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INTRODUCTION

DYNACYL is a computer code used for the solution of internal electro-

magnetic pulse (IEMP) problems in

right circular cylinders; the code includes

space-charge-limiting and air-pressure effects. This class of problem occurs

typically when a source of photons strikes a cylindrical body and causes

electrons to be emitted from its surfaces due to photoelectric and Compton

processes. These electrons produced fields which, in turn, act on the

charged particles, thus altering
and fields in cavities. When the
to retard the motion of electrons
electrons radically to side walls
back to the emitted surface, then

has been realized. The electrons

their trajectories and affecting currents
space-charge fields are sufficiently strong
into the cavity, either by deflecting

or turning them around and propelling them
the space-charge-limiting (SCL) condition

can also ionize gas molecules in cavities

in the system. When the ionization density is high enough, migration of the

resulting light-weight electrons away from the heavy ions toward the cylin-

der walls can reduce the space-charge barrier fields and permit greater

penetration of primary electrons into the space, thereby, significantly

changing currents and fields in the cavities. The goal of an IEMP analysis

is to determine currents reaching

vital components. In this regard, both

space-charge-limiting and air-pressure effects may be important. DYNACYL

is designed to aid in these analyses by treating both effects simultaneously.

This report contains a broad

overview of the code; details on how to

use it are emphasized. Detailed descriptions of the physics and modeling

employed in the code are found in

the references. Here, specific input

card information and output descriptions are given. Computer requirements

are outlined, a sample calculation is discussed, and other practical

information necessary for obtaining useful information from DYNACYL is

given.




DYNACYL contains as a subset its predecessor code TEDIEM-RZ. This
earlier version is a quasi-static solution of the same configuration as
that treated by the dynamic DYNACYL segment, but does not treat air
pressure effects. It can be invoked following directions of this manual,
but is otherwise left out of discussions. Complete documentation and a

user's manual for this older code are available in Reference 1.

1. E. P. DePlomb and A. J. Woods, "TEDIEM-RZ and RO: Two-Dimensional
Time-Dependent IEMP Computer Codes,' DNA 3140F, March 10, 1973.
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2. DYNACYL DESCRIPTION

DYNACYL solves the two-dimensional, time-dependent IEMP problem for
a cylinder whose end-plates emit electrons into the interior in axisymmetric
distributions. Particles representing large numbers of emitted electrons
are formed and injected into the spatial grid at various energies, angles,
and positions, and with various amounts of charge depending on the pulse
height at the time of emission. All of the electron emission information
must be specified to the code. DYNACYL automatically provides for the de-
lay of electron emission from the back face by an amount equal to the flight
time across the cavity length.

The particles of charge are moved via Newtonian equations of motion.
They are converted to current densities on the spatial cell boundaries and
also ionize air molecules if such are present in the cylinder. The current
densities are used as source terms for Maxwell's equations, and the ioniza-
tion rates are used in the plasma solution for the background gas. Both
Maxwell's equations and the plasma condition are solved using finite-
differencing techniques. The plasma treatment couples into the field equa-
tions by means of effective conductivity in each zone due to the secondary-
electron mobility.

The details of the physics and modeling can be found in Reference 2.
A useful discussion of the range of validity of the plasma formulation
and other DYNACYL treatments for a specific IEMP air-pressure-effects
problem are found in Reference 3. A comparison of code performance in

dynamic versus quasi-static IEMP problems is found in Reference 4. It

2. T. N. Delmer et al., "SGEMP Phenomonology and Computer Code
Development,'" DNA 3653F, November 11, 1974.

3. D. C. Osborne, R. H. Stahl, and T. N. Delmer, ''Large-Area Electron-
Beam Experiments,' INTEL-RT 8101-011, July 15, 1975.

4. E. P. Wenaas and A. J. Woods, '"Comparisons of Quasi-Static and
Fully Dynamic Solutions for Electromagnetic Field Calculations in a
Cylindrical Cavity,'" IEEE Trans. Nucl. Sci. NS-21, December 1974.




should be noted that DYNACYL has no provision for field acceleration of
secondary electrons; hence the code cannot treat the occurrence of avalanch
ionization.

A flow chart summarizing the DYNACYL code cycle is shown in Figure 1.
Notice that electron emission information comes from a source external to
DYNACYL.
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3. DYNACYL COMPUTER REQUIREMENTS

DYNACYL is a FORTRAN-IV computer program of about 5500 cards,
including both the dynamic and quasi-static segments of the code and
peripheral plot routines. No machine language coding is employed. The
current version operates on the CDC 7600 computer, although an older
UNIVAC 1108 version exists. The older edition is not considered here.

Core requirements are 6500010 words of small core and 100,000.., words

of large core. Three fast-access files are also required durigg
execution, one for plot storage and two for particle information storage.
The RUN compiler is currently used, although conversion to the faster
FIN compiler should be straightforward at this time. Run times vary
from 1 to 30 minutes central processor time, depending on problem

conditions. Core must be preset to zero.




4. DESCRIPTION OF INPUTS

4.1 TINTRODUCTION

Detailed descriptions of DYNACYL input cards are given in this
section. The goal here is to explain how to specify the various physical
and computational parameters to the code. A brief definition section is
given in Table 1, in which certain terms peculiar to the DYNACYL user's
manual and code outputs are defined. These descriptions are not of
specific code variables, but rather of general terms employed in modeling
and interpreting problems. Specific variable descriptions are found in
the Input Cards and Sample Problem sections below.

Detailed discussions of card inputs are given including variable name
and definition, minimum and maximum allowed values and numbers of values,
defaults, locations on the cards, etc. Numerical limitations on code

input and calculational variables are summarized in Table 2.

4.2 INPUT CARDS

Input card details are given in Table 3. Several conventions are used to
help in quick scanning of the inputs. If the word "DEBUG" is found at the
beginning of a variable description, that variable is used generally for
debug purposes only and may be ignored for standard code calculations.

The word "EDIT" indicates that the variable is used in choosing desired
code outputs. Most of these variable types appear on the option card
(card 2). Variables without the "EDIT" or "DEBUG" notation are generally
the physical inputs to the problem.

The designation ''card number' actually means 'card type'". If an
array of values is bejng read in requiring more than one card, the cards
have the same card number until the desired number of values are specified.
Those input variables which are arrays and may require multiple values can
be determined quickly by noting the format specification, where multiple
values are indicated by a number appearing before the alphabetic character
giving the variable type. Also, the descriptions tell how many variables

to read in.




Table 1

DEFINITIONS OF TERMS FOUND IN THIS USER'S
MANUAL AND IN DYNACYL OUTPUT

Forward emission face: Cylinder face from which forward
emission of electrons occurs. Usually
taken to be bottom (z=0) face of
cylinder. Emission always occurs
from this face in the code. If back
emission is done, opposite face emits,

also.

Back of cylinder: Face away from forward emission face
(z=L)

Tz Cylinder length (cm)

Top of cylinder: Face away from forward emission face
(z=L)

Bottom of cylinder: Forward emission face (z=0)

R Cylinder radius (cm)

D: Cylinder diameter (cm)

Mini-print: Short printout (6 lines) containing

summary and plot information useful
in interpreting calculational quality
and code output. Can be specified

at times distinct from the large

2-D prints.

2-D print: Large printout containing spatial
distributions of most physical
quantities.

Primary electrons: Designates electrons emitted into the

cylinder by external source such as
photo-electric emission.

Secondary electrons: Designates electrons caused by
ionization of the background gas by
primary electrons. Modeled as a
plasma in DYNACYL.
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Table 2

MINIMUM AND MAXTMUM ALLOWED VALUES
OF DYNACYL INPUT AND CALCULATIONAL VARIABLES

Defaults are given where applicable.

Minimum Maximum
Value Value
Quantity Allowed Allowed Default
Radial zones: 20
(NPG)
Axial zones: 50
(NRGP)
Emission Specifications
Angular bins: 20
Polar: 20
(NANG)
Azimuthal: No limit except by number of particles
(KOPT(10)) allowed to be emitted per time step
(below)
Energy bins: 25 (15 for time-dependent spectra)
Positions: 20 Number of radial zones
No. of different spectra: 10 1
(KOPT(38))
Number of different
particle time steps: 10
(KOPT(12))
Number of point pairs
defining emission pulse
shape: 41
(KOPT(13))
Number of particles
emitted per time step: 2000

Number of particles
being followed in a given
time step:

Number of point pairs on
field & current time
history plots:

No limit except computer disk space

1200




Table

3.

INPUT CARDS

Card Columns
Number (Format) Variable Description
1 1-78 TITLE Title Card
(13A6)
2 1-2 KOPT (1) EDIT: Particle trajectory information
CEZ) (IPLOT)
0 No information
ik Plot sample trajectories for time
of DTF nsec (see card 11)
2 Print velocities and fields acting
on particles over the trajectories
as well as plotting them
2 3-4 KOPT(2) EDIT: Print out every KOPT(2) values of
(12) the array of emission particle data
(initial position, velocity, charge,
etc.) if zero, code calculates value
such that about 50 sample particles
are printed
2 5-6 KOPT(3) EDIT: If >0, print out emission charge
(12) characteristics as in KOPT(2) only
for 2 x KOPT(38) different times.
Useful in time-dependent spectrum
calculations for verification of
emission data at different times.
2 7-8 KOPT (4) Input emission electrons every KOPT(4)
(12) (NESKIP) particle time steps.
2 9-10 KOPT (5) EDIT: If >0, calculate averages and standard
(12) deviations of certain summary quanties
(see mini-print description) every KOPT(5)
particle time steps
2 11-12 KOPT (6) DEBUG: Particle path information for sample
(12) trajectories which is printed out as
the calculation unfolds.
2 13-14 KOPT(7) EDIT: Print fields and currents for every
(12) spatial zone away from forward emission

face up to and including the KOPT(7)th
zone. See KOPT(20). DEFAULT = 1

<0



TFable 3% (cont.)

