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Table 1

Mother glasses used in the experiment.
‘Glasses ( mol% ) Preparation

SiO2 commercial
ZOLiZO-SOSiO2 »1550°C, 2 hr.
28L120'728102 +1450°C, 2 hr.
33Li20'67SiO2 1400°C, 2 hr.
10Na20'QOSiO2 1550°C, 2 hr.
33Na20’67SiO2 1300°C, 2 hr.
33L120-67B203 1100°C, 2 hr.
33Na20°67B203 900°C, 2 hr.
40PbO'25TiOZ-SSSiO2
40PbO- 25T10, - 25510, 10AL, 0, from Dr.Kokubo

SOPbO‘SOSiO2
70Pb0'308'102

Optical glasses
( ZK-5, F-16 )

from Dr.Hasegawa

commercial




Bnmﬁ,&z 20 cm ) op-—%ﬁﬁwq, E20F H 2 v #Ek
ZeoBBUdA (0> VT2 TV > ¢ BEE TN X o 34 X)
w1, AL Eovieashhiesry) w5 AL29 % . ¥ 7
AW2I Y, DT VAW 53 wHAEMBE AR v 1L, =
) 487 A1vid, P T el FHEFELEE o
$2 0o WT AWE 28) ¥ oh gm0 $unayff 9 7
ARG Brp Rk,

R v, ARG Ty £y F ¥ TERE 79 LXK
Be Anks BeBoHI A 18 7o KEME v FHEE(
ho» 1318 ) g kBt MvwRko T2 F > TR A,
HEV LT TRy LMK s )E 53, B
okt g 779 faal%ke Toble2 =& Fo

79I AHBury ¥ TR, WA eBOAA~AWT T,
BIBEBMMAT) v Frefr€d o B r g0 A AT v K
¥ )9 FeBRBuw B AR 1 K.

2.2 Hr B} ik

BE A% L) IhAka T 472 o B Pam X
YTaelzd3F v¥:489 % W £ H 7 Z & K& e B,
AWt L T KB cTr, L wRe WA LRT T AN G
I 2a01c8, 4 20T )9 FeHw ke X4 7 w7y
Fn‘)?’k(‘ﬁf?#a?).: o1 ZR1anksheBRw 117, Ko
B rn TAKE 24T 8T )9y ForfihL, %%
e AR FT>S s BBt LR, BRY, HHs Y17
b oI, R

2.3 L 7°) 5 zh
FY I AR R, Ty T > T TR
WIBETYe =9 F 2T, =52 v T 1;—:&”’.:.;:),»
Sy BeitR. BB LKk,

7



Table 2 Preparation for the thin glass films

by the chemical etching method.

Na20—B203—Si02

PbO—TiOz—SiOZ

PbO*—SiO2

Optical glasses

SOLVENT

HF

E

8+ 5

a+ 5

1

§+ 5

CONCENTRATION

0.5 %
0.1 &
0.1 %
0.05 %
0.05 %
0.1 %
0.25 ¢
5.0 %
0.1 %
5.0 %
0.05 %
5.0 %

TIME

20
10
10
10
10

10

min.
min.
min.
min.
min.

min.

min.

min.

min.
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Table‘Sf Random model

cell dimensions

-]

x 22.7 A

y 23.6 A

z 21.4 A
total atoms 500
silicon atoms 158
oxygen atoms 342
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Table 4, Atomic parameters in the random model
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Table 4’: ( continued )
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1.00
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1.00
1,00
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1,00
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1,00
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1.00
1,00
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1,00
1,00
1,00
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1.00
1,00
1,00
1,00
1,00
1.0V
1,00
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1,00
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l.bo
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1.00
l.0C
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1142300 33,2300
10.9100 5,7000
106000 9.,1700
10+5700 88,3000

105500 =5,9500
104800 =3,0400
1014000 5.4600
104000 07300
LO4000 =1,9200
1u.+350U =2,9400
10,3200 =1,2700
L0+3200 =7,8700
103100 2,4900
1043000 =7,9700

1042500 =5,140Q
1002500 747000
10,0200  3,2000

10,0200 =5,23300
9,0000 1045600
9,9300 =2,4900
88000 =6,0000
Y¢96GL0 =0.8300
Y8500 =5 ,2000

9166VU=10,2900
9,0300  1,2000
Ys5500 3,000V
Y5400  5,93500
94800 9,1%00
9.420V0 0,2400
Y3400  3,8300
Y3400 T,3000

9,3000 =1.0500
Yo dVUU =4, [eUu
2:0000 =3,.7200
Y.UBL0 =9 .4000
YeJOUU =3e42UU
Ye0lulU =b5,0/00
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o TOUV =p,4300
8s0Ju0  Y,04UU
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9+3ouV =9,2100
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v+ 150U =4.9000
©IdlUU =3.0¢ul
615500 =1,0400
9¢90VV =0,¥10U
013200 =TW9 710V
bed2uU  1,1400
0+2UV0 =§,1400
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0107TuV =0,3200
S0 940U=10, 4000
50900 FUWV
Se0Y0UU =Y, 0V
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28900 Lov900
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©¢1300
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=7+5000
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=4,3700
=2+6100
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0.,07G0
=0+6500
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5.5600
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-2,4000
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=0 25UV
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285
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S5¢3L0U  Telotu
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heddul =2.00600
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436600‘11-2U00
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406500 2,7000
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45600 55,2100
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422300 5.1400

441400 =5,4200
441300 =b,0100
400200 5,V100
39900 =6,4200
30340V =1,2200
3+89V0 =9,2000
348200 =3,4900
307900 =4,0100
3:7400 =4,6%00
3+50U0 =0,22500
344900 =2,2000
393500 =5,0100
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341400 5,5000
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07200
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441000
445000
“541400
002900

