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!

./ 0+1%2!
!
"#$!)2(%$!,4+$'0$%+!*('1!(*!-!2,4$!,)!/![!1@!\!5!E#$'$!1!,)!+#$!)2(%$!-49!5!,)!+#$!/;,4+$'0$%+7!!"#$!%(,4+!)2(%$!*('1!
(*!-!2,4$!,)!  y ! y1 = m(x ! x1) !E#$'$!1!,)!+#$!)2(%$!-49!

  
(x1,y1) !,)!-!%(,4+!(4!+#$!2,4$7!H(&!)#(&29!5$!.$'/!

0(1*('+-52$!&),4=!+#$!%(,4+!)2(%$!*('1!(*!+#$!2,4$7!!:-'-22$2!2,4$)!#-.$!+#$!)-1$!)2(%$7!!:$'%$49,0&2-'!2,4$)!#-.$!
4$=-+,.$!'$0,%'(0-2!)2(%$)7!!
!
EF,'64(8 3!!!

L,49!+#$!$F&-+,(4)!(*!!4#5!2,4$!%-'-22$2!-49!465!%$'%$49,0&2-'!+(!
  
y =

! 1
3

x+5!+#-+!0(4+-,4)!+#$!%(,4+!B! ><?C7!

514+)$1&3!
)#*(!# !!

  
1=

! 1
3

(! 2) + b! ! ]),4 =!+#$!)2(%$;,4+$'0$%+!*('1!E,+#
  
m=

−1
3

-49!%(,4+!B! ><?C7!

  
1=

2
3

+ b! ! ! ^&2+,%2/!! ?-49!! >7!

  
1!

2
3

= b! ! ! I&5+'-0+!
 

2
3

*'(1!5(+#!),9$) 7!

  

3
3

!
2
3

= b! ! ! Y$+!-!0(11(4!9$4(1,4-+('!(*!_ 7!

  

1
3
= b! ! ! ! 6(15,4$!2,3$!+$'1) 7! !

  
y =

! 1
3

x+
1
3

! "#,)!,)!+#$!$F&-+,(4!(*!+#$!2,4$!%-'-22$2!+(!+#$!=,.$4!2,4$!+#-+!0(4+-,4)!B! ><?C!

!
)#*(!6 !!

  1= 3(−2) + b!! ! ! ]), 4=!+#$!)2(%$;,4+$'0$%+!*('1!E,+#!  m= 3!-49!%(,4+!B! ><?C7! !

  1= ! 6+ b ! ! ! ^&2+,%2/!_!-49!! >7!

  1! ! 6 = b ! ! ! I&5+'-0+!! V!*'(1!5(+#!),9$) 7!
  7 = b! ! ! ! I&5+'-0+7!

  y = 3x+7 ! !"#,)!,)!+#$!$F&-+,(4!(*!+#$!2,4$!%$'%$49,0&2-'!+(!+#$!=,.$4!2,4$!+#-+!0(4+-,4)!B! ><?C7!
!
EF,'64(!; 3!
!
L,49!+#$!)2(%$!-49!/;,4+$'0$%+!(*!  6x ! 5y =157!
!
514+)$1&3!!L,')+!/(&!1&)+!=$+!+#$!2,4$!,4!)2(%$;,4+$'0$%+!*('17!
!

  ! 5y =15! 6x !! ! I&5+'-0+!V@!*('1!5(+#!),9$)7!

  
y =

15! 6x
! 5

! ! ! `,.,9$!5/! ! T7!

  
y =

6
5

x ! 3! ! ! I,1%2,*/7!

"#$!)2(%$!,)!1[
 

6
5

!-49!+#$!/;,4+$'0$%+!,)!! _!

!
!
!
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!

EF,'64(!9 3!!!
L,49!+#$!$F&-+,(4!(*!+#$!2,4$!+#-+!%-))$)!+#'(&=#!+#$!%(,4+!B?<!! >C!-49!#-)!)2(%$!1[!! _7!!!
!
514+)$1&3!!!
I,40$!E$!-'$!=,.$4!-!%(,4+!-49!)2(%$!,+!,)!$-),$'!+(!&)$!+#$!%(,4+!)2(%$!*('1!(*!-!2,4$7!
!  y ! ! 2 = ! 3(x ! 1) ! ! I&5)+,+&+$!,4+(!%(,4+!)2(%$!*('1!*('!

  
(x1,y1) !-49!1 7! !

  y+ 2 = ! 3x+1! ! ^,4&)!-!4$=-+,.$!1-3$)!\!-49!9,)+',5&+$! ! _7!

  y = ! 3x ! 1! ! ! I&5+'-0+!>!*'(1!5(+#!),9$) 7!
!
EF,'64(!G 3!!!
L,49!+#$!$F&-+,(4!(*!+#$!2,4$!+#-+!%-))$)!+#'(&=#!B! ?<_C!-49!BQ<TC7!
514+)$1&3!!

  
m=

5! 3
4! ! 1

=
2
5

!!! ! H(&!E,22!4$$9!+(!*,49!)2(%$!&),4=!
  
m=

y2 ! y1

x2 ! x1

7!

  
5=

2
5

(4) + b! !6#(()$!(4$!%(,4+!+(!)&5)+,+&+$!5-03!,4+(!$,+#$'!+#$!%(,4+!)2(%$!('!)2(%$;,4+$'0$%+!

*('1!(*!-!2,4$7!!]),4=!+#$!)2(%$;,4+$'0$%+!*('1!E,+#!
  
m=

2
5 !

-49!%(,4+!BQ<TC7!!

  
5=

8
5

+ b! ! ! ^&2+,%2/!>!-49!Q7!

  
5!

8
5

= b! ! ! I&5+'-0+!
 

8
5

*'(1!5(+#!),9$) 7!

  

25
5

!
8
5

= b! ! ! Y$+!-!0(11(4!9$4(1,4-+('!(*!T 7!

  

17
5

= b!! ! ! 6(15,4$!2,3$!+$'1) 7!

  
y =

2
5

x !
17
5

! ! ! NF&-+,(4!(*!+#$!2,4$!,4!)2(%$!,4+$'0$%+)!*('17!

!
EF,'64(!H 3!!!
Y'-%#!+#$!*(22(E,4=!$F&-+,(4R  3y+3= x !
!
514+)$1&3!

  3y = x ! 3!! ! ! L,')+!/(&!1&)+!=$+!+#$!$F&-+,(4!,4!)2(%$;,4+$'0$%+!*('1!5/!,)(2-+,4=!(2!

  
y =

1
3

x ! 1!! ! ! "#$!)2(%$![
 

1
3

!-49!+#$!/;,4+$'0$%+![!! ?!

:2(+!+#$!%(,4+!BU<! ?C7! L'(1!+#$!*,')+!%(,4+!=(!&%!?!-49!(.$'!
_!+(!+#$!',=#+!+(!=$+!-!)$0(49!%(,4+7!
!

a(E!0(44$0+!+#$!+E(!%(,4+)!+(!
=$+!+#$!2,4$7!

!

!
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!

!
../  .1(%*7%8(2!

!
"#$!3;,4+$'0$%+!,)!E#$'$!+#$!='-%#!0'())$)!+#$!3;-@,)7!!H(&!0-4!*,49!+#$!@;,4+$'0$%+!5/!)$++,4=!( )[ !U7!

!
"#$! ( ;,4+$'0$%+!,)!E#$'$!+#$!='-%#!0'())$)!+#$!( ;-@,)7!!H(&!0-4!*,49!+#$!/;,4+$'0$%+!5/!)$++,4=!3)[ !U7!
!
EF,'64(8 3!

