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>> A= 142i

1.00000000000000 + 2.00000000000000i

>> B = 1-2]j

1.00000000000000 - 2.00000000000000i

>> C = A*B*cos(pi)

>> who

Your variables are:

A

B

>> clear B
>> who

Your variables are:

o

~ OI
= =

MATLABOIl A

help @&= 0|EotH,

o3
e

>> help cos



Cosine.
COS(X) is the cosine of the elements of X.
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>> X

Columns 1 through 2

2.00000000000000

6.28318530717959

Columns 3 through 4
1.41421356237310

2.00000000000000 - 3.00000000000000i

Column 5

0.69314718055995

>y =15

>z =1:2:9

> w = y(1)+z(5)
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ex) 126 107XI12 &H=2 & FalI|

x=0; sum=0;

while x<10 % xJb 1020 &= 20 &
X = xt1;
sum = sumtx;

end

2.2.3 if-else-end #&
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ex) ne 235 &g

ifn>0
disp('Positive") % disp( ) = display the given string/array

elseif n <0
disp('Negative')

else
disp('Zero")

end

2.3 Script M file& &

- Script M files Ol3¢st 2ttst T2 Gl A1
ex1.m

A=1[123;456;789];
B=1[111,222;333];
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C=AB%&& A% B2l XIol 2 CE &
D =A.*B % HA A% B A M A 30 HdE DE &
Z 1)
>> ex1
C =

0 1 2

2 3 4

4 5 6
D =

1 2 3

8 10 12

21 24 27

- Script M file2 Olssh 2t&st T2 )28 (X2

ex2.m
for n=1:3
for m=1:3
C(n,m) = A(n,m)-B(n,m);
D(n,m) = A(n,m)*B(n,m);
Ct.
end
end
C % HH CE &=
D % HA DE =
20
>> ex?
C =
0 1 2
2 3 4
4 5 6
D =
1 2 3
8 10 12
21 24 27
Ol Al 1
ot= OIMIOICt. GIA 10IAd=
=E32S 0|20t H AL,

ot 2= 38 HEZ HolE A BN B B I &
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ol 3l

% HZ A%t B EA O A =0 o

g Hats M= S8 for
S HMe 20t 23S =2l g = Al



3. =

3.1 JcilZ HSO AIE5HDI

3.1.1 plot EE

2XH2 OIOIEE Jele I 88 "dde p
=

lot &
st =0l CIOIe HigsS 2, 8= Ad2

HHO| SEi= plot(x1,y1,81,x2,y2,52, ...)0I04, OIJIM (xn,yn)2 Xt& &HEO0lID, Sne
Mab HADIS, E= Hdo €HiE UEtWE ot £= 1 01422 0IF0HA 2XE0IH
SENALEOICH.

ex) 0=<x<2mOlAM sin(x)2 cos(x) 1elJl
>> x=0:0.05*pi :2*pi;

>> y=sin(x);

>> z=cos(x);

>> plot(x,y,x,z)
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(Flgure Window)2 Z 1, ﬁIO|E101I BH m52 ANsSCZ x¥ot, 82 1, JHdez
BsS HZsith

Ol GIMIIM=E Mah, HAIJIS, £= &H2 EEHE UEtH= Sn0l ME/UD, plot SN

= ASHCoZ tHAWAM S Bl s4dS UE M= HEEH.
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(1) Jtssh dof M

Mat labOl 42l symbol Color (RGB) Mat labOl 42| symbol Color (RGB)
c cyan g green
m magenta b blue
y yellow w white
r red Kk black
(2) Jts8 Hdo SN
Mat lab0ll M2l symbol Style Mat lab0ll M2l symbol Style
- solid line : dotted line
— dashed line - dash-dot line
none no line

(3) Jts&h &2 HAI

Mat labOll M2l symbol Marker Style Mat labOll M2l symbol Marker Style

+ + " VAN

0 0 v v

* * > >

X X p w

S ] h &

d & none no marker
Cts& o e, HAl, Mas 228 WNOIC.

ex)
>> plot(x,y, 'bo-",x,z,'rx:")

3.1.2 mesh HEO

MATLABES x-y BHANA HAIUEC AXH(grid)? z52 B2 L Ab(mesh) EHS LiEt
g = QUCt. mesh == CIEE XNEM ASMES HAGIH XA AN DHEE FHHE
Ch. ZAF OdeHEE U #HEBS 2HFAHLE & e HE I g5 TAlste 220
S E0tCt.

S OHol B4E DA &2 z=f(x,y)2 YA OSHZE JOele & Ul SHZ2, meshgrid &
+5 A80ot0 x-y BHH MAZle AMAES AXNE MHSHCH [X,Y] = meshgrid(x,y)e
BHIE x2 SAE22 #HS0 /AXAIZ HE YE MHSHCH X 2 YeE x-y BHUM 2 XNES
O MAILE AXE UEHH= 8 Aol #HHOICH &= z=f(x,y)= 0|28t B=S AIEot0
MAE & QL.



ex) 3X+& sinc &= 1elJ|

>> x=-7.5:0.5:7.5;

>> y=x;

>> [X,Y]=meshgrid(x,y); % x-y Ol GOI& M4

>> R=sqrt(X.22+Y.72); % AESZ2L2EH2 Hel

>> 7=sinc(R); % sinc(R) = sin(R)/R
>> mesh(X,Y,Z)

S "oz gZst SO ddi2s
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contour HEUHE M
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20| 2Bt™ol HEWZ contour (X,Y

o, z2 U89
A

%S LEtL= #E0l
e B=0110 &= AE0ICH. S= plot ZEUHUMAXME A4 & Hd2 SHEH
AE0ld, S8 AFSOICEH.

,Z,n,S)E MEGSHH, WIIM X2t Y= xF1 y=
Ct. n& ZDeldXt ot= sH9

ex) 2n<x<2m, ~-n<y<m & M, Z=sin(x)+cos(y) 12ID|

>>
>>
>>
>>
>>
>>

X = =2*pi:0.02%pi:2*pi;
y = pi:0.02%pi:pi;
[X,Y] = meshgrid(x, y);
Z = sin(X) + cos(Y);

cs = contour (x,y,Z,10);
colorbar('v")

% x-y HHON GIOIE M4

% Zgt0ll et 10042

% == Zeh i

Eie Edit Tools Window Help
DR & xaA A @2p0

2t 1
1 g :\'., ;{/r_t \ x"-._ 05
Vi I )
of () (.. :
| 1 J / \ I
1 L"“_ ’/ \ - ji-f 05
e A |'..ﬁ \\I :l II. fll /\\\ e
B ¥ ] Li] 2 4 B

colorbar &=+=
2l AMA S B ECH

2AFM, colorbar('v')e &I deiZol 22X

-

. title @82 ¢©

+HI) +=2=F2 xlabeldt ylabelOl2tes H¥oz 2tgs 2 = ULt ot
£ HAES cfme A REY == U= ZBHO0ICH IXF = B, zlabelOl
cte 980z z=50 s 22 %= UCH. L6t contour HEUHZE MHEE S0E DdE=
clabel(cs)E 2 SDEM 1 =0| 2 22 = UL, Ol cs= contour SEUHZFH
BretEl S0d 2X0ICH

1o MM=Z CtAl S0HHE == oAt



>>
>>

X
y

=2+pi:0.02*pi :2*pi;
—pi:0.02*pi:pi;

>> [X,Y] = meshgrid(x, y);
>> 7 = sin(X) + cos(Y):

% x-y OO0 IOl M4

>> ¢s = contour(x,y,Z,10); % Zgt0fl ek 100He] SOA MA
>> colorbar('v') % =2 2t AE I E
=t
>> xlabel('variable x ( —2#pi ~ 2fpi )'); % Xx=0ll label =}
>> ylabel('variable y ( —#pi ~ #pi )'); % y=0l label =}
>> clabel(cs); % SOE0l label =Dt
>> title('Z = sin(x) + cos(y)'); % JeHZ 20l H=s=2 29ICt.
= lo) x|
Eie Edit Tools Window Help
IDEd@ »a Al @D
Z = ganfx) + cosly)
15
1
o/ 05
=/ 0 0182 [/ N\
. ( \ pﬂ&“; .'{ \‘.I‘
= of| = /| i 0
| B4 II.' I:,
id- \ /J“} - / 08
u - P
P 548 157
2| 0182 _,-'}”g_'ﬁtﬁ ‘%m -1
_;_E.B-ﬂb FUIIH- I'l.
AT
& 1 o [ 2

axis 24 Soll =20ILF =E=0 ot dHI=
QUCH. 1 & &35l M0l= ¥EE ot axis([xmi
HEs =& gtez 83 sHH

ex) 0<x<2mOlAl sin(x)2 cos(x) 112l
>> x=0:0.05*pi:2*pi;
>> y=sin(x);

>> z=cos(x);

>> plot(x,y,x,z)

>> legend('sin(x)"',

'cos(x)') % JIE& &Y AR

i
0z
0x
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>> axis([0 2xpi -1 1]) % x2t y=2| HAS X Fetlt.

