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|2−|

  =  *−2−  ��_�
  

  � = e fX9 �gT |� − e2| �#�h $%&' QfU ����

  /− = e fX9 �gT * + |2 − e| �#�h $%&' ���

  ) = e fX9 �gT |2 − �  #  e| �#�h $%&' ����

:��PD� 37�j�� �6 ����
 * = |2 − e/| �f�

 2 = |� + e)| ���

 /− = |� + e| ����

  :Jk � = |2 + e/| ���j�� �6  BG�<0pM	 >�HA0	
 ����
)− , -l� �C�  ) , -l� ����  )− , -l�− ���  ) , -l�− �f�

5�)%0	
 − �
5)%. 

�)@�& �)!�f
:&% \� �*<F  �

�    |�|  − |�−|  ���  $���     |� − π| �f�  
"  |��|

|�−|  �C�  ��    |�| × |�−| ����  
�"  � = � 12	� 34 |� − ��| ��"# �*<F   �

# �f �−    � = |� − ��| :��.	�R �q   �
�I� bf P���� ;�&��d

$��#  π − � ����  � ���  ����� �f�   �
�   �

� �f �−   �
�− �f #−   �

5��R0	
� ~@G�0	
 − �
 k*e9 =� L8R�

 ��.	�% �q< �W/MR ��"W� 6��^Lc [ 5\M� 6F &% � 5���
��W/MR ��"W� &�Q��

�k*e9 =� LR�� ;�&��d
Q~��� C�6 w�n
C S_ �R)M�
 �*�R	
 b� ,�	C�%*)	 I� t �

 I� �È $ = |� + � | �	C�%*)	 b� ���� I�  "
� −  �

����

s@¦ G�<0p

�
"  | �

� −|  �f� :&% \� �*<F �
�  |� + �−| ���  

�    � = � 12	� 34 |�� − ��| ��"# �*<F �
� �f �

� −  � = |� + ��−| :��.	�R �q �
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>5 8)%0. \�1
  m��$Mn� o!M p3��!#M qr�+4P

Km������s��
  m��$Mn� Ĥ �JB qR�$S�1�

Km������s��
B;��
�/01t
 =�

  mtu+�� 	t#!M 	R$S�[�
 m������s�� m��$Mn� �̂ �JB

 H�6& p� ���$M q��AjP mF�[L��
 m�9�sA p��H!j�� p37�j�

K mRJ�4��& mb9�J���

 me�$�� �rk wx& ,>q� �X�h& q������s�� q��$Mn� qf�L �P� m��A[�� me&�$�� wx   B�G�	
 >�)�
▶K> �,�JB 	R$S�[P& m��$Mn� yrk o!M p3��!#M 	r H+4 	P zJ1

o� BFT01
B�8�R�R+
 BC
�6�
 �6 >;�8�)*%	

{�L16 {��| : >�� D�/0'�
 >;
�C�
  

 m���!#jA 	�L1s�� 	��D� 	'$LP �k ? 	}P4�� Jk � K m�L1s�� m��D� o!M ( ÷ / + �) �� mB�'  �
? m�#[��� &' m~#���

? 	�L1s�� 	��D� >A 	'$L�1 w��� 	���!#j�� wk � , m��'� wx K( ÷ Q/ + �)U �� mB�'  �
:�� ��9 o!M _7 �&' k 	���%T 	b�� m3��!#j�� ��' ��9g�  �

) ÷ Q� − 2U ����  / ÷ 2 − �� ���  2 × ) + � �f�  

o5 q)%.�e O�
�p� B�8�R�R+
 BC
�6�
 �6 >;�8�)*%	

 o!M m��u�� q~��JP& , q~�#���� , mE�$A=� �̂ �JB m������s�� m��$Mn� o!M 	3��!#j�� 	� H�s	P

K m��M�� o!M& , m~#���
: ���x {������6 {��$M' a% ,� ,' ��' 4 �I�x �gT

m~#��� m���!#j� mE�$A=� 	��� �,B  ' + � = � + '
m��u�� m���!#j� mE�$A=� 	��� �,B  ' × � = � × '
m~#��� m���!#j� m~�#���� 	��� �,B  a% + Q� + 'U = Qa% + �U + '
m��u�� m���!#j� m ~�#���� 	��� �,B  a% × Q� × 'U = Qa% × �U × '

m~#��� o!M m��u�� m~��JP 	��� �,B  a% × ' + � × ' = Qa% + �U × '
m��M�� o!M m��u�� m~��JP 	��� �,B  a% × ' − � × ' = Qa% − �U × '

K m~��J��� , m~�#���� , mE�$A=� : m3��!#j�� Ĥ �JB mR�$S�1A m� ���$j�� m��Aj��� 	F�[LP �	4m�#	�
��� �P�!�

c ��� + #
�  + ���m × �

�  oF V'&
BP
�&t
 >�8� 8��p   c #

�  + �
�� + �

��m × �
�  = c �

�� + #
�  + �

��m × �
�

�F�'<. 85u Bs�*`0	
 >�8� 8��p  c #
�  + [��

�
�

m  × �
�  =  

>G�30pt
  c #
�  + �

�m × �
�  =  

BG�30pt
 Bs*`	
 N)6 B��H	
 Bs@��. >�8� 8��p  c #
�  × �

�m + c �
�  × �

�m =  
 � + � =  

� =  

>�8�1�1�
 >;�A)M3�

 mE�$A=� 	��� �,B

The Commutative Law
 m~�#���� 	��� �,B

The Associative Law
  o!M m��u�� m~��JP 	��� �,B

m~#���
The Distributive Law 
of Multiplication Over 
Addition

  o!M m��u�� m~��JP 	��� �,B
m��M��

The Distributive Law 
of Multiplication Over 
Substraction
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�G�	
 5YZ�

�G�	
 \
�_f  
:6F |�  0�.	# `�	M� 6�Dc ���� �c	s P

 • J�K�@c< ,�"W"WU .��E |� M	"/�� O 5L
c
��"W"WU .��E Ã��

��1�1�
 ;�A)M3�
  
 • Gc��� �5" 5�	� ,G"���� �5" 5�	� ,t�+� �5" 5�	�

 |� [g� Gc��� �5" 5�	� ,G�f |� [g�
�k�M�

���/0'�
 ;
�C�
  
 •�C�	q ���

�%�
�� 
:¡.�Z	
 ���f

"−  ~�−� + � + �− ~F�
#�  ~��−� + �� ~[�

��−  ~� − ����− ~�*�
��−  ~�−� × ~�−� + �� × �− ~.�

��e*0	
 −�
�FT01
 

�@��	

��"W"WU .��E |� M	"/��� (�*4 `"��� |� w����

�*0'�
 5��R0	

��C�	U ��d J�K�� 6<�"Z [\M� 6F &% �W�


 w�T<� �e)*6 SeZ. S0	
 ;�6�*`*)	
��  � × ~� − ��� :��	2 �*<F
��   � × � − � × ��  

�%&�0�

�� t¯@� M	+	*4 P m½F� &� [ 5\M� t��

;�&��4
 �)0� �K

��FT01
� ;�&��d
Q�*'R	
 ��)*%& �<1�+
 �	}
 f�<. ,���� �

Qs*�
 ��)*%& �<1�+
 �	}
 f�<01 �
��M	
 ����  �*'R	
 ���  �É	
 �f� �

5�)%0	
 − �
5)%. 

�)@�& �)!�f
 m��� − �

� + �
�m × �

� :F ?@+ �

X�R�
 ����.   c �
�# − �

�#  + �$
�#m �

� =  

s�*`0	
 �8� 8��p   c � − � + �$
�# m �

� =  

G�30pt
   c ��
�#m �

� =  
F�'<0	
   �

� × �
� =  
� =  



�#

:-��� F@+F P ��	
� �*<F  �
c

�
� + �m × � − �¾� ÷ ��F × �  

�$
�  = ��� ,# = �#F bf �&

c
�
� + �m × � − ��� ÷ �#F × � b�T�9

�É	
 F�'<.  c�
� + �m × � − �$

�  ÷ # × � =  
c

�
� + �m × � − �$

�  ÷ �$ =  
��T%��& �µ �d �*'R	
 I@��  

�É	
 F�'<.  c
�
� + �m × � − �

�$ × �$ =  
X�R�
 ����.�  

�É	
 F�'<.     ��
�  × � − [ =  

s*�
 F�'<.    �# − [ =  
�"− =  

�I� bf P���� ;�&��d
�� ����   �h� ���    ��

�� �f�  �
"���  �

5��R0	
� ~@G�0	
 − �
 k*e9 =� L8R�

 �k*e9 =� LR�� ;�&��d
 sÊ ;��)*6 �6 FR9 W�0Ë WC�%	
 �<%0	
 b�l 
�d   �

Q�*'K� �µ ;��)*6 �f ��I�
Q� ≠ �− ,�− = � − � ,� = � − � : wM!� ,t   �

I@�& 5��R.
 � &% V���c 	^
% �� M	���x P 6�/��c [ 5\M� y.
 M	c��<F J�K��	+ 	^"/� ����< �/Y%F (	M�� [ 5\I

