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Source position 

[mm] 

Absorption

coefficient 
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Reduced
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coefficient 

[cmP

–1
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(252.5, 20, 0) 0.004 8 Rectangular
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(Present work) 
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Semi-infinite 
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- 0.006–0.010 9–10 
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a

calc

a

meas

a NakNa
kNaf

2

2

2

2 )],([)],,([
),,(            (4-7) 

meas

a

meas

s

calc

a

calcs

s

4.4 660 nm

780 nm  (LP780P010, Thorlabs) 

2 2
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50 MHz 660 nm 780 nm

4.5  [82] 
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4.3 

1

2



 64

4.4

Amp: amplifier, LD: laser diode, LPF: low-pass filter, OSC: oscillator, 

PMT: photomultiplier tube, SW: switch 

4.5 
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4.4

4.4.1

PMMA

ZL (Nissan Chemical 

Industries)

1

70–100 nm  ZL

4.1 40%

4.1 

 1.294 

 pH 9.2 

 2.3 

 (SiO2)  40.4 % 

 (Na2O)  520 ppm 

4.4.2

4.6

100 mm

425 ml

4.7

25 mm 40

mm 1 mm 660 nm
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780 nm 660 nm 1.3 mW

780 nm 0.6 mW

50 MHz 660 nm 18 cm

780 nm 30 cm

4.6 

(a) 3  (b) 
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(a)                                      (b) 

4.7  (a) 

 (b) 

4.8 

(Olympus CAMEDIA E-10, F=2.4, Exposure time 2 sec, ISO-80) 
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4.9 

660 nm 

4.4.3

4.9

660 nm

0.008 cm–1 21 cm–1

780 nm 0.029 cm–1 8 cm–1

 0.001 cm–1,

1 cm–1

(4–4) (4–5)

660 nm

2100),( maN ss  [m–3]                      (4-8) 

8.042.0),(aN aa  [m–3]                    (4-9) 
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780 nm

800),( maN ss  [m–3]                     (4-10) 

9.27.2),(aN aa  [m–3]                   (4-11) 

a s

m )/( 21 nn

660 nm 456.11n 780 nm 453.11n  [83]

660 nm 333.12n

780 nm 330.12n  [84]

660 nm 0.0042 cm–1 [85] 780 nm 0.027 cm–1 [86]

(4–7)

4.2

4.2 

660 nm 780 nm

)

 660 nm 780 nm 

Particle size (nm) 113  3 

Number density (m–3) (2.3  0.3)×1020

Imaginary part of refractive index (9.9  2.0)×10–7 (8.1  3.0)×10–7

4.4.4

113 nm

 0.001 cm–1, 1 cm–1

3

nm 4.3

 [87] 
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 [88] 

(SALD-7100) 4000

113 nm 1 nm

375 nm 1.475 [89] 

 (Dielectrophoresis) [90] 

400

 134 nm 5 nm

BET 

(Brunauer–Emmett–Teller)  [91] 72 nm

100 nm

BET

BET

4.3. 

Diffuse photon density 

wave spectroscopy 

(Presented work) 

LLS and LD
Combination 

method*
BET

Particle size (nm) 113  3 113  1 134  5 72 

Measurement 

condition
Undiluted

Diluted

4000

Diluted

400
Dried

*Combination of diffusion, density and dielectrophoresis 

2010)3.03.2(  m–3

20

3
101.3

34 densitya

weight
N  [m-3]                (4-12) 
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2.2  103 kg/m3

321 kg/m3

113 nm

660 nm  (9.9  2.0)  10–7

780 nm  (8.1  3.0)  10–7 Philipp [92] 

148 nm 2.7  10–7

148 nm 2000 nm

119 nm

660 nm 2.17  10–8 780 nm 1.40  10–7

4.5

4.5.1

2

4.10

87.3% 3.9% 8.8%

2.4%

1 m
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4.10 

4.5.2

4.11  (Meiji Dairies) 

200 mm 6.8 l 4.12

40 mm 80 mm 1 mm

660 nm 780 nm 660 nm

3.8 mW 780 nm 1.2 mW

50 MHz 660 nm 9 cm

780 nm 18 cm
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4.11 

(a)3  (b)
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4.12 

4.5.3

4.13

40 mm 45 mm 1 mm

780 nm 680 nm

660 nm 780 nm

780 nm 780 nm
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4.13

660 nm 780 nm

4.14 660 nm 780 nm

(4–4) (4–5) 660 nm

780 nm

780 nm

780 nm 660 nm

680 nm Wabnitz  [93] 

780 nm 800 nm

Mitic [94] 

4.4 100%
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4.14

660 nm 780 nm 660 nm

4.4 100%

 Wavelength of light 

[nm] 

Absorption

coefficient [cm–1]

Reduced scattering 

coefficient [cm–1]

660 0.011 41 Diffuse photon density 

wave spectroscopy 

(Presented work) 
780 0.032 28 

680 0.0087 37.5 Other reseacher 

[93, 94] 800 0.024 25 

100%

100%

660 nm 0.011 cm–1 41 cm–1 780 nm

0.032 cm–1 28 cm–1 (4–4) (4–5)

4
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660 nm

1.142.0),( ccaca maN  [m–3]                   (4-13) 

4100),(),( ffsfccscs aNaN  [m–3]            (4-14) 

780 nm

2.37.2),( ccaca maN  [m–3]                    (4-15) 

2800),(),( ffsfccscs aNaN  [m–3]            (4-16) 

a s

1.57 [95] 1.4564 [96] 1.35 [97] 

600 nm 800 nm

660 nm 0.00418 cm–1

780 nm 0.00409 cm–1  [98]

4.5 660 nm

(5.8  0.4)  10–8 780 nm (6.0  0.4)  10–8

4.5 

( )

 Particle size 

[nm] 

Number density 

[m–3]

Fat globules 386  12 (6.6  0.2)×1017

Casein micelles 131  1 (2.1  0.1)×1019



 78

4.5.4

4.6

 [99–101]

400 nm 1017 m–3

130 nm 1019 m–3

 4.6 

 Particle size 

[nm] 

Number density 

[m–3]

Fat globules 400–600 (Ref.99) (0.5–2.0) ×1017 (Ref.100) 

Casein micelles 80–120 (Ref.101) (0.5–1.5) ×1019 (Ref.101) 

(Meiji Dairies) 

4.12

4.12

58% 42%

4.5
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4.12 



 80

4.6

2

2

1.

2.

