
!"#$!"

%&'()*+,- r(t) ./0 t 1234567

8'(9:;<1=)></? t (@A<!" 

v(t) B$!" a(t) CDE<FG(.)/? t 1H

I3456!"#$!"CJK;<LMN><O

!"P

      

! 

v(t)= lim
"t#0

r(t+"t)$r(t)

"t
=

dr(t)

dt
=

dx

dt
, 

d y

dt
, 

dz

dt

% 

& 
' 

( 

) 
* 

$!"P

      

! 

a=
dv

dt
=

d2
r

dt2
=

d2 x

dt2
, 

d2 y

dt2
, 

d2 z

dt2

% 

& 
' ' 

( 

) 
* * 

QRS1TPUVWX,-YZ

[\ r 1Q]^C_!=RS;<`aP*+bcde

1fg r hij!" + ./0'(9:5klFG)

 r(t) = (x, y) = (r cos +t, r sin +t) = r (cos +t, sin +t) ,

      

! 

v(t)=
dr

dt
=r+ $sin+t, cos+t( ),

      

! 

a(t)=
dv

dt
=$+2r cos+t, sin+t( )=$+2

r (  

! 

=+,v mno(

pq).

rstu)$!"bcde.*+bcde4vw=xmyz4{|<Oj!"bcde 

+ .}~bcde=)�yg. +)�m.��}(vw=���1���m(�<O

!"bcde.)*+bcde)$!"bcde41�s�s1��

v(t)•r(t)=r
2+ $sin+t, cos+t( ) cos+t, sin+t( )=r

2+ $ cos+t sin+t +cos+tsin+t( )= 0

v(t)•a(t)=$r
2+3 $sin+t, cos+t( ) cos+t, sin+t( )=$r

2+3 $cos+tsin+t +cos+t sin+t( )= 0

N��(k<r4|�)�l(��56l<r4N��=y<O
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r(t)
t

r

r(t)

t t+"t

r(t+"t)

+t

x

y
r

v

���d�1RS��

����)� ¡�)¢£¤�¥�1¦§1�¨©ª1^()���d�N«¬5F~

®(@A<RS��.V1¯��(Y°gs<O

±%��²~1��³

´'koN$µ�kl¶u)·¸.¹º»l._!�¼RSC8A<O

±½��²RS��³

·¸1$!".)$EFo(¾T5)�1¿À(Á¾T;<O

±Â��²ÃÄ#ÁÃÄ1��³

U·¸N�l(oChÅ5aÆ4y(.)Ç%�¼^=�l(xmy#Ç%1�yg1o

NÈÉO

rs�1Â��.)V1RS�ÊË(MÌgs<O

      

! 

a=
F

m
, ma=m

d2
r

dt2
=m

dv

dt
=

dP

dt
=F) (16)

rr=)a .$!" [m/s2])F .o [N=kg•m/s2])m .~¿À [kg]) P=mv .RSÀ 

[kg•m/s] 4ÍÎs<O±%��1tÆ()´oN$µ�kl`a.)

      

! 

m
dv

dt
=0,  

dv

dt
dt- = dv=v- =const.

4ku)±%��P´oNkl4y(.!".��ÏF.%JÐC�<)CÑ°;<O5

|5)ÒÓ1ÔÕ=>ÖF)oNÈl6lkl4RSN×Fskl)r4NØ5Éklr

4CÙ�(Z;4Ç/()RS1Ú~1©Mk~¿=><r4CDE<4)±%1��4

561©M~N�G�s<O

RSÀ×Û�

UÜ1·¸N)ÝÞ56)¶�sF/0"t zA�l(

oChÅ5aÆß´()´'koN$µ�kl`aCD

EtÆOU·¸10(.)�l1ÝÞ(tÖ6hÅ5a

Æ F12²à|�U(hÅ;o³)F21²U|�à(hÅ

;o³²�o³ß´1) ´á|�ÈÉo²´o³NÈ

|kl45tÆOÝÞâã1�s�s1·¸1RSÀC

P1)P2)@ti P'1)P'2 4;<4)ÝÞ1âã=´o

NÈ|kl/(.)äRSÀP=P1+P2 .±Â��²ÃÄÁÃÄ)Ô( F12 = –F21Nåu

æç)ÝÞ56l<0zA��=kÉk<³Cèl)

      

! 

dP1

dt
+

dP2

dt
=

d(P1+ P2)

dt
=

dP

dt
=F12 +F21 =0, .P= P1+ P2 = / P 1+ / P 2 =const. (17)

4éA<Or12I.)êë3NìÖ4íÉ6ì)´oNÈ|kl¶uRS�ÊË (1) Ë

4ÃÄÁÃÄ1��(tuåuæÜr4N×îgs)RSÀ×Û�4ÍÎs<O46ìï

Äk��=><r4.)�ð�ñ�òódôNõ(öÉ÷øB�òódù���=$!=

y<÷øNúÙ=y<r4|�ì{|<O
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