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l =

6
∑
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= 23, 1km

|∆~s| =
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9, 52 + 52km
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cos (α) =
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α = arccos

(

2 ∗ 9, 5 + 3 ∗ 5

3, 61 ∗ 10, 7

)

α = 28, 3◦

Ê



Ë npoiqMrtsvuxwzyÌË
��}~| ÍÏÎ�Î ���2�~�Y���±�3�p�Y�3�>Ð���ºÒÑ�¾���º��±�

P1 =





0
0
0





P2 =





1
0
0





P3 =





0
1
0





P4 =





0
0
1





P5 =





1
1
0





P6 =





1
0
1





P7 =





0
1
1





P8 =





1
1
1





Ç�³��JÓ´Ó´�v§��S�¨Âa�vÔY¢aÂ9ª£¢a¤9Õ
��}C� Ö » � �9�Y�3�2�����+� Î �Y��»��3��2�S�;§�§~�J¢�¥

P5, P6, P7

¬Ä�S­t×��¨¯��¨�S¿Á§Ø¥±�´²� K¡£¢a¤F� √
2 Ù Ç��J��§�ÀÃÂa¿J�J�´Ú��¨¢>ª�¿S¿J�	Ó ° �¨�S¢9ª£¢�¥±�¨²Ø�´�J¢a�´¢ÏÛ��J¢a³��¨¿YÜ�ÉF¢

α = arccos
(

1√
2∗

√
2

)

= 60◦
�´�J¢ Ù

��}C� Ý ��¾�Þß���~��� Î �Y��»���2�S�áàYª ° ¬Ø¥±�Áª£¤�ÉF¢�ª£¿J�â�¨¢�¥±�´­��S¢�ã ° ¢�³F­ P8 ° ¢�¥&Â�ª£­�¥±�S�á K¡£¢a¤F� √
3 Ù Ç��S�á§«ÀÃÂa¿J�S�¨Ú£­�¬(�ä­â¥±�¨¢&å2É�É�²Ã¥±�Sæ¢�ª£­��´¢9ª�ÀÃÂa�¨¢l×��´¯Ò�´�J¿J§[�´�J¢a�´¢çÛ��J¢a�¨¿2ÜFÉ�¢

β = arccos
(

1√
3

)

= 54, 7◦ ° ¢�¥�¬(�S­i¥±�¨¢èàYª ° ¬Ø¥±�Jª�¤�ÉF¢�ª£¿J�´¢
γ = arccos

(

2√
2
√

3

)

= 35, 3◦
�¨�S¢ Ù

é npoiqMrtsvuxwzyêé
��}~| �¹���Yº��3»Ä¾��2�zëÏ�K�=�9��½]�~�2������º��3�ì��2�´²�ÇaÀÃÂ=¯��J¬(¬(�´²�¬ ° §«§ ° ¬í¤��¨²«ªF¥±�vÜ�ÉF²�¯�¡£²Ã§ÒÓ ° ³FÉ�¬(¬(�´¢	È9�¨²�¬Øª�¢a�´¢=­�¤F�´¤��¨¢�¥±�J�îÇ=­�²«ï�¬ ° ¢a¤�ª�¢�§�ÀÃÂ�¯��J¬Äæ¬(�´¢fð ° ¢�¥îÓ´¯�ª£²+¬(�ä­�¥±�¨²�©��¨§«ÀÃÂ�¯��S¢�¥a�S¤F³��´�S­ −vF Ù ÔY¿J¿S�;§+¯ÒªF§��´²�ª£¢ÄÓ ° §�¡£­�Ó´¿J�ÁÀÃÂa�´²�©��¨§«ÀÃÂ�¯��S¢9¥±�S¤F³��¨�ä­+¶9�;§~�S­�Ó´­¨ð

ñ



¶a²«�S¢�¤£­��SÂ�¢i¢9¡£Âa�¨²Yª£¢�§�ª�¢�¥±�´²«�vò�Æ¸�¨² Ù±ó ²�¬ ° §«§�ª£¿Á§~É(¬(�J¢�¥±�¨§~­��¨¢�§�¥±�J�®©��¨§«ÀÃÂ�¯��S¢�¥a�S¤F³��´�S­ vF

