
Less is more: Extreme optics with zero refractive index 
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Electric Field 

In most materials (n > 1) the wavelength is short, compared to free space 
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at zero index, wavelength and phase velocity become infinite 
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Wave propagation at zero index
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i nkx−ωt( ) ~ e−κx
imaginary index:

… so at zero index, the decay length becomes infinite 
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Zero index means new physics

∇2 !E = 0wave equation:

1 zero index

Poisson ∂2
!
E

∂t 2
= 0

spatial temporal

n = 0

light flows like electricity!
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Which materials exhibit zero index?

1 zero index

ε

μ

zero index

air
glass

silicongold

silver

Recipe for zero index:
ε = 0 μ = 0

There are no magnetic
materials (μ = 1)

at optical frequencies

Solution: composites!
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By tuning the size and spacing, we can achieve ε = μ = 0



Tuning the design toward zero index

1 2 metamaterialszero index

–
+

–
+

–
+–

+

–

+

–
+

–
+

Switch to nanorods



Tuning the design toward zero index

1 2 metamaterialszero index

–
+

–
+

–
+–

+

–

+

–
+

–
+

–

+

p

+

– +

–

m

Switch to nanorods



Tuning the design toward zero index

1 2 metamaterialszero index

–
+

–
+

–
+–

+

–

+

–
+

–
+

–

+

p

+

– +

–

m

a

d
Switch to nanorods



Tuning the design toward zero index

1 2 metamaterialszero index

–
+

–
+

–
+–

+

–

+

–
+

–
+

a

d
Switch to nanorods

Compute the effective index for a range of sizes and spacings
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ideal zero-index material

zero-index metamaterial
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n = 0

Zero index is really about infinite wavelength, not infinite speed
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Thanks to the zero index team!
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•  What about cutoff? Not a sine wave.
•  Sine wave to the big bang
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