L,49!+#$!,4+$'0$%+)!*('!  y = (x+3)2 ! 4 !
!
514+)$1&3!
!
b;,4+$'0$%+!!

  0 = (x +3)2 ! 4!! ! I$+!( )[ !U!

  4 = (x+3)2 ! ! ! 899!Q!+(!5(+#!),9$) !

  ±2 = (x+3) ! ! ! "-3$!)F&-'$!'((+!(*!5(+#!),9$) !

  ! 2= (x+ 3) !(' !  2 = (x+3) !! D',+$!-)!>!$F&-+,(4) !

  ! 5= x !!('!   ! 1= x! ! I&5+'-0+!_!*'(1!5(+#!),9$) !
!
!
H;,4+$'0$%+!!!

  y = (0 + 3)2 ! 4 ! ! I$+!3![ !U!

  y = 32 ! 4! ! ! 899!U\_ !

  y = 9! 4! ! ! IF&-'$!_ !

  y = 5! ! ! ! 899!Q!+(!5(+#!),9$)!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
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!

.../  9:2(%$!,;!<=>#(+,12 !
!
!
EF,'64(8 R!!
])$! )&5)+,+&+,(4!('!$2,1,4-+,(4!1$+#(9!+(!)(2.$!+#$!)/)+$1!(*!$F&-+,(4)7!

x2 + y2 ! 16x+ 39= 0

x2 ! y2 ! 9 = 0

"
#
$

%$
!

!
514+)$1&R!
!
N2,1,4-+,(4!^$+#(9R!
2x2 ! 16x+ 30= 0! ! ! 899!+#$!+E(!$F&-+,(4)!-49!0(15,4$!2,3$!+$'1)7!
x2 ! 8x+15= 0 ! ! ! `,.,9$!5/!>7 !
(x ! 3)(x ! 5) = 0 ! ! ! L-0+('!+#$!+',4(1,-27!
x = 3 and x = 5 ! ! ! ])$!G$'(!%'(9&0+!%'(%$'+/!+(!*,49!+#$!.-2&$)!(*!37!

32 ! y2 ! 9 = 0 !!!!!52 ! y2 ! 9 = 0 ! Plug x=3 and x = 5 into oneof theoriginal equations.7!

!!!!!!!!!!!!! y2 = 0!! !!!!!!16= y2 ! I(2.$ !
!!!!!!!!!!!!!!!!y = 0 !! !!!!!!!!y = ±4 !
Points of Intersection (5,4), (5,! 4) and(3,0) !
!
!
!
I&5)+,+&+,(4!^$+#(9R!

  y
2 = ! x2 +16x ! 39! ! ! Solve oneequation for onevariable.  (1st equation solved for y) !

  x
2 ! (! x2 +16x ! 39) ! 9 = 0! !  Plug what y2 isequal  to into secondequation.!

  2x2 ! 16x+30= 0 ! ! ! 6(15,4$!2,3$!+$'1)7! ! ! !

  x
2 ! 8x+15= 0! ! ! `,.,9$!5/!>7 !

  (x ! 3)(x ! 5) = 0! ! ! L-0+('!+#$!+',4(1,-2!
x = 3 and x = 5 ! ! ! ])$!G$'(!%'(9&0+!%'(%$'+/!+(!*,49!+#$!.-2&$)!(*!37!

32 ! y2 ! 9 = 0 !!!!!52 ! y2 ! 9 = 0 ! Plug x=3 and x = 5 into oneof theoriginal equations.7!

!!!!!!!!!!!!! y2 = 0!! !!!!!!16= y2 ! I(2.$ !
!!!!!!!!!!!!!!!!y = 0 !! !!!!!!!!y = ±4 !
Points of Intersection (5,4), (5,! 4) and(3,0) !
! !
!
!
!
!
!
!
!
!
!
!
!
!
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!

.?/  @>17(+,12!
!

!
"(!$.-2&-+$!-!*&40+,(4!*('!-!=,.$4!.-2&$<!),1%2/!%2&=!+#$!.-2&$!,4+(!+#$!*&40+,(4!*('!@7!

   
f ! g( )(x) = f (g(x)) OR f [g(x)] !P$-9) !c2!(*!%)(*!Fd7!^$-4)!+(!%2&=!+#$!,4),9$!*&40+,(4!B,4!+#,)!0-)$!4B@C!C!,4!

*('!@!,4!+#$!(&+),9$!*&40+,(4!B,4!+#,)!0-)$<!*B@CC7!
!
EF,'64(8 3!!!
Y,.$4!  f (x) =2x2 +1 and g(x) = x ! 4 !*,49!!!*5453667!
514+)$1&3!
f (g(x)) = f (x ! 4)

= 2(x ! 4)2 +1

= 2(x2 ! 8x+16)+1

= 2x2 ! 16x+ 32+1

f (g(x)) = 2x2 ! 16x+ 33

!

!
EF,'64(!; 3!!
Y,.$4R!!*B3C![ !_3)\ !T!-49!4B3C![ !>3)!  ?7!L,49R!*B4B>CC<!4B*B>CC!-49!*B4B3CC!
!
514+)$1&3!!
!
"(!*,49! *B4B>CC!E$!1&)+!*,')+!*,49!4B>CR!!! !
4B>C![ !>B>C ! ?![ !Q!Ð ?![ !_!
I,40$!4B>C![ !_!E$!0-4!*,49!
*B4B>CC![ !*B_C![ !_B_C!\ !T![ !e!\ !T![ !?Q!
!
"(!*,49! 4B*B>CC!E$!1&)+!*,')+!*,49!*B>CR!!*B>C![ !_B>C!\ !T![ !V!\ !T![ !??!
I,40$!*B>C![ !??!E$!0-4!*,49!4B*B>CC![ )B??C![ !>B??C!Ð ?![ !>>!!  ?![ !>?!

!
"(!*,49! *B4B3CC!E$!1&)+!%&+!+#$!*&40+,(4!4B3C!,4+(!*B3C!$F&-+,(4!,4!%2-0$!(*!$-0#!@7!
*B4B3CC![ !*B>3)!  ?C![ !_B>3)!  ?C!\ !T![ !V3)Ð!_!\ !T![ !V3)\ !>!
!
"#$! -,$#+1 !(*!-!*&40+,(4!,)!+#$!)$+!(*!@!.-2&$)!*('!E#,0#!+#$!*&40+,(4!,)!9$*,4$97!!"#$!'-4=$!(*!-!*&40+,(4!,)!+#$!)$+!
(*!/!.-2&$)!+#-+!-!*&40+,(4!0-4!'$+&'47!!A4!6-20&2&)!E$!&)&-22/!E',+$!9(1-,4)!-49!'-4=$)!,4!,4+$'.-2!4(+-+,(47!!!
A*!+#$!9(1-,4!E$'$!;?!f! 3!g!X!+#$4!,4!,4+$'.-2!4(+-+,(4!+#$!9(1-,4!E(&29!5$!B;?<Xh7!!
!
!
EF,'64(!9 3!!

!L,49!+#$!9(1-,4!-49!'-4=$!*('!   f (x) = x ! 3 !!!
!
514+)$1&3!!!
I,40$!E$!0-4!(42/!+-3$!+#$!)F&-'$!'((+!(*!%(),+,.$!4&15$')!3)Ð _!i !U!E#,0#!1$-4)!+#-+!@!i !_7!!I(!E$!
E(&29!)-/!+#$!9(1-,4!,)!j_<kC7!!a(+$!+#-+!E$!#-.$!&)$9!-!j!+(!,49,0-+$!+#-+!_!,)!,402&9$97!!A*!_!E-)!4(+!+(!
5$!,402&9$9!E$!E(&29!#-.$!&)$9!B_<kC7!!"#$!)1-22$)+!/!.-2&$!+#-+!+#$!*&40+,(4!0-4!'$+&'4!,)!U!)(!+#$!
'-4=$!,)!BU<kC7!
!
!
!
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!

