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List of Principle Symbols and Acronyms

.%? Cm Coupling coefficient between incident wave and mth
;; even waveguide mode.
- -
5 E - Electric field.
i : .
o Ea Incident electric field.
gh Egc - Electric field of mth even waveguide mode.
; " Egs Electric field of mth odd waveguide mode.
7 ES_ Electric field of nth Floquet mode.
EWEC  Electromagnetic Wave Energy Conversion
F Complex Fresnel intégra].
T? | Magnetic field.
Ha; Incident magnetic field”
o m : ,
gg HOc Magnetic field of mth gven waveguide mede.
Hgé - Magnetic field of mth odd waveguide mode.
HB | Magnetic field of nth Floquet mode.
I ; 1. current; 2. integr;]:
ko. Free space wave number. |
km (M Wave numbers for mth even waveguide mode.
xe’ 'yc} - _
k ) kys Wave numbers for mth odd waveguide mode.
,Z ' Length of corrugation.
N N-type semiconductor.
P‘f“ P-type semiconductor.
| 52% Real part S
Sm- Coupling coefficient between 1nc1dent wave and mth
, odd waveguide mode.
' Qﬁg*» tan é  Loss tangent (d1e1ectr1c)

tan 8, Loss tangent (magnetic: med1a)

TE Transverse Electric
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Transverse Magnetic
Voltage. |
Impedance of mth even waveguide mode.

Impedance of mth odd waveguide mode.

Half-angle of corrugation.

Reflection coefficient for mth waveguide mode.

Permittivity.

-+ Impedance of free space.

“Permeability.

Angle of incidence.
Conductivity.
27 x frequency.
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1. Summary.

This analytic investigation shows how the EWEC device, as
used for solar-to-electric power conversicn, is significantly
different from solar cells, with respect to principles of opera-

‘fion. An optimistic estimate of efficiency is about 80% for a

ﬁu11-wave rectifying configuration with solar radiation normally
ihcident. This compares favorably with the Fheoretica1 maximum
for a CdTe solar cell (23.5%), as well as with the efficiencies
of more familiar cells: Si (19.5%), InP (21.5%), and GaAs (23%).

The investigation also identifies some Key technological
issues that must be resolved before the EWEC device can be ‘
realized. Those issues include: the fabrication of a pn semi-
conductor junction with no permittivity resonances in the Opfical
band; and the efficient channeling of the power received by
countiess microscopic horn antennas through a relatively few
number of wires. ~
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2. Introduction

: The EWEC (Electromagnetic Wave Energy Conversion) device

bas been proposed by Bailey et al [1] as a means to convert
radio waves in the optical band to either d.c. electric or to
thermal power. Of chief interest is that the device may be
significantly more efficient than the solar cell for converting
so1ar radiation to electric power. For example, the best CdTe
solar cell is theoretically about 23.5 % efficient [2] . Bailey
estimates that the EWEC may be more than 50 % efficient. This.
report describes an analytic investigation to determine as
rigorously as possible the precise efficiency of the EWEC device.
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3. Principles. of Operation

The chief component of the EWEC device is a corrugated sur-
face as shown in Fig. 3.1. Each corrugation comes to a point
so that there will be no scattering from a flat surface when
solar radiation is incident from directly overhead (normal
iﬁcidence). Only a two-dimensional cross section is shown. In
actual fact, the corrugations may be tetrahedrons or cones. In
any case, the dimensions are on the order of an optical wavelength,
which ranges from 0.1 micron for ultraviolet to 1 micron for
infrared. For example, the length of the taper /( might be
10 wavelengths, and the half-angle of the taper & might be
chosen so that the aperture (distance between peaks) is no more
than a few wavelengths. With that choice of d1mens1ons, each
trough may be regarded as a horn antenna.

Fig. 3.1 also shows two different possible polarizations for
the incident optical radio wave, TE or TM. On the average, non-
polarized l1ight consists of equal parts TE and TM waves. The
distinction is not important for the production of thermal power,
but it is very important for the prcduction of electric power.

- If the device is used for thermal power product10n, then the
corrugat1ons are fabricated from lossy material. As the waves
propagate into the horns they deliver power to the walls. The
walls in turn dissipate the energy as heat.

_ The product1on of electric power is more complicated and was
of chief concern in this study. The evolution of a suitable EWEC

~device is illustrated in Fig. 3.2. The figure shows how a wire
dipole antenna is deformed into an antenna with two isosceles triff“
angles for arms. The antenna is terminated with a half-wave recti-

fyﬁng circuit. Fig. 3.3 takes the evolution a step further by
incorporating the diode into the antenna arms, which are ‘then made
of semiconducting material. Also shown is the equ1valen+ c1rcu1t

This circuit has a maximum theoretical efficiency of 40.6-% 3]

The efficiency may be exactly doubled (to 81.2 %Y by fabri-

‘cat1ng a full-wave rectifying circuit, as shown in Fig. 23.4.

Whether or not the fu]1 eff1c1ency allowed by circuit theory

7.
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is obtained depends upon how well the horn antennas can capture - L

the incident radio waves and transfrom them into useful waveguide |

modes. Calculations in Appendix B show that for a wide variety ‘

of materials, the horns are efficient 1ikecosze,where 8 is the

angle of incidence for the optical radio wave. Thus, for normally

incident waves, the horns may be 100 % efficient. This efficiency

does not depend critically upon size. Indeed, for TM waves,

efficiency remains great even for very small half-angles of the

taper (i.e. closely spaced corrugations.) Intuitively, this -

seems correct because the fundamental TM mode in a dielectric

wavéguide has no cutoff frequency and the horn may be regarded

as a gently tapered waveguide. For TE waves, however, the efficiency’

vanishes for small half-angles. Again, this agrees with intuition.
The distinction between TE and TM waves is significant because

the former are not as useful as the latter in the production of

electric power. Both Figs. 3.3 and 3.4 show how TM waves excite

cbrrents I that flow in and out of the pn junction. TE waves

wH11 not excite currents with that direction of flow. Fortunately,

referring back to Fig. 3.1, it is seen how a TE wave in the xy-

pﬂane is similar to a TM wave in the yz-plane. Thus, an EWEC

surface with corrugations in both the x and z directions (e.g.

tetrakedrons or cones) may exploit the TM and TE polarizations

simultaneously. '
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Magnetic) Wave
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f TE (Transverse

Electric) Wave

Fig. 3.1. Proflle of an ENEC surface How the corrugations_are joined at the base
' depends upon whether thermal or electric power production is desired.



(a) | (b)

(c)‘ ' o , ; ()

~ Fig. 3.2. Gradual transformation of a wire dipole antenna (2)
into a section of the EWEC surface terminated by a

"half-wave rectifying circuit (d).
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3. Section of the EWEC surface similar to Fig. 3.2d, but
- with the diode incorporated into one of the corrugations.
Also shown (b) is the equivalent circuit, which has :
a maximum theoretical efficiency of 40.6%.
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Fig.

3.4.

(b)

Improved configuration over that shown in Fig. 3.3.
The equivalent circuit (b), which is a full-wave

~rectifier, has a maximum theoretical efficiency of

81.2%.
12.
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4. Answers to Specific Criticisms of the EWEC Deviiev

This section will answer three specific criticisms against
the EWEC device. The criticisms will be stated and discussed

one by one.

@® Fabrication of an EWEC device frdm semiconducting
material is not practical because the dimensions must be on the
order of interatomic distances.

DISCUSSION:

A simple comparison of numbers dispels this

claim. Interatomic spacings for Si and Ge are 5.4 3 and 5.7 K,

respectively [4] .

and infrared radio waves are 1000 K and 10,000 K, respectively.
A different dimension characteristic of semiconductor pn

junctions warrants more serijous investigation, however. That
dimension is the width of the space charge layer, which comprises
It is given by the formula f4] :

2¢€.c¢, /Q; +‘/V$ . vcai;-

the junction.

2 32e

AV -

-

dielectric constant
electronic charge =

of the semiconductor = 10

1.6 x 10°1° coulomb

accepter doping density of p-type materials ~~

1022 atoms/m3

donor doping density of n-type material ~ 10

atoms/m3

22

potential difference across junction -~ 1 volt

Evaluation of this formula yields
longer than an ultraviolet wavelength. It is not clear whether

the formula is valid at optical frequencies, however, or whether

W~ 0115 micron, which is

the dqping‘densities can be alteredvto decrease (w . These are

13.

