2.3 Polynomial Function Porperties and Graphs MATH 161 THOMPSON

Polynomial has real coefficients and exponents are non-
negative.

Degree is highest exponent.
The x-intercepts are when f(x) =0ory=0

The graph of a polynomial function is smooth and continuous.

The even multiplicity touches the x-axis *even exponent
The odd multiplicity crosses the x-axis *odd exponent

If r is a solution of f(x)=0 then r is a real zero x-intercept, and
X-r is a factor.

The multiplicity of a zero is the EXPONENT for that term

END BEHAVIOR
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f(x)=x> f(x)= -x? f(x)=x3 f(x)=-x3
for any even function for any odd function

1) The x-intercepts of a function y =f{x) are the real solutions of the equation f{x)=0.

True

2) The graph of every polynomial function is both smooth and continuous.




3) Ifris areal zero of even multiplicity of a function f, then the graph of f touches the x-axis atr.

4) Ifris a solution to the equation f{x) =0, name three additional statements that can be made
about f and r assuming fis a polynomial function.

If ri= a solution to the equation f(x) = 0, then ris a real zero of the polynomial function
f, ris an x-intercept of the graph of f, anc‘x - rlis a factor of f.

5) The graph of the function f{x) = 2x* = 3% + 9%° - 4x - 5 resembles the graph of y= 2x* for

large values of |x|.
End behavior (basic graph shape) is highest exponent term

6) The multiplicity of a real zero is the number of times its corresponding factor occurs.

7) The graph of y = 5x % 4 2% - 9 has at most how many turning points?
highest exponent—1:(6-1)=5
8) Determine whether the following function is a polynomial function. If the function is a

polynomial function, state its degree. Ifit is not, tell why not. Write the polynomial in standard
form. Then identify the leading term and the constant term.

f(x) = 5x+x°

Polynomial degree 3
The polynomial in standard form is f(x) = x*> + 5x with leading term x>

and the constant O

9) Dietermine whether the following function is a polynomial function. If the function is a
polynomial function, state its degree. If it is not, tell why not. Write the polynomial in standard
form. Then identify the lzading term and the constant term.

1-x
oi¥)=—¢

Polynomial degree 4

4 4
The polynomial in standard form is f(x) = — x? + %with leading term — x?

1
and the constant "



10) Determine whether the following function is a polynomial function. If the function is a
polynomial function, state its degree. If it is not, tell why not. Write the polynomial in standard
form. Then identify the leading term and the constant term.

Is is not a polynomial because the variable z is raised to the -2 power

The polynomial is not a function

11) Determine whether the following function is a polynomial function. If the function is a
polynomial function, state its degree. If it is not, tell why not. Write the polynomial in standard
form. Then identify the lzading term and the constant term.

g{x}=x2 ~x°+2
Is is not a polynomial because the variable z is raised to the 72 power

The polynomial is not a function

12) Determine whether the following function is a polynomial function. If the function is a
polynomial function, state its degree. If it is not, tell why not. Write the polynomial in standard
form. Then identify the leading term and the constant term.

1
Fi)=8x’ -m + 7

Polynomial degree 4
The polynomial in standard form is f(x) = 8x* — nix? + % with leading

term 8x* and the constant %

13 Determine whether the following function is a polynomial function. If the function is a polynomial function, state its degree. If it
tell why not. \Write the polynomial in standard form. Then identify the leading term and the constant term.

G(x) = 4(x-3)%(x*+3)

Degree of £
ial in standard form is G(x) =| 4x* - 24x> + 48x% - 72x + 108| with leading

term 4&4 and constant |108|.
(le2+12) (x2-6x+9) multiply out
4x* — 24x3+36x% + 12x> — 72x+108
4x* — 24x3+48x% — 72x+108




14) Use a transformation of the graph of y =x* to graph the function

=+  left 8 units ,i j

15) Use a transformation of the graph of y =x° to graph the function.

ix)=x*-6  Down 6 units T

se a transformation of the graph of v =x " to graph the function.
16) U formation of the graph of y =x" to graph the functi

13, , 13
fix)=5x Vertical stretch of -

v J

17) Use a transformation of the graph of y =x* to graph the function.

hix)= -5x*  Reflects across the x-axis<
vertical stretch of 5

18) Use a transformation of the graph of y =x" to graph the function.

fx)= (x-7)° +1 LN

Shifts right 7 and up 1 unit

19  Use a transformation of the graph of y =x*to graph the function.

hix) =T+ 1) +2 'R j

Shifts left 1 and up 2 units

20) f(x) =8x*—-5x+1 21) f(x) = —8x3 —6x2 + 2

L RN




22) fix)=9x" -3t +x7 -4 23) f(x)=5+dx - 2x°|- 3x"

L J VAN

24)

The comprehensive graphs of four polynomial functions are shown in A-D.

