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ABSTRACT

This thesis concems the studying about the Spectral Domain Immittance Approach in order to
analyze the characteristics of Planar Microwave Components with multi-layer configuration.Some. of
microstrip transmission line with both single-layer and multi-layer are analyzed and designed numerically by
using that method.In addition,the other methods,empirical formula and transmission line calculator software,
are also used to design for comparing the results.The experiment has shown a good agreement between theory

and measurement.
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e mlnaiu (Spectral Domain Approach)
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nmseonuuugUnsaifassutudane ae'ly (2]
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Wi,k x, =k, X)-h(k,y)- h(k.z) (2.1-3)
Taoit
) kf +k§ +k_,2 =k? (2.1-4)
E e
h(k,x) = sin(k,x), cos(k,x), e/ e~/ (2.1-5)
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v= Z Z By x Wik,
k. ky
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=22 By s ke x)h(k, y)h(k.z)
ke &, 1
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k. k,

(2.1-7)

f_ o o =4 et a Y o =t 04 =t 1 .
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Center Strip Ground Plane
g, w region (1) h y
g, region (2) t T——» X
g, z region(3) |d
Ground Plane

JUM 2.2-1 amdiara udas TInseadvesaodaluTnsansy

TunsTinirzv Taeiisssua luTawuSaimma (space domain) dmiulnssadnsand v'ld

1 4 1
TasmsudaumsiBeduiniade 1l ilememsdamsunsnszaie B

2.5 ). + Zo (2 = 2, )T, (D] ' = ()
Ly 2.2-1)

2= ) () + Zo (5=, ) ()] ' = E, () (

o £ uaz E, ﬂaﬁu'm'n"lunﬂum o dumiaweuadl y = d + ¢, J uaz J, ﬂamﬂﬂswnawmnszuﬁ
vuansy (y =d + ) Raf 04 Green (Green’s function) Z_ tagduq iHuflaf$uves B vinaums
fndn aldhnsduiinsanasaaasyl Feziuieun Wi Ef) uaz Eg) feudugud Tavdi
Aosenidaaiiiffudniauysel  (perfectly  conductor)  Audheveseumsezdeadiniuguiuy
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Z (e, d +1)J (&) + Z.(a,d + )T () = E.(a,d +1) 022
Z (2, d+0T (@) +Z (,d +1)T () = E (a,d +1) '
TrainSoamnoiiad (tild) ﬁﬂﬂnguuﬁaﬁ‘fm‘lm MueDa M3uLad Fourier wqﬁqﬁ‘imfuq nane

N

$(a) = q]‘¢(x)ej Fdx , (2.2-3)

’ 4
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BUNNTANADAYIE x TRewAUUEaT Ui Amuaumseztszaeumefansun lunsiua 4 d
3 [

ar [} 3 ’ L] ° a
Mefufio J,JE,E, uazdr hinswm 8 e6wlsia £ uas £ szgninlime ) lumsminainasdesi

Y03 Galerkin

2.2.1 auUMINAU

vniide 21 aumimdn Ithwesndulu Tnuenauitidumeumeds luTnsansis s
annsoinsanldidumsiudeucsiper position) veenduluTnus TE-toy Laz TM-toy tiel¥lums
Annamilaidudufiuaum(impedance) ¥89 Green 318uA z_, z_, 7., z. uszerl@nmduiig

snieaumuiman Il Tnuadandrafuileddudndmnati(scalar potential) fignutasufinisanly
Tannudamnady ' uar 7 FuiluiledFudndmnarsvesniuluTnun TE-to-y 482 TM-to-y A%

i 4
191 fane T

~ . Sp\\ %22, ~ o, ady”
E=-j5—-JB H =jpy -j—<
5% 7 2% I3 5
~ 1{ 8% - ~ 1[ 5? APY
E =— ,+k2) ¢ H =7[—+k2j g
Y y[ﬁy' v r2\g’ . (2.2-4)
~ _ B - B o’

E =—j>——+jopy" H.=—jay*-j*-
; y & z g
y=joe i=jou k' =w’us
d' & J ar e e . -3 J Qs <2 .y
g £ A9 AAAITNINYDY (permittivity constant) 1A H fo MAAIN TN 1§ (permeability) U®4
@ . 9 o v 1 aq ¥ A a = a 4 = .
AIMNAN  (media) ﬁ'l?ﬁ']Jﬂ'!Jﬂ'ﬁﬂQﬂﬁ'l'JﬁlJllﬂ114?]aullﬂ'lilljﬁUullﬂﬁiﬂunﬁulﬂ‘u5'1TTU'Nﬂ (harmonic

.. P oal ¥ W a H 1 o &
variation) aRzanNIoazuIIRRIiuaAnNduRNifune ¢ Wlugnfidileld  fafumnms

uUaeveeErunIsuee Helmholtz Tfnsanlu Tawudanasues 18
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= 1 1Y J P - v & a o o T . .
witut aumssanaezalton ifuaunsenfusvesaumsiSeoyius (homogenious differential
equation) Taui @ uaz B szifludulsves Fourier (Fourier variable) tazaz lanamaniialvesaunisise

o Jdao 1 p-}
ﬂlgwuﬁﬂﬂﬂa'l'lﬂﬂ
W =c,coshyy+c,sinhy, 7?=q’+pB%-k? (2.2-6)
V=q »wte, w, Y

4 o % 4 ¥ ¥ ' Y ¢
. ma‘mm'suﬂﬂﬂgmuau"lwaunm mdmuuuuazmqmumwaﬂﬂsaﬁsnmﬂuszmuﬂinﬂ (ground

plane) vz IdHanFudndmnars uurazuSig (region) sade'li
Ushuf 1 (regionl)
w,° =A°coshy,(c-y) 7" = 4" sinh =) (2.2-7)

VTN 2 (region 2)

¥, =B°sinh y,(y —d)+ C*cosh 72(y—_d) i 229
7," =B"cosh y,(y —d)+ C"sinh y,(y - d) ’
U?L’Jm‘ﬁ 3 (region 3)
z 7" =D°coshy,y #," =D"sinhy,y (2.29)

A e [ as a {y 1 ' ' ar 1 a 5 t
die 4, 4, .., D" ihududsznifilinswsr y dusnsiimsunsnsznoluiin y  Seorn@ouldn

¥=Jk, Falunsdivoalaseadrauuuida (open structure) &3 (2.2-7) anmusodiouldlugy
W' =Ae = Ale (2.2-10)
VINAUMS (2.2-5) U0z (2.2-6) ANUANRUTYBININIZIYAINT (dispersion relation) YOAAZUT AN Ho
kP =+ -y}, =123 (2.2-11)

1 v . v
unuaumIh (2.2-7) - 2.2-9) lu qums 2.2-4) a2 @aumsfesuisaununalivin Wi luusnariay

1 4
]

KT

E, = jay 4" sinhy (c - y) - jp4" sinhy (c - y)

2 =——jayy2[B’ cosh;/z(y—d)+C° sinhyz(y—d)]
—j,B[B" coshy,(y—d)+C” sinhyz(‘y—d)]

E = ~jay ,sD°sinhy,y — jBD" sinhy,y

tn

~

1
Eyl = ;[712 + klz]Ah c°5h71(c—J’)
1



~ 1
2= }*[7/22 + k2][B* sinhy,(y - d)+ C* coshy,(y —d)]
2

by

1
= }7—[},32 + k23]De coshy,y
3

l

E, = jBy 44" sinhy,(c~y) + jad" Sinh71(?"y)
E, =-—j,57y2[B" coshy,(y-d)+C* Sinh}’z(}"d)]
+ja'[B" coshy,(y—d)+C" sinh;/z(y—d)]

3==JPr,sD°sinhy,y+ jaD"sinhy,y

SHENOY.

o = JPA coshyl(c—y)+ja7ﬁA" coshy,(c—-y)

2 =j,B[B‘ sinhyz(y'-d)+C‘ coshyz(y—d)]
—jayzz[,B".sinh.yz(y—d)+ C" coshy,(y~d)|. .

3= JpBD* coshy,y - jay ,D" coshy,y |

1 :
= ZT[ylz + k,z]A" smh}/l(c 3 y)
1

l

{

t

l

1 .
2= ;[722 +k22][Bh COShVZ(y_d)'*'Ch Slnh72(y—d)]

2

!

1 :
)3 = -2—[}/32 + k32]D" sinhy,y
3

l

o =—jad’ coshy,(c-y)+ jfy 4" coshy,(c - y) (2.212)
H,, =-ja[B sinhy,(y~d)+C coshy,(y - d)]

= By o| B sinhy,(y~d)+ C" coshy,(y - d)]
ﬁ.; =—jaD* coshy,y - jBy;D" coshy,y

ooy =0 2123
i Z;

}/yi=

Taohidadey (subscript) Aaudsusemainaasduaaiiuinafinesu dmsy 4 4 .., D' e
o a ] s v o ' Y 4
sunsadmauld  TasmsTinsiediteulvvouiun laudanlnasufisesdovedazuSiong o
A ar [ 3 “ o g 1] A o J
Roulvveuuadanan ldvinmsutaaien luveuwann Tamusedum Nou lyveuadng

¥
uanenne 1i

Ny=d+1t



E,=E_, forax

E =FE_ foralx

H,-H,=J. |x|{(w/2
=0 |x]yw/2

H,-H =-J |xl(w/2
=0 |x])w/2

=a.
pS
I
QU

Exz = Ex3 forall X
Ez =E,3 forall X
sz H3 forall X.
H:2 = I?l':3 for all X

119 J (%) waz Jx) Ao Medsudi uinswaweansnse 910v0InsTLALL AR UAUNUI Yy =d +¢ mmﬂ
Tufoulvveradands 3 fimsAmuagiaves x 714 muum"lummsnmmmﬂm Fourier 1§ #aviu

LWB‘leT'I!J'Iiﬁ?nﬂ'lillﬂﬁ\l Fourier ‘Ulesli)uvl'U‘UBUﬁJﬂﬂQﬂﬁ'l"J %Qﬂ"vlllﬂ'lHUﬂ‘lf’N‘Uﬂ\i x °1umsw1nsm1 W

181

Aoy=d+:
E, =E, (2.2-13)
~:1 = ~:2 (2.2-14)
ﬁxz - ~x1 = ~.~ (2.2-15)
H,-H,=-J, (2.2-16)

ﬁy =d
~x2 = ~x3 (2.2-17)
~z,2 = ~:3 (2.2-18)
H~H,=0 (2.2-19)
Hy-H,=0 (2.2-20)
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P e - . . % ::vl ' ' o o Qll
e Jouaz J, fie msuilas Fourier vesowysznouii linsuiwemnssua U uag U vuans

U AWMU y = d + 1 aud ey

v

4 4 a a o .
qaw diendflymidenluveumauds v 1dszuvmunsiieglugvesaumsmaing (matrix.

. o a
equation) AU
E

Ezl _ Zzz sz "7:

le sz Exx ~x

~ 1 ~ ~
Z. = e 827, +o?Z,]

~ aﬂ ~ o~
Zo=- 2 2 [ e ™ h]

a"+p

~ 1 = N
Zo= oo 2?2, + 52,
5 L ¥,:Ct +y ,5Ct,

Ct,Ct, + C1,Ct, ﬂ +Ct,Ct, 7 ﬂ/

T thz +7.,Ct,
Var?2Ct Ct2 +7a72CHCE + 7. 2V 5CHLCH +y, 2
Ct, = coth y,h Ct, =cothy,t Ct, =cothy,d (2.2-21)

zZ,=

dmiudeu lvvouvaii 1oz litogatszaadlumsias Fourier #9184

E.=E =0 for [x| ( w/2ay=d+t

> - r '
w11 luduneuveamsminamas Tuiatess 1

2.2.2 Emsmuamay

Tuiadleil WNAINMTHIHARALYOITUNS (2.2-21) aumsiaaedly (2.2-21) dszneudied)
hinsiwe 4 dadaeiu e 7,7, . uaw E, oonlsiia dmiudrhinsweraesdiagaie 1dud £
waz £, szamuisosaneniyld Tasms 1933 msmnaman Tnoismsves Galerkin TuTannudanasy
Favzlnanme i Tuduusn szumumveilaisus linsiueh J, uaz J, Tumevesiladsugy

(basis function) ‘n‘nﬂum J uae J_,

7z=ﬁcm7.l,.,(a) J. f d,J.(c) (2.2-22)
m=l



- 10
il ¢, waz d_ iududszdniaihing s faidugmdnansedoudonimunzay fudnvuzues
NIZUANITENIVUAASY mnsvuﬁmnm'mq,nm"lmff]uﬂuumw1 suuaniUminfy Fofulumsidonls
fafdugw fozdeadeniladsuiiuluamudoulusinande iy unueums (2.2-22)
3 ~ —~ 4
(2.221) wdnimsvwaganielu (inner product) 4w Heafdugnifinsiue 7, oz 7, awdiy sady

¥ v
FMTUMIA1Y V04 £ Loz / Tuduasudsndes IWaumsluglnsng &

I[.ZZ ic T +T4Z ﬁ d. m:lda=0, k=1,2,...,.N

m=1

J‘[i Z ic T +J,Z nﬁdmim}dmo, 1=12,...N

m=] m=]

(2.2-23)

¥ 4 a v a A
NNATUVNVOITUMST (2. 2-23) lﬂuﬂuﬂ IﬂUﬂTSWTn'J-m'Iﬂ'JU ‘ni]}Jg]‘UElxi Parseval IUDIINNTY u’ﬁJ,k ag
Jxk ilwllﬂ‘]lﬂ”ﬁ”ﬂﬂﬂinmﬂ'lﬂuf)ﬂffﬂiﬂuﬁ“ulil!ﬂuaut]uuaﬂiﬂ ﬂhn'l'NﬂaUﬂN mﬂﬂi“ﬂa‘U'um’du‘m
blﬂﬁ‘l E(xd + 1) uay E(xd + ) %:uﬂ‘lulmf]u?{uUUiL’JmmUuﬂﬂﬂﬂiﬂ Uas uﬂ’“ﬂuﬂfuﬂuuﬁﬂsﬂ

sndrediusu msmmaguasluves £, medwdhovesaunts (2.2-23) uay T () 914
szk (a)E:zl (a )da 7 27[sz/¢ (x)E:I (—x)dx T O

nntumeugnds w18 lou lvwonwatias Wi defuds  qums (22-23) szannsodioulugy

=1

uuuvenasnd il

N N
ZKIS':I)CM +ZKk(;1n'2)dm S O’ k = 112""’N )

m=] m=1

N (2.2-24)
> K¢, +Z K3Pd, =0, 1=12,.,N
m=] m=]
iiie
KL = [T, 2. (@B, (@)de
KL = [7,(@Z. (a7 o (@)da

KD = I’J:,(aﬁx(a,ﬂﬁm,(a)da

é

Ko? = [Ty(@Z,(a.5)7,, (@)da

-]



]

i ) 11

o o 1 ' - é (-7 1] U ﬁ' L4
VINUATAFAINGTY T IUITOHINRIRABYBITTUVAUMTIOANYS Fanie2luns s c, Woz d, Tngfidn
: s ' 40
Linswmdananiinamaifiars (nontrivial solution) fariuszaNsoudaunsIelnsmsysn B #ith

IHAmo ST (determinant) vouunSndwandrufiugud finnudiaa ideans

2.23 mammuananiugiu

¥

A o A Sk 9 acy . oy 3 ] 9
msmaﬂﬂqmmgm ma%ﬂumsmmmmmwm Galerkin ‘LlllNﬁ’OUNN']ﬂﬂBﬂ’J?HQﬂﬂﬂQ‘UﬂQ
v 28Uy o o ) 7o o A Y aw 4 v oo &
NﬁaWﬁT]vlﬂ muufnzﬂauaanﬂm*xuyumﬂmxﬁn NA1IAY CABDIUANHUSNADWALTUINNSONT LT

a o J o ; 3 o ¥ o A ey P ° o s
%N‘nﬂszmmwzmﬂw uamnﬂuuamaqxﬂu"lﬂmmwu"lwaummmmnmmsmmmmswnmﬂ

édy J 4 : - .1 <] :4"’,' [ a s a a1
114?’111 LINIIUN msz:ﬂammﬁmmmmagmmnmnuyawaaﬁﬂsﬂ NUITNUVDY 2UM

ﬂ . (% q‘: & Y 9y o & a o 1 < Y A . o’u. ar
WuyAeNg U (singular) mumwa‘lnﬁaﬂﬂamnmmu% HASNHANIIUAINDTD ﬂﬁqﬂlﬁﬂﬂWQﬂ‘ﬁuj'luﬂQ

aoluit

cos[2(n —-Dmx / w]
1~(2x/ w)

J_(x)= n=12,.. (2.225)

sin[2nmx / w)

J_ (x)= 5 =2, 2.2-26
(%) J1=(2x / w)? (2226

s ) : v '
o wfio Anunhevosdndy Fesmdiudiiivesiledsu sxficn liugud mmzuuaadniiy Taed

] v " N
auns (2.2-25) sz A engunivsnuveuvesaasy dnvaizvesileidugicasaanslddegli 222

a0




e

— e e e

1Un 2222 dnvazvesilaidugiu

' uazez ldmsudasvesifiidugiuding lulannuseanauld de

i
T (a)= %W— Jo(lvzf-+ (n— l)n’D+ Joﬂwz—“ Z(n —1)7zD : (2.227)
~ W r wo wao
J (@)= Z}'-Jo('—z—'i-nﬂD—JoO'—z—-—nﬁD (2.2-28)

Taeh J, Ao Mandu Bessel ¥iah 1 ﬁ'uﬁ'ugmzf (zeroth-order Bessel function of the first kind) ‘l’l’i‘)ﬁﬂlmmi
<~ 9/ fa ® [y J r-) e @ a o o o a o o Y a
@enliflindugudndnn Ao msutavesiladdussiifseiledSusiingen Mldhelunmsideu

Tdsunsuiomiuia  Aefowd@owTusunsugey (sub-routine) TulUsunsumpuRuae R ¥ uns
) .
ATUIUUNINY
A ar o o o U Y a ar o <
wesnnanyuzveslindugusananlndifnseiy ANBAZYBININTENIBVBINTTUAIT  Tu

1 a o 1Y n’; a o a’ 3o 7 o -
mwdaluTasanTiiag e datu umsAnsanilymdnuasi asalddruauieidugiu s

o ° o o U a o Pl o
1-2 wou. tiftsawedmiumsdnnuma 4 Tunsdifidenldilaidugnuiivanondion y=pr=1 114

7

-0 ‘ (2.2-29)

o o U o 1 o a ;7 [ 9ay ST 4
nnuAIAFAINa Msinnamil f mildlesmsauudm 8 udwmusouldamesTinuud veq
a = 1 4 [y o’: ° J { 4 1
waindiftuguifior 18 B figndes wdewimbu smsunud 8 718 luszuuauns demaes ¢,
o Y ] a rde 4 o 14
waz 4, neTEmNIOMIEaNNUZIIMINIEVIENTuavesaieal I Insans Uit Inseadrmuyratss 'l

¥ :I' o ° ° o c’; dy | 4 @
AwReIms  wennnuudnsalwamsAnnen il Wl lunsmsuRuaudqadnuas

(characteristic impedance) ‘lﬁ'ﬂ'ﬂvlﬂ
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1o a o a dos
2.2.4 mymmaudssansuennagavesientugiu
o 3 VYarsy . v o t ] et
VINNAUD 2.2.2 Uag 2.2.3 Iﬂﬂﬂ'l‘ﬂ‘]f'lﬁﬂ’li‘llﬁd Galerkin 9WUNILHUTUMTAINANIUNARAINIY