Eie Edit Tools Window Help
IDEd@ »a Al @D

1 o

5 I}}PF“N\:\“ ) ) =i~ gin{x)
0.8 #a T <o Cok[x)

2} Jl :
o
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0 i 2

3.3 JciZo NE

MATLABOIl = ZCIMER|(working directory)2l JHE 0l =Mot=0l, 0101 SHSHE m file
S Ed= ML, T2 A H2)E HEE Mo M0l Z2210|CH. HHEUHAM od EH

Oz MYLHECS fAXNE 2ol & = UL

>> cd

C:WMATLABHwor K

0= D0SEEOMA Lt OIMILKZ 'ed ..'E Soll a0 ECIZ 0lSotHL, SE
EIE“EEIE Olsg = ULt
MATLABSl HEHOUIA L= Script M files Sl
g = O OlH, AFE X XN&e s A0

A

ZE O™ file(.jpg, .omp S)2 M
E2l0 M&EZAH =ICt.

>> print -djpegl100 filename.jpg % ZHCISECIN 100% 2IEIZ filename.jpg=E M&
>> print —dbitmap filename.bmp % ZSCISECINH bitmap EAlC2 MHE
>> print % SM JdHEZE PCOl HEE ZeleHE =&t



30
TS
IH
<
0]

o 8

JESPN

=
[

ZAH X 0Ol

!

1t

tO 2 OtZCh.

¢}

Difference Method)Ofl 2

H
Ok

ol
Tl
_E
IK
0

OF

0l

= ULk,

ol

20

F

Olz2 HozZ2H 4 (3)1

o
ju—

A (1)

™

o

3

«+ s V(Nh)

V(h) Vv(2h) V(3h)

0,0<z<d .coooviii

(Az)?

VO0)=0,V(d)=V ............
V(z+ Az) —2V(z) + V(z— Ax)

V(x) — V(0)

lim
Azr—0

)
=¥

=¥
[z

ol
Ip
o)
U

(3
=

n0

Ol NIHS

-
1o

Ct.

BHE & &
h2

H
=}

(]

Vn+1_2vn+ an,1

F=(Finite Difference)

t

S
el

o

RO

10

)]

ol
Al

(5) 2

<

fall
1o

F

., Nol2}

, x,=nh, V,=V(z,), n=0,--

Of W h

54



ME % QUCH.
1-21 0 0 0 0 0 Vo 0
01 -2 1 0 0 0 0 Vi 0
1100 1 —=21 00 0 Vi 0
=/ 0 0 0 1 —21 0 0 Ve |=| 0| . ... (5)
h : .. : :
0 0 0 0 1 -2 1 0| v,
0 0 0 0 0 1 —2 1 v 0
N
St FAX ZHO s V=0, Vy= Vel 2HIt AstH, 0 ZHS 012560 Al

(5)E CS2 4l (6) 20l HEE = AL,

~2 1 0 0 00 0 Vi -7 0
1 -2 1 0 00 0 Vy 0 0
0 1 —2 1 00 0 Vs 0 0
0 0 1 —2 10 0 V, |=| 0 |=| 0 | . ... (6)
0 0 0 01-2 1 Vy 0 0
000 0 0 0 1 =2J y,, —Vy .

MetA Vel 2Atd = A (B)0IM =52 0IRHE ol A

=y [g & UL

02
14
it
09
I
=
I
ol
0
l
ES

3. U&

(1) a=1, V=22l Z=0 U & (1)S =2 21 ZUE JelA.

(2) d=1, V=2, N=10Q) ZB<=2 Al (1)0l L&t 2AHE REXNEYEE 018t 21 Z2ME 1

2lAlL.

(3) d=1, v=2, N=20Q1 B Al (1)0l CH8t 2AGHE REAH=HS 0185t 211 2UE 1
clAlL.

(4) (1), (2), (3)2 20l HME XHOIDF A=It? 1 0IKRE EYSHAIL.

1)

0
H0
rar

[1] Matthew N. O. Sadiku, Mumerical Techniques in Electromagnetics, CRC Press, 2001.

[2] Laurene N. Fausett, Aop/ied Numerical Analysis using MATLAB, Prentice Hall, 1999.

55



o
>
MHT
%
It

2XHR Laplace $& A |

Ol=et Bt= HAHOI 2foff 2Xt& Laplace ZEAS| 2 Atol

]

y )
Internal Grids
Ny //
4 )
Ny=1 - Ax
7Y Vi j+1
i Ay i
\ 4 Vi-1,j Vi,j Vi,
2 Vi,}—1
1
_ J
0 1 2 Nx—1 Nx X

rr
0f
S

[@]]]



IJ
o
=
m
rlo
1
Pe
2
Q
ol
L=
30
ro
_>'|_|
Al
0%
o
=)
0l
o
—
Qo
=i
QO
(@}
D
o
0!
Iz
1o
ru
>
%
I
4
ol
S
40

oAM= 08 12 8 22 &2 Z2A X2 H&olior stCh. Og 228 201 AX AtolS 2t
A0l Az, Ayl B2 x5 &) y= &€& AN =€ 22 N,+1, N,+10I2t of

+ Y
g, =St 2et 0K == ZHX 20 2lof 801 F0H& AR AXNE M

o] ZLete0f Q= (Nr—l) . (N—l)]ij S},

Y

JIJF R HHARECEH. 0ldst Ol =0 BF= AHIAHO 218t 2 AMGH HIAHO| LB O Z A}
=L
Ofchel &l (1)2 O 19 X0l oHEol= 2XR 9 Laplace 2A AI0|LC.

Al (1)2 Laplace ZFACZRH 1Y SEXNEZHUHMLA OIEIIXZ A (2)2 22 2%

Viper=2Vig+ Viyy _

CSRERAES N =0 (2)
(Az)? (Ay)?
RTE REXE YHFAS v, 0 5H0 H2152 orel Al (3)B 20l DM & & U

5]

- (Ay)QVi+1,j+ (Ay)QVifl,j"i_ (Ax)QVi,j+l + (Ax)QVi,jfl
g 21207+ (A9

Al (3)S BI2XMOZ HASOZM Laplace & A

1o
ru
>
ol
(]
rx
I
1
10
tu
4
e
1
$2
]

3. 1
(1) O 19 X0l CHotol Ofe X249 A 4l (3)
= HAH(13], 103, 10031, 100031)22 i AHsH
Vy=2, V;=0, a=3, b=2, N,=60, N,=40

N
b
[
i
IJ
o
=
0

59



60

(2) Vy=2, V4=0, a=3, b=2, N,=30, N,=20 ¢ Z0il CiahAl (1)BiS

(3) (1), (2)2 ZU= 10003 Er= AHAgts &=z IJtEstn 2

Al
3,--,1003/ 0l CHOtO! QXS R (Ver)E ofeHel Aoz AHAGHD 2t

iter
(X HAAl BHHE W)
Vier R Oilak SOE AT 0L jOINS KAt

Vime s 2Tt 0L M el 01T &3H(10008] B X 4H3t)

| I/Zzzer_ Vtrjue |

V(%= <100
J Vzt/
. 1 Nz—1Ny—1 ‘
iter(%): (szl) . (Nyfl) 7; ]:le Vi,]

MATLAB err
“CODE mean(mean(VM )

BHSGHAIR
gt Al S 1,2,
ZME JelA.

