Chapter 4 Matrices and Determinants

Ex 4.5

Answer le.

We know that the number beneath the radical s1gn 15 the radicand of the expression.

The numnber 72 15 beneath the radical sign. Therefore, 1n the given expression, 72 15 called
the radicand.

Answer 1gp.

Eewrite 27 as a product of two factors such that one factor 15 a perfect square.

Lpply the product property.

For any numbers a,bbU,Vg:\E-\)'E.
o3 =493

Mow, evaluate «J@ .

VI3 =33
Therefore, the given expression simplifies to 3«,5.

Answer 1mr.

a) For a falling object, the height & abowe the ground after £ seconds can be modeled
by the function & = —16¢ + A where Jq iz the object’s initial height

In this case, the initial height 15 20 feet Substitute 20 for 2 to write a function

that models the height of the pinecone as it falls.
h=-16£+20

h) STEP 1'We need to find some points to graph the function For this, make table
of wvalues for the given function

substitute any value for x, say, —2 and evaluate »
y=-16(-2)"+ 20

—16(4) + 20

44

Choose some more x-values and find the corresponding y-values. Organize the
results in a table.

x[-2]-1Jo 1]z
y| 44| 4204 |44




STEP 2 Plot the points from the table on a coordinate plane.

A
24| M

& (0, 20)
16

-L4) e eil,4) I

(-2, 44) -40 ® (2, 44)

STEP 3 Connect the plotted points with a smooth curve.

A
24|

— 1624 20

c) We know that the height when the falling object hits the surface 15 0.

substitute O for & 1n the function that models the height of the pinecone as 1t falls.
0 = -166 + 20



Subtract 20 from each side.
0—20 = —16:24+ 20— 20
—20 = —16¢°

How, divide each side by —16.

—20 _ —16°
-16  -16
D _ g

16

Take the square root on each side.

TJze a calculator to evaluate.
P 111

since time cannot be negative, reject the negative walue. Thus, the pinecone takes
about 1.1 sec to hit the ground.

Answer 2e.

We are to explain the meaming of * rationalizing the denominator © of a guotient
containing square roots’

Rationalizing the denominator ; whenever we have a fraction whose denominator 15 an
irrational number, we can multiply both numerator and denominator by an appropriate
number (1n most of case, a multiple of conjugate of the denominator) in order to eliminate
the wrational number from the denominator.

This process is called rationalizing the denominator.

Answer 2gp.

Consider the expression,

J98

simplify the following expression.

NCH

The product property of square roots:
\-'{cE= w.n'{c_z N'E Whenevera>0,b>0



Now,
V98 =4/49.2
V72
= J?_l - Apply the product property
=72

Therefore, ,4-"9_3 = ?\E

Answer 2mr.

(a)
The function

¥ =—-0.0035x(x—143.9)

models the path of water shot by a water cannon where x 1s the hornizontal distance (in

feet) and vy 1s the corresponding height (in feet).

The domain of a function 1s the set of x-values that make that function true and the range
of a function 1s the set of y-values that make that function true.
We transform the function

y=-00035x(x—143.9) into vertex form as given below.
y=-0.0035x(x~1439)  [The original fonction]
¥y=-0.0035(x"-1439x)  [Apply distributive property]
y+(~0.0035)(7) =-0.0035(x* 143 9x +?)[ Prepare to complete the square]
Add
y+(~0.0035)(5176.8025) = —0.0035(x —143.9x + 5176.8025) | (—0.0035)(5176.8025)
to each side

y—18.1188= —U.ﬂﬂ35{x—?l.95)1

y=-00035(x—71.95) +18.1188  [Solve for y]
So, the vertex 1s
(71.95,18.1188)



50, the graph of the function y=

il

—{}.U{}E’yﬁx{x—l-ﬁﬂj has as shown below.

e

¥

25
X
»
-125 100 -75 500 25 25 50 73 100 125 18) 175 200 225 250 275
-25
=50
75 y:—G_UUESx[x—HE_S')
-100

since, the graph continues down town the left and down toward the night, the domain
contains all real numbers from negative infinity to positive infinity.

Hence, domain of the function y= —G_U{BEI(J:— 143_9) 15

—00 < x < 00, ora]lraelmnnbe:rs| ;

Since the maximum y-value of the function 1s 18.1188 and the graph continues to extend
downward, the range contains all real numbers less than or equal to 18.1188.

Hence, range of the function y=

y=18.1188| .

—ﬂ.ﬂﬂESx(x—HB_Q] i



(b)

We first transform the function y:—{}_DDSSx{x—lﬁB_Q} into intercept form as given
below.
¥ =-0.0035x(x—143.9) [The original function]

y=—0.0035(x—-0)(x—143.9)
Now, comparing the equation y =—D_D[}35[x—ﬂ)(x—143_9:] with the standard intercept
form y=a(x—p)(x—g) . we have

p=0,g=1439.

Because p =0 and ¢ =143.9 , we know the x-intercepts are 0 and 1439,
S0, we conclude that the water cannon can shoot up to a distance of

.
(c)
We first transform the function y= —ﬂ.ﬂﬂESx(x —143.9] into vertex form as given
below.
y=—-0.0035x(x—1439)  [The original function]
v =-0.0035 (f —1439x)  [Apply distributive property|
¥+(-0.0035)(?) =—0.0035(x* —143.9x + ?)[Prepare to complete the square]
Add
¥+(—0.0035)(5176.8025) = —0.0035(x* —143.9x + 5176.8025) | (~0.0035)(5176.8025)
to each side

y—18.1188= —D.DUES{x—?l.QS}I

y=-00035(x—7195)" +18.1188  [Solve for y]
S0, the vertex 1s

(71.95,18.1188)

The maximum height of the water 1s the y-coordinate of the vertex {?1.95,18.1183) of
the parabola with the given equation y =—{}_{H]35x(x—143.9).

Hence, the maximum height of the water 1s

18.1188 feet



Answer 3e.

Eewrite 28 as a product of two factors such that one factor 15 a perfect square.

Apply the product property.
For any numbers a, & > 0, Jab = \E- JE?

