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}-15, ABSTRACYT

Uzing contour integration techniques, we have galiulated the transient response of
a lossy hgmugeneous isotropic plasma'to a unit step and a- step-carrier sine wave,
We have found thaf in tke presence of iosses the temporal step-function response
within the plasma does not approach zero for large time as for the collisionless
case, but rather approaches undy, The rate at which.the transient approaches
the agsymptotic value of unity is strongly dependent on:le losses, being quite
rapid for Jarge losses and exceedingly slow for very small losses, This result
has an important impact on-the propagation of EMP through the plasma sheath
around a reentry vehicle, and through the ionized region near a low altitude
nuclear fireball,
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’ ‘Abstract

Using contour sategration:techniques, we have-calculated the transient response
of a;lussy homogeneous :i;,atropicﬂplasma:toa— unit step-and a step-carrier sine
wa,e., We have founé-that in-the presence-of losses-the temporai step-function
rédponse within-the-plaama-does not approach.zero:for large time as for-the
collisionless case, but rathér approaches unity, ‘The rate at which the-transient
anproaches the asymptotic-value-of unity is strongly-dependent-on the losses,
‘being-quite yapid-for Iavge losses and-exceedingly slow:for very small losses
This rasult has-an-important impact-on-the propagation.of EMP-through-the-plasma
shezth-around 2 reentry veéhicle, and-through-the-ionized region-near-a low altitude

nuclear fireball.
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1. INTRODUCTION

There-has been.a.great deal-of research done<(Haskell-and-Case, 19663, %,
1967; Xnoup-and-Cohn,. 1963;:Khop, 1965; Lighthill, 1965; Felsen, 1969; Antonucci,
1972)-on-the transient-propagation. of -electromagnetic signals through-lossless
plasimas, and:the-results are-quite-appropriate-for:the-calculation-of EMP through
the-undisturbed-ionosphere, For transmission: o' EMP *hrough-the-planms sur-
Tounding-a reentry vehicle-or-through-the-ionized region-niear a low alticad~ auclear
fireball, however, the-theory-is-quite-inadequate sinze-h re-the-effect-of-collisional
absorption-on-the transieit.propagation-is-quite significart. The-effect o collisional
1vusses-lias been considered-previvusly by Field:(1971} using-the method:0f char-
acteristics, but-unfortunately-he does not-present results:for tne-transmitted=field
ifcthe cases of interestto-us, In‘this report, we-wili-iherefore extend-thé:prévious
‘theories vo-include-the-efféct-of collisional absoxptior enthe propagation:of-tfan-
sients-in-a cc";d*, homogerieous-isotropic-plasma. We-shzll consider-onlytwo-types
of*transient signals: thé step-carvier sine-wave and:the unit step, The-transient

burst wherethe electron-temperature is less-than.30. 000°K, Also, in-appiying
these results-to-EMP ;propagation:we must be-sulficiently fax-from-the fireballzto
nieglect-nonlinear-cifects. i

. __ .*=Thecild.plasma model-i3:approximately-valid-in-ihose regions;n‘earfa:snuiﬁéar

{Receivid Jor-publication.24 April 1973).
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response within-the plazma .o-the unit step-is-quite important since- the response-'tééan

arbitrary EMP can always be synthesized-as-a superposiion-of-the unit step responses.
As a starting-point for cur investigation»we~coxxsider the Maxwell equations

for the-ehct’nic field strength E, and the Langevin-equation for+the electron

velocity v, If-we-write E in'terms of the Lagplace transform

" A _ o
El, t) = f Etz, pre?t ap |, (n
B )
it is readily shown-that for x> 0
A LA e .
Elx, p) = Elx=0, »)e s {2)
where
(=P} . L&
Y (W;) (p cP Up) , {3}
Wy = electron:plasma frequency, ) -

vV, < electron ~ neulyal collisionfrequency.

We have alsc.assumed-that E(x, t=0}=0 for-all x>0, In order-to evaluate E'x,1),
it i3 necessary-to-perform the integration.slongihe Bromwich- contour B iu

Eqg. (1), This may be-accomplished-either-by integrating directly clong the
Bromwich=contour, or-by deforming that rontour info-the left-hall p~plane, This
latter choice leads-to-integrals which rapidly converge, andiwill-therefore ve
purs vd-in:this report, '

2. BRa'CH:ROINTS :}\i\'DZB RANCH=CUTS

The ' nction v in Bq, (3) can be~writteqsifiagrgduci form as

YT Yy aaVs . w T
- L 7 - L ) R 7. St
wherey; =3 2, Yo ¥ (prv) 1/ 3., 13 f'ip-pf;_lf 2,_ Ty ?(p-p‘z)u ¢ Ferv c zﬁ»zc.:p_
- wn have o :
v
Py =~ E owg - 214 1/2, -
: 2
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while-for v,> 2w o we-have

v 1/2 i
c 2 2 - ]
p.é; - z-:t(vcjll-wp) oo . -

The function- 7 ‘has branch poinis at p = O-and.p = «, Eoi-jthisa{\;nction:wa chooge
the branch.-cut shown in Figure la, The functioxr'y2_ has -bfanch:zpoints at p = -V o
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and p = «, and we choose the-branch:-cut shown in-Figure 1b for this-quantity;
For ya, which:has-branch-points-at.p.-= py and p-= o, we choose the ‘brauch-cut
ﬂlustmted in Figure l¢, while for-v,, which has branch-points atp = p, and p =,

we choose-the -branch -cut shown-in Figure 1d, If we-write p = Ty e.cp(xei)

(ptv c) = ry explidy), {p-py) = Ae.\p(’iGS), (p=py) = 1, ,exp(xo‘l) we-can write

L2 1

- . 12 (i VIR ¥ k- S .
Yy =&Y e‘{p(lﬁ 12), Yo S kT g5 exp( 192/2), Vg = &Fy exp(xesiz)arand

vy = ET 4/ 2 exp(164[2). For each-of'these functinns we-then.choose the Riemann
sheet corresponding-to-ihe upper sign, so-that

’ N , :
T, Pl 6 -6 +6 0, \.}

and:the hranch-cuts-for the total. functiony = R2R %L 3-? 4 arethose shown:in
Figure 2 for ¥ < 2w, and in Figure 3 for v, > pr. The integral inEq. (1} can
now be: perforrned by deformmgthe Bromwich-Contour B-inFigure 2 into-the
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Eigure 3, Branch-Cuts for the Funetiony ‘When v > 20

