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ǀƤȅǺƤǅǪ�ǄƥƯƾƥǊ��à�ǵĴǎ�

�Ĺǁǣƨ�ȁǊ�Ȅ�Ȅǀ�Ȅ�ĲȊ�ĺǾȅƮȅǪ�ĹƥȂǄȅǷƨ�ǆƤ�ȀǀƥǊ�ĹƥȂ�ǴƥƳǺ��á�ǵĴǎ�

ǄȅǾ�ƭǋĴǎ��â�ǵĴǎ�

| 



�ĹƥȂǄƤǀǅƨ�k'' ®k'®�k�Ȅ�ƭËËǋĴǎ�Ȅ�ǍƨƥƮǆƥƨ�®ǍƨƥƮ�ĹƥȊƤȄǆ� t�Ȅ� r ® i

.=ã]�ǁǿƯǋȂ�ƭǋĴǎ�Ȅ�ĺǏƨƥƮǆƥƨ�®ĺǏƨƥƮ�ƴȅǺ

�ǼƤǀ�ĲȊǇȋǪ�Ǆƥƨ�ǽȋǶȄƤ�ƤǄ�ĺǫǿǺ�ƭËËǋĴǎ�ƧȊǅǖ�ƥƨ�ĹǀƤȅǺ�ƭƾƥǊ
�ƸǅǛǺ�ĹǅǟǾ�ƬǄȅǒ�ȁƨßçäæ�ǴƥǊ�Ǆǀ�ß �ĺǿȊƤǅĳȄƤ
�ĺƨǅƷƮ�Ǆȅǚ�ȁƨ�ĺǫǿǺ�ƭǋĴǎ�ƧȊǅǖ�ƥƨ�ĹǀƤȅǺ�ȁƨ�ĺƨƥȋƯǊǀ�ĺǶȄ�®ǀǅĳ

.=ä]�ǁǏǾ�ǅȊǃĥ�ǼƥĴǺƤ�àÞÞÞ�ǴƥǊ�ƥƮ
�ƭǋĴǎ�ƧȊǅǖ�ĹƤǅƨ�( i

t

sinn
n sin

��ǵǿËËǊƤ�ȁǛƨƤǄ�ȁƨ�ȁƶȅƮ�ƥƨ
�ǀȅǎ�ĺǺ�ƭƩƳǺ�ǇȋǾ�ƭǋĴǎ�ȁȊȄƤǆ�ǉĥ�ƭǊƤ�ƭƩƳǺ� n

n
�ƭƩǋǾ��®ƭƩƳǺ

�ĺǶȄ�ǁǾƤ�ǡǮƤȄ�ǀȅǻǢ�Ǚƾ�Ǩǅǚ�Ȅǀ�Ǆǀ�ƭËËǋĴǎ�Ȅ�ǍƨƥƮ�ĹƥȂ�ȁȊȄƤǆ�Ȅ
�Ȅ�ǁȊƘ�ĺǺ�Ǆǀ� n

n
�ƬǄȅǒ�ȁƨ�ƭƩǋǾ�ǽȊƤ�ĺǫǿǺ�ƭǋĴǎ�ƧȊǅǖ�ĹƤǅƨ

�ƭǋĴǎ�Ȅ�ǍƨƥƮ�ȁȊȄƤǆ�ȁƷȋƯǾ�Ǆǀ�Ȅ�ǀȅǎ�ĺǺ�ĺǫǿǺ�ƭǋĴǎ�ȁȊȄƤǆ�ƤǃǶ
�ıǅƯǏǺ�ǵǓǪ�ǅƨ�ǀȅǻǢ�Ǚƾ�Ǩǅǚ��ĲȊ�Ǆǀ�Ȅǀ�ǅȂ�(ã��ǵĴǎ�ǭƨƥǛǺ

