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SECTION 1
INTRODUCTION

SCAL1D is a particle moving code that computes the time dependent
dynamics of the electron emission SGEMP boundary layer in one Cartesian
dimension. The calculation is self-consistent in that it is the correct
solution to the nonlinear equations of motion using the local electric field
to accelerate the electrons, but it is assumed that no skin currents flow

on the target surface.

The code will accept as input an arbitrary fluence, arbitrary X-ray
time history, and an arbitrary electron energy spectrum which can be read
in either as a normal spectrum or as the spectrum assuming a cosf angular

distribution.

As the name implies, SCAL1D computes with the dimensionless scaled
equations of motion which were discussed in Reference 1. The advantage of
this is that the dimensionless variables are independent of the separate
quantities fluence, pulse width, material yield, etc. so that the numbers
computed and handled internally by the code are always of the same order of
magnitude. Consequently the user need not decide on a different time step
and a different cell size for each problem, thereby simplifying the use of

the code and assuring a uniform accuracy and resolution.

C.L. Longmire, and N.J. Carron, "Scaling of the Time Dependent SGEMP
Boundary Layer'", Mission Research Corporation, MRC-R-262, DNA 3975T,
April 1976.
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The outputs are the dimensionless electric field, potential, dipole
moment, and charge and current densities as a function of position, and the
spatial integral of the current density, all at selected times. In addition,
the physical units of electric field, time, length, charge and current
densities, etc., are printed out (in both MKS and Gaussian ESU units) so
that physically correct quantities can be obtained by multiplying the

dimensionless output by these units.

The results give the electron emission current in the absence of
target skin currents, i.e., in the absence of any target SGEMP response.
Hence, if the user inputs the correct electron emission spectrum from the
material surface into vacuum, the electron space currents calculated in the
code are good for a conducting target only if it can be shown that the target
response (such as skin current) does not significantly alter the emission

electron dynamics.

Persons interested in obtaining the code SCALID should direct the

request to the Defense Nuclear Agency, Washington, DC 20305, ATTN: RAEV/SGEMP.




SECTION 2
BASIC IDEAS

The physical principles leading to the scaling of the boundary
iyer equations to obtain scaling laws and dimensionless equations were
discussed in Reference 1. Here we only sketch the relevant ideas.
When X-rays are normally incident with a flux F(t) (cal e ser )
on a flat plate with material yield Y (electrons/cal), electrons are
ejected at a rate

= =
ro(t) =Y F(t) electrons cm -~ sec : - (1)

Let v be the normal velocity component of the electrons. Then the emission
angular distribution and energy spectrum determine dn/dv (electrons
(cm/scc)-l), the distribution of v. The normalized normal velocity

spectrum is

g(v) = = (cn/sec) (2)
J. g dv
dv
0

such that .fg(v)dv = 1. The average normal velocity is

v = J.v g(v) dv. (3)
0




Let the fluence be
- .
i = _’-F(t) dt  cal/em” (4)
0
and let

Th = pulse full width at half maximum (FWHM). 5)

be the FWHM in seconds. Then T, is a naturally occurring characteristic

h
time in the problem, and
S () -3
Nl = FT cm ) (6)

is a naturally occurring number density. Similarly,

Ll = ¥ Th cm (7)

1s a naturally occurring unit of length.

Thus the source specifies a characteristic velocity v , time Th’

length L, , and number density N These quantities can serve as units

1 1
in terms of which one can measure all dimensioned dynamical variables.

However, there is another naturally occurring unit of time, the

T = ——ﬂz—-—— sec (8)
] 41 e N1

plasma period
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and a corresponding distance, the Debye length

= e 28 C
QVD v Ip cm . (9)

Th is the time scale for the emission rate to change, while Tp is the

time scale for the internal electron plasma dynamics to change.
In any particle moving code that calculates the boundary layer

h
In SCAL1ID, the unit of time, UT, is chosen as the smaller of T) and T

structure, the time step At must be small compared to both T and Tp'

h,
Ul = MIN(]p, Th) sec. (10)

and the time step is a small fraction of UT. Real time is measured as a

multiple of UT, thereby defining dimensionless time, denoted here by a

prime, t~

Real time SRR (1)
Dimensionless Time = t~ = Real time/UT (12}
Real time step = At = small fraction of UT (13)

Dimensionless time step =At =small fraction of unity (14)

The time in the code is dimensionless time t~ , and the time step is At”
(called DT in the code) and is small compared to 1. Typically, DT=At =0.025
is used. UT is calculated in the code, but DT is user supplied. DT

usually need not vary from problem to problem.