B.
30 ! cl

-300

Which of the graphs cannot be that of a cubic polynomial function? ]

The graph(s) in AB cannot be the graph of a cubic polynomial|function. f
*because graph cannot touch more than 3 times and not point same direction

25) Find the polynomial function of degree-3-whose zeros are -5, 3, and 7
f(x) = (x+5)(x-3)(x-7)

26) Find the polynomial function of degree 3 whose zeros are -1, 0, and 6
zero of 0 is an x value f(x) = x(x+1)(x-6)

27) Zeros: -3, multiplicity 1, 6, multiplicity 2
multiplicity is exponent f(x) = (x+3)(x-6)?

*it will show you multiplied out for correct answer but will take this form if it is correct



2 8) Find a polynomial function with the given real zeros whose graph contains the given point.

Zeros: -3,0,2, 1 y=ax(x+3)(x-2)(x-1)
Degree: 4 1 1 1 1
| 1 150=a(—2)( —5+3)( = 5-2)( —5-1)
Puoint: [_E=_15D] 2 2
75
-150 = — T2 a=32

f(x) = 32x(x+3)(x—2)(x-1)

29) Construct a polynomial function f with the following characteristics.

zeros: -1, 2, and 4
degree 3
y-intercept: - 16

Choose the correct answer below.

. - negative Cross out the ones that will be a + answer
¥ AL ) =(CRx+ DO I

fix) ‘—%*Hﬂﬂ@?q@@l# positive Cross out the one with an exponent of 2

filx) =2{x+Hfx—2x—4} positive
fix)= —‘EMEEK——Q—H#FM exponent of 2
30) For the polynomial function below: (a) List each real zero and its multiplicity. (b) Determine
whether the graph crosses or touches the x-axis at each x-intercept. (¢) Determine the maximun
number of turning points on the graph. (d) Determine the end behavior; that is, find the power

function that the graph of f resembles for large values of |x]|.
x> + 64 does not factor

f(x)= -6(x2+64) (x-3)°

(a) Find any real zeros of f. Select the correct choice below and, if necessary, fill in the answer
box to complete your choice. x—3=0

-4 The real zero(s) of fis/are x=3

(Type an exact answer, using radicals as needed. Use integers or fractions for any
numbers in the expression. Use a comma to separate answers as needed.)

There are no real zeros.

. exponent of the (x-3) term

The multiplicity of the zero is
(b) The graph of f | crosses |the x-axis at the x-intercept.

(c) The maximum number of turning points on the graph isE
e (Type a whole number.) —6(@+ 64) (x - 3@ Degree is 5, turning point 5-1=4

(d) Type the power function that the graph of f resembles for large values of [x|.

Look aty = -6(x* )(x)* add exponents  y=-6x°



EXTRA #30)

For the polynomial function below: (a) List each real zero and its multiplicity. (b) Determine whether the graph
crosses or touches the x-axis at each x-intercept. (c) Determine the maximum number of turning points on the

graph. (d) Determine the end behavior; that is, find the power function that the graph of f resembles for large

values of |x|.

_ 2
)= —2(x="T){x+7) -7 is a zero bc the exponent is on the outside

(a) Find any real zeros of f. Select the correct choice below and, if necessary, fill in the answer box to complete your
choice.

L The real zero(s) of fisfare 1,=7 .

The multiplicity of the larger zerois 1 .

(Type a whole number.) -7 is the smaller zero, exponent of 1

The multiplicity of the smaller zero is 2 .

(Type a whole number.) 1 is the larger zero, exponent of 1

(o) The graph crosses the x-axis at the larger x-intercept.
1 is the larger zero, exponent of 1 (odd) so the graph crosses

The graph touches the x-axis at the smaller x-intercept.
-7 is the smaller zero, exponent of 2 (even) so the graph touches

(c) The maximum number of turning points on the graph is 2 .
Type a whole number. . . .
(e } f(x)= - 2(x - @w@ Degree is 3, turning point 3-1=2

(d) Type the power function that the graph of f resembles for large values of |x|.

y= -8 Look at 'y = -2(x)(x) add exponents  y=-2x3



-

31) For the polynomial function f{x) =2 l:e(f'—-H:}rg{x - 3)7 answer the following questions.
(a) List each real zero and its multiplicity.
(b) Determine whether the graph crosses or tolches the x-axis at each x-intercept.
(c) Determine the maximum number of turning points on the graph.
(d) Determine the end behavior; that is, find the power function that the graph of f resembles for large

values of |x|.

(a) Find any real zeros of f. Select the correct choice below and, if necessary, fill in the answer box(es)
to complete your choice.

Useonlyx—3=0 x=3

¥ Thereal zero of fis 3 with multiplicity of 3 .

(Simplify your answer. Type integers or fractions. Type each answer only once.)