.. . & ' o o q Ve /o ¢ a ¢ P ' o
@152 (non trivial solution) (UOHINITONIAN ﬁ ,Tl'ﬂTiﬁﬂWlﬂiiJlluUﬂ maammnmfluﬂuﬂ I1NAN ﬂ 170

’ a ° I a a 7 o o ad? 9 sad
na st ammdulsedniuoundyavesilandugiu ¢, uaz 4 Nauuaduld Taedas

msaa unum B lumsndez1d e
K, K, .. Ky (e
K, K, .. K c
e B Y (2.2-25)
Ky Ky, oo Kyl ldy

4 2 o_ v o o y v o i a L4 - 4

neaumMItan eanalumsthawesiftandug il ldoude lhin umsinssimasuiuaus
o [] [y [} A 1 J o < aq Y aq ¥

Audnyus weglugtvedanidiuvesnszuaviomwesilandugm Ssamnseanudlandld

= 1.0 uazezdagaunis (2.2-25) Tmi'ld

N-~1
K, oKy G K,
N ]<.22. .- KZN y (".3 ) 3 ]<.2l (2.2-26)
Kz MNEy | 1€y K.,

] Y1 a dany @ [ a Ja d a [y .
wiru ldhuadng ldninmsdagluda liiduunSadiFsdmasuania (square matix) MsvImaIRae
1 o s i [-] ' g - QI
mnsori idTaoms 1995 Mdeanaiosiiqa (least square method) fezamIsoiMRAMIAIFYTEANG

a & 14 y
llﬂllWﬁgﬂ‘UOQW\I ﬂ‘lfuﬂ']uvlﬂﬂ'nlﬁﬂ\iﬂ'li

2.3 F8duauau[1],[6]

o’ )

WEmsm lddmsumsinnsvpudnasvosauuudivan Wi Tas1953 Tawus i na sy

v o * o { 3 3 a Y t o
ddildnanBluidefiudy FaldusmsiinneimaadnumsvesaunnsimdnIfhvesTnssatraves
i a = a d a n’: ° -4 ¥ 9 <
moda lulnsaniy uuuliledidnadn 2 FuannsorirldTasmsudauns $waw 8 qums Wemnaman
o | dyn v ¥ P & < ' y Y
voeaumId I 8 #7 FlumsisuludowdJamoulvvouiua Faslinnugennun f1lasead

- o o L) o 9 dy act a o o acy HSq ¥ o o o L4 7w
NWENIMIUATIHUANUFUHFDOUUYY  IFMTDUUAUAUY Lﬂu’]ﬁﬂ'li?li‘lfﬁ'lﬂ’i‘l]ﬂﬁ’llﬂi’l:’,ﬂ‘H'lﬂ\iﬂ‘lfuﬂlﬂxi

[
[

1 4
Green Rlaoase  TusududosmaumuimdnIvffiasdn #e3ifmuan  suiusanlinmsiiasey

Taseadwilianusudounildde
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wanms Inoduvilveiidulionaud  aansoesueld lasmsdunamsurainduves Fourer

t 4
(inverse Fourier transform) Y948 U 1A%

. 1 *~ ,
é(x, y)e F = " 1 (a,y)e =My

—0

@ ) [ 3 o a < ar
NNTUMIAING sxdaunaldd1 esilszneuvosaumad mumsafinsaidifumsiudou

fuveenduszuty idunalufia 6 dvuuou 2 Sweaaluguii 2.3-1 Tao 6=cos [/ (089"

TMitoy TEtoy
4 £
a a
wave propagation . f wave propagation
[‘ v - ﬁv v
‘ E-"@ o = Hy@ 2 >z
H, E,
u u
s p sing= g
. C059=ﬁ .m_—.w

31 2.3-1 sesilszneuvesnduluTamudmdna sy lussuuita o)

(M AauInua TM-to-y (¥) AdUINYA TE-toy

dmiuunazawes 6 aduszannseuteenldiduaduszuiy uluun T™-to-y (E,.E,,H,) uay
TEtoy (H,,E,,H,) Wssuuiifa oy anuduiusseniessuuine wy) taky) annsodou’ld

4
-
U

‘.E

u=2zsinf —xcosd Vv =2zcos@ +xsind (23-1)

~

smawwhnseung J, sradimwzadululvue ™ mintu idesnindunssumFaiiuin

\4

(surface current) ANANNAURLSAUaWIman H, lwhusufentu aszua T, swadiaamzady
) o oo :ly a - [ 4 . . . day a - A

uTnua TE dmiuTimsiivsioisaneesaiyad (equivalent circuit) ilFoSunomadunvesniuly

Tannuseailnasy Tnasldesauyadvesmedaialy flinamamsdenauluiin y dag1 232 Taslu

39;4’ o d:;:sn’: ad a o a’:d -344 a o
VUAHH (NDANTUTCAINUITVSWDITUINTUNY uulﬂmﬁﬂﬂiﬂLWU\W‘NLﬂU’JLTﬂHN B “luusnmw 2



dmsunduTnun T™-to-y 9102995 auyades 1dh

E" =_-~e~v vi = ~yz = NV
5 __ 1
T
Y
Yl N2,
/3'117//////// 777 \
\\\\\\\\\\\\\\\\\\\\\ ,
TMtoy TEtoy
y=h '
chﬂ ; Ylh,T
i —{ =] y=d X «,
Y T (o) YZh T (o)

e

1U 232 2esmsdsanyad dmsuadululvua T™ uas TE

(2.3-2)

(2.3-3)

15

: e a : . < 2 ' '
Taofi v, uaz v, Ao uealiauanuduoeniu (wave admittance) auoamindumisiinssuded uazamnse

a b4 s v o P a ° ar 4
'VW'I'J'ﬂl'l"lﬂi]'lﬂ'l\miﬂ'ﬂgaﬂ‘llﬂﬂﬁ'mﬁ\‘l 11«17111]0\1(?]0’)?!11 TUNINTAMIY aauluTuua TE %z;‘flu

A
s

Eu =_Zh'7u Eul

=Eu2 =Eu

(2.3-4)
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A (2.3-5)

Taoft v, uoz v Ao uondauausvesniu Tulnua TE dnfu Z uaz Z, erwezdonldduiiuiladdu
Green vo9nAuTu Trun TM s TE mud ey ,

dlensw Z, woz Z, udaiteunsoniladuesmmuasild Taomsutasmnszuuinga
v Tiihiszuuita @2 uddinnsilaglditadmnanniviidoniudy  vnaumsnsudasssuy
fifin 2.3-1) 9'ldh Euaz E, sxldvnmsuasszuviiiaves E, ues E, uasluhwsadoadu 7.

uaz J, MWemmsudas J, waz J, Tasmsudasiidadandin sz 1dh

1

Zz=-———a2+ﬁ2(ﬁ2§e+a22,,)
~ aﬂ ~ P
=-—(Z -7 .
= a2+ﬁ2( e h) (23-6)
z.=Z,
. 1 A
zx=———a2+ﬁ2(a222+ﬂ22,,)

umstnseim Z, war Z, enlassadrdidmue i ldTaomsldmguijueseeds

(transmission line theory) FUI 1 WITAMIMBUALAUS 14910

7 Z, cothy,h +Z,

in = “oi (2.3-7)
* Z, cothy,h, +Z,

A 4 a o o K A ] n’/‘ = a o &
VL] ZL o BiJWlLﬂW])"UBQTMaﬂ (load impedance) A, A0 ANUNUIVDIUAQSYY LAY Z, 19 BUNUAUY

o

P Y
AUANHUS mmmmm"lﬂmn

Z == =y 2.3-8

Ong ; ngi_ ( },yu) ( )
E jou, 1

Z, =at=I oy 2.3-9)
o H, Vi Y

. . - aa P 9y o [y 9 o b
e i unuuinuiiinsut y amunsanldnnaums 22-11) dmiulasaadiedegy 2.3-2 medu
1 o e A a 4 1 o { o
vuazAangnadaemidnheuysed Fahlinauiasteundumiina (phase) Waeul 130" nie
annsofRerse 187 uilunsdanees Ghort circuit) lumsunuatasluaums 2.3-7) Seamansofinsan'ld

I & a L4 a0 o 5 9 [ v et & W o L4
71 Buviuaud Inandiaudugud  vennmiu dmivlassaduuuda Bidmidnidamedmnuag
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° v
' [ "] a ' a . . o o 8/ w
an lununduiu Aannsefiesenidiuduiesda (open ciruin  dmuTaseaanuunaedy
dufinaudiiosaniivSousoods s ldvnanuduiusluauns (23-7)
b 4 » 1 4 1 4 E 4
aniu dmsumedalulasansUiiliduaasadud suRsrsuda 3 su Aaaaslugy 2.3-3 9

~ ~ N L4
aunsaminves Z, uay Z, 18 laoldaumsae 1ui

FUAATATUIAYY
2‘ - yyl},yZ Z’ _ 1
= =
* 7,.Ch +7,,Cty 74Ct +7.,Ct, (2.3-10)

Ct, =cothy,(h-d) Ct, =cothy,d

AuaAsTA 2 $u
5 7y2Ct3 +7y3Ct2
* Ct,Ct, +CtCt, Y2 ¥ n+75 17,

7:2Ct2 +},23Ct3

Z, = - @3-11)
Y07 2CHCl +y 7 .,CHCty +7 2V 5 CthCl +y5,
Cty =cothy,h  Ct, =cothy,t Ct; =cothy,d
Fusas 3 51
Z; =y, 1Ct, Z:=1/7.-4Ct4
Ze = yy3~7y4Ct3 +7,3Ct, Z3h 1 _1_7’z3Ct3 +7..Ct,
7y3Ct3Ct4 G, Ves YeaCCly +7 5
Zt =y, Z3Ct +7,, 70 L 7a ZiCt, +h1
7y Cty + Z3 Yo Cty+7.,Z; (2.3-12)
Zi =y, ICt Z} = 1/y.,.Ct
- -1
Zez[le"‘ le) Zh=(ih+‘lTj
Z, Z VA
Ct, =cothy,h, i=1234

Funaldd wadnsluaums 2.3-11) mifourui g Tneld5 % I luaums (2.2-21)
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22‘11 @ | z5 o | //////////@z ,2{

|

|

1
Z§ l-lo.. ................. .. Z;.il. -‘ ................. :~:‘:..;:E:;:.E:;:E:EEEEE:@E;E;E. * i h}
Z: 11 ................... ZEU .................. &A%m ,@\\\QS h )

— —_—— —~— - [

1R 2330 medsanyaddmivaodelu TasansURlidumasa 3 $u

2.4 mAnnzdlnssadeiszneudasmedumuaden (slotlines)
Tuanddmidadiuas sxiiouldmodariaiuler (nline) nioadon (slotline) Tun1sooAILY
235 luTasan (Microwave Integrated Circuits) @ msumsinsieaedriiagingnTag1ess

1 4 13 13 ’
Tanudsannasiniu ldTasmsdsudsaaumsilddmsuluTasany daii1dnd 1 I luiadeiuga

Ground Plane
/ y=d4t+h=c

g
——

; 1 w rrsfon (l)
I y:d-‘-t
y=d
y=0
Ground Plane l

11 2.4-1 Tassadrvesmvderiinadon layl

{ d. ] a o 2 o o 3 a
i 241 urmaliudaTnssadhavesmoderiiaadon o Fidmivadenlahiufinsa'ld
Tasmsfodumisesnlsind ld Biiszozoiud seninseorsvssusinad 1 uasudinud 2 sxiusy
anihinanaegludumisinduivandilugy 221 munsauw@lflumsdinseormiousui

] [ 4 [ td
MWhwiadod 22 Aniuszyvaumsilflunsinsisf lassadefinemioufuaums 2.2-21) usse
1sfd  dmfumammamasTasldi5ves Galerkin sedanadn Suluiidesimuailadsugniitivua
L] d' ] o o d'cldy c:; . o J o .’: =2 ' a' 9
Ingjiiounumsnszneveanszualuuiudnififiiuiinng sindn  dniuduiiumsazannifiezld
v v

MIUATIHAIETUADLYBY Galerkin AU o Iihii linswsh £ vuaden uaves laumsveasuny

fulsuda fe
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Z{" = I:”‘ {” }E“ (2.4-1)
LYz = = Ex2_
e
_?xx ?XZ — ZXX ZX:-—l
L] |Z, Z_]
2 2

¥, =- 21 ; a.z

a"+p°\Z, Z, :
~ 1
g (11

a*+p°\ Z, \
?Rzz‘t
> _ 1 ,B_2+.a_2
5 Jd+p\Z Z

iesnnanumasvealasaadre dmiuTuuandn (dominant mode) vosau Wi sxivisrldd
» 1 4
rdioudiniadninInih (electric wall) Megfidumiwsananadon aniuTasnuautan3niig (duality)

wldhiladdugruieziplnudniusuildlu Tnsatovedllnsansy do

cos|2(n —1)mx / w]
1-(2x / w)?
sin[2nm /w] -

E_ (x)= s n=12,... (2.4-3)
(%) J1=(2x / w)?

Tnghileddufidmuneziisunmzuuaion uasianfugudluusoaiug msuilas Fourer voailrdu

E, (x)= ) n=12... (2.4-2)

Fuanan seglugduuudoaiudueums (2.227) uaz (2.2-28) dnyazvesilaiduguzuans’ly

ar

AU 2.4-2

v

i 242 dnvaizvesilanTugiu

033071
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]

R
=t o <1 -3 a I ey . 9
unsdildaddugnuifivuneufon lumslins e Taseadall Taoms1d35veq Galerkin 92 deums

w3 naaaas 1
=0 (2.4-4)

@ v o oy (4 '
vnaumsdiedu aunseldiosanda 4 wdwmlbeundesiiamestiuound Seufugud

-3 o J w 1 4 9 o ° o 1 Y
Nz IseiINmMAIMSINInTznsies Idh ludnnumgudnyusvesmedenn 114

- b4 Qvl o Ty A‘ b d
2.5 msdmsedlasriuuuraetuesinnhidetissvesinsati
N 14
1umseammuqﬂnsm’"luiﬂsnvlmizmuTﬂu“lﬁasqﬁ%’nuuwa1wu Tidenfiums
BONUYUNIINTOI (filter) 01Jn5iunmma (coupler) maamumﬂmivwmsﬂﬂﬂaq (coupling) SENIN
MOTUTITTUIUNAT0T YHA 1Y msﬂ1Jﬂaqs,,mwmUm"luiﬂiﬁmﬂrfluﬁaeﬂ"lau (microstrip- slotlme
coupling) mumrﬂum:wmmmsmﬂﬂw_Tﬂsmiqmﬂizﬂaumumm'lnﬂmum (discontinuity) mﬂu
o o a L4 ar ] 3 ad a a [ ° ] s
dmiumsuaneillgmananaiiinnsanlulawudannasy  swisei1d ldeinin
Yacta o o é - r'd (] d'l (e 1 q’: o/ =)
Taoms1sisuiiaunud  sezaunsolnszinnylidediomesmedsaniniuld Taverdonquy
yoeroaana i

1 [ 14 3
s lideesiifiannmsfydaszndilulasandy iduadonlard faanslugli

2.5-1
¥
Electric Wall > Strip / (‘?[)_’X
é——»z \ )| |h
< @)| |h,
Stip A LN 3 )| |hs

Slot Slot %

) W

Magnetic Wall

] ] ] L d
Ui 251 awlidesitesfiiasinnisAulAssznia luTasansuduadonlar

- o 1 1 1 A [ A
nnmsinsanTaseadndndn wagd1d9 auwihluTuue TE uar ™™ fissuvesinimiieg
= o w Jdo ' P y - a v Y a s 4
vennineslianwduiuif - anuvuuniunszuad Inavussuunfudodufivaudvesniy Ty

o a t o d o v o ¢ :
Tnua TE uaz ™ asildnaniuiade 23 udy ffdianuduiuifuanumaniunssuad vauu
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IBWRANAUBLY  AwBufinaudt1oTeu (ransfer impedance) voanauluTuua TE taz T™ Sugad

Tuaumsae1Uil [2)
Eul = Z;, ~u1 +.. +Z:' jui +.. +ZI,:I JuN (25'1)

~

~€~ ~e~ e
= Zil']vl+'"+Z,iiJvi+"‘+ZiN']vN

&

dmiumsdnnamduiuaudiuansnnuduiutvesau Wi uasa s sue M laTaeld

aums
h e
= 2! == = (2.5-2)
m = h vh ' e
Xw + };W Y; + If,##

Taofi Z” o Z ¢ fio Suwuﬂuwmﬂaﬂwuﬂ TE oz T™ vmmmnumu 4 AWEIAY Ao u
lay d maauemum1mucﬁmaumui’mmxﬂumsuawumom nnszuifivsen  dmdusuiuaud
vosndutana1 amnsadingeils Tnoldnquijueamuds dedildnd a3 TavazBoatiniade 23 da

msmauw:muquqmum i)'lﬂ'N‘Diﬁ?Jiulaﬂﬂ’JUﬁilﬂ'li

Z,=7Z. % — (2.5-3)

duduuauTdwruiuan IR uT v W s sl o UAZANMUNUNT S IR

ssuAnh 1 s, -

(2.5-4)

idie pfe U?l’)ﬂl‘l]m‘l%uvlﬂgl%ﬂﬂ?ﬂﬁﬂtﬁ?’l’ sTUIANN 4 du g fie n?nmm?‘?u"lﬂﬁnﬁnﬂ?nﬁatjmﬁ'a

SEUILAN v .
Tﬂamﬁumﬂuﬂ‘umnﬁwmsmwuwuﬂuwavauwuﬂwnwTau vMguvesdiedaiag T

finanluiadef raunsaldiEmsduliauaud u Tanudeannady Tumslinsieigudnyazues

qunseiluTasion Beszunuiidany lideteveeTaseaagld

2.6 msmmanwuﬂumamanyiuv (characteristic impedance)
Tﬂsm1ﬂmn5umﬂmﬁ“ﬂnmmanym.vmaﬂﬂsmﬁweqmUmmeeﬂnsm”lﬂﬂmwm
IS B INIYU ff‘lUiTﬂ!JIﬂifTﬂi‘]J wamﬂaumsvumsm (co-planar waveguide :CPW) #5®

aﬂnsmﬂﬂﬂmmsumuuwmqq Hu wum ﬁu1mmman'Mﬁ1‘luaﬂnsmmnmm"lﬂuﬁismﬂmflu
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b4
Y

ﬂaui.,m'u #3o Tvua TEM muum"lunmumimuuueu ﬁ‘iwsuenwuﬂwﬁﬂmaﬂym" i’)ﬂ'l\ivl‘iﬂﬂ'lllﬂ'l

frmmitaiidu WIdn] de

2P
=

(2.6-1)
o P i AunGunn1vesitdaveananiae (Poynting power) 7t Inallanuuny z uay I, fie Awoundga

) v
voansuad lva lamunauny z v P tumusen1dIag

P=Re T TEx H' -a_dxdy (2.6-2)

0 —o

o v ] ' . a - & v 4 ¢
ﬂ']'H‘Nﬂ1'H a, Lflunﬂmamummﬂ (unit vector) °lu“nﬂ z llay ExH uJummatmm‘umnﬂmawm

weoerids nazTomslinquives Pameval fudums (2.6-2) s¢'l¥hdndufinavosaunsdandiig

P

]TEX H -aldxdy=5L]?Ex H' -a dyda
0o 7o (2.6-3)

