! UNM OSE Qualifying Examination
EQUATION SHEET

ELECTROMAGNETISM
Possibly Useful Formulas

e Helation of spherical coordinates, (r, #, @), to Cartesian coordinates:
r=rsnf cosd, y=rsinfsing, z=rcosf.

Unit vectors:
7 =sinfl cos ¢ + sinfl singy + cosf Z;
-:fr = —sInGF + cosa i o= cf: % T.
e Electric potential at position 7 due to a point electric dipole of moment pZ located at the origin:
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o Polarization induced in a dielectric sphere of dielectric permittivity, e, by a uniform external field, E:
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o Time-averaged power radiated by an oscillating electric dipole:
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o Time-averaged power radiated by an oscillating magnetic dipole:
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e Electric and magnetic fields at point 7 due to an oscillating electric dipole of moment pexp(—iwt) at
the origin -
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E = k? — — —= | [3(F-p) — :
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® Fresnel formulas for the amplitude reflection coefficient of a plane wave incident at a planar interface
between two dielectrics:

ncosf —n'cosd n cosf —ncosd

=

rp =

: ;
ncosf +n'cos @’ 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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OPTICS
Ray tracing matrices:
1 0 1 d 1 0
Thin lens:| _; Free space: Curved interface: [%1—72 ™1 (R: radius)
— 1 O 1 an Ny
f
) , . E 1 Ny—Mqy , 1 1
Snell’s law: n;Sin@; = n;Sinf; Lens-makers’s formula: — = (—) (— — —) (Ri: radius)
f ng Ry R
. . , , i
Grating equation: Sin @' — Sin 0 = m>
1 1 j A 2 2 2
Gaussian beam: - = S w(z) = wé (1 + Z—z) , R(z2) = z(l +Z—g) , Zo = il
q R(E) nnw?(2) 2§ z Ao
c - > . > . 2, .2 [ | 2
JE('\’J"):Hm 23 H, J:"' w Lo exp{— . 1+'1 ] ® eXpl — J k:—(1+n.'+p)'ran'1I = ¢ xexp{—j fa }
E, » w(z) w(z) wiz) w(z) { =l 2R(z)
A+D+2
Cavity stability condition: 0< <1
i i : . Aq1+B
Gaussian beam propagation from point 1 to point2 : g, = CaiiD
q1
A+D\?2
. : oa1__an_ ()
Gaussian beam in a cavity: — = — |
q 2B B
. . E; (1-r%)e~id/2 E, r%(e"i6-1)
- =ro=r): ===, ===, =
Fabry-Perot Transmisison and Reflection (when ri=rz=r): t I, re e Ll e 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 xrz
. . p_ Avgsg _ mr . . _Tr _ Q _ tgr _ 2nd/c .
Finess: F = i 1 Photon life time: 7 = 5. " 1.5~ 1R (note that 2Av, j,is the FWHM)
. v v
Free spectral range: Avggp = el Quality fator: Q = — X F = 28v12
. R 2 JI
Fringe visibility (two path inteference with single source): V = % , ¥(T): complex degree of temporal coherence
1712

Faraday cell rotation: § =VBd , Kerr effect: An = KE%*2 , Pockels effect: An = n3 (rzﬂ) E

Irradiance: I = () =

Fresnel equations:

o tan(#i—6;) _ ngcosb;—n;cosb, | _ sin(6;—6:) __ n,cosf;—n, cosb,
Pl = s = rp=—= =
| tan(f;+6;) n; cos By 4+n; cos 6, sin(6;+6;) n; cos B;+n; cos By
f = 2sind; cosb; _ 2n; cosb; T 2sin b; cos b; _ 2n; cos b;
(- sin(0;46,) cos(6;—0,) ~— n,;cosO+n, cost; L= sin(#;4-6;) " n;cosB;tn; cost,
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OPTICS (continued)

Fresnel integral: z=distance between aperture plane (&,n) and observation plane (x,y):

: —ikz

te

+00
e(~ik/22)(x*+y?) f J. U,(8,1) % e(—ik/22)(82+41?) ¢ —i(2m/Az)(x§+ym) dédn

Phase transformation of a spherical lens: ¢;(x,y) = exp [;—l; (x* + yz)]

X

Fourier Transforms: F{g(x)} = [*, g(x)e**dx , FHGC(f)} =[O, G(fe 2" Ddf, , f,=—

(between space and spatial frequeny domain)

2
Free space propagation (frequency domain): F{U(x)} = F{U(¥)} x exp(iz%zfx)

Jones matrices

Linear polarizer : TA horizontal: [é 8] , TA vertical [é 8]

6, 0
0 ei6y

cosff —sinf

R i
, otator [Slnﬁ cos B

Phase retarders : [e

Doppler shift whenv <<c: 7 ~1— ;

. . . _ (S) _ Iinc
Radiation pressure (when a wave is completely absorbed): P = o -
Drude model
Complex permittivity: f(w)=¢"(w)+je"(w)

Complex refractive index: i(w) = n(w) + jrk(w)
n= \/% [e" +Ve? + €72
1 r T 77
K=\/5[—£ +Ve? 4+ 72
. 2 _ Ne?
Plasma frequency: wp = -
w3t?
! — n2 - =1- p —
£'(@) = n2(@) ~k3(@) = 1 = =t
() = 2 1(0) k(@) = ~—22
e''(w) =2n(w) kK(w) =————=
ww?t?+1

Optics of metal surfaces
Refractive index of a dielectric n; is real. Complex refractive index of metals: ; = n, + jk,.

. . .. E i ni—(my+jk
Complex reflection coefficient at normal incidence: r = — = pe/? = M
E; ny+Mmz+jKz)

where:
2 _ (m—np)’+,

(n1+ny)2+x2’ n2+ix5—n?
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OPTICS (continued)

Electro-optic effects
Phase shift between two orthogonal components of linearly-polarized electric field for transverse Pockels effect:

2 T LU
Or = TL An = ILnOr—

d

Temporal coherence
Flux density S(7) of interference pattern and coherence (normalized autocorrelation) function y(7):

S(@) = So[1 +y(@)]
Coherence function y(7) and normalized spectral density function P(w):

y(1) = f P(w) cos(wt) dw
0

Normalized spectral density function P(w) and coherence function y(7):

(o]

P(w) = 2 f V(D) cos(wr) dr =4 f U@ cos(w) dr
o) 0

Definition of time averaging:

1 T/2
)= Jimz [ glE@lde
T=oT ) 1/,
---------------------------------------------- LASER GG ELEEE T EE e L e R e e
3,3 1

Einstein coefficients: 42 _ 8z n” hv , g,B, =gB, , = A,

B21 C3 7'-21,ma!

Av 1 1 1 1
Natural linewidth : ) = , bv=—(—+—)==—(A,+4,) , A4,=) 4,
9 Zn[(vo—v)2+(%)2] 21 (Tz T1) 2m VL 2 2 ; 27
2
Stimulated emission cross section: o(v) = 4,, 8—2g(v)
Tn
Gain (loss) coeeficient for a two-level system: y(V) = O'(V)|:N2 52 N1:|
1

dl 1 I Ii, — 1
Gain/Absorption: — = yg—,; , In (o—ut) = dn__‘oul yhere Gy = eol

dz 1+§(V)( V/Is) Golin Ig
Saturation intensity: 7/, = hv

o(V)zr,

------------------------------------------ CONSTANTS R GCC LR L P LR E L PR R L

h=6.62x10-3*].s; c=3x108 m/s; e=1.6x101° C; k=1.38x1023 | K'1; £0=1.85x1012 F/m; mo=9.109 x 103! kg.



