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Ir+roduction

The purpose of this report is to present the results

obtained for magnetostatic wave transducers under contract

number F19628-80-C-0029 from the Air Force ESD RADC/EEA

Hanscom AFB, MA since obtaining the results presented in the

Interim Technical Report

In the earlier report the analysis, computer programs

and graphical results were displayed for the flat field,

basic theory magnetostatic surface wave program, the micro-

strip model for surface waves and the dispersion relation

for generalized surface waves. There was also presented

the analysis for complex impedance for surface waves in

free space.

We here present the analysis and computer program for

obtaining the dispersion relation, group delay, magneto-

static wave power, radiation resistance, radiation reactance

and insertion loss for forward volume waves and backward

volume waves. Included are the consideration of ground planes,

apodization of the fundamental mode, multistrip meander line

and parallel grating and isolated independent conductors for

a uniform current distribution without variable coupling.

The analysis, computer program and its use together with

graphical results are presented.

The analysis for obtaining the dispersion relation and

group delay for volume waves with arbitrary orientation of

the biasing field is presented here. The computer program

and graphical results for cases of interest for the generalized.
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.dispersion relation for volume waves including ground planes

are presented. Also included in the report are the results

of attempting to obtain nondispersive, electronically tunable

time delay elements by combining the group delays for volume

waves of two different biasing field magnitudes in the same

specified orientation.

We also present the analysis of incorporating a non

uniform, hyperbolic current distribution in the basic magne-

tostatic surface wave program. The computer program

accomplishing this task is also presented.

-4.
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Basic Theory - Forward and Backward Volume Waves

The basic theory leading to the dispersion relation, group

delay, magnetostatic wave power, radiation resistance, radia-

tion reactance and insertion loss for forward and backward

volume waves for a transducer consisting of a YIG region

sandwiched between two finite dielectrics (see Figure 1) is

here outlined. We follow the previous work on surface waves [

We start with Maxwells equations

VxH= ; V.B= o (1)

VX B V-D =o

and the constitutive relations in each region

B=o (i+4) (2)
0

,°.E

where M is non zero in the YIG region only. We utilize the

gyromagnetic relation in the YIG region

- = -y MxH (3)

and retain first order terms only.

We assume the time dependence of all physical quantities
[- t be j wt

to be e , we also assume the magnetostatic approximation

Hz =E =E = 0 (4)
x y

weE = 0
z

and no variation of any physical quantity in the z direction.

3
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We have

=-j B (5)

Zx

= jw B
x y

Also

B x  i x  (6)

B y O Hy

in the non YIG regions, while

';i in the YIG region; where, for forward and backward volume

~waves, Bl P2 =  p2 =ao (8)

and, for forward volume waves, (9=o in Figure 1),

B 2H

.' ll = + 2Ho 411M

o y

0:i 72 -f2 (9)
V22 = 1

and, for backward volume waves, (9=900, *=o in Figure 1)

4% u~l= 1
(10)

!:..:! 22

2H411M

~~100

where

Y - 2.8 mhz/oe ; 4HM = 1750 oe , f - (1)

4
h. . . . ..o
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.

We define

a2  (12)
1122

so that

o+  HO 41MoM forward volume waves (13)

2 ) Hf
a o

+ y backward volume waves
f 2H 2f

yH 0

and, in order to have volume waves,

a 2 > o (14)

Solutions are sought which satisfy boundary conditions

B = o at the ground planes and continuity conditions on Hy x

and By at the region junctions except, that at y = o we re-

quirr 'Ix to be discontinuous by the amount of the surface

current density, J(x), supplied there.

Assuming a solution in the form of a potential function

= R(y)e j (wt-kx) (15)

where

H = a-I and H = a (16)[ x ;)x y ay

we find the form of R(y) in the non YIG regions as

R(y) = A. e kly + B. e ikly i=1,3 (17)

and in the YIG region

R(y) = A2 cos alkly + B2 sin alkly (18)

Attempting to resolve the boundary and cr itinuity conditions

results in a quantity F(k) appearing in the expressions for

the constants in (17) and (18).

5
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For forward volume waves

F(k) =sin lkld e-lkld (a cot alkd [(coth Ikit +1-)21klt

(coth Iklt 1-l)] + (2 coth IkIt l)+e-2IkfR (2 coth IkItl+l)}

(19)

and, for backward volume waves

F~k) sin aIl e- Ik Id  2ki
Fk= IkId e - cot alkld [(coth IkItl+l)-e-2jkI

( (coth Ikit 1 -1)] + ( 2 -coth IkIt l ) - e
- 21kI ( 2 +coth IkIt (20)

where Z, d, tl1 are the widths of the three regions (see

Figure 1).

If we require that F(k) vanishes we obtain the dispersion

relation

a (coth [kitl+1)-e- 21ki-E(coth (kitl-1)]

[(a2coth IkIt -l)+e-21klR(a2coth Ikit+I)]-I forward waves

[( 2-coth IkItl)-e-2ik i(a2+coth IkItl) -1 backward waves

(21)

which is solved numerically, by iteration, to obtain k as a

function of f.

There are an infinite number of solution modes of (21)

corresponding to the multiplicity of the inverse tangent func-

tion. For each mode the solution for positive k (s = Ikl/k = 1)

iz the same as for negative k (s = Ikl/k = -l)since only the

magnitude of k appears in the dispersion relation.

The bandwidth for which the solution is obtained is

" given by

yH < f < YNIH (H° + 4nM ) (22)
-- 0 0 0

6i



We can now find the group delay from the dispersion

relation curves, k vs f, by numerically applying

vg k (23)

We can find all the constants in the solution and pro-

ceed to find the field equations as for surface waves
[4]

The magnetostatic wave power is then obtained from
1 t1

p E H-dy (24)
2 z y

-(Z+d)

utilizing (5).

We then find

2

P =w OG A (25)

41k1
2

where k is obtained from the dispersion relation, and

-Ikid ik
G = e J(k) (26)

j" ' k'=k

For independent conductors

IJ(k)j = I sinc 21 n li e- (27)
i=l

where £i' a, pi are the strip lengths, strip widths and

center to center spacings for the N strips and n=l for a

parallel grating while n = -1 for a meander line and
sin T x

sinc x = (28)TIx

For uniform N strips we can write

Jk =V n eIlnJkpNI (29)
1 sk i : snc e

7



For the quantity A in (25) we have, for forward volume

waves,

2a

A = 2e2IkI t sinh 2lkl 2ki)( 2+)k. si2ckdCO2tkd-

+ kI2kt 2
2&n sinh2 Ikjt1

11) 2 L 22.2 co 2±ikn - 1kin t kd

2e 21 kit C {2_1)dlkI- __+1 si 2alkId + (sn ~ 1-21kit 1)

2 2 CS

+ e4 1  lti( 2+1)alklV- 2 -1 sin 2czjkid - (cos 2ctlk~d-l)

+/sinh 21kit,- 21kit (a + ( 2 1 cos 2cxlkld+2 sin akd

2 sinh 2IkIt 1

and, for backward volume waves,

-21k1. 2 ~ 1

A =2e (sinh 2jkjt-2lkj9t)-(CL +lflkld- 2L sin 2cijkld+cos 2ajlkid

4 (sinix k + - f cos 2ctlktd + s n 2~kd

2 sinh IkIt 1  2tl 0

+ e 2 1 k 1 2 ' 
2+1 ( 1~j sinh 2 kit 1-Ilj

1(-)dlk 1 + in - 2inhlkl 1

2 2c

-4 e(a kI~. 2+1ldlkl. (a 1)2 sin 2actId -cos 2alId

Ik~ t [ - --T a



<1

+ sinh 21kt 21kItl / 2 2_ c o s 2 a k l d  sin 2lk( 2sinh jkit 1  2a --cs- i~~ a ci

Proceeding as for surface waves [1  the radiation resis-

tance is

41PI
R = (1-n) + (i+n)N 2  (32)

for one wave.

