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1 . 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 their trajectories and affecting currents

and fields in cavities. When the space-charge fields are sufficiently strong

to retard the motion of electrons into the cavity, either by deflecting

electrons radically to side walls or turning them around and propelling them

back to the emitted surface, then the space-charge-limiting (SCL) condition

has been realized . The electrons 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 pr imary elec trons into the space , thereby , significantly

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

emp loyed 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. 
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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 TEMP Computer Codes ,” DNA 3l4OF , March 10, 1973.



2. DYNACYL DESCRIPTION

DYNACYL solves the two-dimensional , time-dependent IEMP problem for

a cylinder whose end-plates emit electrons into the interior in axisynlmetric

distributions. Particles representing large numbers of emitted electrons

are formed and injected into the spatial grid at various energ ies , ang les ,

and positions , and with various amounts of charge depending on the pulse

he ight 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 l ength.

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 usefu l 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 compari son of code performance in

dynamic versus quasi-static T EMP prob lems is found in Reference 4. It

2. 1. N. Delmer et al., “SGEMP Phenomonology and Computer Code
F)evelopment ,” DNA 3653F, November 11 , 1974.

3. D. C. Osborne , R. H. Stahl , and T. N. Delmer , “Large-Area Electron -
Beam Experiments ,” TNTEL-RT 8101-011 , Ju ly 15 , 1975.

4. E. P. Wenaas and A. 3.  Woods , “Comparison s of Quasi-Static and
Fu l l y  Dynam ic Solutions for Ele ct romagne ti c F ield Calc u la ti ons in a
Cylindrical Cavity,” IEEE Trans. Nuci. Sci. NS-2l, December 1974. 
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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 Fi gure 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 6S000io words of small core and l0O,OOO~~ words
of large core. Three fast—access files are also required during

execution, one for plot storage and two for particle information storage.

The RUN compiler is currently used , although conversion to the faster
FTN 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.

8
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4. DESCRIPTION OF INPUTS

4.1 INTRODUCTION

Detailed descriptions of DYNACY L input cards are given In this
section. The goal here is to explain how to specify the various p hy s i c a l

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

Inpu t card details are given in  Tab le  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 beJ~ng 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.

9
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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)

L: Cylinder length (cut)

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

Bottom of cylinder: Forward emission face (z.’O)

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.

10



) Table 2 -

~~~ MINIMUM AND MAXIMUM ALLOWED VALUES

OF DYNACYL INPUT AND CALCULATIONAL VARIABLES

Defaults are given where applicable.

Minimum Maximum
Value Value

Quantity Allowed Allowed Default

Radial zones: 3 20
(NPG)

Axial zones: 3 50
(NRGP)

Emission Specifications

Angular bins : 1 20

Polar: 1 20
(NANG)

Azimuthal: 1 No limit except by number of particles
(KOPT(1O)) allowed to be emitted per time step

(below)
Energy bins : 1 25 (15 for time—dependent spectra)

Positions: 1 20 Number of radial zones

No. of different spectra: 1 10
(KOPT( 38))

Number of different
particle time steps: 1 10
(KOPT(l2) )

Number of point pairs
defining emission pulse
shape: 2 41
(KOPT(l3))

Number of particles
emitted per time step : 0 2000

Number of particles
being followed in a given
time step : 0 No limit except computer disk space

Number of point pairs on
field & current time
history plots : 2 1200

11
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Table 3.

INPUT CARDS

Card Columns
Number (Format) Variable Description

1 1—78 TITLE Title Card
(13A6)

2 1—2 KOPT(l) EDIT: Particle trajectory information
(12) (IPLOT)

0 No information

1 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, pr int out emission charge
(12) characteristics as in KOPT(2) only

for 2 x KOPT(38) differen t 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 : Prin t 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

12
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Table 3 . (coo t.
Card Columns

Number (Format) Variable Description

2 15—16 KOPT(8) 0 Emission current density uniform radially
(12) across emission face (s)

1 Emission curren t densi ty fa l l s  ~,ff radi-
ally to a value of l/BFALL (see card 11),
its value on the cy l inder  axis .

2 17—18 KOPT(9) DEBUG : Print out information on 2—fl prin ts in
(12) addition to standard fields and currents.

(B , charge per zone , po ten tial rela tive
to side wall, etc.)

2 19—20 KOPT(l0) Number of emission electron azimuthal
(12) (NPHI) angular bins

MIN = 1
MAX = 2000

2 21—22 KOPT(ll) Number of emission electron energy
(12) (NSPD) bins . Cards 13 and 14 read in if

KOPT(ll) >0. Values of —l and -— 1
can be used where code sets mono—
energetic or analy tic spec tra for
debug purposes (see subroutine TDI MR Z)
MIN NO = 1
MAX NO = 25 (15 for time dependent

spectra ; see KOPT(38))

2 23—24 KOPT(12) Number of different particle t ime steps
(12) (NTSTEP) (read in on cards 7 and 8)

MIN = 1
MAX = 10

2 25—26 KOPT(13) Number of point pairs uset 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 = 2 0

2 29— 30 KOPT(15) EDIT: Prin t 2—D prints every KOPT(1S) particle
(12) (NTSKIP) time steps . Overridden by DTPRNT

(Card 6) if it is non—zero.



2
Table 3. (cont.)

Card Columns
Number (Format) Variable Description

2 31—32 KOPT ( 16) DEBUG : P r in t  2—D p r in ts  every par t ic le  time step
(12) up to and including step no. KOPT( 16) if

>0 .

2 33—34 KOPT( 17) EDIT: Number of d i f fe r e n t  p lot f i les  to
(12) overlay from resul ts  of th is  computer  run .

An unlimited number of input decks can be
stacked , but only up to the f i r s t  3 can
be overlayed
MIN = 0
MAX = 3

2 35—36 KOPT( l8) EDIT: If >0 , all 2—D p r in t s  suppressed un ti l
(12) more than KOPT(l8) pa r t i c le  steps have

elapsed .

2 35—36 KOPT( 19) DEBUG : If >0 , posit ions , velocit ies, e tc .  of
( 12) every par t ic le  are pr inted out every

time step. Uses much paper .

2 39—40 KOPT(2 0) EDIT:  Pr int  fields & currents  at every KOPT(20)
( 12) spatial  grid posit ions in 2—D prints.

Defau l t  g ives approximately 10 zones in
each d i rec t ion . See KOPT(7)

2 41—42 KOPT(2 1) DEBUG : Provides addit ional  information on 2—D
(12) prints if >0

2 43—44 KOPT(22) EDIT: If >0 , plo t total curren ts str iking
(12) bottom , side, and top on same grap h wi th

emission current wave form. All curves
are divided by peak emission current .

2 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—vary ing (see KOPT(38))

2 49—50 KOPT(25) EDIT: If >0, plo t total curren t collec ted by
(12) top of cy linder (opposite forward emission

f ace) versus time both before and after
smoothing numerical noise. Plots every
time step up to number 1200. Current
is divided by peak emission current.

114

-r 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - ______________ - 
________________ --



Table 3. ( c o n t . )
Card Columns

Number (Format) Variable Description

2 51—52 KOPT(26) EDIT: Sane as KOPT(25) onl y for  side of
(12) cy linder .

2 53—54 KOPT(27 ) EDIT: If >0 , plot total current collected by
( 12) top of cy linder (opposite forward

emission face)  at radius  less than Ro
and at radius greater than Ro where
Ro = FCOLT * R2 .  R2 is cy linder
radius and FCOLT is set at beginning of
subroutine TDIMRZ (currently set to . 6 7 ) .
Current  is divided by peak emission
cur ren t .

2 55—56 KOPT(28) EDIT : Same as KOPT(27) onl y for  bot tom of
(12) cylinder (forward emission face).

2 57—58 KOPT(29) EDIT: If >0 , plot  axial electr ic  f i e ld  at
(12) forward emission face (z = 0) on axis

and at half cylinder radius Cr/2) as
well as peak radial electr ic  f ie ld
anywhere along cylinder side versus time.
Posit ion of radial field can vary
with  time .

2 59—60 KOPT(3 O) EDIT : If >0 , p lot axial  electric field on
( 12) axis at face opposite forward emission

face (z L) versus time

2 
- 61—62 KOPT(3l) EDIT: If >0 , plot magnetic field at back face

( 12) (z — L) at side of cylinder Cr R)
versus time .

2 63—64 K OPT(32 ) EDIT: Input  check—plot  emission cur ren t
(12) pulse shape if >0.

2 65—66 KOPT(33) EDIT . If >0 , plot spatial d i s t r i bu t i on  of
(12) e lect r ic  potent ial  on cy linder axis

at each 2— D p r in t  time

2 67—68 K0PT(34) EDIT: If >0,  p lot net charge dens i ty  (ions
( 12) and electrons) spatial distributions

fo r  several radial posit ions each 2— D
p r in t  t ime

15



Table 5. (cont.)
Card Columns

Number (Format) Variable Description

2 60— 70 KOPT(35) EDIT: Pr int  min i—pr in t  every KOPT( 35) p a r t i c l e
(12) time s teps.

DEFAULT = No mini—print

2 71—72 KOPT(36) EDIT: P r in t  pressure e f f e c t s  quant i t ies  in
( 12) 2—D p r in t s  in addit ion to f i e ld s  and

currents. Includes conductivities ,
conduction cu r ren t s , charge densi t ies,
ionizat ion rates

2 73—74 KOPT(37) DEBUG : Allows d i f f e r e n t  terms in pa r t i c l e
( 12) equations of motion to be tested in-

dependently:

0 E and B both act on particles

1 E onl y acts on par t ic les

2 B only acts on par t ic les

3 No force  due to f ie lds  acts on pa r t i c les

In all of the options above , the slowing
down of part icles due to ionizat ion of
the gas by the primaries s t i l l  occurs.

2 75—76 KOPT(38) Number of d i f f e r e n t  spectra repre—
( 12) senting comp lete emission current pulse.

If more than 1 spectrum is used , code
linearly interpolates  in time from one
spectrum to the nex t .  If 0, random-
izing routines (problem specific) are
called which operate on the input dis-
t r ibut ions to randomize the energy and
angular spec tra (see subrout ines  RANSPD
and RANIT).  In tha t  case , the number
of spectra is the absolute  value of
KOPT(38)
DEFAUL T — 1
MAX — 10

2 77—78  KOPT(39) Quasi—Static only: read Green’s function
(12) for  f i e l d s  from input  un i t  KOPT(39)

2 79—80 K0PT(40) Quasi—Static only : write Green’s function
( 12) fo r  f i e l d s  to un i t  KOPT(40)

16
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Table 3. ( c o n t . )
Card Columns

Number (Format) Variable Description

3 17— 25 PATM Gas pressure in cy linder in atm. Also
(E9)  used to f lag quas i—sta t ic  calculat ions

which can be done for  vacuum only . Set
to —l .E—20 to indicate quasi—static .

3 26—34 R2 Cy linder radius (cm)
(E9)

3 44—52 Z2 Cy linder length (cm)

3 53— 6 1 NRG P No.  of spatial zones in radial d i rec t ion
(E9)

3 62— 70 NPG Number of spatial zones in axial d i r ec t ion

3 7 1—79 NANG Number of polar angular  bins for  emission
(E9) cu r ren t .  If >0 , code read s in angular

d is t r ibu t ion  on cards 15 and 16 wi th
NANG bins . If <0 , code set cosine 0
(measured f rom sur face  normal)  angular
d istr ibut ion with NANG bins and card s
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
( I i )  case. Read in one LRATIO value for each

radial zone . The cylinder rad ius is sub-
divided into minimum increments equal to
the radius divided by the sum of the LRATIO
values. The radial zones are then the
prod uct of the individual LRATIOs times
the minimum increment. Permits rap id
par ticle finding . Read in as blank in
dynamic calculations (PATM > 0).

5 1—40 LZRAT Same as card 4 only for  axial  zones
(I l )

6 17—25 TMAX Maximum simulation time (nsec)
(E9)

17



Table 3. ( c o n t . )
Card Columns

Number (Format) Variable Description

6 26—34 BAKEMT Back emission f r a c t i o n .  If  >0 , code
(E9) emits particles from back face of

cy linder (Z = L) with same spectrum
and pulse shape as ijrward emission .
Peak emission current density equals
BAKEMT times peak f orward emiss ion
current density (card 11). Back
emission is delayed by photon fli ght
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 rad ius .

DEFAULT = 1. See BFALL (card 11)

6 62—70 DTPRNT Prin t Out 2—D prints every DTPRNT
(E9) nsec if >0. Overrides KOPT(15).

7 17—70 TSTEP Time range edges in nsec over which
(7E9) particle time step is cons tan t and

def ined 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 = 0
MAX NO = 10

8 17—70 DTSTEP P a r t i c l e  time steps in nsec . See card
(7E9)  7 above . If DTSTEP (1) = 0. ,  code sets

pa r t i c l e  time step so an average—energy
par ticle traverses one axial zone per
par ticle time step. If DTSTEP(1) = — 1 . ,
code makes sure time step is at least
less than or equal to 1/5 emission
current pulse rise time .
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T a b l e  5. (co nt
Ca rd Columns

Number (Format) Variable Description

9 17—70 TPULSE Times at which emission current pulse
(7E9) defined (see card 10). Code linearl y

in te rpo la tes  between values for  emission
cur ren t  level .  Read in KOPT( l3)  values .
MIN NO = 2
MAX NO = 41

10 17—70 PULSE Relat ive emission c u r r e n t  pulse heig h t s
(7E9)  at times def ined by TPULSE (card 9 ) .

Read in KOPT(13) values.  Code shu ts
off pulse immediately after last value
of TPULSE.
MIN N O = 2
MAX NO = 41

11 17—25 NTOT If >0., number of electrons/cm 2 emitted
(E9)  at ax is over entire emi ssion curren t

pulse . See BFALL if rad ia l  v a r i a t i o n  of
emission current desired. Either NT OT
or JPEAK must be input.

11 26—34 JPEAK If >0., peak emission current density
(E9) in amp/cm2 at axis of forward face. If

zero , calculated f rom NTOT above .
Either JPEAK or NTOT must be Input.
See BFALL if radial fall—off of emission
current desired.

11 35—43 DTF EDIT: Time in t e r v a l  in nsec over which  samp le
(E9) par ticle trajectories are plotted (see

KOP T ( l ) ) .  Pa r t icles are plotted f or
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

11 44—52 BFALL Emission current radial fall—off if
(E9) KOP T(8) set to 1. Emission cu r ren t  f a l l s

off to a value at cy l inder  outer  wall  of
1./BFALL times its value on—axis. See
also FINJEK (card 6). This option de—
termines radial fall—off ra te , but FINJEK
dete rmines extent  of emission region
independently .
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Table 3. (cont.)

Card Columns
Number (Format) Variable Description

12 17—70 TSPECT Read in only if KOPT(38) >1 for t ime—
(7E9) 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 correspond s to
one value of TSPECT . For mono—energetic ,
time—vary ing emission currents , rep lace
cards 13 and 14 with a card(s) (16X , 7E9)
on which emission electron energies in
key are specified corresponding to the
times on card 12.
DEFAULT = 0
MAX NO = 1 0

13 1—80 EEDGE Emission electron spectrum energy bin
(8E1O) edges in key . See card 14. Read in

KOPT( l l)  + 1 values if KOPT (11) > 0.

14 1—dO HELN Emission electron spectrum relative no.
(8ElO) of electrons per unit energy in energy

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

15 1—80 ANGEDC Emission electron angular distribution
(8E 1O) bin ed ges in degrees. Measured f rom

sur face  normal .  Read in NANG + 1 values
(see card 3) if NANG >0 , otherwise omit.

16 1—80 NTHETA Emission electron angular distribution
(8E10) rela tive number of electrons per unit

solid angle in bins def ined by card
15. Read in NANG value if NANG > 0 ,
otherwise omit (see card 3).
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2

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 l0~~ atn

(200 j.im Fig). A pulse of electrons is emitted perpendicularly and uniformly

from one 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/cm
2 
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 (in

pressure provides enough ionizat ion 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 ninimun 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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2 BF.STIAVAIL4BLE - 
COP’(

I e e e e e e
415 cm (2.63x10

atm. pres .)

-~ - 30 cm —~~~~~~

I(AMA N COMPAR ISON PR08LEr~ 200 MICRONS
1 1 1 10 1 1 1101525 1 1 1 1 1 1 10 I 1 p’tPAR 2RLZ2N RNPNA NG2 ,6300~ .’41I,, 0 , 15 , 5 , 5 , 1 ,

T MAX 8~ SLR Qf INJ 71 .9 0, 0, 0. 0, 0,TSr ~ P 0,
DTST EP .20
TPULSE 0 , 6 , 12 , 20 , £4 0 , ‘48 , 54,TPU LSE 60, 66, 16 .
PULSE 0, ,‘~5 .62 1,30 £4,00 5,4 5,4PULSE 4,9 3.0
NT0TJP KD~ FBP~~. 0, 11 ,6 0.
TENG 0, ‘4 , 6 , 18 , 28, ‘40 , 52,

56, a?, 72 ,
~ N Gy 0, 120, 180, uo , ioo , as , 25 .ING Y 6 ,5 3 , 0 1, 0
0 , 0,03
1,

Figure 2. Sample prob lem inputs for cylinder 15 cm long by 30 cm
diameter at pressure of 2.63 x l0~ atm. A time—
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 Fi gure 4.

The sanple 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 referred
to as a “2—fl print” elsewhere in this report .
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Figure 5 (cont . )
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J 2 * . * * *
54 1 ,000 0.0 1  — l  .0040’04.1.4291303.7 .4120*03.1 .3391.*03.0.22000 03

•‘‘‘“ JO 80 1~~4 LOUl’ ‘IL 

1 *  1 2 4 ‘4 ‘3
54 1.50/0  — 0 2  4 ,5061.02 1,030 1.02 1. 0 0 0 0 — 0 1  1 .3501.0 1

15 / * * * *
I 0 , *.I,u891+15,.h.0 5400+ 0 3.8 ,0554 •03 .3 ,0551’03.5 .b001’05

*‘‘‘‘ J54 A l  1+1 1515 11 ‘ ‘A L L ’’’’’

.1’ I 2 S 4 5
2 • 1 ,503 1.42 4 ,5 o - 1 5 I . o~ I ~0o0L .o2  I • 0 5 1 1 0 . C 1  1,3 5 0 0 .0 1

I + * * * * *
6 1 ,5 4 0 4 1 — 0 1  • o , 0 , 0 , 0 . 0 ,

* 0 * 0 *  14 14 4 7  UP P O I S  30 15 

1’  1 2 3 5
0 * l.500 1 02 4 ,5000 . 0/  7 ,5 0 0 4 — 6 2  I • 0000.41 1 1,5 5 0 1— 0 1

15 2 * * * *
8 1 ,5400.01 *.7.8581’01l.1,1160’02.2 .”020*0/ 4,110’1$02.5,2/21.02

68 *7 LL~’1s ’. OA L 

1~~ I 2 3 ‘3
4 3 , I ,S000.~ 2 ~~~~~~~~~ 7 ,50 00—0 2 1 ,00 0 0—0 1 1, 3501.41

.1 £ * * * * 0

I u , - ~ ,0l’~~’ 15 l  1, 4300. 02 2,54941. 02 *,v501*02 5.3004’u2

Figure 5 (cont .)  
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7 BEST AVAILABLE COPY

42 87 007154 *A U.

3 *  1 2 3 * S
£ * 1 .5 0 0 4 — 0 2  *,5~ O1 *02 7 ,5000—02 I • 0 5 0 1 — 0 1  1. 3500 .01

• ~~~~~~~ S,70040’152 5,0751+02 0,0851*02 5,,,5I15+02

T OTA L 60601.1$ C’S T’l S’5T1’

165 150 C ’ L1 ’ S D l 4 UP~ 1’ •A 4.15 1.0*1’ *ALL 150110 ‘‘LI SY S I I M 701*4.

—4 .9311 .00 I .,201—07 4 ,5831— 08 1, 8 5 3 0 — 0 1  9 .01 7 1—21

4 3 3 0 *  .44.4. 15 54AW~ 4 OtS S1T ’ ’’’’’

1 *  1 2 3 4 5
.1 * 1,0 0 0 0 . 0 2  4 ,0 0 0 0 * 0 /  7 ,5 0 01— 0 2 1.0 5 0 0 — I l  1, 350 0.0)

.1 2 • * * * *
0 l,”OOl .c I  * /~ 35/1.7O 1. 4040 .15b )~~7b40.40 1 .5100 *00 3.3501.06

LL~ 0~ •A L(. C.’*’1,0 01 .51 

1 *  I 2 3 4 54
8 ‘ I ,51~01.02 .s ,5001..0/ ,5001—v/  I • 0500.01 I • 3501 .0)

2 £ . . . * *
I U , * *,3420.Ob 3 ’ S0~~1 .00 2,15 7~ —00 1. 7940.00— 2,7530—0 6

uo TO4 3*11. C~’4~ 0’ (1-0 1r ~~~ ’’~~’.

1 5 *  1 2 3 .~ 5
£ * 15 , 3 .4 00 0 .11 / 0 ,00(1. 2 9 ,0 0 u 0 — 0 2  1, 200 1*0 1 I ,0 0 01—OI

O 1 ,5015 1—Cl • 8•o,e0 .~~1 j~~4371— I3 l.6920.~ 1 1.8100.0* 0,0’~ 0— 0 1 0,

#LA S’A L .AW0CT0~S IS T IC *

S10~ 

3 .C ’ U 0 ~~ 4 0 /  0•000304.0 2 9~~ 4 s 5 ~ LQ 3 . (/  I.200001 01 1.500001.01

1 ,5 0 0 0 1 — - - I 2 ,00.1.00 2,20 40—0 3 2 ,15421 .03 2~ 0 I01—04 2,0920— 03
1.20*01.51 l .090 1 0 3  1.8190— OS 2.4501.03 3, 041 0—03 a ,1011 03 0,
9.00 15 0 — ‘2 3,0101.02 4,241 1—42 2,054*0 .03 2,2130— 0 1 3. 0o~ 1—03 0.
b • QQ ((15).3? 2 .18 *0— 05 5,’70 1—02 / ,.59f .O3 0,1001 ‘02 4.9401—0 3 0,
3, 0 0 1 5 ( 4 4 . 0~ 1.1 5 2 1 — 0/  0 .1* 11— 0 ? 3. 1 7 / 0 — 0 5  0 . 5030 .03  ,,IT I I.00  0 ,
0, 8,2001.02 5 ,,/I0 02 9.,02t .02 4,1544— 03 i.1541 05 0.

JO C s ’ 0 0 C I 1 * I  

1 *  I 2 1) 5 0
* 0 . 1 ,000 0—0 ? o .C- jC O .- 2 9,0001.02 1 .2001 — lI I. 0041 4l

J £ * * * * . *
0 1 ,5001.01 *.3.U)24’Cj .2,*99180I.2,OI2I*01 .3,2760.OI.3 .75540’0i 0,
5 I, 2 00 0 01 • 1 ,9001,151 2 .19910 01 1.Sa31 ’15l—I.12240 0 I 1, 3 181400 0.
5 0,0000.02 • 5 ,4503*3/ 5 .5b2 t ,u2  2,99,0.0 1 3 ,0440.01 0.2851,00 0,
3 0,0007.0/ • ‘.05” ,0I 7 ,4530,02 4.2100*01 *,5071.02 1 ,5*31 ,01 0,
2 4 ,0004 .02 * 1.0724 ,~~0 1. 0 1 0 0+ 0 0 5.7391.01 S.S2~0.0l 4,5*00,/I 0,
1 0, • 1 .*0 l (,-S 1 ,2601 ,03 1 .2001,03 5,1851,01 0,0901 ,01 0 ,

Figure 5 (cont .)
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BESFAVAILABIE COPY’

***..  SICM A .k • * * * •

+ 1,500001 02 4,S00004i—02 7,500003—0 2 1 ,050001—01 1 .350000—01

5 ,3 5 0 0 1 — 0 1  3 ,5360.03 ‘1 ,01 3 0 — 0 3  2 , 7 0 4 0 . 0 3  2 , 1 5 0 0 — 0 3  3 , 194 0.03
1 ,05000—Il 1 ,1750—03 1, 7341—03 2,3191.03 2,8081.05 3,0841—03
7 ,50000—02 4,4020.02 5 ,1 4 2 0 — 0 2  2,0590.03 2,0430.03 2,8911.03
4,50001— 02 6,0030—02 3 ,1011— 03 3,0680.03 3,2821.03 4,3960.03
1 ,50000—02 8,5531.02 1 ,01 10— 01 4,05040.05 3,9220— 03 5,3+01—03

40 CU NO U C I 4 O I I Y

I’ I 2 3 is 5
04 * 1,5001— 0/ ‘.500~ — 02 7 ,0 0 0 0 — 0 2 1 , 0 5 0 0 — 0 1 1, 3 0 0 1 — 0 1

.1 1 * * * 4 *
5 1,3500.01 *.2,9951400 .1, 08410400.2,78b1800.4 ,7850000.2,b72100I
4 1 ,0500—04 “9,iO’41 .OI 8,0011+00 l ,4610*0l— 2 ,0380001.4,063040I
3 7 ,0000—02 *— 6 ,5701400 8,5021+01 I.1141+0l .5. 98I1+00 4 ,1 96180l
2 4 ,580 0 02 “1, 73 0 1* 0 1 3 ,06 81 +00  5 . 3 0 3 0 + 0 0  I . 2 60 180 I 5 , 2 7 3 1 + 0 1
I 1.5004— 02 * 2 ,3 2 3 0 . 0 1  9,0201,01 4.92 31— 01 5 ,/831,00.2,3491,0I

0* 0 * *  14155 12*7 104 8* 7 15 * ‘ ‘ * *

~~~~~~~ LO C7005  115\I141 10.i 0801 (N0, /~~’’3/S0 C1

1’  1 2 3 ‘4 5
54 1, 5001’.02 4 ,5041.02 7 ,5001..02 1.0 5LI0 ’OI 1 ,3001.01

J £ * * * * *
‘3 1 ,3000—0 1 • 4 , 3881+23 1,3050 +23 1, 3851+23 4 ,3641+20 1, 3630,23
4 l,0501 0 1 • 1, 0101 4 23 1, 4 100421 1 .4091+23 1 ,40 91+23 1, 40 40023
3 1,500 1—0 2 • 1. 4531823 1, 4530.23 1, 4531.23 1, 4530+23 1, 4520 +23
2 4 ,0000 .0 2 * 0 , 0 , 0 , 0 , 0 ,
1 1,5 0 0 0 — 0 7 • 1 ,49,1423 1.4901’23 1 , 49604/3 1 .4960./S 3 ,549,1+23

IC(1’SDA RY 30511*1004 0410 (14n),/”*3/SOC/1LICTRCO3

1 *  I 2 3 * ‘3
54 1 ,5001— 02 ‘p 5000— 02 7 ,5001.02 1 ,0501—01 1, 35 01— 01

15 £ * * * *
5 l ,PSOt 01 • 1 .1890.13 2,2491.16 7,5*70.15 1 .2171.14 4,4131.14
4 1 , 000 0.0 1 • 2 ,2041. 1*  2 .08 31.14 1 , 654 11. 14 4 , 5 710. 14 2 ,1951.14
3 7.0000.02 • 2,3401.14 2,3341.14 2,305 1.14 1 ,4281.1(5 2,2071 .14
2 4 , 500 0 — 0 2  * 2,4241.14 2 ,2 7 4 1 . 14  2 ,24 7 0 — l U  1 ,8941. 14 2 ,0890. 14
1 1,5 00 1— 0 2 • 2,5~91.14 2,4 141.14 2.7111 .14 2,0211.14 1 , 1 8 1 1 — I a

* * * * *  54flQ~~ •••* •

I’  I 2 3 4’ 5
I, ~ 1 ,5 0 0 0 — 0 2  4 ,5000.02 7 ,5 0 0 0 — 0 2  1,0 5 0 0 — 0 1  1,35 0 1— 0 1

.1 £ 4 * * *
5 1 ,35 01.01 * 1 ,901 041 , 2,1,20 3 1 54 2 ,10 7 1+ 1 4 1, 81 40+ 1 , 2,1351+~ 4
4 1 ,0501.01 * 1 ,11/0814 1,61 11+14 2,0891.44 2,4651+10 2,80400414
3 7 ,5000.02  • 1 ,8101+14 2,251 1014 1,9620+14 1 , 7 4 9 0 + 4 4  2 .7 8 0 0 + 1 4
.5 4 ,S001 02 * 2,2141 .14 2,8780*14 2,881041* 7,9450+14 3,~~~~I’14
1 1.”000 02 * 3.418 0814 3.8850+14 3 .7 901+14 3,8180 +14 4,4020 +14

* 4 * 0 *  ksu—1 * 0 * * *

1 ’  1 2 3 * 5
* I , 50 00 02 + ,5 0 0 0 — 0 2  1,500 1—0 2 1. 0500—U I 1, 3 5 0 0 — 0 4

4 1 * * 4 * *
5 1,3501— 0 1 * 4 , 4 331 * 14  4 , 3 9 0 0 + 1 4  4 ,4 19 0 + 1 4  4 , 1 0 4 0 + 1 4  4,1020.14
4 1, 0501—01 * ‘.2430+1 ’  ‘,2~ 81.I4 4 ,4 201+14 4 .1251.10 4 ,81 30,14
3 7 ,5 0 0 1 — 0 2  * 4 , 74~~0 , 14  8 ,9 3 4 0 + 1 4  4 ,54 50,10 4 ,1054 0+14 4 ,5260,14
2 4 ,5 0 0 1 — 0 2  • 5 ,286 1,14 ‘3 ,04870.14 5 ,4 4 4 1 + 1 0  5 ,2791.1, 5 ,6261,14
1 1 ,5 0 0 0 — 0 2  * 6 ,2230 , 14  b , 04151 , 14  6 , 34 3 0+1 4  6 ,0830 ,1*  S ,~~S31’1’

Figure 5 (cont.)
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BESFAVAJLABLE COPY

•“‘‘ 152 CO SO4JCII.4113 41 ToO UPPOR ‘4A LI. ~~~‘‘~~

1 2 0

+ * 1 ,5000.02 4,OoOO — 02 1 ,0’01’02 1 ,0500.01 1 ,3 5 0 0 . 0 1
15 £ * * * .
6 1 ,5001— 01 ‘.3,0051,01.2,10b1$15.l.3,0440+0I.3 ,010b+0I.I ,8770~~01

0* ’ , .  151 C UI*OuCTl ,1T1 UT Tp *~ L0*09 ‘A LL ‘***0

0 ’  2 ‘4

1,5001.0/ 4,5000.0/ 7,5000—02 1.0501.01 1 ,3500.01
15 £ • * •
I 0 . • 1, 3 3 1 0 3 0 3  1 ,2600. 40 3 b ,544 90 . / /  5 ,5091+ 4 1  2 ,8980 ,0 1

• •~~‘ ./54 0050415 C 11 0 1 7 0  4 7  1’40 0u70+ .‘AL ~
1 5 3  1 2 3 4 5
£ * 1 ,5001.02 4,5000— 02 1,5 0 0 0 . 0 2  1. 0 5 0 0 — 0 1  1,3 5 0 0 — 0 1

0 1 .0000.01 .S.35 719 01 .1 ,059000I .5 ,4550+0l.4 .b071 * 0 l.3 ,440 100 1

54(1 C” A+1. I  015 511’ ( L3SUL / ‘ “  $ 1

54 l ,500 0u1— 02 4.0500100—11 2 0,000001— ,/ l ,05u001— 0I 1 ,500000— 01

1 ,35000—01 —o ,,9?0—0, — 1 ,1 501—-J O .1,6220.05 .l ,05bl—05 —2,5300.00
1 ,05000—0 1 7 ,5040.07 —0,545+1.0, —1 ,1*70— 05 —1 ,3210— 05 .1,00481.05
7 .500 01—42 .a , ,710.0o .0,0 0 0 0 — 0 ,  .1,0 170 . 05  — 1 . 2 5 3 0 — O S  .2 ,2 940 — 0 0
4,50000— 02 4,4261—05 4,1831—05 4.1 001—05 3,75400.05 2,0120—O S
1 ,50(00—02 .8,7031.2, — 1 .1181—OS —1 ,2790—00 —1 ,4200— 05 .2,8800.05

8011 ’SO ZA L 5404., II) 0*4 100). iS)

4’ 0 , 3 ,000000 ,00 0,000400.00 9,000000*00 1 ,200001*01

1 ,20000.01 5,8101 40? 3,8,00,02 4,2201,02 4,33 10,02 2,9250,02
0,00001,00 3,7231.02 3,07.41.02 4,6491.02 5,2910,02 3,8421,02
b,0 0 0 v l i * J 0  3,4840+02 3 .5650+02 4,0011,42 4,0041*02 4,00*0.92
3,00000.00 2,8040*02 ?,4iisL.02 3,I* 80’OO 3,5091*02 3 .5 40 7 0 .02
0 , 15 , 0 , 0 . 0 , 0.

