UNIT

SQUARES, SQUARE
ROOTS, CUBES AND
CUBE ROOTS

Unit outcomes

After completing this unit, you should be able to:

> understand the notion square and square roots and cubes
and cube roots.

» determine the square roots of the perfect square
numbers.

> extract the approximate square roots of numbers by
using the numerical table.

» determine cubes of numbers.

> extract the cube roots of perfect cubes.

Introduction

What you had learnt in the previous grade about multiplication will be used in
this unit to describe special products known as squares and cubes of a given
numbers. You will also learn what is meant by square roots and cube roots and
how to compute them. What you will learn in this unit are basic and very

important concepts in mathematics. So get ready and be attentive!
———————————— 1
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1.1 The Square of a Number

1.1.1 Square of a Rational Number

Addition and subtraction are operations of the first kind while multiplication and
division are operation of the second kind. Operations of the third kind are
raising to a power and extracting roots. In this unit, you will learn about
raising a given number to the power of “2” and power of “3” and extracting
square roots and cube roots of some perfect squares and cubes.

Group Work 1.1
Discuss with your friends
1. Complete this Table 1.1. Number of small squares

Standard Factor Power
1 Form Form Form
a) 1
1 1x1 12
b) 2
2
4 2x2 22
) 3
3
d) a
4
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e)

5
Figure 1.1

2. Put three different numbers in the circles so that when you add the numbers at
the end of each - line you always get a square number.

Figure 1.2

3. Put four different numbers in the circles so that when you add the numbers at
the end of each line you always get a square number.

Figure 1.3

For example some few square numbers are: )
a) 1x1=1isthe1® square number c)3x3= 9 is the 3" square number.
b) 2x 2 =4 is the 2™ square number d)’ 4><4 16 is the 4™ square number.

a) " b) L { ) d)
\ : -2.... Wi
Figure 1.4 A square number can be shown as a pattern of squares
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If the number to be multiplied by itself is ‘a’, then the product (or the result
a x ) is usually written as a? and is read as:

v asquared or

v’ the square of a or

v’ ato the power of 2
In geometry, for example you have studied that the area of a square of side
length ‘a’ is a x a or briefly a2.

When the same number is used as a factor for several times, you can use-an
exponent to show how many times this numbers is taken as a factor or base.

1 Exponent
49 - 72 Ba:e
Standard ‘
numeral form l
- Power form
Note: 72is read as
v 7 squared or
v’ the square of 7 or
v’ T to the power of 2
[T ERE Find the square of each of the following.
a) 8 b) 10 c) 14 d) 19

Solution
Q) 8°=8x8=64
b) 10%=10x10= 100
¢) 14°=14x14=196
d) 19°=19x19 =361

IECTAIEY Y 1dentify the base, exponent, power form and standard form of
the following expression.
a) 102 b) 182

4 e —————
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| Solution ———exponent
100 - 10 ____base

a) I
Standard
[_ Power form

numeral form

b) ——exponent 5k o
324 = | base VN
Standard A

numeral form Power form A VY

Note: There is a difference between a2 and 2a. To see this distinction |
consider the following examples of comparison.

IETTTIEEY 4) 302 = 30 x 30 = 900 while 2 x 30 = 60 %

b) 40° = 40 x 40 = 1600 while 2 x 40 = 80

¥y

2 _ ,/"-I.'J /
¢) 522 =52 x 52 = 2704 while 2 x 52 = 104/ %
Hence from the above example; you can generalize that a2 ‘=axaand
2a =a+ a, are quite different expressions. il (N

T 1=1%4=2%9=3 16 42 25=5%, Thusl 4,9, 16 and 25
are perfect squares

‘_J

Note: A perfect square is a number that is a product of a rational
number times itself and its square root is a rational number.

IEZETIEEE  In Table 1.2 below some natural numbers are given as values
of x. Find x* and complete table 1.2.

2 |

x 1112134510 15/2012535
X
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Whenx=1,x*=12=1x1=1
Whenx=2,x2=2?=2x2=4
Whenx=3,x*=3=3x3=9
Whenx =4, x*=4*=4x4=16
When x =5,x*=5*=5x5=25
When x = 10, x* = 10 = 10 x 10 = 100
When x = 15, x> = 152 = 15 x 15 = 225
When x = 20, x* = 20%= 20 x 20 = 400
When x = 25, x* = 25% = 25 x 25 = 625
When x = 35, x* = 35 = 35 x 35 = 1225

213 |4 |5 |10 (15 |20 |25 |35

4 19 |16 | 25| 100 | 225|400 | 625 1225

You have so far been able to recognize the squares of natural numbers, you also

know that multiplication is closed in the set of rational numbers. Hence itis
possible to multiply any rational number by itself.

Example 6:

Find x? in each of the following where x is rational number

given as:
4 1
a) x=3 b)x =3 )X == d) x =0.26
a)xz—(i)z—fxf— 4x4_ 16
“\3) T 3737 3x3”
2
1 110 1x1_ 1
b) ¥=(3) =5%3=35=5
2
3 3.3 3x3
9 = FNF%i= mr=t
2
2 = 2_ (2_6) 260 26 26X26 676
d X (0,26)"= 100/ ~ 10007 100 100 x100 10,000
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Note:

I. The squares of natural numbers are also natural numbers.

il. 0x0=0 therefore02=0

iii. We give no meaning to the symbol 0°

iv. fae Qanda=0,thenat=1

v. For any rational number ‘a’, a x a is denoted by a2 and read as
“a squared” or “a to the power of 2” or “the square of a”.

Exercise 1A

1.

Determine whether each of the following statements is true or false.

a) 15%=15x15 d) 81% = 2x 81 g) x2="2%
b) 20%=20 x 20 e) 41 x 41 = 412 h) x%= 2%
c) 19°=19x19 f) - (50)* = 2500 i) (-60) % = 3600
Complete the following.
a) 12 x = 144 d)(3a)°=__ x_
b) 51 x = 2601 e)8a= _  +
c) 60%= x f) 28'x 28 =
Find the square of each of the following.
a) 8 b) 12 c) 19 d) 51 e) 63 f) 100
Find x? in each of the following.
=50
a) X=6 C)X:'O.?) e) X:T g)X:007
1
b)x:E d) x= -20 f) x =56

a. write down a table of square numbers from the first to the tenth.
b. Find two square numbers which add to give a square number.
Explain whether:

a. 441 is a square number. c. 1007 is a square number.
b. 2001 is a square number.

e ——— 7
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Challenge Problems

7. Find
a) The 8" square number. c) The first 12 square numbers.
b) The 12" square number.

8. From the list given below indicate all numbers that are perfect squares.
a) 50 20 64 30 1 80 8 49 9
b) 10 21 57 4 60 125 7 27 48 16 25 90
c) 137 150 75 110 50 625 64 81 144
d) 90 180 216 100 81 75 140 169 125

9. Show that the difference between any two consecutive square numbers is

an odd number.

10. Show that the difference between the 7" square number and the 4™ square
number is a multiple of 3. .

Theoremi1.1: Existence theorem
For each rational number x, there is a rational

number y (y > 0) such that x*> = y.

TR 2 By the existence theorem, if

a) x=9,theny=9*=81 ) x =-17, then y = (-17)? = 289

2
b) x=05,theny=(0.57=0.25 d) x==theny=(<) ==

Rough calculation could be carried out for approximating and checking the
results in squaring rational numbers. Such an  approximation depends on
rounding off decimal numbers as it will be seen from the following examples.

Find the approximate values of x®in each of the following:
a) x=34
b) x=9.7
¢) x=0.026

8 e ————e
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a) 3.4~3thus(3.4)°~3*=9
b) 9.7 ~ 10 thus (9.7)* ~ 10° = 100

3

2
c) 0.026 ~0.03 thus (0.026) ~ (—) = 0.0009

100

Exercise 1B
1. Determine whether each of the following statements is true or false.

a) (4.2)is between 16 and 25 d) (9.9)* = 100

b) 0°=2 e) (-13)* =-169

c) 11°> (11.012)%* > 122 f) 81 x 27 = 9% x 9x3
2. Find the approximate values of x? in each of the following.

a) x=32 c)x=-12.1 e) x = 0.086

b) x=9.8 d) x =2.95 f) x=8.80

3. Find the square of the following numbers and check your answers by
rough calculation.
a) 0.87 c) 12.12 e) 25.14 g) 38.9
b) 16.45 d) 42. 05 f) 28.23 h) 54, 88

1.1.2 Use of Table of Values of Squares
Activity 1.1

Discuss with your friends / partners/
Use table of square to find x2 in each of the following.

a)x=1.08 b) x =2.26 c)x=9.99

d) x = 1.56 e)x=5.48 f)x=7.56

v To find the square of a rational number when it is written in the form of
a decimal is tedious and time consuming work. To avoid this tedious
and time consuming work a table of squares is prepared and presented
in the “Numerical tables” at the end of this book.

v In this table the first column headed by x lists numbers starting from
1.0. The remaining columns are headed respectively by the digits 0 to 9.

e ————ee 9
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Now if you want to determine the square of a number for example 2.54 proceed
as follows.

Step i. Under the column headed by x, find the row with 2.5.
Step ii. Move to the right along the row until you get the column under 4, (or
find the column headed by 4).
Step iii. Then read the number at the intersection of the row in (i) and the column
(1i), (see the illustration below).
Hence (2.54)% = 6.452

X [o]1[2[3] 4 [5][6] 7] 8] 9
10

2.0
2'5 6.452
30

2i0

5.0

6:0

T

7,0

8.0

9.0

Figure 1.5 Tables of squares

Note that the steps (i) to (iii) are often shortened by saying “2.5 under 4”.
v" Mostly the values obtained from the table of squares are only
approximate values which of course serves almost for all practical
purposes.

Group work 1.2
Discuss with your group.

Find the square of the number 8.95
a) use rough calculation method.
b) use the numerical table.

10 e ————
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c) by calculating the exact value of the number.
d) compare your answer from “a” to “c”.
e) write your generalization.

Find the square of the number 4.95.
M4 Do rough calculation and compare your answer with the value
obtained from the table.
i. Rough calculation

4.95 ~5and 5° = 25
(4. 95)% ~ 25
ii. Value obtained from the table
1) Find the row which starts with 4.9.
i) Find the column headed by 5.
iii) Read the number, that is (4. 95)* at the intersection of the row in (i) and
the column in (iii); (4. 95) = 24. 50.
iii. Exact Value
Multiply 4.95 by 4.95
4.95 x 4.95 =24. 5025
Therefore (4.95)? = 24. 5025.
This example shows that the result obtained from the “Numerical table” is
an approximation and more closer to the exact value.

Exercise 1C
1. Determine whether each of the following statements is true or false.

a) (2.3)*=5.429 ¢)"(3.56)* =.30. 91 e) (5.67)* =32
b) (9.1) = 973. 2 d) (9.90)* ='98.01 f) (4. 36)* = 16.2
2. Find the squares of the following numbers from the table.
a) 4.85 ). 88.2 e) 2. 60 g) 498 1) 165
3
b) 6.46 d)29.0 f) 5 h) 246

e ——— 11
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1.2 The Square Root of a Rational Number
Group Work 1.3

Discuss with your Friends

Find the square root of each of the following numbers.

1 64 4 25
a) 81 b) 324 c) 2 d) Vo e) 29 f 625
v’ So far you have studied the meaning of x*> when x is a rational number. 1t

is now logical to ask, whether you can go in the reverse (or in the

opposite direction) or not. In this sub unit you will answer this and related
questions in a more systematized manner.

Definition 1.3: Square roots

For any two rational numbers a and b if a2= b, then a is called the
square root of b.

Example 10:

a) 4 is the square root of 16, since 4° = 16.
b) 5 is the square root of 25, since 52 = 25.
c) 6 is the square root of 36, since 6> = 36.

FCTLIERER The area of a square is 49m?. What is the length of each side?

||
I
/xw=A — S L
S x §=49 m?
82=49 m2 I A =49m?2 -
S S
s=7m
=1 I
| I L
S
Figure 1.6

The length of each side is 7 meters. This is one way to express the mathematical
relationship “7 is the square root of 49” because 72 = 49.
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Note:

Vi.

Vi,

The notion “square root” is the inverse of the notion “square of
a number”.

ii. The operation “extracting square root” is the inverse of the operation

“squaring”.

iii. In extracting square roots of rational numbers, first decompose the

number into a product consisting of two equal factors and take one of
the equal factors as the square root of the given number.

The symbol or notation for square root is “v " it s called radical sign.
For b > 0, the expression Vb is called radical b and the number b is

called a radicand.
The relation of squaring and square root can be expressed as follows:

—— Squaring > a’=Db,forb>0

d<— | Squareroot | g’

ais the square root of b and written as a = v/b.

T ERFE Find the square root of x, if x is:

a) 100 b)125 ¢)169 d) 256 e) 625 f) 1600

Mg a) x=100=10x 10

x = 10 ?, thus the square root of 100 is 10.

b) x = 225 =15 x 15
x = 152, thus the square root of 225 is 15.

¢) x=169=13x13
x = 13 thus the square root of 169 is 13.

d) x=256=16 x16
x = 162, thus the square root of 256 is 16.

e) Xx=625=25x25
x = 252, thus the square root of 625 is 25.

f) x'= 1600 = 40 x 40
X =402 thus the square root of 1600 is 40.

13
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Exercise 1D
1. Determine whether each of the following statements is true or false.

900 30
) 0-0 e -~ e TR,
36 1 g r|fJL .
=+ e —_— L = (. _-_.:I-.I.-u'
B) V25 =5 ) V324 3 "’Kﬂ\'- /
sl p (32418 A,
cpV4 2 625 25 (O)
2. Find the square root of each of the following numbers. fr ) A A/
a) 121 c) 289 e) 400 )9). 484 Ve
b) 144 d) 361 f) 441 "h)529 %
3. Evaluate each of the following. W \\/ . .-f;'*"_ WX
1 N AN N7
a) 2_5 d) - 'V576 g) 729"J: -.\\‘ -._) nj'jﬂl"-__.".__‘\\:x.
1 J529 /ST
b) g1 )= h) - NA
81 J625 \ &/ A A
36 . 16 LN\
“\iaa - ) L= N
) - 124 f)-~/676 0 Dy O »
Challenge Problems /N “
4. If —= —2. Find — + — / -{_\ \ N: V "4

y.o o oxT
5. Simplify: (817 +(49)? N3 N

6. Ifx=16andy=625. Find fx+yf
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EERTSER Find
) ool ¢) Josl ) .J0.7921 9) 4/48.8601
b) /o5 d) /06889 f)  Jo.9025

a) 0.01=401x01=01 €) 0.7921=4/0.89x0.89 =0.89
b) 4025 =4/05%x05=05 f)  10.9025 =4/0.95x0.95 =0.95
C) /0.81=4/0.9x0.9=0.9 0) ./48.8601 = /6.99x6.99 = 6.99

d)  ,/0.6889 =+/0.83x0.83 = 0.83

Exercise 1E
Simplify the square roots.

a) +/35.88 C) +/89.87 e) v62.25
b) +/36.46 d) /99.80 f) Y97.81

1.2.1 Square Roots of Perfect Squares
Group work 1.4

Discuss with your group.

1. Find the prime factorization of the following numbers by using the
factor trees.
a) 64 c) 121 e) 324 g) 625 i) 700
b) 81 d) 289 f) 400 h) 676

Note: The following properties of squares are important:

a)® a2
(ab)2=a2x b2 and (Ej = b—z(where b =0).
Thus (2x3)2= 22x 32=36 and (ijz = i = i-
4 4% 16
Remember a number is called a perfect square, if it is the square of a
rational number.

The following properties are useful to simplify square roots of numbers.
Properties of Square roots, fora >0, b > 0.
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If\/g and\/B representrationalnumbers, then

\/Ez\/g\/b_and\/gz% where b = 0.

D CINTIEARE Determine whether each of the following numbers is a perfect
square or not.

1
a) 36 c) 81 e)6765 0)11
4
b) 49 d) 2—2 f) 7

MY 2) 36 is a perfect square, because 36 = 6.

b) 49 is a perfect square, because 49 = 7.
c) 81 is a perfect square, because 81 = 9.

2
d) 49 is a perfect square, becaus 49 _ (L
25 25

16 . 16 (4 Y
e) ——is a perfect square, because—=| —
625 625 (25

f) 7 is not a perfect square since there is no rational number whose
square is equal to 7. In other words there is no rational number n
such thatn® = 7.

g) 11 is not a perfect square since there is no rational number

whose square is equal to 11. In short there is no rational number
n such that n = 11.

BT Use prime factorization and find the square root of each of the
following numbers.

a)/324 b) /400 C) /484
m a)324=2%x2%x3x3x3x3

Now arrange the factors so that 324 is a product of two identical
sets of prime factors.
16
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i.e 324 = (2 x 2 x 3x3 x 3x3) 324
= 2x3x3)x(2x3x3) AN
=18 x 18 = 18 @ 167

So, /324 =+/18x18 =18 Gﬁm
op

b) 400=(2x2x5)x(2x2xD5)
Now arrange the factors so that 400 is a g@
product of two identical sets of prime 6\
factors. 20

i.e 400 = (2x 2 x 5)x(2 x 2x5) é\loo

=20x 20
of

=20°

S0 400 =/20x 20 G)A
=20 25
€)484 = 2x2x 11x11, now arrange the 484
factors so that 484 is a product of two Q{\

identical sets of prime factors.
i.e 484 =2x2 x 11x11
=(2x11)x (2x11) 121
=22 x 22 = 22°
So /484 =/22x 22 G °

=22
Exercise 1F
1. Determine whether each of the following statements is true or false.

f 0
a) '\/64)(25 Z'\/aX'\/E d) @:0

64 1296
4 e) [ —=1
b) 1 ) 0
32 /32 p o729 21
9 \ea~ Jes 1444 ~ 38

17
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2. Evaluate each of the following.

1296 81
a) +0.25 C) 1024 e) 304
625 144
b) +0.0625 d) 1024 f) 200

Challenge Problem
3. Simplify a) v/625-0-+/172-3

b) +/81x 625

2
9 (&

4. Does every number have two square roots? Explain.
5. Which of the following are perfect squares?
{0,1,4,7,12, 16, 25, 30, 36, 42, 49}
6. Which of the following are perfect squares?
{50, 64, 72, 81, 95, 100, 121, 140, 144, 169}
7. Copy and complete.
a) 3% + 4%+ 122 = 13? ) 6%+ 7%+ =
b)5*+62+ = d) X2+ (x+1)>2+ =

Using the square root table
The same table which you can use to determine squares of numbers can be used
to find the approximate square roots, of numbers.

SCTIEREE Find +/17.89 from the numerical table.

Step i. Find the number 17.89 in the body of the table for the function
2
V=X

18 e ————
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Step ii. On the row containing this number move to the left and read
4.2 under x.
These are the first two digits of the square root of 17. 89

Step iii. To get the third digit start from 17.89 move vertically up ward

and read 3.

Therefore +/17.89 =~4.23
X|lo]1]2 3 4 56| 7 8 9
1.0 |
2.0
: 7nd
30
4.0
412 = 17.89
5.0
6.0
70
8.0
9.9

Figure 1.7 Table of square roots

If the radicand is not found in the body of the table, you can consider the number
which is closer to it.

3C1Y I ERMPA Find 4/10.59

W i) It is not possible to find the number 10. 59 directly in the table of
squares. But in this case find two numbers in the table which are
closer to it, one from left (i.e. 10.56) and one form right (10.63)
that means 10.56 < 10.59 < 10.63.
il) Find the nearest number to (10.59) form those two numbers. So

the nearest number is10.56 thus \/10. 59 = \/10.56 = 3.25.
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[ 5CTY T ERE:E Find /83.60

W I. 1t is not possible to find the number 83. 60 directly in the table of
squares. But find two numbers which are closer to it, one from
left (i.e. 83.54) and one from right (i.e 83.72) that means
83.54 < 83. 60 <83.72.

ij Find the nearest number from these two numbers. Therefore the

nearest number is 83. 54, so \/83.60 ~/83.54 =9.14.

Note: To find the square root of a number greater than 100 you can use
the method illustrated by the following example.

FEINT I EMEE Find the square root of each of the following.

a) /6496 b) /9801 ¢) /9880 d) /9506

Solution:

a) v/6496 =+/64.96x100 c) /9880 =+/98.80x100
=+/64.96 x /100 =+/98.80 x /100
=8.06x10 = 9.94x10
=80.6 =994

b) v/9801 = 4/98.01x 100 d) /9506 = 4/95.06x 100

_ 4/98.01 x+/100 — v/95.06 x /100
=9.90x10 =9.75x10
=99 =975
D CINTEWAR Find the square root of each of the following numbers by using
the table
a) v98.41 c) ¥984100 e) v/0.009841
b) 9841 d) +0.9841 f) 4/0.00009841

20
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Solution;|
a) +98.41=9.92 ) +/0.009841 = [98.41x——
10,000
b) /9841 =+/98.41x100 1
=98.41x |———
_ /98 41x+/100 “110,000
=9.92 x 10 1
=909.2 =9.92x 100
= 0.0992
C) /984100 =+98.41x10000 ) 000009841 = /6B AL x| m
=+/98.41 x 4/10000 (U
- 39922 x100 = 99241005
= 0.00992
d) 09841 = [98.41x——
100
1
=4/98.41x |—
Y100
1
=9.92x 1o
=0.992

Exercise 1G
1. Find the square root of each of the following numbers from the table.

a) 15.37 d) 153.1 g) 997 j) 5494
b) 40.70 e) 162.8 h) 6034 k) 5295
c) 121.3 f) 163.7 i) 6076 1) 3874
2. Use the table of squares to find approximate value of each of the
following.
a) 4/6.553 C) v/24.56
b) 4/8.761 d) 4/29.78

21
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1.3 Cubes and Cube Roots

1.3.1 Cube of a Number

If the number to be cubed is ‘a’, then the product a x a x a which is usually
written as a° and is read as ‘a’ cubed. For example 3 cubed gives 27 because
3x3x3=27.

The product 3x3x3 can be written as 3* and which is read as 3 cubed.

Activity 1.2

Discuss with your friends
1. Copy and complete this Table 1.3

Number of small cubes

Standard Factor form Power form
form
a)
NE :
1 1x1x1 1
b) ,
8 2 x x 2
c) []
27 % % D
Figure 1.8

2. a) Which of these numbers are cubic numbers?

64 100 125 216 500 1000
1728 3150 4096 8000 8820 15625
b) Write the cubic numbers from part (a) in power form.

3. Find a®in each of the following.
a)a=2 c)a=10 e)a=0.5
bya=-2 dya=7 f)a=0.25

22 e ————
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For example, some few cube numbers are:
a) 1x1x1=1isthe 1" cube number. @
b) 2x2x2=8isthe 2" cube number.

c) 3x3x3=27is the 3™ cube number.

a) b)

Figure 1.9 A cube numbef«'c.an Be,r
shown as a pattern of cubes %

ICICITEF IR Find the numbers whose cube are the following. \ A i
a) 4,913 b) 6,859 c) 9,26_1_;..“":. N ‘ d) 29’7‘91

A) 4913=17x17x17=17° ) 9261=20x21x21 221" |/
b) 6,859 =19 x 19 x 19 =19° d) 29,791 = 31 x 31 x 31.= 31°

N L
LTI EWYH Identify the base, exponent, power form and standard numeral
form: ; W ~ 7 P

a) 40° b) 432 \\/

Equﬁent

64,000 403 | 4

Solution: [ YRR

numeral form

Power form

Exponent

79,507 433— base
Standard
numeral form I— Power form

Example 2340, Tapl.:_é'1_4_ below integers are as values of x, find x® and
complete the table 1.4.
x [4 [3[2]1Joft[2]374]5]s

]

b)

X3'\_ -
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Solution:
When x = -4, x° = (4) = -4 x -4 x -4 = -64
When x = -3, X° = (3)—-3>< -3x-3=-27
Whenx =-2,x®=(-2)=-2x-2x-2=-8
Whenx=-1,x*=(-1)°=-1x-1x-1=-1

Whenx=0,x>=0°=0x0x0=0

3 _
3 _
Whenx=2,x3=22=2x2x2=8
Whenx=3,x*=3*=3x3x3=27
Whenx=4,x*=4*=4x4x4=64
When x = 5X3—53—5><5><5 125
Whenx=6,x>=6>=6 x 6 x 6 = 216

Lastly you have:

X 4 /-3 |2 |-1 |0 |1 |2 |3 4 5 6

2 |64 |27 |8 |1 |0 1 |8 |27 |64 125 | 216

The examples above illustrate the following theorem. This theorem is called
existence theorem.

Theorem 1.2: Existence theorem
For each rational number x, there is a rational

number y such that y = x°.

Rough calculations could be used for approximating and checking the results in
cubing rational numbers. The following examples illustrate the situation.

e LWLE Find the approximate values of x*in each of the following.
a) x=2.2 b) x = 0.065 c)x=9.54

a. 22~2thus (22°~2°=8
3
b. 0.065 % 0.07 thus (0.065)° ~ () = —o_
= 0,000343

c.. 9.54 10 thus (9.54)° ~ 10®= 1,000
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Exercise 1H
1. Determine whether each of the following statements is true or false.

32 3)°= 4 64
a) £=16x4 ¢ (-3°= 27 &) [3] o
3
b) 4% =64 d) (EJ _2 f) y6_4:4
4) 16
2. Find x? in each of the following.
-1
a) x=8 c)x=-4 e)x:E
1
b) x=04 d)x:-z f)x=-0.2
3. Find the approximate values of x® in each of the following.
a) x=-249 c)x=2.98
b) x=2.29 d) x =0.025
Challenge Problem
4. The dimensions of a cuboid are : ; 10xcm
4xcm, 6xcm and 10xcm. Find
a) The total surface area 4xcm
b) The volume 6xcm

Figure 1.10 Cuboid
Table of Cubes

Activity 1.3
Discuss with your friends
Use the table of cubes to find the cubes of each of the following.

a) 2.26 c) 5.99 e) 8.86 g) 9.58 i) 9.99
b) 5.12 d) 8.48 f) 9.48 h) 9.89 i) 9.10

To find the cubes of a rational number when it is written in the form of a decimal
is tedious and time consuming work. To avoid this tedious and time consuming
work, a table of cubes is prepared and presented in the “Numerical Tables” at
the end of this textbook.
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In this table the first column headed by ‘x’ lists numbers starting from 1.0. The

remaining columns are headed respectively by the digit 0 to 9.0. Now if we want

to determine the cube of a number, for example 1.95 Proceed as follows.

Step i. Find the row which starts with 1.9 (or under the column headed by Xx).

Step ii. Move to the right until you get the number under column 5 (or find the

column headed by 5).

Step iii. Then read the number at the intersection of the row in step (i) and the
column step (i) therefore we find that (1.95)° = 7.415. See the illus-
tration below.

X o[1]27]3 4 5 6 | 7 8 9
1.0 Y
1.9 7.415

3.0

4.0

5.0

6.0

7.0

8.0

9.0

Figure 1.11 Tables of cubes

Note that the steps (i) to (iii) are often shortened saying “1.9 under 5”

Mostly the values obtained from the table of cubes are only a approximate values
which of course serves almost for all practical purposes.

Group work 1.5

Find the cube of the number 7.89.

a) userough calculation method.
b) use the numerical table.

c) by calculating the exact value of the number.
d) compare your answer from “a” to “c”.
e) write your generalization.
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TIPS Find the cube of the number 6.95.

Do rough calculation and compare your answer with the value obtained
from the table.

i. Rough Calculation
6.95~ 7 and 7° =343

(6.95)° ~343
ii. Value Obtained from the Table

Step i. Find the row which starts with 6.9
Step ii. Find the column head by 5
Step iii. Read the number, that is the intersection of the row in (i) and the
column (ii), therefore ( 6. 95)° = 335.75
iii. Exact Value
Multiply 6.95 x6.95x6.95 = 335.702375
s0 (6.95)%= 335. 702375
This examples shows that the result obtained from the numerical tables is an
approximation and more closer to the exact value.

Exercise 11

1. Use the table of cubes to find the cube of each of the following.
a) 3.55 c) 6.58 e) 7.02 g) 9.86 1) 9.90 k) 9.97
b) 4.86 d) 6.95 f) 8.86 h) 9.88 j)9.94 1) 9.99

1.3.2 Cube Root of a Number
Group work 1.6

Discuss with your group.
1. In Figure 1.12 to the right, the volume
of a cube is 64 m®. What is the length ;
of each edge? : V = 64m°
2. Can you define a “cube root” of :
anumber precisely by your own word?
3. Find the cube root of 12,167 x 42,875.

B/|(— n —>|

A(S

€ S >\

Figure 1.12 Cube
e 27
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~ v oy
W [y

Example 26: N

a) 0x 0x0 = 0, so 0 is the cube root of 0. Ao )Y
b) 5x5x5 = 125, s0 5 is the cube root of 125.
S Vi
EVENE S ,S0 Lis the cube root of ——. WA NS
)5 5 5 125 5 12 WAL
Note: i) 43 = 64, 64 is the cube of 4 and 4 is the cube root of 64
i.e 364 =4. :
i) V' is aradical sign. J/
Index

|

Or symbolically: 3/x«—— Radicand

T— Radical sign

iii) The relation of cubing and extracting cube root can be
expressed as follows:

a— Cubing —> a’=b

a<— Cuberoot [—a’=b

iv) a is the cube root of b and written as a = Vb.

K" 2
Y

When no index is wri'tte'n the radical sign indicates a square root.
For example 451 1s read as“the cube root of 512"

The number 3 |s called the index: and 512 is called the radicand.
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Cube Roots of Perfect Cubes
Group work 1.7

Discuss with your group
1. Find the cube root of the perfect cubes.

1
a) 327 b) ,3/5 c) Y125 d) ¥-64
2. Which of the following are perfect cubes?
{42,60,64,90,111,125,133,150,216}
3. Which of the following are perfect cubes?
{3,6,8,9,12,27,y3, y8, y*, y12, y27}

Note: The following properties of cubes are important: (ab)? = adxb3
3 3
a a
and [Ej =7 (where b = 0).
3)3 3 27

3 = 23y 93= = — | ===
Thus (2 x 2) 23x 23=8x8=64and (4 2 64

A number is called a perfect cube, if it is the cube of a rational number.

Definition 1.7: A rational number x is called a perfect cube if and only if x = n?
forsomen € Q.

1=1°8=2%27=3%64=4%and 125="5°,
Thus 1, 8, 27 , 64 and 125 are perfect cubes.

Note: A perfect cube is a number that is a product of three identical factors of
a rational number and its cube root is also a rational number.

D CINTAEWER Find the cube root of each of the following.

1
a) 216 b) 5 c) -64 d) -27
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2) 3216 =3/6x6x6 =6 c) ¥-64 =%/-4x—-4x—4=-4
1 J1 11 1
3— =3[—x—x— — 3— :3— —_ —_ = -
b) g ,/zxzxzzz d) ¥-27=3-3x-3x-3=-3 4

Exercise 1)

1. Determine whether each of the following statements is true or false.

2) Y17281=26 b 3/719 L gyter=x4 g —r-t

90 625 20

2. Find the cube root of each of the following.

1 3,3 L |
— 9) \/X7 i) ——
a) 0 c) 1000 &) =g ) 7331
b) 343 d) 0. 001 1 0

f) 9261 h) 27

3. Evaluate each of the following.

a) V-27 0 _Si/I f)y ¥/-1000 hy —3-64
64

D) 3= 7 3 1
8 &) ||=8 9) 3,/‘— i) 125

Challenge Problem
4. Simplify:  a) 5118 - 3472 + 4450 b) 24/5'% 742

V14 x /45
5. Simplify the expressions. Assume all variables represent positive rational
number.
y5 C) 3’166.3 X5 yll
a)3/—— e) 3~ 9)3]—
27y3 X y;Z
b)3/162° f) 3/15m*n? h) 3/20s*°t*

4
d) 3 b_
27b
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Table of Cube Roots

The same table which you can used to determine cubes of numbers can be used
to find the approximate cube roots, of numbers.

T )WL) Find 3/64.48 from the numerical table.

W Find the value using rough calculations.
64.48 ~ 64; 364.48 ~ J64
L axaxa=4

Step i: Find the number 64. 48 in the body of the table for the relation
y=x.

Step ii: Move to the left on the row containing this number to get 4.0
under x. These are the first two digits of the required cube root
of 64. 48.

Step iii: To get the third digits start from 64.48 and move vertically
upward and read 1 at the top.

There fore 3/64.48 ~4.01 _

4.0 64.48

Figure 1.13 Tables of cube roots
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Example 30:

In Figure 1.14 below, find the exact volume of the boxes.

(a) 7 (b)
h= 5cm i h= V7m
77777777777777777777777777777777777 “w= VZm
/= +414m
w = V5cm
¢= 35cm
Figure 1.14
Solution|
a) V=/xwxh

But the box is a cube, all the side of a cube are equal.
ie /=w=h=s

V=sx5x5=5

V = 3/5cm x3/5cm x3/5em

V= (Y5om |

vl

V=5cm?
Therefore, the volume of the box is 5cm?®,
b) V=0xwxh
V= \/ﬂm X \/Em X ﬁm
V= \/ﬁmx\/ﬂmz
V= (Viaxiajn’®
V = 14m?
Therefore, the volume of the box is 14m®.

Exercise 1k

1. Use the table of cube to find the cube root of each of the following.
a) 32.77 c) 302.5 e) 3114
b) 42.6 d) 329.5 f) 3238
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Summary for unit 1

1. The process of multiplying a number by itself is called squaring the
number.

2. For each rational number x there is a rational number y (y >0) such that
X =y.
3. A square root of a number is one of its two equal factors.
4. A rational number x is called a perfect square, if and only if x = n? for
somen e Q.
5. The process of multiplying a number by itself three times is called cubing
the number.
6. The cube root of a given number is one of the three identical factors whose
product is the given number.
7. A rational number x is called a perfect cube, if and only if x = n® for some

ne@Q.

8. index

Vx

Lradicand

radical sign
9. The relationship of squaring and square root can be expressed as follows:

a —— Squaring a’=bwhereb >0

a — Squareroot || a2

e a is the square root of b and written as a = Vb

10. The relationship of cubing and cube root can be expressed as follows:
a— Cubing . a’=0p

a.__ | cupberoot | a®=p

e ais the cube root of b and written as a = Vb
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Miscellaneous Exercise 1
1. Determine whether each of the following statements is true or false.

3/8 -3 2 125 _ 1 V3
T 1 c)\/; ?—2.5 e) ﬁ_ 3

W)
1 (64 _ -1
J1_ |64 f) 4025=_2
b) \/79 \/; d) \E <63 = 43 2
7 g) +/0.0036 =0.06

2. Simplify each expression.

a) 33764 c)8\/2?75 e) 2\/5{%+\/§}
) 2 d) 2
3. Simplify each expression.
a) V600 d) 3(y3+6) &) V2 (V2 +/6)
b) /50 ++18 e) V197 hy V2 (V3 +48)
c) (5\/5)2 f) V64 + 36
4. Simplifying radical expressions ( where x = 0).
Y32 V12x*
a) 3 —4 C) \/ﬁ e) 3/p17q18
0 Y162x5

a2 d) 380n°

5. Study the pattern and find a and b

ORI OO0

Figure 1.15
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6. Study the pattern and find a, b, c and d.

2x2 La,
6 ¥ 5 .
' b
x3
: - )
Y e X (o
2X5
ax7 d. )
Figure 1.16
7. Anamoeba is a single cell animal. When tp/&b\\
the cell splits by a process called “fission” a S:?\
there are then two animals. In a few hours Rb 2,35 ﬁ? £3>
a single amoeba can become a large p Q? &:\j c? p j} é-:F
colony of amoebas as shown to the right.
Figure 1.17
Number of splits Number of amoeba cells
0 1
1 2
2 4=2x2=2
3 8=2x2x2=2°
How many amoebas would there be
a) After 4 splits? c) after 6 splits?
b) After 5 splits? d) after 10 splits?

8. Using only the numbers in the circular table, write down, all that are:

a) square numbers .
) sd o261 1225 27

b) cube numbers 5
) o 324 441 4096

e g

e s

Figure 1.18
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9. Find the exact perimeter of a square whose side length is 53/16 cm.
10. The length of the sides of a cubes is
related to the volume of the cube

according to the formula: x = 3/V.
a) What is the volume of the cube ifthe | |
side length is 25cm. X

b) What is the volume of the cube if the Figu)r(e 1.19 Cube
side length is 40 cm. _
11. In Figure 1.20 to the right find: ‘
a) the surface area of a cube. | .
b) the volume of a cube. SR ;‘
c) compare the surface area and the o 4C’;:]
volume of a given a cube o
Figure 1,20 Cube

12. Prove that the difference of the square of an even number.is multiple of 4.
13. Show that 64 can be written as either 2° or 4°,
14. Look at this number pattern.

72 =49

67° = 4489

667° = 444889

6667° = 44448889

This pattern continues.

a) Write down the next line of the pattern.

b) Use the pattern to work out 66666677,
15. Find three consecutive square numbers whose sum is 149.
16. Find the square root of 25x2 < 40xy + 16y?.

642> 32a
™ + 4+ 5

18. Find the cube root of 27a° + 54a%b + 36ab? + 8b°.

17. Find the square root of
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