(4) O8 3 22 FX9 Striplinell CH3t0 Ot 22 22401 =HITS M

H BEEE KREXEY 2= AHLH(1E, 103, 1008, 10008)2=2 AHtctn ZUE el

A2,
a _ _ _
t5 =0, V(z,0)=V(z,b)=0
a=8, b=2, W=2 N,=160, Ny=40
T R Y

& 3. StriplineQ ¢HE

_ o=

DI- _Ij_ o d

[1] David K. Cheng, Fiel/d and Wave Electromagnetics, Addison wesley, 1989.

[2] David M. Pozar, Microwave Engineering, John wiley & sons, INC.,

1998.



il

io)

IH

of

0l

9| oll& = (analytic) @l

TN

H =22l (separation of variables)S AIE56t 2tEctA

J
ol

un

},

A
=]

99|

ol
=]

tEE M, 0l

o
[u)

H Al

0

Fef0l o

I(partial differential equation)

012 Ho|
Ol=2da

5

JiE
[

2.

C®, HXHhomogeneous)

=
=

OF

Ol CHoHAM &

RS-

S
[ud

AD

un
<+

ol

S

[—
[a—

PN

=
e

el BAHA

tCE.

2 8t

4 Hl (boundary) 2t

S FAXZA0I2t] ST

=
=

oF

oAl =

Cte =g ==0ll CH

i)
D

i

20
o7

ol
ol

©®, Olejst 2

SAHOA 2

-

;
!

FO X

gt 3t0l 022

(homogeneous boundary condition)0l2t &tCh.

3 A0l A 2l

o

Ol XX+ ZAHZ22 GlOIC

|

(=}

=

—

[a—

2| 0I=280l 022 =0iXl

St
=]

2

Rl

b

o)

i

b

ez SRE

Ct.

X
—

22X
0l =0

=
BA

|Dl—

9]

Gl 20104,
VIV

7]

—

[—

5t
W, 7i-VV

0

=

4
W aV+b

ol CH
[¢)

—

MNIE of
n

o]
[

o HH
A= a,boil Of

Jl(electrostatic)
Al

S
—

e N

A
o

8y
Dirichlet
Neumann
Mixed

A

}

e

o3
<+
i
Ol
<l
RO
0
<

i

62



Ju

R
1|
HF
O
<l
RO

A g
- o

ct2ct

ol

t

HAl 2X

s

He-=2Ccl8S 02

[

J
aU

i

==
1o

[

Al

| Xt 2

ol
<
&0
10
IH

PSS

},

<0
o
o8

U

oI

clOol &OK W&

It
’

&

by

(4) OIXIZ222 HIMXE 2

63



2XHE A HEAHOMAM ctSatA ZHAS 0|

H

1 =S
|

2AHE HUHMEAHOA cAScts S SUHA &I 22HM2 A8 H ol
oHE MATLAB2Z &tQISHCY.

i
ne
K
ne
ro

2. Zw HIAHUAL ctSctA LEAQ Z0

A HEAHUA 2XHE 3L FEA2

Ol SICH BA22/E2 0250 12 2560 fAdh V(L) =XXNY(V) 2 =0, #H#2 &

clel HEHSl GHE JHEGHD e A (1-1)0 20iA Zelote

1d’x _1dY

X dx’ Y ady’ (1-2)
O ECh Ol Of & (1-2)0IA Fei2 x0io] 84010 282 Yoro #0122, A (1-2)

1dx _ 1d 1
X dx’ Y &’ (1-3)
O HOIFCH [MetM 2Xt8 etZetA SRAIS xust Vuso € JHo AfEeFAC
2 =290
d’x
o K=o (1-4)
d’y
>+ AY =0
dy (1-5)

0ioIA K= \/ E P ote, Ao gtoll tiSale A2 A (1-4), (1-52 o, = =2/l
= H 22 2.



oy
= e
wvn | A
.| 8|83
| &=
= QT
/vmw,++
Sl e
=g
E|'®
Ska
©)
g2
v | wn
o | ©
| ©| o
SRS
= + | +
=
|| E L
E| =
v | .=
| @»
<
<|o|+

3)

(1-4), 4 (1-5)¢]

= Al
— 1

B gel ghol w

U
_

Il
OF
R0

oJ

JJ

20l A OF

i
e

LHEHLH 1,

| KXt S A

<]

Ju

JU
Ak

oI
<l

KO
0

|
i

00
0

o

Al

| KX

ol
100
10

3

|.

gtk Y

=
[—

o

s Y(¥)= 2=t o moy ®A

> X, ()Y, (»)

Vi(x,y)

(6) DAl 2E HMX ZA

Z=Xo DAPN

Ol Xl

il

Ju
9]
Kir

oJ

ol
&Y

n

Ki
R0
KJ
Kt

1

==
1o

Hin

o)

65



66

3. OlA

J8 10 =& 222 1 Ot =& BAHXHS 2160

y 3
V=001
V=F b
¥ =
- a x

091 2R A4 Px

=M (a) : V(x0=0 V(x,b)=0

=21 () : VO, )=V, V(a,y)=0

() Ha221Me 0I125t0, 9 W Ml (potential) V(X,¥) of 24(series) 2 7

(L) MATLABZ O0I&%tH F0& FAUMN SH

0l

2

=

|82 Oe2lAl2. (contour EE0 018)

_?__
M, S&EAL2 JH+== 100H2 otd, 5= oll0lA Cot= 00l Otel &2 Ji=== 504

o

stod, a=3(m), b=2m) V,=10V) o g2 olgsiCt.



S ZAZA

o
N
rr
[=)
(=}
LU
HU
|>
im M
i
U
o
I
o
|'D
(=}
[l
oY
X
P
Y
o
=}
ol
to
my
=}
M
=}
p<l
w]

Yt
W £,E,
b - L3
* -
[/ d X
2 2
a9 2 mlolaRA~EY gele] v
dAETA (a) : V(_a/zaJ’):O, V(a/zaJ/):O
2AAHEAH (o) : V(x0)=0 V(x,b)=0
AAEA () : V(uy)e —a/2<x<al/2, 0Sy<boA &=(continuous)
C/m> fi <W/2
pebizy=] £ forl
0(C/m*) for W =|x|>W/2
(1) HA22182 0I825101, ¥ W mg V(Yo 22 12 A, 2HE =

(2) MATLABZ 0I85t0d Sd&E DelAl. 0l I, S&EAHe = 1002 &t2,

22 GOIA Clats 00 OfLl &9 JH2as= 5002 &t0, a=6(mm) b=2(mm),

= T

W=2(mm) p=WuC/m®) & =250 gt=2 0|8}

67



(3) zLEO2 A0l & AMMAIEAS S= HE FOIAIR. zELEC=2 20 &
HIMAEA(F/m)S A5, 21201 & Molzgds MAUZ LSFUHFH &0 (9

ze V(0,6/2)-0=V(0,b/2) o 54 25HCEH)

(4) 2H Q)M 22 22 2 JIND 02 D=2 2H6tAle. o, a=6(mm)

b=2(mm) W=2mm) p=WuC/m") & =250 g2 o|gsH}.

