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e of shgraaves In bleleglicsl suite®

Menche, Svm, and Tissues with High Hater Content

"'ﬂ‘ﬂ“ Dietectric] Conductivily | Wawelengoh Depth of feflection Reflection
' Conmtand % A\, Pergtration Coefficient Confticiont
(cm) (e,) ($/mater) o (om Afr-Muscle Rvicle-fat

Interface laterface
r ]

0.982 0.28

we e.628 17 n.e 0.956 0.14
0.975 e.28

0.32

; s.081 0.45

150 ) %.5 (WY .. “n 0.804 0.63
00 ' 8 118 n.e 3.9 0.62% e.78

@.3 ) .13 0.76 .57 8.003
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Pronerties of micronmves In biological medlar

oot on dees Fran Schuse snd Plorasl (1) Sor rempersturs of 31 C.

f Fat, Bone, and Tissues with Low Water Content
— l—— U

Frequency | Wevelength Drelectric | Conductivity Wavelength Depth of Reflcction Reflection

(M7} In Air Constant ‘L lL Penetration Coeffi: irnt Coefficiemt
{cm) (cl) {mS/m) {cm) (cm) Air-Fat Interface :::;:::::‘ Q.'

r J ]

1 X .000 -- -- T -~ _L‘ .- ’_-- -- J‘r— —
10 3,000 .- -- -- -- .- -- —
27.121 t,106 bae) 10.9 - 43.2 241 159 0.660 +174 1.11
40.68 733 14,6 12.6 - 52.8 187 118 0.617 +1713 0.652 1% 1.00
100 k 4. 7.45 19.1 - 75,9 106 60.4 0.5M +168 0.650 +1r2 e.87
i 200 150 5.9 25.8 - 94,2 59.7 ».2 0.458 + 168 8.612 +172 1.10
i 300 100 5.7 N6 - 107 « 2.1 0.438 | +169 0592 | «122 { ;.38
433 .3 5.6 1.y - 118 0.0 26.2 0.427 +170 0.562 +1713 1.73
750 40 5.6 Nne-1 5.8 23 0.415 +11 0.532 +11¢ 2.48
s 2. 5.6 55.6 - 147 13.7 12.7 0.417 +173 0.51¢ 1N 2.81
1500 2 5.6 7.8 -1N 8.41 1.9 0.412 +174 0.506 10 3.86
2450 12.2 5.5 %.4 - 213 . 11,2 0.40% + 1M 0.500 L1 4.84
.29 9. 0.408 +1) 0.49% «17 $.1)
2.6) 6.8 0.9} +176 0.502 +175 §.49
.29 5.4 0.68 *176 0.502 +176 6.21
.n 4.6 0.3n +17¢ 0.513 +173 6.09
1. 0.3 | +12s o.suiom Ls.y;
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Basic TELECoM - Mid vek

c This ' is

Cc The refr

common d
writmis,
20 fTormat('
read(S,+
write(s,
1 format('
read{s,+
stangle=
writmis,
2 format('
read{5,s
wWrite(s,

FLO format{'

read{5,+
K=Q.
+n0,
yax=(,
write(s,
format(:
write(s,

N W

ta=tan(s
LOO dely=dei
yuy+dely
YEX=y RN+
wmxtdel y

a simple ray tracing program
active index is a function of the height only
elta
20)
Exponentisl decay factori')
) dalta
1)
Starting angle in degrees:’)
) smtangle
stangler3d, 141%924654/160.
2)
Unit step in the horizontal direction:')
) delx
10}
Mumber of ustepe:’}
)} nmax

ELEE T

3)
Horizontal gistance vere s height:')
%) Nyy

tangle)
Anta

cel:uwtanintangle~n/delta)l

write(é,#) »,y,yex

call refr
ta={(ta+r
Lttot=ito
pfiitct,
goto 100

G i e o e
wuprouti
common d
This sub

axampler

noooGo

reg = -1
return
and

inoex(y,res)
est0elx) /(.- tanrgartselx)
trl

®q.MAN) stop

pa— -

ne refindex(y,res)
alta

routine provides (di/dy)/N

suponential profile
N=Aexp{-y/dalta)

