
530 10 2641+1S231+18279172C+1605+1485,1378,7565,1276,1183,1093,1025,957,886,810
31 11 743,6844624995234552,473+140843624323+268¢213+265+1604+182,11989,183,144
32 12 1129105480934 4918935942+22+1509392%4+,26+2893042290+09C+050 N
33 GET CLTR2
54 160 DATA 33 0.75y 0.38y 16y 6.6 .
35 17C DATA 27C, 11354, 10S4.4y 505, 723.2 ’
36 180 FILE E220F
37 160 FILE =Z23U
38 195 FILE RUN33
39 167 BT7=CMC("ZcMPTYZNC RUN333LCY)
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04307 P.M. FEB. 24, 16177 ID=RALU

E340F30
2390+0+0019lslololodsle3001929202920293939¢390%4937+4041515+696974748+9447
10910911912413414416+17418+20960921423+2%926928+30433435,2844Ce75+43,45
509539574619 659€5974975995+84+85+55,101+10791140121422994137+145,11G,154
1639172,1829193,20492169228+240925451514267928242S743124329,346,3634382
4C15421+150+441+463,485+508+5324556+582+608+635,663,239,662,721,752,784
€164,845,884+9515+5551952+30142029,1068,1108,982,1050,1123,1196,1266,1341
1414,4375,14879155641628+1690,1744,1785+1827,186C+185541937¢477+1688,2C42
20879212342154+218992225+227142308,2336,60142272+241442467+2521+2561,2589
2613+264442679+12709+7564273742772+2824,2883,2931,2950+2548,2554,3004,3115

G529325893378,+3431+3425934029339993417:3443+,34754352441199,3553, 3657

368993684436724368593745,3824,32500+365141508¢2667+3654+3524,3890,3857

381893758,3658,432517+33514+1900,3186+3C27+12854+26464+2412,2190,2017,1893

17624 1644923524,1472,1283411164573,85C4743,650,565,458,438,3012+387,543

302,260922149188,1619141,1279117+37S1 4108497485, 76465+61151439925+23+4773
. 18'15'13' 12'10’7’3 ycqO'0'6009101GyO.CoC.C.O.O"O'0'756590o0'0'0'01010'0'0

0965235C+0+CvC90+0+0+0+0+0,11585,40+0+C+0+C90¢050+0+0+1506340¢0+0+0+0+0.0
0,0,0,271370,29

E34L30 ’ : :
239’0'00000901115011117,22:301v24!24|25!26928'30932934037v39v379v41v43v45
47949451 95345595795994779€1952465,6T796G9T1973+475+77+8GC+1601+82,83,865,86,88
$1954997410C,1C2,75€6,107+1104113,11641159,122,127+133,1404146,952,151,156
1609166,174,182,190,197,202,2C841199+217+229+2454+262+280+200,323,345,377
40991505144614S44553,622,700,785+877+67441075+1181,1900,1295,1422,1560
170441846,1588+12132+228C924274256€492362+2655,2815+2924,3049+31354,3246
332743407+34921+3579+3012+43660+3727+3780,3822+3855,3897,3925,3G62,3G967
3953937519353143S12+3856¢387143826+13762+369213632+35869353844773+3467
2267932584932167+323101,3044+29784285642767,2681,6005+:255342423,2309,2215

213742C574196741860+1745,163747565+1536+144191241+1224+41C97+989,513,86D

8C7,736995239€571578,5C8+459,410,3819356,2474312,244,11589,165,113,126
1529145+411645104+111+55+519015092927+56463+33,36+0+090+0+04211564,16

CLTR2

CATA 34, 1425y C.25y 132.5y 6.5

DATA 2G50, 16545, 17C6y 873.0, 1151.4

FILE E340F

FILE £34U

FILE RUN34

B7=CMO("ZEMPTYAGNC RUN343D")
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LISTING OF FILE R22 : C4:07 P.M. FEB. 24, 1577 I1D=RALU
1 GET E350fFatC
2 1l 23'0'19lvlvlvlolvlvl'lv301112'2'2'21212t3v3v3v37v3'404vQc515'516v6,6v47'7
3 2 798+895910,10911512+13460513414415,16917918115021+22923+75125+26+28+2G,31
4 2 234354371391 41955042146 048451 +54957+96C+63+669709119¢74+17T7+82+86+,50+55,100
5 4 1054110+115,15141214127+133,139,146,153,16C,1684176+184+160,162.201,210
<] 5 2169226+239+25C+260¢2721283423G54255+308¢3209334+3474361+376+391,406,422
7 6 201+43G,456,4729424,46244559528,5589567+617+27906474679+712+1744+772.756
8 7 €E17+837+858+87€+477+861+9069923,943,967+9532,1018,1041,3i06C,1076,6C1,1C92
9 8 1110,1121+1153,117¢€+1155+,1220+123641247+1.259+7564128141317+41362,1403,16431
10 9 1443+1441,1429,1418+1422+155291451,1500+155141593,1624,165441683,1705,17:8
11 10 172591165917384176341755+184C»138L+1920,1958,1955+2043,2088,1509,2131
i2 11 2171422119225492303,23619242€+9245292551,260Cs150C12642+2682,2724+2760
i3 12 2783,2799,2823242870+2536,43004+2362,30586,3086,3108,3123,23180,3251,3331
i4. 13 3405,3474,3547,3012,3626936539372543716+3691+3683+3709,3757+3806,3827
15 14 3751,3846,384(0,3836,2852,3895,3547,36£8,2622,3815,3705,4773,2619,3566
ié 15 3527,3487,3441,337643268+311892959,2833,6009,2742:2645+2514,2358,2205
i7 16 2088,1670,184C,1684,1524,7565,1237691244+1122+1002,858,817+72G6,625,521
18 17 399,9523,4307+2654+7245921091574120977055+250041158S90118+39+41+22+25¢25+27
19 18 040+15C534Cy0¢Cy0sCsCsCyCs04Cy318356,29
20 GET E&3s5uad
21 1 23940104924+9%+213+43534378447414839471+30194614460+465+469:4674+480+487,496
22 2 £05951€4379452695325,543,5509560+95714582+589955546CL 147716135 4630,548,662
23 3 €6S €T3 46TT1€829689+€655+601¢70497174725,757,777+7%6+811,820,825,829,756
24 4 B344843,1E5008514E4€,E44+854,8759515+954,952,987,1012,1030,1047,10¢65,1082
é5 5 1089,1084,1074,1C7141196+1088,112€641177+1227+1260,1273,1274+1273,1279
26 6 1286,15C5+13203,1220,1323741354+4:36891374+137491375+1386,141391500,1453
P 7 1492,1520+51532,153€6491543,1558+1580+16C4+16232,23G241662+1693,172),1746
28 8 1775+1811,1851,1688,1922,1960,3012,200542061+42122+2186+2246,2288,2295
2S G 22784225C0225343791+2312+2416+12515425744285042794427649,2762+2841,2935
30 10 4773,2567+289642775427C3+2764+2645,3153,330243273+2400+6009+3427:3467
31 11 3513,3555,358593616,3652,365C,3731+3774+47565+381713853,3886,3924,356C
32 12 3968'393613855»3736-35981952313440'3262v30920292102734y2515,225171977
33 13 174141545,1198G+138891228,1067+4924+7€5,64745014412,376,3C8,15053,228,217
34 14 2334250923441 7S9115,41,040+294113,19 .
25 CET CLTRZ2
36 160 DATA 35, 0.75, 0.16+ 1.0y 17.4
37 17C DATA 250, 11850, 75S5.4%4s 5661, 513.1
38 180 FILE E3%50F
39 16C FILE 235Uy
40 182 FILE RUN3S . . . -
41 187 B7=CMC("ZEMPTYaNC RUN35zC"} /
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LISTING OF FILE R24 04:07 PuM. FEB. 244 1977 1D=RALU
1 GET E3&0FaD
2 1 1593939243941494951595901996364797+8489+9910+10411423,12,13,14,15,16,17,18
3 2 199200224309 23525026928930+32+34936938+¢40937+43045:048451454457+60464,67
4 3 11047975079+ 849E8,95375841C%91094115,121,60,128,134914%14148+15641644172
5 4 180418591599 75,2C892184226923642509262+274+28€+2551313955+327 9545 +356,371
6 5 387+403+420,437+4554474,11594934513+1533,554457545S7,620+643466T7+6G10+151
7 € 116+742,7€8+755+€23,851+8€0,910,540,971+190,1002,1034,1067,1100,1134,1168
8 T 1203,123691275,1212+23541245,1287+1425+1464,1502,1543,1583,1624,1665,1706
9 8 201+417484179Cy1832,1875,1518+1935,1992¢2047+2104,21664379¢223642315,2400
10 S 24799253442550+252649247542422+22834477+2364+2359,23584236142374+2409,2470
il 10 2546426122648 4601,2648,26234125921257442574+425504262C+2667+273652824,756
i2 11 26124257€+3C01+2955,2950,302893128+3275,3418+35074952+3524,43459,3481
i3 12 350003549, 3601+262643657¢3676+43703,116G,3735,376C+3762+372443641 3522
14 13 3365422G€+3247,3245+1509+326633287+329293289,3287+326743218,3341,33%
15 14 336Cy15CCy342E+3475,3532435824936294367543716+3737+3727+5700+2397 43683
16 15 3704+3760,32828+3873,32875,4383%,2763,3€68,3631,3C12,36C5,3611+3649,3722
17 16 3821939C8|393C'3355y37C6,3559:3791v3479v34729348613464-3406v3354v333é
i8 17 3313'3211'300814773;2773'2615o2601v2667v2701926173241512166v2949v1305
i9 18 60059171691656915949151891430+1338+1248+1163,1081+9G58+7565.911+4822,742
20 1S 683+€41+555+538,454,3629286+5523 424192204201 91675121974+40426+30,41
21 2C 1198944593G5+204219144742+090+0415093,0+0+0+C+0+04,0¢0+0+0+471689,31
22 GEY E36Lad
23 1 199191939 lelelololelsdle239192:2+292+2+2924393430032+313449414+495+545,2745
24 2 €96969T1718+9899+99+47910+1091141319129124134¢14915416460,16,17518,19,20,21
25 2 22922924126 975+27426430431433+34436437¢39¢41¢95943145447+49¢52y5495045G "
26 4 €2+1644116467970+72347698C183+487+45099496891514+10241C6,111,115,12G,125,130
217 S 13591414146416C41152,1584916441704177+184,1G19158+205,21242329,221,225,237
28 € 246425542644 27292834253+43C343C1+314%9324+335,645,645+639,6214+623,619,618
29 T 279461 T+€159612,612,61G516289639464G5,658,667+477+678+689,7C1,713,725.737
30 8 149976347799 758,601+8165+832+847+1863,560,897+,909,9144915,9184+756+927,948
31 9 S76,100441025,1044+1071+1210791144+31674952,1176,1181+2191+41208,1229,1250
32 10 1274451299+13284135851159+129141419,1427,1443+1443,1449,146441484,150C
33 11 1511+15CS9 151641530, 1548415749,1602+1633,1666+1703,174141770,1500,1788
34 12 18C5,183441878,1928,1972+2006+2049,2100,2155,2262,2155,2230,2260,2303
55 12 236192425-2486,2537}257812610-3012v2643v26830272212741,2732'2709-2702
36 14 2734,2606,2500+375142651,3057,3084,3078,3064,307443122,2194,3253,3271
37 15 4773,2243,2192,3152,3144+316712202+3238+3262¢3282+3258,6006+23221,335}
38 1€ 337693403,242€,345%43453,3533,3561,3568,7565+3554435564,361C,3705,3820
59 17 39C643555+29567+295542913,5523,3852,3770+366643547,3402,3228,3023,2822
40 18 2€56€+245441198512255+2054417854152391234+981+477€46364577+562415053,572
41 16 581+51€+407+257,340,227+457+0+04344C36,30
42 GET CLYR2
42 1¢C DATA 3¢, 1.2%, C.1Ey 0.6,y 21.0
a4 170 DATA 310, 14254, 1031.32, 685%, 676.6
45 18C FILE E3¢QF
46 16C FILE EZ2é6U
47 165 FILE RUN36
48 1S7 B7=CMC("ZEMPTYaNC RUN3&aD"M)
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LISTING OF FILE R2S 04307 P.M. FEB. 24y 1977 I1D0=RALU
1 GET E370FaC
2 1 30’1'1’1’1'1.1'1'1'2'2'37'2'2'2'2'3'3'3'4,4’4'[’7.5'5'5'6'6'7'7.8'8'9'60
3 2 1091094119129 13914415916917918¢75+420921922+24925927+29931933+435495,927,40
4 3 42945948951 1954457+160,64¢11G06E972+7€6+80185+509554100+10641124152,118412%
5 4 1219138914541 534161+169+¢178¢1ET7¢1509157+207+217+227+239+2504262,215,288
6 S 3019239+23159325¢344,3€0+376+9262+41049427+315+26042C1+43344€3+4G44+5324572
7. 6 610964446749 7044734+437997€3+¢763,821+85C+8759909+641,570,965,1C14,377,1C27
8 7 1041,1056,1C83,110€9112G41142,1153,1170+11G6+601+1227+1254,1270,1278,1286
9 8 130241325+136691404,1435,7564145741478+41504,41535,1562,1576,1585,1532,1607
i0 G 16334952,1668917C7+41744+1782,182741878+41920+1940+1944,195541199,1586,2032
11 10 2072,2102,213542165422534222742367+2456,15063250442548,2596,26066.2752
i2 11 284742537+301043065,31114190C+31560+3219+3290+33268,3444,3508,3552,3576
i3 12 35979360542362,3616,3635,3662+366943734+3754+4375643743+3726,3732,3022
i4- 13 37€62,3822+3890+394%,39€7,3967+3939,3¢€7%,3794,3716,3791,3682,3711,3782
i5 14 38564365 7,3888,282692724135951934€9¢4773932337432C4+308C+2584+2908+2815
16 15 2€64424579223€,2043,60C06,187541720915524139441252,1122+9G674856,4712,581
17 16 75659483,42143759325+426542019147¢112+66+46005523+83+166955+159154+49142+45
18 17-36912+411685+904914+31917+18+19420422424+42591509340+049090450+040+0+0,0
i9 GET E37UaD
20 1 4730419191919l 0191913196092+ 2+292+2+2¢3939393 975149414951 5054€9€497:¢7+5548
21 2 ByG91041C9 1191291291291 4931G41541€417918019921+22¢23+25426+151+28+20,531
22 3 33435937+40942+44+47+190+49,521559158+£2+65,684+72+76+8C+235+84+85+54,58
23 4 1C4,1C9,1144120412€6+132,+3014139,146+153,160,168,4,176,184,153,202,211,+379
24 5 221,258,268,278,288,267+3CB8+3199230,228,477+346+354,3632,372+381,29C.+4C0
25 6 40G,4184+427+€01+438,450946214731%84+14G54509,522:5349546+T7E645¢604578,45S5
26 ‘7T €084y6144€189€2516354€48+6599952+16173 468547104731 +1748+75747634774+793,817.
21 8 1199,841,862,878+853+508,9264546+675,10C0,1025,15€5,1C4%47,1065,1083,1108
28 S 1140,91181+122491262+1294+13244+1900,1356,1398,1445,1495,1541+1579,1613
29 10 165241703,1763,2392+182441873,15C1L+15164163341G667+2015,2064:2097,2116
30 11 3012,213342167+2225923C2+2382+2454+42506925%44+2573,26C3+43791+2633,26585
31 12 2705527579281 E428B644288542892+2507+2S38+4773+2977+3022,+,2080,+3154,2214
32 13 3180,2320+330342342,3358,6009,3331,3365,3517,3642+43733,3771,3777,2777
33 14 3769,2831,756543283G69379443697+3574+3454+333C43192+3021+2824+2604,9523
34 15 2371,21€3,1594,1852,17C8,1542,13268,1158,1025,883,11589,781,719+656,582
55 16 493,435,433 ,4639497+471915053,9395,282+176+10892840+C+05,0,0+262148,26
36 GET CLTR2
37 16C ODATA 37y 0.75y C.28y 6y S.9
58 17C DATA 280, 14862y 1575, 7602, 1123.6
59 180 FILE EZ2T0F .
40 190 FILE E37U
41 1S5 FILE RUN37
42 167

B7=CMC("ZEMPTYaNC RUNZ7aLC")
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LISTING GF FILE R26 04:07 P.M. FEB. 24, 1977 ID=RALU

1 GET E38CFal ’ : )

1 15,212'31313!3!4140414919v51Svsp616v6|7v7'818o23'9'9v100100ll'12v12013v14
3 2 15’30116vl7p18019120021922'23v24126'37v27029r30-32133-35937'39v41v43n47
4 3 45:48,50’52’55'55’61'64067070'60p73.77180184088-92097110101069110v75'115
5 4 12191261132v13791437150v1567163vl70v95'177,184v1929200-208v216'2251234
& 5 243725311199253'273)2845295'306'318v3300342935593631151’381039504099423
1 6 438v4549470v4861502v519v19015370555v5731592'61116319651v672'693o7l4v239
8 1 736,7591782,505'8291853v873'9C3'9291955o301,98271009'1037.1065;109411123
S 8 1153,1153.1213'1244,379,1275.1307.1339.1466.1498'1516.1540.1565.1582.1595
9

10 47791611:1632.1656v1676v1693v1711ol736vl77091801v18180601v1818v181711839
11 1C 1894,1968:2025,2044,2033'2026n2046'756'2088v2129,2152,216502187.2232

12 11 2285'232602348123689952v2401v2447024§4’252312525c2505v2479'247lv2504

i3 12 2583'11991268172756'277212728;2641,282Co2709’2904v2810'30360150992970
14. 13 29261290192895'2906129330297573029v3086;3139»190C'3177o3202c3225;3257
15 14 3303v33541339993432!3461v3493,2392v3526c354803555'3558o3577-3630.3720
ié 15 382503914»3962130120396513933:3854v3829v3773'374Cv3734v377C-383873902
17 1¢ 3791,391313836736731346603286'3200.32310334093437'344974773'337773289
18 17 3240v3193'3043p2731'2318023550208211975v6009:1939v1890v16490173201652
19 18 1566'14629135401253'l167v7565v1075v969n76897240622.537;467;409.353v289
Z0 19 9523'2211150194l58137’25'14!5'i’C’ll989700070'00010'01000'6715093'00000
21 20 0,0,0,CyCyCyC43886S5C,21

22 GET E38UaD

23 1 30,0,0.0'0,1.1.1.'1.1.1,37.1.1‘.1-1.1’2'2,2.2,2.47.2-3'3'3.3.3-4.4.4.5.60.5
24 2 5v61616|717180819!7519v10levllv12|12v13114'15'15195016v17018v19120022’23
25 3 24125,27v119'28930'31'33135.56.38146.42.45'151147v49152'54'57v60v63v66v69
26 4 73,190976180'33987191v960100v105'110'114n239y120v12571317136.1429148,155
27 5 1620168'176y30111839191v19913227320,318o317t319v323,3270379o332'333.344
28 6 3529359.367.37303781385;392.4771400;408:414v419c424'4300436’445'455'466
29 7 6C11477v485,49395019507-510v511v514v524;543-756.567v590'608o621o627v628
30 8 627,6291638v6579952,652y705y7201726:726v725v725,725'722072201199'7330759
31 9 734,740;7541756y755v757o763|76901509'774177617830794v808'5240844v8660894
32 1C 926115CC;95&v§5871009'1020v1029q104391069o1102'11351116112392'11790119i
33 11 1204912191124391278vl32391368v1405g1434v301201464¢1505v1548'1581yi594
24 12 1589'1581v158811623o1692v379lvl783o1569v1921-193271919ol?llv1922c1939
35 13 1941119151477391869’1817'1785'17521150891847o1879'187671903y2020c6009
36 14 2072,214512146'215312184}2242-2326,2413'2492v2559:7565v2628o2724v2867
317 1t 3051'3249'344513616'3763v38791394719523939681392913815y3622o3371v3090
58 16 2817125659235312145:119897191211663v1427-1245011C70981v83076810566'479
39 . 11 15C9314279§211432’378027C9193'129v55v0'0v226320'28

40 CET CLTRZ2 . : : .
41 160 GATA 38, 1.25, 04264 5.0, 10.6 '

42 17C DATA 31Cy 15955, 1G42s 9650y 7475

43 18C-FIlLe EZ8CF .

44 160 FILE t28U

45 1S5 FILY RUNZ2B

46 167 B7=CMD("ZEMPTYaNC RUN38aD")
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LISTING CF FILE R27 C4:07 P.M. FEB. 24, 1977 ID=RALU
1 GET E3¢SCFaD
2 1 1541+152920292129293439190393235314+4444505159692306+96+7+718+48+9¢9+10,411,30
3 2 11912513415414415+16+17¢18419437+1209214220124+25¢26928429021+32+4T 0344306
4 3 38440942+4%4+47145¢52+54460457460,€3166569¢73176+8C984,88475¢582496+101,106
5 4 1119116,12191264+132+138+55+144915191579164,1714176,186,154,202,2114116
[ £ 21992284238192471257+268+278428943C1+312+151+324+337+350,363+376+390,405
1 € 41594359450,190,4664,483,5009517+5354553,5729552+611,631,42329,651,672,654
8 T 1164738,761,785,809,834,4859,3C1+884,+510,937+564+951,1019,1048,1077,11C&
S 8 113€+37S,1167+11S841323,135391387+1418+143691443,1445,1450,477,1462,1480
i0 S 150091527,1560,159€6,162791648B41663,1683460141715+1756,1807,1854,1897,1937
il 1C 1673+2CC642C3442057175642076+20554213442183+2231,2270+2315,2388,2486
12 11 25€6995292586+125474245692480+92512925€8426174264742665+9270241:99,2753
13 12 2810,2851+2865,2863,28€44288C,251092643,2972+15C5,2001+3C364+30774+3124
14" 12 3145+431€C,3222643278+3315+3325+19C0,3320+3331,338C+34664+3568,2657,3715
i5 14 37384374343750,239243772+2812+385842865,3625+362%,2508,3871+3840,3837
i6 5 3012,38€5+352143662+356843S3C+3867+38C493758437374¢373643791,3749,4373€
17 16 367443545433754922C4+3057+2935+283742741+477342633,2491,2298,2063,1822
i8 17 1€1541458,1336,1214+,1074+600S5+919+7679637+5304441:2361,291,231,185,15¢C
19 18 75651117!86163049940v34028920o10-11'9523v12913'l4vl5v16¢l7v18120 10,11
20 16 119894C+0+0+0+090¢010+CsCs15C939Cy0sCyC9Cy04+0,0+C+0:+3602373,31
21 GET E3SUaC
22 1 23G40409391493€+966,1C044133,145,154+3014151+148,146,1464147+145,:5C,150
23 2 15191534379,1559157+158+16041€2,164¢1€6,168,1700172+477+174,176,179,182
24 2 18691509194415541G6+158+6C1,202+20719214+2194224+228+231+4233,2344+235,4756
25 4 2409248425791 26542734260+92879251925292G52155212930259+310+324+236,255,261
Py 5 36693704375,1165+382+351+42989401+402+1402+406+41324423,43441509,541+446,449
21 € 45€9465448T450€95219531+53841500+5463558+577+602,£630,656,67746%94, 710,725
28 T 23924+740+7554772,755,825¢16604+665+536+579,1019+,3012+105441C85,1113,1142
26 8 1176+122€6+1284y13454914C€4146343791+1523,1586+1652+41715+1780+1858,1963
30 G 209292221+1236514773424G542625+278542967+317343378+23556.3689,3782,3849
31 10 6005+39C593294643668,3957+3908,4382943718+35784+3425¢3271475654+3125,2985
32 11 2849,2719,2556+924814+2353,2203+2033,1858+9523,1694,1548,1404,1250,1095
33 12 94918010661o5529492111989v485v4751424.350v2781223v1919154c1461157'l5093
34 12 168,415€8,12C+1C2,111+8S+463,0+,C40,178070,19
35 GET CLTR2
36 160 CATA 39, 1, 0.35y 1.9y 17.85
317 17C DATA 31C, 16018, 1892.7s 42959,y 1204.2
38 180 FILE &£3S0F
36 160 FILE £3sU
40 1S€ FILE RUN39
41 167

B7=CMC{"2ZEMPTYaNC RUN39aD")
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LISTING OF FILE R28 04:07 P.M. FEB. 24, 1977 1D=RALU
1 CET E47CFal
2 1 19.010s010'090'0’1o1-1:2311,1’111017112029212v30.29213v373'31414v4v4'37v5
3 2 5.6'6o6o7-7'8.8'9.47.10.10-11.12,13'13.14.15.16.17.60.18.19.21.22.23.25
4 3 26028,3C|31'75v33v35v37139142144y47'49052155195058|61164o6807lv75'79984
5 4 881929119197y1020107oll3|118;1240131v1379144,151-151-1580165'173v1810190
6 5 198!2071217|227’2379190o247,258v2701281129313061319:332.346-3601239.375
7 [ 39014061422;438v455'473'49l1510v§771301q486v521g554v595v582o626'668q709
8 1 7471784|379v82118590897093419667993q1018v10§2v1068v1094147701121:1150
9 8 117911208'1233’12531127201295-1323|l350v601r136801378'138601403vl429-1457
10 9 148411507v1526915431756015581157691601y1633|167391716.1754:1781,1794.1803
il 1C 952|182C01848'1880v190801930v19450l955'1967y1994'2047y1199v211602181
12 11 2223:2249y2278v232392377:2427924631249191509v252302567v262012673}2720
13 12 2763'2508v235372891'29171190C72939v2976-3039;31241321313290:3347y3389
14 13 34259346312392|350613554,3602,364013672'370413741,3777'3795o378903012
15" 14 3774!3769;37891383413892:3942,396703961v3927'3884'3791o384573810-3770
16 15 3729137C713715r3725136561356493378'47737317402995’2875'2814'2804'2817
1 16 2703024931241292308.60C91219192061'192391788,16659155611439-1312cil74
i8 17 1040975650911v790o665'54114299348v2979245v186:11709523v69c54'57-62v57v44
19 18 37140;43'46v11€89v37027028030y49'7l,56140g43.46,15093749'53y57y30132'0'0
20 1s 0,0,0,325650,3C i
21 GET E470al
22 1 37'0'010'111v11111’1'1047119101921212'292920316093,3'3v3v494'4'515.5175;6
<3 2 6'617’718.819|10010;95-11112912'13,14;15'16{17'18v19'119'20021922n24v25
24 3 27930'32'34'36y151135137v421§5o48’54y57761'59'68v190o7lv75v86v5'12015c5
25 4 5108519C1239v94'§9o104o109v113'120-126y131v137yl58v301'166v1731145v139
26 5 198,2079194,226v234v258o379.269v2811294v306o317.326'3340342'3500357'477
27 6 363|368'373o38Cy389'361,413;4221430'437'601'444'453'463'4731482v489n499
28 7 51215271541:7561551v560,568.577v584,590-597o607962016341952'6501668v690
26 8 7179745v764v775v783'799y825v11997853,876'8929905v922v946v975v1007v1041
30 S 1076'1509v111311150v1185v121801250'1282,1318;13590140501452'190001496
31 10 15340156411586,1605;162771660-1702v175311507o2392|1863v1919v1975n2024
32 11 2064'209512128'2172-2226v2273v3012'230612333'237502436y2492'2523c2531
33 12 2544.2584126507379112711-27411274012730.2737v2766o2804v283lv2835v2819
34 12 47739279C12755v2859,2861128569291602976y2930y3166-3244o6C09v3254;326C
35 14 3261:327293308|3368,3438'35OCo3554'360317565v3655v3717v3793'387013940
36 15 3968'3914'3758’351013224v9523v2942'2688'2461'223Co1999v1771vl561vl359
317 1¢ 1169,1CC8;11989'85397310613v489'404y3531309;239'1771169y]5093o158-145
38 17 1304834255040+ C+0+Cy26€450,27
39 GET CLTR2
40 160 DATA 47, 0.75, Cue31,y 941, 12.7 :
41 17C CATA 300, 220320, 2513, 10635, 1819.4
42 18C FILE E470F
43 1SC FILE €£47U
44 195 FILE RUN47
45 1S7 B7=CMD("ZEMPTYaNC RUN&7AC")
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LISTING CF FILE R29 , 04:07 P.M, FEB. 24+ 1977 ID=RALU
1 GET E490FaC
2 1 199090¢C90+C90+C90+s091+23 9192919291910 151+2+2930+2+2+2139291323939444+4+3745
3 "2 E9596969 797989899047+ 10410911912+13+13+414¢15+164917960+19+20+21+23¢24+26
4 3 274299319339 75925937939+41944+47145952955¢58165462+165+6G+739774814864+65C
s 4 S5,1CCr119+1064111+117+122413Cy136,4143,+150,158+166,151,174,183,191,201
6 5 210422092319 2419253,2€4+9160,276+289+3C1+3159326+343+358+373+3899405,239
1 6 42244394457 ¢47694G5595144535¢5554577+155993019£621+1£645,6E89653,4718,74%+770
8 T 797,8259653,375,682,9511+1014,1030,1045,1060,107641092,+1113,1138,477,1.168
9 8 1198,1227+1252,1272,128€,1296,1303,1312,13233,601,13¢4,1404,1444,1481,1514
ic S 1547,)1561,161641€50+1682475641713+1751+41797+1843,1872+1874,1861+18€8,1917
il 10 1699,952,2081+214C+218492227+227C42255+22G68423C1+2327+2408+¢11994+2484
12 11 2530425399253392533+254412562+2581126069264441505+26G592752+2804,2844
13 12 2873,2502,2545,3008,30844315%4+190043223,32754+3321+3371+3428+3487,3540
14 . 13 35832,36184365292392+4366543745,2754,3824,3863,38E6€,3619,3951,3967,3956
15 14 3012+3G21+2388642866,33644387293854+3622+354%+3532+3869+3791,3769+3667
i6 15 3583,3556,3542,y35269,245043413,32S643148,4773+29710276G42557,2352,2163
17 16 197141757,15284131041119,£005+4555,8059670¢554+455+374+4306,250,208,172
18 17 7565913G6,1C64623465955448+943437925+21+6523,18+20,21+18+20+16417+18419,14
i9 18 1198997+8¢8+118929+32422,24 1310 15093015432 ¢34937+439¢21+22+0:0.,0,328490
-20 1¢ 3¢
21 CET E4SUQD
22 1 239,0,0,3,18+48,87,123,117,122,121,301+116,120,122+12€4+127,127,127,127
23 2 126+4127+3794127+126913045134413591364125,136+1384142+477+145,148,4149.149
i4 3 152915491604 1€3416T7,168460191€99170+1729178+285+160+4165+41684198+196,4756
25 4 159449195916942054211+21842264¢2244240+2459952+245¢25142€604,270+275+21342€8
26 5 267927€+26141166,303,305925592311+331+3254328+334+340+347+,1509925645664+375
21 6 283,391,399,411,4254442+445591500,474+486+494,502,513,530+552,577+603,628
28 T 2262465246763 7CL372€4 750y TT41799+828+E55+88693012+9104535,970,1020, 1080
29 8 114291204+126591227+138€427614914444150641581,16£7..754,1826,1881,1934
30 9 201442147447734223542556927784297743153+3315,3479,264C+37E2,3884,6C0S
31 10 3543,39€7,35€€,3641,3877,377C435384+350893399,329€,75¢5,3168,3013,2857
32 11 27154258642455423074215241996,41858,9523,1718+157CG+1425,1312,11G1,1061
33 12 914,76€+657,587+1158G+524+471+406433542764+236+15C9153+4127+97, 150939104
34 13 89,72+51+55+25+0+040+0+16545C,15
35 CET CLTR2
36 16C CATA 45, 1,y C.25, 1.5, 17.4
37 17C DATA 3C0, 15737y 18S3.3y 4111, 1201
38 18C FILE E4SCF
35 160 FILE E4SU
40 195 FILE RUN4S . . . .
41 157 B7=CMD("EEMPTYANC RUN4SaC") . :

EXECUTICN TtRNIhATED

$S16



APPENDIX III

TAPE MOUNTING AND EDITING

To mount the papertapes on a reader it was necessary
to take them to the reception area of the Computer Centre
where they were assigned a rack number. In the example
herewith this number was PT0151. The instruction for mounting
the pépertape also states that there is no parity check an
the papertape and that the hexadecimal code for the "end of
record" is 2808A. This means that each line of input is
terminated by two characters, a "carriage return" character
(8D) followed by a "line feed" character (8R). The last
plece of information required for the mount command is the
name of the papertape. This enables the operator to check that
the correct tape is mounted. It also guards against the
unauthorized reading of tapes.

The output from the Celloscope is thus read from the
rgader which has the pseudo device name *R* to an(MTS file
for editing and then as input to the program "CONVERT" which
converts it into a Basic language data file. Use of the MTS
line file editor is necessary both to remove the "*" from line
4 and to erase the headings in line 3.
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$SI6G BALU C=100 FNOARM=BLANK

2RRRALE DQRY
QRPR(RERPPRR

IR RE
R RR
2R R
RRRRR RR RRRRA
RRRRRRR2RRR
2R RR

RR RR

]R ]R
IR RR
]R RR

% 4ST SIGNON WAS:

US =<
$CR=ATS JKL

FILE. "KL
PEMPTY JKL
DONE,

HAS

LAAANAANAD
AAMMAAAAARAAY
AA T AA
AA AA
a4 Ap
AAAAAAAAAAANA
AAAAAALAAANA
LA LY.}
Al ’ AA
AA AA
AA AA
AA AA

00:54:18
"RALU" SIGNFD ON AT

Ly
tLiLeeteeiee
LLLrerteeeey

BEEN CREATED.

uu Uy
uu vu
uu Uy
vy uu
uu uu
uu uu’
uu uu
uu uu
vu uu
uu Uu
(VUGN TIVIV]
uuuyuUuu

16:19:07 ON TUE FEB 08/77

SMOUNT PTOL51 PTPR “«R= PARITY=NONE EOR=2808A * NEW3BOF PLEASE?*

PTO151 PTPR *R¥ PARITY=NONE ©(QR=28D8A ' NEW3B0F PLEASE®

¥R¥: MOUNTEN ON HSP1
$COP *R* (KL
SLISP JKL
3 EZ NR 0
4 38866C* 1024
5 15 2
6 19 5
7 23 9
8 20 16
9 37 27
10 47 45
11 60 73
12 75 115
13 95 177

1 2

2 3

5 s

9 10
17 18
29 30
48 50
77 80
121 126
184 192

3 4 5
3 3

6 6

10 11 12

84 88 92
132 137
200 208

91

170
253



L4 119
L5 151
16 190
17 229
18 apl
19 379
20 4717
21 601
22 756
23 952
24 1199
25 1509
26 1900
27 2392
28 3012
29 3791
3C 4773
31 6009
32 7565
33 9523

SND JF FILE

$EDIT JKL
D3
1 LINE
ALTFR 4 '%? ¢
4 38869C
STOP
SLIST JXL
4 338650
5 15
6 19
7 23
8 30
9 27
10 47
1! 60
12 75
13 95
14 119
i5 151
16 190
17 239
18 301
L9 3179
20 A
21 601
22 : 756
23 9652
24 1199
25 1506
26 1900
27 2392
28 3012
é9 3791

ol
381
537
T3¢

982 -

1275
1611
1818
2038
2401
2681
2970
3177
3526
3965
3913
3377
1939
1075

221

1024

1024

1&
27
45
72
115
177
263
381
537
736
982
1275

1511

1813
20338
2401
2601
2970
3177
3526
3965
3913

2

39%

555

756
1009
1307
1632
1817
2129
2447
2756
2626
3202
3548
3933
3836

© 3289

1890
969
150

© 1609

1307
1632
1817
2129
2447
2756
2926
3202
3543
3933
3836

B
409
573
782
1037
1339
1656
1839
2152
2494
2772
2301
3225
3555
3884
3673
3240
1649
768
94

295

423
592
805
1065
1466
1676
1894
2165

. 2523

2728
2895
3257
3558
3826
3466
3193
1732
124
58

306
428
611
829
1094
1498
1693
1668
2187

2525

26%1
2906
3303
3577
3778
3286
3043
1652
622
37

318
454
631
853
1123
1516
1711
2025
2232
2505
2820
2933
3354
3630
3740
3200
2731
1566
537
25

330
470
651
878
1152
1540
1736
2044
2285
2479
2709
2975
3399
3720
3734
3231
2318
1462
467
14

3462

4836

672

3903
11383
1565
1770
2033
2326
2471
2904
3029
3432
3825
3770
3340
2355
1354

409

355
502
693
929
1213
1582
1801
2026
2348
2504
2810

3086

3461
3914
3838
3437
2082
1253

353

14
24
41
67
106
163
243
355
502
693
929
1213
1582
1801
2026
2348
2504
2810
3036
3461
3914
3838
3437

92

368

519

714

955
1244
1595
1818
2046
2368
2583
3036
3139
3493
3962
3902
3449
1975
1167

289



30 4173 3271 12109
31 &009 1922 18

32 7565 1075 - 949
33 9523 221 150

SND JUF FILF

SRUN *A3ASTC

EXCCUTINN BEGINS

UL dASIC SYSTEMS

GZT CLHVERT

15 FIL= £380F

GET £380Fan

23375 (D)™ HAS BCCN CPEAT’D.
RUN CONVERT

LCCAT 19N ON PTP8 (CELLOSCOPE) 1024

31 " LINES
PRPGRAM ENDS '

SCOPY -FILE *PUNCH®
$S16
HSR1 RELEASED.

3240
1649
768
94

3193
1732
724
58

3043
1652
622
37

27131

1566
537
25

2318
1462
467
14

2355
1354
409
5

93

2C82
1253
353
1

1975

1167
289"

3

0
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3 APPENDIX IV
THE PROGRAM  "CONVERT"

The Basic language program "CONVERT" reads the total counts
(T) and the address in the PDOP8 minicomputer of the beginning
of the data file (F). It then reads one line at a time of
the sizing data and writes this on a Basic data file. If the
size analysis does not go'. up to 15093 centimicrons then
lines are added with zerd'cuunts in each size channel.

Finally the total counts and the number of lines of
data in the original file, extended down to 15093 centimicrons
if necessary, are written on the Basic data file. Because
"CONVERT" has been revised a number of times not all the
Basic data files have these last tuwo numbers‘printed at the
and of the file. '

Data is read in via the "INPUT" statements so it 1s
necessary to use the statement:-

$ CONTINUE WITH filename RETURN

when input to the program is stored on an MTS file. The
term "filename" above represents the name of the MTS file
concerned. Termination may be achieved by reading in a row of
eleven zeros stared in the MTS file "TERMINATION".
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LISTING OF FILE B, CONVERT 08:37 P.M.. MAR, 14, 1977
1 2 DIM A(11),S5(1,12),C(10),B (11)
2 3 pIM L(11)
3 4 DATA 1199,1509,1900,2392,3012,3791,4773,6009,7565,95
23,11989, 15093
n 6 MAT S=ZER(1,12)
5 10 MAT READ S
6 12 FOR J=1TO 10
7 13 LET C(J)=0
8 14 NEXT J
9 15 FILE TEST
10 18 INPUT T,F
11 19 IF ( F-10%INT(F/10)-4)=4 THEN 300
12 20 INPUT A(1) ,A(2),A(3),A(4),A(5) ,A(6),A(7),A(8),A(9),
A(10) ,A(11)
13 25 IF A(1)=0 THENS0
14 30 MAT WRITE FILE1,A
15 32 LET L(1)=A(1)
16 40 GOTO 20
17 50 LET A(1)=L(1)
18 60 TF A(1)<S(1,1) THEN 200
19 80 FOR J=1 TO 12
20 90 IF A(1)>=S(1,J) THEN 130
21 100 WRITE #1,5(1,J)
22 110 MAT WRITE #1,C
23 130 NEXT J
24 150 WRITE #1,T
25 160 PRINT .
26 170 PRINT "LOCATION ON PDP8 (CELLOSCOPE)";F
27 175 PRINT
28 180 PRINT 82- ( (F-4)/20) ,"LINES"
29 185 WRITE #1, 82-((F-4) /20)
30 198 GO TO 210
31 200 PRINT"#kkaksskxkx**SIZE RANGE TOO SMALL OR OFPSET
FROM USUAL™ :
32 210 PRINT
33 290 GO TO 500
34 300 B(10)=0
35 301 B(11)=0
36 303 INPUT A(1),A(2),A(3),A(Y4),A(5),A(6),A(7),A(8),A(9)
LA(10),A (1)
37 320 IF A(1)=0 THEN 50
38 330 WRITE#1,INT (A (1)/(((10) *%0, 01) *%2)+0,5)
39 340 WRITE#1,B(10),B(11)
40 350 FOR I=2 TO 9
41 360 WRITE#1,3 (I)
42 370 NEXT I
43 380 LET B(10)=2a(10)
B4 390 LET B(11)=A(11)
45 410 LET L(1)=A(1)
46 430 GO TO 303
47 500 END

END~-OF~FILE
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APPENDIX V

THE PROGRAM "CLTR2"

The program "CLTR2" uses the size analysis data files
together with measured data to calculate the efficiency of

the cyclone for each size tegether with the flow rate and

other mass balances. UOriginally a simple method for

estimating alpha and d

sgc Was incorporated but this was

bypassed as it converged to a false optimum.

The

160

170

180

190
195
197

data

DATA

DATA

required is as follows:-

run number, vortex in inches, spigot, pressure,
sampling time.
length of overflow size analysis vector (= 10 times

the number of lines given by "CONVERT"),

FILE
FILE
FILE

gm O/F pulp, gm U/F pulp, calc. gm O/F solids,
calc. gm U/F solids.

EnnOP

Ennt

RUNnn |

B7=CMD ("¥%EMPTY@NC RUNnn@D")

where nn is the last &4 lines represents the run
number .

Appendix II lists this information for all runs.