3.
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5

5.1

 (pH) 

[20-25] -, -, -

130 nm

-
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5.1 

5.1 6

-

5.2

4.9
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5.2

5.2

5.3

2

6

6

1.6% 0.85%

 0.00003 cm–1  0.15 cm–1

 0.001 cm–1, 1 cm–1

5.2

5.4  (WB-100SA, AS-ONE) 

Horiba  (D-52T) 

(9677-10D) 

 (9677-10D) 

 (Meiji Dairies)  (Nippon Milk Community) 

25°C

(Fujicco)15 ml 100 ml

Lactococcus 

lactis subsp. ceremoris FC
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5.2 

40 mm (a) 3  (b)
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5.3 

(Olympus CAMEDIA E-10, F=2.4, Exposure time 2 sec, ISO-80) 

5.4 
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5.3

5.5

660 nm

200 250

200

Vasbinder [102] 

5.2

4.9

5.6

5

210 5.2 250 4.9

5.5 
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5.6 

5.7 (3–24), (3–39)

 [103] 

(4–4), (4–5) (4–7)

5.8

250

250

 [104,105]

-
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5.7 

5.8 
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5.4

5.9

5.10 5.11 660 nm 780nm

5.2

5.9
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5.10  ( 660 nm) 

5.11  ( 780 nm) 



 91

5.12

250

5.1

5.2 4.9 5.13

5.12 
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5.13



 93

5.5

2
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6

1.

2.

3. cm 10 cm

3 5

3

4

2
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2

2

5

RNA

QOL 

(Quality of life)

F
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( )
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A.

(Radiance) ),ˆ,( tsL r

)(r )ˆ(s

W/(sr m2) ),ˆ,( tsL r

),ˆ,( tsdP r dA

d r ŝ sr = steradian

ddAtsLtsdP cos),ˆ,(),ˆ,( rr                   (A-1) 

A-1

(Photon distribution function) ),ˆ,( tsN r

ddrtsN 3),ˆ,(r 3dr d t

1/(sr m3) ),ˆ,( tsN r

chvtsNtsL ),ˆ,(),ˆ,( rr                     (A-2) 
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(Photon fluence) ),( tr

r

W/m2

Radiant Energy Fluence Rate

dtsNhvcdtsLt
44

),ˆ,(),ˆ,(),( rrr                (A-3)  

(Photon flux) tJ ,r

ŝ

r

W/m2

dstsLtJ
4

ˆ),ˆ,(),( rr                       (A-4) 

(Phase function of single scattering) )ˆ,ˆ( ssf

)ˆ,ˆ( ssf ŝ ŝ

ŝ ŝ cos

1)ˆ,ˆ(
4

dssf                         (A-5) 

)ˆ,ˆ()ˆ,ˆ( ssfssf                          (A-6) 
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(a) (b)

A-2
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B.  (Boltzmann transport equation) 

B-1.

VV

s

V

a

V V

s

V

dVtsqdVdtsNssfc

dVtsNcdVtsNcdVtsNscdV
t

tsN

),ˆ,(),ˆ,()ˆ,ˆ()(

),ˆ,()(),ˆ,()(),ˆ,(ˆ
),ˆ,(

4

rrr

rrrrr
r

  (B–1) 

(B–1) dV

dV
t

tsN

V

),ˆ,(r
                              (B–2) 

(B–1) 1

(B–3)

dVtsNscdSstscN
VS

),ˆ,(ˆˆ),ˆ,( rr                    (B–3)  

(B–1) 2 ŝ ŝ

s

dVtsNc
V

s ),ˆ,()( rr                           (B–4) 
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(B–1) 3 ŝ

a

dVtsNc
V

a ),ˆ,()( rr                           (B–5) 

(B–1) 4 ŝ

ŝ

dVdtsNssfc
V

s
ˆ),ˆ,()ˆ,ˆ()(

4

rr                    (B–6) 

(B–1) 5 ),ˆ,( tsq r

V

dVtsq ),ˆ,(r                              (B–7) 

VV

s

V

a

V V

s

V

dVtsqdVdtsNssfc

dVtsNcdVtsNcdVtsNscdV
t

tsN

),ˆ,(),ˆ,()ˆ,ˆ()(

),ˆ,()(),ˆ,()(),ˆ,(ˆ
),ˆ,(

4

rrr

rrrrr
r

 (B–8) 

),ˆ,()ˆ,ˆ(),ˆ,(),ˆ,(ˆ),ˆ,(
),ˆ,(1

tsQdssftsLtsLstsL
t

tsL

v
st rrrr

r
(B–9)

bat s a ncv /
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C. P1

PN Nl

)ˆ(),(),ˆ,( ,

0

, sYttsL ml

N

l

l

lm

ml rr                           (C–1) 

)ˆ(),(),ˆ,( ,

0

, sYtqtsS ml

N

l

l

lm

ml rr                           (C–2) 

)ˆ()ˆ()ˆ,ˆ(
4

12
)ˆ,ˆ( ,

0

,

0

sYsYgssPg
l

ssf ml

l

l

lm

mllll

l

             (C–3) 

)(,mlY 0l

1l

)(cos
)!(

)!(

4

12
)1(),()ˆ( ,,

m

l

imm

mlml Pe
ml

mll
YsY          (C–4) 

)(cosm

lP

)()1()( 22

lm

mm

m

l P
d

d
P                       (C–5) 

4

1
),(0,0Y                             (C–6)

cos
4

3
),(0,1Y                           (C–7)

ieY sin
8

3
),(1,1                          (C–8) 

ieY sin
8

3
),(1,1                          (C–9) 
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1P

1P

)ˆ(),()ˆ(),()ˆ(),()ˆ(),(

)ˆ(),(),ˆ,(

1,11,10,10,11,11,10,00,0

,

1

0

,

sYtLsYtLsYtLsYtL

sYtLtsL ml

l

l

lm

ml

rrrr

rr
   (C–10) 

(C–10)

(C–11) 0l

)ˆ(),(4),ˆ,(),( 0,00,0

4

sYtLdtsLt rrr                  (C–12) 

)ˆ(),(4)ˆ(),( 0,00,00,0

4

0,0 sYtLdsYtL rr                  (C–13) 

0sin
8

3
)ˆ(),( 2

0

1,1

2

0

1,1

4

1,1 dLdedsYtL i
r          (C–14) 

0sincos
4

3
2)ˆ(),(

0

0,10,1

4

0,1 dLdsYtL r            (C–15)

0sin
8

3
)ˆ(),( 2

0

1,1

2

0

1,1

4

1,1 dLdedsYtL i
r           (C–16) 

dstsLtJ ˆ),ˆ,(),(
4

rr                           (C–17) 