./delta

Cemmmmmn

[ This is

c The refr
cCommon &

a simple ray tracing program
active index ls a function of the height only

nO,anl ,delta

write(&,20)

Eely ] Frrmaki

Fvnrnantial dacau Ffardnrast)



read(%5,»*) delta
write(é,30)

30 format!' Refractiva index profile constantas NO and N1a')

read(5,+4) anld,anl
writeis,#) ano,ant
writel(b,1)

1 format{’' Starting angle in degrwes:')

read(3,#) atangle

stangle=atangle#3. 1415926547180,

writei(s,2)

1u

read(5,»*) delx
writel(s,10)

format(' Unit step in the horizontal direction:')

10 format(' Number of steps:i’'}

read(3,#) nmax
w=i,

y=0.

yax=Q,
wWrite(s,3)

w

write(é,#) x,y

[

ta=tan{stangle)
100 dely=deixsta
ymy+dely
Hex+deln
Write(bd,#) »x,v
call refindex(y,res)

format(' Horizontal dista

rice versus height:')

ta=(ta+reswxdelnis/(l,~takrezsndelyx)

ttot=i1tot+t
if{itot.eq.nmax) stop
goto 100

end

ot b R e e o e T o e i o e

subroutine refinoexiy,rea)

common and,ant,delta

CICiulviireg

dummy=anisexp(-y/delta)

This subroutine provides (dN/dy)/N

example: exponential profile on top of constant
N=aNO + Niexp(-y/delta)

res={(-dummy/delta)/(an0O+dummy)

return
end

a
]

4
]

i

acioe

oagoo0n

program wire

[ n]

This program implements the method of moments
for a straight wire on potential 1

The charge density is taken to be piecenwine constant
and a point-matching technigque is used

realssd a(100,100) 1100} ,r (100)

rs right-hand member

Data input

goonooonn

a1 matrix of the preblem
®1 unknown charge density

(normalised on a factor 4#pivepsilonQ)
(=1 in this particular case)

210

kY]

w G

noo nooD

a0

(=]

ooaw

aoooaGoan

acc

Writets,1)

format{' Number of divisions on the wirs:')

read(5,#) ndiv
ifindiv.gt.100) gotoc 200

write(s,2)

format{' Total lergh® of the wire:')

read(S,#) t]

write(5,3)

format{' Radius of the wire:')

read(5,#} rad
Elementary division
del=tl/ndiv

diagonal elements imj
do 10 i=1,ndiv

ati,i)=2,%alog(del/rad}
continue

non-diagonal elements

do @0 iwl,ndiv

do 20 §=1,ndiv
ifii.eq.j) gotc 20
ali,l)=i. /18bs(i-j)

centinue

right-hand member
do 30 i=1,ndiv

riiy=i,
continue

Solution of thm system of equations

call egnia,r,n,ndiv}

Write the final sclution to a file resuvlt.dat

We now introduce the factor 4spisepsilent = (10=8-5)/9,

The results in RESULT.DAT are expressed in Coulombe{i0o=s-13),

hence the multiplication factor becomes (10#%4)/9.

fak=1.e4/9.

openf{unit=1 ,file='result.dat’')
write(l,#) (fak#%:{i),i=]1,ndiv)

closef{unit=1?

Calculate the total charge on the wire

totchar=0,

do 500 i=i, ndiv
totchar=totchar+wii)

continue

totcharetotcharsfal#del

writei(s,501) totchar

format{' The total charge isi

stop

To many unknowns

'yG20.6,"' 10%%—13 Coulomb')



200
=0

writel(sd,ob)
format(' Number of unknowns is limited to 1001)')
goto 210

end

Ci

YEY RSN YE s E W)

10

70

3
|

subroutine egnla,r,:,n)

