Chapter 4 Matrices and Determinants

Ex 4.7

Answer le.

L binomial 15 a polynomial with two terms. The expression 3x + 215 an example for a
binormial.

L trinomial 15 a polynomial that consists of three terms. An example for a trinomial 15
St +5a+ 1.

Answer 1gp.

First, write the left side as a binomial squared.

(x + 3% =36

Take the square root on each side.
x+3 =6

Subtract 5 from each side.
r+3-3=+x6-3

B b

Mow, write as two equations.
X = =36 op XH==5=%5

simplify.
x=3 o x=-9

The zolutionsz are 3 and —9.

Answer 1q.

Consider 4x° =64
Need to solve the quadratic equation by finding square roots.

On simplification,
, 64

=X =—

4

= =16

:}xziq'ﬁ

= x=31.



Hence the roots of the equation are |x =14

Answer 2e.

Consider a quadratic expression of the form x* + bx .
2
: : by . )
Completing the square means adding the number [i) in order to make the given

quadratic expression a perfect square trinotnial
That 1s,

2 2
X +bx+ b =x" +2x i * i
2 Z 2
&
=|x+=
2

Consider the quadratic equation x” —10x+25=1.
Need to solve the quadratic equation by finding square roots.
x —10x+25=1 Write original equation
X' —2x(5)+5% =1
{x—i}z =1 Write left side as a binomaal square

x—5=%1 .
x=5x1 Add5 on each side
x=—5+lorx=-5-1

x=-4-6

Answer 2gp.

Therefore,
The solutions of the equation are |x =—4,—6/|.

Answer 2q.

Consider 3( p—1)° =15
Need to solve the following quadratic equation by finding square roots.
On simplifying,
1 15
=(p-1) =—
(p-1) =3
=(p-1)' =5

=p-1=15
=p=1%5

Hence the roots of the equation are | p=1% ﬁ



Answer 3e.

First, write the left side as a binomial squared.
(x+2)° =39

Take the square root on each side.
x+2 = %3

subtract 2 from each side.
x+2-2==23-2

x=-2x3
Mow, write as two equations.

x=—-243 o x=-2-73

s ity
xr=1 or ¥ =-=2

The solutions are 1 and —5.

Answer 3gp.

First, write the left side as a binonual squared.

(x — 12)% = 100

Take the square root on each side.

xr—12 = £10

Add 12 to each side.
x—12+12 = 10+ 12

xr=12x10

How, write as two equations.
x=12410 or x=12-10

simplify.
x =22 of x =2

The solutions are 22 and 2.



Answer 3q.

Consider 16(m+5)" =8
Need to solve above quadratic equation by finding square roots.

On simplifying,
1 B
=(m+5) =—
(m+5) =
1
= +3) =
(m+s)' =1

Il
I
Lh
H

=) b

The roots of the equation are |m

Answer 4e.

Consider the quadratic equation x* +10x+ 25 =64
Need to solve the equation by finding square roots.

Xt +10x+25=64 Write original equation
X +2x(5)+5" =64
{:u:+5:h2 =64 Write left side as a binomial square
x+5=+.64
x+5=48
x=—"5%8 Subtract 5 from each side
x=-3+8o0rx=-5-8
x=3,-13
Therefore,

The solutions of the equation are |[x=3_—-13|.




Answer 4gp.

Consider the quadratic expressionx” +14x+¢
Need to find the value of ¢ that makes the following expression a perfect square

trinomial.

Step 1:
Find half the coefficient of x.
That 1s, E =7
2
Step 2:
Square the result of stepl.
That 1s, 7° =49
Step3:

Replace ¢ with the result of step 2.
That gives x* +14x+49
The trinomial x° +14x+ ¢ is a perfect square whenc =49
Then
X +14x+49=(x+7)(x+7)

={x+?}1

Answer 4q.

To solve the following quadratic equation by finding square roots.

22" =424
44
-2
2 =-212

+/-212
z=+4-J-53

= ﬂ\l'rﬂ_Ef are the roots of the given quadratic equation.

Answer 5e.

First, write the left side as a binomial squared.
(2 + 81 =36

Take the square root on each side.
n+B==x6

subtract B from each side.
n+8-8=x6-13

n=—-atb



MNow, write as two equations.

n=-8+6 or m=-8-06
simp ity
#n=-2 o n=-14

The solutionsz are —2 and —14.

Answer 5gp.

STEP 1 First, find half the coefficient of x. In the given expression, the coefficient

of x 13 22.
E = 11
2

STEP 2 mouare half the coefficient of x.

112 =121

STEP 3

Eeplace ¢ with 121 1n the given expression,

P+ 22xte=x+22+121

The expression X+ 22x+ciza perfect square trinomial when ¢ 15 121,

Factor using the special factoring pattern @+ Cab + &% = (@ + E:]E.
+22r+121 = £+ 2(x)(11) + 17

= (x+ 117

Answer 5q.

To solve the following quadratic equation by finding square roots.
s +12=9
sP=-3
= iq{—_B
5= iq@f

are the roots of the given quadratic equation.

Answer 6e.
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Answer 6gp.

Consider the quadratic expressionx’ —9x4c¢.
Need to find the value of ¢ that makes the following expression a perfect square
trinomial.

Step 1:

Find half the coefficient of x.
That 1s, _—9

2
Step 2:
square the result of stepl.
2
That 1s, (_—9] = E
2 4
Step3:

Eeplace ¢ with the result of step 2.

That givesx” —9x+ %

The trinomial x* —9x +¢ is a perfect square whenc =% .
Then
x* —5*3::+—:L =(x—2][x—g)
2 2
(-3
=l X—=
2
Answer 6q.

To solve the following quadratic equation by finding square roots.
Tx' —4=—6

i are the roots of the given quadratic equation.



Answer 7e.

First, write the left side az a binomial squared.

(x— 117 =13

Take the square root on each side.

x-11 = £,/13

Now, add 11 to each side.
x—11+11 = /13 +11

x=11x.13
The solutions are 11+~J’ﬁ and 11— \,n"ﬁ

Answer 7gp.

First, write the left side 1n the form x°+bx For thiz, subtract 4 from each side.
XHbx+d-—4=0-4
Ft+bx = —4

souare half the coefficient of x.

2
g
2

Ldd 9 to each side of the equation.
PHbr+I=—4+9

Write the left side as a binomial squared and simplify.
1
(x+3) = -4+8

(x+3)=5

Mowr, take the square root on each side.

x+3=1.5

subtract 3 from each side to solve for x.
x+3-32 = +./5-3
x =345

The solutions are -2 + Jf_l and — 23— \."f_l



CHECK

substitute each solution in the original equation to verify that it 12 correct.

3445 -3-45
r+bx+4=10 FHbx+d=10
(3+45) +6[3+5)+4 L 0 (35 +6[-3-5)+4 L 0
04+5—65-18+65+4 & 0 9+546J5-18—65+4 % 0
0=0 v 0=0 v

The solutions check.

Answer 7q.
To write the following expression as a complex number in standard form.
(5-3i)+(-2+5i)
=(5+(-2))+(-3+5)i
=3+2i

Answer 8e.

Consider the equation

x —18x+81=35 original equation

x' —2x(9)+9 =5 Write 81 as 9°

{x —9]2 =4 Write left side as perfect square
x—9=+5 Take square root on both sides
x=90+ -.E Add 9 on both sides and solve for x

Therefore roots of equation are,

x_=9i\/f_:]

Answer 8gp.

Consider the quadratic equationx” —10x+8=0.
Need to solve the quadratic equation by completing the square.

x—10x+8=0 Write original equation
x* —10x=-8 Write left side in the form of x” + bx
x' —10x+25=—8+25 Add (—%} :{—5)1 =25 to each side
\
x' —10x+25=17
{1—5}2 =17 Write left side as a binomial square
X— = i\l'rﬁ Apply square root on each side

x=5+17 Add 5 on each side
Therefore,

The solutions of the equation x” —10x+8=Qare|x =5+ J17].




Answer 8q.
To write the following expression as a complex number in standard form.
(—2+9i)—(7+8i)
=(—2-7)+(9-8)i
=—0+;

Answer 9e.

First, write the left side as a binomial squared.

(t+ 41 =45

Take the square root on each side.

i+ 4 = +.45

simplify the radical.

f+4 = 2,095

i+4 = 3.5

Now, subtract 4 from each side to solve for £

t+d4—4 = +35-4
= —4135

The solutions are —4 + B\E and —4 — 3*\6.

Answer 9gp.

First, divide each term of the given equation by 2.
27 4n 14 0
2 2 2

wi-n-7 =

=g

Write the left side in the form x° + Ax.
W-2m-T7+7 =047

= 0un =7

souare half the coefficient of x.

Add 1 to each side of the equation.
Re—nt1=T+1

‘Write the left side as a binomial squared and sunplify.
(n=17 = 7+1

(n—1)" =3



Mowe, takee the square root on each side.

n—1==+8

Add 1to each side to solve for 2.
n—1+1=+/8+1

n=1%.3

simplity the radical

n=1t.4 2
no=1+t242

The solutions are 14+ 21,-@ and 1-— 2\.'"5.
Answer 9q.

To write the following expression as a complex number in standard form.
3i(7-9i)
=21i-27i
=21i—-27(-1) (Sincei” =—1)
=27+21

Answer 10e.

