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MAFCO IJI — A Code for Calculating Particle

*
Trajectories in Magnetic and Electric Fields

W. A. Perkins and S. J. Sackett

Lawrence Berkeley Laboratory
University of California
Berkeley, California

August 3, 1972

ABSTRACT

. MAFCO III will calculate the three-dimensional trajectory of a
relativistic (or non-relativistic) particle of arbitrary mass and
charge in.time-farying (or constant) three-dimensional magnetic and
electric fields. The magnetic fields must be specified by infini-
tesimal current elements whose configuration and time variation can be
very general., Electric fields can be specified by point charges and
infinitesimal charged elements which can also have & time variation,
and by regions of constant electric field. The electric field due
to the time variation of the magnetic field is calculated and added
to the specified electric field. The magnetic field arising from
a time-varying éharged element, however, is neglected. The program
is written in FORTRAN and COMPASS and requires a memory allotment

of 110,0008 words.

* ,
Work done under the auspices of the U.S. Atomic Energy Commission,



1l. Introduction

MAFCO III was written to solve some of the problems that arise
in plasma physics and accelgrator design regarding the motion of
charged particles in complicated magnetic and electric fields..
Whereas MAFCOl calculates the magnetic field from the current elements,
and MAFCO 112 calculates the guiding center motion In a magnetic field
which is applicablé for particle motion with small gyroradii, MAFCO III
calculates the particle's trajectory. Some other computer_codes3’l'l
have been written to follow the motion of particles in a magnetic
field. MAFCO III is more general than the other programs in that it
can handle relativistic calculations and has provisions for time-
varying magnetic fields and electric fields. The particular input
for electric fields required.by MAFCO III is not appropriate for
problems in which potential distributions specify the electric field.
Other progra.msh should be used for problems of that type. Also, it
is assumed that no permeable material ié present. Some two-dimensional
codess’6 are available for calculating trajectories in the presence of
permeable material.

In specifying the magnetic field the current-carrying conductors
must be approximated by straight lines, circular loops, arcs of
circles, or a series of points designating the geometry of a general
current element (the code puts a straight-line element between each
pair of points). The cross section of these current elements is as-
sumed to be‘infinitesimal. This is usually & good approximationg for

those cases in which the conductor's cross section is not negligible,
it may be easily approximated with several infinitesimal elements.

+In specifying the electric field, one can use charged elements

with the geometries described, point charges, and electric fields that



-2 .

are constant over a given region of space. All of these except

the last may be time varying.

The time variation of the current elements and charged elements

can be specified by a table of points. (The variation is taken to be

linear between the points.) Other options are: (1) a sine-wave rise

and an exponential decay and, (2) an exponentially-decaying sine-wave

variation,

The units used by the code are:

Time

Distance

Velocity

B (magnetic field)
E (electric field)
Mass

Charge

o (angle)

W (energy)

p (momentum)

29

nmicroseconds
centimeters
centimeters per second
gauss

volt per centimeter
grams

esu

degrees

MeV

MeV/c .

Theory

A. Equations of Motion

The equations of motion for a charged particle in an electric

and a magnetic field are as follows

a3
qt

v = f(E} N 1), , (1)




e
Iy
e

3
@
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. Where
Y =2/(myy) (3)
and :
y = (82 + 12e?)3/(m o) | | (&)

is the ratio of thé particle'é total energy to its rest energy. The
quéntity m, is the particle's rest mass, e is its electricvcharge;
R is its spacialicoordinate, v is its velocity, I . represents the
currents,and c ' is the velocity of light.

The trajectory of the particle is obtained By integrating EQS.'
(1) and (2) with the use of Egs. (3) and (4). The integraﬁion is |
done in rectangular coordinates,using fourth-order Adams-Moulton
predictor-corrector with starting procedure based on Zonﬁeveld's

7

formulas. A variable step size is used to ensure accuracy, but

' steps are forced to land on multiples of a specified print interval,

B. Magnetic Field Changing with Time

The magnetic field for the current-carrying elements is.
calculated by'the same equations as are used in MAFCO} The currents
can be constant in time or have one: of the following three types of

variatiqn:
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I, Table of 'Ii and t, values, For a given time % the current