Since the problem has only one characteristic velocity, v , once

a unit of time has been chosen (UT) the unit of length is

UL = veUT  cm. (15)
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The unit of velocity is, of course,

UV = v cm/sec

(16)

If the X-ray pulse is not simply a power of time, T, exists, and the unit of

h

number density UN 1is N of Equation (0),

1

UN = N cm

If the pulse continues to rise as a power of time, Th

UN is computed as in Section 4D.

(17)

does not exist and

The unit of emission rate is therefore determined to be N. v

The dimensionless time history F'(1) 1is defined by

F(t) = 4- i)

where

T = t/Ih

It is normalized to unity,
J-F'(r) it =]
0

and the full width at half maximum of F™(1) 1is unity.

Equation (1), can now be written
r,(t) = N v F7(1)

so that F’(1) 1is the dimensionless emission rate.

1

(18)

(19)

(20)

The emission rate




With g(v) the normalized spectrum of Equation (2), a dimensionless

spectrum can be defined as

g'(v’) = vgv) ,

so that
oo
jg'(v')dv = f
0
where
P 4
Vv = ===
v

—
ro
|2

—

is the normal component of velocity measured as a multiple of v

In a particle moving code, each particle on emission represents

the charge emitted by all electrons with velocity, say, between v~ and

to such a particle is therefore

- -

AW = g (v7) F (1) Av At -

with

'lz:.t—:;l-ljfl" t”

h h

Equation (25) is the weight of an emitted particle.

v' + Av” and during time between t~ and t~+At”.

The weight attributed

(26)

Once emitted, the particles are moved by the dimensionless

equations of motion derived in Reference 1:

B
dt
a = - J.ll (x ,t )dx




Here n~ 1is the dimensionless number density (number dcnsity/Nl). Equation
(28) is the correct expression for the dimensionless electric field if the

unit of time U'l'='l‘}1 , as in Reference 1, and

2
A% e e ; (29)

In SCAL1D, the unit of time is given by Equation (10), and instead

of Equation (28), the dimensionless field is given by

AT E = A.[ n’(x",t7)dx” 5 (30)
<
where 5
g AL (31)
T 2
p

Equations (27) and (30) are the dimensionless equations of motion uscd in

the code.

10
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SECTION 3
GENERAL CODE STRUCTURE

After all input quantities are read in, the space grid is set up.
The space grid is used for calculating the electric field as a function of
position. Since dynamical quantities are expected to vary more rapidly
near the surface than farther away, the space grid has logarithmic spacing,
with each cell a constant factor £ thicker than the previous one. If

many cells are used (one may use up to 500 cells), & must not be much

larger than unity. If there are NC cells, the ratio of the thickness of
the last cell, LVC’ to the first cell, Rl, is
o BCR e (32)

——

f NC = 500, this will be unwieldly large if £ 1is greater than about

o

. thic 9, S A
1.005, for which NC/pl 1

The first cell nearest the surface will be the thinnest. The
first few cells should not be made too thin. They should be small compared
to a Debye length (that is, small compared to unity in the code's dimension-
less variables) but large enough to contain on the order of 100 particles
per cell for good statistics when computing charge and current densities.
(The number of particles per cell is also affected, of course, by the number
NV of particles emitted every time step.) We find good results it the

first cell thickness is -~ 0.05 to 0.1.

1




The input spectrum is read in as an energy spectrum with energies
in keV. The input energy spectrum may be either that for a cos? emission
angular distribution (ICN=0), or it may be the spectrum for the normal
component of energy (ICN=1). If the former, the spectrum is internally

converted to a normal spectrum.

