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Preface

The objectives of this study was to verify the closed

————

form solution developed In reference [1] and to investigate

nae

a finite difference solution to a higher order dynamics

_ model.

- of help from my class mates who are to numerable to mention

In completing this work I have had an enormous amount

(8,

mfa’la’aa ]

here. However, I would like to specifically thank Captain .;1
Netzer for his steady hand and his expert advise which was fffis
sincerely appreciated. Also I extend my deepest thanks and :#f
‘.. appreciation to Dr. Dennis Quinn, my thesis advisor, who . i!

kept me on the straight and narrow road to completion.
Finally I must express my gratitude to my family who have
C been so terribly neglected through out these last eighteen

months.
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Abstract

A previous study at the Alr Force Institute of
Technology has led to the development of a closed form
solution to the dynamic behavior of a charged particle beanm.
This solution was found for a simple, but nontrivial, single
degree of freedom model (the "electrostatic approximation
model“). This study investigates the characteristics of
this closed form solutlion using three different types of
inputs. The closed form solution is then verifled by using
finite differences to generate compatible results. Also
investigated are the characteristics of the dynamic model
prior to the implementation of the electrostatic

approximation.
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CHAPTER 1

{-1 Introduction.

In Reference [1] a system of partial differential
equations is presented as a description of the dynamic
behavior of a particle beam. This system is then cast as an
abstract Cauchy problem. This results in a set of equations

in the following form:

-te I

(d/dt) X = AX + g(t) C1.1)

Where A 1is a non-constant 9x9 matrix and g(t) {s the Lo

input vector.

In (1], this problem is analyzed using semigroup theory,

from which a closed form solution is derived for a single
degree of freedom model (the "Electrostatic Approximation
Model").

In this thesis, numerical solutions are obtained using -—
this closed form solution. Also an alternative solution of

the Electrostatic Approximation Model is derived as is an

L TR
.
r

approximate solution of the full system., See Figure 1| for a N
block diagram representation of the overall flow of this ﬁﬁi
u‘.\:.\
thesis. Section 1-2 describe in more detail the contents of §S§
pla

the following chapters. ﬁﬁy




. 99 Linear Model
x(t) = A x(t) + g(t)

1A aeh avh g B e A s A r e At B LS LS e A8

1

Electrostatic
Approximation
_Model (5x5)

x(t)=Ax(t)+g(

t)

l

. 1

L Pt el Sl SL O Al 4

input 1 input 2 input 3 input 1

‘ 1 l ! |
Numerical Exact Exact Exact Numerical
Solution Solution Solution Solution Solution

—

B

51

Conclusions

Compare & Discuss
Results

Figure 1. Investigation Flow Chart
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1-2 Chapter Descriptions

In Chapter 2 of this thesis the closed form solution
discussed in Section 1-1 is investigated using three
distinct types of inputs. The first input is a step
function which is implemented at t = 0.0. The second input
is a function which exponentially approaches its maximum
value. The third input rapldly reaches its maximum value,
is constant for an interval of time and then rapidly returns
to equilibrium,

In Chapter 3, the system of equations dlscussed in
Section 1-1, Equation (1.1), are solved numerically after
the system is reduced to fifth order by means of the
Electrostatic Approximation Model. By approximating the
partial derivitives in r with finite difference quotients
and then solving the resulting differential equations, the
solutions are determined. Since four of the five equations
in this system do not involve derivatives with respect to r,
they are solved exactly. The input used in this chapter is
the step Iinput described earlier.

The analysis presented in Chapter 4 is closely related
to the Chapter 3 material with the Electrostatic
Approximation Model not being used. Therefore, the systenm
shown in Section 1-1, Equation (1.1) is of ninth-order.
Also, this system of differential equations are even more

complex since five of the nine equations involve finite

[

"‘:.. Y

‘)
e

' T

A

v t v v .
1, .l"l’ 'l. ‘-'
:'_l.)-"
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difference approximations. The same input to the system ’3;?
used in Chapter 3 is also used for Chapter 4, however the
solutlion technique is considerably different due to the

complexity of the problem. This ninth order system of

differential equaticns is solved by an IMSL routine called —

DGEAR using the Cyber Computer System. |
Chapter 5 of this thesis contalns conclusions and

recommendations along with all comparisons of data and A

discussion of results.

-4-
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CHAPTER 2

2-1 lntroduction.

The purpose of this section is to use the closed fornm
solution to the reduced order, linear, single degree of
freedom model found in Reference [1: page 1V~21) for a given . E

input and calculate the perturbed state of the particle beanm

in question. The results from this section are used later

for comparison with results from other procedures. ffij
The particle beam used throughout this effort is o

assumed to be at equilibrium for t ¢ 0. In order to meet

this assumption, an external magnetic field (B,) with only :J:}

the Z component non zero is applied for all time (t). The

calculations required to determine B, are found in Section

2-3. The beam parameters are as follows:

A
. > % v
[N »

Current (I) = | amperes (amps) ﬁ: -
‘. y
Radius (Rb) = 10 millimeters (am) et
T
Kinetic Energy (KE) = 10 million electron volts (mev) -‘{-
- (S
Mass (Mg) = 1.6726825 x 10~27 kilograms (Kg) .

Charge (q) = 1.60219 x 10-19 coulomb

.............




2-2 getting Up The Problem. e
In Reference (1: page I-1] a set of partial ;f{
differential equations that describe the dynamic behavior of :ii
ol

A particle beam are cast into the form of an abstract Cauchy
problem. The ninth-order linear system of equations is of

the form

C d/dt ) XC(t) = A XC(t) + g(t) (2.1a)

where X(t) is the perturded values from equillbrium and

gl(t) and A are defined as follows:

0
SE.®(r,t) - W r 8B,%(r,t) -V,O 8BgS(r,t)
SEg®(r,t) + VO 8B e(r,t) (2.1b)
SE,%(r,t) + W r 8B.o(r,t)

gi(t) = azy 0
o
0
o
. 0 - ‘* 1
LSKY
,&::-. oY
th
Dy,
)
-6-
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0 -N© Br
0o 0o
0 -az3
) -azq r
A= Y as2
agt o
a7y o
o o
o o
0
o
azs
o
o
0
0
0
-,
vhere

agy = - C aga Wr ) / NO
a7y = C agz Vz° ) / NO

Y Yy P e ———
0 o 0
az3 azg r azs
0 0 0
o 0 0
o o 0
a2 o 0
) as2 0
0 0 0
o 0 0
-
0 0 0
0 ~agzs Vz0 -azg Wr
o o o
azs o o
0 0 o
) 0 -c2 p,
o c2 5, o
Op o 0
o 0 o J
2.1
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and a3, a4, 325, a52, Dp, Dy, are referenced in the
symbols page and defined in Equations (2.7a) to (2.7k

Next, this system of equations can be reduced by the

)

implementation of the Electrostatic Approximation Model

described in Chapter 1 and fully developed in

Reference [(1: page I1I1-39]. This approximation reduces A

and g(t) of Equation (2.1) to the following much more

manageable system.

o -N© 5, 0 0 0
0 0 az3 agqr azs

A= 0 -az3 o 0 )
0 -azq r 0 0 0

(o as2 o ] 0

I 0 T

SE °(r,t)-W r 8B;%(r,t)-V,0 &Bg®(r,t)
g(t) = agzs |SEg®(r,t)+V,° 8B, %(r,t)
8E,®%(r,t)+W r 8B, %(r,t)

0

(2.2a)

(2.2b)

The closed form solution found in Reference (1: page

N A R i e o o RO P A
NI - i NEAEIENIININT BSEBT TN I MO .

........

,,,,,,
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IV-21) to this fifth order system of equations and mentioned

‘ in the previous section is as follows.
+
X(t) = S(t)X° + SS(t-s)g(s)ds (0 ¢t <D (2.3)
’ ) ©
vhere
> aN(r,t) |
SV lr,t)

X(t) = | &Velr,t)
v &V (r,t)

L!Er(r. t)__J

g(s) is as defined in Equation (2.2) where t |is replaced fjfﬁ
RCNCA.
ot

i [ by s, and, from Reference {i: page IV-22], the state ?"“ﬂ

- . i

transition matrix S(t) 1s the following 5x5 system




....................................
......

0 cos (Qt)

1 -N© D, sin(Qt1C(.)

8(t) = | O -az3 sin (Qt]
Q
0 ~az4 r sin (Qt]
Q
o ag2 sin (Qt)
Q

N°D, (cosiftl-1)azq r (.)

a2

azq r sinifit)

223 a4 r

(cosifitl-1)

a24 r 2
(cos(f2t)-1)

1+
Q

- 224 352 T
o2

(cos(ft)-1)

......
...............

.............

....................

N° D, (cos (Qt]-1) az3 (.)

Q2

az3 sin (Qt) &:
Q L
az3]? L
1+ (cos(Qt]-1) R
2 e
azq r azj .
(cosli(ft)-1) -
a2 '
~ag2 223
— (cosliQtl-1)
Y
N°D,. (cosl(Qt)-1)azg (.) :
a2 o
L3
azs sin(Qt)
Q
asa3 a 5
223 225 (costat)-1) | (2.0 :
a2
324 325 T vl
(cos(ft]-1) N
] RAREON
azs ag2
= (cosift)-1)
a2
...... Ty “:- w .: ‘.:\::‘:,-\-_-_-. '_‘.‘.;’.-;:.-".-'\‘.5\'.-:-.-'\"-".{-; -.: .




X° 1s the initial state of X(t) and hence is the difference
! between the initial state of the beam and the equilibriunm.

Since, in the problem stated above, these quantities are

egual,
1
X° =0 €2.5)
4
Equation (2.3) then becomes T_ fi
< ]
.
’ ¥Ct) = | S(t-s)g(s)ds for (O (t <T) €2.6) i q
[+]
B It should be noted that the external magnetic field
required to achieve equilibrium is not included in the input
term g(a). This is because the formulation of the problen
I leads to the solutlon of Equatlion (2-3) in which perturbed

quantities X(t) depend only on perturbed inputs &E.® through

#B,.% in g(s) while equilibrium quantities appear in S(t).
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2-3 Calculation of the Entries of S{t-s} and g{s}.

Now, to calculate the entries of S(t-s) and g(s) of
Equation (2.6), T, V,°» No» Wp, 324, 325, a52 By, We, W,
az3, and Q must first be determined. These quantities are
defined in the list of symbols pages viii to x and are now

numerically calculated.

2.3.1 Calculations of 7, V;°, N°, Wy

From Reference [(2: page 2], 1Iif

K.E.
r =1+ (2.7a)
R.M.E.
= 1.01065
then
vV, = (1 - 1/72)1/2 ¢ (2.7b)

4.34198 x 107 m/sec

For the remainder of this thesis the beam is assumed to be

non-relativistic and r iIs assumed to be equal to one.

From Reference (2: page 1] assuming uniform current density




NO = I/C w Rp2 q Vz°) €2.7¢)

= 4.57559 x 1014 1/nm3

From Reference (2: page 3]

q2

Wp2 = ¢ Ug C2 NO ) €2.7d

Mo

80

wp = 2.81613 x 107 rad/sec

2-3.2 Calculations of a4, azs, 352, By

From Reference (1: page 111-37]

-qp2 v,°
azq = - (2.7e)
2 C&

= -1.91571 x 105 (a-sec)"! ,

q
Mo

(2.71)

= 9.57856 x 107 couloab/kg ,

and

.- om
Ny = -

"l:I‘

“r -
P
. 'y

N
\‘.
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agz = -U, q C2 NO (2.7g)

= -8.27953 x 106 Kkg/sec2-coulomb

From Reference (2: page 3)

2 Mg 1
By2 = (2.7m)
q T wE,Vz0 Rb2

380

B = .41578 tesla

2-3.3 Calculations of Wc, W, az3, 0

From Reference [2: page 3), Wc is calculated by

q Bg
We = €2.71)
"0
= 3.98261 x 107 rad/sec ,
From Reference (2: page 3)
Wo = ~Wg (1 & (1 - 2H2 7/ wc2H1/2) g2 €2.73)

It is important to note here that Wg found above is

T Y eIy
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related to W of Reference [1: page III-27) by the

following relationship.

