
5.6 × 12 × 1 3

52 µ

T S T = c · S + η · ∂S/∂t c η

T u

ρs
∂2u

∂t2
= ∇ · T ,

k l Skl = 1/2 (∂uk/∂xl + ∂ul/∂uk) uk

k

A1.4
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magnetic
field (B)

top and bottom
membrane

excitation and
readout path

sample fluid cell

inlet and
outlet

z
x

y

0.42 0.44 0.46 0.48  0.5 0.52
!10

!8

!6

!4

!2

0

y in mm

!
P

/!
y
 i
n

 W
/m

y y = ±0.5

ρs

µs λs

µ′

s λ′

s

ρsü = (µs + µ′

s

∂

∂t
)∇2u +

(

(λs + µs) + (λ′

s + µ′

s)
∂

∂t

)

∇(∇ · u)

ρf (ü + (u̇ ·∇)u̇) = −∇p + µ′

f∇
2u̇ + (λ′

f + µ′

f )∇(∇ · u̇)

∂ρf

∂t
+ ∇ · (ρf u̇) = 0

(u̇ · ∇)u̇ p ρf

ζ = ρ−1(∂ρf/∂p) p ρf,e

p0 ρf,0

ρf ü =
1

ζ
∇(∇ · u) + µ′

f∇
2u̇ + (λ′

f + µ′

f )∇(∇ · u̇)

z

ψ(x, y, t) =
ψy(y) · ψx(x) · ψt(t) ω

kx

x
ψ(x, y, t) = ψy(y) ·

1

4π2

∫
∞

−∞

∫
∞

−∞

Ψω(ω)Ψkx
(kx) exp(jkxx − jωt)dkxdω.

ω kx

Ψkx
(kx) Ψω(ω)

s
µs = Es/(2(1 + νs)) λs = Esνs/ ((1 + νs)(1 − 2νs)) Es

νs

10−3

ψ(x, y, t)
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ψ(x, y, t) =
1

4π2

∫
∞

−∞

∫
∞

−∞

Ψkx
(kx)Ψω(ω)φ(kx, y, ω)dkxdω

φ(x, y, t)

φ(kx, y, ω) = ψy(y) · exp(jkxx − jωt)

u = [ux, uy]
T y

Txx, Txy, Tyy

Txy

Tyy

φ(kx, y, ω) = [ux(y), uy(y), Txy(y), Tyy(y)]T · exp(jkxx − jωt),

4

∂

∂y
φ(kx, y, ω) = Asφ(kx, y, ω),

∂

∂y
ψy(y) = Asψy(y)

∂
∂y

ψy(y) = Afψy(y)

ψy(y) = exp (Asy) · c = c1v1 exp (λ1y) + c2v2 exp (λ2y) + c3v3 exp (λ3y) + c4v4 exp (λ4y)

v1 · · ·v4 λ1 · · ·λ4 As c =
[c1 · · · c4]

T

As Af

λ2 = −λ1 λ4 = −λ3 v1 v4

v1 =







v11

v12

v13

v14







, v2 =







−v11

v12

v13

−v14







, v3 =







v31

v32

v33

v34







, v4 =







−v31

v32

v33

−v34







.

y

u y
[c1 . . . c4]

y0 ψy(y0) Tyy

Txy ±yb = ±(dm + ff/2)

+y −y

[c1 · · · c4]







ux(y)
uy(y)
Txy(y)
Tyy(y)







=
1

2







v11 cosh(λ1y) v31 cosh(λ3y)
v12 sinh(λ1y) v32 sinh(λ3y)
v13 sinh(λ1y) v33 sinh(λ3y)
v14 cosh(λ1y) v34 cosh(λ3y)







︸ ︷︷ ︸

Esym

[

c1

c3

]

,







ux(y)
uy(y)
Txy(y)
Tyy(y)







=
1

2







v11 sinh(λ1y) v31 sinh(λ3y)
v12 cosh(λ1y) v32 cosh(λ3y)
v13 cosh(λ1y) v33 cosh(λ3y)
v14 sinh(λ1y) v34 sinh(λ3y)







︸ ︷︷ ︸

Easym

[

c1

c3

]
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ux(y) = ux(−y) ux(y) = −ux(−y)
uy(y) = −uy(−y) uy(y) = uy(−y)
Txy(y) = −Txy(−y) Txy(y) = Txy(−y)
Tyy(y) = Tyy(−y) Tyy(y) = −Tyy(−y)

y ψy(y)
P

ψy(df/2) = P (−dm) · ψy(df/2 + dm).

ψy(y) y = df/2

ψy(yb) = Ps(dm) · ψy(df/2) = Ps(dm) · Esym(df/2) ·

[

c1

c3

]

Tyy Txy yb c1 c3

Tyy

x = (−L/2, L/2)

x = ±L/2
x = ±L/2

ω

T (x,y )yy b
x

x

T (x,-y )yy b

x

yx=-L/2
y=yb

x=L/2
y=-yb

F

F

F

F

F

Tyy(yb) Tyy(−yb) Txy(yb) Txy(−yb)
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Uind

B B l B ∂uy/∂t ±yb

Iexc

B Z(ω)
x = [lr1 · · · lr4]

Z(ω) =
Uind

Iexc
− 4

jωB2

b

∑lr4

x=lr1
uy(x, yb, ω)

Tyy(le, yb, ω)
.

readout pathexcitation path

L

dm

df

le

lr2

lr1

lr4

lr3 b

55% ω = 320s−1

ux x = 0 vx = u̇x

x = 0

P = −
µ′

f

2

∫

V

(
∂vi

∂xj
+

∂vj

∂xi

)2

dV

dy y

µ′

f = 7.2e−3 ρf = 1139 3

SENSOR+TEST Conference 2009 - SENSOR 2009 Proceedings I 45



ux x = 0 55%

u̇x x = 0 55%
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