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P = mg

F F = −kx

F

x m

c

R m

�R = �P + �F = (mg − kx)�i

�i

2a

�R = m�a = mẍ�i = (mg − kx)�i

mẍ + kx = mg

x(t) = A cos(ω0t + φ) +
mg

k

A

ω0

ω0 =

√
k

m
.
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T0

T0 =
2π

ω0
⇒ T0 = 2π

√
m

k

�fa

�R = �P + �F + �fa = (mg − kx − λẋ)�i

λ

2a

�R = m�a = mẍ�i = (mg − kx − λẋ)�i

x(t) = Be(−λ/2m) cos(ωt + φ) +
mg

k

ω =
√

ω2
0 + (λ/2m)2

λ

2m
<<

k

m

ω ≈ ω0

T ≈ T0
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2
F (t)

�R = m�a = mẍ�i = (mg − kx − λẋ + F (t))�i

ωf F (t) = F0 cos(ωf t)

ẍ +
λ

m
+ ω2

0x =
F0

m
cos(ωf t)

xp(t) = A sin(ωf t − α)

A α

A(ωf ) =
F0/m√

(ω2
f − ω2

0) + ω2
f (λ/m)2

tanα(ωf ) =
ω2

f − ω2
0

λωf/m

x(t) = xp(t)+xh()t

xh(t)

m

F (t) t

x(t) ≈ xp(t) = A sin(ωf t − α) +
mg

k
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f

A(ωf )

dx(t)
dt

= ωfA(ωf ) cos(ωf t − α) = v0(ωf ) cos(ωf t − α)

v0(ωf )

v(t) =
ωfF0/m√

(ω2
f − ω2

0) + ω2
f (λ/m)2

v0 ωf

ω2
f − ω2

0 = 0 ⇒ ωf = ω0

v0 ωf

ωf

ω0
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T k

T
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L

T0 ω0

ω0 = 2π/T0

ωf

ω0

λ
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2ω ≈ ω0

(1 + x)n = 1 + nx +
n(n − 1)

2!
x2 +

n(n − 1)(n − 1)
3!

x3 + ...
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