W= -Hg
The value for W is used from this point on. This Is .
done to comply with the nomenclature found in Reference o
{1: page I111-371. :f
In Reference (1: page III1-37), az3 is defined to be ff?

azz = W - 2 W €2.7%)

One type of flow which is often considered is Brillouin flow

(see Reference (2: page 4: case 2) ). Por Brillouin flow
and using the definitions found above, W is calculated to

be

W o W /2 €2.71)

% 19913067.12803 rad/sec -

Thus, for Brillouin flow ey
v

“'.’,.-
L.

a3 & 0.0 rad/sec ifj

A key frequency which is used later is denoted by the symbol fkf”
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2 and is defined by

Q= [ Wec? - Wwp2( 1 - A 1172 (2.8)
2
V% r
where A = sz -
2 c2 .

For the values of r, V,;°, and C,

A is sufficiently close to zero to be considered

negligible.

Moreover, W2 = 2 wpz. N -
N

Therefore Equation (2.8) becomes .
w3
i’.-u';.

= 2.81613 x 107 rad/sec 2-4

L o
’I")/
C e
A A

2-4 Evalu (s),5Ct-s)g¢(s), and X(t).

oy Y
L)

-l AL

o gk AR

S0
AR A N
PR

At this point all the terms necessary to completely

AL

determine a solution to Equation (2.1) starting with A and

v

g(s) defined in Equation (2.2) are available.

To maintain the rigid rotor equilibrium, the only

Sy

external field which iIs non-zero is the Z component of the
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external magnetic field (By). For this thesis, the
perturbed input is a small perturbation of this external
field and conseqguently is taken to be one percent of B,.

Therefore the input g(s) reduces to :

0
-W r 8Bz%(r,s)
g(s) = azs 0 (2.9
0

o

0
¢ ~82795.32170 kg/coulomb - sec2 ) r
= azg 0 S
0 L
0 ALY

The next step is to find the product of 8(t-s)g(s) and e

perfora the required Integration. Ll

5

e
<

Vo
A

Y
.
v




8(t-s)g(s) = aszy

T O W o o P Y o Y oy >~y vy vy

Using the definition of S(t-s) and g(s):

~

-N° Dr gipl QCt-3) ] r ¢ D)
Q
cos{ Q(t~s) }J r C D)

-az23 r sinl 2(t-s8) ] ( D)

4]
-azq r2 sinl @Ct-s) ) ¢ D)

ag2 r sinl (t-s) } (D)

and angle difference relations.

resulting values can be deteramined.

_ e A

vhere D = -82795.32170 kg/coulomb-sec?

deteraine X(t) in Equation (2.7), the trigonometric

After this expansion lis

(2.10)

Now, to perform the required integration necessary to

functions of Equation (2.10) can be expanded by angle sum

conpleted and constants are factored out of the integral the

They are as follows:



XC(t) = aszy

-2 D N°
(1 -cosl 2t 1)
a?
Dr
sinl Ot 1)
Q
- D azz r
C1 -cosl Ot }))
a2
- D azq r2
(1 - cosl Qt 1}
a?
- Dagzr
(1 - cosl Ot }
a?

(2.11)

and, substituting the appropriate values for the constants

glves:
F}
¢

X(t) =

L

9151.20373 1/mm3 ) * (1 - cos( At } )
-281613.48000 t/sec ) * r % sin{ Ot )

( 0.00)

(-1918.71291 t/m~sec > * ( r2)) *x ( 1 - cosl 0t 1)
( 82795.44549 kglsccz-conlo.b YxC r )x( 1-cosl Ot ))

-

The above results are tabulated in Tables t thru 4 and

are shown

graphically in Figures 2 thru 8.

A WS W -~

L
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2-35 ]Jpputs Other than Constant

In this section the work presented in Section 2-4 lis

repeated, only this time using different external inputs

8B;%(r,t). The first of these inputs is designed to more

Yy

hataal il

realistically model how an actual lnput would be applied to

the systea. In other words, the input reaches its maximum

v
1
»

value rapidly instead of instantaneously as assumed in

Section 2-4, and as indicated in Figure 18, This work is

SV |

presented In Section 2-5.1. The second input explored in
this section is a fluctuation from the equilibrium value of
8B;%(r,t) which rapidly reaches its maximun. Then, after a
specified amount of time (t;) it decreases back to its
equilibrium value (see Figure 19 ). The input for this third
case is the same as that in Figure 18 for O S t $ 6 x 10-09

seconds. It Is then constant for 6 x 10°09 S t < 444 x

10"09 geconds. The input then decreases as indicated in
Figure 19 for 444 x 10799 ¢ t ¢ 450 x 1099 gseconds. PFor t

> 450 x 10-99 seconds the input is zero.
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2-5.1 Rapid_but _Continvoyp_locrease_to_Constant.

Using the new input described in Section 2-5 the g(s)

matriz becomes:

0.0
-W r #B;%(r,s)

g(s) = aszsg 0.0
o.o
0.0

! 8B,%(r,s) = .01 B® ( 1 -expC ~H 8 ) )

. H=1x 1009

The dynamic behavior of this nev input is shown in Figure

S 18.

[ The last step required before integration is to find

the product of the S(t-s) and g(s) matrioces, where the

S(t-s8) matrix is exactly the same as used in Section 2-4 and

the g(s) matrix is as defined above. This resulting product

is
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~ -
NO D, gin( 8¢t-3) ) ¢ r W 8B;%(r,s) )
Q

-cosl Q(t-s) ] W r &#B,%(r,s)

S(t-s)g(s) = azs az3 sinl Q(t-3) 1 W r 8B,%(r,s)

azq r sinl Q(t-s) 1 W r 8Bz%(r,s)

-ag2 sinl QC(t-8) | W r &88,%(r,s)

L o i

Now, rearranging the terms of the S(t-s) g(s) matrix yields

("2 W N° glgl @Ct-g) ] #Bg%(r,s> |
Q

- W r cosl Q(t-s3) ) #B;%(r,s)

S(t-s) g(s) = azs azz Wrginl OCt-3) ) #B,%(r,s)
Q

324 r2 W ginl 9Ct-3) ) #B;%(r,s)
_ o

~agz W rogin( OCt-g) ] #B8,%(r,s)
_ 2 |

Before perforaing the required integration on
8(t-s)g(s) it is important to notice that this requires
the integration of a product of the form:

sin( (t-8) ]} exp( -a(s) )

This type of integration can be performed by first

...........................................

U Ml A A )
LTI I

...........



ezpanding the trigometric functions using angle sum and
; angle difference relations and then integrating the

individual teras using standard Integration formulae.

T Therefore, the results for Equation (2.6) are as -:::~
i

L follows:
€.02) B® azg WNO C X + Y -2) (2.12) .
&N(r,t) = ezl

]
vhere X =1 -cos it
Q

Y = exp( ~H t ) Hsinl 20t 1 + O Sg;! 28t ) ..
C-H)? + @ U
z - . :.‘_.':_
C ~H )¢ + ﬂi

&V (r,t) = -agg Wr (.01) B ( X2 + Y2 + 22 ) (2.13) o
r vhere X2 = pinl gt ) S
A n . ::‘.::_-

Y2 = tH exp¢ -H g )
C ~H Y% +

22 = - -
C -H )& +

. &Ve(r,t> = (.01) BO ag3 agg Wr ¢ X3 + Y8 - 23 ) (2.14)

¥
where X3 = ] - cosl @t ) :\"
: 2 A
2 AW
Y3 = exp( -H t ) H_llnl_3ﬁ&.4.1.§.99!1.29&.1 -
[ ¢ -H )4 +a ] R

T "1 v
e

''''''''''
.....
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23 = Hoalpt Bt )+ O.co0( Ot )
I C-H)Z + @

azq 328 r2 W (.01) BO ( X4 + Y4 - 24 ) €(2.15)

: #Vz(r,t) =
] 0
R
where X4 = 1-cos ( @t ) S
a Soo
o
Y4 =  exp( -H t ) [F 2inl 26t ) s O gosl 20t ) e
C -H )2 +0 ,;;:{
Z4 = + ( S
¢ -H )4 + al S

4 :

8B (r,t) = -agy azs W r (.01) BO ( X5 + Y5 - 25) (2.16)

vhere X3 = {-cos ( fit !}
Q

Y5 = expl -H t ) El_unun_H_san.l_
¢ -H )¢ +0
2% = Heinl 8t ! + g cos( Ot 1}
¢ -H )¢ +

The results from this section are tabulated in Tables

S thru 8 and are shown graphically in Figures 6 thru 9.
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2-5.2 Rapid Increage to Copstant Followed by a
Kk Rapid Decrease to Zero

The third and final type of external input 8B,%(r,t)
L explored in this chapter is a fluctuation awvay from zero
which returns to zero. The procedure presented in Section
2-5.1 is repeated using this nev input. Since the
procedures are nearly identical, the work presented in this
section is without explanation. If a question arises froa

the analysis, refer to Section 2-5.1 for an explanation.

The input is defined by

0.01 BO (1-e~H t) 0Ct <ty (2.17a)

8B,%(r,t)= {0.01B° [1- 3Ct-ty)2 + 2¢t-t )3 | t <ty (2.17D)
(ta-ty)2  (ta~t;)3
0.0 tity

vhere ty; = 4. 43 E - 7
t2 = 4.50 B - 7

Using this definition for the external imnput requires
that the integration of the S(t-a) g(s) matrizx be perforsed
. over two intervals of time with each interval having a
different integrand which involves the external Iinput as

shown in the above equation. The integration over the first

. . .y e R T T S B T T O T O
R B T S SO P W e T S R e s e e e e e e T P o
et e N A AT R R S A LU S Nl S S AT N T AT e e
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AT

interval has already been done in Section 2-5.1. Therefore,
l ‘ all that remains is to perform the integration over the
second time interval and add the solution found in Section

2-3.1. The integration of the S(t-s) g(s) matrix over the

I L second time interval results in the following:
N(r,t) = 0.02 By azg W N° |1 - cos(Q(t-t)) €2.18)
k Q o
- 3 02 (t-ty) - 2 + 2 coslf(t-ty))
(tz-tg)z a3 a3
y + 2 02 (t-ty)3 - 6 (t-ty) + 6 sinl@(t-ty))
(tz-tl)a 03 o4
5 A &V,(r,t) = -0.01 B, azq W r stnl @(t-ty) ) €2.19)
Q
i ’ - 3 2 (t-ty) - 2 sinlf(t-ty))
(ta-ty)2 a2 a8
+ 2 3 02 (t~t)2 - 6 + 6 cos(f(t-ty)]
o (tz-ty)3 o4 o4
. b

&Vglr,t) = 0.01 By az3 a5 Wr |1 - cosi@(t-ty)) (2.20)

. o
. -
g - 3 02 (t-ty) - 2 + 2 coslilt-ty)) :
- (ta-td2 03 a3 oSS
R :-.‘_:\.::w
o * 2 02 (t-ty)3 - 6 (t-ty) + 6 sin(ACt-ty)] ;mij;
. —

]

