CALCULUS

Curve Sketching (III)

1. Consider the following polynomial function: f(z) =

Sketch the grapf of the function f(x) .

2. Consider the following polynomial function: f(z) =

Sketch the grapf of the function f(x) .

3. Consider the following polynomial function: f(z) =

Sketch the grapf of the function f(x) .

4. Consider the following polynomial function: f(z) =

Sketch the grapf of the function f(x) .

5. Consider the following polynomial function: f(x) =

Sketch the grapf of the function f(x) .

6. Consider the following polynomial function: f(x) =

Sketch the grapf of the function f(x) .

7. Consider the following polynomial function: f(x) =

Sketch the grapf of the function f(x) .

8. Consider the following polynomial function: f(z) =

Sketch the grapf of the function f(x) .

9. Consider the following polynomial function: f(x)

Sketch the grapf of the function f(x) .

10. Consider the following polynomial function: f(z) =

Sketch the grapf of the function f(x) .
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CALCULUS Curve Sketching (IIT)

Solutions:
x4+ 2)2(x—1)*
1. f(z) = —( )4( )
Domain

The function f(x) is a polynomial function. Therefore the domain is Dy =R .

Symmetry
2 4
Flez) = (—z+2) 4(—3; -1)
fl=z) # —f(x) f(=z) # f(x) Therefore the function f(z) is neither even nor odd function.

Zeros
The zeros of the function f(z) are: 1 = —2 and x9 =1

y-intercept
0+2)%(0—1)*
y—int:f(O):—( +2)%( )

= 1.000
4

Asymptotes
The function f(z) is a polynomial function of degree 3. Therefore the function does not have any kind of
asymptotes.

Critical Numbers )
d (z+2)2%(x—-1)* (z+2)(z—1)>3

/ _ ¢ _ o
fw) = = 2 @) - 1) + @ +2)
Critical numbers are the solutions of the equation f'(z) =0 or
z+2)(z—1)3
DD o) 1) + () +2)] = 0
2)(1 4)(-2
So, the critical numbers are: 1 = —2 To =1 T3 = % = —1.000
Sign Chart for the First Derivative f/(z)
x -2 —1.000 1
fl@) |\ 0 |, 7| 4000 [\, |0] ~
flle)| =1 0 | + 0 -0+

Increasing and Decreasing Intervals

The function f(x) is decreasing over (—oo, —2) and over (—1.000, 1) and is increasing over (—2, —1.000) and
over (1,00).

Maximum and Minimum Points

The function f(z) has a maximum point at P3(—1.000,4.000) and two minimum points at P;(—2,0) and at
Py (1,0).

Concavity Intervals
The second derivative of the function f(x) is given by:

) = L2 )0 1) 4 (a) (o — —2)
(z = 1)?

1 [3022 4 602 + 18]

f(w) =
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CALCULUS

Curve Sketching (III)

The second derivative f”(x) is zero when f”(z) =0 or:
(x—1)?
4

So, the second derivative f”(z) is zero at:

T =1 Ty = —1.632 x5 = —0.368

[302% + 60z + 18] = 0

Sign Chart for the Second Derivative f”(z)

x ~1.632 —0.368
fx) | — | 1622 | ~| 2330 | —
@+ 0o | =] o |+

Inflection Points
The infllection point(s) is(are):

Py =(-1.632,1.622)  P5 = (—0.368,2.330)

Graph

(~1.00,4.00)| 4

Y

/ x( 0.37,2.33) I
2

s |

Y
8
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CALCULUS Curve Sketching (IIT)

(z+1)°(x —3)
-3

2. flx) =

Domain
The function f(x) is a polynomial function. Therefore the domain is Dy =R .

Symmetry ,
Flez) = (—x+ llé—x -3)

f(=z) #—f(x) f(=x) # f(x) Therefore the function f(x) is neither even nor odd function.

Zeros
The zeros of the function f(z) are: 21 = —1 and 2 =3

y-intercept

y —int = £(0) = = 1.000

(0+1)%(0—3)
-3

Asymptotes

The function f(z) is a polynomial function of degree 3. Therefore the function does not have any kind of

asymptotes.

