
6.2.4 �Ä�§�)

(1) {��Ä�§

d2x

dt2
+ ω2

0x = 0, (6.1)

Ù¥ ω0 =
√

k
m
,ùp kL«�5Xê,m´�:��þ. �¦Ñ�§ (6.1)�

Ï) x = x(t)�L�ª. d�§�A��§�

λ2 + ω2
0 = 0.

§kü�E� λ = ±iω0.Ïd x1(t) = cosω0t, x2(t) = sinω0t´ (6.1)�Ä�

)|. �, (6.1)�Ï)�

x(t) = c1 cosω0t + c2 sinω0t,

Ù¥ c1, c2 ´?¿~ê.
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P A =
√
c21 + c

2
2 6= 0,¿� ϕ¦�

cosϕ =
c1√
c21 + c

2
2

, sinϕ = −
cc√
c21 + c

2
2

.

u´þ¡�Ï)�L«�

x(t) = A cos(ω0t + ϕ). (6.2)

ùp ω0 L«�ªÇ(�ªÇ), A L«�Ì, ϕ L«Ð� . �Ì�� d�

Ä�Ð� x(0)Ú x′(0)û½:

A =

√
ω2

0x
2(0) + (x′(0))2

ω0

, ϕ = arccos
x(0)√

ω2
0x

2(0) + (x′(0))2
.

P T = 2π
ω0
,§´�Ä�±Ï,���ªÇk'.

{�$Ä´�Ä���{ü�Å��Ä. �,ÔN?1{�$Ä�, Ô

N¤É�å� £¤�', ¿�o´��²ï �. §´�«dg�XÚ5

�û½�±Ï5$Ä.£Xü{$ÄÚ���f$Ä¤¢Sþ{��ÄÒ´

�u�Ä.�d3Ã�>Æ¥{�&Ò¢SþÒ´�u&Ò.
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(2) {Z�Ä�§

d2x

dt2
+ 2β

dx

dt
+ ω2

0x = 0, (6.3)

ùp β = ν
2m
�{ZXê ν ¤�'. (6.3)�A��§�

λ2 + 2βλ + ω2
0 = 0.

�/1◦: 0 < β < ω0.d�A��§��´�é�ÝEê λ = −β ± iω,

Ù¥ ω =
√
ω2

0 − β2.u´ (6.3)�Ï)´

x(t) = e−βt(c1 cosωt + c2 sinωt),

c1, c2 ´?¿~ê. �{��Äaq,þ¡�Ï)��±L«�

x(t) = A(t) cos(ωt + ϕ),

Ù¥�Ì A(t) = Ae−β,U�êP~,�Ä��ªÇ� ω =
√
ω2

0 − β2.
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�/2◦: β = ω0. ù«�/¡�/�.{Z0. d�A��§k­�

λ = −β < 0.�A�{Z�Ä�§�Ï)�

x(t) = e−βt(c1 + c2t), (c1, c2´?¿~ê).

�/3◦: β > ω0.ù«�/¡�/L{Z0. d�A��§��´�É�

K¢ê λ1 = −β +
√
β2 − ω2

0, λ2 = −β −
√
β2 − ω2

0.�A�{Z�Ä�§

�Ï)�

x(t) = c1e
λ1t + c2e

λ2t, c1, c2 ´?¿~ê.

éu{Z�Ä,du�ÄXÚÉ��ÞÚ0�{å½Ù¦UÑ
¦�Ì

��mÅìP~, �, q¡~Ì�Ä!P~�Ä.ØØ´���f�´ü{d

u	.��ÞÚ0�{åo´�3,3�ÄL§¥�Øä�Ñ	.{å�õ,

�ÑUþ, �ÌÒ¬Åì~�, ²L�ã�m, �ÄÒ¬��Êe5. Ï��

Ì��Ä�Uþk', {Z�Ä�Ò´UþØä~���Ä. {Z�Ä´�

{�$Ä.{Z�ÄXÚáuÑÑXÚ.
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(3) É½�Ä�§

d2x

dt2
+ ω2

0x = a cosωt, (6.4)

ù´�a{ü�É½�Ä�§, F (t) = a cosωt ¡�É½å(�¡üÄå), ω

¡�É½å�ªÇ. (6.4) ´���àg��~Xê�5�©�§, éA�à

g�§�Ä�)|� cosω0t, sinω0t.

� ω 6= ω0 �,�±b� (6.4)���A)�

x0(t) = c cosωt + d sinωt,

Ù¥ c, d´�½~ê. òþª�\ (6.4)�

−ω2c + ω2
0c = a, −ω2d + ω2

0d = 0

Ïd, c = a
ω2
0−ω2, d = 0.d�, (6.4)�Ï)�

x(t) = c1 cosω0t + c2 sinω0t +
a

ω2
0 − ω2

cosωt, (c1, c2 ´?¿~ê).
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XJ�ÄÐ� x(0) = x′(t) = 0,@oéA�)�

x(t) =
a

ω2
0 − ω2

(cosωt− cosω0t).

�É½å�ªÇ ω ªu�kªÇ ω0 �,

x(t)→ x̃(t) =
at

2ω0

sinω0t.

d�,�Ì at
2ω0
��mO\
�54O.ùÒ�)
��y�.

� ω = ω0 �,��±�� (6.4)���A)�

x0(t) =
at

2ω0

sinω0t,

d�, (6.4)�Ï)�

x(t) = c1 cosω0t + c2 sinω0t +
at

2ω0

sinω0t, (c1, c2 ´?¿~ê).

XJ�ÄÐ� x(0) = x′(t) = 0,@oéA�)E�

x0(t) =
at

2ω0

sinω0t.
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