?/ 9:$$%(*:3 !
!

AB#A+2!)&5)+,+&+$!,4!l /!*('!/!,4+(!+#$!$F&-+,(47!!A*!+#,)!/,$29)!-4!$F&,.-2$4+!$F&-+,(4!+#$4!+#$!='-%#!#-)!@;-@,)!
)/11$+'/7!!A*!+#,)!,)!+#$!0-)$<!+#,)!,)!4(+!-!*&40+,(4!-)!,+!E(&29!*-,2!+#$!.$'+,0-2!2,4$!+$)+7!!!
!
: B#A+2!)&5)+,+&+$!,4!l @!*('!@!,4+(!+#$!$F&-+,(47!!A*!+#,)!/,$29)!-4!$F&,.-2$4+!$F&-+,(4!+#$4!+#$!='-%#!#-)!/;-@,)!
)/11$+'/7!!8!*&40+,(4!+#-+!#-)!/ ;-@,)!)/11$+'/!,)!0-22$9!-4!$.$4!*&40+,(47!
!
C*+D+1!)&5)+,+&+$!,4!l @!*('!@!,4+(!+#$!$F&-+,(4!-49!)&5)+,+&+$!,4!l /!*('!/!,4+(!+#$!$F&-+,(47!!A*!+#,)!/,$29)!-4!
$F&,.-2$4+!$F&-+,(4!+#$4!+#$!='-%#!#-)!(',=,4!)/11$+'/7!!A*!-!*&40+,(4!#-)!(',=,4!)/11$+'/<!,+!,)!0-22$9!-4!(99!
*&40+,(47!
!
A4!('9$'!*('!-!='-%#!+(!'$%'$)$4+!-!;>17(+,1 !,+!1&)+!5$!+'&$!+#-+!*('!$.$'/!@!.-2&$!,4!+#$!9(1-,4!+#$'$!,)!$@-0+2/!
(4$!/!.-2&$7!!"(!+$)+!+(!)$$!,*!-4!$F&-+,(4!,)!-!*&40+,(4!E$!0-4!='-%#!,+!-49!+#$4!9(!(E%!F%*(+7#G!G+1%2!(%2(/!!
!

EF,'64( !83!!A)!  x ! y2 = 2 !-!*&40+,(4m!!
"#$!='-%#!,)!5$2(ER!
!
!
!
!
!
!
!
!
514+)$1&3!!D#$4!-!.$'+,0-2!2,4$!,)!9'-E4!,+!E,22!0'())!+#$!='-%#!1('$!+#-4!(4$!+,1$!)(!,+!,)!aJ"!-! *&40+,(47!
!
!
EF,'64(!; 3!
"$)+!*('!)/11$+'/!E,+#!'$)%$0+!+(!$-0#!-@,)!-49!+#$!(',=,47!

Y,.$4!$F&-+,(4R!  xy ! 4! x2 = 0 !
!
514+)$1&3!
3;-@,)!B0#-4=$!-22!( !+(!l (CR!

  x(! y) ! 4! x2 = 0!

  ! xy ! 4! x2 = 0!!! !I ,40$!+#$'$!,)!4(!E-/!+(!1-3$!+#,)!2((3!2,3$!+#$!(',=,4-2!,+!,)!aJ"!)/11$+',0!
+(!+#$!@;-@,)7!

( ;-@,)R!B0#-4=$!-22!3!+(!l 3C!

  ! xy ! 4! (! x)2 = 0!

  ! xy ! 4! x2 = 0!!! ! I ,40$!+#$'$!,)!4(!E-/!+(!1-3$!+#,)!2((3!2,3$!+#$!(',=,4-2!,+!,)!aJ"!!
! ! ! ! )/11$+',0!+(!+#$!/ ;-@,)7!
!
J ',=,4R!B0#-4=$!-22!3!+(!l 3)-49!0#-4=$!-22!/!+(!l ()C!

  ! x(! y) ! 4! (! x)2 = 0!

  xy ! 4! x2 = 0 !!! ! I ,40$!+#,)!9($)!2((3!2,3$!+#$!(',=,4-2!,+!,)!)/11$+',0!+(!+#$!(',=,47!
!



!!!!!"#$%&"'&('()%)($$#*%+(+,*-"' !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#$%&!'()*!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! ! !!!!!!!!!!!!!!!!+,-.! 4!

!

EF,'64(!9 3!

"#$!*,=&'$!+(!+#$!',=#+!)#(E)!+#$!='-%#!(*!  xy ! 4! x2 = 07!
A+!,)!)/11$+',0!(42/!+(!+#$!(',=,47!
!
!
!
EF,'64(!G 3!
`$+$'1,4$!-2=$5'-,0-22/!E#$+#$'!*B3C![!l _3>!\!Q!,)!$.$4<!(99<!('!4$,+#$'7!
!
514+)$1&3!!
!
A*!A!='-%#!+#,)<!A!E,22!)$$!+#-+!+#,)!,)!n)/11$+',0 !-5(&+!+#$!( ;-@,)no!,4!(+#$'!E('9)<!
E#-+$.$'!+#$!='-%#!,)!9(,4=!(4!(4$!),9$!(*!+#$!( ;-@,)!,)!1,''('$9!(4!+#$!(+#$'!),9$R!
"#,)!1,''(',4=!-5(&+!+#$!-@,)!,)! +'&$!*('!$.$4!*&40+,(4)7!
K&+!+#$!F&$)+,(4!-)3)!1$!+(!1-3$!+#$!9$+$'1,4-+,(4!"-4/7%"&,"--(<!E#,0#!1$-4)!
+#-+!A!4$$9!+(!9(!,+!E,+#!-2=$5'-<!4(+!E,+#!='-%#)!-)!*(22(E)R!
!
*Bl 3C![!l _Bl 3C>!\!Q!! ! :2&=!l 3!,4!*('! 37!
!!!!!!!!!![! l _B3>C!\!Q!! ! IF&-'$! l 32!
!!!!!!!!!![! l _3>!\!Q!! ! ^&2+,%2/!5/!l _7!!
!
"#$ !*,4-2!$@%'$)),(4!,)!+#$!)-1$!+#,4=!Ap9!)+-'+$9!E,+#<!E#,0#!1$-4)!+#-+!*B3C!,)!$.$47!
!
!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!



!!!!!"#$%&"'&('()%)($$#*%+(+,*-"' !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#$%&!'()*!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! ! !!!!!!!!!!!!!!!!+,-.! * !

!

?./  H2:$8(,(%2!#1-!I,G%2 !
!
Y,.$4!-!'-+,(4-2!*&40+,(4!,*!-!4&15$'!0-&)$)!+#$!9$4(1,4-+('!-49!+#$!4&1$'-+('!+(!5$!U!+#$4!5(+#!+#$!
4&1$'-+('!-49!9$4(1,4-+('!0-4!5$!*-0+('$9!-49!+#$!0(11(4!G$'(!0-4!5$!0-40$22$9!(&+7!!"#,)!1$-4)!
+#$'$!,)!-!#(2$!,4!+#$!*&40+,(4!-+!+#,)!%(,4+7!
!
EF,'64(8 3!!!

L,49!+#$!#(2$)!,4!+#$!*(22(E,4=!*&40+,(4!
  
f (x) =

x ! 2
x2 ! x ! 2

7!

514+)$1&3!!

  
f (x) =

x ! 2
(x+1)(x ! 2)

!!! L-0+(',4=!-49!0-40$2,4=7!D#$4!@[>!,)!)&5)+,+&+$9!,4+(!+#$!*&40+,(4!+#$!

! ! ! ! 9$4(1,4-+('!-49!4&1$'-+('!5(+#!-'$!U7 !

  
f (x) =

1
(x+1)

!! ! K&+!B@q>C!+#,)!'$)+',0+,(4!,)!*'(1!+#$!(',=,4-2!*&40+,(4!5$*('$!0-40$2,4=7!!"#$!

='-%#!(*!+#$!*&40+,(4!*B@C!E,22!2((3!,9$4+,0-2!+(!
  
f (x) =

1
(x+1)

$@0$%+!*('!+#$!#(2$!-+!@[>7!

!
! ! ! ! !
!
!
!
!
!
! !
!
!

! !
  
f (x) =

x ! 2
x2 ! x ! 2

!! ! ! !
  
f (x) =

1
(x +1)

!

a (+$!+#$!#(2$!-+!@[>! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
Y,.$4!-!'-+,(4-2!*&40+,(4!,*!-!4&15$'!0-&)$)!+#$!9$4(1,4-+('!+(!5$!U!5&+!4(+!+#$!4&1$'-+('!+(!5$!U!+#$4!
+#$'$!,)!-!.$'+,0-2!-)/1%+(+$!-+!+#-+!@!.-2&$7!
!
!
!
EF,'64(!; 3!!!

L,49!+#$!.$'+,0-2!-)/1%+(+$)!*('!+#$!*&40+,(4
  
f (x) =

x ! 2
x2 ! x ! 2

7!

514+)$1&3!!!
D#$4!3)[ !l ?!,)!)&5)+,+&+$9!,4+(!*B@C!+#$4!+#$!4&1$'-+('!,)!l ?!-49!+#$!9$4(1,4-+('!,)!U!+#$'$*('$!+#$'$!,)!
-4!-)/1%+(+$!-+!3)[ !l ?7!!I$$!+#$!='-%#)!-5(.$7!
Y,.$4!-!'-+,(4-2!*&40+,(4!,*!-!4&15$'!0-&)$)!+#$!4&1$'-+('!+(!5$!U!5&+!4(+!+#$!9$4(1,4-+('!+(!5$!U!+#$4!
+#$!.-2&$!,)!-4! 3;,4+$'0$%+!*('!+#$!'-+,(4-2!*&40+,(47!
!
!
!



!!!!!"#$%&"'&('()%)($$#*%+(+,*-"' !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#$%&!'()*!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! ! !!!!!!!!!!!!!!!!+,-.! )( !

!

EF,'64(!9 3!!̀ ,)0&))!+#$!G$'($)!,4!+#$!4&1$'-+('!-49!9$4(1,4-+('!
  
f (x) =

x+3
2x

!!!

!
514+)$1&3!!!
!
I$$!+#$!='-%#!,)!+(!+#$!',=#+7!!!
D#$4!3)[ !l _!,)!)&5)+,+&+$9!,4+(!+#$!*&40+,(4!+#$!4&1$'-+('!,)!U!-49!+#$!
9$4(1,4-+('!,)! l V!)(!+#$!.-2&$!(*!+#$!*&40+,(4!,)!*Bl _C[U!-49!+#$!='-%#!
0'())$)!+#$!@;-@,)!-+!3)[ !l _7!!!
82)(!4(+$!+#-+!*('!3)[ !U!+#$!4&1$'-+('!,)!_!-49!+#$!9$4(1,4-+('!,)!U!)(!+#$'$!
,)!-!.$'+,0-2!-)/1%+(+$!-+!3)[ !U7!!
!
!
!
EF,'64(!G 3!!

L,49!+#$!#(2$)<!.$'+,0-2!-)/1%+(+$)!-49!@;,4+$'0$%+)!*('!+#$!*&40+,(4
  
f (x) =

x2 ! 3x
3x2 + 6x

7!

!
514+)$1&3!!!

  
f (x) =

x(x ! 3)
3x(x+ 2)

!!! ! L-0+('!+(!*,49!-22!+#$!G$'($)!*('!5(+#!+#$!4&1$'-+('!-49!9$4(1,4-+('7!

3)[ !U!-49!3)[ !_! ! a&1$'-+('!#-)!G$'($) 7!
3)[ !U!-49!3)[ !l >!! ! `$4(1,4-+('!#-)!G$'($) 7!
3)[ !U!! ! ! ! A)!-!#(2$7!
3)[ !l >!!! ! ! A)!-!.$'+,0-2!-)/1%+(+$7!
3)[ !_!! ! ! ! A)!-! 3;,4+$'0$%+7!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!



!!!!!"#$%&"'&('()%)($$#*%+(+,*-"' !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#$%&!'()*!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! ! !!!!!!!!!!!!!!!!+,-.! )) !

!

?../  .1F%*2%2!
!
¥ "(!*,49!+#$!,4.$')$!(*!-!*&40+,(4<!),1%2/!)E,+0#!+#$!@!-49!+#$!/!-49!)(2.$!*('!+#$!4$E!c/d!.-2&$7!!!
¥ "(!:PJrN!(4$!*&40+,(4!,)!-4!,4.$')$!(*!-4(+#$'!*&40+,(4<!/(&!4$$9!+(!)#(E!+#-+R!

  f (g(x)) = g( f (x)) = x !

EF,'64( !83!

L,49!+#$!,4.$')$!*&40+,(4!*('!  f (x) = x+13 !
!
514+)$1&R!

  f (x) = x+13 !! ! P$E',+$!*B3C!-)!(2!

  y = x+13 ! ! ! IE,+0#!3!-49!(2!!

  x= y+13 ! ! ! I(2.$!*('!+#$!4$E! (7!

  
x( )3

= y +13( )3

! ! 6&5$!5(+#!),9$)7!

  x
3 = y+1 ! ! ! I,1%2,*/7!

  y = x3 ! 1! ! ! I(2.$!*('! ( 7!

  f
! 1(x) = x3 ! 1! ! P$E',+$!,4!,4.$')$!4(+-+,(47!

!
!
!
EF,'64(!; 3!

A*R!!
  
f (x) =

x ! 9
4

and g(x) = 4x+9 !)#(E! *536)"+8)4536)-'$! ,4.$')$)!(*!$-0#!(+#$'7 !

!
514+)$1&R!!

f (g(x)) = 4
x− 9

4
⎛
⎝⎜

⎞
⎠⎟ + 9 g( f (x)) =

4x+ 9( )− 9
4

= x− 9+ 9 =
4x+ 9− 9

4

= x =
4x
4

!

  f (g(x)) = g( f (x)) = x !! "#$'$*('$!+#$/!-'$!,4.$')$)!(*!$-0#!(+#$'7 !

!
!
!
!
!
!
!
!
!
!
!
!
!



!!!!!"#$%&"'&('()%)($$#*%+(+,*-"' !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#$%&!'()*!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! ! !!!!!!!!!!!!!!!!+,-.! )' !

!

?.../  @+1-+1D!9,G>(+,12!
!
¥ L-0+(',4=!('!&),4=!+#$!F&-9'-+,0!*('1&2-!+(!)(2.$!$F&-+,(4)!(*!+#$!*('1   ax2 + bx+ c = 07!

! ! ! ! !
  
x =

! b± b2 ! 4ac
2a

!

¥ I(2.,4=!A4$F&-2,+,$)!5/!*-0+(',4=<!0'$-+,4=!-!4&15$'!2,4$<!-49!0#$03,4=!'$=,(4)7!
¥ I,1%2,*/!P-+,(4-2!$@%'$)),(4)!5/!*,49,4=!+#$!0(11(4!9$4(1,4-+('7 !

!
EF,'64( !83!!
I(2.$!   x

2 − 2x =107!
!
514+)$1&R!!

  x
2 − 2x =10!! ! ! ! 899!X!+(!5(+#!),9$)!+(!=$+!-22!+$'1)!+(!(4$!),9$!(*!$F&-+,(4![!U7!!!!!

  x
2 ! 2x ! 10= 0 ! ! ! `$+$'1,4$! "9)7!-49! , 7!!" ![!?<!7![! l ><!! -49! , ![! l ?U7!!

  
x =

! ! 2( ) ± ! 2( )2
! 4 1( ) ! 10( )

2 1( ) !! ])$!F&-9'-+,0!*('1&2-7 !

!!!
 
=

4 ± 4! ! 40( )
2

!!

!!!
 
=

4± 4+ 40
2

!

!!!
 
=

4 ± 44

2
! ! ! ! I,1%2,*/!/(&'!-4)E$'7 !

  
x =

4 ± 44

2
=

4 ± 2!2!11

2
=

4 ± 2 11

2
=

4

2
±

2 11

2
= 2 ± 11!!! ! ! !

  x = 2± 11! ! ! ! "#$ )$!-'$!+#$!I(2&+,(4)7!
!
!
EF,'64(!; 3!

I(2.,4=!A4$F&-2,+,$)!  y ! 2x2 + x " 4 7!
!
514+)$1&R!
!
"#$!+E(!3;,4+$'0$%+)!-'$!3)[! l ?7Ve!-49!3![!?7?e7!
"(!*,49!(&+!,*!/(&'! I(2&+,(4)!-'$! &+)7/'://+ !('! $1'.&8/<!E$!4$$9!-!+$)+!
%(,4+7!!6#(()$!-!%(,4+!,4!5$+E$$47!!!
¥ A*!+#$!,4$F&-2,+/!,)!+'&$!*('!/(&'!+$)+!%(,4+<!+#$!)(2&+,(4!,)!-22!+#$!

4&15$')! &+)7/'://+ 7!
¥ A*!+#$!,4$F&-2,+/!,)!*-2)$!*('!/(&'!+$)+!%(,4+<!+#$!)(2&+,(4!,)!-22!+#$!

4&15$')! $1'.&8/2!
!
>BUC!s\BUC!l !Q! U!! ! t$+O)!%,03!3![!U7!
l !Q! U!!!! ! ! L-2)$u!!I(!+#$!)(2&+,(4)!-'$! $1'.&8/7!!
!  x ! " 1.69or x #1.19!! I(2&+,(4)7!
!
!



!!!!!"#$%&"'&('()%)($$#*%+(+,*-"' !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#$%&!'()*!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! ! !!!!!!!!!!!!!!!!+,-.! )/ !

!

!
EF,'64(!9 3!

I,1%2,*/R!
  
2x
3

+
1
5x

!

!
514+)$1&R!

  
2x
3

+
1
5x

! ! ! t6`R!?T@!),40$!_!v!T3![!?T 37!

  

2x
3

¥
5x
5x

+
1
5x

¥
3
3

!! ! ^&2+,%2/!$-0#!*'-0+,(4!5/!1,)),4=!%-'+!(*!9$4(1,4-+('!(.$'!,+)$2*!+(! =$+!-!!

! ! ! ! 0(11(4! 9$4(1,4-+('7 !

  

10x2

15x
+

3
15x

!! ! ! ^&2+,%2/!4&1$'-+(')!-49!9$4(1,4-+(')!(*!$-0#!*'-0+,(47 !

  

10x2 +3
15x

!! ! ! 899!4&1$'-+(') !-49!3$$%!+#$!)-1$!9$4(1,4-+('7 !

!
EF,'64(!G 3!!

I,1%2,*/R!
  

2x
x2 ! 9

+
1

x ! 3
!

!
514+)$1&R!

  

2x
x2 ! 9

+
1

x ! 3
!!! ! t6` R!B3! _CB3\_C!l !L-0+('$9!*('1! (*!3>!l !e7!

  

2x
x2 ! 9

+
(x +3)
(x +3)

1
x ! 3

"

#$
%

&'
! ^&2+,%2/!$-0#!*'-0+,(4!5/!1,)) ,4=!%-'+!(*!9$4(1,4-+('!(.$'! ,+)$2*!B(42/!4$$9!+(!

! ! ! ! 9(!+#,)!(4!',=#+!*'-0+,(4C!+(!=$+!-!0(11(4!9$4(1,4-+('7 !

  

2x
x2 ! 9

+
x+3
x2 ! 9

!! ! ^&2+,%2/!4&1$'-+(')!-49!9$4( 1,4-+(')!(*!$-0#!*'-0+,(4!-)! 4$$9$97!

  

3x +3
x2 ! 9

!!! ! ! 899!4&1$'-+(')!-49!3$$%!+#$!)-1$! 9$4(1,4-+('7 !!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
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!

.J/  H62,G>(%!?#G>%!#1-!)+%7%K+2%!@>17(+,12!
!
A4!('9$'!+(!'$1(.$!+#$!-5)(2&+$!.-2&$!),=4!*'(1!-!*&40+,(4!/(&!1&)+R!
¥ L,49!+#$!G$'($)!(*!+#$!$@%'$)),(4!,4),9$!(*!+#$!-5)(2&+$!.-2&$7!!
¥ ^-3$!),=4!0#-'+!(*!+#$!$@%'$)),(4!,4),9$!+#$!-5)(2&+$!.-2&$7!
¥ P$E',+$!+#$!$F&-+,(4!E,+#(&+!+#$!-5)(2&+$!.-2&$!-)!-!%,$0$E,)$!*&40+,(47!!L('!$-0#!,4+$'.-2!E#$'$!+#$!

$@%'$)),(4!,)!%(),+,.$!E$!0-4!E',+$!+#-+!,4+$'.-2!5/!Z&)+!9'(%%,4=!+#$!-5)(2&+$!.-2&$7!!L('!$-0#!,4+$'.-2!+#-+!,)!
4$=-+,.$!E$!1&)+!+-3$!+#$!(%%(),+$!),=47!

!
EF,'64(8 3!!!
P$E',+$!+#$!*(22(E,4=!$F&-+,(4!E,+#(&+!&),4=!-5)(2&+$!.-2&$7!

!!!!!!!!!!!!!! !!  
f (x) = 2x+ 4 !

514+)$1&3!
  2x+ 4 = 0 ! ! ! ! L,49!E#$'$!+#$!$@%'$)),(4!,)!U7!
  2x = ! 4 ! ! ! ! I&5+'-0+!Q7!

  
x =

! 4
2

! ! ! ! `,.,9$!5/!> 7!

  x = ! 2!! ! ! ! I,1%2,*/7!
!
! ! ! ! ! :2&=!,4!-4/!.-2&$!2$))!+#-4!l >!,4+(!>3!\!Q<!/(&!E,22!=$+!-!4$=-+,.$!.-2&$7!
! ! ! ! ! :2&=!,4!!-4/! .-2&$!1('$!+#-4! l >!,4+(!>3!\!Q<!/(&!E,22!=$+!-!%(),+,.$!.-2&$7!

!
D',+$!-)!-!%,$0$E,)$!*&40+,(47!K$!)&'$!+(!0#-4=$!),=4)!(*!$-0#!+$'1!*('!-4/!
%-'+!(*!+#$!='-%#!+#-+!E-)!4$=-+,.$!(4!+#$!),=4!0#-'+7!

!
!
EF,'64(!; 3!!!
P$E',+$!+#$!*(22(E,4=!$F&-+,(4!E,+#(&+!&),4=!-5)(2&+$!.-2&$7!

!!!!!!!!!!!!!!!!!!!
  
f (x) = 2x2 +5x ! 3 !

