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CHAPTER

Squares and Square
Roots

6.1 Introduction

You know that the area of asquare = side x side (where‘side’ means ' the length of
aside’). Study thefollowing table.

Side of a square (in cm) Area of the square (in cm?)

1x1=1=1°
2x2=4=22
3x3=9=3
5x5=25=5
8x8=64=8

Q0 Ol W N P

axa=a?

What isspecial about the numbers4, 9, 25, 64 and other such numbers?
Since, 4 can be expressed as 2 x 2 = 22, 9 can be expressed as 3 x 3 = 3, all such
numbers can be expressed asthe product of the number withitself.
Such numberslikel, 4,9, 16, 25, ... areknown assquar enumbers.

Ingeneral, if anatural number mcan be expressed asn?, wherenisalso anatural
number, thenmisasquarenumber . |s32 asquare number?

Weknow that 5% = 25 and 6% = 36. If 32 isasguare number, it must be the square of
anatural number between 5 and 6. But thereisno natural number between 5and 6.

Therefore 32 isnot asquare number.
Consider thefollowing numbersand their squares.

1 1x1=1
2 2%x2=4
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3x3=9
4x4=16 Can you
5x5=25 completeit?

Boo~vouhrw

From the above table, can we enlist the square numbers between 1 and 100?Are
thereany natural square numbersupto 100 |eft out?
You will find that therest of the numbersare not square numbers.

Thenumbers1, 4,9, 16 ... aresquare numbers. Thesenumbersarea so called per fect
sguares.

TRY THESE

1. Findthe perfect square numbersbetween (i) 30and40 (ii) 50and 60

6.2 Properties of Square Numbers
Following table showsthe squares of numbersfrom 1 to 20.

Number Square Number Square
1 1 1 121
2 4 12 144
3 9 13 169
4 16 14 196
5 25 15 225
6 36 16 256
7 49 17 289
8 64 18 324
9 81 19 361
10 100 20 400

Study the square numbersin the abovetable. What aretheending digits(that is, digitsin
the one’'splace) of the square numbers?All these numbersendwith O, 1, 4,5, 6 or 9 at
unit’splace. Noneof theseend with 2, 3, 7 or 8 at unit’s place.

Can we say that if anumber endsin 0, 1, 4, 5, 6 or 9, then it must be a square
number? Think about it.

TRY THESE

1. Canwesay whether thefollowing numbersare perfect squares?How doweknow?
(i) 21057 (i) 23453 (iiiy 7928 (iv) 222222
(v) 1069 (vi) 2061
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Writefive numberswhich you can decide by looking at their one'sdigit that they
arenot square numbers.

2. Writefive numberswhich you cannot decidejust by looking at their unit’sdigit
(or one'splace) whether they are square numbersor not.

® Study thefollowing table of somenumbersand their squaresand observetheone's

placein both.
Table 1

Number Square Number Square Number Square
1 1 1 14 21 441
2 4 12 144 22 484
3 9 13 169 23 529
4 16 14 196 24 576
5 25 15 225 25 625
6 36 16 256 30 900
7 49 17 289 35 1225
8 64 18 324 40 1600
9 81 19 361 45 2025
10 100 20 400 50 2500

Thefollowing squarenumbersend with digit 1.

Which of 123?, 772, 822,
1612, 109? would end with

81
121
361
441

1
9
1
19
21

digit1?

Write the next two square numberswhich endin 1 and their corresponding numbers.
You will seethat if a number has1 or 9inthe unit's place, then it's square endsin 1.

® | etusconsider squarenumbersendingin 6.

36
196
256

14
16

Which of thefollowing numberswould havedigit
6 at unit place.

) 19
(iv) 362

(i) 242
) 34

(i) 26°
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We can see that when a square number endsin 6, the number whose squareitis, will
have either 4 or 6 in unit’s place.
Canyou find more such rulesby observing the numbersand their squares(Table 1)?

TRY THESE

What will bethe*one'sdigit” inthe square of thefollowing numbers?
(i) 1234 (i) 26387 (i) 52698 (iv) 99880
(v) 21222 (vi) 9106

® Consder thefollowing numbersand their squares.

10°=100
We have - But we have
e e

100?= 10000
We have 200° = 4
_ But we have
two zeros / 7007 = 490000 four zeros
9007 = 810000

If anumber contains 3 zerosat the end, how many zeroswill itssquare have ?

What do you notice about the number of zerosat theend of the number and the

number of zerosat theend of itssquare?

Can we say that square numbers can only have even number of zerosat the end?
® SeeTablelwith numbersandtheir squares.

What can you say about the squares of even numbersand squares of odd numbers?

TRY THESE

1. Thesquareof which of thefollowing numberswould be an odd number/an even

number?Why?

W 727 (i) 158 (iiiy 269 (iv) 1980
2. What will bethe number of zerosinthe square of thefollowing numbers?

