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PREFACE

Reports in this document are numbered consecutively beginning with number 1. Each
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NITINOCL, SHAPE MEMCRY, AND SPACE APPLICATIONS

Jessica Gardner

ABSTRACT

Shape memory describes the ability of certain metal alloys to be
deformed at low temperatures and return to their original shapes vpon
heating. This pheuomenon is not a new technology, however, since its
discovery in 1962 by scientists at the Naval Ordinance Research
Laboratory, applications have not yet reached their full potential. To
date, the nickel-titanium alloy, which best demonstrates shape memory,
has been used in eyeglass frames, as an implant material in orthopedics,
and in the brackets used for orthodontic therapy. Missile guiding
systems and airplane systems have also utilized the shape memory effect.

Because of their unique properties, amazing strengths, and
extremely light weights, shape memory alloys alsc have many applications
in space. These include a ball and socket system to assemble composite
tubing and a latching system for assembling cross-types of structures in
composite tubing. Shape memory alloys can also be used as zctuators to
erect folding protective shells. ; This paper describes a novel
application of nitinol, a shape memory alloy, as the primary power

source in a direct current motor.
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INTRODUCTION

The ability of the nickel-titanium shape memory alloy to be
trained to "remember" a specific shape has led to the development of a
nitinol motor. The nitinol motor utilizes the shape memory effect to
create continuous motion without the use of a conventional motor. The
concept of a nitinol motor is appealing because it limits not only
weight, but complexity. The nitinol motorless motor is much simpler
than the everyday electromagnetic motor. No longer is there a need for
permanent magnets, brushes, and commutators.

The design of the motorless motor is very simple. A nickel-
titanium wire can be trained to remember the shape of a spring. The
same wire, after being deformed (pulled straight), can be heated and
forced to remember and return to its previous shape, a spring. The
force the wire exerts as it contracts back to the shape of a spring is
enough to extend an opposing stainless steel spring (see Figure 1).
When the nickel-titanium wire is allowed to cool, the stainless steel
spring takes control, pulling the shape memory wire straight. These

events are the basis of the design °f the nitinol motor.

THEQORY

Nickel-titanium alloys, commonly referred to as nitinol, have a
unique ability to "remember" a shape, even after undergoing severe
deformations. When deformed at low temperatures, they stay deformed

until heated, when they spontaneously return to their originwi form,




The basis for this shape memory effect is that these materials can
easily transform to and from martensite. ,

At the microscopic level, there are two types of solid state
transformations: diffusional and displacive. Diffusional
transformations involve random atomic migraticn. Displacive
transformations are merely cosperative rearrangements of atoms, creating
a new, more stable crystal structure. Most importantly, displacive
transformations do not change the r~hemical nature of the matrix.
Displacive transformations are also called athermal transformations
because the phase change is dependent only on temperature, and not the
length of time at a certain temperature. It is important to note that
martensitic transformations are displacive, or athermal.

The transformation from austenite to martensite happens in two
parts: Bain strain and lattice-invariant shear. The Bain strain, often
called lattice deformation, includes the eitire series of movements
needed to form a new structure, It usually consists of several small
atomic shuffles or sidesteps. The second step, lattice-invariant shear,
involves either twinning, a folding of the atoms, or slipping of the
atoms to accommodate volume and shape changes. fYwinning is neot able to
accomodate significant changes in volume, but it does support reversible
shape changes unlike the slipping process, which is a permanent
deformation. Consequently, for shape memory to occur, twinning must be
the principal process .f accomodation. ,

As previously stated, shape memory requires that a martensitic
phase change occur. When a shape memory metal is defeormed in the low
temperature state (martensite), the strain is stored through the

twinning process. The new twinned structure is not very stable and
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functions only to allow the transformation. When the metal is heated
and transforued to austenite, the deformation is reversed because the
austenite cannot support any twinned structure (see Figure 2). Thus,
any deformation of the martensite that can be accomodated by the
twinning process is reversible. ,

It is this reversibility that supports the concept of a motorless
motor. A nitinol wire can be shaped into a spring and heated past its
transformation temperature, causing the alloy to “"remember" the spring
shape. When the spring shape of the nitinol is distorted, the wire can
be reheated, forcing it to assume its austenite structure, in this case,
a spring shape. This reversibility from distortion to spring shape is
an essential process in the design of the motorless motor.

There are many different types aud sizes of nitinol wire. For the
purposes of this experiment, five mil diameter wire was found to have
the required range of activating force. The nitincl motor requires that
the nitinol spring, when heated, overcomes the force of the stainless
steel spring. However, after the nitinol spring has pulled and reached
its maximum deflection, the stainless steel spring must be able to pull
the nitinol spring straight. For this to happen, the nitinol wire must
cool fairly rapidly so the opposing spring will be able to deform it.

It is for this reason that a thin wire was chosen over a thicker one,

The length and diameter of the nitinol spring are also very
important factors contributing to the action of the nitinol motor. It
is obvious that longer springs will pull more because they have more
coils,; but how does the diameter of the spring affect its pull? This

question is easily answered by Castigliano's Theorem as follows. Strain

energy is defined as U, and U, is the tension/compression component of
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strain energy. The torsional component, U,, will be neglected due to
the fact that the mean diameter of the spring is much greater than the
diameter of the wire (about 100 times as large). In addition, the
nitinol is prestrained so that it never approaches a coil-bound
configuration.

According to the equations shown below, it is apparent that a
spring with a relatively large coil diameter will deflect more than a
spring with a smaller diameter.

Up = Uy + U, (1}

U; = F2L/2AE (2)

In equation (2), A is cuoss-sectional area, while E is the Young's
Modulus, and L is the length of the coiled spring. The deflection of a
spring due to an applied force is given as:

y = QN/dF (3
Equations 1,2,and 3 combine to give the following equation for
deflection, where again the U, torsional component is neglected:

y = 8FD3N/d4G, (4)
where N is the number of coils in the spring, L is the wmean diameter, G
is the shear modulus, F is force, and d is the diameter of the wire. ;

From equation 4, it can be seen that the deflection of the spring is
heavily dependent on the coil diameter, which is to the third power. By

changing this parameter, we can get different deflections.

The experimental part of this project began with discovering an

effective method of nitinol training. Eventually, a procedure developed
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and was followed for each new piece of nitinol. The piece of nitinol,
five mils in diameter and approximately 60 inckes long, was wrapped
around the threads of a brass bolt with a half inch diameter. Both ends
of the nitinol wire were clamped tight between two nuts. Then, at each
end of the nitinol, the bolt was heated with a propane torch for seven
minutes. Next, the hot bolt, with the nitinol still attached, was
placed under running water until it was cool enough to touch. This
caused a "freezing" of the austenite molecular configuration. The
nitincl wire was then unwound from the bolt and stretched lightly.

To insure that the wire remembered the shape of a spring, it was
heated using a triple output power supply. Each end of the wire was
attachked to a lead from the power supply, which was set at zero volts.
After the power supply was turned on, the voltage was gradually
increased until it reached eighteen volts and the nitinol coiled to its
spring shape. The power supply was then turned off and the nitinol was
allowed to cool. At tnis time, the nitinol was lightly stretched again.
The nitinol wire went through this cyclic process c¢f hLeating, cooling,
and stretching seventy-five times to rid it of any hysteresis.

The assembly of the actual mechanism began with a 12" x 7"
plexiglass base plate. Then, a plexiglass block (3" x 1" x 1") was
prepared. A groove was cut into the middle of the top of the block (.5"
deep x .5" wide) and a composite bushing was press fitted across it.

The block was then glued to the end of the base plate, in the middle.
The switch and the bearing were placed at the other end of the base
plate, in alignment with the plexiglass block.

Two inches from the end of the plate and two and a half inches

from its side, a hole was tapped for the bearing. The bearing was




supported by a three inch bolt which was screwed into the plate and
tightened with a nut (see Figure 3). Two washers were placed under the
nut to clamp one end of the nitinol and keep the threads of the bolt
from cutting the wire. The bearing had an aluminum arm attached to it
with a screw for activating the switch and clamping the other end of the
nitinol. There was a separate screw on the other side of the bearing
where the stainless steel spring attached.

Next, a two and a half inch tall copper contact post was press-
fitted to the plate. It was placed one inch from the end and four and
three tenths inches from the same side as the bearing. Attached to the
contact post was a wire spring that acted as the on/off switch for the
current. The wire spring was simply soldered to the contact post and
hand-shaped until it made acceptable contact with the gate (see Figure
4).

Finally, the gate was attached to the plate, two inches from the
end and four and a half inches from the same side as the bearing. The
gate was made from a guarter inch diameter composite rod that was three
inches tall. The upper inch of the rod was made into a bushing so the
gate could pivot. A very thin aluminum plate was glued to the rotating
piece of composite and was bent to form a "V" shape. One end of a
conductive wire was attached to the back of the aluminum plate, and the
other end was attached to the screw holding the arm on the bearing. The
other end of the stainless steel spring was attached to the composite
rod, about an inch and a half from the base.

After all the pieces were attached to the base plate, the nitinol

wire was connected. First, it was fastened with the screw holding the
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arm on the bearing. Then, it was strung to the block on the opposite
side of the plate and looped around the horizontal bushing. It was
pulled from the bushing down to the base of the bearing bolt and slipped
between the two washers. The nut above the washers was tightened sc the
wire was taut, but the arm was still making contact with the gate and
the contact post.

When all assembly had been completed, the leads from the power
supply were attached. One lead was clamped to the bottom of the contact
post, and the other lead was attached to the nitinol wire just before it
went between the two washers, making a circuit through the nitinol when

the gate was closed. The power supply was set for eighteen volts.

When the power supply was turned on, the current ran up the
contact post and passed through the wire gpring to the gate. The
current passed through the conductive wire to the screw holding the arm
and the nitinol on the bearing. The nitinol wire heated up and pulled,
turning the bearing. When the bearing rotated far enough, the arm
pushed the other side of the gate, causing it to break contact with the
wire spring. Since the nitinol wire was no longer receiving any
current, it cooled.

As the nitinol was cooling, the stainless steel spring took
control and deformed thz nitinol spring while it pulled the bearing back
to its starting position. When the bearing reached its starting

position, the gate made contact with the wire spring, and the path for
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the current was completed once again. These events are repeated until

the power supply is turned off and no more current is flowing.

Even though the nitinol motor is not perfect, it is functional and
it shows great promise. Further research and development might benefit
from the following suggesticona. The stainless steel spring attachments
should be made permanent, along with the gate, the contact post, and the

wire spring. The gate, the bearing, and the contact post could be

shortened to provide for mcre stabiliity. The bearing could be attached
to something other than a threaded bolt to ensure the safety of the
nitinol wire. Finally, the motor could be run on two nine volt
batteries in series instead of the power supply. This would enable the

motor to travel as a demo.
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SPECIFIC IMPULSE CALCULATIONS FOR CLEAN SOLUTION PROPELLANT
COMPOSITIONS

Specific Impulse Calculations For Clean Solution Propellant
Compositions
Jacqualynn L. Hearne
ABSTRACT
During my work at Phillips Laboratory, I examined theoreti-
cal specific impulses of potential clean solution propellant
compositions., The data that I came up with, would help to
determine which oxidizer and polymer/matrix would work best to
make a good, clean solution propellant.
INTRODUCTION
A clean solution propellant is prepared by using a liquified
oxidizer and a high molecular weight polymer, the polymer should
be capable of swelling in the presence of an oxidizer. During
this process, the substance ultimately undergoes a physical
process of gellation to form a cured solid propellant. The clean
propellant contains nq'metals or halogens. This type of
propellant is a good idea because it is environmentally safer
than conventional solid propellant.
The metals, which occur in other propellants, cause
particulate matter to flow into the atmosphere. The
halogens act to eliminate ozone and also make acid rain., With
both of these components in a propellant, they increase the
performance of the propellant, which is nice, but we are more
concerned with a clean type of propellant that would help the
environment. Theoretically finding a beneficial clean solution

propellant has been the basis for my project this summer.
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Current clean solution propellant compositions that are
being examined by Aerojet and Phillips lab contain polyvinyl-
alcohol (PVA) and stabilized hydroxylammoniumnitrate (S-HANS).
This system has an Isp of 245, which is below that of typical
solid propellant (Advaced Solid Rocket Motor-ASRM- has an Isp of
264) .

PROCEDURES

Before I began my theoretical calculations, I found out that
not many clean solution propellants had been made. This meant
that I had to do some research to find out what types of polymers
and oxidizers would make the best solution. I found out, from
my mentor that I should use polymers that could swell in a liquid
oxidizer (an aqueous or salt solution). Then we chose a variety
of oxidizers which may be used to prepare a liquid composition.
(The best oxidizers are ones with low melting points).

After acquiring this information, I started doing the
calculations on a computer program called Theoretical Isp

Program. I read about the program in a pamphlet, Theoretical Isp

Program Documentation. This pamphlet is the Beckman and Acree

Microcomputer Version by Christopher E. Gaz:ze.

First of all, I had to create input files for the different
combinations of polymers and oxidizers. In these files I had to
include the chemical’s names, heat of formation, density and
chemical formula, under a library heading. Then I selected the
ingredients, from the list in the library heading, that I was
going to use for the first calculation. Having selected the

ingredients, I had to tell Isr how much of each ingredient to
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us<.

I did optimizations of the polymer/oxidizer combinations. I
did this to find ouf the optimum for each combination without
running the program over and over again. With this optimization
technique all I had to do was tell the computer how much of each
ingredient to use and at what increments to change the amounts of
each ingredient.

For example, I would use PVA (a polymer) and S-HANS5 (an oxi-
dizer). I would start off with PVA at 98% and S-HANS at 2% and
go by increments of 2, so that PVA would go to 96%, 94%, and so
on until it got to 2%.

After these calucations were finished, I would write down
the theoretical specific impulses (Isp) and make plots to show
each polymer/oxidizer combination at each increment. These plots
gave my mentor and I a pretty good idea of which combinations of

ingredients would theoretically make the best clean solution

propellants.
RESULTS
Polymer/Matrix Oxidizer Polymer/Oxidizer (ratio) Isp
PVA at-61 Delta hf S-HANS 34/66 254
PVA at-49 Delta hf S-HANS 14/86 245
PVA at-39 Delta hf S-HANS 14/86 247.5
PVA at-29 Delta hf S-HANS 14/86 250.1
PVA at-19 Delta hf S-HANS 14/86 252.6
PVA at-09 Delta hf S-HANS 14/8¢ 255.2
PVA at-49 Delta hf GDN 2/98 237.5
" " " HNF 8/92 270
" " " ONDO 4/96 268.8
" " " ADN 12/88 255.8
ETHOCEL ADN 8/92 257.3
" " " GDN 2/98 234.3
1! 1] 1] HMX 2/98 261.7
" " " HNF 4/96 270
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" " " S-HANS 8/92 238.1

PAM ADN 14/86 257.4
" " " GDN 2/98 238
" " " S-HANS 16/84 241.3
PEG ADN 14/86 260.1
" " " GDN 2/98 236.4
" " " S-HANS 14/86 246.7
PEI ADN 10/90 262.2
" " " GDN 2/98 237.3
" " " HNF 6/94 273.3
" " " ONDO 4/96 270.5
" " " S-HANS 12/88 245.7
PVAM ADN 10/90 262.8
" " " GDN 2/98 237.4
" " " HNF 6/94 273.6
" " " S-HANS 12/88 246.5
CONCLUSION

My results have led me to believe that HNF mixed with PVA,
PVAM, PEI, or ETHOCEL would give a theoretical first rate clean
solution propellant. In my opinion, I think that HNF is a good
oxidizer to react with polymers. Maybe my mentor can go on with

this study.
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1991 SUMMER RESEARCH PROJECT AT PHILLIPS LABORATORY
Debra Meyer

SUMMARY

over the past eight weeks, | have been studying the synthesis
of aminopropyltriethoxysilane-terminated poly imides. This had two
parts. First, a simple monomeric model compound was synthesized
to test the synthetic methods planned to use for the polymer
synthesis. Secondly, a small molecular weight polymer was
synthesized to further investigate these synthetic methods and
characterization parameters. In order to characterize the compounds
synthesized, | learned to operate the fourier-transform nuclear
magnetic resonance spectrometer (FT-NMR) and fourier-transform
infrared spectrophotometer (FTIR).
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INTRODUCTON

Studies have shown that the low earth orbit (LEOQ) atmosphere
at altitudes between 200 and 600 km consists mostly of atomic
oxygen. Recent Space Shuttle flights have shown that interactions
between spacecraft surfaces and high velocity oxygen atoms within
the low earth orbital environment can produce significant changes in
surface properties of many materials resulting in surface
degradation. Future long-term missions in the low earth environment
will require atomic oxygen stable coatings/materials.

Polymers coatings and materials have been investigated for
their atomic oxygen resistance. Polymers must be capable of
sustaining high loads and stresses over long periods of time and
broad ranges of temperature to be acceptable materials for advanced
structures. Good environmental stability, fatigue, and impact
resistance are very important. Many of the organic polymers
experience rapid erosion in the low earth orbit environment
encountered in space missions. This effect is particularly damaging
for materials facing the direction of flight. Fluorinated polymers
and silicon polymers have shown good resistance to oxygen atom
degradation. Poly(imide siloxane) polymers have recently been shown
to exhibit excellent atomic oxygen resistance.

Advancing science has attempted to combine the physical
properties of polymeric and ceramic systems to develop a new class
of materials. By incorporating the hardness of an inorganic glass and
the flexibitity of a polymer into one material, the resulting organic/
inorganic material may have good impact resistance in addition to
being transparent, scratch, and atomic oxygen resistant.
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Earlier this. summer, the synthesis of a new p’b‘ly.(’i‘m“ide
siloxane) polymer which has aminopropylitriethoxysilane:-end groups
was attempted in this lab. This polymer will eventually be reacted
with tetraethoxyorthosilicate to tie it into an organic glass
network. Standard meihods for poly(imide siloxane) synthesis were
used. The resutting product could not be characterized due to the
complicated nature of the target poly(imide siloxane). Not only were
several monomers involved, but these monomers react to form the
polymer chain by different reactions which occur in one pot. It was
not at all clear what the structure of the final polymer was. It was
uncertain whether the ethoxy groups of the
aminopropyltriethoxysilane end groups had survived the synthetic
steps to the final imide.