Critical &\Izlmbe)rgs( ) 2
, z+1)°(x -3 z+1
= — = — 1 1
fay = < EH L3 -3 + W)+ 1)
Critical numbers are the solutions of the equation f'(z) =0 or

(z +1)?
-3

[(3)(z —3) + (1)(z+1)]=0

3)B)+ M(=1)

= 2.000
3+1

So, the critical numbers are: 1 = —1 T3 =

Sign Chart for the First Derivative f/(z)

T -1 2.000
fl@) | 710 |, 7]9.000 |\

Increasing and Decreasing Intervals

The function f(x) is increasing over (—oo,2.000 and is decreasing over (2.000, c0).
Maximum and Minimum Points

The function f(z) has a maximum point at P;3(2.000,9.000).

Concavity Intervals
The second derivative of the function f(z) is given by:

2
7@y = LD @0 - 3) + (1)~ 1)

f'(x) = -1 __;1)1 (122 + —12]

The second derivative f”(x) is zero when f”(x) =0 or:
Q[Ha: +-12] =0
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CALCULUS Curve Sketching (IIT)

So, the second derivative f”(z) is zero at:

1 =—1 x4 = 1.000

Sign Chart for the Second Derivative [/ (z)

z -1 1.000
flz) | ~| 0 | —]5333 | ~
ffle) | =1 0]+ 0 |-
Inflection Points
The infllection point(s) is(are):
Pi=(-1,0) P =(1.000,5.333)
Graph
(2.00,9.00)
Qo
Y
17 P.00,5.33)
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CALCULUS Curve Sketching (IIT)
x+3)3(x —2)?
s - @)

—108
Domain
The function f(x) is a polynomial function. Therefore the domain is Dy =R .

Symmetry , ,
(=2 43)°(—x —2)
=) = —108
f(=z) #—f(x) f(=x) # f(x) Therefore the function f(x) is neither even nor odd function.

Zeros
The zeros of the function f(z) are: x; = —3 and Ty =2

y-intercept
3 —92 2
y—int = f(0) = O30 =27

= —1.000
—108

Asymptotes
The function f(z) is a polynomial function of degree 3. Therefore the function does not have any kind of
asymptotes.

Critical Numbers
d (z+ 33z —2)2  (z+3)*z—2)

/ — _
fay= S @EI O XD )0 9) 4 2)(a +3)
Critical numbers are the solutions of the equation f'(z) =0 or
z+3)2%(x—2
A2 )0 —2)+ )@ +3) =0
108
3)(2 2)(—3
So, the critical numbers are: 1 = —3 To = 2 T3 = % = 0.000
Sign Chart for the First Derivative f/(z)
T -3 0.000 2
F@) |\ 0 [N =1000] 7 0]\,
fflxy| =1 0| = 0 + (0| —

Increasing and Decreasing Intervals

The function f(x) is decreasing over (—o00,0.000) and over (2,00) and is increasing over (0.000,2).
Maximum and Minimum Points

The function f(z) has a minimum point at P3(0.000, —1.000) and a maximum point at P»(2,0).
Concavity Intervals

The second derivative of the function f(z) is given by:

d (@ +3)%( - 2)

f(x) = @W[(?ﬂ(m —2)+ (2)(z — -3)]

(z) = %[20# + 0z + —30]

The second derivative f”(x) is zero when f”(x) =0 or:
(x +3)

m[ZOxQ + 02+ —30] =0
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CALCULUS Curve Sketching (IIT)

So, the second derivative f”(z) is zero at:

Ty = -3 T4 = —1.225 r5 = 1.225

Sign Chart for the Second Derivative [/ (z)

x -3 —1.225 1.225
f) | —| 0 | ~|-0539|—|—-0420 | ~
@)y |+ 0 | — 0 + 0 -

Inflection Points
The infllection point(s) is(are):

P =(-3,0)  Py=(-1.225-0.539)  P; = (1.225,—0.420)

Graph
\Y

N -
., \52\( 5’(12 02,
<122} ~054
(0.00, {-1.00)
-2
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CALCULUS Curve Sketching (IIT)

(z + 1)*(x — 2)?
—4

4 flz) =

Domain
The function f(x) is a polynomial function. Therefore the domain is Dy =R .