(b) Select the correct choice below and, if necessary, fill in the answer box(es) to complete your
choice.

The graph touches the x-axis at
(Type an integer or a simplified fraction. Use a comma to separate answers as needed )

The graph crosses the x-axisat 3. odd exponent crosses

(c) The maximum number of turning points on the graph is b .

Type a whole number. . . .
(Typ ] 2(2s 119k~ 3> Degree is 7, turning point 7-1=6
d) The power function that the graph of f resembles for large values of |x|isy = ?_xT.
( p grap g y
2(x%)%x3 = 2x4 x3

32) For the polynomial function below: (a) List each real zero and its multiplicity. (b) Determine
whether the graph crosses or touches the x-axis at each x-intercept. (c¢) Determine the maximurr
number of turning points on the graph. (d) Determine the end behavior; that is, find the power

function that the graph of f resembles for large values of |x]|.

1 }z Square is on outside so | do not factor

1 X+%=0 x+8=0

jare -8, —-—.

X=-V% X =-8
(Type an exact answer,\using radicals as needed. Use integers or fractions for any
numbers in the expression. Use a comma to separate answers as needed.)

The real zero(s) of f i

There are no real zeros.

The multiplicity of the larger zerois 2.

The multiplicity of the smaller zero is 3



33)

(b) The graph of f touches the x-axis at the larger x-intercept.

-1/4 is larger than -8

The graph of f crosses the x-axis at the smaller x-intercept.

(c) The maximum number of turning points on the graphis 4 . _8[“% ___:{“@
(Type a whole number.) \ _

5-1=4

(d) Type the power function that the graph of f resembles for large values of |x]|.

y =-8x*(x’) add exponents  y= -8x°

For the polynomial function below: (a) List each real zero and its multiplicity. (b) Determine
whether the graph crosses or touches the x-axis at each x-intercept. (c) Determine the maximun
number of turning points on the graph. (d) Determine the end behavior; that is, find the power
function that the graph of f resembles for large values of |x|.

(a) Find any real zeros of f. Select the correct choice below and, if necessary, fill in the answer
box to complete your choice.
X?=0 and X*-11=0

The real zero(s) of f is/are —m,o,m.

(Type an exact answer, using radicals as needed. Use integers or fractions for any
numbers in the expression. Use a comma to separate answers as needed.)

There are no real zeros.

The multiplicity of the largest zerois 1. oV 11 has eXponent of 1

The multiplicity of the middle zerois 2 . 0 has exponent of 2
The multiplicity of the smallest zerois 1 . ¢ has exponent of 1

(b) The graph of f crosses the x-axis at the largest x-intercept. OpD exponent of /11 CROSSES

The graph of f touches the x-axis at the middle x-intercept. EVEN exponent of 0 TOUCHES

. . ODD exponent of —/11 TOUCHES
The graph of f crosses the x-axis at the smallest x-intercept.

(c) The maximum number of turning points on the graphis 3. —7@@ 1) 4-1=3
(d) Type the power function that the graph of f resembles for large values of |x|.

y= -7x* Y= -7x%(x?)



34) Determine whether the graph could be the graph of a Ay @,
polynomial function. If it could be, list the real zeros and 5
state the least degree the polynomial can have. - Q

crosses at-2,0, 2

The graph shows a polynomial function. The real zero(s) isfare -2,0.2 . The least degres the

polynomial can haveis 3 .

behaves like y=x3

35) Determine whether the graph could be the graph of a polynomial
function. If it could be, list the real zeros and state the lzast degree the
polynomial can have.

v

||||[1n\.

5 : 5
A
Select the correct choice below and fill in any answer boxes within your choice.
The graph shows a polynomial function. The real zero(s) isfare . The least degree the

polynomial can have is
(Use a comma to separate answers as needed. Round fo the nearast integer as needed.)

The graph does not show a polynomial function.

the function can not have a break in it



37) Construct a polynomial function that might have the given graph. ¥

crosses at -1 (x+1)
touches at 1 (x-1)2

crosses at 2 (x-2)
positive X2 shape, positive in front

Which of the following is a polynomial function that might have the given graph?

flx)= - %[}C+ T —1)(x

1
fix)= =(x+ 1% (x-1)

fix)= - %(x+1}{}:— 12(x - 2) -2
1
fix) = = (x+ 1ix— 1){x - 2)2

[l
[l

Prod| ==

f(x)= 5 (x+1)(x-1)(x-2) ¥Efx)= S+ )x-12(x-2)
touches at x=1

Prod| ==

37) Analyze the polynomial function f{x) =x2|:x - &) using parts (a) through ().

