MATH 1650: QUADRATIC FUNCTIONS
EXAMPLE: Let f(x) =2(x — 1)? + 3.
e Vertex: (1, 3).
e (0) =2((0) — 1)2 + 3 = 5 so the y-intercept is (0, 5).

e Setting f(x) =2(x —1)2+3 =0 gives 2(x —1)2 = -3, or (x — 1)?> = —;

Since (x — 1)? is always positive or 0, there are no solutions.

e Graph y = f(x) using the vertex, y-intercept, and symmetry.

the range of f: [3, 00)

the minimum of f: 3

(0,5) (2,5)
fis:

increasing: [1, c0)

(1, 3) decreasing: (—oo, 1]

” constant: nowhere

the domain of f: (—o0, 00)

the maximum of f: none



EXAMPLE: Let f(x) = —3(x — 1) + 8.

e Vertex: (1,8).
1 1
e Find £(0) = —3((0) — 1)+ 8 = ; so the y-intercept is <O, 25>

e Solve f(x) =0:

—Ix—-12 = -8
(x—-1)2 = 16
x—1 = +/16=+4

From x —1 =4, we get x = 5; from x — 1 = —4, we get x = —3. The x-intercepts are (—3,0) and (5, 0).

e Graph y = f(x) using the vertex, y-intercept, x-intercepts, and symmetry.

0 the domain of f: (—o0, 00)

(0,15/7'\ the range of f: (—o0, 8]

the maximum of f: 8

(-3.0) (5.0) the minimum of f: none

fis:

increasing: (—oo, 1]

decreasing: [1, c0)

=)

\ constant: nowhere



EXAMPLE: Find the standard form of the quadratic functions whose graphs are shown below:

e The graph of y = f(x) = —(x — 2)* + 4 e The graph of y = g(x) = %xz -4
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EXAMPLE: Let f(x) = 6x — x2.

b
o Vertex: x= . = —2(:) — 3.y = f(3) = 6(3) — (3)2 = 9. So the vertex is (3,9).
e (0) =6(0) — (0)2 =0. The y-intercept is (0, 0).
e Solving f(x) = 0: to solve 6x — x?> = 0, we factor: x(6 —x) =0 so x = 0 or x = 6.

The x-intercepts are (0, 0) and (6, 0).

e Graph y = f(x) using the vertex, y-intercept, x-intercepts, and symmetry.

10 the domain of f: (—o0, 00)
(3.9)
the range of f: (—o0, 9]

the maximum of f: 9

5 the minimum of f: none

fis:

increasing: (—oo, 3]

d \ decreasing: [3, o0)

constant: nowhere



EXAMPLE: Let f(x) = x> — 3x — 4.
b -3 3 3 3\? 3 25 _ (3 25
o Vertex: x = *273 = 7@ = 5 y = f (2) = (2> -3 <2> —4 = 7? SO the vertex is <2, 4)
e f(0) = (0)> — 3(0) — 4 = —4 so the y-intercept is (0, 4).

e Solving f(x) = 0: to solve x> — 3x — 4 = 0, we factor: (x —4)(x+1) =0. We get x =4 or x = —1.
The x-intercepts are (—1,0) and (4,0).

e Graph y = f(x) using the vertex, y-intercept, x-intercepts, and symmetry.

the domain of f: (—oo, 00)
2
the range of f: {—45 oo)

the maximum of f: none

2
(-1,0) ° the minimum of f: —75

(4,0)

fis:

(0.-4)

\/ ing: (o<
decreasing: | —oo, =

(312, -25/4) 2

3
increasing: {2, oo)

constant: nowhere



EXAMPLE: Let f(x) = 6 — 2x — x2.

b -2
o Vertex: x = —5. = T =-1y=f(-1)=6—-2(-1)— (-1)> = 7. So the vertex is (—1,7).

e Find f(0) =6 —2(0) — (0)? = 6 so the y-intercept is (0, 6).

e Solving f(x) = 0: to solve 6 — 2x — x> = 0 we rewrite as x> 4+ 2x — 6 = 0 and use the quadratic formula:

b VP —dac _ 2+ P —41)(=6) _ —2+V28 _ —2£2y7 _2(-1:VD) . o
A~ TC) R 2 A

The x-intercepts are: (—1 —1/7,0) and (—1 ++/7,0).
e Graph y = f(x) using the vertex, y-intercept, x-intercepts, and symmetry.
(-1,7) the domain of f: (—o0, c0)

(0,6) the range of f: (—o0, 7]

the maximum of f: 7
the minimum of f: none

fis:

(-1-sqrt(7), 0) (-1+sqrt(7), 0]

- f increasing: (—oo, —1]

decreasing: [—1, )

constant: nowhere



MATH 1650: APPLICATIONS OF QUADRATIC FUNCTIONS

EXAMPLE: Assume we make exactly the same amount of T-shirts we sell, ‘x.’

e R(x) = x(30 — 2x) = 30x — 2x2. Since p(x) is valid only for 0 < x < 15, so is R(x):

R(x) = —2x*> +30x, 0<x < 15.

e P(x) = R(x) — C(x) = (30x — 2x?) — (2x + 26) = —2x? + 28x — 26.

C(x) is valid only for x > 0 and R(x) is valid only for 0 < x < 15, so P(x) is valid only for 0 < x < 15.

P(x) = —2x> +28x — 26, 0<x <15.

e P(0) = —2(0)? 4 28(0) — 26 = —26 which means if we sell 0 shirts, we are in debt $26.

NOTE: It is no coincidence that our start-up costs were $26!
e Solving P(x) = 0: to solve —2x? + 28x — 26 = 0, we factor:

—2x% +28x — 26 = —2 (x* — 14x + 13) = —2(x — 1)(x — 13).
Solving —2(x —1)(x — 13) = 0, we get x = 1 and x = 13. Hence, when making 1 or 13 shirts, profit is $0.

In other words, we ‘break even' at these points — our costs perfectly balance our revenue.

2
e Vertex: x = —Q—ba = —2(82) =7,y =P(7) = —2(7)% + 28(7) — 26 = 72. The vertex is at (7,72).

This means if we make and sell 7 shirts, we will earn $72 in profit.
Moreover, because the graph opens downwards, we know $72 is the maximum profit obtainable.

100
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(15, -56)

NOTE: The domain of P is restricted to 0 < x < 15, so our graph starts at (0, —26) and ends at (15, —56).

P(14) - P(7)  —98 4 —$14 profit
14-7 7 ~ 1shirt

When making and selling between 7 and 14 shirts, we are losing an average of $14 in profit per shirt.

d ARC[7,14] =




