
Phys C2601, Physics III: Classical and
Quantum Waves Homework Assignment 3:

Solutions

October 6, 2009
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(a) 5 points

y(x, t) = A sin kx cos ωt

thus,
∂2y

∂x2
= −Ak2 sin kx cos ωt

∂2y

∂t2
= −Aω2 sin kx cos ωt

∂2y

∂x2
=

1

v2

∂2y

∂t2





⇒ v = ω
k

(b) 5 points

y(x, t) = A sin kx cos ωt

= A
2
[sin(kx + ωt)− sin(kx− ωt)]
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(a) 5 points

Apply the boundary conditions: y(0, t) = y(L, t) = 0 to the standing wave
solution y(x, t) =

∑
n A sin knx cos(ωnt− δt),

⇒ ωn = vkn =

√
T

M/L

nπ

L
,

⇒ νn = ωn

2π
= n

2

√
T

ML

(b) 5 points

N=3 coupled oscillator.

ωn = 2ω0 sin
nπ

2(N + 1)
= 2

√
12T

ML
sin

nπ

8

⇒ νn = ωn

2π
= 2

√
3

π

√
T

ML
sin nπ

8
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(a) 5 points

νn = c/λn = nc
2L

(b) 5 points

n =
2Lν

c
=

2L(ν0 ±∆ν)

c
= 5× 106 ± 10 ⇒ 21 modes

L ≤ c

2∆ν
⇒ Lmax = 15cm
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(a) 5 points

y(x, t) = A sin(nπ
L

x) cos(ωnt− δn), with ωn = vkn =
√

T
M/L

nπ
L

K.E =

∫ L

0

M

2L

(
∂y

∂t

)2

dx

=
M

2L
A2ω2

n sin2(ωnt− δn)

∫ L

0

sin2(
nπ

L
x)dx

=
M

4
A2ω2

n sin2(ωnt− δn)

⇒ Etot = K.Emax =
M

4
A2ω2

n = TA2n2π2

4L

(b) 5 points





y1(x, t) = A1 sin(
π

L
x) cos(ω1t)

y3(x, t) = A3 sin(
3π

L
x) cos(ω3t− π

4
)

y(x, t) = y1(x, t) + y3(x, t)

K.E =

∫ L

0

M

2L

(
∂y

∂t

)2

dx

=
M

2L

[∫ L

0

(
∂y1

∂t

)2

dx +

∫ L

0

(
∂y3

∂t

)2

dx + 2

∫ L

0

(
∂y3

∂t

)(
∂y1

∂t

)
dx

]

=
M

2L

[∫ L

0

(
∂y1

∂t

)2

dx +

∫ L

0

(
∂y3

∂t

)2

dx + 0

]

= Tπ2

4L
(A2

1 + 9A2
3)
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(a) 5 points

The work done against the tension gives the string its initial potential energy
and at this moment, this string has zero K.E.

Etot = W =

∫ h

0

2T
y√

y2 + L2/4
dy

'
∫ h

0

2T
y

L/2
dy

= 2Th2

L

(b) 5 points

y(x, t) =
∑

n An sin( π
L
nx) cos ωnt, with An = 2

L

∫ L

0
y(x, t = 0) sin( π

L
nx),

y(x, t = 0) =

{
2hx/L 0 ≤ x ≤ L/2

2h− 2hx/L L/2 ≤ x ≤L

⇒ An =
2

L

[∫ L/2

0

2h

L
x sin

πn

L
xdx +

∫ L

L/2

(2h− 2h

L
x) sin

πn

L
xdx

]

=
8

π2n2
sin

nπ

2

Then A1 = 8h
π2 , A2 = 0, A3 = − h

π2 , A4 = 0,... thus every T = 2π/ω1 =

2πq
T

M/L
nπ
L

= 2
√

ML
T
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(a) 5 points

y(x, t) =
∑

n An sin( π
L
nx) cos(ωnt + δn) with ωn =

√
T

M/L
nπ
L

∂y

∂t

∣∣∣∣
t=0

= −
∑

n

ωnAn sin(
π

L
nx) sin(ωnt + δn) = 0 ⇒ δn = 0

⇒ An =
2

L

∫ L

0

Ax(L− x) sin
πn

L
xdx

=
4AL2

n3π3
(1− cos nπ)
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y(x, t) =
∑

n An sin( π
L
nx) cos ωnt with An = 4AL2

n3π3 (1− cos nπ)

(b) 5 points

y(x, t) =
∑

n An sin( π
L
nx) cos(ωnt + δn), with ωn =

√
T

M/L
nπ
L

y(x, t)|t=0 =
∑

n

An sin(
π

L
nx) cos(ωnt + δn) = 0 ⇒ δn = π/2

∂y

∂t

∣∣∣∣
t=0

= −
∑

n

ωnAn sin(
π

L
nx) sin(ωnt + π/2) = Bx(L− x)

⇒ −ωnAn =
2

L

∫ L

0

Bx(L− x) sin
πn

L
xdx

=
4BL2

n3π3
(1− cos nπ)

y(x, t) =
∑

n An sin( π
L
nx) sin ωnt with An = 4BL2

n3π3ωn
(1− cos nπ)
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