LISTING OF FILE B.CLTR2

-d

SN oOMtE wWwN

10
11
12
13
14
15
16
17
18
19
20
21
22
23

24
25

27
28
29
30
31
32
33
34
35
36
37
38
39

40 -

41
42
43
44
45
46
47
48
49
50
50
51

52
53
54

08:37 P. M. MAR. 114, 1977

100 DIM B(390),M(390),W(390),0(390) ,F (390),E(390),V (39
0) ,S (390)

101
102
110
120
130
140

DIM P(390)
DIM A (390) -
PRINT
PRINT
PRINT

PRINT "PROG., TO CALC. .EFF, & CORR,

OM PRODS. ™

150
160

- 170

180
190
195
197
200
210
220
230
240
250
260
270
280

290
310
320
330
340
342
344
346
348
354
355
356
357
358
359
360
362
365
370
380
390
410
412
414
416
417
418
418
419

420
421
422

DATA 2.65
DATA 19’ 1' 0.35' 1.9' 1705

DATA 300, 16168, 1871.,7, 4341,2,

FILE E190F

FILE E19U

FILE RUN19
B7=CMD("HEMPTYANC RUN19aD")
READ D1,N2,V1,51,P2,T5
READN,V4,S4,V3,S3

LET F3=53+V3

LET FU4=S4+Vy

LET F2=Fi4-F3

LET S2=S4-S3

LET V2=V4-V3

FOR I=1 TO N-9 STEP 10

EFF. OF CYC, .FR

1121.7

READ#1,M(I),V(I),V(I+1) ,V(I+42),V(I+3),V(I+4),V(I+5

READ#1,V (I+6) ,V(I+7),V(I+8),V(I+9)

FOR J=1 T0 9

LET M(I+J)=INT(M(I+J-1)*{(10)**0,01)+0.5)

NEXT J
NEXT I

FOR I=1 TO N

LET S{I)=0

NEXT I

READ#2, C9

FOR K1=0 TO 20

IF C9=M(1+K1%10) THEN 358
NEXT K1

GO TO 2000

FOR J=1+K1%10 TO 10+K1%*10
READ#2, S (J)

NEXT J

FOR I=11 + K1%10 TO N-9 STEP 10
READ#2,C9

IF ABS (CO- M(I))>2 THEN 414
FOR K=1 TO 10

READ#2,S (I+K-1)

NEXT K

GO TO 420

IF (N=9-T)>10 THEN 2000
FOR K=1 TO 10

LET S{I+K-1)=0

NEXT K

NEXT K

PRINT "k**#*ZEROS ADDED TO TOP OF OVERFLOW SIZE AN
ALYSTIS#*%4%n

NEXTI
LET C7=0
LET C8=0

97



98

LISTING OF FILE B,CLTR2 08:37 P.M. MAR. 14, 1977

55 424 FOR J=1 TO N

56 425 LET C7=C7 + V(J)

57 426 LET C8=C8 + S(J)

58 428 NEXT J

59 429 PRINT "COUNTS ON OVERFLOW AND UNDERFLOW SIZING ARE
: ":C7,C8

60 430 PRINT

61 432 FOR J=1 TO N

62 434 LET V(J)=V(J)*V3/100/C7

63 436 LET S({J)=S{J)*S3/100/C8

64 438 NEXT J

65 440 PRINT

66 450 PRINT

67 460 LET B6=S2/F2

68 470 PRINT "TEST NUMBER:";N2

69 UGS80O PRINT kol dakok ook ok deofe e % L

70 490 PRINT

71 500 PRINT

72 510 PRINT"SIZE","EFFICIENCY","CORRECTED EFF,","CALC., F
EED" :

73 520 PRINT

74 529 LET C5=0

75 530 FOR J=1 TO N

76 540 LET F (J)=V(J) +S(J)

77 550 LET B (J)=B6%*F (J)

78 560 LET W (J)=F(J)~-B(J)

79 570 LET U(J)=S(J)=-B(J)

80 580 IF W (J)>0 THEN 620

81 590 LET E(J)=1.5

82 600 PRINT M(J), " u,n w_F(J)/F3%100

83 610 GO TO 640 -

84 620 LET E(J)=U(J) /¥ (J)

85 622 LET E8=INT(10000%E(J) +0.5) /10000

86 628 LET C5=C5 + (F(J)/F3%100)

87 630 LET F8=INT(1000000% F(J)/F3 +0.5) /10000

88 631 LET F9= INT(10000%C5 +0.5) /100

89 635 PRINT M(J),S(J)/F(J),E8,F8,F9

90 640 NEXT J

91 642 PRINT

32 644 PRINT "TEST NUMBER:";N2

93 6U6 PRINT 7%k ok &k okokook ki

94 650 PRINT

95 660 PRINT™ ", "INCHES","MHM"

96 670 PRINT "VORTEX" ,V1,INT((V1%25.4)+0.5)

97 680 PRINT “SPIGOT",S1,INT (S1%*25,4+0,5)

98 690 PRINT

99 700 PRINT "PRESSURE=";P2;" PSIG (";INT(P2%6.89 +0.5);"
KILOPASCALS) "

100 710 PRINT

101 720 PRINT "SAMPLING TIME (SECONDS)=":T5

102 730 LET L1=60%(F2+F3/D1)/ (1000%T5)

103 731 LET L1=0.01%*INT(L1%100 +0,5)

104 740 LET G1=11/3.785

105 741 LET 61=0.01*INT (G1%100 +0,5)

106 750 PRINT

107 760 PRINT"FLOWRATE=";L13;" LITRES/MIN. (";G1:;% USGPM )"

108 770 PRINT



LISTING OF FILE B.CLTR2 08:37 P. M. MAR. 14, 1977

109 780 PRINT ® u UQVERFLOW","UNDERFLO®Y,"CALC. FEED"

110 788 PRINT "PULP (C.C.)", V2+V3/D1, S2+S3/D1, F2+F3/D1

11 790 PRINT "PULP (GM.)",V4,S4,F4

112 800 PRINT "SOLIDS(GM.,)",V3,S53,F3

113 805 PRINT "WATER (GM,)",V2,S52,F2

114 810 PRINT "% SOLIDS",V3,/vi4%x100,S3/S54%100,F3/F4%*100

115 820 PRINT

116 824 PRINT

117 825 PRINT "BYPASS RATIO = ";B6

118 B26 PRINT

119 830 PRINT

120 832 FOR J=1 TO N

121 833 IF M (J)>300 THEN 836

122 834 LET N3=J

123 835 GO TO 839

124 836 IF M (J)>10000 THEN 839

125 838 LET N4=J

126 839 NEXT J

127 840 PRINT '

128 842 PRINT ®YLIMITS OF 'GOOD DATA'",N3,N4

129 844 PRINT

130 846 PRINT

131 847 PRINT " %“;TAB(7) ;"CORRECTED EFFICIENCY"

132 850 PRINT '

133 860 PRINT TAB(5) ;"0";TAB(30) ;%50";TAB(54) ;" 100"

134 870 PRINT TAB(S) '"'ooog‘oaan'ooqq'oqoolc-oo'ooool.no»v-
’ 0".19-»"(.-9‘0'009! n

135 880 PRINT TAB({5) ;n>n

136 890 PRINT TAB({5) ;">

137 900 FOR I=N3 TO N4 STEP3

138 910 LET J=1

139 920 LET PB8= INT(E(J)*50+ 5)+5

140 922 IF E(J)>0 THEN 926

141 924 PRINT"EFFICIENCY‘"‘INT(1000*E(J) +0.5) /1000

142 925 GO TO 940

143 926 IF E(J)<1.01 THEN 930

144 928 PRINT M(J); TAB(S5) :">n

s 929 GO TO 940

146 930 PRINT M (J);TAB(S) ;">W;TAB(P8) ;"+"

147 940 NEXT I

148 950 PRINT TAB(S) ;"'ocoolo-oq'oo"ioooo|'.oo'oo"o_on.'-'on"qo"

on‘:_-lo.ovlo.o” "

149 955 PRINT TAB(5) ;"0";TAB(30);"50";TAB{(54) ;" 100"

150 960 FOR J=1 TO 5

151 961 PRINT

152 964 NEXT J

153 965 REM WRITE ON FILE

154 966 WRITE#3,N2,N3,N4,B6,D1,V1,S1,P2

155 976 FOR I=N3 TO NQ

156 978 WRITE# 3, M(I), E(I)*100 100*S(I) /F (1)

157 980 NEXT I

158 985 GO TO 1990

159 990 FOR J=N3 TO N4

160 1000 LET P(J)=(E(J)*100) /7 (1-E(J)*100)

161 1010 NEXT J

162 1015 LET N6=0

163 1020 LET A1=0.001

164 1025 LET A2= 0,003

99



100

LISTING OF FILE B,CLTR2 08:37 P.M. MAR, 14, 1977
165 1030 LET Aud=2A1
166 1040 GOSUB 1200
167 1050 LET C1=C4
168 1070 LET A4=A2
169 1080 GOSUB 1200
170 1090 LET C2=C4
171 1100 LET A3=a1 -CI*((A2-21) /(C2-C1))
172 1105 LET N6=N6 +1
- 173 1110 LET A4=A3
174 1120 GOSUB 1200,
175 1130 LET C3=C4
176 1140 IF ABS(C3/B1)<0,001 THEN 1190
177 1150 IF N6>40 THEN 1180
178 1160 IF ABS(A2-A3)> ABS(A1-A3) THEWN 1170
179 1165 LET A1=A3
180 1167 LET C1=C3
181 1169 GO TO 1100
182 1170 LET A2=A3
183 1175 LET C2=C3
184 1179 60 TO 1100
185 1180 PRINT
186 1185 PRINT "FAILED TO CONVERGE";A3,B1,B2
187 1186 GO TO 1990
188 1190 PRINT
189 1199 G0 TO 1350
190 1200 LET #1=0
191 1205 LET ®2=0
192 1210 LET ¥3=0
193 1215 LET W4=0
194 1220 LET W5=0
195 1225 LET W6=0
196 1230 LET wW7=0"
197 1240 FOR J=N3 TO N4
198 1245 LET #1=W1 + P(J) *M (J) *EXP (A4*M (J))
199 1250 LET W2=W2 +M(J) *EXP (2*A4*M (J))
200 1255 LET W3=W3 +M(J) *EXP(A4*M(J))
201 1260 LET W4=W4 +P (J) *EXP (A4*M (J))
202 1265 LET W5=W5 +P(J)
203 1270 LET W6=W6 +2*EXP (A4*M(J))
204 1275 LET W7=H7 +EXP(2%AU4%xNM(J))
205 1290 NEXT J :
206 1294 IF ABS{W2-#1)>0 THEN 1300
207 1295 PRINT "DIV, -BY ZERO ";J,¥1,W2,¥3
208 1300 LET B1=W1/(W2-K3)
209 1310 LET B2=(W4-WS5)/(NU4-N3-W6+W7T)
210 1320 LET C4=B1-B2
211 1322 PRINT A4,B1,B2
212 1340 RETURN :
213 1350 PRINT "ESTIMATES BY REGRESSION"®
214 1355 PRINT
215 1360 PRINT "“A VALUES", A1,A2,R3
216 1370 PRINT "B VALUES AT LAST POINTY, " ¥, B1,B2
217 1380 PRINT
218 1382 PRINT N6;" CYCLES"®
219 1384 PRINT
220 1385 LET X5=LOG((1+B2)/B2) /A3
221 1390 LET A9=23%X5

222 1395 PRINT
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LISTING OF FILE B.CLTR2 08:37 P.M., MAR, 14, 1977

223 1400 PRINT "D50C:";X5;" CENTIMICRONS"

224 1405 PRINT

225 1410 PRINT "ALPHA= "; A9

226 1420 PRINT

227 1430 PRINT "CALCULATED CORRECTED EFFICIENCIES®

228 1435 PRINT

229 1440 PRINT "SIZE","CALC. EFF.","MEASURED","D/D50%

230 1450 FOR J=N3 TO N4 STEP 3

231 1460 LET A(J)=(EXP(A9*M (J)/X5)-1) /(EXP (A9*H (J) /X5) +EXP
(A9) -2)

232 1470 PRINT M(J),R(J),E(J) ,H(J) /X5

233 1480 NEXT J

234 1990 GO TO 2010

235 2000 PRINT "#*ERROR IN SIZING TERMINATED PROGRAM®##kxx
"

236 2001 PRINT "SIZING ON O/F & U/F "; M(1+K1%¥10), C9 ; "C
ENTIMICRONS"

237 2002 PRINT "K1= *;K1

238 2010 END

239

END=-OF~FILE
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CEALAST CSIGNON WAS:

US™=< "2ALU"
SN *x3AS1C

ALALZLAAAAR
AAAARAAAARAL

AA Al
.Y Y
AA ) LY.

"AAAARAAANAAAG

AAAAAAAAAAANA

AA AA
1. N AA
Al AA
AA AA
Al ' A4

SXECUTIN BrGINS
UBL oAZIC SYSToM

GET RUN19aD
"QUNIZ (D)
GET F190FaD
"E19OF (D)

16:19:07
STGNED ON AT

LLLtLLLteee
tLiLLeeieeer

HAS BFEN CREATLD,

HAS BEEN CREATENH,

uu Uy
uu uu
uu uu
(v uu
UuU uu
vu Uy
uu uu
Uy uu
uu uv
Uy uu
(S LIVIVIVIVFVIT]Y]
UuuuuuuIuy

16:22:22 ON TUE FEB 08/77
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19.0.0.0.0.0;0,1,1,1,1'23y1y1'1.1p1r2y2y2v2'2y30,2y3,3.373'4.4'4v4'5y37.5
516v6v7v7181879|10’47v10111112v12v13914v15v16v17118160119v20122v23124126
27'29131p33'75.35;37.?9141.43,46,48,51.54,57.95,60.63967;70,74'78.82'86
91'9511191100'105'110'1161122'128'134;140v147'154y1511162v16gv177'185'194

396,412'428.444,462'479,497'516,535»301;555,575.596.618'640.662.685'709
733.756.379'783v809198511000.1013'1025y1039v1054:1070.1084'477'1097-1111
1126.1142'1159o1178.1201'1225:124891269'601'1290v1317.1353'1392'1426.1451

1
2
3
4
5 203,212,222,231,242+190,2524+263,275,286,299,311,324,338,351,366,239, 381
6
7
8
9

1466.1478;1492.1512;756.1539'1574,1613v1653'1690.1724;1754.1781v1800'1813

10 952v1829.1857'1902.1959.2C20;2083.2138;2171v2170'2153'1199.2154»2195

11 2259v2308.232412323y2331.2360.2399.2432-1509-245992490;2535.259272644
12 4677'2693,2714.2762'2843.1900:2935.3015'3075-312213165.3209.3255y3309
13 5380.3467,2392.3561p3637c3678v3685’3692y3742.3841'3940'3967'3893.3012
14 3755.3638y3603v3654'3742-3818.3865.3890'3893-3864:3791'3807v3752v3732



103

15 _57"02,373’41}()’rliy'iltf");Sl?f',?v2'32312711¢v"773v2570'2453,2362'22()6y2271v2171
16 Z11991866116791146216009,1249'10561888v7457621v515:433,370'316p264y7565
17 217'175-145y120vlC5v102v99.99.94v9479523v79.54941;35;37'40y54o58,37.40
138 11089'57v62073135175vﬂlv65y46150954115093:57v61o6517lv75140v4310v0v0

19 314038,30 - :

GET - Rl Guan
"S1FU(NIM HAS BFON CREATED, :

7590.CvaCyOoOylv1y1vlv9511’17lt172v2v2y212'3y119v3v313|4047545o516v61151

7,363,9;10'10'!.!.".Zvl.“i714“190915'17'18'19-21v22,24-25;27129v239v31v3‘n36

38.41'4%;47y50'53y57'301'61v64169y73178,83,88'93,99'10513791111)116v170

173.177v180v181'1820185v189'477o192v1961201v2031207p210'216p220.224.225

601;227,231,2371244:251y25592589259v260v26l'756v26412701278.2839283.282

2641295v31193281952'339v343v3417340'341,348|357'367'379138801199,395'392

379.392,449,419,445'435y4337436.1509,442.452y467v484:501r516v529v5431560

551y1900,603'6191629'637p651'676'706'734.755.770:2392-786,804'82578471871

901{936,974'1014110559301211099,1148y1201y125611307-1349,1383v1415y1449
10 1490p3791,1541;160801693v1783;1864v19361200512074.21410221014773'2299
11 2421y256712712v2849,2992v3154v3330:349613634960091374713843'3920'3967
12 3965,2908,3807,3685,3560,3434,7565,33044317G,3034,2898,2765,2623,2478
13 2317;2136.1943!9523:1768v160071453:1332v12401115571044,903'7707663,11989
14 597.527,470,426,372.296;193'1331126'118915093'109177'62'89,95’77'27a010
15 0,180955,24 :

GET CLTR2 : )

160 DATA 19, 1y 0.35, 1.9y 17.5

170 OATA 300, 16168, 1871.7, 4341.2, 1121.7 i

180 FIL® F1SOF :

190 FILE EI9U

195 FTILZ PUNL9

197 s 7=CMD("ZZMPTYINC RUNLIOANM)

SAVF CLTR?2

IAS . )

RUN  CLTR2 )

VONOVNSWN -

PRIG. TN CALC. CFF, & CORR. EFF, OF CYC. FROM PRODS.
FEVMPTYYNC RUUNI9AD ’

Dane

COUNTS ON NVERFLOW ANC UNDFRFLIW SIZING ARE: 314038 180965

TEST NUMBED: 19
LR TR L T e

SIZE . EFFICTIENCY CORRECTED EFF. CALC. FEED

19 0

19 0

19 0

19 0

19 0

19 : 0

19 0 -0.0633 - o - (o)
19 0 -0.0633 0 0
19 0 -0.0633 0 ]
19 0 -0.0633 (o} (]
23 0 -0.0633 0 o]
24 Y -0.0633 o] 0



OOOOOOQCOOOOOOOOOOOOOOOOOOOOOOOOOOOOQOOOOOOQOOOOOCODOO

9.2549747=-3
8.7153087-3
8.2351127-3
7.805068%~3
7.417705%-3
7.0659817-3

-0.0633
~-0.0633

C -0.0633

-0.0633
-0.0633
~0.0633
-0.0633
-0,0633
-0.0633
-0.0633
~0.0633
-0.0633

-0.0633:

-0.0633
-0.0633
-0.0633

-0.0633

-0.0633
-0.0633
-0.0633
~0.0533
-0.06133
-0.0633
-0.0633
-0.0633
-0.0533
-0.0633
-0.0633
-0.0633
-0.0633
-0.0633
-0.0633
-0.0633
-0.0633
-0.0633
-0.0633
-0.05633
-0.06123
-0.0633
-0.0633
~-0.0633
-0.0633
-0.0633
-0.0633
-0.0633
-0.0633
-0.0633
-0.0633
~0.0633
-0.0633
-0.0633
-0.0633
-0.0633
~0.0633
-0.0535
-0.054%

-0.0546
-0, 055

-0.0554
-0.0558

[cNoNoleNoNoNoNeNeNolosNalloNoNoRoReNoNeNoloNoRoNollasNoRolooRoNaoNaleNoNeoNolNoie Yol

0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001

. 0.0001

0.0001
0.0001
0.0002
0.0002

. ¢

COCOO0OO0OOQOO0CO

L]
[«NeNoNe]
- g

0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.03
0.03
0.03
0.04
0.04
0.04
0.05
0.05
0.05
0.06
0.06
0.07

0.28
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39

146
151
155
159
163
167

© 171

r75
179
183
187
190
124
199
20%
209

©3.420912%-

Cob 1811 -3

6.25647817-2

1.197251F=-2
la 1306067 -7
0.010818

1.032CG03"~-~
9.758527%~
1.396164"~
1.327311%-
1.264905%~
1.208104%~
1.522625%-
1.448827~-
1.721368%-

NN N VNI WN

 0.0164556

1.576148%~
1.7972¢65%-
1.7169745-
1.500657"%~
2.078424%~
1.986356%~
2.134783%~
2.2590687~
2.161077%~
2.273647%-
2.366368%~
2.461251F-
2.523397%-
2.5G95677~
2.8166G2%~
2.851226%~
2.892636°-
0,0235207

3.0743€5%~
3.21462¢€%-
3.2100248~
3.324164%=-

NS IN IV NN

0.0351689
3.707086%-
3.770242%~
3.8285032%-
3.975902°~
4.095476%—
4.214227%~
4,316248%~
0.064%0277
4.556411-2
4.6967675~2
4,753523%5=2
4.9349017-2
5.030081%-2
£.1815765-2
5.3225675-2
0.0544658

5.5548327-2
0.0571019
0.0584 796

5.976568%—
£.040916%~

N N

NNNRNINNNINNIONND NN NN N

NN NN

-0.0562

-0.65%65

© =-0.0506

-N.0512
-0.0518
-0.0523
-N.0529
-J.0485
-0.0482
-0.0499
-0.0505
-0.0471
-0.0479
-0.045

-0.0453

~-0.0466
-0.0%442
-0.0451

T -0.0431

-0.0412
-0.0%22
-0.0406
~-0.0393
-0.0403
~-0.0391
-0.0382
-0.0371
-0.03¢&4
-0.0357
-0.0334
-0.033

~0.0326
-0.0308
~0.0306
-0.0291
-0.0292
-0.0279

-0.0268

-0.0259
-0.0239
-0.0232
-0.0226
-0.021

-0.0198
-0.0185
-0.0174
~0.0165
-0.0148
-0.0134%
-0.0128

-0.0108"

~0.0098
-0.0082
~0.0067
-0.0054
-0.0042
~-0.0026
~-0.0011
0.0001
-0.0008

0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0003
0.0003
0.0003

- 0.0003

0.0003
0.0003
0.0003
0.0004
0.0004
0.0004
0.0004
0.0004
0.0005
0.0005
0.0005
0.0005
0:0005
0.0006
0.0006
0.0006
0.0007
0.0007
0.0007
0.0007
0.0008
0.0008
0.0008
0.0009
0.0009
0.001
0.001
0.001
0.0011
0.0011
0.0012
0.0012
0.0013
0.0012
0.0014
0.0014
0.0015
0.0015
0.0016
0.0016
0.0017
0.0018
0.0018
0.0019
0.002
0.002
0.0021
0.0022

0.29
0.31
0.33
0.35

- 0,37

0.39
0.42
0.44
0.47
0.46
0.52
0.55
0.58
0.62
0.65
0.69
0.72
0.76
0.81
0.85
0.9

0.94
0.96
1.05
1-‘1

1.16
1.22
1.28

1.35

1.41
1.49
1.56
1.64
1.72
1.8

1.89
1.99

2.08

2.18
2.29
2.39

C2.51

2.62
2.74
2.87

3.14
3.28
3.42
3.58
23.74
3.9

4.08
4.25
4.44
4.63
4482
5.03
5.24
5.45
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197
406
415
425
435
445
455
465

*17

4883
499
511
523
535
S47
560
573
586
6501
A15
529
644
659
674
690
7C6
722
739
756
T74°
792
810
329
848
868
388
909
930
952
974
997
1020

© 1044

1068
1093

1118

1144
1171
1199
1227
1256
1285
1315
1346
1377
1409
1442
1476
1509
1544

L6 -
0.0713371

0.07256541

7.29937A%~2
1.245255%-2
T.136178%=2
0.0719474

7.250975%=-2
Te2757557=2
7.3304965-2
7.410618%-2
7.3820925-2
0.0741454

7.401701%-2
1.462479%-2
T.452561F~2
7.4485415-2
T.364651%-2
7.313218%-2
7.291242%-2
T.282287%-2
7.286952%-2
0.0731506

7.304426G6%-2
7.3139G2F-2
7.2850C5%-2
T.247445%-2
7.183997%-2
7.142265%-2
Te142169%-2
0.C717359

7.129268%-2
6.984115%~2
0.0682325

6,7686977-2
0.0691352°

7.190128%~2

7.503372%-2 .

7.6730665-2
7.€485725-2
7.440774%=2
0.0722025

7.0367C18-2
6.969026%=2
6.9656015-2
7.0457925-2
0.0726255

T1.476426%-2.

7.5978060-2
7.413981%~2
0.0699644

7.07667G% -2
7.672295%~2
T.482444%-2
7.885016%-2
T7.623866%~2
7.487114F~2
7.440442%=2
7.4585523¢=2
7.5267867-2

1.0129
7.0131
0.0138
N.0142

0.0136

0.013

0.0131 -

06.0137
2.014

0.0145
0.0154
0.0151
0.0154%

0.0153

0.0159

0.C158 "

0.0158
0.0149
0.0144
0.0141
0.014

0.0141
0.0144%
0.0143
0.0144
0.0141
0.0137
0.013

0.0125
0.0125
0.0129
0.0124
0.0109
0.0093
0.0086
0.0101
0.013

0.0164
0.0182
0.0179
0.0157
0.0134
0.0114
C.0107
0.0107
0.0115
g.0138
0.0161
0.0174
0.0154
0.011

0.0118
0.0214
0.0162
C.0204
7.0178
0.0162
0.0157
0.0159
0.0166

T0.0027

0.0027
0.0028
0.0028
0.0028
0.0029
0.0029
0.003

0.003

' 0.003
0.0031

0.0031
0.0032
0.0032
0.0033
0.0033
0.0034
0.0035
0.0035
0.0036
0.0037
0.0038
0.0039
0.004

0.004

0.004

0.0041
0.0041
0.0042
0.0043
0.0044
0.0045
0.0046
0.0047
0. 0048
0.0048
0.0049
0.005

0.005

0.0051
0.0052
0.0053
0.0055
0.0057

- 0.0058

0.0059
0. 0059
0.0059
0.0059
0.006

0.0061
0.0063
0. 0064
0.0064
0.0064
0. 0065
0.0066
0. 0066
0.0067
0.0068

572

6.27

. h.55

6.84
7.12
T.42
T.71

9.01 -

8.31
8.62
8.92
9.25
9.517
9.9
10.24
10.58
10.92
11.28
11.¢4
12
12.38
12.77

13.17
. 13.57

13.67
14.38
14.79
15.21
15.¢4
16.C8
16.53
16.59
17.46
17.54
18.42
18.51
19.41
19.61
20. 42
2C. 54
21.47
22.02
22.59
23.17
23.16

'24.35

24.9%
25.%3
26.13
26. 14
27.27
28.C1
28.¢€5
29.29
29.53
30.59
31.26
31.53
32.¢1
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- 1580

1617
1655
1694
1733
1773
1814
1856
1900
1544
1989
2035
2082
2130
2180
2231
2283
233¢
2392
2448
2505
2563
2623
2684
2747
2811
2876
2943
3012
3082
3154
3227
3302
3379
2458
353¢
3621
3705
3791
1879
3969
4061
4156
4253
4352
4453
4557
4663
4773
4884
4998
5114
5233
5355
5480
5608
5739
5873
6009
6149

1.627968%-2
7.7258287-2
7.820975%-2
T.955268%=7
B, 06492452
8.232529%-2
8.3235377 -2
8.3G4155%-2
8.425145F-2
8.4297077-2
8.401351%-2
8.381898<=-2
8.4440077-2
8.6304427-2
8.863413%-2
9.0463¢€1%-2
9.103346%-2
9.056551%-2
3.005734%=~2
9.018237F-2
9.138533F-2
9.343301F-2

| 9.566246%-2

9. T442G15-2
9.8503195-2
9.678464%=2
0.1028269
C.1033474
0.1160G086
0.123954
0.130028%
2.1335434
0.1254062
0.1367¢09
0.1282616
0.1402308
0.1430235
0.1474149
0.1536176
0.161191
0.1690272
0.176036
0.1R828957
C.1622159
0.20648C3
0.225775
0.2672215
0.2674643
0.2862787
0.3063451
0.3276428
0.246247
0.3600C36
0.3819355

© 0.4002634

0.4444597
0.4828392
0.527081%
0.57359C9
C.6200287

0.0177
0.0187
0.C198
0.0212
0.0227
0.0241

S 0.0252

0.0258
0.0263
0.0262
0.0259

0.0257

0.0264
0.0284
0.0308
0.0328
0.0334
0.0329
0.0324
0.0325
0.0338
0.0359

- 0.0383

0.0402
0.0413
0.0427
0.0459
0.0518
0.06
0.0684
0.0749
0.0786
0.0806
0.082
0.0826
0.0857
0.0837
0.0933
0.C999
0.108
0.1163
0.1238
0.1311
0.14%1
0.1562
0.1767
0.1995
0.221
0.241
0.2¢€24%
0.285
0.3048
0.3194
0.3427
0.3622
0.4093
0.45
0.4571
0.5466
0.5959

'0.0069

0.0071
0.0072
0.0074%
0.0074
0.0075
0.0076
0.0079
0.0081
0.0083
0.0085
0.0086
0.0087
0.0089

0.009 -

0.0092
0.0094
0.0096
0. 0059
0.0101
0.0102
0.0103
0.0103
0.0105
0.0108

- 0.0111

0.0112
0.011
0.0107
0.0105
0.0105
0.C107
0.011

0.0112

0.0113
0.0114
0.0115
0.0115
0.0114
0.0113
0.0114
0.0115
0.0116
0.0114
0.011

0.0104
0.0098
0.0054
0.0091
0.009

0.0089
0.0089
0.C09 .
0.0089
0.0089
0.0085
0.0082
0.0078
0.007%
0.007

32,

34.01
24,74
35.48
36.22
36.67
37.73
38.51
39.33
40.16
41.01
41.87
42.75
43.63
44,54
45.46

" 46.4

47.36
48.35
49.37
50.39
51.42
52.45
53.5

54.58
55.69
56.81
57.91
58.6G9
6C.C4
61.08
62.15
62.25
64.37
65.5

66.65
67.8

68.54%
70.08
Ti1.21
72.35
73.5

T4.65
75.8

76.6

77.54

78.92

79.86
80.77
81.67

. 82.56

83.45
B4.34
85423

86.13

86.93
87.8

88.58
859.32
90.03
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6292 0664201

6435 0.7048652
6586 0.7411271
HTH? OD. 7729718
HBG 3 Coe 791665
7060 : 0.81704%1
1224 : 0. 8247508
7392 . 0.8536366
7565 0.8722314
7741 . 0.8503778
7921 0.9036808
8106 0.915459
8295 0.9219212
3488 0.9201555
86836 0.918189
8888 0.9125539
9095 0.9106258
9307 €.9028285
9523 0.5093773
9745 ‘ 0.9295994
9972 0.94076S5
10204 0.9446425
10442 0.9376056
10685 ©0.5233011
10934 0.895575 -
1118y 0.8747Cl6
11450 0.503207
11717 0.8814047
11989 0.8232262
12263 0.7921561
12554 0.B646113
12346 0.845142
13145 0.639R27
13451 0.621C048
13764 0.5720675
14085 0.5645411"
14413 . 0.5305C3
14749 © 0.4949016
15063 . 0.461626
15445 0.3614269
15805 0.2995697
16173 0.3598216
16559 0.3622282
16935 0.463274
17329 0.2196527
17723

18146

18569

TEST NUMBER: 19
LRI E LR E EEE 24

INCHES
VORTEX 1
SPIGAT . 0.35

PRES5U® == 1.9 PSIG ( 13 KILJP

SAMPLING TIMS {SECONDS)= 17.5

0.06431
C.63851
C.7247
H.7585
0.784%8

- 0.8054

0.8243
0.8444
C.8641
0.8834
0.8676
0.7101
0.G617

0.9151
0.913

0.7075
0.905

C.8G67
0.903¢
0.9256
0.537

0.9411
0.9336
0.9238
0.89
0.8668
0.8671
C.8739
0.812

0.779

0.855. .
0.8253
0.6702
0.597

0.54329
0.5369
0.5007
0.4629
0.4275
0.3209
0.2552

0.3192

0.3218
0.4292
0.1702

MM
25
9

ASCALS)

T 0.0067

0.0064
0.0061
0.0057
0.0054
0.005]
0.0048
0.0046
0.0043
0.004
0.0038
0.0036
0.0034
0. 0032
0.0031
0.0029
0.0027
0.0024
0.0022
0.002
0.0018
0.0016
0.0015

0.0014

0.0013
0.0012
0.001

0.0009

0.0008
0.0008
0. 0006
0.0006
0.0006
0.0005
0.0004
0,0003
0.0003
0.0003
0.0003
0.0002
0.0002
0.0003
0.0003
0.0002
0. 0001
0 .

90.7

91.23
91.64
92451
92.06
93.57
94.05
94.51
94.54
95.24%
95.72
56.C8
96.42
96.15
97.05
97. 34
97.61
97.85
98.07
$8.27
98.44
98.¢

98. 15
98. 89
99.03
99.14
99.24
96.322

©99.41

99. 48
99.54
99.6

99. 66
99.72
99. 75
99.78
99.81
99.83
99.86
99.89
99.91
99.94
99.57
99.59
100
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FLONRAT 7= 50,19 LITWES/#IN, { 13.26 USGPM )

PULP (C.C.)
PULPIGV,)
SCLIDSIGM.L)
WATFR(GM,)
T SCLIDS

BYPASS.RATID

LIMITS OF *GCND NATA?Y

CNRREC

0
loo.o‘.-oo'o-..loo..'o.ool.-o-'....'o.;.l‘oo.oI..o.l
>

>

SFFIC IENCY=
CFFICISNCY=
TFFICTIENCY=
FFEICINCY=
388 +

415 >+
445 >+
477 >+
511 >+
547 >+
586 >+
£29 >+
674 >+
722 >+
774 >+
329 >+
8838 >+
952 >+
10205+
1092>+
1171>+
1256>+
1346>+
1442> ¢
1544>+
1655>+
1773>+
1900>+
2035>+
218C>

2336>

2505>

2684>

2876>

2082> +

3302> +
3539)> +

R

OVTRFLOW UNNSRPFLOW
13464.579 1173,283
16168 1871.7
4341l.2 1121.7
11826.8 750
26.85057 56.92948

= 5.663361F-2
120
TEC FFFICIENCY
50

-0.014
~0.01

-C. 006
-0.002

109

CALC. FEED
14638.27
18039.7
5462.5
12576.8
30.28265

273

100



37
40
43
46
49
53
57
A1
65
70
75
81
86
93
99

[
SA
ne

Ll

g1 +

61> +

52> +

63> +

93> - +

55> . +

39> ) +

49> +

8s> + )

650> +

65> : ) R

86> : ) . +

o : . +

12> ) : + -
‘o.o.'o.c.'o-v-'au.o'oo..'-ooo'ooo.'....'o..o‘o...'

Q S0 100

RAGRAM ENCS

VE RUN19aD

NT

ST RUN192D

19, 1204273,5.9633617-2,2.65,1+0.35,1.9,295,-1.492982,4.559411 ,301
=1.34551544.656767+2303+-1.28€56,4.753523,315,-1.09368+4.934901,322

-0.9224642,5.020081,220,-0.R8313615,5.181576,238,-0.6814305,5.322567,346

=J2.54G55345.14658,254,~0.%344352,5.554833,362,~-0.2692265,5.71C€19,370

=0.1227196+5.847564375,0.0140443,5.976568,388,8.2472875-2+6.040916,397
1.28961,7.176067,40641.313686,7.19871,415,1.384619,7.26541,425,1.42074

110

Tel99378146354114363186+7.245255+44541.300362,7.186178,455,1.309467,7.19474

46041 .369268,7.2509754477,1.296683,7.276755,488,1.453833,7.33C496,499

1.5393549 7.410918,+51141.5087,7.282092+523+1.543206,7.41454,535,1.529553

T.4017014547y1.594185,7.462479,56041.,583638+7.452561+573,1.579364
7.448541458641.490153,7.364651,601,1.435458,7.313218,615,1.412089
T7.2912424962691.402565,7.282287464441.4607528,7.286953,659,+,1.437418
7.3150601674+91.425611247.3C4429,690,1.436281,7.313692,706,1.405456-
7.285005,72241.365515,7.247445,739,1.298043,7.183997,756,1.253696

7. 142295, 7744142535654 7.142155+762+1.286675,7.17359,810,1.239876
7.129299+829,1.085486,€.9R4115+948,0.9250535,6.83325,868,0.8564061
6. 76¢8657,088,1.0104144€.91352,909,1.304562,7.190128,930,1.637671
1.503372495241.818127y7.67306£9574+1.792079,7.648572,997,1.571104
7.440774,10204+1.336595,7.22025,1044,1.141406,7.036701+,1068,1.069439
€.96GC26,1093,1.065798+6.965601,1118,1.151074,7.045792,1144,1.381578
126255911 7141.6090264,7.4764264119941.738094,7.597806,1227,1.542612
7.413681,125€,1.068592,£6.95644,1285,1.18392,7,076679,1315,2.136331
T7.97229541346,1.615617,7.482444,137742.043517,7.885016,1409,1.776441
T7.632866+144291.620282,7.497114,1476,1.57075,7.440442,1509,1.59001
T7.458553,154441.66257,7.526796+1580+1.772327,7.629998,1617,1.874235
7.725828,1655,1.986049,7.830575,1694,2.118224,7.655268,1733,2.266747
8.064934,1773,2.413068,8.232529,1814,2.520481,8.333537,1856, 2.584944%

8.394155,1900,2.628533,8.,435145,1944,2.62275,8.429707,1989,2.592596 .

8.4013514203542.571909,R8.381898,208242.637957,8.444007,2130,2.836215
8.63C%42,2180,3.08396+8.862413,2231,3.278509,9.046361,2283,3.33G9749
9.103949,2226,3.289246,9.056551,2392,3.225306,9.005734,2448,3.248602
9.018237,2505+3.376527,9.138533,2563,3.59428,9.343301,2623,3.831363
G.5662464268444.020658,9.744291,2747,4.13345,9,850319,2811,4.269722
9.978464;2876{4.593236;10.28269;2943.5.180294,10.8347413012.5.995006
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35 1L.60086,3CH2,€6.835931,12.3%54,3154,7,485893,13.00284,3227,7.859681 .
36 13.25634,2302,8.05777,17.54062,3375,8.201826413.67608,3453,8.361452
37 15.82€19,3536,8.57C324,14.02303,3621+8.867809,14.30235,3705,6.234798
38 14.74149,3749199.994%,15.36176,3879,10.79577,16.1191,3969,11.63308
39 16.90272,4C61,12.37F72,17.6039,4156,13.10788,18.28957,4253,14.09942
40 14,22199,4252415.61594,20.6480344453,17.66773,22.577544557,19.94945
41 24.72215,4663,22.10173,2A.74642,4773,24.10176,28.62787,4884,26.23568
42 30.63451,4998,28.5005,32.76423,5114,30.47891,34.6247,5233,31.94183
43 30.00039,5355,34.27403,33.1535595480+36.223C9,40.02634,5608,40.92725
44 44 .4499745739,45.00473,48.28382,5873,45.70916,52.70819,6009,54.655
45 571.35909+6149,55.56227+62.00287+6292+464.30741,66.43589,6439,68.60854
46 T0.4805246589472.47106,74.1127146742,75.84536,77.28578,6899,78.48339
47 79.76€65,7060980.54387,81.70411,7224,82.42715,83.47508,7392,84.43581
48 85.36396,7565,86.41204,87.2238647741+88.34261,89.03778+7921,89.75727
49 90.26808+8106+91.00578,91.5459,8295,91.65698,92.,19212,8488,91.51347
50 92.01955,8686451.3001,491,.8189,3888¢90.74817,91.29989,9095,90.49581
51 91.06258,9307+89.66769,90.28385,5523,90.3631,90.53778+9745,92.55603
52 52.999944+99724+93.70405,54.0795 :

END-JF-FILE . ) i

LOGCFF .

Z2FF &7 16:22:31 N 02-08-77
EXECUTION T=IMINATED

FNT2 VY YYYYYYVYYYXYYYYYYYYYXXYYX XXX XYY XXX XY NN YN XXX NN XXX XYY N YN XYXX XXX XX XX XX )

[ "
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APPENDIX VI

THE PROGRAM "LYN"

The program "LYN" uses the simplex search method described
by Mular and 8u11%” to search for the best values for the deac
and alpha in the Lynch egquation:-

e™ ¥ d50c - 1

e Vdsg g - 2

Corrected efficiency, Y_, =

The starting value for dSDC is found by the program simply
by scanning the data for the size at which the corrected
efficiency is closest to 50%. The starting value for alpha is
estimated frum:mmappruximate'relationship between alpha and the
efficiency at a size of 1.5 (dsnc).

The choice of step sizes has also been programmed into this
program based on various step sizes during de-bugging of the
program. )

To run this,praéram:it is only necessary to alter line 17
to read:- L

17 FILE RUNnn
where “nn' is the run number.

The values of alpha and dSDC calculated from this program
were added to the file RUNnn@D to serve as starting values for
the later search programs.



LISTING OF FILE B, LYN 08:37 P.M. MAR. .14, 1977

1

D) ok od ad wd wd b b b il b
QWO NEWNN DOV & WN

PN
£ WK -

¥
w

[\l SN
o ~F N

Whhwbwwwwn
NN EWNLOW

[¥V)
~3

£ Wi G
[= 1V <0 ]

S EEEESEE
D JAWUE WL -

(SRS I
N - O W

53

(S8
(LI~

1 *THIS IS A SIMPLEX PROGRA# METHOD WRITTEN IN BASIC, .

IT MAY BE USED

2 %P0 ESTIMATE CONSTANTS FOR THE CYCLONE EFF. CURVES
3 *BASIS IS LYNCH EQUATION

4 *X50, ALPHA SEARCHED FOR

11 DIM A (190) :

12 DIN D(1,4) ,C(1,4),0(5,4) ,X(5,4)
13 DIM M (190) ,E(190),G(190)

15 DATA 2

16 DATA 1, 2, 0.5

17 FPILE RUNS5P2

20 READ N,A,V,B

25 READ#1,N6,N3,N4,B6,D1,V1,S1,P2
28 LET N2=N4-N3+1

30 FOR J=1 TO N2

32 READ#1,4(J),E(J),G(J)

34 NEXT J

36 MAT Q=ZER(N+1,N)

37 MAT X=ZER(N+1,N)

38 MAT Y=ZER(N+1,1)

39 MAT 2=ZEBR(1,N)

40 FOR J= N2 TO 1 STEP-1

41 IF E(J)<0.001 THEN 43

42 NEXT J

43 LET N1=J-INT(N2/29)- ((J-INT(N2/29))~-1-ABS(J-INT(N2/

29)-1)) /2

46 LET B7=1

47 LET B5=1

48 FOR J=1 TO N2

49 IF ABS(50-E(J))>(45-35*INT (N2/100)) THEN 52
50 IF ABS(50-E(J))>ABS({50-E(B5)) THEN 54

52 LET B5=J

53 NEXT J

54 PRINT"ROUGH ESTIMATE OF D50 IS ";H (BS)

55 LET C(1,1)=M(BS)

56 LET D{(1,1)=C(1,1)*0.002

57 FOR J=1 TO N2

58 IF ABS (M(J)~-M(B5)*1.5) >ABS (M (B7) -4 (BS) *1.5) THEN 6

59 LET B7=J

60 NEXT J

61 LET C(1,2)=2%LOG(E(B7)/(100-E(B7)))
62 LET D(1,2)=C(1,2)*0,01

63 PRINT"ROUGH EST. OF ALPHA IS":;C(1,2)
64 PRINT

67 # SET UP STARTING SIMPLEX

68 FOR J=1 TO N

69 FOR I=1 TO N+1

70 LET X (I,J)=C(1,J)~(2/(3+1))*D(1,J)
75 IF I=J+1 THEN 85

80 GO TO 88

85 LET X(I,J)=C(1,3)+((2/(3+1))*D(1,d))*J
88 NEXT I

90 FOR I=J+2 TO N+1

95 LET X(I,J)=C(1,J)

100 NEXT I

105 NEXT J

106 PRINT

113



LISTING OF FILE B,LYN 08:37 P.H. MAR. 14, 1977
56 107 PRINT "MATRIX X FOLLOWS. STARTING SIMPLEX: "
57 108 MAT PRINT X
58 109 PRINT"CYCLE","0Q.,F.STD.ERROR"Y, “0 F.LOW VALUE","0.,F,.

HIGH"
59 110 * CALC STND ERROR OF OBJECTIVE FUNCTION
60 114 LET Z7=0
61 115 LET 28=0
62 116 LET Z9=0
63 120 LET T3=1.E70
64 125 FOR I=1 TO N+1
65 130 LET H=I
66 135 GOSUB 560
67 140 LET Y{(I,1)=Y"1
08 145 NEXT I
69 150 GOSUB 600
70 155 T1=0
71 156 T2=0
72 160 FOR I=1 TO N+1
73 165 LET T1=T1+Y(I,1)
74 170 NEXT I
75 172 LET T1=T1/(N+1)
76 175 FOR I=1 TO N+1
177 176 LET T2=T22+ (Y (I, 1) ~T1) %%2
78 178 NEXT 1I
79 180 LET T= SQR(T2/N)
80 185 IF T> 1B-7 THEN 270
81 190 GO TO 205
82 195 PRINT ‘ o
83 200 PRINT “CYCLE LIMIT, ,STOP CRITERION =";T3,T
84 207 PRINT "FAILED TO CONVERGE AFTER ";Z9;" ITERATIONS.
X MATRIX FOLLQWS *
85 202 PRINT
86 203 MAT PRINT X
87 204 GO TO 265
88 205 PRINT
89 210 PRINT "CONVERGENCE AFTER "; 29 ;" CYCLES., T3, T =
: ".T73,7
30 212 PRINT
91 274 PRINT YRUN NUMBER: "“;N6
92 216 PRINT 1ok sk g o ok ook oo ok ek ok "
93 218 PRINT
94 222 PRINT
95 224 LET X5=X(L,1)
96 226 PRINT "D50C= ";X5:" CENTIMICRONS ®
97 227 PRINT
98 228 LET A9=X(L,2)
99 230 PRINT MALPHA= "“3;A9
100 231 PRINT
101 232 PRINT "SIZEY,"CALC., EFF. ","NEASURED" , "D/D50C","
CALC. - MEAS, "

102 234 FOR J=N1 TO N2

103 235 LET A{(J)=100%* (EXP (A9%M (J) /X5)-1)

104 236 LET A(J)=RA(J)/ (EXP(A9*M (J)/X5) + EXP(R9) -2)
105 240 PRINT M({J),A(J),E(J),HM(J) /X5,A (J) -E (J)

106 245 NEXT J
107 246 *CALC, SUM OF SQUARES DUE TO ERROR
108 247 ‘LET Z7=0
109 248 FOR J=N1 TO N2

114



LISTING OF FILE B,LYN

110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
101
162
163
164
165
166
167

249
250
252
254
263
264
265
270
271
272
273
274
275
280
285
290
295
300
305
310
315
320
325
330
335
340
345
350
355
360
365
370
375
380
385
3990
395
400
405
510
415
420
425
430
435
440
445
450
455
457
460
465
470
475

LET Z7=27+ (E(J)-A(J))**2
NEXT J
PRINT "SUM OF SQUARES=";Z7
PRINT "VARIANCE=";Z7/ (N2-N1+1-N)
PRINT
PRINT
STOP
IF 29=300 THEN 273
IF 29>700 THEN 195
GO TO 275
MAT PRINT X
60 TO 271
IF T>T3 THEN 295
LET T3=T
PRINT 29,T ,Y{(L,1) ,Y(H,1)
* REFLECTION
MAT Q= (1) *X
FOR J=1 TO N
LET P=0
FOR I=1 TO N+1
IF I=H THEN 325
LET P=P+X(I,J)/N
NEXT I
LET Z(1,J)=(1+3) *P-A*X (H,J)
LET X (H,J)=2Z(1,J)
LET D(1,J)=P
NEXT J
GOSUB 560
MAT X= (1) *Q
LET Y=Y1
IF Y>=Y(L,1) THEN 410
* EXPANSION
FOR J=1 TO N
LET X (H,J)= (1+4V) *Z (1,J3) =V*D (1,J)
NEXT J
GOSUB 560 :
IF Y1>Y(L,1) THEN 415
LET Y(H,1)=Y1
GO TO 150
IF Y>Y(S,1) THEN 440
LET Y (H,1)=Y
FOR J=1 TO N
LET X (H,J)=Z(1,J)
NEXTJ3 =
GO TO 150
IF Y>Y(H,1) THEN 465
FOR J=1 TO N
LET X (H,d)=2Z(1,J)
NEXT J
LET Y(H,1)=Y
* CONTRACTION
FOR J=1 TO N
LET X(H,J)=B*X (H,J)+(1-B) *D (1,J)
NEXT J

480G0SUB 560

485
490
495

IF Y1>Y(H,1) THENS05
LET Y(H,1)=Y1
GO TO 150

08:37 P. M. .

MAR. .14,

1977
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LISTING OF FILE B,LYN 08:37 P.M. HMAR. 14, 1977
168 500 * 'REDUCE SIZE OF SIMPLEX

169 505 FOR J=1 TO N «

170 510 FOR I=1 TO N+1

171 515 LET X(I,J)=(Q(I,J)+Q(L,J))/2
172 520 NEXT I

173 525 NEXT J

174 530 LET Z8=Z8+1

175 535 PRINT

176 540 PRINT “STEP CHANGE" ;28

177 545 PRINT

178 550 GO TO 125

179 555 *0BJECTIVE FUNCTION CALCULATION
180 560 LET S8=0

181 561 FOR K=N1 TO N2

182 562 LET Y7=100% (EXP (X (H,2)*M(K) /X (H,1))~-1)
183 563 LET Y7=Y7/(EXP (X (H,2) *M(K) /X (H,1) y+EXP(X(H,2))~2)
184 565 LET S8=S8 + (E(K)=-Y7) *%2

185 566 NEXT K

186 567 LET 29=Z9+1

187 568 LET Y1=S8

188 570 RETURN

189 598 * CALC HIGH, 2ND HIGH, LOW, (SERCH2)
190 - 600 IF Y(1,1)>Y(2,1) THEN 615

191 605 s=1

192 606 L=1

193 607 H=2

194 610 GO TO 620

195 615 s=2

196 616 L=2

197 617 H=1

198 620 FOR I=3 TO N+1

199 625 IF Y (I,1)>Y{(L,1) THEN 635

200 630 L=T

201 635 IF Y(I,1)<Y(S,1) THEN 665

202 640 IF Y(I,1)<Y(H,1) THEN 660

203 645 S=H

204 650 H=1I

205 655 GO TO 665

206 660 S=I

207 665 NEXT I

208 670 RETURN

209 675 END

210 END-OF-FILE
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$SI6G FALU FORM=BLANK

RRRAKPRRRRQ
RREFARAORRAA
RR RR
2R rR
RR RR
RRRRRRIRRRRR
@RRPRRP RRRR
RR PR

RR RR

RR RR
RR RR

]R ) RR

*%LA5T STGNON

AAARARAAAR
BAAALABAAAAA
AA A
AA AA
AD Al
AAAAAAAAAAAA
AAAABAAAAAAA
BA aA
AA AA
AA AA
AA AA
an an

WAS: 16:25:42

US7TR "RALU" SIGNED CN AT

$RUN *RASTC

EXECUTION BFGINS
UBL nASIC SYSIEE

GET LYN
17 FILF RUNI19
AUN L YN

ROUGH ESTIMATE OF D50 IS
20UCH FST. OF ALPHA IS 4.566534

MAT2] X X FCLLCWS.