1sft=haifpplane, I weassume that fﬁ{x—:o,,p):has%;?ele at s, and 51 then Bq, (1)

c3n-be rowritten

Eix, )= f o+ Jr + f f Blx=0,p) e(Pt'-?) dp , - {6}

where:the-contorrs-C,, Co C'P and: Cé are-shownsin-Figure 4.
. Po-dilusirate-how the-contour integrals-avesperformed, let us- consider the
miegraLa‘icmg (:1 inFigured, Ata- poin‘ A-ons (’.11 we-have ¥ =0, Ty = V70,
s ry e o - voret2, ando, = 5, 0, =0, 65 +6, <0. Atthe ‘point Bron.C c,,

e, r{,, rg and T, remain the same but 9 ig-now =%, ’lhcre!ore at pomtA we:find

~ upoa: using-these- results An:Eq. (5) that v= i{ gy o)} /2 (upw -y «:)1 2, while

o }4:: B

3% print B, v= ‘x[c!(v -o}] 12 (uph}'z -V v:;‘j 1y ?} As a resuit-the mtegx-al along
contour-C, ean‘be written-as-[using the»fact that p = oexp{iz)-and-dp > -do]

V r ., 12
j dcrE(o, = -o) e® exp j—ieg{ fvi U)— {.%Paz -V a)l‘{ 21
= L

; 0 172 :
A - -X 127}
~ ,.l,_ f do E(c, p=-ole ot e — gz%sz-v a)u 2 5

- v L] “r p c B 4
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WA = ——sRe(p)
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Figure i, Deformed-Contour of Integration for the Case When v SRS 2%

The integral slong the-contour C, is-evaluated in the same-fashion, while-the in-
tegration:along the sontours C, érxéi{i‘% is trivial. For the interested-reader, the
details:-ofthe integration along-C, are contained inthe Appendix B=o-this report;

3. NDMERICAL RESULTS

31 Sep-UnricrSae Buve

We first consider the-caze when E(x=0, t}- is given by

0 Ex=0,9) :ulthsing @

: P s 2.2
_where aft} is the unit step-Tunction; For this ease Elo, p) - o/ /(p %f..zg}, sa-that the
- B . > 7 F - * = — ‘h' -
- - palegsﬁ znd 8y saownin Figure 4sre s_ = ig,, 3y = mivg, If wedefiner, = u

: G (¢} 1 oF
_ _ 2 . 2.1/2 & sy e 1/2
< 2;( = {gi;yiglfzi ?'3 - I—(vc,f;?) *&%‘z} L 1"4— B {(beiz) ik{gé‘zxi, ,}f and -
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so:-that the -integral;ovgrt(% and:-C 3 yields-

1
- C3

‘Using Eqs.- (6], (7), (10)-and-(A5), we-have calculated the-time “esponse of-the
electric field=in-the-plasma for zht; step-carrier sine wave-excitation-of Eq. (8).
Figure 5 shows-theresponse-at ~ --—- = 1 for-an.overdense plasma {w, !w = 2) for
different values:of V. We. comment that:the resi.tsfor v, Jo_=0,0lare: nearly

+ 164 = expl=XTcos ¢ ) sin-(ut - I-‘%sin:g{r) .

= /2, 92 = tan~ (w 3’” ), 03 = tan” [9(9 -Z)/v } and 04 ten - [2(0 fZ)/V 1,

(9)

(10)

jdentical with:those-cbiained:by Haskell-and Case(1966a)- fo- the case v fw

TorV /«.: = 1, however, the response is-guite- difierent. This- d:ﬁ‘erence 1s even
waX
. more apparevxt forthe-cases- when—g' = Szand——— = 10,  which:are-shown-in

Figures 6.and-7. Eor large-values of mcxgle, even When—:vc,'g;p =:0,1; the transient
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response is—alté:edsigniticanily, and:for vc/(,) = 1 the character of the rasponse
is completely-different from the-collisionlesz limit, Figures 8§ and-9-illustrate
how the-nature of the transmitted signal changes as-the distance -into the plasimma is
varied, We-riote from Eigures-8-and-9-that for large t ‘x[c, there-is an:oscillation
) followed: bya long wake in-which:the:amplitude of the- stgnal is:nearly-constant.
- Itis zeaduy shown-that in-this-wake region, E(x, t)-cai-be- approunated " by (see

" Appendix B)

Blx,t) expf(i-I‘%cosQ‘)—sinr(wdt erﬁ-sinéﬁ) o

- 2 2\ :
Ny 3 IS

Hederiving £q, (11)-we'have-assumed:that:t >> x/c and-that vc/up is-of order
_ unity,. £rom Eg. (11):we see that Tor large-t-the transient signal consists-of a-
smusoxdax wave-at fm.quenry ¥y yln., a Lomponenj: whichreventually-decays towards

RN A s g s B A S S A Ol G SN L O
' L e ud e b ERENI P e . 4

zero as-t =3/ 2; =
Eigures 10-through . 12- mdmat° the- 'xa!u"e of The response-for w Iw = 4,
Figure 10-shows the-transient response ot v x/c 0.5, where the effect of large
values-of*v, is-to-radically- alter-the sighal-amplitude. From Figure 11 we see-that
_ whenww >.,c 2, 5, both the- amphtuué and-the-character-of the-transient response
are rauwal‘" changed from-the-case-of zero collision-frequency, In:fact, the

[T
PN j
TV

freqqencyzof the-oscillatian-for vcfw = 1 is.quite drastically reduced:from-the
cagse-when.v c/"‘? =-0,01, Figure 12-illustrates-the transient response at wox—/c = B
At:zthis.distance, for vc/,zp = 1, there-is hardly any oscillation ofthe transient
yesponse, but rather a slowbuildup, and then-an eventual.decay (not shown-in the
figure)-in-accordance with-the second:term: in Eq, (1:4), since the first term in
_Eq. (I1l)-is:quite small Tor this case:

In.Euzh e 13, ‘we-have shown-the effect of colhsmns on-propagation-in an
underdensa »plasma., Here we note:that no interesting-or unexpected:behavior
oceurs, and-we-willnot study the underdense-case furthers In-addition, this case
‘has-heen:previously considered-by Case-and Haskell (1867). We-only comment
that-our results-do-agree with-the- previous onts obfained-by Haskell ami Case
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#To-check:-the- ﬁccura{c}; of Eq. (11), let us-consider the.case when-v /a:-
w/w, = 2 and-w, L;’c 10, Ifwetokea pcint in the signal wake at Wt = 15 we

have Trom Eq. (Ll) t}-at E=2,54X 1073 , while-the exact calculation {sce Figure 9)
gives E = .51 % 10-3, -
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32 StepFunction

