QUADRATIC FUNCTIONS

A DEFINITION

A.1 RECOGNIZING QUADRATIC FUNCTIONS

MCQ 1: Is f(z) = 222 — 3z + 2 a quadratic function?
X Yes.

O No.

Answer: f(z) = 22% — 3z + 2 is a quadratic function because it
has the form az? 4 bz + ¢ with ¢ = 2, b = —3, and ¢ = 2, and
contains a non-zero x2 term.

The correct choice is: Yes.

MCQ 2: Is f(z) = 2z — 3 a quadratic function?
U Yes.

X No.

Answer: f(x) = 2x — 3 is not a quadratic function because it lacks
an z2 term; it is a linear function of the form ax + b.
The correct choice is: No.

MCQ 3: Is f(z) =222 — 3z + % a quadratic function?
O Yes.
X No.

Answer: f(x) = 22 — 3z + + is not a quadratic function because
it contains a term %, which makes it a rational function rather

than a polynomial of degree 2.
The correct choice is: No.

MCQ 4: Is f(z) = (r — 1)(z + 2) a quadratic function?

X Yes.

0 No.
Answer: f(z) = (z — 1)(x + 2) is a quadratic function because,
when expanded, it becomes f(z) = x? + x — 2, which has the
form az? +bxr+cwitha =1, b=1, and ¢ = —2, and contains a

non-zero 2 term.
The correct choice is: Yes.

A.2 CALCULATING f(x)

Ex 5: For f:oxw 22 -3z +1,

o /(0)=[1]
o f(2)=[-1]
1 1
'f(2>: 1
Answer:

e f(0)=0%-3(0)+1 (substituting = with 0)
=0-0+1

e f(2)=2%—-3(2)+1 (substituting = with 2)

=4-6+1
=1
1 1\? 1 1
o f (2> = (2> -3 <2> +1 (substituting = with 5)
1 3
=-_-241
1 a2t
1 3+4
T4 24
1 6+4
T4 44

| =

Ex 6: For f:ax+— (z—1)(z — 2),

o f(0)=][2]
0]

e f(2) =
1 3
'f(z>= i
Answer:
e f(0)=(0—-1)(0—2) (substituting x with 0)
NEE
=2

e f(2)=(2-1)(2—2) (substituting z with 2)

1
-1 ( - 2) (substituting z with 5)

o /(3)=[5]

Answer:

[]

e f(2)=(2—-2)*+4 (substituting = with 2)
=0"+4
=4

e f(1)=(1-2)*>+4 (substituting = with 1)
= (-1)?+4
—1+4
=5



e f(3)=(3-2)?+4 (substituting = with 3) Y

5%
=1%2+4
=144 Al
=5
3
B GRAPH 2T
B.1 PLOTTING GRAPHS ol
k t t > T
@ —2 L1 0 1 2 3 4
Ex 8: =& For the function f(x) = —22422+3, sketch the graph
of f.(You may fill in a table of values for x = —2,-1,0, 1,2, 3,4.) -1t
Y 241
5 —_
—34
4 4
4+
3 4
54
2 4
—6 L
1 4
t | T
-2 -1 0 1 2 3 4
—14
921
Ex 9: ®& For the function f(x) = 1 —2z —1, sketch the graph
a4l of f.(You may fill in a table of values for z = —2,-1,0, 1,2, 3,4.)
—5
—6
Yy
Answer: Step-by-step calculations: 5%
f(=2)=—(-2)2+2(—2)+3=—-4-4+3=-5 4l
f(=1)=—(-1)2+2(-1)+3=-1-2+3=0
f(0)=-0+0+3=3 gl
f)=—1+2+3=4
f(2)=—-4+4+3=3 21
f83)=—-94+6+3=0
f(4)=-16+8+3=-5 Ly
Fill in the table of values: | ! ! ! ! S
-2 -1 0 1 2 3 4
x | —2]-1]0]1]2]3]4 Ll
F@) | 5] 0 [3[4]3[0]5
9l

Plot the points and draw the graph:
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Answer: Step-by-step calculations:

f(—2):(_22)2—2><(—2)—1:%+4—1:2+4—1:5

f(—l):%—2x(—1)—1:0.5+2—1:1.5
fO)=0-0-1=-1
f(l):37271:0.57271:72.5
f(2):%f471:27471:73
f(3):27671:4.57671:72.5
f(4):§—8—1:8—8—1:—1

Fill in the table of values:

1] 0 1 2 3 4
0.5 —2.5 —2.5

-1 0 1 2 3 4
1.5 —2.5 —2.5

Plot the points and draw the graph:

B.2 DETERMINING THE SIGN OF a« FROM THE
GRAPH

MCQ 10: For the quadratic function f(z) = ax? + bx + ¢ with
this following graph
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State the sign of a

Ha>0

X a<0

Answer: The graph of the quadratic function opens downward
(concave down), which indicates that the coefficient a is
negative.The correct choice is: a < 0.

