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vx =
∆x

∆t
=

xf − xi

tf − ti
vx = lim

∆t→0

∆x

∆t
=

dx

dt
ax =

vxf − vxi

tf − ti
=

∆vx

∆t
ax = lim

∆t→0

∆v

∆t
=

dv

dt

vxf = vxi + axt xf = xi +
1

2
(vxi + vxf ) t xf = xi + vxit +

1

2
axt2 v2

xf = v2

xi + 2ax (xf − xi)

Σ
−→
F = m−→a Fg = mg

−→
F 12 = −

−→
F 21 fs ≤ µsn fk = µkn

−→
A = Axî + Ay ĵ

A =
√

A2
x + A2

y tan θ =
Ay

Ax

ac =
v2

r

−→
A •

−→
B = AB cos θ = AxBx + AyBy + AzBz

Wnet =

∫ r2

r1

(
Σ
−→
F

)
• d−→r Fs = −kx K =

1

2
mv2 Wnet = Kf − Ki = ∆K g = 9.8 m/s2

∆Esystem = ΣH ∆K = −fk∆x + ΣWother forces ∆Eint = fk∆x P =
dE

dt
Ug ≡ mgy

Ki+Ui = Kf+Uf Emech ≡ K+U Us ≡
1

2
kx2 K+U+Eint = constant Uf = −

∫ xf

xi

Fxdx+Ui

Fx = −
dU

dx
−→p = m−→v Σ

−→
F =

d−→p

dt

−→
I ≡

∫ tf

ti

Σ
−→
F dt = ∆−→p −→r cm =

Σimi
−→r i

M

∆t =
∆tp√
1 − v2

c2

= γ∆tp L =
Lp

γ
= Lp

(
1 −

v2

c2

) 1

2

−→p ≡
m−→u√
1 − u2

c2

ER = mc2 E =
mc2

√
1 − u2

c2

K =
mc2

√
1 −

u2

c2

−mc2 = γmc2
−mc2 = (γ − 1)mc2 E2 = p2c2 + (mc2)2 θ =

s

r
ω =

θf − θi

tf − ti
=

∆θ

∆t

ω = lim
∆t→0

∆θ

∆t
=

dθ

dt
α =

ωf − ωi

tf − ti
=

∆ω

∆t
α = lim

∆t→0

∆ω

∆t
=

dω

dt
ωf = ωi+αt v = rω at = rα



θf = θi + ωit +
1

2
αt2 θf = θi +

1

2
(ωi + ωf ) t ω2

f = ω2

i + 2α (θf − θi) ac =
v2

r
= rω2

I = Σimir
2

i KR =
1

2
Iω2 −→τ = −→r ×

−→
F

∣∣∣−→A ×
−→
B

∣∣∣ = AB sin θ Στ = Iα

−→
L = −→r ×−→p L = mvr sin φ Σ−→τ ext =

d
−→
L

dt

−→
L tot,i =

−→
L tot,f

x = A cos (ωt + φ) T =
1

f
=

2π

ω
ω =

√
k

m
E =

1

2
kA2 T = 2π

√
L

g

y = A sin

[
2π

λ
(x − vt)

]
= A sin (kx − ωt) v =

λ

T
= λf k ≡

2π

λ
ω ≡

2π

T
= 2πf

v =

√
T

µ
y = (2Asinkx) cosωt fn =

n

2L

√
T

µ
(n = 1, 2, 3, ...)