5851.254
5884. 746
5873
CYCLE

3

10

17

19

23

25

- 53605
4.52606
4.627421

0.F.STD.ZRROR

106.5053

. 96.68654"
23.50324
15.656976
€. CE6354
2.71675

LLLLLLELLLEL

(NERERNERSERA

uu Uy
uu uu
uu uu
uu uu
uuy uu
uu Uu
Uy Uu
uu uu
uu Uy
uy - Uu
UUUUBUUUUUUUY
yuyuuuuuuy

" TUE FEB 08/77

5372

STARTING STIMPLEX:

17:29:10 ON WED FEB Q9/77

0.F.LOW VALUE - O.F.HIGH

1687.737
5G8.1919
561.4425
537.3732
525.3348
-525.3348

1875.971
1050.906
605.2579
566.7866
537.3732
530.0463
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CONVERGINCE AFT

PUN WUMBER: 19
WR G Rk R e koA

N50C=

ALPHA= £.0EC74
SIZF
330
338
346
354

362
370
379
388
397
406
415
425
435
445
455
466
477
488
499
511
523
535
547
560
573
586

€.S$4880751

0.4234573

0.2226784

0.1338521

2.7187257¢5-2
2.58G3487-2
7.013476=-3
3.0246C67-3
1.C268C1%-3
6.6238G6E~4
3.094728%-4
1.210537%-4
8.7532%-5

2.512079%-5
2.222266%-5
1.467035%~5
3.3539€3%-¢
2.4850585-6
1.926621%-¢
1.1569¢4%-¢
5.239531%~7
1.574889%-7

FR 79 CYCL=S.

5849.765 CSNTIMITRCNS

4

CALC. FFF.
9.369163F-2
9.638333%-2
$.9097355=~2
0.101823%
0.1045631
0.1073753
0.1105227
0.1137197
0.11693¢4
0.1201831
0.1234¢02
0.1271372
0.1308524%
C.1346C%1
0.1383518
0.142¢6161
0.146R816
0.151155¢8
0.1555563
0.1603762
0.15652531
0.1701s07
0.1751858
C.18C6757
0.1862357
0.1918707

522.4087
522.4087

T3'T=

MEASURED
-0.8313616
-0.6814305
-0.549553
-0.4344352
~0.2692265
-0.1227196
0.0140443

8.247287E-2

1.285¢1
1.313689
1.38461¢
1.42074
1.363186
«2003¢62
1.306467
1.3¢66268
1.36¢€683
1.453833
1.53$354
l.5087
1.543206
1.526553
1.554185
1.583638
1.579364
1.490153

525.3467
523.6254
523.1401
522.765

522.5237
522.4844
522.448

522.4169
522.4123
522.4102
522.4095
522.409

522.4089
522.4088
522.4087
522.4087
522.4087
522.4087
522.4087
522.4087

' $22.4087

522.4087

1.574889E~7

DsD5¢C

| 5.641252E-2

0.C577801

5.9147675~2

6.C51525E~2
6.1882825~2
0.0632504

6.4788G2F-2
6.632745F=-2
6.7865S7E-2
6.54044GE-2
T.094302E-2
T.265249F-2
7.4361S6E-2
7.607143E-2
0.0777¢€cCs

T.966132E-2
8.154173FE~2
8.342215FE~2
8.530257€E-2
8.735363E-2
0.0894053

© 9.145666E-2

9.350803E-2
9.573034E-2
9.795265¢6-2
0.100175

7. 603665E~8

CALC. - MEAS.

0.9250535
0.7778138
0.6486504

" . 045262691

0.3738196
0.2300949

5.648844E=-2
3.1246835-2

-1.172674
-1.193506
~1.261159
-1.292603
~1.232324
-1.165756

—1.171068

=1.22¢€652
~1.249801
~-1.202637
-1.383795
~1.348324
~-1.32779¢3
~1.359362
~1.418955
-1.4029¢2
~1.393128
-1.298282
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1020
- 1044
1068
1093
1118
1144
1171
1199
1227
1256
128¢
1315
134¢
1377
1409
1442
1476
1509

1544

1580
1617
1655
1694
1733
1773
1814
185¢

1900

16844
1989
2035
2082
2130
2180
2231
2283
2336

0.1934¢71
0.2047165
C.2110566
0.2179519
0.2249546
0.2320¢63
0.2297742
C.24761C1
0.28557¢2
0.2641852
0.2729462
0.282291

0.2920125

0.2018137

0.3123582
0.2231107
0.3346583
0.3464458
0.3590861
0.3720021
0.3858252
0.2653844
0.4151223
€. 4306217
0.4471397
£.4641705
0.4823C87
0.5009176
€.520783

0.54198

0.5645896
0.5878562
0.6126€63
C.6382228
0.€654£65
0.6545148
0.7244536
0.7564496
0.7905141
0.8268288
0.8632975
€.9032373

-0.64603236

0.9915725
1.040155
1.052
1.145932
1.2035
1.264971
1.330633
1.402467
1.47755
1.557849
1.643763
1.735726
1.824208
1.941929
2.057463
2.181428
2.314535

1.435458
1.412089
1.4%02566
1.407528
1.437418
l.42€112
1.426281

1.4C5456
1.2£5515
1.298043
1.253696
1.253595
1.28¢€975
1.23G87¢:
1.085486
€.9250535
0.8£64061
1.0104%14.
1.3045€2 -
1.627671
1.818127
1.76207S
1.571104
1.33¢€565
1.141406
1.065436
1.0657G¢8
1.151074
1.381578
1.609026
1.738094
1.542612
1.098592
1.18392

2.126321

1.615417
2.043517
1.77¢€441
1.620382
1.57075

1.59001

1.6€257

1.772327
1.874235
1.98£04%
2.118224
2.2667417
2.413068
2.520481
2.584944
2.628533
2.62275

2.592596
2.571909
2.637957
2.826215
3.08396

3.27850%
2.339749%
2.289346

0.1027292
0.1051224
0.1075257
0.11G60859
0.1126541
0.1152183
0.1179535
0.1206886
0.1224238
0.1263299

~ 0.129236

0.132313
0.13539
0.1384671
0.1417151
0.1449¢€¢31
0.148382
0.151801
0.1553508
0.1589€&07
0.1627416
0.1665024
0.1704242
0.1743¢6
0.1784¢87
0.1825714
0.1868451
0.1911188
0.1955¢€34
G.200179
0.2049€55
0.209752
0.2147095
0.2196669
0.2247653
0.2300947
0.2353641)
0.2408¢44
0.2465056
0.2523178
0.2579591
0.2639422
0.27C0563
0.2764213
0.2829173
0.2855843
0.2962512
0.3030€91
0.3100979

0.3172777.

0.2247554
0.332321

0.3400136
0.2478772
0.2559117
0.3641172
0.3726645
0.3913¢828
0.39C2721
0.3993323

-1.236951
~1.207373
~=1.1915073
-1.189576
-1.212463
~-1.194046
~-1.1965G7
-1.157846
-1.106939
-1.033858
-0.5807498

~0.571204

~0.5949625
-C.G380623

-C.7731278 .

-0.6019428
-0.5217478
-0.6639¢82
~0.5454759

-1.265669

-1.432262
-1.292065
~-1.155582

- =0.6059733

~0.€942163
~0.£052¢85
-0.£5834893
-C.6501564
-0.860795
~1.C67C46
~1.173504
~0.6547558
-0.4859257
-0.5456G572
~l.47086€2
-0.6205022
-1.319023
-1.019991
~0.8298679
~0.7439212
~0.7267125
~-0.7562327
-0.£262934
~0.8826¢€25
-0.6458938
~-1.026224
-1.120815
-1.209568
=1.25551

- —1.254311

~1.22€066
=1.1452
-1.034747
-0.G6281461

- =0.6022314
" =-1.C02007

-1.142021
~-1.158311
-0.59748109
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2292
2448
2505
2562
2623
2684
2747
2811
287¢
2943
3012
3082
3154
3227
3202
3379
3458
353¢
3621
3705
3791
3879
3965
4061
4156
4253
4352
4452
4557
4663
4773
4884
4G98
5114
5233
. 5355
5480
5608
5736
5873
6009
6149
6292
6435
6589
6742
689G
7060
7224
7392
7565
7741
7921
8106
829¢
8488
8686
3888
9C95
9307

2.462977
2.619742
2.783437
2.970011
3.1€864¢
3.223408
3.618552
3.87243¢
4.1466€E4
4.447562
4.778015
5.,135747
£.52817¢6
5.954727
6.422884
6.937607
7.503664
8.12636G65
8.802883
9.546649
10.3¢6424
11.26267
12.24939
13.33228
14.53258
15.84748
17.28557
18.85527
20.58172
22.45722
24.52¢¢€4
26.73971
29.13852
31.70304
34.45281
37.38247

- 40.48155

43.73396
47.11773
50.60514
54.13731
57.7251

61.21424
64.875C1
68.34456
71.68417
14.87929
77.89676
80.69383
83.271C3
85.62966
87.73832
85.61389
91.27268
G2.71623
332.G6047
95.02821
95.63162
96.69327
97.22685

2,225306
2.248602
3.376521
3.5G428

3.831363
4.020698
4.13345

- 4.266722

4.563236
5.180294
5.995006
6.839931
7.485893

7.855681

8.05777

8.201826

8.361452
8.570824

' 8.8B67806

9.334798
$.3544

10.79977
11.63308
12.37872

"13.10788

14.05642
15.6159

17.6€6773
19.54G45
22.10102
24.10179
26.235¢68

. 28.5005

20.47891
21.54183
34.27408
26.222086
40.92725
45.,00423
49.70916
54.655
59.59321
64.30741
£€8.€0854
72.47106
15.84536
78.4833S
80.54387
82.42715
84.43581
B86.41364
88.34261
89.75727
91.00978
51.66¢€98
31.51247
§1.3001
50.74817
90.49581
89.66769

0.4089C53
0.4184783
0.4282223
0.4381272
0.4483541
0.45€8218
0.4695515
C.4805321
0.4916437
0.5030971
0.5148525
0.5268587
0.5351669
0.5516461
. 5644671
0.57762
0.5911248
0.6049815
C.€189552
0.6333587
0. 6480602
0.6631035
0.6784888
0.6942156
0.71C4559
0.7270377

0.7439¢615

0.7612271

 0.7790C56

0.797126
0.8159302
0.8349C53
0.8543633
0.8742231
0.8945658
0.9154213
0.932¢67897
0.55867C9
0.581065
1.003972
1.027221
1.051153
1.075559
1.100728
1.12637
1.152525
1.179364
1.20¢€886
1.234921
1.26364
1.292214
1.323301
1.254071
1.385657
1.4180C6
1.45(09%8
1.484846
1.5163177
1.554763
1.591004

~Ce 1722694

~0.€288¢04 .

-0.5880898
~0.6242694
-0.6624171
-0.6372899
-0.5148675
-0.3972832
~0.4465721
-0.7327021
-1.216661
=-1.704184
-1.957127
~1.904954%
-1.63488¢6
-1.264219

-C.8577582

~0.4444294

—6.492552F~2

0.2118514
0.36983381
0.4€28G59
0.6163133
0.9535572
1.424665
1.748056
1.6€966¢
1.187536
0.6222¢675
0.3561867
0.4248513
0.5040348
0.6280189
1224126
2.510978
3.1C8388
4.258456
2.8C6705
2.113505
0.865581

-0.5176901

~1.86417
~-2.593168
-3.733526
~4.126505
~4.161188
~3.604104
-2.€47111
-1.733217
~1.164777
~0.7839762
~0.€6042547
-0.1433767
0.2628952
1.019246
2.446596
3.728107
5.183455
6.15746
7.662159
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9523 ) 97.85535 . 90.3631 1.627929 T.452246
9745 98.28976 92.55603 1.665879 5.733733
9972 98.64438 93.70405 1.704684 4.94032¢

SUM UF SQUAR=S= 522.4087
VARTANCFE= 3,553801

STaP:

AT LINE 265" IN P@GIAM "LYN"
PR@AGRAM ENCS

MTS

$SIG

AP Bl VWM MM ML MW UM Y W M L NS M s U R A e s e e s ve v
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APPENDIX VII
- THE PROGRAM "GENWT"

N

The accuracy of the cyclonme efficiency curve is influenced
by the accuracy of measurement of all of the data from which the
curve is calculated. A study of repeat runs will show:-

a) The difference in efficiency for repeat runs is highest
near the d5Uc size where the curve is steepest.

b) The accuracy of the efficiency curve is less at the top
end of the size range probably due to the difficulty of
ensuring that the Celloscope sample container is stirred
efficiently.

c) In the case of the centre point runs there is an upward
kink in the efficiency curve at the bottom end of the
size range due to increasedelectronic noise in this
size range when the Celloscope amplifier was modified
near the end of the experimental phase. Normally the
limits of the size range should be changed when the
instrument is re-calibrated but this was not done then
just to be consistént with the size ranges for the other
TUnsS.

It is standard statistical procedure to weight data in -
regression by a weighting factor which inversely proportional
to the error variance when this is known. This results in a fit
where the most accurate values are more heavily weighted.

Graphs of the standard deviations for repeated runs showed
that the sguare root of the error variance was probably best
represented by a function which was fairly constant except for
an increase at the top ( and sometimes the bottom) of the size
scale. On this was superimposed a bell-shaped curve which peaked
arnqnd the dSDC size. The height of this hell-shaped peak was well
correlated with the difference between the dSUC values far the
two repeats,
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Because sufficient time was not available to obtain a general
weighting factor function it was decided to use the following v
approach:-

The dSDC size is related primarily to the precent solids in
the cyclone feed slurry so it was decided to calculate a set of
weighting factors for each of the three values of the feed percent
solids. Figs. 13 to 15 shows graphs of the square root of the
error variance versus size for each class. The reciprocal  of
this number squared is the weighting factor.

'GENWT' is the program used to calculate the values of the
error variance for all repeats and the weighting factors for all
repeats. The weighting factors for all repeats was calculated
in case it would be useful but in fact it was not used for the
reasons mentioned.. -

The output from this program is not listed because of its
length.
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LISTING OF FILE B.GENWT

1

—
—d

DO md cd o) wd o el wd wd
QUWONOULEs W

NN NN
N E W -

LN ¥
~N >

WL OoWwm

wwwi
DR NG I — g

38

& W
O W

& &
[(SRE=Y

NEETEFEFFEETESs
SOOI & W

Lo,
NN W

75

Ay L
CWOWONHTONEWN

08:37 P, M., MAR. .14,

1977

10% GENERAL WEIGHTING FACTOR CALC. FOR ALL REPEAT RONS

20
30
50
52
53
54
70

80

85

90

95

100
110
120
130
140
150
160
170
180
190
200
210
300
310
330
350
360
370
380
400
410
420
430
435
440
450
452
453
455
460
475
480
482
484
486
500
510
520
522
524
526
528
530
600

%

DIM E(29,154) ,M(154) ,S(12,1548), T(154) ,HW (154)

FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE

FOR L=1 TO 22

RUN1T9
RUN29
RUN39
RUNU4S
RUNT1
RUN31
RUN12
RUN32
RUN13
RUN33
RUNTY
RUN34
RUN15
RUN3S5
RUN16
RUN36
RUN17
RUN37
RUN18
RUN38
RUN27
RUNUT

READ #L,N6,N3,N4,B6,D1,V1,S1,P2

LET N2=N4-N3+1
FOR J=1 TO N2
READ#L,H(J) ,E(L,J),G

NEXT
NEXT

FOR J=1 TO N2

LET
NEXT

FOR J=1 TO N2
FOR I=1 TO 4
LET T(J)=T(J)+E(I,J)

NEXT
NEXT

FOR J=1 TO N2
LET T(J)=T{J) /4

NEXT

FOR I=1 TO 3
FOR J=1 TO N2
LET 5(1,J)=0

NEXT
NEXT

FOR J=1 TO N2
FOR I=1 TO 4

J
L

T(J3)=0
J

I
J

J

J
I

LET S(1,3)=(T(J)~-E(I,J))**2 +S(1,J)

NEXT

LET S(1,3)=S(1,J)/3
LET S(2,J)=5(1,J)
LET S(3,3)=5(1,J)

NEXT

FOR L=5 TO 21 STEP 2

I .

J
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LISTING OF FILE B.GENWT"

58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

610
612
614
620
630
640
642
643
oLy
645
647
648
649
650
660
670
672
674
680
690
700
710
720
730
740
750

FOR J=1 TO N2
LET M1=(L/2)+1.5
LET M2=L+1

08:37 P. M. .

MAR. .

LET S(M1,d)= 2*%{(((E(L,J)~-E(M2,J)) /2)*%2)

NEXT g

NEXT 1

FOR L=3 TO 12 STEP 3
PRINT " ",L-2,L-1,L
PRINT n154w.

FOR J=1 TO N2

NEXT J

NEXT L.

FOR J=1 TO N2

LET W{J)=0

NEXT g :

PRINT "1234yn

PRINT "154»

FOR J=1 TO N2

FOR I=1 TO 12

LET W({J)=W(J)+S{(I ,J)
NEXT I

LET W (J)=¥"(J) /12

LET H{(3)=1/(%(J))
PRINT M(J),1/R({J),W(J)
NEXT J

1000 END
END-OF~-FILE

1977
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APPENDIX VIII

THE PREGRAM "WTFILL"

The program "WTFILL" was used to calculate the weighting
factors for each class of dSD values and punch this informatiaon
on cards as a Basic language data file for use in the simplex
searches which included weighting factors, namely "LYNWT"
and "MURU",



4
LISTING OF FILE B.WTFILL . 08:37 P.M, - MAR, 14, 1977

1 10 * PROGRAM TO CREATE FILE OF WEIGHT FACTORS WEIGHT®D

20 DIM  M(300),¥ (300)

50 FILE WEIGHT

80 -INPUT R

90 INPUT N

100 FOR J=1 TO N

120 INPUT M({J),S2,H{J)
150 WRITE#1,M{J),W(J)

210 NEXT J

500 END

END-OF~FILE

SO WOV EWN

-—d a=d
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APPENDIX IX

THE PROGRAM “LYNWT"

"LYNWT" is identical to “"LYN" except that weighting factors
are read in from the data file WEIGHT@D.

In the latest version the starting values for alpha and
HSUC are read from the end of the data file for the run being
studied.

Care should be taken to ensure that the data file contaihing j

the weighting factors is the correct one.
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LISTING OF FILE B, LYNWT 08:37 P.M, MAR, 14, 1977
1 1 *THIS IS A SIMPLEX PROGRAM METHOD WRITTEN IN BASIC. .
IT MAY BE USED
2 . 2 *TO ESTIMATE CONSTANTS FOR THE CYCLONE EFF, CURVES
3 ‘3 %*BASIS IS LYNCH EQUATION
4 4 *X50, ALPHA SFARCHED FOR
5 5 %A WEIGHTING FACTOR IS USED AND ESTIMATES OF D50C A
ND ALPHA
6 6 *ARE READ FROM THE FILE GIVING THE EFFICIENCIES FOR
THE RUN.,
7 7 PRINT "THIS IS LYNWT®
8 10 DIM W (190),S(190)
9 11 DIM A({190)
10 12 'DIM D(1,4),C(1,4),0(5,4%) ,X(5,4)
11 13 DIM M (190),E(190),G (190)
12 15 DATA 2
13 16 DATA 1, 2, 0.5
14 17 PILE STD3
15 18 FILE WEIGHT
16 19 PILE WTRES
17 20 READ N,A,V,B
18 .25 READ#1,N6,N3,N4,B6,D1,V1,S1,P2
19 28 LET N2=Ni-N3+1
20 30 FOR J=1 TO N2
21 32 READ#1,M(J),E(J),G(J)
22 34 NEXT J
23 36 MAT Q=ZER (N+1,N)
24 37 MAT X=ZER (N+1,N)
25 38 MAT Y=ZER(N+1,1)
26 39 MAT Z=ZER (1,N)
27 40 FOR J= N2 TO 1 STEP-1
28 41 IF E(J)<0.001 THEN 43
29 42 NEXT J
30 43 LET N1=J-INT(N2/29) - ((J~INT (N2/29))-1-ABS(J-INT (N2
/29y-1)) /2
31 46 LET B7=1
32 47 LET B5=1
33 48 FOR J=1 TO N2
34 49 IP ABS(50-E (J))> (45-35%INT (N2,/100)) THEN 52
35 50 IF ABS(50-E(J))>ABS (50~E(BS)) THEN 54
36 52 LET B5=J
37 53 NEXT J
38 S4 READ#1,C(1,1)
39 55 LET C(1,1)=C(1,1) %100
40 56 LET D(1,1)=C(1,1)%0.002
41 57 FOR J=1 TO N2
42 58 IF ABS (M (J)-M(B5)*1.5)>ABS(M(B7)-M(B5)*1.5) THEN
60 -
43 59 LET B7=J
44 60 NEXT J
45 61 LET C(1,2)=2%LOG (E(B7)/(100-E(B7)))
46 62 LET D(1,2)=C(1,2)%0.01
47 63 READ#1,C(1,2)
48 64 FOR J=1 TO N2
49 65 READ#2,S (J), W (J)
50 66 IF S({J)<>DM(J) THEN 674
51 67 NEXT J
52 68 FOR J=1 TO N
53 69 FOR I=1 TO N+1



LISTING OF FILE B.LYNWT 08:37 P.M. MAR. 14, 1977

54 70 LET X(I,J)=C(1,3)-(2/(J+1)) *D(1,J)

55 75 IF I=J+1 THEN 85

56 80 GO TO 88 |

57 85 LET X(I,J)=C(1,d)+((2/(J+1))*D(1,J))*J

58 88 NEXT I

59 90 FOR I=J+2 TO N+1

60 95 LET X(I,J)=C{1,J)

61 100 NEXT I

62 105 NEXT J

63 106 PRINT

64 107 PRINT "MATRIX X FOLLOWS, STARTING SIMPLEX: "

65 108 MAT PRINT X

66 109 PRINT"CYCLE","0.F.STD. ERROR", "0, F. LOW VALUE",%O0.F

- -« HIGH" -

67 110 * CALC STND ERROR OF OBJECTIVE FUNCTION

68 114 LET 27=0

69 115 LET %8=0

70 116 LET 29=0

71 120 LET T3=1.E70

72 125 FOR I=1 TO N+1

73 130 LET H=I

74 135 GOSUB 560

75 140 LET Y(I,1)=Y1

76 145 NEXT I

77 150 GOSUB 600

78 155 T1=0

79 156 T2=0

80 160 FOR I=1 TO N+1

81 165 LET T1=T1+Y (I,1) .

82 170 NEXT I

83 172 LET T1=T1/(N+1)

84 175 FOR I=1 TO N+1

85 176 LET T2=T2+ (Y (I,1)-T1)**2

86 178 NEXT I

87 180 LET T= SQR{T2/N)

88 185 IF T> 1E-7 THEN 270

89 190 GO TO 205

90 195 PRINT

91 200 PRINT "CYCLE LIMIT. STOP CRITERION =%;T3,T

92 201 PRINT "FAILED TO CONVERGE AFTER ";%Z9;" ITERATIONS
.. X MATRIX FOLLOWS ™"

93 202 PRINT

94 203 MAT PRINT X

95 204 GO TO 265

96 205 PRINT

97 210 PRINT "CONVERGENCE AFTER "; 29 ;" CYCLES. T3, T =

: "iT3,T

98 212 PRINT

99 214 PRINT "RUN NUMBER: ";N6

100 216 PRINT 4% seok ok sk ook ok o ok 2ok "

101 218 PRINT

102 222 PRINT

103 224 LET X5=X (L, 1)

104 226 PRINT "D50C= ";0.01*ABS (X5%1 +0.5) ;® MICRONS"

105 227 PRINT .

106 228 LET A9=X (L,2)

107 230 PRINT “ALPHA= ";A9

108 231 PRINT

132
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LISTING OF FILE B,LYNWT 08:37 P, M. HMAR, 14, 1977

109 232 PRINT "SIZE","CALC, EFF. ","MEASURED" , "D/D50C",
" CALC., - MEAS,."

110 234 FOR J=N1 TO N2

111 235 LET A(J)=100% (EXP (A9*M (J) /X5)-1)

112 236 LET A(J)=A(J)/(EXP(A9%*M(J) /X5) + EXP(A9) =-2)

113 240 PRINT M(J),R(J),E(J) ,M(J)/X5,A(J)-E(J)

114 245 NEXT J

115 246 *CALC, SUM OF SQUARES DUE TO ERROR

116 247 LET 27=0

117 248 FOR J=N1 TO N2

118 249 LET Z7=Z7+ {(E(J)-A(J)) %*2

119 250 NEXT J

120 252 PRINT "SUM OF SQUARES=";Z7

121 254 PRINT "VARIANCE=Y;27/{(N2-N1+1-N)

122 260 WRITE#3,N6,X5/100,49,27/(N2-N1+1-N)

123 263 PRINT

124 264 PRINT

125 265 STOP

126 270 IF 29=300 THEN 273

127 271 IF 29>700 THEN 195

128 272 GO TO 275

129 273 HMAT PRINT X

130 . 274 GO TO 271

131 275 IF T>T3 THEN 295

132 280 LET T3=T

133 285 PRINT 29,T . ,¥{(L,1) ,Y(H,1)

134 290 *' REFLECTION

135 295 MAT Q=(1) *X

136 300 FOR J=1"TO N

137 305 LET P=0 .

138 310 FOR I=1 TO N+1

139 315 IF I=H THEN 325

140 320 LET P=P+X{(I,J)/N

141 325 NEXT I

142 330 LET Z(1,Jd)=(1+2) *P=-A*X (H,J)

143 335 LET X (R,Jd)=Z(1,J)

144 340 LET D(1,d)=P

145 345 NEXT J

146 350 GOSUB 560

147 355 MAT X=(1)*Q

148 360 LET Y=Y1

149 365 I¥ ¥Y>=Y(L,1) THEN 410

150 370 *= EXPANSION

151 375 FOR J=1 TO N

152 380 LET X{H,Jd)=(1+V)*Z2(1,J3)-V%D(1,J)

153 385 NEXT J .

154 390 GOSUB 560

155 395 IF Y1>Y(L,1) THEN 415

156 400 LET Y(H,1)=Y1

157 405 GO TO 150

158 410 IF Y>Y(S,1) THEN 4490

159 415 LET Y (H,1)=Y

160 420 FOR J=1 TO N

161 425 LET X({H,d)=2Z2(1,J)

162 430 NEXTJ

163 435 GO TO 150

164 440 IF Y>Y(H,1) THEN 46

165 445 FOR J=1 TO N ‘



MAR. 14, 1977

LISTING OF FILE B.LYNKT 08:37 pP. M. .

166 450 LET X(H,J)=Z(1,3J)

167 455 NEXT J

168 457 LET Y(H,1)=Y

169 460 * CONTRACTION

170 465 FOR J=1 TO N

171 . 470 LET X(H,J)=B*X(H,J)+ (1-B)*D(1,J)

172 475 NEXT J°

173 480 GOSUB 560

174 485 IF Y1>Y(H,1) THENS505

175 490 LET Y(H, 1)=Y1

176 495 GO TO 150

177 500 * REDUCE SIZE OF SIMPLEX

178 505 FOR J=1 TO N

179 510 FOR I=1 TO N+1

180 515 LET X(I,J3)=(0(I,J)+Q(L,J)) /2

181 520 NEXT I

182 525 NEXT J

183 530 LET 28=28+1

184 535 PRINT

185 540 PRINT "STEP CHANGE®; 28

186 545 PRINT

187 550 GO TO 125

188 555 *CBJECTIVE FUNCTION CALCULATION

189 560 LET S8=0

190 561 FOR K=N1 TO N2

191 562 LET Y7=100%(EXP (X (H,2) *M(K) /X (H, 1) )-1)

192 563 LET Y7=Y7/(EXP(X(H,2)*M(K) /X (H,1)) +EXP (X(H,2))-2) -

193 565 LET S8=S8 +W (K)* ((E{K)~Y7)**2)

194 566 NEXT K

195 567 LET Z9=7Z9+1

196 568 LET Y1=S8

197 570 RETURN

198 598 * CALC HIGH, 2ND HIGH, LOW, (SERCH2)

199 600 IF Y{(1,1)>Y(2,1) THEN 615

200 605 s=1 :

201 606 1=1

202 607 H=2

203 610 GO TO 620

204 615 S=2

205 616 1=2

206 617 H=1

207 620 FOR I=3 TO N+1

208 625 IF Y(I,1)>Y(L,1) THEN 635

209 630 L=I

210 635 IF Y(I,1)<Y(S,1) THEN 665

211 640 IF Y(I,1)<Y(H,1) THEN 660

212 645 S=H ’

213 650 H=I-

214 655 GO TO 665

215 660 S=1-

216 665 NEXT I

217 670 RETURN

218 673 GO TO 675

219 674 PRINT "ERROR IN SIZE RUNN®D, WEIGHT@D GIVE *",M(J) -
¢S (J) ‘

220 - 675 END

221 END-OF-PFPILE
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13 0.5?23924,2180'0.§5Q0ﬁ74122?3.0.587767472283;G-bll?ZSQ,233A,O.5822392
17 L?#%,O.5719266.198?'0.55300%11203570_5}3505f2082'0.523@214.2130

19 d39?'0.5240303,2448,0.459510[.2505,0.4229871,25&3,0.4125250'2623

20 0.4243971,2684.0.4508761,2747,0.4669141.2811,0.4627042.2876y0.463#!31
21 2943y0.5C6590373012p0.6580658.3082'0.9839923,315411.655335.322712.872056
22 330212-6718731?37911-404164v3458-0.767372;3539y0.5103546'3ﬁ21v0-3986988
23 3705,0.3569294,3791,0,322 987,3879,0.3221394,3969,0.304906%,%4061

2% 0.24393ﬂ1q4156,0.1858632.425370.149648274352.0.1303634,4453.0.1186805
25 1557,0.1078405.4663.0.1007779,4773}9.9638935—2,488@.9.5321445~2.4998

25 0.0736723-511470.045493475233v2.6309745—2y535591.9297485“2'5480

27 i.487174F~2r5608y1.6635388—2'5739,1.715659?~2y5873'1.8967325*2:6009

28 2.171406C—2,6149,2.501844?—2,6292,2.927407‘—2,6439,3.495914F—2,6589

29 4.2338267—2,674270.0508064:6899,5.4689465*2,7060,5.534098F—2q7224

30 5-9569295—2,7392,7.2723685*2,7565,8.854578t*2'7741v0.1070485;792!

31 0.1185186.8106,0.1379645,8295,0.1453329y8488y0.12948618686;0.113&825

32 8888;0.0343052'909516.5755925—2,9307,5.217504F~2,9523'6.3280385—2y97@5
33 V.1339139,9972,0.2211506 :
GET eunL9zh - .
19,120727?15.0633617~2v?.65.1'0.35,1.9'2951*1.692982.4.559411,301
~l.346915,4.696767,303,—1.28656,4.753523y315,*1.09368,4.934901,322
—0.9924642:5.0300811330;~0-831?61915.1315761338,~0.6914305-5.322567v346
-0.540553,5.44658,354,—0.4344352.5.554833,362'—0.2692265'5.71019.370
-d.l227196,5.84796,370,0.0140443,5.976568,388,8.2472875—2;6-040916;397
1.2"96lv7.176067y406y1.?13689'7-19371y415y1.384619.7.265417425,1.42074
7.20?378.035,1.363186.7.245255,#45,1.300362,7.1861781455'1.309667y7.19474
466.1-369268,7.250975,477'1.396683,7.276755'483'1.453833'7.330496,499,
1.539354.7.&10918,511.1.5087,7.302092.523.1.54320&,7.41454,535,1.529553
I.h01701.547,1.594!85,7.462479,56011.583638,7.45256ly573y1.579364 .
11 7.44%541'586,1-40015?.7.364651,601:1.4?5458'7,313218.615.1.412089
12 7.291242,629.1.402566'7.282287.644,1;407523,7~286953.659.1.437418

13 1.31506.674'1.426112,7.304420,690,1.43628[.7.313992'706.1.405456
14 7-285005.722.]-365515,7.247ﬁ45p739y1.298043,7-133997y756.1.253696

15 7;14229§.774,1.25359577.1421991792,1,286975y7.173591810.l.239ﬂ76

16 7-129299y829,I.OBSOSﬁyﬁyGﬂéllﬁy84ﬂy0.925053576.833251868'0.8564061"

17 6.768697,ﬂﬂﬂ,1.010614y6.9!352y909,1.304562,7.190128.930.1.637671

18 7.503372.95211.818127.7.673066;9747l.79207?77.648572;997.1.571104'
19 7{440774,1020,1.3?6595.7.22025,1044,1.141406,7.036701,1068.1.060439

20 6.969C2671C93,1.0&579876.965601'1118'1.151074y7.045792y1144:1.381578
21 ?.?6255'1171.1.60902617.6764?611199'1.73809417.597806,1227'1-542612

22 7.413981,1256,1.0?3592;6.99644.1285'l.18392,7.076679,1315'2.136331
23 7.972295.1346,1.615417r7.482§44,1377y2.043517'7‘885016y1409y1-77644l
24'7.633866,1442,1.620382,7.487114,1476.1.57075;7-440442,150991-59001
25 7.458553.1544,1.66257,7.526786,1580.1.772327,7.629998.1617.1.874235
26 7.725828:1655;1.986049'7.83097511694v2.118224y7-955268,1733,2‘266747
27 8.094934,1773,2.4130ﬁ8y8.232529;181412.520481,8-333537,1856.2.584946

23 8.394155y190072.628533v8.43514571944,2.6227578.429707.1989v2-592596

29 3.401351,2035,2.57{009.8.381998,2082,2.637957,8.444007.21?Ov2.836215
30 8.6304421?1“0,3.0839678.86341372231’3.278509,9.046361;228373.339749
31 9.103949,2336.3.289346y9.056551y2392y3-2353C6,9.005734,2448,3-248&02
32 9-018237,2505'3.376527y9.13853372563,3.5942819.343301.2623,3.831363

33 9.56624&,2084.0.02069%.9_YGQ?GI,2747'4.13345,9.HGUBIQ,ZRL1.4-269722
34 9.978454.2876,@.593236.13.28369,2943.5.18029#.l0.83474.3012.5¢995006
35 ll.60086'3082'6.339931yl?-3054.3154v7.485803y13.0028413227y7.859681
356 13.35434.3302,8.05777y}3.54062,3379,8.201826,13.67608.3458:8.361452
37 13.8261973539,8-570824,14-02?0873621,8.867809'14.30235:3705.9.334798

33 14.7@169.3791,9.9944.15.36176y3379;10.79977.16.1191'3969.11.63308

39 16.90272,4061y12.37872v17-6039,4156,13-10788,18.28957,4253.14-099%2 ;
40 19.22199,4352,15-6159,20-64803,4453,17.66773,22.5775,4557.19-94945

41 24.72315'4&63,22-10103,26,74643.4773.24»10179928.62787'4884,26_23568
"2 30.63451.6098,28.5005'32.76428,5l14,30.47891,34.624775233,31.94183
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N50C=

ALPH

3€6,0CC36,5255434.27408,38,16355,5480,36.22309,40.0263

44.44997,5729,45.,
57.35909,6149,59.
70.48052,6589,72.
19.7665,7060,8n,

92.01955,8686,9].
91.06258,9307, 89.
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4,5608,40.92725
00423,48.28%82,5873,49.70916,52.70819:6009,54.655

59227462.00287+6292+64.30741,66.43589,643%,68.60854
47106474.1127146742+,75.84536,77.28578,6899,78.48339

54387,81.70411,7224,82.42715483,.47508,7392,84.43581
85, 36396, 7565, 86.
90.26808,8106,91.

41364+87.2238447741488.34261+89.03778,7921,89.75727
00978,91.5459,8295,91. 69698,52.19212,8488,91.51347
3001+91.8189,8888+90.74817+491.29989,9095,90.49581
66765490.28385,9523,90.3631,90,93778,9745,92.55603

NUMAER: 19
PR AT I T

A= 5.470541

58.91951 MICRCNS

SI12°
330
- 3319
346
354

caLc.

52 92.99994,9572,93.70405,94.0795

80 58.5
81 6.08
GET WTRESaD

"WIRES{D)" HAS BEEN CREATED.
GET LYNWT :

17 FIL® RUN19
RUN
THIS IS LYNWT
MATRIX X FOLLOWS. STARTING SIMPLEX:

5838.3 6.049556

5861.7 6.04955¢

5850 6.140887 : A
CYCLE 0.F.STD.ZRRMR  N.F.LOW VALUE O.F.HIGH
3 . 8.797616 214.1055 230.5791
9 3.10409 175.5682 181.344
11 2.1€2836 172.3653 176.4846
13 2.002965 171.8832 175.5683
15 1.213292 170.0647 172.32653
19 0.7231571 168.7351 17C. 0647
21 0.2848779 168.2505 168.90¢9
25 0.1932525 167.9662 168.3505"
27 8.264563%-2 167.9662 168,123 ¢
29 1.873843%-2 1671.9662 167.9993
31 1.6655315~2 167.9375 167.9675
33 C1.6017577-2 167.9375 167.9662
35 1.905401%~-3 167.9357 167.9395
21 1.844827%-5 167.93 167.93

54 8.909424%-6 167.929 167.926
58 2.02955%-¢6 167.9289 167.929
60 1.997035E-6 167.9289 167.929
62 L.467361%-6 167.9289 167.9289
54 3.795479%-7 167.9289 167.9289
65 1.344831E~7 167.9289 167.9289
CONVZRGTNCE AFTER 71 CYCLES. T3, T = 1.3448315-~7 B.002416E-8 .

EFF. MEASURED D/C50C CALC. -~ MEAS.
0.15132328 -0.8313619 5.601337E-2 0.9826857
0.1555921 ~0.6814305 5.737127F-2 0.8370226
0.159892 -0.54G553 5.872917E-2 0.709445
0.1642235 ~0.4344352 6.C087T07F-2 0.5986587



362
270
379
© 3883
397
406
415
425
435
445
455
4656
477
488
499
511
523

586
501
615
529
644
659
674
690

868
83
909
339
952
974
997
1020
1044
10683
1092
1118
1144
1171
1199
1227
1256
1285
1315
1346
1377
1409

0.16854969
0.1729825
0.1779€62
0.1829913
0.183058
0.1931657
0.1983178
0.2040913
0.209918
0.2157983
0.2217228
0.2283239
0.2349817
0.241707
0.2485005
0.25599
0.2635623
0.2712192
0.2789583
0.2874409
0.2960246
0.304711

- 0.314863

0.3244€48
0.2342903
0.3447496
0.3554547
0.2663076
0.278C452
0.3899¢€37

“0.4020536

0.4150642
0.4282388
0.44258833

0.4570738

0.4717g92
0.4876C7

0.50%6911
0.5209254

- 0.53847¢5

0.5572525
0.576391

0.5%6837

0.6176562
0.6399545
0.66256829
0.6869112
0.7116734%
0.7280473
0.7650261
0.79374032
0.7242835
0.8567566
0.830063

0.9254595

0.9617958

1.000%

1.04140%
1.083569
1.128348

~0,2692265

-0.1227196

0.0140443

8.247287%-2

1. 28961

1.313689
1.384618
1.42074

1.363186
1.300362
1.309467
1.269268
1.396683
1.453833
1.539354
1.5087

1.543206
1.529553
1.554185
1.583628
1.579364%
1. 490153
1.435458
1.412089
1.402566
1.407528
1.437418
1.426112
1.436281
1.405456
1.365515
1.293043
1.253696

14253595

1.286575
1.239376

.1.085486

0.9250535
0.8564061
1.010414
1.204562
1.637671
1.818127
1.792079
1.571104
1.336595
1.141406
1.069439
1.065798
1.151074
1.281578
1.609026 -
1.738054
1.542612

- 1.099592

1.18392

2.136331
1.615417
2.042511
1.776441

6.14644977-2
6.280287E~-2
0.0643305

6.5858147-2
6.738578BF-2
6.891342%~-2
T.044105F~-2
7.2138435-2
0.0738358

7.553318F=2
T.7230558-2

. T.605766%-2

8.096478F-2
8.2831895-2
0.084699

8.673585E-2

" 0.0887727

9.0809555-2
0.0928464
9.5052995~2
9.7259575=-2
9. 9466 16E-2
0.1020122
0.1043885
0.1067649
0.1093109
0.111857
0.1144031
0.1171189
0.1198247
0.1225505
0.125436
0.1282215
0.1313768
0.1344321
0.1374874
0.1407124
0.1439374
0.1473321
0.1507269
0.1542514
0.1578559
0.1615501
0.1653243
0.1692283
0.1731222
0.1772059
0.1812796
0.1855231
0.1897665
0.1941797
0.1987626
0.2035152
0.2082679
0.2131903
0.2181127
0.2232048
0.2284666
0.2337285

 0.2391601
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0.4378134
0.2657021

0.1639219
0.10051 84
~1.101552
-1.120522
-1.136301

-1.216649
~1.153268
-1.084564%
~1.087734
~-1.140944
-1.161701

~1.212126
-1. 290854
-1.25271

-1.2 719644

-1.253335
~1.315226
-1.296197
~1.283339
-1.185442

~1.120595
-1.087624
-1.068376
-1.062778
~-1.081963
-1.C59804
-1.058222
-1.015492

-0.9634614
-0.8829488
-0.8253572
-0.8110067
~0.8299012
-0.7680768
-0.597879
~0.4213624
~0.3354807
~0.4719375
~0.7473095
-1.06128

-1.22129

-1.174383

~0.9311495
~-C. 6739121
~0.4544948
-0.2577656
~0.3277507
-0.3860479
~0.5878377
-0.7847425
-0.8813374
~0.652549
-0.1731325
~0.2221242
-1.135931

~-0.5740134
~0.5599476
-0.648093



1442
1476
15C6
1544
1580
1617
1655
1694
1732
1773
1814
1856
1900
1944
1989
203¢
2082
2130
2180
2231
22R2
2336
2392
2448
2505
2563
2623
2684
2747
S 2811
2876
2943
2012
30132
3154
3227
3202
3379
3458
3539
3621

3705 -

3731
3879
39693
4061
4156
42573
4352
4453
4557
H6EHD
4773
4834
4933
‘5114
5233
5355
5489
56083

1.1775895
1.226384
1.276882
1.322101
1.390732
1.452864
1.519118
1.589355
1.662077
1.739332
1.82142

1.909%663
2.C03608
2.102317
2.20731

2.319021
2.437915
2.564497
2.702117
2.843801
3.0C51¢8
3.17201

3.3%56744

3.550577
3.757626
3.978857
4,21952

4,476947
4.756953
5.056931
5.37825

5.727903

'6.108508

6.516922
£.561562
7.439017
7.558819
8.524791
9.141C69
$.8121C5
10.5336

11.31859
12.17235
13.10045
14.1087

15.2021

16.4028

17.70251
19.10833
20.62633
22.27811
24.05395
25.99385
28.04983
30.25685
32.59874
35.09245
37.73352
40.51568
43.6264%

1.620382
1.57075

1.59001

1.66257

1.772327
1.874235
1.986049
2.118224
2.266741
2.413068
2.520481
2.584G44
2.628533
2.62275

2.592596
2.571909

©2.637957

2.8326215
3.08396

3.278509
3.339749
3.289346
3.235306

3.248602

2.276527
3.59428

3.931363
4.020698
4.13345

4.269722
4.593236
5.180294
5.995006
6.839931
7.485893
7.859681
8.05777

8.201826
8.361452
8.570824

. 8.867809

9.334798
9.9944
10.79977
11.63308
12.37872
13.10788
14.03942
15.6159
17.66773
19.94645
22.10103
24.10179
26.23568
28.5005
30.47891
31.94183
34.27408
36.22309

© 40.92725

0.2447614

0.2505325

0.25€1339
0.2620747
0.2681852
0.2744€55
0.2809155
0.2875353
0.294155

0.3009445
0.3079038
0.3150328
0.3225012

0.2269£97 -

0.2376078
0.3454158
0.3533524
0.3615408
0.3700277
0.3786843
0.3875107
0.33¢65CK7
0.406012

0.4155173
0.4251G24

0.4350372

0.4452214
0.4555754
0.4662688
0.477132

0.488165

0.4995374
0.5112493

0.5231309-

0. 535352

0.5477428
0.5604731
0.5725429
0.5869522
0.6007009
0.6146194
0.6288773
0.6434748
0.6584117
0.673688

0.6853039
0.7054289
0.7218935
0.7386975
0.755841

0.7734927
0.7914.859
0.810157

0.8289G978
0.8483479
0.8680375
0.88823262
0.9089442
0.9301614
0.9518878
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-0.4444856

~0, 24436064

-0.3131277
-0.32304694
~-0.3815947
=0.4212411
~0.466931
~0.5288489
=0. 60446704
~0.6737364
-0.6990615 -
~-0.6762811
-0.624925
-0.5204327
-0.3852855
-0.2528881
-0.2000415
~0.2717183
-0.3818427
-0.4297083
-0.3345511
-0.117336
0.1214376
0.3019746
0.3211092
0.3846174
0.2881566
0.4562493
0.6235428
0.787209%
0.7850144
0.5476095
0.1135015
-0.3230098
~0.5243321
=0.4206637

-9.895148E-2

0.3229649
0.7795169
1.241281
1.665795
1.983791
2.177948
2.300677
2.4175616
2.824383

-3.294919
- 3.603087

3.4G2483
2.958598
2.328659
1.9E82216
1.892061
1.813153
1.756346
2.119834
3.150619
3.459844%
4.26259

2.499188



5719
5872
6009
6147
5292
/\"‘0
6589
674%2
6899
706C
1224
7392
7555
1741
7921
31906
8295
8488
8686
83888
gCcos
9307
95232
9745
9972
SUM JF <SQuATnS=
VARTANC = 4.800

STOP:

46.45093
49.56987

52.7366G6 -

559.91252
50,22427
H2.40313

65.69440
63.22794
T1.87219
T4.79781
77.56235
80.16304

-82.59672

84.8241

86.85419
88.69553
90.740013
91.7955

93.01842
$4.19376
95.16015
95.99045
96.69514%
97.25419
97.73714

765.6593

6715

45.00423
49.70916
£4.E55

("()' I‘Ir, ”7 "
£4.30741
HR.O01054
12.41106

- 15.84536

78.483339
80.54387
82.42715
84.43581
86.41364
88.34261
89.75727
91.00978
91.69698
91.51347
S1.3001

90.74817
90.49581

89.6676S .