(C–17)
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1l

)ˆ(2)),ˆ()ˆ((),ˆ()ˆ(
3

2

cos,sinsin,cossinˆ

0,11,11,11,11,1 sYsYsYisYsY

s

           (C–18) 

1,11,10,10,11,11,10,00,00,11,11,11,11,1 2),(,
3

2
ˆ),ˆ,( YLYLYLYLYYYiYYstsL r

(C–19)

0,11,11,11,11,1

4

2),(,
3

2
ˆ),ˆ,(),( LLLiLLdstsLtJ rr     (C–20) 

1,11,1 YY

1l

)ˆ(),(
3

4

2),(,
3

2
2),(,

3

2
ˆ),(

,1,1

0,11,11,11,11,10,11,11,11,11,1

sYtL

YYYiYYLLLiLLstJ

mm r

r

(C–21)

(C–11) (C–21) 1P

stJttsL ˆ),(
4

3
),(

4

1
),ˆ,( rrr                    (C–22) 

stStStsS ˆ),(
4

3
),(

4

1
),ˆ,( 10 rrr                   (C–23) 

1P

cos3
4

1
3

4

1

)ˆ,ˆ(
4

12
)ˆ,ˆ(

101100

1

0

ggPgPg

ssPg
l

ssf ll

l              (C–24) 
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)cos3(
4

1

cos)sincos2(sin
2

3

4

1

)(

)ˆ()ˆ()ˆ,ˆ(

10

222

10

1,11,10,10,11,11,110,00,00

,

1

0

,

gg

gg

YYYYYYgYYg

sYsYgssf ml

l

l

lm

mll

            (C–25) 

)ˆ()ˆ( ,1,1 sYsY mm cosˆˆ ss

1)(0P )(1P                         (C–26) 

11sin)cos3(
2

1
)ˆ,ˆ( 0

0

10

4

gdggdssf          (C–27) 

4

1

0

10 sincos)cos3(
2

1
)ˆ,ˆ()ˆ,ˆ( gggdggdssfssf     (C–28) 

1P

)ˆ()ˆ()cos31(
4

1
)ˆ,ˆ( ,

1

0

, sYsYggssf ml

l

l

lm

mll           (C–29) 
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D.

k

D
j

D

v

D

jv
k aa 1

2

tan
exp1

12

1

22

aa v
j

DD

v

a

a

v

j

D

v
j 1

4

1

2

222

tan
2

exp

aa

a

v
j

vD

v
j 11

4

1

2

222

tan
2

1
sintan

2

1
cos

aa

a

v
j

vD

v 11
4

1

2

222

tan
2

1
costan

2

1
sin       (D–1) 

a

a

real
vD

v
kk 1

4

1

2

222

tan
2

1
sinRe               (D–2)

a

a

imaginary
vD

v
kk 1

4

1

2

222

tan
2

1
cosIm             (D–3) 
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E.

lSd
n

i

i /  )2( a                        (E–1) 

id l S a

lSd
n

i

i /  )2( a                       (E–2) 

id l
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F

F-1.

1 m a

1 TE z x y

xa ya

)exp( tiikzaE x                          (F–1) 

)exp( tiikzaH y                           (F–2) 

)(cos 2Se
kr

i
HE tiikr                    (F–3) 

)(sin 1Se
kr

i
HE tiikr                    (F–4) 

)(1S )(2S

1

1 )}(cos)(cos{
)1(

12
)(

n

nnnn ba
nn

n
S               (F–5) 

1

2 )}(cos)(cos{
)1(

12
)(

n

nnnn ab
nn

n
S               (F–6) 
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cos

)(cos
)(cos

sin

1
)(cos 1

d

dP
P n

nn                  (F–7) 

cos

)(cos
sin)(coscos)(cos)(cos 21

d

d
P

d

d n

nnn        (F–8) 

)()()()(

)()()()(

xymxy

xymxy
a

nnnn

nnnn

n                      (F–9) 

)()()()(

)()()()(

xyxym

xyxym
b

nnnn

nnnn

n                      (F–10) 

)()(
2

)()( 2/1

2/1

zSzJ
z

zzjz nnnn                 (F–11) 

)()(
2

)()( 2/1

2/1

zCzN
z

zznz nnnn                (F–12) 

)(
2

)()( )2(

2/1

2./1

)2( zH
z

zzhz nnn                   (F–13) 

)()()()2( ziNzJzH nnn                        (F–14) 

)()()( zizz nnn                         (F–15) 

m 1m 2m

21 / mmm                               (F–16) 

vac

ama
kax 222

                          (F–17) 

mkay                                 (F–18) 

(F–1) (F–2) ),(

),(
1

))(sin)((cos
1

))(sin)((cos
1

,

221

2

2

2

22

2

1

22

2

2

22

22

F
rk

ii
rk

SS
rk

EEI

        (F–19) 
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C

dF
k

aC ),(
1

Q
2

2                         (F–20) 

Q

2

1

2

2 sin)(cos)(),( iiF                     (F–21) 

(F–20) ddd sin

}){12(
2

sin)}()({
1

Q

2

1

2

2

0

2122

n

n

n ban
x

dii
xa

C

                   (F–22) 

Q

1
21

1

12

0

2122

)Re(
)1(

124
)Re(

1

)2(4

sincos)}()({
1

Qcos

n

nnnn

n

nn ba
nn

n

x
bbaa

n

nn

x

dii
xa

C

   (F–23)

l

n

Cnan
l

)cos1(

1

Q)cos1(

1
2

               (F–24) 

0cos l

Cnan
l

1

Q

1
2

                        (F–25) 

T
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Tllll

1111

21

                        (F–26) 

s l

l
s

1
                               (F–27) 
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G

G-1.

G-1

mW

 (TCLDM9, Thorlabs)  (LDC500, 

Thorlabs)  (TEC500, Thorlabs) 

T RF 1

RF G-2

10 MHz

G-3

(C110TM-B, Thorlabs) 62.5 m  (MB1L02, 

Thorlabs)

G-1.

Model Mitsubishi 

ML101J8

Thorlabs

LP780P010

Wavelength [nm] 660 780 

Optical power [mW] 40 10 

Threshold current [mA] 57 25 

Operating current [mA] 117 40 

G-2.

Model Agilent Technologies 

E4422B

Kenwood

SG-7130

Frequency range 250 kHz–4 GHz 100 kHz–1.3 GHz 

Output level -136 dBm–13 dBm -133dBm–13dBm 
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G-3.

Model Thorlabs 

M31L02

Type Graded index multimode 

NA 0.275 

Core diameter 62.5 m

Cladding diameter 125 m

G-3.

G-2.

