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ÿɄƕŗ˦υ İƨऒțț ǶȳʚɼɄƕʯƉƨ țɄƉŗțǶʚ˦ ʌƨȳʌǶʚǶ˙ƨ ǫŗʌǫǶȳǖࣖυ �ȳ ǶȭɱɄɼʚŗȳʚ Ƕƕƨŗࣖυ İƨऒțț ʌƨƨ ʌǶȭǶțŗɼ ʚǫƨȭƨʌ Ƕȳ ɼƨȭŗǶȳƕƨɼ ɄǑ ƉɄʯɼʌƨࣖ



yȭɱțƨȭƨȳʚǶȳǖ ŗ ¥¥ eɼǶƕ



eɼǶƕʌυ eǶ˙ƨȳ Ƕȳɱʯʚ ɱɄǶȳʚ ӂࣗ ˝ŗȳʚ ɸʯǶƉȕ ˝ŗ˦ ʚɄ ̇ȳƕ
ȳƨŗɼſ˦ ɱɄǶȳʚʌࣖυ yƕƨŗࣘ ƕǶ˙Ƕƕƨ ʌɱŗƉƨ ǶȳʚɄ Ɖƨțțʌ ʯʌǶȳǖ ǖɼǶƕࣖυ bǶȳƕ Ɖƨțț ƉɄȳʚŗǶȳǶȳǖ ӂࣗ ʌƨŗɼƉǫ Ƕʚࣖυ pɄ˝ ˝Ʉʯțƕ ˝ƨ Ƕȭɱțƨȭƨȳʚ ʚǫǶʌࣞ
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eɼǶƕ ,ƨțțʌυ EŗƉǫ ɱɄǶȳʚ 	ӊ Ӌ
 ǖǶ˙ƨȳ Ɖƨțț Ƕƕࣘ 	ӊ Ӌ
υ E˥ŗȭɱțƨࣘ 	��� ���
 ǖǶ˙ƨȳ Ɖƨțț Ƕƕ 	� �
ࣖυ óʚɄɼƨ 	ӊ Ӌ
 Ƕȳ ƕǶƉʚǶɄȳŗɼ˦ ˝Ƕʚǫ Ɖƨțț Ƕƕ ŗʌ ȕƨ ࣖ˦υ 6ǶʌƉɼƨʚǶ˲ŗʚǶɄȳ ŗțțɄ˝ʌ ȭʯțʚǶɱțƨ ɱɄǶȳʚʌ Ƕȳ ʌŗȭƨ Ɖƨțțࣖυ óʚɄɼƨ ƉɄțțǶʌǶɄȳʌ Ƕȳ țǶʌʚࣖυ eƨȳƨɼŗțǶ˲ƨʌ ȳŗʚʯɼŗțț˦ ʚɄ ҷࣽƕǶȭƨȳʌǶɄȳʌࣖ



ENCUU 00)TKF�

FGH AAKPKVAA
UGNH� YKFVJ��
UGNH�YKFVJ ֟ YKFVJ
UGNH�EGNNU ֟ ]_

FGH EGNNAKF
UGNH� R��
R ֟ PR�CUCTTC[
R�
EGNNAKF ֟ PR�HNQQT
R � UGNH�YKFVJ��CUV[RG
KPV�
TGVWTP VWRNG
EGNNAKF�

FGH KPUGTV
UGNH� R��
ЀЀЀ+PUGTV R KPVQ VJG ITKF�ЀЀЀ
EGNNAKF ֟ UGNH�EGNNAKF
R�
KH EGNNAKF PQV KP UGNH�EGNNU�

UGNH�EGNNU=EGNNAKF? ֟ =?
UGNH�EGNNU=EGNNAKF?�CRRGPF
R�

���



���

FGH RQKPVUAKPAEGNN
UGNH� R��
EGNNAKF ֟ UGNH�EGNNAKF
R�
KH EGNNAKF PQV KP UGNH�EGNNU�

TGVWTP =?
RQKPVUAKPAEGNN ֟ UGNH�EGNNU=EGNNAKF?
մ VWTP KPVQ CP CTTC[
TGVWTP PR�XUVCEM
RQKPVUAKPAEGNN�

FGH SWGT[
UGNH� R��
TGVWTP DTWVGAHQTEGAPP
UGNH�RQKPVUAKPAEGNN
R�� R�



¥Ʉʚƨυ ÿǫǶʌ ȭŗ˦ ǑŗǶț ँ ¥¥ ƉɄʯțƕ ſƨ Ƕȳ ƕǶ˽ƨɼƨȳʚ Ɖƨțțࣖ
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âɼɄſțƨȭʌυ yȳ ҷ ƕǶȭƨȳʌǶɄȳʌࣗ Ɖƨțț Ƕƕ ǫŗʌ ҷ ƨȳʚɼǶƨʌࣖDFMM�JE	ӂ
 � 	ӊ��Ӊ ӊ��Ӊ Ȫ  ӊҷ�Ӊ
υ �țț ƨȳʚɼǶƨʌ ȭʯʌʚ ſƨ ƨ˥ŗƉʚț˦ ʚǫƨ ʌŗȭƨ ǑɄɼ ʚ˝Ʉ
ɱɄǶȳʚʌ ʚɄ ǫŗ˙ƨ ʌŗȭƨ Ɖƨțț Ƕƕࣖυ ÿǫǶʌ Ƕʌ ˙ƨɼ˦ ʯȳțǶȕƨț˦ࣖ ¡Ʉʌʚ Ɖƨțțʌ ŗɼƨ ƨȭɱʚ˦ Ʉɼ
ƉɄȳʚŗǶȳ Ʉȳƨ ɱɄǶȳʚࣖ



