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PHYSICS 208 REVIEW SHEET

15t Exam: 13-Feb-98

1. Electrostatics. Coulomb’s Law for point charges. How one would go about
call:ula.tiﬁg forces due to finite charge distributions, like a ring charge or line
charge. Forcés due to spherical shell charge 11'1511:1& and outside the shell,
Charging by friction, by induction. Difference in behavior of charges on

insulators and conductors.

2. Electric Fields. & = F}’_g force per unit charge. Dipole. Field along a

dipole axis. Torque on a d.ipnie T = X E. Potential energy of a dipole
PE = —p E. Force on a l:hpule which has E and p along the z - axis
Fo=p, 3Ef dz.

" 3. Gauss’ Law. Apply Gauss’ Law %o get the electric field fur cases of (1)
plane symmetry: infinite non conducting plane and two infinite parallel
conducting planes, (2) cylindrical symmetry: infinite line charge, non con-
ducting cylnder inside and outside, concentric cylinders and shells .{EDII: .
'duct.i:ug and nonconducting) at all radii, (3) spherical symmefry: inside

| and outside spherical charge distributions, spherical shells {conducting and -
nonconducting). Field very close to a conductor E = #/e,. Static B = 0in-
side a conductor., Large fields near conducting surface with large curvature.

Plasma force hei_:wecjn oppositely charged surfaces and plasma oscillation.

4. Electric Potentials ¥V = W/q work or potential energy per unit -charge.
Units=Volts. ¥V =— [ : E.dsis in-::fependent -:Jf.path. Equipotential sur-

faces must be perpendicular to E. B, = -—_cn'r /ds can be used to get com-
ponents of E along some direction &, Example: Eg and E. components of
a dipole field.” Potentiale from different charges simply add. Potential of
a dipole. Potential Energy of an assembly of charges (dlEtln,gUlEhﬁd from

pﬂtentml due to an assemblj,r of charges).




5 Uagﬁ,mta.nc C @/V is a geometrical property of a conductor. Caleu-.

late C for various gec}metnes sphere, paraliel plates, concentric cyhnders.
concentric spheres. Effective capacitance for capacitors connected in par-
allel and series. Calculate V across capacitors connected in series and Q

stored on capacitors connected in parallel. Energy stored in a capacitor

: PE = (1/2)CV? = Q%*/aC. Energy per unit volume stored in a fif:]ﬂ :

y = (1/2)e. F2 Electrnsta,tm presgure p=u. Marx generator,

Dielectpics. Inco:pc:a,tm:_ﬂ of dlelectrms into clectrustat:c equations. € = xe,
How dipole effects reduce electric field. Revised Coulomb Law and Gauss’
Law using € in placé of ¢;. Caleulation of capacitance for cases with different
dielectrics (different #'s and different geometries). Force on the dielectric.

Insert dielect;:iés into capacitors with V constant or with Q constant and |

describe the changes.




PHYSICS 208 REVIEW SHEET

2nd Exam: 20-March-98
Review Wednesday 7-9pm 2327 St_ﬂ.rling (P. Kr&ste\?]‘
Review Wednesday 6-7:30pm 3331 Sterling [D Zeppenfeld)
Last minnte quéstignB.Frida}r T—tB—(?]pm 4279 Chamberlin (A. Erwin)

. Currents and Resistance. Direction of current given by the flow of positive .
charge. Ohm’s Law V =iR R = pf/A where p is the resistivity of a
conducting material. Mi.cruscopic Ohm's Law J = ¢E. Conductivity is
¢ = 1/p. Drift velocity vg. J = nedy. Power: P = iV = V¥/R = iR,
Temperatu;'é dependence of resistivity: (dp/p.)/dT = a, wheredp=p—p, .
and dT = T — T | |

. Circnits. Write equation for work on a unit charge taken around 3 loop.
| Assignment of current direction and potentinl difference signs to electri-
cal components. Reduce combinations ﬁf resistors in series or parallel
* into a single effective resistor. Parédlel: ].fR.E_ff = 1/Ri + 1/Ry. Series:
R.¢; = R1 + Ry. Be able to write down all necessary Kirchhoff equa-
tions for multiladp cirenite with more than one voltage source. Voltmeters,
QOhmmeters, potentiometers, Wheatstone bridge. Voltage divider theorem,

Current divider theorem.

‘3. Time constants. R-C time constant r = RC. Charging and discharging

equations for q and i. L-R time constant. » = L/H. Exponential rise and

fall equations for current.

