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Chapter R: Basic Algebraic Operations

R-1 Algebra and Real Numbers

» The Set of Real Numbers:

Pymbol Name Description Examples

N Natural numbers Counting numbers (also called positive 1,2.3.. ..
integers)

zZ Integers Natural numbers, their negatives, and 0 .., 72,-1,0.1,2, .
(also called whole numbers)

o Rational numbers Numbers that can be represented as a/b, —4.0.1,25, —%, % 367, —0333*
where a and b are integers and b # 0: 5.272727
decimal representations are repeating or
terminating

I Irrational numbers Numbers that can be represented as V2, V7. 1414213 . . 1
nonrepeating and nonterminating decimal 271828182 . . F
numbers

R Real numbers Rational numbers and irrational numbers

» The Real Number Line:

-V27 7.64
—t—+—+—+ L% —t—t——+—1+— [L —t—+— l% —t—>
-10 -5 5 10

» Addition and Multiplication of Real Numbers:

> DEFINITION 1 Addition and Multiplication of Rationals

For rational numbers a/b and ¢/d. where a. b, ¢, and d are integers and b # 0.

d#0:

Addition:

Multiplication:

SR
Ul s

ad + be
bd

ac

bd

Ex. Perform the indicated operations:

1,6 _ (1)(B)+@B)(6) _ 5+18 _ 23
A. 3+5_ 3)5) T 15
- [ -
. 1 B+3 ;c\n\n»,_.y3f:?.
B. -+=-=
3 5 \ &
oy 14 25 T -
344_ = "ac‘.)\PLnJ‘M?
C. 2 T3= \ 2 \e - >&
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>

5 _(8)(5)_40 _ 10 40=410 _ 10

8.2~ = — =— because =—

34 3@ 12 3 12=43 3 )

24 _ 2 5 = -

37 9\ Clan Clan oL
3 5' \S \ E Lot

(-3)(-3)= AR e

Further Operations and Properties

Basic Properties of The Set of Real Numbers:

Addition Properties & Multiplication Properties: These operations are

17, _
ex. (—) ' =—_

9
17

Distributive: x(y +2z) = xy + xz
x+y)z=xz+yz

Ex. Which real number property justifies the indicated statement?
A.
B.
C.alb+c)=(b+c)a () ek \we - T_/__/ 5

(7x)y = 7(xy) ..%.5.5..9..@.&@7&\\[@_ RN
alb+c)=ab+ac Coblim. Urat Ve —

3
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e Commutative (+): x+y=y+x ex. ;to=_+
. _ 35_53
Commutative (.): xy = yx ex. o.o=o.7
. 3,(5,09 3 5\ 9
e Associative (+): (x+y)+z=x+ (y +2) ex. S+ (;—i—Z) = (E+?) +
iati _ 3 (5 9)_(35)9
Associative (.): (x.y).z = x.(y.2) ex. . (7.4) = (2 . 7) 2
e 0 isanadditive identity (+): 0+x=x+0=x ex. O+;=§+0 =
1 is amultiplictive identity (():1.x=x.1=x ex. 1.; = ; 1= ;
e Additive inverse (+):
for each x inR, —x its additive inverse
;thatis x+(—x)=(—x)+x=0
ex. 5 its additive inverse — 3 sthat is 5 + (— E) =3_3_ 0
4 4 4 4) 4 4
Multiplicative inverse (.):
foreach x inR, x +0,x™1 = % is its multiplicative inverse
ithatisxx 1=x1x=1
ex. > itsa multiplicative inverse (E)‘1 =1 ;that is 2223220
4 4 5 4°5 45 20

o=
L5



D. (2x+3y) +5y=2x+ 3y +5y) ASS 4 .Q.\...CW\: Ve _ &;?—\’
E. x+y)(a+b)=((x+y)a+ (x+y)b Otﬁ‘\‘ b d Ve T S
F. If a+b=0 ,thenb=-a WMM.EX.8€ (» S

» THEOREM 3 Fraction Properties

For all real numbers a, b. ¢, d. and k (division by 0 excluded):

a ¢
1.—=-— if and only if ad = bc

b d 7

4 6 ) .

-9 since 4-9=6-6
y ka_a 3 9.6_4ac 4 8.¢_ad

kb b b d bd b d b c
LAL ) 471 37 2 2,5 27 _14

7-5 5 5 8 5-8 40 377 35 15
5'£+£=a+c 6.3—5—(1_0 7.£+£=ad+bc
b b b b b b b d bd
3.4_3+4_17 7 2 _7-2_5 2,1 _2-5+3-1_13
676”6 6 8 8 8 8 3'5 3.5 15

EXx. Perform the indicated operations:
A. 100 = 0 = Division by 0 never allowed
.

A
B lyl_Frr-%g
izi Z qa\t;‘ Y
C.;_E: s ‘Y
1) 3 -3
D. (——)—: ‘;‘;
10/'8" . 39,
E. 0=0= ) s ad . D
4 6 L Lo = O SUE oasS
F. -+(3—-)= . Ty '3
7 — 2 % J_ 3\ = ( AT AN S L3
G. L@ t43y= - (G2 -t m
N1, o1 8, 1_®@+@1) _ 1643 _ 19
H. (8 T2 =3 T T e 6
N1 _ (=6, 9\ _ (co@+@m®\ ! _ (—1240\1 _ -3\71 _ 2
. (_6+E) _(T+5) _( LE) ) _( 2) _(7) =
4
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R-2 Exponents and Radicals
» Integer Exponents:

> DEFINITION 1 a", n an Integer and a a Real Number

For n a positive integer and a a real number:

n

a =a+*a*...*a n factors of a
n_ 1
a’=— (a #0)
=1 (a#0)
Ex.
A, 25=2.2.2.2.2 =32
-3_1 __1 _ 1
B. 7 T 737 777 343
C. 23°=1

Ex. Write using positive exponents or decimals:
A, W)’ =1

-8 1
B. x _x_8

_3_L_ 1 _ 1
C. 10 _103_(10)(10)(10)_1000_0'001
p. fo_x® 1 _ 1y _ 109 _y

T y5 T 1 Ty5 T 371 T (a3) (1) a8

» THEOREM 1 Properties of Integer Exponents

For n and m integers and a and b real numbers:

m.n __ m+n
l.aa"=a

[S9]
~
Q
J

3
Il
Q
g

w
~
Q
o
=

3
Il
Q
3
o
3

am a

5. = 1 a¥0

n
a n—m

Ex. Simplify using exponents properties, and express answer using positive exponents only?

A. (3‘15)(2“_3) = (3.2)(a5a—3) = 6a5+t(-3

_ _ _ —3)(— _ _ _ 1a%1 1 a®
B. (2a 3b2) 2 — 2 (D P(2(-2) = 2-2,46p—4 o i i

6x 2 6 x % 32 _o5_(_
S =22 x5 =

3 _
— 3 245 =
8x~5 8'x5 42 4

3
4

D. —4y® — (—4y)? = —4y® — (-4)3y?
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= 6a°>"2 = 6a?

3 3
x 3x
x3 = =

1
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= -4y’ - (D (D (-Dy?
= -4y — (+16)(—-4)y?