I is calculated by the linear interpolation,

.I('t) = Ii + (I_i+l - Ii) m . (5)

IT. A sine-wave rise with an exponential decay as would occur with
an inductive and resistive element powered by a capacitor bank which

is crowbarred at peak field,

I{t) = 0 | for t < t_,
. : - . . “ | -
I(t) = I, sin [5_.(1: - to)/fr] for & <t <7+t
I(t) = ;o exp - [(t -t - Tr)/Td} - for £ > 1 + t s (6)

- Wwhere to is the time at which the current starts flowing, 7. 1is

the rise time, and 7 is the pharaéteristic'decay time,

d

IITI. An exponential decaying sine wave., (One can also use this type for a |

sine-wave variation by using a large value for the'decay time, )

I(t) = 0 for t < to

I(ﬁ) = Iy exp[-(t-ty)/Tqlsin [%'(tfto)/Tr]

for t5 <t <4,
I(t) =0 'for£v>tm. '(7)

The equations for the electric fields'caused by the changing

magnetic fields are calculated from the vector potential A by
: fad
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,a ‘
E =- 3% . (8)
A depends on time only through I(t), and the equation for A was

obtained by integration of

Mol al
A-m ¥ 7 (%)
for each type of current element. Here
I(t)
I(t '
E=-xe) A (20)

The equations for the electric fields caused by changing currents in

' CIRCULAR LOOPS, ARCS, and STRAIGHT LINES are given in Appendix A of

Ref, 2,

C. Electric Fields for Charged Elements
The equations for the electric fields created by charged elements
afé calculated from
=- 0 | (11)
and

i E o

where Q is the charge and L 1is the length.of the charged element.

The reéulting electric fields are:
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IIT. Straight Line Charge

C2x108g J R X *ﬂ[ﬁg - 2;' (X5 - X))/,
- - 5

X O, - :
%2 = il Pp = PpoPp * p2,"2 " Py
~ o~ ~ a4
X, - X +]p, - o ] (X, - X )/ |
2~ TP L 1
e el : , (25)
PL = PP - p1"’2 gt
~ o~ ~ ~
PPy = (X - X)X - X)) + (Y = Y )(¥, - Y ) + (2 - 2)(Z, - Z)
_ 2 2 22 BTN
R [0 - %)%+ (v, - 107 4 (7, - 277, (16)

where EY and EZ are obtained by cyclic permutations of X, Y, Z o
The equations for the electric field from a point charge are

given in Ref, 2,

D. Transformation of Coordinate Systems for

Circular Loops and Arcs

The equations specifying the electric and magnetic field created
by loop charges (and/or) currents are given fof the coordinate system
whose center coincides with the center of the loop and for which the
loop lies in the X-Y plane., Equations to transform the field pdint to
this coordinate system are given in Ségtion 2B of Ref, 1, Equations
to transform the fiéld components bgck to the laboratory system
are given there also, |

These same transformation equations are used fdi- the circulér

arcs,



E. Total Field

The total electric and magnetic fields are obtained by summing

each component over all elements, For example,

N : M
‘ ;Z‘BX = zz: (BX)j(CIRCULAR LOOP) + }:: (Bx)j(CIRCULAR ARC)
- a2 | = _
= X |
+ zw, (BX)j(STRAIGHT LINE) + zz: (Bx)j(GENERAL ELEMENT).

J=1 j=1

3. Input-Output

A, Program Cards

The program is available on library tape number 13898 and
on PSS for use on the Lawrence Berkeley Laboratory 7600. The
required sequence of control cards is as follows:

JOBNAME ,05,TIME LIMIT IN CU'S,110000.ACCOUNT NUMBER,YOUR NAME
*7600

REQUEST,MAFCO3,HY,Z,13898.

or

LIBCOPY ,MAFLIB,MAFCO3,MAFCO3.
REWIND ,MAFCO3.

MAFCO3.

7-8-9 multiple punch in column 1.
MAFC0O3 data deck

€£-7-8-9 standard white end-of-job card.

(17)

A s e B e e e



B, Input Cards

In concise form the input is as given in Table I, If a
current or charged element is constant in time, then one does not need

any GENERAL TIME-VARYING CURRENT CARDS for that element,

Table T - MAFCO III Input

The first card contains the number of problems (integer, right-

adjusted, in columns 1-5).

