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Abstract

This special project aims to study rectansular waveguide for electromagnetic
wave and simulate transverse electric (TE) modes: TE;, mode - TEs; mode for
rectangular waveguide by using MATLAB version R2016a in designing graphic user
interface (GUI) screen with GUIDE and writing algorithm code in function M-file to
analyze the parameters. The simulation result found that the program has the ability
to calculate cut-off frequency and cut-off wavelength, and simulate transverse electric
mode. Moreover, the results of the calculations are accurate according to the result

of theoretical calculations.
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PnanmsieulvvsuansossavasaundlwirAdunislunethedui x = 0, x = a w3

y =0,y =b w1 E,(r,y) = 0 uazanmisafisuaunislmiledu

E,o(x,¥) = (c5 cosk,x + czsink,x)(cy cos kyy + ¢; sin kyy) =0



WaR5NFLUT X Wag y 2nEUN1598U WU Eyg(x, y) = 0 azuluaiuaniizves

P 1 a a 1 o = =3 P

Weoulvveulwnseadsvasauulnihnidunsluistnauisedls

Ansanlununu x

Ax=0 ald E(x,y) = 0fdaille c; = 0 me Weuaunsiaidu
(cq sinkyex)(cy cOskyy + ¢z sinkyy) =0

fx=a 8 E,(ay)=0fseula c; = 0 uag sink,a = 0 douanmsiaiu
(c4 sin Jl’cxa)(c1 cos ky,y + ¢, sin kyy) =0

wasf sink,a=0 e sinm = 0 uag kya = mr wlagunis

k, = %’5 oot m =1,2,3, ..

unuA k, aslugunisazla

mm
E.4(a,y)= (C4 sin? a) (61 cos kyy + ¢, sin kyy) =0

Ezo(a,y) = (¢ sinmm)(c; coskyy + ¢, sinkyy) =0

(9]

MUY Ey(a,y) =0 Weunum =0,1,2,3,..

AsaululLILAY Y

My=0 28 E,(x,0) = 0 Adeidie ¢, = 0 s Wouaunislmdu
(c3 €08 kyx + ¢4 sin kyx)(+c5 sin kyy) =0

Ay=b 2l Eq(x,b) = 0fnaiile ¢; =0 uay sin kb = 0 Weuaunslondu
(5 coskx + ¢, sinkya)(ey sink,b) =0

wag?l sink,b=0 Wosinm = 0uay kyb =nm wliaunis

k, = — ot n=0,1,2,3,.

wiuAn k, adluaunisazla

ni
E,o(x,b) = (c3cosk,x + c, sink,x) (cz sin?b) =}

E,o(x,b) = (c5cosk,x + cysink,x)(c, sinnm) =0

Fatu E,o(x,b) =0 \lounun=0,1,2,3,..

11
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i
v o =

feduFeagulaan aunisefduauinlnin E,(x, y) MAunidluvietdiafumiuaniig

Reulvouwnsesdefidiunis x wag v 1aq agaunsadeuaunisiidu

E,o(x,¥) = (c3 cos kyx + ¢4 sin kyx)(cq cosk,y + ¢, sink,y)
o mm o nmw
E,olx,y) = (64 sme) (cz sm?y)
W Ey = cue, dovaumsindlaidy

E,,(x,y) = Eysin (% x) sin (%y)

o E,, Wunuaslugunisn (18), (19),(20) uag (21) WVeAMN Eyg , Eyg , Hyo W8T Hyg
AIUARU (H,e = 0) agldaunisesrussnavvesaunumaunsdinanlainludimmasuiwny

si1a9 vadlvan T™ luvethadusunssdvaeu

Bl (s y)y = —Vk—E,}’(—nﬁE) cos (% x) sin (%’3 y) (26)
Eyo(,3) = = %EL,E (%) sin (? x) cos (%75 y) (27)
i) 2L a;ff" (Zlbf) sin (%E x) cos (%Tf y) (28)
Hyolx,y) = =2 w;f : (? cos (% x)sin (% y) (29)

dle E, (%, y,2, tNN E@ .y Y et Epesns

waxaln N k= Jwleu+y? : wave number

y=a+jp : propagation constant
o a f. attenuation constant Wag § A8 phase constant

dlo ¢ =0 aslédry = jB
o Bty 2) = Ex(uy) g™ 7= =gl™
E., = Exo.ej(wt—,@z)
JanunsamAtesAUsEneuvesau £, L E, , E; , Hy , Hy 188y

Elxy) = —yk—%} (?) cos (%TE x) sin (T%I y) g (wt=pz) (30)



e

) = TR () s (Te)eos(F)erenmn
E,(x,y) = E,sin (? x)sin (% y) eft=52 (32)
Hy(x,y) =2 “’EE" (55)sin (B x) cos (S y) el (33)
Hy(x,y) =~ “)kef ® (T cos (Tonx) sin (G- ) eft-p (30)

dlo e/@=B2) = cos(wt — Bz) +jsin(wt — Bz) wlonadnsvesaunisdurianiy

UIUISIRL

E (%,y,2,t) = ﬂ( ) cos (-T%x) sin (%y) sin(wt — fz) (35)

Ey(x,y,2,t) = —B}-C—E;—q E;) sin (%x cos (?—1; y) sin(wt = Bz) (36)
E,(x,y,2,t) = E,sin (% x) sin (%y) cos(wt — Bz) (37)
H.(x,y,2,t) = w;;‘?o (n;r) sm( x) cos ('n;r ) sin(wt — pz) (38)

H,(xy,2,t) = w;:ED (nzr) oS (% x) sin (%y) sin(wt — fz) (39)

H,(x,y,2,t) =0 (40)

o ) = = P
2.2.3 aauauuliflisuvnsluviauiadunssduasy (TE Mode)

mMFATzdaunsresauiuneluetieaululyun TM TuasEuduimsizann

AuASAY
aH, GZH +k*H, =0
x> ay2 -
92E, 0%E,

+k?E, =0

0x? T dy*?
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1. psasvaumsedu dwmduedululvun TE 1y A1 E, = 0 uwazainaunisaau

zAwasauulaan
0%H, a H, FR2H, = 0
ax® 6y2

Pnaunsaziuldndianizesrusznavvasauiwdvdnluwuinny z Wiy
2. Msudaun1sraULiernalaasyill dmiunismanauvesaunsaauarly

BuanAInls
e H,(x,3,2) = XY (Z(2)
= X(x)Y(y)e™"*
= Hyo(x,y)e*
Tagfansanlsl Z = 0 nande raudtliiinadumelumuvietnau

wld H,o(x,7) = XY ()
wvasluaunsi (22) azld

7 az
2 Heo (2, 9) + a_yszo (x,¥) + k*Hy(x, ) = 0

2

% XG0 ey ZXGY0) + RXCY) =0

2 2

d d
YO 72X + X 75 Y(y) +k*X(x)Y(y) =0

ALINARAELNTT LlR

XY@y °
L & i —_F k% =0
X0o) da? ()+Y( y &2 )+
1 d? 1 d?
X i Pt royaE )=

waslii k% = k2 + k2 2l

1 d® 1 d*

MEX(JC) +md—yz Y(y) = —k,% = ka,
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dufunisudaunisaduazienaunseaniduaunisivineirsulfiss (Differential Equation)
A09aNN1T A9l

aun1sanialsuTeadaun1si 1

1 d?

m’j@X(X) = —k%

2

d
S X() +kEX(0) =0

aunisaviasudaagunisy 2

1 d?

vy D=

2

d
d—yzY(LV) +k2Y(y) =0

2, a = v W Al a Jf e prps v At o
"{Iqﬂauﬂ']'ﬁLﬂual]ﬂ']'ﬁmwLW'E]L'ﬁurﬁﬂﬂ@u@uaQQWNﬂNﬂigamﬁLUuﬂqﬂﬁw %QLLﬂﬁNﬂTﬁI@B?ﬁI’UW'}

wllunsidsayWis (Differential Operator) lanail

dz
= AR [0

dy?
(D2 +k2)Y(y) = 0
D+ kj =0
2 X0
r= NiJ
r=_[—k3
v =01 i,

Wamadn r, wag rp, Wunnidedou (n = Jky Woe rp = —jk,)

JULUUAR BTN URe
Y(y) = e™(c, cos By + ¢, sinfy)
M 7 =04 jk, Wisuduiuguiuy r = a £ jB
wldl =0 uag f=k, LﬁaLmumaa’Luauﬂ"ﬁgULLUUﬁmamslﬁ

Y(¥) = (c; coskyy + c; sinkyy)



16

uazuLRefuAIzaIuIsanfaunsAvaIs I samal X (x) ldu
X{x) = (cycosk.x+ c,sink,x)
wuAIARaUTsERIasluaNNg Hy(x, y) = X(X)Y (y) agla

H,o(x,v) = (c3cosk,x + c4 sin kxx)(cl cosk,y + ¢, sin kyy)

ﬂ' A - 1 o § ﬂlJ
3. MsMnaumIAauiALnsluviatrduanraasll (Msmnaaseniy)
FusunalnasianiziuazmlalagnisnaisaiantaulyveaunfisesraLayann
asmUsenauvasauu Wi luwulg
- P 1 i at 1 o o [Y] a & =y
nSoulvvsuvansssnessuitandmatmauduladidnnsn auiuldinlu

a <1

wwruuiundsiethaduesiiandugud (B, = 0) uazanesdusznauvesauulniiluiug

UIN
/- 1(aEz+_ BHZ)
2 1(6Ez+_ aHz)
y = Tz gy T 5
" JjouoH,
azla B =t (41)
. kZ oy
jouoH, ' (
= 42)
3 k=%
fnrsanluwuiuny x Tnsunud H, aduannasit (@1)
jwp 0 ; .
= _F%}- (c5cos k,x + cysin kxx)(c1 cosk,y + c; sin kyy)
g, = 12 kox + ¢y sinkyx)(—cik, sinkyy + cok, cosk
= _F(CB cos kyx + ¢y sinkx)(—ciky, sinkyy + coky, cos kyy)

parUsznevvasaudlnihlunuwinnu x asdidndugudnsesde fisumis y = 0 uag y = b

R y = 0 ¢l E, = 0 Adaille ¢, = 0 Mo Weuaumsimiu
= 00 k ink k, sin k
== (c3 oS kX + ¢4 sinkyx)(—cs ky sink, y)
Az y = b 2ldl E, = 0 Arawlo ¢, = 0 uaz sink,b = 0 Weouaun1slsidu

W
0= -—% (c3 cosk,x + ¢y sink,x) (_Clky sin kyb)
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\lo sinkyb = 0 wazan sinnm = 0 wld

kyb =nm
ni g
T — Wmenn=0,1,2,3,..

