Prefixes
a=10"18, f=10715, p=10"12, n=10"?, = 107%, m=10"3, c=10"2, k=102, M=10%, G=10°, T=10'2, P=10%

Physical Constants

k = 1/4meq = 8.988 GNm?/C? (Coulomb’s Law) €0 = 1/4mk = 8.854 pF/m (permittivity of space)
e =1.602 x 1071 C (proton charge) po = 4 x 1077 T-m/A (permeability of space)
me = 9.11 x 1073! kg (electron mass) m, = 1.67 x 10727 kg (proton mass)

Units
Na = 6.02 x 10?3 /mole (Avogadro’s #) lu=1g/Ns=1.6605x 10727 kg (mass unit)
1.0 eV = 1.602 x 1071 J (electron-volt) 1V =1J/C=1volt =1 joule/coulomb
1F=1C/V =1farad =1 C?/J 1H=1Vs/A=1henry =1J/A?
1A =1C/s=1ampere = 1 coulomb/second 1Q2=1V/A=1ohm=1Js/C?

1T =1N/Am =1 tesla = 1 newton/ampere-meter 1G=10"*T =1 gauss = 10~ tesla

OpenStax Chapter 18 Equations

Charges:
Q==+Ne, AQi+AQy;=0, e=1.602x10"1 C.
Electric Force:
F=k9@ | =8988 x10° N-m2/C?, F=219 =L =885 pF/m.

r T 4megr2)?

F= ﬁl + ﬁg + fg + ... superposition of forces.
Electric Field:

E = %, q= test charge. Or: F= qE.

|E| =F= k% = ﬁ, due to point charge. Negative () makes inward E, positive Q makes outward E.
E=E +Es+E;+ ... superposition of many electric fields.

E= k:TQ2 = electric field around a point charge or outside a spherical charge distribution.

OpenStax Chapter 19 Equations

Potential Energy and Work:
Whe = Fpdcosf = work done by electric force Fr on test charge, in displacement d from a to b.
Wio = —qAV = —q(V}, — V,,) = work done by electric force on a test charge, moved from a to b.
APE = gAV = q(V}, — V) = change in electric potential energy of the system. Also: APE = —W,,,.

Potential:

AV = % = definition of change in electric potential.
AV = Ed = potential change in a uniform electric field.
V= k% = potential produced by a point charge or outside a spherical charge distribution.
PE = ¢V = potential energy for a test charge at a point in a field.
PE = k% = potential energy of a pair of charges.
Capacitance:
Q=CV, C= Keog = capacitor equations.
U=1lqQv=1cv2=1<

FE = QE—{JA = electric field strength very near a charged conductor.

% = stored energy.

Eq.-1
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Electric current and power:

1= %, AQ = IAt current definition.
R =pL/A calculation of resistance.

P=1vV, P=I°R, P=V?R.
Alternating current:
V = Vpsin(27 ft) = time-dependent AC voltage.

Vims = \/ﬁ = V/V/2 = root-mean-square voltage.

AC power:
P =1I)Vo = $I3R = 1V} /R = average power.

OpenStax Chapter 21 Equations

Resistor Combinations
Reg=R1+ Ry +Rs + ...
Real batteries

(series)

Vap = & — Ir  (terminal voltage)
Kirchhoff’s Rules
>>AV =0 (loop rule, energy conservation)
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Magnetic forces, torque

F =1IIBsinf (on a current)

Ffl=#80b  (hetween currents)

T=NBAIsinf (torque on a coil)
Magnetic Fields

B =11 " (due to long straight wire)

Right Hand Rules

Force (thumb) = [I (4 fingers)] x [magnetic field (palm)]
Force (thumb) = [qv (4 fingers)] x [magnetic field (palm)]

Current (thumb) <= [magnetic field (4 fingers)]
Current (4 fingers) <= [magnetic field (thumb)]

OpenStax Chapter 23 Equations

Faraday’s Induced EMF
®p = BAcosl
€ = Blv  (moving conductor)
V-&=IR
Vs/Vp = Ng/Np

(magnetic flux)

(motor’s back-emf)

(transformer equation)

AC Circuits, Inductors, Capacitors, Reactance
E=-L%
Xr =2nfL =wL (inductive reactance)
Xe=1/2nfC)=1/(wC)
Z =R+ (X, — Xc)?
wo=1/VLC, fo=%
P = L1sVims cOS ¢

(self-inductance emf)

(LC resonance)

(AC average power)

(capacitive reactance)

(series RLC impedance)

V=IR, I=V/R Ohm’slaw.
p=poll + (T - Ty)]
P = instantaneous work/time.

resistivity changes.
I = Iysin(2n ft) = time-dependent AC current.
Ims = VI2 = I / V/2 = root-mean-square current.

P = LsVims = I2,.R = V2 /R = average power.

(parallel)

11,1 41
Req_R1+R2+R3+"'

Vo = IR (connected to load R)

(node rule, charge conservation)

YI=0

F =quBsinf
F = quB = mv?/r
v=wr =2nfr=2nr/T

(on a moving charge)
(during cyclotron motion)
(circular motion)

B = puoIN/l  (inside a solenoid)

(force on a current)

(force on a moving charge)
(magnetic field around a wire)
(

magnetic field inside a current loop)

E=—-N Aff (induced emf)
€ = NBAwsin(wt), w=2wf (AC generator)
& = —M% (mutual inductance emf)
IpVp =1IsVg  (power in = power out)
U=31LI?> (stored magnetic energy)
Vi, =IXp (inductor voltage)
Ve =IXc  (capacitor voltage)

Veen =12 = \/VE+ (VL — V)2 (series RLC)
tan¢g = (X — X¢)/R  (series RLC phase)
P = LiynsVimscosp = I2 R (series RLC)
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