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The subroutine for the calculation of intensity deviation in Lowtran V

I. Introduction

In this report, we present theoretical formulas and a coded subroutine
for the calculation of intensity deviation which shows the high bound and low
bound of the atmospheric transmittance due to the turbulence effect. In the
subroutine, we calculate the transmittance deviation for point receivers as
well as for finite aperture receivers which exhibit the aperture averaging
effect.

Depending on the type of propagation paths, the calculation in the
subroutine has been divided into three parts-horizqptal, upward and down-

1

ward paths, similarly to the transmittance calculation in Lowtran V program.

The different examples will be shown and compared in the following section.

I1I. Plane wave intensity deviation for point receivers

Consider a plane wave U propagating through the turbulent medium repre-

sented by
U= eX +1i$ (2.D
where Y is @& real value that represents the log-amplitude and S is the imagin-

ary part that represents the phase. Assuming the Gaussian probability distri-

bution for ¥, the average intensity and variance of intensity can then be

stated as
2
(1) = (U-U*> - <e2X ) = e 2(°x +(0) (2.2)
2
(123 (U Uty - AR F By (2.3)




2
where { ¥ denotes an ensemble average and oy = ((Y - (x))z). Using Eq. (2.2)

and (2.3), the normalized variance of the intansity fluctuations is given by

? = b - f {1 : . e“"i -1 (2.4)
(1)

The variance of log-amplitude,cx, has been found by Rytov's Method,z However,

it is only valid for weak turbulence when applied in Eq. (2.4). Experimental

dataz indicates that o is saturated toward the value of unity. In recent

years theoretical work to proof that the variance of intensity saturates

to a constant of unity was performed.3 Avoiding complex mathematics and hoping

to get a model which is sufficiently accurate under weak and strong turbulence

[{
conditions, we relate the variance of intensity and log-amplitude by’

o =1 - e % (2.5)

For small values of GX?G ™ Z(wahich agrees with equation (2.4). For large
qX, or =~ 1, which agrees with the saturation condition. After we determine

o the upper bound and lower bound of transmittance can be calculated by

Ti = T(L * 7)) (2.6)

using Ref. (2), the variance of log-amplitude as found by Rytov's Method is

given by

2
n

/6

(M) @ -m° (2.7)

of = 563’ /®
X

[fanc

o
where k is the wavenumber, L is the path length and Ci is the structure
constant of refractive index. When Ci is constant along the path, Eq. (2.7)
can be rewritten as

2

o5 = .31 CZ (h)k7/6L11/6
X n

(2.8)

2
The structure constant C. has been measured and modeled by Hufnagel, et. al.s




we have modified it to fit in Lowtran as

2 4.2 x 10714 p~2/3 exp (-h/320) (h >10m)
Ca (B = ¢ 3,77 x 10715 (b < 10m) (2.9)
0 (h >100iam)

where h is altitude and is in units of meters.

For horizontal path, h is constant, hence we use Eq. (2.8). For downward
(and upward) path, wemust use Eq. (2.7) in which the integral shows an in-
tegration from transmitter to receiver. From the weight function (L-’})S/6
in Eq. (2.7) we know the turbulence around transmitter has more effect than
the turbulence near the receiver. Hence we predict that a downward path has
larger variance of intensity than an upward path for the same length of

path.

For the program, we rewrite Eq. (2.7) in summation form as

AL
2 2
7y = ek’ '8 5 v ¢l (g oLy y3/6 — hi by, (2.10)
i i i i-1
hy,< 25 8 by = 20m
2 5km <hij<50km .Y hij = 100m
50kn < hy < 100km 8 by = 600m

where hij is the altitude corresponding to the calculated point of the path,
"i" is the layer index, "j" 1s the sub index of each layer, L is the total
path length, LiJ is the path distance from transmitter to the point calculated
and ALi is the path length for each layer passed. The choice of Ah intervals
was made to allow better height resolution in future specifications of Ci(h).
In this calculation, we assume that the path in each layer is straight.
Refraction occurs only at the boundaries. The refraction calculation is

executed by the original lowtran program.




Figs. (2.1), (2.2) and (2.3) show the transmittance predicted by Lowtran V
with the deviation calculated by the added subroutine for horizontal, downward
and upward path, respectively. These calculations are for point receivers and
a Skm path length. We find thac the deviation for downward path is larger than
that for upward. This is due to the stronger turbulence at the lower altitude

and the effect that turbulence near the transmitter is dominant.

111. Intensity deviation for finite aperture receivers

In Sec. II,the intensity fluctuations are assumed to be measured by a point
receiver., However, in the real world the receiver has a finite aperture. If
the diameter of the objective is much larger than the amplitude correlation dis-
tance p, the objective will contain wave fr?nc sections with fluctuations of
opposite sign, so that the overall light flux through a larger objective will

fluctuate relatively weakly compared to the flux through a small (compared to

p) objective.

Consider rhe intensity in the receiver plane to be I (L, p ). The total
flux P through the objective is then P = é; I(L, p)dp, where p is the transverse
coordinate and ¥ is the aperture area of the objective. The fluctuations in P,

defined as P = P - ( P ) , are expressed in the form P'= §¥ 1’ (L,p) dp, where I'=

I -(1). For the mean square fluctuations of power we have
12 " ~
- % = .0 (17 (p) T° (pyp dpy dpy
Tz
[+.]
- -(,,J B, (g, - p,) F(p) F(p,) dp dp, (3.1)

where the intensity correlation function B (p,-p,) = (1’ (p;) I'(gz)5 and

F(P) is a function which is zero outside the aperture and 1 on its surface.

_‘_—m_-_—'-———-——-—._._____m
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Changing variables and assuming the receiver aperture to be & circle with radius

R, Eq. (3.1) can then be written as:

;2 ~2R
(P %) =2n;  pdp Bo(p) K(p) (3.2)
o]
where 3
@®
K(o) = [ [ F(p)) F(py- o) a?
- vy 1 B- 2 By
2R% [cos ! (£ - /1 221 pem
cos 2R’ T 2R R (3.3)
- 4R
0, p *2R

The normalized fluctuation of power is defined as

2 2R B_{(p) 2
_{(P"y __4& 1 -1 p 0

Q(R) = = [cos "(=R=) - = /1 ~ —= Jpdo (3.4)
CBy2 ) . 1) ® CWY T 2

to show the averaging action, we define another parameter G(R) = 8—%;— which

is a ratio that compares the fluctuations of power of a finite aperture and a

point aperture:

4 2R -1 P p 2
G(R) = =7 oy by (p) [cos (-EE-) - 2R/ L . > 1 odo (3.5)
R

where bI(p) is the normalized correlation coefficient of the intensity fluct-

uations
B (o)
—5 4BX(Q)
- L) e - 1
b, (p) = = (3.6)
1 BI(Q) 40)2(
(1)2 ¢ T
and v
B (o) = (x ®&x (2,)? (3.7)
- b 4




Because the structure constant Cﬁ depends on the altitude h, the calculations
for horizontal and downward or upward paths are different., We separate the

two cases as follows:

(i) Horizontal path

By using Rytov's Method and the Kolmogorov spectrum (Refs. 2,6), Bx(p) can

be found with the condition that‘£2< <)L as
o

2

. -
and 1 -12.3 5/6. 1/3 °

p< <Lo
(AL) LO

2 2 2 2 |
bo(0) =< 1 - 2,360 4 11 B - o2y g p < /T

L
2 -7/6
- .0242(%) , AL<<p

(3.9)

where LO is the small scale of turbulence and is assumed to be 3mm in the Low- ‘
tran code, and GX is the same as in Eq. (2.8). After substituting Eq. (3.8)

(2.8) and (3.6) into (3.5), we can find the receiver aperture averaging effect

for horizontal paths.