Consider the equation
4o’ +d4u+1=75

(2u) +2(2u)(1)+1* =75

Original equation

Write left side terms as square terms

{Zu +1}:E =75 Write left side as a perfect square
2u+l=+J75 Take square root on both sides
Simplify the expression
2u+l=1.25-43
2u+1=145.3 35 =5.3
2u=-1+5\3 Add -1 on both sides
1+
u= L_;LE Divide by 2

: . -1£543
Therefore, the roots of the quadratic equation are ju=———




Answer 10gp.

Consider the quadratic equation3x” +12x—18=0.
Need to solve the quadratic equation by completing the square.

3x" +12x—18=0 Write original equation
X +4x—-6=0 Divide each side by the coefficient of x* 3
X +4x=6 Write left side in the form of x” + bx
X +4x+4=6+4 Add Lil 2(2)224130&&(311 s1de
X +4x+4=10
{ x+2:l2 =10 Write left side as a binomial square
x+2=410 Apply square root on each side

x=—2%1 -Jr]_ﬂ Subtract 2 from each side
Therefore,

The solutions of the equation3x” +12x—18 = Da:e‘x =2+ 1..'{]_{] —2—1.;"'1_[}1_

Answer 10q.
To write the following expression as a complex number 1n standard form.

{E—Ei](—ﬁ—]ﬂi:}
=—48—80i +18i + 304’
=—4E+(—Sﬂ+13}i+33{—1} (Since i =—1)
=—48+(—62)i—30
=—48-30 +(—62):'
=—78—-62i

Answer 1le.
First, write the left side as a binomial squared.

(3x — 2% =3

Take the square root on each side.

2 — 2 = +4-3

Write the radical in terms of i We know that 7 = \."—_1 Thus,

Gx—2=x,0-1-3

3x — 2 = 143

MNow, add 2 to each side.
3x— 242 = %i3+2
3x = 2443



Finally, divide each side by 3.

3x _ 2Fin3

33
y

X= 2—;\4@

24103 2—1.03
The solutions are —IJ_ atiel —Iv{_
4 4

Answer 11gp.
First, apply the distributive property.
6x° +48x = 12

Diwvide each term of the given equation by 6.
6x* LA 12

6 & 6
4+ 8x =2

mouare half the coefficient of x.

2
[ﬁ] =4*= 16
p

&dd 16 to each side of the equation
F+Ex+16=2+16

Write the left side as a binomial squared and simplify.
(x+4) = 2+16
(z +4) = 18

Mow, take the square root on each side.

x+4==%./18

Subtract 4 from each side to zolve for x.

x+4-4==2/18-4

x = —4+.18
simnplify the radical
xo= =gk Y2
x = —413/2

The solutions are —4 + 3«,;"5 and —4 — 3\,@.



Answer 11q.

To write the following expression as a complex number in standard form.

41
—-6-11i
4i(—6+11i) . o . ]
— Rationalizing numerator and denominator by [—6+11:)
(—6—-11)(-6+11i)
| 24i+447°
(-6) —(11) &
—24i+44(-1
_2eaa] (Since P =—1)
36-121(-1)
_—M-24
-~ 157
Answer 12e.
Consider the equation,
x —dx+4=-1 Original equation
x —2x(2}+22 =-1 Write left side terms as square terms
{x —2)1 =—1 Write left side as perfect square
x—2=+J-1 Take square root on both sides
x—2i=tg i-1==]
x=241 Add 2 on both sides

Therefore, the roots of the equation are .

The correct choice 1s A

Answer 12gp.
Consider the quadratic equation4p( p—2)=100
Need to solve the quadratic equation by completing the square.
4;;{};.—2] =100 Write the original equation

p(p—2)=25 Divide by 4 on each side
pl —2p=25 Write left side in the form of x* + bx

pP—2p+1=25+1 Add [_—;J = (~1)" =1to each side

P —2p+1=26
— = rite lelt si ds d Dinormnl sJquare
(p-1) =26 Write left side as a binomial sq

p-1=1J26 Apply square root on each side

p=1%26  Add1 on each side
Therefore,

The solutions of the equatiun4p{p—2) =100are| p=1+ Jﬁ,l—uﬁ .




Answer 12q.
To write the following expression as a complex number in standard form.
3-2
—8+5i
(3—2i)(-8-5i)
(=8 +57)(—8—51)
_ —24-15i+16i + 107"
S (-8) =5
—24+(-15+16)i +10(-1)
} 64—25(-1)

Rationalizing numerator and denominator by (—8— 51’)

(Sincei’ =—1)

In continuation of the above step
—24+(1)i-10
~64—25(-1)
—24-10+(1):
64— 25(-1)
—34+1
T

Answer 13e.

STEP 1 First, find half the coefficient of x. In the given expression, the coefficient
of 13 6.

e
2

STEP 2 mouare half the coefficient of x.
F=9

STEP 3 Eeplace ¢ with @ in the given expression.
P+bxtc=x"+6x+9

The expression “t+éxtroisa perfect square trinomial when ¢ 15 9.
Factor using the special factoring pattern o+ 2ab + b° = (@ + E:-}E.
4+ éx+9 = xz-l—E[x:][:E) + 7
= (x+3)
Answer 13gp.

First, prepare to complete the square.
y4T= (2 -8x+7)+17

Souare half the coefficient of x.



HNow, complete the square. For this, add 16 to each side of the equation.
y+16=(x*—8x+16)+ 17

Write x° — 8x + 16 as a binomial squared.
y+16=(x—4yF +17
molve for v, For this, subtract 16 from each side.
y+16-16 = (-4 +17 - 16
y =(x- 4)2 +1
A guadratic function in the form y = alx — }3)2 + k15 sa1d to be 1n vertex form, where (&, &)

12 the vertes

On comparing the equation ebtained with the vertex form, we get =4, and
k=1 Thus, the vertex of the given function’s graph 1z (4, 1),

Answer 13q.

To write the following quadratic function in vertex form and identify the vertex.
y=x"—4x+9
X —4x=y-9

In order to complete the square inx” +bx=c.

2
We need to add (g) both the sides.

? 2
We get x’ +bx+[é} =c+(é] :
2 2

In continuation of the above step

X —4x+4=y-5
{x—l}z =y—5
_}rz{x—i}: +5
Which 1s clearly in the vertex form and the vertex is{lj}_

Answer 14e.

Find the value of ¢ that makes the following expression a perfect square tnnomial.

x*+12x+¢
Compare with x* +bx+c,
b=12

2

: [ . : ; : ;
That 1s = 7 in order for the quadratic expression io be a perfect square tninomaial.

_
4

=136

Therefore

¥ +12x4+ec=x"+12x+36 Substitute ¢ =36

c

-
= {x+6} Write right side expression as perfect square




Answer 14gp.

Consider the quadratic function v =x" +6x+3
Need to write the quadratic function 1n vertex form and 1dentify the vertex.

y= X +6x+3 Write original function
y+9=(x"+6x+9)+3 Add g] =(3)" =
%
y+9= [x+3} +3 Write x? + 6x+ 9as a binomial squared
y=(x+3 } +3-0
_}f:(x+3) Solve fory
y=(x—(-3) :] (—6)

Therefore,
The vertex form of the function is y = {x—{—E})l +(—6) and the vertex is(—3.—6).
Answer 14q.

To write the following quadratic function in vertex form and 1dentify the vertex.
y=x +14x+45
x +14x=y—45

In order to complete the square in x” +bx=c.

7
We need to add (g] both the sides.

2 2
We get x° +bx+[§J =c+[é) :
2 2

In continuation of the above step.

2
x1+14x+[%J =y- 45+[1;J
X' +14x+49=y+4
{x-l—?}j =y+4
yz(x+?}2 -4
Which 1s clearly in the vertex form and the vertex 1s {—T,—4) :

Answer 15e.

STEP 1 First, find half the coefficient of x. In the siven expression, the coefficient
of & 15 =24,
ﬁ = =12

2



STEFP 2 Souatre half the coefficient of x.
(—127 = 144

STEP 3 Eeplace ¢ with 144 1n the given expression
- Pdxteo=x—24x + 144

The expression x*—2dx+cisa perfect square trinomial when ¢ 15 144

Factor using the special factoring pattern a® — Zab+ 5= (@ — E:)E.
- 24x+ 144 = 2 - 2(x)(12) +12°

= (x- 12

Answer 15gp.

First, prepare to complete the square.

F(x)+7=(F-4x+7)-4

souare half the coefficient of x.
4% 2
(7] -tr-

MNow, complete the square. For this, add 4 to each side of the equation.
Fxi+td=0G"—dx+4-4

Write % — 4x + 4 as a binomial sqquared.

A +d=(x-2¢F -4

=olve for fix). For this, subtract 4 from each side.

Flx)+d4-4=(x-2)-4-4
Fla)=(x-2) -8

& quadratic function in the form y=alx — k}z + k12 said to be in vertex form, where (&, £)
15 the wertex

On comparing the equation obtained with the vertex form, we get k2 =2, and
i =—8. Thus, the vertex of the given function’s graph 1s (2, =5

Answer 15q.

To write the following quadratic function in vertex form and identify the vertex.
f(x)=x"-10x+17

x' —10x = f(x)-17
In order to complete the square in x* +bx=c.