50 100 150 200 250 300

(5) 2 EHE 2 Wl ZHZAH ()M AEEY A9 AL 2ot SZEECHD IHE
otAUCH ekt AMZE AEE 20AM A0t 2EoHH =XNEH, AEERA0AM Aokt
T 2otH EEotA= =0 0 Mo, 24M=Z= Hot=2JF HEAH & HelX Mol

tH
2 NMoI2EE 01800 €2 HMAIEAL S HIWHEAR. H: A

>

O &Xel gtol O Jtt2ot? of SHel F<, &Ne S2Z0l & HIWAIEAS gt

ro

C=130pF/m m=zoit,



2XE =2 HEHOUAN 2iEetA gt A9l Z0|
1. 2=
OXE 2 MEHOUAM 2HE2tA HAFAS ZoiH BEI| 2HC HAN 2 9D, 22 o
= MATLABO 2 =QI5HC}.
2. = ZEHUHANG 2tEctA gH A9l =0
2 MEHONA 2K 2EtA YHAS
1o oV, 10V
——(r—)+—5—5=0
ror  or  r-og¢ (2-1)

clEl SEQ SHE JtEStD Jcehel & (2-1)0 €A Heldt
l,,Z(dzR ld_R)__Ldz(I)
R dar* v dr o a’¢2 (2-2)

O EICH Ol M Al (2-2)0lA FHHE rOro| 840D 2H2 P00 &20/22, Al (2-2)
o 2 reot POl RS A2IF TOOF BICH Metd 2elasZ2 A2t ot

l,ﬂ(dz_R ld_R) 1 d’® -
R dr* rdr @ d¢’ (2-3)

O SOIRICH Wetd 2xtg etZetA SFAlS persr) fursto] & Do AQEYHAIC

2 =22|=tt
d*R  dR
2
+r—AR=0
7 dr (2-4)
2
0
d > +AD=0
¢ (2-5)
NOISSRA (2-4)= QU LHAR R2CH 0IIA K= \/73 b, Ao 20l THE

ole HOI22EA (2-4), (2-5)2 of, = 2clols & 32 2Lt



70

2 R, (r) @, ($)
AyInr+ B, Cp+D,

+ Ar*+Br™ C,sink¢+ D, cosk¢

- E, sin(klnr)+F, cos(kInr) G, sinhk¢+ H, cosh k¢

E 3 R gol w4

(2-4), 2 (2-5)¢] 3}




3. OlA

8 30 =& 222 1 Ot =& BAHXHS 2180

e
p— a
a9 3 A vy

AHEAH (@) : V(@,0)=V(r,7)=0

20z (o) ¢ V(O.9)= finite V(ag)=V,

g 125101, 9o Lo &9 V(r@d)o 22 g2 26IAL

HL
o
o

(1) B

(2) MATLABE 0I&3%t0 S&ERIMS DelAl2. 0 [,

== o0l Gdt= 00l Ot &2 JH+== 50HE otH,

=T

HE gas sof (L) BENN SEMS D0

—

ro

U=l

o



72

rr
!

0
kA
RS

M0
>

o

4

|
ol

0

K

]

=

[N
=

ol

H&l

=t

=
A2, 1 Oteiel BAHAXZAHS M2AstCh BAHAEA

ZO0A 20 20l HldlchA sttt JtE S SHALCH

a4 4 dFe o

()N =801 8t

a9y 5 AAZRA (0o 19

: V(r, @)=V (r,¢+2mrm), m=1,2,3...
- V(0,9) = finite
&(ﬁ 0<¢g<c
c
Vib,¢)=1 V, c<¢p<m—c
—&¢+&7z T—c<¢<rm
c c
V(b,§) ==V (b,—9) -T<$p<0
Vib,d)
Vol ¢
/!
—F+e — || | Nz
- ll", f c T—c u‘ﬁ
I"ul ”
\ / |



2(mm)

b

tOH,

SHAL2 == 10
o

50042

00l

t=

0

HOLA O

0l

otll, ==

==

(2) MATLABS 0I25t r<2b0iM SHESS D2IAIL. 0 O,

H

J

e sas =5 (5,Y) oA

0

cC
4

StCt.

%S 0|88

Vo=1V) o

c=xn/10,

HIHAIBEA(F /m)2 35t

&= el

StCt.

otod =+

It

-

S
=

[
=rLr=

f

&5

o o, SHOIA

SIS

|
ol
ni0
I1e)
<]

.

00

nl

ok
0J

73

300

tAl2. el

250

200

150

100

50

(3)0ll A
HIHAIEI A

M

[
[

D ce—>022 2 WMol AMAME AL S FoHAIL.

(4)




OlA Jtate 2 J1

AR

—

[—

t

[9)

PN}

(Finite Element Method)2 JH&
o)

L=

s

=

S

HIOE JIHRAZS A
0l S8t @AH(Finite Element Method)OICH.

s ]
=
H

=)
=

HHARSZ JIA

=0l CHol A

9]

ulo

Ho
Kl

a3l

w0

)
0
%0
i

<
ol

CHt

HotA2H 60 NASAZS

Ol FE &

=
N

H

0
JI=et HA

2%

ol

ot

ol Bl

KJ
o

H

b

hug

T

o
OF

by

N

ol
U]
KA

TH
o)
ol
~

-+

KO

ol

N

B{
ol

S

ol
bl
<4
0z}
10

ok

<
K0
10

160
«

o

o)

=0l Ot

[—

[—

OOIM "28H(finite)"ct

2 0ICH.

[—

[—

of &4 ot

= 7ol &€ I M0l B

| Z2(infinitesimal) @Act=

=

gF & Al
o o M
RetRAHz2 REOHH A

HEOol THoF &= 20|},
H2tst2=(shape function)e JHE

DEAHUHKXL 2242 I

I

0l
0

o)
o
Kt

Kk

i
<+
sl

J

FO XS

110
x
IS

d

LHOIl A ol

FOd 2 AH(approximation)ottd =

0 Uh=01 Jt2

QA

=
u—

Ol
<l
RO
%0
<+

k0

by

g AH

U
o)

fll
<+

==
o

d

e &k

of 4

0

=

=]

- RK

ol
na

[0

-/
—

[—

X

12,2881 220 A
Ehen;

3.141592652]

JT

3

o
ueid

FE 3,072)42 S2tA <

2|

=)
=

= e =
RLAE SES

L Ads2
HXAH LD 2 H A

s

3.1416
b 7 X2l DHX

Ct
ot 1
3.14159262]
=0l

Blw

20|

t

o
il

I fe

JT

o
<l

)]

L
i

Al
010

3

Olet &0l 2t=0

PRGOS +=413tE of0{0F &Lt

g (Continuity) 2

A
(=]

s
Bl

(Completeness), &

-
1o

oD
RF

U
0
L
<l
RO
0
B0
L

4

-

Al

KJ

JHE Ol CH.

—

[—

tCH

et

S

—

=

=

of

0

Al O
o =

A&

line, surface, volumeZ2l
surface element,
Ct.

Oll A
line element,

2t

T el
& =

4l (continum) 0| 22

A
AL

0l
<0

xr

==
1o

ulJ
01

volume
o

Metd 2ALHOIA S

F

[y

Is)

Xl
tAIZ4 OF

il
)

ez 0l

(nodal point)

of BF

A

o

2
[=]

A

(dimension)S



o3
&

ioll
70

0l
<l
K0
10

i0)
)]

A L0l

20l

24 WHOA HeILE

el

H4 01l A 2

0

Hge=z2 A=

00

e}

o0

&l

Ol
L]
i
B)

X
ol

al
110
&)

RO

o)

ol
It
.._AH

Ok
il

o
o)

01 X<

tAl =G

110

ol
RE
i
=
<]
<
od

U

0l

2 ots AOICH

Ll

i computerel =22

Jl 2Id

180

<+
ioll
_L

o)
ol

o
&0

ol
<4
0z}
0

Ok
JJ

o]

HEcs AR

ot 2

FeRAYAM
SAUHNAM 242 A

X Al
(=R

Sel,|

X~ 3
=

=
=

ULH.

i0)

10y

<4
od

B!
&3
Ul

ol
0
oF
ol
ol

ol

o1
0
wor
&0

T

Jif3]
Ik

Ul
if3]
H

0l
L
i0)
)]

il
4
ol

ar

ol
xr

o

i)

Ok

Clough,

Turner,

H '
= T

fqe '3 Dl

21

fun
D]
<l
[

I+

0l
n0

0l

o8
x

0l
D

ol

or

N2 =2
o= =

2|

=

o

GIlA

Al Turners S22 ASl JIAHE:EM) 2

[

=
—

Martin, Topps S<

]
ol
Ho

ol

Ho
00

16t UJLD, Martin AlIHE 2

ol
all
U

Ie]

=2 o

ANEC

)
—

1960& 0l 2

o
e

[0

1960E Ol

—

[—

.

=& 1
o A

[¢]

= =
- T

Ol (H
O AN & == OIIFE OIC

| ArgyrisOil CH

=

(=]

ol AHEEIALCEH

[ S
[

0l Clough®l 0l

=
=)

OFJF OFLIZII0I, Ol
b, Lt

[m]
[uil}

PO

H

°| R. D. Cooklls=E =&t 0l

r

=
=

& &, Wisconsin O

b

Bl

UL,
=0[ =

=2

gdcl &3
0101 0ol

—

[—

= M2l
194730l

=

ot

RO
0l

03

-
1o

A0 CH

F

19434 0l

i0J

Ok
!

o4 210l

Ct.

pm

il

A
&H, 2 OtoICIof

i

FAL

=

CHo

HA,

Schttt st

=

H

=3 Xt R.Courant0l

=
[—

a]
110
ol

Kl
_Jn_

01 0{ &0,

xS

0l

=
=

(4

&R

0O O|
= =

=

o

HCH.

