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�©ïÄR�\�^�eY²4zÚR�4z�7ám���� (split ring resonator, SRR) �>^�A1�.
ÏL©Ûùü«�¹e�ß�Xê!0>~êÚ^�Ç, uyR�4z�, SRR �±�)>��¢yK0>~ê,
Ùªã�pu^��ªã; Y²4z�, SRR �U�)^��¢yK^�Ç, Ùªã�Y²\��� SRR �^��
ªã�éA. ÏL�ýéd?1
y², ¿é�)>��Ú^����Ï?1
©Û.

'�c: �Ãá�, 7ám����, >��, ^��

PACS: 41.20.Jb, 78.20.Ci, 42.25.Bs

1 Ú ó

�Ãá� (left handed metamaterials, LHM) ´
�«0>~ê ε Ú^�Ç µ Ó��K�<ó±Ï
(�á�, äkNõÛÉ5�, XKò��A [1]!
�~ Doppler �A [2] Ú�{ßº�A [3] �. 8c,
3�Åªã, |^±Ï5ü��7ám����Ú
�>7á�5©O¢yK^�ÇÚK0>~ê [4,5]

´¢y�Ãá�(��Ì�/ª��, |Ü�ª�
�E,. Ïd, NõïÄXåu3��{üÚ¢^
�ü�(�¥¢y “VK”[6−8]. �´, ØØæ^=
«(�¢y�Ãá�, Ñ�¦\�>^Å�Å¥�
�²1u�Ãá��¬, =Å¥²1ub¡¤3�
²¡. 
�Xé�Ãá�ïÄ�Øä�\, AO´
éu4äA^d��ù	!��1pªã��Ã
á�, Nõ¢��YÏ~æ^30�Ä�þ�¡ü
��±Ïü�7á(�ãY, éJ±>^Å²1\
���ªéÙ>^�A1�?1ïÄ, 7Lò>^
ÅR�\�u�¬, Ïd, �5�õ�ó�8¥u
R�\�¯K [9−12]. X Soukoulis � [9−11] ©Oæ
^7á�é(�Ú “ó” ié(�3>^ÅR�\
��¹e¢y
Kò�. 4æù� [12] ?Ø
R�
\�^�eþ7á�(��K^�Ç��Ãá�
1�, ��?Ø
>|��²1um���¹, é

,��4z��vk?1©Û.
�©ïÄR�\�^�e7ám�����

>^�A1�, �Ä
Y²4zÚR�4zü«
�¹. �,8cé7ám�����ïÄ�~2
� [12−15], ��Ü©ó��8¥3²1\�^�e,
��Ä�Ñ´7á��^��1�, 'u7á��
±�)>���ïÄ�����. �©ÏL©Ûu
y, �\�Å�R�4z�, SRR �±�)>��
¢yK0>~ê, Ùªã�pu^��ªã; Y²
4z�, SRR �U�)^��¢yK^�Ç, Ùª
ã�Y²\��� SRR �^��ªã�éA.

2 7ám�����>��1�

�©¤æ^�7ám����ü�(�X
ã 1 ¤«. ��AÛëê�: pÝ L = 3 mm, 7
á�° 0.25 mm, �m��Ý 0.5 mm, S	�m
� 0.5 mm, ��þÝ� 0.1 mm. >^ÅR�\�7
á�, Å¥þ K = −kẑ. ·�Äk?Ø>| E R�
4z��¹, = E = Eyŷ. æ^ CST MICROWAVE
STUDIO (CST) ^�é7ám�����ß�Xê
?1O�, ¤�(JXã 2 ¥¢�¤«. lTã�
±wÑ, 3 30 GHz NC, ß�­�ÑyB�, ��
��� u)�C.
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ã 1 7ám�����ü�(�«¿ã

ã 2 (a) R�4z^�e, ���ß�Xê�ÌÝ; (b) R�
4z^�e, ���ß�Xê�� 

ã 2 ¥�B�`²3 30 GHz NC����0
>~ê ε ½^�Ç µ �K�, =3 30 GHz ?�3
>��½^���A. ��/ª�æ^ò7ám�
�?1µ4��{5?1EO. ù´Ï� SRR �
^���AÌ�dm�?�aA>6Úå, m�µ
4�, ^��ò¬É�é�K�, 
>��Ä�Ø
ÉK�. µ47á��ß�XêXã 2 ¥J�¤«,

lTã�±wÑ, ò7ám��?1µ4�, ��
�AÄ�vku)Cz, �´��ªÇü$
 1%,
ù`²T?�B��A´d>��Úå, ��:�
 £´dm�µ4�7á��Ý�O\
��.

�k��«©>��Ú^����{´O
�d��0>~ê ε Ú^�Ç µ. d�ý¤��
Ñ�ëê�±O�Ñ7ám�������0
>~êÚ^�Ç [16], ¤�(JXã 3 ¤«. �

w«�I�, ã¥é>ëê?1
8�z, =

- εn(f) =
ε(f)

max |ε(f)|
, µn(f) =

µ(f)
max |µ(f)|

, Ù

¥ εn Ú µn �8�zëê. lã¥�±wÑ, B
�NC, 0>~ê ε �K�, ^�Ç µ ���. ù?
�Ú`²
d����´>��.

ã 3 R�4z^�e, 7ám�����8�z0>~ê
Ú^�Ç

ã 4 7ám����ªÇ�pÝ L �Cz

±þ©Û`², 3R�\��¹e, 7ám�
�����)>���A, ¢yK0>~ê. ù�
»
DÚïÄ¤@�� SRR �U¢yK^�Ç�
*:. T>��Ì�´d7á�¥²1u	Ü>|
�7á�Úå, UC��pÝ L, ��ªÇ¬u)
�A�Cz. ã 4 ¥�Ñ
ØÓpÝe�7á��
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��ªÇ. dã�±wÑ, �X���pÝ�O\,
��ªÇÅìü$.

3 7ám�����^��1�

�
?�ÚïÄ7ám�����>^�
A1�, ·�^=\�Å�4z��, =- E =
Exx̂(Y²4z). ©OO�7á�¥�3m�Úm
�4Ü��ß�Xê, O�(JXã 5 ¤«. l
Tã�±wÑ, �>|�Y²4z�, m�7á�
3 13 GHz ?ÑyB�, � 3 13 GHz ?u)�
C. ò7á���m�µ4, 13 GHz ?���Ú�
 �C����, ù`²T���^��. O�d
��0>~ê ε Ú^�Ç µ, ¤�(JXã 6 ¤«.
dã�±wÑ, 13 GHz ?, 0>~ê���, ^�Ç
�K�. ù?�Ú`²
 13 GHz ?�3����
^��.

ã 5 (a) Y²4z^�e, ���ß�Xê�ÌÝ; (b) Y²
4z^�e, ���ß�Xê�� 

e¡, ·�©Û^���)��Ï. Y²4

z �, 7 á � L ¡ � > 6 © Ù X ã 7 ¤ «. l
Tã�±wÑ, d��>6¥�/©Ù, Ù�)
�^Ý, ��^|���� (�^|÷ −y ��).
d M = χmH Ú µr = 1 + χm ��, �^�Av

r�, −χm ��u 1, ^�ÇLy�K�, 7ám�
�Ñy^��1�.

ã 6 Y²4z^�e, 7ám�����0>~êÚ^�Ç

ã 7 7á�L¡>6©Ù

� � 5 ¿ � ´, � © � m � � � � ( � �
©z [14] ¥�(��Ó. ©z [14] ¥��Ñ

3 13 GHz ?7á��3^���(Ø, �I5¿,
©z [14] ¥>^Å�²1\�, =Å¥þ K = kx̂,
�>|÷ y ��. 
�©¥�>^ÅR�\�, Å
¥þ K = −kẑ, �>|÷ x ��. �©ÏL�[y
²
R�\��¹e, 7á���3^���A,
���ªÇ�²1\����Ó, �>|4z��
I^= 90◦.
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4 ( Ø

�[©Û
R�\��¹e±Ïü��7á
m�����>^�A1�. ?Ø
Y²4zÚR
�4zü«�¹e���y�. ÏLO�©Ûuy:
�>|�R�4z�, 7ám�����3>��.
y²
3R�\�^�e, 7ám������¢

yK0>~ê; �>|�Y²4z�, 7á���
3^��, ^�Ç�Kê, ���ªÇ�²1\�
����ªÇ�Ó.

�©æ^µ47á�ÚO�(�ëêü«�
{é¤�(Ø?1
y², ¿é�)>��Ú^�
���Ï?1
©Û. �©¤�(Øéu�Ãá�
(���Oäk�½���¿Â.
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Abstract
We systematically investigate the transmission characteristics of the split ring resonator (SRR) for propagation perpendicular to

the plane of the ring resonator. Both the vertical polarization and the horizontal polarization are considered. A retrieval procedure
is used to obtain permittivity ε and permeability µ. It is found that in the normal incidence case the SRR also has strong electric
and magnetic responses. The electric response occurs when electric field is parallel to the side of the SRR (vertical polarization) and
the frequency band is often higher than that of magnetic resonance. The magnetic response needs a polarization rotation (horizontal
polarization) and the magnetic resonant frequency is the same as that of parallel incidence. The conclusions are demonstrated and the
reasons for the electric and magnetic resonances are also discussed theoretically.
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