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Ta-S
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Nakaya, Harvard Univ. Press, Cambridge ( ), p.
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Ta-S

From Nakaya, Harvard Univ. Press, Cambridge

( ), p.
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Mason From

Mason, Cambridge Univ. Press ( ), p.

;

g m From

Nakaya, Harvard Univ. Press, Cambridge

( ), p.

g m From Nakaya,

Harvard Univ. Press, Cambridge ( ), p.
Mason Ta-S Mason,

From Mason, Cambridge Univ. Press

( ), p.
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p.

Mason Ta-S

Ta-S

Mason Ta-S

Plates, Dendrites, :

Needles, : a

Hollow prisms, : a

g m Drop Hygrometer

Hollow Prisms, :

Drop Hygrometer

Cups, :

Sector, Plates, : Ta-S

Dendrites, : a

Thick plates, :

Solid prisms, : Ta-S
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Ta-S

p.

Sheath, :

Thick plate, :

Sector, Plate, :

Dendrite, :

Column, :

Side extension, : Ta Tw

U. Nakaya : The Formation of Ice

Crystals American Meteorological Society

Compendium of Meteorology
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Ta-S
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Kumai, Mason

Kumai,

Kumai and Fracis,

Kumai, See-

ding

Kumai, Mason Ta-S

Ta-S

Ta-S Nakaya, Mason Ta-S

Ta-S

Mason Ta-S

Ta-S

Ta-S

Mason Ta-S

Mason

Cleamont, NH

Mason Ta-S

Mason

Mason Ta-S

Site

Mason Ta-S

Ta-S Mason Ta-S

Magono and Lee,

1* / ,**2

,

+3/+

+30+ +

+30,

+310

+32, 0 *

-

- /

+300

+ , +3/. -

0

/ 1

-

0

,- 2

1

+*

+3/,

1

,*

2 ,/

+30,

+, ,*

2 ,/

, +. +1

+30*

3

1

+300

2



����� �� 	 
 � �


������ ��� � ������ ���
���� � �!"�#$%&'�()
*+��,-.��� /�0�
����
12 345678�9:&'�;< 12 345678�=9>&'�? @

? @+A? @�BC�D ()/EF���
 +A? @�BC�D ()/�0���G
�
���� 345678�9:&'� �� HI 345678�=9>&'�
;<? @+A? @JKD ? @+A? @�B ? @+A? @�BC�()/�0���G
C�()/EF���
���� � �D 
��� !"�=9>&'�L�*MN���
�? @+A? @�
���O"�9:&'� 12345678�PQ&'�? @ +A
���R�� 12 345678�9:&' ? @�BC�D ()/�0��G
��� HI
�!"�9:&'�L�*MN��� 345678�PQ&'�? @ +A
12 345678�ST9:� &'� ? @BC�()/�0���G
��� ���

;<? @+A? @�BC�D ()/EF� !"�PQ&'�L�*MN���
��
���� ���O"�ST9:&'��� 12 345678�UV%&'�? @
*MN��� +A? @�BC�D ()/�0���G
��

��� � �HI 345678��()/
�0�W�L������ !"�UV%&'�(
)/�0��L������ ���HI 3

12345678�XY�Z;[�\]^�_ 45678� ���*`abc��
d�efgh��D !"���&'bi�jRk HI 345678�9:&'�? @+
lmn�
����� g���o� _d��; A? @�Bp�D ()/�0��G
���
< &'QD &'b
�����qr�sk� �� 12 345678�9:&'�? @+
tu(v g���D �()/ *\��w A? @�BC�D ()/���L������
)/< gx �yzo� �&'� � g HI 345678�ST9:�? @+
67{*|}��12 345678~ � A? @�BC�D ()/�0���G
���
~ b��o� �� 12 345678�ST9:�? @
12 345678~ � � �HI +A? @�BC�()/���G
�����
345678~ � � �����g�� HI 345678 � � ��5^&'

*|�� 12 345678*��&' � � �;<BCb? @+A? @�D (
�D HI 345678*��&' ��L )/�0���
���� ���5^&'���
�b|��c�� �D O"�#$%&'��RA�%&'+A��
12 345678~ �? @+A? @ &'�c�� ���5^&'�O"�#$%&'

�BC�()/EF�0�G
����Q�D ! ��Q�JKG
;<BCb�R�� HI345
"�����Q���;<BC�L�#��� 678 � � ���*�v�����*��&
��� �D HI 345678�D ��;< '^����|�bc�� ���5^&'��*
BC���Q��&'�G
�|����� ����*+�&'^���b���c��
12 345678��&'�? @+A HI�ef�1*���o(��
���� 