Simple routine to aclve linear syatem of equations
r{i)=Aij*u)

ninumber of ecuations

maximum number 1s now L00{

‘real®sd a(100,100),x{100),r {100}

do &0 k=i,n—-1
do 10 i=k+1,n
riid=alk,ki#r{i)-rik)%ali,k)
do 10 j=k+i;n
alti,it=alk, kivali,jli-alr, kiwvalk,j)

continue
top=0.
go 70 isk+l,n
do 70 jJ=k+i,n

"iftabai{ali,j)).gt.top) topm=abs(ali,j)!
continue
do BO i=k+l,n
ri{it=ri(il/top
do B8O j=k+i,n
al(i,it=ali,ji/top
continue
continue

elimination finished - calcute unkrowns

windl=rin)/ain,n)

do 30 k=1,n-1

do 20 j=1,k
rin-klsrin-ki—ai{n-k,n-j+i)}wxuin-j+1)}

continue

niri=kl=ri{n=k)/ain~k,n=k)

continue

return
end

oOOOOO0anoOnT

-

s

program stubs

This proegram sclves the double stub matching problem

It starts a given real characteristic impedance and a
given load impeadance.

The distance betwaen this lcad and the first stub and tha
distance betwasn the stubs must alsc be supplied to

the program

A proper warning is displayed if no sclution turns ocut to be
possible

write(é,1) .

format{' Characteristic impedance (real):") .
read(S,*) ro

write(db,2)

Tormat(' Real and imaginary part of loadi')

read{(3,#) rr,xr

writelb,3)

format(®' Distance from load to first stub:s'}

read(S.#) an

4]

o1

100

wriceld,4}

format(' Distance between the stubs:’')
read{S,+}) anb

nig=l, .

call doublel(ru,rr,xv,an,anb,wavii,wavid,sig)
write{s&,s)

forman{' First sclutign: )

ifisi1g.ne,.0.) write(s,102) wavil,wavld
if(=zig.eq.0.} writelb, 101}

format(' No solubtion possible!’)

sigm-1,

call doubletro,rr,xr,an,anb,wavlil,wavs12,s1g)
writel(4,46)

format(' Second solutiony')

ifisig.ne.0.) write(b,102) wavll,wavigd
if(sig.eq.0.) write(b,101)

format(*' First stub: *',G20.4,' Second stub: ',B20.4)
stop .

end

subroutine double(rO,rr,xr,an,arb,wavll,wavla,sig)
wavll=0Q,

wavle=G,

pi=3,141592&6%4

theta=anb#720.

call ranglelitketa:

call reflect(r(,d.,rr,sr,gm,gad)
gad=gad+180.

call rangle{gad)

call spyrali{gm,gad,an,C.,t.,gm,qad)
call imped(i.,D.,gm,gad,ri,x1)
thetarsethaetaxpi/180.
dg=rl#{},-~cos(thetar)}
if(d.gt.2..0r.0.29.9.) goto 100
a=2,#rl/(ri+l.)-coa{thetar)
b=ain{thetar)

d=rl/{(1l.+r1)

e=1,/{1.+rl}

cwdl-e

aasankgdrh s

po=C.#{phrwdxdt+ard-awe)
coob¥apugusd+did—c . Hikgrere-(hxe) #+2
discebbrs2-G#ansce
if{disc.le.0..cr.b.eq.0,} disc=0.
k=i{bb+aiguasqri(discli/{2.4aa)
if(disc.re,0,) y={awu-c)/b
ifidisc.eq.0,) y=sigeaqrtiabs{ess@-{x-d)#»ed))
phir=atan2(y,x)

phi=phir#iBJ./pi

gam=x/cosiphir)

call imped(l.,0.,gam,phi,rl,xl2}
Dlaule=xl

call reflect(l.,0.,0.,bl,gml,ang)
if(ang.1t.C.) ang=36u.+ang
wavll=(3&0.~-ang) /720,

call spiral{(gam,phi,anb.0,,1.,gm,gad)
if(gad.lt.-%0.} gad=-190.-gad

call imped(i.,0.,gm,gad,rl,unl)
bl=-xl

call reflect(l.,0.,0.,bl,gm2,ang}
iftang.1¢t.C.) ang=3690.+ang
wav12=(360.-ang} /720,

return

sig=C.

