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Gif showing a wrinkle appear and be sustained.
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 The Langer-Lines are collagen fibers.

 Incisions made parallel to Langer’s
lines produce less scarring.

 The exact direction of the collagen
fibers are unknown.
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M = (cosA, sinA, 0), m = FM = ‖m‖(cosα, sinα, 0),

A
Α



The Matrix Impedance Method
u = eikEzU0e

ik(x cos θ+y sin θ)︸ ︷︷ ︸
Displacement

, σ·ez = −kZeikEzU0e
ik(x cos θ+y sin θ)︸ ︷︷ ︸

Normal Traction

,

with E = T−1[θ, α,K ](iZ− R[θ, α,K ]).

 Plug into div σ = 0, resulting in

Q[θ,A,K ]−H†[Z]H[Z] = 0,

with
H[Z] = T[θ,A,K ]−1/2(Z + iR[θ,A,K ]),

and correct decay condition Z > 0. The matrices Q,T and R
depend on K , θ and A .

 Zero surface-traction

σ · ez
∣∣
z=0

= 0 =⇒ ZU0 = 0 =⇒ detZ = 0.
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Beware if you miss the critical Kcr

k= 1.2

0 50 100 150
Θ

20

40

60

80

100

Det Z

k= 1.3

0 50 100 150
Θ

20

40

60

80

100

Det Z

k= 1.4

0 50 100 150
Θ

20

40

60

80

100

Det Z

k= 1.6

0 50 100 150
Θ

20

40

60

80

100

Det Z

k= 1.8

0 50 100 150
Θ

20

40

60

80

100

Det Z

Figure: Fibres β+/µ = 20, resist only extension.
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A simple choice with a range of anisotropy

W =
µ

2
(tr C− 3) + f (det C)
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Figure:

- - - α = arctanλ2(K ) ,

most stretched direction.

Figure:

- - - α = θcr − 90◦ ,
Orthogonal to wrinkle.

-10 0 10 20 30

Α

2

4

6

8

Kcr

8 Β-�Μ ,Β+�Μ<
8200%, 0%<

-10 10 20 30

Α

100

105

110

115

Θcr

8 Β-�Μ ,Β+�Μ<
8200%, 0%<



Figure:

- - - α = arctanλ2(K ) ,

most stretched direction.

Figure:

- - - α = θcr − 90◦ ,
Orthogonal to wrinkle.

-20 0 20 40

Α

2

4

6

8

Kcr

8 Β-�Μ ,Β+�Μ<
8200%, 0%<
8197%, 31%<

-20 20 40

Α

100

105

110

115

120

125

130

Θcr

8 Β-�Μ ,Β+�Μ<
8200%, 0%<
8197%, 31%<



Figure:

- - - α = arctanλ2(K ) ,

most stretched direction.

Figure:

- - - α = θcr − 90◦ ,
Orthogonal to wrinkle.

-40 -20 0 20 40

Α

2

4

6

8

Kcr

8 Β-�Μ ,Β+�Μ<
8200%, 0%<
8197%, 31%<
8190%, 61%<

-40 -20 20 40

Α

100

105

110

115

120

125

130

Θcr

8 Β-�Μ ,Β+�Μ<
8200%, 0%<
8197%, 31%<
8190%, 61%<



Figure:

- - - α = arctanλ2(K ) ,

most stretched direction.

Figure:

- - - α = θcr − 90◦ ,
Orthogonal to wrinkle.

-50 0 50

Α

2

4

6

8

Kcr

8 Β-�Μ ,Β+�Μ<
8200%, 0%<
8197%, 31%<
8190%, 61%<
8178%, 90%<

-50 50

Α

100

105

110

115

120

125

130

Θcr

8 Β-�Μ ,Β+�Μ<
8200%, 0%<
8197%, 31%<
8190%, 61%<
8178%, 90%<



Figure:

- - - α = arctanλ2(K ) ,
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The stiff the fibres, the
closer they hug these
curves (experimental).

Figure:
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Given the wave vector U0 such that ZU0 = 0, then

U†0(Q−H†H)U0 = 0 =⇒ δW (u)k−2 = U†0QU0−U†0R
TT−1RU0 = 0,

that is, zero-traction implies no (average density) potential energy
increment.

 More generally; the wrinkle will minimize δW .
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Figure:
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Figure:
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Lessons Learned

I Wrinkles can tend to align with Fibres, but ultimately leed to
diverse behaviour.

I Can the shared wrinkle point be related to how the underlying
soft matrix wrinkles?

I Do not use methods focused on solving detZ(K ) = 0.

I The Riccati equation is numerically robust.

I Still much to explore.
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