Key Formulas from Pedrottis’
Introduction to Optics, 4™ ed.,
Listed By Chapter
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As this text is well-suited to various course pathways, with particular
chapter sequences selected at will, instructors may find the tables of
formulas given below to be useful. These provide key formulas from
each chapter within Themes I-1V of the text. This can help identify core
concepts covered by each chapter, and may assist instructors when
compiling formula sheets for their courses. The equation/page numbers
given match those in the text.

i Pedrottis’

« Introduction to.
Optics

Y FOURTH EDITION
RayF Shiell and lain McNab

In the Word version of this file each table can be copied directly if desired, and in the LaTeX version
each formula can be copied as LaTeX code. Only key formulas from the text are given; we welcome any
suggestions to include or omit particular formulas in future versions of this document.

THEME |: INTRODUCING LIGHT

Ch.1 THE OPTICAL LANDSCAPE

E=hv (1.1)
h
A=— (1.2)
p
E=y(v)me?= L me?
L (1.4)
CZ
c=vi (1.7)
®, =dQ,/dt (W) (p.15)
w, =dQ,/dv  (I/m?) (p.15)
M,=d®_ /dA (W/m?) (p.15)
| =d®, /dA (W/m?) (p.15)
|, =dd,/dQ  (WIsr) (p.15)
L - d,  do, ( W ) L5
~ dAcos® dQdAcosd \sr-m? (p-19)



Ch.2 RAY OPTICS

(Formulas here assume the classic textbook sign convention, so differ

from those formulas found in Sections 2.8-2.10).

1.1 _ 2
s s R
S!
m=-——
S
NN n-n
s g R
mzﬂLz_my
h, n,s
1_m-n(1 1
f n, R R,
1 1 1
—_t = —
s s f
SI
m=-—
S
me—t__X xx'= f?
X f
1 1 1

(2.10)

(2.14)

(2.18)

(2.20)

(2.26)

(2.27)

(2.28)

(2.29)
(2.30)

(2.32)



Ch. 3 UNDERSTANDING OPTICAL INSTRUMENTS

6 = Ys
™ d,+d,@-d,/f)

MNP 25 For the virtual image at infinity
fof (f isin cm)

MNP 1B For the virtual image at near point
(f isincm)

M classic-setup — 5_5 (feff isin Cm)

f
L |25 -
classic-setup — _[f_}(f_] (fe IS1In Cm)

Minfinity—corrected = _[%j[§j (fe isin Cm)

NA=nsina
o614 0611 . _
min = = if self-luminous
nsinaa  N.A.
i = 0'32/1 = 0824 if illuminated by coll. beam
nsina  N.A.
A=f/D
depth of field = ——29D% (S = 1)

D*f?—d’s,” +d’s,f — f’d’

3.1)

3.2)

(3.3)

(3.4)

(3.5)

3.9)

(3.10)

(3.13)

(3.14)

(3.15)

(p.149)

(3.27)



Ch. 4 WAVES

u(F,t):(«soE(F,t)2 in free space

S(Tt)—(E(r.t)xB(r,t)) infree space

=5,c<E(Ft)’>  infree space

| = %goconBo - %gochz - %(ij BZ
Ho
for a single harmonic wave in free space

(for a linear material &, — nzg0 and c—>c/n)

! =%goc<l~E(F,t)E*(F,t)>

(4.3)

(4.25)

(4.26)

(4.27)

(4.39)

(4.44)

(4.45)

(4.46)

(4.49)

(4.53)



Ch.5 LIGHT SOURCES, DISPLAYS,
AND DETECTORS

M = 27hc? 1 5.3)
© 2% Lexp(hc/ak,T)-1 '
27K AT 4
totbb — W =ol (5.4)
i -_ hc _b
Pk T 4065, kT T (55)
K
Ep=(v +1/2)h\/: v=0,12... (p.201)
u
I(J + DA
ot — TRGZ J = 0,1, 2 (p202)
P ocg e Ei/keT (5.15)
output
R = 2utP (5.17)
Input

THEME Il A SCALAR FIELD APPROACH TO LIGHT

Ch. 6 SUPERPOSITION OF WAVES
Eq = Ex (P.,t)=E,cos(a—wt)

N 2 N
where EZ = [Z E, sin aij +[Z E, cos aij
i=1 i=1

2

N N N
or, equivalently E; = > Ej +2) > EE,, cos(a; — ;) (6.14-
i1 >i i 6.16)
N
D Eysing,
and tang="Ft——
D Eq cosa
i=1
0, =—— ‘ - (6.48)
9 .
n+a)dn(a)) 1+an(a))
do |y, n do |,
= : ‘ = o 6.49
1, 0Cs)| Ay dnh) (649
dio Ao pk n dlﬂ Ao,k




Ch.7 INTERFERENCE OF LIGHT

lo =1, +1,+2/1,1, (cos &)
where 6 =k(s, —s,)+ (@, —¢,)

I, =1,+1,+2{l,1,coso
(if mutually coherent beams)

V Imax — Imin

) Imax + Imin
asind=mA m=0,t1,12,...
I :4locosz[”asmej ifL>>a
A
I(y)_4locosz(”—a|_yj ifL>>a,y

at the focal plane of

f alens, withf >>y
ym:(m+%)% ifL>>a,y
a=2syy =2s,a(n-1)
rsE—: and tz%
tt'=1—r r=-r'

_n-n, 1-n,/n
n+n, 1+n,/n

A=2n.dcosé,

for normal incidence

_r2+d?
2d

m

R

(7.13)

(7.14)

(7.17)
(7.19)

(7.21)

(7.22)

(7.25)

(7.28)

(7.29)

(7.30)

(7.31)
(7.32)

(7.34)

(7.38)

(7.46)



Ch. 8 INTERFEROMETRY AND MULTILAYER FILMS

A, =2dcosd (8.1)
| =41, cos’ (éj (8.2)
2
2r
0 =—2ndcos 6, (8.13)
2r?(1—cosd)
T h o2 (8.16)
1+r"-2r°cosd
T= 5 !
14 4 ; sinz(dj (8.17)
(L-r) A2
4r?
F= (8.21)
(1-r?)’
= (8.24)
C1-r? '
A 20F
R=e——=——=mF 8.33
[ ) (833
c1-r?
14 (8.36)
R 2d
% %
Q= =F — (8.37)
Vewnm Vise
. cos(5/2) isin(6/2) || E,
= n (8.53)
B,C insin(6/2) cos(6/2) || Bc
= MoMy; + NN My, =My, — My, (8.59)
nOmll + n0n5m12 + m21 + nsm22
- 2n
t= L (8.60)

r]0m11 + nOﬂsrn12 + m21 + r]sn”'ZZ



Ch.9 COHERENCE

fszﬂg &
S o0

3551'227”
0

f (t)=% + iam cos ma't + ibm sin me't

m=1
where o' 2z
TV
2 to+T’
8= ) St
_ 2 t0+T’f . d
a, _tho (t) cos no'tdt

2 to+T' . .
b, :FL, f (t) sin ne'tdt

_ <« x —inw't ~ 1 o+ inw't
f(t)—g;cne G- L f (t)e™dt
_ R —iwt ~ . 1 +o0 ot
O =] g@edo g@) =" @

f(x) = J'j: g(k)e™dk g(k) = %I*: f (x)e ™ dx

[() = (Es()ES(t+7))

&CAl|A| T) _(E®Et+o)

y(7) =
2 Vielop |E0|Z
I = Lo+ e+ 241515 Re[7(2)]
[N
V — __Mmax min

Imax + Imin

(9.2)

(9.3)

(9.4)

(9.5)

(9.6)

9.7)

(9.8);
(9.9)

(9.10)
(9.11)

(9.12)
(9.13)
(9.30)
(9.31)

(9.32)

(9.37)



Ch. 10 FRAUNHOFER DIFFRACTION

E b 2 . 5
I =ic[—L] leosinczﬁ Whereﬁ:%kbsine

2 h B
ym;%f m=+1+2,...
b
AO = 24
b
L area of :perture

| =1,sinc’ a sinc® B
where o s%kasin 6, and ﬂz%kbsin 9,

| =1,sinc’a sinc’B

where azkix and ﬂzw
2f 2f
xm=%f or n=m m,n==1+2,...
b a
2
| = 0[2‘31(7)) where y = 1kDsin 6
e
1.222 : 1.222
AH ~ y L= —
Y2 D Agmln D
~ 0614 0.614

Yo = Gine T NA
. 2

I =4I0(Sln 'B] cos’ a
B

where 8 =%kbsin9 and o =%kasin6’

b sin 8=mA m=+1+2,...
asin 8= pAi p=0,+1+2,...
(sinﬂjz(sin Najz
=1, —— .
Jij sina
[ ——
diffraction interference

Whereﬁ:%kbsiné’ and a:%kasine

When o = % where a:%kasin 0

principal maxima when p=0, £ N, +2N,...
secondary minima when p adopts other integer values

asind=mAl m=0, £1 +2...

