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Outline

* Review last class

* Numerical solutions of the diffusion
equation in one space dimension
— Explicit algorithm
— Stability of algorithms
— Crank-Nicholson algorithm
— (Fully) implicit algorithm
— DuFort-Frankel algorithm
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Review Numerical Analysis

system of algebraic equations
domain

and finite elements
« Start with finite elements

measure of error with their use
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» Transform differential equation into a
+ Obtain solution for discrete points in

» Two basic approaches: finite differences

» Get expressions for derivatives and

Review Finite Difference Grids

+ Grid notation for four independent
variables: x, y, zand t

X0 = Xiin XN = Xinax X — X4 = AX,
Yo = Ymin Ym = Ymax Y, = Y4 = Dy,
Z0 = Zikn Zg = Ziax z - 2,4 = Az,
t0 = 1:min tL = tmax tn - tn-1 = Atn

» Dependent variable u(x,y,z,t) at discrete
points u(x; Y, z t,)
» Use notation below for this value of u

Ui?k :U(Xi’yjazk,tn) \

Califieni Seate University
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Review Truncation Error

« If we truncate series after m terms

on the theorem of the mean)

= 1d"f L1 dm™if
En= 2 | (x-a)= precrey

ncma L adx™ | (m+1)! dx
Northridge

x=¢

mo1dnf = 1d"f
fX)£)) — x-a) " Y = x-a)"
0 “~=n! dx" X:a( ) |52 .n! dx" X:a( )
Terms used Truncation error, g,

» Can write truncation error as single term
at unknown location (derivation based

(X_a)m+1

5

Review Order of the Error

ME 501B — Engineering Analysis

+ Derivative expressions have error that is
proportional to h"

» This power, n, is called the order of the
error

+ Use notation O(h") to indicate this error

» Reducing step size by a factor of a
reduces nt order error by a"

h n
1 6
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Northridge




Numerical Diffusion Equation

Review Derivative Expressions

« First-order error, first derivatives

o f, - L f=f
[ i S f =—_ 1. 0(h
f - +0(h) i h +0(h)

I
» Second-order error, first derivatives

- fiyp +4 i, —3f; +o(h?)
2h £ g
fil — |+12h i—1+o(h2)
(= fi—2_4fi—1+3fi +O(h2)
2h

. o fat fia-2f
+ Second derivative f; :%m(hz)

r_.rhrm- a1 Seate University .
Northridge

March 18, 2009

Find f and f’ for sin at x = 1
Second order central
fi = o 0o(h?) f=mat +0(h?)
Csin(l+.D)-sin(l-1)  fro sin(1+.1) +sin(1-.1) - 2sin(1)

£ sin(1+.01) —sin(1-.01)
P 2(.02)

fro sin(1+.01) +sin(1-.01) - 2sin(1)
L (01)?

£ sin(1+.001) —sin(1-.001)

2(.001) ¢ _Sin(L+.001) + sin(1- 001) - 2sin(y)
California Stase University i 2
I\-’Itr)rthridge (:001) ¢

E
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Review Roundoff Error

» Possible in derivative expressions from
subtracting close differences

« Example f(x) = ex: f(x) = (ex*" — e<)/(2h)
and error at x = 1 is (e"*" —e'")/(2h) - e

~ 3.004166 —2.722815

ki
%M\ Second order'error -~

I -~
_ 2.7185536702- 27180100139

£ ~
E —2.718282 =4.5x107°

-~
~

u —2.718281828459 2 4.5x10°°,
2{0.0001); -
_ 2.71828210028724 —2.71828155660388 2718281828 = 5.9x10"°
2(0.0000001)
Califieni Seate University
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Figure 2-1. Effect of Step Size on Error

1EH] pr— T T T T T T T T T T T
1.E+00
1.EOL
1.E02
1.E03
IR N L
1.E05
1.E06
1E07
1.E08
1.E09
1.E10
1E11

1LE17 1E15

| plot is order n !
1A(log €) = 10; A(log h) = 5

Error

7
1613 1E11 1E09 1E07 AE05_ 1E03_ 1EQl_|

California State Univensity Step Size
Northridge

Numerical PDE Solutions

+ Define a finite-difference grid in the
independent variables (x, vy, z, t)

* Place grid points on region boundary
whose values are found from boundary
conditions for the problem

» At some grid location convert differential
equation into a finite difference equation
— Observe truncation error in process

— Neglect truncation error to get set of
algebraic equations to solve

California Seate Universit
Northridge
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Diffusion Equation

 Apply difference formulas derived for
ordinary derivatives to partial derivatives

» Use notation to consider different
coordinate directions [6“ o :|r|

+ Apply to diffusion equation p -azy

 Grids x; = X, + iAx and t, = t; + nAt

* Try finite difference expressions below
to get simple finite-difference equation

ui, +u —2u! 2
= _—1— 1 1+ O[(Ax
(Ax)° [(ax)°]
12

n nl n ~2,. "
a =u+O(At) and Ol:
atl At x|

fiserii Seae Universit

Ii-’ltr)rthridge




Numerical Diffusion Equation

Diffusion Equation Il

 Substitute finite difference expressions
into differential equation

n+l n n n n
el n S +(Zl)2 20 1 ofAL (A%)?]
X

« Ignore truncation error, solve for u,"*!

n+l aAt n n ZO(A'[ n
u; :72(Ui+1+ui—l)+ 1- 5 U
(AX) (AX)

+ Obtain potential at x = x;and t =t,, in
terms of u values at old time step

Califoeni Seate University 13
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Explicit (FTCS) Method

* Method just derived is called explicit
method; can solve one equation at a time

(u{L1 + ui'll)+ @-2f)r

_________

__________

° uin+1

 u"' does not depend on other u values
at the new time step (n+1)

Califoeni Seate University

Northridge

Explicit Method Example

* Picka =1, Ax=0.25, N, =4, At =0.01

. f= aAU(AX)2 = 1(.01)/(.25)2 = 0.16

« Pick initial u® = 1000 and boundaries, u",

=u", =0 fortime >0 (nz0)
Applyu'™ = f(u?, +u’, )+ (1—2f )

ul = Fud +u]+ (1—2)u? = 0.16[0 +1000] + 0.68[1000] = 840
ub = fu? +ul]+ @—2)ud = 0.16[1000+1000] + 0.68[1000] = 1000
Ul = £[ud +ud ]+ (1— 2 )ul = 0.16[1000 + 0] + 0.68[1000] = 840
» Repeat for subsequent time steps

Califoeni Seate University 15
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Explicit Method Results f = 0.16

i=0 | i=1 i=2 | i=3 | i=4
x=0.00 | x=0.25|x=050|x=0.75 | x=1.00
t=0 | 1000 | 1000 | 1000 | 1000 | 1000
n=0 | t=0+ 0 1000 | 1000 | 1000 0
n=1 [t=001]| 0 840 | 1000 | 840 0
n=2 [t=002]| 0 731.2 | 9488 | 731.2 0
n=3 [t=003| 0 649 | 879.2 | 649 0
n=4 [t=004| 0 582 | 8055 | 582 0
n=5 [t=005| 0 524.6 | 734 | 524.6 0
n=6 |t=006| 0 4742 | 667 | 4742 0
n=7 [t=007| 0 4292 | 6053 | 429.2 0
n=8 |t=008| 0 388.7 | 5489 | 388.7 0
Califiornia Seate University 16
Northridge

Explicit Method Results f = 0.16

i=0 i=1 i=2 i=3 i=4
x=0.00{x=0.25(x=0.50|x=0.75| x=1.00
n=12 [t=0.12 0 262 370.5 262 0
n=13 [t=0.13 0 237.5 335.8 237.5 0
n=14 (t=0.14 0 215.2 304.4 215.2 0
n=15 [t=0.15 0 195 275.8 195 0
n=16 [t=0.16 0 176.8 250 176.8 0
n=17 [t=0.17 0 160.2 226.5 160.2 0
n=18 [t=0.18 0 145.2 205.3 145.2 0
n=19 [t=0.19 0 131.6 186.1 131.6 0
n=20 [t=0.20 0 119.2 168.6 119.2 0
Exact |t=0.20 0 125.1 176.9 125.1 0
Error | t=0.20 0 5.8 8.2 58 0
Roreheides 7
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Explicit Results f = 0.32

i=0 | i=1 | i=2 | i=3 | i=4
x=0.00 | x=0.25|x=050|x=0.75 | x = 1.00
t=0 | 1000 | 1000 | 1000 | 1000 | 1000
n=0 | t=0+ | 0 | 1000 | 1000 | 1000 | O
n=1 [t=002| 0 680 | 1000 | 680 0
n=2 [t=004| 0 | 5648 | 7952 | 564.8 | O
n=3 [t=006]| 0 | 457.9 | 647.7 | 4579 | O
n=8 [t=016]| 0 | 1622 | 2294 | 1622 | 0
n=9 |t=018| 0 | 1318 | 1864 | 1318 | 0
n=10 |[t=020| 0 | 1071 | 1514 | 1071 | 0
Exact |t=020| 0 | 1251 | 1769 | 1251 | 0
Eror [t=020] 0 18 | 254 | 18 0
Califoenis Seate Universit
Northridge *




Numerical Diffusion Equation

Explicit Results f = 0.64

i=0 | i=1 | i=2 | i=3 | i=4
x=0.00|x=0.25|x=050|x=075| x=1.00
t=0 | 1000 | 1000 | 1000 | 1000 | 1000
n=0 | t=0+ | 0 | 1000 | 1000 | 1000 | O
n=1 |t=004| 0 360 | 1000 | 360 0
n=2 |t=008| 0 | 5392 | 1808 | 5392 | 0
n=3 |t=012| 0 | -353 | 6396 | -353 | 0
n=4 |t=016| 0 | 4192 | 2242 | 4192 | 0
n=5 |t=020| 0 | 2609 | 5993 | -2609 | 0
Exact |t=020| 0 | 1254 | 1769 | 1251 | o0
Eror |t=020| 0 | 3859 | 4225 | 3859 | 0
Califieni Seate University
Northridge s
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What Happened?

* We are seeing effects of instability
« Difference equations may not converge
— Unstable equations grow without bound

— May have stable equations that produce
incorrect results

— Conditional stability requires step size less
than that needed for accuracy

— Goal of absolute stability not always possible
— Discussions of stability complex, can
sometimes use physical arguments

r_.rhrm-.. Seate Unigersity 20
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Stability of Explicit Method

If the values of u,, and u,_, are fixed an

increase in u" should increase u,"*’

* If fis greater than 0.5, an increase in u;"
will cause a decrease in "’

» We can avoid this incorrect result by
keeping f = aAt/(Ax)? < 0.5

» This imposes a time step limit that may

be less than the limit required for

accuracy in the solution

r_.rhrm-.. Seate University 21
Northridge

2 4
rep (10T

FTCS Truncation Error

+ Derivation in appendix for notes on
solving PDEs gives this equation

n

) 2 f k-1 asz
TE' =« (Ax)"'{ - }

(k) K| ox*

n
4o

| o’ (L_ fz]ﬂ

2 6 ox? i 6 60 ox®

« Setting f = aAt/(AX)2 = 1/6 eliminates
first term in the truncation error

r_.rhrm-.. Seate University 2
Northridge

El

Crank-Nicholson Method

aul"

» Seek more accurate time derivative
* Provides implicit method
— Value of u™*' depends on other u™*"

— More work per step, but can take longer
time steps with this method

— Apply to diffusion equation at time n + 1/2

1 n+>|
+— n+1 n n+l n 2
2 Uj —Uj 2 Uj —Uj 2 o°u 2
= +O[(At) ] =—"—+O[(A) ] =0—
At [(at)°] A [(at)°] |
x'_.rl.r.'.-.. Spate Unigerst 23
Northridge

ME 501B —

Engineering Analysis

Space Derivative att_.,,,

» Take average of space derivative at
time stepsnand n + 1

+ Show average is second order accurate

fo=f+fh+ fi"h—+ £ ...

+ L =f—fhef

fl+ f,1:2fi+2fi"‘h—+2f.““—+ .....

i+l i

2 4
f it iy fi"i_ fi""L+ ,,,,, :@+O(h2)
2 4 '8 2

x'_.’hfm-.. Seate Lniversit 24
Northridge




Numerical Diffusion Equation March 18, 2009

Using Space Derivative att ., Crank-Nicholson Equation
* Apply ayerage to space derivative » Resulting equation has three values at
™2 1l et o™ new time step
7L2] =§ 7;1 7L21 +O[(At)2] fona net Fona  f [ n n ] n
x|, x| ox, —EUH + @+ fy; _Eu”l = Uig +Uisg [+ @— Fy;
« Substitute into diffusjon equation o b e T
aul™z 2% s uin+1_uin - fui_l +2(1+ f)ui - fui+l ::_f Uiy 1 +ui—l]+ 2(1— f)uir:'
e e e e e P e T RS e
ot|; x|, At + Tridiagonal system of equations easily |
n+l n+l n+l n n n H H 1 4
_o{ui+l +ul] 2—2ui . ui+l+ui,12—2ui :|+O[(At)2y(Ax)2]:0 sqlv_ed t?y special application of .Gausslr
2 (ax) (a%) elimination called Thomas algorithm
-. Introduce f = aAt/(Ax)? and rearrange | — fult 201+ Fuft - fulit :;_R_in_:
Rorthridge = Rorthridge =
Crank-Nicholson Equations Thomas Algorithm
- Consider case where boundary o General format for tridiagona_l_equ?tiops )
potentials u, and uy are specified B, ¢, 0 0 -~ O 0 Xo D,
» Rewrite equations in matrix form to A B C 0 0 X, D,
show tridiagonal structure 0 B C 0 0 X D
[20-f) -~ f 0 0 - 0 0 Jurt] [ RP+ful | A B G 2 2
—f 21-f) —f 0 0 0 fupt R} 0 0 A B, 0 0 =]
0 -f  20-f) -f - 0 0 |upt R} . . . .
0 0 _ f 2(17 f) 0 O . — . . . . . . . .
(E) 0 0 0 2(1S f) sf n:+1 Rn: 0 0 0 0 BN—l CN—1 XN—l DN—l
o 2—1)  —f [y )
| o 0 0 0 o —f  20-1) uE*}i R,QilN+2fu,'\“7 L0 00 0 -~ A By x ] [Dy]
Roriheidge ar Roriheidge =
Thomas Algorithm I Thomas Algorithm Il
» Gauss elimination upper triangular form * Forward computations
M _EO 0 0 e 0 o T X, 71 T FO T — Initial: E0=—C0/BO F0=D0/BO
—Fori=1,... N-1:
0 1 -E O 0 0 X, F c D AF
0 0 1 -E -0 0 |x F, E‘:ﬁ E=B‘_7AE“
O O O 1 O O : — : i + A i-1 i + A i-1
o : : * Get last x —F = Dy - AR
0 0 0 0 1 —Eyy | Xva!| |Fua value first N N By + A Ey .
0 0 0 0 - 1| x, Fy _
- -0 s TS » Back substitute: x; = F; + Ex;,4
Northridge & Northridge »
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Crank Nicholson Results

March 18, 2009

* Results foraa=1,L=1, Ax=0.01, At =
0.0005, f = aAt/(Ax)2=5

i=0 i=1 i=2 i=3 i=4
x=0 | x=.01|x=.02|x=.03|x=.04
t=0 1000 1000 1000 1000 1000
n=0 t=0+ 0 1000 1000 1000 1000
n=1 |t=0.0005 0 -73.35 | 423.96 | 690.85 | 834.09
n=2 t=0.001 0 352.75 | 305.27 | 440.73 | 599.81
n=3 |t=0.0015 0 25.7 | 320.81 | 439.19 | 533.34
n=4 t=10.002 0 203.86 | 209.57 | 347.52 | 473.02
n=5 |t=0.0025 0 56.79 | 252.91 | 334.12 | 422.43
n=6 | t=0.003 0 14146 | 177.47 | 298.2 | 397.48
Califioeri Seate University
Northridge ¥

Crank Nicholson Results |1

i=0 i=1 i=2 i=3 i=4
x=0 | x=.01|x=.02|x=.03|x=.04
n=7 |t=0.0035 0 66.73 | 209.02 | 279.22 | 363.26
n=8 | t=0.004 0 109.4 | 160.3 | 263.81 | 347.29
n=9 |t=0.0045 0 68.71 | 179.63 | 245.68 | 324.49
n=10 | t=0.005 0 90.79 | 148.2 | 237.92 | 311.75
n=11 | t=0.0055 0 67.5 | 159.07 | 222.68 | 296.08
n=12 | t=0.006 0 78.99 | 138.51 | 217.76 | 285.25
n=13 | t=0.0065 0 65.08 | 144.07 | 205.56 | 273.92
n=14 | t=0.007 0 70.94 | 130.31 | 201.68 | 264.62
n=15 | t=0.0075 0 62.29 | 132.69 | 192.04 | 255.97
n=16 | t=0.008 0 65.1 123.21 | 188.58 | 247.99
n=17 | t=0.0085 0 59.5 | 123.75 | 180.95 | 241.06
Califioeri Seate University 32

Northridge

Crank Nicholson Results Il

i=1 i=2 i=3 i=4

x=.01|x=.02 | x=.03 | x=.04

x
n

n=18 | t=0.009 60.65 117 177.71 | 234.21

n=19 | t=0.0095 56.86 | 116.5 | 171.59 | 228.43

n=20 | t=0.01 57.1 111.53 | 168.52 | 222.53

n=21|t=0.0105 54.43 | 110.47 | 163.53 | 217.57

n=22 | t=0.011 54.19 | 106.68 | 160.64 | 212.45

n=23 |t=0.0115 52.22 | 105.35 | 156.49 | 208.11

n=24 | t=0.012 51.73 | 102.36 | 153.78 | 203.64

n=25 |t=0.0125 50.21 | 100.93 | 150.27 | 199.78

Exact | t=0.0125 50.43 | 100.66 | 150.48 | 199.72

OoO|lOo|lolo|lo|lo|lOo|O|O|O
o

Error |t=0.0125 0.216 | 0.272 | 0.212 | 0.061

Califoeni Seate University 33
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Fully Implicit Method

+ Discretize diffusion equation at t,,,

n+l n+l n 2, |t n+l n+l n+l
W _UToW oan and DY) U HUE 20T o
ot|; ox*|; (Ax)
aul™ o™t umyr gty
T —at| =g sHL TR S of(At), (A%)*] =0
ot|; x|, At (AX)
n+l n+1 n+l n
= fui + @+ 2 )07 = T =y

+ Tridiagonal system of equations

» Almost same work as CN and no
spurious oscillations, but less accuracy

Californi Seate University 34
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Fully Implicit Results

e Sameas CNresults:ao=1,L=1, Ax =
0.01, At =0.0005, f = oAt/(Ax)?=5

i=0 i=1 i=2 i=3 i=4

x=0 | x=.01|x=.02 | x=.03|x=.04

t=0 1000 1000 1000 1000 1000

n=0 t=0+ 0 1000 1000 1000 1000

n=1 |t=0.0005 358.26 | 588.17 | 735.71 | 830.39

n=2 | t=0.001 218.22 | 408.43 | 562.69 | 682.35

n=3 |t=0.0015 166.26 | 322.13 | 460.74 | 578.96

n=4 | t=0.002 139.05 | 272.65 | 396.35 | 507.18

n=5 |t=0.0025 121.84 | 240.25 | 352.17 | 455.26

o|o|o|o|o|©

n=6 | t=0.003 109.75 | 217.08 | 319.77 | 415.99

California State University

Northridge
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Fully Implicit Results Il

i=0 i=1 i=2 i=3 i=4

x=0 | x=.01|x=.02 | x=.03 | x=.04
n=7 |t=0.0035 0 100.65 | 199.49 | 294.81 | 385.13
n=8 | t=0.004 0 93.50 | 185.57 | 274.85 | 360.14
n=9 |t=0.0045 0 87.68 | 174.19 | 258.43 | 339.38
n=10 | t=0.005 0 82.82 | 164.67 | 244.62 | 321.81
n=11 | t=0.0055 0 78.69 | 156.56 | 232.81 | 306.69
n=12 | t=0.006 0 75.13 | 149.54 | 222.55 | 293.50
n=13 | t=0.0065 0 72.00 | 143.38 | 213.53 | 281.87
n=14 | t=0.007 0 69.24 | 137.93 | 205.52 | 271.52
n=15 | t=0.0075 0 66.77 | 133.05 | 198.35 | 262.22
n=16 | t=0.008 0 64.55 | 128.66 | 191.88 | 253.82
n=17 | t=0.0085 0 62.54 | 124.67 | 186.01 | 246.17

T o

Northridge

36
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Fully Implicit Results Il

i=0 i=1 i=2 i=3 i=4

x=.01|x=.02 | x=.03 | x=.04

n=18 | t=0.009 0 60.70 | 121.03 | 180.64 | 239.17
n=19 [t=0.0095| 0 59.02 | 117.70 | 175.71 | 232.74
n=20 | t=0.01 0 57.47 | 114.62 | 171.16 | 226.79
n=21[t=00105| 0 56.03 | 111.78 | 166.95 | 221.28
n=22 | t=0.011 0 54.70 | 109.13 | 163.04 | 216.16
n=23 [t=00115| 0 53.46 | 106.67 | 159.38 | 211.37
n=24 | t=0.012 0 52.30 | 104.36 | 155.96 | 206.88
n=25[t=00125| 0 51.21 | 102.20 | 152.76 | 202.67
Exact |[t=0.0125| 0 50.43 | 100.66 | 150.48 | 199.72
Error |t=0.0125| 0 0.779 | 1.542 | 2.273 | 2.956

Califieni Seate University

Northridge
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u

ot

n+l n1, 20At

Ui

Richardson/Leapfrog

» Use two time step central differences

noond nd 2,
I B
2At ox°|;

| ! +( Z&)l?_ 207 of(axy?]
* Result is explicit with second order

accuracy in time

—uMty (ui”+1 +ul,—2u! ): utiof (ui"+1 +uly - 2ui")

(A%’
* However result is unstable for any f
and cannot be used

Califoeni Seate University 38
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DuFort Frankel

provide stability

* Replace 2u;" in second derivative by
average at time steps n+1 and n-1

* Introduces another O[(At)?] error

» Modification of Richardson method to

U

DuFort Frankel

nil 1 _ 20At

 Rearrange and introduce f = aAt/(Ax)?

n n n+l n-1 n n n+l n-1
i (Ui+1+ui—1*ui -u ):Zf(uiﬂ*ui—lfui —Uj )

n -~
ou" uMtyrt o2 ul g +uls= 20!
AU U opat)?]=a LY = Ut oAk
ot; 2At o2 : (Ax)?
20! =uMtuft 4 0[(At)21\t
n+l n-1 n n-=T . nch 2
U —Uj Uy +Ti Uy —Uj At
i i —o i+1 i-IN_ |2___| ,+O (AX)Z,(At)Z, )2
2At (AX) (AX)
l'_.r||f|x|'.| Seate University 39
Northridge
Error in Explicit Solution of Conduction Equation
1.E-02 \/
1E03 \//
S 1E04 s
o = Nx =10
% Nx =20
&S 1E05 Thermal ——Nx =50
§ Diffusivity =1 \/ — Nx = 100
= O<=x<=(L=1) —— Nx = 200
2 LE-06 T(x,0) = 1000 —— Nx =500
o - TOH=TLH=0 —— Nx = 1000
End Time=1
1.E-07
1.E-08
0.001 0.01 0.1 1
Calloenis Sste Uiy f = aAt/(A%)?
Northridge