The objective of this project was to better understand the
synthesis of a poly(imide siloxane) polymer with
aminopropytriethoxysilane end groups and to investigate the
chemistry of much simpler, "model" compounds which can easily be
characterized. This could also help determine whether the ethoxy
groups of the aminopropyltriethoxysilane would survive the variety
of reaction conditions they would be subjected to in the poly(imide
siloxane) poly .athesis.,
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EXPERIMENTAL

The instruments used for characterization were the Bruker
AMX-300 FT-NMR spectrometer, Mattson Galaxy 4020 FT-IR
spectrophotometer, DuPont 910 Differential Scanning Calorimeter
(DSC), and the DuPont 951 Thermogravimetric Analyzer (TGA). The
DSC and TGA were conducted by Paul Jones and Robert F. Cohn,

Starting materials were used without further purification
unless indicated. The Tetrahydroendofuran (THF) was distilled from
Na/K/benzpphenone and dimethyl acetamide (DMAC) was distilled
from calcium hydride.

1. Synthesis of the imide from phthalic anhydride (PA) and

aminopropyltriethoxysilane (APTES).
A. synthesis of amic acid
procedure:

The first step of this reaction was to purge the system with
nitrogen. Then 4.036¢g of PA was put into the flask. At first 6ml of
THF was added, but this was not enough to dissolve the PA, so an
additional Sml was added. In the addition funnel 6.025g of APTES and
3mi of THF were added. Nitrogen was sent into the addition funnel to
relieve the vacuum created as the fluid level dropped. This solution
was stirred at room temperature overnight.

B. synthesis of imide

procedure:
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In the second step of this reaction 3.95ml of TFAA was added.
This refiuxed in THF for 4 hours. Then the solution was rotavaped
and put on the high vacuum to remove the solvent.

2. Synthesis of the poly imide from 4, 4&

hexafluoroisopropylidene and 3-aminophenyl.
A. synthesis of amic acid
procedure:

The Tirst step of this reaction was to purge the system with
nitrogen. 7.820g of 6F was then dissolved in S0m1 of DMAC. The DDS
solution was slowly added to a stirred solution of 6F. The solution
turned a bright yellow color when the DDS was added. This was
allowed to stir for 2 hours at room temperature.

The next step was to slowly add 4.1ml of APTES to the
reaction mixture and slowly rinse the addition funnel with 2m!} of
THF. This was allowed to stir overnight.

33.75% of the reaction mixture was removed leaving 66.25%,
5.84mmol.

B. synthesis of imide
procedure:

The second step of this reaction was to take the existing
mixture and add 5.22ml of TFAA. When TFAA was added the color
turned yellow and the flask became warmer. It refluxed for
approximately 4 hours and as time passed the color became darker.
At this point it was rotavaped and then put on the high vacuum to
remove the solvent.




RESULTS AND DISCUSSION
NMR spectra for Amic Acid A, Imide A, Amic Acid B, and Imide B

Amic Acid A: Analysis of the IH-NMR of the amic acid shows it to
be impure, containing the amic acid, residual THF solvent, and
unreacted APTES starting material. The numerous resonances in the
aromatic region also suggest that more than one type of arumatic
structure is present.

The product needs to be further purified.
Imide A: TH-NMR of the imide product shows it to be impure.
Possible peak assignments are as indicated. The imidization of the
amic acid would result in about the same spectrum with the
aromatic region, but analysis of the aromatic region shows basically
two peak areas, the largest being very asymmetric. Imidization has
occurred to either no extent or some small extent. Peaks at 4.40
ppm (@) and 1.29 (tr) indicate an ethoxy group, which is consistent
with the ethoxy resonances of ethyl trifluoroacetate. We believe
that the trifluoroacetic anhydride used as a water scavenger in the
imidization reaction reacts with the ethoxy groups of the
aminopropylitriethoxysilane.

These results show that another method for the imidization
reaction should be used. Trifluoroacetic anhydride appears to
decompose the amic acid.

Amic Acid B: TH-NMR shows that the product sample is not pure. It

contains substantial amounts of the reaction solvent
dimethylacetamide (d 1.94 ppm (s, 3H), 2.77 (s, 3H), 2.93 (s, 3H)).
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Many other peaks are also present but are not identifiabie due to the
low concentration in the sample tube.

Product needs to be further purified by room temperature, high
vacuum distillation o residual dimethylacetamide solvent.
Imide B: 1H-NMR shows that the product sample contains a
significant amount of the reaction solvent dimethylacetamide. Also,
the absence of peaks in the aromatic region (approx. 7-9 ppm)
indicates that the product contains no phenyl protons, which is not
at all expected (the target imide contains several phenyl protons).
Resonances at d 1.042 ppm (tr, 3H) and 3.43 (q, 2H) indicate an
ethoxy group, but the peaks for the aminopropylitriethoxysilane 1U
are absent. This would indicate that the ethoxy groups are no ltonger
connected to the silicon. Peaks at d 1.75 ppm (m, 4H) and 3.59 (m,
4H) are possibly residual THF.

Based on the 1H-NMR of this product, it is not clear what

exactly went on with the reaction. It should be run again.
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NMR Spectra for Starting Materials
These spectra were taken to make sure that the starting materials
were pure and then to iater compare with the products’ spectra.

This would help in determining if all the starting materials reacted.
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CONCLUSIONS

1. The amic acid A was a successful synthesis.

2. The method used for imide A was unsuccessful. TFAA was used to
absorb the water biproduct, but it reacted with the ethyl
trifluoroacetate.

3. The method used for amic acid B was unsuccessful. It needs
further purification.

4. The method used for imide B was unsuccessful. It needs further
purification.
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NMR Spectrz for Starting Materials
These specirs were taken 1¢ make sure that the starting materials
were pure and then to later compare with the products’ spectra.
This would help in determining if all the starting materials reacted
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CONCLUSIONS

Z successiul synihesis

I The amiz acig Awas 2
” The mwi ad used for imide & was unsuccessiul. TFAA was used to

zbsorb the water biproduct, but it reacted with the ethyil

it luoroacetate.

3. The method used for amic acid B was unsuccessiul. It needs

further purification.

4 The method used for irmide B was unsuccéssiul. 1¢ needs further

purification.



LEAP INTO ENGINEERING
LEAP into Engineering by Diane Monaghan

My name is Diane Monaghan and I have been currently
working under the High School Apprenticeship Program (HSAP) at
the Phillips Laboratory at Edwards Air Force Base, Ca.. I walked in to
my first day of work with little knowledge of the field of
engineering, but as I leave I take with me my introduction to
everything from civil and mechanical engineering to electronical and
aeronautical engineering. Through this job I learned about
computers, simulations, safety operations, electronical concepts,
mechanical concepts, solid propellants, chemical properties, and
much more, but my main focus was on liquid propellants.

This summer I worked on writing procedures to fill the LEAP
(Lightweight Exo-Atmospheric Projectile) vehicle with oxidizer (NTO)
and fuel (Hydrazine). This vehicle will eventually be flown in space
as part of the Strategic Defense Initiative Operation (SDIO), but for
the time being the vehicle is undergoing a series of simulation tests
on computer and hover tests here in the facility.

The LEAP Program itself is very complex. The basic idea of this
program is to develop a reliable vehicle having the capability to
intercept an unfriendly target in the upper atmosphere without
leaving debris behind. This was basically a safer, and more accurate
way to intercept a target. As Werner von Braun said, "The object of

the missile business is to make the target site more hazardous than
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the launch site." In order to eliminate the debris the vehicle was
designed to intercept the target using kinetic energy at high
velocities, causing the debris to be very tiny, and virtuously
harmless if it should so happen to fall back to the earth. In order to
do this the vehicle was designed with a propulsion system, to
position tne vehicle, and a seeker, which has the capability of
tracking a heat source and finding the body from which the heat is
emerging.

The original LEAP vehicle weighed over 200 pounds, but new
technology was developed to cut the size down. As the vehicle grew
smaller and more lightweight its speed and accuracy increased
greatly. New nozzles and motors were built to provide the same
thrust as the larger ones, but in a smaller package. The vehicle now
weighs about twelve to fourteen pounds and has better capabilities
than the original design.

The LEAP program is quite differenit from other Air Force
operations. A policy of "build a little, test a little," is applied to
assure that the project will be successful. Before any LEAP vehicle is
strapped to a booster and shot off into space for testing it must first
come here to the Phillips Laboratory and complete through a
successful hover test. After that is accomplished, it will be sent to
WSMR (White Sands Missile Range) in New Mexico, where it will be
strapped to a ARIES Booster, and shot off in the same package as a
target. In this test, the target will detach from the booster, and move
away from the LEAP Vehicle. Then the LEAP will detach and track
the target, then destroy it. After WSMR, the Vehicle will be sent to

the Pacific, where another booster shot off from a different site will
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become its target. These tests have not been completed yet, and are
still in processing, but they look to be very exciting.

Shortly after my arrival at the Phillips Laboratory, the LEAP
vehicle was put through one of the many successful hover tests. I
learned a great deal from this test but I still had no idea just how
much effort had to be put into one flight. I soon found out that there
was a lot more to it than just counting down to lift-off.

First a contractor has to design and build an improved version
of the LEAP vehicle. Then the Contractor and the Facility go through
a complex process of integration. This is where the technology of the
Facility and that of the Contractor are put together to hopefully
produce a successful test. One of the beginning steps in this
procedure is the loading of the LEAP vehicle with propellants. The
contractor supplies the general guidelines of how they want’ their
vehicle filled, and the facility integrates these guidelines with their
own equipment to produce operating procedures for this operation.

This was my project this summer. With the help of my mentor,
Glenn Yanagi, I wrote the technical operating procedure to fill the
vehicle, using the guidelines provided by the contractor, and a pin
game chart of the LEAP vehicle. A pin game chart is a diagram of the
Contractor's Vehicle, the Facility's loading equipment, called a
propellant cart, and any other associated hardware used in the actual
operation,

The facility has two sets of propellant carts to service the
contractor's vehicle, the PSS (Propellant Servicing System) and the
HAPC (High Accuracy Propellant Carts). Each set has its own benefits

and drawbacks. For instance while the procedure to load using the
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PSS Carts only takes about three hours, the carts contain no vacunm
system and no coolant system. Because the carts are without a
cooling system, the operation to load must be conducted in the early
morning when the temperature is still cool enough to keep the
propellant in liquid form. The HAPC carts do have both a coolant
system and a vacuum system, but the procedure to load takes about
five to six hours to complete. In the procedures I wrote the HAPC
carts were used to load the LEAP vehicle,

The pin game diagram of the propellant carts themselves, as
shown in diagram 1 , takes the complex wiring and piping inside the
actual cart and represents it in a schematic way on paper, showing
each individual valve and its location on the hardware. During an
actual operation red and green pins are placed in these represented
valves to show if the valves are open or closed, or if ports are capped
or not. This lets the Red Crew, the crew which performs the
operation, and the control room verify that the path through the
hardware is clear and safe for either propellant, pressure, or vacuum.
These pin game charts are also used to write the procedures
themselves. Red and green pins are used in the same way, to open
or close a valve, or to open ports and connect extra hardware.

But writing the procedures is more than just typing in
commands to open some valve and close another. There are pressure
checks, leak checks, vacuum checks and valve verifications to worry
about before the contractor's guidelines are even considered. After
these are completed the object is to follow the original guidelines in
the most efficient way possible. There are many things to consider

in this efficiency, safety, the people performing the operation who
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have to wear heavy protective equipment, the possibility of
passivation problems, and many others as well. After a lot of
thought, work, and repining, the procedures are printed out complete
with warnings, pressure checks, and calculations following the
contractor's guidelines. But the procedures are not ready to be
thrown into operation just yet. The preliminary procedure is given
to the contractor, where it is gone through with a fine toothed comb.
The suggestions and comments are discussed and the appropriate
changes are made. When the contractor is pleased with the
procedures, they are then sent to safety for more evaluation. Finally
after the necessary people are pleased with the product, the
procedures are closely reviewed by the TEC's (Technical Evaluation
Committee) and approved for use in real time testing.

This is ‘only a small part of the integration process. The facility
and the contractor together have to make sure that the test will be a
success by doing everything from writing the countdown procedures
to actually transporting the vehicle to the facility. When everything
has been done and integration is complete, the procedures which I
helped write will be used to fill the vehicle, and it will hover.

While my main focus was on procedures and liquid propellants,
I now know more about all types of engineering. This job has shown
me that engineering is not just about numbers and figures, but that it
involves a little bit of everything, including excitement. I learned a
lot through this experience and it has really helped me to decide
what career I wish to pursue. I hope to continue my studies in
engineering, and this experience has really educated me in a way

that could never be accomplished in a classroom. I will keep with
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me always the things I have learned and the possibilitics that lay
ahead.
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USING THE I-DEAS’ AUTOMATIC MESHER

S. Olkowski, Engineer Technician
Research & Development Laboratories
Under Contract Number F49620-90-~C-0076 For AFOSR

ABSTRACT

This report takes a look at the I-DEAS’ automatic mesher., Models
were created using the automatic mesher and then solved, so they
could be compared to a hand-meshed model made in PATRAN by PDA,
and which was solved using the P/STRESS Linear solver also by
PDA. In this comparison, the three things looked at were the
accuracy of the results, the time it took for the model to be
meshed, and the cpu time to solve each model.

INTRODUCTION

The Finite Element Modeling and Analysis program is a part of
SDRC's I-DEAS package. The Finite Element Module includes
geometry modeling, beam section modeling, mesh creation, adaptive
meshing, post processing, and other tasks. The focus of this
report is on the automatic mesher, which is found in the mesh
creation task., The automatic mesher will take a solid object
ported from SDRC’s Solid Modeler and automatically mesh the solid
with tetrahedral elements after applying mesh -areas, mesh
volumes, and nodes to the model. The effectiveness of the
automatic mesher on a single geometric model will be explored, as
well as some of the problems that were ran into while wusing the
automatic mesher. Analysis results will be compared between a
model which was meshed by hand wusing Patran by PDA, and models
that were meshed by wusing the I-DEAS’ automatic mesher. The
analysis was ran on the VAX 8650, under VMS 5.4,

A double notch shear test specimen (Figure 1) was used for this
analysis, because there was already data available on the double
notch, which had been ran using the P/STRESS sclver., The
P/STRESS solver was also ran on the same VAX 865U, wunder an
earlier version of VMS. The solver used for the automatically
meshed models was Model Solution, SDRC's static linear solver.
The model ran in Patran had carbon carbon material properties,
and was meshed by hand using 1290, 8 noded hexagonal elements
(Figure 2). ‘The model was to be used as a basis of comparison
for the models meshed with tetrahedral elements by the automatic
mesher,
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CREATING A MODEL

When entering I-DEAS, the measurement system was set for
British Grav (mod-in). The double notch shear test specimen was
then read into I-DEAS through a universal file. It was a solid
model of the double notch, that had been created by using the
SDRC’'s Solid Modeler. The solid model was then sent to the Mesh
Creation task under the Finite Element Modeling and Analysis
family. In the first mesh run, the goal was to get as close to
1290 elements as possible, since this was the number of hexagonal
elements in the hand-meshed model. The difference in the two
models will be that I-DEAS automatically meshes using tetrahedral
elements and the hand-meshed model was made using hexagonal
elements.

Once in the Mesh Creation task, the global element length was
changed to .095 and the curvature based size was turned on.
Under mesh generation, input was asked for global element length,
percent deviation, and coincident point tolerance with defaults
given for all options. All defaults were accepted except for
global element 1length. The element length was changed in order
to vary the total number of elements in the model. The default
value for percent deviation was 20% and coincident point
tolerance was equal to .00027412036. With the global element
length set at .095, the automatic mesher created a mesh with 1294
elements, in order to compare with the model meshed by hand with
1290 elements.

After the mesh was created, an element distortion check was ran
to find any elements with a stretch value under .01 (.01 was
used, because that is what the FINITE ELEMENT MODELING AND
ANALYSIS, GETTING STARTED book used). SDRC defines stretch for a
tetrahedral element as the radius of the largest sphere that will
fit inside the element, divided by the longest distance between
corner nodes, and is normalized by multiplying the inverse of the
above value for the ideal target element, which is the square
root of 24,

Stretch = (R/Dmax) * 4 24

There were three elements with stretch values of .0091, .0062,
and .0062. So to see if the these values could be improved,
Tetra Fixes was ran on all the elements. Tvtra Fixes will f£fix
elements with a 0 or negative distortion by either straightening
edges or by moving mid nodes. Fixing elements with these kind of
distortions can also improve the element’s stretch value. The
computer reported that no elements required modification. No
changes were made to the elements even though there were some
with stretch values under .0l1. A typical acceptable value for
stretch in tetrahedral elements is .5, and what 1is an acceptable
value is dependant upon the geometry and the problem. Since the
distorted elements were not near the center of the gauge section
or at the notches, it was decided to accept the model as meshed.
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The next step was to assign the elements material properties that
matched those of the carbon-carbon in the hand-meshed model. So
an  orthotropic material property table was created. All the
values for modulus of elasticity, Poissons ratio, and shear
modulus were changed to match those of the hand-meshed model.
The values put in for each were as follows:

MODULUS OF ELASTICITY X
MODULUS OF ELASTICITY VY

2.40 E6 psI
1.60 E6 pPSI

noun

MODULUS OF ELASTICITY 3 0.49 E6 psI
POISSONS RATIO XY = 0.1000
POISSONS RATIO Y2 = 0.1730
POISSONS RATIO X2 = 0.0429
SHEAR MODULUS XY = 0.806 E6 PSI
SHEAR MODULUS Y2 = 0.680 E6 PSI
SHEAR MODULUS XZ = 0.680 E6 PpSI

All the elements were then modified to take on the materisal
properties of the new table. ‘

Next, boundary conditions were applied to the model to match
those used in the hand-meshed model. This was done in the
Boundary Conditions task. A restraint set was made to fully
restrain the bottom from moving in any direction. The load set
was made to apply a face pressure of 100 PSI on top of the model.
Both the restraint and 1load set were then put into a case set so
it could be solved by SDRC’s Model Solution,

Once in the Model Sclution task, the case set containing the
restraint and load set was made the active set, and the
displacements and stresses were picked for the output selection.
The model was then solved.