Symmetry , ,
Flez) = (—x+ 1)7(4—13 -2)
f(=z) #—f(x) f(=x) # f(x) Therefore the function f(x) is neither even nor odd function.

Zeros
The zeros of the function f(z) are: 21 = —1 and Ty =2

y-intercept
1)3(0 —2)?
it p ~ QD022

=1
- 000

Asymptotes
The function f(z) is a polynomial function of degree 3. Therefore the function does not have any kind of
asymptotes.

Critical Numbers
i(m+1)3(x72)2 (r+1)%(z—-2)

fay= S @220 2 =D 1)@ - 2) 4 @)z + 1)
Critical numbers are the solutions of the equation f'(z) =0 or
x4+ 1) (z -2
T =2 )0 —2) + @)+ 1)) = 0
2 2)(—1
So, the critical numbers are: 1 = —1 To =2 T3 = %ﬁ;() = 0.800
Sign Chart for the First Derivative f/(z)
x -1 0.800 2
F@) N0 [N =2100] 7|0\,
fflxy| =1 0| = 0 + (0| —

Increasing and Decreasing Intervals

The function f(x) is decreasing over (—oo,0.800) and over (2,00) and is increasing over (0.800,2).
Maximum and Minimum Points

The function f(z) has a minimum point at P3(0.800, —2.100) and a maximum point at P5(2,0).
Concavity Intervals

The second derivative of the function f(z) is given by:

d (z+1)*(z—2)

f(x) = @7—4[(3)@ —-2)+ (2)(z — -1)]

(z) = @[20# + =32z + 2]

The second derivative f”(x) is zero when f”(x) =0 or:
(x+1)

_74[203:2 + 320 +2]=0
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CALCULUS Curve Sketching (IIT)

So, the second derivative f”(z) is zero at:

Tr1 = -1 Ty = 0.065 Iy = 1.535

Sign Chart for the Second Derivative [/ (z)

T -1 0.065 1.535
fl@) |—1] 0 | ~|-1131|— | —0.881 | ~
@)y |+ 0 | — 0 + 0 -

Inflection Points
The infllection point(s) is(are):

P =(~1,00  Py=(0.065—-1.131)  P;=(1.535—0.881)

Graph
\Y

(0.07, A1.13) \
\

(p.80, —2.10)
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CALCULUS Curve Sketching (IIT)

(x+1)(x—2)3
-8

5. fla) =

Domain
The function f(x) is a polynomial function. Therefore the domain is Dy =R .

Symmetry ;
Flez) = (—x+ 1)7(8_36 —2)
f(=z) #—f(x) f(=x) # f(x) Therefore the function f(x) is neither even nor odd function.

Zeros
The zeros of the function f(z) are: 21 = —1 and Ty =2

y-intercept

y —int = £(0) = = 1.000

(0+1)(0—2)3
Asymptotes

The function f(z) is a polynomial function of degree 3. Therefore the function does not have any kind of
asymptotes.

Critical Numbers )
i(m+1)(x72)3 (x —2)2

Fay= S EEDEZ2E 1) 9) 4 3)(a + 1)
Critical numbers are the solutions of the equation f'(z) =0 or
z —2)?
E= ) -2 + B+ 1] =0
1)(2 -1
So, the critical numbers are: xo = 2 T3 = % = —0.250

Sign Chart for the First Derivative f/(z)

T —0.250 2
F@) | 7] 1o6s |\ | 0]\,
fl(z) | + 0 - |0 —

Increasing and Decreasing Intervals

The function f(z) is increasing over (—oo, —0.250) and is decreasing over (—0.25000).
Maximum and Minimum Points

The function f(z) has a maximum point at P3(—0.250, 1.068).