!
514+)$1&3!

  2x2 +5x ! 3= 0 ! ! ! ! L,49!E#$'$!+#$!$@%'$)),(4!,)!U7!

  (2x ! 1)(x+3) = 0! ! ! ! L-0+(' 7!

  2x ! 1= 0 !!!(' !!  x+3= 0! ! ! I$+!$-0#!*-0+('!$F&-2!+(!U7!

  
x =

1
2

!!!('!!   x = ! 3! ! ! ! I(2.$!$-0#!$F&-+,(47!

! ! ! ! ! ! :2&=!,4!-4/!.-2&$!2$))!+#-4!l _!,4+(!  (2x ! 1)(x+3) <!/(&!E,22!=$+!-!

! ! ! ! ! ! %(),+,.$!.-2&$7!:2&=!,4!-4/!.-2&$!1('$!+#-4!l _!-49!2$))!+#-4!
 

1
2

!

! ! ! ! ! ! ,4+(!  (2x ! 1)(x+3) <!/(&!E,22!=$+!-!4$=-+,.$!4&15$'7!:2&=!,4!-4/!

! ! ! ! ! ! .-2&$!1('$!+#-4!
 

1
2

!,4+(!  (2x ! 1)(x+3) <!/(&!E,22!=$+!-!%(),+,.$!!!!!

! ! ! ! ! ! 4&15$'7! !
!

D',+$!-)!-!%,$0$E,)$!*&40+,(47!K$!)&'$!+(!0#-4=$!),=4)!(*!$-0#!+$'1!
*('!-4/!%-'+!(*!+#$!='-%#!+#-+!E-)!4$=-+,.$!(4!+#$!),=4!0#-'+7!

! !
!
!

!

W;!

;>!

\ !

;_!

W; \ !\ !

?S>!

  

f (x) =
2x2 +5x ! 3, (! " ,! 3)U(

1
2

," )

! 2x2 ! 5x+3, ! 3# x #
1
2

$

%
&&

'
&
&

  
f (x) =

! 2x ! 4, x < ! 2

2x+ 4, x " ! 2

#
$
%
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!

!
EF,'64(!9 3!!P$E',+$!+#$!*(22(E,4=!$F&-+,(4!E,+#(&+!&),4=!-5)(2&+$!.-2&$7!

!!!!!!!!!!!!!!!!!!!  
f (x) = 3x ! 9 + 2!

514+)$1&3!
  3x ! 9 = 0! ! ! L,49!E#$'$!+#$!$@%'$)),(4!,)!U!BL('!+#$!%-'+!,4!+#$!-5)(2&+$!.-2&$!(42/7C!
  3x = 9!! ! ! 899!e!
  x = 3! ! ! ! `,.,9$!5/!_ !

! ! ! ! !
! :2&=!,4!-4/!.-2&$!2$))!+#-4!_!,4+(!  3x ! 9 <!/(&!E,22!=$+!-!4$=-+,.$!.-2&$7!:2&=!,4!
! -4/!.-2&$!1('$!+#-4!_!,4+(!   3x ! 9 <!/(&!E,22!=$+!-!%(),+,.$!.-2&$7!
!

!
D',+$!-)!-!%,$0$E,)$!*&40+,(47!K$!)&'$!+(!0#-4=$!),=4)!(*!$-0#!+$'1!*('!-4/!!!%-'+!(*!
+#$!='-%#!+#-+!E-)!4$=-+,.$!(4!+#$!),=4!0#-'+7!

!
!

  
f (x) =

! 3x+11

3x ! 7

"
#
$

!

  

x < 3

x ! 3

"
#
$

! I,1%2,*/!

!
85)(2&+$!.-2&$!,4$F&-2,+,$)!'$F&,'$!/(&!+(!E',+$!+E(!)$%-'-+$!,4$F&-2,+,$)7!!H(&!E$'$!%'(5-52/!+-&=#+!+(!w$$%!L2,%!
6#-4=$7!!J4$!,4$F&-2,+/!E,22!5$!,9$4+,0-2!+(!+#$!,4$F&-2,+/<!Z&)+!E,+#(&+!+#$!-5)(2&+$!.-2&$!),=47!!"#$!)$0(49!
,4$F&-2,+/!E,22!#-.$!-!*2,%%$9!,4$F&-2,+/!),=4!-49!+#$!(%%(),+$!.-2&$7!!!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

_!

W;! \ !

  
f (x) =

! 3x+9+ 2, x < 3

3x ! 9+ 2, x " 3

#
$
%
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!

J/ <A8,1%1(2!
!

¥ 8!*'-0+,(4-2!$@%(4$4+!1$-4)!/(&!-'$!+-3,4=!-!'((+7!!L('!$@-1%2$!  x
1/2 !,)!+#$!)-1$!-)!  x 7!!!

¥ a$=-+,.$!$@%(4$4+)!1$-4!+#-+!/(&!4$$9!+(!+-3$!+#$!'$0,%'(0-27!!L('!$@-1%2$!  x
! 2 !1$-4)!   1/ x2 !-49!  2 / x! 3

1$-4)!   2x3 7!
¥ D#$4!*-0+(',4=<!-2E-/)!*-0+('!(&+!+#$!2(E$)+!$@%(4$4+!*('!$-0#!+$'17!!
¥ D#$4!9,.,9,4=!+E(!+$'1)!E,+#!+#$!)-1$!5-)$<!E$!)&5+'-0+!+#$!$@%(4$4+)!B4&1$'-+('!$@%(4$4+;!9$4(1,4-+('!

$@%(4$4+C7!!A*!+#$!9,**$'$40$!,)!4$=-+,.$!+#$4!+#$!+$'1!=($)!,4!+#$!9$4(1,4-+('7!!A*!+#$!9,**$'$40$!,)!%(),+,.$!
+#$4!+#$!+$'1!=($)!,4!+#$!4&1$'-+('7!

EF,'64(8 3!!!
D',+$!E,+#(&+!*'-0+,(4-2!$@%(4$4+R!!  y = x2/3!
!
514+)$1&3!!!

  y = x23 !a(+,0$!+#-+!+#$!'((+!,)!+#$!5(++(1!4&15$'!,4!+#$!*'-0+,(4!-49!+#$!%(E$'!,)!+#$!+(%!4&15$'!,4!+#$!
*'-0+,(47!
!
!
EF,'64(!; 3!!!

D',+$!E,+#!%(),+,.$!$@%(4$4+)R!!
  
y =

2
5x! 4 !

514+)$1&3!!!

  
y =

2x4

5
!

!
EF,'64(!9 3!!!

D',+$!E,+#!%(),+,.$!$@%(4$4+)!-49!E,+#(&+!*'-0+,(4-2!$@%(4$4+)R

  

f (x) =
(x+1)! 2(x ! 3)

1
2

(2x ! 3)
!

1
2

!

514+)$1&3!!!

  
f (x) =

x ! 3* 2x ! 3
(x+1)2

!

!
EF,'64(!G 3!!!
L-0+('R  y = 3x! 2 +6x ! 33x! 1!
!
514+)$1&3!!!

"#$!2(E$)+!$@%(4$4+!*('!3!,)!l >!)(!   3x! 2 0-4!5$!*-0+('$9!*'(1!$-0#!+$'17!!t$-.,4=!   y = 3x! 2(1+ 2x3 ! 11x)
a(+,0$!+#-+!*('!+#$!$@%(4$4+!*('!+#$!V@!+$'1!E$!+-3$!?l !Bl >C!-49!=$+!_7!!!
L('!+#$!  33x! 1+$'1!E$!+-3$!l ?l !Bl >C!-49!=$+!?!-)!(&'!4$E!$@%(4$4+7!
!
!
!
!
!
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!

EF,'64(!H 3!!!

I,1%2,*/!
  
f (x) =

(2x)3

x8 !

514+)$1&3!!!

L,')+!/(&!1&)+!9,)+',5&+$!+#$!$@%(4$4+7!
  
f (x) =

8x3

x8 7!!"#$4!),40$!E$!#-.$!+E(!+$'1)!E,+#!@!-)!+#$!5-)$!E$!

0-4!)&5+'-0+!+#$!$@%(4$4+)7!I,40$!_;x!'$)&2+)!,4!;T!E$!34(E!+#-+!E$!E,22!#-.$!  x
5,4!+#$!9$4(1,4-+('7!

  
f (x) =

8
x5 7!

!
EF,'64(!I 3!!!

I,1%2,*/!!yy
  
f (x) =

x2 ! 2x+1
(x2 ! 1)

!

514+)$1&3!!L,')+!E$!1&)+!*-0+('!5(+#!+#$!4&1$'-+('!-49!9$4(1,4-+('7!!
  
f (x) =

(x ! 1)2

(x+1)(x ! 1)
7!!"#$4!E$!0-4!

)$$!+#-+!E$!#-.$!+#$!+$'1!B@;?C!,4!5(+#!+#$!4&1$'-+('!-49!9$4(1,4-+('7!!I&5+'-0+,4=!$@%(4$4+)!E$!=$+!

>;?[?!)(!+#$!+$'1!E,22!=(!,4!+#$!4&1$'-+('!E,+#!?!-)!,+O)!$@%(4$4+7!!
  
f (x) =

(x ! 1)
(x+1)

7!

!
EF,'64(!J 3!!!
L-0+('!-49!),1%2,*/!  f (x) = 4x(x ! 3)1/2 + x2(x ! 3)! 1/2 !
!
514+)$1&3!!!
"#$!0(11(4!+$'1)!-'$!@!-49!B@;_C7!!"#$!2(E$)+!$@%(4$4+!*('!@!,)!?7!!"#$!2(E$)+!$@%(4$4+!*('!B@;_C!,)!;
?S>7!!I(!*-0+('!(&+!  x(x ! 3)! 1/2 !-49!(5+-,4!   f (x) = x(x ! 3)! 1/2[4(x ! 3) + x] 7!!"#,)!E,22!),1%2,*/!+(!

  f (x) = x(x ! 3)! 1/2[4x ! 12+ x] 7!!t$-.,4=!-!*,4-2!)(2&+,(4!(*!
  

x(5x ! 12)

x ! 3
7!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
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!

J./  L#(+,1#G!<A8*%22+,12!
!
D#$4!),1%2,*/,4=!0(1%2$@!*'-0+,(4)<!1&2+,%2/!5/!-!*'-0+,(4!$F&-2!+(!?<!E#,0#!#-)!-!4&1$'-+('!-49!
9$4(1,4-+('!0(1%()$9!(*!+#$!0(11(4!9$4(1,4-+('!(*!-22!+#$!9$4(1,4-+(')!,4!+#$!0(1%2$@!*'-0+,(47 !
!
EF,'64(8 3!

   

! 7 !
6

x +1
5

x +1

  =   
! 7 !

6

x +1
5

x +1

i
x +1

x +1
  

                   =   
! 7x ! 7 ! 6

5
  

                   =   
! 7x ! 13

5

!

EF,'64(!; 3!

   

! 2

x
+

3x

x ! 4

5!
1

x ! 4

  =   

! 2

x
+

3x

x ! 4

5!
1

x ! 4

  i   
x(x ! 4)

x(x ! 4)
  

=   
! 2(x ! 4) + 3x(x)

5(x)(x ! 4) ! 1(x)
  

=   
! 2x + 8+ 3x2

5x2 ! 20x ! x
  

=   
3x2 ! 2x + 8

5x2 ! 21x

!

EF,'64(!9 3!!
I,1%2,*/<!&),4=!*-0+(',4=!(*!5,4(1,-2!$@%'$)),(4)7!!t$-.$!-4)E$')!,4!*-0+('$9!*('17 !

  

(x+1)3(4x! 9) ! (16x+9)(x+1)2

(x! 6)(x+1) =
(x+1)2 (x+1)(4x! 9) ! (16x+9)"

#
$
%

(x! 6)(x+1)

= (x+1)2(4x2 ! 5x! 9 ! 16x! 9)
(x! 6)(x+1)

= (x+1)2(4x2 ! 21x! 18)
(x! 6)(x+1)

= (x+1)2(4x+3)(x! 6)
(x! 6)(x+1)

= (x+1)(4x+3)

!

!
!
EF,'64(!G 3!
I,1%2,*/!5/!'-+,(4-2,G,4=!+#$!4&1$'-+('7!

( )

( )

4 2 4 2 4 2

4 2
4 4

4 2

4 2

1

4 2

x x x
x x x

x

x x

x

x x

x

+ ! + ! + +
= ¥

+ +
+ !

=
+ +

=
+ +

=
+ + !

!
!
!
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!

J../  <A8,1%1(2!#1-!G,D#*+(E$2!
!

  b
x = y ! logb y = x !

¥  b
xby = bx+y ! !   logb x+ logb y = logb xy !

¥ 
 

bx

by
= bx! y ! ! !

  
logb x ! logb y = logb

x
y

"

#$
%

&'
!

¥ 
 
bx( )y

= bxy !! !   logb xy = ylogb x !

¥  b
x = by !('!,*!   logb x = logb y <!+#$4! x = y !

¥   logb bx = x !-49!  b
logbx = x !

¥   logx = log10 x !-49!  lnx = loge x !

¥ 
  
logb a =

logc a
logc b

!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
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!

J.../  "#(>*#G!0,D#*+(E$2!
!

!

P$0-22!+#-+!
  
y = ln x( ) !-49!  y = ex !B$@%(4$4+,-2!*&40+,(4C!-'$!,4.$')$!+(!$-0#!(+#$'!%'(%$'+,$)!(*!+#$!a-+&'-2!t(=R!

  
ln AB( ) = ln A( )+ ln B( ) ! ! ! !

!
!

EF,'64(8 3!!
 
ln 2( )+ ln 5( ) = ln 10( ) !

  
ln

A
B

!

"#
$

%&
= ln A( ) ' ln B( ) !

!
!

EF,'64(!; 3!!!!
 
ln 6( ) ! ln 2( ) = ln

6
2

"

#$
%

&'
= ln 3( ) !

  
ln Ap( ) = pln A( ) ! ! ! ! !

!
!

EF,'64(!9 3!!!!
  
ln x4( ) = 4ln x( ) !!!!-49!!!

 
3ln 2( ) = ln 23( ) = ln 8( ) !

  
ln ex( ) = x<! !

  
ln e( ) =1<!

 
ln 1( ) = 0<!!!!!!  y = ! f (x) !!!

!
!
EF,'64(!G 3!!
])$!+#$!%'(%$'+,$)!(*!4-+&'-2!2(=)!+(!)(2.$!*('!@R!
!

( ) ( ) ( ) ( )
( ) ( ) ( ) ( )
( ) ( )( ) ( ) ( )

( ) ( )
( ) ( )

2 5 11 7

5 11
7 2

5 11
ln ln

7 2

ln 5 ln 7 ln 11 ln 2

ln 5 ln 7 ln 11 ln 2

ln 5 ln 7 ln 11 ln 2

ln 11 ln 2

ln 5 ln 7

x x

x

x

x

x

x x

x x

x

x

¥ = ¥

=

! "
=# $

% &

' = '

' = '

' = '

'
=

'
!

!
!
!
!
!
!
!
!
!
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!