() 60 (i) 400

6.3 Some More Interesting Patterns

1. Addingtriangular numbers.
Do youremember triangular numbers (numberswhosedot patternscan bearranged

astriangles)? *
* * *
* * % * k%
* * % * % % * k% %
* * % * % % * k% % * k% k%

1 3 6 10 15
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If we combinetwo consecutivetriangular numbers, we get asquare number, like

(ke %
% % Kk |%
% % %
1+3=4 3+6=9
=22 =32

2. Numbersbetween squarenumbers
L et usnow seeif we can find someinteresting pattern between two consecutive
sguarenumbers.

Two non square numbers
between the two square
numbers 1 (=1%) and 4(=2?).

1(=1)

6 non sguare numbers between
the two sguare numbers 9(=3?)

and 16(=49), 2.3 4(=2)

56.7.89(=3%)
10, 11,12, 13, 14, 15, 16 (= 4?)

17,18, 19, 20, 21, 22, 23, 24, 25 (= 5?)
Between 13(=1) and 2%(= 4) therearetwo (i.e., 2 x 1) non square numbers 2, 3.

8 non square
numbers between
the two square
numbers 16(= 4?)

and 25(=5?).

4 non square numbers
between the two square
numbers 4(=22) and 9(3?).

Between 22(= 4) and 3?(= 9) therearefour (i.e., 2 X 2) non square numbers5, 6, 7, 8.
Now, F=9, 42=16
Therefore, 42-3¥=16-9=7

Between 9(=3?) and 16(= 4?) the numbers are 10, 11, 12, 13, 14, 15 that is, six
non-sguare numberswhichis1lessthan the difference of two squares.

Wehave 42=16 and 5°=25
Therefore, 5-4=9

Between 16(=4%) and 25(=5) thenumbersare 17,18, ... , 24 that is, eight non square
numberswhichis1 lessthan thedifference of two squares.

Consider 72 and 62. Can you say how many numbers are there between 62 and 72?
If wethink of any natural number nand (n+ 1), then,

(n+12—n?=(n*+2n+1)-n?=2n+ 1

Wefind that between n?and (n + 1) thereare 2n numberswhichis 1 lessthan the
difference of two squares.

Thus, in general we can say that there are 2n non perfect square number s between
the squares of the numbersn and (n + 1). Check for n=5, n = 6 etc., and verify.
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TRY THESE

1. How many natural numbersliebetween 9% and 10? ? Between 112 and 122?
2. How many non square numberslie between thefollowing pairsof numbers
() 100?and 101? (i) 90?and 912 (i) 10007 and 10012

3. Addingodd numbers
Congder thefollowing

1 [one odd number] =1=12
1+ 3 [sumof first two odd numbers] =4=22
1+3+5 [sumof firstthreeodd numbers] =9=3?
1+3+5+7 [..] =16=42
1+3+5+7+9 [..] =25=52
1+3+5+7+9+11 [..] =36=6°

So we can say that the sum of first n odd natural numbersisn?.

Lookingatitinadifferent way, wecan say: ‘ If thenumber isasguare number, it has
to bethe sum of successiveodd numbersstarting from 1.

Consider those numberswhich are not perfect squares, say 2, 3,5, 6, ... . Canyou
expressthese numbersasasum of successive odd natural numbersbeginning from 1?

Youwill find that these numbers cannot be expressed in thisform.
Consider the number 25. Successively subtract 1, 3,5, 7, 9, ... fromit
(i) 25-1=24 (i) 24-3=21 (i) 21-5=16 (iv) 16—-7=9
V) 9-9=0
Thismeans, 25=1+3+5+ 7+ 9. Also, 25 isaperfect square.
Now consider another number 38, and again do asabove.
() 38-1=37 (i) 37-3=34 (i) 34-5=29 (iv) 29-7=22
(v) 22-9=13 Vi) 13-11=2 (Vi) 2—-13=-11
This shows that we are not able to express 38 asthe

TRY THESE sum of consecutive odd numbersstartingwith 1. Also, 38is

_ _ not aperfect square.
Find whether each of the following S0 al that if tural b tb
numbersisaperfect SUAreor not? wecan also say if anatural number cannot be

_ . expressed as a sum of successive odd natural numbers
0 121 (W 55 (i) 81 starting with 1, then it is not a perfect square.

Q) AR () 69 We can usethisresult to find whether anumber isaperfect

squareor not.

4. A sum of consecutivenatural numbers
Congder thefollowing

F=9=4+5———( Second Number
5 =25=12+13 _3+1
72=49=24+25 2

First Number
_F-1
2
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9?=81=40+41
112=121=60 + 61
15>=225=112 + 113

TRY THESE

1. Expressthefollowing asthesum of two consecutiveintegers.
(i) 212 i) 13 @) 112 (iv) 19?
2. Doyouthink thereverseisdsotrue, i.e., isthesum of any two consecutive positive
integersisperfect square of anumber? Give exampleto support your answer.

ow! we can expressthe
square of any odd number as
the sum of two consecutive
positive integers.