Concavity Intervals
The second derivative of the function f(z) is given by:

@)= LDy 0 —9) 4 @) - 1)

() = %[m + 6]

The second derivative f”(x) is zero when f”(x) =0 or:
@[1% +—6]=0
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CALCULUS Curve Sketching (IIT)
So, the second derivative f”(z) is zero at:

o = 2 T4 = 0.500

Sign Chart for the Second Derivative [/ (z)

x 0.500 2
flz) | ~10633|—|0]| ~
@ -] o [+ ]of -
Inflection Points
The infllection point(s) is(are):
Py=(2,0)  Py=(0.500,0.633)
Graph
LY
4
2
(+0.25,].07)

/ 50,0.63)

(© 2009 La Citadelle 11 of 21 www.la-citadelle.com



CALCULUS Curve Sketching (IIT)

(x+ 2 - 1)
-8

6. f(x) =

Domain
The function f(x) is a polynomial function. Therefore the domain is Dy =R .

Symmetry ,
Flez) = (—x+ 2)7;—1‘ -1)

f(=z) #—f(x) f(=x) # f(x) Therefore the function f(x) is neither even nor odd function.

Zeros
The zeros of the function f(z) are: x; = —2 and xg =1

y-intercept

y —int = £(0) = = 1.000

(0+2)2(0—1)
-8

Asymptotes

The function f(z) is a polynomial function of degree 3. Therefore the function does not have any kind of

asymptotes.

Critical &\Izlmbe)rgs( ) 2

iy d@+2)0(x-1) (x+2 _
fey = D B ey - 1) + (1) +2)
Critical numbers are the solutions of the equation f'(z) =0 or

(z 4 2)?
-8

[(3)(x — 1)+ (1)(z+2)] =0

B)M) +1)(=2)

= 0.250
3+1

So, the critical numbers are: 1 = —2 T3 =

Sign Chart for the First Derivative f/(z)

T -2 0.250
fl@) | 7] 0|, 7]1.068]|\

Increasing and Decreasing Intervals

The function f(x) is increasing over (—oo,0.250 and is decreasing over (0.250, 00).
Maximum and Minimum Points

The function f(z) has a maximum point at P3(0.250, 1.068).

Concavity Intervals
The second derivative of the function f(z) is given by:

£ = D 5y 1) 4 (1) - —2)

() = % 122 + 6]

The second derivative f”(z) is zero when f”(z) =0  or:
M[u@n +6]=0
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CALCULUS Curve Sketching (IIT)

So, the second derivative f”(z) is zero at:

T, = —2 x4 = —0.500

Sign Chart for the Second Derivative [/ (z)

z -2 —0.500
fl@) | ~] 0 |—| 0633 | ~
ff@) | = 0 |+ 0 -
Inflection Points
The infllection point(s) is(are):
Py =(-2,0)  Py=(-0.500,0.633)
Graph
AY
4
2
(0.24, 1.07)

(4 0.5%.63)
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CALCULUS Curve Sketching (IIT)
r+3)%(x —2)%
= @)

144
Domain
The function f(z) is a polynomial function. Therefore the domain is Dy =R .

Symmetry , A
 (—r+3)* (2 —-2)
fl=z) = T
f(=z) #—f(x) f(=x) # f(x) Therefore the function f(x) is neither even nor odd function.

Zeros
The zeros of the function f(x) are: 1 = —3 and To =2

y-intercept
2 —92 4
yfint:f(()):—(o+3) (0-2)

T4l = 1.000

Asymptotes
The function f(x) is a polynomial function of degree 3. Therefore the function does not have any kind of
asymptotes.

Critical Numbers
d (z+3)*(x—2)" _ (z+3)(x-2)°

/ o _
fay = AP 2D R 0) — 2) + () + )
Critical numbers are the solutions of the equation f'(z) =0 or
x4+ 3)(x—2)3
=2 0) e~ 2) + (4)(a +3)] = 0
So, the critical numbers are: 1 = —3 To =2 T3 = %_‘W =—-1.333
Sign Chart for the First Derivative f/(x)
x -3 —1.333 2
flz) [\ 0| 7] 2381 [\ ,|0|
flle)y| =1 0 | + 0 - (0] +

Increasing and Decreasing Intervals

The function f(x) is decreasing over (—oo, —3) and over (—1.333,2) and is increasing over (—3, —1.333) and
over (2,00).