In contrast, the wavelengths for ultraviolet
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Q;= importanf questions for a future investigation.

@® The EWEC device is nothing more than a solar cell,
and so it cannot be any more efficient,

o R AR

. DISCUSSION: How the EWEC device is significantly different
from the solar cell is contained concisely in the formula for
refractive index as a function of frequency [5] :

3 R e 2

Fom e w i | (4.2)

"

% where ‘“? = plasma frequency

5 e S. = oscillator strength

T <, = mth resonance

. B = phenomenological damping factor

: & = 27 x frequency
"""" ? The refractive index is related to the complex permittivity of the

= semiconducting material by the formula, |

€ = e’-—éé” = &N (4.3)
B Of chief interest in Eq. 4.2 is the difference GU,:‘ w", This

causes the permittivity to behave as shown in Fig. 4.1. Thus,
atff}equencies near &/, , the semiconducting material exhibits
substantially changed properties that are the distinction between
‘an electronic diode and a solar cell. It happens that most 5
1 ; famf1iar,semiconducting materials have resonances &/, in_thé
ié ;Q:} optical band because: o ' LAt ‘

14.
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Planck's constant/27" .
energy difference between a freely conducting
electron and a valence electron o

where

A
E,

That is why conventional semiconductors become solar cells at
optical frequencies, with the associated limitations in efficiency.
In contrast, the EWEC device will be fabricated from semiconducting
material with resonances outside the optical band. The search for
candidate materials should be the subject for future study.

® White Tight is incoherent, so the EWEC surface has no
..o27n and thus cannot capture any incident ‘energy.

' DISCUSSION: That white light is incoherent means that each
hpfh'antenna of the EWEC surface must operate independently. The
~signals received by the horns cannot be phase and/or amplitude
weighted and then combined so as to form the response of a single
antenna of extraordinary gain. This is because there is no known
phase or amplitude relationship among the different signals received.
Each horn is still capable of extracting power separately frem the.
incident radio wave, however, and the powers from each horn are
added to obtain the total power received by the EWEC surface.

i

15. .
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Fig.

4, 1.

The refractive index is not constant but a function
of frequency, with resonances as shown here. Most

familiar semiconductors have resonances at optical

frequencies which is why they behave as solar ce]ls
1nstead of e1ectron1c diodes..

16.
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5. Remaining Tasks

This study has verified that a corrugated surface can efficiently
capture incident optical radio waves. Before the EWEC device cah
be accepted as a viable means of solar-to-electric power conver-
sion, however, the following questions must be resolved:

® Are semiconducting materials without resonances in
permittivity at optical frequencies realizable?

® Can a pn junction with a space charge layer smaller
than an optical wavelength be realized?

® How can the rectified power output from each micro-
scopic horn antenna be efficiently channeled through
a relatively few number of wires?

These add1t10na1 quest1ons follow, once the EWEC dev1ce is L;i

‘accepted as feasible:

@ Can the EWEC device be extended for use outside the
visible spectrum? What are the upper and lower Tlimits?

@ Can the dimensions of the corrugat1ons be opt1m1zed’
By what criteria?

17.
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Aggendik A. Formulation of the 1ectromagnet1c Fields at an
 EWEC Surface.

. This section outlines a detailed formulation of the electro-
magnetic fields at the EWEC surface. Discussion of these fields
will provide insight into the operation of the EWEC device.

§ Fig. A.l1 shows a profile of the surface. The corrugations
a%e isosceles triangles. Other triangles might b2 used, but
the mathematical analysis becomes more difficult. The most
important feature is that the corrugations come to sharp points.

Ik the tips were instead blunt, then they would be flat-plate
skattarers for the incident electromagnetic wave, and thus decrease
the efficiency of the surface as a receiver or absorber. The

~figurg also shows the two possible independent polarizations for

the incident wave, TE (transverse electrice) or TM (transverse
magnetic).

t Fig. A.2 shows the trough between two corrugations and the
geometr1c parameters important to the analysis, including the
ang]e of incidence for the e1ectromagnet1c wave. Also shown are

the constants that characterize the material from which the sur-

. face is fabricated.

The types of waves that may exist at the EWEC surface are
shown in Fig. A.3. The incident wave excites scattered waves,
qf”Floquet modes, which propagate along the surface (in the +x
qr -x directions); and waveguide modes wirich propagate into the

trough (in the -y direction. ) A TE incident wave will excite

~only TE Floquet modes and TE waveguide modes. Similarly, a TM

}nc1dent wave will excite on1y TM waves. Tables A.1 and A.2

‘ﬁhow formulas for incident waves. Tables A.3 and A.4 show formu-
' 1as for Floquet modes.
‘i Exact formulas for-bound modes in a trough, or 11near1y

tapered waveguide, are not known except in cases of a few special |
materials, such as a perfect conductor. A good approximation is
possible, however. To this end, Fig. A.4 shows how the trough

- may be regarded as a gradua11y deformed para]]e] plate waveguxdé

20.
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Exact field solutions for the latter are known. The solutions

for the former aré‘near1y the same. The difference is that the
plane of constant phase is curved instead of flat. Mathematically,
this difference is described by multiplying the soluticns for the
bara11e1-p1ate waveguide by a quadratic phase factor. The result-
ing formulas for waveguide modes in the trough are shown in Tables
A.5-A.8. The modes may be of even or odd symmetry. In general,
én‘incident wave Will excite modes of both symmetries.

| The amplitudes and phases of the Floquet and waveguide modes
%e]ative to the incident wave are determined by requiring that the
%angentia1 electric and magnetic fields be continuou; across the
aperture of the trough. The two simultaneous equations expressingw
this requirement are shown in Tables A.9 and A.10, for TE waves. |
The corresponding equations for TM waves are of identical form.

‘ Solution of the equations of continuity may be achieved in

a varijety of ways. Point matching, the method of moments, and

- Fourier analysis are three possibilities. What is desired, however,

is not an exact description of the electromagnetic field, but a
calculation of efficiency. There are more direct ways to do this.

21.
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Incident TE Wave

. Two-dimensional EWEC surface, showing corrugat1ons and the two fundamental
types of-incident e]ectromagnetic wave. -
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Fig. A.2. Fundamental‘geometric and electromagnetic parameters for the corrugated sur-
~  face. Also shown is a coordinate system and the angle of incidence.
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Fig. A.3,
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“Types of waves that exist at the corrugated EWEC surface. The bound _waves
deliver enérgy to the medium—by way of transmitted waves.
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Table A.1. Formulas describing an incident TE (transverse electric) wave.
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Formulas describing an _incident TM (transverse magnetic) wave.
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,Formulgs describing scattered TM waves. There are an infinity of these

waves, one for each value of the integer n. —
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Fig. A.4.
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_As the_iroughqu -deformed— into a parallel plate waveguide, the electromagnetic__
field is approximately unchanged except for the plane of constant phase :
"~ (shown by the dashed line.) Thus, the field across the aperture of the trough

- may be expressed as the well known field of the parallel-plate waveguide,
multiplied by a quadratic phase shift.
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Table A 5. Formulas for bound TE waves of even symmetry——
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Table A 6 Formu]a_s fo'r bound TE waves of odd" symmetry.
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Table A9 ' Equatmn for the contmuity—-of ‘the—tangential- electmc field across the
~ -aperture of the trough, for TE waves. :
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Aggendfk B. Efficiency Calculations for Some EWEC Surfaces.

This section outlines a relatively short method for calcu-
1at1ng the efficiency of an EWEC surface. The method relies on
the conservation of power and the formulas for the waveguide
modes described in Appendix A.

f Fig. B.1l shows the directions in which power propagates.
The incident power propagates in the same direction as the radio
wave carrying it. At the aperture.of the trough, the power flows
in different directions. The Floquet modes carry power along the
surface (in the +x and -x directions.) Negligible amounts of
this power are absorbed or received by the surface, which for
these modes serves as a surface waveguide or transmission line.
ﬂf the EWEC surface were infiniteiy long in the X d1mens1on, the
#quuet modes would propagate unchanged forever. For f1n1te
leng”ts, they partly reflect and partly radiate at the ends, as
with any endfire antenna.