= —4y3 — (-64)y3

= —4y3 + 64y

= +60y3

EXx. evaluate each expression. If the answer is not an integer, write it in fraction form:
A. 37 =23, s 207
. - T &4 o 3

2) =&
C.63="5"2"

D. (=5)* =" |

E. (-7)2=5%" W

F. —10= -0

» Roots of Real Numbers:

> DEFINITION 2 Definition of an nth Root
For a natural number » and a and 5 real numbers:

a is an nth root of b if " = b 3 is a fourth root of 81, since 3* = 81.

Theorem: Number of Real nth Roots of a Real Number b
Let n be a natural number and b a real number:

1. b> 0:1f nis even,then b has two real nth roots, each the negative of the other;
Ex.\/9 =+3
If nis odd,then b has one real nth root. Ex. V8 =2

2. If b =0: 0is the only nthroot of b = 0. Ex.N0=0
Ex.Y0=0

3. If b<O0:If niseven,then b has no real nthroot;
Ex. V=9 = undefined (not a real number)
If nis odd, then b has one real nth root.
Ex.Y=8=-2

» Rational Exponents and Radicals:
EXx. Evaluate each expression:

1
A. bn=%b

1
B. 92=1/9=3

Jameelah Al Shahrani mathl 14



1
C. v121 =121z =11
1
D. (—16)* = Y—16 = undefined (not a real number)
1
E. ¥=125 = (-125)3 = -5

1
F. (27):=327=3
1
G. ¥32=325=2

Ex. Change to radical form:
1
A. (100)z =v100 =10

1
B.32k= 339 = 2
Ex. Change to rational exponent form:
1
A. V361 = (361)z =19
1 1 2 2

B. Vx2+y2 = (x2)i+ (2)i=x: +y3

5 gt 3
C. 4x/y3 = 4x(y°)5 = 4xys

> DEFINITION 4 b™" and b—™", Rational Number Exponent

For m and n natural numbers and b any real number (except b cannot be negative
when 7 is even):

1
m/mn __ 1/myn —m/n _
" = (bM™ and b = B
P2 =4"P=2=8 4= S (—4)*? is not real
- - - - 432 8 ’
(_32)3‘5 — [(_32)1«5]3 — (_2)3 =_8

> THEOREM 3 Rational Exponent/Radical Property

For m and »n natural numbers and b any real number (except b cannot be negative
when »n is even):

m

Gy = @Y and (VB = b
Ex. Simplify and express answers using positive exponents only?
2 1, 2 2
A 8i=(8) =(V8) =22=2.2=4

121 12

1
B. V312 =(312)1 =374 =32 =33=3.3.3=9.3 =27
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1.1 W@)+B)(D) 243

c. (3¥x)(2vx) = (3x§) (2x22)=B.2)w"7=6x @@ =6xs =6x

G

1
Nz 4111 1 11 W@-©)) 4-6 2 =2 1
3 2x32 6 = —_— o & -
D. (‘il) =42 ‘/Zf —2x6 i =2x ©O@ =2x28 =2x2 = 2x@(12) = 2x1z =
x2 x22 x4
1 2
271=71
x12 x12

> Simplifying Radicals:

» THEOREM 4 Properties of Radicals

For n a natural number greater than 1, and x and y positive real numbers:

1. VX'=x WP = x
n_ n/_n/ — —

2. Vxy = VxV) xy x\Vy
[ n/”

3 rl_ VX 3%

"Ny y ¥y

Ex. Write in simplified radical form:
1 1 1 1 1 4
A. J16m*y® = (16m*y?)z = 16'2m*2y%2 = 16imiy2 Viem?y* = 4m?y*

1
B. 12x5y% = (12x5y?)?
1 5 2
= 125x§y§
1 1
=(3.4):z2x*x2y
11
= y3242 x? \/x
— WAVA VR
= 2x%yV/3x

1
C. $/16x*y? = (16x*y?)s
1 4 2
= 163x€y€
172 1
— (42)6x3y3
2 1
= 4s(x?)31y
=3 YaZ iy
_ \/_ ?V_Z i/_ 4_x2

1
D. x3/36x7y1l = x (36x7y!1)s

= x (729)5(x7)s(y 15
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7 11

= x(243 3)5 xsys
= xxs 2435 35 y? ys
x5 V2A3 3y Yy

5+7

=x5 .3. yzi/_
= 3x5 yzi/_y
=3x2x§y2i/3_y
= 3x2%y? (x?)s I3y
=3x2y25x2i/3_y
=3x2y? 322y

6 V2x _ 6V2x _ 6V2x _ 3vV2x
V2x  V2x ' V2x (mf_ 2x  x

p. 127 _ 12y’ Jey _ 12yt 12yt 620y _ o
) B ey 2T ey ey Y

1 1 42 11
G.° fﬁ = (Ey = 8§(x4)3 Vex3y3 _ 2e3(1)3 _ 2x VxVp? _ 20 Ymy?
. - - 1 - -
y

y y y y

H. —/128 = —(128)% = —(16. 8)% = —(16)%(8)% = —J/16 (4.2)% = —4(4)%(2)% =

—4/4V2 = -4.2./2 = —-8V2

L V27— 5V3 = (27)2 — 5v3 = (9.3)2 — 5v3 = (9)2(3)z — 5v3 = VO3 —

3V3-5V3=(3-5)3=-2V3

5V3 =

Ex. Simplify and express answer using positive exponents only:
A xSx2= xoF " X3

244 Ea
B. 2y)(3y?)(5y") =235 = 3=X
g5 (3> _\s
C. @by = o b- &b
15 =y —é— 2
D.wsus=U . v .Uy
_1 1 4
E ( wt ) 2 w2 02w o 3
T\ T R 1wz
9
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R-3 Polynomials: Basic Operations and Factoring
» Polynomials:

Ex. Which of the following are polynomials?
A. x> —3x+2 ..Polynomial ..
B. x* +v2 ..Polynomial ...

C. 2x+5 —% ... NonPolynomial ...
D. Vvx3—-4x+1 ..NonPolynomial..

Ex. Given the following polynomials what is the degree of the first term, second term, third
term, and the whole polynomial:

A, 2x3—x+7
The degree of the first term= 3
The degree of the second term= 6
The degree of the third term= 0
The degree of the whole polynomial= 6

B. 3y* +2x*y+1
The degree of the first term= 5
The degree of the second term= 3
The degree of the third term= 0
The degree of the whole polynomial= 5

EXx. Is the algebraic expression a polynomial? If so, give its degree.  _ -
4—x pollposrilo. ] —— 205A SsPRS
B-axl+ 67 Polynenid...5— 55N 0PT
x*+3x—+5 .. ,00\ yromi| - U =va= ,J\ )~ %3_;{—3
3t —2x71 - 10 | = ool noml s S

SOFP

» Addition and Subtraction
=  Adding polynomials:
Ex. Add: x* —3x3 + x*, —x®—-2x*>+3x, and 3x*—4x-5
Solution:
Vertically: x* — 3x3 + x?
—x3 —2x% + 3x
3x2—-4x-5

x*—4x3 +2x2—-x-5

Horizontally:

(x*—3x3+x®) + (—x3—2x2 +3x) + (3x> —4x—5)
=x*—-3x3+x?—x3—-2x*+3x+3x*—-4x-5
=x*+(-3-Dx*+(1-2+3)x*+B3-4)x-5
=x*—4x3+2x2—x-5

10
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= Subtracting polynomials:
Ex. Subtract: 4x* —3x+5 from x*-8
Solution:
Horizontally: (x* —8) — (4x* —3x+5)=x>—-8—-4x*+3x-5
=(1-4)x*+3x+(-8-15)

= —3x% +3x—13
» Multiplication
= Multiplying polynomials:
Ex. Multiply:
A. (2x —3)(3x%2 —2x+3)
Solution: = 2x(3x* — 2x + 3) — 3(3x% — 2x + 3)

= 2x(3x%) + 2x(—2x) + 2x(3) — 3(3x%) — 3(-2x) — 3(3)
=6x3 —4x*+6x—9x>+6x—9
=6x3+(—4-9)x*>*+(6+6)x—9
=6x3—13x*+12x—9

. (a—b)(a? + ab + b?) = R
Ex. Perform the indicated operattons and szmpllfy

C. (4x—y)*=“4x—-y)(4x-y) Or (4x — y)? = (4x)* — 2(4x)(y) + y?
=4x(4x —y) —y(4x — y) = 4%2x? — 8xy + y?
= 4x(4x) + 4x(—y) — y(4x) — y(-y) = 16x% — 8xy + y?

= 16x% — 4xy — 4xy + y?
= 16x* — 8xy + y*

D. By —1)(3—2Y) = oottt s et e e

E. 2y —3y[4—-2(y—1)] =2y —3y[4 — 2y + 2]
=2y —3y[6 —2y]
=2y — 3y(6) — 3y(-2y)
=2y — 18y + 6y*
= —16y + 6y
F. 2(x—1)+3(2x—-3)— (4x—-5) =

Ex. Remove Parenthesis and combine like terms:

A 2(3x2 —2x+5)+ (2 +3x—7) =2(3x%) +2(-2x) +2(5) + x> +3x—7
=6x?—4x+10+x*+3x—7
=6+1x*+(—4+3)x+(10-7)
=7x*—x+3

» Factoring:
Ex. 13 =13.1 (prime number)
30 =6.5=2.3.5 (composite number)

X’ —4=x-2)(x+2) Not prime
x* — 2 = Prime because it can't be written as a product of two polynomials

11
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2) (a»b)(qzwtbwz) > G ()5

2 \_/:JS\%A
o - b

,Z S S ;-cbla).b
MCGA +ob + B) e+ )

cu}’)ref/{*%_ JOA{-Q,/é{_ b

By 3
o — b

D) (54-NC-2Y)
59 (2-29) - (>~
By -ey T 2N Y

ey VEY -

l!llllllllll.llil

(2 _9) + (6% ~A) —(ux’q>

(g% - 1) = (x - =)

Ux ~6&



= Factoring out common factors:
EXx. Factor out, relative to the integers, all factors common to all terms:
2x3y — 8x%y? — 6xy3 = 2xy(x* — 4xy — 3y?)

2 2

6x* —8x3 — 2x% = 2X. (A% UXa )t e
x2y + 2xy? + x%y? = XY (B 52008
2x(3x—2)—7Bx-2)=(Bx-2)2x—-17)
2w(y — 2z) — x(y — 2z) = (4=220(2W

IRl

= Factoring by grouping:
Ex. Factor completely, relative to the integers, by grouping:
A. 3x? —6x+4x — 8= (3x* — 6x) + (4x — 8)
=3x(x—2)+4(x—2)
=(x-2)3x+4)

B. wy +wz—2xy —2xz = W% -\-Z)’QX(% "VZ) =

C.x>’+4x+x+4=0x*+x)+ {“4x+4)
=x(x+1)+4(x+1)
=x+1x+4)

@ +Z\<W—ZX)

D. 3a? — 12ab — 2ab + 8b? = (3a® — 12ab) + (—2ab + 8b?)
= 3a(a —4b) + 2b(—a + 4b)
= 3a(a — 4b) — 2b(a — 4b)

a—4b)(3a — 2b)
E. 8ac + 3bd — 6bc — 4ad = (l/( A =2 00). ( C_—C’l)

Ex. Factor completely, relative to the integers:
A. x2 —xy + 3xy — 3y? = (x? — xy) + (3xy — 3y?)
=x(x—-y)+3y(x—y)
= (x=y)(x +3y)

»  Factoring second (2¢°) degree polynomials:
Ex. Factor each polynomial, if possible, using integer coefficients:
A. 2x% +3xy —2y? = 2x —y)(x + 2y)
Check: Cx—-—y)(x+2y) =2x(x+2y) —y(x + 2y)
= 2x% + 4xy — xy — 2y?
= 2x? 4 3xy — 2y?

B. 6x% +5xy —4y? = 3x +4y)(2x — 1y)
Check: Bx+4y)2x—y)=3x2x—y) +4y(2x —y)
= 6x% — 3xy + 8xy — 4y?
= 6x2 + 5xy — 4y?

C. x*—-3x+4=(x—-2)(x—2) Check:(x—2)(x—2)=x(x—2)—2(x—2)
=x>-2x—-2x+4

12
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=x>—4x+4 X
x?—3x+4=((x—-4)(x—1) Check:(x—4)(x—-1) =x(x—1)—4(x—1)
=x?-x—-4x+4
=x>—-5x+4 X
» x> —3x+4 isnot factorable.
Ex. Factor completely, relative to the integers. If a polynomial is prime relative to the integers,
say so.
A. 2x*+x—-3=2x+3)(x—1) Check: 2x+3)(x—1)=2x(x—1)+3(x—1)
=2x*—-2x+3x—3
+%Y =2x%24+x-3

<
Y\B>x2 +5xy — 1{;@; ( 7<+?‘j)(?\“2{w

un
Cl6m? —mn— 1272 = (20U 2A0->N)

Awm N\ -an

= Factoring by using special factoring formulas:

>
1. + 2uv + v = (u + v)? Perfect Square
2. — 2uv + v = (u — v)* Perfect Square
3.0 — v = —v)u+v) Difference of Squares
4. 1 — V' = (u — v)(u2 + uv + vz) Difference of Cubes
5.0+ =+ v — uv + 1) Sum of Cubes

Ex. Factor completely relative to the integers:

x? + 6xy +9y* = x2 + 2(x)(3y) + 9y% = (x + 3y)?
x? —6xy +9y?* = x> — 2(x)(3y) + 9y* = (x — 3y)?
9x% — 4y? = (3x — 2y)(3x — 2y)

-y =(x-yE*+xy+y?)

m3 +n3 = (m + n)(m? — mn + n?)