Il
l\)l)_‘

» ,[: [Em +Ey, + Eha]da

(e
E, = f(Ex3ﬁ;3 - Ey3ﬁ;3)dy

earilsznoumunliih £ nazenuaimin & luaums (2.63) wanmnsomi8anmsumusi J, uaz
J, waamansius1 B Tumums 2.2-12) msdufinsaifionsy y a8 Taeld5ms e vss sum
(analytical method) Aa1iusy 14
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1 d e 1 ¥ S:C
E =+t-A44 (#—hJ_—-A A (_I_L_*_h]
" 27 1 27277 N
l * * S7C7 l * * SC
ko a5 g )
2 Y2 2 V2

. 2.6-4)
[CB - B,B; +(BC, - CB)])/

2

S, G, S,C,
pomebocf 55 Loaf5.)
m= "2 V3 2 Vs

C, =coshy,h C, =coshy,t C, =coshy,d
S, =sinhy A S, =sinhy,t S, =sinhy,d

4 - TS a 4 vod o s 9 o
w3oemuny +ezidlu + &1 7 Sandudnoueda yauthu - die 7 fauduiwniuanin dwmdu 7 zm

- Y o [y '
1danmsduiinga J_(x) AABANUIARUDINIHAINUNTLUEHIU

2.7 msunselasaaafifinfadudng (enclosed structure)
dmsumsduinsavesraguluaums 2.224) Tanudhuly1dfezwuina (pole) unailadsu
184 Green UFUNIMsBUTINTARABAA YD o Falnadenarudauininmsiidamsves Z, nie Z, 3
1 4 A 4 <t & o &'
Andugud  esnndiufenlvvesnsT Tsnudunuaeang  (ransverse resonance) sy
a1 = = ) (3 t 3/ v at = o o 4
manan@es Twa lumswouTusunsuwed o sgdesnsisasuiimsaia Twalugahszdunaumie
Tai
] gy ac P ' - a o a = v Yy v o o
pd1 15AR FImsfiazainnilunsissvdn@oamsiialna de msTadeulassadediomisi
b d ' »
W daaalugy 2.7-1 TumsviusutissilfanlomanisifaIwaasldedunn ieeninsives o el
t vy A o ar a o 9 [} a =) < =1 i
Mludoilies dmsumsdmsied laseadanuudle  sesmeddlulnsansy uieaden  Amwisald

a o [ 14 o 1 - a P Y 1
mﬂuﬂLﬂU’Jﬂleﬂ TﬂUﬂ'liﬂ'l‘Huﬂﬂ'l‘Uﬂ»l L LLﬁZ'U'SL’Jm‘/ll‘ld_‘uﬂ'lﬂ'lﬂiﬂllﬂ'lu'lﬂ‘]

DN, U " rzzzs " ez 2

\\\\x\\\(, SO N I

-L +L -L x +L -L X +L

- e ey

35U 2.7-1 Tasaardraunufimisdudravesanods
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dmiy Inseadefitimisdmdedenarnne 18 msudas Foarer Tuaums (2.2-3) szansounu'ldans

nsulaq Fourier iy laifoiiio (discrete Fourier transform)
@)= [ p(ye'=dx @1
a=—, n=-o0,..,—1,0,1,2.... +0

Tasmsdutinsanapaynainaansadouldlugiveanasiy (summation) ez ldmsdiuaanile.

b 4
fwudnde TagTnisdendn aums 2.6-3) szannsodouaylugynasnldde

L

[ExH" -a,drdy = EIZ S En(@) + Ey (@) + B,y ()] (2.7-2)

n=—co

P -1 31 - - & A ° ° y df
mﬂ:mu'lﬂ'n miwuuTﬂsunnmaummasma‘h’f"luﬂﬁﬂ1mmmmmm"lﬂaxmnmmm
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uni 3

msaemmuuazwamsﬁm‘am

dy -] 0 Qada a o a o o a <
Tnmilsznantimaihiteudianudiulauudemloady  niszgadlFlumsdiasisim
] 1 4 E 4 ]
» udnyuzvesmoad lulasaaiuitlnsauuududer wasiuvaeiu  Taoidaquszasdife
= v Qs @ t v = 1 o a1y Yo

nagouNguRUazANNgNdetuedlimIinan  mwddlulasansy WumeduSeszuuidsua
a 1 ) aAq Y t - 1 ar & a
Hguetraumsvawlumseonuussami lulasowildouluduanudbiqanmin - lessnd
Inseafnivwhidudon aunsoadnldie eonlsida  mslmneipudnyunie1flumseenuuy
stngndeuh 18 ludindn issmneduiidunaiumedefondinezduadululvun Quasi-TEM Feae
o o a o o o : o o &
inlimsdnnalasmsiassdlasasoilden  lunsesnupyTasia’ly Seioudios1dqasdue 3

Thnninmanaaes udrafradluaumsiBalszaunisel (empirical equation or empirical formula) a5l

=n.

* v
wueThnnueg uazdonldiuetamsnar  dmivludSyapinusetuil Tinauenguiuesgas
. AR\ :

15 lumsfunuTaud198agnsves Hammerstad uag Jansen [10,11] 3lumanuan a. vensimiudala

e

NAADIMMIAIUIUDINUVY  UagnadoulSsufisuseninisduiiauaus ulamuisalnasy 5514

’ v
gasdalszaumsel  wasldTdsunswesnuuudiSigdmivaedaly TnsansUis Tnseadraunusi

= ¥
RNy

+

¥ ¥
modsluTasanTuniiTassedununarodu dwmaalugd 8-1 10 liawsodon1dlaeld - - -

< o

- ¢ o .’1 y o - o ) - o 4 d’ Y o [

gasgulszaumsel dntufedududeaiimsinsz Taoas FaludlTgyaniiwusaiud b dymds
U = 4 Y Iy & o Y o 9 Qy d' s

NANMWNUATIEH Tﬂﬂi‘b")ﬁll'ﬂ?’}lﬂmmucﬂuIﬂmul‘m’dlﬂﬂﬂiu HASMIMININYUITUINDIANATOUNANIT

AU

g, w region (1) h, y [
€ region (2) h, X

g, : region (3) h,

A
\ 4

]

r 3 E 4
11 3-1 mods luTnsanSUali Inssadauuuvatsdu
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o d v 4 a ada o a @
3.1 mylmnzviguinyavesmedilulnsaniilasisdufinunudlulamu@mnn i
td
@ at ey a [ . v o adga a &
Tuiadoll e I8 s Tnnsimguidnuuzvesmoas lulnsansuTneSisudiauand 3914
sfuelasazidoaluunit 2 whmsTianeiamveslassaiuvesmeds luTasansufit Tassada

4 v 4
nuvedu dagy 3-1 Teslidwudulumsdiudee luf
3.3.1 mameantuvesnsudnsulnssadisvesmeddlulnsansuuuuaesiu

Qhes sy a s P Y ada o o < = s é =Y ] u’/‘
IﬂULI‘If'lﬁﬂ"IiH'IWQﬂﬂm‘UENﬂiu AUITONALAUY W Il nasy FINVITUULADLTUUDY

Fumasmiluresmuodaauyad fswazBoaluiate 2.3 s2ldleisuveaniuluss s () Ao

5 _ 72 Cts +7 ,5Cty
) Ctzcta + Ct1Ct3}f,v2 /7yl Yy /yﬂ
5 7.—2Ct2 +}’z3Ct3 3.3-1)

7 =
’ 7 a¥ 2CHCt +y Ly 5 CHCty +¥ 0¥ CHCH +7z22
Cry=cothyhy, Ct,=cothy,h, Ct,=cothy,h

diommsuasszuuRfaldidussuuita k) 013

~ 1 b X
Z. =-;_“z+—ﬁ—z(ﬂ22=+azzh)

~ aﬂ SO

e (E -7,

a2+ﬂ2( h (31-2)

Z.=Z,

~ 1 ~ ~

Z =_a2+,62 (aZZe'*'/BZZh)

uazez ldanuduiusvesmnn Mfasaumumiunssuausnafisaeddln InsaasyUdiy

Ezl Zzz Zn: Jz
=] i B (3.1-3)
Exl sz Zxx Jx

Foraunsonnamasuoaumsainatd 14 las 1933 0¢ Galerkin
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MIMWamasYesaums (3.1-3) 114 lasns1938msuea Galerkin Memsfimuaileddugud

4 a - a o e a [T Y
manzay FalumsTiaswd ludSyantiwusi idenldleidug e Ui

cos[2(n —Dmx / w]
J1-2x/ wy

sin[2n7mx / w]

J (X)) = Fe—, n=12,..

J_(x)= =12,..

é L. o U
Fa3g 1AM sintaq Fourier vosilafsugudanainie

.Z,,(a)=ﬂ[.]0 3—”234-(;4—1)7:

Ewa+n7rD Jﬂwa /e
~—— ~Jll—=-n
2 % 2

)

-l -o-od]

(3.1-4)

(3.1-5)

A o o Y fu A e P o 7o s YA an
uJﬂu‘nuWamsujj'luuaz‘n1Naqmmﬂﬁluﬂ'wmmmmlaﬂyiuzmmnuﬂm%ugmwvlﬂmanmmﬁms'um

z ~ o é o <t { 4
Galerkin 5914 19MquHv09 Parseval vhlddmmilsveaaumsifiugud daswaziBealuuni 2 uaziiies

Y e a o kY 3 @ & o o 9 1 a 1A o & v
i]WﬂTﬂiiﬁi'NVl‘Yl'lﬂ'li’JLﬂi']"Jﬂu QﬂﬁﬂﬁE)IJﬂ'JUNNQW'Ju'mﬂHﬂ'I‘U'EN (94 Nﬂ'J'Iil"l?JﬂﬂLqu muuﬂz"lﬂ

- - a o4& 3 @ qy
szyuaumsiansavoulugduadadine ldlumsmnamandadl

a=—, n=-,..,~1,012,...,4+0

N N )
ZK’E"’;I)C”' +ZK/(OII;2)dm . O’ k = 172:---:N

m=1

> K0, +Z K3Pd, =0, 1=12,.,N

m=l

K& = iJ.ua)Z:..(a )7 ()
K& = Zma)z (@, B)T (@)
K@D = i T (@2 B)T (@)

K@D = Z T (@)Z(a, BT (@)

n=—x

(3.1-6)
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' 601\1‘17 113} ‘U‘Ll'lﬂ‘llﬂ\imﬂiﬂ‘]fﬂz‘llH'ﬂgﬂUQWU’JULﬂﬂN‘U'ﬂQ‘WQﬂ‘KUjDu LWﬂﬂlHL‘UﬂﬂEﬂLLU‘UﬂJENUJGﬁﬂ“]fﬂ\i

b J 3 = o @ a
a1 Iddetu sranudisaumenvesiladdug i ¥ = 2 9 1dmas ndidiy

KK K k)
A
L o
K3 K KE K

GBI

S O O O

<1

4 J @ da a < 1 1 4
Tasmsmaasaaount B sunseiisimesTuundveannindidiugud foz'lde g figndeq ievinla)

o s a 4:" a o o a o o ar ]
fuamdulszanTuounagavesihnidugiu uazdufuausnadnyacde
3.1.3 mamduRuauTndEnta
a =t o 9 a o o [ 9
Mswazidon luiade 2.6 wannsamdufiuaudqudnuus1dnn

Z, = - (3.1-8)

[
=1

WioaninTasadniignliadendiomisdnimiedndens 14

P= ziRe{ i [E, +E,, +E,, ]} (3.1-9)
a N=—co
Taofi
mebrhs .
Ey = j(Eleyl —E,H, }b’
i hy+hy

hy+ - —
Ep = ﬂE’,sz;z - EyZH;Z }13’

;3 - Ey3ﬁ;3 }‘vy

qu
|
S T
_—
aﬁﬂl
)

£ T g ' o ' 3 & @ {
satlsznouvesmnuimin ifhusasdrnzamsom fonnsinusm £ figndesdaldmnniaded

] 1 ) L4
A luaums 2.2-12) udwnmuilandug i i luaumsda i8onmsinszditou lvve vivagai
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uaz

E, = A4 sinhy,(h +h, +}13 -y)
ExZ = B, cosh;/z(y—h3)+_C" Sinh?’z(y"'h3)

=

o =D Sinh?’sj’

SN

1 = 4, coshy, (B +h, +hy —y)
2 =B, Sinh}’z(y - h3)+C2 COShyz(y "'hs)
= D, coshy,y

T e

a =4 CbShyI(hl +h, +hy _J’)

H,, = B,sinhy,(y-h)+C, coshy, (y—h,) (3.1-10)
H,, =D, coshy,y
H, =4, sinhy,(h +h, + b, - y)
ﬁyz =B, COSh?’z(y—hs)+C4 Sinh72(y—h3)
H,, =D,sinhy,y
1
E, =i'1"A1A;(§LCi‘ 1)“1‘42‘43.(&"';’1)
2 /4 2 1

B, =22(CC —BZB;(Szcz —hz)%(B]B: —czc;{szcz +h2]
e

7 2 (3.1-11)

2
+2lcB; - B,B; +(BC; —C,B =
2 72
E, =ilb,og(%—h3]-lpng(-%+h3j
2 3 2 3
C, =coshyh - C, =coshy,h, - Cy =coshy,h,
Sy =sinhy A S, =sinhy,h, S; =sinhy;h,

4, = jloy,4° - 4")

B, =—j(a7y2B‘ +f B")
C, =—jlay,,C* + 8 C")
D, = —j(ayyzD‘ + B D")

29
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| .
4, = ;}[yf + k)4
1
B, =£[}/22 + k2] B*
1
G = };[7’22 + kzzl,ce
[732 +k32]De
(,BA‘ +ay, 1A")
( —a},zZBh)
ApC—ar,Ct

D, =
A=
B, =
C, =
D, = (,BD ~ay,,D")
4, ——[y1 + k| 4"
B, =—;—[72 + k| B"
——[yz +k2]C

D, =’ZA:[73 ‘*‘ks]D

A° . 1 y)'zY;[J]

at+p S I
:
Py N
B =i gyl
P
C =i 7 iﬁ27y2Ct3£[Je]
c* =j;2—i—ﬂ7:—:a3 %[J,,]

e__,_ 1 Teh
Dr=ir s, r;[J'-’]

h_, L 1 T. o
b _Ja2+,82 S, T} /1]

[7]=8-T +a-T.

30
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[h)=a-T-5-7.

[=¥¥ - RA

G=Ry-1"
K= 7,1Cty +7,,Ct;
= 7,2Cty +7,:Ct,
B =y,Ct +7,Ct
Y;h =720t +7.,Ct

},yl
p="%
1 Sz
In
2 S2
}/yZ
T=—
SZ

3.1.4 MIANNIUMAINGI S, YBIINITT T

A o < Yo A o ar 1 a T
enageunamIfiuads ldhimseentuumsnaasauioiagudnyusvesmeds luTasansy
Tasmsde s aedasagl

——-L 20 j——

. 117 3.1-1 wesmedaiidlums aquidnuasvesmedaluTnsansy

E
b 4
LY

Tumsfiunaasnarevezasnavesnugdolumeds Aniuseldnnuduiusues|s |  uae
Bufiusudnudnvuzio

R -
S,,| = 20logt—=2 (3.1-12)
I “l R, +Z,
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) 4 *
wenuImiudeansad it anwenndulumods (guided wavelength :A)  HazAINIRIaN NGO

1 4
UseANIna (effective permittivity :E) Ioeail

2
A= —ﬁ”—
2 . (3.1-13)
_|A :
£,=
2’8
3.1.5 Tsun s lumsdnon o

Tuideiiez et uneTdsunsufifoududaen e funsu (FORTRAN) ol lumsfnn
MIHAIRABYEIANMS (3.1-6) fdummduiuaududnyue manueeduluaiods mnesaanin
voudszAndna uaze (S, vornvsmudii ldmaaeunissuI TaoTsunsufiauysaluanslunn
HUA .

TsunsuAsnaviiemsinundnsendu 3 uuudaodu fo

LAnmauu Iumame s Tnudvesaums (.1-6¢1ug21 B fitmua Tasauisodmuaniny

zidoalumsinnn’ld esnih U lumsdnnume 8 Tasasoadell dmsuaiidosiyly
dnuaizveaIddasnes (ext file) Fsamnsmirlune (ploy TaoldTdsunsunsiin 118 ey

(flow chart) veaTusunsuludaudinanslddagy 3.1-2
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Start type 1 cal.

Input Dimensions &
material properties

input limit to be plotted
ax,bx,step

DO beta = ax to bx
increment by defined
step

Build matrix 'Matplx'
M, defined by Galerkin
proceduré

Find determinant
by cgefa and cgedi

Save value of
determinant

Show numeric
value on display

U7 312 AsnuwesTsunsuludrwmssnnuun IWuvesmdme s Tuuud
28mnumm S lavasidealuynfidimua Faldnnmsinsannsiildeinde 1 d2035ms
Aumlaonse (direct search) tiioma 4 AldiAmesiuuudiisIndfinguifiq uazuanawants
fnammsuiuaudgudnyuy Manwennaulumeds sasmnadianmseuseintna fauuod

v
Tsunsuludiuiife



Start type 2 Cal.

Input dimension &
material properties

a

Input interval to be
searched ax,bx,tol

A

Build matrix ‘Matpix’
defined by Gaterkin
procedure

Find determinant
by cgefa and cgedi

Is det(beta) less
than det(beta-1)

Yes—» beta = beta + tol —

No

}

CALL Linear Least
Square
computation

Find Z0 and other
charateristics

END

U 3.13 AmvesTysunsuludumsdmnamen 8

sfAnnummduiuaudnudnyaz  manvenaiulumodunzmaiianiwsenyssdnina

dienswem B figndewda MnuvesTusunsuludugatoaunsouasldngy
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Start type 3 Cal.

