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Random Student #

Partner(s):

Lab4 FDTD « Grd
Copy from previous lab or compute R'.L',G',C' values 10 1 O
Compute alpha,beta, velocity of propagation, wavelength 101 { ©
Draw time and space FDTD grid in your lab book and explain notation 10} {O
Rewrite telagrapher equations as central difference equations 30] 20
Solve for the future - 20] >~
Tests and Observations .

a) Run and plot simulations 50| >0
b) Measure and compare velocity of propagation 200 A ©
¢) Summarize Results 20} 2O
d) Include printout of code 30| 2©
Total 200| O

How much time was spent on this lab?

Comments:



)

o LAL { - Ford ﬂgwﬁvmwﬁ Sir AL gy,
. P(?,sx can
Koo 72 148

? P Zoce Do e

OBTTLeT VLS ,v
@ USDLSra Y TR T LEEORATIHRS ¢ Qg.p«.crzo&"
Z> nrde 'Z(’T.q"'dﬁ o o ASE A~D L TmbPeientsT
, 774 % [_\f)m PUTET-
3) (RccTey  Simuiar s bARLS o Cowu®
T7RASS fAES Si oA bS5 |

-

. trofe  TO Enrd  avsinw T‘féei LRAFLHLRS TS

L e T

Nz t) o g?,’ T (2 ¢) F (;) M) (1 )
= | ~ >
-2zt L i » of 2ULEY (7))
s v

= : :

"7 ((9 feor ) , , )
{"Ca)l _ e

—;(C_) 'Qﬁl‘ff(c;

/B SCLYINIA /QCG C. Vacuss. N
LASI~G f@q@ﬂz s Lm0 U
e Bha Guoee  VAcwrs.

¢

Q L . e

,4« iy SWQ

T RCow * Sams o cewsl U

STd Tt Il - Cc g3C. : e




é ML dPPerevriacs

vs.  Dilfftecices.
Coramizac DO Rgacs CRUBTe ~S

{ ) {(b) 1";(&)

¥l = z
o -[(5) ~Fee)

H—c

DSz §T7 1R 1~

space A~NY T7aa T
Wk Y, Wer ) N4
S t — o f— ¢ e —— y—
A & ¢ z z +3
u ) Lf i U 2 $ b/.;/t
— { 2 . + —f )
, A N N ! 2z ' 5 ’ r+2‘
P et v gt =
k) =~ vicgage wor slrcs K
UC_(‘—* DA soras . A7 s? a EE _/c e
Fleri)  Lagicyr a7 sfada ki
- Vsirac s ar Prisc~7T 7irmt
' 5.8 4 ]
U uy ' o¢ aai

z

¥
y

IN PARTT ot et
Coti2epr (v b7 on Lot

Comnvizr  Firounn

‘biﬁ-\ Varey £

Ricoe e

7 N lRialucss,

D¢ Clepeses L AYOVA T U

Fy

‘ o T

2z




H

-

Fose

. ( (:"IZQJV\I “ v ,
A M3 /V'*'rL i 8 . y
- zl IAZf—i + T ! j ey T I for £

TEL i /Q«.»MZ-»Q . s

Likw Tirans  for

/“ —en (o Jg) okt Nt ey

v
. (AC‘Q o pee T .

%&1

JE S
L e —'s

(2 s

- Lzo— ‘UHZL‘&'( s S \/ e ,"J',

O/Z

)

l"'/()blﬁ-,\'( Av G ‘(C—

] T— _,4 1

E=d

J% o

o
\ G V (, ~ C U,-\N _,_.C[AL:‘

Simp ity




Fp cifav— uf L RUAT(NTZ .

B~
- @ -
| {1c) A WA
o - D [Feo STe ]+ E Vo
| (e n P(q I Tl - LA ‘.\\C'Ptaqﬂxi [c Lan o e Tleiag A isa s {GKJL."’*"'T’\)"\)-
C( 2z - %/’20 ( Cilrtcul a1ed n [ "o Sserroe~r LT, .

¢, ~ :' - - O . . . v . 2 € o UL
/f[f = .6 J Z /V’-;,z,c-c”& v efF UlulAGaTied ( CubcC. (N SLeT oY o
Cime 7y meww clp R

; $7 AT &V‘JT}/ A2 LTTolsd N
l fE_, P\Zn & WA A vl cq .
Copsy UsRC dp [ex]

W) ;=/,/;<>5\,J((,-;L)

22 1 TESTY [ ) ,59‘ €2 VAT RE.VAS
Wé), “hetuat - N5 GL N
| 7 EP e
2. bovet

sd0<q T

e Y




Cant € 7

C) CGt s, @ n T 2
. Trlapt (1 VY AR A
‘D) Marcald B TTRACH 54

i\ Biscens Sty b ¢ orClins o

core 1 Uill ccqive [0 Simlid 7Y

¢t NEAA PZLF:(A—”WAJC( Dovo ~ a4 7 —C € 7S

Conl b5 Tou oo Auc S Gewl  Sowd €5 f Sonicts

L £ A AlC ASE TP Ao cons) A
722 (e Y w2 Cdzbf 6’/’7//52@/){ 7 7S eSS
g Coohy Ao poamis) L2 oodar A Goc~ e T
LLaffen) Bur  A0AY AARE LE8S  wwEDPACS 4 jioesK
crC . Jessidet Se-fEE of g/HR

el C NS, i e Lt (gD Al
o £

al [Cassen. P
AT QLS
(M- TTC Lo mdarcaincS,  eVesh S ze
(o0 axfe cltO Crl( @ i CRTI {2 lals coHILE D uiG