(ii) Slant path

Using Rytov Method, Kolmogorov spectrum and locally homogeneus medium, the

correlation function of log-amplitude can be found from Ref. ( 2 ) under the

condition L\ >> Lg:

5 -
B (L,o) = 033 n2(- T( - =) &%+ T2 M) an - FG(o,m (3.10)
X o N
where 9
r -
o = [t i+ S e —2
Km 4(_1_2 + i(L l: )
®
m




1Fl(a,b,x) is the degenerate hypergeometric function#. For calculat .ng 1Fl

on the computer, we approximate the function 1F1 as

1 - 0.8333k - 0.0347X% - 0.0045x> |} <6.5
F ("557’ 1,X) - (3.13)

Lt 5/6
1.0627( - X) |x| 2 6.5 and (Re X < 0)

This approximation has been checked ard the total error is under 10%. Further-

; 0 >> 2 , which means that we neglect very small parts

more, we assume
%
of turbulence near the receiv®r. We then substitute Eq. (3.13) into (3.11),

and get the different forms for the different conditions:

/ 2 2 ‘

-—-——o
0 (“Q—'ao >6.5, — >6.5)
5/6 2 2, 2 4
p°'°(.259 + .8u5 —9—-40 + .009(—9—@) - .0043 (—-2—5) )
2 .5/6 2 2
FG(N,p s~ 1.065(5/4) (G5 <6.5, 50— >6.5

2 2

2
5/6 o 0”2 0”3
D>7(.259 + .805 —=— + .009(—£50) - L0043(-2)7 ) (3.14)

- @) (1 + .8333 —°—i- - 0347(—12——)2 + ooas(—i):‘)
. Y . = . y
2 2
L (—LAD <6.5, 55— <6.5)

#Note that an equation for a similar situation given by Ishimaru (A. Ishimaru,
'"Wave Propagation and Scattering in Random Media'", Academic Press 1978, Vol. 2,
Eq. 17-112) {s in error.
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where

(3.15)

Putting Eq. (3.13) into (3.10) and changing the integration into summation we

get

B (p) = 2.17k2 T ¥ ¢% (h )FG(‘L)L Ah (3.16)
x P : {1y »ot 137 h -h Ty .

where k is the wavenumber, L is the path length, "i" is the layer index, "j"
is the subiadex in each layer, Ci(hij) is the structure constant at the height
hij’ hij is the altitude of the point calculated, aad ALi is the path length
in each layer. Similarly, putting Eq. (2.10), (3.6),(3.16) into (3.5) and
changing it into summation we get

16 100 -1 /2
G(R) = ~ z bI(ZRyi) (cos (yi) -y 1 -¥y ] Yy +,01 (3.17)

i=l
where "R" is the radius of the receiver aperture, i is the summation index,
and v, = 0.011. ‘

The intensity deviation OP(R) for a finite aperture receiver can now be

obtained by multiplying G(R) and 9 (Eq. 2.5)

oP(R) = OI *&/G(R) (3.18)
2 -16 -2/3
For a condition of moderate turbulence Cn=2- 10 m and horizontal pro-

pagation with path length, L = 5km, the aperture averaging coefficient G(R)
is shown as solid line in Fig. (3.1). It is similar to the dashed line 2 in
Fig. (3.1) predicted by Tatarskiiz. The dashed line 1 in Fig. (3.1) shows
the aperture averaging coefficient G(R) for downward path with altitude from
200m to 4lan. Comparing horizontal and downward cases, we see that aperture
averaging has more effect for the horizontal case, This is because the
total turbulence in the case of horizontal path is stronger than the downward

case and the coherence length of field of latter is longer than the former.
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Figs. (3.2), (3.3) and (3.4) show the atmospheric transmittance predicted