The following section of cards is repeated for each problem,

— e e e o e em em o mm W e e e em mm e e wa mm e we ma e mm em wm = e wa m e =

The lst card contains comments concerning problem in columns 1-80.
fhe 2nd card of this section Sontains,in right-adjusted columns,
Format (¢I5,1X,A10)

1-5 Number of LOOPS.

6-10 Number of ARCS.
11-15 Number of STRAICHT LINES.
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16-20 Number cf GENERAL CURRENT LLEMENT groups.

21-25 Number of POINT CHARGES.

26-30 Number of CONSTANT_POLAR ELECTRIC FIELDS.

31-35 Number of CONSTANT RECTANGULAR ELECTRIC FIELDS,

36-40 Number of GENERAL TIME-VARYING CURRENTS AND CHARGES,

L1-k4s5 Number of particle trajectories.

L6-55 Name of file containing generator overlay. (See Appendix A).

CIRCULAR LOOP cards (one for each loop in this problem) containing
X, Y, Z, A, Alpha, Beta, I, Gen., time varying currentv(GTVC)(O if
current is D.C.), G (O for current only, 1 for charge only, -1 for
current and charge); Format (7F10,3,215). If G = -1, this is folloﬁed
by another card with VOC (velocity of beam/velocity of light); Format
(1E20.6). (When G = -1 for the other current elements this extra
card is also needed. The charge is calculated from @ = 0,1IL/VOC.)

CIRCULAR ARC cards (tWo for each arc in this problem). Card 1
contains X, Y, Z, A, Alpha, Beta, I, GTVC, G; Format (7FL0.3,215),

Card 2 contains @, ® Format (2Fl0.3).

o3

STRAIGHT-LINE cards (one for each straight line in this problem)
containing Xl, Yl, Zl’ XQ, Y2, ZE’ current from 1 to 2,GIVC, G; Format
(7F10.3,215). '

GENERAL CURRENT ELEMENT cards (one group for each element in this
problem), First card contains X, Y, Z of the first point, current
along points, number of points, GTVC, G; Format (4F10.3,315). Follow-
ing cards contain X, Y, Z of succeeding points; Format (3FI0.3).

POINT CHARGE cards (one for each point charge) containing X, ¥,
Z, Q; GCen, time varying charge; Format (3F10.3, 1E20.6, I 5).

CONSTANT POLAR ELECTRIC FIELDS.cards (two for each field) contain-

Z

iy’ Format (6F10,3);

i . 9 . 6 Z .
ne len’ Rmax’ min’ “max’ “min’

)

v
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&Rs €gs €z Format (3F10.1).

CONSTANT RECTANGULAR ELECTRIC FIELDS cards (two for each field)

containing X ;s Xpays Ymino Ymax’.zmin’ Zmaxs Format (6F10.1)
€ys €y, €y3 Format (3F10.1).
GENERAL TIME-VARYING CURRENT CARDS (Note: One group for each
time var&ing current in this problem.)
1st card number of points, time at first péint, current at first
point (IS, 2F10.3) succeéding cards containing T and‘I of
remaining points, four pairs per card; Format (8F10.3).
There must be at least 5 points per table.
For standard time-varying currents use the following format
instead.of the above. |
1st card negative integer giving function type, up to four con-

stants for function Format (I5,4F10.3)s3e.g.ssine-wave rise, exp.

decay: -1, ty, = starting time, T, = rise time of quarter sine wave,
Tq = €xp. decay time. TFor exponential-decaying sine wave: -2, tos
ty = time after which current equals zero, Ty, T3.

- Boundary card (one) which contains:

Rmin’ Rmax’.emin’ emax’ Zmin’ Zmax5 Format (6F10.3) .

Particle Trajectbry cards (two for each trajectory in the above
fields) containing

R, 8, Z, tyips Delta-t, tp,,, No. of revolutions to print out
betatron oscillation frequencies; Format (6F10.1, I5).

W, Ux, Uy, Uy, Mass, Charge, specified angle print out flag;

Format (6F10.1, I5).

(a) W (kinetic energy) # O, Uy, Uy, Uy are the relative velocities.
EE; for W = 0, Uy, Uy, Uz are particle's velocity components.