Cta-ty)3 Q3 n4




C e 2 e

&Vz(r,t) = 0.01 B, azs a4 W r2 | 1 - cosl(t-ty)) €2.21)
e o
- 3 02 (t-ty) - 2 + 2 cosiQ(t-t))
(tz-t)2 3 03 T
+ 2 02 (t-ty)3 - 6 (t-ty) + 6 sinl@(t-t )} f'ij
(tz-t )3 a3 o4 ]
v .o
#E.(r,t) = -0.01 B, a5 g2 Wr |1 - cos{@(t-t{d]  (€2.22) )
o o ]
- 3 02 (t-ty) - 2 + 2 cosl@(t-t;)] ' .o
(tz-t))2 a3 a3 R
+ 2 02 (t-ty>3 - 6 (t-ty) + 6 sin(QCt-ty)) !
(ta-ty)3 a3 o4

The dynamic behavior of the perturbed quantities, X(t),
are auch more complicated to determine In this section due
to the fora of the external axial magnetic input. As shown
by Equatlion (2.17), the solution is found over three
distinct tise intervals. Over the first interval, from t =
0.0 to ¢t = t;, the i(nput and solutfon are the same as that
deterained in Section 2-5.1. Por t; ( 3 ¢ tz, the second
interval, the input is defined by Equation (2.17). The
solution is found by adding the results presented by
Bquations (2.18) thru (2.22) with the results froa Section

2-5.1 with the integration preformed from t=0.0 to t = t;.
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Over the third interval, t; < s < t, the input is defined

by Equation (2.17) as zero and the solution is the summation
of the Section 2-5.1 materlial integrated from t = 0.0 to t =
ty with Equations (2.18) threv (2.22) integrated from t = t;
to t = tz. The results are presented in Tables 9 thre 16
and are shown graphically in FPigures 10 thru 13. They
represent the results from this section after each
particular type of input was applied to the system for its

assocliated amount of tinme.
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CHAPTER 3 o
3-1 [Introductlon. R
S
This chapter presents an analysis of the linear, time S
invariant, partial differential equations that govern the i
dynamic behavior of the particle beam discussed in Chapter o
2. However, in this chapter the solution to the governing
equations is found numerically. This is done by fﬂ
approximating the partial derivitives in r with finite iiﬂ
.\ Py
difference quotients and then evaluating the equations along .
the radius of the beam at selected points. These results _
are tabulated and compared to the results found in Chapter 2 ﬂ
from the closed form solution technique derived in Reference i ;
[1: page IV-211. S
3-2 Setting Up the Problenm. -
From Reference (1: page III-40) the governing partial ;ﬂ;:
differential equations discussed above are as follows : i;_
3
T
A
I hn!
\‘-_:..
RS
B0
-29- b
ACS

.....................................
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¢ d/dt ) X(t) =

K 0O -N°D, 0 0 0 ]
o 0 0 az3 azq r azs .
. o] -a23 0 0 () () (3.1)
- 0 -agzq r o o o
- 0 a5z 0 o] 0
1 e
0 AR
aEre(r;t) - W r aBze(r’t) - VZO GBoe(r‘,t) _~~.
+ agzs |SEgf(r,t) + V0 &B,S(r,t) o
8E;%(r,t) + W r 8Bp.C(r,t) S
0 taa
where Dy f = (1/r) DpC r £(r)) (3.2)
- and where the values for ajz3, az4, 325, and asy are
” the same as defined in Chapter 2. Also, as in Chapter 2, ) ~
the only external field applied is &B,®(r,t) and its maximum e
value is assumed to be one percent of the equilibrium value o
i Bo. The rest of the external fields are assumed equal to ; ;
zero. Therefore, Equation (3.1) becomes : E?I‘
e
r ¢ dz7dt ) X(t)y = P ——
0 -N© D, 0 0 o .
% 0 az3 azq r azs R
0 -~az3 0] 0 o X(t) (3.3 NELOH
. 0 =-azqr 0 0 0 .
o as2 0 0 0 e
_ o
N -W r 8B,%(r,t)
+ aszs 0
o]
0
N Now, by using Equation (3.2) in Equation (3.3), the
' ‘ following five differential equations result.
{ =30~




¢ d/dt ) &N(r,t)

-NO_ [Gvr(r,t) +r Dy (&Vp(r,t))] (3.0
r

( d/dt ) &Vp(r,t) = az3 8Vglr,t) + azg r &V (r,t) (3.5)

+ ags &8Ep(r,t) - W r 8B;%(r,t)

( d7dat > &Vglr,t) = -aj3 8V.(r,t) (3.6)
( d/dt ) 8Vu(r,t) = -agg r &Vplr,t) (3.7)
( d/dt ) SEp(r,t) = agy &Vplr,t) (3.8)

3-3 The Numerical Approximation.

Equations (3.4) through (3.8) are the linear, time
invariant, differential equations that govern the dynanmic
behavior of the particle beam. However, only Equation (3.4)
contains a partial derivitive with respect to r. This
partial derivitive is replaced with its finite difference
approximation (backward differences) prior to investigating
the solutions to Equations (3.4) through (3.8). This finite

difference approximation is as follows

Dp(8Vylr,t)) & (8V,(r,t) - &V,.(r-h,t)) / h (3.9

atar

-
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Where h is the spacing between points. Therefore, Equation

(3.4) becomes:

(d/dt) &N(r,t)=
(-NO /r)[8Vp(r,t) +(r/h) ¢ 8Vp(r,t) - 8Vp(r-h,t) JEKERTY

3-4 Solution Technigue.

Out of the five governing differential equations
discussed earlier, only Equation (3.10) requires a finite
difference approximation. Now, since none of the other four
equations are coupled to Equation (3.10), their solutions
can be found by applying standard differential equation

techniques. The solutlions to these four equations are as

follows :
azs asz2 r sinl Qt 1 3.1
&Vyp(r,t) =
100 Q
a3 azg asz r (cosl Qat 1 - 1) (3.12)
‘Vo(!‘.t) =
100 Q
azq azs agp r2 C cosl At ) - 1) (3.13)
&Va(r,t) =
100 Q
- agp2 azs r Ccosl Qt 1 - 1) €3.14)
SEp(r,t) =
100 Q
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.......

.........

Q= ( 3232 + a242 (r2)- ag2 aszs y1/2
Note that this yields the same values for f as does

Equation (2.8).

It should be noted that in the solutlion of these
four equations, the initial values are zero. This is
consistent with the derivation of the perturbation equations
and agrees with the closed form solution found in Chapter 2
for t=0.

The solution of Equation (3.10), however, is slightly
more difficult. Since Equation (3.10) contains finite
differences and is coupled to the other four equations, the
i equation must be analyzed at specific points along the
radius of the bean.

Now, after substituting in Equation (3.11), Equation

r (3.10) becomes

-Ng azs agz2 r sinl Qt 1
( d/dt ) &8N(r,t) = 0
r 100 Q2
r azs agz r sinl Qt ) (3.15%)
+
100 h

azs ags (r-h) sinl Q1 t ]

100 h Qi
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..........

Q1 = ( 2232 + a242 (r - h)2 =ag, asg )1/2
23 24 52 325

Now the solution of Equation (3.15) can be found

through simple Integration, where the resulting constant of

integration is determined by using the fact that &8N(r,t) is

Zero at t=0. Therefore, the solutlon of Equation (3.15) is:

-N° [ azg5 as2 ( l-cosl Qt 1) (3.16)
&N(r,t) =

. N
ST A
100 @ j}ﬂ}

r (t-cosl Qt 1 ) (r-h) ( l=-cos{ Qa1 t 1)

h Q1 h Qi
We now have the solutlons to all five governing differential

equations.

3-5 Data Presentation.

In order to compare the results from Chapter 3 with
those found in Chapter 2, the radius of the partical beam is
divided Into twenty evenly spaced intervals. Since the bean
radius was glven as ten millimeters, the spacing ( h ) is
one half of a millimeter. For each value of time chosen
there will be nineteen results for the flve equations

derived in Section 3-4. Each of these results represents a
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solution at a specific radial distance from the center of
the beam. The same format will be used for the data
presented from Chapter 2.

The results from thls chapter are presented in Table 17

thru 20 and are shown graphically in Figures 14 thru 17.
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CHAPTER 4

4~-1 Introduction

The material presented in this chapter is an expansion
of that presented in Chapter 3 for the system (Equation 2.1)
which results when the Electrostatic Approximation Model is
not used to reduce the complexity of the system. The
resulting ninth-order system is solved and compared with the
results of Chapter 3 {n order to evaluate the effect of the

Electrostatic Approximation.

4-2 Setting up the Problem

The ninth-order system of governing differential equatlions

are

(d/dt) X(t) = A X(t) + g(t) 4.1

where A and g(t) are defined in Chapter 2, Equations
(2.1b) and (2.1c).
As in Chapter 3, the only external field applied is

8B;¢(r,t), and its maximum value is assumed to be one
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percent of the equilibrium value B,, which was previously
determined in Chapter 2. The rest of the external flelds

are assumed equal to zero. Therefore, from Equation (2.1b),

- 0 7] i
- W r (0.01) B :
0] f
. L
g(t) = 0 3
0 i
0 !
(o] i
L ° A ;]

Multiplying out and combining the terms described in
Equation (4.1) results in the following nine partial

differential equations:

(d/dt) 8N(r,t) =NO Dy (8Vy,(r,t)) (4.2)

(d/dt) &Vp,(r,t) azy 8Vglr,t) + agq r & Vy(r,t) (4.3)
+ azs 8Ep(r,t) - aszs Vzo §Bg(r, t)

- agg W r 8By(r,t) + W r (.01) By

(d/dt) &Veglr,t)

=~ag3 8Vp(r,t) + ajzs 8Eglr,t) (4.4)

(d/dt) &Vy(r,t)

A




(d/dt) &Eg(r,t) = =agy W r &N(r,t) + agy &Vglr,t) 4.7)
NO©

- C2 DpC &By(r,t) )

(d/dt) SEy(r,t)

N©

+ €2 Dp( &Bg(r,t) )

(3/dt) &Bglr,t)

(d/dt) 8By(r,t)

4-3 The Numerical Approximation

Equations (4.2) through (4.10) are the l{inear, time
invariant, differential equations that govern the dynamic
behavior of the particle beam. Of these nine equations,
Equations (4.2), (4.7), (4.8), (4.9), and (4.10) requlire
finite difference approximations for partial derivitives.

This finite difference approximation is as follows:

Dy = f£(x,t) = f(x-h,t)
h

Dy ¢ 8Ez(r,t) ) (4.9)

= DpC SEg(r,t) ) (4.10)
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where h {s the spacing between points. After implementing
this finite difference scheme, the five equations discussed

above result in the following:

(d/dt) &N(r,t) = -N© [%Vr(r,t) (4.11)
r

h 0
. (d/dt) 4&Eg(r,t) = -agy W r &N(r,t) + agy &Vg(r,t) (4.12) ,.i
) NO i

- €2 &By(r,t) - &B,(r-h,t)

i) h

(d/dt) &E,(r,t) = agy V,° &N(r,t) + agy &Vz(r,t) (4.13)
NO

. r L h
. (d/dt) &Bglr,t) = &E;(r,t) - SEx(r - h,t) (4.14)
3 h

' Bt

(d/dt) 8By(r,t) = Y

o =1 |8Eelr,t) + r| 8Eg(r,t) - 8Eg(r - h,t) €4.15) KOO
. r - .o
R N
-.- \‘l"_h
- N
- '\:‘._:‘
- .‘-_.:‘_..
:"' r "\i o
)
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4-4 Final Analysis and Solutjon Technigque

We now have at hand, and in the correct form, the nine
) simultaneous differentlal equations that we will solve.
i e Since these equations are much more complicated than those
| solved in Chapter 3, a numerical integration routine was
used. The results from this integration routine are

E tabulated numerically in Tables 21 and 22. Flgure 20 shows

how the 8N(r,t) diverges with time. Since all nine

solutions diverge in a similar manner no other figures are ;ﬂgz?

o presented.
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CHAPTER 5

x RESULTS AND CONCLUSIONS
. 5.1 Introduction.
This chapter contains a discussion of the results
obtained from the previous four chapters. Based upon these

results, conclusions are drawn and recommendations are

presented.

5-2 Closed Form Solution.

5-2.1 Step Input.

The results from the analysis presented In Section 2-4
are tabulated In Tables | thru 4 and are shown graphically
in Figures 2 thru 5. It is observed from Figure 2 that a
stable solution for 8N(r,t) is realized with no significant
damping apparent. Identical results are seen from the
equations which provide the solutions to &Vz(r,t) and
SE, (r,t) (Figures 4 and 5). This Is consistent with the
form of the solutions found in Equation (2.11). As can be
seen In Equation (2.11) the solutions &N(r,t), &8V,(r,t), and

SE,(r,t) all contain the same trigonometric function, (1-cos

.....................................................
..................

...............
......




T

......

[Qt}). The only difference in the solutions is the

amplitude of the trigonometric term; therefore, similar

results are expected. Figure 3 shows that the solution of
8V,.(r,t) is also stable with no damping apparent.
An important result of this section is that the closed

form solutions, as determined in Reference (1], can be used

to evaluate the solutions to the system in question, and
that these results make physical sense.

5~2.2 Input Rapidly Increasing to_Constant.

The results from the analysis presented in Section
2-5.1 are tabulated in Tables 5 thru 8, and are shown
graphically in Figures 6 thru 9. It should be noted that
this type of input (Figure 18) is similar to the step input
of Section 2-4. These two types of inputs are unequal only
over a relatively short interval of time, approximately from
t=0.0 to t=4.0x10"9 seconds, for the number of significant
digits used in this effort. Therefore, it makes physical
sense that the results of Section 2-5.1 are similar to those
of Section 2-4. The lag in the solution that is apparent
when comparing the data from Section 2-4 to the data of
Section 2-5.1 i{s conjectured to be due to a slight lag in
the values of the input due to the exponential term. Also,
Figures 6 thru 9 show that the solutions from this section

are stable and exhibit no apparent damping.

..................
........
-------------

..............................
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5-2.3 Input Rapidly Increasing to Constant Followed by a
Rapidly Decrease to Zero.

The results from the analysis presented in Section
2-5.2 are tabulated in Tables 9 thru 16 and are shown
graphically in Figures 10 thru 13. These flgures clearly
show two distinct functions for the solutions, X(t). The
filrst function in all four figures spans the time interval
between t=0.0 and t=4.5x10-7 seconds. Over this interval,
the solutions, X(t), are almost identical to those values
found in Section 2-5.1. This can be seen by comparing the
values in Tables 9,11,13, and 15 with their related values
in Tables 5 thru 8. Actually, the two solutions for X(t)
are exact in comparison between t=0.0 and t=4.45x10~7
seconds, with the only differences encountered between t >
4.45x107 to t=4.52107 seconds. This can be explained by
referring to Equation (2.17), which shows how the external
axial magnetic input was defined. Since, the input is
ezactly the same as that used for Section 2-5.1 over the
interval 0 < t < ty, the results are expected to be
fdentical. Over the interval t; < t < ty the input used is
the cubic function defined in Equation (2.17b). The
solutions are found by summing the results of Equatlion (2.6)
Iintegrated from t=0.0 to t=t;, where the input ls defined by
Equation (2.17a), with the results of Equation (2.6)

integrated from t=t; to t{tz, where the input is defined by
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integrated from t=ty to t{t3, where the input is defined by
Equation (2.17b). Therefore, the results over this interval

are expected to be slightly different. The second function D

in all four figures spans the interval of t > 4.5x10°7 to
=® geconds. The input used over this interval Is equal to
zero; therefore the solutions are the summation of the
previous works integrated over their associated intervals.
Both these functions encountered on Figures 10 thru 13 are

stable and exhibit no apparent damping.

5-3 Numerical Solution Technigue.

The results from the analysis presented in Chapter 3
are tabulated in Tables 17 thru 20 and are shown graphlcally
in Figures 14 thru 17. From these figures it ls concluded Z&:F
that the solutions, X(t), are stable and show no apparent :Eﬁ%
damping. It can also be concluded by comparing the data in
Tables 17 thru 20 with their related data from Section 2-4,
that the closed form solution techniques derived in ¥§§
Reference [1) produces excellent results. This conclusion
is verified by the results of Chapter 3. It is conjectured
that the small differences found between the closed form
solution technique of Section 2-4 and the numerical solutlon

technique of Chapter 3 are due to errors associated with the

Chapter 3 method. Under this assumption, if the number of o

points across the radius of the beam were increased in order ,
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to Increase the accuracy of this solution technique, the
results of this would more closely approximate those of

Section 2-4.

5-4 Numerical Solution Technigue Without Electrostatic
Approximation

The results of the Chapter 4 analysis is presented in
Tables 21 and 22. The solution for &N(r,t) Is shown
graphically in Figure 20. It is observed from Figure 20 and
from the data presented in Tables 21 and 22 that the
solutions, X(t), are not stable for all time t. However,
the data in Tables 21 and 22 do approximately agree with
that of Section 2-4 over a Interval of time, t=0.0 to
t<3.0x10"!1 second. Over this interval it can be concluded,
due to the agreement in associated values, that the
Electrostatic Approximation is an adequate one. For times
other than that described above, the solution, X(t),
diverges to t ®, [t is conjectured that this Instability is
being caused by any of the following anomalies. First, a
numerical instability could have been encountered by the
integration routine used to solve the differential
equations. Secondly, the process of linearizing the
differential equations might have eliminated a
damping/restoring term present in the nonlinear equations.

This term would had to have been in either 8Eg(r,t),

<<<<<<
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SEz(r,t), &Bp(r,t), 8Bg(r,t), or &8By(r,t), since the Section

E 2-4 material was not effected in a similar manner. However,

it is more likely that in choosing B, such that we have the

the minimun external magnetic fleld required to maintain
L rigid rotor equilibrium, we produce a system which borders
— on instability. Therefore, an increase in By would tend to

b stabilize this systenm.

L 5-5 Recommendations

aiala

The following recommendations are made as a result of

this effort.

1. Investigate the divergence of the Chapter 4 study.

i. reexamine the derivation of the dynamic model
found in Reference (1] paying close attention to
the last four terms.

ii. continue work of chapter 4 by increasing B, and
recalculating the results. Should result in
stable solutions.

2. Investigate a closed form solution to the dynamic system
found in Reference [1] proir to the implementation of

the electrostatic approximation.
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TABLE 1
PERTURBED NUMBER DENSITY, SECTION 2-4

T1 T2 T3 T4 TS5 R

7.668580+12

.782200+13

.34434D+13

.87119D0+12 2.50009D+12 5.00000E-04

7.668580+12 1.78220D+13 1.34434D+13 1.87119D+12 2.50009D+12 1.00000E-03 .
7.66858D+12 1.782200+13 1.34434D+13 1.871190+12 2.500090+12 1.50000E-03 )
7.668580+12 1.782200+13 1.34434D+13 1.87119D+12 2.50009D+12 2.00000E-03
7.668580+12 1.782200+13 1.34434D+13 1.87119D+12 2.50009D+12 2.50000E-03 e -
7.668580+12 1.78220D+13 1.34434D+13 1.87119D+12 2.300090+12 3.00000E-03 . ;;r’
7.66858D+12 1.782200+13 1.34434D+13 1.871190+12 2.500090+12 3.50000E-03 T
7.66858D+12 1.782200+13 1.34434D+13 1.87119D+12 2.50009D+12 4.00000E-03
7.668580+12 1.782200+13 1.344340+13 1.87119D+12 2.500090+12 4.50000E-03
7.66858D+12 1.782200+13 1.34434D+13 1.87119D+12 2.50009D+12 5.00000E-03
7.66858D+12 1.782200+13 1.34434D+13 1.87119D+12 2.500090+12 5.30000E-03
7.66838D+12 1.78220D+13 1.34434D+13 1.87119D+12 2.50009D+12 6.00000E-03
7.66858D+12 1.782200+13 1.34434D+13 1.871190+12 2.50009D+12 6.50000E-03 g
7.66858D+12 1.782200+13 1.34434D+13 1.87119D+12 2.50009D+12 7.00000E-03 - i
7.66858D+12 1.78220D+13 1.34434D¢13 1.87119D+12 2.50009D+12 7.50000E-03 Lo ';!
7.66838D+¢12 1.78220D+13 1.34434D+13 1.87119D+12 2.50009D+12 8.00000E-03 ti:i:;f
7.66858D+12 1.782200+13 1.34434D+13 1.87119D+12 2.50009D+12 8.30000E-03 :ﬁ;;i:;
7.66858D+12 1.782200+13 1.34434D+13 1.87119D+12 2.50009D+12 9.00000E-03 t;“ﬁ}}j
7.66858D+12 1.782200+13 1.34434D+13 1.87119D+12 2.50009D+12 9.50000E-03 KNRY

b,

v
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TABLE 2
PERTURBED RADIAL VELOCITY, SECTION 2-4

T 72 3 T4 TS R

=1.38946D+02 ~-4.50224D+01

.243%8D+02 8.53178D+01 -9.67127D+01 5.00000E-04

-2.77893D+02 -9.004480+01 2.48716D+02 1.70636D+02 -1.93425D+02 -00000E-03

~4.16839D+02 ~1.35067D+02

w

.73074D+02 2.5%953D+02 -2.90138D+02

.50000E-03
-5.55786D+02 -1.800900+02 <974320402 3.4127(D+02 -? 86831D+02 2.00000E-03

-6.94732D+02 -2.25112D+02 +21790D+02 4.26%589D+02 -4.83564D+02 2.50000E-03

-8.33€79D+02 ~2.70134D+02 .46148D+02 5.11907D+02 -5.80276D+02 3.00000E-03

ot ’ ~9.72625D+402 -3.195157D+02 .70506D+02 5.97224D+02 -6.76989D+02 3.50000E-03

o O ® N 0N s

<1.111%70+03 -3.60179D+02 -94864D+02 6.823420+02 -7.73702D+02 4.00000E-03

-1.250%2D+03 ~4.05202D+02 1.11922D+03 7.67860D+02 ~8.70415D+02 4.50000E-03

=1.38946D+03 -4.350224D+02 1.24358D+03 8.53178D+02 -9.671270+02 $.00000E-03

=1.52841D+03 -4.95247D+02 1.36794D+03 9.38495D+02 -1.06384D+03 5.%50000E-03

[> -1.66736D+03 -5.40269D+02 1.49230D+03 1.02381D+03 -1.160%5D+03 §6.00000E-03
. =1.80630D+03 -5.85291D+02 1.616650+03 1.10913D+03 -1.25727D+03 6.50000E-03
;f ~1.94325D+03 -6.30314D+02 1.74101D+03 1.19445D0+03 -1.35398D+03 7.00000E-03
. -2.08420D+03 ~6.75336D+02 [.865337D+03 1.27977D+03 ~1.4%069D+03 7,50000E-03

o . =2.22314D+03 -7.20359D0+02 1.98973D0+03 1.36508D+03 ~{.547400+03 8.00000E-03
:; {; =2.36209D+03 ~7.65381D+02 2.11409D+03 1.45040D+03 ~|.64412D+03 8.50000E-03
?- -~ <2.50104D+03 ~8.10403D+02 2.23044D+03 1.53572D+03 ~1.74083D+03 9.00000E-03
-2.63998D+03 ~8.55426D+02 2.36280D+403 1.62104D+03 ~-1.83754D+03 9.50000E-03
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TABLE 3
PERTURBED AXIAL VELOCITY,

SECTION 2-4

e’

»

