Physics 471 Formula Sheet (28 Feb 2025)

¢ =2.998 x 108 m/s h=6.626 %1073 Js
kp =1381x10723JJK N, =6.022 x 10
M = 9.109 X 1073 kg e = 1.602 x 1071 C
£, = 8.854 x 10712 C*/N-m?

Uo =41 x 1077 Tm/A ¢ =5.670 x 1078 W/m>K*
General E&M
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VX E = —-0B/ot

V-B=0

V X B = ug] + puoe,0E/0t

V-D= Prree

VXxH= ]free + Z_[t)

vy=-2

D = gE+ P, = gy&,.E for linear isotropic
H= !% -M, = #:;r for linear isotropic

P = gyxE for linear isotropic
& = 1+ x for linear isotropic
P = Prree T Ppound Ppouna = —V - P
J =Jsree + Joouna + Jpotar
Joouna = VXM Jpoer = OP/dt
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I(t) = (S(t)) = SnegcE(t)?
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Two Interfaces
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exp(—ik,d cos 61)—r;o712 €xp(ik,d cos 6;)
Ito1|?[t12]?

Mg cos Oy |1-71o7y2 exp(i2k,d cos 61)|?

Lot =

Ny cos 6,

Tior =
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Teor = @oaPozltoz|” = riiier
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O = ¢pyg + P12 + 2k, d cos 6,
A®pywym = 4/VF
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nnyd cos 6,VF
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AAFSR - 2n,d cos 6,
f =2n/APpwum = AMpsg/Drwun = ”\/F/Z
Multilayers
trot = 1/a11
Ttot = Ga1/Q11

Tax =

Apwym =

B = k;jtjcosb;

p-polar:
COSBj _isinﬁr];.cossj
Mj = in;sin B !
" Tcos 0; cos ﬁj
_ 1 ny cosb,
- 2ng cos 6y (no — COs 90)
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s-polar:
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Crystals
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Biaxial:
2 2
n. nz—n . .
cosf = £~ |[=—= (optic axes dirs.)
ny \ nz-ny
Uniaxial:
NoNe

n=n, n=-———=>=t
n2sin2 6,+n2 cos? 6,

p-polar, optic axis L to surface:

tan g, = Ne sin 6,
, =
Mo |n2—sinz @,

in6
tang, = e S0%L
$one nZ-sin? 6,

Polarization
SEE NEXT PAGE

Fourier, Delta, Convolution
f(@) = =7, f(Detdt
@ = é J2 flw)e“tda
1(@) = negelE(w)|?
2 1wdt = 7 I(w)dw
S(t—ty) © if_i et ggy
a® @ b(®) = [*_ a(t)b(t —t")dt’
FT{a(t) ® b(t)} = V2r FT{a(t)} - FT{b()}
FT{a(®) - b(0)} = % FT{a()} ® FT{b(t)}
Two deltas: FT = \/2/_11 cos(kd/2)
Comb function (odd N deltas): FT =

1 sinNkd/2
V2m sinkd/2

FT{Eoe—tZ/(ZTz)e—iwot} — EOTe—TZ(w—wo)z/z
Linear dispersion
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Quadratic dispersion

k=k0+i(a)—w0)+a’(w—wo)z
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Gaussian wavepacket, through thickness z:

® = 2az/T?
T=TV1+ 2

e (U I L. PO
E(t,z) = o exp(ztan (o] smlt

W oo rle=2))

Michelson, Temporal Coherence
Single w: Ie: (1) = 215(1 4 cos wT)
Band of w’s:
e=[" I(w)dw
y(@ =27 I(w)e “"dw
Sig(t) ~ 2¢(1 + Re y(1))
V(t) = visibility = |y(z)|
.= [0 ly@|*dr
FT(Sig(t)) ~ 2606 (w) + I(w) + I(—w)
Rays: VR(r) = n(r)3(r)

ABCD Matrices
.(1 d
Translation: ( 0 1)
. 1 0
Flat surface refraction: (0 )
ny/n,

Curved surface refraction:

1 0
<% (ny/n, — 1) n1/nz>

R =+ for convex, — for concave
. . . 1 0
Spherical mirror/thin lens: (—1/f 1)
fiens = ((n2/ny — 1(1/Ry — 1/R))™Y

R =+ for curving like “(”, — for curving like *)”
fmirror = R/2; R =+ for curving like *)”
Compound system, general properties:
B = 0 (image formation)
A = magnification
ABCD of d,), then an optic, then d;:
(A +d;,C dpA+B+dydC+ diD>
c doC+D
pi=(1-D)/C. p,=(A-A)/C, f=-1/C
Cavity stability: —1 < % <1
Diffraction formulas
Helmholtz Eq.: VZE(r) = —k?E(r)
Huygens-Fresnel: E(x,y,z) =
i ikR
= Lfper EG, Y, 0) = dx'dy’
Fresnel-Kirchhoff: E(x,y,z) =

i ;o ﬂ 1+cos(R,Z) y
AHaperE(x Y50 R ( 2 )dx dy
ieikzgik(x?+y?)/2z

Fresnel: E(x,y,z) = — —

ﬂ‘ E(x,y, O)eik(x’2+y'z)/226—ik(xx’+yy')/zdxldyr
aper
ieikzgik(x?+y?)/2z

- Az

ffaper E(x,y', O)e—ik(xx’+yy')/zdx!dy'

I = I,|2d FT of aperture function|?

. . 1 .
Single slit: FT = =a sinc(k,a/2)

Rectang.: FT = i ab sinc(k,a/2) sinc(kyb/Z)

Fraunhofer: E(x,y,z) =

Double: FT = /2/m a sinc(k,a/2) cos(k,d/2)
. _a? 2]i(kpa) _ a® ..
Top hat: FT = === == jinc(k,a)
ky=kX/z,k, =kY/z, k, =kp/z
xh A
Spectrometer: A = o AL = o

Rayleigh: 8,,;, ~ -2



Polarization: Jones and Stokes

LIGHT Jones Stokes OPTIC Jones Mueller (Stokes)
unpolar n/a 1 Horiz (1 0) 1100
0 linear 00 If1 100
0 polar 20 0 0 O
0 0 0 0 0
Horiz (1) 1 Vert (0 0) 1 -1 00
linear 0 1 linear 0 1 1 -1 1 00
0 polar 2\ 0 0 0 0
0 0 0 00
Vert (0) 1 45° l(l 1) 1010
linear 1 -1 linear 2\1 1 1 0 0 0O
0 polar 2\1 0 1 0
0 0 0 0 0
45° i(l) 1 —-45° 1( 1 —1) 1 0 -1 0
linear | /7\1 0 linear 2\-1 1 If'o0 o 0 o
1 polar 2\-1 0 1 O
0 0 0 0 0
—45° 1,1 1 angle 6 ( cos? 6 sin @ cos 9) 1 cos 26 sin 26 0
linear \/_j (—1) 0 linear sin 0 cos 0 sin? 6 l cos 26 cos? 26 cos28sin20 0
-1 polar 2\ sin260 cos 26 sin26 sin? 26 0
0 0 0 0 0
Linear (COS 0) 1 A4 (1 0) 10 0 O
at g sin 6 cos 26 fast axis 0 i 01 0 0
sin 20 horiz 00 0 1
0 00 -1 0
RCP i ( 1 ) 1 1/4 (1 0 ) 100 O
V2 \—i 0 fast axis 0 —i 010 O
0 vert 00 0 -1
1 0 01 0
LCP i(l) 1 A/4 1(1+i 1—i) 100 0
V2 \i 0 fast axis 2\1—i 1+ 00 0 -1
0 45° 001 0
-1 01 0 0
Ellip- ( Aw) E? A& ( cos?0 +isin?0  (1—1i)sin6 cos 9) 1 0 L 0 0
tical Wﬁﬁ i EZ, — Eéy Zerilsgtlzx; (1—i)sinfcos@ sin?@ + icos?6 0 cos?20 Esin 40 —sin20
A2 4+ EZ| 2EoEqy cosd 1 -
B2 =1 2EgyEqy sin§ Esm 46 sin“260  cos26
6 is the phase shift sin20 —cos 26 0
of vert relative to A/2 (1 0 ) 10 0 O
horiz fast axis 0 -1 01 0 O
horiz 00 -1 0
Ji : 0 0 0 -1
Aonels felliptical: & = Ltan-1 (ZABcos 5) A/2 (—1 0) 10 0 O
ngle of elliptical: a = >tan o fast axis 0 1 01 0 o0
Eq = |Eegs| vert g g _01 01
2 2 2 qin2 i —
VAZ cosZa + B? sin? @ + AB cos & sin 2a 72 (COSZG Sin20 ) 1 0 0 0
Eqyooe = |Eeps| X fast axis sin260 —cos 26 0 cos48 sin46 0
VAZsinZ a + B2 cos? @ — AB cos & sin 2a at o 0 sin40 —cos40 0
0 0 0 -1
Stokes: Reflect <—(;”p 0) (not worrying about)
ired: /G2 2 2 LK
Amount polarlze.d. Si+S. 45 Transmit t, 0 (not worrying about)
Amount unpolarized: S, —+/SZ + S2 + S2 0 ¢
L. JSi+s3+s3 Rotation _ (COS 6 —sin 0) 1 0 0 0
Deg of polarization = 5 =\sin8 cosd e |0 cos26 —sinze 0
“l0 sin20 cos26 0
Meiement with = RM etement with R_l 0 0 0 1

axis at angle horizontal axis

— -1
Metement with = RM etement with R

axis at angle

horizontal axis




