
6˦ȳŗȭǶƉ óƨʚʌ ŗȳƕ pŗʌǫǶȳǖ

ࡹ ࣩ 



6˦ȳŗȭǶƉ óƨʚυ ¶ȳƨ ɄǑ ʚǫƨ ȭɄʌʚ ʯʌƨǑʯț ŗſʌʚɼŗƉʚ ƕŗʚŗ ʚ˦ɱƨʌࣖυ � ƉɄțțƨƉʚǶɄȳ ɄǑ ʯȳǶɸʯƨ ȕƨ˦ʌ ˝ǫǶƉǫ ʌʯɱɱɄɼʚʌࣘυ ǶȳʌƨɼʚǶɄȳ ŗȳƕ ƕƨțƨʚǶɄȳυ ȭƨȭſƨɼʌǫǶɱ ɸʯƨɼǶƨʌࣘ Z KP UGVυ Ĭƨɼ˦ ʌǶȭǶțŗɼ ʚɄ ƕǶƉʚǶɄȳŗɼ˦ࣖ

ࡽ ࣩ 



yȭɱțƨȭƨȳʚŗʚǶɄȳ υࡹࣥ óʚɄɼƨ Ӏ ƨțƨȭƨȳʚʌ Ƕȳ ŗ ƕ˦ȳŗȭǶƉ ŗɼɼŗ ࣖ˦υ yȳǶʚǶŗț ƉɄʌʚࣘ ũ	Ӏ
ࣖυ çʯƨɼ˦ࣘ țǶȳƨŗɼ ʌƨŗɼƉǫࣗ Ҩ	Ӏ
ࣖυ yȳʌƨɼʚǶɄȳࣘ ũ	�
 ŗȭɄɼʚǶ˲ƨƕࣖ
ࣩࢁ 

↳ EEE



yȭɱțƨȭƨȳʚŗʚǶɄȳ υࡽࣥ óʚɄɼƨ Ӏ ƨțƨȭƨȳʚʌ Ƕȳ ŗ ʌɄɼʚƨƕ ƕ˦ȳŗȭǶƉ ŗɼɼŗ ࣖ˦υ yȳǶʚǶŗț ƉɄʌʚࣘ Ҩ	Ӏ MPH Ӏ
ࣖυ çʯƨɼ˦ࣘ ſǶȳŗɼ˦ ʌƨŗɼƉǫࣗ ũ	MPH Ӏ
ࣖυ yȳʌƨɼʚǶɄȳࣘ Ҩ	Ӏ
υ ¡ʯʌʚ ȭŗǶȳʚŗǶȳ ʌɄɼʚƨƕ Ʉɼƕƨɼࣗ Ƕȳ˙Ʉț˙ƨʌ ƉɄɱǶƨʌࣖ

ࣩࢅ 
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$ƨʚʚƨɼ yȭɱțƨȭƨȳʚŗʚǶɄȳυ óʚɄɼƨ Ӏ ƨțƨȭƨȳʚʌ Ƕȳ ŗ ǫŗʌǫ ʚŗſțƨࣖυ yȳǶʚǶŗț ƉɄʌʚࣘ ũ	Ӏ
υࣖࡹ çʯƨɼ˦ࣘ ũ	�
ࣖυ yȳʌƨɼʚǶɄȳࣘ ũ	�
ࣖ
�țțࡹ ʚǶȭƨ ƉɄȭɱțƨ˥ǶʚǶƨʌ ŗɼƨ ŗ˙ƨɼŗǖƨ Ɖŗʌƨࣖ

ࢉ ࣩ 



ÿɄƕŗ˦ऒʌ �ƨƉʚʯɼƨυ İƨऒțț ɼƨ˙Ƕƨ˝ ǫŗʌǫǶȳǖࣖυ óƨƨ ˝ǫƨɼƨ ǫŗʌǫǶȳǖ Ƕʌ ȳɄʚ ʚǫƨ ɼǶǖǫʚ ʚǫǶȳǖ ʚɄ ƕɄࣖυ éƨ˙Ƕƨ˝ ſǶȳŗɼ˦ ʌƨŗɼƉǫ ʚɼƨƨʌ ŗʌ ŗȳ ŗțʚƨɼȳŗʚǶ˙ƨࣖυ ¥ƨ˥ʚ țƨƉʚʯɼƨࣘ ǶȳʚɼɄƕʯƉƨ ʚɼƨŗɱʌࣖ

ࢍ ࣩ 



pŗʌǫǶȳǖυ ¶ȳƨ ɄǑ ʚǫƨ ȭɄʌʚ ǶȭɱɄɼʚŗȳʚ Ƕƕƨŗʌ Ƕȳ ,óࣖυ ÿɄȳʌ ɄǑ ʯʌƨʌࣘυ ĬƨɼǶǑ˦Ƕȳǖ ȭƨʌʌŗǖƨ ǶȳʚƨǖɼǶʚ ࣖ˦υ bŗʌʚ ɸʯƨɼǶƨʌ Ʉȳ ŗ țŗɼǖƨ ƕŗʚŗ ʌƨʚࣖυ yƕƨȳʚǶǑ˦ ǶǑ ̇țƨ ǫŗʌ Ɖǫŗȳǖƨƕ Ƕȳ ˙ƨɼʌǶɄȳ ƉɄȳʚɼɄțࣖ

 ࣩ 

md 's



pŗʌǫ bʯȳƉʚǶɄȳυ � ǫŗʌǫ ǑʯȳƉʚǶɄȳ ʚŗȕƨʌ ŗ ࣯țŗɼǖƨࣱ ɄſȍƨƉʚ ŗȳƕ
ɼƨʚʯɼȳʌ ŗ ࣯ʌȭŗțțƨɼࣱ ए̇ȳǖƨɼɱɼǶȳʚऐ ɄǑ ʚǫŗʚ ɄſȍƨƉʚࣖ

