
electron charge e=1.60×10−19 C
electrostatic constant K=8.99×109 N·m2/C2

proton mass mp=1.67×10−27 kg
electron mass mp=9.1×10−31 kg
permittivity constant ε0=8.85×10−12 C2/N·m2

permeability constant µ0=1.26×10−6T·m/A
speed of light c=3.00×108 m/s
Planck’s constant h=6.63×10−34 J·s=6.58×10−15 eV·s

Material Resistivity (Ω · m)
Copper 1.7×10−8

Tungsten (20◦C) 5.6×10−8

Tungsten (1500◦C) 5.0×10−7

Iron 9.7×10−8

Nichrome 1.5×10−6

Seawater 0.22
Blood 1.6
Muscle 13
Fat 25
Pure water 2.4×105

Cell membrane 3.6×107

Coulomb’s Law: F = K|q1||q2|
r2 ε0 = 1

4πK
Electric Field: �E =

�F
q

�F = q �E

Electric Field of a Point Charge: E = Kq
r2 Uniform Electric Field: �E = Q

ε0A

Dipole: �E = K 2�p
r3 (on the axis of an electric dipole) �E = K �p

r3 (perpendicular plane)
�p = (qs, from the negative to the positive charge)

Erod = K |Q|
d
√

d2+(L/2)2
Eline = K 2|λ|

r
, λ = Q
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Ering,z = K zQ

(z2+R2)3/2 Edisk,z = η
2ε0

(
1 − z√
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)

Eplane,z = η
2ε0

�Esphere = Q
4πε0r3�r Φe = �E · �A Φe =

∮ �E · d �A = Qin

ε0
Electric Potential Energy: Uele=qV Conservation of Mechanical Energy: Kf+qVf=Ki+qVi

1 eV=1.60×10−19 J Uelec = K qq′
r

= 1
4πε0

qq′
r

Uelec = U0 + qEs Udipole = −�p · �E

Electric Potential of a Point Charge (Charged Sphere): V=K q
r
= 1
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q
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V =
∑
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ri
Es = −dV

ds

Vring = K Q√
R2+z2 Vdisk = Q

2πε0R2

(√
R2 + z2 − |z|

)
∆V = −

f∫
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�E · d�s E = ∆V
d

Q = C∆VC

Capacitance of a Parallel-Plate Capacitor: C = ε0κA
d

Capacitor Energy: UC = 1
2

Q2

C
= 1

2
C(∆VC)2

Density of Electric Energy: uE = 1
2
κε0E
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ie = neAvd ie = neeτA
m

E Current: I = ∆Q
∆t

Resistance: R = ∆V
I

= ρL
A

Ohm’s Law: I = ∆V
R

J = I
A

= neevd J = σ · E Power: Pemf = IE PR = I∆VR = I2R = (∆VR)2

R
Kirchhoff’s Junction Law:

∑
Iin =

∑
Iout Kirchhoff’s Loop Law: ∆Vloop =

∑
i

∆Vi = 0

Req = R1 + R2 + · · ·+ RN Req =
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+ 1
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+ · · · + 1
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)−1
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1
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+ · · ·+ 1
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Ceq = C1 + C2 + · · · + CN

Q = Q0e
−t/τ I = I0e

− t
RC ∆VC = (∆VC)0e

− t
RC ∆VC = E(1 − e−t/τ ) I = I0e

−t/τ

Biot-Sacart Law: �B = µ0

4π
qv sin θ

r2
�B = µ0

4π
I∆�s×�r

r3 Bloop = µ0

2
IR2
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Magnetic Field of Long Stright Current Wire: B = µ0I
2πr

Magnetic Field at the Center of Current Loop: B = µ0I
2R

B = µ0NI
2R

B = µ0I
N
L

Magnetic Dipole: �B = µ0

4π
2�µ
z3 �µ = AI fcyc = qB

2πm

Ampere’s Law:
∮ �B·d�s = µ0Ithrough

�F = q�v× �B F = qvB sin α Fwire = ILB �F = I�l× �B
Fparallel wires = µ0LI1I2

2πd

Magnetic flux: Φ = AeffB Φ =
∫ �B · d �A Faraday’s Law: E =

∣∣∣dΦ
dt

∣∣∣ Ecoil = N
∣∣∣dΦper coil

dt

∣∣∣
Inductance: L = Φin

I
Lsol = µ0N2A

L
∆VL = −LdI

dt
UL = 1

2
LI2 ω =

√
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LC

�E ′ = �E + �V × �B �B′ = �B − 1
c2

�V × �E
∮ �B × d�s = µ0

(
Ithrough + ε0

dΦ
dt

)
)

