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Preface

This manual contains solutions/answers to all exercises in the text Precalculus: 
Functions and Graphs, Thirteenth Edition, by Earl W. Swokowski and Jeffery A. Cole.  A 

Student's Solutions Manual is also available; it contains solutions for the odd-numbered exercises 

in each section and for the Discussion Exercises, as well as solutions for all the exercises in the 

Review Sections and for the Chapter Tests.

For most problems, a reasonably detailed solution is included.  It is my hope that by 

merely browsing through the solutions, professors will save time in determining appropriate 

assignments for their particular class.

I appreciate feedback concerning errors, solution correctness or style, and manual style—

comments from professors using previous editions have greatly strengthened the ancillary package 

as well as the text.  Any comments may be sent directly to me at jeff-cole@comcast.net.

I would like to thank: Marv Riedesel and Mary Johnson for accuracy checking of the 

new exercises; Andrew Bulman-Fleming, for manuscript preparation; Brian Morris and the late 

George Morris, of Scientific Illustrators, for creating the mathematically precise art package; and 

Laura Gallus, of Cengage Learning, for checking the manuscript.  I dedicate this manual to Carly, 

Eli, and Mason, my grandchildren.

Jeffery A. Cole

© 2019 Cengage Learning.  All Rights Reserved.
May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Table of Contents

© 2019 Cengage Learning.  All Rights Reserved.
May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

1 Topics from Algebra.............................................................................................................................. 1
1.1 Real Numbers • .................................................................................................................. 1
1.2 Exponents and Radicals • ...................................................................................................5
1.3 Algebraic Expressions ................................................................................................... 1 • 0
1.4 Equations ................................................................................................................ • ....... 19
1.5 Complex Numbers .........................................................................................................3 • 0
1.6 Inequalities ............................................................................................................. • ....... 34

Chapter 1 Review Exercises • .......................................................................................... 42
Chapter 1 Discussion Exercises .................................................................................... • 48
Chapter 1 Test ............................................................................................................... • 51

2 Functions and Graphs..........................................................................................................................55
2.1 Rectangular Coordinate Systems ................................................................................... • 55
2.2 Graphs of Equations ...................................................................................................... • 60
2.3 Lines .................................................................................................................... • .......... 73
2.4 Definition of Function ................................................................................................... • 82
2.5 Graphs of Functions ...................................................................................................... • 93
2.6 Quadratic Functions ..................................................................................................... • 109
2.7 Operations on Functions .............................................................................................. • 118

Chapter 2 Review Exercises • ........................................................................................ 130
Chapter 2 Discussion Exercises .................................................................................. • 143
Chapter 2 Test ............................................................................................................. • 146

3 Polynomial and Rational Functions..................................................................................................149
3.1 Polynomial Functions of Degree Greater Than 2 ........................................................ • 149
?3.2 Properties of Division .................................................................................................. • 162
3.3 Zeros of Polynomials ................................................................................................... • 168
3.4 Complex and Rational Zeros of Polynomials .............................................................. • 175
3.5 Rational Functions ....................................................................................................... • 183
3.6 Variation ................................................................................................................ • ...... 200

Chapter 3 Review Exercises • ........................................................................................ 204
Chapter 3 Discussion Exercises .................................................................................. • 210
Chapter 3 Test ............................................................................................................. • 213

4 Inverse, Exponential, and Logarithmic Functions.......................................................................... 215
4.1 Inverse Functions ........................................................................................................ • .215
4.2 Exponential Functions ................................................................................................. • 222
4.3 The Natural Exponential Function .............................................................................. • 236
4.4 Logarithmic Functions ................................................................................................. • 244
4.5 Properties of Logarithms ............................................................................................. • 253
4.6 Exponential and Logarithmic Equations ..................................................................... • 261

Chapter 4 Review Exercises • ........................................................................................ 271
Chapter 4 Discussion Exercises .................................................................................. • 279
Chapter 4 Test ............................................................................................................. • 282



v

© 2019 Cengage Learning.  All Rights Reserved.
May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

5 The Trigonometric Functions............................................................................................................285
5.1 Angles ................................................................................................................... • .......285
5.2 Trigonometric Functions of Angles ............................................................................. • 289
5.3 Trigonometric Functions of Real Numbers ................................................................. • 297
5.4 Values of the Trigonometric Functions ....................................................................... • 307
5.5 Trigonometric Graphs .................................................................................................. • 312
5.6 Additional Trigonometric Graphs ............................................................................... • 329
5.7 Applied Problems ........................................................................................................ • 342

Chapter 5 Review Exercises • ........................................................................................ 348
Chapter 5 Discussion Exercises .................................................................................. • 358
Chapter 5 Test ............................................................................................................. • 360

6 Analytic Trigonometry.......................................................................................................................363
6.1 Verifying Trigonometric Identities .............................................................................. • 363
6.2 Trigonometric Equations ............................................................................................. • 369
6.3 The Addition and Subtraction Formulas ...................................................................... • 378
6.4 Multiple-Angle Formulas ............................................................................................ • 386
6.5 Product-to-Sum and Sum-to-Product Formulas .......................................................... • 394
6.6 The Inverse Trigonometric Functions ......................................................................... • 397

Chapter 6 Review Exercises • ........................................................................................ 409
Chapter 6 Discussion Exercises .................................................................................. • 416
Chapter 6 Test ............................................................................................................. • 418

7 Applications of Trigonometry........................................................................................................... 421
7.1 The Law of Sines ......................................................................................................... • 421
7.2 The Law of Cosines ..................................................................................................... • 425
7.3 Vectors .................................................................................................................. • .......431
7.4 The Dot Product .......................................................................................................... • 439
7.5 Trigonometric Form for Complex Numbers ................................................................ • 443
7.6 De Moivre's Theorem and th Roots of Complex Numbers .......................................8  • 448

Chapter 7 Review Exercises • ........................................................................................ 451
Chapter 7 Discussion Exercises .................................................................................. • 457
Chapter 7 Test ............................................................................................................. • 459

8 Systems of Equations and Inequalities............................................................................................. 461
8.1 Systems of Equations ................................................................................................... • 461
8.2 Systems of Linear Equations in Two Variables ........................................................... • 471
8.3 Systems of Inequalities ................................................................................................ • 477
8.4 Linear Programming .................................................................................................... • 487
8.5 Systems of Linear Equations in More Than Two Variables ........................................ • 494
8.6 The Algebra of Matrices .............................................................................................. • 504
8.7 The Inverse of a Matrix ............................................................................................... • 509
8.8 Determinants ............................................................................................................. • ...514
8.9 Properties of Determinants .......................................................................................... • 519
8.10 Partial Fractions ....................................................................................................... • ....524

Chapter 8 Review Exercises • ........................................................................................ 530
Chapter 8 Discussion Exercises .................................................................................. • 539
Chapter 8 Test ............................................................................................................. • 541



vi

© 2019 Cengage Learning.  All Rights Reserved.
May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

9 Sequences, Series, and Probability....................................................................................................547
9.1 Infinite Sequences and Summation Notation ............................................................... • 547
9.2 Arithmetic Sequences .................................................................................................. • 556
9.3 Geometric Sequences .................................................................................................. • 562
9.4 Mathematical Induction ............................................................................................... • 568
9.5 The Binomial Theorem ................................................................................................ • 577
9.6 Permutations ............................................................................................................. • ... 582
9.7 Distinguishable Permutations and Combinations ........................................................ • 586
9.8 Probability .............................................................................................................. • ..... 590

Chapter 9 Review Exercises • ........................................................................................ 598
Chapter 9 Discussion Exercises .................................................................................. • 605
Chapter 9 Test ............................................................................................................. • 609

10 Topics from Analytic Geometry........................................................................................................613
10.1 Parabolas ............................................................................................................... • .......613
10.2 Ellipses ................................................................................................................ • ........ 620
10.3 Hyperbolas .............................................................................................................. • .....630
10.4 Plane Curves and Parametric Equations ...................................................................... • 641
10.5 Polar Coordinates ....................................................................................................... • . 655
10.6 Polar Equations of Conics ........................................................................................... • 673

Chapter 10 Review Exercises • ...................................................................................... 679
Chapter 10 Discussion Exercises ................................................................................ • 689
Chapter 10 Test ........................................................................................................... • 691

11 Limits of Functions.............................................................................................................................695
11.1 Introduction to Limits .................................................................................................. • 695
11.2 Definition of Limit ..................................................................................................... • ..703
11.3 Techniques for Finding Limits .................................................................................... • 711
11.4 Limits Involving Infinity ............................................................................................. • 718

Chapter 11 Review Exercises • ...................................................................................... 726
Chapter 11 Discussion Exercises ................................................................................ • 730
Chapter 11 Test ........................................................................................................... • 732



To the Instructor

vii© 2019 Cengage Learning.  All Rights Reserved.
May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

In the chapter review sections, the solutions are abbreviated since more detailed solutions

were given in chapter sections.  In easier groups of exercises, representative solutions are shown.

When appropriate, only the answer is listed.

All figures have been plotted using computer software, offering a high degree of

precision.  The calculator graphs are from various TI screens.  When possible, we tried to make

each piece of art with the same scale to show a realistic and consistent graph.

This manual was prepared using : .ê The Scientific Word Processor

The following notations are used in the manual.

Note: Notes to the instructor/student pertaining to hints on instruction or conventions to follow.

{ } { comments to the reader are in braces }

LS { Left Side of an equation }

RS { Right Side of an equation }

Ê { implies, next equation, logically follows }

Í { if and only if, is equivalent to }

ì { bullet, used to separate problem statement from solution or explanation }

æ { used to identify the answer to the problem }

§ {  references }section

a aB B{ Example:  means “for all ” }

‘ + +{ } { The set of all real numbers except . }

.. { therefore }.

QI–QIV { quadrants I, II, III, IV }



 



1© 2019 Cengage Learning.  All Rights Reserved.
May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Chapter 1: Fundamental Concepts of Algebra

1.1 Exercises

1  Since  and  have opposite signs, the product  is negative.(a) B C BC

(b) Since  and , the product  is positive.B  ! C  ! B C# #

(c) Since  {  is negative} and  {  is positive}, the quotient  is negative.B  ! B C  ! C
B

C

Thus,  is the sum of two negatives, which is negative.
B

C
 B

(d) Since  and , .C  ! B  ! C  B  !

2  Since  and  have opposite signs, the quotient  is negative.(a) B C
B

C

(b) Since  and , the product  is negative.B  ! C  ! BC# #

(c) (d)Since  and , . Since  and , .B  C  ! BC  !  ! C  ! C  B  ! C C  B  !
B  C

BC
 

3  Since  is to the left of  on a coordinate line, .(a) ( % (  %

(b) Using a calculator, we see that .  Hence, .1 1
# #¸ "Þ&(  "Þ&

(c)  ##& œ "& ##& Á „"&   Note:

4  Since  is to the right of  on a coordinate line, .(a) $ ' $  '

(b) Using a calculator, we see that .  Hence, .1 1
% %¸ !Þ(*  !Þ)

(c)  #)* œ "( #)* Á „"(   Note:

5  Since , . Since , .(a) (b)" " # #
"" "" $ $œ !Þ!* œ !Þ!*!*á  !Þ!* œ !Þ' œ !Þ''''á  !Þ'''

(c) Since  and , .## ##
( (œ $Þ"%#)&( ¸ $Þ"%"&*$ 1 1

6  Since . , . Since , .(a) (b)" " & &
( ( ' 'œ ! "%#)&(  !Þ"%$ œ !Þ)$ œ !Þ)$$$á  !Þ)$$

(c) Since , . # ¸ "Þ%"% #  "Þ%

7  “  is negative” is equivalent to .  We symbolize this by writing “  is negative    .”(a) B B  ! B Í B  !

(b) (c) is nonnegative     is less than or equal to     C Í C   ! ; Í ; Ÿ1 1

(d) (e) is between  and      is not less than     . % # Í #  .  % > & Í >   &

(f) The negative of  is not greater than     D $ Í D Ÿ $

(g) (h)The quotient of  and  is at most   The reciprocal of  is at least   : ; ( Í Ÿ ( A * Í *
: "

; A

(i) The absolute value of  is greater than     B ( Í B  ( 
Note: An informal definition of absolute value that may be helpful is

    something
itself itself

itself itself
œ


if  is positive or zero
if  is negative
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8   is positive     is nonpositive    (a) (b), Í ,  ! = Í = Ÿ !

(c)  is greater than or equal to     A % Í A   %

(d) (e) is between  and      is not greater than     - Í  -  : # Í : Ÿ #" " " "
& $ & $

(f) The negative of  is not less than     7 # Í 7   #

(g) (h)The quotient of  and  is at least     The reciprocal of  is at most     < = Í 0 "% Í Ÿ "%" < " "
& = & 0

(i) The absolute value of  is less than     B % Í B  % 
9   {since }(a)      $  % œ ( œ  ( (  ! œ (

(b) (c)            &  # œ  &  # œ &  # œ $ (  % œ (   % œ (  % œ ""

10   { since }(a)      ""  " œ "! œ  "! "!  ! œ "!

(b) (c)              '  $ œ '   $ œ '  $ œ $ )  * œ )   * œ )  * œ "(

11   (a)             & $  ' œ & $ œ &  $ œ & $ œ "&

(b) (c)               ' Î # œ  ' Î # œ 'Î # œ $ (  % œ  (  % œ (  % œ ""

12   (a)             % '  ( œ % " œ %  " œ % " œ %

(b) (c)&Î # œ &Î  # œ &Î# "  * œ  "   * œ "  * œ "!              
13  Since  is positive, .(a)    %  %  œ % 1 1 1

(b) Since  is negative, .     1 1 1 1 %  % œ   % œ % 

(c) Since  is negative, .        #  "Þ& #  "Þ& œ  #  "Þ& œ "Þ&  #

14  Since  is positive, .(a)      $  "Þ( $  "Þ( œ $  "Þ(

(b) Since  is negative, .        "Þ(  $ "Þ(  $ œ  "Þ(  $ œ $  "Þ(

(c)        " " $ & # # #
& $ "& "& "& "& "& œ  œ  œ   œ

15   (a) (b). EßF œ (  $ œ % œ % . FßG œ &  ( œ "# œ "#           
(c) (d). GßF œ . FßG œ "# . EßG œ &  $ œ ) œ )         

16   (a) (b). EßF œ #  ' œ % œ % . FßG œ %  # œ ' œ '              
(c) (d). GßF œ . FßG œ ' . EßG œ %  ' œ "! œ "!          

17   (a) (b). EßF œ "  * œ "! œ "! . FßG œ "!  " œ * œ *            
(c) (d). GßF œ . FßG œ * . EßG œ "!  * œ "* œ "*          

18   (a) (b). EßF œ %  ) œ "# œ "# . FßG œ "  % œ $ œ $            
(c) (d). GßF œ . FßG œ $ . EßG œ "  ) œ * œ *         

Note: Because , the answers to Exercises 19–24 could have a different form.  For example,  is     + œ + $  B   )

equivalent to . B  $   )

19   and , so .  Thus, “  is less than ” can be written as .E œ B F œ ( . EßF œ (  B . EßF # (  B  #       
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20        . EßF œ  #  B Ê  #  B  "      
21 22               . EßF œ $  B Ê $  B   ) . EßF œ %  B Ê %  B Ÿ &           
23 24               . EßF œ B  % Ê B  % Ÿ $ . EßF œ B  # œ B  # Ê B  #   %              
Note: In Exercises 25–32, you may want to substitute a permissible value for the variable to first test if the expression

inside the absolute value symbol is positive or negative.

25  Pick an arbitrary value for  that is less than , say .B $ &

Since  is negative, we conclude that if , then  is negative.$  & œ # B  $ $  B 
Hence, .   $  B œ  $  B œ B  $

26  If , then , and .B  & &  B  ! &  B œ  &  B œ B  &   
27  If , then , and .B  # #  B  ! #  B œ #  B 
28  If , then , and .B   ( (  B   ! (  B œ (  B 
29  If , then , and .+  , +  ,  ! +  , œ  +  , œ ,  +   
30  If , then , and .+  , +  ,  ! +  , œ +  , 
31  Since  for every , .B  %  ! B B  % œ B  %# # # 
32  Since  for every , .B  "  ! B B  " œ  B  " œ B  "# # # #   
33  LS RS (which is ).œ œ  œ ,  - Á ,  +-

+,  +- +, +-

+ + +

34  LS RS.œ œ  œ ,  - œ
+,  +- +, +-

+ + +

35  LS RS.œ œ  œ
,  - , -

+ + +

36  LS RS which is .œ œ  Á 
+  - + - + -

,  . ,  . ,  . , .
 

37  LS .  RS .  LS RSœ + ƒ , ƒ - œ † œ œ + ƒ , ƒ - œ + ƒ œ + † œ Á
+ " + , - +-

, - ,- - , ,
   

38  LS .  RS .  LS RSœ +  ,  - œ +  ,  - œ +  ,  - œ +  ,  - Á   
39  LS RS.œ œ œ " œ

+  ,  ,  +

,  + ,  +

 
40  LS RS (which is ).œ  +  , œ +  , Á +  , 
41  On the TI-83/4 Plus, the absolute value function is choice 1 under MATH, NUM.(a)

Enter abs(3.2^2- ( . )).  .  % #( $Þ#  % #( ¸ )Þ"($'#

(b)    "&Þ'  "Þ&  %Þ$  &Þ% ¸ "%Þ"%#)# #

42    (a) (b)
$Þ%#  "Þ#*

&Þ)$  #Þ'%
¸ !Þ#&"& ¸ $"Þ!!'$1$
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43   (a)
"Þ# ‚ "!

$Þ" ‚ "!  "Þ&# ‚ "!
¸ !Þ'&&( œ 'Þ&&( ‚ "!

$

# $
"

Note: For the TI-83/4 Plus, use 1.2E3 (3.1E2 1.52E3), where E is obtained by pressing nd EE .Î  #

(b)   "Þ#$ ‚ "!  %Þ& ‚ "! ¸ '(Þ!) œ 'Þ(!) ‚ "!% "$

44   (a)  $Þ%&  "Þ# ‚ "!  "! ¸ $$%Þ( œ $Þ$%( ‚ "!% & #

(b) , ,   "Þ(* ‚ "! ‚ *Þ)% ‚ "! œ " ('" $'! ¸ "Þ('" ‚ "!# $ '

45  Construct a right triangle with sides of lengths  and .  The hypotenuse will have length .   # " #  " œ $
#

#

Next construct a right triangle with sides of lengths  and .  The hypotenuse will have length $ #

    $  # œ &
# #

.

46  Use  with , , and  to obtain , , and  units from the origin.G œ # < < œ " # "! # % #!1 1 1 1

47  The large rectangle has area width length .  The sum of the areas of the two small rectangles isœ ‚ œ + ,  - 
+,  +- + ,  - œ +,  +-.  Since the areas are the same, we have . 

48   and       .B œ 8 œ # Ê B œ B  œ  œ  œ œ
$ " 8 " $ # " $ % " "( "(

# # B # # # # $ # ' "#
" # "

"
$
#

      
B œ B  œ  œ  œ œ

" # " "( # " "( #% " &(( &((

# B # "# # "# "( # #!% %!)
$ #

#
"(
"#

      
49  Since the decimal point is  places to the right of the first nonzero digit, , .(a) & %#( !!! œ %Þ#( ‚ "!&

(b) Since the decimal point is  places to the left of the first nonzero digit, .) !Þ!!! !!! !*$ œ *Þ$ ‚ "!)

(c) Since the decimal point is  places to the right of the first nonzero digit, , , .) )"! !!! !!! œ )Þ" ‚ "!)

50   ,(a) (b))& #!! œ )Þ&# ‚ "! !Þ!!! !!& % œ &Þ% ‚ "!% '

(c) , ,#% *!! !!! œ #Þ%* ‚ "!(

51  Moving the decimal point  places to the right, we have , .(a) & )Þ$ ‚ "! œ )$! !!!&

(b) Moving the decimal point  places to the left, we have ."# #Þ* ‚ "! œ !Þ!!! !!! !!! !!# *"#

(c) Moving the decimal point  places to the right, we have , , .) &Þ'% ‚ "! œ &'% !!! !!!)

52  , ,(a) (b)#Þ$ ‚ "! œ #$ !!! !!! (Þ!" ‚ "! œ !Þ!!! !!! !!( !"( *

(c) , , ,"Þ#& ‚ "! œ "# &!! !!! !!!"!

53  Since the decimal point is  places to the left of the first nonzero digit,#%

!Þ!!! !!! !!! !!! !!! !!! !!! !!" ( œ "Þ( ‚ "!#%.

54  *Þ" ‚ "! œ !Þ!!! !!! !!! !!! !!! !!! !!! !!! !!! !!! *"$"

55  It is helpful to write the units of any fraction, and then “cancel” those units to determine the units of the final

answer.   year  mi
,  miles  seconds  minutes  hours  days
second  minute  hour  day  year

")' !!! '! '! #% $'&
† † † † † " ¸ &Þ)( ‚ "!

" " " "
"#
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56   billion , , ,(a) "!! œ "!! !!! !!! !!! œ " ‚ "!""

(b) ,  yr   mi
mi
yr

. ¸ "!! !!! &Þ)( ‚ "! œ &Þ)( ‚ "!  "# "(

57   atom  g  g

 grams
mole

 atoms
mole

 grams
"Þ!"

'Þ!# ‚ "!
† " œ ¸ !Þ"'() ‚ "! œ "Þ'() ‚ "!

"Þ!"

'Þ!# ‚ "!#$ #$
#$ #%

58   million %  halibut     #Þ& !Þ!!!$& œ #Þ& ‚ "! $Þ& ‚ "! œ )Þ(& ¸ *' '

59   hours  frames
 frames  seconds  minutes

second  minute  hour
#% '! '!

† † † %) œ %Þ"%(# ‚ "!
" "

'

60   days  calculations
 calculations  seconds  minutes  hours

second  minute  hour  day
# ‚ "! '! '! #%

† † † † '! œ "Þ!$') ‚ "!
" " "

""
")

61   ft  in , so the force on one square foot of a wall is  in  lb in  lb.(a) " œ "%% "%% ‚ "Þ% Î œ #!"Þ'# # # #

(b) The area of the wall is  ft , or  ft  in ft ,  in .%! ‚ ) œ $#! $#! ‚ "%% Î œ %' !)!# # # # #

The total force is ,  in  lb in ,  lb.%' !)! ‚ "Þ% Î œ '% &"## #

Converting to tons, we have ,  lb  lb ton  tons.'% &"# Î #!!! Î œ $#Þ#&' 
62  We start with  adults,  yearlings, and  calves {total }(a) %!! "&! #!! œ (&!

Number of Adults surviving adults surviving yearlingsœ 

œ !Þ*! %!!  !Þ)! "&! œ %)!     
Number of Yearlings surviving calvesœ

œ !Þ(& #!! œ "&!  
Number of Calves number of female adultsœ

œ !Þ&! %)! œ #%!  
(b) % of last spring’s calves equal the number of this year’s yearlings ( ), so the number of calves is .(& "&! #!!

The number of calves is equal to the number of adult females and this is one-half of the number of adults,

so the number of adults is .%!!

*! $'! %!!% of these ( ) are part of the  adults this year.

The other  adults represent % of last year’s yearlings, so the number of yearlings is .%! )! &!

1.2 Exercises

1            œ  †  †  †  œ# # # # # "'
$ $ $ $ $ )"

%

Note: Do not confuse  and  since  and  is the negative of .   B B B œ B B B% %% % % %

2   $ œ #( œ$ #(
"

3  
# $ *

$ # )
œ œ

$ #

# $

Note: Remember that negative exponents don’t necessarily give negative results—that is, , not .# œ œ 
" " "

# ) )
$

$

4  
#  ! "  ! "

#  ! # #
œ œ

! #
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5 6#  $ œ "'  œ   œ    # œ  œ œ% " %" %) " %( $ )" " )! &
$ $ $ $ # "' "' "' "

% 
7 8 * œ * œ $ œ "' œ "Î"' œ "Î "' œ "Î# œ&Î# & $Î% $Î% $

& $
#%$ "
" )    %

9      !Þ!!) œ !Þ!!) œ !Þ# œ !Þ!% œ œ#Î$ #
#

% "
"!! #&

$

10  . . . .        ! !!) œ "Î ! !!) œ "Î ! !!) œ "Î !Þ# œ "Î ! !% œ#Î$ #Î$ #
#

#&
"

$

11      " "
# #

% & %& *B "'B œ † "' B œ )B

12      $B %B œ $ † % B œ "#B# % #% #

13  A common mistake is to write , and another is to write .B B œ B B œ B$ # ' # &$ 
The following solution illustrates the proper use of the exponent rules.

    
 

#B $B # † $ B 'B '

B
œ œ œ 'B œ 'B œ

B B B

$ # $# &

# $ #†$ '
&' "

14  
 #B C )B

%B C %B
œ œ #B

# # '$

% # %
#

15        " "
' '

& # ( &#( "%+ $+ %+ œ † $ † % † + œ #+

16         %, , *, œ % † † * † , œ ',$ # % $#% *" "
' '

17   {an expression raised to the zero power is equal to } 
 
   'B ' B $'B $' *

#B
† $B œ † " " œ œ œ

# B )B ) #

$ # $†# '#

# $
# !

$ #†$ '

18  
  

      $C #C "#C "#

C
† &C œ † " œ œ

$C %C

C C C

$ # (#

% $
$ !

$ %

"# "# &

19    $? @ %? @ œ "#? @ œ "#? @ œ
"#?