? @�BC�D ()/�0�
������ H ����D &'�¡C�sk�w)/<b���
I 345678��&'�()/�0�� ����,-.�R�� ���&'� 34
�
������ � �!"���%&'�() 5678�¢£¤¥Rw)/<�¦§¨*+��
/�0�
���� ��D 12*+A© #�D 126ª«¬b­®
12 345678�#$%&'�? @ �o�

+A? @�BC�D ()/�0�
���� H
I 345678�#$%&'�()/�0

� �� ����	
� �
�
����	
� �����

�

522

Mason

Ta-S Ta-S

Mason Ta-S Ta-S

Mason

Ta-S

Ta-S

Ta-S

Ta-S

Ta-S

Ta-S

Ta-S

a, Ta-S

i

a Ta-S

Ta-S

Ta-S

Ta-S

Ta-S Ta-S

Ta-S Sheath

Ta-S

Ta-S

Ta-S

Ta-S

Ta-S Ta-S

Ta-S

Ta-S

S

S

T

D D D

S T S

Ta-S

Ta-S

1* / ,**2

1

3 ,, ,*

- 2 ,/ .* ++ +0

- 2 +,

,*

+,

. +1

+2 ,/

+.

+1

+*

,-

3

,,

+2

+ ,-

, +2

+ +3/. ,/

2 +3/1 +3/1

+,/ 0 -*

0/

+ - /

+3/1

/

1

1

+*

+* +

2



�� � � � � �	
��


�
������ � �� �
�
���
������ !� �"#$% "#&'
� �% �

()*+
,-.� /% 01/234
��56��
78
9:;� � % �

<.� 9=>% 01/234
��56
��
789?@/2� 9;AB�� C
 DE CFGH��IFJ!I% 9/K

L
MN

�
������9OP/Q% ? RABSTU
VW
XF� /
@�YIZJ[\K]Q>!��^_� C D K>
F% GH�FJK>`9ab/2� c/Qd
E C
efFg!� 
� ������ �
 �h
��I Ci$E C
()*+
*j<
�% � 
L
��^_�k>Q% GH��� .�% /Q34
��56��
789
01/Q>K>� LA�Ul
m �no/Q> ?@/2�Y� �9m �:;�L

!� /i/
������� � � ?@Fp$i�K]2`�% �� Ci$E CF
m �% ��^_I C DE C�k>QGH
I01;!� L
qr�N>Qst�u;�

v
wx�yz�Z{
d�|{�	}

d�|{�~�/Q>!� v
wx�% 
�
I����
 
�	h� v��U
?
@�Y9wx�&J% �
~�/Q>!� 
�
�)5
,-���F C
 DE C
��^_FGH��
01�% ��
te
��IE C st�*j� D�L!

� !��XI~0/Q>!�
C DE C
��^_Fc
��XFGHI
01;!���Y9�2� i[/Q��I Ci
$E C
^_F% ����
��� !��9
?@/2
������� � � 9
m �:;�
n���� 
d�hF()*+
*j

�

�

� �� ���	
����
 � �
������	
� �
� � �����

523

Kobayashi,

p.

Seedig

Kumai

Seeding

Seeding

Seeding

Self nucleation

Ta-S

Seeding

Kumai,

Kobayashi,

Mason

Philosophical Magazine

Self nucleation

Kobayashi,

CRREL

Ta-S

Kobayashi,

3

+*

1* / ,**2

+30+

+33/ +3-

+32,

*

-

*

- * .*

+3/1

+ +32, +*

+30+ * -

3 * -

+3/1

+30+

+

*

-

.*

* -

*

.*

+30+

3

++ +3/1

2

+30+ 3



��� � � � �

	 
��
����� � 	
�

� �	 ���� ������� ��
 �! � �	 	 �
" #	 �$% ��
& ���� �� 	 	 	 �' ��

() * +, 	 - .� 
 �/01��
% ���� 23 � 	
	 � ��

45 	 ��� 6 7	 8 9	

" :;	 < 
� � �	 =  >
?	

@	 ABC1DE ��@FGB�H	 I�J K LMN$OPQ�R HSO	 T
�$OE HFG%� UA�VWX�� $OYZ[ \ ]� G0A^� __�`A�

�ab��@c �dFe f%� g \hASi0f�
' �" jklmno � � �c p � 0^	 ' 	 	 	 @�qrq�  > s$
tu@ \vA	 ' �()jklmn O	' 	 @w
�x�y  > s$O	' 	
o � �@c p �tu@ \vA @ z  �� ��{$O	 ' @
��%�F| \ f%� �� c � $O'� }~�\ G	 �9�g \hA

� H`A�S%� _1� Si0f�
� @ $O
��^� R]�()jklmnoH A��

�@ H �X F f%2Z�H�FS%
H	 �� ������	 @ �X F A
��%_2H �]^2 @7%�
jklmno' 2' @ � ����
�
���\te �vA��%� �����H

f%� $Ou�� � �$O� �F
@	 � @� �1��B��
jklmno � � 2" jklmno � �
�@ �$O� ��� �FE 2V���
H f%2`A�S%� A�A	 _�� F@
�E �V���� �� @B��

jklmno �' 2' � Hte
� � ����� ��\vA��%2
�@Z�%H	 " :; < 
� �" 	
� �@	 " jk�mnoH�}�1

�gO	 jk�mno@�}�1��
B�� �� 	 � 
��
���� � �
�' � �@" jklmno\�}A	
jklmno2���H`A�S%� __�`A
� � F \¡¢  FS%�

 ? £ ?H ¤�¥¦�
§¨©Fª�1	 ?«F¬A­O� ®�?
�	 jklmno� ����7O0A
^� ¤ �¯°x±�² � %2	 ³´
F �1^ µ�
� �� H ���0A
^� U1�@ jklmno��}HB�	 0
^" jklmno\¶]� jklmno2
���SO	 _�PQ\�� ·�BO0A^�
_� 	 MN2 ?¸ ¹ º � »¼ � ¤ ½ �

�� ��

�� � 	
 �� �

�
 � �� �
� �

�� �
� � ��� �

� � � � �
� � � � 

�! " # � $� %

� & ' � ( � �

) * + , -
) . / 0

12 �� 3
� 12 4 � �

� �
12 4 5 �� � ��
6 7 8 9 12 � : 0 3

�12 ;
;

�

� < = �>
� �  = �>

? �! �!
@A � �>

B
�� 9 9C

@A � �
�
9C )

�> 9
@A ) �> �
�! B
@A � �� D

� D & �
�

�!
�� D �

� �!

� E� '

FG�� H � I
�JK

�! �L
F M N

O / � P Q
�!

� �!
R

9 �J K �� 
 I F S

� �

� �

� ��
�

� ���

�

�

�

�

�

�

�

�

�

524

:

pp

:

: Diffusion cloud chamber

Kobayashi, T., : The growth of snow crystal at

low supersaturation. Phil. Mag., , ( ), .

Kumai, M., : Electron-microscope study of snow-

crystal nuclei. J. Meteor., , ( ), .

Kumai, M., : Snow crystals and the identification

of the nuclei in the Northern United States of

America. J. Meteor., , ( ), .

Kumai, M., : Identification of nuclei and concen-

trations of chemical species in snow crystal sam-

pled at the South Pole. J. Atmos. Sci., . ( ), .

Kumai, M., : Formation of ice crystals and dissi-

pation of super-cooled fog by artificial nucleation.

J. Appl. Meteor. , ( ). .

:

J. Meteor. Soc. Japan,

Kumai, M. and Fracis, K.E., : Nuclei in snow and

ice crystals on the Greenland Ice Cap under natu-

ral and artificially stimulated conditions. J. Atmos.

Sci., , .

Magono, C. and Lee, C. W., : Meteorological clas-

sification of natural snow crystals. J. Fac. Sci.,

Hokkaido Univ., Ser. VII, , ( ).

Mason, B. J., : The physics of clouds. Oxford

Univ. Press, .

Mason, B. J., : Cloud, rain and rainmaking. Cam-

bridge Univ. Press, .

: .

Nakaya, U., : The formation of ice crystals. Com-

pendium of Meteorology, American Meteorologi-

cal Society, .

Nakaya, U., : Snow crystals. Harvard Univ.

Press, .

:

pp.

Seeding

Seeding

. g m

. g m

Ta,

w, i, w- i,

Smithsonian Meteorological Table

Ta-S

Mason Ta-S

Ta-S

Ta-S

Ta-S

D D D D

-

-

1* / ,**2

+33/

-0*

+3..

/, 0/

+3/1

+ ,0

+30+

1+ +-0- +-1*

+3/+

- +/+ +/0

+30+

, +-3 +/*

+310

/ 2-- 2.+

+32,

. /13 /21

+3/,

++

+30,

.1. .2+

+300

.

+3/1

+//

+30,

00

+3.2 -,/ -02

+3/+

,*1 ,,*

+3/.

,.0

+333 ,

-*2

3 +30+ + , - .

* +0 +* / 0 1

+32, * ,,- 2 3

+

+ ,

* -

+30, +30+

* -

+ ,

+333

+33/

++ ,1

,*** +*

+* ,*

,**2 1 -*

+

+0

0

2

+2

--

,+

-*

+3

+

+,

�
�


