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CHAPTER 1
Calculations

1.1 Overview

LEARNING SEQUENCE

1.1 Overview

1.2 Number operations
1.3 Estimation

1.4 Decimal significance
1.5 Calculator skills

1.6 Approximation

1.7 Review: exam practice

CONTENT

In this chapter, students will learn to:
e solve practical problems requiring basic number operations
e apply arithmetic operations according to their correct order
e ascertain the reasonableness of answers to arithmetic calculations
e use leading-digit approximation to obtain estimates of calculations
e use a calculator for multi-step calculations
e check results of calculations for accuracy
e recognise the significance of place value after the decimal point
e evaluate decimal fractions to the required number of decimal places
e round up or round down numbers to the required number of decimal places
e apply approximation strategies for calculations.

Fully worked solutions for this chapter are available in the Resources section of your eBookPLUS at
www.jacplus.com.au.
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1.2 Number operations
1.2.1 Adding and subtracting integers

Integers are positive and negative whole numbers, including zero. We can use a number line to add or subtract
integers.

To add a positive integer, move to the right on the number line.

To add a negative integer, move to the left on the number line. Follow the rules shown in the table below to
add and subtract positive and negative numbers.

Adding a positive ++ =+
Adding a negative +—=-
Subtracting a positive | —+ = —
Subtracting a negative | — — = +

WORKED EXAMPLE 1

Evaluate each of the following:

a.—3++2 b. =3+ =2

THINK WRITE

a. 1. Rewrite the two signs (+ +) as single sign (+). a3+ +2=-3+2
2. Perform the calculation using a number line (adding Start Finish

means moving to the right).
—6-5-4-3-2-101 2 3

3. Write the answer. =3 4 2 = =l
b. 1. Rewrite the two signs (+ —) as a single sign (—). b. -3+ -2=-3-2
2. Perform the calculation using a number line Finish Start
(subtracting means moving to the left).
54-32-101 23
3. Write the answer. —3-2=-5

1.2.2 Multiplying or dividing integers

Follow the rules shown in the table below to multiply or divide positive and negative numbers.

When multiplying or dividing two numbers with + X+ =+ o0 +++ =+
the same sign, the answer is positive. - X—=—=+4+ 0 —+— =+
When multiplying or dividing two numbers with +X—=—-o0r ++—=—
different signs, the answer is negative. - X+ =—-o0 —++ =-
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WORKED EXAMPLE 2

Evaluate each of the following:

a.12 x -3 b.-9 + -3
THINK WRITE
a. 1. The two numbers have different signs so the answer a. Negative answer
will be negative. (+ X — = —)
2. Write the answer. 12 X =3
= —36
b. 1. The two numbers have the same signs so the answer b. Positive answer
will be positive. (— + — = +)
2. Write the answer. -9 + -3
=3

1.2.3 Order of operations

BIDMAS can help us to remember the correct order in which we should perform various operations. We do
brackets first; then powers or indices; then division and multiplication (working from left to right); and finally
addition and subtraction (working from left to right).

Brackets

Indices (powers and roots)

Division and Multiplication (left to right)

Addition and Subtraction (left to right)

If there are multiple operations within a bracket then BIDMAS should be applied inside the brackets first.

WORKED EXAMPLE 3

Calculate the values of the following:

a.23 — 6 x4 b (128 +5 — (10 4+2) o3+ +4
4+2(3-1)
THINK WRITE
a. 1. Apply BIDMAS to determine the first step a 23 -6x4
(in this instance multiplication). =23 —24
2. Complete the next step in the calculation (in this =—1

b. 1.

instance subtraction) and write the answer.
Apply BIDMAS to determine the first step (perform b, (12 — 8) + 57 — (10 + 2?)

the calculations in brackets first, then remove the =4+ 5 — (10 + 4)
brackets). 5
=4 + 5 — 14
. Complete the next steps in the calculation (resolve =44+25-14
the powers, then carry out addition and subtraction =29-14
from left to right).
. Complete the final step and write the answer. =15
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3(4+8)+4  3x12+4
44232-1) 44+4209-1)

c. 1. Apply BIDMAS to determine the first step

(brackets).
12+ 4
2. Complete the next step in the calculation = Sxlotd
s 4+2x8
(multiplication).
_36+4
4416
. 40
3. Perform the calculations on the numerator and =3
denominator separately.
4. Complete the division and write the answer. =2

1.2.4 Reasonableness

When calculating mathematical answers, it is always important to understand the question so you have an
idea of what a reasonable answer would be.

When you complete arithmetic calculations, either manually or using your calculator, you can make
mistakes. Checking the reasonableness of answers can indicate possible mistakes in your working.

WORKED EXAMPLE 4

Cathy goes to the shop to purchase an outfit for dinner. She
buys a $145 dress and a $180 jacket, and gets $30 off the
combined price by purchasing the two together. From
the shoe shop, she buys a pair of shoes for $120 and a
pair of stockings for $15.

How much did Cathy spend in total? Check your answer for
reasonableness.

THINK WRITE
1. Read the question carefully to understand The question relates to adding up
what it is about. Cathy’s total shopping bill including
discounts.

2. Have an idea of what sort of answer you expect. Cathy purchased three items, each
over $100 dollars, so the answer
should be over $300.

3. Work out what needs to be added and subtracted. $145 + $180 — $30 + $120 + $15

4. Calculate and write the answer. = $430 spent

5. Does the answer seem reasonable? This answer is above $300, so it seems

reasonable. Since the price of two
items end with 5 and the rest end with
0, the answer should end in 0.
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©11 Resources

Interactivity: Addition of positive integers (int-3922)

Interactivity: Subtraction of positive integers (int-3924)

eLesson: BIDMAS (eles-2435)
Interactivity: Order of operations (int-3707)

Digital document: SkillSHEET Order of operations (doc-6415)
Digital document: SpreadSHEET Four operations (doc-2090)

Exercise 1.2 Number operations

1. [fZ1 Evaluate each of the following:

a. 4448 b. 15+ -7
e. 18—-10 f. 27— -3
. Evaluate each of the following:
a. —12—+6 b. —18 — =8
e. —63 —+45 f. —45— —65
. [EIZ3 Evaluate each of the following:
a. —4X5 b. 12X -6
e. =25X—6 f. 8X =9

. [EIEZZ1 Evaluate each of the following:
a. 48+ -6

c. =120+ -6
—150

e. 5
=72

9. -y

. Calculate the values of the following:
a —4x2+1

c. IX(8-13)

e. 44+ 12x -5

g —6—-36+9+3

. I Calculate the values of the following:

a. 12—-6<+3
c. (17T—+7)+-5

e. 100+ (=50 + —2) + 10

—15
9 —3 - 20+4
. Calculate the values of the following:
a. —7+4x—-4
c. (=57 =3%x-5
e. 52+(-9-4)-8

g —3X—-6+-9+12

c. 37+ 14 d. 21 —+17
g. 124 — +86 h. 267 — =33

c. =27+ -15 d. =56 + +54
g. =23+ —49 h. =79 4+ 443

c. =7TX-=7 d. 15x4
g. —400X% 5 h. —12x —11

A

o

—121 =11
33+ —11
100
-
110
—11

8 (2—4)+4
—3-40+8+2
—5%x 1242

12:(2-4)-6

45+ (27 + =3)

d —124+8X%x7

24

= x3
9+ = x
(=12 + 4)

36 = 13 + 80+ -8

b. (=63 + —=7)X =3 + =2
d. —6x -8 —[3+ (—6)’]
f. —6—64+—16+38

(—48 + 8)* x 36
—4
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8. EIIZA Fred went to the sports department — "
to get some clothes for the gym. He pur- o
chased a $120 tracksuit and a pair of
$150 runners as a package and got $35
off the combined price. Fred also pur-
chased a pair of running shorts for $30
and a singlet top for $25.

How much did he spend at the sports
department? Check your answer for
reasonableness.

9. Erika goes shopping for some party food. She buys 6 packets of chips at $2.50 each and 2 boxes of cola
at $8.50 each, but since she purchased 2 she gets a $2 discount. She also buys 5 packets of biscuits at
$1 each and 3 dips at $2 each. How much did Erika spend in total? Check your answer for
reasonableness.

10. Bob went to the warehouse to get some .
building supplies.

He bought three 4 m long pieces of
timber at $4.50 per metre, 2 packets of
nails at $5.50 each and 3 tubes of liquid
nails at $4 each. Because Bob is a regular '

-~

customer he received a $15 discount off
his total purchase.

How much did Bob spend in total?
Check your answer for reasonableness.

11. Taiki headed north on a bike ride initially
travelling 25 km. He then turned around
and travelled 15 km south before
stopping for a drink. After his drink, Taiki
continued to ride south for another
20 km, before again turning around and
travelling north for a further 25 km.

a. How many kilometres did Taiki cover
on his ride?

b. How far north did he finish from where
he started?

12. Students were given the following question
to evaluate.
448+ (=27 -7x2
a. A number of different answers were obtained, including —8, —12 and —17. Which one of these is

correct?
b. Using only brackets, change the question in two ways so that the other answers would be correct.

13. Calculate the number required to make the following equation true.
13x(15-1)=180+7?

14. Calculate the number required to make the following equation true.

(102 4+12+3) +(=8) =7
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1.3 Estimation

An estimate is not the same as a guess, because it is based on information.

Estimations can be useful in many situations; for example, when we are working with calculators or cal-
culating the total of a shopping bill. By mentally estimating an approximate answer, we are more likely to
notice if we make a data entry error.

To estimate the answer to a mathematical problem, round the numbers and calculate an approximate answer.

1.3.1 Rounding

Numbers can be rounded to different degrees of accuracy. For example, they can be rounded to 1, 2, 3 or
more decimal places. The more decimal places a number has, the more accurate it is. However, more decimal
places are not always necessary or relevant.

Rounding to the nearest 10 34

To round to the nearest 10, think about which multiple ¢

of 10 the number is closest to. For example, 34 rounded R

to the nearest 10 is 30, because 34 is closer to 30 than 34~30

40 (Note: The =~ symbol represents ‘is approximately equal to’.)

Rounding to the nearest 100

To round to the nearest 100, think about which multiple of 100 the number is closest to.

Rounding to the first digit
When rounding to the leading (first) digit, the second digit needs to be

looked at. 2345
 If the second digit is 0, 1, 2, 3 or 4, the first digit stays the same ¢
and all the following digits are replaced with zeros. ;OIO N O'OE
 If the second digitis 5, 6, 7, 8 or 9, the first digit is increased 2345 ~ 2000

by 1 (rounded up) and all the following digits are replaced with zeros.
For example, if 2345 is rounded to the first digit, the result is 2000
because 2345 is closer to 2000 than it is to 3000.

WORKED EXAMPLE 5

Round each of the following as directed.
a. 563 to the nearest 10

b. 12786 to the nearest 100

c. 7523 to the leading digit

THINK WRITE
a. 1. To round to the nearest 10, look at the units place value. a. 563
2. Is the units place value less than 5? Since 3 is less than 5, we round ~ 560
down. Replace the 3 with a 0 and write the answer.
b. 1. To round to the nearest 100, look at the tens place value. b. 12786
2. Is the tens place value greater than or equal to 5? Since 8 is greater 12786
than or equal to 5, we round up. Increase the 7 to 8 and replace the (N
8 and 6 with zeros. 800
3. Write the answer. 12786 =~ 12 800
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c. 1. When rounding to the leading digit, look at the second digit. c. 7523

2. Since 5 is greater or equal to 5, we round up. Increase the first digit 7523
(7) by 1 and replace the remaining digits with zeros. N
8000

3. Write the answer. 7523 =~ 8000

1.3.2 Estimation

Estimation is useful for checking that your answer is reasonable when performing calculations. This can help
avoid simple mistakes, like typing an incorrect number into a calculator.

WORKED EXAMPLE 6

Estimate 66 123 X 749 by rounding each number to the leading (first) digit and then completing
the calculation.

THINK WRITE

1. Round the first number (66 123) by focusing on the 66 123 ~ 70 000
second digit. Since the second digit (6) is 5 or
greater, increase the leading digit (6) by one and
replace the remaining digits with zeros.

2. Round the second number (749) by focusing on the 749 ~ 700
second digit. Since the second digit (4) is less than
5, leave the leading digit and replace the remaining
digits with zeros.

3. Multiply the rounded numbers by multiplying the 70000 x 700
leading digits (7 X 7 = 49) and then add the number 7 X7 = 49

of zeros 4 + 2 = 6. 70000 x 700 = 49 000 000
4. Write the estimated answer and compare to the 66 123 X 749 =~ 49 000 000
actual answer. This compares well with the actual
answer of 49 526 127, found using a
calculator.

9.1 Resources

Digital document: SkillSHEET Rounding to the first (leading) digit (doc-6418)
Interactivity: Rounding (int-3932)

Interactivity: Rounding to the first digit (int-3731)

Interactivity: Checking by estimating (int-3983)
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Exercise 1.3 Estimation

1.

10.

11.

12.

13.

K= Round each of the following as directed.

a. 934 to the nearest 10 b. 12963 to the nearest 100 c. 85945 to the leading digit
. Round the following.

a. 347 to the nearest 10 b. 86557 to the nearest 100 c. 65321 to the leading digit
. Round each of the following numbers to the nearest 10.

a. 47 b. 82 c. 129 d. 162

e. 250 f. 2463 g. 4836 h. 7
. Round each of the following numbers to the nearest 100.

a. 43 b. 87 c. 142 d. 177

e. 3285 f. 56346 g. 86621 h. 213951
. Round each of the following numbers to the nearest 1000.

a. 512 b. 3250 c. 1324 d. 6300

e. 7500 f. 13487 g. 435721 h. 728433
. Round each of the following numbers to the leading digit.

a. 12 b. 23 c. 45 d. 153

e. 1388 f. 16845 g. 23598 h. 492385

. 3 Estimate 74 852 X 489 by rounding each number to its first digit.
. Estimate 87342 + 449 by rounding each number to its first digit.
. Estimate the answer to the following expressions by rounding each number to the leading digit and then

completing the calculation.
a. 482 4 867 b. 123 + 758 c. 1671 —945 d. 2932 — 1455
e. 88x543 f. 57X2632 g. 69523 + 1333 h. 3600 + 856
In your own words, explain how to round using

leading digit approximation.

Give three examples of situations where it is suitable 13 - - ‘ 1 v 'ﬁ
to use an estimate or a rounded value instead of an 'T'I!' . -ﬁ! ‘ . J -
exact value. i M ¥

Emily purchased a number of items at the
supermarket that cost $1.75, $5.99, $3.45, $5.65,
$8.95, $2.35 and $7.45. She was worried she didn’t
have enough money, so she used leading digit
approximation to do a quick check of how much her
purchases would cost. What approximation did

she come up with?

The crowds at the Melbourne Cricket Ground for
each of the five days of the Boxing Day Cricket

test were: 88214, 64 934, 55349, 47 567 and
38431. Using leading digit approximation, what
was the estimated total crowd over the five days

of the test?
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14. A car’s GPS estimates a family’s trip for Christmas lunch is
going to take 45 minutes.
a. Is it likely to take exactly 45 minutes? Explain your answer.
b. How would this time be estimated by the GPS?

15. Given the size of the crowds at the Boxing Day test in
question 13, what is the difference between the leading digit
estimate and the actual crowd over the five days?

16. Rhonda went to buy a new school uniform. She decided
she needed a new blazer, a new winter dress
and a new shirt costing $167, $89 and $55 respectively.
a. Use the leading digit method to estimate how
much Rhonda spent, and find the difference in the
total she spent and the leading digit estimate.
b. Was the estimate more or less than the actual
price? Give a reason for why this was the case.

1.4 Decimal significance

A decimal number consists of both a whole number part and a Whl/x'\_‘ '_(}actional
. . . ole
fractional part. These parts are separated by a decimal point. number . 064 part

A place-value table can be extended to include decimal place part
. . . Decimal point
values and can include as many decimal place columns as required.

Thousands | Hundreds | Tens | Ones | Tenths | Hundredths | Thousandths | Ten Thousandths
1 1 1

L 1 L
10 100 1000 10000

1000 100 10 1

The decimal number 73.064 represents 7 tens, 3 ones, O tenths, 6 hundredths and 4 thousandths.
In expanded form, 73.064 is written as:

1

(7><10)+(3><1)+<0xm)+<6xﬁ>+(4xﬁ>

When reading decimals, the whole number part is read normally and each digit to the right of the decimal
point is read separately. For example, 73.064 is read as ‘seventy-three point zero six four’.

The number of decimal places in a decimal number is the number of digits after the decimal point. The
number 73.064 has 3 decimal places. The zero (0) in 73.064 means that there are no tenths. The zero must
be written to hold the place value; otherwise the number would be written as 73.64, which does not have the
same value.

WORKED EXAMPLE 7

Write the value of the 3 in each of the following decimal numbers.

a. 59.378 b.1.0003 c.79.737
THINK WRITE
a. 1. Identify how many places after the decimal point the 3 lies. a. 59.378
3
2 The 3 is the first number after the decimal point, which represents T
tenths.
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b. 1. Identify how many places after the decimal point the 3 lies. b. 1.0003

2. The 3 is the fourth number after the decimal point, which S
10000
represents tens of thousandths.
c. 1. Identify how many places after the decimal point the 3 lies. c. 79.737
2. The 3 is the second number after the decimal point, which %

represents hundredths.

1.4.1 Rounding decimals

When rounding to a required number of decimal places, look at the first digit after the required number of
decimal places.

If this digit is 0, 1, 2, 3 or 4 (less than 5), do not change the digit in the last required decimal place.

If this digitis 5, 6, 7, 8 or 9 (greater or equal to 5), increase the digit in the last required decimal place by 1.

WORKED EXAMPLE 8

Round each of the following to 3 decimal places.
a. 21.569 42 b. 35.731 60

THINK WRITE
a. 1. As we are rounding to 3 decimal places, look at the a. 21.56942
fourth decimal place (in this case 4).
2. Since this number is less than 5, drop off the 21.569
numbers after the third decimal place.
b. 1. As we are rounding to 3 decimal places, look at the  b. 35.73160
fourth decimal place (in this case 6).

2. Since this number is greater or equal to 5, add one 35.732
to the third decimal number.

1.4.2 Fractions as decimals

A fraction can be expressed as a decimal by dividing the numerator by the denominator.

% =3+8=0.375

If a decimal does not terminate and has decimal numbers repeating in a pattern, it is called a recurring
decimal.

A recurring decimal with only one repeating digit can be written by placing a dot above the digit. When
there is more than one repeating digit, the recurring decimal can be written by placing a dot over the first and
last digits of the repeating part, or by placing a bar above the entire repeating pattern.

=1+3=033333333..=03

| W W —

—3+7=04285742857 ... = 0.42857 or 0.42857
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WORKED EXAMPLE 9

Write the following fractions as decimals.

5 3

a. § b. 6

THINK WRITE

a. 1. Input the division into the calculator. a.5+8
2. Write the decimal answer. = 0.625

b. 1. Input the division into the calculator. b. 3+9=0.33333333...
2. Write the answer as a recurring decimal. =0.3

%1 Resources
elLesson: Place value (eles-004)
Interactivity: Place value (int-3921)
Interactivity: Decimal parts (int-3975)
Digital document: SkillSHEET Place value (doc-6409)

Interactivity: Conversion of fractions to decimals (int-3979)

Exercise 1.4 Decimal significance

-t

. Write the value of the 7 in each of the following decimals.

a. 45.871 b. 81.710 c. 33.007
2. Write the value of the 9 in each of the following decimals.
a. 21.090 b. 0.009 c. 47.1059
3. Write the value of 7 in the following decimals.
a. 34.075 b. 1.7459 c. 0.1007 d. 1945.27
e. 450.07 f. 2.7 g. 0.007 h. 2.170
4. State the number of decimal places on each of the following numbers.
a. 2.195 b. 394.7
c. 104.25 d. 0.0003
e. 19974 f. 125.333
g. 69.15 h. 2.6936
5. State whether the following statements are TRUE or FALSE.
a. 0.125 = 0.521 b. 0.025 = 0.0250
c. 45.0005 = 45.005 d. 3.333 =3.333000
e. 6.666 = 6.6666 f. 20.123 =2.123
6. [l Round each of the following to 3 decimal places.
a. 59.12345 b. 72.21681
7. Round each of the following to 2 decimal places.
a. 2.069 14 b. 0.7962
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8. Round each of the following to 3 decimal places.

a. 39.18423 b. 3.23232323 c. 99.4358
d. 125.294 61 e. 100.0035 f. 0.0479
9. Round the following to 2 decimal places.
a. 58.123 b. 23.345 c. 71.097
d. 0.8686 e. 30.9999 f. 125.8929
10. I Write the following fractions as decimals.
3 2
a. Z b. §
11. Write the following as decimals to 3 decimal places.
7 1
a. g b. 7
12. Convert the following fractions to decimals.
a. i b. g c. i
10 5 12
o e P2
25 100 50
13. Convert the following fractions to recurring decimals.
1 5 1
a. § b 5 C E
4 3 1
d. 7 e. E f. ﬁ

14. Which packet in the photograph below contains more mince?

Fresh

HENRT ST

USE BY 161118

IWF s

536 TOTAL PRICE
PRODUCT OF AUSTRALIA Kiep

T k| e o EELATED

15. a. Using the table below, list the heights of the five American basketball team players in ascending
order.
b. Add the height of the five players
and round to the first digit.

Player Height
Kobe Bryant 1.98 m
Kevin Durant 2.06 m

Russell Westbrook | 1.91 m

Carmelo Anthony | 2.02 m

Lebron James 2.03 m
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16. Narelle is environmentally conscious and has fitted water

17.

18.

:

tanks to her house to water the garden and flush the toilets.
She checks the amount of rainfall each week to see how
much water the tanks have collected. In the month of
March, the rainfall readings were 12.48 mm, 8.82 mm,
27.51 mm and 44.73 mm. Round the total

rainfall for March to 1 decimal place.

The Nguyen family decided to install solar panels on the
roof to reduce their electricity bill. They compared the
prices per kWh of three different suppliers to see how
much they would save by using their panels. The prices
quoted by companies A, B and C per kWh were 26.78 cents,

25% cents and 25%

a. List the companies from cheapest to dearest.
b. Write the fractions as decimal numbers rounded to
1 decimal place.
The following table shows items that were purchased at the
supermarket and their price.

cents respectively.

Item Price
Salmon $4.99
Chicken fillets | $7.35
Shampoo $8.95
Ham $4.42
Milk $4.29
Bread $3.60

a. Find the total cost of the items purchased.
b. Find the total cost of the items purchased and round to the nearest dollar.
c. Round the price of each item to the nearest 5 cents and then find the total cost.

.5 Calculator skills

Your calculator has the ability to complete many different mathematical operations that would be difficult to
calculate in your head or with pen and paper. This includes dealing with decimals and fractions.

Even though your calculator will always give the correct answer, it relies on you inputting the information

correctly. To make sure you get the correct answer, it’s always good to estimate your answer to check for
reasonableness and accuracy.

You will notice that your calculator automatically follows the correct order of operations (BIDMAS).
Note: The keys used may vary between different calculators.

14
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WORKED EXAMPLE 10

Calculate the value of the following expressions using your calculator.
a.140 + 23 x 8 b.7(28 + 43) — 18 c.283 — 13.78 x 11.35

THINK WRITE

a. 1. Estimate your answer using leading digit approximation. a. 140 + 23 X 8
~ 100 + 20 x 10
~ 300
2. Enter the exact equation into your calculator. 140 + 23 x 8 = 324
Compare with your estimate to check for reasonableness.

b. 1. Estimate your answer using leading digit approximation.  b. 7 (28 +43) — 18
10(30 + 40) — 20
10(70) — 20
~ 700 — 20
~ 680
2. Enter the exact expression into your calculator. 7(28 +43)— 18 =479
Compare with your estimate to check for reasonableness.

~
~
~
~

c. 1. Estimate your answer using leading digit approximation.  c. 283 — 13.78 x 11.35
~ 300 — 10 x 10

~ 300 — 100
~ 200
2. Enter the exact expression into your calculator. 283 —13.78x11.35 = 126.597

Compare with your estimate to check for reasonableness.

When using your calculator, first estimate the result to compare with the answer from the calculator. Always
check that what you type into the calculator matches the question.

WORKED EXAMPLE 11

Evaluate the following expressions using your calculator, rounding your answer to 4 decimal
places.

a. (2.56 + 3.83)? + 45.93 b. V/4.39 — 2.51 + (3.96)> c. ; + g +5

THINK WRITE
a. 1. Estimate your answer using leading digit approximation. a. (2.56 + 3.83)2 +45.93

~ (3 +4) +50

~ 7% +50
~ 49 + 50
~ 99
2. Enter into the calculator as shown. (2.56 + 3.83)2 +45.93
Use the x” key to raise the brackets to the power of two. — 86.7621

Compare with your estimate to check for reasonableness.
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b. 1. Estimate your answer using leading digit approximation. ~ b. 1/4.39 —2.51 + (3.96)”
~\4—-3 +4?
~ V1 +16

~14+16
~ 17
2. Enter into the calculator as shown. V4.39 —2.51 + (3.96)2
Use the \/' and x* keys. Make sure the square root — 17.0527
covers both numbers.
Compare with your estimate to check for reasonableness.
4
c. 1. Estimate your answer using leading digit approximation.  c. 7 F g +5
~1+1+5
. 4 5
2. Enter into the calculator as shown. =4 =953
. . 7 9
Use the fraction key to enter each fraction. — 6.1270

Compare with your estimate to check for reasonableness.

1.5.1 Scientific notation NN
4500=4.5 0 0
Scientists, economists, statisticians and mathematicians often need to work with

=45x10°
very large or very small numbers.
Scientific notation (sometimes called standard form) is a way of writing a very
large or a very small number using less space. In scientific notation, the number is
written as a multiple of a power of 10. For example, 4500 = 4.5 X 10°. The 10 has
a positive power of 3, which moves the decimal point 3 places to the right. 0.0000067 =000006.7
An example of a very small number written using scientific notation is —67x%10°6

0.0000067 = 6.7 x 1075. The 107° has a negative power of 6, which moves the

decimal point 6 places to the left.
N N Number between
Scientific notation is displayed on some calculators and spreadsheets

1 and 10
using an ‘E’. These show a number between 1 and 10, followed by an ¢ /Power of 10
E and the power to which 10 is raised. For example: 3600=3.6x% 103
3.45 x 10'® may appear as 3.45E18 on the calculator display 5.9E — 03 i
represents the number 5.9 x 1073, Basic numeral Scientific notation

WORKED EXAMPLE 12

Calculate the value of the following expressions using scientific notation.

a.7.3 x 10* + 5.8 x 10° b.3.5 x 10® x 5.9 x 10°
THINK WRITE
a. 1. Enter the expression using scientific notation. a. 7.3 x 10* + 5.8 x 10
2 Put the calculator in scientific notation mode. (This =6.53 x 10°
is usually SCI mode.)

To raise to the power of 10 use the " key.
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b. 1. Enter the expression into the calculator. b. 3.5 x 108 x 5.9 x 10°

2. Put the calculator in scientific notation mode. (This = 2.065 x 101
is usually SCI mode.) To raise to the power of 10
use the ~ key.

| Resources

Interactivity: Scientific notation (int-6031)
Digital document: SkillSHEET Multiplying and dividing by powers of 10 (doc-101815)

Exercise 1.5 Calculator skills

1. [EIZT] Calculate the value of the following expressions using your calculator.

a. 2694+ 12x16 b. 9(78 + 61) — 45 c. 506.34 —39.23 x 17.04
2. Calculate the value of the following expressions using your calculator.
a. 497 -13x24+6 b. 13(194 —62)+4x8

c. 459.38 + 18.5x 17.04 — (34.96 + 45.03)
3. Evaluate the following expressions using your calculator.

a. 3+6x%x7 b. 474+8X6 c. 285+21x16 d. 2859+ 178 X 79
4. Evaluate the following expressions using your calculator.
a. 12-5x%2 b. 68 —-4X9 c. 385—-16%9 d. 1743 —29 x 45
5. Evaluate the following expressions using your calculator.
a. 4(6 +24)—58 b. 5(23.5 -18.3)+ 23
c. 2.56(89.43 —45.23) — 92.45 d. 6(45.89 —32.78) — 3(65.89 — 59.32)
6. lIZEH Evaluate the following expressions using your calculator, rounding your answer to 4 decimal
places.
a. (5.89+2.16)° + 67.99 b. V/8.77 —3.81 + (5.23) c. % + % +10

7. Evaluate the following expressions using your calculator, rounding your answer to 4 decimal places.

7\> 3 4\2 7
a. (E) = b. V/3.56 + 828 — /529 —3.14 «. (g) +1/73

8. Evaluate the following expressions using your calculator, rounding your answers to 4 decimal places.
a. 16.9+52%2+43 b. 9.3 +4.5

7.2)
c. 3.7+597—-155 . (42)

9. Evaluate the following expressions using your calculator, rounding your answers to 4 decimal places.

a. V/5.67+8.34 b. 25X 1/8.64 —2.5
V4.7 = 3.
c. 128+14/3.5%x58 xX1.2 d. f%

10. Evaluate the following expressions to 2 decimal places using your calculator.

a.l+l b.g—l c.g—zxz d. 15—ZX§+7
2 4 7 9 13 5 7 5 3
11. EIZHA Calculate the value of the following expressions in scientific notation.
a. 7.9 x 10* + 4.9 x 10* b. 3.7x 10°x 8.3 x 10°
12. Calculate the value of the following expressions in scientific notation.
a. 5.3x10°—-8.1x10° b. 2.7 X 10° x 5.6 x 10°

CHAPTER 1 Calculations 17



13. Evaluate the following expressions using your calculator, leaving your answer in scientific notation.

a. 1.45x10° +5.82x10° b. 6.89 X 10° —4.71 x 10°
c. 3.1x10° x8.49 x 103 d. 421 x 10* = (8.32x 10%)
e. 7.38 % 10° = (2.62 x 10%) f. 3.82 % 10° +(9.27 X 10° x 4.5 x 10?)

14. Cathy is 7 years older than Marie, but Marie is twice the age of her younger brother Fergus. How old is
Cathy if Fergus is 3 years old?

15. After a football party night some empty soft drink cans were left and had to be collected for recycling.
Of the cans found, 7 were half full, 6 cans were one-quarter full and the remaining 8 cans were
completely empty. Use your calculator to find out how many equivalent full cans were wasted.

S W\ A " Yy

16. NASA landed the Curiosity Rover on Mars in 2012. Th

tance from the Sun to Earth is 1.5 X 10% km and the average distance
from the Sun to Mars is 2.25 X 10% km. What is the average distance

between Earth and Mars when Earth is between Mars and the Sun?
17. Carbon is an atom that has a radius of 7.0 X 10~ m. The circumference

of a carbon atom can be calculated by evaluating 2 x 3.14 X 7.0 X 10~ m
(that is 27r). Calculate the circumference of a carbon atom in scientific form.

£ e

e average dis-

18. Jupiter is the largest planet in our solar system with a radius of

4
7.1492 x 107 m. The volume (v = §7n3) of Jupiter can be calculated by

evaluating % % 3.14%(7.1492x 107)3m?. Calculate the volume of Jupiter

in scientific form.

1.0 Approximation

Approximating or estimating an answer is useful when an accurate answer is not necessary.

You can approximate the size of a crowd at a sporting event based on an estimate of the fraction of seats
filled. This approach can be applied to a variety of situations, e.g. approximating the amount of water in a
water tank.

When approximating size, it is important to use an appropriate unit, e.g. for the distance you drive you
would use 24 km instead of 2 400 000 cm.

Approximations can also be made by using past history to indicate what might happen in the future.
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WORKED EXAMPLE 13

Approximate the size of the crowd at the first day of the
cricket test at the Sydney Cricket Ground, if it is estimated

to be at % of its capacity of 46 000.

THINK

1. Write down the information given in the question.

2. Calculate the fraction of the total capacity.

3. Write the answer.

WRITE
Estimate of crowd = % of capacity
8 8
10 of 46000 = 10 X 46000
= 0.8 X 46 000
= 36800

The approximate crowd is 36 800.

1.6.1 Approximation from graphs

When approximating from graphs:

* if the data is shown, read from the graph, noting the scale on the axes
* if the data is not shown, follow the trend (behaviour of the graph) to make an estimate of future or past

values.

WORKED EXAMPLE 14

The following graph shows A
the farmgate price of milk in =
cents/litre. Approximate the
price in 2019/2020. 43
(0]
£ 36
%
g
O
29
22

M Australia total

T T | T
g & & & & O P e »
& §F & & S S S S
& & & T F
XIS I SR S U S
Year 3
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THINK WRITE

1. Check what each axis Vertical axis: cents/litre
represents. Horizontal axis: years
2. Look for the trend that The graph has been on an upward trend for the past 8 years.
the graph has followed 50 A m Autiralia total
in previous years. Draw
a line to represent this 46
trend and extend it to 43
the required period of
2019/2020.
o 36
O 294
22
<
0
U
3. Read the answer from Approximately 46 cents/litre.
the graph.
| Resources

elLesson: Estimating and rounding (eles-0822)

Exercise 1.6 Approximation

1. [EZH Approximate the number of peo-
ple at a Bledisloe Cup match at ANZ
Stadium if the crowd was estimated at

110 of its capacity of 83 500.
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2. When full, a pool holds 51 000 litres of water. Approxi-
mate the number of litres in the pool when it is estimated
to be 90% full.

3. Choose the most appropriate unit from the options below
for each of the following measurements.
centimetres (cm), metres (m), kilometres (km),
millilitres (mL), litres (L), grams (g), kilograms (kg)

a. The length of a football field

The weight of a packet of cheese

The volume of coke in a can

The distance you travel to go on a holiday

The size of an LED TV

. The weight of a rugby league player

4. @ What is the best approximation of the volume of milk in the container on the right?
A. 500 mL

-0 2o07T

B. 750 mL
c. 1L
D. 2L
5. @ What is the best approximation of the weight of the tub of butter?
A. 500 kg B. 125 g
C.500 g D. 750 g

6. IZZ From the graph of the cost of tuition fees for one school, predict the approximate
tuition fees in 2019.

A
15000
14000
13000
12000
11000

10000

Tuition fees $

9000

8000

7000

6000
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7. Use the following graph to approximate the volume of domestic air travel emissions in 2021.

A A
14000 [7] Emissions [] Passenger kilometres 70
12000 60 5

g

_ £

& 10000 0 2

9 -~

S 5

S 8000 40 &

- 2
2 6000 05
g z

E 172}

B 4000 F20 £

=
2000 - 10
T T 1 T '

8. If the stadium at the Sydney Olympics swimming was 19—0 full and had a capacity of 17 000, what was the

approximate crowd on this night?

9. Given the capacity at the Staple Centre, where the Los Angeles Lakers play, is 18 118, what is the
approximate crowd at the game shown in the picture?
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10. The capacity of Rod Laver Arena is 14 820. Approximate the crowd at this match from the Australian
Open.

11. The picture shown is of Tiger Woods at the US Masters. From the picture, why is it difficult to estimate
the size of the Masters crowd on this day?

12. Explain in your own words the difference between an estimate and a guess.

13. Describe a way to approximate how many students are at your school. Investigate the actual number and
compare this to your estimate. How could you improve your initial estimate?

14. From the graph of the population of Australia over the past 51 years, approximate how many people

will live in Australia in 2020.
Australia

A
20

15+

10+

Population (millions)
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15. From the graph of the value of the Australian dollar against the American dollar, approximate its value

in January 2019.

4
1.157
1.1+
1.05
1_
0.95
0.9
0.85
0.8

AUDUSD — Australian dollar exchange rate

- 1.15
1.1
—-1.05

—0.95
—0.9
~0.85
—0.8

T
Jul/16

T
Jan/17

T
Jul/17

T
Jan/18

T
Jul/18

16. From the graph of Aboriginal and Torres Strait Islander population, predict the approximate population in:

a. 2025

A
700
660

620

Population (thousands)

B~ N W W 9]
[\S] [oN =l & 0
S S (=} (e} S
| | | | |

380

340+

b. 2030

Historical population of Aboriginal and Torres Strait Islander

Australians, 1986 to future

M Estimates

M Projections
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1.7 Review: exam practice

1.7.1 Calculations: summary
Number operations

* When adding or subtracting positive and negative numbers remember:

Adding a positive ++ =+
Adding a negative +— =-
Subtracting a positive | —+ = —
Subtracting a negative | — — = +

* When multiplying or dividing positive and negative numbers remember:

When multiplying or dividing two +X+=+4or +++=+
numbers with the same signs, the answer | — X — =+ or —+ — =+
is positive.

When multiplying or dividing two +X—=—or ++—=—
numbers with different signs, the answer | — X+ =— or —++ = —
is negative.

* When completing arithmetic calculations it is important to follow the correct order of operations, as
described by BIDMAS.

Brackets

Indices (powers and roots)

Division and Multiplication (left to right)

Addition and Subtraction (left to right)

* When calculating mathematical answers it is always important to understand the question so you have
an idea of what a reasonable answer should be.

Estimation
* To round to the nearest 10, think about which multiple of 10 the 34
number is closest to. ¢

>
L

For example, if 34 is rounded to the nearest 10, the result is 30 because :3'0 L 10

34 is closer to 30 than it is to 40.
* To round to the nearest 100, think about which multiple of 100 the number is
closest to.
* When rounding to the leading (first) digit the second digit needs to be
looked at:
¢ If the second digitis 0, 1, 2, 3 or 4 the first digit stays the same and all the following digits are
replaced with zeros.
¢ If the second digitis 5, 6, 7, 8 or 9 the first digit is increased by 1 (rounded up) and all the following
digits are replaced with zeros.

34 =30
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Decimal significance

* A place-value table can be extended to included decimal place values, and can include as many decimal
place columns as required.

Thousands | Hundreds | Tens | Ones Tenths | Hundredths | Thousandths | Ten Thousandths

1 1 1 1

1000 100 10 1 1 10 100 1000 10000

* When rounding to a required number of decimal places, look at the first digit after the number of
decimal places required.
¢ If this digitis 0, 1, 2, 3 or 4 (less than 5) do not change the digit in the last required decimal place.
+ If this digitis 5, 6, 7, 8 or 9 (greater or equal to 5) increase the digit in the last required decimal

place by 1.

e A fraction can be expressed as a decimal by dividing the numerator by the denominator.

* If a decimal does not terminate and has decimal numbers repeating in a pattern, it is called a recurring
decimal.

Calculator skills

* When using your calculator, first estimate the result so you can compare your estimate to the result
from the calculator. Always check that what you have typed in the calculator matches what the question
states.

Approximation

* You can approximate the size of a crowd at a sporting event based on an estimate of the fraction of seats
filled.

* When approximating size it is important to use an appropriate unit.

* Approximations can be made by using past history to give an indication of what might happen in the
future.

Exercise 1.7 Review: exam practice

Simple familiar

1.

I The value of the expression 17 + 3 X 7 is:

A. 27 B. 140

C. 38 D. 28

I3 The value of the expression —3(5 — —10) + 50 is:

A. 95 B. 5

C. 65 D. -5

T The number 47 321 rounded using leading digit is:

A. 47000 B. 4000

C. 5000 D. 50000

A If three purchases were made with the value $7.34, $18.05 and $2.69, using leading digit estimation

on the three purchases, the total purchase will approximately cost:

A. $30 B. $28.08

C. $28 D. $28.10

& Using your calculator, the value of 1/6.78 + 19.83 + 3.91 to two decimal places is closest to:
A. 5.16 B. 9.07

C.5.52 D. 1.25
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10.

T The volume of Earth can be calculated using the volume of a
sphere formula. Since Earth has a radius of 6.38 X 10° its volume
can be calculated by evaluating g X 3.14 X (6.38 X 106)3 m?.

The volume of Earth to two decimal places and in scientific
notation is closest to:

A. 1.70 X 10"m? B. 3.26 X 10*'m*
c. 1.09 x 10"*m? D. 1.09 x 10*'m?
& The number 37.395 851 rounded to four decimal places is:
A. 37.396 B. 38.396
C. 37.3958 D. 37.3959
= The fraction % is most accurately written as:

A. 0.7 B. 0.9

c. 0.7 D. 0.8

I The approximate volume of Coca-Cola in the can shown is closest to:
A. 500 mL B. 375 mL
c. 1L D. 250 mL

The number of Indigenous qualifications in Queensland has grown since 2005.
From the graph shown the approximate Cert 34 awards in 2013-14 is closest to:

Number of Indigenous qualifications awarded

A i
80004 —o— Indigenous all awards
—o— Indigenous Cert 3+ awards
7000
6000
.. 5000+
Q
E
E 4000
3000
2000
T T >
0 2005-06 2006-07 2007-08 2008-09
Year
A. 3000 B. 5000
C. 6000 D. 7000
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Complex familiar

11.

12,

13.

14.

15.

16.

Calculate the following:

a. —18—-25 b. —8X6

c. 36 -9x8—12 d. —4(—4+ —6)—33
Use leading digit approximation to calculate the following:

a. 49 x 821 b. 1396 + 183 c. % d. 17 X873 +47

Use you calculator to evaluate the following to two decimal places:
a. 1/3(5.94 — 1.43) b. (5.74) —%
6 2 3 / 2
.-+ =Xz . 2 1.
3 + 5 X 7 d (3.25)" +1.5

Round the following fractions to two decimal places:
1 37 6

a.8 . 025 3

Round the following to three decimal places:

a. 0.5555 b. 1.03639 c. 33.1047 d. 10.9999
Approximate each of the following:

a. a ground estimated to be % full with a capacity of 50 000 people.

b. a water tank estimated to be 80% full and has a capacity of 7500 litres.

Complex unfamiliar

17.

18.

Yi Rong is saving for her end of year holiday with her school
friends. Her parents said if she did work around the house they
would help contribute to the holiday expenses. They agreed to
pay her $25 a week for doing the dishes and $15 a week for
doing the washing, however for extra incentive they said they
would double her pay if she did each of the jobs for the next 4
weeks without missing a day. Assume Yi Rong didn’t miss a
day, how much money did she earn in the 4 weeks?

Bob the builder intends to build a new decking out the back of his house so he can entertain friends. He
wants to get a rough idea of how much it is going to cost him in materials so he can see if he can afford
to go ahead with the job. The hardware store gave him prices on the materials he needs as shown.

Material Price

Timber $789

Ready-mix bags $32.50

Nails $67.25

Decking stain $77.95

General equipment | $65.45

a. What is the rough price of materials if rounding each price to the leading digit?
b. What is the rough price if rounding each price to the nearest dollar?
c. Which of the two rounded prices is greater? Explain why this is so.
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19. The surface area of a sphere is cal-
culated by multiplying 12.56 by the
radius squared.

a. Calculate the surface area of the
following planets with the
given radii, correct to 2 decimal places.

Radius of Mercury = 2.44 X 10°m

Radius of Mars = 3.40 X 10 m

Radius of Earth = 6.38 X 10°m

Radius of Jupiter = 7.15 X 10" m

Radius of Neptune = 2.48 X 10’ m

b. Which planet has the greatest surface area?
c. Which planet has the smallest surface area?
20. A roller coaster uses its stored potential energy and coverts it to kinetic energy as it picks up speed
on its descent.
Calculate the following:
a. The roller coaster’s potential energy, PE, measured in Joules,
at its highest point, given PE = 750 X 9.8 X 15.
b. The roller coaster’s kinetic energy, KE, as it is just about to go

into a loop, given KE = % x 750 x 152,
c. The velocity of the roller coaster, v m/s given
\/m
TNV TT0

d. The height, & the roller coaster is when it has a potential
58 800

750 X 9.8°
What unit do you think the height is measured in?

energy of 58 800 Joules of energy, given h =
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Answers

Chapter 1 Calculations
Exercise 1.2 Number operations

1. a. 12 b. 8 c. 23
d. 4 e. 28 f. 30
g. 38 h. 300

2. a. —18 b. —10 c. —42
d. =2 e. —108 f. 20
g. =72 h. =36

3. a. —20 b. =72 c. 49
d. 60 e. 150 f. =72
g. —2000 h. 132

4. a. —8 b. —11 c. 20
d. =3 e. —6 f. =25
g 9 h. —10

5. a. —7 b. 0 c. 45
d. —6 e. —56 f. —58
g. —7 h. —12

6. a. 10 b. =5 c. =2
d. 44 e. 14 f. =3
g. 0 h. —14

7. a. =23 b. =29 c. 40
d. 9 e. —12 f. 6
g. 10 h. =324

8. $290

9. $41

10.

Answer reasonable since roughly chips ~ $10,
Coke ~ $20, biscuits ~ $5 and dips = $5.

This totals $40, which reduces to $38 after the discount.

This value is close to $41, thus it is reasonable.

$62
Answer reasonable since roughly timber ~ $60,
nails ~ $10 and liquid nails = $10.

This totals $40, which reduces to $25 after the discount.

6. a. 10 b. 20 c. 50
d. 200 e. 1000 f. 20000
g. 20000 h. 500000
7. 35000000
8. 225
9. a. 1400 b. 900 c. 1100
d. 2000 e. 45000 f. 180000
40
g. 70 h. —
9
10. Since it is leading digit approximation, you look at the
second digit. If it is 5 or greater then you increase the
leading digit by 1 and replace the rest of the digits with
zeros. If the second digit is less than 5, then replace it and
all of the other digits with zeros.
11. Adding the cost of groceries when shopping.
Calculating the cost of petrol needed for a trip.
Determining the size of a crowd.
12. $35
13. 300000
14. a. It could, but the GPS cannot predict traffic or if you will
get red lights on the way, so it is only an estimate.
b. By calculating the distance of the trip and the speed
limits on the roads to come up with an estimate for time.
15. Actual crowd = 294495
Estimated crowd ~ 300000
Difference = 5505
16. a. Estimated = $350

Actual = $311
Difference = $39

b. The estimate was more than the actual price since the
items purchased were rounded up.

Exercise 1.4 Decimal significance

7 7 7
This value is close to $26, thus it is reasonable. 1. a. — b. — c. —
100 10 1000
11. a. 85km b. 15km north
) 9 b 9 9
12. a. -8 “* J00 1000 < 10000
b. 4+8+—(2)2—-7x2=-12 7 7 7
. _ 3. aa — b. — .
7 7 7
13. 2 d — e. — f. —
7 7
g. — h. —
Exercise 1.3 Estimation 2101%05 7 decimal 1100
4. a. 2. — ecimal places
1. a. 930 b. 13000 c. 90000 b. 394.7 — 1 decimal place
2. a. 350 b. 86600 c. 70000 c. 104.25 — 2 decimal places
3. a. 50 b. 80 c. 130 d. 0.0003 — 4 decimal places
d. 160 e. 250 f. 2460 e. 1997.4 — 1 decimal place
g. 4840 h. 10 f. 125.333 — 3 decimal places
4 a 0 b. 100 e 100 g. 69.15 — 2 decimal places
4. 200 e 3300 £ 56300 h. 2.6936 — 4 decimal places
g. 86600 h. 214000 5. a. False b. True c. False
5. a. 1000 b. 3000 . 1000 d. True e. False f. False
d. 6000 e. 8000 f. 13000 6. a. 59.123 b. 72.217
g. 436000 h. 728000 7. a. 2.07 b. 0.80
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10.
11.
12,

13.

14.
15.

16.

18.

a. 39.184 b. 3.232 c. 99.436
d. 125.295 e. 100.004 f. 0.048

a. 58.12 b. 23.35 c. 71.10

d. 0.87 e. 31.00 f. 125.89
a. 0.75 b. 0.6

a. 0.875 b. 0.143

a. 0.3 b. 0.6 c. 0.25

d. 0.28 e. 0.33 f. 0.9

a. 0.3 b. 0.5 c. 0.083

d. 0.571428 e. 0.230769 f. 0.047619

The one on the right since 0.630g > 0.584 ¢

a. 1. Russell Westbrook (1.91 m)
2. Kobe Bryant (1.98 m)
3. Carmelo Anthony (2.02 m)
4. Lebron James (2.03 m)
5. Kevin Durant (2.06 m)

b. 10 m

93.5mm

3 7 .
. a. Company B: 254—1 (25.75), Company C: 255 (25.7),

Company A: 26.78

7 .
b. 25- =257

9

~ 25.8
3

25— =125.75
4

~ 25.8

a. $33.60 b. $34.00 c. $33.60

Exercise 1.5 Calculator skills

1.
2.
3.

10.

11.
12.
13.

14,
15.
16.

o

a. 461 b. 1206 c. —162.1392

a. 445 b. 1748 c. 343.136227

a. 45 b. 95 c. 621

d. 16921

a. 2 b. 32 c. 241

d. 438

a. 62 b. 49 c. 20.702

d. 58.95

a. 132.7925 b. 29.5800 c. 11.4750
—0.4097 1.9746 c. 1.4038

a. 23.1884 19.22 c. 76.66

d. 12.3429

a. 3.7430 b. 4.8485 c. 18.2067

d. 0.2098

a. 0.75 b. 0.32 c. 1.27

d. 19.67

a. 1.28x10° b. 3.071x10'°

a. 4.49x10° 1.512x 10°

a. 7.27x10° b. 6.419 x 10°

c. 2.6319x 10° d. 5.06x 10"

e. 2.8168x 1073 f. 4.1715% 108

Cathy is 13 years old

5 cans

7.5 % 107 km

17.
18.

4396x 107" m
1.53x 10%*m?

Exercise 1.6 Approximation

1. 58450

2. 45900L

3. a. m b. g c. mL
d. km e. cm f. kg

4. D

5 C

6. $14 500

7. 14000 Mt CO,-e

8. 15300

9. Around 16 000

10. Around 12 000

11. Even though the crowd behind Tiger Woods looks large, we
don’t know the capacity of the golf course and even if we
did the picture doesn’t show us the crowd at the other holes.
There might not be many people watching the other groups
because they are not as popular as Tiger Woods.

12. A guess doesn’t really have any thought or logic behind it,
however an estimate does.

13. Estimate the size of each year level and add them up. This
could be improved by finding how many homeroom or tutor
groups there are at each year level, estimating the number
of students in each, and adding them all up.

14. Estimate: 25 000 000

15. Estimate: $1.04

16. a. Estimate: 666 000 b. Estimate: 820 000

1.7 Review: exam practice

1.

- -
- O

12,

13.

14.

15.

© ® N o o O DN

C
B
D
A
B
D
D
C
B
A
a. 7 b. —48 c. 20
d. 7
80
a. 40000 b. 1200 c. —
d. 18050
a. 3.66 b. 32.32 c. 0.84
d. 4.75
a. 0.13 b. 0.74 c. 0.24
d. 0.67
a. 0.556 b. 1.036 c. 33.105
d. 11.000
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16. a. 37500 people
b. Between 5000 and 7000 litres (6000 L)
17. $320

18. a. Around $1050
b. $1032
c. The price in part a is higher since four of the five values were rounded up using first digit rounding.

19. a. Mercury: 7.48 x 10" m?
Mars: 1.45 x 10" m?
Earth: 5.11 x 10" m?
Jupiter: 6.42 X 10" m?
Neptune: 7.72 X 10" m?
b. Jupiter has the greatest surface area of 7.46 X 10" m?
c. Mercury has the smallest surface area of 7.48 x 10> m

20. a. 110250J b. 84375] c. 17.89m/s d.

2

8m
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CHAPTER 2
Ratios

2.1 Overview

T ——

LEARNING SEQUENCE

2.1 Overview

2.2 Introduction to ratios

2.3 Ratios of two quantities
2.4 Divide into ratios

2.5 Scales, diagrams and maps
2.6 Review: exam practice

CONTENT

In this chapter, students will learn to:
e demonstrate an understanding of the fundamental ideas and notation of ratio
e understand the relationship between fractions and ratio
e express a ratio in simplest form using whole numbers
e find the ratio of two quantities in its simplest form
e divide a quantity in a given ratio [complex]
e use ratio to describesimple scales [complex].

Fully worked solutions for this chapter are available in the Resources section of your eBookPLUS at
www.jacplus.com.au.
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2.2 Introduction to ratios

Ratios are used in our daily lives both at home and at work. The use of ratios is required in areas such as
building and construction, cooking, engineering, hair dressing, landscaping, carpentry and pharmaceuticals,
just to name a few.

2.2.1 What is a ratio?

A ratio is a way of comparing two or more numbers or quantities. The numbers are separated by a colon and
they are always whole numbers.

The picture shown represents two scoops of chocolate ice-cream and one scoop of vanilla ice-cream. The
ratio of chocolate ice-cream to vanilla ice-cream is 2 scoops to 1 scoop or 2: 1 (two to one).

The basic notation for ratio is

a:b

where a and b are two whole numbers, and is read as ‘aisto b’.

NOTE: When writing a ratio, the order in which it is
written is very important.

The ratio chocolate ice-cream : vanillaice-cream = 2:1,
while the ratio vanilla ice-cream: chocolateice-cream =
1:2

There are also ratios with more than two values. For
example, the ratio flour to sugar to water in a recipe could
be flour:sugar: water = 3:1:4. In other words, for every 3
parts of flour the recipe requires 1 part of sugar and 4 parts
of water.

