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Constants
Fundamental Charge: e = 1.60 × 10−19 C me = 9.11 × 10−31 kg ‌

Coulomb constant k = 8.99 × 109 N · m2/C2 mp = 1.67 × 10−27 kg ‌

ε0 = 8.85 × 10−12 C2/
(

N · m2
)

‌ c = 3.00 × 108 m/s ‌

µ0 = 4π × 10−7 T · m/A ‌ g = 9.81 m/s2 ‌

Typical speed of sound: v = 343 m/s nair = 1 ‌

nwater = 1.333 nglass = 1.5

1 Math and Physics 1 Equations

Trigonometry Vector Components Mechanics Circular Motion SI Prefixes Geometry

sin θ = opp/hyp Fx = F cos θ ~F = m~a a = v2
⊥

/r G = 109 Acircle = πr2

cos θ = adj/hyp Fy = F sin θ F = ma Energy M = 106 Ccircle = πd = 2πr

tan θ = opp/adj F =
√

F 2
x + F 2

y W = mg KE = 1
2
mv2 k = 103 Asphere = 4πr2

sin2 θ + cos2 θ = 1 tan θ = Fy/Fx Constant Acceleration GPE = mgh c = 10−2 Vsphere = 4
3
πr3

x = v0xt + 1
2
axt2 W = ∆KE = −∆PE m = 10−3

∆KE + ∆PE = 0 µ = 10−6

n = 10−9Quantities and Units

Charge q, Q C Elec Potential V , ∆V V = J
C

Energy KE,W ,PE J

Force ~F N Surface Charge σ C/m2 Distance x,y,R m

E-Field ~E N
C

= V
m

Dielectric Constant κ (none) Angle θ rad=(none)

Flux Φ N·m2

C
Capacitance C F = C

V
Angle θ ◦

Speed v m/s Velocity ~v m/s Acceleration a m/s2

EMF, Voltage E , V V = J/C Power P W =
J

s
= VA

Period T s Resistance R Ω = V/A =
J · s
C2

Wavelength λ m

Speed v m/s Frequency f
Cycles

s
= Hz Phase φ rad

Power P W= J
s

Amplitude A (various) Sound Level β dB

Length L m Intensity I W/m2 Energy J

Force F N Magnetic Field ~B T Current I A = C/s

Time t s Electric Field ~E N/C = V/m

Charge q C Velocity ~v m/s Angle θ, φ rad or ◦

Force ~F N Angular Speed ω rad/s Mag. Flux Φ T · m2

Energy J Capacitance C F

Torque τ N · m Inductance L H

Loops N Loops per Meter n 1/m

Index of Refr. n

Focal Length f m, cm, mm

Note, when there is no unit, like forκ and n, you don’t write any unit.
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Electricity and Magnetism

F = k
|q1| |q2|

r2
~F = q ~E V = IR I =

V

R
R =

V

I
Ecap =

q

ε0A
=

σ

ε0
Series: RS = R1 + R2 + ...

Epoint charge = k
|q|
r2

P = IV = I2R =
V 2

R
Vcap = ED =

qd

ε0A
I = I1 = I2 = ...

Vpoint charge = k
q

R
Q = I∆t Energy = P∆t ‌ V =

q

C
q = CV Vtot = V1 + V2 + ...

~E =
~F

q
∆V =

∆EPE

q0

τ = RC I = I0e
−t/τ Energy = q

(

1
2
V

)

= 1
2
CV 2

Eave =
∆V

d
∆V = Eaved R = ρ

L

A
C = κC0 = κ

(

ε0A

d

)

Parallel:
1

RP

=
1

R1

+
1

R2

+ ...

VRMS =
Vmax√

2
Vterminal = VEMF − IRint

∑

VRises =
∑

VDrops Itot = I1 + I2 + ...

Pave =
Pmax

2
= VRMS · IRMS

∑

Iin =
∑

Iout V = V1 = V2 = ...

F = qvB sin θvB = qv⊥B = qvB⊥ F = m
v2
⊥

r
= qv⊥B E = vB Φ = BA cosφ

F = I`B sin θIB = I`⊥B = I`B⊥ r =
mv

qB
m =

(

qr2

2V

)

B2 τmotor = NIAB sinφ Ewire = vBL ECoil = −N
∆Φ

∆t

Bcurrent =
µ0I

2πr
NΦ = LI V = L

∆I

∆t

VP

VS
=

NP

NS
Egenerator = Emax sin ωt

Bcoil = N
µ0I

2R
Bsolenoid = µ0nI Energy = 1

2
LI2 Emax = NABω

Waves and Intensity

v = fλ f =
1

T
y (x, t) = A sin

(

2πft − 2π

λ
x

)

Speed on String: v =

√

FT

(m/L)
λn =

2L

n
(n is integer)

Harmonics: fn = nf1 =
v

λn
fDoppler = fs

(

1 + vo/v

1 − vs/v

)

I =
P

A
I =

P

4πR2
fBeats = f1 − f2

Decibels:Factor =
I

I0

= 10dB/10 dB = 10 · log (Factor)

Light and Optics

θi = θr di = −do f = ± 1
2
R I = 1

2
I0 M = N

(

1
f − 1

di

)

n1 sin θ1 = n2 sin θ2

1

do
+

1

di
=

1

f
v =

c

n
I = I0 (cos θ)

2
Mrelaxed =

N

f

m =
hi

ho
= − di

do
sin θc =

n2

n1

θ =
ho

do
=

ho

di
M =

Best θ with lens

Best θ w/o lens
Mbest =

N

f
+ 1


