Number Systems

L.esson at a Glance

1.

2.

The collection of real numbers is made up by all the
rationals and irrationals.

Every real number is either a rational or an irrational
number.

Every rational number can be written in the form E,

where p and g are integers with g # 0.

No irrational number can be written in the form —E,

q
where p and ¢ are integers with g # 0.
The decimal expansion of a rational number is either
terminating or non-terminating repeating (recurring).
The decimal expansion of an irrational is non-terminating
non-repeating (recurring).

22
0, 1 and ~ are rational numbers.

2.8333...... or 2.83 is rational number.

22
- is not an exact value of =.

% is an irrational number.
0.4040040004...... is an irrational number.

Every integer or a fraction made up by them is a rational
number.

Square root of every prime number is an irrational
number.
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14. There are infinitely many rational numbers between any
two distinct rational numbers.

15. All the rational and irrational numbers lie on the number
line.

16. Every real number is represented by a unique point on
the number line,

17. The sum or difference of a rational and an irrational
number is an irrational number.

18. The product or quotient of a non-zero rational and an
irrational number is an irrational number.

TEXTBOOK QUESTIONS SOLVED
Exercise 1.1 (Page — 5)

1. Is zero a rational number? Can you write it in the form
E, where p and q are integers and q # 0?
q

Sol. Yes, zero is a rational number as 0 = % or 4 or Lo

2 -1
This is in the form B,q;eO.
q

2. Find six rational numbers between 3 and 4.
Sol. For six rational numbers between 3 and 4,

21 28
=3 and 4 = T
Six rational numbers between 3 and 4 are 2 %,

7 H
%, 2—:, 2—: or another set is 3.1, 3.2, 3.3, 3.4, 3.5,

There can be other set of rational numbers also.
3 4
3. Find five rational numbers between — and 5"

5
3 18 4 24
Sol.Wehave5 _mmdg-ﬁ.

Ll
7 3
3.6.

. . 3 4 19 20
Five rational numbers between 5 and 5 are 30’ 30"
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2t 22 23 .
30’ 30° 30° There can be other set of rational
numbers also.

4, State whether the following statements are true or false.
Give reasons for your answers.

(t) Every natural number is a whole number,
(if) Every integer is a whole number.

(iiz) Every rational number is a whole number.

Sol. () True, as the set of whole numbers contains all the
natural numbers.

(i) False, as negative integer, e.g., -2 is not a whole
number.

(ii7) False, as % is a rational number but not a whole

number.

Exercise 1.2 (Page — 8)
1. State whether the following statements are true or false.
Justify your answers.
(0) Every irrational number is a real number.

@) Every point on the number line is of the form Jm,
where m is a natural number.

(iii) Every real number is an irrational number.

Sol. () True, as real numbers consist of rational and
irrational numbers.

(&) False, as g on the number line cannot be a square

root of a natural number.
Also, a negative number cannot be a square root of

natural number, as Jm represents a positive value,

(iif) False, as 2 is a real number but not an irrational
number.

2. Are the square roots of all positive integers irrational? If

not, give an example of the square root of a number that
is a rational number.

Sol. No. For example, 9 = 3, 18 = 4, etc., 3, 4 are
rational numbers.
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8. Show how B can be represented on the number line.

Sol. For 5, we have 5 = 5 x 1. On a number line, take O at
position 0 and OA = 5 and OB = 1. With AB as diameter
draw a semicircle. Draw OP L AB meeting semicircle at
P. With O as centre and OP as radius an arc is drawn
meeting the number line at Q.

(]
i
A 5 N 815 2Q 3 4

v

Then, 0Q = OP = 5 and Q represents 5 on the
number line,

Classroom activity

(Constructing the ‘square
root spiral’): Take a large
sheet of paper and construct
the ‘square root spiral’ in
the following fashion. Start
with a point O and draw «
line segment OP; of unit
length. Draw a line segment

P,P, perpendicular to OP, cum'::u;g ':'m

of unit length (see Figure).

Now, draw a line segment P, P, perpendicular to OP, of
unit length. Then, draw a line segment PP,
perpendicular to OP; of unit length. Continuing in this
manner, you can get the line segment P, _ ,P, by drawing
a line segment of unit length perpendicular to OP,_. In
this manner, you will have created the points Py, P, ....... ,
P, ... » and joined them to create a beautiful spiral

depicting J2, J3, 4, ...... .
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Sol.

Square root spiral

Exercise 1.3 (Page — 14) .

1. Write the following in decimal form and say what kind of
decimal expansion each has:

36 .y 1
) 700 @) 11 (£2)) 48

.8 2 . 329
@) 713 ® 7 ©) o

Sol. () % = (.36, terminating decimal expansion.

@) % = 0.080909..... = 0,09, non-terminating repeating
decimal expansion.
33

(i) 4% =g = 4.125, terminating decimal expansion.

(iv) i% = 0.230769230769..... = 0.230769, non-terminating
repeating decimal expansion.
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Sol.

) % = 0.181818 ..... = 018, non-terminating repeating
decimal expansion,

(wr) % = 0.8225, terminating decimal expansion.

= 0.142857 . Can you predict what the

N

You krow that

decimal expansi sof-?- § 4 5 6
ec D on 77 7 7 7

actually doing the long division? If so, how?

are without

[Hint: Study the remainders while finding the value of ;

carefully.]
Yes, we can predict the required decimal expansions.

We are given, % = 0.142857

On dividing 1 by 7, we find that the remainders repeat
after six divisions, therefore, the quotient has a repeating

block of six digits in the decimal expansion of % So, to

L . 2 3 4 5 6
obtain decimal expansions of 7T T and 7 we
multiply 142857 by 2, 3, 4, 5 and 6 respectively, to get
the integral part and in the decimal part, we take block
of six repeating digits in each case. Hence, we get

2 x - =0.285714

]

Ii
[<~]
X
il
e
%
-

i

[ H
o S
x x
[ gi= Q= e
1
(=]
o
-1
S

e s wa]ce 2w

-

L
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6 1

7

3. Express the following in the form g, where p and q are
integers and q # 0:

and = 0.857142.

=6x

(i) 0.6 (i5) 047 (i) 0.001.
Sol. () Let x = 0§
or x = 0.666... (D)
10x = 6.666... «(if) [On multiplying () by 10]
= 9r =6 [Subtracting (¢) from (i£)]
2
X = 3 .
i) Let x = 047
or x =04777... (3]
Multiplying () by 10, we get
10x = 4.7717... ...{if)
Again multiplying (i) by 10, we get
100x = 47.7717... o (ZEE)
Subtracting equation (ii) from equation (iii), we get
9x =43
_.
%=30
(iii) Let x = 0.001
or x = 0.001001... ()]
= 1000x = 1.001001... .{E)
fOn multiplying (;) by 1000]
= 999x = 1 [On subtracting (i) from (ii)]
1
X = @

4. Express 0.99999... in the form % Are you surprised by

your answer? With your teacher and classmates, discuss
why the answer makes sense.

Sol. Let x = 0.99999... ()]
= 10x = 9.99999...  ..(#i) [On multiplying (i) by 10]
= 9 = 9 A [On subtracting (i) from (ii)]

Y cx=1,

Yes, we are surprised by our answer.
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B. What con the meximum number of digits be in the

1
repeating block of digits in the decimal expansion of ﬁ?

Perform the division to check your answer.
0.0588235294117647...

Sol. 17) 1.0000000000000000

00 il
006+ il
85 1 iiiiitiiild
160 i1ifiiiiiili
136 i i
140
186 f1iii i
40 || i
84 iiiiiil
TIERER
513
901 |
85! |
50
B84}
160 | |1
158 |
70
681
20;5
171
30!
17!
130
19
110
102}
80
68!
120
119
" 1 «—— Repeating
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1
Thus, 7= 0. 0588235294117647

Hence, the required number of digits in the repeating
block is 16.

6. Look at several examples of rational numbers in the form

'S(q # 0), where p and q are integers with no common

factors other than 1 and having terminating decimal
representations (expansions), Can you guess what property
g must satisfy?

3 4 7 9
Sol. Examples are 7’58’ 10 etc.
g have only powers of 2 or powers of 5 or both.
7. Write three numbers whose decimal expansions are non-
terminating non-recurring.
Sol. () 2.01011011101111011111....... (@) 0.03003000300008.....
(@) 4.12112111211112....... ,
8. Find three different irrational numbers betwegn the
9

. 5
rational numbers 7 and 1

v

Sol. Given: g = 0714285 and Tgi = 0B1
We can have irrational numbers as 0.72072007200073.......

0.801001800018....... ; 0.74301010010001......;
9. Classify the following numbers as rational or irrational:
® V23 &) 225 () 0.3796
(iv) 7.478478..... (v) 1.101001000100001....

Sol. () 23. As it is square root of a prime number, so,
irrational number.

() 225 = 15, rational number.
(i) 0.3796, terminating decimal, so rational number.

() 7.478478..... = 7478, non-terminating repeating
(recurring), so rational number.
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(v) 1.101001000100001....... non-terminating non-repeating,
go irrational number.

Exercise 1.4 (Page ~ 18)

1. Visualise 3.765 on the number line, using successive
magnification.

Sol. () We notice the number 3.7 lies between 3 and 4. So,
first we locate numbers 3 and 4 on number line and
divide the portion into ten equal parts and locate 3.7
and 3.8. [Refer step 2]

(i) Further 3.76 lies between 3.7 and 3.8. So, we
magnify 3.7 and 3.8 and divide the portion into ten
equal parts and locate 3.76 and 3.77. [Refer step 3]

(i) Further 3.765 lies between 3.76 and 3.77. So, we
magnify 3.76 and 3.77 and divide the portion into ten
equal parts and locate 3.766. [Refer step 4]

B ) IR

pr

Step 1

.7613.762 3.763 3.764 3.765 3.768 3.767 3.768 3.769 3.77

< L) L) o¢ L3 s‘ 1 ;

3.765 o
Point O in step 4 represents the number 3.766 on the
number line.
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2. Visualise 4.26 on the number line, up to 4 decimal places.
Sol. 426 = 4.2626262626..........

() Visualise 4 and 6 as 4.26 lies between 4 and 5 and
divide portion in ten equal parts and locate 4.2.
[Refer step 2]

(&) Visualise 4.2 and 4.3 as 4.26 lies between 4.2 and 4.3
and divide portion in ten equal parts and locate 4.26.
[Refer step 3]

(i) Visualise 4.26 and 4.27 as 4.262 lies between 4.26 and
4.27 and divide portion in ten equal parts and locate
4.262, [Refer step 4]

(iv) Visualise 4.262 and 4.263 as 4.2626 lies between
4.262 and 4.263 and divide portion in ten equal

parts and locate 4.2626. [Refer step 5)
0 1 2.3 8 8 8 7 8

42

.

21 422 423 4.24 425 4.24
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Point O in step 5 represents the number 4.26 on the

number line.
Exercise 1.5 (Page - 24)
1. Classify the following numbers as rational or irrational:
®2-5 G 3+ J23) - 23
L T oL
(@) 77 (iv) Nz W) 2n

Sol. () 2 — J5 is an irrational number, as difference of a
rational and an irrational number is irrational.

i) (3 + V23) - V23 =3 + 23 - 23 =3, is a
rational number.
07T 2

(zii TT_J—'?_ =3 is a rational number.

e

(iv) —E 8 is an irrational number, as divisors of an

irrational number by a non-zero rational number is
irrational.

(v) 2m, irrational number, as 7 is an irrational number
and multiplication of a rational and an irrational
number is irrational.

2. Simplify each of the following expressions:

® B+ J3X2+ J2) G) 3+ J3)X3- 3)
@) (V5 + J2)? () (V5 - J2XJ5 + J2)
Sol. () B+ 3)2+ J2)=6+3J2 +23 + 6
) 3+ y3)X3—V3)=(@2-(JBP=9-3=6.
G (V6 + V2P = (6P +2.46.42 + (J2)°
=5+2J10 +2=17+210.
() (V6 - V2B + y2) = (JBP - (J2P=6-2=3.
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3.

Sol.

Sol.

&.

Sol.

Recell, nt is defined as the ratio of the circumference (say

¢) of a circle to its diameter (say d). That is, 1 = 5

This seems to contradict the fact that = is irrational.
How will you resolve this contradiction?

On measuring ¢ with any device, we get only
approximate measurement. Therefore, 1 is an irrational.

Represent 9.3 on the number line.

V9.3 = Jo.ax1 .

Let position 0 be represented /53 "l

by O on the number line. . . - '0_ L é N
3 1

Let OA = 9.3 and OB = 1.

With AB as diameter draw a semicircle. Draw OP
perpendicular to AB, meeting the semicircle at P, Then

OP = /9.3. With O as centre and OP as radius draw an
arc to meet the number line at Q on the positive side.

Then, 0Q = 0.3 and the point Q thus obtained
represents \/9,3 .

Rationalise the denominators of the following:
LA . I
® _J—; (ez) \/i _ Jg

(izg) ! (iv) !

I -\/g + ‘\/5 w '\/7 _2°

N N N B
) 1 VT+6 JT+46
@ T A1 ive = T-s =T+ 6
o 1 VBB F-\E_J5-u2
VB2 (B+V2s-v2) - 5-2 . 3
(iv) 1 VT +2 _ﬁ+2_ﬁ+2
-2 T -T2 - T-4 - 3

V7
-
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Exercise 1.6 (Page — 26)
1. Find: @) 64V2 (i) 3215 (iid) 125",
Sol. () 6412 = (82 = (82" 12 = 8.
(u) 321!5 = (25)115 = (2)5 x 1/ = 2.
) 125Y8 = 63V = (5 * 18 = 5.

2 Find: @) 9%2 (i) 3225 (i) 16%¢ () 125717,

Sol. () 932 = (3232 = (3% *¥2 = (3)% = 27.
(i) 3225 = (25)%5 = 26 %28 = (2 = 4.
@) 16¥ = @ =@ ¥ = (2P =8.
1

Gv) (126 V3 = (B3 R = BP*C1® = () ' = <.

b

1 7 1142
3. Simplify: G) 227 .21% (@) (?) @) i
v) 7112 : 8”2.
SOL (F.) 2% b 21/5 L 22’3 + 1/6 = 213/15'

ALY L 1 _ L .=
@ (33] =@y TET @ s
. 111/2 _

@ T = 11Z-v . 4

Gv) T2 . 8V2 = (7-8)12 = 562,
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