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< Induction

Important B identities

. Ampere’s Law: $ B » dI = ol
- For a wire, dl = 2nr
Causes— Changein | > E
Faraday’s Law

= §Bedl=-d/dt[BedA

= E=dps/dt
»  E=vwIB=IR
L] I=vwlB/R

. Pioop = B2I%v2 / R

€ only exist if Ads

Lentz’s Law

- Currents (Inducted) counter a B
field currently being transmitted to
ensure cooperation of 1% law

Equations

- Angular Speed = w = 2nf

. Vmetal = RMg / (IB)?

Self-Inductance

= L=¢s/l

. E.=-L(d//dt)

. Solenoid
. ponZAl (d// dt) = AV

. L = pon?Al
. B = ponl
. Energy Density: us=B?/2 o
. U = ugAl
Circuits

L] Current at Initial state = open circuit
- Current at Final state = short circuit

] Inductor current: € = - Ee
e  1=E&.E& /R=(Ey/R)1-e"
. Loop Rule: 0=&—IR—-L(di/
dt)
. Energy and Power
. U=%LRP

. P =Ll (di/dt) = IR
Magnetic Force

. F=qvXB

. F=Il XB

Magnetic and Electric fields
AB = AE

$Eedr=-d/dt [BedA
axwell’s Equation

The 4 Equations

*  [GaussE]$EedA=q/e

*  [GaussB]$BedA=0

] [Amperé] § B o dr = pol + o €0 (ddpe /
dt)

. [Faraday] $ E e dr = - (d¢s / dt)

When in vacuum, q/ € =0and pol =0

BandE

. [Faraday] 8E / 6x = - (6B / 6t)

. [Amperé] 8B / &x = - o € (8E / 6t)

< Properties of Light

BandE

. kEp = wBp

- kBp = o €owEp
. E=cB
Equations

- Wave

. E(x,t) = Egsin(kx — wt) (Aj)
. B(x,t) = Bgsin(kx — wt) (*k)
- Angular Velocity

. w=2n/T

. w = 2nf
. Period

. T=2n/w

. Propagation Velocity
e  Wavespeedc={w/k)=(1/
V1o €) =3x10°
. c=N, k=2 /A
. Average Energy

*,
oo

. Uem = Y%5E%€0 + B0 = E2g0= (B? /
Ho)
. <Uem> = %E2e
. ue= %E%;0
. us=B?/ 2o
»  Poynting Vector
- Average Poynting Vector (Light
Intensity)
o <5>=(EpBp)/ 21g = (Uem)c
- Expanding in Spheres
. S=P/ 4nr?
. Radiation Pressure
. [Absorb] Prag=<S>/ ¢
. [Reflect] Prag = 2<S>/ ¢
. F=-eE=-ecB
»  Polarization
. Relationship to E
u Intensity relationship
. [Malus] Intensity: S = Socos20
Reflection and Refraction
»  Law of Reflection

. 6=0
»  Speed of light in different mediums
L] n=c/v

»  Snell's Law
. N1SiNB1 = N2SinG;
»  Brewster (Polarizing) Angle
. Perpendicular “reflected” wave to the
refracted one
. tan8,=ny/ ny
»  Critical Angle
- The angle at which refraction >
reflection
- sinGc=ny/ Ny
»  Change in wavelength through a prism
. Different A have different n valuesin a
prism
Lens and Mirror
»  Virtual vs Real Image:
- Virtual is inferred by the brain, while
real is projected light
»  Mirrors vs Lenses
. Convex : Diverging Lens :: Concave :
Converging Lens, in terms of function
and ray tracing\
- Focal point: convergence of light, %R =
f
- Spherical Abberation — minimized by
making mirror a tiny fraction of a
sphere (spherical vs parabolic)
»  Ray Tracing
. See figures
» 5,5, and frelationship
. 1/s+1/s' = 1/f

»  Magnification
L] M =h/h=-(s"/s)
»  Lensmaker Equation (Thick Lenses)

- 1/f= ((nlens/nmedium) - 1)(1/R1 - 1/R2)
»  Refractionin alens
" ny/s+tm/s’=(n2—ni)/R
- n = medium of object, n, = medium of
other boundary, R = radius of
lens/cylinder/sphere
»  Optical instruments
L] Eyes
. Divergent lenses —
nearsightedness
. Convergent lenses —
farsightedness
. Diopters = 1/f, [f] = meters
. Angular Magnification (ratio of
magnification due to correction)
¢  m=25(centimeters)/f
. Compound Microscope

* Mome = -(L/fo)

(25centimeters/fe)
. Telescope
* m="fop / fe

Constructive and Destructive Interference
»  Interference derives from wave incoherence
»  Paraxial approximation
- When A << d, trigf =06
»  Wave Mutation Equation
L] If ® =m, cos =0, Destructive
interference; If ® =2mor0,
Constructive interference
= Er = 2Esin(kx — wt + O/2)cos(-(D/2)
. Br= 2Bsin(kx — wt + O/2)cos(-(D/2)
»  Double Slit Interference
. Bright fringes: dsin@ =mA, (m =0
(center),1,2,3...)
. Dark fringes: dsin@ =(m +%)A, (m =
0,1,2...)

" VYorgnt= (MLA)/d; yaan= ((m+ %)LA)/d
»  Intensity Equation (double slit)
. <S> = (4E¢%/2u0c)cos?(dry/AL)
»  Multiple slit interference
- N-1 minima between each pair of
primary maxima
. dsin® = (m/N)A
L] Spectrometer
. d =1/N; N = number of slits
. dsin® = mA (bright, separation)
»  Xray Diffraction

. 2dsin® = mA
»  Resolving power

- MAX =mN
Diffraction

»  Thin Film Optics
- Speed of light in a medium: v=¢/n
. Frequency is constant
- Phase shift of m when reflected off
material with Nparrier > current medium
. No phase shift when nparrier < current
medium
- 2dn =(m + %)A
»  Hugyen’s Principle
- Circles — all points on a waveform act
as point sources
. Diffraction only truly happens when
slit size is comparable to wavelength
. asin® = mA [destructive int, single-slit
diffraction, (m = 1,2,3)]
»  Intensity Equation (single slit)
" <5>=(Eo’/2uoc) (sin(D/2)/(®/2))% O =
2mna(sine)/A
»  Resolution
] 1.22 (A / d) = sin(6q)



gth, Object Distance, s Image Distance, s’ Type of Image Ray Diagram
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Single slit diffraction

Lens Ray Tracing

Mormal
Irci dent light beam Feflected light beam y
tanf = —
Assumption of infinite For distant screen
source distance gives assumption
plane wave at slit so . y
that all amplitude tan@ ~ sinf = 6 ~ D
elements are in phase.
Glass 1, d — 9
1y 1 N\
- >
o ;ﬁ; igpi‘oa::les Condition for maximum
=N aright angle dsinf = mi
and (' =~ @ mAD
I y=
Transmitted light beam a = slit width d
Refraction/Reflection Double Slit Diffraction

e Formation with Mirrors: Sign Conventions

Object Distance, s Image Distance, 5' Type of Image
+ e Real,
(in front of mirror) (in front of mirmor) inverted, §
5= 2f < 2f reduced
ot
] + : { Real,
{concave) (in front of mirmor) (in front of mirror) inverted, £
2f =5 f =S enlarged L
+ -
o . 5 Virtual,
{comcave) (in front of marror) (behind mirrory upright
- o
=zl enlarged
- i Virtual.
(eonvex) (in Frint of mircor) (hehind mirror) upright
ah,
reduced o

Mirror Ray Tracing