If charge is omitted, code uses -e. If mass is omitted,
code uses mg. ' ' '
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(a) If the specified angle print-out flag is nonzero, a card giving
two angles at which print out is desired must follow this card;
Format (2F10.1).

The symbols in Table I are defined as follows:

(1) CIRCULAR LOOP
(X, Y, Z) = coordinates of the center of the loop.

A

radius of loop.
Alpha, Beta = Euler angle specifying orientation of loop.

I current passing through loop.

See Fig. 1 of Ref. 1 for more details.
(2) CIRCULAR ARC
(x, v, 7) = coordinates of the center of imaginary loop
fofmed by extending the arc. h
A = radius of érc.
Alpha, Beta = Euler angles specifying orientation of arc.
Phi 1 = angle between starting point of arc and
Xy 21 plane (see Fig. 1 of Ref; 1).
Phi 2 = angle at which arc ends; &, >05.

I current passing through arc.

(3) STRAIGHT LINE
(X1, Y5 27) = coordinates of one end of the line.
(X5, Yo, Zn) = coordinates of the other end of the line.
2 2 2
(k) POINT CHARGE
(X, Y, Z2) = coordinates of point charge.

charge in statcoulombs (esu).

Q

(5) PARTICLE TRAJECTORY CARDS
(R, 6, 2) = coordinates of particle at start of trajectory.

starting time.

tmin
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Delta t = print—but time step.
thax = ending time for calculation.

W = particle's starting energy (MeV)
(UgsUysUy) = particle's starﬁing velocity in X, Y, and Z
~directions. |
The maximum number of each type of element that can be used for

one problem is:

CIRCULAR LOOPS . 200
CIRCULAR ARCS ' 200
STRAIGHT LINES 300 (max)
GENERAL CURRENT ELEMENTS 100 (max), or
’ 2Lk00 points (max)
POINT CHARGES 100 | |
CONSTANT POLAR ELECTRIC FIELDS 25
CONSTANT RECTANGULAR ELECTRIC FIELDS =~ 25
GENERAL TIME-VARYING CURRENTS 100 with max of 1500

points towal for GTVC .

Since the STRAIGHT LINES and GENERAL CURRENT ELEMENTS use the

‘same memory storage space, the total number of these elements that can

be used is limited (see Ref. 1).

C. Output

All output information is labeled. First, all of the input

information is printed out to identify the probiem. The gyroradius,

B, particle momentum, and -y are printéd out at the startihg and ending
point of the trajectory. As the particie moves along the trajectory,
columns of t (time) R, 6, Z,_W, Vys Vys Vg B,and E are printed out

at intervals of delta-t until thax 1s reached or until the particle

leaves the designated boundary.
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4, sSample Problems

A, Trapping Electrons with Inflector Coil

This is a calculation showing how the inflector field traps a
3,72 MeV electron in the compressor of an electron ring accelerator.8
The guidebfield is created by two sets of coils which vary slowly in
time, The electron is trapped by a rapidlj varying inflector coll,
Coll Sets 1 and 2 are simulated by twenty-four circular loops each,
The inflector coil is simulated by ten 180° arcs. Their input curreﬁts
are in the form of tables of I versus time which are obtained from the
experimental data. The input data for this problem are shown in
Table II,

Figure 1 shows the R-6 projection Qf the trajectory of the electron
for different strengths of the inflector field: (a) zero current in
the inflector coil, (b) I, ewmperes in the inflector coil, (c) 21
amper®s in the inflector coil and (d).3Ioamperes in the inflector coil.
The dashed rectangle indicates the location of the injection pipe |
(septum). The sinewave-shaped curve shows that with no inflector field
the electron strikes the injection pipe on the third turn. With RPN
amperes in the inflector coil the electron just barely missed the
injection pipe, but with 2I,, the electron misses with a good margin
(which is necessary for a beam of finite width). With 3I, in the

inflector coil the electron strikes the injector pipe on the first turn.
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B. Trajectory of Particle Inside Electron Ring

For some calculations it is useful to assume that the relativistic
electron ring can be represented by infinitesimal rings possessing
both charge and current. (Low-energy protons could be represented by
charged rings.) One then can calculate the trajector& of an electron
or proton in these fields és well as the vacuum fields. The input
for a éample problem of this form is_shown in Table III. We have
injected an electron into an‘electron ring which has a Gaussian
cross section and for which each electron has kinetic energy of 15 MeV.

In this example we have taken the vacuum field to be formed
by two circular loops, The fime variation of the vacuum field is a
sinesoidal rise with an exponential decay (see Sect. 2.B.). The
rise time is taken to be 350 psec and decay time, 8000 psec.

The radial and axial position of the particlé for thé first three

turns is shown in Fig. 2.
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APPENDIX A

At the option of the user, some or all of the data describing
the coil geometry and.time—varying current tables may be generated
by a user-provided program. The deck structure required to use

this option is as follows:

JOB NAME,05,TIME LIMIT IN CU's,110000.ACCOUNT NUMBER,YOUR NAME
¥7600
- REQUEST,MAFCO3,HY,Z,13898. _ | '
or ‘
' LIBCOPY ,MAFLIB,MAFC03,MAFCO3.
RUN,SC,B=GEN.
COPY ;MAFCO3/RB,1FM,GEN/RB,1F,LGO/RBR.
RETURN ,MAFCO3,GEN.
LINK,X.
7-8-9 Multiple punch in column 1.
OVERLAY (NAME,1,0)

PROGRAM PNAME

COMMON/COUNTR/NCG, NLOOP, NARC , NLINE,NGCL , NPC, NPE, NRE, NGTVC ,
* NTRJ,NTAPE
COMMON/COILS/XL(QOQ),YL(ZOO)¢ZL(200),AOFL(ZOO),ALPHA(QOO),
% BETA(QOO),XIOFL(EOO),KURL(200),VCL(200),
# XARc(eoo),YARc(zbo),ZARc(eoo,AARc(eoo),ALPARc(eoo),

* BETARC(200), XIARC(200),KURA(200),APHI1(200),APHI2(200),

* yCA(200),
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* x(2400),Y(2400),2(2400) ,XIL(300),NPOINT(100),KURLN(300),
* VCLN(300),

* XE(100),YE(100),ZE(100)Q(100),XQ(100),

* RMIN(25),RMAX(25),THMIN(és),THMAx(zs),ZMIN(25),ZMAX(25),
* EPSR(25),EPSTH(25),EPSZ(25), |

* XMIN(25),XMAX(25) JYMIN(25) ,YMAX(25) ,ZEMIN(25) , ZEMAX(25) ,
* EPSX(25),EPSY(25),EPSZE(25)

COMMON/ITABLE/TK(1500),EYC(1500),NPTC(100),NADD(100)

main code for generator
C  RETURN TO MAFCO ITT.

CALL GENOR,

CALL ARBORT

END

generator subroutines, if any.
7-8-9 multiple punch in column 1.
MAFCO3 data deck

6-7-8-9 standard white end-of-job card.

The name on the overlay card must be the same as the name given
in columns 46-55 of the second data card for the problem. If the
generator requires card input,'they should be placed just 5efore
thé "boundary card" for the problem. MAFCO IIT will print out
generated as well as iﬁput coil data so this need not be done

in the generator. Genératedvdata~must bé stbréd in thé_cémmon

blocks COILS and ITABLE in accordance with the following table.
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Storage allocation for generation of N elements:

Elements Counter Array Index limits
1oops NLOOP. XL,YL,ZL NLOOP+1 to '
= NLOOP+N © AOFL,ALPHA NLOOP+N
BETA ,XIOFL
KURL,VCL
arcs NARC XARC ,YARC NARC+1 to
= NARC+N ZARC ,AARC NARC+N
ALPARC ,BETARC
XIARC,KURA
APHI1,APHI?
VCA
straightl NLINE X,Y,7 2.NLINE+l to
lines = NLINE+N 2+ (NLINE+N)
XIL,KURLN NLINE+l to NLINE+N
VCLN '
5 . NGCL
general NGCL X,Y,2 2.NLINE + . NPOINT(J) +1
current = NGCL+N J=1
elements £
© NGCL+N
2.NLINE + ).  NPOINT(J)
J=1
XIL NLINE+NGCL+1 to NLINE+NGCL+N
. NPOINT NGCL+1 to NGCL+N
KURLN,VCLN NLINE+NGCL+1 to NLINE+NGCL+N
-
genera13 NGTVC NPTC NGTVC+1l to NGTVC+N
t.v. . = NGTVC+N NGTVC |
currents TK , EYC 3 NPTC(J)+1 to
- J=1
NGIVC+N
>>  wprC(J)
J=1