AT =a

Now, evaluate w'(fi_l .

V4T =27

Therefore, the given expression simplifies to Eﬁ.

Answer 3gp.
Apply the product property.

For any numbers ﬂ,bbﬂ,v'r;:\fg-dg.
V10415 = J1015

simplify within the radical

S0 15 = 150

Eewrite 150 as a product of two factors such that one factor 15 a perfect square.

J150 = 256

Lpply the product property.
For any numbers a, b = 0, Jab = \.'E- \"'E?

56 =B e

HNow, evaluate w'%

55 =5

Therefore, the given expression simplifies to 5».,-'%.



Answer 3mr.

a) The ratio of w to & 135 given as 4 : 3 Thus,
w4

B3
Find the cross products and solve for w.
w3 =4 j
w-3 4.k
3 A

2
3

h) We can draw a diagram that represents the given situation.

Lpply the Pythagorean Theorem.
B4+ w' = 15
substitute for w obtained in part a.

2
hﬁ[%k] = 225

W4 %ﬁ = 225

simplify to get an equation for &

ﬁﬂg% 225

g
D 2 g5 2
9 25 25

B =121



c) For solving the equation, take the square root on each side.

it = 481

h o= X8

since height cannot be negative, reject the solution &2 = =% Thus, the possible
solution 15 2.

d) The height of the laptop screen 15 @ inches.

For finding the width, substitute 9 for % 1n the expression for w and evaluate.

w=209)

=12
The width of the screen 15 12 inches.

since the screen 15 1n the shape of a rectangle, its area 1s the product of the width
and the height

brea = 9(12)
= 108

Therefore, the area of the screen 15 108 square inches.

Answer 4e.
We need to simplify the expression /192 .

We proceed as follows.

V192

—

=643

By using the product property of square roots Which says \f{cE=\|"'c;-\.|@ when
evera=0.b=>0
We get.

Ji92
_Jei 5
= (8.3




Answer 4gp.

Consider the expression,

578

simplify the following expression.

828

The product property of square roots:
w"'cE = \-'{c_: \;’E Whenevera=0,6>0.

Now,
V8-28=8-J4.7 Since 4-7=28
=J4-2.J4.7  Since 4.2=8
- ﬁ L -q'E «.I'E ﬁ Apply the product property
=427 Since V4 -4 =4
— 414 Apply the product property

Therefore, .J'E «fﬁ = 4Jﬁ

Answer 4mr.

We have a wall mirror of dimensions 20 inches by 24 inches with a metal border of
uniform width x inches with metal area 416 square inches.

Need to calculate the width.

Now (20+2x)(24+2x)—(20)(24) =416

=  4x"+88x—416=0

= X +22x-104=0

=  x —4x+26x-104=0

= x[x—4]+26{x—4)=(}

= (x—4)(x+26)=0

= x—4=0 (Since x =—261snotpossible)
—" x=4

If the double the width, then the metal area will be
(20+2(8))(24+2(8))—(20)(24)

=2564+704
=960 square inches
Which 1s more than double of previous area.

Hence doubling the width does not exactly require twice as much metal.



Answer 5e.

Eewrite 150 as a product of two factors such that one factor 15 a perfect square.

J150 = 256

Lpply the product property.
For any numbers a, b = 0, Jab = \.'E- \,'(E:
J25-6 = 25 . 8

MNow, evaluate «J"E

5 =5

Therefore, the given expression simplifies to 5\f'E.

Answer 5gp.
Lpply the quotient property.

For any numbers @, & = 0, ,f% =

9 _f

5%

64 Jod

MNow, evaluate.

J9oo3

Jed 8

. : o 2
Therefore, the given expression simplifies to —.

Answer 5mr.

a) Lfter x price increases, the total number of slices sold 15 80 — 5, and the price of
each slice 15 2 +0.20x.

We lenow that the shop’s revenue 13 the product of the total sales and the price of

each slice.
Eevenue pice
= : sales
(dollm) (do]lars:l
1} 1} 1}
R(:{) = (2 + D.Eﬂx:l : (BD - 5x:l

The function that gives the pizza shop’s revenue 15 B(x) = (2 + 0.22x3(80 — 2x).



h) In order to find the value of x that maximizes &, we have to write the equation in
intercept form. For this, first apply the FOIL method and simplify.
R(x) = 160 - 10x + 20x — 1.25x°

R(x) = -1.25x* + 10x + 160

Take out the common factor —1.25.
R(x) = -1.25(x" - 8x - 128)

Factor the expression within the parentheses. We need to find two factors s and &

such that their product gives =128 and sum gives —8. Two such factors are =16
and &

Thus, R[x) = —1.25(;':— 16)[x+8).

How, we have to find the x-coordinate of the wertex For a quadratic function of

) : . +
the form ¥ =aix —pix —g), the x-coordinate of the vertex of 1ts graph iz g > 2

- + 16

In this case, p 15 16 and ¢ 15 —8. The x-coordinate of the vertex 15 or 4.

Therefore, the value of x that mazximizes &1z 4. Thiz means that the revenue 15
mazximum when the price per slice 15 $[2 + 0.25(43] or §3.

c) After x price decreases, the total number of slices sold 15 80 + 2x, and the price of
each slice 12 2 — 0.25x.
Eevenue price
= sales
[dollaIE:l [dollars)
U U U
R[x) = [2—0.25;{) : [BEI+5;':)

The function that gives the pizza shop’s revenue 15 B(x) = (2 — 0.25x)(80 + 2x).

Lpply the FOIL method and simplify.
R(x) = 160 +10x — 20x — 1.25%°

R(x) = -1.25x* - 10x + 160

Talre out the common factor —1.25.
R(x) = -1.25(x" + 8x - 128)



Factor the expression within the parentheses. We need to find two factors s and »
such that their product gives —128 and sum gives 8. Two such factors are 16 and

—a.

Thus, R(x) = -1.25(x+ 16)(x - 8).