The total radiation resistance is

Rm = 2R (33)

and the radiation reactance is obtained from

R (f')df'
Xm(f) = - (34)

by numerical i-itegration.

The insertion loss is then given by

IL = 20 log10  4 R Rg 76.4 106AH Ar (35)
(R +R +R) 2+(X +/2

where R is source resistance, RL is conduction loss and XL

is a series matching impedance. AH is linewidth representing

material loss and Ar is the propqgation distance.

We thus have relations for all the quantities of in-

terest for both forward volume waves and backward volume waves.

In figures 8-17 are presented graphical displays of the

dispersion relation, group delay, radiation resistance,

radiation reactance and insertion loss for forward volume

waves and backward volume waves.

9
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Dispersion Relation Generalized Volume Waves

In this section we obtain the dispersion relation for

volume waves including ground planes when the biasing field

can be in an arbitrary direction (see Figure 1). We have

the permeability tensor components appearing in (7) as[ I] '[5]

ll =1+ y2H (41M o ) (sin2 0 sin 2 0+ cos 2 0)

y H2  _ f2
0

, 22 1+ y 2 H° (41IM o ) sin 2 8

y 2 H 2 f f2o o
0

-JIl2 = jy (4flMo) sin O(f sin *+jy H. cos * cos 6) (36)

0

J1121 -jY (41M o ) sin 8(f sin 0-jy H° cos 0 cos e)

o 0
y 2H 2-f2

0

where

y = 2.8 mhz/oe , 4HM° = 1750 oe , f = (37)

The solution is in the form of a potential function

such as

= e j (wt - k x ) (Ae klY + Be-JklY) (38)

in the non YIG regions while, in the YIG region, we have the

form for the solution as

= ej(w t- kx) (A cos clkly +B sin clkly)e - 9kby (39)

where

2 . 2 1 1 2 2 2 7
4p 2

,. 41-22
": 2(40)

10
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b= - j ( U
2 1 - U12)
2 p2 2

and, for volume waves,
2 > o. (41)

Here we note the additional propqgation term containing

b in (39) which vanishes for standard forward volume waves

(8=o) and backward volume waves (8=900, *=o).

By attempting to satisfy the continuity conditions and

boundary conditions we obtain the dispersion relation

(coth IkIt 1 )~-e21kh (coth Iklt -l)cp 2 2 cot clkld =
i~ot [cot Ik l b) -

coth jkt 1 [c2 "22 -(j" 2 1 + bU2 2)2

-1 + j I (coth IkItl-l) (Ji 21 + bp22) (42)k 1 J 21 + b22 2

+e -  {coth IkIt 1  c2 P22 (' 21 +

+1 - j k (coth IkItl+l) (uJ 2 1 + b22

There are an infinite number of solution modes for this equa-

tion corresponding to the multiplicity of the inverse tangent

function. For each mode there is one solution for positive

k(IkI/k = s = 1) and another solution for negative k(h = s =-i).

This dispersion relation reduces to the ones obtained

for forward volume waves and backward volumes by specializing

the 0 and * values.
The bandwidth for the existence of volume waves is

known to be 2]

L 11



-I""Y VHoIO + 4T1Mo sin2 6 sin 0) < f < ' H(H + 4M o )

(43)

Dispersion relation curves are presented in Figures 3-6.

For the group delay we evaluate numerically

v =3/3k (44)
g

12



K. Non-dispersive Time Delay

The dispersion relation curves obtained in the plane

defined by O=o consist of a backward volume wave curve with

a forward volume wave curve as shown in Figures 5 and 6.

The frequency at which the changeover from backward volume

wave to forward volume wave occurs is given by[2]f 2 0)

f= Yj H O (HO + 4rIM O sin 2 0) (45)

This critical frequency is at the midpoint of the frequency

spectrum when 0 is approximately 430 as is shown in Figure 6.

It then appeared feasible that, if two volume waves

with different biasing fields were joined at this angle 0,

we may be able to obtain regions of constant time delay.

Figure 7 shows the results of such attempts, one curve is

the joining of volume waves with biasing fields of 2500 and

2125 (oe) and the other curve is the joining of volume waves

with biasing fields of 2500 and 2200 (oe), all at the same

position 0=o0, e=43.19°.

The results obtained can be compared with those ob-

tained from the joining of a surface wave with a backward

(3]volume wave

13

.. ..



Hyperbolic Current Distribution

13 To be considered here is an alternative to the flat

*field current distribution J(x) which will now lead to a

* .replacement for the transform function J(k) of equations

(27) or (29).

With P.,, a, p being the strip length, strip width

and center to center spacing for the N transducer strips,

the current distribution now under consideration is

JMx 0 cohx(-lp6- i=1,2,... ,N (46)
a sirih a2~

a/26a iPxai_)

(see Figure 2).

where 6 6 (47)

for some given 6~;jbeing-V1.

With 1I =1, the Fourier transform gives
0

N jkpN a/26 a2_ a2 a2
IJ~)1 n ( ek [A e +A ea/2Sj(A ea/ +A e

sinh a/26 \l jkp k2
a/2 6 1nea2 -7)

(48)

where

A=d 1  (Cos C + Cos f + f sin c + C sin f

2 1 11 1 1 1 1

A2 =-d (csn f inc os 1 -c Csnf 1  (9
3K 1 cos 1

A 4 = d1(sinEf1 - sin c) I f 1 Cos c 1 + C1Cof1

14



and

d a/26 ,c 1 = +k-i ( k- (50)

When apodization is considered we obtain, instead of (48),

*-jkpil a /26 -a /26 .,a. /26 -. 2
ijk [Ai e i +A 2 ie ~ JA 3 i e +A 4 ie 1-

* J.Ej= sinha 7.26 a.2 2 2 _
i1 a/i 1 (k 2 ~

There is no consideration for a truncated array of normal

modes here. When equations (48) or (51) are employed in the

basic theory program we have the basic theory for a hyperbolic

current distribution.

15



COMPUTER PROGRAMS

A. Basic Theory - Forward and Backward Volume Waves

There is o computer program operational on the CDC

6600 at Hanscom AFB, MA which incorporates the results of

the basic theory for both forward volume waves and backward

volume waves. The program produces plots on the Calcomp

plotter at Hanscom AFB depicting the various physical quan-

tities as functions of frequency. Plots as well as print-

outs are obtained for wave number, group delay, radiation

resistance, radiation reactance and insertion loss.

Flexibility is designed into the program so that one

can choose the solution mode for (21) and whether we have

uniform conducting strips or apodization in strip length,

strip width and/or center to center spacing. Additionally,

the program provides the relevant frequency range from (22).

Now follows a detailed description of the input cards

with details on the use of the above described features.

Columns 1-72 may be used on the first 5 cards and columns

1-70 may be used on the last three cards.

Card 1-HO, tI, d, 2, mode number, option

These six quantities are here supplied separated by

commas. Lengths are in meters. Mode number is o for the

fundamental mode of the dispersion relation (21). OptionF. is o for forward volume waves while option is 1 for backward

volume waves.

