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2 W MATHEMATICS

Rational Numbers

1.1 Introduction

In Mathematics, we frequently come across simple equations to be solved. For example,
the equation x+2=13 (1)

is solved when x = 11, because this value of x satisfies the given equation. The solution
11 is a natural number. On the other hand, for the equation

x+5=5 2)

the solution gives the whole number 0 (zero). If we consider only natural numbers,
equation (2) cannot be solved. To solve equations like (2), we added the number zero to
the collection of natural numbers and obtained the whole numbers. Even whole numbers
will not be sufficient to solve equations of type

x+18=5 3)

Do you see ‘why’? We require the number —13 which is not a whole number. This
led us to think of integers, (positive and negative). Note that the positive integers
correspond to natural numbers. One may think that we have enough numbers to solve all
simple equations with the available list of integers. Now consider the equations

2x =3 4)

Sx+7=0 5)

for which we cannot find a solution from the integers. (Check this)
We need the numbers % to solve equation (4) and _? to solve
equation (5). This leads us to the collection of rational numbers.
We have already seen basic operations on rational

numbers. We now try to explore some properties of operations
on the different types of numbers seen so far.
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RatioNaL NUMBERS

1.2 Properties of Rational Numbers

1.2.1 Closure

(i) Whole numbers

Let us revisit the closure property for all the operations on whole numbers in brief.

Operation Numbers Remarks b
Addition 0+ 5=15, a whole number Whole numbers are closed
4+7=....Isitawhole number?| under addition.
In general, a + b is a whole
number for any two whole
numbers a and b.
Subtraction 5—7=-2,whichisnota Whole numbers are not closed
whole number. under subtraction.
Multiplication | 0 % 3 =0, a whole number Whole numbers are closed
3x7=...Isitawhole number? | under multiplication.
In general, if @ and b are any two
whole numbers, their product ab
is a whole number.
i 5 .
Division 5+8= Y which is not a Whole numbers are not closed
S whole number. under division. )
Check for closure property under all the four operations for natural numbers.
(ii) Integers
Let us now recall the operations under which integers are closed.
( )
Operation Numbers Remarks
Addition —6+5=—1, an integer Integers are closed under
Is—7+(-5) an integer? addition.
Is 8 + 5 an integer?
In general, a + b is an integer
for any two integers a and b.
Subtraction 7—5=2,an integer Integers are closed under
Is 5—7 an integer? subtraction.
—6—8=—14, an integer




&60flHLD

eNBsApm erevorseir M 5

1. 2 aldsipml TaIBaial LIGOILH6IT

1.2.1 SimLaiueao]

() wpaperadIAT
ppeTeTuTaeiisd StemLeyLILIsHoT N6t 5 SHeWeMSH E\FUIEOSHEMATULD LIDHAS
Betor®D @mwpenn efifleuna LMTLIGUMLD.

Q1EWIED 6TEUOTE6T Sy )
Fel'L60 0+5=35,9M wwperevur. .
;::—....@gu g?@ Sy)@psrswramrrr? SoL" L 6D 60 Glurrg)j,e_:'sgd
&l6uns a HMID b SpBuieney P @ 6 e & en
gCS@ID QNG APWETNSET | i 6w L 6y LI LI 6307 6 LI
616ufle0 a + b R (LPIPETENT DbGSLD. EWLIDMI6TETE).
.. o &0 & 6me0 Qungjg,gj
HifSs60 o i==2 . . P @ & 6w & 6
85 3G PREENT 6060 A em L 6 LU 6wor 6 U
QOB &SNS
. .| 0x3=0, 20 wweemr. OLHSHSHEMED  EILIMMISS)
OLGHHDO | 3x7=_ @5 QB WRESTEHT? | @ o & & e
eINgIeuTs a WHMID b SpBwiemey | A 6 L 6) LI LI 6007 6w L
gGs@ID QIEUG dpWeITIHET | OLDDIETATSI
eT6ufled ab QIH (LPLDETEHIT SpH&SLD.
s 5 61& S S 6W60 Qunggg
UEHERD SEl=E o P W o & & e
B8 Vb WLPWETETT 16060 Sl 6m L 6 LI LI 660T 6® LI
S QUM HHSHTE). )

SUW6D  6TETTSH6IT éismsurg,gjm BT6iTS  euemBWTEN  O\Fweosefledr  LBgIb
SiEDLEYLILISTITEDL OIDDISTETST 61607 CHTSSHHEYLD.
(i) Ppbmar
66 E\FWIEOHEMET CILIMIHSHGH (PIPSHSHET HEMLOYLILISTITEnL S ILIDHMIGTETS)
eT6tTLIENS [Bementey SamiGeuriD.

([ eawed 6T6V0TEH6IT SMLY )
Sl L 60 —0F ==L G0 PEEE SoLLED6D QLMW S G
—TH-5)Bs V™ WPWSHSHETT? ® @ & & 61
8+ 5 QM wwans ShHeHSLDN? Sl 6® L & UL 680 60 LI
QLINgIeuTS a HDID b Spdeney | OLDDIGTETS)
gGaeID BUeor® (PLPSHSH6T 6revfled
a+ b &uh LPLDEUTESLD.
o T-5=2, @M APIDSHSHET s5HHHME  OILMMIG S|
W | 5780 wuar S B o
—6-8=-14, ® WWsHSH6T QLbmIeTENS;.




6 W MATHEMATICS

—6—(—8) =2, an integer

Is 8 —(— 6) an integer?

In general, for any two integers

a and b, a — b is again an integer.
Check if b— a is also an integer.

Multiplication | 5 x 8 =40, an integer Integers are closed under
Is—5 x 8 an integer? multiplication.

—5 x (= 8) =40, an integer

In general, for any two integers
a and b, a X b is also an integer.

5
Division 5+8= g’ which is not Integers are not closed
) under division.
an mteger.
\_ _J

You have seen that whole numbers are closed under addition and multiplication but
not under subtraction and division. However, integers are closed under addition, subtraction
and multiplication but not under division.

(iii) Rational numbers

Recall that a number which can be written in the form g, where p and ¢ are integers
. . 2 6 9 )
and g # 0 1s called a rational number. For example, _E 7 s are all rational

numbers. Since the numbers 0, -2, 4 can be written in the form g, they are also

rational numbers. (Check it!)

(a) You know how to add two rational numbers. Let us add a few pairs.
§+ (-5 21+(-40) -19

P 56 56 (arational number)

- + 9 = — 15+(=32) =.. Is it a rational number?

8 5 40 '
4 6

7 + T Is it a rational number?

We find that sum of two rational numbers is again a rational number. Check it
for a few more pairs of rational numbers.
We say that rational numbers are closed under addition. That is, for any
two rational numbers a and b, a + b is also a rational number.

(b) Willthe difference of two rational numbers be again a rational number?
We have,

-5 2 -5x3-2x7 =29

7 3 21 21

(arational number)

RatioNAL NUMBERS
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5 4 25-32 IS - onal number?
e s a0 s it a rational number?
3 (-8 . .
7 \5 )= Is it a rational number?

Try this for some more pairs of rational numbers. We find that rational numbers
are closed under subtraction. That is, for any two rational numbers a and
b, a—b is also a rational number-.

(c) Letusnow seethe product oftwo rational numbers.

— X7 =77 %X7=5z  (boththe products are rational numbers)

-3 X 11 Is it a rational number?
Take some more pairs of rational numbers and check that their product is again
a rational number.

We say that rational numbers are closed under multiplication. That
is, for any two rational numbers a and b, a *x b is also a rational

number.

(d) We note that _?5 + % = —T2S (arational number)
2.5 . . -3 - . }
7 + —=... .Isitarational number? ? + 7 =.... Isit arational number?

Can you say that rational numbers are closed under division?
We find that for any rational number a, a + 0 is not defined.

So rational numbers are not closed under division.
However, if we exclude zero then the collection of, all other rational numbers is
closed under division.

| TRY THESE

Fill in the blanks in the following table.

Numbers Closed under

addition subtraction | multiplication division

Rational numbers Yes Yes No
Integers Yes No
Whole numbers . Yes

L Natural numbers No )
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1.2.2 Commutativity
(i) Whole numbers

RatioNAL NUMBERS

Recall the commutativity of different operations for whole numbers by filling the

following table.
4 . )
Operation Numbers Remarks
Addition 0+7=7+0=7 Addition is commutative.
2+3=...+..=..
For any two whole
numbers a and b,
at+rb=b+a
Subtraction | ......... Subtraction is not commutative.
Multiplication |  ......... Multiplication is commutative.
\Division ......... Division is not commutative. )

Check whether the commutativity of the operations hold for natural numbers also.

(i) Integers

Fill in the following table and check the commutativity of different operations for

integers:

( Operation Numbers Remarks )
Addition | ... Addition is commutative.
Subtraction Is5—(3)=-3-5? Subtraction is not commutative.
Multiplication |  ......... Multiplication is commutative.

kDivision ......... Division is not commutative. )

(iii) Rational numbers
(a) Addition
You know how to add two rational numbers. Let us add a few pairs here.

-2 5 1 5 (2 1
—+—=—and—+| — |=—
3 7 21 7 3 21

Is
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8 7 7 (8

You find that two rational numbers can be added in any order. We say that
addition is commutative for rational numbers. That is, for any two rational
numbers a and b, a + b =b + a.

(b) Subtraction

-3 1 1 (—3)
Is — o=t —|?

I 2552,

S 3 4 4 3°
1 3 3 1

Is S 222
25 5 2

You will find that subtraction is not commutative for rational numbers.

Note that subtraction is not commutative for integers and integers are also rational
numbers. So, subtraction will not be commutative for rational numbers too.

(c) Multiplication

Wehave’ __7><§:__42:§>([__7)
3 5 15 5 3

3:(5)-5(5)
Is VY i P VY )
9 \L7/) 7 \9

Check for some more such products.
You will find that multiplication is commutative for rational numbers.
In general, a x b = b x a for any two rational numbers a and b.

(d) Division

Is _—5+3:§+ (_—5j7

You will find that expressions on both sides are not equal.
So division is not commutative for rational numbers.

TRY THESE

Complete the following table:

( Numbers Commutative for )
addition subtraction | multiplication | division
Rational numbers Yes
Integers No
Whole numbers o Yes
kNaturalnumbers No )
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1.2.3 Associativity
(i) Whole numbers

Recall the associativity of the four operations for whole numbers through this table:

N
Operation Numbers Remarks

Addition | .. Addition is associative

Subtraction | 000 ... Subtraction is not associative

Multiplication | Is 7 % (2 x 5)=(7 x 2) x 5? Multiplication is associative
Is4 x (6 x0)=(4x%6)x0?
For any three whole

numbers a, b and ¢
ax((bxc)=(@xb)xc

Division | = ... Division is not associative

Fill in this table and verify the remarks given in the last column.
Check for yourselfthe associativity of different operations for natural numbers.

(ii) Integers

Associativity of the four operations for integers can be seen from this table

Operation Numbers Remarks

Addition Is(=2)+[3+(—4)] Addition is associative
=[(2)+3)]+(=4?

Is (=6) + [(=4) + (-5)]
=[=6)+=DH]+ (-5)?

For any three integers a, b and ¢
at(b+c)=(a+b)+c

Subtraction Is5-(7-3)=(5-7)-3? Subtraction is not associative

Multiplication | Is 5 x [(-=7) x (—8) Multiplication is associative
=[5x (D] *(-8)?

Is (=4) x [(= 8) x (-5)]
=[x (8] x(5)?

For any three integers a, b and ¢
ax(bxc)y=(@axb)xc
Division Is[(-10) + 2]+ (-5) Division is not associative
=(-10)+[2+(-5)]?

-
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Ux(6x0) = (4x6)x0 @g) eflwun? | GsTlLLeTI QUbDIETETS.
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(LP(LDETETUTEH6IT 6T6Dfl60
o X (b xc) =(axb)*c
st || e UGS S 6m 60 QLTS 5l
\Qw GamLLLILetoTL] 6 LIM6ESl606m60 Y,

Geysitar i Leuenetoruien efGULL G musener [BILLS OMID SewLd

Beo s_urﬂsp)&uglr?mm GMlilenu FAUMTS&HELD. | L )
Bwevetenraertler eueGeupent O\Fwleosefleo GFTLILLILGTITENL  [BriigGer

Cend&saLD.

(i) apapsbaer

B6TE SlQUILIEDL C\FUIDSHMeT OLMMISS (PppssHafler Ged GETlLLILIewTenL
LNetTeuBLD DL L6uemesorufed &mevoTGLIMLD.

( Qswed 6T6V0TEH6IT SMILIL

~

LS 2+ B+ 4] &L 60 60 aumTms sl
=[(2) +3)]+ (- 4) 85 sflwn? | GsmiyiusTy OUDMIsTETS.
60 +[(=H+(D)]

=[(-6) +(-4)] + (-5) & &rflwn?
a,b DHMID ¢ TCHEMILD eLPEITM)
WPWdSHEHHS at+(b+c)=(atb)tc

56 510155 o &0 CEE
5@'5:‘56\) GamULLILemTL  6)1LUM6M606m6D
oumdaeo |0~ (7-3)=(5-7)-3 @&l &fwn?

SX[CT) x (- 8) 6L (% & & 61 60 aunm s gl

=[5x (7] x(-8) @& sflwn? |Gsriyliuey OubDNETETS).
(—4) < [(=8) x(-5)]

=[(-4) x (- 8)] x (-5)@& &rfwm?
a,b HDID c FEHEILD eLPEITM)
WPWSSBEHBGax (b *c) = (axb)xc

w [(10)=2]+(5) o5 :
55 6m 60 LMD S &)
\GWD =(-10)+ [2 + (- 5)] @& &fwr’ GHFTLILILILIETTL]  61LIM6N606meD )
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(iii) Rational numbers
(a) Addition

-2 |3 (—5) -2 (—j 27 -9
We have —+| —+| — | |=—+| — |=¥——=—

3 5 6 3 30 30 10

-2 3 -5\ -1 (-5} 27 -9

[3 5}[6j15 (6) 30 10

T3 B3R
SO, —t| =+ | — = —+— |+| —

3 {5 6 3 5 6

sl 5 7 3 5 7 3 ) € the two sums equal’

Take some more rational numbers, add them as above and see ifthe two sums
are equal. We find that addition is associative for rational numbers. That
is, for any three rational numbers a, band ¢, a+(b+c)=(a+b)+c.

(b) Subtraction

You already know that subtraction is not associative for integers, then what
about rational numbers.

Check for yourself.
Subtraction is not associative for rational numbers.
Multiplication
Let us check the associativity for multiplication.
-7 (5 2y -7 10 -70 =35
—X| —X— |=—X—=—=——
3 4 9) 3 36 108 54

Wefindthat ~ —Lx|2x2 |=[ Z1x2 <2
3 4 9 3 4) 9

Is z>< _—6><i = %x_—6 xi?
3 7 5 3 7 5

Take some more rational numbers and check for yourself.

We observe that multiplication is associative for rational numbers. That is
for any three rational numbers a, b and ¢, a x (b x ¢) =(a x b) X c.
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(iii) alddapmI eTaIBDT
(a) anLL6D

. -2 |3 (-5 -2 (-7 =27 -9
BITLD QLIQJG).IQ]?—F §+ ? =?+ % =¥=E
[—2 3} [—SJ -1 (-5) 27 -9
— = || = ==t = |=—=—
3 5 6 ) 15 6 30 10
e FHHE)
ety —+| =+ | — | |[=| —+= |+| —
3 {5 6 3 5 6

-1 |3 (-4 .. |-13 -4 . )
2T )| e |5 ) Sosiesh mBsed
FLWM? SevorBLIR.

Goeyb Heo eNBFHupM evTHDaT TBSHSHOHTEHNG GG
&Milwieumm| SalLeyb. SIeureedl &a(Bg&He0 &LDNS  S(HLLEDS
LIMT&S6YLD. el PMI 6T600TEH61T Fal'L 6medLI CIIMM)SS%H G TLIL|LILIGUOTL|
EIIDMIETETENS SHTETT60NLD. HSMeug| a, b LDMHMILD ¢ TCHEID eLPESTM)
el SN ETEIHEDHS at(b+c)=(at+b)+c.

b) sfdse . o .
PWESET SNGSHmeOL  OLUMTNSE GamuLuuesr 6Lmeileoeneo
6T60TLIG| 2 MhISEHHE hH&H6eGal S, Dheurmed  6fB5wLpm
ETETOTSHEMET CILITMISHS] 6TLILIY SHEHSLD?

2 [-4 1] [2 (—4) 1
—_— | —_— | = — = — | |=—— il ?
3 [5 2} {3 5 } , &gl sl
BraisGer Gendasealbd. SfGHmeol OUMMISEH GFTLILLILI6TTEmL
OUDMHSHSHTG).
(c) AUBBBO
OILIHSS0l6tT GEMLIL|LILICTTENL CFMTHEHSH6]LD.

=7 (5 2)_—7 10 -70 -35

3 SRR

3 36 108 54

4 9

jx% IBMD  &6vorLMGeurtD.

w1
X
VR
NG RV
X
O | o
N
Il
7\
w|l]
X
IRV}

2 (28] (220)u gy ot

377 75)7(3T )T 8e e

Gayd  Hlev sﬁ]aig,@gj TETSHED6T  TBSSIHHNHIB  [Briig:Ger
GeMeasa . N&ESAPMI ETHIGHET 6ILHSHSHENEOL  EILTNISSHS
G&MULILILIENTL] EUMMIETOTENS STEUOT6OND. NSTeU) a, b DOHMILD ¢

agGsaID epetiml 6ABSAPM 6TEwISHEHSHS a * (b X ¢) = (a x b) * c.
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(d) Division
Recall that division is not associative for integers, then what about rational numbers?

. l{—_l;é}_ L(—_lj L2
Letusseelf2~ 3 s 273 s

L(242) 52 e 2 s
We have, LHS = =~ ; =537 (reciprocal of 5 Is 2)

Is LHS = RHS? Check for yourself. You will find that division is
not associative for rational numbers.

TRY THESE

Complete the following table:

Numbers Associative for
addition subtraction | multiplication division
Rational numbers No
Integers Yes
Whole numbers Yes
L Natural numbers No )

e 1 pia 2o 2 ()

Example 1: F1nd7 11 3 »
. i+(—_6j+(—_8HiJ

Solution: 71 3 2

198 -252 -176 105

= + ( ) + ( j + ( ) (Note that 462 is the LCM of
462 462 462 462

7,11,21 and 22)

_ 198-252-176+105 125
B 462 462
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@) S0
@@8’)8’;6ﬂ DIGEE N Qurrgg,g.j G&nuquuswruq Qumeﬁ]msma)
ceTLIENS  [Bewevie) FamiGeud. Speumed elBBUPMI  eTevuTEEweT
OUMTMISS| 6Ll BHSHGSLD?

G o e

L ‘_I;Ej_l;(‘_lxij 2 5
Bb ewmeug) LHS =5+ 57+5 [= 5% 37%5 (go‘trrg;sma)&@ |

- L(—_lj ;Z_(lxﬁj;% 3.2
RHS =155\ 5 ) [(5=12° 7 )75 =72 75 =

LHS =RHS &fwn? Bras@er sflumisseyb. efldswpml ereoorgeit
QIGSSHWEO OILIMMISSH CHTLILLILISTTENL E1LIMEN6vsmeD eT6TLIEmS,
SITEBOTEOITLD.

LfetTeuhHLD DL LeUenewTen BILIL|S:.

[ aauaeir Qi ietm et £l —
FaL L6V | HL&HH60[6IITHSHHED |6)EHHSH60
el pm) erevorSHe6T B606m60
PADESH6IT )
(P(LDETETOTEH6T OpLD
@MG\)SI’GUUI’&SQT B606me )

3 (-6 -8 5
L] L] ° . _+ - + - + _ .
ABSHIHITLG 1 : 7 ( 11 j (21) (22j &evoTBLIR.

w RN

198 (-252) (-176) (105 L
( j + ( j + ( ) (7, 11, 21 LDMMILD 22 L51.ELLD 462)
462\ 462 462 462

198-252-176+105  —125
B 462 462
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We can also solve it as.

3 (-6 -8) 5
S| — || — |+=—=
7 11 21) 22

R

RatioNAL NUMBERS

(by using commutativity and associativity)

9+(-8) -12+5 . .
= 71 + 2 (LCM of7and 21 is 21; LCM of 11 and 22 is 22)

_i+(—7J 22-147 _-125
21 (22 462 462

Do you think the properties of commutativity and associativity made the calculations easier?

-4 3 15
Example 2: Find —x - x — (
5 7 16

Solution: We have

-4.315 [—14)
5 7716 L9

[ 4x3) (15x(-14))

2

5><7) L

16 x9
—12x(=35) _l

-12 [—35]
= X =
35 24

We can also do it as.

-4 3 15 [—14)

— X=X —X| —

5 7 16 9
(_4 3
= _X_ -
5 7

-3 (—2) 1

:_X_ = -

4 3 2

1.2.4 The role of zero (0)

Look at the following.
2+0=0+2=2
-5+0=..+..==-5

7

35%x24 2

2, —0+(_—2)—_—2
ces T 7 - 7

14
_j } (Using commutativity and associativity)

9

(Addition of 0 to a whole number)
(Addition of 0 to an integer)

(Addition of 0 to a rational number)
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BevaunGm SLp2_sTaTEUDEDOWILD SHiTdHSEOMLD.
3 (—6) (—8) 5
=t — [+ — [+—
7 11 21) 22
3, (8)],[-6, 5
“177\21 1 2 (omHmiLeser HIID GETLIL|LILIETTLSEme

LWIeTLIBS S euTTeD)

o1 > (7, 216ir 18.8.10 21; 11, 2260 15.8.10 22)

- L+(—_7j | 22-147 125
21 (22 462 462

AOMILILETTL WHNID GFTULILTLS6T DHhe SHeursHSlenL  eeflgmaeSemmen

eTeur [BraigelT [BemestaBetTniiiasemm?

. . -4 3 15 (-14 .
TBSBHIBSTLE® 2 1 — X = X X(—) &evorBLIg.

5 7716 U9
Siiay
4 3 15 (—14)
— X—X—X|—
5 7716 U9

_[_4x3) (15x(-14)

B _9+(—8)_+[—12+5}

S5x7 16 x9
12 (—35) _-12x(=35) 1
- 35 24)  35x24 2

Beueun@n HpeiTemeuHEDMUID EIFUILIEOMLD.
-4 3 15 [—14)
— X—X—X|—
5 7 16 9

-4 15 3 (-14 L o
= ?XE x 7X 9 (LommLILIevoTL|  LDHMILD
G&MILLILIETITL|SH6m6IT  LILIETTLIBES 60160 )

1.2.4 y@Sedussar umg (0)
L edTe(HEUETTEUNEND  &6)6df.
240=0+2=2 (R ppetetTaL 6T 022 Sal IQ6wTTeD)
-5+0=...+..==-5 (R WPpweLsit 023 Jal'lQ6vTTed)

-2 -2\ =2
= +..= 0+ (7)= - (2 8swpm eTTEILEST 022 Sal IQ6wTTeD)
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You have done such additions earlier also. Do a few more such additions.

What do you observe? You will find that when you add 0 to a whole number, the sum
is again that whole number. This happens for integers and rational numbers also.

In general, at0=0+a=a, where a is a whole number
b+0=0+b=b, where b is an integer
ct0=0+c=c, where ¢ 1s a rational number

Zero is called the identity for the addition of rational numbers. It is the additive
identity for integers and whole numbers as well.

1.2.5 The role of 1

We have,
S5x1=5=1x5 (Multiplication of 1 with a whole number)
-2 -2
—Xx]l=..%..=—
7 7
3 3 3
—x =1x —= —
8 8 8
What do you find?

You will find that when you multiply any rational number with 1, you get back the same
rational number as the product. Check this for a few more rational numbers. You will find
that, a X 1 =1 X a = a for any rational number a.

We say that 1 is the multiplicative identity for rational numbers.
Is 1 the multiplicative identity for integers? For whole numbers?

EE THINK, DISCUSS AND WRITE UGG

Ifa property holds for rational numbers, will it also hold for integers? For whole
numbers? Which will? Which will not?

1.2.6 Negative of a number

While studying integers you have come across negatives of integers. What is the negative
of 1?Itis— 1 because 1 + (—1)=(-1)+1=0

So, what will be the negative of (—1)? It will be 1.

Also, 2 + (-2) =(-2) +2 =0, so we say 2 is the negative or additive inverse of
—2 and vice-versa. In general, for an integer a, we have, a+ (—a)=(—a)+a=0;s0,a
is the negative of — a and — a is the negative of a.

For the rational number =, we have,

35
%+(_Z] _2+()
3 3 3
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@g@qns&r{m gal Ledgeme [BriuseT ehamenGa  OFUIHBLILITSE.
GeyldD oo salLedsemem OFUIGEUTD. HrageT 2 HnICHISSWS)
6T60T60T?
%@ WP ETTTEIL 65T 0 66U Fal BEUSTEL HEWLSHGSLD Fal BSHESMTEWS
GT(BLD DHBS (PP 6T6UIT ETEITLIENS SHITEUITEONID. (LP(PSS6IT LDHMILD
AB51pM ETNSHEHSHSID BeueunGn aMLGSMSI.
eLIngleuns;, at0=0+a=a @G a eedTLg WPpLDETETIT
b+0=0+b=0 @@ D eetiug wWpWsSH6T
ct0=0+c=c @mu® ceeiug efellsipm erevor
0 emeu eflBgupml eTevusaflelr Fal L y&enest FL6ol eT6iTm SHewpLILII.
85 WPWSSHET DOMIID wppeTerSHafledt SalLed &6l er60TMLD
SNMPESLILGBDE|.
1.2.5 1 a1 umi&®

5x1=5=1x5(R0® WL 1 & ELIHEHSSED)

-2 -2
—xl=..x.=—
7 7
3 3003
Sx.=1xZ==

8 8

B Sinfleug eresrewt?
6bS Qb sﬁlé%v,@% TGO EDID 1 &8 OBSBEINED HWL&HGSLD
5

mligbasa,gbusosqr 3 BHAPMI 616007 6T6ITLIENS STevureoniD. Geyd &leo
6fl é”g,(y)gu GTEITHENENS C\SHTE(B Rews &MU, a er6iTLg TCHEDID R(H
efl&apm erevor er6fled a x 1 =1 % a=a et6or SiMIUIEOMLD.

1 didswpm eensefer OLHSSH0 FD6vll 6165 Sameord. 1 ereirLg)
WPARSS6T LDHMID (Wp(peTevtia:aflelr E1LIH&HSH6d &FLbevfluim?

L\ AbHHBI SEHBIDIUTIR TSI A

BHAPM] ETETM&HET @(H LIGTEDL  OWNMBBHSTED DS (PSS EBHLD
u,r_r)gfzba,@mn? WPPSTEITSHEHLD ODHMHSHGSLDN? 615DES BHSHSLD? 61S5DS
(HSHSHMHI?

1.2.6 R eramaniar 6IHTLDaD

WpasemeTL LiHM) L& &GS [HITLD @smg)(y;%pé,aasmmum SIrdes Couermou |6Ters).
1 601 eTSTDEMM 616060 ? G — | Sp@&LD. agelemmentieo 1+(—1)=(-1)+1=0

aTetT@eu (—1) 601 eTHMDemM eT6tTETTONNS BIHHSD? MG 1 SHGSLD.

@Gweayd 2 + (-2) =(-2) +2 =0 er601@6u 2 65T ETHTDEDD Di6VEVG| Feal L 6d
adom)l 2 SHGWD WOHMID aTHTDIM SHGSLD. CILINHIOUTS o eT6ITLS (b
WPW&s6T el6vfled a+ (—a)=(—a)+a=0er601G6u a eT6ITLIH — a 63T EISHTLDEWM
GSYID — ¢ ET6ITLIG a 63T ETSITLDEMM.

< 1601 flBHAPM)I ETETITEMETIT 6T(BES)6)SHITETITL T6V

3
(e
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Also (—zj + 2 =0 (How?)
’ 3 3 ’
Similarly; B +[_—8) =0
’ 9 9

7N
<[ L
o
N—
I
7N\
<[ L
-
N——
+
I
(e

In general, for a rational number —, we h g+(_g)_(_g)+g_0
general, for a rational number b , we have, b b b b . We say
a a a a

that — 5 is the additive inverse of 3 and 5 is the additive inverse of (— z) .

1.2.7 Reciprocal

8
By which rational number would you multiply TR to get the product 1? Obviously by

21 . 8 21
—, since —x—=1.
8 21 8

-5 7
Similarly, - must be multiplied by 5 soas to get the product 1.

is the reciprocal of -

21 . .
We say that g s the reciprocal of 1 and — 5

Can you say what is the reciprocal of 0 (zero)?
Is there a rational number which when multiplied by 0 gives 1? Thus, zero has no reciprocal.

c
We say that a rational number — is called the reciprocal or multiplicative inverse of

d
) a.a c¢
another non-zero rational number Z if Z X E =1.
1.2.8 Distributivity of multiplication over addition for rational

numbers

To understand this, consider the rational numbers _73, % and %5 .

() 2o

Al 3.2 _Bx2_-6_-1
° 4 3 4x3 12 2
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SeveunGm
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<[ L
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N—
I
7N\
<[ L
-
N——
+
I
(e

a a

eILINgl6urs;, % @b 6B5upm) etevor etevflev, %4- (—g) = (— z) +%= 0. erevrGou

a a a
Yy srsz'srugjz 61 Sal'led erdiomp) Geyd 5 6T60TLIS;| (—

EIFITDMN) 6T60T FMNEOMLD.

a
Z) 60T el L6D

1.2.7 saneodip

8

o1 6hs 6NBFHAPM) 6T6TTMETINTED CILITHESETTED EIITHSHSHDLISOST 1 HeMLEGSLD?
. 21 ) ) 8 21

eeueflLiLenLwins g 6160 SR DE0D. 886\ mHs, Exgzl

. -5 7 . . . o . -
Seuaummy, e b4 = Ob60 E\LIHSS6TTTEV DL BGLD CILIHSHHDLIEVEIT 1 HeLEHGLD.
21 8 5

slenGe o~ 88 o 6 SweEIl 6160 Sameond HMID —5 & — e SEmE0ELH

61631 J6LDEVITLD.

0 (LpzaedwiD) Q6T HEWVELL ETEITEUTE16U6STM)] O RIGETITED SaDPIRW|LDIT?

0 (LhZR2dWiD) Sp6ev EILIHSS6eTeD 1 SWLEGLMM TCHEMID R 6NBSHUPM)

616501 2_6iTenFn? 616G LpRUISHDS HEWEOSD B606m60.

a

c . C a . . . .. . . .
X" 1 erefled P R SEWVELD D6060F] EILITHHSHED HMEOSLD ETEUTLILIBLD.

1.2.8 aldspm aanseaicv gni'Lalar 1DsH AUBBH0 UBISLBLETL

8ms fbgi\seier _73,2 LDMHMILD %Ssrsirrg) efswpm ereToTenemT TBSGHISESTE.

2] 2oy
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And AV Distributivity of Multi-
4 6 8 plication over Addition
(_3 2) (_3 _5) -1 5 1 and Subtraction.
Therefore — Xt | xX—] = Fo=7 For all rational numbers a, b
4 3 4 6 2 8 8 and c.
-3 2 =5 (—3 2) (—3 —5) a(b+c)=ab+ac
Thus, Tx §+? = TXE + TX? a(b-c)=ab-ac
TRY THESE
7 (-3 7 5 9 4 9 3
Find using distributivity. (i —x(—) +{—x—} ) {—x—p+1—x—
s Y(){s 12} 5712 R TR T
Example 3: Write the additive inverse of the following:
When you use distributivity, you
N ) A split a product as a sum or
() 19 (ii) 112 difference of two products.
Solution:
T =T =T T 27470
() 19 1S the additive inverse o 19 ecause 19 "9 19 19
ii) The additive i fom ot Check!
(i) e additive inverse o 511 (Check!)
Example 4: Verify that — (— x) is the same as x for
NpE o2l
) x=17 (@) *==
Solution: (i) We have, x = 7
e additive PO E R I §+[—_13)_0
The additive inverse of x = [7 1S—x= 75 since 7 17 .
B3 (13 L -13. 13
The same equality — +| == ) = 0, shows that the additive inverse of —— is —
17 17 17 17
(—13) 13 _
or — )" 17,1.e.,—(—x)—x.
o Additive fx_ﬂ. 2121 21
(i) itive inverse o 3 18 —X= 3y since —+§_
Th li _—21+——0 h hat the additive i fg' —2l
€ same equality 31 31 , shows that the additive mverse o 31 1S 31’

rLe.,,— (—x)=x.
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.. -3 -5 2 FRL'L6® WOMID SWHBH60
LDDMILD T % ? 8 By aumssddr URSLEG
3 2) (-3 -5} -1 5 1 L)
616016 p ><3 + Tx? =7+§—§ 616060 651BGPM) CTETOTEHEIT
a, b, c HeHHS
-3 (2 -5 (—3 2) (—3 —5] _
oSl S 22| 22 a(b+c)y=ab+ac
SHEDSHULITED 7y {3 6} 43/ \4 6 a(b—c)=ab—ac

1(-3]11..942—_3
() UnkifL @ LstoremLl LeTLIGES 8’"6“'&'{5 “\12 }+{5 ) 12} ) {16 12}+{16 ) 9}

ABSHHIGHTEG 3: LN6ETOUHEUSTEUDNNET Fal'Led erHmDmlen
e1(LDEIS

= 21
(M) T (ii) 12

UBISLeDL LWeLGSSID CLng)
Q[ SIHSHSHDLIEVENEST SI6vor®
QLBSsDLevEsISE6 T FaBH60 ()

Sivay

7 -7 7
) .
() 19 60T Fal'L6D ergnmrr,rf)] e;rascrscﬂm —19 +—19 =9 19 =0

21
. )
(i) 112 60T GalL6D srgrru:rrgﬂ 12 (grflurmm!)

aBHHSBBTEG 4: — (- x) e6iTLg X Sp&WD. Pews srflum.
1

: 13 L=
) x=17 13 @ *==7
Sray: () x = =
13 o 13 13 (-13
X=1; 6 salLed edmomm —x = T ere\eurenfleo —— 7 ( 7 ] =

£+(—_13)_0 . R & 13
TRAGT 61601 &LDIBemevudled 7 & serLed E D) Tl

- 13
ETEITLIENS ST BBME. 60608 —[ﬁj = 17> Olsmeg, - (=x)=x.

17
(i) x=ﬂ 60T FalLed eIHMpm —x = 2! 6\evT6ufl6D 2+2—
31 31 ¥ 31 31
—21 21 21 . . =21

=0 ,e160TD &FLOBeM6LUTED —— 63T Fal'L 6D ETHTLDM ETE 6160TLIEMS

31031 31
SM.BBNGl. Jsmeug —(—x)=x.
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Example 5: Find %X_—3—L—§><E
’ 5 7 14 7 5
Solution: EX_—?,—L—EXE =2X_—3—§X§—L (by commutativity)
s 7 14 7 5 5 7 7 5 14
2 3 (-3} 3 1
=§X7+[7)X§_ﬁ
=_—3[z+§j -L (by distributivi
775 T 1a y distributivity)
-3 1 —6-1 -1
7 14 14 2

B EXERCISE 1.1

1. Using appropriate properties find.
) —Zxo42-3x1 - Ex(_ij_leLXE
B 73573757 e N A MR VR

2. Write the additive inverse of each of the following.

. 2 o .. 6 .2 19
O 3 Oy (i) —5 ™) = v Z¢
3. Verify that — (—x) =x for.
) 11 . 13
) x=13 @ *=-17
4. Find the multiplicative inverse of the following.
) . -13 1 =5 3
@ 13 @ -5 @ 3 (v) —o X
© 1T ) -
5. Name the property under multiplication used in each of the following.
e N S I B o
5 5 5 17 7 7 17
i) Do x —n =
29 -19

6. Multiply 6 by the reciprocal of = .
13 16
7. Tell what property allows you to compute % X [6 X %) as [% X 6) X % .

8 1
8. Is 9 the multiplicative inverse of —1 3 ? Why or why not?

1
9. Is0.3 the multiplicative inverse of 3 3 ? Why or why not?




&6u0fl5LD eBspm erevorser M 29

-3 1 3 3
- 2 . . X — —— — X — . . .
aBSHBBTLG 5: S T T 7% SLenL  SeorBLIQ.
Ll . ng_i_ixé_gx__?,_zxi_L . . .L(n,
Sira: 5 7 14 775 75 7 7775 1 (onbpiuamse)
2 3 [—3) 31
= —X— 4| — | X———
5 7 7/ 5 14
B TE I IR
=7 \575) 14 (UL (LievorLN6dTLILR)
3

I B Lt B
7 14 14 2
I 50 1.1

1. 5&HF LT GHenem LIWeTLUGSS LletTaurheucoreunest DSLIEHL SHTewrs.

2 3 5 3 1 2 ( 3) 1 3 1 2
O 3572757 O 57w
2. etreudneuestaumesT Falled eripmmlemul eTLpSIs.
L2 " =5 =6 2 19
O 3 O (i) — ™) —5 v ¢
3. —(x)=x& &P et FlLMisSHeLD.
_ 11 , 13
0 x=135 (@ *=-17
4. etTeuBEUETEUDNIET EILIHHSHED SHEMEOSLEMUI HT6T0TS.
. L —13 1 .. =5 3
O —13 @ 5 @ 3 v) %=
© -1x% @) -1
5. etreuneuesteumiledn EILiHSSHme0 SILIMMISS LI6trLilelr QIR 61(LDSIs.
(1) _—4X1=1><_—4=—i (]1') _Ex__zz__zx__l?’
5 5 5 17 7 7 17
(i) oo x =
29 -19

6. I—gsvr SEDEOSLPGWNTB % B OLBHHGSS.
1 4 1 4 . : : :

7. 3% 6X§J & (EX 6}(5 Sb WI(HES 6TTHS LISTITenL LIWLETLBSSI6uMI?

8. _1§ 60T EILIH&SH60 HEWEOSELH ; &8sl sflun? Sleveod) erevflevemsn?

1

9. 3§6isr OILIHSSHEL Feweod 0.3 @ sflwm? Sieveog) erevllevemen?
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10. Write.
(1) The rational number that does not have a reciprocal.
(i) The rational numbers that are equal to their reciprocals.
(i) The rational number that is equal to its negative.
11. Fillin the blanks.
(1) Zero has reciprocal.

(i) The numbers and are their own reciprocals
(i) The reciprocal of—5 is .

(iv) Reciprocal of T where x # 0 is
(v) The product of two rational numbers is always a

(vi) The reciprocal of a positive rational number is

1.3 Representation of Rational Numbers on the
Number Line

The line extends
indefinitely only to the
right side of 1.

You have learnt to represent natural numbers, whole numbers, integers
and rational numbers on a number line. Let us revise them.

Natural numbers
1 S e e e
® 1 2 3 4 5 6 7 8 The line extends indefinitely
to the right, but from 0.
Whole numbers There are no numbers to the
. left of 0.
(1) —t—t—t——
01 2 3 4 5 6 7 8
Integers The line extends
indefinitely on both sides.
(in) P } } } } } } } } } } } } > Do Yyou se€ any numbers
3 -2-1 0 1 2 3 4 between—1, 0; 0, 1 etc.?
Rational numbers
(v) < —t _ , ,
1 -1 0 1 1 The line extends indefinitely
2 2 on both sides. But you can
now see numbers between
«—e } } } *~—> -1, 0;0, 1 etc.
Y 0 1 ? 1
3

The point on the number line (iv) which is half way between 0 and 1 has been

labelled % . Also, the first of the equally spaced points that divides the distance between

1
0 and 1 into three equal parts can be labelled -, as on number line (v). How would you

label the second of these division points on number line (v)?
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=
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The point to be labelled is twice as far from and to the right of 0 as the point
1 1 2
labelled 3 So it istwo times 3 i.e., 7 . Youcan continue to label equally-spaced points on

the number line in the same way. In this continuation, the next marking is 1. You can

see that 1 is the same as % .

4 7 . .
Then comes 3 g, g (or2), 3 and so on as shown on the number line (vi)
. 0 1 2 3
(vi) &—o—"F—"F—F+—F+—+—+—+—+—+—+ >
O 1 2 3 4 5 6 7 8 9 10
3 3 3 3 3 3 3 3 3 3 3

1
Similarly, to represent 7, the number line may be divided into eight equal parts as

shown: «e—t+—F—"-+~+——+—+—+—+—+—+—
0 1

1
We use the number g to name the first point of this division. The second point of

3
division will be labelled 3’ the third point 3 and so on as shown on number

line (vii)

A R RIS R

8 8§ 8 8 8 8
Any rational number can be represented on the number line in this way. In a rational
number, the numeral below the bar, i.e., the denominator, tells the number of equal
parts into which the first unit has been divided. The numeral above the bar i.e., the

numerator, tells ‘how many’ of these parts are considered. So, a rational number

wIN—-
oo T =

such as  means four of nine equal parts on the right of 0 (number line viii) and

1
for e make 7 markings of distance 1 each on the /eft of zero and starting

-7
from 0. The seventh marking is I [number line (ix)].

5

(vi)

1
3
9

oloe

2 3
9 9

b 1 /\ 1 1 1
(K) s ] T T T T T T T T b
_38 @—6 5 -4 3 2 -1 0
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TRY THESE

Write the rational number for each point labelled with a letter.

- A B C D E
1
0 2 2 3?2 6 7 2?2 2?2 101 12
5 5 5 5 5§ 5 5 5§
J I H G F

() «—o—o—o—o—9o o oo oo+ oo
—_12&_99 f)__6‘)__4__3‘)__1£
6 -~ 6 6 6 6 6 ° 6 6

1.4 Rational Numbers between Two Rational Numbers

Can you tell the natural numbers between 1 and 5? They are 2, 3 and 4.
How many natural numbers are there between 7 and 9? There is one and it is 8.
How many natural numbers are there between 10 and 11?7 Obviously none.
List the integers that lie between—5 and 4. Theyare—4,-3,-2,-1,0, 1, 2, 3.
How many integers are there between—1 and 1?
How many integers are there between—9 and —10?
You will find a definite number of natural numbers (integers) between two natural

numbers (integers).

How many rational numbers are there between % and E

4 5 6
You may have thought that they are only 0’10 and 10
. 30 7 70 31 32 33

But you can also write 10 * 100 and 10 * 100" Now the numbers, —— 100’ 100° 100

68 69 3 7
100”100 , are all between 0 and 10 The number of these rational numbers is 39.

3000 7 7000
Also 1o can be expressed as 10000 and 10 3 T 10000 Now, we see that the

rational numbers 3001 3002 6998 6999 are between % and % These

10000 10000 """ 10000 10000
are 3999 numbers in all.

. . . . 3
In this way, we can go on inserting more and more rational numbers between To

7 . . .
and — . So unlike natural numbers and integers, the number of rational numbers between

two rational numbers is not definite. Here is one more example.

-1 3
How many rational numbers are there between To and E
0

Obviously 10’10’ 10 &€ rational numbers between the given numbers.
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TGS Ig60T GLD6D 6T(PSGIHSETE0 GMIGSHLILILL eNBSAPMI ETEINSEDET 6T(LPGIS.
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1
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-1 -10000 3 30000

If we write To 100000 and 5535 160000

-9999 -9998 -29998 29999 -1 3
, yeees , , between — and —.
100000 100000 100000 ~ 100000 10 10

You will find that you get countless rational numbers between any two given
rational numbers.
Example 6: Write any 3 rational numbers between—2 and 0.

we get the rational numbers

Solution: —2 can be written as _1—200 and O as E .

Thus we have _19’_18 -17 -16 -15
10710710 7 10 ° 10

You can take any three of these.

e _—1 between —2 and 0.
10

b b b

. . - 5
Example 7: Find any ten rational numbers between ?5 and e

- 5
Solution: We first convert — and — to rational numbers with the same denominators.

6 8
-5x4 _-20 5x3_15
6x4 24 M 3704
~19 —-18 — -20 15
Thus we have 19 —18 -7 , 14 as the rational numbers between ——— and ——

247247 24 77724 24 24°

You can take any ten of these.

Another Method

3
Let us find rational numbers between 1 and 2. One ofthemis 1.5or 1 % or 5 . This is the
mean of 1 and 2. You have studied mean in Class VII.

We find that between any two given numbers, we need not necessarily get an
integer but there will always lie a rational number.

We can use the idea of mean also to find rational numbers between any two given
rational numbers.

Example 8: Find arational number between % and % .

Solution: We find the mean of'the given rational numbers.

[l+l)+2=(£)+2:§xl=E (l+l);2—é
4 2 4 4 2 8 4°2)7°"8

1

A
g lies between Z and 5 (-) 1
4

This can be seen on the number line also.

[
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1 1
We find the mid point of AB which is C, represented by (Z + E) +
We find that — < > < ~
€ that 453 7% e
If a and b are two rational numbers, then

a+b

, 3
8

is a rational number between a and

b such that a < <b.

This again shows that there are countless number of rational numbers between any
two given rational numbers.

1
Example 9: Find three rational numbers between % and —.

Solution: We find the mean of the given rational numbers.

o 31 31 1 3 1
As given in the above example, the mean is 3 and 1 < §< 5 4 ) 2
: 1 3 : :
We now find another rational number between 1 and rE For this, we again find the mean
flandiTh i (l+§)*2—§xl—i
0 4 3" at1s, 43 “3°2 16
1.5 3.1 153 1
4 16 8 2 4 16 8 2
Now find th f=and = Weh [§+1)_2_le_l
ow find the mean o - Wehave, (o7 =3 2716
Th t<<3<7<1 —t
usweget — < — < - <—<—, 15 3 71
4 16 8 16 2 1 16 8 16 2
Th 237 he thr ional numbers b lElIldl
us, 16°%8° 16 are the three rational numbers between 4 5
This can clearly be shown on the number line as follows:
1.3).,-5 T _(3.1)-
(4 8) 2 16 /16 _(8 " 2) :
0 1 3 1 31
4 8 2 4

In the same way we can obtain as many rational numbers as we want between two
given rational numbers . You have noticed that there are countless rational numbers between
any two given rational numbers.
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40 W MATHEMATICS RatioNAL NUMBERS

B EXERCISE 1.2

7 -5
1. Represent these numbers on the number line. (i) 1 (i) ra
2. R _—2 _—5 _—9 h ber lin
. Represent TRITREE onthe number line.
3. Write five rational numbers which are smaller than 2.
-2 1
4. Find ten rational numbers between ?and 5
5. Find five rational numbers between.
S 2 4 o3 s IS
(1 5 and 3 (i1) 5 and 3 (i) 4 and 5

6. Write five rational numbers greater than —2.

7. Find ten rational numbers between % and % .

—WHAT HAVE WE DISCUSSED?_

1.

Rational numbers are closed under the operations of addition, subtraction and multiplication.

2. The operations addition and multiplication are

(1 commutative for rational numbers.

(i) associative for rational numbers.

The rational number 0 is the additive identity for rational numbers.

The rational number 1 is the multiplicative identity for rational numbers.

a a
The additive inverse of the rational number Z 1S — Z and vice-versa.

The reciprocal or multiplicative inverse of the rational number % is % if Lx 1.

b d
Distributivity ofrational numbers: For all rational numbers a, b and c,
alb+c)=ab+ac and a(b—c)=ab-ac
Rational numbers can be represented on a number line.

Between any two given rational numbers there are countless rational numbers. The idea of mean
helps us to find rational numbers between two rational numbers.
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7 -5
1. ereoor@amiigetT Ged GMSHSSHM G (i) 1 (ii) o

252
1111711
3. 2@ oL i @B ANHSUPM ETTTTHEDET 61(LDSIS.

-2 1
4. - LDMHMILD Eé’@ BeoLuleysen LSS 601B5LPMI 6T6TTSHEM6IT SH6voTBLILR.

@ eTeTGHMLIeN G6d GSMISSHISHHTLB.

5. SwetemeupMih@ QevLuleyisTen bg eNBHUPMI cTetHemsT HevTBLIL.
() 3 OO (i)~ OOID - (i) 7 HOID 5
6. 2 6L awuflw Lbg NHHUPM eTETTTHEDET ET(LDEIS.

7. % LDMHMILD % &S BemLuleyeiter LS eNBHpm erstorgener SeworBLILY.

BT

1. salLed, &SSO WOMID OUGBSSMD OLUTNISSH ABHAPM 616w SHeT
SiEMLEYLILIETITEmL S IHMIETENTS)).

2. gal'Led MHMID ELHSHS6060T 6\&ulsos6rflen
() eNBHUpMI 6ETTTHET DMDHMILILIETITEHL ELIDMI6TENS)
(i) eNBsupm erevorEHeT GCHFTLILILILIETITENL SILDHMIETETS)
3. didswpm ersvusefled Fal'led &evfl ‘0 SpGLD.
4. eBsupm erevTSHEl60 CILI[HEHSHED FLD6BA ‘17 DhSLD.

5. %ersisrg) NBspm eTevoTenflledT Falled erHomm —%. SiCsCumetTM)] —% 601

Sal'Led eIFm % SH&SLD.
6. % a6ty eNBHAPM| eTetoTemNl6lT HEWEOSLD DH6VEVF EIIHBHED HENEOSLD %
6r66ﬂ6i)% X 5 =1.
7. a,b,ceen Slewevisg eNBHwpm eleuisaflesr LRSIG 60F
a(b+c)=ab+ac woOMID a(b—c)=ab—ac
8. eBsupm erctTEHED6T 6TETTGSHMLIQEN GD6d GMGHG| SHITLLEOILD.

9. QeM@ssULLL @6 eNdsipm ereusErsES RenLufled e NS5 WM
ETETEHET S(HHGSLD. SISl eT6nID H(HSSH TCHENID Br6cvor® NBHAPM) ET6TTSHEHHES
BewLufed 2 6o NBSHUPM) ETETTHEM6NT SHT6v0T LWISTLIGSDE).