Card Columns
Number (Format) Variable Description
2 15-16 KOPT (8) 0 Emission current density uniform radially
(12) across emission face (s)
1 Emission current density falls off radi-
ally to a value of 1/BFALL (see card 11),
its value on the cylinder axis.
2 17-18 KOPT(9) DEBUG: Print out information on 2-D prints in
(12) aqdition to standard fields and currents.
(B, charge per zone, potential relative
to side wall, etc.)
2 19-20 KOPT (10) Number of emission electron azimuthal
(12) (NPHI) angular bins
MIN = 1
MAX = 2000
2 21-22 KOPT(11) Number of emission electron energy
(12) (NSPD) bins. Cards 13 and 14 read in if
KOPT(11) >0. Values of -1 and <-1
can be used where code sets mono-
energetic or analytic spectra for
debug purposes (see subroutine TDIMRZ)
MIN NO = 1
MAX NO = 25 (15 for time dependent
spectra; see KOPT(38))
2 23-24 KOPT(12) Number of different particle time steps
(12) (NTSTEP) (read in on cards 7 and 8)
MIN = 1
MAX = 10
2 25-26 KOPT(13) Number of point pairs usec to define
(12) (NTPULS) arbitrary emission current pulse
shape read in on cards 9 and 10.
MIN NO = 2
MAX NO = 41
2 27-28 KOPT(14) Number of radial positions at which
(12) (NEPTS) charge particles are emitted
DEFAULT = No. of RADIAL ZONES
MIN =1
MAX = 20
2 29-30 KOPT(15) EDIT: Print 2-D prints every KOPT(15) particle |
(12) (NTSKIP) time steps. Overridden by DTPRNT

(Card 6) if it is non-zero.

. ) e s*;m,. -
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Table 3. (cont.)

Card Columns
Number (Format) Variable Description
2 31-32 KOPT (16) DEBUG: Print 2-D prints every particle time step
(12) up to and including step no. KOPT(16) if
>0.
2 33-34 KOPT(17) EDIT: Number of different plot files to
(12) overlay from results of this computer run.
An unlimited number of input decks can be
stacked, but only up to the first 3 can
be overlayed
MIN = 0
MAX = 3
2 35-36 KOPT (18) EDIT: If >0, all 2-D prints suppressed until
(12) more than KOPT(18) particle steps have
elapsed.
2 35-36 KOPT (19) DEBUG: If >0, positions, velocities, etc. of
(12) every particle are printed out every
time step. Uses much paper.
2 39-40 KOPT (20) EDIT: Print fields & currents at every KOPT(20)
(12) spatial grid positions in 2-D prints.
Default gives approximately 10 zones in
each direction. See KOPT(7)
2 41-42 KOPT (21) DEBUG: Provides additional information on 2-D
(12) prints if >0
2 43-44 KOPT (22) EDIT: If >0, plot total currents striking
(12) bottom, side, and top on same graph with
emission current wave form. All curves
are divided by peak emission current.
Z 45-46 KOPT(23)  EDIT: If >0, plot peak potential on cylinder
(12) axis versus time. The position of the
peak can vary with time.
2 47-48 KOPT (24) EDIT: If >0, plot average and peak emission
(12) electron energies versus time if the
spectrum is time-varying (see KOPT(38))
= 49-50 KOPT (25) EDIT: If >0, plot total current collected by
(12) top of cylinder (opposite forward emission
face) versus time both before and after
smoothing numerical noise. Plots every
time step up to number 1200. Current
is divided by peak emission current.
14 |
e ¥ >
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Table 3. (cont.)
Card Columns
Number (Format) Variable Description
2 51-52 KOPT (26) EDIT: Same as KOPT(25) only for side of
(12) cylinder.
2 53-54 KOPT(27) EDIT: If >0, plot total current collected by
(12) top of cylinder (opposite forward
emission face) at radius less than Ro
and at radius greater than Ro where
Ro = FCOLT * R2. R2 is cylinder
radius and FCOLT is set at beginning of
subroutine TDIMRZ (currently set to .67).
Current is divided by peak emission
current.
2 55-56 KOPT (28) EDIT: Same as KOPT(27) only for bottom of
(12) cylinder (forward emission face).
2 57-58 KOPT (29) EDIT: If >0, plot axial electric field at
(12) forward emission face (z = 0) on axis
and at half cylinder radius (r/2) as
well as peak radial electric field
anywhere along cylinder side versus time.
Position of radial field can vary
with time.
2 59-60 KOPT (30) EDIT: If >0, plot axial electric field on
(12) axis at face opposite forward emission
face (z = L) versus time
2 " 61-62 KOPT(31) EDIT: If >0, plot magnetic field at back face
(12) (z = L) at side of cylinder (r = R)
versus time.
2 63-64 KOPT (32) EDIT: Input check-plot emission current
(12) pulse shape if >0.
2 65-66 KOPT (33) EDIT. If >0, plot spatial distribution of
(12) electric potential on cylinder axis
at each 2-D print time
2 67-68 KOPT (34) EDIT: If >0, plot net charge density (ions
(12) and electrons) spatial distributions

1

for several radial positions each 2-D
print time

———

o T




TFable 3. " (cont.)
Card Columns

Number (Format) Variable Description

2 60-70 KOPT (35) EDIT: Print mini-print every KOPT(35) particle
(12) time steps.
DEFAULT = No mini-print

2 71-72 KOPT(36) EDIT: Print pressure effects quantities in
(12) 2-D prints in addition to fields and
currents. Includes conductivities,
conduction currents, charge densities,
ionization rates

2 73-74 KOPT (37) DEBUG: Allows different terms in particle
(12) equations of motion to be tested in-
dependently:

0 E and B both act on particles

1 E only acts on particles

2 B only acts on particles

3 No force due to fields acts on particles

In all of the options above, the slowing
down of particles due to ionization of
the gas by the primaries still occurs.

2 75-76 KOPT (38) Number of different spectra repre-
(12) senting complete emission current pulse.
If more than 1 spectrum is used, code
linearly interpolates in time from one
spectrum to the next. If 0, random-
izing routines (problem specific) are
called which operate on the input dis-
tributions to randomize the energy and
angular spectra (see subroutines RAMSPD
and RAMIT). In that case, the number
of spectra is the absolute value of
KOPT(38)
DEFAULT = 1
MAX =10
2 77-78 KOPT(39) Quasi-Static only: read Green's function
(12) for fields from input unit KOPT(39)

2 79-80 KOPT (40) Quasi-Static only: write Green's function
(12) for fields to unit KOPT(40)

s b A M, 7 o7, T AN (i 407 IO 0 e . T P e PN S SR
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Table 3. (cont.)

Card Columns
Number (Format) Variable Description
5 17-25 PATM Gas pressure in cylinder in atm. Also
(E9) used to flag quasi-static calculations
which can be done for vacuum only. Set
to -1.E-20 to indicate quasi-static.
3 26-34 R2 Cylinder radius (cm)
(E9)
3 44-52 22 Cylinder length (cm)
3 53-61 NRGP No. of spatial zones in radial direction
(E9)
3 62-70 NPG Number of spatial zones in axial direction
3 72-79 NANG Number of polar angular bins for emission
(E9) current. If >0, code reads in angular
distribution on cards 15 and 16 with
NANG bins. If <0, code set cosine 6
(measured from surface normal) angular
distribution with NANG bins and cards
15 and 16 are not read in. If <-100,
code sets isotropic angular distribution
with NANG + 100 bins and cards 14 and
15 are not read in.
4 1-40 LRATIO Determines radial zoning in quasi-static
(1Y) case. Read in one LRATIO value for each
radial zone. The cylinder radius is sub-
divided into minimum increments equal to
the radius divided by the sum of the LRATIO
values. The radial zones are then the
product of the individual LRATIOs times
the minimum increment. Permits rapid
particle finding. Read in as blank in
dynamic calculations (PATM > 0).
5 1-40 LZRAT Same as card 4 only for axial zones
(11)
6 17-25 TMAX Maximum simulation time (nsec)
(E9)




Table 3. (cont.)

Card Columns
Number (Format) Variable Description
6 26-34 BAKEMT Back emission fraction. If >0, code
(E9) emits particles from back face of
cylinder (Z = L) with same spectrum
and pulse shape as furward emission.
Peak emission current density equals
BAKEMT times peak forward emission
current density (card 11). Back
emission is delayed by photon flight
time to back face.
6 35-43 SIDEMT Fractional emission from side of
(E9) cylinder. Not operational.
6 44-52 REFQ Charge reflection fraction for elec-
(E9) tron back-scattering simulation. Not
checked out thouroughly. If 0, no
backscattering occurs.
6 53-61 FINJEK Emission current radial extent is from
(E9) 0 to FINJEK x cylinder radius.
DEFAULT = 1. See BFALL (card 11)
6 62-70 DTPRNT Print out 2-D prints every DTPRNT
(E9) nsec if >0. Overrides KOPT(15).
7 17-70 TSTEP Time range edges in nsec over which
(7£9) particle time step is constant and
defined by DTSTEP (card 8). ie:
particle time
defined by DTSTEP (card 8), ie,
particle time step = DTSTEP (I) for
TSTEP (I) < TIME < TSTEP (I + 1).
Read in KOPT (12) values. First one
must be zero. TSTEP (KOPT (12) + 1)
set to
MIN NO = 0O
MAX NO = 10
8 17-70 DTSTEP Particle time steps in nsec. See card
(7E9) 7 above. If DTSTEP (1) = 0., code sets

particle time step so an average-energy
particle traverses one axial zone per
particle time step. If DTSTEP(1l) = -1.,
code makes sure time step is at least
less than or equal to 1/5 emission
current pulse rise time.