WORKED EXAMPLE 1

What is the ratio of the black to the coloured
layers of licorice in the picture?

'/

THINK WRITE/DRAW
1. Determine the order in which to write the ratio. Black layers : coloured layers
2. Write the ratio in simplest form. 2:3
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2.2.2 Ratios as fractions

. . . . a . . .
Ratios can be written in fraction form, a:b = 7 Fractions should always be written in simplest form.

WORKED EXAMPLE 2

What is the ratio of red-bellied macaw
parrots to orange-bellied macaw parrots
in the picture? Express the ratio in
fraction form.

THINK WRITE/DRAW
1. Count the number of red-bellied 2 red-bellied macaw parrots
macaws.

2. Count the number of orange-bellied 5 orange-bellied macaw parrots

macaws.
3. Express the ratio in simplest form Red-bellied macaws : orange-bellied macaws = 2:5
and in order. 2

2.2.3 Equivalent ratios

Equivalent ratios are equal ratios. To find equivalent ratios multiply or divide both sides of the ratio by the
same number.
Some equivalent ratios to 2 : 5 are:

2 X 2:5%x2=4:10
2 X3:5%x3=6:15
2 x 10:5 x 10=20:50

Some equivalent ratios to 100 : 40 are:

100 = 2:40 = 2=50:20

100 = 20:40 = 20=5:2

100 = 10:40 = 10=10:4
Equivalent fractions are calculated in the same way as equivalent ratios.

2 ,3_6 4100 . 5_20
5 3715 40 5 8
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WORKED EXAMPLE 3

Use equivalent ratios to determine the values of the pronumerals in the following.

a.3:10=24:a b.45:81:27=b:c:3
THINK WRITE/DRAW
a. 1. The left-hand sides of both ratios are given. 3:10=24:a
To determine the factor, divide 24 by 3. The
result is 8.
Hence, multiply both sides of the first ratio by 8. 3 x 8:10 x 8 =24:80
2. Write the answer. a =80
b. 1. The right-hand sides of both ratios are given. To 45:81:27=b:c:3
determine the factor, divide 27 by 3. The result is 9.
Hence, divide all sides of the first ratio by 9. 45 + 9:81 + 9:27 + 9=5:9:3
2. Write the answer. b=5andc=9

2.2.4 Simplifying ratios
There are times when the ratio is not written in its simplest form. In the picture below, there are 16 chocolates:

4 white chocolates and 12 milk chocolates.
The ratio between the white and the milk chocolates is 4 to 12.

White chocolates : milk chocolates = 4:12

Notice that this ratio can be simplified by dividing both values by 4 because
4 is the highest common factor of both 4 and 12. This ratio becomes:

white chocolates : milk chocolates = 1:3.

In other words, this means that for every white chocolate there are 4 milk
chocolates.

We can say that4:12 = 1:3.

Expressed in fraction form the ratio becomes:

4 1

2°3

Unless otherwise stated, ratios should always be written in their simplest form.

WORKED EXAMPLE 4

a. Examine the image and express the ratio of antique chairs to tables in its simplest form.

b. Express the ratio in fraction form.

 Sulali
TRIL
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THINK

a. 1.

b. 1.

Count the number of the first part of the ratio
(chairs).

. Count the number of the second part of the ratio

(tables).

. Write the ratio.
. Both 10 and 4 can be divided exactly by 2. So, the

highest common factor of 10 and 4 is 2.

Write the ratio in its simplest form by dividing both
sides by their highest common factor.

Write the ratio in fraction form.

WRITE/DRAW

10 chairs

4 tables

Chairs : tables = 10:
_10
2
=5:2

5:2 =

| D

4
4
‘2

2.2.5 Ratios and decimal numbers

What do we do with ratios written in the form 2 : 3.5? We said before that ratios must be expressed as whole
numbers. We can convert 3.5 into a whole number by multiplying it by 10:

3.5%x10=35

If we multiply the right-hand side of the ratio by 10 we have to multiply the left-hand side of the ratio by
10 also in order to keep the ratio unchanged.

2 x 10:3.5 x 10

=20:35

Ratios should be expressed in simplest form so divide both sides of the ratio by the highest common factor
of 20 and 35, which is 5.

20 = 5:35 = 5

=4:7

Decimal numbers with two decimal places will need to be multiplied by 10% or 100.
Decimal numbers with three decimal places will need to be multiplied by 10° or 1000.
The number of decimal places will give the power of ten required.

WORKED EXAMPLE 5

Express the ratio 4.9 : 0.21 in its simplest form using whole numbers.

THINK

1. Multiply both side of the ratio by 100 because the
largest number of decimal places is two on the
right-hand side of the ratio.

2. Divide both sides of the ratio by the highest
common factor of the two numbers.

The highest common factor of both 490 and 21 is 7.

3. Write the ratio in its simplest form.

WRITE/DRAW

4.9 x 100:0.21 x 100 =490:21

490 = 7:21 =+ 7=70:3

4.9:0.21 =70:3
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Exercise 2.2 Introduction to ratios

1.

. The abacus shown has white, green, yellow, red and blue

K21 Determine the ratio of white flowers (camomile) to
purple flowers (bluebell) in the picture shown.

beads. State the following as ratios:

a. blue beads to yellow beads.

b. red beads to green beads.

c. white beads to red beads.

K23 Convert the following ratios into fractions.

a. 3:5 b. 4:28

c. 6:11 d. 5:2

Using the letters in the word MATHEMATICS, express the following as ratios.
a. vowels to consonants b. consonants to vowels

c. letters E to letters A d. letters M to letters T

In the picture at right there are eleven students. =
Express the following as ratios: 3

a. girls to boys.
b. boys to girls.

There are 12 shapes shown below.

H Eom O mmm

.OEO H mm

Express the following as ratios:

a. circles to quadrilaterals. b. squares to rectangles.
c. rectangles to circles. d. squares to circles.
7. Express the following ratios in fraction form.
a. 2:3 b. 9:8 c. 15:49 d. 20:17
8. [fIZ Determine the value of the pronumerals in the following equivalent ratios.
a. 121:66 =a:6 b. 3:2=5b:14
9. Determine the value of the pronumerals in the following equivalent ratios.
a. 2:7:8=10:m:n b. 81:a:54=9:5:b
10. Determine the value of the pronumerals in the following equivalent ratios.
a. 7:4=x:16 b. a:9:b=1:3:7 c. 5:b=15:30 d. 18:12=3:m
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11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22,

@ Which of the following ratios is not an equivalent ratio to 12: 8?

A. 6:4 B. 24:16 C. 60:40 D. 11:7
I Which of the following fractions is an equivalent fraction to %?

78 13 6 13
A- m B- ﬁ c- E D- ﬁ

K2 What is the ratio of orange balls to black and white balls

in the picture shown? Express your answer in its simplest fraction
form.

Convert the ratio 56 : 42 into a fraction in its simplest form.
Simplify the following ratios.

120
. = b. 1000:200
> 36
33

° 3500 d. 58:116
e. 36:24:60 f. 315:180:360
K2 Express the given ratios in simplest form using whole numbers.
a. 2.5:1.5 b. 3.6:4.2 c. 0.11:1.1
Express the following ratios in simplest form using whole numbers. 2 e
a. 1.8:0.32 b. 1.6:0.24 c. 1.15:13.8
Express the following decimal ratio in simplest form using whole numbers.
a. 03:1.2 b. 7.5:0.25 c. 0.64:0.256 d. 1.2:3:0.42

In a class there are 28 students. If the number of girls in this class is 16, determine
a. the number of boys in the class.

b. the ratio of boys to girls in its simplest form.

a. State the ratio length to width for the rectangle below.

55m

A
Y

2.5m

Y

b. State the ratio length to width to height for the rectangular prism below.

A

2.2 cm

Y

_71-.1 cm

33cm
Using a calculator, a spreadsheet or otherwise express the following ratios as fractions in simplest form.
a. 18:66 b. 20:25 c. 30:21 d. 56:63
e. 10:100 f. 728:176 g. 550:660 h. 3200:7300

Using a calculator, a spreadsheet or otherwise determine ten equivalent fractions to the following

fractions.
3 b 1080

a. —

5 " 840
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2.3 Ratios of two quantities

Ratios are used to compare the quantities of ingredients when making a mixture. For example, the mortar
necessary for building a brick wall is usually prepared by the ratio of cement to sand as 1 : 3. Pharmacists are
required to use ratios in the preparation of medicines. Chefs use ratios in every meal they cook.

2.3.1 Weight ratios

Food is a very important part of everyone’s life. A recipe involves ratios. If a recipe says 3 cups of flour and
1 cup of sugar, it means that the recipe requires 3 cups of flour for every 1 cup of sugar, so the ratio
flour : sugar = 3: 1.

What if the recipe requires 300 grams of flour and
100 grams of sugar? We can calculate the ratio flour to
sugar by simplifying the quantities given.

flour : sugar = 300g:100¢g

The highest common factor of 300 and 100 is 100. To
simplify the ratio, divide both sides of the ratio by 100.

flour:sugar =3:1
NOTE:

1. Usually, units are not written in ratios.
2. To find ratios of quantities always write all quantities
in the same unit.

Metric conversions of weight

Metric units of weight are converted in the following way:

1kg =1000g
1 tonne = 1000 kg

WORKED EXAMPLE 6

Peas and corn is a common combination of frozen
vegetables. Determine the ratio of 500 gpeas to 400 gcorn.

THINK WRITE/DRAW
1. Ensure that the two quantities are written in the 500 g peas
same units (both are in grams). 400 g corn

2. Write the quantities as a ratio without units.

3. Simplify the ratio by dividing both sides by their

highest common factor.
As 100 is the highest common factor of 500 and
400, divide both sides of the ratio by 100.

. Write the ratio in its simplest form.

Peas : corn = 500 :400
=500+ 100:400 = 100

=5:4

Peas:corn = 5:4
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2.3.2 Length ratios

Leonardo da Vinci was a famous painter, architect, sculptor, mathematician, musi-
cian, engineer, inventor, anatomist and writer. He painted the famous Mona Lisa
whose face has the ‘golden ratio’. The golden ratio distributes height and width

according to the ratio 34 : 21. For the Mona Lisa this is
Height of face : width of face = 34: 21

Ratios of lengths are calculated in the same way as the ratios for weights.

Metric conversions of length

Recall the relationship between the metric units of length. The following diagram

can be used for quick reference.

x 1000 x 1000 x 1000

kmf\ﬁ\/\
AN

+1000 +100

+10

WORKED EXAMPLE 7

The window in the picture has a width of 1000 mm and a height of 1.75 m.

Calculate the ratio of width to height.

THINK

1. Convert both lengths into cm. The most appropriate
unit is cm because converting 1.75 m into cm will
change the decimal number into a whole number.

2. Write the lengths as a ratio without units.
3. Simplify the ratio by dividing both sides by their
highest common factor.

As 25 is the highest common factor of 100 and 175,
divide both sides of the ratio by 25.

4. Write the ratio in its simplest form.

WRITE/DRAW

1000 mm = 100 cm
1.75m = 175 cm

width : height = 100: 175

100 175
T 2525
=4:7

width : height =4 :7

2.3.3 Area ratios

Areas are enclosed surfaces. Many municipalities have strict building and landscaping
guidelines. Landscape architects use ratios to calculate area of land to area of building

and area of pavement to area of grass.

The diagram at right is a sketch of a paved backyard (blue) with an area of 50 m?

and a garden (green) with an area of 16 m?,
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The ratio of the paved area to the garden area is

paved area : garden area = 50 m? : 16 m?

=50:16
=25:8

Metric conversions of area

Recall the relationship between the metric units of area. The diagram shown can be

used for quick reference.
x 10002 x 100>  x 102

/\F\/\
UUU

+1000%2 <100 +10%

WORKED EXAMPLE 8

Kazem has a bedroom with an area of 200 000 cm?. The whole
house has an area of 160 m>.

Determine the ratio of the bedroom’s area to the area of
the whole house.

THINK WRITE/DRAW
1. Convert both areas into m? because Area of bedroom = 200000 cm? = 20 m?
converting 200 000 cm? into m? will ~ Area ofhouse = 16 m?
simplify this value.
2. Write the areas as a ratio without Area of bedroom : area of house = 20: 160
units.
20 160

3. Simplify the ratio by dividing both

sides by their highest common factor 20020
of 20.
4. Write the ratio in its simplest form. Area of bedroom : area of house = 1:8
2.3.4 Volume and capacity ratios A
The volume of an object is the space taken up by the object. A cube of length lem
1 cm, width 1 cm and height 1 cm, takes up a space of 1 X 1 X 1 = 1cm?. Y
The capacity of an object is the maximum amount a container can hold. A / 1cm
container in the shape of a cube of length 1 cm, width 1 cm and height 1 cm, Lem
canhold I X 1 X 1 = 1 cm® = 1 mL of liquid. < >
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Metric conversions of volume and capacity

Recall the relationship between the metric units of volume.
The diagram shown can be used for quick reference.

x 10000 x 1003 x 103

F\F\/\
UUU

+10003 <1003 +103

Volume units are converted to capacity units using the following conversions.

Salila and Devi have just installed two rain-water
tanks; one for household use and one for watering

lcm® = 1mL

1000cm?® = —— ! m =1L

1000

1L = 1000 mL

WORKED EXAMPLE 9

the garden.

The household tank has a volume of 10 000 000 cm?>,
while the tank for watering the garden has a volume

of 45m°>.

a. Determine the ratio of the volume of the household
water tank to the volume of the tank for watering the

garden.

b. Determine the ratio of the capacities of the two water
tanks.

THINK

a. 1.

Convert both quantities to the same
unit.

The most appropriate unit is m>

because converting 10 000 000 cm®
into m? will simplify this value.

. Write the volumes as a ratio without

units.

. Simplity the ratio by dividing both
sides by their highest common factor.

As 5 is the highest common factor of
10 and 45, divide both sides of the
ratio by 5.

. Write the ratio in its simplest form.
. Convert both quantities to the same

unit.

WRITE/DRAW
Volume of household tank = 10000000 cm? = 10 m?.

Volume of garden tank = 45 m*

Household tank : garden tank = 10:45

w|3
w| &

=2:9

Household tank : garden tank = 2:9

Capacity of household tanks =10000000cm? = 10000L
Capacity of garden tank = 45m> = 45000L
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The most appropriate unit is L
because converting 10 000 000 cm?
into L will simplify this value.

2. Write the volumes as a ratio without Capacity household tank : capacity of garden tank
units. = 10000:45 000
3. Simplify the ratio by dividing both = 10000 : 45000
. . 5000 5000
sides by their highest common factor.
As 5000 is the highest common = 239
factor of 10000 and 45 000, divide
both sides of the ratio by 5000.
4. Write the ratio in its simplest form. Capacity household tank : capacity of garden tank = 2:9

2.3.5 Time ratios

Time is a physical quantity we use for many of our daily activities. Have you ever considered the ratio of the
time you spend on homework compared to the time you spend on social media?
If you spend 30 minutes completing homework and 10 minutes on social media, the ratio time for

homework : time on social media = 30: 10
=3:1

This means that for every three minutes you spend completing homework, you spend one minute using
social media.

Conversions of time

Recall the relationship between the metric units of time. The diagram shown can be used for
quick reference. % 60 % 60

N

hour minutes seconds
+60 +60

1 hour = 60 minutes
1 minute = 60 seconds
1 hour = 60 minutes (3600 seconds)

WORKED EXAMPLE 10

Emori is baking lemon cupcakes and chocolate cupcakes. It takes

him & of an hour to make the lemon cupcakes and 36 minutes to
make the chocolate cupcakes. What is the ratio of the time taken |
to make the chocolate cupcakes to the time taken to make the
lemon cupcakes?
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THINK WRITE/DRAW

.. . 3 3 .
1. Convert both quantities to the same unit. 1 of an hour = I X 60 minutes
The most appropriate unit is minutes

.3 . = 45 minutes
because converting — of an hour into
minutes will change the fraction into a
whole number.
2. Write the times as a ratio without units. Time for chocolate cupcakes : time for lemon cupcakes
= 36:45
L . o . 36 45
3. Simplify the ratio by dividing both sides =—=:=
O 9 9
by their highest common factor.
As 9 is the highest common factor of =4:5
36 and 45, divide both sides of the
ratio by 9.
4. Write the answer. Time for chocolate cupcakes : time for lemon cupcakes
=4:5

2.3.6 Money ratios

A budget planner is a way of planning where money earned is going to be spent. Budgets planners are used
by people and businesses, as well as by governments.

A family budgets $50 per week for electricity. If the family’s weekly wage is $2100, what is the ratio of
money spent on electricity per week to the total weekly wage?

Money on electricity : wage = 50:2100
=1:42

Conversions of money

Recall the relationship between dollars ($) and cents.

$1 = 100 cents

1 cent = $0.01

1
=$700

WORKED EXAMPLE 11

Jackie earns $240 per month from her part-time job.

She decides to spend $40 per month to buy her lunch from
the school canteen. If her monthly phone bill is $20, find
the ratio of the lunch money to her phone bill and to

her income per month.
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THINK WRITE/DRAW
1. Ensure that all the amounts are written in the ~Monthly wage = $240

same units. Monthly lunch money = $40
Monthly phone bill = $20
2. Write the amounts as a ratio without units. lunch money : phone bill : income = 40:20:240
3. Simplify the ratio by dividing all 3 parts by = 20 : 20 : 240
their highest common factor. 2020720
As 20 is the highest common factor of 20, 40 =2:1:12
and 240, divide all 3 parts of the ratio by 20.
4. Write the answer. Lunch money : phone bill : income = 2:1:12

Exercise 2.3 Ratios of two quantities

1. & Determine the ratio of 240 000 g sand and
80 kg cement.

2. A recipe for a carrot cake has the ratio 0.5 kg flour,
100 g sugar and 250 g grated carrots. Determine the
ratio sugar : flour : grated carrots in its simplest form.

3. A puff pastry recipe requires 225 g flour, 30 g lard and
0.210kg butter. What is the ratio of
a. flour to lard?
b. butter to lard?
c. flour to butter?
d. flour to lard to butter?

4. Shane makes a dry ready mix concrete using 2.750 kg
of stone and gravel, 2500 g of sand, 1 kg of cement and water.

Calculate the ratios:

. cement and water to stone and gravel.

. sand to cement and water.

. cement and water to sand to stone and gravel.

. cement and water to the total quantity of materials.

o 0 T o
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5.

8.

10.

11.

=2 A wheelchair ramp has a length of \
21 m and a height of 150 cm. What is the 150 cm v
ratio of height: length?

A
Y

2l m

A rectangular swimming pool has length 50 m, width 2500 cm
and a minimum depth of 1000 mm. Calculate the ratio length:
width: depth in its simplest form.

Find the ratio length to width of a football field 162 m long
and 144 m wide.

K The area of the small triangle, ABC, is 80 000 cm? E C .
and the area of the large triangle, DEF, is 40 m?2. Write the

ratio of the area of the small triangle to the area of the large B

triangle in its simplest form. A

Earth’s surface area is approximately 510 100 000 km?.
Water covers 361 100 000 km?. Calculate the ratio of the
surface area covered with water to the total surface area
of Earth.

The landscape in the diagram at right represents the design of a garden
with two ponds of areas 48 m? and 640 000 cm? respectively. The sand
area is 320 000 cm? and the area of the table is 4 m?.
For the areas given find the following ratios:
a. the area of the large pond to the area of the small pond.
b. the area of the table to the area of sand
c. the area of sand to the area of the large pond.
d. the area of the small pond to the area of the table.
1@ Which of the conversions below is incorrect?
A. 3m = 0.003 km
B. 8.7m? = 870000 cm?
C. 1.5km = 1500000 mm
D. 19.6L = 19600 cm?®
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12

13.

14.

15.

16.

17.

18.

K The capacity of the glass in the picture is 250 mL and the

capacity of the carafe is 1.5 L. What is the ratio of capacity of the q =

carafe to the capacity of the glass? § )
A

The two jugs shown hold 0.300 L of oil and 375 mL
of water. What is the ratio volume of water to
volume of oil required for this recipe?

The volumes of the orange juice boxes in the figure shown
are 1.250 L and 750 mL respectively. Write the ratio of the large volume to ‘@ =
the smaller volume in simplest fraction form. e

Write the following ratios in simplest fraction form.
. 70cm?:20 cm?

b. 560000 cm?’: 0.6 m?

c. 15cm*:45000 mm?

d. 308000000 cm?: 385 m?

Y

2] The time it takes Izzy to get to school by bus is 22
minutes while the time it takes her by train is 990 seconds.
What is the ratio of the time taken by bus to the time taken
by train?

If a person spends 8.5 hours sleeping and 15.5 hours being
awake, what is the ratio of sleeping time to the time being awake?

@& The ratio of 1h 25 min to 55 min in its simplest form is:

Al o 55 o3 o, 17
17 55 T 11 T 11
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19.

20.

21.

22,

23.

24,

The capacities of the three bottles shown are 150 mL, 200 mL and ¥

0.175 L respectively. Find the following ratios in simplest form:
a. the capacity of the smallest bottle to the capacity of the largest bottle.

b. the capacity of the largest bottle to the capacity of the middle bottle.
c. the capacity of the middle bottle to the capacity of the smallest bottle.
d. the capacity of the smallest bottle to the capacity of the middle

bottle to the capacity of the largest bottle.

EZZE0 Su Yi is a sales consultant and has a budget of $154 r
for a mobile phone, $198 for a computer and $66 for lunch.
What is the ratio between the budgets for
a. mobile phone to computer to lunch?
. mobile phone to computer?
e

b
c. computer to lunch?
d. mobile phone to lunch?

Every week Sam spends $27.00 for petrol, $5.40 for his favourite
magazine and $3.60 for his prepaid calls. Calculate the ratio:

Magazines

a. petrol money to the price of the magazine.

b. the price of the magazine to the money spent on the prepaid calls.

c. the money spent on the prepaid calls to petrol money.

d. petrol money to the price of the magazine and to the money spent on
the prepaid calls.

a. State the ratio volume of tennis ball to volume of basketball.

V =0.0064 m3 V =160 cm3

b. State the ratio of the capacity of lunchbox to the capacity of drink bottle.
V = 1000 cm?3 Capacity = 400 mL

Y

Using a calculator, a spreadsheet or otherwise write the following ratios as fractions in simplest form.

a. 360:450 b. 455:195 c. 2412:4288 d. 5858:32219  e. 53856:20196
Using a calculator, a spreadsheet or otherwise find 10 equivalent ratios to each of the following ratios:
a. 19:7 b. 720:480
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2.4 Divide into ratios

There are situations when a quantity needs to be divided
into a given ratio.

The 12 pencils in the figure can be divided into a ratio
2:3:1. This means that dividing the 12 pencils into 3
groups where the first group has twice as many pencils as
the third group, and the second group has 3 times as many
pencils as the third group. To find the number of pencils in
each group, we need to calculate the total number of parts
of the given ratio.

Add up all parts to find the total number of parts:
2+ 341 =6parts.

To calculate the number of pencils per part divide the
number of pencils by the total number of parts required.

12 .
i 2 pencils per part.
The ratio is 2:3: 1. To find the number of pencils for each group, multiply

the parts by the number of pencils per part; in this case by 2.

2 X 2:3x2:1X2=4:6:2

Check your answer by adding up all the quantities in the last answer:
4+6+2=12

WORKED EXAMPLE 12

Divide the jelly beans in the figure shown into a ratio of 3:4: 1.

T

THINK WRITE/DRAW
1. Calculate the total number of parts of 3 +4+4+1=28
the ratio.

2. Determine the number of jelly beans The total number of jelly beans is 16.
per part by dividing the total number total number of jelly beans 16

of jelly beans by the total number of total number of parts ]

parts. = 2 jelly beans per part
3. Multiply each number in the ratioby  3:4:1=3 X 2:4 X 2:1 X 2

the number of jelly beans per part. =6:8:2
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4. Check the answer by adding up all 6+8+2=16
quantities in the ratio. This number
should be equal to the total number of
jelly beans.

5. Write the answer 16 jelly beans divided into the ratio 3:4:1is 6, 8
and 2.

2.4.1 Dividing weights into ratios

Chemists work with mixtures every day. Sometimes they need to divide a mixture into given ratios.

WORKED EXAMPLE 13

A mixture of three chemicals has a weight of 150 g.
The three chemicals must be combined in the ratio
orange : red : brown = 3:2:1. How many

grams of each chemical are required?

THINK WRITE/DRAW

1. Calculate the total number of 3+4241=6
parts of the ratio.

2. Determine the weight per part by  The total weight of the mixture is 150 g.
dividing the total weight by the weight of the mixture 150

total number of parts. total number of parts 6
= 25 g per part
3. Multiply each number in the ratio 3:2:1 =3 X 25:2 X 25:1 X 25
by the weight per part. =75:50:25

4. Check the answer by adding up 75+ 50425 =150
all quantities in the ratio. This
number should be equal to the
total weight of the mixture.

5. Write the answer. The 150 g of chemicals should be divided into the
amounts:
Orange 75 g
Red 50 ¢
Brown 25 g
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2.4.2 Dividing lengths into ratios

Carpenters use ratios to divide planks of timber, plastic
pipes or metal rods.
A 2 m long piece of timber is being cut in a ratio 1: 3.

2m

A

Y

A
Y
A

0.5m 1.5m

There are a total of four parts in this ratio with each part being
0.5m. This makes the two pieces of timber 0.5m and 1.5m

respectively.

Y

WORKED EXAMPLE 14

The lamp pole in the diagram on the right is 3.2 m tall. The lamp is

placed at a distance 1 : 4 from the top of the pole. How high up A

the pole is the lamp post placed?

THINK
1. Calculate the total number of parts of the ratio.

2. Determine the length per part by dividing the total
height by the total number of parts.

3. Multiply each number in the ratio by the length per
part.

4. Check the answer by adding up all lengths in the
ratio. This number should be equal to the total
length.

5. Write the answer

3.2m

<
<€

WRITE/DRAW

1+4=5

The total height is 3.2 m.
heightofthepole 3.2

total number of parts 5
= (.64 m per part
1:4=1 X 0.64:4 x 0.64
= 0.64:2.56

0.64+2.56 =32m

The lamp post must be placed 2.56 m
from the ground.

2.56 m
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2.4.3 Dividing areas into ratios

Surveyors divide areas into ratios. Architects use these ratios to design accurate plans.

If a property is 800 m? and must be divided into the ratio house: backyard = 5:3, then we can calculate
the area for the house and the area for the backyard.

The total number of parts is 5 + 3 = 8.

total area 800
The number of m? ti T8
& mber O M e Pt S S a number of parts 8
= 80 m? per part

The corresponding areas are 5 X 100 = 500 m? for the house, and 3 X 100 = 300 m? for the backyard.

WORKED EXAMPLE 15

The playground area shown must be divided into a ratio
of grass to sandpit of 7 : 2. If the area of the playground
is 270 m?, what is the area required for the sandpit.

THINK WRITE/DRAW
1. Calculate the total number of parts of the ratio. 7+2=9
2. Determine the area per part by dividing the total The total area is 270 m>.
area by the total number of parts. area of playground 270
total number of parts -9

= 30 m? per part

3. Multiply each number in the ratio by the area per Grass: sandpit=7:2=7 X 30:2 X 30
part. =210:60

4. Check the answer by adding up all areas in the ratio. 210 + 60 = 270 m”
This sum should be equal to the total area.

5. Write the answer The area of the sandpit is 60 m?.

2.4.4 Dividing volumes and capacities into ratios

Recipes use mass for solid ingredients and volume or capacity for liquid ingredients.

Volume and capacity are measured in different units.

Consider a 2 L cordial drink containing 500 mL cordial and 1.5 L water in the ratio cordial : water = 1:3.
The cordial drink can be made in a 2000 cm? jug where the volume of water fills 1500 cm? of the jug and the
cordial fills 500 cm? of the jug.

The ratio for the volumes filled by cordial and water in the jug are 1: 3 also.
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WORKED EXAMPLE 16

The two containers shown have a total volume of
343750 cm>. The volumes of the two containers
are in a ratio of 4: 7.

What are the volumes of the two containers?

THINK WRITE/DRAW
1. Calculate the total number of parts of the ratio. 44+ 7 =11
2. Determine the volume per part by dividing the total ~ The total area is 343 750 cm®.

volume by the total number of parts. total volume _ 343750

total number of parts 11
= 31250 cm? per part

3. Multiply each number in the ratio by the volume Small container:

per part. Large container = 4 :7

=4 X 31250:7 x 31250
= 125000:218 750
4. Check the answer by adding up the volumes in the 125000 + 218 750 = 343750 cm®
ratio. This sum should be equal to the total volume.
5. Write the answer. The volume of the smaller box is
125 000 cm?.
The volume of the larger box is
218750 cm®.

2.4.5 Dividing time into ratios

There are times when we travel by various modes of transport.
Suppose that you catch a bus and then a train to visit a friend. The whole trip takes 40 minutes. If the ratio
of the time travelling by bus to the time travelling by train is 3 : 1, what will be the travel time on the bus?
The total number of parts of the ratiois 3 + 1 = 4.

4
The number of minutes per part is TO = 10 minutes per part.

The time travelled on the bus:bus time =3 X 10:1 x 10
=30:10
This means that travel time on the bus is 30 minutes and the travel time on the train is 10 minutes.
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WORKED EXAMPLE 17

There are three stages involved in the manufacture of shoes:
cutting out all parts, stitching them together and then attaching
the sole. The average time taken to produce a basic pair

of shoes is 1 hour. The times for the three stages, cutting,

stitching and attaching, are in the ratio4:5:1.

How long would it take to cut out all the pieces for one pair

of shoes?

THINK

1. Calculate the total number of parts of the ratio.

2. Determine the time per part by dividing the total
time by the total number of parts.
As we are going to divide 1 hour by 10 parts, it is
easier to work with minutes than hours.

3. Multiply each number in the ratio by the number of
minutes per part.

4. Check the answer by adding up the times in the
ratio. This sum should be equal to the total time.

5. Write the answer.

WRITE/DRAW
44+54+1=10
The total time is 1 hour = 60 minutes
total time 60
total number of parts 10
= 6 minutes per part
4:5:1=4X6:5X6:1%X6
=24:30:6
24 + 30 + 6 = 60 minutes
= 1 hour

The time taken to cut out all the pieces
for a pair of shoes is 24 minutes.

Exercise 2.4 Divide into ratios

1. [EIZHA The bouquet in the picture is made of 30 tulips. Flora wants to

make two smaller bouquets in a ratio 2 : 3. How many tulips are there

in each smaller bouquet?

2. The school canteen has 250 mandarins. The mandarins must be divided
in the ratio 5:3:2. How many mandarins are there in each group?
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3. Determine the number of children in a group of 1320

people if the ratio children to adults is:

a. 3:1 b. 5:1

c. 3:2 d. 7:4
4. Sophia bought 5.2 kg of fruits and vegetables in

the ratio fruits to vegetables of 3: 2.

a. How many kilograms of vegetables did

Sophia buy?
b. How many kilograms of fruit did she buy?

5. Carbon steel contains amounts of manganese, silicon and
copper in aratio 8:3:2.

a. Calculate the quantity of manganese required
to produce carbon steel if the total amount of
manganese, silicon and copper is 936 kg.

b. Calculate the number of kilograms of silicon in
this quantity.

6. [[IIZE] Shaun is a chef and has a recipe for a homemade
soup that requires 500 g of tomatoes and capsicum in
the ratio 3 : 2. What quantity of tomatoes and capsicum
should Shaun buy to make this soup?

7. The ratio sand to cement is 3 : 1 to make
mortar. A bricklayer wants to make 17 kg of mor-
tar. Calculate the quantities of sand and cement
required.

8. [fIZ Monika has 4.5 m of fabric to make a top and
a skirt. She wants to divide the fabric in a ratio 2 : 3.
Determine the lengths of the two pieces of fabric.
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10.

11.

12.

13.

14.

A 1.4 m steel beam is cut into three lengths in the ratio
1:2:4. How long are the shorter beams? Give the
answer in mm.

The picture frame shown has a perimeter of 123 cm.
Calculate the size of the width of the picture frame if the
ratio width to length is 1: 3.

g The ratio length to width to height of the container
shown is 4: 2 : 3. If the sum of the three dimensions is
6.75 m, the height of the container is

A. 2.25m.

B. 150cm.

C. 1.50m.

D. 2250 cm.

EZHE The area of the window in the figure shown is 1.5 m?. The
ratio of the areas of the glass used is 1:2:3. Calculate the area of
each part of glass.

The total area of a tennis court is approximately 260 m? for doubles matches. The ratio of the court area
for singles matches and the extension area is approximately13 : 3. Calculate the area of the court used
for singles matches.

3 Three areas add up to 26000 m?. If they are in a ratio of 3:2: 8, the smallest area is:
A. 4km’

B. 16000 m?

c. 6km’

D. 4000 m?
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15. The total surface area of Victoria and Western Australia is
approximately 2 760 000 km?. If the ratio of Victoria’s surface
area and Western Australia’s surface areais 1: 11, what is the
approximate surface area of Victoria?

NEW SOUTH
WALES

16. [fZ0 The ratio the volume of the container with the green lid to
the volume of the container with the red lid is 5 : 6. If the total vol-
ume of the two containers is 506 cm?, find the individual volumes
of the two containers.

17. Hot air balloons are fitted with propane fuel tanks. There are three
common types of fuel tanks with a total volume of 171 L. Their
individual volumes are in a ratio 2 : 3 : 4. What are the individual
volumes of the fuel tanks?

18. If the total capacity of three rainwater tanks is 42 500 L, find the
capacity of each tank if their capacities are in a ratio of 2:5: 10.

19. Claire has 25 minutes to tidy up her bedroom and have
breakfast before she goes to school. If the ratio of the tidy up time
and the time for breakfast is 3 : 2, how many minutes will she have
to tidy up her room?

20. Rich has 1 hour and 45 minutes to complete his Science, English
and Maths homework. If the time he needs to spend on the three
subjects is in a ratio 1:2:4, how long does he have to spend on his
Maths homework?

21. Bayside College has a ratio of class time to lunch to recess 10:2: 1.
If the total time for a school day at Bayside College is 6 hours and 30 minutes, calculate
a. the class time per day. b. the time for lunch. c. recess time.
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22. Find how much a family will spend on mortgage, car loan
and health insurance if they allow a budget of $1225 per
month and the ratio of mortgage to car loan to health
insurance is 10:3: 1.

23. A company spends $3 875 000 on wages and company cars in a ratio of
30: 1. How much money does the company spend on the company cars?

24. Three friends won a prize of $1520. How much money did each of them win if they contributed to the
price of ticket in the ratio 2:5: 9 to buy the winning ticket?
25. Using a calculator, a spreadsheet or otherwise divide the quantities below in the ratios given.

a. $420in aratio 7: 3. b. 6 hoursinaratio1:5:6.

c. 18293 minaratio5:2:4. d. 15000m? in aratio 10:3:2.
e. 960L in aratio 7:13. f. 7752 inaratio 6:2:9.

g. $25519 in aratio 3:2:8. h. 540m?® in aratio 1:2:3:6.

26. Using a calculator, a spreadsheet or otherwise find the quantities obtained when $5040 is divided in the
following ratios:

1 b, 2
o 1 g 2
-5 -7
e. % f. 2:3:4
g. 1:2:5. h. 1:2:3:4.

2.5 Scales, diagrams and maps
2.5.1 Introduction to scales

Scales are used to draw maps and represent objects, for example cars and boats, where it is not feasible to
construct full-size models.

A scale is a ratio of the length on a drawing or map to the actual distance or length of an object. It is the
length on drawing : actual length.

Scales are usually written with no units. If a scale is given in two different units, the larger unit is usually
converted into the smaller unit.

. . . . . 1
A scale factor is the ratio of two corresponding lengths in two similar shapes. The scale factor of Sora

scale (ratio) of 1:2 means that 1 unit on the drawing represents 2 units in actual size. The unit can be mm,
cm, m or km.
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WORKED EXAMPLE 18

Calculate the scale of a drawing where 2 cm on the diagram represents 1 km in reality.

THINK WRITE/DRAW
1. Convert the longer unit into the smaller unit. 1 km = 100000 cm
2. Write down the scale of the drawing with the new 2:100000
units.
2 100000

3. Simplify the scale by dividing both sides of the =

scale by the highest common factor. 2 >
We divide both sides of the scale by 2 as 2 is the = 1:50000
highest common factor of both 2 and 100 000.

4. Write the answer. 1:50000

2.5.2 Calculating dimensions

The scale factor is always required when a diagram is drawn. It is used to calculate the dimensions needed.
To calculate the actual dimensions, measure the dimensions on the diagram and then multiply these by the
scale factor.

WORKED EXAMPLE 19

Calculate the length and the width of the bed shown i Length
if the scale of the drawing is 1 : 100. E: >
™ A
1 Width
Y
THINK WRITE/DRAW
1. Measure the length and the width of the diagram. Length = 2cm
Width = 1.5 cm
2. Write down the scale of the drawing. 1:100
This means that every 1 cm on the
drawing represents 100 cm of the real
bed.
3. Multiply both dimensions by the scale factor. Length of the bed =2 x 100
=200cm
Width of the bed = 1.5 X 100
= 150 cm
4. Write the answer. The length is 200 cm and the width is 150 cm.
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2.5.3 Scale drawing

To be able to draw to scale we need to know the dimensions on the diagram.
To calculate these dimensions, we divide the actual dimension by the scale factor.

WORKED EXAMPLE 20

A drawing of a car uses a scale of 1: 50. Calculate the length of the diameter of the car wheels on
the diagram if their real diameter is 60 cm.

e =
| I| I| T
@| - it o
— /(S
THINK WRITE/DRAW
. . 1
1. Calculate the length on the diagram. Length on the diagram = feal measurement
scale factor

_ 60

T 50

=1.2cm
2. Write the answer. A 60 cm actual diameter will be 1.2cm on a

diagram of scale 1 : 50.

2.5.4 Maps and scales

Maps are always drawn at a smaller scale. All maps have the scale written or drawn on the map.

Scale of the map

............

Source: http://australia.gov.au/topics/science-and-technology/mapping

CHAPTER 2 Ratios 61



WORKED EXAMPLE 21

Determine the scale of the map as a ratio using the information in the diagram.

200 400 km
THINK WRITE/DRAW
1. Write the scale as a ratio. 1 cm:200km
2. Convert the larger unit into the smaller unit. The larger unit is km. This has to be

3. Write the answer.

converted into cm.
1lcm:200km = 1 cm: 20000000 cm

The scale is 1 : 20 000 000.

2.5.5 Maps and distances

Both actual distances and distances on the map can be calculated if the scale of the map is known.
* To calculate actual distances, measure the lengths on the map and then multiply these by the scale

factor.

* To calculate dimensions on the map, divide the actual dimension by the scale factor.

WORKED EXAMPLE 22

The scale of an Australian map is 1 : 40 000 000.
a. What is the actual distance if the distance on the map is 3 cm?
b. What is the distance on the map if the actual distance is 2500 km?

THINK
a. 1. Write the scale.
2. Set up the ratios for map ratio and
actual ratio.

3. Construct equivalent fractions.

4. Convert the answer into km.
5. Write the answer.

b. 1. Write the scale.

2. The actual distance 2500 km.
Convert this to cm.

3. Construct equivalent fractions.

WRITE/DRAW
Distance on the map : actual distance 1 : 40 000 000

Map ratio 1 :40 000 000
Actual ratio 3 : x

x _ 40000000

3 1

x = 3 % 40000000
= 120000000

The distance on the map is 120 000 000 cm.
120000000 cm = 1200 km

The actual distance represented by 3 cm on the map is
1200 km.

Distance on the map : actual distance = 1 : 40 000 000
2500 km = 250 000 000 cm

1:40000 000
x:250000 000
X

250000000 _ 40000 000
_ 250000000

~ 40000000
=6.25
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4. Write the answer. The distance on the map of 6.25 cm represents an actual
distance of 2500 km.

Exercise 2.5 Scales, diagrams and maps

-

. [EZH Calculate the scale of a drawing where 100 mm on the diagram represents 2 m in reality.
. If the scale of a diagram is 5 cm: 100 km, write the scale using the same units.
. Calculate the scales of a drawing where
a. 4 cm on the diagram represents 5 km in reality.
b. 20 mm on the diagram represents 100 m in reality.
c. 5 cm on the diagram represents 10 km in reality.
d. 3 cm on the diagram represents 600 m in reality.
. [EIE3H Estimate the diameter of the table top shown if the scale of the diagram is 1 : 50.

W N

B

5. If the scale of the diagram shown is 1 : 50, calculate the dimensions, in metres, of the Australian
Aboriginal flag-style design shown.

6. Calculate the actual dimensions of the nut and the bolt shown if the scale of the drawing is 1:2 and the
dimensions on the diagram are:

Diameter of nut Diameter of bolt head
1 1 N N

Nut
height

e Diameter of the nut is 5 mm
e Diameter of bolt head is 7 mm
e Nut height is 10 mm
e Bolt height is 14 mm
7. 223 The floor plan of a kitchen is drawn to a scale of 1:100. What is the width of the kitchen on the
plan if its real width is 5 m?
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8. The real height of a building is 147 m. Calculate the height of the building on a diagram drawn at a scale
of 1:3000.

9. The floor plan shown is drawn at a scale of 1:200. The !
actual dimensions of the house are shown on the diagram. '
The floor plan is not drawn to scale. Calculate the lengths '
of the dimensions shown if the floor plan was drawn to

scale. E

10. Calculate the actual lengths for the following lengths measured g c—y 16 m
6mI L= : ;ﬂ

14 m

A
Y

o

|

on a diagram with the given scale.

p

a. 12mm, scalel:1000  y i 2 D-
b. 3.8cm, scale 1:150 Lol I
c. 27 mm, scale 1:200 i i
d. 11.6cm, scale 1:7000 o
2.1m
11. [[IZ20 Find the scale of the map as a ratio using the information in the 0 1 2 3 4km
diagram. —
12. Find the scale of the map as a ratio using the 0 500 1000 1500 2000 2500
information in the diagram. ’ | | | metres
13. @ The scale of the map shown is: 0 5 10 15 20  25km
L | | | | | | | | | |
A. 1:2500000 B. 1:100000 C. 1:500000 D. 1:5000000
14. For each of the map scales shown, state the scale and find the actual distance for the map distance given.
a. 5.1 cm b. 27 mm
0 1000 2000 . 0 10000 20000 30000
L 1 | kilometres l l l l metres
c. 38 mm d. 9.6 cm
0 100 200 300 400 500 0 10 20 30 km
f } } } } | metres | | ] | ] | ]

15. [fIZ2 The scale of a street map has a scale of 1 : 500 000.
a. What is the actual distance if the distance on the map is 2 cm?
b. How long is the distance on the map if the actual distance is 10 km?
16. The scale of a map has a scale of 1: 1000 000.
a. What is the actual distance if the distance on the map is 1.2cm?
b. How long is the distance on the map if the actual distance is 160 km?
17. I The road from Perth to Adelaide is 2693 km. If this distance was drawn on a scale of 1 cm: 250 km,
the distance on the map would be:

A. 10772 mm. B. 10772 cm. C. 0.10772 cm. D. 10.772 cm.
18. If the scale of a map is 1:20 000, what is the distance on the map that represents
a. an actual distance of 1 km? b. an actual distance of 15km?

19. A map of Australia has a scale of 10cm : 5000 km.
a. What is this scale written in the same units?
b. Calculate the distances, in cm, correct to one decimal place, on the map between:
i. Canberra and Sydney with an actual distance of 290 km.
ii. Sydney and Brisbane with an actual distance of 925 km.
iii. Brisbane and Darwin with an actual distance of 3423 km.
iv. Darwin and Perth with an actual distance of 4042 km.
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v. Perth and Adelaide with an actual distance of 2693 km.
vi. Adelaide and Melbourne with an actual distance of 727 km.
vii. Melbourne and Canberra with an actual distance of 663 km.
20. A street map is drawn at a scale of 1:150000. How long are the actual distances given by the following
lengths on the map?
a. 2 cm b. 1.6 cm c. 54 mm d. 37 mm
21. Using a calculator, a spreadsheet or otherwise, calculate the actual dimensions of the following
dimensions measured on a diagram. The corresponding scales are given.

a. 1 cm, scale 1:1000 b. 5 cm, scale 1:8000 c. 18 mm, scale 1:1 000000
d. 9.7 cm, scale 1:30000 e. 45 mm, scale 1:120000 f. 58 mm, scale 1:50000
g. 19 cm, scale 1:200 h. 6.8 cm, scale 1:24 000

22. Using a calculator, a spreadsheet or otherwise, calculate the diagram lengths for the following actual
lengths. The corresponding scales are given.

a. 100 m, scale 1:5000 b. 27 km, scale 1:1500000

c. 260km, scale 1:4 000000 d. 600 m, scale 1:200000

e. 3600km, scale 1 cm : 3000 km f. 55km, scale 10 mm : 10 000 m
g. 8400 m, scale 10cm : 60 000 m h. 6.8m, scale 10cm: 10m

2.0 Review: exam practice

2.6.1 Ratios: summary
Introduction to ratios

* A ratio is a way of comparing two or more values, numbers, quantities etc.
¢ The numbers are separated by a colon and they are always whole numbers.

+ The basic notation for ratio is a : b read ‘a to b’, where a and b are two whole numbers.

. . . . a
+ Ratios can be written in fraction form, a: b = 5

» Equivalent ratios are nothing else but equal ratios. To find equivalent ratios, multiply or divide all sides
of the ratio by the same number.

» Ratios are always written in their simplest form.

* Ratios with decimal numbers have to be multiplied first by a power of 10 . The number of decimals is
used to determine the power of 10 required.
+ Decimal numbers with two decimal places will have to be multiplied by 10? or 100.
+ Decimal numbers with three decimal places will have to be multiplied by 10° or 1000.

Ratios of two quantities

* Ratios are written without units.
¢ In order to find ratios of quantities always write all quantities in the same unit.
¢ Metric units of weight are tonnes, kilograms and grams.
¢ ltonne = 1000kg, 1kg = 1000g
¢ Conversions of metric units

x 1000 x100 x10 x 10002 x 1002 x10? x 1000° x100° x 103

F\/\/\ /\/\F\ /\/\/\
UUU UUU UUU

+1000 =100 =10 +10002 =1002  +10? +1000°% +100° +103
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*

1
lem”’=1mL, 1000cm” = IOOOm 1L, 1L =1000 mL

The volume of an object is the space taken up by the object.
The capacity of an object is the maximum amount a container can hold.
¢ Conversions of time

*

*

x 60 X 60
YA

hour minutes seconds
+60 +60
¢ Conversions of money

1
$1 = 100 cents, 1 cent = $0.01 = $m

*

Divide into ratios

* The steps to follow when dividing a quantity into ratios are:
¢ Step 1. Add up all parts in the ratios
total quantity
total number of parts
+ Step 3. Multiply the parts of the ratios by the quantity per part.
+ Step 4. Check the answer by adding app all the quantities from Step 3.

+ Step 2. Find the quantity per part using the formula

Scales, diagrams and maps

e A scale is a ratio of the length on a drawing to the actual length.
¢ Scale = Length of drawing: Actual length
¢ Scales are usually written with no units.
¢ If a scale is given in two different units, the larger unit has to be converted into the smaller unit.

1 . . . oo
* A scale factor of Sora scale (ratio) of 1:2 means that 1 unit on the drawing represents 2 units in actual

size. The unit can be mm, cm, m or km.

e To calculate actual dimensions, we measure the dimensions on the diagram and then multiply these by
the scale factor.

* To calculate dimensions on the diagram, we divide the actual dimension by the scale factor.

Exercise 2.6 Review: exam practice

Simple familiar
1. The ratio blue pawns to red pawns, in simplest form, in the picture shown is:

A. 6:9. B. 3:2.
C.2:3. D. 9:6.
2. The ratio 385 : 154 in simplest fraction form is:
5 25
A. 5 B. ﬁ
C.7:5. D. %
3. The ratio of 364 m” to 455 m” to 819 m?, in simplest form, is:
A. 28:35:63. B.4:5:9.
C. 63:35:28. D. 52:65:117.
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4. The ratio between the volume of the sphere and the volume
of the cube in the diagram shown, in simplest fractional
form, is:

45

A. 100"
B. 9:20.

C. 495: 100.
D. 30"
5. If an area of 2730 cm? is divided into a ratio 5:3: 7, then
the corresponding areas are:
A. 546.cm?, 390cm?and 910 cm®.
B. 455 cm?, 273 cm®and 637 cm?.
C. 546cm?: 1274cm” and 910 cm?.
D. 910 cm®, 546 cm”and 1274 cm’.
6. If a road map is drawn to a scale of 1:900 000, then 3.5 cm on the map represents a road length of:
A. 31.5 cm. B. 3.9 km.
C. 3.5 km. D. 31.5 km.
7. A netball court is 30.5 m long and 15.25 m wide. If the dimensions of the court in the diagram shown
are 6.1 cm and 3.05 cm, then the scale factor of the diagram is:

1 15.25 1 6.1
A. 5 © 305 C. 300" D. 305"
8. The ratio 4% : 1% in simplest form is:
A. 13:5. B. 3:13. C.4:1. D. 5:13.
9. Three areas add up to 56 000 m?. If they are in a ratio of 5:3: 8, the smallest area is:
A. 4 km®. B. 10500 m’. C. 3500 km®. D. 14000 m’.

10. The ratio length to width to height of a storage container is 3:1:5.
If the sum of the three dimensions is 6.75 m, the length of the container is
A. 2.25 m. B. 150 cm. C. 1.50 m. D. 2250 cm.
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Complex familiar

11.

12,

13.

14.

15.

16.

Two bus stops, A and B, are 45 km apart. Two new bus stops, C and D, are going to be placed in a ratio
2:3:4 between A and B. How far apart are bus stops C and D?

| = I =
g g 5
BUS BUS
STOP STOP
=T, 5 LT,

A C D B

While camping, the Blake family use powdered milk. They mix the powder with water in the ratio of
1:24. How much of each ingredient would they need to make up:

a. 600 mL b. 1.2 L?

Yoke made 3 L of a refreshing drink using orange juice, apple juice and
carrot juice in aratio 5: 8: 2.

a. How much orange juice did she use?

b. How much apple juice did she use?

c. How much carrot juice did she use?

d. What is the ratio of carrot juice to apple juice?

The ratio of oxygen atoms to hydrogen atoms in a molecule of

water is 1: 2. If there are 3840 atoms altogether, how many of these are hydrogen atoms?
Calculate the following unknowns:

a. 160:x =5:7 b. 258 :a =3:10
d. 5:4=215:x e. 8:1=1349:a
State the following ratios in simplest fraction form.

a. 945m”:1365m? b. 1386 m:2.079 km
d. 2.592m?:3.240 m? e. 13.68L:12.24L

c. b:39.6 =2:9

c. 10 h 12min :61 h 12min

Complex unfamiliar

17.

18.

Three swimming pools have the dimensions shown in the table.

Pool

Length (m)

Width (m)

Depth (m)

Large

12.6

3.50

1.20

Medium

8.4

3.50

1.20

Small

4.2

3.50

1.20

What is the ratio between the lengths of the three pools, small, medium and large?

Calculate the volumes of the three swimming pools.

What is the ratio between the volumes of the three swimming pools, small, medium and large?
Convert the volume measurements (m3) into capacity measurements (L).

If water is poured into the swimming pools at a rate of 5 L/min, how long would it take, to the

o 20000

nearest hour, to fill in the three swimming pools?
For a main course at a local restaurant, guests can select from a chicken, fish or vegetarian dish. On
Friday night the kitchen served 72 chicken plates, 56 fish plates and 48 vegetarian plates.
a. Express the number of dishes served as a ratio in the simplest form.
b. On a Saturday night the restaurant can cater for 250 people. If the restaurant was full, how many
people would be expected to order a non-vegetarian dish?
c. The Elmir family of five and the Cann family of three dine together. The total bill for the table was
$268.
i. Calculate the cost of dinner per head.
ii. If the bill is split according to family size, what proportion of the bill will the Elmir family pay?
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19. The floor plan shown is drawn to a scale of 1:200. The dimensions written represent the actual
dimensions in millimetres (i.e. 4000 = 4 m).

20.

@ ~ 0 20 T Do

h.

@

@

1900

©

10000

)
| 3100 130001 2000

@O

What are the actual dimensions, length and width, of the bedroom?

Calculate the area of the bedroom.

How long are the dimensions from part A on the diagram?

What are the actual dimensions, length and width, of the lounge room?

Calculate the area of the lounge room.

How long are the dimensions from part D on the diagram?

Calculate the same dimensions from parts A and D if the scale of the diagram was 1 : 150.
What is the ratio between the area of the bedroom to the area of the lounge room?

A recipe for shortbread cookies requires 500 g flour, 250 g unsalted butter, 125 g of sugar, 150 g walnuts
and 200 g chocolate chips.

-~ ® 20 T

What is the total amount of ingredients?

In what ratio are flour and sugar?

What is the ratio of chocolate chips to flour?

In what ratios are all the ingredients in the total mixture?

Find the amount of each ingredient if the total quantity of ingredients is 2.205 kg.

What is the total cost for the original recipe, correct to two decimal places, if the costs of the
ingredients are: 1 kg flour $1.50, 250 g unsalted butter $2.10, 1 kg sugar $1.25, 1 kg walnuts $9.50
and 200 g chocolate chips $3.25?
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Answers
Chapter 2 Ratios

Exercise 2.2 Introduction to ratios

1. 5:4
2. a. 8:5 b. 5:9 c. 2:1
3 1 6 5
3. a — b. — c. — d -
5 7 11 2
4. a. 4:7 b. 7:4 c. 1:2 d. 1:1
5. a. 4:7 b. 7:4
La. 1:3 b. 5:4 c. 4:3 d. 5:3
2 9 15 20
7. a. — b. — c. — d —
3 8 49 17
.a. a=11 b. b=21
.a. m=35n=40 b. a=45,b=
10. a. x =28 b. a=3,b=21
c. b=10 d m=
11. D
12. C
1
13. Orange balls : black and white balls = E
4
14, =
3
10 3
15. a. — b. 5:1 c. —
3 200
d 1:2 e. 3:2:5 f. 7:4:8
16. a. 5:3 b. 6:7 c. 1:10
17. a. 45:8 b. 20:3 c. 1:12
18. a. 1:4 b. 30:1 c. 5:2 d. 20:50:7
19. a. 12 boys b. 3:4
20. a. 11:5 b. 3:1:2
3 4 10 8
21. a. — b. — c. — d -
11 5 7 9
1 91 5 32
e. — f. — g. — h. —
10 22 6 73
9 12 15
22. a. Some equivalent fractions could be —, —, —, —,
10 15 20 25
18 27 30 33 300 3000
307457507 557 5007 5000
540 270 180
b. Some equivalent fractions could be —, —, —,
420 210 140

135 108 90 54 45 18 9

Exercise 2.3 Ratios of two quantities
1. 3:1

2. 2:10:5
. a. Flour:lard =15:2
b. Butter:lard =7:1
c. Flour : butter =15:14
d. Flour : lard : butter = 15:2:14
4. a. 4:11 b. 5:2 c. 4:10:11 d. 4:25
5. 1:14

. 50:25:1

9:8

. AreaAABC : AreaADEF=1 : 5

. Areayarer @ Areag= 3611 : 5101

10. a. 4:3 b. 1:8 c. 1:2 d. 12:1
11. B

12. Cearafe * Celass = 611

13. Vyater: Voil = 5:4

© ®© N o

5
14. —
3
7 14 1 4
15. a. — b. — c. — d -
2 15 3 5
16. Time by bus : Time by train = 4:3
17. Sleeping time : Awake time = 17:31
18. D
19. a. 3:4 b. 8:7 c. 7:6 d 6:7:8
20. a. 7:9:3 b. 7:9 c. 3:1 d. 7:3
21. a. 5:1 b. 2:15 c. 3:2 d. 15:3:2
22, a. 1:40 b. 5:2
4 7 9 2 8
23. a. — b. - — d — -
5 3 16 11 3

24. a. 38:14,57:21, 76:28, 95:35, 114:42, 133:49, 152:56,
171:63, 190:70. Other answers are possible.
b. 3:2,6:4,12:8, 72:48, 720:480, 1872:1248, 5040 : 3360,
18018:12012, 32760:21 840, 55440:36 960.
Other answers are possible

Exercise 2.4 Divide into ratios
1. 12 tulips and 18 tulips
2. 125 mandarins, 75 mandarins and 50 mandarins

990 children and 330 adults
1100 children and 220 adults
792 children and 528 adults
840 children and 480 adults

a. 2.08 kg b. 3.12 kg

a. 576 kg b. 216 kg

. 300 g tomatoes, 200 g capsicum
. 12.75kg sand, 4.25 kg cement
. 1.8 mand 2.7m

. 200 mm, 400 mm, 800 mm
10. 15.375 cm

11. A

12. 0.25m?,0.5m?,0.75 m?

13. 211.25 m?

14. D

15. 230000 km?

16. 230cm’, 276 cm’

17. 38 L, 57 L, 76 L

18. 5000 L, 12500L, 25000L

19. 15 minutes

a0 oD

© ©® N o o &
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20.
21.
22,
23.
24.
25.

26.

60 minutes

a. 5 hours b. 1 hour c. 30 minutes

$875, $262.50, $87.50
$125000
$190, $475, $855

$294, $126

30 minutes, 2.5 hours, 3 hours
8315 m, 3326 m, 6652 m
10000 m2, 3000 m?, 2000 m>
336 L, 624 L

2736, 912, 4104

$5889, $3926, $15 704

45 m>, 90 m>, 135 m>, 270 m>

$1680, $3360

$2016, $3024

$840, $4200

$1120, $3920

$2160, $2880

$1120, $1680, $2240
$630, $1260, $3150

$504, $1008, $1512, $2016

Se "o oppop

Se o000 pop

Exercise 2.5 Scales, diagrams and maps

1. 1:20

2. 1:2000000

3. a. 1:125000 b. 1:5000
c. 1:200000 d. 1:20000

4. 75 cm

5. Length = 1.8 m, width = 0.9 m

Nut height =
" bolt height =

2 cm, diameter of the nut = 1 cm,
2.8 cm, diameter of bolt head = 1.4cm.

7. 5 cm
8. 49 cm

9. 7 cm, 8 cm, 3 cm, 1.05 cm

10.
11.
12,
13.
14.

15.
16.

17.
18.
19.

20.
21.

a. 12 m b. 57m ¢ 54m d 812 m
1:100000

1:50000

C

Scale 3 : 100000, 000 1700 km

Scale 1:500000, 13 500 m

Scale 1:20000, 760 m

Scale 1:500000, 48 km

10 km b. 2 cm

12 km b.

po oo

o

16 cm

5 cm b. 75 cm
1:50000 000

b. i. 0.6 cm ii.
iv. 8.1 cm V.

vii. 1.3 cm
a. 3 km

a. 10 m

a.
D
a.
a.
1.9 cm iii. 6.8 cm

5.4 cm vi. 1.5 cm

b. 24 km c. 8.1 km
b. 400 m c.

d. 5.55 km
18 km

22,

d. 2910 m e. 54 km f. 2.9 km
g. 38 m h. 1632 m
a. 2 cm b. 18 mm c. 65 mm
d. 3 mm e. 1.2 cm f. 55 mm
g. 1.4 cm h. 6.8 cm

2.6 Review: exam practice

1.

e
=)

13.
14,
15,

16.

17.

18.

19.

20.

© ® N o o M D
> w > OO0 O g w >

C

. 15 km.
. a. 24 mL of powder and 576 mL of water

b. 48 mL of powder and 1152 mL of water

a. 1L b. 1.6 L ¢ 400 mL d. 1:4

2560 hydrogen atoms

a. 224 b. 860 c. 88

d. 17.2 e. 16.86
9 2 1 4 19

a. — b. — c. — d - e. —
13 3 6 5 17

a. 1:2:3

b. 5292 m?, 35.28 m’and 17.64m">.

c. 1:2:3

d. 52920L,35280Land 17640L

e. 7 days 8 hours, 4 days 22 hours and 2 days 11 hours.

a. 9:7:6

b. 182

c. i. $33.50 ii. 62.5%

a. Length = 4 m and width = 3.9 m

b. 15.6 m®

c. Length = 20 mm and width = 19.5 mm

d. Length = 6 m and width = 3.9 m

23.4 m?

f. Length = 30 mm and width = 19.5 mm
g. Length of bedroom = 26.7 mm and
width of bedroom = 26 mm

Length of lounge room = 40 mm and
width of loungeroom = 26 mm

2:3

1.225 kg

4:1

2:5

20:10:5:6:8

900 g flour, 450 g unsalted butter, 225 g sugar, 270 g
walnuts and 360 g chocolate chips

f. $7.68

®

oo ooz
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CHAPTER 3
Rates

3.1 Overview

LEARNING SEQUENCE

3.1 Overview

3.2 Identifying rates

3.3 Conversion of rates
3.4 Comparison of rates
3.5 Rates and costs

3.6 Review: exam practice

CONTENT

In this chapter, students will learn to:
e review identifying common usage of rates, including km/h
e convert between units for rates
e complete calculations with rates, including solving problems involving direct proportion in terms of rate
[complex]
e use rates to make comparisons
® use rates to determine costs.

Fully worked solutions for this chapter are available in the Resources section of your eBookPLUS at
www.jacplus.com.au.
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3.2 |dentifying rates

A rate is a form of a fraction that compares the size of one quantity in relation to another quantity. Unlike
ratios, rates have units. Examples of rates are cost per kilogram or kilometres per hour.

In a rate, the two quantities being compared may have different units.

The unit for a rate contains the word per, which is written as ‘/°. For example, 60 km/h is a rate that
compares distance travelled to the time taken to travel that distance. The distance unit (km) and the time unit (h)
are combined to form the unit of the rate as (km/h).

one quantit
Rate = q y

another quantity

To calculate a rate, divide the first quantity by the second quantity.

Common rates involving time:

Szl = dls.tance
time
Flow rate = ll‘tres
minute

number of heartbeats
minute

Heart rate =

)1 1 | Resources

Interactivity: Rates (int-3738)

WORKED EXAMPLE 1

A car travels 80 kilometres in 2 hours. Calculate the rate at which the car is travelling using
units of?:

a. kilometres per hour

b. metres per second (to one decimal place).

THINK WRITE
Dis k
a. 1. Identify the units in the rate. The rate ‘kilometres a. Rate = %e(;)m)
per hour’ indicates that the number of kilometres
should be divided by the number of hours taken.
. . . 80k
2. Write the rate using the correct units. Rate = 2_hm
L o 40k
3. Simplify the rate by dividing the numbers. Rate = l—hm
4. Write the answer. 80 kilometres in 2 hours is equivalent

to a rate of Rate = 40km/h.
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b. 1. Identify the units in the rate. The rate ‘metres per b. Rate =

second’ indicates that the number of metres should
be divided by the number of seconds taken.

2. Convert the distance to metres by multiplying by
1000.
Convert time to seconds by multiplying by 60 to
change to minutes and 60 again to change to
seconds.

3. Write the rate using the correct units.

4. Simplify the rate.
5. Write the answer.

_ Distance (m)
Time (s)

80km = 80 x 1000 = 80 000 m
2h =2x%x60x 60 =7200s

80000 m
7200s
Rate = 11.1 m/s
80 kilometres in 2 hours is equivalent
to arate of 11.1 m/s.

Rate =

When comparing the difference between two quantities you need to subtract the smaller quantity from the

larger quantity.

WORKED EXAMPLE 2

According to the growth chart shown, at
what rate was the child growing between
the ages of 10 and 13? Give your answer in
centimetres per year.

THINK WRITE

1.59 m

1. Amount of growth = final height — initial Amountof growth = 1.59m — 1.26 m = 0.33 m

height. To find how much he has grown,
calculate the difference in heights.

2. The final rate is in centimetres per year, so
convert from metres to centimetres by
multiplying by 100.

=33 cm
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amount of growth (cm)

3. He has grown 33 cm between the ages of 10 Rate of growth = :
.. time (years)
and 13, i.e. in 3 years.
_3
3
=11
4. Answer the question. The child is growing at a rate of 11 cm per

year or 11 cm/year.

Some common rates that don’t involve time include:
Gradient, which is a measure of steepness. This can be calculated by:

Rise
un

Gradient =

Concentration, which is a measure of how much material is dissolved in a liquid. This can be calculated

by:

Amount of solution
Amount of solvent

Concentration =

Density, which is how much mass the material has for a certain volume. This can be calculated by:

Mass
Volume

Density =

011! Resources

Interactivity: Gradient (int-3740)
Interactivity: Rates (int-4417)

WORKED EXAMPLE 3

A material has a mass of 4.5 kilograms and a volume of (.75 cubic metres. Calculate the density of
the material in grams per cubic metres.

THINK WRITE
M
1. Density is the mass (g) divided by the volume (m®). Density = #Se((gn)ﬁ)
2. Convert the mass to grams by multiplying by 1000. 4.5kg = 4.5 x 1000g = 4500¢g
4500
3. Write the rate using the correct units. Density = e
0.75 m3
4. Write the answer. Density = 6000 g/m3
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Exercise 3.2 Identifying rates

1. |21 A cyclist travels 120km in 3 hours. Calculate the rate at

2. An athlete’s heart beats 250 beats in 5 minutes. Calculate the athlete’s

o O

which the cyclist is travelling using units of:
a. kilometres per hour
b. metres per second.

heart rate in beats per minute.

. Rewrite the fractions below as rates.
Mass Distance
% Volume P Time
Rise Amount of solution
“ Run " Amount of solvent
. Express each of the following as a rate using the units given.
a. A truck travels 560 km in 7 hours (km/h) b. A 5.4 m length of timber costing $21.06 ($/m)

c. A9 litre bucket taking 45 seconds to fill (L/s) d. A hiker walking 9.6 km in 70 minutes (km/min)
. A student walks 1.6 km to school in 22 minutes. Calculate the speed she walks to school in m/s.
. In the 2000 Sydney Olympics, Cathy Freeman won gold in the 400 m race. Her time was 49.11 seconds.
Calculate her average speed in km/h.

7. The Bathurst 1000 is a 1000 km car race. In 2010, it was won by Craig Lowndes and Mark Skaife in

6 hours, 12 minutes and 51.4153 seconds. Calculate their average speed in km/h.

8. [fIZA Noah has grown from 1.12 m at 5 years old to 1.41 m at 7 years old. Calculate his growth rate in

centimetres per year.

9. If Sabrina has grown 0.32 m in the past 4 years, what is her growth rate in centimetres per year?
10. A child’s height at 5 years of age is 85 cm. On reaching 12 years, her height is 128 cm. Calculate her

11

average rate of growth (in cm/year) over the 7 years.
. A school had 300 students in 2010 and 450 students in 2012. What was the average rate of growth in
students per year?

12. [fIE3 A material has a mass of 12.5 kilograms and a volume of 0.25 cubic metres. Calculate the density

of the material in grams per cubic metres.
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13.

14.

15.

16.

17.

18.

A 2 litre drink container was filled with a mix of 200 millilitres of cordial

and 1.8 litres of water. Calculate the concentration of the cordial mix in
millilitres per litre.

Three sugar cubes, each with a mass of 1 gram, are placed into a 300 millilitre
mug of coffee. Calculate the concentration of sugar in grams per millilitre (g/mL).

N, 4
S
W e
¥/

Beaches are sometimes unfit for swimming if heavy rain
washes pollution into the water. A beach is declared unsafe
for swimming if the concentration of bacteria is more than
5000 organisms per litre. A sample of 20 millilitres was
tested and found to contain 55 organisms. Calculate the
concentration in the sample (in organisms/litre) and state
whether or not the beach should be closed.

Uluru is in the middle of Australia and is 348 m high and

3.6 km long. Calculate the average gradient (to one decimal
place) from the bottom of Uluru to the top, assuming the

top is in the middle.

A kettle is filled with tap water at 16 °C and then turned on. It
boils (at 100 °C) after 2.75 minutes. Calculate the

average rate of increase in temperature in °C/s.

Simon weighs 88 kg and has a volume of 0.11 m?, whereas Ollie
weighs 82 kg and has a volume of 0.08 m>.

a. Calculate and simplify Simon’s density.

b. Calculate and simplify Ollie’s density.

c. Who is more dense and by how much?

3.3 Conversion of rates

A rate is a measure of the change in one quantity with respect to another.

Change in Y

The rate of change of Y with respect to X = Change in X

WORKED EXAMPLE 4

A car travels 320 km in 4 hours. Express this rate in km/h.

THINK WRITE
) . . Changein Y
1. Write out the rate formula in terms of the two units. Rate = g—
Change in X
Change in km

- Change in hours
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320 km

4h
3. Simplify the rate. Rate = 80km/h

2. Substitute the known quantities into the formula. Rate =

3.3.1 Equivalent rates

The units of rates can be converted to satisfy particular problems, e.g. for speed we can convert km/h to m/s.
To change the unit of a rate:
* Convert to the new unit for the numerator of the rate.
* Convert to the new unit for the denominator of the rate.
* Divide the new numerator by the new denominator.

WORKED EXAMPLE 5

Covert the following rates as shown to two decimal places.
a. 60 km/htom/s. b.25L/h to mL/min.

THINK WRITE
a. 1. Convert the numerator from km to m by multiplying a. 60km = 60 x 1000 = 60 000 m
by 1000.
2. Convert the denominator from hours to seconds by 1h=1Xx60Xx60=3600 sec

multiplying first by 60 to change to minutes and by
60 again to change to seconds.

3. Divide the numerator by the denominator. Rate = %
= 16.6667 m/s
4. Write the new rate to two decimal places. 60km/h = 16.67 m/s.
b. 1. Convert the numerator from L to mL by multiplying b. 25L = 25 X 1000 = 25 000 mL
by 1000.
2. Convert the denominator from hours to minutes by 1h=1Xx60= 60 min
multiplying by 60.
3. Divide the numerator by the denominator. Rate = %
= 416.6667 mL/min
4. Write the new rate to two decimal places. 25L/h = 416.67 mL/min

3.3.2 Using rates
Rates are often used to calculate quantities such as costs and distances.

For example, if you are charged at $15/ min then for 10 minutes you would be charged $150, since you
need to multiply the rate by the number of minutes.
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WORKED EXAMPLE 6

An athlete has an average heartbeat of 54 beats/minute.
How many times will their heart beat in a week?

THINK WRITE
Heartbeat
1. Write the rate in terms of the quantities: heartbeats =~ Rate = M
. Time
and time.
H
2. Substitute in the known quantities in the formula. 54 = —eartbeats
. . . . . 7 %24 % 60
Adjust the time for 1 week into minutes; that is,
.. .. Heartbeats
7 days multiplied by 24 hours multiplied by 54 = —————
. 10080
60 minutes.
3. Solve the equation by multiplying both sides by the = Heartbeats = 54 x 10 080
value of the denominator. Heartbeats = 544 320
4. Write your answer. The athlete’s heart beats 544 320 beats

in a week.

Exercise 3.3 Conversion of rates

-

. [l A cyclist travels 102 km in 3 hours. Express this rate in km/h.

2. A person purchases a 2.5 kg bag of chocolates for $37.50. Express this rate in $/kg.
3. Given the following information, express the rate in the units shown in the
brackets.
a. A car travels 240 km in 4 hours (km/h).
b. A hiker covers 1400 m in 7 minutes (m/min).
c. 9 litres of water runs out of a tap in 30 seconds (L/s). o/
d. Grass has grown 4 mm in 2 days (mm/day).
4. Given the following information, express the rate in the units shown in the
brackets.
a. A runner travels 800 m in 4 minutes (km/min).
b. Water runs into a water tank at 800 mL in 2 minutes (L/min).
c. A phone call cost 64 cents for 2 minutes ($/min).
d. Apples cost $13.50 for 3 kg (cents/gram).
5. [l Convert the following rates as shown to two decimal places.

a. 100 km/h to m/s. b. 40L/h to mL/min.
6. Convert the following rates as shown to two decimal places.
a. 5.50 $/mto cents/cm. b. 10m/s to km/h.
7. Convert the following rates as shown.
a. 70km/h to m/h b. 40kg/min to g/min  ¢. $120/min to $/h d. 27 g/mL to g/LL
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8. Convert the following rates as shown, giving your answer to two decimal places.
a. 80km/h to m/s. b. 25m/s to km/h.
c. 50 g/ml to kg/L. d. 360 mL/min to L/h.
9. [l If a person has an average heartbeat of 72 beats/minute, how
many times would their heart beat in a week?
10. If a phone call to America costs 10c/min, how much would a 1.5 hour
call to America cost?
11. If an electricity company charges 26.5 cents/kWh, how much would they
charge if you used 750 kWh?
12. Quentin knows his average heart rate is 63 beats/minute. Calculate how
many times his heart would beat in one year (assume 365 days in a year).
13. Christi wants to hire a jukebox for her party and received a quote of $45 per hour. If Chrlstl is having a
party that goes from 8.30 pm to 1 am, how much will she have to pay for the jukebox?

14. John was driving and, on average, it took him 45 minutes to travel 60 km.
a. What was John’s average speed in km/h?
b. If John travelled from 11.30 am to 3.45 pm continuously, how far did he travel?

15. A gum tree grows at a rate of 80 cm/year. How long will it take to grow from the ground to a height of
10m?

16. Tiger cubs put on approximately 100 g of weight per day. If Simba the tiger cub was born at a weight of
950 g, how long would it take him to weigh 2 kg? Give your answer in days and hours.
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3.4 Comparison of rates

Rates are commonly used to make comparisons. For example, useful comparisons for consumers could be
comparing the price per 100 grams of different sizes of packaged cheese in the supermarket, or the fuel
economy of a different models of cars in litres per 100 kilometres.

When you are comparing two rates it is important to have both rates in the same units.

WORKED EXAMPLE 7

Johan wants to purchase a new car and fuel economy is important when considering which car to
buy. The first car he looked at used 34.56 litres for 320 kilometres and the second car used 29.97
litres for 270 kilometres. Calculate the fuel consumption rate for each car in L/100 km and
determine which car has the better fuel economy.

THINK WRITE
1. The first car used 34.56 L/320 km. First car rate = 34.56 L/320 km
2. Convert the rate to L/100km by dividing the First car rate = 3;42%6%3322
numerator and denominator by 3.2. 10.8 o
~ 100
= 10.8 L/100 km
3. The second car used 29.97 L/270 km. Second car rate = 29.97 L/270 km
2997 +2.7
4. Convert the rate to L/100 km by dividing the Second car rate = 29727
. 270 + 2.7
numerator and denominator by 2.7. 111
~ 100
= 11.1L/100 km
5. Now the rates have the same units, a direct The first car has better fuel
comparison can be made. economy than the second car.

Exercise 3.4 Comparison of rates

1. Two cars used fuel as shown.
e Car A used 52.89 litres to travel 430 kilometres.
e Car B used 40.2 litres to travel 335 kilometres.
Determine which car has the better fuel economy by comparing the rates of L/100 km.
2. Car A uses 43 L of petrol travelling 525 km. Car B uses 37 L of petrol travelling 420 km. Show
mathematically which car is more economical.
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. Josh wants to be an iron man, so he eats iron man food for breakfast. Nutri-Grain
comes in a 290 g pack for $4.87 or a 805 g pack for $8.67. Compare the price
per 100 g of cereal for each pack, and hence calculate how much will be saved

per 100 g if he purchases the 805 g pack.

. A solution has a concentration of 45 g/L.. The amount of solvent is doubled to
dilute the solution. Calculate the concentration of the diluted solution. Explain

your reasoning.

. Tea bags in a supermarket can be bought for $1.45 per pack of
10 or for $3.85 per pack of 25. Which is the cheaper way of

buying tea bags?

. Coftee can be bought in 250 g jars for $9.50 or in 100 g jars
for $4.10. Which is the cheaper way of buying the coffee and

how much is the saving?

. Eating a balanced diet is important for your overall health. One area
that should be looked at is minimising the amount of total fats

you eat. From the two labels below, which product is the healthier according

to the amount of total fats?

Product A:

'Nutrition Faci;

Serving Size 1 Cake (43g)

Servinis Per Container 5

Amount Per Serving

Calories 200 Calories from Fat 90
—

o % Daily Value*
Total Fat 10g 15%
Saturated Fat 5g 25%
_ Trans Fat Og
Cholesterol Omg 0%
Sodium 100mg 4%
Total Carbohydrate 26g 9%
Dietary Fiber Og 0%
~ Sugars 19g

Protein 1i

Vitamin A 0% ®  Vitamin C 0%
Calcium 0% ®  |ron2%

" Percent Daily Values are based on a 2,000
calorie diet. Your daily values may be higher
or lower depending on your calorie needs:

: Calories: 2,000 2,500
Total Fat Less than 65g 80g

Sat. Fat Lessthan 20g 25g
Cholesterol Lessthan 300mg  300mg
Sodium Lessthan 2,400mg 2,400mg
Total Carbohydrate 300g 3759

Dietary Fiber 25g 30g

Product B:

Nutrition Facts

Serving Size 1/4 Cup (30g)

Servings Per Container About 38

bR e e e

Amount Per Serving

Calories 200 Calories from Fat 150|

% Daily Value*

Total Fat 17g 26%
Saturated Fat 2.5g 13%
Trans Fat Og

Cholesterol 0Omg 0%

Sodium 120mg 5%

Total Carbohydrate 7g 2%
Dietary Fiber 2g 8%
Sugars 1g

Protein 5g
R SRR L ST
Vitamin A 0% e Vitamin C 0%
Calcium 4% ° |ron 8%

"Percent Daily Values are based on a 2,000

calorie diet,
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10.

11.

12.

13.

In cricket, a batsman’s strike rate indicates how fast a batsman is scoring his
runs by comparing the number of runs scored per 100 balls. Shane Watson
scored 72 runs in 56 balls and David Warner scored 42 runs in 31 balls.
Correct to two decimal places,
a. what is the strike rate of Shane Watson?
b. what is the strike rate of David Warner?
c. who has the best strike rate and by how much?
Two athletes had their heart rates tested as shown.
» Athlete A: Heart beats 255 beats in 5 minutes.
e Athlete B: Heart beats 432 beats in 9 minutes.

a. Calculate Athlete A’s heart rate in beats/minute.

b. Calculate Athlete B’s heart rate in beats/minute.

c. Who has the lower heart rate and by how many beats/minute?

d. How many times would each of the athlete’s heart beat in one day?
a. The Earth is a sphere with a mass of 6.0 X 10**kg and a radius of

6.4 X 10° m.

4
i. Use the formula V = =7 to calculate the volume of the Earth.

ii. Hence calculate the density of the Earth.
b. Jupiter has a mass of 1.9 X 10>’ kg and a radius of 7.2 X 10" m.
i. Calculate the volume of Jupiter.
ii. Calculate the density of Jupiter.
c. Different substances have their own individual density. Do your results
suggest that the Earth and Jupiter are made of the same substance?
Explain.