(a?
(@2t =upta-2f)+ 20, +ul, )
» Result is explicit for values at time n+1
+ Explicit start required to get first set of
values at time n-1
l'_.r||f|x|'.| Seate University 40
Northridge
Error in Crank-Nicholson Solution of Conduction
1E-01 Eguation
1.E-02 Z/
v 1.E-03
i —Nx=5
% 1E-04 - _:iiig
g —— Nx =50
5 1e0s [ =100
'(/_) Thermal : N i 200
E Diffusivity =1 :K :iggo
1E-06 x<=(L= X =
0T(><,0) = ELLDOO1> N
TOH=T(LH=0
1.E-07 Cod Ti =1
1.E-08
0.0001 0.001 0.01 0.1 1 10 100 1000
Califoenis Seate Universit f:a,At/(Axf
Northridge

ME 501B — Engineering Analysis




Numerical Diffusion Equation March 18, 2009

Error in Fully Implicit Solution of Conduction Equation Error in DuFort Frankel Solution of Conduction
L LE0L Equation
0.1
4 // / // ¢ 1E03
] _— —Nx=5 ] —\x=5
2 om —Nx =10 o / / X =10
g | Nx =20 3 1E04 Nx =20
g — —Nx =50 g # ——Nx =50
3 —Nx =100 £ ——Nx =100
5 oo —— Nx =200 2 1E0S —— N = 200
E —— Nx =500 g W — ——Nx =500
Thermal hx= 2000  1e0s Diffusivity =1 Nx = 1000
—1 Diffusivity =1 ﬂ/ Ocoxem(lo1)
0.0001 O<=x<=(L=1) [] J T(x,0) = 1000
A / T(x,0) = 1000 LEO7 TOH=TLH=0
TOEYH=TLH=0 ot i 2
End Time=1
0.00001 . 1.E-08
0.0001  0.001 0.01 0.1 1 10 100 1000 10000 100000 0.0001 0.001 0.01 0.1 1 10 100 1000
= aAt/(AX)® f = aAt/(Ax)®
l'_.’||f|'|'.| Seate Unigersity l'_.’||f|'|'.| State University
Northridge Northridge
RMS Temperature Error by Execution Time Th IS Week’s Homewo rk
1E+03
102 * Download assignment from web
e — Find first and second derivative of sin x at x
. =1forh=.1,.01, and .001 using second-
= 1E01 . .
® pYopT e order central-difference expressions
2 1E02
i e + Repeat for x = 0.01 with h =.001 and .0001
& TE03 o rt-Frankel
9 eor B — Do problems 5, 23, and 28 on pp 646-647
- of Hoffman (diffusion equation solutions)
1808 — Computer assignment due after midterm
1e07 - A » Download and run program used to get charts
1E08 just shown for one of the suggested
1E02 1E01 1.E+00 1E+01 1E+02 1E+03 1E+04 LE+05 . ts
Execution Time (seconds) assignmen
l'_.r||f|'|'.| Seate University l'_.r||f|'|'.| State Lniversity 16
Northridge Northridge

Explicit Method Example

» How many values can you compute for
initial conditions below with f = 0.25

n n n
ut = f(“in+1 +Uir11)+ (L-2f :7u,+1zu,,1 +u?,

70| 80| 90| 100| 90|, 80| 707
? |80 90| 95| 90| 80| 7

2| 2| 2 88759258875 2 | ? |?
202 2] 2 o628 2 | 2 | 2 |2

Califioeni Seate Univers

Northrlidis,é
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