by the modified Lowtran V with diameter of the aperture being 30cm, for hori-

zontal, downward and upward path, respectively,

IV. Subroutine of intensity deviation for Lowtran V

This subroutine is for the calculation of intensity deviation, due to

turbulence, which can be used to define the upper bound and the lower bound

of plane wave transmittance for the point receiver case and the finite aperture

receiver case. The subroutine for each calculation of transmittance and for

each frequency is called by subroutine TRANS, one of the subroutines of the

main program. According to horizontal path, downward path, prard path,

we divide the subroutine into three parts. The attached flow chart shows the

main points of the subroutine (See Appendix A), We transfer the data of path

altitudes H1l and H2, path length L, wavenumber k, the path length in each lay-

er DS1 , DS2, the height in each layer XW1l, XW2, and the diameter of the rece- ‘
iver# and other necessary data to the subroutine VRANI from the main program

or from the subroutines of the main program, The symbols and definitions of

variables used in the subroutine are listed in Appendix B. The program list-

ing is in Appendix C.

V. Limitations and comments

The subroutine for intensity deviation is theoretically formulated by
Rytov's Me:hod. Even after our modification, Eq. (2.5) is only valid for weak
and extremely strong turbulence. For moderate turbulence the theory under
estimates the fluctuations of intensity as compared with experimental data.

Second, in this program we only consider the plane wave case, hence, it will

#The diameter of the receiver must be read in from the sixth variable of the i
second control card and the format is F10.3 and in units of meters. !
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‘'overestimate the fluctuation in weak turbulence for a real source such as
a beam-wave or spherical wave.

For the turbulence itself, we use the model given in Ref. 5, which
seems to be too simple to give satisfactory result. Hopefully, we can find
a more proper form of turbulence profile in the future and update it in the
code. In fact, turbulence in the atmosphere should be varying with tempera-
ture, wind speed and constituents of the atmosphere. It is suggested that
the turbulence model, like the aerosol models or atmospheric models in
Lowtran, should be constructed by different models based on different areas

and seasons.




1.00

RAVERAGE FACTOR G(R)

40

0.0

Fig. 3-1
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RECEIVER RADIUS [em])

255 5.09 750 /102
A -1 4
T T T
\ | - — downward path
\\\ -— - Tatarskii’s result
T W\— horizontal path
1-
e
; - !
0 .360 720 1.060 144

"RADIUS/FRESNEL ZONE (R4} L)

Comparison of aperture averaging factors G(R) for
different situations., Solid line is predicted by
the new subroutine for a horizontal path at altitude
h = 400m. Dashed line 1 (— - — ) is predicted by
the new subroutine for a downward path at altitude
from 200m to 4lam. Dashed line 2 (— —) is pre-
dicted by Tatarskii. The wavelength is A = lum
and path length is L = Skm,
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APPENDIX A

Flow Chart of Subroutine VRANI

v,
J2,
AD,

T
COMMON DATA J
ITYPE, Hl, H2, RANGE., Il |
K2, DSW, DZW. XWLl, XW2.

Log-amplitude variance
a;(VR) {s calculated
for horizontal path

Power variance

(PVR) caiculation P

]
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Downward path

Upward path }

Calculace the path
length in each layer

Intensicy deviation
(VRI) calculation

Long path ( Short path K
Calculate the Calculate the J
path length in path length in ;
ownr(;éﬁtance i each laver . leacn laver !
calculation AJ - T s '1
Inctensity deviation a0 ves
(VRI) calculation D

‘ Intensity deviation Intens

Power variance (PVR)

ity deviation
LQVRI) corrected by (VR1) corrected by
aperture averaging aperture averaging caleulation
Lﬁ:efftcicn: G(D) coefficient G(D) |
i Intensity deviation

(VRI) calculation

h

Intensity deviation
(VRI) {s correcred tv
aperture averaging

Return t2 '

subroutine TRA
£ |

} zoefficient 3/




APPENDIX B

VRANI Symbols and Definitions

AD Diameter of receiver aperture in meter (m).

ANGLE Initial zenith angle in degree

BI Covariance of intensity

BL Normalized covariance of log-amplitude

B Covariance of log-amplitude

CN2 Ci - structure constant of turbulence

DD the ratio of the distance from point calculated to
receiver over total path length.

DH Height interval of slant path integration

DS Distance from point calculated to receiver

DT Same as DS, especially used in the downward long
path calculation

DZW Difference of height between two near layers

FR Fresuel zone in meter (m)

GD Aperture averaging coefficient

HMIN The minimum height of a downward path

HW Height corresponding to the point calculated

H1 Height of transmitter (and receiver for horizontal
path)

H2 Height of receiver

v wavenumber in cm-1

JMIN the layer index of the minimum height for a downward

pith
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RANGE

VRI
PVR
DSW

WH2

WRANGE

XWl

Xw2

Path length i{in kilometer (km)

Variance of log-amplitude

Intensity deviation

Power variance

Path length in a layer

Height of receiver in meter (m)
Wavelength in meter (m)

2n/X , wavenumber in m-l

Path length in meter (m)

Intensity variance without approximation
The lowest height of a given path in a given layer

The highest height of a given path in a given layer
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APPENDIX C
Listing of Subroutine VRANI Program
SUBROUTINE VRAN]I(IV) AVR 22}
c AVR 002
C THIS SUDKROUTINE 13 TO CALCULATE THE VARIANGE OF INTENSITY AvR  op3
C ODUE YO TUNBULENCE AND THE CALCULATED STANOARD UEVIATION CAN 8E AVR  gpd
c USED TO DEFIME MIGHM BOQUND AND LUW BOUND CF TRANSMITTANCE AVR 008
[ AVR 208
COMMON /CARD1/ MOUEL, [MAZE,ITYPE, LEN,JP, TM, M1, M2, M3, ML, IEMISS, RO AvaR Q@7
1 ,ToOUND, ISEASN, IVULEN, VLS AVRE Q08
COMMON /CARU2/ MY, M@, ANGLE,RANGE ,dETA,MHIN,RE, AL AYR 289
COMMON /CARO3/ v1,VR,0V,AvM,C0,Cw,w(15),E(19),CA,P] AVR Qi
COMMON /CNTRL/ LENST  KMAX,M,TJ,J1,J@,JMIN, JEXTRA, IL, [XMAX NLL,NPT AVR @311
12 1FIND,NL, TKLO AvR 12
COMMON /WANG/ K2,0u3w(3a),02n(38), 1wl (38),Xwa (34} AVR 13 ;
COMMON /VRAN/ VR1 AVR  @tl4
DIMENSION w§(34) AVR 1S
MRBNla10¢8,¢ AVR  gie }
WRANGEIRANGE® 1040, 4 AVR 217 o
wrHgerngde=1090,3 AvE ol8
LLL ") AVR 19
[ 72 T AVYR 929
PYRag .2 AVR  22%
WwLea,g1/1v AVR  gQ¢
FRe(WLAWRANGE) #00,S AvR a3
WKSIVeigd, a2 nP] AVR 224
VKSuKea(7,/6,] AVR 925
W09 Een/S,91Gnn2, AYR 22
IF(ITYPE,NE,L1) GO TQ 20 AvR 227
c AvR g8
c VARTANCE CALCULATIQON FGR MQRIIONTAL PATK AJR 029
c AYR  uS¢
CNEud ,2E=idammon(ed /3, ) 2EXP (arw/320,0) AVR g3
IF(n1,GT,148R,d) Cn2uu, AVR 432
IF{mu,LE,12,0) CN¢8d,77E«1S AVR 33
VHOY, 31 eCN2ywHANGE#w(11,/86,) AVR  g34
VReVRaVK AVR ¢3S
YH1s) ,eExP (w2, *VRe24,S) AVR  93%p
IF(AD.LY.w,201) GQU TD 9y AvR  ¢37
00 18 Iwi,140 avR 333
Ys3,01el AYR 39
JYsaDay AVR  QaQ
IF(LY,GE,0,4ad3) GG YO 1} AVR 4]
BLOl 21 2,8n0veng U/ (FRew(S9,/5,)00,00300(1,./3,)) AVR  gue
GO YO 7 AVR g4}
11 XIswneNynad 3/WRANGE AYR  gaa
IFLOY,GE.FRY GO 1O 12 AVR 248
BLBY, 22, 3001129 (5,/6,)%1,710x]o0,082dex]0e2, AVR g4
GQd YO 7 AVR  ¢av
12 BLEwd, Q2420 (Y]/4,)0a(mY /6,) AVR  Qud
17 CUNTINUE Ave  gu9
dxapL Vi AVR  2%2
BIsExP(a,dvgx)=y, AVR 251
PVRSPYR#BI® (ACOS(Y)aVo (|, ,*Yuee,)0ad3,5)eyed, 0} AVR 292
18 CONTINUE AVR  (S3
PVRsPVYRelb /P AVR  35e
WYSEYP (4, WryR) ey, AVR 489
GOsPVR/ AV A¥YR 56
VelevRIeGOee@, 5 AVR 57
Go 10 94 AVR  2%8
28 1F(ANGLE,GT,9¢,4) GO TO 37 avR gsSe
[od ave th¢
[ VARIANCE CALCULATIUN Fum OUNNWARD FATH Aen B
[ AvR 28




a0 59 rsy, 1
83040
DXBu
vad, iR
OysaQey
FF3pYeel, /4,
YREY,a
“3RF /a0
Cu 34 IsJ},J2
«S{L)answ(I)/ulnl)
IP(xwl () LEL25,0) GO Ty 2t
IF(xwi(1),LE,56,2) O O 22
Hrsedd, g
GU T0 23
21 unmsag .y
Gy TN a3
22 Unsidd, 0
23 #lka(xwa(])egal (1))l n/0NM
Ic2win
Hatgtw]l (1) eldlues
JU 33 Jsy, I
LT LT Tl

[F (hW,GE 99000, ANULTYPE EQ,3) XW2(1)=214004d,4

Ir{rw,GE,990uN,1) (O TO 34

Cnasd ,dEefdarnen (=2 /3 J2EXW (aHu/ 330 ,0)
VRIVP*R ,SaeCNEe (WRANGE«US) * % (5,/6,) sDmews(T)
UUB(wRANGE=US) /WK

REKF /0D

[F(ul.LT,«0) GU TU 27

[F (R LE ,b,5,AND ,Q,6GE,2,5) GQ TO 27
IF(RaLY,0,9,AND,Q4LT,8,5) GO TO 28

AvR
Ave
AVR
AVR
AVR
AVR
AvR
AVR
AYR
AVR
AVR
AVR
AVR
AvR
AVR
AVR
AVR
AVR
AVR
AVR
AVR
AVYR
AYR
AVR
AVR
AVR
AVR
AYR
AVR
AVR
AVR

G3NURe(S,/6,)0(3,259¢2,8US5%Hed,d0FeRe2,%0,0043aRned, )], ,d630RFen(AVR

wS./0.)
IFlL.LE,2,4) Gmy,
GO T ¥t

e’ Gse,v¢
Gu TG 31

23 GaNuee (S, /6,10(3,25940,35940d 00 N 002, 29,30 1300003, jengne(5,/0,]

el ru n35deyed J3dTrnand, vd, ,JueSeQend,)
[P (GelE d,d) G3Y,0
St oxspXenaCh@sdHenS5(])
CSsUS+UnTwS(I)
33 CUNTINUE
NusakaNGE=NY
IF (UG LE d,) LSaDd=DNewd ()

YNBYR U, SovCN2Y (WRANGE=US) v 9 (S, /6, ) (xwR(])1a1g@d,oMw)an§(])