Arsanluiuinny y lnounuan H, asluaunisi (42)

fwp 0
y = jkéu dx (c3 coskyx + ¢y sinkeex)(cy coskyy + ¢, sinkyy) )
_jwp ; i
Ey=77 (—Csky Sin kX + caky c0s k) (cq cos keyy + ¢ sinky,y)

parUsznauvosau i lutuinny y sxfidnduaudfisondis idumis x =0 uag x = a
A5 x = 0 92ld E, = 0 fidawdla ¢, = 0 fe \Jewaunaisliiu
jou . :
0= N (—c3k, sin kyx) (61 cos k,y + ¢, sin kyy)

fsanfix = a 9l¢f E, = 0 Arteddie ¢, = 0 uag sink,a = 0 Weouaunsliiu

0 =122 o k. sinkya) (6o cos kyy + e sinkyy)
=7 (Seakyesinkya)(cy cos kyy + ¢ sink,y

\le sin k,a = 0 wagan sinmm = 0 asla

kya = mm
by =% Tagitm=0,1,2,3, .
a

fatiuanHanléTaEnsalsuannIsues Hyo(x, y) Moty
H_o (x, YNNG CoSdaxal £48i0 kxx)(c1 coskyy + ¢, sin kyy)
H,o(x,y) = (c5 cos Bex) (c1 cos kyy)
uiuladn aunismauauILLLman Hy(x, y) Tuvietheduduedfuilendu cos idumis x

uwag y a9 lnvawuindsiothadudulunuseuluauis

2 mit nm o v
ek, = —uaz ky = ? %w&luaumimamm:ﬂmﬂu
a

H,,(x,y) = Hy cos (? x) cos (T%Ty)

Tnedi Hy = c;c; Wuavesidsnduiidesnisas
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A1 Hyy Wunuadluaunismen E, |, E, , Hy, Wag H, (H, = 0)

o 1( 0, , . aHZ)
B 1 ( 6E2+. 6Hz)
¥ o g2 J’ay JOR 5
gL 0H, , BEZ)
x—kz( Voax /9%y

le /@2 = cos(wt — Bz) + jsin(wt — Bz) zlhnadnsvasaunisidulanizan

o

FIUIUISING

E(x y,2.t) = E.(e.v,2t)d, + By Z LN, + E. 0% 2, t)a,

wuH, (nn) (mn
b

. nn 0
B, Wz, by oz cos 7x) sin (?y) sin(wt — $z)

Ey(x,y,2t) = m;lfo (%) sin (% x) cos (%?y) sin(wt — z)

E, (6, Veirt) 220

H, (x,v,z,t) = Hyveg (%x) cos (Ebzy) cos(wt — Bz)
Fondrlagasuud euiidehulunuiataduldturzdedu TE uagedu TM o
aowrduisinamasiiiguiuunisnssnesvesauuusimnlinflidiwuuiu Taevhluas
seylugU TE, Was TMu, Faunedalvun TE SudU mn wagluun TM SudU mn audsuy
nauuwwsn i AuansiSluaunisdmiuluun T™,,, azuldan m was n asdu
Audlalld wssagyili £, Wugud wavasvinlidiuuszneudug Wugudde

E.olw, ¥} =By sin (-ngr- x) sin (% y)
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dy
& = 1 ( aEz)
x = 33 \JwE 3y
i = 1(, dE,
»=—mloe )

dulvun TE, Ui m wae n avduaudwiouullld wszdibidudad uasasdl

wavildulsynaudug Wugudvum

H,y(x, y)= Hgycos (%15 x) cos (Ey)

b
o all aHz)
x_kz( Y ax

5 Lo,
P kz(y By)
£ " ( d0H,
B= " 2 f“’”@)

W\ S 1 ( BHZ)
AN
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TS

ﬁ ST AT U111
S

(7) TM21 (8) TE30

el

U7t 2.1 aunawsimdnuarauliihdmiulvuasiieg meluviethadugunssdmaen
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¥ \\g

1
iy g p i i

'

A

(31) TE,s

A ! ] o ot 1 ! o | ] |
JUT 2.1 (sie) awnudmdnuazauulwidmsulniesieg amsluviethadugunsedivaen

2.2.4 AnwaLauUAvaviauIAaY
AURLAUTARY AP DURLALGUIRINATNAT LA UT NN VIR IAIUT TR

auu v fuauanuwiwman lusguiuf@IniunIsiRasun

Tulvus T™M zmna1duiaudaaulaain

¥

Zong = —————
™ o+ jwe

Tuluun TE azmamduiiuaudaaulaain
Zry =

Y
Waaduiaun1slluviediadu wouniynvesAdulzgnanneun1NsEeEnIan
WuTU n1saaveumasrduluvinihadudiulngasiintiubissnmilsvisiinauinalansn

= -] o @ 1 =1 s = 1 r al 3 -‘-?I’
fiannsihlndhinde dunsgaydeludinasennasiidgaladiofinnnuduluemaniely
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viethedu uamnsnatwiseneluvietheduussalimeieagiamnmsgadsludinatsdiann

Weswningazliganduidsnuvesniu

k= w2ep+y2 . LaAAY (wave number)
y=a+jp : Fhﬂﬂ“ﬁﬂ'ﬁk,l,wiﬂism%aaﬂﬁ'u (propagation constant)
\dlo « A attenuation constant way B @9 phase constant
F Z asit Anmsfinsunsnszaeesnay () andusvivenitaduaiunse

WunsltTuneiheauldvi7eld e y Wasuwdasluaumnug (O

PMNAUNT k= Jw?ep+y?

ld ¥? =k?— w?eu
fo == () +(F)
a2l {1 (%)2 + (%)2 4k

“V‘I%'E'] }/:sz—a)zg#

inaunseuseazUleidu 3 nadl fsll
e = » oy . il o ° «Ly ' 2 2 = rrLy
N3N 1 Aeudsiniianudanee vilir1ues weu < k? wazaziinali y
1uA1a3a
NI JE2'— wley =&
Tunsdlilrduarlianmnsandeululunedirfuld lewnnadugnasmauvuin
AVt = Aear

nIAdA 2 ArnawihAuaudfneen vilirnves w?ep = k? uazaziinald y

= = &
naLUuAue

ol = () + (5

0= |y ) -

£
= |

Tunsdifinduazlignaaveusuin laeSenanudili mnudAneey (cuff-off frequency) B9
o ado o = = = i oA
Wuanuansfiaaiinduanansaniouiluluviedniiu

Ae7¥? = Ae™(@7 = 4
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AN wfen = J(%)Z " (%T_)Z

2

@) +G)

2nf\[en

R K 2 2
Bl Je = 2JE0 (%) i (%)
G R (2

nsdifl 3 AnrmddininanudAneen VilviAves wlep > k? uagasilnali y

[ 1 a
WUAITURANN

Y =k —w?eu=jp
Tunsdifiaauazanusandaullluvaieauls leeludnnsaanouauin
Ae Y% = Ae~IBZ = A(cos Bz — j sin fz)

azlel B =Joleu— i

N30 B = szsﬂ s (?)2 = (% 2

ol 21 N ; =
o B =— Jusnsiwavesaduluviethadu
g

3 _—_EE: 2
e (5
1= 21
.

e - (o - oy
1= 21
e ey ey

Vg a b
i1

A =




i o= 1
g =
Sl @]
La¥ANAUNIT Ae = [m\2 2
@) +G)
4

a

2

L
Ao = 1 1:m2 )\ 2
JF"XL(E) +(E)]
ol 1
Sl N B
Jre=alz
s 1
g )Ll—lz %%
A
Ay =
1= ()
v _w_ w
5 P NN
N e a2}
2nf
v, =
2 2
o (- @) - B
f
v, =

2 2 4
@O

24
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unuAbuaunIsaEla
v, = f
g ;_1[1]
ZTI[E
v
i 22
22
v
Up =

2.2 1Usunsu MATLAB

MATLAB iulusunsudwsunismunaiisiatauiias Visualization 7ifiuszansnmgs
Foundlusunsy MATLAB gou191n MATrix LABoratory waziluiadasminan1sfuesuiem
MathWorks @anisvinsnuntelulusunss MATLAB eguniltgiuzesnisdiuanmiauving
(Matrix Manipulation and Computation) tfusan TWaunsuiamnsavhanlgsuuuinney
(interactive) S3pdnafiun1w Basic lulusunsy QBasic wagluu compiled mode AdM8Ay
A7 C ey Pascal usnaniidsauisaldiluiaiiouiniosdnias ¥an1sfiulamig
AmlnAERSlaviun

nslalUsunsy MATLAB anansatldieideiiisufuanwlysunsudug 1leaain
annsnaisuassiuadfudsiaiuilaglusewsznadiulsneu Feaganlunaidoy
Tsunsnsedldlunestnalusedasiahaveniw udinauledanesiiulunsunlang
Jaymudumdn

foyaliinzluiiawmioddnes (strings) azgndmimuluguuuuvouniuasudn wie
array Fafaluming 19U S1uauanadnd (scalar) sxgnunuiiBnInTIUIA 1x1 %’auyaﬁﬂu
L’mma%%QﬂLmuﬁé’T”gmw%néﬁﬁﬁLﬁm 1 uon lunsamdunnnesuuuunl (Row vector)
viognunuiiheimindfilies 1 wanlunsdliduanmasuuundn (Column vector) 1y
fu n1sfl MATLAB gnoonuuuiliiinisvhaumeluuivilimsdeulusunsuudlond

Jymididnvagvesnnmesuazumsndilubesiiy dregiugu munseuvaunadaea 8

syuvuaums annsaldsulfeglusiuuu (Alx = (b} la WUusu
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s

