PHYS 2012
Fundamental Equations and

Important Results and Constants
you need to know — and know how to use.

Chap. 21

Coulomb’s Law for point electric charges: Fi = l6145]

dme, 12

L = 8.99 x 10° Nm?/C? e=1.60x1071C

4dme,

Chap. 22

Field due to a point charge: E = ;L 47

4e, 2

Electric field due to a continuous charge distribution: E=1 [ p

dme, ! 12
Infinite line charge: E(r) = ;2-2 Infinite sheet charge: £ = ;-
Force on an electric charge ¢ in an electric field E due to other charges:
F=qFE

Electric dipoles: |p] = qd = qr; F=px E Ugip = —D'- E

Chap. 24
Electric potential: AV =V, -V, = — fif E-ds
Electric potential created by a point charge, ¢: V(r) = —1
_ _ov _ v _ v
Ey=—-5%,, By = — 3y E,=—-%
Electric potential energy of a charge, ¢, in an electric field: U(7) = ¢,V (7)
Electric potential energy of a pair of charges: U(r) = ﬁq%
Chap. 23

Electric flux and Gauss’s Law:

(I):/E_TdféY 50%E'd14)ZQenclosed



Chap. 25

Capacitance: ¢ = CV Parallel plates C = ’%0

Parallel capacitors: C,, = C; + Cy +.

Series capacitors: C,! = C;' + Cy! .

Energy stored and energy density: U = ;CV? u=3e,E"

Chap. 26

Current and current density:

. _dg . . - o

i=— J=1i/A z:/J-dA
Resistance and Ohm’s law: R = V/i R=pL/A J=1E
Power: P = Vi

Chap. 27

EMF: £ = 4

Series resistances: R, = R + Ry + ...
Parallel resistances Re‘q1 = Ri'+ Ry Ry
Kirchhoff's Circuit Rules

Zz—Zz > AV =0

out closed loop

Chap. 28

Magnetic force: F = ¢t x B

Circular motion of a charge in a uniform field: quB = m—
Force on a current- carrying wire: F=iLxB,

or for a short segment: F=idLxB

Magnetic dipole moment of a single current loop: i = iA
Magnetic torque on a dipole: 7 = [i x B, Magnetic dipole potential energy:
Ud) = —ji- B.



Chap. 29
o = 47 x 107" Tm/A

Biot-Savart Law: o
o ds xr

dB = .

AT r
Ampere’s Law:

j{é - ds = ,uoienc
Know how to use the Biot-Savart law to get the magnetic field at the
center of a circular current loop:

B =l

2R
Know how to use Ampere’s law to get the magnetic field of a long wire:
B — Kot

T 2@

Magnetic field due to a straight solenoid of N turns and length L:
B = poni, with n = N/L

Chap. 30
Magnetic flux:
@B:/édﬁ
Faraday’s law:
d®p SO
Self inductance:
di 1
Nop = Li = —L— = —Li?
B [ E dt U B 9 ]
Mutual inductance:
di
Ny®yy = Miy &_—M;l

Chap. 32

The Ampere-Maxwell law:

, 4P
§ B - ds= pioliene +ia) with id::sochE

Gauss’s Law for magnetic fields: § B - d4 = 0.



Chap. 33

Traveling E-M plane wave: E(z,t) = E,, sin(kz — wt)

with £k =27/)and w =27 f, and A\f = ¢

Associated B, = E,,/c

Poynting vector: S = uiﬁ x B Time averaged: (S) =1 = E2 /(cu,)

i _ P
Isotropic source of power P produces | = [

Radiation force: F,,; = (Q)TIA The (2) is present for reflecting surfaces.

Radiation pressure p,,q = Fye/A = 21

Cc

I = 1,/2 unpolarized light passing through a polarizer

I = I,cos?f linearly polarized light passing through a polarizer Snell’s
law: njsin6; = na sin 6,

Critical angle of incidence for total internal reflection implies 6, = 90°

Chap. 34
l/p+1/i=1/f m=hi/h,=—i/p my=P,/f
==0(n-7) £=3

Chap. 35

v=c/n, \, = A/n, dsinf = n) constructive, dsinf = (n + 1)\ destructive.



Formulas provided at final exam:

Circles and spheres: C =2mr A =mr? A =4mr? V = 73
i = 8.99 x 10° [units=?] p, = 47 x 1077 [units=?]

= 1/(gofto), ¢ = 3.00 x 10°m/s

k::%” w=2nf Af=c
v =c/n, A\, = A\/n, dsinf = n\ constructive, dsinf = (n + 1)\ destructive.

}Z(n—l)(rﬁ—ﬁz) f=% m=—i/p my=25cm/f
I=1,/2 I=1,co8’0 (S)=1=FE?/(2cu,) Bp=2E,/c pmd:@

B=ypmi B=1Ml PB=td p—id F=pgxB U@®)=—ji B

i(t) = ip(1— e RULY V(1) = Vie /L
i(t) = ipeBC Va(t) = V(1 — e t/RC)

J:%E f:nqﬁ

U=3CV* u=1le,E?

2

AV=V;-Vi=—[/E-d5 V(r)=4 E,=-%

Efr)y=:+2 E=2 p=qd FT=pxE U=—p-E

T 2me, 1 2,



Prominent equations NOT provided:

d
E=— dB 7{E ds
N ddg
fB'dS—uo(zenc—l—sodt)
$B-dA=0
e=160x10""C E= 14 E= L %
U(T)_47T1€Oq1rq2 U=qV
q=CV (C= “50 Coq=C1+Co+ ... C’e_q1
i=% j=yJ.dA J=i/A
R=V/i R=pL/A P=Vi
Rgy=Ri+Ro+... RJ}=R’'"+Ry'+Ry ...

Shin = Y tout LAV =0

S=1ExB

1p
o

nisinfy =ngsinfy  1/p+1/i=1/f