Maximum and Minimum Points
The function f(x) has a maximum point at Ps(—1.333,2.381) and two minimum points at P;(—3,0) and at
P5(2,0).

Concavity Intervals
The second derivative of the function f(x) is given by:

d (z+3)(z—2)3

7@y = SEEIE 2 )0 ) 4 (@) —3)]
Fi) = &= 2)° 3022 + 80z + 20]
144
The second derivative f”(z) is zero when f”(x) =0 or:
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CALCULUS Curve Sketching (IIT)
(x—2)
144
So, the second derivative f”(z) is zero at:

To = 2 Ty = —2.387 Iy5 = —0.279

[3027 4 802 +20] = 0

Sign Chart for the Second Derivative [/ (z)

x —2.387 —0.279
f@) | — ] 0966 | ~| 1.387 | —
a0 [ 0 |+

Inflection Points
The infllection point(s) is(are):

P, = (—2.387,0.966) Ps = (—0.279,1.387)

Graph
\Y I

\ / —0.28,1.39) /
0.97) /

/
(
\
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CALCULUS Curve Sketching (IIT)

(2 + 1)2(x — 2)?
4

8. flx) =

Domain
The function f(z) is a polynomial function. Therefore the domain is Dy =R .

Symmetry , ,
flez) = (—z+1) 4(755 -2)
f(=z) #—f(x) f(=x) # f(x) Therefore the function f(x) is neither even nor odd function.

Zeros
The zeros of the function f(z) are: 7 = —1 and To =2

y-intercept
1)2(0 — 2)?
N (R Va (B

=1.
1 000

Asymptotes
The function f(x) is a polynomial function of degree 3. Therefore the function does not have any kind of
asymptotes.

Critical Numbers
d (z+1)*(2—-2)? (z+1)(z-2)

! _ — —
fey = R E B I 0y - 9) + (2)(x + 1)
Critical numbers are the solutions of the equation f'(z) =0 or
z+1)(z—2
EXDEZD 5)@—2) + @+ 1] = 0
2)(2 2)(—1
So, the critical numbers are: 1 = —1 To =2 T3 = % = 0.500
Sign Chart for the First Derivative f'(z)
x -1 0.500 2
f)y [\,]| 0|, 7]1266|\,|0]|
ffle)y| =1 0 | + 0 — (0] +

Increasing and Decreasing Intervals

The function f(x) is decreasing over (—oo,—1) and over (0.500,2) and is increasing over (—1,0.500) and
over (2,00).

Maximum and Minimum Points
The function f(z) has a maximum point at P3(0.500,1.266) and two minimum points at P;(—1,0) and at
Py(2,0).

Concavity Intervals
The second derivative of the function f(z) is given by:

d (z+1)(x—2)

f(z) = @T[@)(m =2)+(2)(x — -1)]

(z) = %[12x2 + —12z + —6]

The second derivative f”(x) is zero when f”(x) =0 or:
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CALCULUS Curve Sketching (IIT)
1 2
Z[lZm +—122+ —6] =0

So, the second derivative f”(z) is zero at:

x4 = —0.366 x5 = 1.366

Sign Chart for the Second Derivative [/ (z)

@ —0.366 1.366
fx) | —| 0563 | ~|0563 | —
@+ o | =] o |+

Inflection Points
The infllection point(s) is(are):

Py = (—0.366,0.563)  P5 = (1.366,0.563)

Graph

\ (0.50,1.27) /
\ (1.7.56)
(10.37,0.
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CALCULUS Curve Sketching (IIT)
z+3)(r—1
o flay) - ZEDE=

-3
Domain
The function f(z) is a polynomial function. Therefore the domain is Dy =R .

Symmetry
Flez) = (—z + 32(37:17 -1
f(=z) #—f(x) f(=x) # f(x) Therefore the function f(x) is neither even nor odd function.