§ QAT S Wq@ﬁﬂs HND CTRALS. rraiind coar’

/;L' Y /37 Dpeapt & CaréCic e A D /i/ Rt~
Gotert TLST Lwie s glE CCDR Lere

Lo P ESS < UL B Rertycen Sirruwlasad
{ e Al T coaSmAT poartglor,  TaTR SRS

vj:,mPﬂcr«CL c;séhcuwﬂnwb Cire o prnssdis), j/7f%“§7’w%@\~

meq  Tiees b VAT £ mayse( o
ECaA~TED P /N gnes CRaOSTan < S5E AT
e, To CeoieIL B coaid Possibes ¢ Dok
v FHE TENT o OF AR A a8 €S L AL Y
oL s ARD o oS PN § e #ol |
Gpfes  lufipr LA ) TacH cuccisIVE
_ ,g‘z‘@-LicT"/w o Y L L fLEC LT /5 I Fo S e add o
AT ST AL cpaTres ARE FTAzE] AP
(P g Yon wit GAT A DER IR <D KR PECTED
Qaswers i vt MD - e warTany TV =
Ve Trar [~ oSt A5 A (TLia C 4 ¢ 4 CulgTD %

LAY ,3m- ff AgRE (AMTIKATE THE CoDT g7 e 158




=t
S
S
sl

[’g,(ji S A

oF # Cuts OF e, przec cavx

e Be Sian@lifEs /SE/ Jewon ity oL
) ﬁémﬁ ' MGy A R ) sl Sxetie TS Ty
CLESINT TS 7 pro Iw  Lehllie  CatcS.
Ay S0 Frr PLOVIMEATS (A Z‘g pnedl Sy JES 7
AD Coaovnh F TESTVL Lot DEroen

) @;/vc Tanci ™ AGQ L7 Yun Aot

SR D STMBRAL popans  ATs ons Gp
T Saciditivl KL Troslag oy,




11/15/07 9:57 AM F:\ECE 3300\Lab 4\lab4\labfdtd.m 1 of 2

clear all
clc

%This is how many cells are in the transmission line.

maxz=200;

% Maximum number of time steps in 2*maxZ before wave hits the end of the grid...?Why???
maxT=200;

Here is a version of the FDTD program.

0
B
[
)

prarameters -
F= 1e9; % Frequency .
W = 2*pi*F;
Mu _not = 4*pi* (10°-7); $H/m

Epsilon_not = 8.854*(107-12);

% Parameters for copper conductor
Sigma_c= 5.8e7;

Mu_c= 0.999991*Mu not;

a = 0.445*(10%-3);
b = 1.765%(10"-3) ;

outer radius of inner conductor,m, of RG58
inner radius of outer conductor,m, of RG58

)
<
[)
)

Comment out parameters not being used in current simulations

e oP

Parameters for air
sigma= zeros (l,maxz) ; h
Epsilon_i= 1.0005*Epsilon_ not*ones(1l,maxZ) ;

Mu_i= Mu_c*ones (1, maxZz);

‘Parameters for teflon

sigma= 10e-15*cnes (1, maxZ) ;

Epsilon_i= 2.1*Epsilon_not*ones(1,maxZz) ;
Mu_i= 1*Mu_not*ones (1,maxZ) ;

° oe

P o

Parameters for sea water

sigma= 5*onesg (1, maxz) ;

Epsilon i= 72*Epsilon not*ones(l,maxZ);
Mu_ i= 1*Mu not*ones(1,maxZ);

P d° o° o°

Constants computed in previous section

= sqrt (pi*F.*Mu c¢ / Sigma c);

(R_s / (2*pi))*{((1/a) + (1/b))

(Mu_ i ./ (2*pi)).*log(b/a)

(2*pi.*sigma) ./ (log(b/a))

(2*pi.*Epsilon i) / (log(b/a))

Gamma =sqrt ((R + j*w*L (1)) .* (G(1) + j*w*C(1)));
Alpha =‘real(Gamma) '

Beta = imag(Gamma) - -
Lambda = (2*pi) / Beta

up = F * Lambda

Qe mlw a0
nm# n w

]

Dz = Lambda/20; % from section II
Dt = (1/2*Dz)/u_p; % from section II
%1 = 200*Dz; % Line is 200 times dz long
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e

conversions to make equations simple

A=1./ (-Dz.*(R./2 + L./Dt));

B = (-R./2 + L./Dt) ./ (R/2 + L./Dt);

D=1 ./ (-Dz.*((G/2) + (C./Dt)));

E = (-G./2 + C./Dt) ./ (G/2 + C./Dt);

% %This is how many cells are in the transmission line.

% maxz=200;

% % Maximum number of time steps in 2*maxZ before wave hits the end of the grid...?@hy???
% maxT= 800; L . . . . . N

e

Initialize voltage and current values of transmission line.
V=zeros (1, maxZ) ;
I= zeros(1l,maxZ) ;

$FDTD loops
for N=1:800;

V(1) = sin(2*pi*F*N*Dt); % sine wave source

for K=2:maxZ; % find voltage everywhere on the line
V({K)= D(K)*(I(K)-I(K-1))+E(K)*V(K);

end

V(maxZ)=0;

for K=1:maxZ-1; % find current everywhere on the line

I(K)= A(K}* (V(K+1)}-V(K))+B(K)*I(K);

end )
plot (V) , % plot the voltage all along the line at time N
axis ([0 maxZ -4 4]) % control the axis for uniform picturesg '
pause(.001) ; % give the program time to plot to screen

end

title('Transmission Line with Air as the Insulation Material for n = 200')
xlabel ('Time (sec)')
ylabel ('Voltage (V)')
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