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Influence of Dispersive Magnetic Permeability on Spatiotemporal
Instability in Metamaterials
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Abstract The influence of dispersive magnetic permeability on spatiotemporal instability (STD) in metamaterials is
identified based on the Drude model. In the case of co-existence of cubic nonlinearity, pseudo-fifth-order nonlinearity
and self-steepening, a generic expression for instability growth rate is derived. It is found that in the negative-index
region, the pseudo-fifth-order nonlinearity increases the range of spectrum and the gain value of STI for the case of
self-focusing material while it do opposite for the case of self-defocusing material, which are different from the results
in ordinary materials, in the negative-index region, the pseudo-fifth-order nonlinearity will suppress the emergence
of STI for the case of self-focusing material, which exhibits the same features for the case of ordinary material. In
any way the self-steepening in metamaterials always tends to suppresses appearance of STI regardless of its sign.
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Fig. 2 Normalized instability gain as a function of the normalized spatial and temporal frequency for the case of focusing

material with anomalous dispersion in negative-index region. (&) S=0, P=0; (b) S=0, P=—0.5; (¢) S=—0.5,P=0
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Fig. 3 Normalized instability gain as a function of the normalized spatial and temporal frequency for the case of defocusing

material with anomalous dispersion in negative-index region. (&) S=0, P=0; (b) D=0, P=—0.2; (¢) S=—0.5 P=0

&
i) B $
k7 2] 1 &
g g N
ke £ 1 i
k= = | S
S g /o s
=R = [l
Té Té I ‘,‘w m g g
v E e &
z Y S Zz 0" 9 S
Normalized spatial frequency Normalized spatial frequency Normalized spatial frequency

4 ST XPTHBRENREFREFAHRSENFRKAREN BREHEECBFAMEE T B RElRmE
— 4k B 1) 45 3 A0 )8 — b 25 R AR R AR LB = 48 1] . (@) S=0, P=0; (b) S=0, P=0.2; () S=—1.5, P=0

Fig. 4 Normalized instability gain as a function of the normalized spatial and temporal frequency for the two cases of
defocusing material with normal dispersion in negative-index region and focusing material with anomalous dispersion

in positive-index region. (a) S=0, P=0; (b) S=0, P=0.2; (¢) S=—1.5, P=0
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