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Many students have difficulties in algebra and other types
of mathematics because they lack proficiency in basic
arithmetic skills. In Chapter 1, there is a review of these
fundamental skills. Mastery of Section 1.1 will be especially
important in providing students with the requisite skills for
being successful in the algebra portion of the course.

Course Qutcomes:
e Perform and execute basic arithmetic operations and simplify

expressions involving exponents and square roots
e Recognize and apply mathematical concepts to real-world situations

1.1 Signed Numbers and Order of Operations
Students will learn about different types of numbers, absolute value,
order of numbers, and how to perform basic arithmetic operations
with integers. Exponents and various properties of real numbers are
introduced. Mastering this section will give students important skills for
the rest of the course.

1.2 Prime Factorization, GCF, LCM
Exponents, factors, prime factors, common factors, mulfiples,
common multiples, and applications are covered. Students are
infroduced to these topics that are important when working with
fractions and some applied problems.

1.3 Fractions
Rational numbers, proper fractions, improper fractions, mixed
numbers, equivalent fractions, and simplest form are defined and
used. Students learn to do arithmetic with fractions including with
order of operations.

1.4 Square Roots
Square roots and irrational numbers are defined. Students learn to do
arithmetic operations and applications with square roofts.

1.5 Exponents and Scientific Notation
The definition of exponents is reviewed. The rules for exponents are
presented and students learn to use them. Scientific Notation is
presented and the rules of exponents are used to multiply and divide.

By Will Tenney



1.1 Signed Numbers and Order of Operations page 6

Perhaps the most typical notion of a number is what we do when we are counting.
We start at 1 and continue: 1,2,3,4,5,.. These are called natural numbers. By
adding zero to these natural numbers we get the whole numbers, which can be
expressed as a set {0,1,2,3,4,5,...}. By now we are familiar with the arithmetic
operations of addition, subtraction, multiplication, and division with whole numbers.

Integers include the whole numbers and their opposites or negatives. Fractions
and decimals are not integers. When we start talking about arithmetic with integers
(signed numbers both positive and negative) things get a little tricky. Even if
students are comfortable with arithmetic and these signed numbers, they often
make careless mistakes with negative signs. So, we will look at integers more
closely. Integers can be listed on a number line as follows.

-18-17-16-15-14-13-12-11-10-9-8 -7 6 -5 4 -3 -2 -1 0 1 2

345

6 7 8 91011121314 1516 1718

Remember: Numbers to the left on the number line are smaller than numbers to
the right.

Statement Symbolically
Negative four is less than six -4<6
Negative two is greater than negative seven -2>-7
Three is greater than negative twelve 3 >-12

The absolute value of an integer is the distance to zero on the number line.
Because distance is a positive value, we often just keep the integer positive (if it is
positive) or make it positive (if it is negative). We use two vertical lines to indicate
absolute value.

Examples
1. Evaluate |-3.  The two vertical lines indicate the absolute value of —3.

-3-3

Make the number positive and that is it. Note that the —3 is three units from zero on
the number line.

2. Evaluate 9. The two vertical lines indicate the absolute value of 5.
5/=5

Keep the number positive and that is it. Note that the 5 is five units from zero on
the number line.

By Will Tenney



1.1 Signed Numbers and Order of Operations page 7

3. Write —3,|-7, 2, —|-9, —(-3),12 in order from smallest to largest.

Steps Reason
-3 |_ 7|’ 2, _|_ 9|’ _(_ 3), 12 Simplify the numbers and write them below.

-3, 7.2 -9, 3 12 Write the simplified numbers in order from

smallest to largest by looking at a number line

-9,-3,2, 3 7 12 if needed. Write the original form in that same

Rules for adding and subtracting integers:
Steps for adding two integers (Integers are positive or negative numbers with no
fractional part):

Same sign (both numbers are positive or both are negative)
Size: add absolute values (add as if both numbers are positive)
Sign: same sign as addends (numbers being added)

Different Signs (one negative another positive number are added)
Size: subtract the absolute values
Sign: same sign as the number with larger absolute value

We should ask ourselves where these rules come from? Do they make sense?
Adding two positive numbers is familiar. When we add two negative numbers we
can take the example of adding two debts. If somebody owes one friend $5 and
another friend $6, then the person owes $11. So, - 5 + (-6) = -11.

For adding integers with different signs, we can think of money as well. Somebody
that has $5 but owes $3 really has $2, which is to say 5 + (-3) = 2. However, if
somebody has $5 and owes $8 then they have a negative $3. This would be the
same as5-8=-3 or5 + (-8) =-3. Once we accept the rules we need to apply
them with confidence.

Examples

4. Add: -15+6
Steps Reason
-15+6 Adding one positive and one negative integer
-9 Size: Subtract the absolute values. 15-6 =9

Sign: Because 15 is larger the sign is negative.

By Will Tenney



1.1 Signed Numbers and Order of Operations page 8

5. Add: -9 + (-14)

Steps Reason
-9 + (-14) Adding two negative integers. (Same sign)
-23 Size: Add the absolute values. 9 + 14 = 23

Sign: Negative for adding two negative numbers.

Steps for subtracting two integers:
Subtraction can be rewritten as adding the opposite of a number. So,
a—b=a+(-b)
Thinking of subtraction as adding the opposite lets us use the rules for
adding two integers.

Examples

6. Subtract: 7 — 15

Steps Reason
7-15 If we cannot subtract in one step, rewriting the

problem lets us discuss the steps.

7 + (—15) Rewrite subtracting 15 as adding —15

-8 Size: Take the difference of (subtract) the
absolute values.

Sign: Since 15 is larger, the sign is negative.

7. Subtract: 18 — 11

Steps Reason
18-11=7 Just do the subtraction. It would confuse things

to rewrite this problem.

8. Subtract: —7—-11

Steps Reason
—-7-11 If you cannot do it in one step, rewriting the

problem lets us discuss the steps.

-7+ (-11) Write subtracting 11 as adding —11.
-18 Size: Take the sum of (add) the absolute values.
7+11=18

Sign: Since both are negative, sign is negative.

By Will Tenney



1.1 Signed Numbers and Order of Operations page 9

The above three examples can be done in one step. By thinking of the subtraction
as adding the opposite, we can apply the rules for adding signed numbers.

When we combine subtraction with negative numbers sometimes the symbols look
awkward. Never fear, we can simplify:

Statement Symbols Simplified
The opposite of negative eight — (-8) 8
Twelve minus negative five 12— (-5) 12+5

9 plus negative seven 9+ (-7) 9-7

Making the opposite of a negative number positive and changing minus a negative
number into addition can really help to simplify some otherwise complex
expressions.

Example
9. Simplify 11 — (-2) - 18 + 4

Steps Reason

11-(-2)-18+4 Write the original problem.

11+2-18+4 Take a step to change “minus a negative” to “plus”.

13-18+4 Add and subtract from left to right.

-5+4 13 — 18 is the same as 13 + (—18). Take the difference
18 — 13 = 5 and the sign is negative.

-1 For -5 + 4, take the difference 5 — 4 and the sign is
negative.

Rules for multiplying and dividing integers:

Steps for multiplying two integers:
Size: multiply the absolute values (ignore negative signs) of the factors
Sign:
e Both positive factors yield positive product: 2 -3 =6
e Both negative factors yield a positive product: (—4)(—6) = 24
¢ One negative factor and one positive factor yield a negative
product: (-3)-5=-15

By Will Tenney



1.1 Signed Numbers and Order of Operations page 10

Steps for dividing two integers:
Same steps as multiplication except do division.

36 +(-4)=-9 Divide as if the numbers are positive.
One number negative and another positive yields a
(-40)+(-8) =5 negative quotient. (Quotient is the result of division.)

Divide as if the numbers are positive. Because both
numbers are negative, the quotient is positive.

Examples

10. Evaluate: —72+(-9)

Steps Reason
—72+(— 9)=8 72 +9 is 8. Because both -72 and -9 are negative, the
guotient is positive.

11. Evaluate —(-3)(-2)(-7).

Steps Reason
—(=3)(-2)(-7) Multiply the numbers as if they were positive. Because

there are four negative signs the product is positive.
42

12. Find the quotient of —-92 and 4.

Steps Reason
-92+4 Rewrite quotient as division.
-23 92 + 4 is 23. Because one of the numbers is
negative and the other is positive, the quotient is
negative.

The Multiplication Property of Zero:

A-0=00r0-A=0

Multiply any number by zero and get zero. For example, 3 - 0 = 0.

By Will Tenney
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The Multiplication Property of One:

A-1=Aorl-A=A

Multiply any number by one and get the same number. 1-7 = 7 We can call 1 the
identity of multiplication because it gives us what we started with when we multiply.

The Commutative Property of Multiplication:

A-B=B-A

We can multiply in either order. Both 5 - 3 and 3 - 5 are 15

The Associative Property of Multiplication:

(A-B)-C=A-(B-C)

If there is only multiplication, the numbers can be grouped either way.

(4-2)-5 4. (2-5)
= 8.5 = 4-10
= 40 = 40

Both ways we get 40.

Using the Commutative Property and the Associative property, any list of integers
that are multiplies can be multiplied in any order.

Division properties

g =0, Zero divided by any number is zero. % =0
a . . . 9
g =1, Any number divided by itself is one. 5 =1
a . . 6
1 =a, Any number divided by one is itself. 1 =6

% is undefined. Never divide by zero. It is impossible. % is undefined.

By Will Tenney
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The Addition Property of Zero:

A+0=Aor0+A=A
In other words, if you add zero you get what you started with. 5+0=5

We can call zero the identity for addition because we get what we started with
when we add 0.

The Commutative Property of Addition:

A+B=B+A

We can add in either order. Both5+ 3 and 3 +5 are 8

The Associative Property of Addition:

(A+B)+C=A+(B+C)

If there is only addition the numbers can be grouped either way.

(4+2)+5 4+ (2+05)
= 6+5 = 4+7
= 11 = 11

Both ways we get 11.

The Inverse Property of Addition

A+(-A)=0or -A+A=0

If a number is added to its opposite, the sum is 0. For example -5 + 5 = 0.

Using the Commutative Property and the Associative property, any list of integers
to be added can be added in any order. For example,

(-2)+9+12+1=9+1+12+(-2) We can change the order by the commutative
property to add in any order that we like, which
makes it easier to add here.

Being able to add or multiply in any order will be helpful in algebra. So remember:
If there is a list of numbers that is added together we can add in any order.
If there is a list of numbers multiplied together we can multiply in any order.

By Will Tenney
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Exponents can be used to write repeated multiplication. 5° =5-5-5 The exponent
of 3 tells us how many times to multiply the base, which is 5.

Examples

13. Find 2*

2¢=2.2-2-2=16

14. Find (—3)?

(=32 =(=3)(-3)=9

15. Find —42

—4? = —4 .4 = —16 This case catches many people. The trick is that the
exponent only goes with the symbol in front. So, here the exponent only
goes with the 4 and the negative sign means that 42 will be negative. If we
want a negative number to be squared, then we need parentheses like the
example with (—3)2.

The order of operations is fundamental to most problems in algebra. We need to
know them and be able to use them comfortably. The order of operations is as
follows:

Parentheses inside to outside.

Exponents.

Multiplication and division together as they appear from left to right.
Addition and subtraction together as they appear from left to right.

PwphpE

Some people remember PEMDAS to help keep the order straight. Back in the day
you may have heard Please Excuse My Dear Aunt Sally as a way to remember
PEMDAS. Eventually, we want to be completely comfortable with the above order
of operations. Be careful! Division and multiplication are at the same level. If the
division comes before multiplication as we read left to right, then we do that
division first. Addition and subtraction are similar in this. If subtraction is to the left
of addition with no other symbols or operations, we do the subtraction before the
addition.

By Will Tenney
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Examples
16. Simplify: 4 + 3(52 - 15)

Steps Reasons
4 + 3(52-15) Think about the operations that appear and their order.
4 + 3(25 - 15)
1. Work within parentheses. Evaluate the exponent
4 + 3(10) before the subtraction.
2. Keep working within the parentheses by doing the
4 + 30 subtraction.
3. Do multiplication before addition.
34 4. Add.

17. Simplify: (—6)* +4+5-(-2)

Steps Reasons
(-6 +4+5-(-2) Look at the operations: exponents, division, addition,

and multiplication. Do exponents.

36+4+5-(-2) L o ,
Do division and multiplication at the same time.

9+(-10) Adding signed numbers

-1

To check this problem you need to redo it on a separate piece of paper.

18. Simplify —12(6-8)+1°-3%-2-2(-12)

Steps Reasons
—12(6-8)+1°-32-2-2(-12) Look at the operations: multiplication, subtraction,
addition, and exponents.

_12(-2)+1° .32 2-2(~12) Work inside parentheses.

12(-2)+1.9.2-2(-12) Do exponents: ' =1 and 3 =33=9

Multiply: ~12(-2)=+24
24 +18+ 24 1.9.2=18
~2(-12)=+24
66 Add

To check this problem you need to redo it on a separate piece of paper.

By Will Tenney
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Note: In each step one operation is being performed and everything else is being
rewritten. Always rewrite everything you intend to simplify in later steps. Some
operations can be performed slightly out of order. The parentheses and the
exponents could have been done together in the last problem because addition
separates them, but be careful.

19. Evaluate:

7-3[1-(2-(-3) ]

Steps Reasons
Write minus a negative as plus first because it is
7_3 [1_ (2-(- 3) )2 ] inside the parentheses.

7_ 3[1_ (2+ 3)2] Then add, 2+3=5
Square the 5 before subtraction.
7-31-5]
7_ 3[1_ 25] Subtract in the brackets.
7 _3[_ 24] Multiply before subtracting. -3 times -24 is +72
7T+72
Add to get the answer
79

Signed numbers and the order of operations are very important throughout all of
mathematics. The order of operations gives the math world a structure to follow
and signed numbers always need attention since many careless errors involve
negative signs.

By Will Tenney
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Exercises:

Place the correct symbol > (greater than), < (less than), or = (equal to) in the [ ]
between the two numbers:

1. 7[]9

2. 5[]—4
3. —8[]-12
4. =910

5. —4[]-3
6. |-3/[]3
7. 12[]|-15|
8. |-5|[]11
9. |-6|[]14]

Order from smallest to largest:
10. |-8|,—4,0, 6,]3|,|—10|

11. 7,|-11],-1,3,|-2],|0]

12. |-3|,-9,6,|12],0,|—-14]|
13. -2,1,|-6|,-5,0, |11],|-7]

Simplify without using a calculator:

14. -3 +8

15. 5+ (=7)
16. —12+5
17. =15+ (-6)
18. -8+ (—4)
19. 18 + (—14)

By Will Tenney



1.1 Signed Numbers and Order of Operations

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

~19 + (~16)
—25+ (~17)
~12-5

15 — 22

—3 - (=11)
—20 — (—11)
—10 — 12

12 — 24
—8—(—17)
—14 — (-9)
—6-(=9)
5-(-9)
—-8-(=7)
—4-10
9-(-3)
7.9

9. (-8)

81 + (=9)
35 + (=7)
—72+8
—64 + (—8)
—49 + 7

—63 =+ (=7)

By Will Tenney
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1.1 Signed Numbers and Order of Operations

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

S57.

58.

59.

60.

61.

62.

63.

64.

65.

100 + (=5)

—36 = (—4)

53

62

(—4)?

—23

(-8)?

—32

—24

(-7)?

2+5(3)

15-3-4

3418+ (=3)
—5— (—12) + (—4)
4 —(=21) = (=3)
7 +2(10 — 8)
—3-5(3+2)
8—5(3—7)
~10-4(3-7)
(5-2%-(3*-6)
(3-4%) — (23 - 10)
8—4[3(5-2) - (2—4)]

3+ 2[4(2 — 3%) — 2(5 — 42)]

By Will Tenney
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1.1 Signed Numbers and Order of Operations page 19

66. 6+ 5[2(5 — 23) + 3(—20 + 5%)]

67. 12 — 3[3(8 — 23) — 2(15 — 3?)]

68. 3(5—2%) —4(32 - 12)

69. 3{5 —2[-5—(-8)] = 3[-2* +4(5 - 2)]}
70. —=2{3[5 + (=7)] — 4[-2* + 2(-3)*]}

71. —4{2[-3+ (=7)] — 4[23 + 4(-2)*]}

For 72 and 73, remember that when we borrow or spend money we can use
negative numbers and when we receive money we can use positive numbers.

72. Jack starts the weekend with $20. He then borrows $7 from each of six
different friends and spends the money immediately. Another friend pays Jack
back $15. Jack also spends $40 over the weekend. How much money does Jack
have at the end of the weekend?

73. Maria started the month with $800. Each of the four weeks she spent $230 on
household expenses. For the month she spent $275 on entertainment and eating

out. How much did she have to borrow from her roommate to make it to the end of
the month?

74. A diver goes down 20 feet in the first 5 minutes, 25 feet the second five
minutes, and then 11 feet the next five minutes to reach the bottom. When the
diver comes up he moves 8 feet every 5 minutes and he stops for 3 minutes every
8 feet. How long does it take the diver to go down? How long does it take the diver
to return to the surface?

75. Rome was founded in 753 BC. The United States declared independence in
1776 AD. Use the appropriate negative number with subtraction to find the
difference in time between the founding of Rome and the Declaration of
Independence. Hint: Do not forget to take into account that there is no year 0 since
we went from 1 BC to 1 AD.

By Will Tenney



1.2 Prime Factorization, GCF, LCM page 20

Exponents can be used to write repeated multiplication. 3* =3-3-3-3 The
exponent of 4 tells us how many times to multiply the base, which is 3.

Factors are multiplied to get the product. Since 3-5=15, 3 and 5 are factors of 15.
Also, 1 and 15 are factors of 15 because 1-15=15. In the end 1,3,5,15 are all
factors of 15.

Prime numbers have only two whole number factors which are 1 and the number
itself. Examples of prime numbers are 2,3,5,7,11,13,17,19,23,29,31,...

We can write the prime factorization of a number by dividing the number by prime
factors repeatedly.

Example
1. Find the prime factorization of 150.
75
2)150 Begin by dividing by the smallest prime number 2.

25
37

2)150 Divide by the next prime number 3.

5
525
2 J75

2 )150 Divide by the next prime number 5.

When the last factor is prime, we stop. The prime factorization is the product of the
factors (or divisors) 2,3,5, and the remaining prime factor 5.

Since the 5 is a factor twice, the prime factorization is 2-3-5°.

Note: 2,3, and 5 are all prime numbers and the product 2-3-5° =2-3-5.5 does
equal 150.

The multiples of a number have the number as a factor.

Multiples of 6 are: 6, 12, 18, 24, 30, 36, 42, 48, 54, 60, 66, 72, ...
Multiples of 9 are: 9, 18, 27, 36, 45, 54, 63, 72, 81,...

Common Multiples are multiples of two or more numbers.

The common multiples of 6 and 9 are 18, 36, 54, 72, ...

By Will Tenney
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The Least Common Multiple (LCM) is the smallest common multiple. The least
common multiple of 6 and 9 is 18.

Note: The least common multiple of 6 and 9 is always at least as big as the larger
of the numbers. 18 is a multiple of 6 because 6 - 3 = 18, and 18 is a multiple of 9

because 9 - 2 = 18.

To find the Least Common Multiple we can look at the multiples of the larger
number until we find a multiple of the smaller number. We should also be able to
find the LCM by first taking the prime factorization.

Finding the LCM by using the prime factorization:

1. First find the prime factorization as above.
2. Write all prime factors once and ignore the exponent.
3. Go back and chose the largest exponent for each of the prime factors.

Examples
2. Find the least common multiple of 36 and 30 by first finding the prime
factorizations.
Steps Reasons
3 Prime factorization of 36:
3)9
> 118 Divide by 36 by 2 because 2 is the smallest prime factor. Keep
[ dividing by the smallest prime factor until the remainder is
2 )36 prime.
36=2%.32 The divisors and remainder make the prime factorization of 36.
5 Prime factorization of 30:
3)15 Divide 30 by 2 because 2 is the smallest prime factor. Keep
2 m dividing by the smallest prime factor until the remainder is
prime.
30=2-3-5 The divisors and remainder make the prime factorization of 30.
2-3-5 Write all prime factors once and ignore the exponent.
22.32 .5 The largest exponents for the 2 and 3 are two from the prime
factorization of 36
180 Multiply 2?-3%-5. So, 180 is the LCM of 36 and 30.

By Will Tenney



1.2 Prime Factorization, GCF, LCM page 22

3. Find the least common multiple of 8, 12, and 27 by first finding the prime
factorizations.

Steps Reasons
2 Prime factorization of 8:
2ﬁ Divide 8 by 2 because it is the smallest prime factor. Keep
9 >_8 dividing by the smallest prime factor until the remainder is
prime.
g=2° The divisors and remainder make the prime factorization of 8.
3 Prime factorization of 12:
2)6 Divide 12 by 2 because it is the smallest prime factor. Keep
212 dividing by the smallest prime factor until the remainder is
prime.
12=223 The divisors and remainder make the prime factorization of 12.
3 Prime factorization of 27:
3)9 Divide 27 by 3 because it is the smallest prime factor. Keep
3797 dividing by the smallest prime factor until the remainder is
prime.
27=3° That is the prime factorization of 27.
2-3 Write all prime factors once and ignore the exponent.
2%.3° The largest exponent for the 2 is the three from2°® =8 and the

largest exponent for the 3 is the three from 3° = 27.

216 Multiply 2°-3%. So, 216 is the LCM of 8, 12, and 27.
Factors of a number divide the number evenly.
The factors of 12 are 1, 2, 3, 4, 6, and 12.
The factors of 30 are 1, 2, 3, 5, 6, 10, 15, and 30
The common factors of 12 and 30 are 1, 2, 3, and 6.
The Greatest Common Factor (GCF) of 12 and 30 is 6.
Careful, students tend to confuse Least Common Multiple and Greatest Common
Factor. The Greatest Common Factor is always smaller than the numbers because

it is a common factor for the numbers. The Least Common Multiple is always larger
than the numbers because it is a common multiple of the numbers.

By Will Tenney



1.2 Prime Factorization, GCF, LCM page 23

Finding the GCF by using the prime factorization:

1. First find the prime factorization as above

2. Write all the common prime factors once and ignore the exponent.

3. Go back and chose the smallest exponent for each of the prime factors.

The only change is that now we use the smallest exponent for each factor.

Example:
4. Find the greatest common factor of 24, 48, and 72 by first finding the prime

factorizations.

Steps Reasons
3 Prime factorization of 24:
2% Divide 24 by 2 because 2 is the smallest prime factor. Keep
ZE dividing by the smallest prime factor until the remainder is prime.
2 )24

24=2°%.3 The divisors and remainder make the prime factorization of 24.

3 Prime factorization of 48:
2% Divide 48 by 2 because it is the smallest prime factor. Keep
ZE dividing by the smallest prime factor until the remainder is prime.

2 J2d
2 Y

48 =2%.3 That is the prime factorization of 48.

3 Prime factorization of 72:
3ﬁ Divide 72 by 2 because it is the smallest prime factor. Keep
ZW dividing by the smallest prime factor until the remainder is prime.

2 Ja6
2 72

72 =23 .32 That is the prime factorization of 72.

2-3 Write all common prime factors once and ignore the exponent.

23.3 The smallest exponent for the 2 is the three from the 24 and the
72. The smallest exponent for the 3 is one from the 24 and 48.

24 Multiply 2°-3. So, 24 is the GCF of 24, 48, and 72.
Note: 24, 48, and 72 all have 24 as a factor.

By Will Tenney
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Exercises:

1. Find the prime factorization of 36.

2. Find the prime factorization of 45.

3. Find the prime factorization of 100.

4. Find the prime factorization of 360.

5. Find the prime factorization of 220.

6. Find the prime factorization of 720.

7. Find the least common multiple (LCM) of 18 and 45.

8. Find the least common multiple (LCM) of 42 and 70.

9. Find the least common multiple (LCM) of 120 and 216.

10.Find the least common multiple (LCM) of 24, 42, and 60.

11.Find the least common multiple (LCM) of 84, 108, and 120,

12. Find the least common multiple (LCM) of 504, 756, and 924.

13.Find the greatest common factor (GCF) of 18 and 24.

14.Find the greatest common factor (GCF) of 45 and 63.

15. Find the greatest common factor (GCF) of 168 and 280.

16.Find the greatest common factor (GCF) of 36, 90, and 108.

17.Find the greatest common factor (GCF) of 84, 168, and 252.

18.Find the greatest common factor (GCF) of 162, 270, and 486.

19.For a school lunch program, fruits can be bought in lots of 42, small boxes of milk can
be bought in boxes of 30, and sandwiches can be bought in packages of 18. If each

student receives one fruit, one box of milk, and one sandwich, what is the least number
of students that can be served so that there are no leftover fruits, milk, or sandwiches?
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20.Alonso can drive around a race track in 6 minutes and Hamilton takes 8 minutes to
drive around the same track. If they both start at the same time, how long will it take
until Alonso and Hamilton pass the starting point together?

21.Jeff has 72 exams and Jack has 48 exams to grade. Both Jeff and Jack want to put
their exams in equal sized groups so that the teaching assistants can grade the exams
for them. What is the largest number of exams that they can put in each group so that
each group is the same size?

22.Miss Olga has 90 lollipops, 126 candy canes, and 108 chocolate bars that she wants to
give away in her classes. If she wants to split each of the candies into same sized piles
with none leftover, what is the largest number of lollipops, candy canes, and chocolate
bars that she can have in each pile?

By Will Tenney
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Rational numbers are numbers that can be written as a quotient (or fraction) of
two integers. Remember, integers are whole numbers and their opposites or

: : : 17
negatives. Examples of rational numbers include 23 5 -11,4%, 0, etc.
The integers are all rational numbers because they can be written as a fraction of

. , -11
integers. For instance, 5=% and —11:T.

Fractions are used to represent equal parts of a whole.

There are 4 out of 9 of the equal-sized boxes are shaded. We can represent the
. .4 .
shaded part of the whole figure as the fractlong. Here, the numerator is 4, and

the denominator is 9.

Proper fractions have a value less than one.
: 2 3 7 .
Examples of proper fractions are 31 The numerator is less than the

denominator.

Improper fractions have a value greater than or equal to one.
. : 5719 :
Examples of improper fractions are 373 The numerator is greater than

or equal to the denominator.

Mixed numbers have a whole number part and a proper fraction part.
Examples of mixed numbers are 31,52 11-Z. The value of the mixed number

is the sum of the whole number and the proper fraction. So, 33 =3+1%,
52=5+2 and 115 =11+%

Writing a mixed number as a improper fraction:
1.New Numerator:

Multiply whole number by the denominator and add the numerator.
2. New denominator:

Keep old denominator.
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Example

1. Write 5% as an improper fraction.

Steps Reasons
5-3+2=17 Multiply whole number by the denominator and add the
numerator.
17 Keep old denominator.

3

This process works because5Zmeans5+%. To add the fractions we need a

: : 2 : :
common denominator, which we do as follows %g+§ Looking at how fractions

are added shows us why we multiply 5-3+ 2to get the new numerator and keep
the old denominator when changing the mixed number to an improper fraction.

Write an improper fraction as a mixed number
Do long division.
The mixed number is quotient remainder

divisor

Example

2. Write % as a mixed number.

Steps Reasons
6rl Do long division. Write the remainder of 1 over the 6, which is
6)37 called the divisor. To get the fractional part of the mixed number
—36
1
65 For the mixed number write quotient =229

divisor

To convert mixed numbers to decimals

Keep the whole number part and divide the fraction to get the decimal part. If the
fraction is a repeating decimal, identify the block that is repeating and put a line
over it.
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Example

3. Convert 5% to a decimal number.

Steps Reasons
55=5+¢ Split the mixed number into a whole number and the fraction
part.
77
9)7.0000
—-63 Divide the fractional part. When the remainder is the same
70 as in a previous step in the division, the decimal part
repeats.
_63 P
70
- 63
Write the whole number part, decimal point, and fractional
5.7 part as a decimal. Since there is a repeating block for the
decimal part, draw a line over it to show that it repeats
forever.

To convert decimals to fractions
Decimals can be thought of as fractions with a whole number in the numerator

(top) and the place value of the digit farthest to the right for the denominator
(bottom).

Example

4. Convert 0.325 to a fraction.

Steps Reasons
325 The last digit is the thousandths. Write the decimal part
1000 as a fraction with 1000 in the denominator.
5.5.13 Factor and cancel the common factors.
5.5.40
13 Write the simplified fraction.
40

By Will Tenney
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. . 1320 50 .
Equivalent fractions have the same value. —,—,—,—— are all equivalent
2 6 40 100
fractions. When we multiply a fraction in the numerator and denominator by the
same number, we are not changing the value of the fraction.

% = %g =g 3 is one. Multiplying by one does not change the value.
1 12 2 20 . i

—= 1.20 = 20 20 Is one. Multiplying by one does not change the value.
2 2 20 40 20

1 1 . .

—=— 0 = >0 20 Is one. Multiplying by one does not change the value.
2 2 50 100 50

To write in simplest form we are going in the opposite direction. We cancel the
common factor.

Example

5. Write ;—(5) in simplest form.

Steps Reasons
20 4.5 Factor numerator and denominator using the Greatest
25 5.5 Common Factor (GCF).
4.5 4 . 5
55 = c Cancel the common factor, which is 5. Remember, 5 =1

Write the simplified fraction.

SIES

Multiply fractions:

C

_ac
b-d

a,
b

oo

To multiply fractions, we multiply straight across. The numerators are multiplied to
get the new numerator and the denominators are multiplied to get the new
denominator. However, instead of just multiplying across it is easier to cancel any
common factor in the numerator with any common factor in the denominator in the
beginning.
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Examples
. 24 .
6. Multiply: %E First we show the longer way and then afterwards we will show

that the short-cut gives the same answer.

Steps Reasons

5 24 The longer way is to start by multiplying the two numerators
12 25 and multiplying the two denominators.

5-24 Multiply the numerators and denominators.
12-25
120 Do arithmetic.
300
2-60 Find the Greatest Common Factor (GCF).
5-60
2 When we cancel the common factor we get the answer in
5 reduced form.

There is an easier way to multiply fractions. Instead of multiplying and then
cancelling common factors, we can cancel before multiplying, which lets us cancel
the numbers while they are smaller.

5 24
7. Multiply: —-—
Py 12 25
Steps Reasons
54
12 25
24 and 12 have a common factor of 12. So, we cancel the
15 242 factor in the numerator and denominator.
ﬂ‘%s 5 and 25 have a common factor of 5. So, we cancel the 5 in
the numerator and denominator.
2 When we cancel the common factors, we get the answer in
g reduced form.
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. 51 8
8. Find the product of ——,=,and ——
12 '3 15
Steps Reasons
5(1 8 Product is the result of multiplication. Since two factors
123\ 15 are negative the product is positive.
5 124 Drop all negative signs because the product is positive
3.4 3 3.5 when there are two negative factors. Factor so that we
can cancel common factors.
1.2 Cancel a common factor of any numerator and any
3.3.3 denominator. The 5°s cancel and the 4’s cancel.
2 Multiply numerators and multiply denominators.
27

The easiest way to multiply and simplify is by canceling a common factor as you
go.

/151;(1](/32 J 2 8 and 12 have a common factor of 4. 5 and 15 have a
3

=— common factor of 5.
; 15, ) 27

Dividing fractions:

a

a ¢ ad p ad

——=—-— 0or —=—-—

b b c cC bec
d

To divide fractions we take the reciprocal of the divisor and multiply. That is to say
we flip the fraction after the + symbol and multiply (or flip the fraction in the
denominator).

Examples
9. Divide §_ﬂ
8 16
Steps Reasons
3 16 Multiply by the reciprocal of the divisor. In other words, flip the
8 9 second fraction and multiply.
3 82 Factor to cancel common factors.
8 3-3
2 3’s and 8’s cancel.
3
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10. Find the quotient of -3 and 3%.

Steps

10
11

Reasons

Quotient indicates that we are dividing.

Write the mixed numbers as improper fractions. A negative
number divided by a positive number is negative.

Multiply by the reciprocal of the divisor. In other words, flip
the second fraction and multiply.

Factor in order to cancel the common factor of 19.

Cancel the common factor 19.

The answer is a reduced proper fraction. If the answer is an
improper fraction, we need to do division in order to write
the answer as a mixed number. Keep the negative sign!

Deciding the order of fractions (< or >) :
1. Write equivalent fractions with the same denominator. We are looking for
the least common multiple (LCM) of the denominators.
2. Compare the numerators.

Example

13

7
11. Place the correct symbol < or > between — — .

Steps

NN
H|H
ol

oo |~
[e<RIEN]

14 13
—_ > —_
16 16

7 13

8 16

By Will Tenney

8 16

Reasons

16 is the Least Common Multiple (LCM) of the
. LT . :
denominators. So, we write 3 as an equivalent fraction

with denominator of 16

The larger numerator is the larger number if the
denominators are the same.

Write the original fractions with the correct order.
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Adding fractions:

1. Find the least common denominator (or LCD) of the denominators.

2. Get the LCD for every fraction by multiplying the same numbers in the
numerator (top) and denominator (bottom). That way the fractions are
equivalent.

