Physics 471 Formula Sheet (8 Apr 2024)

¢ =2.998 % 108 m/s h=6.626%1073*Js
kp =1381x10722JJK N, =6.022 x 10
Mepee = 9.109 X 1073 kg e = 1.602 x 1071° C
& = 8.854 X 1072 C*/N-m?

Uo =41 x 1077 T'm/A ¢ =5.670 x 1078 W/m*K*
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Polarization
SEE NEXT PAGE

Fourier, Delta, Convolution
f(@) = =7, f(Detdt
@ = é J2 flw)e“tda
1(w) = ;neoclE(w)?
12 1@dt = 7 I(w)dw
S(t—ty) © if_i et ggy
a® @ b(®) = [*_ a(t)b(t —t")dt’
FT{a(t) ® b(t)} = vV2m FT{a(t)} - FT{b(t)}
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
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Gaussian wavepacket, through thickness z:
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Michelson, Temporal Coherence
Single w: I¢:(7) = 21,(1 + cos wT)
Band of w’s:

e=[" I(w)dw

y(@ =27 I(w)e “"dw

Sig(1) ~ 25(1 + Re y(r))

V (z) = visibility = |y(z)|

.= [ lv@I*de

FT(Sig(7)) ~ 2&y6(w) + I(w) + [(—w)
Rays: VR(r) = n(r)3(r)
ABCD Matrices

Translation: ((1) (f)

Flat surface refraction: (1 0 )
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 = ((n2/1 = (/R — 1/R)) 7

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+dyd,C+ diD)
C doC+D
p=Q0-D)/C, p,=(1-A)/C, f=-1/C
Cavity stability: —1 < A%D <1
Diffraction formulas
Helmholtz Eq.: VZE(r) = —k2E(r)
Huygens-Fresnel: E(x,y,z) =
i , , elkR ,
i oper EG, Y, 0) 1 dx'dy’
Fresnel-Kirchhoff: E(x,y,z) =
i - ekR 14cos(R,Z) s
- Zﬂuper E(x Yo 0) R (T) dx'dy
ioikz pik(x?+y?)/2z
Fresnel: E(x,y,z) = — %
ffaper E(x’, y’: O)eik(x’2+y’2)/zze—ik(xx’+yy’)/zdx'dy’
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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 2]1(kpa)_a_z ..
Top hat: FT = 2 ka2 ]mc(kpa)
ky=kX/z,k, =kY/z, k, =kp/z
xh A
Spectrometer: A = o AL = o

Rayleigh: O, = 1222

Gaussian Beams
E(x,y,z) = Eo%exp (—5722) X
exp (ikz + % —itan™! (Zi))
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Polarization: Jones and Stokes