- sST

T T2 T3 T4 s R
.013350-04 .327140-04 .03560D-04 ~-9.79289D-05 -1.30842D-04 5.00000E-04
.60534D-03 .730860-03 .81424D-03 -3.91716D-04 -5.23369D-04 1.0000CE-03
.61202D0-03 .39443D-03 .33204D-03 -8.81360D-04 ~-1.17758D-03 1.50000E-03
.42137D-03 .49234D-02 .125700-02 -1.56686D-03 -2.09348D-03 2.00000E-03
.00334D~02 -33179D0-02 .758900-02 -2.448220-03 -3.27106D-03 2.50000E-03
.444810-02 .357770-02 .53282D~02 ~3.52544D-03 -4.71032D-03 3.00000E-03
.96654D-02 .370300-02 .44744D-02 -4.798%520-03 -6.41127D-03 3.50000E-03
.56835D-02 .96937D-02 .50278D~02 -6.26745D-03 -8.37391D-03 4.00000E-03
.250820-02 .5354990-02 .69884D-02 -7.93224D-03 -1.059820-02 4.350000E-03
.0133%D0~02 .32714D-02 .03%60D-02 -9.792890~03 -1.30842D0-02 5.00000E-03
.85616D-02 .128%80-01 .513080-02 -1.18494D-02 -1.583190-02 5.50000E-0Q3
.77923D-02 .343110-01 .013130-01 -1.41018D-02 -1.88413D-02 6.00000E-03
.782%70-02 .57629D-01 .18902D-01 ~-1.6%5000-02 -2.21124D-02 6.30000E-03
.86617D-02 .82812D-01 .37898D-01 -1.919410-02 -2.56451D-02 7.00000E-0Q3
.030050-02 .098610-0"! .583010-01 -2.20340D-02 -2.94393D-02 7.50000E-Q3
.02742D-01 .38775D-01 -1.80111D-01 -2.30698D-02 -3.34956D-02 8.00000E-03
.159860D-01 .695540-01 .033290-01 -2.830150-02 -3.78134D-02 8.30000E-03
.300330-01 .021990-01 .279%53D-01 ~-3.17290D0~-02 -4.23929D0-02 9.00000E-03
.448820-01 .367100-01 .53985D0-01 -3.53523D-02 -4.723410-02 9.50000E-03
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‘ TABLE 4
' PERTURBED RADIAL ELECTRIC FIELD, SECTION 2-4

S
Y
.
“\
R

E: T T2 3 T4 ) R
t 3.46907D+01 8.06222D+0! 6.08145D+01 8.46481D+00 1.13098D+0!1 5.00000E-04
e 6.938150+01 1.61244D+02 1.21629D+02 1.69296D+01 2.261960+01 1.00000E-03
1.04072D0+02 2.41867D+02 1.824430+02 2.53944D+01 3.392930+01 1.50000E-03
1.387630+02 3.224890+02 2.43258D+02 3.38592D+01 4.523910+01 2.000Q0E-03
1.73454D+02 4.03111D+02 3.04072D+02 4.23240D+01 5.65489D+01 2.50000E-03
I 2.08144D+02 4.837330+02 3.64887D+02 5.07888D+01 6.78%87D+01 3.00000E-03
2.42835D+02 $.64355D+02 4.257010+02 5.925360+01 7.91685D+01 3.50000E-03
2.77526D+02 6.449780+02 4.86516D+02 6.77185D+01 9.047830+01 4.00000E-03
3.12217D+02 7.236000+02 5.47330D+02 7.61833D+01 1.01788D+02 4.SO000E-03
~ 3.46907D+02 8.06222D+02 6.08145D+02 8.46481D+01 1.13098D+02 5.00000E-03
!; 3.81598D+02 8.86844D+02 6.68959D+02 9.31129D+01 1.24408D+02 S.S0000E-03
f o 4.162890402 9.67467D+02 7.29774D+02 1.01578D+02 1.35717D+02 6.00000E-03
A 4.50980D+02 1.04809D+03 7.90588D+02 1.10042D+02 1.47027D+02 6.50000E-03
- 4.85670D+02 1.12871D+03 8.314030+02 1.18507D+02 1.583370+02 7.00000E-03
I i 5.203610+02 1.209330+03 9.12217D+02 1.269720+02 1.696470+02 7.50000E-03
S 5.550520+02 1.28996D+03 9.73032D+02 1.354370+02 1.80957D+02 8.00000E-03
: 5.89742D+02 1.37058D+03 1.03385D+03 1.43902D+02 1.92266D+02 8.50000E-03
3 6.244330+02 1.45120D+03 1.094660+03 1.52367D+02 2.03576D+02 9.00000E-03
6.59124D+02 1.53182D+03 1.15548D+03 1.60831D+02 2.14886D+02 9.50000E-03




‘T Y ¢ v v v T,

TABLE 5

l PERTURBED NUMBER DENSITY, SECTICN 2-5.°
T! T2 T3 T4 5 R

7.41324D+12 1.77464D+13 1.36741D+13 2.02143D+12 2.31793D+12 5.00000E-04

. 7.41324D+12 1.77464D+13 1.36741D+13 2.02143D+12 2.31793D+12 1.00000E-03
7.41324D+12 1.77464D+13 1.36741D+13 2.02143D+12 2.31793D+12 1.50000E-03
7.413240+12 1.77464D+13 1.36741D+13 2.02143D+12 2.31793D+12 2.00000E-03
7.41324D+412 1.77464D+13 1.36741D+13 2.02143D+12 2.31793D+12 2.50000E-03
7.41324D+12 1.77464D+13 1.36741D+13 2.02143D+12 2.31793D+12 3.00000E-03
7.41324D¢12 1.77464D+13 1,36741D+13 2.02143D+12 2.31793D+12 3.50000E-03
7.41324D+12 1.77464D+!3 1.36741D0+13 2.02143D+12 2.31793D+12 4.00000E-03
7.41324D+12 1.77464D¢13 1.36741D+13 2.02143D+12 2.31793D+12 4.50000E-03

,- 7.41324D+12 1.77464D+13 1.36741D+13 2.02143D+12 2.31793D+12 5.00000E-03
7.41324D+12 1.77464D+13 1.36741D+13 2.02143D+12 2.31793D+12 %.50000E-03
7.41324D+12 1.77464D+13 1.36741D+13 2.02143D+12 2.31793D+12 6.00000E-03
7.41324D+12 1.77464D+13 1.36741D+13 2.02143D+12 2.31793D+12 6.50000E-03
7.41324D+12 1.77464D+13 1.36741D+413 2.02143D+12 2.31793D+12 7.00000E-03
7.413240+12 1.77464D+13 1.367410+13 2.02143D+12 2.31793D+12 7.350000E-Q3

. 7.41324D+12 1.77464D+13 1.36741D+13 2.02143D+12 2.31793D+12 8.00000E-03
7.41324D+12 1.77464D+13 1.36741D+13 2.02143D0+12 2.31793D+12 8.50000E-03

‘: 7.41324D+12 1.77464D+13 1.36741D+13 2.02i43D+12 2.31793D+12 9.00000E-03

) 7.41324D0+12 1.77464D+13 1.36741D+13 2.021430+12 2.31793D+12 9.50000E-03
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PERTURBED RADIAL VzLCO

TABLE 6

v ap
7Y, 3%C

. Ti T2 T3 T4 s R
-1.38193D+02 ~-4.87404D+01 1.224000+02 8.84013D+01 -9.375550+0! 5.00000E-04

o ~2.76386D+02 -9.74809D+01 2.448000+02 1.76803D+02 -1.87%110+02 1.00000E-03
~4.14579D+02 ~-1.4622(D+02 3.67200D0+02 2.65204D+02 -2.81267D+02 1.50000E-03
~5.52773D+02 -1.94962D+02 4.89600D+02 3.3360%D+02 -2.7350220+02 2.00000E-03
~-6.909660+02 -2.43702D+02 6.12000D+02 4.42007D+02 -4.68778D+02 2.50000E-03
-8.291590+02 -2.92443D+02 7.34400D+02 5.30408D+02 -5.62533D0+02 3.00000E-03
-9.67352D+02 -3.41183D+02 8.56800D+02 6.18809D+02 -6.56289D+02 3.30000E-03
-1.103555D0+03 -3.89924D+02 9.792000+02 7.072110+02 -7.500440+¢02 4.00000£-03
~1.24374D+03 -4.38664D+02 1.10160D+03 7.95612D+02 -8.43800D+02 4.50000E-03

) ~1.38193D+03 -4.87404D+02 1.224000+03 8.84013D+02 -9.373355D0+02 5.00000E-03
-1.52013D+03 ~5.36145D+02 1.34640D+03 9.72415D0+02 ~-1.03131D+03 5.350000E-03
~1.65832D+03 -5.848835D+02 1.46880D+03 1.06082D+03 -1.12507D+03 6.00000E-03
=1.79631D+03 ~-6.33626D+02 1.59120D0+03 1.14922D+03 ~-1.21882D+03 6.50000E-03
~1.93470D+03 -6.82366D+02 1.71360D+03 1.23762D¢+03 -1.312580+03 7.000008-03

. =-2.07290D0+403 -7.31107D+02 1.83600D+03 1.32602D+03 -1.40633D+03 7.50000E-03
-2.21109D+03 -7.79847D0+02 1.958400+03 1.414420+03 -1.,50009D0+03 8.00000E-03
~-2.34928D+03 -8.28588D+02 2.08080D+03 1.50282D+03 -1.59384D+03 8.350000E-03
-2.48748D+03 -8.77328D+02 2.203200+03 1.59122D+03 -1.68760D+03 9.00000E~03
-2.62567D+03 -9.26068D+02 2.32560D+03 1.67963D+03 -1.78135D+03 9.50000E-03
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TAZLE 7
PZRTURBED AXIAL VZLCOCITY, SECTICN 2-5.1

LA Sl A B AR AR o

s T1 T2 T3 T4 TS R
- -3.87972D~04 -9.287%60-04 -7.15633D-04 -1.05792D-04 -1.213090~-04 %.00000E-04
-1.55189D-03 -3.71502D-03 -2.862%3D-03 -4.23167D~04 -4.85236D-04 |.00000E-03
=3.491790~03 -8.35880D-03 «6.44070D0-03 =-9.%2126D-04 -1.09178D~-03 1{.50000E-03
-6.20755D-03 -1.48601D-02 -1.14501D=-02 ~1.69267D-03 -1.94094D-03 2.00000E-03 )
-9.699290-03 -2.321890~-02 -1.789080-02 -2.64479D-03 -3,032730-03 2.50000E-03 ]
-1.39670D-02 -3.343%52D~02 -2.57628D-02 -3.808%30D0-03 -4.367120-03 3.00000E-03 _. . _’
-1.901060-02 -4.550910-02 -3.506600-02 -5.18380D-03 -5.94414D-03 3.50000E-03 O
K
-2.48302D-02 -5.94404D-02 -~-4.5800%50-02 -6.77067D-03 -7.76378D-03 «.000Q0E-03
-3.142970-02 -7.522930-02 -5.796630-02 -8.569130~-03 -9.82603D-03 4.%0000E-03 '- ';\
! ‘.‘ ~3.87972D0-02 -9.287%6D-02 ~7.15634D-02 ~1.0%792D-02 ~1.213090-02 %.00000E-03 v
' -4.69446D-02 -1.123800-01 -9.6%917D-02 -1.28008D~02 -1.46784D-02 %.%0000E-03
-5.58679D-02 -1.3374!D-01 -1.030%1D-01 =-1.52340D-02 -1.74685D-02 6.00000E-03
-6.5%6720-02 -1.569600-01 -1.209420-01 -1.78788D-02 -2.0%012D0-02 6.50000E-03
. -7.6042%D-02 -1.82036D-01 ~-1.40264D-01 -2.073%2D-02 -2.37766D-02 7.00000E-03
I I -8.729370-02 ~-2.089700-01 =-1.61018D-01 ~-2.380310-02 ~2.72945D-02 7.%50000E-03
| -9.93208D0-02 -2.37762D-01 -1.83202D-0f -2.70827D-02 -3.105%310-02 8.00Q00E-03
-1.12124D-01 -2.684110-01 -2.068180-01 -3.057380-02 -3.350%03D-02 8.50000E-03
-1.2%703D0-01 ~3.009170-01 =-2.31865D0-01 ~3.4276%D-02 -3.93041D-02 9.00000E-03
, =1.400%8D-01 =-3.3%52810-01 -2.%583440~-01 =-3.81908D-02 -4.379260-02 9.%0000E-03
S
]
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TABLE 8