3. Add numerators and keep the common denominator.

If we add gandg , We get gas in the picture of the shaded squares:

There are seven out of nine shaded regions (or g) when we add the four shaded

regions to the three shaded regions.

Examples
12. Add §+l
8 6
Steps Reasons
3,1 1. Find the LCD of 8 and 6, which is 24
6 because 24 is the least common

multiple of 8 and 6.

33 14 _

——t == 2. Get the LCD by multiplying the same

83 64 numbers in the numerator (top) and
denominator (bottom).

9 4

ﬂJrﬂ 3. Add numerators and keep the common
denominator.

13

24
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13. Find the sum of ——,—,and —
46

Steps

3(3) 5(2
—=| = [+=] = |+
4\3) 6\2

9,10 .8
12 12 12
-9+10+8
12

\9\3

ﬂ4

3

4

By Will Tenney
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35 2

3
Reasons
Sum means we add.

4

2(4) We need to get the Least Common Denominator

(LCD), which is 12. Multiply the numerator and
denominator by the same number.

Do the multiplication in the numerator and
denominator.

Add the numerators and keep the LCD

Do the addition and simplify the fraction by
cancelling the common factor of 3.

Write the answer.

e

Reasons
Change minus a negative to addition.

Get the LCD. By multiplying the same number in the
numerator and denominator.

Multiply in the numerator and the denominator

Add the numerators. Keep the negative sign in the
numerator. Keep the LCD

Do the addition.

Simplify by factoring out the greatest common factor of 2
and cancel the common factor to get the answer.
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15. Add 71-42

Steps

23

108 70

15 15

38

15

28

15

15)38

page 35

Reasons

Convert the mixed numbers to improper fractions:
7-5+1=36 and 4-3+2

Get the LCD. By multiplying the same number in the
numerator and denominator.

Multiply in the numerator and the denominator.

Subtract the numerators and keep the LCD.

Divide to change the improper fraction to a mixed
number.

Write the answer.

For exponents and fractions just write out the multiplication.

Examples

3 3
16. Evaluate (Zj

By Will Tenney

Reasons

% is multiplied by itself three times.

Write out the multiplication.

Multiply the fractions by multiply the numerators and the
denominators. There is no common factor to cancel.
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17. Evaluate (-21)

5

Steps Reasons
(_ 2%)2 The —21is multiplied by itself twice

(-21)-21)  Write out the multiplication.

11Y 11 Write the mixed numbers as improper fractions. The product of
T\ = two negative numbers is positive. So, we can drop the negative

5N\ 5 ,
signs.
121 Multiply the fractions.
25
421 Rewrite as a mixed number by dividing.

Things can get a little tricky when we have complex fractions or lots of operations
to perform. The key is to do the same operations in the same order as one would
with whole numbers. Since the arithmetic operations with fractions are more
complicated, you may need to work out the fractions on the side. For instance, 2+3
can be done in your head and poses no problems in the middle of a more
complicated problem. However, 21+ 31 is difficult to do mentally since it requires

several steps.

When doing the next few examples it is important to keep in mind the order of
operations.

The order of operations is as follows:
1. Parentheses inside to outside.
2. Exponents.
3. Multiplication and division together as they appear from left to right.
4. Addition and subtraction together as they appear from left to right.

Some people remember PEMDAS to help keep the order straight.

Examples
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2_3
ey 3 4
18. Simplify 1 3
i_i_f
2 5
Steps Reasons
2 3 The key to this problem is to treat it like three problems. First
3 4 subtract in the numerator. Second add in the denominator. Third
1 3 do division.
i_l’_f

The numerator is one part of the fraction and the denominator is
(3_4j another part. So, we can place parentheses around the numerator
71 3y and denominator, which helps us see the order of operations.
( j Normally, we would not take this step to write the parentheses.

First do the subtraction in the numerator. Second add in the
denominator. You may do these two steps neatly to the side or at
the same time that you do the subtraction in the numerator.

_1

12 2.3 1.3

11 3 4 25

10 24 33 1532
34 43 and 25 5 2
8_9 5.6
12 12 10 10
1 1
12 10

Put the fractions in the numerator and denominator. Now, there is
a fraction divided by a fraction.

1 10 Multiply by the reciprocal of the denominator. (Flip the bottom
12 11 fraction and multiply.)

_1.2-5
2:6-11 Factor and cancel the common factor.
5
66 Multiply in the numerator and denominator.
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5
... 2 35 5
19. Simplify =+ —~=>>-+—
Py 3 g_ 1 36
5
Steps Reasons
5 The key is to break this problem down into smaller
2 13 5 problems. The first step is to simplify the complex fraction.
—_— = =
3 5_1 36
5
Do subtraction in the denominator on the side. Just ignore
%until the subtraction is complete.
5.1
5 5
2,3 .5
3247 36 5_1
5 5 5
24
5
When the subtraction in the denominator is finished put
24 . :
the — back into the complex fraction.
5
L 2 5 5 25
Do division; 36 = >. 2 _ 22
2,2 .5 24 36 24 864
3 864 36 5
Put the fraction back into the original problem.
2 N 25 36 Rewrite the division as multiplication.
3 864 5
2 N 25 36 Cancel the common factors of 36 and 5.
3 864 5
2 8 . 5 Add fractions by getting the LCD.
38 24

16 5 21 o 7  Add numerators, keep the LCD, and then simplify if

54 22" 22% g possible.
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2 3
20. Evaluate 3[% (—Ej
6 5
Steps

D

2

15

By Will Tenney
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Reasons

Write the whole number as an improper fraction.
Rewrite the fractions without exponents.

Three factors are negative. So, the product is
negative. Cancel the common factors.

The two is left in the numerator. Multiply the
remaining factors in the denominator.
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Exercises:
Write as an improper fraction:

1. 3t
2. 22
3. 68
4. 122
5. —5¢
6. —42
7. —152

Write as a mixed number:

112

10.—
6

11.Z2
9

—38

12.—
7

13.- %

12

14. -2

15

Convert to a decimal number:

15.2
8

By Will Tenney
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19.31
5
20.8
25
21.-12>
16
22 —142
24
23.-16>
9
24,712
27
25.322
6

26.—15 =

Convert to a fraction:
27.0.57

28.0.725

29.5.32

30.4.75

31.0.562

32.0.375
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Write in simplest form:
33.2
28
34.2
48

125

35.—
150

121

36.—
165

84
37'@

38.2%
90

Simplify by multiplying, dividing, adding, subtracting and using the order of
operations when appropriate:

41.L.2
27

42

8 3
42.- 2.2
27 16

B85 (%)
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48.(-19)- (-39

49.5!- (-72)

50.—102. 28

51.(~62) (—43)

12 6
2. =+ —
25 ' 15
9 27
53.—+=
14~ 35
22 33
54—+ —
42 " 54
8 16
55.——+—
27 ' 81

4

59.—4=

28

60.42 + 22
61.55+ 33
62.7% + (—29)
63.—121 + 62

64.—5% = 2;
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65.—-32 + (—111)

66.—3Z -+ (—102)

67. (2)2

0. (2)

69. (- ;)2

70.(3Y)°

71.(-22)°

72.(-12)

73242
7 7
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825~ (- 1)
8.3~ ()
84.3: - 11
85.25 + 112
86.7; + 22
87.42 - 8¢
88.92 — 122
89.32+42
90.5% + 3~

91.3! — 52

By Will Tenney
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Find the answer:

. 5 7 9
101. Find the product of EETE and e
102. Find the quotient of 53 and —3: .

103. Find the sum ofg , % , and —% )
104. Find the difference of % and % )

105. Find the quotient of % and % .

106. Find the sum of 32, =52, and —32.
107. Find the difference of —42 and 2= .
108. Find the product of —23, 5%, and —32 .

109. |If it takes 122 gallons of gas to fill a car’s tank, how much gas does it take to

fill 2 of the tank with gas?

110. |If it takes 152 gallons of gas to fill a car’s tank, how much gas does it take to

fill 2 of the tank with gas?
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If we square a whole number, we get what is called a perfect square:

Whole Number  Perfect Square = Whole Number

Squared
0 0 02
1 1 12
2 4 22
3 9 32
4 16 42
5 25 52
6 36 62
7 49 72
8 64 82
9 81 92
10 100 10?
11 121 112
12 144 122

If we know our multiplication table, we should be able to remember this table as
well. Squaring is going from 7 to 49 because 72 = 49. Taking the square root is
going in the opposite direction from 49 to 7.

The square root of a number a is the number whose square is a.
Symbolically, ¢ is a square root of a if c*> =a

For example, the square roots of 9 are 3 and -3 because 3° =9 and (-3)* =9.

The symbol \/_ refers to the positive square root. So, J9=3.We generally will not
worry about the negative square root.

Examples

1. Find /25

25 =5 because 5° = 25

2. Find /64

\J64 =8 because 82 =64
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3. Find /20

J20 is not a perfect square. So, there is no whole number square root.
We can use a calculator to get an approximation 4.4721...

For a whole number the square root is either:

1. another whole number like +/25 =5 and /64 =8
2. an irrational number

An irrational number cannot be written as a fraction of integers. If we try to write an
irrational number as a decimal number, it goes on forever without repeating, which
is impossible to write. A classic example of an irrational number is &, which goes on
forever without repeating. = is about 3.14159..., but if we want to indicate its exact
value we need to use the symbol =. Many square roots are similar, but we can
simplify many of them.

Product Rule for square roots:
Jab =+a-b

To simplify square roots factor out a factor that has a perfect square.

Examples
4. Simplify +/20
Steps Reasons

J20 Look for a factor of 20 with a square root. We can guess and
check from the list of perfect squares above.
Take the square root of

V45

245

2.5 Here we have the “simplified” form because we have pulled out as

much as we can from underneath the square root.
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5. Simplify: /180

page 49

V180 = \/_ ) \/_ The idea is to factor 180 so that one factor has a root that is a

5
e

V180 =365
6v5

6. Simplify: 5v162

whole number and the other factor does not.

Most of us do not see that 36 is the largest factor of 180 that
has a whole number root. Try the following:

1. Find the prime factorization

2. Group the pairs of factors in the prime factorization.
(22:3%)(5)

3. These pairs of prime factors will have a square root. (22 -

32)(5) = (36)(5)

36 has a square root and 5 is left-over

This is the simplified form. We have pulled out as much as we
can from under the square root.

V162 = \/_ ) \/_ The idea is to factor 162 so that one factor has a root that is a

5.81/2
592

45./2

whole number and the other factor does not.

Most of us do not see that 81 is the largest factor of 162 that has
a whole number root. Try the following:

1. Find the prime factorization

2. Group the pairs of factors in the prime factorization. (3*)(2)

3. These pairs of prime factors will have a square root.

(BN =BD(2)

81 has a square root and 2 is left-over

We have pulled out as much as we can from under the square
root.

Multiply the numbers.

Multiplying roots by using the same rule as we used to simplify: Ja/b=+a-b
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Examples

7. Multiply ~/15 - /30

Steps Reasons
J15-4/30 First multiply the parts under the square root because of the
rulea-/b =+/a-b
/450 If you do not see that 225 is a perfect square factor of 450,
finding the prime factorization may help.
N225 /2 :
V2 450 =2-3%.5° So, 3*-5° = 225will have a square root. Also
s guessing the part of the expression that does not have a
15v2 square root (2,3,5,6,7,8,...) and using your calculator will often
work.

A good trick is to multiply numbers under the root (inside the house) and multiply
the numbers outside of the root (outside of the house).

8. Multiply 36 - 510

Steps Reasons
3.6 - 5410 =154/60 The original problem is 3 times J6 times 5 times /10 .

Because the only operation is multiplication we can
multiply in any order (commutative property).
=15V4415 Multiply under the square root (6-10=60) and multiply
outside of the square root (3:5=15).
_15.2.15 Simplify square root of 60 because 4 is a perfect
square factor of 60.

=30 415

Distributive Property:

a(b+c)=a-b+a-c

We can use the distributive property when multiplying roots.
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To add and subtract square root expressions we need to think of like terms.
The root must be exactly the same. Then add or subtract the numbers in front
(coefficients) and keep the same root part. It works as follows:

5.3 +2/3 =73 Add the numbers and keep the same root part just like we do
5X + 2X = 7X with variables.

For 32 +8y3 We cannot simplify further because the numbers under the square
root (radicands) are different.

Examples
9. Multiply: 3\/5(2\/§+\/§)

Steps Reasons

3\/3(2\/3 + ﬁ)z 3.5 .2/5+3J5 -2 We cannot add inside the parentheses.
Use the distributive property to multiply

both terms inside the parentheses by

= 625+ 3410 the 35, which is outside of the
parentheses.
=6-5+3.10

Multiply under the square root (5-5=25
and 5-2=10). Multiply outside of the

=30+3.10 square root (3-2=6 and 3-1=3).
Simplify the first root.

10. Simplify: 350 —2+/18 + 4./98

Steps Reasons
Since there are different numbers under the
square root (radicands), we cannot collect like

3./50 — 24/18 + 4+/98 terms right away.

1. Simplify each root by finding a factor that is a

3252 - 24942 + 44492 perfect square.

2. Take the square root each perfect square.

3542 —23J2 + 472
3. Multiply.

152 —6+/2 + 2842

4. Now the roots are exactly the same. So, add
and subtract the numbers and keep the J2

3742
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Exercises
Simplify by finding the square root. If the square root is not a whole number, use a
calculator and round to the thousandth.

1. V49
2. /81
3. V64

6. V731
7. V157

8. 3412,895
9. 21,/45,693

Simplify by finding a factor that is a perfect square.
10. V75

11.v32

12.4/108

13./128

14.8v28

15.5v27

16.3vV63

17.15v242
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18.21V147

19.V15 - /6

20.4/35- V10
21.4/30-V70
22.421-V7

23.7V6- 78

24.4/8 - 3V14
25.7v/24 - 5V36
26.5v10 - 6v20
27.4/5- (V15 +V5)
28.4/3 - (V27 +V6)
29.V7 - (V14 —7)
30.V6 - (V10 —v2)
31.3V5 - (2V5 + 3V15)
32.4V7 - (2V21 — 6V7)
33.7V2 - (5V6 — 4v2)
34.6vV10 - (3v15 + 4V6)
35.4vV3 + 7V3 - 2V3
36.8V7 — 2V7 + 47

By Will Tenney
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37.3V5 + 65 — 74/10
38.9v6 — 11V2 + 15v6
39.12V12 + 3127 — 475
40.3v45 — 12+/125 + 24/80
41.7+/32 + 850 — 10v72
42.15V/108 — 12v/147 + 275

For the next two problems, the velocity (v) of a Tsunami in kilometers per hour can

be modeled by the formula v = 100 + 9.8v/D where (D) is the depth of the water
measured in meters.
43.a. If the depth is 5000 meters, find the velocity of the tsunami in kilometers per

hour to the nearest hundredth.

b. If the depth is 600 meters, find the velocity of the tsunami to the nearest
hundredth of kilometers per hour.

c. What is the effect on the velocity of the Tsunami as the depth decreases?

44.a. If the depth is 3000 meters, find the velocity of the tsunami in kilometers per
hour to the nearest hundredth.
b. If the depth is 200 meters, find the velocity of the tsunami to the nearest
hundredth of kilometers per hour.
c. What is the effect on the velocity of the Tsunami as the depth decreases?

For the next two problems ignoring air resistance, the time (t) in seconds that it

takes a dropped object to fall can be modeled by t = +/0.204 - d where the distance

(d) is measured in meters.

45.From the top of the Empire state building to the ground below it is 381 meters.
Ignoring air resistance, find the time that it takes for an object to fall 381 meters
to the nearest tenth of a second.

46.From the top of the antenna of the Burj Khalifa in Dubai to the ground below it is

828 meters. Ignoring air resistance, find the time that it takes for an object to fall
828 meters to the nearest tenth of a second.
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Exponents can be used to write repeated multiplication. 3* =3-3-3-3 The
exponent of 4 tells us how many times to multiply the base, which is the 3. There
are several rules for exponents, which help us to manipulate complicated
exponential expressions. After each rule, there is a quick example to help show
why the rule is true.

Rules for Exponents:

1. x™-x"=x""
Example: 3°-3'=(3-3)-(3-3-3-3)=3". It is easier to add the 2 and 4 to get the 6.
2. (xm)n =x""

Example: ( 3)2 = (53X53): (5-5-5)5-5-5)="5". Itis easier to multiply the exponent
outside the parentheses by the exponent inside the parentheses.

3. (xmy”)p =x"Py"P
Example: (73.9*) =(7°.9*)7°.9*)=(7.7-79999)7-7.79999)=7° .9 Itis

easier to multiply the exponent outside the parentheses by the exponents inside
the parentheses: 3-2=06Iis the exponent for 7 and 4-2 =8is the exponent for 9.

4, —=x""
3 3.3.3.3.3:3 . .
Example 7 = 33 =3.3.3-3=3". Itis easier to subtract 6 — 2 to get 4.
5 x°=1
Example:
10° Any number divided by itself is one. (Except for zero.)

- 10°

=10°"° By the rule above

=10° Subtract5-5=0

So, 10° =1 which works for any base except 0.
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6. x" :in
X
Example:
1 5° Rule 2 saysx’ =1. So, 5° =1
5 5
=508 Rule 1.
=573 Subtract 0 — 3 =-3

It should be noted that there are some restrictions here. The x and y are real
numbers. There can be no zeros in the denominator.

Examples
1. Simplify by using the rules for exponents: 2°.2°
Steps Reasons
2°.2° Use the rule x™-x" =x™"
23+5
28 Add the exponents because of multiplication with the same base.
256

9
2. Simplify by using the rules for exponents: >

56
Steps Reasons

° m
5—6 Use the rule X = ™
5 o
5976
53 Subtract the exponents because of division with the same base.
125

Steps Reasons
(& Use the rule (x")' = x™
32-2
34 Multiply the exponents because of exponent outside of the
81 parentheses.
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4. Simplify by using the rules for exponents: 57
Steps Reasons
52 Negative exponent.
1 1
= Justthe rule 6: x™" = —
5 X
1 Five squared is twenty-five.
25
5. Simplify by using the rules for exponents: —7°°
Steps Reasons
_7° Remember that the negative sign in front is not part of the exponent. It
is kept in front and is not affected by the exponent.
1 . - 1
—% For negative exponents use X" =—
X
6. Simplify by using the rules for exponents: —20°
Steps Reasons
—20° Remember that the negative sign in front is not part of the exponent. It
is kept in front and is not affected by the exponent.
-1 For exponent of zero x° =1

9
7. Simplify by using the rules for exponents: 4

411
Steps Reasons
9 m
% First use the rule X—n =x""
X
4% Subtract the exponents.
4—2
1 : . a1
rg For a negative exponent, just use X~ =—
X
1 Four squared is 16 in the denominator.
16
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8,,7
8. Simplify by using the rules for exponents: Xg—;ls
Steps Reasons
xBy’ s 7.5 Subtract the exponents in the denominator (bottom) from the
X3y =Xy exponents in the numerator (top). Rule number 4.
=x°y? Do the subtraction.
5,7\ 2
9. Simplify by using the rules for exponents: (2;—;/_6]
Steps Reasons

m

4y 54746 -2 _ )
(—yj Subtract the exponent in the denominator (bottom) from the
exponent in the numerator (top). X—n = x"". I think of "cross
X

the line change the sign". That way for y | can write an
exponent of 7 + 6 instead of 7 — (—6). Cancel the common
factor for the numbers.

40yt -2
[ 3 J Add and subtract for the exponents.
472 (2-0)y (-2)a3) Multiply the exponent outside the parentheses by all the
32 exponents inside parentheses.
32 x*By 2 Get rid of the negative exponents by "cross the line change
T2 the sign".
gx!8 Evaluate the numbers.
16y26
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o . _ (3x’2y7)
10. Simplify by using the rules for exponents: ——————
(ox°y )
Steps Reasons
(gxsy_e)l Flipping the numerator and denominator gets rid of the negative
m exponents outside of the parentheses.
X"y
9x°y Multiply the exponent outside of the parentheses by the
32 (D) 72 X(fz)(z)y7-2 exponents inside parentheses.
Ay Do the arithmetic in the denominator.
x>y o Cancel the common factor of 9. Bring the variables in the

denominator up by "cross the line change the sign."

x? Write your answer either with no variables in the denominator or
Xy —or yo  no negative exponents.

Scientific notation

Large and small decimal numbers can be more conveniently written using scientific
notation.

ax10" ahas adigit in the ones and no digit in the tens places
a could be 3.456 or 2.3, but a could not be 27.34 or 0.56
nis an integer (..., -2,-1,0,1,2,...)

3.2x10"is a big number because 10 is multiplied seven times. Multiplying by 10
moves the decimal point to the right.

3.2x107 = 32,000,000 Just move the decimal point 7 times to the right.

. _ 1 - L
2.4x10°° is a small number. 107 = 10° So, we are dividing by 10 five times. We do

this division by 10 moves the decimal point to the left.

2.4x107° =0.000024 Just move the decimal point 5 times to the left.
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Examples

1. First write in scientific notation and then simplify: 32,000,000,000,000,000

160, 000, 000, 000

Steps Reasons

32,000,000,000,000,000
160,000,000,000
3.2 x10'® Rewrite using scientific notation. Notice that 3.2 and 1.6
16x10" have a digit in the ones place and no digits in the tens
32 10% place.
X We can split into two fractions or divide the decimal
16 10 numbers directly and rewrite the 10’s using the rule for
2 x10 exponents. X_n — xM™"
X

5
2x10"or 200,000 Write the answer in scientific notation or as a decimal.

72,000,000)(0.0000000092)
(0.000036)(1,000,000,000)

2. First write in scientific notation and then simplify: (

Steps Reasons
(72,000,000)(0.0000000092)

(0.000036)(1,000,000,000)

Rewrite using scientific notation. Notice that decimals
(7_2 ><107)(9_2 ><10‘9) have a digit in the ones place and no digits in the tens

(3.6x10°)1x10°) place.
We can split into two fractions or divide the decimal

numbers directly and rewrite the 10’s using the rules
for exponents:

7.2-9.2 10°-10°
X
36-1 10°-10°

18.4><_107+(_9) x™-x" =x™" add exponents in the numerator and
10-°*° denominator
10°? X" . .
18.4 x 0 — =x"" subtract exponent in denominator from the
X
exponent in the numerator.
18.4x107"*

1.84x10*x10°°

1.84x10° or 0.0000184

By Will Tenney

To write in scientific notation requires converting the
18.4 to a decimal of 1.84, which leaves us with
another 10.
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Exercises

Simplify by using the rules of exponents:

1.

9.

92

82
(=2)*
—34
—24
(=3)*
50
-10°

—15°

10.6°

11.(23)?

12.(32)?

13.23-22

14.3%-33

17.(43)?

By Will Tenney

page 61



1.5 Exponents and Scientific Notation

18.(52)?
19.2-%
20.672
21.-572
22.(-3)72
23.(—4)72
24.-473
25.—177

26.47 - 479

By Will Tenney
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Simplify the following using the rules for exponents and leaving no negative
exponents. Assume that none of the variables have a value of zero.

36.x° - x7
37.y2.y~>
38.z7 -z711

30.t15 . ¢=20

41,2

42 2
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-2

50.(527)

X9.y6

(x3y) "

51 roer

()
52.=ms

(x~*y3)°
53. (x7-y—5)~2

Write the decimal number in scientific notation:
54.49,000,000,000,000

55.3,740,000,000,000

56.0.000024

57.0.000000007624

58.0.00021

59.123,000,000,000

60.94,370,000,000,000

61.0.0000062

First convert the decimal numbers to scientific notation and then simplify. You may
leave your answer in scientific notation:

62.156,000,000,000 - 23,000,000,000
63.2,500,000,000 - 234,000,000,000

64.576,000,000 - 72,000,000
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65.6,200,000,000 - 432,000,000

735,000,000,000
0.0000021

66.

0.00000682
"22,000,000,000

67

68 (3,600,000)-(0.0000022)
" (0.0012)+(1,100,000,000)
(0.00000028)+(15,000,000)
" (350,000,000,000,000)-(0.00048)

(0.000072)+(360,000,000)
"(3,200,000,000,000)-(0.00081)

70

(1,600,000)-(0.00045)
"(0.0000012)-(300,000,000)

For the following two problems, use 9.11 x 10~28 grams for the weight of an
electron.

72.. How much do a billion electrons weigh?

73.A googol is a mathematical number with a value of 101°°. How much does a
googol of electrons weigh?

For the next two problems, a light year is the distance that light travels in a year,
which is about 5.88 x 10 miles.

74.The furthest observed object was a gamma ray burst 13,095,000,000 light
years away. How many miles away was this gamma ray burst?

75.The Andromeda galaxy is about 2,500,000 light years away. How many miles
away is the Andromeda galaxy?
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Having mastered the order of operations and
signed numbers from Chapter 1 will be very
important throughout this chapter. Here we begin
a discussion of algebra and the algebraic
techniques of simplifying expressions and solving
equations. Adult students will recognize these
topics and will master them with more or less effort
depending on their prior experience and ability. It
is not uncommon for adult students to need extra
work with the more complicated problems.

Course Quicomes:
e Demonstrate mastery of algebraic skills

e Recognize and apply mathematical concepts to real-world
situations

2.1 Algebraic Expressions
The notions of variable and algebraic expression are
intfroduced. Algebraic relations are used to solve real world
problems.

2.2 Simplifying Algebraic Expressions
Some properties of real numbers are defined. The idea of
algebraic expression is further developed. Like terms are
explained for addition and subtraction of algebraic
expressions. Students will learn how to simplify complicated
algebraic expressions using order of operations.

2.3 Solving Linear Equations
Linear equations are defined. Solving linear equations from
simple fo complex is explained.

2.4 Literal Equations
Literal equations are defined. Students will be able to solve
literal equations.
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Algebraic expressions contain numbers variables and arithmetic operations like
addition, subtraction, multiplication, division, and exponents. A variable is symbol
usually a letter that stands for many numbers or an unknown quantity.

Below algebraic expressions are evaluated for specific numbers by substituting the
numbers for the variable. Use parentheses around the number that is being
substituted to help avoid making some careless mistakes with operations and
negative signs.

Examples
1. Evaluate 5x? + 2y forthex=3andy =7.
Steps Reasons

5(3)2 + 2(7) Substitute the variables with the numbers. Using parentheses,
helps us see the appropriate order of operations:

5(9) + 2(7) 1. Evaluate exponent.
2. Multiplication.

45+ 14 3. Add

59

2. Evaluate x +yforx = 3% andy = 2%.

Steps Reasons
3:+2% Begin with the same substitution.
10 14 Convert the mixed numbers to improper fractions.
3 5
10(5) 14(3 Get the LCD. By multiplying the same number in the
3l5) 5l3 numerator and denominator.
50 42 Multiply in the numerator and the denominator.
15 15
92 Add the numerators and keep the LCD.
15
6% Divide to change the improper fraction to a mixed
15@ number.
-90
2
62 Write the answer.
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2.1 Algebraic Expressions page 68

3. Evaluate xyz forx = -3},y=-2Z,andz= -12

Reasons

Substitute and write the multiplication. Note the product is
negative because there are three negative factors.

Change the mixed numbers to improper fractions.
(Multiply whole number by denominator and add the
numerator to get the new numerator. Keep old
denominator.)

Factor to cancel common factors. Any factor in any
numerator cancels with any factor in any denominator.

7’s, 2’s and 4’s cancel. Note that when we cancel a lis
left.

Multiply numerators and multiply denominators.

4. Evaluate (x+y)* —2zforx=5y= —7,z=-3

Steps
[6)+(=7)F -2(-3)
[-2F -2(-3)
4-2(-3)

4+6

10

By Will Tenney

Reasons
Replace the variables with the numbers. If the
parentheses are used in parentheses are used in
replacement, it is easier to determine the operation.
The 5 does not need parentheses, but it is still correct
to put them there.
Work inside parentheses. 5 + (-=7) = -2
Exponents: [-2]2 = 4
Multiplication: —2(-3) = 6

Addition: 4 + 6 = 10
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5. Evaluate —x — (-y) forx=-2andy =28

Steps
—-(=2) - (-8)

2+8

10

6. Evaluate (x + y)2 —

Steps
(2 +5)2-3(5)

(7)2—3(5)
49 — 3(5)
49 — 15
34

2 3
7. Evaluate: 6x"yz
(x-y)

By Will Tenney

2

Reason
Replace the letter with the number using parentheses.

With two negative signs or minus a negative number, the
sign becomes positive or the operation becomes addition.
Add the numbers.

dyforx=2andy=>5.

Reason
1. Substitute the variables with the numbers. Using
parentheses, helps us see the appropriate operations.
The 2 and 5 in the parentheses do not need parentheses.
2. Perform the operations within parentheses.
3. Exponents
4. Multiplication
5. Subtraction
The answer is 34.

for x=4,y=-2,and z=-3
Reason
Substitute the variables with the given values for the
variables.

Use the order of operations to simplify. Treat the
numerator (top) and denominator (bottom) separately:

In the numerator first do exponents then multiply.

In the denominator work inside the parentheses then
evaluate the exponent.

Simplify the fraction.
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Exercises

1. Evaluate x+y?forx=3andy = 2.

2. Evaluate x3 —y?forx=5andy=3.

3. Evaluate 3x+y?forx=-3andy =—-2.
4. Evaluate 5x +y?forx=—4andy = -3.

5. Evaluate 7x? —3yforx=—-3 andy = 2.

6. Evaluate x + 3y for x =§andy= —%.

7. Evaluate 3x —y? forx = —%andy= —%.

8. Evaluate xyzforx =4 ,y=-5,andz = —2.

9. Evaluate 2xyz forx=—-2,y=-3,andz = —7.

10.Evaluate —3xyz forx = -5 ,y=—1,and z = —2.

11.Evaluate wforx =—-2,y=3,andz=-7.
3x—-2y

12.Evaluate 3

X—2y _ _
e forx=2,y=-1.
13.Evaluate xyz for x = —%,y=g,and Z=——,

14.Evaluate —2xyz for x = > Yy = —2 ,and z = 0
12 25 2

15.Evaluate —3xyz for x = =3 y = 2 candz = — =,
4 9 15

16.Evaluate 4xy” forx = =22, and y = 12,
1
17.Evaluate 2x?%y for x = 25, y=-3%

18.Evaluate 4x%y? — 2xy + 3x?y? forx =4,y = 5.

By Will Tenney
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19.Evaluate 2x%y? + xy + 3y? forx =3,y = 2.

20.Evaluate —=*_forx = -5,y =2, and z = —4.

2X-y-z

21.Evaluate 22

forx=2,y=-1.

xy
22.Evaluate x%y? — 5xy + x%y? forx = =2,y = —3.
23.Evaluate 5x%y? — 2xy + 4x?y? forx = -3,y = —1.
24.Evaluate 3x2%y3 — 2xy — x3y? forx = -2,y = 3.
25.Evaluate x%y? — 3xy — 2x?y? forx = -1,y = —3.

26.The cost of a house in dollars can be estimated by the formula
C = 7100x + 27,500 where x is the number of years after 1970.
a. Use the formula to estimate the cost of a house in 2005.
b. If the actual cost of a house in 2005 was $280,000, does the formula
underestimate or overestimate the actual price? By how much?

27.People’s heights have been increasing over the last three hundred years. The
formula H = .03t + 62 can be used to estimate men’s average heights in inches
t years after 1700.
a. Use the formula to estimate men’s average height in the year 2010.
b. If the actual average height of men is 71 inches, does the formula
underestimate or overestimate the actual height? By how much? Do you think
that this trend will continue indefinitely?

28.The cost of a new car in dollars can be estimated by the formula
C = —1.8x? + 975x + 9500 where x is the number of years after 1990.
a. Use the formula to estimate the cost of a new car in 2015.
b. If the actual cost of a new car in 2015 was $31,950, does the formula
underestimate or overestimate the actual price? By how much?

29.The number of students at a large university can be estimated by the formula

N = —5x2 + 800x + 4000 where x is the number of years after 1980.
a. Use the formula to estimate the number of students in the year 2000.
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b. If there were 17,800 students in the year 2000, does the formula
underestimate or overestimate the actual number of students? By how much?

By Will Tenney
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Many of the properties of real numbers we know even if we do not know their
name. For instance, the Multiplication Property of Zero tells us that if we multiply by
zero we get zero. We knew that! We need to know the names of the properties in
order to communicate why we are able to perform certain steps. The Commutative
property, Associative Property, and Distributive Property are used frequently when
simplifying algebraic expressions.

The Commutative Property states we can add or multiply in either order.
a+b=Db+a addition
a-b=b.a multiplication

For example, 5+3=3+5 shows commutative property of addition

The Associative Property allows us to change the grouping if we have all addition
or all multiplication.

(@a+b)+c=a+(b+c) addition

(@ -b).c=a. (b.c) multplication

An example showing the commutative property of multiplication:
(2-3)-4=2-(3-4)
(6)-4=2-(12)
24 =24

Between the Commutative Property and the Associative Property:

1. If there is only addition, we can add in any order. Subtraction can be thought of
as adding a negative number.

2. If there is only multiplication we can multiply in any order.

It is especially useful to think of these two properties like this when we have
variables:

1. 2+3x+5+7x=7+10x | justadd the numbers and add the variables.

2. (-3)X(-=2) =6x Ijust multiply the numbers. | can change the order mentally.

The Distributive Property lets us change the order of operations. We multiply
outside parentheses before doing addition or subtraction inside parentheses.

2(3+5)=23+25 Here we use the distributive property. Both 3 and 5 are
multiplied by the 2 outside of parentheses

We see that the distributive property works by simplifying both sides.
2(3+5) 2:3+25

2(8) 6+10
16 16 Both sides are the same.
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The Distributive Property is important with variables because we cannot always do
the addition or subtraction in the parentheses because we do not always have like
terms.
3(x+5)=3x+3-5 We cannot add x + 5 in parentheses because they are not
like terms; however, we can do the multiplication by the
distributive property.
=3x+15 Here we have simplified the expression.

Examples

1. Simplify 3x(~5)
3x(~5)=—15x Done. The answer is —15x.

We want to do this problem in one step. Just multiply the numbers and keep the
variable. Because it is all multiplication, we can multiply in any order. We multiply
the numbers and get —15. Why does this work?

3x(-5)=3(-5)x  Use the commutative property to change the order for
multiplication.

— —15x 3(-5)=-15

2 sty (53

(— gjx(— —) =X Done. The answer is X.

Multiply the numbers [— %)(— gj =1. We get 1x or X . The key to working with

variable is focusing on the appropriate arithmetic. We can multiply the original
expression in any order because it as all multiplication (commutative property).
Just multiply the numbers and keep the variables.

3. Simplify 9—-15m+15m

9-15m+15m=9 Done. The answer is 9.

—15m+15m=0 We are adding the same numbers but with opposite signs.
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4. Simplify 3(2x —5y +6)

3(2x—5y+6)=3-2x—3-5y+3.6  Distributive Property
=6Xx-15y+18 We can do this problem in one step.

This problem can be done in one step because the arithmetic is easy. We always
need to be careful with our signs and multiply each term inside the parentheses by
the two which is outside the parentheses.

5. Simplify —5(5m—7n—-11)
~5(6m—7n-11)=-25m+35n+55 Done. The answer is —25m+ 35n + 55,
Multiply each number inside parentheses by the -5 outside parentheses. The signs

can be tricky at first. Just remember when multiplying, two negative factors yield a
positive product. If only one factor is positive, then the product is negative.

The missing steps are as follows:

—5(5m—7n-11)=-5(5m)—(-5)7n—(~5)1 Distributive Property
=-25m+35n+55 Multiply numbers. Careful with signs.

6. Rewrite —(6s — 5t —36) without parentheses.

—(6s—5t—36)=—6s+5t+36 Done. The answer is —6s + 5t + 36.

When there is a negative sign outside of parentheses change all the signs
inside the parentheses. Easy, remember it, done.

Lets look at the steps to see why it is true. In practice, we just change all the signs
in one step like we did above.

_(63 — Gt —36)= —1(63 —5t —36) -3 =-1-3. So, we can replace the negative sign
with negative one.

(_ 1)(63) — (_ 1)(5t) — (_ 1)(36) Distributive property

—6s+5t+36 Multiply and — (-) becomes +
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For collecting like terms, the variable part must be exactly the same.

3x +2x =5x  We add the numbers and keep the variable part.

7x2y — 4x2y = 3x2y Because the variable part is exactly the same, we subtract
the numbers and keep the same variable part.

12x — 5y We stop. We cannot go further because the variable part is not the
same.

6xy? — 3x2y We stop. We cannot go further because the variable part is not the
same. The exponents are with different variables.

11x2 + 3x We stop. We cannot go further because the variable part is not the
same. One of the x's has exponent 2 and the other does not.

The key to adding and subtracting with variables is that the variable part must be
exactly the same. If the variable part is not the same, then we cannot add or
subtract. Also, the variable part stays the same when we add and subtract.

Examples
7. Simplify 12t* +5t -7 +11t* -8t +9
Steps Reasons
12t +5t—7+11t> —8t+9 For t?, 12t? +11t* = 23t?

For t, 5t -8t =-3t

23t2 _ 3t 4 2 For the numbers,—7+9=2

Done. The answer is 23t* -3t + 2.
This problem should be done in one step. Add or subtract the numbers in front of
the t2, t, and the numbers. We can add the numbers in any order because of the

Commutative Property. Even the subtraction can be thought of as addition by
adding a negative number.

8. Simplify 5x—3(2x +6)+4(7x—8)
Steps Reasons

5x—3(2x+6)+4(7x—8)  Nothing can be done in parentheses.

5X —6x —18+28x —32 Use the distributive property to get rid of parentheses.
Here distribute —3 and 4.

27x-50 Collect like terms.

By Will Tenney



2.2 Simplifying Algebraic Expressions page 77

9. Simplify: 122> —5[3(2z — 4)— 6(z* +1)]
Steps Reasons
Start inside the brackets.
1222 -5 [3(22-4)-6 (22 +1)
Distribute the 3 and the — 6.
1222 -5 62-12— 622 — 6]

1272 5 [ 67 18— 622] Collect like terms in the brackets. -12 -6 =-18
127% =30z + 90 + 3072 Distribute the —5.
427°% —307 +90 Collect the like terms. 1272 + 3072 = 4222

10. Add: (3x? —2x+5)+ (7% +2x—4)

Steps Reasons
(3x? —2x+5)+(7x? + 2x—4) To add the two expressions just collect like terms.

32 —2X+5+7x2 +2x—4 Drop the parentheses because there is nothing to
distribute.

3x% +7x?=10x>

2
10x" +1 Collect like terms;: —2x+2x=0
5-4=1
11. Subtract: (8x® —5x +11)— (4x® —6x? +5x +11)
Steps Reasons

(8x3 _Bx +11)—(4x3 —6x2 +5x +11) Before subtracting we must change all the
signs in the parentheses after subtraction.

8x% —5X+11—4x3 +6x% —5x —11 Now we collect like terms.

8x°% —4x°=4x°
6x>

—5x—5x =-10x
11-11=0

4x3 +6x° —10x
Collect like terms:
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Exercises

Simplify the algebraic expression:
1. =5-x-y-2

2. 7-t-z-(-3)

3. (D))

4 (=5)rs(3)

5. 12 —2x + 5x

6. 7x+3—-2x+4

7. 15—-3y—7y—25

8. 0.25x —3.21 4+ 2.45x + 5.2

9. 3.21t—5.35—4.76t — 3.27

10.3x — 5y +4z — 2x — 7y — 8z
11.5-3x+2y—7+8x—9y

12.-1.32x+ 0.32y — 3.83 + 5.21x — 5.31y — 2.73
13.4.21x—9.8y — 12.76 — (—2.13x) + 12.3y — 5.35
14.3(2x — 5y)

15.4(5x — 2y + 3)

16.-3(3x + 2y — 4)

17.-5(4x — 3y — 8)

18.—(9x — 12y — 5)

19.—(2x— 7y + 8)
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20.3x +4x — 3y + 2y

21.-5x+ 8x — 7y — 8y

22.12m — 3m + 8n — 15n

23.7s —15s — 11t — 3t

24.5x% — 3x% — 5x + 4x

25.9x — 5x% + 2x — 3x?

26.5x — 8x% + 3x — 10x?

27.7x% + 2x% — 9x — 3x
28.—7xy? + 8x%y — 9xy? + 5x%y
29.12x%y — 3xy? — 15x2%y + 10xy?
30.12x+5+2(3x—7)

31.5x —3—4(2x—8)
32.7x—8—-3(5x—4)
33.3x—4+502x+ 1)
34.8x—3—-(3x—-5)
35.7x+4—-(2x—7)
36.4x+5—(4x+ 1)
37.3x—9—-(2x—5)
38.12x—9—-(5x—7)+ 4

39.15x — 12 — (4x+9) — 8
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40. (4x% 4+ 2x — 3) + (3x% — 4x — 3)

41.(2x* —3x+8) + (2x2 + 3x — 6)

42.(3x> —5x—7) — (2x* + 4x — 9)

43.(7x% —3x+ 2) — (5% — 3x + 8)

44.(4x* = 3x+2) + (x> +x—3)

45.(3x%> +2x—=5)+ (x> = 7)

46.(2x% — 3x) — (x2 — 5x — 4)

47.(5x? —3x — 9) — (x> = 5x — 9)

48.(4x% — 3x + 8) + (2x? + 4x — 11)
49.(3x2 —8x—9) + (4x*> + 8x —9)

50.7 — 2[3(2x — 5) — (5x + 3)]

51.5 — 3[2(3x + 1) — (2x — 3%)]
52.6+4[—2(5x + 22) + 3(7x — 52)]

53.8 + 2[—4(4x — 32) + 2(3x — 22)]

54.5 — 3[3(2x — 32) — (4x — 22)]

55.4 — 5[2(5x — 42) — (12x — 32)]

56.2{5 — [3(2x — 2%) — (-3x) + 2(5x — 2)]}
57.3 —2{7x—[-2(Bx—1) + 3(5x — 39)]}
58.5t% — 3{—4t2 + 2[(3t? — 2t + 1) — (5t2 — 2t — 3%)]}

59.4y2 — 3{2y% — [(4y2 —y + 2) — (3y? + 2y — 5)]}
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A linear equation can be written in the form ax+b=0 where a,b are numbers and x
is a variable. Many times we will have to simplify before solving these equations,
but we should recognize that there is one variable, which may appear more than
once, the variable does not have an exponent (nor is it under a root), and the
variable is not in the denominator.

Solutions to equations are any true replacement for the variable. We can check to
see if x =3is a solution to the equation 5x —2 = 3x+4 by replacing the x’s with 3in
the equation.

5x—-2=3x+4 Substitute x with 3 and do the arithmetic.
5(3)-2=3(3)+4

15-2-9+4 Since we end up with a true statement 13=13, x=3is a
13=13 solution to the equation5x —2=3x+4.

At the heart of solving equations are two basic properties:
1. We can add or subtract the same number from both sides of an equation.
2. We can multiply and divide the same number on both sides of an equation.

When solving these linear equations, the objective is to isolate the variable.

The basic steps:

1. Determine how the variable is connected to the number.

2. Perform the opposite operation on both sides of the equation.

3. Check by replacing the solution for the variable in the original equation.

Examples

1. Solve x+15=34
Steps Reasons

X+15=34 To solve the equation isolate the variable x.
-15 -15 Because x added to 15, subtract 15 from both sides.
Since 15 - 15 =0, the x is left alone.

x=19
Here the equation is solved. The variable appears alone.

Notice that the 15 went to the other side by changing the + 15 to — 15.

To check replace the solution in the original equation. 19+15=34 is a true
statement.
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2. Solve 4x =36

Steps Reasons
4x 36 The variable x needs to be isolated.
4 - 4 Because the 4 is connected to the x by multiplication, both
sides of the equation are divided by 4.
Xx=9 The variable is isolated and the equation is solved.

Check: 4(9) = 36 is true. In the end we just divided on the right and got rid of the 4
on the left.

3. Solve —4x =32

Steps Reasons
—4x =32 The —4 is connected to the variable by multiplication.

So, divide both sides by —4.

_—AZ( = 3—1 Divide both sides by —4. The x will be left alone
because (—4) + (—-4) =1 and 1x is the same as x.
X=-8 All done.

Check your answer by putting —8 into the original equation:
—4(-8)=32 is true.

The numbers may be fractions. You should still determine how the number is
connected to the variable and perform the opposite operation

4. Solve 2 X=06
3
Steps Reasons
2 We want to get the variable by itself. The fraction is
3 x=6 connected to the variable by multiplication. We should divide

both sides by %

3 2 3 2 3
——X=6-— Dividing by —is the same as multiplying by —.
53 5 g oy 3 plying by 5

Write 6 as an improper fraction.
X=9 Cancel the common factor.
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5. Solve —§:t+1
5 2

Steps Reasons
3 1 We want to get the variable by itself. The fraction is
5 =t+ 2 connected to the variable by addition. We should subtract

both sides by %

3 1 Subtracting on the right yields t. To subtract on the left
5 =t+ requires more steps. Go to the side and do the necessary
1 1 3 1 32 15 -6 5 -11 L
_- _= steps. ————=-——"-—='= =—-——=—0r-15;
2 2 5 2 52 25 10 10 10
t=-1% Write your answer with the variable on the left.

Here we are starting to solve more complicated equations of the form ax + b = c.
The idea is still to get x alone. Now we will need to perform two operations in order
to get the x alone.

Steps:
1. Add or subtract from both sides.
2. Multiply or divide both sides.

Note: We tend to add and subtract first. This is different from the order of
operations. We do not want to divide first because we may introduce more
fractions.

Examples
6. Solve: 3x-5=7
Steps Reasons

3X-5=7 Get the x alone. Notice if we divide both sides by 3 we are going
to get fractions.

3x-5=7 Add 5 to both sides.

+5 +5
3x=12 Do the addition.

3x 12 3 is connected to the variable by multiplication. So divide both
3 3 sides by 3.
X=4 Do the division to get the solution.
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Check:
Replace the variable in the original equation with the solution. Use parentheses
3(4)-5=7

12-5=7
7=7
7. Solve: 8=5+62
Steps Reasons
8=5+6z  Getthe z alone. Notice if we divide both sides by 6 we are going
_5 _§ to get fractions. So, begin by subtracting 5 from both sides.
3=6z Do the subtraction.
3 6z 6 is connected to the variable by multiplication. So divide both
6 6 sides by 6.
1 Simplify the fraction.
E =17 or Py
1 Write the answer with the variable on the left.
z=—
2
8. Solve: Ex—ﬂ = —E
3 5 4
Steps Reasons

2 4 3 Get the x alone. We still need to add and multiply both sides, but
3" g 4  this time there are fractions.

%x—g = —% %is subtracted. So add ito both sides of the equation.
4
+—= +=
5
2.1 Add the fractions on the side:
3""20 .3,4_35.44 -1516_1
4 5 45 54 20 20 20
3 2 1 3 . 2 : .
—-—X=—"-—Instead of dividing by —we save a step by immediately
2 3 20 2 3
multiplying by g
‘= 3 Simplify by doing the multiplication.
40
Check:
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Replace the variable in the original equation with the solution. Use parentheses

E(ij_ﬂ__ﬁ
3la0) 5 4

1 4 3
20 5 4
1 44 3
20 54 4
1 16 3
20 20 4
153
20 4
33
4 4

Same answer both sides checks.

9. Solve: 7x-15-10x=6

Steps Reasons
7Xx—-15-10x=6 Here we can simplify the left before we start.
—3x-15=6 Collect like terms.
-3x-15=6

+15 +15 15 is subtracted. So add 15 to both sides.
-3x=21 Add.
-3x 21 —3 is multiplied by x. So divide both sides by —3.
-3 -3
X=—7 Do the division.

To check replace the variable in the original equation with the solution. Use
parentheses
7(-7)-15-10(-7)=6
—-49-15+70=6
-64+70=6
6="6

When working with more complicated equations, we may need to simplify one or
both sides of the equation by collecting like terms.
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10. Solve: 5x—1+2x=4x+8

Steps Reasons
5x—1+2x=4x+8 Start by collecting like terms on the left hand side of the
equation.

7X—1=4x+8 Adding variables: 5x + 2x = 7x

7X—-1=4x+8 | chose to get variables on the left. So | get rid of the 4x on
—4Ax  —A4x the right by subtracting it from both sides.
3x-1=8 Subtracting variables: 7x —4x = 3x
3x-1=8 Now it is like section 6.2 Get the numbers on the right. 1 is
41 41 subtracted. So we add 1 to both sides.
3x=9 Add.
3x 9 Because x is connected to the variable by multiplication we
3 3 divide both sides by 3.
Xx=3 Divide.
Check:

Replace the variable in the original equation with the solution. Use parentheses
5(3)—1+2(3)=4(3)+8
15-1+6=12+8
20=20

These example demonstrates all the possible steps for solving linear equations:
1. Simplify both sides of the equation by collecting like terms.

2. Get all the variables on one side of the equation and all the numbers on the
other side of the equation. Here we do the opposite operation of what we see.
3. Get the variable alone by dividing both sides of the equation by the number in
front of the variable.

Sometimes students confuse steps 1 and 2. In step 1 we treat each side separately
and perform the operation as we see it. In step 2, we perform the opposite
operation of what we see to get the variables or numbers to the other side.
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11. Solve: 3—5(x+3)=3(x+2)+14

Steps Reasons

3-5(x+3)=3(x+2)+14 Simplify both sides by performing using the order
of operations.

3-5x-15=3x+6+14 Multiply using the distributive property to get rid of
the parentheses on both sides.

—-12-5x=3x+20 Add and subtract the like terms on each side.

—12-5x=3x+20 Here | decided to get the variables on the left and

112 +12 the numbers on the right. Now | am doing the

opposite operation. The —12 becomes + 12. We
use the opposite operation to solve equations.

—5x=3x+32 Add on both sides.
—5x =3x+32 Get the variables on the left by using the opposite.
—3x —3x 3x is positive. So subtract 3x from both sides.
-8x =32 Subtract on both sides.
-8x 32 -8 is connected to x by multiplication. Divide both
8 _8§ sides by -8.
X=-4 Divide.
Check:

Replace the variable in the original equation with the solution.

3-5(-4+3)=3(-4+2)+14
3-5(-1)=3(-2)+14
3+5=-6+14
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12. Solve: 2x—3(2x+1)=2(3-5x)+9

Steps
2x—3(2x+1)=2(3-5x)+9

2X—6Xx—-3=6-10x+9

—4x—-3=-10x+15

—4x-3=-10x+15
+10x +10x

Check:

Reasons

Simplify both sides by performing using the order
of operations.

Multiply using the distributive property to get rid
of the parentheses on both sides.

Add and subtract the like terms on each side.

Here | decided to get the variables on the left and
the numbers on the right. Now | am doing the
opposite operation. The —10x becomes + 10x.
We use the opposite operation to solve
equations.

Add on both sides.

Get the number on the right by using the
opposite. 3 is subtracted. So add 3 to both sides.

Add on both sides.

6 is connected to x by multiplication. Divide both
sides by 6.

Divide.

Replace the variable in the original equation with the solution. Use parentheses

2(3)-3(2(3)+1)=2(3-5(3))+9

2(3)-3(6+1)=2(3-15)+9
2(3)-3(7)=2(-12)+9

6-21=-24+9
~15=-15
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Exercises

Solve and check.

1. x—3=7
2. x+5=11
3. x+9=-5

4., x—12=-15

7. x+0.25=0.13

8. x—134=-2.19

9. x+22=1
10.x — 32 = —42
11.5x = —35
12.3x = -21
13.—4x = —16
14.—6x = —18

15.4.2x = —14.7
16.—6.4x = —4.8
17.2x = -2

3 7

3 9
18.—3x=—=
4 16
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19.4x -3 =13

20.2x+9 =17

21.3x—7=-19

22.5x+ 16 = —14

23.7—-2x=3

24.15 — 4x = -9

25.-11-3x=4

26.14 — 6x = —10

27.3(x—4) =5(x+4)

28.4(3x—3) =2(2x+6)

29.5(2x + 3) = 3(2x + 4) — 13
30.—2(3x—5) =4(x—5)
31.-3(x—5)=6—-4(2x—1)
32.5—-(x—3)=16—-3(x+4)
33.11— (3x—7) = 12 = 5(x + 2)
34.14 — 2(3x + 6) = 3x — (2x — 16)
35.27 —3(x+4) = 4x — (2x — 20)
36.15—(3x—8) =4x—-53x—7) — 25
37.11 — [2x — (=7)] = —6 — 4(3x — 8)
38.16 — [4x — (=5) — 8] = —5[2x — (=7) — 5] = 9
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39.2[x = (-3x) = (=5)—-7] =-3[2x—-11-(=7)] + 8

40.-5[2x — (—4x) — (-3)+ 7] = -3[2—-5x— (—3x) = 7] + 12x
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Literal equations have more than one variable. Literal equations may be
formulas in one form that we want to manipulate to get into another form. The key
is to focus on the variable that you are solving for and get everything else on the
other side as if you were solving an equation with one variable.

Examples

1. Solve P =2L +2W for W.

Steps Reasons
P=2L+2W We want W alone:
-2L -2L _ o
1. Get the 2L on the other side by subtracting it from
both sides.
P-2L=2W
% = % 2. Divide both sides by 2 to get W by itself.
w-rP-2t
2

2. Solve 2x -5y =20fory.

Steps Reasons
2x—-5y =20 We want y alone:
1. Get the 2x on the other side by subtracting it from
—dy=-2x+20 both sides.
5y —2x+20 2. Divide both sides by -5 to get y by itself.
-5 -5
_ —2X +§ 3. Simplify the fractions.
-5 -5
2
=—x—-4
y 5
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3. Solve A=P+Pmt fort

Steps Reasons
A=P+Pmt
A—P =Pmt We want to solve for t. First we need to subtract P from both
sides.
A-P Pmt
Pm Pm . ,
Next divide both sides by Pm.
A-P
=t
Pm We get t alone on the right.
t_A—P
Pm Generally we write our answer with the variable we are
solving for on the left.
X+Yy+1z
4. Solve AzL for X.
Steps Reasons
A Xty HZ If there is a number or variable in the denominator, clear
T3 fractions.

A= XY 28" 1. Multiply both sides by the denominator 3.

S

BA=X+Yy+12 _

2. Subtract y and z from both sides to get the x alone.
BA-y—-z=X
X=3a-y-2
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t
5. Solve A=—— for s.

1-s
Steps Reasons
A t
T 1_s We want s alone:
t 1—s . _ .
AlL- S)Z/J:TS/.T 1. Clear fractions by multiplying both sides by 1-s.
A—As =t 2. Get the s term on one side. Notice that miving the
terms to the other side changes the sign. We are just
adding As to both sides and subtracting t from both
A-t=As :
sides.
A & 3. Cancel A by dividing both sides by A.
o A-t That is it.
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Exercises
Solve the following literal equations for the given variable.

1. Solve A=L-W forL.

2. Solve A=L-WforWw.

3. Solve P = 2L + 2W for L.

4. Solve 5x + 3y = 45 for x.

5. Solve —3x + 4y = —24 for x
6. Solve 2x — 3y = —6 fory.
7. Solve 4x — 7y = 28 fory.

8. Solve A =P + Pmt for m.

X+y+z
3

9. Solve A =

fory.

10.Solve A = # for z.

11.Solve M = ——forr.
r+s

12.Solve M = L for s.
r+s

13.Solve F = %C + 32 for C.

14.Solve A = P(1 + rt) forr.

15.Solve A = P(1 + rt) for t.
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Here we focus on applied problems or the “dreaded
word problem.” An overall method is discussed to
give students an approach. Using individual
strategies for specific types of applied problems is the
key to becoming a good algebraic problem solver.
Keep at it and try to determine what “type” of
problem is presented.

Course Qutcomes:
¢ Demonstrate mastery of algebraic skills

e Recognize and apply mathematical concepts to real-world situations

3.1 Translation Problems
The arithmetic operations for specific phrases are infroduced. The
concepts of expression and equation are developed. Students learn
to translate phrases into algebraic expressions and algebraic
equations by focusing on key words.

3.2 General Strateqy for Problem Solving
A general approach to solving application problems is outlined.
Students learn to identify specific types of problems and use
appropriate methods for them.

3.3 Ratios and Solving Proportions
Rates, ratios, and proportions are defined. Students learn to solve
proportions. Students will recognize certain applied problems as
proportions.

3.4 Percents
This section begins with a discussion of changing between percents
and fractions or decimal numbers. The basic percent equation, mark-
up, and mark down are covered. This section may be covered later
just prior to Chapter 6.

3.5 Inequalities
Solving inequalities and compound inequalities is discussed. Graphing
inequalities in one variable and expressing answers in set-builder
notation are explained. Applied problems for inequalities are
covered.
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Translating words to variable expressions or equations is made easier by
knowing the phrases that indicate the various operations and breaking the words
down to specific parts. The textbook highlights in blue phrases that indicate the

different operations.

Addition

Phrase Example Operation

added to 7 is added to 12 7+12

more than 3 more than 8 8+3

the sum of the sum of 6 and 7 6+7

increased by 9 increased by 8 9+8

the total of the total of 11 and 15 11+15

plus 2 plus 4 2+4

Subtraction

Phrase Example Operation
minus 11 minus 7 11-7

less O9less5 9-5

less than 3 lessthan 6 6-3

the difference between  the difference between 15and 8 15— 8
decreased by 20 decreased by 14 20-14
subtract...from subtract 2 from 30 30-2
Multiplication

Phrase Example Operation

times 12 times 7 12.7

the product of the product of 11 and 6 11-6

multiplied by 10 multiplied by 3 10-3

twice twice 5 2:5

a fraction of % of 15 %-15

a percent of 20% of 30 0.2-30

Division

Phrase Example Operation

the quotient of the quotient of 40 and 8 40+8

divided by 12 divided by 3 12+3

Equality

Phrase Example Operation
is The quotient of 36 and 4 is 9. 36+4=9
equals The difference between 30 and 11 equals 19. 30-11=19
was 10 minus 4 was 6. 10-4=6
represents 25 increased by 14 represents 39. 25+ 14 =39
is the same as The product of 7 and 8 is the same as 56. 7-8=56
is equal to 15 more than 20 is equal to 35. 20+ 15=35
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Power

Phrase Example Operation
the square of the square of y y?

the second power of  the second power of y y?

the cube of the cube of t &

the third power of the third power of t t3

Variable expressions do not have an equality sign. (Variable equations have an
equality sign.) Do not write an equality sign if the directions ask for a variable
expression.

The key to translating words to expressions is breaking down the words into
smaller parts:

1. Write the phrase in one long line.

2. Translate words to numbers right away (fifteen is 15)

3. Identify the operations.

4. Often "and" separates two parts. Replace "and" with the appropriate operation.

Examples

1. Translate into a variable expression: “the sum of twice x and fifteen”

Steps Reasons
the sum of twice x and 15 Write the phrase as one long line.

Translate the number.
twicex + 15 Sum indicates addition at the "and"

2x + 15 Twice means multiply by 2.

2. Translate into a variable expression and simplify:
“fifteen less than the difference between a number and six”
Steps Reasons
15 less than the difference between a number and 6  Write the phrase as one long
line. Translate the numbers.
15 less than X — 6 Difference indicates
subtraction. Replace "and"
with subtraction. Replace "a
number" with your favorite
letter.
(x—6)-15 "less than" indicates
subtraction.
X—6-15 The directions also say to
simplify.
x—21 Now it is done.
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3. Translate into a variable expression and simplify:
“the difference between a number and four added to the sum of the number

and eight”
Steps Reasons
the difference between a number and 4 added to the sum of the number and 8  \Write the phrase
l l l as one long line.
(the difference between a number and 4) + (the sum of the number and 8) "added to" is
replaced with
addition.
x—4) + (x+8) Difference indicates subtraction.

Sum indicates addition.
2X + 4 Collect like terms.

Sometimes one variable is needed to express two concepts. The second number
can be figured out by subtracting. Consider the following sentence and a few
random possible values for the first number: “The sum of two numbers is 20.” That
would lead to following scenarios.

First number Second humber Operation
12 8 20-12=8
7 13 20-7=13
18 2 20—-2=18
X ? 20 —x

That is the key. If the sum of two numbers is 20, let the first number be x and the
second number is 20 — x.

Examples
4. Translate into a variable expression and simplify:

The sum of two numbers is fifteen. Using z to represent the larger number,
translate "eighteen more than the smaller number".

Steps Reasons
“18 more than the smaller number” We need to translate.

the smaller number is 15 -z If z represents the larger number and the
sum of two numbers is 15, then the
smaller number is 15 — z as shown above

18 more than 15 -z Replace the smaller number with 15 -z
More than means add.

15-z+18
Collect like terms to simplify.

33-z
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5. Translate into a variable expression and simplify:

The sum of two numbers is thirty. Using p to represent the larger number,
translate "the difference between twice the smaller number and seven" into
a variable expression.

Steps Reasons
the difference between twice the smaller number and 7 Translate.
the smaller number is 30 — p If p represents the larger number and the
sum of two numbers is 30, then the

smaller number is 30 — p. See the
explanation before this set of examples.

the difference between twice (30 — p) and 7 Replace the smaller number
with 30 — p.
twice (30—p) — 7 Difference indicates
subtraction. Replace "and" with
subtraction.
230-p) — 7 Twice means multiply by 2.
60-2p—-7 Simplify.
—2p +53 Collect like terms.

Now that we have been translating into variable expressions, we will translate
phrases into variable equations. Variable equations include an equality sign as well
as numbers, variables, and arithmetic operations. Translating words into equations
allows us to find an unknown value when we solve the equations.

Keys to “translating word” problems:
1. Let a variable stand for what you are asked to find, which will be “the

number”.

2. Writing = where indicated from the beginning splits the more
complicated sentence into two parts.

3. Translate the two parts of the problem.

4. Solve and state answer.
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3.1 Translation Problems page 101

Examples

6. A number increased by twenty-seven is fifty. Find that number.

Steps Reasons
X = the number It is usually a good idea to let the variable

stand for what you are looking for.

A number increased by twenty-seven is fifty. Write the sentence on a
| | Il [ single line.
X + 27 = 50 Translate individual words.
X+ 27 =50
=27 =27

Solve the equation.
X =23

So, the number is 23.

7. Three hundred represents twice a number. Find that number.

Steps Reasons
X = the number It is a good idea to let the variable

stand for what you are looking for.

Three hundred represents twice a number. Write the sentence on a single
line. Translate individual words.

300 = 2 - X Look for the “= word”, which is
“represents”.
300 = 2x
300 2x
2 T 9 Solve the equation.

150 =x or x =150

The number is 150.
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8. Negative three-eighths is equal to the product of two-thirds and some number.
Find the number.

Solution:

Write the phrase and translate the different parts. "is equal to" splits the problem in
half. Product means we multiply.

Negative three-eighths equals the product of two-thirds and some number

3 2
- = — . X
8 3
3 2 Solve the resulting equation. The fraction is
8 - gx connected to the variable by multiplication. We
should divide both sides by %

33 32 - 2 L 3
———==-=X Dividing by —is the same as multiplying by —.
82 73 g by 3 plying by 5

9 « Do the multiplication.
16
9
X= 16 Write your answer with the variable on the left.

) 9
The number is 16 State the answer.

9. The difference between a number and negative seven is negative sixteen. Find
the number.

Steps Reasons

X = the number Let a variable stand for the
guantity that you are trying
to find.

The difference between a number and -7 is —16.  Write out the sentence in a

X — —7=-16 row. Translate the numbers

immediately.

X — (_ 7) —_16 Difference represents subtraction. Subtraction

Xx+7=-16 replaces the “and.” = replaces “is”

X+7=-16 Solve the equation:

7 7 Slmpllfy the — (— ) as +
X =_23 Because the number is connected to the variable by
The number is —23. addition, subtract both sides by 7.
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10. The sum of two numbers is thirty-three. Twice the smaller is three more than
the larger number. Find the two numbers.

Steps
X = the smaller number?

=the larger number?

Sum of two numbers is 33.

Twice smaller is 3 more than larger.

Sum of two numbers is 33.
Smaller + larger =33
—smaller —smaller
=33 -X

Twice smaller is 3 more than larger.

2(x) = (33-x)+3

2X=33-x+3
+X +X

3x=36

x_3

3 3

Xx=12

Xx=12

33—x=33-12=21

The numbers are 12 and 21.

Check your answers by looking at the
12+21=33
2(12) = 3 more than 21.

By Will Tenney

Reasons
| am looking for two numbers. One of
them will be my variable. The other one
also needs to be named, but that needs
to wait. | do not want another variable
because we do not know how to solve
equations with more than one variable.
List both pieces of information.

Look at the simpler piece of
information. If they add up to 33, then
we can solve for either number by
subtracting on both sides. It would be
great for students to know that if the
sum is 33 then the numbers being
added are x and 33 — x.

Now look at the more complicated
piece of information. Substitute smaller
with x and larger with 33-x.

Twice means multiply by 2, 3 more
than means add 3, and "is" means =.

Solve the equation

x = 12 so find the larger number by
evaluating 33 — x for x = 12.

State your answer.

original problem.
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Exercises

Translate each of the following to an algebraic expression and simplify if possible.
Remember that algebraic expressions do not include an equal sign.

1. The sum of five and three times a number

2. The difference between a number and fifty percent of the number
3. The difference between twice a number and 5

4. The sum of seven more than twice a number and the number

5. The difference between negative three times a number and five more than
twice the number

6. The sum of twice a number decreased by ten and twenty percent of the number

7. Twenty less than twelve percent of a number minus the sum of twice the
number and negative fifteen

8. Thirty more than eighty percent of a number added to the difference of three
times the number and negative twenty-five

9. The sum of two numbers is thirty. Using z to represent the larger number,
translate "twenty more than the smaller number" into a variable expression and
simplify.

10.The sum of two numbers is forty. Using x to represent the larger number,
translate "fifty more than the smaller number" into a variable expression and
simplify.

11.The sum of two numbers is ten. Using x to represent the smaller number,
translate "the difference between twice the larger number and negative twenty"
into a variable expression and simplify.