The Stawell Gift is a 120 m handicap footrace. Runners who
start from scratch run the full 120 m; for other runners their
handicap is how far in front of scratch they start. Joshua
Ross has won the race twice. In 2003, with a handicap of
7 m, his time was 11.92 seconds. In 2005, from scratch, he
won in 12.36 seconds. In which race did he run faster?
Supermarkets use rates to make it easier for the consumer
to compare prices of different brands and different sized
packages. To make the comparison they give you the price
of each product per 100 grams, known as unit pricing. Two
different brands have the following pricing:
* Brand A comes in a 2.5 kg pack for $3.10.
* Brand B comes in a 1 kg pack for $1.05.
Calculate the unit price (the price per 100 g) of each of the
brands and determine which brand is best value.
Two car hire companies offer two different rates as shown:
* Company A charges an upfront fee of $45 and then 32 cents/km.
e Company B charges an upfront fee of $85 and then 26 cents/km.
a. Calculate the charges for companies A and B if a car travels 120 km.
b. Calculate the charges for companies A and B if a car travels 265 km.
c. Which company would be better to choose if you travelled 100 km?
d. Which company would be the better option if you were only planning to travel a small number of
kilometres?
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3.5 Rates and costs

As consumers, we all need to be able to compare costs. Rates help us compare costs by ensuring we are
comparing the same quantities. If we need work done around the home we always ask for two or three quotes
from different tradespeople to compare costs.

3.5.1 Costs for trades

Most tradespeople charge a call out fee and then a rate per hour. These costs may vary from one tradesperson
to another.

Some tradespeople have fixed rates for certain jobs. An electrician, for example, may charge a $60 callout
fee or fixed cost and then $75 per hour. If the job requires 3 hours to be completed, the final cost will be:

Cost=60 + 75 x 3
=60 + 225
= $285

Cost = fixed fee + charge per hour x hours

WORKED EXAMPLE 8

Adam and Jess are both electricians. Adam charges $70 for a
callout fee and $80 per hour, while Jess charges a $50 callout
fee and $85 per hour. Which electrician will have a cheaper
quote for a

a. 2 hour job?

b. 5 hour job?

THINK WRITE/DRAW
a. 1. Write the formula. Cost = fixed cost + charge per hour X hours
2. Substitute the known values for Adam’s cost =70 + 80 X 2
each electrician and simplify. = $230
Jess’ cost =50 + 85 X2
= $220
3. Compare the two costs Adam charges an extra $10 for this two-hour job than Jess
does, so Jess is cheaper.
b. 1. Write the formula. Cost = fixed cost + charge per hour X hours
2. Substitute the known values for Adam’s cost=70 + 80 X5
each electrician and simplify. = $470
Jess’ cost=50 + 85 X5
= $475
3. Compare the two costs. Jess charges an extra $5 for this five-hour job than Adam

does, so Adam is cheaper.
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3.5.2 Living costs: food

To calculate how much we spend per week on food we simply add up all the money we spend on food products

over a week.

However, food products like sugar and cooking oil are not all going to be consumed in that week. The

money spent per week on these products could be estimated.

If we use 1 litre of cooking oil that costs $6 over a period of 4 weeks, then the price estimate is $1.50 per

week. This is regardless of whether we use more cooking oil in one week than another.
NOTE: Throughout this section we will use an average of 30 days per month.

WORKED EXAMPLE 9

Georgia drinks 1L of milk per day, eats a loaf of bread per week
and uses one 500 g container of butter per month. Calculate

Georgia’s daily, weekly and monthly spending for the three types of
food if 1L of milk costs $1, a loaf of bread costs $4.20 and a 500 g

container of butter costs $3.15.

THINK

1. Draw a table with foods listed in the
first vertical column and time periods
listed on the first horizontal row.

2. Fill in the table with the information
given.

WRITE/DRAW

Time period

Type of food

Day ($)

Week ($)

Month ($)

milk

bread

butter

Total

We know that Georgia drinks 1 L of milk per day at
a cost of $1 per litre. This means that the milk costs

her $1 per day.

We also know that she eats a loaf of bread per week.
This means that she spends $4.20 per week on
bread. She also spends $3.15 on butter per month.

Time period

Type of food = Day ($) Week ($) | Month ($)
milk 1

bread 4.20

butter 3.15
Total
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3. Calculate the missing entries.

4. Fill in the rest of the table.

5. Answer the question.

Price of milk per week = $1 x 7 days

=$7
Price of milk per month = $1 x 30 days
= $30
Price of bread per day = $4.20 + 7 days
= $0.60
Price of bread per month = $0.60 x 30 days
=$18
Price of butter per day = $3.15 =+ 30 days
= $0.105
Price of butter per week = $0.105 X 7 days
= $0.735
Time period
Type of food | Day ($) Week ($) | Month ($)
milk 1 7 30
bread 0.60 4.20 18
butter 0.105 0.735 3.15
Total 1.705 11.935 51.15

Georgia spends $1.71 on food per day, $11.94 on
food per week and $51.15 on food per month.

3.5.3 Living costs: transport

Means of transport to and from school are personal cars, bicycles or public transport. There are people who
go to work or school using one or more forms of transport.

The costs for transport when using a personal car include petrol, maintenance and insurance.

NOTE: Throughout this section we will use an average of 30 days per month.

WORKED EXAMPLE 10

Tim uses his personal car as a means of transport. He spends $720 per year on car insurance,
$64.40 per week on petrol and $42 per month on maintenance. Tabulate this data and calculate
Tim’s daily, weekly, monthly and yearly spending for running the car.

THINK WRITE/DRAW

1. Construct a table with
the types of service

Time period

listed in the first vertical

Type of service | Day ($) Week ($) | Month ($) Year ($)

column and time periods | Petrol

listed on the first insurance
horizontal TOW. maintenance
Total
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2. Fill in the table with the
information given.

We know that Tim spends $720 per year on insurance, $64.40 of
petrol per week and $42 for maintenance per month.

Time period

Type of service = Day ($) Week ($) | Month ($) | Year ($)
petrol 64.40
insurance 720
maintenance 42
Total
3. Calculate the missing Price of petrol per day = $64.40 +7 days
entries. = $9.20
Price of petrol per month = $9.20 x30 days
= $276
Price of petrol per year = $276 X 12months
= $3312
Price of insurance per month = $720 + 12 months
= $60
Price of insurance per day = $60+30 days
=$2
Price of insurance per week = $2 X 7days
=514
Price of maintenance per day = $42 + 30days
=$1.40
Price of maintenance per week = $1.4x7 days
= $9.80
Price of maintenance per year = $42 x12 months
= $504
4. Fill in the rest of the Time period
table. Type of service | Day ($) Week ($)  Month ($) | Year ($)
petrol 9.20 64.40 276 3312
insurance 2 14 60 720
maintenance 1.40 9.80 42 504
Total 12.60 88.20 378 4536

5. Answer the question.

$378 per month and $4536 per year.

Tim’s car costs him $12.60 per day, $88.20 per week,

3.5.4 Living costs: clothing

There are people who like to buy clothes on a regular basis to keep up with trends. Other people are not

concerned about trends and buy only what they need.
How much do you spend on clothing?
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WORKED EXAMPLE 11

Vince is creating a budget for clothing. He made four categories:
small items, trousers, shirts and jumpers. He added up the money
he spent on these items and recorded them in the two-way table
shown. Complete the table.

Time period
Category Day ($) Week ($) = Month ($)
small items 12.60
trousers 5.00
shirts 35.70
jumpers 93
Total
THINK WRITE/DRAW
1. Calculate the missing entries. Cost of small items per day = $12.60 + 7days
= $1.80
Cost of small items per month = $1.80 X 30days
= $54
Cost of trousers per week = $5 X 7days
= $35
Cost of trouser per month = $5 X 30days
= $150
Cost of shirts per day = $35.70 + 7days
= $5.10
Cost of shirts per month = $5.10 X 30days
= $153
Cost of jumpers per day = $93 + 30days
= $3.10
Cost of jumpers per week = $3.10 X 7days
= $21.70
Time period
Category Day ($) Week ($) | Month ($)
small items 1.80 12.60 54
2. Complete the table. trousers 5 35 150
shirts 5.10 35.70 153
jumpers 3.10 21.70 93
Total 15 105 450

3.5.5 Living costs on spreadsheets

Excel spreadsheets are a practical and useful tool when calculating budgets. For the purpose of this exercise
we are going to consider the same situation as in Worked example 10.
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WORKED EXAMPLE 12

Tim uses his personal car as a means of transport. He spends $720 per year on car insurance,
$64.40 per week on petrol and $42 per month on maintenance. Using a spreadsheet tabulate this
data and calculate Tim’s daily, weekly, monthly and yearly spending for running the car.

THINK WRITE/DRAW
1. Construct a table in a spreadsheet A B | ¢ | b | E
with the type of service in the first 1 Time period
vertical column, column A, and 2 | Type of service | Day Week |Month | Year
time periods on the horizontal row, 3 | petrol
row 2. -
4 | Maintenance
S | Insurance
6
2. Fill in the table with the information A B | ¢ | D | E
given. 1 Time period
2 | Type of service | Day Week Month Year
3 | Petrol 64.4
4 | Maintenance 42
S | Insurance 720
6
3. Set up the calculations required. A B c | op | E
Remember to start each formula 1 Time period
with an = sign. Click in cell B3, 2 | Type of service Day Week Month Year
type = C3/7 and Enter. 3 | petrol —C3/7 o4
4 | Maintenance 42
S | Insurance 720
6
4. Click in cell D3, type = B3 30 and A B | ¢ | p | E
Enter. 1 Time period
2 | Type of service | Day Week Month Year
3 | Petrol 9.2 64.4 =B3*30
4 | Maintenance 42
5 | Insurance 720
6
5. Click in cell E3, type = D3%12 and A B | ¢ | b | E
Enter. 1 Time period
2 | Type of service | Day Week Month Year
3 | Petrol 9.2 64.4 276 =D3*12
4 | Maintenance v} 4'-0
6. In the bottom right corner of cell E3 | 5 | msurance 720
you will notice a small circle. Drag 6
it down with your mouse to copy
the formula in the cell below. [
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10.

11.

Click in cell B4, type = D4/30 and
Enter.

Drag down the small circle in the
bottom right corner of cell B4 to
copy the formula in the cell below.

You will notice a ‘0’ in cell BS. This
is because at the moment there is no
value in cell D5.

Click in cell D5, type = E5/12 and
Enter.

Click in cell C4, type = B4 * 7 and
Enter.

Drag down the small circle in the
bottom right corner of cell C4 to
copy the formula in the cell below.

A B C | D E
1 Time period
2 | Type of service | Day Week Month Year
3 | Petrol 9.2 64.4 276 3312
4 | Maintenance 42 504
5 | Insurance 720
6
A B cC | D E
1 Time period
2 | Type of service | Day Week Month Year
3 | Petrol 9.2 64.4 276 3312
T Maintenance =D4/30 42 504
? Insurance 720
6
A B c | D E
1 Time period
2 | Type of service | Day Week Month Year
3 | Petrol 9.2 64.4 276 3312
4 | Maintenance 1.4 42 504
5 | Insurance 0 720
6
A B c | » E
1 Time period
2 | Type of service | Day Week Month Year
3 | Petrol 9.2 64.4 276 3312
4 | Maintenance 1.4 42 504
5 | Insurance 0 =E5/12 720
A B c | D E
1 Time period
2 | Type of service | Day Week Month Year
3 | Petrol 9.2 64.4 276 3312
4 | Maintenance 1.4 | =B4*7 42 504
S | Insurance 2 60 720
6
A B c | D E
1 Time period
2 | Type of service | Day Week Month Year
3 | Petrol 9.2 64.4 276 3312
4 | Maintenance 1.4 9.8 42 504
5 | Insurance 2 14 60 720
6
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12. Now, we are going to add a Total A B | ¢ | b | E
row by typing ‘Total’ in cell A6. 1 Time period
Click in cell B6, 2 | Type of service | Day Week Month Year
type = SUM (B3:B5) , 3 | Petrol 92| 644 276 3312
and Enter. This command will add | Mo L4 o8 0 soa
. aimtenance . .
up the values in cells B3, B4 and
5 | Insurance 2 14 60 720
B5.
6 | Total 12.6
13. This time drag the small circle in A B | ¢ | b | E
the bottom right corner of cell B6 to 1 Time period
the right to copy the formula in cells |, Type of service | Day Week | Month | Year
C6, D6 and E6. 3 | Petrol 9.2 64.4 276 3312
4 | Maintenance 14 9.8 42 504
5 | Insurance 2 14 60 720
6 | Total 12.6 88.2 378 4536

Exercise 3.5 Rates and costs

1. Compare the two quotes given by two computer technicians, Joanna and Dimitri, for a four-hour job.
Joanna charges a $65 fixed fee and $80 per hour. Dimitri charges a $20 fixed fee and $100 per hour.

2. Hamish and Hannah are two tilers. Hamish charges $200 for
surface preparation and $100 per square metre, while Hannah
charges $170 for surface preparation and $120 per square metre.
Compare their charges for job that covers an area of 10 m”.

3. Calculate the following costs for a tradesperson.

a. A fixed fee of $35 and $50 per hour for 3 hours.
b. A fixed fee of $45 and $65 per hour for 2 hours.

A fixed fee of $20 and $30 per half an hour for 1.5 hours.

A fixed fee of $80 and $29.50 per 15 minutes for 30 minutes.

A fixed fee of $70 and $37.50 per half an hour for 2.5 hours.

A fixed fee of $100 and $50.25 per 15 minutes for 45 minutes.

- 0 2 0
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10.

11.

12.

13.

K Lynne needs a plumber to fix the drainage of her house. She obtained three different quotes:
Quote 1: Fixed fee of $80 and $100 per hour.
Quote 2: Fixed fee of $25 and $120 per hour.
Quote 3: Fixed fee of $70 and $110 per hour.
a. Which quote is the best if the job requires 2 hours?
b. Which quote is the best if the job requires 7 hours?
a. Calculate the fuel consumption (in L/100 km) for the
following three cars:
i. a sedan using 35 L of petrol for a trip of 252 km
ii. a wagon using 62 L of petrol for a trip of 428 km
iii. a4WD using 41 L of petrol for a trip of 259 km.
b. Which of the three cars is most economical?
A lawyer charges a $250 application fee and $150 per
hour. How much money would you spend for a case that requires 10 hours?

. Calculate and compare the fuel consumption rates for a sedan travelling in city conditions for 37 km on

5L and a 4WD travelling on the highway for 216 km on 29 L.

KA Ant spends $129 a month on fruit, $18.20 a week on vegetables and $0.30 per day on eggs.
Calculate Ant’s daily, weekly and monthly spending for the three types of food and construct a table to
display these costs.

Shirley spends $2.80 a week on potatoes, $45 a month on tomatoes
and $1.60 per day on cheese. Calculate Shirley’s daily, weekly and
monthly spending for the three types of food and construct a table to
display these costs.

K21 Halina spends $4.10 per day on petrol, $18.20 a week on
insurance and $39 per month on maintenance for her car. Calculate
Halina’s daily, weekly, monthly and yearly spending for the three types
of services and construct a table to display these costs.

Andy spends $17.50 per week on petrol, $72 a month on insurance and $612 per year on maintenance
for his car. Calculate Andy’s daily, weekly, monthly and yearly spending for the three types of services
and construct a table to display these costs.

Elaine spends $15 a day on food, Tatiana spends $126 a week on food and Anya spends $420 per month
on food.

a. How much money does Anya spend on food per day?

b. How much money does Tatiana spend on food per day?

c. Who, out of the three friends, spends the most on food per month? Explain your answer.

EZX] Carol has noticed that she spends too much money buying tops and wants to cut down her
spending. She separated the tops into three categories: singlets, casual and formal. She added up the
money she spent on these items and recorded them in the table shown. Fill in the rest of the table.

ke

Time period

Category = Day ($) Week ($) Month ($)
singlets 3.42

casual 198.30
formal 52.50

Total
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14.

15.

16.

17.

18.
19.

20.

Nadhea made a budget for clothing. She made four categories: small items, bottoms (skirts and
trousers), dresses and tops. She added up the money she spent on these items and recorded them in the
table shown. Fill in the rest of the table.

Time period
Category Day ($) | Week ($)  Month ($)
small items 2.65
bottoms 325.50
dresses 22.40
tops 6.20
Total

Paris uses both her personal car and public transport. She spends $630 per year on car insurance, $9.10
per week on petrol and $21 per month on maintenance. She also spends $5.80 per day on public
transport. Tabulate this data and calculate Paris’ daily, weekly, monthly and yearly spending for running
the car and catching public transport. (Assume Paris catches public transport every day of the year.)

If the total cost for running a car for 12 days is $27, what is this cost per day, per week, per month and
per year?

EZZA Construct an Excel spreadsheet for 8.

Construct an Excel spreadsheet for 14.

Using a calculator, a spreadsheet or otherwise calculate the weekly and monthly spending on food,
clothes and transport for the following daily costs:

a. $10 on food, $ 6.70 on clothes and $5.20 on transport.

b. $12.15 on food, $9.65 on clothes and $10.80 on transport.

c. $5.21 on food, $7.26 on clothes and $2.95 on transport.

d. $8.93 on food, $12.54 on clothes and $3.72 on transport.

Using a calculator, a spreadsheet or otherwise calculate the daily and monthly spending on food, clothes
and transport for the following yearly costs:

a. $3720 on food, $2700 on clothes and $2100 on transport.

b. $5610 on food, $3200 on clothes and $4016 on transport.

c. $7200 on food, $3410 on clothes and $1800 on transport.

d. $6960 on food, $4230 on clothes and $3500 on transport.
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3.0 Review: exam practice

3.6.1 Rates: summary
Identifying rates

A rate is a type of fraction that compares the size of one quantity in relation to another quantity. Unlike ratios,
rates have units.

In a rate, the two quantities being compared may have different units.

One quantity
Another quantity

Rate =

To calculate a rate, divide the first quantity by the second quantity.
Some common rates that involve time include:

Distance
Speed = —
p Time
Litres
Flow rate = —
Minute
Number of heartbeats
Heart rate = -
Minutes

Some common rates that don’t involve time include:

. Rise
Gradient = —
Run
) Amount of solution
Concentration =
Amount of solvent
Mass
Density = ————
y Volume

Conversion of rates
A rate is a measure of the change in one quantity with respect to another.

Change in Y

Th f ch f Y with X=ogr=
e rate of change o with respect to Change in X

To change the unit of a rate:

e Convert the numerator to the new rate.

¢ Convert the denominator to the new rate.

* Divide the new numerator by the new denominator.

Comparison of rates
Rates can be used to make comparisons; however, to make an accurate comparison it is important to have
both rates in the same units.

Rates and costs

e Trades costs:
Cost = fixed fee + charge per hour x hours
* Fuel consumption is the number of litres used to run a vehicle for a distance of 100 km

petrol used

km travelled x100

Fuel consumption =
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* Fuel consumption varies according to factors such as
+ the type of vehicle, motor size and make
+ road and traffic conditions
¢ weather conditions.
* Living costs can be calculated by adding up all the money spent.
* Living costs are estimated per day, per week, per month or per year.
* Excel spreadsheets are a practical and useful tool when calculating budgets.

Exercise 3.6 Review: exam practice

Simple familiar
1. [[I9 If a runner travels 3 km in 10 minutes and 20 seconds, the runner’s average speed in m/s is:
A. Sm/s. B. 5.24 m/s. C. 4.84m/s. D. 4.64m/s.
. I If an escalator rises 3.75 m for a horizontal run of 5.25 m, then the escalator’s gradient is:
A. 1.4. B. 1.21. C. 0.91. D. 0.71.
3. The speed limit around schools is 40 km/h. This rate when converted to m/s is:
A. 144 m/s. B. 120 m/s. C. 11.1m/s. D. 12.5m/s.
4. @ On average, Noah kicks 2.25 goals per game of soccer. In
a 16-game season the number of goals Noah would kick is:

N

A. 32. B. 36. c. 30. D. 38.
5. I If car A travels at 60 km/h and car B travels at 16 m/s, which of the
following statements is correct? 7

A. They travel at the same speed.
B. Car A travels 0.67 m/s slower than car A.
C. Car A travels 44 km/h faster than car B.
D. Car B travels 0.67 m/s slower than car A.
6. ¥ Atthe gym Lisa and Simon were doing a skipping exercise. Lisa
completed 130 skips in one minute, whereas Simon skipped at a rate of
40 skips in 20 seconds. In 3 minutes of skipping, which statement is correct?
A. Simon completes 20 more skips.
B. Lisa completes 20 more skips.
C. Lisa completes 30 more skips.
D. Simon completes 30 more skips.
7. The Shinkansen train in Japan travels at a speed of
approximately 500 km/h. The distance from Broome
to Melbourne is approximately 4950 km. How long, to
the nearest minute, would it take the Shinkansen train to
cover this distance?
A. 9 hours 54 minutes B. 0.1 hours
C. 10 hours D. 9 hours 56 minutes and
48 seconds

8. If the cost of food per week for a family is $231 and the cost of petrol per month is $159.60, the
corresponding costs for food and petrol per day, respectively, are:
A. $7.7 and $5.32 B. $5.32and $32 C. $7.7 and $22.8 D. $33and $5.32

9. I3 A rate of 86.4 L/h is equivalent to:
A. 24 mL/sec. B. 24 L/sec. C. 1.44 mL/min. D. 24 mL/min.
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10. [II¥ A sedan, a wagon and a 4WD are travelling the same distance of 159 km. The sedan uses 20 L for
this trip, the wagon uses 22 L. and the 4WD uses 25 L. The fuel consumptions for the 4WD, wagon and
sedan are respectively:

A. 13.8 L/km, 15.7 L/100km, and 12.6 L/100 km.
B. 15.7 L/100km, 12.6 L/km and 13.8 L/100 km.
C. 15.7 L/100km, 13.8 L/km and 12.6 L/100 km.
D. 13.8 L/km, 15.7 L/100km and 12.5 L/100 km.

Complex familiar
11. Convert the following rates to the rates shown in the brackets.
a. 17m/s (km/h) b. 24.2 L/min (L/h)
c. 0.0125c/sec ($/min) d. 2.5kg/mL (g/L)
12. A dragster covers a 400 m track in 8.86 sec.
a. What is its average speed in m/s?
b. If it could maintain this average speed for 1 km, how long
would it take to cover the 1 km?
13. Olivia’s hair grows at a rate of 125 mm/month, whereas
Emily’s grows at 27.25 mm/week. If their hair is initially
5 cm long, how long will their hair be after 1 year
(assume 52 weeks in a year)?

14. Igor worked 4 weeks at the rate of $693.75 per week before his wage was increased to $724.80 per
week.
a. How much money was he paid for the 4 weeks?
b. How much money will he earn at the new rate for the next 4 weeks?
c. How much more money is Igor receiving per week?
d. What is the difference between his earnings for the first four weeks compared to the following four
weeks?

Complex unfamiliar

15. It takes me 2 hours to mow my lawn. My son takes 2.5 hours to mow the same lawn. If we work
together using two lawnmowers, how long will it take to mow the lawn? Give your answer in hours,
minutes and seconds.
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16. To renovate your house you may require a number of different tradesmen. Given the charges of each
tradesman and the hours required to complete their section of the work, calculate the total cost of the
renovation.

* Carpenter at $60 per hour, for 40 hours.

* Electrician at $80 per hour for 14.5 hours.

* Tiler at $55 per hour for 9 hours and 15 minutes.

* Plasterer at $23 per half hour for 8 hours and 20 minutes.

e Plumber with a call out charge of $85 and $90 per hour for 6.5 hours.

17. Following the Australian tax rates shown, calculate the amount of tax to be paid on the following
taxable incomes.

Tax rates:
Taxable income Tax on this income
0 —$18200 Nil
$18,201-$37 000 19¢ for each $1over $18200
$37001-$80 000 $3 572 plus 32.5¢ for each $1over $37000
$80001-$180 000 $17 547 plus 37c for each $1 over $80 000
$180001 and over $54 547 plus 45¢ for each $1 over $180 000
a. $21000 b. $15600
c. $50000 d. $100000
e. $210000
18. Given the nutrition information in the label shown, calculate the following.
NUTRITION INFORMATION
SERVINGS PER PACKAGE: 3 SERVING SIZE: 150g
QUANTITY PER SERVING QUANTITY PER 100g
Energy 608KJ 405KJ
Protein 4.2¢ 2.8¢g
Fat, total 7.4g 4.9¢
Saturated 4.5¢ 3.0g
Carbohydrate | 18.6g 12.4¢g
Sugars 18.6g 12.4¢g
Sodium 90mg 60mg

If you ate 400 g, how much energy would that include?

If you ate 550 g, how much saturated fat would that include?

If you had one serving, how much protein would this include?

If you had three serves then how much sugar would that include?

If you ate 350 g, what percentage of carbohydrates would you have consumed?
If you ate 250 g, what percentage of total fat would you have consumed?

-~ P 20T
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Answers
Chapter 3 Rates

Exercise 3.2 Identifying rates

1. a. 40 km/h
b. 11.11m/s

2. 50 beats/minute
Mass

Volume

3. a. = Density

Distance

b. W = Speed
Ri

c. € Gradient
Run

Amount of solution .
d. = Concentration
Amount of solvent

4. a. 80km/h
c. 0.2L/s

. 1.21m/s

. 29.32km/h

. 160.92 km/h

14.5 cm/year

. 8 cm/year

b. $3.90/m
d. 0.14 km/min

© © N o o

10. 6.14 cm/year

11. 75 students/year

12. 50000 g/m®

13. 111.11 mL/L

14. 0.01 g/mL

15. 2750 organisms/L; the beach is safe for swimming
16. 0.1

17. 0.51°C/s

18. a. 800kg/m’
b. 1025kg/m’
c. Ollie is 225 kg/m3 denser than Simon.

Exercise 3.3 Conversion of rates
1. 34km/h

13. $202.50

14. a. 80km/h

15. 12.5 years

16. 10days and 12 hours

b. 340km

Exercise 3.4 Comparison of rates

1. Car A rate = 12.3 L/100km
Car Brate = 12L/100 km
Therefore Car B has the best fuel economy.

2. Car A = 8.19L/100km
Car B = 8.81 L/100 km
Therefore Car A is more economical.

3. 290 g:rate = $1.68/100 g
805 g:rate = $1.08/100 g
Therefore cheaper by: $1.68 — $1.08 = $0.60 per 100 g.

4. 22.5¢g/LL
Since the solvent is what the solution is dissolved in, then
double the solvent halves the concentration.

5. Pack of 10: $0.145 each
Pack of 25:$0.154 each
Technically speaking the pack of 10 is cheaper, but when
rounded off to the nearest cent they are the same price for
each tea bag.

6. 2502:3.80$/100 g
100g:4.10$/100 g
It is cheaper to buy the 250 gram jar by 30 cents per 100
grams.

