
�ƨƉʚʯɼƨ   âŗɼʚ ࡹ

6ǶȭƨȳʌǶɄȳŗțǶʚ˦ éƨƕʯƉʚǶɄȳ



pǶǖǫ 6ǶȭƨȳʌǶɄȳŗț 6ŗʚŗυ 6ŗʚŗ Ƕʌ Ʉǒʚƨȳ ǫǶǖǫ ƕǶȭƨȳʌǶɄȳŗț ࣯ȭŗȳ˦ Ǒƨŗʚʯɼƨʌࣱυ E˥ŗȭɱțƨࣘ ¥ƨʚ̈Ƕ˥ ʯʌƨɼυ ¥ʯȭſƨɼ ɄǑ ȭɄ˙Ƕƨʌ ˝ŗʚƉǫƨƕυ ¥ʯȭſƨɼ ɄǑ ȭɄ˙Ƕƨʌ ʌŗ˙ƨƕυ ÿɄʚŗț ʚǶȭƨ ˝ŗʚƉǫƨƕυ ¥ʯȭſƨɼ ɄǑ țɄǖǶȳʌυ 6ŗ˦ʌ ʌǶȳƉƨ ʌǶǖȳʯɱυ �˙ƨɼŗǖƨ ɼŗʚǶȳǖ ǑɄɼ ƉɄȭƨƕ˦υ �˙ƨɼŗǖƨ ɼŗʚǶȳǖ ǑɄɼ ƕɼŗȭŗυ 



pǶǖǫ 6ǶȭƨȳʌǶɄȳŗț 6ŗʚŗυ ¡Ʉɼƨ Ǒƨŗʚʯɼƨʌ Ɖŗȳ ǖǶ˙ƨ ʯʌ ȭɄɼƨ ǶȳǑɄɼȭŗʚǶɄȳυ $ʯʚ Ƕʚ Ɖŗȳ ŗțʌɄ Ɖŗʯʌƨ ɱɼɄſțƨȭʌυ ÿɄƕŗ˦ࣘ ǫɄ˝ ƕɄ ˝ƨ ɼƨƕʯƉƨ ƕǶȭƨȳʌǶɄȳŗțǶʚ˦ ˝ǶʚǫɄʯʚ
țɄʌǶȳǖ ʚɄɄ ȭʯƉǫ ǶȳǑɄɼȭŗʚǶɄȳࣞ



¡Ʉɼƨ bƨŗʚʯɼƨʌࣗ ¡Ʉɼƨ âɼɄſțƨȭʌυ 6Ƕ˾ƉʯțʚǶƨʌ ˝Ƕʚǫ ǫǶǖǫ ƕǶȭƨȳʌǶɄȳŗț ƕŗʚŗࣘ
ࣖࡹ éƨɸʯǶɼƨʌ ȭɄɼƨ ƉɄȭɱʯʚƨ ʚǶȭƨ ࣩ ʌɱŗƉƨ
ࣖࡽ pŗɼƕ ʚɄ ˙ǶʌʯŗțǶ˲ƨ ࣩ ƨ˥ɱțɄɼƨ
ࣖࢁ ÿǫƨ एƉʯɼʌƨ ɄǑ ƕǶȭƨȳʌǶɄȳŗțǶʚ˦ऐࣘ Ƕʚऒʌ ǫŗɼƕƨɼ ʚɄ țƨŗɼȳ



E˥ɱƨɼǶȭƨȳʚυ ¶ȳ ʚǫǶʌ ƕŗʚŗࣗ țɄ˝ ࡱ
ʚɼŗǶȳࣩʚƨʌʚ ŗƉƉʯɼŗƉ˦υ �ƕƕ ࡱࡱࢅ Ǒƨŗʚʯɼƨʌ ɄǑ ɱʯɼƨ
ȳɄǶʌƨࣗ ɼƨࣽʚɼŗǶȳυ ¥Ʉ˝ࣘ ࡱࡱࡹ ʚɼŗǶȳ ŗƉƉʯɼŗƉ ࣗ˦
ࢉ ʚƨʌʚ ŗƉƉʯɼŗƉ˦υ ¶˙ƨɼ̇ʚʚǶȳǖࣛ



ÿŗʌȕࣘ 6ǶȭƨȳʌǶɄȳŗțǶʚ˦ éƨƕʯƉʚǶɄȳυ İƨऒƕ Ʉǒʚƨȳ țǶȕƨ ʚɄ ɼƨƕʯƉƨ ʚǫƨ ƕǶȭƨȳʌǶɄȳŗțǶʚ˦ ʚɄ
ǶȭɱɼɄ˙ƨ ɱƨɼǑɄɼȭŗȳƉƨࣗ Ʉɼ ʚɄ ˙ǶʌʯŗțǶ˲ƨࣖυ İƨ ˝Ƕțț ʚ˦ɱǶƉŗțț˦ țɄʌƨ ǶȳǑɄɼȭŗʚǶɄȳυ İŗȳʚ ʚɄ ȭǶȳǶȭǶ˲ƨ ʚǫƨ țɄʌʌ ɄǑ ʯʌƨǑʯț ǶȳǑɄɼȭŗʚǶɄȳ



éƨƕʯȳƕŗȳƉ˦υ ÿ˝Ʉ ࣯Ʉɼ ȭɄɼƨࣱ Ǒƨŗʚʯɼƨʌ ȭŗ˦ ʌǫŗɼƨ ʚǫƨ ʌŗȭƨ
ǶȳǑɄɼȭŗʚǶɄȳࣖυ yȳʚʯǶʚǶɄȳࣘ ˝ƨ ȭŗ˦ ȳɄʚ ȳƨƨƕ ŗțț ɄǑ ʚǫƨȭࣖ



ÿɄƕŗ˦υ ÿɄƕŗ˦ ˝ƨऒțț ʚǫǶȳȕ ŗſɄʯʚ ɼƨƕʯƉǶȳǖ ƕǶȭƨȳʌǶɄȳŗțǶʚ˦
ǑɼɄȭ ɖҷ ʚɄ ɖ�υ ¥ƨ˥ʚ ʚǶȭƨ ˝ƨऒțț ǖɄ ǑɼɄȭ ɖҷ ʚɄ ɖҷࣗئ ˝Ƕʚǫ ҷ؟ ̱ ҷ



ÿɄƕŗ˦ऒʌ E˥ŗȭɱțƨυ �ƨʚऒʌ ʌŗ˦ ˝ƨ ɼƨɱɼƨʌƨȳʚ ŗ ɱǫɄȳƨ ˝Ƕʚǫ ʚ˝Ʉ Ǒƨŗʚʯɼƨʌࣘυ ӊ�ࣘ ʌƉɼƨƨȳ ˝Ƕƕʚǫυ ӊ�ࣘ ɱǫɄȳƨ ˝ƨǶǖǫʚυ $Ʉʚǫ ȭƨŗʌʯɼƨ ŗ ɱǫɄȳƨऒʌ एʌǶ˲ƨऐࣖυ yȳʌʚƨŗƕ ɄǑ ɼƨɱɼƨʌƨȳʚǶȳǖ ŗ ɱǫɄȳƨ ˝Ƕʚǫ ſɄʚǫ ӊ� ŗȳƕӊ�ࣗ Ɖŗȳ ˝ƨ ȍʯʌʚ ʯʌƨ ŗ ʌǶȳǖțƨ ȳʯȭſƨɼࣗ ӌࣞυ éƨƕʯƉƨ ƕǶȭƨȳʌǶɄȳŗțǶʚ˦ ǑɼɄȭ ࡽ ʚɄ ࣖࡹ



bǶɼʌʚ �ɱɱɼɄŗƉǫࣘ éƨȭɄ˙ƨ bƨŗʚʯɼƨʌυ óƉɼƨƨȳ ˝Ƕƕʚǫ ŗȳƕ ˝ƨǶǖǫʚ ʌǫŗɼƨ ǶȳǑɄɼȭŗʚǶɄȳࣖυ yƕƨŗࣘ ȕƨƨɱ Ʉȳƨ Ǒƨŗʚʯɼƨࣗ ɼƨȭɄ˙ƨ ʚǫƨ Ʉʚǫƨɼࣖυ ÿǫŗʚ Ƕʌࣗ ʌƨʚ ȳƨ˝ Ǒƨŗʚʯɼƨ ӌ � ӊ� ࣯Ʉɼ ӌ � ӊ�ࣱࣖ



éƨȭɄ˙Ƕȳǖ bƨŗʚʯɼƨʌ

υ óŗ˦ ˝ƨ ʌƨʚ ӌ	һ
 � ɀӊ	һ
� ǑɄɼ
ƨŗƉǫ ɱǫɄȳƨࣗ һࣖυ ¶ſʌƨɼ˙ƨࣘ ӌ	�
 � ӌ	�
ࣖυ yʌ ɱǫɄȳƨ ࢅ ɼƨŗțț˦ एțŗɼǖƨɼऐ
ʚǫŗȳ ɱǫɄȳƨ ࣞࢉ
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éƨȭɄ˙Ƕȳǖ bƨŗʚʯɼƨʌ

υ óŗ˦ ˝ƨ ʌƨʚ ӌ	һ
 � ɀӊ	һ
� ǑɄɼ
ƨŗƉǫ ɱǫɄȳƨࣗ һࣖυ ¶ſʌƨɼ˙ƨࣘ ӌ	�
 � ӌ	�
ࣖυ yʌ ɱǫɄȳƨ ࢁ ɼƨŗțț˦ एțŗɼǖƨɼऐ
ʚǫŗȳ ɱǫɄȳƨ ࣞࢅ

weight

÷
-

width

→



$ƨʚʚƨɼ �ɱɱɼɄŗƉǫࣘ ¡Ƕ˥ʚʯɼƨʌ ɄǑ
bƨŗʚʯɼƨʌυ yƕƨŗࣘ ӌ ʌǫɄʯțƕ ſƨ ŗ ƉɄȭſǶȳŗʚǶɄȳ ɄǑ ӊ� ŗȳƕ ӊ�ࣖυ ¶ȳƨ ŗɱɱɼɄŗƉǫࣘ țǶȳƨŗɼ ƉɄȭſǶȳŗʚǶɄȳࣖӌ � Ӈ�ӊ� � Ӈ�ӊ�� ɀӇ ͥ ɀӊυ Ӈ� Ȫ  Ӈ� ŗɼƨ ʚǫƨ ȭǶ˥ʚʯɼƨ ƉɄƨ˾ƉǶƨȳʚʌࣙ ˝ƨ Ɖŗȳ

ƉǫɄɄʌƨ ʚǫƨȭࣖ

it:)



¥ɄɼȭŗțǶ˲ŗʚǶɄȳυ ¡Ƕ˥ʚʯɼƨ ƉɄƨ˾ƉǶƨȳʚʌ ǖƨȳƨɼŗțǶ˲ƨ ɱɼɄɱɄɼʚǶɄȳʌࣖυ İƨ ƉɄʯțƕ ŗʌʌʯȭƨࣗ ƨࣖǖࣖࣗ ]Ӈ�] � ]Ӈ�] � �ࣖυ $ʯʚ Ƕʚ ȭŗȕƨʌ ʚǫƨ ȭŗʚǫ ƨŗʌǶƨɼ ǶǑ ˝ƨ ŗʌʌʯȭƨӇ�� � Ӈ�� � �ࣖυ EɸʯǶ˙ŗțƨȳʚț ࣗ˦ ǶǑ ɀӇ � 	Ӈ� Ӈ�
ҭ ࣗ ŗʌʌʯȭƨ Ƞ ɀӇȠ � �rr



eƨɄȭƨʚɼǶƉ yȳʚƨɼɱɼƨʚŗʚǶɄȳ

υ ӌ ȭƨŗʌʯɼƨʌ ǫɄ˝ ȭʯƉǫ ɄǑ ɀӊ
Ƕʌ Ƕȳ ʚǫƨ ƕǶɼƨƉʚǶɄȳ ɄǑ ɀӇυ yǑ ɀӇ � 	� �
ҭ ࣗ ʚǫƨȳ ӌ � ӊ�υ yǑ ɀӇ � 	� �
ҭ ࣗ ʚǫƨȳ ӌ � ӊ�

2- =É.Ñ

l→÷
YET

u=(1,0) z=Ñ - I :(1,074¥)=x ,



,ǫɄɄʌǶȳǖ ɀӇυ óʯɱɱɄʌƨ ˝ƨ ǫŗ˙ƨ Ʉȳț˦ ʚ˝Ʉ Ǒƨŗʚʯɼƨʌࣘυ ӊ�ࣘ ʌƉɼƨƨȳ ʌǶ˲ƨυ ӊ�ࣘ ɱǫɄȳƨ ʚǫǶƉȕȳƨʌʌυ İƨऒțț Ɖɼƨŗʚƨ ʌǶȳǖțƨ ȳƨ˝ Ǒƨŗʚʯɼƨࣗ ӌࣗ ǑɼɄȭ ӊ� ŗȳƕ ӊ�ࣖυ �ʌʌʯȭƨ ӌ � Ӈ�ӊ� � Ӈ�ӊ� � ɀӊ ͥ ɀӇυ yȳʚƨɼɱɼƨʚŗʚǶɄȳࣘ ӌ Ƕʌ ŗ ȭƨŗʌʯɼƨ ɄǑ ŗ ɱǫɄȳƨऒʌ ʌǶ˲ƨυ pɄ˝ ʌǫɄʯțƕ ˝ƨ ƉǫɄɄʌƨ ɀӇ � 	Ӈ� Ӈ�
ҭࣞ



E˥ŗȭɱțƨ

υ ɀӇ ƕƨ̇ȳƨʌ ŗ ƕǶɼƨƉʚǶɄȳυ ɀӌ	һ
 � ɀӊ	һ
 ͥ ɀӇ ȭƨŗʌʯɼƨʌ
ɱɄʌǶʚǶɄȳ ɄǑ ɀӊ ŗțɄȳǖ ʚǫǶʌ
ƕǶɼƨƉʚǶɄȳ

u -_ ( 1,0 )T



E˥ŗȭɱțƨ

υ âǫɄȳƨ एʌǶ˲ƨऐ ˙ŗɼǶƨʌ ȭɄʌʚ
ŗțɄȳǖ ŗ ƕǶŗǖɄȳŗț ƕǶɼƨƉʚǶɄȳࣖυ �țɄȳǖ ƕǶɼƨƉʚǶɄȳ ɄǑ एȭŗ˥
˙ŗɼǶŗȳƉƨऐࣗ ɱǫɄȳƨʌ ŗɼƨ
˝ƨțțࣽʌƨɱŗɼŗʚƨƕࣖυ yƕƨŗࣘ ɀӇ ʌǫɄʯțƕ ɱɄǶȳʚ Ƕȳ
ƕǶɼƨƉʚǶɄȳ ɄǑ एȭŗ˥
˙ŗɼǶŗȳƉƨऐࣖ

..



¶ʯɼ �țǖɄɼǶʚǫȭ ࣯yȳǑɄɼȭŗțț˦ࣱυ eǶ˙ƨȳࣘ ƕŗʚŗ ɱɄǶȳʚʌ ɀӊ	�
 Ȫ  ɀӊ	Ӏ
 ˨ ɖҷυ âǶƉȕ ɀӇ ʚɄ ſƨ ʚǫƨ ƕǶɼƨƉʚǶɄȳ ɄǑ एȭŗ˥ ˙ŗɼǶŗȳƉƨऐυ ,ɼƨŗʚƨ ŗ ȳƨ˝ Ǒƨŗʚʯɼƨࣗ ӌࣗ ǑɄɼ ƨŗƉǫ ɱɄǶȳʚࣘӌ	һ
 � ɀӊ	һ
 ͥ ɀӇ



â,�υ ÿǫǶʌ ŗțǖɄɼǶʚǫȭ Ƕʌ Ɖŗțțƨƕ âɼǶȳƉǶɱŗț ,ɄȭɱɄȳƨȳʚ
�ȳŗț˦ʌǶʌࣗ Ʉɼ â,�ࣖυ ÿǫƨ ƕǶɼƨƉʚǶɄȳ ɄǑ ȭŗ˥Ƕȭʯȭ ˙ŗɼǶŗȳƉƨ Ƕʌ Ɖŗțțƨƕ ʚǫƨ
ɱɼǶȳƉǶɱŗț ƉɄȭɱɄȳƨȳʚࣖ



E˥ƨɼƉǶʌƨ
óʯɱɱɄʌƨ ʚǫƨ ƕǶɼƨƉʚǶɄȳ ɄǑ ȭŗ˥Ƕȭʯȭ ˙ŗɼǶŗȳƉƨ Ƕȳ ŗ
ƕŗʚŗ ʌƨʚ Ƕʌ ɀӇ � 	��˹� ˲��˹�
ҭ
�ƨʚυ ɀӊ	�
 � 	� ˲�
ҭυ ɀӊ	�
 � 	� �
ҭ
İǫŗʚ ŗɼƨ ӌ	�
 ŗȳƕ ӌ	�
ࣞ

2-
a>
= I"> . I = (3, - 2)

T
•(Yrz , - 1LET

=

3g + 2g =5⑤
zc→ = Ia> . I = ( 1 , 4)