ࣩ 



pɄ˝ࣞυ �ɄɄȕǶȳǖ ŗʚ ƉƨɼʚŗǶȳ ſǶʚʌࣗ ƉɄȭſǶȳǶȳǖ ʚǫƨȭ Ƕȳ ˝ŗ˦ʌ
ʚǫŗʚ țɄɄȕ ɼŗȳƕɄȭࣖ

ࣩ࢙



pŗʌǫ bʯȳƉʚǶɄȳ âɼɄɱƨɼʚǶƨʌυ pŗʌǫǶȳǖ ʌŗȭƨ ʚǫǶȳǖ ʚ˝ǶƉƨ ɼƨʚʯɼȳʌ ʚǫƨ ʌŗȭƨ ǫŗʌǫࣖυ ĎȳțǶȕƨț˦ ʚǫŗʚ ƕǶ˽ƨɼƨȳʚ ʚǫǶȳǖʌ ǫŗ˙ƨ ʌŗȭƨ
̇ȳǖƨɼɱɼǶȳʚࣖυ $ʯʚ ȳɄʚ ǶȭɱɄʌʌǶſțƨࣛ

ࡱࡹ ࣩ 



E˥ŗȭɱțƨυ ࢉ6¡ Ƕʌ ŗ Ɖɼ˦ɱʚɄǖɼŗɱǫǶƉ ǫŗʌǫ ǑʯȳƉʚǶɄȳࣖυ pŗɼƕ ʚɄ एɼƨ˙ƨɼʌƨ ƨȳǖǶȳƨƨɼऐ Ƕȳɱʯʚ ǑɼɄȭ ǫŗʌǫࣖυ éƨʚʯɼȳʌ ŗ ɮƣŗȑȑ˖ ȑŗɮǐƣ ȳʯȭſƨɼ Ƕȳ ǫƨ˥ࣖ

CՙՖՓF՚ՔՖC՚ՕEH՚ՕECՔՓGCDH՚EGCՓ՛Ւυ Ďʌƨƕ ʚɄ ए̇ȳǖƨɼɱɼǶȳʚऐ ˝ǫɄțƨ ̇țƨʌࣖ

ࡹࡹ ࣩ 



E˥ŗȭɱțƨ
֠ GEJQ Ѐ/[ PCOG KU ,WUVKPЀ ^ OF
CՙՖՓF՚ՔՖC՚ՕEH՚ՕECՔՓGCDH՚EGCՓ՛Ւ
֠ GEJQ Ѐ/[ PCOG KU ,WUVKPЀ ^ OF
CՙՖՓF՚ՔՖC՚ՕEH՚ՕECՔՓGCDH՚EGCՓ՛Ւ
֠ GEJQ Ѐ/[ PCOG KU ,WUVKP�Ѐ ^ OF
HՓՓGGFՔՕ՛ՓDDFՒCCՔՕՕ՛ՙEՒ՚՛HCHF

ࡽࡹ ࣩ 



�ȳɄʚǫƨɼ Ďʌƨυ İŗȳʚ ʚɄ ɱțŗƉƨ Ƕȭŗǖƨʌ ǶȳʚɄ ࡱࡱࡹ ſǶȳʌࣖυ pɄ˝ ƕɄ ˝ƨ ƕƨƉǶƕƨ ˝ǫǶƉǫ ſǶȳ ŗȳ Ƕȭŗǖƨ ǖɄƨʌ ǶȳʚɄࣞυ pŗʌǫ ǑʯȳƉʚǶɄȳࣛυ ÿŗȕƨʌ Ƕȳ ŗȳ Ƕȭŗǖƨࣖυ ¶ʯʚɱʯʚʌ ŗ ȳʯȭſƨɼ Ƕȳ ࣗࡹࣳ ࣗࡽ ࣚࣗ ࣖࣵࡱࡱࡹ

ࢁࡹ ࣩ 



pŗʌǫǶȳǖ ǑɄɼ 6ŗʚŗ óƉǶƨȳʚǶʌʚʌυ 6Ʉȳऒʚ ȳƨƨƕ ʚɄ ȕȳɄ˝ ȭʯƉǫ ŗſɄʯʚ ǣȹˍ ǫŗʌǫ
ǑʯȳƉʚǶɄȳ ˝Ʉɼȕʌࣖυ $ʯʚ ʌǫɄʯțƕ ȕȳɄ˝ ǫɄ˝ ʚǫƨ˦ ŗɼƨ ʯʌƨƕࣖ

ࣩࢅࡹ 



pŗʌǫ ÿŗſțƨʌυ ,ɼƨŗʚƨ ŗȳ ŗɼɼŗ˦ ˝Ƕʚǫ ɱɄǶȳʚƨɼʌ ʚɄ ҿ țǶȳȕƨƕ țǶʌʚʌࣖυ Ďʌʯŗțț˦ ҿ ̢ ȳʯȭſƨɼ ɄǑ ʚǫǶȳǖʌ ˦Ʉʯऒțț ſƨ ʌʚɄɼǶȳǖࣖυ ,ɼƨŗʚƨ ǫŗʌǫ ǑʯȳƉʚǶɄȳ ʚɄ ʚʯɼȳ Ƕȳɱʯʚ ǶȳʚɄ ŗ ȳʯȭſƨɼ
Ƕȳ \� � Ȫ ҿ ˲ �^ࣖ

ࢉࡹ ࣩ 



E˥ŗȭɱțƨ
JCUJ
	JGNNQ	� ֟֟ Օ
JCUJ
	FCVC	� ֟֟ Ւ
JCUJ
	UEKGPEG	� ֟֟ Ֆ

ࡱ ࡹ ࡽ ࢁ ࢅ ҿ ˲ �Ȫ
ࢍࡹ ࣩ 

data hello science



,ɄțțǶʌǶɄȳʌυ ÿǫƨ ʯȳǶ˙ƨɼʌƨ Ƕʌ ʚǫƨ ʌƨʚ ɄǑ ŗțț ɱɄʌʌǶſțƨ Ƕȳɱʯʚʌࣖυ ÿǫǶʌ Ƕʌ ʯʌʯŗțț˦ ȭʯƉǫ țŗɼǖƨɼ ʚǫŗȳ ҿ ࣯ƨ˙ƨȳ Ƕȳ̇ȳǶʚƨࣱࣖυ ¥Ʉʚ ɱɄʌʌǶſțƨ ʚɄ ŗʌʌǶǖȳ ƨŗƉǫ Ƕȳɱʯʚ ʚɄ ŗ ʯȳǶɸʯƨ ſǶȳࣖυ yǑ JCUJ
C� ֟֟ JCUJ
D�ࣗ ʚǫƨɼƨ Ƕʌ ŗ ƉɄțțǶʌǶɄȳࣖ