AN

ol

Ct OI&0lE =X

il
H =2 0IC.

o
—

sy

|.

A
S

— g_\
+

g
=

=

Courant
[ =0l

J

Ct.

un

ol
Kl
oll

ok

-
1o

0l

Ol
O
Kd

i0J

Hr
1

m
i
ol
bl
<
ol
i0J

Ok



| ofst

o SHConti
tinuum Mecha

niCS)t:n

=0t

X

A
4=
=

sto) o

5 0 8
gy & GG E
.Mﬂ___._omapmu ﬂm_._._oﬁ|
+ 0 & SR
— 00 oll
ﬁvuE |Eo - K X
= o < OMLQE < |
acwm ﬂlw,H = 3 S
o L) ammmm o ® O LT
M:.m__@ _#W__Rmtﬂ H.&_W_ o 8 i
o____=_ gn B .A_j RN ok Hr nU H = &0
m_ﬁ_wmﬂ %g_@nam qlm 2 = 4
Y = A U oT © & R —
Il._m%._m@ﬂ_ D_.._Dﬂ_.,_u&Mjl_“_ @.c..o__o___ sz __._Fo
=Wt K kim|ﬁ. o 035 s ol
%0 B t Rl i0J = o3 W < b Era ~
_ ° I ol mromumra = mo: |_|_.||~ .C_.E ol _
= zr @ zoOa_.dum s D o
> D g ar f0 = 7 Ol —
E%M_# ENI%W mzmloo____ o R =
Ton W W ,WE%EE o O HE 30 = W |3 =AF
S4B S = = i g o RO M o il il ||l
L E i 500 :I.&.u_ur_ o i o ||
=522 @oﬂﬁ 55 R’ S Jg & I L il
oD wr W ot WS T o : =
. WS o W.T.mﬂmo_ :%Dr of < Al +E+m_.+¢ ol il T
B < W = K 3l aK e ol 5y = = L -
@ 20" =D 3?5 ® 3 0 7| 4] ! E._,a..,% = I
bl 0 Em_x w T — = o3 5 A e _
= il m w_._ _u__ - m..v_ 00 = ) _.u__.w %._ _AO ‘ AE __o + A z ||fé
28l T N I - ARG I A
= o __%ﬁﬂr. ml_m e T 0
JUJ RI i mv_._._ i6) <0 Rl WM ) ._m\_ W_U <k mo ioJ %: N Dﬁ U Avu
o W 0 X 50 W = z S0 30 a7 =1 O %0 )E
zo:.m_T__A_o o|.+m___¢o|,a_ o_ol,”m 5 A S
Hm%ﬁ o = _ ol 5 © _ = Al
A._@OJu Oo_O__84 ..hOL. X oy =
EOEH 93%7%5 %3 =5 7 il
- " © +~Im|on__ W__ao A._Lx M
TS m x ~ ioJ = o] o o3 ok & han =
=3 E oﬁ%__d___wf R 5 Y = *
5° 58 n = S 5 = B2 B %o o
= s U HEMWME oo M OﬂlMl_L o1 =
o R = S Y= R o oF =
=D ﬂw&&%% @.“_Mo.} o_mA_. = e o
03 % K = Io 0] 1 0 ar PR 4 MM 9 xoo
M © oE U 1l ol ol = nl i
160 0 X0 |TMNDE m.ru_ . ﬂs
Ok 0 o N iioJ E) [
| ™ o] b
= = OF o4 0Ol i
= n . ol O ar
aJ ,_.Aﬂ
ki




i
=

o
1

tHaol &

off 4

A=

0

D RERA HAE 9

| (preprocessor)

St
=L

ta=Hel Jlst

XA 2
e T

Ol <~

2 3 (preprocessor)0| Ct.

010 EXel &=

E9

EAgES

GRS

Ul

oll
Bl
(m

ol
<0
0

Rr

t

[¢]

ot HAHGHH CAD GIOIEIZRE DI

H

o

=1

I =eteaold2 90%01a

o)

KJ
o
0

ol
X

e}

00

o
o

EX

&I
ior
Ho

ol

T2

dxel

Ol 4

A A (solution)

i0J

S

(V]

Rr
KU
<A

-

fll

Ia

ol
ulo

A3
0
IR
Y
Kd
Kl
e}

*

ol

0
ull
0
d

I+
0l

il

-

00

.

mll
ol

ol

o

RO

I

et EOLElH SOLVER

g0l

SOLVERS]

=
[—

ot

= ATZE/NY

oJ
Rl

o)

' oF

0

Ol

OH
180

HIE&ESZ Lt

Mol g0 et &4

o 9
= O

1o
o
Ll

<]

2.3 o2 Sxel(Postprocessing) :

JH
7o)
i
=

=X
=

HA AXILIDE Z

0l

AIXILI O Ot
=
T2 80 XILHA

=04

=20t0

of

g2 AXILI It

|.

X
o

N

s

= Xlcl

=
T

(postprocessor)0| Ct.

<0

0

ol
A

J

@=0

T2

Xel

2 |84 WIIX

HOF & =XO0IH

tto

t

El]

O 26

PSS
(==

SOLVEROI A

=

al

JLES
O

12|
=}

=

=]

o 2

=

=

1+
P

[u]

Ol Ct.

o XA

i
4

2

t

ioJ

ZgE 2H0 =0 U

0

180

tHlE T

ﬂ
iofl

H2Z =l 010

1o

==

24

Al

o
[

JU

<+
ioll

~

2

(constitutive equation)2 2

==
o

60
«

HEEAIRZFOI XIUXIA A22EC=s d0ICH

[—

[—

HOA 22420t 0t THOl

U

=il

(o]

A
o)

3

4,

oll

oJ
m

ol

K

=24 (incremental load method)t

g=2ce=z

o]
ol
KiJ

KIr

F19 g L.

1o

}

2 E}
(tangential stiffness matrix)2l

Jn

i0J

Ho
ol

)

ol
il

-

10
JJ

RK

i

3



i
K

’M
ol

AL
e

MekAd

Hol= -1 stAHIE&= XL OH&AOICH

=

<k
oll
fal

=
0l
RT
i
un
ot

7o)
Al

-
1o

e}

20|

o)

-

nr
20

B
o3

0l
w8

Jl
)
00
Rr

Uk
™

=

OH
180

NS

™=

J
03

off dEGHAZ0F0A &0l HED

il
i

0t

ioll

==
o

Rr
T

Ju
S

KO
iy

i
H
or
&0

i
<q
o

Ol
Rr

RO

S SLHOIAM At
2 p—method, h—-method,

W

JH(error estimation)2 =504

=

Xt

oJ
Rr
R0
JI

ol

oJ

83
110
ioll
I

=)

5]
oll
IH

i
<

ol
Ho

K

Rr

o)

(IN

r-method2l

5
|}|
Kt
ol

J

i
3+
K

ol
<
o0
oF
3l

w
RO

[
g

hug

o QXL AL

=
— =

0l, r-method

_lu_

o,

oll
ol
Rr
)

2%
ol M 2

o
[

g=

g
o

[RION

F

=
=

K= SHUAS 0l

OlsAIZl= &-EOICH

=
=

o AX

X0
0
<

A

_JI’
1oy
RI
K:

P

q

=

ni;

~J

HI&EA

A0

E.OI
= —

W0 2
|2 0

tI1

1o

FO4 OF
(convergence)0l SH=Z <A =C

110

0k

o
Kio

0l
0l
o
=
)
0

¥

(o]
[

et

AE codelfl& 0|2

| &

o

F

o2
(i}

b

EN

U
<q
o

o)

HlA= O SHIt

01 oA AIZte

P21 [
A= truss, beam, plane, plate, shell,

ol

solid £

£ gap element, rigid element, axisymmetric element

&l
—

STHMERI JR &

0l UCH

=
[=)