+

. ( 'VI ,
-YET

=

¥ -4g =_3⑤



âɼɄſțƨȭυ pɄ˝ ƕɄ ˝ƨ ƉɄȭɱʯʚƨ ʚǫƨ एƕǶɼƨƉʚǶɄȳ ɄǑ ȭŗ˥Ƕȭʯȭ
˙ŗɼǶŗȳƉƨऐࣞ



�ƨƉʚʯɼƨ   âŗɼʚ ࡽ

,Ʉ˙ŗɼǶŗȳƉƨ ¡ŗʚɼǶƉƨʌ



ĬŗɼǶŗȳƉƨυ İƨ ȕȳɄ˝ ǫɄ˝ ʚɄ ƉɄȭɱʯʚƨ ʚǫƨ ˙ŗɼǶŗȳƉƨ ɄǑ ŗ ʌƨʚ ɄǑ
ȳʯȭſƨɼʌ ұ � \ӊ	�
 Ȫ  ӊ	Ӏ
^ࣘ7BS	ұ
 � �Ӏ Ӏذһ�� 	ӊ	һ
 ˲ 
׃�υ ÿǫƨ ˙ŗɼǶŗȳƉƨ ȭƨŗʌʯɼƨʌ ʚǫƨ एʌɱɼƨŗƕऐ ɄǑ ʚǫƨ ƕŗʚŗ



eƨȳƨɼŗțǶ˲Ƕȳǖ ĬŗɼǶŗȳƉƨυ yǑ ˝ƨ ǫŗ˙ƨ ʚ˝Ʉ Ǒƨŗʚʯɼƨʌࣗ ӊ� ŗȳƕ ӊ�ࣗ ˝ƨ Ɖŗȳ
ƉɄȭɱʯʚƨ ʚǫƨ ˙ŗɼǶŗȳƉƨ ɄǑ ƨŗƉǫ ŗʌ ʯʌʯŗțࣘ7BS	ӊ�
 � �Ӏ Ӏذһ�� 	 ɀӊ	һ
� ˲ 
�׃�

7BS	ӊ�
 � �Ӏ Ӏذһ�� 	 ɀӊ	һ
� ˲ 
�׃�υ ,ŗȳ ŗțʌɄ ȭƨŗʌʯɼƨ ǫɄ˝ ӊ� ŗȳƕ ӊ� ˙ŗɼ˦ ʚɄǖƨʚǫƨɼࣖ



¡ƨŗʌʯɼǶȳǖ óǶȭǶțŗɼ yȳǑɄɼȭŗʚǶɄȳυ bƨŗʚʯɼƨʌ ˝ǫǶƉǫ ʌǫŗɼƨ ǶȳǑɄɼȭŗʚǶɄȳ ǶǑ ʚǫƨ˦ ˉŗɮ˖
ʋȹǐƣʋǣƣɮࣖυ �ࣖȕࣖŗࣖࣗ ʚǫƨ˦ एƉɄࣽ˙ŗɼ˦ऐυ âɄʌǶʚǶ˙ƨ ŗʌʌɄƉǶŗʚǶɄȳࣘ ˝ǫƨȳ Ʉȳƨ Ƕʌ ŗſɄ˙ƨ ŗ˙ƨɼŗǖƨࣗ
ʌɄ Ƕʌ ʚǫƨ Ʉʚǫƨɼυ ¥ƨǖŗʚǶ˙ƨ ŗʌʌɄƉǶŗʚǶɄȳࣘ ˝ǫƨȳ Ʉȳƨ Ƕʌ ŗſɄ˙ƨ
ŗ˙ƨɼŗǖƨࣗ ʚǫƨ Ʉʚǫƨɼ Ƕʌ ſƨțɄ˝ ŗ˙ƨɼŗǖƨ



E˥ŗȭɱțƨʌυ âɄʌǶʚǶ˙ƨࣘ ʚƨȭɱƨɼŗʚʯɼƨ ŗȳƕ ǶƉƨ Ɖɼƨŗȭ ƉɄȳƨʌ ʌɄțƕࣖυ âɄʌǶʚǶ˙ƨࣘ ʚƨȭɱƨɼŗʚʯɼƨ ŗȳƕ ʌǫŗɼȕ ŗʚʚŗƉȕʌࣖυ ¥ƨǖŗʚǶ˙ƨࣘ ʚƨȭɱƨɼŗʚʯɼƨ ŗȳƕ ƉɄŗʚʌ ʌɄțƕࣖ

coats

+××¥,± time



,ƨȳʚƨɼǶȳǖυ bǶɼʌʚࣗ Ƕʚ ˝Ƕțț ſƨ ʯʌƨǑʯț ʚɄ Ɖƨȳʚƨɼ ʚǫƨ ƕŗʚŗࣖ



,ƨȳʚƨɼǶȳǖυ ,Ʉȭɱʯʚƨ ʚǫƨ ȭƨŗȳ ɄǑ ƨŗƉǫ Ǒƨŗʚʯɼƨࣘ׃Ҽ � �Ӏ Ӏذ� ɀӊ	һ
Ҽυ 6ƨ̇ȳƨ ȳƨ˝ Ɖƨȳʚƨɼƨƕ ƕŗʚŗࣘ

ɀӌ	һ
 � ٳ ɀӊ	һ
� ˲ 
һ	�ɀӊ׃� ˲ 
һ	�ɀӊ׃ҷ ˲ ڂҷ׃



,ƨȳʚƨɼǶȳǖ ࣯EɸʯǶ˙ŗțƨȳʚț˦ࣱυ ,Ʉȭɱʯʚƨ ʚǫƨ ȭƨŗȳ ɄǑ ŗțț ƕŗʚŗ ɱɄǶȳʚʌࣘ׃ � �Ӏ Ӏذ� ɀӊ	һ

υ 6ƨ̇ȳƨ ȳƨ˝ Ɖƨȳʚƨɼƨƕ ƕŗʚŗࣘɀӌ	һ
 � ɀӊ	һ
 ˲ ׃

-

.



E˥ƨɼƉǶʌƨ
,ƨȳʚƨɼ ʚǫƨ ƕŗʚŗ ʌƨʚࣘɀӊ	�
 � 	� � �
ҭɀӊ	�
 � 	˲� ˲� �
ҭɀӊ	�
 � 	� � �
ҭ

I
,

i Yiu -

→ (1,2 ,3) - (o , 1 ,2) =/1 , 1 , II

→ C-1 , -2 ,
-2)T

Ñ =④"t✗c"ztx" = -1310 , 3 , 6)
+

= (0 , 1
, 2)
t



çʯŗȳʚǶǑ˦Ƕȳǖ ,ɄࣽĬŗɼǶŗȳƉƨυ ¶ȳƨ ŗɱɱɼɄŗƉǫ Ƕʌ ŗʌ ǑɄțțɄ˝ʌࣖࡹ$PW	ӊһ ӊҼ
 � �Ӏ Ӏذҽ�� ɀӊ	ҽ
һ ɀӊ	ҽ
Ҽυ bɄɼ ƨŗƉǫ ƕŗʚŗ ɱɄǶȳʚࣗ ȭʯțʚǶɱț˦ ʚǫƨ ˙ŗțʯƨ ɄǑ Ǒƨŗʚʯɼƨ һ
ŗȳƕ Ǒƨŗʚʯɼƨ Ҽࣗ ʚǫƨȳ ŗ˙ƨɼŗǖƨ ʚǫƨʌƨ ɱɼɄƕʯƉʚʌࣖυ ÿǫǶʌ Ƕʌ ʚǫƨ ƉɄ˙ŗɼǶŗȳƉƨ ɄǑ Ǒƨŗʚʯɼƨʌ һ ŗȳƕ Ҽࣖ

�ʌʌʯȭǶȳǖࡹ Ɖƨȳʚƨɼƨƕ ƕŗʚŗ



çʯŗȳʚǶǑ˦Ƕȳǖ ,Ʉ˙ŗɼǶŗȳƉƨ

υ �ʌʌʯȭƨ ʚǫƨ ƕŗʚŗ ŗɼƨ
Ɖƨȳʚƨɼƨƕࣖ

,Ʉ˙ŗɼǶŗȳƉƨ ঋ �� �һذ�� ɀӊ	һ
� � ɀӊ	һ
�
±±÷÷÷±¥



çʯŗȳʚǶǑ˦Ƕȳǖ ,Ʉ˙ŗɼǶŗȳƉƨ

υ �ʌʌʯȭƨ ʚǫƨ ƕŗʚŗ ŗɼƨ
Ɖƨȳʚƨɼƨƕࣖ

,Ʉ˙ŗɼǶŗȳƉƨ ঋ �� �һذ�� ɀӊ	һ
� � ɀӊ	һ
�
-

-

+
'

'

-

.



çʯŗȳʚǶǑ˦Ƕȳǖ ,Ʉ˙ŗɼǶŗȳƉƨ

υ �ʌʌʯȭƨ ʚǫƨ ƕŗʚŗ ŗɼƨ
Ɖƨȳʚƨɼƨƕࣖ

,Ʉ˙ŗɼǶŗȳƉƨ ঋ �� �һذ�� ɀӊ	һ
� � ɀӊ	һ
� ☒



çʯŗȳʚǶǑ˦Ƕȳǖ ,Ʉ˙ŗɼǶŗȳƉƨυ ÿǫƨ ƉɄ˙ŗɼǶŗȳƉƨ ɸʯŗȳʚǶ̇ƨʌ ƨ˥ʚƨȳʚ ʚɄ ˝ǫǶƉǫ ʚ˝Ʉ
˙ŗɼǶŗſțƨʌ ˙ŗɼ˦ ʚɄǖƨʚǫƨɼࣖυ �ʌʌʯȭƨ ˝ƨ ǫŗ˙ƨ Ɖƨȳʚƨɼƨƕ ʚǫƨ ƕŗʚŗࣖυ ÿǫƨ ʌŗȭɱțƨ ƉɄ˙ŗɼǶŗȳƉƨ ɄǑ Ǒƨŗʚʯɼƨ һ ŗȳƕ Ҽ ǶʌࣘһҼ � �Ӏ Ӏذҽ�� ɀӊ	ҽ
һ ɀӊ	ҽ
Ҽ



E˥ƨɼƉǶʌƨ
ÿɼʯƨ Ʉɼ bŗțʌƨࣘ һҼ � һҼҼһࣞ � �Ӏ Ӏذҽ�� ɀӊ	ҽ
һ ɀӊ	ҽ
ҼTrue



,Ʉ˙ŗɼǶŗȳƉƨ ¡ŗʚɼǶƉƨʌυ eǶ˙ƨȳ ƕŗʚŗ ɀӊ	�
 Ȫ  ɀӊ	Ӏ
 ˨ ɖҷ ࣖυ ÿǫƨ ʌŗȭɱțƨ ƉɄ˙ŗɼǶŗȳƉƨ ȭŗʚɼǶ˥ Ҝ Ƕʌ ʚǫƨ ҷ � ҷ
ȭŗʚɼǶ˥ ˝ǫɄʌƨ һҼ ƨȳʚɼ˦ Ƕʌ ƕƨ̇ȳƨƕ ʚɄ ſƨ һҼһҼࣖ � �Ӏ Ӏذҽ�� ɀӊ	ҽ
һ ɀӊ	ҽ
Ҽ

dµ 021 022
,

023 - - .

-

.

.