MCQ 11: For the quadratic function f(r) = ax?+ bx + ¢ with
the following graph

Yy
3 —_
2 4+
1 +
| | Az
-1 0 1 2 3
14+
21

State the sign of a

Xa>0

Ha<0

Answer: The graph of the quadratic function opens upward
(concave up), which indicates that the coefficient a is
positive.The correct choice is: a > 0.

MCQ 12: For the quadratic function f(r) = ax?®+ bx + ¢ with
the following graph


www.commeunjeu.com

-2 -1 0 1

State the sign of a
Xa>0

Oa<0

Answer: The graph of the quadratic function opens upward

(concave up), which indicates that the coefficient a
positive.The correct choice is: a > 0.

is

MCQ 13: For the quadratic function f(z) = ax? + bz + ¢ with

the following graph

State the sign of a
Oa>0

Xa<0

Answer: The graph of the quadratic function opens downward
(concave down), which indicates that the coefficient a is

negative.The correct choice is: a < 0.

C SOLVING f(z) =y

C.1 FINDING z SUCH THAT f(z) = y GRAPHICALLY

Ex 14: The graph of y = f(x) is:
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Find « such that f(z) = 1.

IEZOI'ZL':

Answer:

e Draw a horizontal line at y = 1.

)

xT

e Identify the intersection point with the curve.

xT

Yy

3

2-

-2 -1 0 2
—14
—2 4
—3
r=—lorax=2
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Ex 15: The graph of y = f(x) is: Y

35
Y
35 2T
2 L
1+ f T
-1 0 1 2 3
: x -1+
-1 0 1 2 3
14 21
Find z such that f(xz) = 0. These values of x are the a-
—2- intercepts of the graph.
v 0 or 2 [2]
Find z such that f(z) = —1.
Answer:
T : e Draw a horizontal line at y = 0.
Yy
35
Answer:
2 4
e Draw a horizontal line at y = —1.
1 4
3 3 } | x
-1 0 1 2 3
2 1 —11
14 ol
: 5 : | T e Identify the intersection points with the curve.
-1 1 2 3
/ 5
+ 3 =
_9 1 2

e Identify the intersection point with the curve.

-1 0 1 2 3
3 3
14
2 4
_9ol
14 r=0o0orzxz=2
. C.2 FINDING z SUCH THAT f(z) =y ANALYTICALLY
-1 0 2 3
. / Ex 17: For the function f(x) = 22 + 2z — 2, find the value(s) of
- x for which f(z) = 1.
) Answer: For f(x) =1, we have:
z=1 2’ +22—-2=1
2 4+2x—-3=0
We solve the quadratic equation z? + 2z — 3 = 0, with a = 1,
Ex 16: The graph of y = f(x) is: b=2¢c=-3.
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1. Discriminant: A = b* — 4ac Ex 19: For the function f(z) = 22 + 22 — 2, find the x-

— (2)% — 4(1)(-3) intercept(s) (the value(s) of « for which f(z) = 0).
=44+ 12 Answer: For f(d?) =0, we have:
=16 2420 -2=0

2. As A > 0, th 2 distinct real roots. . . .
S e are 2 distnet real Toots We solve the quadratic equation z? + 2z — 2 = 0, with a = 1,

—b— VA b+ VA b=2,c¢c=—2.
s — orxyr = —

3. Solutions: x =
olutions: z 50 0

1. Discriminant: A = b* — 4dac

216 2+ /16 ,
T YT T = (2)* - 4(1)(-2)
—2—4 —24+4 =448
T = orx =
2 2 =12
r=-3 orx =1 _
2. As A > 0, there are 2 distinct real roots.
So the values of x for which f(z) =1 are x = -3 and =z = 1.
, —b— VA —b+ VA
Y 3. Solutions: = ——— orz=——
2a 2a
31 2 V12 2412
T=—a org=-—p—
21 -2-2V3 —242V/3
ey o=

r=—-1-+3 orz=—-14+V3
So the x-intercepts are at x = —1 — V3and z = -1+ 3.

ui

8

Ex 18: For the function f(z) = 22 — 2z + 5, find the value(s) of 14
z for which f(x) = 2.

Answer: FOT f(iL') = 2, we have:
22 =20 +5=2
22 —2c+3=0

We solve the quadratic equation z? — 2z 4+ 3 = 0, with a = 1,
b=-2,c=23.

1. Discriminant: A = b? — dac
C.3 APPLYING QUADRATIC FUNCTIONS TO REAL-

_ 2
=(=2)"-4(1)3) WORLD SITUATIONS
=4-12
- E
2. As A < 0, there are no real roots. Ex 20: ZF A pall is thrown upward. Its height above the

ground is given by the function
3. No real solutions.

_ k2
So there are no real values of x for which f(z) = 2. h(t) = —5t" + 20t + 1 metres,

y where t is the time in seconds from when the ball is thrown.
61 1. How high is the ball above the ground after 2 seconds?
-
4 4
2. From what height above the ground was the ball released?
o .
% % — T 3. At what times is the ball 16 m above the ground? (order
-1 0 1 2 .
from lowest to highest)
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S, S Answer:

1. For x = 3,
Answer: P(3) = —5(3)2 + 30(3) + 2
1. At t=2s, =—-45+90+2
h(2) = —5(2)* +20(2) + 1 — 47
=—20+40+1 The profit is 47 dollars.
=21

. k duced, z = 0.
The ball is 21 m above the ground. 2. When no cakes are produced, x =0

_ 2
2. The ball was released when ¢t = 0 s. P(0) = —5(0)% + 30(0) + 2

=2
h(0) = —5(0)% 4 20(0) + 1
=1 The fixed profit is 2 dollars.
The ball was released from 1 m above ground level. 3. When P(z) =27,
3. When h(t) = 16, —5x2 + 302 4 2 = 27

_Ep2 _ _
—5t24+20t4+1=16 522 + 30z —25=0

—5t24+20t—15=0 With @ = =5, b= 30, ¢ = —25:
With a = =5, b= 20, ¢ = —15: o A =0b%—4dac
o A=0b*—dac = (30)% — 4(—5)(—25)
— (20)2 — 4(—5)(—15) =900 — 500
= 400 — 300 =400
— 100 e As A > 0, there are 2 distinct roots.
e As A > 0, there are 2 distinct roots. PR ~b—vA or T — ~b+VA
2a 2a
—b— VA —b+ VA
° tzi\/» ortzi —30 — /400 —30 + v/400
2a 2a T = 55 orr = BT
20 - V100 20 + V100 EsE (=5)
t=——— ort=—+—— —-30 — 20 —-30+ 20
—20—10 —20+10 o N
t=——7-— ort=——— —50 —10
-10 -10 =10 orxr = 10
i P =5 =1
= 1o ort=—g T = or r =
t=3 ort=1 The profit is 27 dollars when 1 or 5 cakes are produced.

The ball is 16 m above the ground after 1 second and after

3 seconds. @
Ex 22: ™5 A stone is thrown into the air. Its height above the
I@ ground is given by the function
Ex 21

BE A manufacturer produces = cakes. The profit from

_ 2
producing x cakes is given by the function h(t) = =5t° + 30t + 2 metres,

P(z) = —52% + 30z + 2 dollars, where t is the time in seconds from when the stone is thrown.

D o
where z is the mumber of cakes produced. 1. How high is the stone above the ground after 3 seconds?

1. What is the profit from producing 3 cakes? m
dollars 2. From what height above the ground was the stone released?
2. What is the fixed profit (or loss) when no cakes are m
produced?
3. At what times is the stone 27 m above the ground? (order
dollars from lowest to highest)

3. For what numbers of cakes is the profit 27 dollars? (order
from lowest to highest) S 218

, Answer:
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1. Att=3s,
h(3) = —5(3)% 4+ 30(3) + 2
= 45490 +2
= 47

The stone is 47 m above the ground.
2. The stone was released when t = 0 s.

h(0) = —5(0)% + 30(0) + 2
=2

The stone was released from 2 m above ground level.
3. When h(t) = 27,

—5t2 + 30t + 2 = 27
—5t2+30t—25=0

With a = -5, b = 30, c = —25:

e A =0b%—4dac
= (30)* — 4(-5)(~25)
=900 — 500
=400
e As A > 0, there are 2 distinct roots.
—b—VA b+ VA
o t=—— ort=——o
2a 2a
L —30 — /400 ‘ —-30 + /400
- 2(-5) - 2(-5)
t—_30_20 ort—_30+20
- —10 ST
-50 -10
t=—— ort=——
-10 -10
t=5 ort=1

The stone is 27 m above the ground after 1 second and after
5 seconds.
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