Card
Number

Columns
(Format)

Table

Variable

3 fcont.)

Description

10

i3 |

11

11

11

17-70
(7E9)

17-70
(7E9)

17=25
(E9)

26-34
(E9)

35-43

(E9)

44-52
(E9)

TPULSE

PULSE

NTOT

JPEAK

DTF

BFALL

EDIT:

Times at which emission current pulse
defined (see card 10). Code linearly
interpolates between values for emission
current level. Read in KOPT(13) values.
MIN NO = 2

MAX NO = 41

Relative emission current pulse heights
at times defined by TPULSE (card 9).
Read in KOPT(13) values. Code shuts
off pulse immediately after last value
of TPULSE.

MIN NO = 2

MAX NO = 41

If >0., number of electrons/cm2 emitted
at axis over entire emission current
pulse. See BFALL if radial variation of
emission current desired. Either NTOT
or JPEAK must be input.

If >0., peak emission current density

in amp/cm’ at axis of forward face. If

zero, calculated from NTOT above.

Either JPEAK or NTOT must be input.

See BFALL if radial fall-off of emission

current desired.

Time interval in nsec over which sample

particle trajectories are plotted (see

KOPT(1)). Particles are plotted for

DTF nsec, then a new batch is tagged

and followed for the next DTF nsec

throughout the entire problem.

DEFAULT = average energy particle time
to transit the cavity assuming
no SCL

Emission current radial fall-off if
KOPT(8) set to 1. Emission current falls
off to a value at cylinder outer wall of
1./BFALL times its value on-axis. See
also FINJEK (card 6). This option de-
termines radial fall-off rate, but FINJEK
determines extent of emission region
independently.

i — -
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Card
Number

Columns
(Format)

Variable

Table 3.

(cont.)

Description

12

1%

14

15

16

17-70
(7E9)

1-80
(8E10)

1-380

(8E10)

1-80
(8E10)

1-80
(8E10)

TSPECT

EEDGE

HELN

ANGEDG

NTHETA

20

Read in only if KOPT(38) >1 for time-
dependent emission current spectra. These
are the times in nsec corresponding to the
input spectra on cards 13 and 14. Each
set of cards 13 and 14 corresponds to

one value of TSPECT. For mono-energetic,
time-varying emission currents, replace
cards 13 and 14 with a card(s) (16X, 7E9)
on which emission electron energies in

kev are specified corresponding to the
times on card 12.

DEFAULT = 0

MAX NO = 10

Emission electron spectrum energy bin
edges in kev. See card 14. Read in
KOPT(11) + 1 values if KOPT (11) > 0.

Emission electron spectrum relative no.

of electrons per unit energy in energy
bins defined by card 13. Read in KOPT(1ll)
values if KOPT (11) > 0. For time-
dependent spectra, KOPT (38) pairs of
cards 13 and 14 are read in.

Emission electron angular distribution
bin edges in degrees. Measured from
surface normal. Read in NANG + 1 values
(see card 3) if NANG >0, otherwise omit.

Emission electron angular distribution
relative number of electrons per unit
solid angle in bins defined by card
15. Read in NANG value if NANG > O,
otherwise omit (see card 3).




5. SAMPLE PROBLEM

A sample problem is described in this section in which code inputs
and selected outputs are explained. The problem modeled is a cylinder
15 cm long by 30 cm diameter containing air at pressure 2.63 x 10—4 atm
(200 ym Hg). A pulse of electrons is emitted perpendicularly and uniformly
fromone end of the cylinder. Electron energies, monoenergetic at any in-
stant, change continuously throughout the pulse. The peak density of the
emission pulse is 11.6 amp/cm2 occurring at about 50 nsec, while the peak
emission electron energy is 180 keV occurring at about 6 nsec. The emission
current density and energy are such that substantial space-charge-limiting
would be expected if the cylinder were evacuated; instead, air at 200 pm
pressure provides enough ionization under these conditions to effectively
cancel the fields, resulting in almost no deflection of electron paths.

Numerically, the problem was modeled by breaking the cylinder into
5 axial and 5 radial zones, employing a particle time step of 0.2 nsec.
The code calculates a light time step based on the minimun zone size.
Particles were emitted from 15 radial positions. The arbitrary emission
current pulse-time history and energy-versus-time curves were modeled with
9 and 10 point pairs, respectively. Mini-prints were requested every 2 nsec
and spatial prints every 5 nsec. Most of the available plot options for
time histories were requested.

The numerics and modeling employed here should not be taken as
representative, especially the small number of spatial zones and the
straight-in primary electron emission. These conditions simply provided

a convenient sample problem.

5.1 SAMPLE PROBLEM INPUT CARDS

The input cards necessary for the sample problem described above are
shown in Figure 2. Notice the comments at the beginnings of the data cards.

These are for the programmer's convenience and are not required by the code.
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S R TR WA
Sl e e
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e e

KAMAN COMPARISUN PROBLEM 200 MICRONS
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1 1 1
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TPULSE 0,
TPULSE 60,
PULSE 0,
PULSE 4,9
NTOTJPEAKDTFBFAL O,
TENG 0,
TENG 56,
ENGY 0,
ENGY 6,5
0, 0,03

1,

Figure 2.

Sample problem inputs for cylindeg‘ls cm long by 30 cm
diameter at pressure of 2.63 x 10 ° atm.
dependent energy spectrum is specified.
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5.2 SAMPLE PROBLEM OUTPUT

Selected code outputs essential for interpreting calculations are
given in this section. In particular, the emission particle character-
istics, the mini-print, and the spatial print are described fully.
Definitions of the plot titles are also given in the glossary in
Section 5.3.

The sample particle emission printout is given in Figure 3. This
printout lists information pertaining to sample particles which represent
large numbers of emission electrons. Initial positions, velocities, etc.,
are given. In cases where time-dependent spectra are being calculated,
this printout can be specified at various times to check particle emission
against input quantities [see KOPT(3), card 2]. Variable names are
defined in the glossary (Table 4). The sample mini-print is found in Figure 4.

The sample spatial print is shown in Figure 5 for a time of 5 nsec.
Electric fields have already been substantially dissipated at this time
by large conductivity currents due to secondary electron migration (drift).
The primary-electron radial current density is zero because the electrons
were injected straight into the cavity and also because the magnetic

field was not permitted to influence electron motion [KOPT(37) = 1].
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Figure 5. DYNACYL spatial print example. This printout is also

to as a '"'2-D print'" elsewhere in this report.
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Figure 5 (cont.)
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Figure 5 (cont.)
:
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BEST AVAILABLE COPY

senas  SIGMAeR ARRRR
K 1,50000E=02 4,50000£=02 7,50000F«02 1,05000t=01 1,35000E=01
4
1,3500E=01 5,5356€203  %,873E=08 2,704E«03 2,150E=U3  3,194t«03
1,05006=01 1,175kw03 §,734E=03 2,319t«03 2,808E<03 3,04BE=03
7,50C0Em02 4,482Ee02 5,7/42E=02 2,059E=03 2,043E«03 2,891E=03
4,5000E=02 6,083E02 5,101E=03 3,068E«03 5,282E=03 4,396E«03
1,5000E=02 8,553t=02 1,011€=01 4,058k«03 3,922E=03 S,348E=03
waaxr  JK CONDUCTIVITY aswas
1= 1 e 3 S
R = 1e 500?-08 4 500&-02 7 500L 02 1, 050&-0! 1, lSOt-Ol
J 4
9 1,550E=01 *2, vqsf'oo 1, 68°t000-z 7aotwoo.u 7astooo-z bYatoox
4 1,050k=01 #=9 ,104E=0) 6,001E400 1,461E%01=2,338E%01=4,063E+01
3 7,500t=02 "°c570E'00 B-SOEE‘OI 1.11ut'ox-5.°61t'00-u.19bt001
2 4yS00E=02 *=1,730E+01 3,066E¢00 S,303E400 1,260E¢01=5,273E+01
1 1,500b=02 « 2,323E+01 9,025t ¢01 B,923E=01 5,283E400=2,349E+0}
RN AR IUNIZATION RATES ARARA

PRIMARY ELECTRON IONIZATIOnN RATE (NOQg/M%a3/SEC)

3
s
L
1,350E=01
1,050E=01
Te500E~02
4,500€E=02
1,500k=02

1
R

—-NwEeE Vo

ECONDARY IONIZATION

1=
R =
J 4

S  1,350E=01
4 1,050k«01
3 7.500Ee02
2 4,500€=02
1 1,500€=02

akans  RH(Qet

:
s
z

J

o 1,550€=01
4 1,050te01
3

4

1

1
K

7,500E00¢
4,500E=02
14900E=02

ARARR KHU=]

2
s
¢
1,350E<01
1,050€=01
7,500€=02
64,5008 =02
1,500E=02

1
®

-Nw e v

1 2 3 4 s
1,500£=02 4,5006=02 7,500£=02 1,050E=01 1,350£=01
- - * L -

« 1,366E423
* 1 ,410E238
* 1,453E¢23
* 0

L]

.
1,490k ¢23

1,865E423
1,410E423
10453623

1,365t¢23
1,409t+23
1.453E+23

1,364E423
1,409E+23
144536423

1,363E423
1,408E¢23
10452k ¢23
0. 00

1,496E¢23 1,490t +23

0, 0,
1,d90E423 1,u9E+23

RATE (N, /Mex$/SEC/ELECTRON)

1 2 L 4 5
1,500E=02 4,500£=02 7,500E=02 1,050E=01 1,350E=01
* - - * ®
* 1,18% 10
2,28dta1u
* 2,34pka14
2,424k =14