OTHER MODELS

Three more models were created using the same steps. The global
element lengths were all changed to vary the amount of elements.
The number of elements were varied to show the difference in the
analysis results,

On one of the new models the default value of .079134050 was
accepted as the glohal element length. Using this value the
computer created a mesh with 2547 tetrahedral elements. No
elements with a stretch value under .01 were found. The most

distorted element in the whole model had a stretch value of
.1215,
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The goal for the next model was to have as close to 1900 elements
as possible, since it was in the middle of the two models already
created. This was to see how the accuracy changed with the
number of elements. A problem arose while trying to get this
many elements, the computer was not able to process a mesh when
certain values for the global element length were entered. 1If it
did not like a certain length it would stop processing the mesh
and give an error message which read: "Due to high concavity no
further subdivision can be made. This can be caused by a global
element length, which is too coarse. Manual splitting of the
mesh-volume on high concave curves might help. Another
possibility is just-touching geometry in a mesh-volume." This
message did not appear to apply to the geometry since there were
no areas of high concavity and one of the global element lengths
entered was .086, which is not as coarse as the .095 value that
was used in creating the mesh with 1294 elements. Using the
process of trial and error, different values were entered for the
global element length, to see if the mesher would accept any of
them, Going through this process it was discovered that the
automatic mesher is very specific in the values it will accept.
For example, the values of .087 and .088 were rejected by the
computer and the value of .0875 was ancepted, creating a mesh
with 1600 elements. The value of .0835 was rejected and the
value of .083 was accepted.

SDRC gave two possible suggestions for the problem,

Suggestion 1: The automatic mesher tries to break a line into
segments equal to the global element length, plus or minus a
certain percentage. What might be the problem is that with
certain global element lengths the automatic mesher is not able
to split one of the lines into a whole number of segments. This
means that come of the line is left over and the global element
length is too big to split it again. This could result in an
error.

Suggestion 2: The automatic mesher takes an area and starts
splitting it into sections while maintaining angles that are of
multiples of 60 degrees. Once a section is made which has
dimensions equal or a little smaller than the global element
length, it is left alone. It is possible that a section which is
equal to the global element length is next to a section which is
bigger than the global element length. The bigger section is
split again, and this leaves two elements together sharing the
same side of one element. In other words a node is created
between two other nodes, so they are not being shared. This
would result in an error.

The problem was circumvented by slightly increasing or decreasing
the global element length.

The global element size of .0875 was finally used for the model.
The mesh created contained 1600 elements, with none of them
having a stretch value under .01, and 4 elements having stretch
values under .1l.
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In the last model made, a global element 1length of .113 was used
to create a mesh with 835 elements. This model was made to see
if the cpu time could be cut down without giving up accuracy. 1In
the model none of the elements had a stretch value under .01, and
5 elements had stretch values under .1.

ADAPTIVE MESH

The adaptive meshing capability was tested out on the model with
835 elements. The basis for modification was set at analysis
results, so it would increase the number of elements where the
greatest stress cccurred. The method of modification was set on
remesh, so it would be able to both move nodes and change the
shape of elements. After adaptive meshing was ran on the model,
it created a new mesh containing 1147 elements, with none of them
having stretch values wunder .01. The most distorted stretch
value in the model was .1133.

POST PROCESSING

The model’s results were displayed in the I-DEAS Post Processing
task. Maximum shear stress was the data component used in the
comparison. To make the results easier to compare, both the
contour colors and labels were changed to match those used in the
hand-meshed model.

RESULTS

When making an eye comparison between the models created in
I-DEAS to that of the hand-meshed model ran in Patran (Figures
9~14), the results appear similar, in that the same stress
concentrations occur in the same locations. The most obvious
difference seems to be that the hexagonal elements yield a much
smoother stress distribution, than does the tetrahedral elements.
The contours of the hand-meshed model are smooth, unlike those in
the tetrahedral models, which are more distorted. It seems that
by raising the number of tetrahedral elements the smoothness of
the contours are slightly improved.

Another noticeable difference between the models is that the
maximum stresses recorded in the I-DEAS’ models are higher than
the maximum stress in the hand-meshed model. The reason for the
higher stresses in the I-DEAS’ models is that in the inside
corners of the notches the stresses are infinite, so the more
points that are in these areas the higher the reported maximum
stress should be. When using tetrahedral elements there are more
points in these infinite stress areas, so a higher maximum stress
is expected. When hexagonal elements are used, there are less
points in these areas, so a lower maximum stress is expected.
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A comparison of stresses on the face of the gauge was made to see
if, in the center of the gauge, the tetrahedral models’ results
came close to those in the hand-meshed model. 1In using the
double notch shear specimen, the stresses on the face of the
gauge should equal the applied load on top of the model, in this
case 100 PSI. When trying to cut the tetrahedral models with the
volume clipping to get the same cutaway view of the gauge section
as that in the hand-meshed model, the display looked distorted.
The reason the hand-meshed model did not look distorted (figure
15), was because with hexagonal elements, it is easy to make a
cut at the nodes to avoid interpolating data between the nodes,
which would result in a distorted display., When the same cut is
made on a tetrahedral model, elements get cut in half, and a
distorted display is the result. In order to get the results
wanted, a cutting plane display of the gauge section was made in
all the tetrahedral models. Then a point in the middle was
picked to see what stresses were recorded. The results found
were as follows:

Number of elements in model Stress in center of gauge
1290 (hand-meshed) 89.5-131.0 #
835 89.0
1147 105.1
1294 112.1
1600 113.9
2547 96.9

* A range had to be used for the hand-meshed model, because a
single data point was not available.

The following table shows the meshing times for the models.

Number of elements in model Time
1290 (hand-meshed) 5 days

835 5 minutes

1147 (adaptive remesh) 11 minutes

1294 6 minutes

1600 9 minutes

2547 11 minutes

The last comparison made, was the cpu time to solve each model.
The hand-meshed model was ran under P/STRESS. The I-DEAS' models
were ran in the linear statics solver, SDRC’s Model Solution.
The cpu times were as follows:

Number of elements in model CPU Time
1290 (hand-meshed) 36 minutes
835 11 minutes
1147 (adaptive remesh) 19 minutes
1294 30 minutes
1600 45 minutes
2547 105 minutes
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CONCLUSIONS

Using tetrahedral elements, the I-DEAS automatic mesher seemed to
give reasonable results for this model. Many man-hours were
saved by meshing this specific model using the automatic mesher
rather than to mesh it by hand. 1If the distorted elements in the
automatically meshed models were in areas of interest, a
significant amount of time could have been required to move nodes
to eliminate the distortion. The hand-meshed model and the
automatically meshed model’s solution cpu times are comparable,
36 min, vs 30 min. The gauge stresses between the models are
also in the same order. In this model the automatic mesher
seemed to create elements with 1low stretch values, this could
cause problems if very accurate results are required. For this
simple geometry model, the results were valid.
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calculates the statistical variation and bias relative to the WLF
Curve. Once a reasonable~looking master curve has been obtained, the
user selects four points with an on screen cursor, and the program
calculates the dual power law function which passes through these

four points. The program output consists of plots of the WLF function,
the relaxation modulus data, and the calculated relaxation modulus
function with the data superimposed. 1In addition, the calculated WLF
constants, dual power law constants, and other pertinent results are

printed out.

DISCUSSION

The EREL programs consist of three modules on the HP 85/87; EREL_IN,
EREL_SHIFT, and EREL_MFIT. The EREL_IN program inputs the data to
be shifted. The program creates a simple three level data base. The
first level is the directory of the data set names. The second level
is a list of data subset names consisting of a signed temperature and
a sequence number allowing for more than one data subset for a given
temperature. A separate list of data subsct names is created for each
data set. The third level is the actual data stored in a separated
disk file for each data subset. The sample data used for checking the
code is "TP-H101l1l". The user inputs the temperature before beginning
the input of each data set; the rest of the data det name is created by

the program.




The EREL_SHIFT program is the module used for actually shifting
the data. To use EREL_SHIFT the data must be stored as data files
using the EREL_IN module. The EREL_SHIFT program allows the data to
be shifted using the WLF Shifting routines or hand shifting to achieve
a smoother curve fit.

The EREL_MFIT program fits a four-constant mathematical function
(a "dual power law" equation of the form E = El + t*nl + E2 * t~n2)
to the shifted modulus data. The fitting process actually forces the
equation to go through the four control points graphically input by
the user to represent the data. The user inputs each of these control
points by moving the cursor to the desired location on a screen plot

of the data.

RESULTS

The New WLF Shifting Programs on the Amiga 2000 computers consist
of two main programs which utilitize the Amiga’s mouse and graphic
capability. The Amiga code is written in about 2000 lines of AC BASIC.

EREL_SHIFT on the Amiga computer reads in file SHF_FILES.DAT located
under a subdirectory titled DATA. The file SHF_FILES.DAT contains a
list of the names of the data sets and the number of temperature
subsets within the subdirectory DATA. After reading the file
SHF_FILES.DAT the program then promtps the user for the data set to
shift and reads temperature subsets. If the data is correctly read
into the right arrays the program asks the user for engineering or
true stress, reference temperature, vertical shift parameter (none/

true), and if the modulus values have been shifted.
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The plot of the unshifted data is drawn on the screen and the user
is asked to WLF shift the data, hand shift the data, generate a final
report of the constants generated, make a final data plot, or terminate
program execution. In WLF shifting of the data, the top data set is
shifted horizontally uzing the mouse. The program reads the mouse
values and shifts the first data set left or right. Using the new
position of the first data set and the WLF functions and constants, the
program draws the plot on the screen by searching for the maximum and
minimum values in the data arrays, scaling the plotting region, and
converting data coordinates to plotting coordinates. The plotting
coordinates are stored in a separate arrays and are plotted using the
LINE function in Amiga Basic.

After a reasonable looking curve has been obtained using the WLF
shift the user has the option to hand shift the individual data sete.
In hand shifting the user selects which data set to shift by cycling
through the data sets. The program will read mouse values as the
pointer is clicked, dragged and released. It will then shift the
highlighted data set wih respect to the mouse values.

Once a reasonable looking master curve has been created, the user
may generate a report of the shifting or plot the final data set. The
report contains the WLF constants and values of Ts, Tg, and TO. The
report also prints out hand shifting results, Mean Bias, and Standard
Error. Reports can also be saved to the disk for later printing or to
parameter files with names SHFxxx_CONST.DAT or SHFxxx_ SHF.DAT.

Parameter files are used by other programs such as EREL_MFIT. The
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parameter file SHFxxx CONST.DAT contains values for Ts, the reference
temperature, WLF constants (C1,C2), flags for stress and vertical
shift parameters, and the hand shift results. The paraneter file
SHFxxx_SHF.DAT contain arrays on the number of points within each
temperature set, temperature values and time-vs-modulus arrays.

In creating the final plot the program will draw a grid on the
screen and plot the current data set using special symbols for each
of the temperature subsets. Thc plotting screen is then displayed and
the uszer has the option of saving the screen to a bit map file that
can be printed using Deluxe Paint IJI.

EREL_MFIT on the Amiga computer serves the same purpose as the HP
85/87 versicn of IREL MFIT. MFIT uses the parameter files
SHFxxx_SHF.DAT and SHFxxx_ CONST.DAT to plot the curve created from
EREL_SHIFT. MFIT allows the user to sclect the position of four
control points on the screen using the mouse. The program performs
calculations to determine the Dual Power Law Equation for the curve
upon request of the user. It will also plot the curve and allow the

user to save the bitmap of the screen for later printing.
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CONCLUSION

Programs EREL_SHIFT and EREL_MFIT work well on the Amiga 2000
computers. The programs which I have translated offer features
similar to the older HP 87/85 computer code. There are a few
enhancements that can be made to streamline the code and generate
professional plots, but the graphic routines and calculations work
well. I have learned to program on the Amiga operating system and
I am confident that my efforts in translating the EREL programs have
been successful. Attached are reports and plots generated from

programs EREL_SHIFT and EREL_MFIT. 16 Aug 1991.
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RESULTS OF WLF SHIFTING FOR DATA SET TP-H1C1ll
(Temperatures are in aegrees Kelvin except as noted)
Ts 265.9999

Approx Tg = 215.9999
(=70.96024 deg F)

TO = 297.6445
( 76.00002 deg F)
Cl = 6.755817
C2 = 133.2446
Additional hand shifting results:
File Name Log (aT)
-45,000 0.5519
-42.000 0.0000
-29.000 -0.4097
~2.000 0.3615
19.600 0.0000
76.000 0.0000
118,000 -0.0966
152,000 ~0.4130
Mean Bias -5.58123E-03

Std Error = .2971068

6-7




¢TP-H1811)

UNSHIFTED DATA

y j
e
; g e
- -
B e
8 ©

g GO

@ 8 0EG -

8: © o000

0 goeo

:o 0B

o

154

ssninpoyy Sorg

nin

Log Reduced Tine (t/aTl),

HLF-SHIFTED DATA Ts=265.9 (TP-H18411)

:
: : >
: m b
: : L=
: : L
3
%
: H g
i : o
H m &

> >

<

A~

Q H

a i

Q, :

it <
: o
: o :
.. R, £

- R Ba Baa S Bae Fa 1y Pig Bae

NV
LR F g ]
-t

-45

N
N
11

152

< O

<B .
: E
: § <oogo¢oal
_ 1 1

< [y

fSd ‘sSninpol Sog

-4 -3 -2 -1 e 1

-5

Log Reduced Time (t/aTl), nin

6-8




_ ] _ I _ » _ . _ ?
[~ > i i 7]
~ o : Zeneccansacsnseaddlocas -
4 S N
o b . - -
. 3 :
T B 1@ : ”
Re a B :
= A
- s m
g [ : % « ® z
o £ . =
: [ =4
I R : <5 fie
a | : 2 4 . M
i < ~ z
a < X o °
M : : > L] 2]
< |- : : R N\ -AA N
H : <o -
: H [o) ~ w
m : i © Te 1X] o
- : : O - z -
2 : i o 3
[DE S i :0 13 <
b H \e] N N
a : & o [ R !
m B : qQ: ] s [3]
: Q.. .w W
z 8 0% 5 9
N 8 1 =« -
x i ] B m
llll-m llllllllll o
5 : ° 7= a ki
< ¥ i o - -
[} H o
a i o e e B S S S S Bag ? w
wr : 9 vaonnvoa]
H .o IO A
T W.D [ | i v Y.
7} o > ! n 1
vru. N J s <oodg O A
x < o~ ™~
<1 i 1
i . 1 -
1 | 1 i L
© (]
n o ® ! n T ” o'
ISX “sninpoyy 5o 1A ‘sSninpoyy So7x

nin

Log Reduced Tine (t/aT),

6-9




Dual Power Law Equation Through 4 Points
INPUT DATA:
RESULTS:

-.2388419
-3.655263E~-02

El = 229.4424 nl
E2 251.1053 n2

i}
i}

Converged in 20 iterations.
RMS error = 4.745293E-07
Biggest error is 4,692195E-07 at Point No. 2.

Log t Log Er Log Er (calc)
-7.731 4.220 4.2201
-3.683 3.318 3.3183

0.366 2,635 2.6346

4.415 2,286 2.2865

Error Analysis:

At control points:

Log (t/aT) Rel. Error
-7.7318 0.0000
0.3659 0.0000
4.4146 0.0000

Relative to data:
Coeff of variation = O
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p e e

As a high school student, the future of my chosen field is
directly in my hands. What | and thousands like me do, has a profound
effect on the future of American science. With that in mind | chose to
endure an éight week summer apprenticeship at Phillips Lab, Edwards Air
Force Base. This has resulted in a variety of different benefits that if

used to their full potential could help immensely in the near future.

Computers

My knowledge of computers drastically increased during
my stay here. Before entering this program | was fairly proficient with
most Apple computers and | could meander thru most of the other standard
personal computers (PCs). Now | am fully competent with a Macintosh and
can move through any other with practiced ease. This will most definitely
help me in the future, as my knowledge now far surpasses that of my

peers.

In the sveryday world people see PCs as little more than
high powered type-writers. At Phillips Laboratory | learned to see
computers as an advanced all-purpose tool. A tooil so talented it can do
things thousands of miles away. It's this mode of thinking that separates

your average PC user from the professional.

College Application

Not all that | learned was expected. | found a surprising
number of engineers had recently gone back to college for one reason or
another and their advice will hopefully prove to be very helpful. The

college co-ops also working here for the summer have proven to be
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invaluable. They possess knowledge of the college experience from the
eyes of someone closer to my own age. The information they imparted to

me was found to be both interesting and helpful.

Engineering

Engineering, especially the actual development of working
pieces, is a team effort. Learning this was probably the most important
part of my apprenticeship. This is something that the colleges don’t teach.
Engineers are not the only vital link of the scientific work force.
Mechanics and secretaries are easily as important and without draftsmen

nothing could ever get off the drawing board.

Scientific Research

This is not to say that | totally avoided any actual
scientific research. | worked on a project that involved work on Liquid
Crystal Polymers (LCPs). LCPs are the future of the space program, they
are light weight, with a high strength to weight ratio, and possess an even
greater strength in colder environments. LCPs are highly anistropic fluids
that exist between the boundaries of solid and conventional isotropic

liquid phase.