pǶǖǫࣽ6ǶȭƨȳʌǶɄȳŗț ,ʯſɄǶƕʌυ ¶ȳƨ ए̇˥ऐࣘ ǶȳƉɼƨŗʌƨ Ɖƨțț ˝Ƕƕʚǫ ɱŗɼŗȭƨʚƨɼࣖυ óʯɱɱɄʌƨ ˝ƨ ˝ŗȳʚ ʚɄ ƨȳʌʯɼƨ ŗȳ˦ ɱɄǶȳʚʌ ˝ǶʚǫǶȳ
ƕǶʌʚŗȳƉƨ ӄ ŗɼƨ Ƕȳ ʌŗȭƨ Ɖƨțțࣖυ ÿǫƨȳ Ɖƨțț ˝Ƕƕʚǫ ȭʯʌʚ ſƨ �ӄࣖI.



pǶǖǫࣽ6ǶȭƨȳʌǶɄȳŗț ,ʯſɄǶƕʌυ $ʯʚ ŗ ҷࣽƕǶȭƨȳʌǶɄȳŗț ƉʯſɄǶƕ ɄǑ ˝Ƕƕʚǫ �ӄ Ɖŗȳ
ƉɄȳʚŗǶȳ ɱɄǶȳʚʌ ŗʚ ƕǶʌʚŗȳƉƨ �˹ҷӄ ǑɼɄȭ Ʉȳƨ
ŗȳɄʚǫƨɼࣛυ bɄɼ ƨ˙ƨȳ ȭɄƕƨʌʚ ӄࣗ ʚǫƨ ˝ǫɄțƨ ƕŗʚŗ ʌƨʚ Ƕʌ Ƕȳ Ʉȳƨ
Ɖƨțțࣖ
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¡ŗǶȳ yƕƨŗ
6Ƕ˙ǶƕǶȳǖ ǶȳʚɄ ŗ ǖɼǶƕ ɄǑ ƉʯſɄǶƕʌ ǑŗǶțʌ Ƕȳ ǫǶǖǫ ƕǶȭƨȳࣽ
ʌǶɄȳʌࣖ EǶʚǫƨɼ ʚǫƨ Ɖƨțțʌ ŗɼƨ ƨȭɱʚ ࣗ˦ Ʉɼ ƉɄȳʚŗǶȳ ƨ˙ƨɼ˦ࣽ
ʚǫǶȳǖࣗ ƕƨɱƨȳƕǶȳǖ Ʉȳ ʚǫƨ ˝Ƕƕʚǫࣛ



� éŗȳƕɄȭǶ˲ƨƕ एeɼǶƕऐ



� éŗȳƕɄȭǶ˲ƨƕ एeɼǶƕऐυ yƕƨŗࣘ yȳʌʚƨŗƕ ɄǑ ŗ˥ǶʌࣽŗțǶǖȳƨƕ ǖɼǶƕࣗ ƕǶ˙Ƕƕƨ ǶȳʚɄ
Ɖƨțțʌ ʯʌǶȳǖ ҽ ̷ ҷ ɼŗȳƕɄȭ ƕǶɼƨƉʚǶɄȳʌࣖ









,ƨțț óǫŗɱƨυ ,ƨțțʌ ŗɼƨ ȳɄ țɄȳǖƨɼ ҷࣽƕǶȭƨȳʌǶɄȳŗț ƉʯſɄǶƕʌࣖυ ÿǫƨ˦ ŗɼƨ ɼŗȳƕɄȭ ҽࣽƕǶȭƨȳʌǶɄȳŗț ɱɄț˦ʚɄɱƨʌࣖ



çʯƨʌʚǶɄȳυ İǫ˦ Ƕʌ ʚǫǶʌ ſƨʚʚƨɼࣞ İƨऒțț ʌƨƨ Ƕȳ ʚǫƨ ȳƨ˥ʚ ʌƨƉʚǶɄȳʌࣖ



âɼɄȍƨƉʚǶɄȳυ pɄ˝ ƕɄ ˝ƨ ƕƨʚƨɼȭǶȳƨ ˝ǫǶƉǫ Ɖƨțț ŗ ɱɄǶȳʚ țǶƨʌ Ƕȳࣞ
I -- (x,y) (Ww1

,
that)

g I . ie
. IT!
'

