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Part I

Numerial Tehniques:

Di�erential Equations - Boundary

Value & Eigenvalue Problems

A) (20pts) Compute the following boundary value problems with the

boundary onditions given next to them, and Write a program that

ompares it to analytial solutions:

y′′ + 2y′ + y = (x+ 2)2 − 2 with y(0) = 0, y(1) = 2,

y′′ = y3 − yy′ with y(1) = 1/2, y(2) = 1/3

The analytial solutions of these equations are:

y(x) = x2 + xex−1

y(x) =
1

x+ 1

B) (30pts) Write a program that solve the following eigenvalue problems

with the given boundary onditions and �nd the smallest two eigenval-

ues:

y′′ − 3y′ + 2k2y = 0 with y(0) = 0, y(1) = 0,

y′′ + k2x2y = 0 with y(0) = 0, y(1) = 0

C) (30pts) Lennard-Jones potential It is a widely used potential for

the interation potential between inert gas atoms or neutral moleules.

In one-dimensional spae, this potential is given by the following ex-

pression:

V (x) = 4ǫ

[

(σ

x

)

12

−

(σ

x

)

6
]

Where, ǫ is the intensity of the potential, and σ is the equilibrium

distane parameters. Take the onstants in the Shrödinger equation

h̄ = m = 1 and the potential parameters ǫ = 10 and σ = 1. Write

a program to �nd the ground state energy by solving the Shrödinger

equation with the boundary onditions ψ(0) = ψ(5) = 0 in the range

x : [0, 5℄.
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Part II

Numerial Tehniques: Linear

Algebra and Matrix Computing

A) (20pts) Write a program that solves the following systems of linear

equations using Gaussian elimination:

a)

2x1 + x2 − 3x3 = −1

−x1 + 3x2 + 2x3 = 12

3x1 + x2 − 3x3 = 0

b)

x1 + 2x2 + 4x3 = 11

4x1 − x2 + x3 = 8

2x1 + 5x2 + 2x3 = 3

B) (30pts)Write a program that �rst heks that the determinants of the

matries given below are as being nonzero and then alulates their

inverses. (There is a simple way to hek your results: Multiply eah

matrix by its inverse and it should result as a unit matrix.)

a)





1 2 0
2 1 −1
3 1 1





b)









1 1 −1 1
1 2 −4 −2
2 1 1 5

−1 0 −2 −4









C) (30pts) Set up a system of equations that give the urrents with Kirh-

ho�'s rules for the diret urrent iruit given in the �gure and write a

program that alulates these urrents.

2