» 2,599te14

2,24% =106
2,063E=14
2,33ute1u
2,274k =14
2,414k =14

7,547t215
1,661t=14
2,305t=14
2,24TE=14
2.,271Ee14

1,217k=14
1,577E=14
1,428t=14
1,894km14
2,027ke1d

1,413kmtu
2,195Ea14
2,207E=14
2,089 =14
1,181E=14

»

KRR

1 e 3 L] S5
1,500k =02 4,500k=02 7,500E202 1,050ke01 1,350E=01
- . * L *

* |'901k0|u
*1,112E%14
* 1,B810E*14
* 2,27ukv1u4
* J,UiBEe1U

2,16ct+14
1,617E¢14
2,251k+14
e, 876k¢14
3.885E+ 4

2,107k¢14
2,009t 414
1,962E414
2,881E414¢
3.790E¢14

1,814k+14
2,465E¢ 14
1,749E+14
2,945E* 14
3,018E+14

2.,755k¢14
2,880E¢14
2,Tu0E+14
3,996k ¢14
4yau02E+1u

1 2 3 4 S
1,500E=02 4,500E=02 7,500€=02 1,050k=01 1,350t=01
- - - * *

4, 433E+14
4, 2U45E+1u

L 4,390E%14
L

* 4,749 ¢+14
*

"

4,298pe14
4w,934p+14d
S,uBTE+14
6,415 14

4,419E+14
4,425t¢14
4,545e+14
S.4udteld
6,343E¢14

4,104k*14
4,725E+14
4, 18dE+14U
5,279k ¢14
6,083ke¢14

4,102E+14
4,813E¢14
4,526E¢14
S,626E414
S.953E«14

S,28bE+14
6,223k ¢14

Figure 5 (cont.)
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BEST AVAILABLE COPY

as2s 2 CONDUCTIVITY AT TrE UPPER AALL sassw

I = 1 e 3 d 5

R o= 1,500E~02 4,500E#02 7,500t=02 1,050kt=01 1,350kw01
J 4 - . . - .
6 1,500E=01 *=3 0B5E*01e2,7506E+01=3,044E%01a3,515c¢01=1,877E+01

aeann JZ CUNDUCTIVITY AT THE LOWER WALL w#nws

I = 2 5 S

R = te >OOE~0£ 4 5006-08 Zs Sooz-oe 1. OSOE-OI I.SBOE-DI
J 4
1 0% L 3 531!003 1 zeofoos 6, 5uvtvoa S 580L001 2, eoe£001

acerr  JR CONOUCTIVITY AT THE QUTER NALL 222as

S

J 2 3
L 1, SOUE-OE “« 500!-0! ! Soot-ué 1, OSOﬁ-O\ 1, SEOL-OI

T umn

1
3 1,900be0) *as, ss7t'n\-l 5505'01-5 ¢55t'ox-u onYt'OX-s.uuot'OI
NET CHAKGE DENSITY (CUUL/Ma®3)

K 1,50000E=02 4,50000k=02 7,50000E°ue 1,05000E=01 1,35000E=01

2z
1,3500t=01 «6,692E006 «1,155t=09 =1,022E=05 «1,056E=05 =2,530£«05
1,0500b=01 7,504t a07 =b,45Kt=06 =1,167E=05 =1,3216=05 =], B44E=05
7,5000b =02 «d ,47/k=06 «8,560b=06 o1,017E«05 «1,253E=05 «2,294E=05
4,5000E=02 4, B26E=~05 4,185E=05 4,106E«05 3,740E=0S 2,612E=05
1,5000b =02 «8,763E 200 =1,31BE205 1,279 «05 «1,420k=05 =2,886F=05

POTENTIAL REL, TU R=aA (vOL1S)

L 0, 5,00000k400 6,000006400 9,00000£400 1,20000E401¢

4
1,20006 401 §,810t402  3,b60te02  4,020te02  4,331E402  2,925E¢02
9,0000E400 3,723E402 5,B74ke02  4,6u9E+02 5,291E¢02  3,H42E¢02
6,0000k*00 3,4BBE+02 3,565E402 4,001E402 4,004t+02 4,000Ee02
3,0000F+00 2,664k 402 2,934E402  3,14RE«02  3,559te02  3,407E402
0, 0, 0, 0, 0, 0

Figure 5 (cont.)
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5.3 DYNACYL VARIABLE GLOSSARY

A glossary defining DYNACYL variables and printout headings is
listed in this section. Between this glossary and the Input Cards section
given previously, all of the code input variables and most of the output
variables are defined. A few output variables, primarily of a debug
nature, probably remain undefined, but all essential outputs are described.
In addition to the '"visible'" code variables, many internal quantities are
also found in the glossary. Thus the tabulation is useful in aiding the
programmer to understand many of the essential calculational quantities of
the code. Many variables tabulated will be found to pertain only to the
quasi-static, or Green's function, treatment contained in DYNACYL as a
subset. The programmer should keep in mind these are simply options and

in no way indicate DYNACYL is limited to quasi-static situations.
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ANG

ASIDE
ATOP

AVERALE CHARGE
PENSITY

BAKEMT

RBOT

KOOY

RBFalL

RMAX

BST

CHARGE

CHARGE DENSITY

CNVRG

CyCLE

POTF

DELT

DELTSC
DELZ(1eNZM])
DR(JaNKM])
DRANG

DSOKS

Al

DTF

BEST AVAILABLE COPY

Table 4
DYNACYL VARIABLE GLOSSARY

GLOSSARY NF DYNACYL VARIABLES AND QUTPUT HEADINGS

RADIUS QF CYLINDER AzR2 (CMm)

ANGLE BETWEEN VELOCITY OF EMITTED ELECTRONS AND INCUMING
PHOTONS OR THE SURFACE NORMAL DERENDING ON KOPT(7) (DEG,)

AKEA OF SIDE OF CYLINDER (CM2#2)
AREA OF TOP DF CYL (CMan2)

TOTAL PARTICLE CHARGE IN CYLINDER DIVIDEN HY CYLINDER
vOLUME, PLASMA CHARGE NOTY INCLUDED, (COUL/CM3)

RACK EMISSION CURRENT FRACTION, EXPRESSED AS FRACTION
CF CURRENT EMITTED FROM FRONY FACE

MAGNETIC FIELD AT CYLINDER SIDE walLL AT ROTTOM (FORWAKRD
EMISSION FACE) (GAUSS)

TIME DERIVATE OF MAGNETIC FIELD, (GUASS/NSEC), PROBABLY
TOO NUMERICALLY NOISY TO RE OF USE IN MANY SCL SITUATIONS,

EMITTED CURRENT DENSITY FALLS NFF BY FACTOR OF BFALL BY
Rsk2 ]F x0OPT(8)=|

Pear aMPLITUDE MAGNETIC FIELD ANYWHERE aLONG CYLINOER SIDE
wALL AT THIS 1IME (GAUSS)

'BOTTOM, SIDE, TOPr DESIGNATES THE NEXT 3 VARIAHLES IN Twt
MINJ@PRINT LIST wHICHM ARE THE CURRENTS STRIKING THE BUTTOWM,
SIDE, AND TOP OF TWE CYLINDER, RESPECTIVELY, DIVIOED BY

THE PgEak EMISSION CURRENT FROM THE FORWARD FaCE, USUALLY
REFERRED TO AS FRACTINNAL TRANSMISSIONS, ALSO PRINTED OUT
LARELED FJBOT, FJSIDF, FJTOP, THE TWREE VALUES SHUULD ADD TU
THE VALUE POR SUMFJ DEFINED BELOw, (DIMENSIONLESS)

PrIMARY ELECTRON CHARGE IN EACH ZONE (COUL),

ALSO uSED AS

CHARGE ON EACH EMITTED PARTICLE IN TIME STEP PRINT OR IN
PARTICLE DESCRIPTION PRINT, G/M SAME AS FOR ELECTRON (COUL)
PRIMARY ELECTRON CHARGE DENSITY (COUL/M3)

AREN SUCCESSIVE TERMS HECOME LESS TwaN CNVRG * TOTAL SuM OF
TERMS UP TO TWAT TgRM, TERMINATE SERIES

FUR GREEN'S FUNCTINN, (DIMENSIONLESS)

QUAST«STATIC ONLY

PARTICLE TIME STEP NUMBER

APPRUX, TIME INCREMENT FQR PATHES (IF PARTICLES IN PICTURES,
(SEE OTF ) EQUALS DTF/NPLOT

TIME STEP (NANUSECONDS)

TIve STYEP IN SECONDS (SEC)

DELZ(I)=Z(lel)el (), Ia1 TO NZ (CM)

DR(I)2R(I¢1)eR(T), =y TO NKMy (CM)

INJECT CHAKGE AT DRANG INTERVALS IN R ACROSS TOP OF CYL,(CM)
DISTANCE OF SOURCE FROM CYLINDER END  (CM)

ELAPSED EXECUTION TIME SINCE LAST caLl TO GET TOYAL
EXECUTION TIME (MINUTES)

FOLLOW PARTS FRQM TOP UF CYL, FOR DTF MNANOSECONDS

33
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BEST AVAILABLE COPY

DTN
DTN
DISTER (1«NTSTEPR)

DxICRT

EBAR

EBARPT

EBARY

EFRY
EFZ1

ELN

EMISSION PNINTY

EMQ

ENERGY
ENRG

EPSO

EQ
ER

ERMIN

EVvP
FVR
(4
EZRAK

EZMaX

FCNSRY

FCOLR
FCOLT
FINJEK
FJBOY
FJSIDE

FJTOP

Table 4 (cont.)

