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1. Sol.

u(x, t) =
1
2
φ(x+ct)+

1
2
φ(x−ct)+

1
2c

∫ x+ct

x−ct
ψ(τ)dτ

∂u
∂x

=
1
2
φ′(x+ct)+

1
2
φ′(x−ct)+

1
2c

[ψ(x+ct)−ψ(x−ct)]

∂2u
∂x2 =

1
2
φ′′(x+ct)+

1
2
φ′′(x−ct)+

1
2c

[ψ′(x+ct)−ψ′(x−ct)]

∂u
∂t

=
c
2
φ′(x+ct)− c

2
φ′(x−ct)+

1
2c

[cψ(x+ct)+cψ(x−ct)]

∂2u
∂t2

=
c2

2
φ′′(x+ct)+

c2

2
φ′′(x−ct)+

1
2c

[c2ψ′(x+ct)−c2ψ′(x−ct)]

(1) Hp PDE

c2∂2u
∂x2 = c2[

1
2
φ′′(x + ct) + φ′′(x− ct) +

1
2c

[ψ′(x + ct)− ψ′(x− ct)]]

=
c2

2
φ′′(x + ct) +

c2

2
φ′′(x− ct) +

1
2c

[c2ψ′(x + ct)− c2ψ′(x− ct)]

=
∂2u
∂t2

∴ c2 ∂2u
∂x2 =

∂2u
∂t2

(2) Hp I.C.

u(x, 0) =
1
2
φ(x)+

1
2
φ(x)+

1
2c

∫ x

x
ψ(τ)dτ = φ(x)

u̇(x, 0) =
c
2
φ′(x)− c

2
φ′(x)+

1
2c

[cψ(x)+cψ(x)] = ψ(x)

2. Sol.

let
{

u(x, t) = g(x + ct) + f(x− ct)
u̇(x, t) = cg′(x + ct)− cf ′(x− ct) ⇒

{

u(x, 0) = g(x) + f(x) = φ(x) (1)
u̇(x, 0) = cg′(x)− cf ′(x) = ψ(x) (2)

(2) �úx	}

c
∫ x

0
g′(x)dx−c

∫ x

0
f ′(x)dx =

∫ x

0
ψ(τ)dτ

g(x)−f(x) =
1
c

∫ x

0
ψ(τ)dτ (3)



(1)(3) :







g(x) + f(x) = φ(x)

g(x)− f(x) = 1
c

∫ x

0
ψ(τ)dτ ⇒











g(x) = 1
2φ(x) + 1

2c

∫ x

0
ψ(τ)dτ

f(x) = 1
2φ(x)− 1

2c

∫ x

0
ψ(τ)dτ

∴















g(x + ct) =
1
2
φ(x + ct) +

1
2c

∫ x+ct

0
ψ(τ)dτ

f(x− ct) =
1
2
φ(x− ct)− 1

2c

∫ x−ct

0
ψ(τ)dτ

u(x, t) = g(x + ct) + f(x− ct)

=
1
2
φ(x + ct) +

1
2
φ(x− ct) +

1
2c

(
∫ x+ct

0
ψ(τ)dτ −

∫ x−ct

0
ψ(τ)dτ)

=
1
2
φ(x + ct) +

1
2
φ(x− ct) +

1
2c

(
∫ x+ct

0
ψ(τ)dτ +

∫ 0

x−ct
ψ(τ)dτ)

=
1
2
φ(x + ct) +

1
2
φ(x− ct) +

1
2c

∫ x+ct

x−ct
ψ(τ)dτ
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