90.3631
92.55603
33.70405

AT LINT "265" IN PREGRAM "LYNWT®

PRZSRAM ENCS
LIST WTRESAN

1 19,58.91651,5.470541.4.890675

ENI-JF-FILF
TS

$SIG

0.9741234
0.9968682
1.019952
1.043716
1.067988
1.09294
1.1134
1.14437
1.171019
1.198347
1.226184
1.254699
1.284064
1.213928
1.344491
1.375892

1.407972 -
.1.440732

1. 47434

1.508627
1.543762
1.579747
1.61641

1.654052
1.692622

1.446656

-0.139292
-1.91304%1
~3.620739

=5.C33145

-6,12521
=-6.77618
~-7.017418
-6.€11201
-5.74606
~4.8647G6
~4.272765
~3.816919
~2.518505
~-2.603078
~2.314246
-1.356904
0.2820323
1.77822
3.445588
4.664337
6.322758
6.332041
4.73815%
4.063093

140



APPENDIX X 14

THE PROGRAM “"MURU"

The program "MURU" uses the simplex search method to find the
values of alpha, dSBC' dD and bypass which give the_best fit to
the efficiency curve proposed by Mular and Runnels:-

o =< d./d o d/d =< d_/d
Raw efficiency, Yx = (e™ - e 07750) B + e 50 - e 0" "s0

6=+ g= Vdgg _ 5= dp/d5p

Only line 17 needs to be altered to give the file of run
number under consideration. Again care should be taken to
ensure that the data file WEIGHT@D contains the correct set of
weighting factors. ‘
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LISTING OF FILE B.MOURU 08:37 P.M. . MAR. 14, 1977

1 1 *THIS IS A SIMPLEX PROGRAM METHOD WRITTEN IN BASIC.

IT MAY BE USED

2 2 *TO ESTIMATE CONSTANTS FOR THE CYCLONE EFF, CURVES

3 3 *BASIS IS GENERAL EQUATION OF MULAR AND RUNNELS

4 4 *D50,ALPHA,D ZERO,t& NEW BYPASS SEARCHED FOR

5 5 *WEIGHTING FACTORS ARE USED & ESTIMATES OF D50C & A

LPHA - :

6 6 *ARE READ FROM THE MAIN FILE

7 7 PRINT "THIS IS MURU"

8 8 PRINT ®ak%kxdokakkdkkikkrn

9 11 DIM A (190)

10 12 DIN D(1,8),C(1,4), Q(S 4) ,X(5,4)

11 13 DIM M(190),E{190),G (190)

12 14 DIN W (190),5(190)

13 15 DATA 4

14 16 DATA 1, 2, 0.5

15 17 FILE STD3

16 18 FILE WEIGHT

17 19 ‘FILE WTRES

18 25 READ N,A,V,B

19 30 READ#1 ,N6,N3,N4,B6,D1,V1,51,P2

20 32 LET N2=N4-N3+1

21 34 FOR J=1 TO N2

22 36 READ #1,M(J),E(J),G (J)

23 38 NEXT J

24 40 HMAT X= ZER(N+1,N) -

25 41 MAT 2= ZER(1,N)

26 42 MAT Y= ZER(N+1,1)

27 43 MAT Q=ZER (N+1,N)

28 44 LET C(1,3)=B6

29 45 LET D(1,3)=C(1,3)*0.002 +0.0002

30 46 LET N1=1 -

31 54 READ#1,C(1,1)

32 55 LET C(1,1)=C(1,1) %100

33 56 LET D(1,1)=C(1,1).%0.002

34 57 LET C(1,4)=10

35 S8 LET D(1,4)=50

36 61 READ#1,C(1,2)

37 62 LET D(1,2)=C{1,2)%*0.01

38 63 PRINT

39 64 FOR J=1 TO N2

40 65 READ#2,5(J), ¥ (J)

41 66 IF 5(a)<>m(a) THEN 674

42 67 NEXT J

43 68 FOR J=1 TO N

4l 69 FOR I=1 TO N+1

45 70 LET X (I,Jd)=C(1,J)=(2/(I+1))*D(1,J)

46 75 IF I=J+1 THEN 85

47 80 GO TO 88

48 85 LET X (I,J)=C(1,J)+((2/(J+1))*D(1,J))*J

49 88 NEXT I

50 90 FOR I=J+2 TO N+1

51 95 LET X (I,J)=C(1,J)

52 100 NEXT I

53 105 NEXT J

54 106 PRINT

55 107 PRINT “MATRIX X FOLLOWS. STARTING SIMPLEX: "
56 108 MAT PRINT X
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LISTING OF FILE B, MURU 08:37 P.M, MAR, 14, 1977
57 109 PRINT®CYCLE","O.F, STD. ERROR", "0, F, LOW VALUE","Q,F
. HIGH"
58 110 *CALC STND ERROR OF OBJECTIVE FUNCTION
59 114 LET 2Z7=0
60 115 LET 28=0
61 116 LET 29=0
62 120 LET T3=1.E70
63 125 FOR I=1 TO N+1
64 130 LET H=1
65 135 GOSUB 560
66 140 LET Y(I,1)=Y1
67 145 NEXT I
68 150 GOSUB 600
69 155 T1=0
70 156 T2=0"
71 160 FOR I=1 TO N+1
72 165 LET T1=T1+Y (I,1)
73 170 NEXT I
74 172 LET T1=T1/(N+1)
75 175 FOR I=1 TO N+1
76 176 LET T2=T2+(Y(I,1)~-T1)%%2
77 178 NEXT I
78 180 LET T= SQR{T2/N)
79 185 IF T> 1E-3 THEN 270
80 190 GO'TO 205
81 195 PRINT
82 200 PRINT "CYCLE LIMIT. STOP CRITERION =";T3,T
83 201 PRINT "FAILED TO CONVERGE AFTER ";29;:;" ITERATIONS
-« X MATRIX FOLLOWS "
84 202 PRINT
85 203 HMAT PRINT X
86 204 GO TO 265
87 205 PRINT
88 210 PRINT "CONVERGENCE AFTER "; 29 ;%" CYCLES. . T3, T =
w.m3 T ‘
89 212 PRINT
90 214 PRINT "RUN NUMBER: ";:;N6
g1 216 PRINT 11 sk d ko o i e ok ek akok n
92 218 PRINT
93 220 PRINT"X ZERO= M";INT(X(L,4) +.5) /100;" MICRONS, NE
W BYPASS=";X(L,3)
94 222 PRINT
95 224 LET X5=X(L,1)
96 226 PRINT "X50C= ";INT(X5+.5)/100;" MICRONS "
97 227 PRINT
98 228 LET A9=X(L,?2)
99 230 PRINT "ALPHA= "3A9
100 231 PRINT
101 232 PRINT "SIZE","CALC., EFF, " ,"MEASURED"™ , "D/D50C",
: " CALC. - MEAS."
102 234 FOR J=1 TO N2 -
103 235 LETA(J)={EXP(X(L,2)) -EXP (X (L,2)*X(L,4) /X(L,1))) *X
(L,3)
104 236 LET A(J)=A(J)+EXP(X(L,2)*M (J)/X(L,1))-EXP(X(L,2)*
X{L,®)/X(L, 1))
105 237 LET A(J)=100*A(J)/ (EXP (X (L,2))+EXP (X (L,2) *M{(J) /X (
L,1))=2*%EXP (X (L,2) *X(L,4) /X(L,1)))
106 PRINT M (J),A(J),G(J) ,M(J)/X5,A (J)-G(J)

240
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LISTING OF FILE B.MNURU 08:37 P.M. MAR., 14, 1977
107 245 NEXT J

108 246 *CALC. SUM OF SQUARES DUE TO ERROR
109 247 LET 27=0 »

110 248 FOR J=1 TO N2

11 249 LET Z7=Z7+ (G (J) -2 (J)) **2

112 250 NEXT J : _

113 252 PRINT "SUM OF SQUARES=";27

114 254 PRINT "VARIANCE=%;Z7/(N2-N1+1-¥)
115 255 PRINTHN1="; N1

116 256 PRINT

117 260 WRITE#3,N6,INT(X5+.5)/100,A9,INT(X(L,4)+.5)/100,1I

NT (X(L,3)*10000 :+.5) /10000
118 261 PRINT
119 263 PRINT "FILE HAS: RUN#,D50C,ALPHA,D ZERO,NEW BYPAS
S,O0LD, VARI ANCE®

120 264 PRINT

121 265 STOP

122 270 IF 29=300 THEN 273

123 271 IF Z9>700 THEN 195

124 272 GO TO 275

125 273 MAT ‘PRINT X

126 274 GO TOo 271

127 275 IF T>T3 THEN 295

128 280 LET T3=T

129 285 PRINT 29,7 ,Y(L,1) ,Y{H,1)

130 290 * REFLECTION

131 295 MAT Q={1)*X

132 © 300 FOR J=1 TO N

133 305 LET P=0

134 310 FOR I=1 TO N+1

135 315 IF I=H THEN 325

136 320 LET P=P+X(I,J)/N

137 325 NEXT I

138 330 LET Z(1,J)=(1+2) *P-A%X (H,J)

139 335 LET X (H,J)=2(1,J)

140 340 LET D(1,J)=P

141 345 NEXT J

142 350 GOSUB 560

143 355 MAT X=(1)*Q

144 360 LET Y=Y1

145 365 IF Y>=Y{(L,1) THEN 410

146 370 * EXPANSION

147 375 FOR J=1 TO N

148 380 LET X (H,J)= (1+V) *Z(1,J)-V*D{1,J)
149 385 NEXT J -

150 390 GOSUB 560 :

151 395 IF Y1>Y(L,1) THEN 415

152 400 LET Y(H,1=Y1

153 405 GO TO 150

154 410 IF Y>Y(S,1) THEN 440

155 415 LET Y(H,1) =Y
156 420 FOR J=1 TO N

157 425 LET X(H,J)=2Z(1,J)

158 430 NEXTJ

159 435 GO TO 150

160 440 IF Y>Y(H,1) THEN 465

161 445 FOR J=1 TO N

162 450 LET X(H,Jd)=2(1,J)



LISTING OF FILE B.MNURU 08:37 P. M. .

145
MAR, .14, 1977 e

163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187

188
189
130

191
192
193
194
195
136
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216

455 NEXT J

457 LET Y(H, 1) =Y

460 *CONTRACTION

465 FOR J=1 .TO N .

470 LET X(H,J)=B*X(H,J)+ {(1-B)*D(1,J)

475 NEXT J

480 GOSUB 560

485 IF Y1>Y(H,1) THENS505

490 LET Y (H,1)=Y1

495 GO0 TO 150

500 * REDUCE SIZE OF SIMPLEX

505 FOR J=1 TO N

510 FOR I=1 TO N#1

515 LET X(I,Jd)=(Q(I,J)+Q(L,J)) /2

5§20 NEXT I :

525 NEXT J

530 LET Z8=28+1

535 PRINT

540 PRINT “STEP CHANGE";Z8

545 PRINT

550 GO TO 125

555 *0OBJECTIVE FUNCTION CALCULATION

560 LET S$8=0

561 FOR K=1 TO N2

562 LET Y7=(EXP (X (H,2))=-EXP(X(H,2) *X (H,4) /X (H,1))) *X {(
H,3) -

563 LET Y7=Y7 + EXP(X(H,2) *M(K)/X(H,1))-EXP({X (H,2) *X (
H,4) /X(H,1)) :

564 LET Y7=100*Y7/(EXP(X (H,2))+EXP (X (H,2)*M(K) /X (H,1)
) -2*EXP (X (H,2) *X (H,4) /X {H, 1) ))

565 LET S8=S8+W (K)*( (G (K)-Y7) *%*2) *EXP(SQR{ABS (X (H, 4))
=X (H,4))) -

566 NEXT K

567 LET Z9=Z9+1

568 LET Y1=S8

570 RETURN

598 * CALC HIGH, 2ND HIGH, LOW, (SERCH2)

600 Y(1,1y>Y (2,1) THEN 615

605

606

607

610

615

616

617

620 I=3 TO N+

625 IF Y(I,1)>Y(L,1) THEN 635

630 L=I

635 IF Y(I,1)<Y(S,1) THEN 665

640 IF Y(I,1)<Y(H,1) THEN 660

645 S=H

650 H=I

655 GO TO 665

660 S=I

665 NEXT I

670 RETURN

674 PRINT "ERROR IN SIZING BETWEEN FILES"

675 END

W

TO 620

ONn o u it uwwm

Mttt
et NN N b s
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RFS NO. 129678 UNIVERSITY OF 8 C COMPUTING CENTRE MTS{EP256)

$S1G RALU FORM=PLANK (=400 T=60SEC

RRRRRRRRRRR AAAAAARBAL Ly uu uu
RRRRRRRRRRRR AAAAAAAAAAAA LU uu uu
RR RR  AA aA LU uu Uy
RR RE AA aA  LL uu uy
QR RR  AA A4 LL yu uu
RRRRRRRRRRRR  AAAAAALAAAAA LU Uy uy
RRRRRRRRR]&R AAAAAARALALL  LL Uy uu
rR RR AA Ar LL 4 Uy uu
RR RR AA AA LL Uy Uy
RR RR AA AA LL uuy uu
RR 2R AA AA  LLLLLLLLLLLL  wyyuuuuyuuy
RR RR AA AA  LLLLLLLLYLLL (VIVIBIVISIVIVIS]Y)

&L AST STGMON WAS: 12:21:29
USER "RALUY SIGNED N AT  12:23:07 ON WED MAR 09/77
$RUN *BBSTC
EXECUTION BEGINS
URL GASIC SYSTZM
GEY WEIGHTaD
1 295,8.2920427-2,301,9.9659545-2,303,0,1135801,315,0.1282506,222,0.1411891
2 330,0.16C2588,338,0.19C3628,346,0.2310482,354,0,2823259,2562,0.3535313,370
3 0.4275185,279,1.0008254388,1.061777,3297,2.5145674406,2.321932,415
4 2.1787234425,2.124101,435,2.009806+445,2.192197,455,2.307377,46692.787232
5 477,2.994877,488,3.040036,49992.703238,511,2.447263,523,2.215219,525
6 2.175769,54742.225353,560,2.0450024573,1.86214$,586,1.65995,601,1.691863
T 61591.7444871629,1.94988446464,2.239412165942.469707+67492.258023,690
8 1.861831,706,1.491887,722,1.2923745,739,1.2642019756+1.432423,774+1.649657
9 792,1.806199+1810+1.817447,829,1.869327,848,2.12663:868,2.64366G,838
10 3.448093y90902-925587'930)1.929222'95291-4830231974’1-6434191997'
11 2.262834,102042.456184,104%,1.888975,1068,1.4114£2,1093,1.250321,1118
12 1.35008541144)1.925953,117142.651489,1199,2.804723,1227+1.849388,1256
13 0.8920986,1285,1.043757,1215,2.103111,1246,Cc907815451377,0.6612419,1409
14 0.6343517,1442,0.580702541476,0.5364002,1509,0.510053,1544,C.4982161
‘15 1580,0.4945632,1617+0.4983C92,1655,0.5255731,1694,0.5755588,1733
16 0.6626092,177%,0.719461641814,0.7156418,1856,0.6545676,1900:0.598408%
18 0.53232924,2180,0.559947%+2221,0.587767442263+,0.611725942336,0.5822392
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194440.57192665198%9,0.553G041,20235,0,538395,2C82,0.5234234,2130
2292,0.5240803,2448,0.4595101 42505,0.4229871,2563,0.4125256,2623
0. 424397112664'0 4508761+9274740.4666141,2811,0.4627042,2876,0.46234131
2643,C.5065903,3012,0.65805658,3082,0.9829923,3154,1.655335,3227,2.872056
330242.67187343379+1.404164+3458,0,767372,2539,0.5103546,3621:0.39869588
3705,0.2569294,3791,0.3328G687,2879,0.2221254,3966,0.3049064+4061
24893814415640.1858532,4253,0.1496482,4252,C.,1303634,4453,0.1186885
45579 0.1078405446€340.1007773,4773,95.9638935-2,4884,9.5321445-2,4998
0.0726723,5114,0.0454934,5233,2,630974%-2,5355, 1.9297487-2, 5480
Le487174%-245608,1.663638F-2,5739,1.7156595-2,5873,1.8967325-2, 6000
24171406%-2,6149,2.501844%-2,6252,2.9274077-2,6429,3,495914%~2,6589
4.2323826E-2,6742,0.0508044,6399:5.4683%465-2,7060,5,534093%5-2,7224
5.956929?—2'73§2'7.272368?—2.7565 84854578F-2,7741,0.1070485,7921
0-1185186'8106'0-1379645.8295,0-1453829.8488'O.129486'8686'0.1136825
8888, C.C343052,9065,6.5756925-2,930745,217504F-2,9523,6.2328038%-2,5745
0.1336139,6972,0.2211506
RUN192D
134120427345.963361%-2+206591910432541.942954~1.492982,4.559411,301
—14346515¢4.696767,208,~1.2865644.7523523,315,~1.09368,4.534901,322
~0.9924542,5.03C081,320+-0.8313619,5,181576,338,-0,6814305,5.322567,346
~0.549553, £.44658+354,-0.4344352,5.55483%3,362,~-0.2692265,5.71019,370
-0.122719645.84796,379,0.0140443,5,976568,388,8.2472877-2,6.040916,397
1.28961+¢7.176067140551.313689,7.19871+415,1.38461947.26541+¢425,1.42074
742992734435, 1.2621864 7.245255,445,1.300262,7.186178,455,1.309467,7.19474
4669 1.2652€8,7.250875,477+1.396583,7.276755,488,1.453832,7.330496,499 '
1.539354,7.410918,511+1.5098747.382092,523,1.543206,7. 414544535,1.529553
1.4017014547,1.594185,7.462479,560,1.583633,7.452561,573,1.575364
i. 448“41o536‘1.490153v7 364651+601+1.435458,7.313218,615,1.412089
7.291242,629+2.40256647.282287,644,1.407528,7.286552,65G,1.437418
743150636764 1.426112,7.304429+4630,1.436281,47.313992,7064+1.%505456
7.2850054722y 143655154 7.2474454739,1.298043,7.183997,756,1.252696
7414229547744 1.253595,7.142199,792,1.28€975,7.17359,810,1.23987¢
7.129265,829,1.085486,6,584115,348,0.92505325,5.83325,368,0.8564061
6.768697;888.1.010414'6.91352y90qml.304562'7.190128,930'1.637671
7.503372,952,1.818127y7.673066r974'1.792079y7.648572v997'].571104
1.440774,10204+1.336595,7,2202541044,1.141406,7.036701,1068,1.069439
6.969026,109371.065798y6.965601,1118'1.151074,7.045792,1144'1.381578
1.262554117141.60602647.47564264119941.738094,7.597306,122741.542612
7.413681,125€6+1.058592,6.65h44,1285,1.18392,7.076679, 1?1)'¢.1’63?’
7.9722954134641,615417,7.482444,1377,2.043517,7.885016,1409,1.77644}
7.633866.1442,l.620382y7.487114'1476'1.57075'7.440442.1509'1.59001
7.458553,154411.6625717.526786'1580,1.772327v7.629?98-1617'1.874235 ]
1725828, 1655,1.G66049+7.8300754169442.11822447.95526841723,2.266747
8.094934,1773,2.413068,8. 232529'1814',.,20491 8e322537,185642.584944
8.39415541900,2.623533,8.425145,1944,2.62275,8.429707+1989,2.592596
8.401251,203542,571905,8.331898,2082,2.837957,8.444007+2130,2.836215
8.630442,2180,2,08396,8.863412,2231,3,27850¢$,9.046361,2283,2,339749
9.103949,23236,2.289346,9,0556551,2292,3,2353(6,9., 00>7Jw'7#48v3.248602
9.018237,2505,3.376527,9.138533,256343.59428,9.3243301.,2623,3,831362
9e56624649268494.020698,9.744291,2747+14.13345,9.850319,2811,4.269722
9.978464,4287644.563236,41C.28269+2943,5,180294,10.82474,3012.5.995006
11.60086,3082,6.839922,12.2954,2154,7.485892,13.00284,3227,7.855681
13.35434,3302,8,05777,12,5406243379,8.201826,12.67608,2458,8.361452
13.8261943536,8.570824,14.02308,3621,8.867809,14.30235,3705,9.334798
14.74149,279119.9944415.2€61764,3879,10.79977,16.1191,5969,11.63308
16.90272,4061,12,37872,17.6036,4156,13.10788,18.28957,4253,14.05942
19.221994+4252,15.6159,20.€4803,4452,17.66772,22.5775+4557,19.94945
26472315,4663422.10103,26.74643446773,24.10179,28,62787,48844,26.23568
304 63451,4958+23.5005,322.76428,5114,30.47891,34.5247,523%,31.94183
36.000329,5355424,27408,28.19355+5480+36.22309,40.02634,56C8.,40.92725
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44 44,44SG795739,45.00423,48.28382,5873,49,70716+52.70819,6009+54.655
45 57.3590996149,59.59227,62.00287,6292,64.30741,66.43589,6439,68.60854
45 70.48052,£589472.47106,74411271,6742,75.84526,77.28573,6899,78,43339
47 79.7665,7060,80.54387,81.7C411,7224,82,42715+183.47508,7292,84.43581
48 85.36396,7565,86.42364,87.22384,7741,88.342€1,86.03778,7921,89.75727
49 90,2€8C8By81C61S51.0097849)Y.5459,8295991.69698,52.19212,8488,91.51347
50 92.01¢55,3686,91.3001,91.8189,8888,90.74817,61.2958%,2095,90,49581

51 21.06258,92307,89.65769,90.
52 92.99994,9672,93, 70405, 94,
80 58.5
81 6,08
GET WTRESID
MYTRES (D)™ HAS BEFMN CREATED.
GFT MURU
17 FILE RUNI19
RUN '

THIS 1S “URUY
Kokk bk 2w ook

28385,9523,
€785

MATRIX X SOLLOWS, STARTING SIMPLEX:

5838.3 6.039467
5861.7 6.C39467
5850 6.161067
5850 6.08

5850 6.08

CYCLE 0.F.STO.ERROR
5 7620, 065

9 . 7039.068

10 20.15549

12 11.25957

13 ‘ 9.824518

16 8.300127

17 5.714441

38 5.615161

40 2.862014

42 1.071445

44 0.8166528
46 0.6107038
48 0.522921

49 0.4243126
57 0.2658212
66 . 0.2275553
68 _ 0.2112718
70 0.170238

72 0.1122291
73 4.356468%-2
77 4.162653%-2
78 2.765721S-2
80 1.5436645-2
31 0.0138243
87 1. 1710875=2
89 4.0690256-3
91 2.880425%-3
93 2.6015672-3
95 1.496411F=-3
97 1.465473F=3
99 1.123561E~3

CONVERGENCE AFTER 101 CYCLES.

5.9473985~2
5.9473985-2
5.5473985~2
6.011251F-2
5.963361%-2
FeELLOW VAL
201,6545
151.4008
151.4008
135.5007
125.9007
129.0285
129.0285
55.58821
55.58821
55.58821
55.58821
£5.58821
55,58821
55.58821
53.81211
52.92332
52.92332
52.92332
52.92332
52.52332
52.90949
52.90949
52.88455
52.88455
52.87508
52.87456
52.87371
52.87249
52.87143
52.87113
52.8711

T3, T = 1

90.,3631,90.93778/,9745,92.55603

-10
-10
-1Q
-10
90

UF D.F.HIGH
18565, 04
15908. 39
201.6545
165,69
159.79¢€2
151.4008
142. 1449
"6G.368¢€9
63.14399
58,4512
57.81402
57.13022
56.98332
56.62084
54.44059
53.4977
53.44283
532.32758
53.21872
53.03589
52.00431
52.97793
52.923232
52.92012
52.90481
52.88455
52.87989
52.87935
52.87508
52.87456
52.87371

«1235615-3 6.047651E-4



RUN NUMBER:

ook e e ot e 2k ok e oo ok e
X ZERO=
X50C= 58.92 MICRONS
ALPHA= 6.039038
S1ZE CALC.
295 ’ 7.037687
301 7.039541
308 7.041718
315 7.043911
322 7.046119
330 7.048662
338 7.051226
346 7.053811
354 7.056417
362 7.059044
370 7.061653
379 7.064699
383 7.067732
397 7.070754
406 7.073883
415 7.077001
425 7.080459
435 7.084033
445 7.087603
455 7.001209
466 7.095216
417 7.099274
488 7.103374
499 7.107521
. 511 7.112058
1523 7.116731
535 7.12142
547 7.126168
560 7.131377
573 7.126655
586 7.142003
601 7.148262
615 7.154191
629 7.160205
644 7.166744
659 7.173383
674 7.180124
690 7.187429
706 7.194853
722 7.202399
739 7.210552
155 7.21884¢
174 7.227786
792 7.236891
810 7.2646163
829 7.256136
848 7.2663C32
868 7.277218
888 7.288357

EFF.

MFASURER
4.559411
40696767
4.753523
40934901
5.030081
5.18157¢
5.3225617
5.64658

5.554833
5.71019

5.84796

5.976568
6.040916
7.176067
7.19871

T.26541

7.299278
7.245255
7.186178
T«19474

7.250975
7276755
7.230496
7.410518
7.382092
T«41454

7.401701
7.462419
7.452561
T.448541
7.364651
7.313218
7.291242
7.282287
7.286953
731506

7.304429
T.312992
7.285005
7.247445
7.183997
T.142295
7.142199
7.17359

7.129296
6.984115
6.83325

6.768697
6.91352

1.09 MICRONS. NEW BYPASS= 6.985402£-2

D/ D50C
5.0071645-2
5.109005F-2
5.,227819%-2
5.346633E-2
5.4654477-2
5.601234F-2
5.7370228-2
5.872809%E-2
6.0085675-2
6.144384E~2
6.280172%-2
6.432923%-2
6.585664%-2
6.7284555-2
6.891216%-2
7.043976%-2
7.213711%-2
743834457-2
0.0755218
T.722914F~2
7.9096225-2
0.0809622
8.2930375-2
8.469745E-2
8.673426%-2
8,877108E-2
S. C80789%-2
0.0928447
9.505125%-2
0.0972578
9.946434F-2
0.1020104
0.10438¢€6
0.1067¢€265
0.1063C8S
0.111855
0.114401
0.1171167
0.1198325
0.1225482
0.1254237
0.1283192
0.1313744
0.1344296
0.1374848
0.1407058
0.14393247
0.1473294
0.1507241

149

CALC, - MEAS.

2.473276
2.342774
2.288195
2.10901
2.016038
1.867086
1.728659
1.607231
1.5C1584
1.243854
1.213733
1.083121
1.026816
-0.1052734
-0.1248268
-0.1884089
-0.2188788
-0.161222
~9.8575045-2
-0.1035306
~0.1557559
~0.177481
~0.2271216
-0.303397
~04 2699943
~0.2978093
-0.2802805
-0.3363112
-0.3211844
-0.3118864
-0.2226482
~0.1649558
-0.1370509
~0.1220822
-0.1202093
-0.141677
-0.1243048
-0.1265631
-9.0151858-2
~4.5046035-2
0.0265548
7.655146E-2
8.5587365~2
6.2300975-2
0.1168643
0.272021
0.4230527
0.5085211
0.3748369



909

930

952

974

997

1020
1044
1068
1093
1118
1144
1171
1199
1227
1256
1285
1315
1346
1377
1409
1442
1476
1509
1544
1580
1617
1655
1694
1733
1773
1814
1856
1990
1944
1989
2035
2082
2130
2180
2231
2283
2336
2392
2448
2505
2563
2623
2684
2747
2811
2876
2943

. 3012

3082
3154
3227
3302
3379
3458
3539

7.300258
7.312496
7.325556
7.332891

7.353192
7.367811
7.383432
7.399436
1.416525
T.434052
7.452755
T.472702
7.493973
7.51585

7.539172
7.563184
7.588772
7.616038
T.644168
7.674128
7.705071
7.740087
T.774251
7.81173

7.851675
14894257
T.93966

7.988084
8.03843

8.092129
8.149456
8.2106€43
8.277539
8.347418
8.422102
8.501957
8.587376
8.678789
8.7787C6
8.885754
9.000621

9.123804 .

9.261047
9.405946
9.56171

9.72923

9.912618
10.11015
10.32656
10.560¢C1
10.81194
11.08816
11.39116
11.71867
12.07876
12.46835
12.89615
13.36607
13.88243
14,44892

7.180128
7.503372
7.673066
7.648572
T.440774
1.22025

7.036701
6.969026
6.9658601
T.045792
1.2€255

T.4764326
7.597806
7.413981
6.99644

7.076679
7.972295
T.482444
7.885016
7.633866
7.487114
14440442
7.458553
7.526786
71.629568
7.725828
7.8309175
7.955268
84094934
8.232526
84333537
8354155
8435145
8.429707
8.401351
8.381898
8.4440017
8.620442
8.863413
9.046361
9.103949
9.056551
9.005724
9.018237
9.138533
G.343301
9.566246
9.744291
3.850319
9.978464
10.28269
10.83474
11.60086
1243954

13.00284

12.35434

13,54062
13.67608
13.82619
14.02308

0.1542885
0.157853
0.1615871
0.1652213
0.1692252
0.1731291
0.1772027
0.1812763
0.1855167
0.1397¢3
0.1941761
0.198759
0.2035115
0.2082641
0.2131864
0.2181087
0.22322007
0.2284625
0.2337242
0.2391557
0.244757
0.2505279
0.2561292
0.2620699
0.2681802
0.2744605
0.2809104
0.28752
0.29414957
« 300939
0.2078982
0.315027
0.3224653
0.3259636
0.2376C17
0.3454094
0.353387
0.32615242
0.3700209
0.3786774%
0.3875036
0.3964995
0.4060046
0.41550G7
0.4251846
0.4350292
0.4452133
0. 4555671
0.4662603
0.4771233
0.4881561
0.4965283
0.5112%99
0.5231213
0.5353422
0.5477228
0.5604629
0.5735324
0.5869415
0.6006899

0.110170

~0.1908761
-0.3475103
~0.3096624

~-8.758197¢-2

0.1475606
0.3467306
0.4304101
0.4509245
0.3882599
0.1902047

~32.732568E-3

~0.103833
0.1018707
0.5427321
0.4865049
~0.383522¢4
0.13235945
-0.2408483
0.0402725
0.2189575
0.2996553
0.3156977
02849433
0.221677
0.1684288
0.1086849

3.281641F-2
~5.650415F-2

~0.14038938
-0.18408172
-0.1835121
-0. 1576056

-8.228916E-2
2.075Y18£-2

0.1200586
0.1433689

4.8246627-2

-0.0847067
-0.160567
-0.1033282

6.7253391:-2

0.2553127
0.3877063
0.423177
0.3859288
0.2463716
0.3658631
0.4762378
0.5815428
0.5292502
0.253424
~0.2096686
~0.6764302
-0.9240845
-0.8859932
-0.8444748
-0.3100084%

5.0623791F=-2

0.4268392
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3621
3705
3791
3879
3969
4061
4156
4253
4352
4453
4557
4663
4773
4884
4998
5114
5233
5355
5480
5608
5739
5873
6009
6149
6292
6438
6589
6742
6898
7060
1224
7392
7565
7741
7921
8106
8295
8488
8686
8888
9095
9307
9523
9745
9972 :
SUM OF SQUARES=
VARIANCE= 2,976
Nl= 1 )

FILE HAS: RUN#,D50C,ALPHA,D ZERQ,NEW BYPASS,BLDsVARTIANCE

STOP!
AT LINE w2654
PRAGRAM ENTS
LIST WTRESAD

15.06589
15.74255
16.48577
17.30183
18.19743
19.17963
20.26766
21.45892
22.7612

24.18218
25.74473
2T7.442C8
29.31514
31.21882
33.4917S
35.81¢€64
38.31198
40.97405
42,79463
46,.76053
43.85326
53.04916
56.,235€5
59.6078

62.92573

66.234C6G -

69.47103
72.60054
75.60822
78.46204
81.120C6
83.58095
85.84403
87.87695
89.69383
91.20816
92.71947
93.94137
94.399453
95.88942
96.6470C%
97.28285
97.80983
58.2472

58.60563

44644563

375

IN PRACRAM

14.30235
14.74149
15.36176
16.1191
16.90272
17.6029
18.28957
19.2219%
20.64802
22,5775
24.72215
26.74643
28.627387
30.63451
32.76428
34,6247
36.00039
38.19355
40,02634
44.44997
48.28382
52.70819
57.35909
62.00287
66443589
70. 48052

74.11271.

17.28578
79.7665

81.70411
83.47508
B85.26296
87.22384%
83.03778
90.368038
91.5459

32.19212
92.01955
G1.8189

91.29939
91.06258
90.28385
90.93778
92.599%%
S4.0795

“MURU"

1 19,5€.62,6.039038,1.C5,0.0699

END=-BF-FILE
MTS

0.6146082
0.6288659
0. €434€3
0.6583996
0.6735757
0.€892613
0.70541¢1
0.7218803
0.728684
0.7558272
0. 7734795
0.791%4714
0.8101422
0.8289827
0.8482224
0.8680216
0.88822
0.9089276
0. 9301444
0.9518704
0.5741056
0.99685
1.019934
1.043697
1.0679¢9
1.09292
1.11838
1.144346
1.170997
1.198325
1.226161
1.254676
1.284041
1.313914
1.3244466
1.375867
1.407947
1.440705

1.6474313

1.508599
1.543734
1.5749718
1.61638

1.6540061
1.692561

0.7£35433
1.001064
1.124008
1.182728
1.294709
1.575733
1.978088

2.236928

2.113168
1.604682
1.021583
0.6556504
0.6872672
0.684311
0.7275118
1.15194
2.311588
2.780496
3.763286
2.31056
1.569473
0.3409744
-1.063441
-2.395067
~3.510113
~4.266432
~4.641615
-4.635241
-4.158279
~3.242072
-2.35501%
~1.753013
-1.379812
-1.160785
~0.6742546
-0.2377432
0.5273481
1.921821
3.175628
4.589532
5.584459
64558999
6.872048
5.247262
4.526133
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APPENDIX XI

THE PLOTTING PROGRAMS

In order to format the data for the plottihg it was decided
‘to use a WATFIV 1anguage praogram to read in the unformatted
data to produce formatted data in an MTS file or on punched
cards. The program ysed for the punching of formatted data onto
cards is listed.

This formatted data was then used as the data for the FORTRAN
language plotting programs. This program plots a solid line
through every second measured efficiency value and then draws a
dashed curve representing the fit equation. The run number. and
values of the alpha, dSDC’ dCI and bypass are also recorded by the
plotter.

The plotting program is a considerably modified version of
an example given in the manual for the WBC plot routines.

Because the size axis is on a log scale it was decided to modify
the program to give uneven tics on the X-axis.

The plot file produced by the plotting routines was directed
to the permanent disc file RUNPLOT. This was useful for previewihg
the plots using the Tektranix storage scope plot previewing facility.



$SIG RALY FCRM=BLANK CARDS=200

RARRRRPRARR
‘RRRRXRRRRRRR
RR RR
RR RR
RR RR
2RRRRARRRRRRR
RRRRXRRRRRR
RR PR

RR RR

RR RR
RR RR
RR RR

*&LAST SIGNCN

AAARAAANAAA

AAAAAAAALAANA
an aa
AA AA
AA AR
AAGAAAAAAAAA
AAAAAAAAAAAA
AA AA
AA AA
AA AN
AA . AA
AA A4

WAS: 17:43:47

USER "RALU" SIGNED ON AT

$RUN *BASTIC

EXZCUTION BUGINS
UBL wfSIC SYSTEM

GET RUMZ2GED

tLeLeLeteeee
LLLLLLiuLLeey

"RUNZ29(T)" HAS BEEN CRTATED,
2991204273,C.C46253742.654140.3541.9,295,6.513179,10.83729,301,6.008086

10.255564308,5.603847,9.970018+31545.416627,9.791458,322,5.1£0355

vy YY)
uu vy
uu Uy
Uu Uy
Uy uu
uu uu
uu uuy
Uu Uy
uu Uy
uu uu
Uuuuuuuuuuuu
(VT VVIRIVIVIVIY)

17:50:54 ON WED FEB 09/77
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9.547078,330,4.68524,9.38002%+338,4.694416,9.102652,346,4.347084,8.771385

35444.00879,8.448739,362,3.74848198.20047+370,32.550358,8.011511,279

6. 862742+41592.33324846.850697:425¢2.29553,6.814724,435,2.302563,6.821431

4454 2.252R58,6.775017,455,2.249921,6.7712264+466,2.16977,6.69478,477

2.122687,6.649875,488,2.08873946.6174974499,2.105548,6.633528,511,2.0994%
60627665452342.15133646.677199,535,2.206811,6.730108,547+2.2606%+6.781495
10 560}2.369064.6.884856.573'2.468745v6-979927v586'2.540793.7.048642.601

1
2
3
4
5 2.215863,6.738741v388y2.311935,6.83037p397'2.312583'6.830988'406.2.345878'
&
7
8
9

11 2.489405,6.999631,615,2.35689446.5113994629+2.275266,6.7953574+644
12 2.191468,6.715475,659,2.16949546.694522,674+2.238341,6.760179,690
13 2.375915,6.89139,706,2.51516147.024195,722,2.555086,7.06227T4,739
14 2.468893,6.980068+756,2.251883,6.8112454774+2.148189,6.674168,792
15 2.072082,6.601611,810,2.107829+6.635704,829,2.159098,6.684602,848
- 16 2.I72073,6.6969771868,2-145215'6.6713619888o2.087651.6.61646p909



GFT
5 0D

2.10510546.62210619920+24124571+6.651672+952+2.156757,6.64523,974
2.215668,6.73887,997,2.273047,46.793281,102042.3777554+6.893145,1044%
2.508802,7.018131,1068,2.€623637,74137192,1093,2.€5346G6,7.156132,1118
2.573713,7.08004,1144,2.394393,6.909013,1171,2.286895,6.806488,1199
2.32756696.845306,1227+2.5€68859,7.094485,1256+3.016545,7.502389,1285
5.116635,7.59785,1215,2.010245,7.496384,41346,3.590202,8.049512,1377
4e079153,8.515847,140994.124944,8.55952,1442,4.23303848.662614,1476
4.355712,8.779614,41505,4.4621€3,8.881142,1544,4.548842,8.962812,1580
4.613739,6.025707,1617,4.666458,9.075987+1655,4.686855,9.09544,1694
4.665071,9.07847991733,4.60846549.02067751773+4.61244949.024476,1814
4e72218645.129138,185694.52410249.321714+41900+5.120855,9.506367,1944
5227728,9.611296,1989,5.27322549.654689,2035454299211+9.6765473,2082
5.38156%,9.758022,2130,5.509058,5.875652,218045.660644,10.02419,2231
5.828719,10.18449,2283,5.953228,10.30801,2326,6.126671,10.46866,2392
6.341512,1C.67356,2448,6.633381,10.95193,2505,+6.930932,11.23572,2563
7.194699,11.48729,2623,7.380282,11.€6425,2684,7.462638,11.74283,2747
7.459538,11.73988,281147.458767511.7391492876,7.593655,11.86779,2943
7.908987,12.16854,3012,8,3C0779+12.54221+3082,+8.596734,12.82447+3154
3.711589,12.93402,3227,8.720916,12.94291,3302,8.788181,13.00707,3379
9.017743,12.226C1+3458,5.4215684+13,61116+3539,410.02264+14.18443,3621
10.85725y14.98044,3705,11.96477,16.03673,37G51,13.17947,17.16524,3879
14.15781,18.12833,3966,14.72296,18.66734,4061,15.07623,19.0C427,4156
15.71245,16.61106,4253,1€.94271,420.78442,4352,18.5439,22.31154,4453

. 20.02064+923.71998,4557,21.16814+24.8144,4663,22.50206+26.08662,4773

24.75162,28.23214,4884,28.11545+31.44042+14998+32.255994+25.3894,5114

36.57442,39.50809+5233,40.716684+43.4587545255+44.86397,47.41421,5480 .

49.32322,51.67676+5608,454.03894,456.16481,5739,58.6827,£60.59378,5873
63.05E66984.76733,6006:67.2735,68.78722+6149,71.512244+72.82991,6292
75.57178,76.70168,6429y76.14592,80.11431,65€9,82.29472+83.1136546742
34.9664,85.66176+6899,87.47825,88.05743,7060+89.55703+190.04006,7224
91.12238y91.53397392952.2C€37992.5668597565193.37011+G3.67677,7741
94.54707¢54.7992947921995.59131+95. 79523+8106+99€.51658,56.68056,8295
97.18839,67,31844,8488,97.05357,97.,18985,8686+96.99199,97.13112,8888

97.28105,97.5021995095,98.04796998.13824953C7+98.22724+58.40461,9523
98.11155,68.1989,9745,97.81195,97.91316,9972,98.15209,98.23757
54.7
6.43
JLUTPUT
Im {11
FILF RUN29
FILE RUNZ2S
FILE RUN37
FILT RUNZ2B

FILE RUN4&T

FOR =1 YO 9
FOR J=1 TO 8
RYACHL,A(J)
NEXT J

LET N3=4(2)
LET N&4=A(2)
LET N2=N4-N3+]
PRINT N2

FOR J=1 TC N2
X EADHEL,B,CyD
PRINT B,4C,C
NEXT J
REAUHLDS
READ#L, A9
PRINT D5+A9,A(4)
PRINT £(1])
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5CC HEXT L
900 cND
SAVE

NANT

EXECUTIAN TERMINATED

NFXT CARD IS
TS

$EDIT -FILF
D1

1 LINE

sTQP

$RUN *WATFIV

EXECUTION BFGINS

3

4

5 19
& 29
7 59
8

S

13 200

L8 300

$DATA

INTFGER B,E
N30 200 KK=1,9

- READ,NUMB

PUNCH 19,NUMB

FORMAT (16) .
FORMAT(16,2F8.4¢1642F8.4)
FORMAT (2FB8.4)
NUMB=NUMB/ 2 ~

DO 200 T1=1,MUMB
RFADC,B,C,4D

REAC,F4F,G

PUNCH 29,B,C4D,yE,F,G
CONTINUS
READ,DSCyALPHA,BYPASS
PUNCH 59,D5C,ALPHA,BYPASS
RFAD, NRUN

PUNCH ]1S,NRUN

CCNTINUE

STCP

END
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$STIG RALU FORM=BLANK

IRRRRRP RRAR

DRRIRRRIRERRR
IR rRR
2R RR
R RR
RRR2XRRRRRRR
QR]IRRRIARA
QR RR

R "R

RR RR
RR PR
’R - RR

=¥ AST SIGNCN WAS: 10:33:58
STGNED ON AT

USFR "nRALyU"

AAAAAAAANA
AAAAAAAAAARA
AA AA
AA AA
AA AA
AAYAAAAAAAAAA
AARAAAAAAAAA
AA AN
AA AA
AA AR
AA .Y
AA - AA

$CREATT PUNPLOT
FTLF ALREADY FXTSTS

$TMPTY RUNPLOT

DONZ,
$RUN *FTN

EXECUTION BEGINS

(NERARANRSRNR
LLLLLLLLRELL

uu vy
uu Uu
Uy Uu
uu vy
uy uu
Uy (1Y)
uu uu
uu uu
uu Uy
Uy (1Y)
(UUUEVIN VU]
UUuLUUYUU

10:37:15 DN FRI FEB 11/77
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MICHIGAN  TCRMINAL SYSTEM FORTRAN G(4133

NO

0uol
0302
0o 03

0J 04
0U 05

0305 -

coer
0V 0s
009
0010
0511
0J12
0013

Oulés
0015
0016
0217
0018

00 19
cu20

£ 243

Cakx
1

19
29

100
Caoxx

200
Cra%

C

(s 2 2

300
CaxE

C
C SAMPLE PLOT PRAGRAM
b
c

6) MAIN

DECLARZ ARRAY TO HOLD THE DATA
DTHENSTON X{300),4Y(300)

COMMON ALPHA,DSC
COMMEN NRUN
READ IN THE DATA
N=0
READ 1G,NUM
FOARMAT(16)
FORMAT (F6.042F844)

IF (NUM.EQ.0) GO TO 300

NM=NLIM/ 2
D3 100 T=1,.NUM
READ 29, X{1})sZ,Y(I)

X{1)=aLOGLO0(X(1}/100.}

N=1
IF FQUAL TO ZERQO TER

MINATE PROGRAM

IFIN.TQ.01 GO TO 300
CALL SUBRDUTIN= TO DO THE PLOTTING

CALL SUMFUNI(X,YsN)
AND RETURN FOR MORE
GN TN 1
PROGRAM COMECS HERE W
CONTINUT
TCSRMINATFE PLAOTTING T
CALL PLCTND
STAap
END

*x0OPTTONS IN FFFECT* ID,%BCDIC.SOURCE
¥ODPTIDONS IN FFFECT® NAME = MAIN
«STATISTICS*

“«STATISTICS®
FRRORS TN MAIN

SOURCE STATEMCNTS =

DATA
HEN FINISHED,

HEN STNDP

+NOLIST, NODECK+LOAD,NOMAP
¢ LINECNT = . . 60
20,PROGRAM STZE =

N3 DIAGNOSTICS GENERATED

02-11-77

3000

10:37:18

1. 000
2.000
3.000
4. 000
5.000
6. 000
7.000
8.000
9.0090
10.000
11.000
12.000
13.000
14,000
15.000
16.000
17.000
18.000
19.000
20.000
21.009

22.000 .

23.000
24.000
25.000
26.000
27.000
28.000
29.009
30.000

PAGF POOL
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MICHIGAN TERMINAL SYSTIM FNATPAN (3({41336) SUMFUN 02-11-77

00l

0v02?
Ccuo03
0J04

0u05
0306
0007
0v 08

0V 09 .
Qo10.