return

mor
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subroutine rectanira,thetad,x,y)

pi=3.141592454
thetarsthetad#a1/180.
wmrascoslthetar)
y=ra#gini{thetar}
return

end

gubroutine imped(roQ,x0,gm,gad,rs, s}

call rectanigm,gad,gr,gi)

call polar(i.+gr.gi,an,anad)

call polar(rQ,ud,z0m,z0ad)

call polar{l.-gr,—gi,ad.adad)

call rectan({zOm#an/ad,z0ad+anad-acad, s,:s)
return

end

subroutine reflect{rD,x0,rr, ir,gm,gad?

call polar'rr-rQ,xr-x0,an,anad}
call polar{rr+ro,xr+x0,ad,adad)
gm=an/ad

gad=anad-adad

call ranglei{gad)

return

end

subroutine spiraligml,gadl,an,alpnha.teta,gmd,gadd)

dgad=720.#an
gade=gadl~dgad

call rangle{gacd)
p1=3.141592654
attn=—4 . #p1ralpharan/beta
gmZ=gmi#exp(attn)

return

end

subroutine rangle{thetad)

ifithetad.1t.350.) goto 2
thetad=thetad-360.

goto 1

if{thetad.ge..) goto 3
thetad=thetad+340.

goto 2

if(thetad.gt.160.) thetad=athetad-360.
return

end

subroutine polarix,y,ra,thetad)

rasagri{xexrysy)
thetad=atan2(y,x}#180./3.1615926%
return

end

Sooo0on O

pregram findif

This program soives Laplaces equation for the potential
by means of finite differences

It is written here to anlve the evametric stripline arohlen (.e.

oL uOOLwnocoauDoDonnn

oan

20

21

L.

T 2uo

.do 81 imbz+2,bz+bs+2

a perfectly conducting st-:, of width bs (in nfbitrary units}
between two perfectly conducting ground planes. The distance
between these planes and the strip is hsg (in arbitrary units)

In order to sclve this problem the configuration is put into a
box of potential zerc, The boundaries to the left and to the right
of the strip are specified by a distance bz (arbitrary units}
This distance must be large snough to yield good results
The number of Zivisions on the strip and between the strip and
the planes mus: also be large enough (hsg and bs must be > 13)
He alsoc determi+o the 1mpedance for that configuration. The medium
between the planes i8 a1,
Typical example: strip width bs=t5
distance betwesn strip and ground hsg=13
distance bstween gtrip and box bz=bd
his is & strip wherwm the width is half the distance batween
the planes, Characteristic impedancer 100 Ohm (see literature)
numerical result after about S00 iterations: 94.6 Ghm

real#s v(208,208)
integars4 bs,hsg,hw,bz

Data input

write(b,1)

format(' Strip width in unitss'}

read(S,*) bs '

write(s,28}

format(’' Distance abeve the ground:’)
read(5,+) hsg

hs=hsg~1

writel(6,4)

format(' Distance left and rignt of strip:'?
read(35,+) bz

tata=0

write(s,%)

format(' Number of cyclas [O=stopl,number of ilter,/cyclei’)
read(S,#*) ncy,niter

ifincy.eq.0) goto 868

icy=0
jtar=0
iftista.ne.0) goto 200

initialise

nysha+2ebz+2+1
nyshsg+hs+1+1
do 80 i=l,nx
do PO j=1,ny
v(l'.‘H-O-
continue
iy=hsg+1

vii,ly)=l,
continum

Etart iterations

do B2 j=2,ny-1

do B2 i=2,nx-1
iflj.ne.iy) goto 50
ifl(i.l1t.bz+2).or.ti.Qt.bz+ba+3)) goto S5O
viiyyle=i,
onto 22
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continue
iter=iter+l1
ifiiter.ne.niter) gote 200
c
if(ista.ne.0: goto 100
¢
C Calculation of tha total capacitance with respect to the
c plane belcw tne straip
c
writel&,5001)
3201 format(' Capacicance calculatieni')
c MHumerical celculation of the capacitance
istac=1
L0 idis=2
eum=0,
ly=hsq+l+idis