*FORTRAN

16



Card 2- AH, Ar, N, n, RL

Here are entered these five quantities as defined

earlier.

Card 3- first i, At1, £i option

" Card 4- first a, Aa, a option

L Card 5- first p, Ap, p option

In cards 3, 4 and 5 three items are entered for each of the

quantities £i, a, p. For each card; if the option (third

item) is o then the dimension is entered for the first strip

(first item) and an increment is entered for the remaining

strips (second item), but if the option (third item) is 1

then the dimension is entered for the first strip (first

item) and the increment (second item) increments the next

-2-1strips and is then a decrement for the last - strips.

The number of strips, N, must be odd if the option is 1.

When there is no apodization the increment (second item) is

o as is the option (third item).

Card 6- heading for plots

Card 7- heading for plots

Card 8- heading for plots

These three lines will appear as headings, in the same

order, on several plot frames.

17
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I FI (CFN EQi. J.I) CN=t I
7 F~ (flPN I EG. K)fl=1,C44 2

* W G' .1. 37. GC TO

x .X C 1 )4 (2o*CA+T I+(C"*i- lo ) 4C 4-SN 0(C*4 2+1 r/.,/C'

AC TG I G

7-T O*LJO- GFEL4 **2*(P'f:24P34)dL./CA4+2

2E.= 1N.?J1
L= 1.V(

uV y' =I L; /' I( SNJ .1

-* W -! - ,I L -0 Y

T r-f ( F11 /U Y Y

I F .CV It(. Ph~ 1 0F~
(CFN' . if CN01 16 *

(U l oE C( *D

* ItI *1. ?.)GC TC 4i

2e *C-.C~1 -. CA' 1 (C 2 - 1. ) q 1CA -S GN' (C* 4 2+1 )2, /C~

G CG C Uc.'T H< (C ACUTH(CA LL C AA E (L ( C I ( EL )4#),(54(c
X -:;r l~ I) -(C C 21 + I 2'~~ C )-C11 s2 ( 4 ~AL 2 c 4 10 0

*r CC I sr

4' i:.-NTI

ft( J) = o o0- CEf F.A 2 14V+P3F1)4C
(J =A 'I".!( FM (J) (I T)+( E ) 2*

r* j W~71 , ( FP (1 ,F 41) 1= 9j 1: J
-. I-r 72, ( Fm(J); ,~(j) J'21, J1, L0

IF (11 IN:C I JI) GOa 1) 'SO

P F *1rN 73, C FP 1r ) ;1 (D) , I'=, 11,1 J)
F P C (I
F I L FF (l11
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P 1NT VF" ) ,PX (I1), 1=1, ,20)
rr. t. I=,

XL :?,. P-P F"(I) ;;ELL

L I
IF (I .L( 2 . 1) L--2c .P (I = 2 . h LOCI C ( 4 , OP (1i) / Rr,) /*

• X ( 1 +(FT ( I)+ L ) / ;(?) + *
X + t IPX (I) +XL )/, G) -Z 8)S P I( ) =SLPP ( -7 C 1) E LH+ 1S T/
X(2. F L : . t (F P (I+i)-I P(L-i ))/ (CAP (141) - F (L-1)))

:X" I ,+(;.IT (I + ' RL 9 ) - 2
ix +((PX(1) +XL /1 r) 4

Oil rl 1'/ 7 tE-' o )-/t U L LH* DI S 7
X (2,'PII1.,E" (FM(1 1-I+I (L-1))/ (C AM(141-CA -i) ) )

S. CCNIINU
P I1 77, FP ) SIEPP 1 ,I= I M 91(l

F Il 7u,(IFP i) SE ;M(I 9,I=i M giO)

F C nl . 1 F Ir .,
Y 'IN:= TNT ( F iEGO) I Z

, )<X-F NI(.j 1-FH I)-A N IN . aul FLO) 4i,

Y. I k L..
C = IoL;
C C I- I =1, it

IF (CA P(1) ,GCi ,F) CAP(I)=j.Eo

13 TF (VCP(i) .GI iLCu.) - VGP(1)I: pJo
£ C I., J: I j

VC (J)=AC( (\^GM , J IJ
1, .# I (VCM( ,G . CU. V G(J) 101O.7: "

Vx= ".1 .

C LL FtC1 (:.., 1 C,,-3)
L L L Y *.0L Y "1 ,' cL ,t ,HEAD90 ,70)C L L ".Y M : OL(I a .9 ,EI qH E A UI , 14

4 L I Y MrOL (. z ,,. 9.1 , HEAD2 ,0, 70)

CALL A50(bA.,.,,2HW E NUME, Kt4) (1IEIE,2,),.,YMINDY, Y)C IL L iDXIF("(15, . 1, -F R I:Q N C Y  I(HZ) iE 0 o,,(M I N 9 1 eY)

CJAL IL INF (F-u, GAM ,
X JI 919 di ,,XMINCX, YM IN ,b Y , . C )
r IL L F L 0 ( . 9 L ,-3)
CALL YM'OL(° (, a , ,.1, HLAU , )
C LL . YMPrL(. o,9.o,o,HEAO1 ,J, ?,)C, L L SYM30L( 9 ,v o , 1 HEAO 2 Q ?7)
C 'L L ... AXIE,(" C. ,, w. AVE NUM tm K(- I I ET R) 9 , C , Y MI N UY , Y V

r- n.L L AXI. ((C. qu jo I-FRtQtENGY GoZ,- =, , , XMI I.0 ,YY)
C e-L L L INE ( F P, AP,

X 1,Iv U ,I1,XM1N, CX, YMI& ,OV , .G8)

rYV: U'
LALL FLCII I- , 0. ,-2)C gL L YMRO L( 5 9 otHLAD10 7 al
CA L L YM490 L I o5, S o .t , HE AD , O, 7u)

C LL .YM OL(.L; * ,,, , a 1 AD 2, 0, 70)
C LL AXIs(Z,.,,.,

X c5HGRCUP CELAY/CM (+) L. C),25,)X ,C .,t MINOY YY)
C 4L L X I S(fC t 15 FFR tQUEN CY ( MH 7 ,-1 S 2 LX M I LEXY Y)

CALL LINE( F'1,VGM,J1,1, 0,I,XMI4 ,uY ,YMit, Ef , ,oe
C AL L FLflT(i'3.,Li. 9-3
(:LL SYM9UL(.5 -9 .6 .1 9bL AD1' ,7c)

-LI '.YM-OL (. ,94,.,HEA2 J, ?u)
CALL AXF ( C'.,i.,

X "12HG CuP DELAY/CM 1I (W !LC,2,X C.G,YMN,3Y,YY)
CALL AXIE ( Le..9,15IF4I tQLENCY (PHZ) 9; !92 9, 0 .XMI cxY)
C LL LlNr ( FVrI'11,,g 0,1,,XMINLX,YM1 ,C ItuL)

0i v = ..
rC 27 I:1, 11
IF (CF(I) .,T. 300.) 4P(I J=3 6u .
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A .

L LL i k *, e vj 1-F1QULN(Y PVC~H7) 1-i 97 qU. ,xmrtcxyyi
t ~L L L I N 1 (P,. CI ,IuiX M IN LYYM~hsL ,I' a ,%b)

-<~T ,r 0;(J et.~ ) Wm( JI)j=
TF (PP(J) G31. 2 C 6 C P J:2 OII.
I F I (HJ) e;T. 3COe) R T(J) =300 *

r -LL AXI (J UO.?7iRLAfl F_. PLUS V (CHIS),27,1L.,99de,

rAL L L INC (F M 9-)M IJ119r) ,jXMINvCXvY k 91) N I e

CZLL AXIS(d.9,,22FRAJ. RES. TCTAL (CQMS)v2,10AtS( .YMINvOY,1O.1

C' LL L IN ( F 0-1,T ,Ill,,,1,XPINCXpYMINuY,.Jb)

V 11 1N:-1 u Ut L.

C -. 1 i

ir (PY ( ') e L T -2530 PXI)=25qe

C tN iINUL
r L L FLO! ( 17.L e I ,-1

r r 1=1 , I

iF (Er P ( I *L I *-b9. ) SERP (I) -bu .
-7 - k P ( I) .1 , -8-) * ) SrM ( 1) -6 L-

r 'qv.-11 KU,

-ILL 2Y1'OL L e .,EO~,?

C ~L .'2M~flL 4. , 4 ,,j. I HEAD'? 9- * ?L,)
C I'LL t XIf C . , . Zrt61-INS. LOS!,t'INUS %fiVE (C3) 9269 ke9SO.,YMIN9

L L L INF F I S Po,1 9,(]N9XY1~C

t 4tLL SY'1tL(.*,1. 9 . ,HIEAO1,Jur1)

C ;L LYit (a S E~Pl IOE0iX7'mINfXP)tY.
I L t M10 . 9 U2 J 7

L LL P.KN X 54 hQECY1H xih9x9Y

L LL NEr' FM 9 , EP 1 1 19019.MIN x Ti: ,15iX, IN I ,Ei9 7F

F (0'iv I' P ~C1~IT t. N t~CL'
7E FC 0MT(/ X a*F~ , totL(SS- ii I I- L= 9,E 157/)

Ak 5y'T(/1~,F Lc5?1UIS ECS (4 3 e 7 Sk15.7#=",F
6 3 FLtAT( I: X, I 10 X "FCIJ ZED 1- b 1 E51.) 7
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F C V 1X A (' 14 .= .,F 15. M)r (F t, T X P(I 14 L ' F 5, 711

*- FC PAT/(,IuX F= ' fFLY (47 1 AEE15.7/11. , -( - , (7 A.:b

FLNT1ON 'OTH( LAC(I ~ e TL.,T NH IL 11
;-TL'VN

FL( N;TICN CCT(CAI
CC : I/TAN (CA)

F LNTICN F1 Cs)
CC(PMCN D E LT ,,CUY 1 ,PI: NMFCA

I(A ,GI, t75.) GO 10 5
A= L C T'H CA'eL )+1 -EXP ( 4 CA *T1)4 (CCTF (CA4EL) )
GL IC 6
41= C'CTH((A*EL)+I,

E (. (Ni{INbE
';=-I. +COTH(WA'bL)*o IC*UYY)*"2
iF IA .61 bi-.) C0 10 2

C -CG -,((A~rLI* ((.*UYY)* ?

3 C CNI I :UF.: i= AT j C ' UYY& Ail Hi-C.l) I c /[
ir (F$ T Li F , = F T +.A3S(PI/C/O)

F +FTF' 4 ([ENMA PII&/L)

F C ")1cJ~Y'0CC C i 1C

FLN IIGN k.,-HtCA)

-:zIF [[ L~, 7'4,L C"CH=./S1NIH(CA)

FLNCTION SINjC(CA)
Pl1 3 ! 41 5Q 2t5'-

.. ' [ Rproduced from

L . .&'..U,
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*CLt'CN 9,7Li, ,C,UYV,PI,-NMFCA,0PN
IF ICf:N .G .)I

I k(OFN .1G 3
~ ( (c~2+ 1. C 'O I H (CA' .L PEL* (CSC CiL )2)I(t.A.

X ri (-A *))

I' (9 *GT. .)7- . GC TC 3S

x (OFN t-Q.~L-

T f IC IIN *LG. )

X6 -(C *- + Cn-TH ( CA4 EL)

IF (CFN .FC. ;J,)

xC '(#*U ( OH2AOL-

( CIN LGO (i

X("C~ F W,+FLT 1) C,42UY ,PiEN' FGAOPIECrEAdL1(L),PE3UAA2+

'X I .i1 ,Na ( ,A L)-1
::4 PLx(CS p C +2 I C C Si Z C I 4 EI CA )) 2- I C *1)* )/

L N VTiCON G P(L,~ )
CCPrCN F 9.LT.S{IY ZPNI,
C~ r r. EL9 -9L9 U 9 9EN G d'9 L1 E 3U A

C K

r.=,P XL0.3(14! P-(I 9S N C*1 P 1
< TL~: (" *CAf'I)LTP24SQT(~ 1UE
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L ' "01 1 N .- -N, f .S F-

1 M- ' N ( 5) , Y f I

F~ F ,+ 4

t'r i N 11

tF 4MI 4 XM1 ~X (N-?)+ -IR NMi).4 (./6
U~ P7 t: 0 *C- . N M I GO TO0 2 5

I I I I 41 zFl F 1+17)L ,-F- * Z

VF -NF ' N
I (INC *Et * 7)rrZFtNC..FUEL

~ (NC * )GO 1 i
f~~ T ) T + 01 Lq ((R(NI)-PX) / (FEN**F.-F4,v2)
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B. Dispersion Relation - Generalized Volume Waves

A computer program has been implemented on the CDC

6600 at Hanscom AFB, MA which obtains the dispersion rela-

tion and group delay for volume waves of arbitrary orienta-

tion of the biasing field. Plots on the Calcomp plotter at

Hanscom AFB as well as computer printouts are produced for

the wave number and group delay as functions of frequency.

One can choose the solution mode for the dispersion rela-

tion (42). The frequency range is determined by the pro-

gram from (43).

The use of the input cards to this program now

follows

Card 1- H t1 , d, 0, Z, P, mode number

Seven quantities, separated by commas, are supplied

here. All lengths are measured in meters. Angles are

measured in degrees. Their orientations can be determined

from figure 1. For the fundamental mode the mode number

is o. Columns 1-72 may be used

Card 2- heading for plots

Card 3- heading for plots

*-- Here, there are two lines supplied, in order, which are

S.I  used as headings on several plot frames. Columns 1-70 may

* be used on each card.

4
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c 77 A= el 'CK4 A R0S VCLLPE AVE'l
p -I-=~ - ---- ---- FOWC IICLL E WA~tS
PvfG; m O Li ITNFL T 9011 PU7)
[I t~lNEI ON F -CGI r (2)

7IM.NKI 0N I- )I(7),HE32 ( 7
:CPCNI'l 0,.Lw, ! v(,9~UYY,UYXYYI-FI,NtA9C4

F IN(t 61'l
F. I NT 6 ,PHI K1

p FL. 1" i .

CLS

FLO=7, * DP. (4- (I+17r, (SIN(Tk:T)) ('-IN(FHI)) i
Fe -I 2 SO rJ* (4H 17LL.)

N F =1N T I(FHI1 )-1-41 (FLC-- z
Ni: NF/2

IF IF (1) . Li . FIC) FR0 INI *,**F- r)UENCI['l iCC LCW"
IF IF(W) *V.F-i) P-tINT O."riEOUENC~r~ ICC IGH
7Lr~mH El
Ki

f FF=r IK)
TE=GAMEM-E-
TGVM 4 TU/4- (_I( TW921

JvXYYI=T2/7 -jI*I(1IHLT)l'SIN(PHT)
1 MUXtYYY-.. * L)('UYY'

IF (7F:M -LL. F PINI - , N!GiC-ATVE !ClLIRE 9 (OT"
IF f7LM oL. L ) GC 1 0 .S
C=S.Cr-T(TEM) * /U Y y
L i

3u IF f . --G.j !1 r-r 1C r

6C 10C 3
2 zM
3 rcokli~I

IF Ij rCT 1,, C-c To ~3
C tO=Al AN (,' C UY Y/ (I..-UYY)- +LYXY YI~ I-I C/O
IF (V0O *LT. CA. LOA (TC0

iF (T e-0. 4GO 10 il.
IF (j rc.r. .) rjo 10 51

IF(L .Eoo L) -'A0:C8M( -i)

C V =F 7(.AOJ

IF ( S( I 4C ~) /CA')) .LT. J' JY GC C I L

I IF UL (It I) GO 7 C 2'

I F (AZS(FGA Cl. 1.) GC TO
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1F (CA *Lie j. ) GO TO 3
lk F (])cEF

C P(1) =CA
C, F- IN I OC '

L
rn Tr~.)

IP (AFS(rLA )C7 (to ) GC TO 35
IF (COJ *1T 0. ) GO 10 35
rl' tJ)=EF

iAMIJ)=CA

c ~ I NY ~,CA_9= 9 'EF
lF ( . .FQ9 D) SC 10 15

IF U .GT. D) GO 7C 31

15 K=K+j
I.F (K LEo NF) GC 10 50
F;IN'T b 'J

3 . P;JKT 1&9y1..R-TICN 'JO!S NOT CflNViGE.F= ,EF,' S= Mots
1- (L. t0. 2) GO TC 1,.

-C '0 2

6 .Jt% (6$, (L L ) , CAP ( LL) ,LLi, 1 ,

LL 11 1 =1

;- 12 J=I.,JIl

c 11IN'T 61,;9(FP(. 0 ELAP(LL),LL=. TI 5)
C. Fr.17 tt- (FMWLt ZLAMLL)9LL~i.,JI951

IF (I L,7.) VC-P(I)= ./PI$'(CAP(i-CDF(1),CEL
IF (I i~.C, TI) VGP () =5M/PI- (.AP( 1)-C(AF (11-1))/Fri L
I F .0 .NE, o NC I *N~o I!) VcvP(I)=

21 C.CNTINUE
C F71NY f,7 9( FPi Qd( ,IiId

E C 22 jz ItJ1
oF( i~ I ) VG() /I CM( -O~ )FE

IF W oa~o JI) VGI4 W) =5o/PI, (. 3Mh( Ji) -CAP (J1-1 )/FEEL
TF J .NF, - ANCo J *NL.. J.I) VG'(J)z

22 r.CN7INUE
c F jj1 3q( Fm(0J ,Vr-(j ,j=1,J 19 c)

c 1TN2 1=9

13 c V (G ) I 1, oIiP(
r C J(I) C .G I M cb) CAM(I):= *F;b
I F t (PI ).~* t LI-()1

ii- (LLAM(J) Is...~ ELAAW=J1 .. ,

I- I f (Vr-M(J) *G,. 1, r~.. VGM(Jh=i-j.+s

CIL L F LOT( 1 .59 0.,- J
CAlLL Y_$3OL(. 6,, 9HA39,

28



C AL L SYMPOL(..9 .1.iHLAfl29, ,7)

C mL L L1N& PI t, LM.
x ~J1,1 U I1..X M I N,9 CY , YMThN,YV,.Oc)K CAL L FLCI

C AL L SYM3O L~ t t 9 Hr A01 ,~r1 ,. 7
L AL L S Y.4L(30 L 1,.iHEAO2 , J 7
CL LL A X ' (u 9, 992b-WAVE NUM-3E' K( -) (1/METER) 9269 Y,O,YMIN,['Y, YY)
rA LL A XISAT 1,5 ,F~RtUENCY ( MHZ) 9 -1,2 9601XMIt10OXyy)

C-ILL LINF(FP,AP,
x 111, u , IX M 1N , C~YMIN9,Y , o4 d)

C AL L SYM3OL( ot , 9 9.. I IHEAL)19ji, J,7.)
CAL L 'Y;_ L I EO29A97
f, LL L AXIH(, , 4tHhV.LFNGTH (4) (M1CC(Nt) 2'4 XX, ,.,YMIN,OY,YY)
CALL AXIF ( 9 o 1,5H-"iQUENCY (MHZ ),-1 7 92 go 0 XMINcxYY)
C 6ILL LINE (F11,ELAM,0J1,5 i OiMINI DY, v"1 K cy'. C )

C ALtL A XIS (. , _HfoAVtLtNGTH (-) (M](CN5),24 9X X , S YM IN Y qYY)
(AL aX IS ( u. o 0 ,iHF'ft U'NCY ( MH-Z) 9-17,t2 ,OD XMI~ NcxYY)

r-. L L L ItN (FP E.L OF,lt , 1Jgi,Xt']N, JX,Y~iqtL~Y,.18
4-ALL FLOIC 1t'.9,0. ,-2)

C tL L SYMPOL(- ',.9. 1 9 HEA01,d J, 7 .,)

Cs4L L A X I S. ( . ,
Y -",HGmCUP DELAY/CM (+ ) ( K :C ),25 9 X ,.C.,YM1NqDY9YY)

CL AXI S 9., q *.-HF9-UENCY ( MHZ ) 9 I ,Z 9 ij 9 XMI~i[XVYv)

Ic L L F LC(1 ~ 1)
C L L SYM90 L o 6. , 9 ob .1, HE A 0 1j 7J-
C ALL tYM? 0L 4 1 HL AU2,Js 73 )
C CAL L AXt$. .,-'

x '1r,9G cCUP DELAY/Cw (-) (NFC),25,)X 9'L.,qMPN,9Y,YY)

CALL LIN r (FPVCPI1,t ,J,±XMIN,DX,YM( .C',,.Oe
C PL L F N UPL I
Slop

El F C'i8T(S Y ,~ H= 6'E5 /5Xpe ' 11 9 ,El;-. ' ;96 E *I' ",E15.7

b2 F C P1A T(U, L 5 '1F 5 / " 1 .I
E. F C f; AT (/~X. S =- 1*/ (13 )X q F: , '_15. ;. .X9 K +, ,E. . /

P 3 F Cr'MAT f/ f 1V, F: ",, 97 91 X r"'01P (tL CY (4): /

F Nr)
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L. FLNC71ON ClH( L~i
IF T aGT 1, ,u3xYYI
I F (CA *LT. 9 -17. 3 C

KCETk =.,/TANH(G6l
G C 7C 2

C COKTINUE

FLNtTICN CH', A~)

CCT
;- TLQN

FLNC71CN F T(C-,)

r'sC~ (,)
TF(A .GT. U5'.1 GO Tn5

(C Ci H LA* :L) -1 ,).)S;UYAYY I-
t=lr1 +C 0T U(A'E[)-(4C-UYY)- 2+UYXYYJ '02

7 F IA .Gle 6, GO 1O 2

C~C TO 3

3( r N1 IN U-

IC (FT .LT.(E4M PI F/=F A3.(P/L,
- .FC'A=A14C'UY*.O(L4(UAO)I-B+C.
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C. Hyperbolic Current Distribution Surface Waves

There is a surface wave program operational on the CDC

6600 at Hanscom AFB which employs the hyperbolic current

distribution described earlier. The program produces plots

and printout for quantities of interest for surface waves.

The option for a truncated array of normal modes is eliminated

from this program. Otherwise, the program is similar to

the basic theory surface wave program described in the Interim

Technical Report. The number of input cards is the same as

in the earlier program and the use of most of them is the

same. We here describe only those cards whose functions

differ from the earlier version.

*.. Card 5- AH, Ar, 61F option, RL

Here,there are five items to be input,with the first

two, AH and Ar, already described. The third item is 61

which enters (47). The fourth item is an option. If the

option is set 1 then (48) is used for the transform of the

current distribution. If the option is o then (51) is used

for the transform of the current distribution. The fifth

item is conduction loss which is now to be input at thisr point.

Card 6- heading for plots

L. This is the first line for the heading for several

plot frames. Columns 1-70 may be used. There is no

indication now for an array of normal modes.
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CI'4KSICKN P'CGID(31
CIMENSICN F(12.JG)tFM(i2U )qFP(120J)vCAP(12GO) CAf4(l200)kVGM(i20&),

X5 F.P 11( i2U U) ,VNM ( 12 3 , VGP U 21.,
Vit4ElSICN PWAU 7),I- i7 ,lEZ(71 dEALc (7
LIMENSICN FN(5G)XVP(5O)
CCt"rCN EL,ALI1,AL.cEDT1,GSETAENF,AY AvELl(40),FE(4&) ,AA('40J

X LMCCE490LLi,JOPT
VEAL C ,HT I CtG,9EL LN , E1A
1; A~ E ,ELBEaN ,ELCELELOPT
i;EA C *,PSECINLPCEL FOIT

9 & c 9CF14qlS~qLlJCPTtFL
rEAC 1,3,HEAO

9 13 H EA02
E A r CC,HEAC3
LtC ;;:=I
IF (-EAO (1) .EO.* "KC~Ri PCOE 01) LMOOE=2
CC 4,1 I=I, K

L 1 (I) LEEGN+ (I-!)E LOEL

t ( F()=:P3EG IN+fT-1) qFDOLL

Ii (ELCr-T .- C. G .) GO TC 42
~C , 3 1--N EL ,N

E~ LI (I)=ELI (NEL ) - (I-NEt )*ELOEL
'2IF ( ACPT r-C. L,) GO TC 44

rCC 45 I=NELIK
4~ 5 AA I zAA (N EL I- ( I - KEL) 4 ACEL
4. I 1F (FCPT .tO. 0.o) 50 1C '46

CC 4a7 I=NELO'N
'.7 FE(I):PE(NFL)- ( I -KEL) 4PCEL
4E CCNIIUE

F F L :II FC)1
IF PCI T ( F L-N C FLC1-1

4 t F 1 3 E G+ (I -1)F 0EL
I F 4 F(I *LT * F LC) PR iNT ,F EOU NC I ES I CC L CW~e
IF (F'(NF) .GT, Fl-I) PkcINT *9*FEOUENCIES TCC (IGHO
F;I' 60
F ICJ=1
IF (ETA .GT* Cc)G 10 -
El A =-I.
F~r T= (2./EH )* 2

FIT* .. PI C~fi7ING CASE"
Li CCKITINtA

FPIN7 6,HTI,OG ,EI ,EN,ETANF
F;INT *, IJELTA k = . EI," DISTAKCE : .,CI ET
P iv N , R LCS< I~ RL
F1INT ", OELTA *',DELI.

1P., 9 I,EL 1(1 )1=1 N)

F~)1 60
7 F (ElA .ECo -1.) ELL =9874k4-6#EN

r- T b FRO'I C/8H SETH PRE~ 4H3724 , 10H JoWEIN E E GI
C A LIL FLTIO.(PROGIC,2OO.,12o,l. )

A I~. .5~6'

4 Kj
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Clw=EF/'(2o~75Ce)

L22 =U 11
==CCT(il/U 2?)

3 0 IF (M *EQ. 2) GO TC 2

GCC TC 3

3 CCNTIK'UE
ALl=L22*9+S ,Ll2

* DL2=L22P-5*L2
IF (,, .GT. 1) G C TOt s3

CAO=C~C/c
~3 CCN7Ir.LC-

IF (I .EO9 1) GO IC, 51
IF WJ *EC. i) CC 10 51

IF (L .EC* 2) GAC=CM(J-!)

5 CL=.C2*CAC
CACF=CAO+DEL
C gC =CAO-0EL
CtCC=CAO*O
CACCAS(CA0C)
C 0 0 = ABS (C AC) G)
IF(CACD .GTo t,5C*) GO TC 35
IF(CACG .(T. 65C.) GO 1C 35
F 1 C C=FT ( CA O0)
FlC ?:FT (CA CM)
FCt=FCDC-2.)OELF7EC/tFTCv-FTCM)

C A 1 CA 1 .GT (C:7 AC TO)3

CAiC=AS (CAl*G)
IF(CA1D .GT* 650s) GO TO 35
IFICAIG *Gl. 65tol GO IC, 35
FlCl=FT (CA 1)
IF (A3S((C~l-CAC)i'CAo) .LT* .311) GC TC idJ
CAO=C~l

IFU' *GT.10) GO 7C 35
GCIC 5

13 IF (L *EO* 2) GO 7C 20
CACAl

IF IA=SIFTCl) OCT7. I*) GC TO 35
IF (Ci .LT. 0.) CC TO 35
FF( I):EF
CAP (I)=CA

L=2
cc IC: 30

20 CP=CAl
IF (Acc(FTCJ) *GT. 1.) GC TO 3c,
IF (C0 .L - j.) CC TO 35
FP (J)=EF
CAM (J)=CA

IF .' eEQ. 1) GC TO 15
IF WJ .CT. 1) GO 7C 31
I:.J-1

31J:J-i
15 XKK4

IF (K *LEo N4F) GC 70 t0
P;INT 60

Jl= J-1
CC IC 2,-

35 F;IN7 * "ITERATIQt DOES NOT CCONVERGE*F= " EF9* S= ,qS
IF ( b.2) GO 7C 15
L=
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24. CCN1IINUE
FP 1t'0 IE3, FP (I) ,CAF(I) 9I=1911916b)

CC 22 J=1,J1
IF W .EC. 1) VCP(.)=5 .FI(CA~o(2)-Cft(l)),,FCEL
IF Uj ECs 1.1) lG U) 5./PI* (CAM( J1-CAj(4J1jI/FCEL
IF (J .NE. I .ANCo J *NE. Ji) VGM(J)=

VC F,/FT*(CAM(J~l J-COM(J-1)) /FOEL#.5
22 CCN171'UE

CC 21 I19,It
IF (I *.-Qs 1.) VCF(l)=5./PI4(CAF(2)-CAF(1))/FCEL
IF (I a.ECG. 11) VP (DI):5./PI (CAP( i±)-CAFE0i-1 ))/FCEL
IF QI NEe 1i. AN[. I sKE. Iie) VGP(I)=

SCCN7INUE

* FINI 57, (F0 U) ,VC(Q Iz t,1, 10)
jC=J1/2
CiPM'ICAM(JCl

CtM CAMG-CAM~(J)
CAMN=CIST4 CAMN/PI
C.AMN=AMCD (CA MN, ".)
IF (CAMN .CT. 1.1 CAMK=CAMN-2,
IF (CAP'N LTt. -1.) CAMN=CAMN#2.

2~CCNTTU'Uf
F;TNT 6E)

E F F PI)
C =CAF (I)

Ct I+E:F .'(. 7 6)

- SCVUlliU

A L2L 2 B -S U 1.2

X'tCT(C)-CA'JE*l(LS-(CiEL-CifL*(EC(A2))42

P2 5 (RI CA) 2) (E XP (2. CA 0 1- I~ 2 C(A 2)

X* (F )(F (2 C G I)-RCA) R2CA*AG

G C A C E(CA )FF(): O-"JO- GECA -##P+2P4~)/fslCD442Z4.5
F ( 1h=4oNPF(I)

-: FIF( l)=FACTNRP(I

- - 1 0
c 2E J~ljJ

LF~cI' (JI

I !!l .- CMH /( CM*2-CH' 2)
L 22:Ll
L A2 =C P (OM 44 -OM)- IV2)

A L =U22* S' Li 4?
A L ? =U22 2- + LIZ
C1 =(T(CA) .1. )- 2(IAN)- (CA'EL)- CA' EL ( C CA'EL)) "v2)

F CAC(C;A ) *PP(AO-i2C)*Y(C* )' 24
X* IJ): C,*T )'J CA11 (LSCI(A*TF24P3+F2)/.D'

P .2-3F(A4#2 *=) (.CA C) s 254( M )*N



qt-(, )=FACT*RP(J)
E6 CCIQ.IINUE

P;IIYT 60

IF (11 oNE G 'C 10 9 C

P;IIYT 60

FFI = F F (1)
FFL=FF (I)
CALL lTRAN (RTPXqIIFl-iFPL)
F;ITY 60

1,= Nl-P

CC :4 1 19t
XL z2.I F FP ( I ELIL

V )'L=YL'I.Eb
KL = I

IF (I oEO. 1) L=2

SC RII)= 20.*A LCC-i ((4'QP~M(I) /RG) /

SER(I)SE~(I-7E.4*UELHJDISI/

X I 60 (I+P
PV5I!(IT=7E,(Fl)-7,94*P(I),II dO

PGIr r 60

YPtTi:.!500*

YVIN=250C.
F ECC: * 0l1-C,

YfIt':AINT(F3EGQ) 4 1CO0.
~=AIN ( 'FHI) -A NT I. 0iFLC)+l

SX =I G coc
y6 J I , =

I F (CAM (J .GT. I CCOO 0o ) CAMU =300 C C
IF (%C-M (J) .GT. I C [Lo ) GM (J)= 10OJ o

SE CCKNIUE
LC S7 1=1,1I!
I F (C A F(I) .GT. 103CUO* CAP(I)=lC3l..
IF (VCP(I) .GT. ll.CO.) VCP(I)zi0O().

S7 CCIY71NUE
C AL L F L CT( 1 51 0.,-)
COLL FYM 00Lio )C., 8 ,.I. HEAO0,p7a)
C AL L SYf0ROL( 99 ,*..,9HEADjO,?7g)
C AL L S Yto ROL (.3 , S 94 1 -19 HE AO 2 v, Ju)KCALL SYMeOL( 05SO~29 1 ,HEA0310,70)
CALL 4YS o. 24Y NUMBER (4) (i,1M) ,2191i(.,9Eo.PINOY 91L.
CALL AXIS (a0 o0 91HF~xEGUENCY IMHZ 9- J- ,) X ,C o 9X14 I] C X,10
C AL tL LIN E (FM9C AM9.i 9i,90 919XMIN,0DX YM I , E I, o E

CALL FLCT( 16o ,0 9,- 2)

X ALAI(0 ?5HGr-CUP DELAY/CM (+) (NSEC)925 1! OiC:YIQ91
CALL AXIS (J.,PU9,i!HFREOUENCY (MHZ), -15,)XI8), Mlt X-Pio.
C AL I LINE( FPVt-J9 019M~rX9 ~

CALL FLCT(16o-p0.,--)
CALL AXIS (.,Cs,i.SHF'ECLENCY (MHZ),-159 X ,C.,Xt'1tCXqi0.
C AL L LINE( FPCAF,Il,i,0,iXMIN,DX,YMI ,CV,.C8)
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-j ~ CAL L AXIS(1., Go -~
CALLG CUP(.i.. DL LAY /Cf' (- WNtC ,29-l S&., so .,fJNOY,10 )

LALL iXIS (, q.,15HF4EQUENCY (MHZ)9-159,> SXIN0tis
C. C)L L LI NE(F%-VG~ ,I2,x19,1,XMINODXYMI~,Cl,.OE)

CALL FLCT( lo * 0CALL AXIS(I&.,?:c, dN0RMAL C15FERSION M* 9229 10 9 sc YIoY1e
CALL AXIS (,9&9,15HFIECUaNCY (MHZ),-159)X 9 1MN61o

E C N TNLIE
CC 9 J=1*J1
I F ( (~J+J) ,.GT e Ji) GU TO 5?7
F N (j):FM(jj+j)

IF (J EC. 1) G~O IC 5'-
IF (%!d(J) *LE. V14tJ-1)) GO IC 59

SCCIYIINLz-
~7 .2=

CALL LINE (FN.V.1,J2,1, u,1,XMINDXYMI%,Cit.8 )
.J4 J2

1F f (JJ~ ) *L E. J I) L-C TO 5d

CC 27 I=1v 11
IF (F(I) .T. 2ECLI.) RPMI=23uO.

7I C C N7NU\U

UtLL AXIS L,o,*274RA0. RES*,MINtJS UAVE (CH14.9,27,1ao.9u*,

CPLL AXIS ( -. 91EF GrNYIH ) 51X a9X NIyqt
CALL LINL(FP IN 3~1XINXYt1,Y,.O*
CC 2e J=1j9 J3
IF (;P(J) G~T. 34Cus) 4M(J)=30w. 0
IF frFP (J) .GT. 2CCC.) rqM(J)=2..j1
I F (FT ( J) .G T. 3C09) RT(J)=30.o
IF (PT (J) .GT. 2 C 0 E) r(T (J) =2 aCO*

ZF CCN7Ir~uE
CALL FLOT(17o, C . - D
CPLL AXIS (a.,bot27HRAD. RES., PL US WAVE (CHOP, 127 Ile 9 930

X Y tI N ULY,1I-)
C A LL AXIS (C .9 0991!FvEUENCY (M HZ)1 15 9X q G 0 9X H I C X,10 )

CALL FLCT( 1?.,0.,- Z)
CALL AXIS~b.,.,o22HRAL. RES, TCTAL (CA)2 ISE YMINgOY91O.)
CtLL. AXIS (I ',0,lHF-ELENCY 4MHZ)-15,yC .XP~iCxia.
C 4L tL ~I NE (FP7t I I'I19 U 1X 141N CX 9Y M N 1) tYICX81
I '

YF'IK=-250.

C C ~2 1 1 , .
I F (FY (I ) oLT. - I E EOL FX(I)=-i030C.
I F (FY11 I) 90LT - 2 SC *) PXc(II) =-2 r-
I F 0( I ) GT. ICCCOo) PY(I)zl'COOO.
I F ( X (I ) G To 2 5 Ea) FX (1 2 EC.
C cNi INUE:
CALL rLCT( 17. ,C *
Cj!LL 4XIS( C ,9 22 RAL. o EAC TCTAL (CQMSh22 9  tYMIN 9 0Y,0o.)CALL 4XIS (0 ., 0. 9EHFNECUENCY (MHZ) 9-15,) ON oqi510 X99

KCALL LIKF( FP ,PX ,11,,19 0 lXMIN ,CXYMIt 9 0V 9o0G
LC c" 1=1,11

IF (SERP( 1) QLT. -80O. ) SERP(I)=-8'j.IF ( EFM( 1) .LT. -6(O. ) SERt(I)=-80j
G3 C K ITh L E

C AL L !: 0 L ( o'e', 6 1*, HtMAO1, 0,7CALL -YMQOL ( o)0-* go4,tHEAO2,5, 70)
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CALL SYM8OL(*599.2,.lHEAD3 0,701
CALL AXIS(Cog,.,261 -I'~ LO ,MINUS IVE (CS926, toSC.,YMIN,

x r y,910 0)
C AL L AXIS (J.C* 915H4 'EGUENLY (MHZ),9-15,vYX 90 e9XS I .,iCX9 iG

C A LL FLCT( ISeiC.-
AL Y('3OL( .5,t .E,*1,HEADOd 70)

CALL SYMROL( .5,9..,.iHEAD290,70)
E AL L SMOL( .5,' 9*1,.lEAO3 0 71
CALL AXIS( C. 9. ~tN. LCS 2U EhV ICE) 126, t .,SO.,YMIN,
X tl Y11 %- I)
CALL AXIS (0 0.,vI HFk EOUENC Y (H Z ,15 9N , C ,XP I C)(9 10
CALL LIINE(FMgSEkt'l, ,Q90lXMlthDX,YP1NCY,.CU)
CALL ENOPLT
slop

SO PCINT 76
51OF

El F C POA T(5Y," H= ,E 15 .f/5X 9 T1: 9 E 7/ L = E 5.7

X N= 01, Ei5 7/5X,-FT A",E5 7///9,'t(. CF FOS AgE "PI5)

f 6 FCqAT(/// (lCX,"F-- %Ei507tl0X 9"P (- I = "~E7)

E17 F CPPAT(I // (I OX ,"F= q h15 7, 1OX "RPIO. =EC *J1AL: E157/)
Eo F(CrKPAT (///E1X "LI=", I 5.C/XAO -9E ~ 1.7E9 = E15 7/)
76 9*IC E!5.7/5T "N2 A",E15, ?XIS 5F,,"OErl 'VE 5 I7L)

77 FCRMAT (/,(l.X9'F= ",rI5.7,1CX,*INS. c L(S s(-1 ,PE5.7/)
7 2 F C FAT (I X *.'F= ::,l5:7 IGX m INS. I ES~ (s M ' .E1.7/)

73 FCRPAT( .63X, "F= 9 t:15 7, 1OX,%0ROAD. FEA3Y (4)L ' tE 15 .71)

77 F CRMAT1 F I/ !,X,**M OISPER7910"Ot' ( I) E157)
76 FCRWA(~F 1, ,EI= Gpr'1 CUI P INS*Y (SE M

6?FCC:PACT EL , X, "A2f, 1,T0'G=SE 1AEN7/,)yI
P7FClMA (i/T Xo F"14,C) 1e71)

FLNCICN CEOJi(CA)
CCtHCN EL, AL1,A12 ,9,OTlG,S,~.AENFAY,A
IF CA *L 7.0.AK(C) .H1/O -CA

ENO

FLNCTION CECH(CA)
CC~fICK EL AL1,AL2 ,EOTl,G,St7AENF ,AYA

IF (CA e LE o 7t. C SCiHl /CSI- ICA)
FTLRN
ENDC
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FLNCIC7N t-.(CA)
CC P'Ch EL, AL1 A L2 9%tlt 1G SvE IAENF 9ArDA
F17 =El(9C4'*RlA , X(AC-eC)E (-CA4G))

X4 S'71*(CSC~i( CA* 71) )**

F 1T3=

EXF (CA" G)-(COT I- (*T 1)-1. )(1 .+AL2) -EXF 4-CA* 0

x XC(C71 1.1)(CACAl)- -LIEXF(CC ICCI 1- 4WY1 #1

FITL4=F7 rfFTT6
FIi:.=*FT4FTT2+F7134F7T4)
r TLI
EI

FLKCTION TCA)
Cclpch CL9ALI,AL~qE9OTlG9S9tjTAEN F AY A
I =(AL2ITANg(CALLI)/(ALITANH(Cilq )3
RETURN

FLK.CTICN FTCCA)
C C 11flCh E L 9AL 19A L 2 9 90 9,iG GS 9 L AEN F A V A

Fl ~5~((OTI(D~1 )#R2 (CAV)'JV?(-lA'G) 'EXF i-eCA0D)
X- IC C71-(CA* 1 +±. 1 1A)*EXP (C PG)# (

EhD

FLNCTION GE(CA)
(GA (C Pt h ~A1 5 i9ED79GcA;ENFAW 1 AEL (4t))FE(4i) AA(.4J)

FLNCTJON SINC(CA)
CChWIWI Et 9 ALI, AL 2 r,O, 11 tGSE7ApENoF AYPA,EL 4.(40 1,FE (40) 9AA (40

SjNt=:(SIN(FI*CA) )l (PI*CA)
EIO
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FINCTIUN- GAY (CA)
CCMFLEX DC tDl,Cl9F IA I A2,A3,A49CCS

XgLMCCE,)EL1lJP~ T,,,TNPA~,L~.)F~jA(D

IF (JCPT .EQ* 1. M =I
CPC~FLX(C. 9!',)

CC I 1=1,14
I:AAQ()

Cl: .r-I'/cc

C I I AIMAG ( L i
El= .5'W* (C 4j./ CC)

A-.. rj# ((SIN(Fl)-CSINtCi))-F1-*CCOS(C1)+(1 'CCC !(F1)

IF(4JCPT .EG. 1) CS:(l.-ETA**NCPLXfCCS(CAIPltEN,1tSICA*Pl.EN,)))
K (I-ETA4CtPFLX(CCIC*Pi)S~tCA*Pl))

C:C#SC7T (El)*C.S*

x ) )) /
X (W**2*(CAa5-2CrbFLM(: le)*2o/CC**2)P

CCNIINU;-
GAY=CeS(C)
QETLrth
ENC

FLNCTION RI(CA)

PETLrwN

FLNCIICN R2(CA)
CC?"PCN~ EL, ALl, AL2,PEr3,TiGSEIAE4,F ,AN A

EKG
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SLiR~CLTINE HTRAN (R qxqfqFSEGqFEKO)
CIMENSION F(!19X(31

F=F %EG+,S5FrJEL

1 I=K+TNC-l
NMI=N-.

CC 23 Il1,t%9i
X~ (T I =':
I F QI E 0. 1) ~X ('29R(1 + 6.R (2 1 R(3b
I F (1I .EC, N1'. P ~X =(-W (N-2 ) +6*'R ( NMI 43 R(Nl
I F ( I oEO. 1 *OF(* I eLQ. NMI) GO0 TO 2C

20~ CCNTII'UE

CC 2t IFriNIM2,2

x ~+2.*(R (IP I-RX)O/( FI 1 l'
F1=FI42.*FCFL

28 CCNIINUE
F EN=F ENG
IF(I4C .EQ* C ) FE? zFNC-FOEL

IF(INC sEO.1) GC 7C 31

X 4 (1 -F/FEND) (I.4F/FttNC* ( FF EEG )/(F-FEEGI)
F=F +FCEL

33CCNIINUE
hfZ =N-2

N 2 X~ .( 1)+6. X (2)- (3 /8.
C 31 I=3,NH2

Y (I-2)=Xi

Z1 C(NITNLE

X IN-2)=X2
Y IN-3)=X1
9 'TLFN
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