12.The sum of two numbers is twenty-five. Using z to represent the smaller

number, translate "the sum of twice the larger number and fifteen" into a
variable expression and simplify.
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Translate the following into an algebraic equation and solve to find the missing
number. Remember that variable equations do have an equal sign.

13.The difference between a number and negative twenty-five is seventy-three.
Find the number.

14. Three-fourths of a number minus five-eighths equals one-half. Find the
number.

15.The sum of two-thirds of a number and negative one-ninth is five-sixths. Find
the number.

16. The sum of two numbers is thirty-four. The sum of twice the smaller number
and fifteen is thirty-nine. Find the two numbers.

17.The sum of two numbers is forty. The difference between twice the smaller and
forty-two is negative fourteen. Find both numbers.

18. The sum of two numbers is fifteen. The difference between twice the larger
number and twenty-two is eight. Find both numbers.

19.The sum of two numbers is negative seven. The sum of twice the smaller
number and seventy is six. Find both numbers.
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Application problems or word problems are often a source of frustration for many
students. Not to worry! We can improve our problem solving skills. Frequently
students are overwhelmed by the information and do not know where to begin or
they protest that they do not know what is being asked. If there is a question mark,
look there! In algebra, we often let a variable stand for what we are being asked.
Following the steps below will help us to become better problem solvers.

General Strategy for Solving Application Problems

1. Familiarize yourself with the problem:

e Read the problem perhaps several times.

¢ |dentify the question. Frequently, let a variable stand for what is being
asked.

e List information, write down important formulas, pictures

e If you can use some information to let one variable stand for two unknowns,
do it.

e Charts: Many problems can be organized by using charts. There are specific
types of charts for different types of problems.

2. Translate to a solvable problem:

e We translate word problems into equations that can be solved.
3. Solve the equation.

e Usually the equations are not too complicated.
4. Check:

e Does the answer make sense? Remember, bicycles to do not go 300 mph,
planes do not fly 4 miles in 7 hours, butterflies do not weigh 750 kilograms,
etc.

5. State answer:

e Use a sentence. Most word problems have a context and it is important to
state whether we are talking about area or length or speed or time.

e Use the correct units. Depending on the problem, the correct answer may
use square feet, meters, miles per hour or seconds.

6. Look Back:

e To learn how to do word problems it is important to apply the correct
methods to different types of problems. After you struggle to finish a word
problem you need to take some time to focus on what you did well to solve
the problem.

e Ask yourself two questions:

1. What type of problem is being solved?
2. What method is employed to solve the problem? Especially pay attention
to the types of charts that are being used.

Do look back! It is extremely helpful when learning how to solve word problems.
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Examples
1. Find three consecutive odd integers such that twice the difference of the third

and first integers is fifteen less than the second integer.

Steps Reasons
x = first odd integer
X + 2 = second odd integer Use 1 variable to name all three integers.

X + 4 = third odd integer

twice the difference of the third and first integers is 15 less than the second
integer

2 - (difference of the third and first mtegers) = second integer — 15
2 - [ (x+4) - X ] = X+2 - 15
[(x+4) ] (x+2) Solve for x.
2[x+4-x]=x+2-15 The parentheses can be dropped because
2(4)=x-13 there is nothing in front of the parentheses to
distribute.
Collect like terms.
8=x-13
21 x Get x by itself by adding 13 to both sides.
x=21 Find the other odd integers by adding 2 and
X+2=21+2=23 4.

X+4=21+4=25
The three integers are 21, 23, State answer.

and 25.

2. A stamp collector bought 250 stamps for $61.50. The purchase included 10¢
stamps, 25¢ stamps, and 30¢ stamps. The number of 25¢ stamps is five times the
number of 10¢ stamps. How many 30¢ stamps were purchased?

number of 25¢ stamps is 5 times the number of 10¢ stamps.

number of 25¢ stamps =5 - number of 10¢ stamps

number of 25¢ stamps =5 - x

number of 10¢ stamps = x

We can use a chart to get the appropriate equation.
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Number of stamps Cost of each Total cost
stamp

10¢ Stamps X 10 .10x
+

25¢ Stamps 5x .25 .25(5x)
+

30¢ Stamps 250 — 6x ??? .30 .3(250 — 6x)

Totals 250 61.50

Notice: We are looking for the number of 30¢ stamps, which is equal to the total
number of stamps minus the number of 10¢ number and minus the number of 25¢
stamps. Add the cost for the 10¢, 25¢, and 30¢ stamps to get the cost of the

collection.

Solve the equation from the Total cost column of the chart.

.10x +.25(5x) + .3(2\50 —6x)=61.5

10x+1.25x+75-1.8x =61.5

—.45x+75=615
—.45x=-135

_ -135

X =
—.45

x =30

x =30

250 — 6x = 250 — 6-(30) =250 — 180 = 70

The stamp collector bought seventy 30¢

stamps.

By Will Tenney

Solve the equation.
Distribute the .3

Collect like terms:
10+ 1.25-1.8=-.45

Subtract 132 from both sides.

Divide both sides by —.45

Get the number 30¢ stamps

State the answer.
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3. An IQ training program claims that for every hour of training an individual will
improve their 1Q by 1.5. If we accept that claim as fact, how many hours of training
will it take for somebody with an 1Q of 84 to raise their 1Q score to 150?

Let x stand for what we are trying to find:
X = the number of hours of training??? (the question)

Think of the process:

New IQ equals the old 1Q plus increase from training

NewIQ = 84 + 1.5 times the number of hours if training
150 = 84 + 1.5x

Solve the equation:

150 = 84 + 1.5x

150 — 84 = 1.5x

66 = 1.5x

66 If the claim were to be true after 44 hours of training,
15 % somebody could improve their IQ from 84 to 150.

X =44

4. The average weight for three year old girls is 30 pounds. If each year the
average female child gains 7.2 pounds, how old will the average girl be when she
weighs 102 pounds?

List information:
3 years old — 30 pounds
Each year after 3 years old — 7.2 pounds

Since 3 years old is the starting point and we are looking for the age or number of
years old we will let:
x = the number of years after 3 years old

End weight = starting weight + weight added each year

102 = 30 + 7.2 times number of years after 3 (which is x)
102 =30+ 7.2x Write the equation.
102 — 30 = 7.2x
72 =7.2x Solve the equation.
72
ﬁ =X
x =10 The average girl will weigh 102 pounds when she is 13
years old.
10+3 =13
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5. The local swimming pool has two summer plans to choose from. For the first
plan an individual pays $100 for the whole summer with unlimited use. For the
second plan individuals pay $50 for the summer and then $2.50 per day that they
use the pool. After how many days will the costs of the two plans be the same?

When comparing two different situations a chart with a line down the middle helps
organize the information.

First plan | Second plan

$100 for the summer $50 for the summer
$2.50 per day used

Total cost Samle Total cost
100 Cost 50 + 2.50 x (number of days using the pool)

x= the number of days using the pool?

100 = 50 + 2.50x Write the equation.
100 — 50 = 2.50x

50 = 2.50x Solve the equation.

50

250 x After 20 days of using the pool the cost of both plans is the
20 =x same.

6. Janet wants to know which cell phone plan will suit her best. The first plan costs
$35 per month and $0.10 for each additional minute after the first 90 minutes. The
second plan costs $30 per month with a cost of $0.15 after the first 90 minutes.
After how many minutes will the cost of the two plans be the same?

When comparing two different situations a chart with a line down the middle helps
organize the information.

First plan | Second plan
$35 per month $30 per month
$0.10 per minute after 90 minutes $0.15 per minute after 90 minutes
Total Cost i Total Cost
35 + 0.10 x (humber of minutes more than 90) Same 30 + 0.15 x (number of minutes more than 90)

Cost
x= the number of minutes after the first 90 minutes??
Use the equality sign for the same cost.

35+ 0.10x = 30 + 0.15x Write the equation.
35—-30=0.15x — 0.10x Solve.
5 =0.05x
5
05
x =100

After 100 + 90 or 190 minutes of calls the cost of the two cell phone plans will be
the same.
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Looking back we really have a few different types of problems. Example 1 involves
consecutive odd integers. Odd integers are two apart (1,3,5,7,...). So, we can label
the unknown integers x, x+2, x+4. Consecutive even integers (2,4,6,8,...) would
work the same way since they are also two apart. Consecutive integers (1,2,3,4,...)
are one apart. If a problems asks about consecutive integers, they can be labeled
X, X+1, X+2.

Example 2 is a stamp problem. It is much like a translating problem to get the
different names of the unknown quantities of stamps. Multiplying the number of
stamps by the value of the stamps lets us get the total value for each type of
stamp, which can be added together to get the total value of the collection.

Examples 3 and 4 start at a given level and then increase for each hour of training
or year of growth. So, the end value is equal to the beginning values plus the
hourly or yearly increase times the number of hours or years.

In examples 5 and 6, we are comparing two situations. When comparing two
situations, it is useful to make a chart to organize the different information. The two
types of information are connected in some way. In the above examples, we are
looking for the condition that will make the two costs the same.
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Exercises

To solve the following word problems use algebraic equations. State your answer
with the correct units if appropriate.

1. Find three consecutive odd integers such that the three times the difference of
the third and first odd integer is five less than the second odd integer.

2. Find three consecutive even integers such that twice the sum of the first and
third even integers is forty-four more than twice the second even integer.

3. Find three consecutive integers such that five times the third integer is eleven
less than three times the sum of the first and the second integers.

4. Find three consecutive integers such that six times the first integer is sixteen
more than the twice the sum of the second and third integers.

5. A stamp collector bought 160 stamps for $25.00. The purchase included 5¢
stamps, 15¢ stamps, and 25¢ stamps. The number of 15¢ stamps is three
times the number of 5¢ stamps. How many of each type of stamp was
purchased?

6. A stamp collector bought 295 stamps for $87.75. The purchase included 5¢
stamps, 25¢ stamps, and 40¢ stamps. The number of 40¢ stamps is fifty more
than twice the number of 5¢ stamps. How many of each type of stamp was
purchased?

7. If the average salary for a college instructor in 1925 was $2300 and that
average salary increased each year by $180, in what year was the average
salary for a college instructor $10,0407?

8. If the average salary for a young businessperson in 1943 was $4530 and that
salary increased by $370 each year, in what year was the average salary for a
young businessperson $17,110?

9. A printer that costs $60 requires replacement cartridges that sell for $23. Over

the life of the printer the cost of the printer and replacement cartridges is $865.
How many cartridges were used over the life of the printer?

By Will Tenney



3.2 General Strategy for Problem Solving page 113

10.The air pressure at sea level is about 14.7 pounds per square inch (psi). For
every foot above sea level, the air pressure drops about 0.0005263 psi.
According to this information, at about what height above sea level is the air
pressure 13.2 psi?

11.The Scholastic Aptitude Test (SAT) is used by universities to help determine if a
candidate should be allowed to enter the school. One year at Stanford 54% of
the students that were admitted had a SAT Math score of 700 or better. An SAT
training program claims that for every hour of training an individual will improve
their SAT Math score by 3 points. If we accept that claim as fact, how many
hours of training will it take for somebody with a SAT Math score of 529 to raise
their SAT Math score to 700?

12.The average weight for four year old boys is 34.5 pounds. If each year the
average boy gains 8.2 pounds, how old will the average boy be when he
weighs 124.7 pounds?

13. A day care offers two options. Plan 1 allows a child to attend the day care any
time during the work week for a cost of $275 per month. Plan 2 requires a $50
per month fee plus $3.75 per hour. After how many hours will the costs of the
two plans be the same?

14. An electric company will allow its clients to pick one of two different options. For
the first option clients pay a $37.24 basic services fee plus $0.096 per kilowatt
hour. The second option allows clients to pay a $24.36 basic services fee with a
cost of $0.124 per kilowatt hour. After how many kilowatt hours will the costs of
the two plans be the same?

15. An electric company will allow its clients to pick one of two different options. For
the first option clients pay a $27.25 basic services fee plus $0.162 per kilowatt
hour. The second option allows clients to pay a $43.49 basic services fee with a
cost of $0.104 per kilowatt hour. After how many kilowatt hours will the costs of
the two plans be the same?

16.Rental car company A charges $125 per week with a $0.04 charge per mile and

rental car company B charges $59 per week with a $0.10 charge per mile. After
how many miles with the cost of the two rental car companies be the same?
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Ratios are quotients or quantities with the same units. The quotient is the result of
division. Division can be written as a fraction.

Words Symbols Meaning
2 cups of sugar to 8 cups of milk 2 cups of sugar

2:8 or 2+8 or E -
8 8 cups of milk

These three ways of expressing a ratio all have the same meaning.
Simplify ratios by writing them as fractions.

Example

1. Simplify: 2 cups of sugar to 8 cups of milk

Steps Reasons
2 cups of sugar to 8 cups of milk Translate to fraction notation.

Simplify the fraction.

N
M|k

You can write your answer three ways.
% or 1:4 or 1lto 4 y y

Rates are quotients of quantities with different units. The quotient is the result of
division. Division can be written as a fraction.

Words Symbols Meaning
192 dollars
192 dollars to 150 euros 192 dollars : 150 euros _
150 euros

Simplify rates by writing them as fractions.

Example

1. Simplify: 192 dollars to 150 euro

Steps Reasons
192 dollars to 150 euro Translate to fraction
notation.
192 6-32 32 Simplify the fraction.
150 6-25 25
32 dollars _ You can write your
oE eUros. or 32 dollars:25euros or $321t0 25euros . cver three ways.
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A unit rate has a 1 in the denominator. To get a unit rate just divide with a
calculator. Unit rates can be used to convert units.

Example

2. Write 192 dollars to 150 euro as a unit rate.

Steps Reasons
192 dollars to 150 euro Translate to fraction notation.
Divide.
192 108 vide
150
$1.28 /1 euro Write the answer with units.

$1.28 / euro also can be written $1.28 : 1 euro. We can use this unit fraction when
making conversions euro to dollar.

Proportions are an equality of ratios, rates, or fractions.

To check if a proportion is true or to solve for a variable we can "cross multiply."

We know

[te2Ke))

2
3

o 2
We can check by "cross multiplying" Exg 2-9=18and 3-6=18

Since the fractions are equal, we do get the same number when we "cross
multiply."

We know 17&%
2 4

1
We can check by "cross multiplying" EX% 1-4=4and 2-3=6

Since the fractions are not equal, we do not get the same number when we "cross
multiply."

To solve proportions:
1. "cross multiply"
2. Solve the resulting equations.

Examples
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3. Solve: X Z
25 5

Steps Reasons
X 7 We want to solve a proportion.
25 5
X 7
25 5 Cross Multiply
5x =25%7
5, =175 Solve the equation.
5 5
x=35
Check the equation:
35 = ! is true. When % is simplified, it is Z
25 5 2 5
4. Solve: 3 = 9
8 x+3
Steps Reasons
3 9 We want to solve a proportion.
8 X+3
3 9 Cross Multiply
§><I X+ 3 Use parentheses to multiply 3 and x+3
3(x+3)=8-9 Solve the equation:
Short-cut:
3x+9=172 3x+9=72 Notice that we can subtract 9 from
-9 -9 both sides which gets rid of the 9 on
3x = 63 the left.
3x =63 Dividing by 3 on both sides gets rid
X =21 of the 3 on the left.
3x 63
3 3 We save time using this short-cut method.
x=21
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5. A caris driven 162 miles and uses 7.5 gallons of gasoline. At this rate how far
will the car go with 2.5 gallons of gasoline?

Steps Reasons
162 miles : 7.5 gallons Write both rates (or ratios). Keep the same units in
X = miles?? : 2.5 gallons the same column. Let a variable stand for the
missing piece of information.

162 x Write the proportion:
75 25 162 miles is to 7.5 gallons as what number of
miles is to 2.5 gallons.
162 X
75 25 Cross Multiply
7.5x=162-2.5
7.5x=162-2.5
Solve the equation.
7.5x = 405
7.5x _ 405
75 75
X =54

The car would go 54 miles ~ Write a sentence to state the answer with the
with 2.5 gallons of gas. correct units.

6. In a wilderness area, 8 bears are caught, tagged, and released. Later 20 bears
are caught and 5 have tags. Estimate the number of bears in the wilderness area.

Steps Reasons
8 bear tagged : x =all bear in area Try to set up two ratios:
5 tagged . 20 captured
So, we get the proportion The trick is to see that there are a total
8 5 of 8 bears tagged in the whole area.
x 20
§><123 Cross multiply to solve proportions.
X 0
820 =5x There are approximately 32 bears in
160 =5x the wilderness area
x=32
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7. After working for a company for 15 months, an employee has earned 20
vacation days. At this rate, how much longer will the employee have to work in
order to get a 6-week vacation (30 work days)?

Steps Reasons
15 months : 20 vacat. days Write the proportion as months to vacation
15 +x months :30 vacat. days days.
Let x=number of months in addition to the 15

15 15+x

20 30 Write the proportion and cross-multiply to solve.
Solve the resulting equation by distributing the

15:30 = 20(15+ X) 0. 9 Y J

450 =300 + 20x
150 = 20x

150
=X
20

X=17.5
The employee needs to work 7.5 months more to get the 6-week vacation.

8. An investment of $3500 earns $700 each year. At the same rate, how much
additional money must be invested to earn $1200 each year?

Steps Reasons

investment $3500 : earns $700 Write both rates (or ratios). Keep the same
x + 3500 :earns $1200  type of information in the same column. Let a
variable (x) stand for the missing piece of
x=additional amount to invest??  information. Here we want the additional
amount more than the $3500 to invest.
3500 x+3500

700 1200 Write the proportion.
3500 ><: X + 3500 Cross-multiply.
700 1200
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700(x +3500) = 3500 -1200

700x + 2,450,000 = 4,200,000
— 2,450,000 —2,450,000

700x =1,750,000

700x 1,750,000
700 700

X =2500

page 119
Solve the equation.
Short-cut:
700x + 2,450,000 = 4,200,000 Subtract 2,450,00
700x =1.750.000 from both sides.
C Divide both sides
X=2500 by 700.

The above short-cut is quicker than what we
did on the left. Either way is fine.

$2500 more must be invested to earn $1200 each year.
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Exercises

Express the following as unit rates:

1. 220 EUR (European Euro) is paid for an item costing 275 USD (US Dollars)

2. 56.70 USD (US Dollars) is paid for an item costing 35 GBP (Great Britain
Pound)

3. 183.52 CAD (Canadian dollar) is paid for an item costing 148 USD (US Dollars)

Solve the following proportions:

10 25
4, —==
6 X
6 X
5 —==
21 56
36 12
6. ===
X 3
X 5
7. ===
72 12
X+2 15
8. —=—
12 18
6 8
9. —=—
X—3 12
14 35
10.— =—
3 X—
X—=5 X+4
11— =—
6 9
9 15
12, —=—
x—3 X+3

13.A car is driven 127.4 miles and uses 5.2 gallons of gasoline. At this rate how far
will the car go with 3.6 gallons of gasoline?

14.A car is driven 317.1 km and uses 30.2 liters of gasoline. At this rate how far
will the car go with 40.5 liters of gasoline?
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15.1n order to estimate the number of elephants in an enclosed habitat, 28
elephants are caught, tagged, and released. Later 105 elephants are observed
and 12 have the tags. Estimate the number of elephants in the enclosed
habitat.

16.1n a nature preserve 126 elk are caught and tagged. Later 75 elk are caught in
the same preserve and 45 are found to have tags. Estimate the number of elk
in the nature preserve.

17.1n a wildlife refuge 42 bears are caught and tagged. Later 21 bears are caught
in the same wildlife refuge and 14 are found to have tags. Estimate the number
of bears in the wildlife refuge?

18. After working for a company for 12 months, an employee has earned 15
vacation days. At this rate, how much longer will the employee have to work in
order to get a 4-week vacation (20 work days)?

19. After working for a company for 18 months, an employee accrued 12 vacation
days. At this rate, how much longer will the employee have to work in order to

get a 5-week vacation (25 work days)?

20.An investment of $6200 earns $800 each year. At the same rate, how much
additional money must be invested to earn $1500 each year?

21.An investment of $4500 earns $300 each year. At the same rate, how much
additional money must be invested to earn $450 each year?
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Percent means per 100. We can replace the percent symbol ( % ) with

o 1
multiplication by —— or 0.01.
100
Examples

(Changing percents to decimals.)

1. Write 37.5% as a decimal.

Steps Reasons
37.5%
Replace % with multiplication by 0.01.
37.5-0.01
Multiplying by 0.01 moves the decimal point to places to the left.
375

(Changing percents to fractions.)

2. Write 25% as a fraction.

Steps Reasons
1 o1
25% =25-— Replace % with —.
100 100
25 1 25 Write the whole number as an improper fraction, multiply,
1 100 100 and simplify the fractions.
_1
4

3. Write 152% as a fraction.

Steps Reasons
15%'i Replace % with i

100 100
o1 Write the mixed number as an improper fraction and
5 100 500 multiply the fractions.

100% is equal to one. When changing decimal numbers or fractions to percents,
we can just multiply by 100% because we are multiplying by one.

By Will Tenney
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(Changing fractions to percents.)

.9
4. Write 20 as a percent.

Steps Reasons

9 Multiply by 100%, which is 1.

9 100 Write 100 as an improper fraction, multiply, and simplify the
20 1 fractions.

45%

)
5. Write 5 as a percent.

Steps Reasons
i 0,
§.100% Multiply by 100%.
6
5 100 o Write 100 as an improper fraction, multiply, and simplify the
6 1 fractions. Write your answer using a mixed number if
necessary.
5 2.50 %
2-3 1
250,
3
835 %

By Will Tenney
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(Changing decimals to percents.)
6. Write 0.64 as a percent.
Steps Reasons

0.64
Multiply by 100%.

0.64-100% Multiplying by 100% moves the decimal point to places to the right.

64%

7. Write 14.2 as a percent.
Steps Reasons

14.2
Multiply by 100%.

14.2-100% Multiplying by 100% moves the decimal point to places to the right.

1420%

It may seem strange to get 1420%, but it makes more sense if we keep in mind
that 1=100%. So a number more than 1 has a value of more than 100%.

The basic percent equation states that the Amount is the Percent of the Base or A
= P - B. It may be easier to translate directly using = for “is” and multiply by percent
for “percent of”.

Examples
8. 35% of 80 is 28.

(35)- 80=28  Translate "is" to "=".

Translate "35%" to .35
Translate "of" to multiplication
Translate the other numbers directly.

One way to solve these percent problems is to translate directly to an equation.
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Examples

(Basic percent equation.)

9. 20 is 40% of what? Use the basic percent equation.

Steps Reasons
20 is 40% of what? Translate "is" to "=".
20=.40 - x Let a variable stand for what you are looking for.

Translate "of" to multiplication
Change 40% to .40 and write the numbers.

20 = .4x Solve the equation.
20 _4x

4 4

50 =X

20 is 40% of 50.

10. 120 is what percent of 800? Use the basic percent equation.
Steps Reasons
120 is what percent of 800?  Translate "is" to "=".
120 = P - 800 Let a variable stand for what you are looking for.

Translate "of" to multiplication

120 =P -800 Solve the equation.

120 P -800

800 800

15=P

. Change the decimal number to a percent.
P =15% 15=.15-100% =15%

120 is 15% of 800.
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To solve percent increase and percent decrease problems we use three pieces of
information.

1. Base: first value before the increase or decrease. We could think of this
as the original amount before the increase or decrease.

2. Amount: amount of the increase or decrease;
e final value after increase minus the first value before the increase
e first value before decrease minus final value after the decrease

3. Percent: percent increase or percent decrease

Examples (Percent increases)

11. There were 8.2 million people in a large city in the year 1990. In the year 2000,
there were 10.1 million people living there. Find the percent increase in the city's
population from 1990 to 2000.

Steps

Base: 8.2 million
Amount: 10.1-8.2 = 1.9 mill.
Percent: ??7?

PB=A

P(8.2)=1.9

P(8.2) 19
82 82

P =.2317 or 23.2%

There was a 23.2% increase
in the city's population from
1990 to 2000.

By Will Tenney

Reasons

1. Base: first value before the increase (original
amount)

2. Amount: amount of the increase;

final value after increase minus first value before
increase

3. Percent: percent increase is what we are
asked to find.

Here we are saying that the percent of the
increase times the original amount is equal to the
amount of the increase.

Change the decimal to a percent.

State your answer.
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Example (Percent decreases)

12. It is estimated that the value of a new car drops 45% in the first two years. Find
the value of a $24,900 new car after two years.

Steps Reasons
Base: 24,900 1. Base: first value before the
Amount: 24,900 — unknown = ???? decrease
Percent: 45% 2. Amount: amount of the decrease;

first value before decrease minus final
value after decrease. Here we are
looking for the final value after the
decrease.
3. Percent: percent decrease
PB=A Here we are saying that the percent of
the decrease times the original amount
4524.900 = A is equal to the amount of the decrease.

We get the amount of the decrease.
11,205=A

original value — decrease = final value  We subtract the amount decreased
24,900 — 11,205 = 13,695 from the new car price to get the price
after two years.

The value of the car after two yearsis  State the answer using a sentence and
$13,695. correct units.

There are a lot of equations that can be used to do mark-up (increases) and
discount (decreases) equations. | will focus on the process, which is familiar to us.
Mark-up is what a store does to make a profit. Sometimes stores sell their items at
a discount so that they can sell them quickly.
Mark-up:

Cost of the item + Mark-up = Selling price

Mark-up = a percent of the cost.

(percent - cost)

It should make sense that a company has its cost for an item and then the
company charges more in order to make a profit.
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Examples: (Mark-up)

13. A shirt with a cost of $15 is sold for $26.70. Find the mark-up rate.

Steps Reasons
Cost of the item + Mark-up = Selling e Write the basic concept behind
price mark-up rate.
e Find the mark-up
15 + Mark-up = 26.7
-15 -15
e Mark-up = a percent of the cost.
Mark-up =117 e "Percent of" means multiply by a
percent. So,
Mark-lulpm:— 5 '(315)' cost o Mark-up= P - cost
11.7 = P(15)
Solve the equation.
11.7 _ P(15)
15 15
P-78 or 78% There is a 78% mark-up.

14. A mark-up rate of 42% is applied to a tennis racquet costing $75. Find the
selling price.

Steps Reasons

Cost of the item + Mark-up = Selling price Write the basic concept

behind mark-up.

e Let x = selling price,
75 + Mark-up= X because we are asked to
find selling price.
e Mark-up = a percent of the

& toA42(7d) = X cost.
e Mark-up =42% of 75 or
A42(75)
75+.42(75) = x Solve the equation.
75+31.5=x _ o
106.5 = X The selling price is $106.50
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Discounts:
Sale price = Regular price — Discount

Discount = percent of the regular price
(percent - regular price)

This way of thinking should make some sense. When an item is 20% off, we take a
discount off the regular price and we say that discount is 20% of the regular price.
It works just like a decrease problem where we take a percent of the original
amount, which is called the regular price for an item on sale.

Examples:

15. A home entertainment system that has a regular price of $475 is on sale for
25% off the regular price. What is the sale price for the home entertainment
system?

Steps Reasons
Sale price = Regular price — Discount e Write the basic concept behind
discount.
X = 475 — .25(475) e Discount is a percent of regular

price. (25% of 475 = .25 - 475)
e Let x = sale price, because we are
asked to find sale price.
X = 475 — .25(475)

x =475 —118.75 Solve the equation.

X = 356.25

The sale price of the home State your answer as a short sentence
entertainment system is $356.25 with the correct units.
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16. A blender with a sale price of $48.75 is on sale for 35% off the regular price.
Find the regular price.

Steps Reasons

Sale price = Regular price — Discount

Write the basic concept of a discount.
e Let x =regular price, because we are
48.75 = X - .35X asked to find regular price.
e Discount is a percent of regular price.
(35% of unknown = .35 - x). The trick
is that we are taking 35% of what we
are trying to find which is the regular

price.
48.75 = x —.35x
Solve the equation.
48.75 = 1x —.35x
Think of x as 1x. Then subtract 1 — .35 to
48.75 = .65% collect like terms.
48.75 65X
.65 .65
75=Xx
The blender’s regular price is $75. State your answer.
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Exercises

Change the percent to a decimal number:

1. 12%

2. 120%

3. 0.35%

4. 11.3%

Change the percent to a fraction:
5. 45%

6. 1239

7. 47%%

8. 158%

Change the fraction to a percent:

7
9. —
25

10.2

40

11.2
9

12.%
15

13.3

14.22

12

Change the decimals to a percent:

15.0.73
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16.0.148

17.0.1682

18.0.9453

19.12.29

20.125.42

Solve the following using the basic percent equation or by translating:
21.What is 27% of 160?

22.42 is 35% of what?

23.15.3 is 85% of what?
24.What is 60% of 120?

25.312 is what percent of 600?
26.54 is what percent of 45?
27.What is 240% of 80?

28.72 is 150% of what?

29.51 is 68% of what?

30.What is 320% of 5?

31.153.6 is what percent of 240?
32.486 is what percent of 3007
Solve the following:

33.Student enrollments at a university increased from 8900 to 10,502. Find the
percent increase of the student enroliments at the university.

By Will Tenney



3.4 Percents page 133

34.The number of city employees increased from 12,250 to 16,170 under a new
mayor. What is the percent increase of city employees under the new mayor?

35.The number of jobs in a certain state decreased from 6.0 million to 5.1 million
because of an economic crisis. What is the percent decrease in the number of
jobs in the state because of the economic crisis?

36.Over his lifetime an adult male’s height went from 73 inches to 71 inches. Find
the percent decrease in height of the adult male to the nearest hundredth of a

percent.

37.A blender that usually sells for $75 is on sale for 35% off of the original amount.
What is the sale price of the blender?

38. A laptop that is normally $575 is sold at a discount of 15% off of the regular
price. What is the sale price of the laptop?

39. A coffeemaker with a sale price of $95.04 is 28% off of the regular price. What
is the regular price of the coffee maker?

40.A new car with a sale price of $22,360.80 is 16% off of the regular price. What
is the regular price of the new car?

41.1t is estimated that the value of a new car drops 24% in the first year. Find the
value of a $32,900 new car after the first year.

42. A retailer buys a television for $380 and then marks up the price 45%. What is
the retailers selling price for the television?

43. A wine shop buys a French Chardonnay for $6.50 and then marks up the price
80%. What is the wine shop’s sale price for the French Chardonnay?

44. A brand name shirt has a cost of $24 for a small store. The store sells the shirt
for $43.20 Find the mark-up rate.

45. A supermarket buys shrimp at a cost of $3.80 per pound. The supermarket
sells the shrimp for $6.27 per pound. Find the mark-up rate.
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Sets are denoted with braces { } and can be written two ways:
1. Roster Method: Lists the elements of the set.
2. Set-builder notation: we describe the set because it is too big to list all the
elements.

Roster Method
A ={1,2,3,4,5} The set A has elements 1,2,3,4,5
B={1,3,5,7,9} The set B has elements 1,3,5,7,9.

The union of two sets is the set of all elements in either set or both sets. Union is
denoted by U.
Find AUBusing A and B from above.

AUB ={,2,34,5,7,9}

The intersection of two sets is the set of only the elements that are in both sets.
Intersection is denoted by .
Find AN Busing A and B from above.

ANB = {135}
Some sets are too big to list the elements. But we can graph them or write them in
set-builder notation.

Consider the graph of x > 3

-7 6 5 4 -3 -2 -1 0 1 2 3 4 5 6 7
We use an open circle to show that the value 3 is not included.

In set-builder notation we write
{x| X > 3}
Translated as: "the set of x such that x is greater than 3"
The braces indicate it is a set and the vertical line means "such that".

Consider the graph of x <-2

-7 6 5 -4 -3 -2 -1 0 1 2 3 4 5 6 7

We use a closed circle to show that the value -2 is included.
In set-builder notation we write
x| x <2}
Translated as: "the set of x such that x is less than or equal to -2"
The braces indicate it is a set and the vertical line means "such that".
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The difference between solving equations and solving inequalities is that we
switch the inequality when we multiply or divide both sides by a negative
number.

Think of the following example with numbers:

-3<4 We know that -3 is less than 4.
~3(-2)>4(-2) Multiply be a negative number switches
the sign.
6>-8 The result makes sense.

Examples:

1. Solve: —3x<9

Steps Reasons
-3x<9
3 9 Dividing both sides by a negative number switches the
XS Y inequality.
-3 -3
X>-3
{x| X > _3} The answer can be written in set-builder notation.

The graph of x>-3

As with equations, we can solve more complicated inequalities by getting all the
variables on one side and the numbers on the other. We may need to first simplify
both sides of the inequalities.
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2. Solve: 5Xx—4>4x+3

Steps Reasons
S5X—4>4x+3
—4x  —4x Subtracting the same number from both sides does not

affect the inequality.

X—4 >3 Adding the same number to both sides does not affect the
+4 +4 inequality.

x>7 All done.

{x| X > 7} The answer can be written in set-builder notation.

The graph of x > 7. There is an open circle at 7 because 7 is not included for >.

3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11

3. Solve: 2x—-11>5x+4

Steps Reasons
2x—-11>5x+4
% —Bx > 4411 Add 11 and subtract 5x from both sides of the
X=oX>a+ equation.