SERel I

Ex. Factor completely, relative to the integers. If a polynomial is prime relative to the integers,
say so.
¥ 16x? - 25 {H.X..—:ﬁ.)...(%)&-\- 5)
B. 8m3-1=2m3-1=02m-1)((2m)? + 2m(1) + 1?)
= (2m-1)(2°m? + 2m + 1))
=2m-1)(4m?>+2m+1)
C. x3+y323 = (x + y)(x? — xyz + y*z?)

13
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Chapter 1: Equations and Inequalities
1-1 Linear Equations and Applications
> Solving Linear Equations:

> DEFINITION 1 Linear Equation in One Variable

Any equation that can be written in the form

ax + b =0 a¥*0

Standard Form

where a and b are real constants and x 1s a variable, 1s called a linear, or first-

degree, equation in one variable.

5x — 1 = 2(x + 3) is a linear equation because after simplifying, it can be written in the standard

form 3x — 7 = 0.

Ex. Solve each equation:

A. 5x—9=3x+7
5x—3x=7+9
2x =16
2x _ 16
2 2

x=28

Check: 5x —9=3x+7 (x=8)
58)—-9=3(8)+7
40-9=24+7

31=31

Ex. Solve each equation:
A. 10x —7 =4x — 25
10x —4x =—-25+7

6x = —-18
6x _ -18
6x 6

x=-3

B. 3(x+2)=5(x—-6)
3(x) +3(2) =5(x) + 5(—6)
3x+6 =5x—30
3x—-5x=-30-6

—2x =-36
—2x _ 36
-2 -2
x=+18

Check: 3(x+2)=5(x—-6) (x=18)
3(18 +2) = 5(18 — 6)
3(20) = 5(12)
60 = 60

14
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Check: 10x —7 =4x—-25 (x=-3)
10(-3)—-7=4(-3)—-25
-30—-7=-12-25
-37 =-37
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3a—4 7-2a
C. 5—- =

2
(10)(5) - (10) (*%) = (10) (=)
50 —2(3a —4) = 5(7 — 2a)
50-6a+8=35—-10a
58 —6a =35—-10a
10a — 6a = 35 — 58

4a = —-23
=23

4
Check: 5 —

3a-4 7-2a -23
(a

—69(1)—4—(4)) _1 7(4)+46(1))
4(1) T2 1(4)

(
(
(—69—16) — 1 .28+46
(

;)

5(20)+1(85) _ 74

120) 8
100+85 74

20
185 _ 74
20 8
537 _ 2.37

54 24
37 _ 37

4 4

1-2 Linear Inequalities
» Understanding Inequality and Interval Notation:

Ex: Rewrite each of the following in inequality notation and graph on a real number line:
A. [-2,3) Solution: -2 < x <3

| x
-5 -2 0 3 5
B. (—4,2) Solution: —4 <x <2
)| X
—-5—4 0 2 5
C. [-2,0) Solution: x > —2
I e e e
-5 -2 0 5
D. (—,3) Solution: x < 3
) ——{— > X
-5 0 3 5
E. [-8,7] Solution: —?é)( é -'%
F. [—6,0) Solution: -

K7 —¢

15
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Ex. Rewrite each of the following in interval notation and graph on a real number line:

A —-2<x<6 Solutlon ( 2, 6] Thegraph - C
B. x<-2

EXx. Rewrite each of the following in interval notation and in inequality notatzon
[T T T T T . W

|
IIILIIIIIIII[|]|||||>X

|
I
A. -10 =5 0 5 10
Solution: in interval notation [—7,2)
in inequality notation —7 < x < 2

> DEFINITION 2 Union and Intersection
Union: AUB = {x|xisin4 orxisinB}
{1, 2, 3}U{2, 3, 4, 5} = {1, 2, 3, 4, 5}

Intersection: 4 N B = {x|xisin4 and x is in B}
{1,2,3)N (2 3, 4,5} = {2 3)

Ex. IfA = (—2,5) and B = (1,), graph the setsA U B and A N B and write them in interval
notation: Solution:

R B R B B B A=(-2,5]
—2 1 3
L s B = (1, x)
-2 1 5
. b x AU B = (-2, )
-2 1 Sl
] > X ANB= (5]
-2 1 5
» Solving Linear Inequalities:
Ex. Solve and graph:
A, 7x—8<4x+7
7x—4x<7+8
3x <15
3x 15
3 3
x<5 ,x€(—0,5)
The graph: ........cceeviinviiiniiinniinnnn

B. 2(2x+3)—-10< 6(x—2)
4x+6—-10< 6Xx—12
4x —4 < 6xXx—12
4x —6x<-—-12+4

—2x< -8
-2 -
—2x -8
-2 7 -2

x>4 ,x € (4 x)
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The graph: 2 3 is 6 7 8 9

2x-3
C.

+622+%

(12) (22) + 12(6) 2 12(2) + (12) (¥)
3(2x — 3) + 72 > 24 + 4(4x)
6x—94+72=>24+16x
6x +63 >24+16x
6x — 16x > 24 — 63

—10x = 39
—10xS£
39 -10 -10 39
xS—_l()' XE(—OO,—3.9) (_—10:—39)
< 3}0 > X ‘ —\-/ [ < >
. Graph of solution set +
E — ’u < C:) —
D. 3<4-7x<1 =l < \'S
—3-4<4-4-7x<18-4 o & 2V T g
-7<-7x<14
S

A V]

7= 77 =7 >
1>x>-2 ,x(-21 Z.
>x > x( ] _ 9 . ‘(1/ “—

(-2 ER

\ —€

i i |
\ p |
2 1

E. 4<5t+6<21
SolUtion: ....eeeueeeeeeieenenieenennn

1-5 Quadratic Equations (ax* + bx + ¢ = 0, a # 0)
» Solving quadratic equations by factoring:
Ex: Solve each equation by factoring:
A. (x-5x+3)=0
Solution:
x—=5=00rx+3=0
x=+5o0r x =-3
Solution set = {—3, +5}

B. 6x2-19x—-7=0
2x—-7)Bx+1)=0
2x—7=00r 3x+1=0
2x =47 or 3x =—1

2x 7 3x -1
—=-0r —=— =6x2—19x—7
2 72 3 13
x==-0r x=—
2 3

Solution set= {_?1 , %}

Check: 6x2 —19x — 7= 2x - 7)3x + 1)
=2x(3x+1)-7Bx+1)
=6x2+2x—21x—-7

17
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C. x>?-6x+5=-4
x2—6x+5+4=0
x2—6x4+9=0

(x_3)(x—3)=0 Check: x2—6x+9=(x-3)(x-3)
x—3=00rx—3=0 =x(x—3)—3(x—-3)
x=43 0r x=+43 =x2-3x—3x+9
Solution set= {3} =x?—6x+9

