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Multi-wave interference phenomena. Fabry-
Perot interferometer

TM-wave:

H,=He,, s=1i,rnt.




Introduce reflection and transmission coefficients
Fijs  Lij i,j=1,2,3
Total reflected magnetic field:

i2ky,d s 8 _i2sky,d
H, = eyH,- rio + rastpptre =% Z rr17>3€ 22
s=0

Complex reflectivity, 7 = E, / E;:

rip + ryze”

1 +riorze

= 2iknd




Reflectionless situation, 7 =0

Antireflection coatings

k>, = ko = normal incidence

A
d=—
4712

Applications: glare removal, night vision facilita-
tion




Fabry-Perot interferometry

Transmission coefficient: .7 = |E;|*/|E;|*:

F = K I —" |
_(I—R)2 -




Theory of optical dispersion and absorption

|deal conductors: plenty of free charges

I=/dS-J, dS = e,dsS

@Hu

J=0E, Ohm'slaw




|deal dielectrics: bound charges only:

D=¢gE+P,

Linear, homogeneous isotropic dielectric with no
spatial and temporal dispersion:

P = ¢gyxE.




| orentz oscillator model for real dielectrics

Model ingredients
Response to a harmonic applied field E(7) =
Ewe—iwt;
Bound electron <= harmonic oscillator:
fs out of Z electrons per atom with @;;
r, displacement of the s-type electron;
F, = —ma)szrs, restoring force;

Fq = —2mY;x, radiation damping force.




Lorentz equation of motion

Driven solution:
r,(t) = rype '
Induced individual dipole moment:
Ps = —€r

The overall polarization:

P= NZfsps




Ne? .E
P— _eZ Ji :
m “~(0? — 0’ —2inYy)
Comparing with
D=¢gE+P=¢g(l+x)E,

we arrive at the Lorentz dielectric permittivity:

Real part of €(w) <= dispersion;

Imaginary part of €(®@) <= absorption




Near-resonance behavior of optical susceptibility:

0~y # 0,

e(w) = ﬂ/@ +i £'(w) ,

dispersion absorption

where

and







Real conductors:

Suppose fj electrons have wy =0
Nf()€2

& (W) = &(w)+ ima)(Z’}/() — i)

&,(®), bound electron contribution

B Nf()€2
o(®) = m(2y —io)

Thus for realistic conducting materials,




High frequencies, ® > max( ),

Plasma limit —

0>
g(w)=1-— EI;
with the plasma frequency
NZe?

a)p:

Drude model for noble metals: note that

m

0> 0,=—¢ew) <0




Medium response to a monochromatic field:
P(l’, (O) — EOX(O))E(I', (D)
Pulse field

< ] .
E(r,1) = /_ %g(r,w)e—w

& (r, ) = the pulse spectral amplitude;
P(r,0)=ex(w)é(r,m)

Overall polarization field induced by the pulse:

Temporal nonlocality <> frequency dispersion.




Pulse propagation in dispersive media: non-
resonant case

Space-frequency representation

~ ~/

P(r,w)=¢(0)&(r,n),
Helmholtz equation
V& 4 tpe(w)w*&E =0
Pulse field
E(r,0) =e.f(w,z)e™
Slowly-varying envelope approximation (SVEA)
0,6 < ko,




SVEA




SVEA evolution equation
2ikyd.& + [k* (@) — k| &

0,
where
(o) = e (o) o

Narrow-band envelope approximation

AW = 2‘Comax e CO()’ < @,

Wax <= highest frequency within the envelope.

k(@) ~ko+k'(ap)(w— ) +2l!k”(wo)(w —ap)°




Fast carrier+slow envelope picture:

. Foo o~
E(t,Z) — ex ;l(k()z—a)()l‘)/ da)/e—lw téa(wl,Z) .

carrier wave <__ )
TV

slow envelope




Space-time representation
2i(0,8 +k10,&8) — k202 = 0.
in the reference frame moving with the pulse;
=2z, T=t—kiz,

Paraxial wave equation in time:

Space-time analogy
T<—x, 1T, < wy;
Lyis = T; [ky <= Lp = kwy,




in dispersionless media k, =0,
dr& =0,

implying shape-invariant pulse propagation:

E(t,z) = E(t —z/vy), Vg= kl_1

AN i

Evolution at length scales { < Ly




Pulse propagation in resonant linear ab-
sorbers

Lorentz oscillator model for the medium:
0°x +2y9x + wix = —eE /m,
Electric and dipole fields:
E(z,t) =3[ (z,1)e %) 4 c.c]
and

ex(z,t) = 3[doo (z,1)e’ =) + c.c]




SVEA for the field and dipole envelopes:
0.8 <K k&, 08 <K&

0,0 < 00.
SVEA evolution of the dipole envelope:

0,0 = —(y+iA)o +iQ,

Q = —e& /2mwxy <= & infrequency units.