ࡹ ࣩ 



,ǫŗǶȳǶȳǖυ ,ɄțțǶʌǶɄȳʌ ʌʚɄɼƨƕ Ƕȳ ʌŗȭƨ ſǶȳࣗ Ƕȳ țǶȳȕƨƕ țǶʌʚࣖυ çʯƨɼ˦ࣘ pŗʌǫ ʚɄ ̇ȳƕ ſǶȳࣗ ʚǫƨȳ țǶȳƨŗɼ ʌƨŗɼƉǫࣖ

ࡱ ࡹ ࡽ ࢁ ҿ ˲ �Ȫ
ࡹ ࣩ 

science
9
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ÿǫƨ yƕƨŗυ � ǖɄɄƕ ǫŗʌǫ ǑʯȳƉʚǶɄȳ ˝Ƕțț ʯʚǶțǶ˲ƨ ŗțț ſǶȳʌ ƨ˙ƨȳț ࣖ˦υ �ɄɄȕʌ țǶȕƨ ʯȳǶǑɄɼȭ ɼŗȳƕɄȭ ƕǶʌʚɼǶſʯʚǶɄȳࣖυ yǑ ҿ ̢ Ӏࣗ ʚǫƨȳ Ʉȳț˦ ŗ Ǒƨ˝ ƨțƨȭƨȳʚʌ Ƕȳ ƨŗƉǫ ſǶȳࣖυ �ʌ ˝ƨ ŗƕƕ ȭɄɼƨ ƨțƨȭƨȳʚʌࣗ ˝ƨ ȳƨƨƕ ʚɄ ŗƕƕ ſǶȳʌࣖ

࢙ࡹ ࣩ 



�˙ƨɼŗǖƨ ,ŗʌƨυ Ӏ ƨțƨȭƨȳʚʌ Ƕȳ ſǶȳࣖυ ҿ ſǶȳʌࣖυ �ʌʌʯȭƨ ƨțƨȭƨȳʚʌ ɱțŗƉƨƕ ɼŗȳƕɄȭț˦ Ƕȳ ſǶȳʌࣖࡽυ E˥ɱƨƉʚƨƕ ſǶȳ ʌǶ˲ƨࣘ Ӏ�ҿࣖ
Ǒ¶ࡽ ƉɄʯɼʌƨࣗ ʚǫƨ˦ ŗɼƨ ɱțŗƉƨƕ ƕƨʚƨɼȭǶȳǶʌʚǶƉŗțț ࣖ˦

ࡱࡽ ࣩ 



�ȳŗț˦ʌǶʌυ çʯƨɼ˦ࣘυ ũ	�
 ʚɄ ̇ȳƕ ſǶȳυ ũ	Ӏ�ҿ
 ǑɄɼ țǶȳƨŗɼ ʌƨŗɼƉǫࣖυ ÿɄʚŗțࣘ ũ	� � Ӏ�ҿ
ࣖυ İƨ ʯʌʯŗțț˦ ǖʯŗɼŗȳʚƨƨ ҿ � Ҩ	Ӏ
ࣗ Д ũ	�
ࣖυ yȳʌƨɼʚǶɄȳࣘ ũ	�
ࣖ
ࡹࡽ ࣩ 
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İɄɼʌʚ ,ŗʌƨυ E˙ƨɼ˦ʚǫǶȳǖ ǫŗʌǫƨƕ ʚɄ ʌŗȭƨ ſǶȳࣖυ éƨŗțț˦ ʯȳțǶȕƨț˦ࣛυ �ƕ˙ƨɼʌŗɼǶŗț ŗʚʚŗƉȕࣞυ çʯƨɼ˦ࣘυ ũ	�
 ʚɄ ̇ȳƕ ſǶȳυ ũ	Ӏ
 ǑɄɼ țǶȳƨŗɼ ʌƨŗɼƉǫࣖυ ÿɄʚŗțࣘ ũ	Ӏ
ࣖ
ࡽࡽ ࣩ 

or

it
ii. i



İɄɼʌʚ ,ŗʌƨ yȳʌƨɼʚǶɄȳυ İƨ ȳƨƨƕ ʚɄ ƨȳʌʯɼƨ ʚǫŗʚ ҿ ̱ Ҷ ͥ Ӏࣖυ ¶ʚǫƨɼ˝Ƕʌƨࣗ ʚɄɄ ȭŗȳ˦ ƉɄțțǶʌǶɄȳʌࣖυ yǑ ˝ƨ ŗƕƕ ŗ ſʯȳƉǫ ɄǑ ƨțƨȭƨȳʚʌࣗ ˝ƨऒțț ȳƨƨƕ ʚɄ
ǶȳƉɼƨŗʌƨ ҿࣖυ yȳƉɼƨŗʌǶȳǖ ҿ ȭƨŗȳʌ ŗțțɄƉŗʚǶȳǖ ŗ ȳƨ˝ ŗɼɼŗ ࣗ˦ũ	ҿ
 � ũ	Ӏ
 ʚǶȭƨࣖ

ࣩࢁࡽ 



¡ŗǶȳ yƕƨŗ
pŗʌǫ ʚŗſțƨʌ ʌʯɱɱɄɼʚ ƉɄȳʌʚŗȳʚ ࣯ƨ˥ɱƨƉʚƨƕࣱ ʚǶȭƨ Ƕȳࣽ
ʌƨɼʚǶɄȳ ŗȳƕ ȭƨȭſƨɼʌǫǶɱ ɸʯƨɼǶƨʌࣖ

ࢅࡽ ࣩ 



pŗʌǫǶȳǖ 6Ʉ˝ȳʌǶƕƨʌυ pŗʌǫǶȳǖ Ƕʌ țǶȕƨ ȭŗǖǶƉࣖ ,Ʉȳʌʚŗȳʚ ʚǶȭƨ ŗƉƉƨʌʌࣞࣛυ ,Ʉȭƨʌ ŗʚ ŗ ƉɄʌʚࣘ ƕŗʚŗ ȳɄ˝ ʌƉŗʚʚƨɼƨƕ एɼŗȳƕɄȭț˦ऐࣖυ E˥ŗȭɱțƨʌࣘυ ̇ȳƕ ȭŗ˥ࣩȭǶȳ Ƕȳ ǫŗʌǫ ʚŗſțƨࣖυ ɼŗȳǖƨ ɸʯƨɼ˦ࣘ ŗțț ʌʚɼǶȳǖʌ ſƨʚ˝ƨƨȳ 	C	 ŗȳƕ 	E	υ ¡ʯʌʚ ƕɄ ŗ Ǒʯțț țɄɄɱ Ʉ˙ƨɼ ʚŗſțƨࣛ

ࣩࢉࡽ 



E˥ŗȭɱțƨ
JCUJ
	CRRNG	� ֟֟ Օ
JCUJ
	DKNN P[G	� ֟֟ Ւ
JCUJ
	ECUUQYCT[	� ֟֟ Ֆ

ࡱ ࡹ ࡽ ࢁ ࢅ ҿ ˲ �Ȫ
ࢍࡽ ࣩ 

till me apple cassowary



$Ƕȳŗɼ˦ óƨŗɼƉǫ ÿɼƨƨʌ

ࡽ ࣩ 



$Ƕȳŗɼ˦ óƨŗɼƉǫ ÿɼƨƨʌυ �ȳ ŗțʚƨɼȳŗʚǶ˙ƨ ˝ŗ˦ ʚɄ Ƕȭɱțƨȭƨȳʚ ƕ˦ȳŗȭǶƉ ʌƨʚʌࣖυ óțǶǖǫʚț˦ ʌțɄ˝ƨɼ ǶȳʌƨɼʚǶɄȳࣗ ɸʯƨɼ ࣖ˦υ $ʯʚ ɱɼƨʌƨɼ˙ƨʌ ƕŗʚŗ Ƕȳ ʌɄɼʚƨƕ Ʉɼƕƨɼࣖ

ࣩࡽ 



$Ƕȳŗɼ˦ óƨŗɼƉǫ ÿɼƨƨυ � ſǶȳŗɼ˦ ʌƨŗɼƉǫ ʚɼƨƨ ࣯$óÿࣱ Ƕʌ ŗ ſǶȳŗɼ˦ ʚɼƨƨ ʚǫŗʚ
ʌŗʚǶʌ̇ƨʌ ʚǫƨ ǑɄțțɄ˝Ƕȳǖ ǑɄɼ ŗȳ˦ ȳɄƕƨ Zࣘυ ǶǑ [ Ƕʌ Ƕȳ ӊऒʌ țƨǒʚ ʌʯſʚɼƨƨࣘ

[�MG[ ̱ Z�MG[υ ǶǑ [ Ƕʌ Ƕȳ ӊऒʌ ɼǶǖǫʚ ʌʯſʚɼƨƨࣘ
[�MG[ ̲ Z�MG[

࢙ࡽ ࣩ 
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E˥ŗȭɱțƨυ ÿǫǶʌ Ƕʌ ŗ $óÿࣖ

ࢉࢉ

ࡽࡹ

ࢉ ࢁࢅ

ࡱࡽ

ࡱ࢙

࢙࢙

ࣩࡱࢁ 



E˥ŗȭɱțƨυ ÿǫǶʌ Ƕʌ ȳɄʚ ŗ $óÿࣖ

ࢉࢉ

࢙ࢁ

ࢉ ࢁࢅ

ࡱࡽ

ࡱ࢙

࢙࢙

ࣩࡹࢁ 



ࢉࢉ

ࡽࡹ

ࢉ

ࡽ

E˥ƨɼƉǶʌƨ

yʌ ʚǫǶʌ Ƕʌ ŗ $óÿࣞ

ࣩࡽࢁ 



¡ƨȭɄɼ˦ éƨɱɼƨʌƨȳʚŗʚǶɄȳυ EŗƉǫ ƨțƨȭƨȳʚ ʌʚɄɼƨƕ ŗʌ ŗ ȳɄƕƨ ŗʚ ŗȳ ŗɼſǶʚɼŗɼ˦
ŗƕƕɼƨʌʌ Ƕȳ ȭƨȭɄɼ ࣖ˦υ EŗƉǫ ȳɄƕƨ ǫŗʌ ŗ ȕƨ˦ࢁ ŗȳƕ ɱɄǶȳʚƨɼʌ ʚɄ țƨǒʚ ƉǫǶțƕࣗ
ɼǶǖǫʚ ƉǫǶțƕࣗ ŗȳƕ ɱŗɼƨȳʚ ȳɄƕƨʌ ࣯ǶǑ ʚǫƨ˦ ƨ˥Ƕʌʚࣱࣖ

ࢍ

ࡽࡹ ࢁࢁ
İƨऒțțࢁ ŗʌʌʯȭƨ ȕƨ˦ʌ ŗɼƨ ʯȳǶɸʯƨࣗ ʚǫɄʯǖǫ ʚǫǶʌ Ɖŗȳ ſƨ ɼƨțŗ˥ƨƕࣖ

ࢁࢁ ࣩ 

# TtyH
e r pl l"e r pl e r p



yȳ â˦ʚǫɄȳ
ENCUU 0QFG�

FGH AAKPKVAA
UGNH� MG[� RCTGPV֟0QPG��
UGNH�MG[ ֟ MG[
UGNH�RCTGPV ֟ RCTGPV
UGNH�NGHV ֟ 0QPG
UGNH�TKIJV ֟ 0QPG

ENCUU $KPCT[5GCTEJ6TGG�
FGH AAKPKVAA
UGNH� TQQV� 0QFG��

UGNH�TQQV ֟ TQQV
ࢅࢁ ࣩ 



yȳ â˦ʚǫɄȳ

ࢍ

ࡽࡹ ࢁࢁ

TQQV ֟ 0QFG
�
PՓ ֟ 0QFG
ՓՔ� RCTGPV֟TQQV�
TQQV�NGHV ֟ PՓ
PՔ ֟ 0QFG
ՕՕ� RCTGPV֟TQQV�
TQQV�TKIJV ֟ PՔ
VTGG ֟ $KPCT[5GCTEJ6TGG
TQQV�

ࢉࢁ ࣩ 



¶ɱƨɼŗʚǶɄȳʌ Ʉȳ $óÿʌυ İƨ ˝Ƕțț ˝ŗȳʚ ʚɄࣘυ ʚɼŗ˙ƨɼʌƨ ʚǫƨ ȳɄƕƨʌ Ƕȳ ʌɄɼʚƨƕ Ʉɼƕƨɼ ſ˦ ȕƨ˦υ ɸʯƨɼ˦ ŗ ȕƨ˦ ࣯Ƕʌ Ƕʚ Ƕȳ ʚǫƨ ʚɼƨƨࣱࣞυ Ƕȳʌƨɼʚ ŗ ȳƨ˝ ȕƨ˦υ ƕƨțƨʚƨ ŗȳ ƨ˥ǶʌʚǶȳǖ ȕƨ˦

ࣩࢍࢁ 



yȳɄɼƕƨɼ ÿɼŗ˙ƨɼʌŗț

ࡽࢅ

ࢉࡽ

ࡱࡽ

ࡹ ࢅࡽ

ࡱࢅ

ࡹࢅ

ࡱ

ࢉࢍ ࡽ

ࡹ

ࣩࢁ 



FGH KPQTFGT
PQFG��
KH PQFG KU PQV 0QPG�

KPQTFGT
PQFG�NGHV�
RTKPV
PQFG�MG[�
KPQTFGT
PQFG�TKIJV�

ࢁ ࣩ 

O

68



yȳɄɼƕƨɼ ÿɼŗ˙ƨɼʌŗțυ âɼǶȳʚʌ ȳɄƕƨʌ Ƕȳ ʌɄɼʚƨƕ Ʉɼƕƨɼࣖυ ĬǶʌǶʚʌ ƨŗƉǫ ȳɄƕƨ ɄȳƉƨࣗ ũ	�
 ʚǶȭƨ Ƕȳ ʚǫƨ Ɖŗțțࣖυ ÿŗȕƨʌ ũ	Ӏ
 ʚǶȭƨࣖ
ࣩ࢙ࢁ 



çʯƨɼǶƨʌυ eǶ˙ƨȳࣘ ŗ $óÿ ŗȳƕ ŗ ʚŗɼǖƨʚࣗ ӆࣖυ éƨʚʯɼȳࣘ 6TWG Ʉɼ (CNUGࣗ Ƕʌ ʚǫƨ ʚŗɼǖƨʚ Ƕȳ ʚǫƨ
ƉɄțțƨƉʚǶɄȳࣞ

ࣩࡱࢅ 



çʯƨɼǶƨʌυ yʌ ࢍࢁ Ƕȳ ʚǫƨ ʚɼƨƨࣞ ࣞࢉࢍ ࣞࢁࡽ

ࡽࢅ

ࢉࡽ

ࡱࡽ

ࡹ ࢅࡽ

ࡱࢅ

ࢍࢁ

ࡱ

ࢉࢍ

ࡱࢍ

ࡽ

ࣩࡹࢅ 



çʯƨɼǶƨʌυ óʚŗɼʚ ˝ŗțȕǶȳǖ ǑɼɄȭ ɼɄɄʚࣖυ yǑ Ɖʯɼɼƨȳʚ ȳɄƕƨ Ƕʌࣘυ ƨɸʯŗț ʚɄ ʚŗɼǖƨʚࣗ ɼƨʚʯɼȳ 6TWGࣙυ ʚɄɄ țŗɼǖƨ ࣯ও ʚŗɼǖƨʚࣱࣗ ǑɄțțɄ˝ țƨǒʚ ƨƕǖƨࣙυ ʚɄɄ ʌȭŗțț ࣯গ ʚŗɼǖƨʚࣱࣗ ǑɄțțɄ˝ ɼǶǖǫʚ ƨƕǖƨࣙυ 0QPGࣗ ɼƨʚʯɼȳ (CNUG

ࡽࢅ ࣩ 



çʯƨɼǶƨʌࣗ Ƕȳ â˦ʚǫɄȳ
FGH SWGT[
UGNH� VCTIGV��

EWTTGPVAPQFG ֟ UGNH�TQQV
YJKNG EWTTGPVAPQFG KU PQV 0QPG�

KH EWTTGPVAPQFG�MG[ ֟֟ VCTIGV�
TGVWTP EWTTGPVAPQFG

GNKH EWTTGPVAPQFG�MG[ ֤ VCTIGV�
EWTTGPVAPQFG ֟ EWTTGPVAPQFG�TKIJV

GNUG�
EWTTGPVAPQFG ֟ EWTTGPVAPQFG�NGHV

TGVWTP 0QPG
ࢁࢅ ࣩ 



çʯƨɼǶƨʌࣗ �ȳŗț˦˲ƨƕυ $ƨʌʚ Ɖŗʌƨࣘ ũ	�
ࣖυ İɄɼʌʚ Ɖŗʌƨࣘ ũ	ɏ
ࣗ ˝ǫƨɼƨ ɏ Ƕʌ ǫƨǶǖǫʚ ɄǑ ʚɼƨƨࣖ
ࣩࢅࢅ 



yȳʌƨɼʚǶɄȳυ eǶ˙ƨȳࣘ ŗ $óÿ ŗȳƕ ŗ ȳƨ˝ ȕƨ ࣗ˦ ҽࣖυ ¡ɄƕǶǑ˦ࣘ ʚǫƨ $óÿࣗ ǶȳʌƨɼʚǶȳǖ ҽࣖυ ¡ʯʌʚ ȭŗǶȳʚŗǶȳ ʚǫƨ $óÿ ɱɼɄɱƨɼʚǶƨʌࣖ