These LCPs are to be used sometime in the future in a
turbopump that will be used later in space related activities. The ideal
material would be extremely strong and light, yet capable of withstanding
cryogenic temperatures. Other factors like compatibility with various
chemicals have been taken into account before any actual materials for

testing were decide upon.




The test specimens will be injection molded into hollow
right cylindrical shapes (See Diagram #1). Due to the nature of the
injection molding process all LCPs will have a slight 1.15° taper. The
specimens will then be placed onto a specially designed test rig (see
Appendix A). Then the pressure inside the polymer casing will be
increased until the material ruptured. Testing will be done in both
ambient and cryogenic environments. The cryogenic testing will be done
using liquid nitrogen. In this environment the LCP will bs expected to be

approximately twice as strong.

The testing will utilize an on-site pressurization facility to
pressurize the LCP case, using gaseous helium. The test-rig has been
equipped with an inlet pressurization line and a ventline. The whole
device will then be placed inside a stainless steel box. This is done in

order to contain both the exploding LCP and the cryogenic material.

During the cryogenic testing the LCP will be pre-pressurized
to 300 PSIG before the test rig is submerged in the cryogens. This pre-
pressurization stage will assure that the seals seat properly. Also
thermocouples will be installed in order to determine when the 2X4 casing

has reached equilibrium.

After reaching thermal equilibrium, a pressure build up to
2000 psi will be initiated, with possibilities for higher pressures shoulid
the LCP prove to be stronger than expected. Although the maximum

pressure is not expected to exceed 2500 psi, the hardware is rated to
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Diagram =1

Liquie Crystal Pelymer &X4 Perspestives

Cross Sectional View:

Wall Thickness: 0.1297
Inner Diameter: 2.2286
Outer Diameter: 2.4895

Front View

Wall Thickness: 0.2095
Inner Diameter: 2.0545
Outer Diameter: 2.4895




4000 psi.

A pressure transducer is -part of the necessary
instrumentation. A back-up transducer will also be in-place to back-up in
case of failure. The transducers will be placed upstream of the 2X4 LCP.
All thermocouple-data will be taken with two thermocouples that wiil be
ported through a “T" connector at either end: of the test rig. The
thermccouples will be located at the 2nds of the “T” (also known as the
inlet/thermocouple manifold) allowing them direct access to the 2X4 case
chamber. The pressufe inlet and the ventline outlet will both use the
other “T" port (see Diagram 2). Data acquisition will be taken to provide

100 sainples a second, no -higher rates are necessary.
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Appendix A

The LCP casing will be tested in a specially designed test
rig. The test rig is made of stainless steel. The stainless steel is of the
300 series, which is noted for it's ability to withstant, the necessary

cryoganic temperatures,

The test rig consists primarily of two end caps (see
Diagram#3). These end caps go both above and below the LCP (see Diagram
#4). The LCP will be fitted around the inner flange of the tast rie end cap.
The pressure will be retained via a pressure seal also placed arcund the
flange. The entire structure will ba held together by a set of 6 bolts, that

run from one end cap to the other.
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Final Report
Tracy Reed

1 had two main tasks to accomplish at Phillips Laboratory over the summer. I had
to do an annealing study on HX~4000, and the tensile testing of several liquid crystal
polymers. The object of the annealing study was to find the optimum time and
temperature for annealing, find the effects of annealing on HX~4000, and to confirm the
already known melting point of the polymer. The object of the tensile testing was to
discover the tensile properties of the liquid crystal polymers.

In order to increase the melting temperature and possibly the tensile strength of
certain liquid crystal polymers, they can be annealed. In order to anneal a specimes:, one
must put it in an oven at a certain temperaiure for a cenain length of time and then be
allowed to cool to room temperature, This time varies, depending on the matesial the
specimen is made of. The time and temperature necessary to properly anneal HX-4000
was unknown. I set up a test matrix in order to deiz:mine this.

In order to anneal the HX~4000 I needed an oven with a nitrogen purge. There
were none available so I had to modify one of the ovens on hand. Whep I starter} the oven
on a test run, the temperature rose and then fluctuated wildly. The cool nitrogen was
entering the oven and then camying off heat with it through the cracks around the
unsealed door. The temperature controller could not handle this. Many things were tried
to solve this problem. The only one that really worked was to put a rotometer in the
nitrogen line to slow the nitrogen flow. The standard valve in the hood could not limit the
flow welil enough.

After a five minute purge, the nitrogen flow was cut down to nearly nothing. Just
enough to keep the oxygen out of the oven. Once the temperature fluctuations were under
control, it was time to implement my test raatrix. The matrix called for me to run the
dogbones in the oven at temperatures varying from 200 to 320 degrees Fahrenheit. The
time was varied irom four hours to twenty-four hours. It was predicted that the dogbones
would tum brown once they reached the approximate annealing temperature. This was
not noticed until they reached a temperature of at least 300 degrees. The dogbones were
dark gresn when we put them in the oven, As the specimens were heated for longer times
at 300 degrees, they got darker, After 24 hours at this temperature, they were very brown.

As the experiment continued, it was determined that HX-4000 melts at a temperature of
320 degrees Fahrenheit,
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After the HX~4000 dogbones had been anvealed they were tested for any change
in mechanical or thermal prope. **~s. Each of the dogbones underwent Thermo Mechanical
Analysis (TMA) and Dynamic Meche.  ~* *nalysis (JMA). These tests were to find out
if the melting point had increased. After obtaining the results of these tests, we concluded
that there had been no significant change in the thermal properties of the material. More
study is needed on the annealing of HX-4000.

My second task was to test the mechanical properties of several liquid crystal
polymers. I was trained to use an Instron tensile tesiing machine with a 10,000 pound
load cell. I then began testing of the liquid crystal polymers. The dogbones to be tested
were instrumented with an extensometer to determine the strain characteristics of each
dogbone. The dogbones were to be pulled until they broke. Approximately six of each of
the five different types of dogbones were tested. Occasionally, a specimen would break in
the grips of the machine. This would yield unreliable data and the experiment would have
to be done again. Annecaled and unannealed HX-4000 was tested also. Some of the
dogbones had exceptionally high tensile strengths. One particular type, RC-500, reached a
tensile strength of 24,000.

As stated above, annealed and unannealed HX-4000 dogbones weiz tested. These
specimens were tested just like the others were as described above. The unannealed HX-
4000 and the annealed BEX-4000 showed no significant difference in tessile strength or
strain properties. My mentor and I were both disappointed in these findings, however we
remain confident that HX-4000 is annealable. More research will be: done on this subiject.

The HX-4000 annealing experiments will be continued in an effort to increas: the
melting point of the material and its tensile strength. The tensile testing of the other ‘wquid
crystal polymers turned out well. I found some of them to be r;uite sirong, Already, some
of the materials have been used to make 2x4 inch rocket motar casings for test fir-ng and
hydroburst testing.
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ANALYSIS OF MODEL OUTPUT STATISTICS THUNDERSTORM
PREDICTION MODEL

High School Apprentice GL/LYS Hanscom AFB

Frank A. Lasley

Abstract ’

Model Output Statistics (MOS) Thunderstorm prediction
information and Service A weather observations collected for
the past two years were studied in an effort to validate the
predictions generated by MOS. Predictions from the same three
month period from 1990 and 1991 were analyzed. The major
conclusion was that MOS overestimated the majority of the

thunderstorm probabilities for 1991.

Introcduction

The focus of this research project was to compare the
thunderstorm (TRW) predictions for Boston to the actual
observations at sites around Massachusetts for the spring and
early summer of the past two years. FOUS (Forecast - United
States) MOS (Model Output Statistics) is a meteorological tool
which provides predictions and probabilities for the
occurrence of various weather events. Temperature, rain,
thunderstorm occurrence, quantitative precipitation, and
dewpoint, are among the parameters predicted by the MOS

statistical model. See figure 1 for an example of Mos Output.




-‘M0S Forecast -
BOS , 72509
BOSTON/LOGAR INTL &
31~JUL-1991 00:00%

DAY/GKT 31/06 31/12 31/18 1700 1706 1/12 1/18 2/00 2/12
0

POPO6 20 10 10 0 0 5

POP12 20 0 5 10
QPFO6 000/1 000/1 000/1 000/1 000/1

QPF12 0000/1 0000/1 0000/1

TSTORM 14 9 17
MIN/NAX 80 68 90 71

TENP 67 66 6874 7676 7372 7169 73 83 88 87 82 77
DEWPT 62 62 63 65 66 65 65 64 62 62 62 64 63 64 64 65
WIRDS 0604 3305 1908 2410 2507 2407 2312 2310
CLOUDS  2214/3 1324/3 0432/3 4411/1 6211/1 4411/1 2621/2 3421/2
CI16 000153 011224 000227 000019 000009 010008 000018 000018
VIS 000117 002224 000118 000118 000117 001225 000118 000118
cv 5/6 4/5 6/6 6/6 6/6 6/6 6/6 6/6
OBVIS ~ 70X2/1 41X4/4 82%0/1 82X0/1 71%2/1 52X3/1 82X0/1 82X0/1

Figure 1. Example of Mos Output.

Service A observations provide the meteorologist with
hourly weather information from observation stations
throughout the United States. Observed parameters include
temperature, dewpoint, wind, visibility, and cloud layer
information. Specific types of precipitation or weather
conditions, such as haze, rain, fog, thunder, and snow are

also indicated. See figure 2 for an example of Service A

observation output.
By combining the 14OS predictions with observations and
other forecasting tools a meteorologist can make the

predictions upon which people’s lives and property depend.
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30-JUN-1991 13:002 \ o
IDHEI T TD PRE KIND VIS WX LYRI LYR2 LYR3 LYR4 dPR PIT

ACK 13 64 62 1009.5% 1005 15 010S 0400

EWB 13 64 ¥ 1009.5% 0705 10 0400

MVY 13 66 ¥ 1010.2* 0905 15 0400

HYA 13 67 54 1009.1* 0000 15 040B 1500

BVY 13 ¥ I 1011.2*% 0000 SR~ 0158 0400

BoS 13 61 57 1011.0 2006 5R- 043B 0950

ORH 13 53 50 1010.8 0411 4RK- 003S 015S 0310
NZW 13 60 55 1009.9 1004 TTRW- 0255 0350

OkD 13 57 N 1010.5* 0704 3R- 0085 0200

BED 13 59 57 1011.2* 2706 21/2R-F 00?5 030B 0500
LWM 13 ¥ K 1010.5% 0505 15R- 0155 1500

AYE 13 55 55 1011.6 0000 23/4R-F -X 007S 025B 0390
CEF 13 58 55 1010.7 0305 SRW- 0085 0280

BAF 13 57 N 1010.5% 0110 S5F 006B 0400

FMH 13 66 56 1009.8 0000 15R- 044B 0750

Figure 2. Example of Service A observation output for
Massachusetts.

Observation and Prediction Specifics

MGS information is available to forecasters nationwide
and is widely used by operational meteorologists. MOS
generates weather predictions by applying statistical
prediction technigues to the output of numerical weather
forecast models. MOS forecasts are made for more than 100
geographical locations throughout the US. Boston MNOS
predictions are localized for Boston and its immediate
surroundings. This study investigates the accuracy of the
dgily thunderstorm predictions for 24, 36, and 48 hours after
00UTC (Universal Time Coordinated), which corresponds to 8pm

Eastern daylight time,
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Service A observations provide information from surface
weather observation sites every hour on the hour. Included in
the reports is a weather remarks section, specifically
describing the precipitation and/or weather condition, i.e.

rain, fog, and thunder.

Methodology for Analysis of Model

The MOS prediction model was validated by comparing the
thunderstorm predictions and the weather observations for the
same time period. MOS predictions for Boston were compared to
observations for all of Massachusetts. Observations for within
1 pour (in either direction) of Q9UTC were studied, narrowing
the scepe of the inquiry. The MOS and OBS data for 1990-1991
were retrieved from a tape archive (please see the Appendix
for detailed information regarding programs and specific
procedures). MOS makes thunderstorm predictions for 24, 36 and
48 hours every 12 hours. So for a given 00UTC time, three
forecasts are valid, one each for 24, 36, and 48 hours into
the future. If a thunderstorm was reported by any of the
stations during the 3 hour time period (one hour before, at,
and one hour after 00UTC), the prediction was considered
accurate. For each prediction time, data was subdivided by
percent, ranging from 1-5%, 6-10%, 11-15%, all the way to
100%, with a separate category for 0%.-Data was stored in bins
yielding frequencies of observed and predicted (Good

forecasts), observed but not predicted (Missed events),

7.
B




pfedi¢ted\but not observed (False positives), and not .observed
and not predicted (Valid negatives). See the key for figure

five for an example.

Resul n oncluding remarks

Six months of weather data were analyzed, 13-May-1990 to
29-July-1990 and 12-May-1991 to 28-Jul-1991. MOS predictions
for Boston were directly compared to the observations for all
of Massachusetts. All available reports were collected,
although more stations reported and more predictions were
available for the 1990 time period than the 1991 for reasons
that are not apparent.

Some definite patterns were observed in the data. The MOS
model gives generally low probability percentages for
thunderstorms. For example, it is uncommon to witness
probabilities higher than 30%. As a result, probabilities of
20 percent or greater have been considered to be cases of near
certainty. The 1991 results show a high frequency of poor
forecasts - the number of thunderstorm predictions without
accompanying occurrences was high (See figure four). Also,
many more thunderstorms occurred in 1990 than in 1991. The
1990 data shows a higher percentage of good forecasts, yet
a}so a larger percentage of predictions without occurrences
(Ssee figure three). In 1990 predictions were most frequent for
the 1 to 5% range and the 11 to 15% range (See figure three).

In 1991, predictions were most frequent in the 6 to 10% range
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(see figure four). In 1991 the 48 hour model predicted
significantly more thunderstorms than at either 24 or 36
hours. In 1990 however, at the 24 hour valid time, the model
predicted more thunderstorms than eéither the 36 or the 48 (See
figure three). There seems to be no relationship between good
forecasts and percent probability. However there is a
relationship between false positive forecasts and percent
probabilities. The lower the probability, the more likely the

forecast is a false positive forecast.
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Figure 3., Graphs showing good forecasts (occurences that
were predicted) and false positive forecasts
(predictions without any TRW occcurence ). Graphs
represent data for 24, 36 and 48UTC for 1990,
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24h FCST 36h FCST 48h FCST

F F F
Y N Y N Y N
Y i8 4 Y 9 5 Y 16 5
Ob Ob OCb
N 38 2 N 41 7 N 40 1
1990 1990 1990
F F |
Y N Y N Y N
Y 6 4 Y 3 6 Y 9 5
Ob Ob Ob
N 32 9 N 31 10 N 29 7
1991 1991 1991
F F F
Y N Y N Y N
Y 24 8 Y 12 11 Y 25 10
Ob Ob Ob
N 70 11 N 72 17 N 69 8
Combined 90-91 Combined 90-91 Combined 90-91

Figure 5, Contingency tables summarizing the models output

for 24, 36 ang 48uTC for 1990 and 1991. A Combined
1990-1991 section isg also included.

F
Y N

v | Good | Missed
Key for contingency tables. Ob Fest | Events
N False | Valid
Pos | Neg
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Appeuadix
Files - Programs

The files/programs encompassed by the project are
intended to be used to gather and process the data involved in
the analysis of the prediction model. The programs gather data
directly from the FOUS/MOS forecast output and the OBS
histories. This data is archived offline to free the system of
excess data. It is therefore necessary to recover the FOUS and
OBS from the 8mm FAA 02 backup tape in order to process data.
Recovery may be achieved by wusing a routine called
Faa_recover.com contained within the FAA DATA directory.
Faa_recover will allow you to place recovered data files to a
specified directory. The recover program will check to see
that the user has a sufficiently large disk quota (usually on
the order of 36000 blocks) to recover the entire save-set for
a given week. The programs are designed to operate on one week
of data at a time. When the data have been recovered, the
wx_filter.com procedure is executed. This runs two DCL
(Digital Command Language) routines to restore the recovered
data to ASCII format, facilitating filtering and sorting
processes. Two C programs, mos filter.c and obs_filter.c then
take over to remove extraneous data from both the MOS and OBS
outputs. When filtering has terminated, the status of the
output files should be verified. It is then necessary to run
Wx_output.com, a DCL routine which runs two ¢ programs.
Combo.c, a C program which sorts the data and writes to output

files is executed first, then Prt_gph.c merges the output
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 files and writes to a text file, displaying the data in easy

to read chart format.

The steps invoclved in processing the data are as follows;

1. Login on a node with an 8mm tape-drive. Set the default to
Faa _root (Faa_recover.com is contained in this directory) and
run faa_recover to recovezr the data files, placing them in a
data directory.

2. Be certain that the logical "FAA DATA" is defined to be the
directory to which the recove-ed data is to be 1located.
Example: $ Define faa_data user$disk _1l:[lasley.fiddle.wxdatal
3. Edit getmos.com, specifically the day initialization, and
the mostime (DCL variable). Also, be sure to set the last day
of the month.

4, Edit getobs.com, specifically the day initialization, and
the obstime (DCL variable) Also, be sure to set the last day
of the month.

5. Run Wx_filter.com. Contained in [lasley.fiddle], this DCL
routine runs getobs, getmos, mos_filter, and obs_filter.
Getobs and Getmos will output to obs.lis and fous.lis
respectively. Notice that getobs uses an output qualifier -
this means that a new file will not be created each time the
program is executed. Therefore, the file obs.lis must be
deleted or renamed after each week is completed. Mos_filter
and obs_filter take input from obs.lis and fous.lis and write

output to record p.lis and record o.lis.
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6. If this is the first time that the set is 5eing run. then

run initcomb, a program which will create the necessary files

and initialize all values in the files to zero ensuring the

velidity 6f any initial data.