Mow, we have to find the x-coordinate of the vertex i

In this case, p 15 =16 and ¢ 15 8. The x-coordinate of the vertex 13
-16 + 8

or —4 . Therefore, the value of x that maximizes K15 -4, We obtain a

negative x-value because the major portion of the parabola lies on the negative
X-aH18.

Answer 6e.

We need to simplify the following expression

V3427

By using the product property of square roots
Which says \'{E = ‘JE\,:'E when ever g =050
We get.

V3427

=+3-27

— /81

Answer 6gp.

Consider the following expression,
I3 =
I| 15
Va4
simplify the following expression,
=
15
4
The quotient property of square roots:

\/E:E Whenevera=0.b=0
b b



% = if Apply the quotient property of square roots
- g Since V4 =2
Therefore, E = E
4 2

Answer 6mr.

A rectangular vegetable garden measures 42 feet by 8 feet.

If the area has to be doubled by expanding the length and width by the same distance x
feet, We need to find x



Then, (42+x)(8+x)=2(42)(8)

=  x +50x-336=0

= X —6x+56x—336=0

= x(x—6)+56(x—6)=0

=% (x—6)(x+56)=0

= x—6=0 (Since x+56=0)
= x=56

Hence . we need to increment the length and width by 6 feet to double the rectangular
garden.

Answer 7e.
Lpply the product property.
For any numbers @, & = 0, Jab = \.'E : \j'E:

4of6 -6 = 4J6 6

simplify within the radical

4.6 6 = 436

INow, evaluate «fﬁ .
436 = 4.6

Multiply.
4.6 = 24

Therefore, the given expression simplifies to 24,

Answer 7gp.

Lpply the quotient property.

For any numbers @, & = 0, I% =

JLE
25 J25

5%



HNow, evaluate \E .
T _ i
J25 5

Therefore, the given expression simplifies to

¥
0

Answer 7mr.

The wertex form of quadratic function 15 ¥ = alx — Ez)z + k&, where (&, k) 15 the vertex Thus,
the wertex form of a quadratic function hawving vertex at (-3, 21 1s y=afx — {—3]]2 2
where @ can be any nonzero value.

Leta =1 Substitute 1 fora, =2 for &, and 2 for £ in the vertex form and simplhify.
y=1[x-(-3T+2

¥ = |:x+3:]2+2

Lpply the factoring pattern o+ Dab + k¢ = (e + E:u)z.
y=xr+6x+9+2

¥y = x+6x+11

Thus, one of the quadratic functions for which the graph has a vertex of (-3, 2) 15
y= x4ex+11

sirtlarly, choose any two different nonzero values for @ and find the quadratic functions.
We get:

y=-x*-f6x -7
y=2x%+12x + 20,

Answer 8e.

We need to simplify the following expression
5v24-3410
=15.24 -J10



By using the product property of square roots, which says Jab =Ja-Jb when ever
a=0,b=0
We get.

524 -310
=1524-10
=154240
=1516-15
=15116 - /15
=15(4ﬁ)

—|604/15/

Answer 8gp.

Consider the following expression,
36

49
simplify the following expression.
36

49
The quotient property of square roots:

\/E=£ Whenevera=0.b=0.
b b

Now,
e = E Apply the quotient property of square roots
49 49
=g Since /36 =6 and /40 =7
Therefore, E = E
9 7




Answer 9e.

Apply the quotient property.

For any numbers a, & = 0, II%:
\E_ﬁ
16 .16

Now, evaluate w,"ﬁ .

S

A5 _ A5
Jlie 4

. . s e 5
Therefore, the given expression simplifies to -

Answer 9gp.
Lpply the quotient property.

For any numbers a, b = 0, Ll £.
Ve Wb
N3

5 W5

“We have to rationalize the denominator. For this, multiply the numerator and the

denominator by N"E
E o
5B

A gain, apply the product property.
N6 A5 _ 55
V545 5.5

wlE

Evaluate v% .
B0
J25 5

N30

Therefore, the given expression simplifies to



Answer 10e.

We need to simplify the following expression
35

36

By using the quotient property of square roots -which says a
a=0,b>=0

b
We get.

whenever

SRy

Answer 10gp.

Consider the following expression
0

8
simplify the following expression,

9

3

The quotient property of square roots:

\/E:E Whenevera=0,b=0.
b b

The product property of square roots:
Jab =a-\/b Whenevera>0.,b>0

Apply the quotient property of square roots

V9
JE
3 ;
E Since /9 =3
3
=
3

Apply the product property of square roots

— Since V4 =2
22

3.2

Bv multiplyving both numerator and denominator by \,.I'E

Y A
- % T



Answer lle.

First, we have to rationalize the denominator. For this, multiply the numerator and the

denominator by «.,"E
PR
NN

Lpply the product property.

For any numbers .:I,E:'::-U,\u'f.:z_z\.'{.:;-\,@.
843 _ 843
Vi3 33
83
E

How, evaluate N@ .
B _ B
J2 3

83

Therefore, the given expression simplifies to =

Answer 11gp.

Lpply the quotient property.

For any numbers @, & = 0, % =

\/E_E
12 2

We have to rationalize the denominator. For this, multiply the numerator and the

denotminator by wﬁ

St

NN v
N RNV IN T

Lpply the product property.

For any numbers ﬂ,bbﬂ,v‘rcr:\fg-\fg.
J17 12 17z
Ji2odtz o iz

20

Pa

H
I
u



Evaluate /144 .

J204 204
Jl44 12

Eewrite 204 as a product of tweo factors such that one factor 13 a perfect square.

~ 204 |4 - 51
12

12

Lgain, apply the product propetty.

f5 A
12

12

_24f51

12

Therefore, the given expression simplifies to

Answer 12e.

We need to simplify the following expression
7

V12

By using the product property of square roots, which says J;:E =\|G \u"'f_r whenever
a=0,b=0
We get |

|
Eﬂq
g

7
N
7
Vi
T

23

By multiplying both numerator and denomunator by an appropriate number called
rationalizing factor,
We get.

LN |




Answer 12gp.