¶H�¨§��S­�Ó´�¨¢ Ù
~vS =

(

vF

y

)

vS =
√

y2 + v2

F

y =
√

v2

S − v2

F

tanα =
y

vF

α = arctan

(

y

vF

)

= arctan

(

√

v2

S − v2

F

vF

)

= arctan

(
√

v2

S − v2

F

v2

F

)

= arctan

(
√

v2

S

v2

F

− 1

)

��}C� ô ¼v�f�9õÒ¾��f��¾2�Y�����Y��¾��f��2�´²®§«ÀÃÂ�¯��S¬(¬(�´²v³FÉ�¬(¬t­v¢ ° ²®¥ ° ²«ÀÃÂ�¥±�J� y
å2É�¬(ÈHÉ�¢a�¨¢F­«�(Ü�É�¢

~vs

Ü�ÉF²�¯�¡£²�­«§¨ðH¥ Ù Â Ù ¥aª�§¦¢ ° ²î¥±�S�;§~�Ø�J¢�¥±�J�öÒ�´²«�¨ÀÃÂa¢ ° ¢�¤Ä¥±�¨²�Ç±ÀÃÂ�¯��S¬(¬(Ó´�¨�ä­YÂ��S¢a�¨�S¢a÷��S�¨Ú��¨¢ Ù
s = yt

t =
s

y

��}C� � �+����ø Î �íù�¾���ºÒ��úÅY�J�´²�Æ¸ûa²�¶a�J�-­«�-­��;§�§~�ÁÀÃÂ	ª£¢fð±Ó ° �´²Ã§�­Y¥±�J�tüY¶H�´²Ãý ° �´² ° ¢a¤=§�¥�ª ° �¨²¦þÿÜ�ÉF¢ A
¢�ªFÀÃÂ

C � t
ª ° §�Ó ° ²��;ÀÃÂa¢a�´¢

t =
s

vsÛç¡£Â�²��¨¢�¥�¥±�J�¨§��´²��H�´�S­Ò¯��J²Ã¥�¥±�´²�Ç±ÀÃÂ�¯��S¬(¬(�´²Ò¬(�ä­�¥±�¨²�©��;§�ÀÃÂ�¯��J¢�¥±�J¤�³��¨�ä­
vF

¯��¨�ä­«�´²��K¿ ° §«§�ª�¶�¯Ò¡�²~­Ã§�¤��´­�²«�S�´æ¶H�´¢fð�¥ Ù Â Ù ¥±�´²�ã ° ¢a³=­ C
¿J�J�´¤£­

l
Ü�ÉF¢

B
�¨¢F­�Æ¸�´²«¢=­

l = t vF

=
vF

vs

t

��}¸· ô ¼v�f�9õÒ¾��f��¾2�Y�����Y��¾��f�èÞß�ì���çÞ�½l�f�ÅY�J�´²¦³Mª£¢�¢��JÀÃÂx¥±�J���H�¨�ä­
t
ª ° §	� Ù �[ûa¶H�´²«¢a�´Âa¬(�¨¢ ° ¢�¥�Ó ° §�¡£­�Ó´¿J�ÁÀÃÂâ¥±�J���H�¨�ä­¦Âa�J¢aÓ ° ª�¥a¥±�J�´²«�´¢3ðH¥±�J�Ä¶9�¨¢aï£­«�S¤�­¯��J²«¥cð ° ¬ßÜ�ÉF¢ C

¢�ª�ÀÃÂ
B
Ó ° ¤��¨¿Jª�¢a¤��¨¢ Ù �2�S�;§�¯��J²Ã¥Ø¬(�ä­Ò�´�J¢a�´²�©��¨§«ÀÃÂ=¯��J¢�¥±�J¤�³F�´�S­�Ü�ÉF¢ vs − vF

²«�´¿ÁªM­��JÜÄÓ ° ¬ò�Æ¸�¨²Y�´²�Æ¸É�¿J¤��¨¢)ª�¿J§�É
tges = t + (vs − vF ) l

= t

(

1 + (vs − vF )
vF

vs

)

=
s

vs

(

1 + (vs − vF )
vF

vs

)

=
s

vs

+
svF

vs

− sv2

F

v2
s

�


