
ϕ′′ = λϕ, 0 < x < `, ϕ(0) = 0, ϕ(`) = 0 ⇒

µn =
nπ

`
, λn = −µ2

n, ϕn(x) =
√

2/` sin(µnx)

ϕ′′ = λϕ, 0 < x < `, ϕ′(0) = 0, ϕ′(`) = 0 ⇒

λ0 = 0, ϕ0 = 1/
√
`, µn =

nπ

`
,

λn = −µ2
n, ϕn(x) =

√
2/` cos(µnx)

ut(x, t) = kuxx(x, t), 0 < x < `, t > 0
u(0, t) = 0, u(`, t) = 0
u(x, 0) = f(x)

µn =
nπ

`
, λn = −µ2

n,

ϕn(x) =
√

2/` sin(µnx)

u(x, t) =
∞∑
n=1

cne
kλntϕn(x)

cn =

∫ `

0

f(x)ϕn(x) dx.

ut(x, t) = kuxx(x, t), 0 < x < `, t > 0
ux(0, t) = 0, ux(`, t) = 0
u(x, 0) = f(x)

λ0 = 0, ϕ0(x) = 1/
√
`,

µn =
nπ

`
, λn = −µ2

n,

ϕn(x) =
√

2/` cos(µnx)

u(x, t) = c0ϕ0(x) +
∞∑
n=1

cne
kλntϕn(x)

cn =

∫ `

0

f(x)ϕn(x) dx.

ut(x, t) = kuxx(x, t), 0 < x < `, t > 0

u(0, t) = 0, ux(`, t) = 0

u(x, 0) = f(x)

µn =
(2n− 1)π

2`
, λn = −µ2

n, ϕn(x) =
√

2/` sin(µnx)

u(x, t) =
∞∑
n=1

cne
kλntϕn(x) cn =

∫ `

0

f(x)ϕn(x) dx.

ut(x, t) = k
(
uxx(x, t)− 2au(x, t)x + bu(x, t)

)
,

u(0, t) = 0, u(`, t) = 0

Let v(x, t) = e−(ax+βt)u(x, t), β = k(b− a2).

vt(x, t) = kvxx(x, t)

v(0, t) = 0, v(`, t) = 0

v(x, 0) = e−axf(x).

ut(x, t) = kuxx(x, t) +R(x),

u(0, t) = 0, u(`, t) = 0

u(x, 0) = f(x) 0 < x < `

⇒
u(x, t) =

∞∑
n=1

bne
kλntϕn(x) +

∞∑
n=1

fn

(
ekλnt − 1

kλn

)
ϕn(x),

bn =
2

`

∫ `

0

f(x)ϕn(x) dx, Rn =
2

`

∫ `

0

R(x)ϕn(x) dx.

Steady State ψ′′(x) = −1

k
f(x), ψ(0) = 0, ψ(`) = 0, 0 < x < `.



ut(x, t) = kuxx(x, t),

u(0, t) = α, u(`, t) = β

u(x, 0) = f(x), 0 < x < `,

set h(x) = α + (β − α)
x

`
v0(x) = f(x)− h(x)
v(x, t) = u(x, t)− h(x)

⇒

vt(x, t) = kvxx(x, t), 0 < x < `, t > 0

v(0, t) = 0, v(`, t) = 0

v(x, 0) = v0(x)

v(x, t) =
∞∑
n=1

bne
kλntϕn(x), bn =

2

`

∫ `

0

v0(x)ϕn(x) dx

u(x, t) = h(x) +
∞∑
n=1

bne
kλntϕn(x)

u(2)
xx (x, y) + u(2)

yy (x, y) = 0,

(x, y) ∈ [0, a]× [0, b],

u(2)(0, y) = 0, u(2)(a, y) = 0

u(2)(x, 0) =, u(2)(x, b) = f1(x)

µn =
(nπ
a

)
, λn = µ2

n, ϕn(x) = sin(µnx), n = 1, 2, · · · ,

u(2)(x, y) =
∞∑
n=1

bn sin (µnx) sinh (µny)

bn =
2

a sinh (µnb)

∫ a

0

f1(x) sin (µnx) dx.

u(3)
xx (x, y) + u(3)

yy (x, y) = 0,

(x, y) ∈ [0, a]× [0, b],

u(3)(0, y) = 0, u(3)(a, y) = g1(y)

u(3)(x, 0) = 0, u(3)(x, b) = 0

µn =
(nπ
b

)
, λn = µ2

n, ϕn(x) = sin(µny), n = 1, 2, · · ·

u(3)(x, y) =
∞∑
n=1

bn sin (µny) sinh (µnx)

bn =
2

b sinh (µna)

∫ b

0

g1(y) sin (µny) dy.

urr +
1

r
ur +

1

r2
uθθ = 0, 0 < r < R, −π ≤ θ ≤ π

u(R, θ) = f(θ), −π ≤ θ ≤ π

u(r, θ) bounded.

u(r, θ) = a0 +
∞∑
m=1

(
rm

Rm

)
[am cos(mθ) + bm sin(mθ)]

a0 =
1

2π

∫ π

−π
f(θ) dθ

am =
1

π

∫ π

−π
f(θ) cos(mθ) dθ

bm =
1

π

∫ π

−π
f(θ) sin(mθ) dθ