7. Finally, execute Wx_output.com, which will run combo.c,
gedéfiné ézs$putput and run prt_gph.c, writing the output to
a file name stuff.ink. A

SQHASSién fous.lis, obs.lis, recard;p,lis, and record*o.lis

appropriate file names,

Summary of all programs involved in- process;

faa_recover.com - Backup Reccvery routine

readme.doc -~ Information about the programs included in the
project.

WX_filter.com - Executes getmos.conm, getobs.com,
mos_filter.c, and obs_filter.c.

ge.mos.com - Recovers MOS output from system, returning
formatted text.

getobs.com - Recovers OBS output from system, Returning
formatted text.

mos_filter.c - filters MOS output for necessary information
only.

obs_filter.c - filters OBS output for pertinent information
only.

wx_output.com - runs combo, prt_gph

combo.c - Combines and sorts data into bins (main program)

.42




@rt_QPELQ‘—‘P:ihts~§ﬁg‘stbréd'out§ut from combo.c

Storage Files;

fous.lis ~ output of getmos.com
obs.lis - output of getobs.com

record p.lis - output from mos_filter.c
record_o.lis - output from obs filter.c

stuff.ink - output from wxoutput.com.
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EQUATORWARD BOUNDARIES OF NIGHTSIDE AURORAE

Jeremy Liebowitz

Finding the equatorward boundary of auroral image
data recorded by the Polar Bear satellite can help determine
the approximate southern edge of aurorae and where aurorae
will appear as a function of solar activity. I have used
the current image processing software to locate exact
boundaries for specific aurorae and then compared these
radii of the auroral oval to the K, index in order to find
an algorithm which can relate K, to the location of the
aurora.

The aurora borealis, or northern lights, was a
fascinating mystery for many years and is only just now
beginning to be understood. The way the aurora is explained
at the present time begins with solar activity. Protons and
electrons are carried by the solar wind towards the
magnetosphere (magnetic field of the earth). A magnetic
field in the solar wind may connect with the magnetic field
in the earth, thus creating a current along the field lines
of the earth's magnetosphere. Under certain conditions the
electrons form a sheetlike structure between 10,000 and
20,000 kilometers above the earth which accelerates
particles (the electrons), giving them enough energy to
penetrate the atmosphere up to an altitude of 50 km above

the earth. These particles then ccllide with other
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particles, either ionizing or exciting them. The ionized or
excited particles give off light as they sink to a lower
energy level or gain electrons. This light is what we see
when we observe the aurora, although often the light isn't
in the visible spectrum and is impossible to detect without
infrared or ultraviolet sensors. Polar Bear carried an
ultraviolet sensor which was designed to detect aurorae
which occur at a height of greater than 100 km.

In the winter of 1986-87 the Polar Bear satellite
recorded some of the best data taken by a satellite due to
the fact that the satellite was functioning properly.
However, even in the best of times the data from a satellite
requires a good deal of careful processing. In finding the
boundary there are a large number of possible sources of
error which can interfere with getting a complete, clear
image. Also, when trying to create an algorithm relating
radius of the aurora and the amount of solar activity
problems can arise, as the aurorae are recorded at exact
times and the K,, a measure of activity in the magnetosphere
(currents), is recorded as three-hour averages.

Many sources of error have to be taken into
account when examining auroral data. The first error occurs
in the satellite itself. The satellite may move in one of
three ways; pitching is the up and down movement of the
front and back ends of the satellite, rolling is the

rotating of the satellite around its axis from the front to
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the back, and yawing is the rotating of the satellite in a
plane parallei to the image. All three create errors in
placement of the image, but the yawing is the only one which
usually occurs in a magnitude greater than 3 or 4 degrees.
The software I used can correct errors caused by yawing,
pitching, and rolling if the attitude data (position of the
satellite) is present, but for many times attitude data
simply does not exist (see appendix 1 for how much error
yawing can cause in the position of an image). The most
important thing to remember is that if you stay close to the
center of an image the yawing, pitching, and rolling will
not make as much of a difference. Concentrating on the
center of the image will greatly reduce the risk of finding
an incorrect boundary.

Other problems encountered while trying to find
the equatorward boundary of an image include "noise" in the
image. "Noise" is basically very bright points in an image
which apparently have nothing to do with the aurora. The
noise on a particular image could be particles hitting the
detector, in which case it would probably not be a problenm,
creating only a few bright spots not on the aurora.
However, if enough particles hit the detector to make
certain bright spots on the edge of the aurora
indistinguishable from the aurora itself, this can cause
problems. Usually an image will not have enough noise to

make the entire boundary fuzzy, but there are exceptions




(which sometimes can be solved by smoothing pixels, assuming
the noise will be bright but scattered) that can't be
cleaned up and must be discarded.

Finally, there is the problem that the images will
contain "dayglow." Dayglow is when the sun sends photons
into the earth's atmosphere and causes atoms or molecules in
the earth's atmosphere to become excited. This excitation
brings about the same effect as an aurora-- the giving off
of light. This light is not related to the aurora but it
still shows up on the detector and is sometimes as bright or
brighter than the aurora itself. The problem of dayglow can
be solved by limiting the processing steps to a certain part
of the image, but often it is very complicated. It's just
more sensible to discard the images cluttered with dayglow.

Despite the above problems, if one follows the
rules I give above for avoiding the many pitfalls, a
boundary can be found with an accuracy of approximately a
tenth of a degree for most images (with attitude data) and
between a third and a fifth for some of the more "messy"
images. In the beginning of processing, it is a good idea
to take a careful look at the image and its raw data. If
there is no attitude data, the image may or may not be
accurate, and if you try to find the boundary you must keep
near the center of the image and realize that the results
may not be too accurate. If the roll is almost nonexistent,

it is probably not such a good idea to use roll adjustment
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derived by the computer as this can distort the image and
its boundary. Some images may prove on first glance that
they have too much noise or dayglow to be deciphered and are
worth putting away for another time.

After the initial glance at the raw image, the aim
is to change the image so it can be plotted on a sphere with
the pole at the magnetic pole. The final image should have
a clearly defined boundary between the aurora and the area
around it. There are several steps along the way. First,
the ad3justments for correcting yawing, rolling, and pitching
must be made. If there is no data, they won't be made-- it
is best to avoid roll adjustment except in cases of serious
roll as it can distort the image. Then the image must be
smoothed, a very complex process which can often create
errors in the boundary, as it is along this boundary where
smoothing doesn't work as well. This smoothing, or
filtering, works in the following way: it takes the average
of the number in its own pixel (each pixel contains a number
representing its brightness) and the pixels closest by and
uses the average in itself. For example, if five-pixel
smoothing were being used, the program would take the
average of the pixel and two pixels on each side of it and
place it in the original pixel. The process above is done
horizontally and then vertically and then the whole thing is
repeated. The -eason smoothing doesn't work so well is that

computer uses a different smoothing for the aurora and for
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what it thinks is not the aurcra. 'The program decides that
a certain percentage of the image is aurora and it uses very
little smoothing in order to keep the areas of brightness in
an aurora; it uses a large-pixel smoothing, such as 25, in
the non-aurora, in order to eliminate noise and dayglow.

The problem with this is that points on the edge of the
aurora which are not aurora will be averaged in with values
that are extremely high (13 pixels in for 27 pixel smoothing
is often into the brightest part of the aurora) and will
appear to become part of the aurora, thus pushing the
boundary too far to the south. This can be eliminated by
optioning to make the computer accept more of the image as
aurora and use small smoothing on the aurora. This will
create a reasonably consistent boundary without changing the
actual location. If there are noise points which have not
been properly smoothed out that can be "figed" later.

The final step, once the image is plotted on
magnetic coordinates, is to find the boundary of the aurora
using a program which selects a series of points along the
boundary that have a certain brightness or greater. Since
the program depends on the counts in the pixels, it requires
that you know what values to enter for the threshold.

Values for the threshold are based on the smoothing and the
amplification-- during the previous processing each pixel is
multiplied by a constant to make the brighter points easier

to distinguish. For example, if the constani multiplier
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(amplification) were 15 and the smoothing was 5 or less, you
could assume that any point under 7.5 was definitely not on
the aurora, because even with smoothing no point which was
originally outside the aurora and not surrounded by very
bright noise couldn't possibly have a value of more than
half the original amplification. If the smoothing has been
kept very small on the border of the aurora then it would be
safe to assume that 7.5 would be a reasonable threshold for
this example. However, if the aurora got very bright very
quickly or if there was a little noise or slightly larger
smoothing it could be wise to choose a threshold higher than
7.5 (but not larger than 15) in order to keep the boundary
from being set too far out. Thus, any threshold between
half the amplification and slightly less than the
amplification would find the border with an accuracy of at
least a half of a degree. If there is almost no noise and
no smoothing, a threshold of half the amplification should
be able to find the exact boundary. Also note that it is
important to not try to find the boundary too close to the
edges of the image.

When the boundaries of a sample group of aurorae
have been found then their radii (distance from magnetic
pole) can be compared to the K, index. The one problem with
the K, index is that it is very inexact and although a high
K, should indicate a good deal of current, how long does

this current last and how much can it change in its three-
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hour measuring range? This index is a good general
guideline but it does not have an exact relationship to the
auroral radius. The reason that we can use the K, index to
compare is that it measures the amount of disturbance (or
current/energy) and the radius of an aurora will have to get
larger to sustain more energy, because the excess current
needs to be in contact with more area to release more
energy. If the current got too great at a certain radius to
release all its electrons it would seek a larger path for
the current to run in. Thus an increase in K, should bring
about an increase in radius of the aurora.

The data I got seems to corroborate this theory.
Although there are a few stray points, the data basically
forms a line with a positive slope. Most of the data is
from the winter of 1986-87, but there are some points from
the winter of 1987-88 to show that graphs of K;-radius
(including higher values of K,)
from other years follow the same pattern. Three marks
((K;=1.67, radius=24.12), (2.33, 27.67), (2.33, 25.54)) were
left off the calculation for the line as they are so far
off-- their difference is probably just caused by erroneous
attitude data. Several of the stray marks may be attributed
to the fact that they occurred .in especially noisy times and
there was a great deal more disturbance still floating
around, although the K, may have been low for those three hours.

Overall, the results indicate that K, is directly
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Overall, the results indicate that K$ is directly
proportional to radius of the aurora and that the
approximate algorithm relating the two is
radius(degrees)=16.89+1.47(Kp), assuming that the center of
the aurora lies at magnetic latitude 85.6 degrees and
magnetic local time 0.8 hours. This can be made use of by
using K, to determine where the aurora will appear, helping
people to keep it from interfering with their

communications, tracking systems, or satellite pictures.
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APPENDIX 1: CORRECTING ERRORS IN IMAGE PROCESSING

Images produced by a satellite are often
distorted, bent, or turned. If the satellite was completely
stable and the earth were completely flat the image would be
much more true, but unluckily this is not the case. Due to
the curvature of the earth and the yawing, pitching, and
rolling of the satellite, the images are often incorrectly
placed or proportioned. Yawing, the rotating of a
satellite, is one of the most prominent problems associated
with the Polar Bear satellite flight. Correcting the error
caus2d by yawing can lead to much greater accuracy of data
processing.

It is important to understand how yawing changes
the data before going farther into the problem. If a
satellite were directly over the pole and focusing on a
pixel at 70 degrees latitude, yawing would reposition the
pixel at 70 degrees latitude to different longitudes. If
the satellite yawed 360 degrees it would view all pixels at
70 degrees latitude. However, if it was not directly over
the pole yawing would also produce changes in latitude.
However, the distance between the real and erroneous
latitudes will always be measured by a circular arc,

assuming that the aurora forms a concentric shell around the
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earth. The direction of the error coincides with movement
along a circular path in the opposite directon of the

awing. _ - - ) -+
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The procedure for determining exact error can be
determined by a series of geometric and trigonometric
operations which can be combined into a fairly simple
equation for determining how many kilometers error the
yawing caused. First, however, a get of variables must be
introduced in case certain adjustments need to be made. R,
will stand for the radius of the earth, normally about 6370
km except when taking polar shrinkage into account. D will
stand for the distance between the satellite and the part of

the aurora directly under it. D, will stand for the

distance between the aurora and the earth. Angle x will be
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the angle betwéen the line perpendicular to the aurora and

the line pointing to the point being viewed, while angle e

will be the angle of error.

Angle y will be the angle

between the line drawn to the point on the aurora and angle

2 will designate the central angle shown in the diagram.
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The equation is generated in the following way.
First, the law of sines is used to generate angle y (which

must be made into a -quadrant II angle in order by

subtracting it from 1809 and then angles x and y are

subtracted from 180° in order to find angle z.

Y:Tl_ —_— 5‘n"\ [(d-£+ dk"' lQEX%\Y) Z)

dA'\‘RE

Z‘-TF—-—XMEJ
Then t! law of sines can be used again in order

to find the distance between the satellite and the viewing

point on the aurora, d
sin 2(da *Re)
’________—_____.—._4

d
1 sin X

: This segment can be duplicated and the angle e can

q

be placed in between the two segments as in our example of a
satellite directly over the pole-- that is, we have the
right to create an isosceles triangle because this example

shows the segments will be the same lengths. The length of
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half the base of the isosCeleS»tfiangle can then be found
using the definition of sine.
7= sn(3e) - dy
Creating a triangle 1ike the one in the figure
below, with the center of the earth as one vertex, the

central angle of the earth can be found using inverse sine.

§=¢ofellite
1
C =center of-eacth
Pz orel hen
?vmw&3

Rg Md‘m )

d&=d\‘a¥om.b
between carth
C and Qurono

After doubling this angle and converting it to
radian measure, the formula for arclength of a sector,
s=r(theta), we can multiply the angle by the quantity R, +

d, in order to find the actual distance error.
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Actual Distance Error=2w (Re + Do)
Therefore, the final equation would be, with c=actual

distance error:

([d+d,*+R,] [sinx] ) _
d,+r,

x]

sin[arcsin

c=2(r +d,)arcsin(sin (=) :
2 sinx

Note: The above equation is slightly simplified, as the
pi’s subtract out and the "d, + R,"’'s cancel out by

division.
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Figure
FIgure
Figure
Figure
Figure
Figure
Figure

Figure

DATA RESULTS SECTION

Images before and after processing.

: Image containing dayglow.
: Chart of sample yaw calculations.

: Table of images used in data.

Graph of 1987 images a%-radius).
Graph of 1988 images (Kp-radius).
Graph of 1987-1988 images (Kg-radius).

Chart of how points from graph above fit onto the

line relating all the points.
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Figuee 1

Image before processing Image after processing
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Figure 2

Image with dayglow
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Figure 3

Error caused by yawing

The following table contains specific examples of
calculating the error caused by a known degree of yaw using
the final equation from appendix 1. They are not actual
calculations used in the data set but they give a good idea
of how well you can rely on imageds without attitude data
and how specific degrees of yaw affect the image. The
viewing angle is angle x, the angle between the satellite

and the pixel being viewed.

VIEWING ANGLE DEGREES YAW KM ERROR DGR ERROR
30 2.5 41.5 <37
30 5.0 90.25 .81
30 7.5 135.73 1.22
50 2.5 61.17 .55
50 5.0 152.3 1.36
50 7.5 202.9 1.82
15 2.5 36.5 «33
15 5.0 78.66 .71
15 7.5 119.7 1.08
7.5 2.5 35.5 32
7.5 5.0 76.40 .69
7.5 7.5 116.24 1.04

Note: In the equati~1 radians must be used as a unit of
measure, and the answer is in kilometers, but I used degrees
on the table because it is easier to visualize angles in

degrees and distance on the earth in degrees latitude.
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DATE

2/28/87
2/28/87
1/29/87
2/28/87
2/22/87
1/25/87
1/30/87
2/28/87
2/22/87
2/6/87

2/19/87
1/27/87
1/27/87
2/2/87

1/14/88
1/14/88
1/14/88
1/14/88
1/24/87
1/23/87
1/24/87
1/26/87
2/24/87
2/11/87
2/19/87
2/19/87
2/19/87
2/6/87

2/7/87

2/9/87

2/9/87

1/23/87
1/28/87
1/28/87
2/9/87

1/28/87
2/8/87

1/27/87
1/31/87
2/3/87

2/4/87

2/4/87

2/5/87

1/25/87
1/25/87
1/26/87
1/29/87
1/29/87
1/30/87
2/2/87

2/4/87

2/5/87

Figure 4

TIME (UT)

EEZREEREER

11:54 PM
1:54 AM
12:12 AM
10:24 PM
3:48 AM
2:06 AM
7:36 PM
11:06 PM
12:30 AM
10:42 PM
12:30 AM
10:24 PM
7:18 PM
9:42 PM
10:12 PM
10:12 PM
9:06 AM
7:12 PM
3:54 AM
5:12 PM
6:54 PM
10:42 PM
9:42 AM
11:24 PM
11:12 PM
6:12 PM
4:24 AM
7:30 PM
7:42 PM
11:00 PM
9:42 PM
11:24 PM
6:42 PM
1:00 AM
2:42 AM
10:24 PM
10:12 PM
12:00 AM
3:42 AM
10:24 PM
4:12 AM
1:12 AM

2.33
2.00
4.67
2.33
4.00
2.67
1.67
1.67
4.33
1.33
2.33
1.00
1.00
0.33
4.00
4.00
6.33
7.00
2.67
3.00
2.33
0.33
4.00
1067
2.33
2.33
2.33
1.33
1.67
2.67
1.00
3.00
3.00
3.33
3.33
3.33
3.33
0.67
0.67
0.67
0.67
0.67
0.67
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33

10-20

RADIUS (degrees)

25.54
20.88
21.07
27.67
26.92
18.81
19.47
23.86
24.67
18.70
17.74
17.97
18.20
18.53
22.40
22.34
28.01
30.94
20.19
21.73
20.84
17.79
22.13
20.79
19.00
18.75
17.61
19.48
18.07
20.79
19.10
21.38
22.38
22.01
22.63
23,57
20.80
18.09
18.70
17.18
19.02
18.50
18.54
17.98
17.10
17.71
17.48
16.06
17.48
18.40
17.60
16.93