.ǁǾǅȋķ�ĺǺ�ǄƤǅǮ

�ƭǋĴǎ�ƧȊǅǖ�ƥƨ�ĺǛȋƻǺ�Ǆǀ�ĹǄȅƩǢ�ƴȅǺ�ǄƤǀǅƨ�k'
ß�Ȓƥƨ�ǵĴǎ�Ǆǀ

�ĺǫǿǺ�ƭǋĴǎ�ƧȊǅǖ�ƥƨ�ĺǛȋƻǺ�Ǆǀ�ĹǄȅƩǢ�ƴȅǺ�ǄƤǀǅƨ�k'
à�Ȅ�ƭƩƳǺ

 �Ȅ RHMà�ÖƥƺȓǛǒƤ�ƤǄ�ƭƩƳǺ�ƭËËǋĴǎ�ƧȊǅǖ�ƥƨ�ĹǀƤȅǺ�.ǁǾǄƤǀ�ǄƤǅǮ
.ǁǿȊȅķ�ĺǺ�ǇȋǾPIMá

 RHM���ǀǅĸƯǊƤǄ�ƪǀƥǺ
    PIM���ƭƩƳǺ�ƭǋĴǎ�ƧȊǅǖ�ƥƨ�ƪǀƥǺ 

�®ǙȋƻǺ�Ȅǀ�Ǆǀ�ĺĴȊǅƯĴǶƤ�ĹƥËËȂ�ǼƤǁȋǺ�® Þ�ƥƨ�ĺǶȅǻǣǺ�ǀƤȅËËǺ�Ǆǀ
�ǼƤǁȋǺ�Ȅ�E�ĺĴȊǅƯĴǶƤ�ǼƤǁȋǺ�®K�ƴȅǺ�ǄƤǀǅƨ�Ȅ�ǁǎ�ǁǿȂƤȅƾ�ƭȃƶ�ǹȂ
�ǀǅĸƯǊƤǄ�ȁǢȅǻƷǺ�ĲȊ�ǵȋĴËËǏƮ�ǅȊǆ�ǵĴǎ�ǭƨƥǛǺ�HĺËËǋȋǚƥǿǧǺ
 (S E H ) �âĶǿȋƯǿȋƢȅĥ�ǄƤǀǅƨ�ǽȊƤǅƨƥǿƨ�.ǁǿȂǀ�ĺǺ�ƤǄ�(RHM�
�Ȅ�ǄƥǪ�ƭǢǅǊ�ĺƮǄƥƩǢ�ȁƨ�ƥȊ�ǁËËǎ�ǁȂƤȅƾ�ƭȃƶ�ǹȂ�Ȅ�ĹǆƤȅǺ�K'�ǄƤǀǅƨ�ƥƨ

.(ä�ǵĴǎ��ǁǿƯǋȂ�ƥƯǊƤǄ�ǹȂ�ǀƤȅǺ�ǽȊƤ�Ǆǀ�ȀȄǅķ�ƭǢǅǊ

�ǼƥǏǾ�ƤǄ�ĺǫǿǺ�Ȅ�ƭƩƳǺ�ƭËËǋĴǎ�ƧȊǅǖ�ƥƨ�ǙȋƻǺ�Ȅǀ�ǅȊǆ�ǵĴËËǎ
�ǵĴǎ�ǭƨƥǛǺ�.ǀȅǎ�ĺǺ�ǅǏƯǿǺ�P�ǍƩǛǮ�ƥƨ�ĹǄȅǾ�ƥȂ�ǼƘ�Ǆǀ�ȁĳ�ǁȂǀ�ĺǺ
�ĺǶȄ�ĹǆƤȅǺ�ǹȂ�ƥƨ�S'�Ȅ�K'��®ƭǊƤ�μ'�Ȅ� Þ�ƥȂ�ǼƘ�Ǆǀ�ȁĳ�ĺȊƥȂ�ǙȋƻǺ
�Ǆǀ�ǆƥǪ�ƭǢǅǊ�Ȅ�ȀȄǅķ�ƭǢǅǊ�ĺƮǄƥƩǢ�ȁƨ�ƥȊ�ǁǿƯǋȂ�ǹȂ�ƭȃƶ�Ǩȓƾ�Ǆǀ

.ǁǿƯǋȂ�ǹȂ�ƭȃƶ�Ǩȓƾ

�ǼƤǁȋǺ�®K�ƴȅǺ�ǄƤǀǅƨ�(NIM��ĺǫǿǺ�ƭËËǋĴǎ�ƧȊǅǖ�ƥƨ�ĹǀƤȅǺ�Ǆǀ
�ĲȊ�ǵȋĴǏƮ�ǅȊǆ�ǵĴǎ�ǭƨƥǛǺ�H�ĺËËǋȋǚƥǿǧǺ�ǼƤǁȋǺ�Ȅ�E�ĺĴȊǅƯĴǶƤ

.ǁǿȂǀ�ĺǺ�ƤǄ�(LHM�ã�ƭǊǀ�Ĥĭ�ȁǢȅǻƷǺ

LHM���ǀǅĸĦĭ�ƪǀƥǺ

�ƦƥƮ�ǉĥ�ƴƤȅǺƤ�ǁǾȅǎ�ĺǺ�ǅËËǏƯǿǺ�LHM�ǙȋƻǺ�Ǆǀ�ȁĳ�ĺƶƤȅǺƤ�ȁƨ
�ƦƥƮ�Ǎȋĥ�ƴƤȅǺƤ�ǁǾȅǎ�ĺǺ�ǅËËǏƯǿǺ�RHM�ǙȋƻǺ�Ǆǀ�ȁĳ�ĺƶƤȅǺƤ�ȁƨ�Ȅ

.ǁǿȊȅķ�ĺǺ
�ǀƤȅǺƤǅǪ�.ǁǿȊȅķ�ĺǺ�ǇȋǾ�ȀǀƥǺƤǅǪ�®ĺǫǿǺ�ƭËËǋĴǎ�ƧȊǅǖ�ƥƨ�ĹǀƤȅǺ�ȁƨ
�ǄȅǾ�ƴȅǺ�Ǵȅǚ�ǆƤ�ǅƮ�Ĳĭȅĳ�(ĹƤ�ȁĴƩǎ�ƭƨƥƲ��ĹǄƥƯƾƥǊ�ĺķİȊȄ�ĹƤǄƤǀ
�.ǁȊǀ�ǁȋȂƤȅƾ�ƤǄ�ǽĸǻȂ�ǙȋƻǺ�ĲȊ�ĹǄȅǾ�ǼƤǁȋǺ�ǽȊƤǅƨƥǿƨ�ƭǊƤ�ĹǀȄǅǪ
�ƴȅǺǇȊǄ�ƴƤȅǺƤ�ĹƤǅƨ�Ȅ�ǅƯǺȅǾƥǾ�ȁƩƮǅǺ�ǆƤ�ȁĴƩǎ�ƭƨƥƲ�ĺƢǅǺ�ĹƥȂǄȅǾ�ĹƤǅƨ
�ǈǅƯǊǀ�Ǆǀ�ĺǣȋƩǚ�Ǆȅǚ�ȁƨ�ȀǀƥǺ�ƤǅǪ�ƥȃǿƮ�.ƭËËǊƤ�ǅƯǺ�ĺËËǊǀ�ȁƩƮǅǺ�ǆƤ
�.ǁǿĳ�ĺǺ�Ǆƥĳ�ĺƢǅǺ�ȁȋƺƥǾ�Ǆǀ�ȁĳ�ƭǊƤ�ǉȋǷȋǊ�ĶǿËËǊ�ǠȅǾ�ĲȊ�ǴƥĥȄƤ
�Ȅ�ǁǾȅǎ�ĺǺ�ȁƯƾƥǊ�ĺǢȅǿǓǺ�Ǆȅǚ�ȁƨ�ȁǏȋǻȂ�ƴȅǺǇȊǄ�ǁǺƥǋƨ�Ǆǀ�ǀƤȅǺƤǅǪ
�ǁǿǾƥǺ�ƭǣȋƩǚ�Ǆǀ�ǀȅƶȅǺ�ƬƤǇǷǪ�ĺƾǅƨ�.ǀǄƤǁǾ�ǀȅƶȄ�ƭǣȋƩǚ�Ǆǀ�ÖȓǒƤ
� �ĺĴȊǅƯĴǶƤ�ĺȂǀǄǃķ�ĹƤǄƤǀ�ĹǄȅËËǾ�ȁȋƺƥǾ�Ǆǀ�ǹȋǿȋǺȅǶƘ�Ȅ�ȓǚ�®ȀǅËËǯǾ
�ƤǃǶ�.ǁǿƯǋȂ�ĺǫǿǺ�μ�ĹƤǄƤǀ�ǹĳ�ĹƥȂǁǺƥǋƨ�Ǆǀ�ĺƾǅƨ�Ȅ�ǁǿƯǋȂ�ĺǫǿǺ
�ǼƥǋĴȊ�ǁǺƥǋƨ�Ǆǀ�ǁǿǎƥƨ�ĺǫǿǺ�μ�Ȅ� �ĹƤǄƤǀ�ȁĳ�ĺǻȋƷƺ�ȀǀƥǺ�ȁǾȅķ�ĬȋȂ
� �ǼƘ�Ǆǀ�ȁĳ�ǀƤǀ�ǌǄƤǇķ�ƤǄ�ĹǄƥƯƾƥǊ�ÖƤǅȋƾƤ�ĺƩǷǎ�ƤǃǶ�.ǀȅǎ�ĺǻǾ�ƭǪƥȊ
�ǀƥƷȊƤ�ƴȅǺǇȊǄ�ȁȋƺƥǾ�Ǵȅƺ�ĺĴȊǄƥƨ�ƪǅƯËËǋķ�Ǆǀ�ǼƥǺǇǻȂ�ǁǾƤȅƮ�ĺǺ�μ�Ȅ
�ĹƥȂǀǁǏǺ�Ȅ�ĺǋǺ�ĹƥȂ�ǹȋǊ�ǆƤ�ĺƨȄƥǿƯǺ�ƫȊƤǄƘ�ǵǺƥǎ�ǄƥƯƾƥǊ�ǽȊƤ�.ǀȅǎ
�ƴȅǺǇȊǄ�ȁȋƺƥǾ�Ǆǀ�ǼƥǺǇǻȂ�μ��Ȅ� �ƥȂ�ǼƘ�Ǆǀ�ȁĳ�ǀȅƨ�ȁƯǪƥĴËËǎ�ĹƤ�ȁǯǷƺ
�ǁǾƤȅƮ�ĺǺ�ƥȂ�ǹȋǊ�ǆƤ�ĹƤ�ȁǢȅǻƷǺ�ĺȂǀǄǃķ�.=å-ßâ]�ǀȅËËǎ�ĺǺ�ĺǫǿǺ

ĺǫǿǺ�ƭǋĴǎ��ã�ǵĴǎ�

RHM/LHM�Ǆǀ�ǄȅǾ�ǄƥǏƯǾƤ��ä�ǵĴǎ�

| 



�ǀȅǎ�Ǽƥȋƨ�ǅȊǆ�ƬǄȅǒ�ȁƨ
p( )

�ȁǊǁǿȂ�ȁƨ�ǘȅƨǅǺ�ĹƥǻǊȓĥ�ǁǺƥǋƨ� p�Ȅ�ĺǏƨƥƮ�ǼƤǁȋǺ�ǁǺƥËËǋƨ�
�ĺȂǀǄǃķ�ƥƨ�ĹƤ�ȁȋƺƥǾ�ǼƤȅƮ�ĺǺ�ƥȂ�ǹȋǊ�ȁȊƤǄƘ�ǹȋǟǿƮ�ƥƨ�Ȅ�ƭËËǊƥȂ�ǹȋǊ
�ĹƥȂǁǺƥǋƨ�Ǆǀ�ȁĳ�ƭǊƤ�ǑƿǏǺ�Ȓƥƨ�ȁǛƨƤǄ�ǆƤ�.ǀǄȄƘ�ƭǊǀ�ȁƨ�ƤǄ�ĺǫǿǺ
�.ǀȅǎ�ĺǺ�ĺǫǿǺ�ĺĴȊǅƯĴǶƤ�ĺȂǀǄǃķ�®ƥǻǊȓĥ�ǁǺƥǋƨ�ǆƤ�ǅƯǻĳ�ĺËËǏƨƥƮ
�ƥƨ�ǇĳǅǺ�ǹȂ�ȁǯǷƺ�Ȅǀ�ǵǺƥǎ�ǇȋǾ�(SRR��äȁƯǪƥĴǎ�ĹƤ�ȁǯǷƺ�ĹƥȂǀǁǏǺ

.=å-ßâ]�ǁǿƯǋȂ�C�ǵĴǎ�ȁƨ�ǽȋǣǺ�Ǩƥķ�ĲȊ

�ƭǊƥȂ�ȁǯǷƺ�ǅƨ�ǀȅǻǢ�ȁĳ�ĺǏƨƥƮ�ȀǁȋƩǛǮ�ƴȅǺ�ĲȊ�ĺǋȋǚƥǿǧǺ�ǼƤǁȋǺ
�ȁƷȋƯǾ�Ǆǀ�Ȅ�ǁǿĳ�ǁȋǶȅƮ�ȁǯǷƺ�Ǆǀ�ĺȊƥǯǶƤ�ĺǾƥǊȅǾ�ǼƥȊǅƶ�ĲȊ�ǁǾƤȅƮ�ĺǺ
�ǄƤǁǺ�ĲȊ�ƧȋƮǅƮ�ǽȊƤ�ȁƨ�Ȅ�ǀȅǎ�ĺǺ�ǵȋĴǏƮ�ǨƥĴǎ�Ȅǀ�ǽȋƨ�Ǽǆƥƾ�ĲȊ

ȁƨ�ĲȊǀǇǾ�ĹƥȂǁǺƥǋƨ�Ǆǀ�.ǁǎ�ǁȂƤȅƾ�ǀƥƷȊƤ�ǅȊǆ�ǵĴǎ�ǭƨƥǛǺ�Lc

.ǁǎ�ǁȂƤȅƾ�ĺǫǿǺ�ĹǅȊǃĥǂȅǫǾ� ( )
LC

ǄƤǁǺ�ǁȊǁǏƮ�ǁǺƥǋƨ�

�ǀȅǎ�ĺǺ�ǑƿǏǺ�ǅȊǆ�ĹǁǺƥǋƨ�ǡƨƥƮ�ƥƨ�ĺǋȋǚƥǿǧǺ�ĹǅȊǃĥǂȅǫǾ

b( )
i

�ǄƤǁǺ�ǁȊǁǏƮ�ǁǺƥǋƨ� Þ��®ƥȂ�ȁǯǷƺ�ƫȊƤǄƘ�ȁƨ�ǘȅƨǅǺ�ĹƥǻǊȓĥ�ǁǺƥǋƨ� b

�ƬǄȅǒ�ȁƨ�ƧĳǅǺ�ǀƤȅǺ�ǽȋǿĭ�ƭǋĴǎ�ƧȊǅǖ�.ƭǊƤ�ĺȊƤǅȋǺ�ƭƨƥƲ� �Ȅ
� b� Þ�ĺǿǣȊ� b�Ȅ� Þ�ǽȋƨ�ǁǺƥǋƨ�ƪǅƯǋķ�Ǆǀ�.ƭǊƤ� n
�ĹƤ�ȁǯǷƺ�ĹƥȂǀǁǏǺ�Ȅ�ƥȂ�ǹȋǊ�ǅķƤ�.ǀȅǎ�ĺǺ�ĺǫǿǺ�μ�Ȅ� �ƭȋǻĳ�Ȅǀ�ǅȂ

�μ�Ȅ� �ǙƨƤȄǄ�ǼǀƤǀ�ǄƤǅǮ�ƥƨ�®ǁǿǎƥƨ�ȁƯǎƤǁǾ�ǹȂ�ƥƨ�ĺǏǿĳ�ǹȂǅƨ�ȁǾȅķ�ĬȋȂ
�ƭǎƤǀ�ǹȋȂƤȅƾ�ƭǋĴǎ�ƧȊǅǖ�ȁǛƨƤǄ�Ǆǀ

b p( )( )
n( )

( )

�Ǆȅǚ�ǼƥǻȂ�.ƭǊƤ�Ǭǀƥǒ�ƥȂSRR�Ȅ�ƥȂ�ǹȋǊ�ȁȊƤǄƘ�ĹƤǅƨ�ǙǯǪ�Ȓƥƨ�ȁǛƨƤǄ
�Ȅ�ĺĴȊǅƯĴǶƤ�ĹƥȂ�ĺƩǛǮȄǀ�ǵȋĴËËǏƮ�ĺǣȋƩǚ�ǀƤȅǺ�Ǆǀ�ǹËËȋǾƤǀ�ĺǺ�ȁĳ
�ƧȊǅǖ�ȁĳ�ĹǀƤȅǺ�Ǆǀ�ĺǶȄ�ƭǊƤ�ǄȅǾ�ǄƥǏƯǾƤ�ǵǺƥǢ�ĺǻƮƤ�ĺËËǋȋǚƥǿǧǺ
�ĹƥȂǄƥƯƾƥǊ�ǽȊƤ�Ǆǀ�ǁǿƯǋȋǾ�ĺǣǮƤȄ�ĹƥȂ�ǹƮƤ�®ƥȂ�ǹƮƤ�ǁǾǄƤǀ�ĺǫǿǺ�ƭǋĴǎ
�ǍǯǾ�Ȅ�ƥȂ�ǹȋǊ�ƤǄ�ĺĴȊǅƯĴǶƤ�ĹƥȂ�ĺƩǛǮ�Ȅǀ�ǍǯǾ�ĺǢȅǿǓǺ�ĺƩȋĳǅƮ
�Ĺǆƥƨ�(SRR��ǆƥƨ�ĹƤ�ȁǯǷƺ�ĹƥȂǀǁǏǺ�ƤǄ�ĺËËǋȋǚƥǿǧǺ�ĹƥȂ�ĺƩǛǮ�Ȅǀ

.=å-ßâ]�ǁǿǿĳ�ĺǺ

�ǄƥËËǏƯǾƤ�ǸǁǢ�ƥȊ�ǄƥËËǏƯǾƤ�μ�Ȅ� �ĹƥȂ�ƭǺȓǢ�ǹȋǾƤǀ�ĺǺ�ȁĳ�Ǆȅǚ�ǼƥǻȂ
�ĹǀƤȅǺ�ȁƨ�ĺËËǏƨƥƮ�ǄȅǾ�.ǁǿĳ�ĺǺ�ǑƿËËǏǺ�ƤǄ�ƥȂ�ǙȋƻǺ�ǵƾƤǀ�Ǆǀ�ǄȅǾ
�Ȅ�ǀȅËËǎ�ĺǻǾ�ǅËËǏƯǿǺ�Ȅ�ǁƨƥƮ�ĺǺ�ǆƥƨ�μ Þ�Ȅ� Þ�ƥȊ�μ Þ�Ȅ� Þ�ƥËËƨ
�Ȅ�ǸȄǀ�ǡƨǄ�Ǆǀ�ǽȊƤǅƨƥǿƨ�ǀȅËËǎ�ĺǺ�ƤǅȋǺ�ƭǢǅǊ�ȁƨ�ǅȊǆ�ǵĴËËǎ�ǭƨƥǛǺ
�ȀǁǾȄǄ�ƴȅǺ�ǡËËƨƥƮ�®(k��ƴȅǺ�ǄƤǀǅËËƨ�ǼǁËËǎ�ĺǺȅȂȅǺ�ǵȋǶǀ�ȁƨ�ǸǄƥȃĭ
�ǁȂƤȅƾ� �ǵĴËËǎ�ȁƨ�ƥȂ�ǙȋƻǺ�ǽËËȊƤ�Ǆǀ�X�ƭËËȃƶ�Ǆǀ
�ĺǫǿǺ�ƥȊ�ƭËËƩƳǺ�μ�Ȅ� �ǅƯǺƤǄƥĥ�Ȅǀ�ǅËËȂ�ǸȅËËǊ�Ȅ�ǴȄƤ�ǡƨǄ�Ǆǀ�.ǁËËǎ
�ƴȅǺ�Ȅ�ƭËËǊƤ�ĺǯȋǯƺ�ƴȅǺ�ǄƤǀǅƨ�ĺȊƥȂ�ǙȋƻǺ�ǽȋǿĭ�Ǆǀ�.ǁǿƯËËǋȂ�

.ǀȅǎ�ǅǏƯǿǺ�ĺƯƺƤǄ�ȁƨ�ǁǾƤȅƮ�ĺǺ�

�ƤǄ�ǄȅƩǢ�ǼƤǇȋǺ�ĺǫǿǺ�ƭËËǋĴǎ�ƧȊǅǖ�ƥƨ�ǙȋƻǺ�ĲȊ�Ǆǀ�ǅķƤ�Ǵƥƺ
�ƤǄ�ĺǫǿǺ�ƭËËǋĴǎ�ƧȊǅǖ�ƥƨ�ĹƤ�ȁȋƺƥǾ�ǼƤȅƮ�ĺǺ�®ǹȋǿĳ�ĹǅËËȋķ�ȀǆƤǁǾƤ
�ǁȂƤȅƾ�ĺǫǿǺ�Ȅǀ�ǅȂ�μ�Ȅ� �®ȁȋƺƥǾ�Ȅǀ�ĺǾƥǎȅĦǻȂ�Ǆǀ�.ǀǅĳ�ǑƿËËǏǺ
�ĹƤǄƤǀ�ĺǫǿǺ�μ�Ȅ� �ƥƨ�ĹƤ�ȁȋƺƥǾ�.ƭǊƥǺ�ǄƥǟƯǾƤ�ǀǄȅǺ�ǨǁȂ�ǽȊƤ�Ȅ�ǁËËǎ
�ȁǚƥƺƤ�μ Þ�Ȅ� Þ�ƥȊ�μ Þ Ȅ� Þ�ĺƺƤȅǾ�ƥƨ�ȁĳ�ƭËËǊƤ�ĺǻĳ�Ĺƥǿȃĥ
�ȁȋǯƨ�ĹƤǅƨ�Ȅ�Ȓƥƨ�ǄȅƩǢ�ƭǊƤ�ĺǫǿǺ�μ�Ȅ� �ȁĳ�ĹƤ�ȁȋƺƥǾ�Ǆǀ�.ƭǊƤ�ȀǁËËǎ
�ȁĳ�Ǆȅǚ�ǼƥǻȂ�.ƭǎƤǀ�ǹȋȂƤȅƾ�ĺǻĳ�ĺǷȋƾ�ǄȅƩǢ�ǍȊƥǺǆƘ�ǀǄȅǺ�ĺƺƤȅǾ
�ĹǁǺƥǋƨ�ȁȋƺƥǾ�®ĺǋǺ�ĹƥȂ�ǹȋǊ�ĹƤǅƨ�ǙǯǪ�ƭǊƤ�ǑƿǏǺ�ǵĴǎ�Ǆǀ
�ĹƤǅƨ�Ȅ�ç GHz�ĹȒƥƨ�ǀȅËËǎ�ĺǺ�ĺǫǿǺ�ĺĴȊǅƯĴǶƤ�ĺȂǀǄǃķ�ǼƘ�Ǆǀ�ȁĳ
�ƪǅƯǋķ�Ǆǀ�ĺǋȋǚƥǿǧǺ�ĹǅȊǃĥǂȅǫǾ�(SRR)�ȁƯǪƥĴǎ�ĹƥȂ�ȁǯǷƺ�ǍȊƤǄƘ

.=å-ßâ]�ƭǊƤ�ĺǫǿǺ�ßß-ßà/ã�GHz�ǽȋƨ�ĹǁǺƥǋƨ

(SRR��ȁƯǪƥĴǎ�ĹƤ�ȁǯǷƺ�ĹƥȂǀǁǏǺ��å�ǵĴǎ�

Lc�ǄƤǁǺ�ĲȊ�ƥƨ�ǴǀƥǣǺ�ȁƯǪƥĴǎ�ĹƤ�ȁǯǷƺ�ǀǁǏǺ��æ�ǵĴǎ�

μ�Ȅ� �ȁƻǫǒ��ç�ǵĴǎ
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�GHz�ǽȋƨ�ĹǁǺƥǋƨ�ƪǅƯǋķ�ĺǾƥǎȅĦǻȂ�ȁȋƺƥǾ�®ǵĴËËǎ�ȁƨ�ȁƶȅƮ�ƥƨ
.ǀȅǎ�ĺǺ�ǅȂƥǞ�ßß-ßà/ã

�ĺǋȋǚƥǿǧǺȄǅƯĴǶƤ�ƴƤȅǺƤ�ȁƨ�ĺǋȋǚƥǿǧǺ�ǍǿĳƤȄ�ĬȋȂ�ǹȋƷƺ�ǇǷǪ�ĲȊ
�ƥƨ�ǅȋǧƯǺ�ĺǋȋǚƥǿǧǺ�ǼƤǁȋǺ�ǀȅǎ�ȀǀǄȄƘǄǀ�ȁǯǷƺ�ǵĴǎ�ȁƨ�ǅķƤ�ƥǺƤ�®ǀǄƤǁǾ
�ǁǾƤȅƮ�ĺǺ�ƭǊƤ�ȁǯǷƺ�ƹǛǊ�ǅƨ�ǀȅǻǢ�ȁĳ�ĺǋȋǚƥǿǧǺȄǅƯĴǶƤ�ƴȅǺ�ǼƥǺǆ
�ƽËËǊƥĥ�ȁǯǷƺ�ƤǃǶ�.ǁǿĳ�ǁȋǶȅƮ�ȁǯǷƺ�Ǆǀ�ĺƢƥǯǶƤ�ĺǾƥËËǊȅǾ�ǼƥȊǅƶ�ĲȊ
�ĹƤǅƨ�.ƭǎƤǀ�ǁȂƤȅƾ�ƴȅǺ�ĺǋȋǚƥǿǧǺ�ǼƤǁȋǺ�ȁƨ�ĺǫȋǣǖ�ĺǋȋǚƥǿǧǺ
�ǅǟǾ�Ǆǀ�C�ǵĴǎ�ȁƨ�ȁǯǷƺ�ǁȊƥȋƨ�Ǆǀ�ĹǁȊǁËËǏƮ�ƭǶƥƺ�ȁƨ�ƽǊƥĥ�ȁĴǿȊƤ
�ǀȅǎ�ĺǺ�Ǽǆƥƾ�ǀƥƷȊƤ�ƱǢƥƨ�ȁǯǷƺ�Ǆǀ�ĺĸƯǪƥĴǎ�ǽȊƤ�.ǀȅǎ�ĺǺ�ȁƯǪǅķ
�ǽȊƤ�ĹƤǅƨ�.ǁȊƘ�ĺǺ�ǀȅƶȄ�ȁƨ�LC�ǅĸǾƥËËǊȅǾ�ǄƤǁǺ�ĲȊ�ƧȋƮǅƮ�ǽȊƤ�ȁƨ�Ȅ
�Ǆǀ� �ƭƨƥƲ�ȁƨ�ȁĴƩËËǎ�ĲȊ�Ǆǀ�ƤǄ�r�ǠƥǣËËǎ�ȁƨ�ĺȊƥȂ�ȁǯǷƺ��®ǄȅǟǿǺ
�ƴȅǺ�Ǵȅǚ�ƥƨ�ĺǋȋǚƥǿǧǺȄǅƯĴǶƤ�ƴƤȅǺƤ�®ǄƥƯƾƥǊ�ǽȊƤ�ȁƨ�.ǹȊǅȋķ�ĺǺ�ǅǟǾ
�ǼƤǁȋǺ�ǼƘ�Ǆǀ�ȁĳ�ǹȊǅȋķ�ĺǺ�ǅǟǾ�Ǆǀ�ƤǄ�ĺËËƯǶƥƺ�.ǹȋǾǆ�ĺǺ�

.ǁǎƥƨ�ƥȂ�ȁǯǷƺ�ƹǛǊ�ǅƨ�ǀȅǻǢ�ĺǏƨƥƮ�ƴȅǺ�ĺǋȋǚƥǿǧǺ

�ȀǀƤǄƥǪ�ĹƥǯǶƤ�ǼȅǾƥǮ�ǭƩǚ�®ǼƥǺǆ�ƥƨ�ǅȋǧƯǺ�ĺËËǋȋǚƥǿǧǺ�ǼƤǁȋǺ�ǽȊƤ
�ǁȋǶȅƮ�ƥȂ�ȁǯǷƺ�Ǆǀ�ĺȊƥǯǶƤ�ǼƥȊǅƶ�ȁƷȋƯǾ�Ǆǀ�Ȅ�ĺËËȊƥǯǶƤ�ȁĳǅƻǺ�ĹȄǅȋǾ
�Ȅǀ�ĲȊ�®ǼƥȊǅƶ�ǵǺƥƺ�ĹƥȂ�ȁǯǷƺ�ǽȊƤ�ĹƤǅƨ�ǼƤȅƮ�ĺǺ�ǽȊƤǅƨƥǿƨ�.ǁǿĳ�ĺǺ

�ĺǿǣȊ�ǀǅĳ�ǩȊǅǣƮ�ĺȊƥǯǶƤ�ĺǋȋǚƥǿǧǺ�ĺƩǛǮ
m r j

�(ǍǚƥǿǧǺ��ǹƷƺ�ǁƺƤȄ�Ǆǀ�ĺǋȋǚƥǿǧǺ�ĹƥȂ�ĺƩǛǮȄǀ�ǀƤǁǣƮ�ǽȋǿĮǻȂ

�ƭǊƤ�ǅƨƤǅƨm rM j
a a

�A�ƹǛǊ�ȁƨ�ĺȊƥȂ�ȁǯǷƺ�ĹƤǅƨ�ȀǀƤǄƥǪ�ĹƥǯǶƤ�ǼȅǾƥǮ
�ƭǊƤ�ǅȊǆ�ȁǛƨƤǄ�ƬǄȅǒ�ȁƨ

BdE.dl rE i BA
dt�®ȀİȊȄ�ƭǺȄƥǯǺ�ƧȋƮǅƮ�ȁƨ�C�Ȅ�j ® �ȁĴǿȊƤ�ǔǅǪ�ƥƨ

�Ǵȅǚ�ǁƺƤȄ�Ǆǀ�Ǽǆƥƾ�ǅƲƝǺ�ƭȋǪǅǞ�Ȅ�ĺȊƥǯǶƤ�ǼƥȊǅƶ
�ƭǎƤǀ�ǹȋȂƤȅƾ�ǁǎƥƨ

eff
jr j i r (H j)