�	^���< M	"/���

qIA. bf oP B���
7�G�� BF'&f S9 D¡.�Z	
 B� B��f  �

 �
�� ÷ �

�� × �
�  ����  �� − �� × [ ���   �

�� + � × ��  + "
�� �f�

:wk& p3��J�&' mR�$S�1A m� ���$j�� m��Aj��� 	F�[LP �	4m�#	�
K me�Jhn� q�B�� m3��!#j�� 	F�[LP  Q'U

K m��#��� m�>% �� m�#[���& m��u�� m3��!#M 	t��%T  Q�U
K m��#��� m�>% �� m��M��& m~#��� m3��!#M 	t��%T  Qa%U

��� �P�!�
Q � × " − $�� ÷ �#F × � Q7�G�� BF'&f S9 D¡.�Z	
 B� B��f

 �
�  = $�� ,� = �#F : 8bf �*&

� × " − $�� ÷ �#F × � >b�T�9
B��H	
 >F�'<.  � × " − �

�  ÷ � × � =
B��T%*	�& 7��a N	d B�*'R	
 >I@�A.  �� − �

�  ÷ �$ =
B��H	
 >F�'<.  �� − � × �$ =
Bs*`	
 >F�'<.  �# = �� − #$ =

qIA. bf oP B���
Q� �

�  − $���F� × $�# − "�# :7�G�� BF'&f S9 D¡.�Z	
 B� B��f  �
oLqRA.kB*e9 =�

? m�[��� o�T m��#��� �� m3��!#j�� mt��%�A 	'$LP o��  �
K _7�� mFM' ? m��M�� m���!#j� pE�$AT 	��� �,B �4k �k  �

OSRMZ*	
 >��Th0	
� BIn�'*	
 OI�
 ��6 � _$6�& �&[	� >4� ��9 	}PX p�+m!�S� p� ���$M p3���LjP q���� �b�9� : >�K�Z	
 >��Th0	
  �
 m~#���U m3��!#j�� m�jA o�T m�xI=A , p3� ��� q~A�' / m�$j�� o!M p��LjP ��9 �J�s�

KQ m�#[���& m��u��& m��M��&
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK  

 #4�A , m��M�[#�� mF�s� m���= � × ) + E × ) = G� : qw���� q�JX��� 	$#6' qR$S�1�  �
?�g#�& ? p��J, o!M Jk {��1 �k KQ� + EU × ) = G� : q�JX��� {��1 qR$S�1�

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK  
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s@¦ G�<0p

�
� −  ���

�  × c�
� − �

�m F ?@+ �

�
�  � �

� × �
� − �

� × �
� F ?@+ �

:-��� F@+F P ��	
� �*<F �

 c�
� − �

�m ÷ c�
� ÷ �m − �¾� × �  

����
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������  : ������ 	
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Operations with Real Numbers and Their Properties

oLV<I� o� qG�.
K�LjP �9 Z _7&' >��T b� w���� 3�!#j�� H�1  ���/ + )/

/−  �C�  )  #  2 ÷ /( ����  Q2- + (-U��− ���  . # ) − )� �f�

?��$S�[�� ��,\� � ���
  .�  + ��� = ��� + .�  QfU

  �.  + Q /�  + 2� U = Q �.  + /� U + 2�  ���
  ./  # /2  + 2/  # /2  = Q ./  + 2/ U # /2  ����

 Ke�Jhn� �&$A Q. + )−U� �A��� ~��J��� ���,B R$S�1� ���
Q�0h)0¹ �0R@�M& Ì@ � �Il �*�K ���f

  Q�- + (U� ���

  (Q�-- − )U ���

 ��$� $>x ��� K�D� o�6 � _�4�� 2cl)/- ��x& $h& K��![P �j�' t�;� E�� �jA �xJ�A $>x Rh :m 8�'0	
 �#�
 ��$�� � �$1& �XX� (l�-- �!L� �M $>x �`6 �gT ,�>4� $6�& ��� �XX� �l.�- aA R'J��� �����? �� ����

  ?��$� w�L��� �!L�� �#�h �x K�������

:Ì@ � �Il �*�K ���f
 Q2−U ÷ . + Q(−U − �/ ���   . + Q)−U # / ÷ �. �"�

 

�SRMZ�
 �Th0	
� In�'�
 I�� ;�&��d
� ÷ �� − � + �� �
�� ÷ �� + � − �  

�� × �� ÷ �� × ��  
 X
�/01�& ] × � + P × � = �] + P� × � b� ,5%�  �

Qs*�
 �6 �É	
 s@��. �8� 8��p

( )   

KwL[X �� R'  ��L[X �� � �$M �9 �9 �gT � � �$6 ���
  �.

/ F �f�

  �� F ���
  πF ����

K�L1�� ��D� R�$S�1A ��� �� t0% ��hn _A��� �� � ��9 $%&' ���

    )�� F �f�
    c( F ���

K�L1�� ��D� R�$S�1A  ��$M`P 2*  , �(  , *
) F  :������ ��$Mn� bP� ���

- - -           
  :�A��� ��$Mn� FB �M �!�#�� @�+�� b�9� ���

   
:������ 37�j�� �� ��9 �6 ���

  - = |e) + *| � �
   /− = |^2 − /| ���

   � = |) − e−| ����

 2 = e fX9 �gT |) + e−| + |� + e�| :�#�h $%&' �#�
 ./  # Q ��. + �(  + )/ U :FH[A �"�

 * � �) + Q* − .U − )-� �/ :F H[A ���

 Q)−U + Q) + cU2−
��−  ��$�   Q2−U + c − �(

c  �[�
  

Q�A�A� g��Cf �G�<6 8Il �<30	 �
�K�
 sa :WC�%	
 �+

�-.  = � + 2  ÷ )/ + �-- ����            2�  = � + 2  ÷ )/ + �--  ����

 �-�−  = . # 2 + 2  # �− ����      �(-−  = . # 2 + 2  # �− ����
 ;� _�4�� )� :�� �9  �� �>��� �A�' fX9 K��+��& <J!�� ~�LA �JL1' �9 Z �L!M�� ¡!¢ RJ�� ����

K� _�4�� ).l*�- ;� _�4�� )2l�-- ;�XX� *l)�-−
 ? �� �>��� E�B �L!M�� ¡!¢ �j£ �r�� �!L�� � �f�

 �`¤ zJ1 �r�� �!L�� �#�h �x ,3�j£ 2 �M �&[��A �!L�� �rk ��[�P �L!M�� ¡!¢ ���' �gT ���
 ?��j£ �9 ��!M

 �� 2�1 )l� �9 �J�¥& ,y��� �� 2�1 -l� �M ������& bI��� }!��� �� 2�1 )l� �9 �J�¥ :X�)%	
 ��#�
 2�1 -l�� �M zF�& �M4�� }!��� �� 2�1 )l� �9 �J�¥& ,y��� �� 2�1 -l)� �M �AJI��� F1J��� }!���

 ?Fh[��� }!��� �B�� @�J%J�� y��� ��#9 �x }!��� �� �JX �9 �� 2�1 �)l� Fh[P �gT Ky��� ��

K@�J, F[A' Z }P4�� $%&' ��"�
 � �.  + 2/  + /�)� # )2  �f�

 �/  � ��)  # /�  ���
 �Q/ − �U) + �� 2 − ) ����

 �2 + */  − Q2 + )U / − ) − � # . �C�

 c # / + -l. � )� F # ( ��_�

 . # c − -l* � /c F . ���
  ?Qa% + �U' �M ~��J��� ���,B R$S�[P § �� � �'  BG�<0pM	 >�HA0	
 ����

Qa%U Q'U + Q�U Q'U �C�  Qa%U ' + Q�U ' ����  a% ' + � ' ���  a% ' − � ' �f�
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Exponents

 oIóMnƒdG
(`L) ¤hC’G

 ?�� Bs&
�	
 Bb�R	
 N	d �@�*	
 B�G�H� S9 BC
�6�
 >X�Y� >C�%@
 BC�6 N	d w�<'� V�%)	 �S1�1f 7f�<*l �$ D��1�
 
���/01

 � wH@f 
���/01
 Q Bb�'�4
 ��	 BI�G�
� W�@�
 Bs&��f
 DC
�6�
 
�*VY� Q��� BI�!*0	 �−�� � N	d � BI�!*0	 �•�

 ,�$�$� = � S_ 7�8���T� 7 5�K B�*p >P 8�f >b�T. ?�A&
  ���$� = � $$$ ,���$� = �$$ ,���$� = �$

Q
 w�h� D5K�	
 
�r 8�G =� DP 8�f 
���l� Q���$� = �#$ $$$�

ÉjÉŸG pIQÉ°†M iód pOGóYC’G oΩÉ¶f

 7�R@�M& � × � × � × � >~0T. ��l  �
?��pf

 B~%� D�Z6 >�8���T*	
 >5�R	
 B; DG 8�M. ��l  �
?�@�*	
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 �G�H� ��	 C
�6�
 X�Y� :]�a��

�Ah3	
 g^_ s� I��%0	
 ��h�l

 J	ª2 ��< ()f O� y�T�% &� rc�U �>LA� NO� �^¢
�	c	R -�	Qq ��� .��E

QQQPE1

 •?	c	R -�	Qq |� 12j2; �� 1,��� ��
 •?���F M�	Qq |� 1,��� ��
 • ]cpR �
� .��E ��M� &� r>C� [ 5\M� _4 `/I