¶ſʌƨɼ˙ŗʚǶɄȳʌυ 6ǶŗǖɄȳŗț ƨȳʚɼǶƨʌ ɄǑ Ҝ ŗɼƨ ʚǫƨ ˙ŗɼǶŗȳƉƨʌࣖυ ÿǫƨ ȭŗʚɼǶ˥ Ƕʌ ʌ˦ȭȭƨʚɼǶƉࣛ



¥Ʉʚƨυ óɄȭƨʚǶȭƨʌ ˦Ʉʯऒțț ʌƨƨ ʚǫƨ ʌŗȭɱțƨ ƉɄ˙ŗɼǶŗȳƉƨ ƕƨ̇ȳƨƕ ŗʌࣘһҼ � �Ӏ ˲ � Ӏذҽ�� ɀӊ	ҽ
һ ɀӊ	ҽ
Ҽ
¥Ʉʚƨ ʚǫƨ ��	Ӏ ˲ �
υ ÿǫǶʌ Ƕʌ ŗȳ ʯȳſǶŗʌƨƕ ƨʌʚǶȭŗʚɄɼ ɄǑ ʚǫƨ ɱɄɱʯțŗʚǶɄȳ ƉɄ˙ŗɼǶŗȳƉƨࣖυ ¶ʯɼ ƕƨ̇ȳǶʚǶɄȳ Ƕʌ ʚǫƨ ȭŗ˥Ƕȭʯȭ țǶȕƨțǶǫɄɄƕ ƨʌʚǶȭŗʚɄɼࣖυ yȳ ɱɼŗƉʚǶƉƨࣗ Ƕʚ ƕɄƨʌȳऒʚ ȭŗʚʚƨɼࣘ ��	Ӏ ˲ �
 ̢ ��Ӏࣖυ bɄɼ ƉɄȳʌǶʌʚƨȳƉ ࣗ˦ Ƕȳ ʚǫǶʌ Ɖțŗʌʌ ʯʌƨ ��Ӏࣖ



,ɄȭɱʯʚǶȳǖ ,Ʉ˙ŗɼǶŗȳƉƨυ ÿǫƨɼƨ Ƕʌ ŗ एʚɼǶƉȕऐ ǑɄɼ ƉɄȭɱʯʚǶȳǖ ʌŗȭɱțƨ
ƉɄ˙ŗɼǶŗȳƉƨ ȭŗʚɼǶƉƨʌࣖυ óʚƨɱ ࣘࡹ ȭŗȕƨ Ӏ � ҷ ƕŗʚŗ ȭŗʚɼǶ˥ࣗ ұυ óʚƨɱ ࣘࡽ ȭŗȕƨ ҳ ſ˦ ƉƨȳʚƨɼǶȳǖ ƉɄțʯȭȳʌ ɄǑ ұυ óʚƨɱ ࣘࢁ Ҝ � �Ӏҳҭҳ



,ɄȭɱʯʚǶȳǖ ,Ʉ˙ŗɼǶŗȳƉƨ ࣯Ƕȳ ƉɄƕƨࣱࡽ

֠֠֠ OW ֟ :�OGCP
CZKU֟Ւ�
֠֠֠ < ֟ : � OW
֠֠֠ % ֟ Փ � NGP
:� � <�6 " <

ɼ¶ࡽ ʯʌƨ PR�EQX

✗
-

-191 .



�ƨƉʚʯɼƨ   âŗɼʚ ࢁ

ĬǶʌʯŗțǶ˲Ƕȳǖ ,Ʉ˙ŗɼǶŗȳƉƨ ¡ŗʚɼǶƉƨʌ



ĬǶʌʯŗțǶ˲Ƕȳǖ ,Ʉ˙ŗɼǶŗȳƉƨ ¡ŗʚɼǶƉƨʌυ ,Ʉ˙ŗɼǶŗȳƉƨ ȭŗʚɼǶƉƨʌ ŗɼƨ ʌ˦ȭȭƨʚɼǶƉࣖυ ÿǫƨ˦ ǫŗ˙ƨ ŗ˥ƨʌ ɄǑ ʌ˦ȭȭƨʚɼ˦ ࣯ƨǶǖƨȳ˙ƨƉʚɄɼʌ ŗȳƕ
ƨǶǖƨȳ˙ŗțʯƨʌࣱࣖυ İǫŗʚ ŗɼƨ ʚǫƨ˦ࣞ



ĬǶʌʯŗțǶ˲Ƕȳǖ ,Ʉ˙ŗɼǶŗȳƉƨ ¡ŗʚɼǶƉƨʌ

Ҝ ̢ ٨ fٷ

: :



ĬǶʌʯŗțǶ˲Ƕȳǖ ,Ʉ˙ŗɼǶŗȳƉƨ ¡ŗʚɼǶƉƨʌ

EǶǖƨȳ˙ƨƉʚɄɼʌࣘɀӇ	�
 ̢ɀӇ	�
 ̢f- 11,0)
+ d

,
--5

10,15 ✗a--2



ĬǶʌʯŗțǶ˲Ƕȳǖ ,Ʉ˙ŗɼǶŗȳƉƨ ¡ŗʚɼǶƉƨʌ

Ҝ ̢ ٨ 5ٷ O

o 5



ĬǶʌʯŗțǶ˲Ƕȳǖ ,Ʉ˙ŗɼǶŗȳƉƨ ¡ŗʚɼǶƉƨʌ

EǶǖƨȳ˙ƨƉʚɄɼʌࣘɀӇ	�
 ̢ɀӇ	�
 ̢ Any direction



ĬǶʌʯŗțǶ˲Ƕȳǖ ,Ʉ˙ŗɼǶŗȳƉƨ ¡ŗʚɼǶƉƨʌ

Ҝ ̢ ٨ 5ٷ 3

33



ĬǶʌʯŗțǶ˲Ƕȳǖ ,Ʉ˙ŗɼǶŗȳƉƨ ¡ŗʚɼǶƉƨʌ

EǶǖƨȳ˙ƨƉʚɄɼʌࣘɀӇ	�
 ̢ɀӇ	�
 ̢☒ air , drat



yȳʚʯǶʚǶɄȳʌυ ÿǫƨ ƨǶǖƨȳ˙ƨƉʚɄɼʌ ɄǑ ʚǫƨ ƉɄ˙ŗɼǶŗȳƉƨ ȭŗʚɼǶ˥
ƕƨʌƉɼǶſƨ ʚǫƨ ƕŗʚŗऒʌ एɱɼǶȳƉǶɱŗț ƕǶɼƨƉʚǶɄȳʌऐυ Ҝ ʚƨțțʌ ʯʌ ʌɄȭƨʚǫǶȳǖ ŗſɄʯʚ ƕŗʚŗऒʌ ʌǫŗɱƨࣖυ ÿǫƨ ʚɄɱ ƨǶǖƨȳ˙ƨƉʚɄɼ ɱɄǶȳʚʌ Ƕȳ ʚǫƨ ƕǶɼƨƉʚǶɄȳ ɄǑ
एȭŗ˥Ƕȭʯȭ ˙ŗɼǶŗȳƉƨऐࣖυ ÿǫƨ ʚɄɱ ƨǶǖƨȳ˙ŗțʯƨ Ƕʌ ɱɼɄɱɄɼʚǶɄȳŗț ʚɄ ʚǫƨ
˙ŗɼǶŗȳƉƨ Ƕȳ ʚǫǶʌ ƕǶɼƨƉʚǶɄȳࣖ

0



,ŗʯʚǶɄȳυ ÿǫƨ ƕŗʚŗ ƕɄƨʌȳऒʚ ŗț˝ŗ˦ʌ țɄɄȕ țǶȕƨ ʚǫǶʌࣖυ İƨ Ɖŗȳ ŗț˝ŗ˦ʌ ƉɄȭɱʯʚƨ ƉɄ˙ŗɼǶŗȳƉƨ ȭŗʚɼǶƉƨʌࣖυ ÿǫƨ˦ ȍʯʌʚ ȭŗ˦ ȳɄʚ ƕƨʌƉɼǶſƨ ʚǫƨ ƕŗʚŗऒʌ ʌǫŗɱƨ ˙ƨɼ˦ ˝ƨțțࣖ



,ŗʯʚǶɄȳυ ÿǫƨ ƕŗʚŗ ƕɄƨʌȳऒʚ ŗț˝ŗ˦ʌ țɄɄȕ țǶȕƨ ʚǫǶʌࣖυ İƨ Ɖŗȳ ŗț˝ŗ˦ʌ ƉɄȭɱʯʚƨ ƉɄ˙ŗɼǶŗȳƉƨ ȭŗʚɼǶƉƨʌࣖυ ÿǫƨ˦ ȍʯʌʚ ȭŗ˦ ȳɄʚ ƕƨʌƉɼǶſƨ ʚǫƨ ƕŗʚŗऒʌ ʌǫŗɱƨ ˙ƨɼ˦ ˝ƨțțࣖ



,ŗʯʚǶɄȳυ ÿǫƨ ƕŗʚŗ ƕɄƨʌȳऒʚ ŗț˝ŗ˦ʌ țɄɄȕ țǶȕƨ ʚǫǶʌࣖυ İƨ Ɖŗȳ ŗț˝ŗ˦ʌ ƉɄȭɱʯʚƨ ƉɄ˙ŗɼǶŗȳƉƨ ȭŗʚɼǶƉƨʌࣖυ ÿǫƨ˦ ȍʯʌʚ ȭŗ˦ ȳɄʚ ƕƨʌƉɼǶſƨ ʚǫƨ ƕŗʚŗऒʌ ʌǫŗɱƨ ˙ƨɼ˦ ˝ƨțțࣖ



,ŗʯʚǶɄȳυ ÿǫƨ ƕŗʚŗ ƕɄƨʌȳऒʚ ŗț˝ŗ˦ʌ țɄɄȕ țǶȕƨ ʚǫǶʌࣖυ İƨ Ɖŗȳ ŗț˝ŗ˦ʌ ƉɄȭɱʯʚƨ ƉɄ˙ŗɼǶŗȳƉƨ ȭŗʚɼǶƉƨʌࣖυ ÿǫƨ˦ ȍʯʌʚ ȭŗ˦ ȳɄʚ ƕƨʌƉɼǶſƨ ʚǫƨ ƕŗʚŗऒʌ ʌǫŗɱƨ ˙ƨɼ˦ ˝ƨțțࣖ



�ƨƉʚʯɼƨ   âŗɼʚ ࢅ

â,�ࣗ ¡Ʉɼƨ bɄɼȭŗțț˦



ÿǫƨ óʚɄɼ˦ ࣯óɄ bŗɼࣱυ İƨ ˝ŗȳʚ ʚɄ Ɖɼƨŗʚƨ ŗ ʌǶȳǖțƨ ȳƨ˝ Ǒƨŗʚʯɼƨࣗ ӌࣖυ ¶ʯɼ Ƕƕƨŗࣘ ӌ � ɀӊ ͥ ɀӇࣙ ƉǫɄɄʌƨ ɀӇ ʚɄ ɱɄǶȳʚ Ƕȳ ʚǫƨ
एƕǶɼƨƉʚǶɄȳ ɄǑ ȭŗ˥Ƕȭʯȭ ˙ŗɼǶŗȳƉƨऐࣖυ yȳʚʯǶʚǶɄȳࣘ ʚǫƨ ʚɄɱ ƨǶǖƨȳ˙ƨƉʚɄɼ ɄǑ ʚǫƨ ƉɄ˙ŗɼǶŗȳƉƨ
ȭŗʚɼǶ˥ ɱɄǶȳʚʌ Ƕȳ ƕǶɼƨƉʚǶɄȳ ɄǑ ȭŗ˥Ƕȭʯȭ ˙ŗɼǶŗȳƉƨࣖ