The spectrum is then converted to a normal velocity spectrum
dn/dv , and the input energies are converted to normal velocities. The

average normal velocity v and energy are then computed.

The spectrum and velocities are now normalized, velocities (as
multiples of v) are the dimensionless particle emission velocities. If
NV energies were originally read in, there are NV particles emitted every

time step. They all have weight 1/NV.

Before entering the time loop, the dimensional units of length,
time, velocity, electric field strength, potential, charge density, current

density, etc., are computed and printed out.

The time loop is then entered, with the new particles being
emitted first. Their weight is determined by the time history taken from
function .FT. Then all particles are moved, using old velocities and old

accelerations. New fields are then calculated at cell edges.
If the cycle is a print cycle, quantities of interest that are not
neceded in the particle moving loop are computed, such as current and charge

densities and potentials, and are printed.

The code structure is exhibited in the flow diagram in Figure 1.

12




Read Inputs

Y

Set up
Space Grid

v

Set Emission

Velocities and Weights
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Dimensional Units
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Enter Time Loop
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Move all particles

y

Calculate new
electric field

Y

Stop

Compute current density,
potential, etc.,
for printing

Figure 1. Flow chart of SCALI1D.
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SECTION 4
INPUT

Here we discuss the input card format and the way the space grid

and emission velocities are computed.

A. INPUT CARD FORMAT

Four basic cards are read in per problem, plus an additiona. NV
cards specifying the electron emission spectrum if it differs from the

previous problem or if this is the first problem.

The four basic cards are:

CARD 1

An 80 character alphanumeric title.
TITLE(I), 1=1,8
Format (8A1l0)

CARD 2

Eight fixed point parameters.
Format (1415)

NT = number of time cycles this problem is to run
NC = total number of cells in space grid, <500
IR = 0 - Read electron emission spectrum on following

cards

1 - Use same spectrum as previous problem (IR can

equal 1 only if this is not the first problem)

14
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ICN

NV

IT

IP

LP

CARD 3

0 - the electron energy spectrum is for a cos6

angular distribution

1 - the electron energy spectrum is the normal energy

spectrum
number of spectrum points read in, < 10(

1, 2, 3, ... = choice of time histories, see
FUNCTION FT

1 - X-ray pulse rises as a power (POW) of time

2 - symmetric triangle

3 - asymmetric triangle. Rises to peak in 0.5*FWHM,
falls to zero at 2.0*FWHM

4, 5, 6, ... - user must define a time history in
FUNCTION FT

print cycles. A printout will occur every IP cycles.

0 - this is last problem

1 - another problem follows

Five floating point variables.

Format (8E10.3)

DT

XMAX

XI

dimensionless time step (typically DT = 0.025)

dimensionless distance from surface to end of grid.
Essentially the number of Debye lengths in the grid.
(Typically 20 £ XMAX € 100)

Space grid logarithmic spacing ratio, >1.0. If

XI = 1.0 all cells are the same size. If XI>1.0 ,
each cell is a factor XI thicker than the preceeding
one. If NC is large, XI must not be too large for

practical purposes.

15
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POW = power of time of X-ray time history (used only if
IT = 1)
PROBNO = problem number
CARD 4

Three floating point variables.

Format (8E10.3)

YIE = material yield in electrons/calorie
-
FLU - 1If IT # 1, FLU = X-ray fluence in calories/cm"
- If IT = 1, FLU is the coefficient determined

(by the user) from the equation

: el
X-ray flux (——%ﬁl__) S ELU (timc(sec))IO“ : ¢

cm” sec

(o2
w
—

FWHM - If IT # 1, FWHM = X-ray pulse full width at half

maximum in seconds.

- If IT = 1, FWHM is not used.

These four cards are read for each problem. In addition, if
IR=0, NV more cards are read in which specify the electron energy spectrum
in format 2E10.3. The first number on ecach card is the electron energy in
keV. The second number is the value of the energy spectrum at that energy,
in arbitrary units. The energy spectrum is normalized within the code, so
no special units need be used on input. The correct normalization informa-

tion is contained in YIE.

