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We consider the om-dimensional heat equation = n(x, H)

Ut= U , 0 <d
,

Mo

Subject to
, u(0

,
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Discretisation follows thevan as elliptic PDE.

We discretise in span
with m-points,

and

h=1
-

mu

and =1points in time

(i,j)

Az
of We approximate the solution at Gi

,Aj) .

An / = Emitil
20 751 im

to

For 2"forder , we know

Sliti) = M-2ij thi +-D
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For time; difference

=comut)-Umt)]orwandd difference

Forward differen
1)=

-Uij +O()]Derivation
O- 2

Mijt = Hi, Ajx)= Uli,it
Substitute D and ② in

viiij = Mituij+Uij
42
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Dropping the OL) terms we get

-j
=-jit

j0+ 40 + Initial condition =fi (= f(i))

-2
+ Di

,
0

=>i=+(l-Di
For any j

=>Diji, i +-+Hit ,j
. ] Explicitord
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ForwardEllers method

(i
, j+)

y+ 1 O

j 000

fi
I

y (j+1)
= AFEyY)

Bls
↑AFE = 1-24

It xi :8]O x1-2x ---
=

:
B.Cs

#mple : flite Din (ii)
,

T= 1
,
(=)

·
Unit= exp(-TE) pinLit))
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h = 0.1, k = 0.01 h = 0.1, k = 0.0005

xi |u(xi, 0.5)− uFE(xi, 0.5)| |u(xi, 0.5)− uFE(xi, 0.5)|

0.10 1.578e+06 1.219e‐04
0.20 2.999e+06 1.678e‐04
0.30 4.122e+06 1.973e‐04
0.40 4.836e+06 2.075e‐04
0.50 5.074e+06 1.973e‐04
0.60 4.816e+06 2.079e‐04
0.70 4.089e+06 1.678e‐04
0.80 2.966e+06 1.219e‐04
0.90 1.558e+06 6.411e‐05

Table 1: Pointwise error at t = 0.5 for the Forward Euler method with h = 0.1 and
different values of k.
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#ability : Let 200% Jeelo)eJT be the eco inthe

UAFEg10) -> Solution you want

Reality> "= AFF (4*
+e)

at =2; uk = AFFc") = (AFE)() + (AF)
·

jh ; (() = (AFEy(0) + (AFE)"e(0)
-

Factor propogation-

From Linear algebra

1)CAFEN11We
Line
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If <I
,
then we are good ,

ashis small.

Linear algebra; T(A) IllAll -f(A)= Spectral radius

=maxE1B1 , Bisevale of A).

# fLA") 11 :
then we are done ,

↑(A) gives the result as +(A) and T(AG) are related

f(A)) then we are done

Eigenvali of AFE

Bi = 1 - 4x (bin(t)) =...

↑ (AFE) =maxlBl
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max(Bil 1/1-4x(bin)(YE1212m- >

assirz (1[

= 11-4x) 21
=

+121-4421-024x12

=> 02X1L

Trivially true;
X-13

h2

Stability ->- (FL condition -

Courant-Freidrich-Lax

Forward Euler: 1 . Explicit-> Fast
-

2. Stability; conditionally tablee
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BackwardEules isEjt <
- Aj-

Everything remains sarue:

witi) = Mini +O

substitute thisboists psi,ts)

viiij =U
+ Wij +Oh

Dropping OL) notation

=j-Li
=> - Xit

,j + (1 +2x)4ij -Xi,j = Bij1 .
X=

i= 1
...., m +

, j = 1
,

-

.. n.
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cit) (iii) ->Implicit methoda
Qi

, j-)
at each + Solve a system ofegnation

Unconditionally stable !

Matrix formulation
ABFy()= y(-1)

=> ull=B-),
where

2
-- O

ABE :Tx=0

O - 1+2x -- 0I-- 1 +2x

I~

T
i
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Stabilityvelies of f (ABE) [1
Eigenvalu of ABE

: Mi = It 4x (win(i) ,
i
...

7 I

=Spectral +LABE) <, I

# B is evalue of A - B" is evalue of A

=> All -value of (ABE)"11
=> f(LABE)")I

=> Method is unconditionally estable -

BackwardEules:Implicit -Time consuming
2. Unconditional estability.
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Drawback
-

↓ Old in time -> FEBE

-To get 0115
-> averaging -> Crank- Nicolson scheme)

Conditional

- stable

(Tutorial- 5
, Prob

Fluid flows (Finite volume)
2. Theta-scheme : Otto,

BF

, OFE-IN
F
--

THE END !
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h = 0.1, k = 0.01 h = 0.1, k = 0.0005

xi |u(xi, 0.5)− uBE(xi, 0.5)| |u(xi, 0.5)− uBE(xi, 0.5)|

0.10 6.756e‐04 1.195e‐04
0.20 1.285e‐03 2.274e‐04
0.30 1.769e‐03 3.130e‐04
0.40 2.079e‐03 3.679e‐04
0.50 2.186e‐03 3.868e‐04
0.60 2.079e‐03 3.679e‐04
0.70 1.769e‐03 3.130e‐04
0.80 1.285e‐03 2.274e‐04
0.90 6.756e‐04 1.195e‐04

Table 2: Pointwise error at t = 0.5 for the Backward Euler method with h = 0.1 and
different values of k.
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