LIGHT TIME STEP FROM T(Nej/e) TU T(Ne3s2), SEE DTNZ,(SEC)
LIGHT TIME STEP FROM T(N) TO T(Nel), T(1)=0,, SEE DTN, (SEtC)
SEE TSTEP

INTERPOLATE TO FIND FIELDS FOR ABS((2e20)/L) LT, DXICRIT FOK
METHUDEY], ABS((ReRO)/A8) LT, OXICRT FOR METHOD=3

I+ 1UPT(1S)=0,

AVERAGE ENERGY OF THE PRIMARY ELECTRON SPECTRUM INJECTED INTC
THE CvYL, (MEV)

ENERGY OF RIN “ITw LAKGEST NUMBER OF PRIMARY ELFCTRONS
BEING EMITTED AT THIS TIME FROM FORWARD FACE, (MEV)

EMISSION ELECTRUN SPECTKUM AVERAGE ENERGY AT FORWARD
FACE AT THIS TIME, (MEV)

RanIaL EeFIELD SHPEN RY FOLLCAED PARY, AT GIVEN TIME (v/M)
AxTAL E-FIELD SEEN RY FOLLOWED PART, AT GIVEN TIME (V/M)
ELN(1)=ELN(NSPP) ARE THE NUMBER/AREA NF ELECTRONS AT
ENERGIES ENRG(1)eENRG(NSPD) AT ANGLES PLUS AND

MINUS ANG, AT RADIAL POSITION, RANG(1)e RANG(NEPTS)
(NUMBER/CMan2) (TOTAL NUMBER/CMe#2 FOR A GIVEN ENERGY PULSE)
7 POSITION OF EMITTED ELECTRONS (CM)

TOTAaL CHARGE EMITTED INTO THE CYL, AT A GIVEN RApDIUS AND ANGLE
DURING THE ENTIRE PULSE, (couL)

INITIAL ELECTRON ENERGY (MEV),
ELECTRON ENERGIES (MEV)

EPSILON ZERO (RMISSIVITY 0OF vaCcuu™m) 8,85Ug=12 FARAD/M
FAaRAD = COULZVOLT

SAME AS 1 EMITTED
RADIAL ELECTRIC FIELD (VOLT/M)

PEAK aMPLITUDE RaplaL ELECTRIC FIELD ANYANERF ALONG CYLINDER
SIDE WALL AT TWIS TIMg (VOLT/M)

Z VELOCITy OF EMITTED PARTICLES (M/SEC)

RADIAL SPEED OF FMITTED PARTICLES (M/SEC)

AXTAL ELECTRIC FIFLD (VOLT/™)

AXYAL ELECTRIC FIELD OV AXIS AT FONWARD EMISSON FACE (VOLT/M)

AXTAL ELECTRIC FTIELD ON AXIS AT TOP FACE (AWAY FROM™ FORWAR
EMISSION FACE) (VOLT/M™) i

FRACTIONAL NONCUNSERVATION OF ENERGY, (0 FOR COMPLETE
LONSERVATION) (DIMENSIONLESS)

LIKE FCOLT ONLY FOR HOTT(OM

CALCULATE FRAC TWANS TwRU fOP F(QR R LT, aMND ,GT, FCOLT#RZ
EMITY ELECTRONS HETweeN RS0 AND RepIANJER # R

SEE HST

StE HS?

Stk AST
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FQROT

FQSIDE

FQT0P

Fr

FTROY

FTSIDE
F1T0P

FWELD

FWFLDB
FWFLDE

FWIN

G6R,62

1ANGRD

HePH]
1
1 EMITTRD

1807

18OTIN

ICHECK

1oL

107

10YN
IFIN

INJEK

BEST AVAILABLE Copy

Table 4 (cont.)

PRACTINN OF TUTAL PRIMARY ELECTRON CHARGE wHICH HAS STRUCK
CYLINDER ROTTUM FACE UP TO THIS TIME (DIMENSIONLESS)

FRACTION OF TOTAL PRIMARY ELECTRON CHARGE WHICH HAS STRUCK
CYLINDER SIDE wALL UP TO THIS TIME (DIMENSIONLESS)

FRACTION OF TUTAL pRIMARY ELECTRON CHARGE wWHICH HAS STRUCK
CYLINDER TOP FACE UP TO THIS TIME (DIMENSIUNLESS),

RELATIVE EMISSION CURRENT PULSE HEIGTH AT PRESENT TIME
(NORMALIZED YO PEAK yALUE OF 1,) FROM THE FORWARD EMISSION
FACE,

FRACTION OF ENERGY INJECTED UP TO THWIS TIME WHICH HAS LEFT
THRU TOP, (DIMENSIONLESS)

LIKE FTRUT BUT FOR SIDE
LIKE FTBOT BUT FNR TNP

FRACTION OF TNTAL ENERGY INSIDE CYL, #wHICH IS IN FIELDS
(DIMENSIONLESS)

FRACTION OF FIELD ENERGY IN BeFIELD (DIMENSIONLESS)
FRACTION OF FIELD ENERGY IN EeFIELD (DIMENSIONLESS)

FRACTION OF TOTAL ENERGY INJECTED UP YO THIS TIME WHICH IS
INSIDE THE CvYL, AT THIS TIME, (DIMENSIONLESS)

RADIAL AND AXIAL FIELDS DUE TO ANNULI OR RINGS OF UNIT
CHARGE DEPENDING ON TOPT(1S5) (STATeVOLT/CM/STAT=COUL =
9,F+13 VOLT/M/COUL)

FLAG FOR aNG, DIST, SET FROM NANG VaLUE

1 ANG, DIST, ON CARDS
0 cos, ANG, DIST
-l 1SOTROP, ANG, DIST

MAGNETIC FIELD (AMP/M)
EMISSION INDEX

TUTAL PRIMARY ELECTRON CURRENT EMITTED AT THIS TIME
INCLUDES BOTH EMISSINN FACES, (AMPS)

TOTAL PRIMARY ELECTRAN CURRENT STRIKING CYLINDER BUTTOM AT
TRIS TIME (AMP)

TOTAL PRIMARY ELECTRON CURRENT STRIKING BOTTOM FACE OF
CYLINDER AT RADIUS _FSS THAN FCOLB » CYLINDER RADIUS,

FCOLB SET AT BEGINNING OF SUBROUTINE TDIMRZ, CyURRENTLY
EQGUALS ,b7, (AMPS)

CHECK CONVERGENCE OF SERIES EVERY ICHECK TERMS (SEE IPRINT)
I+ ICHECK INPUT AS NEGATIVE, CrECKX CONVERGENCE OF SUMS
BY SUMMING IN REVERSED OkDER, (I0PT(3))

INCREMENT IN TWE INDEX OF THE PARTICLES wHICH wILL BE FOLLUWED,
THERE WILL BE NSPDeNEPTS#2eNANG PARTICLES EMITTED EACH TIME
STEP wITH ANGLE VARYING FIRST,THWEN RADIUS OF EMISSION, THEN
ENERGY, SEE x0PT(2)

INDEX INCREMENT IN TIME FNOR STORING FRACTIONAL TRANSMISSIONS
AND POTENTIAL v8, TIME (SET TO NT/NJDT « 1)

0 QUASIeSTATIC GREENS FCN METHOD

1 DYNAMIC MAX,EQ, METHQOD

1 1F LT, 10 SFC xQT TIME REMAIN QR IF ON LAST TIME STEP
0 OTHERWISE

TOTAL NUMBER OF PARTICLES INJECTED INTO CYLINDER UP TO
THIS TIME
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REST AVAILABLE COPY

10PT(02)
10PT(03)

10RPY (04)

10PT(05)

10PT(0s)

10PT(07)

10PT(08)

10PT(09)

10PT(10)

10PT(11)

10PT(12)

10PT(13)

10PT(14)

I0PT(15)

10PT(1e6)

10PT(17)
10PT(18)

1PLOY

IPRINT

IPSTOP

IRMAX
1ROMAX

181D€

18TOPT

1sTURE

Table 4 (cont.)

SET EQUAL TO IPRINT
SET EQUAL TO ICHECK

PLNT  SUMS IN SERIES EXPANSION VS, N FOUR SINGLE SuM SULS,
FOR EVERY I0PT(4) IK AND I2 VALUES

PRINT OUT EVERY FCN FOR EACH N FOR SINGLE SUM SERIES
FUR EVERY IOPT(S) IR AAND I1Z VvALUES (SEE I0PT(4))
T, 0 PRINT OnMLY SUM vS N FOR EVERY TARS (10PT(S)) IR,1Z

6T, 0 READ IN I0PT(6) (Z0,R0) PAIRS (MUST BE VALUES INCLUDED
A4S FIELD PTS,) anDp CalC FIELDS FOR THESE (20,R0) ONLY

PLOT EZ,ER VS Z AND R FOR EVERY I0PT(7) ZQ,R0 PalRS
PUTTING IOPT(8) CURVES ON EACH GRAPK (IF JOPT(7)46T,0)

PUT 10PT(8) CUKVES ON EACH GRAPW IF I0PT(7),6T, 0 (MAX DF 4 !
,61,0 MaP ER,EZ INTO 33 INTERVALS (3eD PLOT)

JLT,0 MAP ER,b2, "Ax NO OF ITERATIONS INTO 33

INTEKVALS (3wD PLOT)

6Ty O TAvE DIVERGENCE OF b pIELD EVERYWHERE AND PRINT QUT
FUrR EACH 20,50 USING SUBRCUTINE DIVERG (FOR INDIVIOUAL RINGS)