We-next consider the situation when £(x=0,t) is given-by
B(x=0,.0) = u(t) . {12)

For this case the pole 3, coinc.der with the -branch poiat.at p = 0, while there is

no-pole 81 Here, specxal care mus! be taken in-performing-the integral Ic., and

the integral in Eq. (7)-becomes

I. =1 +i k caa?ﬁ_m,—es),e'“ sind
CI 6 " T

feR b

whéréalé is-tke integral along-a circle of radius § surrounding-the origin inthe
p-plané, Thatis -

X, .
7 ) . -=-y{p=5.exp(id))
:16 - ?‘}; j« dgreérexp(w) e © . (x4
™ i “T B

Using ihe result of Eq. (13), plus-the appropriate expxtessioﬁ—j‘oz(-'Iﬁc2 froni
Appendix A, we -have calculated

‘ A (pt=24)
B, ) = f + f ﬁ(x:ﬂ;jp)-e ¢ ap. . : {is)
Cy €, i

Figures i4-and- 15-show-the fransient respenses tothe unit step-input-at distances
w x/ec = 1 and- & within the-plasma for —!’c/ w =0.01, 0,1, and 1,0, Itis interesting
and-important ‘o-note, from-Figure 15, that when-v,/u, = 0,01 the transient
response for y t < 40:i5-nearly identicsl to-the results sbtained-hy Haskell and
Case-{1966a) fca' vcfmp -0, However, wenow note that x\,hun,vc]w f O-the

‘transient respinse-does-nct gpproach-zerp ag t -~ as Jt-does Jor vc[w - 0; but

rather approactes unity, Itiis clear from Figures 14 and 15-that the rate-at
quency; For e:iample, ifv /u = 1 we-see:from-Figure 15 that the-Sransient has
reached:a velue-of-e” by Yy t-z2 16; for v /up < 0,1 the-e” va).ue seeurs_at

_ which:thetranzjent grows fownrds unity is-highly dependent on.the collision: fl;e-

o ptz.:lﬁo; while for v_jfu = 0 01 the signal has reached-e” 1 ofits final vatue of

unityat.w t= 1506, Figure 16-illustrat2s the-fransient - esponse at the larger
distance-w px[c = 10, The character of-'the rasponse-ix essentially the same as
for up:{}c = §, -except:that the rate of growth {s:toward the asymptotic value and
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16

is-even slower than for-w x/e =5, T : néirit is furtlber illustrated in Figure 17,
where we compare the responses for i xlc =5, w }\/ ¢ = 10and wp?/c = 20, for
the case when v_/fu, = 1. -

The behavxor exhibited-in. Fzgt.res e thx:ough 11-is j st what is expected
physically since-a wave-of {frequency:t pr;gpaga;es as

2

The behavior-near the leading edge of the Tespunses 1sxdetermmed by-the high
frequency components- whtch propagate as-exp- (1--—-} while-the:time-asymptotic
behavior iz determined-by-the- lourf gquency co-nponents which. propagate as

T Lt wa_]s[%::;

which-approaches vnity-as-w —o0-.

1t-is-possible to-develo} an:accurate-analytical expiessionfor-the field-strength,

which predicts-the-time-asymptotic‘behavior we-have-obsérvad in Figures
14-through 17, Let-us assumesthatt >>-xfc, ;_qpt >> 1, and "c/"’p is-of order unity..
Then-it 4 shovn in Appendix C that : ’

E(x,4) -» 1 - Erf [ : 7 (16)

This expression-is-quite-accuratedor-t >>x/c and L{c]m = ofl), To-illustrate-this
we have-compared the results-of Fq, (16)-with:the-exact result.in Table 1, for

v /w = 1 andw x/c = 1 and 10, We:note-thatthe agreement is excellent once we
are- not too-close to-t = xc. Equation:(16):is-not nearly so-accurate: for staaller
values-of vc/w since-then-if is:nodonger legar-toneglect ¢ in-comiparison with

v,, in:the argument-of the sine-function-in Eq: {13). A comparison of the exsct
results with-the approxirwstion-of Eq: -(16)-for !?G[’Qp = 0,4 i{s givenin T-.ore 2,

As expected, the agreement ismnot génepally good, §

4. DISCUSSION
The most interesﬁng-point we Iﬁve;nctedfhﬁgthis repgort is the effect of plasma

losses on the transient response of a-unif step. As pointed.out in Section 1, this
resgult has: importani consequances- for- t’xe‘mferacticm of EVP with theplasma
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17
Table'l, -Comparison:-of Exact Results for-the Trangient E-Field With the
Approximation:of Eq. (16) for ”c/"’p =1

w X WX
L =1 -i' =10
c c
u;pt Eq. {d86) Exact mpt Eq.. (16) Exact
1 0,480 1.0 10 0.026 1.0
3 0.682 0. 685 30 0.-197. 0.197
5 0:..753 0,740 100 0.480 0,479
10- 0,823 0.823 300 0,683 0.683
30 0,:897 0. 897 1000 0; 823 0.823
160: 0,944 0, 944
300 0; 967 0,967
1000 0.-982 0,982
Table 2. Compariion-of Exact Resulls-for-the Transient E-Field With-the
Approximation:of Eg. (16)for ¢ fuw, = 0,1
x X )
F . D .-
=1 — =10
‘th Eq. (16} Exact mpt Eq. (16) Exact
1 0,026 1.0 10 0,025 1.0
3 0.195 0, 396 30 -0, 196 0.-0062
D 0.315 0,410 100 0,480 0..0381
10 0,480 0. 500 300 0; 683 0.180
30, 0. 682 0..666 600 0,773 0,351
100 0.823 0.818 1000 0,823 0,479
300 0.897 0. 3896 1300 0; 845 0,535
1006 0,944 0,943 ]
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surrounding & reeniry vehicle®, For example, suppose<the plasma sheath thick-
ness x = 10 cm, oy 1.5 x10'? sec™! and v, =15 %1010 sec™?, Then v /o
and-w_x/c¢ = 5, Now suppose we had a square electromagnetic pulse of duration
T, =108
Then from I‘lgure 16.it is clear that the naturé of the- -signal:present at the skin of
the reentry-vehicle when v,c w_ i§ significantly-different-than-for t(f: =0, This
difference-is-illusirated:-qualitatively in Figure 18, It is-pessible-uging the results
we have-obtained:for the-unit s.ep exci’tatioi'rm-‘calctﬂaie ‘the-transient response for
an-actual EMP-due-to a nuclear-blast, but in-order to: Leepﬂus report-unclassified
we have-not- presented this result-here, )

The-caléulation-of the transient nes‘pohse—presemed?here is 1 eadily extended

sec incident upon.the plasma sheath surrounding:a reentfy-vehicle.

to-spatially-inhcmogeneous plasmas, by appi‘oximatiﬁg*the:plasmmbj& series-of
homogeneous-layers, each-with.different values-of: wp and-v o Then.in-the'nth
layer, I:(:., p)has the-form

X o X

~’1‘:n = A (p) e ™ + B (ple e 1)
where A, and%Bﬁ are-obfained by requiring that E and:8E7/ox be-continuous-across
the-interfacesbetween-each-layer, and 7y is given-by Eq: (3)-with-the values-ol o,
and= Y, in=the=nth:layer-used;

The-methods:used*here-can-also-be- readﬂwexteuded to- -caleulate-transient
behavxorel_nez;ﬁlgssy-dxelectmcfor in-a conductor, For:-this-case, it is readily
shown-that-the-step-Tunction response at a-pointx-within:the-material is_given-by

: 1 T P '
Elxth =1 -3 j E%Ae‘>‘r sin;{:y‘”z(r—y)l‘f‘j» , (18)
" 70 k ] )

where 7=(u_[e)t, L = g x/{ex), v = (,IOC—)-L[Z! ¢ is:the dielectric permittivity
of-the matenialandzogit's:conductivity. For + >> 1 we-obtain-as an-asymptotic
representationzfor the-siep response

F(x £) =1 - Bl (;TJ’Z') , (19
U S .

so-that in.a cond “w.or orloss) dielzetric, the-unit step-function.response-at a
given-point in:tie material ¢¥estually approaches-unity for large values-of 7. A
plot-of-ttetransient respcns: to.a unit step in-a iossy-dielectric or conductor, as
campuia’difrom Eq. 18, is shownin Figure 18, 7

B e

=1t ig-of little-consequence for *he BNP propagaﬁb »dn the xonoapher:. since

there v_ i3.s0-small that v /wp << 1, )
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- Figure 18, Response to-a 10'6 sec Square Pulse for-(a) 'vc =0,
wp * 1.5 X 1010 and (b) v, = uy = 1.5 %1010 o
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Appendix A 5
f Here we-discuss the-integration: along the-contour- C,,. Consxder the point C s
shown.in Figure 3, Here Ty pl = (n +V n+w2)1[2 ry £p Py = (n -l'en'f' g)l/?' s
gﬁ-“ Fa2hg =M, Fy=py = ("u -v P ) 12 and 91 =r61 =q/2 + t;m-1 [5(”(:{2*"’1)7},2]:

0y 532 = tan"1 (Z/tv [2 -], 8, -Aaﬁ =%, 0, Ex = 2/2 + tan"! (nj22). Atthe
point D, all the above-quantities are-the same-except 8, which-now-equals -7,

3 . 9
E Defining 6, = 1/2 (0 -a_ rﬁ3+6 »and R = (p1p3p4fp2 “", we can then write the
contour integral on,the uppnr ‘horizontal portion-of C2 as

Y

BT SN Sl R AN A i3 D TR

1 ’ v =
! 1 [ B ~nE3= c--'Z)t --—R(casa o Fising ) o Vo
L =-33 fo dn-e D(p -—-erZ-)

) Ye % x

o= ¥ =(nF5HZ)E ZR{cos8 +-isinf ) v, ]

: txie [2 Tdne 2 e c S Bl s Sug+iz), (A1) i

- ZRL & - N < E
0

The integrals-over-the lower-horizontal-portion of (:2 casr be performed-in-a %: :
shmilar fashion, and yield o




v
[ - X s
(n +-2-_+ izt { <Rlcosd ~ising )

1 -e
iz

]l

D(p—-“z—--n-lZ)

—--R(cosé ~i5ing )]
-e

0 N FE 0 R R B S

Combining Eqs, (A1):and-(A2)-we may-write

dn: e 0t e Im. ;i:\)(pm-,-z‘:f-n'l-iZ)e

A R

Xn.
-ZR-cos 6, { . v

6. fa V. W2t+ZRsing )|
T {'Eip'—‘r'@“--n-iZ)e ¢ b

Finally -we-must pefform-the mtegrals oveér-the-vertical. portxo'u, of C2. Consider
the:point-G., At:this.point rl & r ~[(l' +EY +p21 1/? =g +92) l
[ f240)% + 2-p)? pii2, R (N /2+§)2+ @p)? 1112,
0, = 8y = z-tan” {p—/(v +£)], 6y =~'5'2 -tan Yo s5), 83 =

U
(2-p)/( §+E)], 05 =y =% - tan” Lol 62 +2)].

"‘1

E

r ”'i'"
3

3 = -gtan -1

At the- pomi H, all the above quantities remam the same Lxcept
Gg =7+ tan~ [(Z-p)i(—‘*‘ £7]. Defining ¥ = .,(0 -02~r03 +04) and-R,, =

~(r, 3”4""2) Y2 , the-integrzls on the verfical-portion. of C2 can be written-as

~Perpit ¥

Z "?ER ﬁosgf ’)“ ;(pl-uR ums?)
T :f...___:__... j’ dpe © ° R»e‘% (p=-v, ~E+ip)e ¢
- b3 7 - .0
L
—aRo..osvo i(pt+—-R suw )
f dp e Re: n{p=-v -§+ip)e ' {A4)
4
The tofal inieg:al;-oniheacontour-cz is-then given:by
i
Icz 12 * I2 + 1, {A5)

s x s
1(Zt~é~R sin Gc)}:

{A3)

S

M 7

R
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Appendix B

Here we-outline the-derivation:of ‘Eq. {11); We consider-the-limit when
t>> %—, wpt > ] mdvcgwp is of-order unity,. In this case it canbé -shown-that

the-integral-alony . he contour C, is-negligible so-that ‘-

E(x8) 1o i *+1

{B1)
<

where I, is.given-in Eq, (7)-and’l. +I. is.givenin.Eq, (10}, Now in Eq, ¢7)
< G G
itis-clear that fort larse, the principal contribiution-to-the integral must-come

from o near zzro. Therefone:—lc may be approximated:by expanding the integrand
1

T e ST S g e e g

in Taylor series about:o =0, We get

"
3‘} g fr doe™t sin(-f) 1z E
:z CI T WU, Yy vc,_ . (4
= ;‘ ) ;
g . 1o x 1/2"
B ) . - Z:—;}-_-s f doe ,Hﬁsin[«!—z—-ﬁ/ﬁg-} 4. - (B2)
e ¥ Yo , "’ Ve /7 -!