ANUEILN5UaIlUSATY MATLAB 1UadAuiingdl

'
= =

o MATLAB Wuldsunsuifienisdruianazuaninala visdilavuasgunmdad
UsvdvBamasaunsnvnindeunsiwiia 2 fdues 3 flase1seemouazd
Usgdndnm

e AWITNAIUALNITHNILYEY MATLAB A28ARNEe (command line) wavdy
mmim’m‘a'auﬁqmﬁwé"amuiﬂiuﬂim (script file) laane

o Snumrnadoulusunsuly MATLAB aslnalAsamadeuaunisadnemansiin
wasdaireniinsideulsunsuaieniwidugs lwu A C, Pascal, Fortran
uazdue

o MATLAB fnsadudiiasy (built-n function) IHe%91ULANIEN 1L ALNEY
uanniylysansadsunainduiunlmileslyysslovuananduiifiogiia
lowtelvimnsauivnuvesslounsenqu dwsugleiinasnislsauamematu
a9 Ly 31U Control, Image Processing, Artificial Neural Network ‘H‘%aé"u“]
MATLAB Al toolbox wi3atailanduiieiy dtevhamaawgmaiug ae

e MATLAB awmsmﬁam’lawﬁamsu'ayal,mu Dynamic Link fiulusunssauq la
Excel vialusunsuildouiinesninais € wis Visual Basic fisauvinueguy

sEUUUHURNTT Windows

2.2.1 S2UUNTTNINIUYRY MATLAB
Tumsvireuzes MATLAB lalrinsviraudulunugesjming MATLAB leuds
drunsvhiuredlusansueenludaundniididny 5 da Fusegdiuaziinihiiasugunns
Y19 wazUsranunnsinatusenensdiudeg Tunisuiunte s1easBenlunisvinaures
dausinee) il
2.2.1.1 Development Environment
Tudruian Jugandoslofidrslianunsaldilsiduarivdsineg Tny
iasilenaneilutiaeiidnwuedu sraphical user interface (daudeuszauns iy
B L) F9lUsauia MATLAB Desktop, command windows, command history waz browsers
ﬁ’l%%tﬁﬂ%’@ help, workspace, files Wag search path
2.2.1.2 The MATLAB Mathematical Function Library
Tudruzduiinunudmuedusunsuildnunmduliddess 13 g

wiaz g dulndneuduuieldimundnuuglumsmuiuriedanaiiiuiuunie a9
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Haiudney Wy n1suan daidusTlnafiffiugiu 1w sine, cosine TUaudsiledduiiiinam
Fudouiidunoulumsruananning 1wy Nswn inverse 484 matrix A3 eigenvalues
waz eigenvector 38 fast fourier transforms 1Uusdiu
2.2.1.3 The MATLAB Language
druifandunwsyiugeilémuuandu matrix vie aray Felldddild
TumsmuaunsieuredUsinsy nsvinueesilndu msimualaiaiawesiauysuuy
149 AMnuA input Wag output UedlUsnTy Faranunilazgreiildlunadeulusunsa
MATLAB wiiazldsunsuazifulysunsudifvwmdnninilodoufulusunsuildide
'E’mqﬂ35aaﬁ@mﬁ’uuﬁipﬁ%ﬁmﬁauﬂaﬁ%umiﬁ’munﬂﬁﬁgumau
2.4.1.4 Handle Graphics
duiiozuduilduaninsminuazgunmrne saudeidssesugedld
Tunisuannalugosiazaiufii n1sdngduuvludnemy image processing N1
awadeulm uenanitudiuisldsmeintuilusgauiilineliannsaduuizunm
sine T dulummudisieanisldunniign s9udan15a319 Graphic User Interface neléinng
ViNuzes MATLAB fne
2.2.1.5 The MATLAB Application Program Interface (API)
dqutiauidu library Alwrannsofiez@eulusunsuivluaiw C vie
Fortran wihiints@enlaanisvhaudniu MATLAB Sdludnubfuldsufeniadoulsunsy
Fusudsenitaddures MATLAB Tuldau (dynamic linking), Fazvilsh MATLAB Swtind

wiloy engine TunsAnm smisenusanazldsunaasiy MAT-file lasae

2.2.2 n158519 GUI #e GUIDE

1w

GUI 8811210 Graphical User Interface fie nisfinsianugldlagldnwdydnual

U

Wunseenuuudiuredusunsuroniuaeiininisidneuiudld Taenislalonsu sunm

Y

wardeydnuaidug ounudnvazaneg veslusunsy Lmuﬁﬁﬂ%’%ﬁuﬁﬁﬁqu Tuns
v Sy ldauannsaviauladeg wazsanEat lisndudesnsimdsngg ves
TWsunsuunnidn fadiuisnslimuasaanundldneuiunes TiAnsiedoastussuulagsiiy
manw wu Mandnadenlonsuy uwnumsiiuvimdsdusneu

MATLAB 93514 GUI aguuniiifiagunin (figure window) Faeluntidngi
9zdld1uUsznausingg 8y LU axes, uicontrol w%ai’mq?juﬂ dufulu MATLAB wasturay
wihilenunsaiiazasna uicontrol, uimenu wuusne ashumiesguamlfusmduldeay

arurnmsnznisadiadu text base noun MATLAB L2859u 5 Laa319 Graphical User
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Interface Development Environment %38 GUIDE Juiitetneliadaduiin uasudly GuIld
Azt
Asede GUI agszneusetunouaasiunou
o mvuALAzINEIUUTENBUANNY a3ul GUI
o Woullsunsufiodmuansvisvesdiussnausiieg lu GUI
GUIDE tlaewdnlnajudraziiniitlunsyediudseneuiidosnslifiady cul
91n1iu GUIDE awa$s M-file fiussq handle vasingwie object Fovueiiadnstusiasds
% GUI vhanu wenwilonntiu M-file agliuuamslunai@ouileddu fvhanundsanndling

wrddudhevieuiuisudmesingiu Sudenin callback vasinguy

awv o d v

2.3 UIYNNYIVDY

Channabasayya Mathad, Paramesha Waz D. Srinivasa Rao finwiaauiavevien

2 o A i e o a

AAusUNsIAmMAsuLazn1InTEAtevesauInveslasiieg luvathedulatollagunss
Avdonieglugnnirleanisairauuusaesiielsunsa HESS innuilughudnduuu
anuduvesaunlihuazaumudimdnuanmaluzUunsinaiuiia Mudsiieq laun A
gmpaundeuiiluviothndu Airefinisunsnszatevesndy asduiunudadu gnilnsiesn
waziUSuiBusEn I mmgeiiuAalfnLuunass

H. Srikanth Kamath, Rachit Arora uag Vriti Agarwal @nwilagai1eiuuinassuedyia

Prpausunsdinasuain WR-90 Tasldlusunsy HFSS dnsadaiasivvinaziuSeuiiiay

u

]
] |

ismwﬂ’mlﬁmmwuﬁﬂaa\aLLaaﬁﬂ"mmnqwﬁfuaav-*inﬂaﬁmnm‘imamﬁﬂuﬁaﬁqﬁﬁuLLaz
AnuaFndmTulNLe TEr, TE,, TEo %A% TMy; wazianwnaludunsmassdifuavanila
AUARU Yenantufinsiziaudure sl lasaunuutlvan

A. Das, M. Sarkar, R. Das, D..Das uaz P. Debnath Anw1AuURAkazn1905818989
aurnvedivuasineg luediadusunsidivdouiiogluggyyinialasldlsunsy HFSS
LENINTLEIILATIEY WIBUITBU LasdunAALLANAISENI19AI9INNT TN 00
TUsunsa HFSS fuAmianguiidsmunniielusunss MATLAB 183A1A7IN1SNSEaETRe
Ay auemeauiadouiluriethedy LasAdufiunudaanludumiuiduuus Bnduuud
LaglAgLUUA miﬁﬂmﬁﬁﬂiﬂmﬁﬁm%’um'ﬁmexﬁmsmaaﬁﬁ%’ﬁaﬁwﬂ%‘lugﬂmqa"mé‘au

Tureenudlalasiaven



Uni 3
ASN1SANLLIUINUIRY

3.1 msaaszuleyn

ulassnuiiesiazfunisadauuudass teudtymaiugenlunsiuamen
aunnluiemnasing uaztneldaunsaianudilanisdsuaduimaninirlulvae TEy,
falvn TEs; neluvioredugunssdvdenlfietuy fuldaulusunsuannsadendias
Tagn1stoudunnazifunisteudiavarnuduiiag 2NTUUTEEIRRAATNENN TN

adlarnansliannmsiinezi wasnadnsazuansluguvansmlanuia

3.2 msanwnsasriueduwimaniviitluiethatusunsefimae
AaundsrulUsuetheduladussiindu TE wagadu TM Tvisaesnduilasinaians
Aflsuwuumsnszanevesauiuudwintvwihalaidisuuiu leemilusgseylugy TE,, uag

U

™, Fevisnedalviun TE dusiu mn wagluam TM 8UAU mn AINa1eu
L4

Pnaunuusidnlniivansiluaunisd s Ty, 95ulen m wez n asduaud

Talle wsngasiildt £, Wueud wevasilbidudssnaudus Wumudae

E,(x,y,2z) = E;sin (Eajzx) sin (% y) e—ipz

E,=— % (y aaiz) = _,;_[i (%) E, cos (% x) sin (%Ey) e~IBz

t
I
|
|

= (1) == osin () eos () e

H, = % (jwe aEZ) AE (E) E, sin (%n x) cos (sz y) eIz

dy k? \'b
H,=- ]—cl-z- (jws 66%) = —%8- (_n%) E, cos (—n%x) sin (n?ny) eIz

dwlvun TE, Hu m way n wduAudnioniuldld wszdwhliludadm wazasd

wavilitduUssnaudue Wurudvan
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H,(x,v,z) = Hycos (—n;; x) cos (% y) e—JBz

b= =g o ) = () s (2 sin ()«

E, = % (jw,u aaljcz) = J';:—Z‘Lt (%E) H, sin (? x) cos (%y) eIz

B = —i(—y aiz) = J;c—z(%) H,sin (%x) cos (T%ny) e iz

Hy = — fcl_z (y %) = g—i (_1;_11) Hy cos (% x) sin (%y) e ifz

FUNLAUTAAY AD DUNLAUGYDIAINANARBUAIHIUTUVINAUDATIAIUTE NI

auulihduawueimanluszuiudwiniunisieaaud

7o 5
H, H,

TneAduiLauglulvus TM way TE 981 baaan

ia
Ly =————
™o+ jwe
Jjwe
Zry ="

1t ] ] '
= A = =

oo = s o < -
ANLARA (cut-off frequency) As Audfishfigafieduanusairdauiiluluviotniu

=5 1

ANAUD LU UTNLAYRIAAL  AIANAIT

U

1 M 2 Ny 2
NG (E) +(E)

Tnelnuafifinnuidntiosfignsaniilvualadiuuui (dominant mode) dwivvietdnau

fe=

sUnssdmbeulvnunladiLuuvinelun TEy
UBNINTUIINEUNTTTIFUTIEIUITONIANMINE1IAGURR (cut-off wavelength) 9
Jupuemedufisningafianuisadumesivieiiaiu hanaunis

2

=222 @)+ )

2
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3.3 mswaduAasdeiuflddielusunsu MATLAB (MATLAB Graphic User
Interface; MATLAB GUI)

drudnsianuglta (Graphical User Interface, GUI) Wuasesflelulusunsy MATLAB
UszinnuilsiildndnmsiudeyauasUszutanasiniugnisal wu nisadnunduuduna
(Pushbutton) nstausnadlutasius (Edit Box) iiufu msvaumeddusunsuiduegiu
A ruitnstoudayaviedinsinesdlsznoures GUI Tngviauaugamansiuin
yodlUsunsu MATLAB Mideulfifensuaussremanisaiiu Tasnadnsaidesnisazuansly
sUuuUlatusgiumsldgnmdsiideouly wWu uanwasannisaeniw viedsdayarumein

vaspauimesineulUdey udu

Asasne GUI Fadussiusynauviianilnieldntnene Fisure vi1la 2 Uuuuy
o sUuuudl 1 linsesiievislunsadnaain MATLAB Graphical User Interface