DATE

2/5/87
1/4/88
1/4/88
1/6/88
1/11/88
1/14/88
1/7/88
1/7/88
1/7/88
2/21/88
1/2/88
1/4/88
1/13/88
1/13/88
1/10/38
1/11/88
1/13/88
1/4/88
1/9/88
1/9/88
1/9/88
1/10/88

TIME (UT)

2:54 AM
9:36 PM
11:18 PM
8:48 PM
4:06 AM
12:18 AM
3:48 AM
9:18 PM
11:06 PM
1:42
8:18
4:06
7:06
8:48
3:36
7:48
1:36
7:36
6:54
8:36
10:18 PM
12:06 AM

PEEESREEEZR

0.33
5.33
5.33
6.00
4.00
4.00
4.33
4.00
4.00
4.00
2.00
2.00
2.00
2.00
0.00
0.33
0.33
1.00
1.00
1.00
1.00
0.67
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RADIUS (degrees)

16.85
22.66
26.18
26.09
20.18
21.32
22.50
23.19
21.27
18.26
22.14
17.81
20.08
19.82
15.39
17.66
18.07
20.36
18.08
19.03
18.29
18.07




I | T ™
~ | 1°
0d
@)

A
!,I]

- — 10
5
S o
& o
RS
T 3 - <
oo
o
o O o o
-
Il © 00 1™
*

- 00 ©
)
3 3 & ¥ @
=
O © —1 N
L
o o 6 © ©
=
e o o
=

— o ® -1

PO ©
OWP® O

1 | L | | 1 | | -
= Q e © < ~N o e © <
M M N N AN N N — — —

(ss24b2p) snipou
10-22




Figure 6

fit to radius, *=1988, diamonds=1987/
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fit to radius, *=1988, diamonds=1987/
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1 Figure 8

INPUT THE DEGREE OF THE POLYNOMIAL (=<9)

1

A( 1) = 0.1688913E+02

A( 2) = 0.1470254E+01

X, Y, Y FIT, Y - (Y FIT) DIFFERENCE
2.0000 20.8800 19.8296 1.0504
4.6700 21.0700 23.7552 -2.6852
4.0000 26.9200 22.7701 4.1499
2.6700 18.8100 20.8147 -2.0047
1.6700 19.4700 19.3445 0.1255
4.3360 24.6700 23.2553 1.4147
1.3300 18.7000 18.8446 -0.1446
2.3300 17.7400 20.3148 -2.5748
1.0000 17.9700 18.3594 -0.3894
1.0000 18.2000 18.3594 -0.1594
0.3300 18.5300 17.3743 1.1557
4.0000 22.4000 22.7701 -0.3701
4.0000 22.3400 22.7701 -0.4301
2.6600 20.1900 20.8000 -0.6100
3.0000 21.7300 21,2999 0.4301
2.3300 20.5600 20,3148 0.2452
0.3300 17.7900 17.3743 0.4157
4.0000 22,1300 22.7701 -0.6402
1.6600 20.7900 19,3298 1.4602
2.3300 19.0000 20.3148 ~1.3148
2.3300 18.7500 20,3148 -1.5648
2.3300 17.6100 20.3148 -2.7048
1.3300 19.4800 18.8446 0.6354
1.6700 18.0700 19.3445 -1.2745
2.6700 20.7900 20.8147 -0.0247
1.0000 19.1000 18.3594 0.7406
3.0000 21.3800 21.2999 0.0801
3.0000 22.3800 21,2999 1.0801
3.3300 22,0100 21,7851 0.2249
3.3300 23.6300 21,7851 1.8449
3.3300 23,5700 21,7851 1.7849
3.3300 20.8000 21,7851 -0.9851
0.6700 18.0900 17.8742 0.2158
0.6700 18.7000 17.8742 0.8258
0.6700 17.1800 17.8742 -0.6942
0.6700 19.0200 17.8742 1.1458
0.6700 18.5000 17.8742 0.6258
0.6700 18.5400 17.8742 0.6658
0.3300 17.9800 17.3743 0.6057
0.3300 17.1000 17.3743 -0.2743
0.3300 17.7100 17.3743 0.3357
0.3300 17.4800 17.3743 0.1057
0.3300 18.0600 17.3743 0.6857
0.3300 16.0600 17.3743 -1.3143
0.3300 18.4000 17.3743 1.0257
0.3300 17.6000 17.3743 0.2257
0.3300 16.9300 17.3743 -0.4443
0.3300 16.8500 17.3743 -0.5243
7.0000 30.9400 27.1809 3.7591
6.3300 28,2900 26.1958 2.0942
5.3300 22,6600 24.7256 -2.0656
5.3300 26.1800 24.7256 1.4544
6.0000 26.0900 25.7107 0.3793
4.0000 20.1800 22.7701 -2.5901
1.0000 21.3200 22.7701 -1.4501
4.3300 22.5000 23.2553 -0.7553
4.0000 23,1900 22.7701 0.4199
4.0000 21,2700 22,7701 -1.5001
4.0000 18.2600 22,7701 -4.5101
2.0000 22.1400 19.8296 2.3104
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.0000
.0000
.0000
.0000
.3300
.3300
.0000
.0000
.0000
.0000
.6700
CHISQR = 0.70091E+03
FORTRAN STOP

OFRREFERFRFROCOONNDND

17.8700
20.0800
19.8200
15.3900
17.6600
18.0700
20.3600
18.0800
19.0300
18.2900
18.0700
SUM ABS(DIFF)
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.8296
.8296
.8296
.8891
.3743
.3743
.3594
.3594
.3594
.3594
.8742
75.635

.9596
.2504
.0096
.4991
.2857
.6957
.0006
.2794
.6706
.0694
.1958




SOLAR TERRESTRIAL INTERACTIONS

GALEN MCKINLEY

This summer, I worked on an ongoing project to produce a database
of all the data collected by neutron monitors at stations all over the
world during solar Ground Level Events (GLE's).

A GLE is often the result of a powerful solar flare that greatly
increases the number of solar protons hitting the surface of the Earth.
There have been 52 such events between February 1942 (Event #1) and June
1991 (Event #52) which have been recorded by 122 various stations. The
wvays in which the stations have recorded these data and the entirety of
their reports vary widely. Therefore, it is important to establish a
computerized database that s in a standaxd format, that is easy to
understand, and that 1s quick to access via electronic mail and by
computer programs for analysis.

By standardizing and simplifying the data, we are making it
accessible to scientists who are nov able to study GLE's more

effectively and learn more about the sun and solar effects on the Earth.

To help establish this database, I entered and processed some
miscellaneous data from various events. However, I mostly updated entire
events to ensure that they were as complete as possible before they were

moved from the CDC CYBER 750 to the VAX 8650. To do my tasks, I used a
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ZENITH PC as a terminal emulator for these two computers.
I worked with several different t&pes of files on the CYBER and
VAX.

An E-flle contains raw, unprocessed data that have been entered
directly from the reports sent to us by the 122 various stations. In a
complete file, there are uncorrected counts, pressures, and pressure
corrected counts for all the time intervals desired for the specific
event. However, incomplete files are still processed and included in the
database becausa they can still be very informative and useful.

(See Example #1)

A C-file is an E-file that has been processed by computer programs
written by Loulse Gentile. It includes the counts per second and the
percentage increases that are useful to the scientist because they show
the increased levels of solar particles during an event.(See Example #2)
The percentage increase is also plotted by the computer to give a visual
representation of the increased flux during an event. (See Example #3)

A NTP file contains station informatlon and scale factors for the
rav data. These files are needed to process the data because they hold
information that the computer programs use to change the raw data in an
E-file to the counts per second and percentage increase of the C-fllie.
They also contaln information that is used to make the headers that top
each E- and C-flle. These headers tell the sclentist where a station is
located on the globe, its altitude, and other information that makes
studying the data more effective and productive. (See Example #4)

The catalog lists the data we have received from the stations for
each event, shows which data has and has not been entered, and gives the
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station information used in the NTP files.

The event folders are where we store the station reports that are
sent to us for each event. The event notebooks ars the books in which
the hard copies of the E- and C-files, and the plots are kept for

reference.

Updating an event 1s a process that includes many steps to insure
that the event is as complete as possible once it has been updated. We
want to get rid of any problems or mistakes that were not resolved when
the huge task of entering fifty years of data was f£irst undertaken.

Fixst, I would check the catalog against the NIP file to make sure
that there were no discrepancies so that the catalog and the headers
would be consistent. Then, I would go through the event folder and the
event notebook to make sure that no new data needed to be entered into
the E-files. I would enter whatever data need to be added and talk with
Louise Gentile, Jack Campbell, or Peggy Shea to work out any other
problems with the data. Once there were no more problems or unentered
data, I would remove the old headers and reprocess the E-flle. I would
print out the E-file, C-£ile, and plot. Then, after they were checked by
Loulse, I would take out the old file in the event notebook and replace
it vith a nev one. The last step in thls process was to move the updated
files to the VAX where they will be permanently stored and will be

accesgible to scientlsts via electronic mail.

This summer, I also used data from the GLE database during a

pxoject to analyze data collected for Events #15-#51 at the Oulu station
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in Finland. I worked with Nick Vickers to find the onsets of these
events. The onset is the time period in which the first sign of
increased solar protons is found. First, I calculated the point at which
a sharp increase can no longer be considered noise in the data. To do
this, I found the counts per second at the baseline of the event. Then,
I multiplied this number by the seconds in the interval I wvas examining.
Then, I took the square rooc¢ of this product. The number I arrived at is
called the standard deviation of the data, or the sigma. Thirty percent
of all randomly generated data will be under this level In terms of a
percentage increase. However, ninety elght percent of all noise will be
under three sigma. So I multiplied the sigma for each interval of each
event by three and compared it to the percentage increases for the event
that were recorded at Oulu. I choss an onset at a time where the
percentage increase was above three slgma and where it stayed above
three sigma for several intervals. Nick also compared the percentage
increases to the three sigma and decided where he thought the onset
occurred. Nick and I then discussed our results and chose an onset that
made sense to us both. Our work will be used In a paper written by
Louise Gentile and other sclentists that will be dellvered to the Cosmic
Ray Conference in Dublin, Ireland in August 1991.

The project of producing this extensive database of GLE data is
not yet finlshed for many reason¢. There 1ls an enormous amount of data
to be acquired, entered, and processed. Although much of these data have

been added to the database, there is much more to do. Also, there are
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many problems with the data we have. Often times, we cannot interpret
the data, or insufficient data have been provided, or station
information is incorrect. More of these problems must be resolved before
the project is complete. Once it is complete, all that will need to be
done is to enter new data from new events to keep the database up-to-

date and useful for scientists' study of GLE's.
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MTWASHNGTN LATITUDE
MTWASHNGTN INSTRUMENT

MTWASHNGTN STANDARD PRESSTRE

44.30
IGY
23.8

LONGITUDE
NEUTRON MONITOR
INHG COEFFICIENT -25.00

0

288.70

MTWASHNGTN PRE-INCREASE BASELINE TIME INTERVAL
MTWASHNGTN PRE-INCREASE AVERAGE COUNTING RATE

MTWASENGTN TIME INTERVALS
MTWASHNGTN SCALE FACTORS
YYMMDD SEC

STATION

MTWASENGTN 590716
MTWASHNGTN 590716
MTWASHNGTN 550716
MIWASENGTN 590716
MTWASHNGTN 590716
MTWASHNGTN,: 590716
MTWASHNGTN 592716
MTWASHNGTN 590716
MIWASHNGTN 590716
MTWASHNGTN 590716
MTWASHNGTN 390716
MTWASHNGTN 590716
MTWASHNG'TN 590717
MTWASHNGTN 590717
MTWASHNGTN 580717
MTWASHNGTN 590717
MTWASHNGTN 590717
MTWASHNGTN 590717
MIWASHNGTN 590717
MTWASHNGTN 590717
MTWASHNGTN 590717
MIWASHNGTN 590717
MTWASHNGTN 520717
MTWASHNGTN 590717
MTWASHNGTN 590718
MTWASHNGTN 550718
MTWASHNGTN 590718
MTWASHNGTN 590718
MIWASHNGTN 590718
MTWASHNGTN 590718
MITWASHNGTN 550718
MTWASHNGTN 550718
MTWASENGTN 590718
MTWASHNGTN 590718
MTWASHNGTN 590718
MTWASHNGTN 590718
*

7200
7200
7200
7200
7200
7200
7200
7200
7200
7200
7200
7200
7200
7200
7200
7200

7200
7200

7200

64.
TIME (UT)
INTERVAL
000000-020000
020000-040000
040000-060000
060000-080000
080000-100000
100000-120000
120000~-140000
140000-160000
160000-180000
180000-200000
200000-220000
220000-240000
£00000-020000
020000-940000
040000-060000
060050-080000
080000~100000
100000~120000
120000-140000
140000-160000
160000-180000
180000-200000
200000-220000
220000-240000
000000-020000
020000-040000
040000~060000
060000~080000
080000~100000
100000~120000
120000-140000
140000-160000
160000~180000
180000~200000
200000-220000
220000~240000

CODE
TD

UNCORR
COUNTS
1642.
1646.
1652,
1661.
1656,
1678,
1578,
1688,
1691.
1698,
1724.
1739,
1758,
1799.
1838,
1850.
1879,
1847.
1806.
1809,
1794.
1772,
1696.
1632,
1556.
1552,
1546.
1514,
1550..
1582,
1614,
1628,
1632.
1638.
1670.
1698.

06/24/91

ALTITUDE 1509 M

% / INHG

RARARRARRARR R AR AR AR R AR AR AR R ARAARAARRARRRARRARRRRARRARRAARARKARRARRRRAS R RARR
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590716 220000-240000 woT
COUNTS PER SECOND
. PRESS. CORR. § INC.
( INHG) COUNTS
24,15 1792,
24.15  1794.
24,13 1792,
24.12 ' 1797,
24.11 1787,
24.11 1813,
24,12 1815.
24.12 1828,
24.10 1823,
24.09 1826.
24.08 1849,
24.07 1860,
24.07 1881.
24,06 1920,
24,06 1959,
24.04 1964.
24,05 1998,
24,05 1964,
24,05 1920,
24.04 191,
24.03  1900.
24.02 1872,
24.01 1787,
23.99 1711,
24.00 1634,
23,99 1627,
23.99 1619,
23.97 1580,
23.97 1617,
23.98  1655.
23,99 1691,
23.97 1699,
23.97 " 17030
23.96 1203,
23,95 1732,
23.93 1752,
EOTMTHWS 06/24/91




MTWASHNGTN
MTWASBNGTN
MTWASENGTN
MTWASENGTN
MTWASHNGTN
MTWASHNGTN
MTWASENGTN
STATION

MTWASHNGTN
MTWASHNGTN
MTWASHENGTN
MTWASHNGTN
MTWASENGTN

MTWASHNGTN:

MTWASHNGTN
MTWASHNGTN
MTWASENGTN
MTHASHENGTN
MTWASHNGTN
HTWASENGTN
MTWASHNGTN
HWTAASHNGTN
MTWASHNGTN
MTWASHNGTN
MTWASHNGTN
MTWASHNGTN
MTWASHNGTN
MTWASHNGTN
MTWASHNGTN
MTWASHNGTN
MTWASHNGTN
MTWASHNGTN
MTWASHNGTN
MTRASHNGTN
MTRASHNGTN
MTWASHNGTN
MTWASHNGTN
MTWASENGTN
MTWASENGTN
HMTWASHNGTN
MTWASHNGTN
MTWASENGTN
MTWASANGTN
&TWASHNGTN

06/24/91

LATITUDE 44.30 LONGITUDE  288.70 ALTITUDE 1909 M
INSTRUMENT IGY NEUTRON MONITOR
STANDARD PRESSURE 23.80 INHG COEFFICIENT -25.00 % / INHG

PRE-INCREASE BASELINE TIME INTERVAL
PRE-INCREASE AVERAGE COUNTING RATE

5900716 220000-240000 OT
16.53 COUNTS PER SECOND

TIME INTERVALS 7200

SCALE FACTORS 64. . ‘ . . .
YYMMDD SEC  TIME (UT) CODE  UNCORR. PRESS. CORR. % INC.