Consider the following expression,
19

21
Simplify the following expression,
19

21
The quotient property of square roots:

F:E Whenevera =050
b b

The product property of square roots:
@z Jc_z - \"E Whenevera=>0b=0

Now,
\/E = @ Apply the quotient property of square roots
21 J21

Multiplying both numerator and denominator by J21
o
V21421
V1921 Since /2121 =21

21

19-2
= Apply the product property of square roots

.

jm
B

39 . ;
= S 1
7 implify
Answer 13e.

Lpply the quotient property.

For any numbers @, b = 0, L £.
Ve B
TERRYE]
11 11
Eewrite 18 as a product of two factors such that one factor 15 a perfect square.

JE iz
VTR

Lpply the product property.
For any numbers &, b = 0, Jab = \.'E- \,"'E:

Joz_ B2
ST 31




Mow, evaluate «v@ .

N
Ji

We have to rationalize the denominator. For this, multiply the numerator and the

denominator by w.,'{ﬁ

W2 32
ST AT

L gain, apply the product property.
32411 3211
Jitoy1 o i1l

2

Af121
Evaluate /121 .
W22 322
4121 11

.22
11

Therefore, the given expression simplifies to

Answer 13gp.

First, we have to rationalize the denominator. For this, multiply the numerator and the

denominator by the conjugate of 7 — V5, whichis 7+ 5.
6 —6 T+45

?:ﬁz?—ﬁ' 7+-5

simplify.
-6 T+.5 —42 — 65
7-45 T+45 A9+ 757055

simplify the denominator.
—42 — 645 _ H42-65
49+75-75-5 44

Theretore, the given expression simplifies to

—42 - 6.5
44 '



Answer 14e.

We need to simplify the following expression
13
28
By using the quotient property of square roots
Which says \/E = NG whenever,a>0,b>0.
b b

We get,

By using the product property of square roots .which says xf{cE ='~J'I'{_1 /b whenever
a=0,b=>0

We get |

ml'—ﬂ
ﬁr]
(s

7

3

27

4%

By multiplying both numerator and denominator by an appropriate number called the
rationalizing factor,

We get.
13
28
137
17
Jo1



Answer 14gp.

Consider the following expression,

2

4+411

Simplify the following expression,
2

4+:11
Multiply both numerator and denominator by (4 -1 )
) 2(4-m1)
44411 (4+411)(4-V11)
2(4-11)

- Apply [a—l—b:}{a—b}:al—bj

41—[~.f1_1]|1

On continuation,

8—24/11
4 -(Vi1)
_8-2411

4-11
_8-2411
-
2J11-8

= Simplify
7 tmpliiy

Since (v"ﬁ]i =11

Add like terms

Answer 15e.
First, we have to rationalize the denominator. For this, multiply the numerator and the
denominator by the conjugate of 1- \@ whichis 1+ 3.

22 1+
1-43  1-43 1+.3

sirmplity.
2 1+3 24243
i-wF l#3 1a43-43-3

simplify the denominator.

2+243  2+2.f3
1+ 3-B-3 =2




Diwide each term in the numerator by the denominator.

2”\5__1_@

_ B

Therefore, the given expression sumplifies to -1 — ﬁ

Answer 15gp.

First, we have to rationalize the denominator. For this, multiply the numerator and the
denominator by the conjugate of 9 + ﬁ which 1z 8 — ﬁ

-1 -1 947
9+7 9+ 9-

simplify.
-1 8-47 ~9+ 47
G+7 9—ff Bl +97-7

simplify the denominator.

-9+ 47 -9+ /7

81-9J7 +97 -7 74

Therefore, the given expression simplifies to

9+ 47
74
Answer 16e.

We need to simplify the following expression
1

5446

By multiplying both numerator and denominator by an appropniate number called the
rationalizing factor ,
We get.

" 25-6




Answer 16gp.

Consider the following expression,

_th
8-/3
simplify the following expression,
4
8—3
Now,
i
8-3
Multiply both numerator and denomunator by 8+ J3
4 4(8+53)
) )
=?'2-|_—JJJH'III'?:1 Apply [a—l—b:]l:a—b}:al—bj
8 —(V3)
324+ 443 2 =yl
=% Since 8 =16 and (\3) =3
=# Add like terms

Answer 17e.

First, we have to rationalize the denominator. For this, multiply the numerator and the

denominator by the conjugate of 4 + \,n'f‘_‘__l which 15 4 — v'ff_J
B i 4B
4+.5 4445 4-.5

smplify.

e 4= 42—
4445 4-.5 16445 +45-5

How, simplify the denominator.

42-410 42—
16— d+f5 +4/5 -5 11

Therefore, the given expression simplifies to ﬂ



Answer 17gp.

First, we have to isolate x°. For this, divide each side of the equation by 3.

55 _ 80
5 5
= 16

Take the square root on each side.

Ji& = i
x = +4
CHECK
mubstitute the solutions for x 1nthe original equation and evaluate.
Letx = 4 Let x = -4
5x° = 80 5x% = 80
(47 £ 80 5{-4)" £ 80
5(16) = 80 5(16) 2 80
80 = B0 v 280 = 80

Therefore. the solutions are 4 and —4.

Answer 18e.

We need to simplify the following expression

3447
2-J10

By multiplying both numerator and denominator by an appropniate number called the
rationalizing factor ,

We get,

347

2-410
(T2

(2= 0+ 0

_6+2\7+310 +4/7-10
& 3
2? -(V10)
By using the product property of square roots .
W']:lichsaysn,@ =~,"E-\l"3 when ever a>0,6>0
We get,
6+ 27 +3410+47-10
4-10
6+ 27 +3J10+470
- -6

1 1 1
_|-17-2 -1
3 2 6




Answer 18gp.

Consider the following equation,

2 -7=29
Solve the following quadratic equation.
2 -7=29
z2=29+7  Add7 on both sides
=36 Simplify
z=+36 Take square root on both sides
z=+ Since V36 =6

Answer 19e.

Eewrite 108 as a product of two factors such that one factor 15 a perfect square.
J108 = f36 3

Lpply the product property.

For any numbers cx,b:-[],\u'rcz_:-...'{c;-\"'f?.
J36-3 = 43643

Now, evaluate «.J"%

NN

The given expression sunplifies to 6«}@. Therefore, the correct answer 15 choiwce .

Answer 19gp.

First, divide each side of the equation by 3.

3(x-2)° 40
3 3

2 40

o AE . T
(r=2)"= =

Take the square root on each side.
-2 -

r—Z2==

=
MES R

MNow, add 2 to each side.

H

r—2+2d= 2

w| &
+

=)
I
2
|+
NS



CHECK

substitute the solutions for x 1nthe original equation and evaluate.

Letx = 2+ ﬂ Letx = 2 - ﬂ
'l,||3 V3

3(x - 2) = 40 3(x - 2) = 40

Therefore, the solutions are 2 + ,f? and 2 — | ?

Answer 20e.

We need to describe and correct the error in simplifying the expression or solving the
following equation.

V96 = 4.24
=224

Now simplify the following expression

Joe

=/16-6

By using the product property of square roots
Which says Q'E =u"E-v"3 when ever, a=>0,b>0
We get,

Vo6
=16-\6
=46

Both the expressions yield the same result if simplified properly.
From what 1s given in the question,

J96 = /424
=224



Answer 20gp.

Consider the statement,

A container which prevents egg from breaking 1s dropped form a height of 30 feet.
We need to calculate how long the container takes to hit the ground.
Consider the equation,

h=-16t"+k
Put =0 and h, =30
0=—16¢"+30
16t* =30
, 30 . .
t =E Divide by 16 on both sides
Now, take square root on both sides.
it 30
16
30
==
16
r=? Since /16 =4
t=1.37

Therefore, the container will fall for about seconds before hitting the ground.

Answer 21e.

We know that a posttive number has two square roots - a posttive square root and a
negative square root. Thus, the given equation has two solutions. The error 15 that only
the positive square root of 51 18 shown,

The square root of 81 13 £9
x =3

Answer 22e.

To solve the following quadratic equation.
s* =169 Wirite the original equation
= s =1169 Take the square roots of each side

= |.’:=i13



Answer 23e.

Take the square root on each side.

Ja? = 50
a:iﬁ

Eewrite 50 as a product of two factors such that one factor 15 a perfect square.

+50 = +./25. 2

Lpply the product property.

For any numbers .:x,E:'::-D,\u"cz—:\."'c;-\'{E.
+./25.2 = +4/25 . 42

Mow, evaluate m'%

+./25 2 = £5.2
Thus, @ = £542.

CHECK

substitute the selutions for @ 1n the original equation and ewvaluate.

Leta = 5-;4"'5 Leta = —542

a* =50 a* =50

(5@)2 2 50 (—5@)2 2 50

25(2) £ 50 25(2) 250
50 =50 50 =50

Therefore, the solutions are 514@ and —5\."5.

Answer 24e.

To solve the following quadratic equation.

x' =84 The orniginal equation.

x=1./84 Take square root each side.

x=a m
(Product property of square roots: 1f @ 0,6 >0 then Jab =a JE]
=% x=i\-'q-u"ﬁ Product property

= x= iEu‘E
Hence the roots of x* =84 are 2@, —Zxr’i




Answer 25e.

First, we have to isolate z°. For this, divide each side of the equation by &,

& 6
2t = 25

Take the square root on each side.

V2 = 25

z = x5

CHECK

Substitute the solutions for z 1n the original equation and evaluate.
Letz =3 et 2 = =5

6z* = 150 6z* = 150
6(s)° £ 150 6(-5)" £ 150
6(25) 2 150 6(25) £ 150

150 = 150 v 150 = 150

Therefore. the solutions are 5 and —5.

Answer 26e.

To solve the following quadratic equation

4p® =448 The original equation.

pl= ? Divide each side by 4.

pt =112

p=1J112 Take square root each side.

p=1416-7

p= +16 -7 Product property of square roots: if a=>0,b=0
Then \l'{{E = -,.'G - \"rb

p=1t4[7

Answer 27e.

First, we have to isolate w®. For this, divide each side of the equation by —3.
—3w*  -213

-3 -3
w = 71

Talke the square root on each side.

57 = T
w=i~.."'7"_1



CHECK

substitute the solutions for w in the original equation and evaluate.

LEtw=ﬁ Letw=—xfﬂ
— 3wt = —213 — 3wt = — 213
—S(ﬁf L %13 —3(—ﬁf L 213
-3(71) £ -213 -3(71) = - 213
—213 = -213 + —213 = -213 +

Therefore, the solutions are Jﬁ ad — ﬁ

Answer 28e.
To solve the following quadratic equation

T —10=25 The original equation.
7r' =35 Add each 10 each sides.
Pl =5 Divide each side by 7.
r=+5 Take square root each sides.

Answer 29e.

Llultiply each side of the equation by 25 to clear the fraction
2
25 {x— - 5} = 25(-2)
25
x? —150 = —50

We have to isolate x° For thiz, add 150 to each side.
x* =150 +150 = =50 4+ 150

=100

Take the square root on each side.

it = 100

x =10



CHECK

substitute the solutions for x 1n the original equation and evaluate.

Let x = 10 Let x = =10
2
2 =2 LAY
25 25
(10) (-10)
—i6 L =9 —6 < -2
25 25
W0 w2 3 100 ¢ _s
25 25
4-6< -2 4-6< -2
-2 = 3 -2 = 3

Therefore. the solutions are 10 and —10.

Answer 30e.

To solve the following quadratic equation.
2

L +g=15
20

LA

20

t* =140
t=1./140

t=1+4.35

t=14./35

Answer 31le.

First, divide each side of the equation by 4.

4(x-1)" =8
4 4
(-1 =2

Take the square root on each side.

Ja-17 =2

x-1=+2

Now, add 1 to each side.
x—1+1=22 +1

x=1+42

The original equation.

Subtract each side with &.

Both sides multiply with 20
Take square root each side.

Product property of square roots: 1f

a=>0.b>0 Thenab =-Ja-Jb



CHECK

substitute the solutions for x 1n the original equation and evaluate.