Figure 5 (cont,)
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5 . 3  I)YNACYL 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 outpoit

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 simp ly options and

in no way indicate DYNACYL is limited to quasi—static situations ,
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BEST AVAILABU COPY
Table 4

DYNACYL VARIABLE GLOSSARY

GLO SSAOV (W OY4A CV L VARIAV L I S ~~~ OUTPUT .‘IADIN (,S

A O A D I o ’ S  ~ F C O L I 5 0 0 4  8 .44 2  (C4”)

*‘Sr.Ll 040140074 VE LO CI T Y 0)54 E3~1T T1D ELECTMONS AND INCUMI’uC.
P4’OTONS L9 1~~0 SUOF 8CE NORMAL OEPEO D ING 054 400P1 (7) (DIG ,)

*3101 A ’EA OF SIDE 00 CYLI ’JDOR (C~~~~?)

*1(18 A R E A  I’3 TOP OF ~ Y), ( C ’ 4 * ? )

A 0E~~*00 C~~A 44GE TU TAL P A R T I C L E  C~~* RGE 3 5  C Y L I N D E R  D IV I 0 0 0  ~ V C Y L I 0 0 0 W
r I Y . S I T V  V 0 L U ~~E . PLA S M A C”APGE PoQ~ INCL u DED , ( C O i j L / C M 3 )

RA O I * I  I’AC .. 0 ” I S S I O ’~ C U’V E O I  I P A C T I O N , E 0 P O E S S I D  AS F R A C T I O N
CI. C1J 4440 051 0”I TTED FI3L1’~ 0440741 FAC E

Y4~4 1JT MA r , 5 0 T ! c  F I E L D  01 C’I.~I~~DE’ 51 101 0*0.0. AT 540)11(354 (F040AWL)
E” IS S I O N  F A C E )  ( G A U S S )

* 0 )1 ( 1 T1”0 0 ) 14 4 15 4 * 10  00 ~‘A G4 E 1 I C  FIELD , (GUASS/O SEC), PVU 8ABLY
TU(l 3IUME R IC *LL 01 0’lM SV 10) ‘SE 00 USE IN MA N Y SCI. S I I U A T I U N S ,

04OA LL EM IT T IJ ) CU4-4IAENI DEN SITY FALLS 1)33 ~$V F A C T O R  1153 B O A L L  ElY
9*44/ IF K OPI (o S ) 1 1

8 1A #  A M P L I T ( I ) 1 MA
~~5~~7 ) C  F I EL D  A~~Y .*~~0 PE 8 0 .0 0 0  C Y L I N D E R  510)0

OA L L  AT T#’IS 1 )M0  (GAUSS)

(‘SO ,(54 1~T T (Y , SIDE , lO P, DE SIGNA TE S 144 4 ~1x1 3 9A WIAMLES 15 1N~
M IN I PPI’I T LIST o~4IC.4 A RE 1040 CIJ RWl.NIS STR IkING T 4E 4-IU TIL1 W ,
5100 , A N D lO P ((F 1*4 0 C y L I N D E R , RES P0C 1 I~~E L Y , DIvIDE). ) ~ Y
0540 P EA k  EM ISSIO N CURR EN T 3 R0~ 

TO E FO RO A R D F A C E , -J S U A L L Y
+030 44810 10 AS I R A C I I f l N A L  TRANSM ISSIPN S , ALSO PRINT ED OUT
L ABI L ID 04401 , OJS ID F , FJTCI P, 1540 154800 VALUES S4IUULD ADD 1 _
ToE VA LUE OUR SU”3J 003 1501) EllLOo , (OIMENSIOToL1SS )

PR I M A R Y  ELE CTU O S C°A800 IN EAC O4 2(151 (COuL) ,
A LSO US0~ A S
CM AO G E  ON E A C o  E °ITTEO P A R T I C L E  j Y , TI’E STE P P w I N T  044 IN
PA U O I C L O  DESCR IPT ION P441sT, O/~ SA4” ( A S  O Q R EL 1 C IW U N  (CUU L)

COA RG E DE NSITY PR IM A R Y  ELE C IRON C4’*PGE DE NSI T Y  (COULs’TMS )

C N V Rt .  +0415 S’.’CCESS! VE ‘FR ~~S olCO TME LESS 0* ,4 7, C N V R G  • T O T A L  50M 00
TE’~~S UP TO Tt-sAT T E R M , T E R M I N A T E  S E R I E S
FOR 1,54015’S FUIMCTII)5 , (OIME NSI (-)OL€S3)
30*51— STAT IC ONLy

C Y C L E  P A R T I C L E  lIM O STEP Nt j M 0 4 0 0

flDT F A PPIUU* , TI’0 INC R I M E S T  809 PA?~~ES (13 PA R T I C L O S  I’. PICTURES ,
( 810 1 ) 0 3  ) E Q 1 J A L S  D I F / O P L O ’

DOLT ‘IME STE P (5*5(-SECflNpSI

O E L T S C  T I~~0 STE P IN SICI1NDS (SIC)

D l L Z ( l . N Z ~~I )  DELZ(I):Z(!.fl.Z(I), 1.1 10 51 ( C M )

rik (I).p (I,l).Rc1). 
~~~ 

T Q Y sllM1 ( C’ )

DRA ”r. I~~ifCT C4’*~~C.1 *0 D’A NG I” IE R V A L S  IN 54 *C~~OSS TU P 08 C’L,(C )

08005 DIST AN CE 004 SOURCE 3 805 4  CYLIN DER (ND (C’)

0)0 ELA ~~50fl O AI C U T ION T IM E SINCE LAS T C A L L  In GE T IC-TAl .
080C ,JII0S TIME (M INUTES)

0,3 ~ULL0)0 P AR’ S #W QM TOP LI CV I . # 0 5 4  CIT E ~.A5 O5E CONDS
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BEST AVAilABLE [DPI
Table 4 (cont.)

DIN LIG HT TIM E STE P F R O M  1 130,1,21 TO T (N.3/2~~, SEE DT’ *2 , ( S E C )

OTN2 LIG °T T IM E  STO P 3811*’ T N ~ IC 1(5,1), 1 (1)80 ,, SEE DT N ,(SEC)

DT SYE Pfl .NISIEP ) SEE YSTO P

D o IC RI I N T E R P O L A T E  1 1 4 3 1 4 0 0 1 1 0 . 0 5  FOR A 8S((Z .ZO)/L) ,LT .D8I C RII ou +
‘ET~~ODal. 40,5(00.90)/A) ,LT , DU IC IS T 0054 ‘ET I4O DIS
1 4- IU P Y (1S) z 0 ,

(MAR A V E R A G E  E N E R G Y  OF tHf P R I M A R Y  E L E C T R O N  SPECTRU M IN J E C T E D  INTO
T I E  C YL , (V Eo )

E0,A RPT E N E R G Y  00 04 15 “ I T o  L A R G E S T  4 ( J M9 f I 9  (JO P R I ’ A W Y  E L E C T R O N S
R E I N G  E M I T T E D  A T T 4-4 1S T IM E  FROM FI1R 0A O D F A C E , (‘09 )

EM ISSION EL E C TRO N SPECTRUM A V E R A G E  INEROY AT FORoARo)
O A C E  A T T”IS T I M E . (ME V )

0081 R A D I A L  0.0100.0 SEE” 9Y O0LL C~~EL ) P ART , AT G I V E N  T I M E  ( 9 / 5 4 )

(021 AJ(! A ~. 0— F I E L D  SUs I9~ FOLL0 00 D P A R T , A T  G IvEs TIHE ( v / M )

E L 3 0  E L N U ) . E L 4 ( N S P D )  ARE 144 0 N U M B E R / A R E A  fl~ E L E C T R O N S  AT
E N E R G I E S  ON R GU ) .ENRG (N SPD ) AT ANGL E S PLUS A N D
M I NUS AN G, AT R A D I A L  POSITION . RA NG ( % ) .  W A N C , ( P*EPTS )
(4l(M( ’ (R/CM 4*2) (TOTA L NU ’HER/C’.*2 FOR A f .I v E N  E N E R G Y  PULSE )

OM ISSI O N P 0 1 4 -I 2 POSITION OF E M I T T E D  ELE C T8ONS (C~~)

O MQ TO TAL C R A R G O  E ’ITTED INTO  TOE CY L . AT A G I V E ”  R A D I U S  AND AN GLE

DU RING TsE 1 * 1 1 5 4 1  PULSE . (COUL )

E N E R G Y  I N I T I AL E L E C T R O N  E N E R G Y  (M E W ) .

ENRG E L E C T R O N  E N E R G I E S  (‘0+)

IP SO E PS 1 L 1~N 2004(1 (O M I S S T S I T Y  OF V A C U U M )  8 ,8541.12 O A R A U / M
W A R A D ~ C OO L/VO L T

EQ S A V E  AS I E M I T T E D

O A D I A L  E L E C T R I C  04 710.0 (VO L T /U )

E R M I ’  
~ 0 A 0 4  A M P L I T U D E  R A D I A L  E L E C T W T C  3111 .0 *301+04 081 ALONG C Y L I N D E R
SIDE A A L L  AT TOIS ‘I’E (91)L T/M )

E U P  2 V E L O C I T Y  OF (‘ITTEO P A R T I C L E S  (u /SEC )

0.8 P A D I A L  S~ IEo 004 IM ITT EI’ P A D Y I C L O S  (H/SIC)

El A X I A L  E L E C T R I C  F I E L D  (V OLT /H)

f70488 A X I A L  E L E C T R I C  O I W L I )  0’. A % ~~S AT 0054*881, EM ISSON FA C E (V O L T , M )

EZ W A X  A X I A L  E L E C T R I C  F I E L D  O N  A X I S  A T  TOP I.AC I ( AA A Y  0440’ 00840 *540
E M I S S I O N  # A C E )  ( V O L T , ’ )

F C ° S ~~v F W A C T I r ’ % A L  N(J 4 . C O I N S ( R V A T I O 4 ’. CF l~~I R G Y , (0 0 4 0 8  COMP LE TE

~ O 74SlR v* O 1 O 5) (DIM ENSIONLESS)

FC OL8 L IkE ‘COL T O0’L ’ FOR ~. C T T ( ~’

Fc O). ’ C A L C U L A T E  O M A C  ‘‘*sS 1.90 TC~ 3 08 54 • L? , A N D ,~~t , #COLT *82

F I~~JE~ E M I T  E L E C T R O N S  M F ’ v . O E N  8.0 AND RS F I N J O I*  • 402

O JBO T SEE 5450

345100 SE04 U S’

FJT (1P SEE 95?



REST AVAIL4&E COPY
Table 4 (cont.)

OI4 A C T I I ) N  (JO T O T A L  P8 10*8 0  E L E C T R O N  C HA R G E  ~H ICH HAS STRUC K
C’LI~~OEP BOTTOM F A CE UP TO T .IS h U E  ( D I M E N S I O N L E S S )

O QSIDE FRA C T ION OF TOTAL PR IM ARY ELECTR ON C H A R G E  ~H1CI.4 HAS ST RUCK
C YLIN DER SIDE .80.0. UP TO THIS TIM E ( D IM E N S I O N L E S S )

OUTO p FR A C T I O N  OF T O T A L  P R I M A R Y  E L E C T R O N  C HAR GE +H ICH AS STRU CK
C YLI N DER TOP FA CE OP TO THIS T IM E (DIM ENSION LESS),

FT R E L A T I V E  EM ISSIO N C U R R E N T  PULSE HEI G T $I *1 P54 E SEN T T IM E
(NORMALI ZED T O PEAK VAL UE OF 1,) 140a M lii ( FU R+A RD EM ISSION
FACE .

FTB0T FRAC T IO N ~ F ENERGY INJECTED uP TO THIS TIME 04*’!Co HAS LEE?
T PiRU TOP , (DI M ENSIONLESS)

FTS IDE L I RE 010401 ~ i i T  4 0 8  SIDE

FY TL1 P LIkE OTBOT BUT O IIR TOP

F~~FL() F R A C T I O N  OF TOTAL E N E R G Y  IN SIDE CV I , ~HICH IS IN F I E L D S
(DI M ENSIONLESS)

FAFLDS F R A C T I O N OF F I E L D  ON E lOQY IN 04.0 100.0 (DI’EN SIO ’ .LE SS)

F~~FLDE F R A C T I O N  OF FIELD ENERG Y IN E .FIELD (DIM ENSIONLESS)

0*730 F R A C T I O N OF T O T A L  E N E R G ’  I N J E C T E D  1(44 10 THIS TIM E ~HICH IS
INSIDE T HE CY L , AT THIS TIME , (DIMENSIONLESS)

GR ,GZ RA DIAL AND A X I A L  FIELDS DOE TO A N NULI  OR RINGS (JO UNIT
C o A R r,E DEPE ND I NG ON IOPT (IS) (5TAT.VOLT/CM/SIAT .CQUL 3

91E .13 V O L T / M/ C O u L )

IA °IGRD F L A G  FOR 4N 3 , 01ST , SET FR OM 4* 50 V A L U E
I ANG , P1ST , ON CAR DS
0 COS , AN D , O T S T  -
— l ISOTR(1P . AND . 1)151

O.PHI MAGNETIC FIELD (A MP/U)

I EM I S S I O N  I NDE X

I EM I T T E D  TOTAL PR IMARY ELE CTRON CURRENT EM IT TED AT THIS TIME
I NCLUDES 030 T H E M I S S I O N  F A C E S ,  ( A M P S)

IBOT TOTAL PRIMAR Y E L E C T R O N  CURRENT S T R I K I N G  C Y L I N D E R  801100 AT
004 13 lIME (AOP )

1801130 TOT AL P R I M A R Y  E L E C T R O N  C U R R E N T  S T R I K I N G  BOTTOM FACE  01
CY L I N D E R  A T  R A D I U S  LE S S THA N FC OLB • C Y L I N D E R  R A D I U S .
FCPLB SET AT BEGINNI NG 03 SURROI(TIN( TO IM RZ, CU RRENTL Y
E Q U A L S  ,~*7 , (AMP S)

IC OEC K CHEC K CO ”WERGON CE OF SERIES EVERY IC°ECV TERMS (SEE IPHINT )
13 IC HEC K INPUT AS N E G A T I V E ,  C H EC K C O N V E R G E N C E  OF SUMS
AY SUM M IN G  IF. PEV E R S E D  O R D E R . (IOPT (3 ))

ZOL. INCRE MENT IN THE INDEX OF THE PART ICLES 0441CM KILL BE FOLLU4+LD ,
T HERE KILt. BE NSPD .N(PTS.2 .NANG P A R T I C L E S  E M I T T E D  EACH TIME
STEP , IT44 A N G L E  V A R Y I N G  FI P ST ,T#4E 30 R A D I U S  OF OM ISSIO N . THEN
E N E R G Y 3  SEE KOPT (fl

lOT IND E X I N C R E M E N T  IN TIM E FOR ST OR ING F R A C T I O N A L  TRANS M ISSIONS

*300 P O T E N T IA L  V3 , TI M E (5(1 TO NT/ NJ f 1 T • 1)

ID YF, 0 QUA SI .STAT !C GRE ENS O CN MET H OD
I D Y N A MIC M*X ,EQ, M ET HOD

lO Is I IF .LT , 10 SOC TOT TIME RE MAI N  OR IF 0~+ LAST TIM E STEP
o OTHEP *ISI

IN JE K TOTAL NUMBE R OF P A R T IC L E S  I N J E C T E D  IN T O  C Y L I N D E R  UP TO
T H7$ T IN E

_  . . ~.. 

_ _ _ _



B~SUVAUJ&E COP’!
Table 4 (cont.)

IOPTIOI) S ET E Q U A L  TO IPRIN T

IOPT (031 SET €CJ (jA L TO Z C H E C *

109 1 ( 0 4 4 )  PLOT SUMS IN SERIES EX PAN S I O N  VS , N 4~ (9 SINGLE SUM SIlLS,
FOR E V E R Y IO P T ( A )  IR A N D  Il V A L U E S

IOPT (0S) P R I N T  OUT E V E R Y  FCN I.((R EACH ~. 409 3151.0.1 SL)~ SE R IES
FUR EVERY IOPT (S) I~ A ND Il V A L u E S  (500 IU P T IX ) )
,LT , 0 P R IN T  (1’J Lv  SUM vS 5 FO P E v E R Y  1*4 -3 5 ((OPT(S)) 154 ,11

I l ) PT IO O )  ,G T , ~ R E A D  I” IUPT(b) (lO, RO) P A IR S  (MUST BE V A L U E S  INCLU DED
AS F I E L D  P15 ,) A~~D CAL L FIELDS 0044 THESE (20,90) ONLY

11)91 (07) PL C 1 T 02 ,144 VS 2 AND ~ FO R E V E R Y  1091(7) l0.~~0 P A I~~S
PU T T I N G  IOPT (8) CUR V E S O~ EAC H GW A P H  (I~ IO P1 (1),1,T ,0)

1flRT~~05~ P01 IUPTIB) CURV ES 05 E4c ~ ( APH IF IU P1(7 J, 447 , C ( M A X  )4 -

T n P T ( o ~~) ,(.T ,0 M4 p  0~~.02 IN T O  33 I N T E R V A L S  (3.0 P L o T )
,LT ,0 M AP E~~,1? ‘ A X  NO CF IT E R A T I O N S  INTO ~~INI E V V A L S  ( 3 — 0  P L O T )

I O J P T ( t O )  ,~~T , 0 1A v 0  D I V E R G E N C E  (IF E F I E L D  E V E R V O N E P E  AND P K I N T  OUT
F UR EA C H  l0,+0 USI NG SUBRO UTINE DIvEwG (FOP IN D I V I D U A L  ~ I74GS)

IO PT (II) ,0T , 0 P R IN T  PUT E 9 .El AS F C N S  OF 4-~,Z 40~ E~~E~~’ IUP T ( I I )
8 0 .2 0  Pi~INT 5

1(191 (1?) ,G~~, 0 I N T E G M A T E  G R E E N S  F U N C T I O N S  FOR F I E L D S  OV E R  C H A R G E
O1 S I 4 4 I PU T I ON  .~*,lC44 Is SPE C I I I FD IN E T 1 O T A L  FO R DE BUG
PUWP flSES D’JLY

IOPT (13) ,NE , 0 CA L L  C4-4E YE TO CA L C  SUMS 4 09 ER ( TOT A L) AND EZ (TOTA L )
O I T H  C O N S T A N T  PsL) A S S U M E D
.LT , 0 TAK E  DIVE RGENC E OF FIELDS CALCE D Ot T o C °LKE
.0.1, —1 E XIT AF TER CA LL CHOKE

IO PT ( (ü) ,C.T , 0 PR I N T  (lOT GR O INS F C N S  P04’ ER .1Z FO R EA C H  W , Z , RO,ZO

IOPT (I5) 0 C A L C  G R EENS FCNS FOR I N F I N T E S I M A L  R I N G S  OF C H A R G E
1 C ALC F IELDS DUE TO F I N I T E  VO L U TM E E L E M E N T  OF C H A R G E  FUR
GRE E NS 0CN$ , II SM EA R OUT THE C HA RG O O V E R  A VO LUME
ELEM ENT . GOOD F O P M ET H O DZ S  ONL y

IOPT (Ib) ,GT , 0 FA S T  r R U M  17411 0 0 9  GP EEN S PC’ .

IUPT (t7) ,GT , 0 R E A D  R E S T A R T  T A P E  ON UNIT IO P T (1 7 )

IOPT (18) .01, 0 oRITt RE STAR T TAPE ON UNIT W ° T ( 1 S )

IPLO ’ 2 PRI NT PARTICLF POSITIONS AN D VELOCI T IES VS T 7M E FOR

SELECTED PAR TICLES , A LSO PLOT
I PLOT P AR T IC L E  P*Ts”ES

IPRI NT IF ,GT 0, I N Y E R’ EOIA T E PR IN T OF SERIES E V E R Y IC RE C O T E R M S

IF ,GT , •I, P R I N T  NO , (0 TE R M S  uSED 4 08 E A C H  8, ~
C ALC ID , (IUPT(2))

IPS TO P N U M B E R  (JO P *R O IC L & S  T R A N S F E R P E O  TO C O N T T ~~ L,L~
M PLA SMA DORIN I,

loi S T IM E STE P

IR M A X  P A R A M E T E R , NfJ , OF R A D IA L  ZONES •

IR O M A X  P A P A M E T E R . NO, 11 R A D I A L  10)5 15 ,

15100 T O T A L  P R I M A R Y  E L E C T R O N  CURRENT STR IK IN G C ’L INDO 40 S IJI A T

T H I S  T I M E  ( A M P )

1810 441 C U W (J L A T IV L  N(JM$ER OF P4P ’tCLO S T RA N S F E P R E D  TO PLAS ’* ~P
T~ 144 75 T IM E .

ISTURE TD IM 0 DO’ T STORE PART PQ SITIL 1NS.E TC 14415 T I M E  STE P
STORE PART POStTt(1NS,E’C ‘HIS TIME STE P

36
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) BEST AVAIL4BLE COPYTable (cont.)

ITI’E PART ICLE TIM E STEP 5 (MHF4 ’

IOU9 TOTAL PRIM ARY ILEC TRON CORNE T STR IK ING CV I ISOER TL~P A T
T I l S  TIME (AMP)

11091 5 SAM E AS IBOTIN Ct,LY FOR CYL 1 009 T J P  ( F A C E  A~~*Y FROM O U R oA R O
E M I S S I o N  F A C E )  ( A M P )

IZ U A X  P A R A M E T E R . N O , OF A X I A L  ZONES • I

4 INO EX

.1 EM I T T E D  TOTAL CURRENT A T T IM E ,T , (4-1191741, C Y L , (AMP ) SEE EQ

40301 IbrT D I V I D E D  B Y BOT TOM FA CE A R E A , GIVES A V E R A G E  P4 ’1’A ”v
ELECTRO N CU R R E N T  D E N S I T Y  INCIDENT ON RO TTO TM FA C E , (A”P/C ’l)

J1)T 9UNN IN G IN CR EM ENT IN IIYE FOR STORING F R A C T I O N A L  TRAN SM ISS ICNS
£74~ POTENTIAL VS , TIM E

JNCJt . I F IS S IO N OL1CT~~
0\ CUR R E N T  D E N S I T Y  AT A X I S  OF F O R O A R U

E M I S S I O N  F A C E  A T  T H I S  T I M E ( A M P / C M ? )

401409 SAME AS JUUTT HUT F(1P BOTT OM FA C t.

JOUT S SAM E AS JO LJT T  BUT FOR SIDE nA L L ,

JOUTT PRI MARY ILFCIRON CURREN T DEN SIT( STR IK ING C0L IN DO9 TOP
S U R F A C E  IN EAC H RA DIAL ZONE . (AMP/CM?)

JPEA K PEA K EM ISSION E L E C T R ON CUR R E N T 0E~~SITY AT AXI S (4 9~~~~~~~L.
OM ISSION FA C E  (AMP/CM ?)

J R PR IMARY ELECTR ON R A D I A L  CU R R EN T DEN SITY (A~~P/M2 )

JR CO N D U C T I V I T Y  RA D I A L  CURRENT DENSITY I” OAC ~ iO4-~E O i l  TO S E C O N D A W Y
E L E C T RON V I G RA T I ( N  (AMP/U?)

JSIOE 15101 DI VIDED I V  CYLI N DE R SloE OALL AR E A , OI V E S  A~~EMA G E
PR IMAR Y ELEC TRON CU RRENT DENSITY I N C I O E r ,T ON CY L I~~1 E V
SIDE •ALL (AMP/CM?)

J TOP ITO P DIV I D E D 440 CYLINDE R TOP FA CE A R E A , GIVES  AV ERA (,E
PR IMAR Y ELECT RO 74 CURRENT DENSITY I’ C I U E -T ‘s TOP 4 -A CE L 6

C VI 1 -DE ~ (A M P /C 54 2) .

41 PR IM A R Y  EL E C TRON A X IA L  CURV E~~T DENS IT Y ( * 5 4 9 / 5 4 2 )

J~ CONDUC T I V I T Y A X I A L  CU RR ENT DEN SIT Y I’. EAC H Z0~~E DUE Tii SEC i N~~A U Y
E L E C T R O N  M I G R A T I I N  (AMP/M2)

KPFL I. P441741 FLAG USE1 ) 14 -. TOI M , 0 NOT A PRjNT C Y C L E ,  1 ~~~1” ’ C’C LE

KPULSE FL AG USED TO IN DICATE MA X , STO RAGE F U R  N , ~ P A R I S . A~
REACHED. ~ T tooo,j PULSE OFF , I L E A V E  PULSE -

K R SURFA CE CURR E NT I E 4 S T T V  75 R A D I A L .  D I R EC ’TL ’ ( 3M 9/ U )

SU RFAC E CURREN T EN S I T Y  iN A X I A L  OIP~~C T I1 ( A ’ ~~~I’)

L LE NGTH OF C T L I N DE R  L,Z2 (CM )

LE PAS A M ET E P, MAX , NO, (, F P A R T I C L E S  O~~1CM C A : ... ~~‘. A T

E A C H  1V J E C T IO N  T IM E , (2*NAN G3N EPTS . SP J ,LE ,t.E )

LL PA RA M E T E R , M A X , NI), ( 4 .  PA P T I C L E S  CODE CA l .LL 1 9 ,

Lfl ,E ~ oA LL SIP0 A C E  C H A R G E  01 ~51 T V I ~ I A C~ l INE IN  L~~~E t. C Y L 1 ~ 3
C H A R G E  (TONS Il , F A C E  ( C P U L/ M ? )

0.440 P A R A M E T E R . NO, OF A X I A L  ZONES • 1

P A R T I C l E  IN I T IA L  AN GU LAR M O M E N O U M  IN THE ~F 4 4 0~~~A T E
UN I T S  OF G.CM.M/SE C ‘olCo M O A N S  T o E  ‘ , 5 4 3 R  IS V•’~ ‘ 1054 0 8
Jof ‘~~$ UNIT I F  JOUL E* S EC .
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- - COPN
Table I (cont.)

L R A T I U ( l . N R G P )  M19 , D E L T A  4’ IS V //S ~ CF L RA T I L (I )  T~~V1 L P A T I O ( N K G P ) , T H EN
DELR(I) S L R A T I O ( 1 )  * 547~., DELTA 44

IW O PA R * M E T E R . ~1 , 0 R A J I A L  ZCNES • I

L Z R A T ( I NPI.) SA ’E A S L R A T I O  E X C E P T  4-0’ A X I A L  Z O N E S

944 5 5 *~~ , ~ I , 4- T~~.54 5 A L L  C O E D  IN E A C ”  5 ’  1’ ~“E SE M IE S  4 - I  I.

-~4 ’EE ’ ‘S F L N C T I ., SF1 TO “~~A x.S

1 14 - L/ A ,GE ,l, SI NGLE SU M Sr-I, *IT~’ 5jr ~~, C S ”  FCNS ,
3 L) .”LI S~~’ S L , oIT’’ R-’II74- A~~’ — ESS E L  FINS , ((-- ‘4- U
.PT I ~ . ‘oST 03 4 5~~

T IN F R Y R A ’ . ,
0 14 - L / A ,L T ,( ,  S IN G L E 5~~54 SO L , o1T ’~ “001011 BE SSEL 4- C ’S.
.~ LO SI’GLE S ~ S L S , 4 - 4 ’  M~ T .-’ :*~ *~~0 3, 090 1,

~~~~ — 3 ‘~4-~ I’. ~

‘ .1. P A P A M E T I .  t~~M L 4 - . E - .-- t.L 5 N J L T

UM A X ’S P A 4 ’ * - E T E~~, 4- -
. F TT’’S A LL r T O E I) Is 5 L ’ I E S  4- 5 G REE N S 4- C S ,

“A ‘-4, • 4- A • DL. 3 S A ’ 0 .11”  P RT I CL iS A .4 - 4 - U  II ~~4- I • SE E L I
9 3 4  I’ I’.
.0’ , 0 C - CE ~IA ’ S  A’&~ 11$’ 30 C A W O  O IT H  ~ 4~~0 p IN S
,L ’, 0 CIH E S E ’ S  CCS A N D , ~IS T  #1’” IA N S I’A N S ) p IN S ,
,L ’, .10 1 CODE SE~ ISC . TWU P , A N C, DIN ’ oI T~ I A H S ( N A N G )  — 1 ( 0
A~~DL (- ~:. s

‘,~ P15 ~,Z r.e ‘- , • ‘~~~~, 4- 54 *011 A T ‘- °IC— I N C  ~ I’ G  E L E C T P ’ S  A R E
E~’ 1 T T E  0 ’  T . ~ T t  P -

~~ T.E C T L ,  ( S E O  IF )
P EA - I’- IN 1 P T ( ( p )

I 4 - L~ ~~~ 17 4 1 1 0 0 ’  1 ( - L E C T R O N  S P E C T W M E V E M ~ ‘ E S K I P  T I M E  S T E PS
( R E A D  IN IN .1P0 (p ))

.
~ 

T CHAR GE ~ E I C--A4 ’ ~.4 - iF ‘S I ’ Y I’. X~A C — l ” ’ F  INC LUD I ‘1. P91 M A 4 4 V AN D
L I  S) T Y S1CU )A RV E L ICT R NS AN D 10-5 , (COUL,’’S)

P A R A M E T E R  V A V I A M L E , ‘-0 , 00 P A R T I C L E S  TJ 44 F iLL ~(u 0 0 5 4
T.A JEC TOR Y PLOT

7413040 ” TCTAL ~U M B E R  fl O 9 A 4 ’ T I C L E S  I N J E C T E D  IN T L C Y LINDER UP T ,
TH IS T IM E , P’ES E S T Ly C IWU E C T ONLY 14-. 4-C L L ,A RU EM ISSION CASES ,

~J0T STORE A N D ~ L 1 T F 4 A C T I U N A L  T R A N S M I S S I I~~S A’~~ PC T E .,T IALS 4 - L a  N J O T
T I T M E ~~ L L E S  Bf ~~~~~~ 0 A N D  T W A X , SEE lO T , S E T  T O M J O T

~LE 4.E T O T A L  \r , - .4- P A R T S , L f A ~~INI, C’L , I -  T I M E  I N C R E M E N T , D E L T , Al
T I M E ,  0 ,

4 - I  9 1 1  T O T A L  74 .~~B E Q  4- PA R T I C L E S  ST R 1K I ’,G CX L I N D E V  •ALLS P T J

TH IS T IM E ,

5 3 0 4 ’  PA R A M E T E R , fl , 4- 4 I E L ( )  0T5 , I ’. RA D I A L  0I~~EC ’Ifl \,

P A R A M E T E R , ..,~.

NJMZ ~ A RA ~~F TE ‘~~. . • - F F IELD PTS • I ’. A X I A L  DI 4-~EC TIPS ,

NN ZO PA ’4 A~~E T E R , NN Z

NO , LE A V IN G  TO TAL NUM BER QO P A R T I C L E S  L E A V I N G  SX S T IM 4 - V  ST R IK IN G

C YLI N DE R •A LLS C V IN G  ~ ‘E ~IOOS TIM E S’E~~, DOES UT
INCLUDE P A R T I C L E S  CL -’ V I A l E D  TO PL *STMA BAC KG ROUN D IN A I R
PRESSURE CASE S ,

NI ,UF ANGLES NU ,00 ANGLES AT 4- ”1 C~ E L E C T R O N S  ARE IN J O C T 1 D

NO , ( F  PA R T I C L E S  NUUBER OF P A R T I C L E S  BE I NG 4-CLLT1KE () AT PRE SENT TIME

NO , (IF 4 - A R T I C L E S  N U T M B E R  ((F P A R T I C L E S  REPR E SE N T I N G  P W I U A R Y  E L E C T R I NS IN EA C H
IN E A C H ZO’ F S P A T I A L  ZON E , DOES NOT CO UNT PARTI CLES OUTSIDE CY LINDE R

VU I H I T H I ’ .  I/l ZONE 044 1CM A~41 HEI’ .G F O L L ’OEO FOR PROPE R

MUL N O A R Y  T R I A T T M E N T S ,

NPA~~T 
NUM BER OF P A R T I C L E S  B E I N G  F lJ L L0 ~~FD lo IS T IM E  STE P ,
AL SO PRINTED Oil *5 LAS I N U M B E R  I I N  TOP LINE OF THE M INI. PRIN T
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BEST
~VAIMBLt -COPYTable 1 (cont.)

4- PC, NO , OF A X I A L  ZONES

N PC. • I

N PHI SEE POPT (10)

4-~PLO T P A PA M 0 T 0 R V A R I A BLE 001CM MUST BE .01 , 50 , OF POINTS BE ING
P0.111110, I ,E , N PL O T ,GE , U A * (N 9 ,4-4Z,M A A N S )  IN E F IE LD .
Is TOP’, SPLOT 75 A PA W A M E TER V A R I A B L E  GIVING THE NO , UI
PARTICLE POSITION S TO BE PLO TTE D FOR DT4- NANOSEC (TNDS ,

NPLOTZ PARAM E T E R V A R I A B L E  EQUAL TO NPLOT .Z

NO , OF FIELD P1 5 IN RA D I A L  D I R E C T I O N

N RA D I FLAG USED TO S I G 5 A L  MORE INCOM ING ELECTRONS AT A N O TH E R ANGLE

0 NO MORE EL E t I 9ONS
,SF , 0 MORE E L E C T RONS AT A NIiTHE)4 AN GLE

10 MONOCH RO M A T I C  BEAM ~ J T H  NA N G * N E P T S * ?  P A R T I C L E S  INPUT
INT O 1149 (iF C Y L , E A C U  S T E P

NRC,

SO , OF R A D I A L  /I ES

N RC, PPI ‘44(’P.1 EQUALS NPG

3090 50, 04 9 P O S I T I O N S  po R INGS (4- CHARGE BEI ’’ CA L C E D  C .01 .

NR I NU~~44EP OF PA ~~1 ICLES REELEC TED T HR IIU GH C V L I ’ ~DEP A X I S  T H I S
TIME STE P

NP? S U” PIV  OF P A R T I C L E S  ~ ICH ST RUCK CYL INDER SIDE oA LL  THIS
T I M E S T E P

N5PD 74U~ 14- ENERG IES IN SPECTRUM 14- INCOMIN C, ELECTRON S (SEE LI)

NT ‘Ii, OF TIM E STE PS To BE T A K E N , N T S T M A X , D E L T

SlOT TUTAL NO , (iF ELEC TR I1N S ENT E R IN G THRU IIJP 04- CYL , IN A G I V E N
1 4- ZERO ). C A L C U L A T E D  FROM JPEA4( ,PULSE A R E A , A N D C Y L I N D E R  A R E A ,
~4,41*0.5 TOTAL ND , IN JEC TED IN •oOLE PULSE I N T E R N A L L Y
B I T  INPUT AS NO ,,CM**2

NTP IIL S NO , OF T IUE AND 44EL , PULSE HEIGHT V A L U E S  USED TO 004- 151
EM ITTE D CU RP4EN T PULSE (KPPT (lS))

NTS K I P PRINT OUT E V E R Y  NT S*TP T IM E STEPS
READ I’ IN * O P I ( l S )

I.TSTE P 740, 00 D I F F E R E N T  T I M E  STE P S IZES (READ I~ IN K 1 ) PT ( l 2 ) )

‘1 N(i, ‘4 - FI ELD P15 IN A X I A L  O I R E C T I O 9

NI • I

N/ T  Nt , OF Z POS IT IC 4- S (‘F 4 ’ I N G T  OF CHA R GE F R  (‘REIN ’S IUN CT IOF ,

‘LJ ”BER OF PA R T I C L E S  oo I(~’. STRUC K CTL IND IP 4IUTT UM THIS
T I N E  S T E P

‘- i ?  4 - U~~BOR 0F P A R T I C L E S  .RICH STRUC K CY L INDER TOP THIS T I N E
S T E P

O U T E R  i - A L L  S~~4 44 -  A C E  C H A R G E  I F  1 5 1 T V  1’- EA C H  ZONE * 0 . 0 3 0 1 ,  C Y L I N D E R  SIDE
CH AR C ,E ,E I S I l  oALL (CUuL/M t~)

A I ~ 
PR E S S U R E  I~ C Y L I N D E R , A LSO 4 - L A G S  G U A S I . S T A T I C  C A L C L L A T I U - ,

1 4- SET TI .1 ,1./V A N D 4’ROBLOM MUST BE VACUU M ONLY,

~ A~~T ICLE  V E L I C I T Y  I N I T I A L  A Z I M U T H A L  ANGLE , PHI:0 ME *\S
TM A 4 ’ T I C L E  I N I T I A L L Y  D O E S  — A D I A L L Y  UUT OARI) , PHIS IPO
TML A NS P A R T I C L E  F I l I A L L Y  GOE S IN0A RD ,
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COP~
(

/ Table 4 (cont.)

PL A S TM A (TSCILLA . A P P V L X I M A T E  EXPRESS ION FOR PLASMA O SCILLA T IONS BAS IL) U’-
— T IIJ~ P(- R7 0 Q  A V E R A G E  C H A R G E  DENS ITY 7” C Y LI N DE R , S— (i ILO 41 V A G U E L Y

C O ’ S I S T E N T  P IT  ‘ 4 - 4 - S E R V E D  LIlK F R 0 0 0 E N C Y  R I ’ C , I N G  PEQ I U D  I’.
J u A S I . S1A T I C  S I T I A T I O N S  (NSEC)

PO T I’ -T IA L E L E C T R I C  PO T E N T I A L  n R T A IN E D  ~ V I N T E G R A T I N G  RA D I A L  ELECT R IC
DEL , T I  Q~~ F IE L D 730 F ROM C 4 - L 7 -~DEP SIDE ‘ALL (VOLTS)

PO T E N T IA L E L E C T R I C  PO T E N T I A L  O R TA TNED ‘44 - IN~~~GRAT I 74 G A X I A L  E L E C T R I C
4’ IL , T f l  Z :L FI E L D  I)O~~N F P O ~ TOP F A C E  OF C Y L I N D E R  ( Z ~~L )  (VOLTS)

PRIM AR Y 11OCT 44’- ’ P A T E  AT OHICH 4 - ’ V I ’ A P Y  E LE C T R O N S  IONIZE TH E AIR M OLEC ULES ,
1 0 4 - I / A T  ION R A T 3  (ELECT PONS/ii3/SE Cl

P U LSE (1—N TP UL S I R E L A T I V E  V A LUES (44- EM ISSION Cu R RENT DENSIT Y AT TI~~IS TP iJL SE(1
IH4’U

(4 C H A R G E  ON P A R T I C L E S  E M I T T E D  T R I S  TIME STEP (COOL)

00 14 -  F R A C T I O N A L  D I F F E R E N C E  BET ” E E ’  C U M U L A T I V E  E 9 I T T E D ,  AN I)
A BSORBED PRIM A R Y  E L E C T R O N  CHARG ES AND T ” E  A M O U N T  INSID E T” E
C YLI N DER ACCOR D IN G TI - THE CODE , V A LUE SHOULD BE STMALL
(0.1,1 ) IND I C A T I N G  GOOD CON SE 44v A TIO N CR SOM ETH I NG o A S  GONE
oRONC, *11” T”E C A L C U L A T I O N , SEE ~‘TE (IN DISS YD
(DI~~4- ~S Ir NLE SS),

1)1 E L E C I44 ’S CHA RGE ((I) L)

01 74404- TO TA L CHA R GE E ” I T T E O  4- T O  T ” i 5  T I ” f  4- 9119 ‘40 0 0  E~~ISSI ’
Su RF A C E S , (CC uL ) ,

TO TA L P R IM A R Y  E L E C T R O N  CHA RGE * 1 1 , 1 7 4  THE C Y L I N D E R  A T To IS
11 .1 (COOL), 0 - E S  SOT COUN T THOSE PART ICLES o#’OSE CE. TER S
AR E UT S I D E  l°E C ’ L I ’ C 1 4 4  (UT O IT o IN  1/2 / 0 - 1  0 07 1 ’  ARE
F OLL ;J000 FOR C B T A I N I , c .  PROPER BOu N DARY ‘~A LO ES IF  C J R R E I T S ,

DUE A Y E  IU TAL CHAR GE 4-~~ICH H AS STRU C K A LL THREE C Y LINDER SU R FA CES
L~ T-J T H IS T IM E (COL JL ) IN CLU DE S 101154- P A R T I C L E S  O UTS IDE
T o 3  C Y L I N D E R  O ”IC~ A RE ST ILL BE ING F( 1LL I - ‘III T I  i,? Lo\i

A o A Y  FOR PROPER pi U N O A R Y  T R E A T M EN T .
S T  C A L C U L A T E D  PRII PERLY A T  P P F S E NT ,

~.f l o T R  S A N E  A S  GOU T I  0 3 1 1  009 44OTT ((W 4 - A C E ,
0 10 1 1  S A M E  A S  D I U T T  03JT FOR SIDE oALL ,

T 0 ( A L  P R I M A R Y  E L E C T R O N  C H A R G E  ~~~ U N IT  A 4 ’ EA OHIC .. ‘ A S
S T V 1C 0 1 4 - L I N D E T M  T O P SU R F A C E  130 E A C H  R A D I A L  / 5 1  (CUUL/C ~~2)

DM 1 CU~~U L A T I Y E  A M O U N T  ‘iF CHAR GE R E F L E C T E D  T O X O I D . .  C~~LI 5DF A X I S
UP 1: T H I S T I ” F  S T E P  ( C O O L )

CU M U L A T I V E t o A ~~GF *0 1C M HA S 5 1 5 4 1 1 0  C~~LI’ F 4 4  S I D E  HA LL  L P
T U T H I S  TIME (COIL)

DR/ P  SA M E A S  DZZP B’)T FO P C Y L I ’ 4 0 E9  SI ’E O A L L .

C H A W ( , E / Y A S S  FIR E L EC I R U N  ( CO UL/ r .~~
)

AM O U NT UF CHARG E CU 4 --~~E 44T E0 
TI’ T”E 9LA S ~~A 0 R ~~U L A T ( . 5

E L O C T R O N  C H A R G E  IL F S I T V  D I X I N ) ,  T ” l Y  T IM E  S T E 4 .  ( C 0 IL) ,

O S T I P T  CU MLII. A T I V E  A M O U N T  OF C H A RG E  C O ‘E~ T 0 0  TO THE PLASM A
F O R M U L A T I O N  E L F C ’ R  , C~~A oG E 1 1 1 ’ S I T Y  P T r  ‘“iS 11 M4 -  (COIL) ,

CU M U L A I I V E  C H A R G E  *0110 “AS ST .UC Y CY L I ’- 034- BOT T O M 0P T O
T H I S  T I M E  (COUI.. 1

SAM E AS 012P k i l T  F i R  C ’LI N DEW ‘4 I T  lY  4 - A C E ,

CU MUL A T I V E  CHARGE *44 1CM HA S  S T 4 11CK C Y L I N ) E M  T I P  4- Ti  T~- I S
TIM E (COIL)

GZ 2~ 54j TM I F  Q (i(4T T (I) TIM E S ARE A “ F R A D I A L  l I N E  I L Y E  4’ 4- - ’ L l  4 - A C E
PROF I l E S  IN T E R N A L  C O Y S 1 S I E N C y  CHE CK ‘4 C “ L A l i V ~ L o A R I F
ST R I K I N G  ~)1P SU R F A C E  *-E C C 4 ’P A R E P  o l T ”  / / , ( C L - IL)
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BEST AVAI-LAB1I COPY
Table 4 (cont . )

PAR T I C L E  IN I T I A L  R A D I A L  P O S IT I O N  ( C M )  I” £~~ISSIP N
C HARACTE R IS T ICS PRINTOUT , AL SO USED 4 - f i R R A D I A L  0 4 - 4 - l U  P O I N T S
IN GREEN ’S FCN CALCU LA TION .

R SPEED RA D I A L  SPEED OF EM ITT E O EL EC TR ONS (M,SEC)

RA DIUS RADIAL POSITION (4- EM I T T E D  ELECT RON S (CM )

RA N G (N E P T S )  RA N G (I ) •  RA N G (N E P T S )  A R E  THE RA DII FROM 044 1C M ELEC TRONS ARE
EM IT T ED  FROM THE TOP OF THE CYL , ( E V E N L Y  S P A C E D )  (C M ) ,
SEE RINJEK .

R BA I V ( 1 . N W M I )  P E 4 A W ( I )  = ,S * ( R ( I )+ R( I . 1) )  , 1=1 TO NRM I (C~ )

~ DD ACCEL IN R DIRECTION ( M/3~~c.~~~)

~IFG RE F L E C T  ~EFQ O F THE C H A R G E  S T R I K I N G  THE CYL , HALLS

PG RADIAL ZONE BOUNDAR IES (CM)

RGP(I.NRGP) ZONE CENT ER RAD II (CM)

RHO C H A R G E  D E N S I T Y  (C O U L / C M* * 3 I
Rp4O (IZ,IR ) IS FOR ZONE BOIJNDED BV i (IZ)—Z(Il,I),R (IW ).44- (IR+1)

RHO.E SECO NDARY ELECTRON NiJ M{44 - R DENSITY (ELECTROI4S,MS)

RHO—I ION NUMBER DENSITY (IONS/MU
RIN JE K OUTER RADIUS OF AREA OVER ~M (CH CHARG E IS INJECTED INTO CYL,

(CM)

PU (l.NRO) P COOROS , OF RINGS OF C~~LRC,E IN GREEN ’S ~C’-, (CM )

PPOS R POSITION OF FOL LOO FO PART . AT G I V E N  T I M E  (C u )

~ 0 FOR 1091 (151.1, 90 IS I NNER 9 VALUE 04- T444- F INITE VOLUME
ELE MENT OF CHARGE OF THE SOURCE ANNUL (J S (N THE (.REEN’S ECN ,

RI INNER RA DIUS OF SMALLES T RA D I A L  ZONE (Cu)

RA DIUS OF CYLINDER (CM)

SEC (iNDAR Y E L E C —  R A T E  A T  0441CM SECONDARY ELECTRONS IONIZE THE AIR M oL E CULE S .
IRON IC1N IZA T IC- N (ELECTRONS /MS/SEC)
P A T E

5101441 L IK E RA K E MT ONLY FOP SIDE

SIGMA.R R A D I A L  CONDUCTIVITY OF P L A S MA  IN E A C H  ZO NE (R HO/ H)

SIG MA— Z A X I A L  C O N D U CTIVITY OF PLASMA l Y EACH ZONE ( M H O 4 / M )

SPD S P E E D  OF E M I T T E D  P A R T I C L E S  ( U/ S E E )

SP EED SPlIT) OF E M I T T E D  EL ECT R ON S ( M / S E C )

STEP NO , PA R T I C L E  T IM E S T E P  NI)Mt-41 A

SUMF ,T SUM OF T H4 - C IIRWE YT S S T K I K I 4 - G  ALL THREE CyLINDER SURFAC ES AT
THIS T I ME DIVIDED Ry THE P E A F  EM ISSION CU RRENT FROM THE
F U V O A R D  4 - A C E , ( D I M E N S I O N L E S S )

SUMF I) A P P R O X I M A T E C HA R G E  C O N S I R V A T I O r , IN DICATOR , SHOULD EYE CLOSE
10 UN I TY , EQUALS SUM OF CHARGE S STR IK ING CYLINDER 4-4 -O TT OM,
SIDE , AND TOP ~LvS CHA RGE INSII)E ALL DIVIDED 4-41 TOTAL
CHARG E E4-’ITTE O UP IT) THIS T IM E , DOES NOT COLINT CHA RGE
OUTSIDE C YLIN DER Slu T * 1 T M I N  1/2 lONE 50 IS USUAL LY S L I G H T L Y
LESS THAN (, SHOULD ADD TO UNITY oMEN ER ISSIO T. PULSE IS OV F~
AND ALL PR IMARY ELEC TRO N CHAR GE HAS LEF T THE CYLI NDER ,
uNLESS P A R T I C L E S  OF C H A R G E  *191 CON vE R TED TO THE BACKOROUNI)
PLAS ’- A , (OI ME N S IC1N L E SS )
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BEST. AVAJL4BLE tOPf
) Tab le -l (cont.)

TIM E (NSEC)

T I F R A C T I O N  OF T HE T O T A L  EM ISSI ON CURR ENT PILSE A R E A UCCOPIED
HY TOE PRESE N T EM ISSION PULSE HEIG TH AT IH4- FUR F A R D  F A CE
T I 4 - ’E S T HE P A R T I C L E  T IM E  S T E P , (D IM E N S I O N L E S S )

TEB SAM E AS TE . ONLY FOR KA C R EM ISSIO N 4 - A( F ,

T 4- (iLflA N E X T  T IM E AT o~~1Co T i’  PICK U0 PARTS , FOP PL O T T IN G  PATMI S (NS)

T H E T A  P A R T I C L E  VE LOCI IY I N I T I A L  P O L A R  ANGLE M E A S U R E D  F R O M  S U R F A C E
N O RMA L , (DEGREES)

TIME 11 4-1 (NSEC )

TIM E 0441D TIM E STE P (‘YANO.SFC )

TI NSYD TO TAL K IN E T I C  EN E R GY ( 14 - ELEC TRO NS INSIDE C~~L , (JOUL)

TUA X M A X  T IM E (NAN iJ—S EC )

TOT AL CHA RGES THE F IVE VA R IA M L E S  LISTED 441L00 PE RT AIN 10 PR IM ARY EL ICTM0 1F.
ON THE SYST 4-V PARTICLES AND FIELDS ONLY , THE NUMBERS AW E OBTAINED FROM THE

C O NT INUI T Y E DO A T I D 4 -J AND 10E v ALLO O A C H EC 4 - ON 104-
CO NSER V AT II1N 1 14 - CHARr,E IS T~~E PORTION OF THE CODE o’~ICo
CO N V E R T S  CHAR GED PART ICLES TO CURRENTS (TN THE S PATIAL GRID ,
PLASMA CHARGES A~~D C HAR GE UCT IC 1N A R E  NOT INCLUDED.

INSIDE TO TAL P R I M A R Y  E L E C T R O N C H A R G E  I NS I D E  C Y L I N D E R  ( C O O L ) ,
C Y L I N D E R  M iN O R  I N C O N S I S T E N C Y  S E T H E E N  THIS VAL UE AND QINSYD V A R I A B L E

PROBABLY DUE TO FIN ITE TIME STOP SIZE USED IN INTEGRATION
OF CONTINUIT Y EQUAT ION . THIS NUMBER IS OBTAINED FROM
SU MMING ARRA Y FOR CHARGE DENSITY IN TTME MAX HELL~~S EUUAT IU N
PORT ION T)F THE CODE, HOERE AS (4130510 IS OB TA IN ED DIRECTLY
FRO M PARTICLE STORAGE A R R A Y S ,

UPPER HA LL N ET C HARG E 04-i CYLINDE R TOP FACE (CoOL)

LOOE R AAL L NET CHARGE ON CYLINDE R BOTTOM FA CE (COOL)

C4OTEP OA LL N E T CH ARG E ON C Y LI N D E R  SIDE A A L L  ( C O U L )
SYSTEM TO TA L SUM OF THE CHARG ES INSIDE AN D 030 T HE CY L I N D E R  OA L L S . SHO U LD

A LIO TlJ STMA LL VALUE IN DICA T ING CHANGE CoIT - IS ERVA T ION , (COOL)

T PU LSE T I M E S  A T  A H I C H  E M I S S I O N  C U R R E N T  PULS E IS  D E F I N E D  ( N S E C )

TSTA RT IF REA DING A DUMP TAPE , REST ART AT TIM E ,GE , TS ?A R T
(CAN SE 0,) SEE IT)PT (17) (4-is)

TSTE P (l .NTSTEP ) TIM E STE P IS OTSTE P(T ) BETH EE N T5IEP(I) AND TSIEP(I$l) (NSEC)

UPPER KALL SURFA CE CHARG E DENSI TY I~ EAC H ZONE ON UPPER CYLINDE R
CH ARGE DEN SITY 4 -A CE (COOL /M 2 )

Y M A I, 4- AGNITUDE 110 IN I T I A L  PART ICLE VE LOCIT Y (U/SEE)

V MA * LARGEST MAGNITUDE OF THE ELECTRIC POT EN IIAL AN VO HER E ALONG
T HE C Y L I N D E R  A X I S  A T  T H I S  T I M E , I V O L T S )

R PM) FA R I IC L E  I N I I I A L  A Z I M U T H A L  V E L O C I T Y  CM /SIC )

R H PARTI CLE IN I T IA L  R A D I A L  V E LOCI TY (TM’SEC)

A R) RA D I A L  SPEED OF FOL L ITO E D P A R T , AT GI V E N  T I M E  (H/SIC)

RI ) A X I A L  SPEED [IF 4 - O LL TOH ED P A R T , AT G I V E N  T I M E  (M , S E C )

V Z P A R T I C L E  I N I T I A L  A X I A L  V E L O C I T Y  ( M/ S L C )

OF E N E R G Y  IN F AN 0 B F I E L D S  (JOUL )
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BEST AVAIL4BL[ COPY
Table 4 (cont.)

yI NC (IR CORR ECT TOTAL ENERGY oM IC H SHOULD 4-31 IN CYL , (EQUALS ENERGY
IN JEC TED — E NERGY OHICH HAS LEFT UP TO THIS TIME) (JOUL)

HIN SYD TOTA L K IN E T I C  • FIELD ENERGY INSIDE CYL . (JOUL )

Z A X I A L  ZONE B O U N D A R I E S  (CM ) , ALSO.
PART ICLE INITIAL A X I A L  POSITION (C~~) I N EMISSION
C H A R A C T E R I S T I C S  PP INT , A L SO GRID POINTS IN GREEN ’S FCN

1 SPE ED A X I A L  SPEED OF E M I T T E D  E L E C T R O N S  ( M / S E C )

ZI4A P(1 .NIMI) ZBA 4-v (1 ) • ,S* (Z(T)+Z (I,l )) ‘ 1.1 TO NIMI (CM)

ZBPLT PLOT MAG NET IC FIELD A l OUTSIDE FA LL AT POSITION ZBPLT CM ,
FRO M SOT-TOM ,

lOT’ ACC EL , IN Z DIRE C T ION ( M/5~~f **/)

ZCO (i.NZLO ) CUORDS , OF RINGS OF CHAR GE 14 -. GREEN’S FC’ , (CM)

ZPOS / PUSITION LW FOLLDHE D PART , AT GI VE N  TIME (CM)

20 FO R IOPT (t5)sl, zO IS LOoIR 2 VAL UE OF THE FINITE VOLUME
ELE M ENT 1)4- CHARG E IN THE GREEN ’S FIN SOURCE TERM

Z I Z~~POSITI flN OF 44( I I T I IM 040 CY L (CM ) CYL .E X T EN O S F R O M  0 TO L

2? Z.POSITI0Yi OF TOP OF CYL , (CM) (SEE L)
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