1
We need to add (g] both the sides.

7 2
We get x* +bx+ é =i E ]
2 2



In continuation of the above step.
2 2
xl—l[}x—i{—-lz-qJ =f{x]—1?+[—}£]

x* —10x+25= f(x)+8
(x=5)" = f(x)+8

2
flx)=(x—5) -8
Which 1s clearly in the vertex form and the vertex is (5, —8).

Answer 16e.

Find the value of ¢ that makes the following expression a perfect square trinomial.
x*—30x+¢

Compare with x* +bx+c.

b=-30

2
Take c= b— in order for the quadratic expression to be a perfect square trinomaal.

X' —30x+c=x —30x+225 Substitute ¢ =225

=|(x —15]11 Write it as perfect square

Answer 16gp.

Consider the height of the baseball is y = —16¢> +80¢ + 2 .
Then need to find the maximum height of the baseball.

In order to find the maximum height,
Need to write the given quadratic function 1n vertex form.

y=—16:+80r+2

y= —16(1.‘: —SI)+E Factor -16 from first two terms
. 5y 5 5
y=-16|¢t" -5t+|—=| |+|2+16] —= Add and subtract16| ——
2 2 2
5!
y:—lﬁ(r—i] +102 Simplify
Therefore,

2
The vertex form of the function is;uz—lﬁ(f—%] +102 and the vertex is[%,lﬂz}

S0, the maximum height of the baseball 15102 feet.



Answer 16q.

To write the following quadratic function in vertex form and identify the vertex.
g(x)= x—2x-7
x —2x =g(x}+ 7

In order to complete the square in x* +bx=c.

2
We need to add (g] both the sides.

1 2
We get x2+5x+[éJ =c+[£] )
2 2

In continuation of the above step.

x1—2x+[— ;T =g{:x)+?+(— 2]

X' —2x+1=g(x)+8
{Jc:—l}2 =g(x}+3

g(x)=(x—1) -8
Which 15 clearly in the vertex form and the vertex 1s (1,-8).

-
Fa

Answer 17e.

STEP I First, find half the coefficient of x. In the given expression, the coefficient
of x 15 =2
= _
2
STEP 2 souare half the coefficient of x.
1¢=1
STEP 3 Eeplace ¢ with 1 in the given expression

F-dxde=r-2x+1

The expression X —Zx+cisa perfect square trinomial when ¢ 15 1.



Factor using the special factoring pattern a® — Sab + b= { — E:Clz.
F-Zr+l=x-2(x+ 1

= (x =1y

Answer 17q.

To write the following quadratic function 1n vertex form and 1dentify the vertex.
P X +x+1
X +x= y—1

In order to complete the square in x* +bx=c.

2
We need to add (g) both the sides.

2 2
We get x° +45I+[é) =c+[é] .
2 2

In continuation of the above step

(3] o(3)
xt+xt|=| =y-1+ =
2 2

Which 15 clearly in the vertex form and the vertex 1s [— % %)

Answer 18e.

Find the value of ¢ that makes the following expression a perfect square trinomial.
2
x +530x+c

Compare with x* +bx+c,
b =50

n
-

- i ) ) :
Now, = T in order for the quadratic expression to be a perfect square trinomial.

_s0*
-4

=625

Therefore

x* +50x+¢c=x"+50x+625 Substitute ¢ = 625

e

=_( x+725 }2 Write 1t as perfect square



Answer 18q.

To write the following quadratic function in vertex form and 1dentify the vertex.
Y= x +9x+19
%t +9x= y—19

In order to complete the square in x* +bx=c.

2
We need to add (g] both the sides.
2 2
We get x° +bx+[é} =E+[EJ :
2 2
In continuation of the above step
2 2
xt +9x+[EJ =y—19+ [EJ
2 2
(_x+ EJE — -}J—i—E
2 4

-

~

Answer 19e.

STEP 1

STEP 2

STEP 2

2

5
x+= | —=
EJ 4

Which 1s clearly in the vertex form and the vertex 1s [—

b | o
| Ln

First, find half the coefficient of . In the given expression, the coefficient

of x 157 Half of 7 12 ?E

mouare half the coefficient of x.
V49
2 4
49 . .
Eeplace ¢ with i i the given expression.
49

X4+ Tx+c = xj+?x+I

: : : : .4
The expression X+ Txteoisa perfect square trinomial when o 15 — .

Factor using the special factoring pattern a’ + 2ab + 4% = (e + E:'jlz.

2
x2+?x+£ x2+2[x)(z]+(3]
4 2 2

(3



Answer 19q.

Let a student drops a ball from a school roof 45 feet above ground.
We need to find how long 1s the ball 1n the air.
Let i be the height of the ball in feet and ¢ be the time 1n seconds.

Then, h=-16¢ +45

Put h=0
16¢* =45
2 A5
16
45

t

t=t=.5 (Sincet £0)

Answer 20e.

Find the value of ¢ that makes the following expression a perfect square trinomaial.
x —13x+¢

Compare with x* +bx+ ¢,

b=-13

2
Take ¢ = % in order for the quadratic expression to be a perfect square trinomaal.

169
c=——
4
Therefore
¥ —13x+c=x" —13x-|—E Substitute ¢ = ?

2
= [x—?] Write right side as a perfect square




Answer 21e.

STEP 1 First, find half the coefficient of x. In the given expression, the coefficient
of x 15 1. Half of =1 15 —%.

STEP 2 mouare half the coefficient of x.
RAN
2 4
1 . .
STEP 3 Eeplace ¢ with i in the given expression.

2 2
X-xtec=x-—x+-

: ; ) ) 1
The expression xt—x+cisa perfect square trinomial when ¢ 15 — .

Factor using the special factoring pattern a® — Dab +b° = (i — E:n)z.

2
*-x+ 1 = x° - E[x)(l] + (1]
4 2 2
1
- —
2
Solve the following quadratic equation by completing the square.

 +4x=10
In order to complete the square in x* +bx=c¢.

Answer 22e.

2
We need to add (g] both the sides.

eels) -]
x4+ = | =c+]| =] -
2 2

Rewrite equation x° +4x=10 as

2 +4x +GT =10+ ET Add | ;! on both sides
x +4x+4=14 Simplify

(x +2]2 =14 Write left side as a perfect square
x+2=+14 Take square root on both sides

x=-2+4+/14| are the roots of the given quadratic equation.




Answer 23e.

The left side of the given equation 15 already in the form x4+ b

First, square half the coefficient of x.

]
(ﬁ] =4% = 1%
2

Add 16 to each side of the given equation.
48+ 16=-1+16

"Write the left side as a binomial squared and simplify.
(x+4)' = -1+16
(x+4) = 15

How, take the square root on each side.

x+4=+.015

subtract 4 from each side to solve for x.

x+4-4=%15-4

x = -4+ 15

The solutions are —4 + \-"E and —4 — \.I"E

CHECK
substitute each solution in the original equation to verify that it 15 correct.
x=-4 +\|’E x
*4+8x = -1 x4+ 8x
2 2

(4 +4T5) +8(4+415) £ -1 (-4~ 15 +8[~4 - JI5)
16+15-85 - 2+8J5 L -1 16 +15+8,{15 —32 - 815

—1=-1+

The solutions check

Answer 24e.

Solve the following quadratic equation by completing the square.
X +6x—3=0

X' +6x=3

In order to complete the square in x* +bx=c.

add [g] both the sides.

; BY By
x +hx+|—| =c+|— | .
3)==(3)

=2 =

I
—t
Il

—4 =15
-1

-1

1
-1 ¢



Rewrite equation x° +6x=3 as

672 62 (6
x1+6x+{—] =3+(_J Add | — | on both sides
2 2 \2)
X' +6x+9=12 Simplify
{x +3]2 =12 Write left side as a perfect square
x+3=1J12 Take square root on both sides
x+3=5J4.3
x+3=1243 Simplify
Therefore

|x =—3t Eu'r?_:| are the roots of the given quadratic equation.

Answer 25e.

First, write the left side in the form %+ bx. For thiz, subtract 18 from each side.
*+12x+18-18 = 0 - 18

#+12x = —18

mouare half the coefficient of x.

]
(E] = &4 = 2§
2

Add 36 to each side of the equation.
P+ 12x+36=-18+36

‘Write the left side as a binomial squared and sumplify.
(x+6) = —18+36
(x+6) = 18

Mowe, take the square root on each side.

x+6=%./18

subtract & from each side to solve for x.

x+6-6 = +.18 -6

x=—6+.18



simplity the radical
x=-6x,9. 2

x=-6132

The solutions are —6 + 342 and —6 — E\E.

CHECK
substitute each solution in the original equation to verify that it 15 correct.
—6+ 32 —5=32
AH12x+18=10 AH12x+18=0
g 3

[-6+342) +12[-6+32)+18L 0 [-6-32) +12[-6-3/2)+18L 0

B418- B2 -T2+ +18 5 0 412+ - T2— B2+ 12 = 0
0=0+ 0=0+
The zolutions checl
Answer 26e.
Consider,
x —18x+86=0.
x —18x=-86
In order to complete the square inx” +bx=c.

2
Add [g] both the sides.

2 2
x2—18x+(—1§] =—86+(—1§] Simplify

x* —18x+81=—86+81
x —18x+81=-5
(x=9) =-5
x—9=+J=5
x—9=+/5i

x=9++/5

Therefore, the roots of the quadratic equation are x = |9+ \'I'gf,g ~J5il




Answer 27e.

