EQUATION SHEET (OPTICS & LASER)

>> Ray tracing matrices:

1 0 1 d 1 0
Thinlens:| _1 Free space: Curved interface: [1—72 ™1 (R: radius)
T 1 0 1 RTLZ ny
. . 1 Nnp,—Mm,q 1 1
>> Snell’s law: n;Sin@; = n,Sinb, Lens-makers’s formula: ]—C = (n—) (R— - R_) (Ri: radius)
1 1 2

. . , , p)
>> Grating equation: Sin @' — Sin @ = my

1 1 Jo z2 z2 w3
>> Gaussian beam: — = — 2=yw2(1+%2) , R =z(1+%), - 0
q R(z) nnw?(z) w(z)" = wo ( 23) (2) =z ( z2) 2o Ao

C - > . = . 2, 2 i (Y]l 2
E('\"w"sz_{J:'\] H{Ji"] x V0 p{— .\1‘:’-3 ] S exp«i—j{k:—(Hu.‘+p)'ran‘1i I]: xexp{—jz;:)}

- =
E, » w(z) w(z) wiz) w(z) \ T )
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>> Cavity stability condition: 0< " <1
. . . . Aqy+B
>> Gaussian beam propagation from point 1 to point2: q, =
Cq1+D
A+D\?2
: : 1__an ()
>> Gaussian beam in a cavity: — = — -]
q 2B B
. . E: (1-r%)e”i/2 E, rZ(e”i¥-1)
- =ro=r): = = ===, =
>> Fabry-Perot Transmisison and Reflection (when ri=r2=r): t I, re el Ll N T 6 = 2kd
E,)’ (1 —12)? E, [’
T=|= = and R=|=—| =1-T
E; 1+ r* —2r2cos(6) E;

r is reflection coefficient and R (= r?) is reflectance. For asymmetric case (ri#r2) : r2 — r1 xrz2

. . p_ Avpsg _ mr . . _Tr _ Q _ tpr _ 2nd/c .
Finess: F = i 1 Photon life time: 7 = 5. " 1.5~ 1R (note that 2Av, j,is the FWHM)

c v

Free spectral range: Avggp = il Quality fator: Q = ﬁ X F = 28v12

2ly(0)|I11
2v@lilz , Y(T): complex degree of temporal coherence

>> Fringe visibility (two path inteference with single source): V = I
1t12

>> Faraday cell rotation: B = VBd , Kerreffect: An = KE?A , Pokels effect: An =n3 (rf) E

. 1
>> Irradiance: I = (S) = EZ = nc;" E2
2% /”0/6
>> Fresnel equations:
o= tan(#,—6;) — mycosb—n;cosby || . _ sin(#i—6;)  __ n;cosb;—n, cosb,
= tan(f;+6;) T nycosBitng cosb; 1= sin(6#;+6;) ~ n;cosB;+n, cosb,
t = 2sind; cosb; _ 2n; cos b; T 2sin b; cos b; _ 2n; cos b;
(- sin(0;46,) cos(6;—0,) — n,;cosO,+n, cosd; L= sin(#;46;) " n;cosBtn, cosd,
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EQUATION SHEET

OPTICS (continued)

>> Fresnel integral: z=distance between aperture plane (&,1) and observation plane (x,y):
in—ikz +oo
le)[Z e(—ik/ZZ)(xZ"'J’Z) ff U,(& 1) X e(—ik/Zz)(fz+112) x e—i(Zn//lz)(xf+y11)dEdn

Up(x'y) =

>> Phase transformation of a spherical lens: t;(x,y) = exp [% (x* + yz)]

X

>> Fourier Transforms: F{g(x)} = [, g(x)e?"™dx , FUHGC(f)} = [, 6(fe 2" Ddf, , f,=—
(between space and spatial frequeny domain)

>> Free space propagation (frequency domain): F{U(x)} = F{U(§¥)} x exp(i#zfx)

Jones matrices:

, Lo 1 o . 1 0
Linear polarizer : TA horzontal: [0 ol TA vertical [O 0
15, o
Phase retarders : [el 0 ,  Rotator: [co.sﬁ sin
0 eidy sinf  cosf
! v
Doppler shift when v <<c: T~ 1-— -
s s . _ (S) _ Iinc
Radiation pressure (when a wave is completely absorbed): P = = T o
---------------------------------------------- LASER L L e e e P e R
8 7 1n° hy? B, =g.B !
Einstein coefficients: o1 _ozn nhv ., 9,b,,=0,B,, | =A,
BZl C3 T21,rad
; : — Av _1(r, y_1 —
Natural linewidth : gv) = , Av = - (TZ + Tl) = (A, +4,) , A= ZAZJ

j<2

27':[(1/0 -v)2 +(%)2]

2
Stimulated emission cross section: o(v) = A,; Py g(v)
T n

Gain (loss) coeeficient for a two-level system: y(V) = O'(V)[ N, — % Nl}
1

dil | | I, — 1
Gain/Absorption: — = )/o—,; , In ("—ut) = dn_ _‘owl yhere Gy = el
dz 1+§(V)( V/Is) Golin Ig

L . hv
Saturation intensity: |, =——
o(V)z,




h=6.62x103%].s
c=3x108 m/s
e=1.6x101°C
k=1.38x1023 ]. K1
e0=1.85x10"12 F/m



! UNM OSE Qualifying Examination
EQUATION SHEET

ELECTROMAGNETISM
Possibly Useful Formulas

e Relation of spherical coordinates, (r.f, ¢), to Cartesian coordinates:
r=rsnf cosd, y=rsinfsing, z=rcosf.

Unit vectors:
#=sinf cosgdd + sinfl singy + cosf Z;
¢ =—singd + cos @ = cf: W T
e Electric potential at position ¥ due to a point electric dipole of moment p# located at the origin:

—

p-T
dmeprd’

V(F) =

o Polarization induced in a dielectric sphere of dielectric permittivity, e, by a uniform external field, E:

¢ Time-averaged power radiated by an oscillating electric dipole:

o ol
127¢

e Time-averaged power radiated by an oscillating magnetic dipole:

o P‘vﬂ|"'-"»’*’f|2~'-""1

P= 12me?

e Electric and magnetic fields at point 7 due to an oscillating electric dipole of moment pexp(—iwt) at

the origin -
- ifker—uwt) {« - 1 ik
€ rxp)xr i A aa
E = kz g T T 3 ’ - :
Ameg { r + (1"3 rz) B(F-p)7 ﬁ}]} '
_ kZelkr—on 1 i ) T
B=—@xp)|-+—); k=—;7=-
47ce, (Fxp) (r * krz) T

e Fresnel formulas for the amplitude reflection coefficient of a plane wave incident at a planar interface
hetween two dielectrics:

ncosf —n' cosd’ n' cosf —ncosd

=

rp =

4 1
ncosf +n'cosf’ n cosf L neosf

where L, || refer, respectively, to polarizations perpendicular and parallel to the plane of incidence.
The angles of incidence and refraction are # and #, and n, n' are the refractive indices of the medium
of incidence and the medium of transmission, respectively.
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c=3x108 m/s
e=1.6x101°C
k=1.38x10-23 . K1
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