J.?/  M*#8E+1D!N*+D!@>17(+,12!
!
!
!
!
!
!

( ) sin( )f x x= !

`(1-,4R! ( , )!" " ! P-4=$R!j;?<?h! !

:$',(9R! 2! ! ! J`` ! !

^-@,1-!M!
2 2x n! != + ! !

^,4,1-!M! 3
2 2x n! != + ! ! !

@;,4+$'0$%+)!M!x n!= !
!
!
!
!
!
!

( ) cos( )f x x= !

`(1-,4R! ( , )!" " ! P-4=$R!j;?<?h! ! !

:$',(9R! 2! ! ! NrNa! !
^-@,1-!M! 2x n!= ! !
^,4,1-!M! 2x n! != + ! ! !

@;,4+$'0$%+)!M!
2

x n
!

!= + !

!
!
!
!
!
!

( ) tan( )f x x= !

`(1-,4R!
2

x n
!

!" + ! P-4=$R!( , )!" " ! !

:$',(9R! ! ! ! J`` ! !
a(!1-@,1-!('!1,4,1-!! ! ! !
@;,4+$'0$%+)!M!x n!= !
!
!
!
!

!
( ) cot( )f x x= !

`(1-,4R! x n!" ! P-4=$R!( , )!" " ! !
:$',(9R! ! ! ! J`` ! !
a(!1-@,1-!('!1,4,1-!! ! ! !

@;,4+$'0$%+)!M!
2x n! != + !

!



!!!!!"#$%&"'&('()%)($$#*%+(+,*-"' !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#$%&!'()*!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! ! !!!!!!!!!!!!!!!!+,-.! '' !

!

!
!
!
!
!
!

!
( ) csc( )f x x= !

!
`(1-,4R! x n!" ! P-4=$R!( , 1] [1, )!" ! # " !

:$',(9R! 2! ! ! J`` ! !

^-@,1-!M! 3
2 2x n! != + ! !

^,4,1-!M!
2 2x n! != + ! ! !

a(!@;,4+$'0$%+)!
!

!
!
!
!
!
!
!

( ) sec( )f x x= !

`(1-,4R!
2

x n
!

!" + ! P-4=$R!( , 1] [1, )!" ! # " !

:$',(9R! 2! ! ! NrNa! !
^-@,1-!M! 2x n! != + ! !
^,4,1-!M! 2x n!= ! ! !
a(!@;,4+$'0$%+)!
!
!
!
!

L('! <!8![!-1%2,+&9$<!%$',(9![ !

[!:#-)$!I#,*+!B%(),+,.$!6SK!)#,*+!2$*+<!4$=-+,.$!6SK!)#,*+!',=#+C!-49!w![!.$'+,0-2!)#,*+7!

!
!
!
!
!
!
!
!
!
!
!
!
!

f (x) = Asin(Bx + C) + K
2!
B

C
B
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!

J?/  N*#12;,*$#(+,12!,;!D*#8E2 !
 
¥   y = f (x ! a) !,)!+#$!='-%#!(*!  y = f (x) !)#,*+$9!#(',G(4+-22/! a !&4,+)!B+(!+#$!',=#+!,*!  a > 0 !-49!+(!+#$!2$*+!,*!  a < 0

C!
¥   y = f (x) + a!,)!+#$!='-%#!(*!  y = f (x) !)#,*+$9!.$'+,0-22/! a!&4,+)!B&%!,*!  a > 0 !-49!9(E4!,*!   a < 0 C!

¥   y = af (x) !,)!+#$!='-%#!(*!  y = f (x) !)+'$+0#$9!('!)#' &43!.$'+,0-22/!5/!-!*-0+('!(*! a!B)+'$+0#$9!,*!  a >1!-49!

)#'&43!,*!  0 < a <1C!
¥   y = f (ax) !,)!+#$!='-%#!(*!  y = f (x) !)+'$+0#$9!('!)#'&43!#(',G(4+-22/!5/!-!*-0+('!(*!  aB)+'$+0#$9!,*!  0 < a <1!

-49!)#'&43!,*!  a >1C!
¥   y = ! f (x) !,)!+#$!='-%#!(*!  y = f (x) !'$*2$0+$9!(.$'!+#$!3;-@,)!

¥   y = f (! x) !,)!+#$!='-%#!(*!  y = f (x) !'$*2$0+$9!(.$'!+#$!( ;-@,)!

!
EF,'64(8 R!
A9$4+,*/!+#$!5-),0!)#-%$!-49!+#$4!2,)+!-22!+'-4)*('1-+,(4)!,4!+#$,'!%'(%$'!('9$'!

!
  
f x( )  =  ! 2 x+1( )3

! 5!

514+)$1&R!
I#-%$R!!c0&5,0d!j*'(1!$@%(4$4+<!_h!
z(',G (4+-2!I#,*+R!!?!2$*+!j*'(1!@!\!?h!
r$'+,0-2!I+'$+0#!5/!-!*-0+('!(*!>!j*'(1!0($**,0,$4+<!;!>h!
3;-@,)!'$*2$0+,(4!j*'(1!4$=-+,.$!(4!0($**,0,$4+<!;>h!
r$'+,0-2!I#,*+R!!T!9(E4!j*'(1!;!T!(4!(&+),9$h!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
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!

!
J?./  O#2+7!D*#8E2!

!
!

y x=
!

!

1
y

x
=

!
y x= !

ny x= <!+!$.$4!
ny x= <!+!(99 !

xy a= <! 1a > !

, 0 1xy a a= < < !
log , 1ay x a= > ! log , 0 1ay x a= < < !

!
 

!
!      

!
 

!
!
!
!
!
!
!
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!

!
!

J?../  <=>#(+,1!C;!P+*7G%2!
 
!
"#$!=$4$'-2!$F&-+,(4!*('!-!0,'02$!+#-+!#-)!0$4+$'!B; <!<C!-49!'-9,&)!%!,)R!

B3!l !; C>!\!B( !l !<C>![! %>7!
L('!$@-1%2$<!+#$!0,'02$!%,0+&'$9!-5(.$!#-)!+#,)!$F&-+,(4R!!
B3!l !TC>!\!B( !l !QC>![!e7!
L('!1-4/!0,'02$)<!+#$!; !-49S('! <!-'$!4$=-+,.$o!'$1$15$'!+#-+!-!9(&52$!4$=-+,.$!,)! (*+$4!
E',++$4!-)!-!\7!
!
)>((+1D!<=>#(+,12!+1!9(#1-#*-!@,*$ !
!
EF,'64(8 3!L,49!+#$!)+-49-'9!*('1<!0$4+$'<!-49!'-9,&)!(*!+#$!*(22(E,4=!0,'02$)R!!
3>!\! ( >!\!V3!l !x( !l !??![!U!
!
514+)$1&R! ! ! !
!
B3>!\!V3C!\!B( >!l !x(C![!??!!! ! !! 6(15,4$!2,3$!+$'1) 7!
B3>!\!V3!\!eC!\!B( >!l !x( !\!?VC![!??!\!e!\!?V ! 6(1%2$+$!+#$!)F&-'$)7!
B3!\!_C>!!\!B( !l !QC>![!_V!! ! !! P$E',+$!,4!)+-49-'9 7!
! ! ! ! ! ! 6$4+$'R!B;_<!QC!-49!P-9,&)R!!V!! ! !
!
!
!

J?.../  0+1%2!
!
I.  Special products and factoring  

 Sum/difference of two cubes: 
( ) ( )
( ) ( )

3 3 2 2

3 3 2 2

a b a b a ab b

a b a b a ab b

+ = + ! +

! = ! + +
 

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
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!

!
!

J.J/  M%,$%(*:!;,*$>G#2 !
!
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