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3#U
�ïÄ¥, �U¤����U!ºU����ÉÚU
. ©ê H �f´3,
A½xzÔ (X Ar+)

��^e, Ä� H �f�±�'Ä�U?�$�©êÌþfêU?�[, Ó�º�Ñ�þUþ. ÏLé���lf
N H �f Balmer α Ì��~Ð°�5Æ5?1ïÄ, &?ù«��X�þUþº��¹ H �lfN�A��35.

ïÄ(JL²: |^�%Ò4�>+y¢pU H �f��3¿Äguy�~Ð°����'�'XÎÜxz�A
�A:; ÏL'�ïÄ��{, 3¢�þÏé\r¹ H �lfN�A�å», ��
�\�ß� H �f Balmer α Ì
��~Ð° (�pÐ°�� 0. 245 nm).

'�c: ���lfN, H �f�~Ì�Ð°, �U

PACS: 52.50.Jm

1 Ú ó

�XU
�ÅFÃ�C, �U���«­��
#U
, A�c5ISþ��±YX�U�ïÄ
9. 
pU¹ H �lfN�ïÄmÿ
�UïÄ
���#+�. C�Ac5, ISþ�U��3¹
k H2 ¤©�·ÜíN�lfN¥uy�AÉ1
Ìy� [1] (H �f Balmer α Ì��~Ð°), 8c
®²3õ«�>Å�þ¢y, �)p§x¾�j\
9, �ª-uÚ�1�>� [2−4]. ù
¢�Ñý«

,«pUG�¹ H �lfN��3. 2002 c{
I Mills � [5] �¤
ù«�lfN�)Uþ�ÿ
þ¢�, y²Ùü �þ� H ¤º��9ó�'�
�-�p 1 �êþ?, ù¦Ù�U¤��«�5�
#U
.

�â¢�(J, ù«5���lfN´3$
§!$>|^�e¼��, ÏdéJ^>| Stark

Ð°!p§ Doppler 9Ð°±9>|¥lf\�$
ÄÐ°5)º. Mills[6] u 2000 cJÑ
 H �f©
êÌþfêU?b`: H �f�U�3���åP
U�, ´3 H �fÚA½�,
xzÔ (X Ar+) u
)Uþ��=£�A��)�, ù
U� (©êU
?) ´:

En = − e2

n28πε0a0

= −13.6
n2

eV
(
n =

1
2
,
1
3
,
1
4
· · ·

)
(1)

8cISþ®²k�X��¢�y¢
��
Uþ=£Å�� H �f²xz�A�©êU?
�[, �)LþUþº�¢�!�A)¤©ê�
zÜÔ��y!H �f Balmer α Ì���~Ð
° [3,7]!Ñ\UþÊ���lfN “{�” �ò�
�¢�.

XJù«©ê��lfN(¢�3, §¤�)
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�pUþò�?�Ú/)û<aU
¯K, ~X
�� H �fl n = 1 � n = 1/2 º�Ñ�Uþ
� 40.8 eV, ���L H �f� O �f(Ü¤Y©
fº��Uþ (� 1.25 eV).

8cpU©ê��lfN�ïÄÅ� [8] Ì
� � ): PacifiCorp, Mid-Atlantic Utility Conectiv,

NASA �k?VgïÄ¤ (NISC).

pU©ê��lfN3Ê�ÊU+�kXû
Ð�A^cµ. ·I��ÊU�I�UéÄ
�Æ
·¥(!&�!��&ÿ�X��mmuÚ|^
Oy, éu1<(SÊ1, 7LuÐÓ�ä�p'
À!p�ÇÚpíå�í?XÚ. {I Rowan �Æ
��Æ[®²mÐ
|^©ê��lfN�Oï
E�ÊuÄÅ�ÐÚïÄó� [9], ïá
¢��n
�yC�.

2 ¢��Y

¹ H �lfN¥uy� H �f Balmer α ��
�~Ð°y�, 3ISþ�õ«¢�C�¥��

*ÿÚïÄ. ù
�>C�Ì��): kG>4�
>C�!�%Ò4�>C�!ÅU�>C��. ,

, þãn«�>C��3X±e":: 1) kG>
4�>C���>«���, ��3�>L§¥�
)�pU H �f4´�Ù¦âf-E
[£�«
��	, ¦�A�rÝ��ü$; 2) �%Ò4�>
C��p§9Ë�õÇ����, ��
�lfN
�>rÝ?�ÚOr, l
~�pUâf�)¤;

3) ÅU�>C��9Ë�õÇ����, ��lf

N�Ý�$.

nÜ±þ�Ï, ·�[l±eü�¡5�O¢
�.

