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Chapter G
Introduction to Graphs and Graphers

1. To graph (4,0) we move from the origin 4 units to the right 5. To determine whether (1,—1) is a solution, substitute 1

of the y-axis. Since the second coordinate is 0, we do not
move up or down from the z-axis.

To graph (—3, —5) we move from the origin 3 units to the
left of the y-axis. Then we move 5 units down from the
T-axis.

To graph (—1,4) we move from the origin 1 unit to the left
of the y-axis. Then we move 4 units up from the z-axis.

To graph (0,2) we do not move to the right or the left of
the y-axis since the first coordinate is 0. From the origin
we move 2 units up.

To graph (2, —2) we move from the origin 2 units to the
right of the y-axis. Then we move 2 units down from the
T-axis.

YA
(—1,4)e4
2¢(0, 2)
(4,0)
=1 3| 2.1 %
-2| (2, -2)
(—3, :5) i |

. To graph (—5,1) we move from the origin 5 units to the
left of the y-axis. Then we move 1 unit up from the z-axis.

To graph (5, 1) we move from the origin 5 units to the right
of the y-axis. Then we move 1 unit up from the z-axis.

To graph (2, 3) we move from the origin 2 units to the right
of the y-axis. Then we move 3 units up from the z-axis.

To graph (2,—1) we move from the origin 2 units to the
right of the y-axis. Then we move 1 unit down from the
T-axis.

To graph (0,1) we do not move to the right or the left of
the y-axis since the first coordinate is 0. From the origin
we move 1 unit up.

YA

4

, o(2,3)
o(—5,1) T(O*” o(5,1)
=4 -2 | < %  =x

=2 (2!_1)

-4

for z and —1 for y.

y=2r—3
|
-172-1-3
2-3
-1 | -1 TRUE
The equation —1 = —1 is true, so (1, —1) is a solution.

To determine whether (0, 3) is a solution, substitute 0 for
z and —3 for y.

y =2z —3
372-0-3
0-3
3 | -3 FALSE
The equation 3 = —3 is false, so (0, 3) is not a solution.
_ 1 4\ . . .
. To determine whether ( ~ 5 _E) is a solution, substitute
—% for a and — for b.
2a + 5b =3
1 4y
2(-D)+s(-3)
7 ke e R
—-1-4
-5 | 3 FALSE
: . 1 4\ .
The equation —5 = 3 is false, so ( — 5 —g) 1s not a solu-

tion.

To determine whether (0, %) is a solution, substitute O for

a.andgforb.
2a + 5b = 3
2-0+5-§ 23
5
0+ 3
3 | 3 TRUE

. . 3\ .
The equation 3 = 3 is true, so (O, 5) 1s a solution.

. To determine whether (—0.75,2.75) is a solution, substi-

tute —0.75 for z and 2.75 for y.
2 -y =3

(—0.75)% — (2.75) 'I? 3

0.5625 — 7.5625

—7 | 3 FALSE

The equation —7 = 3 is false, so (—0.75,2.75) is not a
solution.




11.

13. Graph 3z — 4y = 12.

Replace z with the values indicated and calculate the cor-
responding values for y. Then plot the points (z,y) and

15.

To determine whether (2,—1) is a solution, substitute 2

for z and —1 for y.

The equation 3 = 3 is true, so (2, —1) is a solution.

Graph y = 3 — 2zx.

Replace z with the values indicated and calculate the cor-
responding values for y. Then plot the points (z,y) and

draw the graph.

|y | (z,v)
3| 9 | (-3,9)
2| 7| (=27
~1| 5 | (~1,5)
0| 3| (0,3)
11| @1,1)
9 | =1 {2,=1)
3 | —3|(3,—-3)

draw the graph.

$2.‘_y2=3
22 —(-1)? 7 3
4—1
3 | 3 TRUE

| Yy (z,y)
—3| —5.25| (-3, —5.25)
—2| —4.5 | (-2,-4.5)
—-1| -3.75| (—1,-3.75)
0 -3 (0, —3)

1 | —-2.25| (1,-2.25)
2 | —1.5 (2,—1.5)
3 | =0.75| (3,—0.75)

Graph y = —z2.

Replace = with the values indicated and calculate the cor-
responding values for y. Then plot the points (z,y) and

draw the graph.

z |y | (z,9)

—-3| -9 (-3,-9)
~3| —d| {2, —8)
~1| -1/ (=1, -1)
0| 0| (0,0)

i | —1] fd, =)
2 | —4| (2,-4)
3 | —9| (3,-9)

Chapter G: Introduction to Graphs and Graphers
-

17. Graph y = |z| — 2

Replace z with the values indicated and calculate the cor-
responding values for y. Then plot the points (z,y) and
draw the graph.

19.

z |y | (z,9)
3| 1] (=3,1)
—2| 0| (-2,0)
~1| =1/ (-1, =1)
0 |—2| (0,~2)
1| -1 (1,-1)
2| 0| (2,0)
3| 1| (31)

Graph y = vz — 4.
Replace x with the values indicated and calculate the cor-

responding values for y. Then plot the points (z,y) and
draw the graph.

z| y | (z,9)
0| —4] (0,—4)
1{-3|(1,-3)
4| -2 (4,-2)
9|1 -1 (9,-1)
21. Graph y = —%.

23.

25.

27.

29.

Replace x with the values indicated and calculate the cor-

responding values for y. Then plot the points (z,y) and
draw the graph.

r | y (z,y)
1
| =
9
21| 1
—1] 2
1
—=| 4
2
1
= | e
2
1 | =2
2 | —1
1
i t ==
2

Graph (f) is the graph of y = 3 — 4z.

Graph (c) is the graph of y = 3 + 6z — z2.

Graph (b) is the graph of z = y? — 3.

%

Graph (d) is the graph of y = 12.4 4+ 9.1z 4+ 3.07z% — 1.1z3.
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31. A window with dimensions [—12,12,-8,8], Xscl = 2,

1
Yscl = 1, gives a good representation of y = -5:1: + 2.
1
y=3X 4= 2
8
I—-"/P
_‘Izl L1 1:1:1112
__E__J
-8
Xscl = 2, Yscl = 1
33. T =y +2
T — 2 = y?
TvVr—2=y
Graph v1 = Vz+2, yo = —vVzx —2. The window
(4,10, —6,6], Xscl = 1, Yscl = 1, gives a good repre-
sentation.

Vx—2 and
-V — &

Y1
Y2

Xscl=1, Yscl =1

35. zy= —18
~ —18
B = T

The window [—20, 20, —20, 20], Xscl = 5, Yscl = 5, gives a
good representation.

—18

—-20

-20
Xscl=35,Yscl=15

37. The window [—4, 8, —2, 6], Xscl = 1, Yscl = 1, gives a good
representation of y = % — 4z + 3.

Xscl=1, Yscl =1

39.

41.

43.

45.

47.

The window [—4, 10, —4,2], Xscl = 1, ¥scl = 0.5, gives a
good representation of y = \/z — 2.

y=Vx-—2

2
_4‘EIIL/I1O

Xscl =1, Yscl = 0.5

v =4+
Yy = ::m
Graph vy1 = V4+z, y2 = —+v4—2x. The window

(—10,10,—-6,6], Xscl = 2, Yscl = 1, gives a good repre-
sentation.

y? =4+ x

AL
': B

yy=V4+x and y,=—-V4+x
6

Xscl = 2, Yscl = 1

(a) This option does not show the curvature of the
graph.

(b) Of the options given, this is the best choice.

(c) The tick marks on both axes are too close to-
gether.

(d) This option does not show the curvature of the
graph, and the tick marks on both axes are too
close together.

(a) This option does not show the curvature of the
graph.

(b) Of the options given, this is the best choice.

(c) This option does not show the curvature of the
graph as well as option (b).

(d) The graph cannot be seen.

The entries in the Y; column, from top to bottom, are
ERROR, ERROR, .6245, 1, 1.261, 1.4697, 1.6462. The

entries in the Y2 column, from top to bottom, are —32,
—40, —53.33, —80, —160, ERROR, 160.

When the table is extended from —2.6 to 3.3, the entries
in the Y; column range from 1.8 when X= —2.6 to .6245
when z = 3.1. The entry ERROR appears for z = 3.2 and

z = 3.3. The entries in the Y5 column range from 80 when
r = —2.6 to 2.623 when x = 3.3.



Chapter G: Introduction to Graphs and Graphers

49.

o1.

53.

29.

57.

29.

61.

63.

65.

The graphs of y; = (z —5)? and y, = % — 10z + 25 appear
to coincide. Thus, (z — 5)? = 22 — 10z + 25 seems to be
an identity.

The graphs of y; = 22 + z* and y2 = =" do not coincide.
Thus, 23 + z* = 27 is not an identity.

The graphs of y1 = 23 — 1l and yo = (z — 1)(z? + z + 1)
appear to coincide. Thus, 23 -1 = (z — 1)(z? +z + 1)
seems to be an identity.

The graphs of y; = V22 —16 and y; = = — 4 do not
coincide. Thus, V2 — 16 = = — 4 is not an identity.

5
The graphs of y; = -2—2- and y; = z3

)

appear to coincide.

X

Thus, == 22 seems to be an identity.
3
Solve 77 + 2 = —4.
3
One method is to graph y; = 7% + 2 and y2 = —4 and

find the first coordinate of the point of intersection using
TRACE and ZOOM or INTERSECT. Another method is

3
to write Zm+2+4=00r %a:-!—(izoandusetheROOT

feature or find the first coordinate of the z-intercept of

3

= Zr + 6. The SOLVE feature could also be used. The

solution is —8.

Solve 3z + 4 = —gx + 1.

One method is to graph y; = 3z+4 and y; = —%x + 1 and

find the first coordinate of the point of intersection using
TRACE and ZOOM or INTERSECT. Another method

2
is to write 3z + 4 — (— -5:5 - 1) = 0 and use the ROOT

feature or find the first coordinate of the z-intercept of

9
s B 4ol ( ~Za+ 1). The SOLVE festure could also
be used. The solution is —(0.882.

Solve 1.4 + 0.7 = 0.9z — 2.2.

One method is to graph y; = 1.42+0.7 and y; = 0.92—2.2
and find the first coordinate of the point of intersection us-
ing TRACE and ZOOM or INTERSECT. Another method
is to write 1.4z + 0.7 — (0.9 — 2.2) = 0 and use the ROOT
feature or find the first coordinate of the z-intercept of

y = 1.4z + 0.7 — (0.9 — 2.2). The SOLVE feature could
also be used. The solution is —5.8.

Solve £ — 7.4 = 2.84/x + 1.1.

One method is to graph y; = x—7.4 and y, = 2.8y/z + 1.1
and find the first coordinate of the point of intersection us-
ing TRACE and ZOOM or INTERSECT. Another method
1s to write £ — 7.4 — 2.8y/2 4+ 1.1 = 0 and use the ROOT
feature or find the first coordinate of the z-intercept of

y=x—74—28yx+1.1. The SOLVE feature could also
be used. The solution is 20.376.

67.

69.

71.

73.

75.

7.

Solve z3 — 622 = — 9z — 1.

One method is to graph y; = z°—62z2 and y; = —9z—1 and
find the first coordinate of the point of intersection using
TRACE and ZOOM or INTERSECT. Another method is
to write z° — 62% — (—9z — 1) = 0 and use the ROOT
feature or find the first coordinate of the z-intercept of
y = 3 — 622 — (=9 — 1). The SOLVE feature could also
be used. The solution is —0.104.

Solve 1.09z2 — 0.8z% = —7.6.

One method is to graph y; = 1.092%2 —0.8z% and y» = —7.6
and find the first coordinates of the points of intersec-
tion using TRACE and ZOOM or INTERSECT. An-
other method is to write 1.09z% — 0.82% — (=7.6) = 0
or 1.09z%2 — 0.82z% + 7.6 = 0 and use the ROOT fea-
ture or find the first coordinates of the x-intercepts of
y = 1.09z% — 0.82* + 7.6. The SOLVE feature could also
be used. The solutions are —1.959 and 1.959.

Solve z* + 4x3 + 300 = 36z2 + 160z.

One method is to graph y; = z* + 423 + 300 and y, =
3622 + 160z and find the first coordinates of the points of
intersection using TRACE and ZOOM or INTERSECT.
Another method is to write z*+4x34300— (36224 160z) =
0 and use the ROOT feature or find the first coordinates
of the z-intercepts of y = z* + 423 + 300 — (3622 + 160zx).
The SOLVE feature could also be used. The solutions are
1.489 and 5.673.

Solve |z + 1| + |z — 2| = 5.

One method is to graph y; = |z+1|+|z—2| and y3 = 5 and
find the first coordinates of the points of intersection using
TRACE and ZOOM or INTERSECT. Another method is
to write |z + 1| + |[x — 2| — 5 = 0 and use the ROOT
feature or find the first coordinates of the z-intercepts of

y = |z + 1|+ |z — 2| — 5. The SOLVE feature could also
be used. The solutions are —2 and 3.

1 =23 +322 -9z — 13,y =0

Since the graph of yo = 0 is the z-axis, we find the points
where the graph of y; intersects the z-axis. This is equiva-
lent to solving z* + 3z% — 9z — 13 = 0. Using TRACE and
ZOOM, INTERSECT, ROOT, or SOLVE, we find that
the points of intersection are (—4.378,0), (2.545,0), and
(—1.167,0).

y =1z — 322 42 — Ty = 20

We solve the second equation for y.

4r — Ty = 20
—7y = —4z + 20 Subtracting 4z on both sides
4 20
y=zT— Dividing by —7 on both sides

We can use TRACE and ZOOM or INTERSECT to find

the coordinates of the poilzts of intersection of the graphs
20

of y1 = 22 —3z2 and Ya = ?:1: — 5 Another method is to
solve y; —yp = 0 or z° — 3z2 — (;x — 270) = ( using

ROOT or SOLVE. This method gives us the first coordi-
nates of the points of intersection of the graphs of y; and



Chapter G Introduction to Graphs and Graphers

79.

81.

83.

y2. To compute the second coordinates, substitute the
z-values into either y; or y2. (Answers may vary accord-
ing to the number of decimal places used in the substi-
tution.) The points of intersection are (—0.929, —3.388),
(1.080, —2.240), and (2.848, —1.229).

8x
Find the points of intersection of the graphs of y; = 22+ 1

and y, = 0.9z using TRACE and ZOOM or INTERSECT.
Another method is to find the first coordinates by solving

y1 —y2 =0or 283: 0.9z = 0 using ROOT or SOLVE.
z< 4+ 1

Then substitute the z-values into either y; or y; to com-
pute the second coordinates. (Answers may vary according
to the number of decimal places used in the substitution.)
The points of intersection are (—2.809, —2.528), (0,0), and
(2.809, 2.528).

Answers will vary depending on the grapher used.

It appears that the first five y-values given were found by
squaring the corresponding z-values and then adding 1.
Then whenz =5,y =52 +1=25+1 = 26. Given a y-
value we can find the corresponding z-value by subtracting
1 and then finding the square roots. When y = 82, first
subtract 1: 82 — 1 = 81. Then find the square roots:
r = +1/81 = +9. When y = 122, first subtract 1: 122 —
1 = 121. Then find the square roots: z = +v/121 = +11.
An equation that fits the data is y = 22 + 1.
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Chapter R

Basic Concepts of Algebra

Exercise Set R.1

1. Whole numbers: ¢/8, 0, 9, v/25

(V8 =2, v25=15)

3. Irrational numbers: /7, 5.242242224 ..., —/14, \"’/5, V4
(Although there is a pattern in 5.242242224 ..., there is
no repeating block of digits.)

_ = I g 2
5. Rational numbers: —12, 5.3, — 3 V8, 0, —1.96, 9, 4-5,
5
V25, =
-

3 = 1

7. Answers may vary. Some examples are 1 5.76, 9§,
—1.067.

9. Answers may vary. Some examples are —1, —5, —352.

11. Since 6 is an element of the set of natural numbers, the
statement Is true.
13. Since 3.2 is not an element of the set of integers, the state-
ment is false.
_ 11 . .
15. Since - is an element of the set of rational numbers,
the statement is true.
17. Since /11 is an element of the set of real numbers, the
statement is false.
19. Since 24 is an element of the set of whole numbers, the
statement is false.
21. Since 1.089 is not an element of the set of irrational num-
bers, the statement is true.
23. Since every whole number is an integer, the statement is
true.
25. Since every rational number is a real number, the state-
ment is true.
27. Since there are real numbers that are not integers, the
statement is false.
29. The distance of —7.1 from 0 is 7.1, so | — 7.1| = 7.1.
5 5 5 5
31. The dist £ 2 from 0 is <, H:-.
e 1sa.nceo4rom 154504 1
33. | —8b| = | —8|-|b| = 8|b
35. | — 5zz| = | — 5| - |zz| = 5|zz|, or 5|z| - |z]
37 IO.OZ;I:‘ _10.02z|  [0.02] - |z| _0.02(z|

, OT 0.02‘-{‘
Y

y Y| Y| Y|

39.

41.

43.

45.

47.

49.

51.

53.

99.

o7.

09.

61.

63.

65.

67.

69.

_5-6|=|-11| =11, or
6 — (—5)| = |6 +5| = |11 = 11

—2—(-8)| =
—8—(-2)| =

— 2+ 8| =6/ =6, or
_8+2=|—6/=6

112.1 — 6.7| = |5.4| = 5.4, or
6.7 —12.1| = | — 5.4| = 5.4

The sentence 6z = x6 illustrates the commutative property
of multiplication.

The sentence —3 - 1 = —3 illustrates the multiplicative
identity property.

The sentence 5(ab) = (5a)b illustrates the associative prop-
erty of multiplication.

The sentence 2(a+b) = (a+b)2 illustrates the commutative
property of multiplication.

The sentence —6(m +n) = —6(n + m) illustrates the com-
mutative property of addition.

1
The sentence 8 - == 1 illustrates the multiplicative inverse
property.

The graphs of y; = |z| and y2 = | — z| appear to coincide,
so |z| = | — z| seems to be an identity.
The graphs of y; = | — 5z| and y; = 5z do not coincide, so

| — 5a| = 5a is not an identity.

The graphs of y; = x+7 and y2 = 7+ appear to coincide,
soz+ 7 =T+ z seems to be an identity.

©

Answers may vary. One such number is
0.124124412444.. ..

Answers may vary. Since ~To1 = 0.0099 and
1

BT —0.01, one such number is —0.00999.

Since 1% + 32 = 10, the hypotenuse of a right triangle with
legs of lengths 1 unit and 3 units has a length of v/10 units.
¢¢ =124 3°

C
/1 6'2:10

3 c = V0
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e

Exercise Set R.2

1.

3.

3.

11.

13.

15.

L7,

19.

21.

23.

25.

27.

29.

31.

33.

. (5a2b)(3a=3b%) =5-3-a%+(=3) . p1*+4 = 15471b°, or

58 .56 — 58+(—=6) = 52 or 25

) 5] 5+5 __

m=2-m®=m" =—m’ =1

73.775.7 = T3 771 o %

. 223.322 =2-3. 312 =62°

15b6°

(22)3(3xz)2 = 2323 - 3222 = 8- 9 - 3% = T2z°

b40

D _ pa0-37 _ 3

b37

xiy~? 2—(-1), —2—1 3 —3 z’
=g Tty ¢ z°y °, or —

z~ly ¥ y°

PP = —;_1—:1: Y = 8xy °, or ?

c?d* c?d?

(_5c—ld—2)-2 s (—5)_26_1(_2)d_2(_2) —

(-=5)2 25
10,—8 .7, 5
(232%11%5 ) — (8a%b5¢2)® = 85a20h~ 510 or
85 420,10
h25

Convert 405,000 to scientific notation.

We want the decimal point to be positioned between the
4 and the first 0, so we move it 5 places to the left. Since
405,000 is greater than 10, the exponent must be positive.

405,000 = 4.05 x 10°

Convert 0.00000039 to scientific notation.

We want the decimal point to be positioned between the
3 and the 9, so we move it 7 places to the right. Since
0.00000039 is a number between 0 and 1 the exponent
must be negative.

0.00000039 = 3.9 x 10~ 7

Convert 0.000016 to scientific notation.

We want the decimal point to be positioned between the

1 and the 6, so we move it 5 places to the right. Since

0.000016 is a number between 0 and 1, the exponent must
be negative.

0.000016 m3=1.6 x 10~5 m3

Convert 8.3 x 10~° to decimal notation.

The exponent is negative, so the number is between 0 and
1. We move the decimal point 5 places to the left.

8.3 x 10~° = 0.000083

35

37

39.

41.

43.

435.

Convert 2.07 x 107 to decimal notation.

The exponent is positive, so the number is greater than
10. We move the decimal point 7 places to the right.

2.07 x 107 = 20,700, 000

Convert 4.69 x 1012 to decimal notation.

The exponent is positive, so the number is greater than
10. We move the decimal point 12 places to the right.

$4.69 x 10% = $4, 690, 000, 000, 000

(3.1 x 10%)(4.5 x 1073)
= (3.1 x 4.5) x (10° x 1073)

= 13.95 x 10? This is not scientific notation.
= (1.395 x 10) x 102
= 1.395 x 10° Writing scientific notation

6.4 x 107 6.4 10°7

80 x 106 _ 8.0 . 10°
— 0.8 x 10~13 This is not scientific

notation.
= (8 x 1071) x 10~13
= 8 x 10~ Writing scientific
notation
First find the number of seconds in 1 hour:
1 hour =1k x o8 S0808 o0 wec
1 br 1 our

The number of disintegrations produced in 1 hour is the
number of disintegrations per second times the number of
seconds in 1 hour.

37 billion x 3600
= 37,000, 000, 000 x 3600
= 3.7 x 1010 x 3.6 x 10° Writing scientific notation

= (3.7 x 3.6) x (100 x 103)

= 13.32 x 103 Multiplying
= (1.332 x 10) x 10*3
= 1.332 x 104

One gram of radium produces 1.332 x 10'* disintegrations
in 1 hour.

The average cost per mile is the total cost divided by the
number of miles.

$210 x 10°
17.6
~ $210 x 10°
1.76 x 10
~ $119 x 10°
~ ($1.19 x 10%) x 10°

~ $1.19 x 107

The average cost per mile was about $1.19 x 107.



47. 3.2—4-22+6(3-1)
—3.2—-4-224+6-2 Working inside parentheses

—3.2—-4-4+6-2 Evaluating 2°

=6—16+ 12 Multiplying

= —10+ 12 Adding in order

= 2 from left to right
49. 16 -4-4+2-256

—=4.4=2-256 Multiplying and dividing
in order from left to right

= 16 = 2 - 256

= 8 - 256

= 2048

51 4(8—-6)2—-4-3+2-8
31 4+ 190

. 2 S . .
B Lt bl Calculating in the numerator

3+ 1 and in the denominator
4-4—-4-3+2-8
4
16 — 12416

4
4+ 16

4
20

4
= J

|

53. Since interest is compounded semiannually, n = 2. Substi-

tute $2125 for P, 6.2% or 0.062 for 7, 2 for n, and 5 for ¢
in the compound interest formula.

A = P(1 + %)nt
0.062

2:5
- $2125(1 + ——2——-) Substituting

= $2125(1 + 0.031)?° Dividing
= $2125(1.031)%?° Adding
= $2125(1.031)°  Multiplying 2 and 5

~ $2125(1.357021264) Evaluating the
exponential expression

~ $2883.670185  Multiplying

~ $2883.67 Rounding to the nearest cent

9

55. Since interest is compounded quarterly, n = 4. Substitute
$6700 for P, 4.5% or 0.045 for ¢, 4 for n, and 6 for ¢ in the
compound interest formula.

A= P(l i %)M

045
- 36700(1 + %

= $6700(1 + 0.01125)*® Dividing

= $6700(1.01125)*° Adding

= $6700(1.01125)%* Multiplying 4 and 6
~ $6700(1.307991226)

4-6 _
) Substituting

Evaluating the
exponential expression

~ $8763.541217 Multiplying

~ $8763.54

57. &

59. (:r:t . m3t)2 — ($4t)2 — 42 _ .8t

Rounding to the nearest cent

61. (ta-i-z ) tI—a)4 ~a (t21)4 = t?a:-«i sy tBI

- [ (3$ayb)3 ]2 3 -27x30y3b]2
* (_3$ayb)2 1 g$2ay2b
= :3:B“yb]2
- 9I2ay2b

1
65. p = $98,000 — $16,000 = $82,000, ¢ = 85%, or 0.085
n =12-25 = 300

wop|Elrm)
(1+55) -1

- 0.085 0.085y 300 7

(1 4+ ==

M=$82,000- (112+_12_5) =y

Using a calculator

~ $660.29

67. Turn off the graph of y, and inspect the graphs of y; and
y3 in a suitable window such as [—2,2, —2,2]. The graph
of y3 lies above the graph of y; for x < —1 or z > 1.

Exercise Set R.3

1. =5y +3y3 +Ty? —y—4 = —5y* + 3% + Ty? + (—y) + (—4)
Terms: —5y*%, 3y3, 7y?, —y, —4

The degree of the term of highest degree, —5y*, is 4. Thus,
the degree of the polynomial is 4.

3. 3a*b — 7a’b® + 5ab — 2 = 3a*b + (—7a3b3) + 5ab + (—2)
Terms: 3a*b, —7a3b3, 5ab, —2

The degrees of the terms are 5, 6, 2, and, 0, respectively,
so the degree of the polynomial is 6.

5. (5z2%y — 2xy? + 3zy — 5) + (—22%y — 3zy? + 4dzy + 7)
= (6-2)r*y+ (-2 -3)zy’  + B+ 4)zy+ (-5+7)
= 3z%y — S5zy? + Tzy + 2
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7. (2z4+3y+2—T)+(dx—2y—2+8)+(—-3z+y—2z—4) 29. (2z + 3y)*?
= (24+4-3)z+(3—2+1)y+(1-1-2)2+(—-7+8—4) = (2z)? + 2(27)(3y) + (3y)?
=3r+2y—22-3 [((A+ B)? = A% + 2AB + B?]
= 472 + 12zy + 9y?
9. (8z% — 2z — 23 + 2) — (52% — 8z — z® + 4) . .
= (322 — 2z — 2° + 2) + (—52% + 8z + 23 — 4) 31. (22% — 3y)
= (3-5)2? + (—2+8)z + (=1 + 1)a® + (2 — 4) = (22%)" — 2(22")(3y) + (3y)° 2
— B)? = A2 — 2AB + B?]
= —222 + 61 — 2 (A - B)
e = 4z% — 122%y + 9y?
11. - 3z% +4z) — (32 + 2% — 52 + 3
& =32 +dz) - (3" + 27~ 52 +3) 33.  (a+3)(a—3)
= (z* — 3z* + 4z) + (—3z° — z* + 5z — 3) _ 232 (A+ B)(A— B) = A2 _ B
=z* -3+ (-3-1z%2+ (4+5)z — 3 -, 5 -
= a —

=% — 323 — 422 + 97 — 3

35. The graphs of y; = (z + 3)(z — 3) and y, = 22 — 9 appear

13. (a — b)(2a® — ab + 3b?) .
to coincide.
= (a — b)(2a°) + (a — b)(—ab) + (a — b)(3b2)
Using the distributive property 37. (3z — 2y)(3x + 2y)
= 2a* — 2a3b — a®b + ab? + 3ab? — 3b° = (3z)2— (2y)2 [(A-B)(A+ B) = A? — B?]

Using the distributive property

three more times = 9z% — 4y°
— 9,4 _ 9,37 2 2 _ qp3 b 8
= 2a" — 2a°b — a*b + 4ab* — 3b° Collecting like terms 39. (22 + 3y + 4)(2z + 3y — 4)
= [(2z + 3y) + 4][(2z + 3y) — 4]
15. (z +5)(z — 3) = (2z + 3y)? — 42
s ;
=z°“—-3x+5x—15 Usmg FOIL — 412 + 122y + 9’92 — 16
= 2% +22z—-15 Collecting like terms
41. (z+1)(z—1)(z? +1)
17. (2a + 3)(a + 5) = (22 - 1)(z? +1)
=2a%+10a+3a+15 Using FOIL — 4 _1
= 2a®+13a + 15 Collecting like terms
43. ©
19. The graphs of y; = (22+3)(z+5) and y = 222+ 132+ 15
appear to coincide. 45. (a™ +0b")(a™ - b") = (a™)? — (b™)
— a2n _ b2n
21 (2z + 3y)(2z + y)
= 4z% + 2zy + 6zy + 3y?  Using FOIL 47. (a"+b")° = (a")® +2-a™ - b" + (b")?
= 472 4 8zy + 3y? = a?™ 4 2a™b™ + b2
23. (z + 5)2 49. (z-1)(z* +z + 1)(z® + 1)
=22 42.2-5+52 = [z -1)z% + (¢ - 1)z + (z — 1) - 1](® + 1)
[((A+ B)? = A2 + 24B + B?] = (@ -2 +2? —z+z-1)(=% +1)
= 7% + 10z + 25 = (2% = 1)(z® +1)
— (3)2 _ 12
25. (5y — 3)? (‘z ) -1
= (5y)%2 —2-5y-3 + 32 e
[(A— B)2 = A2 - 24B + B?| 51.  (zgob)ett
= 25y — 30y + 9 = g(a=b)(a+b)
_ pa’-b?
27. The graphs of y; = (52 — 3)? and y, = 2522 — 30z + 9 B
appear to coincide. 53. (a+b + c)?
=(a+b+c)(a+b+c)

= (@+b+0)(a) + (a+b+c)5) + (a+b+0c)(c)
= a? +ab+ ac+ ab+ b2 + bc + ac + be + 2
= a? + b% + ¢ + 2ab + 2ac + 2be



99.

(a + b)*
= [(a+ b))’
= (a? + 2ab + b?)?
= [(a® + 2ab) + b*]?
= (a? + 2ab)? + 2(a® + 2ab) (b?) + (b%)?
= a* + 4a%b + 4a?b? + 2a%b* + 4ab® + b*
= a* + 4a3b + 6a2b? + 4ab® + b*

Exercise Set R.4

11.

13.

15.

17.

19.

21.

2r —10=2-2—2-5=2(x — 5)

. 324 — 922 = 322 - 2% — 32?% - 3 = 3z%(z% - 3)

402 —12a+16=4-a?2 -4-3a+4-4=4(a* —3a +4)

ca(b—2)+cb—2) = (b—2)(a+c)

T3 + 3% + 6z + 18
r%(z + 3) + 6(z + 3)
(z + 3)(z? + 6)

y3 — 3y? — 4y + 12
= y*(y — 3) — 4(y — 3)
= (y—3)(y* —4)
= (y—3)(y+2)(y — 2)

The graphs of y; = =3 + 37% + 6z + 18 and
y2 = (z + 3)(:1':2 + 6) appear to coincide.

p2+6p+8

We look for two numbers with a product of 8 and a sum
of 6. By trial, we determine that they are 2 and 4.

p?+6p+8=(p+2)(p+4)

2n? + 9n — 56

We look for factors (pn+¢q)(rn+s) for which pn-rn = 2n?
and g-s = —56. When we multiply the inside terms, then
the outside terms, and add, we must have 9n. By trial, we
determine the factorization:

2n? +9n — 56 = (2n — 7)(n + 8)

i~ —dat — 21

Think of this polynomial as u? — 4u — 21, where we have
mentally substituted u for y2. Then we look for factors of

—21 whose sum is —4. By trial we determine the factors
to be —7 and 3, so

u? —4u —21 = (u—T7)(u + 3).

Then, substituting y? for u, we obtain the factorization of
the original trinomial.

y? —4y? — 21 = (y* — 7)(y* + 3)

Neither of these factors can be factored further, so the
factorization is complete.

The graphs of y; = 22 + 6z + 8 and y, = (z + 2)(z + 4)
appear to coincide.

23.

25.

27.

29.

31.

33.

35.

37.

39.

41.

43.

45.

47.

49.

ol.

93.

11

922 — 25 = (3x)® — 5
= (3z + 5)(3z — 5)

dzy? — 4z2? = 4x(y* — 2?)
= dz[(y*)* - 2°]
= 4z(y* + 2)(y* — 2)

y2 —6y+9=9y>—-2-y-3+3°
= (y — 3)’
1—8z+16z2 =12 —2-1-4z + (4z)°
= (1 — 4zx)?

The graphs of y; = 1 -8z 41622 and y; = (1—4x)? appear
to coincide.
23 +8 =3+ 2°
= (z + 2)(z? — 2z + 4)

m3—1=m3-1°
=(m-1)(m?+m+1)
The graphsof y3 =z —land yo = (z —1)(z®* +z + 1)
appear to coincide.
18a2b — 15ab? = 3ab - 6a — 3ab - 5b
= 3ab(6a — 5b)

3 — 422 + 52 — 20 = z%(x — 4) + 5(z — 4)
= (z — 4)(2? + 5)

8z2 — 32 = 8(z2 — 4)
= 8(z + 2)(z — 2)

4% — 5

There are no common factors. We might try to factor
this polynomial as a difference of squares, but there is no
integer which yields 5 when squared. Thus, the polynomial
1S prime.