5. Product of two consecutiveeven or odd natural numbers
11x13=143=12°-1
Also 1M x13=(12-1) x (12+1)
Therefore, 11x 13=(12-1) x(12+1)=122-1
Smilaly, 13x15=(14-1)x(14+1)=14°-1
29%x31=(30-1)x(30+1)=30°-1
44 x46=(45-1)x (45+1)=452-1
Soingeneral wecansay that (a+1) x (a—1) =a?— 1.

6. Somemorepatternsin squarenumbers

Observethesgquaresof numbers; 1, 11, 111 ... etc. They give abeautiful pattern:

12 = 1

112 = 1 2 1

1112 = 1 2 3 2 1

11112 = 1 2 3 4 3 2 1

111112 = 1 2 3 4 5 4 3 2 1
mmmme=1 2 3 4 5 6 7 8 7 6 5 4 3 2 1

Another interesting pattern. TRY THESE

7*=49
672 = 4489 Writethe square, making use of theabove
- pattern.
6672 = 444889 () 1111112 (i) 11111112
66672 = 44448889

666672 = 44444388889 TRY THESE

666667 = 444444338889 : .
L : _ Canyou find the square of thefollowing
Thefunisinbeing abletofind out why thishappens. May numbersusing the above pattern?

beitwould beinteresting for youto exploreand think about .
such questionsevenif theanswerscomesomeyears| ater. () 6666667 (i) 66666667
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B EXERCISE 6.1
1. What will betheunit digit of the squaresof thefollowing numbers?

@ 81 @iy 272 @iy 799 (iv) 3853
(v) 1234 (vi) 26387 (vii) 52698 (viii) 99880
(ix) 12796 (X) 55555
2. Thefollowing numbersareobvioudy not perfect squares. Givereason.
(i) 1057 (i) 23453 (iiiy 7928 (iv) 222222
(v) 64000 (vi) 89722 (vii) 222000 (viii) 505050
3. Thesguaresof which of thefollowing would be odd numbers?
@) 431 (i) 2826 @iy 7779 (iv) 82004
4. Observethefollowing pattern and find themissing digits.
112=121
1012 = 10201

1001% = 1002001

5. Observethefollowing pattern and supply the missing numbers.
112=121
1012=10201
101012 = 102030201
10101012 = ..o
............ 2=10203040504030201
6. Usingthegiven pattern, find themissing numbers.
12+22+22 =32

2+3F+67 =T To find pattern

P+ 42+ 122=13? Third number isrelated to first and second
P2 +52+ 2 =212 number. How?

R4+ 24 502 =312 Fourth number is related to third number.
&+ 7—2 L2 2 How?

7. Without adding, find thesum.
i) 1+3+5+7+9
([i) 1+3+5+7+9+11+13+15+17+19
(i) 1+3+5+7+9+11+13+15+17+19+21+23
8. () Express49asthesum of 7 odd numbers.
(i) Express121 asthesum of 11 odd numbers.
9. How many numberslie between squares of thefollowing numbers?
() 12and13 (i) 25and 26 (i) 99and 100
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6.4 Finding the Square of a Number

Squaresof small numberslike3, 4,5, 6, 7, ... etc. areeasy to find. But can wefind the
squareof 23 so quickly?

Theanswer isnot so easy and wemay need to multiply 23 by 23.
Thereisaway to find thiswithout having to multiply 23 x 23.

Weknow 23=20+3
Therefore 232 =(20+ 3)?=20(20 + 3) + 3(20 + 3)
=20°+20x3+3%x20+ 3

=400+ 60 + 60 + 9 =529
Example 1: Findthesquare of thefollowing numberswithout actua multiplication.

() 39 (i) 42
Solution: (i) 39 =(30+9)>=30(30 + 9) + 9(30 + 9)
=302+30x9+9x30+0

=900+ 270+ 270+ 81 = 1521
(i) 422=(40+2)2=40(40 + 2) + 2(40 + 2)
=40°+40%x 2+ 2 x40+ 22
=1600+80+80+4=1764
6.4.1 Other patterns in squares
Congder thefollowing pattern:

25% = 625 = (2 x 3) hundreds + 25 _ —
352 = 1225 = (3 x 4) hundreds + 25 CO“?:Se)Za”;‘Eber ";tzh unitdigits, i.e., as
2 — = - ar
752 5625 = (7 x 8) hundreds + 25 — 10a(10a + 5) + 5(10a + 5)
1257 = 15625 = (12 x 13) hundreds + 25 = 10022 + 50a + 50a + 25
Now can you find the square of 95? = 100a(a + 1) + 25

=a(a+ 1) hundred + 25
TRY THESE

Find thesquares of thefollowing numberscontaining 5inunit’splace.
@ 15 @iy 95 (i) 105 (iv) 205

6.4.2 Pythagorean triplets
Consder thefollowing

F+42=9+16=25=5°
The collection of numbers3, 4 and 5isknown asPythagorean triplet. 6, 8, 10is
also aPythagoreantriplet, since
6>+ 8°=36+64=100=10°
Again, observethat
52+122=25+144 =169 = 132. The numbers5, 12, 13 form another such triplet.
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Canyoufind moresuchtriplets?