G-4 3 (PD)

 ( 10s

cm–1)

(APD) 2.5  105

50 mm

400 MHz

( 50s  cm–1) G–4

 (R3896, Hamamatsu)  (C3830, 

Hamamatsu) 800 V 1000 V

 (C5594, Hamamatsu) 
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36 dB 50 kHz 1.5 GHz

5

400 m (BFH48-400, Thorlabs) 6

1 mm  (FT-1.0-EMT, Thorlabs)

500 MHz  (5460B, Agilent Technologies)

G-4.

Model Hamamatsu 

R3896

Hamamatsu 

C5658SPL 4675 

Thorlabs

DET210

Type Photomultiplier tube 

(PMT)

Avalanche photo diode 

(APD)

Photo diode 

(PD)

Spectral range [nm] 185–900 400–1000 200–1100 

Diameter f [mm] 28 0.5 1 

Gain 9.5  106 2.5  105 - 

Time response < 400 MHz 1 MHz–1 GHz < 1GHz 

G–4
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100 GHz

3 GHz

400 MHz

G-5.

Model Thorlabs 

BFH48-400

Type Step index multimode 

NA 0.48 

Core diameter 400 m

Cladding diameter 430 m

G-6

Model Thorlabs 

FT-1.0-EMT 

Type Step index multimode 

NA 0.39 

Core diameter 1000 m

Cladding diameter 1035 m

G-3.

   2  (5610B, NF Electric instruments) 

110 

dB )cos()( tAtV ii )cos()( tBtV rr

G-5 )(tVm

])cos[(])cos[(
2

)( tt
AB

tV ririm            (G–1) 
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])cos[(
2

)( t
AB

tV rim                     (G–2) 

( ri )

cos
2

AB
Vm                           (G–3) 

90 2

2B

2 G-6 2

trcos trsin

A

G-5.
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G-6. 2

G-4.

G-7 LabVIEW7.1 (National Instruments) 

RS232C PCI-4155 (Interface) 2

SHOT-602 (Sigma koki) SGSP26-200 (Sigma Koki)

200 mm z

GPIB

PCI-4302 (Interface) 
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G-7.

G-5.

G-7.

Model Mini Circuit 

ZSC-2-5

Frequency range 10 MHz–1500 MHz 

Isolation 30 dB 

G-8.

Model Mini Circuit 

ZP-5

Frequency range 20 MHz–1500 MHz 

Isolation 42 dB 
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G-9.

Model Mini Circuit 

BLP-1.9

Frequency range 0 MHz–1.9 MHz 

G-10. 

Model NF Electronic instruments 

4005

Frequency range 0 MHz–1 MHz 

Gain 10–100 

50

G-11. 

Model Tektronix 

011-0059-02 

Spec 20dB (10 ) 50 2W

OSC2 OSC1 OSC2
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F. 

[106–110]

F-1.

 [36,37]

)()( 0, rr aaa                           (F-1) 

0,a )(ra

(F–1) (2–14)

D

S

D
k ab

a )(
)(

)( 022 r
r

r
                     (F–2) 

),(),(),( 0 sabss rrrrrr                          (F–3) 

0 ab
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F–4 195 mm  195 mm  60 mm 

F–4 x – z F–5

60 mm 5 mm

13 13

169 x 5 z

6 30 1 10 mm

20 ml 0.1 ml

F–6

F–5 1 10 mm

F–7 F–8
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F-6.

3 F–9

 A (-5, 0, 60)mm, B (0, 0, 60)mm, B (5, 0, 60)mm

F–9. x – z A, B, C 

 A (-5, 0, 60)mm

F–10 x 0 mm 10 mm

 B (0, 0, 60)mm

F–11

x 0 mm

 C (5, 0, 60)mm

F–12 F–10 x -10 mm 0 mm



 132
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(3–22)
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F–10. (-5, 0, 60)mm 



 133

F–11. (0, 0, 60)mm 

F–12. (5, 0, 60)mm 



 134

F–13.

(3 )

F–14.

(2 )



 135

F–15.

(3 )

F–16.

(2 )



 136

F-7.



 137

[1] D. G. Dalgleish, P. A. Spagnuolo, H. D. Goff, “A possible structure of the casein micelle 

based on high-resolution field –emission scanning electron microscopy,” Int. Dairy J. 14,

1025–1031 (2004). 

[2] S. Sriaorkul, L. Ozimek, B. Ooraikul, D. Haziyev, and F. Wolfe, “Effect of ultrafiltration of 

skim milk on casein micelle size distribution in retentate,” J. Dairy Sci. 74, 50–57 (1991). 

[3] R. Gebhardt, W. Doster, J. Friedrich, and U. Kulozik, “Size distribution of 

pressure-decomposed casein micelles studied by dynamic light scattering and AFM,” Eur. 

Biophys. J. 35, 503–509 (2006). 

[4] P. W. Hansen, A. S. van Brakel, J. Garman, and L. Norgaard, “Detection of specific sugars in 

dairy process samples using multivariate curve resolution,” J. Dairy Sci. 82, 1351–1360 

(1999).  

[5] A. K. Hewavitharana and B. van Bakel, “Fourier transform infrared spectrometric method 

for rapid determination of casein in raw milk,” Analyst 122, 701–704 (1997). 

[6] R. Tsenkova, S. Atanassova, K. Itoh, Y. Ozaki, and K. Toyoda, “Near infrared spectroscopy 

for biomonitoring: Cow milk composition measurement in a spectral region from 1,100 to 

2,400 nanometers,” J. Anim. Sci. 78, 515–522 (2000). 

[7] S. Sivakesava and J. Irudayaraj, “Rapid determination of tetracycline in milk by FT-MIR and 

FT-NIR spectroscopy,” J. Dairy Sci, 85, 487–493 (2002). 

[8] D. M. Haaland and E. V. Thomas, “Partial least-squares method for spectral analysis. 1. 

Relation to other quantitative calibration methods and the extraction of qualitative 

information,” Anal. Chem. 60, 1193–1202 (1988). 

[9] P. J. Wyatt, D. T. Phillips, and E. H. Allen, “Laser light scattering bioassay for veterinary 

drug residues in food producing animals. 1. Dose-response results for milk, serum, urine, 

and bile,” J. Agric. Food Chem. 24, 984–988 (1978). 

[10] S. Meyer, S. Berrut, T. I. J. Goodenough, V. S. Raendram, V. J. Pinfield, and M. J. W. 

Povey, “A comparative study of ultrasound and laser diffraction techniques for particles 

size determination in dairy beverages,” Meas. Sci. Technol. 17, 289–297 (2006). 

[11] B. J. Berne and R. Pecora, Dynamic Light Scattering with Applications to Chemistry, 

Biology, and Physics (Dover, 2000). 



 138

[12] R. Gebhardt, W. DOster, J. Friedrich, and U. Kulozik, “Size distribution of 

pressure-decomposed casein micelles studied by dynamic light scattering and AFM,” Eur. 

Biophys. J. 35, 503–509 (2006). 

[13] D. J. Pine, D. A. Weitz, P. M. Chaikin, and E. Herbolzheimer, “Diffusing-wave 

spectroscopy,” Phys. Rev. Lett. 60, 1135–1137 (1988). 

[14] G. Nishimura, K. Katayama, M. Kinjo, and M. Tamura, “Diffusing-wave absorption 

spectroscopy in homogeneous turbid media,” Opt. Commun. 128, 99–107 (1996). 

[15] D. A. Boas and A. G. Yodh, “Spatially varying dynamical properties of turbid media probed 

with diffusing temporal light correlation,” J. Opt. Soc. Am. A 14, 192–215 (1997). 

[16] K. G. de Kruif, M. A. M. Hoffmann, M. E. van Marle, P. J. J. J. M. van Mil, S. P. F. M. 

Roefs, M. Verheul, and N. Zoom, “Gelation of proteins from milk,” Faraday Discuss. 101,

185–200 (1995). 

[17] C. G. de Kruif and C. Holt, “Casein micelle structure, functions and interactions,” in 

Advanced Dairy Chemistry: volume 1: Proteins, P. E. Fox and P. L. H. McSweeney, eds. 

(Kluwer, 2003), pp. 233–276. 

[18] J. A. Lucey, “Formation and physical properties of milk protein gels,” J. Dairy Sci. 85,

281–294 (2002). 

[19] C. G. de Kruif and E. B. Zhulina, “ -casein as a polyelectrolyte brush on the surface of 

casein micelles,” Colloids Surf. A 117, 151–159 (1996). 

[20] A. J. vasbinder, F. van de Velde, and C. G. de Kruif, “Gelation of casein-whey protein 

mixtures,” J. Dairy Sci. 87, 1167–1176 (2004). 

[21] D. Lehner, P. Worning, G. Fritz. L. Ogendal, R. Bauer, and O. Glatter, “Characterization of 

enzymatically induced aggregation of casein micelles in natural concentration by in situ

static light scattering and ultra low shear viscosimetry,” J. Colloid Int. Sci. 213, 445–456 

(1999).

[22] W. L. Yu, F. Bouyer, andM. Brokovec, “Polystyrene sulfate latex particles in the presence 

of poly(vinylamine): Absolute aggregation rate constants and charging behavior,” J. 

Colloid Int. Sci. 241, 392–399 (2001). 

[23] D. Sohn, P. S. Russo, A. Davila, D. S. Poche, and M. L. McLaughlin, “Light scattering 

study of magnetic latex particles and their interaction with polyelectrolytes,” J. Colloid Int. 

Sci. 177, 31–44 (1996). 



 139

[24] H. Holthoff, M. Borkovec, and P. Schurtenberger, “Determination of light-scattering form 

factors of latex particle dimers with simultaneous static and dynamic light scattering in an 

aggregating suspension,” Phys. Rev. E, 56, 6945–6953 (1997). 

[25] R. A. Lauten, A. Kjoniksen, and B. Nystrom, “Colloid polymer interactions and 

aggregation in aqueous mixtures of polystyrene latex, sodium dodecyl sulfate and a 

hydrophobically modified polymer: A Dynamic light scattering study,” Langmuir 17,

924–930 (2001). 

[26] M. Alexander and D. G. Dalgleish, “Dynamic light scattering techniques and their 

applications in food science,” Food Biophys. 1, 2–13 (2006). 

[27] M. Alexander and D. G. Dalgleish, “Application of transmission diffusing wave 

spectroscopy to the study of gelation of milk by acidification and rennet,” Colloids Surf. 

B 38, 83–90 (2004). 

[28] A. J. Vasbinder, P. J. J. M. van Mil, A. Bot, K. G. de Kruif, “Acid-induced gelation of 

heat-treated milk studied by diffusing wave spectroscopy,” Colloids Surf. B 21, 245–250 

(2001).

[29] Y. Hemar. H. Singh, and D. S. Horne, “Determination of early stages of rennet-induced 

aggregation of casein micelles by diffusing wave spectroscopy and rheological 

measurements,” Current Appl. Phys. 4 362–365 (2004). 

[30] X. Wang, B. W. Pogue, S. Jiang, X. Song, K. D. Paulsen, C. Kogel, S. P. Poplack, and W. A. 

Wells, “Approximation of Mie scattering parameters in near-infrared tomography of 

normal breast tissue in vivo,” J. Biomed. Opt. 10, 051704 (2005). 

[31] X. Wang, B. W. Pogue, S. Jiang, H. Dehghani, X. Song, S. Srinivasan, B. A. Broolsby, K. D. 

Paulsen, C. Kogel, S. P. Poplack, and W. A. Wells, “Image reconstruction of effective Mie 

scattering parameters of breast tissue in vivo with near-infrared tomography,” J. Biomed. 

Opt. 11, 041106 (2006). 

[32] D. A. Boas, “Diffuse photon probes of structural and dynamical properties of turbid media: 

Theory and biomedical applications,” Ph.D. dissertation (University of Pennsylvania, 

1996)

[33] J. B. Fishkin and E. Gratton, “Propagation of photon-density waves in strongly scattering 

media containing an absorbing semi-infinite plane bounded by a straight edge,” J. Opt. Soc. 

Am. A 10, 127–140 (1993). 



 140

[34] H. Wabnitz and H. Rinneberg, “Imaging in turbid media by photon density waves: spatial 

resolution and scaling relations,” Appl. Opt. 36, 64–74 (1997). 

[35] A. Ishimaru, Wave Propagation and Scattering in Random Media (Academic Press, 1972). 

[36] D. A. Boas, “Diffuse photon probes of structural and dynamical properties of turbid media: 

Theory and biomedical applications,” Ph.D. dissertation (University of Pennsylvania, 

1996).

[37] M. A. O’Leary, “Imaging with diffuse photon density waves,” Ph.D. dissertation 

(University of Pennsylvania, 1996). 

[38] B. J. Tromberg, L. O. Svaasand, T. Tsay, and R. C. Haskell, “Properties of photon density 

waves in multiple-scattering media,” Appl. Opt. 32, 607–616 (1993). 

[39] J. B. Fishkin and E. Gratton, “Propagation of photon density waves in strongly scattering 

media containing an absorbing semi-infinite plane bounded by a straight edge,” J. Opt. Soc. 