- QU1l
Qo12
013
Oulée
0015
0016

0017
0518
co1l9
0u20
0921
0022
023
0024
0J25
0J25
0u27

ou28
Qu2g
0020
0V 31
Q32
0J33
0J3%
0035
0V 36
0037
2028
0V 39
040
Qgu4l
0V 42
0243
0044
Q45
Qv 46
Qust

Quas
0049
0350
0051
00 52
0253

SURRNUTTNT SUMFUNIX,Y,N)

Cex# MOCITIED SYBRCUTINE DRAWS LINE THROUGH N POINTS-LOG SIZE X AXIS

DINMENSTICON Z(3000
DIMTNSICN XX{2),YY(2)
OIMENSION XIN) YIN)

Ceex CLLCULATEL TFFICIFNCY FROM LYNCH'S MODEL

69

19
49

1000

READ 69,nsc.ALpHA,ozERo.avps
FARMAT(4FB.4)
RTAD 19,NRUN
FIPMAT (16) )
FNOMAT (2F8.4)
D7 1000 J=14N .
X2=((10.1%={x{J))}/05C
X1=DZ5RC/D5C
Z{JY=RYPSE(REXP{ALPHA)-EXP{ALPHA®XZ) }+EXP(ALPHASXR)~EXP (ALPHA®XZ)
LOI =ZLII/(EXPLALPHA)¢EXP{ ALPHA®XR ) =2%EXP ( ALPHA®XZ ))
1031 =100%2(J)
CONTINUR

Ca¥x FIRST SCALE THE POINTS.

700

1200

Y41M=0,

IvIN=n,

nY=10,

n1=10.

nO 700 1=1,N

X(r)=5«x{1) :
CONT INUE \
NN 1200 J=14N
Y(II={Y{J)-YMIN) /DY
Z(J1=(21JI-ZMINI/D2 : .
COMTINUF .

C*¥x NIW PLNT TH* AXES

800

9S00

XX{1)=0.
YY{1}=0.
XX(21=10.
YY{2)=0.
CaLL LINR(XX,YYy 2,11}
CALL SYMPAIL({3.59-0.45+0.140,*SIZE (HICRONS)"0.0'I“’
CALL SYMBOL{D.1=0e27904109%1%904,1)
02 800 1=1,9
Al=1
XTIC=(ALOGIO{AT} )*5
CALL SymanL{XTIC, 0-10-100!14v0-"1)
CONTINUE
CALL SYMBOL (449,-0e2740.10,%10%,0e,2)
D2 200 1=10,100,10
AT=1]
XTIC=(ALOGI0(AT) )1%5
CALL SYMBOL (XTICs0e¢0.100+¢244049-1}
CONT INU®
CaLll SYMBOL (9484-0.2740.10,°100%40.+3)
CALL AXTS{0e 9042 "PERCENY EFFICIENCY',1851069904¢YMIN, DY)

Cex® PLNT THE AUN NUMBFR

CALL SYMBOL(04599410.289 RUN NO:'90497)

AJUN=NRUN

CALL NUMBER (2+3+90+0428¢1ARUNyOer~1)

CALL SYMATL (0e5+845+04 16"DSOC(HICRONS)S'voov16)
CALL NUMBRR(2¢40+¢8450+0.14+9D5C+0e42) :

CALL SYVMBCL (0.5184070e1%¢ *ALPHAL?40,446)

10337:18

31.000
22.000
33,000
34.000
35.000
36,000
27.000
38.000
39.000
40.000
41.000
42.000
43.000
44,000
45.000
46.000
47.000
48.000
49.000
50.000
51.000
52. 000
52.000
54,000
55.000
56.000
57.000
58.000
53.000
60.000
61.000
62.000
63.000
64.000
65.000
66.000
67.000
68.000
69.000
70.000
71.000
72.000
73.000
74.000
75.000
76.000
77.000
78.000
79.000
80.000
81.000
82.000
83.000
84.0C0
85,000
864000
87.000
88.000

PAGE PQO1
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MICHIGAN TERMINAL SYSTTM FORTRAN G{41336) ‘SUMFUN 02-11-77

0054 CALL NUMBER (1440484050014 9ALPHA0.s2)
0U55 CALL SYMACL{04597¢590.144'BYPASS Y 404y 7)
0356 CALL MUMBSR{145+7¢5¢0e149BYPSy0uy3)
0us7 CALL SYMRNOL(0.5974090s1%49*DO{MICRONS)2%,0,.,12)
0058 CALL MUMBS2(24097¢090e1440ZER0,00y 2}
Cx*®x FINALLY PLOT THT LINES
0059 CALL LTNF{X,YyNyl}
00 50 CALL DASHLN{042¢40¢14042,041)
co6l CALL PLCT (X(1)42(1)+3)
0062 03 1100 J=2,N )
0063 . CALL PLCT {X(J)y2{J) &)
Co64 1100 CONTINUE
Ck+¥ MOVE THE ORIGIN AND RETURN
0065 CALL PLOT(12.04049=3)
0066 RETURN
0067 <ND
*DPTIONS IN EFFEZCT* ID,FRCDYIC,SOURCENOLIST,NODECK (LOAD, NOMAP
«2PTIONS TN FFFECT*  NAME = SUMFUN , LINECNT = " 40
®STATISTICS® SQURECS STATFMENTS = 67, PROGRAM SIZE = " 3788

ESTATISTICS®  NJ DIAGNNSTICS GENERATED
N ERBORS IN SUMFUN

ND STATEMENTS FLAGGED TN THF ABCVE COMPILATIONS.

NAME NUMBER OF ZRRORS/WARNINGS ~ SEVERITY Y

VATN ) 0 . 0

SUMFUN 0 )
ZXZCUTION TERMINATED .

$RUN -LOAD G=RUNPLOT
TEXECUTION BEGINS
PLITT ING WTILL TAKE APPROX, 2 MIN, 1 SEC. AND 15 INCHES OF PAPER.
TMAXTMUM Y VALUE 1S APPROX. 10 INCHES. ’
0 MIN 46 .S°Cy OR 38% OF TOTAL PLOT TIME IS WITH PEN UPe.
SUCCESSFUL PLNT,
EXSCUTION TEQMINATED

$2UN PLOT:Q PAR=RUNPLOT

TXTCUTION REGINS

00652023 QURUED FDOR SMALL BLANK PAPER
TOTAL PLOT TIwME 1 MIN. 56 SEC.
EXECUTION TERMINATED

¢S1G

10:37:18

839.000
$0.000
91.000
92.000
93.000
94.000
§5.000
96.000
G7.000
98.000
$9.000
100.000
101.000
102.000
102.000
104,000

PAGE P0Q2

65l
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APPENDIX XII

MULTIPLE LINEAR REGRESSION

The relevant experimental data and values of dSDC’ alpha, etc.
were punched onto cards and manipulated into a formatted data
matrix sultable for a wide range of combinations of log10 or
linear forms of the independent and dependent variables. A few
special functianal forms of the variables were also included
because of their potential usefulness based on the literature
survey or intuition.

The relationship between these variables was studied using
uBC TRP. This is a new version of the triangular regressibn program
of UBC TRIP which is still being developed by the computer centre.
It may be of interest to note that UBC TRIP is currently used 23
times a day at UBC, on average.

The STRREG control card is the key to using this program for
various combinations of dependent and independent variables.
Columns 31 to 80 on this card will be punched with:-

a) blank or "0" (zero) if a variable is to be ignored.

b) "1" if a variable is to be included as an independent
variable if it is significant at the significances level
specified in columns 19-21 (default value 0.05).

c) 2" if the variable is to be a dependent variable.

d) "3" if the variable is to be included in the regression
equation regardless of its significance.

Full details of the TRP program package ars available from the
UBC computing centre.
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The names of the variables used in the program TRP are:-

RUN
ALPHA

LOGDS0
LOGDZ
BYPASS

WATUF

VORTEX
SPIGOT
USGPM
FE%SOL
HEIGHT
FE50

VSPLIT

TEMP
LGALPH
LGBPS
LOGUWUF
LOBYTX
LGSPIG
LUSGPM
LGFEPS
LGHT
LGFESO
LGS
LGTEMP
FEFVOL
LGS/V
LGVSAR
1-RV
LOGHFT
LGPSIG

run number

fraction of feed solids which bypasses classification
fraction of feedwater recaovered in the underflow
vortex finder diameter in inches

spigot diameter in inches

feed slurry flowrate in US gallons per.minute
percent by weight of solids in the feed slurry
free vortex height in the cyclone

size in:microns thraugh.which’ 58% of the calculated
cyclone feed passes.

ratio of élurry volume in the underflow to that in
the overflow

slurry temperature in °c

log1D (ALPHA)

log,q (BYPASS) -

log, (WATUF)

log,y (VORTEX)

log,, (SPIGOT)

10910_(USGPM)

lag10 (FE%SOL)

log,q (HEIGHT)

log10 (FE50)

lug1D (VSPLIT)

log,, (TEMP)

volume fraction of solids in the feed

log10 (SPIGOT/VORTEX) )

log,, (SPIGOT® + VORTEX®)

one minus volume recovery to the underflow

10910 (inlet pressure head in feet of slurry)
lug10 (cyclone inlet pressure in p.s.i.g.)



LGHT/Q
SUFG/S
UF%S

OF%5

LUSGPS
CONRFN
CONRFS

i

L}

i

L}
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log, (HEIGHT/USGPM)

underflow solids flow in grams per secend.
underflow percent solids by weight
overflow percent seolids by weight
1og1DM(SUFG/5)

1/ ((1-FEFVOL) USGPM)

CONRFN * SPIGOT
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CONTROL CARC NO.

FOR¥AT

O 0NN o o™ m N} LA - LRV RV R, | SN [SUR R IV R} NN s b s

o
oo

L

CARCS

1 *% INMSDC ®*%% [NMSDC #*%%s JNMSDC #*%&¢ INMSDC

(TF8.4/TFB.4/TFB.4/TFB.4/TFB.4/3FB44)

RUN
HEIGHT
LGFEPS
LGPSIG
11.00
22.G0
l.C41
0.1761

12.CC
22.00
1.014
0.3¢17

13.6¢C
22.00
c.55287
1.204

14.00
22.CC
1.04¢
1.146

15.¢C¢C

22.C0

lecs2
0.0

16.00
2Z.C0
1.€53
~0.2218

17.CC
22.00
1.655
0.7782

1€.CC
22.0C
1.657
C.655C

19.00
16.5¢C
1.481
C.27¢€8

2l.0¢C
17.¢C¢C
C.59%1

ALPHA
FESC
LGHT
LGHT/Q
4.110
24.40
1.342
«2233

7.44C

20.70

1.342
0.8€4CE~-01

5.25¢C
23.20
1.342
-C.158¢C

5.55C
23.20
1.342
=0.2690

54346
19.00
1.342
0.4361

2.210
13.10
1.342
0.427C

4.550

22.90

1.242
C.7450€-C1

5.160

15.60

1.342
C.200CE-C2Z

6.0640
24,90
1.29¢C
0.167¢

5310
23.40
1.230

LGD50
vsSPLIT
LGFESO
UFSC/S
1.435
0.5360E-01
1.387
34.12

1.637
0.2700F~-01

1.316

24459

1.312
0.5690E~01

1.365

122.2

1.328
C.6100€E-01

1.365

171.6

1.528
0.51406~01

1.275

25.50

1.6875
0.5930£-01

1.117

22.04

i. 86¢
0.3500E-01
1.360
117.4

1.537
0.416CE~01

1.193

71.5%

1.77¢0
0.871CE-01

1.35¢

€4.10

1.433
0.4770E-01
1.36$

-INPUT UATA

LOGDZ
TEMP
LGS
UFZSOL

0.7084

19.00
~1.271
£2.26

0.3201
21.0¢C
-1.56§
55.03

25.00
=1.245
66.59

-0.4318
29.00
~1.215
67.26

1.132
33.00
-1.286
68.25

0.9576
31.00
-1.227
65.36

-0.3150E-01
26.00
-1.071
71.28

0.5911
28.00
-1.381
71.81

0.374CE-01
22.00

~1.060
59.93

0.3560
23,00
~1.321

BYPASS
LGALPH
LGTEMP
OF2Zs50L
0.3920E~01
0.6138
1.279
6.670

0.1680E-01

0.8716
1.322
8.60C

0.2140E-01

0.7202
1.398
44630

0.3500E-01

0.7745
1.462
54420

0.3830€~01

- 0.7280

1.518
48.11

0.3610E~01

0.5065
1.491
48.16

0.6630E~01
0. 6580
1.415
47.22

0.2610E-01

0.7126
1.447
48.63

0.£5808-01

0.7810
1.342
26.85

0.3110€~01
0.7251
1.362

*x&x INMSDC

WATUF
LOGBPS
FEFVOL
LUSG/S
0.3280€-01
=1.407
0.4450€~01
1.523

0.18705-01

~1.775

0.4170E-01
1.398

0.3200£~-01

-1.670

0.4010E~-01
2.087

C.339CE-01

~1.456

0.4500E-01
2.234

0.3690E-01

-1.417

0.2684
1.470

0.4470E-01

~le442

0.2684
1.506

0.5550E~01

-1.179

C.2705
2.070

0.2800E-01

-1.583

0.2722
1.855

0.5960E-01

=1.156

0.1408
1.807

0.290GE~01
-1.507
0.4020£-01

**xxx [NMSDC

VGRTEX
L OGHUF
LGS/V
CONRFN
0.7500
~l.484
~0.5133
0.1001

1.250

-1.728

-0.8628
0.5790E-01

C.7500

-1.495
-0.2553

0.3290E-01

1.250

~1.470

~0.5058
0.2560E-01

0.7500
=1.433
-0.6709
0.1696

1.250
-1.350
-0.8416
0.1661

0.7500

~1.256
-0.4279

0.7400E-01

1.250
-1.553

' -0.6819

0.6270E-01

1.000

-1.225

=0.4559
0.8780E~-01

0.7500
~1.538
~0.6709

*pkk TNMSDC

SPIGOT
LOGvTX
LGVS AR
CONRFS
0.2300
-0.1249
-0.2108
0.2300E~01

0.1600
0.9690E-01
0.2009
0.9300E~02

0.3800
=0.1249
-0.1506

0.312508-01

0.3900
0.9690E-01
042342
0.1000E-01

0.1600
-0.1249
~0.2305

0.2710£-01

0.1800
0.96G0E~Q1
0.2027
0.2990E~01

0.2800
-0.1249
-0.1932

0.2070E-01

0.2600
0.9690E-01
0.2122
0.1630€-01

0.3500

0.0
0.50208-01
0.3070E-01

0.1600
=0.1249
-0.2305

*% CONTROL CARD NO. 1

UsGom
LGSPIG
1-RvY

10.45
~0.6383
0.9451

18,03
-0.7959
0.9737

31.65
-0.4202
0.9462

40.87
-0.4089
0.9425

8.060
-0.7659
0.9511

8.230
~0.7447
C.9440

18.53
-0.5528
C.9217

21.90
~0.5850
0.9601

i3.2%
~0.4559
0.9199

$.890
-0.7959
0.9545

FEZSOL
LUSGPH
LOGHFY

*+10.98
1.019
0.5089

10.34
1.256
0.6964

9.970
1.500
1.540

11.11
1.611
1.479

4%.30
0.9063
0.204%

49.26
0.9154
~0.1740FE-01

49.58
1.268

- 0.5815

49.78
1.340
0.9015

30.28
1.123
0.5516

9.980
0.9952
0.5369

G9L



icC

i1
i1
il
i1

12
12
12
12

i3
13

2

i3

i4
14
l4
L4

i5
15
15
15

16
i6
Y-
16

17
a7

o7

i8
i3
18
18

19
i9
9
i9

40
20
i0
20

21
¢l
21
¢l
z2
éz
22

C.2C41

22.00

17.CC

1.02C
0.C

23.00
17.CC
C.9713
1.057

24.00
i7.00C
l.C34
0.67z1

25.CC

17.C0

1.704
C.414GE-01

26.CC

17.CC

1.7C5
~C.4548CE-01

27.0CC
17.GCC
1.765
0.9542

23.00
17.CC
1.70%
0.7243

29.00
19.50
1.46C
c.2788

21.CC
22.00
1.037
0.1761

32.0¢C
22.00
1.06C
0.3¢€17

33.0C
22.CC
0.9526
1.204

34.00
22.0C
1.045

'£.2353

7.370
24.50
1.230
0.2201

" 4.660
21.30
1.230

-0.1130

7.190
25.20
1.230
-C.1104

4,840
21.10
1.230
0.3378

4.990
21.4C
1.230
0.3514

4.320

22.00

1.230
-0.8300E-01

5.500

21.00

1.23¢
~0.8470E~01

&£.400
24.10
1.29¢C
0.1788

4.590
23.70
242
C.305¢C

S.370

24.60

1.342
0.559CE-C1

5.100
21.50
1.342
-0.1072

5.810
22.90
1.342

29.33

<554
0.5150£-01

1.389%

26454

1.296
0.5820E-01

1.32¢8

83.34

1.451
0.5350E-01

1.401

75.48

1.965
0.80605-01
1.324 .
40.23

1.994
0.7000E-0L

1.33¢

33.07

1.878
0.8810E-01

1.342

138.¢

1.522
0.6800E-~01

1.322

101.2

l.34¢
0.7770E-01

1.382

70.32

1.444
0.5190E€-01

1.375

34.383

1.550
0.417CE-01

1.391

49.57

1.294
0.5810E-01

1.332

1CS.6

1.215
0.6180E~01
1.360

62.85

0.3636
21.00
~1.288
55.12

0.2833
25.00
"=1.235
€4.93

0.9854
19.00
-1.272
64.328

32.00
~1.094
65.09

0.4065
35.00
~1.155
63.85

0.5888
24.00
~1.GC55
T2.41

G.6010
35.00
-l.167
69.32

-1.097
23.00
-1.110
68.55

0.7574
20.00
~1.285
62.58

0.8615
24.00
-1.380
66.07

-0.1135
27.00
~1.23¢
66.08

~0.8236
31.00
-1.20%

5.990

G.35C0E-QL

0.8675
1.322
7.130

G.3410£~01

C.6684
1.398
4.080

0.3320&-01

0.8567
1.279
6.210

0.£6C0E-01

0. 6848
1.505
49.21

0.5520E~01

0.6981
1.544
49.60

0.5€20£-01

0.6355
1.380
48.2%9

0.5750E-01

0.7709
Le.544
49.18

0.6850E-01

0.8062
1.362
26460

0.3600E-01

0.6618
1.301
6.670

0.1960E~-01

0.9717
1.380
7.790

0.218CE-01

0.7076
1.431
4.43C

0.3740E-01
0.7642
1.491

1.467

0.3490E-01

-1.456

0.4230E-01
1.424

0.3360FE-01

-1.467

0.3750E~-01
1.921

0.3160£-01

-1.479

0.4370E-01
1.878

0.6070E-01

-1l.1R1

0.21785
1.604

0.543CE~01

~l.258

0.2793
1.516

C.5650E-01

-1.250

0.2798
2.142

0.4770E-01

-1.240

0.2798
2.005

0.4630€-01

-1l.164

0.1444
1.847

0.3170E-01

-1.444

0.441CE-01
1.542

1 0.2420£-01

-1.708
0.4660E-01
1.695

0.3300E-01

~l.661

0.3$50E-01
2.040

0.3420E-01
~1l.427
0.4500E~01

0.1053

1.250
-1.457
~0.8928
" 0.1020

0.7500

-l.474
-0.4771

0.4710E-01

1.250

-1.500

-0.5058
0.4770£-01

0.7500
-1.217
=0.7559
0.1775

1. 250
=1.265
-0.9208
0.1833

0.7500

-1.248
-0.3837

0.6750€-01

1.25¢0

-l.321

-0.6198
0.6720E-01

1.000

-1.334

=0.4559
0.9050E-01

0.7500

.=1.499

-0.5123
0.9600E~01

1.250

-1.616

-0.8182
0.6000E5-01

0.7500

~1.482
~0.2553

0.37C0E~C1

1.250
-l.466
-0.5058

0.1690E-01

0.1600
0.9690E-01
0.2009
C.1630€-01

0.2500
~0.1249
-0.2041

0.1180£~01

0.3900
0.96%0E-01
0.2342
0.1860E5-01

0.1200
~0.1249
-0.2389

0.2130E-01

0.1500
0.9690E-01
0.2000
C.2750E-C1

0.3100
-0.1249
-0.1814%

0.2090E-01

0.3000
C.9630E~-C1
0.2181
0.2020€-~01

0.3500

0.0
0.5020€E-01
0.3170€~01

0.2300
~0.1249
-0.2108

0.2210E-01

C.1900

0.9690FE~01

0.2037
0.1140E-01

0.3800
-0.1249
-0.1506

0.1400E-01

0.3900
0.9690€-01
0.2342

10.24
-0.7959
0.9510

22.05
-0.6021
0.9450

21.92
-0.4089
0.5492

7.810
-0.9208
0.925%

1.570
-0.8239
0.9346

2058
-0.5085
0.9190

20.66
~0.5229
0.93263

12.92
-0.4559
0.6279

10.90
~0.6383
0.9507

17.48
-0.7212
0.9600

28.16
-0.4202
0.9451

41.44
-0.4089
0.9418

10.47
1.010
0.3343

9.360
1.343
1.394

10.81
1.341
1.005

50.57
0.8927
0.2408

50.66
C. 8791
0.1533

50.73
1.313
1.152

50.732
1.315
0.9230

30.91
l1.111
0.54935

10.89
1.037
0.5092

11.47
1.242
0.6932

S.83¢0
1.450
1.5490

l1.08
1.617
1.476

991



22

23
23
23
23

Z4
4
24
Z4

25
5
és5
25

26
26
26
€

21
217
21
c1

Z8
28
28
28

29
9
29
29

NUMBZR

RUN
ALPra
LGD 5y
LOGOZ
2YPA5S
WATLF
VORTEX
SPIGIT
USGPA
FEISLL
HEIGAT
FESC
VSPLIT
TEMP
LCALPH
LoGar s
LOGwJF
LGGVI X
LGSPIG
LUSGP M

1e143

35.0C

22.60

1.652
C.C

36.C0
22.GC
1,663
~0.2218

27.CC
22.00
1.654%
0.7782

38.CC

22.0¢C

1.655
G.6¢¢C"

39.G0
18.5C
l.488
C.27€¢

47.C0
17.¢C
1.708
G.95%0

49.C0
19.50
1.47s
0.2788

OF PAIRED QB
RUN
2G.
2S.
29.
26.
29.
29.
25.
29.

29..

2G.
29.
25.
2Y.
29.
25.
29 .
25.
29
29.
29

-0.275¢C

8.970
26490
1.342
0.4410

4.060
14.90
1.342
0.4393

5.690

24.40

1.342
0.E190E-01

€.810

19.60

1.242
0.560CF~02

5.560
Z1.70
1.290
0.1808

4.31¢C
24.40
. l.23¢
~0.9090£~01

64330
24.60
lea24C
0.1744

SERVATIONS
ALPHA

25.
2s.
26.
25.
29.
25.
2s.
25.

26,
25.
29.
25,
29.
29.
29.
29.
29.
29,
2s.

85.32

1.67¢
0.5300E-01

1.43C

29.46

1.662
0.6110E-01

1.173

32.22

1.872
0.83405-01

1.387

“113.5

1.547
0.4130E-01

1.292

70.52

1.732
C.857CE-01

1.337

67.46

1.501
0.8560E8-01

1.387

142.3

1l.740
0.8690F~-01

1.391

65.02

LGD50

29.
26.
2G.
29.
25.
29.
2G.
25,
26G.
25,
26.
2S.
25.
25.
25.
25,
29.
2%

67.49

1.504
34.00
-1.276¢
67.517

1.156
32.00
~1.214
65.61

0.8102
27.00
-1.079
7149

0.2718
30.00
-1.384
Ti.74

0.5C92
25.00
~1.067
63462

26.00
~1.C48
72.40

-1.6€9%
26.00
-1.061
63.43

LoGdZ

26.
26.
26.
26.
26.
26,
26
26,
26.
26.
26,
26.
26,
26.
26,
264
26a

5.280

0.6150E-01

0.9528
1.532
48.03

0.5140E~-01

Q. 6085
1.505
48.06

0.6900E-01

0.7551
1l.431
47.11

0.3410E-C1

0.8331
1.4177
484,36

0.6380E-01

0.7752
1.398
2€.84

0.6130E-01

0.6345
1.415
48.28

0.6310E-01

0.8014
la415
26,12

BYPASS

29.
29.
29.
26G.
29.
29.
26G.
29.
29.
29,
25.
29.
29.
29.
29.
29.

1.631

0.3840E-01

~-1.211

0.2677
1.470

'0.4570E-01

-1.289
0.2682
l1.508

0.5430E-01

-l.161

0.2695
2.055

0.278CE~01

-l.467

0.2702
1.848

0.5550E-01

~1.195

0.1434
1.829

0.5740E-01

~1.212

0.2800
2.156

0.5620E-01

-1.200

0.1400
1.839

WATUF

29.
29.
29.
29.
29.
29.
29.
29.
. 29.
29«
29.
29.
29.
29.
29.

0.2530E-01

0.7500
~1.416
~0.6709
0.1713

1.250
~1.340
-0.8416
0.1708

0.7500

-1.265
-0.4279

0.7510E-01

1.25¢0

~1.556

~-C.6819
0.6310E-01

1. 000
-1.256
~0.4559
0.9C80%-01

0.7500

=1.241
~0.3837

0.6630E-01

1.000

-1.250

-0.4559
0.8910E-01

VORTEX

29.
29.
29.
29.
25.
29.
29.
25.
25.
29.
29.
29.
2%,
29.

C.990CE~02

0.1600
=0.1249
-0.2305

0.2740E-01

0.18C0
0.9690F-01
0.2027
0.3070E-01

0.2800
~0.1249
-0.1932

0.2100E~01

0.2600
0.9690E-01
0.2122
0.1€40E-01

0.3500

0.0
0.5020E~-01
0.3189E-01

0.3100
-0.1249
-0.1814

0.2050F~-01

0.3500

.0
0.5020E-01
0.3120£-01

SPIGOT

29.

29.

7.970
-0.7959
0.9497

8.000
~0.7447
0.9424

18.22
-0.5528
0.9230

21.72
~0.5850
C.9603

12.86
-0.4559
0.9211

20.9¢6
-0.5086
0.9178

13.05"

~0.4559
0.9200

UsGrM

29.
25.
29.
29.
29.
29.

29.

49.20
0.9015
0.2048

49.27
0.9031
~0.1740E~-01

49.43
1.260
C.982¢

49.52
1.337
0.9025

30.72
1.106
0.5501

50.75
1.321
1.158

3%.13
lol116
0.5521

FEZSOL

29.

25.
29.

2%9.

HE IGHT

2S.

LSL



LGFEPS
LGHT
LGFE5C
LGS

LGTE4P,

FEFVIL
LGS/

LGVSAR
1-RvV

LOGHFT
LCPSIG
LGHT/C
UFSG/S
UFZSuL
OF3SJL
LUSG/ S
CONREN
CONRFS

NUMBZR

FESC
vEPLI Y
TeEMp
LGALPH
LOGB2S
LOGWJF
LCGVI X
LGSPIG
LUSGP M
LGFEPS
LGHT
LCGFE5>0
LGS
LGTEA4P
FEFV3L
LGS/V
LGVSAR
1-2y
LOGrFT
LGPSIG
LGHT/Q
UFSG/S
UFZSut
OFZSJuL
LUSG/S
CONRFN
CONRFS

NUMBCR

LGFESQ
LGS
LGTEMP
FEFVUL
LGS/v
LGVSAR
1-Rv
LOGKHFT
_LGPSIG

29. 2G.
25. 25.
29. 29.
29. 25.
25. 2S5,
25. 29.
2G. 25.
29. 2S.
2G. 29.
25. 25,
29. 29.
25. 2G.
2Sa 2S.
2G. 29.
29. 2S.
25 29.
29. 2S.
2S. 25.
OF PAIREC CESERVATIONS
FESC VSPLIT
23.
29%. 25.
25. 29.
2G. 2G.
2S. 25.
25. 25.
2G. 29.
265. 25
29. 2S.
29. 29.
29. 25.
25. 2G.
26. 25.
25. 25,
25. 29.
25. 2S.
29. 29.
26G. 29.
29. 29.
25. 25.
2G. 2S.
29. 25.
29. 29.
26G. 2Sa
29. 29.
2G. 29.
29. 2S.
OF PAIREC CESERVATIONS
LGFESO LGS
29.
25. 2G.
25. 26.
26G. 2S.
25. 25.
25. 2G.
25. 2%.
2G. 29
29. 25.

25.
29.
25,
29.
2S.
25.
25
29.
29.
2S.
2%9.
29.
2G.
29.
25.
25.
29.
25.

TEMP

25.
29.
29.
2G.
25.
2S.
265,
29.
25,
2S.
29.
25.
29.
26.
29.
29.
29.
29.
29.
25,
2G.
2S.
25.
29.
2S.

LGTEMP

29.
29.
25.
29.
29.
29.
29.

26
26
26.
26.
25,
26
26
26.
26e
26«
26.
26.
26
26.
26
26.
26
26«

LGALPH

29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29,
29.
29.
29.
29.
29.
29.
29.
2G.
29.
29.
29.
29.
29.

FEFVCL

29.
29
29.
29.
29
29«

29.
29.
29.
29.
2G.
2S.
29.
2G.
29.
29.
2S.
2S.
29.
29.
29.
29.
29.
29.

LOGEPS

29.
29.
29.
29.
" 29.
29.
29.
2G.
2G.
25.
2S.
'29.
29.
29,
29.
26G.
29.
29.
29.
29.
2S.
29,
29.

LGS/V

25
29.
2S.
29.

29.

29.
29.
29
29,
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.

LOGWUF

29.
29
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29«
29.
29.
29.
29.
29,
29,
29.
29«

LGVSAR

29.
29.
29.
29.

26.
29.
29.
26.
29.
2G.
29.
29.
29.
29.
25.
29.

29.

25.
29.
29.
29.
29.

LOGVTX

25.
29.
29.
2S.
29.
29.
29.
29.
25.
29.
29.
29.
29.
29.
29.
29.
29.
25.
2S.
2S.
29.

1-RV

29.
29%.
29.

29
29.
29.
25.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
. 29
29.
29.
29«

LGSPIG

29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
2s.
29.
29.
29.
29.
29,
29.

LOGHFT

29.
29.

29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.

LUSGPM

29.
29.
29.
29.
2G.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.

LGPSIG

29.

29.
29.
29.

29,
29.
29.
29.
29.
29.
29
29.
29.
29.
29,
29.
29.
29.
29.

LGFEPS

29.
29.
29.
29.
29.
29.
29.
2%.
29.
29.
29.
29.
29.
29.
29.
29.
25.
29.

LGHT/Q

2Sa
29.
2S.
29.
25.
2G.
2S.
2S.
29,
25,
2S.
2G.
2G.
25.
25
29.
2%.
26,

LGHT

28
26.
2S.
25.
2S.
2S.
23.
29,
2G.
29.
29.
26G.
25.
25.
2S.
2%.
2S.

UFSG/S

B89l
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LGHT/C
UFSG/S
UFZSIL
0FTSJL
LUSG/ S
CONRFN
CCNRFS

NUMBCR OF PAIRELC CESERVATIONS

UFZSJL
OFTSuL
LUSG/S
CCONRFN
CONRFS

CORRZILATICN

RUN
ALPFA
LGOSV
LCGCL
BYPASS
WATUF
VORTS X
SPIGIT
UsSG P4 .
FEZSuL
FEIGHT
FESC
VSPLIY
TEMP
LCALPH
LOGBP S
LGGnyF
LIGVT X
LGSPIG
LUSGPM
LGFEPS
LGHT
LGFESO
LGS
LGTEMP
FEFVJL
LGS/V
LGVSAR
1-]V
LOGHT
LGPSIG
LGHT/ Q
UFSC/S
UFZSulL
CFZISIL
LUSG/S
CCRRFN
CONRF S

CORRELATICN

26G. 2S.
25. 29.
29. 2G.
2S. 2S.
25. 2G.
25. 29.
25. 26 .
UFZSOL CFISCL -
25.
26, 25.
2S. 25.
2G. 29.
29. 2S.
MATRIX
RUN ALPHA
1.0CQC
C.1666 1.00C¢C
C.2245 -G.0946
=0.234¢ -0.0004
C.4119 -0.1441
C.3564 -0.364¢C
-C.0209 0.31€17
C.158¢8 -0.0270
-0.0423 0.C49¢
0.2566 -0.2557
~0.1411 0.C745
0.2011 0.5022
C.3581 -0.3454
C. 1884 -0.102¢
0.1746 0.9870
C.4048 -0.2122
C.3607 ~0.39¢8
~G.017 0.3248
0.2136 -0.05C3
0.0040 0.0871
C.2636 ~0.2245
=0.1341 0.0782
0.1944 6.4907
C.38¢5 -0.384¢
G.2116 -0.1122
C.24C2 -0.26¢€1
C.183¢6 ~0.2242
C.0018 0.3127
~C.3566 0.353¢
0.G08¢ -0.0180
C. 0428 -C.054%
-0.03¢5 -0.0663
€.1258 -0.18325
C€.2557 -0.229¢
0.2416 -0.2425
0. 2079 ~0.1527
-C.GCO3 ~-0.1684
C.2722 ~0.2145
MATRIX

29.
25.
2%.
29.
26.
2%
29.

LUSG/S

25,
29.
29.

LGOS0

1.0000
0.2071
0.5816
0.5537
0.(s31
-C.4082
-C.5441
0.5505
~-0.07C2
-C.2772
0.3159
C.53%6
-0.1275
0.5670
0.5237
0.C967
-C.381¢4
-0.5129
C.S9564
-0.0683
-0.3905
C.2653
.5330
C.5432
~C.3740
0.C515
-C.2120
=0.5745
-C.4678
C.5006
-0.1837
0.3645
0.65%$
-C.1751
0.€280
0. 6003

29.
29«
29.
29.
29.
29.
29.

CONRFN

29.
29.

LOGDZ

1.0006
-0.1751
-0.1923
~0.0843
-0.5814
-0.4131

0.2725

0.0823
-0.2457
-0.3671

0.1343
-0.0812
-3.1465
~0.1733
-0.1115
-0.5614
-0.4102

0.1979

0.0675
-0.2683
-0.3298

0.0563

0.2027
-0.3574
-0.1654

0.3648
-0.385%
-0.3606

0.4229
-0.3612

0.0411

0.256%
~0.4114

0.448C

0.0563

29.
29.
25,
29.
29
29.
29.

CONRFS

29.

BYPASS

1.0000
0.9041
~0.2641
0.0371
-0.35C6
0.6107
-0.3069
0.2318
0.8571
0.2365
-0.1186
0.9830
0.6010
-0.2400
0.0890
-0.33¢6
0.6714
-0.2551
0.2200
0.8361
0.2385
0.5821
0.2¢91
=0.2422
-0.8565
-0.2839
~0.2133
0.2636
0.13¢1
0.2696
0.5917
0.1770
0.3646
06996

29.
29
29.
29.
29.
29.
29.

WATUF

1.0000
-0.2615
0.1227
-0.2879
0.6157
~0.3901
0.0652
0.9450
0.2630
=0.3434
0.8875
0.9888
-0.2405
0.1118
~0.2766
0.6631
-0.3801
0.0599%
0.5250
0.2758
0.5627
0.2285
-0.2280
=0.9447
-0.2113
~0.1265
0.1891
0.2395
0.2557
0.5645
0.2667
0.3491
0.6498

29.
29.
25.
29.
29.
2S.
29.

VORTE X

1.0000
c.01C3
0.1653
-0.0307
0.0515
-0.3499
-C.34¢€1
0.1707
0.3026
-0.2468

©=0.2746

C.5989
0.0001
0.1265
-0.0157
0.0519
-0.36C2
-0.3532
0.1532
-0.0340
-€.5601
C.$912
0.3461
-0.1352
-0.1455
-0.1183
-0.1658
~0,2081
-0.0159
-0.1427
-0.0766
-0.1138

29.
29.
29.
29.
29.
29.
29.

SPIGOT

1.0000
0.7068
-0.2598
0.0490
0.2901
0.3799
-0.2316
0.0448
0.0737
0.1500
0.0287
0.9504
0.7488
-0.2069
0.0589
0.2979
0.3500
-0.2012
-0.280¢
0.8140
0.13006
-0.3812
0.7250
0.7187
~0.7405
0.7346
0.2897
~0.2946
0.8091
-0.7331
~0.1174

29.
29.
29.
29.
29.
29.
29.

USGPM

1.0000
-0.3670
0.2037
0.1199
-0.0644
-0.0093
0.1028
-0.3528
-0.2740
0.1559
0.6896
0.9648
-0.3891
0.1993
0.1476
-0.0527
0.0237
~0.3546
0.4906
0.2306
0.C631
0.9076
0. 8565
-0.9250
07467
0.3092
-0.3886
0.7390
-0.8319
-0.7027

29.
29.
29.
29.
29.
29.
2G.

FEZSOL

1.0000
-0.0622
-0.3988
0.4221
0.6460
-0.2748
0.6159
0.6095
~0.0310
-0.2212
~0.3529
0.5910
~0.0626
-0.4047
0.4014
0.6486
0.5584
~0.1765
-0.0599
~0.4206
~0.31765
-0.2541
0.2409
0.0381
0.5862
0.9990
0.0470
€.5330
0.5359

2S.
26.
26.
2S.
25.
25,

HETGHT

1.0CC0
-0.2243
=0.3¢55
C.GCESC
0.02¢8
-0.3365
~-0.38C%
C.C4E3
C.C7¢8
0.1511
-0.0589
0.5667
~-0.24325
=0.2¢€4
0.05S57
~-0.0£36
0.02¢84
0.0555
C.27C3
0.0272
C.03cCt
G.CE20
-C.04Cs
0.12¢S
-0.0c82
~0.0532
-0.0859
-0.0532
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FESC
VSPLIT
TEMF
LGALPH
LGGEPS
LCCRUF
LCGVT X
LGSPIG
LUSGPM
LGFEPS
LGHTY
LGFESO
LGS
LGTEMP
FEFVJL
LGS/v
LGYSAR
1-3y
LCGHFT
LGFSIG
LGHT/C
UF56/S .
UFZSIL
OFESIL
LUSG/S
CCNRFN
CONRFS

COFRELATICA

LGFESQ
LGS
LGTEAP
FEFVOL
LGS/v
LGVSAR
1-3yv
LCGHFT
LGPSIG
LGHT/C
UFSG/ S
UFTSul
OF ESul
LuUses s
CONRFN
CONRFS

CCRRCLATICA

UFZSUL
CFESaL
LUSG/ S
CGNRFN
CONRF £

NAME
RUN

FESC
1.C0CCC
0.225C

~C.4339
C.535¢
0.1911
0.C571

-0.33€7
0.2686
C.1¢11

-0.3636

-0.2193
C.5548
0.2186

~(.4429

-0.409%
0.4151

-C.3147

-0.2275
(.26C3
C.215¢4

-C.2138
Col5t4

~0.1510

~C.4111
C. 1956

-0.3043

=C.1167

MATRIX
LGFESC
1.00CG60
0.2132
-C.4331
~0.4144
C.4264
-0.32243
-0.2289
€.2677
C.252¢
-0.2493
€.2182
~0.1435
-0.4172
C.2168
-0.3321
-C.153¢

MATRIX

UF2SCL
1.06CO
C.5623
C.62%8

~0.1422
C.Cl4C

MEAN
26.5861

VSPLIT

1.00CC
0.0926
-0.3122
0.8371
0.9430
-0.3218
0.3714
~0.037¢
0.4761
-0.3576
0.221717
0.9842
0.1166
0.39¢€1
0.4917
-0.2821
-0.99%6
0.0471
0.1058
-0.0464
C.45C1
0.3172
0.39C8
0.4872
0.0802
0.5202

LGS

1.00CC
0.16¢€1
0.377¢
0.5031
-0.2516
=0.98¢6
0.0458
0.:018
-0.0340
0.4451
0.3447
0.367%6
0.4847
0.1105
0.5304

QF2sSoL

1.00C0
0.C118
0.5458
0.530¢

STANDARD DEVIATION

TEMP

1.006G0
-0.1126
0.27C8
0.2986
G. 1569
-0.2570
=0.1431
0.€112
0.0756
-0.4251
0.1440
0.5960
0. 6570
-0.3051
0.1321
-0.C963
-0.1887
-0.10¢4
0.1630
0.C073
0.4351
0.6440
-0.€072
0.4522
0.1808

LGTEMP

1.GC0Q0
C.£585
-0.2662
C.116¢
-0.1249
-0.1461
~0.C0645
0.1285
04.C531
0.4677
C. 6448
C.C406

0.4163

0.1645

LUSCG/S

1.c0ce
-0.7039
-0.2823

10.2%40

LGALPH

1.0000

-0.1874

-0.3769
0.3108
0.0164
0.1426

-0.2292
0.0415
0.5351

~0.349%

-0.1207

~0.2871

~0.1606
0.3049
G.316¢%
0.0455
0.008%

-0.1336

-0.1323

~0.2261

-0.2641

-0.0554

-0.2253

-0.2333

FEFVQOL

1.C00C
-0.1502
-0.0673
~0.3548
-0.3¢31
-0.2401
0.3204
0.0428
0.5952
0.9982
0.0454
0.5205
0.5000

CONREN

1.0000
0.6788

LOGEPS

1.00060
0.9040
~0.2252
0.C786
-0.3535
0.€659
-0.3261
0.17177
0.8386
0.2674
0.55C2
0.1622
-0.2321
-0.8386
~0.3039
~0.2333
0.2794
0.1200
0.2907
0.5957
0.1552
G.40C4
0.7143

LGSV

1.0060
~0.4574
-0.4926

0.€891

0.6623
-0.5532

0.7150

0.3687
~0.2131

0.7657
-0.5685
-0.0411

CONRFS

1.00C0

LOGWUF

1.0C00
-0.2546
0.1401
-0.2790
0.6545
-0.3709
0.0478
0.9476
0.3C93
0.5874
0.2601
-0.2402
-0.9449
-0.2C54
-0.1312
0.1537
0.2503
0.2938
0.5856
0.2783
0.3¢42
0.6729

LGVSAR

1.0000

0.2829
~0.0603
-9.0717
-0.1918
=0.0844
-0.1891
-C.0494

-0.0507

-0.1557

'~0.1049

LOGVTX

1.0000
0.0181
0.1229
-0.0100
C.C480
~0.34565
-0.3311
0.1434

~0.0370

-0.5456
0.9938
0.3220

=C.14265

-0.1538

-0.1126

-0.1672

~0.2164

-0.C0171

-0.1389

~0.0766

-0.0858

1.0000
-0.0467
~0.1053

0.0453
=0.4500
~0.3163
~0.3861

~-0.4872.

-0.0835
-0.5219

LGSPIG

1.0000
0.7501
-0.1796
0.0866
0.2749
0.3788
~0.2252
~0.2516
0.8280
0.1193
-0.3723
0.7265
0.7243
-0.7353
0.7412
0.3310
~0.2656
0.8207
-0.7534
-0.1065

LOGHFT

1.0000
0.9917
-0.9524
0.8161
0.35406
=0.4C065
0.829%4
-0.9010
~0.6956

LUSGPM

1.0000
-0.3698
0.1481
0.1917
-0.0499
-0.1054
-0.3432
0.5598
0.2029
0.0388
0.6531
0.5458
-0.9725
0.7840
0.3358
-0.3737
0.8023
=0.9292
-0. 7036

LGPSIG

1.0000
=0.5468
0.8568
0.4518
-0.2796
0.8715
-0.8659
-0.6536

LGFEPS

1.0600
-0.0560
-0.3719

0.4531

0.6157

0.9818
-0.1450
-0.0352
-0.4772
-0.4042
-0.2847

0.3594

0.0279

0.5582

C.9880

0.0510

€.5308

0.6119

LGHT /0

1.0000C
~0.7695
-0.3095
0.3626
-0.8203
0.9158
0.6%03

LGHT

1.0¢ccCo
-0.2287
~0.3579
0.0549%
-0.0653
0.0457
0.0575
0.358¢
0.0331
0.c2%6
0.0861
-0.9414
0.1222
~0.0550
-0.0514
-0.08¢é2
-0.0787

UFSG/S

1.0Cc0
0.56C7
0.C057
0.96%4
-0.8E5¢
~0.3328
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ALPHA
LGNSC
LNGnNZ
8YP&SS
WATUF
VIOTEX
SPIGLY
HSGPM
FFEI0L
HE TGHT
FESO
VSPLIT
TRMD
LGALDH
LCGH8PS
LOGHWUF
LAGVTX
LGSPIG
LUSGPH
LGFEPS
LGiT
LGFE59
Les
LGTEME
FEEYDL
LGSV
LGV5 AR
1-2v
LOGHFT
LG#SIG
LonT/Q
UF SG/S
UFZSCL
2°%S 0L
LUSG/S
CON2FH
CINRFS
29

5.69089
1.69651
0.3464%4
0.445921F=-01
0.412103%-01
0.921379
«264138
17.4263
30.9758
20.1033
22.0758
0.6313655-01
26,6331
0.742541
~1.28148
-1.40452
=0.152621F-01
=0.604134
1.18744
1.38866
1.200%1
1.23977
-1.21590
1.41881
0.139760
=0.58822%
0.%13275%~-02
C.940796
G.7478649
0.481555
0.1129956
71.393%
65.9451
27.3465
1.732C8
0.8938575=-01
0.207274%-C1

1.41268
0.255776
0.723740
0.171579€E~01
0.1227957-01
0.226064%
0.836613E-01

S.21271

18.6018

2.28105

3.18105
0.1710475-01

4.79789
0.104151
0.182236
0.135204
6.104506
C.156840
0.218157
0.222267
G.5067535-01
0.7112815-01
0.125579
€.73%071£-01
0.109227
0.187110
0.197184
0.1512555-C1
0.4569566
0.450599
0.216567

41.0320

4.50738

19.9778
0.257761
0.4842C4£-01
0.730503F-02

NBSERVATIONS TNTAL

26 NASTOVATICNS ACF COMPLETE
28 DEGREES 0OF FREEDOM )

COMTROL CA20 NO. 3 ¥ STPREG *kk& STPREG #%#x STPREG ®¥ks STPREG *x%k STPREG #%xx STPREG *%*& STPREG **% CONTROL CARD NO.

POTENTIAL INDEPEMOFNT ANG NTEHER VBPTABLFS IN THT REGRESSION AN&LYSIS‘FOR LGD50

WATUF
VARTEX
SPIGOTY
usSGPoM
FFZSOL
HEIGHY
FESO
VSPLIT
TEMP

AESULTS WITH HMURU + WEIGHTING FACTCR

PARTIAL (22w,
0.5537
0.0721
0.4082
0.5441
0.1505
C.0702
0.3772
0.3159
0.52%6

TOLESANCE
1.0000
1.0000
1.0C00
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

F-RAT IO
11.64
0.2362
5.400
11.25
252.7
0.1337
4,478
2.993
11.09

F-PROB
0.0019
0.6357
0.0266
0.0024
0.0000
0.7162
0. 0416
0.0915
0.0026

3
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>335555T%p NUMBEZ 1

2-5QUL9ED = (.9034753

REGRPESSINN FQUAT!

