
L
o
s
s
e
s
 i
n

L
o
u
d
s
p
e
a
k
e
r
E
n
c
lo
s
u
r
e
s

C
la
u
s
 F
u
tt
ru
p



Z
r
e
s
–
fr
e
e
a
ir
, 
w
it
h
o
u
t
/
 w
it
h
a
d
d
e
d
m
a
s
s

S
h
o
w
 g
ra
p
h
fr
o
m
 E
x
c
e
l

05

1
0

1
5

2
0

2
5

3
0

3
5

4
0

4
5

5
0

1
0

1
0
0

1
0
0
0

1
0
0
0
0

1
0
0
0
0
0

F
re

q
u

e
n

c
y

 (
H

z
)

Magnitude (Ohm)

M
e
a
s
u
re
d

S
e
ri
e
2
 f
it

W
ith
_
m
a
s
s

S
e
ri
e
4
 f
it



T
r
a
n
s
d
u
c
e
r
 m
o
d
e
l 
w
it
h
 F
D
D
 (
R
A
M
S
)



R
. 
S
m
a
ll
 o
n
Q
p
, 
Q
l
a
n
d
 Q
a
-
c
o
n
c
lu
s
io
n
s

Q
p
–
b
e
tw
e
e
n
5
0
  
a
n
d
 1
0
0

Q
a
–
ty
p
ic
a
lly

1
0
0
 o
r
m
o
re

Q
l
–
b
e
tw
e
e
n
5
 a
n
d
 2
0

L
in
k
 t
o
 p
a
p
e
r
(P
D
F
) 
p
a
g
e
 5

Q
u
o
te
: 
T
h
e
 l
a
s
t 
re
s
u
lt
is
 s
u
rp
ri
s
in
g
, 

b
e
c
a
u
s
e
th
e
 e
n
c
lo
s
u
re

te
s
te
d
w
e
ll
b
u
ilt

a
n
d
 a
p
p
e
a
re
d
to
 b
e
le
a
k
fr
e
e
…

Q
u
o
te
: 
…

le
a
d
s
to
 t
h
e
 c
o
n
c
lu
s
io
n
th
a
t
th
e
 

m
e
a
s
u
re
d
le
a
k
a
g
e
in
 a
p
p
a
re
n
tl
y
le
a
k
-f
re
e

s
y
s
te
m
s
 i
s
 n
o
t 
a
n
 e
rr
o
r
o
f 
m
e
a
s
u
re
m
e
n
t

b
u
t 
a
n
 i
n
d
ic
a
ti
o
n
th
a
t
th
e
 a
c
tu
a
l
lo
s
s
e
s
 i
n
 

th
e
 s
y
s
te
m
 e
n
c
lo
s
u
re

is
 n
o
t 
c
o
n
s
ta
n
t
w
it
h

fr
e
q
u
e
n
c
y
…



R
. 

S
m

a
ll

, 
G

ra
p

h
 w

it
h

Q
p

, 
Q

l
a

n
d

 Q
a

S
h
o
w
 p
a
p
e
r
(P
D
F
) 
g
ra
p
h
p
a
g
e
 5



L
o
s
s
e
s
, 
Q
l
=
 7
 :
 A
 m
ix
o
f 
Q
a
a
n
d
 R
a
m
s

ω

Loss

Q
A

R
A
M
S



M
o
d
e
l 
o
f 
d
a
m
p
in
g
m
a
te
r
ia
l



E
le
c
tr
ic
a
l
e
q
u
iv
a
le
n
t,
 w
it
h
R
b

C
P

L
U
A

R
L

R
P

L
T
H

R
T
H

R
B

C
U
A

L
A
F

R
A
F

C
M
F

C
A
F



V
o
lu
m
e
e
x
p
a
n
s
io
n
g
r
a
p
h

1

1
,0
5

1
,1

1
,1
5

1
,2

1
,2
5

1
,3

1
,3
5

0
5
0

1
0
0

1
5
0

2
0
0

F
p

c

V/VB



M
e
c
h
a
n
ic
a
l
m
o
d
e
l,
 T
a
r
n
o
w

3
/
1

lr

3/
2

cr
R

R
R
f

⋅
=

=
λ

f
f

L
N

f

d
⋅

+
−

⋅
⋅

⋅
=

2
6
,1

9
2
9

,
0

)
/
1(

8
0
6

,
0

1
6
2

f

η



T
e
s
t 
b
o
x

E
s
s
e
n

ti
a
ll

y
  

lo
s
s
le

s
s



I
m
p
e
d
a
n
c
e
, 
fr
e
e
 a
ir
 /
 i
n
 b
o
x

010203040506070

10
10
0

10
00

Fr
eq

ue
nc

y 
(H

z)

Magnitude (Ohm)

M
ea
su
re
d

Se
rie
2 
fit

W
ith
_m

as
s

Se
rie
4 
fit

In
_b
ox

Li
ne
 fi
t

Bo
x_
si
m



O
u

r
d

a
ta

sh
e

e
ts

co
n

ta
in

in
p

u
t 

to

th
is

m
o

d
e

l.

D
o

w
n

lo
a

d
 f

re
e

so
ft

w
a

re
fr

o
m

 o
u

r

w
e

b
 s

it
e

 f
o

r 
b

o
x

si
m

u
la

ti
o

n
.

h
tt

p
:/

/w
w

w
.s

ca
n

-s
p

e
a

k
.d

k

•
G

o
 t

o
 ”

P
ro

d
u

ct
s”

•
G

o
 t

o
 ”

T
o

o
lb

o
x”



T
h
a
n
k
y
o
u

Q
u
e
s
ti
o
n
s
?

C
la
u
s
 F
u
tt
ru
p

c
fu
@
s
c
a
n
-s
p
e
a
k
.d
k