First, write the left side in the form 1+ bx. For this, subtract 25 from each side.
- 2x425-25=0-25
x*—2x = -25

souare half the coefficient of x.

Add 1to each side of the equation.
F-2x+1=-25+1

Write the left side as a binomial squared and sunplify.
(x-17= —25+1

(x=1)'= -24

Mowr, take the square root on each side.

r—1=%x-24

&dd 1to each side to solve for x.

r—=1+1==%-24 +1
xr=1x+-24

Write in terms of the imaginary unit i

xr=1x.-1. 24

x = 1+if24
simplify the radical
x=1xi4. 6

x = 1126

The solutions are 14 23'\-'% and 1-— 23'1,."'3.
Answer 28e.

Consider,
2k +16k=—12.
Divide both sides by 2.
k' +8k=—6
In order to complete the square inx” +bx=c.

2
Add [%J both the sides.

os(3) -eo(3)
x +bx+ =c+ ]
2 2



Here, b=8.

3

. g 8 s

k" +8k+| = | =—6+| = Sumplify
2 2

B +8k+16=—6+16

K +8k+16=10

(k+4) =10

k+4 =110

Therefore, the roots of the equation are k = |4 + u’ﬁ —4— xn'{l_ﬂ ;

Answer 29e.

First, write the left side 1n the form x*+bx For thiz, divide each term of the given
equation by 3.

3x2+_42x —24

3 3 3
2 +1d4x = -8

mouare half the coefficient of x.

2
(E] =7 = 49
2

Add 49 to each side of the equation.
B+ 14z +49=-8+49

“Write the left side az a binomial squared and simplify.
(x+7) = —8+49

(x+7) = 41

Mow, take the square root on each side.

x+7==%J41

subtract 7 from each side to solve for x.

x+T-T = 2417

x=-T7Tt/41

The solutions are =7 + v"ﬂ and =7 — «J’iﬁ .



Answer 30e.

Consider,
4x" —40x-12=0.
Divide both sides by 4.
x' —10x-3=0
x*—10x=3
In order to complete the square inx” +bx=c.

2
Add [z] both the sides.

eane(5) o3
x“+bx+| = | =ct+|=| .
2 2
Here, b=-10.
2 1
f—mﬁ(—%] =3+[—%) Simplify

x' =10x+25=3+25
x* —10x+25=28
(x—5) =28
x—5=128
x—5=+J4-J7
x—5=127
x=5+27
Therefore, the roots of the equation arex=|5+2ﬁj—2ﬁ].

Answer 31le.

First, divide each term of the given equation by =

3 6 90
—t—+

203 3 03
S+ 2s+3 =10

Write the left side in the form x° + bx.
S+ 25 +3-3=0-73
S+ 25 = -3



souare half the coefficient of x.

2
g+
2

Ldd 1to each side of the equation.
FH+2e+1=-3+1

“Write the left side az a binomial squared and simplify.
(s+1)' = —3+1

(s +1= -2

Iow, talce the square root on each side.

s+1=t2

Write 1n terms of i We lenow that i = +/—1. Thus,

s+1==x)-1-2

s+ 1=+i 2

Subtract 1 from each side to zolve for s
s+1-1=4iy2 -1

s =-1%i2
The zolutions are —1 +3'1,E and —1 —:w'E.

Answer 32e.

Consider,
76 +28:+56=0.
Divide both sides by 7.
' +4t+8=0
£ +4t=—8
In order to complete the square inx” +bx=c.

2
Add [zJ both the sides.

: Y bY
x +hx+|=| =c+]| = | .
2 2



Here, b=4.
2 ~2
z2+4z+[iJ =—3+[iJ Simplify
2 2

£ +4t+4=-8+4
£ +4r+4=—4
(t+2) =—4

t+2=1J—4

t+2==42%
=t

Therefore, the roots of the equation arer = |—2 421, -2 —2i|.

Answer 33e.

First, divide each term of the given equation by &,
6r* 6r 120
—+—+

§ 6 B &
PR+ 2 =0

Write the left side in the form x° + 2x.
rrr+2-2=0-2
Pt = -2

Souare half the coefficient of x.
(ET _1
2 4

Add 3 to each side of the equation.

Write the left side as a binomial squared and simplify.

1
[r+1] —2+l
2 4

(-

!
4



Mow, talke the square root on each side.

1 7
re—=+ ]2
2 4

Write 1 terms of i We know that § = \."—_1 Thus,

1
Ft -
2

+ -1.-.7

g | =

fom each side to solve for #

L7

2

Subtract

1
rt -
2

[l B N
| —

e

r=—lii
2

M ‘

The solutions are —15 + g and 4 Eﬁ

Answer 34e.

Consider,

X +10x+8=-5.
Subtract both sides by 8.

x’ +10x+8-8=-5-8
x* +10x =—13
In order to complete the square inx” +bx=c.

2
Add [z] both the sides.

() - (3)
x+bx+| =] =+ = | -
2 2



Here, b=10.

q

1 2
x° +le+[EJ =-13 +fEJ Simplify
2 \ 2
x* +10x+25=—13+25

x +10x+25=12
(x+5)" =12
x+5=+12
x+5=tJ4-3
x+5 =ﬂ\"§
x=-5+23

Therefore, the roots of the equation are x = |—5+2\E=—5 +2\."§| ]

Answer 35e.

The area of the rectangle 1z given as 50, From the figure, we note that the length 15 x + 10,
and the width 15 x.

Tze the fortmula for the area of a rectangle to write an equation.

x(x + 107 = 50

First, we have to write the left side in the form x° + &x. For this, apply the distributive
property.
x(x) + x(10)

% +10x

50
50

Mowr, square half the coefficient of x.
!
2
= 75

Add 25 to each side of the equation.
2+ 10x + 25 =50+ 25

Write the left side az a binomial squared and simplify.
(x+5)" = 50+ 25

(x+5) =75



Take the square root on each side.

x+5=%.75

Subtract 5 from each side to zolve for x.

x+5-5=+75-5
x=-5%475

simplify the radical

x ==04 25,3

x=-5+5.3

since length cannot be negative, discard the solution x = =5 — 5~,j'§. Therefore, the
value of x 15 =5 + 5J§.

Answer 36e.

Consider,
The area of a parallelogram of base x+6 and height x 1548 .

That is, x[x+ﬁ) =48

X' +6x=48.
In order to complete the square in x +bx=c.

2
Add [%] both the sides.

vane(5) =e+(3)
x +bhx+|=| =+ =] .

2 2
Here b=6.

6 6Y
x1+ﬁx+(—] =43+(—J Simplify
2 \ 2

x' +6x+9=48+9
X +6x+9=57
(x+3) =57
x+3 =157
x+3= \u"'f‘ﬁ (Since x cannot benegative )

X = —3+u"'§ )




Answer 37e.

The area of the triangle 15 given as 40. From the figure, we note that the basze 15 x + 4, and
the height 15 x.

TTze the formula for the area of a triangle to write an equation.

%x(x—l—fil) = 40

Llultiply each side by 2.
2 - %x(x+4) = 240

xx+4 =80

Write the left side in the form x* + &x. For this, apply the distributive property.
x[x:l + x(4) = &l
x +4x = 80

How, square half the coefficient of x.

)
-
2

Ldd 4 to each side of the equation
+ax+4=80+4

‘Write the left side as a binomial squared and sumplify.
(x+2)" =80 +4

(x+2) = B4

Take the square root on each side.

x+2=1.34

Subtract 2 from each side to solve for x.

F+2-2 = +.f34 -2
—2+ .34

X

=implify the radical

x = -2+ .44.21
x = —2+ 2021

=ince length cannot be negative, discard the solution x = =2 — ij'ﬁ. Theretore, the
value of x 13 -2 + 2@.



Answer 38e.
Consider the area of a trapezoid with parallel sides of length 3x—1 and x+9 and height
x 15 20
That iszé{Ex—l+x+ 9)(x)=20 Simplify

%{4x+3}x =20

E(I—I—E]x:ﬂ}
x' +2x=10
In order to complete the square inx” +bx=c.

2
Add[%] both the sides.
vaes(3) =e+(3)
x“+hx+|=| =c+]| =] .
2 2

Here,b=2.
2Y 2Y
x1+2x+[i] =m+[ﬂ Simplify

x*+2x+1=10+1
x +2x+1=11
(x+1)" =11

x+1=111 (Since x can not be negative )

I+1=\"’ﬁ

x= —1+'~.I"ﬁ|.

Answer 39e.

First, we have to factor out =16 from the right side.
h=-16( - 5.6

souare half the coefficient of £
5.6Y 2

How, complete the square. For this, subtract 1607 84) from each side of the equation
h—16(7.84) = —16(¢* - 5.6¢) - 16{7.34)
h—12544 = —16(£* - 5.6¢ + 7.84)



Write £2 — 5.6¢ + 7.84 as a binomial squared.
h—12544 =-16( — 2.8

Solwe for B For this, add 125 44 to each side.
h—12544 +12544 = —16(3 — 2.8:12 + 12544

h= —16(t - 28) +12544

A gquadratic function in the form y = alx — }3}2 + k15 said to be in vertex form, where (&, &)
1z the vertex

On comparing the equation obtained with the vertex form, we geta =-16_ 4 =28, and

ik =12544 Thus, the vertex of the given function’s graph i1z (2.8, 12544,

The y-coordinate of the vertex of a graph represents the maximum or minimum value of
the function.

since @ <0, the parabola of the given function opens down and 1t has the maximum
value. Therefore, we can conclude that at 2.8 seconds the water will reach a maximum

height of 125 44 feet.