BragxoCN2aGe (Xng(l) el 20y omw)awsS(])
OSsuSe(awe () »loBu,uern)@awS(])
54 CUNTINUE
IF(an,LT,4,0481) GU TO 3o
BxuBYn2 {17 ewKeep,
BIBEAP (u,eAX) =]
PYNSPYREMLa (ACLS(Y)wYe(] oYmed, Joan S)evey, g1
395 CONTINUE
PyePvRelb, /Pl
16 VYRByWaYR
VR[8] ,eEXP (=2 aviney,9)
IF(an.LT,0,041) GU TO 91
avEE Xk (a,vvale],
GUSPYR/ v

veIsYRLeGURrL ,S
Ly TC 9

AVR
AVR
AVR
AVR
AVR
AVR
AVR
AVR
AVR
AYR
AVR
AVR
AVR
AVR
AVR
AVR
AVR
AVR
AVR
AYR
AVR
AVR
AVR
AVR
AVR
AVR
AVR
AvVR
AVR
AvR

I'}}
CLYS
065
aho
67
abo
349
4974
1y
0T
073
0l4
¢S
v16
arr
878
279
CL.Y]
13}
a82
383
284
085
vée
va7
088
389
89%¢
29}
¥92
¥93
394
495
¥9%¢
w97
498
699
212G
4141
2182
31335
3134
2135
2138
aivl
21d8
3109
2119
2111
2112
3113
2114
LER -]
2116
117
2118
4119
0129
31t
ajee
21e3
3124




37

REREE}

58

39

w

91

53

35

CUNT Inue
VARTANCE CallLLaTTuN FuR uWNaanNy WwaTw

DU 82 Memal, iy

N3sd,0

OTsw,a

d1e0,u

Yegl ,Alemw

Ovysauey

AFsUYen2, /4,

yney,d

GaRF /wl

LisJi

JO bd L3, Ny

LisLley
~SILLIBRSw L)) /0Tn (L))
IF(Xxwi (L) LEW2549) GO TC 3a
Ir{xnt (L1} oLELSW. ) GO TO 39
PLE LTI

GU YO ag

LT P

Gu 10 4a

DLE ST RT ]

wiks(xwl (Ll =xw2(L1))n10vy,0/0m
inswlx

MugXwl]l (L) elAun,

ue At Jag, I

Huwsrweln

CN29u 2bwldarunn(=g /3 )oeXP (erw/32y,8)
VHEVR S SORCNEE (WRANGE=LUS) aw (5,/6,)s0MenS(LY)

DuB (wRANGE=US) /ak

A8RF 70D

IF{(UCLT,w0) LU Tu S1

TP (N uF A S anli,Q,Gk,0,5) LU TD S}
TP (R, LT t,5,ANUULLT,5,5) GO TO S¢

GLBUCHe(S,/8,)8(A,299+C BuSeRe¢ , 0 FaRne, = B0uJanael ol 63arFan
*{5,/8,)

Flulelzeus) s'aa,
by g s3

Glow,d

wu f) 93

92 GL1a0Ner(S,/0,) ¢ (,259¢0,81SaReP P09 aReng =3, ,Pdd30Ren] JauQen(5,/06,
o) e (] o0 85330u=0,03dT7a0en2,0Q , 0085eGR03,)

IF (vl JLbsued) LBlsdg,
HAsOXeGlaCNgotimawd (LY}
DYsSe+NHewS (L1)

{P(n2,ki,0) O TO 97
IF(R2,Euglqacilenmd LEmw) GO TO 97
VYREVReB , SoaCNeruTee (S, /0,)s0Rews (L)
OUSUT/WHANGE

