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𝑦𝑦′(𝑥𝑥𝑘𝑘) = 𝑦𝑦𝑘𝑘+1−𝑦𝑦𝑘𝑘
ℎ

+ 𝑂𝑂(ℎ) = 𝑦𝑦𝑘𝑘−𝑦𝑦𝑘𝑘−1
ℎ

+ 𝑂𝑂(ℎ) = 𝑦𝑦𝑘𝑘+1−𝑦𝑦𝑘𝑘−1
2ℎ

+ 𝑂𝑂(ℎ) 

𝑦𝑦′(𝑥𝑥𝑘𝑘) = −3𝑦𝑦𝑘𝑘+4𝑦𝑦𝑘𝑘+1−𝑦𝑦𝑘𝑘+2
2ℎ

+ 𝑂𝑂(ℎ2) = 𝑦𝑦𝑘𝑘−2−4𝑦𝑦𝑘𝑘−1+3𝑦𝑦𝑘𝑘
2ℎ

+ 𝑂𝑂(ℎ2) = 𝑦𝑦𝑘𝑘+1−𝑦𝑦𝑘𝑘−1
2ℎ

+ 𝑂𝑂(ℎ2)  

𝑦𝑦′′(𝑥𝑥𝑘𝑘) = 𝑦𝑦𝑘𝑘−2𝑦𝑦𝑘𝑘+1+𝑦𝑦𝑘𝑘+2
ℎ2

+ 𝑂𝑂(ℎ) = 𝑦𝑦𝑘𝑘−2−2𝑦𝑦𝑘𝑘−1+𝑦𝑦𝑘𝑘
ℎ2

+ 𝑂𝑂(ℎ) = 𝑦𝑦𝑘𝑘+1−2𝑦𝑦𝑘𝑘+𝑦𝑦𝑘𝑘−1
ℎ2

+ 𝑂𝑂(ℎ)  

𝑦𝑦′′(𝑥𝑥𝑘𝑘) = 2𝑦𝑦𝑘𝑘−5𝑦𝑦𝑘𝑘+1+4𝑦𝑦𝑘𝑘+2−𝑦𝑦𝑘𝑘+3
ℎ2

+ 𝑂𝑂(ℎ2) = −𝑦𝑦𝑘𝑘−3+4𝑦𝑦𝑘𝑘−2−5𝑦𝑦𝑘𝑘−1+2𝑦𝑦𝑘𝑘
ℎ2

+ 𝑂𝑂(ℎ2) = 𝑦𝑦𝑘𝑘+1−2𝑦𝑦𝑘𝑘+𝑦𝑦𝑘𝑘−1
ℎ2

+ 𝑂𝑂(ℎ2)  

 

Consider the boundary value problem 𝑢𝑢𝑥𝑥𝑥𝑥 + 𝑢𝑢𝑦𝑦𝑦𝑦 + 𝑢𝑢𝑦𝑦 + 𝑢𝑢 = 𝑥𝑥 on the square 𝑅𝑅 = [0,1] × [1,2] with 
boundary condition 𝑢𝑢(𝑥𝑥, 𝑦𝑦) = 𝑥𝑥 + 𝑦𝑦 for all (𝑥𝑥, 𝑦𝑦) ∈ 𝜕𝜕𝜕𝜕. 

1) With nodal points 0 = 𝑥𝑥0 < 𝑥𝑥1 < ⋯ < 𝑥𝑥𝑛𝑛 = 1 and 1 = 𝑦𝑦0 < 𝑦𝑦1 < ⋯ < 𝑦𝑦𝑚𝑚 = 2, and 𝑢𝑢𝑗𝑗𝑗𝑗 = 𝑢𝑢(𝑥𝑥𝑗𝑗, 𝑦𝑦𝑘𝑘), 
use the boundary conditions to find 𝑢𝑢𝑗𝑗𝑗𝑗, 𝑢𝑢0,𝑚𝑚, 𝑢𝑢𝑛𝑛,𝑘𝑘, 𝑢𝑢0,𝑘𝑘. 

 

 

 

 

 

2) Derive the difference equations at order 𝑂𝑂(ℎ2) for the problem using central difference at all interior 
grid points. 

 

 

 

 

 

 

 

 

 

 

 



3) With mesh size ℎ = 1/3 for both the 𝑥𝑥-axis and 𝑦𝑦-axis, write the system of 4 linear equations satisfied 
by 𝑢𝑢𝑗𝑗,𝑘𝑘 where 𝑗𝑗, 𝑘𝑘 ∈ {1, 2}. 

 

 