;“ The remaining power is transmitted into the troughs (in_the
-y direction) by waveguide modes or reflected back into space (in
the +y direction.) The transmitted power in turn may be absorbed
or dissipated by the walls of the trough. .

5 - Conservation of time-average power at the apertures of the
troughs requires that, if the incident power is unity, then the
Floquet modes carry power s1n2
waves carry total power cosze Of the latter power, the part that
is| transmitted depends upon how we]] the incident radio wave
couples to the wavegu1de modes The coup11ng»1s a function of two

‘ phenomena'

0 The incident wave must match one or more waveguide
‘modes in spatial dependence across.-the aperture (i.e

in the x direction.) This phenomenon is called phase -

‘matching.

® The incident wave must match the same waveguide hodes
in impedance normal to the apertUre((i.e. the wave

36.
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%mpedance in the -y direction.) This is equivalent
to requiring continuity of the tangential electric
and magnetic fields across the aperture.

<

Phase matching can be expressed quantitatiyely aS the
coherence between the spatial dependence of the incident wave

and that of a waveguide mode:

‘ | L e __,,405'4.44;‘5“ ‘
C -—-[;/x @Q(éxcx)e szi;:e ’ (8.1)

for even mo@eé, and:
,Za,mok | A o
. ‘2 )(A*n
/ o g (L 'S ) ; (8.2)
" s

-
F

for odd'modes These 1ntegrals ‘may be evaluated 1n terms of

: we]] known funct1ons

Tlads)- Tlabi-x)
%/M%[ ( ) T(aid-x) (6_3)

+zm x) T(qtt —x)]

C‘,,,_
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where

(8.4)

In the formulas for a and b, subscripts c and s must be added to
the quantities k? and km, as appropriate. The function I may be
exprﬂssed in terms of the complex Fresne1 integral:

I(«é ) /' i [/Z——; (ax+2)]

where F =

~ (B.5)

C - JS

Impedance matching is expressed quant1tat1ve1y in terms of
the ref]ect1on coeff1c1ent ' '

2: 'zm
%; + %m

(B.6)

- wave impedance of the incident wave ieithe‘fy‘directibn.
impedance of the mth waveguide mode in the -y direction.
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Table B.1 gives formulas for Z and Z
In terms of the correl t1on coeff1c1ents C and S and the
reflection coefficient TT,, the power coup1ed by the 1nc1dent
wave to the mth even TE waveguide mode is:

,éau;.&

P K G- /g @ (15 ) (i)

By A

(8.7)

ExPressions are similar for the power coupled to odd TE modes

: , 1
and to TM modes. The integrals may be evaluated to obtain the

eipressions shown in Table B.2. The constant K is determined by
requ1r1ng that the transmitted and reflected powers sum to the -
normally incident power. The result is:

K= o6 §é e (5 )"

ain (24 /:u—n‘*) ] < |* I
[: //1* ELIA“Olé?aﬁ;c* + {/~%ﬂ / 525; <f’ EZ,,S;>.
, | -1 ;
(- wggan? .
e 2 LS Doz | E

o
|

. for TE modes. The result for TM modes is obtained by replacing

1/Zm by 7,

, ‘ Finally. the efficiency is the ratio of transmitted power

to total power. .The formula for TE waves is given in Table B.3.
The formulas for efficiency were evaluated for a variety of

material constants and half-angles rf the taper. The results are

séown in Tables B.4-B.23 and in Figs. B.4-B.23. 1In general, they

sgow that any horn becomes efficient 1like c0529, if the apehtUre_

is a.few wavelengths across. As the aperture is made smaller, how-
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ever, the horn becomes much less efficient for TE than for TM
ques. Fig. B.4 shows that for TE waves and an aperture of

0.32 wavelengths, efficiency is no greater than about 66%. In
contrast, Fig. B.8 shows that for TM waves and an aperture of
0.08 wavelengths, efficiency is as great as 93%. This behavior
agrees with intuition. The horn may be regarded as a gently
linearly-tapered waveguide with dielectric walls. The fundamental
TM mode in such a waveguide has no cutoff frequency and is capable
of transmitting power efficiently at any wavelength., If the horn
were fabricated of magnetic matérialrrather than a dielectric,
then this behavior would be characteristic of the fundamental TE
mode instead.
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mode. K is a normalization constan
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TRELE B.23

TH WAYE s WAYELENGTH=  0.530 MICRONI

LEMGTH OF TRPER=  10.000 MICROMS HALF-AMSLE OF TRFER=  S.000 DESREEZD
DIELECTRIC COMSTANT= 1.000 LOZE TAMEEMT= LT

: | LATIVE FERMERBILITY= 1.000 LOZE TAMSEMT= 0.0

VONDUCTINITY=  300000.000 MHOZ-METER

IMFEDARMCE OF MEDIUM= 0.32634E 02 + J  G0.530112E 02 OHME
FIRET T WARYE MUMEERZ FOR EWEM MOLEZ
MODE REALCERY IHHGiHH? RERL CK'Y 2 IMRGCEY 2

0.11320E 0%

1 D.22532E OF N.55071E 05 0 e,
S ' O.ETEEBE OF 0.44515E & QL3S 032E OF e
3 0.1054FE 032 J.23042E 5 v e
4 D.194813E I8 0.21854E 08 s i
b 0.17T2E5E 0= D.17T11I3E 08 e G
= 0.2143VE 02 0.14280E 08 D.1833%E Ue -0.12310E 03
T E 0= 0.12288E 05 0.13FSTE 08 =-0.223272E 03

FIRZT ¥ WAYE MUMEERS FOR ODD MODEE

“lione  REALCKM IMEG KR REFLLKY TMAGCKY
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LN LJSTFTO4E OF 0.51335E 0
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TM WAYE s WAYELEMSTH= 3.550 MICROME ‘ RN ,
LEMSTH OF TAFER= = 10.000 MISRONS  HRLF-HMBLE OF TREER= . S.000 DESREES
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RELATIWE FERMEARRILITY= 1.000 LOZS TANGENT= 1 e00 84,
SSOMDUCTINITY= 300000.000 MAOZ-METER




s

e

Appendix C.

FORTRAN Program to Evaluate Efffcfency.

85.




- G G A S T e S v M S S T A S D S WD S Wt S T SN A S D TS S G SR G e S S S — . T . W S . G T . S S S T > " D S S D > —  r—

*+e  HMEULIECL oo 1170278 FR3E- -1
|

100 REAL LsMUREL sKO
110 COMMON ~5EQ- L sWAWEL sALFHF s THETA s THETOF s THINC
(| l20 COMMON ~MAT. EPSREL sMUREL s TFRM s TRNMAG » 3 113
B0 COMMON WRAYEN. KO sMTERMS kMO0 skKYTC200 skHI 20 sKYTL200
140 COMMON ~KEYSs ITRE s IWAY
{S0 commMon ~FPERB~ ITYFE
160 COMPLER KHE sEYC sKHI K73
170 DATA PIsCs 3.141592654 2. 537 2245
130 WRITE 3,100
{30 100 FORMAT ¢1%s°GEOMETRIC PRARAMETERS” »o sSHs
gon + LEMSTH OF WEDGE IM MICRONS -3 :
Z10 READ (31100 L
220 110 FORMAT ¢3F13.00
230 L=lLel.E-5
240 WRITE (91203
250 120 FORMAT (Sis HALF-ANGLE OF WEDGE IM DESREET <)
260 READ ©9:110% ALPHFA
270 ALFHA=ALPHAP 1150
20 WEITE ¢ -1-l|'
30 130 FORMAT (54 AMGLES OF IMCIDEMCE IM DEGREES <(STARTs STOPs STEF)
10 RERD 0351103 THETRsTHS TOF s THINC
THETA=THETA+F 1. 150 =
320 IF CAEZ(THITOP-203.LE.U.1) THITOF=23.9
330 THETOP=THITOFRI 120
340 THIMC=THINCeRPI- 120
250 WRITE ©3s1400 ”
i[?aa 140 FORMAT ¢S WAYELENSTH IN MICROME <3
U370 READ <1100 WAYEL
320 WAVEL=WFAVEL®1 .E-5
330 WRITE (321500
400 150 FORMAT 1sssslxs MATERIAL COMSTANTS 5
410 +S: s DIELECTRIC CONZTANT <3
420 READ ¢3:110% EPIREL
420 WRITE CS»1600 ; |
440 160 FORMAT ©SH. LOZZT TANGENT <)
450 READ <3»110% TAM
460 WRITE 321700 e I
470 170 FORMAT ©SH. RELATIVE FERMERBILITY *»
420 READ (321103 MUREL » |
430 WRITE (%2130 e
SO0 180 FORMRT ¢SH» MAGNETIC LOSE TANGENT * 3
510 READ (31103 TAMMAG
S20 WRITE ¢3s1900 sl
530 130 FORMAT £S5+ COMDUCTIVITY IN MHOS-METER *)
S40 READ (9:1102 IIG
S50 WRITE ¢3»&00%
S60 200 FORMAT C1Xsrr 3135 TE OR TM TYPE WAVET <1 OR &%y -
STO RERD (33100 IWAY |
S0 210 FORMAT ¢I10n
S0 APER=ZeLeIINCALFHA - WAYEL
BU0 WRITE «3s320) RAFER ‘ : ‘ :
{1310 20 FORMAT C1X+s 214+ APERTURE I3 “sF2.3+ WAVELEMGTHI ACROIZ s
"oz 4+ a1y MUMBER OF MOLEZ <3 |
530 READ ¢3,310% NTERMZ
B0 WAY=WAYEL-1 .E-5
850 TRFER=L.1.E-%
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B6 10

