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sinθ = op
hy

cosθ = ad
hy

tanθ = op
ad

θ = arctan op
ad

hy( )2 = op( )2 + ad( )2

sinθ( )2 + cosθ( )2 = 1
secθ = 1

cosθ
secθ( )2 = tanθ( )2 +1
v = dx

dt

a = dv
dt

v = v0 + at

x = x0 + v0t +
1
2
at2

x = x0 +
1
2
v + v0( )t

x = x0 +
v2 − v0

2

2a
⎛
⎝⎜

⎞
⎠⎟

v = v0 − gt

y = y0 + v0t −
1
2
gt2

y = y0 +
1
2
v + v0( )t

y = y0 −
v2 − v0

2

2g
⎛
⎝⎜

⎞
⎠⎟

ar =
v2

r
!vac =

!vab +
!vbc!vba = − !vab

weight  = mg
g = 9.81 m/s2  or 32.0 ft/s2

i=1

N

∑Fi
!"
= m"a

!
F1 +
!
F2 +"+

!
FN = m!a

F1x + F2x +!+ FNx = max
fk = µkn
fs ≤ µsn
WF = Fxcosθ

WS = − 1
2
kx2 − 1

2
kx0

2⎡
⎣⎢

⎤
⎦⎥

ΔK =WTotal

ΔK = 1
2
mv2 − 1

2
mv0

2

K = 1
2
mv2

Pow = W
t

ΔU = −W
ΔUg = mgh−mgh0
!
F = −k!x
F = kx

ΔUS =
1
2
kx2 − 1

2
kx0

2

ΔK + ΔUg + ΔUS =WF +Wf
!
P = m!v
!
F = d

!
P
dt!

P = P0
"!"

Px = P0x
Py = P0y
K = K0

xcm =
x1m1 + x2m2 +!+ xNmN

m1 +m2 +!+mN
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θ = x
r

ω = v
r

α = a
r

1 rpm  = 0.105 rad/s
ω =ω 0 +αt

θ = θ0 +ω 0t +
1
2
αt2

θ = θ0 +
1
2
ω +ω 0( )t

θ = θ0 +
ω 2 +ω 0

2( )
2α

thin hoop: Icm = mr2

thick hoop: Icm = 1
2
m r1

2 + r2
2( )

cylinder/disk: Icm = 1
2
mr2

sphere: Icm = 2
5
mr2

thin spherical shell: Icm = 2
3
mr2

rod about its center: Icm = 1
3
mr2

rod about its end: Icm = 1
12
mr2

I = Icm +md
2

KR =
1
2
Iω 2

ΔKR =
1
2
Iω 2 − 1

2
Iω 0

2

ΔKT + ΔKR + ΔUg + ΔUS =WF +Wf
!τ = RFsinθ ,  RHR
!τ 1 +
!τ 2 +"+

!τN = I !α
dW = τdθ

!
L = I !ω
L = mvrsinθ
!τ = d

!
L
dt

F = Gm1m2

R2

G = 6.67  x 10−11  N m
2

kg2

Ug = −
Gm1m2

R

ΔUg = −
Gm1m2

R
⎛
⎝⎜

⎞
⎠⎟
− −

Gm1m2

R0
⎛
⎝⎜

⎞
⎠⎟

ES = −
GmSmE

2RS

T 2 = 4π
2R3

Gm

f = 1
T

ω = 2π f
d2x
dt2

+ω 2x = 0

x = Acos ωt +φ( )

ω = k
m
   (mass on a spring)

ω = g
l
   (simple pendulum)

ω = mgl
I
   (physical pendulum)
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1 cal = 4.19 J
dQ = mcdT   or  ΔQ = mcΔT
dQ1 + dQ2 = 0

cwater = 1 
cal
gm !C

cice = 0.5 
cal
gm !C

Q = mL

Lice = 79.7  
cal
gm

Lsteam = 540  cal
gm

Q
t
= −

κA TH −TC( )
x

PV = nRT

R = 8.31  J
mol K

n = N
NA

= m
mA

NA = 6.02 x 10
23   particles

mol

P = F
A

STP⇒ P = Patm = 1.01 x 105  N/m2

            T = 0 !C = 273 K

kB =
R
NA

kB = 1.38 x 10
−23  J/K

P = 2NK
3V

K = 3
2
kBT

U = 3
2
NkBT = 3

2
nRT

vrms =
3kBT
m

P =
Nm vrms( )2

3V
dW = PdV
monatomic:   f = 3
diatomic:        f = 5
polyatomic:   f = 6

K = f
2
kBT

U = f
2
NkBT = f

2
nRT

vrms =
f  kBT
m

P =
Nm vrms( )2
f  V

CV = f
2
R

CP =
f + 2
2

⎛
⎝⎜

⎞
⎠⎟
R

CP −CV = R
dQ = nCVdT
dQ = nCPdT

γ =
CP
CV

= f + 2
f

PVγ = constant
PVγ = P1V1

γ

dU = dQ − dW
W =QH −QC

e = W
QH

e = 1− QC

QH

emax = 1−
TC
TH

ΔS = ∫
dQ
T



  