The integral.in-Eq, (B2)-is a standard Laplace Transform-and yields

(B3)

: 2.2
o 7 "UX)

1 ;z(‘ts"}z) ex?é(-g‘—

IC = -
1 4n yct

ngc(vcz)
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o
Finally, upon.using Egs. (B2) and-{10) in Eq. (B1), we have -
. " x i o X a3 .
BElx,t) = exp (-I‘-é- cos &) sin (wc't I3 sin ¢} +
[
[N w2 x2 A } 1
P {7 - —5— (B4) '
+ " exp - . o
2u0,e(v 1) o2 4cv b i :
t
:
; Pl
;L -z
i:
-
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-and-upon-evaluating it,

App’éndix c

Tor a unit step when vcfm o is-of-order unity and-{>> x/c we may neglect Ic,
so-that the transient response-is given by IC,, which from Eq, (13)-withs = 0
is

‘e T . Ji/2
Ex 51 ' —%}se -uT sin L’[ _A_Y‘ﬁ_ ‘(H'.Yz’ky)] s (C1)
o Y ~y ]

hat the principal

» Ir-

where T sul, A=V /u , L =wxfc; WhenT>>1, itis clear &)
contribution-to-the mtegral come:s from y-near zero. Expanding-ite integrand
about'y = 0 anc extending-the range of integration to-e then yields

. 1 dy -yl L\ 12
n(:cbt}-l*-:-f -5;’-& sm(;i—;-z)} . (C2)

&

The ittegral in Eq. (B2)-is-a standard Laplace-transform (Erdelyi et &', 1934)
we gel

{C3)

E(x, %1 - En[[—(——é‘—’)——;—-—] ]

o o P pon g
T L PP

I




29

the-transient response-of a loasy-homogeneous plasma, The-program inputs are
XL = w xfc, AL = Vc/u , OM = g‘oiu; , D = the radius 6 ol'the-contour in

Egs, (13) and (14) (D is usually set-0-0,01); M = number of different values of
T = u» t at which calculation-is-to-be-carried out, and L = 1 for-a unit step~input,
while L, = 2 for a step-carrier sinewave input. The program-outputs-are

E E = Elx,1) = electric field strength, F F = contribution-to E :Ei'ém,péles,

FU = contribution to-E from. int‘egirglaalong'cl, and FUNC - FUN = contribution
to £ _from-integral along Cz.

Wwdhe]

A

"

S S0 L AppendixD
;; - - A‘*_* v‘ 7 A:_V:’ : = - .
b Here we include a Fortran listing-of the computer program-used to calculate
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30
SROGRAM RON(INPUT, 0UTPUTY . Ouudly
REAL M2y M3y M, NIy Nz; 3y N4 6560439
COMMON AL, OM, XL, vy PLy 70 . 000120
COH*ON/TEQ%S/T‘QHL, TEWMLS], TERMz, TEIM2SH, TSRM3, TERMISQ 000130
SIMMON/D/D
REAJ 1;]’ 09 AL; 93‘1) X_Ly !-7 ¥ o
IF(AL JEQ. u.0) STOP 4001540
FORYATI4FLu, 4,2T4) ]
PRINT 2uy AL, 0M,. XL, L c80470
FO?HAf(lHl WYy *AL = *F10.4/50%X, 204 = *FLU.4/50%X*XL = *F10.04/5uX G00130
1,% u = ‘ID///QX,*T',i3X;”:flyiaX,‘FF‘,16X,‘ U¥, 15X, FUN*, 15X, 000430
2FFUNC* 7X,¥CP SFOONDS*Y/)
PI = 3¢lk1592c5355979 Gd02vv
TERML = 9,0 * AL un2ig
TERML3] = TERMLI**2 Go0220
TERMz = 10.0 ¥ AL 026239
TERM23Y = TeRMZE*2 U30240
TERM3 = 9.5 * AL dgu2s5t
TERY3SY = TERNZ¥+2 905250
20 = 31QT(1 o -~ J.ZS*AL“Z) Qﬁgg?ﬂ
Fe = 3IRTAAL «%2 + OB¥*2) 051 28¢
M3 = AL/ F2 ] : 803299
F3 = SARTC (0% = ZO)F*¥2 ¢ (AL 7 2,0)%*2) 0003u0
M3 = g.3%AL ¥ F2 ) 7 040210
F& = SARTL (O + 201#¥2 4+ (4L /7 2.0)%%2) 009320
W» = J.5%AL / Fu 000320
=z SQRATIOY) * SART(FZ) * 3ARTUTH) /7 SARTAF2)
P1,= 1ev / SQRT(2.0)
NL = L.y / SQRF(2.0)
P2 = SARTAY.E¥CL ~ H2) )
Nz = SIRT(0.5%(1 + H2) ) 006380
N3 = SART(U.5%(1 + M3} 9 054330
P3 = 3RTAU.5*LL - AT) ¥ 505500
IF(OM LT, Z0) 83 = =93 060415
Ne = SIRTE0.5%(1 £ AG) 4 06uk20
Pe = SWRT(I.5*(L = Hy) ¥ X ﬁthk30
CP = NL¥NZ®N3*N4 + hl“+‘P"“3 - NZ2ENL¥PL*P3 + NI®Nu¥P1#d2 Ouﬂwkﬁ
1 ~ N2¥N3I*PL¥PL ¢ NI*NI*p2¥2y - NL¥H2*P3¥PY. « PLAP2Z*PI¥FDO4 00450
SP = PL*N2*NI*NG - PZ’Ql‘NB‘N% + P3IFNICN2¥NG + PL¥P2*P3ITNL 969#69
b b OPYENLYNZENG b NLFPZFPI*Ay - NZTRI¥PI#Dy + H3#DL¥02%3y (THLYAY
ON 38 J=1,4 600480
XX = FLOATH(J) 800&90
IFOXX JLEs B> T = XL + J.02*(XX = 1.0} Dﬁﬂ:uu
ICINX 3Es 7o ~AND. XX LLEe 28.9) T = XL & U1 + 0.2%(XX ~ 5:06) ESGSLO
IF(L +EQ. 1) FF = EUNID) aaus’c
IF(L .62 2) FF = EXP(=0*X.?CP) * SIN(OM*T - 5%XL*3SP) 05u5L0
FUNFY = FU(T)
FUNFUN = FUN (T - 00057
FUNFUNZ = FUNC(T) Buu580
EE = F= & FURFY = EUNFUN & SJNEUNG B _ WBDSQD