o e
-
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Tt

an

710
_,ﬂ
| = tl
740
T
7Bl
el |
70
720
200
310
s20
230
240
=30
=1 3]
sTa
230
230
200
S
20
TYED

A4

51
SR
arn
SED
é?u
1000
tota
1020
1030
1040
1050
10810
1070
1030

1@9&

i 1;00

1110
112n
1120
1140
1154
1160
1171

=1

1130

1200

1210

L - l - ! ST & ,A;WWWMNI,, ,!‘

MEWEC1 #++ 110876  PRGE- &

ALPH=RLFPHA*130-P1

IF CIWAV.ER.L12 WRITE <R:323000 LAY

IF CIMAV.ER.Z2 WRITE C3300x WAY

WRITE (%5002 TAFPER sALFHsEPZREL sTHAMsMUREL s TRMMAG 215

SO0 FORMAT Cliks-w o238« "TRELE” -1« “TE WAYE s WARVELEMETH= s
237 MICROMZ

400 FORMAT Clk s s@TH e “THELE 25w 9 1H s “TM WARAYE s WAWELEMETH="»
+FE .37 MICROME 2

200 FORMAT C1i»"LEMETH OF TAFER= “sFZ .37 MICREOMIZC +5H s

+ HALF-AMELE OF TRFER= “sF2.3+" DEGSREEZ +» s 14 » "DIELECTRIC COMITAMT=
+ES L3 W TLOEE THNEENT‘ TIF2 3 s 1 "RELATIVE 7

+ FERMEABILITY= “sF3 .37 LOEZE TRAMGENT= < sF3 .22 018

+ CONDUCTIVITY= < sF3.3»7 MHOZ<METER‘ >

CRLL WARYMUMC IWAY 2 :

CHLL CHRIM (7SEG2s72

=TOP

EMD

|
|
|
|
s'

> :
+ CRALCULATE WAYE MUMEERS FOR EOUMD MODES
.

ZUEBROUTIME WRWMUML TWAY

carMoM <3ED- L oWAYEL sALFPHAsTHETH

COMMOM “MAT EFZREL +MUREL »TAN s TAMMAR » =113

COMMON ~WMAYEM. EQaMTERMS sKECCS 0 sKYDO200 s EMECS 00 sKYIES00
REAL KOsL sMUREL MU

COMPLES: J«ETHAWMEVEM ' WODD sCSART s KSC sEYC hKMEZ s KY S a2

DRTH FISCHETALD «3.1915335854 3,357

DRTH EPIZO«.MU0 -2 2541 3SE~-1S+128 .58
JECMPLESC . 01 .0

Ed=2eFI-WAYVEL

OMEGH=CeK] e
ETH—E:ﬁPTl'MUUOH“FEL¢¢1 J#THHNHF" "LEPZOeEFEREL® 1 ~JeTRANI=Je2 i3
+OMEGRR :

Ti=LeZIMIRLPHAR

Te=k0*T1

IF CIWAY.ER.13 WEYEN=eETRUSETReTS

IF CIWRY.EQ.S2 WMEVENM=l+ETR-ETHOeTZ

IF <ILARY.ER.15 bOdDD=-=JeETRO-ETReTS

IF CIWRY.ER.22 WLODD==JeETR-ETHI®T2

ICOUMT=1

M=

100 COMTINUE

M=H+1

CRLL THH“fﬂnmE“EHsEsEEEEb

IF CEERLCED LT 0O 30 7O 100

koo TOOUMT a=2 - T1

IF CICOUMT.GBT .1 ANDJCABECE SO ICOUMT d=kHC o ICOUMT=-22 5 LE.
+.01eCABSCKHCCICOUMT» 2> 50 TO 100 '
EYCCICOUNT »=CIQRT Ok Deeg=k =0 IDOLUMNT 1eed s _ ,

IF CREALCENCOICOUNT 32 okTefor EYVCOIZOUNT y==KYCC ICOUMT »
ICOUMT=IC0UMT+1 co :

IF < ICOUMT.LE. HTEFM*- hD TO tan

ICOUMT=1

M=

3 COMTIMUE

M=+l :

Feg ""Eu! 405-7:04"
3T1E-T~

o=
B

g i




Yoo ! l I O !

. eee NEWELCL eee 11-028-TE FR3E- 3
IEE.IJ CRLL 2COTZiM «WODL «+Z sERER
i230 IF <RERLCZYLT.0.» =0 TO 240
5 0 KHEECICOUNT »=2-T1 ,
B % IF CICOUMT 5T .1 .AMDLCRESCKEECICOUMT » =KX TCOUMT~1 5 JLE.

)]
1250 + ,01eCREZCREICICOUMT»»> 30 TO 200
m 1 KY“VIFUUHT'-C:FFT(KUOOE—F"fIEDUHTDOQEﬁ‘
1230 IF SRERLCEYICICOUNT 2 LT 000 EYECICOUNT ds—=kY S TOUMT »
ICOUMT=ICOUMT+1
1300 IF CICOUMT .LE.MTERME hU TO S04
1310 WRITE ¥3+2000 ETH F
1320 :Oﬂ FDFNHT 1M e 2l » " IMPEDRANCE OF MEDILIM= “E12.5:7 + 1 “sE1Z.5
1330 +° OHMZ 7 s .
13401 WRITE o9 .!40 33 MTEEMZ
i 1350 400 FORMAT C1E+“FIRET - !14-" WAYE MUMEERZ FOF EWEM MOLEZ " o)
i 1380 WRITE 34500
1370 450 FORMAT 'hn, NUBE'14.~’FEHLLFﬁ"s-” TIMAGCKSI " sTH s "RERLCKY 27 o
1320 +SE»7IMAGCKY 2 e
1250 DO 200 M=1MTERME
1400 WRITE C235000 MekKEToMI sk TOM
1310 S00 FOEMAT C1XsIdsdiSHELS.Shn
1420 200 COMTINUE
1430 WRITE <3700 NTERM= '
1440 FOO FORMAT Clssrs sl s "FIRET “»Ids” WAYE MUMEERS -FOR ODL MGDES " s.ve
1450 MEITE CRadS0 | ‘
1940 DO 200 M=1ssMTERME
1470 WRITE {35002 Nn&'? SCM KW S (MY
1430 500 CONTIMUE
430 RETURN
1500 EMD
1710 » o o
1320 + THIZ ZUEROUTIME FIMD: RFFPROMIMATELY THE MTH ROOT OF THE
1520 & EQURTION ZeTAMIZi=W :
154n » .
quH SUBROUTIMNE ZTAMI M+ ZSERRERY
e lst COMPLE :~M~C:QPT--1--;~:;~:4~11~Lg~‘ ~L4VL34~L44
o 15370 REAL MUDJsMMUDJ )
S 1520 COMMON <FERB- ITYFE
1S30 DATA PI »3.141532554
1800 ITYFE=1 i
1510 M=M-1

-
L
=]
=

B At ks R LT
[

XNl LN (Y
0
e

1520 *
1630 + CHECK FOR EASY SOLUTIONE FIRST
1640 «

1850 IF CCABS(MY JLT..1eMeFI: 50 Tn &u
1650 IF CCAEZCWY 5T.10e(2eM-11eP T 2} 50 TG 30

lﬁTn *
1850 « EXFRANZIONZ REOUT LIKELY PBIHT:S
1530

IFwn Ti= H‘FI

1710 Cl=1+h~

1750 Ti= T1+'-T1+EIWFT Tleed+delions s SeC1l
QA?EB TE=(2eN+11eF 1
AR CE=h+d

1730 Z2=TE+ L2=CiRRETI Lo +ZeTS oo 0TS

70 Ta=ideMilieRrl 4

1770 :Z-1+M




sy

S

s T e i s S S D e T S S s e T T S S . S o — — T — T T S . s . it " e . e ke S 7S L e Y A —— — > T — —— " - -

R L .

1730
1790
ﬁun
1A1ﬂ
1*;0
13 ]
1540
1350
18810
avn
{520
13340
13040
1210
13210
1320
1240
1950
1320
1370
1330
1330
o0
2n1g
2020
2030
B3I
IS0
S
cnvn
2usg
KRN
210
2110
2120
fi”u
2140
2is0
S1e0

CELTo

2130

I L

L (O SO OCN N O8N (KON (VN (N
) fa L0 Fi e
[ e R e O v B s

n%mmmmmmmmmm

HEWECL +ee 11-08-78 FAGE- <

L3Z=14+CW=TIn2 -

Z2=TIH(=CCI+T20+CIRRT COCI+TE 7¢*=+4OZI?*'M+TJ--'»'h0f33'
Td=deM+IieFP I ¢

Ced=1 -+

Cdd=1+Chi+Td

4= T4+":4-T~'—EZWFTnf|4-T4'00:+4¢l44¢tM+T4J;* LTS
ERR1=EERTRMCI1 shis

ERRS=ERERTAMHCIZ oIyl

ERE2=ERRTANCZ2 sld2

ERR4=ERRTAMCZS sl

ERFER=FAMIM1{ERR1 sERRZ »ERR2 sERRS2

IF CERRR.EQ.ERR1» Z=Z

IF CERRR.EQR.ERF2} Z=:Z2

IF CEFRR.EG.ERRZ} Z=I3

IF {ERRR.ER.EFR4) Z=Z4

« IMPROYE ZOLUTION EBY FERTURERTION
*

MidTl=.1

HMUDLd=—.1

ICOUMT=1

10 COMTINUE , "
IF CERRE.LE..O01eCREZCW) ORICOUMT.GE. 142 RETLURM
CRLL FEFINE CZsblsERFER sMUD 0.3
CALL REFIME ¢S shisERFR sMHUL 0.0
CHRLL EEFIME (ZsllsERFER 10, »MHUD.I>
CALL FEFIME cZsWsERER sQ . oMMLUD.I
HUD.J=MHULiJ<2"

HMHUD.=MMNUDL -2

ICOUNT=ICOUMT+1

0 7O 10

=0 COMTINUE
S=UCNeFI e +hin NP
ERRRE=ERRTHAMCZ slix

FRETURM

S0 COMTINUE
Z=UCeM=1 0 eP T Sehl L+l

ERRRE=ERRTAMII shid

FRETLIEM

EMI

.

1 & THIZ ZUEROUTIME FIMDET RFFROSIMATELY THE MTH ROOT OF THE

+ EQUATION ZeCOToZi=l

*

ZUEROUTINE SCOTZCN W2 +ERRRY
COMFLES ZeWsZEORT aZ1 +Z2 401 5L

) REAL MUD.JsMMUDJ

oCcamMmoM <FERB- ITYPE

80 DATA FI ~2.131392854~

v ITYRE=S ~

20 5 COMTIMNUE

30 . \
w300 e CHECK FOR-ERZY SOLUTIONE FIRST
Sl . - : :
2320 IF CCREZCWY LT lecSeM-13eF1-20 30 TO 20
2330

IF CCREZCW} .BT.10eMeFIx 30 TO 30

S AN LT



| ees NEWECL eee  11.02-76  PRAGE- S
| |
l

2340

*

2330« EXMPAMZIONE ARBEOUT LIKELY POINTS
060 - o '

2370 Ti=reFI

2330 Cil=1i-i

E:?u

2400
2410
2420
2430
2440
245
S4E1
2470
2450
2430
2501
2510
2520
2530
2541
ssn

h:ﬂ-U

SRIn
Eé#ﬂ
2ES0
2560
SETN
SES0
2651
2ron
aTin
270
TR0
2740
2van

2red

oo ]

2770

TR0

2720

DO RO OO RS ¥ x )

[N 8 () O
VYR RS |

R0 2= T1+'l1-C3HFTfl100:+c0T100dJJfT1

Te=i2eN-10eF I 2
CE=S—h

Ze2=Ta-h-T2

f__sl___,;;;_J, ________ }_________Li‘-_;-,J___;_&EL_____-::;;___;__-_ji-_

IF CW.HE.2.) ZS2=TE2+0-TS+CIGRTITZee - ool s I8

EFR1=ERRCOTCZL sbis

0 EREES=ERRCOTCZS slis

EFRE=AMIMICERRL JERRE Y

IF JERRR.ER2.ERER1) Z=Z1

IF CERER.EG.ERE2) 2=ZE&

.

+ IMFROVE SOLUTION EBY FERTUREARTIONM
- .
MUD.J=.1

MHID.J==-.1

ICOUMT=1

10 COMTIMUE

IF YERRER.LE..J1eCREBECM Yy EETURM
CARLL EEFIME CZsWsERRRE sMUD a0,
CALL REFIME CZsWsERRR sNMUDJs0. 2

CRLL REFIME CZsWsERRRsG. sMLUDJ

CALL REFIME cZ+bisERRR s 0. aMHUDID

3 HUDJ=HUD.Js2

MHUDJ=MNUTLL-2
ICOUMT=ICOUMNT+1

IF <ICOUMT.LT.142 a0 TO 10
.

»

MH=M+1

=0 TO S

20 COMTIMUE

S=C UL SeH-1l i eR I 20 seS =i SeM=1 0PI 20
ERER=ERRCOTCZ sl -
FETLIRM

20 COMTIMUE .

Z=lieMeP I hj=1

EFFER=ERFCOT S sldd

RETURM

EHII

SUBROUTIME REFIMECZ s sERFER sTH T 2

I COMPLEN ZalsZHEW
JoCcoMMod FERES ITYWFE

10 COMTINUE

w=RERLCE S

Y=RIMAGCZ

HHEW=He 1+ T

YHEW=Y+( 1+Tl K

ZMELI=CMPLE CSMEW s WMNE 2

IF <ITYPE. EU.IJ ERRMEW=ERRTAMCZMEW sl
IF CITYPE.EG.2? ERREMEW=ERFCOTCIMNEW sl

+ IF MTH EDUT»DUES MOT EXIET CM+122T7 RCOT IE

FOLIMD

B e St

ST Stttz 0

g ctovs RS e et



*o¢ MEWECL e+ 1102575 FR3E- &

2201 IF ¢ERFMEW.SE.EFRF: RETURM
2910 ERRR=ERRNEW
ij=n Z=ZMEW

2330 50 TO 10

2940 EMD

250 -

i e ERROR CALCULATION FOR ZeTAMCZr=k

ot L

320 FUMCTION ERFTANCT slds
2990 COMPLEX ZsWsCCOZs03IMs
3000 DATA FI ~3.141592654
3010 J=CMPLRECO. 1.0
020 TI=RIMAGCZ
3030 IF £T1.5E.35.) ERRTRN=CREICJeZ-l)
3040 IF YT1.LE.-3S.) ERRTAN=CREZC.JeZ+W)

A
-4
e

o e PO ) r
o
[ 9
=

3050 IF CABI(T1).LT.35.7 ERRTAN=CAEICZSCIIMCZI—WeCIOZ (S0

2Ne0 RETURM

070 EMD

200 e

3??0 + EFROR CRLCULATION FOFR ZeCOToZu=l
3100 -

3110 FUMCTION ERRCOTCZS olda

3;30 COMFLES SeleCZOZ s TEIM

2130 DRATHR PI ~2.14913%2854.-

3140 J=CMPLECU. sl o2

2150 Ti=RIMRGLEY

ALED IF (T1.5E.35.0 ERRCOT=CAEI (Z=Jelds

. IF ¢T1.LE.=-35.» ERRCOT=CRES(I+Jely
2120 IF CREIZCTLI»LLT.3S.0 EPP!UT—FHI"“OFEU,M_;-M¢EIIH'
2170 IF 'FHB¢£ZI.LE..U s ERRECOT=CREZ(1=W2
2200 RETURN

