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D = the electric flux density (in coulombs/meter”)
p» = the volume charge density (in coulombs/meter’)
E = the electric field intensity (in volts/meter)
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H = the magnetic field intensity (in amperes/meter)
J. = the electric.current density (in amperes/meter?)
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J,» = o"H is the magnetic conductive current density (in volts/square
meter)
o* = the magnetic resistivity (in ohms/meter)
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where L is an operator (differential, integral, or integro-differential)
g is the known excitation or source:

@ is the unknown function to be determined
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where A(r) is a known function

2 s the directional derivative of @ along the outward normal to the boundary S
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where a, is a unit normal directed out of R
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where p(r), q(r), and w(r) are explicitly known functions on the boundary S.
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®(0) = 1 is an inhomogeneous Dirichlet boundary conditior

®'(1) =2 inhomogeneous Neumann boundary conditions

Sl 2SI 5 Jlie
if the value of electric potential is specified on S. ==) Dirichlet boundary condition

if the surface charge (o, = D, = e%) is specified == Neumann boundary conditions
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O(Ax)* is the error introduced by truncating the series.
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D=2 149,
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where FD = Forward Difference, BD = Backward Difference,
and CD = Central Difference.
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of*! - of @, - 20+ ©L;
1. First order (Euler) At = (o)
explicit, stable for - [ I-——: ;—I ]
r=At/ KAx)? <05
+1 _ j+1 j+1 j+1
2. Crank-Nichalson of! - of = H il
Y e, oo
N @1 —20]+ O
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i implicit, always stable
i S G0t o] 5290 WY lro 4 Sguxo 51321 ogy Jlos!
| implicit, always stable
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Ax=0.1,r =1/2 o) A?=*kr(Ax)"=0.005

x 0 01 02 03 04 05 06 1.0

t

0 50 100 100 100 100 100 100 50
0005 0 750 100 100 100 100 100 0
001 O 50 8.5 100 100 100 100 0
0015 0 4375 75 9375 100 100 100 0
002 0 375 6875 87.5 9687 100 96.87 0
0025 O 3437 625 8281 9375 96.87 9375 0
003 0 3125 58.59 7821 89.84 9375 89.84 0
0.1 0 1466 2792 3839 45.18 47.44 45.18 0
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= 0.08
—0 + 4®, — &, =0+82.54
—®) + 49, —®3=58.134+72
— &, + 4Dy — Dy =82.54+555
—®; + 40, —0=72+0
:2¥oles ol U b
@, =34.44, ®,=5523,  &3=5633,  @;=32.08
Uit
£ S 9o o] 5200 WY Olro 4 dguxo 5132 gi9, Jlos!
ttdxd (wgy b oguxoe JuoldS ghg y duwms Lo
t Finite Difference ~ Analytic Solution Percentage
Solution at x =0.4 atxy =04 Error
0.005 100 99.99 0.01
0.01 100 99.53 0.47
0.015 100 97.85 22
0.02 96.87 95.18 1.8
0.025 93.75 91.91 2.0
0.03 89.84 88.32 1.7
0.035 85.94 84.61 1.6
0.04 82.03 80.88 1.4
0.10 45.18 45.13 0.11
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where u is the speed of the wave.

gace JOlE 08 4y hou ipdime 9y 4 olee Jo

uzd’(i +1,7) =293, )+ @0 —1,j) DG j+1)-20(, j)+ @@, j—1)
(Ax)? N (Ar)?

wherex =iAx,t = jAt,i,j=0,1,2,....

PDF.tarikhema.ord

3/4/2017

31


http://pdf.tarikhema.org
http://pdf.tarikhema.org
http://tarikhema.org

PDF.tarikhnema.org 3/4/2017

SR Sl p29 5 CYlro as dgazo sl521 (w95 Jlos!

_— uAr\?
T\ Ax

|26, J+1)=201-r)®G, ) +r[®G +1, )+ — 1, )] — (i, j - 1)]

pr j+l
F——fg j
r<1
I 2
. —1°} i—1
-1 :‘+1’il

SR Sl y29 5 ©Ylro ag dgazo 1521 (w95 Jlos!
If we choose r = 1.

QU j+D)=00@+1, )+ P —1, j)- 0@ j—1)
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Erj —LT] ]
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O, 1) = &, —1) mmmm) @i, 1) = 21 —r)®(, 0)+r[DG —1,0)+ G +1,0)] — DG, 1)

®(i, 1) = (1 —r)®(i.0) + %[Cb(z‘-— 1,0)+ D(i +1,0)]
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e
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O, =D, D<x<l, t20
subject to the boundary conditions
®0,)=0=Po(1,1), >0
and the initial conditions
®(x,0) =sinmwx, O<x<l,
®(x,00=0, O<x<1 [

so
Y

ﬁ SR Ll 0 WY sleo 4 dguzxo 132l gy Jlos!
_ I

For j =0, substituting

O, 1) — D@, -1
&= 200D o 0,1y = 06,1y

) 1
@1, 1) = 5[¢'(i-——l,0)+¢(!'+1,0)]

u=1,andr =] mmmmm) Ar=Ax

At =Ax =0.1 ’ )
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o P il 30 SYolro a9 390 32l (9 Jlos!

e m— = —

x 0 0.1 0.2 03 0.4 05 0.6
t
00 0 0309 05879 08990 09511 10 05511
01 0 02939 05590 0.7694 09045 09511 0.9045
02 0 02500 04755 06545 07694 0.8090 0.7694
03 0 0.1816 03455 04755 05590 05878 0.559
04 0 0095 01816 02500 02939 03090 0.2939
05 0 0 0 0 0 0 0
06 0 -00955 -0.1816 -02500 -0.2939 -0.3090 -0.2939
0

0.7 —0.1816 —0.3455 -04755 -0.5590 -0.5878 —0.5590
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2d O, j+1)—203, )+ O3, j—1) 2
— O(AY)*
3 (y)? L

S Sl p258 GY0leo 4 dguxo gl3a! g, Jlos]

nx:?&;::,y:jAy,andi,j:U, 1o s
assume that Ax = Ay =h_ j
[qa(f+1.j)+<b(f—1.j)+¢(f, J+ 1D+, j—l)] — 4G, j) = g, j)
I . L
= [‘b(f +LD+®E =1, D+ T+ D+ DG, j - 1)— g, j}]
36

PDF.tarikhema.ord



http://pdf.tarikhema.org
http://pdf.tarikhema.org
http://tarikhema.org

PDF.tarikhnema.org 3/4/2017

S i Sl 90 Y Olro a3 dguzxo (513 sigy Jlos!
Dgdae oo OLY doles 4 ulsy dlolas 135 5,8 a0 |y (635,5 anie ST
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1
@3, j) = Z[¢(E+I,j)+<b(i— LD)+®3G, j+ 1)+ @G, ji—1)]

ilge Gl abis oz pyolie oSlos il alaii o 0 &b e

S P M‘;Ju.b Y oleo 4 dguxo 6‘?' ov9) Jles!
e sl 0505 65 03l lsine wi SYL s b iie diula b 1, LodLY aloles
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+®Gi+1,j+1)=0
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[Al{X]=[B]
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[X]=1[A]"'[B]

vy Jule woS (298l By, 16,1y gy

2 oY dolee J>: Jbo

V2V =0, 0<x<l, 0<y<l

(50 Ll
V(x,1)=45x(1—x), V(x,0) =0 = V(0, y) = V(1, y).
¥
- 10 10 (1]
th=1/3 <Ll
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L e e |
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4V, -V —V3-0=10

-Vi+4Vo—0—-V; =10

-Vi—044V3-V, =0

—0—-Va—Va+4V,; =0
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HISS Gy b g oesSae e fle gy 4 (o Sle dolae cpl > L

Vi =375, W=375, WV3=125, V=125
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O =(1-2n)0] +r (Of, + },)
where r = At/k(Ax)?

g :49.)5."3 Sy )" ool
o7 =" A"ne,  0<x<1

OF = A"(1)eM )98 Sy 5090 Sy R85 Sl o b

Lol dsles o g i >
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g = =1—2r+2rcoskx
A" LR 2
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