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ÏLê�¦)��¹�Å½��§, ïÄ
õ±ÏVÚ|���f�p�^L§¥ØÓÅã�N\óÀÅ�
éNXpg�Å9C¦óÀ�)�K�. ïÄuy, �VÚ|�N\óÀÅ�?uù	Åã 1600 nm �, 'å?u
��1Åã� 533 nm N\óÀ, �ÅÌ�� ����ÌòÐ, �A/ÿ°
�ëY�°, �ÅC��¼�
 78 as

��ááóÀ. dÜ¤>|�1Æ��ªÇ)º
N\óÀÅãé�ÅÌ�K�, Ó�T(Øk|u3¼��áC
¦óÀ�ïÄ¥ÀJÜ·�N\óÀªÇ.

'�c: pg�Å, �áC¦óÀ, �ó°|ÜóÀ

PACS: 32.80.Rm, 42.50.Hz, 42.65.Re

1 Ú ó

20 ­V 80 c�±5, /Ï�¦-1 (1 fs =

10−15 s), <�ïÄ
�f�©f�$Ä, ���X
�ïÄ¤J. X|^§4á�óÀ±Y�m, *	
�4¯�zÆ�AL§, �)©f��ä��­
|!©f��f��ÄL§�; |^§4p�¸�
õÇ, mÐ
4à^�er|Ôn�ïÄ, �)-
1�lfN!X ��Ë�
!9Ø�A¯�:»
�. �éu�f�©f¥�;;åP�>f5`,

éJ^�¦Eâ5&ÿ, Ï�§��;.ÄåÆ1
�Ñy3C¦�m (1 as = 10−18 s) ºÝ, X��f
¥>f3Ä�À�;�$Ä�±��m� 24 as, ©
f¥d>f$Ä�;.�mºÝ�� 100 as. ��
�lÚ��ù
¯�>f�$Ä, Ò�é�'�¦
�á�óÀ5¢y. Ïd, äk4áó°�C¦ó
À�¢yäk­�A^d�.

�cnØþJÑü«�)C¦óÀ��{: �
«´É-.ùÑ�, ,�«´pg�Å�). É-
.ùÑ�´��å\�-1��PC¤Ñ�-1
Ú>f�lfNÅ�L§. 3ù�L§¥, >f�
lfNÅäk1Å�Ýþ?���Ý. �§É{Z
�, >fòC¤äképUþ��9>f. duù

>f��§é�, �±ý9-1àCq��9Ø
-�, K�Ø Úé¡5, ü$ÍÜ�Ç, K�¢y
pOÃ-1àC, ¿¬��É-Ñ�Ø­½ [1].

pg�Å´�r-1óÀ��f!©f!ì
q±9�N�0��^�)��ZË�Å. ïÄu
y, ¤kpg�ÅË�Ìþ¥yXeA�1�: �
Ð�Ag�Å, �X�ÅgêO\u��Ç¯�e
ü; 3��,g�Å�Ñy��rÝA�Ø��Å
gêCz�«� (¡�²�«); 3²�«"à�,
��g�ÅNC, �ÅrÝ¯�eü, Ñy��. d
u�ÅÌ¥y²�«, ±93�½^�e²�«�
Åäk� ���°ª�ëYË�Ì�ÕA`:,

¦§¤�¼�4b	±9C¦óÀ�ZË�
�
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­�Ãã [2].

|^pg�Å�)�{, �cüC¦óÀ�Ï
L±en«Ãã¢y. æ^A�±Ïþ?�� �
-1óÀ, î���1Å�ä� , ¦�ÅÌ��
 �NCÑy� ���°��ëYÌ, 3¢�þ
�� 80 as ��ááóÀ [3]. ù´î8��¢�þ
����áóÀ. ,
, duEâ¯K, T�Y¥\
���¦óÀUþ�$, ���)�C¦óÀ�Ç
$, J±^u-u4b	±9^ X ��Åã�¯�
�5y�. ,���Y´|^pg�ÅéÄ$1 
���A9Ù(¯�A5, ÏL¯�UC°Ä-1
|� ��¦pg�Å34á��mm�S�)

¼�ü�C¦óÀ [4]. T�{���C¦óÀ¢
S´±��-1Uþ��d, ���C¦óÀ�Ç
E,é$. 2006 c, Pfeifer � [5] (Ü 12 fs �Äª
v��-1�§��g�ÅóÀËì��f, ÏL
N�üåóÀ�m�� , 3¢�þ¼�
�Ç�
p� 130 as ��ááóÀ, �?�ÚØ C¦óÀ
°ÝÉ���. ,
, §�<�Jø
��#�g
´, �±3õ±Ïµee¼��áC¦óÀ, �3
¢�þ'�N´ö�. 2010 c, Lan � [6] |^ 15 fs

v��-1óÀ��å 40 fs �N\óÀ|Ü, �N
\óÀÅ�� 600 nm (��1Åã) �, �� 240 as

��ááóÀ, �N\óÀ�Å�� 1300 nm (ù
	Åã) �, �� 220 as ��ááóÀ. Äud, �
©�âõ±Ï|ÜóÀ>|�1Æ��ªÇ©Û
ØÓÅã�N\óÀÅ�épg�ÅË�Ì±9
�áC¦óÀ�)�K�, ¿�æ^N\óÀÅ�
� 1600 nm �|ÜóÀ���f�^¼� 78 as �
áüóÀ.

2 nØ�.�O��{

3�Ý5�Ú>ó4Cqe, r-1Úü�f
�p�^���¹�Å½��§� (eÃAÏ`²,

�©þæ^�fü )

i
∂

∂t
ψ(x, t) =

[
−1

2
∂2

∂t2
+ Va(x) + xE(t)

]
ψ(x, t),

(1)

éT�§�¦), æ^ Crank-Nicholson ��ê�È
©�{ [7], ª¥ Va(x) ��f³¼ê, �©À^?

��^z¥Õ³ [8] 5£ã:

Va(x) = − q√
x2 + a

, (2)

O�¥� q = 1 Ú a = 2, ¦�NX�Ä�Uþ
� ε0 = −0.5, éA��f�Ä�. ÀT���f3
-1|¥üzc�G�. E(t) �� ��VÚ-1
>|, /ª�

E(t) = E1f1(t) cos(ω0t)

+ E2f2(t) cos
[(

ω0 ±
mω0

n

)
t + ϕ

]
(m < n), (3)

ùp Ei Ú fi(t) ©O´ÄªóÀÚN\óÀ�
�ÌÚóÀ�ä¼ê, � fi(t) À��u²�/
ª fi(t) = sin2 (πt/2T ); ϕ = 0 ´üåóÀ�m
� � é �  ; ω0 ´ Ä ª v � � ó À (¥ % Å �
� 800 nm) ��ªÇ. N\óÀ�Åã�ÏLN
�úª¥1��{u¼ê¥��KÒÀ�, ���
Ò�, N\óÀÅ�3��1Åã, ��KÒ�, N
\óÀÅ�3ù	Åã. Å��äNê��ÏLN
��ê m Ú n 5(½.

ÏLê�¦)�§ (1) ��NX3?¿���
¹�Å¼ê ψ(x, t), ?
��\�Ýó4Ý

dA(t) =
d2

dt2
〈ψ(x, t)|x|ψ(x, t)〉

= −〈ψ(x, t)
∣∣∣∣dVa(x)

dx

∣∣∣∣ ψ(x, t)〉 − E(t). (4)

NX�pg�Å1Ì�±ÏLó4\�Ý�Fp
�C���:

Pa(ω) =
∣∣∣∣ 1
(ti − tf)ω2

∫ tf

ti

dA(t)e−iωtdt

∣∣∣∣2 , (5)

ª¥ ti, tf �Fp�C��Ð��Ú"��. ?�Ú
é\�Ýó4Ý��A� Morlet �ÅC� [9], Ò�
�,�g�Å��mA5. =ªÇ� ω ��Å3�
� t �u�õÇÌ��

dω(t) =
∫

dA(t′)ωt,ω(t′)dt′,

Ù¥�ÅØ ωt,ω(t′) =
√

ωW (ω(t′ − t)). é�©¤
^� Morlet �Å, Ù/ª�

W (x) =
1√
τ
eixe−

x2

2τ2 , (6)

T � Å C � � I � ¼ ê � X ª Ç � C z 
 C
z, �I�¥���êð½. �©ÀJ τ = 40.