Homogeneous line broadening
Switched off cw field,
Q(r) = 6(—1)Q0(z)
Atomic dipole relaxation:
o(t,z) = 6(0,2)0(t)e "' ™
5(0,7) <= o(t,2)

Absorption spectrum

SO(O)7Z) o< |6((D,Z)|2




__lo(0,29)?
(0 —p)>+ 7

A®w =7v=1/T <= homogeneous line width




Inhomogeneous line broadening

Distribution of resonance frequencies =—- atom
emisssion /absorption spectrum broadening




(P (t,2)e ) L ¢ ],

| —

P(t,z) =

where

P(t,z) = Ndo(o(t,z,m)),
the averaging defined as

o(t,z, / dwyg(a)o(t,z, o)

/O dmyg(my) =

normalization




Sharply peaked distribution around @y:

g(my) ~ g(ay— ) = g(A)

Averaging over frequency detuning A:

| dang(@)(.) = [ anga)...

:7idAg(A)(. )

Thus with inhomogeneous broadening

P(1,72) :NdO/_OO dAg(A)o(t,z,A)




Maxwell-Lorentz pulse evolution equations
Wave equation for EM field:
OZE — ¢ 29 E = Uyd P
Medium polarization:
P = —Ne(x)

SVEA:
0.8 < k&, 08 <K&

and
0,0 < WO




EM field envelope evolution (reduced Maxwell):

Dipole moment envelope evolution (Lorentz):

in the moving reference frame:

=1z T=t—7/c




Classical area theorem
Solution to MBE

E(t,7) = —@@t O/ dw et ")

X exp[za)z/c — KZ(®

#o) = <Y+i(i—w)>

Introducing the area:

:/:odt@@(t,z)

where




Area theorem:

2Ky
a:<W+N>’

e <7§ii2>'

Regardless of pulse profile = exponential decay
of the pulse area = universal global dynamics!

where

and




Beer’s absorption law
Long pulses

Tp > max(To, TA)

adiabatically eliminating atomic variables:

|
&C@(‘)_ —K<’}/—|—iA> &

Lz = o', <= Beer's length




Paraxial optics: Gaussian beams

Monochromatic field evolution in free space:
E(r,t) = &(r,w)e ',
H(r,t) = 57 (r,0)e "
Maxwell's equations:
VX&=iluywi,
V X 7 = —igymé,

and
V-&=0,
V.7 =0.




Deriving Helmholtz equation for electric field
VE+K & =0,

where k = o /c.
Seeking a plane polarized beam-like solution:

& = e,&(x,z)e™.
Paraxial approximation

0.8 < k&,




Gaussian beam solution

Cb@() [ X ]

& (x,2) = exp | — — |,
(%2 V1+i b 2wi(1+i8)

in a complex form where

2

(=z/zr, zz=kw}

or in a real form

&(x,z) = & i) exp[




fu—

—
S~
Q

field amplitude

r

/ phasefront




Parameters:

beam width w(z) = W()\/l + 22/ 2%

wavefront curvature radius R(z) = z(1+2%/2%);

accrued phase, ®(z) = —3 arctan(z/zg).

wavefront phase, ¥(x,z) = ®(z) —I—%é)

Wavefront is defined as:

W(x,z) = const.




Angular spectrum representation of the bea

Introduce the angular spectrum decomposition:

&=e / T ki A (ky, k) e’k thz)
— Ly xU Rz gy .

—0Q —OQ

Helmholtz equation yields
o (ky, k) (—k2 — k2 + k) = 0.
implying that
o (ky, k) = o (k)8 (ki + k2 — k).
circle of radius k in the k—space:

Ktk =k = k, = /K2 — k2




Thus

e VEK2—K2, ke <k
© iR K2, ke >k

Angular spectrum in the half-space z > 0

L — e, dkx%(kx)ei(kxx—l-\/kz—k%z)

Jkx<k

J/

N
homogeneous waves

te, [ dk, o (ke e ViR

J kx>k

_J/

'
evanescent waves




Homogeneous waves only
E=e | dko (k)elwtVEH)
kv <k

Paraxial approximation (beams)'

/K2 — k2 ~ k——

The beam field:
~+o0

& =ee™ | dk,d(k,)e™ exp (- X ) .

—0Q