Zeros
The zeros of the function f(x) are: 1 = —3 and zo =1

y-intercept

y—int = f(0) = = 1.000

(0+3)(0—1)
3

Asymptotes
The function f(z) is a polynomial function of degree 3. Therefore the function does not have any kind of
asymptotes.

Critical Numbers
d (z+3)(xz—1) 1

! = =—(1 -1 1

fay =D - ) - 1) + )+ 3)

Critical numbers are the solutions of the equation f'(z) =0 or
1

=3[ -D+ @)z +3)]=0

So, the critical numbers are: x3 = M = —1.000

1+1
Sign Chart for the First Derivative f/(z)

x ~1.000
flz) | /] 1.333 |\,
fi@) | +1] 0 -

Increasing and Decreasing Intervals

The function f(x) is increasing over (—oo, —1.000 and is decreasing over (—1.000, o).
Maximum and Minimum Points

The function f(x) has a maximum point at Ps(—1.000, 1.333).

Concavity Intervals
The second derivative of the function f(x) is given by:

d 1
@) = S L)1) + @) - -3
F(@) =2
The second derivative f”(x) is zero when f”(x) =0 or:
2=0

The second derivative f”(x) cannot be zero.
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CALCULUS Curve Sketching (IIT)

Sign Chart for the Second Derivative [/ (z)

x
flx) |~
f'(x) | -
Inflection Points
There is no inflection point.
Graph
LY
4
2
(—1.00,1.33)
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CALCULUS Curve Sketching (IIT)

(z +2)2(x — 2)*
64

10. f(z) =

Domain
The function f(z) is a polynomial function. Therefore the domain is Dy =R .

Symmetry , A
flez) = (—z + 2)64([:5 -2)
f(=z) #—f(x) f(=x) # f(x) Therefore the function f(x) is neither even nor odd function.

Zeros
The zeros of the function f(x) are: 1 = —2 and To =2

y-intercept
2)2(0 —2)*
it p() = Q2202

=1.
64 000

Asymptotes
The function f(x) is a polynomial function of degree 3. Therefore the function does not have any kind of
asymptotes.

Critical Numbers
d (z+2)?*(x—-2)" _ (z+2)(x-2)°

! — — .
fey = A B o) - 2) + (4)(z +2)
Critical numbers are the solutions of the equation f'(z) =0 or
x+2)(z—2)3
202 o)~ 2) + () +2)] = 0
So, the critical numbers are: 1 = —2 To =2 T3 = %ﬁi)(im = —0.667
Sign Chart for the First Derivative f/(x)
x -2 —0.667 2
flz) [\ 0| 7| 1405 |\, |0 A
flle)y| =1 0 | + 0 - (0] +

Increasing and Decreasing Intervals

The function f(x) is decreasing over (—oo, —2) and over (—0.667,2) and is increasing over (—2, —0.667) and
over (2,00).

Maximum and Minimum Points

The function f(x) has a maximum point at P3(—0.667,1.405) and two minimum points at P;(—2,0) and at
P5(2,0).

Concavity Intervals

The second derivative of the function f(x) is given by:

d (z+2)(z—2)3

f(a) = SEEDEZ2 )0 ) 4 (@) —2)
@) = T2 (3022 4 400 4 g
64
The second derivative f”(z) is zero when f”(x) =0 or:
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CALCULUS

Curve Sketching (III)

(x—2)
64
So, the second derivative f”(z) is zero at:

o = 2 T4 = —1.510 Iy5 = 0.177

[302% + 40z + —8] = 0

Sign Chart for the Second Derivative [/ (z)

T —1.510 0.177
f(z) | — ] 0.570 | ~|0.818 | —
f(z) | + 0 — 0 +
Inflection Points
The infllection point(s) is(are):
P, = (-1.510,0.570) Ps; =(0.177,0.818)
Graph
LY
\ 4
\ :
\ (—0067,1.4p)
/ (0.18,0.82) /
~1.51,05
\\/ \‘\l‘:/ > T
—4 —2 2
—2
—4
(© 2009 La Citadelle 21 of 21 www.la-citadelle.com