1�, |^ü+�%Ò4�>+ (ã 1) y¢p
U H �f��3¿`²Ù�A´ÄÎÜzÆ�A
�A:. d¢��±�ypU H �f��)´du
Ôn�Ï�´zÆ�Ï, =�±ÏLUC����
', ­½íØ�>Ø, ïÄÐ°��'�m�'X,

�yù«'X´ÄÎÜzÆ�A�A:.

1�, �)û±þC��Øv, JÑ�«rz
©ê H �A�Ó¶V+(��%Ò4�>+. ù«
�>+Ø�O\
©ê H �A�«�, 
�Jp

�lfN�Ý¿ü$S+p§9Ë�Úå�9õ
Ç��. Ïd, �¢�[^d�>+±Ï����
�Ì�Ð°.

3 ¢��{

3.1 ������CCCþþþ{{{

¢�¥|^ü+�%Ò4�>+, �UC�
��', 
ò>ØÚíØ©ª��3,���, ï
Ä H �f Balmer α Ì�Ð°����'�Cz5
Æ.

3.2 '''���¢¢¢���{{{

æ^ü+�%Ò4íN�>+ÚÓ¶V+(
��%Ò4�>+ùü«C�?1¢�, é¢�(
J?1'�©Û (ã 1).

ã 1 ü+�%Ò4íN�>+æ81Ì«¿ã
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Ó¶V+(��%Ò4�>C��Ò4dS
	ü�@+|¤, S+�S!S+�	+�m/¤
�µ4³², Úå�>�K�«U\, �±ò�>
âféÐ/�å3S+, 4�/O\¥5íN©f
�>l§Ý, l
O\
�lfN�Ý, 	+Q�
�âf�u�í�q~f
9Ë�õÇ���; Ó
�, �X�>?1, S+�§ÝÅìJp, dm©�
�|�>fu�, =�S+�9>fu�, Jp

>f§Ý, k|u¥5íN©f�>l.

3��¢�¥æ^üÚ¤×£8IÅ�«m,

±��Ì�Ð°. ¢��^���6�1�>�
�>>Ø 250—350 V, �>>6 0.1—1.0 A, íØ
� 250—500 Pa. 3ù«¢�^�e, nØÚ¢�Ñ
L², Ì�Ð°�Å�Ì�´ Doppler Ð°, 
lf
|�A� Stark Ð° [10] Ú¤ìÐ° [3] Ñé�. ¤
±, �±^ Doppler Ð°5O� H �f�§Ý [3].

4 ¢�(J9?Ø

4.1 ÌÌÌ���ÐÐÐ°°°������������'''���'''XXX

| ^ ü + � % Ò 4 � > + & ÿ � 
 H �
f Balmer α ��~Ð°, `²pU H �f��
3. Ó�, H �f Balmer α �Ð° ∆λ � Ar/H2 �
��ê�'O�
O�, �� Ar/H2 ���ê�
'pu 10 �, H �f Balmer α �Ð°ª�­½
3 0.15 nm(ã 2). �AÔ (H �f) ��A�Ç�X
xzJ (�þ Ar+) �ßÝO\
O�, ���,�
�4���ÒØ2O\, 
´�±ù����A�
Ç. zÆ�A�­�A�Ò´�3�AÔ�m��
Z�þ', =���Z�þ'�, �A�Ç��, 

,��AÔ�L�Z�þ'�, �A�ÇØ¬UY
O\, 
´­½3,��. dd��, ù�¢�5Æ
ÎÜzÆxz�A5Æ.

ã 2 Ð° ∆λ (nm) � Ar/H2 ���ê�'�Cz

4.2 ÓÓÓ¶¶¶VVV+++(((������%%%ÒÒÒ444���>>>+++rrrzzz©©©
êêê H ���AAA

|^ü+�%Ò4íN�>+�Ó¶V+(
��%Ò4�>+, 3���'Cq� 10 �^�
e, �éuã 3 �ü+�%Ò4C����Ì�Ð
° 0.15 nm, Ó¶V+(��%Ò4�>+���
�� H �f Balmer α �Ð°, Xã 4 ¤«, �pÐ
°�� 0.245 nm.

|^ (2) ª, �â Doppler Ð°é H �f§Ý
?1
O�, L² H �f��§Ý��
 23.4 eV.

∆λD = 7.16 × 10−7λ0

(
T/µ

)1/2
, (2)

Ù¥, λ0 ´Ì��¥%Å�, T ´§Ý, ü � K,

µ ´�fþ.

ã 3 ü+�%Ò4C����Ì�Ð° (�pÐ°� 0.150 nm)

ã 4 Ó¶V+C����Ì�Ð° (�pÐ°� 0.245 nm)

Ó�^ (3) ª, =�éu�Ì�rÝ{ [11−13]

ÿþ�lfN�>f§Ý, (J>f§Ý�k�
� 1.0 eV, ©z¥é�·�¿�^��C��%Ò
4�lfN�O��L², >f²þUþ´é$
� [14,15].

Iji

Ikl
=

Bji

Bkl
e−∆E/kT e , (3)

Ù¥, Iji Ú Ikl ©O´ Ar �f�ü^Ì�rÝ,

Bji Ú Bkl ´ùü��[U?�{¿Ý, ∆E =
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Ekl − Eji �ü^Ì��[Uþ��, Te �>f
§Ý, ·�ÀJ�ü^Ì�´ Ar �f�þU?
� n = 3 � 377.03 nm Ì�, ÚþU?� n = 4

� 420.06 nm Ì�.

¢�L², H �f§Ý��pu>f§Ý, ù
�±y² H �f§Ý�,pÌ�´d H ¤º��
UþÚå�, (J== H �f��\9, 
�N�
lfN§Ý¿Øp. ,	, ·�ÿ��Ì�/G�
±[Ü¤Cqé¡(�� Gauss �/, ÎÜ Doppler

Ð°��/A:, 
 Stark Ð°��/´�é¡�
âÔ[�/ [16,17], ¿� Stark Ð°�3�lfN§
Ý�p (10 eV ±þ) �â¬ÓÌ�/  [18], ù�y
²·�¢�¥�lfN§Ý´�$�, �k H �f
üÕ��\9, ùÑÎÜ©ê H �A�A:.

�>L§¥, Ó¶V+(��%Ò4�>+S
+Èà�lfN�^²w, ¦��>>6'ü+�
%Ò4íN�>+Jp
����êþ?, ù`²
T�>C�¢y
ý½��Og�, =�>rÝ�
�\r, Ñ\õÇk
é��Jp. Ó�, AÏ�V
+(�O\
�AÔ (H �f) �xzJ (Ar+) �
ßÝ, l
O\
pU©ê H �f��A�Ç.

4.3 pppUUU H ���fff´́́ddduuuAAAÏÏÏxxxzzz���AAA���)))
���ÙÙÙ¦¦¦nnnddd

8cISþ�ïÄ�|é,
¹ H �lfN
¥ H �fÌ��~Ð°y��)ºÌ�kü«, �
«´©ê H �AnØ, �«´@�pU H �f5

u�~�ÔnL§, UþÌ�´dulf3>|
¥\��A���. e¡(Ü·��¢�(J©Û
��o�kaq©ê H �zÆ�AâU)ºù«
y�.

Äk3·��¢�^�e�lfNÄ�?u
9²ïG�, �9²ï��lfN�káóÀ�
>^�eâU�) [19]. @�pU H �f5
uÔ
nÅ��nØÌ�kü�: ��´@� H ©fl
f ('X H+

3 ) 3>|¥�\��� Ar lf½ Ar �
f-Eu)>Ö��, 3����>f�Ó�)l
¤pU� H �f; ��´@� H ©flf½ H l
f3>|¥\���>4L¡u)�5-E, u)
ñÂ�A¼��pU H �f. éu1�«nØ, �
��(J´�U3>|\��"ã, �Ò´�CÒ
4�NCâU¼�ùopUþ� H �f, 
3·�
�¢�^�e�lfN¥lf�²þgd§��

�k� 0.1 cm, ¤±lf3\��L§¥7,u)
õg�Ù¦âf�-E, (J¦�Ýü$, ¤±Ø
�U��nØ���\�, 
�=Bk�þ� H �
f¼�pUþ, �Ø�U3õg-E²þz�¦�
þ� H �f��pUþ. 
éu1�«nØ, KÃ
{)º��o H �fÌ��Ð°´é¡(�, = H

�f�\�3����þÑ´�Ó�. 
XJ H ¤
©�lfÚ>4L¡-E�)pU H �f��Ý
´���Ó, �Ub�: 1�, lfÚ>4-E7L
´���5-E; 1�, -E�)¤� H �f7L
´����AÇ�Ó�, 
ùü�^�´Ã{Ó�
÷v�, Ï����5-E�U3�>|\���
���þâU�y, Ùg3�>|\�Ø����
�þÑ�Ò�½Ø�U´���5-E, 
��5
-EÒ�½¬¦ H �f~�, �)� H �fÌ�
Ð°Ò´�é¡�, �k�ÅÐ°, 
¢�(JÌ
�´þ!é¡, ¤±ù�nØØU¤á.

nÜ±þ©Û, �k,«xzzÆ�AâUé
Ð/)ºpU H �f��)�Ï, Q�±)º�
þ H �f¼�pUþ, q�±)º H �fÌ�Ð
°�é¡5. ,	, du0�{	�>�)��l
fNA5��1�>�lfNaq [20], 
��±
3�íØe/¤�>, ¤±e�Ú·�O�|^0
�{	�>?1©ê H �A¢�, 3�íØelf
3>|¥�\�¬?�Ú���, XJE,��é
��Ì�Ð°Ò�±üØ>|\�Å�´Ì�Ð
°�Ï�b�.

ã 5 X��>���Ì�Ð° (�pÐ°� 0.02 nm)

4.4 XXX������lllfffNNN¥¥¥ H ���fffÌÌÌ���ÃÃÃÐÐÐ°°°LLL
²²²ÔÔÔnnnÅÅÅ���ØØØ¤¤¤ááá

�
?�Úy²ÔnÅ�Ã{�)pU H �
f, ·�q3Ó��¢�^�e¦^X H2 �>ÿ
þ
 H �f Balmer α Ì�, (Jvk?ÛÌ�Ð

015202-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 1 (2012) 015202

°, ù`²pU H �fØ�U´du>|\��A
��� (ã 5). ,	, ·��^X�í3�Ó^�e
�
é'¢�, ©Oÿþ
��·Üí�>ÚX�
í�>^�e��dlf� 696.5 nm Ì�, (Jü
«^�eÌ�ÑvkÐ°, ù�y²��·Ü�>
^�e�k H �f�ÀJ5/\9, Ù¦âf�U
þ¿vkCz, ù«y��k©ê H �AÅ�âU
�ÑéÐ�)º, 
Ù¦�ÔnÅ�ÑØU·^.

5 ( Ø

1) |^ü+�%Ò4�>+&ÿ�
 H �
f Balmer α Ì���~Ð° (���� 0.15 nm),

`²���lfN¥�3pU H �f.

2) �AÔ (H �f) ��A�Ç�X Ar/H2 �
�ê�'O\
O�, ���,��4�� (Ar/H2

��ê�'� 10) �ÒØ2O\, 
´�±ù��
��A�Ç, `²T�AÎÜzÆxz�A�A�.

3) ÏLü+�%Ò4�>+ÚÓ¶V+�%
Ò4�>+��>(Jé', 3Ó¶V+�%Ò4
�>+C�¥, H �fÌ�Ð°���� 0.245 nm,


ü+�%Ò4�>+C����k 0.150 nm. d
d`², Ó¶V+�%Ò4�>C��±éÐ/O
\pU©ê H �lfN��A�Ç, rz©ê H �
A.
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Atomic-hydrogen Balmer α line’s abnormal
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Abstract

In the study of new energy resource, hydrogen energy has become a green energy the same as solar energy and wind energy. Under

the action of certain catalytic materials (such as Ar+), the hydrogen atom of fractional hydrogen plasma can transit from the ground

state to the fractional principal quantum number energy levels lower than the ground level, meanwhile the energy is largely released.

By the study of the law of Balmer α line’s abnormal broadening of atomic hydrogen in argon and hydrogen plasma, the possibility of

hydrogen plasma reaction with such a large amount of releasing energy is discussed. The research is in two aspects: by using hollow

cathode discharge tube, the existence of fast hydrogen is confirmed and the relationship between the abnormal broadening and the ratio

of argon to hydrogen is found to be consistent with the feature of catalytic reaction; by the comparative approach and experiments of

strengthening reaction of fractional hydrogen plasma, we have obtained the broader Balmer α line’s abnormal broadening (the half

height broadening reaches 0.245 nm).

Keywords: argon and hydrogen plasma, abnormal broadening of atomic hydrogen, hydrogen energy

PACS: 52.50.Jm
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