3¦)Å½��§�L§¥, <�/���m
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> . x = ±1500, Ú Ì dx = 0.02, � m � �
: dt = 0.01© � 
 ; � Å � 3 � m > . � �
�, \\
 cos1/8 /ª�¡ä¼ê [10], ù�¼ê
3 |x| = 1200—1500 ��måll 1 �úCz� 0.

3 (J�?Ø

�
©ÛN\óÀªÇépg�ÅË�Ì�
K�, 3 (3) ª¥À� m = 1 Ú n = 2 �~Äk`
²ØÓÅã�N\óÀÅ�épg�ÅË�Ì�
K�. ª¥1��{u¼ê��ªÇ ω0 ± mω0/n

��Ò�, N\óÀÅ����1Åã� 533 nm;

�1��{u¼ê��ªÇ�KÒ�, N\óÀÅ
��ù	Åã 1600 nm. ã 1 ¥¢�Ð«
 12 �
1Æ±Ï�Äªv��óÀÚ�Óó°� 533 nm

N\óÀÜ¤�VÚ|���f�p�^��
��ÅÌ; :y�� 12 �1Æ±ÏÄªv��
óÀÚ�Óó°� 1600 nm N\óÀÜ¤�V
Ú|���f�p�^��ÅÌ. ùpÄªóÀ
ÚN\óÀ�>|rÝ©O� 1.72 × 1014 W/cm2

(E1 = 0.07) Ú 0.56 × 1014 W/cm2 (E2 = 0.04).

�
'�, ã 1 ¥:��Ñ
ü�v��Äª
óÀ���f�p�^��ÅÌ, v��Äªó
À�rÝ� 1.72 × 1014 W/cm2 (E1 = 0.07). l
ã 1 �±wÑ, n«�/e�ÅÌ�� �²w
ØÓ. �=k�åÄªóÀËì��f�, �Å
Ì��� �´ 30 g, T�� ���� �ú
ª Ecutoff = Ip+3.2Up

[11] ýÿ�(J��. ùp Ip

´>l³, Up = E2/4ω2
0 ´k�ÄåU. �N\�

åÅ�� 533 nm óÀ�, �ÅÌ�� �´ 45 g,

�²�þ 40—57 g�Å� ��, �ëYÌ�°
� 26 eV. �N\�åÅ�� 1600 nm óÀ�, �Å
Ì�� �� 84 g, ²�þ 70—100 g�Å� 
��, �ëYÌ�°�� 47 eV.

� 
 � y þ ã O � ( J, · � � â � ²
; “nÚ�.” úªO�
N\óÀÅ�� 533

Ú 1600 nm �, >l>f�ØEÜ��ÄU�>l
���Cz­�, Xã 2(a) Ú (b) ¤«. �±w�,

�N\óÀÅ�� 533 nm �, >f3 t = 618 a.u.

?>l (5.61 �1Æ±Ï), ��fØEÜ�äk�
��ÄU� 5.59Up, �A��Ågê� 45 g; �N
\óÀÅ�� 1600 nm �, >f3 t = 596 a.u. ?
>l (5.41 �1Æ±Ï), ��fØEÜ�äk��

�ÄU� 11.50Up, �A��Ågê� 84 g. �±
w��²; “nÚ�.” ����ÅÌ�� �
�ê�¦)¹�Å½��§��[(J��. 
�
ÅÌ¥��ëY�°, ´d>f�ØEÜ�äk�
��ÄU�g��ÄU���û½. ã 2(a) ¥, N
\óÀÅ�� 533 nm �, ù���� 1.3Up, ��
u 27 eV ��ëYÌ�°; ã 2(b) ¥, N\óÀÅ�
� 1600 nm ���ÄU�g��ÄU��� 3.3Up,

��u 47 eV ��ëYÌ�°. ù
(J�¦)¹
�Å½��§��[(J�´�����.

ã 1 ¢�� 12 �1Æ±Ï�v��ÄªóÀÚ 533 nm N\
óÀ�¤�VÚ|���f�^����ÅÌ; :y�� 12 �
1Æ±Ï�v��ÄªóÀÚ 1600 nm �N\óÀ�¤�VÚ
|���f�^��ÅÌ; :��ü�v��ÄªóÀ���
f�p�^��ÅÌ

ã 2 >f�ØEÜ��ÄU�>f>l���Cz'X
(a) 800 Ú 533 nm |ÜóÀ; (b) 800 Ú 1600 nm |ÜóÀ

ã 3 Ð«
n«ØÓËì^�e��ª©Û
(J. 3ã 3(a) ¥, duÌóÀ3����1Æ±
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Ï�é¡5, äk��Uþ�1fz�1Æ±Ï
Ë�üg, Ïd�)
±Ï5�C¦óÀó. VÚ
|�Y¥N\óÀ�5\ÚåÌóÀ>|�m�
äu)wÍCz, ?�ÚN�
>fÅ����;
,. ã 3(b) Ð«
N\óÀÅ�� 533 nm �ÅÌ
þ 40—57 g�Å��ª©Û(J, �±w��)

 137 as ��ááóÀ. ã 3(c) Ð«
N\óÀÅ
�� 1600 nm �ÅÌþ 70—100 g�Å��ª©
Û(J, �)
 78 as ��ááóÀ. dd��, N
\óÀÅ�À3ù	Åã, �ÅÌ�� ��±�
ÌòÐ, �A/ÿ°
�ëYÌ�°, U\ù
�
ëYÌ�¼�
�é�á��áC¦óÀ.

e¡l|ÜóÀ>|�/G©ÛN\óÀª
Çépg�ÅË�Ì�K�. (3) ª�|ÜóÀ>
|�/ª, XJ� E1 = E2, KÜ¤>|�/ª�

Emix(t) = E1f1(t) {cos(ω0t)

+ cos
[(

ω0 ±
mω0

n

)
t
]}

, (7)

²Ln�¼êC��z¤Xeü�{u¼ê¦È
�/ª:

Emix(t) = 2E1f1(t)
[
cos

(
ω0 ±

m

2n
ω0

)
t
]

× cos
( m

2n
ω0t

)
. (8)

�
`²ØÓÅãN\óÀÅ�é|ÜóÀ>|
�K�, ã 4(a) Ú (b) ©OÐ«
N\óÀÅ�
� 533 Ú 1600 nm � (8) ª¥ü�{u¼ê�ä
N¼êã�. ã¥�¢�´�K (8) ª¥1��{
u¼ê�>|��m�ä­�ã, J�´ (8) ª¥
1��{u¼ê�­�ã. ��, 1��{u¼
ê cos

( m

2n
ω0t

)
��^´N�|ÜóÀ�ä�/

G, ü�ØÓÅãN\óÀÅ�éT{u¼êv
k?ÛK�. 1��{u¼ê�ªÇ ω0 ± m

2n
ω0

û½|ÜóÀ>|¥1Æ��±Ï���. �
��Ò� (N\óÀªÇ� 533 nm), 1Æ��
±Ï�ªÇ�� (5ω0/4), ±Ï�á (4T/5), 3 12