2210 EMI

ﬂ



B

s

|
100
110

gﬂﬁan

o130

|

140
150
150
1790
1290
130
=

o0 =] T

L TR | ﬁ&;wl

MEWECE oee 11-08-7E PRGE~ 1

FERL L sk sMUREL

cOMmMON ~SEQ. Lo WAYEL sALFHA s THETASTHEZTOP s THINC

COMMON ~MRT. EPZREL sMUREL s THAN s TANMAG s 215

COMMOM AWAYEM. KO sHTERME sEECOS00 sKYCCE03 sKKI (200 okYE

coMMOM <KEYS ITABIWRY

coMMON ~PERE~ ITYPE

COMPLEX KHECsEND sk SEYE B
DATA FIsCs 3.141532854 52,957 22458ER
CHLL DEFIMEC1 s GRAPHs

WRITE <3100

100 FORMAT c1lxss a1 "TREULATION OF EFFICIEMCY -
} + "AMGLE OF IMCIDEMCE” oS« "EFFICIEMCY 7 srrd
{00 COMTIMUE

TI=EFFCIWRYx+100
AMBL=THETA+1 30 FI

WRITE <Fs2003 AMELSTL

WRITE 12800 AMBELSTL

SN0 FORMAT (28X sE1Z.0 3 EL12.352
250 FORMAT C2EL1l .43 :

0 THETA=THETA+THIMC

IF CTHETR.LE.TH:TOFY 50 TO 3040

310 CALL SRAF ¢ THAY )

STOF

1 EMD
IR

¢ EFFICIEMCY

.—-:’

0 FUMCTION EFF TWRY

20 COMMOM ~5ED-. L sWAYEL sALFHA s THETH s THE TUFsTHIHI
30 COMMOM <WAYEMS KOsHTERME sKHCUE03 sKYC 200 s kBT (2

I REAL Lskd

COMRPLES KHC sENC sKRZsEYE
COMPLES TM»ZIM «SMC 2ZSME s 3AMC SAME

3} DATR PIETARU ~<2.141592854,3758 .7 304
) kO=2«P I WRYEL L
I IF CIWAMER.10 Z0=-ETRO-COZCTHETAX

IF CIWRY.ER.2) Z0=-ETROSCOZ(THETRY

3 ZUMLi=0

20 IUME=0
S Ti=2sLeIIMIALFHAY
30 DO 100G M=1.MTEREMS ’

0 IF CIWAY.ER.L Y EME=-ETRIeE UK

IF CIWAY.EQ 1Y ZME=-ETHOSK LK T
IF CIWAY.ER.Z) ZMI=~ETROSKYCIMI-KO

ZOMD
I[F CIWAMGER.E2 ZME=-ETROSKYIOMI K0

S0 IF CREALCIMCDH J5T .00 IMC=-ZIMC

IF CREALUIMIN.GT. 0.0 ZMI=-ZMT

cl GAMC=CZ20- _MFW»fED+ZMC}
'h BRMZ=CZ 0-2ME SO+IME

IF CIWAY. EQ.IJ Th—HP LREERLC LS ZMC

SO0 IF CIMAY.EG.2) TE=REZCREALCIMCN

) TC=CAESCCMOMD i ee@eTEeC 1+ INCTE0 T3]

I=RERLCKECCMO heT1

0 IF CcIMAY.ER.LY TE=RBECRERLCL-EMED

G0 IF CTRY

ER.23 T2=RES(RERLCIMID
TISRERL CKNICMI 1 eT1

[ o

“alie

20 KIS
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BR) TZ=CRBICEMIM) 1 eeleTZe( 1=TINCTZN T3
LB 0 ZUMI=IUMI+TC+TE :
£ 530 SUMES=IUME+TCeCRES tFHML:¢¢:+T~oaHB“-th'noob
890 100 COMTIMUE
T00 EFF=COZCTHETH »eeZe 0 ZUIMI-ZUM2 2~ SUML
TID RETURM
7EU ENMI
V30 FUNMCTION CMOMO o ,
740 CcOMMON ~B5EDR- LoWRYEL s ALFHR s THETHR s THETOF s THINC
¥o0 COMMOM ~WAYEM~ EQsHTERME sESCCE0) skYC 200 skISZC200 slYZO200
Tel RERL L kD S
rel COMPLEY IsCMsHASELlSES
TN COMPLEY KECEYO skHE s kYE
720 DATAR PI ~3.1415928547
200 AsKYCIMI- (el elOZ(RLPHA» 2
310 Ti=LeZIMCALFHAY
320 TE2=K O+ IMNITHETR?
230 BEl=T2+KHEIIM
240 BEE=sTER-K=EDoM2
250 T3=-T1
EED H=FEFL A
.n YOOEBE1=RERL<B1:
ﬁ'll ES=RERLYES) :
HH CM= I RE2sT1 =1 R B2 sT22+I RELsTL =T RsBL TS0 23T : :
300 RETURM | »
310 END
g TBE0 FUMCTION ZMoMo .
7*f$30 coMMON GEDS L« WAVEL sALPHA STHETHR s THETOF s THINC
5 40 COMMOM <WAYEM. KO sMTERME sk HCOS0N skYTOS 00 sRRTCS 00 fRY (200
350 REAL L KU
?ﬁﬂ COMPLERX IsZMsMsEL+ESel
PN COMPLEY KHC sEYC sKHIZ sENE
20 DATR FI- 2.141592854~
=4n J=CMPLEC 0.1 00
IOPH AskEYZOMr-cSol oD 0T CHLPHAD 3
1010 Ti=LeZIMIALPHRA?
1020 TE=KOeZIMITHETH?
1020 Bl=Ta+KHI M ;
1040 ES=TE=-KHI (M ' ‘
1020 TI=-T1
1050 A=REALCAY
1070 E1=REAL (E1)
1030 BS=RERLCESY
iﬂFH M—-I R B;-Tl'-I'H-BH~T’"—ILH-L1-T1-+IfH EBlsTInnrn jodeTly
1100 RETURN , |
lqlu ENT
1120 S
llbﬂ + IMTEGRRL OF CESPC—-_elRexees+Eeral
1140 o
1150 FUMCTION ICHsE sk
ﬂ“f” COMPLEY I sA«EsC JPT-;sl-FFE HL
"0 DATAH PI ~2.1415%2654~
S J=CMPLEC O el o)
L300 S=CIRRTIS-PIeRAI ie Aex+E-2)
1200 I=CIORTOEP I CSeR s v oEx Prlosooh CAeR Y i eFRESMLOT Y
1210 RETLUREM
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1220 END

1230 -

Jr40 & THIS SUBROUTINE COMPUTES THE FREZNEL IMTEGRAL F=C-JeZ FOR
0 & COMFLEX ARGUMEMTS '

»

FUMCTIOM FREZMLCZZ)

COMPLEY ZZ+Z sFREZML ».J s SUM s TERM s CEHF sF 0221 o

LOGICAL L1 |

DATA PL <3.141552654.

L1=REAL(ZZI*RIMRGCZZY 5T .0,

i )
[

IF «Li» S=COMISCIE

SJECHMFLACT 01 .0

IF <CRBZ(Z».BT.2.S5» 50 TO &50

S hi=PIeZeez 2

1370 M=n

1220 Ti=1

13%0 SUM=1~ o3

1400 100 COMTINUE: j

1410 M=MH+1

1420 T1=-T1

1430 MEITOR=2eM

1440 Z1=1

1450 DO 200 M=1MITOF

1420 Z1=Z14l-M

1470 200 COMTINUE

AAEn Ta=2eN+1 :

Qﬂjﬁﬂ TEEM=T1elle il (ZeTS-10=dells TS i 2®TS+L 2
1500 ZUM=ZUM+TEREM

1510 IF <CREZ(TERM)» . 5E.1.E-ZeCRBICIUMY 50 TO 100
1520 FREINL=Z+ZUM :
1530 IF <L1) FREIZIML=COMJGCFREZNL:

1S40 EETUEH

A 1350 250 COMTIMUE

g 1560 Fn-xl JusE ;

! 1570 IF 'HINHEI:);ET FEHLt:J) FU—'J-I;»h
1330 =P Ieles

1530 T1=1

100 MH=0

1610 SUM=1-b-J

1ead 200 CONTIMUE

1630 M=H+1

1640 T1=-T1

1850 Z1=1

LEE0 MITOF=2eMN

1670 DO 400 M=1.MITOP

AAnEl Zl=ZlecceM=1 .0

1n4H 400 COMTINUE

i 1700 TERM=T1eZ1le 0 e+ s li= 12

LTI ZUM=ZIUM+TERM ,
bal ?$ﬂ IF CCREZCTERM) JGE .1 E-3ZeCREZCEUMY 2 30 TO 200
{ﬁ$ﬂ FREZHL=FI=-CEXF{=Jel-S3 P leZeIIiNK

a0 IF oLl FREEZMNL=COMJECFREIML

1750 RETURN - ’ :
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. %ee HMEWECZZ eee 110278 FRoE- 4
17vE0 » FLOT REZULTE
1730 -

: ﬁnjﬂﬂ ZULEOUTINE SREF CIWAEY

y 1210 REAL LsMUIREL

1220 COMMOM ~3EQ- LaWAVEL sALPHRsTHETHRsTHEZTOF s THINC
1230 COMMOMN <MAT- EFZREL sMUREL s TRMN»TAMMRS s 115
134& DIMEMZIOM JE¥MCSH o IMO3SH
1350 DATH FI ~3.141592854~
1350 IMCL)="5R"
1370 IMC2o="RP~
1830 IMC3i="H -
L 12830 JZVMOLla="e"
S 1800 JIYMOEa=T+
1310 CHLL FEUJECJEYMsl sl aIMND
Lo 1EE0 WRYWsWAVEL- 1 JE-S
1930 TAPER=L-1.E-%
P 1340 ALFH=RLFHA+1Z0.-FI
1250 IF CINRY.ER.1Y WREITE o3223000 LAY
1960 IF CINAY.ERL.EZ3 WRITE 34000 WAY
1970 WRITE (225002 TAPER sALPHEFIREL s TRM s MUREL « TRHMAIG « 2115 D
1220 200 FOEMAT l&E~ 21368« "FIG. EFFICIEMCY Y2. AMGLE OF IMCIDEMCES s
L 1330 +-2 216" TE WAYE s WAYELEMETH= “»
ST 2000 +FS.3y7 MICRONZ Lo ;
! 2010 400 FORMAT ClHsreelSHFIG. EFFICIEMCY %Z. AMSLE OF IMCIDEMCIE »
2020 +- ol “TM WAYE s WRAVELEMSTH= 7 »T
2030 +F2.3«7 MICROMEZS 2
SSUdD D00 FORMAT Clxa"LENGTH OF THPER= “sF2 .37 MICROMZ »5E
1.)50 + HALF-AMGLE OF THFER= “+F2.3+" DEGREEZ” o~ s 18 "TIELECTRIC COMITAMT=
2080 +F2.3s30 s "LOZE TANGSENT= 7 #F2.23s s 18 "EELATIVE 7o
2UF0 +°FERMEREBILITY= < sF2.3:7k s "LOZE TANGEMT= 7 sFZ .27 818
200 A COMDUCTIVITYS “aF2.37 MHOZ-METERE" s+
2030 RETURN : : '
2100 EMI
2110 -
L Eﬂ&ﬂ + PLOT UF TO T FUMCTIOMZ OM TELETYPE
b 2130 -
‘ Eﬂ4ﬂ ZUBROUTINE PIUECIZYMaMaMUMIT s IN
E#SU DIMEMEZION SoO32300 ¢ 03300 sTDLMO 230 « TEYMO2300 a IMCZ 2 o JZVMIS 2
=9 {31
2170
ziz0
=10

200

HEYM=EYMEBOLE TO EE UEED FOR FLOTTIMGE POIMTE

M=HUMEEFR GF FUMCTIOMZ TO BE FLOTTED

MUMIT=MUMEER OF THE FILE COMTARIMIMG DRTAR TO EE FLOTTED
IMN=MAME OF FILE MUMEER "MUMNIT" '

L 20 20 K 2B 2% 4

(O wa }

IE=0

CHLL DEFIMECMUMIT s IM

IF M J5T. S» 30 TO 1320

IF oM .3T. 12 50 TO =0

ng =0 I=1s3z0 ,

IF CIEOFCMUMITY E®. 1» 50 TO 120
IF CIB.ER.1Y RERD CNMUMITY HOIas¥OIo
CIBLER.GY RERATGHUMIT sS00) HaTo eV CIo
S0 DEYMOT o= d2YMOL D

50 TO &0 - :

[0 Ie=u

100 I=Ic+l

T T

PN OO OO VR OON O O R (V)

IR (I8 (X YO YR (v (X (X (U ¥

[ OO B N

Py
Ay
e S v
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m
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2340 IF <IEDFCMUMITY .Eo. 13 30 TO 120
2350 I1=I+1
{Lmu [2=1+M-1
2370 IF CIBLER.12 RERDUMUMITY HoIduW(drsJ=IsI3
2330 IF CIB.ER.0) READCMUMITS300) HelnegwWidred=laIla)
2327 IZVMOIr=JZYMOL s
2400 K=1
2410 DO 110 J=I1.1I2
2480 HCAy=Ri10
2430 K=k+1
2440 110 ISYMOJN=JEYMOKD
2450 IF 1 JLT. 3202 60 TO 100
i Z4E0 120 M=I-1
| 2470 WRITELS 185N
2420 185 FORMATC. «“TOTAL MUMEBER OF FOIMTZ FLOTTED = - I3
2490 CALL PLOVOH o sMaI2%YMaITUM
g 2500 RETURM
f 25410 130 WRITEC*s1400
2 2530 140 FORMATYC“MAX. MUMEBER OF CURYWES = 573
2530 2S00 FORMATCSELL L&D
| 2540 210 FORMATY “S¥MEOLIC FILE RERD ZTRTEMEMT I3 SE11.673
% 28550 EMD :
‘ SUBROUTINE PLOTSHE o oM e IE%M o TDUMMY
DIMEMIION SoM2 oY CMy s ISYMEND s TILMMY (M3
MYDIY=7
ICOTE=1
YTOP=0,0
SEOT=0.0
HRIGHT=0. 0
HLEFT=0,0
ITIE=1H. ,
CHLL FLOTFOX o sM MY DI « ICODE o TOF « YEQT s HLEFT s 4R ISHT s TZ4Mes .
+ ITIE «IDLMMY
RETLRH
EMD
SUBROUTINE PLOTFCH o sM MY DIV « ICODE s % TOF + YEOT s LEFT s R ISHT s IZ%M s
i+ ITIESIDUMMY»
10 DIMEMZION IMPLOTCTON s TS YMOM o TDUMMY CNO sl NI 2P OHD
20 DATHA MELANK <1H <L <TO.o«MEDIY -7~
30 WRITECH SO0 ‘
2740 M1=HyDIvel0+1
CETS0 vL=M1-1
. @rén IF (ICODE.EG.12 50 TO 10
Pl 2770 OCALL SCALITOM s sMaMal s el sMRDIV oYL s MY DIV s XLEFT s XSCALE s D
 E2TED + WEOTSWICALE DY
0 HRIGHT=XLEFT+7.0eD¥
0 YTOP=YEOT+FLORTCHY DIV 5Dy
930 TO &0
W10 DeE=0RIGHT-5LEFT -7,
0 D=y TOR=YEDOT ) ~FLORTCHYDIW
§OMTCRALE=T O . CHRIGHT—2LEFT
1Y ECRLE=YL Y TOF=-YEOT 2
1 20 TERMH=1.S-53CALE®XLEFT
3 TERMY=YICALESYTOR+1.5 :
WRITECS sS40 YTOF s VEOT s DY s HLEFT s SR IGHT + D
WRITECHS100 »
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2300 CALL SORTHOY oM s IDUMMY o