SPTIME = SECONI(AQ)

PRINT 40y Ty EE, FF, FUNFYJ, FUNFUN, FUNFUNC, SOTIMZ

FORMAT (5,78 13517, 5(3%5£15, 31,07y 3X 4 F9. 3) :

GO T0 5 85uE20
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FUNSTION FU(T)

SOMMON- ALs OMy XLy Ly
COMMON/TTL/TTL
COMHON/D/D

TT4 =

N=1

THO = J+0

60 T0 (5; 6}, L

H = .99~ D)®AL /7 2.0

FOUR = FUNKL(D*AL + H)

ENDS- = FUNKL (D*¥AL) + FUNKL(0499%ALY-

60 T0 3

5 H = (:33%%AL 7 2.8
FOUR: = ‘FUNKL(H)
ENDS

Kh» Il

H=HZ 2.0
N= 2% N
THO = THO ¢ FOUR

FOUR = 0.0
Y =H

IF(L +EQ. &) Y = D¥iL + H

I=¢

I=1+1

FOUR = FOUR + FUNKIKY)
Y=Y+H+H .
IF(I LT, W} 50 TO 2u

U = AENDS ¢ 2.¢*THO + “ u*ToUR) ¥ H / 3.0

IF(ABS(SUN0 ~ FU) .LT;

GO TO 50
END

FUNSTION FUN(T)

COH'fON ,AL’ OHp );L)- {_, PI’ 20

COMMON/TTR2/TT2
T
-a‘AL /7 2.0

b
FUNK2 (H)

H=z H/ 2.0

N-= 2 * N

TRO THO + FOUR
8.0
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it

Hlﬂ“m
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R FOUR 4 FUNK2(Y)
Y+ H +H

- .LF. N} 50 TO 20
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FUN-= (ENDS + 2,0%*THD + 4,J*FOUR)
IF(ABS(SUMO - FUN) LUT. 1.0E-6)

SUHO = FUN
6o TO 10
END

FUNKL (0. vdguld ¢ FUNCL(8399%
SUS0 £ {ENDS ¢+ 4,.U*FOJR)Y * H /7 3.0

ENDS: = FUNK2(D.u) & FUNK2(3.5%AL)
= (ENDS + G, 0%FOUR) * 4 /7 3.0

v{;t;;;;os¢é¥i;x;!;;#;*m;+i¥i;&x;v;;;#;iit&i;;;;;&;»u;ié;(it&#&;;;ui¥¢;§oog650

000669

030670

00u6s0

GUub90

'080700-
T 000716

000720

060760
600770

090780
000790,
060830
040810
000820
600830
0600840
0v0850

g6ousro
86uB8L

000890
060900

0oy LN
000920
600930

- 000340

00950
D360

;3;;;;;;;;;;;;»‘;;( ;‘lt;l¥¥¥¥‘ll¥"'$¥§¥¥4¥¥“¥¥¥F¥‘*¥¥¥!¥¥¥¥$‘¢¥l¥l‘¥4¥‘ﬂou070
!‘F'G*!i‘ll!‘?&!*!i!‘¥¥¥¢¥4‘!‘!!F!!¥¥l¥3‘*¥'*‘0'5¥‘¥5¥‘*“"""“*““*DGOQBD

000990
005000
ouitio
091020
Guilu30
fuiuso
luluso
Guiubg
goLo70
20ivdD

- bpoioao

0uildo

0041240

jui120

003130

Quidlul
801150

004160

guil70

601180

401190
aGL2u0
0B12L0
Gel220

001230

SENREXY ,‘;;‘;‘-';"t’l* FFIFEFFEFBEREE ’4l¥¥5f-“‘!!'-"“!#3;3551‘;&‘!-##&43*340012“0

-
.

R e

o

st o SRR o T T AN AR RO Pl B £ o
a P e . , T

)

HU0 At )

S "ot
ioes

ey,
Vil o

o]

R L e




e = e T iy SR

32

A E

N =
THO
FOU
,cQD
SU*
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Y =
IF¢
FUN
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SuM
Go
END

TER

_ GO
40 FUN
~ RETY
20 FUN
RET
END
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A8
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R
A0
80

. GO
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s3
cT

ST
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=T

1
= J.0
R
S
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R = FOUR + FUNKIGY)

oM, XL, L

= iO / 2.0

FUNK3 (H)
FUNK3 (0. 0) + FUNK3(Z3)
(ENDS + 4.0*FOUR) * H / 3.0
H/ 2.0

PHO + FOUR

Y+ H + H

I JtT-e N}

IF(ABS(3UMO0 - FUNC)
0 = FUNC

ro 1o

TO (1uUy

I 50 To 20
G = (ENOS + 2,0%THO + 4,2¥FOUR) * H 7 3.0
LT 1,0€E-6) RETURN:

s PI, 20

OHy XLy Ly PI, 2D

20y, L

K1 = -EXP(=TTi*¥) * TERY 7 (P1 * Y)

URN

KL = 0M * EXP(-TT4%Y) * TERM /£ (PI * (¥**2 + 0O4**2) I

URN

SQRT(Y) * 4AA * AB / 4AC

Sliri
SART(
SARTH(
SARTH(
SAIRTL
SIRT(

-{21

BHuUnR Wy R

ivu ¥ “ﬂU
1.9 + RD
1.0 + G2
1.0 = A0
1. g =~ BO
1,8 - €O

'\Aﬂftf-ﬂ

~t

o N

)

73 7/ SQRT(Y**€2 + 1,0 + AL*Y)
(Au £ 240 = Y1 /7 SORT(L€¥2 + 1.3 = ALFY)
-.0‘20 7’ SGQT(Y“e

40 "AL*“Z}
2407
2.0)
2.0}
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2. 3Y
/ 2+0)
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CR¥C3 + Cl’“?‘So -~ C2*S1TS3 + £3*51%52)
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FUNGT-ISN FUNG(T)
COMMON. AL,
uOHVOV/TT3/TT3

guLzbu
0061270
coi20
0ul298
0u1366
0,1310
004320
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‘602340

Uuivgo
0601360
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FUNSTION FUNKL(Y)
COMMON AL,
COMMON/TTL/TTL
M = SIN(XL¥SQRTAY*(1.d + Y*¥2 - AL¥Y) / (AL - Y) ) )

801529
01540
0eL550
0u1560
w1578
001585
L1590
Qu1600
01519
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FUNSTION FUNK2(Y)
SOMMON AL, OM, XLy L, ?X, 20
COHWONITTZITTZ
SA2T (SQRT(4ed = AL*¥2 ¢+ Y
SIRAT(SORTAY#EZ  ALYY + 1,
SIRTASORT{Y**2 =~ AL*Y + 1.

61650
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Julb70
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N - - e, e AR
- 33
$33 = SIN(Z07TT2 = XL*R*ST - PI) CuaLE3e 4
CS3 = 32S(ZO*TT2 - XUu*R*¥3T - PD) - T 0yt 840 o4
§S6 = SIN(ZO¥TTZ +« XL®*R*ST - °I; - 091850 L
 CC4 = SIS(ZO*IT2 + XL*R#ST - PI) pn1860 2
SS1 = SIN(ZO*TI2 - XU¥R¥SY - PI/2.0) gela7 %
T CCL = 3DS(ZO*TT2 - XL¥R¥ST - PI/2.0) uulsso i
SS2 = SIN(ZG*TT2 + XL*R*ST - PI/2.0) , 0.1898 1
€62 = 30S(ZO*TT2 & Xc*R*ST - PI/2.1) -96£900 ¥ -
EXPL = EXP(~XL¥R*CE) . £T4910 g
EXP2 = EXP( XL¥R®(TI- - 001920 4
EXP3 = EXP(=AL*TTR/Ziu - Y¥TT2) 01930
TERYL = AL/2.6 + Y QL194Y .
GO TO (%0, 20), L 6L9510 .
T FUNKZ = Leu /7 (PT % (1,0 ¢ ALRY # Y¥¥2) ) % EXO3 * uul960 - i
L{EXPL#(Z0¥55L - TERHI¥C L) - EXR2F{Z0¥3S2 = TERYL®CI2) ) 0.197¢ :
RETURY. ’ : 431989
3u TERMZ = TERML*®2 01990
TERN3 = (20 - 0M)**2 2520600
rgawu = (70 + OMy#®2 ud2uit
FUNKZ = 04 /7 API*(TERMZ + TIRMe)+(TERMZ + TER43) ) $EXPS* (EXPL® $0202u i
1, C((Z3%%2 - OH¥*2 = TZU2)'SS3 - 2 UFTIFTFAMERSCE) - EX22 ¥ 92630 i
2V ((Z7%*2 -~ OM**2 - TERM2}*¥336 - 2.u*IISTERMLFISH) ) 002040
ETYRN gn2us0 o
END f.2u60 3
&#64‘6!‘!544@&‘¥¥$!4¥V~¥-¥¥¥-3$$¥'H§l*lGn\“#“!¥~¥!~¢¥-¥!¥-¥i!;‘#&l’»!-‘%&w}‘ﬁb"t¥¥§-¥¥UL7L7U .
FAERFEA RGP ENREREF R AT 1$M$4¢$1¥-¥¢!:HHWI-¢4¢4¢f15¥¥3;v~§1;11~¥ ¥ ¥4$¥#-¥-¥56¥UJ2§80 .
FUNSTION FUNK3(Y) 0.L2:390 K
REAL (L, K2y K35 Kb Du2iad “
COMMON ALy OMy XL, L3 PIy 20 fL2110
COMMB/ TT3/TTE 082420 -
SOMYON/TERHS/TIRML, TERMLSY, TERMZ, TEH2S0, TFIUI, TERU3ISQ tv2136 -
C TERML = 3.0 * AL 0.216G
c SRY1SQ = TERM1¥*2 _0v2150 .
c TERHZ = 10.0 * AL 0u2160 K
S TIRM2SQ = TERM2®*2 CuEllty :
¢ TERM3 = 3.5 % AL 02159 =
C TERM35Q = TERH3¥*2 ' 02190 -
YSQ = Yre2 zz0¢ - ]
. = SART(SART(TERA2SQ + Y52) / (TERMLSA + YST) ) ) r21h i
es = SAITASARTCTERMISA + (12 - YI¥*2) ) vbw 20 i
8C = SART(SQRTETERM3ISA + (23 + YI**2) ) 432230
R =84F 33 %30 . uhzenn
A2 = TERH2 / SART Eiﬂ9bQ + YSQ) Jngest
- Be = TEINL G .2250
C2 = TIRWM3 902276 E
D2 = 8243 7 aqertrgzavsq (20 + YERZ) 1.2280 1~
K1 = SIRTL (4.4 + A2) /7 Z.0) 32230 1
RZ 3 SARTC CLad + 320 /7 2.0) . pu2368 1
K3 = 39RTL (L.y + G2) 7 Z.0)- 252310 by
~ Ke = 31RT (1.0 AR} ua232L 4
T4 = SURTC 2.9 ~ ALY 7 ) po2E30 i
Tz = SR ti;u ~ 829 /[ 2.0) GL2340 o
T3 = 53T (4w = G 7 20D  0u235% d
T4 = SAUTL (ki - 92F 72.0) o §.2:80 <
CS = <1%K2%K3*Kg ~ K1¥CHFT27T3 & K2¥u* T4 7, + KI*KLTLrT2 _u9237° T
L - L3K2ITLFTY ¢ K17KEPF2%I0 4 KL¥XZEIGFTL + TLET2HTI5TY L 23R .
55 = ~ TL¥K2*K3%Ks + T27K1°X3*Ky + TIRKAPN2EKH + TLeT2¥T3*KL ud2eg? ‘,
1 ~ RL1¥K2¥K3OTy 2 KLIPTZETI*TH - K2¥TL4TI%T4 ~ KIPTLVT2¥T4 Cuu2ubh
PO = IXP(-TERM2 * T13) 7 PI - Tu2esl
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B 1
B
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i3 ] R
: EXPL = EXP(<R¥*XL*CS) 002420 ‘
¢ EXP2 = EXP( R¥XL*CS) 002434
By BETA = XLU®*R¥SS 002440
i GO TO {10y 20)5 L 002459
%) v THETA = Y*TT3 ~ PIZ/E.0 02460
i SINH = SIM(THETA - BETA) 602470
i SINP = SINATHETA + BETA) 0m2480
o] C0SY = TOS(THETA - BETA) 02490
N 30SP = SOSTHETA + BFTA) 0u2500 ]
S FUNK3 = PQ 7 (TERM2SQ ¢ YSA) *(EXPL* (Y¥3OSY ¢ TEPHZ¥SINH) 062510 ° 1
7 1 = EXP2 ¥ (Y*IOSP + TERM2¥SINP) ) 0u2520 -
Nt RETYRN 002530 ‘
o 20 THETA = Y#TT3 - PI 002540 i
£ SINN = SINITHEFA - BETA) 042550 e
i SINP = HETA + BETA) 002560 3
Iy tosH- = ¢ HETA - BETA) 062570 i
e 305P = "HET'A -+ BETA) L2580 RS
4 FURK3 = oava 4 GITERMZSQ + (Y + OM)*¥2)*(TERY2SQ + (Y - OH)¥*2))*1112590 ¥
k3 1 (EXPLFE((YSA - OM®¥2 = TERM2SAFFCOSH + 20.,G*Y*AL¥SING - 002600 %
B 2 EXPZHGLYSY - OM*»2 - TERM251)-*COS + 20.0%Y*AL*SINP)) 002510 i)
% JETURN- u02620 3
54 END . 62630 :
A g c;;;s;;;;;;;v;sr—;;#txa;x«-;w&;#&;;%:L\nnu-up5»4&wn-;!f-#iv!;4;%;«1!;&4&&;&&4;*[,3255,0 1
?;:2; Cl¥¥‘¥¥¥l$‘itiil’!&¥¥l¥¥l¥l¥!¥¥¥-l‘i‘*!-4!Q¥§¥¥¥$¢¢-¥¥¥¥¥!¥C$F'&¥&‘!FFi!#**!!‘ﬁozssa };
i FUNSTION FUNR(T) 002669 i
- B COM40N AL, OM; XL, L, PI, 29 0u2570 R
g COMNON/TT:4/TTY V2680 t
3 12 23T 0452690 E
.3 H =PI 7 2:0 v02703 .
i W= 1 0p271C g
& THO = d&0 0627206 q
¢ IOUR = FUNPLH) vu2738 I
- ENDS = BUNPA(D.0) + FUNP(PL) 002749 1
g ‘SUHO = (ENDS + 4.0*FJUR) * 4 / 3.0 0L2750 $
o8 L H 2 H /£ 240 ug2760 Y
- N=2* R Bu2770 |
THO = THO ¥ FOUR 002780 :
g FOUR = 0+0 002730 ‘
Y=o 0u280% i
- I =10 Gy2810 i
i e I=1vi oaees :
FOUR = FOUR + FUNP(¥} 0u2830
¥Y=Y& HEH 00z8bu i
IF(E T W) 30 TO 20 ) ypz8sg i
FUNR 2 LEMOS + 2.0°THO + 4.0%FQUR) * H./ 3.0 0026670 i
IF(ABSLSUND- = ~UNR) LT+ 1.0E-5) RETUN 002858 4
Syno = FUNR 0028890
: 69 TO 40 002830 :
END o guz3uY ;
31#;!!!:«!!-"9v’of‘!‘i#’!tt#!-i&!&i!‘iil!!l-!'-l!t¥¥%¥f¥§¥¥!if¢¥s4¥!¥l¥ﬁ¥!‘¥4¥¥¥¥0U291[} ’
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FUNCTION- FUNP(Y) 002930
COMHON ALj OH, XL, L, ©I, 22 002940
S g 002950