For any natural number m > 1, we have (2m)? + (n? — 1) = (n? + 1)2 So, 2m,
n?—1and n? + 1 formsaPythagorean triplet.
Try tofind somemore Pythagorean tripletsusing thisform.

Example 2: WriteaPythagorean triplet whose smallest member is8.
Solution: Wecan get Pythagoreantripletsby using general form 2m, n?—1, n¥ + 1.

Let usfirsttake nf—-1=8

So, nF=8+1=9

whichgives m=3

Therefore, 2m=6 and nmf+1=10
Thetripletisthus6, 8, 10. But 8isnot the smallest member of this.
o, let ustry 2m=238

then m=4

Weget nf—1=16-1=15

and nf+1=16+1=17

Thetripletis8, 15, 17 with 8 asthe smallest member.
Example 3: Find aPythagorean triplet inwhich onemember is12.

Solution: If wetake nt—1=12

Then, m=12+1=13

Thenthevaueof mwill not beaninteger.

So, wetry totaken? + 1=12. Againn? = 11 will not giveaninteger valuefor m.

So, let ustake 2m=12
then m=6
Thus, m-1=36-1=35 and nf+1=36+1=37

Therefore, therequiredtripletis12, 35, 37.
Note: All Pythagorean triplets may not be obtained using thisform. For example another
triplet 5, 12, 13 also has 12 asamember.

B EXERCISE 6.2
1. Findthesguareof thefollowing numbers.

@ 32 @) 35 (i) 86 (iv) 93
v) 71 (vi) 46

2. WriteaPythagorean triplet whoseonemember is.
@ 6 (i) 14 (iii)y 16 (iv) 18

6.5 Square Roots

Study thefollowing situations.
(@ Areaof asguareis144 cm? What could bethe side of the square?
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We know that the area of asquare = side?
If weassumethelength of thesidetobe‘a’, then 144 = a2
Tofind thelength of sideit isnecessary to find anumber whose squareis 144.
(b) Whatisthelength of adiagonal of asquareof side8cm (Fig 6.1)? A D
Canwe use Pythagorastheorem to solvethis?
We have, AB2+BC?=AC?
ie, 8+ 8 =AC?
or 64 + 64 = AC? ]
or 128 = AC? B
Againto get AC weneed to think of anumber whose squareis 128.
(©) Inaright triangle the length of the hypotenuse and a side are
respectively 5cmand 3cm (Fig 6.2).
Canyoufindthethird sde?
Let xcm bethelength of thethird side.
Using Pythagorastheorem 52=x2+3
25-9= x?
16 = x2
Again, tofind x we need anumber whose squareis 16.
Inall theabove cases, we need to find anumber whose squareisknown. Finding the
number with theknown squareisknown asfinding the square root.

6.5.1 Finding square roots
Theinverse (opposite) operation of addition is subtraction and the inverse operation
of multiplicationisdivision. Similarly, finding the squareroot istheinverse operation
of squaring.
We have, 12 = 1, thereforesquareroot of 1is1

22 = 4, therefore squareroot of 4is2 :

. Since =81,

32 =9, thereforesquareroot of 9is3 and (-92=81

We say that square

roots of 81 are 9 and -9.
TRY THESE

() 112=121. What isthe squareroot of 121?
(i) 142=196. What isthe squareroot of 196?

Fig 6.1

&
5° 3cm

X cm

Fig 6.2

HEEE THINK, DISCUSS AND WRITE Ul

(-1)?=1.1s-1, asguareroot of 1? (2)?= 4.1s-2, asguareroot of 4?
(-9)?=81. Is-9 asquareroot of 817

From the above, you may say that therearetwo integral squarerootsof aperfect square ™
number. In thischapter, we shall take up only positive squareroot of anatural number.
Positive square root of anumber isdenoted by thesymbol /.

Forexample: \/4=2 (not—2); /9= 3 (not-3) etc.
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Statement I nference

Statement Inference

12=1 Vi=1 62 = 36 J36 =6
22=4 Ja4 =2 72=49 Va9 =7
?=9 J9=3 8 =64 J64 =8
£ =16 V16 =4 ®=81 V81 =9
52 = 25 J25 =5 10 = 100 V100 =10

6.5.2 Finding square root through repeated subtraction

Doyouremember that thesum of thefirst nodd natural numbersisn??That is, every square
number can be expressed asasum of successive odd natural numbersstarting from 1.

Consider +/81. Then,

() 81-1=80 (i) 80-3=77 (i) 77-5=72 (v) 72-7=65
() 65-9=56 (v 56—11=45 (i) 45-13=32 (vii) 32-15=17
(iX) 17-17=0

From 81 we have subtracted successive odd
numbers starting from 1 and obtained O at 9" step.

Therefore /81 =09.

Canyoufindthesguareroot of 729 using thismethod?
Yes, butitwill betimeconsuming. Let ustry tofinditin

TRY THESE

By repeated subtraction of odd numbersstarting
from 1, find whether thefollowing numbersare
perfect squaresor not?1f thenumber isaperfect
squarethenfinditssquareroot.

0 121 asmpler way.

(i) 55 6.5.3 Finding square root through prime factorisation

g\'g ig Consider the primefactorisation of thefollowing numbersand their squares.

(v) 90 (" Primefactorisation of aNumber Primefactorisation of itsSquare )
6=2x3 36=2x2%x3x%x3
8=2x2x2 64=2%X2x2%X2x2x%x2
12=2x2x%x3 144=2%x2x2x2%x3x%x3

S 15=3x5 225=3x3%x5x%x5 )

How many timesdoes 2 occur in the primefactorisation of 6?7 Once. How many times
does 2 occur in the primefactorisation of 367 Twice. Smilarly, observethe occurrence of
3in6and 36 of 2in 8 and 64 etc.

2| 324
Youwill find that each primefactor in the primefactorisation of the
: . . . 2| 162
square of anumber, occurstwice the number of timesit occursinthe 381
primefactorisation of the number itself. Let ususethistofind thesquare
root of agiven square number, say 324. 3 27
Weknow that the primefactorisation of 324 is 319
324=2x2x3%x3x3x3 3
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By pairing the primefactors, we get
324=2x2%x3x3%x3x3 =22xFPx3F=(2x3x%x3)

So, J324=2%x3x3=18

Similarly canyoufindthesquareroot of 256? Primefactorisation of 256is 2| 256
256=2%X2%X2%X2%X2%X2%X2x%X2 2| 128
By pairing the primefactorsweget, 2| 64
256 =2X2%X2X2X2X2x2X2=(2x2x%x2x%2)? 2| 32
Therefore, /256 = 2x2x2x2=16 2| 16
Is48isaperfect square? 2 8
We know 48=2%x2x2%x2x%x3 2| 4
Sinceall thefactorsarenot in pairsso 48 isnot aperfect square. 2

Suppose we want to find the smallest multiple of 48 that isa perfect square, how
should we proceed? Making pairs of the prime factors of 48 we seethat 3istheonly
factor that does not have apair. So we need to multiply by 3 to completethepair.

Hence 48 x 3 =144 isaperfect square. 2| 6400
Canyoutell by which number should wedivide 48 to get aperfect square? 2| 3200
Thefactor 3isnotinpair, soif wedivide48 by 3weget48+3=16=2x2x2%x2 2 1600
and thisnumber 16 isaperfect squaretoo. > 800
Example 4: Find the squareroot of 6400. 2| 400
Solution: Write6400=2x2x2x2x2x2x2x2x5x5 2| 200
Therefore /6400 =2%x2x2x2x5=80 21 90 2| 100
3| 45 2| 50
Example 5: 1s90 aperfect square? 3 15 5| 25
Solution: Wehave90=2x3x3x5 S 5
Theprimefactors2 and 5 do not occur in pairs. Therefore, 90 isnot aperfect square.
That 90 isnot aperfect square can also be seen fromthefact that it hasonly one zero.
Example 6: 1s2352 aperfect square?If not, find thesmallest multipleof 2352which 2| 2352
isaperfect square. Find the squareroot of the new number. 2| 1176
Solution: Wehave2352=2x2x2x2x3x7x7 2| 588
Asthe primefactor 3 hasno pair, 2352 isnot aperfect square. 2| 294
If 3getsapair thenthenumber will becomeperfect square. So, wemultiply 2352by 3toget, 3| 147
2352 x3=2%x2%x2x2x3x3X7x7 71 49
Now each primefactor isinapair. Therefore, 2352 x 3=7056 isaperfect square. 7
Thustherequired smallest multiple of 2352 is7056 whichisaperfect square.
And, J7056 =2x2x3x7=84

Example 7: Find the smallest number by which 9408 must be divided so that the
quotient isaperfect square. Find the square root of the quotient.
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g w w N

6,9, 15
3,915

1,35
1,15

1,11

Solution: Wehave, 9408 =2x2Xx2x2x2x2x3Xx7x7

If wedivide 9408 by thefactor 3, then

9408 +3=3136=2x2x2x2x2x2x7x7 whichisaperfect square. (Why?)
Therefore, therequired smallest number is3.

