Lesson 3.5 Exercises, pages 232-238
A

4. Calculate the value of the discriminant for each quadratic equation.

a)5x" — 9% +4=0 b)3x*+7x—2=0
In b? — 4ac, substitute: In b? — 4ac, substitute:
a=5b=-9c=4 a=3b=7¢c=-2
b* — dac = (—9)* — 4(5)(4) b* — dac = (7)* — 4(3)(-2)
0 18x — 12x = 0 dex*+7=0
In b* — 4ac, substitute: In b — 4ac, substitute:
a=18b=-12,c=0 a=6b=0rc=17
b? — dac = (—12)* — 4(18)(0) b? — dac = (0)* — 4(6)(7)
= 144 = —168
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5. The values of the discriminant for some quadratic equations are
given. How many roots does each equation have?

a) b* — 4ac = 36

The discriminant is positive, so there are 2 real roots.

b) b* — 4ac = 80

The discriminant is positive, so there are 2 real roots.

)b — 4ac=0

The discriminant is 0, so there is 1 real root.

d) v’ — 4ac = —4

The discriminant is negative, so there are no real roots.

o

The values of the discriminant for some quadratic equations are
given, where a, b, and c are integers. In each case, are the roots
rational or irrational and can the equation be solved by factoring?

a) b* — 4ac = 45

The square root of the discriminant is irrational, so the roots are
irrational and the equation cannot be solved by factoring.

b) > — 4ac = —16

The square root of the discriminant is not a real number, so there are
no real roots.

c) b* — 4ac = 100

The square root of the discriminant is rational, so the roots are
rational and the equation can be solved by factoring.

d) v’ — 4ac=0

The discriminant is 0, so the root is rational and the equation can be
solved by factoring.

N

Without solving each equation, determine whether it has one, two,
or no real roots. Justify your answer.

a)2x —9x +4=0
In b® — 4ac, substitute:a = 2,b = —9,c = 4
b> — dac = (—9)* — 4(2)(4)
=49
Since b? — 4ac > 0, the equation has 2 real roots.
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b)—x—7x+5=0

In b2 — 4ac, substitute:a = —=1,b = =7, c =5
b? — dac = (—-17)* — 4(—1)(5)

= 69
Since b> — dac > 0, the equation has 2 real roots.

€) 2 + 16x + 32 =0

In b® — 4ac, substitute:a = 2, b = 16, ¢ = 32
b? — dac = 16 — 4(2)(32)

=0
Since b”> — 4ac = 0, the equation has 1 real root.

d)2.55%x — 1.4x — 0.2 =0

In b? — 4ac, substitute:a = 2.55,b = —1.4,c = —0.2
b? — dac = (—1.4)* — 4(2.55)(—0.2)

=4
Since b?> — 4ac > 0, the equation has 2 real roots.

8. Determine the values of k for which each equation has two real

roots, then write a possible equation.

aAkd+6x—1=0

b)6x’ —3x+ k=0

For an equation to have 2 real roots, b> — 4ac > 0

a=khb=6c=-1
S0, 6% — 4(k)(—1) > 0

4k > —36

k>-9

Sample response:
10 +6x—1=0

a=6b=-3,c=k
So, (—3)* — 4(6)(k) > 0

24k < 9
9 3
k<ﬂ,or§

Sample response:
6 —3x—1=0

9. Determine the values of k for which each equation has exactly one
real root, then write a possible equation.

a)2x’ —kx +18=0

b) kx¥ — 10x — 3 =10

For an equation to have exactly 1 real root, b* — 4ac = 0

a=2b=-kc=18

So,

(—k)* — 4(2)(18) = 0
K = 144
k=+12

Sample response:
X —12x+18=0
oL X —6x+9=0
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a=kb=-10,c= -3

So,
(—10)* — 4(k)(—3) =0
12k = —100
__100 25
- 127 3

Sample response:
—%xz —1x—3=0
or, 250 + 30x + 9 =0
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10. Determine the values of k for which each equation has no real roots,
then write a possible equation.

Ak —9%x—3=0
For an equation to have no real roots, b*—dac< 0

Substitute:a = k,b = —-9,c= -3
(=97 — 4k)(-3) <0

12k < —81
81 27
k < _ﬁ' or —T

Sample response: —10x*> — 9x — 3 = 0

b)7x —6x+ k=0

In b> — dac < 0, substitute:a = 7,b = —6,c = k
(—6) — 4(Nk) <0

28k > 36
36 9
k > 28’ Ol‘i

Sample response: 7x* — 6x + 2 = 0

11. Can each equation be solved by factoring? If your answer is yes, solve
it by factoring. If your answer is no, solve it using a different strategy.

a)7x —8x —12=0

An equation factors if its discriminant is a perfect square.
In b*> — 4ac, substitute:a = 7,b = —8,c = —12
b> — dac = (—8)* — 4(7)(—12)
= 400 This is a perfect square.
The equation can be solved by factoring.
X —8—12=0
Tx+6)x—2)=0

__6 _
X = 7orx—Z

b) 14x* — 63x — 70 = 0

Divide by 7.
2 -9% —10=10
In b*> — 4ac, substitute:a = 2,b = —9,c = —10
b* — dac = (—9)* — 4(2)(—10)

= 161 This is not a perfect square.
The equation cannot be solved by factoring.

—-b + /161
Substitute:a =2,b = —9in:x = zi;ﬁ
_ 9.+ /161
=0
9 + /161
X = f
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12. For each equation below:
i) Determine the value of the discriminant.

ii) Use the value of the discriminant to choose a solution strategy,
then solve the equation.

a)2x’ —6x+1=0 b)8x’ —3x —5=0
i) Inb? — 4dac, substitute: i) Inb? — dac, substitute:
a=2b=-6c=1 a=8b=-3,c= -5
b* — dac = (—6)* — 4(2)(1) b? — dac = (—3)* — 4(8)(—5)
ii) This is not a perfect square, ii) This is a perfect square, so
so use the quadratic formula. use factoring.
Substitute:a = 2, b = —6 in: 8 —3x—-5=0
—b £ /28
x=T*ﬁ @Bx+5x—-1=0
_ 6% \/ﬁ __5 -1
X = 22) X=—gorx=
347
- 2

13. A model rocket is launched. Its height, h metres, after ¢ seconds
is described by the formula h = 23t — 4.9¢. Without solving an
equation, determine whether the rocket reaches each height.

a) 20 m b) 30 m
Inh = 23t — 4.97, substitute:  Inh = 23t — 4.9¢, substitute:
h =20 h =30
20 = 23t — 4.9¢ 30 = 23t — 4.9¢
0= —20+ 23t — 4.9¢ 0 =-30 + 23t — 4.9
If the rocket reaches a height If the rocket reaches a height
of 20 m, then the equation of 30 m, then the equation
has real roots. has real roots.
In b? — 4ac, substitute: In b? — 4ac, substitute:

a=-49,b=23c=-20 a=-49,b=23c=-30
b2 — dac = 232 — 4(—4.9)(—20) b — dac = 237 — 4(—4.9)(—30)

= 137 = —59
Since the discriminant is Since the discriminant is
positive, the equation has negative, the equation has
real roots, and the rocket no real roots, and the rocket
reaches a height of 20 m. does not reach a height of 30 m.
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14. Create three different quadratic equations whose discriminant is 64.

16.

38

Explain your strategy. What is true about these three equations?

Sample response:

Use guess and test to determine 3 values of a, b, and ¢ so that:
b*> — 4ac = 64 Substitute:b = 0

Then —4ac = 64, which is satisfiedbya = —4andc =4

So, one equationis: —4x* + 4 =0

b*> — 4ac = 64 Substitute: b = 4

Then 16 — 4ac = 64, and —4ac = 48, which is satisfiedbya = =3 andc =4

So, another equationis: —3x’ + 4x + 4 = 0
b?> — dac = 64 Substitute: b = 2

Then 4 — 4ac = 64, and —4ac = 60, which is satisfiedbya = 5and ¢ = -3

So, another equationis:5x* + 2x — 3 =0
All 3 equations have 2 rational real roots.

. Consider the equation 5x* + 6x + k = 0. Determine two positive

values of k for which this equation has two rational roots.

To be able to factor, the discriminant must be a perfect square.
In b? — 4dac, substitute:a = 5,b = 6,¢c = k

6> — 4(5)(k) = 36 — 20k

Use guess and test.

One perfect square is 16. Another perfect square is 4.
36 — 20k = 16 36 — 20k = 4
20k = 20 20k = 32
k=1 _ 32
k= 20" °F 1.6

Create a quadratic equation so that a, b, and ¢ are real numbers; the
value of the discriminant is a perfect square; but the roots are not
rational. Justify your solution by determining the value of the
discriminant and the roots of the equation.

Sample response: The equation has the form ax* + bx + ¢ = 0
Consider the quadratic formula:
—b £ v/b* — dac
x= 2a
If the roots are not rational, then a or b is irrational.
Use guess and test. Suppose b = /5.
Then b* — 4ac must be a perfect square.
Substitute: b = /5
5 — 4ac must be a perfect square, such as 25.
5—4ac =25
d4ac = —-20
ac = =5, which is satisfiedbya = 1, c = =5
An equation is: x* + /5x — 5 = 0
The discriminant is 25.

—-J5+5
2

The roots are: x =
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17. Consider the quadratic formula: x =

—b + /b — dac
2a

a) Write expressions for the two roots of the quadratic equation
ax’ + bx+c=0.

The two roots are: x =

—b + Vb* — dac an —b — Vb* - dac
2a

dx = 7

b) Add the expressions. How is this sum related to the coefficients of
the quadratic equation?
—b+ b’ —dac —b— /b —4dac —yp b
+ ===, 0r —
2a 2a 2a a
The sum of the roots is the opposite of the quotient of the coefficient
of x and the coefficient of x°.

c) Multiply the expressions. How is this product related to the
coefficients of the quadratic equation?

(—b + M)(—b - M)

2a 2a

b? — (b — 4ac)
4a°
= dac ¢
e a
The product of the roots is the quotient of the constant term and the

coefficient of x°.

d) Use the results from parts b and ¢ to write an equation whose
rootsarex = —3 £ 4/11.

— = (34 Y+ (-3 - V1)
—g = —6, or_T6
S = (=34 J1)(=-3 - J1)
=9-11
§= —2,or_T2

So,a=1,b=6,andc= -2
An equationis: x* + 6x — 2 = 0
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