ࣩࢉࢅ 



yȳʌƨɼʚǶɄȳυ yȳʌƨɼʚ ࢁࡽ ǶȳʚɄ ʚǫƨ $óÿࣖ
ࡽࢅ

ࢉࡽ

ࡱࡽ

ࡹ ࢅࡽ

ࡱࢅ

ࢍࢁ

ࡱ

ࢉࢍ

ࡱࢍ

ࡽ

ࣩࢍࢅ 

'
⑧

⑥



FGH KPUGTV
UGNH� PGYAMG[��
մ CUUWOG PGYAMG[ KU WPKSWG
EWTTGPVAPQFG ֟ UGNH�TQQV
RCTGPV ֟ 0QPG

YJKNG EWTTGPVAPQFG KU PQV 0QPG�
RCTGPV ֟ EWTTGPVAPQFG
KH EWTTGPVAPQFG�MG[ ֟֟ PGYAMG[�

TCKUG 8CNWG'TTQT
H	&WRNKECVG MG[ Ѐ]PGYAMG[_Ѐ PQV CNNQYGF�	�
KH EWTTGPVAPQFG�MG[ ֤ PGYAMG[�

EWTTGPVAPQFG ֟ EWTTGPVAPQFG�TKIJV
GNKH EWTTGPVAPQFG�MG[ ֠ PGYAMG[�

EWTTGPVAPQFG ֟ EWTTGPVAPQFG�NGHV

PGYAPQFG ֟ 0QFG
MG[֟PGYAMG[� RCTGPV֟RCTGPV�
KH RCTGPV KU 0QPG�

UGNH�TQQV ֟ PGYAPQFG
GNKH RCTGPV�MG[ ֤ PGYAMG[�

RCTGPV�TKIJV ֟ PGYAPQFG
GNUG�

RCTGPV�NGHV ֟ PGYAPQFG

ࢅ ࣩ 



yȳʌƨɼʚǶɄȳࣗ �ȳŗț˦˲ƨƕυ İɄɼʌʚ Ɖŗʌƨࣘ ũ	ɏ
ࣗ ˝ǫƨɼƨ ɏ Ƕʌ ǫƨǶǖǫʚ ɄǑ ʚɼƨƨࣖ
ࣩࢅ 



6ƨțƨʚǶɄȳυ eǶ˙ƨȳࣘ ŗ ȕƨ˦ Ƕȳ ʚǫƨ $óÿࣖυ ¡ɄƕǶǑ˦ࣘ ʚǫƨ $óÿࣗ ƕƨțƨʚǶȳǖ ʚǫƨ ȕƨ ࣖ˦υ ¡ʯʌʚ ȭŗǶȳʚŗǶȳ ʚǫƨ $óÿ ɱɼɄɱƨɼʚǶƨʌࣖυ ÿǫǶʌ Ƕʌ ŗ țǶʚʚțƨ ʚɼǶƉȕǶƨɼࣖ

ࣩ࢙ࢅ 



6ƨțƨʚǶɄȳࣘ ,ŗʌƨ ࡹ ࣯Eŗʌ˦ࣱυ 6ƨțƨʚƨ ࢍࢁ ǑɼɄȭ ʚǫƨ $óÿࣖ
ࡽࢅ

ࢉࡽ

ࡱࡽ

ࡹ ࢅࡽ

ࡱࢅ

ࢍࢁ

ࡱ

ࢉࢍ

ࢍ

ࡽ

ࣩࡱࢉ 

Do



6ƨțƨʚǶɄȳࣘ ,ŗʌƨ ࡽ ࣯ÿɼǶƉȕ˦ࣱυ 6ƨțƨʚƨ ࡽࢅ ǑɼɄȭ ʚǫƨ $óÿࣖ
ࡽࢅ

ࢉࡽ

ࡱࡽ

ࡹ ࢅࡽ

ࡱࢅ

ࢍࢁ

ࡱ

ࢉࢍ

ࢍ

ࡽ

ࡹࢉ ࣩ 



6ƨțƨʚǶɄȳυ yǑ ȳɄƕƨ ǫŗʌ ȳɄ ƉǫǶțƕɼƨȳ ࣯țƨŗǑࣱࣗ ƨŗʌ˦ࣖυ ¶ʚǫƨɼ˝Ƕʌƨࣗ ŗ țǶʚʚțƨ ʚɼǶƉȕǶƨɼࣖυ yƕƨŗࣘ ɼɄʚŗʚƨࢅ ȳɄƕƨ ʚɄ ſɄʚʚɄȭࣗ ɱɼƨʌƨɼ˙Ƕȳǖ $óÿࣖ
İǫƨȳ Ƕʚ Ƕʌ ŗ țƨŗǑࣗ ƕƨțƨʚƨࣖ

Ʉʌʚ¡ࢅ ſɄɄȕʌ ʚŗȕƨ ŗ ƕǶ˽ƨɼƨȳʚ ŗɱɱɼɄŗƉǫ ˝Ƕʚǫ ʚǫƨ ʌŗȭƨ ʚǶȭƨ ƉɄȭɱțƨ˥Ƕʚ ࣖ˦
ࡽࢉ ࣩ 



࣯éǶǖǫʚࣱ éɄʚŗʚǶɄȳ

ӊ Ҝ
ӂ

ӇҚ қ
ɲ

ࢁࢉ ࣩ 
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࣯�ƨǒʚࣱ éɄʚŗʚǶɄȳ

ӊҜ
ӂ

ӇҚ қ
ɲ

ࢅࢉ ࣩ 
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①
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A



,țŗǶȭ
�ƨǒʚ ɼɄʚŗʚƨ ŗȳƕ ɼǶǖǫʚ ɼɄʚŗʚƨ ɱɼƨʌƨɼ˙ƨ ʚǫƨ $óÿ ɱɼɄɱࣽ
ƨɼʚ ࣖ˦

ࢉࢉ ࣩ 



FGH ATKIJVATQVCVG
UGNH� Z��
W ֟ Z�NGHV
$ ֟ W�TKIJV
% ֟ Z�TKIJV
R ֟ Z�RCTGPV

Z�NGHV ֟ $
KH $ KU PQV 0QPG� $�RCTGPV ֟ Z

W�TKIJV ֟ Z
Z�RCTGPV ֟ W

W�RCTGPV ֟ R

KH R KU 0QPG�
UGNH�TQQV ֟ W

GNKH R�NGHV KU Z�
R�NGHV ֟ W

GNUG�
R�TKIJV ֟ W

ࢍࢉ ࣩ 



6ƨțƨʚǶɄȳ �ȳŗț˦˲ƨƕυ EŗƉǫ ɼɄʚŗʚƨ ʚŗȕƨʌ ũ	�
 ʚǶȭƨࣖυ Ҩ	ɏ
 ɼɄʚŗʚǶɄȳʌ ʯȳʚǶț ȳɄƕƨ ſƨƉɄȭƨʌ țƨŗǑࣖυ óɄ ũ	ɏ
 ʚǶȭƨ Ƕȳ ʚǫƨ ˝Ʉɼʌʚ Ɖŗʌƨࣖ
ࢉ ࣩ 



¡ŗǶȳ yƕƨŗ
yȳʌƨɼʚǶɄȳࣗ ƕƨțƨʚǶɄȳࣗ ŗȳƕ ɸʯƨɼ˦Ƕȳǖ ŗțț ʚŗȕƨ ũ	ɏ
 ʚǶȭƨ
Ƕȳ ʚǫƨ ˝Ʉɼʌʚ Ɖŗʌƨࣗ ˝ǫƨɼƨ ɏ Ƕʌ ʚǫƨ ǫƨǶǖǫʚ ɄǑ ʚǫƨ ʚɼƨƨࣖ

ࢉ ࣩ 



$ŗțŗȳƉƨƕ ŗȳƕ ĎȳſŗțŗȳƉƨƕ $óÿʌ

࢙ࢉ ࣩ 



$Ƕȳŗɼ˦ ÿɼƨƨ pƨǶǖǫʚυ yȳ Ɖŗʌƨ ɄǑ ˙ƨɼ˦ ſŗțŗȳƉƨƕ ʚɼƨƨࣗ ɏ ǖɼɄ˝ʌ
țɄǖŗɼǶʚǫȭǶƉŗțț˦ ˝Ƕʚǫ Ӏࣖυ ɏ � ũ	MPH Ӏ
υ çʯƨɼ ࣗ˦ ǶȳʌƨɼʚǶɄȳࣗ ƕƨțƨʚǶɄȳ ʚŗȕƨ ˝Ʉɼʌʚ Ɖŗʌƨ ũ	MPH Ӏ


ʚǶȭƨࣖ
ࡽࢅ

ࢉࡽ

ࡱࡽ

ࡹ ࢅࡽ

ࡱࢅ

ࢍࢁ

ࡱ

ࢉࢍ

ࡹࢍ ࢍ

ࡽ

ࡱ

ࣩࡱࢍ 



$Ƕȳŗɼ˦ ÿɼƨƨ pƨǶǖǫʚυ yȳ ʚǫƨ Ɖŗʌƨ ɄǑ ˙ƨɼ˦ ʯȳſŗțŗȳƉƨƕ ʚɼƨƨࣗ ɏ ǖɼɄ˝ʌ
țǶȳƨŗɼț˦ ˝Ƕʚǫ Ӏࣖυ ɏ � ũ	MPH Ӏ
υ çʯƨɼ ࣗ˦ ǶȳʌƨɼʚǶɄȳࣗ ƕƨțƨʚǶɄȳ ʚŗȕƨ ˝Ʉɼʌʚ Ɖŗʌƨ ũ	Ӏ
 ʚǶȭƨࣖ

ࡹ

ࡱࡽ

ࢅࡽ

ࢉࡽ

ࡹࢍ ࣩ 

mm Oh)



ĎȳſŗțŗȳƉƨƕ ÿɼƨƨʌυ ¶ƉƉʯɼʌ ǶǑ ˝ƨ Ƕȳʌƨɼʚ Ƕʚƨȭʌ Ƕȳ ࣯ƉțɄʌƨ ʚɄࣱ ʌɄɼʚƨƕ Ʉɼ
ɼƨ˙ƨɼʌƨ ʌɄɼʚƨƕ Ʉɼƕƨɼࣖυ ÿǫǶʌ Ƕʌ ŗ ƉɄȭȭɄȳ ʌǶʚʯŗʚǶɄȳࣖ

ࣩࡽࢍ 

E



E˥ŗȭɱțƨυ yȳʌƨɼʚ ࣗࡹ ࣗࡽ ࣗࢁ ࣗࢅ ࣗࢉ ࣗࢍ ࣗ  ࣯Ƕȳ ʚǫŗʚ Ʉɼƕƨɼࣱࣖ

ࢁࢍ ࣩ 

Q
Q
③

¥ :



ÿǶȭƨ ,Ʉȭɱțƨ˥ǶʚǶƨʌ

ɸʯƨɼ˦ ũ	ɏ

ǶȳʌƨɼʚǶɄȳ ũ	ɏ


İǫƨɼƨ ɏ Ƕʌ ǫƨǶǖǫʚࣗ ŗȳƕ ɏ � Ź	MPH Ӏ
 ŗȳƕ ɏ � Ҩ	Ӏ
ࣖ
ࢅࢍ ࣩ 



ÿǶȭƨ ,Ʉȭɱțƨ˥ǶʚǶƨʌ ࣯$ŗțŗȳƉƨƕࣱ

ɸʯƨɼ˦ Ҩ	MPH Ӏ

ǶȳʌƨɼʚǶɄȳ Ҩ	MPH Ӏ


İǫƨɼƨ ɏ Ƕʌ ǫƨǶǖǫʚࣗ ŗȳƕ ɏ � Ź	MPH Ӏ
 ŗȳƕ ɏ � Ҩ	Ӏ
ࣖ
ࢉࢍ ࣩ 

M

Oflogin)



İɄɼʌʚ ,ŗʌƨ ÿǶȭƨ ,Ʉȭɱțƨ˥ǶʚǶƨʌ
࣯ĎȳſŗțŗȳƉƨƕࣱ

ɸʯƨɼ˦ ũ	Ӏ

ǶȳʌƨɼʚǶɄȳ ũ	Ӏ
υ ÿǫƨ ˝Ʉɼʌʚ Ɖŗʌƨ Ƕʌ ſŗƕࣖυ İɄɼʌƨ ʚǫŗȳ ʯʌǶȳǖ ŗ ʌɄɼʚƨƕ ŗɼɼŗ˦ࣛυ ÿǫƨ ˝Ʉɼʌʚ Ɖŗʌƨ Ƕʌ ȳɄʚ ɼŗɼƨࣖ

ࢍࢍ ࣩ 



¡ŗǶȳ yƕƨŗ
ÿǫƨ ɄɱƨɼŗʚǶɄȳʌ ʚŗȕƨ țǶȳƨŗɼ ʚǶȭƨ Ƕȳ ʚǫƨ ˝Ʉɼʌʚ Ɖŗʌƨ
ʯȳțƨʌʌ˝ƨ Ɖŗȳ ʌɄȭƨǫɄ˝ ƨȳʌʯɼƨ ʚǫŗʚ ʚǫƨ ʚɼƨƨ Ƕʌ ſŗțࣽ
ŗȳƉƨƕࣖ

ࢍ ࣩ 



éŗȳǖƨ çʯƨɼǶƨʌࣗ ¡ŗ˥ࣗ ŗȳƕ ¡Ƕȳ

ࢍ ࣩ 



İǫ˦ ʯʌƨ ŗ $óÿࣞυ E˙ƨȳ ŗʌʌʯȭǶȳǖ ŗ ſŗțŗȳƉƨƕ ʚɼƨƨࣗ $óÿʌ ʌƨƨȭ ˝Ʉɼʌƨ
ʚǫŗȳ ǫŗʌǫ ʚŗſțƨʌࣖ

$óÿ pŗʌǫ ÿŗſțƨࢉ

ɸʯƨɼ˦ Ҩ	MPH Ӏ
 ũ	�

ǶȳʌƨɼʚǶɄȳ Ҩ	MPH Ӏ
 ũ	�
υ óɄ ˝ǫƨȳ ŗɼƨ $óÿʌ ſƨʚʚƨɼࣞ

ƨɼŗǖƨ˙�ࢉ Ɖŗʌƨ ʚǶȭƨʌ ɼƨɱɄɼʚƨƕࣖ
࢙ࢍ ࣩ 



¡ŗ˥ࣩ¡Ƕȳυ ,ɄȳʌǶƕƨɼ ̇ȳƕǶȳǖ ʚǫƨ ȭŗ˥Ƕȭʯȭ ƨțƨȭƨȳʚࣖυ pŗʌǫ ʚŗſțƨʌࣘ ũ	Ӏ
ࣙ ȭʯʌʚ țɄɄɱ ʚǫɼɄʯǖǫ ŗțț ſǶȳʌࣖυ $óÿࣘ ũ	ɏ
ࣗ ˝ǫǶƉǫ Ƕʌ Ҩ	MPH Ӏ
 ǶǑ ſŗțŗȳƉƨƕ
ࣩࡱ 



E˥ŗȭɱțƨ

ࢉࢉ

ࡽࡹ

ࢉ ࢁࢅ

ࡱࡽ

ࡱ࢙

ࢉࢍ

ࡱࢍ ࡱ

࢙࢙

ࣩࡹ 



¡ŗǶȳ yƕƨŗ
�ƨƨɱǶȳǖ ʚɼŗƉȕ ɄǑ ʚǫƨ ȭŗ˥Ƕȭʯȭ Ɖŗȳ ſƨ ƕɄȳƨ ƨ˾ࣽ
ƉǶƨȳʚț˦ Ƕȳ ŗȳ˦ ʌʚɼƨŗȭ ɄǑ ȳʯȭſƨɼʌࣗ ɱɼɄ˙Ƕƕƨƕ ʚǫŗʚ
ʚǫƨɼƨ ŗɼƨ Ʉȳț˦ ǶȳʌƨɼʚǶɄȳʌࣖ $ʯʚ ǶǑ ƕƨțƨʚǶɄȳʌ ŗɼƨ ŗțࣽ
țɄ˝ƨƕࣗ $óÿʌ Ɖŗȳ ̇ȳƕ ʚǫƨ ȩƣ˕ʋ ȭŗ˥Ƕȭʯȭ ƨ˾ƉǶƨȳʚț ࣖ˦

ࡽ ࣩ 



E˥ƨɼƉǶʌƨ
pɄ˝ ˝ƨțț ƕɄ ǫƨŗɱʌ ˝Ʉɼȕ ǑɄɼ ʚǫǶʌ ɱɼɄſțƨȭࣞ �ɼƨ ʚǫƨ˦
ſƨʚʚƨɼࣞ yȳ ˝ǫŗʚ ʌƨȳʌƨࣞ

ࣩࢁ 



éŗȳǖƨ çʯƨɼǶƨʌυ eǶ˙ƨȳࣘ ŗ ƉɄțțƨƉʚǶɄȳ ŗȳƕ ŗȳ Ƕȳʚƨɼ˙ŗț <Ҵ ҵ>υ éƨʚɼǶƨ˙ƨࣘ ŗțț ƨțƨȭƨȳʚʌ Ƕȳ ʚǫƨ Ƕȳʚƨɼ˙ŗțࣖυ E˥ŗȭɱțƨࣘυ ƉɄțțƨƉʚǶɄȳࣘ ࣗࢉࢉ ࣗࡽࡹ ࣗࢉ ࣗࢁࢅ ࣗࡱࡽ ࣗࡱ࢙ ࣗࢉࢍ ࢙࢙ࣗ ࣗࡱࢍ υࡱ Ƕȳʚƨɼ˙ŗțࣘ ࣗࡹࣷ υࣹࡱࢁ ɼƨʌʯțʚࣘ ࣗࢉ ࣗࡽࡹ ࡱࡽ

ࣩࢅ 



E˥ƨɼƉǶʌƨ
pɄ˝ ɸʯǶƉȕț˦ Ɖŗȳ ʚǫǶʌ ſƨ ɱƨɼǑɄɼȭƨƕ ˝Ƕʚǫ ŗ ǫŗʌǫ ʚŗࣽ
ſțƨࣞ

ࣩࢉ 



éŗȳǖƨ çʯƨɼǶƨʌ Ƕȳ $óÿυ 6ƨ̇ȳǶʚǶɄȳʌࣘυ ÿǫƨ ƉƨǶțǶȳǖ ɄǑ ӊ Ƕȳ ŗ $óÿ Ƕʌ ʚǫƨ ʌȭŗțțƨʌʚ ȕƨ˦ ̲ ӊࣖυ ÿǫƨ ʌʯƉƉƨʌʌɄɼ ɄǑ ȳɄƕƨ Ӈ Ƕʌ ʚǫƨ ʌȭŗțțƨʌʚ ȳɄƕƨ � ӊࣖυ óʚɼŗʚƨǖ˦ࣘυ bǶȳƕ ʚǫƨ ̈ɄɄɼ ɄǑ Ҵυ éƨɱƨŗʚƨƕț˦ ̇ȳƕ ʚǫƨ ʌʯƉƉƨʌʌɄɼ ʯȳʚǶț � ҵ
ࢍ ࣩ 

y
U



E˥ŗȭɱțƨ

ࢉࢉ

ࡽࡹ

ࢉ ࢁࢅ

ࡱࡽ

ࡱ࢙

ࢉࢍ

ࡱࢍ ࡱ

࢙࢙

ࣩ 

E3 ,

30]

⇒
ceiling

(a)



éŗȳǖƨ çʯƨɼǶƨʌυ ƉƨǶțǶȳǖ ŗȳƕ ʌʯƉƉƨʌʌɄɼ ſɄʚǫ ʚŗȕƨ Ҩ	ɏ
 � Ҩ	MPH Ӏ
 Ƕȳ
ſŗțŗȳƉƨƕ ʚɼƨƨʌυ yǑ ʚǫƨ ŗɼƨ ҽ ƨțƨȭƨȳʚʌ Ƕȳ ʚǫƨ ɼŗȳǖƨࣗ ƉŗțțǶȳǖ
UWEEGUUQT ҽ ʚǶȭƨʌ ǖǶ˙ƨʌ ƉɄȭɱțƨ˥Ƕʚ˦ Ҩ	ҽ MPH Ӏ
ࣖ

 ࣩ 