Am. A 10, 127–140 (1993). 

[40] M. A. O’Leary, D. A. Boas, B. Chance, and A. G. Yodh, “Refraction of diffuse photon 

density waves,” Phys. Rev. Lett. 69, 2658–2661 (1992). 

[41] B. W. Pogue and M. S. Patterson, “Frequency-domain optical absorption spectroscopy of 

finite tissue volumes using diffusion theory,” Phys. Med. Biol. 39, 1157–1180 (1994). 

[42] V. Tuchin, Tissue Optics: Light Scattering Handbook, 3rd. ed. (Wiley, 1989) 

[43] G. Mitic, J. Kolzer, J. Otto, E. Piles, G. Solkner, and W. Zinth, “Time-gated 

transilumination of biological tissues and tissuelike phantoms,” Appl. Opt. 33, 6699–6710 

(1994).

[44] S. R. Arridge, M. Cope, and D. T. Delpy, “The theoretical basis for the determination of 

optical pathlengths in tissue; temporal and frequency analysis,” Phys. Med. Biol. 37,

1531–1560 (1992).  

[45] A. Kienle and M. S. Patterson, “Determination of the optical properties of turbid media 

from a single Monte Carlo simulation,” Phys. Med. Biol. 41, 2221–2227 (1996). 

[46] S. R. Arridge and M. Schweiger, “Photon-measurement density functions. Part 2: Finite 

element method calculations,” Appl. Opt. 34, 8026–8037 (1995). 



 141

[47] E. Okada, M. Firbank, M. Schweiger, S. R. Arridge, M. Cope, and D. T. Delpy, 

“Theoretical and experimental investigation of near-infrared light propagation in a model 

of the adult head,” 36, 21–31 (1997). 

[48] R. C. Haskell, L. O. Savassand, T. Tsay, T. Feng, M. S. McAdams, B. J. Tromberg, 

“Boundary conditions for the diffusion equation in radiative transfer" J. Opt. Soc. Am. A 11,

2727–2741 (1994). 

[49] R. Aronson, “Boundary conditions for diffusion of light,” J. Opt. Soc. Am. A 12,

2532–2539 (1995). 

[50] B. W. Pogue and M. S. Patterson, “Frequency-domain optical absorption spectroscopy of 

finite tissue volumes using diffusion theory,” Phys. Med. Biol. 39, 1157–1180 (1994). 

[51] A. Kienle and M. S. Patterson, “Improved solutions of the steady-state and the 

time-resolved diffusion equations for reflectance from a semi-infinite turbid medium,” J. 

Opt. Soc. Am. A 14, 246–254 (1997). 

[52] T. J. Farrell, M. S. Patterson, and B. Wilson, “A diffusion theory model of spatially 

resolved, steady-state diffuse reflectance for the noninvasive determination of tissue optical 

properties in vivo”, Med. Phys. 19, 879–888 (1992). 

[53] M. S. Patterson, B. Chance, and B. C. Wilson, “Time resolved reflectance and 

transmittance for the noninvasive measurement of tissue optical properties,” Appl. Opt. 28, 

2331–2336 (1989). 

[54] S. R. Arridge, “Photon-measurement density functions. Part I: Analytical forms,” Appl. Opt. 

34, 7395–7409 (1995). 

[55] D. Contini, F. Martelli, and G. Zaccanti, “Photon migration through a turbid slab described 

by a model based on diffusion approximation. I. Theory,” Appl. Opt. 36, 4587–4599 

(1997).

[56] D. Contini, F. Martelli, and G. Zaccanti, “Photon migration through a turbid slab described 

by a model based on diffusion approximation. II. Comparison with Monte Carlo results,” 

Appl. Opt. 36, 4600–4612 (1997). 

[57] F. Martelli, A. Sassaroli, Y. Yamada, G, Zaccanti, “Analytical approximate solutions of the 

time-domain diffusion euation in layered slabs,” J. Opt. Soc. Am. A. 19, 71–80 (2002). 



 142

[58] F. Martelli, A. Sassaroli, S. D. Bianco, Y. Yamada, and G. Zaccati, “Solution of the 

time-dependent diffusion equation for layered diffusive media by eigenfunction method,” 

Phys. Rev. E 67, 056623–1–14 (2003). 

[59] A. Kienle, “Light diffusion through a turbid parallelepiped” J. Opt. Soc. Am. A 22,

1883–1888 (2005). 

[60] J. Brandrup, E. H. Immergut, E. A. Grulke, A. Abe, and D. R. Bloch, Polymer Handbook

(John Wiley & Sons Inc, 1989). 

[61] B. Chance, M. Cope, E. Gratton, N. Ramanujam, and B. Tromberg, “Phase measurement of 

light absorption and scatter in human tissue,” Rev. Sci. Instrum. 69, 3457–3481 (1998). 

[62] I. Nissila, T. Noponen, K. Kotilahti, T. Katila, L. Lipiainen, T. Tarvainen, M. Schweiger, 

and S. Arridge, “Instrumentation and calibration methods for the multichannel 

measurement of phase and amplitude in optical tomography,” Rev. Sci. Instrum. 76,

044302–1–9 (2005). 

[63] I. Nissila, K. Kotilahti, K. Fallstrom, and T. Katila, “Instrumentation for the accurate 

measurement of phase and amplitude in optical tomography,” Rev. Sci. Instrum. 73,

3306–3312 (2002). 

[64] Z. Sun, Y. Huang, and E. M. Sevick-Muraca, “Precise analysis of frequency domain photon 

migration measurement for characterization of concentrated colloidal suspensions,” Rev. 

Sci. Instrum. 73, 383–393 (2002). 

[65] T. H. Pham, O. Coquoz, J. B. Fishkin, E. Anderson, and B. J. Tromberg, “Broad bandwidth 

frequency domain instrument for quantitative tissue optical spectroscopy,” Rev. Sci. 

Instrum. 71, 2500–2513 (2000). 

[66] R. B. D’Agostino, “Tests for the normal distribution,” in Goodness-of-fit Techniques, R. B. 

D’Agostino and M. A. Stephens, eds. (Marcel Dekker, 1986), pp.367–419. 

[67] P. Gerstoft, “Inversion of seismoacoustic data using genetic algorithms and aposteriori 

probability distributions,” J. Acoust. Sco. Am. 95, 770–782 (1994). 

[68] S. E. Dosso, “Quantifying uncertainty in geoacoustic inversion inversion. I. A fast Gibbs 

sampler approach,” J. Acoust. Soc. Am. 111 (1). 129–142 (2002). 