2910 K=11

ooRen J=H

“wFE0 JA=TDUMMY ¢

2940 IVPLOT=INTITERMY=YZCRLESY (J100

S980 I=0

2360 30 I=I+1

2970 IF CI.53T.Mlx =0 7O 140
S0 K=K+t .

2330 MRRK=1H+
000 IF CKLLT.102 20 7O S50
3010 k=0
2208 MARK=1H- ,
2030 S0 IF CJ4.LT.0»x 30 TO 25
2040 DO &0 L=1»70
3090 &0 ISPLOT.L »=MELRAME
FUE0 MAM=0
SOF0 T OIF CIYPLOT-I» 1Z20ei00ssn0
00 29 IF CMAX.ME.OQx 30 TO 20
SO%0 25 WRITECR 520 MARK
2100 30 7O =0
3110 30 WRITECI S0 MARK s CIHPLOTOL) sl=1 o MAX
o320 IF CJ.ERLO J==1
3L 30 TO =0 :
3§4D 100 I d=INTOTERMMELICRLE®H J 0D
2150 IF CIJWLT.1» 50 7O 120
Sten IF CIJW5T.VO0 50 7O 120
COIF0OIF CIJLGTLWMAMDY MAE=IJ
150 IF < IXPLOTYIJY JME.MELAMEX S0 TO 110
190 ISPLOTCId=T3YM0 L0
SO 30 TO 130 ‘
110 I=PLOTCIIX=ITIE
=0 7O 130
120 IF CJ.5T.1 50 TO 130
D J==1
S0 TO =0
130 J=1-1
IF l1.LT.12 30 TO =40
JI=TTHIMMY ¢ 4
IYFLOT=INTCTERMY=YZCRLESY ()82
=0 17O Vo
130 WRITECIS100
0 WRITECS SO0
1 FETLIRM
2240 500 FORMAT .
250 S10 FORMATCEH+ «F 03 CiH+~1H 22
2380 520 FOREMRTOARL
IITN 520 FORMATOFOAL
Z3E0 5S40 FORMATCLSHANITE IMFORMATION 2+ s 25 o LORWVYERTICHAL 2
2330 0+« 13ZH TORP (-2 =1 0.3 3134 s 12HEDOTTOM =0 =231 0.3 001
i 40 o+ 1ZRIMCEEMEMT = +310.3 s 2028 s2SHHORIZOMTAL: LEFT 073 = #310,.3s
- ;s)‘lu + Sl LIHRIGHT €70 = sG10.327 2 14 s 1ZHINCREMEMT = oF10.03 00
L &0 EMD , . ;
2420 ZUEROUTIME SCALITY S o sHafDIM e HCEVES » ICODE « 5LOMS oM=L I »
3940+ YLOMGsMYDIW o #EBOT o mZZRLE « Dl o YEOT oV ZLRLE o T2
2450 DIMEMZION waoMa ot iMN2
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3460 L=1

3470 AMAR=HL

L Jan AMIN=xCL

3450 DO S I=1sN

3300 IF CROIN 5T AMAND AMAX=NODD
3510 IF ¢NCI3.LT.AMING AMINSHCD S

: QST II
§ 3580
3590
500
el
2E20

- ..
et 4-3 I

L 3540

i 3ES0
{ 33@0
! 3ET0
3630
e300
3700
EESN

ER)

- ETH0
2rSi

A4 LOME=ZLOMB
IF CICODE.ER.-1) 30 TD 25
IF (ICODE.ER.-3» O 7O 85
M M=M=DIY
MY M=MATIY
in0 IF <ICODE.HE.2» 50 7O &0
IF CAMAE LT 0.0 RAMA=E=0.0
IF CAMIM.5T.0.00 AMIM=0.0
20 TPRERD=CAMAX-AMIMNI~HYN

IF C(EZPREARD.LE.0.0x 30 TO 1S5S0
&3 RA=ALOGIOCEFRERDS

I=H ‘

AH=1

AR=R~-AR

IF CAR.LE.D.0Y RA=AA+1.

A=10,%eMR
IF J{R.5T.2.0 30 TO 20
AR=2.~H

]

5070 40

20 30 IF CA.5T.3.0 50 TO 33
A

[

HH=5 L] -"‘H
50 7O 40
::: ] HH" 1 l:' . -"“R

. 3780 40 ZPRERD=IFRERDeFHR
3 b?ﬁﬂ H=HMIM~-ZFPFRERD
: IT30 I=R
3790 AA=I
: 00 AR=R-AR ,
5 3310 IF “AR.LE.O.ON 'H=HH+L.
i 3820 AFASARSIFREAL
3530 A=CAMAN=AMIN+RR D <5YM

240
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?§ cl4unn
f 40110

IF (R.LE .ZFPRERD HU 70 45
ZPREAD=H
30 TO 23
45 YEOT=HMIN-AR
SIPACEL=AMIN-%EOT
SPACERE=YREOT+ XYMHeIFRERD »=RMAX
ML=ZFPRCEL-ZFRERT
HE=ZFACER - ZFRERI
MOYE= MR-ML 2 ~2
TEUT=YBUT—FLUHTiMDVE)’SPEEHD
YERORLE=SYLOMR - ZFRERAD®XYM
ik 7FFEHD ;
=0 TO <S01000 L
:qn “EOT=YEOT

dHLE—1'EHLE
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see HEWELDEZ +oe 110278 FRISE- =

S 4020 AMIM=Y (L
4030 DO 50 J=1MCRYES
e J40 I1=1+J=13eNDIN
4050 IM=I1+M-1
4080 IO &0 I=I1sIM
4070 IF OYOINJGTAMAXDY AMANSYOL)
4030 IF YO Tx JLTJAMIMS HMIH—HI"-
4090 S0 CONTIMUE
4100 AvLOMS=YLOMS
4110 IF ¢ICODE.ER.-2» GO0 TO &S
4120 IF <ICODE.ER.-3)> 50 TO &5
$130 “YM=HYDIY
4140 MHYM=MYDIY
4150 &0 TO L0
4180 €5 I=AMAX
4170 IF CRAMAK.ST.0.0x 50 7O 70
4120 50 TO 7S
4190 FO A=I
4200 IF CRAMAK.ST.ARY I=I+1
42310 TS MEYM=RAMIM -
S 4zEn IF iHMIH.LT.U.U}LED TGO =0
4250 50 TO £
4240 30 H‘N.“uN
4250 IF CAMINLLT.AD HEvN=MxYM-1
4250 25 YEOT=M:YMN
G270 MEYM=T-MEYN
<380 TFREAD=MNAYH
“”ﬂ“” M DI =MEY M :
42300 ¢ICALE=RYLOMG - SFREAD
4310 30 TO <20s1000« L
,4 20 90 ZEOT=YEOT ﬁ
4330 WEICALE=YICALE
.4J4u D=y
4;5u MsDIV=HYDIY
4350 S0 TO S5
4:70 100 RETURM
‘4251‘1 1S5S0 WRITECS <1000
44::;:':'“:! FRETIIEN
4400 1000 FORMATC~ s THE FHHlTIDH HFFEHP TO BE A COMNITAMT »
4410 EMD
4420 TUBROUTIME SORTMNCH M oMM
4430 DIMEMSION MUMCMIaROMD
“4440 DO 10 I=1H
4450 10 MNUMCIp=I
C44E0 M=n
44T 0 45 M=Me2
4420 IF <M.LE.0» GO0 TO =0
4430 K=N-M
C 4500 DO 20 I=1sk
4510 J=1 T
4520 &0 L=J+n
;33%30 ML=MUMCL
; J54m H.J=HUM G0
4550 IF (HOMLY LT MCMJ2y 50 TO S0
45 SE0 MLIME do=HL
45T HUMCL =M.
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4530 J=J-M
4530 IF ¢J.5E.1% 5O TO &0
100 30 COMTINUE
wial0 30 TO 45
4520 30 RETURN
4230 EMD
4540 FUMCTIOM IFEPLY (DY
4ESD RERD o330 IAMT
4660 IFCIANT .EQ. 1HY »50TOS
4670 IFCIAMS.EG.1H »5OTOZ
4650 IFCIANZ .EQ.1HO»GOTOS
430 IFCIANS.EQ.1HTGOTOR
4700 IREFLY=0
4710 RETURN
4720 2 IREPLY=1
4730 RETURM
4740 3 FORMATCRLY
4750 EMD
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