PERTUREBED RADIAL ELECTRIC FIELD,

LA A e S8 S B S A gl M e M R A S S Al B S S g

SECTION 2-95.1

R T - et L

" - - -~ - - - - P
e ratatataadat alala¥ e NG PNY

- - - - 'A .‘\
™ . - -
PR TS TR VYISV

St
P Y

55

<« .~ - ‘. -
AT YR I T

- T T2 T3 T4 TS R
1 3.3%356D+01 8.02801D+01 6.18581D+01 9.14445D+00 1.04857D+01 5.00000E-04
‘ 6.70712D+01 1.60560D+02 1.237160D+02 1.82889D+0f{ 2.09715D+01 |.00C00E=-03
1.00607D+02 2.408400+02 1.8%5574D+02 2.74334D+01 3.14572D+0) 1.50000E-03
1.34142D+02 3.211200+02 2.47432D+02 3.65778D+01 4.19430D+01 2.00000E-03
1.67678D+02 4.01400D+02 3.09291D+02 4.57223D+01 5.24287D+01 2.50000E-03
2.01214D+02 4.81680D+02 3.711490+402 95.486670+01 6.29144D+0! 3.00000E-03
2.34749D+02 S5.61960D+02 4.33007D+02 6.40112D+01 7.34002D0+01 3.50000E-03
2.6828350+02 6.42241D0+02 4.94865D+02 7.315%6D+01 8.38859D+0! 4.00000E-03
3.01820D+02 7.225210+02 95.56723D+02 8.23001D+0! 9.43717D+0! 4.50000E-03
;' 3.333560+02 8.02801D0+402 6.183810+02 9.14446D+01 1.04857D+22 5.00000E-03
3.68892D+02 8.83081D+02 6.80439D+02 1.00%89D+02 1.15343D+02 5.30000E-03
4.024270+402 9.633610+02 7.422970+02 1.09733D+02 1.25829D+02 6.00000E-03
4.35963D+02 1.04364D+03 8.04156D+02 1.18878D+02 1.36315D+02 6.50000E-03
4.69499D+02 1.123920+03 8.660140+02 1.28022D+02 1.46800D+02 7.00000E-03
‘ 5.03034D+02 1.20420D+03 9.27872D+02 1.37167D+02 1.57286D+02 7.50000E-03
5.36570D+02 |.284480+03 9.89730D+02 1.463110+02 1.67772D+02 8.00000E-03
- 5.70105D+02 1.36476D+03 1.05159D+03 1.5%4%6D+02 1.78258D+02 8.50000E-03
':' 6.03641D+02 1.44504D+03 1.11345D+03 1.646000+02 1.88743D0+02 9.00000E-03
6.37177D+02 1.%52%32D+03 1.17530D+03 1.73745D0+02 1.99229D+02 9.50000E-03
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TABLE 9
. PERTURBED NUMBER DENSITY, SECTION 2-5.2
_ T 2 T3 T4 s R
i 7.41324D-12  1.77464D+13 1.367410+13 2.02143D+12 2.31793Ds12 5.0000CE-04

7.413240+12 1.77464D+13 1.36741D0+13 2.02143D+12 2.31793D+12 |.000COE-03
7.41324D+12 1.77464D+13 1.367410+13 2.02143D+12 2.31793D+12 1.%0000E-03
7.41324D+12 1.77464D+13  1.36741D+13 2.02143D+12 2.31793D+12 2.00000E-03

7.41324D+12 1.77464D+13  1.36741D+13 2.02143D+12 2.31793D+12 2.50000E-03

-

7.413240+12 1.77464D+13 1.367410+13 2.02143D+12 2.31793D+12 3.00000E-03
7.41324D+12 1.77464D+13 1.36741D+13 2.02143D+12 2.31793D+12 3.50000E-03
7.41324D¢12 1.77464D+13 1.36741D+13 2.02143D+12 2.317930+12 4.00000E-03

7.41324D+12 1.77464D+13 1.36741D+13

~

.02143D+12 2.31793D+12 4.50000E-03
D 7.41324D0+12 1.77464D+13 1.36741D+13 2.02143D+12 2.31793D+12 5.00000E-03

7.41324D+12 1.77464D+13 1.36741D+13

~

.02143D+12 2.31793D+12 S5.50000E-03
7.41324D+12 1.77464D+13 1.36741D+13 2.021430+12 2.31793D+12 6.00000E-03

7.41324D+12 1.77464D+13 1.36741D+13

[N}

.02143D+12 2.31793D+12 6.50000E-03
7.41324D+12 1.77464D+13 1.36741D+13 2.02143D+12 2.31793D+12 7.00000E-03

i ‘ 7.41324D+12 1.77464D+13 1.36741D+13 2.02143D+12 2.31793D+!12 7.50000E-03
7.41324D+12 1.77464D+13 1.36741D+13 2.02143D+12 2.31793D+!2 8.00000E-03
- 7.41324D+12 1.77464D+13 1.36741D+13 2.021430+12 2.31793D+12 8.50000E-03
7.41324D+12 1.77464D+13 1.36741D+13 2.02143D+12 2.317930+12 9.00CCQ0E-03
. ‘ 7.41324D+12 1.77464D+13 1.36741D+13 2.02143D+12 2.31793D+!2 9.50000E-03
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.375140+10

~

.37314D+10
.37514D+10

N D N

.37314D+10
.37514D+10

[ 2]

.37514D+10
.37514D+10

N NN

.37514D+10
.37314D+10

[N ]

.37314D+10

N

.37514D+10
.375140+10
.37514D+10
.37514D+10

N N NN

.37314D+10

.37514D+10 2.
.375140+10 2.
.37514D+10 2,
.37514D+10 2.

86405D+09
86405D+09
86403D+09
864050+09

.86405D+09
.86405D+09
.86405D+09
.86405D+09
.86405D+09
.86403D+09
.86403D+09
.864050+09
.86405D+09
.864050+09
.8640%D+09
.864030+09
.86405D+09
.86405D+09
.86405D+09

TABLE 10
PERTURBED NUMBER DENSITY, SECTION 2-5.2

1.46796D+10

1.46796D+10

1.46796D+10

1.46796D+10

1.46796D+10

1.46796D+10

1.46796D+10

1.46796D+10

1.46796D+10

1.46796D+10

[.46796D+10

1.46796D0+10

1.46796D+10

1.46796D+10

1.46796D+10

1.46796D+10

1.46796D+10

1.46796D+10

1.46796D+10

1.89266D+09
1.892660+09
1.89266D+09
1.89266D+09
1.89266D+09
1.89266D+09
1.89266D+09
1.892660+09
1.89266D+09
1.89266D0+09
1.892660+09
1.89266D+09
1.89266D+09
1.89266D0+09
1.89266D+09
1.892660+09
1.89266D+09
1.89266D+09
1.89266D+09

=1.40664D+10
-1.40664D+10
~-1.40664D+10
=1.40664D+10
=1.40664D+10
=1.40664D+10
~1.40664D+10
-1.406640+10
~1.40664D+10
~1.40664D+10
=1.40664D+10
=1.40664D+10
~1.40664D+10
~1.40664D+10
-1.40664D+10
-1.40664D+10
=1.40664D+10
~1.40664D+10
~1.40664D+10

5.00000E-04
1.00000E-03
1.30000E-03
2.00000£-03
2.50000E-03
3.00000E-03
3.50000E-03
4.00000E-03
4.50000E-03
5.00000E-03
5.50000£-03
6.00000E~-03
6.50000E~-03
7.00000E-03
7.50000E-03
8.00000E-03
8.50000E-03
9.00000E-03
9.50000E-03
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P A

.381930+02
.76386D+02
.14579D0+02
.527730+02
.909660+02
.291590+02
.673520+02
.10555D+03
.24374D+03
.38193D+03
.52013D0+03
.65832D+03
.79651D0+03
.93470D+03
.Q72900+03
.21109D+03
.349280+03
.48748D+03

.625670+03

-4.87404D+0!
~9.74809D+01
-1.46221D+02
=1.94962D+02
=2.43702D0+02
=2.92443D+02
-3.41183D+02
~3.89924D+02
~4.38664D+02
~4.87404D+02
-5.36145D0+02
-5.848850+02
«6.336260+02
-6.82366D+02
=7.311070+02
=7.79847D+02
-8.285880+02
-8.77328D+02

-9.260680+02

TABLE 11
PERTURBED RADIAL VELOCITY, SECTION 2-5.2

1.224000+02
2.44800D+02
3.672000+02
4.896000+02
6.120000+02
7.34400D+02
8.568000+02
9.79200D+02
1.101600+03
1.22400D+03
1.346400+03
1.46880D+03
1.59120D+03
1.71360D+03
1.83600D+03
1.998400+03
2.080800+03
2.20320D+03

2.325600+03

8.84013D+01
1.76803D+02
2.65204D+02
3.53605D+02
4.42007D0+02
5.30408D+02
6.188090+02
7.07211D+02
7.9%612D+02
8.84013D+02
9.72415D+02
1.06082D+03
1.14922D0+03
1.23762D+03
1.32602D+03
1.41442D+03
1.50282D+03
1.%59122D0+03

1.67963D+03

=9.375550+01
~1.87311D+02
~2.81267D+02
-3.75022D+02

-4.687780+02-

-5.62%333D+02
-6.56289D+02
~7.50044D+02
-8.438000+02
-9.37555D+02
-1.03131D0+03
-1.12507D+03
-1.21882D0+03
-1.31258D0+03
=-1.40633D+03
=-1.50009D+03
-1.59384D+03
~-1.68760D+03

-1.781335D+03

5.00000E-~04

1.00000E-03

1.50000E-03
2.00000E-03
2.50000E-03
3.00000E-03
3.50000E-03
4.00000E-03
4.50000E-03
5.00000E-03
3.50000E-03
6.00000E~-03
6.50000E-03
7.00000E-03
7.50000E-03
8.00000E-03
8.350000E-03
9.000C0E-03

9.50000E-03
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5.26128D0-01
1.05226D+00
1.37838D+00
2.104510+00
2.63064D+00
3.15677D+00
3.682900+00
4.20903D+00
4.73515D+00
5.26128D+00
5.787410+00
6.31354D+00
6.839670+00
7.36%80D+00
7.89192D+00
8.41805D+00
8.94418D+00
9.47031D+00
9.99644D+00

-3.