16
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B. SPACE GRID

The space grid is set up first. The thickness of the I-th cell
is called XB(I). The first cell is given by

(XI-1.)

(R C1.)

XB(1) = XMAX (34)

and thereafter,

XB(I) = XI*XB(I-1) , I =2, 8, .., NC. (35)

An array SL(J) 1is defined as the distance to the J-th cell, by

SL(1) = 0.

SL(J)

Jw 1
Z XB(1) , J= 2,3, ... Koel, (36)
I1=1

The space grid is sketched in Figure 2.

Since the grid is logarithmically spaced, the bins fall at incon-
venient locations for printing quantities as a function of x. Instead,
output quantities are computed every 0.1 length units using an array
K10(1) defined as follows. Mark every tenth length unit on the grid, as in
Figure 3. Each mark will fall in some bin. KI10(I) is the bin number in
which the mark for x=0.1*J falls. For example, in Figure 3, K10(7) =6,

and K10(2) =3, meaning 0.7 length units falls in bin 6, etc.

When computing output quantities, array K10 is used to locate
the bin corresponding to every 0.1 length units. Output quantities are
then computed by averaging over that bin and two adjacent bins, as discussed

later in Section 6.

17
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Ge EMISSION VELOCITIES AND WEIGHTS

As read in, the emission spectrum is an energy spectrum with
cncrgics in keV and either a normal spectrum (ICN=1) or the energy spectrum
for a cost angular distribution (ICN=0). If the latter, the spectrum
dn/dE is converted to a normal energy spectrum, dn/dw, where li=(l/2}mv2 s
and w= (l/l)mvi , where v 1s the normal velocity component, according

to

This normal energy spectrum is then converted to a velocity

spectrum by

dn _ L3 dn

S v : 38
av TN (38)
where we have dropped the subscript x on v. Here Yy is the usual
) p) - 7, 2
relativistic factor ¥ = (l=-v f¢) L4 , and w = (y-1) mc”.
The average normal velocity
oo
.g v j% dv
= —— (39)
o
dn
— d
J.dv

is then computed, and the spectrum is normalized to unit integral, as in
Equations 3 and 2. Velocities are now normalized to v. These velocities
are called VE(I), and the spectrum GV(I), I=1,NV.

20




Finally the spectrum is divided into bins of equal area, and the

velocities VE(I) are redefined as the central velocities of those bins.

This gives to each emitted particle the weight GV(I) = 1/NV.
D. PHYSICAL UNITS
SCAL1D calculates with dimensionless quantities. To get physical

results these numbers must be multiplied by the appropriate dimensional

unit. These units are calculated and printed out.

[f the pulse does not rise as a power of time (IT # 1) then FWHM

exists and the unit of number density is as in Equation (6).

Yield (%1ff) -flucnco( S&i) -
| S SIE (-‘--&i) | (40)
v (cm/sec) « FWHM(sec)

cm?

and the unit of time is

uT

1}

MIN('I‘p,FWHl\i) sec, (41)

where

T) =\/i—.-37——— sec ’ (42)
I 41 e“*UN

is the plasma period.

oW
t!

If the pulse rises as a power of time, , (IT=1) then there

is no FWHM, and the unit of time is taken asl

1
f -‘; 2+POW
UT = (———3—————————-) sec ' (43)
4me”*Yield*FLU

21




The unit of number density is

‘1 e 3 b}
UN = \ulg__l_w (UT)IOW (0103C) (44)
v cm
In Equations (43) and (44), the quantity FLU is that from Equation (33).
The unit of velocity is always
UV = v ! (45)
and the unit of length is
UL = UV*UT 5 (46)
The unit of charge density is
R = 4.8<107 10 uv &3 , (47)
cm’
or
URM = 1.6x107 1% CO‘S‘I ' (48)
m

in MKS units. Other units are computed similarly.