340700 =7,83uG~10.d900
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2+,8000 2,6000
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206400 33,3300
203500=11,2700
2:3500 T.,0900
212000-10,4500
202300 3.04v0
16900 =0,3000
1+6000 =5,3200
1:6000 ~1,0000
1:6000 =7,9500
15700 =5,0900
15600 2,5400
1eb900 =4,7700
1ls4000  0,3300
104400 =0,9400
le440Q=10,1300
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1+2000~12,2400
142000 3,8000
102400 =y,0900
142300 T,u000
lelui0 =6,0000
100UV «=p,2400
09700 =7,900u
0s9000 55,2500

-2,30G0
342200
5.2900

3,120V
Os o0
1.1000
T+2200

=T,5800Q
o+ b800
=U,0100
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=2,5400V
1es2000 -
243200
446300
=2+1900
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=%,0300

-4430QU

=2,8900
29000
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5,250V
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30900
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1.0
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1000
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1.00
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1,00
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-4 .9 100 20,1500
=5,03V0 =5.9000
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=904500 =2,7300
54000 ~1,%400
=5¢5700 441560
=546100 =4,2400
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1e3400
202200
Le0al0
-4 493500
=4,0600
=8.00L00
=-0.0700
3890V
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=2:3300
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=¢+9100
= e3490
97400
de3500
J+4040
=2s0400
~3ebUL0
‘305700
=2+1300
LY EX-T T
244200
ve27V0
=3¢5000
=1.0200
8.1700
~l.,1l400
=-4e520U
“5ebBYUU
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=343700
1.1100
=J.8200
g T4UO
943500
20,0500
1+0000
AU 2000
=7+7600
=Wy d7v0
=1e150V
315800
=1+2400
CYP RIS
@+ 3500
~9eleuv
=yYsB0OUQ
34850C
=7,020¢
«2¢800C
«2.940(
=4 «660(
U 4700
=2+150
delaut
2:T50(
QelbUi
«3e210(
-3, 890(
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4+16U
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4y 64Q
9,150
T090
4e550
62060
3.110
Ued7u

37

412
413
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428
429
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443
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1,00
1.00
1.00
1,00
1,00
1.00
1.00
1,00
1,00
1.00
1l.00
1.00
1.00
1'00
1,00
1.00
1,00
1,00
1,Q0
1.00
1.00
1,00
1.00
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=0, Teul
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=9.2{ul
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9,000
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0.0000
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=3,1600
=5.3300
~0(.1700
7.8500
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Fig.1l2 Projection of the random model.
s; silicon atom, o; oxygen atom
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Fig.1l3

(a) (b)
Projection of the crystallite model(l)-(a) and model (2)-(b).
Triangles show SiO4 tetrahedra.



Table 5§ % Crystallite models

cell dimensions

b4

Y

z
total atoms
silicon atoms
oxygen atoms

model (1)

oo o

model (2)

[
~

[
(S I
Mo oo

102

72

ko




Table 6}1 Atomic parameters in the crystallite model(l)
KIND.

NO,

=
ROV TNV BRWNM

(PRI
FON

[l o
o -3

19
20
2l
22
23
24

CATOM

Si
St
S
S1
S1
S1
Ox
(o) {
(0} 4
Ox
Ox
OX
10) ¢
10} 4
OXx
Ox
16) 4
Ox
ox
Ox
Ox
Ox
OXx
O»

RNRNRORONVROVRORORONNNRND RN R e

MULT

1.00
1.00

1.00

1.00
1,00
1.00
1.00
1.00
1,00
1,00
1,00
1.00
1,00
1,00
1000
1.00
1,00
1.00
1,00
1.00
1,0C
llUO
1., 00
i, 00

A

245009
1,2500
1.2500
=1.25Q00
~2.5000
~1.25C0
=2.5000
-1.5000
-3,5000
-3,5000
'105000
“2-5000
0.0
1.0000
2.5000
1.500C0
3.56000
35000
U.O
1,0000
1,5000
2.5000
-1.000%
-l.0Cuu

“ ]

@

0.0
2.1500
-2.1500
~2.1500
0.0
2+1500
2.6000
0.8500
0,.,8500
~0.8500
-0, 8500
-2+,6000
=1.750C
=3.,5000
~2.600C
"U . 85("(-)
-G, &000
V.8500
1.7500
A.5000
Caor 5U(‘
26000
=3.50L0
3,50

C

0.0

s

}

3.6500 °

1.8300
3.6300 ¢

C.0

1.8300
2.7400

0.2100
4,56C0
0.9100
4,5600
2.7400
2,7440
0.9100
2,7500C
0.91C0
DY
U.9L0CC
Z.71%00
G HO00
4,0600(0
el
4, rJQ‘(:U
Ve 3l



Table 6?2

NO.

Ve~V pEpLNF

ATOM

S
Sl
Sl
sl
sl
Sl
st
Sl
Sl
sl
Sl
S1
Sl
sl

b5 1
32
33
34
as
36
a7
38

3. .

40
a1
a2
83
44

.45
a6
a7
28
49
50

.51
52
53
54
55
56

.57
58
59
60
6l
62

63
6a
65

66

6T -

68

69

10

SI
Si
L}
S]
Sl
sl
Sl
St
st
S1
sl
sl
st
Sl
Sl
0oX
0oX
ox
ox
ox
ox
0ox
ox
ox
(024
ox
ox
ox
ox
ox
ox
ox
ox
ox
ox
ox
ox
ox
oX
ox
ox
.. 0X
ox
ox
ox
ox
ox
ox
ox
ox
ox
ox
ox

ox

KIN

ox .