The graphs of y; = 22 — 422 + 5z — 20 and
y2 = (z — 4)(z? + 5) appear to coincide.
z? + 9z + 20

We look for two numbers with a product of 20 and a sum
of 9. They are 4 and 5.

2+ 92+ 20 = (z + 4)(z + 5)

y2—6y+5

We look for two numbers with a product of 5 and a sum
of —6. They are —5 and —1.

y?—6y+5=(y—5)(y—1)

2a% + 9a + 4

We look for factors (pa + q)(ra + s) for which pa - ga = 2a?
and ¢ -s = 4. When we multiply the inside terms, then
the outside terms, and add, we must have 9a. By trial, we
determine the factorization:

202 +9a+4 = (2a + 1)(a + 4)
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099.

oT.

99.

61.

63.

65.

67.

69.

71.

73.

75.

77.

79.

6%+ 7z — 3

We look for factors (px + q)(rax + s) for which pz - rz =6
and g - s = —3. When we multiply the inside terms, then
the outside terms, and add, we must have 7z. By trial, we
determine the factorization:

6z% + 7z — 3 = (3z — 1)(2z + 3)

y? — 18y +81 =y? —2-y-9 4 92

= (y—9)*
2y? — l4zy +49 = (zy)? -2 - zy - 7+ 72
= (zy — 7)?

4az? + 20az — 56a = 4a(z? + 5z — 14)
= 4a(z + 7)(x — 2)
3z3 — 24 = 3(2% - 8)

= 3(:3 - 29)
= 3(z —2)(22 + 22 + 4)

16a’b + 54ab”
= 2ab(8a® + 27b°)
= 2ab[(2a?)3 + (3b%)3]
= 2ab(2a® + 3b%)(4a* — 6a?b? + 9b*)

The graphs of y; = 6z + 7z — 3 and y; = (3z — 1)(2z + 3)
appear to coincide.

©

yt — 84 + 5y2
= y* + 5y% — 84
= u? + 5u — 84 Substituting u for y?
= (u+12)(u—7)
= (y* +12)(y? — 7) Substituting y? for u
8 2 2 8

Vot Yt

- (v+7)(v-7)

t2 — 0.27 + 0.6t = t2 + 0.6t — 0.27
= (t + 0.9)(t — 0.3)

(z + h)3 —
= [(z + h) — z|[(z + h)? + z(z + h) + 2]
= (z + h —z)(z® + 2zh + h? + 22 + zh + 2?)
= h(3z% 4+ 3zh + h2)

(x +3)%-2(x+3) -

Think of this polynomial as u? — 2u — 35, where we have
mentally substituted u for z 4+ 3. Then we look for factors

of —35 whose sum is —2. By trial we determine the factors
to be —7 and 5, so

u? —2u—35 = (u—7)(u+5).

Then, substituting z + 3 for u, we obtain the fa.ctorlzatlon
of the original trinomial.

81.

83.

85.

87.

89.

91.

93.

Chapter R: Basic Concepts of Algebra

(x+3)2—-2(z+3)-35=(z+3-7)(z+3+5)
= (x — 4)(z + 8)

3(a —b)? +10(a — b) —

Think of this polynomial as 3u? + 10u — 8, where we have
mentally substituted u for a — b. Then we look for factors
of (pu + q)(ru + s) for which pu-ru = 3u? and ¢- s = —8.
When we multiply the inside terms, then the outside terms,
and add, the sum must be 10u. By trial, we determine the
factorization to be

(Bu — 2)(u +4).

Then, substituting a — b for u, we obtain the factorization
of the original trinomial.

3(a — b)? +10(a — b) — 8
= [3(a—b) —2](a — b+ 4)
= (83a—3b—2)(a — b+ 4)

%" + 52" — 24 = (z™)2 + 52" — 24
= (z" + 8)(a™ — 3)

z° + az + bz + ab = z(z + a) + b(z + a)
= (z +a)(xz +b)
lp_2,, 4
4 5 25

25y2™ — (22" — 22" + 1)

= (5y™)* — (z" — 1)?

= [5y™ + (2" — 1)][5y™ — (z™ — 1)]

= (by™ + 2™ — 1)(5y™ —z™ + 1)
3237 — 24y3m

= 3(z°" — 8y°™)

= 3[(z")* — (2y™)?]

= 3(z™ — 2y™)(z°™ + 2z"y™ + 4qy%™)
(y—1)* = (y—1)2

= (y - 1)*[(y — 1)% - 1]

= (y—l)zy —2y+1—11

—-1)%(y* — 2y)

Exercise Set R.5

1.

3.

Since ~7 1s defined for all real numbers, the domain is
{z|z is a real number}.

3r — 3

z(zx —1)
The denominator is 0 when the factor £ = 0 and
also when £ — 1 = 0, or £ = 1. The domain is

{z|z is a real number and z # 0 and z # 1}.