Answer 40e.

Consider,
y=00085x" —1.5x+120 .

If 1t 15 walked x meters per minute, the rate y of energy i1s modeled by the above
equation.
Write the quadratic function in vertex form and identify the vertex.

y=0.0085x" —1.5x+120

y:ﬂ_ﬂﬂﬂi(f—Bﬂﬂﬂ IJ+12{] |A-:1d and Subtract 0. (15 C“j. | ‘
N b L
y=00085| x —Mx+ ISDD +(120-0.0085 —— ISDD Sumplhify
17 17 1?
yzﬂ.ﬂﬂﬁi(x—@) 915
\ l?
Which 15 clearly in the vertex form and the vertex 1s [%%J
1500 915

Therefore, 1f 1t 1s walked -7 meters per minute, the rate of energy y used 1s e

calories per minute.



Answer 41e.

First, prepare to complete the square.
y+1= (2 -8x+7)+19

souare half the coefficient of x.

How, complete the square. For this, add 16 to each side of the equation.
y+16=(x*—8x + 161+ 19

Write x° — 8x + 16 as a binomial squared.
y+16=(x—4°+19

solve for v For this, subtract 16 from each side.
y+16-16 = (x— 41 +19 - 16
y = (x— 4)2 + 3

A guadratic function in the form y = alx — }3)2 + k15 zaid to be 1n vertex form, where (&, &)
iz the vertex

On comparing the equation obtained with the vertex form, we get =4, and
k& =3 Thus, the wvertex of the given function’s graph 15 (4, 3.

Answer 42e.

Consider,

y=x —4x-1

Write the quadratic function in vertex form and identify the vertex.
y=x'—4x-1

x* —4x=y+1.

In order to complete the square inx” +bx=c.

2
Add [zJ both the sides.

i) =)
x +bhx+|=| =c+| =] .
2 2



Here, b=—4.

bl 2
x1—4x+(—g] =y+l+(—%] Simplify

\ b
x'—dx+4=y+5
[:x—l}z =vy+5
y:(x—z}z—ﬂ

Which is clearly in the vertex form and the vertex is |(2,-3)|.

Answer 43e.
First, prepare to complete the square.

y+7 =[x +12x +7) + 37

souare half the coefficient of x.

[%2 =(6Y = 36

Mow, complete the square. For this, add 26 to each side of the equation.
y+36=(x?+12x +36)+ 37

Write z° + 12x + 36 as a binomial squared.
y+36=(x+67F+37
solve for v For this, subtract 26 from each side.
y+36-36 = (x+6) +37- 36

y=[(x+ 6)2 +:4

& guadratic function in the form vy =a(x — k}g + k15 zaid to be in vertex form, where (&, &)
15 the vertex

On comparing the equation obtained with the vertex form, we get 2 =—6, and
i =1. Thus, the vertex of the given function’s graph 1s (=6, 1)



Answer 44e.

Consider,
y=x"+20x+90

Write the following quadratic function 1n vertex form and identify the vertex.
y=x"+20x+90

x* +20x=y—90
In order to complete the square in x* +bx=c.

2
Add [z] both the sides.

) Y bY
x“+hx+|=| =c+]| =] .
p 2

Here, b=20.

2 2
x +2ﬂx+(%} = _}J—QD—}[?] Simplify
x* +20x+100= y+10
(x+10)" =y+10

A
Fa

y= [x+1ﬂ} -10

Which 1s clearly in the vertex form and the vertex 1s {—lll—l{l} .

Answer 45e.

First, prepare to complete the square.

SR+ = (A -3x+7)+4

souare half the coefficient of x.
-
2 4
MNow, complete the square. For this, add % to each side of the equation.

f[x)+§= [x2—3x+§] + 4



: 9 : :
Write x* — 3x + A as a binomial squared.

3

2
xf+—=|x—-—=| +4
7+ 5 - (x-2]
molve for fix). For this, subtract % from each side.
2
4 4 2 4

F(x) = (x—ET +£

& guadratic function in the form vy =a(x — Ez]z + k15 zand to be in vertex form, where (&, &)
13 the vertex.

. . . . 3 7

On comparing the equation obtained with the vertex form, we get & = 5 and & = 7
: o : 2 7

Thus, the vertex of the given function’s graph 1s 7

Answer 46e.

We need to write the following quadratic function in vertex form and identify the vertex.
g(x)=x"+Tx+2

— x1+7x=g{x]—2
In order to complete the square inx” +bx=c.

3
We need to add (g] both the sides.
2 2
We getx’ +E:x+[é} =c +(E] .
2 2
~2

= x1+?x+GT=g{x}—2+GJ

= (x+%]2=g{x}+ﬂ

4

= g(x}z(x+%)1—ﬂ

4

Which 1s clearly in the vertex form and the vertex 1s [— % = %) -



Answer 47e.

First, we have to factor out 2 from the first two terms on the right side.

y=2(x% + 12x) + 25

mouare half the coefficient of x.

2
[E] =64 = 36
2

MNow, complete the square. For this, add 2(36) to each side of the equation.
y+2(36) = 2(x* +12x) + 25 + 2(36)

y+72 = 2(x*+12x+36) + 25

Write x° + 12x + 36 as a binomial squared.
y+72=2(x + 67 +25

solwe for v For this, subtract 72 from each side.
y+T2-T2 = 2(x+6)" +25-72
y = 2(x +6)* - 47

& quadratic function in the form y=a(x — Ezjz + & 1z said to be in vertex form, where (&, k)
13 the vertex

On comparing the equation obtained with the vertex form, we get 2 =—6, and
k=47 Thus, the vertex of the given function’s graph 15 (=6, —47).

Answer 48e.

We need to write the following quadratic function in vertex form and identify the vertex.
y=5x" +10x+7
= y—T7=5(x"+2x)
— x4+ 2x= E
3
In order to complete the square inx” +bx=c.

3
We need to add (g] both the sides.

; [2 P oy-7 ’2]1
= x +2x+| =] == +| =
s 5 L
2 y—1
2% x+2x+1= +1

= (x+1]|2=‘FT_2
= y=5(x+1)"+2

Which is clearly in the vertex form and the vertex is(—1.2).



Answer 49e.

First, we have to factor out 2 from the first two terms on the right side.

¥ =20x% — 14x) + 99

Souatre half the coefficient of x.
~143? 2
T == I:_?:] = 49

How, complete the square. For this, add 2(4%) to each side of the equation.
¥ +2(49) = 2(x* - 14x) + 99 + 2(49)

¥ +98 = 2(x" = 14x + 49) + 99

Write x° — 14x + 49 as a binomial squared.
y+ 98 =2(x — TV + 59

solwe for v For this, subtract 98 from each side.
y+98-98=2(x—-7)" +99-92

y=2(z-7 +1

& gquadratic function in the form vy = a(x — Ez]z + k15 sand to be in vertex form, where 0k, &)
13 the wertex

On comparing the equation obtained with the vertex form, we get 2 =7, and
k= 1. Thus, the wvertex of the given function’s graph 1z (7, 1).

Answer 50e.
In solving the given equation, there 1s an error in the last step.
Itis given, x=-5% J12
= x=-5+4y3 Which is wrong.
Because x=-514/12
=  x=-5+./4.3
=  x=-514.)3
— x=-5+2.3 is the correct solution.



Answer 51e.

I the given case, (%) 15 added to the left side. For balancing an equation, we have to add
the same quantity on each side of the equation. Therefore, we have to add 4(%9) to the
right side also. The error 15 that 9 15 added to the right side and not 4(9).

In order to correct the error, first add 4(%) to each side of the equation given in step 2.
A+ 6x+ 9 =11+4(9

simplify.
Az + 6x + ) =47

Write x° + 6x + 9 as a binomial squared.
d(x +3)° =47

Diwide each side by 4.
e 3= 2

MNowr, take the square root on each side.

x+3=4= ol
V4

«J{_F-'"
2

I

r+3=+t—

Subtract 3 from each side to solve for x.

7

r+3-3=+" -3
2
x:—3i§

The solutions are —3 + —— an

il



Answer 52e.

We need to solve the following quadratic equation by completing the square.
X +9x+20=0

= X +9x=-20

In order to complete the square inx” +bx=c.

3
We need to add (g] both the sides.

7 2
b b

We getx’ +bx+| — | =c+| = | .
2 2

2 2
= x1+9x+[g) =—2{}+[E)
2 2

9 1
= +==% |-
T2
= x+E=il
2 2
= x=—gil
2 2

= x=-5,—4 are the roots of the given quadratic equation.

Answer 53e.

First, write the left side 1in the form x4+ &x For thiz, subtract 14 from each side.
F+3x+14-14=0-14

x+3x=-14
souare half the coefficient of x.
379
2 4
G . .
Add 7 to each side of the equation.

P4l = 1442
4 4



“Write the left side az a binomial squared and simplify.

2
(:ﬁ:-l—i] = —14-|—E
0 4
( BT 47
X+ — e
5 4

Mow, take the square root on each side.

3
r+—== -1l

2 4

3 .

Subtract 5 from each side to solve for x.
apd_ 3 _ g ¥ _3

2 2 4 2

2 4

Write 1n termes of 1.

r = E i e

2 ".,| 4
ez 34

2 4
Simplifj.r the radical

J5

X = = i

2 2
The solutions are —i —i J:_? and —%+ i -\tﬁ .