7. Product A has 15% fat and Product B has 26% fat, therefore
Product A is healthier according to total fat.

8. a. 128.57 runs per 100 balls

135.48 runs per 100 balls

David Warner has the greater strike rate by 6.91 runs
per 100 balls.

51 beats/min

48 beats/min

Athlete B has the lower heart rate by 3 beats/minute.
Athlete A: 73 440

Athlete B: 69 120

10. a. i. 1.10x 10*'m? i. 5464.15kg/m’
b. i. 1.56x 10*m’ i. 1215.26kg/m®
c. No because they have different densities

11. Speed 2003:9.48 m/s

o

a0 oo

2. $15/kg

3. a. 60km/h b. 200 m/min
c. 0.3L/s d. 2mm/day

4. a. 0.2 km/min b. 0.4 L/min
c. 0.32$/min d. 0.45cents/g

5. a. 27.78 m/s b. 666.67 mL/min
. a. 5.50cents/cm b. 36.00km/h

7. a. 70000 m/h b. 40000 g/min
c. 7200 $/h d. 27000¢g/L

8. a. 22.22m/s b. 90.00 km/h
c. 50.00kg/L d. 21.60L/h

9. 725760 beats

10. $9.00

11. $198.75

12. 33112 800 beats

12,

13.

Speed 2005:9.71 m/s
Joshua Ross ran faster in winning the Stawell Gift in 2005.

Brand B is better because it is 10.5 cents per grams
compared to 12.4 cents per 100 grams for Brand A.

a. Company A = $83.40
Company B = $116.20
b. Company A = $129.80
Company B = $153.90
c. Company A = $77
Company B = $111
Therefore Company A is cheaper to travel 100 km.
d. Company A is cheaper for smaller trips; however
Company B would be better for trips greater than 667 km
since its rate per kilometre is lower. Both companies
have a rate at around 667 kilometres travelled.
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Exercise 3.5 Rates and costs 13. Time period
1. Joanna = $385, Dimitri = $420 Category | Day ($) Week ($) | Month ($)
2. Hanish = $1200, Hannah = $1370, singlets 3.42 23.94 | 102.60
3. a. $185 b. $175 casual 6.61 46.27 198.30
- 2;2 5% f‘ iégg s formal 750 | 5250 | 225.00
. ' o Ot;: 5 b' 0 Ot; X Total 17.53 | 122.71 | 525.90
. a. u . u
5. a. i. 13.89L/100km i. 14.49L/100km 14 . .
iii. 15.83 L/100 km ' Time period
b. The sedan Category Day ($) | Week ($) | Month ($)
6. $1750 small items 2.65 18.55 79.50
7. Sedan — 13.51L/100km bottoms 10.85 75.95 325.50
4WD — 13.43L/100km dresses 3.20 22.40 96.00
The fuel consumption rate is better when travelling on a toDS 6.20 43.40 186.00
highway compared to city driving. p ’ : :
Total 22.90 160.30 687.00
8. Time period
TyPe of food | Day ($) | Week ($) | Month ($) 15. i panea
fruit 430 30.10 129.00 Type of service | Day | Week | Month| Year
vegetables 2.60 18.20 78.00 ) $) $) $)
eggs 0.30 2.10 9.00 insurance 1.75| 12.25 | 52.50 630
Total 7.20 50.40 216.00 fuel 1.30 | 9.10 39 468
maintenance 0.70 | 4.90 21 252
9- Time period public transport | 5.80 | 40.60 174 2088
Type of food | Day ($) | Week ($) | Month ($) Total $9.55) $66.85 |$286.50 | $3438.00
potatoes 0.40 2.80 12.00
tomatoes 1.50 10.50 45.00 16. Perday:$2.25
Per week: $15.75
cheese 1.60 11.20 48.00 Per month: $67.50
Total 3.50 24.50 105.00 Per year: $810
10 17. A B | ¢ | D
. Time period 1 Time period
Type of service | Day | Week | Month| Year 2 | Type of food | Day Week | Month
($) ($) ($) ($) 3 | fruit 4.30 30.10 129.00
petrol 4.10 | 28.70 | 123.00| 1476.00
4 | vegetables 2.60 18.20 78.00
insurance 2.60 | 18.20 | 78.00 | 936.00
- S | eggs 0.30 2.10 9.00
maintenance 1.30 | 9.10 39.00 468.00
Total 8.00 | 56.00 | 240.00| 2880.00 B Total 720] S040] 21600
18. A B | ¢ | b»
11. Time period 1 Time period
D k Month
Type of service | Day | Week | Month| Year 2 Categ(_)ry d Wee ont
©) ) ) ) 3 | small items 2.65 18.55 79.50
petrol 2.50 | 17.50 | 75.00 | 900.00 4 | bottoms 10.85 75.95| 32550
insurance 2.40 | 16.80 | 72.00 | 864.00 S5 | dresses 3.20 22.40 96.00
maintenance 1.70 | 11.90 | 51.00 | 612.00 6 | tops 6.20 43.40| 186.00
Total 6.60 | 46.20 | 198.00| 2376.00 7 | Total 2290| 160.30| 687.00
. 19. a.  Weekly: $153.30 b.  Weekly: $228.20
12. a. $14 b. $18 c. Tatiana Monthly: $657 Monthly: $978
c.  Weekly:$107.94 d.  Weekly: $176.33

Monthly: $462.60 Monthly: $755.70
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20. a. Daily: $23.67
Monthly: $710
c. Daily: $34.47

Monthly: $1034.17

3.6 Review: exam practice

1. C 2. D 3. C
6. C 7. A 8. D

11. 61.2km/h
1452L/h
0.0075 $/min
2500000 g/L

12. a. 45.15m/s
b. 22.15 sec

13. Olivia: 155cm
Emily: 146.7 cm

$2775
. $2899.20
$31.05
. $124.20

a0 oo

14.

20T

. Daily: $35.63
Monthly: $1068.83 16.
. Daily: $40.81

© »
> o

Monthly: $1224.17

10. C

17.

18.

15. 1 hour 6 minutes 40 seconds

Trade Calculation Total
Carpenter | $60 X 40 = $2400 $2400
Electrician | $80 %X 14.5 = $1160 $1160
15
Tiler $55 x 9& = $508.75 $508.75
20
Plasterer | ($23 x2) X 8% = $383.33 | $383.33
Plumber $85 + $90 x 6.5 = $670 $670
TOTAL $5122.08
a. $532 b. $0
c. $7797 d. 24947
. $68047
a. 1620kJ b. 16.5¢g
c. 42¢g d. 55.8¢
12.4% f. 4.9%
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CHAPTER 4
Percentages

4.1 Overview

LEARNING SEQUENCE

4.1 Overview

4.2 Calculate percentages

4.3 Express as a percentage

4.4 Percentage decrease and increase
4.5 Simple interest

4.6 Review: exam practice

CONTENT

In this chapter, students will learn to:
e calculate a percentage of a given amount
e determine one amount expressed as a percentage of another for same units
e determine one amount expressed as a percentage of another for different units [complex]
e apply percentage increases and decreases in situations, including mark-ups, discounts and GST [complex]
¢ determine the overall change in a quantity following repeated percentage changes [complex]
e calculate simple interest for different rates and time periods [complex].

Fully worked solutions for this chapter are available in the Resources section of your eBookPLUS at
www.jacplus.com.au.

CHAPTER 4 Percentages 101



4.2 Calculate percentages
4.2.1 Converting percentages to fractions

The term per cent means ‘per hundred’ or ‘out of 100°. The symbol for per cent is %. For example, 13%
means 13 out of 100.

Since all percentages are out of 100, they can be converted to a fraction by dividing the percentage value
by 100 and, if required, simplified.

1
To convert a percentage to a fraction, divide by 100 or multiply by 100 and simplify; for example,

7
35% = % _

20190 20

5, 2 _ 8 _1
477 4%100 a9y 16

4 64 64 1664 16
123%=5%= 537100 = 125500 125

425 025x10 7425 17

42:5% =100 = To0x 10 ~ 1000 ~ 40

.°1 1| Resources

Interactivity: Fractions as percentages (int-3994)

Interactivity: Percentages as fractions (int-3992)

WORKED EXAMPLE 1

Write the following percentages as fractions in their simplest form.

a. 35% b. g% c.25 %% d.0.75%
THINK WRITE
a. 1. Divide the integer value by 100. a. 35% = %
7 }5’ 7
2. Simplify by dividing the numerator and = 100 =20
denominator by the highest common factor (in this
case 5).
. . 5 5 1
b. 1. Convert the fraction percentage to a fraction by b. §% =3 X 100
L 1
multiplying by 100" . 1
2. Simplify by dividing the numerator and = 90300 = 760

denominator by the highest common factor (in this
case 5).
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1 4%x25+1 101
c. 1. Convert the mixed number to an improper fraction.  c. 25 4_1% = %% = %%
. . 101 101 1
2. Convert the improper fraction percentage to a 7 % = o X 100
. L 1
fraction by multiplying by 100"
101
3. Simplify if possible, or if not write the fractional = %
answer.
.. . 0.75
d. 1. Divide the decimal value by 100. d. 0.75% = 100

0.75 _075%x 100 75

2. Convert the decimal value to an integer by 100 — 100x100 — 10000

multiplying by an appropriate multiple of 10. Also
multiply the denominator by this multiple of 10.
(Here 0.75 has 2 decimal places, so to make it an
integer multiply by 100.)

375 3

3. Simplify by dividing the numerator and T on = 100
denominator by the highest common factor (in this
case 25).

4.2.2 Converting percentages to decimals

In order to convert percentages to decimals divide by 100.
When dividing by 100 the decimal point moves two places to the left.

.0 11| Resources

Interactivity: Percentages as decimals (int-3993)

Interactivity: Decimals as percentages (int-3995)

WORKED EXAMPLE 2

Werite the following percentages as decimals.

a.67% b. 34.8%
THINK WRITE
a. 1. Convert the percentage to a fraction by dividing by  a. 67% = o7
100
100.

2. Divide the numerator by 100 by moving the decimal 67 '
point two places to the left. Remember to include a 100 — = I S 0L
zero in front of the decimal point.

4.
b. 1. Convert the percentage to a fraction by dividing by  b. 34.8% = %
100.
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2. Divide the numerator by 100 by moving the decimal 34.8

point two places to the left. Remember to include a 100 st s LU= 10

zero in front of the decimal point.

4.2.3 Converting a fraction or a decimal to a percentage

To convert a decimal or fraction to a percentage, multiply by 100.
When multiplying by 100, move the decimal point two places to the right.

WORKED EXAMPLE 3

Convert the following to percentages.

2
.0.51 b. =
? 5
THINK WRITE
a. 1. To convert to a percentage, multiply by 100. a. 0.51 x100 =51%

2. Move the decimal point two places to the right and
write the answer.

2 40 40
b. 1. To convert to a percentage, multiply by 100. b. 3 X 100 = ;?6 =T
= 40%

2. Simplify the fraction by dividing the numerator and
denominator by the highest common factor (in this case 5).

4.2.4 Determining the percentage of a given amount

Quantities are often expressed as a percentage of a given amount.
For example, the percentage of left-handed tennis players is around
10%. So, for every 100 tennis players, approximately 10 of them
will be left handed.

To determine the percentage of an amount, convert the percentage
to a decimal and multiply by the amount. For example,

25% of 40 kg = % x40

=0.25 x 40
= 10kg
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WORKED EXAMPLE 4

Calculate the following.

a. 35% of 120 b. 76% of 478 kg
THINK WRITE
a. 1. Write the problem. 35% of 120
2. Express the percentage as a fraction and multiply by the = % X 120
amount.
3. Write the answer. =42
b. 1. Write the problem as a decimal. 76% of 478 kg
2. Express the percentage as a fraction and multiply by the = % X 478
amount.
3. Write the answer. Remember the result has the same units. = 363.28 kg

WORKED EXAMPLE 5

If 60% of Year 11 students said Mathematics is their
favourite subject and there are 165 students in Year 11, to
the nearest person, how many students claimed that
Mathematics was their favourite subject?

THINK WRITE
1. Write the problem as a mathematical expression. 60% of 165
2. Write the percentage as a fraction and multiply by the amount. = % X 165
3. Simplity. = 0.60 X 165
=09
4. Write the answer. 99 Year 11 students said

their favourite subject was
Mathematics.

=)
.°11 Resources

Interactivity: Percentage of an amount using decimals (int-3997)
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4.2.5 A shortcut for determining 10% of a quantity

To determine 10% of an amount, divide by 10 or move the decimal point one place to the left; for example,
10% of $23 = $2.30
10% of 45.6 kg = 4.56 kg
This shortcut can be adapted to other percentages; for example, to determine:
¢ 5% first determine 10% of the amount, then halve this amount.
* 20% first calculate 10% of the amount, then double this amount.
* 15% first calculate 10%, then 5% of the amount, then add the totals together.
e 25% first calculate 10% of the amount and double it, then calculate 5%, then add the totals together.

WORKED EXAMPLE 6

Determine the following:

a. 10% of $84 b.5% of 160 kg c. 15% of $162
THINK WRITE
a. 1. To calculate 10% of 84, move the decimal point one 10% of $84 = $8.40
place to the left.
b. 1. First calculate 10% of 160. To do this, move the 10% of 160 kg = 16 kg
decimal point one place to the left.
2. To calculate 5%, divide the 10% value by 2. 1—26 =38
3. Write the answer. 5% of 160 kg = 8 kg
c. 1. First calculate 10% of 162. To do this, move the 10% of $162 = $16.20
decimal point one place to the left.
2. To calculate 5%, divide the 10% value by 2. 5% of 162 = @ = 8.10
3. Determine 15% by adding the 10% and 5% values 16.20 + 8.10 = 24.30
together.
4. Write the answer. 15% of $162 = $24.30
.. 1| Resources
Interactivity: Common percentages and shortcuts (int-3999)
Exercise 4.2 Calculate percentages
1. [IZ] Write the following percentages as fractions in their simplest form.
a. 48% b. 26.8% c. 12%% d. g%

106 Jacaranda Maths Quest 11 Essential Mathematics Units 1 & 2 for Queensland



10.

11.

12.

13.

form.
a. 92%
b. 74.125%

c. 66%%

Write the following percentages as fractions.

a. 88% b.

c. 0.92% d.

e. 30%% f.

K23 Write the following percentages as decimals.

a. 713% b.

Write the following percentages as decimals.

a. 2.496% b.

Write the following percentages as decimals.

a. 43% b.

c. 80% d.

e. 24.05% f.

=] Write the following as a percentage.

a. 0.21 b.

Write the following as a percentage.

a. 0.652 b. 75

Write the following as a percentage.

a. 0.55 b.
1

C. 5 d.

1

e. 2§ f.

KT Calculate the following:

a. 45% of 160 b.

Calculate the following:

a. 63% of 250 b.

Determine the following to the nearest whole number.

a. 34% of 260 b.

c. 12.5% of 250m d.

e. 60.25% of 1250 g

K If a student spent 70% of their part-time
weekly wage of $85 on their mobile phone bill,

how much were they charged?

f.

. Write the following percentages as fractions in their simplest

25%

35.5%

3
721%

94.3%
0.62%

39%
47.25%
0.83%

4
5

0.83
7

8
1.65

28% of 288 kg.
21.5% of $134
55% of 594 kg

45% of 482
37% of 2585
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14. If a dress was marked down by 20% and it origi-
nally cost $120, by how much has the dress been

marked down?
15. [l Determine the following:

a. 10% of $56
b. 5% of 250kg
16. Determine the following:
a. 15% of 370
b. 20% of 685.

17. If 35% of the 160 students surveyed in Year 11
prefer the PlayStation 4, without using a calculator
calculate how many Year 11 students prefer the
PlayStation 4.

18. In 2016 Australia had a population of around
23 million people, with approximately 2.8% of
them being Aboriginal and Torres Strait Islander
Peoples. Using these figures, how many Aborigi-
nal and Torres Strait Islander Peoples are there in
Australia?

19. Bella spends 45% of her $1100 weekly wage on her
rent. How much is this?

20. After a good 54 mm rainfall overnight, Jacko’s 7500
litre water tank was 87% full. How much water
did Jacko have in his water following the rainfall?

21. Last year a loaf of bread cost $3.10. Over the last
12 months the price increased by 4.5%.
a. How much, to the nearest cent, has the price of bread
increased over the past 12 months?
b. What is the current price of a loaf of bread?
c. If the price of bread is to increase by another 4.5% over
the next year, what will be the increase in price over the

next 12 months, to the nearest cent?
d. What would a loaf of bread cost 12 months from now?
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22.

23.

24.

25.

26.

Rebecca has had her eyes on her dream pair of shoes and to her surprise
they were on a 25% off sale. If the full price of the shoes is $175, what
price did Rebecca pay for her dream shoes?

The Goods and Services Tax (GST) requires that 10% be added to the price of certain goods and
services. Calculate the total cost of each of the following items after GST has been added. (Prices are
given as pre-tax prices.)

$370
$145
If a surf shop had a 20% discount sale on for the
weekend, what price would you pay for each of the
following items?
a. i. Board shorts $65.00
ii. T-shirt $24.50
iii. Hoodie $89.90
b. How much would you have saved by purchasing
these three items on sale compared to full price?

Catherine was shopping for the best price for a new mini iPad.
She found an ad saying that if you purchase the iPad online you
can get 15% off the price. The original price was advertised at
$585. How much would Catherine save if she made the purchase
online?

If John spends 35% of his $1200 weekly wage on rent,
compared to Jane who spends 32% of her $1050 weekly
wage on rent:

a. who spends the most money per week on rent?

b. what is the difference in John and Jane’s weekly rent?
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48 Express as a percentage
4.3.1 Expressing one amount as a percentage of another

To express an amount as a percentage of another, write the two numbers as a fraction with the first number
on the numerator and the second number on the denominator. Then convert this fraction to a percentage by
multiplying by 100.

WORKED EXAMPLE 7

Express the following to the nearest percentage.
a. 37 as a percentage of 50
b. 18 as a percentage of 20
c. 23 as a percentage of 30.

THINK WRITE
a. 1. Write the amount as a fraction of the total. Amount = 7
Total 50
2. Multiply the fraction by 100 and express as a % X 100 = 19.5%

percentage.

. . Amount 18
b. 1. Write the amount as a fraction of the total. =

Total 20
1
2. Multiply the fraction by 100 and express as a % X 100 = 90%
percentage.
c. 1. Write the amount as a fraction of the total. Amount = =
Total 30
23
2. Multiply the fraction by 100 and express as a 30 X 100 = 76.666%
percentage. =77

3. Round to the nearest percentage.

4.3.2 Expressing one amount as a percentage of another for different
units

When expressing one amount as a percentage of another, ensure that both amounts are expressed in the same
units.

WORKED EXAMPLE 8

Write 92 cents cents as a percentage of $5, to one decimal place.

THINK WRITE
1. Since the values are in different units, convert the $5 = 500 cents
larger unit into the smaller one.
. . 92
2. Write the first amount as a fraction of the second. 500
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2
3. Multiply the fraction by 100. ;m x 100

4. Calculate the percentage and round to one decimal = 18.4%
place as required.

° 11| Resources

Interactivity: One amount as a percentage of another (int-3998)

WORKED EXAMPLE 9

If Liz Cambage scored 12 baskets from the free throw line out of
her 15 shots, what percentage of her free throws did she get in?

THINK WRITE
A t 12
1. Write the amount as a fraction of the total. mount _ 1=
Total 15
i ' 12
2. Multiply the fraction by 100 and express as a 5 X 100 = 80%
percentage.

4.3.3 Percentage discounts

. . . . Amountsaved
To determine a percentage discount, determine the fraction:

W and multiply by 100.

WORKED EXAMPLE 10

A T-shirt was on sale, reduced from $89.90 to $75.45. What percentage was taken off the original
price? Give your answer to one decimal place.

THINK WRITE

Amount saved = $89.90 — $75.45
=$14.45

1. Calculate the amount saved.
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Amountsaved  14.45
Original amount ~ 89.90

2. Divide the amount saved by the original price.

14.4
3. Multiply the fraction by 100 to get the percentage. ﬁ x 100
4. Calculate the value of the expression. 16.0734%
5. Round to one decimal place. 16.1% discount on the original price
| 1 | Resources
Interactivity: Discount (int-3744)
Exercise 4.3 Express as a percentage

1. Express each of the following to the nearest percentage.

a. 64 as a percentage of 100 b. 13 as a percentage of 20 c. 9 as a percentage of 30
2. Express each of the following to the nearest percentage.

a. 37 as a percentage of 50 b. 21 as a percentage of 40 c. 15 as a percentage of 23
3. [l Express the following to the nearest percentage.

a. 36 as a percentage of 82 b. 45 as a percentage of 120 c. 12 as a percentage of 47

d. 9 as a percentage of 15 e. 15 as a percentage of 44 f. 67 as a percentage of 175
4. Express the following as a percentage, giving your answers to one decimal place.

a. 23.5of 69 b. 59.3 of 80 c. 45.75 of 65

d. 23.82 of 33 e. 0.850f5 f. 1.590f2.2

5. Write 53 ¢ as a percentage of $3, to one decimal place.

6. Write 1500 m as a percentage of 5 km.

7. Express the following as a percentage, giving your answers to one
decimal place.

a. 68cof $2 b. 31cof $5 c. 67gof2kg
d. 0.54gof 1kg e. 546 m of 2km f. 477m of 3km
g. 230 mm of 400 cm h. 36 min of 3 hours

8. [ If Tom Lynch kicks 6 goals from his 13 shots at goal, what
percentage of goals did he kick? Give your answer correct to 2 places.
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9. If Greg Inglis has 8 of his team’s 32 tackle breaks in a game, what percentage of the team’s tackle
breaks did Greg have?

10. If a student received 48 out of 55 for a mathematics test, what percentage, correct to 2 decimal places,
did they get for their test?
11. Corn Flakes have 7.8 g of protein per 0.1 kg. What percentage of Corn Flakes is protein?

12. Adam Scott hit 16 greens in regulation in his 18-hole round of golf. What was his percentage, correct to
1 decimal place, of greens in regulation for this round?

N sy ] .
13. [IEH If a pair of boots were reduced from $155 to $110, what was the percentage discount offered on
the boots? Give your answer to one decimal place.
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14. Olivia saved $35 on the books she purchased, which were originally priced at $187.
a. How much did she pay for the books?
b. What percentage, correct to 1 decimal place, did she save from the original price?

15. A store claims to be taking 40% off the prices of all
items, but your friend is not so sure. Calculate the
percentage discount on each of the items shown and
determine if the store has been completely truthful!

Was $99
o Now$59.40

Was $59.95|
Now $35.95| .

Was $19.50 ==
Now $11.70

4.4 Percentage decrease and increase
4.4.1 Percentage decrease

A percentage decrease is often used to discount goods that are on sale. A discount is a reduction in price from
its original marked price.

When the discount is expressed as a percentage, to determine the amount of the discount we need to multiply
the original price by the discount percentage expressed as a decimal.

Percentage change
100

Discount = X Original price

. . : . 10
For example, a 10% discount on an item marked at $150 gives a discount of 100 X $150 =0.1 x $150 = $15.

Calculating the discounted price
The discounted price can be calculated in two ways.

Method 1
* Calculate the discount by multiplying the original price by the percentage expressed as a decimal.
* Subtract the discount from the original price.

Method 2:

i . Percentage discount
* Discounted price = | 1 —

100

WORKED EXAMPLE 11

A store has a 15% off everything sale. Molly purchases an item that was originally priced at $160.
a. What price did Molly pay for the item?
b. How much did she save from the original price?

) X original amount.

THINK WRITE

a. 1. Method 1: a. Discount = 0.15 X $160 = $24
Discount is 15% of $160, so multiply 0.15 (15%
as a decimal) by $160.
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. Find the discounted price by subtracting the

discount from the original price.

. State the discounted price.

. Method 2:

. Calculate the discounted price.
. Method 1:

Calculate the saving as a percentage of the
original price.

2. State the amount saved.
3. Method 2:

Calculate the difference between the original
price and the discounted price (found in part a).

. State the amount saved.

Discounted price = $160 — $24 = $136

Molly paid $136.
. . 15
Discounted price = (1 = m) X 160
=(1-0.15)x 160
= (.85 x 160

= $136

b. Saving = 0.15 X $160 = $24

Molly saved $24.

Saving = $160 — $136 = $24

Molly saved $24.

4.4.2 Percentage increase

Just as some items are on sale or reduced, some items or services increase in price. Examples of increases in

price can be the cost of electricity or a new model of car.

We calculate the percentage increase in price in a similar way to the percentage decrease; however, instead
of subtracting the discounted value we add the extra percentage value.

WORKED EXAMPLE 12

Ashton paid $450 for his last electricity bill, and since then the charges have increased by 5%.
a. Assuming he used the same amount of electricity, how much extra would he expect to pay on his
next bill?

b. How much will his total bill be?

THINK

a. 1.

To calculate the increase amount, multiply the

percentage increase by the previous cost.

. State the amount of the extra charge.
. Calculate the total cost of the bill by adding the

extra charge to the original cost.

. State the total cost of the bill.

WRITE

5% of $450 = 0.05 x $450
= $22.50

The extra charge is $22.50.

Total bill = $450 + $22.50

Total bill = $472.50
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01! Resources

Interactivity: Percentage increase and decrease (int-3742)

4.4.3 Repeated percentage change

In many situations the percentage change differs over the same time period. For example, the population of a
small town increases by 10% in one year and the following year increases by only 4%. If the initial population
of the town is known to be 15 500, then percentage multipliers can be used to calculate the population of the

r r

town after the 2 years. The multiplying factor is 1 + 100" where r is the percentage increase and 1 — 100°

where r is the percentage decease.

1
An increase of 10% means the population has increased by a factor of 1 + r.% = 1.10 and an increase of

4% means the population has increased by a factor of 1 + il = 1.04.

100
Therefore, the population after 2 years is:

15500 x 1.10 x 1.04 = 17732

Overall percentage change

To calculate the overall percentage change in the situation described previously, multiply the two
percentage factors together, 1.10 X 1.04 = 1.144. This is 0.144 greater than 1. Convert 0.144 to a
percentage by multiplying by 100. That gives a percentage change of 0.144 — 100 = 14.4%.

WORKED EXAMPLE 13

Calculate the overall change in the following quantities.
a. A small tree 1.2 metres in height grew by 22% in the first year and 16% in the second year. What
was its height at the end of the second year?

b. An investment of $12 000 grew by 6% in the first year and decreased by 1.5% in the second year.
What was the value of the investment at the end of the second year?