(10.6)

(10.9)

(10.10)

(10.12)

(10.13)

(10.14)

(10.15)

(10.24)

(10.26)
(10.30)

(10.31)

(10.34)

(10.35)
(10.36)

(10.39)

(10.40)

(10.41)



Ch. 11 PRISMS, DIFFRACTION GRATINGS, AND SPECTROMETERS

N - Sin[(A+6,,)/2]

- 11.15
g sin(A/2) (1L15)
for a thin
Omin = A(N; =1) prism in air (11.16)
B C
nA=A+?+?+ (11.17)
£3) n.—n
A = F—>C — F C 11.1
F—>C 5 nd _1 ( 8)
A dn
R =—= b —_—
A a1 (11.24)
: - _ _ (11.26)
a(sind+sing )=mi  where m=0,t1 £2, ... (127)
j’1
Ay =— (11.28)
m
9= __ M (11.29)
di acosé, (11.30)
A
R=——=mN 11.36
Aj’min ( )
R —mN :(asmamjV_V:WsmHm (11.37)
A a A
o —lsinfl(m—ﬂ“) Light at normal incidence 1141
b2 a to the plane of grating (11.41)
6, =sin™* (2—2) Littrow configuration (11.42)

10



THEME 111 AVECTOR FIELD APPROACH TO LIGHT

Ch. 12 REFLECTION AND TRANSMISSION AT SURFACES

E(7.1)= 20
o
VeB(F,t)=0
_ (12.1)-
%E(f,t):—M (12.4)
ot
U B(F ) = (7 1) + o, CE
E/ =E} andso E' is continuous across the interface (12.5)
B! =B} andso B' is continuous across the interface (12.6)
$E-da = Qe
s o
$B-da=0
s (12.7)-
JEedi - [Beca (1210)
J dt?,
(f)é-dT =ty + Eothy —I E.da
P S
B=(kxE)/w (12.17)
~ ~ c\ ~
E=vB= (—) B (12.34)
n

TE: ot _E, _ncosd—n,cosf _ncosd —n;—n’sin’6  (12.39)
© B ncosg+n,c086, ncosd +yni—nisin’e,  (1241)

T™: rziz—nz €0sf +n,cos6, _—n;cosd +nn;—nisin’4  (12.40)
E. n,cos6+ncos6,  nZcosd +n+nZ—n?sin?g  (12.42)

TE t=bo 2n, 080, (12.43)
. B n,cosd +/nZ—n’sin’4, '
= 2n, cos 6,
™: t=z=— —— (12.44)
Ei nZcosd, /n ++n?—n?sin’4,
TE: t=1+r
TM:  nit=n(1-r) (12.45)
nt?=n(1-r?)  atnormal incidence (12.46)
nt=nt’ at normal incidence (12.47)
Rzﬂ:rz TEE:& cos 6 t2 (12.48)
P P n\cosé (12.49)

11



N, cos, —iynisin? @ —n;

n, Cos 6, +iy/n?sin® 6, —n2

2 H 2 ain? 2
e cos @, +in4/n?sin? @ —n?
i n;cosé +in/n’sin? 6 —n;

0, 6 <6,

&= —2tan‘{—“ n; sin” _HZZJ 0 >0

n, cos 6,

TE:

=

=5
=

T

T™M:

=

M

0, 6, <0F')

T™: ¢={r, 0, <6 <0,

JnZsinig 2

nZ cos 4,

n’sin” 6,

2
n2

0,

penetration

2

1
a
1

cos 6, —/(n? —n? —sin? @) +i(2n,n,)

TE: 7=
C0S 6, ++/(NZ —n? —sin® @) +i(2nyn,)

TM: r=

—[nZ —nZ +i(2ngn, )]c0s 6, ++/(n% —nZ —sin’ §) +i(2nyn, )

[nZ —n? +i(2n,n, )]cos 6, ++/(nZ —n? —sin? 8) +i(2ngn,)

12

(12.62)

(12.63)

(12.66)

(12.67)

(12.68)

(12.71)

(12.72)



Ch. 13 OPTICAL FIBERS AND
COMMUNICATIONS TECHNOLOGY

500

R (in lines/mm) x —
( ) d(in pum)

NA=n,sin@ , =nsinb, .