Answer 54e.
We need to solve the following quadratic equation by completing the square.
7q" +10g = 2g° +155
=  5g° +10g=155
= g +2g=31
In order to complete the square inx” +bx=c.

3
We need to add (g) both the sides.

2 2
We getx’ +E:x+[éJ =:‘:+[EJ .
2 2

2y 2Y
g2+2g+[i) =31+(5]
g +2g+1=32
(g+1) =32
g+l=+32
g+1=iu"rl_5-\"5
g+1=+4/2
g=—1t 42 are the roots of the given quadratic equation.

R | R

Answer 55e.

First, subtract 2x from each side to bring the terms containing variable on one side.
I+ x-2x=2x-6-2x

Ir—x= —6

Write the left side in the form x° + &x. For this, divide each term by 2.

3 _x_ 6

33 3

Rt g
3

souare half the coefficient of x.
53
& 36

Add % to each side of the equation.



Write the left side az a binomial squared and simplify.

MNow, take the square root on each side.
x— = = i,f—ﬂ
) 36

Add é to each side to solve for x.

S SF OF  P.
) 366
x:li —ﬂ

& 26

Write 1n termes of 7.

x=li —1-ﬂ
& 26
& 36

cimplify the radical

M e
& &
The solutions are l +i ﬂ and l - 1‘—1.

6 &



Answer 56e.

We need to solve the following quadratic equation by completing the square.
0.1 —x+9=02x

=  01x'-12x=-9

= X’ -12x=-90

In order to complete the square inx” +bx=c.

2
We need to add (g) both the sides.

2 2
We getx’ +E:1x+[éJ =c+[é] :
2 2

2 b
x1—121+(—E] =—90+[—E}
2 2

' —12x+36=-54

(x—6)" =—54

x—6 =454

x—6=%J9.J=6

x—6=13./6i

x=6% 3\"%1' are the roots of the given quadratic equation.

| |

Answer 57e.

First, subtract 0.3v from each side to bring the terms containing variable on one side.

04w+ 0Fp =03 = 03— 2 — 0%
Odvd +0dy = — 2

Write the left side in the form x% + bx. For this, divide each term by 0.4
0.4v° L 04y -2

0.4 0.4 0.4
vy = =5

souare half the coefficient of v,
[1]:‘ _1
2 4

Ldd & to each side of the equation.



Write the left side as a binotnial squared and simplify.

2
[v+l] = —5+l
2 4

MNow, take the square root on each side.

1 19
v+ —==%, |-—
2 4
Subtract % from each side to solve for v,
2 2 4 2
oo Ly |12
2 4

B = —li —I-E
Y 4

I
2 2
The solutions are —l+x'E and—l—iﬂ.

2 2



Answer 58e.

We need to write a quadratic equation with real number solutions that can be solved by
completing the square but not by factorizing.
Consider x"+2x-1=0
The above quadratic equation cannot be solved easily by factorizing.
Because, we cannot easily find two numbers m and » such that »
Such that m+n=2 and mn=-1
We need to solve the following quadratic equation by completing the square.
X +2x—1=0
= X +2x=1
In order to complete the square inx” +bx=c.

3
We need to add (g] both the zides.

2 2
We getx2+bx+[bJ =c+[b) .
p 2
2 2
x:+2x+(g] =1+[EJ
2 2

X' +2x+1=2

(x+1)" =2

x+1=+2

x=—1%+2  are the roots of the given quadratic equation.

N !

Answer 59e.

a) First, we can graph the function y = x4+ 2
For thiz, substitute some walues for x, say -4, and evaluate .

y = (-4) +2(~)
= 16-8
= 3

DOrganize the results 10 a table.
x|-4|-2|-1]|1][2
|l 8 [0 |-1]2]|8




Flot the points on a coordinate plane and connect them with a smooth curve.

A,

16
14

12 .
10 _1'—.T'+2.u‘

& o o

1)

- -
6 5 -4 3 -2 1 2 34567 8x

fo & b

-
11

a
Y
similarly, graphy=(x + 1]2 ot the same coordinate plane.

1dls

y={x+1) 16

14
12

p=x+2x

-
1 2 3 4 5 68 7 8x




h)

iGraph the second pair of functions on a coordinate plane.

A,
16

=10

_'12‘r

Graph the third pair of functions on a coordinate plane.

-10

_12‘r

2
: : &
On comparing each pair of graphs, we find that the graphs of y = (x + E] are

narrower than the graphs of vy = x% + bx with their vertices shifted to the x-axis.

2
o b
When we complete the square of y = x% + bx, the new equation 15 ¥ = (:ﬁ: + EJ .

Therefore, both the graphs will be the same.



Answer 60e.

2
Consider the quadratic equation x’ +Erx+[g] =k

We need to solve the following quadratic equation by finding square roots.

1
x’ +Erx+[ﬁ] =k
2
~ L
= +2x(éj+(f—;] =k
2 2

= x+§=t¢'ﬁ_:

b . i :
—% x=-— 5 +.Jk are the roots of the given quadratic equation.

The given equation will have only one real solution iff £=0, 1t will have two real
solutions 1ff k£ >0 and imaginary solutions 1ff £ < 0.

Answer 61e.

First, write the left side 1n the form x4+ bx For thiz, subtract ¢ from each side.
P4brx+c-—c=0-¢

F4bx = —c

souare half the coefficient of x.

BY b7
2 4
EI'E
Add ? to each side of the equation.

(++3) -4
K= | == —
4

-
=
+
[l
.~
[ =)
I
L
[ %)
N
I=
o



Iow, take the square root on each side.
1|E;' — 4.:?

Subtract % trom each side to zolve for x
= E;l —
2 'I|I

x4+

bo |

H

m|'a=

simplify the radical

2_
X _E+ b — 4
2 2
Ja2 -4 Jo2 -4
The solutions are ——+TC and —%—TC .

Answer 62e.

We need to write the following quadratic function in vertex form and identify the vertex.
h=-16t"+32t+6

= h—6=—-16(¢ -2¢)

1 2
=  h-6=-16 r1—2r+[—gj +15(—3]
2 L 2

=  h—6=-16(f-2t+1)+16
= h=—16(t—1) +22
Which 1s clearly in the vertex form and the vertex 1s(1, 22] i
Therefore the maximum height 1s 22 feet.
Answer 63e.

In thiz case, the mazimum height represents the maximum value of the function We
know that the maxzimum value of a quadratic function 15 the y-coordinate of the vertex

In order to find the vertex, we have to rewrite the function in the wertex form. For this,

first factor out —16 from the first two terms on the right side.
h=-16( -3 +4

Souare half the coefficient of £

-



MNow, complete the square. For this, add [—16) [;] to each s1de of the equation
B+ (—16)(5] = -16[£* - %) +4 + [—15)(3]

4 4
h +[—16)(E] = —16(:‘,2— 3+ E] +4

4 4

Write £2— 3 +

; +(—15)(§]

k- 36

as a binotmal squared and simplify.
2
- 16[5 - E] + 4
2
2
- 16(5 - E] + 4
2

Solve for k. For this, add 26 to each side.

2
=364 36 = —16(5—3] + 4 + 36

32
b= —16[5—5] + 40

& guadratic function in the form vy =alx — Ez)z + k15 said to be in vertex form, where (&, &)
1z the vertex.

: . . : a3
On comparing the equation obtained with the vertex form, we geta =-16, & = —, and

k£ =40 Thus, the vertex of the given function’s graph 1s [g 4[]].

Therefore, the mazimum height of the obiect 12 40 feet.



Answer 64e.
We need to write the following quadratic function in vertex form and identify the vertex.
y=(70—x)(50+x)
=  y=3500-50+70x—x
=  y=3500420x—x’
=  x -20x=3500-y
In order to complete the square inx” +bx=c.

2
We need to add (g] both the sides.

bY Y
We get x2+éx+[—} =c+(—) g
2 2
2 2
= f—ﬁﬂx—i{—%} =35ﬂﬂ—y+[—2—;]

=  x —20x+100=3600—y

=  y=—(x—10)"+3600

Which 1s clearly in the vertex form and the vertex 1s {lﬂ,?:—ﬁ[]ﬂ} g

Therefore the store can maximize the monthly revenue up to $3600 by reducing $10 per

skateboard.
Answer 65e.

In this case, the mazimutn revenue represents the mazimum value of the function, We
know that the mammum value of a quadratic function 1s the y-coordinate of the vertex

In order to find the vertex, we have to rewrite the function in the wertex form. For this,

first apply the FOIL method.
y = 8000 - 200x 4+ 400x — 10x°

y = —10x* + 200x + 8000

Factor out =10 from the first two terms on the right side.

y=-10(x% — 20x) + 3000

Souare half the coefficient of £,

(— 2—;]2 = (~10y" = 100

Iow, complete the square. For this, add (—107(100) to each side of the equation.
¥ +(=10){100) = —10{x* - 20x) + 8000 + (-10){100)

¥ +(=10){100) = —10{x* - 20x +100) + 8000



Write x° — 20x + 2000 as a binomial squared and simplify.
¥+ I:—ID) [1[][]) = —1[:'[?'.' - llij:]2 + 2000

»— 1000 = —=10{x - 10)" + 8000
solve for v For this, add 1000 to each side.
¥ — 1000 +1000 = —10{x - 10}" + 8000 + 1000
¥ = —10(x — 107" + 2000

& gquadratic function in the form v =a(x — Ez]z + k15 saud to be in vertex form, where (2, &)
13 the wertex

On comparing the equation obtained with the vertex form, we geta =-10, 2 =10, and
ko =9000. Thus, the vertex of the given function’s graph 1z (10, 2000). Therefore, the

maximum revenue 18 $9000.

