
HW #5: Chapter 14.

Ex: 1, 3, 5, 6, 8, 10(a,c,e), 12 (a,c,e)
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Ex 1.

f(t, x) = sin(x − 3t)
∂f
∂t = −3 cos(x − 3t)
∂f
∂x = cos(x − 3t)

Ex. 2

f(t, x) = t−1/2e−x2/t

∂f
∂t = −

1
2 t−

3

2 e−
x2

t + x2

t2 e−
x2

t t−
1

2 = −
1
2 t−

3

2 e−
x2

t + x2

t5/2
e−

x2

t = e−
x2

t (− 1
2 t−3/2+

x2

t5/2
)
∂f
∂x = t−

1

2 e−
x2

t (− 2x
t ) = −2t−3/2xe−

x2

t

Ex. 5

Sketch the graph for f(1, x), f(5, x), f(10, x) on the same piece of graph paper
(same plane of coordinates).

f(t, x) = e−(x−2t)2

f(1, x) = e−(x−2)2

f(5, x) = e−(x−10)2

f(10, x) = e−(x−20)2
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Ex. 5

f(t, x) = e−t(1 + (t − x)2)−1

f(1, x) = e−1(1 + (1 − x)2)−1

f(5, x) = e−5(1 + (5 − x)2)−1

f(10, x) = e−10(1 + (10 − x)2)−1

Ex. 8

Solution for equation 4: u(t, x) = e−τtf(x − ct).

In ex. #5, f(t, x) = e−(x−2t)2
⇒ f(x − ct) = e−(x−2t)2 . Therefore, c = 2.

e−(x−2t)2 = e−τtf(x − ct) ⇒ e−τt = 1 ⇒ τt = 0. Thus, τ = 0.
In ex. #4, f(t, x) = e−t(1 − (t − x)2)−1.
f(x − ct) = (1 − (t − x)2)−1 = (1 − (x − t)2)−1

⇒ c = 1.
e−τtf(x − ct) = e−t(1 − (x − t)2)−1

⇒ τ = 1.

Solution for equatio 8: u(t, x) = a

t
1

2

e−x2/4µt.

In ex. #7, f(x, t) = t−
1

2 e−x2/t

e−x2/t = ae−x2/4µt
⇒ −

x2

t = −
x2

4µt ⇒ 1 = 1
4µ ⇒ µ = 1

4 .

Ex. 10

Verify that the following are solutions to equation 8: ∂u
∂t = µ∂2u

∂x2 .

a) u(t, x) = eλtex(λ
µ )

1

2

∂u
∂t = λeλtex(λ

µ )
1

2

∂u
∂x = eλt

√

λ
µex(λ

µ )
1

2

∂2u
∂x2 = λ

µeλtex(λ
µ )

1

2

Thus, ∂u
∂t = µ∂2u

∂x2 .
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c) u(t, x) = a + bx, where a, b are constants.
∂u
∂t = 0

∂u
∂x = b

∂2u
∂x2 = 0

Thus, ∂u
∂t = µ∂2u

∂x2 .

d) u(t, x) = e−λt sin

(

x
(

λ
µ

)
1

2

)

.

∂u
∂t = −λe−λt sin

(

x
(

λ
µ

)
1

2

)

∂u
∂x = e−λt

√

λ
µ cos

(

x
(

λ
µ

)
1

2

)

∂2u
∂x2 = −

λ
µe−λt sin

(

x
(

λ
µ

)
1

2

)

Thus, ∂u
∂t = µ∂2u

∂x2 .

Ex. 12

Verify that the following are solutions to equation 9: ∂u
∂t = µ∂2u

∂x2 + τu.

a) u(t, x) = eλtex(λ−τ
µ )

1

2

.

∂u
∂t = λeλtex(λ−τ

µ )
1

2

= λu(t, x)

∂u
∂x =

√

λ−τ
µ u(t, x)

∂2u
∂x2 = λ−τ

µ u(t, x)

Thus, ∂u
∂t = µ∂2u

∂x2 + τu.

c) u(t, x) = eτt(a + bx).
∂u
∂t = τeτt(a + bx) = τu(t, x)

∂u
∂x = beτt

∂2u
∂x2 = 0

Thus, ∂u
∂t = µ∂2u

∂x2 + τu.

e) u(t, x) = eλt sin

(

(

τ−λ
µ

)
1

2

)

.

∂u
∂t = λu(t, x)

∂u
∂x =

√

τ−λ
µ eλt cos

(

(

τ−λ
µ

)
1

2

)
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∂2u
∂x2 = −

τ−λ
µ u(t, x)

Thus, ∂u
∂t = µ∂2u

∂x2 + τu.
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