-61391D+00
.722780+01

.58417D0+01

445%56D+01

.30693D+01
.16835D+014
.02974D+01
.89113D+0t
.7%92520+01
.61391D+01
. 473300401
.033670+02
.119810+02
.205935D+02
.292090+02
.37823D+02
. 46436D+02
.33050D+02
.63664D+02

TRBLE 12
PERTURBED RADIAL VELOCITY, SECTICN 2-5.2

~3.317270+00
=6.63454D+00
-9.95182D+00
~1.32691D+01
=1.6%5864D+01
-1.990360+01
=-2.322090+01
-2.65382D+01
=2.985580+01
=3.31727D+01
~3.64900D0+01
~-3.98073D0+01
-4.31243D0+01
-4.644180+01
-4.97%910+01
=5.30764D+01
-5.63936D+01
=5.971090+01
=6.30282D+01

7.53902D+00
1.50780D+0!
2.261710+01
3.01561D+01
3.76931D+01
4.523410+01
9.277310+01
6.03121D+01
6.78512D+01
7.53902D+01
8.292920+01
9.04682D+01
9.80072D0+01
1.035546D+02
1.13083D0+02
1.20624D+02
1.28163D+02
1.35702D+02
1.43241D+02

5.76013D+00
1.15203D+01
1.728040+01
2.30403D+01
2.88006D+01
3.45608D+01
4.032090+01
4.60810D+01
5.1084120+01
$.76013D+01
6.33614D+01
6.91216D+01
7.488170+01
8.06418D+01
8.640190+01
9.21621D+01
9.79222D+01
1.03682D+02
1.094420+02

5.00000E-04
1.00000E-03
1.50000E-03
2.00000E-03
2.50000€-03
3.00000E-03
3.350000E~03
4.00000E~-03
4.50000E-03
5.00000E-03
$.50000E-03
6.00000E-03
6.%50000E-03
7.00000E-03
7.50000E-03
8.00000E-03
8.50000E-03
9.00000E-03
9.30000E-03

- -




TABLE 13
PERTURBED AXIAL VELOCITY, SECTION 2-5.2

)
—

-3.
~3.
~-4.

-5,

-6

-7.

-9.

.87972D-04
.551890-03
.491750-03
.207550-03
.69929D0-03
.396700-02
.90106D-02

.48302D-02

14237D-02
879720-02
69446D-02

58679D-02

.956720-02

604250-02
729370-02

93208D0-02

.12124D-01
.257030-01

.40058D0-01

-3.

.28756D-04

.71502D~03

35880D-03

.48601D-02
.32189D0-02
.343520-02
.55091D-02
.94404D0-02
.$22930-02
.287560-02
.123800-01
.33741D-01
.96960D-01
.820360-01
.08970D-01
.37762D-01
.68411D-01
.00917D-01

35281D-01

—

-2.
-3.
-4.

-3,

-7

-

.19633D0-04
.86253D0~03
.44070D-03
.14301D-02
.78908D-02

57628D-02
50660D-02
58005D-02
79663D-02

.15634D0-02
.63917D-02
.030510-01
.20942D-01
-402640-01
.61018D-01
.832020-01
.06818D-01
-318650-01

.58344D-01

- - - - et e At e fmtoL T
PRSI S T VRS

-1.05792D-04
-4.23167D-04
-9.52126D-04
-1.692670-03
~2.64479D-03
-3.80830D-03
-5.183800-03
-6.77067D-03
-8.56913D-03
-1.05792D-02
-1.28008D-02
-1.%23400-02
-1.787880-02
-2.073520-02
-2.38031D~02
-2.70827D-02
~3.0%738D-02
-3.42765D-02

-3.81908D-02

60

.21309D-04
-8%2360-04
.09178D-03
.94094D-03
.03273D0-03
.367120-03
.94414D-03
.76378D0-03
.82603D-03
.21309D-02
.46784D-02
.74685D-02
.0%5012D0-02
.37766D-02
.729450-02
.10551D-02
.30583D-02
.930410-02

.37926D-02

—- - W\

~

N o 4w w

o v »® o

.Q0000E-04
.QQ00Q0E-03
.50000E-03
.00000E-03
.30000E~-03
.00000E-03
.90000E-03
.00000E-03
.50000E-03
.00000E-03
.S50000E-03
. 0000QE-03
.3Q000E-03
.00000E-03
.30000E-03
.00000E-03
.S0000E-03
.00000E~-03
.30000E-03
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N
. 5

.196770-07
2.878710-06

6.477100-06

-

.15148D-03
1.799190-05

]

-59084D-03
.526420-0%
.60594D-0%
.829390-0%

N e e w

.196770-03

.70810D-0%
1.03634D-04

—

.21626D~04
.41037D-04

— e

-61927D-04

—

.84237D0-04

.
~

.079870-04

~

.33173D0-04
.59804D-04

[’ 2

-3.

.49890D0-07
.99%610-07
.34901D-06
.398240-06
.747260-06
.396050-06
.34463D-06
.39298D-06
.21411D-05
. 498900-0%
.81367D-03
.138420-0%
.333150-0%
.937850-03

372530-0%

.837190-0%
.33183D-0%
.856430-03
.41104D-0%

-4

TABLE 14
PERTURBED AXIAL VLLOCITY, SECTION 2-5.2

.682560~07
.07302D~06
.91430D~06
.22921D0-0%
.92064D-0%
.765720-0%
.764450-08%
.91684D-0%
.222870-0%
.682560-0%
.29590D-0%
. 106290-04
.29835D-04
.505780~-04
.728580-04
.966740-04
.22026D-04
.489130-04
.77340D-04

~9.90%26D-08
-3.96210D-07
~8.91473D-07
~1.58484D-06
~2.47631D0-06
-3.565890-06
~4.8%3%58D0-06
~6.33937D-06
-8.02326D-06
-9.90%5260-06
-1.19854D-0%
-1.42636D-0%
-1.67399D-05
=1.941430-03
~2.22868D-0%
-2.%35730-05
-2.86262D-05
=3.209300-0%
-3.573800-0%

7.36163D-07
2.94463%0-06
6.62547D-06
1.17786D-0%
1.840410-0%
2.65019D-0%
3.60720D-05
4.71143D0-03
5.962920-05
7.361630-09%
8.90758D-09%
1.06008D-04
1.24412D-04
1.44288D0-04
1.656370-04
1.88458D-04
2.12751D-04
2.38%517D-04
2.65755D-04

5.00000E-04
1 . Q0000E-03
1.50000E-03
2.00000E-03
2.50000E-03
3.00000E-03
3.50000E-03
4.00000E-03
4.30000E-03
5.00000E-03
3.50000E-03
6.00000E-03
6.350000E-03
7.00000E-03
7.30000E-03
8.00000E-03
8.50000E-03
9.00000E-03
9.30000E-03
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- 3 TABLE 15
S PERTUREED RADIAL ELECTRIC FIELD, SECTION 2-5.2

PR ]
v Y0 Tr Ty

B

3.35356D+01 8.02801D0+01 6.18581D+01 9.14445D0+00 1.04857D+01 5.00000E-04
:: x. 6.70712D+01 1.60560D0+02 1.237{6D+02 1.828890+01 2.09715D+01 1.0C000E-03
t 1.00607D0+02 2.408400+02 1.83574D+02 2.74334D+01 3.14572D+01 |.S0000E-03
1.34142D+02 3.211200+02 2.47432D+02 3.65778D+01 4.19430D0+01 2.00000E-03
1.676780+02 4.01400D0+02 3.09291D+02 4.57223D+01 5.24287D+01 2.50000E-03
2.01214D+02 4.81680D+02 3.71149D+02 5.48667D+01 6.29144D+01 3.00000E-03

2.347490+02 5.61960D+02 4.33007D+02 6.40112D+01 7.34002D+0! 3.5Q000E-03 1

2.68285D+02 6.42241D+02 4.94865D+02 7.31%%6D+01 8.38859D+0! 4.00000E-03 -
3.01820D0+02 7.225210+02 $5.56723D0+02 8.23001D0+01 9.437170+01 4.50000E-03
t 3.333356D+02 8.02801D+02 6.185810+402 9.14446D+01 1.048357D+02 5.00000E-03
. 3.68892D+02 8.83081D+02 6.80439D0+02 1.00589D+02 1.15343D+02 5.50000E-03
N 4.02427D+02 9.63361D+02 7.42297D+02 1.09733D+02 1.25829D+02 6.00000E-03
‘T ) 4.359630+02 1.04364D+03 8.04156D+02 1.18878D+02 1.36315D+02 6.50000E-03
3 . 4.694990+02 1.12392D+03 8.66014D+02 1.28022D+02 1.46800D+02 7.00000E-03
r . 5.03034D+02 1.20420D+03 9.27872D+02 1.37167D+02 1.37286D0+02 7.50000E-03
. $.36570D+02 1.28448D+03 9.89730D+02 1.46311D+02 1.67772D+02 8.00000E-03
f; 5.70105D0+02 1.36476D+03 1.05159D+03 1.535456D+02 1.782%58D+02 8.50000E-03
6.036410+02 1.44504D+03 1.11345D+03 1.64600D+02 1.88743D+02 9.00000E-03

6.371770+02 1.52532D+03 1.173%30D0+03

.737450+02 1.992290+02 9.50000E-03

S
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-6.220770-02
~1.244150-01
-1.86623D-01
~2.48831D-01
-3.11038D-01
-~3.73246D-01
=4.3%5484D-01
~4.97661D-01
-3.59869D-01
~6.220770-01
-6.84284D-01
~7.46492D-01
-8.087000-01
-8.70907D-01
-9.33115D-01
-9.9%323D-01
=1.05733D+00
-1.119740+00
~1.1819%0+00

1.29%563D~02
2.59125D-02
3.886880~02
5.18250D-02
6.47813D-02
7.7737%D~-02
9.069380-02
1.03650D-01
1.16606D-01
1.29563D-01
1.425190-01
1.554730-0!
1.68431D-01
1.81388D-01
1.94344D-01
2.07300D-01
2.202%6D0-01
2.332130-01
2.46169D0-01

TABLE 16
PERTURBED RADIAL ELECTRIC FIELD, SECTION 2-5.2

6.64067D~-02
1.32813D-01
1.992200-01
2.656270-0t
3.32034D-01
3.984400-01
4.648470-01
§.312%4D-01
$.976600-01
6.64067D-01
7.30474D-01
7.96881D-01
8.632870-01

9.29694D-01

9.96101D-01
1.062%1D+00
1.128910+00
1.195320+00
1.26173D+00

8.561930-03
1.712390-02
2.568580-02
3.42477D-02
4.280970-02
5.13716D-02
5.993330-02
6.84955D-02
7.705740-02
8.56193D-02
9.418130-02
1.02743D-01
1.113050~01
1.198670-01
1.284290-01
1.36991D-01
1.45553D-01
1.541150-01
1.62677D-01

-6.363270-02
~-1.27265D-01
-1.908980-01
=2.54331D-01
-3.181630-01
~3.81796D-01
-4.454290-01
-5.09061D-01
~5.72694D-01
=-6.36327D-01
-6.99959D~-01
-7.63%92D-01
-8.27225D-01
-8.90837D-01
=9.544%00-01
=1.01812D0+00
-1.08176D+00
~1.14539D+00
=1.209020+00

5.00000E-04
1 .00Q00E-03
1.50000E-03
2.00000E-03
2.50000E-03
3.00000E-03
3.50000E-03
4.00000E-03
4.350000E-03
5.00000E-03
5.50000E~-03
6.000002-03
6.50000E-03
7.00000E-03
7.50000E-03
8.00000E-03
8.30000E-03
9.00000E-03
9.50000E-03
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[ TABLE 17
B PERTURBED NUMBER DENSITY, CHAPTER 3