LIGHT Jones Stokes OPTIC Jones Mueller (Stokes)
unpolar n/a 1 Horiz (1 0) 1100
0 linear 00 If1 1 00
(O polar 210 0 0 O
0 0 0 0 0
Horiz (1) 1 Vert (0 O) 1 -1 0 0
linear 0 1 linear 0 1 1 -1 1 0 0
0 polar 2\ 0 0 0 0
0 0 0 0 0
Vert (0) 1 45° 1 (1 1) 1 010
linear 1 -1 linear 2\1 1 Ifo o 0o
0 polar 2\1 0 1 0
0 0 0 0 0
45° 11 1 —45° 1,1 -1 1 0 -1 0
linear \/_E (1) (0 linear 2 (— 1 1 ) 1 0 0 0 O
1 polar 2\-1 0 1 0
0 0 0 0 0
—45° 1/1 1 angle 6 ( cos? 6 sin 0 cos 9) 1 cos 26 sin 20 0
linear | /7 (_ 1) < 0 linear sinfcosf  sin?6 1/ cos26 cos? 26 cos26sin26 0
-1 polar 2\ sin26 cos 26 sin 26 sin? 26 0
0 0 0 0 0
Linear (Cos 9) 1 /4 (1 O) 1 0 0 O
at o sin 6 cos 26 fast axis 0 i 01 0 O
sin 20 horiz 00 0 1
0 0 0 -1 0
RCP 1,1 1 /4 (1 0 ) 1 0 0 O
No (—L) 0 fast axis 0 —i 010 0
0 vert 00 0 -1
1 0 0 1 0
LCP 11 1 /4 11+i 1-i 1 0 0 O
ﬁ(i) 0 fast axis 5(1—1' 1+i) 00 0 -1
0 45° 0 0 1 0
-1 0 1 0 0
Ellip- ( A ) E? A/4 ( cos?0 +isin?6 (1—1i)sin6 cos 9) 1 0 0 0
tical wlii}ells 1 %, — E2, fastlax;s (1—1i)sinfcos® sin?6 + icos? O /O cos2 20 %sin 46 —sin 29\
A? + E§ | 2EoxEqy cosd anee | 1 |
B2 =1 2B By, sin & \O Esin 46 sin?26  cos20 }
6 is the phase shift 0  sin260 —cos26 0
of vert relative to A/2 (1 0 ) 10 0 0
horiz fast axis 0 -1 01 0 0
horiz 00 -1 o0
i > O
.. 1 2ABcosé -
Angle of elliptical: @ = Etan’l( Yo ) fa/st axis ( 0 1) 01 0 o
Ea:|Eeff|>< vert 0 0 -1 0
VAZ cos? a + B? sin? a + AB cos 8 sin 2a 12 (COS 20 Sin 20 ) 1 00 0 0 0 =1 0
Eqo0 = |Eeps| fast axis sin20 —cos26 0 cos46 sin40 0
VAZsinZ a + B2 cos? a — AB cos 8 sin 2a at o 0 sin4® —cos46 0
0 0 0 -1
Stokes: Reflect (_rp 0) (not worrying about)
. e 5 > 0
Amount polarized: /Sy +5; + S3 Transmit t, 0 (not worrying about)
Amount unpolarized: S, —+/S? + S2 + S (0 ts)
[szeszes Rotation _(c0osf —sin 1 0 0 0
Deg of polarization = R= (sin 0 cos® ) 0 ;
So R= cos20 —sin26 0 29
0 sin26 cos26 0
Metement with = RM element with Rt 0 0 0 -1
axis at angle horizontal axis
Notes:

The two quarter wave Jones matrices as given in the Wikipedia article https://en.wikipedia.org/wiki/Jones_calculus, are slightly
different than those here because there is an additional overall phase shift included there. I think Peatross & Ware’s equations are
better and am using them here.

I’m convinced the Wikipedia article on Mueller matrices, https://en.wikipedia.org/wiki/Mueller_calculus, has a wrong equation for the
“General Linear Retarder” matrix. It doesn’t reproduce the matrices given for quarter and half wave plates (which I do think are
correct). On the other hand, I found a similar equation in a book by Gil and Ossikovski, Polarized Light and the Mueller Matrix
Approach, which gives a similar equation on page 171, Eq (4.29) but differs from the Wikipedia equation by a few negative signs. It
correctly reproduces the quarter and half wave plates matrices found both on Wikipedia and the additional ones given in this article on
a Mueller matrix Python module, https:/pypolar.readthedocs.io/en/latest/06-Mueller-Matrices.html, so I trust it I used that equation to
generate the “A/4 fast axis angle 8” and “A/2 fast axis angle 6” equations.

I found three trustworthy references which all said that the Mueller R matrix given here should work like the Jones R matrix, namely
Mangie = RM),0i,R™. However, when I tested that equation against known results, it didn’t reproduce them. I was not able to
determine what is going wrong with that. The references are the Gil and Ossikovski book; this paper Nee, "Decomposition of Jones
and Mueller matrices in terms of four basic polarization responses"”, J. Opt. Soc. Am. A 31, 2518 (2014)
http://dx.doi.org/10.1364/JOSAA.31.002518; and this website https://www.fiberoptics4sale.com/blogs/wave-optics/104730310-

mueller-matrices-for-polarizing-elements. (Note they all defined R using the opposite angle convention than I used so they give the

equation as Mgp g1 = R™1M,,i,R but that doesn’t explain the issue.)