<

Uiy

By

Rr

MOt

=
[

|2 0l0F O

e

Al & Al(locking phenomena)=2 M JF &1 26H0

o)
%0

od

JI
e}
o0
IH

un

310l gap elementOICt. &=&X

= 0|
/|

e

El

ol
Ul
o

i0J

uir

ol
ulo

4
ol

i0)

i

e

, box channel 22 24X

= A
= T

Ml(large boundary problem)S

=
[

1l e S22 WA

AHHIOF LHIHG

=]
=

S TEN

S
ef

o
TT

JUJ
110

tO4 OF

1o

JijS

0l
iofl
IH

<q
o

0l

o)

[

ol
wl

-
1o

oJ
Rr

nJ

.

oJ

o

P
=]

=3 e
= —

<
o

W

OotAHl OIFUXLD UA22=2 Olo

=)
Eall
<
o
o)

ok

nJ
"

=
=

H A (Boundary Element Method)S

F

S
[ust}

Sty
=1

&0t

JICHOF AL

orelofn =

=

b 249

KD

Hiel

[
[

O ez dHidd

oL M=

M=

=
[

KHAI ]

ioll

i0)

RO



st A= 2HE= 2HO0ICH MEHIHdE 2HHA 2Le SS-HEE 2HE 0l
E0ot0 oiAotAl H2H, OtR2l 288 Hldeod £Nelsl s R4S AMEGHH ol
SotRULH ottt AtES ME=sdXlel 8- ¢33 Sils E&otXl = AO0ICH WetA
Olet 22 ZHME dfdote Reta ddllsls2 ME2 240 e 32 10d
otO{0F & HOITH

FEM algorithm — Single element

= The most widely used elements are the linear node elements for which the
potential inside a triangle can be approximated with a linear polvnomial, (where
a, b, ¢ are three unknown coefficients)

Vel(x,y) = a+bx+cy

= If there is a elementitiangle) and 3 node potentialsC¥1, Y2, ¥3) are given, we
can fisure out unknown coefficients,

Ve (XY Ve(xy) = Vi(j = 1,2,3)

1 x; ¥vi]ra Vi
1 .4 2 YZ] [b:l = [Vg
1 x; ysilb V

3

1 x5 ¥ - Vi
1 x; y;
1 x5 y;

Wa (2, Y2) Wz (Xz,3) Ve y) =1 x y]

Vs




FEM algorithm — Single element (contd.)

= The total energy of the ensemble of all elements in the mesh can be
calculated as just being the sum of the energy of each of the individual

elements
W= Ew-*

FEM algorithm — Multiple elements

» We alzo need to know the procedure for adding a new element 1o
the exizting elements in the mesh

(43 (1) {12
o © o
o El Ez
(5 o (3) o o (3)

o © =]
ey (2 (2
Fig. 1 (a) Decoupled elements (b) Coupled elements




FEM algorithm — Multiple elements(contd.)

= Boundary Conditions: Y1 = %4 and Y2 = %&, and we also renumber the other node for
convenience as ¥4 = V5 after coupling,

= The decoupled potentials can be written as a column matrix, The transpose of this
matrix is

— T
V= [Vy Vo Vi Vio Ve V)
where, the subscript d means “decoupled, ™
« f the S—matrices of the two elements are [§%]= [é-'i,i](foj= 1.2.3) and

18] = |5, ;]ls. 5= 4.6.6) then the global S-matrix of the decoupled system is

the following block—diagonal sauare matrix:

(s [ol

%= o s

FEM algorithm — Multiple elements(contd.)

= WWe also infroduce the column matrix of the coupled potentials,

(V= [v}. 2. V3. 1L 17

= The boundary conditions from Fig, 1 can be written using a special rectangular coupling
mafrix. In this case. we obtain

Sm{zj +S4_4._j:j| Sz.z{u +5:.5':2:| 813(1} S (2)
SZ.I(U + Sé.4l':'l Sz.z{lj + Se.af“z'] 52.3"'1'} Se 5{2]
53,1I:'1} S;,_" (1) 53.3 (1) 0

F%

(2) L) r::l
Satslk ) 55.6 o 0 Sa.alk

[S'-’.e}] —




FEM algorithm — Multiple elements(contd.)

MNode Mode
2 3 .1} (4] o1} (nd - -
ed D R 5P 5,17 5,00

glell = 5“_01. 5‘_‘_-;:,- 5. #1) gledh o S5 2} 55;.,;J Sae
5‘_.1 #l) 5;3":J sh‘.

5n ™Y 5,00 5,

el MNode e3

) 3 '? 5:-':5 85" 52" 5, g5\
e2 giedd = g, (430 g (e o a3} 5ledd = Sy 0id] 5::-0-1; Sas (s
50 5,000 5,09 50,9 5™ 5

Mode MNode

S11 Sis
S = Glel) 4 gie2) 4 gle3) 4 gled) —— S = - -
551 e SSS

‘ FEM algorithm — Multiple elements(contd.)

S0HACH

!

=1
=

L

S11. " Si5° o

S — E "s, E C"”A-I :’t”tl-o'” Lélﬁan_lh Suu* Sl.lk
Ss1 Sss

Tip: AHl&te] Mol 2 3l unknown nodeZE 19 nodedld RE HXIAIZ

ct,

ex) unknown: 1,2 known: 3,4.5

Suu=(sn SI:),S _('513 S14 S1.5')

521 522 wk = ~523 524 SIS-

V], = =[Slyy " [S],x V], = [FIIV],

2] Hl4FE =30 unknown node2| potentialgl & H =Ct




FEM example (3)

» Find the potential in the point 1 using the FER.

(Here, VZ = Vg =0, V.q = V5 = by)

= Solution

| VS\nny: 511(a)+511(b)+511(c)+811(d) = 4544
§Uk= [812(a)+812(b:‘, S13(b)+813(':),
o S14(C)+S14(d), S15(d)+815(a)]
= [25:: 25453 2543 2545]
o = [Vy Vs ¥y V] = [005 5]
u _Suu_1Sukvk = [2.E]

< il

S0, Wy = 25(v)

Experiment

Find the potentialzs in the points 4, 5, 9

(Here, V1 =V¥2=V¥3=V8= V11= 10V,
W6 = W7 =V10= 0V)




FDTD(Finite difference time domain) method

1. FDTD method
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min(Ax, Ay, Az)

xC,

Axs% and At= , where ¢, =3x10°m/s

geg) WEsl A7 4L FUA Al g gkel HAYAA B w9,

Feo A== FAAA 1/2 A whE oy gloer®m g HolE 8§

i+ ]=1k#1)
e Eplir1 j+iakr]
o+ =t us1]) -~ —— L

s

= -
- = - — M.
T o — fi®1,jke1)
il Hafi+ bk = i

— - It
e - EsiieNfEsT)
Eviljetiksti =

| T |
| | j Exil+1.Lk="]
—~
Ea=0 e ) - I al-
Ll Ll b — _'_r_ - Hyfie ki ju+id)
l o b 4| _\_*H_, r

(A [NALEd )

. |
I |
— " jis
TR | EmiE4.-1 fi=1,j.k) .
YT T ) -
- ¥ e
liK} T

1% 1 FDTD cell



2. 1 2k FDTD method

E 1 oH 1
ot g, ot H,
—E, and HRF 31
E2(K)—E V2 (k) 1 H"(k+1/2)—H,"(k-1/2)
At & AX
H,"™ (k +1/2)—H "(k+1/2) 1 EMP(k+D)-E"*(K)

AX
A4 o] & 9 OHE—>/ Ei

En+1/2 (k) En—1/2 (k)
v €oto Az
n+ n 1 At n+ n+
HI*(k+1/2)=H](k+1/2) - — (B (k+1)—HJ™(K))

Vot Az

n+1/2 _ &n-12 1 n n
EMY2(k) = E” (k)——(Hy(k+1/2)—Hy(k—1/2)) N
2¢,

(H (k+1/2)—H](k-1/2))

H)"(k+1/2)=H)(k+1/2) - (E“+1’2(k+1) H“+1’2(k))

Qo] ZItE MATLAB code2 HFRLH,

ex[k] = ex[k] + 0.5 * ( hy[k=1] — hy[k] );
hy[k] = hy[k] + 0.5 * (ex[k] — ex[k+11);



