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lim
x! 1

x2 " 4x " 5
x2 " 1

= 3

  x =1

 h x( )

h 2( ) = 4

lim
x! 2

x2 " 4
x" 2

= lim
x! 2

x" 2( ) x+2( )
x" 2

= lim
x! 2

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

! 4 " 4, so f x( )  is not continuous at x = 4

Therefore not differentiable.

x = 3
f 3( ) = 3(3) ! 7 = 2

lim
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f x( ) = 3(3) " 7 = 2
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f x( )
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f ' x( ) =
dy
dx x=3

2( ) = 0

lim
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f x( ) =
dy
dx x=3

3x " 7( ) = 3

0 ! 3, so f x( )  is 

not differentiable at x = 3.

m= ! 2, k = −2
f x( ) x =1

m+ 2 = 0
m = −2

f ′ x( ) = m,    if x ≤1
k,  if x >1

⎧
⎨
⎩

f ′ x( ) x =1
m = k
k = −2

m = −1, k = 3
f x( ) x = 0

k = 3

f ! x( ) =
1,   if x " 0
#m, if x >0

$
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f ! x( ) x = 0
! m=1
m= ! 1
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f ! x( ) =
    c if x " 2
2x#c if x > 2
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x = 2  c = 4! c
 c = 2 x = 2  cx+d = x2 − 2c  4+d = 0

c + d = 2 + −4( ) = −2

g′ x( ) = f ′ f x( )( ) f ′ x( )
g′ 1( )= f ′ f 1( )( ) f ′ 1( )= f ′ 2( ) f ′ 1( )= 2( ) 0.6( )=1.2

x = 2

x2 − x = 0
x x−1( ) = 0
x = 0, 1
but x < 0

2x+1= 0
x = −.5
but x ≥ 0

0, 1( )
y 0( ) = 2 0( )+1=1

lim
x! +"

2x+1( ) = " lim
x ! " #

x2 " x( ) = #

0, 1( )

y! =
2x " 1,     if  x < 0

2,     if  x # 0
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y! = 0 = 2x " 1
x =.5,!but!x < 0

y! = 0 = 2
x = DNE
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2x ! 3= 0
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0,  ! 3( )
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2 ! 0 1! 4x = 0
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±1,  0( )
x2 ! 1= 0
x = ±1

4! x = 0
x = 4
but x < ! 1

0,  ! 1( )
f 0( ) = 02 ! 1

lim
x! +"

x2 #1( ) = " lim
x ! " #

4" x( ) = #

! 1,  0( ),! 0,  ! 1( )

f ! x( ) =
2x,    if  x > " 1

4,     if  x < " 1
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= 0

2x = 0
x = 0

4 ! 0

! 1,  0( )
y ! " 1,  #[ )
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3,! 0( )
2x+1= 0
x = ! .5
but!x ! " 1

3! x2 = 0

x = ± 3
but x > ! 1

0,  3( )
k 0( ) = 3! 02 = 3

lim
x! +"

3# x2( ) = #" lim
x ! " #

2x+1( ) = " #

0,  3( ),  ! 1, ! 1( )

k! x( ) = 
2,   if  x " #1

2x,   if x > #1
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dx

= 0

2 ! 0 2x = 0
x = 0

! 1,  ! 1( )
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!4 !3 !2 !1 1 2 3 4
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!1
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3

4

5
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G x( ) =

4, if ! 4" x " ! 2

x2,   if  ! 2<x " 0

4
4+ x2  , if  0<x

#

$

%
%

&

%
%

6

4

2

Ð2

Ð5 5

x ! " 4, #$% )
y! 0, 4[ ]
y= 0! x2 = 0! x = 0;

4
4+ x2 = 0 ! nosolution"

0, 0( )

x = 0! y= 02 = 0" 0, 0( )
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x! "

4
4+ x2 = 0# y= 0

0, 0( ) 0, 1( )
x ! " 4, " 2#$ %&

lim
x! 0"

f x( ) = lim
x! 0

4
4+ x2 # lim

x! 0
x2( ) = lim

x! 0+
f x( )$ x = 0

lim
x! " 2"

f #x( ) $ lim
x! " 2+

f #x( )% ! 2, 4( )

f x( ) =

x3 ! 9x, if ! 4 " x " ! 3
1,   if  ! 3<x " 3
1

x2 + 4
 , if  3<x" 4

#

$

%
%

&

%
%

!4 !2 2 4

!25

!20

!15

!10

!5

5

x

y

x ! " 4, 4[ ]
y= 0! x3 " 9x = 0! x = " 3;

1= 0 and 1
x2 + 4

= 0! nosolution" ! 3, 0( )

x = 0! y=1" 0, 1( )

! 4,  ! 28( ), ! 3,  0( ), 3, 1( ), 4,  1
20

"
#$

%
&'

lim
x! " 3"

f x( ) # lim
x! " 3+

f x( ) and lim
x! 3"

f x( ) # lim
x! 3+

f x( )$ x = ! 3, 3

y! " 28, 0[ ]# 1
20, 1

13
$
% )# 1{ }
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f x( ) =

! x! 2, if ! 4 " x < ! 2

4! x2,   if  ! 2<x < 2
sin#x , if  2<x " 4

$

%
&&

'
&
&

!4 !2 2 4

3

x

y

x ! " 4, 4#$ %&

y= 0! " x" 2= 0! x = " 2; y= 0! 4" x2 = 0! x = ±2;
y= 0! sin" x = 0! x = 2, 3, 4# ±2, 0( ), 3, 0( ), 4, 0( )

x = 0! y= 4" 02 = 2# 0, 2( )

! 4,  2( ), ±2,  0( ), 2.5,  1( ), 3.5,  ! 1( ), 4,  1( )

lim
x! " 2"

f x( ) # lim
x! " 2+

f x( ) and lim
x! 2"

f x( ) # lim
x! 2+

f x( )$ ±2, 0( )
y ! " 1, 2[ ]

f  ! ! 2( )+5= 7= ! 2( )2
+3

f f x( ) =
! 1, !!!!if  x < ! 2
!!!2x,   if  ! 2< x <1

!!!6x2,!!!!! if  1< x!!!!!!!!!

"

#
$$

%
$
$

2 1( ) ! 6 1( )2
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lim
x! 2

x + 2 " 2x( ) x + 2 + 2x( )
x ! 2( ) x + 2 + 2x( )

= lim
x! 2

x + 2" 2x( )
x ! 2( ) x + 2 + 2x( )

= lim
x! 2

2 " x

x " 1( ) x + 2 + 2x( )
= lim

x! 2

" 1

x + 2 + 2x( ) = k

! 1

4 + 4( ) = !
1
4

= k

a = s2

da
dt

= 2sds
dt

= 3ds
dt

s=1.5
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R! x( ) = 2ax from A to B
b from B to C

"
#
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a 1000( )2
=1000b+ c 2a 1000( ) = b b =100

a 1000( )2
=100

a = 0.0001
2 0.0001( ) 1000( ) = b

b = 0.2

x =1 f x( )

1+ k ! 3= 3+b " k = b+ 5

x =1 !f x( ) = 2x+ k for x " 1
3 for x >1
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2+ k = 3! k =1

! b = " 4
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x = !

lim
x! " 1+

f x( ) = lim
x! " 1

x2 " ! x+1( ) =1

lim
x! " 1" f x( ) = lim

x! " 1

x2

x+2
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lim
x! " 1" f x( ) ! lim

x! " 1+
f x( )
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f ′ x( )
x     0         3         6    ← →⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

      + 0    −   0     −    0   +

f ′ x( ) f x( )

f x( ) x = 2 f x( )
x ! 2

f x( ) x =1 3= m+b

f ! x( ) =
" 2x,   if x #1
  m,  if x >1
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f ′ x( ) x =1 m = −2
f x( ) x =1 3=m+b 5= b
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x = −3 x = −3

f −3( )
lim
x→−3−

f x( )
lim
x→−3−

f x( ) = lim
x→−3

2x +3( ) = −3
lim
x→−3+

f x( ) = lim
x→−3

x2 + 4x( ) = −3

lim
x→−3−

f x( ) = f −3( )

f ′ x( ) =
2,  if x < −3

2x + 4, if x > −3

⎧
⎨
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lim
x→−3−

f ′ x( ) = lim
x! " 3

2( ) = 2

lim
x! " 3+

f # x( ) = lim
x! " 3

2x+4( ) = ! 2

lim
x! " 3" f ! x( ) ! lim

x! " 3+
f ! x( )
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f x( ) =
2x + 3 if x < −3
−3 if x = −3

x2 + 4x if x > −3

⎧

⎨
⎪

⎩
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x ∈All Reals

0,  0( )
2x +3= 0
x = −1.5
but x < −3

x2 + 4x = 0
x x + 4( ) = 0
x = 0, −4
but x > −3

0,  0( )
f 0( ) = 02 + 4 0( )

−2,  − 4( ) −3,  − 3( )

f ′ x( ) =
2, if x < −3

2x + 4, if x > −3

⎧
⎨
⎪
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dy
dx

= 0

2 ≠ 0 y′ = 0 = 2x + 4
x = 2

−3,  − 3( )

y∈All Reals


