SM315 – Test #1– Fall 2005
1. (25 pts) Solve the boundary value problem 
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· Use separation of variables, i.e.
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· Divide equation by 
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· Separate variable and set equal to a constant of separation: 
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· This generates two differential equations:

· 
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· Therefore 
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· Apply boundary condition: 
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· Therefore 
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2. (25 pts) Given 
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a. Is this function odd, even, or neither? Why?

b. Find a general expression for the Fourier series for
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c. Write out the first 3 non-zero terms of the series.

d. What does the series converge to at (i) 
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a. Is this function odd, even, or neither? Why?

· Odd function because 
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b. Find a general expression for the Fourier series for
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· Since function is odd, use a sine series …. i.e. 
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· Use 
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· Therefore 
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· Therefore 
[image: image28.wmf](

)

(

)

(

)

(

)

nx

n

n

x

f

n

sin

1

cos

1

2

~

1

å

¥

=

-

p


· Simplify this: 
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· Note that 
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· Therefore 
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c. Write out the first 3 non-zero terms of the series.

· 
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d. What does the series converge to at (i) 
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3. (25 pts) Using the form of the heat equation: 
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, determine the equilibrium temperature distributions for a one-dimensional rod composed of two different materials on perfect thermal contact at
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.  The table at the right describes the materials.  Use the boundary conditions 
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· Material One at Equilibrium: 
· 
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· BC:  
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· Material Two at Equilibrium: 
· 
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· BC:  
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· For perfect thermal contact: 
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· For perfect thermal contact: 
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· Therefore 
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4. (25 pts) Find the solution to the boundary value problem  
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Note: You may skip separation of variable steps and eigen value analysis steps as necessary to arrive at final solution.  You may use your TI200 to evaluate any integrals that appear in the problem.
· First solve equilibrium problem: 

· 
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· Now define 
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· This sets up the problem:  
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)

(

)

(

)

(

)

(

)

ï

ï

ï

î

ï

ï

ï

í

ì

+

-

=

÷

÷

ø

ö

ç

ç

è

æ

÷

ø

ö

ç

è

æ

+

+

-

-

÷

ø

ö

ç

è

æ

+

+

-

=

-

=

=

=

¶

¶

=

¶

¶

x

x

x

x

x

x

x

u

x

u

x

v

t

v

t

v

x

v

t

v

E

2

2

1

2

1

2

1

1

0

,

0

,

0

,

,

0

2

2

2

2

2

p

p

p

p

p

p


· This is the standard heat equation with 
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· This has corresponding eigen functions 
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· Therefore 
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· Apply initial conditions 
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· Therefore:  
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· Therefore:  
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· Finally 
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