Note 1:

Note 2:

Note 3:

Note UL:
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Coordinates for line I are stored in X(J),Y(J),Z(J)
and X(J+1), Y(J+1), Z(J+1), where j =2'I-1. If
lines are to be generated and general current elements
input by cards, the data for the general current elements
must be moved up in core before gener@tion. Coding such
as the following will accomplish this:

NF=NLINE+NLINE
NS=NF+1
I=NLINE+NGCL .
DO 10 J=1,NGCL
NS =NS +NPOINT(J)
K=I+N
XIL(K)=XIL(I)
KURLN (K ) =KURLN(I)
VCLN(K)=VCLN(T)
I=I-1

10 CONTINUE
N2 =N+N

20 CONTINUE
NS=NS-1
I=NS+N2
X(I)=x(NS)
Y(1)=y(Ns)
z(1)=z(ws) .
IF(NS.GT.NF) GO TO 20

where it is assumed that N lines are to be generated.

Coordinates of the general current element I are stored
in X(J), Y(J), 2(J), J = 1, K-+ NPOINT(I), where

I-1
K = 2-NLINE + . NPOINT(L).
L=1

Values for current table I are stored in TK(J), EYC(J),
I-1

J = K+1, K + NPTC(I), where K = ). NPTC(L).
L=1

If element I is charged, the corresponding array.element

giving the current table, KURL(I), KURA(I), or



Note 5:

-21-.

KURLN(I) = KURLN(I) + 10000B). If element I has both
current and charge, the corresponding array element
must be made engative after modification, (e.g-,
KURLN(I) = - (KURLN(I) + 10000B)).

Care must be taken during geﬁeration thatvarray sizes
are not exceeded. No check is'madé for this in the

main code.



-22~

9601
1020¢
1080*

XBL723-2679

Fig. 1. Radius of electron as a function of angle for four inflector -

currents: (a) I==O,(b)I=.%,(c)I: mb,(d)lziﬁo.
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Fig 2. R and Z position of electron for three revolutions ih fields

created by a coil and a simulated electron ring.
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Columa 10 20

COMORESSIR 4  C€HILS 1 + 2 + INFLECTIR

30

48 19
o, . -25.11 32,7
0e N, -25411 33,6
L e 7 =25411 31,8
9% ne -25411 30.9
LN 0, -24419 32.7
Ne 2 ~24419 13,6
2, N 24419 11,8
% . 0 ~24419 39,9
04 LD -23.27 32,7
0. Oe ~23.27 31346
04 de -23.217 1.8
0. 0, -23.27 3049
L % 25411 S32,7
0, 0 25411 13,6
Je 0, 25411 1.8
48 Circular Loops « D¢ Do 25411 3,9
. 0, Ve T 26,419 12,7
0. 0. 26419 11,6
} LN O 26419 31.8
9% De 24419 37,9
i 0. 2 23,27 32,7
D Ne 23427 33,6
0, e 23,27 11.8
1 0, 2e 23427 3049
! 0. 2 9.28 15,95
~ i Ne b 11,25 15,95
04 0, 11,22 15495
io0e L 12418 15495
P O 0, 11.15 15495
DN . 14612 16,95
04 D ~9,29 15,95
0. 0s -17.25 15495
% L “11.22 15,95
0, 0o -12.18 15,95
04 Do -13.15 15,95
Oe 0, ~1he12 15,95
3 2 9.28 17402
e LB 11425 17,42
e e 11,22 17,42
04 04 12418 17,642
Je ne' 13.15 17,62
0, 0. 16412 17,62
0. 0. -9,28 17,42
0 N -19425 17442
N D 11422 17,42
[ ", ~12.18 17,42
N O -1315 17.42
L0 % -14412 17,42
% Ne -1.n22 2241
an, 271
0. Ne 1.022 2247
90, 270,
b8 0 -3,066 2246
an, 270,
N 0 3,066 2246
90, 270,
UN N, 447 1145
10 Arcs e >0,
3. Ne ~4,7 1145
904 219
24 Ve -449 13,7
9. 271,
| 0 0, 4.9 13,9
90, 279,
a0, : Ve ~5.1 145
, 90, 2719,
T 9 b Sl 1445
rLgo. 210,
5 n,. 0.
P13, 2.8 113, I
5 e 0.
604 0o 134, .16
5 Ne .
73, 2.9 113, 4
6 Time Variations 13 O. e
10644970 0. 105, +50
1054015 = 29 1054020 .17
105,915 P L] 1054040 - 14
[ De L
73. 2.8 113, G
i s Ne No .
L. #ne Ne 1144 16
Boundary Card 0o 22,7 . 360.
2141 Je 0. 105,715
. Y72 Ne 1e D,
2 Trajectories 211 e Ne 106495
‘{_ 312 0 Lo 0,