And, J3136 =2%x2x2x7=56.

Example 8: Findthesmallest squarenumber whichisdivisibleby each of thenumbers
6, 9 and 15.

Solution: Thishastobedoneintwo steps. Firgt find the smallest common multipleand
then find the square number needed. Theleast number divisible by each one of 6, 9 and
15istheir LCM. TheLCM of 6,9and 15is2x 3x 3 x 5=90.
Primefactorisationof 90is90=2x3%x3x 5.

We see that prime factors 2 and 5 are not in pairs. Therefore 90 is not a perfect
quare.

In order to get a perfect square, each factor of 90 must be paired. So we need to
make pairsof 2 and 5. Therefore, 90 should bemultiplied by 2 x 5, i.e., 10.
Hence, therequired square number is90 x 10 = 900.

B EXERCISE 6.3

1. What could bethepossible‘ one’s digitsof the squareroot of each of thefollowing
numbers?

(i) 9801 (i) 99856 (i) 998001 (iv) 657666025

2. Without doing any ca culation, find the numberswhich are surely not perfect squares.
@i 2153 @iy 257 (iiiy 408 (iv) 441

3. Findthesguarerootsof 100 and 169 by the method of repeated subtraction.

4. Findthesguarerootsof thefollowing numbersby the Prime Factorisation Method.
@ 729 (i) 400 (iiiy 1764 (iv) 4096
(v) 7744 (vi) 9604 (vii) 5929 (vii) 9216
(ix) 529 (x) 8100

5. Foreachof thefollowing numbers, find the smallest whole number by whichit should
be multiplied so asto get aperfect square number. Also find the squareroot of the

sguare number so obtained.
(i) 252 (i) 180 (i) 1008 (iv) 2028
(v) 1458 (vi) 768

6. Foreachof thefollowing numbers, find thesmallest wholenumber by whichit should
be divided so asto get a perfect square. Also find the square root of the square

number so obtained.
(i) 252 (i) 2925 (i) 396 (iv) 2645
(v) 2800 (Vi) 1620

7. Thestudentsof ClassVIII of aschool donated Rs2401indl, for PrimeMinister’s
Nationa Relief Fund. Each student donated asmany rupeesasthe number of sudents
intheclass. Find the number of studentsintheclass.
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8. 2025 plantsareto be planted in agarden in such away that each row containsas
many plants asthe number of rows. Find the number of rows and the number of
plantsin eachrow.

9. Findthesmallest squarenumber that isdivisible by each of thenumbers4, 9 and 10.

10. Findthesmallest squarenumber that isdivisbleby each of thenumbers8, 15and 20.

6.5.4 Finding square root by division method

Whenthenumbersarelarge, eventhemethod of finding squareroot by primefactorisation
becomeslengthy and difficult. To overcomethisproblemweuseLong Divison Method.

For thiswe need to determinethe number of digitsinthe squareroot.
Seethefollowingtable:

(" Number Square )
10 100 whichisthesmallest 3-digit perfect square
31 961 whichisthegreatest 3-digit perfect square
32 1024 whichisthesmallest 4-digit perfect square

99 9801 whichisthegreatest 4-digit perfect square )

So, what can we say about the number of digitsin the squareroot if aperfect
squareisa3-digit or a4-digit number? We can say that, if a perfect squareisa
3-digit or a4-digit number, thenitssquareroot will have 2-digits.

Can you tell the number of digitsin the square root of a5-digit or a 6-digit

perfect square?

Thesmallest 3-digit perfect square number is100 whichisthe square of 10 and the
greatest 3-digit perfect square number is 961 whichisthe square of 31. The smallest
4-digit square number is1024 whichisthe square of 32 andthe greatest 4-digit number is
9801 whichisthe square of 99.

HEEE THINK, DISCUSS AND WRITE Ul
n
2

Canwesay that if aperfect squareisof n-digits, thenitssquareroot will have

T o it e

Theuseof thenumber of digitsin squareroot of anumber isuseful inthefollowing method:
® Consder thefollowing stepsto find the square root of 529.
Canyou estimate the number of digitsin the squareroot of thisnumber?
Step1l Placeabar over every pair of digitsstarting fromthedigit at one'splace. If the
number of digitsinitisodd, thentheleft-most singledigit too will haveabar.

Thuswehave, 529 . 2
Step 2  Findthelargest number whosesguareislessthanor equd tothenumberunderthe 2| 529
extremeleft bar (22 <5< 3?). Takethisnumber asthedivisor and thequotient -4

with the number under theextremel eft bar asthedividend (here5). Divideand 1
get theremainder (Linthiscase).
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6| 4096
—-36
496

6 | 4096
—36
12| 4%

64
6| 4096
-36

124 496
— 496

Step 3

Step 4

Step 5

Step 6

Bring down the number under the next bar (i.e., 29 inthiscase) to theright of
theremainder. Sothenew dividendis 129.