om
-I

-2

-3

-U



,ƨțț y6ʌυ âǶƉȕ ҽ ɼŗȳƕɄȭ ʯȳǶʚ ˙ƨƉʚɄɼʌࣗ ɀӇ	�
 Ȫ  ɀӇ	ҽ
 ˨ ɖҷ ࣖυ âǶƉȕ ŗ ˝Ƕƕʚǫ ɱŗɼŗȭƨʚƨɼࣗ Ӊࣖυ eǶ˙ƨȳ ŗȳ˦ ɱɄǶȳʚ ɀӂࣗ Ƕʚʌ Ɖƨțț Ƕƕ ǶʌࣘࡹDFMM�JE	 ɀӂ
 � ۿ٩ ɀӇ	�
 ͥ ɀӂӉ   ۿ ɀӇ	�
 ͥ ɀӂӉ   Ȫ  ۿ ɀӇ	ҽ
 ͥ ɀӂӉ   ٸ
ʯʌƨࡹ ʌŗȭƨ ˝Ƕƕʚǫ ŗȳƕ ʯȳǶʚ ˙ƨƉʚɄɼʌ ǑɄɼ ŗțț ɱɄǶȳʚʌ
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çʯǶƉȕ ,ƨțțࣽy6 ,ŗțƉʯțŗʚǶɄȳυ âțŗƉƨ ɀӇ	�
 Ȫ  ɀӇ	ҽ
 ǶȳʚɄ ŗ ȭŗʚɼǶ˥ࣘ
Ү � ɰٲ 	 ɀӇ	�

ҭ ɲɰ 	 ɀӇ	�
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υ ÿǫƨȳ DFMM�JE	 ɀӂ
 � FOUSZXJTF�GMPPS	Ү ɀӂ�Ӊ
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eƨȳƨɼŗʚǶȳǖ éŗȳƕɄȭ ĎȳǶʚ ĬƨƉʚɄɼʌ
FGH ICWUUKCPARTQLGEVKQPAOCVTKZ
M� F��

: ֟ PR�TCPFQO�PQTOCN
UK\G֟
M� F��
7 ֟ : � PR�NKPCNI�PQTO
:� CZKU֟Փ�=��0QPG?
TGVWTP 7



ENCUU 002TQLGEVKQP)TKF

FGH AAKPKVAA
UGNH� RTQLGEVKQPAOCVTKZ� YKFVJ��
UGNH�YKFVJ ֟ YKFVJ
UGNH�RTQLGEVKQPAOCVTKZ ֟ RTQLGEVKQPAOCVTKZ
UGNH�EGNNU ֟ ]_

FGH EGNNAKF
UGNH� R��
RTQLGEVKQP ֟ UGNH�RTQLGEVKQPAOCVTKZ " R
EGNNAKF ֟ PR�HNQQT
RTQLGEVKQP � UGNH�YKFVJ�
TGVWTP VWRNG
EGNNAKF�CUV[RG
KPV��

մ KPUGTV� SWGT[� RQKPVUAKPAEGNN UCOG CU HQT 00)TKF

:



$ʯʚ ˝ŗǶʚࣖࣖࣖυ yȳ ǫǶǖǫ ƕǶȭƨȳʌǶɄȳʌࣗ ʌʚǶțț ˙ƨɼ˦ ʯȳțǶȕƨț˦ ǑɄɼ Ɖƨțț ʚɄ
ƉɄȳʚŗǶȳ ওࡹ ɱɄǶȳʚࣖυ yƕƨŗࣘ ſŗȳƕǶȳǖࣖ ÿɼ ࣗ˦ ʚɼ˦ ŗǖŗǶȳࣖυ $ʯǶțƕ ȭʯțʚǶɱțƨ 002TQLGEVKQP)TKFʌ ˝Ƕʚǫ
ƕǶ˽ƨɼƨȳʚ ɼŗȳƕɄȭ ɱɼɄȍƨƉʚǶɄȳʌࣖυ bǶȳƕ RQKPVUAKPAEGNN ǑɄɼ ƨŗƉǫࣗ ɱɄɄț ʚǫƨȭ
ʚɄǖƨʚǫƨɼࣖ
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¡ʯțʚǶɱțƨ éŗȳƕɄȭ âɼɄȍƨƉʚǶɄȳʌ

Ү� Ү� Ү�



�ɄƉŗțǶʚ˦ óƨȳʌǶʚǶ˙ƨ pŗʌǫǶȳǖυ ÿǫǶʌ Ƕƕƨŗ ࣯ȭʯțʚǶɱțƨ ɼŗȳƕɄȭ ɱɼɄȍƨƉʚǶɄȳʌࣱ Ƕʌ ŗȳ
ƨ˥ŗȭɱțƨ ɄǑ �ɄƉŗțǶʚ˦ óƨȳʌǶʚǶ˙ƨ pŗʌǫǶȳǖ ࣯�ópࣱࣖυ İƨऒțț ƨ˥ɱțɄɼƨ Ƕʚ ȭɄɼƨ Ƕȳ ʚǫƨ ȳƨ˥ʚ ʌƨƉʚǶɄȳࣖ



ENCUU .QECNKV[5GPUKVKXG*CUJKPI�

FGH AAKPKVAA
UGNH� N� M� F� Y��
UGNH�TCPFQOK\GFAITKFU ֟ =?
HQT K KP TCPIG
N��

7 ֟ ICWUUKCPARTQLGEVKQPAOCVTKZ
M� F�
TCPFQOK\GFAITKF ֟ 002TQLGEVKQP)TKF
7� Y�
UGNH�TCPFQOK\GFAITKFU�CRRGPF
TCPFQOK\GFAITKF�

FGH KPUGTV
UGNH� R��
HQT TCPFQOK\GFAITKF KP UGNH�TCPFQOK\GFAITKFU�

TCPFQOK\GFAITKF�KPUGTV
R�

���



���

FGH SWGT[AENQUG
UGNH� R��
PGCTD[ ֟ =?
HQT TCPFQOK\GFAITKF KP UGNH�TCPFQOK\GFAITKFU�

RQKPVUAKPAEGNN ֟ TCPFQOK\GFAITKF�RQKPVUAKPAEGNN
R�
PGCTD[�CRRGPF
RQKPVUAKPAEGNN�

TGVWTP PR�XUVCEM
PGCTD[�

FGH SWGT[APP
UGNH� RQKPV��
TGUWNVU ֟ UGNH�SWGT[AENQUG
RQKPV�
RQQN ֟ PR�XUVCEM
=T HQT T KP TGUWNVU?�
KH NGP
RQQN� ֟֟ Ւ�

TCKUG 8CNWG'TTQT
	0Q RQKPVU PGCTD[�	�
TGVWTP DTWVGAHQTEGAPP
RQQN� RQKPV�

÷



âŗɼŗȭƨʚƨɼʌυ Nࣘ ȳʯȭſƨɼ ɄǑ ɼŗȳƕɄȭǶ˲ƨƕ एǖɼǶƕʌऐυ Mࣘ ȳʯȭſƨɼ ɄǑ ɼŗȳƕɄȭ ƕǶɼƨƉʚǶɄȳʌ Ƕȳ ƨŗƉǫ एǖɼǶƕऐυ Yࣘ ſǶȳ ˝Ƕƕʚǫ



ÿʯȳǶȳǖ âŗɼŗȭƨʚƨɼʌυ ,ǫɄɄʌƨ ʌɄ ʚǫŗʚ �SWGT[AENQUG ɼƨʚʯɼȳʌ ŗ ʌȭŗțț ࣥ
ɄǑ ɱɄǶȳʚʌࣖυ yǑ ࣥ Ƕʌ ˙ƨɼ˦ ʌȭŗțț ࣯Ʉɼ ˲ƨɼɄࣱࣗ ƨǶʚǫƨɼࣘυ ǶȳƉɼƨŗʌƨ Ӊ Ʉɼ ɑυ ƕƨƉɼƨŗʌƨ ҽ



¥Ʉʚƨυ ÿǫǶʌ Ƕʌ ŗȳ ŗɱɱɼɄ˥Ƕȭŗʚƨ ¥¥ ʚƨƉǫȳǶɸʯƨࣛυ ¡ŗ˦ ȳɄʚ ̇ȳƕ ʚǫƨ ¥¥ࣖυ ¡ŗ˦ ȳɄʚ ɼƨʚʯɼȳ ŗȳ˦ʚǫǶȳǖࣛ



ÿǫƨɄɼ˦ ɄǑ �ɄƉŗțǶʚ˦ óƨȳʌǶʚǶ˙ƨ pŗʌǫǶȳǖ



İǫ˦ ƕɄƨʌ �óp ˝Ʉɼȕࣞυ ÿ˝Ʉ ŗɱɱɼɄŗƉǫƨʌ ʚɄ ʯȳƕƨɼʌʚŗȳƕǶȳǖ �ópࣖυ ࣱࡹ pŗʌǫǶȳǖ ˙Ƕƨ˝ࣖυ ࣱࡽ 6ǶȭƨȳʌǶɄȳŗțǶʚ˦ ɼƨƕʯƉʚǶɄȳ ˙Ƕƨ˝ࣖ



óʚŗȳƕŗɼƕ pŗʌǫǶȳǖυ � ǫŗʌǫ ǑʯȳƉʚǶɄȳ ɏ ̒ X ɲ ɘ ʚŗȕƨʌ Ƕȳ ŗȳ ɄſȍƨƉʚ
ǑɼɄȭ X ŗȳƕ ɼƨʚʯɼȳʌ ŗ ſʯƉȕƨʚ ȳʯȭſƨɼࣖ



óʚŗȳƕŗɼƕ pŗʌǫǶȳǖυ ,ɄțțǶʌǶɄȳࣘ ʚ˝Ʉ ƕǶ˽ƨɼƨȳʚ ɄſȍƨƉʚʌ ǫŗ˙ƨ ʌŗȭƨ ǫŗʌǫࣖυ Ďʌʯŗțț ࣗ˦ ƉɄțțǶʌǶɄȳʌ ŗɼƨ ſŗƕࣖυ İŗȳʚ ʌǶȭǶțŗɼ ʚǫǶȳǖʌ ʚɄ ǫŗ˙ƨ ˙ƨɼ˦ ƕǶ˽ƨɼƨȳʚ ǫŗʌǫƨʌࣖ
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�ɄƉŗțǶʚ˦ óƨȳʌǶʚǶ˙ƨ pŗʌǫǶȳǖυ $ʯʚ Ƕȳ ¥¥ ʌƨŗɼƉǫࣗ ˝ƨ ˝ŗȳʚ एƉțɄʌƨऐ Ƕʚƨȭʌ ʚɄ ſƨ Ƕȳ
ʚǫƨ ʌŗȭƨ ſʯƉȕƨʚ ࣯ǫŗ˙ƨ ʌŗȭƨ ǫŗʌǫࣱࣖυ एbŗɼऐ Ƕʚƨȭʌ ʌǫɄʯțƕ ſƨ Ƕȳ ƕǶ˽ƨɼƨȳʚ ſʯƉȕƨʚʌ ࣯ǫŗ˙ƨ
ƕǶ˽ƨɼƨȳʚ ǫŗʌǫࣱࣖ