[69] S. E. Dosso and P. L. Nielsen, “Quantifying in geoacoustic inversion. II. Application to 

broadband, shallow-water data,” J. Acoust. Soc. Am. 111 (1). 143–159 (2002). 



 143

[70] A. D. Klose, V. Ntziachristos, A. H. Hielscher, “The inverse source problem based on the 

radiative transfer equation in optical molecular imaging,” J. Comput. Phys. 202, 323–345 

(2005).

[71] H. Xu and M. S. Patterson, “Determination of the optical properties of tissue-simulating 

phantoms from interstitial frequency domain measurements of relative fluence and phase 

difference,” Opt. Express 14, 6485–6501 (2006). 

[72] I. Sase, A. Takatsuki, J. Seki, T. Yanagida, “Noncontact backscatter-mode near-infrared 

time resolved imaging system: preliminary study for functional brain mapping,” J. Biomed. 

Opt. 11, 05006–1–7 (2006). 

[73] A. Takatsuki, H. Eda, T. Yanagida, and A. Seiyama, “Absorber’s effect projected directly 

above improves spatial resolution in near infrared backscattered imaging,” Jpn. J. Physiol. 

54, 79–86 (2004). 

[74] H. Zhao, F. Gao, Y. Tanikawa, Y. Onodera, M. Ohmi, M. Haruna, and Y. Yamada, “Imaging 

of in vivo chicken leg using time-resolved near-infrared optical tomography,” Phys. Med. 

Biol. 47, 1979–1993 (2002). 

[75] H. C. van de Hulst, Light Scattering by Small Particles (Dover, 1981). 

[76] P. Sheng, Scattering and Localization of Classical Waves in Random Media (World 

Scientific, 1990). 

[77] X. Wang, B. W. Pogue, S. Jiang, X. Song, K. D. Paulsen, C. Kogel, S. P. Poplack, and W. A. 

Wells, “Approximation of Mie scattering parameters in near-infrared tomography of 

normal breast tissue in vivo,” J. Biomed. Opt. 10, 051704 (2005). 

[78] X. Wang, B. W. Pogue, S. Jiang, H. Dehghani, X. Song, S. Srinivasan, B. A. Broolsby, K. D. 

Paulsen, C. Kogel, S. P. Poplack, and W. A. Wells, “Image reconstruction of effective Mie 

scattering parameters of breast tissue in vivo with near-infrared tomography,” J. Biomed. 

Opt. 11, 041106 (2006). 

[79] H. J. van Staveren, C. J. M. Moes, J. van Marle, S. A. Prahl, and M. J. C. van Gemert, 

“Light scattering in Intralipid-10% in the wavelength range of 400–1100 nm,” Appl. Opt. 

30, 4507–4514 (1991). 

[80] A. Ishimaru, Wave Propagation and Scattering in Random Media (Academic Press, 1972). 



 144

[81] X. Ma. J. Q. Lu, R. S. Brock, K. M. Jacobs, P. Yang, and X. HU, “Determination of 

complex refractive index of polystyrene microspheres from 370 to 1610 nm,” Phys. Med. 

Biol. 48, 4165–4172 (2003). 

[82] G. M. Hale and M. R. Querry, “Optical constants of water in the 200-nm to 200- m

wavelength region,” Appl. Opt. 12. 555-563 (1973). 

[83] I. H. Malitson, “Interspecimen comparison of the refractive index of fused silica,” J. Opt. 

Soc. Am. 55, 1205–1209 (1965). 

[84] IAPWS 5C, Release on the Refractive Index of Ordinary Water Substance as a Function of 

Wavelength, Temperature and Pressure (International Association for the Properties of 

Water and Steam, 1997). 

[85] R. M. Pope and E. S. Fry, “Absorption spectrum (380–700 nm) of pure water. II. 

Integrating cavity measurements,” Appl. Opt. 36, 8710–8723 (1997). 

[86] H. Buiteveld, J. H. M. Hakvoort, and M. Doze, “The optical properties of pure water,” Proc. 

SPIE, 2258, 174–183 (1994). 

[87] ISO Reference, Particle Size Analysis – Laser Diffraction Methods – Part I: General 

Principles, 13320–1 (1999). 

[88] Y. Wada, S. Totoki, M. Watanabe, N. Moriya, Y. Tsunazawa, and H. Shimaoka, 

“Nanoparticle size analysis with relation of induced grating by dielectrophoresis,” Opt. 

Express, 14, 5755–5764 (2006). 

[89] I. H. Malitson, “Interspecimen comparison of the refractive index of fused silica,” J. Opt. 

Soc. Am. 55, 1205–1209 (1965). 

[90] H A. Pohl, Dielectrophoresis, (Cambridge University Press, 1978). 

[91] S. Brunauer, P. H. Emmett, and E. Teller, “Adsorption of gases in multimolecular layer,” J. 

Am. Chem. Soc, 60, 309–319 (1938). 

[92] H. R. Philipp, “Silicon Dioxide (SiO2) Type (Crystalline),” in Handbook of Optical 

Constants of Solids, E. D. Palik, ed. (Academic Press, 1985), pp. 719–729. 

[93] H. Wabnitz and H. Rinneberg, “Imaging in turbid media by photon density waves: spatial 

resolution and scaling relations,” Appl. Opt. 36, 64–74 (1997). 



 145

[94] G. Mitic, J. Kolzer, J. Otto, E. Piles, G. Solkner, and W. Zinth, “Time-gated 

transilumination of biological tissues and tissuelike phantoms,” Appl. Opt. 33, 6699–6710 

(1994).

[95] M .C. A. Griffin and W. G. Griffin, “A simple turbidimetric method for determination of the 

refractive index of large colloidal particles applied to casein micelles,” J. Colloid Interface 

Sci. 104, 409–415 (1984). 

[96] S. Meyer, S. Berrut, T. I. J. Goodenough, V. S. Raendram, V. J. Pinfield, and M. J. W. 

Povey, “A comparative study of ultrasound and laser diffraction techniques for particles 

size determination in dairy beverages,” Meas. Sci. Technol. 17, 289–297 (2006). 

[97] A. J. Jaaskelainen, K. E. Peiponen, and J. A. Raty, “On reflectometric measurement of a 

refractive index of milk,” J. Dairy Sci. 84, 38–43 (2001). 

[98] R. L. P. van, H. J. C. M. Sterenborg, A. Pifferi, A. Torricelli, and R. Cubeddu, 

“Determination of VIS-NIR absorption coefficients of mammalian fat, with time- and 

spatially resolved diffuse reflectance and transmission spectroscopy,” Proc. OSA Annu. 

Biomed. Top. Meet. SF5, (2004). 

[99] Meiji Dairies Corporation, personal communication, (2004). 

[100] C. Lopez, “Focus on the supramolecular structure of milk fat in dairy products,” Repord. 

Nutr. Dev. 45, 497–511 (2005). 

[101] T. Ito, Nyseihin Seizogaku (Dairy Products Manufacturing Method), (Korin Publishing, 

2004)[in Japanese]. 

[102] A. J. vasbinder, F. van de Velde, and C. G. de Kruif, “Gelation of casein-whey protein 

mixtures,” J. Dairy Sci. 87, 1167–1176 (2004). 

[103] M. Alexander and D. G. Dalgleish, “Application of transmission diffusing wave 

spectroscopy to the study of gelation of milk by acidification and rennet,” Colloids Surf. 

B 38, 83–90 (2004). 

[104] C. G. de Kruif and E. B. Zhulina, “ -casein as a polyelectrolyte brush on the surface of 

casein micelles,” Colloids Surf. A 117, 151–159 (1996). 

[105] C. Holt and D. G. Dalgleish, “Electrophoretic and hydrodynamic properties of bovine 

casein micelles interpreted in terms of particles with and outer hairy layer,” J. Colloid Int. 

Sci. 114, 513–524 (1986). 



 146

[106] A. P. Gibson, J. C. Hebden, and S. R. Arridge, “Recent advances in diffuse optical 

imaging,” Phys. Med. Biol. 50, R1–R43 (2005). 

[107] S. R. Arridge, “Optical tomography in medical imaging,” Inverse problems 15, R41–R93 

(1999).

[108] B. Chance, M. Cope, E. Gratton, N. Ramanujam, and B. Tromberg, “Phase measurement 

of light absorption and scatter in human tissue,” Rev. Sci. Instrum. 69, 3457–3481 (1998). 

[109] T. O. McBride, B. W. Pogue, S. Jiang. U. L. Osterberg, and K. D. Paulsen, “A 

parallel-detection frequency-domain near-infrared tomography system for hemoglobin 

imaging of the breast in vivo,” Rev. Sci. Instrum. 72, 1817–1824 (2001). 

[110] H. Eda. I. Oda, Y. Ito, Y. Wada, Y. Tsunazawa, M. Takada, Y. Tsuchiya, Y. Yamashita, M. 

Oda, A. Sassaroli, Y. Yamada, and M. Tamura, “Multichannel time-resolved optical 

tomographic imaging system,” Rev. Sci. Instrument. 70, 3595–3602 (1999). 

[111] J. P. Culver, V. Ntziachristos, M. J. Holboke, and A. G.. Yodh, “Optimization of optode 

arrangements for diffuse optical tomography: A singular-value analysis,” Opt. Lett. 26,

701–703 (2001). 

[112] H. Xu, H. Dehghani, B. W. Pogue, R. Springett, K. D. Paulsen, and J. F. Dunn, 

“Near-infrared imaging in the small animal brain: optimization of fiber positions,” J. 

Biomed. Opt. 8, 102–110 (2003). 

[113] I. Nissila, J. C. Hebden, D. Jennions, J. Heino, M. Schweiger, K. Kotilahti, T. Noponen, A. 

Gibson, S. Jarvenpaa, L. Lipiainen, T. Katila, “Comparision between a time-domain and a 

frequency-domain system for optical tomography,” J. Biomed. Opt. 11, 064015 (2006). 



 147

[1] J. Taniguchi, H. Murata, and Y. Okamura, “Light diffusion model for determination of 

optical properties of rectangular parallelepiped highly scattering media,” Appl. Opt. 14,

2649–2655 (2007). 

[2] J. Taniguchi, H. Murata, and Y. Okamura, “Determination of particle size and number 

density of opaque colloidal mixtures using diffuse photon density waves and 

two-wavelength light sources,” Jpn. J. Appl. Phys. 46, 2953–2961 (2007). 

[3] J. Taniguchi, H. Murata, and Y. Okamura, “Application of diffuse photon density wave to 

the study of gelation of milk by acidification,” Appl. Opt. (Submitted). 

[1] J. Taniguchi, H. Murata, and Y. Okamura, “Constitutional analysis of turbid media by 

diffuse photon density wave,” Conference on Lasers and Electro-Optics/Quantum 

Electronics and Laser Science Conference (CLEO/QELS 2006), JThC87, 21–25 May 2006, 

Long Beach, California, USA. 

[2] J. Taniguchi, H. Murata, and Y. Okamura, “Determination of optical properties of 

rectangular parallelepiped highly scattering media,” Progress In Electromagnetics Research 

Symposium (PIERS 2006-TOKYO), 3P2-2, 2–5 August 2006, Tokyo, Japan. 

[3] J. Taniguchi, F. Iwata, M. Hattori, H. Murata, and Y. Okamura, “Characteristics of diffuse 

photon density waves in column-shaped media,” Progress In Electromagnetics Research 

Symposium (PIERS 2006-TOKYO), 4P7-2, 2–5 August 2006, Tokyo, Japan. 



 148

[1] , , “  – 

 –,” , RS04-07, 2004 7 3 , .

[2] , , , , “

,” (OPE 2006), 27, 2007 1 29 –1 30 ,

[1] , , “

,” (Optics Japan 2004), 5aD5, 2004 11

4 –5 , .

[2] , , , , “

,” 52 , 29p-ZF-12, 2005 3 29 –4 1

, .

[3] , , , , “

,” 66 , 10p-ZE-10, 2005 9 7 –11 ,

.

[4] , , , “

,”  (Optics Japan 2005), 23pE04, 2005 11 23 –25

, .

[5] , , , “ ,” 53

, 25a-ZD-4, 2006 3 22 –26 , .

[6] , , , “

,” 67 , 30p-T-2, 2006 8 29

–9 1 , .

[7] , , , , “2

,”

(Optics & Photonics Japan 2006),  9pP77, 2006 11 8 –10 , .



 149

[8] , , , “

,” 54 , 27a-ZX-3, 2007 3

27 –30 , .

[9] , , , “

,” 68

, 7a-X-1, 2007 9 4 –8 , .

[10] , , , “

,”  (Optics & Photonics Japan 2007), 2007 11 26

–28 .

[11] , , , “ ,”

 (Optics & Photonics Japan 2007), 2007 11 26 –28

.

[1] , , “ ,”

2005, II-11, 2005 8 1 –2 , .

[2] , , , , “ ,”

2005, A-19, 2005 10 3 –4 ,

.

[3] , , “

,” 2007, B1-06, 2007 4 19 –20 ,



 150

[1]

30

2006 1 25

[2] 

2006 3 10

[3] 

2007 9 4