ibegin=bz+c—-idis
itend=bz+bs+2+idis
do 303 i=ibeqin,iend
fak=1.
if({i.eq.ibegini.or.(1,.8q.1end}) fak=d,5
sum=sim+fak®(v{i,iy+l)—vii,iy=1))
303 continue
iy=hsg+i-idis
do 304 i=ibegin,iend
fak=1.
ifi{i.eq.ibegin}.or.{1.eqg.tend)) fan=0.3
sum=sum—fak®{v{ii,ry+1l)-v{i,iy—1))
304 coentinue
1x=hu+2-idis
ibegin=hsg+l-idis
iend=hsg+i+idis
do 3OS i=ibegin,iend
fab=1.
1fi{i.eq.ibagin).or.li.eq.1end)) faksa,S
sum=sumtfacf#iviiz=1,1)=v(id+1,1))
continue
in=bz+bs+2+idis
do 306 i=ibegin,ieng
fak=1,
if(li.eg.1begin).or.(i.eq.iend)) faw=G.%
, sum=sum-fak*(v(ix—l,ib—v(1z+[,§)j
NG continue

i
o}

sum=0.Srsum
sum={1000./{36.%3, 141592654 ) ) saum
writel{d,400) —aum
GO0 farmat(' The numerical caiculation yieldss; ' ,G20.&)

1Cy=igy+l
ifl{icy.eq.ncy) guto 800
iter=0

goto 200

358 Write(s6,889)

=10 format(' Impedance of the stripline configuration:')
write(s,#) ~10000./ (& #sum)
stop )
end

Ce==r=m=x» = == LT

el
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Basic program for solution of double- stub tuners
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. Table 1.

SUBROUTINE DOUBLE .g.xgbzn.i)s.,_.ibg_
DETERMINES THE rmt%_.w_m (IN WAVELENGTHS) OF
THE TWO SHORT-CIACUIT STUBS FOR A -STUB TUNER.

A A
s 582 2k
%mm.w.owa.mo.p ETURN

,x..mo..c.:%. NOT 3»!!.%&0
SOLVE SIMULTANEOUS EQUATIONS FOR CIMCLES.
Aw2 3.“.6083.52
Wn.ﬂ: +AL)
E=141.+
g
AM=A"2+0"2
Table2:

Subroutines calledforinDOUBLE program
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SUBROUTINE RECTAMMRA. THETAD.X.Y)
CHANGE FROM POLAR TO RECTANGULAR COORDINATES

INPUT PARAMETERS:
RA=MAGNITUDE

THETAD=ANGLE N DEGAEES
OUTPUT PARAMETERS:

%= ABSCISSA

¥=ORDINATE

XeRA AD)

Y=RA AD)

RETURN

END

" SUSROUTENE IMPED{RC.XG,GM.GAD RE.XS)

LEAVE SMITH CHART Y CHANGING FROM REFLECTION

1M
GM=MAGNITUDE OF REFLECTION COEFFICIENT
GAD=ANGLE OFf REFLECTION COEFFICIENT W DEGREES
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END

" CHANGE FAOM MECTANGULAR TO POLAR CODRDINATES

OOINAUIu-O...).Ulb.w
CCa B 2D 2+ 02-2"D'E+EE~(B'E)"2
DISC=BR""2-4"AA'CC

GAM=X/COSD{PHI)
CALL WMPED(1..0,, _v..s._..u._.._._a_..n_.mv
o!._v_n rxm»zon...r OF BTUB NEAREST LOAD --- WAVLY.

CALL REFLECT{1.0..0..BL.GM1,ANG)
1):0.5%- 380.+ANG
WAVL =380 - ANG)T20

84)_...” ANE WAVELENGTHS CLOCKWISE ON CONSTANT SWR

CALL SPIRAL PHLANB, 0.1 GM,.GAD)
IHGAD.LT. 90, =~ 180.—GAD
OBTAIN LENGTH OF STUB FARTHEST FROM LOAD - -- WAVL2.
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MOVES OPERATING POINT ALONG SPIRAL IN SMITH CHART FAOM ‘

STARTING REFLECTION COETFRICIENT TO FINISHING COEFFICIENT
- .Mbl-.

INPUT PARAMETERS: . :
GM 1~ MAGNITUDE OF STARTING REFLECTION COEPFICIENT
FycueAD1 = ANGLE IN DEGAEES OF STAATING REFLECTION COGF-

: o8

GM2=MAGHITUDE OF FINISHNG REFLECTION COEFFICEENT -
OADZ=ANGLE (DEGREES) OF FINISHING REFLECTION COEFR- -
CIENT BETWEEM -ull 180 *

CHANGES THETAD TO RANGE 180 TO +180 N
INPUT:
THETAD=ANY ANGLE IN DEQMEES
OUTPUT:

—0LY THETAD LE + 180

ﬂ*mﬂsﬂabol!

SUBROUTINE POLAR(X.Y RA THETAD)

TS T N S '
AL e Wl L i e il 2R e

NPT PARAMETERS:
X=ABSCISSA
Y= ORDINATE

OUTPUT PARAMETERS: C
RA= MAGNITUDE >,
THETAD=ANGLE IN DEGREES BETWEEN 180 AND 180 - &1
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! : DOUBLE-STUB TUNER

' &+ nmckdcﬁcmmmphmm through

, Y.V dossn't intercept circle A, the computorupom that
! & solution is impossibie.

! Y)Yy = L (line €2). Finally, also find the required
wavelength WAVLE of this stub by the singlo-stub method*
(lines 63 to 85).

How %0 uss subroutine DOUBLE

The input and output arguments for subroutine DOUBLE
are explained in the t cards of the listing ln Table
1. When you use SIG = 1.0 for the last argument of the
subroutine, you will obtain solution §1 for WAVLI and
WAVLL, and when you use 3IG = —1.0 for this srgument,
you will obtain the other possible solution. When first using
aubroutine DOUBLE, it might be wise to add print
statements after statements 26, 29, 51, and 61. In this way,
Yuit can verify the entire analysis by plotting these pointa.

problem where Z, = 100 0, Zg = 200 - j100 f2, the distance
from load to the first stub in 0.06 wavelengths, snd the
separation of the atubs is 0.50 wavelengths. In the main
program, use the statement:
CALL DOUBLE (100., 200,, —100., 0.05, 0.0, WAVL],
WAVLZ, 1.9)
' and then print out the values of WAVL] and WAVLY, This
: constitutes one of two possible sclutions. If you call
' DOUBLE sgain with —1.0 instead of 1.0 for the isat
argument, you obtain the other possibis solytion.
L WAVL] = 0.1006, WAVLE = 0.09T0
2 WAVL] =~ 0.2084, WAVLZ ~ 0.8557
4 For another design problem, consider the case where the
frequency variea over s given range. In this case, the
arguments XR, AN, and AND take on valuos that depend
| on the frequency. The CALL DOUBLE statement and the
i print statements can be put in the same Do-loop that defines
i

Xa AN, and ANB. In this way, you obtain hundreds of
solutions in 3 matter of seconds,

For a final example. consider & case that is difficult and
Inaccurately solved by the usual Smith-chart method. Sup-
pose Zo = 600 @, Zy = 1000 + j500 5, AN = 0125, and
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As an example of the use of DOUBLE, consider the

J.mmunmmpur.rr.a J{(vmmnmm
two possibie soiutiond. Subtracting Y, Irw'r.mp(c

‘I"sﬂforAﬁ”nnhn the pro X
lmofm.ncondunfbufoundby&vﬁ.wu ‘g
ANB = 0.255, Carrying gut the Bmith-chart
find that the two cronsings of the A circle with the b
circle are closs toguther and near the center of the i
Tha computer programa slways glrves the n-m
sccurate to a9 many places an deslred, 1
1. WAVL] = 01202, WAVL2 = 0.2400
2 WAVLL = 01260, WAVLZ = 0.2500
The suthor thanks his students who patiently ipted
subroutine for all possible variations of impats.se 4
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