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1 Ú ó

1960 c{I�rù (Maiman) u²
1��
ù�� (Raby) �N-1ì, 1961 c.{I��G
� (Snitzer) Bï�Ñ
tÀæ (Nd: glass) -1ì.

±�qk<�Uï�Ñ
k¾�0� (YAG)!¾
�k (YAP)!Ê��t (NdPP) �õ«�t¬N-
1ì.

3~^��N-1ì¥, �Ñæ^�+Ä$�
Úý�ÎNà1n.‘�â-1�nÚý�à1n�
à1�Ç, l 1960 cm©, ØØ´ù��-1ì,

�´tÀæ!k¾�0��-1ì, IS	Ñ´r
Ä$� ll Ú-1� lab ©O�uý�n lc S�ü^
��þ, ¦Ä$� lL!-1� lab Úý�n lc nö
��Ý�� [1−3], = lL = lc = lab(±e{¡ “��
�”)[4,5]. Ø#Nr���Ý\� (��) �à1n
	. XJ�±Ù¦^�ØC, �r���Ý�à1
n	\�, = lab > lL, lc. du\��à1n	�@
Ü©-1�ÉØ�1Ä$, Ú����', Ä$K
�7,�,p; ÑÑ�Ç7,�ü$, �ö^nU
?XÚ�ù���¢��, �
Ñ�-1�n��
ÎÜ�(J.

�´�ö^oU?XÚ�tÀæ�N Q óÀ
¢��, ¢S���(JTT�ù����, =Ä

$K�Ø�Ø,p�
²wü$; ÑÑõÇØ�Ø
ü$�
²wJp. ¿	�uy
, ^-1�nÃ
{)º�\��N Q óÀ1��É~¢�y�.

1992 c, �öJÑ
^guË�&?ù�¯K
�g´; 2001 c, �öÄk�âoU?XÚ��Ç
�§, �ÄguË��K��, &?
\���)
N Q óÀ1��y��Ån [5].

�©´3&?
\���)N Q óÀ1��
�Ä:þ, q�â�óÀ�Ñ\K�ÚÑÑ�Ç,

é�óÀ�)�1��É~y�, ?1
��[�
nØïÄÚ¢��y; nØïÄ(JÚ¢��y(
JÄ��Î.

2 �óÀ���Ú\���Ä$K�
ÚÑÑ�Ç

�â�N-1ì�ó��n, ¦�����ó
À�K�Ñ\>U� [2]

Eth =
N2thVR1hνp

ηLηcηabηl
, (1)

\���K�Ñ\>U�

E′
th =

N2thVR2hνp

ηLηcηabηl
, (2)

ª¥, N2th �Ä$�-1þU? E2 ��=âf�
Ý, VR1 �ó�Ô��NÈ, h�ÊK�~ê, νp �
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-¹lfáÂ1�ªÇ, ηL�Ä$1�k�>1=
��Ç, ηc �à1n�à1�Ç, ηab �ó�Ô��
áÂ�Ç, ηl�láÂU? E3 �-1þU? E2Ã
Ë��[�þf�Ç. (1) ª, (2) ªL², Ä$K�
�Ñ\>U�ó�Ô��NÈ¤�', du l2 > l1,

��»�Ó, VR2 > VR1 , Ak

E′
th > Eth. (3)

� ´, � ö ¢ S � � � ¢ � ( J T T � �, %
´ E′

th < Eth. oN�Ç ηtot �ÑÑUþ�Ñ\
Uþ�'

ηtot =
Eout

Ein
=

(
1 − Eth

Ein
)ηs, (4)

ª¥ ηs ��Ç�Ç. dª (4) ��, Ñ\>U�½
�, oN�Ç�K� Eth Ú�Ç�Ç ηs Ñk', Ï
d�K�K�Ú�Ç�Ç��«Ï�ÑK�oN
�Ç. �â (3) ªÑ\Uþ�½�, Ak

η′
tot < ηtot. (5)

�´, ¢S���%´ η′
tot > ηtot. ùÒ´�nØØ

Î�\��1��É~¢�y�.

3 nØïÄ

1989 c, �ök´^ÿþý�-1n	�!m
üà÷\���¶���, Ä$1�õÇ�Ý©Ù
5Æ��{, éù�¯K?1
©Û. ÿþ(JL
² [6]: 3Ä$�����>óÀ�mS, ý�n	
�!müà÷\���¶���, Ä$1�õÇ�
Ý©Ù´U�ê5ÆP~�. �à1nS�áÂ�
Ä$1�õÇ�Ý��K��, à1n	��, Ä
$1�õÇ�Ýé¯ÒU�ê5ÆP~�K�±
e. ùw,�K��
ü$!ÑÑ�Ç�
Jp�
¢�¯¢ØÎ. Ïd, ^ó�Ô�S��ÚÄ$�
>4�rË�nØ)ºØ
ù«É~¢�y�. �
ã 1.

3.1 ggguuuËËË������KKK���

�ö²Lé¢�y��c[*	Ú©Û�, é
Ñ
tÀæ-1ì�)ù«É~¢�y����
�Ï: =, ��Ñ�guË��K�.

3¦)�óÀtÀæ-1ìU? E2 þ�K�
�=âfê�Ý�, Ñ@��±Ø�ÄguË��
K� [2,7], ù«�Ä¯K��{3nU?-1XÚ

¥�N´�(�, 3oUXÚ¥ÒØ�½�(. ù
´Ï�, 3oU?XÚ¥, E2 → E1 ��[�3é
��Ä$�Çeu), 
ØI�nU?XÚ¥��
±âfê²ï¤I��pÄ$�Ç [1].

ã 1 ý�Ä$n	\��¶�1"õÇ�Ý©Ù5Æ

��`5, 3�óÀoU?XÚ¥õ^pÄ$
�Ç, �Ä$�Ç��,�½�, ¦âfê¢y

p�=Òm©�)guu�. ù�, 3��K��
=âfê�Ý�c, 3ó�Ô�à¡NC�guu
�¬�)ér�1Ïþ. ±�ò�Ü©$��Ü-
1þU?��=âfê�ÑK. 3��K��=â
fê�c 0—ι0 ��mS-1þU? E2 �âfê
Òk�Ü©gu/á�$U? E1, Ùê8~�Ç
�þU?�âfê¤�',

dN2th

dt
= −A21N2th, (6)

ª¥, A21 ´gu�[VÇ, Ùþj� s−1. §�Ñ

ü �mSU? E2 þ�âfguá�U? E1

�VÇ.

guu�´âf3ØÉ	.Ë�|���e
�u1L§, ´�mÚ�m�ÚO¼ê. é�þ�
guu��âf, ��u�L§�p�mvk� 
'X; u��1f´Ø�Z�. ÙA��^?u-
u��âfÆ·L«, �Lù�Æ·, âfgu/
£á�$U?¿Ë�ÑUþ. guu��rUþ�
ÑÒ�õ, K�Ñ\>U Eth �Ò��, ù´·�
ØF"�. ³�Ø�Z�l¶guu�, ~�Uþ
�Ñ, ùÒ´�öïÄ\���)ù«1��É~
¢�y��Ä�g´.

194207-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 19 (2012) 194207

3.2 JJJppp---111þþþUUU???���===âââfffêêê���|||^̂̂ÇÇÇ

�§ (6) �)�

N2th(ι0) = N2th(0) exp
(−ι0

τ21

)
, (7)

ª¥, N2th(ι0)�-1�óÀ/¤�c, U? E2 þ
guË��Ñ�âfê, τ21 �U? E2 �guË�
Æ·.

b��k@
��¶¤é��Ý¿ÏL��
���C¶guu�1f, âU�)²w���g
uu�, ��guu�l��üàu�Ñr1å,

ÙáN�Cq�

Ω ≈ n2A

l2
, (8)

ª¥, n�0��ò�Ç, l Ú A ©O���Ú�¡
È. w,, � l = L(n�) �, Ω ��-� Ωmin.

ù�, ù«[���, 1´��, \þpOÃ, Ò
�±d����Z�guP~¥ïáåÉ-u�.

�´, 3¢SA^¥, 'X���,   ´ l1 < L,

ù�, �kgu�[�âfêÎÜeª�, âUï
áåC¶u�

N ′
2th(ι0) = N2th(0) exp

(−ι0
τ21

)[Ωmin

Ω

]
. (9)

�, N ′′
2th(ι0) ��ÄC¶guË��K��, ¢S

ë\-1���K��=âfê�Ý, �âUþÅ
ð½Æ, Ä$�-1þU? E2 �K��=âfê
�Ý

N2th = N2th(ι0) − N ′
2th(ι0) + N ′′

2th(ι0). (10)

ò
Ωmin

Ω
=

l2

L2
, �\ (9) ª²�n��

N2th = N ′′
2th(ι0)

{
1 + exp

(−ι0
τ21

)[ l2

L2
− 1

]}−1

.

(11)

ùÒ´�ÄguË��K��, Ä$�U? E2 þ
��=âfê�Ý���K����=âfê�
Ý�m�'X. du�\����Zl¶�Ñ�â
fê'����, ù�ÒJp
U? E2 þ�=â
fê�|^Ç. ù�:®��ö*	������
ØÓ�¢�y�¤y¢.

3.3 ÉÉÉ~~~¢¢¢���yyy������nnnØØØ)))ººº

- \ � ��� � »� D2(D2 = D1), � Ý
� l2(l2 > l1) ��Î�, Ï� l1 Ú l2 3à1n

SÉ��Ä$�Ý�Ó, Ïd, É��Ä$NÈ�
�Ó, = VR2 = VR1 . �â (9) ª, \��dgu
Ë�Úå�l¶�Ñ'����, ù�, ¢Së\
-1���K��=âf�Ý N ′

2th �u���
� N2th, = N ′

2th < N2th. ò N ′
2th �\ (2) ª, Ú (1)

ª�', �

E′
th < Eth. (12)

ò E′
th �\ (4) ª�

η′
tot > ηtot. (13)

ù�, ÒéÐ/)º�
\���)1��É
~¢�y��/¤Ån.

3.4 ���ZZZ������

(12) ª, (13) ª´3��Ä
�\��, ~�

dguË�Úå�l¶�Ñ, 
vk�ÄO\
�
�áÂ�Ñ��¹e�Ñ�, ¢Sþ��áÂ�Ñ
ØU�. �Ä��áÂ�Ñ�, K�âfê�=�
Ý�

N2th =
4π2∆νν2

0µ2τ21αo

c2
, (14)

ª¥, ∆ν ��°, ν0 �-1ªÇ, µ�0u�ò�
Ç, τ21�U? E2 �Æ·.

αo = αS − 1
2l

ln(r1r2), (15)

ª¥, l�0���Ý, r1, r2���º���Ç, αS

�0��SÜ�ÑXê.

-

4π2∆νν2
0µ2τ21

c2
= K, (16)

ò (15), (16) ª�\ (11) ª, �n��

N ′′
2th(ι0) =

{
1 + exp

(−τo

τ21

)[ l2

L2
− 1

]}
×

[
αS − 1

2l
ln(r1r2)

]
K. (17)

dª (17) �±½5/©ÛÑ�ÄguË��K�
�, K��=âfê�Ý N ′′

2th(ι0) �\�� l �C
z5Æ. 3����Ä:þ, �X l �\�, C¶g
uu��âfêO\, 0�SÜ�Ñ�O\, �â
fê�O\�L�Ñ�, K�ü$, oN�ÇJp;

�SÜ�Ñ�LC¶u�O\�âfê�, K�m
©,p, oN�Çm©eü. du��\��C[
âfêO\�3�g��'X, 
��SÜ�Ñ�
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��\�´�5'X, Ïd, K�eü�, oN�Ç
,p���Ç'�¯; K�,p�, oN�Çü$
���Ç'�ú.

Ïd, éu?Û���+�Ä$��óÀtÀ
æ-1ì5`, 3�½�^�e, ��7½�3�
��Z�, duK�Ï��õ, ½þO�éJ. ¤
±, ù��Z�Ï~d¢�û½. �ö²Lõg!
�E/é'¢�, �Ñ��Z��´: ���Ý
' ≈ 1.5[5,6,8]. 3ù�����SÚ����', �
�K��ü$ 30% �m; oN�Ç�Jp 1—2 �,

�J´�~wÍ�. N Q ó��J�Z [9].

3.5 ¢¢¢������yyy���{{{���(((JJJ

�
¦�y(JO(!��, �öæ^
rÓ
�¬�\ó�ØÓ��, ½Ó��tÀæ�d�Å
Ú�á��{, ?1
õg�E/¢��y [4].

�óÀ�ÑÑA5­��ã 2.

3.6 ííí ØØØ

ØtÀæ	, �ö�^oU?XÚk¾�0�
�
\��¢�. (JL²: k¾�0��k�t
Àæaq�\��1��É~¢�y�. dd�
íØ:

1) ¤k�t�Nó�Ô�, X¾�k!Ê��
t��Ak�tÀæaq�\��1��É~¢
�y�.

2) ¤k�t�Nó�Ô�, 3-1��ì¥�
Ñ�\��1��¢�y�, 3-1��ì¥�A
�3.

du�«�t�Nó�Ô���,ßÝØÓ,

1Æ5�ØÓ, ó��¦^�ì�^�ØÓ, Ïd,

�,�«�t�N-1ì�Ak�tÀæ�q�

\��1��¢�y�, �´, �J�´�q, Ø¬
���Ó.
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ã 2 ^Ó�¬�\ó�ØÓ���ÑÑA5­� (t
Àæ��: 1—5 ©O� 80 mm, 86 mm, 96 mm, 111 mm,
130 mm; Ä$�� = ý�n� = 80 mm)

4 ( Ø

�©�nØïÄ(J, éoU?XÚ�N-1
ì�A^ïÄ!A^Ä:ïÄ!Ä:nØïÄ, �
ÑATk�½�ë�d�. �Ò´`, é�N-1
ì�ïÄ, �kNõó���, 'X, \����,
ßÝ�'X, \���N Q óÀ�'X, ��. Ï
d, 8c�
]�JÑ�, k'�N-1ì�nØ,

®²uÐ��©�õ�(Ø´k�û'� [3], \�
�É~¢�y��uyÒ`²
ù�:.

du�ö�ó�UåÚó�^�k�, ó��
��Øé�õ, d©�Uå����<Ú��^.

¥I�Æ�
I��¬!±]n�¬, ¥I�Æ�þ

°1Å¤X¸ÖïÄ
�é�©JÑ
Nõ�B�?Uï

Æ, 3dL«a�.
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phenomenon of the elongated rod Nd:glass pulsed

laser

Wang Ying-Cai1)† Yang Chun-Lan1) Wang Lei1) Jin Ye2)

1) ( Laser Institute, Hebei Academy of Sciences, Shijiazhuang 050081, China )

2) ( Hebei Mechaeronics Inetermediute Piloe Production Base, Shijiazhuang 050081, China )

( Received 9 January 2012; revised manuscript received 6 April 2012 )

Abstract

According to the principle of laser and a large number of experimental data proved and also considering the influence of the

ignored spontaneous emisson, we study the abnormal phenomenon that the Nd: glass rod which was longer than the optical pump

cavity is optically amplified without pumping. The theoretical result is almost the same as experimental result.
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