Mow, find the mazimum cost for a system. For this, evaluate 200 + 10x when x 15 10

200 4+ 10{10) = 200 + 100
= 300

Thus, selling a system for 300 would mazimize monthly revenue at F2000.

Answer 66e.

The path of a ball thrown by a softball plaver can be modeled by the function
y=-0.0110x"+1.23x+5.50

where x 1s the softball’s horizontal position (in feet) and y is the corresponding height (in
feet).

(a)
We rewrite the function ¥ =—0.0110x" +1.23x+5.50 into vertex form as given below.
y=—00110x +1.23x+5.50 [The original function|
§  Factor —0.0110 from
y=-00110(x"-111.82x)+5.50
| first two terms
[P t lete
y+(-0.0110)(?)=-0.0110(x* ~111.82x+7)+5.50| o 0 o0 }
| the square
Add
¥+(—0.0110)(3125.93) =-0.0110(x* —111.82x +3125.93)+5.50| (-0.0110)(3125.93)
to each side

¥—34.3852=—0.0110(x—55.91)" +5.50

»=—0.0110(x-5591)' +39.8852  [Solve for ]




(b)
We make a table of values for the function v=-0.0110x" +1.23x4+5.50 including values

of x from 0 to 120 increments of 10 as given below.

x 0 | 10 [ 20 | 30 | 40 | 50 | 60 | 70
y=—00110> +1.23x+550 | 550 | 16.7 [25.7 [ 32.5 [37.1 | 395 [ 39.7 | 37.7

x 80 90 100 110 120

y=-00110x* +1.23x+5.50 | 335 271 18.5 1t -3.3

(@

We can draw the graph of the function y=-0.0110x"+1.23x+5.50 by plotting the
points shown 1n the table above as given below.

¥

- M

160

¥ =-00110(x—55.91)" +39.8852

-120-

-140--




Because the vertex form of the given model 15 y = —ﬂ_ﬂllﬂ{x—ﬁi_gl}: +39 8852 | 50 the
vertex is (55.91,39.8852).
The maximum height of the softball 1s the y-coordinate of the vertex {55_9]_, 39_3852) of

the parabola with the vertex form of the given model y=-0.0110(x —55_9]:}2 +39 8852 .
Hence, the maximum height of the softball 1s

|39.3352 feet| .

To find how far the softball travels we have to twice the value of the x-coordinate of the
vertex (55-91,39.8852) of the parabola with the vertex form of the given model

y=—0.0110 (x —55.!5"1}1 +39 8852 .
Hence, the softball travels

|55_91 feet| .

Answer 67e.

a) The eating section 15 1n the shape of arectangle. The area of arectangle 15 the
product of its length and width
From the figure, we find that the length 15 x, and the width 15 120 — 2x. The area of
the section 15 given as 1200 square feet.

Thus, an equation for the area of the eating section 15

x(120 — 2x) = 1500,

h) For solwing the equation, first apply the distributive property.
120x — 2x* = 1500

—2x* 4+ 120x = 1500

Divide each term by —2.
—2x* L l20x _ 1500

— - —
- 6lx = =750

Souare half the coefficient of x.

(—?T: (-30)" = 900



£d4d 900 to each side of the equation.
x*— 60x + 900 = —750 + 900

2 — 60x + 900 = 150

Write the left side as a binomial squared and sumplify.
(x — 3002 = 150

Talke the square root on each side.
=30 = £./150

Add 30 to each side to solve for x.
x— 30+ 30 = 4150 + 30

x o= 30X 4150
simplify the radical
x=30% 25 6
x=3015/8

TTze a calculator to evaluate.

x o= 4225
or

x o= 1775
The solutions are 42.25 and 17,75,

Evaluate 120 - 2x forx =42 25 and x = 17,75,
120 — 2x = 120 - 2[42.25) 120 - 2x
120 — 845

355

120 - 2(17.75)
120 - 35.5
84.5

since the width of the eating section cannot be greater than the length of the side

of the school, 84.5 ft 15 not a possible width. Thus, the solution 17,75 must be
rejected.

c) In this case, x represents the length and 120 — 2x represents the width of the eating
section. The possible value for x 18 42 25 and the corresponding value for
120 = 2x 15 25,5, Therefore, the dimensions of the eating section are

4225 by 355 1



Answer 68e.

Consider that you are given a lump of clay with a volume of 200 cubic centimeters and
are asked to make a cylindrical pencil holder. The pencil holder should be 9 c.m high and

have an inner radius of 3 cm.

Need to find the thickness x _ our pencil holder needs to have if vou want to use all of the
clay.

Based on the data, We get,
7(3+x)"(9)-7(3%)(9—x) =200
= 97{(3-x) 37} =200
=  9mx(x+6)=200
200

= X' +6x="—
o

In order to complete the square in x” +bx=c.

2
We need to add (g] both the sides.
2 2
We get x* +bx+[é} =c+(E) )
2 2

s 6V 200 (6
= X +6x+| = | =—| =
2) ax L2

= x:‘+ﬁx+9=—ﬂm+2m
QO
= {x+3}1231.1r+2£}{?
QO
P 7
Qr

=  x=-3+ fgl”gﬂ (Since x£0)
T

= x =1 centimeter

Hence the thickness x should be 1 centimeter.



Answer 69e.

substitute 2 for e, 7 for &, and D for ¢ 1n the expression
B — dae =T — 4(2(5)

since there 15 more than one operation to be performed, let us use the order of operations.

Ewaluate the power first.

72— 4(2)(5) = 49 — 4(2)(5)

Perform multiplication before subtraction

49 — 4(2)(5) = 49 — 40

HNow, subtract.
49 -40=79

Therefore. the result 15 9.

Answer 70e.

Need to evaluate b* —4ac for the given values of a.b and ¢
Here a=1.b=—6,c=9

Then

b —4dac=(-6) —4(1)(9)
=36-36
=0

Hence |b* —4ac=0

Answer 71e.

cubstitute 4 fora, —1 for &, and 2 for ¢ 1n the expression
B —dae = (—1)* — 4((3)

since there 18 more than one operation to be performed, let us use the order of operations.

Ewaluate the power first.

(17 - 4&)(3) =1 - 44)(3)

Perform multiplication before subtraction.

1—44)3=1-48

Mow, subtract.
1-48=-47

Therefore. the result 15 47



Answer 72e.

Need to evaluate b* —4ac for the given values of a.b and ¢
Here a=3.b=2c=-6

Then

b* —4ac=2"-4(3)(-6)
=4+72
=76

Hence |b* —4ac =76

Answer 73e.

substitute —4 fora, 2 for &, and =7 for ¢ in the expression.
b2 —dar = 2% — 4=D(=T)

mince there 15 more than one operation to be performed, let us use the order of operations.

Ewvaluate the power first.

2%~ 4(AYT) = 4 - A7)

Perform multiplication before subtraction.

4 —A(-DH=T)=4-112

Mow, subtract.
4-112=-108

Therefore. the result 15 =108,

Answer 74e.

Need to evaluate 5* —4ac for the given values of a.b and ¢
Here a=-5b=3,c=2

Then

b* —4ac=3"-4(-5)(2)
=9+40
=49

Hence |b* —4ac =49 .

Add 5 to both the sides to rewrite the equation 1n slope-intercept form.
y =3+ 3= 2x—4 43

¥ =:2x+1

The equation of the ine1sy=2x + 1.



Answer 75e.

The zlope #2 of a line 13 the ratio of the vertical change to the horizontal change.
_Yi— N

X3 7 X

In order to find the slope of the line, substitute 9 for yo, S toryw, 4 for x2, and 2 for x1.

9 -5
M= —
4 -2
Ewvaluate.
9 -5
mo= —
&

b2 pa | s

The slope ofthe ling 15 2.

How, use the point-slope form to determine the equation of the line.

The equation v — ) =m(x — x1) 18 the point-slope form of the line with slope #2 that
contains the point (x1, 1),

substitute 2 for s, 2 for x1, and O for .
v=0=2(x—-2)

Tze the distributive property to open the parentheses.
y—5=Zx-4

Answer 76e.

Need to write an equation of the line that passes through the points (3,-1) and (6.-3)

Applying two-point form, FoN A (1).

¥o—Wnm E—xn

Plugging in the values into(1) ,
y+1 x-3
R
== 3y+3=—2x+6
= 2x+3y—-3=0

Hence the equation of the line 1s (2x+3y—-3=0|.




Answer 77e.

The slope # of a line 15 the ratio of the wertical change to the horizontal change.
iy Y2~ M
5

In order to find the slope of'the line, substitute 2 for yo, =4 fora, =1 for 2o, and -4 for x;.
2 - (—4)

A g gy
Evaluate.
5
_2-()
3
_ 8
3
= 2

The slope of the line 15 2.

How, use the point-slope form to determine the equation of the line.

