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Ei, Di, Hi and Bi denote the electric field, 
the electric displacement, the magnetic 
field and magnetic flux respectively.!
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Total optical force, time averaged over the pulse 

repetition period #t!

The momentum density, gi, cancels out in the 
averaging process.!
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At = i∂t

Ax = i∂x

Ay = i∂y

Az = i∂z

Aφ = i∂φ

Ax = i∂x

Ay = i∂y
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A = Aφ1Aφ2 + Aφ2Aφ1
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ex = axJ�(ktρ)

ey = ayJ�(ktρ)
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(−iax + ay)J�−1(ktρ) tan(γ)e

−iφ +
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(iax + ay)J�+1(ktρ) tan(γ)e

iφ

E = exp(iωt− ikzz + �φ)




ex
ey
ez





N$:&)#&$+%("0)&+();%
&)0%+40%;&/0%&;%#$%W5%

Aφ,Az,At



O(3&,,<%"(,&)#;0'%fSS%

*-"

1$$.,.;%Pa=(,'%
)&'#&,%"(,&)#;0)%

Pa=(,'%
f()+0D%/&;L%

O0$;% `(3&,%%
",&$0%

O#$0&)i3#)3.,&)%
"(,&)#;0'%
*0&/;%

���
�� = 0�� = −1 �� = 1 �� = 2



1@5%&$'%!15%;",#+%=()%fSS%

*0"

?#+4J%

E(�,��)(1, i) = E(�+∆�,��+∆�)(1, i)

E(�,��)(1,−i) = E(�−∆�,��+∆�)(1,−i)
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E1 = −ux + uy

E2 = ux + uy

E1 = −iux + uy

E2 = iux + uy

E1 = ux

E2 = uy
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