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7.1 The equation of motion for the oscillating wire is

(µ + µL)
∂2y

∂t2
= T

∂2y

∂x2
− D

∂y

∂t
− I0Beiωt. (1)

a) First, we assume I0 = 0 and

y(x, t) = sin
(nπx

l

)

eiω̃t. (2)

In this case, from the equation of motion,

−(µ + µL)ω̃2 = −T
(nπ

l

)2
− iDω̃, (3)

→ (µ + µL)ω̃2 − iDω̃ − T
(nπ

l

)2
= 0, (4)

→ ω̃ =
1
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(nπ

l

)2
)

. (5)

Thus, ω̃ is expressed as

ω̃ = iα ± ωn, (6)

where

α =
D

2(µ + µL)
, (7)

and

ωn =

√

T

µ + µL

(nπ

l

)2
− α2. (8)

b) Next, we assume I0 6= 0. Let us consider a solution of Eq. (1) with the form

y(x, t) =
∑

n

An sin
(nπx

l

)

eiω̃t, (9)

where n is the positive integer and we assume that An is independent of the time t. Inserting

this into Eq. (1),
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l

)
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l

)
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− I0Beiωt. (10)

Using the orthogonality relations
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)
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)
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2
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from Eq. (10) we obtain
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Because
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


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(13)

=
2l

nπ
δn,2j−1, (j: the positive integer) (14)

Eq. (12) is

l

2
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l

2
T
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−
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From this,

[
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(nπ

l

)2
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]
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4
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Thus,
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(
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. (17)

Because of the assumption that An is independent of t,

ω̃ = ω, (18)

and then
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c) In the present case, the velocity is v(t) =
(

0, ∂y(x,t)
∂t

, 0
)

. When B = (0, 0, B),

V (t) =
∫ L

0
(v(t) × B) · dl (22)

=
∫ L

0

(∂y(x, t)
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B, 0, 0

)

· dl (23)

= B
∫ l
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∂t
dx. (24)

From Eq. (9) with ω̃ = ω,
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∑
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Then,
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7.2 Let us consider the following implicit equation for the depression of the critical tem-

perature Tc in the presence of a pair breaking mechanism characterized by τ :

ln
(1

x

)

= Ψ
(1

2
+

y

4πx

)

− Ψ
(1

2

)

. (35)

Here, x = Tc/Tc0, y = 2h̄/τkBTc0, and Tc0 is the original critical temperature in the absence

of pair breaking effects.

The digamma function Ψ can be approximated as

Ψ
(1

2
+ z

)

≈ Ψ
(1

2

)

+
π2

2
z (z → 0), (36)

Ψ(z) ≈ ln z −
1

2z
−

1

12z2
(z → ∞), (37)

and

Ψ(
1

2
) = − ln(4 × eγ) ≈ − ln(4 × 1.78) ≈ −1.96. (γ ≈ 0.5772) (38)

a) For x → 0,

Ψ
(1

2
+

y

4πx

)

≈ Ψ
( y

4πx

)

(39)

≈ ln
( y

4πx

)

. (40)

where we have used Eq. (37). Inserting this into Eq. (35),

ln
(1

x

)

= ln
( y

4πx

)

− Ψ
(1

2

)

, (41)

→ ln
( y

4π

)
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(1

2

)

, (42)

→ ln
( y

4π

)

≈ − ln(4 × 1.78), (43)

→
y

4π
= e− ln(4×1.78), (44)

→
y

4π
=

1

eln(4×1.78)
, (45)

→
y

4π
=

1

4 × 1.78
, (46)

→ y =
π

1.78
(47)

≈ 1.76, (48)

where we have used Eq. (38).

Because y = 2h̄/τkBTc0,

2h̄

τkBTc0
≈ 1.76, (49)

→
h̄

τ
≈

1.76

2
kBTc0, (50)

Thus,

h̄

τ
∼ kBTc0 (Tc → 0). (51)
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b) For x → 1, from Eq. (35),

0 = Ψ
(1

2
+

y

4π

)
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)

. (52)

This means that y → 0 for x → 1. Therefore, using Eq. (36),

Ψ
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)
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)
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2
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Inserting this into Eq. (35),

ln
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)
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→ y = −

(
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(
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[
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]
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(
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π
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]
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=

(
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(
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≈
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Because y = 2h̄/τkBTc0 and x = Tc/Tc0,
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≈

(

8

π
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(
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→
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Thus,

h̄

τ
∼ kB

(
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)

(Tc → Tc0). (64)
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