
Formulas and Constants

g = 9.80 m/s2 G = 6.67× 10−11 N m2/kg2

ρwater = 1000 kg/m3 Patm = 1.013× 105 Pa Pa = N/m kB = 1.38× 10−23 J/K
R = 8.31 J/(mol K) σ = 5.67× 10−8 J / (s m2 K4) NA = 6.02× 1023 1 kcal = 4186 J

cwater = 4186 J/(kg C) cice = 2000 J/(kg C) Lf,water = 33.5× 104 J/kg Lv,water = 22.6× 105 J/kg

~A+ ~B = ~C ⇒ Ax +Bx = Cx Ay +By = Cy

Cx = C cos θ Cy = C sin θ C =
√
C2

x + C2
y θ = arctan

(
Cy

Cx

)
∆(thing) = thingf − thingi

Ccircle = 2πR Adisk = πR2 Asphere = 4πR2 Vsphere =
4

3
πR3

v̄ =
∆x

∆t
v = v0 + at ∆x = v0t+

1

2
at2 v2 = v20 + 2a∆x

~Fnet = m~a Fgrav =
Gm1m2

r2
fk = µkFN fs ≤ µsFN

weight = mg ~Fcent = m~acent acent =
v2

r
v =

2πr

T

W = F∆x cos θ = F∆x‖ KE =
1

2
mv2 PE = mgh E = KE + PE

KEi + PEi = KEf + PEf ⇔ ∆KE + ∆PE = 0 W = ∆KE

Wnon-cons = ∆E = Ef − Ei average power =
∆E

∆t

~p = m~v impulse = ~I = ∆~p = ~̄Fext∆t

~p1i + ~p2i = ~p1f + ~p2f ⇔ ∆~p1 + ∆~p2 = 0

θ =
s

r
ω̄ =

∆θ

∆t
ᾱ =

∆ω

∆t
ω = ω0 + αt ∆θ = ω0t+

1

2
αt2 ω2 = ω2

0 + 2α∆θ

vlinear = vT = rω alinear = aT = rα ac = rω2 atotal =
√
a2T + a2c



Ipoint = mr2 Irod,axis at center =
1

12
m`2 Isphere,axis at center =

2

5
mR2 Isystem = I1 + I2 + · · ·

torque = τ = F` sin θ = F`⊥ τnet = Iα KErot =
1

2
Iω2

L = Iω τext =
∆L

∆t
equilibrium :

∑
F = 0 and

∑
τ = 0

F = −kx f =
1

T
ω = 2πf =

2π

T

x(t) = A cos(ωt) vmax = Aω amax = Aω2 ω =

√
k

m

PEspring =
1

2
kx2 Etot =

1

2
mv2 +

1

2
Iω2 +mgh+

1

2
kx2

ωsimple pend = 2πf =

√
g

L
ωphys pend = 2πf =

√
mgL

I

ρ =
m

V
P =

F

A
P2 = P1 + ρgh FB = Wdisplaced fluid

mass flow rate = ρAv ρ1A1v1 = ρ2A2v2 (if incompressible) : A1v1 = A2v2

P1 +
1

2
ρv21 + ρgy1 = P2 +

1

2
ρv22 + ρgy2

TF =
9

5
TC + 32 TC =

5

9
(TF − 32) TK = TC + 273.15 ∆L = αL0∆T

Q = mc∆T Q = mL
Q

t
=
kA∆T

L

Q

t
= eσT 4A

PV = nRT = NkBT KE =
1

2
mv2rms =

3

2
kBT U =

3

2
NkBT =

3

2
nRT

∆U = Q−W Wconstant P = P∆V = P (Vf − Vi) Wadiabatic =
3

2
nR(Ti − Tf )

W = QH −QC e =
W

QH

= 1− QC

QH

(
QC

QH

)
Carnot

=
TC
TH

eCarnot = 1− TC
TH

Johannes
Pencil

Johannes
Pencil