GTy O PRINT OUT gR,el AS FCNS OF R,Z BOR EVERY I0PTC(11)
R0,20 POINTS

+6T, 0 INTEGRATE GREENS FUNCTIONS FOR FIELDS (VER CHARGE
DISTRIRUTION wHICH 1s SPECIFIFD IN ETOTAL FOR DEBUG

PURPNSES ONLY

WNE, 0 CALL CHEKE TU CALC SUMS FOR ER(TOTAL) AND EZ(TOTAL)
AITH CONSTANT RWO ASSUMED

el 0 TAKE DIVERGENCE OF FIELDS CALCED WITH CHEKE

LT, =t EXIT AFTER CALL CHEKE

6T, 0 PRINT QUY GREENS FCNS FOR ER,EZ FOR EACH R,Z,R0,20
0 CALC GREENS FCNS FOR INFINTESIMAL RINGS OF CHARGE

1 CaLC FIELDS DUE tO FINITE VOLUME ELEMENT OF CHARGE FOR
GREENS FCNS, It SMEAR UyT THE CHARGE OVER A yOLUME
ELEMENT, GOOD FOR METHMOD=3 ONLY

WGT, 0 FAST DRUM UNIT FOR GREENS FCN

6%4 O READ RESTART TAPE ON UNIT I0PT(17)

6T, 0 WRITE RESTART TAPE ON UNIT 10PT(18)

2 PRINT PARTICLF PNSITIONS AND VELOCITIES VS TIME FOR
SELECTED PARTICLES , ALSO PLOTY

1 PLOT PARTICLE PATHES

1F ,GT, 0, INTERMEDIATE PRINT OF SERIES EVERy ICHECK TERMS
1¢ ,6T, =1, PRINT NO, OF TERMS ySED FOR EACH R, 7

CALCED, (IUPT(2))

NUMHBER (JF PaRTICLES TRANSFERRED TO CONTINUUM PLASMA DURING
THIS TIME STgP

PARAMETER, NO, OF RADIAL ZONES o o
PARAMETER, NU, OF RADIAL ZONES,

TOTAL PRIMAKY ELECTRON CURRENT STRIRKING CYLINDER SIDE AT
THIS TIME (AMP)

CUMULATIVE NUMRER (OF PARTICLES TRANSFERRED TO PLASVA UP
Tu THIS TIME,

TOIM 0 DONT STORE PART PQSITIONS,ETC THIS TIME STEP
1 STORE PART POSXY]ONS;&YC THIS TiMg STeP
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A PRI RIS o155 .

ITIME

1T0F

ITOPIN

1ZMax
J
J EMITTED

JBOY

JoT

JNOwW

JOUTR

JouTs

Jourtr

JPEAK

JR

JR CONDUCTIVITY

JSIDE

JTOP

JZ
JZ7 CONDUCTIVITy

KPFLG

KPUL SE

KR
KZ
L

LE

L

LOwkr wall
CHARGE DENSITY

LPG

LPH]

BEST AVAILABLE copy

Table 4 (cont.)

PARTICLE TIME STEP NUMRER

TOTAL PRIMARY FLECTRON CURRENT STRIKING CYLINDER TUP AT
THIS TIME (AMP)

SaME AS IBOTIN ONLY FOR CYLINDER TOP (FACE AWAY FROM FURWARD
EMISSIUN FACE) (AMP)

PARAMETER, NO, OF aAXIAL ZONES o 1}
INDEX
TOTAL CURRENT aT TIMg,T, ENTERING CYL, (AMP) SEE EQ

IB0Y DIVIDED BY BOTTOm FACE AREA, GIVES AVERAGE PRIMARY
ELECTRON CURRENT DENSITY INCIDENT ON BOTTOM Fact, (amMPyCme2)

RUNNING TNCREMENT IN TIME FOR STORING FRACTIONAL TRANSMISSIOANS
AND POTENTIAL vS, TIME

EMISSION ELECTRON CURRENT DENSITY AT AXIS OF FORWARD
EMISSION FACE AT THMIS TIME (AMP/CM2)

SaME AS JOUTT WUT FQOR ROTTOM FACE

SAME AS JOUTT BUT FQR SIDE waLL,

PRIMARY ELECTRON CURRENT DENSITY STRIKING CYLINDER TOP
SURFACE IN EACKH RADIAL ZONE, (AMP/CM?)

Peak EMISSION ELECTRON CuRRENT DENSITY AT AXIS OF FURWAKRD
EMISSION FACE (AMP/CMZ)

PRIMARY ELECTRON RADIAL CUWRENT DENSITY (avP/m2)

RABTAL CURRENT DENSITY IN EACH ZONE DUEF TO SECONDARY
ELECTRON MIGRATION, (AMP/MPR)

ISIDE NDIVIDED BY CYLINDER SIDE wALL AREA, GIVES AVERAGE
PRIMARY ELECTRON CURRENT DENSITY INCIDENT ON CYLINDER
SIPE wALL (AMP/CM2)

1T0P DIVIDED RY CYLINDER TNP FACE AREA, GIVES aVERAGE
PRIMARY ELECTRON CURRENT DENSITY INCIDENTY ON TOP FACE UF
CYLINDER (amMP/cM2),

PRIMARY pLECTRON AxpAL CURRENT DENSITY (avP/m?2)

AxIAL CURRENT DENSITy IN EaCH ZONE DUE TO SECONDARY
FLECTRON MIGRATION (avP/M2)y

PRINT FLAG USED IN TpIM, 0 NOT A PRINT CYCLE, 1§ PRINT CYCLE

FLAG USED TO INDICATE ~ax, STORAGE FOR N, Qf PaARTS, =4S BEEN
REACHED, 0 TURN PULSE OFF, 1 LEAVE PULSE 0N,

SURFACE CURRENT DENSTTY IN RADIAL DIRECTION (amP/¥)
SURFACE CURRENT UENSTITY IN axlal DIRECTION (aMP/™)
LENGTH OF CYLINDER =222 (CM)

PARAMETER, MAX, NO, OF PARTICLES wHICH CAn 28 T il el &7
EACH INJECTION TIME, (2aNANGeNEPTSeNSPD,LE, LE)

PARAMETER  ~ Max, Nf 0OF PARTICLES CODE CaN FOLLOw,

SURFACE CHARGE DENgITY IN BACH 2ONE ON LOwEk CyLINDER
FACE (COuL/M2)

PARAMETER, NO, OF aXIAL ZONES ¢ 1
PARTICLE INITIAL ANGILAR MOMENTUM IN TWE UNFORTUNATE

UNITS NF GeCveM/SEC wW]ICH MEANS THE NUMHER 18§ 10eeS mIGwER
THE MxS UNIT OF JouLt=SEC,
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ATIU(1eNRGP)

G

LZRAT (1 =NPG)

MaxNS

M TROD

MJo

MMAxX NS

NANG

NEPTS

NgESx Ik

NeT CrHAKGE
DENSITY

NEOLNwW

NINJER

NJDT

NLEAVE

NL

viny

NNR

NNRO

NNZ

NNZO

NO,

NO
NO

NO
IN

NP

LEAVING

LUF ANGLES
, (F PARTICLES

, OF PARTICLES
EACH ZUNE

ARTY

REST AVAILABLE COPY

Table 4 (cont.)

MIN, DELTA R IS R2/SUM OF LRATIO(]) THRU LRATIO(NWKGP), THEN
DELR(I) = LRATIO(I) « MIN, DELTA R
PARAMETER, MO, OF RaDIaL ZONES ¢

SAME AS LRATIO EXCEPT FOW aXTaL ZONES

Max, NOy OF TERMS ALLOAED IN BACH SUM IN THE SERIES FOR
GREEN'S FUNCTION, SET TU Mmaxh§

1 I+ Ls/a,GE,1, SINGLE SUM STL, WITH SINW, CUSH FCNS,

¢ DOUyUBLE Sy™ SCL, wltH ORDINARY KRESSEL FCNS, DEBUG
CPTINN, MUST BF SET IN FORTRAN,

3 IF L/A,LT,5, SINGLE SUM SOL, ~1Tm MODIFIED BESSEL FCMS,
o] NO SINGLE Sum™ SOLS, FOR METWUD3) AND 3, DERUG
CPTINN, MUST Bt SEY IN FORTRAN,

PARAMETER VARTARLF, FWUALS NJUT
PANAMETER, MO, (F TEWMS ALLUWED IN SERIES FURK GREENS FCN,

NO, OF ANGLES AT wwm]cw PARTICLES ARF tMITTED, SEE LE

READ In IN KOPT(10)

LS, 0 CODE READS aNG, DIST N CARDI wITH NANG BINS

6V 0 CODE SETS cOS ANG, DIST AlTh 1aKS(NANG) BINS,
LT, =100 CODE SET ISOTWOP, ANG DIST wlTw IABS(NANG) 100
ANGLE  HINS

R,Z GeOM, e NO, 0F RADII AT wwWICH INCUMING ELECTRONS ARE
EMITIEN FRUM THWE TOP (F TwWg (YL, (SEE LE)
READ IN IN XOPT(14)

INPUT TwWE INCIDEMNT ELECTRUN SPECTRUM EVERY NESKIP TIME STEPS
(READ N TN k0PT(4))

NET CrARCE DENSITY IN paCw™ ZONE INCLUDING PRIMARY AND
SECUNDARY ELECTRONS anND IONS, (COUL/M3)

PARAMETER VaRIAmLE, NO, OF PARTICLES TO RE FOLLOWED FOR
TRAJECTORY PLOT

TOTaL NUMBER QF PARTICLES INJECTED INTO CYLINDER UP TOU
THIS TIME, PRESENTLy COKRECT ONLY IN FORAARD EMISSION CASES,

STOKE AND PLOY FRACTIUNAL TRANSMISSIONS AND POTENTIALS FOR NJDT
TIME vaLUES BETWEEN 0 aND TMax, Stt 10T, SET TO MJOT

TUTAL NO, OF PARTS, LEAVING CYL, IN TIME INCREMENT, DELT, AT

Tive, T,

TOTAL NUMBER OF PARTICLES STRIKING CYLINDER wALLS uP TO
TelS TIme,

DAH‘VQY(H. NO,

OF FPIELD PTS, IN RaADIAL OIRECTION,
PARAVMETER, NN

PARAVMETER, N0, NF FIELD PTS, IN AX]AL DIRECTION,
PARAMETER, NNZ

TUTAL NUMBER OF PARTICLES LEAVING SYSTEM BY STRIKING
CYLINDER WALLS DURING PWREVIOUS TIME STEP, DOES NOT
INCLUDE PARTICLES CUNVERTED TO PLASMA BACKGROUND IN AIR
PRESSURE CASES,