�ɄƉŗțǶʚ˦ óƨȳʌǶʚǶ˙ƨ pŗʌǫǶȳǖυ �ƨʚ ӄ ſƨ ŗ ƕǶʌʚŗȳƉƨ ˝ƨ ƉɄȳʌǶƕƨɼ एƉțɄʌƨऐࣖυ �ƨʚ Ҷӄ ࣯˝Ƕʚǫ Ҷ � �ࣱ ſƨ ŗ ƕǶʌʚŗȳƉƨ ˝ƨ ƉɄȳʌǶƕƨɼ एǑŗɼऐࣖυ óʯɱɱɄʌƨ ҡ Ƕʌ ŗ ǑŗȭǶț˦ ɄǑ ǫŗʌǫ ǑʯȳƉʚǶɄȳʌࣖ



�óp bŗȭǶț˦υ ҡ Ƕʌ ŗȳ �óp ǑŗȭǶț˦ ǶǑ ˝ǫƨȳ ɏ Ƕʌ ɼŗȳƕɄȭț˦ ƕɼŗ˝ȳ
ǑɼɄȭ ҡࣘɔ	ɏ	ӊ
 � ɏ	Ӌ

 ̲ ӂ� ˝ǫƨȳ ҷ	ӊ Ӌ
 ̱ ӄɔ	ɏ	ӊ
 � ɏ	Ӌ

 ̱ ӂ� ˝ǫƨȳ ҷ	ӊ Ӌ
 ̲ Ҷӄ
˝ǫƨɼƨ ӂ� � ӂ�ࣖ



¡ŗǶȳ yƕƨŗ
yǑ ӊ ŗȳƕ Ӌ ŗɼƨ ƉțɄʌƨࣗ ʚǫƨ ɱɼɄſŗſǶțǶʚ˦ ʚǫŗʚ ʚǫƨ˦ ǫŗʌǫ
ʚɄ ʚǫƨ ʌŗȭƨ ſǶȳ Ƕʌ ȳɄʚ ʚɄɄ ʌȭŗțțࣖ yǑ ʚǫƨ˦ ŗɼƨ Ǒŗɼࣗ ʚǫƨ
ɱɼɄſŗſǶțǶʚ˦ Ƕʌ ȳɄʚ ʚɄɄ țŗɼǖƨࣖ



E˥ŗȭɱțƨࣘ éŗȳƕɄȭ âɼɄȍƨƉʚǶɄȳʌυ İƨ ǫŗ˙ƨ ʌƨƨȳ Ʉȳƨ �óp ǑŗȭǶț˦ࣘ ɼŗȳƕɄȭ
ɱɼɄȍƨƉʚǶɄȳʌ ǑɄțțɄ˝ƨƕ ſ˦ ſǶȳȳǶȳǖࣖυ ҡ ǫŗʌ Ƕȳ̇ȳǶʚƨț˦ࣽȭŗȳ˦ ǫŗʌǫ ǑʯȳƉʚǶɄȳʌࣗ Ʉȳƨ ǑɄɼ
ƨŗƉǫ ƕǶɼƨƉʚǶɄȳ ɀӇࣘ ɏ ɀӇ	 ɀӂ
 � ۿ ɀӇ ͥ ɀӂӉ  



E˥ŗȭɱțƨࣘ éŗȳƕɄȭ âɼɄȍƨƉʚǶɄȳʌυ óʯɱɱɄʌƨ ŗ ɼŗȳƕɄȭ ǫŗʌǫ ǑʯȳƉʚǶɄȳ ɏ Ƕʌ ƉǫɄʌƨȳࣖυ ,țŗǶȭࣘɔ	ɏ	ӊ
 � ɏ	Ӌ

