
!"#$%&'()*

+,-
d2x

dt
2

+ f (t) = 0.

/01'234+561'789:;<=.
d2x

dt
2

= !g-

    

" 

d2x

dt2

# 

$ 
% % 

& 

' 
( ( dt) =

d

dt

dx

dt

# 

$ 
% 

& 

' 
( ) dt = d

dx

dt

# 

$ 
% 

& 

' 
( ) = dv) =v=! f (t)dt) >+89

    

" 

v=
d2x

dt2

# 

$ 
% % 

& 

' 
( ( dt) =! gdt) =!gt+v0-

    

" 

dx

dt

# 

$ 
% 

& 

' 
( ) dt = dx= x) =! dt f ( * t )d * t 

0

t

)) ?+89
    

" 

x=
dx

dt

# 

$ 
% 

& 

' 
( ) dt = (!gt+v0)dt) =!

gt2

2
+v0t+ x0-

+@-
    

" 

dx

dt
+cx=0.+c=const.-.

ABCDEFGt #1'HIJCAKLMCN x(t) OPQRA7#STU>V7WXYHZ

7()*O[\]#H^_7WX#S`aNK

bX'c234+89de7S`:;<=7fg.
dv

dt
= !

k

m
v! g = !

k

m
(v +

mg

k
)-

bX x Ohij]kQ>dt OlijmnKoiOVpqp x, t #1'r`k>

  

" 

dx

x
) =!c dt) >.(89v OstuvOhijmnwU>

  

" 

dv

v+
mg

k

) =!
k

m
dt) x

    

" 

ln|x|=!ct+C>G+89
    

" 

ln|v+
mg

k
| =!

k

m
t+C-

    

" 

x=exp(!ct+C)= Ae!ct>G.y89v+
mg

k
= exp{!

k

m
t +C} = Ae

!
k

m
t
>+v = Ae

!
k

m
t
!

mg

k
?

+ A= e
C-x

+z-
d2x

dt
2

+ kx = 0.{|@}~Y&'()*.+k=const.-

/01'HIJCA+89��n.
d2x

dt
2

= !,0
2
x-

x = e
-t Gk�AU��()*O�D>�[OPQ`?ZpH>@�&'wU�7WXj�

8r`7H�XWXwaSD�CARQ#S`?

d2x

dt
2

= -2
e
-t

= !,0
2
x = !,0

2
e
-t Gj�AUe

-t
> 0G�D>-2

= !,0
2
, +-= ±i,0G2�Np>@�

7�[> x1 = e
i, 0t

, x2 = e
!i, 0t G2P]`?ZpN7~Y��aN��[

x(t) = Ae
i, 0t

+ Be
!i, 0t

2�6�p`?Zpj����O�pU>�67����7E7[2PQNp`?

+�-
d2x

dt
2

+ k
dx

dt
+,0

2
x = 0.+k=const.-

+z-k��(�#[\+89de7S`��n-

+�-
d2x

dt
2

+ kx = g(t).�{|@}~Y&'()*.+k=const.-

/01'HIJCA+89���7���n.
d2x

dt
2

+,0
2
x =

F

m
cos,t-

6Xb �#[\?V7�¡j�`kZ7()*7[H> g(x) = 0 Gk¢AR�|@}&

'()*+z-7��[j>Z7&'()*7,�7�[O£¤`Zkj�D�Np`Z

k2_NpUA`?

Z78H>��¥¦§O¨�©jªrTU¥`«nj¬­w>���nk®¯p`?°T

U>V7�[kwUH>ªrTR�nX7�n2±Z`k²³�p`7#>

x = x0cos,t

k¢AU>&'()*O´Rr x0 G7��OPQ`?V%r`k>

d2x

dt
2

= !,2
x GC7#> x(,0

2 !,2
) =

F

m
cos,t =

F

m

x

x0

2�Np`?°TU> x0 =
F/m

(,0
2! ,2

)
GaN>���n7��[H

x(t) = Ae
i, 0t

+ Be
!i, 0t

+
F /m

(,0
2 !,2

)
cos,t

kPQNp`?

Zpj>µjdeO£¤R82>¶·"+¸¹º»9"¼½¾I¿À-7@ÁÂjÃTU

A`7#ÄÅ7Zk?