AN A o

SINOY
COSINE = COStY)

R02 = SIRTC (1.0 » D*COSIYEI**2

RG3
RO%

SART( (20 - OFALPSINE)-*¥2
CEIRTC (20 + D¥AL*SINE}®*2

=

+ (D*SINE)#*2;
+ AL®*2%(0.5 ¥ OFCOSINE)**2)
+ ALX¥2¥(1,5 + D¥COSINEI**2)




16.25.57+58
16425.57.PP
16.25.57,10

0SINE

16.254,56M0BULLs.
16,25.56,50PYSBF . INPUT,QUTPUT,
16 25+57+4A55 STORAGE= 000002 PRIS

057 SEC.
+518 SEC,
09y SEC.

61 = C
G2 = (1.4 # D*G3* 7 RO2 -
63 = AL * (uc5 *+ 9%G1) / RO3
Gy = AL ¥ (045 + D*Gi) / RO%
RC1 = SQRT:A (L.0 + 61) / 2.3) 002050
RC2 = 32RTA (le0 + G2) / 2.0) 003U69
RC3 = SARTC (4.0 + 63) / Z.0) 0u3L70
RC4 = SARTA (1e0 ¢ G&) /7 2.0) 003080
RS1 = SQRT( (1,0 - 6L} 7 2,0) 0o3us0
RS2 = SARTH (1.u - 62) 7 2.B) 0u3100
R33 = SARLL (Le4 = 63) / 2,0) 0u3110
RS3 = = RS3
8S4 = SQARTL (L0 =~ GW) 7/ 2.3) 0u3120 -
ACT = RLA*RC2*RC3I*RCY4 + RCI*RCHFRS2¥RSI = RIZ*RILFRSL4RSI + 0u3130
2 R33¥RCLHERGI¥RS2 - RSLPRSLHRYC2PRECI + IIVFIZHEPSLARIF - 0023140
2 I5IFRS4¥RCL¥RC2 - RSLFRS2*RSIRSH 003150
AST = SL*RC2*RCI*RCL - RS2Z¥RCL*RCICRCL + RSI*RCL*RT2¥RIH + 043160
1 JSE*RS2*RS3*RCH + RC1*RCZ*RTI*RSs + RS1*RSZ¥ROI*RSH - 003170
2 232¥RS1*ASIFRSL + RC3I*RSL*RS2*RSH- 003180
ARR = SQKT(D * RO3 * RO4 / 2) + XL )
ARG = A%R * ACT Ju3200
ARS = 43R * AST 093250
FUNP = (Li07PI) *EXP(D*AL*TT4¥COSINE - AQ&)‘BO;(Q*AL“TTQ‘:l&E -ARS)
RETURN 003240
END pn3asy
03/16/73 CRL SCOPE 3,3 c133084 02701772
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