D

[N Y Y XY ST XY SYXYCYNYNY VRN s
NN RNRNRRNRNNNRNRRDR NN RDRR R AR RIR N R o b o s s o 2 = b0 o [0 o 0 5 55 1 s s 0 0 b s b e

Parameters of the crystallite model (2)

MULT

1.00
1.00
1.00
1.00
1.60
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
.1.00
1.00

i

A

25000
3.7500
62500
T7.5000
6.2500
3.7500
5.00U0
3.7500
1.2500
0.0
1.2500
~«1,2500
=1.2500
-3.7500
-5,0000

B

0.0
-2.1500
=¢.150C

c,0

241500

7.1500

4,3000

A 0500

Aa8500

4, 3000

2415040

2.1500

644500

e 4200

443000

C

1.0
3.6500
1.8300
0.0
3.65uUN
11,8300
0.0
3.6500

!

1.8300

0,0
36500
1.8300
346500
1.8300
n.0

1.00
1.00
1.00
1.00
1.00
1,00
1,00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1l.00
1.00
1,00
1.00
1.00
1.00
1.00
1.00
1.00
1,00
1.00
1.00
1,00
1,00
1.00
1.00
1.00
1.00
1,00
1.00
1.00
1.00
1,00
1.00
1.00
1.00
1,00
1.00
1.00

1.00

1,00
1.00
1,00
1,00
1.00
1.00
1.00
1,00

-J3. VU
=6.2500
=-7.5000
~6.2500
-3.7500
-2,5000
=1.2500
~5.0000
=3.,7500
-1.2500
0.0
1.2500
1.2500
3.7500
5.0000
3.5000
5.0000
6.5000
6.5000
5.0000
3.5000
2.5000
4,0000
4.0000
2.5000
1.0000
1,0000
=-1.0000
=-1.,0000
=2.5000
=4,0000
=-4,0000
=2,5000
=-5.,0000
=-6.5000
-6,5000
-5,0000
=3,5000
=3.5000
-2.5000
=-4,0000
~4,0000
=-2,3000
=1,0000
=1.0000
1,0000
1,0000
2.5000
4.0000
4.0000
245000
1.5000
1.5000
0.0
=1,5C00

¢l
2.1500
0.0
-2.15:0
=2.1500
0.0
=2.1500
-4,3000
64500
-6 .,4500
=4 .3000
-2.1500
=5.,4500
~6.4500
=4.,3000
=-0.8500
=1.7500
=0+6500
0.8500
L7500
0.8500
2.6000
3,.5000
5,1000
6,1000
5.1000
3.5000
32,5000
5.1000
641000
5.1000
3,5000
2.6000
1.7500
9.8500
-0,8500
=-1.7500
=0.8500
V.8500
~2,6000
-3.5000
~5,1000
=6,1000
=5,1000
=3,.%5000
=3,5000
=5,1000
=6,1000
«5%,1000
=-3,5000
=2,6000
-0,.8500
0.85C0
1.7500
0.85¢0

3.6500
148300
4.0
3.6500
18300
0.0

36500

0.0
36500
148306
)0

1.8300 .

3.6500
1.8300
0.0

4.5600
2.7400
0+9100
4,5€00
2.7400
0.9100
2.7400
0.9100
445600
2.7400
0.,9100
4,5600
4.5600
2.7400
1.8300
#,5600
2.7400
2.7400
02,9100
4.5600
2.7400
0.9100
46,5600
2.7400
0.9100
4,5600
2.7400
2.9100
4.5600
0.9100
4,5600
2.7400
0.9100
4.,5600
2.7400
0.9100
4,%600
2.7400
0.9100

&2

h

!
i
i
i
i
)
|

.1

72
13
T4

.15

16
17
78
19
80

.81

82

83

84
835
86

LY

a8
. 89
90
91
92

.93

94
95
96
97
98

99,

100
101
102

ox
ox
ox
ox

.0X

ox
[
ox
ox
ox

ox .

ox
OoX
ox
ox
0ox

ox.

ox
ox
ox
ox
oX
ox
ox
ox
ox
ox
ox

. OX

oX
)8
(024

N!URJN)N)N)N)NIUk)R)NIUhJhJNthlh)NlU‘JhJR)N!UthINlURJN

1.00
1.00

1,00

1.00
1.00
1.00
1,00
1.00
1.00
1,00
1.00
1.00
1.00
1.00
1,00
1.00
1.00
1.00
1,00
1.00
1.00
1.00
1.00
1.00
1.00
1,00
1.00
1.00
1.00
1,00
1.00
1.00

=1.5000
0.0
6.0000
75000
8,5000
8.5000
7.3000
6.0000
6.0000
5.0000
3.5000
1.5000
0.0
=1,5000
=3,5C00
=5,0000
=6,0000
-6,0000
=7,5000
~-8.5000
-8,5000
-T.5000
-6.0000
-6.0000
«5,0000
-3,5000
=-1,5000
o.o
1.5000
3.5000
5+0000
6.0000

-0.8500
=1.7500
=3.5000
-2.6000
-0.8300
0.8500
2,6000
3.5000
5.2000
6.9000
7.8000
7.8000
€.9000
7.8000
7.8000
6€.9000
%,2000
3.5000
2.6000
0.8500
«0.8500
-2.6000
-3.5000
~5.2000
-6.9000
~-7.,8000
-7.8000
~6.9000
~7.8000
-7.8000
=-6.9000
=5.2000

4,3600
247400
2.7400
2.7400
4,5600
0.9100
2.7400
4.,5600
0.9100
2.T400
a.5600
0.9100
2.7400
44,3600
0.,9100
2.7400
6.5600
0,9100
2.7400
4.9%600
0.,9100
2.7400
4,5600
0.9100
2.7400
4.5600
0,9100
2.7400
4,5600
0.9100
2.7400
4.5600
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Table 7! Parameters used for the calculations
of the dark field image.
wave length' b 0.037 i
spherical aberration, Cs 1.5 mm
tilting angle, olo 0.230°a" 1
(sin®/x) 0.115
aperture size, o 0.15 a1
(sine/x) 0.05
0.02
defocusing value , of 1500 A
750
0
-750
-1500

¥



diff. aperture size

Fig.14 .Diagram of three different condi‘tions for the
aperture used in the calculations.
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Fig.EE_ Computer simulation of dark field images under three different defocusing
values for the random model with the aperture (1)

A ARN]
eststesen
[N ]

YA EEEENFE NN N
tevcoedy

AR RN

[ A XA



A

SITIVAMADAN
LILEILAIAANANRARNE

L]
LT AAADMRLAN
IRERRRSEYIT Y

R X

AEEBRME#AN
IERS RA TR

ttrpassI N
IR RS RTIRAN

LIV ATFRRIRE AN

P
. VY, oY e e - on o-
g - - w7 sl ee ”3 53 @
- a3 e = F 0o Qe 3 o3 o
¥ B - W By a3 o= L]
0. ¥ - W Wy o3 o » W 3
- % - R »~ W e
-~ W - a3 a3 ev we w R -
a0 S ww o - oe @ . Ty a8
n - - oo wo oo ]
> & - - - e - T, o3 o>
- - o x a3 o
- < . (el ow @
- o - o o
- o -
- ..

-]
&f=750 A

(a)

il
.-
-
-
-
-
-
.
s

.
.
.
..
e o
w o,
- o e e
PR ke s
sk XL B ve
X D R -
boelk B - B Nd
o0 e
Tk E D
X a E N e
L Rl d
- o L e
- w o v
.

«
o £
&
- %
1% Y
- -
- o
- -
- .
- .
-
- e
- o
e oe w = o

(b)

.
.

ERERRNANR IS L]

\REPUBBURS

FOVRERM RS
SN UL

et ey g0 00

.
-
.
.
)
-
-
-
-
.

Set s s rvesaprmseentroanse

ess ooy
.

PLARALES
vAREAR
LAMIHES

IS FEN L PFZ1 TT PR

..
..
.
.

13

STTIAL

(c)

VIARXETTG

wse,on

. e ee se s
oo 30 o = 4w
e oo a0 PP
e ar Bv T Po
- o ip W D
o ol ¥ ®
- Be N E M
o E B
T o E B
- g WK b

A A IR T

P P R

PTIRT IR e oo w

-

PLYRKERSFTLILLY

(A2 ELaN
3

se

V (-]
Af=-750 A

Fig.l6 Computer simulation of dark field images under three different defocusing
values for the cfystallite model (2) with the aperture (1)



TAaR 21 % 5 Fed, B8 B 7. (Fig. 150, k)
@ ),

-% 79 27 "w}{,i’v(i) 9 Fig.18 vy ﬁ\ﬁcr-,.
B 2 Ao Luight pts F FEan 2w b, afr ¢
9 v9 3 =F 7 2 BT 30, o5 =-750 A athi,
W slw’(’d « FAW| Y Y L v X AEY e W HE , 2 <« 3.
voL, of o BTy, fught sptsa ma B v TE 2
ol 3790 2a9 6ilag Suylt s/wt‘a W Fig. /3 () v
9 Sil¢swBFaoX RRMEHA L1 .

20 ey, B)YNvw, > Fnt s 7y 27
P2 TwnldEilerisc Fheevr 29w RA W
2% s 30 ne 3. 3297 e R Bug il
sl'n’bi e Sil0uwh (3a Brrr) o A - Theovlirs Ha
snr F9./2 afiB g aleer placlesdiow v - 33

-

'/1\'\30

6.2 2y (2) o o iR ik

ML) ) vao XNIHRIWariMmu =05k 5 .
F =% n T e Fc‘i.)'7 =, 79 2 %) 5 F T F WY
FEvwi((d % Fig/8 (@, (b)) eixtXFT, 7274
rF W a Fig)7 =R BIEY 5A g W!’x
Sugkt sprvls TIE LN 4 w7, of €0 i 2y Guihh pls
0K, K11, EF q Frvrshrre, pre FiglTw
ofv’_—?f—o/’\mﬁ%r‘h%. ‘

-3, 709 %*% 0 vl 2Da KK (F3/3(0)

Th, 24 0 E% 5 As okt $r9’¢! " e L 1 Aaa
anv. 29 27 49} 7 ) (Fig /8 (W) TH. GIE
S A a SH e bwpkt sprts v 1l Ehh 2w Be g q 2
$ 0+ PETWwra 4ughh sprls 92 of e ) F e

U S R U

43



i3 i
H [RA1AALARLNT] IR R ER R R
H (A7 IIR AR (ERERRERRERN]]
] R AR YT vy 7 AL A RN RN R R R R R R R O]
PRILAVN Vs RARNRNARERAROVONLANNAG R 030
IR R AR P S F  I L PRy A A R R RN R R R R R )
FLLELTS e as Nam R A Nen WU LLLT RS040
PILINVASERANAOUUOLVINNNRKZ XYYV D T3 3TN 00 AP R]
PV IVRAS AR IO AN R ATV LLE I IR \AAYTET AR LR R
VIV Varfanntodobobbodii ki ira sVl iliiiissiigi ""li)‘dll!'l'
VIVVrsRRHNGOBALEEOSORNRREIV I I II323223380) (RALAAY YRR A0]
LIVA4AREtoovBnbalvedtnds st el i 333833383858 (RAZIALNRAL)
190saaaviivolDhuiBobdbX AoV i i i 33 (R ]
Litoatatinvewkinpsbubnsliss¥ it . e
FiVOuaaniosSunbaPoeniia VL ii} i
P 1VVasaknvevuvebuonnsartiiflg HE
PSRNt ks Vil
ERRRAVEIS LU T LY T L NY R R
I T LYY P LI T
. FUIVV e rRRRANKRAMAVALIE3S, i
PIVEVSusaamaNon VANl 11
ii 1) HH
Yelii " 1 .
R R AR AL AR LR RTR) 111 Vit .
Iil\llll\!l K] " [ARRRREETS
Vi sRIveNNRRRLtLiiii),
13 RS AL AAN AL NN R
" (IR ARL AL AR AR RN SR RE
i3 IEERRR A AR AR DT BN
X} R AR AL AL AL NN R
i [IXRRAL} (3R
HE I ARRRRARAT TR L AR RE]
IR R AR T T I AR RN R
IS A RREEE S IXRA AL I YT IR RN )
AR ARERE TEVAAVALMRRERNREN VNG
[RYRARRRY} SEVINVASNARNRRARZNSVYY
falwaatt INARAT TRV 1T T3y L]
H HRRRAAL RS E L L PP ag )
i i IRARRAL IR Tl T YT A] ]
ISR AARAALA AR Y] FHONT#SERNOOCOOWOuER I VY
AR AT ZAR AR NN 0] VSRR ULSREOBURRIR #AY
AR IR LIRARAL N SV AARAVVEEEBUSINE X Y
IRERAAALAATALLIAN] VX ERNNOLREERUESROONR R AV
P38
il
i

12 iR nnoedbuvnrditsoy
ALY LTI TY R ] A d]
VIVOLIRAARRRRNVONVVIY
AR IITIAR L ARR Y]]

(EAALARAAA NN NEN N
Il“lllllll (XX}
llllllll

Fig.l7 Computer simulation of dark field images for

the random model with the aperture (2)
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Table 8 Comparison of thefcalculated bright spot intensities
for the random and the crystallite models.

aperture intensity (X 1073 )
(sine/y) R.S C.S
0.05 9.53 13.5

0.02 1.95 7.04

R.S.; random model
C.S.; crystallite model
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Fig.22 Photometric trace of the brights spots in fig.21



Table 9 ;Comparison of the intensity ratio of the
bright spot for the calculated value and the
observed one.

calculated observed

intensity ratio

( Ic.s/Ir.s

3.6 3.1
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Table 10 Density fluctuations from SAXS data and thermodynamic
fluctuation theory of the silica glass

Density fluctuation ‘<(AP)1>’; (%)

-] o
v=(108)°> v=(20A)3
Fluctuation theoryl) 4.3 1.5
SAXSZ) 3.4 1.2

1) D.L.Weinberg (1963)
2) A.Pierre et al. (1972)
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Fig.38 Photometric trace of the image contrast shown

in fig.37(b). 1Ii is the intensity of the image
and Ib that of the background.
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(a) (b))

Fig.40 Nucleation process of a silver particle enhanced by the phase separation.
(a) Early stage of the phase separation, (b) advanced stage, (c) nucleation
of a silver particle on the surface of the droplets. ’
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Table 11 Relationship between coloration of
LiZO-Siozﬁglasses and concentration of
Ag,0 additive

additive ’ coloration

Agzo(wt%) 20Li20-8OSi02 33Li.20°67siO2
0.50 dark yellow dark yellow
0.25 dark yellow faint yellow
0.10 yedlow transparent
0.05 faint yellow transparent
0.01 transparent transparent
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Fig.43

Crystal growth by a layer-by-layer growth mechanism. (a) Mother cube,

(b) clustering of silver atoms,
of a new thin layer

(c) lining up of clusters, and (d) formation



¥, &8 &

H 7 ABaEchvwab N7 257 A A, 458
EFBEBE Ik AHRY oW E 3, I BBEIE o8
a3 ehr 2B TG 'b‘% T2 ko Si0a-
nach. FBys Liz20- nueck B rre v 2, BHS 3 w3 = T 3

2} L BYSBBIELFLde $H12, V&, Aga0
Lo L kR Li,0-5:/0 % #3 Z*f@m"—"f V"ﬁﬁ'ﬁ}n riig

BeBLB L, 208X BRBY aBRH Kt 7 2« 9gHliFe
BHESH 0 12§ 3 2 v o v 3 Rk, EB Y MK 3 4= F

BAZ 1 N, AR 94T = P Si0y - nich 15 WH 2 f i
A E VPS04 7 AHAR Y o BRI S o

Y ©
h ]

2Bk, Logen ~by - Logen IRETHFHE DS 2 1o
BEBE-KINLE,

(0%



VI W IRas e B Fu il 55 (2)
— PR o TR —

l. % 3 :

$ 5B 42 B3oMBBEZ e TP coldhF i 5u 2k
N, BRI TR v 4T LD FBe £, 1 B 3H: 1 ~D
Fowd, ke 20F v, FERERaHE B R ¢ 15
L3 ECcr HiF iz 5 w2y 2o

VT A Edelle PR L1, AR wi6hiBrmMe v L
Y T FviTrog 7L ru a L wBin 1w,

Rovbady 7 s, PbO- $5,02-502 37 A v NAEI0T
HALEREE ( PbSn 0y ) v 8Bt e, Zn o7 L af
PoBBrhdr 5L 2w, Monti. 78 s puod, -
Lorveailice 2 o 5 2L = Ti02 g Hap L LBV L 4TS v,
fe atsdeatr e, = FER N4 7078 F7 @K
#z ( Pba Tis Os ) 1-'9,}»fy_%,,.,,v\}o‘]\l‘%"ﬁ)”’
PbO-Ti0- 502 X4 5 X s tbdbict , Nan 707 @ F9
e aFCEMaE ket e d | ALl %o 54 § 3 ¢,
7 A RAR=-) BEH NI R TAH4)} B 37
FRAS ( PbT0) o ML 1L 5y F =« HEL v v,
Willeam & 73 yone - sahicale k55 2 4w, = 2 9
He R (e d#M) o eXercinrnd. 8570
K20- Mba03- Tar0p—5i0r- Af0s R T 7R v, Kep
B Jo R 280 s W i&!r(‘fq,vﬂho‘»w L e o B
”’vs, Pho-Gelr o0 5 A ¢ KR MatiRe 7 2 ML
Fovw1¥arzw v,

He R A BF 9B as v ek <, 17 % 9
Ml o rva i 50X SRR h P 2 xiE, 749
RET Ko BfoaME e £ FHE e L2 « ¥ He,

710



Pt c IR Yy 1Mo B viB e 5 3. 2 9 %S, W
B e v LB LD L Ty,

29 % vw, o Pho-25Ti0.~355i02 ¥7 R ( 55 2 (D)
A %0 PbO-25T7:0,- 258/0; 70 ALL0y w52 ( ¥ 7% (2))
3% 0B o) 2% Foir 1% 3¢ BB, H L B4 0T vy B
T Y >0 MBER , A 72 42 ) 5y >~ Ao
MEBR e 1 ET 20

2. H I AU © T7AQ)o F o9 3L

V7R BBtk 2 B IR WAR K T v e Fig. 29
cFz e, Rk 8 20A 9 x 1 +a olﬂﬁw bang bl
,,T»vu . MWATVQ e v B L%, 0 Lvight
opvls v Ty BB g AR b 2K S0 H -
BeE #F AAMKRecMEI e b £ vE Ve v 8§ 0 Ko
ooy Light .7”"«—; i T > Ae G aiptsdar § 3 b4 <,
BEzrwe Ry CHAEF o Lot fale prok M E u,
KA © 9 TRLTT >REA o (222)F o B3 W JEME - F
v o, &, V7 2(1) 99 AL, N4{ua 707 #F% =~
HE 500 s N - B4 L = FhZ « ¥ 2 2.

W7 2(D) 2kt Btk o B> BWMEZE B ymlman
F.‘,,I.U{(a)v,(b) (O S Fia.{qt(a),:ﬂ,,.o,,’ +9 2004 9 -
K16 o Fodd ot o x> Ayl B 9 fiul Roleprok
it R4b 70 JRTT v KR H 9 (222) 8 3L -
o YE. L, ¥FTA(M P #5324 vHIKe, K40 7F
TRFT Y >/ ML = v 7 AFHE L 1~ 0.

L v, 7Z @9 F I 1z #732@ e~ 2 %L L X

1V‘ P

11/






7
3 2% 5 )VJ, I A 3 v9Y A FBITH 5 KI5 w,

A0y % 5w = 97 A (2 VA GRS g % VT
) YEEB e F ) FiF L2 v D . 8 T ASER vo £ LB
Y2 F ha BFE e - L, #72() To 59 e, F I8
xsﬂmrfs"av%i’b-

3. H 3 ALY H 7 (29 t5alc & 3%

TR (L)em BRIt L Eege B = 3, edeit 9 PR
Hw Fvoe Fig. 30 TF 1 K, &?zozifoj:a,tq,%%k
BB EIR TS 5 W Ko

ML e Ha) goo'c v \FEH BAIE T o, Fig. 45 =
F s E I XHT e Bedb o 89 /000A 9 211g
e v LINL T w ko FYEAM @ 2y HEafRF F N4
o770 7 BHFT G By ko 2 Biy 95 d89 Bl =
3>V 72 )8 nvHErEK £ 1wy, PEBH G
T (F"J- (B)) vvi, Yo a R s = 5y icknas 1 >
F7 2 F v ax HFa oK 7 v s ) 49 #s0A
v MR+ Knko  Fig db(d) e CHhEP o TR B« F 7 -
3% Fe ﬁﬁ\;ﬁiq’;{ v, TsB viave B3 W F v Bl 1w
Loger - by - Loger, growih ?&?&w:s%m BRap o v § %,

A W | oo c. [5 eAW AranFE G ¢, FiguE v
N5 N3 £ 07, B1E b00 ~ rowA 9 K119 BSelE
ZHe £X §5. Asamasm ( By w6 ) 5 tk
YBVW. 140 9 v TE puxNaTrn il BRF I BEE

FprZBL v a3 Foen o, .

760 ¢c  304mirg s e, Fig. ¥7 o &9 ¥,
E APy v5 B> 7V - ZHBBed K tndo

3









S 7TV -VEEG Rr T AvA)Y BT RS R
o Fig. 47 (b) o RER Wt vvi, 77 L - S A = e
T 5 50 A o BaKg = =} 7 2} w x5 k. B A
WG BB (Fig. 4rc) 1+, Bl gl s 2}t ) -]
Lit, 2 ﬁ't}’ s K RAEET & 2 %q v M2 v 3 Eo
5%4’)2‘@17)"71)')1,7?1//?1’}3':‘/131‘/}71)—1’/
W E o 200 -7 6y RFpe-53 ba v a2, 20
Py AR N o lE s, N4 e 7 v Wy g v MEEES S,
g AV TYI W N0 TBET CPE L2, RWo
MK zrE B3 eF e 2w,

T, F 7 L) e 550" c 2 mw Ik o F i < Fip
Y ¢ & 7. FiHABHE o0 we Y s mEe g
)ﬁ%% v o, %9 1050 200 A A e B v o B, Ff'?.%?(c)
P REYy@BI AH 5 TREW Rw T zh i} BRFgS
Fidd < 5. . Fig.a w0 PR R, W%l s,
BRAA 3 v 2> F 72 2 b ¢ T3S (2nw PbTil0sr &
Lﬁ-/EEvA\) AR HFN L WEPr A 1 a5 N3

B2 Z(D) v ABRIrR=) FCREEJaI ML T o
Tw e >Ny, GABC § ) 47 2 o1t e N7 R 64}
THE A~ B er By B o .

1, Nv T 2H5 4RI v EEFeo i B E G,
Zafide@v2any), L efIo BRigs o
T ¥ —?) e, ¥, »

#. ¥ W
Y720  $72() %e 19672 Bt e HER 4r
Je TR 37 RIS far AL ETIE b 5, 2w .
MY A 9 Ehdulne, MAMe v v Hgp N{v 7n g

716









BFT “FRBESINE L, showv BREIBaNxw 772 H 4 ) &
F I BBEA e BTG L v, . 9 W eIPL T,
BAZLTH BRLrd S ano, &

Si0, ')’$P£ AlOy + BB c = #'2 2D v, HFiBw
B> "n7T A4y} RFy >REFPrMIde 2+ v £ K ¢ Fa
2XT, ANWes) FEEWIER Y H22 kAo 9
3.

Bl oM E 2w, AL e PbTi0 = G cw B3a
He 5 =3 %-ﬂ*-h«b‘,rc. 2 ﬂ“iﬁzﬁ-n{,;f;.f}’
F¥adan KEART 5 | Losgern - ‘7 ‘I.arju Grewl =3
Bo BB 22 .

79



Y5FBavteF v, =KH, =KAk7T 22
MM $5 L BT ic > v LR K,

taBrw, $opakevs Ao 57wz 14
V5 A 9sfailicow 1 IET B,

By A o EE Rk 5 AR 1A W~ B,
VYIARa e E ) V2 B IR gBEE iz 3 By F
Bern 2.2 2n, ReERroghBhvvd72#s vrp
=, ﬁ"?ﬂ*n?io;#— IR :a’,tq@%ﬁ z 7 )=V
EAriykoerxirwnv2isrnd. 27 )-1whkefg
L1097 AofHhit Ao A« dEm-» 202525
NP, 2 b B el v d e, 17 Ak 2L K
=) W A BB BEEZN g 2B RLER - 5 a

WA

7. HI Aoks:= £ ) EVEZ) I ¥ F X9
At P

W I ARIBRIWAE vk ) p 0T L o B Y BAMAN
W Fig. #9 = F F. Fig 4 @ = & v F 1 1500 ~3000
1&0)7'\119 ¥ 8hr1>F 7 A dqgonDd@, 2 927
Yo R} RS BRBONIpAL cakd 0w, B 3 v Ak
HEr 52 a0 « s s Br, XGLB< 9/5° 9 A%
TR e Yy FIE =T LE. LK« FY
B ) « F94. e ¥4 =T e F)F9Enrthiaga
Y7 2 ) v v, "% 4122} 52} 3%
7 A 5BELE. v B F T, |

\\J

Is

720






KoL e 2 9 99 2 2@ » BadBE & = Fg.50 =34,
MLk =0 v 7 A BN A R 5 v, F e )htsa s}
’;L}n?ro}.wf;v\o‘{z"z:,i)ﬁz‘s{,xrcrbr-,
YA 67 Aw 10~20 A a) - - v FYYHa Y
brtfks, LrBroagx 319 J-2- ve)E T H , K.

%, t, Fig.u§ o= 5 K MFA9g1-F -9
FARSr MAERT-Etv E ZOFHEAE T H 2 v
Tz .

W JAVRE = §F )EV 23 ) h 0 TA R TH Y FHE
2w 1, LISER 59,

WY -7 EF v YOREBAFA LA 1 YT AR T
2¢ 3B g K 1" IAF ey 2 a6 % 1)K 9
FOIF WAKI e = L1 27) -~WwWEhAh(Si-0H) + 1
RLr o,

|

|
_ge—-a~s!e + Ha0 —> —5i=0H HO-8-—
l

| | (7-1)

2T1-Whae&Keg ), Si—-0MotEsw s, =
RLMATMES 559 50D, 271 A # WK v 2 « 3 AUK
W, 79 Me¥§) BAvyrXaeir) 79 e x,F
Iy, tasR, FI¥ cFzrk 555, &
qEDrbeﬁngﬁjﬁitr'b.

2. e Fa (- V) 2d) #54) 9 £ K

800" ¢ AL Fo mEpamsY v va, Bl vdfr = 515 ¢, I,
l1000°C %n’%rflk‘ﬁff‘w@aﬂfiuaﬁq v, Fg.52
= F 2 ok FIIZELam g 1 1 MEEWeB T w BE B 0
o = amMMdan ‘%‘Xﬁa“{imx«#x_)g.\pﬂéd’gulrzv

122






-=ay - an - - - o=
‘ - ~~ — - oy .
‘é_ ~" 1 s =~ o"%

0y 0§70~ Si~gpy w050~ $-05 0"

Fig.51 Surface structure of the blown-silica

glass after chemical etching treatment.

724



Zisndow oth MGl & Loy b3 e 7.
Fig.52(h) a9 By @ir@dy r ), Hew d-})z2 4} (
A B ), 43804 Qo=9883A, bo=/7/A, Co=16-3A) v §
PR sk, BIHEAH v YY) -7 £ H wa o -y
¢ 508,71 «b. 2 QTR g ¥ Fig 52 (b)) = & £ n 2w
3., =Y ) 2 4} 9 {07l = Ftr e 5 5, 7 R &
eHBR L 2 >, BIEAB g Ay )y-7213 , Rinog tFK 1 ~
Y 7R L ed) BV 4Rk, 20 v RPEeg KES
tle 589 A¥ X v &b 2e HPacgn g 93 =
F 722 beponssy | = NEsRMg REAT 4 7 e &L

.1/"‘70

Re, HiFpo WAL IARY B v, @ilfasl e 3 Ko
w Rk, £, Fig.53 (Do ¥TiR v, #Hler
6 X e (Bwrthic o Bebfaa 57, HEol % A8 2 3}
MmeR vy, Fig.37 () o BATWM ¥ v 3 X 6l e (fwr
B BEf. a9 2 F ) - 7;%; 9 -t ) el o 77"“'”7'
= FEHSY Lo, 2 98 Re Fig 30 2 F . o)
o MM HEL o 3 ¥ (004)  (302), (202) a $EEX 9 Y
e, 1% x Fig. 33 (c), (@, Ce) = & Teo =x 59 HA
TGrsbo b, Bred thddB Ao Ay Sl e, 2> 3y
4% o XA W = u5 &95'00/39 'F%qé,"’qﬂbf.\?’éJ’uo'ib 2 o
Yo, *xrprYrFrd 3ile 3&,}::’3%4‘“*&1-—-7: 5 & ¥ BRE
evsrwy, FagMme Fi7e oL ® L B, Hf
Waoga >+ T2 v 2Aa = § 3bqg v &>

/2%









3. %2 ¥ > B

3) Bt Bl kBB sl
r000°C T 2% i & L E A v )‘4.‘;.5# (*)
= FqF 5 orr, 22X g3filaor < BRIFEEL b > 1 he W
Wew e ) KE rcesa;mzw(,sm,@s Wko Figik (b)9
BRyBRIMMET) vvs, B8EE T 2 )-T « ¥ 24 2}
) - 7 93Kt aKisv cRATH L ko

Y KSEFaTBrve BB vd -7 LY N 35 4} (A&Bw
EsFaA, Ro=H97A, Co= 6934 ) e BB+, 297%
e FighKe ed J, v, = aEirmsy a-7)2
F % A Y o (100), 1300)-= (moo) ] n=5¥§ ofe L
T rs3EE v X 4 R, X >R oFH AN oM2rokrdnss
o Wle Ao pgmE e, > R EmBEEL T h>.

T PRy rx g‘%”"‘z“"::'i&ﬁ'° F Y E v r e iR
< Koo Fig. 5§ (a) = M e 5° WHY = THAE (e /5 iy
EPrag BEymif Ty 207 X F, Fg¥ ()t s n
Y £ 5w Fo-RAtEeraga ¥+ ) - 7Bz ) oA
roftEl v iPpw wBEE v fh - FEE R 4 2 o, A H 9 B E
w2 BB e s - L oFe R R 9 K,

3.2 %I WE £7 WV

Fig 540 F ey WA AT e, He 8 B Y
3T 925k % F.‘?, ¥ = FHh G, ( YRS REP o -
79 AFYN 94 Lo BT DD oo ~Fits, d-7 02}
NTA} «AFPHEI Lk, BHEYHEZCEIY 9T B,
Arvi, Qo B d % # 25, .88 Kk s Cofih o rrrr
259 FF LB o F 3N EC 8§ 2,

Talde 12 v, BE&EYHE 9BiLAEg X £ 2 v 2 9
HERD e F Fo (ARL) g AkB) v, A= {H¥a9wY

/23









l1g¢

w .
O
o

3|

o/

é
o
X
o
0
o)

¢
¢
e
Q

- O < O O O ®, O O O o—2 o
22?2 200 202 - O_;.
© © (211) - (211) L
133 122 .01 100 U1 o2 133 0. o
A© O O O o—=0 O O O ' O O O—
G} 085 4 o o
058 024 022 O 2 % 66,
33 33 1) (01l1). (022) (033)
033) (022) (011) .. _ ‘ - - (033)
( | (11 T00 I o
-0—O—O—O—O—O0—O0—O—O—O0—0—=C
200
-0 o > O © © o
300

Fig.56 Relation between indexes of -cristobalite and its
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Table 12 Dimensions of the super structure
and its extinction law

Dimensions
a= 4.97 A
b= 9.94 A
c= 13.86 R

Extinction law
(h00); no conditions
(0kk); k= odd
(hkk); h= even, h+k=odd

h= odd, h+k=no-.conditions
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Fig.59 Projection of the super structure model
(2) on (001) plane. Si(e) and O (o) atoms
form a Si04 tetrahedron.
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Table 13

Glass composition used for electron beam irradiation

Li,0 [Nay0 [Si0, [By03 [K,0

# Li,0-8i0, 31 | / 67 | / 2
Na,0-Si0, / 133 |e1 |/ |/
Li,0-B,0z 30 |/ |/ |10 |/
Na,0-B 03 /30 |7 |10 |/
Nap0-B03-5i03 | 5.0 | 68.3] 26.7] /




Fig.62 Measurement of the electron current

density in the electron microscope.
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