Cornu Spiral for use in Question 4, part (a): please remove this page and include it with your exam book.
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APPENDIX: Some Helpful Formulae and Equations

Classical Model
€ Ne’ Yo 2 _
jzan:me ) N2 ) Sro ok =1+ Ne @y =0 Jor o = w,
o o (a) —wo) +Y w0 €, 2me , w, (a)—a)o)2+—
Diffraction Optics
ik ikr R 1 ieikr B eikr 87U
Up=— 4% [J U, & costh ) +1) ds UP=47[”{U S-S o as
A A
C ko2 2 .
U, (u, v)=- telk I exp { 2z, [ Xin +Ym ]} JJ U, (X4, ¥o) €xp { =i [ux, +Vvy, 1} dx, dy,
A
iU, i lpsl k2 vy
UP(X,}’,Z)=—ﬁek '”.exp{zza (o = Xm)™ + (Yo = Ym) ] dx, dy, =z +7'x . _zy+zy
A m z+7 m zZ+7
3 T 2 2,2
z7>> —((X—X0) +(y—Y,)")
Fresnel, sufficient: 4h o ¢
. U, u v
Fresnel, rectangular apertures: U, = (1+;)2 [C(s) + iS(s)] u2 x [C(s) + iS(S)]‘ v2
1 1
Fresnel, circular apertures: U,=—iU, LW e Q(w) dy  Fresnel zoneradii: 1, = fnl z,
2 2
Fraunhofer, sufficient: 5 (X" + ¥o7) wo= Koo gy 2 KB
A 24 24
Special Functions
. sin (7ToL) X =
sine (o) = 1) comt{ £ efuS s, ~n1)
To L =
2 X 1 Ix | < L
X -t (x /L) oy _ { o =5
o y= rect(—) = 2
Gaus ( L )=€- e L 0 else
X
0 2 <0
I X L
Ly - 1 Rsl step(fo)={ X
cyl(=) = 1 20
R 0 else L
Function Fourier Transform
rect (X) sinc ( % )
d (x) 1
u
b b(—
comb(x) comb( o )
Gaus (x) Gaus (~—)
21
1 u 1
step (x) Es(ﬁ) *
Jy (')
eyl (r) )
k k
where u 57)( , u'= %, the radial-only analogue
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Fourier Transform Relations
If F{g(x,y)} = Gu,v) and F{h(x,y)} = H(u,v) then

1 u v
T{g(ax’bY) = T G [_ s —i(ua+vb) _
lab| a b F{g(x—a,y—-b)} = G(uv) e F{gxh} = G(uv)H(u,v)
ikn A i
T (xO, yo) = e1 " exp [- %(xz +yz ) ] transmission function for a lens
2 2
4 aexp(—iua) exp(—iua)-—1 I(x,y) 407 . 2{ x} . { y
xexp(—iux)dx =— + ——> = ———=—sinc” [/ ——|sinc” |/
E[ p( ) iu u? I, A7’ Az YAz

Gaussian Beams etc.

[ ‘/X ] [ .\/7 ] exp[ ) X2 +y2 ] exp [ ik(X2+y2) ] e—i(l+m+l)¢ eikZ

lPl,m‘ w(z) w(z) H, w(z) w2 2R
( 2 ) 2,2
Az, |1 4+Z VAR Y I, A
2 _ . _ o . _Z 1 -
w(z) = T |\ ZgJ ; R@)= 7 ; tanq)—z L >> ”
Wy
o
zZ
tan g = w@) = = 2 = 2 for small
2 z Z w, 2 w,
_ (1 L] _ [1 L] 2 - Lgig - g8)
8 1 & R, (g + & - 28182)2 0 < g g < 1
i 2
L L
NP Y SPIN L
T A&l - g&) T \& (- g8)
["kadz= k@ -2) - G+m+1) {m“[ﬁ] - tan“[ﬂﬂ &t
“ Zy Z 2
[+m+1 N
wq/,m _ qrnrc n c (l+m+1)(tan7] z, ~ tan”" Z | 0, +0, _ |:q+( m+1) cos™( g1g2)i|ﬂ
nL nL zZ, Z, 2 T nL
7 (erj
Airy pattern: . exp(ik|PS|) k1 2 210 2 J1(kRsin(8))
Ur,0)=—iUy————— exp| — + oc
(r,0)=—iUjy . Xp a[xm ym] Rr K Rsin(0)
Z
_a/R
Airy disk diameter: Ar=1.22Az/R; AB =122 /R 1-R
1 1 in . Aq+B
= + 3 q =
qz R@@ wnw(z) Cq+D
1 L 1 0]
Free space: Thin lens, focal length f: |
0 1 _f' 1
1 0 1 0]
Refraction at plane 0 M Curved dielectric: | (n, -n,) n,
n, an n27
lensmaker’s equation: 1 _ o 1 1
n R R,
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Quantum Optics and Lasers

303
n’w hw 4h 1
p(w):GBB(E(w)): 2 3 =73
P(E) Tc hw A ho
Sy = o {-(B-E) /KT } exp — |-1 exp — |—1
E,) kT k,T
I=c [ ppp@ d) = ZspT*  Zsp =5.67x10" W/m?K* h=6.6x1034Jss kg =1.34x 1023 JeK-!
_Sin 22
[Nj 8i Nl] e ezlxijlz -1 3 me? 'xiilz )
y(w) = nzwztsp g(w) Ajsi = W honw, g B = W h7g;
7@ = —a(w) = 275 _ _k o, 8iBisj = gjBjsi
A ng
8; 23 8j 2.3
[Nj—— Nij 3n°c g(w) 2{Nj__ Nij 3n”c’ g(w)
(0)) _ 8i x (CO) _ 8i w, — 0 _ 2((00 _ CO)
4 a (ng @’ t,) R - ng @’ t,,, Aw Aw X
L t = g 1 n
t = n,— e = “In.[RR. = ——én‘/RRz—B
c BC£ C[C—L In R1R2:| y’ z; L 1772 th
2 2 )
g n" ot ( 1 )
AN, = |N. - =+ N = — 2P ——n‘/RR w)dw = 1, thus w)Aw = 1
[ 'og ll g3’ c’ ‘L o _Lg( ) e
Dovpler: (- w,)> c (M P In?2
oppier: o(w) = g, exp|— 42 W where gozw—o 2k, T and FWHM Awp =20, |2kg T 2
R AN N \%
P=P|—-1 P =—hoV P =—rho —
P = AN, VW, hao R, Ly 2 h
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