(a) Determine the end behavior of the graph of the function.
Behavior and power function are the same

The graph of f behaves like y = x> for large values of |x|. XZ(X)
(b) Find the x- and y-intercepts of the graph of the function. x-6=0

The x-intercept(s) is/are 0.6 . x=0 X=6

(Simplify your answer. Type an integer or a fraction. Use a comma to separate answers as needed.
Type each answer only once.)

The y-interceptis 0 . y=0(0-6)=0
(Simplify your answer. Type an integer or a fraction.)

(c) Determine the zeros of the function and their multiplicity. Use this information to determine whether

the graph crosses or touches the x-axis at each x-intercept.
same as x-intercept

The zero(s) of fisfare 06 .

exponent of 6 even touches at x=0
The lesser zero of the function is of multiplicity 2 |, so the graph of f touches the x-axis atx= 0. The

greater zero of the function is of multiplicity 1, so the graph of f crosses the x-axis atx= 6.
exponentof 0 oddcrosses atx=6

{d) Determine the maximum number of turning points on the graph of the function.

degreeof 3—-1=2

L 3



38) Analyze the polynomial function f{x)= (x+4}2{3 - x) using parts (a) through (e).

(a) Determine the end behavior of the graph of the functi

The graph of f behaves like y= - x> for large values of |x|. - X X?
(b) Find the x- and y-intercepts of the graph of the function.
The x-intercept(s) isfare -4.3 . x+4=0 3-x=0

{Simplify your answer. Type an integer or a fraction. Use a comma to separate answers as needed.
Type each answer only once.)

The y-intercept is 48 . (0+4)2 (3‘0)
{Simplify your answer. Type an integer or a fraction.)

{c) Determina the zeros of the function and their multiplicity. Use this information to determine whether
the graph crosses or touches the x-axis at each x-intercept.

same as x—intercepts
The zero(s) of fisfare -4.3 .

exponent even X-int
The lesser zero of the function is of multiplicity 2 , so the graph of f touches the x-axisatx= -4 .
The greater zero of the function is of multiplicity 1, so the graphafci crosses the x-axis afx= 3.
exponent 0] X-Int
(d) Determine the maximum number of turning points on the graph of the function.
3-1=2

2 (Type a whole number.)

(e) Use the above information to draw a complete graph of the function. Choose the correct graph

below.
- x*(-x) y=-x3 3-1

behaves like y = -x3

Reflects across x-axis
touches atx=-4 20
crossestx=3



39 Analyze the polynomial function f{x) =x° +x° — Bx. Answer parts (a) through (e). [Hint: First factor the
polynomial ]

(a) Determine the end behavior of the graph of the function.

The graph of f behaves like y = x> for large values of |x|.

2 —
(b) Find the x- and y-intercepts of the graph of the function. FACTOR X(X +X 6)

The x-intercept(s) isfare 0,-3.2 X(X+3)(X-2)=0
{Type an integer or a simplified fraction. Use a comma to separate answers as needed. Type each
answer only once )

(c) Determine the zeros of the function and their multiplicity. Use this information to determine whether
the graph crosses or touches the x-axis at each x-intercept.

same as x-intercepts
The zero(s) of fisfare 0,-3,2 .

{ Type an integer or a simplified fraction. Use a comma to separate answers as needed. Type each
answer only once.) exponent odd X- int

The smallest zero is of multiplicity 1, so the graph of f crosses the x-axis atx= -3 . The middle
zero is of multiplicity 1, so the graph of f crosses the x-axis at x= 0 . The largest zero is of

multiplicity 1, so the graph of f crosses the x-axisatx= 2.

(d) Determine the maximum number of turning points on the graph of the function.

3-1=2

The graph of the function will have at most 2 turning points.

cube function y
crosses at -3,0,2

behaves like y = -x3



40 LIse end behavior and analysis of the dominating term to

4

determine which function matches the graph.

¥

positive x3 graph
behaves like y = x3

Which function matches the graph?

fx)=x® - 202 + 2+ 4



EX) For the polynomial function below: (a) List each real zero and its multiplicity. (b) Determine
whether the graph crosses or touches the x-axis at each x-intercept. (¢) Determine the maximun
number of turning points on the graph. (d) Determine the end behavior; that is, find the power

function that the graph of f resembles for large values of |x|.
2
+
fx)= -6(x2 +64) (x- 3)° x° + 64 does not factor

(a) Find any real zeros of f. Select the correct choice below and, if necessary, fill in the answer
box to complete your choice.

4 The real zero(s) of f isfare

(Type an exact answer, using radicals as needed. Use integers or fractions for any
numbers in the expression. Use a comma to separate answers as needed.)

There are no real zeros.

The multiplicity of the zero is .

(b) The graph of f | crosses |the x-axis at the x-intercept.

(¢) The maximum number of turning points on the graph isE

(Type a whole number.)
One less than the degree

(d) Type the power function that the graph of f resembles for large values of |x|.

y= - B6x°




