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E & M - Basic Physical Concepts Current and resistance
Electric force and electric field Current: [ =42 =g A
Electrie force between 2 point charges: Ohm’s law: V=R E—pJ
|Fl=k U—l—l’“,,’“ =Y ou=4 r=g

I 7551787 x 109 Nm?/C?

: Power: =1V =Y =121

e SN 12
€ = 7k = S8UISTSIT x 10712 € Thermal coefficient of p: o = -3¢

= = 3 (19 —19
=" =1, 00247733 (49) 107G Motion of fice electrons in an ideal conductor:

my = 1.6726 ar =g — LE R -
me=910 Direct current circuits V=1 i
Electric field: Series: V= ligg = IRy + [y = 1Ry %+ 1=1;
Point charge: I .. Parallel: [ = =0~ Jo oo V=Y
Field patterns: point charge. dipole. || pl\ln rod, Steps: in application of Kirchhoff’s Rules
spheres. cylinders.. Label currents: iy.ig. iz..
Charge distributions: Node cquations: 3° ifn = £ fout
Linear charge density: A= 39 Loop equations: *Y(+€) + Y (+ilR)=0"
donsity: oy =58 Natural: “+" for loop-arrow entering — terminal
. AQ for loop-arrow-parallel to current. flow
Surface charge density: o, AZ_:TL RC cireuit: it 42+ by 0. /"/nwvi‘ﬁri

Volume charge density: p=
Electric flux and Gauss’ law
Flux: A =EAA, = E-iAA
Gauss law: Outgoing Flux from . &
Steps: 1o obtain electric field

Charging: e=Ri=0, %% yf i+Rdt r/
Discharge: 0="Ve—Ri=1%+ [g%vl IA‘,)% ,“
Magnetic field and magnetic force
o =147 % 1077 Tm/A

Inspeet. £ pattern and construct § Wire: =447 Axis of loops [ = il
Find B = . pye0 B dA = J._' solve for £ Magnetic foree: Fyy =il x B —qiix B
Spherical: ©g = 1712 E Loop-magnet ID: iAx B, ji=iAn
Cylindrical: 5 =271 ( E Circular motio —quB.

Pill box: ®s =

JAA. 1 side:
oA

Lorentz force: [ =q L +qix [}

Conductor: Eyy, =0, y Hall effect: Vi = Ld, 0= —ji- i
Potential ; Sources of I} and magnetism of matter
Potential energy: AU =qAV 1eVa16x 10700 g oo rows A= ,;m u—#’ fi
Positive charge moves from high V to low V il !
" sinf, sinf =<,
Point charge: 1 =52 1 = vj +15 = i AB= 1 M“‘¢ j“ . ,Af/
Energy of a charge-pair: [/ = L8 mperelslav; M=4, fortenaivolod

Steps: o obtain magnetic field
Potential difference: [AV] = |12 A~\H eps obtain magnetic fiel

AV=-E-85 Vg-Vy=-[YE
E=-4Y p,=-4t

Inspeet B pattern and construct loop L

Find M and I,y and solve for 5.
Displ. current: I, = ¢, Lbe - AEA _
Magnetism in atom:

Orbital motion: =i A = 55 L
=106 x 1073 J 5
7 x 1024 J/T

Capacitances
_Q .G

L=mvr=nh, h=

“eq ¥ ol

Horbit =ntp: 13 = T =9

Spin: S = Hspin = 1B
Magnetism in nlattu
B=By+By=(1+x)By=(1+x)n, 71‘ =wH
Ferromagnetic: \ > 1 Diamagnetic: —1 < y < 0
Paramagnetic: 0<\ < 1. M =35

Parallel plate-capacitor:

Energy: U= [ Vidy=
Dielectrics: (' = xCy. Uy = 5
Spherical capacitor: V= =% —

Potential energy: [
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Faraday’s law

£=_Nn%oz op=[B-dA,
E=[E-d3 E= _/u
Lenz law: Induced B opposes change of @3
dop _dBA) _dBy 4 pdds
= I <L dr
Moving rods: 4 = (0. # =4 (s ro)
Rotating loop: % = £ (4 coswt)

Cutting B lines — (lmugv o — Eijpg —

Maxwell equations:

$E.ai=L  §B.ddi=o0,

$E-ai=-185 §B.a3=p, (I +¢ L98]
Inductance

Mutual: & = My L. My = My = 2202
Self: £=-L%, =2
Long solenoid: L
Energies: /),

Uo :
LC: Vp+Ve=0= L4 =& q=qgycos(wt +0).

vy =L%
B=pyni

+UL =Ucmax = U max = Vo

%,’—’ =—ay. y=ypexp(—at)

dVy 4 RVi g
dt L. =

/1 .
w=\/ge e

Decay Equations:

LR: €=V +Ri,

V=& (‘,\'p( %) i [1 ~exp (:{ﬂ)]

LRC:
o 2

Q~Qpe 7 wo=ygo - (%)

Underdamped, critically damped & overdamped
A C Circuits

[Oim=9] Z=1/R?+ (X[ - X¢)?
Capactive X¢r =
Mean value: f(1) = % [i f(t)dt

Leoswyt,

Impedance:

Inductive X, = wL,

17 =[5 (1 —cos2wi)]
Electromagnetic waves

Properties of em waves:
E = Epcos(kz — wt),
T-f=A =1
speed of light: =~
B L E, propagating along: E x B
u=uptupg, up
Poynting vector: s

[sinw t]yms = [si

i

Intensity: 1 =4 = L L2 = uc
Energy conservation: [ ¢ = /I:I[/ PR

Complete absorption: \Iomomum p=U

Ap
Bi-h-u

Pressure: P 7[
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Complete reflection: P =
Reflection and Refractlon

Index of refraction: 4 =

Snell’s law:

nysinf) = ngs
Critical angle: 1y > 11,
Total reflection: 0 > 0,

Mirrors and lenses
lpl 1
PTYTT

Ray tracing rules:

ng sinfe = ny sin90°

Mirror:

At symm pt S. reflected symmetrically through

center of sphere, undeflected. Parallel to axis,

converges

toward F (or diverges away f
Parallel to

 converges toward F (or diverges away from F)

Lens: Through center of lens, undeflected.

Image: ¢ > 0 (real), ¢ < 0 (virtual)

Focal point F: at p=oc. ¢=f
f = £|f]. “+7 convergent, *~” divergent
Magnification: 1/ = 4 = 4

Refraction at spherical surface: % 2

q
R is coordinate of center with origin at S, w

S the symmetry point of surface on the axis
L_(ma ) (L _ 1
T= n yin

M=b= =-4n

Lens maker:

Two medi:

Huygen’ prm(‘.lples'
Points in wave front are sources of next wavelets
Forward tangent surface is next wave front

Interference

Maxima ¢ = 0.2, Minima ¢ =

Double slits:

A B
Taverage = Iy cos? ('3'-) p=kA.

sinf = 4. tan0 = for small 0. 0 ~ sin 0 ~ tan 0

Phasor diagram:

Ag = Ajy+ Agp Apy+Agy+---
a b
Sua g =
First minimum for N slits: o =
Thin film: o =kA+[o] Fiagiai “ZHNHW‘ A=2t

Orefieeted =7 (denser medinm): =0 (lighter medinm)
Diffraction

Single slit: T = I [ i

Resolution criterion: (e ion =

Grating: Principle maxima A = m A
Polarization

Brewster (g < ng): nysind, = ngsin(% —0,)

Polarizer: Ejpqpsmit = Egcos0. I =1Iycos?0
Unpolarized light: 2% = 42
T;a;mmued Imenmy. Al’

I'=d4o (27 cos20d0 = &

AT cos20




