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CHAPTER 10 

Exercises 10.2   (page 587) 

 2. 
10 2 5

10 2
( 1) (1 )x xe e e ey

e e
− + −=

−
 

 4. y = 2 sin 3x 

 6. No solution 

 8. 1 1x xy e xe− −= +  

 10. 
2(2 1)

4n
nλ −=  and (2 1)cos ,

2n n
n xy c
− =   

 where n = 1, 2, 3, … and the nc ’s are arbitrary. 

 12. 24n nλ =  and cos(2 ),n ny c nx=  where n = 0, 1, 2, … and the nc ’s are arbitrary. 

 14. 2 1n nλ = +  and sin( ),x
n ny c e nx=  where n = 1, 2, 3, … and the nc ’s are arbitrary. 

 16. 27 147 507( , ) sin 3 5 sin 7 2 sin13t t tu x t e x e x e x− − −= + −  

 18. 48 108 300( , ) sin 4 3 sin 6 sin10t t tu x t e x e x e x− − −= + −  

 20. 2 3 1( , ) sin 9 sin 3 sin 21 sin 7 sin 30 sin10
9 7 30

u x t t x t x t x     = − + −          
 

 22. 2 7( , ) cos 3 sin cos 6 sin 2 cos 9 sin 3 sin 9 sin 3 sin15 sin 5
3 15

u x t t x t x t x t x t x   = − + + −      
 

 24. 
1

2 2
1

( 1)1( , ) cos 4 sin 4 sin
4

n

n
u x t nt nt nx

n n

+∞

=

    − = +    
      

∑  

Exercises 10.3   (page 603) 
 2. Even 

 4. Neither 

 6. Odd 

 10. 
2

0

4 1( ) cos(2 1)
2 (2 1)k

f x k x
k

∞

=

π − +
π +
∑  

 12. 
2 22

2 3
1

2( 1) 2( 1) ( 1) 2( ) ~ cos sin
6

n n n

n

nf x nx nx
n n

∞

=

  − − − π − −π  + +   
π    

∑
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 14. 
1

1( ) ~ sin 2
2 n

f x nx
n

∞

=

π + ∑  

 16. 
1

2( ) ~ 1 cos sin
2n

nf x nx
n

∞

=

 π  −   π   
∑  

 18. The 2π periodic function g(x), where ( ) ,g x x=  –π x π 

 20. The 2π periodic function g(x), where 2

2

0 0
( ) 0

2

x
g x x x

x


 −π < ≤
= ≤ < π
π = ±π


 

 22. The 2π periodic function g(x), where
0

( ) 0

0,
2

x x
g x x x

x


 + π −π < <= < < π
π = ± π

 

 24. The 2π periodic function g(x), where

0 –
2

1
2 2

1 0
2

( ) 0 0

1 0
2

1
2 2
0

2

x

x

x
g x x

x

x

x

−π π ≤ <
 π− = −


−π− < <= =
π < <

 π =


π < ≤ π

 

 30. 0 1 2
1 5, 0,
2 8

a a a= = =  
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Exercises 10.4   (page 611) 

 2. a. The π periodic function ( ) sin 2f x x=  for x kπ where k is an integer. 

  b. The 2π periodic function 0 ( ) sin 2f x x=  for x kπ where k is an integer. 

  c. The 2π periodic function ( ),ef x  where {sin 2 0( ) sin 2 0e
x xf x x x

< < π= − −π < <  

 4. a. The π periodic function ( ),f x  where ( ) , 0f x x x= π− < < π  

  b. The 2π periodic function 0 ( ),f x  where {0
0( ) 0

x xf x x x
π− < < π= −π− −π < <  

  c. The 2π periodic function ( ),ef x  where { 0( ) – 0e
x xf x x x

π− < < π= π + π < <  

 6. 
2

1

8( ) ~ sin(2 )
(4 1)k

kf x kx
k

∞

= π −
∑  

 8. 
1

2( ) ~ sin
n

f x nx
n

∞

=
∑  

 10. 
2 2

1

2 [1 ( 1) ]( ) ~ sin( )
1

n

n

n ef x n x
n

∞

=

π − − π
+ π

∑  

 12. 
2

0

4 1( ) ~ 1 cos(2 1)
2 (2 1)k

f x k x
k

∞

=

π  + − + π  +
∑  

 14. 1 1
2 2

1

2( ) ~ 1 [1 ( 1) ]cos( )
1

n

n
f x e e n x

n

∞
− −

=
− + − − π

+ π
∑  

 16. 
2 2

1

1 1( ) ~ cos(2 )
6 k

f x k x
k

∞

=
− π

π
∑  

 18. 
25(2 1)

3
0

8( , ) sin(2 1)
(2 1)

k t

k
u x t e k x

k

∞
− +

=
= +

+ π
∑  
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Exercises 10.5   (page 624) 

 2. 
21

3
1

2 4( , ) ( 1) [( 1) 1] sinn n n t

n
u x t e nx

n n

∞
+ −

=

 π= − + − − 
π 

∑  

 4. 
2 28

2 2
1

1 1( , ) cos 2
6

k t

k
u x t e kx

k

∞
− π

=
= − π

π
∑  

 6. 
27 28

2
1

2 4( , ) 1 2 cos cos 2
(4 1)

t k t

k
u x t e x e kx

k

∞
− −

=
= − + +

π π −
∑  

 8. 
2

1

( 1)( , ) 3 6 sin
n

n t

n
u x t x e nx

n

∞
−

=

−= + ∑  

 10. 
22

3 3 3
3

2

2( 1)1 1( , ) sin sin
18 18 3 3

n
t n t

n
u x t x x e x e nx

n

∞
− −

=

  −π    = − + +           
∑  

 12. 
2

1
( , ) sin ,ntn n

n
u x t a e xµ µ

∞
−

=
= ∑  where 1{ }n nµ ∞

=  is the increasing sequence of positive real numbers that are 

solutions to tan ,n nµ π µ= −  and 
0sin(2 )

2 4

1 ( ) sin
n

n na f x x dx
µ

µ
π

ππ
=

 −  
∫ . 

 14. 
22 3(2 1)

3
0

5 5 20 1( , ) 1 sin(2 1)
6 6 3 (2 1)

k t

k
u x t x x e k x

k

∞
− +

=

π   = + − − +    π    +
∑  

 16. 2 5 25( , , ) cos sin 4 cos 2 sin 3 cos 3 sin 4t t tu x y t e x y e x y e x y− − −= + −  

 18. 
2[(2 1) 1]

2
0

4 1( , , ) sin cos[(2 1) ]sin
2 (2 1)

t k t

k
u x y t e y e k x y

k

∞
− − + +

=

π = − +  π  +
∑  
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Exercises 10.6   (page 636) 

 2. 
1

( , ) [ cos 4 sin 4 ]sin ,n n
n

u x t a nt b nt nx
∞

=
= +∑  where 

2

0  even
2 1  odd

4
n

n
na n

nn


  =  − π − 

 

and 

2

2

1  even
4 ( 1)

1  odd
n

n
nb

n
n

−
 π −= 

π

 

 4. 
3

0

( 1)4( , ) cos12 sin 4 7 cos15 sin 5 sin 3(2 1) sin(2 1)
3 (2 1)

k

k
u x t t x t x k t k x

k

∞

=

−= + + + +
π +
∑  

 6. 
3

0
3 3

1

2 1( , ) sin sin sin
( ) n

v L n tn a n xu x t
L L La L a n

α
α

∞

=

ππ π=
π −

∑  

 8. 
2 2

2

2( 1)( , ) (sin cos ) sin [sin sin ]sin
( 1)

n

n
u x t t t t x nt n t nx

n n

∞

=

−= − + −
−

∑  

 10. 1 2 1
1

( , ) ( ) cos sin sin ,n n
n

n tx n t n xu x t U U U a b
L L L L

α α∞

=

π π π  = + − + +      
∑  where na ’s and nb ’s are chosen that 

1 2 1
1

1

( ) ( ) sin

( ) sin

n
n

n
n

x n xf x U U U a
L L

n n xg x b
L L
α

∞

=
∞

=

π − − − =  

π π =   

∑

∑
 

 14. 2 2 2( , )u x t x tα= +  

 16. u(x, t) = sin 3x cos 3 t tα +  

 18. u(x, t) = cos 2x cos 2 t t xtα + −  
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Exercises 10.7   (page 649) 

 2. cos sinh( ) 2 cos 4 sinh(4 4 )( , )
sinh( ) sinh( 4 )
x y x yu x y − π − π= −

−π − π
 

 4. sin sinh( ) sin 4 sinh(4 4 )( , )
sinh( ) sinh( 4 )
x y x yu x y − π − π= +

−π − π
 

 8. 
21( , ) cos 2

2 8
ru r θ θ= +  

 12. 
5

3 3 5 5
6 10
27 3( , ) [ ]cos 3 [ ]cos 5

3 1 3 1
u r r r r rθ θ θ− −= − + −

− −
 

 14. 
1

( , ) [ cos sin ],n
n n

n
u r C r a n b nθ θ θ

∞
−

=
= + +∑  where C is arbitrary and for n = 1, 2, … 

1 ( ) cosna f n d
n

θ θ θ
π
−π

−=
π ∫  

1 ( ) sinnb f n d
n

θ θ θ
π
−π

−=
π ∫  

 16. 
1

( ) (ln ln )( , ) sinh sin ,
ln 2 ln 2n

n

n n ru r a θθ
∞

=

π − π π − π   =       
∑  where 

( )2

2

ln 2

(ln ln )2 1sin sin
ln 2ln 2 sinh

n n

n ra r dr
r

π
ππ

π − π−  =   ∫ . 

 24. 
1

( , ) sin ,ny
n

n
u x y A e nx

∞
−

=
= ∑  where 

0
2 ( ) sin .nA f x nx dx

π
=

π ∫  


