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Then:

𝑢𝑥 =
𝑢𝑖+1,𝑗 − 𝑢𝑖,𝑗

𝑘
+ 0 ℎ 𝐹𝑜𝑟𝑤𝑎𝑟𝑑 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐

𝑢𝑥 =
𝑢𝑖,𝑗 − 𝑢𝑖−1,𝑗

ℎ
+ 0 ℎ 𝐵𝑎𝑐𝑘𝑤𝑎𝑟𝑑 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐

𝑢𝑥 =
𝑢𝑖+1,𝑗 − 𝑢𝑖−1,𝑗

2ℎ
+ 0(ℎ2)𝐶𝑒𝑛𝑡𝑟𝑎𝑙𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐

𝑎𝑛𝑑;

𝑢𝑥𝑥 =
𝑢𝑖−1,𝑗 − 2𝑢𝑖,𝑗 + 𝑢𝑖+1,𝑗

ℎ2
+ 0(ℎ2)

𝑊ℎ𝑒𝑟𝑒 𝑢𝑖,𝑗 = 𝑢(𝑖ℎ, 𝑗𝑘) = 𝑢(𝑥, 𝑦)
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We can now obtain the finite-difference

analogues of partial differential equations by

replacing the derivatives in any equation by

their corresponding difference approximation

given above.
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Laplace’s equation:

We wish to solve Laplace's equation:

uxx+uyy=0

in a boundary region R with boundary C. As in Dirichlet's

problem, let the value of u be specified every where on

C. For simplicity, let R be a square region so that it can be

divided into a network of small squares of side h. Let the

values of u(x, y) on the boundary C be given by Ci and let

the interior mesh points and the boundary points be as in

the figure below:
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Example:
Solve Laplace equation for the figure given below:

u 1u 2u 3

u 4u 5u 6

u 7u 8u 9

u 1u 2u 3

u 4u 5u 6

u 7u 8u 9

00000

0

0

0 0

0

0

5 0
5 0

1 0 01 0 01 0 0

00000

00

00

00

5 05 0
1 0 01 0 01 0 0

u1 u2 u3

u4 u5 u6

u7 u8 u9

0

0

0

0 0

0

0

0000

50 50100 100 100
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n u1 u2 u3 u4 u5 u6 u7 u8 u9

1 6.25 9.38 6.25 18.75 25.00 18.75 43.75 53.13 43.75

2 7.03 9.57 7.08 18.94 25.10 18.98 43.02 52.97 42.99

3 7.13 9.83 7.20 18.81 25.15 18.84 42.94 52.77 42.90

4 7.16 9.88 7.18 18.81 25.08 18.79 42.89 52.72 42.88

5 7.17 9.86 7.16 18.78 25.04 18.77 42.88 52.70 42.87
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