Physics 106b-2011 Final Exam Coverage

Notes
The exam will be a three hour take home. It will be available for pick-up from the secretaries’ office on
Monday; you will need to turn in a course evaluation form to the secretaries to receive your exam.

Coverage:

The exam is cumulative, and will include questions on material from the first part of the semester. (For
example, there might be a question about Gauss’s Law.) However, there will be extra emphasis on material
covered since the last exam:

Last part of of class 23 (3-29-11) through end of course

Assignments 9-11

Wolfson & Pasachoff:

34-4 through 34-8

chapter 37 (omitting 37-4 and “Intensity in the Interference Pattern” on pp. 976-8)

Relativity Handouts (“Relativity Fundamentals Explained Well” and “Famous Paradoxes™)

W&P 1024-1033

Critical concepts for material covered since exam 2
Electromagnetic Waves
What a plane wave is
Derivation (for planes waves) of the speed ¢ and E = ¢B from Ampeére’s law and Faraday’s law
Understanding of the geometrical relationship between the direction of E, the direction of B, and the
direction of propagation
Relationships between A4, Kk, @, f, T, and c.
Qualitative understanding of how em waves can be produced
How em waves are detected (via the E component, the B component, or the intensity)

Fact that Intensity oc E?, meaning of Intensity (i.e. Power/Area)

P
For a small source, S = ——

4ar?

Definition of Poynting vector, using it to find direction, intensity, and radiation pressure
Polarization

Meaning of the term

Be able to compute fraction of light passed through a series of polarizers

Be able to explain why inserting a polarizer between two crossed polarizers can increase the amount of

light transmitted

Be able to discuss this both in wave picture and particle picture
Interference & Diffraction

Huygen’s principle

Condition for constructive interference (path lengths differ by mA

How to use this condition (e.g. to find peak positions for two-slit interference or diffraction grating)

Diffraction: &jrst min zi
a

Rayleigh Criterion
How to find angular resolution of an instrument, given its aperture size
Meaning of diffraction order for a grating
Relativity
Why c has to be the same in all frames (You should have a deep understanding of the theoretical reason
for this from Maxwell’s equations, and a superficial understanding of the experimental reason, i.e.
the Michelson-Morley experiment.)




Derivation of time dilation from light clocks
Derivation of length contraction from time dilation
Derivation of synchronization from time dilation

How synchronization differences resolve the time dilation paradox
The Lorentz Transformation: how to use it

The Lorentz Velocity Transformation: how to use it
Relativistic mass, momentum, and energy
Rest energy

You are expected to be able to integrate and differentiate the following functions:

. : . . 1
x" (where n may be positive or negative, and may or may not be an integer), sinax, cosax, —, e®
X



Equations to internalize
(Not the format that they will be given in on the exam; for that, see the following pages.)
Ch. 23:

k o

_ K2 -
r
Relation between the electric force and the electric field: F = Eq

Electric field of a point charge: E = k—gf (This is really a variant form of Coulomb’s law.)

r
Principle of superposition: E=E; + E; + ...

Coulomb’s law: The force between two point charges: F

Electric field of a continuous charge distribution: E = j@f (Again, this is really a variant form of
r

Coulomb’s law.)

Ch. 24:
Definition of electric flux: gg = [E-ndA (for flat surface, uniform field, gg =E-A A)
Onet
Gauss’s law: §E-ndA= _enclosed
€o

Ch. 25:
U of a point charge
charge of that point charge

B _
Relation of voltage to electric field: AVpg =—[E-d/
A

Definition of voltage: V =

Voltage due to a point charge: V = kTq

Superposition of voltages: Vior=Vi+ Vo + ...

Voltage of a continuous charge distribution: V = jkﬂ
r
: g _ - = ~0 ~0 50
Relation of electric field to voltage: E=—-VV ,where V=X—+y—+72—
OX oy oz
(Note: variants of this would include, for example, E, = —%—\2.)
_— . 1 1 1 C,C,
Definition of capacitance: Q =CV =+ — s =—-— C =C +C
p Q Cories  C1 Cy series C,+C, parallel 1+L2
. . . €OE2
Energy density of the electric field: ug = U= _qu dv
all space
E A
Dielectric constant: & = — Pt C parallel = F0% y=1Lcv?
2
Etot plate d
RR
Ohm’s Law: V =1IR #=i+i<:> Rparallel = L2 Rseries = R1 + R

Rparallel Ri 12 Ri+R



Definition of resistivity: R = p_AI\_ Resistivity in the Drude model: p =

3 Drift velocity: | = ngAvy
ne“r

Electrical power: P=VlI P=1 R P=V?/R Output voltage of a real battery: Vo =¢—1Ir
RC charging: V¢ = g(l—e_t/ RC) RC discharging: V¢ :Voe_t/RC

Hall voltage: Vy = I—Bt Gauss’s Law for magnetic fields: §B-ndA=0
nq

Lorentz force: F=qvxB
Force on a current-carrying wire: dF = 1d/xB  If wire is straight and B uniform: F =1 /xB

Biot-Savart Law: dB = #0.19¢xT
A ¢

threading dt

: : : d -
Motional emf and/or induction: &jqop = —%, where ¢g = [B-ndA

N

Faraday’s law: $E-d/ = —ijB-ﬁdA Transformers: &g =¢,— Vs =1,V
dt Np
Radiation: E=cB c= L S= ExB S =PRag ¢ Compact source: S :L2
\//JO €0 Ho Anr
Interference: mA =dsinfy,y slit diffraction: 6, = A hole diffraction: Gy = 1.22i
a a
- distance 1 L LV
Relativity: V = = Atgther = 7 At Lother = — At =
y time e V2 other = 7 Alproper other y synch C2
==
c
Lorentz transformation: x =y (x4+Vt') t= y(t'+x'v /c2) X=y(x-Vt) t'= y(t —xV /cz)
U'X+V uly

Lorentz velocity transformation: uy =— u, =
1+u'xv/c2 g y(l+u'xv/c2)

Relativistic mass, momentum, & energy: m. =ymg  p=mU  Eqq = m0c2 Etot = mrc2

On the exam, you will be provided with the following numerical values:
k=8.99g Nm%C?* &, =8.85.1, CJ/Nm? = 1/(4rk) Charge of electron = -e, where e = 1.60.1 C

¢ =3.00g m/s Ho = 417 N/A? Mass of electron = me = 9.11.3; kg
Mass of proton = m, = 1.67_57 kg



Equations that will be provided on the exam
IMPORTANT: you are expected to know the conditions under which each of these can be

applied!!!

F kq - kdq . o o
E=— Epoint = _? r E= J. 2 r Edueto =5 Etotal, =

q charge I r sheet 2¢, 0 atmetal &

charge surface

-~ q net, enclosed 1 _ ~ _

JE-AdA= 2 ko g =[E-NdA 4. =EAcoso
&g 4re,

U . B
V=P Ay =—[E-dt E=-wV V= 19039 4k% Av,=-E

Upoint A ox 2
- 4V

dx
kq k dq
Vpoint = V= I
charge r
V=vp+at s=AX=X-Xg=Vpt +%at2 v2 = vo2 +2as (and similar equations for y and z.)
2
v dp
VAC =VaAB TVBC ac S I:net:a Fret =ma
mv2

;
2 Finish
Fo=—— W= [F.ds W=F-s=Fscos® A-B=ABcosd

Start

W +Qpe =AK +AU +AU,, W, =+A? U, =mgy Ug, =3ikx* K=1imy’
Finish
B . A N du dE
AU =- [F-ds Fovu  v=i24j% k% po_U p_CE
Start ox "oy oz dx dt
P=F-v
2p3
F= —lezlm? U=- GMm T? = 4z°R “Equal areas in equal times”
r r GM
m;r, d?R dP
R= ZM I:netext = Mtot dt—z P= Zpl I:netext :E Via = 2VCM —Via

tot

Impulse=F,, At = AP

a)sﬁ a=do/dt v, =or a =ar w=0y+at AO=0-0,=ot+;at°
dt

®° +20{A(9

AxB=ABsingn 1=>mr? =1, +Mh*> t=rxF

K= % éM + Krot KrOt =%|a)2 W =7rA0 VCM =l L=lo= rxp Thetext — dL/dt
k g 27 b @

W, =.— w=.= o=—=224 x= Acos(ot+ =— =—

0 m / T ( (p) 4 m Q y



)

A

IEP

P
=A kx + wt k —
y = Acos(kx £ ot) A pp

A o
V=—=— |
T kK

y = Acos(kx + wt)+ Acos(kx + wt) = 2Acos ot sinkx L= 2/1

S KAAT
PEE The equipartition theorem. P = E& P=ecAT*
A AX k
du
PV = Nk,T =nRT c=9Q _C C, =—2T CmEE Cv.sois = 3R
dT m dT n '
1 1 1 CiCy
Q:CV :—+—<:>Cseries = C arallel :C1+C2
Ceeries C1 C2 C1+Cy P
2
&k E plates KegA 2
Ug = 02 U= IUE dv K= |§ CparaIIeI :T U :%CV
all space Tot plate
1 1 1 RiR>
V =1IR —=—+—R llel = Reeri =R1+R2
Rpara||e| R]_ l’z paralie R]_+ R2 Series
rR=PL O l=ngAvg P=VI P=I?R P=VZ/R Vou=e-Ir
A ne‘r
Ve ze(l—e_t/RC) Ve =Voe /R vy :r:_c?t $B-NdA=0 F=qvxB
dF=1dixB F=17xB dg=*0'dxT

A r2
- d -
§B-dl = uglpet + Ho 5OEIE'ndA Bsolenoid = #onl
threading
d R - - N
dt dt N P
E=cB c= ! S:EXB S=PgyC sziz
\/,uo €0 Ho 4nr
. A A
a a
distance 1 L, L,V
V = = At =y At L =— At =
time e V2 other = 7 Alproper other y synch 2
==
C

x=y(xX+Vt) t= ;/(t'+x'V /cz) X=y(x-Vt) t'= 7(t —xV /cz)
_ U'X+V e = u'y
g 1+u'XV/c2 g y(;Hu'XV/cZ)

2 2
mp=yMyg P=mMU  Epegt =MoC Etot =mrC

u