—-3x>15 . . . .
Dividing both sides by a negative number switches the
inequality.

-3x 15

—_— < —_

-3 -3
X< -5
{x | X < _5} We can write the answer using set-builder notation.
“—e—t—c ey
| Y | | | | | I | | | | | |

By Will Tenney



3.5 Inequalities page 137

4. Solve: 3(2x—9)+2>17-2(x +5)

Steps Reasons
3(2x-9)+2>17-2(x+5)

Simplify both sides of the inequality.
6X—-27+22>17-2x-10 Py g Y

6Xx—-25>7-2x . . .
Add 25 and add 2x to both sides of the inequality.
6X+2Xx>7+25
8x >32
Dividing both sides by a positive number does not
8x 132 switch the inequality.
8 8
X>4
{x|2 4} We can write the answer using set-builder notation.

We can also graph the inequality:

-7 6 5 -4 3 -2 -1 0 1 2 3

We use a closed circle to show that the 4 is included.

Sometimes we want to show that a number lies between two values. Consider the
following graph:

3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11

Because of the open circles 2 and 6 are not included, but all of the values in
between are included. There are few ways to express the inequality.
1.2<x<6
2.x>2andx<6
We will use the first notation.
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To solve these inequalities we will split the inequality into three parts (which are
separated by the inequality) and do the same operations to all three parts at the
same time.

Example:

5. Solve —9 < 4x — 5 < 11 write the solution in set notation and graph:

Steps Reasons
—-9<4x-5<11 Split the inequality into three parts and try to get x alone
+5 +5 +5 in the middle:

—-4< 4x <16 ! !

Tt &6 Get x alone in the middle by first adding 5 then dividing
4 4 4 by 4 from each of the three parts of the inequality.

—-1<x<4

Write the answer in n ion.
Xl —1<x<4) te the answe set notatio

Graph of the solution:

Examples:

6. In a math class there are four equally weighted tests. A student has grades of
92, 78, and 97 on the first three tests. To earn an A in the class, the students must
have an average of at least 90. What must the student get on the fourth test to
earn an A in the math class?
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Steps Reasons
Let x = grade on the Use a variable to stand for what we want to find.
fourth test. The question mark indicates what we are looking
for.

Average at least 90
Average > 90 Start by writing the words then translate the parts.
At least means >
92+ 78+97 + X > 90
4 = To find the average, add the four grades and divide
by four.

4 92+78+97
=t I X590-4  To solve first multiply both sides by 4 to get rid of

the fractions.

92+ 78+97 + x > 360
Do the arithmetic and then subtract both sides by
267 +x > 360
267.
X > 360 —267 The student needs at least a 93 on the fourth test to
503 earn a 90 for math class.
X >

7. For a product to be labeled as orange juice a state agency requires that at least
65% of the drink is real orange juice. How many ounces of artificial flavors can be

added to 26 ounces of real orange juice and have it still be legal to label the drink

orange juice?

Steps Reasons
x = amount of artificial flavors that may be added Let a variable stand for
what is being asked.
At least means more than
Amount of real juice must be at least 65% of total  or equal. The total is the 26

26 ounces of real juice > .65 (x+26) ounces of real orange plus

26 > 0.65(x + 26) the artificial flavors that are
added (x).

26>0.65x +16.9

9.1> 0.65x Solve the inequality.

9.1 _ 0.65x

0.65 0.65

14> x or x<14 No more than 14 ounces of the artificial flavors can be added.
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Exercises
Solve the inequality and graph the solution on a number line:

1. 4x<8

2. 3x>9

3. =5x=>-10

4, =2x< —4

5. x=7<-6

6. x+4=>7

7. x+2>-1

8. x—-3<-7

9. 3—4x< 11
10.5-2x>9
11.3x—-7< -1
12.5x+7 > -3
13.4x—2>x+7
14.5x+3 <x—13
15.-2x+2<x—-7
16.2x —3>4x—7
Solve and write the answer in set notation:
17.2(3x —5) > 5(2x + 4)

18.3(2 — 4x) < —2(x — 8)

By Will Tenney



3.5 Inequalities

19.7-3(x—-3)<6—-(x—4)

20.9 —5(x+4)>2— (x—7)

21.6x+2(4—2x) =28+ 3(x+05)
22.7-(x—3)+2x<10-3(x—2)

23.3x — [5x — (=2)] = 2[-5— (—2x) + 32] — 2
24.5 — 3[2x — (3x — 2?)] < 22 = 2[3x— (2x — 1)]
25.-3<2x—-1<5

26.—-7<3x—4<8

27.—-3<5x—-2<7

28.4<4x—-7<8

Use an inequality to solve the following:

page 141

29.1n a math class there are five equally weighted tests. A student has grades of

94, 92, 78, and 97 on the first four tests. To earn an A in the class, the students
must have an average of at least 90. What must the student get on the fifth test

to earn an A in the math class?

30.For a team competition each member of a four member team runs an obstacle
course. In order to pass on to the next level the team must have an average

time of at most 60 seconds. If the first three member of the team run the course

in 59, 68, and 53 seconds, what times for the fourth member will let the team

pass onto the next level?

31.A government agency can spend at most $125,000 on a training program. If the

training program has a fixed cost of $45,000 plus a cost of $125 per employee,

how many employees can be trained?
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32.A large company allotted at most $75,000 for a training program. If the training
program has a fixed cost of $18,670 plus a cost of $215 per employee, how
many employees can be trained?

33.For a product to be labeled as orange juice a state agency requires that at least
45% of the drink is real orange juice. How many ounces of artificial flavors can
be added to 8 ounces of real orange juice and have it still be legal to label the
drink orange juice?

34.For a product to be labeled as real juice a state agency requires that at least
15% of the drink is real juice. How many ounces of artificial flavors can be
added to 3 ounces of real juice and have it still be legal to label the drink as real
juice?

35.The temperatures in Jerez, Spain had the following range in Celsius degrees on
a summer day: 20° < C < 35°. The formula to convert Fahrenheit degrees to

Celsiusis C = g(F — 32). Find the temperature range in Fahrenheit degrees for
Jerez, Spain on the summer day.
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We are working with degree two or
quadratic expressions (ax? + bx + ¢) and
equations (ax? + bx + ¢ = 0). We see
techniques such as multiplying and
factoring expressions and solving
equations using factoring or the
quadratic formula.

Course Quicomes:
e Demonstrate mastery of algebraic skills

4.1 Multiplying Algebraic Expressions and FOIL
Multiplication of variables with exponents is reviewed. A
monomial is multiplied by a polynomial using the distributive
property. Binomials are multiplied by binomials using FOIL
(First, Outer, Inner, Last)

4.2 Factoring and Solving by Factoring
Students learn to factor out a common factor and factor
trinomials in the forms of x2 + bx + ¢ or ax? + bx + ¢. Solving
by factoring and some basic translation problems for
degree two equations are covered.

4.3 Quadratic Formula
Students learn to solve degree two equations by factoring
and applying the quadratic formula. Quadratic equations
may or may not be able to be solved by factoring.
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When multiplying monomials and polynomials we add exponents using the
following rule:

m

X . Xn — Xm+n
All we are saying is that x*-x* = (x-x)-(x-x-x-x)=x°. It is easier to add the 2 and
4 to get the 6 rather than writing it out.

Monomial times a polynomial:
Multiply each term in the polynomial by the monomial by multiplying the numbers
and adding the exponents.

Examples

1. Multiply: 5x(2x2 —x+3)

Steps Reasons
5x(2x2 — X+ 3) Use the distributive property.
Multiply each term in the polynomial by 5X:
/ﬁ\\ 1. Multiply numbers (coefficients).
5x(2x2 - x+3) 2. Multiply each variable by adding exponents,

where x has exponent of 1.
2x% ) o . :
(SX)( X ) (SX)(X)+(5X)(3) Here the distributive property is written out. We
can really leave this step out by thinking of arrows.
10x® —5x” +15x

2. Multiply: 3x2y3(2x4 —xy® +5x5)

Steps Reasons
3x2y3(2x4 —xy° +5x5) Use the distributive property.

Multiply each term in the polynomial by

‘ l 3x%y*:
\7l 1. Multiply numbers (coefficients).

3x2y3(2x4 —xy° +5X5) 2. Multiply each variable by adding
exponents.

(3x2y3X2x4)_(3x2y3Xxy6)+(3x2y3X5x5) Here the distributive property is written
out. We can really leave this step out by
thinking of arrows.

6x°y® —3x3y°® +15x"y? Write the answer.
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3. Multiply: —2y2(3y5 —4y* — ys)

Steps Reasons
_ 2y2(3y5 4yt y3) Use the distributive property.

(— 2y2X3y5)+ (2y2X4y4)+ (2y2Xy3) Multiply (— 2y2)by each term. At least take
care of your negative signs and subtraction.
A negative number multiplied by a number
being subtracted becomes addition. With
practice, this step may be skipped by
drawing arrows to indicate the correct
multiplication.

—6y’ +8y° +2y° Multiply the numbers. Multiply the variables
by adding their exponents.

The FOIL method for multiplication of binomials is very important in algebra. FOIL

is an acronym for:

First: Multiply the first terms of each binomial.

Outer: Multiply the outer terms of the binomials.

Inner: Multiply the inner terms of the binomials.
Last: Multiply the last terms of the binomials.

Examples

4. Multiply: (x+3)(x+5)

Steps Reasons
(x+3)(x+5) To multiply two binomials use FOIL
X2 First: Multiply the first terms of each binomial.
5X Outer: Multiply the outer terms of the binomials.
3X Inner: Multiply the inner terms of the binomials.
15 Last: Multiply the last terms of the binomials.

x? +3x+5x+15 Putall the terms together.
x2 +8x+15 Collect like terms.

This problem should be done in three steps since the FOIL part can be done
mentally.
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5. Multiply: (3x— 7)(2x +5)

Steps Reasons
(3x—7)(2x+5) Use FOIL to do all the multiplications mentally. You can

draw arrows between the first, outer, inner, last terms to
help focus on the multiplication.

6x% +15x —14x—35 First: 3x-2x = 6x?
Outer: 3x-5=15x
Inner: —7-2x =-14x
Last: —7-5=-35

6x° +x—-35 Collect like terms.

Students may wonder where FOIL comes from. Really we are using the distributive
property twice. If we do example 4 using the distributive property we will get the
same answer.

Steps Reasons

(x+3)x+5)

Distribute the whole expression (x +3)
(x+3)x+(x+3p

Distribute the x and the 5.

X-X+3X+5x+15 . _ )
We end up with the same operations and answers as if

% +8x+15 we did FOIL

It is easier to multiply these binomials by FOIL. So, we generally do these
problems using FOIL.
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Exercises

Multiply:

1. 5x(2x% + 3x — 4)

2. 2x(3x?2 —4x+5)

3. 7x(3x* = 5x—11)

4. 4x(3x* —2x—-9)

5. —3x%(2x* —3x—6)

6. —7x*(3x*> —5x—9)

7. —4x%(2x* — 5x — 6)

8. —6x%(9x? —2x+5)

9. 3x*(5x* —3x3 —2x?)

10.7x%(9x> — 3x* — 7x%)

11.4xy(3x2 — 2xy + 5y?)

12.7xy(3y? — 5xy — 11y?)
13.-3x%y(15xy? — 10x?%y — 8x%y?)
14.—7xy?(12x%y? — 9x2y + 6xy?)
15.8x2y(5x%y — 10xy — 7xy? — 12x%y?)
16.5xy?(4x% — 6xy? — 8x%y — 9x%y?)
17.(3x+ 2)(5x + 4)

18.(2x+ 1)(3x + 4)
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19.(5x — 2)(3x + 7)
20.(3x + 8)(2x — 9)
21.(7x — 2)(5x — 11)
22.(4x + 2)(3x + 8)
23.(7x — 3)(6x — 5)
24.(3x — 11)(2x — 9)
25.(11x — 6)(5x — 4)
26.(10x — 7)(8x — 6)
27.(9x + 6)(8x — 7)
28.(8x — 7)(9x + 6)
29.(5x — 10)(3x + 12)
30.(7x — 15)(4x — 10)
31.(3x2 — 9)(2x% + 4)
32.(5x% — 12)(3x2 — 15)
33.(8x% — 14)(9x2 — 10)

34.(7x* + 8)(12x% — 9)
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To factor is to write an expression as the product of its factors. The number 6 can
be factored into 2.3

Factoring out a common factor is based on doing the distributive property in
reverse.

a-b+a-c=a(b+c)
Look for the common factor in all terms:
1. Look for a number that is a common factor.

2. Look for the variables that appear in all terms and use the smallest
exponent.

Examples

1. Factor: 15x° + 25x* —10x3

Steps Reasons
5 is a factor of all three terms
15x° + 25x* —10x° x® is a factor of all three terms. (Use the smallest
exponent.)
Divide each term by the 5x°. Actually, | think of what |
5X3(3X2 +5X—2) need to multiply 5x®by to get each of the original terms of

the 15x° + 25x* —10x°
You can check by multiplying:

0

5X°(3%% +5X — 2) = 15x° + 25x* —10%°

2. Factor: 12x°y* —8x’°y — 40x°

Steps Reasons
4 is a factor of all three terms
12x%y? —8x*y — 40x? x* is a factor of all three terms.

Divide each term by the 4x”. | think of what | need to
4x2(3y2 —2y—10) multiply 4x? by to get each of the original terms of the
12x%y? —8x%y — 40x°
You can check by multiplying.

Factoring polynomials of the form x2 + bx +c
factors of "c" whose sum is "b"
write those numbers (x ...)(x...)
After we do an example we can see why it works by checking.
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3. Factor x? +5x+6

Steps Reasons
X2 +5X+6 bis5andcis6

Look for the factors of "c" whose sum is "b".
List factors of 6
(X+2)(X+3) 16, _1(_6)! 2:3, _2(_3)
2 and 3 have a sum of 5
Write those numbers after the (x ...)(x ...)

When we check by multiplying, we see why the sum of the numbers is 5 and the
product is 6.

(x+2)(x+3) In the FOIL we will always get x-x

XX+ 3X 4+ 2X + 6 2x + 3x = 5x We needed the sum to be 5

2:3 =6 We only tried factors of 6
X* +5x+6

4. Factor: x> —5x—24

Steps Reasons
X2 —5x—24 bis-5andcis-24

List factors of -24

Look for the factors of "c" whose sum is "b".
-2-12 , -3-8, 3:(-8)

3 and -8 have a sum of —24

(x—8)x+3) Write those numbers after the (x ...)(x ...)

5. Factor: x> +3x+7

Steps Reasons
X2 +3x+7 bis3andcis 7

List factors of 7

Look for the factors of "c" whose sum is "b".
1.7, -1-(=7) None of the factors of 7 add up to 3

So, x*+3x+7 does not factor. We can also say that x> +3x+7 is prime.
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6. Factor: 6x® —12x? —18x
Steps Reasons

6x° —12x2 —18x
First factor out the common factor.

6x(x2 —2X— 3)
The factors of -3 whose sum is =2 are — 3 and 1.
6x(x—3)x+1) Keep the common factor of 6x.

Factoring polynomials of the form ax? + bx + ¢ by Guess and Check:
We are doing FOIL backwards. ax? is coming from the first terms and c is coming

from the last terms. We can check all possibilities that will give us ax? and c. Then
we check the FOIL to see if we have the right bx term.

Examples

7. Factor 2x2+ 7x + 3

Steps Reasons
(2x Yx ) 2x2 must factor into 2x and x in the first two terms.
Check: The factors of 3 are 1,3 and . Try them in both possible
(2x +3)(x +1) orders. They would not be negative because the middle
2x +1)(x +3) term 7x is positive.

2% — 1)(x 3)

-1)

2X +1)(x+3) If you check the FOIL the answer is the second choice.

—~ ~ —~~
N
><
00
N
-~
><
H

Check:
(2x+1)(x +3)=2x* +6X + X +3=2x" +7x+3

Here we are guessing 2x and x for the first part of the factors because they will
give us 2x2 in the FOIL. We guess 1 and 3 for the second part of the factors
because they will give us 3 in the FOIL. We have to try the various combinations
and do the FOIL to see which combination works.
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8. Factor: 6x2 —23x -4

Steps Reasons

Bx )J2x ) 6x2 must factor into 3x and 2x or 6x and x in the first two

terms.
or

6x Yx )

(3x—4)(2x +1) The second part of the two factors has -4,1 or 4,-1, or

(3x n 4)(2x 1) 2,-2 in either order. This leaves us with 12 possibilities
to check. Being organized helps but this method works

ng 1);2)( + 4; best when the “a” and “c” are prime numbers like in the

3X+1)2x-4 first example.

(3x—2)(2x +2)

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

6x —4)x+1)

6x +4)x-1)

6x —1)x +4)

6x +1)(x —4)

6X —2)(x+2

)
6x+2)(x-2)
)

If you check the FOIL for all of the combinations, it turns
out to be the second to the last.

—_ ey Wy Yy Yy Ny Yy

6x+1)x—4

Types of factoring:

1. Factor out any common factor
. Always try this first.
. This is the distributive property backwards.

2. Check the form of the polynomial:
X2+ bx+c
. factors of "c" whose sum is "b"
. write those numbers (x ...)(x...)

ax2+bx+c
. We are doing FOIL backwards. ax?is coming from the first terms and
c is coming from the last terms. We can check all possibilities that will give
us ax? and c. Then we check the FOIL to see if we have the right bx term.
. write those numbers (ZX ) xk‘

yields ax?2  resultsinc
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Now that we can factor, we can solve some equations that have exponents for the
variable. If two numbers are multiplied together to get a product of zero, then one
of the must be zero. In other words, If a-b =0, then either a is zero or b is zero.
Example

9. Solve (x—3)(x+2)=0

Steps Reasons
(x — 3)()( + 2) =0 If the product equals zero, then one of the factors
must equal zero.
X—3=00r X+2=0 Set each factor equal to zero.

Solve the two resulting equations.
Xx=3 orx=-2 geq

A quadratic equation has the form ax® +bx+c where a,b,c are real numbers and
a=0. The idea is to solve quadratic equations by factoring.

To solve quadratic equations by factoring:
1. Set the equation equal to zero.

2. Factor.

3. Set each factor equal to zero and solve.

Examples
10. Solve: x* +4x=5

Steps Reasons
x> +4x=5 Since there is an exponent for the variable:
x*+4x-5=0 1. Set the equation equal to zero.
(x+5)(x-1)=0 2. Factor.
Xx+5=0 x-1=0 3. Set each factor equal to zero and solve.

X=-5o0r x=1

x=-51 There are two solutions to the equation.
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11. Solve: x®-5x*+6x=0

Steps Reasons
X% —5x2+6x=0 The equation is already set equal to zero. So, just
factor the left.
X(X2 — 95X+ 6)= 0 X is a common factor.
x(x B 2)()( _3) _0 The factors of 6 that add up to -5 are —2 and -3.

Set each factor equal to zero.
Xx=0or x-2=0or x-3=0
X=2 X=3

x=0,2,3 These are the solutions.

12. Solve: 4x*> —x =5

Steps Reasons
4x> —x =5 Since there is an exponent for the variable:
1. Set the equation equal to zero by subtracting 5 on both
, sides.
4x"-x-5=0 2. Factor using ax? +bx + ¢ check the following possibilities.
(4x-5)(x +1) (2x—5)2x+1)
(4x-5)(x+1)=0 (4x+5)x-1) (2x+5)2x-1)
(4x-1)x +5) (2x—1)2x+5)
4x-5=0 or x+1=0 (4x+1)x-5) (2x—1)2x+5)
4x =5 x=-1 3. Set each factor equal to zero and solve.
5
X==
4
<=1 5 There are two solutions to the equation.
=17
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13. Solve: (2x+5)x+1)=-1

Steps Reasons
Since the equation is not yet set equal to zero, we
(2x+5)x+1)=-1 should multiply on the left using FOIL.

Collect like terms and set the equation equal to zero.
2X% +2X+5x+5=-1

Factor using the methods for ax? + bx +c

2X° +7x+6=0 (x+1)2x+6) (x+2)2x+3)
(x+6)2x+1)  (x+3)2x+2)
(x+2)2x+3)=0 (x-1)2x-6)  (x-2)2x-3)
(x-6)2x-1) (x-3)2x-2)

X+2=02x+3=0
Check the possibilities to find the factors.

X=_2 2x=_3 Set each factor equal to zero and solve.
3

X=-20r X=-——
2

r=-475 There are two solutions to the equation.

Since we can solve equations that have exponents for the variables, we can do
word problems that result in this new type of equation. Below are a couple of
examples of translation problems that result in degree two equations.

14. The sum of two numbers is six. The sum of the squares of the two numbers is
twenty. Find the two numbers.

Steps Reasons
Sum of two numbers is 6 List information and identify the question.

Sum of squares of two
numbers is 20

Find the numbers???

X = one number Here we have two unknowns.
6 — x = the other number e Let x = one of them is easy.
e Because the sum is 6 the other number is
6 —X

Sum — first number
(Remember: This is the relation for two numbers
adding up to a given sum)
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Sum of squares of two numbers is 20  Use the other information to write an

One numberz + other numberz = 20 equation.
X? + (6-%x)2 =20
x? +(6-x) =20 Solve the equation.
x> +36-12x+x? =20 You can multiply (6 — x)(6 — x) on the side.
6—Xx)6—-X
2x* —12x+36 =20 ( X )
36— 6x—6x+x* Use FOIL

2
2x° -12x+16=0 36 -12x+X
Set the equation equal to zero and factor. Since

2(x2 —BX + 8): 0 x? —6x +8 does not have a number in front of x*
, we find the factors of 8 whose sum is -6. Use -

2 and -4 to factor.
2x—2)x—4)=0 an o factor

Xx-2=0 x-4=0

X=2, x=4
Ifx =2, Find the other number using 6 — x.
then6—-x =6-2=4
The numbers are 2 and 4. State your answer.

15. The sum of two numbers is thirteen. The product of the two numbers is forty.
Find the two numbers.

Steps Reasons
Sum of two numbers is 13 List information and identify the

The product of the two numbers is forty.  question.

Find the numbers???
Here we have two unknowns.

X = one number e Let x =one of them is easy.
13 — x = the other number e Because the sum is 13 the other
number is
13 -xX

Sum — first number
(Remember: This is the relation for
two numbers adding up to a given
sum)
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The product of the two numbers is forty.

One number X other number = 40
X times 13—x =40

x(13-x)=40

13x — x* =40

— X% +13x—40=40-40
—x*+13x-40=0

—(x* -13x+40)=0
—(x-8)(x—5)=0

Ifx=8
then13—-x =13-8=5

The numbers are 8 and 5.

By Will Tenney
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Use the other information to write an
equation.

Solve the equation.

Multiply.

Set equal to zero.

| like to factor out the negative sign
so that the first term is positive.

Set each factor equal to zero.

Find the other number using 13 — x.

State your answer.
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Exercises

Factor:

1. 12x3 + 6x% — 18x
2. 50x3 + 30x% — 70x
3. 20x® —16x* — 12x3
4. 21x° — 14x* — 7x3
5. 33x® + 55x* — 44x?
6. 56x° — 16x* — 32x?
7. 63x° — 18x* + 54x2
8. 25y’ — 15y° — 45y3
9. 40y® — 49y* — 35y?
10.11y” — 99y® — 66y°
11.x2+5x+6

12.x% + 4x + 3
13.x2+9x + 8

14.x% + 6x + 8

15.x> —2x—8

16.x%2 — 2x + 12

17.x%2 +2x—7

18.x* —3x — 18
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19.x2 —7x+ 12

20.x%2 —8x+ 15
21.x%> —x—20
22.x%> —2x—3

23.x%2 +4x—21

24.x%* +3x— 10

25.x%2 —5x + 4

26.x% —12x + 35

27.x%> +11x+ 18

28.x% + 14x + 40

29.x%2 — 5x — 24

30.x%> —x— 42

31.x*+x—30

32.x%> +5x+2

33.x2—x—9

34.x% +4x — 12

35.x% + 16x + 64

36.x% + 12x + 36

37.2x* +5x—3

38.3x% + 6x+ 2
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39.3x%* —16x+5
40.2x% + 5x + 2
41.3x%2 —11x — 10
42.3x% —4x+ 1
43.2x%* +x—3
44.5%x% + 9x — 2
45.5x%2 —13x— 6
46.2x% —7x+ 3
47.6x%> +x—1
48.6%x% + 5x — 6
49.4x%* —5x— 6
50.4x% —8x + 3
51.4x% —4x — 15
52.6x%> —17x — 3
Factor Completely:
53.5x3 + 20x? + 15x
54.10x* — 10x3 — 60x?
55.3x% — 9x3 — 30x?
56.7x5 — 21x* + 14x3

57.4x° — 24x* + 32x3
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58.5x° + 10x* — 40x3
59.20x° + 100x* + 80x3

60.2x°% — 16x> + 30x*

Solve:

61.x—9)(x—-7)=0
62.(x+6)(x—=5)=0
63.(2x+3)(3x—1)=0
64.(5x—9)(2x+7)=0
65.x2 —5x+4 =0
66.x%2 + 6x+5=0
67.x2+4x—21=0

68.x2 —3x—40=0

69.x2 =5x+6
70.x> = 6x—8
71.x* —x =12
72.x> =2x+8

73.x* —9x = —18

74.x% —4x =21

75.x3 —3x2 4+2x =0

76.x3 +5x2 4+ 6x=0

77.x3 —x2—-20x=0
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78.x3 —11x2+10x =0

79.3x2 —5x—2=0

80.2x2 —7x+3=0

81.2x*+x—-3=0

82.3x>+x—-2=0

Solve by using an appropriate equation:

83.The sum of two numbers is eleven. The product of the two numbers is thirty.
Find the two numbers.

84.The sum of two numbers is fifteen. The product of the two numbers is thirty-six.
Find the two numbers.

85.The sum of two numbers is eight. The sum of the squares of the two numbers is
thirty-four. Find the two numbers.

86. The sum of two numbers is seven. The sum of the squares of the two numbers
is twenty-nine. Find the two numbers.
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Quadratic Formula
Given a polynomial of the form ax? +bx+c=0

_ —bx+b®—4ac

X =
2a

This is called the quadratic formula. It is derived by solving for ax® +bx+c=0 by
“‘completing the square,” which is beyond the scope of this class.

Examples:

1. Solve 3x* —2x—5=0 using the quadratic formula.

Steps Reasons
3x2 —2x—-5=0 Identify the a,b, and c from the general form:

ax’> +bx+c=0
a=3 b=-2¢c=-5

—b++b? —4ac Write the quadratic formula.
B 2a

X

—(-2)£4/(-2)* - 4(3(-5) Replace a,b, and ¢ with the numbers.

2++4+60 . .
= Simplify.
6
_2+.64
6
2+8
X=——
6
2+8 10 5
X=—— === Write out the + and the —.
6 6 3 e ou
(.2-8_-6__,
6
_ 5 Write the answers. The same answer can be
X= _1'§ found by factoring to solve.
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2. Solve 3x* = x +5 using the quadratic formula.

Steps Reasons
3x2 =x+5 Get the polynomial on one side and zero

on the other in order to identify the a,b,
and c by subtracting x and 5 from both

3x*-x-5=0 sides. It is usually easier to keep the x?
term positive.

a=3, b=-1 c=-5

X = 2a Write the quadratic formula.
—(-1)++(-17 -4(3)-5

X = 1) ‘/(2(3?) (3)-5) Replace a,b, and ¢ with the numbers.
1++1+60

X = TJF Simplify by performing the arithmetic.

Careful of the signs!
1++/61 The square root cannot be evaluated or
" 6 simplified. So, we stop.

You may write the answer either way.

1+/61 or {1—@ 1+\/ﬁ}
6 6 6

The above example shows that we can use the quadratic formula to solve for
equations that we cannot solve by factoring. If we are asked to solve a quadratic
equation (ax* +bx+c =0) and the problem is hard to factor, then we need to try
the quadratic formula quickly. It may be that the equation cannot be solved by
factoring.

By Will Tenney



4.3 Quadratic Formula

page 165

3. Solve 2x* —4x =7 using the quadratic formula.

Steps
2x% —4x =7

2X° —4x-7=0

a=2 b=-4,

_—b++b®-4ac

c=—7

X
2a

‘= 4+ 16 +56

4

L AxVT2
4

4+/36~2

Xzzpi&ﬁ?

4

L _2£3V2
2

L 2t32
2
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2

2
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Reasons

Get the polynomial on one side and zero
on the other in order to identify the a,b,
and c.

Write the quadratic formula.

Replace a,b, and c with the numbers.

Simplify.

Simplify the square root by finding a factor
that is a perfect square.

Simplify the fraction by factoring in the
numerator and canceling the common
factor. We must factor to cancel because
of the + or — signs.

You may write the answer either way.
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Exercises

Solve by using the quadratic formula:
1. 3x2-2x—-5=0

2. 2x2+3x—-2=0

3. 5x2+3x—1=0

4. 4x% +5x =2

5. 3x2—7x=-3

6. 2x2—-9x+5=0

7. x*=3x-1

8. x?=-5x—1

9. 3x2—x—-7=0

10.2x> +6x—9=0

11.3x2-2x=9

12.4x* +6x—9=0

13.12x%2 = 4x + 1

14.9x2 - 3x—5=0
15.4x2+2x—1=0

16.2x2 —=3x—5=0

17.3x2 —4x—4=0

18.2x2+10x+1 =10
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19. 4x* —14x+3 =0
20. x°—6x—7=0

21. x> —=2x—5=0
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We formalize the relationship between two
variables by defining a function. We explore
linear, quadratic, exponential, and logarithmic
functions. Students learn to graph these four
functions and analyze associated application
problems. Systems of linear functions and their
applications are studied.

Course Outcome:
e Demonstrate mastery of algebraic skills
¢ Demonstrate understanding of the concepts of functions and related
applications
e Recognize and apply mathematical concepts to real-world situation

5.1 Graphs and Functions
The rectangular coordinate system and ordered pairs are defined. Function
notation and the vertical line test for functions are infroduced. Linear and
parabolic functions are graphed by picking points. The discussion includes
applied problems for functions.

5.2 Graphing Linear Equations
Linear equations and three different methods for graphing are explained:
picking points, x-intercept/y-intercept, and slope/y-intercept. The slope of a
line is described geometrically and algebraically. Vertical lines and
horizontal lines are discussed in terms of equation, slope, and graph.

5.3 Solving Systems of Linear Equations
Three methods for solving systems of equations are discussed: graphing,
substitution, and addition. Solving by graphing is used to discuss the types of
solutions. The focus is on solving using the substitution and addition methods.
Applications of solving systems of equations are explored.

5.4 Quadratic Functions
Degree two or quadratic functions are developed. Students will be able to
find the vertex, x-intercepts, y-intercept, and graph quadratic functions.
Application problems include finding the vertex to determine the minimum
or maximum of the quadratic function.

5.5 Exponential Functions
Exponential functions are defined. Students learn to graph exponential
functions and solve some applied problems involving exponential functions.

5.6 Logarithmic Functions
Logarithmic functions are defined. Students should be able to graph
logarithmic functions and solve some applied problems involving
logarithmic functions.
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The idea behind graphing is that we are relating two variables. The rectangular
coordinate system is made up of two real number lines that are perpendicular.

Ordered pairs have two coordinates and are used to represent the different points
on the coordinate plane:

1. The first coordinate (or abscissa) refers to the horizontal axis (or x-axis).

2. The second coordinate (or ordinate) refers to the vertical axis (or y-axis).

Graphs of Order Pairs

(2,3) 2 to the right on the horizontal axis and 3 up on the vertical axis
(-3,4) 3to the left on the horizontal axis and 4 up on the vertical axis
(-5,-1) 5 to the left on the horizontal axis and 1 down on the vertical axis
(1,-4) 1 to the right on the horizontal axis and 4 down on the vertical axis

y-axis
A

® < (1,'4)

The origin is the point in the middle where the two axes cross with coordinates
(0,0).

Function Notation allows us to describe a certain type of relation.

The idea is to define a function f, g, or h in terms of a variable and arithmetic
operations. Here we are evaluating functions for a specific value by replacing the
variable x with the number and evaluating the expression.
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Example
1. Given f(x) = x2 +1, find f(1), f(3), and f(-2).

Steps Reasons
f(1)
f(x)=x%+1 Write the function.
f(1)=1°+1 Replace x with 1.
f(l)=1+1
Simplify.
f(1)=2
f3)
f(x)=x*+1 Write the function.
Replace x with 3.
f(3)=3"+1
f(3)=9+1
Simplify.
f(3)=10
f(-2
f(x)=x*+1 Write the function.
f(-2)=(-2) +1 Replace x with -2. Use parentheses to replace the
number with the variable.
f(-2)=4+1
Simplify.
f(-2)=5

There really is a great deal that can be said about functions. Functions can be
graphed by writing points as (X, f(x)) much as we graph with ordered pairs (x, y).

To graph we can pick some x-values and then determine their corresponding f(x)
values.

By Will Tenney
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Examples

2. Graph f(x)=-2x+1 using x = -2,0,2

x| f(x) f(x)=-2x+1

2 |5 f(-2)=-2(-2)+1=4+1=5
0 |1 £(0)=-20)+1=1

2 |3 f(2=-22)+1=-4+1=-3

page 171

Here we have what looks like a linear
equation, which we can graph by
picking a few points and making a
table. Here -2, 0, and 2 were chosen.

Graph the points (x, f(x)) from the above table and draw the line that connects
them

3. Graph f(x)=x* -4 using x = -2,-1,0,1,2

Fy

f(x) f(x)=x*—4

0 f(—2)=(-2f -4=4-4=0

-3 f(-1)=(-1P-4=1-4=-3

-4 £(0)=(0f -4=0-4=—4

-3 f)=(f-4=1-4=-3
2 [0 f@2)=(F-4=4-4=0

By Will Tenney

v

We may not know the shape of the
graph. Just trying some x-values is a
good strategy until we know more about
the shape of this type of function. Here
we are just trying some x-values around
zero: -2, -1, 0, 1, and 2, which turns out
to be a very good choice.
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Graph the points (X, f(x)) from the above table.

&
v

Here the shape is \/, which is called a parabola. It turns out that all quadratic
functions, which have the form f (x)=ax? + bx + ¢, have graphs that are parabolas.

The x? is the most obvious difference with the linear functions.

Aside from having its own notation, there is a stricter definition of functions that
states for every x value there is at most one y value. So, if a graph has two points
such as (2,3) and (2,5), it is not the graph of a function because the x=2 is related
to two different y-values. From this restriction, we get the following:

Vertical Line Test:
If no vertical line intersects the graph more than once, then it is the graph of a
function.

By Will Tenney
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Examples

4. Which of the following are graphs of functions?
< 4

Not a function Function - we Function - we Not a function Function - we

-we candraw cannotdrawa cannotdraw - we can cannot draw a
a vertical line  vertical line a vertical line draw a vertical line
that intersects that intersects that vertical line that intersects
the graph the graph intersects the that the graph more
more than more than graph more intersects the than once.
once. once. than once. graph more

than once.

5. The cost of a new car can be estimated by the function:
C(x)=—2.4x* +950x +8,500 where x is the number of years after 1990.
a. Use the formula to estimate the cost of a new car in 2005.

b. If the actual cost of a new car in 2005 was $21,750, does the formula
underestimate or overestimate the actual price? By how much?

Steps Reasons
C(x)=-2.4x* +950x +8,500 2005 - 1990 = 15

C(15)= —2.4(L5)? +950(15)+ 8,500 2005 is 15 years after 1990. So, use x=15.

C(15)= 22,210 Use a calculator to evaluate the function.

a. In 2005 the new car will cost State the answer.
about $22,100.

Since $22,100 is more than the actual price
b. The function overestimates the of $21,750, the formula overestimates the
cost of the new car by $460. actual price by 22,100 — 21,750 = 460.

By Will Tenney
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Exercises

Using a straightedge, please draw the x-axis and y-axis on a sheet of graphing
paper. Then, plot each of the following.

(2,5)
(—4,3)
(=3,-5)
(5,0)
G-
(=3,2)
(0,0)
(—4,—-2)

. (2.5,3.5)
10.(1.5,-2.5)

(L)
12 (-12)

©oOoNOOEWDNME

Evaluate the function for the following values:

13.f(x) =3x—5
a. f(2)
b. f(10)
c. f(—3)
d. f(0)

14.h(x) =8x—5
a. h(4)
b. h(-5)
c. h(3)

d. h(0)

15.g(x) = x% + 5x
a. g(2)
b. g(=3)
g(0)

- 5(3)

o o

By Will Tenney
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16.f(x) = 2x? — 3x
a. f(4)
b. f(=5)
c. f(0)
d. f(~3)

17.f(x) = 3x*> + 8
a. f(3)
b. f(—=2)
c. f(0)
d. f(-5)

18.g(x) = 5x? — 3
a. g(1)
b. g(-2)
g(0)

- 2(3)

19.h(x) =Vx+9
a. h(7)
b. h(-5)
c. h(0)
d. h(91)

o o

20.f(x) =Vx + 4
a. f(21)
b. f(—3)
c. f(0)
d. f(285)

Graph the following functions by first finding the value of the function for the x-
values of -2,-1,0,1,2 and then graphing those points. In the end the points should
be connected to show the appropriate shape.

21.f(x) =3x—1

22.f(x) = 2x + 1

23.f(x) = —2x+1

By Will Tenney
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24.h(x) = -x+3
25.g(x) =x*+1
26.g(x) =x% -2

Which of the following are graphs of functions?

V
<
=

/

By Will Tenney
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31.

O
32.

-
33.
34.
35.

Answer the following:

By Will Tenney
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36. The weight of water in a container is related to the volume of water in the
container. A rectangular swimming pool with length 15 meters, width 5 meters,
and a constant depth is being filled with fresh water. By constant depth we
mean that there is no shallow end or deep end. Instead the height or depth of
the water is the same throughout the pool. The weight of the water in kilograms
in the pool is W(x) = 750x where x is the depth of water in the pool in
centimeters.

a. What is the weight of the water when the depth of the water in the pool is
10 cm?

b. What is the weight of the water in the swimming pool when the depth of
the water is 250 cm?

37.The weight of water in a container is related to the volume of water in the
container. A rectangular swimming pool with length 15 meters, width 5 meters,
and a constant depth is being filled with salt water. By constant depth we mean
that there is no shallow end or deep end. Instead the height or depth of the
water is the same throughout the pool. The weight of the water in kilograms in
the pool is W(x) = 772.5x where x is the depth of water in the pool in
centimeters.
a. What is the weight of the salt water when the depth of the water is 10
cm?
b. What is the weight of the salt water in the swimming pool when the depth
of the water is 250 cm?

38.The cost of a new computer can be estimated by the function:
C(x)=—1.8x* +80x + 750 where x is the number of years after 1995.
a. Use the formula to estimate the cost of a new computer in 2009.

b. If the actual cost of a new computer in 2009 was $1450, does the
function underestimate or overestimate the actual price? By how much?

39.The cost of sending a child to an elite private college can be estimated by the
function: C(x)=18x> +700x + 2000 where x is the number of years after 1980.
a. Use the formula to estimate the cost of sending a child to an elite
private college in 2015.
b. If the actual cost of sending a child to an elite private college in 2015
was $52,000, does the function underestimate or overestimate the
actual price? By how much?

By Will Tenney
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Solutions to equations with two variables are ordered pairs. Since there can be an
infinite number of solutions it may be impossible to list all the solutions. Instead we
may show the solutions by drawing a graph of the solutions on the rectangular
coordinate system. To check to see if an individual point is a solution, replace x
and y in the equation with the appropriate number from the ordered pair (X,y).

(3,2) is a solution to 5x — 4y =7 (1,-5) is not a solutionto y = 2x — 6.
Check: Check:
5(3)-4(2)=7 _5=2(1)-6
15-8=7 -5=2-6
7=7 True -5=-4 False
Examples

1. Is(5,3) asolutiontoy =2x—77?

Steps Reasons
S5isxand 3isy Check by evaluating the equation for

these values of x and y.

y=2x—-7 If the replacement is true, then the
3=2(5)-7 ordered pair is a solution.
3=10-7 If the replacement is false, then the
3=3 ordered pair is not solution.

Yes, (5,3) is a solution to y = 2x —7 Say yes or no.

When we write equations with two variables, there can be an infinite number of
different combinations that are solutions depending on the choice of x. Since all of
the solutions cannot be listed, we graph pictures of the solutions called graphs.

Linear equations in two variables are equations whose graphs are lines. Every
point on the line will be a solution to the equation.

There are three main ways to graph linear equations. In the beginning we just pick
a few points. Two points determine a line and another point will help to check.

By Will Tenney
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Graphing by picking points

1. Pick three x-values. 2,0,-2 or 3,0,-3 are often good choices. Three points around
x=0 that avoid fractions is best.

2. Calculate the y-value.

3. Graph the points on a set of axes.

4. Draw the line. Use a straight-edge for all lines including axes.

Examples

Make a table. You pick the x-values. -2,0,2
were chosen, but other x-values will yield
the same line.

2. Graph: y=2x-3

I
N

X ]¥Y Y =2x-3 Evaluate y = 2x — 3 for the x-values that you
=2 |7  2(-2-3=-4-3=7  cpoose. Note thaty = 2x — 3. So, evaluating
_ 0183  20)-3=0-3=-3 2x — 3 for x-values gives y-values and
_2 1 2(2)-3=4-3=1 points on the line.

1[5 2(-1)-3=-2-3=-5

From the chart the points (-2,-7), (0, —3), (2,1), and (-1,-5) are all points on the
line. There are yellow squares over the points from the graph. Draw the line that
connects the points.

v

A

By Will Tenney
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3. Graph y=—%x+2

Y

1
=——X+2
y 3

—%(—3)+2=1+2=3

—%(0)+2=0+2=2

—%(3)+2=—1+2=1

page 181

Make a table. You pick the x-values. |
picked multiples of three (denominator)

1
to avoid fractions. Evaluate —§x+2 for
the x-values that you choose. Note that
1 . 1
y=—§x+2. So evaluating —§x+2 for

x-values gives y-values and points on
the line.

The line goes through the points (-3,3), (0,2), and (3,1).

v

A

By Will Tenney
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4. Graph:y = —x

X Y y=-X Make a table. You pick the x-
—4 4 —(-4)=4 values. Evaluate y = —x for the x-
0 0O -0=0 values that you choose.

4 -4 -4

(-4,4), (0,0), and (4,— 4) are all points on the line.

A
m
v

Because there may be an infinite number of solutions to an equation in two
variables, we often draw the solutions. Remember, solutions are ordered pairs. So,
the graphs will be on the coordinate plane.

Here we are graphing linear equations, which means our graphs will be lines.

By Will Tenney
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Horizontal lines have the formy = b.

Vertical lines have the form x = a.

It is best to graph the horizontal and vertical lines by recognizing the form of the
equation.

5. Graphy =3

y = 3 is a horizontal
line. Notice that all of
the points on the line
have a second
coordinate of 3. (y=3)

A
{0
v

&
v

6. Graphx=-4

By Will Tenney
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X =—4is a vertical
line. Notice that all of
3 the points on the line
have a first coordinate
of—4. (x=—-4)

&
v

A

The x-intercept is the point where the graph crosses the x-axis. The x-intercept
always has second coordinate of 0 (y = 0).

The y-intercept is the point where the graph crosses the y-axis. The y-intercept
always has first coordinate of O (x = 0).

Look at the x-intercept and y-intercept on the following graph.

A

The y-intercept is the point

N\/ (0,5). Notice that the X is 0.
The x-intercept is the point
/ (3,0). Notice that the y is 0.

By Will Tenney
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To find the x-intercept:
l.Lety=0

2. Solve for x.

3. Write answer.

To find the y-intercept:
1. Letx=0

2. Solve fory.

3. Write answer.

Graphing using the x-intercept and y-intercept:
1. Graph the x-intercept and y-intercept.
2. Draw the line through the intercepts.

Vertical and horizontal lines cannot be graphed using this method. Graphing by
intercepts works best when the equation has the form Ax+By =C.

Examples

7. Find the x-intercept and y-intercept for 6x —12 'y = 24

x-intercept (Let y=0) vy-intercept (Let x=0)

6x-12(0) =24 6(0)-12y =24
6x = 24 ~12y =24
x=4 or (4,0) y=-2or (0,-2)

8. Find the x- and y-intercepts and graph 2x — 5y = -10

x-intercept (Let y=0) y-intercept (Let x=0)
2x-5(0)=-10 2(0)-5y =-10

2x =-10 -5y =-10

x=-5 or (-5,0) y=2or (0,2)

Graph the intercepts and then graph the line containing two intercepts. Here we
have a second way to graph.

By Will Tenney



5.2 Graphing Linear Equations page 186

F Y

v

¥
The slope of a line (m) can be thought of as:

_the change in y
~ the change in X

2. m= rise
run

3.m =g for any two points on the line (x,,y,) and (X,,Y,)
27 M

Look at any line:

By Will Tenney
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Fy
é
3 1
Change iny is 2 (rise
e geinyis 2 (rise)
“ — \
-6 3 &
Change in x is 6 (run)
3
-6
Y

The slope of this line is

m_thechange iny 2 1

~the changein x 6 3

Examples:

9. Find the slope of the line containing the points (—-2,1) and (4,3).

(%, y:)and (x;,y,)

Substitute the x and y values into the formula and simplify.
Yo=Y 3-1 2 1

m= = = — =—
X,—% 4-(-2) 6 3

By Will Tenney
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Note: That the two points were on the line above and we got the same slope.
Either by looking at the graph or by looking at two points on the line we get the
same slope.

10. Find the slope of the line containing the points (5,1) and (5,— 4).
Yo~ Y1 :_4_1:__5
x,-X 5-() 0

m= The slope is undefined.
If you draw the two points, you will see that the points lie on a vertical line.

Vertical lines have undefined slope.

Horizontal lines have slope of zero.

Two lines are parallel lines if they have the same slope (and different y-intercepts.)

A line is in slope-intercept form if it is written as

m = slope

y =mx+b _
b = y-intercept

We can read off the information of the slope and y-intercept is in this form.
Then we can use that information to graph. Here we have a third way to graph
lines.

Steps for graphing using the slope and y-intercept.

1. Get the equation in y =mx+b form to get the slope and y-intercept.

2. Graph the y-intercept.
the change in y

the change in x

3. Write the slope as a fraction and usem = which is the same as

rise .
m = ——to get more points.
run

Examples:

By Will Tenney
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1 _ :
11. Graph y = §X —2 using the slope and the y-intercept.

Led

page 189

F 3

1. Graph the y-intercept of -2

the change in y
the change in x

Because m=

from the numerator and left or right from the denominator.

By Will Tenney

2. Use the slope to get more
points:

1 upl

3 right 3

Starting at the y-intercept keep
moving up 1 unit while moving
to the right 3 units.

, we can read off the information for up and down
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12. Graph y =-2x+ 3 using the slope and the y-intercept.

A 2. Use the slope to get more

points:

—2 down 2
6 m=—2:—= -
1 right 1

Starting at the y-intercept keep
moving down 2 units while
3 moving to the right 1 units.

1. Graph the y-intercept of 3 /

&
¥

There are three ways to graph lines:
1. Graphing by picking points
1. Pick three x-values. 2,0,-2 or 3,0,-3 are often good choices. Three points
around x=0 that avoid fractions is best.
2. Calculate the y-value.
3. Graph the points on a set of axes.
4. Draw the line. Use a straight-edge for all lines including axes.
2. Graphing using the x-intercept and y-intercept:
1. Graph the x-intercept and y-intercept.
2. Draw the line through the intercepts.
3. Graphing using the slope and y-intercept.
1. Get the equation in y=mx+Db form to get the slope and y-intercept.

2. Graph the y-intercept.

) . rise the change in
3. Write the slope as a fraction and usem =——or m= g - y
run the change in x

get
more points.

By Will Tenney
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Exercises

1. Is(3,5) asolutiontoy = 2x — 1?

2. Is(4,1) asolutiontoy = 3x — 11?

3. Is (5,—4) a solutiontoy = —2x + 3?

4. Is (—3,—2) asolutiontoy = —3x + 12?
5. Is(—2,3) asolutiontoy = 2x + 7?

6. Is (=3,10) a solutiontoy = —3x + 1?
7. Is (—2,5) a solution to 3x + 2y = 97

8. Is (7,—6) a solution to 2x — 5y = 20?
Graph by picking points:

9. y=-2x+3

10.y=§x—2

11y = —1x+2

12.y=3x—2
13.y = ix +2
14y =—-3x+4
Graph:
15.x=3
16.y =5
17.y = -2

By Will Tenney
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18.x = -3
19.y=-4
20.x=2

Find the x-intercept and y-intercept. Use the intercepts to graph each of the
following:

21.3x—2y =6

22.5x 4 2y = —10
23.2x —4y = -8
24.—5x + 3y = —15
25.—2x+ 3y =12
26.4x — 3y = —12
27.y=-3x+6

28.y = %x -2

29.y = —%x +6
30.y=2x—4

Find the slope of the line containing the two points:
31.(3,2) and (1,-6)
32.(2,1) and (—1,-5)
33.(-3,5) and (0,—4)

34.(—4,5) and (2,3)

By Will Tenney
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35.(4,3) and (—2,6)
36.(—5,—3) and (—2,9)
37.(3,4) and (-2,4)
38.(2,—5) and (3,-5)
39.(4,7) and (4,2)
40.(3,5) and (3,2)

Put the equation in y = mx + b form if it is not already and then graph by using the
slope and the y-intercept.

41.y = %x -3
42.y = gx +2
43.y = —2x+3
44.y = -3x+5

45y = —2x+2

46.y = —%x+ 3
47.y = 3x — 2
48.y = 5x — 4

49.3x — 6y = 12
50.3x -2y =4
51.2x+3y =3

52.2x — 5y =10

By Will Tenney
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A system of linear equations is made up of two equations whose graphs are lines.

: 2x+3y =5 - ,
For instance, they may have the form g, _ 4y=-3 -Apontisa solution

to the system of equations if it is a solution to both equations.

Examples
1.1s (1,2) a solutionto 2X*3y=8 9
5SX—4y=-3
Steps Reasons
2Xx+3y =38 5x -4y =-3 Check both equations by plugging in the

2()+3(2)=8 5(1)—4(2)=-3 point.

2+6=8 5-8=-3

8=8 -3=-3

Yes, (1,2) is a solution to the Since (1,2) is a solution to both equations,
system of equations. it is a solution to the system of equations.

Later when we learn how to solve the systems of equations, we can check our
answers by plugging in our answer as above.

We will learn to solve systems of equations three ways:
1. Solve by graphing

2. Solve by substitution method

3. Solve by addition method

Remember, graphs are pictures of the solutions. Each point on a graph is a
solution to the equation.

To solve by graphing:

1. Graph both equations on the same set of axes.

2. Where the two graphs cross (intersect) there is a solution to the system of
eguations.

By Will Tenney
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Examples:
2. Solve by graphing: gi?{:g

There are several ways to graph each line. Here we are graphing by finding the x-
intercept and the y-intercept.

X-y=3
x-intercept(let y=0) y-intercept(let x=0)
3x-0=3 30)-y=3
3x=3 -y=3
x=1 or (1,0) y=-3 or (0,-3)
2X+y=2 .
x-intercept(let y=0) y-intercept(let x=0)
2X+y =2 200)+y=2
2X=2 y=2
x=1 or (10) y=2 or (0,2)
6
The solution is the point (1,0)
/ where the graphs intersect.
) 6 3 3 6 !

By Will Tenney
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3. Solve by graphing:

X—4
y+2

=0
=0

page 196

Here we need to recognize that these equations represent a vertical and horizontal

line.

Equations in this form are vertical lines (all first coordinates are 4).

y+2=0

y=-2

Equations in this form are horizontal lines (all second coordinates

are —-2).

F 3

By Will Tenney

a

v

\ 4

N

The solution is the point (4,-2)
where the graphs intersect.
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4. Solve by graphing: Zi B )2/;:64

There are several ways to graph each line. Below the graphs are found by finding
the x-intercept and the y-intercept.

2X=V =6
x-intercept(let y=0) y-intercept(let x=0)
2x-0=6 2(0)-y=6
2X=06 -y= 6
x=3 or (3,0) y=-6 or (0,-6)
4x—2y =4
x-intercept(let y=0) y-intercept(let x=0)
4x-2(0)=4 40)-2y=4
4x =4 -2y=4
x=1 or (1,0) y=-2 or (0,-2)

F 3

parallel lines never intersect.

There is no solution because these

Y

hJ

There are three types of systems of equations. We can relate them to the three
possibilities for graphing linear equations.
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3 Types of Solutions:

1. Independent System of Equations:
1 solution —— > The graphs intersect at one point.

2. Dependent System of Equations:

The two equations turn out to be the

Line of solutions —» ) )
same equation with the same graph.

3. Inconsistent System of Equations:
No solutions ———— The lines are parallel and never intersect.

Solving equations by graphing can be awkward, time consuming, and inexact.
There are two other methods that we can use for solving systems of equations:
1. Substitution Method

2. Addition Method

Steps for solving by the substitution method:
1. Solve either equation for either variable. (Pick a variable without a
number in front or you may get fractions.)
2. Substitute for the variable in the other equation.
3. Solve the resulting equation.
4. Substitute to get the other variable.
5. Check by plugging in your answer to both equations.

Examples:
5. Solve by the substitution method: 2+ 3yf A
X+4y=3
Steps Reasons

2X+3y =—4 Solve the second equation for x. Since there is no

X+4y=3 number in front of the variable, it will be the best choice.
X+4y=3 Subtract 4y from both sides of the second equation. By
X =3-4y solving the second equation for x, we never need to

divide, which usually introduces fractions.

By Will Tenney
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2X+3y=-4 Replace x in the first equation with 3 — 4y. Now there is
only one variable.

2(3-4y)+3y=-4
Solve the resulting equation.
6-8y+3y=-4

-5y =-10

__5y:__10 or 2
-5 -5

X=3-4y Get the other variable by replacing x in either equation.

(-52) or x=-5,y=2 State the answer either way.

Check by replacing the variables in both equations.

2X+3y=-4 X+4y=3 Both equations check.
2(-5)+3(2)=—4 —5+4(2)=-4 _ |
10464 _c.8-3 (-5,2) is the solution.
—4=-4 -3=-3

6. Solve by the substitution method: 3X—Y =7
2x+3y =1

By Will Tenney
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Steps Reasons
X—-y=7 Solve the first equation for y.
2x+3y =1
3X—-y=7

By solving the first equation for y, we never need to

divide, which usually introduces fractions.
3X-7=y

y=3x-7

2x+3y =1 Replace y in the second equation with 3x — 7. Now
there is only one variable.

2x+3(3x-7)=1

Solve.

2X+9x—-21=1

11x =22

X = 2 or 2

11

y=3x-7 Get the other variable by replacing x in either
equation.

y=3(2)-7

y=6-7=-1

(2,_1) or x=2,y=-1 State your answer either way.

Check by replacing the variables in both equations.

3x—y=7 2x+3y =1 Both equations check.
32)-(-1)=7 202)+3(-1)=1

6(+)1 =(7 ) 4(_)3 -1 ) (2,—1) is the solution.
7=0 1=1

By Will Tenney
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7. Solve by the substitution method: 2X 4y =1
X+2y=4
Steps Reasons
2x+4y =1 Solve the second equation for x.
X+2y=4
X+2y=4 By solving second equation for x, we never need to
divide, which usually introduces fractions.
X=-2y+4
2x+4y=1

Replace x in the first equation with —2y + 4. Now

there is only one variable.
2(-2y+4)+4y=1 y

—4y+8+4y=1 Solve.
8=1
No solution. 8 does not equal 1 regardless of what x and y are.

3 types of answers:
1. The solution is a point: Independent systems of equations have a one-point
solution. If we graph both lines, they intersect at one point.

2. No solutions. We get a false equality. Above 8 = 1 meant there are no solutions.
If we graph both lines, they are parallel and never touch. (Inconsistent system of
equations)

3. An infinite number of solutions or a line of solutions. If we graph both lines, they
are the same line. This occurs if we are left with two numbers that really are equal.
If we end up with 5=5 for instance, then we can say there are an infinite number of
solutions or a line of solutions. (Dependent system of equations)

Another method for solving systems of equations is the addition method:

Steps for solving systems of equations using the addition method:

1. Multiply one or both equations so that on of the variables will cancel after adding
the two equations. (For instance 3x + (-3x) would get rid of x's.)

2. Add the equations.

3. Solve for the variable.

4. Replace the number for the variable in either equation to get the other variable.
5. State the answer.

6. Check

By Will Tenney
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Examples:
4x — 2y = 20
8. Solve by the addition method: 5x +2y=7
Steps Reasons
4x -2y =20
5X +2y =7 Since we have the same number with opposite signs in
front of the y’s, we can just add the equations.

4x -2y =20 That way the y’s cancel and we can easily solve for x.
S5x+2y=7

9x =27
% _2

9 9

X=3
5x+2y=7

Replace the x in either equation to get the other
variable. Here we are using the second equation for no
particular reason.

(3-4) orx=3,y=-4 State the answer either way.

Check by replacing the variables in both equations.

4x -2y =20 S5X+2y=7 Both equations check.
4(3)-2(-4)=20  5(3)+2(-4)=7 _ _

12 +8 = 20 15-8=7 (3-4) is the solution.
20=20 7=7

By Will Tenney
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9. Solve by the addition method:

3 (2x+4y) (-

20x—-12y =44
6x+12y =-18

20x—-12y =44
6x—-12y =-18
26X =26

26x 26
26 26

(L-2) or x=1, y= -2

5x -3y =11
2X+4y =-6

Reasons

Try to get the same number (but opposite sign) in front

) 3 of either variable by multiplying both sides of one or

both of the equations.
Here we are going to get rid of y's. Note that with the

-12y and +12y we really have gotten the least
common multiple of the -3 and +4 with opposite signs.

Add the two equations to get rid of one of the
variables.

Solve for the remaining variable.

Replace the number for the variable in either equation
to get the other variable. Here we are using the first
equation for no particular reason.

State the answer either way.

Check by replacing the variables in both equations.

5x -3y =11
51)-3(-2)=11
5+6=11
11=11

By Will Tenney

2x+4y =-6 Both equations check.
201)+4(-2)=-6

2(+)(_ 8() _ EG (1,-2) is the solution.
—6=-6
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" - 3x-6y=12
10. Solve by the addition method: ., ay =8
Steps Reasons
2(3x-6y)=(12)2 Try to get the same number (but opposite sign) in
~3(2x—4y)=(8)-3) front of either variable by multiplying both sides of

one or both of the equations. Notice that we get
the least common multiple of the numbers in front

6x—-12y =24 of the x’s with opposite signs.
—-6x+12y =-24

6x—12y =24 Add the two equations to get rid of one of the
_6x—12y = 24 variables. As it turns out, we got rid of both

variables.
0 =0
There is a line of solutions. State your answer either way. Since zero
or always equals zero, the two equations

There are an infinites number of  represent the same line.
solutions.

3 types of answers:

1. The solution is a point: Independent systems of equations have a one-point
solution. If we graph both lines, they intersect at one point.

2. No solutions. We get a false equality. 8 = 1 meant there were no solutions. If we
graph both lines, they are parallel and never touch. (Inconsistent system of
equations)

3. An infinite number of solutions or a line of solutions. If we graph both lines, they
are the same line. This occurs if we are left with two numbers that really are equal.
Above we ended up with 0=0 for instance, and we can say there are an infinite
number of solutions or a line of solutions. (Dependent system of equations)

Anytime we learn to solve a new type of equation, we are able to solve new types
of application problems. There are some hints that we may be using systems of
equations:

1. There are two sets of information.

2. We are looking for two unknowns

By Will Tenney
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Examples:
11. Three cans of Coca Cola and one can of Mountain Dew contain 163 grams of

sugar. Two cans of Coca Cola and four cans of Mountain Dew contain 262 grams
of sugar. How many grams of sugar are there in each?

Let x = amount of sugar in Coca Cola and y = amount of sugar in Mountain Dew

3 cans of Coca Cola and 1 can of Mountain Dew contain 163 grams of sugar

3 X

y = 163

2 cans of Coca Cola and 4 cans of Mountain Dew contain 262 grams of sugar

2 X y = 262
Solve with either method:
3x+y =163
2X+4y =262
Steps Reasons
3x+y=163 Since y in the first equation does not have a number
2X + 4y = 262 in front, it is appropriate to use the substitution
method.
3x+y=163 Solve the first equation for y by subtracting 3x from
y =163-3x both sides.

2x +4(163-3x) = 262

2X +652-12x = 262

Substitute for y in the other equation.
Solve:
Distribute the 4.

—10x = 262 — 652 Collect like terms and subtract 652 from both sides.
—10x = —390 Divide both sides by -10.
X =39 i . ,

Get y by substituting x into one of the equations.
y =163 —-3x
y :163_3(39) There are 39 grams of sugar in the Coca Cola and
y =46 46 grams of sugar in the can of Mountain Dew.
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12. A shop has a special rate for changing all the tires on motorcycles or cars.
During a week where the shop changed the tires on 27 vehicles at the special rate,
84 tires were replaced. How many motorcycles and how many cars had all the tires
replaced?

Let x = number of motorcycles?
y = number of cars?
Letting variables stand for what we are trying to find is often a good trick.

“27 vehicles” means the number of motorcycles plus the number of cars equals 27.
X + y =27

“84 tires were replaced” means:

the number of motorcycle tires plus the number of car tires equals 84.

2X + 4y = 84
Steps Reasons
X+y=27 Here we are solving by the addition method even
Solve: 2%+ 4y =84 though the substitution method would work as well.

~2(x+y)=-2(27) Multiply the first equation by -2 so that we have -2x

2x+4y =84 and 2x. Then adding the equation will get rid of the
X’'s.

—2X+-2y=-54

2x+ 4y = 84

2y =30 Solve fory.

y=15
X+y=27 Get x by replacing y in the first equation.
X+15=27
x=12

The shop changed the tires for 12 motorcycles and 15 cars at the special rate.

By Will Tenney
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13. A broker purchased two bonds for a total of $250,000. One bond earns 7%
simple annual interest, and the second one earns 8% simple annual interest. If the
total annual interest from the two bonds is $18,500, what was the purchase price of
each bond?

Solution

Use a chart to organize the information

Principal = amount of money invested.

Rate = annual simple interest

Interest = dollar amount that was invested

| = Prt is the formula for simple interest. We will see this in finance.

Principal Rate Interest
(principal X rate)
Amount at 8% X .08 .08x
+ +
Amount at 7% Y .07 .07y
250,000 18,500

Since the total amount is $250,000, we can add each amount to get the total..
Since the interest adds up to $18,500 we get the equation we are need to solve.

Steps Reasons
X+ y = 250,000 Here we are using the substitution
08x +.07y = 18,500 method even though the addition method
’ would work well.
y = 250,000 — x Solve the first equation for y and
08 +.07(250,000 — x) = 18,500 substitute for y in the second equation.
.08x+17,500—.07x =18,500 Solve the resulting equation.
—-17,500 —17,500
.01x =1000
x =100,000

Get y by substituting for x in one of the
y =250,000 - x equations and evaluating.
y = 250,000 —100,000 = 150,000
$100,000 is invested at 8% and $150,000 is invested at 7%.

By Will Tenney
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14. A restaurant purchased 5 kg of tomatoes and 16 kg of potatoes for a total of
$55.00. A second purchase, at the same prices, included 3 kg of tomatoes and 8
kg of potatoes for a total of $29.00. Find the cost per kilogram for the tomatoes and
the potatoes.

Make two charts: one for each purchase.

First Purchase:

Amount Unit cost Total
Tomatoes 5 T 5T
+
Potatoes 16 P 16P
Total 55
Second Purchase:
Amount Unit cost Total
Tomatoes 3 T 3T
+
Potatoes 8 P 8P
Total 29
) 5T +16P =55
Solve the system of equations:
3T +8P =29

By Will Tenney
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Steps Reasons

5T +16P =55 The two charts yield two equations if you look at

3T + 8P = 29 the total price for each purchase.

5T +16P =55

—2(3T +8P)=(29)-2) Here we are using the addition method.

5T +16P =55

—6T —16P = -58 The P's cancel and we solve for T.

-T=-3

T=3

3T +8P =29
Substitute T = 3 in either equation and then
solve for P

3(3)+8P =29

9+8P =29

8P =20

P=25

The tomatoes cost $3 per kg and the potatoes cost $2.50 per kg.

By Will Tenney
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Exercises

1. Is (3,1) a solution to
5x + 2y = 17
3x—2y=7 7

2. Is (—2,4) a solution to
3x—2y = —14
5x+y=6 ?

3. Is (4,—1) a solution to
2x+5y=3
4x —y =10 ?

4. 1s (3,4) a solution to
3x + 2y = 17
5x—3y=7?

Solve the system of equations by graphing:

5. x+y=4%
X—y=2
6. 2x—3y=6
x+y=3
7. y=2x+1
y=2x-—1
8 y=§x—4

=1x+2

Solve by substitution:

9. y=2x+3
X+y=6

10,y =2x—7
X+ 2y =16

By Will Tenney

page 210



5.3 Solving Systems of Linear Equations

11.x=3y—4
2x+3y=1
12.3x—y =12
x+2y =11
13.x+2y =8
2x—y=1
14.3x+y =11
2x — 3y = 22
15.x+3y =16
4x — 2y = =20
16.3x—y =-3
4x — 5y =7

17.3x — 4y = =7

x—4y =3
18.3x -2y =3
—5x+y=9

Solve by the addition method:
19.2x -y =5
2x+y=7

20.x+ 3y = 14
—Xx+y=2

21.2x+4y =2
—2x+ 3y =12

22.2x— 3y =17
4x+3y =7

23.5x — 2y = -3
3x+y=7

By Will Tenney
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24.3x+y = -2
7X+ 2y = =3

25.2x -3y =7
4x+2y =6

26.3x — 2y = 23

x—4y =121
27.3x—4y =5
2x+ 3y = -8
28.5x+ 3y =7
3x+ 4y =13
29.3x+5y =6
2x — 3y = 23

30.4x+ 7y =11
5x + 6y = 22

31.5x + 2y = —11
3x—7y =—23

32.-5x—3y = -1
6x + 5y = —10

Solve the following by using an appropriate system of equations:

page 212

33.Two cans of cola and one can of root beer contain 149 grams of sugar. Three
cans of cola and four cans of root beer contain 336 grams of sugar. How many

grams of sugar are there in each?

