
Potentially useful formulas and constants (see both sides):

vav =
∆x

∆t
, v(t) = lim

∆t→0

∆x

∆t
, aav =

∆v

∆t
, a(t) = lim

∆t→0

∆v

∆t
, 1m = 3.281 ft , 1mi = 5280 ft , g = 9.81m/s2 ,

v = a∆t+ v0 , x =
1

2
a(∆t)2 + v0∆t+ x0 , v2 = v20 + 2a(x− x0) , vav =

1

2
(v + v0) , x =

−b±
√
b2 − 4ac

2a
,

~A = Axx̂+Ayŷ , Ax = A cos θ , Ay = A sin θ , A =
√

A2
x +A2

y , θ = tan−1 Ay

Ax
, ~v = ~v ′ + ~V ,

~vav =
∆~r

∆t
, ~aav =

∆~v

∆t
, ~v = ~a∆t+ ~v0 , ~r =

1

2
~a(∆t)2 + ~v0∆t+ ~r0 , v2 = v20 + 2ax(x− x0) + 2ay(y − y0) ,

~F = m~a , ~Fgrav = −G
m1m2

r2
~r

r
, G = 6.67 · 10−11 Nm2/ kg2 , w = mg , g =

GM

R2
, fk = µkN , fs ≤ µsN ,

~Fspring = −k∆~r , ac =
v2

r
, v =

2πr

T
= ωr , ~Fdrag = −bvnv̂ , Torbit =

2π√
GM

r3/2 , vorbit =

√

GM

r
,

E = K + U , K =
1

2
mv2 , ∆K = W ≡ Fd cos θ , ∆E = Wnc , Unear = mgh , Ugrav = −G

mM

r
, Uspring =

1

2
kd2 ,

Pav =
W

∆t
= Fvav cos θ , 1 hp = 746W , ~I = ~Fav∆t = ∆~p , ~p = m~v ,

v1f =
(1 + e)m2v2i + (m1 − em2)v1i

m1 +m2
, v2f =

(1 + e)m1v1i + (m2 − em1)v2i
m1 +m2

,

M =
∑

n

mn , ~R =
1

M

∑

n

mn~rn , ~Vcm =
1

M

∑

n

mn~vn , ~Acm =
1

M

∑

n

mn~an , ~F net
ext = M ~Acm .

ωav =
∆θ

∆t
, ω = α∆t+ ωi , αav =

∆ω

∆t
, θ =

1

2
α(∆t)2 + ωi∆t+ θi , ω2 = ω2

i + 2α∆θ ,

~Rcog =
1

W

∑

n

wn~rn , ac = rω2 , at = rα , vt = rω , f = 1/T , ω = 2πf = 2π/T ,

Iα = τ , τ = r⊥F = rFt = rF sin θ , L = r⊥p = Iω , Krot =
1

2
Iω2 , Wrot = τ∆θ , ∆L = τav∆t ,

I =
∑

i

mir
2
i , Iendrod =

1

3
ml2 , Ictrrod =

1

12
ml2 , Icyl =

1

2
MR2 , Ishell =

2

3
MR2 , Isphere =

2

5
MR2 ,

ω =
√

k/m =
√

g/l , x = A cosωt , v = −Aω sinωt , a = −Aω2 cosωt , E =
1

2
kA2 , A = A0e

−bt/(2m) ,

ω =
√

lmg/I , F/A = Y∆L/L0 , F/A = S∆x/L0 , ∆P = −B∆V/V0 ,

ρ = m/V , P = F/A , Q = cm∆T , Q = mL , Q = kA∆T t/L , R = 8.31 J/(mol ·K) , cwater = 4186 J/(kg ·K) ,

TC =
5

9
(TF − 32 ◦F) , 1Pa = 1N/m2 , 1 atm = 1.013 × 105 Pa = 760mmHg , Lfwater = 3.35× 105 J/kg ,

1 bar = 105 Pa , P2 = P1 + ρgh , FB = ρgV , ρ1A1v1 = ρ2A2v2 , P1 +
1

2
ρv21 + ρgy1 = P2 +

1

2
ρv22 + ρgy2 ,

∆L = αL0∆T , ∆V = βV0∆T ,

T = TC + 273.15K , NA = 6.022 × 1023/mol , 1u = 1.6605 × 10−27 kg , PV = nRT = NkT ,

k = R/NA = 1.38 × 10−23 J/K , M = NAm , Kav =
3

2
kT , vrms =

√

3kT/m =
√

3RT/M , U =
3

2
nRT ,

rel. humidity =
partial vapor pressure

equil. vapor pressure
× 100% , Q = eσT 4At , σ = 5.67 × 10−8 J/(s·m2·K4) ,



Potentially useful formulas and constants (see both sides)

∆U = Q−W , W = P∆V , PV γ = const. , γ = CP /CV = 5/3 , nC = mc , W = nRT ln(Vf/Vi) ,

CP =
5

2
R , CV =

3

2
R , QH = W +QC , e = W/QH , eC = 1− TC/TH , QC/QH = TC/TH ,

∆S = Q/T , ∆S = cm ln(Tf/Ti) , COPfrig = Qc/W , COPpump = Qh/W , Wlost = Tmin∆S .

∆S = nCV ln
Tf

Ti
+ nR ln

Vf

Vi
, ∆S = nCP ln

Tf

Ti
, ∆S =

mL

T
.

v = fλ , v =

√

F

µ
, µ = m/L , β = 10dB log(I/I0) , I0 = 10−12 W/m2 , I = P/A ,

fo = fs
1± uo/v

1∓ us/v
, fbeat = |f1 − f2| , fn = n

v

2L
, n = 1, 2, 3, . . . or n

v

4L
, n = 1, 3, 5, . . .