@
( $ % & (% $ & "" #

""

#
 

20     B CD #BD B C œ #B C D œ #B C D œ
#B D

C
# $ # $ # #"$ "# $# ' " &

' &

21    )B C B C œ %B C œ %B C œ
%

BC
% $ & # %& $# " ""

#

22    %+ , &+ , #!+ , #!+ , "!+ , "!+

+ , #, #+ , #+ , " ,
œ œ œ œ

# # ## "" % # %$ #'

$ # % $ #% $ ' %

23          " " $ *C

$ $ " B
B C œ B C œ B C œ $ B C œ% $

# # #
% $ ) ' # ) '# #

'

)

24        #BC œ $#B C œ %B C
B B

)C )C
# & "! "# (&

( (

$ $

25     $C %C œ $ C † % C œ )"C † œ C
" )"

% '%
$ # % "# $ ' '% $

$
'

26   $+ , œ #(+ , œ 
#(+

,
# & ' "&$

'

"&

27       #< = œ # < = œ œ
= =

# < %<
% $ ) '# #

' '

# ) )
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28     #B C 'B C B C œ %B C œ
%

B C
# & $ " $ # ""

$ #

29    &B C %B C œ #!B C œ #!B C œ
#!C

B
# $ & % #& $% $ "

$

30        #< = $< = œ $#< = *< = œ #))< =# " $ "! & # ' ) ""& #

31   {remember that , cancel }  $B C D *B C

B C D C
B œ " D œ œ *B C œ *B C

& % "! )

! $ '

#

! "! ) ' "! "% 

32        %+ , œ #&'+ , œ '%+ ,
+ +

#, %,
# ) % "% #%

$ '#

#

33    &+ #+ œ & † #+ œ "!+ œ )+$Î# "Î# $Î#  "Î# %Î# #   
34    'B #B œ ' † #B œ "#B œ "#B(Î& )Î& (Î&  )Î& "&Î& $   
35    $B )B œ $ † )B œ #%B œ #%B&Î' #Î$ &Î'  %Î' *Î' $Î#   
36        )< #< œ #< #< œ %< œ %<"Î$ "Î# "Î$ "Î# #Î'  $Î' &Î'   

37     #(+ œ #( + œ œ œ œ
+ " " "

#(
#( +

$ + *+
' #Î$ "#Î$#Î$

%

#Î$ #
%

# % %
$

38     #&D œ #& D œ œ œ œ
D " " "

#&
#& D

& D "#&D
% $Î# "#Î#$Î#

'

$Î# $
'

$ ' '

39 40    )B B œ )B œ )B œ $B #B œ 'B œ 'B
)

B
#Î$ "Î' %Î'  "Î' $Î'

"Î#
"Î# &Î# "Î#  &Î# $       

41         
 

 
)B ) B # B %B

C C C
œ œ œ œ œ %B C

C

) B

C

$ $ # #

' % %

#Î$ #Î$#Î$ #

' #Î$ ' #Î$

#
$ #Î$

# %

$   
  

42   C C

C
œ œ C

C

$Î# *Î#

"Î$

$

"
""Î#

43 44     
B B "' % - - - "

"'C B C B C )". $ . #(- .
œ œ œ œ œ œ

"' C
)" .

' $ "Î# % $ $

% $ # $ # ) $ ' $ '

"Î#

"Î# #

$Î%

$
'%

45 46
     
     
B C B C B C

B C B C
œ œ œ " + + + œ + œ + œ + œ "

B C

' $ ' $ # ""Î$ "Î$ "Î$

% # % #"Î# "Î# "Î# # "
%Î$ $Î# "Î' )Î'  *Î'  "Î' !Î' !     

47 48       % $B  C œ B  C B  C œ B  C% $ #% $ #"Î% "Î$

49 50           $ +  , œ +  , œ +  , +  , œ +  ,# # #Î$"Î$ "Î# "Î#

51     B  C œ B  C B  C Á B  C# # # ## # "Î# Note:

52     $ <  = œ <  =$ $ $ $ "Î$

53    (a) (b)  %B œ %B B œ %B B %B œ %B %B œ %B % B œ %B † # † B œ )B B$Î# " "Î# "Î# "Î# "Î#$Î# " "Î# "        
54   (a) (b)%  B œ %  B B œ %  B B %  B œ %  B %  B œ %  B %  B$Î# " "Î# $Î# " "Î#        
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