ON FOR LGDSO

F-PRABABILITY LEVEL = 0.0500

NORM COEFF
0.9505
5.052

NOFM COEFF

-0.2256
0.8677
5.616

NO°M COEFF
0.1616
-0.2544
0.8621
5.002

STANDARD ERRCR LGDSO = 0.8062F-01
F~PROBABILITY = ,730000000
VARTABLE COREFICTENT STL. FRR, F-RAT IO F-PROB
FETSOL 0.12069626E~01 0.8221F~03 252.7 0. 0000
CONSTANT 1.2921944 0.2954%5-01 ‘1913, c.0
POTENTIAL TNDEPEMDENT 4NN OTHER VARTARLES IN THE REGRESSION ANALYSIS FOR LGDSO
PARTIAL CO3R. TOLERANCE F=-R AT IO F-PROB
WATUE 0.1285 0.6209 0.43¢5 0.5215
VORTEX 0.2937 0.9991 4.7€9 0.0263
SPIGOT 0.5277 0.9325 10.57 0.0032
shoM 0.56754 0.8653 21.81 0.0001
HE TGHT 0.0356 0.9961 0.3261E-01 0.8350
FC5C 0.0067 0.8409 0.1151F-02 0.9235
VSPLIT C.3028 0.8219 2.624 0.113%
TEMP 0.3140 0.5826 2.845 0.10C0
DEXO,5ETFP NuMpre 2 REGAESSINN FQUATION FOR LGDSO
2=SQUAZFEN = 0,94751156 F-PROBABILITY LEVEL = 0.0500
STANLARD £R8302 LGNS0 = 0.608lE-01
F-PECEABILITY = .0000C000
VARTABLE CNEFFITIANT $TO. ER7, F~-RATIO F-PRNY
USGPY -0.62622181¢-02 0.1341E-02 21.81 0.0001
FEZSOL 0.11931121%-01 0.6642FE-03 322.7 0.0000
CNONSTANT 1.43£5627 0.2806C~01 1425, 0.0
POTEARTIAL INDEPENDFNT AND OTHER VARIARLES IN THE REGRESSION ANALYSIS FOR LGDSO
PA3TIAL (Cnea, TOLSRANCE F-RAT IO F-PRNB
WATUF 0.2526 0.61¢65 1.703 C.2012
VORTEX 0.6952 0.9716 23.38 0.0001
SPIGOY 0.1406 0.4961 0.5042 0.4907
HE IGHT 0.1327 0.9583 0.4485 0.51¢€0
FESC 0.0195 0.8401 0.9476E~02 0.8857
VSPLITY 0.3140 0.8124 2.735 0.1070
TEMP 0.1393 0.5226 0.4948 0.4949
2O>3>>S5TEp NymMArp 3 REGRESSION FQUATION FOR LGDSO .
2-S0UaR LD = €,9728797 F-PROBABILITY LEVEL = 0.0500
STANCARD FR2IR LGDSO =  0.44585-01
F=P233ABILITY = .D00CC000
VAR TABLE CIAEFFICIENT STO. E°R, F-RATIO F-pPROY
VORTEX 0.17507323 0.32620E-C1 23.38 0.0001
UsSGoM =0.70617475F-02 0.9668E~-03 | 50.19 0.0000
FEZSOL © 0.118540¢€4E-01 0.4871F~C3 562.2 G. 0000
CONSTANT 1.2792984 0.4285E5-01 891.5 0.0
POTENTIAL INDEPENOFNT AND OTHER VARIAGLES .IN THE REGRESSION ANALYSIS FOR LGDSO
PARTIAL CNRe, TOLFAANCE F-224T 10 F~PRNDB
WATUF 0.0650 0.5613 0.1017 0.7472
SPIGAT 0.0471 0. 4844 0.5328E-01 0.8042
HEIGHT 0.1673 0.9580 0.6911 0.4188
FESO 0.3870 0.7087 4,228 0.0484

aLl



NORM COEFF
0.1762
-0.2320
0.9319
-0.94705-01
5.308

vVsSPLIT 0.0617 0.6869 0.9163F-01 0.7579
TEMP C. 4064 0.4965 4.749 0.0375
2XI355STEP NyYMRIR 4 PEGRESSION EQUATION FOR LGDSO
F-SCUARED = 0.9773594 F-PROBABILITY LEVEL = 0.0500
STANCARD ERNe LGNSO = 0.4157€-01
F-PROBABILITY = .CCCCCOOO
VAGT ABLE CAEFFICTENT STD. FRR, F-PATIO F-PRO8
vooRTeEX 0.19C99917 0.3453%-01 30.56 0.0000
us6eEv ~0.5644616249%-02 0.6721F-02 43.91 0. 0000
F=3ZS0L 0.12814194E-01 0.6228%-03 410.0 C.00¢C0
Temp -0.504861072~02 0.2317E-02 4.749 0.0375
COANSTLNT 1.35765610 0.53755-01 627.9 €. 0000
POTERTIAL INDRPANGINT AND OTHER VARTABLSS IN THE REGRESSION ANALYSIS FOR LGDSO
PARTIAL fOR%, TOLTRANCE F-RATIO £-PRIB
WATUF 0.1424 0.5476 0.4757 0.5039
SPIGAT 0.2658 0.3568 1.748 0.1968
HFETGHT 0.2326 0.9468 1.316 0.2625
££s50 0.3446 - 0.6826 3.100 0.0882
VSPLIT 0.1868 0. 6424 0.8317 0.3746

gLl
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<0 [100Z)CONFIDENCE INTRRVALS SCALE FOR RESIDUALS

OBSERVED eRsSINuAL PREDICTED MEAN OBSERVAYION -0.7000 -0.4200 -0.1400 0.1400 0.4200
PLUS=-MINUS PLUS-MINUS VILII120870 7007000827727 800077007 00000707000 72087827227270077)
1.4347 ~0.4360%-01 1.4783 ’ / E . /
1.637% 0.130¢8 1.5066 / - E /
l.3122 0.1365%=-01 1.2985 / .£ /
1.3276 =0.13R2%-02 1.3250 / £ /
1.528¢C 0.1394%-01 1.9141 / .E /
1.9751 ~0.43253-01 2.0184 / £ . /
1.8385 0.13228-01 1.3353 / £ 7/
1.9374 ~0.14355-C1 1.9518 / ) /
1.7702 0.30107-01 1.7401 / .F /
1.4322¢C -0.15907-01 1.4489 / £. /
1.553% ©~0.4577%-02 1.5585 / £ /
1.2640 -0.55653%-01 1.3525 / E . /
1.481¢C -0.4569%-01 1.4977 / € . /
1.6685 D.21617-01 1.9270 / = /
1.593% -0.25640%-01 2.0200 / . s
1.8780 -C.12177-01 1.8972 / z. /!
1.9220 ~0.14575-C1 1.93¢6 / £. /
1.742¢€ 0.48836-C3 1.7453 / E /
1.4437 -0.2550%~01 1.44692 / €. 7
1.5502 0.405697-01 1.5065 / . E /
1.2542 -0.1450%-01 1.3091 / E. /
1.3147 ~-0.2565F-03 1.3150 / E /
1.9753 G.5999F-01 1.9083 / . E /
tevetd =0.4%21T0rE=-01 2.0146 / E . 7
1.8729 ~0.77477=-C2 1.88¢C6 / £ /
1.5472 0.7716==02 1.9395 / £ /
1.7325 ~0.7935¢~03 1.7332 / £ 4
1.sCC7 0.15825-01 1.8849 / «£ /
1.74C0 G.2067°~C1 1.7193 / «E /
V21170707077 287772778200720070720870080770777077077728027724777¢27121)
-0.7000 -0.4200 -0.1400 0.1400 0.4200
SCALE FOR RESIDUALS
29 COMPLETFE OQBSFRVATIONS AUTD CORR COSFF= ~0.2312 DURBIN WATSON D-STATISTIC = 2.401
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PRECICTED VALUES (VERTICAL AXIS) VERSUS OBSERVED VALUES

2,900

1.850

1.7Co

1.550

1.400

+ + o+ 2.000

1.685

1.678

1 1.955

- . : 1 1 1 1.940
1,625

1 1 1.910

1 1.895

1 11 1.880

. 1.8565

1.3950

1.835

1.820

1.805

1.7590

1,775

1.756G

1 1 . 1.7%5

1 1.72¢

1 1.715

B 1.700

1.885

‘1.67C

1.65%

1.¢40

1.625

1.610

1.595

1.536

1 1.585

1.550

1.835

1.520

1 ’ 1 1 ’ 1.505

) 1.450

11 . 1.475

1.460

1 1.445

1.430

1.413

1.400

1.335%

1.370

1 1.353
. 1.3%0

1 : . : 1.1325

1 1 - 1.310
1 1.295
. 1.280

1.265
1.250

l\\\\\\\\\l\\\\\\\\\l\\\\\\\\\l\\\\\\\\\|\\\\\\\\\I

,//I/////////I)////////l/////////l/////////l////7////l//////l//l/////////l/////////I/////////l////////ll
1.250 1.400 1.550 1.700 1.850 2.000
DISTANCE BETWEEN SLASHES ON THE X-AXIS IS 0.7500E-02

TAR



PPAAABILITY OF RESIDUALS VS RESTDUALS
(PLOT TO VERIFY THF MNOOMALITY OF THE DIST OF RZSIDUALS)

THE ®w_»,men AND ma® ART USED TO PLOY PREDICTED VALDES; “*" IS USED WHERE PREOICTED VALUFS COVER DATA POINTS
Hen REPRESENTS A POINT DUTSIDE GRAPH.

2,200 2.200

1 ’ 2.110

2.020

1.630

1.840

1.7593

hd 1.5650

: ' 1.576

1.430

1 1.398

1.300

1 1.210

’ 1.12¢0

1 ’ 1.030

. 0. 5400

1 0.3569

l. 0.7600

1 0.6700

1

-4

1.300

0.5890
0.4900
0.4000 . 0.4000
- ) 0.3100
. 0.2200
: 0.1300
G.%00C0%~01
-3.5C008-C1
-0.1400
~0.2300
. -G.2200
. -0.4100
. -0.5009
- -0.5900
1 -0.6800
1 ’ -0. 7700
1 ~0.3£00
-0.9520
. -1.040
. -1.130
-1.220
. . . . -1.510
.1 ~-1.400
' ~1.450
. -1.580
1 -1.670
-1.78¢C
-1.850
~1.940
. -2.030
1 -2.120
-2.210
-2.300

* %N -

ks

"=0.5000

-1.400

s ™ N NN NN NN NN N NN NANNN NN NNNNNNYN PN S SNSSNS SN SNSN NSNS SNSNNN

~2.200 .
JINIZILIII 72 VI EPL I 0NV ITESIL I NI7 000077000700 0008 000077008 0070000700000 2007702\0717207100\177177177171
~16.84 =10.10 -3.368 ' 3.368 10.10 16.8¢4

DISTANCE BETWEEN SLASHES ON THE X-4X1IS IS 0.3368

9Ll



2LOY OF Y & YHAT VS VIRTFX LVERTICAL AXIS IS v-aAXIS.

THT A n,mem AND men ART YSED TC PLOT PREDICTED VALUES: "%" IS USED WHERE PREb!CTED VALUES COVER DATA POINTS
®+n REPPESENTS A POINT OUTSIDE GRAPH.
2.000 - '

bt

' 2.C00
1 1.385
1 1.979
1.655
1.940
1.925
1.910
1.895

— 4 %o

Rt e

1.855

1.850

1.835

1.820

: 1.805

1.750

1 1.775°

1.765

* 1,745

* 1.730

o . 1.715

1. 706G

1.6355

1.37C

1.435

1 1.6%0

1.625

1.410

1.59%

1.580

- 1.5565

2 + 550

1.335

1.820

. . 305

: 1.49Q

. ’ . 1.475
1.450

* 1 1,445
2 1.4390
1.415

1.400

1.385

' . 1.576

. . 1.355
1.340

- 1.325

- ® - 1. 310
* 1.295
« 280

1.285

1.250

1.850

1.720

1.400

DN N N N N S SN N N NN N N NN N NN NN NN NN NN N NN NSNNNSNSSNSNS N NSNS NSSNSSNSNSS

LIXEIELLTI 7000000000080 0 800000 V08802070007 007200 000 000002000 00000070200 70000077087000020000004807810127170
- 0.7500 0.8500 | 0.9500 1.050 ‘ 1.150 1.250
DISTANCE BETWEEN SLASHES ON THE X-#X1IS IS 0.5000£-02

1.850 _

LLL



PLOT OF Y & YHAT VS USGPM <VERTICAL AXIS IS Y-AXIS.

THEZ m m,Mem L4D m&kn ARE USED TO PLOT PREDICTED VALUES; "#" 1S USED WHERE PREDICTED VALUES COVER DATA POINTS
"+ REPRESENTS A PCINT OUTSIDE GRAPH. :

2.000

1.850

1.700

1.550

1.400

1.250

1
1
11
1 .
- D §
1 1

P NNN NSNS NS NNNNSNSNSNSNSN NSNS NNSNSNNN NMNNNNSNNNSNSSNENSNSNN NN NNN Y
.
—
[

//l/////////l/////////l//////I//l/////////l/////////l/////////l/////////l///I/////I/////////l/////////l

2.030
1.985
1.870
1.955
1.9%0
1.525
1.910
1.895
1.839
1.855
1.850
1.335
1.829
1.80%
1.7%0
1.775%
1.760
1.745
1.730
1.715
1.70¢0
1.€385
1.87¢
1.655
1.640
1.625
1.5610
1.593
1.530
1.5565

7.000 14.00 21.00 28.00 35.00 42.00

DISTANCE BETWEEN SLASHES ON THE X-AXIS IS 0.3500

BLL



PLIT OF Y £ YHWAT VS FEZSOL «VERTICAL AXIS IS Y-aXIS.

THT w %, msm AND m%n AQE YSED TO PLNT PREDICTSD VALUES; "% IS USED WHERE PREDICTED VALUSS COVER DATA POINT<
nen R‘PRESFW:S A POINT OQUTSIDE GRAPH.

2.000 1 2.9900C
1.985
1.67¢
1.655
1.6%0
1.925
1.510
1,895
1.880
1.865

s g e
"
. =

. -
[

Bt
%

1.850

o
wi
(=]

"

OV QUOWVMOVOUOANLUWMOVNO WGV

L B R Y

NN NO oM~~~ ed DWW

1.70C

D R N T I

el e e e e e Ul PN
AR e I Y R o R R O S X

.
w
w
(S

—
=
=

.

o
W
[}

1.400

ENS NSNS NSNS NMENNNNNNNSN NSNS SNSNNSNS N NSNS NN SN NN NN NNNN N

1.250
//l/////////l/////////l/////////I//l//////l/////////l/////I///l/////////l/////I///l/////////ll////////l
6.000 15.00 24.00 32.00 42.00 51.030
DISTAMCE BETWFEEN SLASHES ON THE X-AXIS IS 0.4500

6LL
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PLOT OF Y & YHAT VS TEMP «VERTICAL AXIS IS Y-AXIS.

THE » m,mem AND mkn ADE YSEQ TQ PLOT PREDICTED VALUES; %" IS USED WHERE PREDICTED VALUSS COVER DATA PQINTS
@44 REORESENTS & PCINT OUTSIDR GRAPH.

2.G00

1.850

1.700

1.550

1.400

1.250

- o 1

N

/
/
/
/
/
I
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/

//I////////)l/////////l/////////I/////////I/////////I/////////l/////////I/////////I/////////!//l//////l

2.000
1.685
1.970
1.655
1.940
1.925
1.910
1.895
1.239
1.655
1.850
1.835
1.320
1.505
1.73¢
1.775
1.760
1.745
1.73¢C
i.7s
1.700
1,685
1.670
1.655
1.640
l.625
l.610
1.395
1.580
1.565
1.550
1.338
1.520
1.505
1.430
1.475
1.480
1.445
1.430
1.415
1.400
1.385
1-.370
1.255
1.3%0
1.323
1.310
1.295
1.2890
1.2565
1.750

19.00 22.20 25.40 . 28.60 . 31.80 35.00

DISTANCE BETWEEN SLASHES ON THE X-AXIS IS 0.1600

oelL



2.00

1.85

1.7C

1.40

1.25

|\\\\\\\\\l\\\\\\\\\I\\\\\\\\\‘\\\\\\\\\I\\\\\\\\\'

. /
/5/////////l/////////l/////////l/////////l/////////l

-0.7CC

PREDIZTED VALUES VERSUS RESIDUALS ’ YORTEX VERSUS RESIDUALS

~0.420

21.

=0.140

=
—

/ 1.25 - 3341

/ : /

/ / -

/ /

/ / .

N /

/ / .

/ /

/ / .

/ /

/ 1.15 - .

/ /

/ / .

/ /

/ 7 .

/ /

/. / .

/ /

/ / .

/ /

/ 1.05 - .

/ /

/ / .

/ /

/ 4 .

/ / 22

/ / .

/ /

/ / R

/ /

/ 0.950 - .

/ /

/ / .
1 / /

/ / .

/ /

/ / .

’ /

/ / .

/ /

/ 0.850 - .

/ /

/ / .

/ /.

/ / .

/ /

/ / .

/ /

/ / .

/ /

0.750 - 2442 1

0.140 0.420 0.700 -0.700 ~0.420 -0.140

DISTANCE BETWEEN SLASHES ON THE X-AXES IS 0.14005-01

1

0.140

/I/////////I/////////l/////////l/////////l/////////.

J.420

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\*-\\\\\\\\\\\\\.\\\\\\\\

LglL



42.0

21.0

14.0

7.00

USGPM VERSUS RESIDUALS

/ 1
/ 1
/

/ -
/

/ .
/

/ .
/

/

/ .
/

/ .
/ 1
/ .
/

/ -
/

- 1.
/

/ .
/

/ .
/

/ .
/

/ 1.
/ 111
- 1.1
/ 1
/ .
/

/ 2
/ 1
/ .
/

/ B
/

/ r2
/ 2
/

/ 1.
/ 11
/ 1.
/

/ 11
/ 11 11

TVILILILLIINILILT P LTI NETIL 00077V 0000000007 72070277

~0.700 -0.420 =0.140

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\'\\\\\\\\\

/
I

0.140 0.420 0.700

4240

33.0

24.0

15.0

6.00

PN S NSNSNSSNSNS NSNS SNSSNSNSSNN NNNNSNNNNSNSN NSNS SNSNSNSNSSSNSN NMNNNNNNNN

SVIITTLIP L7V L7000 07 0208077070000 70000202V0000271714

-0.700

FEZSOL

=0.420

VERSUS RESIDUALS

2

3.2
2 4

-
~

111
121

=0.140

CISTANCE BETWEEMN SLASHES ON THE X-AXES 1S 0.1400E-01

i

1

0.140

0.420

/
/
/
/
/
4
/
/
/
7
/
/
/
14
/
/
/
/
/
/
/
/
/
7
/
4
/
4
I4
/
/
4
7
14
!
/
/
/
/
/
/
/
/
/
/
/
/
/
/
7
l4
I
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35.0

28.6

22.2

19.0

N S S N N N N N N D N N N N N N N N N LN NN NN NN NN ENNNNSNSNSNSNSSN NSNS SNSNSSNSSNSSNN )

TEMP

VERSUS RESIDUALS
2.

R N N T L N T T N

IVIILLIIIEINIPIP 2002800720200V 0000700700700\ 1777771771

-0.700

~0.420

-0.140 0.140
OISTANCF BETWEEN SLASHES ON

0.420

0.700

THE X-AXES 1S

0.14005-01

€8l



CONTROL ©€ARD NO. & *+w STPRFEG *kkx STPREG wéx& STPREG ¥« STPREG ##kk STPREG *#x%x STPRIG x#xx STPREG ** CONTRCL CARD NO.

POTENTYI AL INDEPENDENT AMD OTHER VARIABLES IN THE REGRESSION ANALYSIS FOR LGPSIG

PARTIAL (2RR. TOLERANCE F-RATIO F-PROB
LUSGPM 0.6458 1.0000 229.0 -0.0000
LGHT 0.0256 1.0000 0.1777F-01 0.8642
€CFVOL 0.2401 1.0000 1.651 0.2073
LGVSAR 0.0717 1.0000 0.1394 0.7110

KREGRZSSINN EQUATYON FOR LGPSIG

DOP>>>STEP MUMRER 1
2-SQUAREE = 0.8945452 : F-PROBABILITY LEVEL = 0.0500
STANTAGD FQRDR LGPSIG = 0.149%0
F-pRNBASILITY = ,0NCCCOCO
VAR T ARLE COSEFICIENT STD. FPR. F-RATIO F-PROB MORM CGEFF
LUSGPM 1.95254 34 0.12651 229.0 0.0000 0.9458
COANSTANT ~1.8281517 0.1558 139.3 0.000C0 ~4.079
POTENTIAL TNDFPENDENT AND OTHER VARTIABLES IN THF REGRESSION ANALYSIS FOR LGPSIG
PADTIAL COOR, TOL£2ANLE F-RATIO F-PROB
LGHT 0.3564 0.5781 3.782 0.C5%9
FEFVOL 0.271! 0.8822 2.162 0.1499
LGV5AR 0.8320 0.5584 5€.46 0.000C0
SO>>>>STEP NMRED 2z PEGRESSINN EQUATION FOR LGPSIG
B-SOULRED = (1.9675361 F-p20BARILITY LEVEL = 0.0500
STANCERD F2R02 LGPSIG =  0.84256-01
F-PROBABILITY = .0000C000
VAST ABLE CALFFEICIRNT ST0. EoP. F=-RATIO F-PROA NORM COCFF
LUSHPY 2.0637657 0.7455F=~Cl 770.8 0.0 1.002
LGVSAR -0.530624633 0.82488~01 58. 46 C. 0000 -0.2760
COMSTANT -1.9728707 0.8981F-01 482.5 0.0000 -4.378
POTENTIAL IMCIPENDENT &MD DTHER VARIABLES IN THE REGRESSION ANALYSIS FOR LGPSIG
. PARYISL COPR. TOLERANCE F-R AT I0 i F=-PR38
LGHT 0.5996 0.9773 14,04 0.0010
FEFVOL 0.5037 0.8822 8.499 0.0072
1
PO>>>>STFP NUMBER 3 REGRESSTION EQUATION FOR LGPSIG
B-SQUARED = 0.9752085 F-PROBABILITY LEVEL = 0.0500
STANCARN F220R LGPSIG = 0.56B76E-01
F-PRTRASILITY = .00C0CO0O .
VARTABLE COEFFICIENTY STD. ERR., F-RATIO F-PRCR NORM COEFF
LUSGPY 2.1018552 0.6144F~01 1170, 0.0 1.018
LGHT -0.966066620 0.2579 14,064 0.0010 -0.1093
LGVSAR -0.62340723 0.67345-01 85.70 0.0000 -0.2728
CONSTANT -0.75475168 0.3333 5.128 €. 0309 ~1.675

POTENTIAL INDEPFNDFNT AND OTHER VARIABLES IN THE REGRFESSION ANALYSIS FOR LGPSIG
PARTIAL C0ORR, TOLERANCE F-RATIO F=~PR3B
FEFVOL 0.6177 0.3820 14,81 0.0008

4

hgl



P>>>>>STEP Nuvern 4 REGRESSION EQUATION FGCR LGPSIG

R-SQUA2%D = 0.9871423 F-PROBABILITY LEVEL = 0.0500

STAMCARD =2RZA LGPSIG = 0.5519F-01

F-PPORARILITY = .0
VARTABLE COEFFICIENT STD. CRR, F-RATIO F-PROB " NOPM COEFF
LUSGPM 2.1687742 0.5229E-01 1720. 0.0 1.050
LGHT -0.55356612 0.2070 21.22 0.0001 -0.1079
FEEVOL 0.39122172 0.1017 14.81 0.0008 0.59484E-01
LGVSAR -0.626410101 0.5405E-01 133.3 0.0000 -0.2731
CONSTANT -0.91294209 0. 2707 11.38 0.002¢6 -2.02¢6

GeL



.0 (LOOFICONFIDFNCE INTERVALS SCALE FOR RESIDUALS

OBSERVED RTSIDUAL PREDICTED MZAN OBSERVATION -1.560 -0.9000 -0.3000 0.3000 0.9000
PLUS-MINUS PLUS-MINUS V1117070780887 7 0002008000 0000 2070002808200 0077028007120777127%
1 0.17610 0.99425-02 03.16616 / &
2 «2£170 =0.602C5~-C1 ©.421%0 / Ee
3 1.2041 0.32407%-01 1.1707 / .E
4 l.146€2 -C.270G6F-01 1.1732 / £a
5 0.0 -0.2141E-01 0.214C8E-01 / £
6 -0.22180 0.7416E-02 -0.22922 / €
7 0.7782¢C -0.4980%-62 0.73318 / z
4 0.562900 0.1073F~-01 0.68807 / E
g 6.27880 -0.2636F-01 0.31516 / £.
.10 0.20419 ~0.2764%-01 0.23174 / Z.
<11 0.0 0.37325-02 -0.29324E-02 / 13
12 1.08¢&5 G.B753€-C1 0.96937 / .
13 0.67210 -0.20515-01 0.65261 / g
14 0.414C0%-01 -0.66517-01 0.106791 / Z.
15 ~0.45&CCE~01  0.1494 ~0.19519 / . E
16 0.95420 -0.20735-01 0.98492 / E.
17 0.72420 -0.14998-01 0.73929 / €
i3 0.2788¢ -0.13485-C1 0.29228 / £
18 0.17410 -0.2559%-01 0.20569 / E.
20 C.2617C -0.2109F-01 0.39279 / Z.
21 1.2041 0.1438 1.06C2 / . €
22 1.1430 ~0.4320%-01 1.1862 / e
23 C.C -0.1072%-C01 0.10725E~01 / E
249 -0.22180 ¢.2417C-01 -0.25567 / .E
25 0.77220 0.1146F-01 0.76674 / E
26 0.69500 0.1930F-01 0.679%970 / =
27 0.27280 ~0.85217-02 0.28733 / €
28 C.S55CC -0.43365~-01 1.0024 / T.
29 G$.27880 ~0.21088-C1 0.29988 / H
V2017777077780 070070 7078008707720 07772787077777278728007007247271)
-1.500 -0.9000 ~0.3000 0.3000 0.39000
SCALE FOR RESIDUALS
29 COMPLETE 0BSTRVATIONS AUTO CORR COEFF= -0.3328 DURBIN WATSON D-STATISTIC = 2.654

R T R N T R T e N

8981



PREDICTED VALUZS (VERTICAL AXIS) VERSUS OBSERVED VALUES
1.210 1.210

2 i 1.180

l.158

1.120

1.092

1 1.060

1.¢3¢C

1.000

1 0.9700
0.5400

0.9100

O.BSGG

L8850

-

0.9100

Ll
N
L,uuu
)oouo

.82
75!
7 &4
73
700
&

[
OOOOOO

4 e

TOC
0.6400
- 0.56100
0.58920
0.5500
. 3.5200
U.4%00
0.4500
1 0.42230
1 . : 0.%000
0.3700
06.32400
N U.3100
0.2300
0.2500
11 . 0.2700
. 0.1930
.1 0.1600
0.1300
1 0.1000
0.70392%~01
0.4000%-01
3 0.170C=-C1
=0.2000F-C1
-0.50008-01
-0.80328~C1
-3.1100
-0.1400
~0.1700
1 -0.2000
1 -0.2200
1 ~0.2600
-6.2900

¢.£100

0.3100

NN

0.1000E-01

L T T T T N N |

~0.2500
//l/////////l/////////I///I/////l/////////I/////////l/////////I/////////I/////////l/////////I/////////l
-0.2900 0.1000E~01 0.3100 G. 6100 0.9100 i.210
DISTENCE BRETWEEN SLASHES ON THE X-#XIS IS 0.1500E-01

L8l



PROBABILITY OF RESIDUALS VS RESIQUALS
(PLCT TO VERIFY THE NORMALITY OF THE DIST OF RESIDUALS)

THE B.",2en AND ®ar AE USSD TC PLOT PREOTCTED VALUES: ™% IS5 USED WHERE PREDICTED VALUES COVER DATA POINTS
4% REPRESENTS A POINT QUTSIDE GRAPH. .

2.200

1.300

0.4000

=0.5000

~1.400

~2.300

2.200

1 . 2.110

2.020

1.530

1.8490

1.750

1 N 1.485C

. . 1.572

1.430

1 1.250

1.300

‘1 ) 1.210

1.120

1 . 1.030

. £.%490

1 0.8220
1 0.7600
1 0.5700C
1. 0.5800
i 0.450C
0.4000
1. 0.3130
* 0.2280
* 0.1300

= 0.4000%-01

-0.50008-01
1. ~C.1420
*, -3.223¢
1 . ~-0.3200
& . -0.4100
. . -0.5000
. ) -0.5900
. -0.580¢
.1 -0.7700
1 -0.8500
-0.9500
\ 1 -1.0%0
. - -1.130
. -1.220
-1.310
1 -1.400
. : -1.490
-1.530
1 -1.67¢
~1.760
-1.850
~1.940
-2.030
1 ~2.120
-2.210
~2.300

L e T o e B N T I O O T ]
-
.

LINILILLIIIINILLILTL2ARTTLLP7 0000070 00INIIILIELETNEI 0L 110N P I 0000 001800000 P70 000000000007077}
-27.18 -16.31 ~5.437 5.437 16,31 27.18
DISTANCE BETWEEN SLASHES ON THE X=-axIS IS 0.5437

geL



PLOT OF Y € YHAT VS LUSGPM «VERTICAL AXIS IS Y~AXIS.

THE "on,™+" AND "% A2F USSD TO PLOT PREDICTED VALUES; "#» 15 USED WHFRE PREDICTED VALUES COVFR DATA POINTS
e REDRESENTS A POINT QUTSICE GRAPH,. ' !

1.210

0.9100

0.6100

0.3100

0.1000%-01

~C.29C0

1 1
11
1 .
1.
1
1%
: *x
1%
.1

% *

—

1%

-

[ e e T N B N e N ]

LINILITTILL TN T LIL I RIEL I 2000 NILEL LI I I ITE2TEINIT LT AL T2 INEL LTI 000 NP 20000 8000020200070V 027700771 7]
1.620

0.5700 1.020 1.170 1.320 1.470
DISTANCE RETWESN SLASHES ON THE X=-AXIS IS 0.7500E-02

1.210
1.1390
1.159
1.120
1.Cs5¢0
1.060
1.C3¢
1.230
0.973¢
0.9400
0.9100
0.88032
80.2503
2.3200
0.7602
C.7609
0.7300
0.7020
0.570¢
0.640C
U.5109
0.580¢
0.5500
0.5200
0.4500
0.4600
0.4200
C.%C08
0.3708
0.34500
0.2100
J.782¢0
Q.250¢
0.220¢
0.1620
0.18600
0.13200
0.1000
0.76085-21
«£000%-21
0.1000%-01
~-0.2000F=-01
~0.5000E-C1
-C. 8001
-0.1100
-0.1400
~0.1700
-0.2000
~J.2280
~0.26040
-0.2900

681



PLAT OF Y & YHAT VS LGhT SVFRTICAL AXIS IS Y-AXIS.

THE ®.%,®en AND m&n gcg USED TO PLOT PREDICTED VALUES; m%w 1S USED WHERE PREDICTED VALUES COVER DATA POINTS
®+n REPRAESENTS A4 POINT DUTSICE GRAPH.

1.210

C.5100

3.6100

0.3100

C.1000E-01

-0.25C0

L e e e R I N B e B N R N N

[}
. N

[ ]
-

rre o

—
Y

’
-

PINTIIIIII 07V 00007077807 0078 007 070007000070 0007 0770000008017 07 000000000080 400 20 2000728270\ 172007187 10

<210
1.180
1.150
1.120
1.C5¢C
1.060
1.030
1.800
0.97CC
0.G54090
0.9103%
0.880%
0.8%500
3.3206
J9.7G600
0.7500
¢.730¢C
0.7000
D.6700
0.5400
0.6100
C.5¢80¢
0.5530
0.5200
0.460¢C
G.4600
0.420¢0
C.4GCO
03730
0.34G0
0.2100
D.2800
0.2509
0.2200
Q1900
0.1600
0.130390
0.1000
Q.7C€0C=-01
0.4080%-C1
0.1000&8-01
“0.2000I~-C1
-0.50008~01
-0.8000%-01
-0.1100
-0.1400
~-0.1700
-0.2000
-0.2300
-G.260C
-0.2909

1.223 1.247 1.271 1.295 : 1.319 1.343

DISTANCE BETWEEN SLASHES ON THE X-8XIS IS 0.1200%5-02

o6l



PLOT OF Y E YHAT VS FZFVOL «VERTICAL AXIS IS Y-AXIS.

THE m nm,uem AMD a¥u AQFE USED TO PLOT PREDICTED VALUES; "% IS USED WHERE PREDICTED VALUES COVER DATA -POINTS
m4m RFORESENTS A P0IMT OQUTSIDE GRAPH.

1.210

6.9100

0.6100

€.3300

0.i000E-01

~0.2900

2

2

-
.
.

*

/

/

/

/

/

’

/ .
/ - ~©
/ 1
/

/

/

/ *®

’ .

/7 x
/ . 1

/ 1 .

/

/

/

/

/

/

/ .

/ .

/ 11

/

/ 2%%

/

/ ..

’ 12 .

/ .

/

’ 8
/

/ 1
- * *

/

/ 1
/

/

/

/

/

/

/

TIVLIILITLLENT 0707000000000 0N PP 0000000000707 7000000707282 000007000 0000000008007 0104880V77271717771%
0.30005-01 0.8000€-01 0.1300 0.1800 0.2300 C.
DISTANCE BETWEEN SLASHES ON THF X-AXIS IS 0.25C00E-02

«570C

TGOD
7580
0.73¢6¢C
0.70823
0:6700
C.5640C
0.£100
0.5800
-55006
0.5200
0.%£900
0.460¢C
0.4300
0.4000
0.270C
0.3400
0.3100
0.2800
0.2500
£2200
0.19090
0.1600
J.130C
3.1000
0.7Q000£-01
0.400C%~-C}
0.1000F-01
-0.20005-Q}
-3.500Cc-C1
-0.30005-01
-0.110¢C
-0.1400
-0.170C
-0.2006
-0.2300
~0.240C
-C.2900

CCOOCOHOC

PRI
)
3
e
(o]

2800

L6l



PLOT OF Y & YHAT VS LGVSAR <VERTICAL AXIS IS V-AXIS.

THE ", 4, nem AND wsm ADE (SID TC PLOT PREDTCTED VALUES; "% IS USED WHERE PREDICTED VALUES COVER DATA POINTS
“+" REPOESENTS A POINT DUTSIDE GRAPH. )

1.21¢

0.3100

0.6100

0.5100

0.1000E-01

~0.2900

- 2 1.21¢
. 1.180

/ 1.150

/ 1-120

/ . 1.090

/ 1 . ' 1.05¢C

/ ’ 1.¢03¢0

/ . . 1.G90

/ . * ’ 0.970¢C

/ 1 ) 0.%400

- 0.9100

/ 0.8860

/ 0.8300

/ 0.5200

/ * 0.780Q

/ - 0.7&07%

/ * C.7200

/ * . 3.7000

/ . .1 o0.e708

/ 0.5400

- 0.5100

/ 0.5850

/ 0.5500

/ 0.5230

/ 0.4500

/ 0.4€£00

/ . 0.43200

/ . 0.4000

/ 11 0.3700

/ 0.3400

- . 0.3100

/ * - 0.2500

/ 0.25035

/ . . : 0.2700

/ 1 2 0.152¢

/ . - 8.1669

/ G.1330

/ . - 0.19035

/ 0.7CO0F-01

/ 1 0.4900F-01

- * : * 0.1000F-01

/ : . : ~0.2000%-01

/ 1 -0.5000%-01}

/ -0.3000%-01

/ -0.110¢

/ ~0.1400

/ ~0.1700

/ . -0.2000

/ * -0.2300

/ . -0.2600

- ~0.2420

//l/////////l/////////l/////////l/////////I/////////I/////////l/////////l/////////l/////////l/////////l

~0.2600 -0.1600 ~0.60006-01 0.4000E-01 0.1400 C. 2400

DISTANCE BETWEEN SLASHES ON THE X-AXIS IS 0.5000E-02

a6l



PREDICTED VALUES VERSUS RESTIDUALS : ' LUSGPM VERSUS RESIDUALS

1.21 - . / 1.62 - 1. f

/ 111 / / 1 /
/ . / / . /
/ -/ / /
/ . / ’ . 3 /
/ 1 / 7 ] /
/ . / / D /
/ 1 / / /
/ 1. 1 / / .1 /
/ / / /

C.910 - . / 1.47 - ’ . /
/ / /e 1 /
7/ - / / . /
/ / / I
/ 1 / / - 7/
/ 1 / / /
I 1 / / . 7
/ 2 / / !
/ 1 / / . 1 !
/ / / 3 /-

0.610 - . / 1.32 - 21 /
/ / / /
/ . / / - /7
/ / / i /
/ - / / 11 J
/ / / 1 /
/ 1. / 7/ . /
/ 1 / / /
/ . / / . /
/ / / 4

0.31C - 1t / 1.17 - - /
/ 2 / / /
/ - / 4 . /
/ 11 / / 1 /
/ - / / 3 7/
/ 1 / / /
/ . / / . /
/ 1 / / /
/ - / / . !
/ / / 1 /

0.100E-01- 3 / 1.02 - 1 /
/ / / 1 /
/ . / / 1 /
/ / / /
/ . / / - /
/ / / 4
/ . / / - /
/ 1. / / 1 /
/ 1 / / 121 /
/ 1 / / 1 7

~0.290 - - / 0.870 - . /
SNILIIP7720 0770000870227 0700008707707070707277777771 SVLI777700 7 V177800777 000008072707 70770722080272727774
~1.5C -0.900 ~0.300 0.300 0.900 " 1.50 ~1.50 -0.900 -0.300 0.300 0.900

DISTANCE BETWEEN SLASHES ON THE X-AXES IS 0.3000£-01

g6l



LGHT VERSUS RES TDUALS ’ FEFVOL VERSUS RESTDUALS

NS SN NN SNANSNS L SNNNNANNNANN NSNS NSNANNSN ESNSSSNNSSSS NSNS SNSNSNNSN

492 1 / 0.280 - 31 1 ’

/ / /

. / / 7 7

/ / ’

- 7/ / - /

/ / /

. / / . . /

/ / /

. / / ". /

/ / /

. / . 0.230 - . ’

/ / /

. / / . /

/ / /

. / / . /

/ / /

. / / . /

/ / ’

. / / . /

/ / /

. / 0.180 - . /

/ / /

13 / / . /

/ / /

. / / ., /

/ / /

. / / . /

/ / 2 /

. / / 11 /

/ / /

. / 0.130 - . /

’ / /

R / / . 7

/ / /

. / / . /

/ / /

. / / . /

/ / /

. / / . /

/ / /

. / 0.800E-01- . s

/ / /

. / / . /

/ / /

. / / . /

/ / f/

. / / . /

34 11 / / 33 /

. / / 12111 ’

/ / /

. / 0.300E-01- . /

R AN R AN A AV A INITI2IEIIINII LI 2SI PINILLLII2I0VITEI 1242000007027 411
-1.50 -0.500 -0.300 0.300 0.900 1.50 ~1.50 -0.900 -0.300 0.300 0.900

DISTANCE BETWEEN SLASHES ON THE X-AXES IS 0.30008-01

h6l



LGVSAR VERSUS RESIDUALS

0.240 - . /
/ 12 /
/ 1 /
/ 2 /
4 221 1 /
/ /
/ . / A
/ /
/ . /
/ /
0. 140 - . /
/ / .
/ - /
/ /
/ . /
/ /
/ - /
/ /
/ . /
/ 13 /
0.400E-01~- . /
/ /
/ . /
/ /
/ . /
/ /
/ . /
/ /
/ . /
/ /
~0.6008~01~ . /
/ /
/ - /
/ /
/ . /
/ /
/ - /
/ / [N
/ - /
/ 11 /
~0.166 - . /
/ /
/ 2. /
/ 2 /
/ .1 /
/ 11 / .
/ . /
/ 3 /. .
/ l. / -
/ / [Vs]
-0.260 - (8]

- /
IVITLIIIIIINI 220000070 0000700700 200000777070700777717])
-1.50 -0.900 ~0.300 0.300 0.900 1.50
DISTANCE BETWEEN SLASHES ON THE X-AXES IS 0.300CE-01



.

CONTROL CARD NO, 5 #% STPREG *axkw STPREG dwwk STPREG #k%kk STPREG sk STPREG wxxwx STPREG #w=x%x STPREG ** (ONTROL CARD NO.

PCTENTTAL INDEPFMGENT. AND GTHER VARTABLES IN THEL PEGRESSION ANALYSTS FOR BYPASS

PA2TTAL CORR. TGLERANCE F-RATIO F~PRNB
WATUF 0.9041 1.0000 120.9 '0.0000 >
FEZSIL 0.56107 1.0000 16.06 0.0C05
FESQ c.2318 1. 0000 1.532 0.2245
DO>35>ETEP HUMBER 1 SEGRESSION FQUATION FOR BYPASS
R-SQUL2ED = 0.B174636 F-PRORABILITY LEVEL = 0.0500
STANCA2D FRRCP AYPASS = 0,7465%-02 ’
F-POGEARILITY = ,00CCC000
VAR T LBLE COEFFICIENT STE. ERR. F-RATIO F-PROA NORM COEFF
RATUF 1.26323181 0.1149 120.9 0.0000 0.5041
COMSTANT  -0.70686661E-02 0.49235-02 2.053 0.1599 -0.4120
POTENTIAL INDEPEMDTHT aMD OTHER VARTABLES IN THE REGRESSION AMALYSIS FOR BYPASS
pPAITYAL £ORR, TOULERANCE F-RATIO F-PRORA
FEZSAL 0.1606 0.6209 0.6886 0.4161
FF5C 0.4054 0.9958 5.113 0.0308
D>35>>STFP HuNvane 2 REGRESSION FQUATICN FOR BYPASS
~SQULAED = D.B4THA32 F-PROBABILITY LEVEL = 0.0500
STAMCADD FRRCN BYPASS = (.6954F-02
F-PRABABILITY = .00CCCO00
VAP T 8BLFE COSEEICIENT STD. FRR, F-RATIO F~-PRB MORM COEFF
WATUF 1.26475139 0.1073 125.3 0.0000 0.8928
FF S50 0.93621037°-C3 0.4140F=~03 5.113 0.0308 0.1736
CONSTANT  -0.27C849375-01 0.99748-02 7.375 0.0112 -1.579
POTENTIAL INGEPSMUDENT AND OTHFR VARTABLES TN THE REGRESSION ANALYSIS FOR BYPASS
PARTIAL CORR. TOLERANCE F-RATIO F-PROB
FFZSIL 0.5101 0.4275 8.795 0.0065
>O>>>>5TF P Nyup=2 3 REGRESSION [OUATINN FOR BYPASS
R-SQULR=D = 0.8871607 F-PROBABILITY LEVEL = 0.0500
STANCARD FRRTR BYPASS =  0.4100F-02°
F-PRABARILITY = .00CCCOOD
VAITLRLE CHEFFICTENT STD. FRR. F-RATIO F-peng MORM COEFF
WATUF 0.973212452 0.1319 54.39 0.0000 0.6965
FEZSOL 0.28102818E-03 0.54796-04 8.795 0.0065 0.3047
FES0 N.166076G4F=-02 0.4377E~03 14,40 0.0009 0.2079
CONSTANT  -0.40468139F-01 0.9843F-02 16.90 0.0004 -2.359

Sel
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«0 (1002ICONFIDENCE INTERVALS SCALE FOR RESIDUALS

OBSERVFD RFESIDUAL PREDICTED MEAN 09SERVATION -0.5500E~01 -0.3300%~-01 -0.1100F-01 Q.1100£-01 0.3300£-01
PLUS-MINUS PLUS-MINUS VIL177727 0000078280707 7 0000080000007V 7727¢2772070000772770772271
.262C0%-01 0.4141E-02 0.35059F-01 / . £
0.168007-01 0.17867-C2 0.15014F-01 / oE
0.214007T-01 -0.1060F-01 0.32004F-01 / € .
C.35CCCF-C1  0.18265%-03 0.34174F-01 / £
0.28300%-01 -0.2552%-02 0.40852E8~01 / £. .
0.3610C5-01 ~0.25417-02 3.386415-01 / Z.
0.£6300%-01 0.792745-C2 0,655C3%-01 / £
0.261007-01 -0.57967-02 0.265B0F-01 / E
C.568CC"-C1  0.2%057-02 0.672652-01 / «E
0.311007-C1 0.1%807-02 0.29420€E-01 / -€
0.350007-01 ~0.2126%-C2 0.327126%~-Cl / \ E.
0.341CCE~-01 0,38667-C2 0.302345-01 / . E
0.23200F-01 -0.19727-02 0.25173E-01 / E.
G.E60CCP-01 ~0,1R57F-C2 0.67857F-01 / E.
0.552C0F-01 -0.49535-02 0.62153%7-01 / E .
0.5€206-01 -0.9110%~-02 0.653102-01 / E .
0.5750C%-01 0.2414%-02 0,55086F-01 / «&
0. €8500%-01 0.1520-01 £.53301%-01 / - E
0.360C0%~01 0.3199%-02 0.328(C1E-01 / . B
0.1946005-01 -0.7560F-02 0,27160F-01 / € B
0.21800°-01 -0.83155-02 0.30115F-01 / E .
0.374CC"~01  0.34386-02 0.33962F-01 / . E
0.615005-01 0.50967-02 0.554(4E5-01 / . £
0.514007-01 0.2302%-02 0.425%8E-01 / - E
C.69C00%-01 0.2210%~02 0.66789:-01 / -E
0.34100F-01 0.1045%-02 0.33855F-01 / . o
0. 43E0C°-01 06.55837-C2 0,58217E-01 / . E
0.613C0C-01 -0.£877E~-02 0.701775-01 / E -
0.63100F-01 -0.,4455E-03 0.63546E-01 / £
KI77027000877780000077072082000707000708702270777248070770182707271
-0.5500€-01 -0.3300t-01 -0.1100E-01 0.1100E-0! 0.3200t-01
SCALE FOR RESIDUALS
29 COMPLETE OBSERVATIONS AUTO CORR COSFF= 0.1879 DURBIN WATSCN D-STATISTIC = 1.6036
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PRECICTED VALYES (VERTICAL AXIS) VERSUS OBSERVED VALUES .
0.70005-01 ' 1 0.7000E-01
C.686C5-C1
1 1 0.56780%-Cl1
. 1 0.66705=01
1 1 0.6560%-01
. T 0.64508-C1
1 C.6340%-01
1 0.6230E-01
. e 0.6120%-01
0.60108-01
0.5600F-01
\ : 1 0.5796°-01
: 0.568 cl
.1 0.5570F-0C1
1 0.5450%-01
1 0.53583-C1
G.52605-01
0.513¢¢-C1
0.502 c1
0.49108-01
0.48GC5~CY
0.469CF-G1
0.45805-C1
0.447CE-C1
0.4360%-01
] 0.42508-C2
1 0.41408-01
' 0.4030%-01
C.39202€-C1
1 . 0.38105-01
1 0.3700¢-01
: : 0.3550%-C1
1 1 0.34505-C1
1 1 . . 0.32708-C1
11 0.3266%-01
1 0.31508-01
1 1 0.3C4C5-C1
1 0.2930%-01
0.2820%7-01
1 1 0.27105-01
: 0.260C5-01
0.246CF-C1
0.22508~-01
0.22708-C1
G.2160F-C1
0.2050%-01
0.15405-01
0.18305-01
0.17203%-01
0.16108~C1
0.1500E-01

0.5900E-01

0.4200£~01

0.37005-01

0.2600z-01

[ N e e T T R T e e T T T N N e e e N e T S S )
-

0.15006-01 1 ’
FINITITEII LTI IIIIEAI7 770000 NILLTIEE I 22000 TA NI 0078718770700 0720 0807007078000 007000V800227277]

0.15003-01 0.25006-01 C.3700E-01 ) 0.4800E-01 0.5900E-0) 0.70025-01
DISTANCE BFTWEEN SLASHES ON THE X-AX1S IS 0.5500£-03

g6l



PROBABILITY OF RESINYLLS VS RESIDUALS
(PLCT TO VERIFY THE NORMALITY OF THE CIST OF RESIDUALS!

\
THT ®.%,%em AND “%® 4Q% USED TO PLOT PREDICTED VALUES: ®*# IS USED WHERE PREDICTED VALUES COVER DATA POINTS
w4 REPRESTMNYS A PGIHT DUTSIDE GRAPH.

2.200 2.200

1 2.110

2.020

1.530

1.€40

. 1.756

1 1.560

L8570

. 1.480

1 1,399

. 1.395

1 L2108

1.120

1. 1.036

. 0.5490

1 0.8590

1 0.7600

1. 0.6700

1. . . C.5800

1. . 0.490C

. 0.4C00

. 0.3103

) I 0.2200

.1 ) 0.1300
1 ’ 0.4000%-01
1 -0.5003£-01

1.300

0.4000

. -0.41C3
1. . . ~0.5000

-0.5900

1 -0.6200

1 -0.770¢C

1 -0.38¢&60C
-3.9500

1 -1.C%4D

l. _ -1.13G

. -1.220
~-1.310

* -1.400
e . -1.490
. -1.580

1 ~1.670
. -1.760
-1.85C

-1.%40

: -2.220

1 -2.120
-2.210
~2.300

-0.5000

-1.400

R B N N N N N B NN NNNNSNNSN NSNS NSNS

-2.300 ) :
//I/////////I/////////I/////////I/////////l/////////l/////l///l/////////I/I///////l/////////l/////////l
-9.017 -5.410 -1.803 1.803 5.410 9.C17
DISTANCE BETWEEN SLASHES DN THE X-AXIS IS 0.1803

661



PLOT OF Y & YHAT VS WATUF LVERTICAL AXIS 1S v-AXIS.

THE w.®,"+% AND "&n AR USED TO PLOT PREDICTED VALUES; ‘%" IS USED WHERE PREDICTED VALUES COVER DATA POINTS
w39 REPOESENTS A POINT QUTSIDE GRAPH.

0.7000E-01 1 0.70005-01

0.68962-0%

v « 0.873CF-0)

.1 0.66765~01

. . 1 0.6%50%-01

. 0.6450°-C1

1% 0.534G05-C1

} . 0.62305-01

1 1 0.6120F-01

. D.60108-CL

0.5500F-01

1 . 0.57908-01

0.5680%5-01

. ’ 1 1 0.5570£-G}

. C.5460F-C1

. 0.353508-C1

0.52405-01

1 0.51307-¢C1

0.50205-01

0.4910F-01

0.4800t-C1

0.46905-C1

0.45808-C1

0.456785-C1

0.4380%-01

. 0.42503-C

. . 0.41407-01

. : 0.48305-01

1 0.39205-C1

1 . 0.3810F-D1

1 . : 0.370C=-C1

1 0.3550%-01

0.3430F-01

1. 0.3370%-C1

.32505-C1

1 . . . 0.31508~C1

.e 0.30490%-01

. : ) 0.25307-C1

0.28208-01

. . 0.2710%-01

1 ) 0.2600%-01

0.2490°-C1

0.2380%-C1

. 0.22703-C1

11 : 0.21665-01

0.20506-01

1 0.19458~C1

0.1830%-Ct

1 0.17205-01

0.161CF-C1

0.15008-01

'
-

0.5900€-01

0.4800E-C1

0.370C%-01

* e
.
-
-

0.2600£~01

SN SN SN SN NS NN N NN NN ANNNN N NSNS NSNNANN NN SNSSS FNSSSNSSNSSNSSN

0.1500€-01 .
//l/////////I/////////I/////////I/////////|/////////I/////////l/////////l/////////I////I////I///////I/l
0.14008-01 0.2500E~Cl 0.3400€-01 0.43008-01 0.5200E-01 C.6100E-01
NISTANCE BETWEEN SLASHES ON THE X~aXIS IS 0.4500E-03

00¢



PLOT OF Y & YHAT VS FFISOL +VERTICAL AXIS IS Y-AXIS.

THE & _ ", en AND wme 806 (SED TO PLOT PREDICTED VALUES; "x" IS USED WHERE PREDICTED VALUES COVER DATA POINTS.
Ten JEPRESFNTS A POINT QUTSIDE GRAPH,.

0.7C0CE-01 ~ 1 ) - 0.7C00€E-01
1 0.68905-C1
- . 0.578G5-01
* 0.6€67C5-~Cl
. ¥ 0.6550F-01
0.6450%-G1
% 0.63405-C1
: . 0.5230°-01
11 0.61208-C1
0.6010F-C1
0.5900%-0G1
. 1 0.576C5-C}
0.5538F-0C1
. 2 0.55705-01
. 0.5450F-C1
. . 0.53505-C1
: 0.5240&-C1
1 G.51337-31
0.5020E-C1
0.46108~21
0.48005-C1
0.4650%~01
0.4530F-C1
0.44705~21
0.4760F-01
0.425CF-C1
. 0.41408-01
0.46020%-01
1 0.3920F-01
. * D.33195-01
.1 0.370C%-C1
1 1 0.3550%-C1
1% . 0.3480%-C1
1 - 1 0.3370F-Ct
. . 0.3250F-G1
« 0.31507-C}
. . 0.30405-01
. 0.263C%-C1
’ : 0.2820E-C1
. : . L2T1CE-01
' 1 0.2500F-01
0.24%05-C1t
0.23280%-C1
0.,2270F-C1
2 0.21608-01
. 0.2050%-C}
1 0.19405-0C1
: 0.1830E-31
1 0.17208-01
0.1610E-C1L
0« 1500801

par

0.3900%-01

0.4B800E-01

0.2600~01

b N N SN N SN N N NN NN N NN NN NN NSNS NN NN NG NN NNNMNNN NSNS NN NSNNN
.

0.1560%-01 -

/Il/////////l/////////l/////////l/////////I/////////{/////////I/////////I/////////l/////////l/////////l

6.000 15.00 24.00 33.00 42.00 51.00
DISTANCE RETWEEN SLASHES ON THE X-8XIS IS 0.4500

10¢



PLOT OF Y & YHAT VS FES0 «VERTICAL AX]S IS Y-AXIS.

THE ®,%,"¢nm AND ©w¥® ARF USED TO PLOT PREDICTED VALUES; n*¢ 1S USED WHERE PREDICTED VALUES COVER DATA POINTS
mem REPRESENTS A PCINT DUTSIDE GRAPH. ~
0.70008-01 - 1 0.7C00E-01
\ 11 0.53508-C1
- . R 0.573CF~C}
1 . 0.66705-01
1 . . 0.06%&0Z~C1
9.54535~C1
1 * 0.6324CF-C1
6230%-01

Oy O
o

SRR
Q0
nn
[
[}

0.5900E-01

3

o0
a

1
[s]

¥
1

()

-

NP

QE-C1

ce-C1

)

0.48008-01

.

OCODOLLCOOOOOOLO
.

FENF AR SV R R RN RV R, SV RV e Sl

SN B DO NL NG 0O e
PRSI R N WISV W/ R I )

m

1

4]

o
B
Fs

[=]

.

FN

4
(&3
moinn
1

OO0

pob bt bt s e

0.43698-31
0.4250F-C1

. 0.41408-C1
0.40305~01

: 1 0.392GE-0!

- 1 O, 38107 ~G1
1 . 6.37CCE-CY
1 1 9.35965-C1
1 .1 - V.3480%~01
0.32708-C1
- . < 0.326CE-01

.1 0.31507%-31

. : 0.304CF-C1

. 0.2930E-C1

' 0.2820E-G1

. . . 0.27105-61
1 . 0.25005-C1
0.249062-6G1

0.2380 cl1

0.2270F-C1

1 0.21606-01
0.20505-C1

1 D) FW0F -0

: 0.1830%-C1

i 0.172C%-01
0.16108-313
0.15008-01

G.370CE-C1

-
-
.
.
oy

0.2600E-01

NSNS SN SN SN SN NSNS NSNS NSNSNSNSNN NN RN N N NN N N LN N NN NNNNN O ONNSNNSNSNNNNSN
[y

0.15008-01 . ’
JINIIIITITEINILZLEETIINILILLL T LI I ILEELIINEII L2 ET AN LTI LLIINITIIT0L00NI0L0070008 00000007 00707117717171)
12.90 15.70 18.50 21.30 24410 26.9G
DISTANCE ZETWEEN SLASHFS ON THE X-AXIS IS 0.1400

20ze



PREDICTED VALUES VERSUS RESTCUALS

0.7008-01- T /  0.610E-01-
/ / /
/ 1.1 . / /
’ 1 / /
/ 11 / /
/ E ’
/ 1 / /
/ 1 / /
/ . / /
/ 7 /
0.590E-01- . /- 0.5205-01-
/ / /
/ . / /
/ / /
/ .1 / /
/ 1 / /
/ . / /
/ / /
/ . ’ /
/ / /
0.480F-01- . /  0.430E-01-
’ / /
/ . / ’
/ / /
/ . / /
/ / /
/ 1. / /
/ / /
/ . ’ ’
/ 1 / /
0.370%-01- 1. /  0.340E-01-
/ / /
/ 1. 1 / /
/ 11 / /
/ 11 / /
/ 1 / /
/ 1.1 ’ ’
/ 1 / /
/ . / /
/ 11 / 7
0.260£-01- . /  0.250E-01-
/ / /
/ . / /
/ / /
/ . / /
/ / ’
/ . / /
/ 7 /
/ . / /
/ / /
0.1506-C1- .1 /  0.160E-01-
PNITELHLILLNI LD ITI0II NI IEL 11 LN LI I 01007V 101101077 )
~0.5505-01-0.3305-01~0.1106-01 0.110F-01 0.330E-01 0.550E-01 -0.550E-0

DISTANCE BETWEEN SLASHES ON THE X-AXES IS

WATUF YERSUS RESTIDUALS
1.

.1

SNl
=

[
-

t-

ot

1

-

/I/////////f/////////I//l//////l/////////l/////////

1-0.3305-01-0.110E~01 0.1105-01 0.320%-01
0.1100€-02

/

,
7

s

/
/
/
/
/
/
/
7
Vg
/
/

/
4
I4
/
7
14
/
/
/
/
/
/
/
/
I'4
/
/
/
/
/
/
/
/
/
/
/
7
/
/
/
/
/
/
/
7
/
/
[

¢0e


http://-0.5
http://50E-01-0.330S-01-0.UOE-
file:///iiiiiiim

51.0

42.0

33.0

24.C

15.0

FEZSOL VERSHUS RESINUALS

- 21 1.1 /
/ 1 /
/ 221 11 /
/ N /
/ . /
/ /
/ . /
/ /
/ . /
’ /
- . /
/ /
/ . /
/ !
/ . /
/ /
/ . /
/ /
/ . /
/ /
- . /
/ /
/ . 1 /
/ 11 1 /
/ . /
/ /
/ . /
/ /
/ . /
/ /
- . /
/ /
/ . /
/ /
’ . /
/ . /
’ . /
/ /
/ . /
/ /
- . /
/ /
/ . /
’ /
/ t 12 /
/ 2 11 /
/ 1t L1t /
/ /
/ . /
/ /

. /
INIIIIITI2I0I0 7700702880000 00 000 077700077077 77077171

26.9

24.1

2l.3

18.5

15.7

12.9

-0.550E~01~-0.330F-01-0.110E-01l 0.110E-0l 0.330E-01 0.550£-01
DISTANCE BETWESN SLASHES ON THE X—AXES IS +1100E-02

FESO VERSUS RESIQUALS
- e 1 /
-/ /
/ . /
/ - 4
/ . 7
/ /
/ 1. /
/ 1 /
/ 1 1 /
/ 1 1 1n l
- . 1 7z
/ 1 /
/ o1 7/
/ 1 1 /
/ 11 /
/ /
/ . /
/ L /
/ . /
. 1 1 14
- 1 .1 7
/ 11 /
/ .1 /
/ /
/ . 7
/ /
/ 1 V4
/ /
/ 1. /
/ 7
- . /
/ /
/ . /
/ /
/ . /
/ 7
/ . 14
/ /
/ . 7
/ /
- 1 7/
/ 7
/ . /
/ 1 /
/ - /
/ /
/ . 7
/ /
/ . /
/ 1 4
- I4

LVIIIIIILI7 VP00 0077 V11000707007 7027072070077277717)
-0.550E-01-0.,330FE-01-0.1105-01 0,110E-01 0.330E-01

H0¢



CONTROL CARD NQ. 6 =% STPREG ##%% STPRFG swks STPREG %4kk STPREG sk STPREG *x¥® STPREG #xicx STPREG %% CONTROL CARD NO. 6

POTENTIAL TNDSPENDENT AND GTHER VARIZ®LFS IN THE REGRESSION ANALYSIS FOR LGALPH

PARTIAL COPPR, TOLERANCE F-RATIO F-PRNOB
WATUF 0.3624 1.0000 3.611 0.0651
VIS TEX 0.3026 1.0000 2.721 0.1069
FEZSOL 0.2748 1.0000 2.206 0.1455
FESQ 0.5356 1.0000 10.86 0.0028
vsSeLIT 0.3122 1.0000 2.516 ~ 0.0956
LNGWUF 0.3769 1.0000 4,469 0.0418
LaGVvTX 0.3108 1.0000 2.888 0.0971
L.GFEPS 0.2392 1.0000 1.638 0.2051
LGFESC C.5351 1.0000 10.83 0.0028
FEFVOL 0.2971 1.0000 2.426 0.1273
LOVSAR 0.3049 1.0000 2.768 0.1040
1-RV 0.3165 1.0000 3.006 0.0908
UFSOL 0.2261 1.0000 1.455 0.2366
QFESOL C0.2641 1.0000 2.025 0.1628
>I3>5>8TEP NiMeFo 1 REGRESSION EQUATION FOR LGALPH
R-SQULRED = 0.2863856 F-PROBABILITY LEVEL = 0.0500
STANTARD S290Q LGALPE = 0.8$57E-01
F~PEGRABILITY = _.C0281635
VARTABLE COSFFICIENT STD. ERR. F-RATIO F-PROB NORM COEFF
F£50 0.1753466978-01 0.53218-02 10.86 0. 0028 0.5356
CONSTANT 35580465 0.1186 8.995 0.0057 3.416
POTENTIAL IMOEPRNORNT AND OTHER VARTABLES IN THE RTIGRESSION ANALYSTS FOR LGALPH .
PARTIAL CORQ, TOLFRANCE F=2 47 10 F~PRIB '
WATUE 0.449C €. 5958 6.565 0.0159
VIRTEX 0.619¢ 0.8776 16.18 0.00C5
FETSOL 0.0790 0. 8409 0.1634 0.6905
vSeLIT 0.5290 0.9475 10.11 0.00128
L OGwWUs 0.4833 0.9987 7.922 0.0089
LOGVTY N.100 0.398%3 16,20 0. 0005
LGFEPS 0.058¢ 0.8678 0.8308F-01 0.7672
LGFESE 0.0260 0.0103 0.1765E~01 0.8645
FEFV3L 0.0880 0.8323 0.2029 0.65%6
LGVSAR 0.5907 0.9010 13,94 0.C00
1-”y : n.5331 C. 5482 10.32 0.0035
UFEZSOL 0.1740 0.5772 0.8115 0.3765
NFZSNL 0.0571 0.8210 0.8500F-01 0.7650
PIPI5OSTFP nyuunLe 2 RCGRFSSION FQUATION FOR LGALPH .
R-SQUARED = 0.5606276 F-PROBABILITY LEVEL = 0.0500
STANCARD TRROP LGALPKF = 0.7164E-01
F=PEABARILITY = 00002962
VERTABLF CNCEEILIENT STh. FRP, F-RATIO F-P]OB NORM COEFF
FFESQ 0.237040228-01 0.4524E-02 27.46 0. 0000 0.7240
LOGVTX 0.552C7555 0.1372 16.20 0.0005 0.5561
CONSTANT 0.22843025 0.1000 5.214 €.0293 2.193

POTENTTAL INDEPFNDENT AND OTHEGR VARIABLES IN THE REGRESSIGN ANALYSIS FOR LGALPH
PARTIAL CnRo, TOLERANCE ©F~RATIO - F=PROB
WATUF 0-3993 0.9418 4,742 0.0272

50¢



VAORTEX
FEZSOL
vsPLIY
LOGWIF
LGFEDPS
LGFESO
FRFVNL
LGVSAR
1-2vy

UFZSIL
NETSOL

VARTABLE VSPLIT

>I>>>>STEP NUMaEe 2

C.0137
0.0523
0.4809
0.4317
0.048%
C.137¢&
0.0506
0.2758
0.4858
0.0057
0.0724

R-5QUA2ED = (.6643214
STANCA2N FPOGR LGALPH

F-PalBARILT

ViITABLE
FZ50
LACVTX
1-R]v
CONSTANT

COZFEFICIENT
0.25207571%-01
0.45779479

2.3530359
-2.0294515

0.0020
0.8098
0.8301
0.5342
0.8477
0.0102
0.7974
0.0118
0. 8804
0.8963
- 0.28034

0.4661E-02
0.6845F-01
7.520
5.728
0.5911E-01
0.4824
0.6407E-01
2.058
7.722
0.8035E£~03
0.1316

\

PEGRESSIAN FQUATION FOR LGALPH

0.5029
0. 7844
0.0108
0.0234%
0.79¢63
0.5004
C. 7669
0.1604
0.0099
0.9271
0.7182

F=-PROBABILITY LEVEL = 0.0500
= 0,6386F-Cl

Y = .020000539

POTENTIAL INDSPENOENT 4MD OTHSER VARTABLES

PARTIAL Cnea,

WATUF G.2481
VORTEX 0.3372
FTZSOL 0.4388
LAGWUF 0.1267
LAOEFPS 0.4927
LGFF50 0.1342
FEFVOL 0.4102
LGYSER 3.1367
UFLSOL 0.1911
OFESW 0.4376
>>>>>>STEP Nip4qeeQ 4

R-SQUAREL = 0.7458138
STANTARD ERROR LGALPH
F~-PROBABILITY = .COCCO102

VAR TAALE
FESO
L2AGVTX
LGFEPS
1-ev
COMSTANT

CCEFFICIENT
0.21510326%-01
0.645237132
0.12591420

3.9571662
-3.8432233

IS A LINSAR COMBINATION OF VARIABLES INCLUDED IN THIS REGRESSION

NORM COEFF
0.7699
O.4611
0.3432
-19.49

STD. SRR, F-RATIO F-PR(B
0.40685~-02 38.39 0.0000
0.1269 12.02 C.0014
0. 8503 7.723 0.0099
0.817¢4 6.165 C.0192
IN THE REGRESSION ANALYSIS FOR LGALPH
TOLESANCE F-RATIOD F-PROB
€.0834 - 1.574 0.2167
0.0014 3.078 0.0887
0.5638 5.723 0.023
0.0308 0.3915 0.5443
0. 5369 7-695 0.0102
0.0101 0.4405 0.5200
0.5782 4,855, 0.0356
0.0105 0.4571 0.5122
0.8075 0.9069 0.3522
. 5841 5.685 0.0242

REGRESSTON SQUATINON FOR LGALPH

F~PROBABILITY LEVEL = 0.0500
= 0.5672€E-01

POTENTI AL INDEPENGENT AND OTHFR VARTARLFES

WATUR
VORTFX
FZT3NL
L OGwWUF
LGFF50
FEFVOL
LGVSAR

PARTIAL (QoPR.
0.1085
0.4534
0.3887
0.26417
0.2308
0.4050
0.1361

NCRM COEFF
0.9624
0.4557
<3896
0.5747
=36.90

STD. ERR, F-2ATIO F-PRNB
0. 4268E-02 54.50 0.0000
0.1127 ©léEl1 €.0006
0.4539F-01 7.695 C.0102
0.5490 17.39 0.0004
0.5770 15.47 0.0007
IN THE REGRESSION ANALYSIS FOR LGALPH
TOLSRANCE F-RATIO F~pPROY
0.0482 0.2738 0.6115
0.0014 5.951 0.0218
0.0117 44094 0.0523
0.0518 l.627 0.2431
0.0100 1.2%4 0.26¢€5
0.0242 4.513 0.0425
0.0080 0.4342 0.5233

S0¢



UFZSCL
CFESOL

VERTL8LE FEZSOL

D3>>2>STEP NUMBFED S

vaara3Ls
vooT =Y
Fe50
LOGYTX
LGFEPS
1-ay
CONSTENT

POTENTIAL INDE

WA TUF

LOGWUF
LGFFS50
FEFVCL
LGvsar
UFZSOL
CFTSTL

R=-5QUARED = 0.7980694 F=-PROBABILITY LEVFL = 0,0500
STANDARD F2902 LGALPH = 0.51648-01
F-PRCEABILITY = .0C0C003S
CNEFFICIENT STD. ERR, F-RATID F-PR3OB
-2.6£675551 1.093 5.951 C.0218
G.3019539908-01 0.3923E-C2 59.24 0.0000
€.3784758 2.431 6.882 0.0146
0.13722239 0.4159F-C1 10.89 €.0032
5.1806013 C.9990 26489 0.0000
=2.2421715 1.105 4.114 C.0518
EPEMDINT AND ATHER VARTABLES IN THE BEGRESSION ANALYSIS FOR
PARTIAL CgQRR. TOLERSLNCE F-RATIOD F-PR1B
0.1008 0.C482 0.2258 06426
0.2070 0.0510 0.9853 0.3336
0.2873 0. €059 1.979 0.1703
0.1827 0.0012 0.7600 0.3G€9
0.1374% 0. 0080 0.4235 0.5287
N.1447 0.%5627 0.47C7 0.5065
0.0859 0.0018 0.1637 0.6907

0.0399
C.32903

0.6434
0.0125

0.3675E-01
44133

\

REGRESSION EQUATION FOR LGALPH

0.8287
0.0513

IS & LINEAR COMBINATION OF VARIABLES INCLUOED IN THIS REGRESSION

NORM CDEFF
-6.0406
0.9223
6.425
0.4246
0.7524
-21.53

LGALPH

402
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«0 (1O00ZICONFIDENCE INTERVALS SCALE FOR RESIDUALS

NRSEAVED RESTOUAL PREDICTED ME AN 03SERVATION -0.5000 -0.3000 ~0.1000 9.1000 0.3000
PLUS-MINUS PLUS-MINUS V272211700700 87 000000000008 0070000027 0270000870 008070000071771)
0.6138¢C -0.1432 0.75698 / E .
0.87160 0.2i52%-01 0.850C8 \ / .E
0.72020 0.20235-01 0.69997 / .E
€.77450 0.6282%-02 0.76822 / © £
0.72800 0.26228~C1 0.66378 / . E
0.50650C -0.53315-01 0.55981 / E .
0.65800 -0.15473-C2 C.65655 / E
8.7124¢ -0.66945-02 0.71929 / £
0.7818C ~0.20047~C1 0.81104 / E .
0.72510 ~0,2396%5-01 0.74906 / E .
0.8675¢C - 0.1953%-01 0.84797 / .E
G.8584C 0.63262 / . £
0.3567¢ 0.86149 / E
0.65480 0.62557 / . E
0.£9210 0.76337 / E .
N.£2550 0.61678 / .E
0.17¢5¢C 0.1G727-C1 0.76018 / .E
0.8%20 -0.23355-01 0.82655 / E .
0.456120 ~0.8184F-01 0.74364 / E .
€.G717C 0.6264F-01 0.90306 / . £
0.70760 0.6550F-01 0.64210 / . T
0.76420 0.57775-02 0.75542 / .E
0.5528¢C 0.27845-01 0.52456 / ' . E
0.60850 0.26575-C2 0.50584 / £
£. 75510 0.43477-01 0.71143 / . E
0.32310 ~0.7698%-02 0.84080 / €
0.77520 0.53662-01 0.7215! / . €
0.63450 -0.51555~01 0.68605 / ] E .
0.80140 -0.20125-02 0.80220 / €
V277070200008 700080008000802000077080000070000070V282017117717})
-0.5000 -0.3000 -0.1000 0.1000 0.3000
SCALE FOR RESINUALS
29 COMPLETE OBSERVATIONS AUTO CORR COZFF= =-0.1631 DURBIN WATSON D-STATISTIC =  1.992

T N T T T Tt R e R T ]
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PREDICTED VALUES (VFRTICAL AXIS) VFRSUS OBSERVED VALUES
0.9800 0.9820
0.9700
0.9500
0.9500
J.54090
0.9300
1 0.9200
.0.9100
1 0.2000
0.86C0
0.8893
0.370¢C
0.5£00
11 0.53500
1 0.3420
1 : 0.8390
0.8200
1 ' - 0.8103
1 £.3009
0.7900
0.7EC0
1 0.7790
1 1 il - 0.7500
1 0.7500
1 0.74090
0.7300
1 1 0.7200
0.7100
1 : 0.700¢C
1 1 : 0.650C
‘ : 0.5800
0.670¢
1 0.660C
0.63%00
- 1 C.6403
1 1 0.6300
1 0.6260
1 0.613¢0
: : 0.6000
6.5500
J3.5800
0.5709
1 : 0.5600
. 9.5508
0.54%00
©.5300
0.5200
0.5100
0.5000
0.4$90
0.4300
//1/////////1/////////1/////////I/////////|/////////l/////////l/////////l/////////l/////////l/////////t
0.4800 0.5806¢ 0.68G0 0.7800 0.3800 0.9300
DISTANCE BETWEEN SLASHES ON THE X=-#XIS 1% 0.S000E-02

0.3800

1

0.7800

-

0.6800

0.5300

|\\\\\\\\\|\\\\\\\\\l\\\\\\\\\|\\\\\\\\\I\\\\\\\\\|

0.4800

60¢



PRIBABILITY OF RESIDUALS VS RESICUALS :
(PLOT TO VERIFY TRE NJO2MALITY OF THE OIST OF RESTDUALS)

THE #.m,"¢" AND “at ARE USZD T PLAT PREDICTED VALUES:
T+" REPRESENTS A PCINT QUTSICE GRAPH,

2.200 -
/
/
/
/
/
/
/
4
/
1.300 -
/
/
/
/
/
/
/
/
/
0.4000 -
) /
/
/
/
/
/
/
4
/
-0.5008 -
/
/
/
/
/
/
/
/
/
~1.4G0 -
/
/
/
/
/
/
/
/ 1
/
-2.300 -

//|/////////|/////////l/////////l/////////I/////////l}////////l/////////l/////////l/////////l/////////l
9.679

-9.679 -5.807
DISTANCE BFTWEEN SLASHES ON THE X-~4XIS IS

"en 1S USED WHERE PREDICTED VALUES COVER DATA POINTS

[ R
——
-
[
—a

-1.936 1.936 5.807
0.193¢

24202
2.110
2.020
1.620
1.8%C
1.750
1.€60C
1.570
1.480
-390
. 300
1.210
1.120
1.030
0.%400
0.8500
0.7600
0.6730C
0.5800
0.4900
0.4000
Q.3100
0.2200
J.13200
0.4G00F~C1
-C.5C00E-C1
-0.1400
-0.2300
~0.3200
-0.4100
-0.5C00
-0.5%00
~0.£890
-0.717C0
~-0.860C
=0.9500
~1.C%0
~1.130
-1.229
-1.210
~1.499
~1.450
-1.5390
-1.570
-1.76C
-1.850
-1.9%0
~2.030
-2.120
-2.210
~2.300

oL2



PLOT OF Y & YMAT VS VGRTEX - VERTICAL AXIS IS Y-AXTS,

THT @,m,me% AND ®av ARF USED TG PLOT PREDICTEC VALUES: "#» TS USED WHERE PREDTICTED VALUES COVER DATA POINTS
4% REPRESENTS A PCINT QUTSICE GRAPH. )
0.920¢C . : 9.9806
1 0.5700
0.9600
0.9500
0.5400
0.9300
C.5200
.9100
« 0.9000
0.8503
0.88200
0.8700
0.8£0¢C
0.3560
.« 0.8420
. : 1 0.835C
$.8200
& ’ 0.8100
* : 0.8800
0.7900
2 0.78C0
0.770¢C
0.7¢00
0.7500
0.7400
0.7300
0.7300
0.7100
0.7C00
0.6500
D680
0.670C
0.6600
Q.6500
0.6450
0.6300
0.6200
0.6300
0.6€C00
0.5900
0.5800C
0.5700
. 0.5660
0.55392
0.5%00
0.5300
0.52¢0
0.5100
’ 0.5000
0.4500
0.4300

—

0.3800

N

0.7800

L3
%

e

C.6800

e e

LI

-
L

0.5800

l\\\\\\\\\l\\\\\\\\\0\\\\\\\\\l\\\\\\\\\ [T N N S ]
' e
-

0.4800
//I/////////l/////////I/////////I/////////I/////////l/////////l/////////l/////////I/////////I/////////l
0.7500 0. 8500 0.9500 1.050 1.150 1.250
DISTANCE BETWEEN SLASHES ON THE X-AXIS IS 0.5000€-02

Lie



PLAT OF

Y &

YHAT VS FES0 -VERTICAL AXIS IS Y-AXIS.

THE 2.%,"+" AND %" AQC USEZD TO PLOT PREDICTED VALUES: #%v IS USED WHERE PREDICTED VALUES COVER DATA POINTS
w4 REPAESENTS A POINT QUYSIDE GRAPH. '

c.g80¢C

0.3800

0.7800

0.5800

C.5800

0.4800

N

.
.
-

[ N O R O N N N O N N I N S N e N
—
ot
.
-

PINILVIIIIIINITI LT E0L IR0 00700V IE 0170000000000 0 170000000 0007007200 778007200 8077077070807070777771%

0.G800
C.9706
0.9500
C.9¢00
0.94330
$,9200
0.62¢C0
0.9100
0.9000
0.850C
0.8800
0.8700
0.8¢00
0.3500
0.3470
0.3300
0.8220
0.8100
0.5300
3.7%00
0.7800
0.770C
0.76090
2.7500
0.7400
0.7200
0.723¢C
0.7100
0.7€00
0.6500
0.51900
0.6700
0.6&CC
3.6500
0.£6400
C.5200C
0.6200
0.6100

'0.6000

0.5939
5.5800
0.573¢
0.5500
0.5500
0.5400
0.5309
0.5200
0.5100
0.5000
G.4500
0.480C

12.90 15.70 18.50 21.30 24.10 264590

DISTANCE RETWEEN SLASHES ON THE X-AXIS IS 0.1400

ale



PLOT OF Y & YHAT VS LOGVTX +VERTICAL AXIS IS Y-aXIS. . p

THT " ", 7em AND #s" ARE (SED TO PLOT PREDICTED VALUES; "#" IS USED WHERE PREDICTED VALUES COVER DATA POINTS
men REPAESENTS A POINT OUTSICE GRAPH.

0.9800 - 0.9800
1 0.9700
: 0.5600
1 g 0.9500
. 0.9400
0.9200
. 6.9220
: : 9.9100
. 0.9000
0.850¢
0.380¢C
0.370¢
0.8600
0.a5G0
) . 0.9400
. 1 0.5330
0.8200
* ' 0.8100
* 0.300C
0.7903
2 0.7800
: *  0.7790
2.7600
0.7500
0.7400
0.7300
. _ . 0.7200
1 0.7100
1 0.7083
C.6500
0,6800
0.6702
0.55GC
0.6500
0.5430
0.5190
0.6200
0.6100
0.5000
0.5300
0.5300
0.57030
- 0.5¢08
0.5569
0.5403
0.5200
0.5250
1 0.5:00
0.583C
0.4900
0.4500

0.5800

* N

0.7800

*
*

0.5800

* R L N )

[
#*

0.5800

N N N N NS N N N N SN N SN S N NN NN N N SN NN N NSNS NNNNNSNASSN NSNS NSNNNSNNSNS N
& Ne o

0.4800
LIVILLTIRI TN ZETEREIINIT L0 ETT2R0 0080000V L 0T PTI 2002000107800 7000700007082 0008 0402077008077 20177177)
-0.1500 ~0.1000 -0.5000E-0L -0.2980E~07 0. 5000E-01 G.1000
DISTANCE BETWEEN SLASHES ON THF X-AXIS IS (0.25C08-02

¢Le



PLOY OF Y & YHAY vS LGFEPS <VERTICAL AXIS IS Y~AX1!S.

THE n %, nem AND wkn ARFE USED TO PLOT PREDICTED VALUES: "= IS USED WHERE PREDICTED VALUES COVER DATA POINTS
"+ RFPRESENTS A PCINT DUTSIDE GRAPFK.
0.980C - ¢.980C
1 ' 0.9700
0.95600
\ 1 0.950¢C
€. 940¢C
0.9330
- C.2200
0.910G
. y 0.9C00
- 0.8%00
0.5830
1l 0.870¢
* €. 5630
e 0.85350
: - 0.3400
. 1 0.320¢C
0.58200

c.3800

RN N NN NN NSNS NSNNYNN N

€.7800

o h -t

[NeNeRoNel
OO

1
.o 0.6603
1 0.63803
1 . 0.670¢C
1 " 0.5600
0.6500
B . ' 1 G.64C0
. * 0.6300
- 0.4200
1 b 0.51C0
0.4006
0.5500
0.5800
G.5700
. 0.5¢&0C
0.5500
0.5400
0.5700
0.5200
1 G.5100
0.5C00
0.49006
0.4800

0.4800

0.5800

PN N SN N NN NSNS NSNS NSNNSNSNSNNSNN NSNS SNNNSNNSNSSN NSNS N

C.4800 ’
LIVILEIILII IV 20T 12 00N ETITT 800N 0LTTIIIELNELT 2000000 IL 200800 200000700 27000070000 80000000%07001277710
0.59600 1.110 1.260 1.410 1.560 1.710
DYISTANCE BFTWEEN SLASHES ON THE X=AXIS IS 0.7500f-02

hté



PLOT CF Y & YHAT v5 1-0V -VERTICAL AXIS IS Y-AXIS. .

THE "R men ANQD men A3E USFD TO PLOT PREDICTED VALUES: "" IS USED WHERE PREDICTED VALUES COVER DATA POINTS
"¢ AEPRESENTS A POINT BUTSIDE GRAPH.

0.5800 20¢
700
£00
9500
0.9400
€.9200
. 0.9200

0.9100

. 0.9000
0.8530

€.9890

1 1 0.8700

. * 0.8600
. .  0.8300

. . 0.3400

. . 1 0.8300
0.520¢
. 1 0.5100
* 0.8000
. 0. 7500
11 : ’ 0.7800
1 * 0.7709

1 - . - . 0,768

. 0.7500
' . 0.7400
0.7200
. 1 . 0.7220

. 1 1 2.7100

1 . 9.7000

. . 0.5900
1 ' . - 0.6800

1 0.5750

* Y 0.6600

. 0.6500

1 . 0.6430
1 . . 0.6300

. 0.5200

L 1 0.6100

0.6000
0.5599
, 0.5%00
: 0.5700

. . 0.5503
0.5590
0.5400
c.5200
0.5200
1 0.5100
0.5¢00
0.4900
0.4800

O DA

C.

. 0.

s C.
3.

0.3800C

0.7860

0.5800

l\\\\\\\\\l\\\\\\\\\‘\\\\\\\\\ i WMNNNNNNNN NSNS SNSNSNNN
=]
-

0.4800
\\_\\\\\\\\\_\\\\\\\\\_\\\\\\\\\_\\\\\\\\\_\\\\\\\\\_\\\\\\\\\_\\\\\\\\\_\\\\\\\\\.\\\\\\\\\_\\\\\\\\\_
0.9140 0.9260 0.9380 C. 9500 0.9620 0.9740
DISTANCE BETWEEN SLASHES ON THE X~AXIS IS 0.6000E-03

SlLe



0.930

0.830

0.730

C.630

0.580

NN SSNSNSNSNSNNd NNSNNNNSNNSNSN NSNS SNSSNSSNN NN ] \\\\\\\\\l\\\\\\\\\l

~0.500

PREDICYED VALUES VERSUS RESIDUALS: °

~C.300

. / 1.25 -

/ /

o ~ / /

/ /

. / /

/ /

.1 / /

/ /

. 1 / /

/ /

. / 1.15 -

/ /

1 / /

2 / /

1 / /

1 / /

. / /

1 / /

1 / /

/ /

. / 1.05 -

1 4 /

1 11 / /

1 / /

1 . / /

/ /

1 1 / /

1 / /

.l / /

1 1 / /

. / 0.950 -

/ /

1 / /

Y4 /

. 1 / /

11 / /

.1 / /

1 / /

. / /

/ /

. / 0.850 -

/ /

1 . / /

/ /

. / /

/ /

. / /

/ /

. / /

/ /

. / C.750 -~

/l/////////l/////////l/////////l/////////l/////////l

~0.100 0.100 0.300 0.500 . ~-0.500

DISTANCE BETWEEN SLASHES ON THE X-AXES IS

VORTEX  VERSUS

11

63

-

RESIDUALS
1

1 11 113311

-0.300 =0.100
0.1000E=~01

0.100

Il/////////I/////////l/////////l/////////l/////////

0.300

/
/
/
/
/
/
/
/
/
/
/
/
/
/
4
/
I
/
/
/
/
/
/
/
/
/
/
/
/
/
I3
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
!
7
/
/
/
i

SiLé



26.9

24.1

21.3

18.5

15,7

12.9

PN NSNS SNSNSNSNSSN NSNS SSSNSNSN MNNNNNANNN NSNS NSNSSNSSSN ESSSNSSSNSNSS N

-0.500

=0.300

VERSUS RESIDUALS

1

.1

1

TVITIIIITIINILIHLI P77 2 2800770887000 000800071001077
-0.100

0.100

\\\\\\\\\\\\\\\\\\\\\\i\\\\\\\\\\\\\\\\\\\\\\\\\\\

/
]
0.300

0.500

0.100 -
' /

/

/

/

/

/

/

/

/
0.500£-01~-
7

/

/

/

/

/

/

/

/
-0.298E~07-
/

/

/

/

7/

/

/

/

/
~0.500E~01~-
/

/

/

/

/

/

/

/

/

-0.100 -
/

/

/

/

/

/

/

/

/

~0.150 -

-0.500
DISTANCE BETWEEN SLASHES ON THE X-AXES IS

LOGVTX

1

~0.300
0.1000£-01

11 63

VERSUS RESIDUALS

1

0.100

INTLLIELIIINTEP 1020000107070 00V0007000000V100221047
-0.100

0.300

—\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘u\\\\\\\\‘u\\\\\\\\\\

Lie



1.56

1.26

0.S60

LGFEPS VERSUS RESIDUALS

N N N SN N NN NN D NN N NN NN NN E N SNNNANNNANS ENNNNNSNSNSNSNN NSNS

JNIIIIP7 070070077200 878008777807 007777240777777¢2771

-0.500 -0.200 -0.100

11 .21
1 412
111

/ 0.974
/
A /
/
/
/
/
/
/
/
/ 0.962
7 :
/
/
/
/
/
/
/
/
/ 0.950
/
/
/
/
/
/
/
/
/
/ 0.938
/
T
7
/
/
/
/
/
/
/ 0.926
/ .
/
1 /
/
/
/
/
1 /
/
/ 0.914%

0.100 0.300 0.5C0

1-RV VERSUS RESIDUALS

- -1 /
/ /
/ . 4
/ /
/ . /
/ /
/ - /
/ ‘ /
/ . /
/ /
- - 4
/ 1 /
/ 1 1 7
/ /
/ - 7
/ /
/ 1. /
/ /
/ . /
/ 1 11 7
- .1 /
/ 1 1 /
/ - /
/ 1 7
/ .11 /
/ 1 /
/ 2 /
/ 1 /
/ . /
/ /
- - ’
/ 1 /
/ . /7
/ 1 /
/ . 7
/ /
/ . /
/ /
/ l. 4
/ /
- - 7
/ 1 /
/ « 1 /
/ /
/ 11 /
/ 11 7
/ .1 4
/ 1 /
/ - /
/ /
- - /

IVI7170 0002872720770 780000087020007220720877V00082777¢41%

-0.500 -0.300 -0.100 0.100 0.300

DISTANCE BETWEEN SLASHES ON THE X-AXES IS 0.1000E-01

gLe



CONTRGL CARD NO. 7 ®= STPREG &&%k STPREG #wks STPREG #¥&x STPREG *k¥xk STPREG #%kxk STPREG **%% -STPREG *% CONTROL CARD NO.