INTERVAL TD C/S  (INHG) c/s

590716 7200 000000-020000 00 14.60  24.15 15.93 -3.6
590716 7200 020000-040000 00 14,63 24.15 15.95 -3.5
590716 7200 040000~-060000 00 14.68 24,13 15.93 -3.6
590716 7200 060000-080000 00 14.76 24.32 15.97 -3.4
590716 7200 080000-100000 00 14.72 24.11 15.88 -3.9
590716 7200 100000-1.20000 00 14.92 24,11 16.12 -2.5
590716 7200 120000-140000 00 14.92 24.12 16.13 -2.4
590716 7200 140000-1600C0 00 15,00 24.12 16.25 =1.7
590716 7200 160000-180000 00 15,03  24.10 16.20 .-2.0
590716 7200 180000-200000 00 15.09 24,09 16.23 -1.8
590716 7200 200000-220000 00 15.32  24.08 16.44 =5
590716 7200 220000-240000 00 15.46 24107 16.53 .0
590717 7200 000000-020000 00 15.63  24.07 16.72 1.1
590717 7200 020000-040000 00 15.99 24,06 17.07 3.3
590717 7200 040000-060000 00 16.34 24.06 17.41 5.3
590717 7200 060000-080000 00 15.44 24,04 17.46 5.6
590717 7200 080000-100000 00 16.70 24.05 17.76 7.4
590717 7200 100000-120000 00 16.42 24.05 17.46 5.6
590717 7200 120000-140000 00 16,05 24.05 17.07 3.3
590717 7200 140000-160000 00 16,08 24.04 17.05 3.1
590717 7200 160000-180000 00 15.95 24,03 16.89 2.2
590717 7200 180000~-200000 00 15,75 24,02 16.64 o7
590717 7200 200000~220000 00 15,08 24.01 15.88 -3.9
590717 7200 220000-240000 00 14.51  23.99 15.21 -8.0
590718 7200 000000~020000 00 13.83  24.00 14,52 -12.2
590718 7200 020000-040000 00 13.80 23.99 14.46 =-12.5
590718 7200 040000-060000 00 13.74 23.99 14.39 -12.9
590718 7200 9560000-080000 00 13.46  23.97 14,04 =-15.1
590718 7200 080000-100000 0O 13.78  23.97 14,37 -13.1
590718 7200 100000~120000 00 14,06 23.98 14.71 =-1l.0
590718 7200 120000-140000 00 14,35  23.99 15,03  -G.1
590718 7200 140000-160000 00 14.47  23.97 15,10 =-8.7
590718 7200 160000~180000 00 14.51  23.97 15,14 -B.4
590718 7200 180000-200000 00 14.56 23.96 15.14 -8.4
590718 7200 200000-220000 00 14.84  23.95 15.40 -6.8
590718 7200 220000-240000 00 15.09 23.93 15.57 5.8

ARARRARKARKRRAR KRR AR R AR R AR A AR R AR R AR RAARRRARRRARRRARRARRRRA AR ARk kAR R AR ARAR R AR
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EXEMPIE #2 : A C-FILE
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TEMPERATURE, KINETIC ENERGY, AND INTERNAL ENERGY
DEPENDENCES AND ISOTOPIC EFFECT FOR THE REACTION
OF CI- WITH CH3Br

John S. Paschkewitz, High School Apprentice Program
A. A. Viggiano, R. A. Morris, Mer,iors
Phillips Laboratory, Geophysics Directorate, lonospheric Etfects Division (LID),
Hanscom AFB, MA 01731

Abstract

Rate constants for the reactions of Cl- with CH3Br and CD4Br have been measured
as a function of reactant ion/neutral average center-of-mass kinetic energy
(<K.E.c.m.>) at several temperatures using the Variable Temperature Selected lon
Flow Drift Tube (VT-SIFDT) apparatus. Rate constants wsre found to show identical
negative temperature and kinetic energy dependences (1% and <K.E.c.m.>%8 for
the CI* + CH4Br reaction, T09 and <K.E.c.m.>9 for CI* + CD4Br) and showed little if

any internal energy dependence. Rate constants for Cl* + CD3Br were slightly
gre=ter than those for CH,Br at low <K.E.qm.>, but at high <K.E.c.m.>, there was no

i¢ _tope effect within experimental uncertainty.

Introduction

Nucleophilic aliphatic substitution reactions, especially of the nucleophilic
bimolecular substitution or Sy2 type, are a well-studied but still interesting class of

chemical reactions. Sy2 reactions, such as the CI* + CHgBr reaction studied in this
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experiment, are believed to involve displacement of a nucleophile by a stronger
nucleophile as shown in Figure 1. The reaction mechanism involves backside
attack by the stronger nucleophile, resulting in an inversion of configuration, much
like the flipping tutwards of an umbreila in a gale, and the displacement of the

weaker nucleophile, '+ 2

The rate at which the Sy2 reaction proceeds is affected primarily by
temperature and steric factors. Electron affinities have little effect since any electron
withdrawal or release by any of the substituents has the same effect on both the
reactants and the transition state. ! Like many reactions, however, the Sy2 reaction
is affected by temperature change, which affects the total energy of the reactants.
The total energy is the sum of the translational energy and the rctational and
vibrational modes of internal energy. However, the population of each mode of

internal energy may have a different effect on the reaction rate. 3

The vibrational modes of internal energy were of particular interest in the
reaction CI~ + CHaBr — Br™ + CH,Cl (AH= -30 kJd/mole). It was expected that the

"umbrella® and C-Br stretch modes of vibration would affect the reaction rate. By
using the Variable Temperature Selected lon Flow Drift Tube (VT-SIFDT) to vary
internal energy at a fixed collision energy, internal energy dependences could be

derived.

Experimental

Measurements for this experiment were carried out on the Variable
Tempserature Selected lon Flow Drift Tube (VT-SIFDT) at Phillips Laboratory,

Hanscom AFB (see Figure 2). Detailed descriptions are given by Graul and
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Squires,* Smith and Adams,® and Viggiano et al. 8 The VT-SIFDT produces ions,
uses a flowing inert carrier gas to carry them through a flow tube into which a
reactant gas or gases are injected, and uses a quadrupole mass filter and particle
detector to determine products. The VT-SIFDT also allows for a greater degree of
versatility than flowing afterglow or Selected fon Flow Tube (SIFT) reactors due to

its temperature variability and expanded energy range. 5

Positive or negative ions are produced using a high pressure (0.1-1.0 Torr)
ion source. These ions are focused into a low pressure (1 04 Torr). quadrupole
mass filter using a series of electrostatic lenses. A 6" diffusion pump is used to
maintain low pressure in the quadrupole chamber.® After mass analysis, the ions
pass through another series of lenses to optimize ion current in the flow tube.?
Because the flow tube operates at high pressure (0.5 Torr), a venturi inlet is used to
inject the ions into a fast-flowing helium buffer exhausted to a high-capacity Roots
blower pumping the flow tube. The venturi inlet consists of a 2 mm wide ion
entrance aperture surrounded by an annular slit which expels helium carrier gas at
high velocity, creating a venturi effect and allowing the ions to pass from a region of

low pressure to one of high pressure.*

The flow tube itself is a stainless steel tube 1 m in length with a 7.6 cm
outside diameter. To allow for variable temperature (85-550K) operation, the flow
tube is surrounded by a copper jacket connected to resistive heaters for heating,
and a series of copper tubing heat exchangers brazed to the jacket through which
liquid nitrogen can flow for refrigeration. The helium carrier gas is preheated or
precooled using copper tubing brazed to the jacket. Resistance temperature
detectors are attached to the jackét in various locations to monitor the temperature.

The entire flow tube is surrounded by a vacuum box which acts as a Dewar-type




insulator, and the tube is wrapped in foil to minimize heat transfer by infrared

radiation.®

lon kinetic energy can be controlled by means of a drift tube mounted inside
of the flow tube. The drift tube is made of 60 stainless steel rings, 0.1 ¢cm apart and
connected electrically by external resistors. Voltage is applied to the resistor chain,
which in turn applies a potential to each ring, generating a uniform electrostatic field
along the axis cf the flow tube and allowing a broader energy range for ion
interaction with the reactant gas. lon flight times are determined by applying pulses
to two of the rings and measuring the flight times using a digital time of flight unit
connected to a multichannel analyzer. lon velocily is determined by dividing the
difference between the two flight times by the distance between the two rings, and
the wiift velocity at given field is determined by subtracting the ion velocity at zero

field from the ion velocity at the given field. 3+ 8

The average Kinetic energy in the ion-neutral center-of-mass system, (KE¢m),

in the drift tube is derived from the Wannier formula’ as

K m. + mb mn\,g 'QkT
(1) ( Ecrn) n) ¥

where mj, mp, and mp, are the masses of the reactant ion, buffer gas, and reactant
neutral, respectively; vq is the ion drift velocity; and T is the temperature. The first
term in the formula is the energy supplied by the drift field, and the second term is
the thermal energy. This formula is an excellent approximation of the ion energy at

low ion energies.® 9 At energies approaching 1 eV the formula is still good to within
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110%. The neutral reactant temperature under the conditions of the present

experiments is the same as that of the buffer gas.

The detection system is made up of an ion-sampling orifice, a lens system to
focus ions into a quadrupole mass filter, and an ion detector-amplifier. The orifice is
located in the center of a molybdenum disc located at the apex of a cone forming
part of the quadrupole/ detection system housing. The orifice is very small (0.2 mm
in diameter) to insure that a 6" diffusion pump connected to the chamber can keep
the pressure below 1074 Torr. After passing through the mass filter, the ions are
converted into electrons in a channel electron multiplier. The electron signal pulses

are amplified and counted on a pulse counter.?

One of the primary goals of the SIFT technique is to determine the rate
constant, k, for the generalized reaction:
(2) At+B—>C++D
The ion count rate of A* is monitored as a function of the flow rate of B in the flow

tube so k is defined by the first order rate equation

AT, aB)

(3) dt

In SIFT experiments, [B] >> [At], so equation 3 can be integrated to give:
Vo

(4) k=~3S

where S equals the slope of the plot of In [At] against [B] and z is the reaction
length. Average ion velocity (vi) is determined by the procedure described earlier,
and [B] is function of the flow rates of B and the buffer gas and the pressure in the
flow tube. The value of z depends on the mixing time for the reactant neutral which

is added through several reactant gas inlet ports.s The ports are rings measunng 4
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cm in diameter with 8 small (0.4 mm) holes pointing upstream. %The finite mixing
time of the reactant gas added through the injectors results in an end correction to
the reaction length, which must be accounted for in the computation of the rate

constant.5

The Cl- + CH4Br reaction in this experiment was investigated at 207 K, 300 K,
and 545 K, and with varying amounts of potential on the drift tube (0-215V) at each
temperature. The source gas for the Cl- was Freon-12. CH;Br was obtained from
Matheson and was 99.5% pure. The CD3Br reaction was run under similar
conditions, using 99% isotopically pure gas from Cambridge Isotope Laboratories.

The helium carrier gas was 99.997% pure.

The reproducibility of the rate constants is typically 4%, but can be as high
as 8% in the worst case (in which the ion signal is very low or the measured ion
decay is small). A standard emror propagation analysis was carried out to determine
the relative and absolute accuracies of the data. Sources of error are the above
reproducibility, 8%, and measurement of: temperature, 2%, pressure, 1%, ion flight
time, 3%; He flow rate, (relative,1%; absolute, 2%); neutral reactant gas flow rate,
(relative, 3%, absolute, 15%). These errors lead to overall uncertainties of £10% for
relative error and £18% for absolute error. Relative error is the uncertainty in the
ratio of two data points. Final relative and absolute uncertainties are £15% and

+25%, respectively, to account for systematic errors not treated in the above.5

The isotope effect, or the ratio of the CH;Br and CD4Br rate constants, can be

determined with much greater accuracy. By conducting two experiments, one with

CDg3Br, the other with CH4Br , under equal conditions, all experimental factors in

determining the rate constants are equal and thus only random error enters into the
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determination of the isotope-effect. The only factor which is not the same is the gas
correction factor, or GCF. The ratio of the GCF's for CH3Br and CD4Br can be
determined with an uncertainty of only £2%. The random error and error in the GCF

determine the total error.

Results

The rate constants of the reactions of CI* with CH;Br and CD3Br are shown in
Figure 3 as a function of <K.E.c n.>. For the CI- + CH,Br reaction, the rate constants
decrease with increasing <K.E.qc.m.> and temperature, and all of the rate constants
fall on one curve regardless of temperature. The CD4Br reaction rate constants are
slightly larger than those for CH3Br at low <K.E.c.m.>, but are equal within

uncertainty to the CH3Br results at higher energies.

Table 1 gives the isotope effect as a function of temperature. The isotope
effect appears to remain constant as a function of temperature (within uncertainty).
Table 2 gives efficiencies as a function of temperature. The efficiencies were
computad by dividing the true rate constant by the theoretical maximum rate

constant, which is a function of the neutral reactant's dipole moment and

polarizability.

Table 1:

Temperature (K) k CD3Br/k CH3Br
207 1.24 (+.0495) e-11
303 1.25 (£ .0367) e-11
538 1.13 (£.0838) e-11
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Table 2:

Temperature (K) efficiency CD3Br efficiency CHaBr
207 015 (1.5%) 012 (1.2%)

303 012 010

538 009 008

A plot of rate constants versus total energy is given in Figure 4. The data
points do not fall on one curve, but the data for each temperature fall on separate
curves, Rotational and average vibrational energies were computed in order to
determine total energy. Rotational temperature in a drift tube has been shown to
equal (3/2)KT, where K is the Boltzmann constant. Vibrational energy was
determined by

5) %hvnpop(n)

where pop(n) is the population of of the vibrational state, vp are the vibrational

frequencies, and h is Planck's constant.3
Discussion and Conclusions

The rate constant for the Cl- + CH3Br reaction was found to be proportional to
T98, and the rate constant for Cl* + CD4Br was found to be proportional to T-%°,
Kinetic energy dependences were identical to these temperature dependences. For
gach reaction, all of the rate constants fall on one curve, which suggests that there is
no internal energy dependence. The separation of the data by temperature in the
total energy plot suggests that there is no single total energy dependence. It
therefore also suggests that there is no effect due to rotational or vibrational

energies, and it can be concluded that neither the "umbrella® or C-Br stretch modes
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-of vibration had any significant effect on the reaction rate. Since the rate ccnstants

for the CD4Br and CH3Br reactions do differ (allowing for uncertainty) at low

<K.E.cm.>, it can be concluded that there is an isotope effect at these energies.

A comparison to previous results from Caldwell et al. is given in Figure 5.
There is a discrepancy at higher temperatures, suggesting that Caldwell's results
may be in error.10 The error may be due to the greater probability of large error
inherent to Caldwell's apparatus. For the isotope effect, the present data give a

nearly identical ratio (1.22 vs 1.25) to that published by Gronert et al. 1!

In summary, the SN2 reaction of CI* + CH4Br exhibits negative temperature

and kinetic energy dependences and an isotope effect at low <K.E.c.m.> upon

substitution of CD4Br for CH4Br. However, there is no internal energy effect due to

vibrational or rotational modes of internal energy.
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Figure Captions

1. Reaction mechanism for the reaction Cl~ + CH3Br — Br™ + CH4Cl (AH= -30
kJ/mole).

2. Schematic of the Variable Temperature Selscted lon Flow Tube (VT-SIFDT)

3. Rate constants for Cl- reacting with CH,Br and CD4Br as a function of <K.E.c.m.>.
The present rasults for the CH3Br reaction are shown as solid circles, solid squares,
solid diamaoncs, and solid triangles for data obtained at 207 K, 300 K, 538 K, and
564 K, respectively. The present results for the CD4Br reaction are shown as open
squares and open triangles for data at 300K and 564 K, respectively. Data points at
207 K for the CH4Br reaction are connected by a solid line. Data points at 300 K for
the CH,Br reaction are connected by a dashed line. Data points at 300 K for the
CD4Br reaction are connected by a dotted line. Note that temperatures similar for
the different sets of data are represented by similar symbols, i.e., solid symbols as

compared with open symbols.

4. Rate constants for CI- reacting with CHyBr and CD4Br as a function of average
total energy. The present results for the CH4Br reaction are shown as solid circles,
solid squares, solid diamonds, and solid triangles for data obtained at 207 K, 300 K,
538 K, and 564 K, respectively. The present results for the CD4Br reaction are

shown as opan squares and open triangles for data at 300K and 564 K,
respectively. Data points at 207 K for the CH,Br reaction are connected by a solid

line. Data points at 300 K for the CH4Br reaction are connected by a dashed line.

12-10




Data points at 300 K for the CD4Br reaction are connected by a dotted line. No

uncertainty is given,

8. Comparison of the rate constants for CI- reacting with CH4Br as a function of
<K.E.q.m.> and for those from Caldwell et al. 1 The present results for the CH,Br
reaction are shown as solid circles, solid squares, solid diamonds, and solid

triangles for data obtained at 207 K, 300 K, 538 K, and 564 K, respectively. Data
points at 207 K for the CH3Br reaction are connected by a solid line. Data points at

300 K for the CH4Br reaction are connected by a dashed line. Data obtained by

Caldwell et al. are shown as circled plusses, and connected by a dotted line. 19
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My work term this summer has been at the Ionospheric

Applications Branch of the Geophysics Laboratory on Hanscom
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AFB, Massachusetts. The work I have completed in the eight
weeks has dealt mostly with the use of computers. This has
included processing and analyzing ionospheric data, modifying
and debugging system software, and producing various plots of
ionospheric conditions.
Introduction

Due to the intricacies of today's communications,
surveillance, and tracking systems, both military and
nonmilitary alike, calibrations must be done to take into account
the irregularities of the ionosphere. Parts of this region of the
upper atmosphere contain highly ionized gases in the plasmic
state, due o imtense solar radiation. These free-flowing ions,
electrons, and neutral particles make up approximately five
percent of the ionosphere, causing the region to be only slightly
ionized. Because the ionosphere is created mostly by the sun's
radiation, TEC, or total electron content, values follow a daily
cycle, peaking in the afternoon, and sinking to lows in the night.
See figure 1. These TEC values are one focal point to the work
done here at the Geophysics Laboratory, and consist of the
measurement of electrons contained in a volume with a base of
one square meter at the Earth's surface and a height at the 'top'
of the ionosphere. This 'top' of the ionosphere is vaguely defined
as 1000 km. Its base is considered to be an elevation of roughly
50 km. While between these two areas, an ionosphere
technically exists, the region of greatest impact and ionization
is usually between 300 and 350 km. Figure 2 shows these

general characteristics as a profile.
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Ionospheric research, as stated above, is important to
systems which must propagate radio waves through the
atmosphere. Whether it be a navigation, communication, or
ranging system, the ionosphere, if not taken into account, can
seriously impair its performance. The problems associated with
the ionosphere include deterioration of tracking, imaging, and
detection, signal loss, ranging errors, and radio wave refraction
and distortion. Because at least one of these effects is usually
present, it has been necessary to create ionospheric models
which can predict ionospheric activity fairly accurately . Though
certain models do exist, one of the major projects here at the GL
is to develop a version that can predict activity much more
precisely.

Discussion

In efforts to create a successful model of the ionosphere
it is necessary to be able to analyze data from it. Presently,
there are four stations that collect ionospheric data for use at
GL. These are Thule, Greenland; the Shetland Islands, U.K.; Austin
Research Laboratories, at the University of Texas at Austin; and
GL, here at Hansom. From these stations we receive raw data,
usually in the form of 10" magnetic tapes, but also in chart form.
This data is gathered from Global Positioning Satellites, GPS,
that emit radio waves. Figure 3 is a chart of about 4 hours of
raw data from Shetland for February 27 of 1991. On this chart
there are 4 bands of data. The top line is called L1 band and the
second to top is called L2 band. These operate at L-band radar

frequencies of 1.5 GHz and 1.2 GHz, respectively. The bottom two
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bands are measures of TEC. They are called Absolute TEC and
Relative TEC. These two bands are fairly alike, only they do not
appear so because the ratio of the Relative TEC's scale to the
Absolute TEC's scale is 10:1.

In order to plot this raw data we had to do two things.
First, it had to be processed through programs to produce data
files that the plot programs could access. And secondly, we had
to create files that contained the azimuth and elevation of each
individual satellite which passed overhead. At this point we
could plot data from the different sites.

One type of plot, shown in figure 4, is a pass file. It is
simply the graph of a single GPS satellite that passed over
Shetland. In it there are three lines. The 'noisy' one is Absolute
TEC, and the one which tracks it is Relative TEC. The lowest line
is Vertical TEC, which is Relative TEC computed to be directly
overhead. Because Relative TEC is simply a value of electron
content between the satellite and the receiver, as the satellite
approaches the horizon and the angle of elevation decreases, this
value increases because the line connecting the two bodies is
passing through more ionosphere. Vertical TEC takes this into
account and computes the electron content at a fixed elevation of
90 degrees. The two other curves of "x's" and "+'s" map the
azimuth and elevation of the satellite respectively.

Another type of plot obtained from the same data is shown
in figure 5. This is a 24 hour plot of Vertical TEC of six or so
satellites, also shown with their azimuth and elevation. Note

the daily cycle of ionospheric activity shewn in this plot, in
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which the TEC peaks around early afternoon and is lowest at
times with no daylight.

A plot that uses a different type of data is illustrated in
figure 6. This output is from 4 channel GPS data from Shetland.
Because Shetland has a special receiver, called a 4-Channel
Receiver, they can track four space vehicles at once. As a resuit,
there are four 24 hour Vertical TEC plots on one page, compared
to only one as shown before, Although some are missing, the
vertical lines on this plot separate different satellite passes.
The satellite number is given on the horizontal axis.

The plotting method for creating graphs like the previous
three is not very complicated, if each individual program works
correctly to do its part. This was not the case when I began
working, however. Many of the plotting programs contained
errors and 'bugs' which needed to be worked out. This required
quite a bit of time, considering how large these programs are,
but after much time we did get them to produce correct graphs.

Results/Conclusion

From my work here at GL this summer, I feel I have learned
a wealth of knowledge about operating computers. I have become
familiar with computer systems which I previously had never
used. I have learned to use the Cyber 180-860 and Vax 9201
mainframe computers, along with NOS, the Network Operating
System of the building networks. I have also learned to use the
CFSS, Central File Storage System, also called Masstor, which is
a large file storage mainframe. From modifying the plot

programs I have even acquired another computer language,
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Fortran 77, which I did not know before. Because PC's are used
here as terminals, I have become familiar with them, along with
MS-DOS, Microsoft's® Disk Operating System, and various other
programs such as cassette tape backup software, and
SigmaPlot©, a graphing program by Jandel®.

Though I have had previous experience on Macintosh
computers, I have never learned to use PC's or mainframes, and
am grateful that I have had a chance to do so. To me, the
experience I have learned this summer is very valuable, and I
know it will help me not only in college, but also for the rest of

the work I do in high school.
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FINAL REPORT 1991

BY: Paul K. Swietek

This summer I spent my time working in Atmospherics
Sciences Division at the Air Force Geophysics Laboratory
located at Hanscom A.F.B, Massachusetts. I performed what
could be called odd jobs than doing any kind of research.
These tasks included computer observations of weather stations
across the country; updating fax weather charts and copying
HIRAS data on magnetic tape to optical disks.

Task 1 was the weather observations that I did only for
my own interest and no other purpose. The observations were
brought up by entering the stations three letter identification
number and the current time in GMT. The data from these stations

included cemperiture; dewpoint; pressure; wind speed and direction
visibility; observed weather and cloud cover. Other commands

could bring up the current radar soundings from across the country
to observe and track thunderstorms. Weather advisories were also
able to be brought up. Twenty-four and thirty-six hour forcasts

wvere available. They predicted temperature; dewpoint; winds

precipitation and cloud cover. The command could connect stations

of equal temperature, dewpoint,precipitation and pressure.

The second of my jobs was to post the current fax charts

that predicted the weather to come and and listed some of the
current situations and weather from the day before. These charts

included 200/5C60/70C/850 millibar analysis, the 00,12,24,36 and
48 hour model runs. Each of those runs consisted of a 500 mb and

700 mb and surface charts. The 500 mb was heights and vorticity
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the 700mb predicted precipitation. The surface displayed the
predicted locations of the low and high pressure areas. The
surface analysis chart showed the current weather across the
country. It displayed high and low temperatures and dewpoints

at selected cities, high and .ow pressures, trofs and the warm

and cold fronts. The maximum and minimum temperature charts

listed the previous days temperatures. The radar summary displayed
the radar soundings and came out several times a day. The last
chart displayed the previous days precipitation accumulation.
These charts were used for weather briefings given by the

scientists on Monday, Wednesday and Fridays.

My last topic was to transfer data on magnetic tape to

an optical disk. This disk could hold 5 one inch magnetic tapes
which would facilitate loading of the data. This data would

later be sent to the CRAY2 computer in Texas.

This summer turned out to be quit disappointing in that
the things *hat I did were quit simple and a waste of time.
No research work was performed and it wasn't uncommon for
me to have nothing to do for severali hours each day as ny

mentor never had any thing for me to do.
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POLARIZATION OF LASER LIGHT IN A
DOUBLE PHASE CONJUGATE MIRROR EXPERIMENT

Mara L. Collins

Phillips Laboratory, Nonlinear Optics Center of Technology, PLILTN,
Kirtland Air Force Base, New Mexico 87117-6008

The project I was involved with was in a lab working with
ways to enhance output power from a laser and to
synergistically combine beams from two or more lasers. In
an experiment involving varying angles to optimize power
from phase conjugation two beams of horizontally polarized
laser light are required. Using two lasers and various optical

equipment including Faraday optical isolators, a broadband

polarizing beamsplitter cube and a retardation plate, we
achieved two beams of horizontally polarized light crossing

in a crystal of barium titanite conducive to phase conjugation.
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L Introduction
A phase conjugate mirror uses nonlinear optical effects to reflect a beam exactly back
along the path of propagation regardless of the angle with which the beam hits the phase
conjugate mirror and of arbitrary distorters along the beam path. The phase conjugate wave
or the returning beam will be free of distortion because any distortion in the path the phase
conjugate mirror will be "undone" on the return trip. The phase conjugation we studied,
with the double phase conjugate mirrors, is the combination of two mutually incoherent
beams of light in a crystal of barium titanite (BaTiO3), which acts as a double phase
conjugate mirror. The nature of the atomic structure of the crystal is such that it forms a
refractive index grating within the crystal resulting from the interference patterns of the two
beams combining. As the two beams interact each is sent back along the optical path of the
other. In our set-up a pellicle beam splitter along the path of the light deflected a portion of
the light into a detector connected to an analog to digital converter and a personal computer
that measured the pcwer of the beam and hence the reflectivity of the phase conjugation. In
order to achieve phase conjugation it was necessary to make sure both beams entering the
crystal were horizontally polarized. The polarization of light is a measure of the angle of the
light wave with respect to a horizontal and vertical set of axes in a plane perpendicular to the
direction of propagation. This angle can be seen as having a horizontal component and
vertical component. Because a beam of light is made up of many waves it can, in a manner
of speaking, have several polarizations, though it is not considered polarized light. If the
waves making up the beam of light all have the same polarization the light is polarized.
The optical instruments we used in our set-up included two lasers, the beams of
which each *raversed a similar path to reach the crystal. Two lasers had to be used so that

the beams would be incoherent with each other.
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Figure 1: Path of Beam to Crystal

I1. Discussion

Light coming out from a laser is already polarized because of the way the laser
works. A laser consists of three different components: a pump, a resonator, and the laser
medium. The pump provides energy, exciting the laser medium, in the case of our
experiment with a HeNe laser, helium and neon, causing stimulated emission of light. The
resonator is the chamber in which the process takes place, and is made up of two aligned
mirrors. One mirror has close to 100% reflectivity, the other slightly less. Between the
mirrors are two Brewster windows which by a carefully adjusted angle of incidence allows
full transmission of light polarized in one direction while rejecting light of another
polarization. As light traverses between the two mirrors it acquires the desired polarization
because light of the other polarization is not transmitted. Because the HeNe laser is small
and portable enough to easily be rotated in its stand the angle of polarization can also be

adjusted easily.
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Figure 2: Functional Diagram of Laser

Because optical feedback, light retracing its optical path back into the laser, causes
instability in the laser, an isolator is used for feedback extinction. The isolator uses the
Faraday effect, in which the polarization of light passing through a magneto-optically active
medium in a magnetic field is rotated. This rotation is nonreciprocal, or independent of the
direction of propagation of the light, depending only on the Verdet constant of the medium,
the strength of the magnetic field, and the length of thc path through the magnetic field,
according to the equation g=vhl, where q represents the angle of rotation, v represents the
Verdet constant, h represents the strength of the magnetic field and 1 represents the length of
the path through the medium in the magnetic field. Using this principle, an optical isolator
operates by having incoming light from the laser pass through a polarizer, pass through the
Faraday rotator and then pass through another polarizer allowing close to 100%
transmission of the light. The feedback passing through the second polarizer first, then the

rotator and then the first polarizer should have close to 100% extinction of the light.
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Figure 3: Operation of Faraday Optical Isolator

To measure the amount of polarization as the light reached the crystal a broadband
polarization beamsplitter cube was placed in the path of the beam so that the horizontally
polarized light was sent into a detector connected to a voltmeter. The wave pattern of light
falling on any surface, like a vector, can be split into two components, one perpendicular to
the plane of incidence and one in the plane. The one perpendicular is considered vertically
polarized, or p-polarized, the one in the plane horizontal, or s-polarized. At a critical angle
the vertical polarization has close to zero reflection, so for light hitting certain surfaces, for
example the surface of a lake or the edge of a prism, the horizontally polarized light will be
reflected and the vertically polarized light will be transmitted. The broadband polarization
beamsplitter cube is a pair of coated prisms cemented together to form a cube, in which the
diagonal reflects the horizontally polarized light and permits the vertically polarized light to
pass through unimpeded. Broadband refers to the fact that the beamsplitter cube is effective

through a range of many wavelengths such as the visible spectrum.
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Figure 4: Broadband Polarization Beamsplitter Cube

Initially we used a mirrored surface as an attenuator, but, due to unacceptable losses,
we adapted to a variable attenuator system in which the broadband polarization beamsplitter
cube was used in conjunction with a retardation plate. The attenuator is used as a way to
reduce and control the power reaching the crystal. . The crystalline structures making up
wave plates are birefringent; that is, they have different refractive indices with differently
polarized light, The atomic structures of the crystals result in different resonant frequencies
along different axes, a "fast" axis and a "slow" axis. By retarding the wave frequency of
one component of the light a wave plate can rotate the polarization of the beam. In general,
a retardation plate causes a difference between the phase shifts along each axis or a
retardation of I'= 2rnf(nglow-nfast)L/c. In this equation, nglow refers to the index of
refraction of the slow axis and nfagt refers to the index of refraction of the fast index. Ina
half-wave plate, I'=r, or half a wave. The slow axis of a half-wave plate retards one
component of the light so that it is 180 degrees out of phase with the fast component. This
results in the plane of the wave being rotated by twice the angle the axes of the wave plate
make with the vertical and horizontal axes of the light. To form a variable attenuator in a set-
up requiring horizontally polarized light the hcrizontally polarized light is sent through the
helf-wave plate rotating it to be vertically polarized. The light is then analyzed by the
broadband polarization beam splitter cube, transmitting the vertically polarized light to
another half-wave plate where it is rotated back to horizontal polarization. To change the

amount of light passing through the variable aitenuator, the half-wave plate can be rotated so
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that the light it transmits is not wholly vertically polarized, so that some of it will be
deflected in the polarization cube before it is rotated back to normal.

Between the optical isolator and the crystal the beam passes mirrors, lenses, and
pellicle beam splitters which can affect the polarization a small amount. However, the
amount of alteration of the polarization is not significant with the HeNe laser. The pellicle
beam splitter is a five micron thick plastic membrane stretched over a metal frame. Because
it is extremely thin it eliminates secondary reflections making them coincident with the
original beam. Because when light hits the pellicle some light passes straight through and
some is reflected, the pellicle is used for beam sampling.

In our final set-up as shown in Figure §, the light sources are two HeNe lasers. As
the beain is transmitted through the crystal's photorefractive gratings, the phase conjugate of
the opposite beam is formed and sent back along each path. At the pellicle the returning
beam is deflected and sent through a pinhole and a neutral density filter to a detector. The
pinhole is placed so that only the phase conjugate beam would be measured by the detector.
The neutral density filters are used to attenuate the beam to the range of detector sensitivity.
Measurements were made using photodetectors, a BIOPAC MP100 analog to digital

converter and an Anple Macintosh SE/30 computer.
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Figure 5: Schematic of Final Set-up
ITI. Results
The graph in Figure 6 of the change in polarization of light as it passes through a
half-wave plate rotated through 90 degrees shows that the polarization changes completely
or is rotated 90 degrees when the wave plate is rotated only 45 degrees. This is because the
half-wave plate retards the slow component of the polarization so that it is 180 degrees out
of phase with the fast component, which describes a plane-polarized wave making an angle

0 on the opposite side of the fast axis so that the original plane wave is rotated through 20.
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Figure 6: Polarization of Light Passing through Rotated Half-Wave Plate

The graph in Figure 7 shows the change in the polarization of the light as it passes
through a Faraday optical isolator with the second polarizer removed while the amount of
the Faraday material in the magnetic field is changed. The distance in millimeters refers to
the distance between the knob, which is being rotated outward, and the body of the isolator.
This knob controls the amount of Faraday material in the magnetic field, increasing the
amount of Faraday material in the field as it is rotated outward. When the knob is
approximately 10 mm from the body of the isolator the change in the polarization reverses.
This indicates that the amount of the rotator rod in the magnetic field is no longer

increasing, but rather decreasing,
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Figure 7: Polarization of Light through Faraday Rotator Optical Isolator

IV. Conclusion

With the correct optical equipment one can easily manipulate the polarization
of light. The final set-up of the experiment had the desired polarization for phass
conjugation. In addition, polarized light with certain optical equipment has other
applications, like controlling the power of the light reaching the crystal as shown
with the variable attenuator. We demonstrated the use of a half-wave retardation
plate showing that the angle of polarization of light is rotated by twice the angle the
plate is rotated. For the Faraday rotator we demonstrated that the angle of the
polarization of the light can be controlled directly by changing the amount of

Faraday material in the optic path in the magnetic field.
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HSAP FINAL REPORT
Eric Eidson
ABSTRACT:

This paper Js an outline of the eight week High School
Apprenticeship Program (HASP) and the steps taken to interf.ce Neural
Network programs into the University of New Mexico'’'s KHOROS Graphical
Signal Processing environment. I also discuss my experiences in installing
a Logitech Hand-'2ld scanner and Microsoft Windows 3.0 on a PC.

I first came to the Phillips Labs at Kirtland Air Force Base as part
of my High School Internship program to learn more about computsrxs. The
Phillips Lab is an Air Force Laboratory for research in space and missile
technologies. I worked at the Lab’s Super Computer Center which has a
large array of computers including a Cray2. My mentor, Captain Steven
Anderson, leads a research effort to combine pattern recognition, neural
processing, signal processing and satellite autonomy. I enjoyed my work
so I applied to the HASP program and got a position with my previous
mentor. The main goals for the duration of the HASP program, were to
learn the FORTRAN programming language, gain some experience with UNIX,

participate in some of the team projects, and benefit intellectually and

personally from the HASP experience itself.

The ongoing team project is to create a research tool which
"...0upports the signal processing research using pattern recognition and
classification techniques {which) does not require domain exper.ise for
the application engineer in neural computation."1 To create part of this
research tool, we integrated existing FORTRAN Neural Network programs with

KHOROS which was '"originally created as a research tool for image




processing..."2 The KHOROS environment has been designed so that it can
be modified to fit the changing needs of the user. The Neural Network
programs and the KHOROS system were written in different languages, and
had different systems of user interaction. The FORTRAN Neural Netwerk
programs had a menuing system for the user interaction, and XHOROS,
written in C, had a graphical user interface. My role in interfacing che
Neural network programs involved dividing the FORTRAN programs into

separate subroutines which could be called by a program written in C.

The main part of each Neural Network program held the entire menuing
system and branching structures. When the programs were run, the menu
would present nine options, which were identified by numbers 0 through 8.
When a valid option was picked, the program would branch to the correct
loop identifier. The loop would perform the option selected (including
some input or output), and subsequently loop back to the "Menu display”
section. The original code is shown below in pseudoccde form (Pseudocode
allows us to write out what a particular 1line in the actual code :is
doing):

Main Program Sectijon
Display Menu
Read in a number
Tf number < 9 and > -1 then
branch to right option
Option 1: Do option one
branch to Display Menu
Option 2: Po option two
branch to Display Menu

In the code that I wrote, in pseudocode form, the menuing system was

divided into subroutines as follows:



Main Program Section
Display Menu
Read in a number
If number < 9 and > ~1 then
call right subroutine
branch to Display Menu
Subroutine Option-1
Do code feor option 1
end subroutine
Subroutine Option-2

Do code for option 2
end subroutins

s o0

The "Display Menu" section has been replaced with a program in C, so
it displays a graphical menu which can be used with KHOROS. Replacement
of the "Display Menu" with a program in C is simpler with my code, whereas
in the original code, such replacement would require the entire
replacement of all code, including the "Display Menu" and all t