D. 3w? + 13w = 10 (Practice: the students can solve it by the same idea of C)

E. 2x? =3x
2x2—3x=0
x(2x—=3)=0

x=00r2x—3=0
x=00r 2x =43
3

2x
x=00r —=-
2 2

=00r x==°
X rXx >

Solution set= {0, ;}

F. 2x* = 8x (Practice: the students can solve it by the same idea of E)

G. -8 =22t — 6t
6t —-22t—8=0

2t-8)@Bt+1) =0 Check: 6t7 — 22t — 8 = (2t — 8) (3t + 1)

2t =48 Or 3t =-1 =2t(3t+1) — 83t +1)
2t 8 3t -1

—==-0r —=— =6t2+2t—24t—8
2 2 3,3

t=4 Or t=? =6t2—22t—8

Solution set= {_?1, 4}

» Solving quadratic equations by quadratic formula:
— 2_
If ax? + bx + ¢ = Othenxz%
Ex. Solve each equation using the quadratic formula:
A. x2=3x+1
x2—3x—-1=0
a=1b=-3 c=-1

X = —b+Vb2—-4ac
2a
_ =D V3 -4MED
= 2(1)
+3+£V/9+4
X=———
2
3++/13
X = 2

3—V13 3+/13
2 72 }

Solution set= {

18
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B. x2-2x—-1=0
a=1 b=-2, c=-1

x_—b-_i-vb2—4ac
B 2a
/D2 ADED
B 2(1)
_2+VA+4
x—T
248
X=—
2+V42
X=—""
2
_2+V42
X=—"0—"
2+ 22
X = >
2(1+£+2)
X=——"
x=1+V2
Solution set= {1 — /2,1 + 2}
C. 2x+;=x2
3
@0 +@(5) = @6
4x + 3 = 2x?

2x2—4x—-3=0
a=2, b=-4, c=-3

—-b+vVb2-4ac
X =———
2a
I GO E N GO OG0)
2(2)
+4 ++V16 + 24
xX=—
4
440
x = 2
4++4.10
x = 2
4 +£4J10
=g —
4+ 2410
sz
_2(2i\/10 )
x= 4
2++10
X=—
2

2—/10 2++/10
2 ' 2 }

Solution set= {

19
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Ex. Solve each equation by any method:
A 12x* +7x =10

12x2+7x—10=0

Bx—2)(4x+5)=0

3x—2=00r 4x+5=0

3x =42 Or 4x = -5

3x 2 4x -5
— O'r'_:_
3 3 4 4
0 -5

X == rXxX=—
3 4
-5 2

Solution set= {T’E}

B. 2y—-3)*=5
22y2 —2(y)(3) +32=5
4y —12y+9=5
4y —12y4+9—-5=0
4y2 —12y+4=0
a=4 b=-12,c=4

_ —b+Vb2-4ac

2a

_ —(-12)+/(-12)2-4(4)(4)
y= 2(4)
) = 12T

Solution set= {%E, 3+2\/§}

Check: 12x2 + 7x — 10 = (3x — 2)(4x + 5)
=3x(4x +5) — 2(4x + 5)
=12x%? + 15x — 8x — 10

=12x*+7x—10

20
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Chapter 3: Functions
3-1 Functions

» Definition of a function:
EXx. Determine whether each set specifies a function. If it does, then state the domain and the range?

A. S={(1,4),(2,3),(3,2), (4,3), (5,4)}
Solution: yes, it is a function, because all the ordered pairs in S have distinct first components.

Domain = {1, 2,3,4,5}
Range = {4,3,2}

B' T: {(1’4)3 (2’3), (372)9 (274)’ (175)}
Solution: No, it is not a function, because there are ordered pairs in T with the same first component
[for example, (1, 4) and (1, 5)].

C. {(10,-10), (5, -5), (0,0), (5,5), (10,10)} (practice: the students can solve C by the same idea of B)

Ex. Indicate whether each set defines a function. Find the domain and the range of each function?
A. {('1a4)’ (053): (1,2), (231)}
Solution: yes, it is a function, because all the ordered pairs in this set have distinct first components.
Domain = {-1,0,1, 2}
Range = {4,3,2,1}

B. {(2,4),(3,6), (4,8), (5,10)} (practice: the students can solve B by the same idea of A)

» Definition a function by equations:

Ex:
F(x) =x*>—-4
y=x%—4
Evaluating Function:
Ex.I: A. Find f(6), f(a), and f(6+a) for fx)=-—=
15 15
@) =Z5=5=5
(@ = 15
fla) =23
iy 15 15
Jta) = a3  a+3
B. Find g(7), g(h), and g(7+h) for g(x) =16 + 3x — x?
9(7) =16+ 3(7) — (7)?
=16+ 21—-49
=37 —-49
=12

g(h) = 16 + 3(h) — h?
=16+ 3h — h?

g(7+h) =16+ 3(7+ h) — (7 + h)?
=16+ 21+ 3h— (72 + 2(7)(h) + h?)
=16+ 21+ 3h — (49 + 14h + h?)
=16+ 21+ 3h — 49 — 14h — h?
= —12—11h — h?
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C. Find K(9), 4K(a), and K(4a) for K(x)=—

Vx-2
2 2 2
kKO =75 57327172
Ay —af 2\ 2 _ 8
(@) = (f—z)_va—z_va—z
Ragy=—2 - % __* __ 2 _ 1
Y ta—2 Vava-2z 2a-2 2(a-1) va-1

Ex2:A Letf(x) =3x~5 find f(3), f(h), fG)+ (), f(B+h)
f3)=33)-5=9-5=4

f(h) =3h—5
f3)+f(h)=4+Bh—-5 =4+3h—5=—-1+3h
f3+h)=33+h) -5

=9+3h—5
=4+3h

B. Letf(w)= —w?+2w find f(4), f(-4), f4+a), f(2—a)
(practice: the students can solve B by the same idea of Ex.1 & Ex.2)

Finding the Domain of a Function:
Ex: Find the domain of the function defined by the equation: y = vx — 3, assuming x is the

independent variable.
Solution: forytobereal, x —3>0 =x=+3

= The domainof yis x =3 or x € [3,00) or{x|x =3}

Ex: Find the domain of each of the following function. Express the answer in both set notation and inequality
notation?

A, f(x) = % Solution: for f(x) to be defined,x —3#0 = x#3
~ The domainof f is x #3 orx € (—,3) U (3,00) or {x|x # 3}
B. g(x) = 16 + 3x + x? Solution: The domain of g is R or x € (—, )

C. K(x) = %

Solution:1. For K(x) to be defined, VX —2# 0 =vx#2 =(x)' %222 =x=+4
2. ForK(x)tobereal,x >0
~ The domainof K is x#4 and x>0 orx€[04)U (4,) or{x|x #4 and x = 0}

Ex: Find the domain of each of the following function. Express the answer in both interval notation and
inequality notation?