¡Ʉɼƨ bɄɼȭŗțț ࣖ˦ࣖࣖυ İƨ ǫŗ˙ƨȳऒʚ ŗƉʚʯŗțț˦ ƕƨ̇ȳƨƕ एƕǶɼƨƉʚǶɄȳ ɄǑ
ȭŗ˥Ƕȭʯȭ ˙ŗɼǶŗȳƉƨऐυ �ƨʚऒʌ ƕƨɼǶ˙ƨ â,� ȭɄɼƨ ǑɄɼȭŗțț ࣖ˦



ĬŗɼǶŗȳƉƨ Ƕȳ ŗ 6ǶɼƨƉʚǶɄȳυ �ƨʚ ɀӇ ſƨ ŗ ʯȳǶʚ ˙ƨƉʚɄɼࣖυ ӌ	һ
 � ɀӊ	һ
 ͥ ɀӇ Ƕʌ ʚǫƨ ȳƨ˝ Ǒƨŗʚʯɼƨ ǑɄɼ ɀӊ	һ
ࣖυ ÿǫƨ ˙ŗɼǶŗȳƉƨ ɄǑ ʚǫƨ ȳƨ˝ Ǒƨŗʚʯɼƨʌ Ƕʌࣘ7BS	ӌ
 � �Ӏ Ӏذһ�� 	ӌ	һ
 ˲ 
ӌ׃�� �Ӏ Ӏذһ�� ٥ ɀӊ	һ
 ͥ ɀӇ ˲ �ٴӌ׃



E˥ŗȭɱțƨ



¥Ʉʚƨυ yǑ ʚǫƨ ƕŗʚŗ ŗɼƨ Ɖƨȳʚƨɼƨƕࣗ ʚǫƨȳ ӌ׃ � � ŗȳƕ ʚǫƨ
˙ŗɼǶŗȳƉƨ ɄǑ ʚǫƨ ȳƨ˝ Ǒƨŗʚʯɼƨʌ Ƕʌࣘ7BS	ӌ
 � �Ӏ Ӏذһ�� 	ӌ	һ

�� �Ӏ Ӏذһ�� ٥ ɀӊ	һ
 ͥ ɀӇٴ�



eɄŗțυ ÿǫƨ ˙ŗɼǶŗȳƉƨ ɄǑ ŗ ƕŗʚŗ ʌƨʚ Ƕȳ ʚǫƨ ƕǶɼƨƉʚǶɄȳ ɄǑ ɀӇ ǶʌࣘҺ	 ɀӇ
 � �Ӏ Ӏذһ�� ٥ ɀӊ	һ
 ͥ ɀӇٴ�υ ¶ʯɼ ǖɄŗțࣘ bǶȳƕ ŗ ʯȳǶʚ ˙ƨƉʚɄɼ ɀӇ ˝ǫǶƉǫ ȭŗ˥ǶȭǶ˲ƨʌ Һࣖ



,țŗǶȭ

�Ӏ Ӏذһ�� ٥ ɀӊ	һ
 ͥ ɀӇٴ� � ɀӇҭҜ ɀӇ



¶ʯɼ eɄŗț ࣯�ǖŗǶȳࣱυ bǶȳƕ ŗ ʯȳǶʚ ˙ƨƉʚɄɼ ɀӇ ˝ǫǶƉǫ ȭŗ˥ǶȭǶ˲ƨʌ ɀӇҭҜ ɀӇࣖ



,țŗǶȭυ ÿɄ ȭŗ˥ǶȭǶ˲ƨ ɀӇҭҜ ɀӇ Ʉ˙ƨɼ ʯȳǶʚ ˙ƨƉʚɄɼʌࣗ ƉǫɄɄʌƨ ɀӇ ʚɄ
ſƨ ʚǫƨ ʚɄɱ ƨǶǖƨȳ˙ƨƉʚɄɼ ɄǑ Ҝࣖυ âɼɄɄǑࣘ



â,� ࣯ǑɄɼ ŗ ʌǶȳǖțƨ ȳƨ˝ Ǒƨŗʚʯɼƨࣱυ eǶ˙ƨȳࣘ ƕŗʚŗ ɱɄǶȳʚʌ ɀӊ	�
 Ȫ  ɀӊ	Ӏ
 ˨ ɖҷ
ࣖࡹ ,Ʉȭɱʯʚƨ ʚǫƨ ƉɄ˙ŗɼǶŗȳƉƨ ȭŗʚɼǶ˥ࣗ Ҝࣖ
ࣖࡽ ,Ʉȭɱʯʚƨ ʚǫƨ ʚɄɱ ƨǶǖƨȳ˙ƨƉʚɄɼ ɀӇࣗ ɄǑ Ҝࣖ
ࣖࢁ bɄɼ һ ˨ \� Ȫ  Ӏ^ࣗ Ɖɼƨŗʚƨ ȳƨ˝ Ǒƨŗʚʯɼƨࣘӌ	һ
 � ɀӇ ͥ ɀӊ	һ




� âŗɼʚǶȳǖ E˥ŗȭɱțƨυ ¡¥yóÿࣘ ࡱࡱࡱࣗࡱࢍ Ƕȭŗǖƨʌ Ƕȳ ࢅ ƕǶȭƨȳʌǶɄȳʌυ âɼǶȳƉǶɱŗț ƉɄȭɱɄȳƨȳʚࣘ ɀӇ ˨ ɖ���υ İƨ Ɖŗȳ ɱɼɄȍƨƉʚ ŗȳ Ƕȭŗǖƨ Ƕȳ ɖ��� ɄȳʚɄ ɀӇ ʚɄ ǖƨʚ ŗ
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