NU,OF ANGLES AT wrICH ELECTRONS aRE INJECTED

NUMBER 0OF PARTICLES REING FOLLOWED AT PRESENT TIME
NUMHER (JF PARTICLES REPRESENTING PRIMARY ELECTRONS IN EACH
SPATIAL ZONE, DNES NOT COyuNT PARTICLES OyTSIDE CYLINDER
BUT WITWIN 172 ZONE wWICHW ARE BEING FOLLNWED FOUR PROPEW
BUOUNDARY TREATMENTS,

NUMBER OF PARTICLES REING FOLLOWED TWIS TIME STEP,
aLSO PRINTED OUT a8 LAST NUMBER ON TOP LINE OF THE MINlePRINT
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NPLOT

NPLOT?
NR

NRADI

NRG
NRGP
NRGPP1
NRM{
NRO

NR{

NRE

NSPD
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NTOT

NTPULS

NTSK1IP

NTSTEP

NZ

Nllll

NZO

NZYy

nZ2

OuTeER wall
CHARGE DENSITY

Pa

Prl

BESTAVAILABLE copy

Table 4 (cont.)

NO, OF AXIAL ZONES

NPG +

Stk XKOPT(10)

PARAME TER VARTABLE WHWICH MUST BE Gk, NO, OF POINTS BEING
PLOTTED, 1.k, NPLOT ,GE, MAX(NR,NZ,MAXNS) IN EFIELD,

In TOIM, NPLOT IS A PARAMETER VARIABLE GIVING THE NO, OF
PARTICLE POSITIONS 71O BE PLOTTED FORr DTF NANOSECONDS,
PARAMETER VARIABLE EQUAL TN NPLOTe2

NU, OF FIELD PTS IN RaDIAL CIRECTION

FLAG USED TO SIGMAL MORE INCOMING ELECTRONS aT ANUTHER ANGLE
0 NO MURE ELECTRONS

oNE g MORE ELECTRONS AT ANOTHER ANGLE

10 MONOCHROMATIC BEAM wlTh NANGeNEPTS«? PARTICLES INPUT
INTO TOP OF CyL, EACW STEP

NKGP et

NO, OF RADIAL ZOUNES

NKGP¢1 EQUALS NRG

NRel

NO, OF R POSITIUNS OF RINGS (F CHARGE REING CALCED ( 46E, 1)

NUMHER DF PARTICLES REFLECTED THROUGH CYLINDER AXIS THIS
TIme STEP

NUMBER OF PARTICLES wHICH STRUCK CYLINDER SIDE wALL THIS
TIME STEP

NU, OF ENERGIES IN SPECTRUM 0OF INCOMING ELECTRONS (SEE LE)
NO, OF TIME STEPS TO BE TAKEN, NT=TMAX/DELT

TUTAL NO, OF ELECTRONS ENTERING THRU TOP UF CYL, IN A GIVEN
IF ZERM, CALCULATED FRUM JPEAK,PULSE AREA4, AND CyYLINDEW AREA,
EWUALS TOTAL NO, INJECTED IN wHOLE PULSE INTERNALLY

BUT INPUT AS NO,/CMes?

NO, OF TIME AND REL, PULSE WEIGHT VALUES USED TO DEFINE
EMITTED CURRENT PULSE (KOPT(13))

PRINT OUT EVERY NTSKTP TIME STEPS
READ IN IN Kk0OPT(15)

NO, OF DIFFERENT TIMp STEP SIZES (READ IN IN kDPT(12))
NOy (F FIELD PTS IN AXIAL DIRECTION

N e

NO, NF Z POSITICNS NF KINGS OF CHARGE FOR GREEN'S FUNCTION

NUMBER 0OF PARTICLES wHICw STRUCK CYLINDER KOTTUM TwIS
TiME STEP

NUMBER OF PARTICLES a=ICH STRUCK CYLINDER TOP THIS TIME
STeP

SURFACE CHARGE DENSITY IN EACK ZONE ALONG CYLINDER SIOE
AALL (CQOuL/M?2)

AlR PRESSUKE [N CYLINDER, ALSO FLAGS GUASISTATIC CALCULATION
It SET T0 e ,Ee20 AND PROBLEV MUST HE VACUUM ONLY,

PARTICLE VELOCTTY INITIAL AZIMUTHAL ANGLE, PHI=0 MEANS

PARTICLE INITIALLY GNES wADIALLY UuTwARD, PHI=iR0
VEaNS PARTICLE INITTALLY GOES INwARD,
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PLASMA OSCILLAe
«T1OM PERICD

POTENTIAL
REL, T0 Rza

POTENTIAL
REL, TO z=L

PRIMARY ELECTRNN
TONIZATION RATE

PULSE (1 =NTPULS)

QpIF

Q¢

GINJER

GINSYD

GLEAVE

GLEAVE

GOUTR
[OUTS
QUUYT

Gky

Gk

GR2P
GSm

LWSTOP

nST0UPT

Table 4 (cont.)

APPROXIMATE EXPRESSINN FOR PLASMA OSCILLATIONS BASED ON
AVEKAGE CHARGE DENSITY IN CYLINDER, SWOULD HE vabGUuELY
CUNSTISTENT WITH ORSERVED LOW FREGQUENCY KINGING PERICUD IN
QUASTeSTATIC SITUATINNS (NSEC)

ELECTRIC POTENTIAL ORTAINED BY INTEGRATING RADIAL ELECTRIC
FLELD IN FROM CYLINDER SIDE wall (VOLTS)

ELFCTRIC POTENTIAL ORTAINED AY INTEGRATING AXIAL ELECTRIC
FIELD DOwN FROM TOP FACE OF CYLINDER (2=L) (vOLTS)

RATE AT wHICH PRIMARY ELECTRONS IONIZE THE AIR MOLECULES,
(ELECTRONS/M3/SEC)

RELATIVE VALUES OF EMISSION CUWRRENY DENSITY AT TIMES TPULSEC(]
THRU NTPULS)

CHARGE ON PARTICLES EMITTED THIS TIME STEP (COUL)

FRACTIONAL DIFFERENCE HETWEEN CUMULATIVE EMITTED, AND
ABSURBED PRIMARY ELECTRON CHARGES AND THE AMOUNT INSIUE ThE
CYLINDER ACCORDING TN THE CCDE, VALUE SHOULD BE SMALL
(LT,1) INDICATING GOND CONSERVATION OR SOMETHING MWAS GONE
ARONG wITH THE CALCyULATION, SEE NOTE ON GINSYD
(DIMENSIONLESS),

ELECTRON CHARGE (COUL)

TUTAL CHARGE EMITYED UP TO TRIS TIME FROM KOTW E#ISSIUN
SyRFACES, (COuUL),

TOTAL PRIMARY ELECTRNN CHARGE WITHIN TWE CYLINDER AT TwWIS
TIME (COUL), DUES NOT CUUNT THUSE PARTICLES wHOSE CENTERS
AKF COUTSIDE THk CYLINDER HUT wITwIN 172 Z0NE wHIC™ ARE

FOLLOWED FOR DRTAINING PROPER BOUNDARY VALUES NF CURKENTS,

YOTAL CHARGE wWICH WAS STRUCK alLlL THREE CYLINDER SURFACES
UP TU THIS TIME (COUL) INCLUDES THOSE PARTICLES QUTSIDE
THE CYLINDER amICW ARE STILL BEING FOLLUAED TO 172 ZONE
AnWAY FOR PROPER BOUNDARY TREATMENT,

NOT CALCULATED PRUPERLY AT PRESENT,

SaMgE AS GOUTT BUT FOR KHOTTOM FACE,

S4vE AS QOUTT KUT FOR SIDE waLL,

TOTAL PRIMARY ELBECTRON CHARGE PER UNIT aKEA AWIC= “AS
STRyCK CYLINDER TOP SyRFACE IN EACH RADIAL ZONE (CUUL/CM2)

CUMULATIVE AMOUNT 0OF CHARGE REFLECTED THROUGW CYLINDER AXIS
UP TO THIS TIME STEP (COUL)

CUMULATIVE CHARGE wWWICH HAS STRUCK CYLINDER SIDE wALL UP
TU ThIS TIME (COUL)

SAME a8 QZ2P guT FOR CYLINDER SIDE waLlL,
Crbk(p /MASS (R ELECTRUN (couL/z6v)

AMOUNT UF CHARGE CUNYERTED TO Twe PLASMA FURMULATIUN
ELECTRON CHARGE DENSITY DURING THIS TIME SYEP (COUL),

CUMULATIVE AMOUNT OF CHaRGE CONVERTED TO Tmg PLASMA
FUNMULATION ELECTRNN CHAWGE DENSITY uP Tn THIS TIME (COUL),

CUMULATIVE CHARGE wHICH =AS STRUCK CYLINDER BOTTOM yP TO
TH1S TIME (COUL)

SaAME AS GZ2P BUT FOR CYLINDER HOTTOM baCE,

CUMULATIVE CHARGE wHICH HAS STHyUCK CYLINDER TOP (P TO THIS
TIvE (COUL)

Su¥ OF QUUTT (1) TIMES AWEA NF RADIAL ZONE 1 UVER amOLE FACE,

PROVIDES INTERNAL CONSISTENCY CHECKR OF CUMULATIVE CMaKGE
STRIKING TOP SURFACE wrEN COMPARED wltw G22, (CUUL)
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R SPEED
RADIUS

RANG (NEPTS)

RBAR (1 =NRM] )
RDD

REFG

RG

RGP ({1 =NRGP)

RHO

RHOet
RHO=]
RINJEK
RU(1e«NRD)
RPOS

L4

Ry

R2

SECUNDARY ELECe
TRON JONIZATION
RATE

SIDEMT

SIGMAeR

SIGMAe7

SPD

SPEED

STEP NO,

SUME )

SuMEQ

BEST AVAILABLE COPY

Table 4 (cont.)

PARTICLE INITIAL RADIAL POSITION (CM) IN EMISSION
CHARACTERISTICS PRINTOUT , ALSO USED FNR RADIAL GRIU POINTS
IN GREEN'S FCN CALCULATION,

RADIAL SPEED UF EMITTED ELECTRONS (M/StC)

RADIAL POSITION OF EMITYED ELECTRONS (cv)

RANG(1)e RANG(NEPTS) aRE THE RADII FROM wHWICH ELECTROUNS ARE
EMITTED FROM THE TOP OF THE CYL, (EVENLY SPACED) (cm),
SEE RINJEK,

RBAKR(I) = S*(R(I)eR(Ie1)) , I=1 TO NRMLI (CM)

ACCEL IN R DIRECTION ( M/SECax2)

REFLECT REFQ OF THE CHARGE STRIKING THE CyL, wALLS

RADPIAL ZONE BOUNDARIES (CM)

ZOUNE CENTER RADII (cM™)

CHARGE DENSITY (COUL/CM%#3)
RHOCIZ,IR) 1S FOR ZONE BOUNDED BY Z(1Z)=Z(I1Z¢1),R(IR)=R(IRe})

SECUNDARY ELECTRON NUMBER DENSITY (ELECTRONS/M3)

TON NUMBER DENSITY (IONS/M3)

OUTER RADIUS OF AREA OVER WRICH CHARGE IS INJECTED INTO CYL,
(CM)

R CUORDS, OF RINGS OF CHARGE IN GREEN!S FCN, (CM)

R POSITION OQF FOLLOWED PART, AT GIVEN TIME  (CM)

FUR TOPT(15)=1, RO IS INNER R VALUE OF THWg FINITE VULUME
ELEMENT OF CHARGE OF THE SOURCE ANNULUS IN THE GREEN'S FCN,

INNER RADIUS (OF SMALLEST RADIAL ZONE (CM)

RADIUS OF CYLINDER (CM)

RATE AT wWHICH SECQONDARY ELECTRONS IQnIZE THE AIR MOLECULES,
(ELECTRONS/M3/SEC)

LIKE BRAKEMT QONLY FOR SIDE

RADIAL CONDUCTIVITY OF PLASMA IN EACH ZONE (MHO/M)

AxIalL CONDUCTIVITY OF PLASMA [N EACKH ZONE (MHO/M)

SPEED OF EMITTED PARTICLES (M/SEC)

SPEEN NF EMITYED ELECTRONS (M/SEC)

PARTICLE TIME STeP NUMBEK

SUM OF THE CURKENTS STRIKING ALL THREE CYLINDEK SURFACES AT
THIS TIME OIVIDED Ry THE PpAK EMISSINN CURRENT FROM THE
FURWARD FACE, (DIMENSIONLESS)

APPROXIMATE CHMARGE CNNSERVATION INDICATOR, SHOULD BE CLOSE
TU UNITY, EQUALS SUM OF CHARGES STRIKING CYLINDER BOTTOM,
SIDE, AND TOP PLUS CwAWKGE INSIDE ALL DIVIDED BY TOTAL
CHARGE EMITTED UP TO THWIS TIME, DOES NOT COUNT CHARGE
QUTSIDE CYLINDER BUT wITHIN 1/2 ZONE SO IS USUALLY SLIGHTLY
LESS THAN |, SHOULD ADD TO UNITY wHEN EMISSION PULSE IS QVER
AND ALL PRIMARY ELECTRON CHARGE MAS LEFT THE CYLINDER,

UNLESS PARTICLES OF CHARGE wERE CONVERTED TOU THE BACKGROUND |
PLASMA, (DIMENSIONLESS)
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Tt

TEB
TEOLOA

THETA

Time

TIME GRID
TINSYD
TMaX

TOTAL CHARGES
ON THE SYSTEM

INSIDE
CYLINDER

UPPER wALL
LOWER aall
OUTER wall
SYSTEM TOTaL
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Table 4 (cont.)

TIME (NSEC)

FRACTION OF THE TOTAL EMISSION CURKENT PULSE aRKEa OCCUPIED

Ry THE PRESENT EMISSION PULSE MEIGTH AT TWi FURnARD FACE
TIMES THE PARTICLE TIME STEP, (DIMENSIUNLESS)

SAME AS TE ONLY FOR RACK EMISSIUN FACE,

NExT TIME AT weICwW TN PICK UP PARTS, FOR PLOTTING PATHES (AS)

PARTICLE VELOCITY INITIAL PULAR ANGLE MEASURED FRUM SURFACE
NURMAL, (DEGREES)

TIME (NSEC)

TIMg STEP (NANCaSEC)

TOTAL KINETIC ENERGY OF ELECTRONS INSIDE CYL, (JUUL)

MaX TImE (NANUeSEC)

THE PIVE VARJAKLES LISTED BELOW PERTAIN TO PRIMARY ELECTRON
PARTICLES AND FIELDS ONLY, THE NUMBERS ARE UBTAINED FROM THE
CUMTINUITY BAQUATION AND THEY ALLOw A CHECK NN TWE
CUNSERYATION OF CHARGE IN THE PURTION OF THE CODE wWICH
COUNVERTS CHARGED PARTICLES TO CURRENTS ON THE SPaTIAL GRID,
PLASMA CHARGES AND CHARGE MCTION ARE NOT INCLUDED,

TUTAL prIMARY ELECTRON CHARGE INSIDE CYLINDER (CnUL),

MINOR INCONSISTENCY RETWEEN THIS VALUE AND QINSYD VARIABLE
PROBABLY DUE TO FINITE TIME STOP SIZE USED IN INTEGRATION
OF CONTINUITY EGQUATINON, THIS NUMBER IS OBTAINED FROM
SUMMING ARRAY FOR CHARGE DENSITY IN THE MaxwELL'S EWUATION
PURTION OF THE CGDE, wHWEREAS QINSYD 1S ORTAINED DIRECTLY
FROM PARTICLE STORAGE ARRAYS,

NET CMARGE ON CYLINDER TOP FACE (COUL)

NET CHARGE ON CYLINDER BOTTOM Fack (cOul)

NET CHARGE ON CYLINDER SINE nall (cOUL)

SUM OF THE CHARGES INSIDE aND ON THE CYLINDER waLLS, SHOULD
app TD SMALL VALUE INDICATING CHARGE COMSERVATION, (COUL)
TIMES AT wHICH EMISSION CURRENT PULSE IS DEFINED (NSEC)

1F READING A DUMP TaPE, RESTART AT TIME  GE, TSTaRT
(CAN BE 0,) SEE I0OPT(IT) (NS)

TIME STEP IS DYSTEP(1) Be TWeEN TSTEP(I) AND TSTEP(I+1) (NSEC)

SURFACE CHARGE DENSITY [N EACH 20NE ON UPPER CYLINDER
FACE (COuL/M2)

MAGNITUDE OF INITIAL PARTICLE VELOCITY (M/SEC)

LARGEST MAGNITUDE Nb THE ELECTRIC POTENTIAL ANYWHERE ALONG
THE CYLINDER AxIS AT THIS TIME, ( vOLTS)

PARTICLE INITIAL AZIMUTWAL VELOCITY (M/SEC)

PARTICLE INITIAL RADIAL VELOCITY (M/Sec)

RADIAL SPEED OF FOLLNWED PARY, AT GIVEN TIME (M/SEC)

AXTAL SPEED OF FOLLOWED PART AT GIVEN TIME (M/SEC)
PARTICLE INITIAL AXIAL VELOCITY (M/SEC)

ENERGY IN E AND B FIELULS (JouL)
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WINSYD

z

Z SPEED
ZBAR(1=NZM1)

ZRPLT

Zon
20(1=NZ0)
ZP0OS

20

24
z?
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Table 4 (cont.)

CORRECT TOTAL ENERGY wWICH SWOULD BE IN CYL,
INJECTED e ENERGY WHICH WAS LEFT UP TO THIS TIME)

TOTAL KINETIC ¢ FIELD ENERGY INSIDE CYL,

AxJAL ZONE BOUNDARIES (CM) , ALSO,

PARTICLE INITIAL axlaL POSITION
CHARACTERISTICS PRINT,ALSO GRID POINTS IN GREEN'S FCN

AXTAL SPEED OF EMITTED ELECTRONS

ZBARCI) = S*(Z2(1)¢2(1+1)) » I=1 TO NZMY

PLOT MAGNETIC FIELD AT QUTSIDE
FrOM BOTTOM,

ACCEL, IN Z DIRECTION

(JouL)

(C4) IN EMISSION

(M/SEC)

c™)

(EQUALS ENERGY

(JouL)

wWALL AT PNSITION ZBPLT CM,

( M/SEC#x2)

2 COUKDS, OF RINGS OF CHARGE IN GREEN'S FCN, (CM)

Z POSITION UF FOLLOWED PART,

AT GIVEN TIME (CM)

FUR 10PT(15)=1, 20 IS LOwER Z vALUE OF THE FINITE VOLUME
ELEMENT OF CHARGE IN THE GREEN'S FCN SOURCE TERM

2-POSITION OF KOTTUM UF CYL

Z=-POSITION OF TOP OF CYL,
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