THINK WRITE
a. 1. The multiplying factors are found using the two First percentage change
percentages 22% and 16% and 1 + ﬁ =14+ % = 122
Second percentage change
16
=1+—=1.16
100
2. Multiply the initial height of the tree by 1.22 and 1.2%x1.22%1.16 = 1.698
1.16.

3. Write the answer. The height of the tree after two years
is 1.70 m correct to two decimal
places.

b. 1. The multiplying factors are found using 6% and First percentage change
1+ ﬁ for the increase and 1.5% and 1 — WFO for =1+ % = 1.06
the decrease.
Second percentage change
1.5
=1 - 100 = 0.985

116 Jacaranda Maths Quest 11 Essential Mathematics Units 1 & 2 for Queensland



2. Multiply the initial investment by 1.06 and 0.985. 12000 x 1.06 X 0.985 = 12 529.20

3. Write the answer. The value of the investment after two
years is $12 529.20.

Exercise 4.4 Percentage decrease and increase

1. [EIZEH A store has a 25% off everything sale. Bradley purchases an item that was originally priced at
$595.
a. What price did Bradley pay for the item?
b. How much did he save from the original price?

2. Nico purchases a new pair of shoes that were marked
down by 20%. Their original price was $139.95.

a. What price did Nico pay for the new shoes?
b. How much did he save?

3. A new suit is priced at $550. How much would you pay if you received the
following percentage discount?
5%
10%
15%
20%
30%
50%

- P 20T

4. A pool holds 55000 L of water. During a hot summer
week the pool lost 5.5% of its water due to evaporation.
a. How much water was lost during the week?
b. How much water did the pool hold at the end of the week?
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5. [EIEA This year it costs $70 for a ticket to watch the
Australian Open Tennis at the Rod Laver Arena. Tick-
ets to the Australian Open Tennis are due to increase by
10% next year.

a. How much will the tickets increase by?
b. How much would you expect to pay for a Rod
Laver Arena ticket for the tennis next year?

6. A television costs $2500 this week, however next week
there will be a price increase of 7.5%. How much
would you expect to pay for the television next week?

7. The Australian government introduced a Goods and
Services Tax (GST) in 2006. It added 10% to a variety of
goods and services. Calculate the price after GST
has been added to the following pre-taxed prices.

a. $189 car service

b. $1650 dining table setting
c. $152.50 pair of runners

d. $167.85 pair of sunglasses

8. When you purchase a new car you also need to pay
government duty on the car. You must pay a duty
of 3% of the value of the car for cars priced up to
$59 133 and 5% of the value for cars priced over
$59 133.

a. Calculate the duty on each of the following car

values.

i. $15500 i. $8000
ii. $21750 iv. $45950
v. $65000 vi. $78 750

b. Calculate the cost of each of the cars including the
government duty.
9. A sports shop is having an end-of-year sale on

all stock. A discount of 20% is applied to cloth-
ing and a discount of 30% is applied to all sports
equipment. What discount will you receive on the
following items?
a. A sports jumper initially marked at $175.
b. A basketball ring marked at $299.
c. A tennis outfit priced at $135.
d. A table tennis table initially priced at $495.

10. A clothing store has a rack with a 50% off sign on it. As a weekend special, for an hour the shop owner
takes a further 50% off all items in the store. Does that mean you can get clothes for free? Explain your
answer.
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11. The following items are discounted as shown.

$260 with 33 %% discount

$450 with 20% discount

$600 with 15% discount

a. Which item has the largest discount?
b. Which of the purchases give the same discount?
c. What is the difference between the largest and smallest discount?
d. What percentage discount would you need if you only have $420 to buy the bike?
12. A new car was purchased for $35 000. It depreciates from its current value each year by the percentage
shown in the table.
a. Complete the table.

End year = % depreciation | Depreciation ($) = Value (%)
First 10% $3500 $31500
Second 7.5% $2362.50

Third 6%

Fourth 5%

Fifth 4%

b. If the car continued to lose 2% each year in the sixth, seventh, eighth and ninth year, how much

would the car be worth at the end of the ninth year?
13. EI2H Calculate the overall change for each of the following situations.

a. A new IT company of 2400 employees grew its workforce by 3% in the first year and 4.5% in the
second year. How many employees did the company have at the end of the second year?

b. Roya had invested $250 000 in her superannuation fund. The fund grew at 6% in the first year but had
negative growth of 3.5% in the second year. How much was in the superannuation fund at the end of
the second year?
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14. Chris purchased a new car for $42 000. After 1 year, the value of the car had decreased by 8%. In the
following year, the value of the car decreased by a further 5.2%.
a. Calculate the value of the car at the end of the two years.
b. What is the overall percentage change of the car at the end of the two years? Give your answer
correct to the nearest percent.
15. An amount of $55 000 is invested for 7 years in an account that grows by 6.5% every year. How much is
the investment worth at the end of the 7 years?
16. Alex has been saving his money for a new
tennis racket. He has been monitoring the
website that sells top brands and notices a
Yonex Ezone racket for $329.95. The next
week he notices there is a 20% off sale on
all rackets on this website. After talking
to some of his friends he decides to wait
until the EOFY sale in case it is marked
down further. To his delight, another 15%
is taken off the sale price and he then pur-
chases the racket. How much did Alex pay
for the racket?

17. Priscilla takes her savings of $17 000 and invests it in a fixed term deposit that pays 5% each year on the
money that is in the account. At the end of the fixed term, her savings are worth $20 663.60. Using a
trial and error method, determine the length in years of the fixed term.

18. Heidi decided to purchase a bottle of perfume for
her mother on Mother’s Day. She was able to get her
mother’s favourite perfume at 20% off the original price
of $115.50. What price did Heidi pay for the perfume?

19. Store A had to increase their prices by 10% to cover
expenses, whereas store B was having a 15% off sale
over the entire store. Sarah wanted to purchase a Blu-
ray player and assumed it would be better to get it from
store B since it was having a sale. The original price of
the Blu-ray player at store A was $185, whereas at store
B it was originally priced at $240.

a. Was Sarah’s assumption correct? Prove this
mathematically.
b. What is the difference in the prices of the Blu-ray player?
20. A classmate was completing a discount problem where she needed to calculate a 25% discount on $79.
She misread the question and calculated a 20% discount to get $63.20. She then realised her mistake and
took a further 5% from $63.20. Is this the same as taking 25% off $79? Use calculations to support your
answer.
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4.5 Simple interest

4.5.1 Principal, interest and value

When you put money in a financial institution such as a bank or credit union, the amount of money you start
with is called the principal.

People who place money in a bank or financial institution (investors) receive a payment called interest
from the financial institution in return for leaving their money in the financial institution.

The amount of interest is determined by the interest rate.

An interest rate is quoted as a percentage for a given time period, usually a year. For example, a bank might
offer 5.8% per year interest on its savings accounts. This is also written as 5.8% per annum, or 5.8% p.a.

4.5.2 Simple interest calculations

Simple interest is the interest paid on the principal amount of an investment.

The amount of interest paid each time period is based on the principal, so the amount of interest is constant.
For example, $500 placed in an account that earns 10% simple interest per year earns $50 each year, as shown
in the following table.

Amount of money at the start | Amount of interest after one
Time period (years) of the year year
1 $500 $50
2 $550 $50
3 $600 $50
4 $650 $50

The total interest earned is 4 X 50 = $200, so the value of the investment after 4 years is 500 + 200 = $700.
Simple interest is calculated using the formula below.

_PXRXT
100

1

where I = interest
P = principal
R = interest rate (as a percentage)
T = the number of time periods for which the money is invested.

If R is given as a percentage per year, then the time, 7, must be given in years. If R is given as a percentage
per month, then 7 must be given in months.
The total amount of money is known as the value of the investment.

Value = principal (P) + interest (/)
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WORKED EXAMPLE 14

A real estate developer offers investors a chance to invest in their latest development. If $10 000 is
invested, the developer will pay 11.5% simple interest per year for 5 years . Calculate the value of
the investment.

THINK WRITE
1. Identify the known quantities. P =10000
R=11.5%
T=5
2. Calculate the amount of interest (/) using the Interest = 10000 T()g)l 9 X3
formula 7 = M
100 = $5750
3. The value of the investment after 5 years is the sum  Value = 10000 + 5750
of the interest ($5750) and the principal ($10 000). = 15750
4. Answer the question. The value of the investment after 5
years is $15 750.

In some cases, the time period for which the money is invested is not a multiple of the time quantity that the
interest rate is quoted as; for example, if the interest rate is given as a per year rate and the money is invested
for 3 months. In these instances it is necessary to calculate the equivalent interest rate for the time units for

which the money is invested.

WORKED EXAMPLE 15

A bank offers interest on its savings account at 4% per year. If a Year 11 boy opens an account
with $600 and leaves his money there for 4 months, how much interest does he earn?

THINK

1.

The interest rate period is per year and the amount
of time the money is invested for is in months.
Calculate an equivalent monthly interest rate. Since
there are 12 months in a year, divide the annual
interest rate by 12 to get a monthly interest rate.

. Identify the known quantities. Note that we are now

dealing in months, rather than years.

. Calculate the amount of interest (7) using the

PXRXT

fi lal=
ormula 100

. Answer the question.

WRITE
& L
12 3
4% per year is %% per month.
P =600
R= %% per month
T = 4 months

600 X 1 X 4
Interest = T

=38

The total interest earned for 4
months is $8.
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4.5.3 Calculating the interest rate

If the interest (/), principal (P) and time period (7) are known, it is possible to calculate the interest rate using
the simple interest formula.

WORKED EXAMPLE 16

A Year 11 girl is paid $65.40 in interest for an original investment of $800 for 2 years . What is the
annual interest rate?

THINK WRITE
1. Identify the known quantities. I = $65.40
e interest (/) P = $800
e principal (P) T = 2 years
 time period (7)
2. Substitute the values into the formula 65.40 = %
= PXRXT
100
. . 1600 X R
3. Solve the equation for R to find the annual interest 65.40 = 00
rate by:
« multiplying both sides by 100 65.40 X 100 = 1600 X R
* dividing both sides by 1600. €00 =
1600
R=4.09
4. Answer the question. The annual interest rate is 4.09%.

Similarly, the formula could be used to find P if I, R and T are known:

I_PxRxT
T 100
1007
P_RxT

and it could be used to find 7' if 7, P and R are known:

I_PxRxT

T 100
1007

T_PxR

.°11 | Resources

Interactivity: Simple interest (int-6074)
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Exercise 4.5 Simple interest

10.

11.

12,

13.

. I3 If the annual interest rate is 8%, then the monthly

. In your own words, explain the difference in meaning in the following pairs of terms:

a. principal and value of the investment

b. amount of interest and interest rate.

K2 A film producer offers investors the chance to

invest in his latest movie. If $20 000 is invested, the
producer will pay 22.3% simple interest per year for 2 years.
Determine the value of the investment at the end of the

2 years.

@ If an investment of $400 pays 8% simple interest per year, then the value of the investment at the
end of 3 years is:

A. $32. B. $96. C. $432. D. $496.

Calculate the simple interest paid on the following investments.

a. $500 at 6.7% per year for 2 years

b. $500 at 6.7% per year for 4 years

c. $1000 at 6.7% per year for 4 years

Calculate the amount of interest paid on a $1000 investment at 5% for 5 years.

EZZH A bank offers interest on its savings account of 6% p.a.

If a Year 11 girl opens an account with $750 and leaves
her money there for 5 months, how much interest does
she earn?

interest rate is closest to:

A. 0.8%. B. 0.77%.

C. 0.67%. D. 0.6%.
Calculate the interest paid on the following investments.
a. $500 invested at 8% per annum for 1 month

b. $500 invested at 8% per annum for 3 months

c. $500 invested at 8% per annum for 6 months
Calculate the value of the following investments.

a. $1000 invested at 10% p.a. for 10 years

b. $1000 invested at 12% p.a. for 10 months

c. $1000 invested at 6% p.a. for 3 years

A bank offers investors an annual interest rate of 9% if they buy a term deposit. If a customer has $5600
and leaves the money in the term deposit for 2.5 years, what is the value of the investment at the end of
the 2.5?

KT A Year 11 girl is paid $79.50 in interest for an original investment of $500 for 3 years. What is
the annual interest rate?

Bank A offers an interest rate of 7.8% on investments, while Bank B offers an interest rate of 7.4% in
the first year and 7.9% in subsequent years. If a customer has $20 000 to invest for 3 years, which is the
better investment?

I3 If the total interest earned on a $6000 investment is $600 after 4 years, then the annual interest
rate is:

A. 10%. B. 7.5%. C. 5%. D. 2.5%.
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14. Determine the annual interest rate on the following investments.
a. Interest = $750, principal = $6000, time period = 4 years
b. Interest = $924, principal = $5500, time period = 3 years
c. Interest = $322, principal = $7000, time period = 3 months
15. An online bank has a special offer on term deposits as shown below.

Term deposit

Special offers:

4.50 %, . 4.35%, . 4.50 %, -

for 5 months for 6 months for 24 months

*Interest is calculated daily and paid at maturity.

The fine print at the bottom of the web page contains the following information:

Rates shown above are the nominal interest rates for a term deposit of $10 000. Interest is payable at
maturity and if you choose a 24-month deposit you can request interest to be transferred to you every
month, once a quarter, at six months or at maturity.
a. For each of the offers, use technology to determine the total amount of the term deposit at the end of
the term.
b. Calculate the final amount in a 24-month term deposit that was opened with $10 000 if the interest is
calculated on the new total when the interest is added to the account:
i. annually
ii. at the end of every month
iii. at the end of every quarter
iv. at the end of each six-month period.
c. Which of the interest payment options from part b would you choose? Why?

16. Your parents decide to borrow money to improve
their boat but cannot agree which loan is the bet-
ter value. They would like to borrow $2550. Your
mother goes to Bank A and finds that they will

1 . . o L ~ k N
lend the money at 115 % simple interest per year = = v
for 3 years. Your father finds that Bank B will lend “"‘5&\\\\ \E,

the $2550 at 1% per month simple interest. o it

a. Which bank offers the best rate over the three years?
b. Provide reasons for your answer to part a.

The statement below relates to questions 17 and 18.
A loan is an investment in reverse; you borrow money from a bank and are charged interest. The value
of a loan becomes its total cost.
17. A worker wishes to borrow $10 000 from a bank, which charges 11.5% interest per year. If the loan is
over 2 years:
a. calculate the total interest paid.
b. calculate the total cost of the loan.
18. Most loans require a monthly payment. The monthly payment of a simple interest loan is calculated by
dividing the total cost of the loan by the number of payments made during the term of the loan.
Determine the monthly payment for the loan in question 17 above.
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4.0 Review: exam practice

4.6.1 Percentages: summary
Calculate percentages

The term ‘per cent’ means per hundred or out of 100.
* A percentage can be converted to a fraction or decimal by dividing the percentage by 100.
* To convert a decimal or fraction to a percentage, multiply by 100.
* When multiplying a decimal by 100, move the decimal point two places to the right.
» To find the percentage of an amount, convert the percentage to a decimal and multiply by the amount.
* To find 10% of an amount, divide by 10 or move the decimal point one place to the left.
¢ To find 5%, halve 10%.
¢ To find 20%, double 10%.
e To find 15%, add 10% and 5%.
¢ To find 25%, double 10% and add 5%.

Express as a percentage

To express an amount as a percentage of another, write the amount as a fraction and then convert the fraction
to a percentage by multiplying by 100.
* When expressing one amount as a percentage of another, make sure that both amounts have the same

units.
Amount saved

Original price and multiply by 100.

* To find a percentage discount, find the fraction
Percentage decrease and increase

The percentage discounted price can be calculated two ways:

Method 1:
e Calculate the discount by multiplying the original price by the percentage expressed as a decimal.
* Subtract the discount from the original price.

Method 2:
percentage discount
100
We calculate the percentage increase in price in a similar way to the percentage decrease, however instead

* Discounted amount = (1 ) X Original price
of subtracting the discounted value we add the extra percentage value.

To calculate the percentage discount, write the fraction as the discounted amount divided by the original
amount, then multiply by 100.

Simple interest

Simple interest is the interest paid on the principal amount of an investment.
Simple interest is calculated using the following formula.

_ PXRXT

! 100

where [ = interest
P = principal
R = interest rate (as a percentage)
T = the number of time periods for which the money is invested.
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Exercise 4.6 Review: exam practice

Simple familiar

1.

10.

11.

12.

I The percentage 45% expressed as a simplified fraction is:

1 9 3 9
A. 1 B. 30" C. 30" D. 75
. & 64% of 280 is closest to:
A. 210. B. 79. C. 179. D. 101.
I3 270m of 1.5 km as a percentage is closest to:
A. 18%. B. 24%. C. 14%. D. 27%.

I The cost of a $16 000 new car increased by 7.5%. The amount by which the car increased in price is
closest to:

A. $750. B. $950. C. $1200. D. $1000.

IId The annual salary of a sales assistant increased from $45 000 to $48 600. The percentage salary
increase is:

A. 4%. B. 5%. C. 6%. D. 8%.

I3 Air contains 21% oxygen, 0.9% argon, 0.1% trace gases and the remainder is nitrogen. The
percentage of nitrogen in the air is:

A. 100%. B. 50%. C. 35%. D. 78%.

E A tree was planted when it was 2.3 m tall. In the first year after planting it grew by 30% and in the
second year by 12%. At the end of the second year after planting, the height of the tree is closest to:

A. 3.35m. B. 2.66 m. C. 4.56m. D. 3.95m.

IE The sale price of the car is:

A. $25000.

B. $27000.

C. $28000.

D. $28500.

M3 If a house that cost $200 000 to build is sold
for $10 000 less, then the percentage discount is:
A. 95%.

B. 5%.

C. 90%.

D. 10%.

3 If an investment of $400 pays 8% simple interest per year, then the value of the investment at the
end of 3 years is:

A. $32. B. $96. C. $432. D. $496.
& If the annual interest rate is 8%, then the monthly interest rate is:
A. 0.8%. B. 0.77%. C. 0.67%. D. 0.6%.

3 If the total interest earned on a $6000 investment is $600 after 4 years, then the annual interest
rate is:
A. 10%. B. 7.5%. C. 5%. D. 2.5%.

Complex familiar

13.

The winner of a football tipping competition wins 65% of the prize pool, second place wins 20% and
third place receives what is left over. The prize pool is $860. Calculate the amount:
a. first prize wins. b. second prize wins. c. third prize wins.
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14. Laptops were on a weekend sale, where
they were reduced by 30%. For a laptop
valued at $1500, calculate:
a. the amount of money saved.
b. the sale price of the laptop.
15. Express the following as percentages.
a. 756 m of 2.7km
b. 45gof 0.85kg
c. 15¢cof $2.90
d. 45 sec of 1.5 min
16. A person invests $100 each month, earning
simple interest of 1% per month for 4 months.
a. Calculate the interest on the first investment, which earns interest for 4 months.
b. Calculate the interest on the second, third and fourth investments, which earn interest for 3 months, 2
months and 1 month respectively.
c. Calculate the total value of the investment at the end of the 4 months.
Complex unfamiliar

17. An expensive lamp has a regular price of $200. At that price the shop expects
to sell 4 lamps per month.

 If offered at a discount of 10%, the shop will sell 8 lamps per month.

If offered at a discount of 20%, the shop will sell 16 lamps per month.

If offered at a discount of 30%, the shop will sell 20 lamps per month.
These lamps cost the shop $100 each.

a. Determine the total value of the sales in each of the 3 discount cases above.
b. Which discount results in the highest total sales?

18. Anastasia is holding a birthday party and she has invited 25 friends and 15 family members.
a. Express the number of friends as a percentage of the total number of people invited.
b. Express the number of family member as a percentage of the total number of people invited.
c. For catering purposes, 25% of people are vegetarians and 75% of people like desserts. How many
people are vegetarians and how many like desserts?
d. On the day, not everybody turns up. Anastasia couldn’t remember exactly how many turned up, but
remembered that they had to reduce the amount of food by 20%. How many people turned up?
19. A pathologist was paid $104 000 last year.
a. What is the pathologist’s fortnightly salary (assume 26 fortnights per year)?
b. What is the pathologist’s annual superannuation payment (assume 11% per year)?
c. The pathologist is offered a pay increase of 5.5% for next year. What is her new fortnightly salary?
d. The pathologist can save $20 000 each year towards a new house. What percentage of her new annual
salary is this?
Assuming an 80-hour work fortnight, what is the pathologist’s new hourly wage?
The pathologist’s union also gets the employer to pay 50% extra for any overtime (over 80 hours per
fortnight). If the pathologist worked 92 hours last fortnight, what was her pay for that fortnight?
g. The pathologist pays income tax according to the following table.

- 0
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20.

Income Tax rate = Tax payable

0 and $18200 0% Nil

$18201 and $37000 | 19% 19 cents for each $1 over $18 200

$37001 and $90000 | 32.5% $3572 plus 32.5 cents for each dollar over $37 000
$90001 and $180000 | 37% $20 797 plus 37 cents for each dollar over $90 000
$180001 and above 45% $54 097 plus 45 cents for each dollar over $180 000

Calculate the pathologist’s annual tax based on her new salary.

than $100, less than $100 or exactly $100?

b. Explain your answer to part a, using mathematics to support your answer.
c. If you decrease $100 by 30% and then increase the new amount by 30%, will you end up with more

than $100, less than $100 or exactly $100?

new amount.

d. Explain your answer to part ¢, using mathematics to support your answer.
e. Find the percentage change needed in parts a and c above to get back to the original $100 from the

. If you increase $100 by 30% and then decrease the new amount by 30%, will you end up with more

. Is the percentage change in part a greater than or less than the percentage change in part ¢? Why?
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Answers
Chapter 4 Percentages

Exercise 4.2 Calculate percentages

12 67
1. a. — b. —
25 250
31 1
c. — d —
250 125
23 593 2
2. a. — b. — c. —
25 800 3
22 1 23
3. aa — b. — c. ——
25 4 2500
71 38 291
d — e. — f. —
200 125 400
4. a. 0.73 b. 0.943
5. a. 0.02496 b. 0.0062
6. a. 0.43 b. 0.39 c. 0.80
d. 0.4725 e. 0.2405 f.  0.0083
7. a. 21% b. 80%
8. a. 65.2% b. 32%
9. a. 55% b. 83% c. 50%
d. 87.5% e. 220% f. 165%
10. a. 72 b. 80.64kg
11. a. 157.5 b. $28.81
12. a. 88 b. 327kg c. 31m
d. 217 e. 753¢g f. 956
13. $59.50
14. $24
15. a. $5.60 b. 12.5kg
16. a. 55.5 b. 137
17. 56
18. 644 000
19. $495
20. 6525 litres
21. a. l4cents b. $3.24
c. 15cents d. $3.39
22. $131.25
23. a. $1375 b. $159.50 c. $407
24. a. i. $52.00 ii. $19.60 iii. $71.92
b. $35.88
25. Save $87.75
26. a. John spends: $420 b. $84

Jane spends: $336
John spends more

Exercise 4.3 Express as a percentage

1.
2.

a. 64% b. 65% c. 30%
a. 74% b. 53% c. 65%

3. a. 44% b. 38% c. 26%
d. 60% e. 34% f. 38%

4. a. 34.1% b. 74.1% c. 70.4%
d. 72.2% e. 17.0% f. 72.3%

5. 17.7%

6. 30%

7. a. 34.0% b. 6.2% c. 3.4%
d. 0.1% e. 27.3% f. 15.9%
g. 5.8% h. 20.0%

8. 46.15%

9. 25%

10. 87.27%

11. 7.8%

12. 88.9%

13. 29.0%

14. a. $152 b. 18.7%

15. Top 1: 40% discount
Shoes 1: 40% discount
Top 2: 40% discount
Shoes 2: 35.5% discount

Exercise 4.4 Percentage decrease and increase

1. a. $446.25 b. $148.75
2. a. $111.96 b. $27.99
3. a. $522.50 b. $495
c. $467.50 d. $440
e. $385 f. $275
4. a. 3025L b. 51975L
5. a. $7 b. $77
6. $2687.50
7. a. $207.90 b. $1815
c. $167.75 d. $184.64
8. a. i. $465 i. $240 iii. $652.50
iv. $1378.50 v. $3250 vi. $3937.50
b. i. $15965 ii. $8240 iii. $22402.50
iv. $47328.50 v. $68250 vi. $82687.50
9. a. $35 b. $89.70
c. $27 d. $148.50

10. No you cannot get clothes for free.
You get 50% off the already reduced price. This means the
price is first halved, then another 50% off means it is halved
again, so you are paying one quarter of the original price.
For example, if something originally costs $160:
0.5 x $160 = $80
0.5 x $80 = $40

11. a. Camera: $86.67

iPhone: $95

Speakers: $90

Bike: $90

The iPhone is reduced by $95 which is the largest.

b. Both the speakers and bike are reduced by $90.

$8.33
d. 30%

o
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12. See table bottom of the page.*

$23039.83

13. 2583

14. a. $36630.72

15. $85469.26

16. $224.37

17. 4 years.

18. $92.40

19. a. Store A: $203.50
Store B: $204

No, Sarah was not correct, store A was cheaper.
b. 50 cents

b. $255725
b. 87%

p o oo

c. Receiving interest payments at the end of each month is
the best option. This is because the interest received at
the end of each month is reinvested to earn ‘interest on
interest’ more quickly than the other option.

16. a. Bank A
b. Total interest for Bank A: $867

Total interest for Bank B: $918

17. a. $2300 b. $12300
18. $512.50

Exercise 4.6 Review: exam practice

1. B 2. C 3. A 4. C 5. D 6. D
20. Method 1: $60.04 7. A 8. D 9. B 10. D 1. C 12. D
Method 2: $59.25 . 13. a. $559 b. $172 c. $129
No, it is not the same since taking the 5% discount after the
20% discount is on the reduced value of $63.20, thus this 14. a. $450 b. $1050
method gives a smaller discount. 15. a. 28% b. 5.29% c. 517%
d. 50%
Exercise 4.5 Simple interest 16. 2. 34 b. 83, 82,31 o 8410
o ) 17. a. $1440, $2560, $2800 b. 30%
1. a. Principal is the amount of money you start with and
value of the investment is the combination of the 18. a. 62.5% . b. 37.5%
principal and interest. c. Vegetarians = 10 d. 32
b. Interest is a payment from the financial institution and Dessert = 30
interest rate is the percentage that determines the 19. a. $4000 b. $11440 c. $4220
amount of interest. d. 18.23% e. $52.75 f. $5169.50
2. $28920 g. $28093.40
3. D 20. a. Less than $100
b. 30% of $100 is $30
4. a. $67 b. $134 c. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>