34.Four cans of Fanta Orange and five cans of Sprite contain 403 grams of sugar.
One can of Fanta Orange and two cans of Sprite contain 130 grams of sugar.

How many grams of sugar are there in each?

By Will Tenney
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35.A shop has a special rate for changing all the tires on motorcycles or cars.
During a week where the shop changed the tires on 38 vehicles at the special
rate, 110 tires were replaced. How many motorcycles and how many cars had
all the tires replaced?

36.A shop has a special rate for changing all the tires on motorcycles or cars.
During a week where the shop changed the tires on 55 vehicles at the special
rate, 196 tires were replaced. How many motorcycles and how many cars had
all the tires replaced?

37.A broker purchased two bonds for a total of $150,000. One bond earns 4%
simple annual interest, and the second one earns 2% simple annual interest. If
the total annual interest from the two bonds is $5,400, what was the purchase
price of each bond?

38. A broker purchased two bonds for a total of $100,000. One bond earns 3%
simple annual interest, and the second one earns 5% simple annual interest. If
the total annual interest from the two bonds is $4,200, what was the purchase
price of each bond?

39. At a food stand outside of a European train station it is possible to buy hot dogs
and beer. To purchase three hot dogs and two beers it costs 8.25 euro. For two
hot dogs and three beers it costs 8.00 euro. How much does the stand charge
for a hot dog? How much does it charge for a beer?

40. At Yankee Stadium in New York City, it costs $21 to purchase three beers and
two hot dogs. To purchase two beers and four hot dogs, it costs $30. How
much does it cost for a hot dog at Yankee Stadium? How much does it cost for
a beer?
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Quadratic functions have the form:

f(x)=ax® + bx + ¢ where a,b,c are real numbers

The graphs of quadratic functions are called parabolas. Their direction is
determined by a:

a >0 the shape is up \/
a <0 the shape is down /\

The lowest or highest point of these parabolas is called the vertex. We can find the
first coordinate of the vertex by:

_b .
X=" for f(x)=ax®+bx+c (the general form of the function)

Thinking of a little piece of the quadratic formula helps us remember the formula.
There is a vertical line of symmetry running through the vertex.

As with lines we find:
x-intercepts by letting y = 0.
y-intercept by letting x = 0.

Examples:
1. For the function f(x)=x* —4x+3
a. Does the parabola go up or down?
b. Find the vertex and state the maximum or minimum.
c. Find the x-intercepts.
d. Find the y-intercept.
e. Graph the function.

Steps Reasons
f(x)=x*—4x+3

a=1b=-4c=3
Examine the coefficient in front of x>. Since

a. Since a>0, the shape is\_/ there is no number in front of the x?, the

The parabola goes up. coefficient is 1 (think of x* =1x?).

b. Vertex The x-coordinate of the vertex is X = ;—a.

w0 _ —(=4) _4 ., Replace a,b with the values from the function.
2a  21) 2

f (2) —22_ 4(2)+ 3=4-8+3=-1 Find the second coordinate of the vertex by
evaluating the function for the x-value.

(2,-1) is the vertex
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5.4 Quadratic Functions

C. x-intercepts
f(x)=x*—4x+3

0=x"-4x+3
0=(x-3)x-1)

Xx—3=0o0r x-1=0
Xx=3 x=1

The x-intercepts are the points

(30)and(L,0).

d. y-intercept
f(0)=0?-4(0)+3

=3
The y-intercept is (0,3).

page 215

To find the x-intercepts replace f(x) or y with
zero and solve for x.

The easiest way to solve is by factoring. The
factors of 3 that add up to -4 are -3 and -1.:
(-3)(-1)=3 and -3+(-1)=-4.

There are two x-intercepts. Remember the
second coordinate f(x) is 0 from the start.

To find the y-intercept let x=0. Evaluate the
function for f(0).

e. Graph the points and draw the shape of a parabola. If there are not enough
points to draw a parabola, then pick a few more x-values to get more points.

A

h

Graph the vertex, x-intercepts,
and y-intercept (red dots). The
blue dot makes sense because
parabolas are symmetric.

F 3

h

4

<
=
L

Notice that the vertex (2,-1) is the lowest point on the graph. No matter what x-
value is put into the function the minimum value for f(x) is -1.

By Will Tenney
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2. For the function f(x)=-x?—-6x-5

page 216

a. Does the parabola go up or down?
b. Find the vertex and state the maximum or minimum.

c. Find the x-intercepts.
d. Find the y-intercept.
e. Graph the function

Steps
f(x)=-x?-6x-5
a=-1b=-6,c=-5

a. Since a<0, the shape is /"
The parabola goes down.

b. Vertex
X:__b_ﬂ_iz_B
2a  2(-1) -2

f(—3)=—(-3)°-6(-3)-5=-9+18-5=4
(-34) is the vertex.

C. x-intercepts
f(x)=-x>-6x-5

0=-x*-6x-5
~1(0)=-1(~ x* —6x—5)
0=x*+6Xx+5
0=(x+5)(x+1)

X+5=0o0r x+1=0

X=-5 Xx=-1

The x-intercepts are the points (~5,0)
and(-10).

d. y-intercept

f(0)=-0>-6(0)-5=-5

The y-intercept is (0,-5).

By Will Tenney

Reasons
Identify the coefficients (a,b,c) for the

quadratic function f(x)=ax?+bx+c

Examine the coefficient in front of x2. It
is -1 because —x? =—1x°.

The x-coordinate of the vertex is
-b

X=—".
2a

Find the second coordinate of the vertex

by evaluating the function for the x-

value.

To find the x-intercepts replace f(x) or y
with zero and solve for x.

Before trying to solve by factoring it is
very helpful to multiply both sides by -1.
Making sure that the x* term is positive
makes the factoring much easier.

The factors of 5 that add up to 6 are 5
and 1. (5)(1)=5 and 5+1=6.

There are two x-intercepts. Remember
the second coordinate f(x) is O.

To find the y-intercept let x=0. Evaluate
the function for (0).
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e. Graph the points and draw the shape of a parabola. If there are not enough
points to draw a parabola, then pick a few more x-values to get more points.

Graph the vertex, x-intercepts,
and y-intercept (red dots). The
blue dot makes sense because
; parabolas are symmetric.

&
¥

Notice that the vertex (-3,4) is the highest point on the graph. That means that
regardless of the x-values the maximum value for f(x) is 4.

Remember the shape of the parabola is determined by the a:

a >0 the shape is up \/

Here there is a lowest point or minimum. The minimum of the quadratic function
is the second coordinate of the vertex when a >0

a <0 the shape is down /\

Here there is a highest point or maximum. The maximum of the quadratic
function is the second coordinate of the vertex when a <0.

By Will Tenney
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Examples:
3. Find the maximum or minimum of the function f(x)=2x? —12x+30
Steps Reasons
f (x) =2x%2 —12x+30 Find the vertex:
-b
X=_—— -b . .
2a 1. Use x= >3 to find the x-coordinate of the
vertex.
—(-12) 12
X = = — = 3
22) 4

2
f(3)=2(3)" -12(3)+30 2. Replace x with 3 to get the second
=2-9-36+30 coordinate.

=12

Because a >0 the shape is up \/
The minimum is 12 So, there is a lowest point or minimum. The

minimum of the quadratic function is the second
coordinate of the vertex when a>0

We can use this notion of finding maximums and minimums to solve important
word problems. In business we want to maximize profit and minimize cost.

4. A manufacturer believes that the profit in dollars, P, the company makes is
related to the number of coffee makers produced and sold, x, by the function

P(x) = —0.03x> +60x — 7000. What is the maximum profit that the manufacturer can
expect?

Steps Reasons
P(x)=—0.03x? +60x — 7000 Find the vertex:
-b : .
= -b - —60 - 60 —1000 Use X =— to find the x-coordinate
2a 2(-0.03) -0.06 2a

of the vertex.
P(1000) = —0.03(1000) + 60(1000) — 7000
= -0.03-1,000,000 + 60,000 — 7000
= —30,000 + 60,000 — 7000
= 23,000

The maximum profit of $23,000 occurs when Write the answer.
1000 coffee makers are produced and sold.

Replace x with 1000 to get the
second coordinate.
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Exercises
Answer a-e for the following quadratic functions:
a. Does the parabola go up or down?
b. Find the vertex and state the maximum or minimum.
c. Find the x-intercepts.
d. Find the y-intercept.
e. Graph the function

1. f(x) =x*+4x+3

2. f(x) =x*+6x+5

3. f(x) =x*+2x-3

4. f(x) = —x*+2x+3

5. f(x) = —x?+4x—-3

6. f(x) =2x>—4x—6

7. f(x) =2x*—-8x+6

8. f(x) = —2x*>—4x+6
9. f(x) = —2x*>+4x+6
10.f(x) = —2x% + 12x — 10

Find the maximum or minimum of the function and say whether it is a maximum or
minimum.

11.f(x) = 3x*>+18x—7
12.f(x) = 5x% — 20x + 11
13.f(x) = —6x% — 24x + 18
14.f(x) = —7x* + 28x + 15

15.f(x) = 15x2 — 120x + 100

By Will Tenney
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16.f(x) = —20x? + 2000x — 10,000
17.f(x) = —100x? + 5000x + 20,000

18.f(x) = 80x* — 4800x + 15,000

Solve the following application problems:

19. A company that installs security systems believes that the profit in dollars, P,
the company makes is related to the number of security systems installed, x, by
the function P(x)=—0.04x? +1600x —12,000. What is the maximum profit that the

company can expect?

20.A company that rents portable toilets believes that the profit in dollars, P, the
company makes is related to the number of portable toilets rented, x, by the

function P(x)=—0.1x? +500x —18,500. What is the maximum profit that the
company can expect?

21.An online clothing company is deciding whether or not to sell a certain type of
boot. The company believes that the profit in dollars, P, is related to the number

of boots produced and sold, x, by the function P(x)=—0.4x* +240x —1500 . What
is the maximum profit that the company can expect?

22.An object launched straight up at a speed of 14.7 meters per second has a
height, h, in meters of h(t) = —4.9t? + 14.7t , t seconds after the object is
launched. What is the maximum height that the object will reach? Why does t
have to be between zero and three? (This problem does not take into account
air resistance.)

23.An object launched straight up at a speed of 29.4 meters per second has a
height, h, in meters of h(t) = —4.9t? + 29.4t , t seconds after the object is
launched. What is the maximum height that the object will reach? Why does t
have to be between zero and six? (This problem does not take into account air
resistance.)

By Will Tenney
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24.A .44 magnum bullet leaves the barrel of the gun at about 392 meters per
second. If a .44 magnum bullet is shot straight up in the air, it has a height, h,
in meters of h(t) = —4.9t? + 392t , t seconds after the bullet leaves the barrel.
What is the maximum height that the object will reach? (This problem does not
take into account air resistance. The actual height of the .44 magnum bullet will
be much less than the value we found because of air resistance.)

By Will Tenney
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An exponential function has the form:

f(x)=b* , b is called the base and b is a positive real number.
Also, b cannot be equal to one.

When we graph an exponential function, we get two main types of graphs.

1.b>1 /
2. O<b<1k

We can draw graphs of f(x): b* by picking points until we get the above shapes.

Examples:
1. Graph f(x)=2"

Pick some first coordinates and calculate the second coordinates using the
function: f(x)=2* using -3, -2, -1, 0, 1, 2, 3 will usually be a good start.

X | f(x) f(-2)=27= iz _1  Remember how to evaluate
2 1 12 14 negative exponents:
4 f(c)=2t=—== w1
1| 1 =1 2 2 b=
2 f(0)=2°=1
0 1 f1)=2'=2 h° =1
L f(2)=2"=4
=T 8 f(3)=2°=8

Note the following:
1. The graph is increasing and has the same shape as b >1 from above.
2. On the left the graph gets closer to the x-axis without touching.
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f(x)=2"

v

2. Graph f(x)=3"

Pick some first coordinates and calculate the second coordinates using the
function: f(x)=3"

X | f(x) f(-2)=37= iz _1  Remember how to evaluate
-2 1 f 19 negative exponents:
9 f(-1)=31==== w_ 1
1 1 =1 3 3 D=
5 f(O):3O 1 bO =1
0 1 f(1)=3"=3
1 | 3 f(2)=3 =9
2 9

Note the following:
1. The graph is increasing and has the same shape as b >1 from above.
2. On the left the graph gets closer to the x-axis without touching.
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f(x)=3"

3. Graph f(x)= (%jx

v

Pick some first coordinates and calculate the second coordinates:

); fa(aX) f(- 2)=6j_2 —2%2 =4
2> 4 ;

01 % f(—l)z(%] —2'=2
1 % f(0)=@0=2°=1
2 % f(l):@)l :%

By Will Tenney

To evaluate negative
exponents:
1 1
b™=— or
b™ b™
b’ =1

:bm
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Note the following:
1. The graph is decreasing and has the same shape as 0<b <1 from above.
2. On the right the graph gets closer to the x-axis without touching.

F Y
v

4. Graph: f(x)=2"3

X s .. 11

- f(x) fl)=2°=27= 2 To evaluate negative
1 e . 11 exponents:
4 f(2)=2%=2"=—==2 m_ 1

2 1 2 2 s
> f(3)=2"°=2"=1 b0 =1

3 1 f4)=2""=2"=

4 2 f(5)=2"°=2*=4

5 4 f(6)=2°°=2°=8

6 8
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f(x)=27

v

Note that this is really the same graph as f(x): 2* moved one unit to the right.

5. Graph: f(x)=2*-3

X f(x) f(_2)=2—2_3=i2—3=1—3=—2.75

2 | 275 2 4

-1 -2.5 f(—l)Z 21 _3:£— =-25

0 -2 2

1 -1 f(0)=2°-3=1-3=-2

é é f1)=2'-3=2-3=-1
f(2)=2°-3=4-3=1
f(3)=2°-3=8-3=5

Note that the graph below is really the same graph as f(x): 2* moved down three
units.
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f(x)=2"-3

f(-3)=2"=2°-38

); féx) f(-2)=2"2=22=4
2 | a f(-1)=2V=2=2
1] 2 f(0)=2°=2"=
0 1 L1
11 f(1)=21=§

2
2 | 1 1

= f(2)=22==-==

4 ) 22 4

Note the following:
1. The graph is decreasing and has the same shape as 0<b <1 from above.
2. On the right the graph gets closer to the x-axis without touching.
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The graphs of f(x)= (%j and f(x)=2" are the same because 2 =%
f(x)=2"
6
) 6 3 3 6 g
3
L)
Calculators:

We can use our calculators to evaluate exponents. Everybody should have a basic
scientific calculator with buttons like

e X' ory‘orA

e In

e log

To find 3% on your calculator, usually you have to use one of the following two
orders on your calculator. When you get 9, those are the steps that you should
follow.

1. Push 3.
2. Push x’ or y* or A. You should have only one.

3. Push 2
4. Push =

or (depending on your calculator)

1. Push 2.
2. Push x* or y* or A. You should have only one.

3. Push 3
4. Push =
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We have a new number "e". It is used in both decay and growth problems. "e" is an
irrational number like 77 . So, we cannot write it as a decimal number, but it is on
most calculators. "e" is about 2.71828...

Find e® (answer: 20.0855269...)

1. INV, Shift, or 2". You should have only one.
2. Push In.

3. Push 3

4. Push =

or (depending on your calculator)

1. Push 3

2. INV, Shift, or 2". You should have only one.
3. Push In.

4. Push =

Above the "In" button you usually see the e* button, which is what we are really
using.

Find e (answer: 0.0183156...)

1. INV, Shift, or 2". You should have only one.
2. Push In.

3. Push (—) or £. You should have only one.
4. Push 3

5. Push =

or (depending on your calculator)

1. Push 3

2. Push (~) or . You should have only one
3. INV, Shift, or 2". You should have only one.
4. Push In.

5. Push =
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Examples:

7. Doubling time is the time it takes for something to double in size, number, or
amount. If the world population was about 3 billion in 1960 and 6 billion in 2000
then the doubling time is 40 years. If the world population, P(t), measured in
billions follows the function P(t) = 6 - 20925t where t is the number of years after
2000, what will the world population be in the year 22007?

Solution:

t = 200 because 2200 is 200 years after 2000
Find P(t), by plugging t into the function

P(t) =6- 20.025t
P(200) = 6 - 20025(200) = 192

In the year 2200 the world’s population will be 192 billion if the doubling time
remains the same.

8. Carbon-14 is found in all living organisms. When a living organism dies, the
carbon-14 begins to slowly decay and become nitrogen-14. We can determine the
time since an organism was living by measuring the amount of carbon-14 that
remains. The half-life of carbon-14 is about 5730 years, which means that half of
the carbon-14 remains 5730 years after a living organism dies.

A living organism that has 50 grams of carbon-14 will have N(t) = 50e~0:000121t

grams of carbon-14 t years after it dies. How much carbon-14 will remain 10,000
years after the organism dies?

Solution:

t years after the organism dies

N(t) is the grams of carbon-14

For t = 10,000 find N(t)

N(10,000) = 50e~0-000121(10,000) — 50e=121 = 14.90986...

About 14.9 grams of carbon-14 will remain after 10,000 years.
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Exercises

Graph the following on graph paper using a straight-edge for the axes. Remember
that graph paper can be downloaded from the Internet easily.

1.

f(x) = 3%
f(x) = 4%
©=()
-
f(X) — 2x+1
f(x) = 2%2
f(x) = 3%3
f(X) — 3x+2
f(x) =2*¥-5

10.f(x) = 2 + 1

11.f(x) = 3 — 4

12.f(x) = 3* + 2

13.f(x) = 37%

14.f(x) = 47%

15.Doubling time is the time it takes for something to double in size, number, or

amount. The number of people with a disease may double over a few months,
years, or even decades. In a particular country if the number of people with

malaria, N(t), measured in millions follows the function N(t)=5-2°"*" where t is
the number of years after 1960, how many people had malaria in 19607? In
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1985? How long was the doubling time for the number of people with malaria
according to the formula?

16.Doubling time is the time it takes for something to double in size, number, or
amount. For instance the number of rabbits in an area may double quickly
under ideal circumstances. If the number of rabbits in area, N(t), follows the
function
N(t) = 100 - 2°125t where t is the number of weeks after some start date. How
many rabbits are there 8 weeks later? How many rabbits are there 16 weeks
later? How long was the doubling time for the number of rabbits according to
the formula?

For the next two problems we will consider carbon-14, which is found in all living
organisms. When a living organism dies, the carbon-14 begins to slowly decay and
become nitrogen-14. We can determine the time since an organism was living by
measuring the amount of carbon-14 that remains. The half-life of carbon-14 is
about 5730 years, which means that half of the carbon-14 remains 5730 years
after a living organism dies.

17.A living organism that has 50 grams of carbon-14 will have N(t) = 50e0-000121-t
grams of carbon-14 t years after it dies. How much carbon-14 will remain
10,000 years after the organism dies?

18.A living organism that has 80 grams of carbon-14 will have N(t) = 80e~0-000121"t

grams of carbon-14 t years after it dies. How much carbon-14 will remain 7000
years after the organism dies?
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Definition of a logarithm:

Note that we just switched the x and y in the

_hY
y=log, x means X=Db exponential relation. We are able to go back
and forth writing either the logarithmic form or
x>0, b>0, b#1 exponential form.
Examples:

1. Write 81=23* in logarithmic form.

Steps Reasons
81=3" y =log, x means X=Db" |focus on:

=log

1. The bases are the same.
= log, 2. The number by itself for the logarithm is the exponent
in exponential form.

4 =log, 3. The last number goes into the only remaining position.
4=log, 81 You can do this showing only the last step.

2. Write 2°° =% in logarithmic form.

Steps Reasons
o3 _1 y =log, x means X=Db" |focus on:
8
= log The bases are the same.
=lo
9 The exponent in exponential form is the number by itself
for the logarithm.
-3=log,
The last number goes into the only remaining position.
—-3=log, % You can do this showing only the last step.
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3. Write the log, % =—2 in exponential form

Steps Reasons
I 1 2
005 o5 The bases are the same.
The number by itself for the logarithm is the exponent in
-5 exponential form.
-2
=95 The last number goes into the only remaining position.
1.
25 S You can do this showing only the last step.

There are some special logarithms where the base is not written, but understood.
These logarithms are on scientific calculators.

The common logarithm is base 10:
log x =log,, x If no base is written, then it is base 10.

The natural logarithm is base e:
Inx=1log, x If Inis written, then it is base e. e = 2.7.1828... Since e is an irrational

number, we cannot write it out as a decimal number without rounding off. The
number e comes by looking at continuous growth and decay.

Steps for evaluating logarithms:
1. Lety = the logarithm
2. Rewrite as an exponential relation.
3. Determine what y should be.
4. The y will be the answer.

Examples:
4. Evaluate log1000.

Steps Reasons
log1000 Lety = the logarithm.

If no base is written, then it is base 10.

y = log1000 _ _ _ _
y = log,, 1000 Rewrite as an exponentlglyrelatlon using
1000 = 10" y= Iogt., X means X=

_3 Determine what y should be.
y= The y is the answer.
log1000 =3 Write the answer.
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5. Evaluate Ine”.

Steps Reasons

Ine*

Let y = the logarithm.
y=Ine*

If In is written, then it is base e.
y = log, e*

iy Rewrite as an exponential relation using
e"=e
y=log, x means X=Db’

y=4 Determine what y should be. The y is the answer.
Ine* =4 Write the answer.

All logarithmic functions have one of the following two shapes depending on
whether the base is greater than one or between zero and one.

y =log, x for b > 1 has the shape:

ﬁ

y =log, x for 0 < b < 1 has the shape:

(.

Steps for graphing logarithmic functions:

1. Replace f(x) with y

2. Rewrite the logarithmic equation as an exponential equation using the definition:
y =log, x means x=Db’

3. Pick some Yy values (-2,-1,0,1,2 for instance) and calculate the X coordinate.

4. Graph the points and draw the graph as above. More points may be needed if
the shape is not clear.
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Examples:

6. Graph: f(x)=log, x
y =log; x

x=3"

Olwrlw|l k|| F|Xx

page 236

1. Replace f(x) with y

2. Rewrite the logarithmic equation as an exponential
equation using the definition: y =log, x means x =b’

3. Pick some Yy values (-2,-1,0,1,2 for instance) and calculate
the X coordinate.

32 _ 1 _ 1 Pick y-values and
3 9 calculate x-values.
4 1 1 Be careful to keep
3= 3t - 3 the x's in the first
30 _1 column and y's in the
3 _3 second.
3? =9

F 9

]
-
Y

Notice that the graph approaches a vertical line on the left.
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7. Graph: f(x)=log,(x+2)

page 237

y =log;(x+2) 1. Replace f(x) with y
2. Rewrite the logarithmic equation as an exponential
x+2=3" equation using the definition: y =log, X means x =b’
3. Pick some Yy values (-2,-1,0,1,2 for instance) and calculate
x=3Y_2 the X coordinate.
_ 1 1
_18 2 3 2_2:3_2_ 25_2:_1% Pick y-values and
o 1 1 calculate x-values.
-15 -1 3'-2==2-2=2-2=-12 Be careful to keep
1 0 3 the X's in the first
1 1 3-2=1-2=-1 column and y's in
7 2 3'-2=3-2=1 the second.
3 -2=9-2=7
F 9
6
3
< >
6 3 3 6

¥

Notice that the graph approaches a vertical line on the left.
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8. Graph: f(x)=1log, x
2
y =log, X 1. Replace f(x) withy
2
1Y 2. Rewrite the logarithmic equation as an exponential
X=|— . . . e = LY
[2] equation using the definition: Y log, x -
3. Pick some Y values (-3,-2,-1,0,1,2,: Pick y-values and
) 'g. reT e calculate x-values.
X y coordinate. Be careful to keep
1 3 R . the x's in the first
8 1y g (1) .1 column and y's in the
1 2 2 2 2 second.
n -2 2
4 (1 =22 _4 i = l
1 1 2 2 4
2 -1 3
o () ()
2 -1 .
=R
8 -3 2
6
f(x)=log, x
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9. Advertising dollars are well spent up to a point. For instance a well-known
company may decide to spend another ten million dollars, but it is unlikely that they
will reach people that have not heard of their product. Suppose the function

f(x) = 10,000 - log(x) models the number of people that will hear of a new product
for x equal to the amount spent on advertising in dollars. How many people will
have heard of the new product after $500,000 is spent on advertising? After
$1,000,000 is spent? Is it worth spending the extra money on advertising?

Steps Reasons
f(x) = 10,000 - log(x) Plug x = 500,000 into the function.
f(500,000) = 10,000 - log(500,000) Use a scientific calculator with a “log”
f(500,000) = 56,989.700 ... button, which is log base 10.

About 57,000 people will have heard of the new product after $500,000 is spent
on advertising.

f(x) = 10,000 - log(x) Plug x = 1,000,000 into the function.
f(1,000,000) = 10,000 - log(1,000,000) Use a scientific calculator with a “log”
f(1,000,000) = 60,000 button, which is log base 10.

About 60,000 people will have heard of the new product after $1,000,000 is
spent on advertising.

Since only 3000 more people will hear about the new product after spending
another $500,000, it is probably not worth spending the extra half million dollars
on advertising.

10. For exponential growth, doubling time is the time that it takes for the amount to
double. Doubling time is related to the continuous growth rate by In 2 = k - t where
k is the growth rate and t is the doubling time. If it takes 30 years for prices to
double, what is the growth rate, which is also known as inflation?

Steps Reasons
In2=k-t Write the formula.
In2 =k-30 Replace t with the 30 year doubling time.
In2 K Solve for k and use a scientific calculator to find k.

30
k = 0.0231 ... or 2.3%

If the doubling time is 30 years, then inflation (or growth rate) is 2.3%.
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Exercises

Write in logarithmic form:
1. 100 =102

2. 10,000 = 10*

3. 8=23

4. 1=7°

5. -=37
9

6. — =572
25

Write in exponential form:

7. 2=1log,16
8. 3 =logs;125
9. 0=logs1

10.—4 = log;,0.0001
11.-2 = log,
12.—4 = logs -
Graph the following:
13.y = log,x

14.y = logyx

15.y = log,(x + 3)
16.y =log,(x—1)

By Will Tenney
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17.y = logix
3

18.y = logix
4

19.y =logz(x+ 1)
20.y = logz(x — 2)
Solve the following:

21.Advertising dollars are well spent up to a point. For instance a well-known
company may decide to spend another ten million dollars, but it is unlikely that
they will reach people that have not heard of their product. Suppose the
function f(x) = 1000 - log(x) models the number of people that will first hear of
a particular new product for x equal to the amount spent on advertising in
dollars. How many people will hear of the new product after $40,000 is spent on
advertising? After $1,500,0007? Is it worth spending the extra money on
advertising?

22.Advertising dollars are well spent up to a point. For instance a well-known
company may decide to spend another ten million dollars, but it is unlikely that
they will reach people that have not heard of their product. The function
f(x) = 100,000 - log(x) models the number of people that will hear of a
particular new product for x equal to the amount spent on advertising in dollars.
How many people will have heard of the new product after $2,500,000 is spent
on advertising? After $25,000,0007 Is it worth spending the extra money on
advertising?

23.For exponential growth, doubling time is the time that it takes for the amount to
double. Doubling time is related to the continuous growth rate by In2 =k - t
where k is the growth rate and t is the doubling time. If it takes 7 years for
prices to double, what is the growth rate, which is also known as inflation?

24.For exponential growth, doubling time is the time that it takes for the amount to
double. Doubling time is related to the continuous growth rate by In2 =k - t
where Kk is the growth rate and t is the doubling time. If it takes 30 years for the
population to double, what is the growth rate?
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Students learn about finance as it applies to their
daily lives. Two of the most important types of
financial decisions for many people involve either
buying a house or saving for retirement. Students
explore retirement accounts and mortgages.
Understanding the quantitative side helps people
make better decisions.

Course Qutcomes:
e Recognize and apply mathematical concepts to real-world
situations
e Efficiently use relevant technology
e |dentify and solve problems in finance

6.1 Simple Interest
Simple interest concepts are developed. Students learn to find
simple interest and future value. Simple interest rate and
principle are found using the future value formula and algebra.

6.2 Compound Interest
Compound interest concepts are developed. Students solve
compound interest problems using their calculators and
compound interest formulas for present value, future value, and
future value for continuous compounding.

6.3 Annuities
Students learn to find periodic payments and future value for
annuities. There is a focus on retirement accounts. The
advantage of time is explored.

6.4 Mortgages
The different aspects of mortgages are discussed: down
payment, points, monthly payments, interest. Students use the
formula for monthly payment to better understand the
advantages of shorter mortgages as opposed to longer
mortgages.
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People have been borrowing and lending money for millennia. Whether you borrow
money to buy a car or put money in the bank, there will be some type of interest
involved. The first type of interest that we will study is called simple interest. The
formula for simple interest is

Int = simple interest (a dollar amount)

Int = Prt P = principal or present value which is the amount borrowed
r = annual simple interest rate
t = time measured in years

For simple interest the amount is applied one time at the end of the borrowing
period. Notice that when we talk about interest, we are referring to a dollar amount.
When we talk about simple interest rate, we are talking about the percent of the
principal.

Examples

3. A construction company borrows $30,000 for 2 years at 5% simple interest.
How much interest must the construction company pay for the use of the

money?

Steps Reasons
Int = Prt Recognize the type of interest and write down the formula.
Int = ??? We are looking for the interest, which will be a dollar amount.
P = $30,000 We have the amount borrowed, which is P.
r =5% or .05 The simple interest rate is given.
t=2 years The number of years that the money is borrowed.
Int = Prt Substitute the numbers into the formula.

[ =30,000-.05-2 Use a calculator to find the simple interest I .
[ = $3000

The construction company must pay $3000 in simple interest.

4. Find the simple interest for a principal of $5400 that is borrowed at simple
interest rate 3% for a period of 8 months.

Steps Reasons
Int = Prt Recognize the type of interest and write down the formula.
Int = ??? We are looking for the interest, which will be a dollar amount.
P = $5400 The principal is P.
R=3% or .03 The simple interest rate is given.
t =8 months The number of years that the money is borrowed.
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Here we have to make an adjustment. The 8 months needs to be converted to
years. Many students will quickly divide the 8 months by 12 to get the number of
years, which is correct. There is a more organized way.

lyear 8

2
—_— = or — years
12 months 12 3 y

t = 8 months -

. 1
The fraction —==—
12 months

change the value of the time. It is true that 8 months = g year. This organized
method of changing the units is called dimensional analysis.

is called a unit fraction. It has a value of 1. So, we do not

Int = Prt Substitute the numbers into the formula.

2
Int = 5400 -.03 - (5) Use a calculator to find the simple interest Int .

Int = $108 The simple interest is $108.

When substituting for the number of years it is important to use parentheses. That
way we can just type what we see into the calculator:
5400 multiplication .03 multiplication (2 divide 3) =

Future Value

Rather than asking how much interest will be paid, we may want to know how
much money will be paid at the end of the borrowing time (or investment period).
This end amount is called the future value. To calculate the future value, we could
just add the principal plus interest. There is also a future value formula for simple
interest:

FV = future value for simple interest

FV =P (1+rt) P =principal or present value which is the amount borrowed
r = annual simple interest rate
t = time measured in years

We can talk about the accumulated amount, total amount paid, and the amount at
the end of the investment. All are examples of future value. The best way to think
of present value or principal and future value is with a time line.

Present Value —— time invested or borrowed ——» Future Value
Earlier time Later in time
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Examples

3. If a principal of $2800 is invested for a period of 5 years at a simple interest rate
of 3.4%, what will be the future value?

Steps Reasons
FV=P(1+rt) Recognize the type of interest and write future value for simple

interest formula.

FV =277 We are looking for the future value.

P =$2800 We have the principal, P.

r=3.4% or .034 The simple interest rate is given.

t=5years The number of years that the money is borrowed.
FV=P(1+rt) Substitute the numbers into the formula.

FV =2800(1 +.034-5)

FV = $3276 Use a calculator to find the future value FV .

Be sure to write down every symbol in the formula, replace the variables without
losing any of the parentheses or operations, and then type every symbol into the
calculator.

4. 1f $12,000 is borrowed for 120 days at 5.2% simple interest, how much must be
paid back at the end?

Steps Reasons

FV=P(1+rt) We are asked for the end amount to be paid back at the end of
the borrowing time. So, use the future value formula for simple
interest.

FV =277 We are looking for the future value.

P =$12,000 The amount borrowed, P, comes before the time borrowed.

r=5.2% or .052 The simple interest rate is given.

t =120 days The time that the money is borrowed.

Again we need to make an adjustment for the time. The 120 days needs to be
converted to years. Often students will just divide the 120 days by 365 to get the
number of years, which is correct. We can also use dimensional analysis.