Let x = 1+-.f§

Let x = 1—«1’5
4(x -1 =8 4(x -1 = 8
4[1+J§—1f=?3 4[1—&—1):*:?3
4(2y £ 8 4(2) £ 8
3=8 + 3=8 +

Therefore, the solutions are 14 ﬁ and 1— u@

Answer 32e.

To solve the following quadratic equation
7(x—4) -18=10

The original equation.
7(x—4)" =28 Add 18 each side
(x—4) =4 Divide each side by 7.
(x—4)= +./4 Take square root each side.
x—4=12
x=412 Add 4 each side
Hence,|x=2.6

Answer 33e.

First, add 5 to each side of the equation.
2(x+2)-5+5=8+5

2(x+2)" =13
Divide each side by 2.

2(x+2)° 13

2 2
2 13

e F e —
(x+2) =

Take the square root on each side

3 13
+ 27 = =
(r+2) =
x+2 == 13



Lpply the quotient property.

For any numbers a, b = 0, i £.
Yo o
J13

x+2=F——
2

Mow, we have to rationalize the denominator. For this, multiply the numerator and the
denominator by ~J'_

RYER
NN

x+2 ==

Lpply the product property.

Forang.rnumbers &€, EJ}D,\JE:\E-‘,@.

xfidi=t "1
e 2

S
2
subtract 2 from each side.
r+2-2 = i—\'{E -2
2
- e i £

CHECK

mubstitute the solutions for x 1n the original equation and evaluate.

LEtI=—2+% Letxz—E—%

[

V26 %

Therefore, the solutions are —2 + T and — 2 —



Answer 34e.

To solve the following quadratic equation

3(x+2) +4=13 The original equation
3(x+2) =9 Subtract 4 each side.
(x+2) =3 Divide both sides by 3.
x+2=13 Take square root each side.
x=—2+3 Subtract 2 each side.

Hence |x =—2+4/3 are the solutions of 3(x+ 2]1 +4=13
Therefore, Answer 1s (C).

Answer 35e.

one method to selve the given equation 15 by using the defimtion for factoring a
difference of two squares.

Eewrite the given equation.

= P2 =)

We know that a® — &% = (e + &i(a — &)
Thus,
(x +2x -2 =0

et each factor to zero and solve for x.
xr+2 =10 or x—2 =10

r=-2 =2

Another method 1s taking the square root.

First, add 4 to each side.
¥ -4+4=0+4

=4

HMow, take the square root on each side.

N

£ = 2

Therefore. the solutions are 2 and —2.



Answer 36e.

(a)
To write an equation of the form x° = s that has two real solutions.
x'=4 Consider the equation
xt =2
== iw/rﬁ_j Take square root each side.
r=1437
These are two real solutions.
(b)

To write an equation of the form x* =5 that has exactly one real solution.
Consider x* =0
= x =10 1s the only real solution of the given equation.

(c)

To write an equation of the form x” =5 that has no real solutions.
Consider x* =—-1

= xZ (Because for any x | =>x22ﬂ)

Therefore the given equation has no real solution.

Answer 37e.

First, divide each side of the equation by a.
(x+df =2

e

Take the square root on each side.

Ly

(x+2)" = |5

b=t o
&
Apply the quotient property.

For any numbers a, & = 0, 1 E.
Vo &
Jo

x+b=%2—=
a

How, we have to rationalize the denominator. For this, multiply the numerator and the
denominator by \.'{.:; .

e Va

x+b =+ X2 N

va a



LApply the product property.

For any numbers .:I,E:':“-U,\J'rﬂ_=\|'g-\fg.

x+h =

H
N
]

i

I
[+

V]

subtract & from each side.

i+bh—-b == NIIE - &
a
x=-b6t — \"IE
&
. Jar
Therefore, the selutions are -4 + .
&

Answer 38e.

Consider a cliff diver dives off a cliff 40 feet above water.

To write an equation giving the diver 1s height s (in feet) above the water after fseconds
We also need to find how long the diver in the air 1s.

The required equation is s =—16¢" +h, . where t is time in seconds. /& is height in feet
After 1 seconds and /i, =40 the initial height

— h=—16: +40

We also need to find how long the diver is in the air.

Put h=0
— —16¢2 +40=0
—, 16:° =40
, 40
— fr=—
16
= r‘*:E
4
10
— t=*%[—
4
10
= =T (Sincet£0)

s

Quotient property of square roots: 1if a= 05> 0 th&n(

Seconds.

gt



Answer 39e.

We lenow that the imitial height 1 150 and the height when the falling object hits the
surface 15 0.

substitute 120 for kg, and 0 for & 1n the given equation.
0 = —%zﬁ +150 (1)

In order to find the time the rock talkes to hit the surface of the first planet, first substitute
22 tor g 1n equation (1),

0 = —?’2—252 + 150

simplify.
0=-162+ 150

Subtract 150 from each side.
0—150 = =162 +150 — 150

150 = — 1642

Mow, divide each side by —16.

—150 _ —16¢°
-6 -16
150 _

16

Talke the square root on each side.

150 13
— =7

=

16
TTze a calculator to evaluate.
w131

mince time cannot be negative, reject the negative value. Thus, the rock takes about 3.1
sec to hit the surface of the first planet.

sirtlarly, we can find the time the rock takes to hit the surface of the remaining planets.
The rock takes 5 sec to hit the surface of the second planet, about 2 zec to hit the surface
of third, about 3.2 sec to hit the surface of fourth, and it tales about 12.2 sec to hit the
surface of the fifth planet



Answer 40e.

The equation i=0.0195" gives the height / (in feet) of the largest ocean wave when the
wind speed 15 5 knots.

When h=5
5=0.019s" Write original equation
. S Divide both sides by 0.019
0.019
5= L 5 Take a square root each side of the equation
0.019
K= L Since s 15 not less than zero 0
0.019
When A=20
20=0.019s" Write original equation
e 20 Divide both sides by 0.019
0.019
st =4 B
0.019
s=1 4[':’ {?IQJ Take a square root each side of the equation
5 0
=M —J Since 5 15 not less than zero 0
0.019

Product property of square roots: 1if a=0,b0 then\-"ﬁz \Gw{?})

5
~J1.
s=4 0.019
s=2 |3
0.019

By companson, we clearly see that the wind speed required to generate a 20 foot wave 1s
Twice the wind speed required to generate a 5 foot wave.

Answer 41le.
a. First, we have to find the area of the square.
The area 4 of a square with side lengths 15 4 = &
substitute 10 for s and evaluate.
4 =10
= 100

The area of the square 15 100 f2.



It 15 given that the circle has the same area as that of the square. We know that the

area of circle of radiug 7 iz 772

Equate the area of the square to that of the circle.
vt = 100

An equation that can be used to find the radius # of the circular lot is 7° = 100

b. We have the equation to find the radius » of the circular lot.
ar? = 100

Divide each side by 7T to 1solate "

2 _ 100
T i
.?‘2:@

i

Take the square root on each side.

7 fio0
‘J-’"_— o

f"=iE
Voo

since radius cannot be negative, discard the negative value.
IIIEIEI
= |l—
o

TTze a calculator to evaluate.

»oe 96

Therefore, the radius of circular lot 15 about 5.6 ft.



c. In order to find the radius of a circle which has the same area as that of a square,
equate the area of a circle with radius # to that of a square with side length s

s
T Prs
2
hy
=
T

Take the square root on each side.

3
{3
SJri= 1
T
2
[ E
Vo

since radius cannot be negative, discard the negative value.
g

P= =
o

.5'2

The radius of a circle with the same area as that of a square 13 . |]——
T

Answer 42e.

Consider the air resistance R (in pounds) on a racing cyclist 1s given by the equation
R =0.00829s" where 5 is the speed of the bicycle (in miles per hour).

(a)

Need to find the speed of a racing cyclist when the air resistance 1s 5 pounds.
Thatis R=5

5=0.00829s" Substitute R = 5

50 = > Dhvide by 0.00829 on each side
0.00829
s=1, 'I{:_{:{::}gzg Apply square root on each side
3 : ;
5= Sinces £0
0.00829
=+603.136 By using calculator
524 56
Therefore,

The speed of racing cyclist 155 =~ 24.56 mph




(b)

If the speed of the cyclist doubles, then
R =0.00829(2s)’

=0.00829(4s7 )

=4[ 0.00829s" ]
The air resistance will be four times as that of 1nitial speed.

Answer 43e.
We lnow that when the pool 15 drained, the height of water 15 0.

substitute O for & 1n the equation
2
(-2,

Hw

Take the positive square root on each side.

i - \/[f -l

Hw

=f—2mﬂ£z

fw

Mow, subtract Jﬁg from each side.

0- iy = i - ZE
- Emz‘\.'f_

Multiply each side by — 5 i to 1solate £,

md 3

(—Jk_n]l(— B ] [ zmﬂﬁj [_ Iw ]
2md*f3 b 2md® 3
rfw
2md?3
Therefore, the time required to drain the pool when it 15 completely filled 13

Dmd 23




Answer 44e.

Consider the power (—5]2 )
Need to evaluate the given power.
(-5) =((-D(s))
=(-1(5)°  Since(ab)’ =a’p’
=(1)(25)
=2

Therefore [:—5'}2 = _

Answer 45e.

We know that the exponent represents the number of times the base 15 used as a factor.

In the given expression, the base —4 15 used as a factor 2 times.

()= (-4) - (-4)

Multiply.
() (-4) = 16

Therefore, (—47° = 16.

Answer 46e.

Consider the power (—8]1 .
Need to evaluate the power.
(-8)" =((-1)(®))
= {—1]1 (EI ) Since(ab }: =a'b’
- (1)(64)
= 64
Therefore [—8:}2 =|e4].

Answer 47e.
We know that the exponent represents the number of times the base 1z used as a factor,

In the given expression, the base —13 15 used as a factor 2 times.

(—13)' = (-13) . (-13)

Ilultiply.
(-13)-(-13) = 168

Therefore, (—13% = 165,



Answer 48e.

Consider the power—3°.
Need to evaluate the power.

-3* =(-1)(3)
=(-1)(9)

==

Therefore —3" = .

Answer 49e.

We lenow that the exponent represents the number of times the base 15 used as a factor.

In the given expression, the base 11 15 used as a factor 2 times.

1= -(11.11)
Iultiply.
—(11-11) = -121

Therefore. 112 =—-121.

Answer 50e.

Consider the power—15°
Need to evaluate the power.
-15% =(-1)(15%)
=(-1)(225)
—225
=|—225|.

(=]

Therefore —15

Answer 51e.

We know that the exponent represents the number of times the base 15 used as a factor.

In the g@iven expression, the base 7 15 used as a factor 2 times.

=77
Llultiply.
—(7-7) = 48

Therefore. —7° =—49.



Answer 52e.

Consider the equation x—8=2
Need to solve the equation.
x—8=2
(x—8)+8=2+8  Add 8 on each side
x+(—8+8)=10
x+0=10

x=10
Thus the solution 1sx =10

Check:
Now need to check the solution forx=10.
x—8=2
10—-8=2 Substitute 10 for x
R X
This 1s TRUE.

Therefore the solution set 1s {lﬂ} ;

Answer 53e.
Lpply the subtraction property of equality.
Ifa=b thena—-c=b—-1=¢.
subtract 4 from each side.
Zx+4-4=13-4
2x =9

Lpply the division property of equality.
Ifa=band e 20, thena +c = &+ .

Diwvide each side by 3.

9
3 3
P —
CHECK

mubstitute the solution for x 1n the original equation and evaluate.

3x+4 = 13
3(3)+4 £ 13

9+4 L13
13=13

Therefore. the solution 12 2.



Answer 54e.

Consider the equation 2x—1=6x+3.
Need to solve the equation.

2x—1=6x+3
2x—6x=3+1 Collect like terms
(2-6)x=4 Combine like terms
—4x=4
Xx= i Divide by -4 on each side
—4
x=—1

Thus the solution 15 x=-1.