2
n
=d 1 -1
S (nosineJ

2d n, cos
m, = 2dmcosgy, with m, an integer

X

A
m, = 24Mmeosd ”1503% =%m=%m

2 2
total # of modes,, = 2(% NA) = 8(% NAJ

2
total # of modes,, ~ 4(% NA)

242
<
7(NA)

I =1l,exp(-aL,) = a:iln(l—"}

km IL

—\a L, /10
I =1,-10 (<4 1) = adB:EOIog(:Oj

km L
(&) _nl(nl—nzj
L step-index C n2

(ﬁ) ziAnz ; A, =(nf—nZ)/2n?
GRIN

L 2C
/I 2
(ﬁ):__Pkdn_(Z’DXAAE_MAA
L c dA ity
A d’n_ (A
(ﬁjz_ﬂ—eﬁ(zpk)xME_M’M
L c d,
or ~ 1
T ~E|neﬂ,x _neff,y|

13

(13.1)

(13.5)

(13.8)

(13.11)

(13.12)

(13.13)

(13.14)

(13.15)

(13.16)

(13.18)

(13.19)

(13.21)

(13.25)

(13.27)

(13.28)



Ch. 14 MATHEMATICAL TREATMENT
OF POLARIZATION

cosd sin@
R(0)=|
—sind cosd
V. - 1 A elliptical, counter —
m o A2+ B2+ C2 | B+IC clockwise if A,C >0
2E,,E,, cose
and then tan 2y = ————
EOx - EOy

where E,, = A, E;, =+B?+C?, and s=Ap=tan™ (%j

2 2
E E
and(EXJ +| = —2( EXJ —y]cos e=sin‘e
EOX EOy EOx EOy
if optical cmpt is

rotated clockwise M =R (9) MR’ (0)

So =it
Slzle—lI
SZ:IZ_I’\.

S3:|9?—||_

SO=E02)(+E§y=E02 SOZ‘EOx +‘EOV‘2:‘E
S, = E;, —Eg, or Sl:‘éoxz_‘éoy‘z
S, = 2E,,E,, cos(o, —¢,) S, = 2Re(E,,E,,)
S, =—2E,,E,, sin((py —(/’x) S;=2 |m(E0xE0y)

p=(S2+S72+52) /8,

Ch. 15 POLARIZATION IN PRACTICE

sin® @
g)=—
P(®) 1+cos* @
A 2
s3]
f=a,L (if sample is solid; L usually in mm)

p=a,Lp (if sampleis liquid; L usually in dm)
p=a,Lc, (if sample is solution; L usually in dm)

ﬂ:%(ns_nm)

14

(14.5)

(14.11) -
(14.13);
(p. 523)

(p. 530)

(14.27)

(14.28)

(14.34)

(15.3)

(15.4)

(15.5)

(15.10)



THEME IV LASERS AND LASER BEAMS

Ch. 16 LIGHT-MATTER INTERACTIONS

Ous (V) F (16.1)
I, =1, "=t (16.4)
s Bog(V)h' ~  B,g(V)h' 16.9):
012("):% ’ 021(‘/):% §16.12))
8zhv; _ 16.18);
Ay = 3 . B, ; 9B,=0,B, ((16.19))
Ny =N, % N, (16.23)
1
8rhv;, 1
V,) = .
a2 ¢ exp(hvy, /ksT)-1 (16:29)
dl g
—= NN, = 22N, [I=y¢(1,V)I .
. 021(v)[ , [glj 1] y(1v') (16.35)
Av
9.(v)= -
) 27z (v Vo) +Ar /4) (16.37)
41 2
an2__ [ n2(v- vlz) ] 1639
ﬂAVG

1(1 1 2 .
Ay =[] (16.43);
i 2 [rz J Yo T 2 ( ) (16.44)

coII

2V12 / TING) L 716x107v,, |—— (16.46)

15



Ch. 17 LASERS AND LASER OPERATION

C
f=cr,=— (17.2)
Av
A A
6 =——~0.318— (17.3)
W, Wo
K. (o2 I
R, = 3L h" EN, (p.623)
(Kso + Ky +K32) Vo
K O I
R,, = 32 hp ® N, (p.623)
(Kso +Ky + KSZ) Vo
y (I V')— Gsz/’(z __ Yo
ss,homogeneous \ ' ! 14 (G'/hV’)/KZ 1+ I/IS (17.14)
—_—

ideal 4-level gain mediumonly  generally true

a(v')sz(Ip)

7o (V" |p)zK—=a(v')Rp2(|p)r2 (17.15)
2
hv'x hy'
| )= 2 _
sat(v ) U(V') G(V')Z‘Z (17.16)
vobL—In=
Iout,ss =Tslg 1-S (17.20)

Tl %(2L)-In(/RR,) o

out,ss 2 (1_ R1R2 )(14‘\/%) (17.24)

Y ss inhomogeneous — S - (17.26)
JI+ /1,

Q=27 energy stored in a cavity
- energy loss per cycle

(17.29)
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Ch. 18 LASER BEAMS AND LASER CAVITIES

VZE—%:O where sza—zﬁa—zﬁa—z2 (18.3)
ot o o @
E_ éei(kr —wt+ ) (18.5)
.
E(x,y,z,t)=U(x, y z)ei(kz_“’t+<”) (18.6)
27 217
X z
U(p.2)= Eoei{r)(z)+[kp2/zq(z)]} a8
b)) i dd(2)
—— = and ——=1
& 40) i (18.13)
4(z) = z-iz, (18.15)
1 _ 1
4(z) R() 7w(2) (1819
ZZ
R(z)=z 1+—‘;) (18.20)
2
w'(z)= (1 —j (18.21)
ZO
2
1(p,2)=1, ( ()j ~2p" /W' (2) (18.26)
wW(z>1z A
O ~tanf.. = ( : o) _ — (18.29)
_ d(d — RM2)
47 (CR, +R,,-2d) (18.36)
_ —d(d+Ryy)
2T Ry + Ry —20) (1837)
. AG,+B
2= Cq(jlﬁ (18.46)
1
Ostl—iJ(l—iJsl or 0<g,0,<1
R, R, (18.49)
9 g,
2 2 2
Im”:|°(wzvgz))wa(xs)Hf(ys)e_(xs ) (18.75)
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THEME V ADVANCED TOPICS (listed here for completeness; formulas in text)

Ch. 19 ABERRATIONS

Ch. 20 FOURIER OPTICS: IMAGING AND SPECTROSCOPY

Ch. 21 FRESNEL DIFFRACTION

Ch. 22 HOLOGRAPHY

Ch. 23 OPTICAL PROPERTIES OF MATERIALS

Ch. 24 NONLINEAR OPTICS AND THE MODULATION OF LIGHT
Ch. 25 LASER TECHNOLOGY AND APPLICATIONS

Ch. 26 OPTICS OF THE EYE

18



APPENDICES
A. PHYSICAL CONSTANTS (generally given here to 3 or 4 sig. figs)

Avg, =9 192 631 770 Hz
Cc=299792458m/s

h=6.63x10"* Js: 7=1.055 x1073* Js
e=1.602x10"° C
N, =6.022x10% mol™

kg =1.381x107% JK™
K =683 Imw™

eV =1.602x107° J
m, =9.109x10* kg

R =8.314 J mol 'K

0 =5670x10° Wm™? K™
u=1.660x10"?" kg

R, =1.097x10" m™

1y =1.257x107° NA? ~ 47x107" NA™
£, =8.85x1072 Fm!

m, =9.11x10"* kg

m, =1.67x107" kg

a, =5.29x10"' m

Uy =9.27x1072 ) T

B. MATHEMATICAL FORMULAS

sin(26) = 2sin cos

sin(A+ B)=sin Acos B + cos Asin B

cos(A+ B) = cos Acos B Fsin Asin B

sin A+sin B = 2sin[1(A+ B)]cos[% (AT B)]
cos A+cosB = 2cos[:(A+ B)]cos[%(A-B)]
cos A—cosB =—-2sin[ 1(A+B)sin[{(A-B)]
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