
SP211 Equation Sheet, Fall 2026

Important Prefixes: nano = 10−9, micro = 10−6, milli = 10−3, kilo = 103, mega = 106, giga = 109

Physical Constants and Properties: g = 9.81 m/s2, G = 6.67× 10−11 N·m2/kg2,
MEarth = 5.97× 1024 kg, REarth = 6.37× 106 m, ρwater = 1000 kg/m3, ρseawater = 1030 kg/m3,
1 atm = 1.013× 105 Pa, vsound air 20◦C = 343m/s

Geometry: (circle circumference) = 2πr, (circle area) = πr2, (cylinder volume) = πr2h,

(sphere area) = 4πr2, (sphere volume) = 4

3
πr3

Vectors: A⃗ = Axî+Ay ĵ+Azk̂, |A⃗| = A =
√
A2

x +A2
y +A2

z, A⃗·B⃗ = AB cosϕ = AxBx+AyBy+AzBz

|A⃗× B⃗| = AB sinϕ, (A⃗× B⃗)x = AyBz −AzBy, (A⃗× B⃗)y = AzBx−AxBz, (A⃗× B⃗)z = AxBy −AyBx

Calculus: d

dx
(uv) =

(
du

dx

)
v + u

(
dv

dx

)
(product rule), df

dx
=

df

du

du

dx
(chain rule),

d

dx
xn = nxn−1, d

dx
ex = ex, d

dx
lnx =

1

x
, d

dx
sinx = cosx, d

dx
cosx = − sinx∫

xn dx =
1

n+ 1
xn+1 (n ̸= −1),

∫
ex dx = ex,

∫
dx

x
= ln |x|,

∫
cosx dx = sinx,

∫
sinx dx = − cosx

Kinematics: ∆x = xf − xi, vavx =
∆x

∆t
, vx =

dx

dt
, ∆x =

∫ tf

ti

vx dt, speedav =
s

∆t
, aavx =

∆vx
∆t

,

ax =
dvx
dt

, ∆vx =

∫ tf

ti

ax dt, vx = v0x + axt, x = x0 + v0xt+
1
2axt

2, v2x = v20x + 2ax∆x,

r⃗ = xî+ yĵ + zk̂, v⃗ =
dr⃗

dt
, a⃗ =

dv⃗

dt
, v⃗ = v⃗0 + a⃗t, r⃗ = r⃗0 + v⃗0t+

1
2 a⃗t

2, v⃗AB = −v⃗BA,

v⃗pB = v⃗pA + v⃗AB, v =
2πr

T
, ac =

v2

r
, at =

dv

dt

Forces: F⃗net = ma⃗, F⃗BA = −F⃗AB, F⃗g = mg⃗, Fx = −kx, fs ≤ fs max, fs max = µsFn,

fk = µkFn, fr = µrFn, Fd = bvn, vT =
(mg

b

)1/n
, Fnet c = mac =

mv2

r
, Fnet t = mat,

Mr⃗cm = m1r⃗1 +m2r⃗2 + · · · , Mv⃗cm = m1v⃗1 +m2v⃗2 + · · · , Ma⃗cm = m1a⃗1 +m2a⃗2 + · · · ,

Mr⃗cm =
∫
r⃗ dm, F⃗net ext =

∑
i
F⃗i ext = Ma⃗cm

Energy: W =

∫ f

i
F⃗ · dℓ⃗ =

∫ f

i
F∥dℓ, W = F⃗ · ℓ⃗ = F∥ℓ = Fℓ∥ = Fℓ cos θ, W = Fx∆x = F |∆x| cos θ,

W =

∫ xf

xi

Fx dx, K = 1
2mv2, Wtotal = ∆K, Pav =

W

∆t
, P =

dW

dt
= F⃗ ·v⃗, ∆U = −W = −

∫ f

i
F⃗ · dℓ⃗,

Ug = U0 +mgy, Uspring = 1
2kx

2, Fx = −dU

dx
, Emech = Ksys + Usys, Kf + Uf = Ki + Ui,



Wext = ∆Emech −Wnc, Wext = ∆Esys = ∆Emech +∆Etherm +∆Echem +∆Eother, ∆Etherm = fksrel

Momentum: p⃗ = mv⃗, K =
p2

2m
, F⃗net =

dp⃗

dt
, P⃗sys = Mv⃗cm, F⃗net ext =

dP⃗sys
dt

, I⃗ =

∫ tf

ti

F⃗ dt,

I⃗ = F⃗av∆t, I⃗net =

∫ tf

ti

F⃗net dt = ∆p⃗, P⃗sys f = P⃗sys i (isolated system)

Rotation: s = rθ, ω =
dθ

dt
=

2π

T
= 2πf , vt = rω, α =

dω

dt
, at = rα, ω = ω0 + αt,

θ = θ0 + ω0t+
1
2αt

2, ω2 = ω2
0 + 2α∆θ, I =

∫
r2dm, dm = λdx, Iparticle = mr2, Ihoop = MR2,

Irod center =
1
12ML2, Irod end = 1

3ML2, Idisk = 1
2MR2, Isolid sphere =

2
5MR2,

Ispherical shell =
2
3MR2, I = Icm+Mh2axis→cm, Krot =

1
2Iω

2, τ = Ftr = rF sinϕ = Fℓ, τnet ext = Iα,

W =

∫ θf

θi

τ dθ, P = τω, Kroll =
1
2Icmω2 + 1

2Mv2cm, vcm = ωR, acm = αR, τ⃗ = r⃗ × F⃗ ,

L⃗particle = r⃗ × p⃗, |L⃗particle| = rp sinϕ, L⃗rigid body = Iω⃗, τ⃗net ext =
dL⃗sys
dt

, L⃗i = L⃗f (isolated system)

Gravitation: F⃗ = −Gm1m2

r212
r̂12, U = −GMm

r
, T 2 =

4π2

GM
r3

Fluids: ρav =
m

V
, P =

F

A
, P = Pgauge + Pat, P = P0 + ρg∆h, B = ρfluidVfluid g

Oscillations: x = A cos(ωt+ δ), ω =
2π

T
= 2πf , ω =

√
k

m
, ω =

√
g

L
, ω =

√
MgD

I
,

E = K + U = 1
2kA

2 = 1
2mv2max ,

Waves: vstring =

√
FT
µ

, vsound =

√
B

ρ
, µ =

M

L
, y(x, t) = A sin(kx± ωt+ δ), k =

2π

λ
,

v =
λ

T
= λf =

ω

k
, Pav = 1

2µvω
2A2, I =

Pav
A

=
Pav
4πr2

(spherical wave), fr =

(
v ± ur
v ∓ us

)
fs,

y = y1 + y2 = y0 sin (kx− ωt) + y0 sin (kx− ωt+ δ) = [2y0 cos (
1
2δ)] sin (kx− ωt+ 1

2δ), fbeat = ∆f ,

δ = k∆x = 2π
∆x

λ
, L = n

λn

2
for n = 1, 2, 3, ..., fn =

v

λn
= n

v

λ1
= n

v

2L
= nf1 for n = 1, 2, 3, ...,

L = n
λn

4
for n = 1, 3, 5, ..., fn =

v

λn
= n

v

λ1
= n

v

4L
= nf1 for n = 1, 3, 5, ...,

yn(x, t) = An sin (knx) cos (ωnt+ δn)