The equation ¥ — 3 = m(x — x1) 158 the point-slope form of the line with slope #2 that
contains the point (x1, 1)

substitute 2 for me, =4 for x1, and -4 for .
y—(4) = 2Lx- (4]

y+4 =2(x+4)

Tze the distributive property to open the parentheses.
yv+4d=2x+8

subtract 4 from both the sides to rewrite the equation in slope-intercept form.

y+4-—-4=2x+5-4
y = 2x+4

The equation of the line 15 y=2x + 4.

Answer 78e.

Need to write an equation of the line that passes through the points (—2.4) and (1.-2)

Apply two-point form, yoh _*,4s o (1)
Y= XX




Plugging in the values into(1) |
y—4 x+12
-6 3
= y—4=-2(x+2)
= y—4=—2x—-4
=2x+y=0

Hence the equation of the line is |EJ:+3: = ﬂ|

Answer 79e.

The slope #2 of a line 15 the ratio of the vertical change to the horizontal change.
o = Ya— M
YT

In order to find the slope of the line, substitute 1 for ws, =5 foran, 1 for 22, and -1 for 3.

T
Ewaluate.
1+5
mo= —
1+1
_ b
2
=3

The slope ofthe ling 15 3

MNow, use the point-slope form to determine the equation of the line.

The equation v —1 = m(x — x1) 15 the point-slope form of the line with slope »2 that
contains the point (x1, 1),

substitute 3 for e, —1 for 21, and =5 for .
y=(-5) = 3[x - (-1)]

y+5o= 3[x+1)

Tze the distributive property to open the parentheses.
y+o=3x+73

subtract O from both the sides to rewrite the equation in slope-intercept form.
y+oI3-5=3x+352-5

¥ = 3x—2

The equation of the line 15y =3x - 2,



Answer 80e.

Need to write an equation of the line that passes through the points (6,3) and {S, 4}

Apply two-point form, yon _“*t/w o (1)

¥~ XN

Plugging m the values mto(1) ,

y-3 x—6

1 2
= 2y—6=x—-6
= x—-2y=0

Hence the equation of the line 1s (x—2y=0| .

Answer 81le.

STEP 1 First, we have to graph the equation x =2
The graph of x = 13 the wertical line through (¢, 0). Thus, the graph of
x =215 avertical line through (2, 0). Since = 13 the inequality used, use a

zolid line.
A
A ¥
4
v=2
3
2
1
g -—
) 3 Z2 e g 4 x
1
-2
-3
-4
Y Y

Test a point that 15 not on the boundary line, sav (1, 1)
1= 2 False

Therefore, {1, 1) 1z not a selution.



Tze red to shade the half-plane that does not contain the test point.

cimilarly, graph the inequality v = 2 using blue.




STEP 2 Tdentify the region that 15 common to both the graphs.

1

A,
4

ha

-

The intersection of the red and blue regions 15 the graph of the given
systern. The region shaded in purple 15 the solution

Answer 82e.
Now, we are going to graph the inequality
x=0
First, we graph the related line x =0 as shown below, which 1s a vertical line intersecting
the x-axis at (0,0).

WFH

L

b

s

t

e
R

b

Lad

ds

Lh——

e




Because the mequality symbol 15 greater than or equal, we draw a solid line to indicate
that the ordered pairs on the boundary line are solutions.
Now, we choose an ordered pair on one side of the line x =0 and test this ordered pair in
the inequality x=0.
We choose the origin (—1,0) .

xz0

~120 [Replace x with —1 and y with 0]
Because the above statement 1s false, therefore, {D,D:] 1s not a solution for the inequality

x=0.

=0, we shade the side of the line opposite as shown below.
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Now, we are going to graph the inequality
x+y<4
To graph a linear inequality 1in two vanables,

(1) Graph the related equation (the boundary line). The related equation has an equal
sign 1n place of the inequality symbol. If the mequality symbol 1s = or = | draw a
solid line. If the inequality symbol 1s > or <, draw a dashed line.

(2) Choose an ordered pair on one side of the boundary line and test this ordered pair
in the inequality. If the ordered pair satisfies the inequality, shade the region that
contains 1t. [f the ordered pair does not satisfy the inequality, shade the region on
the other sides of the boundary line.



First, we graph the related equation x+ y =4 as shown below.

i

(2,2)

1FH

-1

24

-3

Two ordered pairs that satisfy are (—2,6), (2; 2} and because the inequality symbol is less
than sign. we draw a dashed line to indicate that ordered pairs on the boundary line are

solutions as shown above.

Now, we choose an ordered pair on one side of the line and test this ordered pair in the
inequality.
We choose the origin (0,0)

x+y<4

0+0<4 [Replace x with 0 and y with 0]

0<4
Because the above statement 1s true, therefore, (ﬂ}{}] 15 a solution for the mnequality.
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The above statement 1s false, which confirms that the region contaiming the point with

coordinates (3, 4} should not be shaded.



We draw the graphs of the two inequalities x>0 and x+ y <4 at the same system of
rectangle axes as shown below.

.

0 8 8 7 6 5 -4 3 2

S ol od o dn By =

'
—a

We identify the red region where the two graphs overlap as shown above.
S0, this region 1s the graph of the system.

Answer 83e.

STEP 1 First, we have to graph the equation 3x — 2y =8
For this, substitute some walues for x, say, -4 and find the corresponding
values for v

3(—4) -2y =8
-12-2v =8
—2y = 20
¥y = =10

Organize the results in a table.
x| -4 |-2| 0 2| 4
y |10 -7 |-4|-1]2




Plot these points and join them using a line. Since < 15 the inequality, use a

dashed line.

Test a point that 15 not on the boundary line, say (1, 1)

3 -2(1) < 8
3—23 a2
1« 8

Therefore, {1, 1) 15 a solution.

Usze red to shade the half-plane that contains the test point.




simitlarly, graph the thequality 2x + 3 = 0 using blue.
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STEP 2 Identify the region that 12 common to both the graphs.
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The intersection of the red and blue regions 15 the graph of the given
system. The region shaded in purple 15 the solution

Answer 84e.

Now, we are going to graph the inequality
dx+y=3
To graph a linear inequality in two variables,

(1) Graph the related equation (the boundary line). The related equation has an equal
sign in place of the inequality symbol. If the inequality symbol 1s = or = | draw a
solid line. If the inequality symbol 1s = or <, draw a dashed line.

(2) Choose an ordered pair on one side of the boundary line and test this ordered pair
in the mequality. If the ordered pair satisfies the inequality, shade the region that
contains 1t. [f the ordered pair does not satisfy the inequality, shade the region on
the other sides of the boundary line.



First, we graph the related equation 4x+ y =3 as shown below.

"HFH

-1

Two ordered pairs that satisfy are (D_?E,D),{Uj) and because the mequality symbol 1s

greater than or equal sign, we draw a solid line to indicate that ordered pairs on the
boundary line are solutions as shown above.

Now, we choose an ordered pair on one side of the line and test this ordered pair in the
inequality.
We choose the onigin (ﬂiﬂ) .

dx+y=3

4{:!}}+ I]éii [Replacex with 0 and y with l'.]]
0=4
Because the above statement 1s false, therefore, I:El,[:l) 15 not a solution for the inequality
dx+y=3.



Since {IJ:_D] does not satisfy the imnequality 4x+ y =3 we shade the region on the other
side of the boundary line as shown below.

We can confirm that the region on the other side of the line should not be shaded by
choosing a point in that region, such as (:1:_1} i
4x+y=3

4{1}+1E3 [Replacaxwithl and y with l]

4+123

523
The above statement 1s true, which confirms that we have shaded the correct region of the
boundary line.

Now, we are going to graph the inequality
2x—3y<b
To graph a linear inequality in two variables,

(3) Graph the related equation (the boundary line). The related equation has an equal
sign 1 place of the inequality symbol. If the inequality symbol 1s = or = | draw a
solid line. If the inequality symbol 1s = or <, draw a dashed line.

(4) Choose an ordered pair on one side of the boundary line and test this ordered pair
in the mequality. If the ordered pair satisfies the inequality, shade the region that
contains 1t. If the ordered pair does not satisfy the inequality, shade the region on
the other sides of the boundary line.



First, we graph the related equation 2x—3y =6 as shown below.

¥

Two ordered pairs that satisfy are ('Dj —2]1 [33{}} and because the mequality symbol 15 less
than sign. we draw a dashed line to indicate that ordered pairs on the boundary line are

solutions as shown above.

Now, we choose an ordered pair on one side of the line and test this ordered pair in the
inequality.
We choose the origin (0,0)

2x—3y <6
2{[}]—3{{}}-;:6 [Replace x with 0 and y with 0]
0<6

Because the above statement is true, therefore, (ﬂ,ﬂ) 15 a solution for the inequality
2x—3y<6.



Since l:ﬂ',ﬂ) satisfies the mequality 2x—3y <6, we shade the region that contains 1t as
shown below.

We can confirm that the region on the other side of the line should not be shaded by
choosing a point in that region, such as (2,—2} .
2x—3y«<b

2(2)-3(-2)<6 [Replace x with 2 and y with —2]
446<6
10<6

The above statement 1s false, which confirms that the region contaimng the point with
coordinates (2,—2] should not be shaded.



We draw the graphs of the two mnequalities x>0 and x+ y <4 at the same system of
rectangle axes as shown below.

We identify the red region where the two graphs overlap as shown above.
S0, this region 18 the graph of the system.



