
3.2. 5BJ;1�O

. . . . .3.2. . . . .

5BJ;1F�

5BJ;1�O��
5BJ; 1N$1��	HNF$5BJ;�B$���5��<=
������303�d1M�#�9���$�
���������2���

3.2.178 1�$��N@

1� l[m] ,B@ V [m3]$
�B$HN�C�;J;� N mA�

���. J;�e���F*�"����, 
��4�C��F�
*�d$�*�. ?$� � x , y , z ����, 1�$J;$*{�
v[m/s] ,�$	J� vx , vy , vz[m/s]�*�. J;$��� m[kg]�

*��,"$J;�
 A� 1Y�F�������#��2�
�
J;�	<���@�5���
A��F*�A$J;$ x��8$*{� vx
�F8$*{� x�

�8$��2��
−vx�������
1���mvx�	−mvx

���2��"�����J;� AL�	<���@ Im�1��
$�2�A�*���


Im = (−mvx)−mvx = −2mvx

"$�2
AL�J;�	<���@�−Im[N·s /1Y]����$�


−Im = 2mvx · · · · · · (1)

����

x

v

vx

vz

vz

−vx

v

A

�FA

�F8

&|�	8�?)

��
"$J;� tI4�,YA��F*���5���J;� tI4� vx × t[m]r�


�
x��8� 2l[m]
$��� A��F*�"��	
tI4� A�
vx · t

2l
[Y/tI]�F*

��
"$�� (1)$�$C�����
2�$��3��"��!5BJ; 1N� tI4�AL�
5�*�@ It[N·s /tI] �5��"���2�"������*��	


It = 2mvx ×
vx · t

2l
=

mvx
2t

l
· · · · · · (2)

����

9



� 3> ��3

3.2.25B78$��9>F

5BJ;� ��HN$w�d�F����������
@$9;��5BJ;� �
$�F�4�#�5������$����L*��

!���FA$5BJ;$*{� v1
v2
�F8$5BJ;$*{� V1
V2�*��

1������� mv1 +mv2 = mV1 +mV2

�����7?� e = 1�$� V1 − V2 = −e(v1 − v2)

2<�O
��
V1 = v2
V2 = v1�F	#��

v1 v2

�FA x

V1 V2

�F8 x

�F

��$��� 2�$�B��F*��*{�84*��2�$�B�6P�������

8��	�F*��B����	��A$�B�*�H��
���4��"�d�2��
0|$���	
5BJ;� �$�F�9N*�I������$����

3.2.35BAB$��N@

����*��$5BJ;����@ IA�5���
1N��$�@�*����b�c
#����N m$5BJ;� 1��	N ���$�9����
k��$J;� tI4� A

L�5�*�@� Ikt
x��8$*{� vkx�*��
(2)��

IA =

N
∑

k=1

Ikt =

N
∑

k=1

(

mvkx
2t

l

)

=
mt

l
×

N
∑

k=1

vkx
2

�Ic��""�d 0�I*��
	8�9�
�$J6� P �5����
�0$�? Pk����??N �3#����

	 P =

N
∑

k=1

Pk

N
���
J
����

N
∑

k=1

Pk = P ×N · · · · · · (3)�F	#��

@$
IA����"$9���M�����
vx
2$J6�� vx2����"#�#&vx

2$)
2�J6*{&�� �

N
∑

k=1

vkx
2 = vx2 ×N ' IA =

mt

l
×

N
∑

k=1

vkx
2 =

mt

l
× vx2 ·N =

Nmvx2t

l

L������
#&vx
2$)2�J6*{&vx2� < vx

2 >�I*"�d���

10



3.2. 5BJ;1�O

3.2.45B9�N

1$?$<@I$L@��@$O IA����
tI4$�@
IA� t�3��
tI4$J6$� F �F	#��

F =
IA

t
=

Nmvx2

l

�	�
"$ F � AL$L@ l2[m2]�3��
AL��*5
B$�� px����
�B$B@� V �*�� V = l3���
�	


px =
F

l2
=

Nmvx2

l3
=

Nmvx2

V

O

F

t

t

F

F $�2$%o�

N ��J��2��2
vx2 = vy2 = vz2�9����r� ���
v2 = vx
2+ vy

2+ vz
2

�� v2 = vx2 + vy2 + vz2�	�
��	
v2 = 3vx2��� vx2 =
v2

3
�	�
��"#�

px�M���
5B$�� p�5��"���2��

px =
Nmvx2

V
' p =

Nmv2

3V
(3.4)

:Y�

�B��� p�5���
HN$n�D�B�d5�d p =
Nmv2

3V
���"��

C	#����

3.2.55B9FI����!

p =
Nmv2

3V
�� pV =

Nmv2

3
���
>���< pV = nRT ���c�


nRT =
Nmv2

3
'

3

2
nRT =

1

2
mv2 ×N

����1

2
mv2�5BJ; 1N$J6$1�%���!�
�$N 1� (3)��N N$1�

%���!$AO�I*�

3

2
nRT =

1

2
m

(

v2 ×N
)

=
1

2
m

N
∑

k=1

vk
2 =

N
∑

k=1

(

1

2
mvk

2

)

5B$J;$1�%���!$AO�#FI%���!&���
U �I*�

U =
3

2
nRT (3.5)

�r�
"#�C�;J;&�; 1��J;���d$
4`(�)���������

11