. Mé.gnetic Field. Lorentz force equation # = ¢FXH. Particle motion in
crossed E and B fields. Hall effect voltage and how it distinguishes éigri of

charge carriers and how it can be used to measnre magnetic fields. Spiral

motion of a charged particle in a uniform magnetic field. Derive the cy-
clotron frequency and radius. Force on a wire F = idfX B. Magnetic dipole
moment of a loop £ =T A [Difection of £ given by a Right Hand Rule)




Torque on a dipele ¥ = X B. Potential energy of a dipole V.= —4 - B -
Force on a dipole in a field and a-gradient along z F, = p,8H, [8z.

. Calculating Fields. Biot-Savart Law for force
ﬂ’..ﬁgl = [#qfdﬂ)igdng[i]ﬂl.Xﬁz)f?‘g

By = (jro/4m)(41dF X 1)/r? where #ig is & unit vector going from day
“to dsp and dFy; is the force on dsg ciue to ds1. (Direction of dB agrees
‘with the Right Hand Rule.} Field at center of & circular arc of current
(including a cc:mpléte circle). Ampere's Law § B.di= o _ﬁpp]i.c&ﬁons:
Field of a solenoid. Field due to cu_rréni sheet, Fileld in a toroid.. Field
around and infinite straight wire. Coaxial conductors. Field along axis of
4 dipole drops off as 1/ R? [qu examﬁ]ﬂ when B, = (1, /47 )2/ R® where
R= m and r js the radius of a dipole loop). '

. Faraday’s Law. V =& = —Ndd Jdt where ® = H B dA. Use Lenz's Law

to determine direction ‘of current for induction problems. Vﬂ]‘ﬁ_ﬂ-éﬁ across |

conductors moving in 'a magnetic field: A.C. generator with a rectangular:
loop. Homopolar generator, Eddy currents. $ E.ds= —d®/di for electric
field induced by changing magnetic field. Betatron principle.

. Inductance, V = —Ltiz';fdt. Use I = N'E'J.-"'a to calculate self inductance
for a given geometry like a solenoid: I = pon?Af (L depends on” NZ).
7 = (1/2)Lé®. w = B%/2u,. Pressure on solenoid turns p = B2 f2u,.
| mutual inductance: .Vz =.~M31d1'.1fdt and My, = Ng@glrfﬁ define Mutual
inductance, [Mm. x N3N1). Effective inductance for inductors in series
and‘in parallel. .

. Magnetic Fields in Matter. §(B/p)-d5 =i. p = xppto. Ferromagnetistn

. (strong, &m ~1000).- Paramagnetism (weak, £ > 1). Diamagnetism (very
weak, s, < 1). For charge associated with a mass gt = el,pp/2m. Use

Ampere’s Law to find B in a material with &y inside a solenoid B = uni., .




ard PHYSICS 208 REVIEW SHEET (4/17/98)

Reviews Wed. Kefpm., 1313 Str., Allen; 7-9pm, 2327 Str., Krastev
Last minute questions Thursday 7-8(7)pm 4279 Ghamh‘er]in (A. Erwin)

1. M}I&Mﬂ&ﬂﬂlﬁhﬁﬂ& Dlﬂ'erentml equation for SBimple Harmomc Os-
c:]la.tor 4 (kfm)e=0. 2= A.sm{wt + ¢). w = 1/k/m (from Eubstltut-
.mg ¢ = €**). Differential equation for L-C cucu.lt f+ay LI = .
(substltute I = ¢ I = Asin{wt + rﬁ J];’T L-R-C dif-
ferential equation I + (R/E) + (1/LCY = 0. (substitute I = e°%).
I= Ae‘ff(ﬂfﬂ]sin{w’f + ) 'is a damped oscillation. ' = J/w? — (R/2E)2,

w ~ w' for small R Give a qualitative dﬁﬁﬂnptmn of amplitude vs. fre-

quency for forced oecillations.

2. A.C. Clircuits. In cha.rging_ R-C, voltage lags current. In tufning on L-

'R, voltage leads current. A.C, Ohm’s Law: Vipee — [mar R — e Yo

Vs = Imes(1/u0) = I X ¢, Ve? = M3y L = I™et Xy [Also drue if

. I™% jg replaced everywhere by I"™™? =IU.T'[|TI°’""‘=.]. For instantaneous volt-

age at any time V3 = I{wk)sin{wt+90°), Vo = I(1/wC)sin{wi—80%), Vg =

I Raiﬁ(wt]. Be able to draw these relations in a phasor diagram. Know how

to calculate voltages, énrrents, and phase angles for R, L, and C hooked

' in series. V'moe = I"2Z 7 = /R? 4 (wk — 1jw()?, Z=impedance of

various reactance combinations. Phase of voltage ACTOSS Z relative to cur-

rent through 2 is ¢ = frﬂ-ﬂ_l’[{XL — Xo)/R). P = fmsR E,m,,l',m,comﬁ _
Transformers ¥ = (N3 /N1)Vi and BT = (N /N3 Rs.

3, Maxwell's E’qua,tmns. Displacement current iy = £,5% E;"ﬂt. ¢, becomes ¢

in matter. Source of E can be q or changing B. Source of B can be i or
changing E. Write and use the 4 integral versions of Maxwell’s equations.

Skin effect af high frequencies from Maxwell’s eqnations.

4. Electromagnetic Waves. By = Ensin(kz — wi) and B, = Bsin{ka — wi)

constitute a wave moving toward +x. E, and B, so described are in phasse




and will satiefy Maxwell's equations. From Maxwell’s equations we can
show these wave forms will give By, = Byc and e = 1/ /e, Instantaneous

energy per nuit volume in & wave is # = EQE;.-'E = (1/2)e. EZ,. Average

energy/sec/area is § = ce B, = ei' = I. Vector direction of  general .

wave can be expressed with = [E.,.m,}f E,.m,)fpg. Average momentum
per unit volume of a wave ig § = &/e¢, Radiation pressure if momentum
is absorbed is p = & = eBL,, (= 2 if completely reflected). Linear

polarization [y = E§-= (Emecos 8)? = Iyeos®ty

.-Reflectjon and Eefra.ctinﬁ. Refleciion #; = #3. Refraction (Snell's Law)
nisin |y = nasin ﬂé. n = ¢/v for a transparent m&teria-l..' U_MﬂMﬁc dis-
persiorl. Total internal reflection sin §, = na/ni. Brewster's ploa.ri_zaﬁun :
angle #g + 6 = 90°. Construct virtual images for plane mirrors. Spher-
ical mirrors. 1/p + 1/¢ = 1/f where f = 4v/2 for concave mirrors and
¥ = —1-'!2 for cunvex_mirrurs; Ray trace 4 different rays from an abject
(parallel, through f, through 1, to center axis). Real and virtual images,
Lateral magnification m = ¢/p. Upright and inverted images. ..

. Lenses, Lens makers equation 1/f = (m—1){(1fr = 1/r). 1/p+1fi=1/F..
Negative and positive focal lengths. Use image of one lens as object of
ancther. Ray trace 3 rays {through center, parallel to axs, through f]

Magnifier, telescope, micruécope, slide projector. Fresnel lens.

. Light Interference. Young's double slit. Locate angles for minimum and

maximum intensity. Phasor description of amplitudes. Reflection from thin
films. Rules for pha.ﬁe reversal on reflection at normal incidence, Calculate
anples for minimum intensity for diffraction from a single sht. Ra,}fléigh cri-
terion for resolving i.ma.ges of 2 ob jécts. Circular aperture sin =1.22)fa
Multiple slits: missing orders, modulation of pattern by shit width, a, and
total aperture, Nd. Use of a lens to pui sereen effectively at infinity, X-ray
scattering from crystal planes. 2dsin# = mA (# definition here is different

for x-rays)




PHYSICS 208 4TH REVIEW SHEET

Final Exam: 13-May-1998, 2:45pm, 2650 Humanities

) W Know how to transfnrﬁ the.ﬂ}ur c-:::-mpnnen’ss of
- a 4-vector from one s}rstem tn another system moving relatwe to it with
& _Veloclt_',' wr. Know some examples of 4-vectors:. B = (F, tct], dR =
[dﬁ,icdﬂ, V = (pUyp, icvp), Pe = [:ﬁ'c,iE).. Momentum of a particle p.=.
“amet. Two special cases of Newton’s 2nd La;W' Fy =4ymea) and F” =
" '}’;'mqar”. = ppract. Velocity of a particle with momentum p and total
energy E, 8 = pe/E (from f§, = fr and p' = 0 in particle rest system ).
E? = (pe)® + (moe?)?. Lorentz dialation of time intervals and Lorents .
centraction of distance intervals along the éir-._actiﬁn of motion. Addition of
- velocities 8z = (f + ﬂT] / (1 + 8e Fr ) I]erive the transverse Doppler =shift
f=arf and the longitudinal Duppler shift f = y7(1 + fr)f from the
Lorentz transformations for E = k f of a photen. Be able to compute the
“length” of & 4vector, Know what it mneans operationally to express mass

in units of Me¥/e? and momentum in units of MeV/e.

. Qua:tﬁum Nature of Light. Black Body Radiation:” Wien Displacement
Amaz = /T, _StephEn-'Bnltzman Law Power = K T based on F = kf for
hght Photoelectric effect K E = Af — $. Momentum of & massless photon
p= h:f je from relativity. Compton effect and wavelength shift in. photon-

electron collisions by treating light as a relativistic particle. Derive the
emergy formula for the Bohr atom by a;ss'uming angnlar momentum quan-
tization mer = nh (.?i. = h/2r). Quantized orbit radius for the electron.
For light emitted by atoms 7 = E, — Eq. Estimate x-ray wavelengths for
ejected K electrons.

. Particles as Waves. Momentum of light p = hf)u. DeBroglie wavelength
of a particle A = Ak/fp (or p = hk). Condition for maximum reflection

of electrons from a crystal (Dﬁvissnn—(}ermer experiment). k = nw/d for




réflection at normal incidence. Heisenberg Uncertainty Principle for waves
and particles AEAL 2 h. Ap; Az 2 b ApyAy & b, Ap,Az 2 h. The idea
* of Schroedinger’s wave equation for a parti;l;e-i:n, a potential well V{x). Wave
| amplitude solution #(z) is finite near x-position of the particle and zero
elsewhere. Pmﬁabﬂitjr of finding a. pa.rticie at x goes as |[¢(x)}?. Pa.rﬁclg
| in an inﬁn_{tel}r dﬁé'p_s.quaﬁ wéll of width L has ¢(z) = Asin(kz). k=
an/L so  will vanish at the walls. So B, = p?/2m = h’k%/2m. B, =
n?mih? f2m I3, o ' o
‘4. Results of Schroedinger’s Equation for Coulomb Potential. _
B, = —(13.6 eV)5%/n? for a si.ugle. electron around a charge +Ze. For
orbital angular momentum: DR+ 1R [ =0,1,2, ¢ £ (n—1),80 .

unlike Bohr atom B.nglliar momentum can be zero.| and L, = mgh [—£ <

my < £|. Describe the classical picture of I precessing about the z-axis.
Spin ;mgulai momentum of the eleqtr;:}n. 5% = s(s + 1)A* and 5, = mgh
[szi ,." 2 and m, = £1/2]. Pauli Exclusion Princi]:.rle for particles with half
integer spin that are “very close” to éach other in position. Magnetic energy
of electron in a B field. B — —-5 = —u, B,. Orbital u; — meup. Spin
pz = 2mgjtp, Therefore spin and orbital p; have the same step sizes.

. Electrical andnﬂiﬂn«. Explain why energy.levels in a crystal are so close
thﬁt: they form ba.nds._ The condition on momentum (p = ﬁk] that, produces
forbidden energy gaps in the bands. Why an electric field cannot produce a
net electron drift for electrens in a full ba,nd Draw valence and conduction
band pictures and use them to ﬂxpls;,in the difference between conductors,
‘semiconductors, and.inslﬂa.turs.. Expla,in why a semiconductor’s resistance
decreases with increasing T and a conductor’s resistance increases with
increasing T. What is the meaning of the Fermi level of electron energy in .
a crystal. | .

. Nuclear Physics. Neutron excess over protons. Nuclear size B = Ro A3,

Niiclear Bohr magneton definition. Anomalous moments of the proton and

2




neutron. Spin of & nucleus with even and odd A. Nuclear decays «, £,
and +y. Nucleai rezctions and balance of Z and A in the reaction equations.
Appearance of spin 1/2, zero mass, neutrino in S-decay. Binding energy per
nuclecn curve, Distingﬁi_sh nuclear fission and fusion with this curve. Two

stellar energy sources: Recognize and describe proton and carbon cycles,

..High Energy Particle Physics. Quark and lepton organization. Weak, elec- .

tric, and strong forces. Composition of elementary particles. Feyman di-
agrams to describe interactions. Lepton number and baryon number con-
servation. Exchange of the Bosons: W, Z, photon, and gluen. Spins and
magnetic moments of particles. Size of quarks and leptons. Electroweak
theory. Quantum Chiomndynauﬁcs (QCD) and Quantum Electrodynamics

(QED).




