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

|F| k |q1\ ‘q2‘
k=8. 987551787 x 109 Nm?2/C?2
€ = o7 = 8.854187817 x 10712 C2/Nm?

ap = —qe = 1.60217733 (49) x 10719 C
myp = 1.672623 (10) x 10727 kg
me = 9.1093897 (54) x 10731 kg
Electric field: E = %
|E| = Ql, E:El+ﬁg+"'
point harge, dipole, || plates, rod,

Point charge:
Field patterns:
spheres, cylinders,. . .
Charge distributions:
Linear charge density: \ = %%
Area charge density: o4 = %%
AQy g
TAA

Surface charge density: o

surf
Volume charge density: p = 2—8
Electric flux and Gauss’ law

Flux: A® = EAA| = E-nAA

Gauss law: Outgoing Flux from S, ¢4 = Qenclosed

€o
Steps: to obtain electric field
—Inspect E pattern and construct S

—Fi = P g A — Qencl Bl
Find ®4 fswface E.-dA et solve for F
Spherical: &5 = 47’ E
Cylindrical: ®s=2nrlE
Pill box: &3 = EAA, 1 side;

Conductor: E"m =0, ESHWf
Potential
Potential energy: AU =¢qAV 1eV = 1.6 X 10-19)

Positive charge moves from high V' to low V/
kQ

=2F AA, 2 sides
O, EJ_ _ Usurf

surf €

Point charge: V == V=V +Vy=...
Energy of a charge-pair: U = kg;qQ
Potential difference: |AV|=|FE ASH [,
AV =-E-A5, Vg-Vy=—[FE. a5
__dVv _ _AV oV
E=—"5> Ex=-3z fizy 0T ete
Capacitances Q=CV
serieszvzcg_gl+gz+&+ Q=0
Parallel: @ = Ceq V=CiV+CV “ V;

Parallel plate-capacitor: C = % = Q A

, Ed d
Energy: U = fOQ Vdg= % %, u= %60E2
2
Dielectrics: C = «xCy, Ux = ﬁQ—O, Uk = 5 € HE,%
; ttor: V — @ Q
Spherical capacitor: V = Tregmi  Amegrs

Potential energy: U = —p' E

Current and resistance
Current: [ = d—? =ngqugA

Ohm’s law: V—IR E pJ

0
E=Y%, J=4, %
Power: P=1V = V—: R

Ap
po AT

Motion of free electrons in an ideal conductor:

— aF __ J __m
AT =Vg = G T =g P = oYEs

V=IR
V=IRegy=I1IR+IRy+1IR3+--+, I=1I
.7V _V V Vo, .. — 1.

Parallel: I_R—W_R_1+R_2+R_3+ , V=YV

in application of Kirchhoff’s Rules

11,19,13,. ..

= Z tout

DUEE) + S (FiR)=0"

“4+” for loop-arrow entering — terminal

Thermal coeﬂ"icient of p: a=

Direct current circuits
Series:

Steps:
—Label currents:
—Node equations: Y i,
—Loop equations:
—Natural:
“—7 for loop arrow-parallel to current flow

RC circuit: if dy + RC y=0, y= yo exp(f%)

Charging: £ — Ve — Rz—O,iég+R . — i Rdl=
Discharge: 0=V, — Rz-q—l—Rdt, Z—I—RdZ—O

Magnetic field and magnetic force
fty =47 x 1077 Tm/A

2 .
X Ho Q0

Wire: B = 27rr Axis of loop: B = T (@222
Magnetic force: Fj; il x B —qUx B
Loop-magnet ID: 7= ff X E H=1An

2
Circular motion: F =1t =quB, = % = 27JT

Lorentz force: F:qE—|—q17>< B
Hall effect: Vi = ngd U=—ji-B

)

Sources of B and magnetism of matter

Biot-Savart Law: AB = MO ZA(XT B = flf% q%"
AB = MO ZAyblnH 51n9— " Ay:%

Ampere’s law. M=¢ B -d5 = 11y Loypireled
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};E =€ d(gtA) = dfﬁA
Magnetism in atom:
Orbital motion: p1=iA= 5> L

L=mvr=nh, h=4L=106x10"34Js

Horbit =T LB, 1B = 5b =927x 10724 J/T
Spin: S = %, Kspin = KB
Magnetism in matter:

B =By+ By = (1+x) By = (L+x) o 322 = wm H
Ferromagnetic: x > 1  Diamagnetic: -1 < x <0

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