3. Wave propagation

— Free space

— Dielectric material

Transmission

Epsilon=4



4. MATLAB code ( free space)

clc; clear;
SIZE = 200; % total cell size

ex = zeros(1l, SIZE); % Ex-Ffield array
hy = zeros(1, SIZE); % Hy-field array

nsteps = 1; % the number of time step for iteration
T = 0; % total time step

inc_pos = SIZE/2; % the position of gaussian pulse source
t0 = 40; spread = 12; % parameters for gaussian pulse source

while( nsteps > 0 )
nsteps = INpPut("NSTEPS -> ");

for m = l:nsteps
T=T+ 1;

% Calculate the Ex field
for k = 2:SIZE

ex(k) = ex(k) + 0.5 * ( hy(k-1) - hy(k));
end

% Put a Gaussian pulse iInt the middle
pulse = exp( -0.5 * ((t0 - T) / spread)™2);
ex(inc_pos) = pulse;

% Calculate the Hy field
for k = 1:S1ZE-1
hy(k) = hy(k) + 0.5 * (ex(k) - ex(k+l));

end
end
T
subplot(2,1,1); plot(ex); title("Ex"); axis([5 SIZE -1.2 1.2]);
subplot(2,1,2); plot(hy); title("Hy"); axis([5 SIZE -1.2 1.2]);

end
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3. ZdntE 2ot

A _bldFeB 32 MGOs
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2 AII' 9—' Property % H._:‘?Dd Properties for selected block
-> OK Blocktype  [&ir =
gote 22 Y=ot

Mesh size _
AH= mesh M A 2 sl | —|>®et Triangle Ehoose Mesh Size

— o

In Circuit <Mone> -
Mumber of —
Tums
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Direction
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-

2 upyEch Gancel

o
T
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AT E2

0
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Z 1t AbM|5] 27

Flux &tekS Ee{H?

0!

Mirctor Plot Typa

e’

BE ME5t10 OKE +2H
flux2l 2&kol EAlIE.

|#]¢ == BB |EE

2l
=

B eLFEM b westans |
Furscty

Z 1t AbM|5] 27

Z1E plot 22 E2{H?

N mal flux den
Bt (Tangential flux density)
IHI (Magnitude of field intensity)
H.n (Mormal field intensity)

H,t (Tangential field intensity)
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NAE g B B0 SN 2D, fuxdl B SVE + U= LS BEO
=01, flux REND} O{EH 27HR?
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Eile Edit View Poblem Grd Operston Properiss Mesh Analysiz Help
o7 nlol®l m_[ele #=]Djae]t] 4]+
ot g
ah19 Steel
—
alidF 48 32 MGOe
[ 41
M1 Steal
e 700y11.9400) %

CHE of &|

XA S| magnetization direction 0l Z&GHN, flux It metal & et S22 £ & &
Properties for selected block x|
Blocktype  [MdFeB 2 MGOe  ~|
Meshsize (02

[ Let Triangle choose Mesh Size O
In Circuit <Mone> = . . . . .
MNurnber of W19 Steel
Tumns ' ) ) “ =
Magnetization|
Direction
mEmm - NoRdE 32 MaDe

Cancel

. ght19 Steel
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CHE of &|

TS0 A 2ot fluxIt H2l steel2 et &2

N USLICH BHXIOF steel @22 o2hm A D USHR,
0l N 2 leakage fluxetll £ELICEH
| ”HD Steel0] Z0/= 222 & AP HIZE DL}
o= FUHOIA fluxdt B0l LIS B 4 A=LITH
012 or=0| HIZZS S W0t 20(7F 2|
=) W20l HEO0l HOLHA 9% 0= fluxdl B0l B2l
QLT

N

GIME 20101 Iah J2ICt BLI 0] B2H0| X0l Abal LU 5]
St= 2001 5 O M=st o0l SLIC
S= SHOl et CHEH 2ZE 2001 XIS...

HAtA 2 2HS01F7] flet ™

1. Material properties Of|
& o|sto] AL St 2 o,




* Material properties ol Al A 2 Ct2 gake| M F UL E JHX|+= copper £

Ho|5tof ALSste WY

1. Properties > Materials

Block Property &|
EH 1
2' Add Property A'j - Name copper_inid
B-H Cafrve [Linear B-H Relationship |

near Material Properties
Felative s, 1 Fielative gz, 1
Py deg T Py, dem |0

Monlinear Material Properties

¢hma><,deg
O|&2 Y5 % (dl:copper_in10)

; = Coercivity Electrical Conductivity
Source current density2| real# &0l O R o . Mg/m
o =
‘102 = Source Current j
[T, Ma/me2 | [&0 +j [0 |

Special Attibutes: Lamination & Wire Type
Zte ditHo =z o o= [Not laminated or stranded |
d= LE 22 copper_outlo= 2=,

Lam thickness. Lamn fill factor
HRLUT gloll 102 Eoi&.

Number of Strand dia, mm

Cancel

HEH

« Copperdll 22 ®& MFE circuit =22 Mo o

W=

ol
rir

1. 8F7t S & FE2| material € copper 2 &4
2. Properties - Circuits olA, 8 F 37| & 2| (+10, -10)

Property Definition

Circuit Property.

Property Name

Mamne [+10
~ Parallal Circuit Current, Amps
Rk [1o +j [0
w Serfes
Cancel

Blacktype  [Copper ]
Mesh size o1
™ Let Trianale choose Mesh Size

Bamen
In Giroug ]
=
l 0K Cancel
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Eopper_ nll Epper_uuﬂo

MAHE o] =2
E’z 9.9, - — — —
“ 47r8Ra21 . F= d. E E=-VWV

’ Charge } ********* { Electric Force } *********** *****************

D=¢E

) S— V o D = p(r) -] Electric Flux Density |
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o MI|ES slifAste{m?
FEMM 4.0 - File > New - Electrostatics Problem

& Magnetics ProblemZ} H| weh i E2tzxl =272

iy é

Operation = Properies  Mesh  Analysis Operation = Properties  Mesh  Analysis

| |g|@ Materialz &=l |@'|‘c§t Materials F| <

Boundary Boundary

. R Point
< Cirzuits ) o < Conductors )
. . JETETETEen

/ Materials Library R Materials Library

Current-property 24 - .. \oltage or.Charge property 2%

<Magnetics problem> <Electrostatics problem>

AH XA &

1. Dirichlet BC :  V =constan
oV

2. Neumann BD : %=Constant

3. Mixed BD : %V%Ovm:o
n

Boundary Property

Name |New Boundary ILI
I Canret l| Dirichlet BC
BC Type [Fixed }/oltage k|

’—Fixed Voltage | Mixed BC parameters

[o i Mixed BD
£y coefficient I
’—iSurface Charge Density“ e, coefficiant I—
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[0l X[ ]planar capacitor

=Dl B Yww Problem Gd Qoersion Brooenies Mesh Sbvsis Wndow Heb

Dla| |« zlnlole] & 1@ = =0 SIS|6|elr]x|

-ax

1V

/ modeling )
w

1V conductor

o

nax [ ¢ =] [EBke |

0V conductor

PlanuCup FEE /
T3700y=2

Fixed voltage conductor &4

Jm
0x
1o

2 M, Properties = Conductors = Add property 0l A, 2ot &
JtXl= Conductor € F=J+8tCt.

Circult Praparty = Circult Praparty =]
Name [positive Name [Negadwe
® PrescribedVemage [T ~ Prescibed ety [0
¢ Total Chargs, © ke ¢ Total Chargs, € |
=== o | I
AR E2 property &2 20 (Iine select 2> space key) Z=Jtst

conductor £ & E4SHCE.

sy

ﬂ _I_J_I_‘EI;:IJ_I!Iﬁ!_i_i_E_&Lﬁ'IENI Irl

...-

(G- Buusdary Horay -
e g s wome 1

Chase gt g 1 tide Segnin r

[ In Conguctor

[ NIEls|o|el= EBlol izl #
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Total charge conductor A

2) Metal Of total charge 20| Aol Xd US [

1C, —-1C 2 Conductor & F=DJ}&tC}.