i C
�ƭǪƤ�(ß-áã��ȁǛƨƤǄ�ǴȄƤ�ǨǅËËǚ�Ǆǀ�ǸȄǀ�ƬǄƥƩǢ
�ǼƤǁȋǺ�Heff�ǽȋǿĮǻȂ�.ƭËËǊƤ�Ǽǆƥƾ�Ǆǀ�ǵȋǋǾƥƯĥ
�.ƭËËǊƥȂ�ȁǯǷƺ�Ǆǀ�ĹǄȅËËƻǺ�ǅƲƝǺ�ĺËËǋȋǚƥǿǧǺ
�Ȅ � m effM H ȁËËĳ �ǹËËȋǾƤǀ�ĺǺ �ĺËËǪǅǚ �ǆƤ
�ĹǅȊǃĥǂȅǫǾ �ƤǃǶ � eff m

eff

M( )
H

�ǁȂƤȅƾ�ǅȊǆ�ȁǛƨƤǄ�ǭƨƥǛǺ�ƥȂ�ȁǯǷƺ�ǅƲƝǺ�ĺǋȋǚƥǿǧǺ
�ǀȅƨ

eff
eff

eff

B f( )
H i

�
r
�®ĺķǁǎǅĥ�ƧȊǅǖ� rf

a
�ǼƘ�Ǆǀ�ȁĳ

�
r C

�®ĺǻȂƤ�ĹƥËËȂ�ǨȓƮƤ�ƧËËȊǅǖ

�ǅƲƝǺ�ƭȋǪǅǞ� c

c

lC
d

�Ȅ�ǄƤǁǺ�ǁȊǁǏƮ�ǁǺƥǋƨ
�ǁȊǁǏƮ�ǁǺƥǋƨ�ȁƷȋƯǾ�Ǆǀ�ƭǊƤ�Ǵȅǚ�ǁƺƤȄ�Ǆǀ�Ǽǆƥƾ
�ĺĸƯǋƨ�ƥȂ�ȁǯǷƺ�ĺǊǁǿȂ�ĹƥȂ�ĺķİȊȄ�ȁƨ�ȁĳ�ǄƤǁǺ

�ǁȊƘ�ĺǺ�Ǆǀ�ǅȊǆ�ƬǄȅǒ�ȁƨ�ǀǄƤǀ
c

c

dc( )
LC l r

�ǅƮȒƥƨ�ĹƥȂǁǺƥǋƨ�Ǆǀ�.ƭǊƤ�ȏƾ�Ǆǀ�ǄȅǾ�ƭǢǅǊ�C
�ǼƤǁȋǺ�ȀƥĸƯǊǀ�ǍǿĳƤȄ�® Þ�ǄƤǁǺ�ǁȊǁǏƮ�ǁǺƥǋƨ�ǆƤ
�Ǆǀ�Ȅ�ƭǊƤ�ǩǶƥƿǺ�ǆƥǪ�Ǆǀ�ĺǏƨƥƮ�ƴȅǺ�ĺǋȋǚƥǿǧǺ

.=å-ßâ]�ǁǎ�ǁȂƤȅƾ�ĺǫǿǺ�ĹǅȊǃĥǂȅǫǾ�ȁƷȋƯǾ

�ĹǅȋķǄƥĳ�ȁƨ�ƱǢƥƨ�®ǀƤȅǺƤǅǪ�ȁƶȅƮ�ƧǶƥƶ�ĹƥȂ�ĺķİȊȄ
�®ǁǿǻǎȅȂ�ĹƥȂ�ǽƯǾƘ�®ƥȂǅƩƶȅǺ�Ǆǀ�ƥȂ�ǼƘ�ȀǀǅƯǋķ
�ĹƥȂ�ȀƥĸƯǊǀ�Ȅ�ƥȂ�ĺËËǊǁǢ�®ƥȂ�ĺǪƥǒ�®ƥȂǅĸËËǋƺ
�ǀƤȅǺƤǅǪ�ǇȋǾ�ĺǺƥǟǾ�ȁǿȋǺǆ�Ǆǀ�.ƭǊƤ�Ȁǁǎ�...�Ȅ�ƴȅǺǇȊǄ
�...�Ȅ�ĲǎȅǺ�Ȅ�ĹǀƥĦȃĥ�ĹƥȂ�ȀǁǾǅĥ�ĹǆƥǊ�ĺƢǅǺƥǾ�Ǆǀ

.ǁǾǅȋķ�ĺǺ�ǄƤǅǮ�ȀǀƥǫƯǊƤ�ǀǄȅǺ

1. Victor Veselago
2. Right Handed Material
3. Positive Index Material
4. Poynting vector
5. Left Handed Material
6. Split- ring resonators
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(SRR��ȁƯǪƥĴǎ�ĹƥȂ�ȁǯǷƺ�ĹǁǺƥǋƨ�ǍǿĳƤȄ��ßÞ�ǵĴǎ�
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