Development Environment (GUIDE)

o sl 2 laadidanisasrdlaglalld GUIDE Tngld Text Editor Tu MATLAB

Tulasserufawilld MATLAB GUIDE ifuiadasiialunisadianasWamlusunsy
dlesnndagliudladiy GuUl wasdousdsldaulandouiu Inanihsie MATLAB GUIDE a¢
Usznausie 3 @7 @f\‘igﬂﬁ 3.1

o w1 dwrivuanaaniResrusznau GUI
o dwil 2 ssdUsznaudmTuaine GUI
o douii 3 ufintsase GUI

dmdudmunseasidsauesesruszneu GUI luguuuuremthdissunmuas M-File
dmsuideusnds MATLAB Tshinswduusiu Fig File Ingdausznauddnyuas GUI Aldny
faufufdsuas MATLAB 11 2 dauusenau fe

1) Fuus Handles fuiavdmiudrsdaiietluiiingadety Pointer lulusunsu
M L‘ﬁaﬁmuﬂ@hamauﬁ’aﬁgwm@ﬁmqﬁﬁu dloa¥s GUI fe GUIDE fuus Handle 2%
Qﬂﬂ%’tq%é’ﬁhﬁﬁﬁ@ﬂ%i’ﬂq%

2) slerduZenndu (Callback Function) Wuilsiduiiiudmeuausudazingnsal
U n1sne nsatnend Teeidudsdesnneluilsitutenndudmiuvimdhiliams 1dud

- hObject usauus Handle wiadad Tngill fifuilsdduBanndy
- eventdata dwiuifiudaya 1dun msnautufiud madening WJudu

- handles dwsuiiummiavddaiemmunauauifvesing
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£ untitled.fig - m} X

" Position: [680, 357,

& B

U7 3.1 ulii19 MATLAB GUIDE dwisuedia GUI

3.4 niseenuuuddeldsunsy
T:LliLm‘im‘]"laawamfl'ia'oshuﬂﬁuuﬁmﬁﬂlwﬁﬂuﬁaﬁﬁﬂﬁugﬂw'N?Imﬁau vim TEq; -
TE.; o8nwuy User Interface waslusunsufidosnislasldasdussnauain MATLAB GUI 11

o el é
Innenauandlugui 3.2

Il RWG fig - 0 X
File Edit View Layout Tools Help

0 gﬁ. '(.g_{? CEALES P

20 R 1 260 200 240

7]

3| e B
ERIS

|
T Relative permeability

=
w5
i

ur -——::‘-]

B

1
lay
b

Tag: figurel Current Point: [49, 322] Position: [680, 344, 463, 322]

sUN 3.2 NNS5PBNWUY User Interface va9kUswnsy

U



- dhutloudeyavruinauning (a) vowvithadugUnssdmasy (Faail 1 Tugui 3.2)

_ dhuileudeyaruindiugs (b) vemishadugunsedivisy (eedl 2 luguit 3.2)

- dautloudeyar m uwas n (¥eadt 3 uag 4 lugui 3.2)

- dhuteudeyas relative permittivity (4037 5 1ugﬂﬁ 3.2)

- dauteudayare relative permeability (el 6 Iugﬂﬁ 3.2)

- dquLLaﬂa%’auua@iWﬂ’;ﬂuﬁﬁﬂ (cut-off frequency) (a4l 7 'lug‘dﬁ 3.2)

- a"mLLﬁm%'mgaﬁhmmanﬂé"uﬁﬂ (cut-off wavelength) (Fe4l 8 ’Lugﬂﬁl 20

- Lugﬁﬂﬁ;’qﬁwm%'uﬁﬂmmmm’mﬁ@a’@ (it 1 Tuguil 3.2)

- Lu‘léﬁﬂé"\ié’ﬂw%’uﬁwmm@hmmmm?{uﬁﬂ (it 2 Tuguii 3.2)

- Luuﬁﬂﬁ"ﬁﬁﬁ'}m%’uﬁﬂaaa&uaamiﬁ'&ﬁhmﬁuLLﬁLﬁﬁniwﬁﬂuviaﬂ’]mﬁugUmﬁm%m
TvuA TEq; — TEs3 {ﬂuﬁ?i 3 ’Lug‘d‘ﬁ 3.2)
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3.5 YUARUNITAS19LUSLASY

1) WUalusunsy MATLAB Tﬁag”l,uamux%‘/’iw%’aﬂ%’muﬁqguﬁ 3.3

< MATLAB R2016a

* R20W

g‘ Cusrent Folder Wind:
2 D tames Newto MATLAB? See rescurces for Getting Started. *
Tl maegistry Al s ) S

ety 7
wtll

HEE®

winsd
[3] deploytoclbat
1] kdatexmi
1 ledstaxsd

] ledete_utfBxmi
4 mathab.exe
(%] mbuild.bat
3] mec.bat
[E] mex.bat
[ mexpt

(& mexext bat

[ mexsetup.pm .
{ Detals e
Werkspsce ®
Name = Value

U 3.3 mhsinalusiunsy MATLAB

2) A “GUIDE” 7 Command Window 981 MATLAB Wiassnlusunsuns

9ONLUY MATLAB GUIDE Wwansaguil 3.4

: ‘ S PP TR — PSPV EES L GRS S ST -
~ - * <+ GUIDE Quick Start ) o X
E >> |

o . |, Crestetien aul Open Existing GUI
winbt e

[Z] deploytoal bat | GUIDEtemplates  Preview i
Rt e
| tedatazaet |4 GUivehUicomrols |

j’ »«:!n;unnxml | |4 GUIwith Axes and Menul
matiab.exe |4 Meds! Question Dislog |

[E] mbuitd bat |
[ mecbat | | BLANK
] mec.bat |

L mecpt

=] mexexthat

] meesetuppm v ’

[ Seve new figure as: [CAProgram e MATLAE 23166\ binurs]| [BRGRRER|

i Norksperes

Mame = Ve I ok 1 e | [ e ]

m-

SUT 3.4 m3Fenldaeulusunsu MATLAB GUIDE
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3) 91n3U7 3.4 wihen9wes GUIDE Quick Start avUsgnaudie 2 uiiu fie Create New

GUI Wag Open Existing GUI 1danuviu “Create New GUI” uagidan  Blank GUI (default)”
3 = I ' 2/ 1 o [ & a o

ndudennaty “OK” aglimingsng GUl dmfudanmisesAdssnaulusunsy fsgud 3.5

& ddy v ¢ @ v ¢ < 1
Tngunnldnsesddsznevanusausunnalalagldundainigayuvinans

Y untitled.fig = O X
File Edit View Layout Tools Help

DEH $RB9C aBhd Q%>
AZID.JE ‘s!o‘{ 100 . ‘14]‘w 180 220 . .Zf“J ; f‘..’“; ;3?’", ;ET". LIPS

o | | |
L e e
~ | I |

Tag: figurel Current Point: [72,7] Position: [680, 357, 399, 309]

UM 3.5 niranseanuuy GUI

4) \iupsnusenaugditunesniuy GUI faguil 3.6 Avusauauifudavesdlsznau
HUANEY “Property Inspector” laen1siaeniiiy View wag Property Inspector v

AouaNURLaroIAUTENBUAIA1T 9N 3.1
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Tag: figurel

Relative permittivity

b
S L e
e |

er

Current Point: [49, 322]

I RWGfig - O X
File Edit View Layout Tools Help
DEM|sm@ | £HEAESE>
2'0 ; l EIU i 1,?0 X 1?1) S llﬁﬂ ; z20 3 260 ﬂ?ﬂ 240 ; 3‘60 f 420 : Gfﬂ A~
B
Rectangular Waveguide [
o e P Ee e P p e e .
e Bl | | | el L]
Bl B sl o b | | ks bl Firl
- Waveguide dimensions [ Mode indicators |
i3 a | mm m | [
i e Clemme e il S
|

 Relative permeability -

pr

Position: [680, 344, 463, 322]

JUN 3.6 fuvtsusiazesAusznauveslsinTy

5) ManmusaaaulfesrUsenauralusunsunananuAids (“Property Inspector”)

A15199 3.1 e9rUsEnavradlusknsy

Ay | 8IAUsENev Tag 91984 sreazdon/mind

1 | Edit Text inputa grutoudayarunnmuniig (a) vesvioln
ﬂ?\lugﬂmaﬁmﬁau

2 | Edit Text inputb dulloutioyauuinfugs (b) vomiethady
gﬂwwﬁ"mﬁau

3 | Edit Text inputm drutloudayant m

4 | Edit Text inputn dutoudeyar n

5 | Edit Text inputer dutoudeyan relative permittivity

6 Edit Text inputur E’hu‘t’]au*‘ﬁ’@y)aﬁﬂ relative permeability

7 | Push Button freq FidumuAnudse

8 | Push Button leng FIRUnAALE IR

9 | Edit Text outputfc ﬁauuam%’agaﬁwmmﬁlﬁm

10 | Edit Text outputlc druuansdoyaranuenaiudn

11 | Push Button Cal Flusunsudmnauasadauuuiiaes

12 | Push Button Reset ﬁl’ﬂé’ﬂﬁaga
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3.6 MIWAIUIUIUNTY
Mdavidelusunsuilddmiudsununuosduszneunsazauszdaiveglugy MHfle

lngdayalu Mfile ds1vazidenanusznoviaazdiulsznavegodasuiiu Msilgy

TUsUASUAIUANBIAUTENDUIIN MATLAB GUIDE ¥ilneidoniuy “View” uagidondnds

« . ” £ o o ar ar = w oo I
editor” 9zUsnguinarsdmsuimunlusunsudeniudiwdsuaziladduiiivualiann

MATLAB GUI
function inputa Callback(hObject, eventdata, handles) .
% hObject handle to inputa (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAJ
% handles structure with~handles and.user data (see GUIDATA)

Hints: get (hObjeChtfy ' String!') \teturns, contentswof inputa as text

% str2doubde (get (hObject)|! String"')) returms, contents of
inputa as a deuble
a = get (hObject, 'strning') LA
global aaa T
aaa = strZ2double(a) £

o

o o 4 o W o o | a & .

ndclugaed 1 umdssudayavuiadiuning (@) seevisiirduiunsedvaeuain Edit
] < | 1 aas i = - L

text 9ol 1 Tuguil 3.2 ArRTuAUMIS Edit text 9z1dunuy String tnedsemieiauusuuy

Global dmuldaruarelufleddu andudssuivdeyaliidunvudnavisilaidy

str2double
function inputb €allback(hObject, eventdata, handles) ]
% hObject handle te-inputb.(see~6CBO)
eventdata . reserved - to be defined-in a future version of MATLAH
handles structure with handles and _.userdata’ (see GUIDATA)
Hints: get (hObject, “String¥) returns contents of inputb as text
% str2double (gethOb¥eet .Strifg )" returns contents of
inputb as a double
b = get (hObject, 'string') LA
global bbb I 2
bbb = str2double(b) =

J
o o

nfdlugaed 2 Wumdudagaruinsiugs (b) vesviethndugunsadimasuann Edit
text 9oafl 2 Tuguii 3.2 Arfidusiiunie Edit text 9ziduuuy String Tasuszniadiudswuy
Global #1m3uldrunieluileddu ndudesuFudeyaliilunuudiavdrofeidy

str2double
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function inputm Callback(hObject, eventdata, handles) ‘—“7
% hObject handle to inputm (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAH
% handles structure with handles and user data (see GUIDATA)

% Hints: get (hObject,'String') returns contents of inputm as text
% str2double (get (hObject, 'String')) returns contents of
inputm as a double

m = get (hObject, 'string') Lo
global mmm YIm 3
mmm = strZdouble (m)

g
o ar o/

o & o %) 1 . | & = o de
nAdslugaed 3 Wufddudoyant m a1n Edit text goe7 3 Tuzun 3.2 Ansukiung
Edit text azifuuuy String lnguszmiadauysuuy Global dwsuldanunigluflndu anntdu

ﬁaaﬂ%’u%’auﬂaiﬁﬂmmuﬁammé’aaﬁaﬁ%’u strdouble

function inputn Callback(hObject, eventdata, handles) =

% hObject handle [te—~inputn {see GCBO)

% eventdata reserved.— tolbe defined in a~future version of MATLAJ
handles strpucture -with “handles‘ andwusexr data..(see GUIDATA)

Hints?:  geb (hObject; " String") returns, contents of inputn as text
3 str2doublefget (hObject 'Stringl)’) returns| cortents of
inputn as a dotUble

= ;  string! o
n get (hCbject, "string') 297l 4
global nnn
nnn = str2double(n) e

InAdsluaed ¢ Wuddesudeya A1 n 990 Edit text G099 4 Tuguil 3.2 efisuriuni
Edit text widuuuu String lneusyniadaulsuuu Global dwiuldnumeluilsidu anidu

sosusudayalidunuuduauie ity strzdouble

function inputer Callback(hObject; eventdata, handles) =
% hObject handle to inputer (see GCBO)

32 eventdata reserved - to be defined in a future version of MATLAR
% handles structure with handles and user data (see GUIDATA)

Hints: get (hObject, 'String') returns contents of inputer as text
2 str2double (get (hObject, 'String')) returns contents of
inputer as a double
er = get (hObject, 'string')
global err
err = str2double(er) T

1 A
YN 5
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nedslugaed 5 Lﬂuﬁwé’ﬁwﬁauﬂa @ relative permittivity () 910 Edit text 9047 5 lu
UM 3.2 Ardisuriune Edit text azidiuuuu String lagdszniafaudsuuy Global dmiuld

umeluileidu nndusewsudeyalidusuuiiasieflduy stradouble

function inputur Callback(hObject, eventdata, handles) __‘T
% hObject handle to inputur (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAH
% handles structure with handles and user data (see GUIDATA)

% Hints: get (hObject, 'String') returns contents of inputur as text
% str2double (get (hObject, 'String')) returns contents of
inputur as a double

ur = get (hObject, 'string') —
global urr Py
urr = str2double (ur)

o e oA o W w Y ' . . i i ]
RNAEILUTIN 6 L’fjumaam‘ua:ﬂa A1 relative permeability () 3717 Edit text 98 6 Tu

SUM 3.2 Afisusune Edit text asidunuu String leauseneaditusuuy Global dwiuld

U

umeluileandu ﬁnﬂﬁuﬁ’faaﬂ‘%'u%yjaslﬁﬁwmuﬁuLawﬁaaﬁaﬁﬁifu str2double

functien freg Callback(hObject, ewventdata, handles) =
5 hObject handle to freqg (see GCBO)

% eventdata. 'reserved - to be/defined. in-a. future’ version of MATLA}
% handles structure with handles and user data. (see GUIDATA)
global aaa

global bbb

global mmm

global nnn

global err |
global urr
global fc

fc = cutofffreg(aaa,bbb,mmm,nnn,err,urr)

set (handles.outputfe, 'string', fc)

function fc = cuteofffreqg(a,b,m,n,er,ur)
e0 = B8.8542*10"-12
u0 = 1.2566*10"-6

e = el*er P
u = ul*ur BIN 8

fc =
((1/(2*pi*sgrt(e*u)))*(sgrt( (m*pi/a*1000) 2+ (n*pi/b*1000)~2)))/10"9

—_—

nddsludaed 7 Wufdniifsusiume Edit text 90 1, 2, 3, 4, 5 uaz 6 Tugun 3.2

TngadaA1NLAuMLUSLUY Global Wuaineddludlan 1 8eaen 6 warihlumuIsman
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Audsa Aaeflaidu cutofffreq NTULARIANALERR (F) Uuted 7 Iugﬁﬁ 3.2 lneld
Fda string

ndndsluted 8 \Huddsfieganeliflaidu cutoffreq Fdlddunmuannudda Tnodwun
Araafl 2 ¢ A vacuum permittivity (go) FafiAuvindu 8.8542 x 1072 F/m uag vacuum

permeability (o) FeflAviafu 1.2566 x 10 H/m

function leng Callback(hObject, eventdata, handles) _—"T
hObject handle to leng (see GCBO)

* eventdata reserved - to be defined in a future version of MATLAH
handles structure with handles and user data (see GUIDATA)

fce = str2double (get (handles.outputfec, 'string'))
c = 2.998*10"8

le = of (fec*1029)

set (handles.outputdc"string’',lc)

oA
BN 9

o W 1

inAdslutiam 9 Wumdssuteyar1an Edit text ¥aei 7 lugui 3.2 Ansurums Edit
& as L

text aztduluy String nnduUSudasalmdunuuiavnefenduy str2double

Y

o 1 ‘4 8 2/ o 1 ﬁl s 3 1 QI & 1 A
AMUUAAIAIN ¢ = 2.998 x 10 WAANUIUAIAINEIPAURR TNUULEAIANNLAUUYDIN 8

Tuguil 3.2 Tneldiiia sting

function cal Callback (hObject, eventdata, handles) =
hCbject handle to cal . (see GCBO)

3 eventdata . reserwed. - te.be defined inm a future version of MATLAJ
handles structure with handles and user deta (see GUIDATA)
global aaa
global bbb ﬁ?qﬁ 10
global mmm
global nnn
calculate (aaa, bbb, mmm, nnn) ; o

nAAslugaf 10 Wumdnihmiukumag Edit text 9099 1, 2, 3 uag 4 luguil 3.2 lag
DIABANILAUMLUTLUU Global LiuanAdalutei 1 — 4 wdrvurarludulrualeiandu

calculate
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function reset Callback(hCbject, eventdata, handles) =
* hObject handle to reset (see GCBO)

eventdata reserved - to be defined in a future version of MATLABR
% handles structure with handles and user data (see GUIDATA)
set (handles.inputa, 'String', ''}):
set (handles.inputb, 'String', ''): ﬁqqﬁ 11
set (handles.inputm, 'String', '');
set (handles.inputn, 'String', '"):
set (handles. inputer, 'String', '');

set (handles.outputfe, 'String', '
set (handles.outputlc, 'String', '
clear all;

)
set (handles.inputur, 'String', '')

andddlutneg 11 Jusdsdnedoyalu Edit text desil 1, 2, 3, 4, 5, 6, 7 ua 8 Tuguii 3.2

waganstayaniualaglddas clear all
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NANI5IYLATN1SAUTIIHE

4.1 WanIsWRIUIIUSLENSY

TUsunsuiivmundy (ﬁqgﬂﬁ 4.1) Usznausie Figure file $1u7u 1 19 waz Mfile

2

§ o =

F1uu 4 18 fadl
e Figure file vomiiea GUI (lWdde RWG fig)
o M-file voaviiene GUI (lWdde RWG.m)

. v af voe P e A a <
e Mile voaflandudildirasspiuluviournfuiunsadvasy nue TEy — TEss

el
(IWd%a calculate.m)
e M-file vsflantunlaniar m waz n ((Wa%¥e modefinders.m)

o Nifile voailsriduilidaninsnl (Iéde plotsetting.m)

TnelAnan99 aznanfsluniaruansaly

4] RWG — ; b
Rectangular Waveguide
Waveguide dimensions =~ = Mode indicators—
Sl 208 e N S om 1 N
3 R ¥, 4.1 i PRREEIEL -\ SV
D[ V19.16 pmnlihG g o .
Relative permittivity — [ Relative permeability ——
er 1 i) pr 1|
e | GHz
B | e B
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gunmelurietady | awdse iue TEy, Auden v TEg,
4 (mm) (GHz) (GHz)
ih) . ,
a b ANUNFIY e AN Y e
- TUsunsy - Tusunsu
WR2300 584.2 292.1 0.257 0.256587 0.513 0.5131F5
WR2100 533.4 266.7 0.281 0.281024 0.562 0.562049
WR1800 457.3 228.6 0.328 0.327862 0.656 0.655723
WR1500 381 190.5 0.393 0.393434 0.787 0.786868
WR1150 292.1 146.05 0.513 0.513175 1.026 1.02635
WR975 247.65 123.825 0.605 0.605283 1.211 1.21057
WR770 195.58 9779 0.766 0.76643 1.533 1.53286
WR650 165.1 82.55 0.908 0.907925 1.816 1.81585
WR510 129.54 64.77 1o5YE 145718 2.314 2.31432
WR430 109.22 54.61 137 1.37244 2.745 2.74489
88.9 44.45 1.686 1.68615 3.2 3.37229
WR340 86.36 4318 1.736 1.73574 3.471 3.47148
WR284 T2 34.036 2.078 2.078 4,156 4.40411
60.2488 | 28.4988 2.488 2.48799 4.976 5.25981
WR229 58.166 29.083 2.577 2.57708 5.154 5.15416
WR187 47.5488 | 22.1488 2155 3.15252 6.305 6.76779
WR159 40.386 20.193 3.712 371164 7.423 7.42328
WR137 34.8488 15.7988 4.301 4.30139 8.603 9.48796
WR112 28.4988 | 12.6238 5.26 5.25981 10.52 11.8743
WR102 25.908 12.954 5.786 5.78579 11.571 11.5716
WRS0 22.86 10.16 6.557 6.55723 13.114 14.7538
WRT75 19.05 9.525 7.869 7.86868 15.737 15,7374
WR62 15.7988 7.8994 9.488 9.48796 18.976 18.9759
WR51 12.954 6.477 11.572 11.5716 23.143 23,1432
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guameluvieiedy | Audde wue TE, Auasa e TEq
. (mm) (GHz) (GHz2)
%9 , :
a b AN T AN e
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WR42 10.668 4318 14.051 14.0512 28.102 34,7148
WR34 8.636 4318 17.357 17.3574 34.715 34.7148
WR28 L1412 3.556 21.077 21.07680 42.154 42.1536
WR22 5.6896 2.8448 26.346 26.346 52.692 52.692
WR19 4.7752 2.3876 31.391 31391 62.782 62.782
WR15 3.7592 1.8796 39.875 3918751 7975 79.7501
WR12 3.0988 1.5494 48.373 48.373 96.746 96.7461
WR10 2.54 1.27 59.015 | 59.0151 118.03 118.03
WR8 2.032 1.016 73.768 73.7689 147.536 147.538
WR6 1.651 0.8255 90.791 90.7925 181.583 181.585
WRY 1.651 0.8255 90.791 90.7925 181.583 181.585
WR5 1.2954 0.6477 5714 115716 231.429 231.432
WR4 1.0922 0.5461 137.243 137.244 274.485 274.489
WR3 0.8636 0.4318 (I PSS 173,574 347.143 347.148
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Electric field Distribution for TE12 mode
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Electric field Distribution for TE21 mode
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Electric field Distribution for TE03 mode
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Electric field Distribution for TE32 mode
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Tasaaufitewild M-file 37uau 4 T8 sl

1. MHfile vomihas GUI (Wdde RWG.m)

2. M-file Suaaﬁqﬁ%‘uﬁlﬁwamﬂﬁu'luviaﬂmﬁugﬁmﬁmﬁau Tvium TEy, — TEss
(wd%e calculate.m)

3. MHfile vaailerduildmen m uaz n (AWdde modefinders.m)

4. Mile vesieituiilidantnem (dde plotsetting.m)

1. M-file wa9nsng GUI

function varargout = RWG(varargin)

% RWG MATLAB/ code for RWG.fig

RWG, by itself, created & new RWG or raises the existing
singleton®*.

o0 0@ o o

H = RWG returns the handle to a new RWG-or the handle to
% the existing.singleton¥.

% RWG ("CALTBACK',hObject ,éventData, handles; .. ) calls the local
% functdion named \CALLBACK in -RWG M with the ‘given Iinput
arguments.

% RWG( ' Propertylp“Valuety|. )creates a ‘new RWG ob raises the

% exlistifig''singleton®., <Starting /from jthe left, Property value
pairs are

% applied to .the GUL before RWG_OpeningfFen getfs called. An

% unrecogni zedsproperty name onsinvalid value makes property
application

§ stop. Allh Inputs care passed to RWG, OpeningFcn via varargin.

0O o oY

*See GUI Options, on=GUIDE's Toolsemenu. Choose "GUI allows
only one
2 instance to run (singleton)”.

% See also: GUIDE, GUIDATA, GUIHANDLES
% Edit the above text to modify the response to help RWG
% Last Modified by GUIDE v2.5 16-Mar-2017 08:24:46

% Begin initialization code - DO NOT EDIT

gui Singleton = 1;

gui State = struct('gui Name', mfilename,
'qui Singleton', gui Singleton, ...
'gui OpeningFcn', @RWG OpeningFcn, ...
'gui OutputFcn', @RWG OutputFen,
'gui LayoutFen', [] ,
19017 Gallback s L1



if nargin && ischar(varargin{l})
gul State.gui Callback = str2func(varargin{l});
end

if nargout
[varargout{l:nargout}] = gui mainfen(gui State, varargin{:});
else
gui mainfen(gui State, varargin{:});
end
% End initialization code - DO NOT EDIT

% —--— Executes just before RWG is made visible.
functlon RWG OpeningFcn (hObject, eventdata, handles, varargin)
This function has no output args, see OutputFcn.

o0 o

hObject handle to figure
% eventdata reserved - to be defimed.in a future version of MATLAB
handles structure with handles“and.user _data (see GUIDATA)

oe o

varargin commands1ime arguments to RWG (see. VARARGIN)

% Choose default €ommand-line -output/ for RUG
handles.output = hObject;

% Update handles structure
guidata (hObject, handles):

% UIWAIT makes RUWG walft for user /response” (see UIRESUME)
% uiwaiti(handles|. figarel)y;

% —-- Outputs from this. functionanbe returned-tol the-command line.
function varargout = RWG OutputFcn (hObject, eventdata, handles)
varargout © celd | array.for/ returning  output’ args,  (see VARARGOUT) ;

% hObject handke t6 _figure
¢ eventdata ‘reserved'/- to be defined' inm a/future vension of MATLAB
% handles structure with handlés and userrdata (see GUIDATA)

% Get default, eommand line~ocutputfrom~handles structure
varargout{l} = handles.output;

o

--- Executes on button,press _in freg.
unction freqﬁCallback(hObject, eventdata, handles)
hObject handle to freq (see GCBO)
eventdata reserved - to be defined in a future wversion of MATLAB
handles structure with handles and user data (see GUIDATA)
global aaa
globzal bbb
global mmm
global nnn
global err
global urr
global fc
fc = cutofffreg(aaa,bbb,mmm,nnn,err,urr);
set (handles.outputfc, 'string', fc)

a0 o@ o Hh

function fc = cutofffreq(a,b,m,n,er,ur)



e0 = 8.8542*10"~-12;
uld = 1.2566*10"-6;

e = el*er;
u = ul*ur;
fc =

((1/(2*pi*sqgrt(e*u)))*(sqrt ((m*pi/a*1000) "2+ (n*pi/b*1000)"2)))/10"9;

function outputfc Callback(hObject, eventdata, handles)

% hObject handle to outputfc (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
%2 handles structure with handles and user data (see GUIDATA)

e

Hints: get (hObject, 'String') returns contents of outputfc as text
str2double (get (hObject, 'String"')) returns contents of
outputfc as a double

@

Q

% —-- Executes during object.creation, after setting all properties.
function outputfe CreateFcn(hObject, eventdata, handles)

hObject handle to outputfc (see-GCBO)

eventdata/ feserved --to/be /defined, i a future version of MATLAB
handles empty - handles not/ created-untill after all CreateFcns
called

oe 0@ oe

de

Hint: edityicontrols usually have a white background on Windows.
See lSPC and COMPUTER.
if ispc && isequal (get (hObject, "BackgroundColor'y,
get (0, 'defaul tUlcontrolBackgnoundtelaer ) )
set (hObject, "BagkgroundColoxr! ‘white");
end

o

-—— If Enable’== 'on', executes.on meuse press in 5ipixel border.
-—— Otherwisey executes on. mouse press dn 5 pixel border or over
textll.

function textll ButtonDownFcn (hObject, eventdata, handles)

% hObject handle/to text1l (seeGCRO)

% eventdata reserved'-“Sto be defined in ‘4 future’ version of MATLAB
% handles structure with handles .and user data (see GUIDATA)

oo

function inputur Callback(hObject, eventdata, handles)

% hObject handle to inputur (see GCEO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

; Hints: get (hObject, 'String') returns contents of inputur as text
% str2double (get (hObject, 'String')) returns contents of
inputur as a double

ur = get (hObject, 'string");

global urr

urr = str2double (ur);

% --- Executes during object creation, after setting all properties.
function inputur CreateFcn(hObject, eventdata, handles)



hObject handle to inputur (see GCBO)

eventdata reserved - to be defined in a future version of MATLAB
handles empty - handles not created until after all CreateFcns
called

S0 o¢ oP

owe

Hint: edit contrcls usually have a white background on Windows.
See ISPC and COMPUTER.
if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', "white');
end

e

function inputer Callback(hObject, eventdata, handles)

hObject handle to inputer (see GCBO)

eventdata reserved - to be.definedwin a future version of MATLAB
handles structure with-handles and-user.data (see GUIDATA)

o® o

o

o

Hints: get (hObj€of, 'String™ \returns centents af%inputer as text
str2dotiple (get (hebject, W String?] )-returnscontents of

inputer as a dotble

er = get (hObject, 'string');

global err

err = strZdouble(er);

o°

Q

% --—- Executes duringobject creation,\.after setting all)properties.
function inputer CreateFen(hObject, eventdata, handles)

hObject handle to inputer-  (see GCRO)

eventdata~— reserved = te be/defined in al future version of MATLAB
handles empty | handles/notrereated, until| after ald-Createlcns
called

de ol oP

o

Hint: edit controlsiusually have a ‘white/ background;,on /Windows.
See ISPE€ and COMPUTER.
if ispc && isequal (get (hObject, "BackgroundColor'),
get (0, "defaultUicontrolBackgroundCoelor'}))
set (hObject ' Backgroundeéoler ', lwhitel) ;
end

o\@

function inputn_Callback(hObject, eventdata, handles)

% hObject handle to inputn (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

o0

Hints: get (hObject, 'String') returns contents of inputn as text
str2double (get (hObject, 'String')) returns contents of inputn

as a double

n = get (hObject, 'string'};

o

global nnn
nnn = strZ2double(n);
% -—— Executes during object creation, after setting all properties.

function inputn CreateFcn (hObject, eventdata, handles)



% hObject handle to inputn (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns

% Hint: edit controls usually have a white background on Windows.
% See ISPC and COMPUTER.
if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor’', '"white');
end

function inputm Callback(hObject, eventdata, handles)

% hObject handle to inputm (see GCBO)
% eventdata reserved - to be.definedwin a future version of MATLAB
% handles structure with-handles and-user.data (see GUIDATA)

fele]

Hints: get (hObjeéct, 'String™ \returns centents efsinputm as text
strZ2dotble (get (hGbJect,\\String') J-returns ‘contents of inputm

as a double

m = get (hObject, 'string');

global mmm

mmm = str2double (m);

o

Q

$ -—- Executes during object creation,.after setting all)preperties.
function inputm | CreateFcn (hObject, eventdata, handles)

% hObject handle tiolinputm (see/ GCBO)

% eventdata— reserved = te be/defined in -a’l future version of MATLAB
% handles empty = handles not created, until after all.CreateFcns
called

Hint: edit ‘controlsiusually have a ‘white/ background,on/Windows.
See \ISPE and-COMPUTER.
if ispc && iseqgual (get (hObject, "BackgroundColor'),
get (0, 'defaultUicontrolBackgroundCeloxr'))
set (hObject ' Bagkground@olexr '/ 'whitel!) ;
end

o oo

function inputa Callback(hCbject, eventdata, handles)

% hObject handle to inputa (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

oe

Hints: get (hObject, 'String') returns contents of inputa as text
str2double (get (hObject, 'String')) returns contents of inputa

as a double

a = get (hCbject, 'string');

global aaa

aaa = str2double(a):;

o0

% —--- Executes during object creation, after setting all properties.
function inputa CreateFcn(hObject, eventdata, handles)



% hObject handle to inputa (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFecns
called