Circuit Property
-1C Mame [positive
I  Prescribed Voltage ||
& Total Charge. C [
— Cancel

w

Circuit Property

=

Mame |Negaﬂva

% Total charge &2 ol &2,

z  Prescribed Voltage |U
depthE B &oi=H voltage It dt & Total Charge. G &
e AHE = 2 AL (Q=CV) Cancel

1¢ Properties > Conductors > Add property Ol Al,

[Test-1 : & A|] Coaxial Structure

Cheng # example 3-12 (figure 3-21)

Dielectric shell

Point Charge (2-dimension) 2 A& & 2.
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% Permanent Magnet Actuator

PP D A= 20t

i u
g [ -
(closing) ~® ® & 4l (core) Ol Rb5(flux) 244
gaxs || ™ ﬁ_ SS
= Xi1240fl 213 25 Xi(mover) OIS
/I/® I 1 ® |
3y b _
(opening) % MEO| WES HIRE BIR 0S

3 =) : Magnetization direction

g2 & as[sX(ZEESH)

o BAZHE H FAUASK(EAZTHE 022 X o™
Ao XA U Ak He A Sol| Shethx)

o Aot HHe AEHEx S JlZs I8 5 A=K

o At Htekg St FEE LIEY T

o AN EEXEZHYHE Ee 3MEE LIEHY T

o MFEEE E of=X|

o XAtAo| ghakg 13 = A=K

o offl A S HA Atol= Y s S72t2 FA=A

o M= 27|18 =8 5+ A=K

o off M dFe| &t E & & JA=X|(inch, mm, m, cm)

& Etc.




Ct22 2ol MFeters Z-™sel M, Aol 2| & fluxet M Foll 2| & flux
o| dtsko| M2 gth 7} =Ict.

ol m, M-19tH 22| flux 7} Hel 2 F MM =2

T JIX| ghH = ShUX| eHH © 2 COPPERO| M7 E S22 MASHD,
TRl MF4E Soll LIHX| SHIX| g oz &

MREMYES 1) 25t 4fS AL 22 2ol L2E A S HOolA

o

gM19 Steal

ANRFOB 52 MGy ot opper_out!l)
afopeer_nl

[2}A|-2] oa Capacitor

o Xt EHCl capacitor 2] M-S simulation diZ A.

RSB 2 AR HOH ' tom - (SuuareCap. FEE) =)
SEE] =Me =8 File EAl Mew Problm Gid Opersfon Propedes Besh Anabais Widow Heln - 5 %
Qaa si2Ct. Dl |7 slnlolel m _|ele] o olo) @lelmlelrx]
J o
7|
Fmmmm—— - -
oV

1\

[~ s ool s @l%!% L
%

1V

oV o SewuneCap FEE
o7 D5 00ye1.7200)
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| =5

[2FA]-2] (A=

CHEl =740] o2 42, Al A- MAHE 22 Z 280 2ollM
of ZHo| 1AtE Bt RHIZ S 5t EC 0] 49, Red box2 FEA|
ZHOM BAZHE H{EAH dHslloF st=X], 22|22 O BA=A

of (=™ or 22| A Q) 2lojof| CHai A MHSHAI2. =0 Test-1=
& =742 0| 8510 ZHetstA RHESHAI L.

Green box2 TA|sH 221}
Sstx, 21 Xto|e| 2l olof| cH 5l

[2+A|-3]

radius 7} a=4mm, b=10mm ¢! 5 conductor 2 0| F0{Zl o % ZI coaxial
cableo| UC}. 2| F conductor = HXI =0 1, LHF= Vo=10V 2| M| 4t
= 7|.XI [[H

= = 0

Cheng #, example4-8 & 115+ 04

1. Simulation 8 =, ®H M I graph 2 0<r<b 2|
MRAZE plot 2 JElCt.

é 2. Simulation Z 40l Al r=4mm0il A 10mm DtXI 1mm

HHOZ M gE &, =41 LSt Hlw St

1

[Hint] Grid 2 Z & U =2 tab key & HE S| ALESHC.
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123} Zo| M| S Ax|sict.
Aol 2Ye
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b2 OlEE SR SN b5 U ALS
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FEMM- Model X|£ Sy

o

]

35.85

CHR o mm
PB40
Air-Gap 6
77 15.6 77
<::> <::> 27.85
Coll Coil
(copper) (copper)
PB40
Depth=15.6
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v /4

FEMM

v /4

< Alr, Copper ; materials library ol A F7}

\/
0‘0

Materials Library

‘iLibrary Materials;

25 Air @
-2 PM Materi

#-[] Soft Magnetic Materials
=27 Solid Mon-Magnetic Conductars
A Titanium

A 316 Stainless Steel

A 304 Stainless Steel

A Copper

A Alurninurn, GORTS=

g8 Alurminumm, 1100

F- 'Copper AWE Magnet Wire
F-] 'Copper SWE Magnet Wire
#-] Copper Metric Magnet Wire

=3 Model Materials

Cancel

[ ok ]

4

PB40 : materials oA A2 =7}

Property Definition

’—F‘rnpert'_,.' MName

Delete Property

Modify Froperty




v /4

FEMM- PB40

v /4

|

Block Property

X

Mame |F‘Eh1III

B-H Curve |N|:|nlinear B-H Curve

[

—Linear Material Properdies

<=2 Nonlinear B-H curve A1EH

Relative 7 |1 Relative My i1

Phy .dea [ ¢ dea

—Monlinear Material Properties
S EdiE-H TvET =) ‘

Nonlinear B-H curve A EH

HE . -Adm |EI

—Coercivity Electrical Cnnductiuity—l "
] ’V B-H Curve Data

—Source Current Density
J Magmez |0

+j |0

—Special &tributes: Lamination & Wire Type
|N|:|t larninated or stranded

| Lam thickness, iEI Lam fill factar

Strand dia, memn

| Murnber of ID

0

B-H Curve for:
PEA0
B.

Plot B-H Curve

Log Pot B-H Curyve

Read B-H points from text file C@

Cancel

H S The 20 27| (*.txt)
SHAE A A AT &=



S=1Eg

Etest.ans - femmyiew
File Edit Zoom Miew Operation

Plot ¥-% Integrate Help
RS SR #[=[0]ge|r]8]]

grid
iz

[3 [ m| i <

Pointer&

Point mode
XS4, Y Air ol IXIs =

]
I
£
o
ro

Mouse click

Femmyiew Output

& =19 996e-007 Weber/m
[Bl =5590g-002 Tesla

! Arnpsm
Hx =-1532e+000 Amp/m
Hy =4 696e+004 Amp/m
mu_x=1,000e+000 {relative)
mu_y = 1,000e+000 {relative)
E =1 386e+003 Joules, /™3
J = 0.000e+000 Ma ™2




B FEMM-force 5% oy

File Fd El TR (o n ANiT=LF 7] (1 Faced s ] 3 L F
File Edit Zoom Mew Operation Elot 5-4

; _k_:IJ‘I ISR

[ e ol
|I|!I:.. dlz .|::||_|

&
Magnetic field energy
Hyst, and/or Laminated eddy current losses
Fesistive losses

Elock cross-section area
Total losses

Total current .
Integral of B aver block 3. Force via ...

2

e

Elock valume
Lorentz force i) » B)
Lorentz torque (r x J = B)
Magnetic field coenerg
Force wia el lress
orgque via Weighted Stress Tensor
& =9 967e-007 Weber
[Bl =5 898=-002 Tesla
Bx =-3.845-007 Tesla
By =5 898:-002 Tesla
[H| = 4,693e+004 Amp/m
Hx = -3,060e-001 &mp/m
Hy =4 693:+004 &mp/m
mu_x= 1, 000e+000 {relative}
mu_y = 1,000e+000 {relative)
E =1,384e+003 Joules/m™3

J = 0,000e+000 P& m 2

For Help. press F1 o
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8 6. RIIEez2 AZE S JHel loop

FoHel ol=s HRZE JHEGIA. dF L0l H 22X G0 S22 D& XIIE B0l 84

S 2t Bl 28t A=(magnetic flux) & 22 G0l MSHAH 220 Tetd &5 It
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H2-AtHt29 gaez2H B2 AFHC=Z [ Hldsts XS & = AN MM <
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