Doublethedivisor and enter it with ablank onitsright.

Guessalargest possibledigit tofill the blank which will a so becomethenew
digitinthe quotient, such that when the new divisor ismultiplied to the new
quotient the product islessthan or equal to thedividend.

Inthiscase42 x 2=84.
As43 x 3=129 sowe choosethe new digit as 3. Get theremainder.

Sincetheremainder isO and no digitsareleft in the given number, therefore,

J529 =23.

® Now consider /4096

Step 1
Step 2

Step 3

Step 4

Step 5

Step 6

Placeabar over every pair of digitsstarting fromthe one'sdigit. (40 96).

Find thelargest number whose squareislessthan or equal to the number under
theleft-most bar (6° < 40 < 72). Takethisnumber asthe divisor and the number
under theleft-most bar asthedividend. Divideand get theremainderi.e.,, 4in
thiscase.

Bring down the number under thenext bar (i.e., 96) totheright of theremainder.
Thenew dividendis496.

Doublethedivisor and enter it with ablank onitsright.

Guessalargest possibledigit tofill theblank which d so becomesthenew digitinthe
quatient suchthat whenthenew digitismultiplied tothenew quatient theproductis
lessthan or equa tothedividend. Inthiscaseweseethat 124 x 4= 496.

Sothenew digitinthequotient is4. Get theremainder.
Sincetheremainder is0 and no bar left, therefore, /4006 = 64.

Estimating thenumber
We use barsto find the number of digitsin the squareroot of aperfect square number.

\/@ﬂs and J[2096 = 64

In both the numbers 529 and 4096 there aretwo barsand the number of digitsintheir
squareroot is2. Canyoutell the number of digitsinthe squareroot of 14400?

By placing barsweget 14400. Sincethereare 3 bars, the squareroot will beof 3 digit.
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TRY THESE

Without cal cul ating square roots, find the number of digitsin the squareroot of the

following numbers.
(i) 25600 (i) 100000000 (iii) 36864
Example 9: Findthesguareroot of : (i) 729 (i1) 1296
Solution:
0 27 i 2
> [ 729 3 51)296
-4 =9
271 329  Therefore /729 = 27 66| 396 Therefore /1296 = 36
396
| 329 — 1 99
— 0 0
Example 10: Findtheleast number that must be subtracted from 5607 so asto get 74
aperfect square. Also find the squareroot of the perfect square. 7 | 5607
Solution: Let ustry to find /5607 by long division method. We get the —49
remainder 131. It showsthat 74%islessthan 5607 by 131. 144 | 707
Thismeansif we subtract the remainder from the number, we get a perfect square. —576
Therefore, therequired perfect squareis5607 — 131 = 5476. And, /5476 = 74. 131
Example 11: Findthegreatest 4-digit number which isaperfect square. 99
Solution: Greatest number of 4-digits= 9999. Wefind /9999 by longdivison 9| 9999
method. Theremainder is198. Thisshows 99?islessthan 9999 by 198. —8l1
Thismeansif we subtract the remainder from the number, we get aperfect square. 189 | 1899
Therefore, therequired perfect squareis 9999 — 198 = 9801. —1701
198
And, /9801 =99
Example 12: Find the least number that must be added to 1300 so asto get a 313—_
perfect square. Also find the square root of the perfect square. 3 1300
Solution: Wefind /1300 by long division method. Theremainder is4. =9
Thisshowsthat 362 < 1300. 66 ggg
Next perfect square number is372 = 1369. —
Hence, the number to be added is 372 — 1300 = 1369 — 1300 = 69. 4

6.6 Square Roots of Decimals

Consider \/17.64

Step1l  Tofindthe squareroot of adecimal number we put barsontheintegral part
(i.e., 17) of thenumber in theusual manner. And place barson thedecimal part
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17.64

-16

164

48

2304

704
704

(i.e,, 64) onevery pair of digitsbeginning with thefirst decimal place. Proceed
asusual. Weget 17.64.

Step2  Now proceedinasimilar manner. Theleft most barison 17 and 42< 17 < 52,
Takethisnumber asthe divisor and the number under theleft-most bar asthe
dividend, i.e, 17. Divideand get theremainder.

Step 3 Theremainder is1. Writethe number under the next bar (i.e., 64) to theright of
thisremainder, to get 164.

4.2

Step 4  Doublethedivisor and enter it withablank onitsright. 1764
Since64isthedecimal part so put adecimal pointinthe -16
quotient. ™

Step5 Weknow 82 x 2 = 164, therefore, the new digit is 2. _164
Divideand get theremainder. 0

Step 6  Sincetheremainder isOand no bar |eft, therefore \[17.64 = 4.2.

Example 13: Findthesquareroot of 12.25.

Solution: 9:5_

3 | 1225
-9
Therefore, +12.25=35
65 | 325 ererore
325
0

Which way tomove

Consider anumber 176.341. Put barson both integral part and decimal part. Inwhat way
isputting barson decimal part different fromintegral part? Noticefor 176 we start from
theunit’splace closeto the decima and movetowardsleft. Thefirst barisover 76 and the
second bar over 1. For .341, we start from the decimal and movetowardsright. First bar

isover 34 and for the second bar we put 0 after 1 and make 3410 .
Example 14: Areaof asguareplotis2304 m?. Find the side of the squareplot.
Solution: Areaof square plot = 2304 nv?

Therefore, sideof thesguareplot= /2304 m
Wefindthat, J2304 =48

Thus, the side of thesquare plotis48 m.

Example 15: Thereare 2401 studentsinaschool. PT. teacher wantsthemto stand
inrowsand columns such that the number of rowsisequd to the number of columns. Find
the number of rows.
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Solution: Letthe number of rowsbex 49
So, the number of columns = x 4 2401
Therefore, number of students=x x x = x? -16
Thus, X2 = 2401 givesx = /2401 =49 89 801
The number of rows = 49. 801
0

6.7 Estimating Square Root
Congder thefollowing Situations:

1. Deveshi hasasguare pieceof cloth of area 125 cm?. Shewantsto know whether
she can make ahandkerchief of side 15 cm. If that isnot possible shewantsto
know what isthe maximum length of the side of ahandkerchief that can be made
fromthispiece.

2. Meenaand Shobhaplayed agame. Onetold anumber and other gaveits square
root. Meenastarted first. She said 25 and Shobhaanswered quickly as5. Then
Shobhasaid 81 and Meenaanswered 9. It went on, till at one point Meenagavethe
number 250. And Shobha could not answer. Then Meena asked Shobhaif she
could atleast tell anumber whose squareis closer to 250.

Inall such caseswe need to estimate the square root.

Weknow that 100 < 250 < 400 and /100 = 10 and /400 = 20.

S0 10< /250 <20
But still weare not very closeto the square number.
Weknow that 15? = 225 and 162 = 256

Therefore, 15< /250 <16 and 256 ismuch closer to 250 than 225.
So, J250 isapproximately 16.

TRY THESE

Estimatethevalue of thefollowing to the nearest whole number.

(OJNET (i) 1000 (i) /350 iv) /500

B EXERCISE 6.4
1. Findthesguareroot of each of thefollowing numbersby Division method.

(i) 2304 (i) 4489 (iii) 3481 (iv) 529
(v) 3249 (vi) 1369 (vii) 5776 (vii) 7921
(ix) 576 (x) 1024 (x) 3136 (xii) 900

2. Findthenumber of digitsinthesquareroot of each of thefollowing numbers (without
any caculétion).
(i) 64 (i) 144 (iii) 4489 (iv) 27225

(v) 390625
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3. Findthesquareroot of thefollowing decimal numbers.
(i) 2.56 @iy 7.29 (i) 51.84 (iv) 42.25
(v) 31.36
4. Findtheleast number which must be subtracted from each of thefollowing numbers
S0 asto get aperfect square. Also find the square root of the perfect square so
obtained.
(i) 402 (i) 1989 (iii)y 3250 (iv) 825
(v) 4000
5. Findtheleast number which must be added to each of thefollowing numbersso as
to get aperfect square. Also find the squareroot of the perfect square so obtained.
(i) 525 (i) 1750 (iiiy 252 (iv) 1825
(v) 6412
Find thelength of the side of asquarewhose areais441 n.
Inaright triangleABC, £B =90°.
@ IfAB=6cm,BC=8cm,findAC (b) IfAC=13cm,BC=5cm,findAB
8. A gardener has 1000 plants. Hewantsto plant thesein such away that the number
of rowsand the number of columnsremain same. Find the minimum number of
plantsheneedsmorefor this.

9. Thereare 500 childrenin aschool. For aPT. drill they haveto stand in such a
manner that the number of rowsisequa to number of columns. How many children
would beleft out inthisarrangement.

—WHAT HAVE WE DISCUSSED? —

If anatural number m can be expressed as n?, where nis also a natural number, then misa
squarenumber

All square numbersendwith 0, 1, 4, 5, 6 or 9 at unit’splace.
Square numbers can only have even number of zerosat theend.
Squareroot istheinverse operation of square.
Therearetwointegra squarerootsof aperfect square number.

N o

ok~ wnN

Positive square root of anumber isdenoted by thesymbol /.

For example, 32=9 gives/9=3

Source: NCERT




