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"There is no royal road to geometry."
Euclid — 325 BCE

"Physics can only be learned by thinking, writing, and worgy"
David Atkinson and Porter Johnson — 2002 CE



Chapter 15: Oscillations

SHM: x = Acogwt + @); @ (phase)
w (angular frequency)A (amplitude)
Period: T = 2m/w=1/f.
Frequencyf = 1/T = w/(2m)
Velocity: v= 9% = —wAsin(wt + ¢)
Acceleration:a = &

a= —w’Acogut + @) = —w’X
Ideal Spring:mX =F = —kx
EnergyE = 1/2mv + 1/2kx
Frequencyw?’ = k/m

Simple Pendulumt 8 = m26 =1
= —mgsind ~ —myo
0+9/(0=0;w? =g/l

Damped Harmonic Motion:

mX+ bx+kx=0

x = Aexp—bt/(2m)|sin(w't + @);
w? = k/m—b?/(4n?).
Underdampedy? > 0;
Overdampedv? < 0;

Critically dampedw? = 0.
Resonant frequency® = k/m
Chapter 16: Waves|

transverse or longitudinal

y(x,t) = Asin(kx— wt + @)

A: (amplitude);k (wave number);
w (angular frequency)p (phase).
k=2m/A; w=2mf; w/k=Af=v
(v=wave velocity).

Stretched stringv = /T /L.

T: (tension);u (mass per unit length).

Superposition of waves:

y(th) - yl(th) —l—yz(X,t)
Interference of waves:
Asin(kx— at) + Asin(kx— wt + @)
= 2Aco9@/2) cogkx— ut + @/2)
¢= 0 mod 2t (constructive int)
¢ = 1tmod 2t (destructive int)
Standing waves&sinkxcoswt =
Asin(kx— wt) 4+ Asin(kx+ wt)

KL = nrt(L is string length).

Number of internal nodes1— 1.

y(x,t) = Bsin(nmx/L) sin(ct + @)
k=nrm/L; A =2r/k=2L/n
f=v/A=nv/(2L)

Chapter 17: Waves| |

Speed of Sound: (longitudinaf)= /B/p
B: (bulk modulus);p: (density)

343 meters/sec at 20;

Speed increases with temperature.

Air displacement and pressure differential
9 out of phase,.

Interference phasg= 2r(AL)/A

AL: (path difference)A (wave length).
Constructive Int(AL)/A =0,1,2,---
Destructive Int:(AL)/A =1/2,3/2,5/2,---
I Sound intensity: Power per unit area.
Thresholdli, = 10~12 Watts/metet.
deciBels (dB)f3 = 10log;o! /Iin

Standing waves in a Pipe of lendth
Both ends opemh = 2L.
f=v/A=nv/(2L)

One end open(n+1/2)A = 2L.
f=v/A=(2n+1)v/(4L)

Beats: fpear = | f1 — f2

Doppler Effect:
f'=1fx(vvp)/(VFVs)

top sign: motion toward

bottom sign: motion away

vp: velocity of detector

vs: velocity of source

Shock waves, Mach cone:

SIiNG = Vsound/Vprojectile

Chapter 21: Electric Charge

—-Q Q — (Like charges Repel)

Q — <« -—Q(Unlike charges attract)
Coulomb’s Law:F = (kqu@p)/r2,
k=9x10%(N-m?/C?) = 1/(4reo)

g0 = 8.85x 107°C?/(N - n?)

Charge: CONSERVED — QUANTIZED



Electron chargeey = 1.6 x 1071° C
Conductor: No free charges inside.
Uniformly charged spherical shell
(radiusR; chargeQ)

test chargey at distance from center:
outside:F = (kqQf)/r2. inside:F =0
Chapter 22: Electric Field

test chargeyo; E = F /qo = kQF /r?
Electric field lines:

away from (+) charges: «— (+) —

and toward (-) charges: — (—) <

Two opposite charges: lines from - to +
Two like charges: lines away from each
Dipole: (—q) — (+0q): pfrom-to +
p=qd

along dipole axisZ): E; = (2kp)/Z
Continuous distribution of charge:

E = [dE =k [dcf/r?

Point charge in uniform electric field:
F=ma=0qE

Dipole in uniform electric field:
Torque:T=px E

Potential Energyt) = —p- E

Chapter 23: Gayss’s Law

0Pe = €0 § E - dS= Qenc

€0 =8.85x 10712 C? /(N )

Any excess charge sits on outer surface
of conductorE = 0 inside.

At surface,E = 0/¢gp (outward)

0 = charge per unit area on surface.
Infinite line chargeA = charge/length
smallE = A/(2reor) away from line.
Non-conducting sheet on either side:
E= 0'/(280)

Spherical shell. electric field radially out
E = 0 inside;E = Q/(4meor?) outside.
Spherical charge distribution:

E = Qenc/ (41Eor?) radially outward.
Qenc charge inside sphere of radius
Uniformly charged sphere:

E = pr/(3gp) inside.

E = kQiot/r? outside:Qot = 4TPR®/3.
Gauss’s Law + symmetry:

Planar, cylindrical, or spherical

Chapter 24: Electric Potential

Work done by electric fieldWe = —0U.
AV =Vi -V = —Wg/Q.

Electric potential: 1 Volt = 1 Joule/Coul
Equipotential surface (constavi):
Perpendicular to electric field lines.
dv=—E.d¢

AV =—[TE.dr

Potential of point charge? = kQ/r.
Combination of charges (superposition)
V= kZi Qi/ri.

Continuous distributionV =k [dQ/r.
V(XY,2) — (Ex,Ey,E;):
Ex=—0V/ox;Ey=—0V /dy,E, = —0dV /oz
Electric potential energy of pair of charges:
E =Kkngz/ri2

(superposition of pairs to get total)
Charged conductor: Potential constant in-
side.

Chapter 25: Capacitance

Two conductors; chargesQ and —Q, re-
spectively. Potential between conductors:
AV: Q=CAV.

C: capacitance (1 Farad = 1 Volt/Coul).
Parallel plate capacito€ = gyA/d.

plate area\; plate separatiah

Cylindrical capacitor (length; radii a,b):
C = 2reol/In(b/a).

Spherical capacitor (radd, b):
C=4mepab/(b—a).

Capacitors in parallel:

Ciot =C1+Co+C3+---

Capacitors in series:

1/Ctot = l/C1+ 1/C2+ 1/C3+ e
Potential energy stored in capacitor:

U =1/2CV2=Q%/(20)



Energy density stored in electric field:=
1/2¢0E2.

Dielectric-filled capacitor:

C — KCp = KgpA/d,

K: dielectric constant.

Gauss'’s Law for dielectrics:

SOfKE -dS= Qenc

Chapter 26: Current and Resistance
ChargeAQ passes by in timAt:

| =AQ/At. 1 Amp =1 Coul/sec.
Current density: current per unit area
| =[J-dA

J = neyVy; charge:ep: drift speed:vgy.
n: num charge carriers per unit vol.
Electical resistance:

Currentl flowing through circuit;
Voltage dropAV along circuit.
R=AV/l. 1(Q) Ohm = 1 Volt/ Amp.
Resistivityp: E = pJ.

Wire cross-section are®, length/:
R=pl/A.

Single loop circuit: Load resistdr.
Battery E with internal resistance;
| =E/(R+r)

Power provided by batterny? = | £.
Thermal power in resistd? = I?R.
Resistors in series:
Rot=Ri+Re+Rg+-+-
Resistors in parallel:
1/Rot=1/Ri+1/Re+1/Rg+---
RC Circuit

CbargingE,R,C in series:

£ =RdQ/dt+Q/C

Q(t) = EC(1—e VRS

| =dQ/dt=E/Re/RC
Discharging:R,C in series
0=RdQ/dt+Q/C

Q(t) =Qo e t/RC

I(t) = dQ/dt = —Qp/RCe'/RC
Chapter 28: Magnetic Fields
Lorentz Forcef = qu x B

(1 Tesla=1N/(Am))

Metals: resistivity increases with tempera-all effect: (determine sign of charge carri-

ture

P = pPo(1+0AT).

o = (Ap/AT)/po

Ohm’s Law::V =RI.

Resistivity of metal (electron gas):
p = m/(ne1): Collision time: .
Power dissipated inside resistor:
P=1AV =1?R=AV?/R.
Semiconductop decreases witfi.
Superconductor (low temm = 0.
Chapter 27: Circuits

Work done by EMF source (battery)
Chemical energy— Electrical energy
dW = Z£dQ

Kirchhoff’'s Laws

ers)
— |--- — B (out of paperF (down)
J=1/A=nevy.

E =vyBAV =wE.

Charged particle - uniform magnetic field:
planar motiongvB= m?/R;

R=mv/(gB).

w=0aqB/m, f =w/(2m) =1/T

Three dimensional motion: helix

Cyclotron: Dees: voltage change produces
acceleration in uniform magnetic field.
Current-carrying wire:

straight:F =10 x B

Loop rule: sum of voltage changes arounclirved:dF = 1d¢ x B

closed loop = 0.

Magnetic moment of wire:

Junction rule: net current into junction = 0(Currentl, areaA, N turns)



M =N I A (right hand rule)

Torque:t =M x B

Potential Energyt) = —M - B

Chapter 29: Magnetic FieldsDueto Cur-
rents

Biot-Savart Law:

dB= pol /(4m) d¢ x7/r3

Ho = 41tx 107" Tm/A

Long Straight wire - current:

B: = Wol /(21) right hand rule.
Circular arc centerB = pl /(2r)8/(2m)

LRC Circuit: (Damped Oscillations)
Ld?Q/dt? + RdQ/dt+Q/C =0

Q(t) = Ae RV cog Wit + @)

w? =1/(LC) —R%/(4L?)

Forced Oscillations (steady state):
Ld?Q/dt? + RAQ/dt + Q/C = Eosin(wt)
| = Fo/|Z| sin(wt + ¢)
Z=R+1(wL—1/uC))

w? < 1/(LC); < 0; 1 lagsV

w? > 1/(LC); < 0; 1 leadsV

«? = 1/(LC); @ = 0; resonance

Force between wires: Like currents attrac€hapter 32: Magnetism; M axwell’sEqua-

unlike currents repel:

F= [.10|1|2/(2T[d) Lo

Ampére’s Law: ¢ B-d¢ = polenc

Ideal SolenoidB = NI /L

N turns; current; lengthL.

Chapter 30: Induction and Inductance
Magnetic Flux:®dg = [B-dS

Faraday’s Law:

(closed loop)-(open surface)

E = —ddg/dt = —d/dt([B-dS
Self-InductanceN turns, current):

N®g = LI; (1 Henry =1 T n?/A)

Long Solenoid (lengthd, areaA, N turns):
L = wN2A/¢

LR Circuit + battery:£ = Ldl /dt+ Rl
I(t) = E/R-(1—e RVL)

No Battery:Ldl /dt+ Rl =0

I(t) = |o€7Rt/L

Magnetic energy in inductorUg = 1/2-
LI2,

Magnetic energy densitys = B?/(2up)
Mutual Inductance of two circuitdvi

Fr = —Mdll/dt; 1= —Mdlz/dt
Chapter 31: Electromagnetic Oscillations
LC Circuit: Ldl/dt+Q/C =0;

| =dQ/dt.

Q(t) = Qocog &t + ).

«? =1/(LC)

tions

Gauss’s Law for Magnetism:

Pz = §B-dS=0.

Magnetic Dipole:M in field B:
U=-M-B;T=MxB.

Orbital Magnetic MomenM;

angular momenturh

ML = g/(2m)L . .
Spin magnetic momenMs = q/(2m)S
Diamagnetism Binguceq OpPOSiteBex:.
Unpaired atomic spins are possible.
ParamagnetisnBinguced |Bex:.
Curie-Weiss LawM = CBgy/T
Ferromagnetism:

(Permanent magnetic moment in absence of

field).

Displacement Curreny
(extension of Ampére’s Law)
$B-dl = po(l +1q)

lg = £od®g /dt = god/dt([E -dS
Maxwell's Equations

Gaussizg § E - dS= Qenc
Magnetic Gauss§ B-dS=0
Faraday:§ E - d? = —d/dt([B-d9
Ampére + Maxwell:

$B-dl = pollenc+ god/dt(f E -dS
Chapter 33: Electromagnetic Waves
E = iEgsin(kz— wt)



B = jBosin(kz— at)

c= Eo/Bo = (A)/k

c=1//(Ho€o) = 3 x 10° m/sec.
Poynting Vector: (Watts/R)

energy flux per unit area per unit time.
S=ExB/Ww

Radiation pressure = F /A=|3 /c.
Polarization defined as direction Bf
Polarizer: light initially unpolarized.

It =1/2lg

Malus Law:| = locos8

E makes angl® with polarizer.
Reflection:6; = 6;

angle of incidence = angle of reflection.
Refraction:

Snell's Law medium 1 - medium 2.

n; sinB; = n,sinB,

n: index of refraction.

8 angle with surface normal.

Total internal feflectionn, < ny:

Ny sinB; > ny.

Polarization by reflection:

Brewster’s angle: reflected ray polarized.
(E perpendicular to plane of reflection.)
01 +6, =90°.