A. f(x) =4—9x+3x? Solution: The domain of f(x)is R or x € (—oo,00)

B. L(u)=+v3u?+4 Solution: The domain of L(u) is R or u € (—o0, )

» Even and Odd Functions:
Definitions:
If f(x) = f(—x) forall xinthe domain of f,then f is an even function.

If —f(x) =f(—x) forall x inthe domain of f,then f is an odd function

22
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Testing for Even and Odd Functions:
Ex. I1: Determine whether the functions f, h, and g, are even, odd, or neither.
A f(x)=x*+1

Solution: f(—x) = (—x)? + 1

=00 +1
=x2+1
=f(x)

“f(=x) =f(x)

~ f is even.

B. h(x)=x"+x
Solution: h(—x) = (—x)° + (—x)
= (=) (=) (=) (=) (=x) —x

=—x°—x
= —h(x) since —h(x) = —(x>+x) = —x° —x
 h(=x) = —h(2) ey
h - (AW PT
~ h is odd. M)J&\? Q:D_g_/]\ d\j/\\\ Du\S -

C. gx)=x3+1 \—/\b
Solution: g(—x) = (—x)* +1 [_//)l‘ y >
aﬁjajl\_) S5 =

ZEPERIEITT Ly, even

. — as> 9% s
#90) RO = g\ foo = 3 b0 - *{i"s S (Ao AN
g(_x) ig(X) u 2 'e - Bxs‘\.zx 5 U", ‘/DR/U‘\K'B:SQ\
=~ g(x) is not even. Bh) = X 43 X Q%) O £ s
—g() = -(*+1) B : o A s
.3 . . A\ \\=Z . AR
=X 1 0;{)9‘/.\—2’.1}0’\/—’\ ',D)$“€Ai?)’ R e X ‘ ‘
# g(—x) - 2)55 c}.yyu‘i Lg,:,d.;l\
v =g(x) # g(=x) _/"’a:"u gat 24 =
~ g is not odd. -

~ g is neither even nor odd.

EXx.2: Indicate whether each of the following function is even, odd, or neither.

(practice: the students can solve Ex.2 by the same idea of Ex.1)
A gx)=x3+x = oddl

Solution: y
B. m(x) =x*+3x? = EVE
Solution:
C. fx)=x4+1 = neibher evehner odd
Solution:

3-5 Operations on Functions; Composition
» Performing Operations on functions:
EXx. for the indicated functions f and g find the functionsf+g, f—g, fg, and 5 and find their domains.

A. f(x) =4x; gx)=x+1

The domain of fis R or x € (—oo,)
The domainof gis R or x € (—oo,)

f+90)=f0)+gx)
=4x+x+1
=5x+1
The domainof f + gis R or x € (—o0,0)

23
Jameelah Al Shahrani mathl 14




f—9gx)=f(x)—gkx)

=4x—(x+1)
=4x—-—x—-1
=3x—-1

The domainof f —gis R or x € (—o, )

fg(x)=fx)g(x)
=4x(x+1)
= 4x% + 4x
The domain of fgis R or x € (—o0,0)

L) =10 _ 4
g(x) _g(x) T ox+1

for f/g tobedefined, x+1#0 =>x#-1
The domainof f/gis x# -1 or x € (—oc0.—1)U (—1,00)

B. f(x) = 2x% g)=x*+1 (practice: the students can solve it by the same idea of 4)

Ex.letf(x)=v4—x and g(x) =v3+x Find the functions:f+g, f—g, fg and i, and find their domains.
Solution: For f(x)tobereal, 4—x>0 =-x=>-—4 :—_%S—_il =>x<4
The domainof f is x <4 or x€ (—x,4]

For g(x)tobereal, 3+x>0 =x2=-3
The domainof g is x> -3 or x €[—3,00)

f+9()=f)+9(x)
=Vi—x+V3+x

f—9x)=f(x)—gkx)
=Vi—x—V3+x

f9() =fx).9(x)
V- 3T R
=,/(4-x)3+x)
=/43B +x) —x(3 +x)
= V12 + 4x — 3x — x2
N ETr
The domainof f+g, f—g, and f.g is(—o,4] N [-3,0) = [-3,4]

g gx)
= m
Ner=s

3+x

The domain of g is x € (—3,4]
Ex. let f(x) ==, and g(x) = % find the function 5 anf find its domain.

x-1 x
Solution: For f(x)to be defined, x—1#0 =x=#1
The domainof f is x+#1 or x € (—o0,1)U (1,0)

For g(x) to be defined, x+3#0 =x=+# -3
The domainof g is x # =3 or x € (—o,—3)U (—3,0)
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fo._fx)_ x x-4 x x+3_ x(x+3)
g gx) x—1 x+3 x—1 x—4 (x—1)(x—4)

Thedomainofg is x+1, x4 and x # -3

» Composition:
Finding the Composition of Two Functions:
Ex: Find (fog)(x) for f(x)=x>—x and g(x)=3+2x

Solution: f o g(x) = f(g(x))

=f(3+2x)
(3 +2x)% — (3 + 2%)
32+2(3)(2x) + (2x)2 —3 — 2x
=94+ 12x + 4x%> —3 — 2x
=6+ 10x + 4x?

Ex. Find (fog)(x) for f(x)=+v4—x? and g(x) =+v3 —x, then find the dominof fog.

Solution: The domainof fis —2<x<2 or x€][-22]
The domainof gis x<3 or x€ (—x,3]
feogl)=f(gx)
=f(3—-x)

= /4—(\/3—x)2

=,/4-B—-x)

—Vi—3+x
v1i+x

The domainof fog is x=>—-1 and x<3 orxe€][-13]

25
Jameelah Al Shahrani mathl 14




Chapterl0
10-3 Matrix Operations &10-4 Matrix Inverse method

10-3 Matrix Operations:
» Matrix Addition:

Ex. Add:

[2
A1y 2 —5] [3 2 5

2X3 2X%X3

2 ] [ ] [2+3 -3+1 0+2]_[5 -2 2

¥l 2 -5 3 2 5 1+(-3) 242 =545 4 0
B. g ; ]

) 1 4

2X3 3x2
Because the size of the first matrix is 2 X 3 and the second is 3 X 2, this sum is not defined.

» Matrix Subtraction:
Ex. Subtract: , 3_(2) —2—2 [5 »
S N -

5-3 0—-4 2 -4
2><2
Matrix Equations:
. a b 2 -11_r14 3
Ex. Find a, b, c,and d so that [c d [_5 6]_[—2 4]
. a=-2 b-(D]_r14 3
Solution: [C—(—S) d—6 ]—[_2 4
[a—Z b+1 =[4 3]
c+5 d—6 -2 4
a—2=4 b+1=3 c+5=-2 d—6=4
a=4+2 b=3-1 c=-2-5 d=4+6
a=6 b=2 c=-7 d =10

» Multiplying a Matric by a Number:
Ex. Multiply:
3 -1 0 —2(3) —2(-1) -2(0) -6 2 0
A. —2[—2 1 3]= -2(-2) -2(1) -2(3) =[4 —2 —6]
0 -1 -2 —2(0) —2(=1) -2(-2) 0 2 4

» Finding the Product of Two Matrices:
= Product of a Row Matrix and a Column Matrix:

Ex. Multiply:
-5
A. [2 -3 0]]2 ] = [2(=5)+(=3)(2) + 0(—-2)] = [-10 -6+ 0] = [—16]
-2
1x3 3x1
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= Matrix Multiplication:

Ex. A= _il é] B=B _11 (2) (1) Cz[_zl _63] D=[; 2

Find each product that is defined:

2 1 2()+1(2) 2(-D)+1(D) 2000+ 1(2) 2()+1(0
A. AB=|1 ol [; LY e 1w 1D +om 1@ +0@) 1) +0(0)
-1 2 —1(D)+22) -1(-1D+2(1) -1(0) +2(2) —1(1) + 2(0)
3x2 2x4
[2+2 =241 042 240
=|1+0 -1+0 0+0 1+0
-1+4 1+2 0+4+4 -1+0
4 -1 2 2
={1 -1 0 1]
3 3 4 -1
B. BA = 1 0 1][ ]—productisnotdefined.
C cn—[z 6”1 2]_[ 2(1) +6(3) 22)+6(6) 1_[2+18 4+367_[20 40
: -1 =313 6l T [-1(D)+(-3)B) -1+ (-3)®6)]  l-1-9 -2-18/"[-10 -20
2X2 2x2
_[1 2][2 6]=[1(2)+2(—1) 1(6)+2(—3)] [2—2 ] [
=317 13@)+6(-1) 36)+6(-3) " l6—6 18-18
2X2 2%x2
Ex. Perform the indicated operations, if possible:
4 0] [-1 2 4+ (1) 0+2 3 2
A |-2 3|+]|0 5] -2+0 3+5 =[—2 8]
18 11 L4 -6 8+4 1+ (-6) 12 -5
3x2 3x2

5 —1 0] -1-4 0-(-6) -
B. .451 61 g._[g 5 —5]=[4—3 6—5 3—(—5)]=E ° 6]
2x3 2x3
5(-7) 5@3) 5(0) 5(9)] [
C. 5[4 —5 6 z] [5(4) 5(—5) 5(6) 5(2)]=[2305 —1255 300 ig

D. [-2 4] [_38] =[-2(3) +4(-8)] = [-6 — 32] = [-38]

10-4 Matrix Inverse method

» The Identity Matrix for multiplication: IM = MI =M
Ex [1 0 ] [1(5)+0(2) 1(3)+0(1)]=[5+0 3+0 =[5 3
) 05)+1(2) 0(3)+1(1D) 0+2 0+1 2 1
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» Finding the Inverse of a Square Matrix:

1 -
If Ais a2 X 2matrix given by A:[Z Z thenA_l:ad—bc[—dc ab]

Ex.1 Given A, find A™%,if it exists, Check each inverse by showing AA™! = I.

A. Alz[(l) 2
4™ ~ad — be [—d _b]

) 1 _ 1 9y 111 — —91 [1(1) 1(-9)
A1:1(1)—9(0)[é 19]:m[(1> 19121[3 19]:1[(1) 19]:[1(0) 1(1)]:[(1)

Check: AA‘

[ —9] [1(1)+9(0) 1(—9)+9(1)] _[1+0 -949 _[1 0 _,
o) +10) o(-9)+1()] lb+o o+11 lo 11—
-5 7

B. Az[z _3]
Solution:
4__ 1 r1d -b
Al_ad—bc[—lc a]

1 -3 =7 - —7 — —7 - - —7

Al_—s(—z)—(7)(2)[—2 -5 15—14[ 1[ 1[ ] [
Check: AA™* =1

[—5 7”—3 ] [ =5(=3)+7(=2) =57 +7(=5) _[15—14 35—35 _[1 0 _,

—3ll-2 2(-3)+ (-3)(-2) 2(-D+(-3)(-5)] l-64+46 —-14+15/"lo 1/~
C. A= [—4‘6 _21] (practice: the students can solve C by the same idea of A &B)
10 -2

p. a=[Tc 7]
Solution:
4__ 1 r1d -b
Al_ad—bc[—c a]
. 1 L 6P

10(D) - (-2)(-5) |-(-5) 10

-1 _

T10-10 [5 1o] =6[5 1o]
wad —bc =10(1) — (-2)(-=5) =10 —-10=0

A~ does not exist.
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Statistics

Frequency Distributions and Graphs:
Organizing Data:

Ex.1 Twenty-five army inductees were given a blood test to determine their blood type. The data set is

A B
O O
B B
A O
AB A
Construct a frequency distribution for the data.
Solution:
Class Tally
A 775L
B AL LS
O 7L L1
AB Yz
Total

B

B
o
O
o

AB O

AB B

A 0]

(0] AB

B A

Frequency(f)

5
7
9
4
25

Percent= £ X 100%

5/25=0.20x 100 = 20%

7/25=0.28%x 100 = 28%

9/25=0.36x 100 = 36%

4/25=0.16x 100 = 16%
100

Ex.2 Construct a pie graph showing the blood types of the army inductees described in the previous
example. The frequency distribution is repeated here.

Class Frequency Percent
A 5 20
B 7 28
(0] 9 36
AB 4 16
Total 25 100
Solution:
Class Frequency Percent Degree = 5 X 360°
A 5 20 2 % 360° = 72°
25
B 7 28 % X 360° = 100.8°
(0] 9 36 % X 360° = 129.6°
AB 4 16 % X 360° = 57.6°
Total 25 100 360°
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Blood Types for Army Inductees

Exer. Trust in Internet Information A survey was taken on how much trust people place in the information they
read on the Internet. Construct a categorical frequency distribution for the data. A = trust in everything they
read, M = trust in most of what they read, H = trust in about one-half of what they read, S = trust in a small
portion of what they read. (Based on information from
the UCLA Internet Report.)

M M MAHMSMH M
S M MM MA MM A M
M M HMMMHMUH M
A MMMHMMMM M

(practice: the students can solve this exercise by the same idea of Ex.1)

Grouped Frequency Distributions:
Ex.1 These data represent the record high temperatures in degrees Fahrenheit (%F) for each of the 50 states.
Construct a grouped frequency distribution and a cumulative frequency distribution for the data using 7 classes.

112 100 127 120 134 118 105 110 109 112
110 118 117 116 118 122 114 114 105 109
107 112 114 115 118 117 118 122 106 110
116 108 110 121 113 120 119 111 104 111
120 113 120 117 105 110 118 112 114 114
Solution:
The highest value :H =134 and the lowest value: L = 100.
The range: R = highest value — lowest value = H - L
R=134—-100=34
dth = —Lange 3t _ g
Width = number of classes 7
Class Class
Limits boundaries Tally Frequency
100-104 99.5-104.5 2
105-109 104.5-109.5 8
110-114 109.5-114.5 18
115-119 114.5-119.5 13
120-124 119.5-124.5 7
125-129 124.5-129.5 1
130-134 129.5-134.5 1
n=>) f=50
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Cumulative frequency

Less than 99.5 0
Less than 104.5 2
Less than 109.5 10
Less than 114.5 28
Less than 119.5 41
Less than 124.5 48
Less than 129.5 49
Less than 134.5 50

Exer. State Gasoline Tax The state gas tax in cents per gallon for 25 states is given below. Construct a grouped
frequency distribution and a cumulative frequency distribution with 5 classes.

7.5 16 235 17 22

21.5 19 20 271 20
22 20.7 17 28 20
23 18.5 253 24 31
14.5 25.9 18 30 315

Source: The World Almanac and Book of Facts.
(practice: the students can solve this exercise by the same idea of Ex.1)

Histograms, Frequency polygons, Ogives:
Ex. Construct a histogram, a frequency polygon, and an ogive to represent the data shown for the
record high temperatures for each of the 50 states.

Class boundaries Frequency
99.5-104.5 2
104.5-109.5 8
109.5-114.5 18
114.5-119.5 13
119.5-124.5 7
124.5-129.5 1
129.5-134.5 1
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Solution:
The Histogram:

Record High Temperatures

—_ —_ ey
nN [S2] (o=}
L L L

o
L

Frequency

99.5° 104.5° 109.5° 114.5° 119.5° 124.5° 129.5° 134.5°
Temperature (°F)

The Frequency Polygon:

Class boundaries Frequency Midpoints (x,, = 22 bGundary:Upper boundary oy _ w)
99.5-104.5 2 9945+2104.5 — 102

104.5-109.5 8 104.5;109.5 — 107

109.5-114.5 18 112

114.5-119.5 13 117

119.5-124.5 7 122

124.5-129.5 1 127

129.5-134.5 1 132

y Record High Temperatures
3

b

— —_
ol oo
] ]

1 I

—_
N
|
1

Frequency

0 l l l l l l l
102°  107°  112°  117°  122°  127° 132°
Temperature (°F)
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The Ogive:

Cumulative frequency

Less than 99.5 0
Less than 104.5 2
Less than 109.5 10
Less than 114.5 28
Less than 119.5 41
Less than 124.5 48
Less than 129.5 49
Less than 134.5 50

Record High Temperatures

50 1+ ° ad
45 +
40 + of
351
30+
25 1
20 1
15 1
10 + o
ST @

Cumulative
frequency
)

99.5° 104.5° 109.5° 114.5° 119.5° 124.5° 129.5° 134.5°
Temperature (°F)

Bar Graphs:
Ex. The table shows the average money spent by first-year college students. Draw a
horizontal and vertical bar graph for the data.

Electronics $728
Dorm décor 344
Clothing 141
Shoes 72
Solution:
First-Year College Student Spending v Average Amount Spent
$800 +
Electronics $700 1
$600 +
Dorm decor :\ $500 1
$400 +
Clothing $300 -
$200 +
shoes |1 $100 +
L L 1 L 1 L I L X SO X
$0 $100 $200 $300 $400 $500 $600 $700 $800 Shoes  Clothing ~ Dorm  Electronics

decor
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Data Description:

The Mean:

Ex.1 The data represent the number of days off per year for a sample of individuals selected from nine different
countries. Find the mean. 20, 26, 40, 36, 23, 42, 35, 24, 30

Solution: T = Htxztist 4in _ KisaXi

n n
_ X1+Xp+X3+X3+X5+Xe+X7+Xg+Xg _ 20+26+40+36+23+42+35+24+30 _ 276

— =30.7 days

9 9 9

=1

Ex.2 The data shown represent the number of boat registrations for six counties in southwestern Pennsylvania. Find
the mean. 3782 6367 9002 4208 6843 11,008
Solution: (practice: the students can solve Ex.2 by the same idea of Ex.1)

The Median:
Ex.1 The number of rooms in the seven hotels in downtown Pittsburgh is
713, 300, 618, 595, 311, 401, and 292. Find the median.

Solution:1. 292, 300, 311, 401, 595, 618, 713.
> > > T < < <

2. Median=MD=401
Ex.2 The number of tornadoes that have occurred in the United States over an 8-year period follows. Find the
median. 684, 764, 656, 702, 856, 1133, 1132, 1303

Solution:1. 656, 684, 702, 764, 856, 1132, 1133, 1303.
> > 3> Te << e

764+856 _ 1620
=== 810

2. Median=MD=

The Mode:
Ex.1 Find the mode of the signing bonuses of eight NFL players for a specific year. The bonuses in millions of
dollars are 18.0, 14.0, 34.5, 10, 11.3, 10, 12.4, 10

Solution: It is helpful to arrange the data in order although it is not necessary.
10, 10, 10, 11.3, 12.4, 14.0, 18.0, 34.5
The Mode= 10 (Since $10 million occurred 3 times)

Ex.2 Find the mode for the number of coal employees per county for 10 selected counties in southwestern
Pennsylvania. 110, 731, 1031, 84, 20, 118, 1162, 1977, 103, 752

Solution: Since each value occurs only once, there is no mode.

Ex.3 The data show the number of licensed nuclear reactors in the United States for a recent
15-year period. Find the mode.

104 104 104 104 104

107 109 109 109 110

109 111 112 111 109

Solution: The modes = 104 and 109.
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The Midrange:
Ex.1 In the last two winter seasons, the city of Brownsville, Minnesota, reported these
numbers of water-line breaks per month. Find the midrange. 2, 3, 6, 8, 4, 1

lowest value(L)+highest value(H)
2

Solution: Midrange=MR =
1+8

=28=2=45
2 2

Ex.2 Find the midrange of the following data: 18.0, 14.0, 34.5, 10, 11.3, 10, 12.4, 10
Solution: (practice: the students can solve Ex.2 by the same idea of Ex.1)

Exer. The average undergraduate grade point average (GPA) for the 25 top-ranked medical schools is listed below.
3.80 3.77 3.70 3.74 3.70

3.86 3.76 3.68 3.67 3.57

3.83 3.70 3.80 3.74 3.67

3.78 3.74 3.73 3.65 3.66

3.75 3.64 3.78 3.73 3.64

Find (a) the mean, (b) the median, (c) the mode, and (d) the midrange.

Solution:
— XXXzt x X
The mean=x = —=— L=t

n n
_ Xgtxp+x3++Xz5 _ 3.80+3.77+3.7043.74+3.70+3.86++3.64 __ 93.09 _ 3.72

25 25 25

The median=MD=

1. 3.57,3.64,3.64, 3.65, 3.66, 3.67,3.67,3.68, 3.70, 3.70, 3.70, 3.73, 3.73, 3.74, 3.74, 3.74, 3.75, 3.76, 3.77, 3.78,
3.78, 3.80, 3.80, 3.83, 3.86.

2. The Median=MD=3.73

The mode=3.70 and 3.74

lowest value(L)+highest value(H) _ 3.57+3.86 _
2 _ 2 _

The midrange= MR = 7'2£ =3.72
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