Input dimension &
material properties

Input desired beta

Build matrix 'Matpix'
defined by Galerkin
procedure

Find determinant
by cgefa and cgedi

CALL Linear Least
Square
computation

Find Z0 and other
charateristics

Show numeric
value on display

111 3.1-4 FamvesTlsunsuludumsmauanuazidonsa 4
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9 ] o ’ a L4 o ] Py 1
vamninlu 3 dudnanvedldsunsusraunsodnswimgudnyusvemeda lulasansUid

} 4
Tnsaaranuunaeiu 13 Taeliins Taoagddagy

START

Input initial values

A 4

cal.and plot
determinant
value

Search for true
beta

Find basis function
coefficients

find Z0 and other
charateristics

Show results

END

v
Y

314 3.1-5 duasuTasaglums 4 Tsinsuiednnevmaudnuusvesmods lu Tasansy)
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lumsoonuuuTdsunsudanan 18linmsSenlFTusunsutosunsgiu (standard subprogram) 1u

4 ]
vndinouluIEmslias e iFd ey (oumerical analysis) elssAnsmnuazanugndealumsfnne

dade i
Tusunsutos URAIND (package) ‘ msldu
besj0 SLATEC,VECLIB* | AnnsimifAwesilariau Bessel ¥iladi 1 &6 0
cgefa iaz cgedi LAPACK AemmameslniudveaunindiFafindouaialan
cgels LAPACK fnuramaveszyuTuMdILIE e niosiqa
qags QUADPACK Suﬁmiﬂﬁqf?‘ﬁuﬁamﬁﬂ'uangmsxwimhmﬁﬁuﬁmm

* Convex mathematical library

717 3.1-6 TsunsudomnasgnizonidtuTusunsy
Tait I Tdsunsudeusand ez iinass Bndeufudautlsnuofinsy (FORTRAN compiler) Tun¥oa
seAudinaadu (work station) o'l dmsuludSyaniiwusatuil 14msials (compile) nazdszana
Ha (process) 1Usunsy vwASes HP-Convex Examplar SPP-1000 c‘?aiﬂum?mszﬁ'ucyxﬂes'ﬂeuﬁ'amas'
(super computer) 881915717 T10azBuATTAs 1F 0 TsunsudBINAs TR INE 12 Idlana B lumanuan

3 1 N (] & a Yo 5 9 a & o 1
¥, WM MY TUSUNTNEDE qags.f a9l Inanse uuasuRunosfanair

Felnet - nawamas. kmitl ac ith

gfc —o multmp.exe ®.0 ~llapac}
4 multmp.exe
4E1ter requency <(GHz)>:

memmnanmnss==nsx== Main Menu
1 = PLOT DET v.s. beta between given interval 't
2 = PIND beta which performs minimum of DET and find Z8 b
3 = FIND Z@ and other characteristics of the given beta 5
aEnter your choice : 4

Enter beta

130.6183

DET is 4.27827E-@S

MATC 1, 1) = (.0.5.88881E-83)
MATC 1, 2> = <(.3628793..8)
HATC 2, 1) = (.3628793,.8)
MATC 2, 2) » (.8,.-25.8683)
(1) = (1.0..8)

XC 2> = e<.3,~1.40280E—02)

i s

NO ERROR—-—
P = <2.37258E-03,.8)
18 = (9.73874E-03,.8)

error »
Z8 = (50.83164..08>

Guided wavelength = <(4.81834E-02,.8)
Effective permittivity = (2.43092..8)
811 = (-69.9972..8> dB

&
%&lﬁ‘v o, o s

109 3.1-7 dredams I Tusunsuduom



3.2 WANTIUMSGAN (convergénce) VoWAIRDE
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Program

SDA_Microstrip

Thkdkhkkdkkdkdhhkhdhhhhhkdhkkhkhdrhhrhkhhhkhhhddkhhhdddbhddhrhkhhdkhbhdbhdhrdhhdhbhkihddrs

The aim of this program is to calculate characteristics of the multir

layer microstrip transmission line by using Spettral Domain

*

Immittance Approach (Immittance SDA) .For convenience in calculating *
and writing computer program,that transmission line has been assumed*
to be a lossless. one.

Note:program will call standard mathematical functions and

subroutine listed below:
besj0, cgefa,cgedi, cgels,and gags

library.If it has no such a subprogram done,it will be obtained

in www.netlib.org

Authors: -

N.Kurukitkoson and A.Pongsaruth

Senior students in Department of Telecommunication Engineering

Faculty

of Engineering, KMITL

*
*

*

*

*

*

*

*

*

* All of them shoud be installed in general FORTRAN Mathematical
%*

*

¥*

*

*

*

*

*

*

* % ok ok ok o % ok X A * % ¥ F

Thdkdhdhkdhhkdkhdhkhkhkhkhhkhhhhdhhbhhhrhhdhhhhhhhkhhddhhdohhdrdhdkhdkhdddkhdddhd

COMPLEX
COMPLEX
COMPLEX
COMPLEX
COMPLEX
INTEGER

COMPLEX
REAL
REAL

hi,h2,h3,W,a
Epsil,Epsi2,Epsi3,Mul,Mu2,Mu3
Sgmal, Sgma2,Sgma3,kl,k2,k3

PIE,J
yhatl,yhatz,yhat3,zhatl,zhat2,zhat3
sumterm, expterm

omega, freq, mulo
DETZEROQ, beta
Det, findmin, ax, bx, TOL, value

COMMON /DIM/h1,h2,h3,W,a

COMMON /MATERIAL/Epsil,Epsi2,Epsi3,ki1,k2,k3
COMMON /INIT/yhatl,vhat2,vyhat3,zhatl,zhat2,zhat3
COMMON /ETC/PIE,J,sumterm, expterm

COMPLEX

L

COMMON /COUPL/L
COMMON /FREQUENCY/omega



C-->
C-->
C-=>
C-->
C-=~>

INTEGER choose,count,II,JJ
REAL step
COMPLEX Matplx(100,2100)

COMPLEX X(100),2(2,2),S8(2,2)

COMPLEX 2Z0,Lamda0,Lamdag,Epeff,GmL,S11
COMMON /BASIS/X

INTEGER info

EXTERNAL DETZERO

Input DATA
Dimension in mm

PRINT *,'Enter dimension :hl,h2,h3,W,a{mm)’
READ *,hl,h2,h3,W,a

mul0 = (1.E-3,0.E0)
hi = hi*mulo
h2 = h2*mulo
h3 = h3*mulo
w = W *mulo
a = a *mulo
L = L *mulo

Relative permittivity |
PRINT *,’Enter relative permittivity in layer 1-3’
READ *,Epsil,Epsi2,Epsi3

mulo - (8.85418781761E~-12,0.E0)
Epsil Epsil*mul0
Epsi2 = Epsi2*mulo
Epsi3 = Epsi3*mulo0

Relative permeability
Mul = (1.,0.)
Mu2 = (1.,0.)
Mu3 = (1.,0.)

mul0 = (1.25663706144E-6,0.E0)
Mul = Mul*mulo

Mu2 = Mu2*mulo .

Mu3d = Mu3*mulo

PRINT *, 'Enter number of summation terms:'
READ *,sumterm

PRINT *,'Enter number of basis function expansion terms:'
READ *, expterm

PRINT *, 'Enter frequency (GHz):'
READ *,freq
freq = freq*(1.E9,0.E0)

Assign constant
PIE = (3.14159265359E0, 0.E0)

53



C-->

C-->

11

J = (0.E0,1.E0) . -

Calculate initial datum
omega = (2.E0,0.E0)*PIE*freq

mul0 = J*omega

vhatl = mulOo*Epsil
vhat2 = mulO*Epsi2
vhat3 = mul0*Epsi3

zhatl = mulo*Mul
zhat2 = mulOo*Mu2
zhat3 = mulo*Mu3

mul0 = omega*omega

k1 = CSQRT (mulO*Mul*Epsil)
k2 = CSQRT (mulO*Mu2*Epsi2)
k3 = CSQRT (mulO*Mu3*Epsi3)

Calculate beta and charateristics

PRINT *, '=m==zcz=z========== Main Menu ====zz=z=c==s======z==!

PRINT *,'l = PLOT DET Vv.s. beta between given interval'

PRINT *,'2 = FIND beta which performs minimum of DET and find Z0'
PRINT *,'3 = FIND Z0 from the given beta’

PRINT *,'Enter your choice :'

READ *,choose

IF (choose.EQ.l) GO TO 20
IF (choose.EQ.2) GO TO 30
IF (choose.EQ.3) GO TO 40
GO TO 3

OPEN (99,file='plot.d')
FORMAT (I10,F20.5,E20.5)

PRINT *,'ENTER THE RANGE TO BE PLOTTED'
READ *,ax,bx

PRINT *, 'Enter increment:’

READ *,step

beta = ax

count = 0

IF (beta.LE.bx) THEN
count = count + 1
Det = DETZERO (beta,Matplx)
WRITE (99,9) count,beta,Det
PRINT *,beta,Det
beta = beta + step
GO TO 11

ENDIF

CLOSE (99)
GO TO 3
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C--> Find minimum DET of the given interval and find 2

30 PRINT *,'Enter limit values and TOL ax,bx, TOL'
READ *,ax,bx,TOL
beta = findmin (ax,bx,DETZERC, value, TOL) -
PRINT *,'beta 1is ',beta

PRINT *,'The value of DET is ',value
PRINT *,'DET is ',DETZERO (beta,Matplx)
C--> LSE

CALL LSE(Matplx,expterm,X,info)
DO II=1,2*expterm

PRINT *,'X(*,II,') = !',X(II)
ENDDO
PRINT *,'info = ',info

C--> Check LSE error
IF (info.EQ.0) THEN

PRINT *,'--- LSE RESULT NO ERROR---'!
GO TO 4
ENDIF
PRINT *,'!!! Result ERROR !!!'
GO TO 4
Ce===s===========-=o=cso=ossss=sscscoamzssm-ssscocsoscos=s==—zoomocmomom====

C--> Calculate Z-parameter

40 PRINT *, 'Enter beta * '
READ *,beta
Det = DETZERO (beta,Matplx)
PRINT *,'DET is ',Det

DO II=1,2*expterm
DO JJ=1,2*expterm
PRINT *,'MAT(',IX,',',JJ,') = ',Matplx(II,JJ)
ENDDO
ENDDO
C--> LSE

CALL LSE (Matplx, expterm,X,info)
DO II=1,2*expterm

PRINT *,'X(',II,') = ',X(II)
ENDDO
PRINT *,‘'info = ',info

C-1> Check LSE error
IF (info.EQ.0) THEN

PRINT *,'---RESULT NO ERROR---!
GO TO 4

ENDIF
PRINT *,'!!! LSE Result ERROR !!!!

GO TO 4



—y

4
C-->
3
C-=>

CONTINUE

Characteristic Impedance

CALL findz(beta, Z0)

PRINT *

Lamdao
Lamdag
Epeff

PRINT *
PRINT *

GmL
S11

(
2

PRINT *

STOP
END

,'Z0 = ', 20

(3.E8,0.) /freq
(2.,0.) *PIE/beta
LamdaO*Lamda0 / (Lamdag*Lamdag)

. 'Guided wavelength = ',Lamdag
, 'Effective permittivity = ',Epeff

(50.,0.) - 20)/((50.,0.) + Z0)
0.*alogl0 (REAL (CABS (GmL) ) )

,'S11 = ',S11,' aB’

Function calculate DET

REAL
REAL

COMPLEX
COMPLEX

COMPLEX-

COMPLEX
COMPLEX
INTEGER

COMMON
COMMON
COMMON
COMMON

COMPLEX
COMPLEX
COMPLEX
COMPLEX
COMPLEX
COMPLEX
COMPLEX
COMPLEX
COMPLEX
COMPLEX
COMPLEX
INTEGER
COMPLEX
COMPLEX
INTEGER

FUNCTION DETZERO(betaC,Matplx)
betacC

hl,h2,h3,W,a
Epsil,EpsiZ,Epsi3,Mul,Mu2,Mu3
Sgmal, Sgma2,Sgma3, kl,k2,k3

PIE,J
vhatl,yhat2,vhat3, zhatl, zhat2, zhat3
sumterm, expterm

/DIM/h1,h2,h3,W,a
/MATERIAL/Epsil,Epsi2,Epsi3, k1,k2,k3
/INIT/yhatl,yhat2,yhat3, zhatl, zhat2, zhat3
/ETC/PIE,J, sumterm, expterm

alpha,beta
Gml,Gm2,Gm3, Gmyl, Gmy2,Gmy3,Gmzl,Gmz2, Gmz3
tmp,tmpl,tmpz,tmp3,tmp4,Y1,Y2,Y3,Y43Yup,Ydown
Ze, Zh

Zxx,2Zxz,22X,722z

Ctl,Ct2,Ct3,81i2,ccoth, csinh

matd (2*expterm, 2*expterm) ,mat (2*expterm, 2*expterm)
Jx,Jdz

Jxtmp (2*expterm)

Jztmp (2*expterm)

cgefa, cgedi

lda,nn,ipvt(z*expterm),ier}job

det (2) ,work (2*expterm), result

Matplx(100,100)

m,I,pos,k,n,1d,1I,J7, row
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C--> 1Initial zero value for matrices
DO II=1,2*expterm
DO JJ=1,2*expterm
mat (II,JJ) = (0.E0,0.E0Q)
matd (IX,JJ) = (0.E0,0.E0)
Matplx (II,JJ) = (0.E0,0.E0)
ENDDO
ENDDO
C========================="—"============================================
c Summation (Integration) over alpha
C=================================================='—'===================
DO 10 m = -l*sumterm,sumterm
alpha = ( (2.E0,0.EQ0)*m*PIE ) / a ~
beta = CMPLX (betaC)
C--> Define Gamma
tmp = alpha*alpha + beta*beta
Gml = CSQRT(tmp - ki*kl) i
Gm2 = CSQRT (tmp - k2*k2)
Gm3 = CSQRT(tmp - k3*k3)
Gmyl = Gml / vhatl
Gmy2 = Gm2 / yhat2
Gmy3 = Gm3 / vhat3
Gmzl = Gml / zhatl
Gmz2 = Gm2 / zhat2
Gmz3 = Gm3 / zhat3
C--> define hyperbolic function
Ctl = ccoth(Gml*hl)
Ct2 = ccoth(Gm2*h2)
Ct3 = ccoth(Gm3*h3)
Si2 = csinh(Gm2*h2) &
o e >Define Ze,Zhc=---wccmmoc oo,
LC--> Ze
tmpl = Gmy2*Ct3 + Gmy3*Ct2
tmp2 = Ct2*CE3+Ct1*Ct3*Gmy2/Gmyl+CL1l*Ct2*Gmy3/Gmyl+Gmy3/CGmy2
Ze = tmpl/tmp2
C--> Zh .
tmpl = Gmz2*Ct2+Gmz3*Ct3
Emp2 = Gmzl*Gmz2*Ctl*Ct2+Gmz1l*Gmz3*Ctl*Ct3+Gmz2*Gmz3*CL2*Ct3
& +Gmz2*Gmz2
zh = tmpl/tmp2

C-->

Coordinate transformation

tmp =
t:mp 1l =
tmp2 =

Zzz =
Zzx =
Zxz =
ZXx =

alpha*alpha + beta*beta
(-1.E0,0.E0) /tmp
alpha*beta*tmpl

tmpl* (beta*beta*Ze + alpha*alpha*Zh)
tmp2* (Ze - Zh)

Zzx

tmpl* (alpha*alpha*Ze + beta*beta*Zzh)



DO n=1,expterm
Jxtmp (n) = Jx(alpha,n)
Jztmp(n) = Jz(alpha,n)

ENDDO
pos = 1
row = 1

DO k=1, expterm
tmp = Jz(alpha,k)
DO n=1,expterm
matd (row, pos)
matd (row,pos +expterm)
pos = pos + 1

n

tmp*Zzz*Jztmp (n)
tmp*Zzx*JIxtmp (n)

]

ENDDO

row = row + 1

pos = 1
ENDDO

row = expterm + 1
DO k=1, expterm
tmp = Jx(alpha, k)
DO n=1,expterm
matd (xow, pos)
matd (row,pos +expterm)
pos = pos + 1

tmp*Zxz*Jztmp (n)
tmp*Zxx*JIxtmp (n)

1]

ENDDO

row = row + 1

pos = 1
ENDDO

C--> Summation
DO II=1,2*expterm
DO JJ=1,2*expterm
mat (II,JJ) = mat(II,JJ) + matd(II,JJ)
ENDDO
ENDDO

10 CONTINUE

DO II=1,2*expterm
DO JJ=1,2*expterm

mat(II,JJ) = ((2.E0,0.EQ)*PIE/a)*mat (II,JJ)
matplx(II,JJ) = mat(II,JJ)
ENDDO
ENDDO
nn = expterm * 2
lda = nn

CALL cgefa(mat,lda,nn,ipvt,ier)

job = 10
CALL cgedi (mat,lda,nn,ipvt,det,work, job)

result = det (1)*(10.E0,0.EQ)**INT (det (2))
DETZERO = REAL(CABS (result))



C-->

C-->

RETURN
END

Define basis function .

COMPLEX
COMPLEX
COMPLEX
COMPLEX
INTEGER

COMPLEX
COMMON
COMMON

argL
argR
tmp

]

1]

FUNCTION Jz (alpha,n)
alpha,nn,PIE,J
argL,argR, tmp, tmpl, tmp2, tmp3
cbesjo0,Xp

n, sumterm, expterm

hi,h2,h3,W,a
/DIM/h1,h2,h3,W,a
/ETC/PIE,J, sumterm, expterm

nn = CMPLX (n)
CABS ((0.5E0, 0.EQ) *W*alpha + (nn -. (1.EQ,0.E0)) *PIE)

CABS((0.5E0,0.EQ) *W*alpha - (nn - (1.E0,0.EQ))*PIE)
PIE*W*(0.25E0,0.E0)

Jz = tmp* (cbesjo0(axrgL) + .cbesjoO(argR))

RETURN
END

COMPLEX
COMPLEX
COMPLEX
COMPLEX

INTEGER-

COMPLEX
COMMON
COMMCN

FUNCTION Jx(alpha,n)
alpha,nn,PIE,J

argL, argR, tmp, tmpl, tmp2, tmp3
cbesjo,Xp

n, sumterm, expterm

h1,h2,h3,W,a
/DIM/hl,h2,h3,W,a
/ETC/PIE,J, sumterm, expterm

nn = CMPLX (n)

argL
argR
tmp

CABS((0.5E0, 0.EQ) *W¥alpha + nn*PIE)
CABS((0.5E0,0.E0Q) *W¥alpha - nn*PIE)
PIE*W* (~0.25E0,0.E0) *J

Jx = tmp* (cbesjoO(argL) - cbesjoO({argR))

RETURN
END

Subroutine to find 20

SUBROUTINE £findZz(betain, Z0)

COMPLEX
COMPLEX
COMPLEX
COMPLEX

hi,h2,h3,W,a
Epsil,Epsi2, Epsi3, Mul,Mu2,Mu3
Sgmal, Sgmaz2, Sgma3, ki, k2,k3
PIE,J



C-->

COMPLEX yhatl,yhat2,yhat3,zhatl, zH4t2, zhat3
INTEGER sumterm, expterm

COMMON /DIM/h1l,h2,h3,W,a

COMMON /MATERIAL/Epsil,Epsi2,Epsi3,kl,k2,k3
COMMON /INIT/vhatl,vhat2,yhat3, zhatl, zhat2, zhat3
COMMON /ETC/PIE,J,sumterm,expterm

" COMPLEX Ae,Ah,Be,Bh,Ce,Ch,De,Dh

COMPLEX Al,B1,C1,D1,A2,B2,C2,D2,A3,B3,C3,D3,R4,B4,C4,D4

COMPLEX Yel,Ye2,P1,P2,Yhl,Yh2,T,GGe,GGh
COMPLEX L
COMMON /COUPL/L

COMPLEX X{100),20,beta
COMMON /BASIS/X

EXTERNAL SRedz:
EXTERNAL SImJz

REAL aa,bb, epsabs, epsrel, abserr,work (100000)
INTEGER neval,ier,limit,lenw,last,iwork(25000)

REAL Ire,Iim
COMPLEX IO
REAL Ic,Ip

INTEGER II,JJ,m,n
REAL betain

COMPLEX Jx,Jz,Je,Jh

COMPLEX JJx,JJz

COMPLEX alpha

COMPLEX tmp, tmpl, tmp2, tmp3, tmp4

COMPLEX Sil,Si2,Si3,Ct1,Ct2,Ct3,Csl,Cs2,Cs3
COMPLEX csinh,ccoth, ccosh

COMPLEX omege
COMMON /FREQUENCY/omega

COMPLEX Eh,Ehd,P

COMPLEX Gml,Gm2,Gm3,Gmyl,Gmy2,Gmy3,Gmzl,Gmz2,Gmz3
COMPLEX Ehl,Eh2,Eh3

COMPLEX sgnl,sgn2,sgn3

Eh = (0.,0.)

Integrate or sum over alpha

DO 10 m = -l*sumterm, sumterm
alpha = ((2.,0.)*CMPLX (m) *PIE) /a .
beta = CMPLX {betain)

60



JJIx = (0.,0.)
JJdz = (0.,0.)

C--> Calculate summation of basis function
DO n = 1,expterm

JdJz = JJz + X(n) * Jz (alpha,n)
JIx = JJx + X(expterm + n) * Jx(alpha,n)
ENDDO

C--> Assign Potential coefficient value

tmp = alpha*alpha + beta*beta
Gml = CSQRT({tmp - kl*kl)
Gm2 = CSQRT(tmp - k2*k2)
Gm3 = CSQRT(tmp - k3*k3)

Gmyl = Gml / vhatl
Gmy2 = Gm2 / yhat2
Gmy3 = Gm3 / vhat3

Gmzl = Gml / zhatl
Gmz2 = Gm2 / zhat2
Gmz3 = Gm3 / zhat3

C-~-> Assign hyperbolic function
Sil = csinh(Gml*hl)
S5i2 = csinh(Gm2*h2)
Si3 = csinh(Gm3*h3)
Ctl = ccoth(Gml*hl)
Ct2 = ccoth(Gm2+*h2)
Ct3 = ccoth(Gm3*h3)

C~-> Assign Coefficient for C-mode

Je = beta *JJz + alpha*JJx
Jh = alpha*JJz - beta *JJz
P1 = Gmyl/Si2

P2 = Gmy3/Si2

T = Gmz2/Si2

Yel = Gmyl*Ct2 + Gmy2*Ctil
Yhl = Gmzl*Ctl + Gmz2*Ct2
Ye2 = Gmy2*Ct3 + Gmy3*Ct2
Yh2 = Gmz2*Ct2 + Gmz3*Ct3
GGe = Yel*Ye2 - PL*P2

GGh = Yhli*Yh2 - T*T

tmp (1.,0.)/(alpha*alpha + beta*beta)
Ae = J*tmp* (Gmy2/Sil)* (Ye2/GGe) *Je.

Ah = J*tmp* ((1.,0.)/S1i1)*(Yh2/GGh) *Jh
Be = (-1.,0.)*J*tmp*Gmy3* (P1/GGe) *Je

Bh = J*tmp* (T/GGh) *Jh

Ce = (-1.,0.)*T*tmp*CGmy2*Ct3* (P1/GGe) *Je



Ch = J*tmp* (Gmz3/Gmz2) *Ct3* (T/GGh) *Jh
De = (-1.,0.)*J*tmp* (Gmy2/Si3) * (P1/GGe) *Je
Dh = J*tmp*((1.,0.)/Si3)*(T/GGh)*Jh

Al = J*(alpha*Gmyl*Ae - beta*ah)

Cl = (-1.,0.)*J*(alpha*Gmy2*Ce + beta*Ch)
A2 = ((1.,0.)/vhatl)*(Gml*Gml + kl*kl) *Ae
C2 = ((1.,0.)/yhat2)*(Gm2*Gm2 + k2*k2) *Ce
A3 = J*(beta*Ae + alpha*Gmzl*Ah)

C3 = J*(beta*Ce - alpha*Gmz2+*Ch)

A4 = ((1.,0.)/zhatl)*(Gmi*Gml + kl*k1l)*Ah
C4 = ((1.,0.)/zhat2)*(Gm2*Gm2 + k2*k2)*Ch
Bl = (-1.,0.)*J* (alpha*Gmy2*Be + beta*Bh)
D1 = (-1.,0.)*3J* (alpha*Gmy3*De + beta*Dh)
B2 = ((1.,0.)/yhat2)*(Gm2*Gm2 + k2*k2) *Be
D2 = ((1.,0.)/vhat3)*(Gm3*Gm3 + k3*k3) *De

B3 = J*(beta*Be - alpha*Gmz2*Bh)
D3 = J*(beta*De - alpha*Gmz3*Dh)
B4 = ((1.,0.)/zhat2)*(Gm2*Gm2 + k2*k2) *Bh

D4 = ((1.,0.)/zhat3)*(Gm3*Gm3 + k3*k3) *Dh

C--> Calculate Eh
C--> Assign sign of gamma

I

sgnl CMPLX (SIGN(1.,REAL(Gml)))
sgnz2 CMPLX (SIGN(1.,REAL (Gm2)))
sgn3 = CMPLX (SIGN(1l.,REAL(Gm3)))

C--> Assign hyperbolic value
Si1i ¢sinh (Gmi*hl)
Si2 = csinh(Gm2*h2)
Si3 = csinh(Gm3*h3)
Csl = ccosh{Gml*hl)
Cs2 = ccosh(Gm2*h2)
Cs3 = ccosh(Gm3*h3)

C--> Ehl
tmpl = sgnl*(0.5,0.)*A1l*CONJG(R4)*(Sil*Cs1/Gml - hl)
tmp2 = (0.5,0.)*A2*CONJG (A3) * (Si1*Cs1/Gml + hl)
Ehl = tmpl - tmp2
C--> Eh2
tmpl = sgn2*(0.5,0.)*(Cl*CONJG(C4)-B2*CONJG(B3))*(Si2*Cs2/Gm2-h2)
tmp2 = (O.5,0.)*(B1*CONJG(B4)-C2*CONJG(C3))*(Si2*CsZ/Gm2+h2)
tmp3 = (0.5,0.)*( Cl*CONJG(B4)—B2*CONJG(B3)+Sgn2*
& {(B1*CONJG (C4) -C2*CONJG (B3) ) ) *Si2*5i2/Gm2
Eh2 = tmpl + tmp2 + tmp3
‘c--> Eh3 _
tmpl = sgn3*(0.5,0.)*D1*CONJG(D4) * (S§i3*Cs3/Gm3 - h3)
tmp2 = (0.5,0.)*D2*CONJG (D3) * (Si3*Cs3/Gm3 + h3)
Eh3 = tmpl - tmp2



C Calculate the differential and summation of integration

Ce===========s=s==cmcoo==c-csozsondfscsscsssocooconosmesocooesohosssos=n=s
Ehd = Ehl + Eh2 + Eh3
Eh = Eh + Ehd

10 CONTINUE

P = (0.5,0.)/a * CMPLX( REAL(Eh) )
PRINT *,'P = ', P

C--> Integrate over transverse variable x of conductor

C-~-> IO

aa = ~-0.5*W

bb = 0.5*W

epsabs = 1.E-4

epsrel = 1.E-6

limit = 25000

lenw = 100000

CALL gags (SReJz,aa,bb, epsabs,epsrél,Ire,abserr,neval,
& ier,limit, lenw, last, iwork, work)

epsabs = 1.E-4 T
epsrel = 1.E-6

limit = 25000

lenw = 100000

CALL qaés(SIsz,aa,bb,epsabs,epsrel,Iim,abserr,neval,
& . ier,limit, lenw, last, iwork, work)

I0 = CMPLX (Ire, Iim)

PRINT *,'I0 = ',I0
PRINT *,'exrror = ', ier

« C--> Calculate characteristic impedance

Z0 = 2.*P/(I0*10)

RETURN

END
C======================================================================
c Define basis function in spatial domain
Cz==zmzzzxrscs=cssc=c===o====ss=ss==cc—cc-o=-—osozxmssscoss=mco=c==sozms========

oo ek ko e ok ek ok ko ok ook ok ok ok ok ok ok e ek ek ok ko ok ek ok ok ok ok ok
C--> 8Jz

COMPLEX FUNCTION SJz (xx)

COMPLEX xx

COMPLEX hl,h2,h3,W,a
COMPLEX PIE,J



INTEGER sumterm, expterm
COMPLEX X(100)

COMPLEX tmpl,tmp2,F
INTEGER n

COMMON /DIM/h1l,h2,h3,W,a

COMMON /ETC/PIE,J, sumterm,expterm
COMMON /BASIS/X

F = (0.,0.)

DO n=1,expterm
tmpl = ccos( (2.,0.)*CMPLX (n-1) *PIE*xx/W )

tmp2 = CSORT( (1.,0.) - (4.,0.)*xx*xx/ (W*W) )
F =F + X(n)*(tmpl/tmp2)

ENDDO

sSdz = F

RETURN

END

C--> SRedz
REAL FUNCTION 5ReJdz (x)
REAL x
COMPLEX SJz,xX, tmp

plod CMPLX (x)
tmp = SJz (xx)
SReJz = REAL(tmp)

RETURN |
END

C--> SImJz
REAL FUNCTION SImJz{x)
REAL x
COMPLEX SJz,xX, tmp

xx = CMPLX (x)
tmp = SJz (xx)
tmp = tmp * (0.,-1.)

SImJz = REAL (tmp)

RETURN
END

kkdkdkhkhdhdehkhkhkkhkhhhhhbhhhbhkhkhkhbrkrdhkdhhkhrrdhkrkhbrhdhthhhhkrhkhkhkdthhkhkhrhhhhi

C--> Define COMPLEX hyperbolic function

C This function is to calculate complex hyperbolic co-tangent
COMPLEX FUNCTION ccoth(z)
COMPLEX z,X
IF (CABS(z).LE.1.E-10) z = 1.E-10
ccoth = (cexp(z) + cexp(-1.E0*z)) /
& (cexp(z) - cexp(-1.E0*z))
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t ccse =
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RETURN
END
C This function is to calculate complex hyperbolic’sine
COMPLEX FUNCTION csinh(z)
COMPLEX z,x
IF (CABS(z).GE.30.E0) z = (30.E0,0.)

x = {cexp(z) - cexp((-1.E0,0.E0)*z)) /2.E0
¢sinh = x

RETURN

END

C This function is to calculte complex hyperbolic co-sine

COMPLEX FUNCTION ccosh(z)
COMPLEX z

IF (CABS(z).GE.30.E0) z =
ccosh = (cexp(z)

30.E0
RETURN
END

C This function is to calculate complex
COMPLEX FUNCTION ccot (z)

COMPLEX 2z

IF (CABS(z).LE.1.E-10) z = 1.E-10
ccot = ccos(z) /csin(z)

RETURN

END

C This function is to claculate complex
COMPLEX FUNCTION ccsc(z)
COMPLEX =z

IF (CABS(z).LE.1.E-10) z =
(L.E0,0.E0)/csin(z)

1.E-10

RETURN
END

'C This function is to calculate complex
COMPLEX FUNCTION cbesjoO (x)

+ cexp((-1.E0,0.E0)*z)) /2.EO

co-tangent

co-secant

bessel function of the first kind

COMPLEX x
REAL xx,besjo
xx = REAL(x)
cbesj0 = CMPLX(besjo (xx))
RETURN
, END
C--> Find minimum of the function
C This function is to find out the minimum of the specified function
C by using forward direct search technique.
c Written by N.Kurukitkoson



10
1C-->
C-->

REAL FUNCTION findmin(ax,bx,f,value, TOL)
REAL ax,bx, f,value, TOL

‘REAL step,present,next

INTEGER count,onepcent,percent,order
REAL loop

loop = (bx - ax)/TOL
onepcent= INT(loop/100)
count =0

percent = 0

order = 0

step = ax

present = f (step)

next = f(step+TOL)

IF (next.LE.present) THEN
step step + TOL
present = next

IF (count .EQ. ordexr) THEN

PRINT *, 'Scaned : ', percent,'$%!
orderxr = order + onepcent
percent = percent + 1

ENDIF

count = count + 1

GO TO 10
ELSE
findmin = step
value = present
ENDIF
RETURN
END

Subroutine for solving linear least square equations
subroutine cgels from LAPACK is required

SUBROUTINE LSE (MAT, expterm, X, info)

COMPLEX MAT (100,100),X(100)

INTEGER expterm

COMPLEX A(100,2*expterm - 1),B(100,1),work(100)
CHARACTER trans

INTEGER info, lda, 1db, lwork,m,n,nrhs

INTEGER I,J

DO I=1,2*expterm
DO J=1,2*expterm - 1
A(I,J) = MAT(I,J + 1)
ENDDO
ENDDO

DO I=1,2*expterm
B(I,1) = (-1.E0,0.E0)*MAT(I,1)
ENDDO

trans = 'N'
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C-->

C-->

m

n
nrhs
lda
1ldb
lwork

CALL cgels(trans,m,n,nrhs,A,lda,B, 1db, work, lwork, info)

DO I=1
X(1
ENDDO

X(1) =
DO I=1

X(I
ENDDO

RETURN
END

2*expterm
m -1

1

100

= 100

= 100

, 100

) = (0.E0,0.E0)
(L.E0,0.E0)

,2%*expterm - 1

+ l) = ,B(Ill)

Calculate Zin
COMPLEX FUNCTION Zin(Z)
COMPLEX Z(2,2),tmp1,tmp2

tmpl
tmp2 =

Zin

RETURN
END

Z(1,2)*2(2,1) / ( 2(1,1) + (50.,0.) )

Z2(2,2) + tmpl
\

tmp2

SUBROUTINE Scal (Z,S)
COMPLEX Z(2,2),S5(2,2)
COMPLEX Z11,212,221, 222
COMPLEX tmpl, tmp2, tmp

REAL

PIE

Z1ll =
Z12 =
z222 =

S1i1
tmpl
tmp2
tmp =

R

R
ZETA
s(1,1)

R, ZETA, PIE
3.14159265359

Z(1,1)
Z(1,2)
Z(2,1)
2(2,2)

(Z11 - (1.,0.))*(222 + (1.,0.)) - 2Z12+%*zZ21
(211 + (1.,0.)3*(222 + (1.,0.)) - Z12*Z21
tmpl/tmp2

CABS (tmp)

20.*ALOG10 (R)

ATAN2 (ATMAG (tmp) ,REAL(tmp) ) *180. /PIE
CMPLX (R, ZETA)
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C-->
C-->

S12
tmpl = (2.,0.)*212
tmp2 = (Z11 + (1.,0.))*(Z22 + (1.,0.)) - Z12%2Z21

tmp = tmpl/tmp2

R = CABS (tmp)
R = 20.*ALOG10 (R)
ZETA = ATAN2 (AIMAG (tmp) ,REAL (tmp) ) *180./PIE

S(1,2) = CMPLX(R, ZETA)

S21
tmpl = (2.,0.)*221
tmp2 = (211 + (1.,0.))*(Z22 + (1.,0.)) - Zl2%z21

tmp = tmpl/tmp2

R = CABS (tmp)
R = 20.*ALOG10 (R)
ZETA = ATAN2 (AIMAG (tmp) ,REAL (tmp)) *180./PIE

5(2,1) = CMPLX (R, ZETA)

S22
tmpl = (211 + (1.,0.))*(Z22 - (1.,0.)) -.212%*221
tmp2 = (211 + (1.,0.))*(222 + (1.,0.)) - Z12%*Z21

tmp = tmpl/tmp2

R = CABS (tmp)

R = 20.*ALOG10 (R)

ZETA = ATAN2 (AIMAG (tmp),REAL (tmp))*180./PIE
$(2,2) = CMPLX (R, ZETA)

RETURN
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NAME
sgefa, dgefa, cgefa, zgefa - factor a general matrix

SYNOPSIS
VECLIB

INTEGER*4 lda, n, ipvt(n), ier
REAL*4 a(lda, n)
CALL SGEFA (a, lda, n, ipvt, ier)

INTEGER*4 lda, n, ipvt(n), ier
REAL*8 a(lda, n)
CALL DGEFA (a, lda, n, ipvt, ier)

INTEGER*4 lda, n, ipvt(n), ier
COMPLEX*8 a(lda, n)
CALL CGEFA (a, lda, n, ipvt, ier)
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INTEGER*4 1lda, n, ipvt(n), ier
COMPLEX*16 a(lda, n)
CALL 2ZGEFA (a, lda, n, ipvt, ier)

VECLIB8 and SCILIB

INTEGER*8 lda, n, ipvt(n), ier
REAL*8 a(lda, n)
CALL SGEFA (a, lda, n, ipvt, ier)

INTEGER*8 1lda, n, ipvt(n), ier
COMPLEX*16 a(lda, n)
CALL CGEFA (a, lda, n, ipvt, ier)

DESCRIPTION
These subprograms compute the triangular factorization of a general
dense n-by-n matrix A. Specifically, given A, these subprograms
determine an n-by-n permutation matrix P, an n-by-n unit lower-
triangular matrix L, and an n-by-n upper-triangular matrix U, such
that

P*A =1L * 1.

Computational singularity of A results in one or more zero diagonal
Computational singularity of A results in one or more zero diagonal

elements of U. This condition is detected during the
factorization,

and a status response is returned to indicate its occurrence. A
more

common situation, however, is that A is not numerically singular
but

happens to be ill-conditioned. When a matrix is ill-conditioned,

small errors in the matrix and right-hand side, and small roundoff

errors introduced during the solution process itself, are magnified

greatly in the solution. A set of companion subprograms computes
the

triangular factorization of a matrix and also estimates its
condition

number. These companion subprograms provide a more reliable

indication of singularity. The small amount of additional time
they

require is usually worthwhile, especially when developing a
program

or encountering stability or convergence problems. The triangular

factors may be used to solve a system of linear equations, to
evaluate

the determinant of A, or to compute the inverse of A.

ARGUMENTS
Input
Input

a Array containing the n-by-n matrix A.

lda The leading dimension of array a as declared in the calling
program unit, with lda > max{(n,1).
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n The order of matrix A, n > 0.

Output
a The triangular factors replace the input matrix; the strict
lower
triangle of a contains the strict lower triangle of L and the
upper triangle of a contains U. a must be preserved between
the
factorization call and any solve, determinant, or inverse
call.

ipvt The pivot information necessary to construct the permutation

matrix P. ipvt must be preserved between the factorization
call
and any solve, determinant, or inverse call.
ier Status response:
ier = 0 Normal return.
ier = k <> 0 If u(k,k) = 0. (u(k,k) is the k-th
ier Status response:
ier = 0 Normal return.
ier = k <> 0 If u(k,k) = 0. (u(k,k) is the k-th
element on the diagonal of upper
triangular matrix U.) Technically, this
is not an error condition for these
subprograms, but it does indicate that A
is computationally singular and that a
division by zero will occur if the
factorization is used to solve a system
of linear equations or to compute the
matrix inverse.
NoTES
These subprograms are usage compatible with the standard LINPACK
subprograms with the same names. The triangular factors are stored
in

a different format from the format used by the standard LINPACK

subprograms, but are compatible with the ConvexMLIB: VECLIB
condition

number estimation, solve, and determinant and inverse subprograms.

&
NAME
sgedi, dgedi, cgedi, zgedi - determinant and inverse of a general
matrix
SYNOPSIS
VECLIB

INTEGER*4 lda, n, ipvt(a), job
REAL*4 a(lda, n), det(2), work(n)
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CALL SGEDI (a, lda, n, ipvt, det, work, job)

INTEGER*¢ lda, n, ipvt(n), job
REAL*S8 a(lda, n), det(2), work(n)
CALL DGEDI (a, lda, n, ipvt, det, work, job)

INTEGER*4 lda, n, ipvt(n), job
COMPLEX*8 a(lda, n), det(2), work(n)
CALL CGEDI (a, lda, n, ipvt, det, work, job)

INTEGER*4 1lda, n, ipvt(n), job
COMPLEX*16 a(lda, n), det(2), work(n)
CALL ZGEDI (a, lda, n, ipvt, det, work, job)

VECLIB8 and SCILIB

INTEGER*8 lda, n, ipvt(n), job
REAL*8 a(lda, n), det(2), work(n)
CALL SGEDI (a, lda, n, ipvt, det, work, job)

INTEGER*8 lda, n, ipvt(n), job
COMPLEX*16 a(lda, n), det(2), work(n)
CALL CGEDI (a, lda, n, ipvt, det, work, job)

DESCRIPTION
Given the triangular factorization of a general dense n-by-n
coefficient matrix A, these subprograms evaluate the determinant of

and/or compute the inverse of A. Triangular factors of the

coefficient matrix may be computed by either of two companion

subprograms. One of them computes only the factorization, using an

elementary test for singularity of the coefficient matrix, and is

slightly the faster of the two. The other not only computes

factorization, but also estimates the condition number of the
matrix.

factorization, but also estimates the condition number of the
matrix.

This process takes a little more time, but is considerably more

reliable, especially when the inverse of A is desired.

It is almost never necessary to compute either the determinant or

the
inverse of a matrix. While papers and reference books extensively
use
the notation ~“det(A) <> 0'' to mean "~ A is nonsingular, '
ConvexMLIB:
VECLIB includes more efficient and more reliable subprograms for
detecting singularity. Similarly, references frequently use A-
inverse
* b to mean the solution x of the system of linear equations A * x
b. Again, it is more efficient and accurate to compute the
solution ’
directly than to invert the coefficient matrix and multiply the
inverse times the right-hand-side vector. This is true even if

there
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are many systems of equations, all using the same coefficient
matrix;

the matrix may be factored ofice and systems may be solved from the

factors just as efficiently, and more accurately, than by matrix

multiplication by the inverse.

ARGUMENTS
Input

a Array containing the triangular factors L and U of the n-by-n
coefficient matrix A as computed by the companion
factorization
or condition number estimation subprogram. a must have been
preserved between the factorization or condition number call

and
the determinant or inverse call.
lda The leading dimension of array a as declared in the calling
program unit, with lda > max{(n,1).
n The order of matrix A, n > 0.
ipvt The pivot information necessary to construct the permutation
matrix P as computed by the companion factorization or
condition
number estimation subprogram. ipvt must have been preserved
between the factorization or condition number call and the
determinant or inverse call.
job Option flag:
job = 1 Compute only A-inverse
job = 1 Compute only A-inverse
job = 10 Compute only det (A)
job = 11 Compute both A-inverse and det (A)
work An array used for work space if A-inverse is requested.
Sutput
a Unchanged if A-inverse is not requested. Otherwise, A-inverse
éverwrites the triangular factors of the coefficient matrix.
det Not referenced if the determinant is not requested.
Otherwise,
the determinant of A, in the form det(a) = det (1) * 10**det
(2).
This expression may underflow or overflow if evaluated; on the
CONVEX supercomputer, underflows automatically flush to zero,
but
overflows normally terminate execution. For REAL*4 and
COMPLEX*8, overflow cannot occur if det(2) < 37. For REAL*8
and .

COMPLEX*16, overflow cannot occur if det(2) < 306. If
evaluation
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GCOMPLEX*16, overflow cannot occur if det(2) < 306. I1f
evaluation .
is safe, an efficient way to do it is with the statement

det (A) = det (1) * 10.0 ** INT(det(2))

The value stored in det(2) is an integer in REAL or COMPLEX

form.
det (1) is normalized so that either det(l) = 0 or 1 < |
Re(det (1)) | + | Im(det(1)) | < 10, where Re(z) and Im{z) are
the
real and imaginary parts of z; Re(z) = z and Im(z) = 0 if z is
real.
NOTES
These subprograms are usage compatible with the standard LINPACK
subprograms with the same dames.
It is almost never necessary to compute either the determinant or
the
inverse of a matrix. While papers and reference books extensively
use
the notation ~“det(A) <> 0'' to mean A is nonsingular,'’
ConvexMLIB:
VECLIB includes both more efficient and more reliable subprograms
for
detecting singularity. Similarly, references frequently use ~TA-
inverse * b'' to mean ~“the solution x of the system of linear
equations A * x = b.'' Again, it is more efficient and accurate to
compute the solution directly than to invert the coefficient matrix
and muitiply the inverse times the right-hand-side vector. This is
true even if there are many systems of equations, all using, the
same
coefficient matrix; the matrix may be factored once and the systems
may be solved from the factors just as efficiently, and more
accurately, than by matrix multiplication by the inverse.
NAME
sgels, dgels, cgels, zgels - solve a general least squares problem
using orthogonal factorization
SYNOPSIS

LAPACK

CHARACTER*1 trans

INTEGER*4 info, lda, ldb, lwork, m, n, nrhs

REAL*4 a(lda, n), b(ldb, nrhs), work(lwork)

CALL SGELS (trans, m, n, nrhs, a, lda, b, 1ldb,
work, lwork, info)

CHARACTER*1 trans

INTEGER*4 info, lda, 1db, lwork, m, n, nrhs

REAL*8 a(lda, n), b(ldb, nrhs), work(lwork)

CALL DGELS (trans, m, n, nrhs, a, lda, b, ldb,
work, lwork, info)

S
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CHARACTER*1l trans

INTEGER*4 info, lda, 1dB, lwo?K, m, n, nrhs

COMPLEX*8 a(lda, n), b(ldb, nrhs), work(lwork)

CALL CGELS (trans, m, n, nrhs, a, lda, b, 1ldb,
work, lwork, info)

CHARACTER*1 trans

INTEGER*4 info, lda, 1ldb, lwork, m, n, nrhs

COMPLEX*16 a{(lda, n), b(ldb, nrhs), work(lwork)

CALL 2GELS (trans, m, n, nrhs, a, lda, b, 1ldb, o,
work, lwork, info)

LAPACKS

CHARACTER*1l trans

INTEGER*8 info, lda, ldb, lwork, m, n, nrhs

REAL*S a(lda, n), b(ldb, nrhs), work (lwork)

CALL SGELS (trams, m, n, nrhs, a, lda, b, 1ldb,
work, lwork, info)

CHARACTER*1 trans

INTEGER*8 info, 1lda, 1ldb, lwork, m, n, nrhs

COMPLEX*16 a{lda, n), b(ldb, nrhs), work (lwork)

COMPLEX*16 a(lda, n), b(ldb, nrhs), work (lwork)

CALL CGELS (trans, m, n, nrhs, a, lda, b, ldb,
work, lwork, info)

DESCRIPTION
These subprograms solve square or over- and under-determined linear
systems involving the m-by-n matrix A and the right hand side B
using
orthogonal factorization of A. A must have full rank, i.e., rank

(a) =
~
min(m,n).
There are several cases, depending on the values of m and n and a
transposition option:
L. m >n, trans = "N' or "n': Solve the least squares problem of
finding X to minimize the Euclidean norm of each column of A * X
B, where A is an m-by-n matrix, B is an m-by-nrhs matrix, and X
is
an n-by-nrhs matrix.
2. m > n, trans = "T' or “t' or °C' or “¢': Solve the
underdetermined .
system A-transpose * X = B or A-conjugate-transpose * X = B,
where

A-transpose is the transpose of the real matrix A and A-
conjugate-
transpose is the conjugate transpose of the complex matrix A.
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3. m<n, trans = "N' or "n': Sqlve the underdetermined system A *
X =
B.
4. m < n, trans = "T' or “t' or “C' or “c': Solve the least squares
problem of finding X to minimize the Euclidean norm of each
column
of A-transpose * X - B or A-conjugate-transpose * X - B, where A
is ‘
an m-by-n matrix, A-transpose 1is the transpose of the real
matrix
A, A-conjugate-transpose is the conjugate transpose of the
complex
matrix A, B is an m-by-nrhs matrix, and X is an n-by-nrhs
matrix.
ARGUMENTS
Input
trans
Transposition option for the matrix A:
trans = "N' or “n' Solve A * X = B.
trans = “T' or “t!' Solve A-transpose * X = B.
trans = “T' or “tf Solve A-transpose * X = B.
trans = “C' or ¢! Solve A-conjugate-transpose * X = B.
trans = "T' or “t' is valid only in subprograms SGELS and
DGELS,
and trans = “C' or “c¢' is valid only in subprograms CGELS and
ZGELS.
m The number of rows of the matrix A. m > O.
n The number of columns of the matrix A. n > 0.

nrhs The number of right hand sides; i.e., the number of columns of

the matrix B. nrhs >0.

a The m-by-n matrix A.

lda The leading dimension of array a in the calling program unit.
1da > max(1,m).
lda > max(1l,m).

b If trans = "N' or “n', the m-by-nrhs right hand side matrix B.
If trans = "T' or “t' or “C' or ~¢', the n-by-nrhs right hand
side matrix B.

ldb The leading dimension of array b in the calling program unit.
l1db > max(i,m,n).

lwork

The length of array work. 1lwork > max(l,min{m,n) +
max(m,n,nrhs)). For good performance, lwork must generally be
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larger. The optimal value of lwork for high performance is
returned in work(1l).

Working Storage

work An array used for work space. On successful exit, work(l)
contains the optimal work space length lwork for high

performance.
Output
a If m > n, a has been overwritten by the QR factorization of A.

If m < n, a has been overwritten by the LQ factorization of A.

b On successful exit, if m > n and trans = "N' or “n', the n-by-
nrhs least squares solution; the residual sum of squares for

solution in each column is given by the sum of squares of
&lements n+l to m in that column.

On successful exit, if m > n and trans = “T' or “t', the m-by-
nrhs minimum-norm solution.

On successful exit, if m < n and trans
nrhs minimum-norm solution.

"N' or “n', the n-by-
On successful exit, if m < n and trans = “T' or “t', the m-by-
nrhs least squares solution; the residual sum of squares for

solution in each column is given by the sum of squares of
elements m+l to n in that column.

info Status response:

info = 0 Successful exit.
info < 0 If info = -k, the k-th argument had an
info < 0 If info = -k, the k-th argument had an

invalid value.

If an error in the arguments is detected, the subprograms call
handler XERBLA, which writes an error message onto the standard

file and terminates execution. The standard verxsion of XERBLA (see
xerbla(3m)) may be replaced with a user-supplied version to change

error procedure. Error conditions are
trans <> "N' or “n' or “T' or “t' or “C' or “c!',
m< 0,
n < Q,
nrhs < 0,
lda < max(1,m),
1db too small, and
lwork too small.



78

Actual character arguments in a subroutine call may be longer than
the

corresponding dummy arguments. Thetrefore, readability of the CALL

statement may be improved by coding, e.g., the trans argument as

“NotTransposed' for "N’ or “Transposed' for “T' or

“ConjugateTransposed' for ~C'.

14
Tusunsudeumasgiu qags.fuansldnai

NIST Guide to Available Math Software.

Fullsource for module QAGS from package QUADPACK.

Retrieved from NETLIB on Wed Mar 18 13:54:09 1998.
subroutine gags(f,a,b,epsabs,epsrel, result,abserr,neval,ier,
* limit, lenw, last, iwork, work)

c***begin prologue dgags

c***date written 800101 (yymmdd)

c***revision date 830518 (yymmdd)

c***category no. h2alal

c***keywords automatic integrator, general-purpose,

* ok ok F

c (end-point) singularities, extrapolation,

c globally adaptive

c***guthor piessens,robert,appl. math. & progr. div. - k.u.leuven

c de doncker,elise,appl. math. & prog. div. - k.u.leuven
c***purpose the routine calculates an approximation result to a given
c definite integral 1 = integral of f over (a,b),

c hopefully satisfying following claim for accuracy

c abs (i-result) .le.max (epsabs,epsrel*abs (i) ).
c***description

computation of a definite integral
standard fortran subroutine
real version

parameters
on entry
£ - real
function subprogram defining the integrand
function £(x). the actual name for f needs to be
declared e x t e rn a 1 in the driver program.

real
lower limit of integration

b - real
upper limit of integration

real

absolute accuracy requested

epsrel - real

relative accuracy requested

if epsabs.le.0

and epsrel.lt.max(50*rel.mach.acc.,0.5d-28),
the routine will end with ier = 6.

epsabs
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v}
'



OO0 a0 aaqa0aaa0onan

a

L 0 T'> T » T 0 N » I o TN o Y o J o J o o T o T & O o T 0 T ¢ I o B o W o TR o N o BN o IR o BN o N s BN o BN e B B O B e IR B e It I L B e B I e B s Bt D e B e B B B e B I e

on return
result

abserr

neval

ier
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real
approximation to the integral

real
estimate of the modulus of the absolute error,
which should equal or exceed abs(i-result)

integer
number of integrand evaluations

integer

ier = 0 normal and reliable termination of the
routine. it is assumed that the requested
accuracy has been achieved.

ier.gt.0 abnormal termination of the routine
the estimates for integral and error are
less reliable. it is assumed that the
requested accuracy has not been achieved.

error messages

ier = 1 maximum number of subdivisions allowed

has been achieved. one can allow more sub-
divisions by increasing the value of limit
(and taking the according dimension
adjustments into account. however, if
this yields no improvement it is advised
to analyze the integrand in order to
determine the integration difficulties. if
the position of a local difficulty can be
determined (e.g. singularity,
discontinuity within the interval) one
will probably gain from splitting up the
interval at this point and calling the
integrator on the subranges. if possible,
an appropriate special-purpose integrator
should be used, which is designed for
handling the type of difficulty involved.

= 2 the occurrence of roundoff error is detec-
ted, which prevents the requested
tolerance from being achieved.
the error may be under-estimated.

= 3 extremely bad integrand behaviour
occurs at some points of the integration
interval.

= 4 the algorithm does not converge.
roundoff error is detected in the
extrapolation table. it is presumed that
the requested tolerance camnnot be
achieved, and that the returned result is
the best which can be obtained.

= 5 the integral is probably divergent, or
slowly convergent. it must be noted that
divergence can occur with any other value
of ier. ’

= 6 the input is invalid, because
(epsabs.le.0 and
epsrel.lt.max(50*rel.mach.acc.,0.5d-28)
or limit.l1t.1 or lenw.lt.limit*4.
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result, abserr, neval, last are set to
zero.except when limit or lenw is inwvalid,
iwork (1), work({limit*2+1) and

work (limit*3+1) are set to zero, work(l)
is set to a and work(limit+1l) to b.

dimensioning parameters
limit - integer
dimensioning parameter for iwork
limit determines the maximum number of subintervals
in the partition of the given integration interval
(a,b), limit.ge.l.
if limit.lt.1, the routine will end with ier = 6.

lenw - integer
dimensioning parameter for work
lenw must be at least limit*4.
if lenw.lt.limit*4, the routine will end
with ier = 6.

last - integer
on return, last equals the number of subintervals
produced in the subdivision process, detemines the
number of significant elements actually in the work
arrays.

-

naooaqaaoaoQ0aoQaa0oa0oaon000a0a00n00Q0Oa0naaan

work arrays
iwork - integer

vector of dimension at least limit, the first k
elements of which contain pointers
to the error estimates over the subintervals
such that work (limit*3+iwork(1l)),... ,
work (limit*3+iwork(k)) form a decreasing
sequence, with k = last if last.le. (limit/2+2),
and k = limit+l-last otherwise

work - real
vector of dimension at least lenw
on return
work(l), ..., work(last) contain the left
end-points of the subintervals in the
partition of (a,b),
work (limit+1), ..., work(limit+last) contain
the right end-points,
work (limit#*2+1), ..., work{limit*2+last) contain
the integral approximations over the subintervals,
work (limit*3+1), ..., work(limit*3+last)
contain the error estimates.

(2 T % T T @ T2 T T o T o T N o T TN 0 T 0 IR T 0 I o IR O BN # BN 0 BN O M O R ¢ B 9

c***references (none)

¢***routines called qagse,xerror

d***end prologue gags

o

o]
real a,abserr,b,epsabs,epsrel, £, result, work
integer ier,iwork,lenw,limit,lvl,ll,12,13,neval
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C .
dimension iwork(limit) ,work (lenw)
c
external £
c
c check validity of limit and lenw.
c
c***first executable statement gags
ier = 6
neval = 0 .
last = 0
result = 0.0e+00
abserr = 0.0e+00
if(limit.lt.1.0r.lenw.lt.limit*4) go to 10
c
c prepare call for gagse.
c
11 = limit+1
12 = limit+1ll
13 = limit+12
c
call gagse(f,a,b,epsabs,epsrel,limit, result, abserr,neval,
* ier,work(i),work(ll),work(l2),work(l3),iwork,last)
c
c call error handler if necessary.
c
lvl = 0
10 if(ier.eqg.6) 1lvl = 1

if (ier.ne.0) call xerror(26habnormal return from gags,
* 26,1ler,lvl)
return
end
subroutine gagse(f,a,b, epsabs, epsrel,limit, result,abserr,neval,
* ier,alist,blist,rlist,elist, iord, last)
c***begin prologue gagse
c*¥**date written 800101 (yymmdd)
c***revision date 830518 (yymmdd)
c***category no. h2alal
c***keywords automatic integrator, general-purpose,

c {end point) singularities, extrapolation,

c globally adaptive

c***author piessens,robert,appl. math. & progr. div. - k.u.leuven

c de doncker,elise,appl. math. & progr. div. - k.u.leuven
c***purpose the routine calculates an approximation result to a given
c definite integral i = integral of £ over (a,b),

c hopefully satisfying following claim for accuracy

c abs (i-result) .le.max(epsabs,epsrel*abs (i)).
c***description

c

c computation of a definite integral

c standard fortran subroutine

c real version

c

c parameters

c on entry

c £ - real

c function subprogram defining the integrand

c function f(x). the actual name for f needs to be
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on

epsabs

epsrel

limit

return

result

abserr

neval

ier
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declared e x t e r n a 1 in the driver program.

real
lower limit of integration

real
upper limit of integration

real

absolute accuracy requested

real

relative accuracy requested

if epsabs.le.0

and epsrel.lt.max(50*rel.mach.acc.,0.5d4-28),
the routine will end with ier = 6.

integer
gives an upperbound on the number of subintervals
in the partition of (a,b)

real
approximation to the integral

real
estimate of the modulus of the absolute error,
which should equal or exceed abs(i-result)

integer
number of integrand evaluations

integer

ier = 0 normal and reliable termination of the
routine. it is assumed that the requested
accuracy has been achieved.

ier.gt.0 abnormal termination of the routine
the estimates for integral and error are
less reliable. it is assumed that the
requested accuracy has not been achieved.

error messages

= 1 maximum number of subdivisions allowed
hds been achieved. one can allow more sub-
divisions by increasing the value of limit
(and taking the according dimension
adjustments into account). however, if
this yields no improvement it is advised
to analyze the integrand in order to
determine the integration difficulties. if
the position of a local difficulty can be
determined (e.g. singularity,
discontinuity within the interval) one
will probably gain from splitting up the
interval at this point and calling the
integrator on the subranges. if possible,
an appropriate special-purpose integrator
should be used, which is designed for
handling the type of difficulty involved.

= 2 the occurrence of roundoff error is detec-
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alist

blist

rlist

elist

iord

last
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ted, which prevents the requested
tolerance from being achieved.
the error flay be .under-estimated.

= 3 extremely bad integrand behaviour
occurs at some points of the integration
interval.

= 4 the algorithm does not converge.
roundoff error is detected in the
extrapolation table.
it is presumed that the requested
tolerance cannot be achieved, and that the
returned result is the best which can be
obtained.

= 5 the integral is probably divergent, or
slowly convergent. it must be noted that
divergence can occur with any other value
of ier.