�(	%�W�

�)y1�
 ;�&��d
�� �

 f�<*l �$ X�/0'@ b�l �@��
 �G�H� , C
�6�
 X�Y� bf �&  �
 I�!*0	 �−�� � �d � I�!*0	 �•� X
�/01
� Q�%)	 ¶�1f

:¥�0	
 ITF	
 �6 ��� � C�%	
 wM!� b�<0T@ 
���l ���
� + �$ × �# + �$ × �$ × �� = ��� �  

:Ì@ �l C�%	
 
^_ I!*@�  
�$ × �$ × �� I!³   

�$ × �#  I!³   
� I!³   

�1�
 IóMƒdG
¤hC’G
(`L)
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Laws of Exponents

>5 8)%0. \�1
  me1n� m3�g <J��� q��I

K>q�#[h& m� q���#��
B;��
�/01t
 =�

  mtu+�� 	t#!M 	R$S�[�
 m¡1n� m3�g <J��� q��I
 m3M�[�� m�[s� m@��L���

 	R$S�[�& Kmtu+�� wx
 <J��� q�#[h mt�6n� 	t#!M

Kp�4 ��j� ��B mEJI me���

 q��I 	��!j�P zJ1 me�$�� �rk wx , q¡1n�& <J��� qf�x ��jP �' q�L1   B�G�	
 >�)�
▶K>q�#[h& m� q���#�� me1n� m3�g Q m��� �1n� m��$Mn�U <J���

o� BFT01
�e>0*'K� ��R	
 >�µ
 K p3���#��41 �- �mj!I 	EJI m̈ %0�� �� {b �j��

? mb�j�#�� �rk q��6 �$ m%&' Q'U
? p3L �j�� �- q��6 �$ m%&' Q�U

K/�- = 2�- × �- : ��T {$�B qEh  Qa%U
K��g �� H[x ? p��J, o!M {$�B �k  

o5 q)%.B�1�
 >��
�K
B¢�D0F*	
 B��1�
 B;
� ��R	
 >��a

��r� K p$6�& pe1' mR�$S�1A /2 × )2 q��LjP qb��P �' 	~�M�[P
Q2 × 2 × 2 × 2U × Q2 × 2U = /2 × )2p3� ��� /  �P ���  

.2 = 2 × 2 × 2 × 2 × 2 × 2 =  
K. = / + ) : ��' 	5 m6�	X K. ,/ ,) m¡1n� q��A 	�h�j�� �

: ��' 	}�4�[4x m¡1n� m~#�A � 	[+X 	e1n� #>� ���� �1' ���$M 	��I 4	4m�#	�
.2 = /+) 2 = /2 × )2

 8b�9 , �W�h� D��z ���R�R� 
 wC�6 � Db�l 
�d OX�%	
 >b���R	
 >b�T@ 7� 8��6 7�G�3&�
b�< D��� b�A�A� b
C�6 � ,f ?�� ,� + f� = �� × f�

��� �P�!�
�� × "� ����  �� × �� ���  "��−� × ���−� �f� :B��	�0	
 B��&�%0	
 =� �Ml oF V'&

����−� = " + ���−� = "��−� × ���−� �f�
��� = � + �� = �� × �� ���

��� = � + "� = �� × "� ����
qIA. bf oP B���

QBC
�6�
 BF�'<0	 ��R	
 B��a >X
�/01
 k>ZBT*>@  �
��$��� × ��$��� ����  �c)−

* m × �
c

)−
* m ���  ��"� × ��"� �f�  

r¬pÑàfG
)��−� ≠ )� −

>�8�1�1�
 >;�A)M3�

 <J��� 	��I

Multiplying Powers
 <J��� 	�#[h

Dividing Powers
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 w�T<� �e)*6 SeZ. S0	
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� ;�&��d
 �51 �$ $$$ ���   �51 �$$$ �f�

5%� ����
 �$ $$$ = � $$$ × �$ = ��$ × �$ b�

�$ $$$ = ��$�
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5�)%0	
 − �
5)%. 

�)@�& �)!�f
:�"�	�� n+	��� &% \� F 5@+ �

�� = � + �� = �� × �� �f�
 � + ��$��−� = �~�¾�−� × �~�¾�−� ���

���$��−� =  
��� = � + �� + �� = �� × ��� × �� ����

 t 5�q �m� ��� × �¾��� º�q I��� �M# t�I Á/Cc   �
�j�"�
� _4 �,	@R NO�

�0� �$$$ × #�$ × ���[� = 5l #�$ × ���[�
�*�0Z1 �$$ × ��$ × #�$ × ���[� =  
�*�0Z1 ��$ × ��$ × #�$ × ���[� =  

�*�0Z1 ���$ × ���[� =  
:��	
� �*<F   �

� − "��−� = �~�−�
�~�−� ���   �� = � − �� = ��

�� �f�
���−� =  

�# = � − "# = "#
�# = � + �#

�#  = �� × ��
��  ����

�I� bf P���� ;�&��d
��$��� ����  �c�−

"  ���  "" �f�   �
5l ��$ × �$��   �

 ��$��� ����  ���−� ���  ��$ �f�   �
�−� �C�

Q�R�KC $�$��   �
5��R0	
� ~@G�0	
 − �

 k*e9 =� L8R�
 ��@#< [g� �%	�� ]2�W� 6�WCMc [ 5\M� 6F &% �W�

���"/� -��A+ ¤j�R �	�E M3 ��W�
�k*e9 =� LR�� ;�&��d

�[
�  ���  �# �f�  �

��� �P�!�
QB���
�	
 B�8�aG�
 B�Z'	
 S9 5l ���$ × [�� N	
�� >2�H	
 >��0`@

Q B�0*�0Z'	
 N	d D�9�'*	
 g^_ oP V��
7�0� �$$$ × ���$ × [�� = 5l ���$ × [��

7�0*�0Z1 �$$ × �$$$ × ���$ × [�� =  
��$ × ��$ × ���$ × [�� =  

� + � + ���$ × [�� =  
7�0*�0Z1 �"�$ × [�� =  

qIA. bf oP B���
:S.}
 Bb���R	�& >2�H	
 �_ >��0`@ S0	
 �X� >�9�'*	
 NM%>.  �

, 7����u�5l ��$ × � W��'>. �]� D�6�'	
 8bd ?�� � × ] = X  
Q 7����u ��$ × ��# = ��� >=�r	
 Db�l 
�d D�9�'*	
 B� B��f  

 m��q��#�� me1n� m3�g <J��� m�#[h 	���!#M 	©!�SP : B¢�D0F*	
 B��1�
 B;
� ��R	
 >�*'K
K m��u�� m���!#M �M

)* = * × *
�  =  * × * × * × * × *

* × * × *�
�
�

�
�

�  = �*
2*

 q�B| o!M �w �1' p�$M 	�#[h 4	4m�#	� K) = 2 − � : ��' 	5 m6�	X K 2 , � �� �1nA ) Hen� 	�h�M �
)* = 2 − �* = �*

2* ��' 	}�4�[X �r� , m¡1n� m��MA ��g& � 	[+X 	e1n� #>�
: �Rj�� 	�JX��� 	�J�� p� ��M p@�J`A&

�W�h� D��z ���R�R� 
 wC�6 � Db�l 
�d
b�< D��� b�A�A� b
C�6 � ,f ?�� , � − f� = f�

�� 8b�9

��� �P�!�
#��−�
�$��−� ���  [�

��  �f� : D¡.�� o� B��f
�

���−�
 = �−��−� = �$ − #��−� = #��−�

�$��−� ���  �� = � − [� = [�
��  �f�

qIA. bf oP B���
Q D¡.�Z	
 B� B��f  �

��
"�  �C�  ��$���

"�$��� ����  "��−�
���−� ���  ��$

��$ �f�  

� = �h��
 �C�6 f  ?��     �

f�  = f−�
�~ D��� ���A�

�h� ≠ � ?��

VIA	   ���T9
BIn�'*	
  ����h�
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N	
�� B2�H	
 >�6�1 ovD��l 
�d Q5l ��$ × ��� N	
�� BxG�
 =6 >�*F	
 >�%<.

 , BxG�
  N	d  B�*F	
  >2�a  DI3@  ST	  DX�M	
  D=�r	
  B� B��E9  ,B�R�K�	
  S9  5l  "�$  ×  �
 D�9�'*	
B�6�'	
 = >=�r	
 : Db���R	
 � w� B�/0'�

��$ × ���
"�$ × �  = >=�r	


��$
"�$ × ���

�  =  
" − ��$ × ���

�  =  
��$ × $�"� =  
�$ × $�"� =  

DLn�KC "�� =  
Q DLn�KC "�� BxG�
 N	d B�*F	
 >2�a DI3�	 >X�M	
 >=�r	
 >b�T@�

qIA. bf oP B���
 Sl DX�M	
 D=�r	
 B� B��f Q5l ��$ × ��# N	
�� B�*R	
� B�*F	
 D=�& 7�9�'� >�3Kf >Í)<.  �

Q B�*R	
 N	d B�*F	
 >2�a DI3@

oLqRA.kB*e9 =�
:wPN�  �#� ��9 q�#�h �$ m%&'  �

Q2) + /2U × 2
c

�
)m ���  �* + )2 �f�  

? m¡1n� q��I >�x 	R$S�[P w��� q��s�� m�9g�  �

OSRMZ*	
 >��Th0	
� BIn�'*	
 OI�
 	�#�h 	�!LP K mbkr�� �� ����� ��I �2�- × �) o��J6 o!M 	���I�n� 	@����� �J�sP  �

KQ)--- m�41 	3��ª`6TU �w��J9 p�4�� q�J�!� /- o��J6 mbkr�� �� H���#�� H�M��
? Hw��J��� m�4�$�A m���I�n� m@����� wx m�J%J#�� mbkr!� 	���L������ 	�#���� �  
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 p$6�& pR��%J!�9 H��� mR$�� �� p���&���� .�- × * o��J6 o!M m�[X=� 	�[% �J�s�  �
 q�$j�� m$ m%&' K mt��#s�� m3������ �� .�- × � p���&���� H�9 wx 	$ q%JP& K m�[��� m��& ��

K _���%J!�9 *- 	�0� p�[XT m�[% wx m@�J%J#�� mt��#s�� m3����!� �wL������
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BIn�'�
 VI� >;�8�`�.
�1d
K mF#4�� �M ��sA� •

K _�#ªh ��HOX •
K _7&$% ��#M� •

K �� ��¤& ��H« •

K p���[�M p����MA ��#M� •
K �w�M4�� q��+���  mR m$S�1� •

K��X�A  _���� ��1�� •
K qF[A' _��N[� �� 	6 •
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:@�J, F[A' Z �� � ��� }P4�� $%&' ��"�
 �Q �) U # )Q �) U ���   2/ # )/ �f�

 .Q-l2U # /Q-l2U �C�  *Q)−U # �Q)−U ����
 *Q-l�U # �Q �) U ���  *Q 2/ U # �Q 2/ U ��_�

:@�J, F[A' Z �� � ��� }P4�� $%&' ����
 *�
�-� ���   (2

�2  QfU
 /�2
c�2  �C�   (Q*−U

/Q*−U ����

 cQ(−U
��Q(−U ���   2/

2/ ��_�

:@�J, F[A' Z �� � ��� }P4�� $%&' ��[�
 2Q/−U # �Q/−U

)Q/−U
 ���   *2 # /2

�2
 QfU

 �Q.−U # /Q.−U
�)Q.−U

 �C�   2c # )c
.c

 ����
 ��X��� Z �9 ��- # 2l- ¬�J6 tJu�� �M fX9 �gT K�9 ��- # 2l(/ ¬�J6 ®�n� �M �#��� $jL� ��$�

?®�n� ¯T �#��� tJI �`� w9 R���� ��0�� � ,@$6�J��

 k�Jh& ~� ��ªu+�� 3L9��� <$6T ��& �!L� ±6 Z R��%J!�9 )/�- # �lc( ¬�JsA ®�n� ��& � �$�� ����
?���ªu+�� �L9��� ��& �M ®�n� ��& $�0� @ ��� �9KR��%J!�9 2�- # )l2c) ¬�J6

     :wk Q)−U × Q)−U × Q)−U × Q)−U a� ��1n� @�J`��  BG�<0pM	 >�HA0	
   ����
/−Q)−U �C�  /−) ����  /Q)−U ���  /)− �f�

 : ������� 	
������  : ������ 	
��������� ���
*−�

 
Laws of Exponents
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 K�²� �C�
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 �+,* ���   )*− ���
 2Q�−U �"�   /Q�+,U �#�
 /Q)−U  �[�   �+,Q�−U  ���

 2� ����   �+,�-− ��$�
 Q2� + )�U − Q�� + )*U ����  ( ÷ 2Q)− /U) ����

 Q/U. − )(
)−

 ����  ( ÷ Q* + )2 + /)U ����
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Scientific Notation Using Positive Integer Exponents
>5 8)%0. \�1

  q��A m@��L��� m��$Mn� q��JsP
 m@�J`��& Hw�O4�� m�����

Km���#!j��
B;��
�/01t
 =�

  o!M 	� H>[	P 	� ��#!j�� 	@�J`��
 m��j� q©,& ����%J�J����

 � _��$M' 	�#�P w��� m®�n�
K _@��L9

 B�8���T*	
 B�*�R	
 DP��� ob V�l
Q-D0 ò 0�
 
�d B���<T	
 BC
�6U	

VIA	   ���T9
BIn�'*	
  ����h�

 	R$S�[P zJ1 me�$�� �rk wx& , m¡1n� ~� qf�!�jP m�A[�� me�$�� wx   B�G�	
 >�)�
▶ K p�+m!�S� p@�J`A m@��L��� m��$Mn� m�A��� q¡1n�

Km@��L��� m��$M´� m�+m!�S#�� m@�J`�� yrk mR�$S�1� q$4M � �$% {� ��k �- m�$j�� <Jh
K�r�k& ,/�- = �- --- ,2�- = �--- ,)�- = �-- ,��- = �-

o� BFT01
>�8�*)%	
 >�G�3	

:wPD� mE&$��� wx mU#Xn� �M ��sA�

f���
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/�.
� .*(

)2 /�.
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� .�/ *.2

=
=
=
=
=
=

�- × 2l�
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KKKKKKKKKKKK × �l.*(
KKKKKKKKKKKK × )l2/�.

KKKKKKKKKKKK × /l2)c.*
 KKKKKKKKKKKK × �l.�/*.2

��- × 2l�
)�- × /l�.

KKKKKKKKKKKK × �l.*(
KKKKKKKKKKKK × )l2/�.

KKKKKKKKKKK × /l2)c.*
KKKKKKKKKKKK × �l.�/*.2

K Hw�O4�� m����� wx �- m�$j�� <Jh mR�$S�1A � q�J#j�� m� m#9'  �
K m��� �1n� m@�J`�� wx �- m�$j�� <Jh mR�$S�1A a% q�J#j�� m� m#9'  �

?a% ,� ���J#j�� wx m� ����j�� m��$Mn� H�9 wx 	5 m6�	P �g�  �
 wx m¡1n� wx& ,� m�J#j�� wx �- <Jh wx m�+,n� q�$M 	FA�P w��� 	�h�j�� wk �  �

?' m�J#j�� wx m��� �!��� m��$MnA a% m�J#j��
?a% ,� ���J#j�� wx qF#4�� q�mª�	�� �� (�/ .)2 m�A�9 	@�MT �	4m�#	� ©�9  �

 qF#4�� q�mª�	�� c  ccc  ccc  ccc ,�  ---  ---  --- m�A�9 	@�MT �	4m�#	� ©�9  #
?�P�M=� �Pk 	�A��P ©�9 ?a% m�J#j�� wx

 m�J#j�� wx qF#4�� q�mª�	�� 2� *-- --- ,2�* --- --- m�A�9 	@�MT �	4m�#	� ©�9  "
?�P�M=� �Pk 	�A��P ©�9 ?a%
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(1-1) πFÉ°ùªdG πëd ó°TôªdG(8-1) pπFÉ°ùªdG uπëd oó°TôªdGOI�
BIn�'*	


o5e9

oFVMp

qI >�
oLqRA.

K�cc� qRM qe�� wx m®�n� o�T q�M& , mtu+�� wx  _�J� /2c µw1&� ptux 	$ª�� ouh
K Hw�O4�� m����� wx �q�A%T �b�9� ? mtu+�� wx kuh w��� m3M[�� 	�$M �9 �f�
K m���#!j�� m@�J`�� wx �q�A%T �b�9� ? mtu+�� wx kuh w��� m�ªh$�� 	�$M �9 ���

o5e9

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK ?y 	���T ���T 	�J!M#�� �  �

oFVMp
:wx m3M[�� m�$M 	���T �	4m�#	� ©�9  �

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK ?���J� �f�  
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK ? _�J� /2c ���  

:wx m�ªh$�� m�$M 	���T �	4m�#	� ©�9  �
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK  ?���J� Q'U  
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK  ? _�J� /2c Q�U  

qI >�
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK  ? mtu+�� wx 	$ª���� kuh w��� m3M[�� 	�$M �9  �
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK ? mtu+�� wx 	$ª���� kuh w��� m�ªh$�� 	�$M �9  �
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK  ? m���#!j�� m@�J`�� wx m�ªh$�� q�$M �b�9�  #

oLqRA.
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK ? m���#!j�� m@�J`�� wx �m�A�9 q�Lh Hw�O4�� m����� wx m�ªh$�� q�$M qf�L�9 �g#�  "
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

��pf w�	E'� qI >�
KQ _�J� 2..U p�[�L9 p�41 wx q$m� 	& $h& , q����Lx )c Jk pG�, m���� 	
��P  �

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK K Hw�O4�� m����� wx �q�A%T �b�9� ? m�BD�& m���#�� m
��P q��A 	�O�4�  _�J� �9 �f�  
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK  

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK  K m���#!j�� m@�J`�� wx �q�A%T �b�9� ? m�BD�& m���#�� m
��P q��A 	�O�4P _���h� �9 ���  
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK  
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Scientific Notation Using Positive Integer Exponents

oLV<I� o� qG�.
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 e�- ^ )l( = )( --- --- :EJ>��� en� $%&' ����
K�L1�� ��D�  _�$S�[� ��A%T �� ��¤ � C �

 :��*)%	
 �G�3	�& ��	�0	
 ��<@�R0	
 �[[� X�%	 b�T'	
 C
�%. ~0l
 :��6�0�t
 ;�1
G�	

  _XJ�!� )2� :�[�X&$X' ���    _XJ�!� � �(- :$4�� ���

 *)� --- :���sL�� ���    _XJ�!� �*- :��[9A ���
 :C�%	
 r��& C
�%. Il ~0l
 :��6�0�t
 ;�1
G�	


 (�- × 2l� :@$s��� 3�7J�� �"�   c�- × �l/ :±`�� �#�
 ��- × (l./ :CJL�% �[�   #�$ × 2l� :f�J��
 ���

:C�%	
 r��& ��	�0	
 �<1�+
 �	}
 ;
2
�K Il ~0l

 �) E 2l--. ����   cEcl�/ ��$�

 /E�l�− ����   *E�l( ����

 :��A%T H¶x K¨&� �9 Z Y9n� �$j�� �9g� ,�j+�� �[�� �&� �� :WC�%	
 �+
 ����
 /�- × 2l/ R' ��- × 2l/ �f�

 ��- × 2lc� R' ��- × (lc ���
 )�- × �l) R' )�- × /l.− ����

 (�- × �l� R' *�- × clc �C�

 K�L1�� ��D� ¯T � _��!� .�l/ EB�= �hn� �M ±����I $%&' ����

 $�0� ��A K�� J!�9 ��- × �l/2 ����� �Mh EJI ,�� J!�9 /�- × �l)( ®�n� �Mh EJI :X�)%	
 ��#�
 K��A%T ¯T f!,JP ©�9 �¶x ?®�n� �Mh EJI �M ����� �Mh EJI

  :Jk �� ��x ��#!j�� @�J`�A �J���� �$j��   BG�<0pM	 >�HA0	
  ��"�
�)�- × 2l/�(− �C�  �-�- × ��l--− ����  c�- × -lc�. ���  (�- × .(lc�/ �f�

�In�'�
 I+ ����
� ;�&��d
Q� w��@ ��[ , Ln�K�	
� ;�6�'	
 C�6 C�Îd  �

�� × ��[ ���    �� × � �f� �
��� × #$� ��[ ���   ��� × #$�� �f� �

Q�6�1 �$ ��# �
Q�R�KC #�� �#$ �

Q��$ × #����# #
 �&��4
 �d I��0)	 v��/01
 S0	
 ;��)*%	
 b�  "

 �Z`0�
 
^È ,S��YZ	
 ITF	�& �&�0T� C
�6f �6 v@��>f
QFR9 ��
� I@�A0& X��R	
 �d

� w��@ � �#� �f� �
#�$ × ���$��� ���  

�SRMZ�
 �Th0	
� In�'�
 I�� ;�&��d
QG�Z@C �$� $$$ = � $$$ × �$� �f� :I�
�0	
 �

 �É>@ \�1 �¢� r��	
 I<K C�%	
 bf :-<F	
 -��f ���
 �Z_ �Z�f :\M0pt
 -��f Q�$ ��K =� S_� ,�$$$ �&

 \�1 ��*)%	
 �G�3	�& =T	� �$$$ FR9 �Z��/01

Q�$ ��K X�/0'�

�$ < ���# �f� :� 8)`�
 �
Q�µ ��)*6 v'�	� sÊ ��)*6 S_ ���  

Q �$ =� ���f v'�	 �$ ����  
Q� > $��� �C�  



�#

o5q)%.B�<	�'	
 B�A�A3	
 B�1�
 BX
�/01�& >�8�*)%	
 >�G�3	

 	R$S�[X #!�� ��g& ,� �$% m@��·`�� m��$Mn� m�A��� m�L�[�� m�s�s`�� m¡1n� 	R�$S�1� 	�m�#	�

K� �$% m@��L��� m��$Mn� m�A��� q�L q%J#�� q�s�s`�� q¡1n�
 o ��L�� o��6 m��#��� o�T q� ����j�� q�!,+�� m� H�6 , m���#!j�� m@�J`�� wx -l--2/� qb��X w��

K m� ����j�� m�!,+�� m�[� o�T ���+, 	��� F�x {$6�& {�h�
---2l/�  -l--2/�

 ,�- m�$j!� _@ �Jh 	�J�� zJ1 �rk& K q� ����j�� q�!,+�� >A qf �9 ��6 w��� m3704#�� q�$M �b[6�
Q2−U ,_L�1 �en� 	�J��[x m��#��� qJsX qf �9 ��sP ��XT ��6&

2−�- × 2l/� = -l--2/�
��)!�f

 7s�9G 7�Z q�%� �@��0T& BX�1����l S9 DNA OW��Z	
 >i*A	
  �
 ?�A&  O�0)@�  W�0)@  ,B�8�)/	
  DIp
C  7X�T��&  7� q�T��  
 ���
 S9  BP�M	
  
^_  =6  o�V<6  Q wt�I  51  �

 �$ $$$  N	d  >I3@
QB�8�*)%	
 B�G�3	


Q B� 8@�F%	
 B�G�3	
 S9 72r� B\t° B��F6 =� 72r� � o~0l

$�$$$� = �

 �$ $$$
$�$$$�

?�$ × $$$�
Q��$ N)6 DI3A. N80� B=�*�	
 N	d 7;t BrZ� � D� 8@�F%	
 D�)��h	
 B¢ V��

Q B=�*�	
 N	d 7;t BrZ� � ovDl 8�A. >� 8@�F%	
 >�)��h	

Q�− >b�T@ O��


51 �−�$ × ��$ = 51 �
 �$ $$$

�−�$ × ��$ S_ >�8�*)%	
 >�G�3	

QB�8�*)%	
 B�G�3	
 S9 7b��)� =� 
 w2r� �� o~0l
  �

B� 8@�F%	
 B�G�3	
 S9 o~0l
  $�$$$$�� =  7b��)� =� 
 w2r� ��
B=�*�	
 N	d 7;t BrZ� � D� 8@�F%	
 D�)��h	
 B¢ V��  �−�$ × ��� =  

qIA. bf oP B���
Q B�8�*)%	
 B�G�3	
 S9 7b��)� =� 72r� � o~0l
 �f�  �

Q B�8�*)%	
 B�G�3	
 S9 7�	f B�y� =� 72
r�f � o~0l
 ���  

 m37D� �� m$�$j!� 	�m�#	�
 wx  m�$j��  	~I&  m�L1s��

K m���#!j�� m@�J`��

£W�F& �X�1����l

45

 p¢ù°SC’G p ΩGóîà°SÉH oáq«ª∏©dG oIQƒ°üdG
páÑdÉ°ùdG páë«ë°üdG

Scientific Notation Using Negative Integer Exponents

9 -1
>5 8)%0. \�1

  m��$Mn� m��JsP q���+�9
 m����� q��A m@��·`��

Km���#!j�� m@�J`��& Hw�O4��
B;��
�/01t
 =�

  m���h$�� mt�6n� 	t#!M
 �J!#j� Q�%J�J�A&���#��U

 � �$% p@��·, p��$M' o!M
 	� H>[	P 	� ��#!j�� 	@�J`��&

K��g �>�!M

  _� m$S�[� m���#!j�� m@�J`�A q@��L��� q��$Mn� qf�L�9 m�A[�� me�$�� wx   B�G�	
 >�)�
 � �$% m@��·`�� m��$Mn� m�A�9 q���+�9 	��!j��1 me�$�� �rk wx& , q�L q%J#�� q�s�s`�� q¡1n�

▶ K q�L�[�� q�s�s`�� q¡1n�  _� m$S�[� m���#!j�� m@�J`�A

o� BFT01
>�<	�'	
 >�A�A3	
 >�1�

7b�T� VIl S9 �U�*�f

 mR�$S�1A >4M q�HL 	M p�#[h m�ª[#9 �fqLm� 	9 	��PD� 	�J[���
K m� ����j�� m�J[��� mR�$S�1A ��� m¡1n�

Kk 	$�P pU#X' ��' �© m, , �
 �-- --- o�T q�`P o��6 mE&$��� wx �� m#�1�  �

?�q!Lh �r��& p�$M H�9 q��A 	�!`�� �  �
? m� ����j�� m�!,+!� 	̧ $s� �g� , m� ����j�� m@�J`�� m�J#M wx q�+1' o�T 	� ��s�P �$4M  �

? m¡1´� 	̧ $s� �g� , m¡1n� mR�$S�1� m�J#M wx q�+1' o�T 	� ��s�P �$4M  �
K m� ����j�� m�!,+�� m~IJ�& Hen� q��A , �3 q$ m% 	& �T , q�h�j�� m© m,  �

>C�%	
>� 8@�F%	
 >�G�3	
B�1�
 BX
�/01�&
�--�--l-)�-
�-�-l-��-
��l--�-
�

 �--l�
�

 �--
>� 8�1�1�
 >;�A)M3�


 {�L�1 {¡1'
Negative Exponents

44

[−�
�G�	
 5YZ�

�G�	
 \
�_f  
:6F |�  0�.	# `�	M� 6�Dc ���� �c	s P

 • -��A�< �%	ª
� �D�� ]+ 	% -nBA� .��E t�v
��"�/��

��1�1�
 ;�A)M3�
  
 •��C�	� I�F

�%�
�� 
�  ��  �

�−  �~�� −  �
�−  �~�−�  �
[−  ��−  �

$  �~��  �

 6�%�K�@c (X/�� 6F [\M� ��F  �G�	
 �)� ➤
 �"/� �	"# �Y%  0�* -nBA� .��E P �"�/�� -��A�

 .��i� �"�/�� -��A� ]+ {�L� �M	C2 <F 6�"q
 P `*�R �E J�K�� �� -nBA� .��E< -nCD�

��"2	Y� ��	U P `�	@� �E< _<E ��	U
��e*0	
 −�
�FT01
 

�@��	

 �+��D% ~�� ��#� UX2F �L��D"� 0;<�* [\M� ¡#	
c

�=¨� ³� <F ,=.	"�� ³� �D�+
�*0'�
 5��R0	


 P UX2E n@L� P ��	�% [\M� «�+ e*�c �#
 &% ��@D� M	%	W% nB�� V"� :m²�� �~�� -�Mh

 �
�< ?�c¨�� ��@D� nB�� V"� ?��� _4 V�
?��@D� nB�� V"� �E J�K��


 w�T<� �e)*6 SeZ. S0	
 ;�6�*`*)	
��%	��� M;	x |� w����� �
�O� VA�� J�K��



�"

 QB�0*�0Z'	
 =� 72r� B�y� =� 72
r�f " � 7I�Gf B�y�� B��F� B�3Kf >P�I >Í)<@  �
QB�8�*)%	
 B�G�3	
 S9� VS��YZ	
 BITF	
 S9 
^_ o~0l

$�$" : 7�y� =� 72
r�f " >~D0T>. VS��YZ	
 BITF	
 S9  

51�−�$ × " = $�$� × " 8bd >?���  
�−�$ × " : 7�y� =� 72
r�f " >~D0T>. B�8�*)%	
 B�G�3	
 S9  

 
 B�	}
  N	d  DC�%	
  
^_ >I Bp�>�  ��l o=V�&  Q B�0*�0Z'	
  =�  72r� Bb��)�  B�y�  =�  72
r�f  " N	
�� B2
�*A	
  BX�	
  B�8�)p >�MK  >Í)<@  �

QB�<1�A	

 -B	�pC4 ��hB)0/�� ���@�6 �m�I ¢�Z_

N	��
 >�R@�M	

7  ˜  1  0  0  0  0  0  0  0  0  =

0.00000007   B���F	
 N)6 >�eY�9
>����!	
 >�R@�M	


 yx  �f  �f x  ���0h� B�<1�A	
 B;t}
 Bi%& S9 >� D��@
7  x  1  0  x  (-)  

BBBBBBBBBBBBBB
8  

S
=  

0.00000007   B���F	
 N)6 >�eY�9
 7 × 10 -8 �f  

>�!	�!	
 >�R@�M	

Exp  �f EE  �f ×10x  ���0h� B�<1�A	
 B;t}
 Bi%& S9 >� D��@

7  ×10x  ( )  8  
7 × 10 -8 >�eY�9  

qIA. bf oP B���
 B�G�3	
 S9� VS��YZ	
 BITF	
 S9 DC�%	
 
^_ o~0l
 Q B�0*�0Z'	
 =� BG��)*	
 =� 72
r�f � B;�1���Ï	
 Bi%& >5`� >Í)<@  �f�  �

Q B�8�*)%	

Q B�<1�A	
 B�	}
 N	d Bb��)*	
 =� 72
r�f � >I Bp�>� ��l o=V�&  ���  

 Error {NMB {��1� q�>OP �'  ��T K m�L1s�� m37D� �� m$�$j�� m�?? o!M > m�h�' H��A q�>OP �' �� q�·,' 	�J�P m��$Mn� 	�jA
K m���#!j�� m@�J`�� wx ���| >�!M 	��$Mn� q�>OP &' m�?��� o!M

oL qRA.k B*e9 =�
?>4M 	©!�SP q��x& ? m���#!j�� m@�J`�A p��L9 p�$M &' ��·, p�$M 	�A�9 	�A��P q��x  �

 	¹mx�	P w��� <�Bn� 	3��!#j�� � ?p�L�1 p¡1NA �- m�$j!� < _Jh wx q��u�� , m�[��� o�T m� ����j�� m�!,+�� 	���sP 	¹mx�	� �g#�  �
K��g ���?� ?p�L�1 p¡1NA �- m�$j!� < _Jh wx q��u��

K��!�j�� �� ��9 �© m̀ x ;��!�M m��I m}P49 qbm� 	9 �gT K m���#!j�� m@�J`�A {�J��� {��·, {�$M ��$�  �

46

 : ������� 	
������  : ������ 	
��������� ���
c−�

     
Scientific Notation Using Negative Integer Exponents

oLV<I� o� qG�.
:��#!j�� @�J`�A º©�' �ª� �� � _t0% 2�» �;j�� ¶��� �A��� ������ 3�JM\� R$S�1�   ���

  K�$j�� 0��A ©�' �ª� �� � _t0% 2� b�9� �f�
  ?y¼� ��' Z& ?��;j�� �!,+�� >9�s�P �' R0!� ��04� �9 ���

  Ke�- # 2l� = -l--- 2� :EJ>��� en� $%&' ����
K�L1�� ��D� R�$S�1A ��A%T �� ��¤ �C�
:��*)%	
 �G�3	�& ��	�0	
 C
�6�
 =� �Ml ~0l


  K�J�!� �� � _t0% �JjA�' ���
  K©�' �ª�� �� � _t0% �J[«& ¡«& �ª�jA�' ���

 :��*)%	
 �G�3	�& �eZ� �Ml ~0l
 ,�R�K�	
 ;�Zn�T	
 i%<	 ��<@�R0	
 P
�I�
 Ì@ �� , :X�)%	

  K�1 -l-�c (� :t�� ¸J��A ���

  K�#�!�� �� ©�n� �� � _t0% )�/ :Qb94j�� �� �JXU 4�!%J� ���
  K-l--- --- ./� :�&7$�� ���AJ��� �#�

  K�� -l--- -* :RJ�[���A �"�
 :C�%	
 r��& ��*l Il ~0l
 :���R	


  K��9 )−�- # �l) :3�;s!� �9| wa�$� �·,' ��& ���
 K�� �.−�- # �l- :2cH ����A �� @�#j�[� �[�

  K��X� c−�- :��X� JXX ��$�
 @�J`�A �$j�� �rk b�9� K���h� �� Z -l--- 2 y��$�� eJ�A ���&$�� ��;L�� ±j!� ��#�  :X�)%	
  ����

K��#!j��

 P z9\%� G% �	D,E t.	C� � 0�* -nBA� .��E G%
��AL�

�%&�0�
�~�� -�Mh P [\M� 	��*< ��� UX2E ¡#	2

��FT01
� ;�&��d
QU���
 �)0� �K �

 C�%	
�@|%	
 �G�3	
��
 X
�/01�&
�$$�$$�$��$

�$�$�$��$
 ���$$�$

   �
�$

$���−�$

 �
�$$

$�$��−�$

 �
� $$$

$�$$��−�$

  �
�$ $$$

$�$$$��−�$

 �
�$$ $$$

$�$$$$��−�$
Q�$ �6 -K�9 W^	
 C�%	
 �*'K ¡.��  �

Q��� Il 
 wG�'@ ���
� �	rZ� �@|%	
 �)��h	
 ¢�A0.  �
Q��� Il ��
� ÐRZ@ ��
  �

 �@|%	
 �)��h	�9 �w<	�1 ��
 b�l 
�d :�)*0§ �&��d   �
Q�w<��� ��
 b�l 
�d �wZ�*@ ¢�A0.� Q
 wG�'@ ¢�A0.

5�)%0	
 − �
5)%. 

�)@�& �)!�f
 ��	�� 	^� 6	@2� m@* �, �"�oE «�+ �

��"�/�� -��A�	+ .��� O� &� �?C� ���% �
� ��� ��� ���

:W�F6 �'Tl -<0l
  
$�$$$$$$$$� = �

� $$$ $$$ $$$  
Q=�*�	
 N	d ;trZ� [ �@�F%	
 �)��h	
 ¢ V��  

Q[− �_ ��
 
 w�d  
Q�� [−�$ × ��$ = �� �

� $$$ $$$ $$$  



��

��"�/�� -��A�	+ 6�"/�� &% ()* �� `��  �
 :�4 M;)
% � �c���� �/�	L� ¤�q �=��� �@D� eC��  

��−�� × �¾� = �¾������ = &"�"�
 �jR &% V�E &%  0()* 	0Cc�W� �X@R �F� �M# Á/Cc    �

��"�/�� -��A�< �%	ª
� �D��	+ .��� O� `��
$�$$� = �

�$$$ :S��YZ	
 ITF	�&
�−�$ × � :��*)%	
 �G�3	�&

 &% ()* � _�q =<�
� «�U �"9)* t�I Á/Cc    �
 P .��� O� t	�.� �9�I -�� ��3 �j�"//% 6�"/R

��C�	U ��d
$�$$$$$� =  � $$$ $$$ ÷  � IpCf �f�

$�$$$$$� = +−  #   yx     �$ #  � IpCf ���
E  �f EE  ���@ �<1�+
 ;t° i%& , ����

 +−   # EE  � IpCf
#−� SM%@

�I� bf P���� ;�&��d
#−�$ × � �f�  �

�−�$ × � ���  
[−�$ × ��$ ,$�$$$$$$$$� �f�  �

 �$$$$$$ ÷ � ���  
 +−  # �  �$ #  �  �f  

5��R0	
� ~@G�0	
 − �
 k*e9 =� L8R�

 ]��	U 	�/� P e2F µq\� 6F G"M�@� t<E &c���� P
 �/�	L� 	^���� ��� t�	
R .�� e@L2 �� -¨�� �F
 �c¨�� �/�	L� ¤�>�� -nCD� .��E G% ��c¨��

 ¤�>�� -nBA� .��E G% `*�% �E< �	@"� _4
�`�	� �E< ]�"� _4 �c¨�� �/�	L�

:C�%	
 r��& ��.}
 �<1�+
 �	}
 ;
2
�K Il ~0l

    c − E cl)2 ����
 ( − E /l--/ ����
       � − E )l� ����
    / − E )l�− ����

 3�g 3�;6U 3�PJL�4j�� Z �MJ#¢ ��9'& Y9' Jk �r��& eJ[�� �� �JX /�-× 2l� $%J� :X�)%	
 ��#�
 0��A ���$j�� ��rk �M HYM K�1 )−�- × cl.�) ¯T �·�L�� eJ[�� @;6 EJI �`� K _MJ4P Q�%�' ½����

K�$j��

 K��A%T �¶x K¨&� �9 �� Y9n� �$j�� �B� ,w4kr�� �[�� R�$S�1A :WC�%	
 �+
 ��"�
 )−�- × /l/  R' )�- × /l/ �f�

 2−�- × �lc�  R' 2−�- × �lc ���
 )−�- × �l�  R' )−�- × �l�− ����

 (−�- × �l(  R' *−�- × cl( �C�
K�L1�� ��D� ¯T �J�!�� �� � _t0% )2 EB�= �hn� �M ±����I $%&' ����

  Kw�O4�� ����A �-−�- × 2l�. b�9� ��[�

 :Jk �� ��x $6�& �� Y9n� �$j��  BG�<0pM	 >�HA0	
  ��$�
-lcccc � C �  �l----* ����  )lc− ���  -l2�. �f�

�k*e9 =� LR�� ;�&��d
 � W��'. �f =� �lf �R)M�
 �e0*�K C
�6f X�/0'.   �

Q�w<	�1 � �1f X�/01
 =T	� ,�$ =� ���f�
 ,�|%	 �<��� ��R& W|%	
 ·T	
 v&µ 
�d -��   �

 ��R& v&µ 
�d ��f Q�*�	
 �d �@|%	
 �)��h	
 ¢��
 �*'R	�9 QG�'�	
 �d �@|%	
 �)��h	
 ¢�� ,�<	�1

 �<	�1 ��R& �É	
 �e'h� S_ �|%	 �<��� ��R&
Q�|%	

 =� ���f -ZT	� �  �R)M�
 �*�R)	 I��6 P�f   �
 �f s� �|6 ��K =� C�6 �_ �p}
 I��%	
�,�$

Q~	�1



�[

( )   

Q�G�� F'&f , ¡.�Z	
 ���f
 �Q-l�U

.Q-l�U  ���  )( )� ) # 2( )� ) ���

 �−. # �-.
2.  ���   (� + ))) # )( �2 ) ���

 2−Q/−U
2−/−  �#�    2) # Q2−U # Q2−U.  ���

 )−�
2−�-  ���   /−�- # �l.�.  �"�

:��*)%	
 �G�3	�& C�6 Il ~0l

K�#[X c2. --- ¯�J6 ±���J��� ±4I�J�� �$M �9 )--/ RM Z �[�

 K�I -l--- -)( 2� �&[P �% )(l2� ��$�

:��1��R	
 �G�3	�& �<1�+
 �	}
 �6 ��	�0	
 ;
2
�R	
 ~0l

    �/ E 2l(− ����      ( − E /l)� ����

 �- − E .l)� ����
  : ��$M`P ������ ��$Mn� bHP� ����

��- # /l)2     ,     2( ---      ,     −�- # cl2*     ,     �- # /l)2

  

{��  ���x wj�LI �$M a% : a%} =  fX9 �gT ���
{* , � , 2} =  , {c , �} = 

:�� ��9 $%&Nx
?56�P �g� K    ,    ,    ,    ,  , 

:��	�0	
 ;tC�%�
 I�
     2− = |e2 − 2| ���     � = |* − e�| ���

Q�G�� F'&f , ¡.�Z	
 ���f
     Q 2�/ + )*  + �* U # *2  ���      |Q� − �U + )−|

2) # .−)  ���

 K�² }PX @�J, �M / b�9� �#�
 K��1n� @�J`�A * # * # * # * b�9� �"�

 K �� �#�h $%&' ���
 K Q2−U �#�h $%&' �[�

 K��#!j�� @�J`�A  _+�' �J[«& �ª���� b�9� ��$�
 K��#!j�� @�J`�A z7| @;M �� ±4�� b�9� ����

 K�$j�� 0��A -�- # *l)� b�9� ����
 K�$j�� 0��A �- # 2l*( b�9� ����

 K��#!j�� @�J`�A ** .-- --- b�9� ����
 K��#!j�� @�J`�A -l--- -/2 b�9� ����

 �M �YM K�#�!�� �� �J�!�� �� t�0%' c _L���P Q@$6�J�� ��!\� &g ¬&n� ��J���U L��n� �Mh EJI �!L� ��#�
 K��#!j�� @�J`�A ��g

K��#!j�� @�J`�A �$j�� �rk b�9� KRJ� �9 �4B[�� ~�A4��� $6' t� �� ��� 2 .-- --- �x$�� ��"�

s@¦ G�<0p

:�"�/�� -��A� P º	�� `��
�−�$ × ��$   ����  �
�−�$ × ��$  $�$�  �
�−�$ × ��$   �� ���   �
�−�$ × ��$  $�$$�  �
�−�$ × ��$   ��� ���   �

(9-1) pπFÉ°ùªdG uπëd oó°TôªdG

QkD0&��d o� V'9 Q B����
 N	d B�<l�
 =� B��.}
 BC
�6�
 =� �Ml ~V.G
)−�- × )l.−  /−�- × �l(c  )−�- × )l)/  2−�- × �l)/

o5e9

 KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK ? Hw�O4�� m����� wx &' m���#!j�� m@�J`�� wx {�AJ��� 	��$Mn� yrk �k  �
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

oFVMp
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK  ?7 R' _L�1 m���#!j�� m@�J`�� wx 	�J��#�� 	�$j�� q�9 �gT � 	$�$sP �	4m�#	� ©�9  �
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK ? 	�L9' ���$j�� �� µ�' K2−�- ,/− �- q��A �� m�h  �
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK  ?�- a� < _Jh q��A q� m��	�� Hen� 	R�$S�1� �	4m�#	� ©�9  �
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK  ? 	�L9' ���$j�� �� µ�' )−�- × )l.& )−�- × �l. q��A �� m�h  �
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

 ?���$j�� q��A 	�X��#�� �	4m�#	� ©��x , _�L�1 �f q[�� <�Bn� 	���Jj��& ���$j�� wx _��&[�� 	¡1n� 	�J�P �$4M  #
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

qI >�
 KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK  K q��$Mn� qbHP�	�� . ,/ ,) m�J4L!� � q#>x �R m$S�1�  "
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

oL qRA.
 KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK ?<�B' p����I mR�$S�1A m�A%=� o!M 	EJ`s�� �	4m�#	� ©�9  �
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

��pf w�	E'� qI >�
K�q�A%T �� H[x K m�L9n� o�T m�·,n� �� q��$Mn� mbHP�  [

/−�- × )l(−  )−�- × �l)  /−�- × )l�−  2−�- × �lc
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

OI�
BIn�'*	


o5e9

oFVMp

qI >�
oLqRA.

47



�$

�In�'�
 I+ ����
� ;�&��d
Q��*)%	
 �G�3	
 ,   �

 I��%	
� ��$ ��K =� C�%	
� �w<��� ��1�
 b�l 
�d    �
Q�w<	�1 b�T@ C�%	
 b�9 ,�w<	�1 �p}


�−�$ ,�−�$ < �−�$   �
 �lf �f -	 W^	
 C�%	
 b�9 ,�w<��� ��1�
 b�l 
�d    �

Q�l�
 C�%	
 �_ b�T@
 �−�$ × ��# , �−�$ × ��# > �−�$ × ��#  �
Q�l�
 C�%	
 �_ b�T@ �lf -)��6 W^	
 C�%	
   #

 ,�−�$ × ���[ ,�−�$ × ���� ,�−�$ × ����    "
Q�−�$ × ��#−

Q��G�R�
 I<K S��YZ	
 ITF	
 �d C
�6�
 Il ���   �
 ,�−�$ × ��[ ,�−�$ × ��� − ,�−�$ × ���−   [

�−�$ × ���
�SRMZ�
 �Th0	
� In�'�
 I�� ;�&��d

 C�%	
 b� ��*)%	
 �G�3	�& �w&�0T� ��	 :I�
�0	
    �
Q�$ =� �lf �@|%	
 �)��h	
 G�'@ �d ÌT	


:��`�.
�1d �p
   �
Q$�$���� �& �lf b�'�4
 ��%�  

Q$�$���� = $�$$"#� − $�$�  
 bG�Kf 5u ���
� �G�� �6 =@C�%	
 ~0lf :� 8)`�
    �

$�$$$�� < $�$$$�# �eZ�&

OSRMZ*	
 >��Th0	
� BIn�'*	
 OI�
K m���#!j�� m@�J`�� wx {�J��� �−�- × /�l�/� q�$j�� ��T {$>x qEh : >I�
�0	
   �

K�q�A%T �� H[x ?7 &' q�'��� � 	�mx�J	P �k  
 KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

 KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

 KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

K�1 )−�- × ) Jk m�[X=� m@�j? 	�#1 : w�8�`�.
�01d o�0p
  �
?#>��#1 q��A 	W�+�� �& ? 	�L9' � 	�#1 #>��' K_L���P �1 2−�- × *l.) m�h�J�� 	�#1&  

K�m�A%T o!M qf�!`6 ©�9 �G HI&  
 KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

 KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

 KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

K/−�- × �l� R' -l---�. 	�L9' #>��' 	� H$s	�1 ©�9 �G HI& : >� 8)`*	
  �
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

BIn�'�
 VI� >;�8�`�.
�1d
K mF#4�� �M ��sA� •

K _�#ªh ��HOX •
K _7&$% �� HJ9 •

K �� ��sP& �� H#B •

K p���[�M p����MA ��#M� •
K �w�M4#�� q���+��� mR m$S�1� •

K��X�A _���#P ��1�� •
K qF[A' _��N[� �� 	6 •

48

≈dhC’G pIóMnƒdG o QÉÑàNG

 ,  ,  ,   _� m$S�[� �� m#9'& q�mA�#�� q����� mR m$S�1� �
 …  Q'U

 …  ���
 … c ����
 … / � C �

�/ �� m�·,n� m� ����+�� m���j�LM�� m��$Mn� q�MJ#�� ,  	�!���� 	�MJ#�#�� m���� �
{* ,� ,2 ,� } =  {�2 ,* ,�} = 

K  −  ,  −  Q'U : �$ m%&'
 ,  Q�U

 −  Qa%U
K_NMB R'  �s, w!�  �#� µ�9 q�9 �gT � �� H$6 �

.− > �. F  − > *− ���  * > 2( F > . Q'U
-l) > -l-2 F > -l� �C�  2l/ > �-l)� F > 2l2 ����

K �wL[X q��� R' ��L[X � _�$M w!�  �#� �wj�A�P p�r% ��9 q�9 �gT � �� H$6  �
�)cl. F �C�   .l)� F ����   ( F ���   2.-- F − �f�

Km��$Mn� HFB o!M q������ m3���+�� m�H�� �
KQ)− ,�−U ����  Q* ,2U ���    Q2 ,�−� �f�
) = � + |3| ���  �- = � + |e| 2 �f� : q���j#�� �� 	6 #

Km��$Mn� HFB o!M >m!��#�A �m�A%T �� �� ��sP ��� / = |) − �| q���j#�� �� 	6 "
?F�x � _$6�& ��6 � = |h − e| m���j#!� q�J�� o�6 � ,h q��h �� H$6 �

"

[
�

�
�

;

¢

49



��

   

( )  
   �d S*0Z@  =� 7¤Z6 OIl Db�l 
�d  =� ��8�nr� ��6�*� S_  >b�T.  ,  �06�*� W� Q ��8�nr� ��6�*� 

K     >~D0T>.�
Q��p�
 =� w�8�nr� w�6�*`� �*eZ� £Il ovD��l 
�d b�06�*`� ���'0. Qb�0@��'0� b�06�*`*	
 

Q 7�6�*`� VWf =� ��8�nr� ��6�*`� S_  >��	�/	
 >�6�*`*	
 
Q  N	d S*0Z. t�  N	d S*0Z. S0	
 B���Z%	
 >�6�*`� S_   −  : Bm�h	
 >�6�*`� 

Q  B�6�*`*	
 N	d S*0Z. t� B�)��F	
 B�6�*`*	
 N	d S*0Z. S0	
 B���Z%	
 >�6�*`� S_  B�6�*`*)	 >�* V*0*	
 >�6�*`*	
 

( )  
 � F − �~	�1 >�p}
�  � F � £S1�1f� �~ D��� �*_ >��f b�8�%�&�. b
G^� � 7~ D��� 7C�6 VIT	 

Q h� B�G�3	
 N)6 �e>0&�0l >=BT*>@ t S0	
 >C
�6�
 S_ B�8�<'Z	
 >��z >C
�6�
 

Q$ ≠ � , ��< D��� �C
�6f � ,h ?��� ,   F
� F = �  � � F ×   F = � ×  F : B�8�%�&�0	
 BG�^`	
 O²
�p 

QBC
�6�
 VFp N)6 �*_ D��f �f =@C�%	
 DI*F. bf >=T*@� =@C�6 D=�& B�%K
�	
 B�8�R�RA	
 BC
�6�
 qIl >I*F. : >��0h	
 
Q B�h3	
� BC�%	
 
^_ D=�& BC
�6�
 VFp N)6 >�9�'*	
 S_ �SR�R� 7C�%	 >�RD)M*	
 >�*�R	
 

Q$ ≠ � ,b�< D��� b�A�A� b
C�6 � ,h ?�� � − � = �
�� , � + � = �� × � : B�1�
 >=��
�K 

Q� W��'>. �f =� >�<lf� �$ =� >���f >�RD)M*	
 ->0*�K 7C�6 S9 7�&��H� �$ BC�%)	 � w�Rl >C�%	
 >~D0T>@ : >�8�*)%	
 >�G�3	
 

>;�6�*`*	


>�8�nr`	
>�)��F	


>�6�*`�
Bm�h	
 

>�6�*`*	

>�* V*0*	
 

N)6 >;�8�)*%	

B�8�R�RA	
 BC
�6�


>�8�R�RA	
 >C
�6�


�e O�
�p

OS%�&�0	
 >G^`	

B�8�<'Z	
 >��z >C
�6�
�>�8�<'Z	
 >C
�6�


�~�.�.� ���G�R�

>�1�


>�<	�'	
>�< D��*	


5151

≈dhC’G pIóMnƒdG o QÉÑàNG

KQ�U ,QEU y�$jA p��M�[� qF�s� wMj	P � ) + E ) = R 	���j#�� [
? m�BD� m$jL�� m���= > 	�$S�[P wPN�  �#� p� ���$M p�!#% ��Nx ,�1 /l�. ��$jL�� 	$6'& �1 �/l/( 	F�s#�� q�9 �gT

) ÷ /l�. × ) − �/l/( ���  /l�. × ) + �/l/( × ) QfU
) ÷ Q�/l/( − /l�. × )U �C�  ) ÷ Q/l�. × ) − �/l/(U ����

 o!M �J�s� � m�� �� p��� m©`4A 	�L9n� �JB' q� ��LP K m��X��� wx mt��#s�� m3������ �� .�- × ) o��J6 m�[X=� 	�[% 	}m�4 	�   �$
K mt��#s�� m3������ �� �)�- × )l/

?>A q� ��LP w��� qt��#s�� m3������ 	�[��� q® HJj	�� 	R���� wX�J��� 	�$M � �f�
K pR ��' o�T wX�J��� �� q�A%=� mE HJ6 ���

? m���#!j�� m@�J`�A p�J��� 	��� m��PD� m��$Mn� �� µ�'  ��
)−�- × �)− ���  )2−�- × )l--/ ���  /�- × ��l)/ ���

KQ2U& Q)U& Q�U �C�   Q)U ����   Q2U& Q�U ���  Q)U& Q�U �f�
K m���#!j�� m@�J`�A �b�9� ��

-l-----/.c ���  * -/) --- --- �f�
K q}P4�� m$ m%&' ��

) ÷ Q(−�- × (U ����  * ÷ Q��- × )�U ���  Q2−�- × *U × ( �f�
: �F H[A ��

 (�- × )*
2�- × -lc ���   ��- × *�- 

)−�-  �f�

50

���
 ����	
 G�<0p
 ;�&��d
" �C�   " ����  ⊇  ���  ⊇ �f�  �

{� ,�} ,{��} �f�  �
{�� ,�� ,[} ,{�� ,[ ,� ,�} ���  

{�� ,[ ," ,� ,� ,�} ����  
 EMp ���  �� �f�   �

�� �C�  EMp ����
  S<'� �z ���  S<'� �f�   �

S<'� �z �C�  S<'� ����
�f�  �

���  
����  

�È I� t ���    � �f �− �f�  #

�− �f #  "
$ = � ,SR�R� C�6 Wf h  �

����  [
� w��@ �� �
�� ���  ����u � �$$ $$$ �f�  �$

���  ��
#−�$ × ��#[ ���  [�$ × "�$�� �f�  ��

 ��$ × � ���  �−�$ × �# �f�  ��
�−�$ × � ����

#�$ × � ���  ���$ �f�  ��

�−  �   �

�−  �−  
�  �

�− �−  �    �    �   �   �    �   �     �
��


