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2.5 Electric charges and fields (https://cnx.org/contents/eg-XcBxE@14.1:Ai7EWAra@5/Introduction)
€0 = 8.85x107!2 F/m = vacuum permittivity. E= /d_zqf- where dg = Adf = oda = pdV

r

e = 1.602x10719C: negative (positive) charge for electrons Lo
& ( ) 8 = % = field above an infinite plane of charge.

(protons)
_ — — 9
k. = Ty = 8.99x10° m/F
o g
— — — 1 N
F = QFE where E = pe—s Zl TT;TPL’
i= i
Find E

oo 1 X ﬁ . 1 X B.0. . .
E(F) = Z _f’ Qi = Z R:Qz is the electric field at the field point, 7, due to point charges at the source points,”; ,
dmeo R AT I R

and R; = # — 7, points from source points to the field point.

T2
2.6 Gauss's law (https://cnx.org/contents/eg-XcBxE@14.1:xakXlggb@5/Introduction):

I Lo Lo , d Vol = dedydz = r*drdA where dA = r*d¢df
dP=F - A— /E-dAz/E-ndAzelectrlcﬂux

T 27
Agphere = r? / sin 6d6 do = 47rr?
0

Genclosed = €0 § E -dA 0

Surface Integrals

Calculating / fdA and / fdV with angular symmetry

Cyndrical: dA = 2nrdz; dV = dAdr. Spherical: / dA = 4xr?, dV = 4nr? dr
More Gauss Law

Calculating / fdA and / fdV with angular symmetry

Cyndrical: dA = 2nrdz; dV = dAdr. Spherical: / dA = 4nr?, dV = 4nr? dr
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T3
2.7 Electric potential (https://cnx.org/contents/eg-XcBxE@14.1:bMxnTeM5@6/Introduction) The alpha-particle is

made up of two protons and two neutrons.

Electron (proton) mass = 9.11x10 3'%kg (1.67x 107 27kg).

B
AVap =Va4—Vp=— /A E - df = electric potential Elementary charge = e = 1.602x10719C.

E=-9; &; Vi_ gy K= %mv2 =kinetic energy. 1 eV = 1.602x10719J
Oz oy 6z

_ 1.9 . .
gAV = change in potential energy (or simply U = qV) V(r) = k5 near isolated point charge

AU

Aq N q; dq
Po'wer=E = V IV—e— Many charges: Vp=kZ;—)k —
1 1

t

2.8 Capacitance (https://cnx.org/contents/eg-XcBxE@14.1:FYJXWFC_ @6/8-1-Capacitors-and-Capacitance)
' uw=1QV =1cv? = L1 Q? = stored ener

Q = CV defines capacitance. 2 2 2C 8y

1_ 2 .
C= 60% where A is area and d<<AY2 is gap length of parallel uE = 3€0E* = energy density

plate capacitor

Series : Cis = Z C% Parallel: Cp = ZC’,;.

T4
2.9 Current and resistors (https://cnx.org/contents/eg-XcBxE@14.10:WS3a1YbB@5/Introduction)

Electric current: 1 Amp (A) = 1 Coulomb (C) per second (s) E = pJ = electric field where p = resistivity

Current=1 = dQ/dt = nqus A, where p=po[l+a(T —Tp)],and R = Ry [1 + aAT],
L. .

(n, g,v4, A) = (density, charge, speed, Area) where R = p7 is resistance

L o - _ D_ TV _ 12D _ 12
= / J - dA where J = nqvy =current density. V =IRandPower=P =IV=I"R=V"/R

2.10 Direct current circuits (https://cnx.org/contents/eg-XcBxE@14.1:BRLHpZ5e@6/Introduction)

Vierminai = € — ITeq where re =internal resistance and e=emf. Charging an RC (resistor-capacitor) circuit:
N q(t) =@ (1 B et/T) and I = Iye " where 7= RC is RC
Raeries Z R;and R pamuel Z R time, Q = ¢C and Iy = ¢/R.
i=1

Discharging an RC circuit: g(t) = Qe™/™ and I(t) = 9 et/
KirchhoffJunction:Z I, = Z Iyt and Loop: Z V=0 ging ®) = ®) = RC

T5
2.11 Magnetic forces and fields (https://cnx.org/contents/eg-XcBxE@14.1:-cf9Ogkt@5/Introduction)

|G x b|= absin 6 <
(@ x b)g = (ayb, — a,by),

-
= .1\ / 7 7\
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k_ﬁl X 0)y = (@z0z — Gz0z), T A Dipole moment=g = NIAf. Torque=
(@ % b)z = (azby — aybs) . . a (1 7 = i x B. Stored energy=U = [i - B. B
Magnetie  force:  F=q@xB, e\ Hallfidd-E = V/¢= Bug = 2 e ),
. . At o B
dF = _{dl f B.2 ;e ““3—% [—--- P4
9q = E x B/B*=EXB drift velocity cross product Hall effect
Circular motion (uniform B field):
— my iod=T = 2mm

=15 Period=T = B "
2.12 Sources of magnetic fields (https://cnx.org/contents/eg-XcBxE@14.1:BDvPdDpp@5/Introduction)
Free space permeability g9 = 47 X 1077 T-m/A Ampére's Law: f B.dl = A7y Ione

. F _ khh
Force between parallel wires L 2 Magnetic field inside solenoid with paramagnetic material =
Biot-Savart law B = % / Tde X7 B = pnI where p = (1 + X)to= permeability

r

wire
(we skip T6 because it was a review of previous chapters)
T7
2.13 Electromagnetic induction (https://cnx.org/contents/eg-XcBxE@14.1:az4UJL6l@6/Introduction)

_— rotating coil e = NBAw sin wt
Magnetic flux ®,, = / B-ndA

S
Motional ¢ = Bfv if 3 | B
Electromotive "force" (volts) € = — dj% = f E. dz
2.14 Inductance (https://cnx.org/contents/eg-XcBxE@14.1:gBxAb_6h@6/Introduction)
o e 2 BoN?h o Ry

Unit of inductance = Henry (H)=1V-s/A Lgoiencia =~ o N“ AL, Ligoia = o In R Stored energy=

dr. e sLP
Mutual inductance: M d_t2 = Nle = —g; where ®jp=flux 2
through 1 due to current in 2. Reciprocity: M % = —&9 I(t) = % (1 - e—t/‘f) in LR circuit where 7 = L/R.

1 . — = — ﬂ
Self-inductance: N®p, = LI — L q(t) = go cos(wt + @) in LC circuit where w = %

2.15 Alternating current circuits (https://cnx.org/contents/eg-XcBxE@14.1:6uMHjFiO@5/Introduction)

AC voltage and current v = Vj sin(wt — @) if ¢ = I sin wt. and ¢ = tan™! %
Iy o
RMS values Iy, = — and Vg = —
TR Y Resonant angular frequency wg = 4/ %
Impedance Vy = Ip X _ o wol
Resistor Vo = IpXg, 6 = 0, where Xz = R Quality factor @ = 2 = —5=

. 1
Capacitor Vp = Iy X¢, ¢ = —%, where X¢ = % Average power P, = EIOVB c08 ¢ = Ipyps Vims COS @

Inductor Vo = Iy Xz, ¢ = +7, where X1, = wL Vs _Ng _Ip

Transformer voltages and currents Ve = Np = Iy

RLC series circuit Vo = [(Z where Z = \/R2 + (X1 — X¢)?
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3.2 Geometric optics and image formation (https://cnx.org/contents/rydUIGBQ@10.14:-YlrAoNe@5/Introductio
n)
1+1 1ltthfll th f of
— + —— = — relates the focal len, 0
S]. SZ f g - :1'; P _‘_1'_? -
the lens, the image distance S, and the object f - 3
distance S,. The figure depicts the situation
for which (S;, S,, f) are all positive: (1)The e [ T
lens is converging (convex); (2) The real “ﬁ' ( I'I H“HHH
image is to the right of the lens; and (3) the Object ”~H ] HHH“M Real image
object is to the left of the lens. If the lens is “5 -I __ HH“HH
diverging (concave), then f < o. If the image is -"““III‘“—I' B S
to the left of the lens (virtual image), then I". ."I
S,<o0.
T9
2.16 Electromagnetic waves (https://cnx.org/contents/eg-XcBxE@14.10:-LQJwSUO L1
@6/16-1-Maxwell-s-Equations-and-Electromagnetic-Waves) B
Displacement current I; = eodq’l where
> dat 8°E, 8°E, 5 \kl =
&g = /E dA is the electric flux. o Eoko o2 and B € e ;
E
. - _ 1 = —&_

Maxwell's equations: €pg = 1/c2 Poynting vector S = #_oE x B=energy flux ‘ ' 1“\ |

e |
f s E-dA= gQin Average intensity

= % p2_ c p2_ 1 I
f B-dA=0 T'= Save = 2E°_2uoB°_2uoE°B° l
S

L OB . Radiation pressure p = I/c (perfect absorber)
f o E-dl =- /S Bt dA andp = 2I/c (perfect reflector).

- de
§ B-d{ =/1,0I+60/1,0—E

C dt
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