POTENTTAL TNDTPENDFENT ANN NTHER VARTABLFS IN THE REGRESSTON ANALYSIS FOR LOGWUF |

PARTIAL £0aR, TOLERANCE F-RATIO F~PROB
ALPHA 0.3968 1.0000 5.045 0.0315
LGD50 . 0.5237 1. 0000 10.20 0.0036
HETGHT 0.2204 1.0000 4.567 - 0.0368
LGFFPS 0.£545 1. 0000 20.23 0.0001
LGTEMP 0.32093 1.0000 2.857 0.0988
CONCFN 0.3642 1.0000 4.129 0.0456
CONAFS 0.6729 1.0000 22.35 0. 0001
3O>>>>8TEP NUMBER 1 REGRTSSIOIN EQUATION FOR LOGWUF
R-SQUBRED = §5.4528455 F~PROBABILITY LEVEL = 0.0500
STAMDARD %202 LCGWUF = (.1018
F~PROBABILITY = .000C8524
VARTABLE CRTFFICIENT STD. ERR. F-RaTIO F-PROB MORM COEFF
AN FS. 12.454997 2.635 22.35 0.0001 0.6729
CONSTANT ~3.6482T886 0. 5779E-01 A27.8 c.0 -12.30
POTENTTIAL INDEPTNNFET ANN OTHER VARTABLES IN THE REGRESSION AMALYSIS FOR LOGWUF
pacyrat CaRR, TOLEPANCE F-ATIO F-pROE
ALPHA N.2494 0.9540 3.617 0.0653
LGOS0 0.2024 0. 6366 1.110 0.3025
HE TGHT 0.4313 0.6913 5.942 0.0209
LGFEPS 0.%148 0.€256 5.405 0.02¢8
LGTEVD 0.2723 8.6730 2.082 0.1575
CONRFY 0.1704% 0.5393 0.7776 0.3869
P>3>>STEP MyMEED 2 REGAFSSION EQUATION FOR LOGWUF
R-SQUARFED = 0.554432¢ F-PROBABILITY LEVEL = 0.0500
STANTARD FR272 LOGWUF = 0.9264E-01
F-PaNAARILITY = .90003%496
VARTABLE CATFETLIENT STO. ZRR, F-RATID F-PRCB NCRM CQEFF
KE IGHT ~0.18593184%-01 0. 77625-C2 5.942 ' 0.0209 ~0.3204
CONPFS 11.602203 2.423 23.¢63 C.0001 0.6431
CONSTANT T =1.2655040 0.1669 55.86 €. 0000 ~9.390
POTENTIAL IMNDTZPENDRANT AND OTHER VARTABLES IN THE REGRESSION ANALYSIS FOR LOGWUF
PARTIAL CORR. TOLERANCE F-RATIC F=PROB
ALPHA 0.3611 C.5510 3.748 0.0614
LGNSO 0.2158 0.639% 1.221 . 0.2756
LGFFPS N.4567 0.€256 6.662 0.0155
LGTYEvP 0.25603 0.9596 3.729 0. 0620
CONRFN 0.20328 0.5387 1.083 . 0.3089
PO>>>>STEZP NUMALER 3 REGRESSION EQUATIGCN FCR LOGWUF
P~SQUARED = 0.6483412 F-PROBABILITY LEVEL = 0.0500
STANCARD FRRG? LOGWUF = (0.8485£-C1
F-PRNBABILITY = .000C0926
VAP TABLE CORFFICIENT STH. ERR. F~RATIO F-PROS NORM COEFF
HE IGHT ~0.185508(5%-C1 0.7061E-02 7.204 C. 0123 ~0.3197

LGFEPS 0.1623€869 0.6261E-01 6.662 0. 0155 0.2870

7

6L¢



C.4063
-10.39

MNORM COEFF
~1.230
-0.3365
i.540
0.4370
-6.904

CNANRFS 7.5208109 2.783 7.305 0.0118
CONSTANT -1.4050136 0.1626 T4.64 0.0000
POTENTIAL INDEPESHMEOENT AND OTHER VARIABLES IN THE REGRESSION ANALYSIS FOR LOGWUF
PARTIAL fare, TOLERANCE F-RATIO F-PROB
ALPHA . 0.2465 0.9371 3.275 0.0766
LGOS0 0.6533 0.0848 17.87 0.00¢C3
LGTEMP 0.0832 0.5351 0.1672 0.56876
CONAFN 0.2387 0.5175 3.111 0.0871
>O>>>>STEP MUVBR2 4 REGPESSION EQUATION FOR LOGWUF
R-5S0QUARED = £.79844193 F-PROBABILITY LEVEL = 0.0500
STAMDARD EFOGQ L OGWIHF =  0.65565-CL
F=porpPaARILITY = 00000008
VAR LRLE CATFFICYENT STO0. ERR. F-RATID F=PROB
LGNSO =0.70X27569 0.1664 17.87 0.0003
HT T GHT ~0.19945308%-01 0.5461E~02 13.34 0.0013
LOFEPS 0.68750267 0. 1335 26.56 0.0000
COMAFS 8.08G60%47 2.154 14.10 €.0011
CONSTANT ~-0.93345128 0.1680 30.86 0.0000
POTENYTAL INDEPENOFNT AND OTHER VARIABLES IN THE REGRESSION ANALYSIS FOR LOGWUF
PARTIAL (NRE, TOLERANCE F-RATID F-PROB
ALPHA 0.0323 0. 7606 0.1977 0.6638
LGTEMP 0.0922 0.5065 0.1973 0.6641
CONRFN 0.0143 0.3707 0.47165-02 0.9027
-

0¢e



«0 (100%)CONFIDENCE INTERVALS SCALE FOR RESIDUALS
CBSERVED RESTOUAL PREDICTED MEAN OB SERVATION -G.5500 ~0.3300 -0.1100 0.1100 0.3300
PLUS-MINUS PLUS~MINUS V222000000708 0080070877 888707200770 02800000000070082007802877210
E

e T T T e T T R e T O R R N T N S L

1 =1.4841 =C0.4722E-02 ~-1.4754 /
2 -l1.7292 0.2251E-C1 -1.1507 / -E
3 -1.4548 0.1219€-01 -1.5070 / «E
+» -l.4€68 0.35912-01 -1.50%57 / « €
5 =~1l.433¢C ~0.8851E-C1 =~1.3445 / E" -
6 =—1.3451 0.5264%-02 -1.3550 / 3
7 -1.2857 0.1182 -1.3739 /. . E
3 ~1.552€ -0.1172 -1.4355 / E .
9 =-1.2248 6.7529€-C1 -1.20C1 / - E
1y -1.5376 -0.81265-01 -1.4563 / £ .
1L ~l.4872 C.74715-C1 -1.5319 / . - E
12 -1.4137 ~0.5333E-C1 ~-1.4204 / E .
15 ~1.5CC3 -C.6892E~-01 . ~1.4314 / E -
19 -~1.Z1¢¢ €.657%S-C1 ~-1.21z6 / . E
15 -1.2652 0.1427€-01 -1.27S5 / «E
16 -1.243C 0.314€Z-C2 -1.2511 / £
i1 -l.3215 -0.3375E~-C1 -1.2878 / E .
14 ~1.32344 —C.€56SE-C1 -1.26E7 / € -
19 ~1.45ES ~0.343¢6E~02 -1.4G55 / E
2 ~l.61€2 0.2517c-01 -l.€414 / -
2l ~1.4E15 C.48855-C2 -l.48¢€4 / E
22 -l.4€&0 «219%E-01 ~1.45¢€0 / -« E
23 -l.41517 ~0.2771E-C1 -1.37¢€0 / E .
24  -~1.2401 -0.823CE~C2 -1.3363 / €
25 ~1.2652 C.8899E-01 -1.3542 / . E
26 -l.556¢C -0.1128 -l.4432 / E -
27 -1.2¢57 0.4573E-C2 -1.26C3 / (3
23 -l.2411 0.2918F-01 -1.27903 -4 .« €
29 =1.2503 0.2602E-C1 ~-1.27¢3 / ' - E N
VIVITIIEL 0TIV I IE0 0007700000080 84 8008780080080 7000780010277141
-0.5500 -0.330C -0.110C C.1100 0.3300
SCALE FOR RESIDUALS
29 CCMFPLETE OBSERVATIONS AUTG CCRR COEFF= =0.4994 DURBIN WATSCON D-STATISTIC = 2.985
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PRECICTEL VALUES (VERTICAL AXIS) VERSUS OBSERVEC VALUES

~1.2CC

~1.310

-1.420

-1.530

~1.€4C

-1. 750

- - . -1.200
-1.211

-1.222

-1.233

-1.254

11 -1.255

1 1 ~1.266

11 -1.217

1 ~1.288

1 -1.296

. 1 -1.310

- ~-1.221
-1.332

1 ’ 1 -1.343

1 1 -1.354

. -1.365

1 1 -1.27¢

. -1.387

-1.398

~1.409

1 ~1.420
1 1 -1.431
1 : ~1.442
1 ) ~1.453
~1.464

-1.475

1 ’ -1.486
1 1 ) —1.457
1 1 ~1.508
. -1.51%

1 ~1.530
-1.541

-1.5852

-1.563

~1.574

-31.585

-1.596

-1.607

-1.618

-1.625

1 -1.6€40
-1.651
-1.662
-1.€72
~1.¢&84
~-1.8&95
-1.706
-1.717
-1.728
~1.736
-1.750

[ N B R N N N N N N e N N e N e NN
[

1 .
LIVIELLLT7 00800000000 2800 000070007007 8000 0007000000080 780207 0700007000000 00808270270\27770070000201077717)
~1.750 -1l.640 -1.530 ~1.420 -1.310 -1.200
CISTANCE BETWEEN SLASHES OM THE X-AXIS IS (0.5500€E-02

é¢ée



PROBAZILITY OF RESIDUALS VS RESICUALS
(PLCT TG VERIFY THE NORMALITY OF THE DIST OF RESIDUALS)

THE “.",®e» AND "¥4 ARE USED TC PLCT PREOICTED VALUES; ®“*" IS USEC WHERE PREDICTED VALUES COVER DATA POINTS
“+n REPRESENYS A PCINT QUTSICE GRAPH.

Z.20C

1.300

0.4000

=C.5C0C

-1.400

-2.300

2,200
1 2.110
: 2.020
: 1.530
. 1.84¢C
1.75¢
1 : 1.650
- 1.570
. 1.480
* 1.29¢C
1.200
1.210
, . ’ 1.120
1 1.C30
0.540C
1 ) C.8500
1 0.760C
1 0.670¢C
le. 0.5800
1. . 0.4500
.o 0.4090
* ) ' 0.3100
0.2200
0.1300
0.40005-01
-0.5C0CE-C1
-0.1400
-€.2300
-0.3200
-0.4100
* -0.5000
. - ~0.3500
1 : -0.560G0
* -0.7790
1 -0.8600
~0.9500
*, -1.C40
1 -1.130
. : ~1.220
. : -1.210
1 : -1.400
-1.49¢C
-1.58C
1 ~-1.67Q
. -1.760
-1.850
~1.540
~2.030C
1 -2.120
. ~2.210
~2.200

* N

L e T Y T N R e A T e T Y N N |
e

//I/////////ll////////l/////////l/////////|//////7I/I///////I/l/////////l////////II/////////I//////IIII
~8.386 ~5.033 -1.678 1.678 ’ 5.033 8.389
CISTANCE BETWEEN SLASHES ON THE X-AXIS IS 0.1678
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PLOT CF Y & YHAT VS LGCSO «VERTICAL AXIS IS V=-AXIS. -

THE ®.","+™ AND ##" ARE USED TC PLOT PREDICTED VALUES;: "*" IS USEC WHERE PREdICTED VALUES COVER DATA POINTS
®e” REPRESENTS A FCINT OUTSICE GRAPK.

-1.20¢C

=~1.31¢

-1.420

~-1.530

~1.640

~1.75¢C

I e N N R T N R N R T o N N N N T N N N N N NS
Lo
-
.

11

-1.238
-1.211
-1.222
-1.232
-1.244
-1.255
-1.256¢
-1.277
~1.288
~-1.299
-1.310
-1.321
-1.232
~1.343
~1.354
-1.365
-1.27¢
-1.2387
-1.398
-1.409
-1.420
-1.431
-1.442
~1.453
-1.484
-1.475
-1.4386
-1.497
-1.508
-1.51%
-1.530
~1.541
-1.552
~1.563
-1.574
-1.585
-1.59¢
-1.607
-1.¢18
-1.629
~1.e4C
~1.851
-1.662
-1.€72
~1.684
-1.€95
-1.70¢
-1.717
-1.728
-1.73%
~1.750

PENILZL20 0000700000007 0070007080070 000700 070000087000 008000080V0700000218800082002008707201772008%¢12847417¢1)

1.250 1.400 1.550 1.700 1.850
DISTANCE BETWEEN SLASHES OM THE X-#XIS IS 0.7500£-02

2.000
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PLAY OF Y & YFAT vS FEIGHT «VERTICAL AXIS IS Y-AXIS.

THE o m,®eu AND “#n ARE USEO TG PLOT PREDICTED VALUES; w#w Ig USED WHERE PREDICTED VALUES COVER DATA POINTS
“+% REPRESENTS A PCINT QUTSIDE GRAPH.
-1.200 - -1l.200
-1l.211
1 . 1 . -1.222
-1.2332
-1.254
S » . 1 ~1.25%
. I -1.26¢
. . =l.277
-1.288
- ~1.299
- : ’ -1.21¢6
1 ) ~1.321
1 ~1.232
*  ~1.342
* -1.354
-1.265
« =1,37¢
~1.387
~1.298
. -1.409
- . 1 -1.420
- * -1.431
’ ~1.442
* =1.452
-1.464
~1.475%
=-l.48¢
-1.497
e =1.%08
-1.51¢6
- . -1.%830
1 ' ' -1.%541
2 -1.552
-1.%613
~1.574
~1.285
-1.59¢
~1.607
1 ~1.¢€1¢
) -1.62%
. ~l.640
-1.651
-1.€662
-1.472
~1.684
~1.£695
-1.706 . .
=-1.717
1 -1.728
-1.73%
-1.750

% N

[y

~l.310

~1.420

* R

~1.53C

~1.£40

[ N A R S ) NMANNNNNNNN NMNNNNNNNN) NNNNNSNNN N MWW NNNNN .
[

-1.750
//II////////l/////////l/////////l/////////l/////////l//////I//II////////l/////ll//ll//l//l/ll//l//////l
17.00 1E€.C0 19.00 20.00 21.00 22.00
CISTANCE BETWEEN SLASHES ON THE X=8X1IS IS 0.5CCCE-01
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PLOT OF Y & YFAT VS LCFEPS «VERTICAL AXIS IS v=-AXIS.

THE * .7, %e™ ANC "s* ARE USED TO PLOT PREDICTED VALUES: "#*" IS USEC WHERE PREDICTED VALUES COVER DATA POINTS
“en KEPRESENTS & PCINT CUTSICE GRAPH. .

~1s2CC

-1.310

~1. 420

-1.53¢C

~1.640

-1.75¢C

L T e B T I N N o I R T T ]
-
LA R Y

LIXTVILLIEE I TELLLLLENIITLITEEINITLLLLEEI NI 220080 INILLIETIEENLLIERLI0INE LA 1P INEII0 00000 080048147 71

€.9600 1.110 1.260 1.410 1.560
DISTANCE BETWEEN SLASHES OM THE X-AXIS IS 0.7500£-02

-1.26¢C

‘ -1.211
1 -1.222
~1.232

2 -1.2a4
l. -1.255
1« ~1.26¢
. -l.271
. -1.288
-1.295
-1.310
-1.221
-1.332
-1.343
-1.354
~1.365
. -1.27¢
-1.2387
-1.398
-1.405
-1.420
-1.431
. -1.442
~1.453
-1.464
-1.475
-1.486
~1.497
-1.508
-1.515
-1.530
~1.541

2 ~1.552
-1.562
~1.5T4
-1.585
T-1.59¢
~1.¢07
-1.618
-1.625
-1.64C
-1.651
~1.662
~1.673
-1.684
-1.€95
~-1.70¢
-1.717
-1.728
~1.739
-1.750

Lo

[ X 3

* -

1.710

9¢e



PLOT CF Y & YFAT VS CCNRFS «VERTICAL AXIS IS Y-AXIS.

THE ®.%,%+% ANG wae ARE USED TC PLOT PREDICTED VALUES; "*® IS USED WHERE PREDICTED VALUES COVER DATA PQINTS
"+% REPRESENTS A PCINT QUTSIDE GRAPH.

-1.200

" -1.310

~1l.42¢C

~1.530

-1. €40

~1.750

I e S N N N I N T IR N N N NN
-
-
.

- -1.200
. -1.211
1 1 -1.222
~1.233
11 -1.244
l. : 1 * -1.25%
e 1 i 1 . -1.26¢
. . -1.271
. -1.288
: . -1.299
. -1.310
1 -1.221
1 -1.322
. * ~1.242
. - ~1.35%
’ -1.265%
. . -1.327¢
-1.387
-1.298
~1.40%
. 1 -1.42¢
. . 1 ) -1.431
. —1.462
1 . i R -1.453
1 . -1.454
~1.415
* 1 ~1.48&
. 1 1 . : ~1.497
. . ’ -1.50¢8
-1.51¢
. ~1.530
1 -1.541
11 ’ -1.552
~1.563
-1.574
-1.585
-1.59¢
-1.%07
1 -1.5618
~1.829
. -1.£40
. ~1.651
-1.662
-1.672
-1.684
-1.£95
~1.706
-1.711
1 -1.726
-1.73%
‘ . -1.75¢
PEXILLII0000VEL 1000070000000 807 V8780708000 0070708 0000 872000800807 0700070 20077208027\ 000080700\¢804721217%
C.7C00E-02 0.12C0E8-CL 0.1700E-01 0.2200E-01 0.2700E-01 C.3200E~C1
OISTANCE BETWEEN SLASHES ON THE X-AXIS IS €.250CE-03 .
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=l.2C

=-1.31

~1.42

~1.53

~leok

-1.75

L o e N L e N I R O B N R [N N S ]

~L.550

PREDICTED VALUES

-0.330

-0.110

VERSUS RESTICUALS

o e gy

.1

FVILIIII20 0007070022000 7 80007008478 010017\171171171
0.110 0.330
OISTANCE BETWEEN SLASHES ON THE X~AXES IS 0.1100E-01

e e R N T T N N

/
[

0.550

2.00

-
.

&>
(=]

1.25

L N T e e N e T R N N N N R N B O N 1 MNNNSNSNNNNN

TVI71I020008707 7000000020 70880 0 080007070\ 10177011¢27
~0.110 0.110

-0.550

LGDSO

-0.330

VERSUS RESTOUALS

0.230
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/
/
/
/
7
/
/
/
/
/
4
/
/
/
/
/
/
/
/
/
/
7
/
4
/
I4
/
/
/
4
/
4
/
/
4
7/
/
/
/
7
/
/
/
/
/
/
/
/
/
{
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22.0

21.C

20.0

1s.0

1€.C

17.0

HEIGHT VERSUS RESIOUALS ’ LGFEPS VERSUS RESIDUALS

21153211

L N e R N R T e T R N I N O e I O U T NI N N N N )
-
-
-

12

121
TNILPLEIILIRITIIE LT E0NPT007070080700707870V070280101771

-0.550 -0.330 -0.110

/ 1.71 - 112 1 /
/ / 2112 11 /
/ / . /
/ / /
/ / - /
/ / /
/ / - /
/ / /
/ / - /
/ / /
/ 1.5¢6 - - /
/ / /
/ / . /
/ / /
/ / . /
/ / 1 11 1 /
/ / - /
/ / /
/ / . /
/ / /
/ lo4l - - /
/ / /
/ / - /
/ / /
/ / - /
1 / / /
/ / - /
/ / /
/ / - /
/- / /
/ 1.26 - - J
/ / /
/ / - /
/ / ;
/ / - /
/ / /
/ / - /
/ / /
/ / . /
/ / ' /
/ lell - . /
/ / 7/
/ / . /
/ / 1 7/
/ / - /
/ / 1 2 /
s / .1 1 /
/ / 1 1 /
/ / 1 /
/ / 1 V4
11 / 0.960 - . /
TVIT1200200 V7002707770278 080207200002770007002721727771

0.110 0.330 0.55%0 ~-0.550 -0.330 -0.110 0.110 0.320

CISTANCE BETWEEN SLASHES ON THE X-AXES IS 0.1100E-01



0.320€-01-

MmANNNANANNN,

€.27CE-0C1-

C.22CE-01

C.17CE~-C2

C.12CE~01

NN N N N N NN N L NN N NN NN NN NN NN NNSNNNNSN NSNS SN NN

C.7uCE-02~

-C

CONRF S VERSUS RESIDUALS
1

/

1 /
.1 /

1 1 ’ /

1 /

/

- /

/

- /

1 1 /
1 - /
/

. /

/

- /

/

. /

/

1 /

/

1 /

1 /

1 1 /

1 1 /

l . /
/

. /

1 /
. /

/

1 - /
2 1 /
. /

/

. /

/

1 /

/

. /

1 /

/
1 /

. /

/

.« 2 /

1 /

- /

/

. /

/

. /
TVIREIIELIINITII0 80000020000 0000N 1000000000 270747717])
«55C -0.330 -C.110 0.110 0.330 0.550
DISTANCE BETWEEN SLASHES ON THE X-AXES IS 0.1100£-01
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CONTROL CARD NO. B8 #% STPREG #*kwk STPREG kik« STPREG *uk& STPRIC *wek STPREG %wx& STPREG #%¥% STPREG ** CONTROL CARD NO.

POTENTIAL INDEPENDENT AND CTHER VARTABLES IN THE REGRESSION ANALYSIS FOR UFESOL

PARTYIAL COPRQ, TCLERANCE F-RAYT IO F=PROB
LGD50 0.3645 1.6000 4.136 ‘ 0.0464
LGTEMO 0.4577 1.0000 7.559 0.0102
FEFVNL 0.5852 1. 0000 14.81 0.0007
LUSG/S 0.6258 1. G000 17.38 0.00G3
P>5>>O8TFP NuMepTe H REGRESSINN FQUATION FOR UFXSOL
"P=SQUARFD = 0.39164%415 F-PROBABILITY LEVEL = 0.0500
STAMTALRD E72107 YFRESOL = 3.580
F=-PFOBABILITY = 00033602
VASTABLE COCRFICTENT STC. &R, F-RATIO F-PROB NOPM CDEFF
LUSG/S 10.942282 2.625 17.38 0.0003 0.6258
CONSTANT 46.443072 4.725 S6.63 C.00cCo 10.30
POTENTIAL THOEPENNENT aMD OTHER VARTABLES IN THE REGRESSION ANALYSIS FOR UFZSOL
PAZTIAL LNRR, TCOLERANCE F-RATIO F-PRDB
LGDSC C.5174 0.9663 16.01 0.0005
LGTEMP 0.5675 0.5984 12.35 0.0017
FEFVAOL 0.7274% 0.9979 29.22 0.0000
SXX555STFP NyMpER 2 REGRESSINN FOUATION FOR UF%SOL
R-SQLARED = 0.7135632 F-PROBABILITY LEVEL = 0.0500
STANT2R0 FRUCP UFLESCL = 2.5C3
F-PRCARASILITY = .00C00017
VAR T EBLE COZFEICIENT STh. FRR, F-RATIO F~PROB NOSM COEFF
FEFVOL 23.6435717 44335 25.22 0.0000 0.5680
LUsSG/S 10.492520 1.837 32.61 0.0000 0.6000
CANSTANT 43.503871 3.348 168.8 0.0000 9.652
POTENTIAL IMDZPSNDENT AND OTHER VARTABLES IN THE REGRESSINN ANALYSIS FOR UFZSOL
PARTIAL COR2. TOLERANCE F-RATIO F-PROB
LGD50 0.4934 0.0627 8.047 0.0087
LGTEMP 0.1722 C. 5663 0.7636 0.3946
>>>>>>STFD NUMBER 3 REGRESSION EQUATION FOR UFESOL
R-SQUA?ED = 0.7823084 F-PROBABILITY LEVEL = 0.0500
TANDARD FRAQR UF?PSCL = 2.221
F-PIORABTILITY = .0CCCOCO3
VARTABLE CAFFFICTIENT STD. ERR. ‘F-RATIO F-PROB NORM COCFF
LGDSQ -18.579495 6.550 8.047 0.0087 -1.05¢%
FEFVOL 64.500317 15.11 18.44 . 0.0003 1.573
LUsSG/sS 6.4651834 2.161 8.952 0. 0061 0.3698
CONSTANT 75.577606 11.69 41.80 0.0000 16.77

POTENTIAL INDEPENDENT AND CTHER VARIABLES IN THE REGRESSION ANALYSIS FOR UFZSOL
PARTIAL CORR, TOLZRANCE F=RAT ID F-PROB
LGTERP 0.0675 0.4492 0.1097 0.7262

.
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20

NN NN NN
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ORSERVED

£2.25C
5%.010
6¢£.590
67.260
683,250
€S.36C
71.230
71.810
5%.53C
62.85C
58.12¢0
£4,%30
64,280
€5.(5C
53,950
72.410
€€, 32C
623,550
62.58C
£5.C70
6£6.C80
£7.45C
€7.570
565.610
71,4498
T1.740
63.620
72,400
53,4730

RESIDUAL

0.5677
~1.870
~0.705%6
-1l.021
1.570
-0.545%6
0.37665-01
2.568
~3.580
1.220
=3.529
~l.422
C.7323
~2.362
~2.56H39
-03.2343
=1.672
4.002
0.3927
5.309
=-1.205
T 0.9315
1.871
-0.6762
~0.7054%=-01
Z.853
-0.5029
0.2264F-01
~0.7966

29 COMPLETF 0BSSAVATIANS

«0 (100%)CONFINENCE INTERVALS SCALE FOR RESTOUALS

PREDICTED MEAN OBSERVATICN ~18.00 -10.80 -3.600 3.600 10.80

PLUS~-MINUS PLUS=-MINUS |///////////l///////////|///////////l///////////l/////////IIl

61.722 ' .5

56.9C0
£7.266
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664680
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63,510
£1.950
58.659 .
£6.353
63.568
67.452
L6437
72.6G4
70.992
64.457
61.537
€0.761
67.285
66.558
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66.226
71.561
68.8E7
64,522
72.377
642227
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~18.00 ~10.80 =3.600. 3.600 10.80
SCALE FGR RESTDUALS

AUT] CCRR COEFF= =-0,1742 DURBIN WATSON D=-STATISTIC = 2.339
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PRECICTED VALUES (VERTICAL AXIS) VERSUS OBSERVEL VALUES

72459

£3.6C

61.70

53.10

54.50

-

N NN N NN N NN D NN RN N N NN NN O NN NN NN NASN NSNS NNS NSNS NNNNNSNSNSNSN
[

LINITITTIRTIVI LTI LIV ET L0008 00 0770000 NFTE0 080N PL 0020000000700 0N 2080008027000777V707127¢4777]

54.50 58.10 61.70
DISTANCE BFETWEEN SLASHES ON THE X-AXIS IS 0.1800

65.30

68.90

11

-

72.50
72.14
.78
71442
71.38
70.7C
T70.3%
69.55
6G9.62
69.2¢
68.90
68.54%
£3.18
57.82
L7442
67.1¢C
Eb. T4
66.33
66 .02
65.66
65.3C
64 .94
65.58
64.22
€3.8¢
63.590
63.14
62.78
62.42
62.0¢&
61.7G
€l.34
60.98
&0.02
60.2

59.90
59.54
59.18
55.82
58.46
58.316
57.74
57.38
57.02
S56.6¢
56430
55.94
55.58
55.22
54.8%
54,50

72450
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PRNBABILITY OF RESIDULLS VS RESIDUALS
(PLOT 70O VERIFY THE NORMALITY OF THE DIST OF RESIDUALS)

THZ w_m, wen AND "kt ARZ USRD TO PLOT PREDICTED VALUES:
"ew REPODESENTS A POINT OQUTSIDE GRAPH.

2.200

1.300

0.4000

~0.5000

-1.400

-2.300

S ™ SN N N NN N N L N NN NN NN NN LN NN NN NSNANS NN ANSNSNSNNNNSNEENSNNNNYNSNSNSS

DISTAMCE BETWFEN SLASHES ON THE X-AXIS IS

AY

ke IS USED WHERE PREDICTED VALURS COVER DATA POINTS

PIVTIPI7IIPINE L2020 08 7000000070000 2007 0 070007000700 0000770008 0070000 008020708887877770070780%1071177171
-1.621

0.1621

FRE =N N
W e
[oN=NoNo N

O &

0.8530
0.75090
3.6170C
0.5800
0.4900
C.4C00
0.2190
0.2200
0.130
0.40008-C1

-0.5C965-C1

~0.1400

-0.2300

~0.3200

-0.4100

-0.5000

-0.5580

-0.6890

-0.7700

-0.3600

-06.9500
-1.C40
-1.130
~1.220
-1.310
-1.450
-1.496
-1.530
-1.670
-1.760
-1.850
-1.5%0
~2.030
-2.120
-2.210
-2.300

8.106

hee



PLIT OF ¥ & YHAT VS LGDSO - VERTICAL AXIS IS Y-AXIS.

THE w.%, 7% AND m«v AQE (SEQ TO PLOT PREDICTED VALUES; “&% IS USED WHERE PREDICTED VALUES COVER DATA POINTS
"e# REPRESENTS A PGINT QUTSICE GRAPH.
72.50 1 = . 72.58
72.14
11 71.78
* K 71.42
. ’ 71.0
70.72
70.24%
- ‘ . $9.98
: 69.52
1. £S.26
. 65.93
1 58.5%
- 1 58.18
. ) 67.32
. ol : .l 67.46
1 57.10
1 . . 65.74
- . . . 66.128
1 1 . £6.02
1. £5.65
. 1 65.30
1 1 64,94
... R 64.58
1 . £6.22
63.86
£3.5¢C
53.14
1 . £2.78
11 : 62.42 -
’ 62.36
.o - ’ s1.70
£1.34
. . . 60.93
N 69.62
60.25
1 56.90
59.54
59.18
. N 58.82
55.45
58.10
7.74
57.38
. 57.02
55.566
56.20
55.94
. 55.58
i : ) 55.22
1 54,86
54.50

63.90

65.30

L.70

L T T T S NNSNNNNNSNN NN NSNSNSNSNSSNSN
L]
—
—
L]

54.50
//I/////////I/////////II////////l/////////l///////{/l/////////l/////////l/////////I/////////I///l/////l

1.250 1.400 1.550 1.700 1.850 2.000
DISTANCE BETWEEN SLASHES ON THE X-AXIS IS 0.7500E-02

G¢ee



PLOY OF ¥ £ YHAT VS FEFVOL SVERTICAL AXIS IS Y-AXIS.

THE % %, "enr ANC "ar ARE USED YO PLOT PREDICTED VALUES; "#4 IS USED WHERE PREDICTED VALUES COVER DATA POINTS
248 REPIESENTS A POINT QUTSIDE GRAPH. .

72.50

63.90

65.30

61.70C

58.10

54.50

- L

b

* -

[k S )

b

*1

1
1

[ N R L e o T o e T O T N N e e S N L T T T N N
.

FINILITITILINE I L0000 007000088070 0007 0000000000007 7070000800070 8787 0770007878 70007707070000072117171

72.50
72.14
71.78
T1.62
T1.06
70.7C
7C.34
65.98
69.62
65 .25
65.90
£5.54
é63.18
67.32
ET.46
7.10
66.74%
66.38
66.02
65.6¢€
65.30
64.94
64.58
64,22
63.86
62,59
62.14%
62.78
6$2.42
€2.06
H1.T0
61.34
60.98
0. 62
63.28
59.9¢C
592.54
59.18
58.82
58.46
53.10
5T7%
57.2
57.02
Stebd
56.30
5.94
55.58
55.22
S4.86
54.50

0.32000£-01 0.8000E-01 0.1300 0.1800 - 0.2300 0.23800

DISTANCFE BETWEEN SLASHES ON THE X-AXIS IS 0.2500£-02

e

-

9¢e



PLOYT OF Y & YHAT VS LUSG/S +VERTICAL AXIS 1S vY~AXIS.

THE ®,.m,%en AND ®&w ARE UYSED TC PLOT PREDICTED VALUES: ®%w IS USED WHERE PREDICTED VALUES COVER DATA POINTS
wem REORESENTS A POINT OUTSIDE GRAPH.

72.50 1 72.50

. 72.14

11 71.78

o T1.42

. 71.06

70.70

70.34%

. 69.98

. 69.62

. 1 69.26

685.50

S | 63.54

1 : . - 68.18

87.82

1 . 1 . . 67.45

. ) 67.13

. . 1 85,74

. P £6.38

1 1 66.02

65.66

R . 65.30

Bt 1 ) 6454

.. 64458

) . 1 64.22

1 : . 63.86

63.5C

RIS EA

62.78

11 . 62.52

62.06

.o : 61.70

61.34

. £€3.98

- . &0.62

£0.26

1 . 59.90

5G.54%

) 59.18

. ’ 58.82

58.46

sa.10

S7.74

57.38

57.02

. 56.65

55.30

55.94

. . 55.58

1 : £5.22

1 54.86

54450

€3.90

bt

.
[ )

-

61.70

53.10

Fse™ ™ ™ SN SN NN N NN RNNNANNN O NNNNSNNSNSSNENNNSNSNSNSNSSNS [ L N N T T S Y |
.
-
-
.

54.50
PIVILLTIIPIINEII L0 F7INLILII0 20 INIT I 01T IL 0801270000820 00 0878000800000 0 000700080008 000010800V07288071¢471)
1.250 1.560 1.730 1.900 2.070 2.240
DISTANCE BETWEEN SLASHES ON THE X-AxiS IS 0.8500£-02

Lee



72.5

68.9

65.3

61.7

58.1

54,5

PREDICTED VALUES VERSUS RESIDUALS
2

- /
/ /
/ - /
/ 2 /
/ . /
/ /
/ . /
/ /
/ . /
/ 1 /
- . 1 /
/ /
/ L. /
/ /
/ 111. /
/ . /
/ . 1 /
/ 1111 /
/ l. /
/ 1 /
- - /
/ /
/ 1. 1 /
/ 1 /
/ . /
/ 1 1 /
/ . /
/ /
4 . /
/ /
- -2 /
/ /
/ . 1 /
/ 1 /
/ . /
/ /
/ . /
/ /
/ 1 . /
/ /
- . /
/ /
/ . /
/ 1 /
/ . /
/ /
/ . /
/ /
/ - /
/ /

. ) /
IXLZLLIIIIIVIL TP EIINIIEL I IPIN P20 70 700 200000207} .
-18.0 -10.8 ~3.60 3.60 10.8 18.0

l1.40

1.25

LGDS0 VEQSUS RESIDUALS

- 1 . 7
/ 1 /
/ 11. 7
/ 1 /
/ . 2 /
/ 1 1 /
/ . /
/ 2 /
/ 2 /
/ 7/
- . /
/ /
/ - ’
/ /
/ . /
/ 1 , /
/ . /
/ 1 1 /
/ 1. /
/ 4
- . /
/ /
/ - /
/ /
/ S /
/ /
/ - /
/ /
/ . /
/ - /
- 1 - 1 /
/ /
/ - s
/ - 7
/ . /
/ /
/ . /
/ 2 /
/ .11 /
/ /
- - /
/ ’I
/ . ’/
/ /
/ . /
/ 1 /
/ la1 /
/ 2 12
/ . /
/ /
- . /
TXI77770007 V0800000008020 007 801000048 002722877212217771

-18.0 -10.8 ~3.60 3.60 10.8

DISTANCE BETWEEN SLASHES ON THE X-AXES IS 0.3600

8¢



0.280 -
/
/
/
/
/
/
/
/
/
0.230 -
/
/
/
/
/
/
/
/
/
G.180 -
/
/
/
/
/
/
/
/
/
0.150 -
/
/
/
/
/
/
/
/
/
0.800F-01-
/
/
/
/
/
/
/
/
/
0.3005-01-

FEFVOL VFRSUS RESIDUALS
111 2

22 112

2.07

14 1
1 121. 1

.
R e T T T e e T T e e T o T e T T T S

. 1.39
INITIIIIT07800 000000007000 070070 0700000000V 0771227171
18.0° ~10.8 -3.60 3.60 10.8 18.0

LUSG/S VERSUS RESTDUALS

- 1. /
/ /
/ . /
/ /
/ . 7
/ 1 /
/ 1 /
/ ’
/ . 7
7 1 /
- 1 ’
/ 1 7
/ 1. /
/ 7

-/ 1. 7
/ /
/ . /
/ 7/
/ .1 /
/ 1 /7
- . /
/ 1 /
/ . 7
/ 21 ’
/ 2. /
/ 1 ’
/ . /
/ 7
/ . ’
/ 7
- - /
/ ’
/ . 1 /
/ /
/ . ’
/ /
/ . )
7 1 ’
/ . /
/ : /
- - /7
/ 1 7
/ 1.1 /
/ 2 ’
/ - /7
/ 12 ’
/ . /
/ ’
/ 1 . ’
/ /
- 1. ’

INIIIITE70N 208000022 V0700072000 700208721007 7222477¢71

~18.0 ~10.8 -3.60 3.60 10.8

DISTANCE BETWEEN SLASHES ON THE X-AXES IS 0.3600

6¢c



CONTROL CRRD HO. 9 #* STPREG =w¥% STPREG #%xk STPREG ##x%k STPREG *¥x%x STPREG #sxk STPREG *k%% STPREG %% CONTROL CARD MO.

POTFNTIAL INDEPENGENT AND OTHER VARIABLFS IN THE REGRESSION ANALYSIS FOR SPIGOT

PATIAL CI9R, TOLERANCE F-RATIO F-PROB
UFZSOL 0.2897 1.0000 2.474 0.1236
LUSG/S 0.8091 1.0000 51.19 0.0000
DIP55STEP NuymgFe 1 REGPESSION EQUATION FOR SPIGOT
R-SQUARTND = 0,6546862 F~PROBABILITY LEVEL = 0.0500
ST&NCe2D EQRCR SPIGOY = 0.5306E-Cl
F=PRCEABILITY = .00000027
VART ABLE CNOEFFICTENT STD. ERR. F-RATIO F-PRCSB NORM COEFF
LUSG/S 0.27831202 0.3890E-01 51.19 C. 0000 0.8091
CONSTANT -0.23183841 0.7002E~01 10.96 0.0027 -2.615
POTENTTIAL INDEPENDENT AND OTHER VARIABLES IN THE REGRESSION ANALYSIS FOR SPIGOT
PAPTTAL CNRR, TOLERANCE F-RAT IO F-PROB
UF¥SOL 0.47217 0.608% T7.480 0.0107
23>55>STEP NURFO 2 REGAESSINN FAUATINON FOR SPIGOT
2-SQUARRD = 0.7318218 F=-PROBABILITY LEVEL = 0.0500

STANQAPD FARCR SPIGOT = Q0.4765F-01
F-PROBABILITY = .00CCCCO7

VAR T ABLE COEFFILIENT STD. FPR. F-RATIO F-PROB | NORM COEFF
Ur 3501 ~0.7C046345E~C2 0.2561E~02 7.480 0.0107 ~0.3561
LUSG/S 0.35456742 0. 44795-C1 © 62.82 0.0000 1.032
CONSTANT 0.924783338-01 0.1345 0.4827 0.5000 1.054

9

o%e



<0 U100%)CONFIDENCE INTFRVALS SCALE FOR RESIDUALS

R T R e T T N

OBSFRVED RESTOUAL PRENDICTED .+ MEAN CBSERVATION -0.3000 ~0.1800 -0.6000E-01 0.6000E-01 0.1800
PLUS-MINUS PLUS-MINUS V22222 LI7L 7802780000787 87700720000 0002000708280 700741027777204¢71
i1 0.23CCe C.28687-C1 0.20132 / . E
2 0.160¢C0 ~0.4419%-01 0.2C419 / E .
3 0.38000 0.12115-01 0.36789 / .E
4 0.39CCQ -0.25525-C1 0.41552 / E .
5 0.16C00 0.2286%-01 0.1371¢ / . E
& 0.18000 0.1008%7-01 0.16992 / «E
7 0.28000 -0.486837-01 0.32883 / E -
8 0.26000 0.1110%-01 0.2489%0 / .E
9 0.3850CC 0.2492%-C1 0.31508 / . E
10 06.16000 -0.14035-01 0.17408 / F .
1l 0.16000 =0.5%282¢-01 0.21282 / € -
1z 0.2%0CC -0.7052-01 0.22052 / E .
13 0.29000 0.808%%-01 0.,20911 / . 3
14 0.120CC -0.8709C-01 0.20709 / c . :
15 0.15000 -0.3557F-C1 0,18557 / € .
16 6.2206C ~N.26585-C1 0.246%8 / [ .
17 ¢.2080¢C =0.19565-01 0.31966 / E .
13 0.35908 0.8103°-01 0.26897 / . €
1§ 0.22000 0.2751%-01 0.20249 / . E
20 C.lsCcCC =0.42428-C01 0.23242 / £ .
S21  0.280C0 0.2526F-C1 0.35%¢64 / . E
22 0.35000 ©0.83765-01 0.30621 / - €.
23 0.1€200 0.1813%-01 0.14187 / .« €
24 0.19000 0.1977%-01 0.16923 / .£
25 C.28000 ~0.4218%-01 0.32218 / € -
26 0.26000 0. 12955~01 0.24705 / «E
27 0.25000 0.5292F-01 0.29708 / . F
24 0.31C0C -C.4169E-01 0.35169 / £ -
25 «350G0° 0.4804E~C1 0.30196 / . . €
VIL7720707 0000070080087 00 00008772000V 087000070070\ 7770804777170
-0.3000 -0.1800 -0.6000E-01 0.6000E-01L 0.1800
SCALE FOR RESIDUALS
29 CCMPLETE DBSERVATIONS AUTO CORR COEFF= -0.1597 DURBIN WATSON D-STATISTIC = 2.254

Lhe
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PROBABILITY OF RESIDULLS VS RESTDUALS
{PLOT TO VERIEY THE NORMALITY OF THE 0IST OF RESIDUALS)

THE “.%,"¢n AND man AQS USED TG PLOT PRFDICTED VALUES:
“+" REPRESENTS & PCINT QUTSIDE GRAPH.

2.200

1.300

0.4000

-0.5000

-1.400

~2.300

FNNSNSSNNSNSSN NSNS SNSNNSNSNN) NNNNNNNNSN NSNS NSNNSNSSNN MNRNNNNNNNN )

DISTANCE BETKEEN SLASHES ON THE X-AXIS

LINITIIIIIIINIILIIIS P INIIILIIIII NI IL 02700V 2710070717

"% IS USED WHERE PREDICTED VALUES CGVER DATA POINTS

1
l.
1
3
*,
.1
:
1
1
1
1
1.
1.
1 .
1
la
E
.1
.1
1

~1.259
0.125%

V2LILLT 1208000000070 0028207008 7070700700007F777271
6.296

2.200
2.110
2.020
1.83¢C
1.840
1.750
1.660
1.5870
1.430
1.290
1.3090
1.2190
1.120
1.030
C.530C
0.8540
0.7500
G.673¢C
0.580¢
0.4300
0.4C00
0.3100
C.22¢C0
0.1236
0.5020%5-C1
~0.5C005~C1
=0.1400
-0.2300

~0.3200

-0.4100
-0.5C0¢C
=-0.594%0
-0.6300
-Q.77C2
-0.3400
~0.95C0
-1.040
-1.130
-1.222
-1.310
-1.400
~1.493
-1.580
~1.67C
-1.766G
-1.850
~1.640
-2.030
-2.220
.‘2.711\

210

~2.30C

¢he



PLOT OF Y & YEAT VS UFZSOL CVERTICAL AXIS IS Y-AXIS. -~

THE @.m,men AND "0 ARE US3ID TN PLOT PREDICTED VALUES: "&" IS USED WHERE PREDICTED VALUES COVER DATA POINTS
®et REPRESENTS A POINT QUTSIDE GRAPH. :
0.3900 - 1 11 0.3500
' 0.3840
1 1 0.3730
0.3720
. 0.3660
0.3600
. : . 0.35%D
1 11 1 . 0.3450
i C.2420
0.236C
. ¢.3300
. 0.234g
. .t . 0.3120
. 11 0.3:2
. 0.3C5¢C
.o 1 0.3005
0.2540
0.288¢C
11 0.282¢
C.276C
. 6.2700
0.2840
0.258C
1 0.2520
. . 0.2450
’ 0.2400
. 0.2350
11 C.2280
0.2220
. ) 0.2160
- . Q.2100
- .. 0.204C
‘ 0.1959
1 0.1920
. 0.186¢C
11 0.12890
. .1740
.e 0.15580
2 1 . 11 0.1620
: 0.1560
1 0.1500
. 0.1440
. 0.138¢C
0.1320
0.1260
1 0.1230
0.1140
0.1080
c.162¢8
0.96005-01
0.9330€-G1

0.2700

[

0.2100

0.1500

[ N R N S N N N T N N e T O N N R e N T N e N N T S Y
.

C.9C00F-01
VIVILLIILTTINTII L7070 0 A7 00080V 000 8000000000020 0V ILPPFP 00780070000 000077007070 000V 177707200802277727717)
54.50 58.10 61.70 65.30 63.90 72.50
DISTANCE BETWEEN SLASHES ON THE X-AXIS IS 0.1800

VA T4



PLAT OF ¥ € YHAT VS LUSG/S «VERTICAL AXIS IS V-AXIS.

THT o, %, "¢" AND &% ARE USED TN PLOT PREDICTED VALUES: "** 1S USED WHERF PREDICTED VALUES COVER DATA PGINTS
“e" REP2ESENTS & POINT GUTSIDE GRAPH,

0.3900

0.3300

0.2700

C.2100

0.1500

0.9000€~-01

1 1 1

.o 1

11

11

L B T T N B N N N R N N T N '

TIVELELIITTENIITI2ILT 1N LI LLLLELIVLLLEIT LN LTI T IIENTLEIITE0INII 22T EEIINIEEET 72 INI L7102 000N 17074710110

1.3%90 1.560 1.730 1.900 2.070 - 2.240

DISTANCE BETWEEN SLASHES ON THE X-#%IS IS 0.8500F-02

.3930
0.3840
0.3788
0.372¢
0.3650
C.2&0C
0.3540
0.3480
0.3429
0.3250
C.3330
C.3240
0.3180
C.3:20

.32089
0.300¢C
0.264C
Q.253¢C
0.2820
0.276C

‘0.270C

0.2540
G.258¢C
0.2520
0.2450
0.2400
0.2340 . -
0.2230
0.222¢C
0.2160
0.21C0
0.2040
0.1%3¢
0.1%20
0.1860
0.1800
0.174C
0.1¢30
0.16290
0.1360
0.1500
0.14%0
C.1380
0.122¢
0.1260
0.12G60
0.1140
0.1089
0.1020
0.960CE-01
0.9000E~-01

ahe



PREDICTED VALUES VERSUS RESIDUALS UFZSOL VERSUS RESTDUALS

0.390 - 1. / 72.5 - 1 . /
/ / / /
/ . / / .2 /
/ / / 11 /
/ .1 / / . /
/ / / ' /
/ 1 .1 / / - /
/ 1 / / /
/ . / / . /
/ / /. 1 ’
£.330 - 1 . / 68.9 - . ’
/ 1 / / 1 /
/ 1 1. 1 / / <1 /
/ 1 / / /
/ . 1 / / .1 1 /
/ 11 / / i /
’ . / / .1 /
/ / / 7
/ . / / 1 <1 /
/ / / 1 /
0.270 - . 1 / 65.3 - .1 /
/ / /. 11 /
/ . / / . /
/ / / 1 ’
/ .2 / / 1 . /
/ - / / 11 /
/ 1 . / / . ’
/ / / 1 /
/ . . / / . 2 14
/ / / /
0.21¢6 - 1 1 . / 61.7 - . /
/ 1 2 / / /
/ . / / . ’
/ / / /
/ 1 . / / . /
/ / / 1 /
/ 1. / / . ’
/ 2 / / /
/ . / / . /
/ / / /
0.150 - . / 58.1 - . /
/ 1 / / /
/ .1 / / . /
/ / / /
/ . / / . /
/ / / /
/ . / / . /
/ / / ’
/ . / / 1 . /
/ / / 1 /
0.900E~01~ . / 54.5: - . /
INLII2IIIIINI2 207002V L 070000082070 800070V017171177771 IVITOIIII7 082700702080 20000720700 200777800741202877171%

~0.300 -0.180 -0.600E-01 0.6005-01 0.180 0.300 ~0.300 -0.180 -0.600E-01 0.6005-01 0.180
DISTANCE BETWEEN SLASHES ON THE X-AXES IS 0.6000E-02

992



2.07

1.30

LUSG/S VERSUS RESTIDUALS

- 1 . /
/ /
/ . /
/ /
/ . /
/ 1 /
4 1 . /
/ /
/ - /
/ 1 /
- 1 . /
/- 1 /
/ .1 /
/ , /
/ 1l . /-
/ /
/ . /
/ /
/ . 1 /
/ 1 /
- : . /
/ 1 /
/ . /
/ 2 1 /
/ . 11 v
/ 1 /
/ . /
/ /
/ . /
/ /
- - /
/ /
/ 1 . /
/ /
/ B /
/ . /
/ . /
/ 1 /
/ . /
/ /
- o /
/ 1 /
/ 1«1 /
/ 2 /
/ . /
/ T2 /
/ . /
/ /
/ 1 . /
/ /
- /

1 .
TVILIIIEL DI IS 120000700700 00 0000007000007 000200727710
=0.300 -0.180 ~0.6005~01 0.600E-01 0.180 0.3C0

DISTANCE BETWEEN SLASHES ON THE X-AXES IS 0.6C00E-02

Lhe



CONTROL CARD MO. 10
EXECUTION TEZRMINATED

$516

wx FND

*xx& END

xk CND

ax&e END

Wbk END

dxkm END

®kxwk END

*x CONTROL CARD NO.

10

Bhe
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APPENDIX XIII

GRAPHS OF RAW EFFICIENCY CURVES

‘The next 29 pages show the calculated raw efficiency curves
for each of the runs as an unbroken line. The dashed line is the
curve calculated from the parameters given by the program "MURU".

These parameters are listgd on each graphe.
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