 ̲ �� ˝ǫƨȳ ҷ	ӊ Ӌ
 ̱ Ӊ��ɔ	ɏ	ӊ
 � ɏ	Ӌ

 ̱ �� ˝ǫƨȳ ҷ	ӊ Ӌ
 ̲ �Ӊ



yȳʚʯǶʚǶɄȳ



âɼɄɄǑࣘ ,țɄʌƨυ yȳ ˝Ʉɼʌʚ Ɖŗʌƨࣗ ǖɼǶƕ Ƕʌ ɄɼʚǫɄǖɄȳŗț ʚɄ țǶȳƨ ſƨʚ˝ƨƨȳ
ɱɄǶȳʚʌࣖ

ӊ ӋӉ��Ӊ
-5



âɼɄɄǑࣘ bŗɼυ ¶ȳț˦ ɱɄʌʌǶſțƨ ǶǑ ǖɼǶƕ Ƕʌ ƉțɄʌƨ ʚɄ ɱŗɼŗțțƨțࣖ

ӊ Ӌ�ӉӉ



âɼɄɄǑࣘ bŗɼυ �ȳǖțƨ ȭʯʌʚ ſƨ ſƨțɄ˝ ࣖ˷ࡱࢁ

ӊ Ӌ�Ӊ
⑤ = sin-

' ¥ = 300
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�ȭɱțǶ̇ƉŗʚǶɄȳυ �Ʉʚʌ ɄǑ ɱɄǶȳʚʌ ǫŗ˙ƨ ʌŗȭƨ ǫŗʌǫࣖυ ÿɄ ſƨ ȭɄɼƨ ʌƨțƨƉʚǶ˙ƨࣗ ɼŗȳƕɄȭț˦ ʌƨțƨƉʚ ҽ ǫŗʌǫ
ǑʯȳƉʚǶɄȳʌ ǑɄɼ Ɖƨțț ǶƕࣖDFMM�JE	ӊ
 � 	ɏ�	ӊ
 ɏ�	ӊ
 Ȫ  ɏҽ	ӊ





E˥ŗȭɱțƨࣘ éŗȳƕɄȭ âɼɄȍƨƉʚǶɄȳʌυ yȳ Ɖŗʌƨ ɄǑ ɼŗȳƕɄȭ ɱɼɄȍƨƉʚǶɄȳʌࣖ

DFMM�JE	 ɀӂ
 � ٳ ۿ ɀӇ	�
 ͥ ɀӂӉ �ɏ߯  ۿ ɀӇ	�
 ͥ ɀӂӉ �ɏ߯  Ȫ  ۿ ɀӇ	ҽ
 ͥ ɀӂӉ ɏҽ߯ ڂ



,ɄțțǶʌǶɄȳ âɼɄſŗſǶțǶʚ˦υ éƨȭƨȭſƨɼࣘҩ	ɏ	ӊ
 � ɏ	Ӌ

 ̲ ӂ� ǶǑ ƉțɄʌƨࣖҩ	ɏ	ӊ
 � ɏ	Ӌ

 ̱ ӂ� ǶǑ Ǒŗɼࣖυ ,ɄțțǶʌǶɄȳ ɄƉƉʯɼʌ ǶǑ ɏһ	ӊ
 � ɏһ	Ӌ
 ˠһ ˨ \� Ȫ  ҽ^ࣖυ âɼɄſŗſǶțǶʚ˦ ɄǑ ƉɄțțǶʌǶɄȳࣖࣖࣖυ ǶǑ ƉțɄʌƨࣘ ̲ ӂҽ�υ ǶǑ Ǒŗɼࣘ ̱ ӂҽ�

h , (x) = hi Cy) Z P,

halx) -- ha
.

Cy) z p ,
:



,ǫɄɄʌǶȳǖ ҽυ İŗȳʚ ɱɼɄſࣖ ɄǑ Ǒŗɼ ɱɄǶȳʚʌ ƉɄțțǶƕǶȳǖ ʚɄ ſƨ ʌȭŗțțࣖυ óŗ ࣗ˦ ��Ӏࣖυ óƨʚ ӂҽ� � ��Ӏࣖ ÿǫƨȳҽ � MPHӂ� �Ӏ � MPH ӀMPH ��ӂ�



¡ŗǶȳ yƕƨŗ
İƨ Ɖŗȳ ʯʌƨ ҽ � ũ	MPH Ӏ
 ǫŗʌǫ ǑʯȳƉʚǶɄȳʌࣖ



¡ŗǶȳ yƕƨŗ
İǫƨȳ ʯʌǶȳǖ ɼŗȳƕɄȭ ɱɼɄȍƨƉʚǶɄȳʌ ŗʌ ǫŗʌǫ ǑʯȳƉʚǶɄȳʌࣗ
˝ƨ Ɖŗȳ ʯʌƨ ҽ � ũ	MPH Ӏ
 ƕǶɼƨƉʚǶɄȳʌࣖ ÿǫǶʌ Ƕʌ ʯʌʯŗțț˦
ȭʯƉǫ țƨʌʌ ʚǫŗȳ ҷࣖ



$ʯʚ ˝ŗǶʚࣖࣖࣖυ âɼɄſŗſǶțǶʚ˦ ɄǑ ƉțɄʌƨ ɱɄǶȳʚʌ ƉɄțțǶƕǶȳǖ Ƕʌ ӂҽ�ࣖυ �ƨʚ ӂ� � ӂࣖ� İƨऒțț ǫŗ˙ƨ  � �ࣗ ʌǶȳƉƨ ӂ� � ӂ�ࣖυ óǶȳƉƨ ӂҽ� � �Ӏ ࣗ ˝ƨ ǫŗ˙ƨ ӂҽ� � �Ӏ ࣖυ ÿǫǶʌ Ƕʌ ˙ƨɼ˦ ʌȭŗțțࣖ



$ŗȳƕǶȳǖυ $ƨǑɄɼƨࣘ Ʉȳƨ ʌƨʚ ɄǑ ҽ ǫŗʌǫ ǑʯȳƉʚǶɄȳʌࣖυ İǶʚǫ ſŗȳƕǶȳǖࣘ ȕƨƨɱ ɑ ʌƨʚʌ ࣯ſŗȳƕʌࣱ ɄǑ ҽ ǫŗʌǫ
ǑʯȳƉʚǶɄȳʌࣖυ ÿɄ ɸʯƨɼ˦ ¥¥ ɄǑ ӂࣗ ̇ȳƕ ɱɄǶȳʚʌ ʚǫŗʚ ŗɼƨ Ƕȳ ʚǫƨ ʌŗȭƨ
Ɖƨțț ŗʌ ӂ Ƕȳ ŗȩ˖ ɄǑ ʚǫƨ ſŗȳƕʌࣖ



$ŗȳƕǶȳǖυ âɼɄſŗſǶțǶʚ˦ ɄǑ ŗʚ țƨŗʌʚ Ʉȳƨ ȭŗʚƉǫࣘ�Ӏߧ
ƉɄțțǶʌǶɄȳ Ƕȳ ſŗȳƕ ࡹ

� �Ӏߧ
ƉɄțțǶʌǶɄȳ Ƕȳ ſŗȳƕ ࡽ

�Ȫ� �Ӏߧ
ƉɄțțǶʌǶɄȳ Ƕȳ ſŗȳƕ ɑ � ɑӀ

υ İŗȳʚ ʚǫǶʌ ʚɄ ſƨ ̢ �ࣗ ʌɄࣘɑ � Ӏ



¡ŗǶȳ yƕƨŗ
İƨ ʌǫɄʯțƕ ʌƨʚ ʚǫƨ ȳʯȭſƨɼ ɄǑ ſŗȳƕʌ ʚɄ ſƨ Ӏࣖ 
ƕƨɱƨȳƕʌ Ʉȳ Ҷࣗ ŗȳƕ Ƕʌ ʯʌʯŗțț˦ ȳɄʚ ʌȭŗțțࣖ bɄɼ ɼŗȳƕɄȭ
ɱɼɄȍƨƉʚǶɄȳʌࣗ  ̢ ���ࣖ



�ȳŗț˦ʌǶʌυ pɄ˝ ƨ˾ƉǶƨȳʚ Ƕʌ �ópࣞυ İɄɼʌʚ Ɖŗʌƨࣗ ƨ˙ƨɼ˦ʚǫǶȳǖ ǫŗʌǫƨʌ ʚɄ ʌŗȭƨ ſǶȳࣘ Ҩ	Ӏ
ࣖυ yȳ ɱɼŗƉʚǶƉƨࣗ ȭʯƉǫ ſƨʚʚƨɼࣖυ éƨɸʯǶɼƨʌ ŗ țɄʚ ɄǑ ȭƨȭɄɼ ࣖ˦ ũ	ɑӀ
ࣖ



¶ʚǫƨɼ 6ǶʌʚŗȳƉƨʌυ �óp ˝Ʉɼȕʌ ǑɄɼ ȭŗȳ˦ ƕǶ˽ƨɼƨȳʚ ʌǶȭǶțŗɼǶʚ˦ ȭƨŗʌʯɼƨʌࣖυ éŗȳƕɄȭ ɱɼɄȍƨƉʚǶɄȳʌ ŗɼƨ ǑɄɼ EʯƉțǶƕƨŗȳ ƕǶʌʚŗȳƉƨʌࣖυ $ʯʚ Ʉʚǫƨɼ ǫŗʌǫǶȳǖ ŗɱɱɼɄŗƉǫƨʌ ˝Ʉɼȕ ǑɄɼ ƉɄʌǶȳƨ
ƕǶʌʚŗȳƉƨࣗ �ŗƉƉŗɼƕ ƕǶʌʚŗȳƉƨࣗ ƨʚƉࣖ



ÿǫƨ �ɄǫȳʌɄȳࣽ�Ƕȳƕƨȳʌʚɼŗʯʌʌ �ƨȭȭŗ



İǫ˦ ƕɄƨʌ �óp ˝Ʉɼȕࣞυ ÿ˝Ʉ ŗɱɱɼɄŗƉǫƨʌ ʚɄ ʯȳƕƨɼʌʚŗȳƕǶȳǖ �ópࣖυ ࣱࡹ pŗʌǫǶȳǖ ˙Ƕƨ˝ࣖυ ࣱࡽ 6ǶȭƨȳʌǶɄȳŗțǶʚ˦ ɼƨƕʯƉʚǶɄȳ ˙Ƕƨ˝ࣖ



¡ŗǶȳ yƕƨŗ
ÿǫƨ �ɄǫȳʌɄȳࣽ�Ƕȳƕƨȳʌʚɼŗʯʌʌ �ƨȭȭŗ ʌŗ˦ʌ ʚǫŗʚࣗ
ǖǶ˙ƨȳ Ӏ ɱɄǶȳʚʌ Ƕȳ ɖҷ ࣗ ˦Ʉʯ Ɖŗȳ ɼƨƕʯƉƨ ʚǫƨ ƕǶȭƨȳࣽ
ʌǶɄȳŗțǶʚ˦ ʚɄ ҽ ̢ MPH Ӏ ˝ǫǶțƨ ʌʚǶțț ɱɼƨʌƨɼ˙Ƕȳǖ ɼƨțŗʚǶ˙ƨ
ƕǶʌʚŗȳƉƨʌ ſ˦ ɼŗȳƕɄȭț˦ ɱɼɄȍƨƉʚǶȳǖ ɄȳʚɄ ŗ ʌƨʚ ɄǑ ҽ
ʯȳǶʚ ˙ƨƉʚɄɼʌࣖ

I → 8'

g-
d

g '



,țŗǶȭ
ÿǫƨ �ɄǫȳʌɄȳࣽ�Ƕȳƕƨȳʌʚɼŗʯʌʌ �ƨȭȭŗ ࣯yȳǑɄɼȭŗțࣱࣖ �ƨʚұ ſƨ ŗ ʌƨʚ ɄǑ Ӏ ɱɄǶȳʚʌ Ƕȳɖҷ ࣖ �ƨʚҮ ſƨ ŗȭŗʚɼǶ˥ ˝ǫɄʌƨҽ � Ҩ	MPH	Ӏ

�ג� ɼɄ˝ʌ ŗɼƨ eŗʯʌʌǶŗȳ ɼŗȳƕɄȭ ˙ƨƉʚɄɼʌ
Ƕȳ ɖҷ ࣖ ÿǫƨȳ ǑɄɼ ƨ˙ƨɼ˦ ɀӊ ɀӋ ˨ ұ ࣗȠ ɀӊ ˲ ɀӋȠ ̱ 	� q 
גȠҮ ɀӊ ˲ Ү ɀӋȠ



�óp ŗȳƕ �ࣽ�υ yȳ �ópࣗ ˝ƨ ʯʌƨ ҽ � Ҩ	MPH Ӏ
 ǫŗʌǫ ǑʯȳƉʚǶɄȳʌࣖυ yǑ ʚǫƨʌƨ ǫŗʌǫ ǑʯȳƉʚǶɄȳʌ ŗɼƨ ɼŗȳƕɄȭ ɱɼɄȍƨƉʚǶɄȳʌࣗ
ʚǫƨ �ࣽ� țƨȭȭŗ ʚƨțțʌ ʚǫŗʚ ƕǶʌʚŗȳƉƨʌ ŗɼƨ țŗɼǖƨț˦
ɱɼƨʌƨɼ˙ƨƕࣖ



� 6Ƕ˽ƨɼƨȳʚ ĬǶƨ˝ ɄǑ �ópυ eǶ˙ƨȳ ӂ ˨ ɖҷ ࣗ ɼŗȳƕɄȭț˦ ɱɼɄȍƨƉʚ ʚɄ ɖҽ ˝Ƕʚǫҽ ̢ MPH Ӏࣖυ �ƨʚ ȳƨ˝ ƉɄɄɼƕǶȳŗʚƨʌ ſƨ 	Ӌ� Ӌ� Ȫ  Ӌҽ
ࣖυ Ďʌƨ ʌʚŗȳƕŗɼƕ ǖɼǶƕ ʚɄ ŗʌʌǶǖȳ Ɖƨțț Ƕƕࣖ



¡ŗǶȳ yƕƨŗ
�óp ࣯ǑɄɼ EʯƉțǶƕƨŗȳ ƕǶʌʚŗȳƉƨʌࣱ ࣯˝ǶʚǫɄʯʚ ſŗȳƕǶȳǖࣱ
Ɖŗȳ ſƨ ˙Ƕƨ˝ƨƕ ŗʌ ƕǶȭƨȳʌǶɄȳŗțǶʚ˦ ɼƨƕʯƉʚǶɄȳ ſ˦ ɼŗȳࣽ
ƕɄȭ ɱɼɄȍƨƉʚǶɄȳʌࣗ ǑɄțțɄ˝ƨƕ ſ˦ ſǶȳȳǶȳǖ ǶȳʚɄ ŗ ʌʚŗȳࣽ
ƕŗɼƕ ǖɼǶƕࣖ



¥¥ Ƕȳ âɼŗƉʚǶƉƨ



yȳ âɼŗƉʚǶƉƨυ �óp Ƕʌ ŗȳ ǶȭɱɄɼʚŗȳʚ Ƕƕƨŗࣖυ eɄɄƕ ɱƨɼǑɄɼȭŗȳƉƨ Ƕȳ ɱɼŗƉʚǶƉƨࣖυ $ʯʚ ǫƨʯɼǶʌʚǶƉ ŗɱɱɼɄŗƉǫƨʌ ŗɼƨ Ʉǒʚƨȳ Ǒŗʌʚƨɼࣖυ HCKUU ŗȳƕ CPPQ[ࣗ ŗȭɄȳǖ Ʉʚǫƨɼʌࣖ



pǶƨɼŗɼƉǫǶƉŗț ȕࣽ¡ƨŗȳʌ
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âɼɄƕʯƉʚ çʯŗȳʚǶ˲ŗʚǶɄȳ

iii.Hit
'



¥ŗ˙Ƕǖŗſțƨ óȭŗțț İɄɼțƕʌ
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