� v � � 1 Æ ± Ï � ó À � ä ¥ � � ¹ 15 �
ù��1Æ��±Ï; �KÒ� (N\óÀªÇ
� 1600 nm), 1Æ��±Ï�ªÇ�� (3ω0/4), ±
Ï�� (4T/3), 3 12 �v��1Æ±Ï�óÀ�
ä¥��¹ 9 �ù��1Æ��±Ï. �â�Å
�)nØ, üÚ|ËìeNX¥u����1f
Uþ� Ecutoff = Ip + 3.2Up, 3�f0�ØC��
¹e, Ë����1fUþ=�ÅÌ�� �d

ã 3 C¦óÀ�)��m�ä­� (a) |Ì� E1 = 0.07

�ü�v��-1óÀËìe, �)�1 30 g�Å�ÅC�(
J; (b) 800 Ú 533 nm |ÜóÀËì��f�)� 40—57 g�
Å�ÅC�(J; (c) 800 Ú 1600 nm |ÜóÀËì��f�)
� 70—100 g�Å�ÅC�(J

>f�k�ÄåU Up (½. éuã 4(c) Ð«�|
ÜóÀ�/, �,>|�/GC�E,, �üa|
ÜóÀëêe�ÅÌ�� �NC�Å©O5g
u 5.41 Ú 5.61 1Æ±ÏNC>l�>f (�ã 2).

dã 4(c) ��, 3T¸�?>l�>f���C
qw¤3üÚ|¥�$Ä, éu�©¥ÀJ�ü
a|ÜóÀëê, 3�ä¥%?>|���¸�
�Ì��, Ïddk�ÄåUúª Up = E2/4ω2

0

��, 1Æ��±Ï�ªÇ��, >l>f�k�
ÄåU��, >l>f3-1|¥U
¼���
ÄU, �ÅÌ��� ��±�ÌòÐ. ÏL±þ
©Û�?�Ú��, �� (3) ª�1��{u¼
ê cos

[(
ω0 ±

mω0

n

)
t
]

¥��Ò, N\óÀÅ�?
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u��1Åã, Ü¤>|�1Æ��ªÇ�uü
�óÀ�v��1Æ��ªÇ, >l>f�k�
ÄåU��, Ø|u¼�Ð°��ÅÌ; 
��K
Ò�, N\óÀÅ�?uù	Åã, Ü¤>|�1
Æ��ªÇ�uü�óÀ�v��1Æ��ªÇ,

>l>f�k�ÄåU��, k|u¼�Ð°�
�ÅÌ. TnØéÐ/)º
 Lan � [6] �(Ø:

|^ 15 fs v��-1óÀ��å 40 fs �N\ó
À|Ü, �N\óÀÅ�� 600 nm � (��1Å
ã), �� 240 as ��ááóÀ, �N\óÀ�Å�
� 1300 nm � (ù	Åã), �� 220 as ��ááó
À. Ó�·��(Øk|u<�3¼��áC¦ó
À�ïÄ¥ÀJÜ·�N\óÀªÇ.

ã 4 N\óÀÅ�� (a) 533 nm Ú (b) 1600 nm � (8) ª¥�
ü�{u¼ê�­� ¢���ä¥�-1��±Ï; J��
-1�ä¥�{u±Ï�ê; (c) N\óÀÅ�� 533 nm (¢�)

Ú 1600 nm (J�) �|ÜóÀ�>|/G

±þ©Û´3 E1 = E2 ��¹e�Ñ�, �§
Ó�·^u E1 6= E2 ��/. ã 5 ¥�¢�ÚJ�
©OÐ«
N\óÀ�ÄªóÀ>|�Ì��Ú
Ø�ü«�/e>|�Ì��mCz�­�ã. �
�, N\óÀ>|�ÌCzÌ�N�Ü¤óÀ>|
�¸��Ì, ¿ØK�Ü¤óÀ¥1Æ��±Ï�
��.