Ti T2 T3 T4 TS

7.66858D+12 1.782200+13 1.34434D+13 1.87117D+12 2.500120+12

g. 7.66858D+12 1.78220D+13 1.34434D+13 {.87117D+12 2.500120+12 1
7.66838D+12 1.78220D+13 1.34434D+13 1.87117D+12 2.%0012D+12 1|
7.668580+12 1.782200+13 1.34434D+13 1.87117D+12 2.%50012D+12
7.66838D+12 1.78220D+13 1.34434D+13 1.87117D+12 2.50012D+12 2.
7.66838D¢12 1.782200+13 1.34434D+13 1.87117D+12 2.50012D+12
7.66838D+12 1.78220D+13 1.34434D+13 1.87117D+12 2.50012D+12
7.66838D+12 1.78220D0+¢13 1.34434D+13 1.87117D+¢12 2.%50012D+12 4.
7.66858D+12 1.78220D+13 1.34434D+13 1.87117D+12 2.50012D0+12 4.
7.66838D+12 1.782200+13 1.34434D+13 1.871170+12 2.%50012D¢12 §.
7.66838D+12 1.78220D+!13 1.34434D+13 1.87117D+12 2.50012D+12 5.
7.66838D+12 1.78220D+13 1.34434D+13 1.87117D+12 2.50012D0+12 6.
7.66838D+12 1.78220D+13 1.34434D+13 1.87117D+12 2.50012D+12 6.
7.66838D+12 1.782200+13 1.34434D+13 1.87117D+12 2.%00120+12 7.
7.66858D+12 1.78220D+13 1.34434D+13 1.87117D+12 2.50012D+12
7.668380+12 1.782200+13 1.34434D+13 1.87117D+12 2.500120+12
7.66838D+12 1.78220D+13 1.34434D+13 1.87117D+12 2.50012D+12

7.668%8D0+12

.782200+13 1.34434D+13

.87117D+12 2.50012D+12
7.66838D+12

.78220D+413  1.34434D+13

.87117D+12 2.50012D+12

w v @ ® @~
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S TABLE 18
ﬂ t PERTURBED RADIAL VELOCITY, CHAPTER 3
SRS
N
N
DI
ool TI T2 T3 T4 75 R
b..
' -1.38946D+02 -4.30221D+01 1.243580+02 8.531720+01 -9.67132D+01 5.00000E-04
< R
-2.77893D+02 -9.004420+01 2.48716D+02 1.70634D+02 ~1.93426D+02 1.00000E-03 AR
. -4.168330+02 -1.350660+02 3.73074D+02 2.35952D+02 -2.901400+02 1.S0000E-03 IR
-5.55786D+02 ~1.80088D+02 4.97433D+02 3.41269D+02 =3.86853D+02 2.00000E-03 ]
' -6.947320402 -2.25110D+02 6.21791D+02 4.26586D+02 -4.83566D+02 2.50000E-03 T
' -8.33679D+02 -2.70133D+02 7.46149D+02 5.11903D+02 -5.80279D+02 3.00000E-03 N
! ~9.72625D+02 -3.15155D+02 8.705070+02 5.97221D+02 -6.769920402 3.50000E-03 R
; ~1.111570403 -3.601770+02 9.94865D+02 6.82538D+02 -7.73706D+02 4.00000E-03
4 -1.250520+03 -4.051990+02 1.11922D+03 7.67858D+02 -8.70419D+02 4.30000E-03
B ~1.38946D+03 -4.502210+02 1.243580+03 8.53172D+02 -9.67132D+02 5.00000E-03
-1.528410403 =4.932430+02 1.36794D+03 9.38490D+02 -1.06385D+03 5.50000£-03
; -1.66736D+03 -5.40265D+02 1.49230D+03 1.02381D+03 -{.16056D+03 6.00000E-03
-1.806300+403 -5.852870D+02 1.616660+03 1.109120+03 =1.25727D+03 6.50000E-03 =
A -1.94525D+03 =6.303090+02 1.74101D+03 1.19444D+03 -1.35398D+03 7.00000E-03 -
li -2.084200403 =6.753320+02 1.86537D+03 1.279760+03 1.,43070D+03 7.50000E-03 T
-2.22314D403 =7,20354D+02 (.989730+03 1.36308D+03 ~1.54741D+03 8.00000E-03 -
-2.36209D+03 -7.65376D+02 2.11409D+03 1.45039D+03 ~1.644120+03 8.30000E-03
-2.50104D+03 -8.103980+02 2.23843D+03 1,53571D+03 =1.74084D+03 9.000C0E-03
-2.63998D+03 -8.55420D402 2.36280D+03 1.62103D+03 -1.83755D+03 $.30000E-03 -
f ..
.
3
.
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TABLE 19
PERTURBED AXIAL VELOCITY, CHAPTER 3

T1 ™2 T3 T4 TS R

-4.01335D-04 -9.327130-04 -7.03558D-04 -9.79276D-0% -1.30844D-04 5.00000E-04
-1.605340-03 -3.,73085D-03 -2.814230-03 ~3.917100-04 -5.23375D-04 1|.00000E-03
-3.61202D0-03 -8.39442D-03 -6.33202D-03 -8.81348D-04 -1.177590-03 1.50000E-03
-6.421360-03 -1.49234D-02 -1.12%569D-02 -1.56684D-03 -2.09350D-03 2.00000E-03
=1.00334D-02 -2.33178D-02 -1{.75889D-02 -2.44819D-03 -3.27110D-03 2.50000E-03

.44481D-02 -3.35777D-02 -2.53281D-02 -3.%2539D-03 -4.710380-03 .00000E-03

-2.56855D0-02 -5.96937D-02 -4.50277D-02 =~6.267370-03 -8.37401D-03 4.00000E-03

3
.96654D-02 -4.57030D-02 -3.44743D-02 -4.79845D-03 -6.41135D-03 3.50000E-03

-3.25082D-02 -7.5%5498D-02 -5.69882D-02 ~7.93213D-03 -1.0%5984D-02 4.50000E-03

o ; ~4.013350-02 -9.32714D-02 -7.03558D-02 -9.79276D-03 -1.30844D-02 5.00000E-03
v._A ‘ ~-4.8%616D-02 -1.128%58D-01 -8.%1305D-02 ~-1,18492D-02 ~1.38321D-02 $.350000E-03 R
-5.77923D-02 -1.34311D-01 -1.01312D0-01 ~-1.41016D-02 -1.88415D-02 6.00000E-03 :f:
N -6.78257D-02 -1.57629D-01 ~1.18901D-01 -1.65498D-02 ~2.21126D-02 6.30000E-03 ";j
-7.866170-02 -1.82812D-01 -1.37897D-01 -1.91938D-02 -2.56454D-02 7.00000E-03 ﬁis
h‘ . <9.03005D-02 -2.09861D-01 -1.58301D-0! =-2.20337D-02 -2.94399D-02 7.50000E-03 o

-1.027420-01 -2.387750-01 -1.80111D-0! -2.50695D-02 -3.34960D-02 8.00000E-03
~1.159860-01 -2.69554D-01 -2.03328D-01 -2.83011D-02 -3.78139D-02 8.50000E-03
-1.30033D-01 -3.02199D0-01 -2.279530-01 =-3.172850-02 -4.23934D-02 9.00000E-03
=1.44882D-01 -3.36710D-01 -2.33984D-0! -3.53319D0-02 -4.72346D-02 9.50000E-03
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TABLE 20

PERTURBED RADIAL ELECTRIC FIELD, CHAPTER 3

SN
= } T1 T2 T3 T4 5 R
F.' >
>, 3.46907D+01 8.06221D+0! 6.081430+01 8.46469D+00 1.13099D+01 5.00000E-04
" ' 6.93815D+01 1.61244D+02 1.21629D+02 1.69294D+01 2.26198D+01 1.00000E-03
: 1.04072D+02 2.41866D+02 1.82443D+02 2.539410+01 3.392970+0! 1.50000E-03
' 1.38763D+02 3.22488D+02 2.43257D+02 3.38588D+01 4.52397D+0! 2.00000E-03
- 1.73454D+02 4.03111D+02 3.04072D+02 4.23234D+01 5.654960+01 2.50000E-03
2.08144D+02 4.83733D+02 3.64886D+02 5.078B1D+01 6.78595D+01 3.000C0E-03
2.42835D+02 5.643550+02 4.257000+02 5.92528D+01 7.91694D+01 3.50000E-03
2.77526D+02 6.44977D+02 4.86514D+02 6.77175D+01 9.04793D+C1 4.00000E-03
3.122170+02 7.255990+02 5.473290+02 7.61822D+01 1.017890+02 4.50000E-03
a 3.46907D+02 8.06221D+02 6.08143D+02 B8.46469D+01 1.13099D+02 S5.00000E-03
' 3.81598D+02 8.86843D+02 6.68957D+02 9.31116D+01 1.244090+02 5.50000E-03
4.16289D+02 9.67466D+02 7.29772D+402 1.01576D+02 1.35719D+02 6.00000E-03
4.50980D+02 1.048093D+03 7.90586D+02 1.10041D+02 1.47029D+02 6.50000E-03
4.85670D+02 1.12871D+03 8.51400D+02 1.18506D+02 1.58339D+02 7.00000E-03
. 5.203610+02 1.20933D+03 9.122150+402 1.26970D+02 1.69649D+02 7.50000E-03
Ii 5.55052D+02 1.28995D+03 9.73029D+02 1.35435D+02 1.80959D+02 8.00000E-03
5.89742D0+02 1.37058D+03 1.03384D+03 1.43900D0+02 1.922690+02 8.50000E-03
X 6.24433D+02 1.45120D+03 1.09466D+03 1.52364D+02 2.03578D+02 9.00000E-03
6.59124D+02 1.53182D+03 1.155470+03 1.608290+02 2.14888D+02 9.50000E-03
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TABLE 21

vr(r,t)

PERTURBED QUANTITIES, CHAPTER 4

Vo(r,t)

YT TTTwY

TIME

.470282725889E+0%
. 209595314006 7E+06
.488281191390E+06
.88308627%831E+06
. 139400601167E+07
.202091031538E+07
.27%993349555E+07

.349619332370E+07
.815564535957E+06
.106744536042E+09

Vz(r,t)

-.1427%0907385E-01
-.301363024211E-01
-.459975113493E-01
-.618586490873E-01
«.777176876989E-01
-.935143633136E-01
-~.107457736718E+00
-.663238334623E-0!

.161162313860E+01

.519331527439E+02

Er(r,t)

-308797007098E~14
- 159899574921E~12
-365086338576E~11
-1692596820%1E~09
-503118902514E~08
- 149524674249E-06
. 444364747439E-05
. 132058412945E~03
- 392457559%81£-02
- 116632391137E+00

Eo(r,t)

.360000000000E-11
. 760000000000E~11
. 116000000000E-10
. 136000000000E~1{0
. 196000000000E-10
. 236000000000E-10
.276000000000E~10
.316000000000E-10
.356000000000E-10

.396000000000E- |0

TIME

.15927682%847E-10
.708281915914E-09
.246686497795E-07
.738177854506E-06
.2194079%9395E-04
.632068921520E-03
.193784883670E-01
.575899065330E+00
-171148461225E+02
.508627080421E+03

+212743966624E-06
. 948155205973E-06
.220886015309E~-0%
+399485813213E-05
.6306129315308-0%
.914208523973E-05
- 124852384989E-04
. 158158910640E-04
.368940692197E-03

-.4828851829%5E-03

.329232209408E~-10
. 144835522286E-08
.501085863021E~07
.149851789534E~05
.445384221883E-04
.132365448078£-02
.393369999991E-01
.116903551683E+01
.347419611898E+02
.103247801128E+04

.360000000000E-11
.760000000000E-11

. 116000000000E-10
. 156000000000E-10
. 196000000000E~ {0
.236000000000E~-10
.276000000000E~10
.316000000000E~10
. 356000000000E- 10
.396000000000E~10
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E (r,t)

TABLE 22
PERTURBED GUANTITIES, CHAPTER 4

Bo(r,t)

Bz(r,t)

TIME

.143576253407E-06
.631619296526E-0%
.218520633133E-03
.6%3494946509E-02
.194229471106E+00
.577238014437E+01
.1715463711852+03
.509809995811E+04
.151507673948R+06

.4502576611528+07

.2811789950%9E-15
.145%98567192E-13
.514546648399E-12
.194121530392E~10
.458121238718E-09
.136151571017E-07
.404621904928E-06
.120247447311E-04
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