= 6 the input is invalid, because
epsabs.le.0 and
epsrel.lt.max(50*rel.mach.acc.,0.5d-28).
result, abserr, neval, last, rlist(i),
iord (1) and elist(l) are set to zero.
alist (1) and blist(1) are set to a and b
respectively.

real

vector of dimension at least limit, the first
last elements of which are the left end points

of the subintervals in the partition of the

given integration range (a,b)

real

vector of dimension at least limit, the first
last elements of which are the right end points

of the subintervals in the partition of the given

integration range {(a,b)

real

vector of dimension at least limit, the first
last elements of which are the integral

approximations on the subintervals

real

vector of dimension at least limit, the first
last elements of which are the moduli of the

absolute error estimates on the subintervals

integer

vector of dimension at least limit, the first k
elements of which are pointers to the

error estimates over the subintervals,

such that elist(iord(1)), ..., elist(iord(k))
form a decreasing sequence, with k = last

if last.le. (limit/2+2), and k = limit+l-last
otherwise

integer
number of subintervals actually produced in the



C
C

c***references (none)

subdivision process

c***routines called qelg,gk2l,qpsrt,rimach
c***end prologue gagse

real a,abseps,abserr,alist,area,areal,areal2,area2,al,

a2,b,blist,bl, b2, correc,defabs,defabl, defab2, rimach,
dres,elist, epmach, epsabs, epsrel,erlarg, erlast, errbnd,
errmax, errorl, error2,errol2, exrsum, ertest, £f,oflow, resabs,
reseps, result,res3la,rlist,rlist2, small,uflow

integer id,ier,ierro,iord,iroffl,iroff2,iroff3, jupbnd, k,ksgn,
* ktmin, last,limit,maxerr,neval,nres,nrmax,numrl2

dimension alist(limit),blist (limit),elist {limit),iord(limit),

c

*

*

*

*

logical extrap,noext
c

* res3la(3),rlist(limit),rlist2(52)
c

external £

alist

blist

rlist (i)

rlist2

elist (i)
maxerr

errmax
erlast

area
errsum
errbnd

*****l
kkkkkD
last
nres
numrl2

small
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erlarg

the dimension of rlist2 is determined by the value of
limexp in subroutine gelg (rlist2 should be of dimension
(limexp+2) at least).

list of major variables

list of left end points of all subintervals
considered up to now

list of right end points of all subintervals
considered up to now

approximation to the integral over
(alist (i) ,blist (i))

array of dimension at least limexp+2
containing the part of the epsilon table
which is still needed for further computations
error estimate applying to rlist (i)

pointer to the interval with largest error
estimate

elist (maxerr)

error on the interval currently subdivided
{before that subdivision has taken place)
sum of the integrals over the subintervals
sum of the errors over the subintervals
requested accuracy max(epsabs,epsrel*

abs (result))

variable for the left interval

variable for the right interval

index for subdivision

number of calls to the extrapolation routine
number of elements currently in rlist2. if an
appropriate approximation to the compounded
integral has been obtained it is put in
rlist2{numrl2) after numrl2 has been increased
by one.

length of the smallest interval considered
up to now, multiplied by 1.5

sum of the errors over the intervals largexr

84
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than the smallest interval considered up to now
extrap - logical variable denoting that the routine
is attempting to perform extrapolation
i.e. before subdividing the smallest interval
we try to decrease the value of erlarg.
noext - logical variable denoting that extrapolation
is no longer allowed (txrue wvalue)

machine dependent constants

epmach is the largest relative spacing.
uflow is the smallest positive magnitude.
oflow is the largest positive magnitude.

TN 0000000000000

c¥**first executable statement gagse
epmach = rlmach(4)

Q

test on validity of parameters

ier = 0
neval = 0
last = 0
result
-abserxr = 0.0e+00

alist (1) a

blist(1) = Db

riist (1) = 0.0e+00

elist (1) = 0.0e+00
if(epsabs.le.0.0e+00.and.epsrel.lt"amaxl(O.Se+02*epmach,0.5e—l4))
* ier = 6

if (ier.eq.6) go to 999

]
o

.0e+00

o

first approximation to the integral

QO 0 a0a0n

rimach(1)

oflow rimach(2)

ierro 0

call qk21(f,a,b,resﬁlt,abserr,defabs,resabs)

uflow

I

c test on accuracy.

abs (result)
amaxl (epsabs, epsrel+*dres)

result
abserr

!}

iord(1l) = 1

if (abserr.le.l.0e+02*epmach*defabs.and.abserr.gt.
* errbnd) ier = 2

if(limit.eq.1l) ier = 1

if (ier.ne.0.or. (abserr.le.errbnd.and.abserr.ne.resabs) .or.
* abserr.eq.0.0e+00) go to 140

initialization

Q00 aQ
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rlist2 (1) = result
errmax abserr
maxerr = 1

area = result
errsum = abserr

abserr = oflow
nrmax = 1

nres = 0
numrl2 = 2
ktmin = 0
extrap = .false.
noext = .false.
iroffl = 0
iroff2 = 0
iroff3 = 0
ksgn = -1

if(dres.ge. (0.1e+01-0.5e+02*epmach) *defabs) ksgn = 1

main do-loop

do 90 last = 2,limit

bisect the subinterval with the nrmax-th largest
error estimate.

al = alist (maxerr)

bl = 0.5e+00*(alist (maxerr)+blist (maxerr))
a2 = bl

b2 = blist(maxerr)

erlast = errmax
call gk21(f,al,bl,areal,errorl,resabs,defabl)
call gk21(f,a2,b2,area2,error2, resabs,defab2)

improve previous approximations to integral
and error and test for accuracy.

areal2 areal+area2

errol2 errorl+error2

errsum = errsum+errol2-errmax

area = area+areal2-rlist (maxerr)

if (defabl.eq.errosl.or.defab2.eq.error2) go to 15
if(abs(rlist(maxerr)-area12).gt.O.le-04*abs(area12)
-or.errol2.lt.0.99e+00*errmax) go to 10

if (extrap) iroff2 = iroff2+1

if (.not.extrap) iroffl = iroffi+l

if(last.gt.10.and.errol2.gt.errmax) iroff3 = iroff3+i

rlist(maxerr) = areal
rlist(last) = area2
errbnd = amaxl (epsabs, epsrel*abs (area))

test for roundoff error and eventually
set error flag.

if (iroffi+iroff2.ge.10.0r.iroff3.ge.20) ier = 2
if (iroff2.ge.5) ierro = 3

set error flag in the case that the number of
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subintervals equals limit.
if (last.eq.limit) ier = 1

set error flag in the case of bad integrand behaviour
at a point of the integration range.

if (amaxl(abs (al) ,abs(b2)).le. (0.1e+01+0.1le+03*epmach) *
(abs(a2)+0.le+04*uflow)) ier = 4

append the newly-created intervals to the list.

if (error2.gt.errorl) go to 20

alist(last) = a2
blist (maxerr) = bl
blist (last) = b2

elist (maxerr) = errorl
elist(last) = error2
go to 30

alist (maxerr) = a2
alist(last) = al
blist(last) = bl

rlist (maxerr) = area2
rlist(last) = areal
elist (maxerr) = error2
elist (last) = errorl

call subroutine gpsrt to maintain the descending ordering
in the list of error estimates and select the

subinterval with nrmax-th largest errcr estimate (to be
bisected next).

call gpsrt(limit, last,maxerr,errmax,elist, iord, nrmax)

c ***jump out of do-loop

C

a 000
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if (errsum.le.errbnd) go to 115

***jump out of do-loop

40

if(ier.ne.0) go to 100

if (last.eqg.2) go to 80

if (noext) go to 90

erlarg = erlarg-erlast

if (abs(bl-al) .gt.small) erlarg = erlarg+errol2
if (extrap) go to 40

test whether the interval to be bisected next is the
smallest interval.

if (abs (blist (maxerr)-alist (maxerr)).gt.small) go to 90
extrap = .true.

nrmax = 2

if(ierro.eq.3.or.erlarg.le.ertest) go to 60

the smallest interval has the largest error.
before bisecting decrease the sum of the errors
over the larger intervals (erlarg) and perform
extrapolation.

id = nrmax
jupbnd = last



if (last.gt. (2+41imit/2)) jupbnd = limit+3-last

do 50 k = id, jupbnd
maxerr = iord(nrmax)
errmax = elist (maxerr)

c ***jump out of do-loop
if (abs (blist (maxerr) -alist (maxerr)).gt.small) go to 90
nrmax = nrmax+l
50 continue

0

perform ‘extrapolation.

60 numrl2 = numrl2+l
rlist2 (numrl2) = area
call gelg(numrl2,rlist2,reseps,abseps,res3la,nres)
ktmin = ktmin+l
if (ktmin.gt.5.and.abserr.lt.0.le-02*errsum) ier = 5
if (abseps.ge.abserr) go to 70

ktmin = 0
abserr = abseps
result = reseps

correc = erlarg

ertest = amaxl (epsabs,epsrel*abs(reseps))
¢ ***jump out of do-loop

if (abserr.le.ertest) go to 100

c
c prepare bisection of the smallest interval.
c
70 if (numrl2.eq.l) noext = .true.
if (ier.eq.5) go to 100
maxerr = iord(l)
errmax = elist (maxerr)
nrmax = 1
extrap = .false.
small = small*0.5e+00
erlarg = errsum
go to 90
80 small = abs(b-a)*0.375e+00
erlarg = errsum
ertest = errbnd
rlist2(2) = area
90 continue
c
c set final result and error estimate.
c ————————————————————————————————————
c

100 if (abserr.eq.oflow) go to 115
if (ier+ierro.eq.0) go to 110
if (ierro.eq.3) abserr = abserr+correc
if(ier.eq.0) ier = 3
if (result.ne.0.0e+00.and.area.ne.0.0e+00) go to 105
if (abserr.gt.errsum) go to 115
if (area.eq.0.0e+00) go to 130
go to 110
105 if (abserr/abs(result).gt.errsum/abs(area)) go to 115

c test on divergence.

110 if(ksgn.eq. (-1) .and.amaxl (abs (result), abs (area)) .le.



115

120

130
140
999

89

* defabs*0.1le-01) go to 130
i£(0.1le-01.gt. (result/area) .or. (result/area) .gt.0.1e+03
* .or.errsum.gt.abs(area)) ier = 6

go to 130

compute global integral sum.

result = 0.0e+00
do 120 k = 1,last
result = result+rlist (k)
continue
abserr = errsum
if (ier.gt.2) ier = ier-1
neval = 42*]last-21
return
end
subroutine gelg(n,epstab, result,abserr,res3la,nres)

c***begin prologue gelg

c***refer to gagie,gagoe,qagpe,gagse

c***routines called rlmach

c***revision date 830518 (yymmdd)

c*¥**keywords epsilon algorithm, convergence acceleration,

c extrapolation
c***author piessens,robert,appl. math. & progr. div. - k.u.leuven
c de doncker,elise,appl. math & progr. div. - k.u.leuven

c***purpose the routine determines the limit of a given sequence of

an0a0aqa

approximations, by means of the epsilon algorithm of

p. wynn. an estimate of the absolute error is also given.
the condensed epsilon table is computed. only those
elements needed for the computation of the next diagonal
are preserved.

c***description
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epsilon algorithm
standard fortran subroutine
real version

parameters
n - integer
epstab (n) contains the new element in the
first column of the epsilon table.

epstab - real
vector of dimension 52 containing the elements
of the two lower diagonals of the triangular
epsilon table. the elements are numbered
starting at the right-hand corner of the
triangle.

result - real
resulting approximation to the integral

abserr - real
estimate of the absolute error computed from
result and the 3 previous results
*
res3la - real
vector of dimension 3 containing the last 3
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results

nres - integer
number bf calls to the routine
(should be zero at first call)

naaQoaaQ

c***end prologue dgelg
c
real abserr,deltal,deltaZ,deltaB,rlmach,
* epmach,epsinf,epstab,error,errl,errz,errB,eO,el,elabs,ez,e3,
* oflow,res,result,resBla,ss,toll,tolz,tol3
integer i,ib,ibz,ie,indx,kl,k2,k3,limexp,n,newelm,nres,num
dimension epstab(SZ),resBla(B)

list of major variables

e0 - the 4 elements on which the
el computation of a new element in
e2 the epsilon table is based
e3 el
e3 el new
e2
newelm - number of elements to be computed in the new
diagonal
error - error = abs(el-e0)+abs(e2—el)+abs(new—e2)
result - the element in the new diagonal with least value
of error

machine dependent constants

epmach is the largest relative spacing.

oflow is the largest positive magnitude.

limexp is the maximum number of elements the epsilon
table can contain. if this number is reached, the upper
diagonal of the epsilon table is deleted.

OOQOQOOOOOOOOOOOOOOOOOOOO

c***first executable statement qelg
epmach = rimach(4)
oflow = rlmach(2)
nres = nres+l
abserr = oflow
result = epstab(n)
if(n.1lt.3) go to 100
limexp = 50
epstab (n+2) = epstab(n)
newelm = (n-1)/2

epstab(n) = oflow
num = 1n
k1 =n
do 40 i = 1,newelm
k2 = ki-1
k3 = k1-2
res = epstab (kl+2)
e0 = epstab(k3)
el = epstab(k2)

e2 = xes
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elabs = abs(el)

delta2 = e2-el

erxr2 abs (delta2)

tol2 = amaxl(abs{e2),elabs) *epmach

deltal3 = el-el

err3 = abs(delta3)

tol3 = amaxl (elabs,abs(e0) ) *epmach

if (exrr2.gt.tol2.or.err3.gt.tol3) go to 10

I

if e0, el and e2 are equal to within machine
accuracy, convergence is assumed.

result = e2

abserr = abs(el-e0)+abs(e2-el)

result res
abserr = err2+erxr3

***kjump out of do-loop

10

20

go to 100

e3 = epstab(kl)

epstab(kl) = el

deltal = el-e3

errl = abs(deltal)

toll = amaxl (elabs,abs(e3)) *epmach

if two elements are very close to each other, omit
a part of the table by adjusting the value of n

if (errl.le.toll.or.err2.le.tol2.0or.err3.le.tol3) go to 20
ss = 0.le+01/deltal+0.le+01/delta2-0.1le+01/delta3
epsinf = abs(ss*el)

test to detect irregular behaviour in the table, and
eventually omit a part of the table adjusting the value
of n.

if (epsinf.gt.0.1e-03) go to 30
n = i+i-1

**x*jump out of do-loop

30

40

50

go to 50

compute a new element and eventually adjust
the value of result.

res = el+0.le+01l/ss

epstab (kl) = res

k1 = ki-2

error = err2+abs(res-e2) +err3
if (error.gt.abserr) go to 40
abserr = error

result = res

continue

if
ib
if
ie

shift the table.

(n.eq.limexp) n = 2% (limexp/2)-1
= 1

({num/2)*2.eqg.num) ib = 2

= newelm+l



do 60 i=1,ie

ib2 = ib+2
epstab (ib) = epstab(ib2)
ib = ib2

60 continue
if (num.eq.n) go to 80
indx = num-n+l
do 70 i = 1,n
epstab(i)= epstab(indx)
indx = indx+1
70 continue
80 if (nres.ge.4) go to 90

res3la(nres) = result
abserr = oflow
go to 100
c
c compute erxror estimate
c

90 abserr = abs(result-res3la(3)) +abs(result-res3la(2))
* t+abs(result-res3la(l))
res3la(l) = res3la(2)

res3la(2) = res3la(3)
res3la(3) = result
100 abserr = amaxl(abserr,0.S5e+0l*epmach*abs (result))
return
end

subroutine gqk21(f,a,b,result, abserr, resabs, resasc)
c***begin prologue gk21
c***xdate written 800101 (yymmdd)
cx**revision date 830518 (yymmdd)
c***category no. h2ala2
c***xkeywords 2l-point gauss-kronrod rules

c***author piessens,robert,appl. math. & progr. div. - k.u.leuven
c de doncker,elise,appl. math. & progr. div. - k.u.leuven
c***purpose to compute i = integral of £ over (a,b), with error

c estimate

¢ j = integral of abs(f) over (a,b)
cx**description

integration rules
standard fortran subroutine
real version

92

parameters
on entry
£ - real
function subprogram defining the integrand
, function f(x). the actual name for f needs to be
) declared e x t e r n a 1 in the driver program.
a - real
lower limit of integration
b - real

upper limit of integration

on return
result - real

"0 0000000 aaonnoonenaan
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approximation to the integral i

result is computed by applying the 21l-point
kronrod rule (resk) obtained by optimal addition
of abscissae to the 10-point gauss rule (resg).

abserr - real -
estimate of the modulus of the absolute error,
which should not exceed abs(i-result)

resabs - real
approximation to the integral j

resasc - real
approximation to the integral of abs(f-i/(b-a))
over (a,b)

nnNnao0oa0ao0n0oao0ononaoanananan

c***references (none)
c***routines called rimach
c***end prologue gk21

c
real a,absc,abserr,b,centr,dhlgth,epmach,f, fc, fsum, fvall, £fvalz,
fvi, fv2,hlgth, resabs, resg, resk, reskh, result, rimach,uflow, wg, wgk,
xgk
integer j,jtw,jtwml

external £
c

dimension £v1(10),£fv2(210),wg(5),wgk(1l),h xgk(11)
c
c the abscissae and weights are given for the interval (-1,1).
c because of symmetry only the positive abscissae and their
c corresponding weights are given.
c
c xgk - abscissae of the 21-point kronrod rule
c xgk(2), xgk(4), ... abscissae of the 10-point
c gauss rule
c xgk (1), xgk(3), ... abscissae which are optimally
c added to the 10-point gauss rule
c i
c wgk - weights of the 2l-point kronrod rule
c
c wg - weights of the 10-point gauss rule
c

data xgk(1),xgk(2),xgk(3),xgk(4),xgk(5),xgk(6),xgk(7),
. *  xgk(8),xgk(9),xgk(10),xgk(11)/

* 0.59956571630258081e+00, 0.9735065285171717e+00,

* 0.9301574913557082e+00, 0.8650633666889845e+00,

* 0.7808177265864169e+00, 0.6794095682990244e+00,

* 0.5627571346686047e+00, 0.4333953941292472e+00,

* 0.2943928627014602e+00, 0.1488743389816312e+00,

* 0.0000000000000000e+00/
c

data wgk(1),wgk(2),wgk(3),wgk(4),wgk(5),wgk(6),wgk(7),

*  wgk(8),wgk(9),wgk(10),wgk(11)/

* 0.1169463886737187e-01, 0.3255816230796473e-01,
* 0.5475589657435200e-01, 0.7503967481091995e-01,
* 0.9312545458369761e-01, 0.1093871588022976e+00,
* 0.1234919762620659e+00, 0.1347092173114733e+00,
* 0.1427759385770601e+00, 0.1477391049013385e+00,



* 0.1494455540029169e+00/

data wg(l),wg(2),wg(3),wg(4),wg(5

* 0.6667134430868814e-01,
0.2190863625159820e+00,
* 0.2955242247147529%e+00/

list of major variables

i.e. to i/ (b-a)

machine dependent constants

epmach is the largest relat
uflow is the smallest posit

aaoaoaagaoaaoa0aa0Q0a0aQqa0o00aa0naaan

c*+**first executable statement gk21
epmach = rlmach(4)

uflow = rlmach(1l)
c
centr = 0.5e+00* (a+b)
hlgth = 0.5e+00* (b-a)
dhlgth = abs(hlgth)
c
c
c the integral, and estimate
c

resg = 0.0e+00

fc = f(centr)

resk = wgk(li)=*£fc

resabs = abs(resk)

do 10 j=1,5
Jjtw = 2*5
absc = hlgth*xgk(jtw)
fvall = f(centr-absc)
fval2 = f(centr+absc)
fvl(jtw) = fvall
fv2 (jtw) = fval2
fsum = fvall+fval2
resg resg+wg (j) *£sum
resk = resk+wgk (jtw) *£sum

)/
0.1494513491505806e+00,
0.26926671930995964e+00,

centr - mid point of the interval

higth - half-length of the interval

absc - abscissa

fval* - function value

resg - result of the 10-point gauss formula

resk - result of the 2l-point kronrod formula

reskh - approximation to the mean value of f over (a,b),

ive spacing.
ive magnitude.

compute the 21l-point kronrod approximation to

the absolute error.

resabs = resabs+wgk (jtw)* (abs (fvall) +abs (fval2))

10 continue
do 15 j 1,5
jtwml = 2*%j-1
absc = hlgth*xgk (jtwml)
fvall = f(centr-absc)
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fval2 = f(centr+absc)
fvl(jtwml) = fvall
fv2 (jtwml) = fval2
fsum = fvall+fval2
resk = resk+wgk(jtwml) *fsum
resabs = resabs+wgk (jtwml) * (abs (fvall) +abs (fval2))
15 continue
reskh = resk*0.5e+00
resasc = wgk(1ll) *abs (fc-reskh)
do 20 j=1,10

resasc = resasc+wgk(j) * (abs (fvl(j) ~-reskh) +abs (fv2(j) -reskh))

20 continue
result = resk*hlgth

resabs = resabs*dhlgth
resasc = resasc*dhlgth
abserr = abs((resk-resg)*hlgth)

if(resasc.ne.0.0e+00.and.abserr.ne.0.0e+00)
abserr = resasc*aminl{(0.1le+01,
* (0.2e+03*abserr/resasc)**1.5e+00)
if (resabs.gt.uflow/ (0.5e+02*epmach)) abserr = amaxl

* ((epmach*0.5e+02) *resabs, abserr)

return

end

subroutine gpsrt(limit,last,maxerr,ermax,elist,iord,nrmax)
c***begin prologue dgpsrt
c***refer to gage,qgagie,gagpe,gagse,gawce,gawse, gawoe
c***routines called (none)
c***keywords sequential sorting
c***description

[

gpsrt

ordering routine
standard fortran subroutine
real version

N

purpose
this routine maintains the descending ordering

estimates are inserted using the sequential search
method, top-down for the largest error estimate
and bottom-up for the smallest error estimate.

w

calling sequence
call gpsrt(limit, last,maxerr,ermax,elist, iord, nrmax)

parameters (meaning at output)
limit - integer

maximum number of error estimates the list

can contain

]

last - integer
number of error estimates currently
in the list

maxerr - integer

a0 o0oa0000ana

estimate currently in the list

in the list of the local error estimates resulting from
the interval subdivision process. at each call two error

maxerr points to the nrmax-th largest error



00000000 000000000000

9]

C

4.

ermax - real
nrmax-th largest error estimate
ermax = elist (maxerr)

elist =~ real
vector of dimension last containing
the error estimates

iord - integer
vector of dimension last, the first k
elements of which contain pointers
to the error estimates, such that
elist(iord(1)),... , elist (iord(k))
form a decreasing sequence, with
k = last if last.le. (limit/2+2), and
k = limit+l-last otherwise

nrmax - integer
maxerr = iord(nrmax)

no subroutines or functions needed

c***end prologue gpsrt

C

(o]
o]
C
o]

*

real elist,ermax,errmax,errmin

integer i, ibeg,ido,iord, isucc, j, jbnd, jupbn,k, last,limit,maxerr,
nrmax

dimension elist(last),iord(last)

check whether the list contains more than
two error estimates.

c***first executable statement gpsrt

Qaa00a0a0aana0

if(last.gt.2) go to 10

iord(l) =1
iord(2) = 2
go to 90

this part of the routine is only executed

if, due to a difficult integrand, subdivision
increased the error estimate. in the normal case
the insert procedure should start after the
nrmax-th largest error estimate.

10 exrrmax = elist (maxerr)

if (nrmax.eq.1l) go to 30
ido = nrmax-1
do 20 i = 1,ido

isucc = iord{(nrmax-1)

***jump out of do-loop

20

if (errmax.le.elist (isucc)) go to 30

dord(nrmax) = isucc
nrmax = nrmax-1
continue

compute the number of elements in the list to
be maintained in descending order. this number
depends on the number of subdivisions still
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allowed.

30 jupbn = last
if(last.gt.(limit/2+2)) jupbn = limit+3-last
errmin = elist(last)

insert errmax by traversing the list top-down,
starting comparison from the element elist (iord(nrmax+l)).

jbnd = jupbn-1
ibeg = nrmax+1l
if (ibeg.gt.jbnd) go to 50
do 40 i=ibeg, jbnd
isucc = ioxd(i)
***jump out of do-loop
if (errmax.ge.elist(isucc)) go to 60

iord(i-1) = isucc

40 continue
50 iord(jbnd) = maxerr
iord (jupbn) = last

go to 90

insert errmin by traversing the list bottom-up.

60 iord(i-1) = maxerr
kX = jbnd
do 70 j=i,jbnd
isucc = iord(k)
***jump out of do-loop

if (errmin.lt.elist{isucec)) go to 80 -
iord(k+1l) = isucc
k = k-1
70 continue
iord (i) = last
go to 90
80 iord(k+1l) = last

set maxerr and ermax.

90 maxerr = iord(nrmax)
ermax = &list (maxerr)
return
end

REAL FUNCTION R1MACH(I)
INTEGER I

SINGLE-PRECISION MACHINE CONSTANTS

RIMACH(1) = B**(EMIN-1), THE SMALLEST POSITIVE MAGNITUDE.
R1MACH(2) = B**EMAX* (1 - B**(-T)), THE LARGEST MAGNITUDE.
RIMACH(3) = B**(-T), THE SMALLEST RELATIVE SPACING.
RIMACH(4) = B**{1-T), THE LARGEST RELATIVE SPACING.
RIMACH(5) = LOG10 (B)

THIS VERSION ADAPTS AUTOMATICALLY TO MOST CURRENT MACHINES,
INCLUDING AUTO-DOUBLE COMPILERS.

TO ALTER FOR A PARTICULAR ENVIRONMENT, THE DESIRED SET OF DATA
STATEMENTS MAY BE ACTIVATED BY REMOVING THE C FROM COLUMN 1.



CONSTANTS FOR OLDER MACHINES CAN BE OBTAINED BY
‘mail netlib@research.bell-labs.com
send oldimach from bla$s

PLEASE SEND CORRECTIONS TC dmg OR ehg@bell-labs.com.

INTEGER SMALL(2)

INTEGER LARGE(2)

INTEGER RIGHT(2)

INTEGER DIVER(2)

INTEGER LOG10 (2)

INTEGER CRAY1l, SC

COMMON /D8MACH,/ CRAY1

SAVE SMALL, LARGE, RIGHT, DIVER, LOG1l0, SC
REAL RMACH(5)

EQUIVALENCE (RMACH(1),SMALL(1))
EQUIVALENCE (RMACH(2),LARGE(1))
EQUIVALENCE (RMACH(3),RIGHT(1))
EQUIVALENCE (RMACH(4),DIVER(1))
EQUIVALENCE (RMACH(S),LOG10(1))

MACHINE CONSTANTS FOR THE HONEYWELL DPS 8/70 SERIES.

DATA RMACH(L) / 0402400000000 /
DATA RMACH(2) / 0376777777777 /
DATA RMACH(3) / 0714400000000 /
DATA RMACH(4) / 0716400000000 /
DATA RMACH(5) / 0776464202324 /, SC/987/

MACHINE CONSTANTS FOR PDP-11 FORTRANS SUPPORTING
32-BIT INTEGERS (EXPRESSED IN INTEGER AND OCTAL) .

DATA SMALL(1) / 8388608 /
DATA LARGE(1) / 2147483647 /
DATA RIGHT(1) / 880803840 /
DATA DIVER(l) / 889192448 /
DATA LOG10(l) / 1067065499 /, sc/987/
DATA RMACH(1l) / 000040000000 /

DATA RMACH(2) / 017777777777 /

DATA RMACH(3) / 006440000000 /

DATA RMACH(4) / 006500000000 /

DATA RMACH(S5) / 007746420233 /, SC/987/

MACHINE CONSTANTS FOR THE SEQUENT BALANCE 8000.

naonNnnNnaoaonNnaoaaoaaoanNnnNNNnNaNnNanNanNONNNONNANONNONNAaNAON

DATA SMALL({1)
DATA LARGE (1)
DATA RIGHT(1)
DATA DIVER(1)
DATA LOG10 (1)

DATA RMACH (1)
DATA RMACH(2)
DATA, RMACH(3)
DATA RMACH (4)
DATA RMACH (5)

/ $00800000
/ $7F7FFFFF
/ $33800000
/ $34000000
/ $3ESA209B

/ 0000400000
/ 0377777777
/ 0146400000
/ 0147400000
/ 0177464202

/
/
/
/
/s

sc/987/

MACHINE CONSTANTS FOR THE UNIVAC 1100 SERIES.

000 /
777 /
000 /
000 /

/I

324 sc/987/



IF (SC .NE. 987) THEN
*** CHECK FOR AUTODOUBLE ***

SMALL(2) = 0

RMACH (1) = 1E13
IF (SMALL{2) .NE.

0) THEN

*%x* AUTODOUBLED ***

IF ( SMALL(1) .EQ.
.AND. SMALL(2) .EQ.

BIG ENDIAN *

**%* IEEE
SMALL (1)
SMALL (2)
LARGE (1)
LARGE (2)
RIGHT (1)
RIGHT (2)
DIVER (1)
DIVER(2)
LOG10 (1)
LOG10 (2)

1048576

=0

2146435071

= -1

1017118720
o
1018167296
0
1070810131
1352628735

ELSE IF ( SMALL(Z) .EQ.
.AND. SMALL(1) .EQ.
LITTLE ENDIAN **%*

*** TEEE
SMALL (2)
SMALL (1)
LARGE (2)
LARGE (1)
RIGHT (2)
RIGHT (1)
DIVER(2)
DIVER(1)
LOG10 (2)
LOG10(1)

1}

1048576

= 0

2146435071
-1
1017118720
0
1018167296

=0

1070810131
1352628735

ELSE IF ( SMALL(1) .EQ.
.AND. SMALL(2) .EQ.
*** VAX WITH D_FLOATING ***

SMALL (1)
SMALL (2)
LARGE (1)
LARGE (2)
RIGHT (1)
RIGHT (2)
DIVER (1)
DIVER(2)
LOG10 (1)
LOG10(2)

128

0

-32769

-1

9344

0

9472

0
546979738
-805796613

ELSE IF ( SMALL(l) .EQ.
.AND. SMALL(2) .EQ.
**% .IBM MAINFRAME ***

SMALL (1)
SMALL (2)
LARGE (1)
LARGE (2)
RIGHT (1)
RIGHT (2)
DIVER (1)
DIVER(2)
LOG10 (1)
LOG10 (2)

[}

[t}

1048576
o]
2147483647

= -1

856686592
0
873463808
0
1091781651
1352628735

29

1117825532

-448790528) THEN
* %

1117925532
-448790528) THEN

-2065213935
10752) THEN

1267827943
704643072) THEN



ELSE

WRITE (*,5010)

STOP 777
END IF
ELSE

RMACH(1l) =

IF (SMALL(1
*x*x IREE
SMALL (1)
LARGE (1)
RIGHT (1)
DIVER (1)
LOG10 (1)

1234567.

)

.EQ. 1234613304) THEN

* %k

ELSE IF (SMAL
*kk YAX kkk

SMALL (1)
LARGE (1)
RIGHT (1)
DIVER(1)
LOG10 (1)

8388608

2139095039

864026624

872415232

1050288283

(1) .EQ. -1271379306

128

= -32769
= 13440

ELSE IF (SMAL
*%%* TBM MAINFRAME **%*

SMALL (1) = 1048576
LARGE (1) = 2147483647
RIGHT (1) = 990904320
DIVER(1) = 1007681536
LOG10 (1) = 1091781651
ELSE IF (SMALL(1l) .EQ. 1251390520) THEN
* % & CONVEX C_l Jo %k
SMALL (1) = 8388608
LARGE (1) = 2147483647
RIGHT (1) = 880803840
DIVER(1) = 889192448
LOG10(1) = 1067065499
ELSE
CRAY1 = 4617762693716115456.D0

13568
547045274

(1) .EQ. 1175639687) THEN

IF (SMALL(1) .NE. CRAY1l) THEN
WRITE (*,9020)

STOP 777
END IF
*** CRAY 1, XMP, 2, AND 3 **%x
SMALL (1) = 2306828171632181248
LARGE (1) = 6917247552664371198
RIGHT (1) = 4598878906987053056
DIVER(1l) = 4599160381963763712
LOG10 (1) = 4611574008272714704
END IF
END IF
SC = 987
END IF

SANITY CHECK
IF (RMACH(4) .GE.
IF (I .LT. 1 .OR.

WRITE(*,*) 'RIMACH(I): I =',I,' is out of bounds.'

STOP

END IF
RIMACH = RMACH(I)
RETURN

1
I

.0) STOP 776
.GT. 5) THEN

)

.DO
.DO
.DO
.DO
.DO

100



101

9010 FORMAT (/' Adjust autodoubled RIMACH by getting data'/
*' appropriate for your machine from D1MACH.')
9020 FORMAT(/' Adjust R1MACH by uncommentiny data statements'/
*! gppropriate for your machine.')
* /* C source for RIMACH -- remove the * in column 1 */
*#include <stdio.h>
*#include <float.h>
*#include <math.h>
*float rlmach_ (long *i)

*{

* switch (*1i)

* case 1: return FLT MIN;

* case 2: return FLT_MAX;

* case 3: return FLT_EPSILON/FLT_RADIX;

* case 4: return FLT_EPSILON;

* case 5: return loglO (FLT_RADIX) ;

* }

* fprintf (stderr, "invalid argument: rlmach(%ld)\n", *i);

* exit (1) ; return 0; /* for compilers that complain of missing return

values */
*}

END

subroutine xerror (messg,nmessg,nerr, level)

c
c abstract

c Xxerror processes a diagnostic message, in a manner

c determined by the value of level and the current value

c of the library error control flag, kontrl.

c (see subroutine xsetf for details.)

c

c description of parameters

c --input--

c messg - the hollerith message to be processed, containing

c no more than 72 characters.

c nmessg- the actual number of characters in messg.

c nerr - the error number associated with this message.

c nerr must not be zero.

c level - errdr category.

c =2 means this is an unconditionally fatal error.

c =1 means this is a recoverable error. (i.e., it is

c non-fatal if xsetf has been appropriately called.)

c =0 means this is a warning message only.

c =-1 means this is a warning message which is to be

c printed at most once, regardless of how many

c times this call is executed.

c

c examples

c call xerror(23hsmooth -- num was zero.,23,1,2)

c call xerror(43hinteg -- less than full accuracy achieved.,

c 43,2,1)

c call xerror(65hrooter -- actual zero of f found before interval
c 1 fully collapsed.,65,3,0)

c call xerror (39hexp -- underflows being set to zero.,39,1,-1)
c

c written by ron jones, with slatec common math library subcommittee
c latest revision --- 7 feb 1979

c
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dimension messg(nmessg)

<call xerrwv(messg,nmessg,nerr,level,0,0,0,0,0.,0.)
return

end

subroutihe xerrwv (msg, nmes, nerr, level, ni, il, i2, nr, ri, r2)
integer msg, nmes, nerr, level, ni, i1, i2, nr,
1 i, lun, lunit, mesflg, ncpw, nch, nwds
real rl, r2
dimension msg(nmes)
subroutines xerrwv, xsetf, and xsetun, as given here, constitute
a simplified version of the slatec error handling package.
written by a. ¢. hindmarsh at llnl. version of march 30, 1987.

all arguments are input arguments.

msg = the message (hollerith literal or integer array).
nmes = the length of msg (number of characters).

nerr = the error number (not used).

level = the error level..

0 or 1 means recoverable (control returns to caller).
2 means fatal (run is aborted--see note below).

ni = number of integers (0, 1, or 2) to be printed with message.
il,12 = integers to be printed, depending on ni.

nr = number of reals (0, 1, or 2) to be printed with message.
rl,r2 = reals to be printed, depending on nr.

note.. this routine is machine-dependent and specialized for use

in limited context, in the following ways..
1. the number of hollerith characters stored per word, denoted
by ncpw below, is a data-lcaded constant.
2. the value of nmes is assumed to be at most 60.
(multi-line messages are generated by repeated calls.)
3. if level = 2, control passes to the statement stop
to abort the run. this statement may be machine-dependent.
4. rl and r2 are assumed to be in single precision and are printed
in e21.13 format.
5. the common block /eh0001/ below is data-loaded (a machine-
dependent feature) with default values.
this block is needed for proper retention of parameters used by
this routine which the user can reset by calling xsetf or xsetun.
the variables in this block are as follows..
mesflg = print control flag..
1 means print all messages (the default).
0 means no printing.
lunit = logical unit number for messages.
the default is 6 (machine-dependent).
the following are instructions for installing this routine
in different machine environments.

to change the default output unit, change the data statement below.

for some systems, the data statement below must be replaced
by a separate block data subprogram.
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for a different number of characters per word, change the
data statement setting ncpw below, and format 10. alternatives for
various computers are shown in céftient cards.

for a different run-abort command, change the statement following
statement 100 at the end.

common /eh0001/ mesflg, lunit

data mesflg/1/, lunit/6/
the following data-loaded ‘value of ncpw is valid for the cdc-6600
and cdc-7600 computers.
data ncpw/10/
the following is valid for the cray-1 computer.
data ncpw/8/ -
the following is valid for the burroughs 6700 and 7800 computers.
data ncpw/6/
the following is valid for the pdp-10 tomputer.
data ncpw/5/
the following is valid for the vax computer with 4 bytes per integer,
and for the ibm-360, ibm-370, ibm-303x, and ibm-43xx computers.
data ncpw/4/
the following is valid for the pdp-11, or vax with 2-byte integers.
data ncpw/2/

if (mesflg .eq. 0) go to 100
get logical unit number. --------oommmme Lo
lun = lunit
get number of words in meSSage. -=----=== o
nch = min0 (nmes, 60)
nwds = nch/ncpw
if (nch .ne. nwds*ncpw) nwds = nwds + 1
write the message. -=-----ommmo oo e
write (lun, 10) (msg(i),i=1,nwds)
the following format statement is to have the form
10 format (1x,mmann)
where nn = ncpw and mm is the smallest integer .ge. 60/ncpw.
the following is valid for ncpw = 10.
10 format(1lx,6alo0)
the following is valid for ncpw
10 format(lx,8a8)
the following is valid for ncpw = 6.
10 format(lx,l1l0a6)
the following is valid for ncpw = 5.
10 format(1x,12a5)
the following is valid for ncpw = 4.
10 format(lx,1l5a4)
the following is valid for ncpw = 2.
10 format(ix,30a2)

if (ni .eg. 1) write (lun, 20) il

]
s ¢]

20 format (6x,23hin above message, il =,i10)

if (ni .eq. 2) write (lun, 30) il,i2

30 format (6x,23hin above message, il =,i10,3x,4hi2 =,110)

if (nr .eq. 1) write (lun, 40) rl
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40 format (6x,23hin above message, rl =,e21.13)
if (nr .eqg. 2) write (lun, 50) ri,r2
50 format (6x,15hin above, rl =,&821.13,3%,4hr2 =,e21.13)
c abort the run if level = 2. =-c--mmmmm e e
100 if (level .ne. 2) return
stop
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