E & M - Basic Physical Concepts
Electric force and electric field
Electric force between 2 point charges:

|F| k |q1| |(12|
k=S8. 987551787 x 109 Nm? /(2
€0 = 7oy = 8.854187817 x 10712 €2 /N m?

ap = —qe = 1.60217733 (49) x 10719 C
mp = 1.672623 (10) x 10727 kg
me = 9.1093897 (54) x 10731 kg

Electric field: E = %

Point charge: |E|= k%, E=E| +Ey+--

Field patterns: point charge, dipole, || plates, rod,
spheres, cylinders,. ..

Charge distributions:

Linear charge density: A = %—g

Area charge density: o4 = %79
A
Surface charge density: o,,, . = _QA%Zi

Volume charge density: p = ﬁ—‘Q/
Electric flux and Gauss’ law
Flux: A® = EAA| = E-7aAA

Gauss law: Outgoing Flux from S, &, = 7Qweclosed

0
Steps: to obtain electric field

—Inspect E pattern and construct S
~Find &4 = fsurface E - dA = Q;—gd, solve for E
Spherical: ®5 = 4712 E

Cylindrical: &5 =2nrlE
Pill box: &3 = FE AA, 1 side;
Conductor: Em =0, ES”Mf =0, EL
Potential
Potential energy: AU =gAV 1eV = 1.6 x 10719

Positive charge moves from high V' to low V'

=2F AA, 2 sides

_ Usurf
surf 60

Point charge: V = @ V=V1+V=...
Energy of a charge-pair: U = k?;{lz
Potential difference: |AV|=|E As”|,
AV =-E-A3, Vg—Vy=—[{E-d3
__av _ _AV oV
E=="g Po="Rz|ip,.~ "0 ©°
Capacitances R=CV
Series: V:CQ CQ'1+g2+7+"’ Q=Q;
Parallel: @ = C’qu CiV+CV4---y V=V
Parallel plate-capacitor: C = % E%l = GOdA
.7 (€ _1Q -1 2
Energy: U= [(* Vdg=5%, u=35¢F
2
Dielectrics: C' = kCy, Ux = ﬁg—o, Uk = % € HE,%
Q Q

Spherical capacitor: V = Imegri

Potential energy: U =—p- F

Current and resistance
Current: [ = d_iQ =nqugA
Ohm’slaw: V=IR, E=pJ

/
E=Y, J=4 R=£f

Power: :IV:VTf:ﬂR
. . A
Thermal coefficient of p: a = pTALT
Motion of free electrons in an ideal conductor:
E
aT—’l}d—)q—T—n—J(]—)p:%
Direct current circuits V=IR
Series: V=IReqg=I1R1+1Ry+I1R3+---, I=1;
Ly=Vv _ Vv Vv Vv . . -
Parallel: I = R, — T ttE V=V
Steps: in application of Kirchhoff’s Rules

—Label currents: i1,19,13, ...
> fout
D(£E) + 2(FiR)=0

“4+” for loop-arrow entering — terminal

—-Node equations: ) i;, =
—Loop equations:
—Natural:

“—7 for loop arrow-parallel to current flow

RC circuit: if dy + T y=0, y=ygexp(— ﬁ,)
Chargmg.é'—Vc Ri=0, icflg+Rdi —i4Rdi_g
Discharge: 0=V, — Rz:q+Rdt, +Rdz—0
Magnetic field and magnetlc force
=47 %1077 Tm/A

Pt poa’i

Wire: B = 27rr Axis of loop: B = 3 CETIRE
Magnetic force: ﬁM =ilxB— qu % x B
Loop-magnet ID: 7= A X B I=1An

Circular motion: F = =qvB, T= % = 271‘;7"
Lorentz force: F = E +qT x B

Hall effect: VH——d, U=—-ji-B

Sources of B and magnetism of matter

Biot-Savart Law: AB = H%zAéxr B:%%
AB = fLZAysm(Q sm@:%, Ay:—raAe

Ampere’s law: M = § By -d3 = pg Lyycircled
Steps: to obtain magnetic field
—Inspect B pattern and construct loop L
-Find M and I,,,.;, and solve for B.

Displ. current: I; =, d(‘i}f —¢, d(gtA) _

dQa
dt
Magnetism in atom:
Orbital motion: p=iA= 5% L
L=muvr=nh, h_i_loﬁxm 34 75
=9.27x10724 J/T

Horbit =M HB, KB = Zm
Spin: S = %, Kspin = 1B
Magnetism in matter:
B =By+ By =(1+x) By =(1+x) o o> = km H

Ferromagnetic: y > 1

Paramagnetic: 0 <y <1, M = %B



Diamagnetic: —1 <K x <0
Faraday’s law
£=-N%s ¢p=[B dA,

dt
£=[E-ds Aﬁz%i

Lenz law: Induced B opposes change of g

d(]SB_d(BA_L) d
;AT —thL+B

. . dA dA _
Moving rods: 5= = (v, W—%(QR-R())

L =
(A coswt)

. d o
Rotating loop: dt = %
Cutting B lines — change ¢g = E;nq = Eind

Maxwell equations:

$E-di=2,  §B.dd=o0,
fﬁ-dé’z—%, $§B- ds—p0[1+60d¢E]
Inductance

Mutual: & = —Moy; %, Moy = My = N_2“¢2_1

Self: ¢ =-L4, L=N¢ v —pdi

Long solenoid: L = NTBA, B =pynit

Energies: Uy, = %Li2, up = 2/11—032
UC:%qQ, Ug :%EOEZ

LC: Vp+Vp=0= L% =-4& g=qgcos(wt+0)

1
w=A\To Uc +UL = Ucmax = ULmax = Vo
Decay Equations: dd_t =
LR: €=V + Ry,

Vp=¢ exp( Rt), i=4 }—Lz [1—exp (_TRt)]
LRC:

R 2
Q~ Qoe_ﬁtcoswdt, wg = ﬁv — (%)
Underdamped, critically damped & overdamped
A C Circuits
Mean value: f(t) fO

—ay, y=yqexp(—at)
dVi , RVi _q

N[ =

&F

[sinw t]rms = [sin? wt] [ (1 —cos2wt)]’

Electromagnetic waves
Properties of em waves:
E = Epcos(k z —wt) B = %
_dz _ _ c
=g =E =M= T’ n=3
speed of light: ¢ = m =3x10% m/s

B 1L E, propagating along: ExB

u=ug+tup, ug :f”i
Poynting vector: S = E;OB, S=1= ETMﬁOBTms
Intensity: =% I= EA—AU_z % =uc
Energy conservation: fS dA = d(t] + Pp
Complete absorption: Momentum p = %
Pressure: P:F:%%{:%%{:u:%
Complete reflection: P = 20U p= %

+n

Reflection and Refraction
ng_ vy _ X

ny — v T M\
Snell’s law: nq{sinf; = nysinfy

General case: P = [(1 -n) % g] cosf

Index of refraction:

Critical angle: n9 > nq,
Total reflection: 6 > 6.

Mirrors and lenses

1,1_1
pTa=T7

ng sin B¢ = nq sin 90°

Ray tracing rules:

Mirror: At symm pt S, reflected symmetrically through
center of sphere, undeflected. Parallel to axis, converges
toward F' (or diverges away from F), f = % .
Lens: Through center of lens, undeflected. Parallel to
axis, converges toward F' (or diverges away from F')

Image: ¢ > 0 (real), ¢ < 0 (virtual)

Focal point F: atp=oc0, g=f

f==|fl, “+” convergent “~” divergent
Magnification: M = h —%
Refraction at spherical surface: % + % = %

R is coordinate of center with origin at S, with

S the symmetry point of surface on the axis

Lens maker: % = (Z—f — 1) (RLI _ RLQ)

Two media: M =5 — _2m
: ~ h T pne
Huygen’s principles:
Points in wave front are sources of next wavelets
Forward tangent surface is next wave front
Interference
Maxima ¢ = 0,27,47,--+; Minima ¢ = 7,37, 57, -
DOuble SlitS: Iaverage = IO COS2 (%), ¢ = k A .
. A _y
sm(‘)—g, tan(‘)—fi | n .
Phasor diagram: A= A; + A9 + A3+ ---
Ar = A1z + Aoz + A3+, Ay = A1y+A2y+

a _ b _ ¢
sin « sin 7y

T sinf8
First minimum for N slits: ¢ =
Thin film: ¢ = kA+|py
Dreflected = T (denser medium);

Diffraction

2
] , B=kA, A=asinf

for small #, 6 ~ sinf ~ tan 6

reflected _¢27‘eflected|’ A= 2t
=0 (lighter medium)

sin £

Single slit: I = I [ 72
2

Resolution criterion: 0..;terion = 1.22 %

Grating: Principle maxima A = m A
Polarization

Brewster (n1 < ng): nysing, =ngsin(§ —6,,)

Polarizer: Ej.,pemit = Egcost, I =1 cos?

Unpolarized light: %rg = 21%

Transmitted Intensity: AI’ =

I'= I—?TfOZﬂ-cosQBdﬁz%

AT cos? 6



