
G = 6.67× 10−11 N ·m2/kg2

g = 9.8m/s2

c = 3.00× 108m/s
REarth = 6.37× 103km
MEarth = 5.97× 1024kg

ρair = 1.225kg/m3

ρice = 0.92× 103kg/m3

ρwater = 1.00× 103kg/m3

ρblood = 1.06× 103kg/m3

ρlead = 11.3× 103kg/m3

NA = 6.02× 1023 mol−1

me = 9.11× 10−31 kg
mp = 1.67× 10−27 kg

1 m = 3.28 ft
1 inch = 2.54 cm

1 mi = 5280 ft
1 lb = 4.45 N

1atm = 1.013× 105Pa
d

dx
(au) = a

du

dx
d

dx
(u+ v) =

du

dx
+
dv

dx
d

dx
(uv) = u

dv

dx
+ v

du

dx∫
dx = x∫

au dx = a
∫
u dx∫

(u+ v) dx =
∫
u dx+

∫
v dx∫

xm dx =
xm+1

m+ 1
(m 6= −1)

∆x = x2 − x1

v̄ =
∆x

∆t
=
x2 − x1

t2 − t1
s̄ =

total distance

∆t

v =
dx

dt

ā =
∆v

∆t
=
v2 − v1

t2 − t1
a =

dv

dt
v = v0 + at

x− x0 = v0t+
1

2
at2

v2 = v2
0 + 2a (x− x0)

x− x0 =
1

2
(v0 + v) t

x− x0 = vt− 1

2
at2

ax = a cos θ
ay = a sin θ

a =
√
a2
x + a2

y

tan θ =
ay
ax

θA = tan−1 Ay

Ax

[· · ·+ 180o]

~a ·~b = ab cosφ
~a ·~b = AxBx + AyBy + AzBz

~a×~b = ~c
c = ab sinφ

~v =
d~r

dt

~a =
d~v

dt
x− x0 = v0xt

y − y0 = v0yt−
1

2
gt2

y = (tan θ0)x− gx2

2 (v0 cos θ0)2

R =
v2

0

g
sin (2θ0)

a =
v2

r

a =
4π2r

T 2

T =
2πr

v
Σ~F = m~a
W = mg
~FAB = −~FBA

fs = µsN
fk = µkN

F =
mv2

r

K =
1

2
mv2

∆K = Kf −Ki = W
W = Fd cosφ
W = ~F · ~d
Wg = mgd cosφ

∆K = Wa +Wg

W =
∫ xf

xi

F (x) dx

F = −kx
Ws = −1

2
kx2

P̄ =
W

∆t
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P =
dW

dt
P = ~F · ~v
U = mgy

U(x) =
1

2
kx2

E = K + U

F (x) = −dU(x)

dx
Wapp = ∆E
∆E = −fkd
P =

dE

dt

~rcom =
1

M
Σn

i=1mi~ri

xcom =
1

M

∫
x dm

xcom =
1

V

∫
x dV

Σ~Fext = M~acm

~p = m~v

Σ~F =
d~p

dt
~P = M~vcm

Σ~Fext =
d~P

dt
~P = constant
~J =

∫ tf

ti

~F (t) dt

~pf − ~pi = ∆~p = ~J

v1f =
m1 −m2

m1 +m2

v1i

v2f =
2m1

m1 +m2

v1i

vcm =
P

m1 +m2
θ = s

r

∆θ = θ2 − θ1

ω =
dθ

dt

α =
dω

dt
ω = ω0 + αt

θ − θ0 = ω0t+
1

2
αt2

ω2 = ω2
0 + 2α (θ − θ0)

θ − θ0 =
1

2
(ω0 + ω) t

θ − θ0 = ωt− 1

2
αt2

s = θr
v = ωr

at = αr

ar =
v2

r
= ω2r

I = Σmir
2
i

I =
∫
r2dm

K =
1

2
Iω2

τ = rF sinφ
τ = Iα

Στ = Iα
vcm = ωR

K =
1

2
Icmω

2 +
1

2
Mv2

cm

~τ = ~r × ~F
~l = ~r × ~p = m (~r × ~v)

Σ~τ =
d~l

dt
L = Iω
F = G

m1m2

r2

U = −Gm1m2

r

vesc =

√
2GM

R

vorb =

√
GM

R

RS =
2GM

c2

T = 1/f
ω = 2πf

k =
2π

λ
v = λf

ρ =
∆m

∆V

p =
∆F

∆A
p2 = p1 + ρg (y1 − y2)
p = p0 + ρgh

FB = ρflVsubg
A1v1 = A2v2

p1 +
1

2
ρv2

1 + ρgy1 = p2 +
1

2
ρv2

2 + ρgy2

fn = n
v

2L
fixed string or open pipe

fn = n
v

4L
stopped pipe

fbeat = fa − fb
fL =

v + vL
v + vS

fS
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