SECTION 5
PULSE TIME HISTORY

Three time histories are built into SCALID. The user chooses one ‘

by the value of IT on input. They are contained in FUNCTION FT.

IT = 1

This is for an X-ray pulse that rises in time like a
power of t. The power is read in (POW) on card 3.

The X-ray flux is given by Equation (33).

IT = 2

A symmetric triangle time history. As computed and
used 1n FUNCTION FT its full width at half maximum
is unity, and its integral is also unity. Thus it
rises to value 1 at time 1 and falls to zero at
time 2. The correct scale of time is taken care of
when FUNCTION FT is called, using FWHM read in on

card 4.

1 i

An asymmetric triangle. In FUNCTION FT its full width
at half maximum is 1 as is its integral. It rises
to I at time 0.5, and falls to zero at time 2.0. Thus

the rise time is 1/4 of the full pulse length.

23




The user chooses one of these time histories by its shape, and

reads in the recal full width at half maximum as FWHM on card 4.

The coding in FUNCTION FT allows the user to add additional time
histories (IT=4 or 5). As used in FUNCTION FT it must have unit integral

and unit full width at halft maximum.

For example, if one desires a time history with the shape of the
trapezoid in Figure 4, which rises in 0.25 pulse length and stays flat to

0.5 pulse length, one would, in FUNCTION FT, choose

=0.25
%) 3
and F.l ......
t,=0.5 t_.
2 3
| 1
Then t, and k) are chosen by t] t2 t3

requiring unit full width at

: . Figure 4. Trapezoid time pulse
hal f maximum,

7 FRtgety -t = 1

These imply
ty =2 (49)
t, % (50)

24




(51)

—
(5211 S]

Fo-= L, (52)

These numbers specify the trapezoidal time history of Figure 4 as would be
used in FUNCTION FT.

25




SECTION 6
OUTPUT FORMAT

Before the time cycle printout, an initial print shows the fixed
problem parameters. The problem number, title, and first input cards are
printed followed by some of the XB(I), and SL(I), and all of K10(I). Then
the emissicn velocities, spectrum, and weights are printed, followed by the
plasma period (Equation (42) or (43)), the parameter o of Equation (29),

A of Equation (31) (called AL in the code), and a quantity DL which is
one-half the particle length (finite length particles are used for the
computation of charge and current densities). Finally the dimensional units

of dynamical quantities are printed in mixed Gaussian esu and in MKS units.

The time cycle output begins with the cycle number and the following:

TIME = dimensionless time elapsed

NP = total number of live particles

NKILL = total number of particles that have been killed
since time 0.

NPXMAX = total number of particles that have passed XMAX
and been killed.

QTOT = total dimensionless charge per unit area outside
the surface.

QR = total dimensionless charge per unit area that

has passed XMAX.

Real time elapsed is obtained by multiplying "TIME'" by the unit of time in
seconds printed out at the end of the initial print. Real charge per unit
area is obtained by multiplying QTOT by the unit of charge/unit area printed
above, and similarly for QR.

26




Then the electric field and potential at the surface are printed,
followed by the field and potential at every tenth length unit from the
surface, out to x=10.0. If fields and/or potentials are desired farther
out than this, the print variable NPR3 may be changed in the code. The
physical field and potential are obtained by multiplying the dimensionless

output numbers by the units printed at the end of the initial printout.

Next, the numbers of particles in the first 100 cells are printed,
together with the total charge (per unit area) in each of the first 60 cells.
Then follow the charge density, current density and dipole moment every 0.1

length unit, and finally the spatial integral of the current density,

{ ixtax .
0

The field is computed every cycle at the edges between bins. The
field printed out every 0.1 length units is obtained by simple linear inter-

polation from the fields at cell edges.

AVERAGING FOR CHARGE AND CURRENT DENSITIES

The charge density and current density are computed every 0.1

length unit by the following averaging process.

The array KI10(I) shows which cell contains the point of interest,
say 0.7 length units so that 1I=7. For example in the space grid of
Figure 3, 0.7 length units is in cell KI10(7) =6. The two adjacent cells
(5 and 7) are also considered. The fractional distance y that the point

x=0.7 occupies within cell 6, is computed,

_ x-SL(6) _ 0.7-SL(6)
"~ XB(®6) T XB(6)

(53)

27




where

0<y<l.

(54)

Then the current density at x, j(x), is a weighted average of the current

densities C(5), C(6), C(7) in cells 5, 6, and 7, respectively.

We s Wb, w, given to cells 5, 6, and 7 depend on

)r

The weights

in such a way that they

have the following values when x 1is at an edge (y=0 or 1) or at the

center of cell 6 [y=1/2):

y = 0 5 1
= 3

wS o5 2 0

wb = o .6 3

w7 = 0 2 5

The weights are given by the formula

1 P1
We =3 (l=y)
B
CA¥ A0
wo =1 —ws-—w7

where

pl = 1.32193

(55a)

(55b)

(Ss¢c)

(55d)

Equations (55) interpolate between the weights given in the above table.

When the point of interest, x , falls at the center of a cell ()'=%—), the

averaging gives three times the weight to this cell as to either adjacent

cell. When x falls at the boundary between two cells (y=0, or 1) those

two cells receive equal weight.
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SECTION 7
SAMPLE RUN

We present the results of a sample run consisting of two problems.

Both are for a 5 keV blackbody X-ray spectrum incident on aluminum. The
first problem has a time history which is a symmetic triangle (IT=2) with
full width at half maximum of 10 ns (FWHM= l)<10-8 sec), and a fluence of
.2><10_4 cal/cmz, The second problem has a time history which is a continu-
ously linearly rising X-ray flux (IT=1, POW=1.0), and hence there is no
FWHM or fluence. The parameter FLU in the second problem is chosen from
Equation (33) so that the flux is the same as the rising portion of the
pulse in the first problem. In this case, FLU= 2.0x1012 in units of cal/cmz/

5

5
sec In both problems, the yield is YIF.=’.57x101“ elec/cal.

The input cards for this run are shown in Figure 5. Figure 6 shows
the initial print output for problem 1.0, and Figure 7 shows a sample of
the time cycle output. Figure 8 shows the initial print for problem 2.0,

and Figure 9 is a sample of its time cycle output.

Referring to Figure 5, we have chosen a space grid out to x=50.0
length units (essentially 50 Debye lengths), and have used 350 cells with a
spacing ratio £ =1.004. The time step is 0.025 time units (essentially
0.025 plasma periods) and we print every 10 cycles. The first problem will
run for 500 cycles, the second for 400 cycles. There are 32 input cards

defining the spectrum. 32 particles will be emitted each time step.

In Figure 6 the initial print shows the first four data cards,

then various bin sizes XB and distances SL. The full array KI10 is
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KEY BE ON ALUMINLM

SAMPLE 5
oBB 3 A &2 2 18 1

=

o w S O )

=

$ & m e
OO N B o el b D

.BSEE-EY

a. 1.084 n.a 1.4
2 1.E-8

@.1

a.4

1.6

LS

z2.n

2.5

3.0

4.8

Sl

E.0

7.8 .342E-A6
e.a .S3S5E-a6
16.48 .S 18E-685
12.48 .625E-B6
14.8 .B42E-A6
16.0 .(6BE-B7
18.2 saoBE=0r
2.

2

2

2

3

3

3

4

gy
=N

6

sl

[NV O lw S RN R

LI

“

aog2E=T 1
B Lo~ 12
SAMFLE PROELEM TLO.

448

VT WA =N WD =P DD e P s @ o — A1 A

LINEAR RISE.

1 a G& 1 18 a
5A.8 i.004 1.8 2.008

2812

Figure 5.

a.

Data cards for sample run.
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printed next, showing for example that x=2.4 occurs in cell 35 (between
SL(35) and SL(36)). The input spectrum is printed first as read in and
then after conversion to a normal energy spectrum. The spectrum is then
converted to a normal velocity spectrum and printed again. The average
normal velocity is computed and is used as the unit of velocity. The
velocities and spectrum are then normalized and brintcd again. Finally,
equal weights are chosen for the emission particles, and their velocities

are printed.

The plasma period, computed by Equation (8)or (42), the paramcter
of Equation (29), and the quantity A of Equation (31), (called AL in the
code) are then printed together with DL. DL is one-half of the particle
length. Particles are given a length of 0.16 length units (essentially 0.16
Debye lengths) for the purpose of computing their charge and current densities

more smoothly.

Finally the physical units are printed in Gaussian cgs and in MKS
units. Quantities printed in the time cycle output must be multiplied by
the appropriate dimensional unit to obtain the physical result. For example,
the unit of time is 4.015 ns, the unit of electric field is 37.35 kV/m

(or 1.246 esu), and the unit of length is 10.59 cm.

As a sample of the time cycle output, we show cycle 130 of problem
1.0 in Figure 7. This is at time 3.25%4.015 ns, or 13.05 ns. There are
3364 live particles. A total of 796 have been killed since the start of the
problem, but none has passed XMAX. The total charge is 1.507 charge units,
or 4.984><10-7 coulomb/mz, obtained by multiplying by the unit of charge/unit
area. The surface field is 1.507%x37.35 kV/m=56.29 kV/m.

The printout for the fic.d every 0.1 length unit shows that at,
say, 0.4 length units from the surface (4.24 cm) the field strength has
dropped to 0.8753%x37.35 = 32.69 kV/m.
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The potential is measured from zero at the surface. At 10.59 cm
(1 length unit), for example, it has risen to 0.8533%3,955 kV =13.375 kV as

shown in the printout.

The next group of numbers shows how many particles are in each
cell. There are 285 in the first cell, 221 in the second, etc. The charge

(per unit area) in the first several bins is printed next.

The charge density and current density every 0.1 length unit are
printed next in dimensionless form. The first number printed is at 0.1
length unit (1.059 cm) from the surface, not at the surface. The surface
charge and current densities are not computed by the code. Thus at 130 cycles,
® - 6.20x107® cout/m® ,
and the current density is 0.1369x82.35 = 11.27 Amps/mz.

the charge density at 1.059 cm is 2.015%3.122x10°

The electron number density can also be obtained from the dimen-
sionless charge density output by multiplying by the unit of number density

(I.QJQXI07 clec/cms), showing, for example, that at 0.6 length units (6.35 cm)

the number density is 0.6729X1.949x107 = 1.31X107 cm_s.

The dipole moment (per unit surface area) contributed by all

electrons out to X,

X

P = S xp(x) dx

0
is printed next. Here the first number is at the surface, x=0, and so
is 0. At, say, 0.7 length units (7.41 cm) the dipole moment is seen to
be ()..’2212><Z's.502><10-8 = 7.7S><1()_9 Coul/m. Out to 9.9 length units it is

1.511x3.502x10° 8 = 5.20x1078 Coul /m.
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Finally, the integral of the current density,
CI = S Jj(x,t)dx
0

is printed, having the value 0.8625%x8.722 = 7.52 Amps/m.

The initial print for problem 2.0 is shown in Figure 8. The XB,
SL, and K10 arrays are the same, and the spectrum is the same. The plasma
period in this case is computed by Equation (43) with POW=1.0, and has a
slightly different value than in problem 1.0. Similarly, the units of

length, number density, etc. are not exactly the same.

We show the output for cycle 50 in Figure 9. It is at time
1.25 units = 6.804 ns. The fastest emitted particle had velocity 3.827 units
and so will not have travelled farther than 4.78 length units by this time.
Hence, the field beyond 4.7 length units is still 0, and the printout shows
no particles beyond the 64-th cell. Otherwise the interpretation of quantities

1s the same as for the previous problen.

Problem 1.0 ran for 500 cycles and moved a maximum of 3542 particles
(at cycle 190). Problem 2.0 ran for 400 cycles and moved a maximum of 2500
particles (at cycle 110). Total CP time for both problems on a CDC 7600

was 41.4 sec.
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