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Two successive reflections, A; and A,. Their path difference is given by

cos20 | ch s 27(8L)n _ 4znl cosd
cosgd cosd A A

oL=AB+BC =|I
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Reflector

Ay Az

Multiple reflections model for analyzing the Fabry—Perot etalon.
B,=rA, B,=ttr’Ae”, B,=tt'(r')’Ae’,..
' ' 2 i 4 _2i
A=ttA, A =tt'(rye’A, A=tt'(r)e®A,.
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Fabry-Perot Etalon (I111) |
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R =0.046

R =0.27
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Transmission characteristics(theoretical) of a Fabry—Perot etalon

2
It _ 2(1 R)_ S . R=r2=(r)
li  (1-R)" +4Rsin“(5/2)
C
C , Av=v_ .—-v =—-—7—
Ve =Moo sy M integer ™™ 2nlcos
AV1/2=£, F = finesse factor, F=ﬂ
F 1-R
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Fabry-Perot Etalon (1V)

An etalon is a piece of glass with two plane
parallel reflective surfaces. It will transmit a
comb of frequencies separated by (c,/2nL)

The transmittance spectra for two etalons with
thicknesses of 2mm, etalon indices of refraction of
1.5, and reflectances (on both surfaces) of R =
50% and R = 90%. The laser is an argon—ion laser
operating at a center wavelength of 514.5nm and
the beam is entering the etalons at normal
incidence
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Fabry-Perot Etalon (V)
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The transmittance of a Fabry—Perot etalon for several
values of angle. In this case, a Fabry—Perot etalon is used
with an argon—ion laser operating at a center wavelength

of 514.5nm.

The etalon thickness is 2mm, the etalon

index of refraction is 1.5, and both surfaces have
reflectances of 90%. The angle values are 0,=0 radians,
6,=0.005 radians, 6,=0.009 radians,and 6,=0.02 radians.
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The transmittance of a Fabry—Perot etalon for several
values of length. In this case, a Fabry—Perot etalon is
used with an argon—ion laser operating at a center
wavelength of 514.5nm. The etalon thickness is 15mm,
the etalon index of refraction is 1.0, and 6,=0. The
length values are £ =15mm+0nm, L =15mm+1nm,
(=15mm+10nm, and £ =15mm+100nm.
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-Perot Filter

Partially )
transmitting Moving _ Optlt{ul
mirrors mirror Intensity
/\ / detector
- _ f
—_— —_— - / Oscilloscope
Collimated Output DN gy T B v
input beam beam 1 .
—_— —_— X
- Focusing v
] lens
Stationary Mirror
mirror drive
I %
Driving .?
signal §
generator E l
Typical scanning Fabry—Perot interferometer experimental arrangement. ”

Frequency

Intensity versus frequency analysis of the output of a He—Ne 6328 A |laser obtained with a scanning Fabry—
Perot etalon. The horizontal scale is 250MHz per division.
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Longitudinal Mode Selection In

Etalon modes

\ Laser gain
e curve

T The laser lases at the overlap of the etalon
modes with the longitudinal modes

Single frequency operation of a laser can be obtained by placing an etalon inside the laser cavity. The laser will lase in
the one longitudinal mode that represents the transmission overlap between the laser modes and the etalon modes.
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B Q-Switching
Artificially induced relaxation oscillations in order to
generate a high-intensity pulse

Q=AY MEE HUR/MHAY

i

01 & Ol Al

B Mode Locking

Short-pulse generation by controlling the relative phases

and magnitudes of the various longitudinal modes in the
laser
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Principle of the operation

= The quality factor Q of the optical resonator of laser is degraded, i.e.,
the losses are increased.

— The population inversion, i.e., the gain builds up to a very high value.
= The Q is restored, i.e., the losses are lowered.
— The gain is now well above the lowered oscillation threshold value.

= A giant pulse is generated.

GAIN AND
THRESHOLD

ACTUAL GAIN

LASER OUTPUT E | I l

LASER OUTPUT
(EXPANDED SCALE)
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Viechanical O-Switch

Spinning prism
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Electro-Optic

-Switch

(slow axis)

For beam traveling to right:

At point d,
i ol
Ey= ﬁ“” @t | The optical field is linearly
polarized with its electric
E,= ﬁm’ i field vector parallel to x
At point f,
E
Ef= wt—kl-T
vz o ( 2| Circularly
polarized

Beam traveling
to the left

E
Ey= /7 cos (wt - ki)

For beam traveling to left:
At point f,

~

E L
E;= Y it (wt—ld—;)

E
E,;-—‘/?m(w:-ﬂ) J

At point d,
5

E;-—ﬁs cos (wt — 2kl — )

| Circularly

polarized

Linearly
r polarized
along y

E
Ey=— Jzcos (wt-2k)
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R = 100%, back = Aperture

mirror \ / Dye Absorption

R e = Udye,0
Ve L 1 Ty
Laser rod
/z
Dye cell, in
contact with
mirror

Partially reflecting
- output coupler
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Lasing Mode(s

Homogeneous Inhomogeneous
Atomic System Atomic System

Single pass
gain with
no mirrors

(nonsaturated)

Single pass loss
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Mode LocKin

Gain curve
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Mode Separation

&I 2 2tA = I+ Z2|0l Al2lE
= FJ| =3&J| = A2t

Total Electric Field
E(t) =Y E, exp{il(e, + no)t + 4,1}

@, =mzuc/|
T=27lw=2l/c
If E, and ¢, are fixed (locked),
E{t+T)=E({).
Taking E, =1and ¢, =0,

(M-1)/2

E)= D expli(o, + no)t]

~(M-1)/2
sin(Mat/2)

=expliot)=a )
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Transmission

AM Modulation | Time

Phase
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FM Modulation
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Nd:YAG Laser System (Quantronix 416)
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Rear Mirror
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Mode Locker
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