Table .II.

Qs

Ge

200,
220,

200,
1050005
1054025
1054065

2000
220,

=5

200005

« 09905

Do
O
[N
Uo
De

Do

4.
8.
246
«08
-o18
8.
b
Se
1054039

1044965

Input data for problem A
60

1nn9,
1997
1019,
1993,
1210,
1919,
1990,
1964,
1000,
1999,
1990,
10n0, -
1nno,
1nna,
1119,
1200,
1909,
1000,
1177,
1000,
1190,
197,
1nn0.
1000,
1119,
1011,
107,
1010,
1110,
1040,
1010,
1000,
1010,
1199,
1900,
111%,
1009,
1nn0,
*1097,
1919,
1090,
1910,
1onn,.
13034
1997,
1719, .
1799,
1907,
=257

=250

-250.

=250 -
16647
16647
166.7

16647

16647

16647

11003
10030
10099

1054019

1054030

1799,

10000,
19999
2

2

-3
W

I N T O N . N N T N R e N - T e

&

Q.

Qe

040
~a32
-e29
Us

0.
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Teble III. Input data for Problem B

5 10 20 30

1. '
ELECTRON TRAJECTORY INSIDE AN ELECTRON

27
O Ne 10.
Ne Ne =10,
Oe " 0. ~ol
«99946
O 0, . ~el
« 939946
Qe 0. —eb
¢99946 =
Ne . De -ob
+ 39946
[V . 0e ~ob |
«99946 ’
Ne 0, -2
«99946
[¢1 ' 0. -2
«99946
Ne 2, . -2
«99946
D 0, ~e2
+99946
[/ 0, -2
29944 ' :
0. - -0, . 0.0
$99946 )
0. 0‘ . 0.0
99944
Oe 04 0.0
+ 99946
Oe O 0,0
+79946
Os 0. 0.0
«99946
0. 0. 0.2
299944
0. 0. Ue2
+99946 .
De e 0.2
«999445
Oe 04 0.2
¢ 39946
De 0, 0.2
«99946
0. [+ 0.4
«99946
Ne Ds 0.4
099046
0. D¢ 0.4
«99946
De [+ Ot
¢99946
0o 04 [ )
$99946
5 De =l
10 T 1. 210, -1
-1 0s 350, 8000,
O 10 0. 360.
3.75 o Je 20 360
15, Te 1, D

4o 50
RING
2 1
10, 0.
10, O
2.9 0
3.1 0o
3.3 0o
3.5 N
347 e
2.9 0.
341 0o
3.3 9.
3.5 0.
3.7 9.
249 De
3.1 1.
3.3 0.
3.5 0.
347 0o
2.9 2
3.1 0.
3.3 0e
3.5 0
3.7 0.
2.9 ne
3.1 e
3.3 0
3.5 e
3.7 0e
300,
-2
2001

60

00

O
0.
").

O.

0.
0o

Oe

O

e

Ne

04

0.
O
Ne

0.

0o
e
0a
Oe

Qe

~1le

2e
36)e3 04

1530004

"353010.

o3
«8
1.2
8

o3

N

o7

12.3
844
2.7

.
8
1.2
8

3

5000

(¢]

-

80



LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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