
PHYSICS 1012 Equation Sheet for Test #2
“Never memorize something you can look up.” – Albert Einstein

Constants and Conversion Factors

1 m = 106 µm = 109 nm = 1010 Å = 1012 pm = 1015 fm

1 GeV = 103 MeV = 106 keV = 109 eV = 1.6022× 10−10 J

e = 1.6022× 10−19 C

ε0 = 8.85418781762× 10−12 C2/N ·m2

1/4πε0 = 8.99× 109 N ·m2/C2

µ0 = 4π × 10−7 T ·m/A
c = 2.99792458× 108 m/s ∼ 3.0× 108 m/s

kB = 1.380649× 10−23 J/◦K

NA = 6.02214076× 1023 per mole

R = 8.3144 J/◦K ·mol

σ = 5.67× 10−8 J/s ·m2 ·◦ K4

me (the electron mass) = 9.11× 10−31 kg

Mp (the proton mass) = 1836me

Work:

W = ∆U = −
∫
~F · d~s ∆U = Q∆V

Magnetic Field:

Around a long, thin, straight current-carrying wire:

| ~B| = µ0i

2πd

Along the axis of a thin, current-carrying ring of radius R:

| ~B| = µ0iR
2

2(R2 + d2)3/2

Inside an ideal solenoid:

| ~B| = µ0ni



Ampère’s Law:

∮
~B · d~s = µ0ienclosed

Magnetic Flux and Faraday’s Law of Induction:

ΦB =
∫
~B · d ~A

E = −dΦB

dt

Induced Electric Field:

∮
~E · d~s = −dΦB

dt

Inductors:

∆VL = L
di

dt
U =

1

2
Li2

AC Circuits and Complex Impedance:

∆V = V0 cosωt =⇒ ∆V = V0e
jωt

∆V = iZ

ZR = R

ZC =
1

jωC
ZL = jωL

AV =

∣∣∣∣∣∣
∆Vout
∆Vin

∣∣∣∣∣∣



Optics

Reflection and Refraction

Reflection: θr = θi
Index of Refraction: n = c/v c = fλ v = fλn λn = λ/n

Dispersion: n is a function of λ

Snell’s Law:

n1 sin θ1 = n2 sin θ2

Critical angle:

θc = sin−1
n2

n1

 for n1 > n2

Double Slit Interference

Constructive:

∆l = d sin θ = mλ with m = 0,±1,±2,±3, . . .

Destructive:

∆l = d sin θ =

m +
1

2

λ with m = 0,±1,±2,±3, . . .

Distance from central maximum to mth bright fringe:

ym =
mλD

d

Diffraction

Single Slit Destructive Interference:

a sin θ = mλ with m = ±1,±2,±3, . . .

Rayleigh Criterion for Circular Aperatures: θ = 1.22 λ
D

Bragg Equation: mλ = 2d sin θ with m = 1, 2, 3, . . .



Table 1: Index of Refraction
Substance n

Air 1.000293
Water 1.333

Ice (at 0◦C) 1.309
Glass, crown 1.52
Glass, flint 1.66
Diamond 2.419

Volumes and Areas:

Area of a circle of radius R and area of the side of a cylinder of length ` and radius R;

A = πR2 A = 2πR`

Volume and surface area of a sphere of radius R;

V =
4

3
πR3 A = 4πR2

Vectors, Trigonometry, Derivatives, Complex Numbers

We will use Cartesian coordinates throughout.

Vectors

~A = | ~A|Â = Axî+ Ayĵ + Azk̂

| ~A| =
√
A2
x + A2

y + A2
z

Â =
~A

| ~A|
=

~A√
A2
x + A2

y + A2
z

~C = Cxî+ Cyĵ + Czk̂

= ~A+ ~B

= (Ax +Bx)̂i+ (Ay +By)ĵ + (Az +Bz)k̂

~A · ~B = | ~A|| ~B| cos θ

= (AxBx + AyBy + AzBz)

~A× ~B = | ~A|| ~B| sin θn̂
where n̂ is the unit direction vector normal to the ~A~B plane

= (AyBz − AzBy )̂i+ (AzBx − AxBz)ĵ + (AxBy − AyBx)k̂



Derivatives

d

dx
A cos bx = −Ab sin bx

d

dx
A sin bx = Ab cos bx

dAx±b

dx
= ±Abx±b−1

dAe±bx

dx
= ±Abe±bx

Trigonometry

sin2 θ + cos2 θ = 1

sin 2θ = 2 sin θ cos θ

cos 2θ = cos2 θ − sin2 θ

sin (θ ± φ) = sin θ cosφ± cos θ sinφ

cos (θ ± φ) = cos θ cosφ∓ sin θ sinφ

Complex Numbers

j =
√
−1

Z± = a± bj
= |Z±|(cos θ ± j sin θ)

= |Z±|e±jθ

|Z| =
√
Z∗Z =

√
a2 + b2

θ = ± tan−1
(
b

a

)

Given P = a+ bj and Q = c+ dj then for L = P ±Q = |L|ejθL, M = PQ =
|M |ejθM , and N = P/Q = |N |ejθN :

L = (a± c) + (b± d)j

|L| =
√

(a± c)2 + (b± d)2

θL = tan−1
(
b± d
a± c

)
|M | = |P ||Q|
θM = θP + θQ

|N | = |P |/|Q|
θM = θP − θQ