1year 120
= —— years

t=120days - o= days _ 365

The fraction 3;53'—22; is the appropriate unit fraction because it has a value of 1.

Sometimes 360 days is used in the denominator, which is a very close
approximation.
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FV=P(1+rt) Substitute the numbers into the formula.
120

FV =12,000 (1 .052 - |— ) .
+ (365) Use a calculator to find the future value FV.

FV = $12,205.15 and $12,205  Round off to the nearest penny or dollar.

It may be that we have all the information except the present value or simple
interest rate or time. In those cases, once we have plugged the other values into
the formula we can solve for the present value or simple interest rate or time
algebraically.

Examples

5. If the future value is $632.40 and the present value is $600 for a 9 month
investment, what is the simple interest rate?

Steps Reasons
FV=P(1+rt) We are asked about a problem involving future value for simple
interest.
FV =632.40 The future value is given.
P =$600 The present value is given.
r="77?7? Find the simple interest rate.
t = 9 months The time that the money is borrowed.

Use dimensional analysis to change months to years.

1year

t = 9 months - =2 or % or 0.75 years

12 months 12

FV=P(1+rt) Substitute the numbers into the formula.

632.40 = 600(1 +r-0.75) Now solve the equation for r. Begin with the distributive

632.4 = 600 + 450r property because of the + inside the parentheses.
632.4 — 600 = 450r

32.4 = 450r

32.4 _

450 '

r=.0720r7.2% Write the simple interest rate as a percent.
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6. How much money needs to be invested at 4.8% simple interest for three years
to meet a future value goal of $17,000? Round-up to the nearest dollar.

Steps Reasons
FV=P(1+rt) We are asked about a problem involving future value for simple
interest.
FV =$17,000 The future value is given.
P =777 We are asked for the present value.
r =4.8% or.048 The simple interest rate is given.
t=3 years The time that the money is borrowed.
FV=P(1+rt) Substitute the numbers into the formula.
17,000 = P(1 +.048 - 3) Now solve the equation for r. Begin with the distributive
17,000 = P(1.144) property because of the + inside the parentheses.
17,000
1.144
P = 14,860.139 ...
P = $14,861

We are in the habit of always rounding-up when finding the present value. We do
this upwards rounding for present value because that will assure that the future
value goal is met. Generally, it is not of huge importance, but financial advisors
should want to make sure that the goal is met or surpassed. If we round-down
even by a little bit, then the goal is not quite met.

As we go through the different types of formulas, we will need to determine which
formula we will need to use. Here the formulas talk about simple interest. We need
to determine whether we want the interest, the future value (end amount or
accumulated value), or the present value (the amount before the time the money
grows).
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Exercises

Solve and round to the nearest penny:

1.

10.

11.

12.

Find the simple interest for a principal of $10,400 that is borrowed at simple
interest rate 4% for a period of 5 years.

Find the simple interest for a principal of $3000 that is borrowed at simple
interest rate 2.5% for a period of 3 years.

Find the simple interest for a principal of $120,000 that is borrowed at simple
interest rate 12.5% for a period of 15 years.

Find the simple interest for a principal of $15,000 that is borrowed at simple
interest rate 9.25% for a period of 10 years.

Find the simple interest for a principal of $5,400 that is borrowed at simple
interest rate 4% for a period of 9 months.

Find the simple interest for a principal of $17,200 that is borrowed at simple
interest rate 3.5% for a period of 8 months

Find the simple interest for a principal of $20,500 that is borrowed at simple
interest rate 4.25% for a period of 8 months.

Find the simple interest for a principal of $41,000 that is borrowed at simple
interest rate 12% for a period of 3 months.

Find the simple interest for a principal of $15,000 that is borrowed at simple
interest rate 4.5% for a period of 100 days.

Find the simple interest for a principal of $8,700 that is borrowed at simple
interest rate 2.8% for a period of 60 days.

Find the simple interest for a principal of $325,000 that is borrowed at simple
interest rate 12.5% for a period of 150 days.

Find the simple interest for a principal of $200,000 that is borrowed at simple
interest rate 7.8% for a period of 45 days.
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13.1f a principal of $20,000 is invested for a period of 8 years at a simple interest
rate of 3.7%, what will be the future value?

14.1f a principal of $14,000 is invested for a period of 10 years at a simple interest
rate of 5.2%, what will be the future value?

15.1f a principal of $15,000 is invested for a period of 8 months at a simple interest
rate of 7.5%, what will be the future value?

16.If a principal of $200,000 is invested for a period of 4 months at a simple
interest rate of 6.5%, what will be the future value?

17.1f a principal of $14,600 is invested for a period of 90 days at a simple interest
rate of 10.5%, what will be the future value?

18.1f a principal of $28,000 is invested for a period of 30 days at a simple interest
rate of 7.25%, what will be the future value?

Find the simple interest rate:

19.1f the future value is $9560 and the present value is $8000 for a 3 year
investment, what is the simple interest rate?

20.1f the future value is $15,125 and the present value is $12,500 for a 5 year
investment, what is the simple interest rate?

21.1f the future value is $18,342 and the present value is $18,000 for a 3 month
investment, what is the simple interest rate?

22.1f the future value is $24,252 and the present value is $23,500 for a 6 month
investment, what is the simple interest rate?

Find the principal (also called present value). Round-up to the nearest dollar

23.How much money needs to be invested at 3.4% simple interest for six years to
meet a future value goal of $15,400? Round-up to the nearest dollar.

24.How much money needs to be invested at 8.25% simple interest for eight years
to meet a future value goal of $120,000? Round-up to the nearest dollar.
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25.How much money is borrowed at 12.4% simple interest for 90 days if the
amount paid after the 90 days is $9,000? Round-up to the nearest dollar.

26.How much money is borrowed at 3.25% simple interest for 120 days if the
amount paid after the 120 days is $15,000? Round-up to the nearest dollar.

Answer the following, and round to the nearest dollar. If asked to find the principal
(or present value), round-up to the nearest dollar.

27.Find the interest paid on a $5000 simple interest loan for 45 days at 11.25%.

28.How much money was invested eight years ago at 4.25% simple interest if
today’s value is $17,5007?

29.What is the amount due on a $25,000 loan for 120 days at simple interest rate
9.9%?

30.Find the interest paid on an 80 day $125,000 loan at 8.5% simple interest.

31.What is the simple interest rate if a $7000 investment for five years has a future
value of $8300? (Round to the nearest tenth of a percent.)

32.What is the simple interest rate if a $2850 investment for two years has a future
value of $3150? (Round to the nearest tenth of a percent.)

33.How much money was invested twenty years ago at 5.25% simple interest if
today’s value is $100,0007?

34.What is the amount due on a $5,000 loan for 90 days at simple interest rate
12.2%7?
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With simple interest the interest is applied only once at the end of the time invested
or borrowed. The more typical situation is compound interest where the interest is
applied after a certain amount of time. Then that interest grows for the rest of time.
For instance, most regular savings accounts have interest compounded daily. After
depositing money into the account at the end of the first day, a little bit of interest is
earned. That little bit of interest is then in the account and it also earns interest for
the rest of the time that the money is in the account. At the end of the second day a
little more interest is earned, which also grows for the rest of the time that the
money is in the account. The process continues where the interest earned is put
into the account daily to grow for the rest of the time.

We have a formula for the future value for compound interest:

FV = future value for compound interest
P = principal or present value

r = annual compound interest rate

t = time measured in years

n= number of compounding per year

rnt

FV = P (1+H)

From simple interest we know what most of the letters stand for, but we should
take a closer look at the value of n.

Compounded daily n = 365 or 360 to round-off
Compounded monthly n=12

Compounded quarterly n=4

Compounded semi-annually |n=2

Compounded annually n=1

Examples:

1. $15,000 is invested for six years at 4.7% interest compounded monthly. What is
the future value?

Steps Reasons

FV=p (1 rynt Recognize the type of interest. We see the words compound
B ( + H) interest and we are asked for future value.

FV =??? We are looking for the future value.

P =$15,000 We have the principal, P.

r=4.7% or .047 The compound interest rate is given.

t=6 years The number of years that the money is borrowed.

n=12 Compounded monthly means n = 12 for 12 times per year.

nt Substitute the numbers into the formula.
FV=P (1+ H)
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12-6

FV = 15,000 (1 —)
T

The future value is $19,875.73. Round the future value to the nearest penny or
dollar.

2. What is the accumulated value for a $50,000 loan for 3.5 years at 6% interest
compounded daily?

Steps Reasons
FV = P (1 r)“t Recognize the type of interest. We see the words compound interest

- + n and we are asked for the accumulated value, which is the future value.
FV =277 We are looking for the future value.
P = $50,000 We have the principal, P.
r =6% or .06 The compound interest rate is given.
t=3.5years The number of years that the money is borrowed.
n = 365 Compounded daily means n = 365 for 365 times per year.

Sometimes n = 360 is used.
rynt i i .
FV = P (1 + ;) Substitute the numbers into the formula
.06\36%35  Use a calculator to find the future value FV .

FV = 50,000 (1 + ﬁ)

The accumulated value is $61,682.84.

Less frequently we may see the future value for interest compounded continuously.
Imagine that instead of daily we had the compounding period every hour or every
minute or every second or every part of a second. Then we would be approaching
continuous compounding. The formula for continuous compound interest is

FV = future value for continuous compound interest
FV = Pe™ P = principal or present value

r = annual continuous compound interest rate

t = time measured in years

The letter e is actually a number. It is an irrational number like the number m. Since
e written as a decimal number goes on forever without repeating, we have to use a
symbol to express the number exactly. The number e is approximately equal to
2.71828...
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Example:

3. Inflation is often calculated using continuous compound interest. If the inflation
rate is 2.5% compounded continuously, how much will a $200 cart of groceries
cost in 20 years?

Steps Reasons
FV = Pe™ Recognize the type of interest. We see the words continuous compound

interest and we are asked for cost in 20 years, which is the future value.

FV =277 We are looking for the future value.

P =$200 We have the principal or present value, P.

r=2.5% or .025 The continuous compound interest rate is given.

t =20 years The number of years.

FV = Pe™ Substitute the numbers into the formula. Use a scientific
FV = 200e02520 calculator to find the future value A.

The cart of groceries will cost $329.74 in twenty years.

As with simple interest, we may have the future value and want to know the
present value for compound interest. Rather than using the future value formula
and solving for the present value like we did with simple interest, we will use a
present value formula for compound interest, which is just an algebraic
manipulation of the future value formula for compound interest that we have above.

Present value for compound interest:

FV = future value for compound interest

P FV P = principal or present value
B (1 + E)nt r = annual compound interest rate
n t = time measured in years
n= number of compounding per year
Examples:

4. A salesperson receives a large bonus for having the best sales record for the
year. If she wants to have $25,000 in five years for the down payment on a house,
how much must she put aside now at 7.5% compounded quarterly?
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Steps Reasons
p= FV Recognize the type of interest. We see the words compound interest
N 14T nt and we are asked for the amount now before the investment. We are
( + H) looking for the present value with compound interest.
FV = $25,000 We have the future value FV.
P =777 We are looking for the present value, P.
r=7.5% or .075 The compound interest rate is given.
t =5 years The number of years that the money is borrowed.
n=4 Compounded quarterly means n = 4 for 4 times per yeatr.
P= FV Substitute the numbers into the formula.
- rynt
(1 + H) Use a calculator to find the present value P .
_ 25,000
- 4-5
(1+F)

The salesperson needs to put aside $17,242.

For present value problems we should always round-up to the nearest dollar or
nearest penny. That way we meet or exceed the goal. If rounding leads to
rounding-down, then we just miss the stated goal.

5. A twenty-five year old believes he will need $750,000 to retire comfortably. How
much will he need to put aside now at 3.25% interest compounded monthly to meet
his goal in 40 years?

Steps Reasons
p= FV Recognize the type of interest. We see the words compound interest
- 14T nt and we are asked for the amount now before the investment. We are
( + H) looking for the present value with compound interest.
FV = $750,000 We have the future value goal, FV.
P =777 We are looking for the present value, P.
r =3.25% or .0325 The compound interest rate is given.
t=40 years The number of years that the money is borrowed.
n=12 Compounded quarterly means n = 12 for 12 times per
year.
P FV Substitute the numbers into the formula.
- r\nt
(1 + H) Use a calculator to find the present value, P .
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750,000

The person needs to put aside $204,758.34 in order to meet the retirement goal.

That is amazing! By putting aside $204,758.34 at 3.25% interest compounded
monthly, a twenty-five year old can meet a retirement goal of $750,000. The other
$545,241.66 all comes from interest earned on the investment. The interest is the
future value minus the present value (750,000-204,758.34 = 545,241.66) because
the present value is the amount put in to the account. So, why doesn’t everybody
just put aside about $200,000 when they are 25 years old? What do we do
instead? In the next chapter we will learn about savings plans with periodic
(monthly) payments called annuities.
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Exercises

For future value problems, round to the nearest dollar. For present value problems,
round-up to the nearest dollar.

1. $18,000 is invested for ten years at 3.7% interest compounded monthly. What
is the future value?

2. $75,000 is invested for four years at 1.5% interest compounded monthly. What
is the future value?

3. What is the accumulated value for a $150,000 loan for twenty-five years at
5.25% interest compounded daily?

4. What is the accumulated value for an $80,000 loan for eight years at 6%
interest compounded daily?

5. $150,000 is invested for seventeen years at 4.75% interest compounded
semiannually. What is the future value?

6. $5,000 is invested for 5.5 years at 4.1% interest compounded semiannually.
What is the future value?

7. What is the accumulated value for a $10,000 loan for twelve years at 8%
interest compounded quarterly?

8. What is the accumulated value for a $500,000 loan for fifteen years at 5.9%
interest compounded quarterly?

9. $30,000 is invested for twenty years at 11.5% interest compounded monthly.
What is the future value?

10.$320,000 is invested for fifteen years at 1.5% interest compounded monthly.
What is the future value?

11.$60,000 is invested for twenty years at 6.4% interest compounded annually.

What is the future value? How is annual compounding different from simple
interest?
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12.What is the accumulated value for a $45,000 loan for fifteen years at 7.25%
interest compounded annually? How is annual compounding different from
simple interest?

13.What is the accumulated value for a $95,000 loan for 8.5 years at 3.25%
interest compounded daily?

14.What is the accumulated value for a $190,000 loan for five years at 2% interest
compounded daily?

15.$50,000 is invested for fourteen years at 2.75% interest compounded
semiannually. What is the future value?

16.$40,000 is invested for 4.5 years at 1.75% interest compounded semiannually.
What is the future value?

17.What is the accumulated value for an $800,000 loan for four years at 7.5%
interest compounded quarterly?

18.What is the accumulated value for a $1,500,000 loan for twenty years at 6.8%
interest compounded quarterly?

19.$32,000 is invested for ten years at 4.5% interest compounded continuously.
What is the future value?

20.$102,000 is invested for twenty-two years at 3.5% interest compounded
continuously. What is the future value?

21.What is the accumulated value for a $7,000 loan for four years at 5.5% interest
compounded continuously?

22.What is the accumulated value for a $68,000 loan for twelve years at 3.75%
interest compounded continuously?

23.Inflation is often calculated using continuous compound interest. The cost of a
mixture of items and the salary that it takes to purchase these items grows
continuously. If the inflation rate is 2.5% compounded continuously, how large
of a salary will somebody need in thirty years to have the same buying power
as a $30,000 salary in today’s dollars?

By Will Tenney



6.2 Compound Interest page 258

24.Inflation is often calculated using continuous compound interest. The cost of a
mixture of items and the salary that it takes to purchase these items grows
continuously. If the inflation rate is 1.5% compounded continuously, how large
of a salary will somebody need in forty years to have the same buying power as
a $25,000 salary in today’s dollars?

25.1f the inflation rate is 2.25% compounded continuously and the price of gasoline
follows this inflation rate, how much will a $50 tank of gasoline cost in ten
years?

26.1f the inflation rate is 1.85% compounded continuously and the price of
groceries follows this inflation rate, how much will a $175 cart of groceries cost
in twenty years?

27.An investment grows at 5% compounded daily for ten years. If the future value
of the investment is $40,000, what is the present value?

28.An investment grows at 3.25% compounded daily for fifteen years. If the future
value of the investment is $25,000, what is the present value?

29.An investment grows at 4.2% compounded quarterly for twelve years. If the
future value of the investment is $100,000, what is the present value?

30.An investment grows at 7.5% compounded quarterly for eight years. If the
future value of the investment is $100,000, what is the present value?

31.How much money must be invested today at 6.7% interest compounded
monthly so that there is an accumulated value of $50,000 in five years?

32.How much money must be invested today at 3.4% interest compounded
monthly so that there is an accumulated value of $40,000 in fifteen years?

33.How much money can be borrowed at 3.65% interest compounded
semiannually, if the borrower is willing to pay back $75,000 in ten years?

34.How much money can be borrowed at 4.25% interest compounded
semiannually, if the borrower is willing to pay back $15,000 in two years?

35. A salesperson receives a large bonus for having the best sales record for the
year. If she wants to have $15,000 in three years for the down payment on a
house, how much must she put aside now at 8.5% compounded quarterly?
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36. A salesperson receives a large bonus because the company meets all of the
objectives and she has skills that the company feels are irreplaceable. If she
wants to have $40,000 in six years for the down payment on a house, how
much must she put aside now at 9.5% compounded quarterly?

37.If today’s value of a government savings bond is $20,000, how much was
invested seven years ago? The interest rate was 6.5% compounded daily.

38.If today’s value of a government savings bond is $3,000, how much was
invested ten years ago? The interest rate was 3.5% compounded dalily.

39. A forty year old believes he will need $1,000,000 to retire comfortably. How
much will he need to put aside now at 4.25% interest compounded
semiannually to meet his goal in 25 years?

40. A twenty year old believes he will need $2,000,000 to retire comfortably. How
much will he need to put aside now at 3.25% interest compounded
semiannually to meet his goal in 45 years?

41.A young person is trying to figure out how to retire comfortably, which she
believes will take $1,500,000.

a. How much must a twenty-five year old put aside for 40 years at 5%
interest compounded monthly to reach the goal?
b. How much must a forty-five year old put aside for 20 years at 5% interest
compounded monthly to reach the goal?
¢. How much must the twenty-five year old put aside for 40 years at 7%
compounded monthly to reach the goal? 3% compounded monthly?
d. The twenty-five year old may have other financial obligations — family,
housing, school loans to pay back. What else can be done aside from
putting aside a huge amount of money all at once?

42.A young person is trying to figure out how to retire comfortably, which he
believes will take $2,000,000.

a. How much must a twenty year old put aside for 45 years at 4.3% interest
compounded quarterly to reach the goal?
b. How much must a forty-five year old put aside for 20 years at 4.3%
interest compounded quarterly to reach the goal?
c. How much must the twenty year old put aside for 45 years at 7.5%
compounded quarterly to reach the goal? 2.8% compounded quarterly?
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d. The twenty year old may have little money and other financial obligations
— food, housing, credit card debt, living the good life. What else can be done
aside from putting aside a huge amount of money all at once?

43. A teacher decides to put aside some money to have for a rainy day, which
fortunately never seems to come. First he puts aside $10,000 for five years at
2.25% compounded monthly interest. After five years the economy changes
and he is able to take that money and put it into an account that earns 6.4%
interest compounded semiannually for twenty years. How much does the
teacher have at the end of the twenty-five year investment time?

44. A doctor decides to put aside some money to have for a rainy day, which
fortunately never seems to come. First she puts aside $25,000 for three years
at 3.25% interest compounded monthly interest. After three years the economy
changes and she is able to take that money and put it into an account that
earns 6.4% interest compounded quarterly for fifteen years. How much does
the doctor have at the end of the eighteen year investment time?
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Often we do not have enough money to meet a future financial goal all at one time.
An annuity is a fixed sum paid over equal periods per year over some number of
years at a set interest rate. A very relevant example for most people is their
retirement account. For instance, somebody saving for retirement may put aside
$400 per month for thirty years. If the interest and payment schedule stay the
same, we are talking about an annuity.

Formula for future value of an annuity:

nt _ .
Pmt [(1 + E) _ 1] FV = futurg vglue for an annuity
n Pmt = periodic payment

FV = :
(E) r = annual compound interest rate
n t = time measured in years
n= number of payments, which is the same as the
number of compounding per year
Examples:

1. If $400 is put aside every month at 5% interest compounded monthly for 30
years, what is the accumulated value? How much of that accumulated value is
interest?

Steps Reasons
p rnt Since we are putting aside a set amount each
mt [(1 + ﬁ) B 1] month for thirt [
PV — y years at a constant interest
(%) rate, we have an annuity.
We are looking for the accumulated value or future
FV =??? value of the annuity.
Pmt = $400 The periodic payment is $400 per month
r=5% or .05 5% annual compound interest rate
t = 30 years the time was 30 years
n=12 There are 12 monthly payments, which is the same as
the number of compounding per year
051230 Replace the variables with the numbers and be
400 l(l + ﬁ) - sure to keep all parentheses and arithmetic
FV = symbols.

.05
(2)
FV = $332,903.45 Carefully, push all the buttons on the calculator.

Look below for the steps that will work with many scientific calculators.
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The next question is how much of the money came from interest. To get the
interest, find out how much of the money came from deposits and subtract it from
the end value of the annuity.

Steps Reasons
Deposits = 400-12-30 To find the amount of money that is put into
Deposits = $144,000 the annuity, we take the monthly payment
multiply by 12 months per year and then
multiply by 30 years.

Interest = future value — deposits The interest is the amount of money at the
Interest = 332,903.45 — 144,000 end minus the amount of money deposited.

The interest is $188,903.45

Many scientific calculators require us to push the following buttons:
Formula Buttons

400
( open parentheses twice like the formula
(
1
Plus
.05
Divide
12
) close parentheses
)12'30 1] N oor x¥ use the exponent button

=)
vl

360 or (12 - 30) type either way
Minus

1

)

Divide

(

.05

Divide

12

)

400 l(1 +

FV =

—
—_ —_
<3l S
N——

To get out of the exponent area some calculators require pushing a right arrow.
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2. Ayoung person is deciding whether to start investing now or wait. After all, he is
young, has many expenses like cars and a house, and wants to enjoy his money
while being young.

a. If interest is 6% compounded monthly, how much money will the investor have if
he invests $500 per month for 40 years? How much of that money comes from
interest?

b. If the interest is kept at 6% compounded monthly, how much money will the
investor have if he puts aside $1000 per month for 20 years? How much of that
money will be interest?

a. Consider the first scenario.

Steps Reasons
p rnt Since the investor is putting aside a set amount
mt [(1 " ﬁ) B 1] each month for fort
PV — _ y years at a constant
(ﬁ) interest rate, we have an annuity.
We are looking for the accumulated value or future
FV =??? value of the annuity.
Pmt = $500 The periodic payment is $500 per month
r=6% or .06 Assuming 6% annual compound interest rate
t =40 years the time was 40 years
n=12 There are 12 monthly payments, which is the same as
the number of compounding per year
.06\ 1240 Replace the variables with the numbers and be
500 [(1 + ﬁ) N 1] sure to keep all parentheses and arithmetic
A 06 symbols.
()

FV = $995,745.37 Carefully, push all the buttons on the calculator as outlined
above.

Now find the interest.

Steps Reasons
Deposits = 500-12-40 To find the amount of money that is put into
Deposits = $240,000 the annuity, we take the monthly payment
multiply by 12 months per year and then
multiply by 40 years.

Interest = future value — deposits  The interest is the amount of money at the
Interest = 995,745.37 — 240,000  end minus the amount of money deposited.

The interest is $755,745.37
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b. Consider the second scenario.

Steps Reasons
Pmt [(1 N g)“t _ 1] Since he is putting aside a set amount each
FV — month for thirty years at a constant interest
(%) rate, we have an annuity.
We are looking for the accumulated value or future
FV =277 value of the annuity.
Pmt = $1000 The periodic payment is $1000 per month
r=6% or .06 6% annual compound interest rate
t =20 years the time is 20 years
n=12 There are 12 monthly payments, which is the same as
the number of compounding per year
.06\ 1220 Replace the variables with the numbers and be
1000 [(1 + ﬁ) B ] sure to keep all parentheses and arithmetic
FV = 06 symbols.
()

FV = $462,040.90 Carefully, push all the buttons on the calculator as in
example 1.

To get the interest, find out how much of the money came from deposits and
subtract it from the end value of the annuity.

Steps Reasons
Deposits = 1000-12-20 To find the amount of money that is put into
Deposits = $240,000 the annuity, we take the monthly payment
multiply by 12 months per year and then
multiply by 20 years.

Interest = future value — deposits The interest is the amount of money at the
Interest = 462,040.90 — 240,000 end minus the amount of money deposited.

The interest is $222,040.90
In both the 20 year and the 40 year examples, the investor puts aside the same

total amount of money ($240,000). By starting sooner as in scenario a, the investor
gains an extra $533,704.47 all in interest.

Periodic Deposits of an Annuity
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We may want to how much money we need to set put aside regularly to reach a
future financial goal. If we put the same restrictions that we had before of periodic
payments with a constant interest rate, then we get a formula for the periodic
payment based on a known goal. Most of us will be interested in our retirement and
perhaps our children’s education. If we know the future amount that we want, then
we can calculate the amount that needs to be put aside regularly.

Formula for periodic payment of an annuity:

FV (E) Pmt = periodic payment
Pmt = 0 FV = future value for an annuity
[(1 + %) _ 1] r = annual compound interest rate
t = time measured in years
n= number of payments, which is the same as the
number of compounding per year
Examples:

3. When studying compound interest, we saw that a twenty-five year old would
have to put aside a bit over two hundred thousand dollars all at once for 40 years
at 3.25% monthly interest to reach a retirement goal of $750,000 to retire
comfortably. While that is an amazing amount of interest unfortunately many of us
do not have that kind of money on hand. How much does the twenty-five year old
need to put aside each month to have $750,000 in 40 years at 3.25% compounded
monthly? How much of that amount is interest?

Steps Reasons

FV (E) Since we are putting aside a set amount each

Pmt = Et month for forty years at a constant interest rate,
[(1 +£ _ 1] we have an annuity.

Pmt =?77? We are looking for the periodic (monthly) payment
FV = 750,000 The future value of the annuity is the goal of $750,00
r=3.25% or .0325 3.25% annual compound interest rate
t = 40 years The time was 40 years
n=12 There are 12 monthly payments, which is the same as

the number of compounding per year

750000 (%) Replace the variables with the numbers and be
' 12 sure to keep all parentheses and arithmetic

12-40
l(l N .0325) B 1] symbols.

Pmt =

Pmt = $762.81 Carefully, push all the buttons on the calculator.
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The next question is how much of the money came from interest. To get the
interest, find out how much of the money came from deposits and subtract it from
the end value of the annuity.

Steps Reasons
Deposits = 762.81-12-40 To find the amount of money that is put into
Deposits = $366,148.80 the annuity, we take the monthly payment
multiply by 12 months per year and then
multiply by 40 years.

Interest = future value — deposits The interest is the amount of money at the
Interest = 750,000 — 366,148.80 end minus the amount of money deposited.

The interest is $383,851.20

4. A company wants to make an extra retirement fund for its executives so that the
CEO and other top officers have an extra $10,000,000 to share. How much money
does the company need to put aside quarterly for 15 years at 5.25% interest
compounded quarterly to meet this goal? How much of that goal is deposits and
how much is interest?

Steps Reasons
FV (E) Since we are putting aside a set amount each

Pmt = fllt month for 15 years at a constant interest rate, we

[(1 n %) _ 1] have an annuity.
Pmt = ??7? We are looking for the periodic (quarterly) payment
FV = 10,000,000 The future value of the annuity is the goal of $10,000,00
r =5.25% or .0525 5.25% annual compound interest rate
t =15 years The time is 15 years
n=4 There are 4 quarterly payments, which is the same as

the number of compounding per year

10.000.000 ( 0525) Replace the variables with the numbers and be

Pmt = —— 4 sure to keep all parentheses and arithmetic

l(l N .0525)4'15 B 1] symbols.

Pmt = $110,604.24 Carefully, push all the buttons on the calculator.
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The next question is how much of the money came from interest. To get the
interest, find out how much of the money came from deposits and subtract it from
the end value of the annuity.

Steps Reasons
Deposits = 110,604.24-4-15 To find the amount of money that is put into
Deposits = $6,636,254.40 the annuity, we take the monthly payment
multiply by 4 months per year and then
multiply by 15 years.
Interest = future value — deposits The interest is the amount of money at the

Interest = 10,000,000 — 6,636,254,4 end minus the amount of money deposited.

The interest is $3,363,745.60

There are several ways to increase the future value of an annuity:

Higher interest

Larger deposits

Longer time investing

We cannot control the interest rates that we receive, but we can start saving for our
retirement while we are young rather than waiting.
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Exercises

For the following, round to the nearest dollar.

1.

6.

If $250 is put aside every month at 3.5% interest compounded monthly for 30
years, what is the accumulated value? How much of that accumulated value is
interest?

If $450 is put aside every month at 7.5% interest compounded monthly for 25
years, what is the accumulated value? How much of that accumulated value is
interest?

If $600 is put aside every month at 6.8% interest compounded monthly for 40
years, what is the accumulated value? How much of that accumulated value is
interest?

If $520 is put aside every month at 3.2% interest compounded monthly for 35
years, what is the accumulated value? How much of that accumulated value is
interest?

A young person is deciding whether to start investing now or wait. After all, she
is young, has many expenses like cars and a house, and wants to enjoy her
money while being young.

a. Ifinterestis 4.5% compounded monthly, how much money will the
investor have if she invests $450 per month for 40 years? How much of
that money comes from interest?

b. If the interest is kept at 4.5% compounded monthly, how much money
will the investor have if she puts aside $900 per month for 20 years?
How much of that money will be interest?

c. In both cases the same amount of money is put aside. Does the extra
interest make it worth starting to save for retirement early?

A young person is deciding whether to start investing now or wait. After all, he
is young, has many expenses like cars and a house, and wants to enjoy his
money while being young.

a. Ifinterestis 5.8% compounded monthly, how much money will the
investor have if he invests $600 per month for 40 years? How much of
that money comes from interest?

b. If the interest is kept at 5.8% compounded monthly, how much money
will the investor have if he puts aside $1200 per month for 20 years?
How much of that money will be interest?
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c. In both cases the same amount of money is put aside. Does the extra
interest make it worth starting to save for retirement early?

7. How much does a thirty year old need to put aside each month to have
$1,000,000 in 35 years at 6.25% interest compounded monthly? How much of
that amount is interest?

8. How much does a twenty year old need to put aside each month to have
$1,500,000 in 45 years at 7.25% interest compounded monthly? How much of
that amount is interest?

9. How much does a fifty year old need to put aside each month to have
$1,000,000 in 15 years at 4.5% interest compounded monthly? How much of
that amount is interest?

10.How much does an eighteen year old need to put aside each month to have
$2,000,000 in 47 years at 5.25% interest compounded monthly? How much of
that amount is interest?

11. A couple wants to save for their child’s education. Since education costs are
always rising, they decide to try to save $200,000. If the child does not want to
go to college, the couple figures that they can get a lake house.

a. How much money does the couple need to put aside each month for 18
years at 5.25% interest compound monthly to reach their goal?

b. How much money does the couple need to put aside each month for 9 years
at 5.25% interest compound monthly to reach their goal?

c. Isitimportant for the couple to start early to reach their goal and pay for
their child’s education?

d. How much money does the couple need to put aside each month for 18
years at 9.25% interest compound monthly to reach their goal? At 2.25%
compounded monthly?

12.A couple wants to save for their child’s education. Since education costs are
always rising, they decide to try to save $150,000. If the child does not want to
go to college, the couple figures that they can use the money to help with their
retirement.

a. How much money does the couple need to put aside each month for 18
years at 4.25% interest compound monthly to reach their goal?

b. How much money does the couple need to put aside each month for 9 years
at 4.25% interest compound monthly to reach their goal?
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c. Isitimportant for the couple to start early to reach their goal and pay for
their child’s education?

d. How much money does the couple need to put aside each month for 18
years at 8.25% interest compound monthly to reach their goal? At 3.25%
compounded monthly?

13. A young bachelor feels that he spends the majority of his paycheck on tobacco,
alcohol, and hitting the town with his friends. He figures that if he quits smoking,
only goes out on the weekend, and limits dining out to special occasions, he will
be able to save $350 per month. If he puts that money into an annuity that
earns 4.75% interest compounded monthly, how much will he have saved after
35 years? How much of that money is interest?

14. A chronic gambler seeks financial help and discovers that she is losing $200
per month by playing the slot machines. If she saves $200 per month at 6.25%
interest compounded monthly, how much will she have saved after 25 years?
How much of that money comes from interest?

15. A company wants to make an extra retirement fund for its employees so that
the employees who work for the company more than twenty years will get a
large bonus upon retiring. If the company wants to save $20,000,000 in 10
years, how much money does the company need to put aside quarterly at
4.25% interest compounded quarterly to meet this goal? How much of the goal
comes from the deposits and how much is interest?

16.A company wants to save $200,000,000 for future acquisitions. How much
money must the company put aside quarterly for 15 years at 6.5% interest
compounded quarterly? How much of the goal comes from the deposits