REWF /(0N

P lunlleay) ou Tu 34

TP (R ,0OE (B eS AN, A.6E,0,9) Gu i0 S«
TF(RaLTen 9 AU A,LT,6,9) GU O §%

VeIV AR (5,/0,) 0 (01,2590 BeSaReV ,A0FaRae @A Fddionesl Yol ,0630RFre

*(9,7/6,)
IF{ue,LE,n,) vean,
sy 11 Yo
;28040
WU TC Se

Ayn
Ava
av<
AvE
AvR
AVR
AVYR
AvR
AYR
AVR
AvVR
AYR
AVR
AVYR
AVR
AVR
AVR
AVR
AVR
AvR
AVR
AVR
AYR
AVR
AvR
AVR
AVR
AVR
AVR
AVR
AVR
AVR
AVR
AVR
AVR
AVR
AVR
AvR
AVR
AVR
AVR
AVR
AVR
AVR
AVR
AvR
AVR
AyR
AVR
AVYR
AvR
AVR
AvR
AVR
AVR
svR
AvR
AvR
AvR
AVR
Ave

GeBl o0 (9,704} 2 (42991 , 8050700 yOeReed, *d, odsvneal Jmulae(2,/8,AvR

312%
a1 de
CAT-R4
LAY] ]
3129
2134
31351
213e
3138
23134
3139
(2R1]
"1y
3138
2139
4149
414}
J14de
3143
A1d4
Q1uy
d14s
Aar
dldg
1149
2190
2151
215¢
3153
JtS«
2155
2150
3157
J19S0
3159
2164
3ibL
LYY
Jia
Jdibw
A169
11h6
R X4
3160
3iey
c17
EARA
a17e
173
174
2175
@17
A
RARA
179
J18¢
2184
182
a133
LRSI
AR} ]
J18e
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ST

54

(T
(B}

X4

9N

Al (1, o1, ,88880yeu,cVuTalnngd, e, AUdeeal,)
IF (0@t ailes) 8y, o
drspXeidelN2eyrnad (1)

DYsuTemenwsS (L)

CUNT [Nue
DS nRANGE=NS
IF{uBelbeve) uSENSmynenws (L)

YREBYRON SOaCNIt (R ANGE=US] #a (5, /8, ) a(mraxnd (1) a1dPd, ) ow8(LY)
HysoxeGlaCN@e (Mueawld(Ll)®lUdd, ) enS(LL)

USBUSe (MueXnd(L]l)*1280,9)

IF(RQ,EQ, V) GU TU Sa

IF(R2,EQ,) saND ,wHE,LE,#w) GU TO S4o

VREYROU  SONCNZOUTHR (S, /78, ) s (Hamxw(L1)o10Ud, ) awS(L})
bxsoxeGaelNea (Nuelwd (L1)*1ddB, JewsS(LL)

ODI30Te(mwedn2(L))s1990,a)ewS(L))

CUNTIvuE

IF(R2,EU,d,ANUGLLILELJ2) GO TOQ o}
IF UL GLELJMINAND k2, 0,1) GO TO b1
CUNTINUE

CUNTINuUE

IF(ADO,LT,0,441) GO TQ 9y
AxsnXe2, 117 ennee?,

dlse AP (4, el
PynabrvReB[e(ACUS(Y)eYa(l ,oYund Jeaed S)ayed, 01
CINTINUE

PYRSPYRei6,/P]

VASVHRVK

VI eE AP (=2 aviany,5)
IF(AQ0,LT,v,d¥d1) GU TO 91
AVBERP (d mVN) =l ,

GUEPYR/nY

VAISVYR] aGDewd S

CUNTINUE

RETURN

eny

AVR
AVR
AVR
AVR
AVR
AVR
AVR
AVR
AVR
AVR
AVR
AVR
AVR
AVYR
AVR
AVR
AVR
AVR
AVR
AVR
AVR
AVR
AVR
AVR
AVR
AVR
AVR
AVR
AVR
AVR
AVYR
AVR
AVR
AVR
AVR

2147
2188
2189
3t9e
Q191
a19e
3193
2194
A199%
319
2197
A19s
3199
Ré0d
3201
0e2e
3cel
22234
3225
dece
@ed?
2208
3249
Akl
Aell
n2ie
2¢13
A214
2215
3ele
32137
a218
3219
2220
222!
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