Check:
Need to check the solution forx=-1.
2x—1=6x+3
2{—1}—]:6(—1}+3 Substitute -1 for x
—2-1=—6+3
-3=-3
This 1s TRUE.

Therefore the solution set 15 {—l} .

Answer 55e.

subtract 9 from each side to solve the tnequality.
r+5-9=5-9

r =—4

Therefore, the solution of the tnequality 158 x = —4 .

Answer 56e.

Consider the inequality—7x—15=6.

Need to solve the inequality.
—Tx—1526
—Tx215+6 Add 15 on each side
—Tx=21
—T"_?x = 2__1{ Divide by -7 so the sign will be reverse
x=—3
Thus x= (—:D, —3]
Therefore,

The solution set of the inequality —7x—15>6 is (—m,—E] ]



Answer 57e.

In order to solwe the inequality, first add 10x to each expression
3—6x+10x = 23 -10x+ 10x

S+4dx = 23

MNowr, subtract 2 from each expression

A4+dx—-3 = 23-3
4x = 20

Diwvide each expression by 4.
4x . 20

4 4
=5

Therefore, the solutions are all real numbers less than or equal to 5.

Answer 58e.

Consider the equation |:c + 12| =5
Need to solve the equation.

|x+12|=5
x+12=15
x=—1215 Subtract 12 from each side
x=-12+50rx=-12-5
x=-7 orx=—17
x=-17.-7

Thus the roots of the equation are |x=-17.—7|.

Answer 59e.

It order to solve an absolute value equation | ex + & |=c¢ where ¢ > 0, we have to rewrite
as two equations: ax + & =¢ or ax + & =—. Thus,

243 =10 (1)
ot

243 = -10  (2).

Mow, solve each equation,
Add 2 to each side of equation (1)
—24+3x+2=10+2

3x = 12

Diwvide each side by =
ax 12

G 3

x =4



Add 2 to each side of equation (2).
243 +2=-1042

2x = -8

Divide each side by 3

3x

CHECK

substitute the solutions in the original equation and evaluate.

Let x=4
|-2+3x| = 10
|-2+3(4)] £ 10
|-2+12| 2 10
|10] £ 10
10 = 10

Let ;r::—E
3

|-2+3x| = 10

e

|-2-8|= 10

*

10

p |-10] = 10
=10 v

Therefore, the selutions are 4 and —g

Answer 60e.

Consider the inequality
: x+9 =4
2
Need to solve the inequality.
11’—!—924 Or 1;1:-|—9£—4
2 2
%xé -5 Or %x'ﬁi—H Subtract 9 from each side
x=—10 Or x=—26 multiply by 2 on each side
P = [—1{}, w) Or x € (—e0, —25]

x €(—00,-26]J[-10,m)

Therefore,

The solution set of the inequality

lx+9
2

= 41s|(—00,-26][-10,00)|.




Answer 61e.

(a) The given data can be represented in the ordered pair form as (-4, ), (=3, 93,
(0, 28), (2, 33), and (5, 39).

Plot the above points on a graph to get the scatter plot.

AY
45

40 »
35
3G
»
25
20
15
L] 5

I
L

]
Lh

-10

(h) The line that follows the trends given by the data points most closely 1z called a
best-fitting line.

First, sketch the line that best fits the data.

J --.
45

40
35
30

25

Y=




How, choose two data points that appear to lie onthe line. Let the points be
(—4, ) and (2, 33).

Find the slope using these points.

= 35 -5
2-(4)
_ Znm
6
m D

The point slope form of an equation 15 y —y; = mix —x1). Choose (2, 337 as the
polnt (x1, ¥1).

substitute o for s, 2 for x1, and 33 fory in the abowve equation
y—33=5(x -2

simplify.
y—33=5x-10

LAdd 33 to both sides of the equation.
y—334+33 = 5x-104 33

¥ = Sx+ 23
Thus, an approzimation of the best fitting line 15 ¥ = Sx + 23

{c) substitute 20 for x 10 the equation y = 5x + 23 and simplify.
¥ 5(2[:]) + 23

100 4+ 23

123

Therefore, the value of ¥ 15 123 when x 15 20

Answer 62e.

We consider the table given below.

X 1 2 3 4

¥ 120 91 58 31




(a)

We can draw a scatter plot of the data given above in the table by plotting the points
{]__,12{}),(2,91}:_(3}58}:_[:4:_3])=(5}5} where the values of x along the horizontal axis and

those of y along the vertical axis as shown below.

JLF

1,120
120 n{ )
100 2,91
ReX3V

60 n{S’SB}'

(b)

We can approximate the best-fitting line as given below.

Now, we have to find an equation of a best-fitting line that comes close to the data points.
For the equation of the form y=mx+b of a best-fitting line, we first use the points

{1,120} and (4,31] to find the slope, m.

The slope, m, of a line that containing two points (xl,_}-'l) and (Jr2 s } 1s given by

NP B
X4
S0, the slope, m of the best-fitting line 15
31-120
=
4-1
_ —89
3
m—29.67
We substitute —29.67 for m 1n the equation y=mux+b:

y=—2967x+b

[Suhstitute 31,120, 4, 1 fory,, y. x,. 1 re:;pe:ctively]



We can find the constant 5 by substituting the coordinates of the point (1,]2[]} into the
equation y=-—2967x+5b and then solving for b:

120=-2967(1)+5 [Substituting 1 for x and 120 for ]
120=-2967+5
149.67 =5 [Add 2967 from both sides]

We substitute 149 .67 for b in the equation v=—2967x+b:
y=—2967x+14967

Hence, the equation of the best-fitting line 1s
y=—2967x+149.67

The graph of the best-fitting line has as shown below.

2 3 4 6
Hence, we can that the graph of the best-fitting line that contains (l= 12[}] and {4,3]]
comes close to the all data points (1,120).(2,91),(3,58).(4,31).(5.5).

(c)
We estimate y when x =20 by plotting 20 for x in the equation y=-29.67x+149.67 of

the best-fitting line as given below.
y=—-2967 {ED:] +149 67 [Substitute 20 for x]

=-593.4+149. 67
=|—443.73



