E & M - Basic Physical Concepts
Electric force and electric field
Electric force between 2 point charges:
IFI — L I(II|IQ2I
k = 8987551787 x 109 N2/C2
€ = Tf = 8.854187817 x 10712 C2/Nn?
dp = —qe = 1.60217733 (49) x 1019 C
mp = 1.672623 (10) x 10727 kg
me = 9.1093897 (54) x 10731 kg
Electric field: £ =L

Point charge: |E|=k I%—', E=FE +Ey+
Field patterns: point charge, dipole, || plates, rod,
spheres, cylinders,. . .
Charge distributions:
Linear charge density: \ = %9;-
Area charge density: o4 = %%

Surface cliarge density: o, ;=

AQS'ILT
Voluine charge density: p =
Electric flux and Gauss’ law

Flux: A®=EAA| =E 7AA
Gauss law: Outgoing Flux from S, &g = Q‘W

Steps: to obtain electric field
~Inspect E pattern and construct S
~Find &, = fsm_fam E-dA= Q—;(’]‘—’, solve for £

Spherical: ¥5=dn1? E

Cyh'udrica‘l: S =277l E

Pill box: =EAA, 1side; = QEAA, 2 sides
e nl ” J_ —_ 0’3“7‘

C’onducto‘I Em =0, B, = o _%*f

B Potential
Potential energy: AU =¢AV 1e¢Va1.6x 10719 ]
Positive charge moves from lLigh V to low V

Point charge: V=52 vy 115=
Energy of a charge-pair: U = M‘—L
Potential difference: |AV|=

|EA5“|

AV = -E- A3, VB VA =-JBE.az
1 dV R — aV £3 .
E=—-G Fr=-%7 ‘ﬁx = o ot
Capac1tances Q =CV
Series: V—(v’—q g gL+ Q=Qi
Parallel: Q= CeqV =4V + 02 V V=V

Parallel plate-capacitor: C = 9 G A

&Ié

Ed=
Energy: U_fo Vd’!-j% u—%eoE2

Dielectrics: €' = xCp, Uy = 2——% Uy = ? o K E2
Spherical capacitor: V = B 47r? .
0 0

Potential energy: U = —5. E

Current and resistance
Current: [ = %Q =nqugA
Ohm’s law: V=IR, E= pJ
b_%,J—Z2R %
Power: P=1V = LR_ 2R

Thermal coefficient of p: o = H)AELT

Motion of free electrons in an ideal conductor:

E
(lT::vd—)-q—T_"]q pzTn;nT

Direct current circuits V=IR

V= IReq—IR1+IR2+[R3+--', I=1
F— + R_ + -E' +-, V=Y
in apphcatlon of Kirchhoff’s Rules
21,12,13, A
~Node equations: 3 i, =Y. iout
(FE) + Y (FiR)=0"

“+" for loop-arrow entering — terminal

Series:
Parallel: T = P_
Steps:
-Label currents:

~Loop equations:
~Natural:
“—" for loop-arrow-parallel to current flow
RC circuit: if %% + -% y = 0 y="4 exp(»mtv)
Charging: £ -V, — R z—-O,C i +R —l—i-R(“:O
Discharge: 0=V, — Ri = %_"RE— 'L +RE_
Magnetic field and magnetlc force
ty =47 x 10~7 Tm/A

Wire: B = f)—

Magnetic force: }'M =ilx B — g x B

Loop-magnet ID: 7= A4 x B, H=1Af
=quB, T= —lf— e

Lorentz force: F = qE +qvx B

Hall effect: Vy =4, U =—7. 7

Sources of B and magnetism of matter

Biot-Savart Law: AB = f’—Z—A%ﬂ B= YT_?F g%x_
o
AB = ﬁﬂ-’— —AusmG sinf =92, Ay= %
Ampere’s law: M = § B -d5 = i, Lopcircled
Steps: to obtain magnetic field

[N i

Axis of loop: B = W

7T7‘

Circular motion: F =T

~Inspect B pattern and construct loop L
-Find M and [, and solve for B.

Displ. current: Ij;=¢, %}i =¢, dj(Eﬁ d?%—“‘
Magnetism in atom:
Orbital motion: p=iA = m 5o L

L=muvr=nh, TL h =1.06 x 10734 Jg
Horbit =T 1By HB = 2— =027 x 10724 J/T
Spin: S = %, Hspin = 1B
Magnetism in matter:
B=By+ By =(1+x) By =(1+x)p ,%l =rmH
Ferromagnetic: y > 1  Diamagnetic: -1 < y <0
Paramagnetic: 0 < x <1, M= %B



Faraday’s law

E=-N%n  4p-B.dd,
E=[E-d3, E=1Iu

Lenz law: Induced B opposes change of &g

dép _ d(BA) _dB dA
d_t_JT—TA +B—”‘

dA _ 4., d
Rotating loop: d—(’?—J— e E’ (A coqwt)
Cutting B lines — change ¢g — E;

Moving rods:

ind — “ind

Maxwell equations:

'fﬁ'(iA‘:é:-, f}?-d/f:O
$E-d5=-298 §B . di=p, [l +¢, 408
Inductance

Mutual: & = —]\[21 d:‘ , Mgy = Mg = sz;/)m

Self: £=-14f, 1=N¢ vy, - pdi

Long solenoid: L—w, B=p,ni

Energies: Uy, = ng, uBzzﬁlTBz
0

U = g Py up = b B2

LC: VL-I-VC:O:L%%:—% g =qpcos(wt+4d),

1
wENTo Uc+Up =Ucmax = UL max = Up
Decay Equations: %’(l%‘/: —(LRy{/ y =y exp(—at)
LR: €=V + Ri, S+ =0,
Vi, =& exp <_E[;£)’ 1= 7‘% [] — exp (:f‘—t)]
LRC:
~£ ¢ 1 R)?
Q= Qpe 2L coswyt, wy= I~ (573)
Underdamped, critically damped & overdamped
A C Circuits
Impedance: [Oim=Q] Z= \/R2 + (X - X0)?

Inductive X, = w L Capactive X = JIC’
Mean value: f(t) T fO f(t)dt 1
[sinwt]pms = [sm wr‘] = [2 (1- co:>2wt)] e %

Electromagnetic waves
Properties of em waves:
E= Em (‘os(k Z—w t)

v = E_ I‘ = )\f ?Tv, n =
speed of light: ¢ = 2.99792458 x 108 m/s

B=£E

e ®

\/ET .
Bl E', propagating along: ExB
u=upgtup, up= uB
Poynting vector: § = FuXB, S=I= Eﬂmﬁﬁ—tﬂi
o o
Intensity: I = % TA_ ((lif =uc

Energy conservation: [§.dA4 = df + Py’
Complete absorption: Momentum p = % . ’
Pressure: P = % = %ﬂ —1{ Ag %{'— = %

Complete reflection: P = CU, P= ﬁ

Reflection and Refractlon

DL V2 A
Index of refraction: iy = v =

Snell’s law: 71 sinf] = 19 sin 6y
Critical angle: ng > ny,
Total reflection: 6 > 0,

Mirrors and lenses

1,1_1
p+q—f

ng sin ¢ = ny 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 = g .
Lens: Through center of lens, undeflected. Parallel to
axis, converges toward £ (or diverges away from F)
Image: ¢ > 0 (real), ¢ < 0 (virtual)
q=f

f==lf], “F” convergent, “—" divergent
Magnification: M = },Ll' = ﬂ

Refraction at spherical surface:

Focal point F: at p = oo,

ni N2 __ No—m
e TR
R is coordinate of center with origin at S, with
S the symmetly point of surface on the axis

nz 1 __ _ L
7 T \nt Ry Rs

Two media: M = 7Tl o _% L

Lens maker:

Huygen’s principles:
Points in wave front are sources of next wavelets
Forward tangent surface is next wave front
Interference
Maxima ¢ = 0,2m,4m, -
Double slits: Towerage = Igcos
sing = %, tanf = %,
Phasor diagram: A= A) + A9+ A3+ ---
Ag = A1z +Agp +Aze+- -, Ay = Ary+Agy+

Minima ¢ = 7, 37,57, -
2(¢ —
(%), o=ka.

for small 6, 0 ~ sin@ =~ tan§

a_ __b _ _¢
= = €
sina ~ sinfd T sinvy

First minimum for N slits: ¢ = QW”

Thin ﬁlm: ¢ el k A+ ld)lrcflecf,ed _¢2reflccted|’ A B 2t

Preflected = ™ (denser medium); =0 (lighter medium)
Diffraction

i
Slngle slit: 1 =1 [2—1} , B=kA, A=asinf

2
Resolution criterion: €..;tprion = 1.22 %
Grating: Principle maxima A = m )

Polarization

Brewster (n) <mng): nysing,, =ngsin(f —46,,)
Polarizer: Ej.qnemit = Focost, I=Iycos?9
Unpolarized light: &7 = {2
Transmitted Intensity: Al =

= 21471;]'02”00329d9=%1

AT cos? 8