∮ �E ·d �A = Qin

ε0

∮ �B ·d �A = 0
∮ �E ·d�s = −dΦm

dt

∮ �B ·d�s = µ0Ithrough +ε0µ0
dΦe

dt
c = 1√

µ0ε0

Poynting vector: �S = 1
µ0

�E × �B I = P
A

= 1
2
cε0E

2
0 = 1

2
c

µ0
B2

0 Radiation pressure: p = I
c

Polarization: Itransmitted = Iincident cos2 θ Ephoton = hf



Q
∆t

= eσAT 4 σ=5.67×10−8 W/(m2·K4) λpeak(in nm) = 2.9×106nm·K
T

Emf of an AC source: E = E′ cos(2πft) = E′ cos
(

2πt
T

)
PR = 1

2
I2
RR Transformer: V2 = N2

N1
V1

Peak current and voltage trough capacitor: IC = VC

XC
VC = ICXC XC = 1

ωC

Inductor Circuits: IC = VL

XL
VL = ILXL XL = ωL LC oscillator: f = 1

2π
√

LC

Peak current in an RLC curcuit: I = E′√
R2+(XL−XC)2

= E′√
R2+(2πfL−1/2πfC)2

Phase Angle: φ = tan−1
(

XL−XC

R

)
Psource = IrmsErms = (Vrms)2

R
= I2

rmsR

Wave speed: vstring =
√

Ts

µ
µ = m

L
T = 1

f
v = λ · f k = 2π

λ
ω = ν · k

D(x, t) = A sin(kx − ωt + φ0) Index of refraction: n = c
v

λmat = λ
n

Intensity: I = P
a

I1
I2

=
r2
2

r2
1

β = (10dB) log10

(
I

10−12

)

Doppler effect: f+ = f0

1−vs/v
f− = f0

1+vs/v
f+ = (1 + v0/v)f0 f− = (1 − v0/v)f0

Standing waves: D(x, t) = a(x) cos ωt A(x) = 2a sin kx
String: λm = 2L

m
, m = 1, 2, 3, ... fm = v

λm
= mv

2L
, m = 1, 2, 3, ...

Open-open or closed-closed tube: λm = 2L
m

, m = 1, 2, 3, ... fm = mv
2L

= mf1, m = 1, 2, 3, ...

Open-closed tube: λm = 4L
m

, m = 1, 3, 5, ... fm = mv
4L

= mf1, m = 1, 3, 5, ...

∆φ = 2π∆x
λ

+∆φ0 = m·2π, m = 0, 1, 2, 3, ... ∆φ = 2π∆x
λ

+∆φ0 =
(
m + 1

2

)
·2π, m = 0, 1, 2, 3, ...

Double-Slit Interference: θm = mλ
d
, m=0,1,2,3,. . . ym = mλL

d
, m=0,1,2,3,. . .

y′
m =

(
m + 1

2

)
λL
d

, m=0,1,2,3,. . . Idouble = 4I1 cos2
(

πd
λL

y
)

Difraction Grating: d sin θm = mλ, m=0,1,2,3,. . . ym = L tan θm Imax = N2I1

Thin-Film Interference: 2t = mλ
n
, m=0,1,2,3,. . . 2t =

(
m + 1

2

)
λ
n

Single-Slit Diffraction: θp = pλ
a
, p=1,2,3,. . . yp = pλL

a
, p=1,2,3,. . . w = 2λL

a

Circular-Aperture Diffraction: w = 2y1 = 2L tan θ1 ≈ 2.44λL
D

Refraction: n1 sin θ1 = n2 sin θ2 Total Internal Reflection: θc = sin−1
(

n2

n1

)

Magnification: m = −h′
h

= −s′
s

Thin-lens equation: 1
s

+ 1
s′ = 1

f
Refractive Power: P = 1

f
1
f

= (n − 1)
(

1
R1

− 1
R2

)
n1

s
+ n2

s′ = n2−n1

R

f − number = f
D

I ∝ D2

f2 M = 25cm
f

Mmicroscope = − L
fobj

25cm
feye

Mtelescope = − fobj

feye

Resolving Power of Microscope: RP = dmin = 0.61λ0

NA
Galilean Transformation: u′ = u − v u = u′ + v
Time Dilation: ∆t = ∆τ√

1−β2

Length Contraction: L =
√

1 − β2l
Lorentz Transformation of Velocity: u′ = u−v

1−uv/c2
u = u′+v

1+u′v/c2

Relativistic Momentum: p = γmu, γ = 1√
1−u2/c2

Relativistic Energy: E = mc2√
1−u2/c2

= γmc2

Bragg Condition: ∆r = 2d cos θm = mλ, m=1,2,3,. . .
Photoelectric effect: E = hf
Matter Waves: λ = h

p
= h

mv

Heisenberg Uncertainty Principle: ∆x∆px ≥ h
2π

Bohr Hydrogen Atom: rn = n2aB, n=1,2,3,. . . En = −E1

n2 = −13.60 eV
n2 , n=1,2,3,. . .

L = n h
2π

, n=1,2,3,. . .