¢ Hint: edit controls usually have a white background on Windows.
% See ISPC and COMPUTER.
if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColor'))
set (hCbject, 'BackgroundColor', 'white');
end

function inputb Callback (hObject, eventdata, handles)

% hObject handle to inputb (see GCBO)
% eventdata reserved - to be.defimedwin a future version of MATLAB
% handles structure with -handles and-user.data (see GUIDATA)

o@

Hints: get (hObject, 'String™ \returns centents efwinputb as text
str2dotble (get (hObjecty\String!) ) -returnsicontents of inputb

as a double

b = get (hObject, 'string');

global bbb

bbb = str2double(b);

e

--- Executes during object creation,. after setting all properties.
unction inputb CreateFcn (hObject, eventdata, handles)

hCbject handlel tiol inputh (see/ GECEQ)

eventdata— reserved = to be/defined in‘-a’ future version of MATLAB
% handles empty = handles' mot created until|lafter all.CreateFcns
called

@ o Hh o

Hint: edit ‘controllsiusually have a ‘white/backgroundj,on /Windows.
See \ISPEC and-COMPUTER.

if ispc && isequad(get (HObject, "BackgroundColor'),

get (0, 'defaultUicentrolBackgrourndCoelor'))

set (hObject &' Backgroundeoler !'/lwhitel) ;

o0 o

end

% --- Executes on button pfress. 1D lengs

function leng Callback(hObject, eventdata, handles)

$ hObject handle to leng (see GCBO)

% eventdata reserved - to be defined in a future version of-MATLAB
% handles structure with handles and user data (see GUIDATA)

fce = str2double (get (handles.outputfc, 'string'));:
& = 2,998%1.078;

le =y (fee*10°9);

set (handles.outputlc, 'string', lc)

function lc = cutoffleng(a,b,m,n,er,ur)

el = 8.8542*10"-12;

ul = 1.2566*10"-6;

e = el*er;

1 = ul*ur:

lc = ((2/(sgrt(er*ur)))/(sgrt((m*pi/a*100)"2+ (n*pi/b*100)"2)));



function outputlc Callback(hObject, eventdata, handles)

% hObject handle to outputlc (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

oP

Hints: get (hObject, 'String') returns contents of outputlc as text
str2double (get (hObject, 'String')) returns contents of
outputle as a double

oe

oo

-—— Executes during object creation, after setting all properties.
function outputlc CreateFcn(hObject, eventdata, handles)

% hObject handle to outputlc (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns
called

% Hint: edit controlssfisually have a white badekground on Windows.
% See ISPCgend COMBUTER.
if ispc && isegual (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColern'))
set (hObject, 'BackgroundCalor','white');
end

% —--- Executes on button| press 'inicall
function cal. Callback(hObject, eventdata, handles)

% hObject handle - to cal «(see (GCBO)
% eventdata . reserved = torbe defined inya future version of MATLAB
% handles structurerwith handles and user date {(see GUIDATA)
global aaa
global bbb
global mmm

global nnn
calculate (aaa, bbb, mmm, nnn) ;

% —--—- Executes on, button ¢press in reset.

function reset Callback(hObject, eventdata, handles)

% hObject handle towreset (see GCBO)

% eventdata reserved - to'be.defined.im™a future version of MATLAB
% handles structure with handles and user data {(see GUIDATA)

set (handles.inputa, 'String', ''):

set (handles.inputb, 'String', '
set (handles.inputm, 'String', '
set (handles.inputn, 'String', '
(
(

e it e

set (handles.inputer, 'String’',
set (handles.inputur, 'String',
set (handles.outputfc, 'String',
set (handles.outputle, 'String',
clear all;

P e T T T
~

N e
~.

~



2. M-file vasflsigunldinassatuluvistadusunsedivaen un T, - TEs,

function calculate (aaa, bbb, mmm, nnn)

> dimensions of waveguide
aa = aaa % horizontal
bb bbb % vertical

1

% number of steps
h = 2*aa;

step size

dx = aa/h;
dy = aa/h;
x = 0:dx:aa-1;
y = 0:dy:bb-1;
Lx = length(x);
Ly = length(y);

Generating sparsh matrix A
A = zeros (Ly*Lx,Ly*Lx);

for 1 =§§ &y Lx

for cerners

if 1 ==
Bll, o =Vix
AN, Y1) =262
A(l,1+Lx) = =-2;

end

1f 1 =="1%
A(l,1l) = 4;
A(l,1-1) = =2;
A{l,l+Lx) =92y

end

if 1 == 1+Lx* (Ly-1)
A(lrl) = 4;
A(l,1-ILx) = -2;
A(l,1+1) = =2;

end

if 1 == Lx*Ly
A(l,1) = 4;
A(l,1-1) = =2;
A(l,l1-Lx) = -2;

end

for edges

if 1>1, && 1<Lx ; Bottom edge



A(1l,1) = 4;

A(l,1-1) = -1;
A(l,1+1) = -1;
A(l,1+Lx) = -2;
end

if 1>1+Lx* (Ly-1) && 1<Lx*Ly % Top edge
A(l,1) = 4;
BA(l,l=1l) = =4y
A(l,1+1) = -1;
R(l,l-Lx) = =Z2;

end

al = 1+Lx:Lx:Lx*(Ly-2)+1; % Right edge
0

if find(al == 1) ~=
A(l,1l) = 4;
A(l,1+1) = =-2;
A(l,1-Lx) = -1;
A(l,1+4Lx) ~=.~1;
end

a2 = 2*l#: Lx Lx*ALy-1 ~ 9 2t edae
=0

1f fingl(ale=—14 -~
A(l,l) = 4;
AW, Ll & ZEha
AP, 1 -1 < ials
A(l,1+Lx) = -1;
end

3% for”all¥othen peints

a3 = [:Lx I+Lx*(Ly-—D):Ix*Ly ala2/]1; % defining edges
b =\ Wfifal (a3 0] ) we=<Cl"
if W=
AX Op
else ¢ = 1;
end
if c ==
A(l,1) = 4;
A(l,1-1) = -1;
A(l,1+1) = -1;
A(l,1+Lx) = =-1;
A(l,1-Lx) = -1;
end
end
[phi,lam] = eig(A); % Calculating eigen value and eigen vector of A
hz = zeros(Ly,Lx); % initailising
Hz = zeros(Ly,Lx,Lx*Ly); % intialising magnetic field vector for
every eigen value
ke = zeros(l,Lx*Ly); % intialising propagation constant vector

for m = 1l:Lx*Ly



Lam(m) = lam(m,m); % eigen wvalues

kc(m) = sqgrt(Lam(m))/dx; % finding propagation constant vector

Phi = phi(:,m); % assigning field corresponding to every
propagation mode

% converting column matrix of corresponding field to 2-D field
matrix

pi= L
for n = 1:Lx:Lx*(Ly-1)+1
hz(p,:) = Phi(n:n+Lx-1);
p = ptl;
end
Hz(:,:,m) = hz; % storing field matrix of every mode
end
%% finding Ex and By .£f0r each mode,, nsing Ex, =\-j*w*mu/Kc"2 dHz/dy,
Ey = j*w*mu/Kc"2 dHz/dx
%% Normalising'Ex and Ey-for each/modes using Ex‘=3(-J*w*mu/Kc"2
dHz/dy) *sqgrt (épsilon/mu), Ey =—{(j*w*mn/Ket2 dHz/dx)*sgrt (epsilon/mu)
Im = min(aa,bb)/6; % defining wavelength
K = 2*pi/Lm; % defining wave number
% KK KL J (€.~ 2 ;. P LaPKCn 2, fasfnorhiah Feadii=ili & d
KK = 1/K;
Exx = zeros(Ly,Lx); % initialising Ex field
Eyy = zZeros, Ly Lxhl;%lini kel isdng By \€ield

for m = 1:,Lx*Ly/ %/ fox ‘every mode
H =AHz @, &7

for 11 = 2:Ly-1
for mm = 2:Lx-1

Exx (11l,mm) = -1*KK* (H(1l+1l,mm)-H(1l,mm)); % calculating Ex field
Eyy (11, mm), = KK (H(1Ll,mm+l) -H{11l, mm)3; % caleulating Ey field
end

end

Ex(:,:,m) = Exx;

Ey(:,:,m) = Eyy;

E(z,:,m) = sgrt{(Bxx. 7 mpEyy . oy (adfulting E-field
MaxE = max(max(E(:,:,m)));

En(:,:,m) = E(:,:,m)/MaxE; % normalised w.r.t maximum value
end

modes = zeros (Lx*Ly, 3)

ke th = zeros(l,Lx*Ly)

propagation constant
for g = 1l:Lx*Ly

r
H

% intialsing theoretical value of Kc,

[M,N]= modefinders(E(:,:,q),Lx,Ly);

modes (g,1) = M ;

modes (g,2) = N ;

modes(g,3) = q ; % position of eigenvalue
kc thig) = pi*(sgrt(((M/aa)"2)+((N/bb)"2)));

end



a0l
0;
a30

I

% plo
for s

0; al0

0; all = 0; az20

0; a03 = 0; a3l

0; al3

1

tting modes
= 1:Lx*Ly

for 10 mode
if (modes(s,l)== 1) &&
a0l = a01+1;
pl0(a0l) = modes(s,3);
k10 (a01l) = kc(pl0(all));
end

for 01 mode
if (modes(s,l)== 0) &&
al0 = al0+1;
p01(al0) = modes(s,3);
k01 (al0) kc (p01(all) )y
end

for /14 mode
if (modes (s,1l)== 1) &&
all = all+l;
pll(all) = modes(s,3);
kll(all) = kec({pll(all));
end

for 20 mode
if (modes(s,l)== 2) &&
a2 W= (@207 h;
p20{a20) = modes(s,3);
k20 (a20) ke(p20(a20));
end

for 02 mode

if (modes(s,l)== 0) && (modes(s,2)==
a2 = a02+1;
p02 (a02) = modes (s,3);
k02 (a02) = kc(p02(al2));
end

for 21 mode
if (modes(s,1l)== 2) &&
azl = a2l1+1;

p2l(a2l) = modes (s, 3);
k21 (a2l) = kc(p2l(a2l));
end

for 12 mode
if (modes(s,l)== 1) &&
alz = al2+1;
pl2(al2) = modes(s,3);
kl2 (al2) ke (pl2(alz));
end

I

for 22 mode

0; a0z

0; a32

(modes (s, 2) ==

(modes (s, 2)==

(modes (s, 2) ==

(modes (5, 2)==

(modes (s, 2)==

(modes (s, 2)==

0;

0;

1)

azl

az3

0;

0;

alz

a33

B

azl2



if (modes(s,l)== 2) && (modes(s,2)==
azz2 = a2z2+1;
p22(a22) = modes|(s,3);
k22 (a22) = kc(p22(a22));
end

% for 30 mode
if (modes(s,l)== 3) && (modes(s,2)==
a30 = a30+1;
p30(a30) = modes(s,3);
k30(a30) = kc(p30(a30));
end

$ for 03 mode
if (modes(s,1l)== 0) && (modes(s,2)==
a03 = a03+1;
p03(a03) = modes(s,3);
k03(a03) = kc(p03(a03));
end

for 31 mede
if (modes(s,l)== 3) && (modes(s,2)==
a3lg= a3 ===
p31l(a3l) = modes(s,3);
k31(a3l) = kc(p31(a3l));
end

for 13 mode
if (modes(s,l)== 1) && (modes(s,2)==
all = al3+1;
pl3 (al3) = modes{s,3);
R1B ( ad 3R O ekl 300N
end

far' 32 .mode
(modes (s,1)== 3) && (modes (s, 2)==
a32 =.a32+1;

p32(a32) = modes (s, 3)-

k32 (a32h =/kep32 (a32))3

end

Gl

for 23 mode

if (modes(s,l)== 2) && (modes(s,2})==
a23 = az3+1;
p23(a23) = modes(s,3);
k23(a23) = kc(p23(az23));
end

% for 33 mode
1f (modes(s,1l)== 3) && (modes (s, 2)==
a33 = a33+1;
p33(a33) = modes(s,3);
k33 (a33) ke (p33(a33))
end
end

for 10 mode

0)

3)



if (mmm == 1) && (nnn == 0)
K10 = min(k10); % dominant mode by Eigen value
110 = find (k10 == K10);

P10 = pl0(110);% location of dominant mode
figure
surf(x;¥;Ef(:; , P10} )

title('Electric field Distribution for TE10 mode')
plotsetting()

% for 01 mode

elseif == 0) && (nnn == 1)
KO0l = min(kO01);

101 = find (k01 == KO01);

P01 = p01(101);

figure

surf (x,y,En(:, :,P01) )}

title('Electric field Distribution for TEOl mode')
plotsetting()

for 11 mode

elseif (mmm == 1) && {(nnn == 1)
Kll = min(kll);

111 = find(kll == K11);

P11 = pll(11d);

figure

surf (s, vBEn (:, 2»BT1)7
title ('Blectric,“fie¥d| Pistrybut #om for. TELL mode')
plotsetting()

for 20 mode
elseif (mmm == 2) && (nnn == 0)

K20 = min(k20);

120 = find (k20 == K20);
P20 = p20(120);

figure

surf (x, VREn %8} 5, P20k
title('Electrie field-Distrribution for TE20-mode’)
plotsetting()

for 02 mode
elseif (mmm == 0) && (nnn == 2)
K02 min (k02) ;
102 = find (k02 == KO02);
P02 p02(102) ;
figure
surf(x,y,En(:,:,P02
title('Electric fie
plotsetting()

Il

))
1d Distribution for TEO0OZ2 mode')

% for 21 mode

elseif (mmm == 2) && (nnn == 1)
K21 = min(k21);

121 = find (k21 == K21);

P21 = p21(121);

figure

surf(x,y,En(:, :,P21))

title('Electric field Distribution for TEZ21 mode')
plotsetting ()

S« for 12 aode



elseif (mmm == 1) && (nnn == 2)

K12 = min(k12);

112 = find(kl2 == K12);
P12 = pl2(112);:

figure

surf (s, vy, En (s, i,P12))

title('Electric field Distribution for TE1l2Z mode')
plotsetting()

% for 22 mode

elseif (mmm == 2) && (nnn == 2)
K22 = min (k22);

122 = find (k22 == K22);

P22 = p22(122);

figure

surf(x,y,En(:,:,P22))

title{'Electric field Distribution for TEZ2Z2 mode')
plotsetting()

% for 30 mode

elseif (mmm == 3) && (nnn == 0)

K30 = min(k30);

130 = find (k30 == K30);

P30 p30(130);

figure

surf (x, vHED (=  s#B300 7

title {'Blectric, field Pistrrbution for. TE30., mede. }
plotsetiinagy)

for 03 mode
elseif (mmm == 0) && (nnn == 3)
K03 = min (k03);
103 = find (k03 == KO03);
P03 p03(103);
figure
surf (x, yvAED (72 3, P03
title('Electrie field Distribution for TEO3r-mode')
plotsetting ()

for 31 mode

elseif (mmm == 3) && (nnn == 1)
K31 = min(k31);

131 = find (k31 == K31):

P31 = p31(131);

figure

surf (x,yv,En{:, :,P31))}
title('Electric field Distribution for TE31l mode')
plotsetting ()

for 13 mode

elselif (mmm == 1) && (nnn == 3)
K13 = min(k13);

113 = find(k13 == K13);

P13 = pl3(113);

figure

surf(x,yv,En(:,:,P13))
title('Electric field Distribution for TEl3 mode')
plotsetting()

for 32 mode



elseif (mmm == 3) && (nnn == 2)

K32 = min (k32);

132 = find (k32 == K32);
P32 = p32(132);

figure

surf(x;v; En{si:B32))
title('Electric field Distribution for TE32 mode')
plotsetting()

% for 23 mode

elseif (mmm == 2) && (nnn == 3)
K23 = min (k23);

123 = find (k23 == K23);

P23 = p23(123);

figure

surf(x,y,En(:, :,P23) )
title('Electric field Distribution for TE23 mode')
plotsetting ()

for 33 mode

elseif (mmm == 3) && (nnn == 3)
K33 = min (k33);

133 = find (k33 == K33);

P33 = p33(133);

figure

surf (x,y#En (:  »B33)7
title('Blectric, field Distribution for. TE33., made')
plotsetting()

end

3. M-file Y999 guNlEnIAT M wae n

function [m,n] = modefinders(a,Lx,Ly)
d=al(z2,2);

% finding peaks ‘fOx complete lambda/2

ifd < 0:5

y = floor(a * 10000) / 10000;

c =yl(2,2:Lx-1);

m = length(findpeaks(c)); % modes along x-axis
b = y(2:Ly-1,2);

n = length(findpeaks (b)); % modes along y-axis

finding peaks for incomplete lambda/2
else

y = floor{a * 10000) / 10000;

& =2, 2 D=1

m = length(findpeaks(l-c)); % modes along x-axis
b = Y(2=LY—1,2);

n = length(findpeaks(l-b)); % modes along y-axis
end

end



4. M-file vasisngunlgaavinnsm

function plotsetting()

rotate3d on

xlabel('a (mm) \rightarrow')

ylabel ('\leftarrow b (mm) ')

zlabel ('Normalized Electric field \rightarrow')

set (get (gca, "'xlabel'), 'FontSize', 16, 'FontWeight', 'Normal');
set (get (gca, 'ylabel'), 'FontSize', 16, 'FontWeight', 'Normal');
set (get (gca, 'zlabel'), 'FontSize', 16, 'FontWeight', 'Normal'):;
set (get (gca, 'title'), 'FontSize', 18, 'FontWeight', 'Bold');
colorbar;

cclormap (jet);

box off; %axis square;

set (gca, 'LineWidth',2);

set (gca, 'FontSize',10)g

setgef,"calor’ , wid

set (gcf, 'PaperUnits?, 'inches ") ;

set (gcf, 'PaperSize', [15720]);

set (gcf, 'PapefBbsition', [O.5@=5 L 7TH)

set (gcf, 'PaperPositignModel ;- Manual 'y ;

end
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AARUIN ¥ AENURvasialIAaUIUNITEmRENIIATEIY

ANT197 6.1 ArAuddnvesietnARuFUNSEMBILLNATFILULINAINY

Inner dimensions of | Inner dimensions Cutoff
Wavesguide waveguide of waveguide frequency Cutoft

frequency

name (inch) (mm) lowest
next mode

order mode
a b a b (GHz)

(GHz)
WR2300 2 115 584.2 292,1 0.257 0.513
WR2100 21 10.5 533.4 266.7 0.281 0.562
WR1800 18 9 457.2 228.6 0.328 0.656
WR1500 15 y=5 381 190.5 0.393 0.787
WR1150 115 875 292.1 146.05 0.513 1.026
WR975 9.95 4,875\ 247.65 | 123825 0.605 1.211
WRT770 Ir.J 3.85| 195.58 wWe 0.766 1.533
WR650 6.5 Giwa;| 165.1 82.55 0.908 1.816
WR510 51 255 | 129.54 64.77 1.157 2.314
WR430 4.3 2B 1110922 54.61 1.8%2 2.745
3.5 b 75 88.9 44,45 1.686 3.372
WR340 3.4 1.7 86.36 43.18 1.736 3.471
WR284 2.84 134 72136 34.036 2.078 4.156
2.3 1.122 | 60.2488 | 28.4988 2.488 4.976
WR229 2.29 1.145.{. 58.166 29.083 2501 5.154
WR187 1.872 0.872 | 47.5488 | 22.1488 3.153 6.305
WR159 1.59 0.795 | 40.386 20.193 3.712 7.423
WR137 1372 0.622 | 34.8488 | 15.7988 4.301 8.603
WR112 1.122 0.497 | 28.4988 | 12.6238 5.26 10.52
WR102 1.02 0.51| 25908 12.954 5.786 T1.571
WR90 0.9 0.4 22.86 10.16 6.557 13.114
WRT5 0.75 0375 19.05 9525 7.869 15.737
WR62 0.622 0.311 | 15.7988 7.8994 9.488 18.976
WR51 0.51 0.255 | 12.954 6.477 +1150 2 23.143




A1519 6.1 (710) AP NDARYBatARUIUNSIENEELINATEIUTUIAATSS

Inner dimeﬂSiOHS Inner d]menSIOI']S Cutoﬁ
Cutoff
Waveguide of waveguide of waveguide frequency
frequency
name (inch) (mm) lowest order
' next mode
mode GH
GHz
a b a b (GH2)

WR42 0.42 0.17 | 10.668 4.318 14.051 28.102
WR34 0.34 0.17 8.636 4.318 17.357 34.715
WR28 0.28 0.14 FA12 3.556 21.077 42.154
WR22 0.224 0:112 {56896 2.8448 26.346 52692
WR19 0.188 0.094- | 4.7752 2.3876 31.391 62.782
WR15 0.148 0.074 | 3.7592 1.8796 39.875 19.15
WR12 0.122 0.061 | 3.0988 1.5494 48.373 96.746
WR10 0.1 0.05 2.54 1.27 59.015 118.03
WR8 0.08 0.04 2.032 1.016 73.768 147.536
WR6 0.065 0.0325 1.651 0.8255 90.791 181.583
WR7 0.065 0.0325 1.651 0.8255 90.791 181.583
WR5 0.051 0.0255 | 1.2954 | 0.6477 115.714 231.429
WR4 0.043 0.0215 | 1.0922 0.5461 137.243 274.485
WR3 0.034 0.017 | 0.8636 0.4318 18.50} 347.143
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