ã 5 Ü¤óÀ>|��Ì��mCz­� :�: E1 = 0.07,

E2 = 0.04; ¢�: E1 = 0.07, E2 = 0.07

ã 6 d 12 �1Æ±Ïv��ÄªóÀ�ØÓó°N\óÀ
Ü¤�VÚ|���f�^����ÅÌ (a) 12; (b) 24; (c) 36

� 
 ` ² N \ ó À ó ° é � Å Ì � K �,

ã 6(a), (b) Ú (c) Ð«
N\óÀó°©O� 12,
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24 Ú 36 �v��1Æ±Ï, 
ÄªóÀó°þ
� 12 �v��1Æ±Ï��ÅË��¹. dã 6

��, N\óÀó°�UC¿vkK�pg�ÅË
�Ì��� �, ¿�n«�¹e����ëYÌ
�°Ä��Ó. ù`²b½üåóÀó°���©
Ûéuó°Ø��üåóÀÓ�·^.

ã 3(c) �Ñ�(J´3üåóÀ�m�é�
  ϕ � 0 ����. �N��  ϕ �, Ü¤óÀ
>|�Å/òu)UC, ?�ÚN�>f�$Ä;
,. ã 7 Ð«�´�üåóÀ�é� 3l 0 � π

�± π/8 �lÝUC�, ���C¦óÀ��­�
ã. dã 8 ��, Ø+� XÛCz, ��¼��á
C¦áóÀ, �=� ϕ � 0 �, ���C¦óÀ
�á.

þã?Ø´3 m = 1 Ú n = 2 �¹�Ñ�,

�
�*`²ù	Åãëê m Ú n �À���á
C¦óÀ�)�'X, e¡­#ÀJëê m = 1

Ú n = 6 5äN`², d� (8) ªz�

E(t) = 2E1f(t) cos
[(

11
12

ω

)
t

]
cos

(
1
12

ω

)
, (9)

ª¥1��{u¼ê���ªÇ´ 11ω/12, K1
Æ±Ï T1 = 12T/11. eÀ��óÀ�ä¥E�
¹ 12 �v��1Æ±Ï, ÏL{üO�, ���ä
¥AT�¹ 11 � T1. ã 8(a) �Ñ
�K (9) ª¥�
���{u¼ê�>|��m�ä­�ã, éw,
�ä¥�¹X 11 �1Æ��±Ï. Ó�/, éu (9)

ª¥����{u¼ê, �Ü¤|�ó°�¹ 12

�v��1Æ±Ï�, ���ä¥=k��1Æ�
�±Ï, = T2 = 12T , Xã 8(b) ¤«. 3ã 8(b) ¥,

�w�±eü��mã>|��Ì�é$, =l1
��1Æ±Ï�1o�1Æ±Ï91l�1Æ±
Ï�1��1Æ±Ï. 
3ã 8(a) ¥, duóÀ�
ä���, >|�$�ÌÑy3cü�1Æ±ÏÚ
��ü�1Æ±Ï. ü�{u¼ê¦È�(J7,
´, >|��Ì¥yn��mã, 3©à (lm©�
1o�1Æ±Ï) Ú"à (l1l�±Ï���) ü

ã 7 üåóÀ�m��é� ØÓ�, C¦óÀ���­� (a) 0; (b) π/8; (c) 2π/8; (d) 3π/8; (e) 4π/8; (f) 5π/8; (g) 6π/8;

(h) 7π/8
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��mã, >|��Ì��Ì³�, =¥mã� 4

�1Æ±Ï>| (�ä¸�NC) é�ÅÌ²�«
Ú�� �åÌ��z, |^TªÇ�N\óÀ�
¼� 140 as ��ááóÀ.

ã 8 >|��Ì��mCz­� (a) ªÇ� (1 − m/2n)ω;

(b) ªÇ� mω/2n; (c) Ü¤óÀ>|

lþã©Û¥w�, éuóÀ�ä¥�¹ 12

�v��1Æ±Ï�VÚ|, =�ä¸�NC� 4

�1Æ±Ïé�ÅÌ²�«Ú�� �åÌ��
z. e�?�ÚÐ°\��VÚ|ó°, �â±þ
©Û, é�ÅÌk�z�¥m�mãò�¹�õ±
Ï. ã 9 Ð«
óÀ�ä¥�¹ 18 �v��1Æ±
Ï��|ÜóÀ>|. ã¥w«
¥mã� 6 �1
Æ±Ïé�ÅÌ²�«Ú�� �åÌ��z. X
J2?�ÚòÐ|ÜóÀ�ó°, �d�Y, �á
C¦óÀòØ2U
¢y. ,
, 3©Û (9) ª¥ü
�{u¼ê¦È�L§¥uy, ��óÀ�ä¥�
¹{u¼ê cos(mω/2n) � 1 �±Ï, Ü¤>|�
�ä¥y 3 ��mã. eN�N\óÀ�ªÇ, ¦

���óÀ�ä¥�¹{u¼ê cos(mω/2n) � 3

�±Ï, Ü¤>|��äò¥y 5 ��mã, ��
ä¸�NC�¥mãk�>|�Ýò¬?�Ú 
á, ����ó°� 1/5. �?�Ú/, 4��óÀ
�ä¥�¹{u¼ê cos(mω/2n) � 5 �±Ï, Ü
¤>|��äò¥y 9 ��mã. Äud, ã 10 ¥
Ð«
d 60 �v��1Æ±Ï�¤��ä¥�¹
{u¼ê cos(mω/2n) � 5 �±Ï��Ü¤>|«
¿ã, �±w�ÌóÀ���ä�d 9 ���ä�
¤, �=¥m1 5 ���äé�ÅÌ�� ���
ëYÌk�z. æ^TVÚ|���f�p�^,

��� 170 as ��ááóÀ. �d�{, e�±|
ÜóÀ�ó° 12 �v��1Æ±ÏØC, 4��
óÀ�ä¥�¹{u¼ê cos(mω/2n) � 3 �±
Ï, K¥mãk�>|�Ýò¬?�Ú á, ù´
�©¥ÀJëê m = 1 Ú n = 2 ¼�
 78 as �á
áóÀ��Ï.

ã 9 VÚ|ó°� 18 �v��1Æ±Ï��>|�Ì��
mCz­�

ã 10 VÚ|ó°� 60 �v��1Æ±Ï��>|�Ì��
mCz­�

4 ( Ø

�©|^ Crank-Nicolson ��ê�È©�{
¦)
��f�õ±ÏVÚóÀ�p�^�)�
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pg�ÅË�Ì, ÏLé�ÅÌ��ÅC�, �Ñ

�� �NC�Å��ª©Û. ïÄuy, 3v
��ÄªóÀ�½ØC�^�e, eN\óÀÅ�
ÀJ3ù	Åã, >f3EÜ���ÄU��uN
\óÀ3��1Åã��¹, ¿�3ù	Åã�Ü
¤>|�1Æ��ªÇ�u��1Åã�Ü¤>

|�1Æ��ªÇ, ù���>l>f�k�Äå
UC�, k|u¼�Ð°��ÅÌ, ?
��á�
�áC¦óÀ. |^T�Y, �©æ^ 12 �v��
1Æ±Ï�1ÆóÀ� 1600 nm �N\óÀ|Ü,

¼�
 78 as ��ááóÀ.
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Abstract

We theoretically investigate the effects of additional pulse wavelength at different frequencies on attosecond pulse generation

from the hydrogen atom exposed to multicycle two-color laser field, by numerically solving the one-dimensional time-dependent

Schrödinger equation. The results show that when the wavelength of the additional pulse is set to be 1600 nm, the cutoff position of the

harmonic spectra is extended dramatically compared with the scenario in the case of 533 nm pulse in visible waveband, accordingly

the bandwidth of supercontinuum is widened, finally 78 attosecond pulse is obtained by wavelet transform. In this paper, we explain

the effects of additional pulse wavelength in different wavebands on high order harmonic generation for the first time according to the

optical oscillation frequency of the synthesized field. Also, such a result is conducible to choosing the appropriate additional pulse

frequency in order to obtain the isolated attosecond pulse.

Keywords: high harmonic generation, single attosecond pulse, multicycle synthesized pulse
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